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ANALYSIS OF STEROIDS, I

B R O M O M E T R IC  D E T E R M IN A T IO N  O F  S T E R O ID S C O N TA IN IN G  A D O U B L E  B O N D
IN  P O SIT IO N  Л5

S. G örög

( Gedeon R ichter Chemical W orks, B udapest)

R ece iv ed  D ecem ber 4, 1964

A m ong n a tu ra l  s tero ids a n d  th e  in te rm e d ia te s  o f th e  m a n u fa c tu re  of 
s te ro id a l d rugs, com pounds c o n ta in in g  a double  b o n d  in  position  A b occur 
in a g re a t n u m b er. C on seq u en tly , d e te rm in a tio n  o f th is  double  b o n d  is fre 
q u e n tly  a ta sk  o f  p ro m in en t im p o rtan ce .

O ne o f th e  m eth o d s u su a lly  app lied  for th e  d e te rm in a tio n  o f  o lefin ic  
co m p o u n d s is th e  m easu rem en t o f th e  ad d itio n  o f  b ro m in e  to  th e  d o u b le  b o n d . 
(E x ce llen t review s o f th e  l i te ra tu re  o f  th is  field  a re  g iven , e.g. b y  B u d e §in s k y

[1] a n d  St o n e [2]). M ost m e th o d s  co n sis t in  reac tin g  th e  u n s a tu ra te d  co m p o u n d  
w ith  excess b ro m in e , follow ed b y  th e  b a c k - ti tra tio n  o f th e  excess b ro m in e  
io d o m etrica lly . H ow ever, all th e se  procedures h av e  th e  com m on d ra w b a c k  
th a t  i t  is ra th e r  d ifficu lt to  e lim in a te  in te rfe rin g  su b s titu tio n  side re a c tio n s  
of b ro m in e ; fu rth e rm o re , th e  m e th o d s  are  tim e-consum ing , because th e  process 
is a tim e-reac tio n  an d  b a c k - t i t ra t io n  is cum bersom e.

In  o rder to  im prove  th e  m e th o d  i t  was a t te m p te d  to  ap p ly  c a ta ly s ts  
w hich  acce lera te  th e  ad d itio n  re a c tio n  to  such  an  e x te n t th a t  d irec t t i t r a t io n  
becam e possible. In  general, m e rc u ry (II)  sa lts  a re  used  as c a ta ly s ts  [3]. T h o u g h  
th e se  m eth o d s a re  r a th e r  sim ple a n d  qu ick , severa l p a r tic u la r  p rob lem s em erge 
co ncern ing  th e  a d e q u a te  choice o f  th e  so lven t a n d  c a ta ly s t  c o n c e n tra tio n , 
e lim in a tio n  of side reac tio n s, a n d  th e  de tec tio n  o f th e  en d  p o in t fo r each  p a r t ic 
u la r  g roup  of com pounds. T h u s , none of th e  know n m eth o d s can be  re g a rd e d  
as g en era lly  app licab le .

R e la tiv e ly  few m eth o d s h av e  been  recom m ended  in  l i te ra tu re  fo r th e  b rom o- 
m etric  d e te rm in a tio n  of s te ro id  com pounds h av in g  a double  b o n d . C ho lestero l 
is, e.g. d e te rm in ed  by  T o m icek  a n d  D olezal [4] b y  t i t ra t io n  a t  60° in  ace tic  
ac id  so lu tion  co n ta in in g  sod ium  a c e ta te , w ith  a 0.1 N  so lu tion  o f b ro m in e  
in ace tic  acid ; p o te n tio m e tric  en d  p o in t de tec tio n  is used. A ccord ing  to  ou r 
ow n experience, th e  u p ta k e  o f b ro m in e  is r a th e r  slow u n d e r such co n d itio n s , 
th u s  th e  t i tra tio n  tak es  a long  tim e . P euelm an  an d  Ga v r il in  [5], in  tu rn ,  
sug g est fo r th e  d e te rm in a tio n  o f cholesterol a n d  ^ -s ito s te ro l t i t r a t io n  w ith  
a so lu tio n  of b rom ine  in  g lacial ace tic  acid  in  th e  presence o f m e rc u ry (II)  
as c a ta ly s t ,  a p p ly in g  p o te n tio m e tr ic  or v isual end  p o in t d e tec tio n . M ethods

l Acta Chim. Hung. Tomus 47. 1966
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b a se d  on iod im etric  b a c k - t i t ra t io n  have  been  described  by  Schw arz  an d  T ro - 
j a n e k  [6], and  b y  T a n a y  [7].

The scope o f o u r  in v estig a tio n s w as to  evo lve  a rap id  d irec t b ro m o m etric  
m e th o d  for the  d e te rm in a tio n  of stero id  co m p o u n d s  carry in g  an  iso la ted  double 
b o n d  in position AK In  th is  work, use w as m a d e  of th e  in fo rm atio n  published  
in  p ap ers  dealing w ith  th e  analysis of o th e r  g ro u p s o f com pounds.

Acetic acid  w as chosen  as th e  t i t r a t io n  m edium  because  all stero ids 
in v e s tig a te d  b y  us a re  sa tisfac to rily  so lub le  in  th is  so lven t. T h e  t i t r a n t  was 
a  0.1 JV solution o f  b ro m in e  in acetic  ac id  in  th e  p resence of m ercu ry (II) 
ch lo rid e  and sod iu m  a c e ta te , applied as co m b in ed  ca ta ly s ts . A ccording to  
S chw arz  and T r o ja n e k  [6 ], sodium  a c e ta te , in  ad d itio n  to  ac tin g  as an  acceler
a t in g  agent, supp resses in  glacial acetic  ac id  th e  eno liza tion  of th e  carbony l 
g ro u p  freq u en tly  p re s e n t in  steroids, and th u s  su b s titu tio n  reac tio n s b y  brom ine 
o ccu rrin g  in th e  v ic in i ty  o f th e  carbonyl g ro u p s a re  slow ed dow n. T he o p tim um  
co n cen tra tio n s  of th e  c a ta ly s ts  were e s tab lish ed . I t  w as fo u n d  p rac tica l to  use 
a g lacial acetic acid  so lu tio n  w hich is 0.5 m o la r fo r  sodium  a c e ta te  an d  0.08 m olar 
fo r  m ercu ry (II) c h lo rid e . T h is solution se rv ed  as th e  so lven t in  all t i tra tio n s .

U nder th e  g iven  cond itions, th e  t i t r a t i c n  can be c o n d u c ted  a t  room  
te m p e ra tu re  a t  n o rm a l r a te :  th e  add ition  re a c tio n  ta k e s  p lace in s ta n ta n e o u s ly . 
T h e  ra te  of in te rfe r in g  su b s titu tio n  re a c tio n s  is b y  an  o rd e r of m ag n itu d e  
lo w er even in d iffuse d a y lig h t, therefo re  th e  effect o f th ese  la t te r  reac tions 
c a n  be p rac tica lly  co m p le te ly  elim inated . T h e  en d  p o in t of th e  t i t ra t io n  m ay 
b e  d e tec ted  b y  th e  a p p e a ra n c e  of th e  co lou r o f  b ro m in e  w hen i t  is in  excess. 
O w ing  to  the  re la tiv e ly  pa le  t in t  of b ro m in e , w hen  th is  in d ica tio n  is used, 
th e  so lu tion  is o v e r t i t r a te d  by  abou t 0.5 to  l.C % . H ow ever, if  th e  t i t r a n t  
is  s tan d a rd ized  in th e  sam e  w ay, th e  e rro r  is e lim in a ted . W hen  th e  solution 
to  be  t i tra te d  is co lo u red , po ten tio m etric  e n d  p o in t de tec tio n  is possible 
b y  using  a p la tin u m  a n d  a calom el e lec trode  in  glacial ace tic  acid  sa tu ra te d  
w ith  lith iu m  ch lo ride ; th e  dead-stop  m e th o d  m a y  also be app lied , using  tw o 
sm o o th  p la tinum  e le c tro d e s . H ow ever, th is  p ro ced u re  does n o t irnp rcv?  th e  
acc u ra cy  of the  m e th o d , th u s  in s tru m en ta l en d  p o in t de tec tio n  is recom m ended  
fo r  coloured so lu tions o n ly .

Experimental

Solutions

0.1 IS solution o f  b rom ine in  acetic acid: 8.0 g (a b o u t  2.5 m l) o f b rom ine  is dissolved 
in  1000 ml of glacial a ce tic  ac id  re s is tan t to  ch rom ic  acid . W hen  k e p t in  th e  d a rk  co n ta in e r 
o f  a n  au to m a tic  b u re tte , th is  t i t r a n t  m ay be used  fo r several m o n th s , p rov ided  its  t i te r  is 
e s tab lish e d  in periods o f  2 — 3 days.

Acetic acid so lu tion  w ith  catalyst: 68 g o f c ry s ta llin e  sodium  a c e ta te  an d  21.7 g of 
m e rc u ry (II)  chloride a re  d isso lv ed  in glacial ace tic  acid  re s is ta n t to chrom ic acid , and  the  
so lu tio n  is m ade up w ith  th e  so lv e n t to exac tly  1000 m l. T he so lu tion  m ay  be sto red  in d ef
in ite ly  w ith o u t decom position .

Acta Chim. Hung. Tomus 47. 1966
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D escrip tion  o f the m ethod

A bout 0.Б m illim ole of th e  s te ro id  to  be an a ly zed  is w eighed an d  dissolved 
in 10 ml of ace tic  acid  so lu tion  co n ta in in g  th e  c a ta ly s ts  (if necessary , gentle 
h ea tin g  m ay be app lied ). T he so lu tion  is t i t r a te d  a t  room  te m p e ra tu re  w ith
0.1 N  b rom ine in  acetic  acid . A t th e  beg inn ing  o f th e  t i tra tio n , th e  t i t r a n t  
m ay be ad d ed  to  th e  so lu tion  a t  th e  usual ra te  o f  t i tra t io n s , u n d e r v igorous 
shaking . N ear to  th e  end p o in t, th e  t i t r a n t  sh o u ld  be ad d ed  only  so quick ly  
th a t  th e  drops m ay  be co u n ted . T he yellow  t in t  ap p ea rin g  in th e  end point 
shou ld  rem ain  u n ch an g ed  fo r a t  leas t 15—20 seconds.

T he t i t r a n t  is s ta n d a rd iz e d  w ith  arsenous ac id . 0.05 g of As20 3 is dissolved 
in 3 ml of 1.0 N  sodium  h y d ro x id e , 7 m l of 2 0%  h ydroch lo ric  ac id  is added , 
and  th e  so lu tion  t i t r a te d  w ith  th e  t i t r a n t  u n til  a pale  yellow  t in t  is o b ta in ed .

T he e q u iv a le n t w eight o f th e  in v es tig a ted  s te ro id s  co n ta in in g  one iso lated  
doub le  bond  w as ca lcu la ted  as th e  h a lf o f th e  m o lecu la r w eight.

T he sp ec tro p h o to m e tric  m easu rem en ts  (see la te r)  w ere carried  o u t w ith 
an  O ptica M ilano CF-4 sp e c tro p h o to m e te r  in  a n h y d ro u s  e th an o l, in 1 cm q u a rtz  
cuvettes.

E xperim en ta l resu lts

T he re su lts  o f our m odel in v estig a tio n s w ith  te n  u n sa tu ra te d  stero id  
com pounds a re  show n in T ab le  I . T he assays g iven  are  m ean va lu es  of five 
para lle l m easu rem en ts .

The d a ta  in  T ab le  I p rove  th a t  th e  p ro b ab le  e rro r  of a single m easu rem en t 
is less th a n  ^  0 .5 % , an d  th a t  th e  assay  values a re  b e tw een  98 a n d  101% .

Table i

D iosgenin 98.5 ± 0.2%

Solasodine 100.8 0 .3%

0,N -D iacety lso lasod iiie 99.1 ± 0 .3%

3 /7-Acetoxy-zl 5,16-pregnadiene-20-one 98.8 ± 0.5%

/15-Pregnene-3/?-ol-20-one 100.2 ± 0 .4%

16a,17a-EpoxyZl5-pregnene-3/?-ol-20-one 101.0 ± 0.2%

Zl5-Androstene-3/?-ol-17-one 98.2 ± 0.2%

3ß- A cetoxy-zl '-an d ro sten e-17-one 100.5 ± 0 .4%

3/?-Form yIoxy-17a,21-diacetoxy-Z)5-pregnenc-20-one 100.3 ± 0.3%

17a-M ethyl-zl5-androstene-3/?,17/?-diol 98.9 -j- 0 .4%

In  th e  case of 3 /?-acetoxy-zl5’le-p regnad iene-20-one w hose m olecule 
has tw o double  bo n d s, a b ro m in e  u p ta k e  of only  tw o  eq u iv a len ts  w as observed ,

l* Acta Chim. Hung. Tomus 47 .1966



4 GÖRÖG: ANALYSIS OF STEROIDS,

s im ila r ly  to  th e  o th e r  co m p o u n d s exam ined . T h u s , double b o n d  A & can  be 
se le c tiv e ly  b ro m in a ted  in  th is  su b stan ce , w hile double  bo n d  A 16, w hich  is in 
c o n ju g a tio n  w ith  th e  c a rb o n y l g roup  in  position  20, is le f t in ta c t .

In  th e  follow ing, a p ra c tic a l ap p lica tio n  o f th e  m eth o d  is described .

Investigation o f the crude products o f the Oppenauer oxidation

A  g rea t m a jo rity  o f th e  com pounds lis ted  in  T ab le  I  can  d irec tly  be 
c o n v e r te d  b y  O p p en au er o x id a tio n  in to  stero ids hav in g  th e  ZÍ4-3 -carbony l 
b o n d  sy s te m ; such d e r iv a tiv e s  a re  o f g rea t im p o rtan ce  as d rugs. A ccord ingly , 
th is  p rocess rep resen ts a k e y  s tep  in  th e  p re p a ra tio n  of a n u m b e r o f  in te re s tin g  
s te ro id s .

In  order to  es tab lish  th e  o p tim u m  cond itions of th e  o x id a tio n  process, 
an  a n a ly tic a l m ethod  is n ecessa ry  w hich lends itse lf  to  th e  re liab le  d e te rm i
n a tio n  o f th e  com position  o f  th e  c rude  p ro d u c t o f th e  reac tio n .

In  f irs t  a p p ro x im a tio n  i t  m ay  be p resum ed  th a t  th e  co m p o n en ts  of the  
c ru d e  p ro d u c t of th e  O p p e n a u e r o x id a tio n  lead in g  to  equ ilib riu m  a re  th e  pu re  
en d  p ro d u c t  and  th e  s ta r t in g  m a te ria l. T he Zl4-3 -carbony l b o n d  sy s tem  of th e  
en d  p ro d u c t  has an  in te n s iv e  a n d  ch a rac te ris tic  u ltra v io le t a b so rp tio n  b a n d  
a t  a b o u t  240 nm , w hile th e  Zl5-3 -h y d ro x y  com pounds in v e s tig a te d  b y  us 
d isc lose  in  th is region a neg lig ib le  sligh t a b so rp tio n  only. C on seq u en tly , th e  
en d  p ro d u c t o f the  o x id a tio n  process can be d e te rm in ed  b y  sp ec tro p h o to m e tric  
m e a su re m e n ts  a t  240 n m , w hile  th e  b ro m o m etric  m e th o d  is su ita b le  fo r th e  
d e te rm in a tio n  of th e  u n re a c te d  in itia l su b stan ce ; double  b o n d  Zl4 in co n ju g a tio n  
w ith  th e  C3 carbony l g ro u p  does n o t re a c t w ith  b rom ine  u n d e r  th e  given 
co n d itio n s .

T h e  correctness o f th e  above  p re su m p tio n  h as  been fu lly  p ro v e d  b y  ou r 
m o d e l exp erim en ts . T he s u ita b ili ty  o f th e  m e th o d  fo r th e  analysis  o f the  crude 
o x id a tio n  p roduc ts is d e m o n s tra te d  b y  th e  fa c t t h a t  th e  sum  o f th e  s ta r tin g  
m a te r ia l  (de term ined  b y  b ro in o m e try ) an d  th e  end  p ro d u c t (estab lished

Table II

Initial compound Product
Specific

extinction
(240 ±  1 nm)

zl5-Pregnene-3/?-ol-20-one Progesterone 525

/ l5-A ndrostene-3/?-ol-17-one A4-A udrostene-3 ,17-dione 563

3/?-Form yloxy-17a,21-diacetoxy-Z l5-pregnene-
20-one 17a,21-D iacetoxy-/l4-pregnene-

3,20-dione
395

17a-M ethyl-./l5-androstene-3/?,17/?-diol 17a-M ethyl- testosterone 540
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b y  sp ec tro p h o to m e try ) well a p p ro x im a te d  100%  in all cases, in th e  m o st 
v a rious cru d e  p ro d u c ts .

T he system s in v es tig a ted  b y  th e  p resen t m e th o d  are  given in T a b le  I I .
T he sp ec tro p h o to m e tric  d a ta  w ere ca lcu la ted  from  th e  specific e x tin c tio n  

values given in  T ab le  II .
T he m e th o d  has been successfu lly  em ployed  in th e  ro u tin e  p ro d u c tio n  

te s tin g  o f th e  lis ted  com pounds.

T he a u th o r’s th an k s  a re  due to  Miss M. K a p á s  fo r he r v a lu ab le  ex p erim en ta l a ss is ta n ce .

SU M M A RY

A q u ick  d irec t b ro m o m etric  m eth o d  has been evolved  fo r th e  d e te rm in a tio n  o f co m 
p ounds h av in g  s te ro id  skeleton  an d  co n ta in in g  a double bon d  in  po sitio n  A b. In  th e  t i t r a t io n s ,  
ace tic  acid  in  th e  presence of sod ium  a c e ta te  an d  m crcu ry (II) ch loride  is used  as th e  so lv e n t, 
and  th e  t i t r a n t  is a  0.1 N  so lu tion  o f b ro m in e  in acetic  acid. T he p ro b ab le  e rro r is less th a n  
±  0 .5 % .

T he suggested  m eth o d  is ap p licab le  in  th e  in v es tig a tio n  of th e  O p p en au e r o x id a tio n  
of s te ro id s c o n ta in in g  zl6-3 -h y d ro x y  b o n d  a rran g em en t. In  th e  c ru d e  p ro d u c t o f th e  o x id a tio n , 
th e  q u a n ti ty  o f unch an g ed  s ta r tin g  m a te ria l is de te rm in ed  b y  th e  p re sen t t i t r a t io n  m e th o d , 
while t h a t  o f  th e  fo rm ed zl4-3 -carbony l com pound by  u ltra v io le t  sp e c tro p h o to m e try .
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Z u r A naly tik  von S teroiden, I

B rom om etrische  B estim m ung  d e r in  S tellung  A h eine D oppelb in d u n g  e n th a l
te n d e n  S teroide

S. GÖRÖG

Z usam m enfassung. Zur B estim m u n g  v o n  V erb indungen  m it  S te ran g e rü s t, d ie in  S te llu n g  
. I5 e ine  D o p p elb indung  e n th a lte n , w urde  eine rasche u n m itte lb a re  b ro m o m e trisch e  M ethode 
en tw ickelt. Bei den  T itra tio n e n  d ien te  eine N a tr iu m a c e ta t  u n d  Q u e ck s ilb e r(II)ch lo rid  
e n th a lte n d e  E ssigsäurelösung  als M edium , w ährend  eine 0,1 n essigsaure  B ro m lö su n g  als 
M eßlösung v e rw en d e t w urde. Die w ahrschein lichen  F e h le rw erte  w aren  geringer a ls  i 0 , 5 % .

Die en tw ick elte  M ethode w u rd e  bei U n te rsu ch u n g  de r O p p en au ersch en  O x y d a tio n  
de r eine zl5-3 -O xyb indung  e n th a lte n d e n  S tero ide  an g ew an d t. Im  R o h p ro d u k t d e r  O x y d a tio n  
w urde die M enge der u n reag ie rten  A u sgangssubstanz  m itte ls  de r besch rieb en en  M ethode, 
die de r e n ts ta n d e n e n  ,d4-3 -O xoverb indung  hingegen m itte ls  u l tra v io le tte r  S p e k tro p h o to m e tr ie  
b e stim m t.
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6 GÖRÖG: ANALYSIS OF STEROIDS, I

Данные к аналитической химии соединений со стерановым
скелетом, I.

Бромометрическое определение стероидов, содержащих двойную связь
в положении Л ъ

ш. гёрёг

Резюме. Был разработан быстрый прямой бромометрический метод определения соеди
нений со стерановым скелетом, содержащих двойную связь в положении Аь. Титрования 
проводились в среде уксусной кислоты, содержащей ацетат натрия и хлорную ртуть(11), 
0,1 н уксуснокислым раствором брома. Вероятная погрешность меньше ±  0,5%.

Данный метод пременялся для исследования окисления по Оппенауэру стероидов, 
содержащих Лъ— 3-окси-связь. Количество непрореагировавшего исходного вещества в 
сыром продукте полученным окислением определялось вышеописанным методом, а коли
чество образовавшегося Л4—3-оксо-соединения — методом ультрафиолетовой спектро
фотометрии.

D r. S án d o r Görög ; B u d a p e s t X . Cserkesz u . 63
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ANALYSIS OF STEROIDS, II*

D E T E R M IN A T IO N  O F  ST E R O ID S C O N T A IN IN G  AN E T H IN Y L  G R O U P

S. G örög

(Gedeon Richter Chemical W orks, B udapest)

R eceived D ecem ber 4, 1964

E th in y l stero ids, a class of co m p o u n d s o f g rea t p h a rm a c e u tica l im p o rt
ance , a re  usually  a n a ly z e d  b y  co lo rim etric  m e th o d s  com bined  w ith  ch ro m a to 
g rap h ic  sep ara tio n  [1 — 6], an d  b y  u ltra v io le t  [7] as well as in f ra re d  [8, 9] 
sp ec tro p h o to m e try , s im ila rly  to  th e  an a ly sis  o f s te ro id  com pounds in  general. 
H ow ever, m ost of th e se  m eth o d s are  n o t specific o f th e  e th in y l g roup , th e  typ ica l 
fu n c tio n a l group of th is  fam ily  o f  com p o u n d s. T he scope o f th e  p resen t 
in v estig a tio n s was to  develop  a ra p id  t i tr im e tr ic  m e th o d  b ased  on th e  d irect 
m easu rem en t of th e  e th in y l g roup , an d  su itab le  fo r th e  c h a ra c te r iz a tio n  and 
q u a n ti ta t iv e  d e te rm in a tio n  of e th in y l s te ro ids.

F o r th e  d e te rm in a tio n  o f m o n o su b s titu te d  ace ty len e  d e riv a tiv e s  the  
s im p lest possib ility  is o ffered  by  th e ir  reac tio n  w ith  m eta ls , m a in ly  w ith  silver:

R  — C = C  — H +  A g+ R - C = C —Ag +  H +  (1)

T he principle o f th is  m ethod  h ad  been  o rig inally  suggested  b y  B e r t h e l o t  

[10]. Since th en , a n u m b e r  o f m od ifica tions w ere evolved, w hich a re  m ain ly  
based  on th e  m easu rem en t of th e  fo rm ed  ac id . H ow ever, th e re  is no  generally  
accep ted  m ethod  in th is  field. T he eq u ilib riu m  co n d itions of reac tio n  (1) and  
th e  so lu b ility  of th e  p re c ip ita te  m a y  be v a ry in g , d epend ing  on th e  n a tu re  
o f th e  com pound to  be de te rm in ed . In  ce rta in  cases th e  a m o u n t o f n itr ic  acid 
lib e ra ted  by  silver n i t r a te  can  be m easu red  w ith o u t an y  d ifficu lty  [11]. On the  
o th e r  h an d , accord ing  to  som e a u th o rs , th e  eq u ilib riu m  is sh ifted  to  th e  left 
h an d  side by th e  n itr ic  acid p ro d u ced . T herefo re , in s tead  o f  s ilver n itra te  
silver a c e ta te  [12] or b en zo a te  [13] w ere recom m ended . A ccord ing  to  some 
d a ta  of lite ra tu re , th e  form ed p re c ip ita te  does n o t  in te rfe re  w ith  th e  en d  po in t 
d e tec tio n  of the a lk a lin e  t i t ra t io n . O th e r a u th o rs , in  tu rn ,  rep o rted  in te rfe rin g  
effects w hich m ade n ecessary  th e  f iltra tio n  o f th e  so lu tion  [14] or th e  ap p lica tio n  
o f a g rea t excess o f silver. N am ely , in th e  la t te r  case, s ilver rem ains in so lu tion , 
ow ing to  th e  fo rm atio n  of th e  s ilver sa lt R —C = C  —Ag • 6 A g N 0 3 [15]. In

* P a r t  I: A cta  C him . H ung. 47. 1 (1966).
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8 GÖRÖG: ANALYSIS OF STEROIDS, II

p ra c tic e ,  m an y  problem s m a y  a rise  because of th e  p resence  o f ce rta in  fu n c tio n a l 
g ro u p s  (such  as am ino , a ld e h y d e  or ester g roups) w hich  in te rfe re  w ith  th e  
d e te rm in a tio n . In  o rd er to  e lim in a te  th is , som e a u th o rs  suggest th e  use of 
sp e c ia l reag en ts , such as s ilv e r e th y len ed iam in e  com plex  [16], o r special t i t r a n ts ,  
e.g. tr is -(h y d ro x y m e th y l)-a m in o m e th a n e  [17, 18]. In  genera l, w a te r , m e th an o l 
o r e th a n o l are used as so lv en ts .

M io c q u e  and  G a u t ie r  [19] em ployed a so lu tio n  of silver n i t r a te  in  
p y r id in e  as so lvent, an d  th e  lib e ra te d  n itric  ac id  w as t i t r a te d  w ith  a 0.1 N  
s o lu tio n  o f  sodium  h y d ro x id e  in m e thano l, in th e  p resence  of th y m o lp h th a le in

F ig. 1. P o te n tio m e tr ie  t i t r a t io n  cu rve  
T itra tio n  of 19-nor-17a-pregn-5(10)-ene-20-ine-17/i-o l-3-one

in d ic a to r .  B y the  use of p y r id in e , th is  excellent m e th o d  sim u ltan eo u sly  solves 
th e  d o u b le  problem  of a so lv e n t su itab le  fo r th e  d isso lu tion  of com pounds 
o f  d if fe re n t types, an d  o f a m ed iu m  in w hich ac ids m a y  he  read ily  t i t r a te d . 
F u r th e rm o re , owing to  th e  ac id -b in d in g  n a tu re  o f p y rid in e , also eq u ilib riu m  
(1) is sh if te d  favourab ly .

S ince pyrid ine is a good so lv e n t also of com pounds h av in g  s te ro id  ske le to n , 
i t  a p p e a re d  prom ising to  a t t e m p t  the  use o f th is  so lv en t fo r ou r p u rpose . 
In  th e  case of e th iny l s te ro id s  th e  presence of th e  m en tio n ed  in te rfe rin g  g roups 
n e e d  n o t  be considered. T h u s , th e  app lica tion  o f a special reag en t is n o t  neces
sa ry .

I t  h as  been found  t h a t  a lim ite d  am o u n t o f w a te r  does n o t in te rfe re  w ith  
th e  d e te rm in a tio n . T hus, i t  is possib le , a f te r  d isso lv ing  th e  sam ple  in  p y rid in e , 
to  in tro d u c e  silver n i t r a te  a n d  sodium  h y d ro x id e  in th e  system  as aqueous 
so lu tio n s . In  th is  w ay, th e  u se  o f  a m ethano lic  so lu tio n  o f sodium  h y d ro x id e , 
w h ich  c a n n o t be sto red  fo r lo n g  periods, can be av o id ed . T he use o f an  aq u eo u s
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so lu tion  of sodium  h y d ro x id e  has co n v erted  th e  m e th o d  in to  a v e ry  sim ple 
p rocedure  su itab le  fo r ro u tin e  analyses.

I t  m ay  be seen in  F ig . 1 t h a t  u n d e r th ese  con d itio n s a t i t r a t io n  cu rv e  
w ith  a sh a rp  p o ten tia l ju m p  is o b ta in ed . T he p lace o f th e  ju m p  e x a c tly  coincides 
w ith  th e  range of co lour change o f th y m o lp h th a le in . T he end  p o in t can  be 
d e tec ted  so well th a t  i t  is possible to  ca rry  o u t th e  t i t r a t io n  even on th e  0.01 N  
scale. In  th is  w ay e th in y l ste ro id s  can be d e te rm in e d  also in pills o r ta b le ts .

T he am o u n t of p y rid in e  ap p lied  as th e  so lv en t depends on th e  so lu b ility  
of th e  s te ro id  to  be an a ly zed . In  general, 20 m l of p y rid in e  is sa tis fa c to ry . 
T he po o r so lub ility  o f e th in y l te s to s te ro n e  n ecessita tes  th e  use o f  30 m l of 
p y rid in e  on th e  0.1 N  scale, o r th a t  o f 10 m l on th e  0.01 N  scale.

S ilver n itra te  is in tro d u ced  in th e  system  as a 3.0 N  aqueous so lu tio n . 
On th e  0.1 N  scale 3 m l, w hile on th e  0.01 N  scale only  1 ml of th is  so lu tion  
is ap p lied ; th is  q u a n ti ty  co rresponds even on th e  0.1 N  scale to  a n e a r ly  ten fo ld  
excess. Such an  excess is rea lly  necessary , because w hen less s ilver n i tr a te  
is u sed , p a rtic u la rly  in th e  case o f e th in y l e s trad io l, th e  la rg e  q u a n t i ty  
o f p re c ip ita te  p roduced  m ark ed ly  in te rfe res  w ith  th e  d e te c ta b ili ty  o f  th e  
;nd p o in t. In  the  presence o f a large excess o f silver, com plex fo rm atio n  
observed  w ith  o th e r so lven ts ta k e s  p lace also in p y rid in e  [15], a n d  th u s  th e  
g re a te s t p a r t  o f th e  silver sa lt is re ta in ed  in th e  so lu tion .

I f  th e  t i tra tio n  is ca rried  o u t in a fla sk  w ith  g ro u n d  glass s to p p e r , and  
the  fla sk  is k e p t open on ly  for th e  sh o rt periods req u ired  for th e  a d d itio n  
o f reag en ts  an d  fo r th e  a c tu a l, n o t too  p ro lo n g ed , t i t r a t io n , no  o th e r  
m easures are  necessary  to  exclude th e  carbon  d ioxide o f th e  a tm o sp h e re . 
The e rro r co m m itted  in  th is  w ay  is neglig ib le even w hen w orking  on th e  0.01 N  
scale.

W hen  th e  end  p o in t o f th e  t i tra tio n  is reach ed , th e  colourless th y m o l
p h th a le in  in d ic a to r  tu rn s  b lue  or, if  th e  so lu tion  has becom e yellow  d u rin g  
t i t r a t io n , i t  shows a g reenish  t in t .

In  th e  analysis o f p ills, inso luble  acco m p an y in g  su b stan ces m u s t be 
rem oved  b y  f iltra tio n , an d  th e  f i l tra te  is to  be n e u tra liz e d  p rio r to  th e  ad d itio n  
of silver n itra te .

Experimental

Reagents and instrum ents

P yr id in e , a n a ly tica l g rade;
3.0 N  AgNO-j, p re p a re d  by  d isso lv ing  51 g o f silver n i tra te  (an a ly tica l g ra d e) in w a te r  

to  give 100 ml so lu tion;
0.1 N  N aO H , aq u eo u s so lu tion . I t  is s ta n d ard ize d  w ith  aqu eo u s oxalic  acid .
0.01 N  N aO H , p re p are d  fresh ly  before  use, by  d ilu tio n  of th e  0.1 N  so lu tio n ; 
Thym olphthalein  indicator, 1%  e th an o lic  so lu tion .
T h e  p o ten tio m e tric  t i t r a tio n s  w ere carried  o u t w ith  a R adelk isz  O P  401/1 ty p e  рц - 

t i t r im e te r ,  using  a p a ir o f m e th an o lic  calom el e lectrodes s a tu ra te d  w ith  p o tass iu m  ch lo ride .
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Description of the m ethod

0.1 TV scale
30 ml of p y rid in e , 3 m l of 3.0 TV silver n i t r a te ,  an d  0.2 m l of thym ol- 

p h th a le in  in d ica to r so lu tio n  a re  placed in  a 100 m l flask  w ith  g ro u n d  glass 
s to p p e r , and  0.1 TV so d iu m  h y d rox ide  is a d d e d  dropw ise u n til  th e  m ix tu re  
beco m es pale b lue. T h en  a b o u t  0.3 g of th e  e th in y l ste ro id  to  be an a ly zed  is 
a d d e d . A fter th e  sam p le  h as  been  com plete ly  d isso lved , th e  so lu tion  is t i t r a te d  
w ith  0.1 JY sodium  h y d ro x id e  u n til  a pale b lu e  co lou r is o b ta in ed ; if  th e  so lu tion  
w as yellow , the  f in a l co lo u r should  be green.

F o r  stero ids c o n ta in in g  one e th in y l g ro u p , th e  e q u iv a len t w eigh t is 
e q u a l  to  the  m o lecu lar w eigh t.

0.01 TV scale
T he procedure is e s se n tia lly  th e  sam e as describ ed  above, w ith  th e  d iffer

en ce  t h a t  10 ml of p y rid in e  a n d  1 ml of 3.0 TV silv e r n i t r a te  are  u sed ; th e  sam ple 
sh o u ld  be  ab o u t 0.03 g, a n d  th e  n e u tra liz a tio n  a n d  t i t r a t io n  are  m ad e  w ith
0.01 TV sodium  h y d ro x id e .

A ssn  у o f  pills

T h e pills to  be a n a ly z e d  are finely  p o w d ered , an d  a q u a n ti ty  co n ta in in g  
a b o u t  0.03 g of e th in y l s te ro id  is shaken for 3 —4 m in u te s  w ith  10 m l o f pyrid ine  
is a  f la sk  w ith  a g round  glass s to p p er. The so lu tio n  is qu ick ly  f ilte re d  in to  a n o th e r 
f la sk  w ith  g round glass s to p p e r , and  the  f i r s t  f la sk  is rin sed  w ith  3 x 5  m l 
o f  p y rid in e . 0.2 m l o f 1 %  th y m o lp h th a le in  is a d d e d , an d  th e  so lu tion  a d ju s ted  
to  a p a le  blue t in t  w ith  0.01 TV sodium  h y d ro x id e . A fter th e  a d d itio n  of I ml 
o f  3 .0  TV silver n i tra te , th e  so lu tion  is t i t r a te d  w ith  0.01 TV sod ium  h y d ro x id e .

Experimental results

T he resu lts o b ta in e d  in  th e  analysis of som e e th in y l stero ids are  su m m ariz 
ed  in  th e  T able. T he d a ta  g iven  in th e  T ab le  a re  m ean  values of 5 p ara lle l 
m easu rem en ts .

I t  is seen from  th e  T ab le  th a t  w hen w o rk in g  on th e  0.1 TV scale, th e  
p ro b a b le  error of a sing le  m easu rem en t is less th a n  ^  0 .5 % , an d  on th e  0.01 TV 
sca le  i t  does no t exceed  ^  2 .0% .

E th in y lte s to s te ro n e  in  th e  K lim ovan  p ill, a n d  19-nor-17a-pregn-5(10)- 
cne-20-ine-17/T-ol-3-one in  a n  exp erim en ta l p ill w ere d e te rm in ed  w ith  th e  
p r e s e n t  m ethod . T he essay  g av e  9 to  11 m g, a n d  4.5 to  5.5 m g, re sp ec tiv e ly , 
in  fa ir  accordance w ith  th e  dec la red  values o f  10 a n d  5 m g p e r pill.
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Table

Substance analyzed
On 0.1 /V 

scale
On 0.01 ! \ 

scale

19-nor-17oe-Pregna-l,3,5(10)-triene-20-ine-3,17/?-diol (e th iny l- 
estrad io l) 99.9 ±  0.2 100.9 ±  1.3

19-nor-17a-Pregna-l,3 ,5(10)-triene-20-ine-3-m ethoxy-17/?-ol 99.2 J- 0.5 100.2 ±  1.8
17a-Pregn-4-ene-20-ine-17/?-ol-3-one (e th in y lte sto ste ro n e) 99.1 ±  0.4 98.6 ±  1.6
19-nor-17a-Pregn-5(10)-ene-20-ine-17/?-ol-3-one 99.4 ±  0.3 99.6 ±  1.7

19-nor-17a-Pregna-2,5(10)-diene-20-ine-3-inethoxy-17/?-ol 
(crude product) 97.6 ±  0.4 —

19-nor-17a-Pregn-4-ene-20-ine-17/?-ol 98.9 ±  0.3 98.2 ±  1.4*

* 2 ml of 3.0 TV silver n itra te  was used .

T h a n k s  are expressed  to Miss M. K apás  for  her  useful assistance in the  e x p e r im e n ta l
w ork.

SU M M A R Y

T he m ethod  of M io c q u e  and G a u t i e r  has been  ap p lied  fo r th e  d e te rm in a tio n  o f e th in y l  
ste ro ids. T he reac tio n  w ith  silver n itra te  a n d  m easu rem en ts  o f the, lib e ra ted  acid  a re  c a rr ied  
o u t in  p y rid in e  as th e  so lv en t. The acid is l ib e ra te d  w ith  an  aqu eo u s so lu tion  of silv er n i tr a te ;  
the  t i t r a n t  is an a q u eo u s  so lu tion  of so d iu m  h y d ro x id e .

T h e  probab le  e rro r  o f the  m ethod is ^  0 .5 %  on th e  0.1 N  scale, and  less th a n  J ;  2 .0 %  
on th e  0.01 N  scale.

T he m ethod also lends itself to  th e  d e te rm in a tio n  o f th e  co n ten t of e th in y l s te ro id s  
in pills.
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Zur Analytik von Steroiden, II

B estim m u n g  so lcher S tero ide, die eine Ä th in y lg ru p p e  e n th a lte n

S. GÖRÖG

Z usam m enfassung. D ie d u rc h  MioCQUE u n d  Ga u t ie r  vorgeschlagene M ethode  w u rd e  zur 
B e s tim m u n g  v o n  Ä th in y ls te ro id e n  an g ew an d t. D ie  m it  S ilberionen v e rlau fen d e  R e ak tio n  
bzw . d ie M essung d e r fre ig e se tz ten  Säure  w u rd e  in  P y rid in lö su n g  d u rch g efü h rt. Z u r F re i
se tzu n g  de r Säure  w u rd e  eine w ässerige S ilb e rn itra tlö su n g , u n d  als M eßlösung eine w ässerige 
N a tr iu m h y d ro x id lö su n g  ve rw en d e t.

D er w ah rsch ein lich e  F eh le r des V erfah ren s b ew eg te  sich im  0 ,ln  M aß u n te r  ±  0 ,5 % , 
im  0 ,01n  M aß h ingegen  u n te r  ±  2% -

D ie M ethode is t  a u ch  zu r B estim m ung  v o n  Ä th in y ls te ro id en  in T a b le tte n  geeignet.

Данные к аналитической химии соединений со стерановым
скелетом, II.

Определение стероидов, содержащих этинильную группу
ш. Г Ё Р Ё Г

Резюме. Для определения этинилстероидов применялся метод Миоск и Готие. Реакция 
с ионом серебра и измерение образующейся кислоты проводились в пиридиновой среде. 
Для выделения кислоты использовался водный раствор нитрата серебра, а затем кислота 
титровалась водным раствором гидрата окиси натрия.

Вероятная погрешность метода для 0,1н растворов ±  0,5%, а для 0,01н — ниже
4 -  9  ° /41 Ä /о*

Метод пригоден также и для определения этинилстероидов в таблетках.

D r. S án d o r G ö r ö g , B u d a p e s t X . Cserkesz u . 63
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NEUERE UNTERSUCHUNGEN ÜBER FRONTALE 
GASCHROMATOGRAPHIE UNTER BERÜCKSICHTIGUNG 

DER STRÖMUNGSGESCHWINDIGKEIT 
WÄHREND DER SORPTION, IIP

BESTIM M U N G  VO N  H T S -W E R T E N  M IT T EL S F R O N T A L E R  G A SC H R O M A TO G R A P H I E 

H . B e y e r , P . F e j e s , G. S c h a y  und K . V a r g a **

(Zen tra lfo rschungsinstilu l f ü r  Chemie der Ungarischen A kadem ie  der W issenschaften) 

E ingegangen  am  1. M ärz 1965

1. E in leitung

In  m eh reren  frü h eren  A rbeiten  [1, 2, 3] h ab en  w ir uns m it d er T heorie  
der fro n ta le n  V a ria n te  der G asch ro m ato g rap h ie  b e fa ß t, wobei w ir n u r  den 
Fall e in er einzigen so rb ie rbaren  K o m p o n en te  im  in e rten  T rägergas b e tr a c h 
te te n  u n d  die infolge von  S o rp tionsvorgängen  v e rän d erlich e  G eschw ind igkeit 
der G ass trö m u n g  in n e rh a lb  der T rennsäu le  in  unsere  B erechnungen  e inbezogen . 
W ir k o n n te n  zeigen u n d  th eo re tisch  b e g rü n d e n , d aß  infolge der g eg en e in an d er 
w irkenden  E ffek te  d er endlichen S o rp tio n sgeschw ind igke it und  L ängsd iffusion  
in d er G asphase  einerse its , u n d  der V e rän d e ru n g  d e r S tröm ungsgeschw ind igke it 
in n e rh a lb  d er F ro n t andererse its  p ra k tisc h  s ta tio n ä re  S prp tions-, G eschw indig- 
keits- u n d  K o n ze n tra tio n sfro n ten  in g enügend  langen  Säulen  a u ftre te n  k ö n n en . 
Mit den  A n n ah m en , w onach  sich die n o rm a le  G asdiffusion n u r im  Z w ischen 
k o rn v o lu m en  a u sw irk t u n d  die S o rp tionsg esch w in d ig k e it m it e iner lin ea ren  
K in e tik  besch rieben  w erden k an n , h ab en  w ir u n te r  V erw endung d e r fü r  die 
fro n ta le  V a ria n te  gü ltigen  R an d b ed in g u n g en  die L ösungen  des den g a sc h ro m a 
to g rap h isch en  P ro zeß  beschreibenden  D iffe ren tia lg leichungssystem s fü r  s ta t io 
näre  F ro n te n  en tw ick e lt.

In  der vo rliegenden  A rbeit w ollen w ir fü r die fro n ta le  V a ria n te  der 
G asch ro m a to g rap h ie  einen A usd ruck  fü r die T ren n stu fen h ö h e  HTS (im  eng li
schen S c h rif ttu m  m it H E T P  bezeichnet) ab le iten  und  du rch  V erg leich  m it 
e lu tio n sch ro m a to g rap h isch  e rm itte lte n  H T S -W erten  S ch lußfo lgerungen  h in 
sich tlich  d er G ü ltig k e it u n d  der A rt d e r B esch rän k u n g  der gew öhnlichen  
H T S -K o n zep tio n  ziehen. D a w ir dabei ab e r a u f  einen  Teil der E rg eb n isse  der 
frü h eren  A rbe iten  a u fb au en , schein t es zw eckm äßig  zu sein, noch e in m al k u rz  
a u f  die A b le itu n g  d er h ier in te ressie ren d en  Z usam m enhänge  e inzugehen .

W ir k o n n te n  zeigen [3], daß  d er D iffe re n tia lq u o tien t der am  S äu len en d e  
L gem essenen  K o n z e n tra tio n  x l e iner s ta tio n ä re n  G asfron t n ach  d e r Z eit

* M itte ilu n g  II : A c ta  Chim. H ung. 43, 221 (1965).
** D er In h a lt  d ieser P u b lik a tio n  w urde v o n  G. Schay a u f  d e r G esam tb u n d esk o n fe ren z  

ü b er G asch ro m a to g rap h ie , Mai 1964, in M oskau v o rg e trag en .
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in  g u te r  N äh eru n g  du rch  fo lgende, n ach  dem  kub ischen  Glied abgeb rochene 
M aeL au rin sch e  P o ten z re ih e  beschrieben  w erd en  kann:*

d r
- * L = k ( ? .  1х  +  Л2 х* +  Л3 х°),  ( ] )

w obei d r

=  l  +  r ( l - * 0) [ _ 1 +  ] f  J 7 3  4 r *» 1 (2 )
2 I [1 . + r ( l - * 0) p j

A2 = - A ^ i ld b ^ o l  (3)
ЗЯ, r (1 x0) -f- 1

h = -  f A ± i ^ o _  (4)
*0

q u 2

D ei f ^

( 2 )

(3)

D eff =  e ffek tiv e r D iffusionskoeffiz ien t 
к =  S o rp tio n sg esch w in d ig k e itsk o n stan te  
q =  V erte ilungskoeffiz ien t 
и =  F ro n tw an d eru n g sg esch w in d ig k e it 

x u =  A u sg an g sk o n zen tra tio n  des S o rp tiv s  in M olenbrüchen

[W en n  die B erechnungen  m it ex p e rim en te llen  D aten  zu verg le ichen  sind ,
m ü ssen  dem zufolge die u n m itte lb a r  gem essenen  F ro n tk u rv e n  æ l ( t ) n a c h  r

d x
d iffe ren z ie rt u n d  die D iffe re n tia lq u o tien te n  en tsp rech en d  (1) in  A bhän-

d r
g ig k e it von  Xl au fg e trag en  w erden .]

* D er Gang de r B e rech n u n g  is t fo lgender: D ie d ifferentie lle  B ilanzg le ichung  fü r  das 
S o rp tiv  u n d  die B ru tto b ilan zg le ich u n g  w ird n ach  E in fü h ru n g  der k o m b in ie rte n  V e rä n d e r
lic h e n  ip e inm al nach  у  in te g r ie r t .  Aus den zwei e rs te n  In teg ra len  w ird  c e lim in ie rt. F ü r  die 
( fü r  d ie so rb ierte  M enge ch ara k te ris tisch e  d im ensionslose) Größe a  e rg ib t sich d a n n  ein 
Z u sa m m e n h an g  fo lgenden T yps:

W ird  d ieser Z u sam m en h an g  n ach  ip d ifferenziert u n d  m it  der rech ten  Seite  de r lin e a re n

k in e tisc h e n  G leichung v — =  h (qxi — a ), in  der а  d u rc h  а  [ *L- , X\ 1 zu e rsetzen  is t, gleich-dip '  \  dtp )
g e se tz t,  so e rg ib t sich fü r  x L eine n ich tlin eare  gew öhnliche  D ifferen tia lg le ichung  2. O rd n u n g . 
W ird  d ie L ösung in F o rm  der P o ten zre ih e  d r i tte n  G rad es  (1) gesucht, so m üssen  die u n b e 
k a n n te n  K oeffiz ien ten  / , ( i  =  1,2,3) m it H ilfe der M e th o d e  des K oeffiz ien tenverg leichs e rre c h 
n e t  w e rd en , wobei sich fü r  JJ| d ie  A usdrücke (2) —(4) ergehen.

Acta Chim. Hung. Tomus 47. 1966
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Die du rch  K o effiz ien tenverg le ich  fü r  die K oeffiz ien ten  e rh a lten en  
A usdrücke (2—4) sind  aber noch  seh r k o m p liz ie rt u n d  in  ih ren  K onsequenzen  
schw er zu ü b erseh en . Sie lassen sich jed o ch  v e re in fach en , w enn die B ed ingung  
g este llt w ird, d aß  r einen n ich t zu hohen  W erte  an n eh m en  d a rf  (dies k a n n  fü r 
ein gegebenes c h ro m a to g rap h isch es  System  m it e in er B esch rän k u n g  des 
S tröm ungsgeschw ind igke itsbere ichs d u rch  einen noch  zulässigen M axim alw ert 
g leichgesetzt w erden) und  die K o n z e n tra tio n  des in die Säule e in gefüh rten  
G asgem isches v e rh ä ltn ism äß ig  n ied rig  geh a lten  w ird  ( x t) < g l) . In  diesem  Falle 
k a n n  näm lich  in  (2) 1 — * 0 a ;  1 g ese tz t u n d  die R e ih en en tw ick lu n g  des 
W u rze lau sd ru ck s n ach  dem  lin ea ren  Glied ab g eb ro ch en  w erden. M it diesen 
V ere in fachungen  e rh a lte n  wir

3 rx0 ,c \^ = 1 — . (o)

1 7  r ( 1 + *o)
X =  1 r ___ ^  _  _ r (1 +  r ~ * o) c*

3 " " -  +  r ( l  + 1  3 ™» +  < l + r ) '
1 +  r

r  (1 +  r) r
e x ----------------- = -------------• (h)

(1 +  r)2 1 +  r

A3 =  0. (7)

U n te r  solchen B edingungen* k a n n  also die A b h än g ig k e it des D ifferen tia l- 
d*[

q u o tie n te n  ‘ von  d er am  S äu lenende gem essenen K o n z e n tra tio n  x L in F orm  
d r

e in e r einfachen P a ra b e l d a rg es te llt w erden , d. h ., d aß  die F ro n tk u rv e n  eine 
sy m m etrisch e  G e s ta lt aufw eisen.

D er S ch e ite lp u n k t dieser e in fach en  P a ra b e l bzw . die m ax im ale  S te ilhe it
X

d e r sym m etrisch en  F ro n tk u rv e  g e h ö rt zu r K o n z e n tra tio n  . W ird also d er 

d * L
g rö ß te  -W ert m it q m beze ich n et, d ann  b e s te h t fü r diesen der Z usam m en- 

d r
h an g

— ^ -L q, =  Я . *> + X . *0 )2 .
к \ d r  ) к  2 2 )

*L ~

* Es ist jed o ch  zu bem erken , d a ß  n ich t n u r fü r x 0 1, sondern  fü r  jed en  *-0W e rt 
ein  end licher r-W e rt e x is tie rt, bei d em  A3 =  0, die F ro n tk u rv e  also sy m m etrisch  is t [3]. 
D ieser W ert ist:

r (1 — *,y- '

Acta Chim. Hung. Tomus 47. 196b
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D u rc h  K o m b in a tio n  m it (5) u n d  (6) u n d  u n te r  B erü ck sich tig u n g  d er D efin ition  
v o n  r e rh ä lt  m an sch ließ lich

+  _ L . (8)
4 cpm qu2 к

D ie se r G leichung e n tsp re c h e n d  m üssen  w ir eine G erade e rh a lte n , w enn der

a u f  d e r  linken Seiten s te h e n d e  A u sd ru ck  g e g e n ------  au fg e trag en  w ird . Die
qu3

S te ig u n g  dieser G eraden  is t  gleich der e ffek tiv  en D iffu s io n sk o n stan te , der 
re z ip ro k e  O rd in a te n a b sc h n itt  is t d e r W e rt d er T ran sp o rtg esch w in d ig k e its 
k o n s ta n te .

2. D ie  frontalchrom atographische H TS-G leichung

V a n  D e e m t e r  u n d  M ita rb e ite r  [4] h ab en  (ausgehend  vom  gleichen p a r
t ie lle n  D iffe ren tia lg le ich u n g ssy stem , das au ch  A u sg an g sp u n k t d er von  uns 
e n tw ic k e lte n  Theorie d e r f ro n ta le n  G asch ro m ato g rap h ie  is t) fü r  die E lu tio n s
c h ro m a to g ra p h ie  die b e k a n n te  H T S -B eziehung ab g e le ite t, die m it den  von  uns 
b e n u tz te n  Sym bolen

H T S  =  2 De-ff-  H--------- ^ ------c0 (9)
c„ (1 + q ) * k

la u te t* .  E s sei jed o ch  au sd rü c k lic h  v e rm e rk t, d aß  die B erech n u n g en  a u f  der 
A n n a h m e  sy m m etrisch er G au ß -P ro file  d er E lu tio n sb erg e  basie ren .

D ie rech te  Seite  v o n  (9) e rg ib t sich  ab e r b em erkensw erterw eise  auch  
b e i U m form ung  von (8). H ie rb e i h a t  m an  zu  b e a c h te n , daß  zw ischen d er lin ea 
re n  E in s trö m u n g sg esch w in d ig k e it c0 u n d  d er F ro n tw an d cru n g sg esch w in d ig - 
k e i t  и  die B eziehung c0 — u ( l  -f- q) b e s te h t. E rs e tz t  m an  d em g em äß  in  (8) 
и  d u rc h  c0 und  m u ltip liz ie r t d an n  beide S eiten  m it 2 <j[C0/( l  -f- q)2, so w erden 
d ie  re c h te n  Seiten v o n  (8) u n d  (9) id en tisch . S om it k ö n n en  au ch  die linken  
S e ite n  e inander g le ich g ese tz t w erden , w o d u rch  m an  die f ro n ta lc h ro m a to g ra 
p h isc h e  H TS-G leichung

HTS =  - qc° X°--------— (10)
2(1 + q f  <Pm

e rh ä lt .

* E igen tlich  e n th ä l t  die v o n  v a n  D e e m t e r  angegebene G leichung noch e inen  d r itte n , 
d ie  E d d y -D iffu s io n  im  K a n a lra u m  b e rü ck sich tig en d en  S u m m an d en . D ieses sog. A -G lied der 
G le ich u n g  is t jedoch , w ie in  zah lre ich en  neu eren  P u b lik a tio n en  [5, 6 , 7] ü b e re in s tim m en d  
g e z e ig t w ird , rech t frag w ü rd ig , d e r  T heorie  n ach  is t  es p ra k tisc h  gleich N ull o d er sogar ein 
— a lle rd in g s sehr geringer — n e g a tiv e r  W ert. D ies b e s tä tig t  die Z u lässigkeit d e r  e in le itend  
e rw ä h n te n  verein fachenden  A n n a h m e , n ach  der n u r  d ie G asdiffusion  im  Z w ischenkornvo lum en  
b e rü c k s ic h tig t w urde.

Acta Chim. Hung. Tomus 47. 1966
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Es is t n ich t sonderlich  ü b e rra sch en d , daß  die fü r  die be id en  gaschrom ato- 
g rap h isch en  V arian ten  g e lten d en  B eziehungen (8) u n d  (9) in e in an d e r überge
fü h r t  w erden k ö n n en , w enn m an  b ed en k t, d aß  sie v o m  gleichen p a rtie llen  
D iffe ren tia lg leichungssystem  ausgehend  u n d  n u r  m it — d u rch  die N a tu r  
d e r P rozesse b ed in g ten  — versch ied en artig en  N eb en b ed in g u n g en  abge le ite t 
w u rd en  u n d  die A nalogie sich  au ch  a u f  die B esch rän k u n g  ih re r  G ültigkeit 
e rs tre c k t, denn wie w ir schon  zeig ten  bzw . e rw äh n ten , is t  (8) bzw . (10) n u r  fü r 
sy m m etrisch e  F ro n tk u rv e n  u n d  (9) n u r  fü r  E lu tio n sb erg e  m it sym m etrischem  
G au ß -P ro fil s tren g  gü ltig .

D er T heorie n ach  so llte  also eine Ü b ere in stim m u n g  der n ach  G leichung 
(10) aus f ro n ta lch ro m a to g rap h isch en  M essungen b e re c h n e ten  H T S -W erte  
m it den jen igen  zu e rw a rte n  sein, die bei gleichen V e rsu ch sp a ram ete rn  aus 
e lu tio n sch ro m ato g rap h isch en  D a ten  n ach  der b e k a n n te n  B eziehung

A t \2
H S T =  ------  L (11)

4 t r

e rh a lte n  w erden (i, is t die u n k o rrig ie rte  G e sa m tre te n tio n sz e it, At die B asis
b re ite  des E lu tio n sb erg es in  Z eite inheiten ).

3. E xperim enteller Teil

Es w urden  jew eils F ro n ta l-  u n d  E lu tio n sch ro m a to g ram m e  von B u ta n  in einem  v e r
h ä ltn ism äß ig  w eiten In te rv a ll de r S tröm ungsgeschw ind igkeit (0,2 bis 5,1 cm /s) m it den gleichen 
T ren n säu len  aufgenom m en. Als T räg erg as w urde W assersto ff u n d  als s ta tio n ä re  P h ase  10%  
bzw. 20%  S q u a lan  a u f  F ireb rick -2 2  (K o rn g rö ß e  0,3 — 0,4 m m ) v e rw en d e t. Die S äu len tem 
p e ra tu r  b e tru g  20° C. Die T ren n säu len  h a tte n  eine Länge von 50 cm  u n d  e inen  in n eren  D urch
m esser von 6 m m . Bei den E lu tio n sm essu n g en  w urden  0,98 m l n -B u ta n  d o sie rt, bei den 
fro n ta lch ro m a to g rap h isch en  V ersuchen  w ar der M olenbruch des n -B u ta n s  in H 2 0,25. Als 
D e tek to r d ien te  eine W ärm ele itfäh ig k e itsm eß ze lle , zur M essung d e r S trö m ungsgeschw ind ig 
keit ein Se ifen m em b ran strö m u n g sm esser.

4. M eßergebnisse und  Schlußfolgerungen

A uf АЫ). 1 sind  die E rgebn isse  der fro n ta lch ro m a to g rap h isch en  M essun
gen en tsp rech en d  (8) au fg e trag en . Die ausgezogene K u rv e  e n tsp ric h t einer 
-0 % i gen, die u n te rb ro c h e n e  e in er 10% igen B elad u n g  des T räg erm ateria ls  
m it S qualan . Bei n ic h t zu großen  S trö m u ngsgeschw ind igke iten  liegen die W erte  
d e r einzelnen M essungen g u t a u f  e iner G eraden . O bw ohl bei unseren  E x p e ri
m en ten  die F o rd e ru n g  x u 1 n ich t e rfü llt w ar, t r a t  doch  keine w esentliche 
A sym m etrie  der D u rc h b ru c h sk u rv e n  auf. E ine  E rk lä ru n g  d a fü r e rg ib t sich 
aus dem  in der F u ß n o te  a u f  S. 4 G esagten . Die A bw eichungen  von  der G eraden 
im  B ereich g rö ß erer S tröm ungsgeschw ind igkeiten  f in d e n  ih re  E rk lä ru n g  
d ad u rch , daß  m it schneller w erdender S trö m u n g  in  zunehm endem  M aße 
eine V erzerrung  d er D u rch b ru ch sk u rv en  a u f tr i t t ,  u n d  zw ar d e ra r t , daß  der

*oIn flex io n sp u n k t hei e iner geringeren K o n zen tra tio n  a l s ----zu liegen kom m t.

2 Acta Chim. Hung. Tomus 47. 1966
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D e r n a c h  dem  In f le x io n sp u n k t folgende K u rv e n a s t is t so m it zeitlich  w e ite r 
au se inandergezogen , als d e r v o r  d er In flex ion  der K u rv e , so d aß  sich größere 
cpm-W e rte , also u n te r  den  G erad en  liegende P u n k te  e rgeben . D ieser B efund  
is t  n ic h t  ü b errasch en d , es is t  sogar von  v o rn h ere in  zu e rw a rte n , daß  die 
en d lich e  G eschw indigkeit d e r S o rp tio n  m it der zu n eh m en d en  F ro n tw a n d e ru n g s
geschw ind igke it in  d er G asp h ase  zu n äch st noch  S c h ritt  h a lte n  k a n n  u n d  eine 
V erzö g eru n g  in  e rs te r L inie in  d er N ähe des G leichgew ichtes zu e rw arten  is t.

wo v o n  N a tu r  aus die G eschw ind igke it der S o rp tio n  w esen tlich  ab n im m t. 
D ie A bw eichungen  d er M eß d a ten  von  der n a c h  (8) zu  e rw a rte n d en  G eraden 
s in d  a b e r  z. T . w ahrsche in lich  au c h  d a ra u f  z u rü ck zu fü h ren , d aß  die verw en 
d e te n  S äulen  n ich t lan g  g en u g  w aren , u m  au ch  bei seh r g ro ß en  W erten  der 
S trö m u n g sg esch w in d ig k e it die E in s te llu n g  eines s ta tio n ä re n  Z u stan d es zu 
erm ög lichen .

A us den G eraden  a u f  A b b . 1 ergeben sich fü r  10 bzw . 20% ige B eladung  
D eff zu  0,174 bzw. 0,189 cm /s- u n d  к  zu 0,65 bzw . 0,51 s -1 .

A u f A bb. 2 u n d  3 s ind  fü r  die beiden  v e rw en d e ten  T ren n säu len  die 
n a c h  (10) aus den In f le x io n s ta n g e n te n  der fro n ta lc h ro m a to g ra p h isc h e n  D u rch 
b ru c h sk u rv e n  b e rech n e ten  H T S -W erte  (K u rv en  II)  u n d  die aus (u n te r  glei
chen  V ersuchsbed ingungen*  d u rch g e fü h rten ) E lu tio n sm essu n g en  n ach  (11) 
e rh a lte n e n  H T S-W erte  (K u rv e n  I I I )  gegen die L in ea rg esch w in d ig k eit der 
G a ss trö m u n g  au fg e trag en .

* D ie G leichheit b ez ieh t sich  n a tü r l ic h  n ich t a u f  die K o n z e n tra tio n .

Acta Chim. Hung. Tonxus 47. 1966

Abb. 1. 10%  Squalaii auf Firebrick -22



BEYER, FEJES, SCHAY, VARGA: FRONTALE GASCHROMATOGRAPHIE, III 19

E ine v o lls tän d ig e  Ü b ere in stim m u n g  d e r a u f  versch iedene W eise e rh a l
ten en  K u rv en  I I  u n d  I I I  is t deshalb  n ic h t zu  e rw a rte n , weil w egen d e r du rch  
die N a tu r  der P rozesse  gegebenen u n te rsch ied lich en  K o n z e n tra tio n sv e rh ä lt-

nisse im F ro n ta l-  u n d  E lu tionsfa ll die fü r  die F ro n tw a n d e ru n g  c h a ra k te r is t i
schen  g-W erte n ic h t id en tisch  sind , da die S o rp tio n siso th e rm e  in dem  b e tre f 
fenden  K o n zen tra tio n sb ere ich  eine schw ache K rü m m u n g  aufw eist. A u f den 
e rs te n  B lick is t a b e r  zu sehen, d aß  d er G ang  d e r e in an d er e n tsp rech en d en  
K u rv en  w eitgehend  gleich ist. Es is t also o ffensich tlich , daß  die B erechnung

2* Acta Chim. Hung. Tomus 47. 1966

Abb. 2. 20%  S q u a lan  a u f  F ire b ric k  22
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d e r  H T S -W erte  aus den  In f le x io n s ta n g e n te n  d e r fro n ta lch ro m a to g rap h isch en  
D u rc h b ru c k sk u rv e n  u n d  au s den  R e ten tio n sze iten  u n d  B asisb re iten  v o n  E lu 
tio n sb e rg e n  w eitgehend  g leichw ertige V erfah ren  sind .

E s  is t  schon lange b e k a n n t, d aß  die v a n  D eem ter-G leichung  — w enig 
s te n s  in  d ieser e in fachen  F o rm  — in  den  m e is ten  p rak tisch en  F ä llen  n ic h t 
a u s re ic h t , um  die H T S -K u rv e n  r ich tig  w iederzugeben . D esw egen ü b e rra sc h t 
es u n s  a u c h  n ich t, w enn  d ie  K u rv en  I I  u n d  I I I  n ic h t den V erlau f ty p isc h e r  
M in im u m k u rv en  zeigen, die a u f  G rund  der v a n  D eem ter-G leichung  zu e rw arten  
w ä re n . D u rch  w illkürliche  A n n ah m e von  geeigneten  W erten  fü r  D eff u n d  к 
k a n n  m a n  allerdings in  v ie len  F ällen  eine m e h r oder w eniger g u te  Ü b e re in 
s tim m u n g  des ta tsä c h lic h e n  H T S -K u rv en v erlau fs  m it der v a n  D eem ter- 
G le ich u n g  erreichen, w obei a b e r  besonders fü r  к  m eistens ex trem  h ohe  W erte  
an g en o m m en  w erden m ü ssen . W ir sind  a b e r in  d er Lage, die ta tsä c h lic h e n  
W e r te  fü r  к und  D eff v e rh ä ltn ism ä ß ig  zuverlässig  aus den D a te n  d e r bei 
g e rin g e ren  S tröm ungsgeschw ind igkeiten  gem essenen  F ro n ta lc h ro m a to g ra m m e  
a u f  G ru n d  von (8) zu e rm itte ln  u n d  d u rch  E in se tzen  dieser W erte  in  (9) die 
H T S -K u rv e  zu b e rech n en , die sich der T heorie  n a c h  ergeben sollte.

A u f den A bb. 2 u n d  3 s ind  die H T S -K u rv en  m it I  g ek en n ze ich n e t, die 
sich  rechnerisch  d u rch  E in se tz e n  der ex p e rim en te ll b estim m ten  k- (0,65 bzw . 
0 ,51  s _1) u n d  D eff-W erte  (0,174 bzw. 0,189 cm /s2) in (9) ergeben. E in  V ergleich 
d e r K u rv e n  I und  I I  m a c h t deu tlich , d aß  n u r  in n erh a lb  der d u rch  D o ppel
p fe ile  gekennzeichneten  S tröm u n g sg esch w in d ig k e its in te rv a lle , in  d en en  die 
D a rs te llu n g  gem äß (8) G erad en  e rg ib t, die F ro n tk u rv e n  also einen  au sre i
c h e n d e n  S y m m etrieg rad  aufw eisen , die b e tre ffe n d en  K u rv en  m ite in a n d e r  über- 
e in s tim m e n . Bei g rö ß eren  S trö m u ngsgeschw ind igke iten  w ird  je d o c h  n ic h t 
e in m a l d er Gang der K u rv e n  I I  u n d  I I I  a n n ä h e rn d  rich tig  w iedergegeben . 
D ie  U rsachen  d a fü r liegen  a u f  der H an d . D ie G leichung n äm lich , die die 
B e re c h n u n g  der H T S -W erte  a u f  G rund  d er In flex io n s tan g en ten  erm ö g lich t, 
g ilt  n u r  fü r sy m m etrisch e  D u rc h b ru c h sk u rv e n  u n d  s ta tio n ä re  F ro n te n , w ir 
h a b e n  sie aber dessen u n g e a c h te t au ch  bei h ö h eren  S tröm ungsgeschw ind ig 
k e ite n  b e n u tz t, wo in  den  re la tiv  k u rzen  S äu len  w eder eine v o lls tän d ig e  E in 
s te llu n g  des s ta tio n ä re n  Z u stan d es  zu e rw a rte n  is t, noch die D u rc h b ru c h s 
f ro n te n  an n äh e rn d  sy m m e trisc h  sind. Die F o rm e l fü r  die üb liche H T S -B erech- 
n u n g  e rg ib t sich an a lo g  d a z u  n u r  d an n , w en n  angenom m en w ird , d a ß  das 
P ro f il  des E lu tio n sb erg es eine sy m m etrisch e  G au ß -K u rv e  is t. T a tsä c h lic h  
l ä ß t  s ich  aber au ch  b e i d en  E lu tio n sb erg en  m it zunehm ender S trö m u n g s
gesch w in d ig k e it des T rä g e rg a se s  eine im m er a u sg ep räg te r  w erdende A sym m e
t r ie ,  d as  sog. »tailing« fe s ts te llen . G leichzeitig  w ird  die aus des L age des B erg
m a x im u m s  e rrechnete  R e te n tio n  m erk lich  k le in er.

E s  d rän g t sicli n u n  die F rage auf, ob die üb liche  B erechnung  d e r IITS- 
W e r te  au s  den fa k tisc h  im m e r m ehr oder w en iger asy m m etrisch en  E lu tio n s 
b e rg e n  ü b e rh a u p t g en ü g en d  S inn  h a t. V om  p ra k tisc h e n  S ta n d p u n k t au s  s te h t
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es au ß e r Zweifel, d aß  diese B erechnungsw eise, d e r w ir eine zw eite, a u f  f ro n ta l
ch ro m ato g rap h isch en  D a ten  b eruhende  M ethode zu r Seite  geste llt h ab en , 
fü r  die g asch ro m ato g rap h isch e  P rax is , in sbesondere  zu r B eu rte ilu n g  der 
T renn le istungen  von  Säulen  hei geringen S tröm ung sg esch w in d ig k e iten , von 
großem  N utzen is t. T h eo re tisch  gesehen is t a b e r ein solches V orgehen rech t 
fragw ürdig .

W ir sind davon  ü b erzeu g t, d aß  ein ta tsä c h lic h e r  F o r ts c h r it t  in der T h eo 
rie der G asch ro m ato g rap h ie  ohne die B erü ck sich tig u n g  d er fak tisch  im m er 
v o rh an d en en  A sy m m etrie  d er F ro n tk u rv e  bzw . E lu tio n sb e rg e  n ich t zu erreichen  
is t. A llerdings w ird  unseres E ra c h te n s  n ich t das sich  in d er neueren  L ite ra tu r  
im m er m ehr au sb re ite n d e  B estreben  zum  Ziele fü h re n , das darin  b e s te h t, die 
v an  D eem ter-G leichung  d u rch  w eitere, th e o re tisc h  schw er zu b eg rü n d en d e  
G lieder zu ergänzen . U n serer M einung nach , m ü ß te  das A u sg angsd iffe ren tia l
g leichungssystem  u n d  in sbesondere  die k in e tisch e  G leichung  einer k ritisch en  
U n te rsu ch u n g  u n te rzo g en  u n d  d e ra r t  e rg än z t w erden , d aß  es der m it ste igender 
S tröm ungsgeschw ind igke it zunehm enden  A sy m m etrie  d e r D u rch b ru ch sfro n ten  
bzw . E lu tionsberge  R ech n u n g  trä g t . Die W eite ren tw ick lu n g  der T heorie der 
G asch ro m ato g rap h ie  m it g ep ack ten  Säulen m ü ß te  also h ie r anse tzen , w obei 
es sich w ahrschein lich  als n o tw en d ig  erw eisen w ird , die D efin ition  von H T S 
en tsp rech en d  d er e rh a lten en  L ösung zu rev id ie ren . E s is t n a tü r lic h  n ich t au s
geschlossen, daß  eine d e ra rtig e  E rg än zu n g  d er T heorie  a u f  n ic h t v o ra u s
sehbare  und even tuell u n ü b erw in d b are  m a th em a tisch e  Schw ierigkeiten  s tö ß t. 
T ro tzd em  sollte ab e r d er A usw eg in dieser R ic h tu n g  gesu ch t w erden.

ZUSA M M ENFASSUN G

A uf G rund  der T heorie  de r s ta tio n ä ren  F ro n te n  w ird  eine M ethode angegeben , d u rch  
die au s f ro n ta lch ro m a to g rap h isch en  D a ten  die e ffek tive  D iffu s io n sk o n s tan te  in  der G asphase  
und  d ie G esch w in d ig k eitsk o n stan te  des Sorp tionsvorganges b e s tim m t w erden  können . D urch  
E in se tzen  dieser W erte  in  d ie v an  D eem ter-G leichung u n d  d as  H e ran z ieh en  der In flex io n s
tan g e n te  der d u rch b rech en d en  F ro n tk u rv e  e rg ib t sich ein  A u sd ru ck  fü r HTS, de r in  
A bh än g ig k eit von de r G asgeschw indigkeit denselben  G ang e rg ib t wie d ie übliche B erechnung  
au s R e ten tio n sze it u n d  B asisb re ite  von E lu tionsbergen .
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R ecent In v estig a tio n s on F ro n ta l Gas C hrom atography , 
on T ak in g  in to  A ccoun t the  V ariations 

o f Flow  R a te  d u rin g  Sorption, I I I

D e te rm in a tio n  of H E T P  V alues b y  F ro n ta l Gas C h ro m a to g rap h y

II. BEYER, P. FEJES, G. SCHAY and K. VARGA

Sum m ary. O n th e  basis o f  th e  th e o ry  o f  s ta tio n a ry  fro n ts  a new  m e th o d  is  developed 
w h ich  a llow s to  de term ine  th e  e ffec tive  d iffusion  c o n stan ts  in  th e  gas p h ase  a n d  th e  m ass 
t r a n s p o r t  v e lo c ity  c o n stan ts  from  f ro n ta l  gas ch ro m ato g rap h ic  d a ta . S e ttin g  th ese  values 
in to  th e  v a n  D e f m t e r  e q u a tio n  a n d  using  th e  in flex ion  ta n g e n ts  o f th e  th ro u g b b re a k in g  fro n t 
cu rv es  a  new  expression  fo r H E T P  resu lts . I t s  dependence  from  th e  gas flow  r a te  is q u ite  
s im ila r  to  th e  H E P T  expression  w h ich  re su lts  from  th e  re te n tio n  tim e  a n d  th e  b asis w id th  
o f e lu t io n  peaks.

Новые исследования в области фронтальной газовой хроматографии 
с учетом изменений в скорости потока в процессе сорбции. III.

Определение величин ВЭТТ с помощью газовой хроматографии

X . Б Е Й Е Р , П . Ф Е Й Е Ш , Г. Ш АЙ и К . ВА РГА

Резюме. На основе теории стационарных фронтов авторы публикуют метод, с помощью 
которого, из данных по газовой хроматографии, можно определить константу эффектив
ной диффузии и константу скорости сорбционного процесса. Подстановкой этих величин 
в уравнение ван Дэмтера, а также использованием изгибочной касательной пробивной 
фронтальной кривой, получили новое выражение для расчета ВЭТТ. Рассчитанные таким 
путем величины зависят от скорости газового потока точно таким же образом, как вели
чины ВЭТТ, рассчитанные обычным путем из времени задержки и элуционного пика.

D r. H e rm a n n  B e y e r  

D r. P á l  F e j e s  

P ro f. D r. Géza S c ii a y  

K á ro ly  V a r g a

B u d a p e s t I I .  P u sz ta sze ri ú t  57/69.
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NEUERE UNTERSUCHUNGEN ÜBER FRONTALE 
GASCHROMATOGRAPHIE, UNTER BERÜCKSICHTIGUNG 

DER STRÖMUNGSGESCHWINDIGKEIT 
WÄHREND DER SORPTION, IV*

B E U R T E IL U N G  C H R O M A T O G R A P H ISC H E R  T R E N N S Ä U L E N  A U F G R U N D  F R O N 
T A L C H R O M A T O G R A PH IS C H  G E M E S S E N E R  T R A N S  PO  RTG ESCH W IN D IG K  E IT S - U N D

D IF F U S IO N S K O N S T A N T E N

K . V a r g a , P . F e j e s  und  H . B e y e r

(Z en tra lforschungsinstitu t f ü r  Chemie der U ngarischen A ka d em ie  der W issenschaften, B u d a p es t)

E ingegangen  am  1. M ärz 1965

1. E in le itu n g

Bei L ösung g asch ro m a to g rap h isch e r T ren n au fg ah en  b e s te h t d e r  erste  
u n d  w ich tig ste  S ch ritt in d er A usw ahl d e r dem  betreffenden  P ro b le m  am  
besten  ge rech t w erdenden  T ren n flü ssig k e it. Im  w eiteren  sind a b e r  a u c h  die 
E ig en sch aften  des T räg erm ateria ls  von  g ro ß e r B ed eu tu n g , da die T re n n flü ss ig 
keit ih re  W irk u n g  n u r  bei einer b e s tim m te n  V erte ilu n g  op tim al a u sü b e n  k a n n , 
diese V erte ilu n g  ab er d u rch  die S tru k tu r  des T räg ers  im  w esen tlichen  v o rg e 
geben w ird . D ie T re n n g ü tc  w ird — wie b e k a n n t  — neben der Q u a l i tä t  der 
T ren n flü ssig k e it von d er Länge d er T re n n sä u le  u n d  vom  H T S -W ert, d . h. 
von d er T ren n stu fen h ö h e  b estim m t. E s e rsc h e in t uns nun  w ichtig  zu  u n te r 
suchen , inw iew eit m it H ilfe der fro n ta len  G asch ro m ato g rap h ie  A u fk lä ru n g e n  
über die B ee in flußung  des H T S-W ertes d u rc h  das T räg e rm a teria l e rh a lte n  
w erden k ö n n en , zum al w ir in der I I I .  M itte ilu n g  dieser Reihe [1] ü b e r  eine 
fro n ta lch ro m a to g rap h isch e  M ethode b e r ic h te t  h a b e n , die es e rm ö g lic h t, die 
H T S-W erte u n d  die P a ra m e te r  im  A u sd ru ck  fü r  HTS re la tiv  e in fach  zu 
bestim m en .

N ach  v a n  D e e m t e r  h ä n g t der H T S -W ert im  w esentlichen von  d e r  lin ea ren  
G eschw ind igkeit c„ der G asström ung , vom  V erte ilungskoeffiz ien ten  q, v o n  der 
effek tiven  D iffu sio n sk o n stan ten  ü t,({ u n d  v o n  d e r T ran sp o rtg esch w in d ig k e its 
k o n s ta n te  к  ab . D er V erte ilu n g sk o effiz ien t is t  fü r  eine gegebene S u b s ta n z  m it 
der P rä p a rie ru n g  d er S äule  festgeleg t. In  d en  q-W erten  kom m t in  e r s te r  L inie 
die S e le k tiv itä t der T ren n flü ssigke it zum  A u sd ru ck . U nser B estreb en  b e s te h t 
nun d a rin , die ch ro m ato g rap h isch e  T re n n sä u le  a u f  G rund der S o rp tio n s 
geschw ind igkeit und  d er L ängsdiffusion  zu b e w erten  und  zu c h a ra k te ris ie re n  
(wobei w ir uns b ew u ß t sind , daß  d iese b e id en  F a k to re n  n ich t u n a b h ä n g ig  
von d er q u a lita tiv e n  u n d  q u a n tita tiv e n  Z u sam m ense tzung  eines P ro b e -

* M itte ilu n g  III :  A cta  Chiin. H ung. 47 , 13 (1966).
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g em isch es sind). D esha lb  w erden  wir unsere U n te rsu ch u n g en  u n d  B e tr a c h tu n 
gen  a u f  diese F a k to re n  b esch rän k en .

In  einigen u n se re r  P u b lik a tio n en  [2, 3] h a b e n  w ir die e ffek tiv e  D iffu 
s io n sk o n s ta n te  fo lg en d erm aß en  defin iert:

D eff is t  also durch  die m it d e r Säulenfü llung  gegebenen  G rößen s 0 u n d  s, sow ie 
d u rc h  d ie  fü r  das b e tre ffe n d e  T rägergas u n d  d ie  K o m p o n en te  c h a ra k te ris tisc h e  
D iffu s io n sk o n stan te  D g b e s tim m t.

D ie  D eu tung  d e r T ra n sp o rtg esch w in d ig k e itsk o n s tan te  u n d  die A usw ahl 
d e r  d ie  K in e tik  des S orp tionsprozesses b esch re ib en d en  k inetischen  G le ichung  
s in d  e in  u n d  dasselbe P ro b le m . In  der G eschw ind igkeitsg le ichung  so llte  zum  
A u sd ru c k  kom m en, w elch er d er prinzipiell m ög lich en  elem entaren  T ra n s p o r t
p ro zesse  fü r  die S o rp tio n  gesch w in d ig k e itsb estim m en d  ist. Diese F ra g e  s te h t  
a b e r  in  engem  Z u sam m en h an g  m it der S t ru k tu r  des T räg erm ateria ls  u n d  dem  
V erte ilu n g szu stan d  d e r T ren n flü ssigke it. E in e  solche G eschw ind igkeitsg lei
c h u n g , in der diese G e s ich tsp u n k te  B e rü ck sich tig u n g  finden , is t je d o c h  z. Z. 
n ic h t  b e k a n n t. G lücklicherw eise  können die in  d e r  g asch ro m ato g rap h isch en  
P ra x is  v o rkom m enden  F ä lle  h insich tlich  d e r  K in e tik  w enigstens in  e rs te r  
N ä h e ru n g  als D iffusionsp rob lem e b e tra c h te t  w e rd en . D eshalb w ar es m öglich , 
d ie  L ösu n g en  des m it S o rp tio n  überlagerten  D iffusionsprob lem s in F o rm  e in er 
k in e tis c h e n  G leichung in  d e r  Theorie der G asch ro m ato g rap h ie  zu v e rw en d en . 
In  d e r  P rax is  der A d so rp tio n s- und  G as-F H issigkeits-V crte ilungsch rom atog ra- 
p h ie  erw ies sich z. B. die G leichung

als s e h r  g u t v e rw en d b a r, d ie  G l u e c k a u f  d u rc h  R eihenen tw ick lung  des die 
P o ren d iffu s io n  (für g rö ß ere  ет-W erte, d. h . in  d e r  N ähe des G leichgew ich
te s )  in  kugelförm igen T e ilch en  b esch re ib en d en , ziem lich k o m p liz ie rten  Z u 
sam m e n h a n g s  e rh ie lt [4 ]. D ie in (2) e n th a lte n e  T ran sp o rtg esch w in d ig k e its 
k o n s ta n te  w ird in  d iesem  F a lle  wie fo lg t g e d e u te t :

,3,
Qö

w obei
D'„ =  D b\A  .

Deti =  ^ - x D g 
s

( 1 )

( 2 )
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D er in der T heorie  d er G asch ro m ato g rap h ie  als lineare  k inetische  G lei
ch u n g  b ek an n te  Z u sam m en h an g  (2) k an n  n ach  dem  b e re its  G esagten form ell 
auch  fü r  die B esch re ibung  d er versch iedenen  e lem en ta ren  T ran sp o rtp ro zesse  
v erw endet w erden . N a tü rlic h  v e rä n d e rt sich dabei die D eu tu n g  von k. I s t  die 
S o rp tionsgeschw ind igkeit in der s ta tio n ä re n  P h ase  d er tra n sp o rtg e sc h w in d ig 
k e itsb estim m en d e  S c h r itt , so gilt:

к  =  . (4)
V2

Sind die G eschw ind igkeiten  der beiden e rw ä h n te n  Prozesse (also P o re n 
diffusion und  S o rp tio n  in d er T renn flü ssigke it) ko m m en su rab e l, d an n  k a n n  
к  als R ez ip rokw ert d er su m m ierten  R ezip ro k w erte  von  (3) u n d  (4) angegeben  
w erden.

A u f G rund  des oben G esagten  k an n  m an  e rw a rte n , daß  die effek tiv e  
D iffusio n sk o n stan te  u n d  insbesondere die T ran sp o rtg e sc h w in d ig k e itsk o n s ta n te  
ta tsä c h lic h  fü r  die C h arak te ris ie ru n g  g ep ack te r  ch ro m a to g rap h isch er S äu len  
geeignet sind , w enn m an  von den m it der S e le k tiv itä t  zusam m en h än g en d en  
F a k to re n  ab sieh t. D as is t  besonders e in leu ch ten d , w enn m an b ed en k t, d a ß  in 
d er G röße der T ra n sp o rtg esch w in d ig k e itsk o n stan te  u n d  in ih re r A b h än g ig k e it 
von den P räp a rie ru n g sm e th o d en  der Säulen p rinzip ie ll die S tru k tu r  des T räg ers  
u n d  die D icke des ad h ä rie ren d en  T rennflü ssig k e itsfilm es zum  A usdruck  k o m 
m en.

2. G eeignete M ethoden zu r B estim m ung  von к und D ef{

In  einigen frü h eren  P u b lik a tio n en  ü b e r die T h eo rie  der fro n ta len  G as
ch ro m ato g rap h ie  [5, 6] h ab en  w ir zwei M ethoden  beschrieben , die fü r  die 
B estim m ung  der e ffek tiv en  D iffu sio n sk o n stan ten  u n d  der T ran sp o rtg esch w in 
d ig k e itsk o n stan ten  aus fro n ta lch ro m a to g rap h isch en  D a ten  geeignet sind .

Die B erechnungsw eisen  gelten  n u r  fü r sog. s ta tio n ä re  F ro n ten  (s ta tio n ä r  
w erden  d iejenigen F ro n te n  g en an n t, die m it u n v e rä n d e r te r  G esta lt u n d  k o n 
s ta n te r  G eschw indigkeit d u rch  die Säule sch re iten ). D iese T a tsach e  se tz t a b e r 
tro tz d e m  ih rer V e rw en d b a rk e it keine S ch ran k en , d a  die F ro n te n  u n d  so au ch  
die h ie r zu u n te rsu ch en d e  K o n z e n tra tio n sfro n t in d e r  G asphase nach  Z u rü c k 
legen e in e r  genügend  langen  S trecke  in der ch io m ato g rap h isch en  T ren n säu le  
p rak tisch  s ta tio n ä r  w erden .

U nsere w eiteren  Ü berlegungen  basieren  a u f  d e r k in e tisch en  G leichung
(2), d. h. also a u f  der A n n ah m e, d aß  die G eschw ind igkeit des M assen tran sp o rtes  
zw ischen Gas- u n d  S o rp tio n sp h ase  du rch  einen  lin ea ren  Z u sam m enhang  zw i
schen den V erän d erlich en  * u n d  oe beschrieben  w erden  k an n .
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Methode I  [5]:

Im  sog. k ine tischen  G eb ie t* , d. h . bei g en ü g en d  hohen  S trö m u n g sg esch w in 
d ig k e ite n , bei denen die gew öhnliche G asdiffusion  in  S trö m u n g srich tu n g  b e re its  
v e rn a c h lä s s ig t w erden k a n n , g ilt fü r  die G asfro n t:

1 *L X° (1 — x \ )X° ,l n --------- ----------—— =  k x 0 г  -)- const. (5)
x 0 -  x L

M it H ilfe  von  (5) lä ß t  sich  die G röße von  к  aus d er L in iensch re iberaussch lag - 
Z e it-K u rv e  errechnen , w ie w ir das a u f  A bb . 1 zeigen.

A us A bb. 1 — die aus ex p erim en te llen  D a ten  k o n s tru ie r t  w u rd e , also 
k e in e  P rinzipsk izze  d a rs te llt  — is t zu erseh en , daß  die M eßw erte  bei der 
D a rs te llu n g  gem äß (5) b is a u f  die zu  n ied rig s ten  K o n zen tra tio n en  gehörenden  
P u n k te  ta tsä c h lic h  g u t a u f  e iner G eraden  liegen . Die A bw eichungen  d er M eß
p u n k te  im  u n te re n  K o n z e n tra tio n sb e re ic h  lassen  sich d ad u rch  e rk lä ren , daß  
G u j e c k a u f  die k in e tisch e  G leichung  fü r  in  d er N ähe des G leichgew ichtes 
lieg en d e  K o n z e n tra tio n e n  ab g e le ite t h a t ,  ih re  V erw endung fü r  n ied rig ere  K o n 
z e n tra t io n e n  dem zufolge m it ziem lich  g roben  F eh le rn  v e rb u n d e n  is t.

Methode I I  [6]:

B ei m ittle ren  S trö m u n g sg esch w in d ig k e iten , im  sog. U b erg an g sg eb ie t 
d e r S trö m u n g sg esch w in d ig k e it (s. F u ß n o te  S. 15), in  dem  der E ffe k t d er L än g s
d iffu s io n  noch  n ich t v e rn a c h lä ss ig t w erd en  k a n n , ab er au ch  d e r M assen-

* D ie genaueren  D efin itio n en  der G eschw ind igkeitsbere iche  h ab en  w ir schon  in  einer 
f rü h e re n  P u b lik a tio n  [6] angegeben . H ier soll n u r  e rw ä h n t w erden, d aß  w ir bei E rfü llu n g

ou2
d e r B e d in g u n g  ——  §> D cff das b e tre ffen d e  In te rv a ll  de r S trö m u n g sg esch w in d ig k e it als к

qu-
k in e tisc h e s  G ebiet, im F a lle  — D ett a b e r als U b erg an g sg eb ie t b eze ich n e t hab en .к

Acta C h in . Hung. Tomus 47. 1966
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tra n sp o r t  zw ischen Gas- u n d  S o rp tio n sp h ase  b e rü c k s ic h tig t w erden m u ß , k a n n  
ebenfalls eine die G asfro n t beschre ibende G le ichung  ab ge le ite t w erd en . A u s
gehend  von  d ieser F ro n tg le ich u n g  w äre a b e r  die B erechnung  von  к  u n d  D eis 
n u r schw er d u rch zu fü h ren . Zu einer e in facheren  u n d  auch  in der P ra x is  g u t 
v e rw en d b aren  M ethode gelangen w ir in d iesem  F alle  n u r  du rch  E in fü h ru n g  
ein iger w eite re r V ere in fachungen .

F ü r  K o n z e n tra tio n e n  u n d  S tröm ungsgeschw ind igke iten , die u n te r  
th eo re tisch  wie au c h  exp erim en te ll m ehr o d er w eniger gu t d e fin ie rb a ren  
S ch ranken  liegen, e rg ib t sich fü r die G asfro n t die G leichung einer sy m m e tr i
schen , d u rch  eine einzige G röße — der W e n d e p u n k ts ta n g e n te  <pm d e r K u rv e  — 
ein d eu tig  d efin ie rten  S -K u rv e . A us einem  bei e iner einzigen S trö m u n g sg e 
schw ind igkeit gem essenen  q>m-W ert lassen  sich  n a tü rlic h  die u n b e k a n n te n  
P a ra m e te r  D eff u n d  к m it Flilfe d er G leichung

( 6)

(die einen  Z u sam m en h an g  zw ischen der In f le x io n s ta n g e n te  u n d  den V e rsu c h sp a 
ram ete rn  d a rs te llt)  noch  n ich t e rrechnen . Zw eckm äßigerw eise v e r fä h r t  m an  
d e ra r t , d aß  m an  die be i versch iedenen  S tröm ungsgeschw ind igkeiten  gem essenen

<pm-W erte  in die lin k e  Seite  von (6) e in se tz t u n d  diese g eg e n ----- a u f tr ä g t .  D ie
qu2

S te igung  der so e rh a lte n e n  G eraden is t gleich  dem  effek tiven  D iffu sio n s
k oeffiz ien ten , d e r O rd in a te n a b sc h n itt g leich dem  R ezip rokw ert d er T ra n s p o r t
g esch w in d ig k e itsk o n stan te .

D ie V e rw e n d b a rk e it von  (6) h aben  w ir schon  in einer früheren  V e rö ffe n t
lichung  [6] an  H a n d  von  experim en te llen  D a te n  bew iesen. T ro tzd em  m ö c h te n  
wir h ie r unsere  frü h e re n  A usführungen  d u rc h  einige w eitere M eßergebn isse  
ergänzen.

Im  Z u sam m en h an g  m it den oben e rö r te r te n  B erech n u n g sm eth o d en  sei 
e rw ä h n t, d aß  sie m an ch e  Ä hn lichkeiten  aufw eisen . Bei beiden  M eth o d en  w ird  
die S ta t io n a r i tä t  d e r F ro n te n  u n d  die G ü ltig k e it d e r linearen  k in e tisch en  G lei
chung  v o rau sg ese tz t. D er prinzip ielle  U n te rsch ied  b es teh t darin , d a ß  fü r  die 
M ethode I  die M essungen bei höheren , fü r die M ethode I I  jedoch  die be i m it t le 
ren  S tröm ungsg esch w in d ig k e iten  erfo rderlich  sin d . W ie wir bew iesen  h ab en  
[6], k a n n  m an  bei h ö h eren  S tröm ungsgeschw ind igke iten  die f ro n tv e rb re ite rn d e  
W irk u n g  d er L ängsd iffu sion  au ß e r a ch t lassen . E s  is t deshalb s e lb s tv e rs tä n d 
lich, d aß  im  P rin z ip  u n d  in  der P rax is  n u r  die zw eite  der beiden M eth o d en  zu r 
B estim m u n g  der e ffek tiv en  D iffu sio n sk o n stan te  v erw en d et w erden  k a n n .

E s is t n u n  v o n  B ed eu tu n g , ob n a c h  b e id en  M ethoden in n e rh a lb  der 
experim en te llen  F eh le rg ren zen  gleiche W e rte  fü r  die T ran sp o rtg esch w in d ig 

A d a  Chirn. Hung. Tomus 47. I960
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k e its k o n s ta n te  e rh a lte n  w erden. W ie w ir im  w eiteren  zeigen, w erden  die 
A n sw ertu n g sm e th o d en  in dieser H in s ich t den  E rw artu n g en  ta tsä c h lic h  
g e rech t.

3. Experimenteller Teil

D er erste  S c h r i t t  d e r  experim entellen  A rb e ite n  b e s ta n d  in der P rä p a rie ru n g  d e r zu 
u n te rsu c h e n d e n  c h ro m a to g rap h isch en  T rennsäu len . A ls T räg e rm a te ria l w urden  zw ei feu erfeste  
Z iegelste ine  gew äh lt, d ie in  v ielen E igenschaften  e in a n d e r  n ah esteh en , näm lich  das u n g a risch e  
E rze u g n is  »Term olit« u n d  »F irebrick  22« englischer H e rk u n f t.  U m  den V ergleich  d e r m it 
d iesen  b e id en  T räg e rn  gefü llten  ch ro m a to g rap h isch en  S äu len  au f G rund  der gem essenen  
k- (u n d  D eff-)W erte zu  e rle ich tern , hab en  w ir e in ige  physika lische  D a ten  de r T rä g e rm a te 
r ia lien  b e s tim m t. V on d iesen  sollen  h ier die sch e in b a re  u n d  w ahre D ich te  sowie d ie  au s den 
bei d e r  T e m p e ra tu r  des siedenden  S tickstoffs gem essen en  K ry p to n -A d so rp tio n siso th e rm en  
b e re c h n e te n  spezifischen  O b erflächen  [7] h e rv o rg eh o b en  w erden . Die D a ten  sin d  in  T ab . I  
zu sa m m en g e fa ß t

Tabelle I

P hysikalische Eigenschaften der Trägermaterialien

Trägermaterial
Dichte g/cm3J Spezifische

Oberfläche
K/g]scheinbare wahre

T e r m o l i t .............. 0,683 2,37 4,79

F irebrick-22  . . . 0,673 2,55 3,46

N a ch  Z erk le in e ru n g  de r T räg e rm a teria lien  h a b e n  w ir einige S ieb frak tio n en  zw ischen 
d en  K o rn g rö ß e n  v o n  0,2 bis 0,5 m m  ausgesondert, u m  a n  H a n d  von G leichung (3) zu  u n te r 
su ch en , ob  die E ig en sch aften  de r ch ro m a to g rap h isch en  T ren n säu le  von  der K o rn g rö ß e  der 
S ä u len fü llu n g  b e e in f lu ß t w erden , d. h ., ob die P o re n d iffu s io n  als g esch w in d ig k e itsb estim 
m en d e r  S c h r itt  des M assen tran sp o rte s  b e tra c h te t  w e rd en  kann .

A ls s ta tio n ä re  P h ase  d ien te  Squalan . E s w u rd e , in  P e tro lä th e r  gelöst, a u f  den  v o rh e r 
2 — 3h be i 200° C im  V a k u u m  au sg eh eitz ten  T räg ern  a u fg e b ra c h t. Im  H inb lick  au f G le ichung  (4) 
h a b e n  w ir v e rsu ch t, versch ied en e  S ch ich td icken  d e r T ren n flü ss ig k e it au fzu b rin g en , in d em  
w ir d ie  T räg e r m it S q u a lan m en g en  zwischen 10 u n d  20 G ew .-%  beladen  hab en . In  e in igen  
F ä lle n  h a b e n  w ir — u m  eine e inheitlichere  B e d eck u n g  zu  erreichen — F ireb rick -22  n ach  
d em  A usheizen  bei 80° C m it dam pfförm igem  H e x am e th y ld is ila sa n  h y d ro p h o b ie rt.

U m  ü b e r die A r t  de r B en etzu n g  etw as m eh r au ssag en  zu können , w urde  in  e in igen 
F ä lle n  die spezifische O berfläche  de r schon m it T ren n flü ss ig k e it beladenen  T räg er b e s tim m t.*  
D ie spezifischen  O berfläch en  von  m it 9 ,99% , 14 ,95%  u n d  20 ,0%  S qualan  be lad en em  F ire 
b rick -2 2  (K o rn g rö ß e  0,315 — 0,4 m m ) ergaben sich in  d e r g leichen R eihenfolge zu  1,65, 1,11 
u n d  0,79 m2/g.

D ie b e n u tz te n  T räg e r  w u rd en  in 25 bzw. 50 cm  lan g e  G lassäulen m it D u rch m essern  
v o n  6 b is 10 m m  gefü llt. D ie w ich tigsten  D a ten  de r fe rtig  p rä p a rie r te n  Säulen  sin d  in  T ab . II 
zu sam m en g e faß t.

A ls T räg erg as w u rd e  W assers to ff und  als S o rp tiv  n -B u ta n  in einer du rah  d ie A r t der 
M essung  gegebenen K o n z e n tra tio n  verw endet. D ie e in h e itlich e  M eß tem p era tu r w ar 20° C.

D ie  e igen tliche M essung b es tan d  in der B e s tim m u n g  der K u rv en  K o n z en tra tio n -Z e it 
(g e n au e r: L in iensch re ib erau ssch lag -Z e it)  u n d  der g le ich ze itig en  A ufnahm e der K u rv e n  W (r)  — т 
m it H ilfe  des G uerinschen  S e ifen m em b ran strö m u n g sm essers .

* D ab ei k o n n te n  L ösungseffek te  n u r geringe F e h le r  v e ru rsachen , da  das S q u a lan  bei 
der A d so rp tio n s te m p e ra tu r  fest is t. Zwischen der S q u a lan o b e rfläch e  u n d  dem  gasfö rm igen  
K ry p to n  t r i t t  n u r eine physik a lisch e  W echse lw irkung  a u f  (die sich sicher von de rjen ig en  
zw ischen  d e r O berfläche des T räg ers  und  dem  S o rb a t u n te rsch e id e t.)
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Die к- u n d  D eff-W erte w u rd e n  aus den K o n z en tra tio n -Z e it K u rv e n  e rre c h n e t. D ie 
W (r)-r-K u rv e n  d ien te n  zur B estim m u n g  der S o rp tio n sk a p a z itä t  de r F ü llung , des T o tra u m es , 
d e r  A u sg an g sk o n zen tra tio n  des n -B u ta n s  u n d  der S trö m u ngsgeschw ind igkeit.

D ie fro n ta lg asch ro m a to g ra p h isch e  A p p a ra tu r , d ie M essung selbst u n d  die A u sfü h ru n g  
d e r B erechnungen  h ab en  w ir b e re its  in  m ehreren  frü h eren  P u b lik a tio n en  [8, 9] b esch rieb en , 
so d a ß  h ier a u f  eine W iederho lung  v e rz ic h te t w erden  k an n .

4. M eßergebnisse und  ih re  B ew ertung

a) Über die Zuverlässigkeit der Auswertungsmethoden

U m  die V e rw e n d b a rk e it d er A u sw ertu n g sm eth o d en  in  der P ra x is  zu r 
B estim m u n g  v o n  к  u n d  D c[[ zu  d em o n strie ren , sollen einige d iesbezügliche 
M eßergebnisse v o r un seren  e igen tlichen  A u sfüh rungen  angegeben  w erden .

Z u erst m ö ch ten  w ir zeigen, d aß  zw ischen den  G rößen лг„ u n d  <pm t a t 
säch lich  G leichung (6) en tsp re c h e n d , eine lin eare  A b h äng igke it b e s te h t. Zu 
diesem  Zwecke fo rm en  w ir (6) u m  in:

4  к  \
*0 = ----- -- -Deft +  — -  • <Pm ( 7 )

quL qu~ )

M it H ilfe d ieser G leichung k a n n  bei K en n tn is  d er a u f  der rech ten  S eite  s te h e n 
den  G rößen  die A u sg an g sk o n zen tra tio n  b erech n e t w erden . Die zu r B erech n u n g  
n o tw en d ig en , von  der K o n z e n tra tio n  u n ab h än g ig en  P a ra m e te r  D e(f, к  u n d  q 
s in d  aus sep a ra te n  M essungen zu en tnehm en .

Die d iesbezüglichen ex p erim en te llen  U n te rsu ch u n g en  h ab en  w ir m it der 
S äu le  3 (s. T ab . I I )  au sg e fü h rt. D ie E rgebnisse  sind  in T ab . I I I  zu sam m en g efaß t, 
in  d e r die m an o m etrisch  e in g este llte  A u sg an g sk o n zen tra tio n  x 0 fü r  die n -B u ta n -  
H ,-G em isclie , die aus den D u rch b ru ch sk u rv en  e rm itte lte n  S te ig u n g en  cpm d e r 
In flex io n s tan g en ten  und  die dazugehörigen  s ta tio n ä re n  F ro n tw a n d e ru n g s 
geschw ind igkeiten  u sowie die m it H ilfe der G leichung  (7) u n te r  B e n u tz u n g  
d e r  P a ra m e te r  D eff =  0,18 cm 2/sec, к =  0,38 se c -1  u n d  q =  6,33 e rre c h n c te n  
«„-W erte  angegeben  sind. In  d er le tz te n  S palte  d er T ab . I I I  sind  die D ifferenzen  
d e r Q u ad ra te  d er so b e rech n e ten  u n d  der m an o m etrisch  eingeste llten  A usg an g s
k o n z e n tra tio n e n  a n g e fü h rt. D iese D ifferenzen sind  in  allen  F ällen  g eringer als 
d e r  F eh le r der M ethode. Die lin k e  Seite  von  (6) is t — bei B e ib eh a ltu n g  d er fü r  
die G ü ltig k e it d ieser G le ichung  no tw end igen  V orau sse tzu n g en  — p ra k tis c h  
u n ab h än g ig  von  der A u sg an g sk o n zen tra tio n  des S o rp tiv s  im  T räg erg as.

Im  Z u sam m en h an g  m it d e r bere its  aufgew orfenen  F rag e  d e r G le ich
w ertigke it d er be iden  angegebenen  A usw ertu n g sm eth o d en  w erden in  T a b . IV  
einige m it den S äulen  4, 5 u n d  7 (s. T ab . I I )  e rh a lten en  M eßergebnisse a n g e fü h rt, 
um  zu bew eisen, d aß  die fü r  eine gegebene Säule im  k in e tisch en  u n d  im  Ü b e r
gangsgeb ie t d er S trö m u n g sg esch w in d ig k e it e rm itte lte n  fc-W crte gleich sind . 
E s sei b em erk t, d aß  im  F alle  d er Säule 5 die A bw eichungen  d er T ra n sp o rt-
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Tabelle II

Deffm-> k- und andere Kennwerte verschiedener chromatographischer Säulen
V

er
su

ch
sr

ei
he

Sä
ul

en
 N

r. Träger
material

Korngröße
[mm]

Squalan-
gehalt

[Gew.-%]

L
[em] [ml/cm]

m
[g/cm]

а о 
*0

[”>l/g]
4

Dtsf(
[cm2/s]

fc
[s-4

l T erm olit 0,2 —0,4 15,02 28,8 0,372 0,041 59,1 6,50 0,16 0,42
I 2 T erm olit 0,2 — 0,4 15,02 28,8 0,372 0,041 57,4 6,33 0.18 0,38

3 T erm olit 0,2 — 0,4 14,9 25,0 0,344 0,037 56,8 6,11 0,17 0,38

4 Firebrick-22 0,2 —0,25 15,05 25,0 0,367 0,031 58,83 5.02 0,16 0,77
i l 5 Firebrick-22 0,315 — 0,4 14,96 24,8 0,379 0.031 60,56 4.96 0,16 0,82

6 Firebrick-22 0,315 — 0,4 14,96 49.9 0,332 0,029 57,6 5,02 0,20 0,71
7 Firebrick-22 0,4 —0,5 15,03 25,0 0,365 0,033 58,4 5,22 0,16 0,75

8 Firebrick-22 0,315 — 0,4 9,99 49,8 0,371 0.020 58,2 3,19 0,17 0,65
9 Firebrick-22 0,315 — 0,4 9,99 49,8 0,345 0,019 59,4 3,22 0,20 0,69

10* Firebrick-22 0,315 — 0,4 10,01 50,0 0,392 0,020 58,7 3,07 0.18 0,75
5 Firebrick-22 0,315 — 0,4 14,96 24,8 0,379 0,031 60,56 4,96 0,16 0,82

u i 6 Firebrick-22 0,315 — 0,4 14,96 49,9 0.332 0,029 57,6 5,02 0,20 0,71
11 Firebrick-22 0,315 — 0,4 20,00 25,0 0,360 0,043 57,86 6,90 0,17 0,61
12 Firebrick-22 0,315 — 0,4 20,00 24,7 0,360 0,047 58,39 7.68 0.15 0,57
13 Firebrick-22 0,315 — 0,4 20,00 50,0 0.342 0,045 58,78 7,68 0,19 0,51
14* Firebrick-22 0,315 — 0,4 20,01 24,7 0,336 0,046 51,20 6.97 0.19 0,64

* hydrophobierte  T räg er.

Tabelle III

Vergleich der aus den Inflexionstangenten der Durchbruchskurven berechneten und manometrisch 
eingestellten Werte der Ausgangskonzentrationen

*0(manometrisch) *5 ■ 10= <Pm ■ M* [s-1] u [cm/s] x \ r
(rechnerisch) *Ü,r ■ io2 |жб,г *э| ‘ 10"

1
0,099 0,98 5,15 0,0564 0,114 1,30 0,32
0,161 2,59 8,25 0,0542 0,153 2,34 0,25
0,163 2,66 8,97 0,0570 0,173 2,99 0,33
0,207 4,28 12,14 0,0570 0,210 4,41 0,13
0,227 5,15 12,28 0,0550 0,233 5,43 0,28
0,274 7,51 15,25 0,0542 0,274 7,51 0,00
0,285 8,12 17,66 0,0546 0,293 8,58 0,46
0,322 10,32 22,40 0,0586 0,323 10,43 0,06

g esch w in d ig k e itsk o n s ta n te n  von dem  w ah rsch e in lich  reellen  W e rt von  0,6 
n o c h  innerh a lb  der M eßfeh le r liegen.

D a es prinzip iell n ic h t  m öglich ist, e ffek tiv e  D iffu s io n sk o n stan ten  m it der 
M eth o d e  I  zu b e s tim m e n , w erden  im  fo lgenden  n u r  n a c h  der M ethode I I  e rh a l
te n e  M eßergebnisse a n g e fü h rt.
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Tabelle IV

Vergleich der im kinetischen und  Ubergangsgebiet der Strömungsgeschwindigkeit gemessenen k-W erte  
in Abhängigkeit vom Squalangehalt des Trägers

Squalangehalt
Transportgeschwind igkeitskonstantc

|Ccw.-%]
Übergangsgebiet

Kinetisches
Gebiet

10,01 0,75 0.78
14.96 0,71 0.53
20,00 0,51 0.48

b) Untersuchung und  Vergleich von chromatographischen Trennsäulen  
a u f  Grund der gemessenen k- und  D e{f-Werte

N ach  dem  in d e r E in le itu n g  G esagten  is t es n ich t schw er, e inzusehen , 
d aß  zum  V ergleich c h ro m a to g rap h isch er T ren n säu len  die e ffek tiv e  D iffusions
u n d  die T ra n sp o rtg e sc h w in d ig k e itsk o n s ta n te  herangezogen  w erd en  können . 
Im  fo lgenden  soll n u n  ü b e r die M eßergebnisse b e ric h te t w erden , die eine A ussage 
ü b e r die S tru k tu r  des Ö lfilm es u n d  den g esch w in d ig k c itsb estim m en d en  S chritt 
der S o rp tio n  zulassen.

W ir haben  fü r  versch ied en e  ch ro m ato g rap h isch e  Säulen  die k-  u n d  D ef(- 
W erte  b e s tim m t u n d  in  T ab . I I  m it angegeben . In  d ieser T abelle  s in d  die T re n n 
säu len  d e ra r t  an g e o rd n e t, d aß  m an  le ich t Schlüsse au f die Q u a litä t  des T rägers 
(V ersuchsreihe I  u n d  I I ) ,  a u f  den  E in flu ß  d er K orngröße (V ersuchsre ihe  II) 
u n d  a u f  die S ch ich td icke  d er T ren n flü ssig k e it (V ersuchsreihe I I I )  z iehen  kann .

Z u erst w ollen w ir u ns m it der F rag e  befassen , ob ein m e rk lic h e r U n te r
sch ied  in den ch ro m a to g rap h isch en  E ig en sch aften  der Säulen be i V erw endung  
von  T erm o lit u n d  F ireb rick -22  als T räg e r b e s te h t. W erden die in  T a b . I I  fü r 
die m it T erm olit (V ersuchsreihe I) u n d  F irebrick -22  (V ersuchsreihe I I )  gefüllten 
S äulen  gleicher L änge  angegebenen  W erte  m ite in an d e r v e rg lich en , so ste llt 
m an  fest, daß  die e ffek tiv en  D iffu s io n sk o n stan ten  p ra k tisc h  gleich  sin d , w äh
ren d  d er W ert d er T ra n sp o rtg esch w in d ig k e itsk o n s tan ten  bei V e rw en d u n g  von 
F irebrick -22  e tw a  d o p p e lt so groß wie d er bei V erw endung  v o n  T erm olit 
is t. Die G leichheit d er e ffek tiv en  D iffu sio n sk o n stan ten  w ar zu  e rw a rte n  und 
b e d a rf  k e iner w eite ren  E rk lä ru n g . Es is t jed o ch  n o tw end ig , d e r U rsach e  fü r 
die V ersch iedenheit d er T ra n sp o rtg e sc h w in d ig k e itsk o n s ta n ten  w e ite r  n a ch zu 
gehen , zum al es a u f  den e rs ten  B lick w idersp rüch lich  e rsch e in t, d a ß  fü r  den 
T räg e r m it g rößerer spezifischer O berfläche eine geringere T ran sp o rtg e sc h w in 
d ig k e itsk o n s tan te  e rh a lte n  w ird . D ieser B efu n d  lä ß t sich z u n ä c h s t w eder m it 
der A nnahm e d er P o ren d iffu sio n  [G leichung (3)] noch m it d e r  d e r  S o rp tion  
in d e r s ta tio n ä re n  P h ase  [G leichung (4)] als geschw in d ig k e itsb estim m en d en  
S c h r it t  e rk lären .
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B e v o r wir versuchen, d ie sen  B efu n d  zu deu ten , soll k u rz  a u f  den in  der g a sc h ro m a to 
g ra p h is c h e n  P rax is oft v o rk o m m e n d e n , sog. »V erstopfungseffekt«  eingegangen w erden . Die 
sp e z if isc h en  O berflächen de r b e n u tz te n  T räger (s. v o ra n s te h e n d e s  K ap ite l) zeigen, d a ß  eine 
b e d e u te n d e  A bnahm e der O b e rfläch en g rö ß e  schon bei B e la d u n g  m it re la tiv  geringen S qu a lan - 
m e n g e n  e in tr i t t .  Dies w eist d a ra u f  h in , d aß  schon geringste  F lü ss ig k eitsm en g en  zur V ersto p fu n g  
d e r  P o re n  geringsten D u rc h m esse rs  fü h ren , wobei a u ch  d ie jen ig en  m it g rößeren  D u rc h 
m e sse rn  verschlossen w erd en  k ö n n e n , die einen engeren  »E ingang« aufw eisen. B rin g t m an  
g rö ß e re  F lüssigkeitsm engen  a u f  d e n  T räger, so is t  m it e in e r w e ite ren , ab er n ic h t m eh r so 
s t a r k  au sg ep räg ten  A b n ah m e d e r  O b erfläche  zu rechnen . I n  d iesem  S tad iu m  der B ed eckung  
s in d  w ahrschein lich  schon alle  e n g e re n  Poren  des T räg e rs  m it F lü ss ig k eit angefü llt.

D ie W erte der sp ez ifisch en  O berflächen d e r  b e lad en en  T räg er lassen  die 
S ch lu ß fo lg e ru n g  zu, d aß  T e rm o lit  m ehr, ab e r en g ere  P o ren  als F ireb rick -22  
h a t  (s. T ab . I). Je  k le in e r d ie  d u rch sch n ittlich e  G röße d er P o ren  is t, m it um so 
g rö ß e re r  W ah rsch e in lich k e it t r i t t  der v o rh in  e rw ä h n te  V erstop fungseffek t 
a u f . D as  he iß t m it a n d e re n  W o rte n , daß im  F a lle  des an  M ikro- u n d  D u rch 
g a n g sp o re n  reicheren T e rm o lits  zahlenm äßig  m e h r P o ren  v e rs to p ft w erden  
a ls  b e i F irebrick-22, d aß  a lso  hei gleichen B e lad u n g en  die spezifische O ber
f lä c h e  von  T erm olit g e rin g e r is t als die von  F ireb rick -2 2 . Die u n m itte lb a re  
F o lg e  dieses V ersto p fu n g se ffek tes  is t aber, d aß  die d u rch sch n ittlich e  S ch ich t
d ic k e  d e r T renn flü ssigke it a u f  T erm olit g rößer is t  a ls a u f  F ireb rick -22 . Die 
g e r in g e re n  T ran sp o rtg esch w in d ig k e iten  bei T e rm o lit f in d e n  also ih re  E rk lä 
ru n g , w enn  m an die S o rp tio n  in  der flüssigen P h a se  n a c h  (4) als geschw indig
k e itsb es tim m en d en  S c h r i t t  a n n im m t.

Im  w eiteren befassen  w ir  u n s  ausschließlich  m it dem  T räg er F irebrick -22 . 
A u s V ersuchsreihe I I  d e r T a b . I I  is t  zu ersehen, d a ß  die S treu u n g  der T ra n s p o r t
g e sch w in d ig k e itsk o n s tan ten  b e i V erw endung v o n  m it 15%  S qualan  b e lad en en  
T rä g e rn  u n te rsch ied licher K o rn g rö ß e  keinen G ang  zeig t. D ie k -W erte  hängen  
a lso  v o n  der K orngröße n ic h t  m erk lich  ab. In  V ersu ch sre ih e  I I I  sind  die E rg e b 
n isse  fü r  T räger g leicher K o rn g rö ß e , ab er u n te rsch ied lich em  B elad u n g sg rad  
e n th a l te n .  T ro tz  der u n reg e lm äß ig en  S treuung  d e r M eßw erte  geh t d a rau s  k la r  
h e rv o r ,  daß  die T ra n sp o rtg e sc h w in d ig k e itsk o n s ta n ten  bei 20% iger B elad u n g  
a m  g eringsten  sind.

W ird  fü r l) f  ein W e r t  v o n  10“ 7 cm2/sec an g en o m m en , so e rg ib t sich  m it 
d en  gem essenen T ra n sp o rtg e sc h w in d ig k e itsk o n s ta n ten  fü r  die S ch ich td icke  
a u s  (4) ein W ert von  1 0 ~ 3 cm . Dies e n tsp r ic h t u n g e fä h r  den E rw a rtu n g e n . 
E in e  q u ad ra tisch e  A b h ä n g ig k e it der k -W erte  v o n  d e r Sch ich td icke  k o n n te n  
w ir a lle rd ings n ich t fe s ts te lle n , w as wohl d a ra u f  z u rü ck zu fü h ren  is t, d aß  die 
T rä g e r  im  allgem einen n ic h t  gleichm äßig  b e n e tz t  w erd en  [10].

M it steigender S q u a la n  m enge v e rä n d e rt s ich  w ahrschein lich  die S ch ich t
d ic k e  k a u m  und n u r  die G rö ß e  der an der O b erfläch e  des T rägers sich  au s
b ild e n d e n  »F lüssigkeitsinseln« bzw . T röpfchen n im m t zu, d. h ., d aß  die Ge
sch w in d ig k e it des T ra n s p o r te s  n ich t oder n u r  u n b e d e u te n d  b ee in flu ß t w ird . 
Im  Z usam m enhang  m it d ie se r  F rage  soll noch  fo lgendes e rw äh n t w erden . Bei 
r e la t iv  geringen, a u f  den  T rä g e r  au fg eb rach ten  F lü ssig k e itsm en g en  w erden  die 
M ik ro - u n d  D u rch g an g sp o ren  anscheinend  schon  v o lls tä n d ig  v e rs to p f t  bzw .
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angefü llt. D ad u rch  n im m t zw ar, wie w ir gezeig t h a b e n , die spezifische O b e r
fläche  d er b e lad en en  T rä g e r b ed eu ten d  ab , das n o ch  leere P o ren v o lu m en  
ä n d e rt sich je d o c h  k a u m , da  das V olum en d ieser b e id en  T ypen  v o n  P o ren  
n u r  ein B ru ch te il des G esam tporenvo lum ens is t. D e r g rö ß te  Teil d e r T re n n 
flüssigkeit lieg t also als F lüssigkeitsinse ln  bzw . T rö p fch en  an  den W än d en  
d er M akroporen  vo r. B rin g t m an  w eitere M engen d e r  T rennflü ssigke it a u f  den  
T räg er, so n im m t z u n ä c h s t n u r  das V erh ä ltn is  v o n  b e d e c k te r  zu freier M ak ro 
po renoberfläche  zu. D a a b e r  diese b e sc h rä n k t is t ,  m u ß  von  einer m e h r o d er 
w eniger g u t d efin ie rten  S ä ttig u n g  an m it s te ig en d em  Ö lgehalt auch  die F ilm 
dicke zunehm en  u n d  n a c h  (4) zu einer A b n ah m e d e r 7c-Werte führen . D ie fü r  
versch iedene B elad u n g sg rad e  experim en te ll b e s tim m te n  k-W erte (V ersuchs
reihe I I I  in  T ab . I I )  s tim m en  m it diesen Ü b erleg u n g en  überein .

In  T ab . I I  sind  au c h  die gem essenen e ffek tiv en  D iffu sio n sk o n stan ten  
an g e fü h rt. Bei gleichen Säu len längen  ergeben  sich  u n ab h än g ig  von  d e r A rt, 
K orngröße u n d  B e lad u n g  des T rägers p ra k tisc h  g leiche W erte . Es fä ll t  je d o c h  
au f, daß  die bei 50 cm  S äu len länge gem essenen D eff-W erte  größer als d ie  be i 
25 cm sind. D ieser E ffe k t k a n n  teilw eise d a d u rc h  eine  E rk lä ru n g  f in d e n , d aß  
bei n ied rigeren  S q u a lan g eh a lten  u n d  den a n g e w a n d te n  S trö m ungsgeschw in 
d igkeiten  die S ta t io n a r i tä t  d er F ro n ten  in  k ü rz e re n  Säulen  noch n ic h t  v o ll
s tän d ig  e rre ich t w erden  k an n .

A u f G ru n d  d er q u a lita tiv e n  A nalyse d e r experim en te ll b e s tim m te n  
T ran sp o rtg esch w in d ig k e itsk o n stan ten  lieg t le tz te n  E n d es die V e rm u tu n g  
nahe, daß  die G eschw ind igkeit des M assen tran sp o rte s  in  der G as-F lüssigkeits- 
V erte ilu n g sch ro m ato g rap h ie  von  der S o rp tion  in  d e r T renn flü ssigke it a ls dem  
lan g sam sten  S c h r it t  b e s tim m t w ird. D ie M eßw erte  weisen d a ra u f  h in , d aß  
w ahrschein lich  bei geringeren  B eladungen  k e in  zu sam m en h än g en d er F ilm  
an  der O berfläche d e r T räg e r gebildet w ird . D a die h y d ro p h o b ie rten  T rä g e r  
(Säulen 10 u n d  14 in  T a b . I I )  p rak tisch  die g leichen  k -W erte  ergeben, l ä ß t  sich  
eine e inhe itlichere  B en e tzu n g  du rch  chem ische B eh an d lu n g  der T rä g e ro b e r
flächen , w enigstens im  F alle  des System s S q u a lan -F ireb rick -2 2 , n ic h t  e r
zw ingen.

SY M B O LE

a (z, r )  [m l/g oder n -m l/g]; in  einem  gegebenen Q u e rsc h n itt  d e r  ch ro m ato g rap h isch en  S äu le  
a u f  d ie M engeneinheit der a k tiv e n  F ü llu n g  bezogene d u rc h s c h n i t t 
liche G asm enge als F u n k tio n  v o n  s u n d  т

a 0 [m l/g]; zu r A u sg an g sk o n zen tra tio n  x 0 gehörige, a u f  die M engeneinheit der a k tiv e n  F ü llu n g  
(bei A d so rp tio n sch ro m ato g rap h ie : des A d so rb en s; bei Y erte ilu n g sch ro m a to g rap h ie : 
de r T ren n flü ss ig k e it)  bezogene sorb ierte  G leichgew ich tsm enge 

A  [m l/m l]: S te igung  der lin ea ren  Sorp tionsiso therm e
c0 (== v/s) [cm /s]: k o n s ta n te  lin ea re  G eschw indigkeit d e r  G aszu fü h ru n g  
Df, [cm2/s]: P o ren d iffu s io n sk o n stan te

D eff f =  x  Dgl [cm2/s]: e ffek tiv e  D iffu sio n sk o n stan te  im  G asrau m  der Säule
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D f  [cm 2/s j :  D iffu sio n sk o n stau te  in  der T ren n flü ss ig k e it 
Dg fcm 2/s | :  gew öhnliche D iffu sio n sk o n stan te  
к  [ s -1 ]: T ran sp o rtg esch w in d ig k e itsk o n stan te  
L  fc m j: T ren n säu len länge
m  [g /cm ]; Menge der a k tiv e n  F ü llu n g  pro  L än g e n e in h e it der Säule

q I == - - -  J ; der d im ensionslose , von T e m p e ra tu r  u n d  Säulerifiillung ab h än g ig e  V erte ilu n g s-
V s x o ' koeffiz ien t de r so rb ie rb aren  K o m p o n e n te

s [m l/cm ]: T o trau m  der Säu le  (P oren v o lu m en  K o rn zw isch en rau m ) pro  L ä n g e n e in h e it  d e r  
Säule

s 0 [m l/cm ]: K ornzw ischenvo lum en  pro L än g e n e in h e it 
и  [cm /s]: L in eargeschw ind igkeit der s ta tio n ä re n  F ro n te n
w  (z, t ) [m l/s]: V o lum engeschw indigkeit de r G a ss trö m u n g  als F u n k tio n  v o n  z u n d  т 
z [cm ]: L ängsk o o rd in a te
X  (z, t ) [m l/m l]: d u rc h sch n ittlich e  K o n z en tra tio n  des S o rp tiv s in einem  g egebenen  Q u e r

sc h n itt d e r  Säu le  als F u n k tio n  v o n  z u n d  т 
л () [m l/m l]: k o n sta n te  K o n z e n tra tio n  des S o rp tiv s  in  de r G aszuführung

a  I =  « I : d im ensionsloser W e rt fü r die so rb ie rte  M enge

F ( = - ^ - \  [s -1 ]: fü r d ie G eschw indigkeit des M a ssen tran sp o rte s  c h a ra k te r is tis c h e r  P a ra -  
'  m ete r

o u [cm ]: K o rn rad ius

=  I ----- : W en d e p u n k ts ta n g e n te  der D u rch b ru ch sk u rv e
x = x j i \

V [cm  : Sch ich td icke  de r T ren n flü ss ig k e it 
г  [sec : Z eitk o o rd in a te  
x: L a b y r in th fa k to r

Z U SA M M EN FA SSU N G

U nsere  V ersuchsergebnisse  b e stä tig en  die Z uverlässig k eit der schon in e in e r frü h eren  
M itte ilu n g  beschriebenen  M ethode zur B estim m u n g  v o n  effek tiven  D iffu s io n sk o n s tan ten  u n d  
T ran sp o rtg e sc h w in d ig k e itsk o n s tan te n  aus im  sog. U b erg an g sg eb ie t der S trö m u n g sg esch w in d ig 
k e it  ausg efü h ^ ten  fro n ta lch ro m a to g rap h isch en  M essungen . Die au f diese W eise u n d  au s im  
k in e tisc h e n  G ebiet a u sg e fü h rte n  M essungen e rh a lte n e n  T ran sp o rtg esch w in d ig k e itsk o n stan ten  
s tim m e n  überein .

C hrom atograph ische  T ren n säu len  w erden  d u rc h  die T ran sp o rtg esch w in d ig k e its - und  
e ffe k tiv e n  D iffu sio n sk o n stan ten  b ew erte t u n d  c h a ra k te r is ie r t . Die V ersuchsergebnisse  lassen 
d ie S ch lüsse  zu, daß  die Sorp tio n sg esch w in d ig k e it in  de r flüssigen P h ase  de r t r a n s p o r t 
g esch w in d ig k e itsb estim m en d e  S c h ritt  is t u n d  die T ren n flü ss ig k e it bei g e rin g eren  B e lad u n g s
g ra d e n  d ie  T räg ero b erfläch e  n ic h t gleichm äßig  b e d e c k t, also »Flüssigkeitsinseln« vo rlieg en .
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Recent Investigations on Frontal Gas Chromatography, 
on Taking into Account the Variations 

of Flow Rate «luring Sorption, IV

C h arac te riza tio n  of P ack ed  C h ro m ato g rap h ic  C olum ns on th e  B asis o f 
Mass T ra n sp o r t  V elocity  an d  D iffusion C o n stan ts  M easured  b y  F ro n ta l  Gas

C h ro m a to g rap h y

K. VARGA, P. FEJES and H. BEYER

S u m m ary . O ur ex p erim en ta l re su lts  confirm ed  th e  re a lity  o f an  earlie r p u b lish ed  m eth o d  
w hich  a llow s to  d e te rm in e  th e  e ffec tive  diffusion  c o n s ta n ts  a n d  th e  m ass t r a n s p o r t  
v e lo c ity  c o n s ta n ts  from  f ro n ta l  ch ro m a to g rap h ic  d a ta ,  m easu red  in  th e  tra n s it io n  region 
of flow  ra te .  T hese m ass t r a n s p o r t  v e lo c ity  c o n s ta n ts  ag reed  w ith  th o se  d e te rm in e d  by  
m ea su re m e n ts  in  th e  k in e tic  reg ion  of flow  ra te .

C h ro m ato g rap h ic  colum ns are  ch arac te rized  by  th e  effective d iffusion  c o n s ta n ts  a n d  th e  
c o n s ta n ts  o f m ass tra n s p o r t  v e lo c ity . T h e  e x p erim en ta l re su lts  su g g est th a t  th e  so rp tio n  
ra te  in  th e  liqu id  phase  is th e  v e lo c ity -d e te rm in in g  fa c to r  an d  th a t  in  th e  case o f l i t t le  low 
degrees o f  coatedness th e  s ta tio n a ry  liq u id  is n o t u n ifo rm ly  d is tr ib u te d  on th e  su rfaces of 
th e  su p p o r ts  in d ica tin g  th e  ex is ten ce  of " liq u id  is lan d s” .

Новые исследования в области фронтальной газовой хроматографии 
с учетом изменений в скорости потока в процессе сорбции. IV.

Сравнение хроматографических колони на основе величин констант ско
ростей транспорта и диффузии, измеренных фронтальным

методом
к. ВАРГА, П. ФЕЙЕШ и X. БЕЙЕР

Резюме. Результаты измерений доказали надежность метода, опубликованного авторами 
ранее. Этот метод дает возможность определения константы эффективной диффузии и 
константы скорости транспорта из данных фронтальной хроматографии, измеренных в 
переходной области скорости потока. Полученные таким путем константы хорошо согла
суются с константами скорости транспорта, полученными методом, действительным в 
кинетической области.

Хроматографические колонны авторы характеризуют константой эффективной 
диффузии и константой скорости транспорта. Экспериментальные результаты показали, 
что сорбция, идущая в жидкой фазе, является процессом, определяющим скорость транс
порта. Далее, данные показали, что в случае низкой насыщенности разделительная жид
кость не равномерно распределяется по поверхности носителя, т. е. образует «островки« 
жидкости.

K á r o ly  V arga 
D r. P á l  F e j e s  
D r . H  e rm a n n  B e y e r

B u d a p e s t I I .  P u sz tasze ri ú t  57/69.
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MAGNETIC AND SPECTROSCOPIC INVESTIGATION 
OF POLYNUCLEAR COMPLEX CYANIDES

J .  C s á s z á r  and A. F e l v é g i
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C yanides of tra n s itio n  m eta ls  belong to  th e  m ost stab le  com plex  m olecules. 
T h e ir  p re p a ra tio n  is v e ry  co n v en ien t an d  th e y  h av e  been m uch  s tu d ie d  b o th  
p ra c tic a lly  and  th eo re tica lly .

I t  is well know n th a t  K 4[Fe(C N )0] an d  K 3[Fe(C N )e] form  n e a rly  in so lub le  
com plexes w ith  th e  ions o f  C u(II), N i(II) o r F e (I I I ) . The b e s t k n o w n  re p re 
se n ta tiv e s  of these  p o ly n u c lea r cyanides are  th e  T u rn b u ll an d  P ru ss ia n  b lue . 
S uch  com plex  m olecules h av e  n o t been s tu d ie d  ex tensive ly , w ith  th e  ex cep tio n  
o f th e  m en tioned  iron  cyan ides.

T h e  p resen t com m u n ica tio n  rep o rts  th e  re su lts  of a s tu d y  on th e  m a g 
n e tic  a n d  spectroscopic p ro p e rtie s  o f som e doub le  cyanides.

Experimental

Preparation of the com pounds

T he chem icals used in th is  in v estig a tio n  w ere o f an a ly tica l p u rity . T h e  p re p a ra tio n  
of K 3[Co(CN)e], K 2[Ni(CN)4] a n d  K 2[P t(C N )4] follow ed th e  p rocedures re p o rte d  in  th e  l ite r
a tu re  [1, 2]. T he double cy an ides were p rep ared  from  th e  aqueous so lu tions o f  th e  com plex  
cy an id es an d  m eta l chlorides. T he nearly  insoluble p ro d u c ts  were filte red  off o r cen trifu g ed , 
w ashed  w ith  d istilled  w a te r  u n til free o f ions, and  d ried  over P 2Or>. The id e n t i ty  a n d  p u r ity  
o f  th e  d ry  com pounds w ere checked  by analysis o f th e  m eta l c o n te n t [3]. T h e  fo rm u las, 
co lours an d  analyses o f th e  p rep ared  com pounds are  lis ted  in  Table I.

I t  is know n [4] th a t  m ix ing  of equ im olar a m o u n ts  of, e.g. F e (III) an d  [F e(C N )fi]4“  or 
F e (II)  a n d  [Fe(CN)fi]:i_ gives K Fe[FeC N )„] or, in th e  case of nickel w ith  excess o f  [Fe(C N )(.]3~, 
K N i4[Fe(C N )e];, is form ed. In  o rd e r to  avo id  ev ery  chance  of u n c e rta in ty , th e  m e ta ll ic  sa lt 
w as used  in sm all excess in  all cases.

Magnetic m easurem ents

M agnetic su scep tib ility  m easu rem en ts  were carried  o u t in an  in h o m o g en eo u s m ag n e tic  
field  w ith  a field  s tre n g th  of a b o u t 7 900 G auss, acco rd ing  to  G ouy’s m eth o d , a t  ro o m  tem 
p e ra tu re . F o r th e  d e te rm in a tio n  of th e  field  s tre n g th  IIg[C o(SC N )1] (Хм  =  16.17 • 1 0 “ e [5]) 
a n d  [N iE n 3]S20 3 (Хм ~  10.82 • 10 ~6 [5J) were used  as s ta n d ard s . M olar su s c e p tib il ity  cor
rec tio n s were m ade using  th e  P asca l c o n stan ts  [6 ]. T h e  ca lcu la ted  an d  m ea su re d  B M  values 
o f th e  cyan ides and of th e  p re p are d  po lynuclear com plexes are show n in  T a b le  II .
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Table I

Compounds Colour
Metal content

calcd. found

KCo[Fe(CN)fi] Violet 18.0* 17.75

KCo[Co(CN)6] Pink 37.6** 37.48

Co[N i(C N )J Pink 26.4* 26.29

Co[Pt(C N )d Brow nish-red 16.4** 16.42

[Co(NH3)0][Fe(CN)e] Orange 14.9* 14.81

[Co(En)3] [Fe(CN)6] * * * Orange 12.6 * 12.46

[Co(NH3)e]4 [Fe(CN)6]3 B uff 12.17* 12.08

[Co(En)3]4[Fe(CN)c]3* * * B uff 11.2* 11.06

N i3[Fe(CN)6]2 B uff 29.8** 29.68

N i2[Fe(CN)e] Grass-green 35.6** 35,62

KNi[Co(CN)6] L ight blue 18.7** 18.44

N i[P t(C N )4] L ight blue 16.4** 16.31

K 2Cu[Fe(CN)6) Red-brown 17.9** 17.62

KCu[Co(CN)„] Greenish-blue 20.0 ** 19.78

C u[Pt(C N )4] Greenish-blue 17.5** 17.38

* m etal con ten t o f  th e  com plex  anions 
** m etal con ten t o f  th e  io n ic  m etals 

*** E n  =  ethylene d iam in e

Spectroscopic in v estig a tio n s

T h e  absorp tion  s p e c tra  o f  th e  aqueous so lu tio n s  o f  th e  sim ple cyan ide  com plexes 
w ere  m ea su re d  by  a B e ck m an  D U  sp ec tro p h o to m eter in  th e  ra n g e  o f 1250 — 340 n q í  a t  room  
te m p e ra tu re  using q u a rtz  cells o f  1 .00, 0.1 and 0.01 cm . R e flec tio n  sp ec tra  o f th e  p o ly n u clear 
c y a n id e s  w ere ob ta in ed  w ith  th e  sam e in s tru m e n t e q u ip p e d  w ith  th e  s ta n d a rd  re flec tio n  
a t ta c h m e n t ,  using MgO as a  s ta n d a r d .  All sam ples w ere f in e ly  g round  in  an  a g a te  m o rta r  
a n d  d r ie d  prio r to filling in to  th e  h o lder. I f  i t  was n e ce ssa ry  to  d ilu te  th e  sam ple  w ith  MgO, 
n  e a c h  case the  v a lid ity  o f  th e  K ubelka-M unk  fu n c tio n  [7, 8] was checked.

Experim ental results and their interpretation

Spectrum o f  cations.  O n  th e  basis o f  g ro u p -th e o re tic a l an d  q u a n tu m  
m e c h a n ic a l d a ta , th e  m a g n e tic  and  spectra l p ro p e rtie s  o f th e  F e (III) , Co(II), 
Î4 i( ll)  a n d  C u(ll) ions a n d  o f  th e ir  ion h y d ra te s  can  be estab lished  as follow s.

T h e  spectrum  o f th e  iro n (III)  ([A r]d 5) h e x a h y d ra te  is well know n 
[9, 10]. T h e  GS ground s ta te  does n o t sp lit in  a n y  case  o f sy m m etry , th u s  lig h t 
a b s o rp tio n  m ay p ro d u ce  e le c tro n  tran sitio n  o n ly  b e tw een  th e  s e x te t g round  
te rm  a n d  th e  q u a rte t lev e ls  w ith  higher en e rg y . A ll ab so rp tio n  b a n d s  m u s t 
c o rre sp o n d  therefore  to  sp in -fo rb id d en  tra n s it io n s , a n d  th is  fac t is re flec ted  
in  th e  v e ry  low e x tin c tio n  coeffic ien t for th e se  b a n d s  [9]. Com plexes o f th e
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Table II

M agnetic properties o f  polynuclear cyanides

Compound
Hybridization 

in anions
No. oi 

unpaired 
electrons

Caled. spin* 
values

Measured 
BM values

K3[Fe(CN)fl] d2sp3 l 1.73 2.43

K4[Fe(CN )c] däsp3 0 0 0

K 3[Co(CN),.,] d 2sp3 0 0 0

K ,[N i(C N )4] dsp2 « 0 0

K J P t(C N )4] dsp2 0 0 0

Fe,[F e(C N )6];t d 2sp3 5 5.92 5.75

Fe2 + -f[F e(C N )r,]3“ d 2sp3 5 5.92 5.66

[C o(N H 3)„][Fe(CN)e] d2sp:l 1 1.73 2.48

[C o(E n)3] [Fe(CN)„] d2sp3 1 1.73 2.43

[C o(N H 3)e]4[Fe(CN) ,]3 d2sp3 0 0 0

[C o(E n)3]4[Fe(CN)„]3 d 2sp3 0 0 0

KCo[Fe(CN )r,l d2sp3 4 4.90 4.61

KCo[Co(CN)n] d 2sp3 3 3.88 4.64

Co[Ni(CN)4] dsp2 3 3.88 3.64

C o[P t(C N ),| dsp2 3 3.88 3.76

N i3[Fe(CN)e]a d 2sp3 3 3.88 5.20

N iJF e(C N )el d 2sp3 2 2.83 3.12

KNi[Co(CN)e] d 2sp3 2 2.83 3.08

N i[P t(C I\)4l dsp2 2 2.83 3.18

K„Cu[Fe(CN)cl d 2sp3 1 1.73 1.86

KCu[Co(CN)„] d 2sp3 1 1.73 1.91

€ u [P t(C N )4] dsp2 1 1.73 1.88

* T he on ly  sp in  values were ca lcu la ted  w ith  th e  equation : ft =  ]/ 1 S(S +  1)

w eak- an d  s tro n g -fie ld  ligands a re  p a ra m a g n e tic  w ith  five  an d  one e lec tro n s, 
respective ly .

T he g ro u n d  s ta te  o f th e  F e (II)  ion ([A r]d°) is 5D . In  th e  a b so rp tio n  
sp ec tru m  of [F e (H 20 ) fi]2+ a b ro a d  b a n d  o f m ed ium  in te n s ity  h as  b e e n  found  
[10 — 12] a t  a b o u t 10,000 c m -1 , w hich  is assigned  to  th e  tra n s it io n  5T 2g —*■ 5E g. 
F u r l a n i  [11] p o in ted  o u t t h a t  o th e r  F e (II)  com plexes fo rm ed  b y  lig an d s  of 
w eak  field  also  h av e  sim ilar sp e c tra l s tru c tu re s . H y d ra te d  ion  a n d  o th e r 
h igh spin com plexes are  p a ra m a g n e tic , w ith  a b o u t 4.9  BM, w hile low  spin 
com plexes a re  d iam ag n etic .

T he g ro u n d  s ta te  o f th e  C o(II) ion, h av in g  an  [A r]d7 e lec tro n  co n fig u r
a tio n , is 4F. T h is  g round  te rm  in  a cubic fie ld  sp lits  in to  th re e  lev e ls : 'Tjg, 
'T 2g an d  4A2g, th ere fo re  — ta k in g  in to  considera tion  th e  ex c ite d  s ta te ,  4P ,

■Irtfl Chim. Hunu- Tomus 47. 1066



40 CSÁSZÁR, FE L V É G I: POLYNUCLEAR C O M PLEX  CYANIDES

lo c a te d  a t  abou t 14,500 c m ” 1 — th e  th ree  b a n d s  to  be ex p ec ted  in  th e  sp ec tru m  
o f [Co(H 20)e]2 r m a y  b e  iden tified  w ith  th e  tra n s itio n s  4T lg(F) —*• 4T2g(F), 
4A 2g(F ), 4T lg(P). O ne b a n d  can  be found  a t  8 ,350 c m -1  a n d  a b a n d  system  
a t  a b o u t 20,000 c m ” 1 [13 — 15]. C orresponding to  th e  th re e  u n p a ire d  electrons, 
th e  com plexes of cu b ic  sy m m e try  have  a m a g n e tic  m o m en t o f BM ~  4.8, 
w hile  th e  te tra h e d ra l com plexes, due to  chan g es in  o rb ita l c o n tr ib u tio n , are 
p a ra m a g n e tic  w ith  BM  3.8.

\ i К
/

V ’/  +
у . л
/

V /

11

/
/
12

I I

I  i
/  /

20 30 40 10°

F ig . 1. A bsorp tion  sp e c tra  o f [Fe(C N )„]3- (— . — . — ) a n d  [Fe(C N )6]4” (-----------------) in
aqueous so lu tion

T he 3F  g round  s ta te  o f th e  N i(II) ion  ([A r]d 8) sp lits  in to  th ree  levels 
in  a n  o c tahed ra l fie ld . T a k in g  in to  co n sid e ra tio n  th e  n e x t tr ip le t  3P  s ta te , 
th e  th re e  w ell-defined sh a rp  b an d s  a t 8,500, 13,500 an d  25,300 c m ” 1 [16 — 18] 
in  th e  spec trum  o f th e  h y d ra te d  ion can be assig n ed  to  th e  tra n s itio n s  3A2g(F) —«- 
-  3T 2g(F), 3T lg(F ), 3T lg(P ). Sixfold c o o rd in a te d  a n d  te tra h e d ra l com plexes 
a re  p a ram ag n e tic  w ith  a m ag n e tic  m o m en t o f  a b o u t 2.9 an d  4.1 BM, re 
sp ec tiv e ly .

T h e  Cu(II) ion  h a s  [A r]d 9 electron c o n fig u ra tio n . I ts  g ro u n d  s ta te  (2D) 
sp lits  in to  tw o sub leve ls  in  a cubic field , th u s  th e  o n ly  com plex  w ide b and  
a p p e a rin g  in  th e  v is ib le  sp ec tru m  of th e  h y d ra te d  ion  can be assigned to  
th e  tra n s itio n  2E g — 2T 2g [19 ]. The ca lcu la ted  BM  v a lu e  is 1.73, an d  values 
m e a su re d  w ith  d iffe re n t com pounds also v a ry  b e tw een  1.70 an d  2.1 BM.
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Table- III

Characteristic frequencies o f  mononuclear complex cyanides

Bund position
Assignment

m/x kK

K,[Fe(CN)„l 323 31.0 ■ - Ч -  ‘Tle
—270 —37.0 -
—218 —45.9 -  'T lu

K3[Fe(CN),| 420 23.8 2T »T. -g L4
—384 —26.0 ->• “A,
—329 —30.4 2A,f

302 33.1 ?
258 38.8
214 45.7 ”*■ 2A'c

K3[Co(CN)e] 312 32.1 *A|g *T,K
260 38.5 -

—205 —48.8 lT1 IU

K,[Ni(CN),l —444 -22 .5 'A .« -  ' - 4
—330 30.3 - ‘B,K

311 32.2 -  ’B.
284 35.2 -> *A2u
266 37.6 IE* '-ll

K,[Pt(C!N),] 280 35.7 1A . 'RD1U
—258 —38.7 -  ‘E„

255 39.2 -  'E„

shoulder

—242 —41.4 -  'A .

T he positions o f  th e  above-d iscussed  d — d b an d s  are re p re se n te d  by 
arrow s on the  figures of th e  reflection  sp ec tra  of th e  co rrespond ing  cyanides.

Spectra o f  the complex anions.  T he e x c ita tio n  processes o f tra n s itio n  
m eta l cyanides h av e  been  s tu d ied  in  d e ta il b y  L ie h r  [20], BÁN [21], BÁN 
an d  G il d e  [22], J a p a n e se  au th o rs  [23], an d  b y  m a n y  o thers.

A deta iled  an a ly sis  o f th e  spec trum  of [Fc(C N )f)]:!“ has given b y  N a im a n  
[24]. F rom  th e  2T2g g ro u n d  s ta te  num ero u s tra n s it io n s  are possib le  to  th e  
ne ighbouring  d o u b le t, q u a r te t  and  se x te t s ta te s . C h arac te ris tics  o f  th e  high- 
in te n s ity  bands to  be fo u n d  in  th e  sp ec tru m  of th e  aqueous so lu tio n s of th e  
com plex  ions (F ig. 1), as well as b an d  assignm en ts a re  sum m arized  in  T ab le  I I I .

In  th e  a b so rp tio n  cu rve  of [Fe(C N )6]'l~ (F ig . 1) tw o d -d  b a n d s  are 
found  a t  31,000 an d  37,400 cm 1 belong ing  to  th e  tra n s itio n s  'A lg -  ^ i g
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ТаЫе IV

Compound Band position in kK

|F e (H 20 )r>]2 + — 10.0“ — —

F e ,[F e (C N )(i]3 14.5 — — 21.0 —
[F e (H 20 ) c]3+b - — - -
F e 3+ +  [Fe(C N )6]4 ~c .—11.4 13.8 —20.0 -

[C o(H jO )e]3+<i - 16.6 —

[C o(N H 3)fiF ^ - — 21.1 —
[Co(N H 3)g]4 [Fe(CN)6]3 - — 15.9 23.9 —
[C o(N H 3)0] [Fe(CN)fl] - — 20.1 23.6 —
[C o(E n)3]3+<i - 21.3 - —
[C o(E n)3], [Fe(CN)6]3 - - 22.8 —
[C o (E n )3][Fe(C N )6l - 19.8 23.5 -

[C o(H 20 )6]2 + 8.4 — 17.8 20.0 —
K C o[F e(C N )c] ~ 10,0 18.9 —20.8 25.7
K C o[C o(C N )el 8.8 20.0 — — 26.4
C o[N i(C N )J 9.1 15.3 20.0 —
C o [P t(C N )4] ~  9.0 — 17.4 —22.6 26.0

[N i(H 20 )e]2 + 8.8 14.5 25.3 —

N i3[F e(C N )6]s 10.3 — 19.0 25.2 —
№ 2[Fe(C N )cl 9.5 16.1 —24.6 —
K N i[C o(C N )6] 10.2 16.9 27.5 —
N i[P t(C N )4] 8.9 15.0 25.5 —

[C u(H 20 ) e]2+<■ — 12.6 — —

K 2C u[Fe(C N )G] — — 13.6 20.2 —
K C utC o(C N )d ~ 10.2 14.1 — —

C u [P t(C N )4] /-*11.1 13.7 -

v e ry  broad band; on ly  sp in-forb idden  b ands o f low  in te n s ity  can  be observed; e th e  
p re c ip ita te  was investiga ted ; d th e  1Л , -> XT2 ban d  was n o t  d e term ined  by  reflection ; e b ro ad  
co m p lex  b an d ; — shoulder.

a n d  iA lg — !T2g, re sp ec tiv e ly , a n d  one h igh ch arg e  tra n s fe r  b a n d  [25] ap p ears  
in  th e  u ltrav io le t, a t  a p p ro x . 46,000 c m -1 . In  th e  case of th e  [Co(CN)f)]3~ 
co m p le x , th e  sam e tw o  d — d b an d s  ap p ea r se p a ra te ly  an d  a t  a so m ew hat 
h ig h e r  frequency  (F ig . 2).

T h e  m olecular o rb ita ls  o f  th e  sq u a re -p la n a r [N i(C N )4]2~ a n d  [P t(C N )4]2- 
co m p lex es have been  c a lc u la te d  b y  Gray  an d  B a ll h a u se n  [26]. T h e  g ro u n d  
s ta te  is  in b o th  cases. A cco rd in g  to  th e  ca lcu la tio n s , th ree  charge  tra n s fe r  
b a n d s  a p p e a r  in b o th  co m p lex es w hich overlap  th e  d — d b an d s o f low  in te n s ity .
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Gray  an d  B a l lh a u sen  assum e th a t  th e  tw o in flec tio n s, observed  in  th e  
spectrum  of th e  aq u eo u s so lu tion  of th e  N i(II) co m pounds in  th e  v isib le  a n d  
a t  th e  b o rd e r o f th e  u ltra -v io le t, in d ica te  th e  p resence  o f  these  d —d tra n s itio n s . 
In  th e  case o f [P t(C N )4]2- th e  overlap p in g  is co m p le te  (T able TIT and  F ig . 2).

Fig. 2. S p ec tra  o f |C o(C N )„]3-  ( ------------- ), [N i(CN )4]2-  and  [P t(C N )4]* '
( ......................) in  aq u eo u s m edia

Investigation o f  polynuclear cyanides. I f  excess F e (III)  is re a c te d  w ith  
[Fe(C N )B]'l~, a v e ry  in ten siv e  b lue  coloured so lu tion  a n d  p rec ip ita te  is p ro d u ced . 
T he com position  o f  th e  iso la ted  com pound  is F e 4[F e(C N )6]3. In  th e  re flec tio n  
spec tru m  o f th e  com plex  (F ig . 3) on ly  one b a n d  sy s tem  ap p ears  in th e  v isib le  
region, an d  th e  sp e c tru m  o f a colloid so lu tion  o f th e  solids, as well as th a t  
o f a m ix tu re  m ad e  o f  th e  aqueous so lu tions o f th e  tw o  com ponen ts [27] are  
also q u ite  s im ila r (F ig . 3).

P rev ious a u th o rs  in te rp re te d  th e  sp ec tru m  w ith  charge  tra n sfe r  p rocesses, 
w hich occur v ia  CN groups betw een  th e  F e (II)  a n d  F e (III)  ions s i tu a te d  in 
th e  la ttic e  p o in ts :

_  F e 3+ -  C N -  — Fe2+ -  +  hv -  F e2+ — CN -  F e2+ -
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a n d

— F e2+ -  CN -  F e2 + — C N ~ -  +  h v-+  — F e 3 + -  C N - -  F e2+ -  C N -  -

H o w e v e r , R o b i n  [28] h as  re c e n tly  p o in te d  o u t th a t  th e  a p p ea ran ce  o f these  
b a n d s  a n d  also th e  m ore  in te n s iv e  colour a re  d u e  to  a charge tra n s fe r  process 
ta k in g  p lace betw een  th e  F e (III)  ion a n d  th e  [Fe(CN)6]4 - com plex  ion as 
u n i ty .

F e (II)  ion w ith  [F e(C N )6]3~ also y ie ld s  an  in tensive  b lue  p re c ip ita te , 
k n o w n  as T u rn b u ll b lu e ; i ts  com position  h as  been  given as F e 3[Fe(CN),.]2. 
F l u c k  a n d  his cow orkers [4] s ta te d  b y  a M össbauer sp ec tra l in v e s tig a tio n  
t h a t  th e  s tru c tu re  a n d  th e  com position  o f  T u rn b u ll an d  P ru ss ia n  b lu e  are 
id e n tic a l .  T he fo rm a tio n  o f  th e  b lue  p ig m e n ts  is p ic tu red  b y  an  ox ida tion - 
r e d u c tio n  reaction  as th e  p r im a ry  p rocess:

F e2 + +  [Fe(CN )6]3~ -V F e 3+ +  [F e (C N )J‘ -

a n d  th e  resu lting  F e (I I I )  a n d  [Fe(C N )6] ' fo rm  th e  b lue dye.
T h is  s ta te m e n t is su p p o r te d  b y  th e  v e ry  sim ilar s tru c tu re s  o f th e  re flec

t io n  a n d  colloid sp e c tra  o f  b o th  iron  cy an id es  (Table IV  a n d  F ig . 4). 
T h e  sa m e  view  is co n firm ed  b y  m ag n e tic  in v es tig a tio n s  acco rd in g  to  w hich 
th e  B M  values of th e  tw o  com pounds, c a lc u la te d  on basis o f th e  fo rm ula
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F ig . 3 . F e 4[Fe(C N )c]3: 1 ( ------— ------ ) re flec tio n  sp e c tru m ; 2 (— . — . — . ) collo id  sp e c tru m  ;
3 ( ................ ) ab so rp tio n  sp e c tru m , in  an  aqueous so lu tio n  of th e  system  F e 3t a n d  [F e(C N )6P “
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Fe4[Fe(C N )6]3, a re  v e ry  s im ila r (T able I I ) . T hese values are so m ew h a t low er 
th a n  th o se  ca lcu la ted  for fiv e  u n p a ire d  e lec tro n s, th e  d ifference b e in g  m ost 
p ro b a b ly  due  to  m e ta l-m e ta l in te ra c tio n .

On th e  basis  o f a M össbauer sp e c tru m , D u n c a n  an d  W i g l e y  [ 2 9 ]  

es tab lish ed  th a t  iron  p o ly n u c lear cyan id es  a re  com posed of sp in -free  ca tio n s 
an d  sp in -p a ired  an ions. In d ia n  a u th o rs  [30] h av e  also po in ted  o u t  t h a t  th e re  
is n o t m uch  d ifference betw een  th e  su scep tib ilitie s  o f th e  T u rn b u ll a n d  P ru ss ian  
blue.

Fig. 4. S y s te m  F e 2 + [Fe(C N ),,]3 : 1 ( -----------------) re flec tio n  sp ec tru m  of th e  p re c ip ita te :
2 (— . — . — . — ) colloid sp e c tru m  o f th e  solids

F u r th e r  evidence is fu rn ish ed  b y  th e  in fra red  spec trum . A s is k now n , 
[Fe(C N )B]3~ [31] an d  [Fe(C N )c] l_ [32] com plexes give th e  c h a ra c te r is tic  h an d  
o f th e  C s N  s tre tc h in g  v ib ra tio n  a t  2,125 a n d  2,047 c m -1 , re sp ec tiv e ly . 
We fo u n d  t h a t  th e  in fra red  sp ec tra  o f  b o th  p o ly n u c lear cy an id es  show  th e  
m en tio n ed  b a n d  a t  th e  sam e p lace, a t  2,075 c m -1 , w hich c a n n o t b e  in te r 
p re te d  on basis  of d iffe ren t s tru c tu re s  a n d  com positions. C onsidering  t h a t  in 
these  p o ly n u c lea r  com plexes th e  CN groups p lay , m ore or less, th e  p a r t  of 
b ridges, su ch  a sh ift of th e  frequencies is p ro b ab le  und  u n d e rs ta n d a b le .

V ery  in te re s tin g  are  th e  p o ly n u c lea r com plexes th a t  are fo rm e d  b y  th e  
coupling  o f tw o  or m ore o c tah ed ra l com plex  ions. T he abso rp tio n  a n d  re flec tio n  
sp ec tra  o f  th e  com plex  ca tio n s, [C oEn3]3+ a n d  [C o(N H 3)6]3+, a re  w ell know n 
[33 — 36] a n d  th e ir  th e o ry  h as  also been th o ro u g h ly  stud ied . In  th e i r  so lu tion  
sp ec tra  tw o  sh a rp , sep a ra te  b an d s (1A 1 —► xT t an d  XA4 —► ’T2) can  h e  o b served  
(Table IV ); th e  sp ec tra  of th e  aqueous so lu tio n  a n d  th a t  o f th e  so lid  sam ples 
h a rd ly  d iffer [37]. In  th e  sp ec tru m  range  in v e s tig a te d  in th is  w ork , th e  b a n d
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co rrespond ing  o n ly  to  th e  f irs t tra n s itio n  co u ld  be  found . As i t  is seen  in  
F igs. 5 an d  6, o n ly  o n e  w ell-defined b a n d  a p p e a rs  be tw een  22,800 a n d  23,900 
c m -1  in  th e  re flec tio n  sp e c tra  of th e  double  cy an id es  o f b o th  C o(III) com plex  
ions. In  th e  descen d in g  b ra n c h  of longer w a v e le n g th s  several shou lders can  be 
fo u n d  (T able IV).

I t  is re m ark ab le  t h a t  in  th e  spectra  o f  co m p o u n d s  con ta in ing  [F e(C N )6]3~ 
th e  position  of th e  m a in  b a n d  alm ost co incides w ith  th a t  of th e  com plex

Fig. 5. R e fle c tio n  cu rv es  o f [CoEn3][F e (C N )fi] (— . — . — . ) and
[C o(N H 3) 6][F c(C N )6] ( ----------------- )

an io n  a t  23,800 c m -1 , w hile th e  shou lders fo u n d  a t  low er w ave n u m b ers  
p ro b a b ly  in d ica te  th e  p resence  of the d — d b a n d  o f th e  ca tion . So, i t  m ay  
be  concluded  th a t  in  th e se  po lynuclear co m p lex es b o th  th e  com plex  an ion  
a n d  th e  com plex c a tio n  a re  p resen t as in d iv id u a l chrom ophores. T h is is in 
a g reem en t w ith  S c h i l t ’s assu m p tio n  [38] c o n ce rn in g  [N iP hen3][N i(C N )4].

M agnetic p ro p e rtie s  ex ac tly  co rrespond  to  th o se  expected . S ince th e  
com plex  ca tions a re  d iam ag n e tic , in com plexes c o n ta in in g  [Fe(C N )6]4 - d ia 
m ag n e tism  w as fo u n d , w hile  for those c o n ta in in g  [Fe(C N )6]3~ an ion  2.43 an d  
2.48 BM  were o b ta in e d  in  good ag reem en t w ith  th e  2.43 BM v alue  m easu red  
w ith  K ;i[Fe(C N )6] [39].

T h e  reflec tion  sp e c tra  of th e  p o ly n u c lea r  cyanides of th e  C o(II) ion 
show  tw o  com plete ly  d iffe re n t stru c tu res . In  th e  cases of th e  p ink  KCo [Co(CN )6]
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a n d  C o[N i(C N )4] th e  re flec tion  sp e c tra  give a lm o st e x a c tly  th e  sam e b an d  
p o sitions t h a t  were m easu red  w ith  th e  h e x a h y d ra te d  ion  (F ig . 7). S ince th e  
com plex  an ions are  d iam ag n e tic , th e  ex p ec ted  only-spin  m o m en tu m  is 3.88,

F ig. 6. R eflection  sp ec tra  o f [C o(N H 8) e]4[Fe(C N )0]3 ( — ) an d
lC oK n3]4[F e(C N )e]3

or 5 .20 BM if o rb ita l c o n tr ib u tio n  is ta k e n  in to  co n sid era tio n . T h e  m easu red  
BM v a lu es  o f th e  above tw o co m p o u n d s are  4.64 an d  3.64 BM, re sp ec tiv e ly . 
T he lilac K 2C o[Fe(C N )ri] a n d  re d d ish -b ro w n  C o[P t(C N )4] show  re flec tio n  
sp e c tra  (F ig . 8) w ith  only  in d is tin c t in flec tio n s an d  f la t  m ax im a . T h e  in te r 
p re ta tio n  o f  th ese  curves is d iff icu lt, th o u g h  i t  seem s p ro b ab le  t h a t  th e

Acta Cliim. Hung. Tamils 47. 1966

F ig . 7. R eflection  sp ec tra  o f K C o[C o(C N )c] ( — . — . — . — ) an d  Co[Ni(CN).,] ( ---------------- )
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»

10 20 К зо-ю '

F ig . 8. R eflection  cu rv es o f K 2C o[Fe(C N )6] (— ------------ ) an d  C o[P t(C N )4] (

F ig .  У. R eflection  sp e c tra  o f N i0[Fe(C N )r>] ( ......................), K N i[C o(C N )6] (— • ) an(l
“ N i[P t(C N )j] (----------------- )
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sp e c tru m  is due to  th e  h igh charge tra n s fe r  b an d s  overlapp ing  th e  d — d h an d s  
o f  th e  Co(II) ions. T he BM values in d ica te  th e  presence o f th re e  u n p a ire d  
e lec tro n s.

A. s tu d y  of th e  co rrespond ing  N i(II) com pounds reveals th a t  th e  sp ec tra  
a re  id en tica l w ith  t h a t  o f th e  h y d ra te d  ion  (F ig . 9), w ith  th e  ex cep tio n  of 
N i3[Fe(C N )6]2. T hese b lue  an d  green com pounds are  p a ra m a g n e tic  w ith  tw o 
u n p a ire d  electrons (T able I I ) ;  th e  v alue  o f 3.08 BM m easu red  fo r K N i[C o(C N )c]

l ig. 10. N i3[Fe(CN)„]2: ( —------—) reflection  sp e c tru m ; ( . — . — ) colloid sp e c tru m  in
paraffin  oil

is in v e ry  good ag reem en t w ith  3.10 BM found  b y  B ichardson  an d  E l l io t  [40]. 
T hese su scep tib ility  d a ta  in d ica te  th e  co o rd in a tio n  of cubic local sy m m e try  
o f th e  N i(II)  ion. T he ex cep tiona l n ick e l-iro n (III)-cy an id e  is also p a ra m a g n e tic , 
w ith  5.20 BM. This v a lu e  a p p ro x im a te ly  a m o u n ts  to  th e  to ta l  BM v a lu e  of 
th e  N i(II)  ion an d  th a t  o f th e  iro n (III)-cy an id e  an ion , th u s  i t  ap p e a rs  th a t  in 
th e  co m p lex  b o th  th e  ca tio n  an d  th e  com plex  an ion  re ta in  th e ir  ow n c h a ra c 
te r is tic  e lec tron  a rra n g e m en ts ; th is  is in flu en ced  only to  a sm all e x te n t  b y  
in te ra c tio n s  w ith in  th e  com pound . T he re flec tion  spec tru m  co n ta in s  one h an d  
o f  sm alle r an d  one o f h ig h er in te n s ity  a t  10 300 an d  25 200 cm re sp ec tiv e ly  
(F ig . 10); th e ir  origin is d ifficu lt to  exp la in  in an y  g rea te r  d e ta il for th e  tim e  
being .

T h e  reflection  sp ec tra  of K C u[C o(C N )r>] a n d  C u[P t(C N )4] are  co n sid e rab ly  
s im ila r to  th e  sp ec tru m  o f th e  h y d ra te d  ion ; th e  ch a rac te ris tic  d — d b a n d

i A d a  Chim. Hung. Tomiis 47. 1966
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a p p e a rs  sligh tly  sh ifted  to w a rd s  th e  h igher freq u en c ies  (Fig. 11). T he b an d s  
h e re  a re  also w ide a n d  com plex . On th e  o th e r  h a n d , w ith  K 2C u[Fe(C N )6] 
one w ide b an d  of h ig h  in te n s i ty  is found  a t  a b o u t 20 000 c m -1  (F ig . 12),

F ig .  11. R eflection  sp e c tra  o f K C u[C o(C N )r>] ( ----  — ) a n d  C u[P t(C N ),] (— . — . . )

F ig .  12. K 2C u[Fe(C N )6]: ( ----------------- ) re flection  sp e c tru m ; ( — . — . — . — ) colloid sp e c tru m
m easured  in  p a ra ff in  oil

w h ich  m ay  be co n sid e red  ra th e r  as a charge  tra n s fe r  b an d . T he in flec tio n  on 
th e  lo n g  w aveleng th  side  ind ica tes th e  p resen ce  o f  th e  d —d b a n d  o f th e  
C u (II) ion. M agnetic  m easu rem en ts  su g g est th e  presence of one u n p a ire d  
e le c tro n  (Table I I ) ;  th e  re su lts  are in good a g re e m e n t w ith  those  o f R o l l i e r  

a n d  A r r e g h i n i  [41].
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SU M M A RY

T he m ag n e tic  p ro p erties  a n d  th e  re flection  sp e c tra  o f  p o ly n u clear cy an id e  com plexes 
o f tra n s it io n  m eta ls  hav e  been  in v es tig a te d . T ran s itio n  m eta l c a tio n s  re ta in  th e ir  ow n  e lec tro n  
sy s tem s in  m o st cases; th e  s tru c tu re s  o f th e  sp ec tra  an d  also  m ag n e tic  p ro p e rtie s  co rre sp o n d  
to  th o se  o bserved  w ith  th e  a p p ro p ria te  h y d ra te d  ions. I t  can  be s ta te d  in  all p ro b a b ili ty  
th a t  th e  double  iro n  cyan ides, know n  as T u rn b u ll and  P ru ss ian  b lue, have  id en tica l com position  
an d  s tru c tu re . T h e  deep  colour an d  th e  b a n d s  of h igh  in te n s i ty  m ay  be assigned  to  charge 
tra n s fe r  processes.
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M agnetische und spektroskopische Untersuchung  
m ehrkerniger kom plexer Cyanide

J . CSÁSZÁR und A. FELVÉGI

Z u sam m en fassu n g . D ie R e flex io n ssp ek tren  u n d  m ag n e tisch e n  E ig en sch aften  de r p o ly 
n u k le a re n  C yanidkom plexe v o n  Ü b ergangsm etallen  w u rd e n  u n te rsu ch t. E s w u rd e  dabei 
fe s tg e s te llt , daß  die K a tio n e n  d e r Ü bergangsm etalle  in  d e r M ehrheit de r F ä lle  ih re  eigene 
E le k tro n sy s te m e  u n v e rä n d e r t  b eh a lten . Die S tru k tu r  u n d  die m agnetischen  E ig en sch aften  
d e r S p e k tre n  stim m en  a u c h  m it  d enen  überein , die bei d en  h y d ra tis ie rte n  Io n e n  b eo b ac h te t 
w u rd e n . E s k an n  m it g ro ß e r W ah rsch e in lich k e it b e h a u p te t  w erden , daß  d ie u n te r  den  N am en 
T u rn b u llsb la u  u n d  B e rlin e rb la u  b e k an n ten  E isen cy an id e  eine iden tische Z u sam m en setzu n g  
u n d  S t r u k tu r  besitzen . D ie  tie fe  F a rb e  bzw. die B a n d e n  h o h e r In te n s itä t  d ieser F a rb sto ffe  
k ö n n e n  den  L an d u n g sü b ertrag u n g sp ro zessen  zug esch rieb en  w erden.

Магнитное и спектроскопическое исследование многоядерных
цианид-комплексов

И. ЧАСАР и А. ФЕЛВЕГИ

Резюме. Исследовали магнитные свойства и рефлекционный спектр многоядерных цианид- 
комплексов ионов переходных металлов. Установили, что катионы переходных металлов 
в большинстве случаев сохраняют собственную электронную структуру. Структура 
спектров и магнитные свойства также соответствуют свойствам, наблюдаемым в случае 
гидратированного иона. С большой вероятностью можно установить, что известные под 
названием турнбуллиевая синь и берлинский голубой, цианиды железа одинаковы по 
своему составу и структуре. Глубокий цвет, а также полосы большой интенсивности 
можно приписать полосам переноса заряда.

D r. Jó z se f  Császár 
A n n a  F elvégi

R errich  Béla té r , Szeged , H ungary .
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A NEW METHOD FOR THE DETERMINATION 
OF VIBRATIONAL FORCE CONSTANTS 

OF MOLECULES

F . B il l e s

(D epartm ent o f  Physical Chem istry, Technical U niversity , B udapest)

R eceived J u ly  8, 1965

1. Introduction

Two w ays h av e  been used so fa r fo r th e  ca lcu la tion  o f  W ilson’s force 
c o n s ta n t m a trix  F .

(a) Since th e  n u m b e r o f force c o n s ta n ts  to  be ca lcu la ted  exceeds th e  
n u m b e r o f no rm al v ib ra tio n s , th e  n o rm al frequencies o f m olecules su b s ti tu te d  
w ith  iso topes (u su a lly  w ith  deu te riu m ) a re  also em ployed  in  th e  ca lcu la tio n , 
supposing  th a t  su b s ti tu tio n  w ith  iso topes does n o t change th e  v ib ra tio n a l 
force co n stan ts  [1, 2, 3]. W ritin g  th e  secu lar equ a tio n s

I G F — Я E I =  0 (1)

(w here G =  th e  m a tr ix  o f th e  k in e tica l energy  c o n s ta n ts  a n d  Я =  4 я 2г2, 
w here v is the  v ib ra tio n a l frequency) b y  using  sy m m etry  co o rd in a tes , th e  n u m 
b er o f unknow ns is co nsiderab ly  decreased . M atrices F  an d  G, w r itte n  w ith  
in te rn a l coo rd inates, tra n sfo rm  in th e  case in to  step  m a trices . T he m inor- 
m atrices  belong to  th e  in d iv id u a l re p re sen ta tio n s . I f  th e  n u m b e r o f  no rm al 
v ib ra tio n s  of th e  m olecule belonging to  a rep re se n ta tio n  is n, th e  corre

ct (n -(- 1)
sp en d in g  m in o rin a trix  o f F  co n ta in s   ̂ unknow ns. I f  n  is od d , the  

n  1
no rm al frequencies of —  m olecules a re  re q u ire d ; if  n is even , th is  n u m b er

n  -|- 2
is -------- .

2
T he p re p a ra tio n  o f com pounds w ith  iso tope su b s titu tio n  freq u en tly  

invo lves considerab le d ifficulties.
. . .  n (n  +  1)F u rth e rm o re , il n  is a large n u m b e r, th e  sy stem  o f -— ----------- th  o rder

n (n  1)
eq u a tio n s  w i t h ---------------- u n k now ns, o b ta in e d  b y  th e  ex ten sio n  o f th e  secu lar

eq u a tio n s  of ty p e  (1), can  h a rd ly  be solved even w ith  th e  a id  o f e lectron ic  
com pu ters.

(b) Because o f th e  abo v e-m en tio n ed  d ifficu lties, a p p ro x im a tiv e  m ethods 
have  been recom m ended , w here th e re  is no  need  of co m pounds su b s titu te d
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w ith  iso to p es. Such are  th e  m e th o d s  of T o r k in g to n  [4], Sh im a n o u c h i [5], 
Ov e r e n d  an d  Sc h erer  [6] a n d  L ong  [7].

T h is  p ap er describes a m a th e m a tic a lly  e x a c t, i.e . n o t ap p ro x im a tiv e  
m e th o d  fo r th e  d e te rm in a tio n  o f force c o n s ta n ts , w h ich  does n o t req u ire  
c o m p o u n d s  su b s titu te d  w ith  iso topes, e ither.

2. Theoretical

S ince th e  ca lcu la tio n  o f  th e  force c o n s ta n t m a tr ix  occurring  in  th e  
se c u la r  eq u a tio n  (1) is fa c i l i ta te d  in tro d u c in g  th e  sy m m e try  co o rd ina tes S,  
a d v a n ta g e s  of th e ir  use a re  obv ious.

L e t  n  no rm al v ib ra tio n s  belong  to  a re p re se n ta tio n . T he p a r ts  of th e  
k in e tic  (T ) an d  p o te n tia l (Y) energ ies belonging to  th is  re p re se n ta tio n , will be:

2 T =  2  2  G ÿ 'â t S j  (2)
■=* j —•

a n d

2 V  =  i ' Y F lj S i S J (3)
i=Iy=i

T h e  sy m m etry  c o o rd in a te s  belonging to  th is  re p re se n ta tio n  c o n s titu te  
a n  « -d im en sio n a l su b sp ace  o f  th e  3 IV-6 d im ensiona l space of sy m m etry  
c o o rd in a te s  ( N  deno tes th e  n u m b e r  of a tom s in  th e  m olecule). T he sy m m e try  
c o o rd in a te s  are o rth o g o n a l to  each  o ther).

L e t  us effect an  o p tio n a l coord inate  tra n s fo rm a tio n  in  th is  subspace. 
T h e  n e w  coord inates, d e n o te d  b y  J ,  are th e  lin ea r co m b in a tio n s o f th e  sy m m etry  
c o o rd in a te s  S :

J i  =  2  V,j Sj i =  1, 2, . . ., n  (4)
7 = 1

w h ere  th e  Uq-s s ta n d  fo r th e  tra n sfo rm a tio n a l coeffic ien ts . T he co o rd in a te - 
d iffe re n tia ls  have to  t ra n s fo rm  accord ing  to  exp ression  (4):

d J i  =  2  Uij d Sj i  =  1, 2, . . ., n (5)
j = i

T h e re fo re , we have

./, =  2  Ujj S j  i =  1, 2, . . ., n (6)
j - 1

T h e  values of th e  k in e tic  a n d  p o ten tio n a l energ ies a re  in d e p e n d e n t o f th e  
c o o rd in a te s  used , hence th e  tra n s fo rm a tio n  does n o t  a ffec t th e ir  v a lu es: T  an d
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V  a re  in v a r ia n t sca lars. S ince Sj  an d  Sj  tra n s fo rm  like th e  coo o rd in a tes  (i. e., 
like com ponen ts o f a v ec to r) do, G 1 an d  F  a re  ten so rs  o f second o rd e r in th is  
space. I f  G -1 is a  te n so r  q u a n ti ty , obv iously  its  in v e rse , G is also a ten so r.

L e t us choose th e  U coefficients o f th e  tra n s fo rm a tio n  so t h a t  m a tr ix  
G ” 1 becom es a d iagona l fo rm  Г ~ 1:

Г - 1 =  U ' G - 1 U  (7)

w here U  is th e  m a tr ix  o f th e  tra n sfo rm a tio n a l coeffic ien ts , an d  U' is th e  t r a n s 
posed of th is  m a tr ix . T h e  tran sfo rm a tio n  is o rth o g o n al (£ /' =  (7_ 1 ) ,  F rom  (7) 
we h av e :

Г =  U ' G U  (8)

T he tra n s fo rm a tio n a l m a tr ix  an d  th e  d iag o n a l m a tr ix  m ay  be ca lcu la ted  
from  (8), if  we ta k e  in to  ac c o u n t th e  ten so r c h a ra c te r  o f G. F o r th e  p rin c ip a l 
ax is  tra n sfo rm a tio n  we h av e :

G S  =  g S  (9)

w here S  is th e  co lum n v e c to r  fo rm ed  from  th e  co o rd in a tes  S,-, a n d  g  is a com 
p o n e n t o f th e  te n so r  in  th e  d irec tion  of a p rin c ip a l ax is. D iv id ing  b o th  sides 
b y  th e  ab so lu te  v a lu e  o f  S ,  we o b ta in  th e  v e c to r  ë ly ing  in th e  d irec tio n  of 
a p rinc ipa l ax is, on b o th  sides:

G ë =  gë ( 10)

or w ritte n  in a n o th e r  fo rm :

[G -  gE]ë  =  0 ( И)

T he sy stem  of e q u a tio n s  (11) will have  a so lu tion  o th e r th a n  th e  tr iv ia l, if

| G - g E |  =  0 (12)

T he e igenvalues o f th e  secu lar eq u a tio n  (12) give ex ac tly  th e  elem ents 
I'll o f th e  m a t r i x / 1. T h e  co rrespond ing  ё,- e igen v ec to rs  give th e  d irec tio n s o f th e  
p rin c ip a l axes. T h e ir  co m p o n en ts  are  th e  d irec tio n  cosines of th e  p rincipal 
axes, i.e. th e  tra n s fo rm a tio n a l coefficients

(êi)j =  U,j (13)
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O n the  basis o f th e  tra n s fo rm a tio n a l re la tio n  (6), th e  tra n s fo rm a tio n a l 
co effic ien ts  d iagonaliz ing  F  a re  th e  sam e as th o se  d iagonaliz ing  G -1 . S im ilarly  
to  re la tio n  (7) we h av e :

Ф =  U ' F  U  (14)

w h e re  Ф is the  d iag o n a lized  fo rm  o f F.
T h e  expressions o f th e  k in e tic  an d  p o te n tia l  energies, re sp ec tiv e ly , 

w ith  th e  aid of e q u a tio n  (4), (6), (7) an d  (14) a re :

2 T =  Í  / y j ?  (15)
» = 1

a n d

2 V  =  V 0 . J f  (16)
i' = i

i. e., b o th  are q u a d ra tic  ex p ressions. The con n ec tio n  of th e  n o rm al co o rd in a tes  
Qi w ith  th e  co rrespond ing  n o rm alizab le  co o rd in a tes  J j ,  on th e  basis o f (15) 
a n d  (16), is ev iden tly :

Q i  =  Y W J i  (17)

T h e  equation  of m o tio n  of th e  v ib ra tio n  m ay  be w ritten  w ith  th e  aid 
o f  exp ressions of th e  k in e tic  an d  p o te n tia l energ ies (15) an d  (16) as follow s:

Г р  J i  +  Фи J i  = 0 i =  1, 2, . . . .  в  (18)
hen ce

j i  =  i = l , 2 , . . . , n  (19)
1 И

Since th is is th e  d iffe re n tia l eq u a tio n  of h a rm o n ic  v ib ra tio n a l m o tio n , th e  
r e la tio n  betw een th e  c o n s ta n t  on th e  r ig h t h a n d  side an d  th e  freq u en cy  o f th e  
i - th  v ib ra tio n  is w ell-know n:

w here

ф..
* , = у ^  =  Г „ Ф п

i i

Ai =  4 я 2 v'f

( 20 )

T h e  qu an tities  Фц  m a y  be ca lcu la ted  from  (20) if  th e  v alues o f Гц  an d  
A, a re  k now n . Then we m ak e  th e  inverse  tra n s fo rm a tio n  of (14):

F  =  и Ф  U' (21)
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T hus, if  th e  n o rm a l frequencies , n, are  u n k n o w n , th e  e lem ents of th e  
m a tr ix  F  m ay be ca lcu la ted  b y  ta k in g  in to  acco u n t th e  te n so r p ro p ertie s  o f th e  
m a trices  G and  F.

T he calcu lations m ade so fa r yield eq u a tio n  (1) tra n sfo rm e d  in to  th e
form  :

I Г  Ф -  А E  I =  0 ( 22 )

T ak ing  in to  acco u n t th e  tran sfo rm a tio n s  (8) an d  (14) we h av e :

U ' G U .U '  F  U  -  ) . E  0 (23)

F ro m  th is

j U ' G F  U  — U' Я U\ =  0 (24)

F a c to rin g  ou t th e  tra n sfo rm a tio n a l m a trix  we h av e :

I U '  Il G F  -  X E  O L I J =  0 (25)

Since m a tr ix  U is o rth o g o n a l, th e  va lu e  o f its  d e te rm in a n t is 1, so th e  secular 
eq u a tio n  (1) is o b ta in ed  again  from  (25). T herefo re  th e  sp ec tru m  o f (22) agrees 
w ith  th a t  o f (1).

3. The course o f the calculation

T he m atrices G belong ing  to  th e  in d iv id u a l re sp re se n ta tio n s  are  ca lcu la ted  
from  th e  geom etrical d a ta  of th e  m olecule an d  th e  a to m ic  w eights [1]. T hen  
th e  ch a rac te ris tic  d e te rm in a n t o f th e  m a tr ix  G is to  be fo u n d , an d  th e  co rre
sp o n d in g  eigenvectors are  ca lcu la ted . In  th is  w ay  th e  eigenvalues gk a n d  m atrix  
U are  ob ta ined .

T he norm al frequencies observed  in th e  sp ec tru m  are  assigned  to  th e  
no rm alizab le  coo rd inates (see th e  exam ple), th e n  th e  in d iv id u a l e igenvalues 
gk a re  assigned to  th e  J )  co o rd in a tes  so th a t  th e  d ifference Gjj — gk | (k =  1, 
2, . . ., n) should  be m in im u m . Sj is th e  co o rd in a te  w ith  th e  g re a te s t coeffi
c ien t, Uij, occurring  in  expression  (4). In  th is  w ay  th e  m a tr ix  Г  is o b ta in ed . 
W ith  th e  aid  of th e  Г ц -s a n d  A,-s th e  elem ents o f th e  m a tr ix  Ф a re  ca lcu la ted  
from  (20), th en  m a tr ix  F  is d e te rm in ed  b y  th e  tra n s fo rm a tio n  (21).
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4. Exam ple

T h e  m a trix  F  of e th y le n e  h as  been ca lcu la ted  w ith  th e  ab o v e-m en tio n ed  
te n s o r  m eth o d . T he e th y le n e  m olecule belongs to  th e  p o in t g roup  Vh. The 
g e o m e trica l d a ta  of th e  m olecu le  a re  as follows [8] (see also Fig. 1):

/ = 1.071 ±  0.01 A 
к =  1.353 ±  0.01 Â 
ß  =  119.9° ±  0.5°

T h e  values o f th e  n o rm a l frequencies are  ta k e n  from  th e  p a p e r  o f Cr a w 
f o r d , L ancaster  an d  I n s k e e p  [9].

T h e  tab les below  show  th e  assignm ents o f  th e  n o rm a l frequenc ies , th e  
s ta r t in g  m atrices G, as w ell as th e  ca lcu la ted  m a trice s  Г, U, Ф a n d  F. The 
fre q u e n c ie s  ca lcu la ted  w ith  th e  a id  of m atrices  F  co rresp o n d  e x a c tly  to  th e  
e x p e rim e n ta lly  observed  freq u en c ies .

Representation A„

,4  =  3019.3 c m - 1 
v2 =  1623.3 c m - 1 
v3 =  1342.4 c m -1

S, =  1/2 ( l t ■
Sj, =  к
S 3 =  1 (a,

L +  is +  О

a 2 +  « з  +  <*i)
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G =
1.1169 
0.1441 

_ —0.0674

0.1441
0.1665

-0 .0 7 7 9

— 0.0674 
— 0.0779 

0.9013
(gm ole) -1

Г
1.1620

0
0

0
0.1392

0

0
0

0.8835
(gmole) " 1

Ф
4.6211

0
0

0
11.1529

0

0
0

1.2015
m dyne/Â

- 4.4395 
—0.8731 

. — 1.0877

0.8731
10.9690
0.7121

1.0877
0.7121
1.4999

m dyne/Â

» -

- 0.9436 
0.1594 

-0 .2915

0.1412
0.9863
0.0884

0.2916
0.0414
0.9214

V, 1027 c m - '

R epresen tation  A„

s‘ =  7 T (t‘ +  t’)
G =  Г =  [2.3088] (gm ole) -1 
F  =  Ф =  [2.6910] m dyne/Â  
U  =  [1.0000]

R epresentation  B]g

>-5 3075 c m -1 s3 =
- f « 1*

- 1.  — h  -  U

V, =  1236 c m -1 Se = 4 - (ai a™ <*3 +  “ l)

H
1.0338

- 0 .0 5 5 9
-0 .0 5 5 9  1 

0.9397 J (gm ole) -1

г
Г 1.0690
I  »

°  1 
0.9045 1 (gm ole) -1

H
Г 5.2104 
! »

° i0.9948 J m dyne/Â

F= 1
[ 4.4963 
[ - 1 .6 3 2 6

-1 .6 3 2 6 ]  
1.7439 JJ m dyne/Â

U = 0.9068 
— 0.4216

0.4216 ] 
0.9068 J

R epresen tation  B lu

V ,  --- 949.2 c m - '  S7 =  —  (#, +  +  &3 +  &<)

G =  Г - [4.0403] (gm ole) -1 
F  =  Ф =  [1.3135] m dyne/A  
U =  [1.0000]
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R ep resen ta tio n  B2(7

>'з =  943 c m - ' Ss =  ~  (# , +  &„ — &3 - #,)

G =  r =  [3.77011 (gniole) “ 1 
F  =  Ф =  [1.3874] m d y n e/A  
U =  [1.0000]

R ep resen ta tion  B ;|(

vd =  3105.5 cm 1
s 3 1. +  1з -  U

i'io =  810.3 c m - 1
S , o = ~  ( « ,  - а ,  +  а 3 -  а ,)

4

Г  1.0338 
[  0.0674

0.0674 I 
0.9737 J (graole) “ 1

- 1

Г  1.0776
о °  1 0.9300 J

(  gniole) -1

4

Г  5.2719 
0 °  1 0.4159 J

indyne/Â

F - l

Г 3.8336 
[  2.2171

2.2171 1 
1.8542 ]

m dyne/Â

- 1
0.8389
0.5442

- 0 .5 4 4 2  1 
0.8389 J

R ep resen ta tio n  В;ш

v n  =  2989.5 c m - 1 S „ = 4 - < 1 ‘ + h - h -  и

v l2 =  1443.5 c m -1 S „ =  ■ К  +  “ 2 -  * 3  ^  «4>

« - [

1.1169
-0 .0 6 7 4

- 0 .0 6 7 4 ]  
0.9013 1

(gm ole) - 1

r -
Г 1.1362
L 0

0 ]  
0.8820 ]

I (gm ole) -1

» .  j
Г  4.6333
L о °  1 1.3916 1

m dyne/Â

F =
Г 4.3867 
L 0.8594

0.8594
1.6382 j m dyne/Â

и  =
Г 0.9612 
[ 0.2758

-0 .2 7 5 8
0.9612 1

SU M M A R Y

A  new  m eth o d  of c a lcu la tio n  of force c o n s ta n ts  h as been  evolved , w h ere  W ilson’s 
m a tr ic e s  G and  F  are re g ard e d  as ten so rs  o f an  re-dim ensional space. T his m e th o d  is exac t, 
n o t  a p p ro x im a tiv e . In  sp ite  o f th is  fa c t, i t  does n o t  req u ire  use o f th e  n o rm a l frequencies 
o f  c o m p o u n d s  su b s titu te d  w ith  iso to p es . T he m eth o d  has been  applied  to  th e  e th y le n e  m olecule.

Acta Chim. Hung. Tomus 47. 1966



BILLES: DETERM IN A TIO N  OF VIBRATIONAL FORCE CONSTANTS 61

R E F E R E N C E S

1. W ilson , E . B., D ecius , J .  C., Cross, P. C.: M olecular V ib ra tio n s  (M cGraw H ill, L ondon ,
1955).

2. U r e y , H . C., B r a d ley , C. A .: P h y s . R ev. 38, 1969 (1931).
3. S himanouchi , T .: J .  C hem . P h y s . 17, 245, 734, 848 (1949).
4. T orkington , P .: J .  C hem . P h y s . 17, 1026 (1949).
5. Ma n n , D. E ., Shimanouchi , T ., Meal , J .  H ., F ano , L.: J .  Chem . Phys. 27, 43, 51 (1957);

S himanouchi , T ., S u zuk i , T .: J .  Mol. S p ec troscopy  6, 227 (1961).
6 . Ov e r e n d , J „  S cherer , J .  R .: J .  Chem. Phys. 32, 1289, 1720 (1960); 33, 1681 (1960).
7. Long, D. A., Gravenor , R. B ., W oodger, M.: S p ec tro ch im ica  A c ta  19, 937 (1963).
8. T ab les o f In te ra to m ic  D istan ces an d  C o nfigu ration  in  M olecules and  Io n s (The C hem ical

Society , L ondon , 1958), p. 129.
9. Crawford . B. L ., La ncaster , J .  E ., In sk e e p , R. G.: J .  Chem. Phys. 21, 678 (1953).

Einen neue Methode zur B estim m ung  
der Schwingungskraftkonstanten von M olekülen

F. BILLES

Z u sam m enfassung . D urch  B e tra c h tu n g  der W ilsonschen G u n d  F  M atrixen  a ls T ensore  
eines R au m s von de r D im ension  n gelang es eine neue  M ethode  zu r B erechnung  d e r K ra f t 
k o n s ta n te n  zu en tw ickeln . D ieses V erfahren  is t keine  A n n äh eru n g sm e th o d e , so n d e rn  eine 
e x ak te  M ethode. T ro tzd em  sind  d ie N orm alfrequenzen  d e r m it Iso to p en  su b s titu ie r te n  V e r
b indungen  dazu  n ich t b en ö tig t. D ie neue M ethode w urde  bei dem  A thy lenm olekü l an g e 
w endet.

Новый метод определения колебательных силовых постоянных молекул
Ф. Б И Л Л Е Ш

Резю ме. Принимая G и F  матрицы Вильсона за тензоры n-размерного поля, удалось раз
работать новый метод расчета силовых постоянных. Этот метод, математически является 
точным, а не приближенным методом. В противоположность этому, в случае данного 
метода нет надобности в нормальных частотах изотоп-замещенных соединений. Метод 
был применен в случае молекулы этилена.

Dr. F erenc  B i l l e s ; B u d a p e s t X I. B udafoki ú t  8.
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OJNCE MORE ON THE DEDUCTION OF THE FOURIER 
EQUATION FROM THE VARIATIONAL PRINCIPLE

( S H O R T  C O M M U N  I CA T  I O N  )

I. G y a r m a t i

( Department fo r  Physical C hem istry, Polylechnical U niversity , Budapest )

Received October 26, 1965

In  two ea rlie r papers th e  v a ria tio n a l p rinc ip les o f th e rm o d y n am ics have  
been  discussed in  d e ta il |1 , 2]. A m ong o thers th e  F o u rie r  e q u a tio n  has been 
d eriv ed  from  a new  re p re se n ta tio n  of th e  p rin c ip le  o f  le a s t d iss ip a tio n  of 
en erg y , th en  a th e rm o d y n a m ic  in te g ra l p rin c ip le  w as fo rm u la ted . U n fo rtu 
n a te ly , in  th e  d e r iv a tio n  o f th e  F o u rie r  e q u a tio n  we w ere in s is tin g  to o  s tr ic tly  
u p o n  th e  d irect d e te rm in a tio n  o f  th e  orig inal form  o f th e  eq u a tio n , an d  ow ing 
to  th is  fac t a n o n -d esirab le  m o d ifica tion  was ca rried  o u t on th e  v a r ia 
tio n a l p rinc ip le . E v id e n tly  i t  w as such  a p ro ced u re  (an d  on th e  o th e r  h an d  
an  u nnecessary  one), w hen th e  local ex trem u m  p rin c ip le  w as m u ltip lied  b y  T-  
(see fo rm ula  (4.9) in  [2]). W e show  now , th a t  in tin ; case o f a rigorous e n tro p y  
re p re se n ta tio n , th e  eq u a tio n  o f h ea t conduction  can he deduced  in ex ac t 
m an n e r in  ev e ry  resp ec t.

L e t us s ta r t  from  th e  w ell-know n en tro p y  b a lan ce

"S +  V • J ,  =  J„ ■ X , =  (7q ( 1 )
w here

I , =  T - 4 q, x q =  vT-1 (2)

T he form  of th e  lin ea r  law (d iffering  from  th a t  used in [1, 2]) is:

J ? =  L qq v T -1  =  — AyT (3)

w here X = T ~ 1 L qq is th e  h e a t c o n d u c tiv ity  coeffic ien t in  th e  F o u rie r p ic tu re . 
T he d iss ipa tion  fu n c tio n  ( T “ 1 tim es th e  one used in (1, 2 ]), will be:

1)-. (4)
2

N ow , using (3) a n d  (4) for th e  local ex trem u m  p rin c ip le , we get:

[ps +  V - J s  V>]j. =  fs  +  V -(7 ’_l J ,)  ( y T 1)2 =  m ax im u m . (5)
2 J,
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C onsidering  th a t  th e  re la tio n  is va lid  fo r solid bodies

d s  = т^(Ы- = т^ди- ( 6 )
d t dt 0t

w h ich  follows from  th e  gen era l form s o f th e  G ibbs re la tio n

ds =  du -(  ̂ d r  ^  ' A d e .., (7)
T  T  —  T

a n d  m ak ing  use of th e  v e c to r  an a ly tic a l id e n tity

V • ( T _] J 9) =  V Î1-1 • jq  +  î 1“ 1 y j ç , (8)

w e m a y  w rite (5) in  th e  follow ing global form :

L =  f  i>T 1 aU + \ / T - ' - J q -\- T - i \ - « ( ^ Г - ' ) г |  d F  =  m ax im u m  
3t 2 j

(9)
0 ^

I f  we w ish here to  v a ry  T  1 alone a t fixed  J„ an d  - ,  we g e t:
81

ÖL =  I [e 8-  +  V • J ,  \ à T  1 +  ( J ,  L qq v T - 1) ■ Ъ'УГ - '  à V  =  0 . (10)
J dt I
V

T h is  ex trem u m  co n d itio n  lead s, w ith  th e  lin ear law (3) an d  w ith  th e  re la tion
9« 9T  i l . ]

=  c„ -  v a l id  i n  c a s e  o t  a s o l i d  b o d y ,  t o
8t 91

*L =  I всг 87 +  v . ( L . v T - ‘) | i T ' d l  = 0 ,  (11)
.1 91
V

fro m  w hich it follow s:

C>cr d l  +  V • (L q[, \ T  _1) =  0. (12)
at

T h is  d ifferen tia l e q u a tio n  can  be w ritte n  w ith  th e  aid of (3) in to  th e  well- 
k n o w n  form of th e  F o u r ie r  eq u a tio n , hence (12) is e q u iv a le n t to  i t .  W e wish 
to  em phasize  th a t  th o u g h  th e  re su lts  g iven  in  th e  p ap ers  [1, 2] and  those 
p u b lish e d  here are p ra c tic a lly  eq u iv a len t, our p re se n t d ed u c tio n  is m ore logical 
a n d  can  be th e o re tic a lly  easily  generalized . O ur prev ious d e riv a tio n  (which 
le d  d ire c tly  to  th e  tr a d i t io n a l  form  of th e  F o u rie r eq u a tio n ) w as based  upon 
th e  th eo re tica lly  m o st u n fo r tu n a te  re p re se n ta tio n , on th e  F o u rie r  p ic tu re . 
T h is  p ic tu re  can n o t be ex te n d e d  in th e  d irec tio n  o f genera l non-iso therm  
p ro b lem s (therm od iffusion , e tc .), an d  can , on th e  o th e r h a n d , easily  be m is
le a d in g . Indeed , i f  in  th e  fram e of our p re sen t and  in ev e ry  re sp ec t exact
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m ethod  we fin d  th e  L agrange function  (m ore ex ac tly  the L ag ran g ian  d en 
sity ) co rrespond ing  to  (11), we get:

a T  T
^ ,  =  e c , T - i ^ - - ^ 5 . ( v r - i ) *  (13)

a t  2

and  th u s  th e  E u le r  L agrange equ a tio n s o f  o u r v a ria tio n a l p rob lem  a re :

=  (14)
ВТ-« Й  0*„ „  i 0T -1

o —---
9*a

w hich are e q u iv a le n t to  (12). Since th e  L ag ran g ian  density  as ex p ressed  in 
(13) is id en tica l w ith  (5) (w ithou t th e  d iv e rg en cy  m em ber, w hich m ean s  th a t  
J s, or T  1 and  J4 a re  p rescribed  on th e  b o u n d a rie s ) , i t  is possible to  w rite :

■&4 =  Qs — y>q - (15)«»
This L ag ran g ian  d e n s ity  differs no t only  b y  th e  very  undesirab le  fa c to r  T-  
from th e  one d e te rm in e d  in  the  case o f u sing  th e  Fourier p ic tu re , b u t  also 
w ith  resp ec t to  th e  sign  o f th e  d issipation  fu n c tio n . This m eans, th a t  th e  th e r 
m odynam ic L ag ran g ian  d en sity  has to  be w r it te n  generally  in th e  fo rm

3 ’ =  q s v > ( X , X ) .  ( 1 6 )

Thus it can  be sa id , th a t  th e  th e rm o d y n am ic  L ag ran g ian  density  m u s t a lw ays 
be given as th e  d ifference of th e  k inetic  p a r t  co n ta in in g  the tim e d e r iv a tiv e  s, 
and  th e  p o te n tia l p a r t  de te rm in ed  by  th e  d iss ip a tio n  function  \p. O ur re c e n t 
in v estiga tions w hich  are  concerned w ith th e  d ed u c tio n  of the  to ta l  sy s tem  
o f tra n sp o r t  e q u a tio n s  from  the  th e rm o d y n a m ic  in teg ra l princip le d ev e lo p ed  
by  us, show  w ith o u t an y  d o u b t th a t  (16) is th e  co rrec t and  in ev e ry  re sp e c t 
general th e rm o d y n a m ic  L agrang ian  d en sity . F o r  th a t  one is th e  in te g ra l 
p rincip le  given in [2] valid  (see form ulae (5.11) an d  (5.12) in [2]).

SU M M A RY

F rom  th e  new  re p re se n ta tio n  of the p rincip le  o f  le a s t  d issipa tion  of en ergy  d e v e lo p ed  
by  us earlie r, th e  F o u rie r  eq u a tio n  of h ea t co n d u ctio n  h as been  derived. D iffering fro m  the  
prev iously  used F o u rie r  p ic tu re  in  the  course o f ou r p re se n t d e riv a tio n , we confined  o u rse lv es 
rigorously  to th e  e n tro p y  rep re sen ta tio n . I t  is show n th a t  th e  L agrang ian  d en sity  o f th e rm o 
d y nam ics is in o u r p a r tic u la r  case, as well as in g en era l, o f th e  form  3 t  — gs — y>.
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NEW METHODS OF COAL PETROGRAPHY 
IN COAL CHEMISTRY AND COAL TECHNOLOGY*

L .Soós

(Research Laboratory fo r  Geochemistry o f  the H ungarian  A cadem y o f  Sciences, B u dapest)

R eceived  J u ly  3, 1964

A q u estio n  freq u en tly  ra ised  in  fo rm er tim es an d  s till ra ised  som etim es 
to d a y  is w h e th e r  coal p e tro g ra p h y  can  be of real a ss is tan ce  to  coal m in ing  an d  
th e  coa lu tiliz in g  in d u strie s , th a t  is, w h e th e r i t  is a b ra n c h  o f  science of p ra c tic a l 
ap p lica tio n s , or ju s t  a th eo re tica l d iscip line a p t  to  solve f irs t  an d  fo rem o st th e  
p rob lem s o f coal genesis. In  d iscussions concern ing  th is  p o in t som e have  spoken  
for, som e a g a in s t coal p e tro g ra p h y . T h is d iv e rs ity  of ju d g m e n t can be tra c e d  
b ack  to  severa l causes, th e  f irs t  o f  w hich  is th a t  som e o f th o se  w ho w ork  in  
p rac tice  in su ffic ien tly  know  an d  m is in te rp re t, or som etim es do n o t know  a t  all 
th e  p e rsp ec tiv es  opened b y  th e  ap p lica tio n  of coal p e tro g ra p h ic  m e th o d s. 
C on seq u en tly , th e y  do n o t realize  th e  use o f coal p e tro g ra p h y , or if  th e y  do, 
th e ir  view s m ay  easily  be erroneous.

T he second cause follows fro m  th e  f irs t:  m an y  peop le  ex p ec t from  coal 
p e tro g ra p h y  th e  so lu tion  o f p rob lem s w hich can n o t p o ssib ly  he solved b y  th e  
ex p e rts  o f  coal p e tro g ra p h y  a lone , b u t  requ ire  th e  co o p era tio n  o f ch em ists , 
p h y sico -chem ists  or techno log ists . O n th e  o th e r h a n d , o ften  prob lem s a re  n o t 
recogn ized  w hose so lu tion  w ould  be  av a ilab le  b y  coal p e tro g ra p h ic  m e th o d s  
a lone. T h erefo re , th e  questions a re  o ften  s ta te d  an d  th e  ta sk s  ou tlin ed  in a w ay  
th a t  f ru s tra te s  success in ad v an ce .

I t  is, o f course, ju s tif ie d  to  a sk  w h e th e r th e  spec ia lists  o f coal p e tro g ra p h y  
h av e  done all to  su ffic ien tly  develop  an d  em phasize th e  p ra c tic a l aspec ts  o f  th is  
b ra n c h  o f  science.

B efore th is  question  is answ ered  a sligh t d e to u r is n ecessary . T he b e g in 
n ing  o f p ra c tic a l ap p lica tions o f  coal p e tro g rap h y  d a te s  b ack  to  a b o u t 1930. 
I t  is well know n  th a t  coal p e tro g ra p h y  has acq u ired  considerab le  m erits , 
p rac tica l as well as pu re ly  sc ien tific , p a rtic u la rly  on th e  te r r i to ry  of in v e s ti
g a tio n  o f coal genesis, b y  d ev e lop ing  th e  m oor-system . H ow ever, it  m u s t be 
a d m itte d  th a t  for a tim e  th is  b ra n c h  o f science did n o t ta k e  p a r t  in th e  so lu 

* L ec tu re  de liv e red  before  th e  Coal Sym posium  organ ized  b y  th e  P e tro leu m , Coal 
an d  Gas T ech n o lo g y  C om m ittee  o f th e  D e p a rtm e n t o f C hem ical Sciences o f th e  H u n g a rian  
A cadem y o f Sciences and  th e  Coal C hem istry  G roup  of th e  H u n g a rian  C hem ical Society, B u d a 
p e s t, F e b ru a ry  14, 1964.
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tio n  o f p rac tica l p ro b lem s as m uch as i t  w as ex p ec ted  b y  th e  w orkers in  p ra c 
tic e . I t  is easy  to  see th e  reasons w h y  su ch  an  a c tiv ity  w as im possib le. T he 
e x p la n a tio n  is t h a t  coal m in ing  a n d  th e  coal-u tiliz in g  in d u s tr ie s  h a d  begun 
to  develop  earlie r a n d  a t  a qu icker pace  th a n  th e o re tic a l re sea rch  on coal. 
P ra c tic e  th u s  go t co n sid e rab ly  ah ead  o f th e o ry . T he lim ited  vo lu m e of th e o re 
tic a l know ledge co n cern in g  coal an d  th e  re su ltin g  im p erfec tio n s o f th e  m ethods 
o f in v es tig a tio n , re a c tin g  u p o n  coal p e tro g ra p h y , fo r a w hile h a n d ic a p p e d  b u t 
e v e n tu a lly  p ro v o k ed  a n d  fo ste red  its  d ev e lo p m en t.

H ow ever, i f  th e  ach iev em en ts  of th e  la s t  20 y ea rs  a re  considered , i t  is 
a p p a re n t  th a t  coal p e tro g ra p h y , a f te r  h a v in g  disposed  o f i ts  in itia l, m ain ly  
m ethodo log ica l d ifficu ltie s  ( th a t  is, since 1940 a n d  p a r tic u la r ly  1945) has 
a t ta in e d  resu lts  w o r th y  o f a t te n tio n  a n d  o f  considerab le  p ro f it  to  p rac tice . 
I t  is q u ite  a n o th e r  m a t te r  how  fa r th e se  re su lts , o f w hich  th e  la te s t  shall be 
t r e a te d  in  th e  p re se n t p a p e r, have  been or a re  being  p u t  to  p ra c tic a l use by  
m in in g  an d  coal u tiliz a tio n .

I t  is well k n o w n  a n d  obvious even to  th e  n ak e d  eye t h a t  coal is n o t a h o 
m ogeneous o rganic  su b s ta n c e  of a fixed  chem ical com position ; on th e  co n tra ry , 
u n d e r  th e  m icroscope i t  is seen to  consist o f a considerab le  n u m b e r o f organic 
as w ell as o f a few  in o rg an ic  c o n s titu e n ts . C onsequen tly , th e  chem ical and  
physico -chem ical m e th o d s  u sua lly  em p lo y ed  to  ch a rac te rize  w ell-defined  o rg a 
n ic  com pounds a re  u n su ite d  to  give a sa tis fa c to ry  d esc rip tio n  o f coal. Coal, 
p a r tic u la r ly  its  m ore  th o ro u g h ly  coalified v a rie tie s , c an n o t be  d isso lved  w ith o u t 
d e s tro y in g  th e  o rig in a l s tru c tu re , a t  m o st a few  c o n s titu e n ts  m a y b e  e x tra c te d ; 
th e re fo re , th e  c lassical m eth o d s of s tru c tu re  s tu d y  are  v e ry  seldom  if a t  all 
ap p licab le  to  th e  p ro b lem . T he com m on sh o rtco m in g  of th e  u su a l chem ical 
a n d  techno log ica l m e th o d s  of coal ch em is try  is th a t  th e y  fu rn ish  only  th e  m ean 
p ro p e rtie s  of th e  s tu d ie d  m ate ria l, b u t  fa il to  reveal w hich  of th e  organic 
co m p o n en ts  (m acérais) a re  responsib le  a n d  in  w h a t m easure  fo r  one or a n o th e r 
p ro p e r ty  of coal.

N or did th e  s tu d y  of th e  fo u r b a n d  ty p e s , fu sa in , c la ra in , v itra in  and 
d u ra in  give sa tis fa c to ry  re su lts , because  th e  in v es tig a tio n  of th ese  inhom oge
neous b a n d  ty p es  c o n sis tin g  o f severa l o rg an ic  an d  in o rg an ic  m inerals b y  th e  
u su a l m ethods of c h e m is try  an d  tech n o lo g y  could  fu rn ish  ag a in  m ean  values 
on ly . I t  has to  be p o in te d  ou t in  th is  re sp e c t th a t  th e  v a rio u s  b an d  ty p es 
possess d iffe ren t a n d  a p p ro x im a te ly  d e te rm in ab le  techno log ica l p ro p erties , 
th e  s tu d y  of w hich  a ffo rd s  m uch m ore u sefu l in fo rm a tio n  to  th e  m an  of p rac tice  
th a n  a s tu d y  of coal as a w hole. I t  is, h o w ever, su ffic ien tly  p ro v ed  by  w hat 
h as  been  said  ab o v e  t h a t  th e  sa tis fa c to ry  know ledge of th e  c o n s titu tio n , s tru c 
tu re  a n d  techno log ica l p ro p ertie s  of coal c a n n o t be acq u ired  ex cep t b y  a com 
p reh en siv e  com plex  s tu d y  o f its  in d iv id u a l co n s titu e n ts .

T he sudden  d e v e lo p m en t of coal p e tro g ra p h y  has b een  s ta r te d  indeed  
b y  th e  recogn ition  o f th e se  fac ts , follow ed b y  th e  d is tin g u ish in g  a n d  charac teriz -
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ing  of th e  coal m acéra is, su b seq u en tly  th e  se p a ra tio n  of th e  in d iv id u a l m acéra is  
from  th e  coal, th e ir  physico-chem ical s tu d y  a n d  sy stem atiz ing . C o n seq u en 
tia l s tu d ie s  in to  th is  field  w ere in it ia te d  a b o u t 1945 and  have led  to  v a lu a b le  
in fo rm a tio n . To th is  also th e  w orkers o f t h ’s c o u n try  have  ap p rec iab ly  c o n tr ib 
u te d : I  am  re fe rrin g  in  th e  f irs t p lace  to  th e  re su lts  concern ing  th e  s e p a ra tio n , 
c h a ra c te r iz a tio n  an d  sy s tem a tiza tio n  of hom ogeneous coal m acérais ach iev ed  
b y  S z á d e c z k y - K a r d o s s  [10].

O u r ta s k  is to  deal here  b rie fly  w ith  som e problem s of in te re s t  to  coal 
m in ing , p rocessing  an d  u tiliz a tio n , w hich  h av e  been  solved or are  s ig n ifican tly  
p ro m o te d  on th e  w ay of so lu tion  b y  th e  re su lts  of app lied  coal p e tro g ra p h y , 
a t  hom e or ab ro ad .

T h e  scope o f th is  p ap e r is, o f course, in su ffic ien t to  t r e a t  m ore th a n  th e  
p rob lem s w hich  th e  a u th o r  considers to  he th e  m ost im p o r ta n t;  a d iscussion  
o f all m e th o d s  of coal p e tro g ra p h y  w ould  req u ire  b y  now  a com ple te  book .

T he to p ics b riefly  in tro d u c e d  here  will be  th e  follow ing:
I . q u estions o f m in ing  a n d  sam p lin g  o f coal in  th e  m ine;

I I .  coal p e tro g rap h ic  aspec ts  o f th e  s tu d y  o f coking coals an d  th e  com p o si
tio n  o f  coal m ix tu res.

1. Questions of m ining and sam pling o f coal in the m ine

I .  T h o ro u g h  know ledge o f th e  m a te ria ls  c o n s titu tin g  th e  d isc losed  coal 
seam  is o f considerab le  im p o rtan ce  to  coal m in ing , for tw o reasons:

1. I t  is essen tia l to  know  th e  m acro- a n d  m ic ro s tru c tu re  of th e  seam , since 
th is  is th e  b e s t basis for a p rognosis o f th e  q u a lity  of coal in th e  as y e t  u n d is 
closed p a r ts  o f th e  seam . T h is g roup  o f  p rob lem s includes in  th e  f i r s t  place 
th e  q u estio n s o f seam  id e n tif ic a tio n  a n d  para lle liza tio n .

2. T h e  ex ac t know ledge of th e  m a te r ia ls  o f th e  seam  u n d e r  e x p lo ita tio n  
m ak es possib le  to  fo recast th e  w ork ing  costs a n d  to  decide th e  m o st a d v a n ta 
geous u tiliz a tio n  o f th e  coal, fu r th e rm o re  i t  p rov ides in fo rm atio n  concern ing  
m ine sa fe ty  an d  h ea lth . I am  re fe rrin g  h ere  to  problem s such as d u s t  fo rm a 
tio n , th e  com position  of d u s t an d  sp o n ta n e o u s  ign ition .

T h e  m eth o d s o f coal p e tro g ra p h y , especia lly  th e  m icroscopic m e th o d s , 
a re  id ea lly  su itab le  for an d  in d isp en sab le  in  th e  s tu d y  of th ese  fa c to rs .

ad  1. J u s t  like in an y  o th e r  k in d  o f  coal ana lysis , th e  f irs t  s te p  o f  a coal 
p e tro g ra p h ic  s tu d y  is sam pling,  n ecessarily  p erfo rm ed  on th e  basis  o f  m acro- 
p e tro g ra p h ic  differences. T he co rrec t ex ecu tio n  of sam pling  in o rd e r to  c h a ra c 
te rize  a g iven coal seam  has obv iously  a decisive in fluence on th e  co rrec tn ess  
o f th e  re su lts . T he d ifficu lties in h e re n t in  sam pling  in th e  m ine a re , how ever,, 
co n sid erab le  ow ing to  poor lig h tin g , th e  w etness of th e  coal face , e tc . I t  is; 
som etim es p rac tica lly  im possib le to  d e te c t a n y  m acroscopic d ifference b e tw een
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p a r ts  of a seam  w hose  chem ical and  tech n o lo g ica l p roperties tu rn  o u t to  be 
m a rk e d ly  d ifferen t.

In  order to  im p ro v e  th e  ex am in a tio n  in  th e  m ine of lignites a n d  to  
e lim in a te  th e  fa c to rs  t h a t  m ay  lead  to  in c o rre c t sam pling , we h av e  d ev e l
o p ed  a new  fie ld  m e th o d  th a t  has been fo u n d  m o st useful in p rac tice . I t  is 
k n o w n  th a t  th e  coal m acéra is  b itu m in ite s  ( lip tin ite s )  give a re la tiv e ly  s tro n g  
g reenish-yellow ish  lu m in escen ce  when exposed  to  u ltra v io le t ra d ia tio n . M aking 
use  o f  som e m icroscop ic  s tu d ies  in th e  la b o ra to ry , lum inescence in v es tig a tio n s  
w ere  in itia te d  in  th e  m ine , on th e  s ta n d in g  coal face.

Fig. 1. S k e tch  m ap  of th e  loca lities m en tio n ed  in th e  te x t

T he lum inescence  s tu d ie s  f irs t ca rr ied  o u t  in  th e  m ines betw een  P u s z ta 
v á m  a n d  O roszlány y ie ld ed  in te re s tin g  an d  im p o r ta n t  resu lts w hich we shou ld  
like  to  discuss here  b r ie f ly , as a p re lim in ary  re p o r t .

In  th e  P u sz ta v á m -O ro sz lá n y  coal-fie ld , th e  Low er Eocene coal b ed  
co n sis ts  o f tw o fa ir ly  u n c o n ta m in a te d  seam s n u m b e re d  a t  p re sen t I  a n d  I I  
a n d  o f an  u n d erly in g  c la y e y  seam  com plex. A t th e  tim e  of our stud ies th e  lo w er
m o st c layey  seam  w as n o t  y e t  ad eq u a te ly  d isc losed . O ur stud ies h ad  th e re fo re  
to  b e  re s tr ic te d  to  sev e ra l p o in ts  of Seam s I  a n d  I I  in  th e  P u sz ta v á m  m ine, 
a n d  to  Seam  I I , b e in g  e x p lo ite d  in th e  No. 3 S h a ft of O roszlány  (Fig. 1).

F o r th e  p u rp o se  o f  th e se  stud ies a p o r ta b le  lum inescence a p p a ra tu s  of 
a b o u t 120 W a tt o u tp u t  w as constructed , eq u ip p e d  w ith  a T ype H Q V  125 
q u a r tz  lam p  an d  an  U G  1 u ltra v io le t f ilte r . S ince th is  f ilte r  also tra n sm its  
som e v isib le  lig h t, we h a v e  used  spectacles m ad e  o f  ap p ro p ria te  b a rr ie r  f ilte r  
g lass to  e lim inate  a n y  v io le t or b lu ish  lig h t re f le c ted  from  th e  coal w all. T he 
p e a k  o u tp u t  of th e  q u a r tz  lam p  em ployed is a t  3650 Â.

T h e  stud ies c a r r ie d  o u t in  th e  m ine h a v e  rev ea led  th e  following.
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Proceed ing  dow nw ards from  th e  roof, th e  f irs t 20 cen tim e tre s  oi Seam
1 o f P u sz ta v á m  ( to ta l th ickness 120 cm ) d id  n o t respond  by  a n y  lum inescence  
to  u ltra v io le t  ex c ita tio n . T his p a r t  o f th e  seam  th u s  appears b lack , w ith  m in u te  
sc a tte re d  resin  partic les. T he n e x t 20 cm  w as b row n  in colour, c o n ta in in g  1 to
2 m m  th ic k  b an d s  em ittin g  a b r ig h t yellow  lum inescence. T he m a tr ix  o f  th e  
u n d erly in g  35-cm lay e r was lig h t g rey ish  yellow , fine ly  s trip ed  w ith  1 to  0.1 m m

Twin s h a f t
No 15 incline

©
(~ \J r \ J  r \ J  r \ J  r \ s

Scattered minute resin grains 

20 cm

Resinous bands 1-2mm thick 
40 cm

Finely banded with resinous 
bands of mm thickness and 
less; vilromous lenticles

75 cm

100 cm
Lining of resin on fissure 
surfaces

120 cm r 7̂ ~rV ~r7~7~7~77s

No. 6 0 s  loge Colour of coal
Q) in UV light

r \J  r \J  r \u  r \J  r \u

7 7 / / / / / / / / / ,

Dark

Chocolate - brownish

Light (greyish! 
yellow

Dark

NNE-SSW 
~  1,3 km

Fig. 2. L um inescence of Seam  N o. I o f P u sz ta v ám

th ic k  h an d s  show ing b rig h t yellow  lum inescence. Sm all lenticles o f  v i tr a in  are 
p re se n t in  th is  p a r t  of th e  seam  w hich do n o t em it a n y  lum inescence, a p p e a rin g  
co n seq u en tly  b lack  u n d er u ltra v io le t ra d ia tio n . T he n e x t 25 cm  ex h ib ite d  
no  lum inescence excep t for som e ra th e r  scarce s trin g s o f resin . Som e 20 c e n ti
m e tres  ab o v e  th e  floor, th e  faces o f th e  jo in ts  ex h ib ited  a re s in o u s lin ing  
o f yellow ish-redd ish  lum inescence. T he lum inescence  p roperties o f Seam  I  are  
su m m arized  in  Fig. 2.

I t  is v e ry  rem ark ab le  th a t  in  th e  N o. 15 incline an d  in th e  N o. 60 slope 
as well as in  th e  D ISZ inclined  sh a ft, Seam  I h ad  alm ost to  th e  c e n tim e tre  
th e  sam e sequence o f p ro p erties  a t  p o in ts  o f  observ a tio n  1.3 to  1.8 k m  a p a r t .

Seam  I I ,  of 220 to  280 cm  th ick n ess , w as s tu d ied  in  th e  tw in  sh a f t  o f 
P u sz ta v á m  a t  th e  afo rem en tioned  tw o  p o in ts , as well as in th e  D ISZ  inclined  
sh a ft a n d  in th e  No. 3 sh a ft o f O roszlány . T he s tu d y  o f th is  seam  gave even  m ore
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re m a rk a b le  resu lts . S eam  I I  in v a riab ly  e x h ib its  fiv e  d is tin c t resinous b an d s 
o f  b r ig h t  yellow  lu m in escen ce , p resen t a t  all p o in ts  ex am in ed . These p e rs is te n t 
re s in o u s  b an d s are  n o t  v is ib le  in  th e  u su a l lig h tin g  o f th e  m ine or th e  la b o ra to ry ; 
th e y  can  be d e tec ted  o n ly  b y  th e ir  lum inescence. T h e ir  th ick n ess  varies  be tw een  
1 a n d  20 m m , a n d  can  be  tra c e d  from  P u s z ta v á m  to  O roszlány, th ro u g h  
som e 8 k ilom etres. T h e  lu m in escen t resinous b a n d s  o f  Seam  I I  of P u sz tav ám

------------  ’ 5 resin o u s bands

F ig .  3. T he lu m in escen t re s in o u s  bands of the  Seam  iNo. Ï I  of P u sz ta v am  an d  O roszlány

a n d  O roszlány are  show n  in Fig. 3. The to ta l  th ick n ess  of th e  b an d s  in  Seam  
I I  is betw een  25 a n d  55 m m . Along a fa u lt d isp lac in g  th e  seam  a t  one o f th e  
w o rk in g  faces of N o. I l l  S h a ft of O roszlány , even  th e  d islocation  o f th e  resi
n o u s  b an d s  to g e th e r  w ith  th e  seam  could be  observ ed .

In  connection  w ith  th is  m ethod  i t  h a s  to  be  n o te d  th a t  th e  lu m in escen t 
m acéra is  are ex ce llen tly  v isib le , aglow , as i t  w ere, a g a in s t th e  b lack  coal wall.

F rom  w h a t h as  b een  said  above, i t  is e v id e n t th a t  th e  m eth o d  m ay  have 
tw o  p rinc ipa l po ssib ilities  o f app lica tion :

(a) In  th e  cou rse  o f  sam pling, changes in  th e  seam  m ay  be d e tec ted  
t h a t  w ould  pass o th e rw ise  unno ticed ; th is  fa c t p e rm its  su itab le  selection  of 
sam p les . W e m ean  h e re  in  th e  firs t p lace th e  th in  b u t  p e rs is ten t resin  b an d s
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prev iously  u n o b se rv ed , w hich  could  get in to  th e  sam ple  on ly  b y  acc id en t, 
an d  th en  only in  a q u a n t i ty  th a t  could  h a rd ly  in flu en ce  th e  p ro p e rtie s  of th e  
sam ple as a w hole.

(b) F rom  th e  p o in t o f  v iew  o f m ining, th e  m e th o d  is an  ex ce llen t, re liab le , 
rap id  an d  cheap  m ean s o f seam  id en tifica tio n . I t  is u n n ecessa ry  to  dw ell an y  
fu r th e r  on th e  im p o rta n c e  o f th is  fac t.

I t  is obvious th a t  th e  o u tlin ed  m ethod  based  on th e  lum inescence  of th e  
h itu m in ite s  is o f no  use b ey o n d  th e  coalifica tion  b re a k , as th e  b itu m in ite s  
tu rn  in to  n o n -lu m in escen t h u m in ite s  a t  th is  s tag e . C o nsequen tly , o u r new 
m eth o d  is b est su ite d , as p roved  also b y  th e o re tic a l co n sid era tio n s o u tlined  
in  a n o th e r p a p e r [8], to  th e  s tu d y  o f E ocene lig n ite s  co n ta in in g  som e b itu -  
m in ite , or lip to b io litic  fo rm atio n s  o f o th e r  periods. T he re su lts  o f  sim ilar 
s tud ies on th e  U p p e r C retaceous coal o f A jka , as well as th e ir  g ene tic , geo
logic, pa laeogeograph ic  a n d  m icro tec ton ic  re la tio n s  a n d  th e ir  s ign ificance in  th e  
estim a tio n  of reserves a n d  in  coal processing will be re p o rte d  in  a sep a ra te  
paper. The ex ten sio n  o f  th e  lum inescence in v e s tig a tio n s  to  th e  M ecsek M oun
ta in s  Ju rassic  coal b asin  is p lan n ed ; in th a t  reg ion , how ever, th e  lum inescence 
o f th e  inorganic  c o n s titu e n ts  m ay  be expec ted  to  p la y  a p re d o m in a n t or 
exclusive  role.

ad  2. A w idely  s tu d ie d  im p o r ta n t p rob lem  o f m ine h e a lth  is p n eu m o co 
niosis and  silicosis a fflic tin g  th e  u n d erg ro u n d  p erso n n e l of th e  m ine, d u e  to  th e  
presence o f silica o r q u a r tz . Since these  sicknesses do n o t d ep en d  on d u st 
co n cen tra tio n  o n ly  b u t  also on m ineral com p o sitio n , i t  is an  im p o r ta n t  and  
responsib le ta sk  o f  p e tro g ra p h y  to  de te rm ine  th e  o ften  exceed ing ly  f in e  (0.5 to  
8 fi) ino rgan ic  m in e ra l p a rtic le s  n o t only  in  a q u a n ti ta t iv e  m a n n e r b u t  also 
b y  q u a lita tiv e  an a ly s is . T h u s  i t  is freq u en tly  n ecessary  to  d is tin g u ish  q u a rtz , 
illite , kao lin ite , m ica, su lfides an d  ca rb o n a tes , a ta s k  th a t  is p e rfo rm ed  by  
m icroscopy on po lished  p o w d er surfaces by  th e  p h ase  c o n tra s t  te c h n iq u e  or in 
a d a rk  field. Clay m in era ls , nox ious in a w ay n o t  y e t  fu lly  u n d e rs to o d , m a y  be 
iden tified  by  d y e in g , D TA , X -ra y  an d  e lec tron  m icroscopic m e th o d s .

A fu r th e r  p ro b lem  o f equal im p o rtan ce  to  m ine  sa fe ty  a n d  h e a lth  is 
th e  s tu d y  of th e  causes o f  m ine fires an d  sp o n tan eo u s  ign itio n . In  re sp e c t o f th is  
p rob lem  th e  ta s k  o f coal p e tro g ra p h y  is to  d e te c t, m ain ly  b y  m icroscopic 
in v estig a tio n s th e  m acéra is  w hich are  th e  f irs t  to  su ffe r o x id a tio n  p ro d u c in g  
h e a t; so these  p o in ts  o f  th e  coal seam  m ay  be lo c a te d . P e tro g ra p h ic  s tud ies 
of th is  p roblem  [9, 7] b a v e  d e tec ted  th e  princ ipa l cause o f sp o n tan eo u s  ign itio n  
to  be th e  o x id a tio n  o f f in e ly  d is tr ib u te d  h u m in ite  pa rtic le s  o f la rg e  specific 
surface, p ro m o ted  e v e n tu a lly  b y  ce rta in  chem ical a n d  p hysica l fa c to rs , such 
as increase of th e  su rface  ow ing to  geological co n d itio n s. S z á d e c z k y - K a r d o s s  

[9] succeeded in p ro v in g  th a t  on th e  exposed su rface  of th e  coal a n d  along 
the  jo in ts  th in  ox id ized  lay e rs  are  fo rm ed  th a t  p ro te c t  th e  coal from  fu r th e r  
o x id a tio n . I f  th e  coal su ffers no fu r th e r  b reak in g  up  a f te r  th e  d ev e lo p m en t of
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th e  o x id ized  p ro tec tiv e  la y e rs , th e n  ox ida tio n  is s to p p e d  an d  th e  d an g e r o f spon
ta n e o u s  ign ition  is p ra c tic a lly  e lim ina ted . If, on th e  o th e r  h a n d , such  layers 
a re  co n tin u o u sly  rem o v ed , e.g. b y  fac to rs b rin g in g  a b o u t th e  co m m in u tio n  of 
th e  co a l, ox idation  m a y  p ro ceed  to  a degree w here sp o n tan eo u s ig n itio n  sets in.

II. Coal petrographic problems connected with coking coals

I t  is know n th a t  th e  v o la tile  co n ten t of a coal p e rm its  conclusions concern 
in g  th e  degree of c o a lif ic a tio n ; i t  is also one o f  th e  p a ra m e te rs  o f  th e  coking  p ro 
p e r t ie s  o f  th e  coal. H o w ev er, in  s tu d y in g  coking  coals or th e ir  m ix tu re s , d e te r
m in a tio n  of the  v o la tile  c o n te n t  y ields b u t  a m ean  v a lu e ; th e  p ro b lem  as to  
w h a t  coals or coal m acé ra is  o f  w h a t degree o f co a lifica tion  or w h a t vo la tile  
c o n te n t  are  responsib le fo r th is  m ean  v a lu e  c a n n o t be solved e x c e p t b y  coal 
p e tro g ra p h ic  m ethods, su ch  as analysis an d  p h y sica l in v es tig a tio n s  ( e.g. m eas
u r in g  o f  lig h t re flec tan ce ). T h u s  coking coals c a n n o t be c h a ra c te riz e d  by  
th e i r  v o la tile  co n ten t a lo n e ; th e  w ell-know n th re e  p a ra m e te rs  are  req u ired . 
I n  t h e  s tu d y  of coking coals th e  know ledge o f th e  q u a n ti ta t iv e  com position  
o f  th e  ro ck  is also v e ry  im p o r ta n t ,  th o u g h  in su ffic ien t in itse lf, because  th e  
p e rc e n tu a l  d is tr ib u tio n  o f  th e  m acérais does n o t  p e rm it conclusions ab o u t 
th e  v o la tile  co n ten t, i.e. th e  degree of co a lifica tio n , or such  in ferences are 
v e ry  v ag u e .

C oking coal co nsists  o f  severa l m acéra is o f d iffe ren t chem ical, physical 
a n d  techno log ica l p ro p e r tie s , such  as v itr in ite , th e  p rin c ip a l c a rr ie r  o f coking 
c a p a c i ty ,  b itu m in ite s , u su a lly  p resen t in m o d e ra te  am o u n ts , and  in e rt m acé
ra is  su c h  as fu sin ite , a n d  m ic rin ite . O f th ese  m acéra is , th e  in e r t  ones are 
u n fa v o u ra b le  to  coking. F ro m  th e  p o in t o f v iew  o f coking, an  id ea l coal should 
c o n s is t  o f  pure v itra in , w ith o u t an y  d e tr im e n ta l m acéra is. H ow ever, i t  m ust 
b e  n o te d  a t  once t h a t  ev en  th e  v itra in  of such  an  idea l coal w o u ld  n o t  neces
s a r i ly  h a v e  uniform  co m p o sitio n , because i t  m a y  be com posed o f m ore and  
less co a lified  v itr in ite s , t h a t  is , o f partic les o f h ig h e r or low er v o la tile  c o n ten t. 
T h is  is , e.g. th e  case w ith  th e  K om ló  coal.

I t  is also know n t h a t  th e  lig h t re flec tan ce  of th e  in d iv id u a l o rganic  coal 
m a c é ra is  increases w ith  th e  progress of co a lifica tio n , th a t  is, w ith  th e  decrease 
o f  t h e i r  vo latile  c o n te n t. [2]. M icroscopy is th e re fo re  su itab le  to  d istingu ish  
v i t r in i te s  in  th e  v a rio u s s ta g e s  o f coalification , o r in e r t  su b stan ces  o f consider
a b ly  h ig h er re flec tance  c a n  be  q u a n tita tiv e ly  d e te rm in ed . T he on ly  ad eq u a te  
m e th o d  know n so fa r  fo r d e te rm in in g  th e  d is tr ib u tio n  of th e  m acéra is  acco rd 
in g  to  th e ir  vo la tile  c o n te n t  is th e  d irec t d e te rm in a tio n  of th e ir  re flec tance  
d is tr ib u tio n  un d er th e  m icroscope.

R eflectance, a clue to  th e  fine  s tru c tu ra l p ro p e rtie s  of th e  coal m acérais, 
is a d y n a m ic  fac to r w ell su ite d  to  charac terize  c e r ta in  p e tro g ra p h ic  an d  chem ical- 
te ch n o lo g ica l p ro p ertie s  o f  coal, such as its  degree of co a lifica tio n , coking
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cap ac ity , e tc .; th e  ra p id  an d  accu ra te  d e te rm in a tio n  o f re flec tance  is th e  
aim  of an  increasin g  vo lum e of research . R eflec tan ce  d a ta  of th e  coal m acéra is  
m ay  be used to  in v es tig a te  th e  following im p o r ta n t  p rob lem s:

— th e  d e te rm in a tio n  o f th e  degree o f co a lifica tio n , th a t  Í3, th e  n u m e 
rical c h a ra c te riz a tio n  o f th e  degree of m e ta m o rp h ism ;

— from  th e  a b so rp tio n  coefficient a n d  re frac tiv e  index , c a lcu la ted  
from  th e  re flec tan ce  th e  degree of co n densa tion  a n d  or a ro m aticy  o f  th e  
carbon  a to m s m ay  he d e te rm in ed ;

— c h a ra c te riz a tio n  o f  th e  technological p ro p e rtie s  ( e.g. as m en tio n ed , 
th e  coking c a p ac ity )  a n d  th e  co rrelation  o f th e  seam s m ay  becom e possib le  
in a m an n e r m u ch  less tim e-consum ing  th a n  th e  p ro ced u res  em ployed  so fa r.

A n a c c u ra te  d e te rm in a tio n  of re flec tance  is e ssen tia l in cases w here  its  
va lue  changes p a ra lle l to  th e  con tinuous v a r ia tio n  o f th e  chem ical s tru c tu re  
o f th e  su b s ta n c e  in v e s tig a te d . In  such cases re flec tan ce  defines th e  degree 
of th e  g rad u a l change o f th e  la ttic e  s tru c tu re  o r o f  th e  m etam o rp h ism . W ith  
th e  ex cep tion  o f  a single m acéra i group th is  app lies  to  th e  case of coal m acé 
ra is , of w hich v itr in ite  a n d  th e  ox in ites (in e rt su b stan ces) ex h ib it a re flec tan ce  
d ep en d en t in  a co n tin u o u s m an n e r on co a lifica tio n  up  to  th e  a n th ra c ite  
stage . T he ex cep tio n a l g roup  is th a t  o f th e  b itu m in ite s ;  th e ir  coalifica tion  
is con tin u o u s u p  to  th e  coalifica tion  b re a k  o b se rv ab le  in th e  f a t  coal 
stage; a t  th is  b re a k  a b ru p t  v itra in iz a tio n  ta k e s  p lace. A fte r th is  b reak , th e  v it-  
ra in ized  b itu m in ite s  change again  con tinuously .

Such co n sid e ra tio n s h av e  induced  us to  in v e s tig a te  th e  physical p ro p e rtie s  
o f coal m acéra is , f ir s t  o f all th e ir  op tical p ro p e rtie s , a n d  to  develop a m e th o d  
o f re flec tance  d e te rm in a tio n  p ro v id in g  th e  p o ss ib ility  o f num erica l d e te rm i
n a tio n  o f th e  o p tica l p ro p e rtie s  o f the  in d iv id u a l, m o stly  m in u te  m icroscopic  
m acérais.

In  th e  case o f p e rp en d icu la r  incidence, th e  re flec tan ce  of an  iso tro p ic , 
tra n s p a re n t  m ed iu m  dep en d s solely on th e  re la tiv e  re frac tiv e  in dex , in  an 
iso trop ic  a b so rb in g  m ed iu m , such as coal, also on th e  ab so rp tiv e  in d ex , g iven  
by  th e  Beer fo rm u la :

In  air:

( n  l ) 2 4 -  r i -  X -

R =
(n +  l ) 2 +  n- x*

l n  oil im m e r s io n :

в '  =  ("  "  n ') 2 +  n ‘
( n  -(- n ' ) 2 -(- n - X-

( 1 )

( 2 )

where
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R  =  reflec tance  m easu red  in  a ir , R '  =  reflectance m easu red  in  oil 
im m ersion , n =  re fra c tiv e  in d ex  o f th e  absorb ing  m ed ium  (coal, in  the  
p re se n t case), n ’ — re frac tiv e  in d ex  o f  th e  im m ersion liq u id , x  =  a b so rp 
tiv e  index  of th e  ab so rb in g  m edium .
T h e  tw o eq u a tio n s  read ily  y ield  th e  re frac tiv e  index . T h e  ad so rp tiv e  

in d e x  can  be o b ta in ed  from  th e  f ir s t  eq u a tio n .
T h e  refrac tive  in d ex  is

1 n '2 ~  1n =  --------  (3)
2 ,(1 + R ' )  1 + R

(1 R ')  1 R

a n d  fo r  th e  ab so rp tiv e  in d ex  we have

x . =  1 f M E <" ■ (4)
n  l — R

T h e  tw o values of re flec tan ce  used  fo r ca lcu la ting  th e  re fra c tiv e  index  
m u s t  b e  v e ry  accu ra te , o therw ise  th e  re su lts  will be useless.

M easurem ents o f th e  re flec tan ce  o f v itr in ite s  was in it ia te d  in  1932 by  
H o f f m a n n  and  J e n k n e r  [2]; th ese  a u th o rs  u sed  th e  B erek s lit m ic ro p h o to 
m e te r . T h is long used  m e th o d  is su b je c tiv e : th e  resu lt depends on a v isua l 
c o m p a riso n  of lig h t in te n s itie s  in s te a d  of u s in g  an  in s tru m e n t, a n d  a g re a t deal 
o f u n c e r ta in ty  is in v o lv ed  even  if  th e  o p e ra to r  is highly  skilled . T h is m eth o d  
o n ly  y ie ld s  the m ean  re flec tan ce  of th e  w hole field  of v ision , a n d  i t  can n o t 
a ffo rd  d a ta  accu ra te  enough  fo r ca lcu la tin g  th e  re frac tiv e  in d ex  a n d  a b so rp 
tiv e  in d e x .

I n  o rd er to  e lim in a te  possible erro rs in tro d u c e d  b y  su b je c tiv e  m easu re 
m e n ts , severa l w orkers [6, 1, 11] h av e  a d o p te d  th e  tech n iq u e  w h ich  em ploys 
a p h o to c e ll:  though  th is  is m ore a c cu ra te  th a n  th e  B erek m e th o d , i t  s till does 
n o t  fu rn ish  sa tis fac to ry  resxdts. B o th  th e  B erek  s lit m ic ro p h o to m e te r a n d  th e  
p h o to c e ll  require  in ten se  lig h t, so in  e ith e r  case i t  is im possib le  to  n a rro w  
d o w n  th e  field  of v ision  su ffic ien tly  to  ex c lu d e  all b u t a single hom ogeneous 
m a c é ra i, w hich has as a ru le  th e  d ia m e te r  of a few m icrons on ly . N e ith e r 
m e th o d  perm its  th e  u tiliz a tio n  o f m o n o ch ro m atic  lig h t, u n less b ro a d b a n d  
f i l te r s  o f poor se lec tiv ity  a n d  low  a b so rp tio n  a re  used. In  v iew  o f th e  fa c t  th a t  
b o th  th e  re frac tiv e  in d e x  a n d  a b so rp tiv e  in d e x  depend  on th e  w av e len g th , 
th e  d e te rm in a tio n  o f th e  re flec tan ce  shou ld  n a tu ra lly  be p e rfo rm ed  in  m ono
c h ro m a tic  light.

C onsidering  th a t  th e  v itr in ite  o f a gas coal has ab o u t 1%  re fle c tan c e  m eas
u re d  in  oil im m ersion, th e  u se  of a u su a l m icroscope lam p  of 30 w a tts  re su lts  
in  a l ig h t  in ten s ity  be tw een  3 • 1 0 ~ 10 an d  2 ■ 1 0 ~ 7 lum ens for a v i t r in i te  grain
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of a few  m icrons d ia m e te r , accord ing  to  K ö t t e r  [3]. Insertion  o f  an  in te r 
ference f i l te r  in o rd e r to  produce m o n o ch ro m a tic  lig h t resu lts in  a fu r th e r  
decrease b y  a b o u t one o rd e r of m ag n itu d e . O w ing  to  th is  sm all v a lu e , th e  only 
device su ited  to  th e  d irec t d e te rm in a tio n  o f  l ig h t in te n s ity  is th e  p h o to m u lt i
p lier, w here  am p lifica tio n  is considerab ly  h ig h e r  th a n  w ith  a pho tocell. T h e  f irs t 
to  use th e  m u ltip lie r  w ere M c Ca r t n e y  a n d  H o f e r  [5], la te r  on K ö t t e r  [3].

T he ab o v e  consid era tio n s have led  also  th e  p resen t a u th o r  to  develop  
a p h o to m u ltip lie r  m eth o d  th a t  perm its  d e te rm in a tio n  of th e  re f le c ta n c e  and  
o p tica l p a ra m e te rs  o f coal m acérais of 1.5 to  5 ц  size in a m uch s h o r te r  tim e 
an d  w ith  co n sid e rab ly  g rea te r  accu racy  th a n  can be a tta in e d  b y  e i th e r  the  
Berek or th e  p ho toce ll m ethod . The a b so lu te  e rro r of our m e a su re m e n ts  is 
betw een  0.24 an d  0 .4 % , w hereas th a t  of th e  B erek  m ethod  is be tw een  3 a n d  5 % , 
an d  th a t  o f th e  p ho toce ll m ethod  a b o u t 1% .

T he m eth o d  an d  a p p a ra tu s  th a t  h av e  been  in use to  sa tis fac tio n  fo r  m ore 
th a n  a y e a r  is described  below.

T he m icroscope is a ty p e  Z e to p an -P o l o f R e ich ert m ake, p ro v id e d  w ith  
a p h o to tu b e . T he lig h t falling p e rp e n d ic u la rly  upon th e  po lish ed  su rface 
and  re flec ted  from  here can he p ro jec ted  th ro u g h  a prism  e ither in to  th e  eyepiece 
or in to  th e  p h o to tu b e . T he princip le of th is  a p p a ra tu s  em ployed to  m e a su re  the  
in te n s ity  o f th e  re flec ted  ligh t is as follow s:

A fix ed  d iap h rag m  placed  in th e  im ag e  p lan e  of the  eyepiece o f th e  p h o to 
tu b e  (m easu rin g  d iap h rag m ) ensures t h a t  o n ly  a de ta il of given size o f the 
field  o f  vision  m ay  reach  th e  ca thode of th e  m u ltip lie r  m ounted  u p o n  th e  p h o to 
tube . T he p h o to c u rre n t, whose in te n s ity  d ep e n d s  on th e  re flec tance  o f  th e  sub 
stan ce , is m easu red  b y  a m irro r g a lv a n o m e te r  o f a sensitiv ity  o f  5 .45 • 1 0 -ln  
А/m m . T he sm allest p a rtic le  size th a t  c an  be  m easured  b y  th is  a p p a ra tu s  is, 
as a lre a d y  m en tio n ed , 1.5 to  5 /I d ep en d in g  on th e  m agn ifica tion  em ployed . 
T he m easu rem en ts  are  carried  o u t in m o n o ch ro m a tic  ligh t p ro d u c e d  b y  an 
in te rfe ren ce  filte r .

T h e  t r a je c to ry  of th e  light rays in  th e  a p p a ra tu s  is show n in F ig . 4 
(P- 78).

T h e  p h o to m u ltip lie r  em ployed w as a ty p e  I P  28 of RCA m a k e ; th e  ligh t 
source w as a low -vo ltage  bulb  o f 30 W a tts . B o th  the  m u ltip lier a n d  th e  lam p 
w ere fed  from  a stab ilized  pow er su p p ly  u n it .

T he com p le te  a p p a ra tu s  is p re sen ted  in F ig . 5. The d a rk  c u r re n t  o f  the 
p h o to m u ltip lie r  as well as th e  re flec tio n  o f  th e  ob jective lenses h a v e  been 
d e te rm in e d  an d  co m p en sa ted  on th e  g a lv a n o m e te r .

C o n tra ry  to  o th e r  au th o rs , we em p lo y ed  as a reflectance s ta n d a rd  a prism  
of h eav y  f l in t  glass w hose reflectance in  oil im m ersion  as ca lcu la ted  from  its 
re frac tiv e  in d e x  w as 0 .793%  a t 5470 A.

In  connex ion  w ith  the  m easu rem en ts  of reflectance, th e  follow ing 
im p o r ta n t re su lts  a re  w orth  m en tion ing .
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W ith  th e  pu rpose  o f  s tu d y in g  th e  re la tio n sh ip s  betw een th e  deg ree  
o f c o a lific a tio n , vo la tile  c o n te n t and  re flec tan ce , respective ly , we h av e  in v e s t i
g a te d  th e  reflec tance  of v itr in ite s . The sam p le s  s tud ied  were of coals of 
low  a sh  co n te n t, th e  v o la tile  co n ten t of w h ich  h a d  been de te rm in ed  b y  th e  
u su a l m e th o d . F rag m en ts  o f th e  sam ple b ro k e n  d ow n  to  ab o u t 1 m m  size w ere

F ig . 5. A p p a ra tu s  a p p lie d
1: m u lt ip lie r ,  2: g a lv an o m eter, 3: d .c . pow er su p p ly , 4 . a .c . stab ilizer, 5: p o in t c o u n te r
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em b ed d ed  in an  epoxy  resin and  th e  su rfaces  were polished. T h e  av erag e  
re flec tan ce  o f th e  sam ple  was d e te rm in ed  b y  m easu ring  th e  re flec tan ce  a t  5470 
A in  oil im m ersion  o f a t  least f if ty  g ra in s o f  v itr in ite  per p re p a ra te , chosen 
ran d o m ly  all over th e  sam ple. The d iag ram  in  F ig . 6 perm its  th e  ra p id  d e te rm i
n a tio n  o f th e  degree o f coalification  and  th e  v o la tile  co n ten t on th e  basis  o f  th e  
m easu red  reflec tance .

We have d e te rm in ed  an d /o r ca lcu la ted  th e  refrac tive  ind ices o f several 
coal m acérais. W e shall n o t deal w ith  th is  to p ic  here in  an y  d e ta il, ex cep t 
for m en tio n in g  th a t  an  in v estig a tio n  o f th e  w ell-know n re la tio n sh ip  betw een  
the  re frac tiv e  in d e x  an d  th e  d ielectric  c o n s ta n t o f coals m ay p ro d u ce  in te re s tin g  
an d  usefu l re su lts .

T he re flec tan ce  of grains of v itrin  ite  w as s tu d ie d  in a coal c o n ta in in g  over 
50%  o f ash , w hich occurs a t  N a g y b á to n y , close to  an andesite  c o n ta c t.  F rom  
th e  re su lts  an d  b y  estab lish in g  th e  v o la tile  c o n te n t w ith  th e  aid o f  F ig . 6, th e  
degree  o f m e tam o rp h ism  has been e s tim a te d . T his tech n iq u e  o p en s u p  th e  
w ay o f ch a rac te riz in g  in th is  re sp ec t also  such  h igh-ash  c layey  coals w here 
d e te rm in a tio n  of th e  vo la tile  co n te n t w as b o u n d  to  yield w holly illu so ry  values.

W e have d e te rm in ed  on a po lished  su rface  the  reflection  sp e c tru m  o f som e 
coal m acéra is. M icrospectropho tom etric  m easu rem en ts  have been c a rr ie d  out 
in th in  sections on x an th o re s in ite , h u m in ite  an d  m elanoresin ite . B o th  th e  
m easu rem en ts  o f reflec tion  and  a b so rp tio n  w ere carried  o u t in th e  visib le 
ran g e  tra n s m itte d  b y  th e  optics o f th e  m icroscope. The resu lts  will be  re p o rte d  
in a  se p a ra te  p ap er.

Acta Chim. Hung. Tomus 47. 1966
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T h e  described  m e th o d  h as  rendered  accessib le  th e  s tu d y  an d  e v e n tu a l 
s o lu tio n  o f th e  follow ing o th e r  problem s:

(1) C om pilation  of re flec tan ce  s ta tis tic s  o f  coking coals an d  cok ing  
coal m ix tu re s .

W e have a lread y  re m a rk e d  th a t  d e te rm in a tio n  of th e  vo la tile  c o n te n t 
fu rn ish e s  b u t  m ean  v a lu es , a n d  th a t  th e  p ro b lem  o f a llocating  th e  v o la tile s  
to  w e ll-d efin ed  coal m acéra is  of know n degree  o f  coalification  a n d  v o la tile  
c o n te n t  as well as o f w ell-defined  techno log ica l p ro p e rtie s  can only be ach iev ed  
b y  re fle c tan c e  m easu rem en ts . T hus, for in s ta n c e , accord ing  to  K ö tter  a n d  
L a n g n e r  [4] 25%  v o la tile  c o n te n t can be d u e  to  100%  fa t  coal, b u t  ju s t  as 
w ell to  a m ix tu re  consisting  o f 21%  gasflam e, 18%  gas, 32%  fa t, a n d  2 9 %  
sh o r t- f la m e  coal, or to  a m ix tu re  of 16%  gasflam e , 31%  gas, 20%  sh o rt-f lam e , 
a n d  3 3 %  fa t coal. This is w h y  th e  swelling in d e x  is 9 in th e  f irs t case, 4.5  in  th e  
seco n d , a n d  1 in th e  th ird . B y  re flec tance  s ta t is t ic s , th a t  is, by  d e te rm in in g  
th e  d is tr ib u tio n  of th e  m acéra is  accord ing  to  v o la tile  co n ten t, th e  p ro b lem  
can  b e  read ily  an d  u n eq u iv o ca lly  num erica l d ec id ed  b y  m easuring  a single 
p a ra m e te r .  T h a t m akes possib le  to  a d ju s t th e  com position  of coal m ix tu re s  
p r e p a re d  fo r coking in  th e  m o s t fav o u iab le  m a n n e r , b y  d e te rm in ing  th e  p ro 
p e r  m ix in g  ra te s  in  ad v an ce .

(2) T he a p p a ra tu s  j u s t  described allow s th e  rap id  d e te rm in a tio n  of 
b i tu m in ite s . L et us re s tr ic t  ourselves here  to  th e  rem ark  th a t  of th e  coal 
m a c é ra is  i t  is only  th e  b itu m in ite s  th a t  e x h ib it a n y  lum inescence.

A s i t  is revealed  b y  w h a t has been sa id  in  th is  p aper, th e  m e th o d s  of 
coal p e tro g ra p h y  have  in d eed  undergone co n sid e rab le  developm ent. O f course, 
th e  p re s e n t  paper is no a t te m p t  a t  a com p reh en siv e  rev iew  because, as a lre a d y  
m e n tio n e d , th e  n u m b e r of coal p e tro g rap h ic  m e th o d s  is v e ry  large.

SU M M A RY

P o ssib le  ap p lications o f co a l p e tro g ra p h y  in  th e  f ie ld s  o f m ining, coal c h em is try  an d  
coal te c h n o lo g y  are review ed.

A  new  m ethod  of seam  p a ra lle liz a tio n  and o f sam p lin g  in  th e  m ine is g iven  a n d  th e  
co al p e tro g ra p h ic  aspects o f sp o n ta n eo u s  ign ition  are  b r ie f ly  discussed. The la te s t  a n d  m o st 
im p o r ta n t  ach ievem en ts o f coal p e tro g ra p h y  in fa c ili ta tin g  th e  so lu tion  of several tech n o lo g ical 
p ro b le m s  a re  d ea lt w ith . A  m e th o d  fo r th e  ob jective  c h a ra c te riz a tio n  of th e  degree o f co a lific 
a tio n  o n  th e  basis of th e  re fle c ta n ce  of th e  m acéra is, th e  d e te rm in a tio n  of th e  o p tic  p a r a 
m e te rs  o f  coal m acérais an d  a  w a y  o f ra tin g  coking coal m ix tu re s  on th e  basis o f re fle c ta n ce  
s ta t i s t ic s  a re  described. T h e  q u a n ti ta t iv e  d e te rm in a tio n  o f b itu m in ite s  by  th e ir  lu m inescence  
is o u tlin e d .
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Über neue quantitative kohleiipetrographische Methoden 
au f dem Gebiet der Kohlenchem ie und K ohlentechnologie

L. SOÓS

Z u sam m en fassu n g . E ine Ü b e rs ich t ü b e r die A nw en d u n g sm ö g lich k e iten  der K o h le n p e tro 
g rap h ie  a u f  dem  G ebiet des B erg b au s , der K oh len ch em ie  u n d  K ohlentechnologie  w ird  
vorgelegt.

Die neuen  M ethoden d e r F lözk o rre lie ru n g  u n d  P ro b e e n tn a h m e  im B ergw erk , u n d  
die p e tro g rap h isch en  B eziehungen d e r S e lb sten tzü n d u n g  w erd en  besprochen. Je n e  n eu es te  
u n d  w ich tigste  p e tro g rap h isch e  V erfah ren , m itte ls w elcher m an  verschiedene technolog ische 
P rob lem e le ich te r lösen k an n , w erden  k ritisch  beh an d e lt. D as P ro b lem  der ob jek tiv en  B e s tim 
m ung  des Inko h lu n g sg rad es a u f  G ru n d  des R eflex io n sv erm ö g en s, der E rm ittlu n g  de r 
o p tischen  K en n w erte  der e inzelnen  K o h len b estan d te ile , u n d  d e r  A usw ertung  der K oksk o h le  
a u f  G rund  e iner R e fle x io n ss ta tis tik  w ird besprochen. D ie M öglichkeiten  der q u a n ti ta t iv e n  
B estim m ung  der b itu m in itisc h en  K o h len b estan d te ile  d u rc h  L um ineszenzm essung  w erden  
erw äh n t.

Новые количественные методы петрографии угля в области химии и
технологии угля

л. шош
Резюме. Дается обзор о возможности применения петрографии угля в области горного 
дела химии и технологии угля.

Коротко рассматривается идентификация пластов и отбор горных проб с помощью 
нового метода, кроме этого автор занимается петрографическими вопросами самовос- 
лламенения. Обсуждаются те новейшие и наиболее важные петрографические методы, с 
помощью которых некоторые технологические задачи становятся более легко разреши
мыми. Автор занимается вопросом объективного определения степени обуглероживания, 
основанной на отражамельюй способности, определением оптических пар меарсв отдель
ных маперэлов кгля, а также оценкой кошоео! о угля на основе статистики отражательной 
способюсми. Обсуждается возможность количественного определения битуминитов на 
основе люминисценции.

D r. László Soós; B u d ap est V III . M úzeum  k ö rú t  4 /a .
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О НЕКОТОРЫХ ПРОБЛЕМАХ КИНЕТИКИ 
И МЕХАНИЗМА РАЗРЯДНО-ХИМИЧЕСКОГО 

ОКИСЛЕНИЯ УГЛЕВОДОРОДОВ В ГЕТЕРОГЕННОЙ
ФАЗЕ

3. ПАЛ и Г. ФЁЛЬДИАК
(Научно-исследовательский институт нефти и природного газа, Веспрем — Б удапеш т )

Поступило 30. янв. 1965 г.

В течение последнего десятилетия развивалось массовое производство 
жирных кислот путем окисления парафина [1]. Так как при этом оказы
вается недостатком необходимость очищения продукта от соединений мар
ганца, использованных как катализатор, достойны внимания стремления к 
замещению катализатора ироникающими излучениями.

Б а х  и сотр. показали [2], что в радиационно-химическом окислении 
парафиновых углеводородов при температурах до 60° С наблюдаются прак
тически все продукты термического окисления. На основе небольшого 
энергетического выхода (С — 1—6 молекул на 100 эв) и некоторых особен
ностей реакции предполагали, что элементарные акты реакции произошли 
непосредственно за счет энергии «горячих» частиц (радикалов, ионов, и т. п.), 
образующихся под влиянием излучения, значит, окисление имеет нецепный 
характер. Однако, при повышении температуры окисления выше 100° С, 
выходы резко увеличивались [3].

По наблюдению Э м а н уел я  [7] в процессе окисления парафина при 
127° С поглощение доз уже в 70 р оказалось достаточным к тому, чтобы 
начинался процесс, после индукционного периода нескольких часов, вместо 
несколько сотен часов, со скоростью, равной скорости термического оки
сления. (7]

В случае увеличения поглощенной дозы до примерно 105 р, после 
окончания облучения но не переставая вводить кислород, скорость последу
ющего окисления сохранялась на уровне радиационно-химического процесса 
который превышал скорость термической, некаталитической реакции [6, 8]. 
Эти факты дают возможность окислять технический парафин или цетан 
без применения катализатора, со скоростью, необходимой в промышлен
ных процессах [4—6].

Иницирование цепных реакций, происходящих в последних случаях 
обеспечивается в первую очередь за счет реакционно-способных радикалов, 
образующихся при взаимодействии с излучением, а дальнейшие ступени 
с меньшей энергией активации происходят более или менее независимо от 
облучения, за счет термической энергии молекул.

6* Acta ('.him. Hung. Tom us 47. 1966
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В литературе пока не выяснен окончательно вопрос о различии или 
идентичности цепных реакций, протекающих в термическом и радиационно
химическом окислении [3]. В пользу различия говорит наблюдение о боль
шей чистоте и яркости продукта радиационно-химического окисления, а 
также меньшее содержание гидроксикислот и кетокислот в продукте, облу
ченном до конца опыта в сравнении с оксидатом, в случае которого облу
чение было прервано во время реакции [9].

По мнению авторов реакции, происходящие в тихом электрическом 
разряде представляют специальную область радиационной химии в широ
ком смысле. Недавно и экспериментально послучилось показать практиче
скую идентичность химического влияния тихого электрического разряда и 
проникающих излучений и найти количественную связь между ними [10]. 
Однако, в случае конденсированных фаз распределение энергии разряда 
из-за небольшой глубины проникновения частиц, как и в случае мягких 
/3-лучей, чрезвычайно неоднородно.

В настоящей работе исследована применимость разрядно-химической 
методики, использованной до сих пор главным образом в реакциях гомо
генных разложений, в процессе, протекающем в гетерогенной фазе, между 
двумя участниками реакции. При этом целью работы являлось определение 
сохранности или изменения закономерностей радиационно-химического 
окисления в реакции, происходящей под влиянием тихого электрического 
разряда; как зависит характер реакции от температуры и установление 
различий или подобностей между общем протеканием, кинетикой и меха
низмом термического и разрядно-химического окисления.

Экспериментальная часть
Вместо стеклянных приборов с электролитическими обкладками, распостранен- 

ных в разрядной химии, была изготовлена установка (автоклав), пригодная для изучения 
разрядно-химических реакций при повышенных температурах и при высоких давле
ниях [11].

Напряжение с частотой 600 гц было предоставлено с помощью питательного блока 
с предохранителем замыкания и защитой от прикосновения, составляющего из осцилля
тора звуковой частоты, усилителя с мощностью 100 вт и трансформатора высокого напря
жения. Во время опыта измерялись напряжение (6—8 кв), сила тока (5—10 ма) и коли
чество перешедшего электрического заряда. Общий расход мощности составлял 30— 80 вт, 
доля безваттного и потерянного тока точно не определялась.

Разряд имел место в пространствах между концентрическими рубашками цилиндра, 
расстояние которых было 2—Змм. В этих пространствах находилась воздушно—маслянная 
пена, поверхность которой во время опыта постоянно возобновлялась вследствие барбо- 
тирования воздуха.

В качестве исходного вещества использовалось парафиновое масло. Это — смесь 
различных парафинистых соединений, главним образом с разветвленными цепями, прак
тически не содержащая ароматики; оно в температурном интервале опытов (20—150° С) 
жидко и имеет небольшую упругость пара. Так как с точки зрения окисления третичные 
углеродные атомы имеют наибольшую реакционную способность, легко понять, что дли
тельность индукционного периода при термическом окислении парафинового масла, 
содержащего разветвленные углеводороды составляет несколько часов в отличии от
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твердых парафинов, содержащих главным образом углеводороды с нормальными цепями, 
в случае которых длительность индукционного периода может достигать несколько сотен 
часов. [12] Характеристика исходного вещества приведена в табл. 1.

Табл. I

Некоторые характерные данные исходного парафинового масла

Плотность 20° С 0,8812
Средний молекулярный вес 385
Содержание кислорода 0,0%
Кислотное число <  0,1 мг КОН/г
Эфирное число <  0,1 мг КОН/г
Карбонильное число <  0,2 мг КОН/г
Содержание перекисей 0,0 мг экв/г- Ю-2
Иодбромное число 0,06 мг J 2/ 100 мг

По опыту использовалось 100 мл ( ~  85 г) парафинового масла. Автоклав нагре
вался с помощью газовой горелки до желаемой температуры, измеренной с помощью 
платинового термометра сопротивления с точностью ±  1° С. Количество продуваемого 
воздуха измерялось газовыми часами, включенными в систему после автоклава.

Окспдат, отобранный после охлаждения автоклава был более или менее темно
ватый и имел острый запах. Так как исходное вещество являлось многокомпонентной сме
сью, характеризуемой только общими нефтяными показателями, оказалось целесообраз
ным характеризовать и продукт количеством кислородсодержащих функциональных 
групп. Затем определялось кислотное, эфирное, карбонильное, в некоторых случаях и 
гидроксильное число, а также содержания перекисей. Содержание кислорода в про
дукте определялось методикой поглощения ^-излучения [13].*

В некоторых случаях, простая алгебраическая функция, описывающая взаимо
связь между показателями оксидата и экспериментальными параметрами, аппроксими
ровалась хорошо с помощью линеарной регрессии, использованной в математической 
статистике, хотя число точек измерений было небольшое.

Результаты опытов

Для установления оптимальной скорости потока воздуха проводились 
опыты с применением скоростей в пределах 25—200 лит/час. Величина по
казателей, кроме содержания перекисей, была приближенно прямо пропор
циональна скорости воздуха. Однако, увеличение скоростей окисления 
путем ускорения подачи воздуха ограничивалось тем фактом, что выше 
скорости 100 лит/час часть масла выпенивалась из реактора. Чтобы избе
жать этого, величина скорости потока воздуха в большинстве опытов состав
ляла 75 лит/час.

Под влиянием тихого электрического разряда и при комнатной тем
пературе начиналось окисление, но продукт содержал только небольшое 
количество кислородсодержащих веществ. Влияние температуры на про-

* Авторы благодарят за определения старшего научного сотрудника, Т. Балинта.
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цесс исследовано в интервале 25 и 150° С, в опытах, длительностью 4 часа. 
При повышении температуры до 80— 90° С, степень окисления существенно 
не росла. Приблизительно около 100° С скорость окисления увеличивалась 
почти на порядок, а потом при 135—140° С повышалась еще в 4—5 раз. 
Относительное ускоряющее реакцию влияние разряда было самым опти
мальным между 100—120° С, так как выше 120° С скорость наступающего 
термического окисления все более приближалась к скорости разрядно
химического процесса и примерно при 150° С достигла ее.

Количество предполагаемых первичных продуктов — перекисей 
достигло своего максимума при 120—130° С и в разрядно-химических и в 
термических опытах, а выше этой температуры — вне зависимости от при
менения разряда — понизилось до очень маленькой величины. Выше 135— 
140° С и величина кислотного числа понижалась; вместе с этим в продукте 
наблюдалось нерастворимое, илистое, темное вещество.

В целях чтобы сравнить влияния разряда и катализитора, оказыва
вшие на окисление, проводились сравнительные опыты в присутствии при
мерно 6% вес КМп04 с применением и без применения разряда, впрочем при 
одинаковых условиях. Оксидат, очищенный от твердого остатка катализатора 
(состоящий из Mnlv и MnVI) был подвергнут анализу. Данные, приведненые

Табл. II

Сопоставление термическое катало,итического и разрядно-химического окисления 
Длительность опыта 4 часа 
Скорость воздуха 25 лит/час

а) Температура: 115 ± 3 °  С

Режим
окисления

Кислотное Эфирное Карбониль
ное Перекиси

число в мг КО Н /г оксидат мг экв/г- 10 2

Термический 0 о 0
Каталитический 1,6 3,1 10,6 0,4
Разрядно-химический 2,5 5,4 23,6 20

б) Температура: 125 ± 3° С

Т ермический 0,5 0,7 12,3 10,3
Каталитический 1,5 3,4 10,7 0,8
Разрядно-химический 2,2 2,9 21,0 19,3
Разрядно-химический с ката

лизатором 3,4 4,0 11,6 0,5
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в табл. 11 показывают, что разряд и катализатор ускоряли окисление при
мерно в одинаковой мере. Так как перманганат калия благоприятствовал 
главным образом разложению перекисей [14], концентрация их в конечном 
продукте была незначительна. Совместное действие катализатора и разряда 
не представляло качественно новый эффект, ускоряющий реакцию на по
рядок.

В температурной области, в которой скорости разрядно-химического 
и термического окисления были соравномерными, проводились более под-

робные исследования насчет кинетики образования отдельных продуктов. 
Результаты опытов, проведенных при 120, 125 и 130° С показаны на рис. 
1, 2 и 3. В случае применения разряда реакция немедленно начиналась; 
величины кислотного, эфирного и карбонильного числа были прямо пропор
циональны длительности опыта. В контрольных опытах, без применения 
разряда после индукционного периода, длительность которого была обратно 
пропорциональна температуре, зависимость вышеупомянутых показателей 
от времени также удовлетворительно описывалась с помощью линеарной 
регрессионной функции.

Более подробное исследование кинетики образования и разложения 
перекисей, считаемых первичными продуктами реакции, было проведено
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Рис. 1. Кинетика оксления при 120° С
Скорость воздуха: 75 лит. в час; ф , О  кислотное число; И . □  — эфирное число, 

А, Д — карбонильное число в мг КОН/г оксидат; полные знаки обозначают разрядно- 
химические, пустые знаки термические опыты. Сокращения: Р — разрядно-химический; 
Т — термический; А — кислотное число; Е — эфирное число; К — карбонильное число;

t — время реакции (час).
I : Кр =  2,57 t +  13,8; 2 : АР = 2,31 t — 2,0; 3 : ЕР =  1,70 t -  0,55; 4 : Ег ; 5 : Аг
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Рис. 2. Кинетика окисления при 125° С 
Объяснение обозначений см. на рис. 1.

1 : Кр 2,92 4- 13,5; 2 : Кг =  2,901 — 0,7; 3 : ЕР =  2,32 t  — 1,8; 4 : АР =  2,371 — 2,4; 
5 : Ат =  1,08 t -  2,2; 6 : Ег =  0,63 t =  0,63 t +  0,7

Рис. 3. Кинетика окисления при 130° С 
Объяснение обозначений см. на рис. 1.

1 : КР 4,24 t +  5,4; 2 : К 7 =  4,05 +  3,4; 3 : ЕР =  2,48 t +  3,6; 4 : АР =  1,80 t +  0,4; 
5 : Ет =  1,56 +  1,3; 6 : Ат =  1,20 t -  0,2
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из образцов, отобранных из реакционной смеси во время опытов (через 
трубку для введения воздуха). Было установлено, что содержание перекисей 
в продукте снижалось до 20—60% от исходного во время медленного охлаж
дения в автоклаве; этот факт объясняет большой разброс данных, получен
ных при анализе образцов, отобранных за 24 часа после окончания опыта. 
Содержание перекисей имело максимум в зависимости от времени (рис. 4). 
Применение электрического поля и повышение температуры ускоряли до-

Рис. 4. Кинетика образования и разложения перекисей 
X — разрядно-химический, 120° С ; -|---- термический, 120° С; ® — разрядно-хими

ческий, 130° С; ©  — термический, 130° С; остальные те же самые как на рис. 1

стижение максимума. Разбросы в условиях отбора пробы и в результатах 
анализа не позволяли делать количественные выводы из численных величин 
максимума или точек кривых.

В случае применения разряда только в начальном периоде реакции, 
скорость окисления после выключения электрического поля отставала от 
скорости разрядно-химического процесса, но превышала скорости терми
ческой реакции.

Что касается подробных экспериментальных результатов см. статью, 
опубликованную раньше [15].

Обсуждение результатов

На основании результатов можно делать вывод, что тихий электри
ческий разряд является эффективным способом ускорения реакции и в 
гетерогенной фазе, аналогичным с проникающими излучениями. Оказалось
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невозможным определять величины G или аналогичные величины в ходе 
реакции, потому что нельзя было точно измерять долю электрической энер
гии, прошедшую через само пространство реакции. Было показано раньше, 
что мощность данной установки в газовой фазе с химической точки зрения 
соответствует мощности дозы примерно 108 рад в час [16]. На основе этих 
данных, учитывая величину кислотного числа ~  10 мг КОН/г оксидат, 
образующегося в течении 4 часов, по грубому первому приближению ОКИСл 
находится в порядке 10 молекул на 100 эв. Эта величина непротиворечит 
данным радиационно-химической реакции. Общая глубина окисления была 
в таком же порядке, как по данным П р о с к у р н и н а  и Х м е л ь н и ц к о г о  [5,8], 
пользовавшихся у-излучением.

Первичные эффекты разряда следующие:
а )  В газовой фазе образуются реакционноспособные молекулы озона, 

возбужденного кислорода ( —0 —0 —), которые могут реагировать с молеку
лами углеводородов.

б )  Ускоренные электроны и возбужденные или ионизированные час
тицы азота ударяются о молекулах углеводородов, находящихся на поверх
ности, в результате чего образуются реакционно-способные радикалы, реаги
рующие с присутствующими невозбужденными молекулами кислорода.

Таким образом разряд обеспечивает иницирование независимое от 
термической энергии, имеющее поэтому более или менее постоянную интен
сивность.

Общий характер окисления в конце концов зависит от роли терми
ческих реакций, зависимых от температуры и разрядно-химических реак
ций, которые в первом приближении происходят вне зависимости от тем
пературы. На основании результатов — по аналогии выводов о цепных 
реакциях радиационно-химического крекинга [17] — различались три тем
пературных области окисления. Существование таких температурных обла
стей кажется характерным для радиационно-термических цепных реакций.

1. При комнатных температурах окисление не является цепной реак
цией. Первичные продукты, образовавшиеся при разрядно-химическом ини- 
цировании, рекомбинируются с большой вероятностью. Окисление продол
жается только в том случае, если прореагированная молекула сохранила 
какое-то количество избытка энергии, приобретанного в разряде, или при 
столкновении с другой частицей, происходящей из разряда. Так как вероят
ность этих процессов невелика, количество продуктов относительно мало.

2. При повышении температуры достигается предельная температура, 
называемая &ох, выше которой режим имеет достаточную термическую энер
гию для того, чтобы разрядно-химическое иницирование было последовано 
термическим продолжением цепи. Хотя скорость термического инициро- 
вания незначительна, количество продуктов все-таки существенно растет. 
Эта предельная температура в нашем случае находится около 100° С, выше
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этого уже характерны р а зр я д н о -т е р м и ч е с к и е  процессы. Предельные тем
пературы, обнаруженные в работе Б а х а  и Т у н  Т я н ь - Ч ж е н я  [3], применя
вших y-излучение, выше которых выход тех или иных продуктов резко 
увеличивался, считаются по существу также &сх.

Величина предельной температуры начала радиационно-термических 
цепных реакций в случае крекинга была 250° С [17]. По представлению, 
разъясненному в [17], величина & определяется главным образом энергией 
активации продолжения цепи (если разница в предэкспоненциальном мно
жителе пренебрегаема). Величины энергий активации продолжения цепной 
реакции у крекинга Е пр ^  Кб ккал/моль, и у окисления Е п р ^> 7—11 ккал/ 
мол [14,17], а соответствующие предельные температуры в согласии с этим 
О — 250° С, и &ох — 100° С. В работе Б а х а  [3] также наблюдается симбат- 
ность между величинами д , х и энергии активации соответствующего про
цесса.

3. Температура, выше 0, соответствующая началу термического ини- 
цирования реакционных цепей с заметной скоростью, обозначалась 0  в 
случае крекинга [17]. При температурах выше О ,  скорость термических 
иницирований все более и более растет. В то же время роль радиационно
химического иницирования, независимого от температуры падает, и на 
несколько градусов выше 0  уже незаметна.

Наличие аналогичной предельной температуры наблюдается и в случае 
окисления углеводородов (0 ОХ), но его понятие и величина не так однозначны, 
как в случае крекинга, так как процесс окисления отличается индукцион
ным периодом. Во время индукционного периода сами реакции инициро
вания играют главную роль, а потом — реакции разветвления цепи. Опре
деления 0  и 0 ОХ, соответственно, связывается с реакцией, происхождение 
которой считается более важным. Если 0 ОХ определяется, как минимальная 
температура, при которой термический процесс происходит толко после 
очень продолжительного (в крайнем случае бесконечного) индукционного 
периода, тогда 0 ОХ определяется по развлетвлению цепи. А в случае опре
деления 0 ОХ температурой термического окисления с коротким (в крайнем 
случае ничтожным) индукционным периодом, признаком начала термиче
ской реакции считается реакция иницирования с заметной скоростью.

В данном случае по аналогии крекинга, 0 ОХ определялась по-послед- 
нему, причем индукционный период короче часа практически пренебрегался. 
По такому счету величина 0 ОХ получилась 130—135° С.

Кинетика иницирования окисления — принимая предположения 
литературы, по которому иницирование является реакцией между молеку
лами кислорода и углеводорода [14,18] — описывается формально по-сле- 
дующему:
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а )  В случае термической реакции:

^ Ш -  = к1[Ш][о2\ (1)
dt

б )  В случае разрядно-химической (радиационно-химической) реакции:

-  =  h, [ R H ]  [0 2] +  k j ( I) [ЛЯ] (2)
d t
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где k t — константа скорости термической реакции (по Аррениусу) [моль-1 , 
литер, сек-1 ]; к[ — константа скорости радиационно-химической реакции, 
независимая от температуры [моль-1 , литер, сек-1 ]; I — мощность дезы 
[эрг. сек-1 ]; /(I) — функция, определяющая зависимость между мощностью 
дезы и скоростью иницирования; в большинстве случаев /(I) =  I Чг. Од
нако, не было возможности определения численных величин этих констант. 
Непосредственным доказательствсм эффекта разряда на иницирование явля
ется наблюдение об увеличении скорости образования первичных продуктов 
— перекисей — под влиянием разряда.

Кроме этого разряд влияет и на остальные продукты реакции. Это 
влияние — не имея абсолютных величин G и констант скоростей — харак
теризовалось соотношением аналогичных продуктов, образующихся в тер
мических и разрядно-химических опытах, проведенных впрочем при оди
наковых условиях. Из данных, приведенных на рисунках 1—3 и в табл. III.

Т абл. I I I

Скорость образования отдельных продуктов и их соотношение в разрядно-химических и
термических опытах

(на основании средних опытов длительностью 1— 12 часов)

Темпера
тура

°C

Скорость образования в ммоль/час, от целого 
количества оксидата

Соотношение скоростей образования 
(термических: разрядно-химических)

кислот эфиров
карбониль

ных
соединений

кислот эфиров
карбониль

ных
соединений

117* P 1,14 1,09 3,48 0,12 0,22 0,64
T 0,14 0,24 2,20

120 P 3,50 2,58 3,90
T

125 P 3,60 3,52 4,44 0,45 0,37 0,99
T 1,64 0,96 4,37

130 P 2,74 3,76 6,44 0,67 0,63 0,96
T 1,82 2,37 6,15

150** 0,91 1,28 1,02

На основании тангенса угла регрессионных функций, исключая: 
* На основании опыта длительностью 12 часов 

** На основании опыта длительностью 4 часа
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хорошо видно, что применение разряда ускоряло образование кислот в 
большой, эфиров в меньшей мере, и почти не влияло на скорость образо
вания карбонильных соединений. При изменении температуры скорость 
образования отдельных продуктов не изменялась одинаково даже в разрядно
химических опытах, этот факт отражается изменением их соотношений 
(табл. IV). (Следует отметить, что при 130° С уже наблюдается небольшое 
понижение и абсолютной величины кислотного числа по сравнению с вели
чиной, измеренной при 125° С.)

Так как глубина проникновения энергичных частиц разряда не превы
шает толщины слоя поверхностных двух-трех молекул, эффект разряда, 
ускоряющий реакцию наблюдается на границе фаз. Поэтому увеличение 
скорости воздуха (повышающее величину границы фаз в среднем за срок 
опыта) ускоряет окисление в случае применения разряда в гораздо большей 
мере, чем в термических опытах [15]. Кроме этого при этом также наблю
дается изменение состава продукта в направлении больших количеств соеди
нений с высшей степенью окисления, показывающее повышенную роль 
разрядно-химических реакций при больших скоростях воздуха (табл. IV).

Табл. IV
Влияние температуры (и) и скорости воздуха (6) на соотношение отдельных продуктов

разрядно-химического окисления 
а ) Скорость воздуха 75 лит/час.

Длительность опытов 1 12 часов (средние по тангенсу угла регрессионных
функций).

Темпера
тура

°C

Соотношение продуктов

карбонилы/кис
лоты j  эфиры/кислоты карбонил ы/эфиры

120 i , i i 0 ,7 3 1,5

125 1,23 1,00 1,2

130 2 ,3 6 2 ,0 6 1,7

(>) Температура: 128 ±2° С 
Длительность опытов: 4 часа

Скорость
воздуха
лит/час

Соотношение продуктов

карбонилы/кис-
лоты эфиры/кислоты карбонилы/эфиры

25 и 1,35 8 ,2

50 6 ,2 1,5 4,1
100 3,2 1,2 2 ,6

165 2,1 1,0 2 ,0
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Так как образующиеся на поверхности реакционно-способные час
тицы не сохраняются долго, скорость окисления падает после прекращения 
разряда в ходе опыта. Если доля срока включения разряда понижается в 
целом сроке опыта, состав продукта приближается к составу, характерному 
на термический процесс (табл. V). Как известно [6,8], в радиационно-хими
ческом окислении, сохранение скорости в последующем окислении обеспе-

Табл. V

Количество кислородсодержающих продуктов в зависимости от длительности разряда 
Длительность опытов: 12 часов
Скорость воздуха: 75 лит. в час
Температура: . 125° С

Д литель
ность

разряда
час

Относитель
ная 

Доля* 
разряда, 

в  %

Кислотное число Эфирное число Карбонильное число

мг КОН/Г доля* мг КО Н /г Д О Л Я * мг КОН/г Д О Л Я *

о 0 ii, i 39,2 8 29,0 32,2 70,0
2 16,7 19,3 69,0 16,7 60,5 38,3 83,0
6 50 21,3 76,0 22,5 81,5 41,9 91,0

12 100 28,0 100,0 27,6 100,0 46,0 100,0

* «Доля» значит процентную долю показателя от величины, измеренной в опыте, про
веденном под влиянием разряда от начала до конца (12 часов).

чивается реакционно-способными частицами, образующимися под влиянием 
проникающего излучения в объем жидкости.

Эти факты указывают на то, что в области разрядно-термических 
реакций влияние разряда не ограничивается ускорением иницирования, но 
появляется и в дальнейших реакциях и благоприятствует в первую очередь 
образованию кислот. По литературе, в термическом окислении кислоты 
образуются в консекутивных реакциях, через карбонильные соединения 
[14,18]. Так как количество карбонильных соединений было примерно оди
наково в разрядно-химических и термических опытах, образование повы
шенного количества кислот объясняется другими реакциями. С одной сто
роны под влиянием разряда процесс протекает при более низких темпера
турах (120—130° С), при которых скорость реакций, ведущих к уменшению 
кислот (декарбоксилирование, этерификация), еще незначительна, в сог
ласии с промышленным опытом, по которому в термическом окислении 
более низкие температуры благоприятствуют образованию кислот. С другой 
стороны — в согласии с литературными данными — результаты указывают 
на протекание разрядно-химических реакций, представляющих собой пути 
образования кислот, отличающиеся от вышеупомянутых.
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а )  Из молекул углеводородов образуются промежуточные продукты, 
отличающиеся от гидроперекисей, разлагающиеся непосредственно в кис
лоты. Б а х  предполагала образование таких промежуточных продуктов в 
ходе радиационно-химического окисления углеводородов при комнатной 
температуре [4,5].

б )  Возможно, что молекулы перекисей, образовавшиеся обычным 
путем, вступают в дальнейшие разрядно-химические реакции, ведущие к 
образованию кислот:

Относительная роль механизма б )  уменьшается тем обстоятельством, 
что концентрация гидроперекисей на 1—2 порядка меньше, чем концент
рация углеводородов, поэтому вероятность столкновения энергичных час
тиц разряда с неизменной молекулой углеводорода большая. Но сдвиг 
максимума кривых, описывающих зависимость концентрации перекисей от 
времени, под влиянием разряда в направлении более коротких сроков при 
сохранности формы кривых указывает на то, что разряд влияет на образо
вание и разложение перекисей примерно в одинаковой мере (рис. 4). Ве
роятно, что фактически происходят оба процесса, но на основание резуль
татов не могли обсуждать их роль в точном механизме реакции.

На основании результатов очевидно, что в разрядно-термической об
ласти влияние разряда не ограничивается на ускорение иницирования 
аддитивным путем, а фактически участвует в целом ходе реакции, в тесной 
связи с самыми термическими элементарными актами, вследствие чего его 
влияние в принципе не описывается путем вычитания количества продуктов, 
образовавшихся в термических опытах из количества продуктов разрядно
химических опытов, проведенных впрочем при одинаковых условиях [19].

Авторы выражают искреннюю благодарность академику, профессору Михаю Фройн
ду, директору Венгерского Научно-исследовательского института нефти и природного 
газа за действительную поддержку этой работы.

РЕЗЮМЕ

Выло показано, что тихий электрический разряд и проникающие излучения имеют 
аналогичные влияния в ускорении химических реакций не только в гомогенной газовой 
фазе, но и в случае гетерогенных процессов. Вследствие малой глубины проникновения
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энергичных частиц, ускоренных в разряде, это влияние обнаруживается только на гра
нице фаз. В разрядно-химическом окислении парафинового масла отличаются три тем
пературные области реакции: ниже &ох 100° С имеет место нецепное окисление, выше 
этой предельной температуры после разрядно-химического иницирования следует тер
мическое продолжение реакционной цепи, а выше в сх =  130— 135° С основную роль 
начинают играть термические иницирования. На основе сопоставления настоящей и 
ранних работ авторов, а также литературных данных, наличие таких температурных 
областей считается общехарактерным для радиационно-химических цепных реакций. 
В средней, разрядно-химической области температуры, ускорение иницирования сопро
вождается повышением количества продуктов с высшей степенью окисления, что указы
вает на изменение общего механизма окисления под влиянием разряда.
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Über einige Problem e der K inetik und des Mechanismus 
der elektrischen entladungschem ischen  

K ohlenwasserstoffoxydation in  heterogener Phase

Z. PAÁL and G. FÖLDIÁK

Z usam m enfassung. E s w u rd e  festg es te llt, daß  e ine  s tille  e lektrische E n tla d u n g  n ich t 
n u r  b e i R eak tio n en  in  h o m o g en e r G asphase, so n d e rn  a u c h  bei O b e rfläch en reak tio n en  in  
h e te ro g e n e r  Phase  fäh ig  is t ,  e ine  reak tio n sb esch leu n ig en d e  W irkung  derselben  N a tu r  wie 
d ie d e r  H o ch en e rg ies trah lu n g en  auszuüben . N ach d em  d e r  W irk u n g sab s tan d  de r E n tla d u n g  
n u r  b is  z u r  O b erfläch en sch ich t re ic h t, spielt die P h a se n g ren z e  bei solchen R e ak tio n e n  eine 
w ic h tig e  Rolle.

B ei de r au f E in w irk u n g  e in e r stillen e lek trisch en  E n tla d u n g  s ta ttf in d e n d e n  O x y d a tio n  
d e r  P a ra ff in ö le  können  d re i T em p era tu rb ere ich e  u n te rs c h ie d e n  w erden, u . zw.:

a )  u n te rh a lb  &ox =  100 °C is t  die O x y d a tio n  k e in e  K e tte n rea k tio n ;
b)  o b erhalb  de r G re n z te m p e ra tu r  &ox fo lgen d e r  te m p e ra tu rab h ä n g ig e n  e n tla d u n g s

ch em isch e n  In itiie ru n g  v e rsch ied en e  therm ische K e tte n v o rg ä n g e : die R e ak tio n  is t  von 
en tla d u n g sch e m isch -th e rm isc h e r N a tu r ;

c)  defin itio n sm äß ig  w u rd e  jen e  T em p era tu r (130 — 135°) als G re n z te m p e ra tu r  der 
th e rm isc h e n  In itiie ru n g  &ox b e tr a c h te t ,  oberhalb  w elcher d ie  In d u k tio n sp erio d e  der th erm isch en

Acta Chim. Hung. Tomus 47. 1966
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O x y d a tio n  kü rzer als eine S tu n d e  w ar. Ü b er der G re n z te m p e ra tu r &ox w urde die th e rm isc h e  
In itiie ru n g  der geschw ind igkeitshestim m ende V o rg in g .

A uf G rund  des V ergleichs der A ngaben  vo rlieg en d er V ersuche, unserer f rü h e re n  V e r
suche u n d  der L ite ra tu rd a te n  w ird  die E x is ten z  d ieser T em p era tu rb ere ich e  als eine a llgem ein  
k en n ze ichnende  E ig en sch aft strah lu n g sch em isch e r K e tte n re a k tio n e n  b e tra c h te t.

E s w urde festg es te llt, d aß  das P ro d u k t de r en tlad u n g sch em isch en  O x y d a tio n  — a b 
w eichend vom  P ro d u k t de r th erm isch en  O x y d a tio n  — an  V erb indungen  h öheren  O x y d a tio n s 
g rad es re ich er ist. Z ur E rk lä ru n g  dieser B eo b ach tu n g  w u rd e  angenom m en, d aß  sich  de r 
M echanism us der R eak tio n  a u f  E in w irk u n g  de r E n tla d u n g  än d ert, und  sich  e n tla d u n g s 
chem ische V orgänge absp ielen  d ie zu r B ildung von  S äu ren  führen .

Som e Problem s in  th e  R eaction  K inetics an d  M echanism  of H ydrocarbon
O xidation Prom oted by E lectric  D ischarge in  H eterogeneous P h ase

Z. PAÁL and G. FÖLDIÁK

Sum m ary . It was found  th a t  a  silen t e lectric  d isch arg e  an d  h igh energy  ra d ia tio n s  h a v e  
an  analo g o u s effect in  p ro m o tin g  chem ica l re ac tio n s  n o t only in hom ogeneous gas p h ase , 
bu t in  he te ro g en eo u s surface  reac tio n s , too. Since th e  p e n e tra tio n  of the  d isch arg e  e x te n d s  
on ly  to  the  surface  lay er phase  b o u n d aries  p lay  an  im p o r ta n t  role in such reac tio n s .

In p a raffin  oil o x id a tio n  tak in g  p lace u n d e r  th e  effect of a silen t e lectric  d isch arg e , 
th ree  tem p e ra tu re  ranges can be d istingu ished :

a) below tem p e ra tu res  o f &ох ^  100° C, th e  o x id a tio n  process has no c h a in  c h a ra c te r ;
b)  above the  lim iting  te m p e ra tu re  &ox th e  d ischarge-chem ical in itia tio n s a re  in d e p e n d e n t 

o f th e  te m p e ra tu re  and  are follow ed by  th e rm al ch a in  p ro p ag a tio n s : th e  re ac tio n  has a c o m b in 
ed d ischarge-ch em ica l-th erm al n a tu re ;

c) th e  lim iting  te m p e ra tu re  o f th e rm a l in it ia tio n s  <90x was defined  as th e  te m p e ra 
tu re  above  w hich th e  in d u c tio n  period  of th e rm a l o x id a tio n  was sh o rte r  th a n  one  h o u r 
(130 135°). A bove th e  lim itin g  te m p e ra tu re  0 OX, th e  re ac tio n  ra te  is d e te rm in e d  b y  th e r 
m al in itia tio n s .

C om paring  our p re sen t and  p rev io u s re su lts  w ith  lite ra tu re  d a ta , th e  e x is ten ce  of 
such  te m p e ra tu re  ranges is to  be considered  as a g en era l c h a rac te ris tic  fe a tu re  o f  r a d ia 
tio n  chem ical chain  reac tio n s.

T he p ro d u c t fo rm ed in d ischarge  chem ical o x id a tio n  was show n to  c o n ta in  com 
p o u n d s of h igher o x id a tio n  s ta te  in g re a te r  p e rcen tag e  th a n  th a t  of the  th e rm a l p rocess . In  
o rd e r to  in te rp re t th is  phen o m en o n  a n  a lte ra tio n  in  reac tio n  m echanism  cau sed  b y  th e  
d ischarge  is suggested: d ischarge-chem ical re ac tio n s  lead ing  to  th e  fo rm a tio n  o f acids 
a re  supposed .

Dr. Z oltán  P aál 
D r. G ábor F ö l d i á k
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ACTA CHIMICA

A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K É M I A I  T U D O M Á N Y O K  O S Z T Á L Y Á N A K

I D E G E N  N Y E L V Ű  K Ö Z L E M É N Y E I

S Z E R K E S Z T I

L E N G Y E L  B É L A

T E C H N I K A I  S Z E R K E S Z T Ő K

D E Á K  G Y U L A  é s  T A K Á C S  V I L M O S

Az A cta  C h im ica  n é m e t, angol, f ran c ia  és orosz n y e lv en  kö zö l értekezéseket a k ém ia i 
tu d o m á n y o k  k ö réb ő l.

Az A c ta  C h im ica  v á lto zó  te rjed e lm ű  fü z e te k b e n  je len ik  m eg , egy-egy  k ö te t  négy  fü z e t
bő l áll. É v en te  á t la g  n é g y  k ö te t  je len ik  m eg.

A közlésre  s z á n t  k é z ira to k  a szerk esz tő ség  cím ére (B u d a p e s t 502, p o sta fió k  32) k ü l
dendők .

U g y an erre  a  c ím re  kü ldendő  m in d en  szerkesztőség i leve lezés. A  szerkesztőség  k éz 
i r a to k a t  nem  a d  v issz a .

Az A c ta  C h im ica  előfizetési á ra  k ö te te n k é n t  belfö ldre 80 F t ,  kü lfö ldre  110 F t .  M eg
ren d e lh e tő  a  b e lfö ld  sz á m á ra  az „A k ad ém ia i K ia d ó ” -nál (B u d a p e s t V ., A lk o tm án y  u tc a  21. 
B an k szám la  05-915-111-46), a kü lfö ld  sz á m á ra  p ed ig  a „ K u ltú ra ”  K ö n y v - és H írlap  K ü lk e re s 
kedelm i V á lla la tn á l (B u d a p e s t  I . ,  Fő u tc a  32. B an k szám la : 43-790-057-181) vag y  a n n a k  k ü l
fö ld i kép v isele te in é l és b izom ányosainá l.

D ie A c ta  C h im ica  v erö ffen tlichen  A b h a n d lu n g en  aus d e m  B ereiche der chem ischen  
W issenschaften  in  d e u ts c h e r , englischer, fran zö sisch e r u n d  ru ss isch e r Sprache.

D ie A c ta  C h im ica  erscheinen  in  H e f te n  w echselnden  U m fan g es . V ier H efte  b ilden  e inen  
B a n d . Jä h rlic h  e rsch e in en  4 B ände.

D ie zu r V e rö ffen tlic h u n g  b e s tim m te n  M a n u sk rip te  sind  a n  fo lgende  A dresse zu  sen d e n :

A c ta  C him ica
B udapest 502, P osta fiók  32.

A n die g leiche A n sch rif t is t auch je d e  fü r  d ie R e d ak tio n  b e s tim m te  K orresp o n d en z  zu 
r ich ten .

A b o n n e m en tsp re is  p ro  B an d : 110 F o r in t .  B este llb ar be i d em  B uch- u n d  Z eitu n g s- 
A u ß e n h an d e ls -U n te rn eh m en  »K u ltú ra « (B u d a p e s t I .,  Fő u tc a  32. B an k k o n to  No. 43-790- 
057-181) oder b e i se in en  A u s la n d sv e r tre tu n g e n  u n d  K o m m issio n ären .



Es  ist  eine t ra u r ig e  P flich t des R e d a k tio n sk o m ite e s  von A cta C h im ica 
A cadem iae S c ien tia ru m  H ungaricae  zu m e ld en , d aß

Dr. SÁNDOR (A L E X A N D E R ) MÜLLER

C h efred ak teu r d ieser Z e itsch rift, k o rresp o n d ie ren d es  M itglied d e r U n g a r i
schen  A kadem ie d e r W issenschaften , P ro fe sso r d er L . E ö tvös U n iv e r s i tä t ,  
B u d a p e s t, ein w e itb e k a n n te r  F orscher d er th e o re tisc h e n  u n d  e x p e rim en te llen  
o rgan ischen  C hem ie, in  seinem  63ten  L e b e n s ja h re  am  21. J a n u a r  1966 n ach  
k u rze r K ra n k h e it  h ingesch ieden  ist.

W ir w erden  des V ersto rb en en  s te ts  in  V ereh ru n g  gedenken.

l A d a  Chimica Academiae Scientiarum Hungaricae 47. 1966 •





p-ÄTHOXY-a-NAPHTHYLROT,
EIN NEUER ADSORPTIONSINDIKATOR

L . L É G R Á D I

(Industriew erke N itro kém ia , F ű zfő , U ngarn) 

E in g eg an g en  am  24. Ju li  1964

Der S ä u re -B asen -ln d ik a to r  a -N a p h th y lro t is t in  W asser n u r  sp ä rlich  löslich 
u n d  w ird d a h e r in  w äßrigem  M ed iu m  n u r se lten  a n g ew an d t. Als A d so rp tio n s
in d ik a to r  e ig n e t sich die V e rb in d u n g  zur titr im e trisc h e n  B estim m u n g  von  
B rom id , Jod id  u n d  R hodanid  [1]. M it dem  E in b au  v e rsch ied en er S u b s titu e n te n  
in  das M olekül können  die E ig en sch a ften  desselben tie fg re ifend  v e rä n d e r t  
w erden . In  e iner früheren  M itte ilu n g  habe ich ü b e r die D a rs te llu n g  des o -Ä th y l- 
d e riv a te s  des a -N a p h th y lro ts  b e r ic h te t  [2]; a u f  diese W eise k o n n te  d e r p H- 
B ereich  des F arbum sch lages in  R ich tu n g  n ied rigere r p H-W erte  v e rsch o b en  
w erden , und  die V erb indung  lie ß  sich  als A d so rp tio n sin d ik a to r  zu r T itra t io n  
von  Chlorid in a lkoholischem  M ed ium  anw enden [3].

E s w urde n u n  versuch t, d u rc h  E in b au  n eu er S u b s titu e n te n  einen so lchen  
S ä u re -B a se n -ln d ik a to r  h e rzu ste llen , der auch  als A d so rp tio n s in d ik a to r  v e r
w en d et w erden  k a n n . Die E in fü h ru n g  einer p -Ä th o x y g ru p p e  in  das a -N a p h th y l-  
ro t-M olekül sch ien  auch  deshalb  zw eckm äßig  zu sein, weil die p -A lk o x y g ru p p en  
d en  S äu re -B asen -In d ik a to ren  b e k a n n tlic h  günstige  E ig en sch aften  v erle ih en . 
A u f solche W eise konn te  aus d e m  C hrysoidin , w elches als S ä u re -B a se n -ln d i
k a to r  keine besonders gü n stig en  E ig en sch aften  b e s itz t, d u rch  E in b a u  der 
p -Ä th o x y g ru p p e  ein sehr g u te r  S ä u re -B a se n -ln d ik a to r  e rh a lte n  w erden .

D urch  D iazo tie ren  von p -P h e n e tid in  u n d  K o p p eln  m it a -N a p h th y la m in -  
h y d ro ch lo rid  is t  es m ir gelungen, e in en  Säure-B asen- u n d  A d so rp tio n s in d ik a to r  
m it v o rte ilh a fte n  E igenschaften  h e rzuste llen .

S äm tliche A u sg an g sp ro d u k te  w erden tech n isch  h e rg es te llt u n d  sind 
d a h e r  le ich t zugäng lich . D er E in b a u  d er Ä th o x y g ru p p e  v e rle ih t dem  In d ik a to r  
die folgenden günstigen  E ig e n sc h a fte n : Als S ä u re -B a se n -ln d ik a to r  b e s itz t  
e r eine leb h afte re  F arbe , der F a rb u m sc h la g  is t besser u n d  als A d so rp tio n s
in d ik a to r  k an n  e r auch  zur T i t r a t io n  des C yanidions a n g e w a n d t w erden .

l» Acta Chimica Ac.ademiae Seientiarum Hungaricae 47. 1066.
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Experimenteller Teil

D as p -Ä th o x y -a -n a p h th y lro t w urde in  e rs te r  L inie als A d so rp tio n s
in d ik a to r  u n te rsu c h t. H ie rzu  m u ß ten  v o r  a llem  die F a rb u m sch läg e  bei den 
versch ied en en  p H-W e rte n  festgeste llt w erd en . D er A nzeigebereich  des In d i
k a to rs  re ich t von p H 3,2 b is p H 4,4. In  T a b . I  sind  die F a rb v e rä n d e ru n g en  
be i den  einzelnen p H-W e rte n  zusam m engeste llt.

Tabelle I

Farbveränderungen des Indikators

PH Farbe

1 - 3 d u n k e lv io le tt

3 - 3 ,2 v io le tt

3 ,2—3,5 v io le ttro t

3 , 5 - 3 ,6 ro t

3 ,6 -3 ,7 o ran g ero t

3,7—4 k a sta n ie n b ra u n

4 ,0—4,5 orange

4 ,5— 12,0 gelb

M it dem  In d ik a to r  p -Ä thoxy-oc-naph thy lro t w u rd en  versch iedene N ieder
sc h la g s titra tio n e n  d u rc h g e fü h r t  um  zu en tsc h e id e n , w elche Ionen  m it Hilfe 
d ieses In d ik a to rs  b e s t im m t w erden kö n n en . Z u e rs t w u rd en  versch iedene A nio
n e n  m it S ilb e rn itra t in  e in em  A usgangsvo lum en  von  50 ml t i t r ie r t .  D er In d i
k a to r  w urde in  0 ,2 5 % ig e r ä than o lisch er L ö su n g  an g ew an d t. D ie L ösung w urde 
n ic h t  an g esäu ert, so n d e rn  s te llte  m an  eine sau re  In d ik a to rlö su n g  aus einem  
T eil E isessig u n d  e in em  Teil der 0 ,25% igen  ä th an o lisch en  In d ik a to rlö su n g  
h e r  u n d  säuerte  die P rü f lö su n g  nötigenfalls m it d iesem  G em isch an . Die E rg e b 
n isse  d er T itra tio n e n  w u rd e n  m it p o te n tio m e trisc h e n  T itra tio n s re su lta te n  v e r
g lichen , die m an g le ich fa lls  in  einem  A u sgangsvo lum en  v o n  50 ml m it 0,1 n  
M eßlösung d u rc h fü h r te . D ie E lek tro d en  w aren  S ilber u n d  eine g esä ttig te  
K alom ele lek trode. D ie E rgebn isse  der B estim m u n g  der A nionen  sind  in  T ab . I I  
zusam m en g efaß t. B ei d en  A n io n titra tio n e n  is t  die F a rb e  d er A usgangslösung  
o ran g e  oder gelb. A u f  W irk u n g  des S ilb e rn itra ts  g eh t die F a rb e  in  gelb und  
so d a n n  in  v io le tt ü b e r ;  a m  Ä q u iv a len zp u n k t t r i t t  ein  F a rb u m sch lag  a u f  gelb, 
be i B rom id  und  B h o d a n id  a u f  orange ein. B ei d e r B estim m u n g  von  C yanidionen 
is t  die Lösung an fan g s  gelb , w ährend  d er T itra t io n  w ird  sie ro t ,  sp ä te r  v io le tt 
u n d  b lau , um  am  Ä q u iv a le n z p u n k t in  g ra u v io le tt  um zusch lagen . Die noch 
t i t r ie rb a re  k le inste  L ösungsm enge is t  bei J o d id  u n d  B rom id  0,2 ml 0,01 n

A d a  Chimica Academiae Scienliarum  Hungaricae 47. 1966.
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T abelle  I I

Titra tion  von A n io n en  m it Silbernilral

Ion Meßlösung Angewandte saureund
Verbrauch an Meßlösung, ml Abweichung vom 

Äquivalenzpunkt
Silbernitrat neutrale Indikatorlösung

Potentiom. Indik. ml %

Jo d id 0 , ln 8 T ropfen 0 ,25% ige +
1 T ropfen  saure  In d .-lösung
Pu =  3,8—5,5

5.13 5,14
5.14
5.14
5.14

5,14 5,14
5.13
5.13
5.14

0,00 0,00

Jo d id 0 ,01u 8 T ropfen  0,25% ige +
1 T ropfen  saure  In d .-lösung
PH =  3,8—5,5

5,14 5,14 5,16 5,18
5.18
5.18
5.18

0,04 0,78

Jo d id 0,01n 8 T ropfen  0 ,25% ige -j- 
1 T ropfen  saure  In d .-lösung 
PH =  3 ,8 - 5 ,5

2,03 2,03 2,02 2,02 
2,04 
2,02 
2,01

0,01 0,50

B rom id 0 ,ln 8 T ropfen  0,25% ige +
1 T ropfen  sau re  I n d .-lösung 
PH — 3,8—5,5

5.15 5,15
5.16
5.15
5.15

5,15 5,14
5.14 
5,13
5.15

0,01 0,20

Broinid 0 ,01n 4 T ropfen  0,25% ige -f- 
0,5 T ropfen  saure  In d .-lösung 
p H =  4,5— 5,5

5,15 5,15 5,22 5,24
5.24
5.24
5.25

0,09 1,75

Cyanid 0 , ln 8 T ropfen  0,25% ige +
2 T ropfen saure  I n d .-lösung 
P h = 3 ,5  4,5

5.00 5,01
5.01
5.00
5.01

5.00 5,01
5.01
5.00
5.01

0,00 0,00

B liodanid 0 , ln 8 Tropfen  0,25% ige 
Ind .-lösung  
PH =  5—5,5

5.50 5,51 
5,52
5.51
5.52

5.50 5,51 
5,52
5.51
5.52

0,00 0,00

L ösung, in  e in em  V olum en von  50 m l, in  G eg en w art von einem  T ro p fe n  der 
sau ren  u n d  einen  T ropfen  d e r n e u tra le n  In d ik a to rlö su n g . B eim  R lio d an id  
e rh ä lt  m an  b e im  T itrie ren  m it 0,01n M eßlösung  einen  unscharfen  u n d  b e im  
C yanid  ü b e rh a u p t keinen  E n d p u n k t bzw . F a rb u m sch lag .

Die T itra tio n e n  w urden  au ch  in  u m g e k e h rte r  R ich tu n g , n ä m lic h  d u rc h  
T itra tio n  v o n  S ilb e rn itra tlö su n g  m it A n io n en  d u rch g efü h rt. D ie E rg eb n isse  
sind  in  T a b . I I I  zusam m en g efaß t. D ie V ersu ch sb ed in g u n g en  w aren  d ie  g leichen , 
wie bei d e r T itra tio n  der A nionen . B eim  T itr ie re n  der S ilberionen is t  die A u s
gangslösung  v io le tt oder ro t ,  sie w ird  d a n n  w ä h re n d  der T itra tio n  o ran g e  oder 
gelb u n d  a m  Ä q u iv a len zp u n k t erfo lg t d e r  F a rb u m sch lag  a u f  v io le t t ,  be im  
Jo d id  a u f  b läu lich g rau  u n d  beim  R h o d a n id  a u f  b läu lich v io le tt. D ie n ie d rig s te n , 
noch  ti tr ie rb a re n  S ilb e rio n en k o n zen tra tio n en  s ind  bei A nw endung v o n  0,01n 
M eßlösung u n d  in  einem  A usgang sv o lu m en  von  50 m l folgende: T i tr a t io n  von

Acta Chimica Academiae Scienliarum Hungaricae 47. 1900.
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Tabelle I I I

Titra tion  von Silberionen m it A n io n en

Meßlösung Angewandte saure und
Verbrauch ar Meßlösung, ml Abweichung vom 

Äquivalenzpunkt
neutrale Indikatorlösung

Potentiom. Indik. ml %

0,ln
K a liu m jo d id

8 T ro p fen  saure Ind .-lö sung  
PH =  2,6 3,3

5.14 5,14
5.15
5.14
5.15

5.14 5,14
5.15
5.14
5.15

0.00 0,00

0 ,01n
K aliu m jo d id

3 T ro p fen  0,25% ige +
3 T ro p fen  saure  Ind .-lösung  
PH =  3 - 3 ,6

5,15 5,15 5.13 5,14
5.13
5.14 
5,16

0,01 0,10

0 ,Öln
K aliu m jo d id

1 T ro p fen  0,25% ige -f-
2 T ro p fen  saure  Ind .-lösung  
PH =  3 -  3.6

1,03 1.03 1,00 1,01
1,00
1,01
1,01

0.02 1,94

0,1 il
K al inm brom id

7 T ro p fen  saure  Ind .-lösung  
PH =  2,6 —3,3

5.08 5,08 
5,05
5.08
5.09

5.08 5,07 
5,05
5.08
5.08

0,01 0,20

0 ,01n
K aliu m b ro m id

3 T ro p fen  0 ,25% ige -j- 
3 T ro p fen  saure Ind .-lö sung  
P h =  3 - 3 .6

5,08 5,08 4.97 4,99 
4.99
5,02
4.97

0,09 1,77

0 , ln
A m m onium -
rh o d a n id

10 T ro p fen  saure Ind .-lö sung  
p H =  2,8 3,4

4,74 4,73
4.72
4.72 
4,71

4.74 4.73
4.74 
4,72 
4,71

0,00 0,00

0 ,01n
A m m onium -
rh o d an id

3 T ro p fen  0 ,25% ige +
3 T ro p fen  saure  Ind .-lö sung  
PH =  3 - 3 ,6

4,73 4,73 4,75 4.80
4.80
4.80
4.80

0,07 1,48

0,2 inl 0,01n S ilb e rn itra t  m it K a liu m jo d id , 0,5 m l 0,01n S ilb e rn itra t m it 
K a liu m b ro m id  u n d  5 ml 0,01n S ilb e rn itra t m it  A m m onium rhodan id . D er 
re la tiv e  F eh le r b e tru g  bei 0 ,ln  M eßlösung ±  0 ,0 2 % , bei 0,01n M eßlösung  
±  0 ,0 4 % .

W irkungsm echanisnuis des Adsorptionsindikators p-Athoxy-K-naphthylrol

Im  Sinne der T heorie  von  P u n g o r  u n d  S c h u l e k  über die W irkungsw eise 
d er A d so rp tio n s in d ik a to re n  [4] h ä n g t die In d ik a tio n  u n m itte lb a r  m it den 
V erän d e ru n g en  d er p h y sik a lisch en  E ig en sch a ften  des adso rb ie rten  F a rb s to ffe s  
zu sam m en . U m  also den  In d ik a tio n sm e c h a n ism u s  des p -Ä th o x y -a -n a p h th y l-  
ro ts  a u fk lä re n  zu k ö n n en , m üssen  die Ä n d eru n g en  d e r physikalischen  K o n s ta n 
te n  des a d so rb ie rte n  F arb sto ffes  gem essen w erd en . Da das p -Ä th o x y -a -

Acta Chimica Academiae Seien*iarum Hungaricae 47. 1966.
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n a p h th y lro t ein  S ä u re -B a se n -In d ik a to r  is t u n d  m it keiner der M eßlösungen 
einen  N iedersch lag  g ib t, sch e in t eine O b e rfläch en -S äu re -B asen -In d ik a tio n  
w ahrschein lich  zu  sein .

A u f G ru n d  d e r E x p erim en te  von  S c h u l e k  u n d  P u n g o k  k an n  die O ber- 
fläch en -S äu re-B asen -In d ik a tio n  d u rc h  M essung der p H-Ä nderung  w äh ren d  
der T itra tio n  sow ie durch  B estim m u n g  d e r Ä n d eru n g  d er D isso z ia tio n s
k o n s tan te  des F a rb s to ffa d so rb a ts  a u f  W irk u n g  eines E igen ionüberschusses 
nachgew iesen w erden  [5]. A uß erd em  lä ß t  s ich  die O berflächen -S äure-B asen - 
In d ik a tio n  au ch  m it H ilfe von A d so rp tio n sm essu n g en  nachw eisen [6].

1. B estim m ung  der p H-Ä nderung  w ährend der T itration

100 m l e in e r 0,001n P rü flö su n g  w u rd en  in  G egenw art von  8 T ro p fen  
0 ,25% iger In d ik a to r lö su n g  m it 0 ,01n  M eßlösung u n te r  g leichzeitiger R e g is tr ie 
ru n g  der Ä n d eru n g en  des p H-W ertes  t i t r ie r t .  D ie E rgebnisse  sind  in  T a b . IV  
gezeigt.

W ird  das A nion m it S ilb e rn itra t t i t r i e r t ,  so k o m m t es zu B eg inn  der 
T itra tio n , in  G eg en w art des A n ion en ü b ersch u sses  zu r P ro to n a u fn a h m e  d u rc h  
den  In d ik a to r , d a h e r  n im m t das p H d er L ösung  zu. In  d er N ähe des Ä q u iv a le n z 
p u n k te s  n im m t d e r  n egative  Io n e n ü b e rsc h u ß  s ta rk  ah , es se tz t P ro to n e n v e r lu s t 
des In d ik a to rs  e in , u n d  der р ц -W ert der L ö su n g  b eg in n t ab zu n eh m en . Diese 
A bnahm e h ä lt  am  Ä q u iv a len zp u n k t noch a n , da  d er In d ik a to r  sein  P ro to n  
n u r  a u f  W irk u n g  eines p o sitiv en  Io n en ü b ersch u sses  vo llkom m en v e rlie r t. 
D ie am  Ä q u iv a le n z p u n k t e in tre te n d e  p H-A b n ah m e is t beim  Jo d id  am  s tä rk s te n , 
beim  B rom id  is t  sie geringer u n d  beim  R h o d an id  am  geringsten , w ä h re n d  das 
p H beim  C hlorid ü b e rh a u p t n ich t a b n im m t.

Tabelle IV

Änderung des p ^ -W e r te s  w ährend der T itration

Meßlösung
Äquiv.%

Titration von Titration von AgNOj m it

KJ KBr n h 4s c n NaCl KJ KBr n h 4sc n NaCl

0 6,65 5,20 4,95 5,20 6,60 4,72 4,93 4,60

20 6,69 5,30 5,05 5,28 6,59 4,72 4,94 4,60
40 6,70 5,36 5,09 5,30 6,58 4,76 4,95 4,60

60 6,72 5,36 5,09 5,32 6,57 4,78 4,96 4,60
80 6,72 5,35 5,09 5,34 6,55 4,80 4,99 4,61
90 6,73 5,30 5,05 5,35 6,60 4,81 5,00 4,61
98 6,73 5,28 5,02 5,35 6,65 4,95 5,04 4,62

100 6,60 5,25 4,96 5,35 6,85 5,00 5,08 4,62
110 6,50 5,20 4,95 5,35 5,10 5,15 4,63
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W erd en  S ilberionen  m it A nionen t i t r i e r t ,  so n im m t d er In d ik a to r  am  
Ä q u iv a le n z p u n k t, a u f  W irk u n g  des n e g a tiv e n  Ionenüberschusses, e in  P ro to n  
a u f, d as  p H der L ösung  s te ig t an . Die R eihenfo lge der Größe d er p H-Ä n d eru n g  
is t  d ie gleiche wie bei d er T itra tio n  der A n ionen .

2. B estim m ung  der Ä n d eru n g  der D issozia tionskonstante des Farbstoffadsorbats

D en zw eiten B ew eis d e r O b erfläch en -S äu re-B asen -In d ik a tio n  lie fe rte  die 
B e s tim m u n g  der Ä n d eru n g  d er D isso z ia tio n sk o n stan te  des F a rb s to ffa d so rb a ts  
a u f  W irk u n g  v e rsch iedener E ig en ionüberschüsse . Die D isso z ia tio n sk o n stan te  
des ad so rb ie rten  F a rb s to ffe s  n im m t n äm lich  bei K a tio n en ü b e rsch u ß  zu  u n d  
be i A n io n en ü b ersch u ß  a b ; am  Ä q u iv a le n z p u n k t is t diese Ä n d eru n g  sp ru n g 
h a f t  [5]. Die E rgebnisse  d ieser M essungen ze ig t T ab . V.

D ie B estim m ungen  w u rd en  a u f  fo lgende W eise d u rch g e fü h rt: Z u  10 ml 
0 ,01n  S ilb e rn itra tlö su n g  w u rd en  5, 9, 10, 11, u n d  15 m l 0,01n A nionen lösung ,

Tabelle V

Farbstoffadsorbat als Säure-B asen-Ind ika tor  

A dsorben t: 4-(4’-Ä th o x y -p h etiy lazö )-l-n ap h th y lam in -h y d ro ch lo rid

Adsorbens E igenionüberschub 
Äquiv.

j Umschlagbereich Dissoziations- 
konst. К Farbumschlag

S ilb e rjo d id 50%  Ag+ 2,8—3,3 8,91 IO" 4 vio le tt-gelb
10%  A g + 2.9—3,3 7,94 • IO" 4 schwer fe s ts te llb a r
Ä q u .-P u n k t 4,5—6,3 3,98 ■ К Г» schw er fe s ts te llb a r
io% J - 5,4— 7,2 5.01 10"7 g u t sich tb a r
50%  J - 5,7— 7,5 2,51 10"7 g u t sich tb a r

S ilb erb ro m id 50%  Ag+ 2,8—3.3 8,91 10"4 rot-gelb
1.0% Ag+ 2,9—3,3 7,94 ■ IO" 4 schw er fe s ts te llb a r
Ä q u .-P u n k t 3,6—4,6 7,94 ■ IO" 5 schw er fe s ts te llb a r
10%  B r - 4.4—6,5 3,54 • IO" 6 g u t sichtbar-
50%  B r~ 4 .7—7,0 1,41 IO" 6 gu t sich tb a r

Si Ib e rrh o d an id 50%  Ag + 2,7—3,1 1,25 ■ IO" 3 rot-gelb
10%  Ag+ 2,8 - 3,2 1,00 10"3 schwer fe s ts te llb a r
Ä q u .-P u n k t 2,9 3,6 5,62 IO" 4 schwer fe s ts te llb a r
10%  S C N - 3,5— 5,2 4,46 IO" 3 schwer fe s ts te llb a r
50%  S C N - 3 ,7 -5 .3 3,16 IO" 5 schwer fe s ts te llb a r

S ilberch lo rid 50%  Ag + 4,7— 5,9 5,01 10"« ro tv io le tt-gelb
10%  A g + 4 ,6 - 5 ,8 6,31 • IO" 6 gu t sich tb a r
Ä q u .-P u n k t 4 ,6—5.8 6,31 ■ IO" 6 Farbum sch lag
10%  C D 4,8—6.0 3,98 IO"«
50%  C l- 4,8—6,0 3,98 ■ IO" 6

S ilb ercy an id 50%  Ag+ 2,7—3,6 7,08 10" ' b läu lich v io le tt-b rau n
1.0% Ag + 2 ,7 -3 .6 7,08 • 10" 4 gu t s ich tb a rer
Ä q u .-P u n k t 2,7— 3,6 7,08 • 10" ' F a rbum sch lag
10%  C N - 3,2—4,6 1,25 • IO" 4
50%  C N - 3.6—4.8 6.31 IO" 3 farblose L ösung
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sowie 5 T ropfen  d e r 0 ,25% igen  In d ik a to rlö su n g  gegeben, das G em isch w urde 
m it 0 ,5% iger S a lp e te rsäu re  a u f  ca. p H -  2,8 a n g esäu e rt u n d  m it 0 , ln  N a tr iu m 
h y d ro x id lösung  t i t r ie r t .  In  die Lösung w ar eine Glas- u n d  eine K alom ele lek trode  
g e ta u c h t, die m it e inem  p H-M eßgerät: v e rb u n d en  w aren . D er U m sch lags-pH- 
W ert des In d ik a to rs  w urde  bei T itra tio n  m it 0 , ln  N a triu m h y d ro x id lö su n g  
bzw . 0 , ln  S a lp e te rsäu re  b e s tim m t. Im  In te resse  d er besseren  F es ts te llb a rk e it 
des F a rb u m sch lag es w u rd en  die B estim m ungen  beim  S ilb e rcy an id  in 0 ,ln  
K o n zen tra tio n , bei v o lls tän d ig e r A d so rp tio n  d u rc h g e fü h rt. B eim  Jo d id  und  
B rom id  is t der F a rb u m sc h la g  hingegen im  0 ,ln  M aß stab , in  G egenw art von 
S ilberüberschuß  infolge des A blaufes von  chem ischen  R e a k tio n e n  n ic h t s ic h t
b a r. Beim  B rom id  u n d  R h o d an id  is t die Ä n d eru n g  d er D isso z ia tio n sk o n stan te  
in  G egenw art v o n  S ilb e rü b ersch u ß  gering, die T itra tio n  k a n n  je d o c h  in  beiden 
R ich tu n g en  d u rc h g e fü h rt w erden . A u f G rund  dieses U m stan d es  bzw . der m it 
dem  In d ik a to r  4-(2 ’-Ä th y l-p h e n y la z o )-l-n a p h th y la m in -h y d ro c h lo rid  gem ach
te n  E rfah ru n g en  is t  es w ahrschein lich , d aß  in  G egenw art v o n  S ilberionen ein 
chem ischer P rozeß  a b lä u ft. D ies b e s tä tig t  auch  das beim  C hlorid  e rhaltene  
neg a tiv e  E rgebn is. D as beim  C yanid in  A nw esenheit eines Ü berschusses von 
S ilberionen e rh a lten e  n eg a tiv e  E rgebn is d e u te t en tw ed e r a u f  den  A b la u f  eines 
chem ischen  Prozesses oder d a ra u f, d aß  die P ro to n a u fn a h m e  bzw . -abgabe des 
In d ik a to rs  d u rch  die S ilberionen  n ich t b ee in flu ß t w ird . 3

3. Adsorptionsm essungen

U m  die n o ch  offenen F ragen  b e a n tw o rte n  zu k ö n n en , w u rd en  auch 
A d so rp tionsm essungen  d u rc h g e fü h rt, deren  M ethode in  e in er frü h e re n  A rbeit 
b e re its  beschrieben  w urde  [6]. Z uerst w urde die A n fan g sad so rp tio n  b estim m t. 
Zu diesem  Zw eck w ird  das A dsorbens m it dem  A d so rp tiv u m  in  sau rem  M edium , 
in G egenw art eines S ilberionüberschusses t i t r ie r t .  D ie W erte  d e r  A nfangs
ad so rp tio n  sind in  T ab . V I zusam m engesteH t. Die A n fan g sad so rp tio n  is t beim  
S ilberchlorid  am  g erin g sten , sie n im m t beim  B rom id  zu u n d  e rre ic h t beim  
Jo d id  bereits e inen  b e trä c h tlic h en  W ert. Im  F alle  des S ilb e rrh o d an id s  und  
S ilbercyanids h ab en  w ir es m it e iner ech ten  A dso rp tio n  zu tu n , d e r v io le tte  
F a rb s to ff  w ird  m it b la ß v io le tte r  F a rb e  ad so rb ie rt.

W ie aus d e r T abelle  V I h e rv o rg eh t, n im m t die M enge des ad so rb ie rten  
F arbsto ffes in  fo lgender R eihenfolge ab : A gJ >  A gB r >  AgSCN AgCN ^  
AgCl. Die R eihenfo lge is t die gleiche, wie beim  4(-2 ’-Ä th y l-p h en y lazo )-l-  
n a p h th y la m in -h y d ro c h lo rid , die W erte  sind jed o ch  u m  5 0 — 100%  höher.

U m  ein v o lls tän d ig es  B ild  über das V erh a lten  des In d ik a to rs  zu  gew innen, 
w urde auch  die M enge des n ach  30 M inu ten  d au e rn d em  R ü h re n  ad so rb ie rten  
Farbsto ffes b e s tim m t u n d  zw ar a u f  einem  N iedersch lag  m it p o s itiv e r  L adung 
in sau rem  und n e u tra le m  M edium , a u f  einem  N iedersch lag  m it nega tiver 
L ad u n g  in sau rem  u n d  n e u tra le m  M edium  und  ebenso a u f  e inem  n eu tra len
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N ied e rsc h la g . Die m l-Zahl d e r  d u rc h  einen aus 10 ml 0 , ln  S ilberionenlösung  
g e b ild e te n  S ilberha lo id n ied ersch lag  nach  30 M in u ten  d au e rn d em  R ühren  
a d so rb ie r te n  0 ,01% igen F a rb s to ff lö su n g  is t in  T a b . V II  gezeigt. A ußer der 
M enge des adso rb ierten  In d ik a to r s  is t auch die F a rb e  d e r N iedersch läge nach  
30 M in u te n  dauerndem  R ü h re n  angegeben, w äh ren d  das Zeichen S  bzw . A  
ü b e r d en  Zahlen anzeig t, ob d e r  In d ik a to r  als S äu re -R asen - oder als A dsorp-

Tabelle VI

Anfangsadsorption

Adsorbens aus 
10 ml 0,1 n Aĝ ~

Verbrauch an 
0,01%igem 

Indikator, ml
Verhältniszahl

Farbe des 
Niederschlages j Farbe der Lösung Bemerkung

A gC l 0,10 l weiß b laß v io le tt

A g B r 0,30 3 graugelb b laß v io le tt

A g J 1,00 10 graugelb b laß v io le tt

A gSC N 0,25 2,5 b laßviolett farb los ech te  Ads.
A g C N 0,20 2 blaßviolett farb los echte Ads.

t io n s in d ik a to r  angew an d t w erd en  kan n . D er k le ingesch riebene B uchstabe  
b e d e u te t ,  daß  die In d ik a to rw irk u n g  nu r schw ierig  b e o b a c h te t w erden k an n . 
D ie U m rah m u n g  m it au sg ezo g en er Linie zeigt an , d a ß  w äh ren d  der 30 
M in u te n  dauernden  A d so rp tio n  keine V erän d eru n g  e in t r i t t ,  w äh ren d  sich 
die F a rb e  außerhalb  d er U m ra h m u n g  w ährend  des Prozesses ä n d e rt.

A us d er Tabelle V II  g e h t  h e rv o r , daß  sich ein chem ischer P ro zeß  bei jedem  
A d so rb e n s  absp ielt, im  G eg en sa tz  zu m  4-(2’-Ä th y l-p h e n y la z o )-l-n a p h th y la m in - 
h y d ro c h lo r id , bei w elchem  im  F alle  des S ilb errh o d an id s  der A b lau f eines 
c h e m isch en  Prozesses n ic h t fe s tg e s te llt  w erden k o n n te . D ie M enge des ad so r
b ie r te n  F arbsto ffes is t  a u f  je d e m  A dsorbens g en ü g en d  g roß  u n d  b e trä g t  in 
d en  m e is te n  Fällen m ehr a ls  das D oppelte  des b e im  4-(2 ’-Ä thy l-pheny lazo )- 
1 -n a p h th y la m in -h y d ro c h lo rid  gem essenen W ertes.

B eim  Silberchlorid  l ä ß t  s ich  am  n eu tra len  u n d  n e g a tiv e n  N iedersch lag  
in  s a u re m  M edium au ch  e in e  W irk u n g  des A d so rp tio n sin d ik a to rs  festste llen , 
o b z w a r die T itra tio n  n ic h t  d u rch g e fü h rt w erd en  k a n n . Die b eo b ach te te  
A d so rp tio n sw irk u n g  is t je d o c h  n ic h t  äq u iv a len t, da  sich  b e im  Silberion n u r 
a u f  W irk u n g  eines großen  Ü b ersch u sses  ein F a rb u m sc h la g  e in s te llt. In  n e u tra 
lem  M ed iu m  geht die F a rb e  des In d ik a to rs  am  S ilb erch lo rid n ied ersch lag , nach 
lä n g e re m  R ühren  — h a u p ts ä c h lic h  bei S ilb erü b ersch u ß  — von  gelb in  ro t 
ü b e r . D ieses ro te In d ik a to ra d s o rb a t  n im m t a u f  W irk u n g  v o n  L auge eine gelbe 
F a rb e  a n , dem nach k o m m t es also  w ährend  d e r A d so rp tio n , in  G egenw art 
e ines S ilberionüberschusses zu  e in e r  P ro to n au fn ah m e . D ies b ew eist, d aß  das
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Silberion keinen  E in flu ß  au f d en  vom  N ied ersch lag  adso rb ie rten  F a rb s to f f  
a u sü b t. Beim S ilberch lo rid  k an n  d e r A b lau f eines chem ischen  P rozesses n ic h t 
m it S icherheit fe s tg e s te llt w erden. D er F a rb u m sc h la g  w ird auch  in n e u tra le m  
M edium  durch  P ro to n a u fn a h m e  v e ru rsa c h t.

Beim  S ilb e rb ro m id  und S ilberjod id  sp ie lt sich  w ährend  der A d so rp tio n  
e in  chem ischer P ro z e ß  ab , seine Folge is t, d a ß  d e r ad so rb ie rte  In d ik a to r  g rau  
w ird , und  auch  se ine  In d ik a to rw irk u n g  v e r lie r t. A uch beim  S ilb e rrh o d an id  
k a n n  der A b lau f eines chem ischen Prozesses b e o b a c h te t w erden, je d o c h  t r i t t  
h ie r B ra u n fä rb u n g  ein.

Das C y an id ion  k ann  m it p -Ä th o x y -x -n a p h th y lro t t i t r ie r t  w erd en , d er 
F a rb u m sch lag  is t  jed o ch  n ich t reversibel. N a c h  d er Zugabe von  2 0 %  d er

Tabelle  VII

Grad der Adsorption

Verbrauch an 0,01%iger Indikatorlösung in ml

Adsorbens Positiver Niederschlag Neutraler Niederschlag Negativer Niederschlag

sauer neutral sauer neutral sauer neutral

Silberchlorid s s S A s S Л s
5,00 5.00 3,00 4,00 14,00 5,00
v io le tt ro t v io le tt orange- v io le tt o ran g e-

ro t b ra u n

Silberbrom id S A s S A s
3,75 6,50 7,00 7,00 18,00 26,00
g rau grau v io le tt g rau bräunl.- b rä u n l.-

v io le tt v io le tt

Silberjodid a s a s Л s S A S A
9,00 10,50 14,00 22,00 54,00 54,00
g rau grau grau bräu n l.- v io le tt- b rä u n l.-

g rau blau g ra u

S ilberrhodanid S A S A S A S S A S
4,00 4,00 11,50 12,00 36,00 26,00
rosa orange hell- gelb v io le tt o ran g e-

v io le tt b ra u n

Silbercyanid s s S
3,50 23,00 7,00 6,00
dunkel- bräun l.- b lau- gelb
v io le tt grau v io le tt

ä q u iv a len ten  Io n en m en g e  ist eine schw ache F a rb v e rä n d e ru n g  auch  bei d e r 
T itra tio n  des S ilberions m it C yan id ionen  zu  b e o b a c h te n . D er F eh le r d ü rf te  
in  der schw achen W irk u n g  des S ilberions lieg en , w as auch  du rch  das bei d er 
B estim m ung  d e r D isso z ia tio n sk o n stan te  des F a rb s to ffa d so rb a ts  e rh a lte n e  
E rg eb n is  b e k rä f t ig t  w ird . E in chem ischer P ro zeß  sp ie lt sich auch beim  C y an id  
a b , in e rs te r  L inie a u f  positivem  N iedersch lag  in  n e u tra le m  M edium , in w elchem
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das F a rb s to ffa d so rb a t eine b räu n lich g rau e  F a rb e  an n im m t, u n d  die In d ik a to r 
w irk u n g  vo llkom m en a u fh ö r t . In  sau rem  M ed ium , in G egenw art v o n  S ilber
io n e n , w ird  der F a rb s to f f  m it d u n k e lv io le tte r  F a rb e  ad so rb ie rt. D ies b e d e u te t, 
d a ß  d ie  positive  L a d u n g  des N iedersch lages a u f  den ad so rb ie rten  F a rb s to f f  
k e in e  W irk u n g  a u sü b t, da  er m it u n v e rä n d e r te r  F a rb e  gebunden  w u rd e , o bzw ar 
zu  e rw a r te n  gew esen w äre , daß  die p o s itiv e  L ad u n g  des N iedersch lags eine 
P ro to n a b g a b e  des In d ik a to rs  b ew irk t u n d  die v io le tte  F a rb e  eine  hellere 
T ö n u n g  an n im m t.

B esprechung der E rgebn isse

E s gelang, den  S ä u re -B a se n -In d ik a to r  a -N a p h th y lro t d u rch  E in fü h ru n g  
e in e r  Ä th o x y g ru p p e  in  p a ra -S te llu n g  in  e in en  S äure-B asen- u n d  A d so rp tio n s 
in d ik a to r  m it g ü n stig e ren  E ig en sch aften  um zuw andeln . D as p -Ä th o x y -a -  
n a p h th y lr o t  k an n  aus p -P h e n e tid in  u n d  a -N a p h th y la m in  le ic h t h e rg es te llt 
w e rd e n . D er neue S äu re -B a se n -In d ik a to r  lä ß t  sich bei a rg e n to m e trisc h en  
T itra t io n e n  v o rte ilh a f t anw enden , so zu r B estim m u n g  von  B ro m id , Jo d id , 
B h o d a n id  u n d  C yanid . Seine günstigen  E ig en sch a ften  v e rd a n k t er d e r A th o x y 
g ru p p e  in  p a ra -S te llu n g , m it dem  das M olekü l au ß er der A m in o g ru p p e  über 
n o ch  e in en  S u b s titu e n te n  m it p o sitiver M esom erw irkung  v e rfü g t.

D en  F u n k tio n sm ech an ism u s des A d so rp tio n sin d ik a to rs  p-Äthoxy-oc- 
n a p h th y lro t  ko n n te  ich  a u f  G rund der V ersu ch e  von P u n g o r  u n d  S c h u l e k  

n ach w e isen . H ierzu  b e s tim m te  ich eineste ils je n e  p H-Ä nderung, die d u rc h  die 
F u n k t io n  des In d ik a to rs  a m  Ä q u iv a le n z p u n k t v e ru rsach t w ird , an d e ren te ils  
die a u f  W irk u n g  des E igen ionüberschusses des F a rb s to ffad so rb a ts  e in tre te n d e  
Ä n d e ru n g  seiner D isso z ia tio n sk o n stan te . M it diesen M essungen k o n n te  die 
O b erfläch en -S äu re -B asen -W irk u n g  bei d er A d so rp tio n sin d ik a tio n  des p -Ä th o x y - 
a -n a p h th y lro ts  nachgew iesen  w erden. D ie a m  Ä q u iv a len zp u n k t e in tre te n d e  
р н -Ä n d e ru n g  w ar b e im  Jo d id , B rom id  u n d  R h o d an id  m eß b ar, im  F a lle  des 
C h lo rid s än d erte  sich das p H n ich t. D arau s fo lg t, d aß  das C hlorid in  G eg en w art 
v o n  p -Ä th o x y -a -n a p h th y lro t als In d ik a to r  n ic h t  t i t r ie r t  w erden  k a n n .

D ie a u f  W irk u n g  des E igen ionüberschusses in  beiden  R ic h tu n g e n  ein- 
t r e te n d e  Ä nderung  d e r D isso z ia tio n sk o n stan te  des F a rb s to ffa d so rb a ts  w ar 
b e im  J o d id , B rom id  u n d  R h o d an id  m eß b a r. B e im  Chlorid t r a t  keine V e rä n d e 
ru n g  e in , w ährend  sich  die D isso z ia tio n sk o n s tan te  beim  C yanid  n u r  in  einer 
R ic h tu n g  än d erte . D ies s te h t  auch  m it je n e m  E rgebn is im  E in k la n g , w onach  
d as  C hlo rid  in  G eg en w art von  p -Ä th o x y -a -n a p h th y lro t als In d ik a to r  w eder 
in  d e r  einen noch in  d e r anderen  R ic h tu n g  t i t r ie r t  w erden k a n n , w äh ren d  
sich  d as  C yanidion m it S ilberionen  t i t r ie re n  lä ß t ,  u m g ek eh rt je d o c h  n ich t. 
B e im  R h o d an id  ä n d e r t  sich  die D isso z ia tio n sk o n stan te  in  g erin g erem  M aße, 
als b e im  Jo d id  und  B ro m id , daher is t d e r F a rb u m sch lag  bei d er B estim m u n g
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des R hodan ids m it 0,01n M eßlösung — im  G egensatz  zum  B rom id u n d  Jo d id  — 
n ich t m ehr genügend  scharf.

M it dem  p -A th o x y -x -n a p h th y lro t w u rd en  au ch  A d so rp tio n sm essu n 
gen d u rch g e fü h rt. Zu diesem  Zw eck t i tr ie r te  m an  das A dsorbens zu r B estim 
m ung der A n fan g sad so rp tio n  in  G egenw art eines S ilberionüberschusses, in 
saurem  M edium  m it der v e rd ü n n te n  In d ik a to rlö su n g . A ußerdem  b es tim m te  
m an  die M enge des ad so rb ie rten  F arb sto ffes  au ch  n ach  30 M inuten  d au ern d em  
R ühren . Die E rgebn isse  d ieser U n te rsu ch u n g en  ze ig ten , d aß  die Menge des 
ad so rb ie rten  F arb sto ffes  be im  p -Ä th o x y -a -n a p h th y lro t u n g efäh r zw eim al so 
viel oder noch  m ehr b e trä g t, als beim  4-(2’-Ä th y l-p h e n y la z o )-l-n a p h th y la m in -  
hyd roch lo rid . H ierau s k a n n  gefo lgert w erden , d a ß  bei der A dso rp tio n  bzw . 
in  der W echselw irkung  zw ischen  F a rb s to ff  u n d  A dso rbens die p o sitive  m eso
m ere W irk u n g  d e r in  p a ra -S te llu n g  zu r A zogruppe e in g efü h rten  S u b s titu e n te n  
eine w esentliche Rolle sp ie lt. D ie A n fan g sad so rp tio n  w ar n u r  im  F alle  des 
S ilberrhodan ids u n d  S ilbercyan ids eine ech te  A d so rp tio n , w äh ren d  d er v io le t t
gefärb te  In d ik a to r  beim  Jo d id  u n d  B rom id m it g rau g e lb er F a rb e  an  den 
N iederschlag  g eb u n d en  w u rd e , w as a u f  den  A b la u f eines chem ischen  Prozesses 
schließen lä ß t. N och  d eu tlich e r zeigte sich dies be i den  U n te rsu ch u n g en  nach  
30 M inu ten  d a u e rn d e r A d so rp tio n . W äh ren d  sich  beim  S ilb errh o d an id  im  
Falle des 4-(2’-Ä th y l-p h en y la z o )-l-n a p h th y la m in -h y d ro c h lo rid s  bei 30 M inu ten  
d au ern d er A d so rp tio n  kein  chem ischer P ro zeß  ab sp ie lte , k o n n te  beim  p- 
Ä th o x y -x -n a p h th y lro t in  n e u tra le m  M edium  eine geringe Ä n d eru n g  der F a rb e  
b eo b ach te t w erden . B eim  le tz tg e n a n n te n  In d ik a to r  is t auch  der A b lau f des 
chem ischen P rozesses d eu tlich e r au sg ep räg t als b e im  4-(2’-Ä thy l-pheny lazo )- 
1 -n ap h th y lam in -h y d ro ch lo rid  u n d  dies k an n  gleichfalls a u f  die W irk u n g  der 
beiden S u b s titu e n te n  m it p o s itiv e r  m esom erer W irk u n g  in  p a ra -S te llu n g  
zu rü ck g efü h rt w erden .

Die A dso rp tio n sm essu n g en  g e s ta tte n  bezüg lich  d er A d so rp tio n sin d ik a 
tio n  des p -Ä th o x y -x -n a p h th y lro ts  folgende S ch luß fo lgerungen :

1. Im  F alle  des B rom ids, Jo d id s  u n d  R h o d an id s  sp ie lt sich  zw ischen 
dem  In d ik a to r  u n d  dem  A dsorbens auch  ein ch em isch er P rozeß  ab .

2. Die A n fan g sad so rp tio n  is t  beim  S ilberch lo rid  geringfügig .
3. B eim  S ilberch lo rid  u n d  S ilbercyan id  w ird  d er In d ik a to r  in  G egenw art 

von überschüssigen  S ilberionen in  sau rem  M edium  m it sa u re r  F a rb e  ad so rb ie rt, 
d arau s fo lg t, d a ß  die p ositive  L ad u n g  des N iedersch lags a u f  den ad so rb ie rten  
F a rb s to ff  keine W irk u n g  a u sü b t.
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zusAMM E in f a s s u n g

D u rch  D iazo tierung  v o n  p -P h e n e tid in  u n d  K u p p lu n g  m it a -N a p h th y la m in  w urde ein 
n e u e r  S äure-B asen- und  A d so rp tio n s in d ik a to r  h e rg este llt. D as p -Ä th o x y -a -n a p h th y lro t kann  
b e i a rg en to m e trisch e n  T itra tio n e n  z u r  B estim m u n g  von  B rom id , Jo d id , R h o d a n id  u n d  C yanid 
v e rw e n d e t  w erden. Bei de r V e rb in d u n g  w u rd e  eine O b e rfläch en -S äu re -B asen -In d ik a tio n  n a ch 
gew iesen . D ie Ä nderung  des p ^  w ä h ren d  d e r  T itra tio n  u n d  die Ä nd eru n g  der D isso z ia tio n s
k o n s ta n te  des F a rb s to ffad so rb a ts  a u f  W irk u n g  v o n  E igen io n ü b ersch u ß  w u rd e  b es tim m t. 
D ie  B estim m u n g  der A d so rp tio n  z u  B eg in n  u n d  n a ch  30 M in u ten  zeig te, d aß  d e r In d ik a to r  
a u c h  a n  e inem  chem ischen P ro zeß  te iln im m t. D ie A d so rp tio n sw erte  sind  g rö ß er als im  Falle 
des 4 -(2 ’-Ä th y l-p h e n y laz o )-l-n ap h th y la m in -h y d ro c h lo rid s , w oraus fo lg t, d aß  sow ohl bei der 
A d so rp tio n  als auch beim  ch em isch en  P rozeß  die p ositive  m esom ere W irk u n g  de r S u b s titu e n 
te n  in  pa ra-S te llu n g  (A m ino, Ä th o x y )  eine w esen tliche Rolle spielt.
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p -E th o x y -a -n ap h tliy lred , a New A dsorption  In d ica to r

L. LÉGRÁDI

S u m m ary . A new acid-base  a n d  a d so rp tio n  in d ic a to r was p rep ared  by  th e  d ia z o ta tio n  of p- 
p h e n e tid in e  and  coupling th e  p ro d u c t  w ith  a -n ap h th y la m in e . T he in d ic a to r o b ta in e d  in  th is 
w a y : p -e th o x y -a -n ap h th y lred  p ro v e d  su itab le  for use in  a rg en to m e tric  t i t r a tio n s ,  in  th e  d e te r 
m in a tio n  o f brom ide, iod ide, th io c y a n a te  a n d  cy an ide. On ap p ly in g  p -e th o x y -a -n a p h th y lre d . 
a n  a c id -b ase  surface in d ic a tio n  ta k e s  p lace. T he changes in  p H value d u rin g  t i t r a t io n  an d  th e  
c h an g e s  in  th e  d issociation  c o n s ta n t  on  th e  effec t o f excess ow n ions o f th e  dye  a d so rb a te  w ere 
m e a su re d . In  ad d itio n  to  th ese , also  th e  ad so rp tio n  was m easu red  in  th e  in it ia l  s tag e  and 
a f te r  30 m in u te s . The re su lts  show ed th a t  th e  in d ica to r also p a r tic ip a te s  in  th e  ch em ica l process. 
T h e  a d so rp tio n  values w ere h ig h er t h a n  th o se  o b se rv ed  w ith  4-(2’-e th y lp h e n y la z o )- l-n a p h th y l-  
a m in e  h y d ro ch lo ride . F ro m  th a t  i t  follow s t h a t  b o th  in  th e  a d so rp tio n  a n d  in  th e  chem ical 
p ro c ess , th e  p -positioned su b s ti tu e n ts  o f po sitiv e  m esom eric effect (such  as am ino  or e th o x y  
g ro u p s)  p la y  an  essentia l role.

Новый адсорбционный индикатор — п-этокси-а-нафтил-красный
Л. ЛЕГРАДИ

Резюме. Был получен новый кислотно-основной и адсорбционный индикатор путем 
диазотирования п-фенетидина с последующим присоединением а-нафтиламина. п-Этокси- 
-а-нафтил-красный может быть использован для определения бромидов, иодидов, рода- 
нидов и цианидов методом аргентометрии. Была обнаружена кислотно-основная инди
кация на поверхности п-этокси-а-нафтил-красного. Измерялись изменение pH при титро
вании, а также изменение константы диссоциации адсорбируемого красителя при исполь
зовании избытка собственного иона. Кроме того, измерялось значение адсорбции вначале 
опыта и по истечении 30 минут. На основании результатов этих измерений можно заклю
чить, что индикатор также принимает участие и в химических процессах. Найденное 
значение величины адсорбции оказалось выше, чем в случае солянокислого 4-(2’-этил- 
фенилазо)-1-нафтиламина, откуда следует, что как при адсорбции, так и в химическом 
процессе существенную роль играют заместители с положительным мезомерным влия
нием, находящиеся в пара-положении (амино, этокси).

László  L é g r á d i ; F ű z fő g y á rte le p , H u n g a ry
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OXIDATION METHODS IN ORGANIC ANALYSIS, I.

DETERMINATION OF PHENYLHYDRAZINE IN TH E PRESENCE OF ANILINE

L . L ÉG R Á D I and  J .  HlTSZAR 

( N itrokém ia  In d u str ia l Plants, Füzfőgyártelep, H ungary)

Received July 24, 1964

In  th e  ox idation  m e th o d s  used  for the  d e te rm in a tio n  of p h en y lh y d ra z in e  
[1], th e  calcu lations are  b a sed  on th e  follow ing o x id a tio n  reac tio n  o f h y d ra z in e :

H 2N  —N H 2 - 4  c - =  Nj +  4 II + (1)

The o x ida tion  o f  p h e n y lh y d ra z in e  m ay lead , d ep en d in g  on th e  ox id iz ing  
a g en t an d  conditions, to  benzene

CeH 5—N H - N H t -  2 e- =  CBIIr, +  N , +  2 H  + (2)

or to  an iline  and  p h en y l az ide  [1, 2], or to  phenol [3]:

Q U , N H  -N IL , f  О 2 e -  =  C,HS—O H  +  N , +  2 H  + (3)

S evera l m ethods a re  know n  for the  b ro m a to m e tr ic  d e te rm in a tio n  of 
h y d raz in e  an d  p h en y lh y d raz in e . A ccord ing  to  one o f th e m , h y d raz in e  is t i t r a te d  
w ith  p o tass iu m  b ro m ate  in  th e  presence of hyd ro ch lo ric  ac id  u n til  th e  t i t r a n t  
is in  excess, th en  the excess b ro m a te  is m easured  b y  io d o m etric  b a c k  t i t r a 
tio n  [4]. In  an o th e r p ro c e d u re , p h en y lh y d raz in e  is t i t r a te d  w ith  p o tassiu m  
b ro m a te  in  the  presence o f  h y d roch lo ric  acid an d  p o ta ss iu m  b ro m id e , and  
p o te n tio m e tr ic  end p o in t d e te c tio n  is used [5]. H ow ever, n e ith e r  o f  these  
m ethods can  be app lied  w hen  th e  p h en y lh y d raz in e  sam ple  c o n ta in s  an iline 
as an  im p u rity .

E xperim en ta l

Reagents

0.2 I S  potassium bromate
0.1 N  iodine solution
Starch solution as indicator
Concentrated hydrochloric acid, analytical grade.
The method proposed for the determination of phenylhydrazine is based on the fol- 

owing reaction:

C,Hs- N H - N H j  +  HC1 -  4 e- =  C„H5-N = N 1  CP +  4 I P  (4)

Phenylhydrazine is titrated with potassium bromate in hydrochloric acid solution, in the 
presence of iodine-starch indicator. In this way, phenylhydrazine can be determined in the 
presence of aniline. The reliability of the suggested method is demonstrated by measurements 
shown in Table I.
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Table I

B rom atom elric  determination o f  phenylhydrazine

Phenylhydrazine 
weighed, g

Aniline 
weighed, g

Phenylhydrazine 
found, g

Deviation

g %

0.1364 0.0204 0.1365 + 0 .0 0 0 1 0.07

0.1412 0.0227 0.1410 — 0.0002 0.14

0.1560 0.0221 0.1555 — 0.0005 0.32

0.1637 0.0225 0.1643 + 0 .0 0 0 6 0.37

0.1172 0.0252 0.1168 — 0.0004 0.34

0.1149 0.0252 0.1147 — 0.0002 0.17

0.1520 0.0252 0.1525 + 0 .0 0 0 5 0.33

P ro o f  o f  th e  course o f th e  reac tio n

I t  is general p ra c tic e  to  app ly  E q u a tio n  (1) to  describe  th e  o x id a tio n  
o f  p h en y lh y d raz in e  b y  p o ta s s iu m  b rom ate  [1], b u t  th e  p ro d u c t has n o t been 
c h a ra c te r iz e d . One o f th e  a im s  o f the  p resen t in v e s tig a tio n  w as th e  e luc ida tion  
o f  th e  ox idation  process b y  iden tifica tio n  o f  th e  fo rm ed  p ro d u c t. A ccording 
to  E q u a tio n s  (2) an d  (3) th e  ox idation  of p h e n y lh y d ra z in e  y ields benzene or 
p h e n o l,  and  gaseous n itro g e n , respective ly . W h en  p h en y lh y d raz in e  was 
o x id iz e d  b y  po tassium  b ro m a te ,  none o f th e se  p ro d u c ts  could  be de tec ted . 
T h e  a c tu a l p roduct r e a c te d  w ith  brom ine o n ly  on p ro longed  s ta n d in g  or 
h e a t in g .  I t  m ay be c o n c lu d e d  th a t  the o x id a tio n  b y  p o ta ss iu m  b ro m a te  yields 
a n o n -b ro m in ab le  p ro d u c t  w h ich  is converted  b y  h e a tin g  in to  a b rom inab le  
c o m p o u n d  (presum ably  in to  pheno l). Our in v e s tig a tio n s  p ro v ed  th a t  th e  p r i
m a r y  p ro d u c t is a d ia z o n iu m  s a lt  (which c a n n o t be b ro m in a te d ); h ea tin g  w ith  
h y d ro c h lo r ic  acid c o n v e rts  th is  com pound in to  p heno l. F in a l ev idence was 
o b ta in e d  by  pouring th e  t i t r a t e d  m ix tu re  in to  a n  a lk a lin e  so lu tio n  of/S-naphthol; 
a n  orange-co loured  a z o c o m p o u n d  was o b ta in e d  in  q u a n ti ta t iv e  y ield .

Indicators

F ig . 1 shows th e  p o te n tio m e tr ic  t i t r a t io n  o f  p h e n y lh y d raz in e  w ith  
p o ta s s iu m  brom ate in  a c id  so lu tion . Such e x p e rim e n ts  w ere ca rried  o u t in 
th e  p resence  of aniline im p u r i ty ,  w ith  various in d ic a to rs ;  e lec trodes o f sm ooth  
p la t in u m  and sa tu ra te d  c a lo m e l were used. I t  can  be seen th a t  in  th e  presence 
o f  io d in e  ind ica to r, th e  p o te n t ia l  jum p  is m a rk e d ly  g re a te r  th a n  w ith  th e  o th e r 
in d ic a to r s  exam ined. Io d in e  as an  in d ica to r h as  p rev io u sly  been app lied  in 
b ro m a to m e tr ic  m e a su re m e n ts  [6]. The e x p la n a tio n  o f th e  in d ic a to r  action  
is as follow s. W hen th e  e q u iv a le n t  po in t is rea c h e d , p o ta ss iu m  b ro m a te  reac ts  
w i th  th e  po tassium  b ro m id e  form ed in  th e  o x id a tio n  o f p h en y lh y d raz in e  to
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give b ro m in e , w hich con v erts  iodine in to  b ro m in e  iod ide. In  th e  p resence  of 
s ta rc h , th e  b lue co lou ra tion  d isappears, p e rm ittin g  th e  v isual o b se rv a tio n  
of th e  en d  p o in t.

W hen  a hyd ro ch lo ric  acid so lu tion  o f p h e n y lh y d raz in e  is allow ed to  s ta n d  
w ith  iod ine s ta rc h , th e  colour of th e  so lu tio n  d isap p ears , because p h e n y l
h ydrazine  is ox id ized  b y  iodine, while i t  becom es red u ced  to  iodide. H o w ev er, 
on th e  ad d itio n  o f p o ta ss iu m  b ro m a te , iodide is reco n v erted  in to  io d in e , th e  
blue co lour reap p ears  an d  persists d u rin g  th e  t i t r a t io n . The q u a n tity  o f  iod ine 
to be used  as in d ic a to r  depends on  th e  a m o u n t o f th e  sam ple. O ne d rop  
of a 0.1 N iodine so lu tion  is sa tis fac to ry  fo r n o t m ore th a n  0.2 g o f p h e n y l
hydraz ine .

Experimental conditions

T he ra te  o f o x id a tio n  of p h en y lh y d raz in e  b y  p o ta ss iu m  b ro m ate  increases 
a t  h igher te m p e ra tu re s . A t room  te m p e ra tu re , th e  reaction  ra te  is sa tis fa c to ry  
to  allow  d irec t t i t r a t io n , how ever, th e  p ro ced u re  is to  be carried  o u t  w ith  
vigorous sh ak in g , an d  w hen th e  e q u iv a len t p o in t is ap p ro ach ed , th e  t i t r a n t  
m ust be ad d ed  d ropw ise. Below  room  te m p e ra tu re s  th e  reaction  becom es so 
slow th a t  th e  re su lts  are  inco rrec t.

T he role o f acid  co n cen tra tio n  in  th e  process has also been s tu d ie d . T his 
m ay a ffec t n o t on ly  th e  o x id a tio n  o f p h e n y lh y d ra z in e , b u t  also th e  in d ica tio n  
process. N am ely , p h en y lh y d raz in e  is ox id ized  b y  th e  iodine in d ic a to r  even  
before p o tassiu m  b ro m a te  is ad d ed ; th is  reac tio n  depends on the  acid c o n c e n tra 
tion . M eanw hile, iod ine is reduced  to  iod ide. L a te r , s im ilarly  d epend ing  on  th e  
acid c o n c e n tra tio n , iod ide is reoxid ized  by  p o ta ss iu m  b ro m ate  to  io d in e , an d  
th e  la t te r  is c o n v e rted  in to  brom ine iodide in  th e  end  p o in t. The o x id a tio n  of 
p h en y lh y d raz in e  b y  iodine tak es  place acco rd in g  to  th e  following re a c tio n  [7]:

2 Acta Chimica Acadcmiae Scienliarum Ilungaricae 47. 1966.
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CeH 5 N H  N H 2 +  2 12 CBH , I +  N2 +  3 H I (5)

a n d  th e  fo rm ed  iodide is ox id ized  by  b ro m a te :

2 1 -  +  6 H  + +  K B r0 3 =  I , +  K B r +  3 H 20  (6)

T h e  ox ida tio n  of p h e n y lh y d raz in e  b y  b ro m a te  is ch a rac te rized  b y  E q u a 
t io n  (4). T he effect o f th e  ac id  c o n cen tra tio n  on reactions (4), (5) a n d  (6) is 
sh o w n  b y  th e  d a ta  in  T ab le  I I .

I t  ap p ears  from  T ab le  I I  th a t  th e  o x id a tio n  o f p h en y lh y d raz in e  b y  iod ine  
[re a c tio n  (5)] takes p lace a t  low  acid c o n c e n tra tio n s , and  is su sp en d ed  a t  high 
ac id  c o n c e n tra tio n s , w hile ju s t  th e  opposite  is t ru e  for th e  o x ida tion  o f  iodide 
b y  b ro m a te  [reaction  (6)]. T he o x id a tio n  o f  p h en y lh y d raz in e  b y  b ro m a te  
[re a c tio n  (4)]does n o t occu r i f  th e  h y d ro ch lo ric  acid co n cen tra tio n  is below  
1 .7 5 % , a n d  it  is n o t co m p le te ly  q u a n t i ta t iv e in  th e  presence of iod ine  in d ic a 
to r  a t  HC1 co n cen tra tio n s h ig h er th a n  5 .9 % . A q u a n tita tiv e  reac tio n  m ay  be 
a t ta in e d  a t  hyd roch lo ric  ac id  co n cen tra tio n s  o f  1.75 to  5 .9% . H ow ever, w ith in  
th is  ra n g e , betw een 1.75 a n d  3 .00% , iodine also reac ts  w ith  p h e n y lh y d ra z in e ;

Table II

Role of acid concentration in the determination of phenylhydrazine

Acid 1 
ooncen- 1 
tration
% HC1

Reaction (4) Reaction (5) Reaction (6)
Amount of 

indicator re
quired, drops 
of 0.1 jV I,

Observation

0.3 does not 
ta k e  place

tak es
place

does no t 
take  place

10 Colour of I2 does n o t a p p ea r 
during  titra tio n

0 .6 does no t 
ta k e  place

tak es
place

slow 6 Colour of I2 does n o t d isap p ear 
in  th e  end p o in t

1.75 q u a n tita tiv e tak e s  place fairly
quick

l Colour of I2 ap p ea rs  a f te r  one 
th ird  has been t i t r a te d

3.00 q u a n tita tiv e slow quick l Prio r to t i t r a t io n  th e  colour 
of iodine does n o t  d isap p ear 
com pletely, an d  re ap p e a rs  a t 
the  beginning of t i t r a tio n

4.10 q u a n tita tiv e does n o t 
occur

quick l Prior to t i tra tio n , th e  colour 
of iodine does n o t  d isap p ear: 
greenish-grey t in t

5.90 q u a n tita tiv e does n o t 
occur

quick i Prior to t it ra tio n , th e  colour 
of iodine does n o t d isap p ear: 
greenish-grey t in t

8.9 slow does n o t 
occur

quick 2 Colour of iodine s ta rc h ; g reen 
ish yellow does n o t  d isap p ea r 
before t i t r a tio n

11.80 slow does no t 
occur

quick 6 Colour of iodine s ta rch ; 
greenish yellow  does n o t d is
appear before t i t r a t io n ,  bu t 
d isappears before th e  end 
po in t

■lcta Chimica Academiae Scienliarum Hungaricae 47. 1966.
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th ere fo re , a co rrec tion  fo r th e  in d ica to r  shou ld  be app lied  th a t  is equal to  
an  increase o f th e  t i t r a t io n  resu lts  by  0 .1% . A t h y d ro ch lo ric  acid  co n cen tra tio n s 
b e tw een  4.10 an d  5 .9 0 %  iodine does n o t re a c t w ith  p h en y lh y d raz in e , th u s  
no in d ic a to r  co rrec tio n  is necessary .

P rocedure

0.1 to  0.15 g o f p h en y lh y d raz in e  is w eighed  in  a w eighing b o ttle  and  
tra n sfe rre d  in to  a t i t r a t io n  b eak er co n ta in in g  50 m l o f w a te r. 7 to  10 m l of 
co n c e n tra ted  h y d ro ch lo ric  ac id  is ad d ed , a n d  an y  p re c ip ita te d  p h en y lh y d raz in e  
is red isso lved  b y  sh ak in g . A fter the  a d d itio n  o f  1 ml of 1%  s ta rc h  so lu tion  
and  tw o d rops of 0.1 N  iod ine  so lu tion , th e  sam p le  is im m e d ia te ly  t i t r a te d  
w ith  0.2 N  p o tass iu m  b ro m a te . The t i t r a n t  is ad d e d  dropw ise, f i r s t  rap id ly , 
th en  in th e  v ic in ity  o f  th e  e n d p o in t  slow ly, a n d  th e  so lu tio n  is sh ak en  for a 
few seconds a fte r  th e  a d d itio n  of each  d rop  o f  t i t r a n t .  On ad d in g  th e  la s t 
d rop  of t i t r a n t ,  th e  g reen ish  colour (w hich m ay  be b lu e  a t  low er acid  co n cen tra 
tions) tu rn s  v io le t-o ran g e  an d  la te r  yellow .

1 m l o f 0.2 N  p o tassiu m  b ro m ate  is e q u a l to  0.0054072 g o f  p h e n y l
h y d raz in e .

H y d raz in e , h y d ro x y la m in e  or o th e r re d u c in g  agen ts in te rfe re  w ith  th e  
d e te rm in a tio n , b u t an iline  does not.

SU M M A RY

T he o x id a tio n  of p h e n y lh y d ra z in e  by  p o tassiu m  b ro m a te  in  hyd ro ch lo ric  acid  so lu tion  
gives a d iazo n iu m  sa lt in  q u a n ti ta t iv e  yield. T his p rocess h a s  been  u tilized  fo r th e  d e te rm i
n a tio n  of p h e n y lh y d raz in e . T h e  in d ic a to r is s ta rc h  iod ine  w h ich  is co n v erted  in to  brom ine 
iodide in th e  eq u iva lence  p o in t,  a n d  so becom es colourless. A t hyd ro ch lo ric  acid  co n cen tra tio n s  
be tw een  4.10 a n d  5 .90% , no in d ic a to r correc tion  is re q u ire d . T h e  presence of an iline  does n o t 
in te rfe re  w ith  th e  d e te rm in a tio n . T h e  erro r o f  th e  m eth o d  is a b o u t  0 .3% , th e  s ta n d a rd  d ev ia tio n  
being UO.04 ml.

R E F E R E N C E S

1. B row ne , A. W ., Sh e tter ly , F . F .: J .  Am . Chein. Soc. 29, 1274 (1907); 31, 221, 783 (1909).
2. F ischer , E .: B er. 10, 1331 (1877).
3. Budesinsky , B.: C ollection  Czechoslov. Chem. C om m uns. 26, 781 (1961).
4. K urten a ck er , A., W a g n e r , J . :  Z. anorg . a llgem . C hem . 120, 261 (1922).
5. J ancik , F ., Cinkova , О., K örbe , I.: Collection C zechoslov. Chem . C om m uns. 24, 2695 (1959).
6 . Szeker es , L.: M agyar K ém . Fo ly . 64, 249 (1958).
7. Me y e r , E .: J .  p ra k t.  Chem . 2/36, 115 (1887);

Stollé , R .: J .  p ra k t.  Chem . 2/66, 332 (1902).

2* Acta Chimica Acadcmiae Scientiarum Hungaricac 47. 1966.



120 L É G R Á D I, H U SZÁ R : O X ID A TIO N  M ETH O D S, I.

Über O x y d atio n sv erfah ren  in  der o rgan ischen  A nalyse, I.

B estim m ung  v o n  P h e n y lh y d ra z in  in  G egenw art von A nilin

L. LÉGRÁDI und J . HUSZÁR

Z u sam m en fassu n g , Bei d e r in  sa lz sau re m  M edium  d u rc h g e fü h rten  O x y d a tio n  des P h e n y l
h y d ra z in s  m itte ls  K a liu m b ro m a te s  e rg ab  sich  q u a n ti ta t iv  e in  D iazonium salz . D iese r V organg  
w u rd e  z u r  B estim m ung des P h e n y lh y d ra z in s  v e rw erte t. E s w u rd e  d ab ei J o d s tä rk e  a ls In d ik a to r  
a n g e w e n d e t, die im  Ä q u iv a le n z p u n k t zu  B rom jod  u m g ese tz t u n d  e n tfä rb t  w u rd e . B ei Salz
s ä u re k o n z e n tra tio n e n  von  4 ,10 b is  5 ,90%  is t  k e in e ln d ik a to rk o rre k tio n  nö tig . D ie A nw esen h e it 
v o n  A n ilin  ü b t  keine S tör W irkung a u s . D er F eh ler de r M ethode  b e trä g t  u n g e fäh r 0 ,3 % , w äh ren d  
d ie  S ta n d ard a b w e ic h u n g  ± 0 ,0 4  m l.

Окислительные методы в органическом анализе, I.

Определение фенилгидразина в присутствии анилина
Л . Л Е Г Р А Д И  и Й. ГУ С А Р

Резюме. При окислении броматом калия фенилгидразина в солянокислой среде коли
чественно образуется его диазониевая соль. Этот процесс применялся для определения 
фенилгидразина. В качестве индикатора использовали йодный крахмал, который в точке 
эквивалентности обесцвечивается в результате образования IBr. При использовании 
соляной кислоты с концентрацией 4,10—5,90% не нужно вводить поправку на индикатор. 
Присутствие анилина не влияет на точность определений. Погрешность метода прибли
зительно 0,3%, стандартное отклонение ±  0,04 ml.

L á s z ló  L é g r á d i  . „
,  _ тт , \ г  u z i o g y a r t e l e p ,  H u n g a r y
J ó z s e f  H uszar  d ;  r  J
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ANALYSIS OF STEROIDS, III*

D E T E R M IN A T IO N  O F  S T E R O ID S  C O N TA IN IN G  IS O L A T E D  C A R B O N Y L  G R O U P S

S. G ö r ö g  and L. T o m c s á n y i  

(Gedeon R ichter Chemical W orks, B u d a p es t)

Received Decem ber 4, 1964

The m a jo rity  o f a g rea t n u m b er o f  p ap ers  dea lin g  w ith  th e  analysis  o f 
k e to ste ro id s  deals w ith  th e  d e te rm in a tio n  o f s te ro id s  co n ta in in g  a ca rb o n y l 
g roup  in  co n ju g a tio n  w ith  th e  double  b o n d , o r v ic in a l to  a —CH2—O H  g ro u p f 
F o r th is  p u rp o se , ex ce llen t sp e c tro p h o to m e tric  [1], co lo rim etric  [1, 2] an d  
po la ro g rap h ic  [3] m e th o d s  are  ava ilab le . A m u ch  m ore d ifficu lt p rob lem  is 
p resen ted  in  th e  analysis  o f stero ids co n ta in in g  iso la ted  ca rbony l g roups. 
In  c o n tra s t to  a ,/3 -u n sa tu ra ted  k e to s te ro id s , th e  fo rm er com pounds do n o t 
disclose a lig h t a b so rp tio n  useful for an a ly tic a l m ea su re m e n ts ; th e  n u m b e r an d  
effic iency  o f  th e  av a ilab le  co lo rim etric  m e th o d s  are  also less s a tis fa c to ry  
[1, 2 ], and  p o la ro g rap h ic  analysis  can  on ly  be ca rried  o u t in  an  in d irec t w ay  
13]. M ost m e th o d s recom m ended  for th e  d e te rm in a tio n  o f  stero ids c o n ta in in g  
an  iso la ted  ca rb o n y l g roup  deal w ith  su b stan ces  o f bio logical orig in . In  th e  
analysis  o f such  m a te ria ls , th e  req u irem en ts  o f  accu racy  are , in  genera l, n o t  
v e ry  high. T hus, m e th o d s evolved for th is  p u rp o se  are  in  m ost cases u n s a tis 
fa c to ry  for th e  a c c u ra te  d e te rm in a tio n  o f  th e  p u re  basic  com pounds.

In  o rd er to  evolve a m e th o d  o f su ffic ien t a cc u ra cy , we se lected , from  
am ong  th e  possib le  m eth o d s of d e te rm in in g  th e  c a rb o n y l g roup , th e  p ro ced u re  
based  on th e  fo rm a tio n  o f oxim e w ith  h y d ro x y la m in e . T here are on ly  a few  
references a b o u t th e  ap p lica tio n  of th is  m e th o d  to  th e  d e te rm in a tio n  o f 
ke to ste ro id s . O p p e n a u e r  [4] checked th e  p rogress o f  o x id a tio n  of cho lestero l 
to  cholestenone b y  m easu rin g  th e  fo rm ed  c a rb o n y l g ro u p s. L ig h t  [5], in  tu r n ,  
d e te rm in ed  trik e to c h o la n ic  acid  in  th is  w ay , w hile T r o z z o l o  an d  L i e b e r  

described  th e  d e te rm in a tio n  o f tw o  k e to s te ro id s  [ 6 ] ,  a n d  P e s e z  th a t  o f  fo u r 
k e to ste ro id s  [7]. H ow ever, these  m ethods have b een  evo lved  for th e  d e te rm in a 
tio n  of in d iv id u a l com pounds an d  c a n n o t be ap p lied  to  th e  d e te rm in a tio n  
o f ke to ste ro id s  in  genera l. In  o rd er to  generalize th e  m e th o d , a so lven t, a re a g e n t 
an d  a t i t r a n t  su itab le  fo r general use h ad  to  he fo u n d .

A 2 : 1 m ix tu re  o f  ch loroform  an d  m e th an o l p ro v e d  to  be th e  b est so lv e n t 
fo r th is  pu rpose . T hou g h  ch loroform  as a co m p o n en t o f  th e  reac tio n  m ix tu re

* Part II: Acta Chim. H ung. 47, 7 (1966).
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r e ta r d s  th e  reac tio n  lead in g  to  ox im e fo rm a tio n , and  in  ce rta in  cases affects 
th e  e q u ilib riu m  ad v erse ly  [8], th e  m ix tu re  co n ta in in g  ch lo ro fo rm  w as fo u n d  to  
be  th e  sole so lven t w hich  d isso lved  sa tis fa c to rily  all s te ro id s  ex am in ed , and 
e n su re d  th e  s ta b ility  o f th e  re a g e n t so lu tio n .

In  o rder to  find  th e  a d e q u a te  re a g e n t, th e  m ain  ty p e s  described  in  
l i te r a tu r e  were tr ie d . As a re su lt, h y d ro x y lam m o n iu m  fo rm a te  sugg ested  f irs t 
b y  P e s e z  [7] and  app lied  also b y  R u c h , J o h n s o n  and  C r i t c h f i e l d  [9] was 
fo u n d  to  be th e  m ost su itab le  re a g e n t fo r th e  analysis of s te ro id s . W hen  th e  
o x im e  is m ade w ith  h y d ro x y la m m o n iu m  fo rm ate  an d  an  a p p ro p r ia te  so lven t 
a n d  in d ic a to r  are u sed , th e  excess re a g e n t can  he t i t r a te d  b a c k  b y  a lk a lim e try , 
s in ce  fo rm ic  acid does n o t in te rfe re  w ith  th e  t i tra tio n . H ow ever, o u r e x p e ri
m e n ts  show ed th a t  in  th e  case o f k e to s te ro id s  of low er re a c tiv ity , n o t exam ined  
b y  P e s e z , long periods a t  e lev a ted  te m p e ra tu re s  were necessary  to  com plete  
th e  re a c tio n , b u t a t  h ig h er te m p e ra tu re s  th e  s ta b ility  of h y d ro x y la m m o n iu m  
fo rm a te  is u n sa tis fa c to ry  [7, 10]. A re a g e n t of a d e q u a te  s ta b i l i ty  could  be 
p re p a re d  a t  la s t on th e  basis o f th e  fo llow ing co n sidera tions. T he free hy- 
d ro x y la m in e  base is v e ry  u n s ta b le  in  so lu tio n . I ts  a ce ta te  (р К д со н  — 4.76) has 
s o m e w h a t b e tte r  s ta b ili ty , th o u g h  il is n o t very  stab le  [11J; th e  fo rm ate  
(р К ц с о о н  =  3.75) is m a rk e d ly  m ore s ta b le  th a n  th e  a c e ta te  [7], an d  th e  
h y d ro c h lo r id e  is p ra c tic a lly  s tab le  for a n y  len g th  of tim e . T h u s , th e re  is an  
unam biguous corre la tion  b e tw een  th e  s ta b i l i ty  of hy d ro x y lam in e  an d  th e  s tre n g th  
o f  th e  ac id  linked to  i t .  C on seq u en tly , th e  ta sk  was to  fin d  an  acid w hich is 
s tro n g e r  th a n  form ic ac id , b u t  n o t so s tro n g  as to  in te rfe re  w ith  th e  t i t r a t io n  
o f  h y d ro x y la m in e  in  th e  m ix tu re  o f ch lo ro fo rm  an d  m e th an o l. T hese re q u ire 
m e n ts  a re  m et b y  salicylic  ac id  (p K  =  2.98). H y d ro x y lam m o n iu m  sa licy la te  
is a s ta b le , non-hygroscop ic , c ry s ta llin e  su b stan ce  w hich can  be c o n v en ien tly  
h a n d le d . T he reag en t so lu tio n  m ay  be p re p a re d  by  d irec t w eighing  o f th e  solid 
c o m p o u n d . Boiling for th re e  hours o f a 0.1 N  so lu tion  p re p a re d  in  a 2 : 1 
m ix tu re  o f  chloroform  an d  m e th a n o l, cau sed  only  a 0 .7 %  decrease o f th e  n o r
m a li ty .  W hen  th e  s ta n d a rd  so lu tio n  w as s to red  a t  ab o u t 20° in  a tig h tly  
s to p p e re d  g round-g lass f la sk  for a m o n th , th e  n o rm a lity  d im in ish ed  b y  15% . 
S ta n d a r d  so lu tions s to re d  fo r longer p e riods w ere n o t used  in  o u r ex p e rim en ts . 
W ith in  a m o n th , th e  re a g e n t can  be u sed  w ith  unch an g ed  accu racy , because 
th e  d eco m position  p ro d u c ts  (H ,0 ,  N 2) are  in d iffe ren t from  th e  asp ec t of 
o x im e  fo rm a tio n  [12].

H y d ro x y la m m o n iu m  sa licy la te  w as ap p lied  in  an  excess o f th re e  eq u i
v a le n ts ,  a n d  th e  re a c tio n  w as ca rried  o u t  a t  th e  boiling  p o in t o f th e  so lu tio n . 
T h e  n ecessa ry  reac tio n  p e rio d  v a r ie d  fro m  a few m inu tes to  90 m in u te s , 
d e p e n d in g  on th e  n a tu re  o f th e  s te ro id . In  o u r  d e ta iled  in v e s tig a tio n s , in v a ria b ly  
a b o ilin g  period  of tw o  h ours w as u sed . T he resu lts  o b ta in ed  w ith  a n u m b er 
o f  su b s ta n c e s  show ed th a t  bo iling  for tw o  h ours is e q u iv a le n t to  s ta n d in g  fo r
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a b o u t 24 h ours a t  room  te m p e ra tu re . This la t te r  a lte rn a tiv e  m ay also be ap p lied  
w hen th e  analysis  is n o t u rg e n t.

In  choosing th e  s ta n d a rd  so lu tion  for th e  b a c k - t i t ra t io n  of th e  u n re a c te d  
h y d ro x y lam in e , ou r a im  w as th a t  it should  a llow  th e  d e te rm in a tio n  o f  m in u te  
am o u n ts  o f th e  su b stan ce , p e rm ittin g  v isual en d  p o in t detec tion , in  o rd e r  to  
accelera te  th e  p rocedure . F o r  th is  purpose , a 0.05 N  so lu tion  of h y d ro c h lo ric  
acid in a m ix tu re  o f p ro p y len e  glycol an d  ch lo ro fo rm  was found  th e  m ost 
su itab le , in  th e  p resence o f  an  in d ica to r  m ix tu re  o f d im ethy l ye llo w  and  
m eth y len e  b lue.

Fig. 1. T itra tio n  cu rves; cu rv e  (a): t i t r a tio n  of excess h y d ro x y lam m o n iu m  sa lic y la te  a fte r  
re a c tio n  w ith  estro n e: curve (b ): t i t r a t io n  of blank

As i t  is seen from  th e  t i t r a t io n  curve in  F ig . 1, w hen the  ab o v e-d esc rib ed  
reag en ts  a re  used , a su ffic ien tly  large p o te n tia l ju m p  is observed in  th e  end 
p o in t, an d  u n d e r such  co n d itions th e  b as ic ity  o f  th e  form ed oxim e does no t 
in te rfe re  w ith  th e  d e te rm in a tio n . The e q u iv a len t p o in t o f the in d ica to r  p rec ise ly  
coincides w ith  th e  p lace o f  th e  p o ten tia l ju m p .

Experimental

R eagents

1. H y d ro x y la m m o n iu m  sa licy la te  was p re p are d  b y  d isso lv ing  40 g o f so d iu m  sa licy la te  
in  75 m l o f w a te r , sep a ra te ly  d isso lv ing  17.4 g o f h y d ro x y la m in e  hydroch loride  in  a n o th e r  75 
m l p o rtio n  o f w a te r, a n d  m ix in g  in ice, th e  p re c ip ita te d  h y d ro x y lam m o n iu m  sa lic y la te  was 
filte red  off, w ashed  w ith  20 m l o f  ice w a ter, and d ried  th re e  h o u rs  under red u ced  p re ssu re  a t 
80°. Y ield: a b o u t 15 g, m . p. 141°, precisely  in  a cc o rd an c e  w ith  th e  value in  l i te r a tu r e  [13]. 
T he su b s tan ce  p rep ared  in  th is  w ay  co n ta in s a b o u t 2 %  o f sod ium  chloride w h ich  does no t 
affec t i ts  su ita b ility  for use.

In  o rd e r to p rep are  a 0.1 N  so lu tion , 8.55 g o f th e  su b s ta n c e  is dissolved in  a m ix tu re  
o f 167 m l o f m eth an o l an d  333 m l o f chloroform .

2. 0.05 N  h y d roch lo ric  acid  in propylene g lycol a n d  chloroform  was p re p a re d  by  d is
solving 4.5 m l o f c o n ce n tra ted  h y d roch lo ric  acid in  a m ix tu re  o f 500 ml of p ro p an e-1 ,2 -d io l and  
500 ml o f chloroform . T he so lu tio n  was s ta n d ard ized  a g a in s t  d iphenyl g u an id in e , u sin g  d i
m eth y l yellow  an d  m eth y len e  blue m ixed in d ica to r.
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3. T h is in d ica to r m ix tu re  w as p rep ared  b y  d isso lv in g  1 g of d ie th y lam in o azo b en zen e  
a n d  0.1 g o f  m ethy lene b lu e  in  m eth a n o l to  give e x a c tly  100 m l o f solution.

T h e  p o ten tio m e tric  t i t r a t io n s  were carried  o u t  w i th  a p H-titr im e te r  o f  ty p e  R adelk isz  
O P  401 /1 , w ith  th e  a id  o f  calom el electrodes in  m e th a n o l  sa tu ra te d  w ith  p o ta s s iu m  chloride.

Description of the procedure

A  sam ple of 0.3, 0.15 o r 0.1 m illim ole o f  th e  stero id  c o n ta in in g  1, 2 or 3 
c a rb o n y l groups, re sp e c tiv e ly , is w eighed in  a 50-m l. flask  w ith  g ro u n d  glass 
s to p p e r . The su b stan ce  is d isso lved  in  10 m l o f  0.1 N  hyd ro x y lam in e  sa licy la te , 
a n d  th e  solu tion  re flu x ed  tw o  hours (or a llow ed  to  s tan d  24 h o u rs  a t  room  
te m p e ra tu re  in  th e  t ig h t ly  s to p p ered  f la sk ). A fte r  cooling, th e  so lu tio n  is 
t i t r a t e d  in  th e  presence o f  one drop of in d ic a to r  m ix tu re  b y  m eans o f  0.05 N  
h y d ro c h lo r ic  acid d isso lved  in  a m ix tu re  o f  p ro p y len e  glycol a n d  ch lo ro fo rm , 
w hile  th e  green colour o f  th e  liqu id  tu rn s  re d . In  the  end  p o in t th e  so lu 
t io n  is b row n.

A  b la n k  co n ta in in g  no s te ro id  is t i t r a te d  in  th e  same w ay. T he difference 
b e tw e e n  th e  t i t ra t io n  v a lu e  o f  th e  b lan k  a n d  th e  sam ple is c h a ra c te r is tic  of 
th e  k e to s te ro id  c o n ten t.

T h e  eq u iv a len t w e ig h t is the  q u o tie n t o f  th e  m olecular w e ig h t o f  the 
s te ro id  a n d  th e  n u m b er o f  ca rb o n y l groups in  th e  m olecule.

Results and discussion

T h e  analysis of a b o u t 25 com pounds p ro v e d  th a t  the su g g ested  m eth o d  
allow s th e  unequ ivocal a n d  accu ra te  d e te rm in a tio n  of stero ids w h ich  co n ta in  
is o la te d  ca rbony l g roups, n o t  con juga ted  w ith  a  double  bond. U n d e r th e  g iven 
c o n d itio n s , th e  re a c tio n  lead in g  to  oxim e fo rm a tio n  occurs, even w h en  the  
re a c tio n  period  is p ro lo n g ed , to  ab o u t 90—9 5 %  w ith  the  ^l4-3 -ca rb o n y l sy s tem  
a n d  o n ly  to  abou t 50 %  w ith  th e  /j1,4-3 -ca rb o n y l system . (In  case o f  th e  1 — 1 
d4-3 -k e to s te ro id  ex am in ed  b y  P e s e z , an d  b y  T r o z z o l o  and L i e b e r , no  q u a n 

t i t a t iv e  reac tions w ere a t ta in e d , e ither.) In te re s tin g ly , q u a n ti ta t iv e  oxim e 
fo rm a tio n  was experienced  w ith  tw o co m pounds o f  th e  exam ined  a ,/S -unsatu- 
r a te d  k e to s te ro id s , n am e ly  w ith  16-m ethy lene-androst-5 -ene-3 /l-o l-17-one, and  
w ith  pregna-5 ,16-d iene-3 /S -o l-20-one-3-acetate . I t  is likely th a t  co n ju g a tio n  
is p re v e n te d  b y  s teric  h in d ra n c e  in  these  co m p o u n d s .

T h e  reac tio n  lead in g  to  oxim e fo rm a tio n  m a y  be adverse ly  in flu en ced  
n o t  o n ly  b y  th e  c o n ju g a tio n  effect o f th e  d o u b le  bonds, b u t  also b y  s te ric  
h in d ra n c e . This la t te r  e ffec t c an  be p a r tic u la r ly  w ell s tud ied  in  case o f  p reg n an e  
d e r iv a tiv e s  carry ing  th e  c a rb o n y l groups in p o s itio n  20. I f  there  is no s u b s t i tu e n t  
p re s e n t  in  positions 17 o r 21 in  th e  v ic in ity  o f  su c h  a carbonyl g ro u p , oxim e 
fo rm a tio n  tak es  place q u ic k ly  an d  q u a n ti ta t iv e ly . In  the  presence o f  a C17 or 
C21 h y d ro x y  or ace to x y  g ro u p , th e  reac tio n  is slow er, b u t th e  re su lts  are  still
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q u a n ti ta t iv e . W hen , how ever, b o th  m en tio n ed  carb o n  a to m s are s u b s ti tu te d , 
a q u a n ti ta t iv e  reac tio n  can  no  longer be a tta in e d .

W ith  16,17-epoxy co m p o u n d s, too  h igh  values w ere o b ta in e d , p ro b a b ly  
ow ing to  an  in te rfe rin g  side re a c tio n  o f th e  epoxy  rin g  w ith  h y d ro x y lam in e . 
C o n sequen tly , these  com pounds can n o t be d e te rm in ed  w ith  th e  desired  
accu racy .

Som e resu lts  o b ta in ed  b y  th e  p re sen t m eth o d  in  th e  in v e s tig a tio n  of 
v a rio u s  k e to ste ro id s  are  su m m arized  in  T ab le  I .

I t  can  be seen from  th e  d a ta  o f T able I  th a t  th e  p ro b ab le  e r ro r  o f  the 
in d iv id u a l m easu rem en ts is less th a n  ^  1-5% .

Tabic 1

Compound
Number of 
measure

ments
Assay (mean 

value), % Probable error

E s tra - l  ,3,5(10)-triene-3-ol-l 7-one ........................................ 5 99.5 ± 1.6

E stra-l,3 ,5 (10)-triene-3-m ethoxy-17-one  .......................... 3 100.2 —

Estra-2 ,5(10)-d iene-3-m ethoxy-17-one ............................... 2 101.5 —
E stra -4 -en e-l 7 - o n e ...................................................................... 2 98.8 —

A ndrost-5-ene-3/5-ol-l 7 -o n e ...................................................... 8 100.4 ± 0 .7

Yndrost-5-eue-3/?-ol-17-one-3-ac*etate ................................. 10 98.7 ± 1 .3

I6-M ethylene-androst-5-ene-3/?-ol-l 7 - o n e .......................... 2 98.6 —
5a-C hloro-6/?,19-oxidoandrostane-3ß-ol-l 7-one .............. 3 98.1 —

Pregn-5-ene-3/?-ol-20-one ........................................................ 7 100.4 ± 1.1
Pregn-5-ene-3/?,17a-diol-20-one ............................................. 3 98.0 —
Eregii-S-ene-S^jl 7a-diol-20-one-3-acetate ..................... 2 98.4 —
Pregn-5-ene-3/?,2 l-d io l-20-one-21 -ace ta te  ........................ 3 98.0

Pregna-5,16-diene-3/?-ol-20-one-3-acetate ........................ 15 99.0 ± 0 .9

19-nor-a-Pregn-5(10)-eue-20-ine-17/J-ol-3-one ................ 3 98.4 —
Estra-5(10)-eue-3,17-dione ...................................................... 2 97.7 —

5a-C hIoro-6/9,19-oxidoandrostane-3,17-dione ................ 3 98.4 —

3,7.12-Triketocholanic acid .................................................... •1 98.9 ± 1.0

I t  was found  th a t  acids o f  p K  >  3 do n o t in te rfe re  w ith  th e  d e te rm in a tio n .
T he presence o f k e ta ls  a n d  enol e th e rs  is also in d iffe ren t. C o n seq u en tly , 

th e  free carbony l group can be d e te rm in ed  in  th e  presence o f  these  l a t t e r  system s 
fre q u e n tly  app lied  as p ro te c tin g  groups.

T he m eth o d  suggested  b y  us was u tilized , in a d d itio n  to  th e  a ssay  of 
k e to s te ro id s , for so lv ing som e p ra c tic a l p rob lem s, such  as th e  d e te rm in a tio n  
of es tro n e  as an  im p u rity  in e s trad io l, checking th e  p rogress o f  o x id a tio n  of
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3- a n d  17-hydroxy c o m p o u n d s  to  the co rresp o n d in g  k e to n e , follow ing the  
k e ta l iz a t io n  of ca rb o n y l g ro u p s , etc.

T h e  a u th o rs’ th a n k s  a re  ex p ressed  to Dr. I. Gy e n e s  fo r h is v a lu ab le  d iscussions, and  
to  M iss M. Kapás for he r u se fu l a ssis tan ce  in th e  e x p e rim e n ts .

SUM M ARY

A n  an aly tical m e th o d  h a s  b e e n  evolved for th e  d e te rm in a tio n  of k e to s te ro id s , based  on 
o x im e  fo rm a tio n  w ith  h y d ro x y la m in e , and  back t i t r a t io n  o f  th e  excess h y d ro x y lam in e  by  
a lk a l im e try .

T h e  reag en t to p ro d u c e  th e  ox im e is 0.1 N  h y d ro x y la m m o n iu m  sa licy la te  dissolved in  
a  m ix tu re  o f chloroform  a n d  m e th a n o l;  0.05 N  h y d ro c h lo ric  acid  in  a  m ix tu re  o f p ropylene  
g ly co l a n d  chloroform  is u sed  as th e  t i t r a n t ,  and a m ix tu re  o f  d im e th y l yellow  an d  m ethy lene  
b lu e  a s  in d ica to r.

T h e  m ethod  allows, in  g e n e ra l,  th e  d e te rm in a tio n  o f s te ro id s c o n ta in in g  a n  iso la ted  c a r
b o n y l g ro u p , in  w hich s te ric  h in d ra n c e  is no t too s tro n g ; th e  accu racy  is ± 1 .5 % .
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Zur A nalytik von Steroiden, III.

B estim m u n g  solcher S te ro id e , die eine iso lie rte  K e to n g ru p p e  e n th a lte n

S. GÖRÖG und L. TOMCSÁNYI

Zusammenfassung. A uf G ru n d  v o n  O xim hildung m itte ls  H y d ro x y la m in s  u n d  einer a lk a li
m e tr is c h e n  R ü c k titra tio n  d es ü b ersch ü ssig en  H y d ro x y la m in s  w u rd e  ein  an a ly tisch es V er
f a h re n  zu r B estim m ung v o n  K e to s te ro id e n  en tw ickelt.

E in e  0.1 n  H y d ro x y lam m o n iu m sa licy la t-L ö su n g  in  e in em  G em isch v o n  C hloroform  und  
M e th a n o l d ien te  dabei als o x im b ild en d e s  R eagens, e ine  0,05 n  S a lzsäu re lösung  in  einem  
G em isch  v o n  P ro p y leng lyko l u n d  Chloroform  als M eß lösung , sch ließ lich  ein  G em isch von 
D im e th y lg e lb  und  M e th y len b lau  a ls  In d ik a to r.

M itte ls  der v o rg esch lag en en  M ethode können  a llg em e in  n u r  je n e  S tero ide  m it einem  
F e h le r  v o n  ± 1 ,5 %  b e s tim m t w e rd en , die eine s te risch  n ic h t  zu s ta rk  b e h in d e rte , iso lierte  
K e to n g ru p p e  tragen.
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Анализ стероидов, III.

Определение стероидов, содержащих изолированную кетоновую группу
Ш .Г Ё Р Ё Г  и Л . ТО М ЧА Н И

Резюме. Был разработан аналитический метод для определения кетостероидов, основан
ный на образовании оксимов при их реакции с гидроксиламином и на последующем 
алкалиметрическом обратным титровани избыточного гидроксиламина.

В качестве реагента, образующего оксим, применялся 0,1 н раствор салицилата 
гидроксиламмония в смеси хлороформа с метанолом, а в качестве титрующего раствора 
-  0,05 h  раствор соляной кислоты в смеси хлороформа с пропиленгликолем. Индика

тором служила смесь диметилового желтого с метиленовым синим.
С помощью данного метода можно определять лишь стероиды, содержащие стери- 

чески не слишком экранированные изолированные кето-группы, с точностью ±  1,5%.

1 )г . S á n d o r  G ö r ö g  

László  T o m c s á n y i
B u d a p e s t X . Cserkesz u . 63
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REACTION OF DISULFUR DICHLORIDE 
AND SULFUR DICHLORIDE WITH CYANIDE; 

THEIR DETERMINATION THROUGH THIOCYANATE

D isu lfu r d ichloride is a com pound  o f in te re s t  from  m any  a sp e c ts . O n the  
basis o f its  chem ical p ro p e rtie s  (p rim arily  th e  w ay  o f its  h y d ro ly sis) one m ay 
conclude  th a t  th e  tw o su lfu r a to m s p re sen t in  th e  m olecule are n o t e q u iv a le n t. 
T herefo re , th e  com pound  h a d  been  considered  ea rlie r as th io -th io n y l ch lo ride . 
S ta m m  an d  G o e h r i n g  [1] w ho th o ro u g h ly  in v e s tig a te d  th e  h y d ro ly s is  of 
d isu lfu r-d ich lo ride , p resu m ed  th a t  th e  in itia l re a c tio n  p ro d u c t w as th e  o th e r 
wise u nknow n  th io su lfu ro u s ac id :

S2C12 +  H 20  -----*■ S2(O H )2 +  2 HCl (1)

F u r th e r  decom position  o f th io su lfu ro u s ac id  would lead  to  th e  end 
p ro d u c t consisting  o f su lfid e , e lem en ta ry  su lfu r, su lfite , th io su lfa te  and  
p o ly th io n a te s .

H ow ever, d e ta iled  in v es tig a tio n s  p ro v ed  la te r , m ain ly  b y  th e  e v a lu a tio n  
o f  th e  R am an  sp ec tra , t h a t  th e  tw o su lfu r a to m s in  th e  m olecule o f  d isu lfu r 
d ich lo ride  are eq u iv a len t, a n d  th e  m olecule has a chain-like s tru c tu re  [2, 3]. 
T h is s ta te m e n t has been con firm ed  b y  som e chem ical reac tio n s; n a m e ly , u n d e r 
a p p ro p ria te  cond itions d isu lfu r d ich loride re a c ts  w ith  su lfite  to  y ie ld  u n a m 
b iguo u sly  te tra th io n a te , w hile w ith  th io su lfa te  h e x a th io n a te  is o b ta in e d  [4].

T h u s, th e  hyd ro lysis  reac tio n  h ad  to  be in te rp re te d  in  som e o th e r  w ay. 
T he th e o ry  o f B ö h m e  a n d  S c h n e i d e r  is o f  in te re s t ;  th e y  assum e in  th e  f irs t 
s tep  o f  hydro lysis th e  fo rm atio n  o f hyd ro g en  d isu lfide  an d  h y p o ch lo ro u s ac id :

S2CI2 +  2 H 20  — ► H ,S2 +  2 HOC1 (2)

All o th e r  p ro d u c ts  derive  from  th e  ac tio n s  o f these c o m p o u n d s  [5]. 
A t f ir s t  s ig h t, th e  h y p o th es is  ap p ears  to  be h igh ly  im p ro b ab le , how ever, 
ev idence  is p resen ted  in  s u p p o r t o f  th is  v iew : in th e  presence o f io d id e , iod ine 
is l ib e ra te d  in  a sto ich io m etric  reac tio n :

2 I "  +  S2C12 — ► 2 S +  I2 +  2 C L  (3)

Acta Chimica Academiae Scientiarum Hungaricae 47. 1966.

E . S c h u l e k , L. B a r c z a , M. G á b o r - F e tié r  and L. L a d á n y i

(Department of Inorganic and Analytical Chemistry,  L .  Eötvös University,  Budapest) 

R eceived  D ecem ber 8 , 1964



A s a  f u r t h e r  piece o f  e v i d e n c e ,  B öhme  a n d  S c h n e i d e r  sh o w ed  t h a t  in  a m i x t u r e  
o f  h y d r o g e n  su lf ide  a n d  io d id e  h y p o c h lo r i te  b e h a v e s  as a n  o x id iz in g  a g e n t ,  
p r o d u c i n g  indeed  th e  e n d  p r o d u c t s  fo u n d  a b o v e .

S ulfur d ichloride re a c ts  sim ilarly  to  d isu lfu r  d ichloride.
T hough  the  a b o v e  in te rp re ta tio n  c a n n o t be accep ted  in  sp ite  o f  the  

p re s e n te d  evidence, th e  d esc rib ed  reaction  is o f  g re a t in te re s t. N am ely , on 
th e  b as is  of form er e x p e rie n c e  w ith  d isu lfur d ich lo rid e  an d  su lfu r d ich loride 
i t  w as unexpected  t h a t  co m p o u n d s lib e ra tin g  io d in e  in  th e  presence o f iodide 
m a y  be  form ed in th e  h y d ro ly s is .

I t  should be m e n tio n e d  here th a t  th is re a c tio n  m ay  be used to  d e te rm in e  
th e se  com pounds [5]. T h is  is one of the  few sp ec ific  an a ly tica l m eth o d s k now n . 
D isu lfu r  dichloride (or s u lfu r  dichloride) is g e n e ra lly  analyzed  b y  su b jec tin g  
th e  sam p le  to  h y d ro ly s is , a n d  m easuring th e  p ro d u c e d  chloride ; th e  to ta l  
s u lfu r  co n ten t m ay also  be  estab lished .

D irec t d e te rm in a tio n s  are rare ly  d e sc rib ed  in  lite ra tu re . Tw o p h o to 
m e tr ic  procedures m a y  be m en tioned  here. O ne o f  th em  is based  on th e  fac t 
t h a t  in  an alkaline m e d iu m  d isu lfur d ich loride gives w ith  /»-am inophenol, or 
ev e n  b e tte r  w ith  p -d im e th y  I a mi noaniline, a p ro d u c t  o f in tensive  re d  colour 
w h ich  can  he e x tra c te d  w ith  carbon  te tra c h lo r id e  [6]. The value o f  th e  o th e r 
m e th o d  is q u estio n ab le : th e  su lfite  form ed d u rin g  th e  alkaline h y d ro ly sis  o f 
d isu lfu r  dichloride is m e a su re d  by  th e  fu ch sin -fo rm ald eh y d e  m eth o d  [6]; 
h o w e v e r , th is reac tio n  is fa r  from  q u a n tita tiv e .

T hese in tro d u c to ry  com m en ts exp la in  w h y  o u r p resen t in v es tig a tio n s  
h a d  th e  purpose of f in d in g  a reaction  of d isu lfu r  d ich loride w hich len d s itse lf  
to  se rv in g  as basis o f a n ew  reliable a n a ly tic a l m e th o d .

I n  the  p resen t in v e s tig a tio n s , d isu lfu r d ich lo rid e  p rep a red  b y  us and  
p u r if ie d  by  d is tilla tio n  w as used . The su b s ta n c e  w as p rep ared  in  th e  know n 
w a y , b y  reacting  e le m e n ta ry  su lfu r w ith  a s lig h t excess o f chlorine. O n d istillin g  
th e  p ro d u c t, a fo re ru n  b o ilin g  a t  58—60° w as se p a ra te d  and  red is tilled . The 
a n a ly s is  of th is p ro d u c t show ed  th a t  i t  w as p u re  su lfu r d ich lo ride , as e x 
p e c te d .

A num ber of re a c tio n s  o f disulfur d ich lo rid e  have  been exam in ed . M ost 
in te re s t in g  of these w as th e  reac tio n  of d isu lfu r d ich lo ride  in  an o rgan ic  so lv en t 
w ith  an  aqueous so lu tio n  o f  po tassium  cy a n id e  o f  ad eq u a te  c o n c e n tra tio n . 
T h e  yellow  t in t  of th e  o rg a n ic  phase m o m en tan eo u sly  d isap p eared  d u rin g  the  
re a c tio n , ind ica ting  th e  t r a n s fe r  of d isu lfur d ich lo rid e  in to  th e  aqueous phase , 
w h ile  th e  aqueous s o lu tio n  becam e co loured , a n d  w ith in  a few m in u te s  a 
b ro w n  p rec ip ita te  w as d ep o sited . F u r th e r  in v e s tig a tio n s  p roved  t h a t  th io 
c y a n a te  teas form ed in  th e  aqueous phase in  s to ich io m e tric  am o u n ts , accord ing  
to  th e  equation

S,C12 2 S C N -  (4)
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In  th is  reac tion  no o th e r  su lfu r-co n ta in in g  com pound  is fo rm ed  in 
d e tec tab le  am o u n ts . T h u s , th e  p resu m p tio n  th a t  d isu lfu r d ich lo ride  f irs t 
undergoes hydro lysis a cco rd in g  to  eq u a tio n  (1), th e n  th e  p ro d u ced  S2(O H )2 
(w hich c an n o t p ro p erly  lx- d e n o ted  as th io su lfu ric  acid ) suffers d is p ro p o r tio n 
a tio n  :

2 S2(O H ), — F 3 S +  SO.,2“ +  H ,0  +  2 H+ (5)

an d  th io c y a n a te  is fo rm ed  in  th e  reac tio n  of e le m e n ta ry  su lfu r w ith  c y an id e , 
can  fu lly  be excluded . (In  th is  process, w hich ap p e a rs  v e ry  likely a t  f ir s t  s ig h t, 
the  ra tio  o f  S2C1, to  SCN w ould  be 2 : 3 in s te a d  o f 1 : 2.)

I t  was found  th a t  in  th e  f irs t  s tep  of th e  re a c tio n  (in the  in te rv a l be tw een  
th e  deco lo u ra tio n  of th e  o rg an ic  phase an d  th e  a p p ea ran ce  of p re c ip ita te  in 
th e  aqueous phase) th e  p resence  o f a su b stan ce  o f  ox id izing  n a tu re  cou ld  be 
d e tec ted  in  th e  reaction  m ix tu re . The p rim a ry  re a c tio n , lead ing  to  th e  fo rm a 
tio n  o f th e  oxidizing su b s ta n c e , is a p p a re n tly  v e ry  qu ick , while th e  fo rm a tio n  
o f th e  d a rk  p re c ip ita te  is a tim e  reac tio n . To in te rp re t  these facts we p re su m ed  
th a t  the  red u c tio n  o f th e  p rim a rily  form ed ox id iz ing  ag en t gives rise to  the  
fo rm atio n  o f  d icyanogen  w hich  is th en  p o lym erized  in tim e  to  p a ra c y a n o g e n :

x C N  - x e ----- F y ( C N ) ,  f (C N )x (6)

This p resu m p tio n  is su p p o rte d  by the  an a ly sis  o f th e  brow n p re c ip ita te . 
(The presence o f  p a racy an o g en  does not in te rfe re  w ith  th e  su b seq u en t a n a ly tic a l 
p rocedures.)

I t  was still necessary  to  e luc ida te  the course o f  th e  ox idation  red u c tio n  
reac tio n , an d  the  n a tu re  o f  th e  ox id izing  su b stan ce  fo rm ed  as p rim a ry  p ro d u c t.

In  o rd e r to  in v e s tig a te  th e  f irs t p rob lem , d isu lfu r  d ichloride d isso lv ed  in 
an  o rgan ic  so lvent was sh a k e n  w ith  a cyan ide  so lu tio n  co n ta in in g  a know n  
a m o u n t o f su lfite . In  n o ta b le  c o n tra s t to  th e  process described  p rev io u sly , th e  
aqueous so lu tio n  rem a in ed  colourless. D e te rm in a tio n  o f  th e  excess o f  su lfite  
an d  th e  q u a n tity  of fo rm ed  su lfa te  u n am b ig u o u sly  in d ica ted  th e  fo llow ing  
overall re ac tio n :

S2CI2 -f -2 CN~ +  2 e 2 SCN +  2 С Г  (7)

The para lle lism  b e tw een  the  reac tio n  ex am in ed  b y  us and  th a t  s tu d ie d  
by B ö h m e  a n d  S c h n e i d e r  [5] is a p p a re n t. H ow ever, w hile the p r im a ry  re a c tio n  
p resum ed  in  E q . (2) m a y  p e rh ap s  be possible in th e  la t te r  case, i t  is e n tire ly  
im probab le  in  our e x p e rim e n ts , since th e  aq u eo u s so lu tion , ow ing  to  th e  
hyd ro lysis  o f  p o tassium  c y an id e , is a lkaline.

A new  hyp o th esis  w as evolved  to  in te rp re t th e  f irs t s tep  o f  re a c tio n ; 
we assum e th a t  un d er th e  e ffec t o f the re la tiv e ly  la rg e  excess o f cy a n id e  ions, 
the  ch loride atom s o f d isu lfu r  d ichloride are  ex ch an g ed  ag a in st cy an id e  ions:
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S2C12 +  2 C N - =  (SC N ), j- 2 C l- (8)

T he form ed th io c y a n o g e n , as a s tro n g  ox id iz ing  agen t, is responsib le  for 
th e  o x id a tio n —re d u c tio n  reac tio n

(SCN)2 +  2 e =  2 S C N - (9)

in  w h ic h  th iocyanogen  is q u a n tita tiv e ly  c o n v e rte d  in to  th io c y a n a te .
S im ilar reac tions a re  know n in o th e r cases, to o . E .g., F e h é r  a n d  R is t ic  

[7] p re p a re d  p o ly su lfu ro -d ib ro m id e  from  po ly su lfu ro -d ich lo rid e  b y  exchange 
r e a c t io n  w ith  H B r. A s im ila r  exchange m a y  also  be possible in  th e  case of 
C N -  ions.

I n  support o f th e  p o ss ib ility  of su ch  an  analogy , d irec t ev idence  was 
o b ta in e d  for the fo rm a tio n  o f  d ith io cy an a te . In  a d istilling  a p p a ra tu s , d isu lfur 
d ic h lo r id e  was re a c te d  w ith  a co n cen tra ted  so lu tio n  o f p o ta ss iu m  cyanide 
u n d e r  n itrogen . In  th e  t r a p  applied  as re c e iv e r th e  presence o f  an  oxidizing 
s u b s ta n c e , and a fte r  r e d u c t io n , of th io c y a n a te  w as de tec ted . On th e  basis of 
c a re fu lly  conducted b la n k  ex p e rim en ts , th is  p h en o m en o n  can on ly  be exp la ined  
b y  th e  form ation  o f d ith io c y a n a te .

As a fu rther p ro o f  o f  th io cy an o g en  fo rm a tio n , d ith io cy an a te  w as p rep ared  
a n d  allow ed to  re a c t w ith  a  n u m b er of su b s ta n c e s . I t  was fo u n d  th a t  d ith io 
c y a n a te  behaved id e n tic a l ly  w ith  the  su b s ta n c e  form ed in  th e  re a c tio n  of 
d is u lfu r  dichloride a n d  CN -  io n s, e.g. i t  o x id ized  cyan ide  ions to  p a racy an o g en .

T h e  above-described  in v estig a tio n s p ro v e d  th a t  th e  p rocess rep resen ted  
b y  E q .  (7) consists re a lly  o f  th e  reactions sh o w n  in  E qs. (8) an d  (9). I t  is h igh ly  
p ro b a b le  th a t  the  re a c tio n  o f  d isulfur d ich lo ride  w ith  iodine ions ta k e s  place 
in  a s im ila r w ay; in s te a d  o f  hypochlorous a c id  th e  u n stab le  su lfu r  iod ide is 
fo rm e d  by  m eans o f e x c h a n g e  o f Cl-  a g a in s t I  ", an d  th is  co m p o u n d  sp o n 
ta n e o u s ly  decom poses to  g iv e  e lem en tary  su lfu r  a n d  iodine. This p re su m p tio n  
(a lso  considering, o f co u rse , th e  in te rac tio n  o f  d isu lfu r d ich loride a n d  cyanide 
io n s  as proved above) is in  accordance w ith  th e  ch em istry  o f su lfu r  halides 
m u c h  b e tte r  th a n  th e  su g g e s tio n  of B ö h m e  a n d  S c h n e i d e r . H ow ever, we re s tr ic t 
o u rse lv e s  here solely to  m en tio n in g  th is  p re su m p tio n , and  no a t te m p t  has 
b e e n  m ade to  prove its  co rrec tn ess .

W ith  sulfur d ic h lo rid e  th e  process is co m p le te ly  sim ilar to  t h a t  observed  
w i th  d isu lfu r d ic ldoride:

SCI ------ > S(CN)2 7— f  S C N - +  C N - (10)

T h e actual course o f  th is  reaction  ca n  be con firm ed  in  th e  sam e w ay 
as a b o v e .

T hese in te re s tin g  re a c tio n s  q u a n tita tiv e ly  a ffo rd  th io c y a n a te  as th e  fina l 
p r o d u c t .  A fter th e  excess cyan id e  has b een  rem o v ed  b y  boiling  w ith  boric
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acid , th io c y a n a te  m ay  be m easu red  co n v en ien tly  an d  v e ry  accu ra te ly  th ro u g h  
cyanogen  brom ide [8]. T h u s , e luc idation  o f th is  re a c tio n  offered a w ay  fo r  a 
novel specific d e te rm in a tio n  of th io cy an a te .

Description of the m ethod

R eagents

Gasoline (frac tio n  o f b . p . 70 — 90°, carefu lly  re fin ed )
P o tassiu m  cy an ide
Boric acid
20%  p h o sphoric  acid
S a tu ra te d  b ro m in e  w a te r , fresh ly  p repared
5%  phenol so lu tio n
P o tassium  iodide
1%  s ta rc h  so lu tio n , t re a te d  an d  preserved  w ith  0 . 1%  o f salicylic  acid
0.01 N  sod ium  th io su lfa te .

A sam ple o f  20 — 60 mg of d isu lfu r d ich lo rid e  or 4 0 —80 m g o f su lfu r  
d ich loride was w eighed in  a tig h tly  sealable 1 m l w eigh ing  flask  w ith  a n a ly tic a l 
accu racy . T hen  th e  su b s ta n c e  was dissolved in  2 m l o f gasoline in  a s im ila rly  
a ir tig h t g lass-stoppered  100 ml E rlcn m ey er f la sk . A solution  of 0.20 g of 
p o tassiu m  cyan ide  in  5 m l w a te r was ad d e d , a n d  th e  m ix tu re  w as sh a k e n  
for a few  m in u tes . T he m ix tu re  was allow ed to  s ta n d  for te n  m in u tes , d ilu te d  
w ith  70 — 80 m l o f w a te r , 1 g of boric acid a n d  som e coarse pum ice s to n e , as 
a n ti-h u m p in g  a g e n t, w ere added  an d  th e  sy s te m  w as vigorously  b o iled  for 
10 to  15 m in u tes  over an  e lec tric  h o t p la te  in  a h o o d . A fte r cooling, th e  so lu tio n  
was rinsed  in to  a 100.0 ml vo lu m etric  fla sk , a n d  com pleted  to  vo lum e w ith  
w a te r.

A n a liq u o t o f 5.00 to  10.00 ml o f the  s to c k  so lu tio n  was tra n s fe rre d  in to  
a 100 m l g lass-s to p p ered  E rlen m ey er flask , d ilu te d  to  20 to  25 m l, a n d  ac id ified  
w ith  2 m l o f p h o sp h o ric  acid so lu tion . B ro m in e  w a te r  was ad d ed  d ropw ise  
u n til a p e rm a n e n t brow nish-yellow  co lo ra tion  o f  th e  solu tion  was a t ta in e d . 
A fter one or tw o  m in u te s , 5 ml of th e  pheno l so lu tio n  was rap id ly  a d d e d  to  
th e  m ix tu re , th o ro u g h ly  shaken  several tim es , a n d  a f te r  a few m in u te s  a b o u t
0.2 g o f  p o tassiu m  iod ide  w as dissolved in  th e  so lu tio n . The a m o u n t o f  iod ine  
lib e ra ted  was m easu red  a f te r  20 m inu tes b y  t i t r a t io n  w ith  th io su lfa te  so lu tio n , 
in th e  presence o f  s ta rc h  so lu tion  as in d ica to r.

1 ml of 0.01 N  t i t r a n t  is eq u iv a len t to  0 .3376 m g o f S2C1„ or to  0 .5149 mg 
of SCL.

The resu lts  o f  th e  d e te rm in a tio n  of d isu lfu r  d ich loride are p re se n te d  in 
T ab le  I, those  o f  su lfu r d ichloride in T able II.

The p ro d u c ts  w ere also analysed  for ch lo rin e  co n ten t. F o r th is  p u rp o se , 
th e  follow ing p ro ced u re  w as found b est su ita b le .

A sam ple  o f  40 — 80 m g, w eighed w ith  a n a ly tic a l accuracy , w as ad d e d  
to  a m ix tu re  o f 4 ml o f w a te r, 1 ml of 2 0 %  so d ium  hydrox ide  an d  1 m l of
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c o n c e n tra te d  hydrogen  p e ro x id e , p re v io u s ly  p rep a red  in  a 100 m l glass- 
s to p p e re d  E rlenm eyer f la sk . The ca re fu lly  s tir re d  m ix tu re  w as a llow ed  to  
s ta n d  10 m inu tes, d ilu ted  w ith  20 to  25 m l o f  w a te r, th en  v ig o ro u sly  boiled 
fo r 4 — 5 m inu tes.

Table I

S2C12 weighed for the 
preparation of stock 

solution, mg
Calculated S2C12- 

content of aliquot, mg
0.01 N  Na2S203 i S2C12 ound

%consumed, ml i data, mg mean value, mg

6.10 2.059
21.0 2.106 6.11 2.063 2.055 97.58

6.05 2.043
4.41 1.489

30.1 1.520 4.42 1.492 1.491 98.09
4.42 1.492

5.71 1.928
39.2 1.980 5.71 1.928 1.928 97.37

5.71 1.928
5.92 1.999

40.6 2.050 5.94 2.005 2.003 97.71
5.94 2.005
8.34 2.816

57.0 2.878 8.35 2.819 2.821 98.02
8.38 2.829

Mean value 97.75

Table II

SCI2 weighed for the 
preparation of stock 

solution, mg

Calculated
SC12 content of aliquot 

mg

0.01 N  
Na2S20 3 

consumed, ml

SC12 found
0/
/0

data, mg mean value, mg

8.26 4.253
42.2 4.233 8.26 4.253 4.253 100.5

8.26 4.253

5.13 2.641
52.5 2.651 5.16 2.657 2.65.3 100.1

5.17 2.661

10.67 5.494
54.1 5.432 10.73 5.525 5.51.3 101.5

10.72 5.520

6.06 3.120
60.6 3.060 6.04 3.110 3.115 101.7

6.05 3.115

6.74 3.470
68.6 3.464 6.71 3.455 3.462 99.94

6.72 3.460

M ean value 100.7
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The system  was ac id ified  w ith  10 —12 m l o f  10%  n itr ic  ac id , boiled  a g a in  
for 1—2 m in u te s , cooled an d  f ilte re d . A k n o w n  vo lum e o f 0.1 N  p o ta ss iu m  
p e rm an g an a te  w as ad d e d  dropw ise to  th e  c lea r f i l t r a te ,  th e  excess p e rm a n g a n a te  
decolorized w ith  one d rop  o f 3 %  hydrogen  p e ro x id e  so lu tio n , an d  m ixed  w ith  
20.00 ml of 0.1 N  s ilver n itra te  so lu tio n . T he m ix tu re  co n ta in in g  a p re c ip ita te  
was boiled a few  m in u te s , allow ed to  cool, a n d  excess silver w as t i t r a te d  w ith
0.1 N  th io c y a n a te  so lu tion  in  th e  presence o f  1 m l o f  a 10%  so lu tio n  o f 
iron  ( I l)n itra te  c o n ta in in g  som e n itr ic  ac id  as in d ic a to r .

A ccording to  th e  th e  re su lts  o f ou r ex p e rim e n ts  th e  analysis o f th e  ch lo 
ride gave 100.2%  S,C12 for d isu lfu r d ich lo ride , a n d  an  assay  of 98 .82%  fo r su lfu r 
d ichloride. B y co m p arin g  these  values w ith  th o se  o b ta in e d  in  th e  d e te rm in a tio n  
o f  th e  th io c y a n a te  c o n te n t, we m a y  s ta te  t h a t  d e sp ite  o f  th e  ex trem ely  ca re fu l 
p u rifica tio n  o f th e  su b stan ces , m in u te  c o n ta m in a tio n  o f SC12 rem ain ed  in  
d isu lfu r d ich loride an d  a m in u te  im p u rity  o f  S2CL2 w as p resen t in  su lfu r  d i
chloride.

I t  is seen t h a t  com parison  o f  th e  an a ly sis  o f  ch loride w ith  th e  d e te rm i
n a tio n  of su lp h u r  (as th io c y a n a te )  perm its  som e conclusions to  e s tim a te  th e  
im p u ritie s  in  SC12 a n d  S2C12.

SU M M A RY

In v e stig a tio n  o f th e  in te rac tio n  o f  d isu lfu r d ich lo rid e  w ith  cyan ide  rev ea led  t h a t  th e  
f irs t  p ro d u c t fo rm ed  in  th is  reac tio n  is a c tu a lly  th io cy an o g en . In  th e  absence o f a n o th e r  re d u c 
ing ag en t, th io cy an o g en  oxidizes th e  excess o f cy an id e  to  p a rac y an o g e n  i t  becom es re d u ce d  
to th io c y a n a te , in  a  s to ich io m etric  re ac tio n .

S im ilarly  th io c y a n a te  is fo rm ed in  a  s to ich io m etric  ra tio  in  th e  reac tio n  o f su lfu r d i
chloride  w ith  cy an id e  ions.

E lu c id a tio n  o f  th ese  reac tio n s has led  to a new  m e th o d  o f d e te rm in in g  d isu lfu r d ich lo rid e  
o r su lfur d ich loride  th ro u g h  th io c y a n a te . T he fo rm ed  th io c y a n a te  is m easured  by  io d im e try  
th ro u g h  cyanogen  b ro m id e .
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Über die Reaktion von Dischwefcldichlorid mit Cyanid; 
ihre Bestim m ung m ittels Khodanids

I E. SCHULEK. I L. BARCZA. М. GÂBOR-FEHÉR und L. LADÁNYI

Z usam m enfassung . B ei d e r U n te rsu ch u n g  de r R eak tio n  v o n  D ischw efeld ichlorid  m it C yan id  
w urde fe stg es te llt, d a ß  sich  im  L aufe  dieses V organges z u e rs t  D irh o d an  b ilde t. W enn  k e in  
an d eres R ed u z ie rm itte l anw esend  is t, w ird  das ü b ersch ü ssig e  C yanid  d u rc h  D irh o d a n  zu 
l’a rac y an  o x y d ie rt, w ä h ren d  d as  D irh o d an  selbst s tö c h io m e trisc h  zu R h o d an id  re d u z ie rt w ird .
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Ä hnlicherw eise  b ild e t sich  R h o d a n  stö c h io m e trisc h  au ch  bei der R eak tio n  SC12- -C ]\
D ie  A u fk lä ru n g  d ieser R e ak tio n en  e rm ö g lich t d ie  B estim m ung  des D ischw efeld ich lo rids 

bzw . d e s  Schw efeld ichlorids m itte ls  R h o d an id s . D as en tw ick elte  R h o d an id  w ird m itte ls  B ro m 
c y an s  jo d o m e tr is c h  gem essen.

Реакции S2C12 и SC12 с цианидом, определение их через роданид

1 Э. ШУЛЕК, I л - БАРЦА, М. ГАБОР-ФЕХЕР и Л. ЛАДАНИ

Резюме. При изучении реакции S2C12 с цианидом было установлено, что в процессе сперва 
образуется диродан, который в свою очередь — в отсутствии прочих восстановителей — 
окисляет избыток цианида в парациан, и сам восстанавливается стехиометрически в 
роданид.

Подобным образом, стехиометрически образуется роданид и в реакции SC12 с циа
нидом.

Выяснением указанных реакций дается возможность для определения S2C12 или 
SClj через роданид. Образовавшийся при этом роданид определяется иодометрически 
через бромциан.

D r. L a jo s  B arcza

M rs. M agda GÁb o r - F e h é r

L ász ló  L a d á n y i

B u d a p e s t V i l i . M úzeum  k ö rú t 4 /b
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CONTRIBUTIONS TO THE CHEMISTRY 
OF SELENIUM AND SELENIUM COMPOUNDS, XIV*

D E T E R M IN A T IO N  O F  S E L E N IU M  IN O R G A N IC  S E L E N IU M  C O M PO U N D S

L. B a r c z a

( Institu te  o f  Inorganic and A n a ly tica l C hem istry, L. Eötvös U niversity , B udapest)  

R ece iv ed  D ecem ber 8 , 1964

A n u m b er o f m eth o d s a re  know n  for th e  d e te rm in a tio n  o f selen ium  in 
o rgan ic  com pounds. Some ex ce llen t review s o f th e  fie ld  can  be found  in 
l i te ra tu re  [1, 2 ]. T hough  also som e o th e r d a ta  could  be m en tio n ed , reference 
is m ade in  th e  f ir s t  line to  th e se  rev iew s.

I t  is n ecessary  to  d iv ide th e  prob lem  o f analy sis  in to  tw o p a r ts :  decom 
p o sitio n  of th e  sam ple  an d  d e te rm in a tio n  o f th e  c o m p o n en ts . These problem s 
h av e  been  d iscussed  th o ro u g h ly  in an earlie r p a p e r  [3], th o u g h  from  a d ifferen t 
p o in t o f view .

M ethods o f  ren d erin g  th e  sam p le  soluble m a y  be classified  in  th ree  
g roups [1]: (a) w et processing; (b) fusion in  a sea led  tu b e ;  (c) com b u stio n  
m eth o d s . The so-called  Schön iger com b u stio n  [4], a p ro ced u re  o ffering  m any  
a d v an tag es  an d  becom ing  re c e n tly  r a th e r  w ide-sp read , has been  fo u n d  su itab le  
for use also in  th e  analysis o f  o rgan ic  selen ium  co m p o u n d s [5, 6, 7, 8].

I t  m ust be em phasized  th a t  th e  a d e q u a te  choice o f  th e  w ays o f sam ple  p re 
p a ra tio n  is o f decisive im p o rtan ce  in  th e  analysis  o f se len ium  com pounds [3 ] .In  
th is  connection  we re fe r to  an ea rlie r , v e ry  de ta iled  p a p e r  [9] w here decom position  
w ith  co n c e n tra ted  su lfuric  acid  was found  b est su itab le  as p re tre a tm e n t. A ccord
ing  to  o u r own experience, w hen  m in u te  am o u n ts  o f se len ium  are to  be d e te r 
m ined  in organ ic  su b stan ces (e .g ., in  n a tu ra l p ro d u c ts ) , d e s tru c tio n  w ith  a 
m ix tu re  of su lfu ric  acid , n itr ic  ac id  and  hydro g en  p e ro x id e  is th e  b e s t m ethod . 
In d e e d , it  shou ld  be carried  o u t in  a so-called “ re v e rse d ”  w ay  [10], if  a large 
q u a n t i ty  of o rgan ic  su b stan ce  is to  be decom posed .

In  th e  case o f  organic co m p o u n d s co n ta in in g  m u ch  se len iu m , th e  Schö
n iger m ethod  o f co m b u stio n  [14] is to  be p re fe rred , because  i t  does n o t requ ire  
th e  use o f reag en ts  w hich w ould  la te r  in te rfe re  tv ith  th e  analy sis  o r w hich 
w ould  be d ifficu lt to  rem ove. A n o th e r a d v a n ta g e  o f  th is  m e th o d  is th a t  o r
ganic selenium  com pounds can  be decom posed  in  th is  w ay  m uch  easie r th a n  
o th e r  organic su b stan ces.

S everal m e th o d s  have been  suggested  [1] for th e  d e te rm in a tio n  o f sele
n iu m  a fte r  th e  sam ple  has been  b ro u g h t in to  so lu tio n . O f th e se , h ow ever, onlÿ

* P a r t  X III: A cta  Cbim. I lu n g . 45 , 23 (1965).
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th e  g rav im e tric  an d  io d im e tr ic  p rocedures h av e  been  a c tu a lly  a d o p te d  in 
a n a ly t ic a l  p rac tice . T he p h o to m e tr ic  m eth o d  using  d iam in o b en z id in e  [8, 3] 
m a y  b e  recom m ended  so le ly , i f  a v e ry  m in u te  a m o u n t o f  se len ium  is p resen t 
in  th e  sam ple  to  be te s te d . T h is is u su a lly  n o t th e  case in  th e  analysis 
o f  o rg a n ic  selenium  co m p o u n d s . T he p h o to m e tric  d e te rm in a tio n  o f  selen ium  as 
e le m e n ta ry  selenium  [11] is u n ju s tif ied , an d  can n o t be reco m m en d ed  for 
th e o re tic a l  reasons e ith e r  [3].

I n  th e  course o f th e  d eco m p o sitio n  or co m b u stio n  processes, th e  m in im um  
p o ss ib le  am o u n ts  o f su b s ta n c e  are  to  be ap p lied ; th e re fo re , v o lu m e tric  m ethods 
e v o lv e d  on a 0.01 N  sca le , w h ich  are  essen tia lly  q u icker, h av e  an  a d v a n ta g e  
o v e r th e  otherw ise a c c u ra te  b u t  cum bersom e g rav im e tric  p ro ced u res  w here 
e le m e n ta ry  selenium  is m easu red .

O f th e  v o lu m etric  m e th o d s , iod im etric  t i t r a t io n  is m o st freq u en tly  
re c o m m en d ed  [5, 6, 7 ]. H o w ev er, i t  m u st be n o te d  th a t  i t  is n o t  q u ite  easy  
to  d e te rm in e  e le m e n ta ry  io d in e , p a r tic u la r ly  on 0.01 N  scale , w hich  is lib e r
a te d  in  th e  reaction  o f  se len ium (IV ) w ith  iod ide , because a t  th e  sam e tim e  
also  e le m e n ta ry  se len ium  o f in ten s iv e  red  colour is fo rm ed  an d  i t  is su spended  
in  th e  so lu tion  in co llo idal fo rm . T hough  a n u m b e r of m o d ifica tio n s o f th is 
p ro cess  are know n [3], th e ir  accu racy  is n o t sa tis fa c to ry .

T h e  m ethod  su g g ested  b y  K a i n z  an d  R e s c h  [11] shou ld  be m en tio n ed  
s e p a ra te ly . The w id e-sp read  use o f th is  m eth o d  is due , in  a d d itio n  to  its  several 
a d v a n ta g e s , to  th e  fa c t t h a t  th e  p rocedure  is reco m m en d ed  b y  th e  w ell-know n 
te x tb o o k  o f P reg l  a n d  R o t h  [12]. The d e te rm in a tio n  is b ased  on th e  o x id a tio n  
o f  se len iu m  to  se lena te  d u rin g  th e  decom position  ach ieved  w ith  sod ium  p e r
o x id e . A fte r e lim in a tio n  o f  o th e r  ox id izing  ag en ts , se len a te  m ay  be de te rm in ed  
b y  io d im e try  : the  iod ine  fo rm e d  d u rin g  th e  re d u c tio n  o f se len a te  is d istilled , and  
t i t r a t e d  in th e  d is tilla te . T he c ru c ia l p o in t o f th e  m e th o d  is th a t  o th e r  oxidizing 
a g e n ts  shou ld  be re d u ced  in  w eak ly  acid m ed iu m  b y  iodide before  th e  reac tio n  
o f  selen ium (V I) and  iod ide  is accom plished ; th e  la t te r  process occurs q u a n t i ta 
t iv e ly  in  a strong ly  ac id ic  so lu tio n . H ow ever, loss o f  se len a te  d u rin g  th e  fo rm er 
p ro cess  can  only be a v o id ed  u n d e r  v e ry  s tr ic tly  co n tro lled  co n d itions.

T h is s ta te  o f th e  p ro b le m  gave th e  b a c k g ro u n d  o f o u r p re se n t in v e s tig a 
tio n s  w hich  dealt w ith  a d e ta ile d  s tu d y  o f d e te rm in in g  se len iu m  in  organic 
se le n iu m  com pounds. F ir s t ,  i t  was con firm ed  th a t  in  th e  course o f th e  S chöniger 
c o m b u s tio n  any  se len ium  c o n ta in e d  in  th e  o rgan ic  su b stan ce  is q u a n tita tiv e ly  
c o n v e r te d  in to  se len ium  d io x id e  w hich can be sim p ly  co llec ted  in  d istilled  
w a te r .

T h e  com bustion  is to  be  co n d u c ted  in  a w ay  th a t  se len ium  shou ld  be 
p re s e n t  in  th e  sam ple  b e tw e e n  1 an d  3 m g, t h a t  is in  th e  ran g e  w hich  was 
fo u n d  o p tim u m  in th e  p ro c e d u re  evolved  b y  us earlie r [14] fo r th e  d e te rm in a 
tio n  o f  selenium (IV ), b a sed  on th e  Schulek  an d  K őrös m e th o d  [13] o f d e te rm in 
in g  selenocyan ide. T h e  p ro ced u re  consists e ssen tia lly  in th e  red u c tio n  by
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ascorb ic  acid  o f selenium  d io x id e  abso rbed  in  w a te r (m ore p rec ise ly , selenous 
ac id ); th e  e lem en ta ry  se len ium  is con v erted  w ith  cyan ide  in to  se len o cy an id e ; 
excess cy an id e  is rem oved a n d  th e  selenocyanide is m easu red  b y  io d im etry  
th ro u g h  cyanogen  brom ide.

The m eth o d  is a c c u ra te , q u ick  an d  sim ple ; th e  whole p rocess from  com 
b u stio n  to  th e  f in a l t i t r a t io n  can  be carried  o u t in  th e  sam e f la sk . T h e  m ethod  
was checked  f irs t w ith  se len ium  o f  an a ly tica l g rade , th en  w ith  se len iu m  d ilu ted  
w ith  glucose. F in a lly , se len ium  w as d e te rm in ed  in  som e c a re fu lly  p rep ared  
an d  p u rified  organic se len ium  com pounds. Some o f th e  e x p e rim e n ta l resu lts  
are  lis ted  in  th e  T able an d  th e  d escrip tion  o f th e  m eth o d  is g iven  below.

D escrip tion  of the  m ethod

R eagents

5%  so lu tio n  of ascorbic ac id  
5 %  so lu tio n  of p o tassium  c y an id e  
B oric acid  
Sodium  tu n g s ta te
0 .1%  e th an o lic  so lu tion  o f m e th y l  red  
10%  so lu tio n  of perch loric  acid  
F re sh ly  p rep ared  sa tu ra te d  b ro m in e  w ater 
5%  so lu tio n  of phenol 
P o ta ss iu m  iodide
1%  s ta rc h  so lu tion  tre a te d  a n d  p reserved  w ith  0 .1%  salicylic  acid  
0.01 N  sodium  th io su lfa te  p re se rv e d  w ith  1%  o f isob u tan o l.

An a liq u o t o f th e  su b s ta n c e  to  be an a ly sed , c o n ta in in g  0.4 to  4.0  m g of 
selen ium , is w eighed a c c u ra te ly , a n d  w rapped  in  a s tr ip  o f f i l te r  p a p e r  o f the 
size an d  sh ap e  norm ally  u sed  in  th e  Schöniger co m b u stio n . T h e  sam ple  is 
p laced  in  a p la tin u m  spoon fa s te n e d  to  th e  s to p p e r. 5 m l o f w a te r  is p o u red  in 
to  a h eav y  wall 200 ml iodine f la s k , and  the  fla sk  is filled  w ith  o x y g en . T he edge 
o f th e  f ilte r  p ap e r con ta in in g  th e  sam ple  is ig n ited , it  is qu ick ly  tra n s fe r re d  in to  
th e  flask , an d  th e  s to p p er is h e ld  dow n tig h tly  u n til  th e  co m b u stio n  is com plete . 
T he fl.isk  is shaken  from  tim e  to  tim e  to  ach ieve com plete  d isso lu tio n  o f  the  
se len ium  diox ide sm oke, w h ich  req u ires  a b o u t ten  m in u tes , 1 m l o f  ascorb ic 
acid  so lu tio n  is poured  in to  th e  rim  a ro u n d  th e  s to p p e r. C au tio u sly  loosening 
th e  s to p p e r , th e  liqu id  is a llow ed  to  be sucked  in to  th e  fla sk , th e  r im  is rinsed 
w ith  5 ml o f  w a te r in a s im ila r  m an n er (possib ly  so as to  leave som e residual 
v a c u u m  in  th e  flask). T he m ix tu re  is allow ed to  s ta n d  ten  m in u te s  w ith 
o ccasional sh ak in g , th en  1 m l o f  cyanide so lu tion  is ad d ed  to  th e  so lu tion . 
I f  th e  se len ium  co n ten t is re la tiv e ly  high, a m in u te  a m o u n t o f  se len iu m  m ay 
su b lim e to  th e  p a r t  above th e  p la tin u m  spoon ; in th is  case th e  cy an id e  solu tion  
is allow ed to  flow along th is su rface  in  order to  dissolve th e  su b lim a te . Selenium  
is d issolved in a few seconds. T h e  p la tin u m  spoon an d  th e  s to p p e r  a re  th o ro u g h ly  
r in se d  w ith  a to ta l  o f 25 ml o f  w a te r , some coarse pum ice p o w d er is a d d ed  into 
th e  f la sk , an d  th e  liquid is v ig o ro u sly  boiled for 15 m inu tes in  a fum e cupboard ,

Acta Chimic.a Academia? Scientiarum  Hungaricae 47. 1966.



140 B A R C ZA : CHEMISTRY OF SE L E N IU M , X IV .

Table

Selenium found
Investigated substance and 

its selenium content 
(%)

Weight of sample 
mg

0.01 N Na2S2C
required

ml

u

mS
1

%
1 single analyses ! mean

E le m e n ta ry  selenium 0.566 1.44 0.569 100.5
( 100.0 % ) 1.101 2.79 1.102 100.1

1.807 4.58 1.808 100.1 100.0
2.590 6.55 2.586 99.8
2.906 7.35 2.902 99.9
3.680 9.28 3.664 99.6

E le m e n ta ry  selenium 3.190 2.64 1.042 32.66
d i lu te d  w ith  glucose 4.706 3.82 1.508 32.04
(3 2 .2 6 % ) 5.484 4.52 1.785 32.55 32.32

6.323 5.15 2.033 32.15
7.800 6.30 2.487 31.89
8.577 7.09 2.799 32.63

A n ilin iu m  hydrogen 5.616 5.06 1.998 35.58
se len ite 6.096 5.55 2.191 35.94
(C6H jN H s . H Se03) 6.134 5.45 2.152 35.08 35.56
(3 5 .5 8 % ) 6.243 5.57 2.199 35.22

6.480 5.92 2.337 36.06
7.878 7.08 2.795 35.48

P ia zse len o l (2,1,3- 3.155 3.48 1.374 43.55
benzoselenadiazole) 3.251 3.55 1.402 43.13
(C6H 4N2Se) 3.482 3.81 1.504 43.19 43.20
(4.3.17% ) 3.575 3.92 1.548 43.30

4.342 4.72 1.863 42.91
5.660 6.18 2.440 43.11

D ip iazse leno l 3.838 4.20 1.658 43.20
(Se N jC 6H 3)2 4.172 4.67 1.844 44.20
(4 3 .4 1 % ) 4.686 5.08 2.006

1M'■4CO<m"

4.851 5.31 2.096 43.21
4.915 5.40 2.132 43.38
5.584 6.10 2.408 43.12

5-(3 ,4-D iam inophenyl)- 4.383 3.02 1.192 27.20
-2,1,3-benzoselena- 4.481 3.10 1.224 27.32
d iazo le) 4.771 3.26 1.258 26.37 27.08
(C6H S(N H A — 5.143 3.61 1.426 27.71

-CBH ,N ,S e) (27.33%) 5.572 3.81 1.504 26.99
6.023 4.10 1.619 26.88

p e rio d ic a lly  replacing e v a p o ra te d  w ater. A fter cooling , 0.2 g o f sodium  tu n g 
s ta te  is dissolved in  th e  m ix tu re ,  n eu tra lized  w ith  p e rch lo ric  acid  in th e  p res
ence  o f  1 drop of m e th y l re d  in d ica to r so lu tion , a n d  b rom ine w a te r is added  
u n t i l  th e  liquid  tu rn s  b ro w n is h  yellow. The f la sk  is closed w ith  an  o rd in a ry  
g ro u n d -g la ss  stopper. A f te r  a llow ing  the sy s tem  to  s ta n d  for 2 m in u te s , 2 to  
4 m l o f  pheno l solution is q u ic k ly  poured  in to  th e  f la sk , th e  m ix tu re  is th o ro u g h ly  
s h a k e n , allowed to  s ta n d  fo r  a few m inutes, ac id ified  w ith  2 m l o f perch lo ric  
a c id , a n d  0.1 —0.2 g o f  p o ta s s iu m  iodide is d isso lved  in  th e  so lu tio n . The 
l ib e ra te d  iodine is m easu red  a f te r  20 m inutes b y  t i t r a t io n  w ith  s ta n d a rd  th io 
s u lfa te  so lu tion  using s ta r c h  so lu tio n  as in d ic a to r .

1 ml of 0.01 N  N a 2S20 3 is eq u iva len t to  0 .3948 m g of selenium .
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SU M M A R Y

A m eth o d  has been evolved fo r th e  d e te rm in a tio n  o f selenium  in  o rg an ic  se len ium  
com pounds. S e len ium  d iox ide fo rm ed in  th e  course  o f  th e  Schöniger co m b u stio n  is ab so rb ed  
in  w a te r , th e  d isso lved  selenium (IY ) is co n v erted  in to  se lenocyanide  and  m easu red  b y  io d im e try  
as cyanogen  b ro m id e . T he m eth o d  is ra p id , sim ple  a n d  acc u ra te .
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Angaben zur Chemie «les Selens uini «1er Selenyerbindungen, XIV.

B estim m u n g  d e s  S elengehaltes o rg an isch er Selen V e r b i n d u n g e n

L. BARCZA

Z u sam m en fassu n g . E s w urde ein  V erfah ren  zur B estim m u n g  des S elengehaltes o rg an isch e r 
S e len v e rb in d u n g en  en tw ick elt. D abei w ird  das bei de r S chönigerschen  V e rb ren n u n g  geb ild e te  
Se lendioxid  in  W asser aufgefangen , so d an n  das Selen(IV ) — n a ch  U m setzung  zu S e lenocyan id  
d u rc h  B ro m cy an  jo d o m e trisch  gem essen. Das V erfah ren  is t ra sch , e in fach  u n d  gen au .

Данные к химии селена и его соединений, XIV.

Определение содержания селена в селенорганических соединениях
Л . Б А Р Ц А

Резюме. Разработан способ определения содержания селена в селенорганических соеди
нениях. Образующаяся, в ходе сжигания по Шёнигеру, двуокись селена улавливалась 
водой,затем переводили Se(IV) в селенцианид и измеряли иодометрически через бромциан. 
Способ является быстрым простым и точным.

D r. L ajos Ba r c z a ; B u d a p e s t V III . M úzeum  k ö rú t 4/b
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SOME THEORETICAL AND PRACTICAL PROBLEMS 
IN THE USE OF ORGANIC REAGENTS 

IN CHEMICAL ANALYSIS, VHP

IN F L U E N C E  O F  T H E  C H E L A T E  E F F E C T  AN D  K IN G  S IZ E  
ON T H E  S T A B IL IT Y  O F T H E  D IO X IM E  C O M P L E X E S  O F T R A N S IT IO N  M E T A L S

I . R u f f  and K . B u r g e r

( Institu te  o f  Inorganic and A n a ly tica l C hem istry, L . Eötvös U niversity , B u d a p es t)  

R eceived  M arch  30, 1965

1. Introduction

In  our ea rlie r  co m m u n ica tio n s [1, 2] we show ed th e  im p o rta n c e  o f  tw o 
effec ts am ong  th e  o th e r fac to rs  s tab iliz in g  th e  d ioxim e com plexes o f  tr a n s it io n  
m e ta ls ; these  a re  1. th e  s tab iliz in g  ac tio n  o f hydrogen  bridges fo rm ed  in  th e  
com plexes, an d  2. th e  effect o f  m e ta l —► lig an d  donor л  b o n d s. T h e  fo rm er 
fa c to r  is s ig n if ican t m ain ly  in  th e  com plexes o f m etals o f sm all io n ic  rad iu s . 
O w ing to  th is  e ffec t, in so lu tions o f  such  com plexes th e  c o n s ta n t o f  fo rm a tio n  
o f  a com plex  h av in g  th e  com position  M e(d m g )+ (w here dm g  =  d im e th y l-  
g lyoxim e) d e v ia te s  from  th e  s ta t is t ic a l  case, and  it  is even  low er th a n  th a t  
o f  th e  com plex  o f  com position  M e(dm g)2 [1]. The effect o f th e  d o n o r л  b o n d  is 
sh o w n  in th e  in fra red  sp ec tra  o f th e  com plexes by  a decrease o f  th e  C =  N 
v ib ra tio n  freq u en cy  o f the  ligand  in  th e  o rd e r C u(II), N i(II), C o(II), F e (I I )  [2] 
in d ica tin g  th a t  on passing  from  C u(II) to  F e (II) , th e  co n ju g a tio n  in c reases  in 
th e  chela te  rin g  w hich  co n ta in s  th e  C =  N double  bond . The p a r t ic ip a tio n  o f  th e  
d -e lec trons o f th e  cen tra l m e ta l ion in  th e  л  e lec tron  system  o f th e  c o n ju g a te d  
rin g  is th e  g re a te r , th e  low er th e  b o n d  en erg y  o f  th e  d-electrons o f  th e  m e ta l ion 
w h ich  do n o t p a r tic ip a te  in  a a  b o n d . T h is can  be m easured , in  f ir s t  a p p ro x im a 
tio n , b y  th e  io n iza tio n  w ork  M e(II) — M e(III). T h a t exp la in s th e  re a so n  w hy 
m ax im u m  s tab iliz in g  effect o f  th e  d o n o r л  bo n d  is found  in case o f  th e  F e (II)  
com plex  o f th e  m en tio n ed  series w here th e  w ork  of io n iza tion  is th e  sm a lle s t.

On basis o f  th e  frequenc ies o f  th e  0  — H  valence v ib ra tio n s  we succeeded  
in p ro v in g  th e  presence o f m ore or less s tro n g  hydrogen  bridges in  th e  d ioxim e 
com plexes o f a ll d iv a len t tra n s it io n  m eta ls  [2]. T hus, i t  is lik e ly  t h a t  these  
d iox im e com plexes have an  a p p ro x im a te ly  sq u a re -p lan a r a r ra n g e m e n t. T heir 
fo rm u la  m ay  be w ritte n  as follow s on  page 144.

I t  can  be seen in th is  s t ru c tu ra l  fo rm ula  th a t  th e  m olecule  a c tu a lly  
consists  o f fo u r condensed  rin g s. T he stab iliz in g  effect o f th e  h y d ro g en  bridges 
is due  to  th e  fo rm a tio n  o f  th e  tw o  rin g s deno ted  b y  1, while in  th e  tw o  five- *

* P a r t  V II: B o rger , К.., E g y e d , L , R u f f , L : J .  Ino rg . N ucl. Chem. 28, 139 (1966).
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m em b ered  rings, d e n o te d  b y  2, con jugation  is e x te n d e d  th ro u g h  the  m e ta l ion 
(q u as i-a ro m a tiza tio n ). C onsequen tly , th e  s ta b iliz in g  effect o f th e  donor n  bond 
m an ifes ts  itse lf p r im a r i ly  th ro u g h  these  rings.

In  dioxim e co m p lex es b o th  stab iliz in g  e ffec ts  a p p ea r para lle l to  each  
o th e r , c o n tr ib u tin g  to  th e  stab iliza tio n  o f th e  lig an d  fie ld . T hus, it appeared  
p ro m ising  to  ca rry  o u t  in v es tig a tio n s  b y  w h ich  th e se  tw o effects m a y  sep a 
r a te ly  be stu d ied . S u ch  an  in v estig a tio n  can be c o n d u c te d  in tw o d ifferen t w ays:

1. In v e s tig a tin g  th e  com plexes o f a lig an d  w here  th e  fo rm atio n  o f h y d ro 
gen  bridges is so m eh o w  in h ib ited . A co m p ariso n  o f th e  s ta b ility  o f these  
com plexes w ith  th o se  o f  th e  corresponding  d io x im e chela tes affords in fo rm ation  
as reg a rd s  th e  e x te n t o f  s tab iliz a tio n  b y  th e  h y d ro g e n  b ridge . In  order to  p rev en t 
th e  fo rm atio n  of th e  h y d ro g e n  bridge, e.g., one o x im e g roup  m ay  be co n v e rted  
in to  an  = N — О — CH.j g ro u p . In v es tig a tio n s  o f  th is  ty p e  have  heen carried  out 
b y  Ch a r l e s  an d  F r e i s e r  [3] w ith  d im e th y lg ly o x im e  m o n o m eth y l e th e r . H ow 
ev e r, th is  su b s titu tio n  m a y  lead , in  a d d itio n  to  in h ib itin g  the  fo rm atio n  of 
th e  hyd rogen  b rid g e , to  changes in the  e le c tro n  d is tr ib u tio n  o f th e  m olecule , 
a n d  m ay  even cause s te r ic  h ind rance . C o n seq u en tly , th is  m eth o d  gives on ly  an  
a p p ro x im a tiv e  in fo rm a tio n  ab o u t th e  s tab iliz in g  e ffec t o f the  hydrogen  b ridge .

2. The second p o ss ib il i ty  involves th e  use o f  a lig an d  w here th e  fo rm atio n  
o f th e  “ a ro m a tic”  r in g  (d en o ted  by  2) is in h ib ite d  or a t  le a s t h in d ered . In  
th is  w ay  in fo rm atio n  m a y  be o b ta ined  concern ing  th e  e x te n t o f th e  stab iliz in g  
e ffec t o f th e  donor n  b o n d . T he fo rm ation  o f  th e  “ a ro m a tic ” rin g  can be in h ib 
ite d  by  app ly ing  in  p lace  o f  d im ethy lg lyox im e (d ing) lig an d , e.g., the  u n id e n ta te  
lig a n d  ace ta ldox im e (aao ). U sing the  la t te r ,  th e  decrease  of s ta b ili ty  co m p ared  
w ith  th e  co rrespond ing  d im ethy lg lyox im e co m p lex  is due to  tw o fac to rs : (a) 
to  ch e la te  effect an d  (b) to  th e  absence o f th e  s ta b iliz in g  ac tion  o f an a ro m a tic  
rin g .

In  o rder to  s tu d y  th e se  tw o effects se p a ra te ly , a ligand  is to  be selected  
in  w hich  only one o f  th e  effec ts  is possible. In  th e  case o f ace ty lace to n ed io x im e 
(aado) as th e  lig an d , th e  r in g  is six -m em bered , in  c o n tra s t  to  d im ethy lg lyox im e 
com plexes. A c o n tin u o u s  con ju g a tio n  in th is  r in g  is im possib le , an d  s ta b iliz a 
tio n  due to  a ro m a tiz a tio n  c an n o t take  p lace. H o w ev er, th e  chela te  effect is n o t 
su sp en d ed , because a c e ty la ce to n e  dioxim e is a b id e n ta te  ligand.*

* I t  m u st be n o te d  th a t  a n y  changes in  th e  n u m b e r  o f  c a rb o n  a to m s of th e  r in g  also 
a ffec t th e  s tre n g th  of c h e la te  e ffect. Still, accord ing  to  l i te r a tu re  [12], th is  facto r is negli
g ib le com pared  w ith  th e  e ffe c t exam in ed  in  our p re se n t s tu d y .
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On th e  basis o f  th e  ab o v e  co nsidera tions, th e  scope o f o u r p re se n t in v es tig 
a tions was the d e te rm in a tio n  o f th e  s tab ilitie s  o f  th e  ace ta ld o x im e  an d  acety l- 
ace toned iox im e com plexes o f tra n s itio n  m etals. T hus fa r, o f these  com plexes 
on ly  th e  ace ty lace to n ed io x im e  com plexes of co p p e r(II)  [4, 5] and  n ickel(II) 
[6] have been in v e s tig a te d  by  p re p a ra tiv e  s tu d ies  a n d  by  m easu rem en ts  by  
u ltrav io le t and  in fra red  sp e c tro p h o to m e try . B e n  B a s s a t  an d  B i n e n b o y m  

[5, 6] re p o rte d  th a t  th ese  com plexes have th e  com p o sitio n  M e(aado)2, and  th a t  
b inuc lear h y d ro x o  m ixed  com plexes arc p re c ip ita te d  from  an aqueous copper(IJ) 
so lu tion  in  w hich th e  ra tio  m e ta l: aado  is 1 : 1. In  re sp ec t to  th e  co b a lt(II)  com 
p lex  o f ace ty lace to n ed io x im e , the  m en tioned  a u th o rs  re fe rred  m erely  to  th e ir  
o b se rv a tio n  th a t  it  m ay  be u tilized  as a sensitive  re a g e n t for th e  d e tec tio n  of 
c o b a lt( I I )  ions in  th e  p resence  o f n ickel(II). On th e  basis o f  th e  Jo b  curve o f the  
n ick e l(II) com plex  o f ace ty lace to n ed io x im e , th e  a p p a re n t  s ta b ili ty  c o n s ta n t of 
the  com plex  was e s tab lish ed , h u t th e  acidic d issoc ia tio n  c o n s ta n t o f th e  ligand 
was n o t ta k e n  in to  ac c o u n t in  th e  ca lcu la tions.

The ace ta ld o x im e  com plexes have been s tu d ie d  so fa r  o n ly  in no il-aqueous 
m edia, m a in ly  from  p re p a ra tiv e  aspects  [7].

2. Experimental

2.1. R e a g e n t s  anil  i n s t r u m e n t s

T he p o ten tio m e tric  m easu rem en ts  w ere carried  o u t  w ith  a n  in s tru m e n t “ R ad io m ete r 
T y p e  рн  m ete r 28” , th e  u l tra v io le t  sp ec tro p h o to m etric  in v es tig a tio n s  w ith  a U n icam  S P  700 
sp e c tro p h o to m ete r, w hile th e  in fra red  sp ec tra  were e stab lish ed  in  p o tassiu m  b rom ide discs 
w ith  a Zeiss U R  10 sp e c tro m e te r. T he m ag n e tic  m easu rem en ts  w ere  m ade  w ith  th e  magnetic- 
pro to n  resonance  m easu rin g  in s tru m e n t o f th e  D e p a rtm e n t fo r N u c lea r P hysics o f th e  L. 
E ö tv ö s  U n iv e rsity , B u d a p es t.

A ceta ldoxim e was p rep ared  acco rd ing  to th e  p re sc rip tio n s  o f  P et r a c z ek  [8 | (b. p. 
1 1 4 -1 1 5 ° ) .

T he ace ty lace to n ed io x im e  (E a s tm a n  O rganic C hem icals) was of an a ly tic a l grade.
T he m eta l sa lts  a n d  perch lo ric  acid  w ere M erck re ag e n ts  o f  a n a ly tic a l g rade.
Sodium  p e rch lo ra te  used  fo r ad ju s tin g  a c o n s ta n t ionic s tre n g th  was p rep ared  from  

co n ce n tra ted  perch loric  acid  w ith  sod ium  ca rb o n a te  o f  a n a ly tic a l g rade.

2.2 . D e t e r m i n a t i o n  o f  th e  ac id ic  d issoc ia t ion  c o n s t a n t  o f  t h e  l ig an d s

T he acid ic  d isso c ia tio n  c o n s ta n t o f ace ta ld o x im e  w as m easu red  ow ing to its  low value, 
by  sp e c tro p h o to m e try  in  ca rb o n a te -free  so lu tions o f sod ium  h y d ro x id e  o f v a rio u s co n cen tra tio n s 
p rep ared  b y  acc u ra te  w eighing, a t  an  aao  co n ce n tra tio n  o f 5 • 10“ 4 m ole (I =  0.3). T he e x 
tin c tio n  w as d e te rm in ed  a t  th e  p o in t o f m ax im u m  a b so rp tio n  o f  th e  d issoc ia ted  ligand , i.e., 
a t  37 000 c m -  !.

T he acid ic  d isso c ia tio n  c o n s ta n t o f ace ty lace to n ed io x im e  w as d e te rm in ed  a t  2 • 10“ 4 M  
co n ce n tra tio n  in  aq u eo u s so lu tio n  an d  in a 50%  aqueous d io x an e  so lu tio n , a t  an  ionic s tre n g th  
of 0.3 M , b y  sp e c tro p h o to m e try  a t  34 000 c m “ 1.

2.3. D e t e r m i n a t i o n  o f  t h e  s ta b il i ty  c o n s ta n t s  o f  t h e  c o m p le x e s

T he s ta b ili ty  c o n s ta n ts  o f th e  ace ty lace to n e  d ioxim e com plexes w ere d e te rm in ed  by 
th e  p o ten tio m e tric  m eth o d  o f Bje r r u m  [10] m odified by  Ca l v in  and  Mel c h io r  [9]. In  the  
aqueous an d  50%  aq u eo u s d io x an e  so lu tions, th e  follow ing c o n ce n tra tio n s  were used: in case 
o f the  n ickel(II) a n d  c o b a lt(I I )  com plexes Содп) 10 3 M  a n d  Caado = 5 • 10 3 iVf; 100.0 ml
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o f th is  so lu tio n  was t i t r a te d  w ith  0.2 N  sod ium  h y d ro x id e ; in  case o f co p p er(II) : C^upi) =  
=  1 0 ~ 4 M  a n d  Caad0 =  10~2 M ;  100.0 m l o f th is  so lu tio n  was t i t r a te d  w ith  0.01 N  sodium  
h y d ro x id e .

T h e  s ta b ili ty  c o n s tan t o f th e  co p p er(II)  com plex o f ace ta ld o x im e  w as d e te rm in e d  by 
p o te n t io m e try ,  b y  t it ra tio n  w ith  0.01 N  sod ium  h y d ro x id e  a t  a  c o p p er(II) c o n ce n tra tio n  of 
10“ 4 M  a n d  a n  ace ta ldoxim e c o n c e tra tio n  o f 10“ 2 M . S ta b ility  m ea su re m e n ts  b y  sp e c tro p h o to 
m e try  w ere  carried  o u t a t  a c o p p e r(II)  co n ce n tra tio n  of 10“ 4 M  a n d  a  lig an d  c o n cen tra tio n  of 
10“ 2 iVf, in  th e  р н  range b e tw een  3 a n d  10; m easu rem en ts  w ere also m ad e  a t  lig an d  concen
t r a t io n s  v a ry in g  betw een 10“ 4 a n d  10“ 1 M .

T h e  m agnetic  p ro to n  re so n an ce  sp e c tra  w ere d e te rm in ed  in  com plex  so lu tio n s o f 10“ 2 M .
A ll m easu rem en ts w ere m a d e  a t  a n  ionic s tre n g th  of I =  0.3 M . T h e  p o ten tio m e tric  

t i t r a t io n s  w ere carried  o u t a t  25 0.01°.

T h e following eq u ilib ria  o f  ace ty lace to n ed io x im e com plexes m u st be 
ta k e n  in to  account in th e  so lu tio n s :

Me2+ a a d o "  ~—  ̂ M e(aado)+ (1)

a n d
к.

M e(aado)+ -(- a a d o "  Me(aado),, (2)

T h u s , the  fo rm ation  fu n c tio n  o f B jerrum  reads

[M e(aado)+ ] +  2 [M e(aado)2] ^

[Me2+] +  [M e(aado)+] +  [M e(aado2)]

or, a p p ly in g  th e  co n v en tio n a l exp ressions for K 1 an d  K 2:

K .  la a d o -1  +  2 K ,  K 2 [ a a d o " ]2 ,
n  = ------— ------------ --------------— — --------------—  (4)

1 -f- K x [ a a d o " ]  -(- K x K„ [ a a d o " ]2

I f

V =  K t [a a d o " ]  (5)

an d

P = ^ -  (6)

th e n  i t  follow s from  E q u a tio n  (4):

= _  v + 2 p v 2n — — ------------—— ( 0
1  +  V -f- p v 2
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O n com paring , acco rd in g  to  th e  u su a l Sillén m e th o d  of n o rm aliza tio n  (11), 
th e  func tions n  =  / ( lg  v ; p )  a n d  n = f ( — lg [aad o ~ ]) (th e  la t te r  being  o b ta in ab le  
ex p erim en ta lly ), th e  values o f  a n d  K 2 can  he d e te rm in ed  (F ig . 1).

In  th e  case o f th e  ace ta ld o x im e  com plex , th e  eq u ilib ria  p rev a ilin g  in 
the so lu tion  can be exp ressed  b y  th e  follow ing eq u a tio n s  (on th e  basis o f 
ev idence to  be d iscussed  la te r) :

Cu2+ -f- a a o -  C u (aao )+ (8)

к,
C u (aao )+ -)- H aao  Cu(aao) (H a a o )+ (9)

к,
Cu(aao) (H a a o )+ -(- aao  -—x C u(aao)2 (H aao) (10)

к,
C u(aao)2 (H aao) -f- H aao  -—k' C u(aao)2 (H aao )2 (11)

F ro m  th e  ab o v e  e q u ilib ria , for th e  fu n c tio n  o f fo rm atio n  we h av e :

ßi [aao - ] -\-2 ß., [aao  ] [H aao ] +  3 [ aao J-[H aao] [ 4 /f4[a a o - ]2[H a a o ]2

I I [aao- ]-f- ß2 [aao  ] [Н аао ] +  /?з [aao- ]2 [H a a o ] -|~Д4 [a a o - ]2 [H a a o ]2

where
ßn =  K ,K ,  . . . A„ (13)

--Ida Chimirn A cade mine Scientiarum Hunga ricae 47. I960.

Fig. 1. C urves o f fo rm a tio n  of th e  tra n s it io n  m eta l com plexes o f ace ty lace to n ed io x im e . 
A A A  C o(aado)2 in  w a te r ;  •  •  •  N i(aado)2 in  w a te r; □  О  □  C u(aado)2 in  w a te r ;  X X X  
N i(aado)2 in  50%  d io x an ; О О О C o(aado)2 in  50%  d io x an . C urves d raw n  in  fu ll lines are 
th e  b es t f i tt in g  n o rm alized  cu rv es (th e  co rrespond ing  site  lg v 0 is d en o ted  in  th e  curve

by  a v e rtica l line)



148 R U F F , B U R G E R : U SE OF ORGANIC REA G EN TS, V III.

W hen  th e  a n a ly tic a l c o n c e n tra tio n  o f ace ta ld o x im e  in  
(cHaao) is su ffic ien tly  h ig h , i ts  p o rtio n  consum ed  b y  d issocia tion  
fo rm a tio n  can be n eg lec ted , th e re fo re :

th e  so lu tion  
and  com plex

[H aao] ^  cHaao ( I 4 )

On in tro d u c in g  th e  sym bo ls

ßi — ß2 [H aao ] (15)

Аз =  ß i  [H aao ] (16)

ß’i  =  ßi [H aao ]2 (17)

E q u a t io n  (12) can be s im p lified  as follows:

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.

- _  (ß i +  2 ß'2) [aao  ] +  (3 ßg +  4 ^ ) [ a a o  ]2 

1 +  (ßi +  ßi) [a a o “ ) +  (ß’3 +  ßi) [aao “ ]2

N ow  let us in tro d u c e  th e  te rm

r  =  H  3 /5 ;+  4/1,) I a a o - ]  (19)

as a n ew  variab le . T h en , we h av e

Ä =  — - (20)
1 +  P i  V +  Рз  V2

w h ere

P t  =  A±M- (2i)
f 13 ßs +  4 ßi

p = Jh±_ßL_ ( 22)

КЗ/?з + 4^

a n d

ßi +  ß i /оз\

*  = 7*Гмй (3)
T he ex p erim en ta l p o in ts  w ere found  to  f i t  th e  curve n — f ( lg v) co rre

sp o n d in g  to  the  e q u a tio n
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v~
h = ---------------- (24)

1 +  —  V-
4

1
w ith  th e  p a ra m e te rs  p { =  p., =  0 and  p 3 =  —  (F ig . 4). A ccording to  E q u a tio n s

(21) — (23), th is  m eans th a t  /?' /?'.
In  th e  sp ec tro p h o to m e tric  m easu rem en ts , th e  degree of fo rm a tio n

[C u(aao)2 (H aao )2] 

cCu
(25)

re fe rred  to  th e  com plex  C u(aao)2 (H aao )2 w as d e te rm in ed  as the fu n c tio n  of 
th e  p H o f th e  so lu tio n . A llow ing for th e  p resen ce  of com plexes o f  v a rio u s  
com position , an d  considering  th e  co rrespond ing  s ta b ili ty  co n stan ts , a  can  be 
w ritten  in  th e  fo rm :

ß4 [a a o “ ]2 [H a a o ]2

1 +  /1, [a a o ~ ] I ß2 [a a o -  ] [ H aao] -f- ß3 [a a o - ]2 [H aao ] |- /3, [aao “ ]2 [H a a o ]2

(26)

W hen  th e  co n d itions (14) to  (17) h o ld , th is  sim plifies to

a = _________ß* [аао ]2
1 +  (ß\ Л-ßi) [аао- ] -j- (ß'A +  ß t ) [аао~]2

(27)

Fig. 2. л  bond stabilization  of the transition m etal complexes of dioxime plotted against the 
th ird  ionization potential of th e  m etal ion

4 Acta Chimica Academiae Scientiarum Hungaricae 47. 1906.
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Fig. 3. J o b  c u r v e  o f  t h e  c o p p e r ( J I )  c o m p l e x  o f  a c e t a l d o x i m e ,  m e a s u r e d  a t  3 3 0 0  c m

Fig. 4. P o t e n t i o m e t r i e  c u r v e  o f  f o r m a t i o n  o f  t h e  c o m p l e x  C u ( a a o ) 2( H a a o ) 2 

( T h e  c u r v e  r e p r e s e n t s  t h e  b e s t  f i t t i n g  n o r m a l i z e d  c u r v e )

in tro d u c in g  the  new  variab le

v =  Vßi taao ]
fo rm u la  (27) will read :

v2

1 + Piv +  PF2
w here

(28)

(29)

Acta Chimica Academiae Scientiarum, Hungaricae 47. 1966.
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and

Pl +  &  (30)
' " =  m  (30>

p , =  Ä ± Ä -  (31)
K«

W hen th e  u su a l n o rm aliza tio n s  are ca rr ied  o u t, the  s ta b il i ty  co n stan ts  
are o b ta in e d . (The e x p e rim e n ta l po in ts f i t  th e  cu rve  p { =  0, p 2 =  1; see F ig . 5.)

F i g .  5. S p e c tro p h o to m e tric a lly  d e te rm in ed  fo rm atio n  fu n c tio n  o f th e  com plex  C u(aao)s(H aao )2 
(The curve re p re se n ts  th e  Lest f i tt in g  no rm alized  curve)

4. R esid ts and discussion

4 .1 . Acidic dissociation constants

T he acidic d isso c ia tio n  co n stan ts  o f th e  in v e s tig a te d  ligands d e te rm in ed  
a t  an  ion ic  s tre n g th  o f  0.3 M  are  sum m arized  in  T ab le  I. F o r th e  sake of 
com parison  also th e  co rresp o n d in g  d a ta  of d im e th y lg ly o x im e  are given.

T able I

A c i d i c  d i s s o c i a t i o n  c o n s t a n t s  o f  th e  i n v e s t i g a t e d  l i g a n d s  i n  0 . 3  M  s o d i u m  p e r c h lo r a t e

Ligand Solvent pKo

A cetaldoxim e ........................ w ater 11.5 ±  0.2
A cety lacetonediox im e w ater 9.9 ±  0.2

50%  dioxan 11.6 ±  0.2
D im ethy lg lvoxim e ............ w ater 10.6

50%  d io x an 11.8

•4- Acta Cliimica Acadcmiaa Scientiarum Hungaricae 17. 1966.
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4 .2 . Effect o f  ring size

A s i t  has been m e n tio n e d  in  th e  in tro d u c tio n , th e  stab iliz in g  e ffec t of 
r in g  size a n d  th ro u g h  th is  t h a t  o f  th e  л  con jugation  w ere s tu d ie d  on  th e  cop- 
p e r ( I I ) ,  n ickel(II) and  c o b a lt( I I )  com plexes of ace ty lace to n e  d iox im e. The 
d e te rm in e d  s tab ility  c o n s ta n ts  are  p resen ted  in T ab le  I I ,  while th e  fu nc tion  
o f  fo rm a tio n  is show n in F ig . 1.

Table II

Stability constants o f acetylacetone dioxime complexes at 25°

(I =  0.3)

Complex' Solvent lg ß t j lg ß., \ Л J Reference

C u (aad o )2 ..................  w a te r  7.6 1 13.2 1 6.0 \ 13

N i(a a d o )2 ..................  w a te r  — 10.1 7.2 14

C o(aado), ................  w a te r  — 9.4 8.3 15

N i(a a d o )2 ..................  '50% d io x an  — 12.7 9.8 1

Co(aado)„ ................  50%  d io x an  6.9 13.3 7.7 1

T h e  d e te rm in a tio n  o f th e  d a ta  show n in T ab le  I I  was n o t d ifficu lt in 
case o f  th e  n ickel(II) an d  c o b a lt( I I )  com plexes because these  m e ta ls , a t  the 
c o n c e n tra tio n s  used in  th e  m easu rem en ts , beg in  to  hyd ro lyze  on ly  a t  ra th e r  
h ig h  p H values (7.5 to  8.5). T h u s , th e  p H range o f  com plex  fo rm a tio n  (from  
6 to  7) is sa tisfac to rily  d is t in c t .  A ccordingly , one need  n o t con sid er the 
p o s s ib il i ty  th a t  h y d roxo  m ix e d  com plexes are  fo rm ed  a long  w ith  the  
“ re g u la r ”  com plexes w hich  w ere  desired to  be s tu d ie d .

T h e  s itu a tio n  is n o t so fav o u rab le  w ith  th e  com plexes o f co p p er(II) 
a n d  iro n ( I I ) .  N am ely, in  th e  f i r s t  case, as a lread y  experienced  b y  B e n  B assa t  
a n d  B in e n b o y m , b in u c lea r o r p o lynuc lear co p p er-h y d ro x o  co m p o u n d s p re 
c ip i ta te  from  the  so lu tion  b ecau se  com plex fo rm a tio n  occurs (a t  th e  sam e 
c o n c e n tra tio n s  as used in  case o f the  n ick e l(II) an d  co b a lt(II)  com plexes) 
n e a r ly  in  th e  sam e p H ran g e  w here  hydrolysis does. T ho u g h  iro n (II)  ions begin 
to  h y d ro ly z e  only a t  p H 7 — 8 , th e  s ta b ility  of th e  co rrespond ing  com plex  is so 
low  t h a t  hydroxo  m ixed co m p lex es are fo rm ed  in  th is  case as w ell.

I n  these  instances we a t te m p te d  to  s e p a ra te  th e  p H range  o f  hyd ro lysis  
f ro m  t h a t  o f com plex fo rm a tio n  b y  using a re la tiv e ly  g rea t (h u n d red fo ld ) excess 
o f  th e  lig an d , and  th e  m e ta l  ion  co n cen tra tio n  was decreased  b y  one order 
o f  m a g n itu d e . U nder su ch  c ircu m stan ces i t  w as possib le to  d e te rm in e  the  
s ta b i l i ty  o f the  copper(II) co m p lex , b u t th a t  o f th e  iro n (II)  co m p lex  p roved  
to  b e  so sm all th a t  its  d e te rm in a tio n  b y  th is  m e th o d  w as im possib le .

T ab le  I I  also show s th e  decrease of s ta b il i ty  (zl) in  re sp e c t to  the  
co rre sp o n d in g  d im eth y lg ly o x im e  com plexes:

A c ta  Chimica Academiae Scientiarum  H angaricae 47. 1966.



R U F F , B U R G E R : USE O F ORGANIC REA G EN TS, V III. 153

Д ^ 2 .dmg lg ^ 2 ,aado

This difference in  s ta b ility , accord ing  to  w h a t has been sa id  in  th e  in tro 
d u c tio n , is due m ain ly  to  th e  fac t th a t  ring  co n ju g a tio n  is no longer possible 
th u s  in the  aado  com plex  th e re  is no p o ss ib ility  for in e ta l- to -lig an d  e lec tron  
tra n s fe r  (fo rm ation  o f  a donor ;r-bond). T his ap p ears  in  a co nv inc ing  w ay in 
Fig. 2 w here th e  values o f  A have been p lo tte d  a g a in s t th e  io n iza tio n  p o te n tia ls , 
Me2+ —*■ Me3+, o f th e  m e ta l ions. I f  th e  w ork  o f  io n iza tion  is h ig h er, th is  s tab iliz 
ing  effect is decreased , in  accordance  w ith  th e  consid era tio n  th a t  th e  p ro b a b ility  
o f th e  presence on th e  lig an d  o f  e lec trons belong ing  to  m e ta l o rb ita ls  and  no t 
in v o lved  in a bonds is g re a te r , if  th e y  are  b o u n d  w ith  less en erg y  to  th e  m etal.

In  th e  case o f b id e n ta te  ligands w here th e re  are no in co m p le te  o rb ita ls , 
and  th u s  the  fo rm a tio n  o f  donor я  bonds is ex c lu d ed , th e  com plexes o f  various 
c e n tra l m eta l ions show , in  general, a n e a rly  id en tica l decrease o f  s ta b ility  
w hen  th e  n u m b er o f  a to m s o f th e  ring  is a lte red . By w ay o f ex am p le , th e  
s ta b ili ty  of e th y len e- an d  1 ,3 -p ropy lened iam ine  com plexes can  be m en 
tio n ed  [12].

The p rob lem  m ay  arise th a t  “ ligand  ex ch an g e”  m ay  lead  to  essen tia l 
a lte ra tio n s  also in  th e  e lec tron ic  s tru c tu re  o f  th e  m e ta l ions. In  c o n tra s t  to  
th e  d im eth y lg ly o x im e com plexes of low  sp in , th e  com plexes o f  ace ty lace to n e- 
d iox im e m ay h av e  h igh  sp in . M agnetic p ro to n  resonance in v e s tig a tio n s  w ith  
th e  N i(aado), com plex  p ro v ed  th e  presence o f  d iam ag n e tic  com plex  p artic les . 
This re su lt confirm s t h a t  ace ty lace to n ed io x im e is a strong -fie ld  lig an d  in  th is  
com plex , s im ilarly  to  d im eth y lg ly o x im e. H ow ever, th is  m e th o d  falls sh o rt 
o f  p e rm ittin g  an  e x a c t d e te rm in a tio n  o f th e  m ag n e tic  m o m en ts , a n d  o th e r 
m eth o d s could n o t be ap p lied , ow ing to  th e  p o o r so lu b ility  o f  th e  com plex.

4.3. Chelate effect

T he e x te n t o f ch e la te  effect observed  in d iox im e com plexes can  be s tu d ied , 
e.g., b y  com paring  th e  s tab ilitie s  o f th e  d im eth y lg ly o x im e a n d  ace ta ld o x im e  
com plexes. F o r th is  p u rp o se , com plex fo rm a tio n  has been  in v e s tig a te d  b y  
p o te n tio m e tric  t i t ra t io n s  in  aqueous so lu tions co n ta in in g  iro n (II) , co b a lt(II) , 
n ick e l(II) or co p p er(II) ions an d  ace ta ld o x im e . O f th e  ex am in ed  m e ta ls , only  
co p p er(II)  fo rm ed a “ re g u la r”  com plex w ith  ace ta ld o x im e , while w ith  th e  o th e r 
m eta ls  p rec ip ita te s  h a v in g  colours s im ila r to  t h a t  o f th e  co rresp o n d in g  m eta l 
h y d ro x id es  p re c ip ita te d  in  th e  course o f  t i t r a t io n . T he e x a m in a tio n  o f  these 
p ro d u c ts  b y  in fra red  sp e c tro m e try  show ed, in d eed , th a t  th e y  co n sis ted  of the  
m e ta l hyd rox ides co n ta in in g  som e, possible o n ly  ad so rp tiv e ly  b o u n d , a c e ta l
dox im e. In  so lu tions o f  co n cen tra tio n s h ig h er th a n  5 • 10 -1 M ,  also coppcr(II) 
ions gave th e  blue h y d ro x o  m ixed  com plexes. H ow ever, these  m ixed  com plexes 
have  n o t been s tu d ie d  in  g rea te r  d e ta il in  th e  p re sen t w ork.

Acta Chimica Academiae Scienliarum Hungaricac 47. 1966.
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T h e  com position o f  th e  “ re g u la r”  co p p er(Il)  com plex  o f ace ta ld o x im e  
h as  b e e n  estab lished  b y  th e  J o b  m eth o d  (Fig. 3). A ccord ing  to  ou r m easu re 
m e n ts , th is  com plex has th e  co m p o sitio n  C u(aao)4.*

P o te n tio m e tr ie  t i t r a t io n s  ca rr ied  ou t as described  in  th e  ex p erim en ta l 
p a r t  in d ic a te d , how ever, a co m p lex  fo rm atio n  process in v o lv in g  th e  lib e ra tio n  
o f  tw o  p ro to n s  only, p ro v in g  t h a t  the  com plex has rea lly  th e  com position  
C u (aao )2 (H aao)2. B y th e  sa m e  p o ten tio m e tric  m easu rem en ts , th e  overa ll 
s ta b i l i ty  co n stan t was fo u n d  to  be lg  =  17.0 (F 'g . 4).

T h e  s ta b ility  c o n s ta n ts  w ere  dete rm in ed  b y  sp e c tro p h o to m e tric  m easu re 
m e n ts  as w ell (Fig. 5). T hese m e a su re m e n ts  were ca rried  o u t a t  th e  w ave n u m b e r 
w h e re , accord ing  to  th e  J o b  c u rv e , lig h t is ab so rb ed  on ly  b y  th e  com plex  
h a v in g  th e  com position 1 : 4. T h is  a rran g em en t s im ila rly  in d ica ted  th a t  in  th e  
p re se n c e  o f  a h u n d red -fo ld  excess of ace ta ldox im e b in d in g  of all th e  four 
l ig a n d s  ta k e s  place in  one s te p , an d  th e  s ta b il i ty  c o n s ta n t is lg ßt =  17.4. 
T h e  s ta b i l i ty  co n stan t o f th e  copper(II) com plex  o f d im eth y lg ly o x im e is 
lg  ß2 =  19.24.

T h e  above resu lts  sh o w  t h a t  th e  decrease o f s ta b ili ty  o f th e  com plex  
C u(aao)., (H aao )2 in  c o m p ariso n  w ith  C u(dm g)2 is less s ign ifican t th a n  th a t  
o f  th e  com plex  C u(aado)2. T h is  can  be exp la ined  b y  p rem isin g  th a t  th e  absence 
o f  th e  s tab iliz ing  effect o f a d o n o r л  bond  an d  o f a ch ela te  effect has been 
p a r t ia l ly  com pensated  b y  th e  increase  o f s tab iliz a tio n  due to  th e  hyd rogen  
b r id g e . N am ely , on rin g  c le a v a g e , th e  oxygen a to m s b o u n d  rig id ly  in th e  d i
m e th y lg ly o x im e  com plex  m a y  free ly  m ove up to  an  o p tim u m  d istance  req u ired  
fo r  h y d ro g e n  bonding , a n d  th u s  th e  s tab iliz ing  effect b y  h y d ro g en  bridge 
fo rm a tio n  m ay  m ark ed ly  in c re a se .

T h e  au th o rs  express th e ir  th a n k s  to  Mr. E . A n ta l  fo r his a ss is ta n ce  in  th e  e x p e r
im e n ts .

SU M M A RY

T h e  sta b ility  cond itions o f  th e  ace ty lace to n ed io x im e  com plexes o f co b a lt(II) , n icke l(II) 
a n d  c o p p e r(II) ,  and of th e  a c e ta ld o x im e  com plex of co p p er(II) hav e  been  in v es tig a te d . In  the 
case  o f  ace ty lace toned iox im e, th e  d ecrease  o f s ta b ili ty  co m p ared  w ith  th e  correspond ing  
d im e th y lg ly o x im e  com plexes is a sc rib e d  to  th e  fa c t t h a t  a n y  c o n ju g a tio n  of th e  r in g , and 
c o n se q u e n tly  a  stabilizing  e ffec t b y  d o n o r т  bonds are  im possib le . T he s ta b ili ty  decrease  of 
th e  a ce ta ld o x im e  com plex is a t t r ib u te d  to  two reasons, (a ) ch e la te  effect, an d  (b) lack  of a 
c o n ju g a te d  ring. This s ta b ili ty  d e c re a se  is com pensa ted  in  p a r t  b y  th e  fo rm a tio n  of stro n g er 
h y d ro g e n  bridges.

M agnetic  m easu rem en ts in d ic a te  an  electronic a rra n g e m e n t o f low spin  in  a ce ty la ce to n e 
d io x im e  com plexes.
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u r e m e n ts  alike.
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Über einige theoretische und praktische Probleme der analytischen A nw endung
organischer R eagenzien, VIII.

W irkung  des C hela teffek tes u n d  d er R inggröße a u f  die S tab ilitä t d e r D io x im - 
kom plexe von U b erg an g sm eta llen

I. RUFF und K. BURGER

Z usam m en fassu n g . D ie S ta b ilitä tsv e rh ä ltn is se  de r A cety lace tond iox im kom plexe  des K o b a lt( I I )  
N ickel(II) u n d  K u p fe r(II) , fe rner des A ceta ld o x im k o m p lex es v o n  K u p fe r(Il)  w urden  u n te r s u c h t  
Die im  V e rh ä ltn is  zu r S ta b il i tä t  de r e n tsp rech en d en  D im ethy lg lyox im kom plexe  b e o b a c h te te  
S ta b ilitä tsv e rm in d e ru n g  w ird im  Falle des A c e ty lace to n d io x im s dem  A ufhören  d e r  K o n 
ju g a tio n  des R inges, u n d  d a d u rc h  de r E in s te llu n g  d e r S tab ilis ie rw irk u n g  der D o n o r-7i-B in d u n g  
zugeschrieben . D ie S ta b ilitä tsv e rm in d e ru n g  des A ceta ldox im kom plexes w ird d u rc h  den 
C hela teffek t u n d  d u rc h  das V erschw inden  des k o n ju g ie r te n  R inges e rk lä rt. Diese S ta b i l i tä t s 
v e rm in d eru n g  w ird te ils  d u rc h  E n tw ick lu n g  s tä rk e re r  W asse rs to ff brücken  k o m p en s ie r t.

Die m ag n e tisch en  M essungen w iesen a u f  eine E le k tro n en v e rte ilu n g  m it k le in e  S p in zah l 
bei den  A cety lace to n d io x im k o m p lex en  hin.

О некоторых теоретических и практических вопросах аналитического 
применения органических реагентов, VIII

Влияние хелатного эффекта и размеров кольца на стабильность комплексов 
диоксимов с переходными металлами

И. РУФФ и К. БУРГЕР

Резюме. Были изучены стабильности комплексов ацетилацетон-диоксима с двухвалент
ными кобальтом, никелем и медыо, а также ацетальдоксима с медью(Н). Уменьшение 
стабильности ацетилацетон-диоксимных комплексов по отношению к соответствующим 
диметил-глиоксимным комплексам приписывается прекращению конюгации в кольце и, 
в результате этого, ослаблению стабилизирующего влияния донорной я-связи. Умень
шение стабильности ацетальдоксимных комплексов может быть объяснено, с одной 
стороны, хелатным эффектом, а с другой стороны, исчезновением конюгации кольца. 
Это уменьшение стабильности частично компенсируется образованием более сильных 
водородных связей.

Согласно измерениям магнитной восприимчивости было обнаружено, что ацетила- 
цетон-диокеимные комплексы представляют собой электронные упорядочения с низким 
значением результирующего спина.

R u d ap est V II I .  M úzeum  k ö rú t 4 /b
Dr. Im re  R u f f  

D r. K á lm án  B u r g e r
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THERMAL STABILITY OF THE EUTECTIC MIXTURE 
OF DIPHENYL AND DIPHENYLMETHANE

M. R ô d e r , T. O p a u s z k y  and I . K iss

(D epartm ent o f  C hem istry, Central Research Institu te  fo r  Physics, 
H ung a ria n  A cadem y o f  Sciences, B udapest)

R eceived D ecem ber 15, 1964

P revious in v es tig a tio n s  have show n [1, 2] th a t ,  am ong the  o rg an ic  com 
p o u n d s, a ro m atic  h y d ro ca rb o n s  have  to  he considered  in  th e  f i r s t  p lace  as 
p o te n tia l  n eu tro n  m o d era to rs  an d  coo lan ts in  n u c lea r reac to rs . F o r th is  reaso n , 
th e  eu tec tic  m ix tu re  o f d ip h en y l an d  d ip h e n y lm e th a n e  (D — DM) w as su b je c te d  
to  d e ta iled  in v es tig a tio n s . T he ex p e rim en ta l d a ta  th u s  o b ta in ed  are  su m m arized  
in  T ab le  I.

T he chosen m ix tu re  w as ex p ec ted  to  be m ore su itab le  th a n  o th e r  com 
po u n d s suggested  so fa r, since i t  has a m elting  p o in t low er th a n  ro  om  te m p e rá t  ur 
c o n tra ry  to  th e  m ore ra d ia tio n -re s is ta n t h ig h er m elting  te rp h e n y l isom ers or 
th e ir  m ix tu res , an d  is m ore stab le  u n d e r ra d ia tio n  [3] th a n  th e  low  m elting - 
p o in t iso p ro p y ld ip h en y l suggested  fo r th is  p u rp o se  in  U .S .A . p a te n ts  [4].

F o r e v a lu a tin g  th e  su ita b ili ty  o f  a su b stan ce  to  be used  as m o d e ra to r  
or co o lan t also its  th e rm a l s ta b ili ty  m u st be accu ra te ly  know n. F u r th e rm o re , 
a com parison  o f  p y ro ly tic  an d  rad io ly tic  p ro d u c ts  m ay  y ield  v a lu a b le  in fo r
m a tio n  a b o u t th e  d ifferences in  th e  m echan ism s o f th e  chem ical re a c tio n s  in 
vo lved  in  these  tw o d iffe ren t w ays o f en erg y  tra n sfe r .

Table I

Physical properties o f  the eutectic m ixture o f  d iphenyl and diphenylmethane ( D — D M )

Composition, % by weight M. p., °c B. p., °c Vapour pressure, atm .

D iphenyl ...................

D ipheny lm ethane  . .

28

72
12.2 261.3 (760 

T o rr)

360°C

400°C

450°C

6.50

10.88

20.32

The pyro lysis of d ip h en y l has been  s tu d ie d  by  severa l a u th o rs  [5, 6 , 7] 
in  th e  te m p e ra tu re  ran g e  b e tw een  425 a n d  526°C. The fo rm a tio n  o f  liqu ids 
w ith  h ig h er boiling  p o in ts  as co m p ared  w ith  th e  in itia l s u b s ta n c e , an d  of 
gases was observed , an d  th e  ra te s  o f fo rm a tio n  d e te rm in ed ; a n d  a t te m p ts  
w ere m ade to  e s tab lish  th e  m echan ism  o f th e  p y ro ly tic  re a c tio n  on  th e  basis
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o f  th e se  ra te s . The v a lu es  o b ta in e d  by various a u th o rs  fo r th e  m ean a c tiv a tio n  
e n e rg y  in  the  py ro lysis  o f  d ip h en y l v a ry  from  66 to  93 kcal/m oles.

As regards th e  th e rm a l  decom position  o f  d ip h e n y lm e th a n e , th u s  fa r  only  
th e  m a in  gaseous (h y d ro g e n , m ethane a n d  c a rb o n  m onoxide) an d  liq u id  
( tr ip h e n y lm e th a n e , te tra p h e n y le th y le n e )  p ro d u c ts  from  one-hour py ro ly sis  a t 
4 76°C have been k n o w n  [8 ].

E xperim en tal

In  th e  ex p erim en ts  d ip h e n y l  and  d ip h en y lm eth an e  (F lu k a ), re fined  by  re p ea te d  v a 
c u u m  d is tilla tio n  and  s u b lim a tio n , were used. F ro m  th e  eu tec tic  m ix tu re  (D — DM ) sa m 
p les  o f  0.5 to 2.0 g w ere w e ig h ed  in  am poules o f 10 m m  d ia m e te r  m ade of p y re x  glass. 
T h e  sam p les were deg assed  b y  re p ea te d  freezing o u t, th e  vacu u m -sealed  am pou les were 
th e n  p lac ed  in a s ta in less s tee l c o n ta in e r  and k e p t  in a n  e lec trica l fu rnace  for 50 to  330 
h o u rs  a t  tem p e ra tu res  o f  350, 370, 400, 425, 450 a n d  470°C. T he te m p e ra tu re  w as k e p t 
c o n s ta n t  in  each  case to  a n  a c c u ra c y  of ±3°C .

A fte r  healing , th e  q u a n t i ty  an d  com position  of th e  gas evo lved , an d  th e  a m o u n t 
o f  p ro d u c ts  (“ po lym ers” ) h a v in g  h igher boiling p o in ts  th a n  the  in it ia l  m ix tu re  w ere d e 
te rm in e d .

In  o rder to m easu re  th e  q u a n ti ty  of the  gas e v o lv ed , th e  am poules w ere opened  
in  a n  e v ac u a te d  system  o f k n o w n  volum e equ ip p ed  w ith  a  m an o m ete r, and  th e  increase  
in  p re ssu re  w as m easu red . T h e  com position  of th e  p y ro ly s is  gas, and  th e  n a tu re  o f liq u id  
p ro d u c ts  boiling  below th e  b. p . o f th e  in itial m ix tu re  w ere  e s tab lish ed  w ith  th e  a id  of 
a  m ass sp ec tro m ete r o f ty p e  M I— 1305.

In  o rd er to  e s tab lish  th e  a m o u n t of the  p o ly m eric  p ro d u c ts , th ey  were iso la ted  b y  
v a c u u m  d istilla tio n . A n a liq u o t  o f  th e  hea ted  m ix tu re  w a s  d is tilled  u n d e r co n d itions w hich 
e n su re d  t h a t  only h igher b o ile r  p ro d u c ts  th a n  th e  in it ia l  m ix tu re  w ere left b eh in d  as a 
re s id u e . Since th e  m o lecu la r w e ig h t of a polym eric p c o d u c t is u su a lly  a t  le a s t tw ice  as 
h ig h  a s  t h a t  of th e  in it ia l  c o m p o n e n t, d is tilla tio n  re su lte d  in  a sa tis fac to ry  se p a ra tio n . 
In  se v e ra l cases i t  w as c h eck ed  b y  ch ro m a to g rap h y  (b y  a gas ch ro m a to g rap h  of th e  Pye 
ty p e )  t h a t  no traces of th e  in it ia l  m ix tu re  were p re se n t in  th e  d is tilla tio n  residue. On 
c o m p le tin g  th e  d is tilla tio n , th e  w eigh t of the residue  w a s  m easu red . The m ean  m olecu la r 
w e ig h t o f th e  polym eric p ro d u c ts  w as d e term ined  b y  c ry o sco p ic  m eth o d  in F reon-112 as 
so lv e n t.

Fig. 1. P y ro ly t ic  gas fo rm atio n  a t  v a r io u s  te m p e ra tu re s
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E x p erim en ta l results

On h e a tin g , th e  D —DM m ix tu re  began  to  tu rn  yellow  a lread y  a t  360°. 
T his co lou ra tion  becam e m ore in te n s iv e  w ith  in c reasin g  te m p e ra tu re  a n d  
pyro lysis. A t 450 and 470°, c a rb o n  w as p re c ip ita te d  even  a fte r  re la tiv e ly  
sh o rt periods (15 — 50 hours) o f  h e a tin g . 120 hours a t  450° led to  th e  cok ing  
o f th e  s ta r tin g  m ate ria l.

Fig. 1 show s th e  to ta l vo lu m e o f gases evolved  from  m ix tu res  p y ro ly zed  
a t  various te m p e ra tu re s , p lo tte d  a g a in s t th e  tim e  o f pyro lysis. I t  can  be seen 
th a t  in  the  f ir s t  stage  of p y ro ly s is , gas evo lu tio n  changes lin ea rly  w ith  th e  
d u ra tio n  of th e  hea tin g . The r a te  o f  gas evo lu tion  w as ca lcu la ted  fro m  th e  
lin ea r  sections o f th e  curves (cf. T ab le  I I ) .

Table II

Hutes o f  gus und po lym er fo rm ation  in the pyrolyzed mixture

Temperuture
°c

Quantity of gas formed 
ml/g per hour

Quantity of polymers 
formed

% by wt. per hour

350 0.004 0.008

370 0.007 0.015

400 0.026 0.048

425 0.092 0.20

450 0.40 0.90

470 1.06 2.6

The; an a ly s is  o f the gaseous p ro d u c ts  show ed th a t  a t 400 and 425° m a in ly  
hyd rogen  an d  m eth an e , an d  o n ly  2 to  4 %  o f C2— C,t h y d ro ca rb o n s  w ere fo rm ed . 
In  th e  in itia l s tag e  of pyro lysis  ro u n d  90 %  of th e  gaseous p ro d u c ts  w as h y d ro 
gen, how ever, th e  re la tiv e  h y d ro g e n  co n ten t decreased  to  50%  on h e a tin g  
for 200 h o u rs . A ccordingly, th e  ra tio  o f h y d ro ca rb o n s  rose from  10 to  5 0 % . 
W hen on py ro lysis  a t 450 o r 470°, th e  hyd rogen  co n te n t o f 8 0 %  o b serv ed  
a f te r  5 h ou rs o f  heating , d e c rea sed  to  20%  in a re la tiv e ly  sh o rt tim e . A b o u t 
50 to  55%  o f th e  h y d ro carb o n s consisted  of m e th an e . T he changes in  th e  com 
position  o f th e  gaseous p ro d u c t d u rin g  pyro lysis a t 450° are show n in F ig . 2 .

O th er d e tec ted  deco m p o sitio n  p ro d u c ts , h av in g  m olecu lar w eig h ts  low er 
th a n  those o f  th e  initial p ro d u c ts , w ere benzene an d  to luene . T he a m o u n t 
o f these h y d ro ca rb o n s  rose w ith  increasing  py ro lysis  te m p e ra tu re s .

The p o ly m er co n ten t o f  sam p les  pyro lyzed  a t various te m p e ra tu re s  show ed 
in th e  in itia l sec tion  an a p p ro x im a te ly  lin ea r change w ith  the  perio d  o f  h e a tin g  
(cf. Fig. 3). T he d a ta  in Fig. 3 in d ic a te  th a t  th e  e rro r  o f d e te rm in a tio n  is g re a te r  
if the  p o ly m er co n ten t is low ; as to  be ex p ec ted  for the  e x p e rim en ta l m e th o d
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a p p lied . The ra te s  o f  p o ly m er fo rm ation  lis te d  in  T able  I I  w ere o b ta in ed  b y  
g ra p h ic a l ca lcu la tio n  fro m  th e  d iagram s g iven  in  Fig. 3.

The values o f  th e  m ean  m olecular w e ig h ts  o f th e  po lym ers (Table I I I )  
show  th a t  up to  425° th e  m ean  m olecu lar w eig h ts  increase w ith  th e  tim e  o f 
h e a tin g . The m o lecu la r w eights of sam ples h e a te d  to  450 an d  470° could be

F ig . 3. P o ly m er fo rm ation  a t  v a r io u s  te m p e ra tu re s
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d ete rm in ed  for v e ry  sh o rt periods o f py ro lysis  o n ly  ow ing to  consid erab le  
ch arring .

Table III

M ean molecular weights o f  polym ers

Time of pyrolysis 
hrs

Polymer content
Mean molecular weight of polymers at various pyrolysis 

temperature*
%

350 400 425 450 I 470°C

285 2.06 282

144 6.05 317

313 18.0 326

49 11.3 316

146 28.8 392

19 17.5 341

5 20.9 367

Discussion

In  Fig. 4 the  lo g a rith m ic  values of th e  r a te s  o f  fo rm ation  of th e  g aseous 
an d  po lym eric  p ro d u c ts  p lo tte d  versus th e  rec ip ro ca l values of ab so lu te  te m 
p e ra tu re  are  show n. I t  is seen th a t  th e  d ep en d en ce  o f th e  ra te  o f p y ro ly tic  
decom position  on te m p e ra tu re  can be described  in  fa ir  ap p ro x im atio n  b y  th e  
A rrhen ius eq u a tio n .

t 'ig . 4. The ra te s  of gas an d  po ly m er fo rm atio n  p lo tte d  ag a in s t th e  tem p e ra tu re  o f p y ro ly sis
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T he overa ll a c tiv a tio n  energy  o f b o th  gas evo lu tion  and  p o ly m er fo rm atio n  
p ro cesses  show s a su d d en  change above ~  400°. The ac tiv a tio n  energ ies o f the  
p ro cess  below  an d  above th is  te m p e ra tu re , as calcu lated  on th e  basis  o f th e  
d a ta  in  F ig . 4 are g iven  in  T able IV .

Table IV

A ctiva tion  energies o f the processes o f  gas and polym er fo rm a tio n

Temperature A ctivation energy, kcal/mole

Gas formation Polymer formation

below a b o u t 400° . . . . 35 ±  2 33 ±  2

above a b o u t 400° . . . . 56 ±  2 59 ±  2

T his sudden  increase  in  the  a c t iv a tio n  energy  in d ica tes  th e  th e rm a l 
c ra c k in g  o f th e  m ix tu re  to  begin p re su m a b ly  a t  th e  tem p e ra tu re  o f  th is  change 
o f  en e rg y .

A ch a in  re a c tio n  below  400° is im p ro b a b le  because, acco rd in g  to  Sem io- 
n o v ’s th e o ry  [9], one o f th e  p re req u is ite s  o f  a chain  reaction  is:

E  =  E +  Q -
2

w h ere  E  is th e  overa ll a c tiv a tio n  en erg y  o f  th e  process d e te rm in e d  e x p e ri
m e n ta lly , Q th e  en erg y  of chain in i t ia t io n , an d  e th e  a c tiv a tio n  energy  
o f  th e  slow est s tep  o f th e  chain  reac tio n .

In  th e  com ponen ts of th e  D — DM  m ix tu re ,  th e  bond  be tw een  th e  p h en y l 
a n d  b en zy l rad ica ls  [C6H 5 — CH2C6H 5] has th e  low est b ind ing  e n e rg y : ~ 7 6 .5  
k ca l/m o le  [10]. E v en  i f  chain  in itia tio n  ta k e s  p lace w ith  th e  ru p t u re  o f  th is

Q
w e a k e s t b o n d , i.e. =  38.2 kcal/m ole a n d  e =  0, th e  overall a c tiv a tio n  energv

2 K
sh o u ld  be m ark ed ly  g re a te r  th a n  th e  v a lu e  fo u n d  in  the  ex p e rim en ts .

C om paring  th e  a c tiv a tio n  energies o f th e  gaseous and  po lym eric  p ro d u c ts  
fo rm e d  in  th e  th e rm a l c rack in g  of th e  D — D M  m ix tu re  w ith  d a ta  r e p o r te d  for 
o th e r  co m p o u n d s, we fin d  th a t  the  en erg y  o f  ac tiv a tio n  is low er th a n  th a t  of 
d ip h e n y l, an d  i t  a p p ro x im a te ly  agrees w ith  t h a t  o f  m onoisopropyl- a n d  m o n o 
m e th y l-d ip h e n y l. A co m p ariso n , in tu rn ,  o f  th e  ra te s  of p o ly m er fo rm a tio n  
w ith  d a ta  o f  li te ra tu re  (Table V) shows th a t  th e  th e rm a l s ta b ility  o f th e  eu tec tic  
m ix tu re  is low er b y  a b o u t one order o f m a g n itu d e  th an  th a t  o f d ip h e n y l, an d  
is o f  th e  sam e o rder o f m ag n itu d e  as th a t  o f  m ono iso p ro p y ld ip h en y l a n d  of 
S a n to w a x  R.

O n co m p arin g  th e  re su lts  of py ro lysis  w ith  th e  d a ta  o b ta in e d  from  the  
ra d io ly s is  o f  th e  m ix tu re , an  essen tia l d ifference  is observed in  th e  co m p o sitio n
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T able  V

Rates o f  po lym er fo rm a tio n

Substance
g/g: 1rs

References
400 425 450 470

D ipheny l ................................. 0.000018 0.00015 0.0006 [ i l l
S an to w ax  R ............................ 0.00029 0.00067 0.0027 0.012 [12]

M ono-isopropyl d ipheny l . . 0.001 0.004 0.015 [11
D —DM ................................... 0.00048 0.002 0.009 0.026

of th e  gaseous p ro d u c ts . T he ra d ia tio n  resis tan ce  o f  th e  m ix tu re  D — DM  w as 
ex am in ed  b y  irra d ia tio n  te s ts  in a n u c lea r  re a c to r  [3]. T he com p o sitio n  o f 
th e  gases fo rm ed  on ir ra d ia tio n  a t  115° p lo tte d  a g a in s t th e  ab so rb ed  ra d ia t io n  
doses is show n is F ig . 5. These d a ta  show  th a t  th e  gaseous p ro d u c ts  of 
rad io lysis  consist o f ~  9 1 %  h y d ro g en , ~  1 — 2 %  m e th an e  a n d  ~  7 — 8 %  
C2H n, a n d  th e  ra tio  o f th e  co m p o n en ts  rem ains p rac tica lly  u n ch an g ed  
w hen  th e  doses are  in creased  (up  to  ab o u t 3 0%  p o lym er c o n te n t) . 
O n p y ro ly s is , in  tu rn , th e  p ro lo n g ed  h ea t t re a tm e n t gives rise  to  
m ark ed  changes in  th e  com po sitio n  o f th e  fo rm ed  gaseous p ro d u c ts :  th e  
h y d ro g en  c o n te n t is co n sid e rab ly  decreased  (from  ^ 9 0 %  to  ~ 5 0 % )  w ith

Fig. 5. C om position  of th e  gaseous p ro d u c t fo rm ed durin g  th e  rad io ly sis  o f th e  m ix tu re  D — DM 
an d  th e  influence of the  dose on  th e  m ean  m olecular w eight of th e  po lym eric  p ro d u c ts
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a correspond ing  in c re a se  o f  the  ra tio  o f h y d ro c a rb o n s . The h y d ro carb o n s form ed 
a t  400—425° co n sis t a lm o s t exclusively  o f  m e th a n e , and  ap p rec iab le  am o u n ts  
o f  C2H a—C4H n a p p e a r  on ly  a t h igher te m p e ra tu re s .

Since th e  gaseous p ro d u c t of a p y ro ly sis  p erfo rm ed  a t  low er te m p e ra tu re  
consists  m ain ly  o f  h y d ro g e n  and  m e th a n e , i t  m a y  be p resum ed  th a t  a t 400 — 
425° th e  gas p ro d u c ts  are  form ed m ain ly  b y  th e  ru p tu re  o f C— H  an d  C6H 5— 
C H 2— C6H 5 b o n d s, a n d  th e  ru p tu re  o f th e  s tro n g  C — C bonds in  th e  a ro m atic  
r in g  ta k e s  place a t  h ig h e r  tem p era tu res  o n ly . I t  is know n from  li te ra tu re  
[13] th a t  p ro b a b ility  o f  th e  ru p tu re  o f an  a ro m a tic  ring  is h igher on irrad ia tio n  
th a n  in  the  case o f  lo w -tem p era tu re  p y ro ly s is .

The py ro lysis  o f  th e  m ix tu re  D — D M  lead s to  po lym eric  p ro d u c ts  of 
m o lecu la r w eights lo w er th a n  those a ffo rd ed  b y  rad io lysis (F ig . 5). This fac t 
in d ic a te s  th a t  th e  p ro b a b ili ty  of fo rm a tio n  o f  lo n g er po lym ers on pyro lysis is 
m u ch  low er. T his is re a d ily  u n d ersto o d , since rad io lysis  offers m uch m ore 
fav o u rab le  co n d itio n s  fo r po ly m eriza tio n , fu rth e rm o re  h igher te m p e ra tu re s  
m a y  cause th e  d eco m p o sitio n  of p o ly m er m olecules fo rm ed  p rev iously .

T he a u th o rs ’ th a n k s  a re  expressed to  M r. K . U jszÁ sz i for c a rry in g  o u t th e  m ass 
sp e c tro m e tric  m e a su re m e n ts .

SU M M A R Y

T he th e rm al s ta b il i ty  o f  th e  eu tectic  m ix tu re  o f d ip h en y l an d  d ip h en y lm eth an e  has 
b e e n  in v es tig a ted  b y  d e te rm in in g  th e  a m o u n t a n d  c o m p o s itio n  o f th e  gaseous p ro d u c t form ed 
a n d  th e  degree of p o ly m e riz a tio n  of the  in itia l co m p o u n d s in  pyro lysis reac tio n s  o f 5 to  300 
h o u rs , in  th e  te m p e ra tu re  ra n g e  betw een  350 a n d  470°C.

T herm al c rack in g  o f  th e  m ix tu re  tak es  p lace  ab o v e  400°. C onsequen tly , th e  m ix tu re  
m a y  be used as a re a c to r  c o o la n t on ly  below  th a t  te m p e ra tu re .

C om parison o f th e  gaseous, liquid  a n d  p o ly m eric  p ro d u c ts  o f p y ro ly sis w ith  those  
o b ta in e d  on ir ra d ia tio n  c le a r ly  shows the  d iffe re n t m ech an ism s of p y ro ly tic  a n d  ra d io ly tic  
processes.
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Über die W ä rm e s ta b ilitä t des eu tek tisch en  G em isches von D iphenyl
und D iphenyhncthaii

M. RÖDER, I. OPAUSZKY und I. KISS

Z usam m enfassung , D ie W ä rm e s ta b ili tä t  des eu te k tisch e n  G em isches von  D ipheny l u n d  D i
p h en y lin e th an  w urde  d u rc h  M essung de r M enge u n d  Z u sam m en se tzu n g  je n e r  G asp ro d u k te  
die a u f  E in w irk u n g  e in e r 5 — 300 stü n d ig en  W ärm eb eh an d lu n g  im  T e m p e ra tu r in te rv a ll  350 — 
470°C geb ildet w u rd en , fe rn e r d u rc h  E rm ittlu n g  des P o ly m erisa tio n sg rad es  d e r A usgangs
v e rb in d u n g en  u n te rsu c h t.

E s w urde d ab e i fe s tg es te llt, d aß  de r W ärm eab b au  des G em isches ü b e r 400°C s t a t t 
f in d e t. So k ann  das G em isch n u r  u n te r  d ieser T e m p e ra tu r  als R e ak to rk ü h ls to ff  v e rw en d e t 
w erden.

E in  V ergleich d e r  p y ro ly tisc h e n  gasförm igen, flü ssig en  u n d  P o ly m erp ro d u k te  m it den  
a u f  E inw irkung  von  B estrah lu n g  geb ilde ten  P ro d u k te n  wies a u f  d ie v o n e in an d er abw eichenden  
M echanism en der p y ro ly tisc h e n  u n d  rad io ly tisch en  V orgänge hin .

Термическая стабильность эвтектической смеси дифенила с дифенилметаном
М. РОДЕР, И. ОПАУСКИ и И. КИШ

Резюме. На основе количества и состава газовых продуктов, образованных при 5— 300- 
часовой термической обработке в интервале температур: 350 — 470° С, а также на основе 
степени полимеризации исходных соединений была исследована термическая стабиль
ность эвтектической смеси дифенил-дифенилметан.

Было установлено, что термический крекинг смеси наступает выше 400° С; поэтому 
ее можно использовать в качестве теплоносителя реактора лишь ниже этой температуры.

На основе сравнения газообразных, жидких и полимерных продуктов пиролиза с 
продуктами, образующимися под влиянием облучения, можно показать различие между 
механизмами процессов пиролиза и радиолиза.

Miss M agda R ô d e r  
Is tv á n  O p a u s z k y  
D r. Is tv á n  Kiss

B u d ap est X II . K o n k o ly  Thegc ú t
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SURFACE TENSION STUDIES OF SOME BINARY SYSTEMS
P Y R ID IN E  AN D  A C ETIC  A CID

( SHORT COMM и м е л  T W  N )

К . М. S. SuiNDARAM

(D epartm ent o f  Chem istry, U niversity  o f  Ghana, Legon, Ghana)

R eceived Ju n e  10, 1965

In tro d u c tio n

V arious physico -chem ical s tud ies of th e  sy s te m  p y rid ine  ace tic  acid  have 
h een  rep o rted , such  as e lec trical co n d u c tan ce  [1 — 5], v isco sity  [6 — 9], 
d e n s ity  [10], boiling p o in t d e te rm in a tio n s  [11 -13], freezing p o in t depression  
[14, 15], hea t o f m ix in g  [16], v ap o u r p ressu re  [17], co m p ress ib ility  [18], 
R a m a n  effect |19 — 2 2 ], light sc a tte rin g  [23], e lec tric  p o la riz a tio n  [24, 25], 
m ag n etic  su scep tib ility  [23, 26], NM R [27 — 29], in fra red  sp e c tra  [30], and  
X -ra y  d iffrac tion  [31] m easu rem en ts . The o v era ll conclusions p re se n te d  to  
ex p la in  th e  sin g u la rities  o b serv ed  in  the p ro p e r ty  — c o n cen tra tio n  re la tio n sh ip  
h av e  been e ith e r co m p o u n d  fo rm atio n  or th e  m ax im u m  io n iza tio n  o f th e  acid 
a t  a p a r tic u la r  co m p o sitio n  o f th e  m ix tu re . D u rin g  th e  course o f  a s tu d y  of 
v a rio u s  physica l a n d  th e rm o d y n am ica l p ro p e rtie s  o f n o n aq u eo u s organ ic  
acid  — base system s, i t  has been  considered d esirab le  to  m easure th e  surface 
te n s io n  o f acetic  ac id  p y rid in e  m ix tu res  o f v a ry in g  mole frac tio n s  n o t  only 
due  to  th e  p a u c ity  o f  su ch  d a ta  b u t  also to  c ritic a lly  exam ine an d  d ra w  su itab le  
conclusions to  s u b s ta n t ia te  e ith e r  of th e  tw o  e x p la n a tio n s  offered  so far.

E xperim en ta l

M aterials

B. D. H. “ A n a laR ”  sam p les o f py rid in e  (b- P- теп Torr 115.6°, пь5 1.5067 a n d  d f  0.9782) 
a n d  g lacial ace tic  acid  (b . p . 76o Torr 118.5°, nf,6 1.3698 a n d  d j 5 1.0436) were p u rified  b y  frac tio n a l 
d is tilla tio n  in an  all-glass a p p a ra tu s .  T he physical c o n s ta n ts  o f  th e  reag en ts  u sed  conform ed 
to  those  found  in th e  l i te ra tu re  [32, 33].

M easurem ents and  resu lts

M ix tures o f d iffe re n t co m positions (of ab o u t 25 m l vo lum e) w ere p re p a re d  b y  w eighing 
a n d  tran sfe rrin g  th e  re q u ire d  a m o u n ts  o f  py rid ine  an d  a c e tic  acid  in glass s to p p e re d  pyrex  
flask s, and  th e  mole %  c o m p o s itio n  was calcu la ted  from  th e  w eigh ts o f the  in d iv id u a l com po
n e n ts  and  th e ir  re sp ec tiv e  m o lecu la r w eights.

Surface tension  m ea su re m e n ts  were carried  o u t  in a th e rm o s ta t  a t  25° ±  0.05°C  using 
c ap illa ry  h e igh t a p p a ra tu s  s im ila r to th a t  o f H arkins a n d  J ordan  [34], an d  th e  v a lu es were 
c a lcu la ted  using  the  e q u a tio n  g iven  in th e  lite ra tu re  [35] a f te r  ap p ly in g  th e  n ecessa ry  co rrec tio n  
fo r v a r ia tio n  in th e  d ia m e te r  o f  th e  cap illa ry  tu b e . T he m easu rem en ts  were re p e a te d  several 
tim es w ith  each  m ix tu re  to ge t co n co rd an t values. I n  a ll cases th e  m ax im u m  e rro r  in  the 
su rface  tension  values o f th e  sy s tem  rep o rted  herein  was w ith in  ± 0 .0 3 % .
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D e n s ity  d e te rm in a tio n s w e re  carried  o u t a t  25° dr 0.05°C using  a p y k n o m e te r  w ith  
s to p p e r s  o n  e ith e r side of th e  a rm s  to  m inim ize the  e rro r d u e  to  e v ap o ra tio n . In  c a lcu la tin g  th e  
d e n s i ty  o f  th e  m ix tures, c o rre c tio n  fo r  th e  b u oyancy  o f  th e  a ir  w as ta k e n  in to  co n sid era tio n . 
R e s u lts  a re  recorded in  T ab le  I  a n d  in  Fig. 1.

Discussion

M ost of the p h y sico -ch em ica l studies of th e  sy s te m  p y r id in e —ace tic  acid 
h a v e  sh o w n  th a t  a s in g u la r i ty  is observed a t  84 m ole %  of ac id , a lth o u g h  
so m e w o rk ers  [19,23] e x p re sse d  d isagreem ent w ith  th is  conclusion, an d  suggested  
t h a t  p a r t ic u la r  b eh av io u r is fo u n d  a t  60 an d  40 m ole %  acid  co n c e n tra tio n ,

re s p e c tiv e ly . The p re se n t su rfa c e  tension m e a su re m e n ts  o f th is  sy s te m  do 
n o t  r e v e a l  any  no tab le  c h a n g e  a t  40 or 60 m ole %  acid . M any ea rlie r w orkers 
in te r p r e te d  the s in g u la rity  n o te d  a t 83 mole %  o f ac id  as being  due to  com plex  
fo rm a tio n  betw een th e  o rg a n ic  ac id  and  th e  w eak  b ase , th o u g h  th e  m echan ism  
o f  s u c h  com plex fo rm a tio n  a n d  the  in te rm o le c u la r  bonds in v o lv ed  have 
re m a in e d  obscure. Ve n k a t e s a n  and  Su ry a n a r a y a n a  [5], th o u g h  th e y  ob
s e rv e d  a  m axim um  in  th e  p r o p e r ty —co n cen tra tio n  cu rv e  a t  83 m ole %  o f acid , 
a s c r ib e d  th is  to  the  m a x im u m  ion ization  of a ce tic  ac id . This co n cep t is ra th e r  
p e r t in e n t  for our p re se n t d iscu ssio n .

F ro m  co n d u c tiv ity  s tu d ie s  of organic ac ids in  p y rid in e , H a n t z s c h  

a n d  C a l d w e l l  [3 6 ]co n c lu d ed  t h a t  in p y rid in e  th e se  su b stan ces  fo rm p y rid in iu m
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sa lts  of th e  fo rm u la  C5H 5N H +, X - ; th is  view  is c o rro b o ra te d  by  th e  R am an  
sp ec tra  [37] o f  v a rio u s h e terocyclic  bases in  a lip h a tic  acids.

The e lec tro n  d e n s ity  o f th e  n itrogen  a to m  in  th e  p y rid in e  rin g  ca lcu la ted  
by  th e  M. O. m e th o d  is found  to  be 1.633, th e re fo re  L o n g u et-H iggins and  
Coulson  [38] a rgue  th a t  th e  n itro g en  a to m  will show  s tro n g  a ff in ity  to w ard s  
ca tio n s, especia lly  p ro to n s . S im ilar views are  ex p re ssed  b y  I w a izu m i [39]. 
F reym ann  et al. [28] ex p la in ed  th e  low  field  sh ift o f  th e  N M R  sp ec tra  o f p y rid i
ne — acetic  acid  m ix tu re s  a t  h igh  acid  co n cen tra tio n s  as due  to  th e  d issocia tion  
o f th e  com plex  fo rm ed  w ith  th e  tw o co m p o n en ts . T he tw o  e x tra  p e lec trons 
o f th e  n itro g en  a to m  in  p y rid in e  read ily  c o o rd in a te  w ith  a p ro to n  to  form  
p y rid in iu m  ion , th u s  stab iliz in g  th e  h e te ro p o la r  re so n an ce  s tru c tu re s  o f  th e  
accep to r m olecule. Follow ing th e  reasoning  o f  Ven k a t e sa n  an d  Su r y a n a - 
rayana  [5], a d d itio n  of p y rid in e  to  acetic  acid  causes th e  la t te r  to  ionize m ore 
an d  a t  low  co n cen tra tio n s  o f  th e  base , giv ing rise  to  ace tic  ions, p y rid in iu m  
ions an d  som e free h y d ro g en  ions, th e  co n c e n tra tio n  o f  w hich  d im in ishes w ith  
increasing  c o n c e n tra tio n  o f  p y rid in e ; i t  is u n d e rs ta n d a b le  th a t  bey o n d  50 
mole %  p y rid in e , no  free h y d ro g en  ions can  p o ssib ly  e x is t. A t leas t 17 m ole %  
o f p y rid ine  has been  show n to  be necessary  for co m p le te  ion iza tion  of ace tic  
acid  in  p y rid in e . I t  is p o in ted  o u t [5] th a t  ow ing to  th is  m ax im um  io n iza tion , 
various physica l p ro p e rtie s  such  as co n d u c tan ce , v isco s ity , d en sity , re frac tiv e  
in d ex , vo lum e c o n c e n tra tio n , e tc . ex h ib it a m a x im u m  a t  a com position  of 
83 mole %  o f ace tic  acid.

Table I

% by weight of 
acetic acid

Mole % of 
acetic acid Density Surface tension, 

dynes • cm — 1

0 0.9782 36.50

8.45 0.184 0.9858 36.02

18.39 22.89 0.9963 35.49

24.68 30.15 1.0031 35.27

33.05 39.40 1.0129 34.80

42.62 49.45 1.0250 34.25

55.56 62.22 1.0440 33.63

61.94 68.19 1.0541 33.25

69.54 75.05 1.0653 32.73

75.18 80.00 1.0721 32.64

79.31 83.47 1.0750 32.46

86.62 89.51 1.0742 30.06

93.45 94.94 1.0631 28.29

100 1.0436 26.88
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In  T ab le  I  the  d en sity  a n d  su rface  ten sio n  d a ta  of th e  sy s te m  p y rid in e  
a c e tic  a c id  are recorded . A p lo t o f  th e  su rface  ten sio n  ag a in s t th e  m ole %  com 
p o s itio n  (n o t rep roduced  h e re ) show s th a t  th e  lin ea rly  d ecreasin g  v a lu es  have 
an  a b r u p t  b reak  a t  th e  p e rc e n ta g e  com position  o f 83 m ole %  o f ace tic  acid. 
T h is is p resu m ab ly  due to  s tro n g e r  a t tra c t io n  betw een  so lv en t m olecules 
a n d  io n ic  species p resen t in  th e  sy s te m  a t  t h a t  com position . T he force o f  a t t r a c 
t io n  b e tw e e n  an ion an d  a d ipo le  h av in g  th e  m ost fav o u rab le  o rie n ta tio n  is 
v e ry  s tro n g , especially  in  sy s tem s  o f low  d ie lec tric  c o n s ta n t. G u r n e y  [40] has 
s ta te d  t h a t  in an y  ionic co -sphcre  m o lecu la r dipoles w hich h av e  a fav o u rab le  
o r ie n ta t io n  will be a t t r a c te d , w hile th o se  t h a t  h av e  th e  oppo site  o rie n ta tio n  
w ill be  repelled . Since th e  fo rm e r are  m ore n u m ero u s, th e  so lv e n t in  th e  co
sp h e re  is a t tra c te d  s tro n g ly  to w a rd  th e  ion w hich  m ay  p e rh a p s  be responsib le  
fo r th e  d ev ia tio n  from  lin e a r ity  a t  83 mole %  o f acid in  th e  su rface  tension- 
c o m p o s itio n  curve. B eyond th is  p o in t, co-sphere-ion  a t tra c t io n  d im in ishes due 
to  th e  scarceness of ions; c o n se q u e n tly , th e  su rface ten sio n  dep en d s here  on th e  
m ole fra c tio n  and  hence th e  cu rv e  is p e rfec tly  linear.

SU M M A R Y

S u rface  tension  m ea su re m e n ts  o f m ix tu re s  o f p y rid in e  an d  ace tic  acid  a t  d iffe re n t com 
p o s itio n s  h a v e  show n th a t  th is  p ro p e r ty  h a s  a  m ax im u m  a t  a co m p o sitio n  of 83 m ole %  of 
a c e tic  ac id . T he observed s in g u la r ity  is a tt r ib u te d  to  m ax im u m  io n iza tio n  o f a ce tic  acid , and 
n o t  to  co m p lex  fo rm atio n  as su g g ested  by  m an y  earlie r w orkers.
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CALCULATION OF FORCE FIELD ON ETHYLENE MODEL

S . S z ő k e  a n d  T. F a r a g ó

(C entral Research Institute fo r  C hem istry o f  the H ungarian  A cadem y o f  Sciences, B udapest)

R eceived  Ju ly  22, 1965

As th e  po ten tia l e n e rg y  e q u a tio n  fo r po lya tom ic  m olecules c an n o t be 
given e x a c tly  and  d irec tly , we h av e  to  ap p ly  th e  in d irec t m e th o d  o f co n stru c tin g  
co n v en ien t expressions d e riv e d  from  v ib ra tio n a l frequencies , i.e. from  ex p e ri
m en ta l d a ta . The p o te n tia l  en erg y  depends on th e  a to m ic  a n d  electron ic  
a rra n g e m en ts , therefore i t  is adv isab le  to  m ake a co o rd in a te  an a ly sis  so as 
to  find  th e  existing  an a log ies be tw een  force fields of m olecules h av in g  sim ilar 
e lec tro n ic  an d  atom ic s tru c tu re s .

B ecause  of the w id e ly  a d o p te d  ca lcu la tio n  tech n iq u es , a g re a t n u m b e r of 
force-field  p a ram ete r se ts  can  sa tis fy  th e  basic  e q u a tio n s  u sed  for p ro p er 
value d e te rm in a tio n . A m o n g  th is  g re a t n u m b e r o f p a ra m e te r  se ts  a jud ic ious 
choice can  be m ade o n ly  b y  co rre la tin g  th e m  to  a gen era l p h y s ica l p ic tu re .

In  w ork ing  out m e th o d s  for co o rd in a te  analysis , an  im p o r ta n t  p a r t  is 
p lay ed  b y  th e  use of m o lecu la r m odels, such as e th y len e , m e th a n e , o r benzene. 
F o r q u a n tu m  chem ists, e th y le n e  is one o f th e  m ost th o ro u g h ly  s tu d ie d  m ole
cules. I t  w as chosen as th e  m odel o f th e  p re sen t s tu d y  b y  rea so n  o f  its  follow ing 
fe a tu re s :

(a) i t  has a sim ple g e o m e try  consisting  o f re la tiv e ly  few  a to m s, an d  its 
m o lecu la r p roperties are k n o w n  w ith  su ffic ien t accu racy ;

(b) th e  available a ss ig n m e n ts  o f th e  v ib ra tio n  an d  ro ta t io n  frequencies 
o f  the  basic  as well as o f  th e  p a r t ly  and  to ta l ly  d e u te ra te d  m olecules can be 
accep ted  as com peten t, o ffe rin g  th u s  a g rea t v a r ie ty  o f e x p e r im e n ta l d a ta  for 
c o n s tru c tin g  force-field e q u a tio n s . F ro m  th e  p o in t o f view  o f b o th  th e  G eneral 
V alence (G V F F ) and the U re y -B ra n d le y  Force F ield (U B F F ) m e th o d s ,i t  is o f o u t
s ta n d in g  im portance  th a t  s im p le  in te ra c tio n  eq u a tio n s  can be se t u p , ow ing to  the  
fac t th a t  th e  molecule possesses a lm o st exceed ing ly  CH s tre tc h in g  co o rd in a te s ;

(c) th e  regular a r ra n g e m e n t o f  th e  basic  com pounds h as  a h ig h  degree 
o f sy m m e try , thu s a llow ing  th e  se t-u p  o f  its  p o te n tia l e q u a tio n  b y  m eans 
o f re la tiv e ly  few force c o n s ta n ts . N early  all o f th e  15 in -p lan e  v ib ra tio n  force 
co n s ta n ts  o f th e  basic m o lecu le  belonging  to  th e  VA p o in t g ro u p  can be com 
p u ted  b y  m ethods w hich  m a y  be considered  ex ac t, using  d a ta  o f  th e  basic  
and  p e rd e u te ra te d  e th y le n e  m olecules only .
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S evera l au th o rs  h av e  t r e a te d  th e  prob lem  o f ass ig n m en t [1 — 9]. T heir 
re su lts  agree well ex cep t th e  case of one of th e  CH s tre tc h in g  v ib ra tio n s . To th e  
B ls C H  s tre tch in g , a fre q u e n c y  of 3272 cm 1 has been  assigned  by  W u  [10] 
as w ell as by  Cr a w f o r d  a n d  co-w orkers [7 ], w hile P l y l e r  [4] suggested  3075 
c m “ 1 as th e  m ost p ro b ab le  v a lu e  for th is  v ib ra tio n . R ecen tly  Cy v in  and 
C y v i n  [9] found 3102 .5  c m -1 .

T he assignm ent is co n sid e rab ly  ad v an ced  b y  a d d itio n a l in fo rm atio n  
a ffo rd e d  b y  iso tope ru les a n d  po larized  R am an  sp e c tra .

D ealing  w ith  th e  p o te n tia l  functions o f th e se  m olecules, th e  G V FF 
a n d  S V F F  (Single V alence F o rce  Field) m e th o d s h a v e  b een  app lied  b y  the  
m a jo r i ty  o f a u th o rs . T he m ain  fea tu re  of th ese  m e th o d s  consists in  th e  use of 
a c o o rd in a te  system  b ased  on  b o n d  p a ram e te rs  an d  p rin c ip les  of group th e o ry .

T he U rey -B rad ley  (U B F F ) m ethod  [11] has been used  b y  S c h e r e r  an d  
O v e r e n d  [12]. T hey  ta k e  in to  accoun t also th e  rep u ls io n  forces ac tin g  b e 
tw e e n  n o n n e ighbouring  a to m s . Since there  is no d iff ic u lty  in  find ing  co rre la 
tio n  be tw een  th e  tw o  th e o rie s , we based our ca lcu la tio n s  on th e  sim pler 
S V F F  m ethod .

Problem  of anharm onicity

T he question  w h e th e r  freq u en cy  d a ta  h av e  to  be tra n sfo rm e d  as a con
seq u en ce  o f th e ir  a n h a rm o n ic ity  or no t, is open  to  d iscussion  even to d a y . 
E x tre m e  views are re p re se n te d  in th is  resp ec t b y  C r a w f o r d  an d  co-w orkers 
[3, 7]. T h ey  use a n h a rm o n ic ity  coefficients a rising  from  d a ta  for CH an d  CD 
s tre tc h in g  v ib ra tio n s fo r c o m p u tin g  harm onic  frequenc ies . T he g rea test d ra w 
b a c k  o f  th e ir  m ethod  is t h a t  force co n stan ts  o b ta in e d  in  th is  w ay  dev ia te  very  
s tro n g ly  from  the  c o n v e n tio n a l ones.

S ov ie t au th o rs  h a v e  a t te m p te d  to  ap p ro ach  th e  in flu en ce  of a n h a rm o n 
ic i ty  b y  in tro d u c in g  th e  co n c e p t o f “ spectroscop ic  m ass” . This so lu tion  was 
su g g e s te d  b y  H e m p t i n n e  a n d  M a n n e b a c k  [12a], a n d  em ployed  in  w orks of 
S t e p a n o v  [13], K o v n e r  [14], S v e r d l o v  an d  P a k h o m o v a  [5], an d  R y t e l  [15].

A lth o u g h  in e x tre m e  cases harm onic  frequenc ies m a y  differ b y  10%  
fro m  an h arm o n ic  (e x p e rim e n ta l)  ones [16], th e  co rresp o n d in g  eigenvalues do 
n o t  d e v ia te  b y  m ore th a n  5 % ; th is  m ay be th e  reaso n  w hy  th e  g rea t m a jo rity  
o f  a u th o rs  do n o t use a n y  co rrec tio n s [17]. This re a so n in g  has been accep ted  
in  o u r  p re sen t p ap e r, to o .

Physical interpretation of the force constants

T he physical in te rp re ta t io n  o f the force c o n s ta n ts  has n o t been solved 
in  th e  coo rd inate  analy sis  so fa r ;  in  th e  case o f th e  s tre tc h in g  force co n stan ts , 
th e  em p irica lly  o b ta in e d  p o te n tia l  func tions o f d ia to m ic  m olecules can be 
u se d  as a p p ro x im a tio n s  [18], an d  a tte m p ts  have  also been  m ade to  in te rp re t
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the  d e fo rm atio n  force c o n s ta n ts  o f sim ple p o ly a to m ic  m olecules [19]. H ow ever, 
no sign ifican t m ethods are av a ilab le  for in te rp re t in g  the  in te ra c tio n  te rm s .

As a p h y sica l in te rp re ta t io n  we m ean  t h a t  th e  hasis o f th e  c a lc u la tio n  
should  be som e em pirical v a lu e , i.c. m easu red  d a ta  of physico -chem ical 
p a ram e te rs , such  as bond  d is tan ce , d issoc ia tio n  energy , ion iza tion  p o te n tia l ,  
e le c tro n e g a tiv ity , etc.

O ur m e th o d  allows th e  ca lcu la tions o f  force co n stan ts  owing to  th e  fac t 
th a t  th e  e q u a tio n s  of m otion  are  connected  w ith  th e  valence th e o ry  th ro u g h  
th e  in te rn a l coo rd in a tes .

W hile k in e tic  energy dep en d s on th e  v e lo c ity  of a m oving m ass, th e  
p o te n tia l en e rg y  is d e te rm in ed  by  the  p o s itio n  occupied  by  th e  a to m s  and  
elec trons. T he p o te n tia l en e rg y  co n stan ts  m a y  be expressed  in co o rd in a te s  
of bond  d is tan ce  changes an d  b o n d  angle d e fo rm a tio n s .

P o ten tia l energy equa tion  of th e  e th y len e  m olecule

The gen era l form  of a q u a d ra tic  p o te n tia l  en erg y  eq u a tio n  is:

V  =  4 -  V  kn A r' A rj +  V  2 h,j A «-■ л  aj +  -  h i A r<A aj
^  i . j  A i j  i -j

w here Zlr,- is th e  increase of in te ra to m ic  d is ta n c e s , /1а,- denotes angle d e fo rm a 
tions, while th e  coefficients кц, h,j an d  1ц are th e  co rresp o n d in g  force c o n s ta n ts . 
T he value for th e  inner co o rd in a tes  [20] can be g iven as foliotes:

r(C H ) 1.086 A 
r(CC) 1.339 A 
HCH<ÿ =  115°
HCC<£ =  122.5°

In  our ca lcu la tions we assu m ed  th a t  th e  v a lu es  of r(CH ) and  r(C D ) a re  
eq u a l; 120° w as used as the  v a lu e  of the  va len ce  angles. These n eg lec tio n s 
cause only  in s ig n ifican t a lte ra tio n s  in th e  force fie ld  p aram eters .

In  th e  p o te n tia l  energy e q u a tio n  there  are  fo u r  C—H  an d  one С C s t r e tc h 
ing v ib ra tio n s , th u s  we have fou r d e fo rm atio n  c o n s ta n ts  in  ad d itio n  to  six  
in te rac tio n  fac to rs . T he sam e basic  co n stan ts  w ere used  w ith  sligh t m o d ifica tio n s  
in  our ca lcu la tio n s. We have d e a lt  w ith  in -p lan e  v ib ra tio n s  only, fo r in  th e  
ou t-o f-p lane  re p re se n ta tio n s  o f  th e  e thy lene  m olecu le  th e  n u m b er o f  n o rm a l 
coord inates is zero or one.

To s im p lify  th e  co n s tru c tio n  of th e  secu la r e q u a tio n , th e  change o f th e  
bisectrices o f th e  angles HCC a re  used as in te rn a l coord inates based  on  th e  
w ell-know n e q u a tio n  [21]:
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( 2 )

Constants o f  the potential— energy equation

E th y le n e  and  d e u te ro e th y len e  belong  to  th e  p o in tg ro u p  Ул, w hile 
d id e u te r a te d  m olecules to  th e  g roups C2„ an d  C ^ , resp ec tiv e ly . In  th e  sy m m e try  
g ro u p  Y h, th e  nine in -p lane  v ib ra tio n s  can be  re d u c e d  to  one th ree -d im en sio n a l 
a n d  th r e e  tw o-d im ensional re p re se n ta tio n s .

T h e  in d ep en d en t force c o n s ta n t m a tr ix  com ponen ts are:

(a) d ia g o n a l e lem ents:

F ’, Ц ,  F 43, F j , F„ F a\  Ff„ Fp, F'j

(b) o u t-o f-d iag o n a l e lem en ts:

Fs„ FL, Fj„, F‘s, F2,̂ , Fia

In  th e  f i r s t  a p p ro x im a tio n , F 4, F 3 an d  Ff„ can be tak en  as zero. ( I t  is m ore 
c o n v e n ie n t to  o b ta in  th e  e x a c t va lues o f  th e  com ponen ts of F s n o t  d irec tly  
f ro m  th e  secu lar eq u a tio n s , b u t  ra th e r  b y  th e  Ja c o b i a p p ro x im a tio n , in  the  
co u rse  o f  a fu r th e r  fo rce -co n stan t re f in e m e n t.)  T hus, th e  fo rc e -c o n s tan t 
c o m p o n e n ts  com bine in  th e ir  d iffe ren t re p re se n ta tio n s  in  th e  fo llow ing m a n n e r:

К  : F i ,  F (, (F i +  F i) ,  F s„  F L , F ía 

B l g : F i ,  (F). F |) ,  (F L  F f,)

B 2u : F i ,  (F i +  FI), (F lp + F * p)

B 3U : F J , (FJ, — F ; ,  F L )

O n  th e  basis o f th e  c h a ra c te ris tic  e q u a tio n , the  eleven force c o n s ta n t 
c o m p o n e n ts  can  be fo u n d  b y  s ta r tin g  fro m  th e  follow ing ty p e  o f  e q u a tio n :

fo r species a « 2 tra c e , 2 secondary  m in o r , 1 te r t ia ry  m ino r e q u a tio n
99 ®ig 2 99 1 d e te rm in a n t e q u a tio n
99 ®2 U 2 99 1 99 99

9 9 ® 3 U 2 99 1 99 99

N ow  le t  us w rite  th e  secu la r e q u a tio n  in  th e  follow ing form :

Ни-Я H12 ................... Н1П
Н21 Н2„-Д ...................  н,„

=  о

Ни1 H /í2 ......................

( 3 )
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On th e  basis o f th e  a p p ro x im a te  equa tions se t up  from  m inors

H „

H , /

щ \

И , 7  1

II JS
»

(4)

H ,7 H , ,

Н у / H JJ и  Jk = (5)
H „ H  k j H * *

re spec tive ly , in  a d d itio n  to  th e  equa tions d eriv ed  from  th e  basic  m olecule, 
th e  m issing n u m b e r of a p p ro x im a te  eq u a tio n s  m ig h t be o b ta in ed  from  the  
d a ta  o f th e  d e u te ra te d  d e r iv a tiv e s . (I t  is co n v en ien t to  c o n s tru c t ap p ro x im ate  
eq u a tio n s, in w hich  th e  e igenva lues differ s ig n ifican tly  from  each  o th er.) The 
resu ltin g  eq u a tio n s  m ay he so lved  b y  one o f th e  know n  a p p ro x im a te  m e th 
ods. We ap p lied  th e  m e th o d  o f least squares [22]. In  fa v o u r  of th e  existence 
o f an  analogy  p rev a ilin g  b e tw een  th e  bonds o f th e  e th y le n e  m olecule an d  of 
th e  co rrespond ing  C2 and  C H  d ia tom ic  m olecules, th e  follow ing a rg u m en ts  
m igh t be ad v an ced :

1. The b o n d  d is tan ces  in  d ia tom ic  C2 an d  C H  m olecules are  1.312 and  
1.20 Â, re sp ec tiv e ly  [9], w hereas in  e th y len e  th e  accep ted  bo n d  d istance 
values, C =  C an d  C — H , a re  1.339 A and  1.086 Â , re sp ec tiv e ly .

2. The d issocia tion  e n e rg y  of th e  C2 m olecule is ta k e n  as 137 kcal [23], 
an d  th e  CH bo n d  d issoc ia tio n  energy  as 83.6 k ca l (in th e  d ia tom ic  m olecule). 
The analogous values in  e th y le n e  are 125 kca l a n d  102 kcal, re spec tive ly .

3. A ccord ing  to  Co t t r e l l  [16], th e  a n h a rm o n ic  force c o n s ta n t o f th e  
C2 m olecule is 9 .25  • 105 d y n  • c m -1 .T his co rresponds to  4. 090 • 105 d y n  • c m -1 
in  th e  CH m olecule.

The n e a r  e q u a lity  o f p a ra m e te rs  to  th o se  o f  th e  C =  C bond  suggests a 
C = C  s tre tc h in g  force c o n s ta n t  n ea rly  equal in  C2 a n d  in  e th y len e . T he c ircum 
stan ce  th a t  th e  C — H  d is ta n c e  is sm aller in  e th y le n e  suggests  a h igher CH 
s tre tc h in g  force c o n s ta n t, th e  difference being a p p ro x im a te ly  15% . T he g rea te r 
difference in  th e  d issocia tion  energ ies of the  CH bon d s su p p o rts  th is  supposition .

A ssum ptions for the potential terms

In  o rd er to  o b ta in  th e  su ffic ien t n u m b er o f e q u a tio n s  for ou r ap p ro x im ate  
m e th o d , th e  secu la r e q u a tio n s  o f th e  d e u te ra te d  m olecules m u st be se t up , too . 
R ep re sen ta tio n s  A x an d  В г o f  th e  p o in t g roups C,„ a n d  C2/l are five  and  fo u r
d im ensional, re sp ec tiv e ly , e a c h  con ta in ing  tw o re p re se n ta tio n s  o f  th e  p o in t 
g roup  Vfc. In  g enera l, it  is n o t  n ecessary  to  d e te rm in e  a ll th e  15 force co n stan ts  
in  th e  five-d im ensional, o r th e  10 in  the  fo u r-d im en sio n a l F  m a tr ix . I t  is su f
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f ic ie n t to  lin k  th e  subgroups o f p o in t group \ h w ith  one or tw o  in te ra c tio n  
c o n s ta n ts  [24]. Thus th e  form s o f  th e  G and  F  m atrices will n o t d iffer essen tia lly  
fro m  th o se  of the  d iagonal su p e rm a tr ic e s  of e thy lene .

T h e  k in d  of p o te n tia l e n e rg y  coefficien ts w hich  will a p p e a r  in  th e  secu lar 
e q u a tio n  can n o t be a u to m a tic a lly  d educed  for ev e ry  m olecule. In  each  case 
it is a m a t te r  o f carefu l c o n s id e ra tio n  w hich of th e  c o n s ta n ts  m ay  be ta k e n  
as ze ro , a n d  to  w hat e x te n t n eg lec tio n s  seem ju s tif iab le . In  a zero o rd e r a p p ro x 
im a tio n  i t  is m ore co n v en ien t to  c o n s tru c t th e  p o te n tia l e q u a tio n s  w ith  reg ard  
to  th e  d ev ia tio n s  o f th e  e ig en v a lu es  from  th e  v a lu e  of th e  le ad in g  d iagonal 
m a tr ix  e lem en ts.

F o r  th e  d e te rm in a tio n  o f  th e  p e r tu rb a tio n  te rm s, th e  re p re se n ta tio n s  
o f b o th  p o in t groups, C2„ a n d  С2Л, are  ta k e n  in  a zero o rd e r a p p ro x im a tio n , 
w ith  n o  in te ra c tio n  betw een  th e  tw o  d iagonal su p erm atrices :

T h en  we m ay  look for a n y  d ivergence  ex isting  betw een  th e  e x p e rim e n ta l 
e ig en v a lu es  an d  the  e igenvalues o f  th e  d iagonal su p e rm a tr ix  o f  th e  ab o v e  form .

I t  is a p o s tu la te  re su ltin g  fro m  th e  in v arian ce  of th e  tra c e  su m  th a t  if  
one o f  th e  d iagonal m em bers is d im in ish ed , a n o th e r one o u g h t to  be co rre sp o n d 
in g ly  in c rea sed . I f  co rrection  is ta k e n  on th e  H (i an d  Hyy v a lu es , th e  co rre sp o n d 
ing  v a lu e s  of th e  in te ra c tio n  te rm s  H i; and  H,, m ay  be e s tim a te d  accord ing  
to  th e  re la tio n :

( 6 )

T he m o d ify in g  eq u a tio n  is re m in isc e n t of the  d iagonal a p p ro x im a tio n  process 
o f  m a tr ic e s  [13]. The su b se q u e n t a p p ro x im a tio n  can also be u sed :

II __TJ
• 1 U "  (7)

H „ -  Ay

T ab le  I  lis ts  the force c o n s ta n ts  ca lcu la ted  by  us. Tallies II  and  l i a  con ta in  
th e  e x p e rim e n ta l frequency  v a lu es  o b ta in ed  on th e  basis of P lv le r’s a ss ig n m en ts , 
an d  th o se  resu ltin g  from  o u r own ca lcu la tions.
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Table 1

OF FORCE FIELD

F. 106dyn/cm

F s =  5.1 F s t =  —0.112
F , =  8.81 F s a =  0.34
F l =  0.595 F ,a =  —0.3
F I  =  0.025 F 'sß =  0.9

1/5II
7^- sß 0.5

F'jt : 0.025

Table l ia

Frequencies o f  ethylenc-d., f l , \ )

'ca]c.(cm~') <u0ba (cm—1)

3000 3019
1599 1579
1016 1032
2180 2228
1391 1384
2327 2326
1129 1150
3102 3095

673 700

Tabic II

Frequencies o f  ethylene

“calo.(cra_9 “obi (cm-1)

3007 3019
1653 1623
1308 1342
3077 3075
1230 1236
3127 3105

839 810
2987 2990
1439 1444
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C alcu la tio n  o f the  v ib ra tio n a l m odes

I f  th e  force c o n s ta n ts  are know n, i t  is re la tiv e ly  easy  to  ca lcu la te  the  
v ib ra tio n a l m odes. T he e igenvec to rs are  o b ta in e d  b y  th e  eq u a tio n

| G F  -  E  Л j X  =  0 (8 )

in  sy m m e try  c o o rd in a te s . T he know ledge o f  th e  eigenvecto rs in  C artesian  
co o rd in a te s  m igh t o fte n  be o f  in te re s t. T he re la tio n sh ip  b e tw een  sy m m etry  
a n d  C artesian  c o o rd in a te  sy s tem s is u sua lly  d esc rib ed  b y  th e  follow ing eq u a tio n s 
[17]:

R  =  В  x  (9)

w here  R  denotes th e  in n e r  coo rd ina te , x  =  C a rte s ian  co o rd in a te , an d  В  =  a 
tra n s fo rm a tio n  m a tr ix ;  fu r th e r ,

S =  U R  ( 10)

w here  S  — sy m m e try  c o o rd in a te , an d  U —  tra n s fo rm a tio n  m a tr ix ;

S =  L  Q (11)

w here  Q =  n o rm al c o o rd in a te , and L  =  th e  tra n s fo rm a tio n  m a tr ix ;

G — L '  L ' T (12)

w here  G =  th e  m a tr ix  co n s tru c te d  of in v erse  c o n s ta n ts  from  th e  expression  
fo r th e  k inetic  en e rg y , w hile

V  =  U T L (13)

w here  th e  su p e rsc rip tio n  T  denotes th e  tra n sp o se  o f th e  o rig inal m a tr ix  [17]. 
L e t us ta k e  b y  d e fin itio n

А  В  — l  (14)

th e n  th e  follow ing e x p re ss io n  is read ily  d e riv e d :

A T M  A  =  G _1 (15)

w here  M  is th e  d ia g o n a l m a tr ix  fo rm ed  fro m  th e  a to m ic  m asses. As i t  follows 
fro m  co rre la tions (9), (10), (11), (12), (13), (14), an d  (15):

Acta Chimica Academiae Scientiarum  Hungaricae 47. 1966.



SZŐ K E, FARAGÓ: CALCULATION OF FO R C E F IE L D IS I

X  =  M l  B T  LJT (LT)-! Q ( 16)

The (L 7 ) ~ 1 m a tr ix  o b ta in e d  for e th y len e  in  sy m m e try  co o rd in a tes  as th e  resu lt 
o f o u r calcu la tions is g iven  in  T ab le  I I I .  The co rresp o n d in g  C artesian  coo rd inates 
are  show n in T able IV . T he v ec to r  m odel o f th e  v ib ra tio n a l m odes m ay  be 
seen in  F ig . 1.

Table III

1.0 0.089 — 0.360 0 0 0 0 0 0
0.187 1.0 3.524 0 0 0 0 0 0
0.075 0.235 1.0 0 0 0 0 0 0
0 0 0 1,0 0.156 0 0 0 0
0 0 0 0.045 1.0 0 0 0 0
0 0 0 0 0 1.0 — 0.089 0 0
0 0 0 0 0 0.288 1.0 0 0
0 0 0 0 0 0 0 1.0 0.059
0 0 0 0 0 0 0 0.075 1.0

Table IV

-  0.290 — 0.154 0.474 — 0.261 — 0.320 0.167 0.303 — 0.290 -0.548
0.406 — 0.038 0.480 0.422 - 0.096 0.477 0.125 0.406 — 0.350
0 0 0 0 0 0 0 0 0

— 0.290 —0.154 -  0.474 0.261 0.320 0.167 —0.303 — 0.290 0.548
0.4-06 0.038 0.480 0.422 0.096 0.477 0.125 — 0.406 0.350
0 0 0 0 0 0 0 0 0
0.290 0.154 0.474 0.261 — 0.320 0.167 — 0.303 —0.290 — 0.548
0.406 —0.038 0.480 —0.422 0.096 0.477 0.125 — 0.406 0.350
0 0 0 0 0 0 0 0 0
0.290 0.154 0.474 0.261 0.320 0 167 0.303 — 0.290 — 0.548

—0.406 0.038 0.480 — 0.422 0.096 0.477 0.125 0.406 —0.350
0 0 0 0 0 0 0 0 0
0.065 — 0.057 0.371 0 0 0 0 0.049 0.092
0 0 0 — 0.067 0.104 — 0.080 — 0.021 0 0
0 0 0 0 0 0 0 0 0

—0.065 0.057 — 0.371 0 0 0 0 0.049 0.092
0 0 0 0.067 — 0.104 — 0.080 -0.021 0 0
0 0 0 0 0 0 0 0 0

Table V

0.9861 —0.0672 -0 .0152 —0.0013 0.0593
— 0.0296 0.7225 0.8300 —0.0907 1.7677
— 0.0096 —0.0872 1.3398 —0.0750 0.0301 0

0.0061 0.0331 — 0.0251 0.9996 0.0141
— 0.1575 —0.1791 — 0.5091 0.0402 1.7301

0.9668 0.2782 0.0239 0.1692
—0.1416 0.9594 — 0.0038 0.0435

0 —0.0156 — 0.0015 0.9898 0.1032
-0.0427 — 0.0052 — 0.0978 0.9978
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M a tr ix  L indicates th e  d isp lacem en ts  in  sy m m e try  coo rd inates re fe rred  to  
th e  u n i t  change in n o rm a l coo rd in a tes . The n o rm a l co o rd ina tes m a y  be ca l
c u la te d  b y  the  re la tio n :

S» =  L ,k Qк
F o r  th e  sake of b e tte r  u n d e rs ta n d in g  the  values o f  th e  C artesian  coord inates 
o f  th e  v ib ra tio n a l m odes a re  a lso  given. In  T ab les V an d  V I the  m a trices  L  an d  X  
(C a r te s ia n  coordinate m a tr ic e s )  of d id eu te ro e th y len es  are show n; F ig . 2 
r e p re s e n ts  the co rrespond ing  v ib ra tio n a l m odes.

\  /  _
/  \

'..... ■*( - - ----
/  X  • \

J  " \  a , 9  w  V  y

Table VI

0.354 0.027 0.564 0.046 — 0.025 —0.410 — 0.297 0.004 — 0.057
0.605 0.064 0.276 0.031 — 0.092 0.573 — 0.406 — 0.004 0.115
0 0 0 0 0 0 0 0 0
0.354 0.027 0.564 0.046 — 0.025 0.410 0.297 — 0.004 0.057
0.605 — 0.064 — 0.276 — 0.031 0.092 0.573 0.406 — 0,004 0.115
0 0 0 0 0 0 0 0 0
0.031 0.057 0.027 — 0.175 0.172 -0.007 0.001 0.156 0.217

— 0.016 — 0.019 — 0.036 — 0.304 — 0.110 0.008 — 0.002 0.315 0.084
0 0 0 0 0 0 0 0 0
0.031 0.057 0.027 — 0.175 0.172 0.007 — 0.001 — 0.156 0.217
0.016 0.019 0.036 0.304 0.110 0.008 — 0.002 0.315 0.084
0 0 0 0 0 0 0 0 0
0.071 -  0.087 0.011 — 0.012 0.087 0 0 0 0
0 0 0 0 0 0.084 0.129 0.007 0.041
0 0 0 0 0 0 0 0 0

—0.022 0.066 0.092 0.063 — 0.141 0 0 0 0
0 0 0 0 0 —0.015 -0 .061 0.111 0.091
0 0 0 0 0 0 0 0 0
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B y su b s titu tio n  in th e  e thy lene  m olecule, th e  sy m m etry  is g rad u a lly  
d ec reased ; th u s th e  d o u b ly  d e u te ra te d  m olecules belong  to  th e  p o in t groups 
G,,, an d  C ^, re spec tive ly . A p a r t  from  the  d e u te ra te d  in n er co o rd in a te s , there  
is h a rd ly  an y  difference b e tw een  th e  frequencies o f  th e  basic an d  o f  th e  derived  
m olecules, therefo re  th e  co rrespond ing  force c o n s ta n t com ponen ts a re  tra n s fe r 
ab le . B u t th e  v ib ra tio n a l m odes o f th e  d iffe ren t m olecules d iffer co n siderab ly , 
g iv ing  a tru e  p ic tu re  o f  th e  sy m m etry  cond itions.

I t  is easily  d iscern ib le  from  these figures t h a t  th e  assig n m en t o f  certa in  
n o rm al v ib ra tio n s  to  p a r t ic u la r  inner coord inates m a y  be som etim es in co rrec t.

F iff- 2
V ectors designated  b y  c irc les a re  fivefold m agn ified  w ith  regard  to  th e  o th e rs

I t  is c learly  show n by  th e  re su ltin g  v ib ra tio n a l m odes th a t  th e  use o f  linear 
com b in a tio n s w ould be m ore  co rrec t in co n s tru c tin g  th e  sy m m etry co o rd in a te s . 
T he co rrec t p ro p o rtio n s cou ld  be de te rm ined  w ith  re la tiv e  ease b y  th e  m ethod  
o f i te ra tiv e  ca lcu la tions.

The d e te rm in a tio n  o f  th e  v ib ra tio n a l m odes is s tro n g ly  d e p e n d e n t on the 
p o te n tia l assu m p tio n s, a n d  essen tia lly  on th e  chosen  se t o f force co n stan ts  
T h u s  th e  d a ta  rep o rted  an d  th e  assum p tio n s are  in  s tr ic t  co rre la tio n .

SU M M A RY

T he force co n stan ts  o f th e  e th y len e  m olecule hav e  b een  ca lcu la ted . F o u r te e n  equ atio n s 
w ere used to calcu la te  11 fo rce  c o n s ta n t com ponents ap p ly in g  th e  m eth o d  o f le a s t  squares. 
In  th e  ca lcu la tio n  of th e  c o n s ta n ts  o f  th e  s tre tch in g  v ib ra tio n s , th e  force c o n s ta n ts  o f  d iatom ic  
m olecules were used  as a p p ro x im a tiv e  values. B y th is p ro ced u re  th e  re la tio n sh ip  o f th e  force 
c o n s ta n ts  w ith  th e  app lied  em p irica l d a ta  has been  e stab lish ed .

6* Acta Chimica Academiae Scientiarum Hungaricae 47. 1066.
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U b er die B erechnung des K raftfe ldes beim  Ä th y len  als M odellverbindung
S. SZŐKE und T. FARAGÓ

Z u sa m m e n fa ssu n g . Die K ra f tfe ld k o n s ta n te n  des Ä th y len m o lek ü ls  w u rd en  b e rec h n e t. Zur 
B e re c h n u n g  der elf K ra f tk o n s ta n tk o m p o n e n te n  w u rd en  v ie rz eh n  G leichungen  herangezogen , 
u n d  d ie  M ethode  der k le in s ten  Q u a d ra te  angew endet. B ei d e r  B erechnung  d e r K o n s ta n te n  der 
V a len zsch w in g u n g en  w u rd en  d a g e g e n  die K ra f tk o n s ta n te n  de r zw eia tom ischen  M oleküle als 
a n n ä h e r n d e  W erte verw en d e t. D u rc h  A nw endung d ieser M eth o d e  k o n n te  d e r Z u sam m en h an g  
d e r  K ra f tk o n s ta n te n  m it d en  a n g e w a n d te n  em pirischen D a te n  fe s tg es te llt w erd en .

Расчет силового поля на модели этилена
III. С Ё К Е  и Т. Ф А РА ГО

Резюме. Рассчитали силовые постоянные молекулы этилена. Для расчета одиннадцати 
компонентов силовой постоянной использовали четырнадцать уравнений и применяли 
метод наименьших квадратов.

С другой стороны, при расчете постоянных растянутых колебаний использовали, 
в качестве приближенных величин, силовые постоянные двухатомных молекул. С помощью 
этого способа авторам удалось установить зависимость между силовыми постоянными и 
прикладными эмпирическими данными.

D r .  S á n d o r  S z ő k e  

M r s .  T e r é z  F a r a g ó
j B u d ap est I I .  P u sz ta sz e ri ú t 57/69
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BERECHNUNG DER KORROSIONSWIRKUNG 
DES KRIECHWECHSELSTROMES AUF EIN IN EINEM 

ELEKTROLYTEN ANGEBRACHTES METALL
( K U R Z  M I T T E I L  U N G  )

J .  D ÉV A Y  m ill L .  M ÉSZÁROS

(Lehrstuhl f ü r  physikalische Chemie der Universität f ü r  die chemische Schicer industrie ,
Veszprém)

E ingegangen  am  5. A u g u s t 1965

In  unseren  frü h e ren  M itte ilu n g en  [1 — 3] w urden  B erech n u n g en  d u rc h 
g e fü h rt, um  die F rag e  zu k lä ren , wie die K o rro sio n  von  hom ogenen  M etallober- 
fläch en  du rch  den  W echselstrom  b e e in f lu ß t w ird . F ü r den F a ll, in  dem  die 
G eschw ind igkeiten  d er a u f  der O b erfläche  g leichzeitig  s ta ttf in d e n d e n  A noden- 
u n d  K a th o d en v o rg än g e  gleicherw eise d u rc h  Tafelsche G leichungen b esch rieb en  
w erd en  können , w ird  die K orrosion d u rc h  d en  W echselstrom  e rh ö h t, u n d  zw ar 
in  e inem  um  so höh eren  M aße, je  g rö ß e r die In te n s itä t  u n d  je  g e rin g er die 
F re q u e n z  des W echselstrom es is t. W enn  dagegen  der eine von  d en  K a th o d e n - 
u n d  A n o d en v o rg än g en  d u rch  die T afe lsche  G leichung b esch rieb en  w erden 
k a n n , w äh ren d  die G eschw ind igkeit des a n d e ren  V organges von  d e m  E le k tro 
d e n p o te n tia l u n a b h ä n g ig  is t , so w ird  die G eschw indigkeit der K o rro s io n  d u rch  
den  W echse lstrom  n ic h t b e e in flu ß t. A usg eh en d  vom  obigen E rg e b n is , w urde 
die K o rro sio n sw irk u n g  des W echselstrom es fü r  den Fall b e rech n e t, in  w elchem  
d er S tro m  d u rch  eine in einen E le k tro ly te n  v erleg te , un iso lierte  M eta lle itu n g  
f lie ß t, w obei ein  Teil des S trom es aus d em  M etall in  den E le k tro ly te n  a u s tr i t t  
[4]. D ie k o rro d ie ren d e  W irkung  des W echselstrom es a u f  Z ink- u n d  S ta h lo b e r
f lä c h e n  w urde au ch  ex p erim en te ll nachgew iesen  [5— 10].

Im  vo rliegenden  A ufsatz  w ollen w ir unsere  B erechnungen  m itte ilc n , die 
w ir bezüglich  d er K orrosion  d u rc h g e fü h rt h ab en , die d u rch  e in e n  K riech 
w echse lstrom  a u f  e inem , in  einen  E le k tro ly te n  (Boden, E le k tro ly tlö su n g )  
v e rle g te n  M eta llle ite r hervo rgeru fen  w ird .

D ie aufgew orfene F rage w urde  a u f  eine aus A bb. 1 e rs ich tlich e  W eise 
m o d e llie rt. Die bezüg lich  der K orrosion  zu  u n te rsu ch en d e  M e ta llp la tte , deren  
D icke v e rn ach lä ss ig t w erden  k a n n , b e fin d e  sich  in  der E bene xz , be i У =  o. 
Die M e ta llp la tte  m öge sich in  der R ic h tu n g  x  ins U nendliche e rs treck en , 
w äh ren d  ihre B re ite  in  der R ich tu n g  z d  b e tra g e n  möge. Die E le k tro ly tsc h ic h t 
m öge sich  in  den R ich tu n g en  x  u n d  у  in s U nendliche e rs tre c k e n , w äh ren d  
ih re  D icke in  d er R ic h tu n g  z g leicherw eise d  b e trä g t.

E s seien in  e inem  A b stan d  von d e r  M eta llp la tte  -]-« bzw . — a in  der 
R ic h tu n g  у  zwei E le k tro d e n  a n g e b ra c h t, deren  L ängen  in  d e r R ic h tu n g  z 
d b e trä g t ,  und  d e ren  Q u ersch n itt eben fa lls  v e rn ach lässig t w erden  k a n n . A uf
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die E le k tro d e n  soll e in  W echse lstrom  von  d er e ffe k tiv e n  In te n s itä t  I ~  ge
s c h a lte t  w erden . D er W ech se ls tro m  m uß au ch  die M eta llp la tte  d u rc h s trö m e n , 
seine V erte ilu n g  a u f  d e r O berfläche w ird  jed o ch  n ic h t  g leichm äßig sein (siehe 
die g e s tr ic h e lte n  K u rv e n , die die S trom lin ien  v e rsinnb ild lichen ). E s m u ß  
so m it die V erte ilu n g  des W echselstrom es a u f  d er M e ta llp la tte  u n te rsu ch t w erd en , 
u n d  a u f  G rund  d ieser V erte ilu n g  k an n  a n sc h lie ß e n d  — unseren b isherigen  
K e n n tn is se n  n ach  — die W echse lstrom korrosion  d er M etalloberfläche v o n  
P u n k t zu  P u n k t b e s tim m t w erden .

D ie A ufgabe lä ß t  sich  als ein ebenes P ro b le m  behandeln . U n te r  V e r

w en d u n g  d er b e k a n n te n  A nalogie, die zw ischen  dem  e lek tro sta tisch en  F e ld  
u n d  d em  F e ld  eines s ta t io n ä re n  S trom s b e s te h t, w ird  die P o te n tia lfu n k tio n  
u n d  als deren  G rad ien t die S tro m d ich te  b e s tim m t. D as en tsp rechende e le k tro 
s ta tis c h e  P ro b lem  b e s te h t  d a r in , das e lek trische  F e ld  einer L adung  zu b e s tim 
m en , die a u f  zwei p a ra lle le n  geraden  L e ite rn  g leichm äßig  v e rte ilt is t [10]. 
N ach  d e r w o h lb ek an n ten  L ösung  [10] la u te t  die P o te n tia lfu n k tio n  :

и  =  1 h, *'  +  { у  -  “ r
2 *2 + ( j + a )2

( 1 )

D ie e lek trische  F e ld s tä rk e  E  bzw. die d e r  F e ld s tä rk e  p ro p o rtio n a le  
S tro m d ic h te  iv%, k a n n  in  aus der P o te n tia lth e o rie  w o h lb ek an n te r W eise als 
G ra d ie n t der P o te n tia lfu n k tio n  darg este llt w e rd en :

„  , тт К  4 a xy  . 2 a ( x 2 - - y-  +  a2) .]
=  К  g rad  U  — ■ - г -----  ’]  , (2 )

X2 +  ( j  — а )2 *2 +  (у  +  a )2 ж2 -f- ( j  +  a )2

ylcfa Chimica Acadpwiae Scientiarum  Hungaricae 47. 1966.
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wo i u n d  j  die in  die R ic h tu n g  d er A chsen x  bzw . y  w eisenden E in h e itsv e k to re n  
sind , w äh ren d  К  eine n o ch  zu bestim m en d e  K o n s ta n te  d a rs te llt .

Die V erteilung  d er S tro m d ich te  a u f  d er M etalloberfläche, d . h. an  der 
Stelle у  =  0 (da es sich um  W echselstrom  h a n d e lt, w ird das V orzeichen  außer 
A ch t gelassen) e rg ib t sich  zu

=  (3)
x 1 -f- «•

Abb. 2. Schematische Verteilung des Wechselstromes auf der Oberfläche der Metall
p latte

O ffenbar e rg ib t das In te g ra l von i^  ü b er die ganze O b erfläch e  den 
e ingespeisten  S trom  I f l ie ß t doch der ganze S trom  d u rch  das M eta ll:

+ 00

I ^  =  К  d I ------ - ---- dx  =  2 К  dn  , (4)
J x 1 +  а2

som it ist

(5)

S etz t m an diesen A u sd ru ck  in  Gl. (3) e in , so w ird  die V e rte ilu n g  der 
S tro m d ich te  a u f  der M eta lloberfläche  als eine F u n k tio n  von x  e rh a lte n :

1~ а
l ~  =  — ;------------------------  ( 6 )

dn  x l  -(- o2

Diese F u n k tio n  w ird  schem atisch  in A bb. 2 d a rgeste llt.
W enn — im  Sinne u n se re r  früheren  M itte ilung  [1] — die a u f  d e r  M etall

oberfläche s ta ttf in d e n d e n  K a th o d e n - u n d  A nodenvorgänge n ach  T afelschcn  
G leichungen des gleichen T yps beschrieben  w erden k ö n n en , so e rg ib t sich 
der zeitliche M itte lw ert d e r  S tro m d ich te , die je n e r  a u f  der M eta llfläch e  s t a t t 
findenden  K orrosion  e n ts p r ic h t, zu

T . V'2

+  (2 i0)2
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wo i Q d ie K o rro s io n ss tro m d ich te  ohne D urchfluß  des W echselstrom es, I t) eine 
m o d ifiz ie rte  B esse l-F u n k tio n  e rs te r  A rt, m it dem  In d e x  =  0, i„  den  e ffek tiv en  
W e r t  d e r  S trom dich te  des W echselstrom es a u f  d e r M eta llo h erfläch e , со die K re is 
f re q u e n z  des W echselstrom es, C die K a p a z itä t  d e r F läch en e in h e it des M etalls 
u n d  b die K o n stan te  d e r T afe lschen  G leichung d a rs te llen . S e tz t m an  den  
A u sd ru c k  (6) in Gl. (7) e in , so w ird  die K o rro s io n ss tro m d ich te , die an  u n se rem  
M odell b eo b ach te t w erd en  k a n n , als eine F u n k tio n  v o n  x  e rh a lten :

ia =  i 0 10 ------------------ Щ 1~.а-------  1 (8)
dn{x2 +  a2) / ( «  Cb)2 +  (2 i„)2

W ie aus der le tz te re n  G leichung e rs ich tlich  is t  — u n te r  sonst gleichen 
B ed in g u n g en  — is t die K o rro s io n  bei gegebenem  W e rt von  a u m  so geringer, je  
h ö h e r  d e r W ert von x  l ie g t. E s  is t ferner zu  e rseh en , d aß  die V erte ilu n g  d er 
K o rro s io n  au f der M eta llo b erfläch e  um  so g le ich m äß ig e r is t, je  größer der W ert 
v o n  о is t .

A u ch  au f G rund  d e r  E rg eb n isse , die in u n se ren  beiden  an d eren  M itte ilu n 
gen [2, 3] beschrieben  w u rd e n , können die g le ichen  F o lgerungen  gezogen 
w e rd e n .

ZUSAMMENFASSUNG

An dem von den Verfassern entwickelten Modell wurde die Korrosion der in einen Elektro
lyten verlegten Metallplatte berechnet, die unter der Wirkung eines Kriechwechselstromes auf- 
tritt. Nach den erhaltenen Ergebnissen wird die Korrosion durch den Wechselstrom in einem, sich 
von Stelle zu Stelle änderndem Maße erhöht. Die Verteilung der Korrosion auf der Metall
oberfläche ist um so gleichmäßiger, je gleichmäßiger die Verteilung des Wechselstromes ist.
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СТРУКТУРА СВЯЗИ
АЛКЕНИЛ-КРЕМНИЙ-ОРГАНИЧЕСКИХ СОЕДИНЕНИЙ

Й. НАДЬ, Ш. ФЕРЕНЦИ-ГРЕС и В. Ф. МИРОНОВ

{Будапештский Политехнический Университет, Кафедра Неорганической
Химии)

Поступило 9 февраля 1965 г.

Многие авторы |1] занимались изучением структуры и реакционной 
способности алкенил-силанов, однако определенного решения относительно 
природы связей и их взаимодействия в этих соединениях так и не было 
предложено. Наше внимание привлекли интересные закономерности реак
ций присоединения галогенов, галоидоводородов, диродана и пр. к алкенил- 
силанам с а ,  ß, y-положениями кратных связей относительно атома кремния, 
а также симбатно изменяющиеся физические свойства этих же соединений 
(Римановские, ИК, УФ спектры и т. д.). Можно было полагать, что изучение 
диэлектрических свойств этих алкенил-силанов поможет выяснить природу 
связей и объяснить их химические и физические свойства.

На основании работ X .  Х у а н г а  и К-  X .  Х у  и [2] известно, что связи 
фенил-кремний и фенил-олово подобно алкенил-силанам обладают частич
ным двойным характером, что объясняется наличием Л л — ^ л  дативной п  
связи (табл. I).

Табл. I

м  С6Н5М(СН3)з СвН5СН2М(СН3)3
С /и =  0,53 D
Si /< =  0,44 D /< =  0,55 D
Sn / I  =  0,51 I) /< =  0,91 1)

Кремний и олово электроположительное, чем углерод, поэтому если 
бы налицо был бы лишь индуктивный эффект, то дипольный момент анало
гичных фенил-соединений был бы больше, чем дипольный момент (0,53 D) 
третичного бутил-бензола. Вопреки этому было найдено, что дип. момент 
триметил-фенил-силана меньше (0,44 D), а триметил-фенил-олова почти 
таков же (0,51 D). Отсюда следует, что сопряжение распространяется на этом 
кремния и олова, т. е. обе группы обладают +1 и —М эффектом. Двойной 
характер связи Si—С подтверждается также и тем, что дипольный момент 
бензильных производных групп (СН3)3 Si и (СН3)3 Sn больше (0,71 D и 0,69 D), 
чем аналогичных соединений углерода.

Очевидно, что в случае алкенил-силанов должен наблюдаться подоб
ный эффект, что в дальнейшем нами и будет подтверждено.
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В качестве образцов для наших исследований мы выбрали триметил- 
винил-силан, триметил-аллил-силан и триметил-бутенил-силан. Эти соеди
нения были получены известным в литературе [3] методом, их чистота была 
проверена газовой хроматографией.

Газохроматографический анализ проводился на приборе W. G. PYE & 
Со LTD PYE-аргон, снабженном стеклянной колонкой длиной 2 м и диа
метром 4 м. В качестве неподвижной фазы использовался силанизированный 
целит BDH 80—120 меш. с 3% силикона SE —30. Температура колонки в 
случае триметил-винильного триметил-аллил-силана равнялась комнатной 
температуре, а в случае триметил-бутенил-силана составляла 50° С. На
пряжение на детекторе 1250 в, скорость газа 45 и 50 мл аргона/мин. Резуль
таты анализа показали, что во всех трех случаях соединения содержали 
лишь один компонент и, таким образом, была достигнута чистота соеди
нений, необходимая для проведения диэлектрических измерений.

Для определения дипольного момента соединений нами был выбран 
метод О н з а г е р а  [4]. Измерения проводились при температуре 25,00 ±  0,05° С, 
которая поддерживалась ультратермостатом.

Определение диэлектрической постоянной проводилось на приборе 
собственной конструкции [5] при частоте 10 000 гц, коэффициенты прелом
ления l ' d , а также разность n F — пс  (дисперсия), определялись на рефракто
метре Аббэ. Плотность определялась дилатометром.

Дипольный момент был рассчитан по методу Онзагера при помощи 
следующего известного уравнения:

/I =-. 0,22 1 Р*

Р *  =  V  (еи еэфф) ------ 2е° +  Еэфф
£ц (гэфф +  2 )-

где е„ — диэл. постоянная при частоте 10 000 гц и 25° С
V  — мольный объем

2 R  +  V
£эфф — V  R

Значение R  равно сумме атомной ( Р А) и электронной (Р е) поляризации, а 
также приблизительно может быть рассчитано из мольной поляризации, 
отнесенной к D линии:

R  =  Р А Р с или R  M R d  ■ 1,05

Сумма атомной и электронной поляризации была рассчитана обеими 
методами. Значение электронной поляризации, необходимое для более точ
ных расчетов, было определено при помощи интерполяционной формулы, 
относящейся к аномальной дисперсии. Значение атомной поляризации было
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рассчитано по методу А .  П .  А л ы п ш ю л е р  и Л .  Р о з е н б л ю м  [6 ] аддитивно из 
инкрементов связей, учитывая поправку на анизотропию дипольного поля.

На основании сумм атомных и электронных поляризаций, рассчитан
ных обеими методами, при помощи уравнения Онзагера нами рассчитаны 
дипольные моменты перечисленных соединений. Значения дипольных мо
ментов, рассчитанные двумя методами, практически совпадают.

Результаты измерений и расчетов сведены в следующую таблицу, в 
которой показаны коэффициенты преломления ( п р )  плотность ( d i ' ) ,  диэлект
рические постоянные (е25) мольный объем (Р 43), молярная рефракция, от
несенная к D-линии ( M R p ’), коэффициенты преломления, относящиеся к 
электронной поляризации (и„), атомная (Р А) и электронная (Р с) поляри
зация, а также их сумма (Р А +  Р е), сумма приблизительно определенной 
атомной и электронной поляризации (1,05 M R D) и рассчитанный при по
мощи двух последних значений дипольный момент ( р )  винил-, аллил- и 
бутенил-триметил-силанов.

Табл. II

CH2=CH—SiR3 CH2=CH—CH„—SiR„ CH2=CH—CH,—CHt—SiR„

25TlD 1,3880 1,4047 1,4112

d f 0,6864 0,7112 0.7313

e25 2,07 2,28 2,20

F f 145,94 160,53 175,43

M R n 34,43 39,32 43,56

П00 1,3736 1,3895 1,3969

P a 2,965 3,03 3,19

P e 33,29 38,01 42,24

PA +  P» 36,25 41,04 45,43

M R n  1,05 36,16 41,29 45,74

Ih 0,331 0,59 0,477

Ri 0,338 0,58 0,46

По данным таблицы видно, что максимальное значение дипольного 
момента наблюдается у аллильного соединения, а минимальное у винил- 
производного.

Методом Дебая [7] дипольный моменттриметил-аллил-силана был опре
делен также в среде циклогексана. Дипольный момент, рассчитанный извест
ным путем на основании суммарной поляризации, отнесенной к бесконечно 
разбавленному раствору, меньше (—0,45 D), чем рассчитанный по методу 
О н з а г е р а  (0,58 D). Известно, что метод Дебая из-за эффекта растворителя 
приводит к искаженным результатам, что подтверждается эмпирической
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Рис. 1. Зависимость удельного объема от обратной величины молекулярного веса членов 
гомологического ряда (СН3) 3 Si (CH.,)n СН — СН2

зависимостью М ю л л е р а  [8]. Опыт показывает, что значения дипольных 
моментов, рассчитанные по методу Онзагера, лучше совпадают с истинными 
значениями, измеренными в парах, чем рассчитанные по Дебаю. Поэтому 
за основу дальнейших расчетов нами приняты значения дипольных момен
тов, рассчитанные по Онзагеру.

На основании перечисленных данных интересно было проверить по 
работам К ■ X .  М е й е р а ,  ван  дер  Б а й к а  [9] и Г е ц а  И ш т ва н а  [10], выполня
ются ли эмпирические зависимости, установленные ими для гомологиче
ских рядов.

в

Рис. 2. Зависимость показателей преломления, измеренных при разных температурах, 
от обратной величины молекулярного веса членов гомологического ряда 

(СН3) 3 Si (СН,)П СН =  СН2
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í  1
Удельные объемы , измеренные при 25° С, в зависимости от обрат-

W  ]
ного значения молекулярного веса ^  дают прямую (рис 1). Такимобразом

в этом отношении правило гомологических рядов выполняется, что одно
временно служит доказательством достаточной точности наших измерений 
плотности и чистоты веществ.

При изображении коэффициентов преломления, измеренных при 20° С 
и 25° С в зависимости от обратной величины молекулярного веса, в отличии 
от экспериментальной зависимости, не получается прямая линия, что озна
чает, что поляризуемость аллильного соединения больше ожидаемой (рис. 2.).

Выбрав за основу триметил-бутенил-силан, двойная связь в котором 
может считаться изолированной, мы провели сравнение свойств отдельных 
членов гомологического ряда триметил-алкенил-силанов (рис. 3). Графи
чески изобразили:

1. способность к диродановому присоединению,
2. характер кривой валентных колебаний связи С — С в спектре ком

бинационного рассеяния света (1630 -1649 см-1),
3. характер кривой валентных колебаний (1630-1649 см-1),
4. изменение дипольного момента,
5. изменение диэлектрической постоянной в зависимости, от числа 

метиленовых групп. Максимум в каждом случае — подобно зависимости 
n D от 1/М — наблюдается у аллильногосое динения.

Отличие аллильного соединения от винилпроизводного подчеркивается 
и тем экспериментальным наблюдением, что присоединение галоидоводо- 
рода в случае винил-производного идет против правила Марковникова, а 
в случае аллильного соединения согласно правилу Марковникова.

Эти изменения обусловлены очевидно природой связи данных соеди
нений, которая — на основе экспериментальных данных — должна быть 
следующей:

CH..— CH^Si Н3 /< 0,331) (+1; — М)

СН2— СН— CH2̂ S i П3 / I  =  0,581) (+1)

СН2— СН—СН,— CH2<-Si R3 / и  0,461) (+1)

В винил-производном дипольный вектор связи кремний—углерод на
правлен к углероду, т. е. атом кремния заряжен относительно положительно, 
а атом углерода относительно отрицательно. Это очевидно простой индук
тивный эффект (+1). Перпендикулярная к оси а  связей р л  орбита а  и ß  угле
родных атомов, а также пустая М  орбита кремния перекрывают друг друга, 
что приводит к образованию трицентричной связывающей молекулярной
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£

D,с

Рис. 3. Зависимость изменения
1 . способности к диродановому присоединению (родановое число, %),
2. кривых интенсивности в спектрах комбинационного рассеяния света связи С =  С,
3. кривых инфракрасной интенсивности связи С =  С (экстинкция)
4. дипольного момента
5. диэлектрической постоянной
от числа метиленовых групп в гомологическом ряду (СН3) 3 Si (CH2)n СН =  СН.,.
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орбите,заполненной двумя электронами, а это означает, что в силу-М-эффекта 
кремния л-электронная пара сдвигается в сторону кремния и понижает 
дипольный момент первоначальной <т-связи кремния. Это явление так на
зываемого сопряжения. В силу — М эффекта кремния /^-углеродный атом 
по отношению к атому кремния становится относительно положительно, 
а а-углеродный атом относительно отрицательно заряженным. Этим объяс
няется, что наименьшее значение дипольного момента наблюдается у винил- 
производного. Электромерный эффект, благодаря эффекту сопряжения, 
также мал, что понижает, например, способность к диродановому присоеди
нению. С этим утверждением хорошо согласуется понижающаяся тенденция 
значений интенсивности поглощения в инфракрасной области и в спектре 
комбинационного рассеяния света, а также реакция присоединения галоидо- 
водорода, идущая против правила Марковникова.

В аллильном соединении двусторонний эффект сверхсопряжения за- 
счет кремния и метиленовой группы, а также + 1 эффект кремния приводит 
к явлению, подобному в пропилене, но обратному по сравнению с винил- 
производным.

Электронное облако аллильной группы смещается в сторону у-угле- 
родного атома, что в некоторой степени усиливается непосредственным 
пространственным эффектом кремния. Таким образом, у-углеродный атом 
приобретает относительно отрицательный заряд. М и Е эффекты связи С =  С 
сильно возрастают и поэтому дипольный момент, поляризуемость и связан
ные с этими двумя свойствами интенсивности поглощения в инфракрасной 
области и в спектрах комбинационного рассеяния света также сильно воз
растают. Таким образом становится ясно, почему присоединение галоидо- 
водорода идет по правилу Марковникова, а также понятна высокая реак
ционная способность в реакциях электрофильного и нуклеофильного харак
тера. Известно также, что в кислой и щелочной среде при действии воды 
происходит отщепление аллильной группы с образованием пропилена. 
В случае ОН-  иона это явление объясняется тем, что данный ион по меха
низму S N' вступает во взаимодействие с одной из 3d орбит кремния, а 
образующийся переходный комплексный анион под действием воды превра
щается в силанол, а затем в силоксан.

Бутенильное соединение может считаться за олефинпроизводное и 
двойная связь в нем рассматриваться почти полностью изолированной, а 
ß  — у- и ó-углеродные атомы обладают химическими свойствами, подоб
ными пропилену. Этим объясняется, что данные, приведенные для буте- 
нильного соединения, занимают промежуточное положение между значе
ниями для винил-производного с одной стороны и аллильного соединения 
с другой. Используя приведенные данные, нами был проделан приблизи
тельный расчет отдельных дипольных моментов связей в винил-триметил- 
силане.
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Известно, что дипольный момент связи С—Н 0,4 D, а связи Салиф, — Si 
0,6 D [б]. При помощи этих значений, дипольного момента винильного соеди
нения, правильного расставления векторов, значений длины связей, а также 
относительного распределения зарядов в зависимости от индуктивного и 
мезомерного эффектов, векторным анализом можно рассчитать дипольный 
момент связи Si — С и С =  С в винильной группе.

Из тетраэдрической симметрии следует, что результирующий вектор 
группы ;'СНз/ •<- Si 0,2D. На основании sp2 гибридных уровней углеродных 
атомов винильной группы валентные углы вокруг углеродных атомов ви
нильной группы ~  120°.

Учитывая I и М эффекты, можно написать следующую структрную 
формулу, обладающую парциальными зарядами из-за сдвига электронов:

«(+)
(CH:i)3 Si—>

«(-) «(+) 
CH .4-CH2

2e,. E i  - E l I эффект

Л 1,Е, +£i M эффет

где е,- — относительная заряженность, вызываемая I эффектом 
е, — относительная заряженность, вызываемая М эффектом
<5 — первоначальная относительная заряженность
Дипольный момент винил-силана /л =  0,34 D, длины связей R síc =  

=  1,89Â и R c c  — 1,337Â (винил).
На основании этого неизвестные дипольные векторы связи т 1 и т 2 

могут быть выражены (2ej/?Sic =  0,6 D)

m 1 —  ( 2 e i ~ R 2el) R SiC =  0 ,6  0,945 е, (1)

=  (е, -  E j )R ç ç  =  1,337 Et — 0,214 (2)
а также

т А 0,6 — т  ; т в =  т 2 (3)

На основании этого для дипольного момента винил-триметил-силана 
и дипольных моментов указанных групп можно применить теорему коси
нусов

/г2 =  т \  -f- m 2B -f- 2 т А • т в  cos 0

где 0  =  120° (4)

Подставляя уравнения (1), (2) и (3) в (4) для в, получается следующее 
выражение:

3,935 ej 0,369 е, — 0,063 =  0 (5)

после решения которого
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£/ =  0,176 и Sj =  0,16

Таким образом характер связи кремний-винил, распределение зарядов 
и дипольный момент связи триметил-винил-силана можно изобразить сле
дующим символом:

0.438D 0.021D

(СН3)3 S i -  - >-------СИ —СИ,

+  0,048е 0,05 le  +  0,003е

Дипольный момент связи Si — С с 0,6 D понижается до 0,438 D по 
сравнению с дипольным моментом связи Н3С •*- Si

(CH3)3Si ^ СН3 ( +  I) mslc =  0,6 D

Дипольный момент связи С =  С, направленный в сторону а-углерод- 
ного атома, равен 0,021 — т. е. не равен нулю, как в этилене — таким обра
зом данная связь является в некоторой степени полярной, ковалентной 
связью. Приведенные значения дипольных векторов связи могут рассмат
риваться как результирующая связей и векторов сопряженных связей.

Мы намерены продолжить наши исследования и результаты, полу
ченные опытным путем, подтвердить квантомеханическими расчетами.

Наконец, выражаем благодарность д-р Г а б р и э л л е  Г а р зо  за проведение 
газохроматографического анализа, а также Р е н а т е  Ф а ркаш  и Т а м а ш у  
Г а б о р  за синтез исследуемых соединений.

РЕЗЮМЕ

Проведены диэлектрические измерения триметил-винил-, аллил- и бутенил-сила- 
нов. Установлено, что триметил-винил-силан обладает строением, подобным триметил- 
фечил-силану, с той разницей, что в винильном соединении два л-электрона находятся 
на трицентричной, а в фенильном соединении же 6  л-электронов находятся на гептацент- 
ричной молекулярной орбите. В обоих случаях атом кремния обладает индуктивным 
(-И) и мезомерным (—М) эффектом. Реакционная способность аллильных соединений 
связана с сильно повышенными М и Е эффектами, которые в свою очередь объясняются 
+  1 эффектом кремния и эффектом сверхсопряжения группы СН,.
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Ü b er die B in d u n g ss tru k tu r der a lk eny lsilic ium organ ischen  V erb indungen
J. NAGY, S. FERENCZI-GRESZ und V. F. MIRONOV

Z u s a m m e n f a s s u n g .  D i e  E r g e b n i s s e  d e r  m i t  T r i m e t h y l v i n y l - ,  A l l y l -  u n d  B u t e n y l s i l a n  d u r c h 

g e f ü h r t e n  d i e l e k t r i s c h e n  M e s s u n g e n  b e s t ä t i g e n ,  d a ß  d a s  V i n y l t r i m e t h y l s i l a n  e i n e  d e m  P h e n y l -  

t r i m e t h y l s i l a n  ä h n l i c h e  S t r u k t u r  b e s i t z t ,  j e d o c h  m i t  d e m  U n t e r s c h i e d ,  d a ß  s i c h  b e i  d e r  V i n y l 

v e r b i n d u n g  d i e  b e i d e n  T z - E l e k t r o n e n  a u f  e i n e m  t r i z e n t r i s c h e n ,  w ä h r e n d  b e i  d e r  P h e n y l v e r 

b i n d u n g  d i e  s e c h s  тг- E l e k t r o n e n  a u f  e i n e m  h e p t a z e n t r i s c h e n  M o l e k ü l n i v e a u  b e f i n d e n .  I n  b e i d e n  

F ä l l e n  w e i s t  d a s  S i l i c i u m  e i n e  - ( - i n d u k t i v e  ( - ( - I )  u n d  m e s o m e r e  (  —  M )  W i r k u n g  a u f .  D i e  R e a k 

t i o n s f ä h i g k e i t  d e r  A l l y l v e r b i n d u n g e n  s t e h t  m i t  d e n  s t a r k  v e r g r ö ß e r t e n  M  u n d  E  E f f e k t e n  i m  

Z u s a m m e n h a n g .  D i e s  k a n n  m i t  d e m  - f - I - E f f e k t  d e s  S i l i c i u m s  u n d  m i t  d e m  H y p e r k o n j u g a t i o n s 

e f f e k t  d e r  C H 2- G r u p p e  e r k l ä r t  w e r d e n .

Bond S tru c tu re  o f  A lkenyl S ilieonorgan ic  Com pounds
J. NAGY, S. FERENCZI-GRESZ and V. F. MIRONOV

S u m m a r y .  D i e l e c t r i c  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  w i t h  t r i m e t h y l  v i n y l ,  a l l y l  a n d  b u t e n y l  

s i l a n e .  I t  w a s  f o u n d  t h a t  v i n y l  t r i m e t h y l  s i l a n e  h a s  a  s t r u c t u r e  s i m i l a r  t o  t h a t  o f  t h e  p h e n y l  

t r i m e t h y l  s i l a n e ,  w i t h  t h e  d i f f e r e n c e ,  h o w e v e r ,  t h a t  i n  t h e  v i n y l  c o m p o u n d  t h e  t w o  n  e l e c t r o n s  

a r e  o n  a  t r i c e n t r i c  m o l e c u l e  l e v e l  w h i l e  i n  t h e  p h e n y l  c o m p o u n d  t h e  s i x  n  e l e c t r o n s  a r e  p r e s e n t  

o n  a  h e p t a c e n t r i c  m o l e c u l e  l e v e l .  S i l i c i u m  p o s s e s s e s  i n  b o t h  c a s e s  - ( - i n d u c t i v e  ( - ( - I )  a n d  m e s o -  

i n e r i c  (  —  M )  e f f e c t s .  T h e  r e a c t i v i t y  o f  a l l y l  c o m p o u n d s  i s  c o r r e l a t e d  w  i t h  t h e  a p p r e c i a b l y  i n c r e a s 

e d  M  a n d  E  e f f e c t  w h i c h  c a n  b e  i n t e r p r e t e d  b y  t h e  - ( - I  e f f e c t  o f  s i l i c o n  a n d  b y  t h e  h y p e r c o n 

j u g a t i o n  e f f e c t  o f  t h e  C H 2 g r o u p .

D r. József N a g y  Г1 . V T  n  n -  , .
B u d a p e s t  X I .  B é lié r t  t e r  4

M rs. S a ro lta  J e r e n c z i - B r e s z  I
V . F . M i r o n o v ; I n s t i tu t  K re m n iy o rg an ich esk ik h  Soedinenii, M o sk \a  

E  275, SSSR
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ALLYLPHENOL AND PROPENYLPHENOL DERIVATIVES

O . H . - H a n k o v s z k y , К . H i d e g  and G y . M é h e s

( Ins t i tu te  o f  Pharmacology, Universi ty M edica l  School , Pécs, Hungary)

R eceived M arch 8 , 1965

The m ain  com p o n en ts  o f th e  e therea l oil o b ta in e d  from  Asarurn E uro p ea u m  
L . have  been described  b y  G a t t e b m a n  a n d  E g g e r s  [1], and  by  B r u c k n e r  

an d  S z é k i  [2].
These co m p o u n d s a re : asarone (2 ,4 ,5 -tr im e th o x y -l-p ro p en y lb e n z e n e ), 

eugenol (2 -m ethoxy-4 -a lly Ipheno l), m e th y leu g en o l (3 ,4 -d im e th o x y -l-a lly lb en - 
zene), isoeugenol (2 -m eth o x y -4 -p ro p en y lp h en o l) an d  m ethylisoeugenol (3,4- 
d im e th o x y -l-p ro p e n y lb e n ze n e ).

R ecen tly , a d e riv a tiv e  o f eugenol (E s til , G -29505), (2 -m ethoxy-4 -a lly l- 
p h en o x y ace tic  ac id  N ,N -d ie th y lam in e) has b een  m a rk e te d  by  G eigy A. G. 
as a sh o rt-p e rio d  n a rc o tic  ag en t [3] possessing also  a s tim u la tin g  e ffec t o n  th e  
re sp ira to ry  o rg an s. H ow ever, th is  com p o u n d  is inso lub le  in  w a te r, an d  has 
som e u n d esirab le  seco n d ary  effects. T hus, in c lin ical te s ts  i t  p roved  u n s a tis 
fa c to ry  [4].

The scope o f o u r ex p erim en ts  was th e  p re p a ra tio n  o f various am in o - 
s u b s ti tu te d  d e riv a tiv e s  o f  eugenol and  isoeugeno l, in  o rd e r to  s tu d y  th e  possib le  
co rre la tions b e tw een  th e  pharm aco log ical e ffec ts  (such  as co ronary  d i la ta to ry , 
h y p o ten siv e , sp asm o ly tic  a c tiv ity )  an d  th e  s tru c tu re . The p re sen t re p o r t  
com prises a d esc rip tio n  o f th e  sy n th e tic  w ork , w hile th e  p h a rm aceu tica l te s ts  
will be pu b lish ed  in d e ta il elsew here.

M ethods of syn th esis

Method A

(a) P re p a ra tio n  o f 2 -m eth o x y -4 -a lk en y l-2 ’-am in o e th o x y b en zen e  d e r iv 
a tiv es

T he p h en o la tes  o f  isoeugenol (I) an d  eugeno l (II) form ed in  a lk a lin e  
so lu tio n  (sodium  h y d ro x id e ) are  reac ted  w ith  N (2 ’-ch lo roethy l)-am ino  co m 
p o u n d s to  affo rd  4 -(2 ’-am in o e th y l) e th e rs ; th e  la t te r  p ro d u c ts  are c o n v e rted  
in p o la r  so lv en ts  (such  as ace tone  or e th an o l) in to  q u a te rn a ry  sa lts , b y  t r e a t 
m e n t w ith  m e th y l iod ide.
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(b ) P re p a ra tio n  of 2 -m eth o x y -4 -a lk en y lp h en o x y ace tam id es 
T h e  reac tio n  o f ch lo roacetic  am ides w ith  I  or II  in  a lk a lin e  so lu tio n  

y ie ld s  th e  co rrespond ing  g lycolam ides.

R \
When N /  : N N — CH3 also the quaternary salt of the amide can be prepared.

В \  /

(c) Selective red u c tio n  o f 2 -m eth o x y -4 -a lk en y lace tam id es w ith  lith iu m  
a lu m in iu m  h y dride

L ith iu m  alum in ium  h y d rid e  se lec tiv e ly  reduces th e  am id e  g ro u p  to  
a m in e . H ow ever, th e  u n s a tu ra te d  b o n d  is n o t sa tu ra te d , also i ts  positio n  
re m a in s  unch an g ed .

О
У  / R  / R

о с н .,—с  — n /  OCH2-C H 2- N <
I ' -R I R

СН30 \ / \  L-A1H, * y 4
I I; ----- *  I I!
\ /  V /

R, R,

R, =  CH =  C H -C H 3 or CH2-C H  =  CH„

A ct*  Chimica Academiae Scientiarum Hungaricae 47. 1966.
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Method В

P re p a ra tio n  o f  2’-(3 -m eth o x y -4 -h y d ro x y p h en y l)-iso p ro p y lam in es 
On re a c tin g  2’-(3 -m et.hoxy-4 -hydroxypheny l)-isop ropy l b ro m id e  [5] 

w ith  an  excess o f  a p r im a ry  or secondary  am in e , 2 ’-(3 -m eth o x y -4 -h y d ro x y - 
p h en y l)-isop ropy lam ines are  ob ta in ed  in  fa ir  y ie ld s . W hen a secondary  am in e  
is used , th e  fo rm ed  te r t ia ry  am ine can  be c o n v e rte d  in to  th e  c o rre sp o n d in g  
q u a te rn a ry  am ine  in  good y ie ld , by  t r e a tm e n t w ith  m ethy l iodide.

Method C

The M annich  re a c tio n  of isoeugenol a n d  eugeno l
The re a c tio n  o f  isoeugenol or eugenol w ith  fo rm aldehyde a n d  w ith  a 

secondary  or p r im a ry  am ine  affords d e r iv a tiv e s  con ta in ing  an  a m in o m e th y l 
group in  o rth o  p o sitio n ; th e  yields are s a tis fa c to ry . The side c h a in  is le ft 
unchanged . The p ro d u c ts  can n o t be d is tilled  w ith o u t decom position  ev e n  a t
0.05 T orr. H ow ever, th e y  could be iso la ted  fro m  th e  reaction  m ix tu re  in  fa ir 
yields in th e  form  o f v a rio u s sa lts (such as h y d ro ch lo rid e , ta r tra te ) .

OH
I

C H ^ / X  .R
I II +  CH20  f  HN<

R

R,

о н
1 / к  ch304/ \ . ch2- n<

í  R
\ /

I
К,

The co m pounds p rep a red  b y  th e  a b o v e -d esc rib ed  m ethods are su m m a riz e d  
in T ables I, II  a n d  III .

.Acta Chimica Academiae Scientiarum Hungaricae 17. 1966.

о н  о н
I / К  I / R
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Il II R I I! R
\ /  Ч /

I I
с н 2~ с н ~ с н 3 с н „ - с н - с н 3

I I /R
Br N (

R
ОН ОН
I I

с н 3о ху \  с н 3о ху \
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Compd.
No. Ri R M. p., °c

Formula
(Molecular weight)

N%
Calnd.
Found

Hal. % 
Calcd. 
Found

l ch 2- ch2- n  4
\ __/

-C H  =  CH -CH 3 172—73 C„HBNOt .HCl
(311.86)

4.49
4.98

11.37
11.05

2 CH;— ch 2- n — CH2-C H  =  CH2 129—30 C,,H2iiN 02.HCl 
' (311.86)

4.49
4.59

11.37
11.18

3 ch2- ch 2- n  0
\ _/

—CH=CH—CH3 167- 69 CieII23N 03.HCl
(313.81)

4.46
4.35

11.30
11.65

4
/ С А

сн2- с н 2- : г
\ c 2H5

-C H 2-C H = C H 2 109-12 C,fH25N02.HCI
(299.85)

4.67
4.62

11.83
11.75

5 CH,—CH,—N N i <->
1 \ _/

с н я

— CH =  CH-CH3 148—49 C,,H2sINO„
(417.34)

3.36
3.12

30.41
30.08

6 СН,—CH„—N OI(-)
■ 1N—/

CH3

—C H =C H -C H 3 173—76 с „ н йш о 3
(419,29)

3.34
3.57

30.27
30.25

7 CH2- C H 2 - N ^ V )
I \C jH 0 

CH3

-C H 2— CH =  CH2 c 1th 28i n o 2
(405.33)

3.46 31.31
4.05 31.12

1 7 7 — 79
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Compd. 
No. j R. R,

O
8

II /-Ч
C H L-C -N  >\ __ /

- C H = C H —CH,

0

9
il / — \

CH„—C—N N—CH3
;

- C H = C H - C H 3

10 CH„—C—N N<+> -C H 3
w l , .

CH, !<-)

-C H  =  C H - C H ,

* B. p ./T orr

M .p.
°c

Formula
(Molecular weight )

№
Calcid.
Found

Halogen % 
Calcd. 
Found

220/0.9* ClrH a N 0 3

'

4.84
(289.38) 4.76

178 80 C ,,H „N <.0 ,.H C I 8.22 10.41
(340.86) 8.11 10.28

258—60 C13H „ IN 3Oa 6.28 28.43
(446.34) 6.25 27.96

H
.-H

A
N

K
O

V
SZ

K
Y

, H
ID

E
G

, M
ÉH

ES: A
L

L
Y

L
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N

O
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A
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ОН

CH — CH— с н 3
I

Table I I  R

Compd.
No. R М п., °С

Formula
(Molecular weight)

N%
Calcd.
Found

Halogen % 
Calcd. 
Found

i t О 2 2 0 -2 3 C16H 23N 0 2.HC1
(285.82)

4.90
4.57

12.32
12.50

12
/ ~ \  

N О
\ __/

186—87 c 14h 21n o 3. h c i
(287.80)

4.87
5.19

12.33
12.50

13 N  <;н ,
\ _ у

2 1 4 -1 6 C15H 24N20 2.2HC1
(337.31)

8.31
8.44

21.03
20.76

14
(+ )/— \  , . 
N  01< ->

| \ __/
с н 3

146—48 c 15i i ?4i n o 3
(393.27)

3.56
3.95

32.27
32.40

/  \

If. (1\  (N — CH3 2 l H
)4-----

204—05 C 17H.î0I2N2O2
(548.26)

5.11
5.41

46.30
46.70

с н з с н 3

R ela tio n sh ip s  b e tw een  s tru c tu re  an d  p h arm aco lo g ica l effect
T h e  ph arm aco lo g ica l effects o f th e  sy n th e s iz e d  com pounds can  b r ie fly  

he c h a ra c te r iz e d  as follow s.
1. T h e  O -a lky lam ine  e th e rs  (No. 1 to  4), a n d  p a rtic u la r ly  th e ir  q u a te rn a ry  

sa lts  (N o. 5 to  7), w ere fo u n d  to  possess h y p o te n s iv e  action .
2. T h e  O -glycolam ide com pounds (No. 8 a n d  9) are narcotics an d  re la x a n ts , 

s im ila rly  to  E s til;  th e  ac tio n  is of sh o rt d u ra tio n .
3. W h en  th e  am ide  g roup  is reduced , th e  n a rc o tic  and  re la x a n t effects 

o f th e  m olecule  are  lo st.
4 . A ll com pounds h a d  som e stronger or w e a k e r papaverin like  sp a sm o ly tic  

effect.
5. T h e  O -a lky lam ine  e th e rs  s tim u la te d  re sp ira tio n  (e.g., No 1 to  3).
6 . C om pound  N o. 13 disclosed a q u a lita tiv e  co ro n ary  d ila ta to ry  a c t iv i ty .

Ida  Chim ica Academiae Sciential !tn Hungaricae 47. 1966.
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E xperim en ta l

M ethod A

(a) 2-Methoxy-4-propenyl-2’-iiior|>holinoethoxybenzene (No. 3)*

A so lu tion  c o n ta in in g  16.4 g (0.1 mole) o f isoeugeno l in  200 m l o f e th an o l w as m ixed  
w ith  5.0 g (0.125 m ole) o f  so d iu m  h y d rox ide  d issolved in  som e w a te r , and  w ith  14.9 g (0.1 m ole) 
o f yß-chloroethylm orpholine b ase . A fter boiling th e  m ix tu re  fo r th re e  hours, th e  p re c ip ita te d  
sod ium  chloride (4.5 g) w as rem o v ed  b y  f iltra tio n , a n d  th e  f i l t r a te  d istilled ; y ield , 15 g (5 4 % ), 
b .p .0.4Torr: 192°. On ac id ify in g  th e  e thanolic  so lu tio n  o f  th e  p ro d u c t, w h ite  c ry s ta ls  o f th e  
m onohydrochloride  o f th e  b a se  were o b ta in ed , m .p . 167 — 169°.

(b) 2-Methoxy-4-propenyl-2’-morpholinoethoxybenzene nionoethiodidc (No. 6)

On trea tin g  th e  so lu tio n  o f 13.0 g (0.05 m ole) o f  th e  b ase  in  acetone w ith  excess m e th y l 
iodide, and  allow ing th e  m ix tu re  to s ta n d  an  hour, th e  q u a te rn a ry  salt p re c ip ita te d , y ield  
18.95 g (47% ), m .p. 1 7 3 - 1 7 6 ° .

(b) 2-Methoxy-4-propenylphenoxyacety!-piperidine (No. 8)

A so lu tion  c o n ta in in g  16.4 g (0.1 mole) o f isoeugeno l in  150 ml of e th an o l was re a c te d  
w ith  5.0 g (0.125 m ole) o f so d iu m  hydrox ide  dissolved in  10 m l o f w a te r  and  w ith  20 g (0.12 m ole) 
o f ch lo roace ty lp iperid ine . A fte r  re flu x in g  th e  reac tio n  m ix tu re  fo r five hours, th e  p re c ip ita te d  
sod ium  chloride was re m o v e d  by  f iltra tio n , and  th e  f i l t r a te  d istilled . Y ield 16 g (55% ), 
b.p*o.9Torr 220 .

2-Methoxy-4-propenyIphenoxyacetyl N-(N’methyl)-piperazine (No. 9).

T his com pound wras p re p a re d  from  isoeugenol a n d  N -(ch lo ro ace ty l)N ’-m eth y lp ip e raz in e  
by  th e  m ethod  described  in  th e  p receding ex p erim en t. Y ield  13 g (43% ), b .p .04j orr 165°. 
On acid ify ing  th e  e th an o lic  so lu tio n  of th e  base w ith  e th a n o lic  hydroch lo ric  acid , th e  co r
respond ing  h y d roch lo ride  w as o b ta in e d , m .p. 178 180°. W h en  a so lu tio n  of th e  base in  ace to n e
is tre a te d  w ith  excess m e th y l io d ide , and  the  m ix tu re  a llow ed  to  s ta n d  an  hour, th e  m onoeth io - 
d ide  o f th e  base  (No. 10) is p re c ip ita te d , m. p. 258 260°.

(c) Reduction of 2-methoxy-4-propcnylphciioxyacetyl N-pipcridine (No. 8) with lithium alu
minium hydride to 2-methoxy-4-propenyl-ß-piperidinoethoxybenzene (No. 1)

T he so lu tion  of 10 g (0 .4  m ole) o f lith iu m  a lu m in iu m  h y d rid e  in  a n h y d ro u s e th e r (100 ml) 
was ad d ed  dropw ise to  28.9 g (0.1 m ole) o f th e  g lyco lam ide  base  d issolved in  150 ml o f e th e r. 
A fter re flu x in g  th e  m ix tu re  fo r an  hour, excess l ith iu m  a lu m in iu m  h y dride  an d  th e  fo rm ed 
com plex were decom posed , th e  e th e rea l phase  w as d ried  o v e r sod ium  su lfa te , and  th e  fo rm ed 
phenol e th e r was d istilled . Y ield  20 g (72% ), b.p.ixorr 182 — 184°.

Method В

2,-(3-Methoxy-4-hydroxylphenyl)-isopropylmorpholine (No. 12)

T he so lu tion  of 12.2 g (0.05 mole) of /b (3 -in e th o x y -4 -h y d ro x y p h en y l)- iso p ro p y l b rom ide  
in  100 m l o f benzene w as t r e a te d  w ith  20 g of p o tass iu m  c a rb o n a te  an d  13.0 g (0.15 m ole) o f 
m orpholine . T he m ix tu re  w as re flu x ed  for two hours, f i lte re d , th e  f iltra te  e v ap o ra te d , an d  th e  
base d istilled  a t  0.1 T o rr  a t  166° to  yield 7 g (55% ) of th e  p ro d u c t.

A cidifying th e  ace to n e  so lu tio n  of th e  com pound  w ith  hyd ro ch lo ric  acid  gave th e  m ono- 
ch loride, m .p . 1 8 6 -1 8 7 ° .

T he q u a te rn a ry  sa lt  w as p rep ared  by  re flu x in g  fo r a n  h o u r 12.6 g (0.05 m ole) o f 2’-(3- 
m e th o x y -4 -h y d ro x y p h en y l)-iso p ro p y lm o rp h o lm c  base in 100 ml o f ace tone  w ith  14 g (0.1 m ole) 
o f m ethy l iodide. Y ield: 5 g (2 5 % ). m .p . 146 — 148°.

* T he num bers b eh in d  th e  nam es of the co m p o u n d s re fer to th e  T ables.
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Compd.
No.

/R , 
N < M. I»., °c Formula

(Molecular weight)
N % 

Calcd. 
Found

ci%
Calcd.
Found

16 — CH2— CH =  CH„ 151 — 52 C 15H j , N 0 2 .H C I
(283.81)

4.94
5.07

12.50
12.38

17 О — CH2- C H = C H 2 172—73 C16H n NO„.HC.I
(297.83)

4.70
4.66

11.91
12.20

18 N  0 - C H 2- C H  =  CH2 178— 79 C |5H 2,N 0 3.HC1
(299.81)

4.67
4.57

11.83
12.18

19
/ ~ \  

N  0
\ __/

— CH =  C H - C H , 190—91 C15H 21N 0 3.HC1
(299.81)

4.67
4.60

11.83
11.70

CH3

20 N  0

\ с н з
— CH2- C H = C H 2 89 91 c I7h 25n o 3. i ic i

(327.86)
4.27
4.35

10.82
10.36

21

/ C H a
/  \

N О
\ _ /

х сн3
— C H = C H - C H 3 104— 106

(732.79)
3.82
3.58

22 N H —(CH2)S—N  0
\ __ '

— C H = C H — CH„ 115 17 с1Ян2,^ о 3.с4н,ов*
(469.52)

5.96
5.98
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Compd.
No.

/К.
R,

23 N H - ( C H 2) , - N  b
\ __/

— с н 2— с н - с н 2

24 N  N — CM,
\  /

с н = с : н  с и 3

25 N N -  CH, - С Н 2- С Н = С Н 2

26
y \

N H — CH2— CH2- L - J — СН2- С Н  =  СН2

27 0 - 0 — с н 2—с н = с н 2

28
/  \  / = \  

N ^ JS I- c h 2 ^

c h ;

— С Н ,- С Н  =  СН2

29

0
V л

/  \ А /Ч
N N —(С Н ,),— N 1

'  '  '  ' ( У \
— С Н ,- С Н  =  СН,

/У
0

ta r t ra te

М. р., °с Formula
(Molecular weight)

N%
Cal cd. 
Found

Cl%
Calcd
Found

175—80 C ,»H „N ,0 ,.2H C 1 7.14 18.07
(392.36) 7.29 18.34

176—78 C ,.H .jN .0 „ .2 H C l 8.02 20.30
(349.32) 8.28 19.80

181—83 C,fH „,N ,0„.2H C l 8.02 20.30
(349.32) 7.84 19.90

233— 35 CWH WN ,0 ,.2H C 1 7.54 19.09
(371.32) 7.51 19.30

1 6 5 -6 6 C21H 2nN20 ,.2 H C l 6.81 17.23
(411.38) 6.53 16.87

1 9 2 -9 4 C „H ,„N ,0„.2H C1 6.37 16.14
(439.44) 6.37 15.94

140— 44 <:,5Н29\ 30 4. 2HC1 8.26 13.95
Л508.47) 8.43 13.45
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Method С

2-Methoxy-4-allyI-6-pyrrolidinomethylphenol (No. 16)

The solution of 16.4 g (0.1 mole) of 2-methoxy-4-allylphenol in 200 ml of ethanol was 
refluxed for two hours with 15 ml of 35% formaldehyde and 8.1 ml (0.1 mole) of the pyrrolidine 
base. After evaporating the solution, the residual thick viscous oil (16 g, 64%) was dissolved 
in acetone. Hydrogen chloride was introduced in the solution to adjust the pH to 3. On the 
addition of ether, the salt precipitated in almost quantitative yield, m.p. 151 — 152°.

2-Meihoxy-4-allyl-6-(-N-)2’-phthalimitloethyl(-piperazinomethyl)-phenol (No. 29)

The solution of 16.4 g (0.1 mole) of 2-methoxy-4-allylphenol in 200 ml of ethanol was 
boiled two hours with 15 ml of 35% formaldehyde and 25.9 g (0.1 mole) of N-(2’-phthalimido- 
ethyl)-piperazine base. On evaporating the mixture, dissolving the residue in ethanol, and 
acidifying the solution, the dihydrochloride of 2-methoxy-4-allyl-6-(N-)2’-phthalimidoethyl- 
(-piperazinomethyl)-phenol was precipitated, yield 39.7 g (78%), m p. 140 — 144°.

The authors’ thanks are expressed to Miss T. H u szá r  and Mrs. M. Отт for the micro
analyses and for the technical assistance.

SUMMARY

Isoeugenol (I) and eugenol (II) react with haloethylamides in alkaline solution to give 
2-methoxy-4-alkenyl-2’-aminoethoxybenzenes.

In alkaline medium, the reactions of eugenol and isoeugenol with chloroacetamides 
yield 2-methoxy-4-alkenylphenoxyacetamides whose amide group may be selectively reduced 
with lithium aluminium hydride:

-CON(R)2 LlAIH> -C H 2-N (R ),

By reacting 2’-(3-methoxy-4-hydroxyphenyl)-isopropyl bromide with amines 2’-(3- 
methoxy-4-hydroxyphenyl)-isopropylamines have been prepared.

Eugenol and isoeugenol have been aminomethylated with formaldehyde and primary 
or secondary amines in ortho position to the phenolic hydroxyl, to give 2-methoxy-4-alkenyl- 
6-aminomethylphenols.
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A llyl- und  P ropeny lpheno lderivate
O. H .-H A N K O V SZK Y , K. H ID E G  u n d  GY. M ÉH ES

Z usam m enfassung. Isoeugenol (I) und Eugenol (II) reagieren in alkalischem Medium mit 
Halogenäthylaminen unter Bildung von 2-Methoxy-4-alkenyl-2’-aminoäthoxybenzolen.

Die Reaktion von Eugenol und Isoeugenol mit Chloracetamiden in einem alkalischen 
Medium liefert 2-Methoxy-4-alkenylphenoxyacetamide, deren Amidgruppe mit Lithium
aluminiumhydrid selektiv reduziert werden kann:

-C O N (R )2 LiAI-> -C H 2-N (R )2
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D urch  die R e a k tio n  von  2’-(3 -M eth o x y -4 -h y d ro x y p h en y l)-iso p ro p y lb ro m id  m it A m inen  
e rh ie lt m an  2’-(3 -M eth o x y -4 -h y d ro x y p h en y l)-iso p ro p y lam in e .

Bei de r A m in o m e th y lie ru n g  m it F o rm a ld eh y d  u n d  p r im ä re n  bzw. se k u n d ä ren  A m inen  
w urden  Eugenol u n d  Isoeugenol in  O rth o ste llu n g  zum  p h en o lisch cn  H y d ro x y l am in o m e th y lie rt, 
u n d  2 -M eth o x y -4 -a lkeny l-6 -am inom ethy lpheno le  e rg ab en  sieh  als R eak tio n sp ro d u k te .

Аллил- и пропенилпроизводные фенола
О, Х .-Х А Н К О В С К И , к. Х И Д Е Г  и Д Ь . М Е Х Е Ш

Резюме. Описывается синтез 2-метокси-4-алкенил-2’-аминоэтоксибензенов — производ
ных, образующихся при взаимодействии эвгенола и изоэвгенола с галогенэтиламинамн 
в щелочной среде.

В щелочной среде эвгенол и изоэвгенол с хлорацетамидами образует 2-метокси-4- 
-алкенил-феноксиацетамиды, амидо группа которых может быть селективно восстано
влена алюмогидридом лития:

LÍAIH,
CON(R), ------ * - C I I 2-N (R )2

2’-(3-метокси-4-гидроксифенил)-изопропиламины были получены на основе реакции 
бромистого 2’-(3-метокси-4-гидроксифенпл)-изопропила с аминами.

При взаимодействии эвгенола и изоэвгенола с формальдегидом и (первичными или 
вторичными) аминами, находящаяся в орто-положении по отношению к гидроксильной 
группе, амино группа фенола метилируется и образуется 2-метокси-4-алкенил-6-амино- 
метилфенол.

D r. O lga H .  H a n k o v s z k y  

D r. K á lm án  H i d e g  

P rof. D r. G yu la  M é h e s

Pécs, R ákócz i ú t  2, H u n g ary
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INVESTIGATIONS IN THE FIELD 
OF RADIATION-INDUCED SOLID STATE 

POLYMERIZATION, XIV*
T H E  y -R A D IA T IO N -INIT IA T E I) P O L Y M E R IZ A T IO N  OE A L L Y L  P A L M IT A T E  

G y . H a r d y , L. N a g y  an d  F . C s e r

(Research Insti tute f o r  the Plastics Industry ,  Budapest)

R eceived A u g u s t 13, 1965

The solid s ta te  p o ly m eriza tio n  o f v in y l m onom ers c o n ta in in g  lo n g -ch a in  
a lip h a tic  s u b s ti tu e n ts  has been s tu d ie d  on th e  exam ple  of ce ty l m e th a c ry la te  
[1] an d  vinyl la u ra te  [2]. I t  was fo u n d  th a t  these  m onom ers po lym erize  in th e  
solid  phase acco rd in g  to  linear k in e tic s , an d  the ra te  o f p o ly m eriza tio n  reaches 
a m ax im u m  n e a r th e  m elting  p o in t. C o n tra ry  to  th e  solid s ta te  p o ly m e riz a tio n  
o f o th e r  m onom ers, rad ical in h ib ito rs  m ark ed ly  slow down th e  so lid  s ta te  
p o ly m eriza tio n  o f  v iny l lau ra te  a n d  ce ty l m e th a c ry la te . Several p a p e rs  h av e  
been  pub lished  [3, 4, 5] on the  so lid  s ta te  p o ly m eriza tio n  o f  v in y l s te a ra te ;  
X -ra y  d iffrac tio n  s tud ies have led to  th e  conclusion th a t  in  v in y l m onom ers 
c o n ta in in g  long -chain  a liphatic  s u b s ti tu e n ts , th e  v iny l g roups are  s i tu a te d  
in  one plane an d  th e  m onom eric c ry s ta l has la m in a r s tru c tu re .

Some tim e  ago  we tried  u n su ccessfu lly  to  polym erize ally l a lcoho l and  
som e o f its  es te rs  b y  y -rad ia tio n  in b o th  th e  liqu id  and  solid s ta te s . W e w ished 
to  e x te n d  now  th e  form erly  recogn ized  p o ly m eriza tio n  p ro m o tin g  e ffec t of 
long chain  a lip h a tic  su b s titu e n ts  to  ally lic  com pounds w hich are k n o w n  to  
h av e  low te n d e n c y  for p o ly m eriza tio n ; for th is  purpose th e  ra d ia tio n -in d u c e d  
p o ly m eriza tio n  o f  ally l p a lm a tite  w as in v es tig a ted  in th e  liqu id  an d  in the  
so lid  s ta te s .

E x p e rim en ta l

Allyl p a ln ii ta te  m onom er was sy n th e s ize d  by  d irec t este rifica tio n . A fte r  v a cu u m  d is
t il la tio n  rep ea ted  th re e  tim es, the  m eltin g  p o in t was 18 — 20“C, ref,7 =  1.4440. T h e  m eth o d s 
used  fo r th e  s tu d y  o f  th e  po lym eriza tion  p ro cess  h ad  been  described  in  a n  ea rlie r co m m u n i
c a tio n  [1]. p -B en zo q u in o n e  (B Q ) and  d ip h en y lp ic ry lh y d raz ile  (D P P H ) w ere re c ry s ta lliz e d  
fro m  benzene. A fte r ir ra d ia tio n , the  m o n o m er w as e x tra c te d  w ith  ace to n e  c o n ta in in g  0 .1%  
o f B Q . T he m olecu lar w eights o f th e  p o ly m e rs  w ere d e te rm in ed  c ry o scop ically  in  benzene  
so lu tio n . T he ph ase  d iag ra m  o f th e  solid sy s te m  B Q -ally l p a lm ita te  was d e te rm in e d  b y  p o la ri
z a tio n  m icroscopy. X -ra y  d iffraction  p a t te rn s  w ere reco rd ed  w ith  pu re  a lly l p a lm ita te  and  
w ith  a lly l p a lm ita te s  co n ta in in g  3 an d  5 %  o f  B Q , resp ec tiv e ly . T he su b s ta n c es  w ere  filled 
in to  3 m m  d iam e te r L in d em an n  cap illa rie s, sealed  an d  cooled to  —10°. T h e  p a tte rn s  were 
reco rd ed  b y  m eans o f  a  D ebye-Scherrer c a m e ra  w ith  a T U R  X -ra y  te s t  a p p a ra tu s ,  fo r a  s tu d y  
o f th e  fine  s tru c tu re ; Cu K tt rad ia tio n  w as a p p lied  th ro u g h  a Ni filte r, using  49 kV  excitin g  
v o ltag e  and  20 m A e x c itin g  cu rren t. E x p o s itio n  tim e was 3 hours.

* P a r t  X III* : M agyar K ém iai F o ly ó ira t , in  th e  press.
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R esults an d  discussion

F ig . 1 shows th e  k in e tic  curves of th e  g am m a -ra d ia tio n  in d u ced  solid 
p h ase  p o ly m eriza tio n  o f  a lly l p a lm ita te  a t  d iffe re n t te m p e ra tu re s . F ig . 2 
re p re se n ts  the  sam e a t  0°, up  to  a h igh degree o f  conversion . I t  can be seen th a t  
th e  k in e tic  curves o f  th e  so lid  phase p o ly m e riz a tio n  o f allyl p a lm ita te  have

Fig.  1. K inetic  cu rv es o f  th e  solid s ta te  p o ly m e riza tio n  o f a lly l p a lm ita te  a t  d ifferen t 
te m p e ra tu re s . I r ra d ia tio n  w ith  a dose r a te  o f  22 500 r/h r.

F ig .  2. K in e tic  curve o f  th e  so lid  s ta te  p o ly m eriza tio n  o f a lly l p a lm ita te  a t  0° u p  to  a h igh  
co n v ersio n . I r ra d ia tio n  w ith  22 500 r /h r .

lin e a r  ch a rac te r up  to  2 0 %  conversion. F ig . 3 show s k in e tic  curves o b ta in ed  
w ith  d iffe ren t dose ra te s  a t  0°. These cu rves in d ic a te  th a t  th e  ra te  o f solid 
p h ase  p o ly m eriza tio n  is th e  func tion  of th e  1.0 — 1.2th  pow er of th e  dose ra te .

T he curves in  F ig . 4 a re  th e  k in e tic  cu rves o f  iq u id  phase p o lym eriza tions 
a t  d iffe ren t te m p e ra tu re s . H ere , too , th e  cu rv es  in d ica te  a lin ear re la tio n sh ip . 
F ig . 5 shows th e  te m p e ra tu re  dependence o f th e  p o ly m eriza tio n  ra te s  m easu red
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a t  d iffe ren t te m p e ra tu re s . Also in. th e  case o f allyl p a lm ita te , th e  ra te  o f p o ly 
m eriza tio n  in  th e  solid s ta te  becom es h ig h er near th e  m e lting  p o in t. The 
m a x im u m  was observed  by  a b o u t 20“ below  th e  m elting  p o in t, a t  0°. D iffe ren 
tial th e rm o a n a ly tic a l m easu rem en ts d id  n o t in d ica te  a second o rd e r tr a n s it io n

F ig . K in e tic  cu rves o f th e  solid s ta te  p o ly 
m eriza tio n  o f allyl p a lm ita te  a t  0 ° w hen  i r r a 
d ia te d  w ith  va rio u s dose ra te s . D t =  48 000 
r /h r ,  11, -  22 500 r /h r .,  />., =  14 500 r /h r .,

D t =  9 300 r /h r .

Fig. 4. K in e tic  curves o f th e  p o ly m e riza tio n  
of a lly l p a lm ita te  in  th e  liq u id  p h a se  a t  v a r i 
ous te m p e ra tu re s . I r ra d ia tio n  w ith  22 500 r/h r .

F ig. 5. T e m p e ra tu re  dependence o f th e  ra te  o f p o ly m eriza tio n  of allyl p a lm ita te . I r ra d ia tio n
w ith  22 500 r /h r .

p o in t a t  th is  te m p e ra tu re . The overa ll a c tiv a tio n  energy  of th e  liq u id  p h ase  
p o ly m eriza tio n  was 5.16 kcal/m ole, th e  o vera ll a c tiv a tio n  energy  1.67 kcal/m o le , 
re sp ec tiv e ly , c a lcu la ted  from  th e  d a ta  o b ta in e d  a t  0° and  -—78“.

T he average  m olecular w eights o f th e  po lym ers o b ta in ed  in  th e  solid 
s ta te  a t  d iffe ren t te m p e ra tu re s  are  show n in Fig. 6 as the  fu n c tio n s  o f  th e  
conversion , an d  o f th e  in teg ra l dose o f  ir ra d ia tio n . The effect o f  th e  dose ra te  on
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th e  av e rag e  m o lecu lar w eigh t of th e  p o lym ers w as also s tu d ied  a t  0°, w hen , 
h o w ev e r, no d ev ia tio n  could  be d e tec ted . F ig . 7 show s th e  changes in  th e  average  
m o lecu la r w eights o f  th e  po lym ers fo rm ed  b y  liq u id  phase  p o ly m eriza tio n  a t  
d iffe re n t te m p e ra tu re s  as func tions of th e  conversion , and  o f th e  in te g ra l 
dose o f  ir ra d ia tio n . B o th  series of m easu rem en ts  in d ic a te  a rise in  th e  m o lecu lar 
w e ig h ts  o f th e  p o ly m ers , w h e th e r form ed in  th e  solid or in  th e  liq u id  s ta te , 
w ith  h ig h e r conversions, a n d  w ith  the increase  o f  th e  in teg ra l dose. In  th e  solid 
s ta te ,  th e  te m p e ra tu re  dependence of th e  m o lecu la r w eight co rresponds to

Fig. 6. M olecu lar w e ig h ts o f po ly m ers form ed 
in. th e  so lid  s ta te  p o ly m eriza tio n  o f a lly l pal- 
m ita te  as th e  fu n c tio n s o f te m p e ra tu re  and  
of th e  in te g ra l dose o f ir ra d ia tio n . I r r a d ia 

tio n  w ith  22 500 r/h r.

Fig. 7. M olecular w eights o f po lym ers form ed 
in th e  liq u id  phase  po ly m eriza tio n  of allyl 
p a lm ita te  as th e  functions of te m p e ra tu re  
an d  th e  in te g ra l dose of ir ra d ia tio n . I r r a d ia 

tio n  w ith  22 300 r/h r.

th e  te m p e ra tu re  d ep en d en ce  of th e  p o ly m e riz a tio n  ra te , th a t  is to  say , a t  0° 
th e  m o lecu la r w eigh t o f th e  po lym ers reaches a m ax im u m , ju s t  as th e re  is a 
m a x im u m  in  th e  r a te  o f th e  solid s ta te  p o ly m e riz a tio n  a t th is  te m p e ra tu re . 
In  th e  liq u id  ph ase , th e  m o lecu lar w eights o f th e  po lym ers increase p a ra lle l 
to  th e  increase of th e  te m p e ra tu re  of p o ly m e riz a tio n . The m olecular w eigh t 
o f  th e  po lym ers fo rm ed  in  th e  solid s ta te  is h ig h e r th a n  of those form ed in  th e  
liq u id  p h ase , an d  th e  dependence  in th e  so lid  s ta te  approaches a lim it v a lue  
w h ich , w hen  exp ressed  as th e  degree of p o ly m e riz a tio n , corresponds to  a p p ro x 
im a te ly  P  =  10. T h is fa c t in d ica tes  th a t  th e  d e g ra d a tiv e  chain tra n sfe r  know n 
fro m  th e  free rad ica l liq u id  phase  p o ly m eriza tio n  o f allyl com pounds, is in 
o p e ra tio n  in  th e  solid s ta te  p o ly m eriza tio n , to o .
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Owing to  th is  c ircu m stan ce , i t  was possible to  d e te rm in e  Ginit in d irec tly . 
If we assum e th a t  d eg rad a tiv e  c h a in  tra n sfe r  is th e  p rin c ip a l reac tio n  te rm in a t
ing th e  po lym er ch a in , th e n  i t  is p robab le  th a t  e ach  rad ica l w hich in itia te s  
po lym eriza tio n  gives rise to  one p o ly m er m olecule . T h u s , i f  G , r an d  th e  
av erag e  degree o f  p o ly m eriza tio n  a re  know n, th e  v a lu e  o f  Ginit can be ca lcu la ted . 
T he Ginit values ca lcu la ted  from  th e  m olecular w e ig h ts  p e rta in in g  to  5 %  co n 
versions are p re se n te d  in  T able I  as th e  fu n c tio n s o f  th e  dose ra te  an d  reac tio n  
te m p e ra tu re . T he d a ta  c learly  show  th e  changes o f  th e  Ginit values w ith  
te m p e ra tu re  in  b o th  th e  liqu id  a n d  solid s ta te s ;  in  th e  solid s ta te  th e  h ig h est 
v a lu e  was o b ta in ed  a t  0°, while in  th e  liqu id  ph ase  Ginlt increases m o n o tonously  
w ith  th e  rise o f  th e  te m p e ra tu re .

T ab le  I

Changes in the G'lnj( values in  the gam m a-radiation induced solid slate polym erization o f  a llyl palm ita te  
as the functions o f  temperature and the dose rate

Temperature
°C

Dose rate 
r/hr.

Ginit.
radical/100 eV

0 48 000 19.5
0 22 500 22.9
0 14 500 16.1
0 9 330 15.7

15 22 500 12.3
— 78 22 500 5.9

70 22 500 8.8
50 22 500 6.1
35 22 500 5.9
25 22 500 4.8

Fig. 8 show s th e  k ine tic  cu rv es  of th e  solid s ta te  p o ly m eriza tio n  o f ally l 
p a lm ita te  in v a c u u m  (curve A) a n d  in  th e  p resence  o f oxygen  (air, cu rve  B). 
I t  can  be seen th a t  in  th e  presence o f  oxygen th e  f i r s t  s tag e  o f the  p o ly m eriza 
tio n  proceeds m ore slow ly th a n  in  oxygen-free sy s te m , h u t  a f te r  a b o u t 3 — 4 %  
conversion  the tw o  k in e tic  curves ru n  para lle l to  each  o th e r. No d ifference was 
observed  betw een  th e  in fra red  sp e c tra  and av erag e  m o lecu lar w eights o f  th e  
po lym ers o b ta in ed  in  th e  tw o series o f ex p e rim en ts .

The ra d ia tio n -in d u c ed  so lid  s ta te  p o ly m eriza tio n  of ally l p a lm ita te  
— sim ilarly  to  th e  p o ly m eriza tio n  o f o th e r m onom ers co n ta in in g  long -cha in  
a lip h a tic  s u b s ti tu e n ts  — can be easily  re ta rd e d  b y  th e  a d d itio n  o f a re la tiv e ly  
sm all q u a n tity  o f  som e in h ib itin g  agen t.
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F ig . 9 shows th e  decrease  of th e  ra te  of solid s ta te  p o ly m eriza tio n  as a 
fu n c tio n  of the  c o n c e n tra tio n  of B Q  (curve A) an d  D P P H  (cu rv e  B). A fter 
th e  a d d itio n  of no t m ore th a n  0.1 %  o f in h ib ito r , th e  ra te  o f  so lid  s ta te  p o ly 
m e riz a tio n  is reduced  to  a b o u t o n e-fo u rth  o f th e  in itia l v a lue  w ith  B Q , an d  to  
a b o u t  one h a lf w ith  D P P H ; a d d itio n a l q u a n titie s  of th e  in h ib ito rs  effect 
p ra c tic a l ly  no fu r th e r  ch an g es. The k in e tic  curves in  Fig. 10 re p re se n t th e  solid 
s ta te  p o ly m eriza tio n  o f  a lly l p a lm ita te  w ith o u t in h ib ito r  (cu rve  A), in  the 
p re sen ce  o f 0.1 (0.27 m ole) o f BQ (curve B), an d  3 .0%  (7.6 m ole) o f BQ 
(cu rv e  C). In  the  p resence  o f  th e  in h ib ito r , h a rd ly  an y  p o ly m er is fo rm ed  in
th e  in i t ia l  stage of th e  p o ly m eriza tio n ,

F ig . 8 . K in e tic  curves of th e  solid s ta te  p o ly 
m e r iz a t io n  of a llyl p a lm ita te  a t  0 ° . I r r a d ia 
t io n  w ith  48 100 r/h r. C urve A :  in  th e  absence 

o f  a ir . Curve B: in  th e  p resen ce  of air

a n d  p o lym er fo rm a tio n  begins onlv

F ig. 9. C hanges in  th e  c o n v ers io n  o f th e  solid 
p h ase  p o ly m eriza tio n  o f a lly l p a lm ita te  a t  0 ° 
as th e  fu n c tio n  of in h ib ito r  co n ce n tra tio n . 
I r ra d ia tio n  w ith  48 100 r /h r .  C urve A :  p- 
b en zo q u in o n e; ir ra d ia tio n  fo r 50 hrs. Curve 
В : d ip h en y lp ic ry lh y d raz ile ; i r ra d ia tio n  for

45 hrs.

a f te r  re la tiv e ly  long ir ra d ia tio n , b u t  even th e n  th e  q u a n ti ty  fo rm ed  is m uch 
sm a lle r  th a n  in  th e  sy s tem  w hich  co n ta in s  no in h ib ito r . W e h av e  p o in te d  out 
in  o u r  ea rlie r co m m u n ica tio n  [6 ] t h a t  th e  e ffec t o f in h ib itin g  ag en ts  on solid 
s ta te  po lym eriza tio n s c a n n o t be e v a lu a te d  w ith o u t a know ledge o f  th e  phase 
d ia g ra m  o f th e  m o n o m er-in h ib ito r  sy s tem . W e h av e  there fo re  d e te rm in e d  the 
p h a se  d iag ram  of th e  sy s te m  allyl p a lm ita te -p -b en zo q u in o n e  (F ig . 11) w hich 
c le a r ly  show s th e  fo rm a tio n  o f an  ex trem e  eu tec tic  co n ta in in g  7.6 m ole%  
o f B Q  a n d  m elting  a t  14°. In  th e  case of v in y l la u ra te , we h av e  su g g ested  the  
h y p o th e s is  [2 ] th a t  th e  a c tio n  of in h ib ito rs  m ig h t be ex p la in ed  here  an d  in 
s im ila r  cases w ith  th e  b u n d le -lik e  s tru c tu ra l  a rra n g e m en t o f th e  m onom er 
m o lecu les, and  w ith  th e  fa c t t h a t  th e  in h ib ito r  is p rac tica lly  c o n c e n tra te d  near 
th e  p o la r  groups (i.e., a ro u n d  th e  v in y l g roups) of the  m o n o m er Y\diich are
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capab le  of p o ly m eriza tio n . This h y p o th esis  m ay  be reg a rd ed  as ex p e rim e n ta lly  
confirm ed  b y  o u r X -ra y  d iffrac tio n  s tud ies of th e  s tru c tu re  o f  p u re  ally l palm i- 
ta te  an d  o f th e  m onom er-B Q  solid sy stem . The th ree  s tro n g e s t lines on the 
X -ra y  d iffrac tio n  p a t te rn  w ere: d , =  4.13 Â (in ten s ity  100% ), d., 3.68 A
(in te n s ity  40% ) a n d  d 3 = 12.2 A (in ten s ity  10% ). The o th e r  lines w ere hard ly
d iscern ib le  from  th e  basic  b lackness. The X -ra y  d iffrac tion  p a tte rn s  o f  th e  pure 
m a te ria l an d  o f an  a lly l p a lm ita te  co n ta in in g  7 .6%  o f B Q  (e u te c tic  m ix tu re ) 
w ere p ra c tic a lly  id e n tic a l, on ly  one new  line ap p eared  a t  d ^ 5 . 5  Â w hich 
agrees w ith  the  second s tro n g e s t line of B Q . O n th e  X -ra v  d iffra c tio n  p a tte rn

Irradiation time, hours

F ig . 10. K in e tic  cu rv es o f th e  solid s ta te  po- F ig . 11. Phase  d iag ram  of th e  sy s tem  allyl 
ly m e riza tio n  of a lly l p a lm ita te  a t  0 °. I r ra d ia -  p a lm ita te  (M 2) an d  p -b en zo q u in o n e  (M t) 
t io n  w ith  44 000 r /h r .  C urve A :  pure  m o n o 
m er. C urve В : 0 .1 %  o fB Q . C urve C : 3 .0%  

o f BQ

of th e  m ix tu re  co n ta in in g  5 %  B Q , th e  lines of pu re  ally l p a lm ita te  are  visible 
w ith  un ch an g ed  B ragg  angles, in  ad d itio n  to  five  new  lines w h ich  agree w ith 
th e  five  s tro n g e s t lines o f  B Q . The tw o  s tro n g est lines ag ree  w ith  the 
tw o  s tro n g est lines o f  v in y l s te a ra te , co n seq u en tly  a lly l p a lm ita te  has 
also a c ry s ta l s tru c tu re  w hich does n o t d iffer from  th a t  o f v in y l s te a ra te .

C om parison  o f th e  phase  d iag ram  (F ig . 11) w ith  th e  re su lts  o f  X -ray  
d iffrac tio n  s tu d ies  allow s th e  assu m p tio n  th a t  th e  B Q  c ry s ta ls  are  p resen t 
in  th e  e u te c tic  in a v e ry  fine d is tr ib u tio n , in c o n ta c t w ith  th e  p la n e  o f th e  allyl 
g roups o f th e  a lly l p a lm ita te  lay ers . Such an  a rra n g e m en t m ig h t be highly 
a d v a n ta g e o u s  for d isp lay in g  an  in h ib itin g  ac tio n , an d  i t  m ig h t exp la in  the 
e x tra o rd in a r ily  g re a t effect o f in h ib ito rs  on th e  course o f th e  so lid  s ta te  poly
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m e riz a tio n ; in fac t, th is  e ffe c t is unparalle led  in  th e  so lid  s ta te  p o ly m eriza tio n  
o f  m o n o m ers  of o th e r c h a ra c te r .

T h ese  results m ay  also  p ro v id e  evidence fo r a v e ry  h igh  m ob ility  of th e  
in h ib i to r  molecules w hich  a re  in  con tac t w ith  th e  p lan e  o f  th e  a lly l g roups, 
e.g., in  th e  case of 0.1 of B Q , w h e n  th ere  are a b o u t 370 a lly l p a lm ita te  m olecules 
p re s e n t  fo r each in h ib ito r  m o lecu le , and n ev erth e less  a sign ifican t in h ib itin g  
e f fe c t is displayed.

T h e  above e x p e r im e n ta l fac ts  (allylic d e g ra d a tiv e  chain  tra n s fe r  in  
th e  so lid  s ta te  process, a n d  th e  inh ib itin g  ac tio n  o f  ra d ic a l in h ib ito rs) p rov ide  
also  u n eq u iv o ca l evidence fo r  th e  rad ica l m echan ism  o f  th e  solid phase process. 
S ince  ra d ic a l inh ib ito rs d isp la y  a n  inh ib iting  effect o n  th e  liq u id  phase process, 
th u s  th e  la t te r  m ust p ro ceed  a lso  according to  ra d ic a l m echan ism .

T h e  X -ray  d iffrac tio n  p a t t e r n  of the p o lym ers h a s  a m ax im u m  a t  4.18 Â. 
S im ila r  resu lts  were o b ta in e d  fo r  polyvinyl s te a ra te  [5] a n d  for th e  po lym ers 
o f  a c ry la te  and  m e th a c ry la te  deriv a tiv es  c o n ta in in g  long  h y d ro ca rb o n  side 
c h a in s  [7, 8 ]. This is a s t r u c tu r e  sim ilar to  th a t  o f  p u re  p a ra ff in s , an d  co rre 
sp o n d s  to  the  id en tic ity  p e r io d  o f  a liphatic  side ch a in s . The scale m odel o f the  
p o ly  (a lly l p a lm ita te ) m o lecu le  shows th a t  th e  p o ly m e r has v e ry  p ro b a b ly  
a s y n d io ta c tic  s tru c tu re .

S U M M A R Y

T h e  k inetic  ch arac te r o f th e  ra d ia t io n  p o lym eriza tion  o f  a lly l p a lm ita te  is lin ea r in b o th  
th e  so lid  a n d  the  liquid s ta te s . T h e  r a te s  o f p o lym eriza tion  in  th e  solid  s ta te  rep re se n ted  as 
fu n c tio n s  o f  th e  tem p e ra tu re , sh o w  a  m ax im um  n ear th e  m e ltin g  p o in t. D eg rad a tiv e  chain  
t r a n s f e r  w h ich  is ch a rac te ris tic  o f  a lly lic  com pounds, p lay s a p a r t  in  b o th  th e  liqu id  an d  solid 
s t a te  p o ly m eriza tio n s. P o ly m e riz a tio n  proceeds in b o th  p h ases acco rd in g  to rad ica l m echanism , 
as i t  is  p ro v e d  unequivocally  b y  th e  effectiveness o f ra d ic a l in h ib ito rs . T he system  p-benzo- 
q u in o n e -a lly l  p a lm ita te  has a n  e x tre m e  eu tec tic  when co n ta in in g  7.6 m ole %  of p -benzoquinone. 
O n b a s is  o f  th e  results o f X -ra y  d if f ra c tio n  studies, a n  in te rp re ta t io n  is p resen ted  to  acco u n t 
fo r th e  p a r tic u la r  a c tiv ity  o f  ra d ic a l  in h ib ito rs  in th e  solid s ta te  p o ly m eriza tio n  of m onom ers 
c o n ta in in g  long-chain a lip h a tic  s u b s ti tu e n ts .
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Untersuchungen über strahlenchem ische Polym erisation in fester Phase, XIV 

Die m it G am m astrah len  in itiie r te  P o ly m erisa tio n  von  A lly lp a lm ita t

G. HARDY, L. NAGY u n i F. CSER

Z usam m enfassung . Die K in e tik  de r s trah len ch em isch en  P o ly m erisa tio n  von  A lly lp a lm ita t 
w eist in flüssiger u n d  fe s te r  Phase  e inen  linearen  C h a rak te r  auf. Die P o ly m erisa tionsgeschw in
d ig k e iten  zeigen e in  M ax im um  in A b h än g ig k eit v o n  de r T e m p e ra tu r  in feste r Phase  beim  
S ch m elzp u n k tg eb ie t. E in e  c h a ra k te ris tisch e , fü r die A lly lv e rb in d u n g en  d eg rad a tiv e  K e t te n 
ü b e rtra g u n g , k o m m t ebenso in  flüssiger, wie in fe s te r P h a se  zu r G e ltu n g . Der M echanism us 
der P o ly m erisa tio n  lä u f t  in  beiden P h asen  rad ik a lisch  ab , w as d u rc h  d ie W irk sam k eit der In h ib i
to re n  von  ra d ik a la r tig e n  Prozessen  e in d e u tig  bew iesen w u rd e . D as feste  S ystem  von  p-B enzo- 
c h in o n  und  A lly lp a lm ita t zeigt ein E u te k tik u m  bei e inem  G eh alt v o n  7,6 m ol%  p-B enzo- 
ch in o n . Die R e su lta te  de r U n te rsu ch u n g e n  m it R ö n tg e n s tra h le n -D iffra k tio n  erm öglichen 
die E rk lä ru n g  de r W irk u n g  der In h ib ito re n  von ra d ik a la r tig e n  P rozessen  in  fe s te r Phase  au f 
d ie P o ly m erisa tio n  d e r  M onom eren m it e inem  lan g k e ttig en  a lip h a tisc h en  S u b s titu en te n .

Исследования в области радиационной твердофазной полимеризации, XIV
Полимеризация аллилпальмитата, инициированная гамма-лучами

ДЬ. ХАРДИ, Л. НАДЬ и Ф. МЕР

Резюме. Кинетика радиационной полимеризации аллилпальмитата в жидком и в твердом 
состояниях имеет линейный характер. Скорость полимеризации в зависимости от тем
пературы достигает максимальной величины в твердой фазе в области точки плавления. 
В жидком и в твердом состояниях одинаково наблюдается деградативный перенос цепи, 
характерный для аллиловых соединений. Механизм полимеризации в обоих состояниях 
является радикальным, что однозначно доказывается эффективностью действия ингиби
торов радикальных процессов. Твердая смесь парабензохинона и аллилпальмитата обра
зует эвтектическую смесь при концентрации нара-бензохинона 7,6 молярных %-ов. 
Результаты рентгено-диффракционных исследований позволяют объяснить эффектив
ность ингибирующего действия ингибиторов радикальных процессов в случае твердо
фазной полимеризации мономеров, имеющих длинный алифатический заместитель в мо
лекуле.

D r. G yula H a r d y  
Lajos N ag y  
Ferenc Cse r

Hűd ap e s t X IV . H u n g á ria  k ö rú t 114
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ÜBER DIE STRUKTUR UND RINGSTABILITÄT EINIGER 
0-ACETYLM0N0SE-2.4-DINTTR0-PHENYLHYDRAZ0NE

A. F ó t i , Á .  G e r e c s  und F .  R u f f  

(Lehrstuhl f ü r  Chemische Technologie der L . Eötvös U niversitä t, B udapest)

E ingegangen  a m  7. S ep tem b er 1965

In  einer u n se re r  früheren  M itte ilungen  w u rd e  schon beschrieben , d aß  die 
S tru k tu r  der M onose-ary lhydrazone  du rch  die a m  a ro m atisch en  Teil b e f in d 
lichen  S u b s titu e n te n  b ee in flu ß t w ird  [1 ,2 ]. Es w ird  n äm lich  du rch  die A nw esen
h e it von e lek tro n en an z ieh en d en  S u b s titu e n te n  die B ildung  einer P y ran o se - 
s t r u k tu r  b e g ü n s tig t, w ährend  d e r Gegenfall fü r  d ie B ild u n g  der o ffen k e ttig en , 
e c h te n  H y d ra z o n s tru k tu r  als v o r te ilh a f t gefunden  w urde .

In  der vo rliegenden  M itte ilu n g  w urden  jen e  U n te rsu ch u n g en  besch rieb en , 
in w elchen der E in f lu ß  einiger Ä nd eru n g en  in  d em  P yranose te il des »H ydra- 
zons« über die S tru k tu r  und  S ta b il i tä t  des P y ran o se rin g es  in  den V o rd e rg ru n d  
g e rü ck t w urde.

90 
^ 80 
V  7 0 
£ 6 0  
g>50 
Í3 4 О 
%30 $  20 
к  10

Abb. 1

Z unächst w urde  das 2 -D esoxy-D -g lucose-2 ,4 -d in itro -pheny lhydrazon  (I) 
d a rg es te llt u n d  dasselbe bei 0° m it E ss ig säu rean h y d rid -P y rid in  a c e ty lie rt. 
Es e n ts ta n d  ein  O -T e tra a ce ta t des o ffen k e ttig en  H y d razo n s (II), dessen 
S tru k tu r  au ß e r S ticksto ff- u n d  A ce ty lb es tim m u n g  au ch  du rch  u ltra v io le tte  
(T ab . I) und  in fra ro te  A bsorp tionsm essungen  (A bb . 1 und  T ab . II)  b e s tä tig t  
w urde . Aus d er e n tsp re c h e n d en  D -G lucoseverb indung  b ild e te  sich  dem gegen
ü b er u n te r  den se lb en  U m stä n d e n  d as  O -T e tra a ce ta t des G lucopyranose » H y d ra 
zons« [3]. D ieser U ntersch ied  zw ischen dem  V erh a lten  der D-Glucose- und  
2 -D esoxy-D -glucoseverb indung k a n n  durch  die P y ra n o s e s tru k tu r  n ich t e rk lä r t 
w erden . N ach R e e v e s  b efin d e t sich  in der /?-G luco p y ran o se  kein In s ta b il i tä ts 
fa k to r , da säm tlich e  H y d ro x y lg ru p p en  des P y ranoseringes ä q u a to ria le

Nad К Br
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Tabelle I

?. max 
loge

X infl 
l°g e Lösungsmittel

O-Pentaac.-D-glucose-H* 225 254 351 
4,14 4,05 4,35

96%iges
Äthanol

O-Tetraac.-D-glucose-II 254 344 
4,01 4,23

390
3,85 »

O-Tetraac.-2-desoxy-D-glucose-H (II) 255 252 354 
4,13 4,03 4,32 >•

O-Tetraac.-6-desoxy-D-glucose-H (V) 222 256 352 
4,13 4,02 4,29 »

O-Triac.-6-desoxy-D-glucose-H (IV) 260 344 
3,98 4,20

390
3,81

„

0-Tetraac.-6-desoxy-6-iiitro-D-glucose-II
(VIII)

217 253 353 
4,20 4,01 4,28

259 351 
4,07 4,32

400
3,90

Chloroform

0-Triac.-6-desoxy-6-nitro-D-glucose-H
(VII)

263 339 
4,01 4,20

385
3,78

”O-Tetraac.-6-O-methyl-D-glucose-H
(XI)

257 351 
4,06 4,35

400
3,86

O-Triac.-6-O-methyl-D-glucose-H (X) 262 340 
4,01 4,22

384
3,90

-

H * =  2,4-dinitro-phenylhydrazon

S te llu n g  besitzen  u n d  a u c h  d ie  /З-K o n fig u ra tio n  die R in g s tru k tu r  b e g ü n s tig t [4]. 
I n  d e rse lb e n  Weise b e f in d e t s ich  n a tü r lic h  au ch  in  der 2-D esoxy-D -glucopyranose 
k e in  In s ta b il i tä ts fa k to r . D ie U rsach e  des versch iedenen  V erh a lten s  d e r  b e tre f
fe n d e n  M onosehydrazone k a n n  also n u r  in  der m it der P y ra n o se fo rm  im  
G le ich g ew ich t befin d lich en  o ffen k e ttig en  F o rm  gefunden  w erd en . In  der 
G re n z fo rm  der o ffen k e ttig en  S tru k tu r ,  in  d er das G lucosem olekül in  g e s treck te r 
F o rm  b e s te h t , befinden  sich  d ie S auersto ffe  d er K o h len sto ffa to m e 2 , 3 u n d  4 
so s e h r  en g  beieinander (A bb . 2), d aß  d u rc h  die zw ischen den se lb en  w irkende 
a b s to ß e n d e  K ra ft eine g e k rü m m te  bzw . eine P y ran o sefo rm  b e g ü n s tig t w ird. 
M it d ie se r  E rk lä ru n g  w ird  a u c h  der U n te rsch ied  zw ischen dem  V e rh a lte n  des 
D -G lucose- und  2 -D esoxy-D -g lucose-2 ,4 -d in itro -pheny lhydrazons v e rs tä n d lic h . 
I n  d e r  le tz te ren  V erb in d u n g  b e s te h t d u rch  E rsa tz  der H y d ro x y lg ru p p e  des 
K o h len s to ffa to m es  2 d u rc h  W asse rs to ff schon  eine b ed e u te n d  schw ächere 
a b s to ß e n d e  K ra ft im  R a u m  d e r K o h len sto ffa to m e  2, 3 u n d  4 , dem zufolge
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Tabelle II

N11-Bänder, cm -1

O-Pentaac.-D-glucose-H* .............................................. 3290
O -Tetraac.-D-glucose-H ................................................... 3250, 3360
O-Tctraac.-2-desoxy-D-glucose-H ( I I ) ....................... 3300

O-Tetraac.-6-desoxv-D-glucose-H (V) ..................... 3300
O-Triac.-6-desoxy-D-glucose-H (IV) ......................... 3278, 3310, 3340,3355
0-Tetraac.-6-desoxy-6-nitro-D-glucose-H (VIII) . . . 3300
0-Triac.-6-desoxy-6-aitro-D-glucose-H (VII) ........ 3290, 3322, 3355, 3372
O-Tetraac.-6-O-methyl-D-glucose-H (X I) ................. 3300
O-Triac.-6-O-methyl-D-glucose-H (X) ..................... 3300**, 3362

* II =  2,4-dm itro-phenylhydrazoii 
** Breite, undeutliche B änder

die E x is ten z fäh ig k e it einer o ffe n k e ttig e n  F o rm  schon gegeben is t. D ieser F all 
b ild e t einen  d ire k te n  Beweis fü r  jen e  fa s t se lb s tv e rs tän d lich e  A n n ah m e , 
w onach  die hohe R in g s ta b ili tä t  d e r G lucopyranose  n ich t n u r d u rc h  die A b
w esenheit von  In s ta b ili tä ts fa k to re n  in  d er P y ran o se fo rm , so n d ern  au ch  d u rch  
die A nw esenheit so lcher F a k to re n  in d er o ffen k e ttig en  G renzform  zu e rk lä re n  
is t. K ö n n en  le tz te re  teilw eise b e se itig t w erden , wie dies bei 2-D esoxy-D -glucose 
d er F a ll is t, so b e s itz t die o ffen k e ttig e  F o rm  die höhere S ta b ili tä t .

Es w urde in  einer un sere r frü h e ren  U n te rsu ch u n g en  bew iesen, d a ß  der 
P y ran o se rin g  im  D -G lu cose-2 ,4 -d in itro -pheny lhydrazon  höhere  S ta b il i tä t  
b e s itz t als in  dem selben  H y d ra z o n  d er D -X ylose [5]. Infolge d er Ä h n lich k e it 
der K o n fo rm a tio n  von D-Glucose u n d  D -X ylose is t  die U rsache d e r h ö h eren  
R in g s ta b ili tä t  n u r  beim  K o h le n s to ffa to m  6 zu suchen . Zwecks S am m eln  von  
d iesbezüg lichen  A ngaben  w u rd en  fo lgende U n te rsu ch u n g en  d u rc h g e fü h rt.

Es w u rd en  von  uns 6-D eso x y -(III) , 6-D esoxy-6-nitro-(V I) u n d  6 -0 -  
M ethy l-D -g lu co se-2 ,4 -d in itro -p h en y lh y d razo n  (IX ) d a rg es te llt. D iese H y d ra 
zone w u rd en  bei 0° m it E ss ig sä u re a n h y d rid -P y rid in  ac e ty lie rt u n d  fe s tg e s te llt, 
d aß  alle d rei O -A ceta te  eine R in g s tru k tu r  besitzen  (IV, V II, X). B ei der 
6-D esoxy-6-n itro -D -g lucoseverb indung  w urde fe s tg e s te llt, d aß  ein  O -A ce ta t 
von  e iner R in g s tru k tu r  (VII) sich  n u r  aus dem  K ris ta llä th a n o l e n th a l
te n d e n  H y d razo n  b ild e te , w ogegen aus dem  ä th an o lfre ien  H y d ra z o n  ein o ffen 
k e ttig es  O -A ce ta t (VIII) an fie l. D ie S tru k tu r  ließ  sich au ß e r S tic k s to ffb e s tim 
m ung  d u rch  u ltra v io le tte  (T ab . I)  u n d  in fra ro te  A bso rp tio n  bew eisen . Die 
D a te n  der N H -F re q u e n z e n  s in d  in  T ab . 11 angegeben . G leichzeitig  w u rd en  
in d ieser T abelle  die D a ten  d e r N H -F re q u e n z e n  der o ffen k e ttig en  O -A cety l- 
h y d razo n e  u n d  d e r beiden O -A ce ty lh y d razo n e  d e r D-Glucose a n g e fü h rt. Als
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Abb. 5

B eispiele fü r die in fra ro te  A bso rp tio n  w u rd en  die A ufnahm en  fo lgender 2,4- 
D in itro -p h e n y lh y d ra z o n e  angegeben :

0 -T riace ty l-6 -d eso x y -6 -n itro -D -g lu co se- (A bb. 3)
0 -T e traace ty l-6 -d eso x y -6 -n itro -D -g lu co se - (A bb. 4)
O -T riacety l-6 -O -m ethy l-D -g lucose- (A bb. 5)
O -T etraacety l-6 -O -m ethy l-D -g lucose- (A bb. 6)

E s w urde  v o n  uns schon frü h er b esch rieb en , d aß  die O -A cety l-m onose- 
liy d razo n e  m it e in er P y ra n o se s tru k tu r  d u rc h  A cety lieren  bei e tw a  100° in  
die O -A ce ta te  d er o ffen k e ttig en , e ch ten  H y d razo n e  um g ew an d e lt w erden  
k ö n n en  u n d  w e ite rs , d a ß  die G eschw ind igkeit d ieser U m w and lung  verfo lg t 
u n d  d a d u rc h  die re la tiv e  R in g s ta b ilitä t des b e tre ffen d en  P y ran o se rin g es 
b e s tim m t w erden  k a n n . Aus den oben  g e n a n n te n  O -A cety lhydrazonen  m it
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Abb. 6

P y ra n o se s tru k tu r  ließ sich  n u r die G eschw ind igkeit der R in g sp a ltu n g  des 
0 -T riace ty l-6 -d eso x y -D -g lu co p y ran o se-2 ,4 -d in itro -p h en y lh y d razo n s m it den  
e n tsp rech en d en  V erb in d u n g en  von  D-Glucose u n d  D-Xylose verg leichen , d a  das 
R eak tionsgem isch  des 6 -D eso x y -6-n itro d e riv a te s  sich  w ährend  der A ce ty lie ru n g  
bei 70 —100° so in ten s iv  f ä rb t ,  d aß  die R eak tio n  d u rch  das D reh v erm ö g en  
n ich t verfo lg t w erden k o n n te , w ährend  sich aus dem  6-O -M eth y ld eriv a t eine 
V erb indung  von  u n b e k a n n te r  S tru k tu r  n eb en  dem  offenkettigen  O -A cety l- 
h y d razo n  b ilde te  u n d  so au ch  diese R in g sp a ltu n g  fü r die b e tre ffen d en  k in e 
tischen  M essungen u n g ee ig n e t war.

E n tg eg en  u nserer frü h e re n  M ethode [5] w urde  die G eschw ind igkeit d er 
R in g sp a ltu n g  in  einem  G em isch  von E ss ig säu rean h y d rid  und Eisessig in G egen
w art von N a tr iu m a c e ta t  hei 100° gem essen. W ir b eo b ach te ten  n äh m lich , d aß  
hei der R in g sp a ltu n g  m it E ss ig säu rean h y d rid  schon  du rch  geringe M engen 
E ssigsäure die R eak tio n sg esch w in d ig k e it b e trä c h tlic h  erhöh t w ird , w o d u rch  
die R ep ro d u z ie rb a rk e it g e fä h rd e t w urde . Bei d e r A nw endung  eines G em isches 
von 75 V o l.%  E ss ig sä u re a n h y d rid  u n d  25 V o l.%  Eisessig is t eine kleine 
S chw ankung  des E ssig säu reg eh a ltes  a u f  die R eak tio n sg esch w in d ig k e it ohne 
E in fluß . A ndererse its  w u rd e n  m it diesem  R eak tio n sg em isch  die se k u n d ä re n  
R eak tionen  sow eit b e se itig t, daß  die d u rc h  das spezifische D reh v erm ö g en  
d irek t e rh a lten e  H a lb ie ru n g sze it als M aß der re la tiv e n  R in g s ta b ilitä te n  b e t r a c h 
te t  w erden  k o n n te .

Die R e su lta te  d ieser U n te rsu ch u n g en  s in d  in den folgende T ab e llen  
I I I —V zu sam m en g efaß t.

Tabelle 111

0,2003 g 0 -T riac .-D -x y lopyranose-2 ,4 -d in itro -pbeny lhydrazon , 0,1002 g w asserfreies 'S a tr iu m  - 
ace ta t. 15 ml E ssig säu rean h y d rid , 5 ml Eisessig. 100 . R eak tio n sp ro d u k t: O -T etraac .-n -xy lose- 
2 ,4 -d in itro -pheny lhydrazon .

Zeit, Min. « 30 60 120 240 360

M i'.’ 18 +  42 +  58 +  66 +  68 +  68

Graphisch bestimmte Halbierungszeit 21 Min.
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Tabelle IV

0,2000 g 0 -T etraac .-D -g lu co p y ran o se -2 ,4 -d in itro -p h en y lh y d razo n , 0,0999 g w asserfreies N a triu m - 
a c e ta t ,  15 m l E ssig säu reanhydrid , 5 m l Eisessig, 100°. R eak tio n sp ro d u k t: O -Pentaac.-D -glucose- 
2 .4 -d in itro -p h en y lh y d razo n .

Zeit, Min. 0 60 120 240 360 480

M d

I

+ 4 ° +  40° +  53° +  69° +  76° 1 +  77°

G raph isch  b estim m te  H a lb ie ru n g szeit 63 M in.

Tabelle V

0.1002 g 0 -T riac .-6 -desoxy-D -g lucopyranose-2 ,4-d in itro -phenylhydrazon , 0,502 g w asserfreies 
N a tr iu m a c e ta t ,  7,5 m l E ssig säu rean h y d rid , 2,5 m l E isessig , 100°. R eak tio n sp ro d u k t: O -T etraac .- 
6 -desoxy-D -g lucose-2 ,4-d in itro -phenylhydrazon .

Zeit, Min. 0 60 120 180 240 480 720 840

[« ]» +  2 +  27° +  39° + 4 6 ° +  52,5° +  69° +  76° +  77'

G ra p h isch  b e s tim m te  H a lb ie ru n g sz e it 120 M in.

B e tra c h te t  m an  beim  V ergleich d e r  H a lb ie ru n g sze iten  die X y lo sev er- 
b in d u n g  als G ru n d su b s tan z , so erhöhen  die b e tre ffen d en  S u b s titu e n te n  am  
K o h le n s to ffa to m  5 die S ta b il i tä t  des P y ran o se rin g es  in  fo lgender R eihenfo lge: 
H  C H 2OOCCH3 <  C H 3. D ie e in fachste  E rk lä ru n g  dieser R eihenfo lge kann  
d e r a r t  fo rm u lie rt w erden , d a ß  d u rch  die e le k tro n e n a b s to ß en d e n  S u b s titu e n te n  
des K o h len sto ffa to m es 5 die S ta b ili tä t  des b e tre ffen d en  P y ran o serin g es e rh ö h t 
w ird .

Im  v o rs teh en d en  w urde  d a ra u f  h in g ew iesen , daß  bei der A ce ty lie ru n g  
v o n  0 -T riace ty l-6 -0 -m e th y l-D -g lu co se -2 ,4 -d in itro p h en y lh y d razo n  be i e tw a  100 
n e b e n  d em  O -T e tra a ce ta t des o ffen k e ttig en  H y d razo n s  au ch  e in  N e b e n 
p ro d u k t  (X II) von u n b e k a n n te r  S tru k tu r  e rh a lte n  w urde. D ie b isherigen  
in f ra ro te n  A b so rp tio n su n te rsu ch u n g en  w eisen  d ah in , d aß  dieses N eb en 
p r o d u k t  s tru k tu re ll m it jen en  V erb in d u n g en  von u n b e k a n n te r  S tru k tu r  
id e n tis c h  is t , welche aus O -A cety l-D -g lucopyranose-, -D -xylopyranose- und  
-D -m an n o p y ran o se -2 ,4 -d in itro -p h en y lh y d razo n  m it P y rid in  e n th a lte n d e m  E s 
s ig sä u re a n h y d rid  von  u ns e rh a lte n  w urden  [6 ].

B eschre ihung  der V ersuche

2- D esoxy- D -g Iucose-2 ,4-d in itro -phenylhydrazon  ( I ) .

D a s  R eak tio n sg em isch  v o n  1,64 g 2-D esoxy-D -glucose, 1,98 g 2 ,4 -D in itro -p h en y lh y d raz in  
u n d  100 m l abs. Ä th an o l w u rd e  14%  S tu n d en  u n te r  R ü c k flu ß  gekocht, ab g ek ü h lt u n d  d an ach  
so fo r t  f i l t r ie r t :  2,30 g he ll-o rangegelbe  n adelfö rm ige  K r is ta lle , Schm p. 171 — 172°. D ie S u b 
s ta n z  w u rd e  %  S tu n d e  m it 26 m l s iedendem  Ä th an o l b e h a n d e lt  u n d  n ach  dem  A b k ü h le n  f i l t r ie r t  : 
2 ,04 g, S ch m p . 1 7 2 -1 7 3 ° .

C !2H 1g0 8N4 (344,290). B er. N  16,27% . Gef. N  16,24; 16,37% .
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0-Tetraacetyl-2-desoxy-D-glucose-2,4-dinitro-phenylhydrazon (II).

a )  0,50g H y d ra zo n  I w urden  b e i 0° m it 2,8 m l P y rid in  u n d  2,4 ml E ss ig sä u re an h y d rid  
a ce ty lie rt: 0,72 g. Schm p. 140 —143°. A us M ethanol zw eim al (30 bzw . 27 ml) u m k ris ta llis ie r t;  
0,574 g, Schm p. 1 4 6 -1 4 8 ° ,  [a]™ =  + 2 6 ,8 °  (C hloroform , с =  0,670).

C20H240 12N4 (512,444). Ber. N 10 ,9 3 % ; A cetyl 33 ,6 0 % . Gef. N 10,87; 10 ,88%  A cety l: 
33,74; 33 ,56% .

b) Es w urde  d u rc h  A cety lieren  v o n  0,50 g H y d ra zo n  I m it 3 ml E ss ig sä u re an h y d rid , 
0,50 g w asserfr. N a tr iu m a c e ta t  bei 100° (3 S td n .) d ieselbe V erb in d u n g  e rh a lte n : 0 ,488 g zw eim al 
u m k ris ta llis ie rte  S u b s tan z , Schm p. 146 — 147°, [a ]ÿ  =  + 2 7 ,7 °  (C hloroform , c 492).

6-Desoxy-D-glucose-2,4-dinitro-phenylhydrazon (III).
Das R eak tionsgem isch  von  0,1 g 6-D esoxy-D -glucose, 0,12 g 2 ,4 -D in itro -p h en y lh y d raz iii 

und  5 ml abs. Ä th an o l w urde 14 S tu n d e n  u n te r  R ü ck flu ß  g ek och t. In  der 10. S tu n d e  e n t
s ta n d  eine k lare  L ösung , in  der 11. S tu n d e  beg an n  d ie A usscheidung  des P ro d u k te s :  0,19 
g R o h p ro d u k t, aus Ä thano l u m k ris ta llis ie r t:  Schm p. 178°,[а]в° =  — 5,02° (P y r id in  — M eth a 
nol 1 : 1, c =  0,99).

Cl2H 160 8N 4 (344,292). Ber. N 16 ,27% . Gef. N 16,33; 16,30% .

0 -T riace ty l-6 -desoxy-D -g]ueose-2 ,4 -d in itro -pheny lhydrazon  (IV ).

3,00 g en tsp rech en d es H y d ra zo n  w u rd en  m it E ss ig sä u re an h y d rid -P y rid in  (30 — 30 ml) 
hei 0° (16 S tu n d en ) ace ty lie rt. 4,09 g, Schm p. 198°, aus 490 m l abs. Ä th an o l u m k ris ta llis ie r t  
(a k tiv e  K ohle): 3,62 g, Schm p. 200°, [a]?>° =  -\-2,90 (C hloroform , c =  1,04). N ach  d e r zw eiten 
K ris ta llisa tio n  b lieben  Schm p. u n d  [a jp  u n v e rän d e rt.

Cl8H 22O n N4 (470,406). B er. N  11 ,91% . Gef. N 11,67; 11,71% .

0-Tetraaeetyl-6-desoxy-D-glucose-2,4-dinitro-phenylhy<lrazoii (V).
a )  0,3 g en tsp rech en d es H y d ra z o n  w urden  m it 1,5 ml E ssig säu rean h y d rid  u n d  0,3 g 

w asserfreiem  N a tr iu m a c e ta t  au f d em  siedenden  W asserb ad  a ce ty lie r t (3 S tu n d e n ) . A u f E is
w asser gegossen w urde am orphes T e tr a a c e ta t  e rh a lte n , w elches n ach  2 4 stü n d ig em  S te h en  bei 
0° t i t r ie r t  w urde: 0,4 g, s in te r t  bei 60 — 75°, [a]t? =  + 8 3 ,0 °  (CHC13, c = 1 ,0 0 ) . D as R o h p ro d u k t 
w urde in  4 ml E isessig gelöst, die L ö su n g  m it a k tiv e r  K ohle  b eh an d e lt, in E isw asse r gegossen 
u n d  de r am o rp h e  N iederschlag  f i l t r ie r t :  0,32 g, s in te r t  bei 68 — 79°, [a ]o  =  -f*93,l° (CHC13 
c 1.02).

C20H 21O I2N 4 (512,444). B er. N 10 ,93% . Gef. N 10,99; 11 ,04% .

b) 0,2 g 0 -T riace ty l-6 -d eso x y -D -g lu co se -2 ,4 -d in itro -p h en y lh y d razo n  in  1 m l E ss ig säu re 
a n h y d rid  w urden  5 S tu n d en  au f d em  siedenden  W asserb ad  e rw ärm t. A u fg e arb e ite t w ie u n te r  
a )  w urden  0,18 g am orphes T e tr a a c e ta t  e rh a lten . Gef. N 10,82; 10 ,86% . 0,047 g des R o h p ro 
d u k tes  w urd en  in 4 ml Eisessig g e löst u n d  die L ösung in  E isw asser gegossen: 0 ,032 g am orphes 
T e tra a c e ta t ,  s in te r t  bei 6 5 - 7 7 ° ,  [а]ь° =  + 9 5 ,9 °  (CHC13, c 0,49). Gef. N 1 0 ,9 5 % .

6-Nitro-6-desoxy-D-glucose-2,4-dinitro-phenylhydrazon (VI).
Das R eak tio n sg em isch  v o n  4,0 g 6-N itro -6-desoxy-D -glucose, 3,8 g 2 ,4 -D in itro -p h en y l- 

h y d raz in  u n d  100 m l abs. Ä th an o l w u rd e  11 S tu n d en  u n te r  R ü ck flu ß  g ekoch t u n d  a m  näch sten  
T ag das R eak tio n sp ro d u k t f i ltr ie r t :  3,65 g, Schm p. 174°, [a]i>° =  + 1 ,0 3 °  (P y r id in , c =  0,97). 
Aus de r au f 30 m l e ingeengten  M u tte r la u g e  w urden  no ch  1,15 g (Schm p. 140 -1 5 5 °) u n d  nach 
24 S td n  1,1 g (Schm p. 140 — 165°) e rh a lte n . Die e rs te  F ra k tio n  (3,65 g) w urde  a u s  190 m l abs. 
Ä thanol (m it a k t.  K ohle) u m k ris ta llis ie r t: 2,4 g, S chm p. 172 174°; aus der a u f  40 m l einge
en g ten  M u tterlau g e  0,5 g, Schm p. 170 172°. N ach  de r zw eiten  K ris ta llis ie ru n g : Schm p.
173 — 175°.

C12H l6O 10N5 (389,292). B er. N 17 ,99% . Gef. N 17,85; 17 ,95% .

Die zw eite  F ra k tio n  des H y d ra z o n s  (1,15 g) w u rd e  in  20 m l abs. Ä th a n o l (m it  ak t. 
Kohle) u m k ris ta llis ie rt: 0,83 g, S chm p. 162°. N ach  d em  d r i t te n  U m k ris ta llis ie ren  S ch m p . 164°.

Acta Chimica Academiae Scientiarum H un garicae 47. 1966.
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B e r. N , m it 1 Mol K r is ta llä th a n o l:  16,08% . Gef. N 16,28; 16 ,24% . N ach  T ro ck n en  hei 100° 
u n d  10 T o rr  (10 S tu n d en ): G ew ich tsv erlu s t: 10,6% ; Gef. N  17.87: 17.97% .

0-Triacetyl-6-nitro-6-desoxy-l>-glucose-2,4-<liiiitro-phenylhydrazoii (V II).
0,3 g ein K ris ta llä th a n o l en th a lten d es  6 -N itro -6 -desoxy-D -g lucose-2 ,4 -d in itro -pheny l- 

h y d r a z o n  (Schm p. 164°) w u rd e n  m it  3 ml E ss ig sä u re an h y d rid  u n d  0,18 m l P y rid in  bei 0° 
a c e ty l ie r t  (16 S tunden): 0,36 g, S c h m p . 202°. Aus 16 m l D ic lilo rä th an  u m k ris ta llis ie rt: 0,27 g, 
S c h m p . 223°, [a]5° =  —33,5° (P y r id in ,  c =  0,655). B e im  zw eiten  U m k ris ta llis ie ren  blieb 
S c h m p . u n d  [a]D u n v e rä n d e r t.

C i8H lm0 13N5 (515.406). B er. N  13.58% . Gef. N  13,57; 13.60% .

0-Tetraacetyl-6-nitro-6-desoxy-D -glueose-2,4-dinitro-phenylhydrazon (V III).
0,3 g kein K r is ta llä th a n o l en th a lten d es  6 -N itro -6 -desoxy-D -g lucose-2 ,4 -d in itro -pheny l- 

h y d ra z o n  (Schm p. 175°) w u rd e n  m it  3 ml E ss ig säu rean h y d rid  u n d  0,18 m l P y rid in  b e i e tw a  0° 
(16  S tu n d e n )  acety liert : 0,45 g a m o rp h e s  O -T etraace ta t, [a]u0 =  { 52,4° (c =  1,01, Chloroform ). 
D as R o h p ro d u k t w urde in  10 m l E isessig  m it ak tiv e r K o h le  b e h a n d e lt ,  die L ösung in  E isw asser 
g eg o ssen , der N iederschlag z e n tr ifu g ie r t,  gewaschen u n d  g e tro c k n e t:  0.13 g am o rp h e  S u b stan z , 
[a]î>° — -{-51,9° (c =  0,77, C hlo ro fo rm ).

C20H 23O14N5 (557,444). B er. N  12,56% . Gef. N  12 ,21 ; 12,30% .

6 - 0 - Methyl-D-glucose-2,4-diiiitro-phenylhydrazon (IX ).
E in  R eak tionsgem isch  v o n  0,68 g 6-O -M ethyl-D -glucose. 0,6 g 2 ,4 -D in itro -p h en y l- 

l iy d ra z in  u n d  12 ml abs. Ä th a n o l  w u rd e  12 S tu n d en  g e k o c h t u n d  d an n  bis zur H ä lfte  einge
d a m p f t :  0,95 g, Schm p. 52 — 56°. A u s abs. Ä thanol u m k ris ta llis ie r t:  0,65 g, S chm p. 56 — 59° 
[ a ] f j=  —}-12,2° (c =  0,98; P y r id in  : M ethanol — 1 : 1). N a c h  w eite rem , zw eim aligem  U m 
k r is ta l l is ie re n  blieb der S ch m p . u n v e rän d e rt.

C 13H l80 9N4 (374,319). B er. N  14,96% . Gef. N  14,74: 14,62%,.

A u s der L uft n im m t d ie S u b s ta n z  K rista llw asser au f. 0,12 g w asserfreie S u b s ta n z  aus 
4 m l W asse r u m k ris ta llis ie rt: 0 ,092 g, Schm p. 119 —121°.

Cl3H 180 9N4.H .,0 (392.335). B er. N 14.28% . Gef. N  14,41: 14,44% . Ber. C H 30  7 ,91% . 
G ef. C H 30  7,87% .

6-0-M ethyl-0-triacetyl-D -glucose-2,4-dinitro-phenylhydrazon (X ).
1,65 g 6 -0 -M eth y l-D -g lu co se -2 ,4 -d in itro -p h en y lh y d razo n  w u rd en  m it E ssig säu rean - 

h y d r id -P y r id in  (16,5 — 16,5 m l) b e i 0° ace ty liert: 2,07 g O -T riac e ta t, Schm p. 202°; au s 550 ml 
a b s . Ä th a n o l u m k ris ta llis ie rt ( a k t .  K ohle) 1,45 g, S ch m p . 204°, [a]jf) — -{-10,4° (c =  1,05, 
C h lo ro fo rm ). N ach dem  zw eiten  K ris ta llis ie ren  b lieb en  S ch m p . u n d  [a][> u n v e rä n d e r t.

Ci 9H 240 12N4 (500,433). B er. N  11.19% . Gef. N  11,21; 11 ,20% . B er. C H 30  6 ,2 0 % . Gef. 
C H 30  6 ,19 ; 6,24%j.

6-0-M ethyl-0-tetraacetyl-D -glucose-2,4-dinitro-phenylhydrazon (X I).
0,5 g des T riace ta tes  X w u rd e n  m it 10 ml E ss ig sä u re an h y d rid  und  0,5 g w asserfreien  

N a t r iu m a c e ta t  bei etw a 100° a c e ty l ie r t  (3 S tunden): 0,5 g S u b s ta n z , Schm p. 80 — 100°, [a]f$ ~ 
- j-7 3 ,l°  (c =  0,505, C h lo ro fo rm ). Aus 4 ml abs. Ä th a n o l u m k ris ta llis ie rt w u rd en  0,35 g 

e in es a u s  N adeln  und  B lä ttc h e n  b e s te h e n d e n  Gem isches e rh a lte n , Schm p. 121°. [а]р> =  89,1°
(c =  0 ,505 , Chloroform). N a ch  d e r  zw eiten  K ris ta llisa tio n  f ie l ebenfalls ein  G em isch  an, 
w e lch es  d a n n  bei Z im m e rte m p e ra tu r  m it 10X 3 ml Ä th e r  b e h an d e lt w urde . D ie z u rü ck 
g e b lie b e n e n  B lä ttch en  w u rd e n  a u s  2 ml abs. Ä th a n o l u m k ris ta llis ie rt: 0,104 g, Schm p.
133° (K offler-B lock).

C2lH 2(!0 13N (542,471). B er. N  10,32% . Gef. N  10,31; 10 ,37% .

D e r R ück stan d  der ä th e r is c h e n  Lösung w urde m it  12 m l Ä th e r bei Z im m ertem p e ra tu r 
b e h a n d e lt ,  die Lösung e in g e d a m p ft u n d  der R ü ck stan d  au s  1 m l abs. Ä th an o l u m k ris ta llis ie rt: 
0 ,007  g nadelförm ige K ris ta lle  (X II), Schm p. 175° (K o ffle r  B lock).

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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ZUSAMMENFASSUNG

Es wurde festgestellt, daß sich aus 2-Desoxy-D-glucose-2,4-dinitro-phenylhydrazon 
durch Acetylieren bei 0° ein offenkettiges O-Acetylhydrazon bildet, während das entsprechende 
D-Glucosederivat eine Ringstruktur besitzt. Die Ursache dieses Unterschiedes kann nicht mit 
dem Aufbau des Pyranoseringes, sondern mit der verschiedenen Stabilität der mit den Pyranose- 
formen im Gleichgewicht befindlichen offenkettigen Formen erklärt werden. Es wurden auch 
Untersuchungen über die Struktur und relative Ringstabilität von einigen solchen Monose- 
hydrazonen durchgeführt, welche als am Kohlenstoffatom 5 substituierte D-Xylosederivate 
betrachtet werden können. Es ergab sich, daß diese Substituenten in folgender Reihenfolge 
die Stabilität des Pyranoseringes im betreffenden Hydrazon erhöhen: H <  CH2OCOCH3 <  CH..
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S tru c tu re  and  R ing  S tability  o f Some O -A ce ty l-n io n o se -2 ,t-d in itro p h en y l-
hydrazones

A. FÓTI, A. GERECS and F. RUFF

Summary.lt was found that on subjecting 2-deoxy-D-glucose-2,4-dinitrophenylhydrazone to ace
tylation at 0° an O-acetylhydrazone of open-chaiustructure is formed, while the corresponding 
D-glucose derivative has a cyclic structure. This difference cannot be ascribed to the structure 
of the pyranose ring but rather to differences in the stabilities of aliphatic forms being in equilib
rium with the pyranose forms. Experiments were carried out to study the structure and relative 
ring stability of some monose hydrazones which may be taken into account as C(5)-substituted 
D-xylose derivatives. The results proved that the mentioned substituents increase the stability 
of the pyranose ring in the corresponding hydrazone in the order H <  CH2OCOCH3 <  CHa.

Структура и стабильность колец нескольких ()-ацетил-моноз- 
2,4-динитрофенилгидразонов

А. ФОТИ, А. ГЕРЕЧ и Ф. РУФФ
Резюме. Установили, что ацетилированием при 0° из 2-дезоксп-и-глюкоз-2,4-днннтро- 
фенилгидразона образуется О-ацетилгидразон с открытой цепью, а соответствующие 
производные d- глюкозы  имеют кольцевую структуру. Причина различия не может быть 
объяснена структурой ниранозоного кольца, а объясняется различной стабильностью 
форм с открытой ценыо, находящихся в равновесии с формами ппранозы. Далее, были 
проведены исследования структуры и относительной стабильности колец таких моноз- 
гидразонов, которые могут рассматриваться, как производные d -ксилозы , замещенные 
в С5. Из результатов вытекает, что указанные выше заместители увеличивают стабиль
ность пиранозового кольца в соответствующем гидразоне в следующем порядке:

Н <  СН..ОСОСН., <  СМ.,.

A ndrás F ó t i

P ro f. D r. Á rp ád  G e r e c s

Ferenc R uff

9 Acta Chimica Academiac Scientiurum JJungaricae 47. 19bb.
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SYNTHESE CYCLISCHER N -LOST D E RI V ATE 
AUS /^-SUBSTITUIERTEN SERINEN, 

CYSTEIN UND LYSIN

M. SzEKERKE, M. T. K aJTÁU und V. BRUCKNER 
(Organisch-Chemisches Institut der L. Eötvös Universität,  Budapest}

Fangegangen am 19. Oktober 1965

U nlängst h a b e n  w ir über die S yn these  c y to to x isc h e  G ruppen  e n th a lte n d e r  
S e rin d eriv a te  b e r ic h te t  [1]. Die biologische P rü fu n g  dieser P ro d u k te  e rg ab , 
d a ß  cyclische N .N -B is-(/5 -ch lo rä th y l)-p h o sp h o rsäu ream id este r, d. h . N -L ost- 
d e riv a te , die aus stereo iso m eren  Serinen , S ery lse rinen  u n d  P o lyserinen  e rh ä ltlich  
w aren  (z. B. aus S erin  I), eine erhebliche tu m o rw ach s tu m sh em m en d e  W irkung  
aufw eisen.

U m  den E in f lu ß  des T rägerm olekü ls a u f  die biologische W irk u n g  ein 
u n d  derselben c y to to x isc h e n  G ruppe w e ite r zu u n te rsu ch en , h ab en  w ir v o r 
a llem  die D e riv a te  I I I ,  IV u n d  V des frü h e r h e rg es te llten  [1] N .0 -[(B is-2 -  
ch lo rä thy l)-am ido]-phosphory l-D L -serin s (I), bzw . seines Ä thy leste rs  (II) a u f
g e b a u t. A n d ere rse its  w urde s t a t t  des S au e rs to ffa to m s ein Schw efel- bzw . 
S tick s to ffa to m  in  d en  H e te ro rin g  e in g e b a u t (VII bzw . V III). V e rb in d u n g  
V II s te llt ein cyclisches T h io p h o sp h o rsäu red iam id -, V erb indung  V III e in  
cyclisches P h o sp h o rsä u re tr ia m id d e riv a t d a r ;  die le tz tg e n a n n te  A b än d e ru n g  
des T rägerm olekü ls w ar zugleich m it d er V erg rö ß eru n g  des H ete ro rin g es v e r 
b u n d en . Die S y n th ese  d e r le tz tg e n a n n te n  b e id en  V erb in d u n g en  (VII, V III) 
w urde auch d esh a lb  a n g e s tre b t, weil sie — V II als C y ste in d eriv a t. V III als 
L y sin d e riv a t — eine K o m b in a tio n  der c y to to x isc h e n  G ruppe m it n ic h t-z e ll
frem den  T räg erm o lek ü len  d a rste llen .

.tria Chi mica .ícademiae Scientiarvm Jluugcricae 47. lVCb.
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D ie V erb in d u n g en  III, V u n d  VI ließen  sich  aus ^ -su b s titu ie r te n  S erin 
e s te rn  (X) m it N .N -B is-(2 -ch lo r-ä th y l)-p h o sp h o rsäu ream id -d ich lo rid  (IX) in 
C h lo ro fo rm  in  G egenw art v o n  T r iä th y la m in  hers te ilen :

О
H2N-CHCOOR EtN II , NH\

(C1CH2CHj)2N —POCL +  I — (CICH2CH2)2N--P c h c o o r
HO —CHQ - 2HC1 \  CHQ

x o /
IX X

A u f diese W eise w urde  zu e rs t threo-, d an n  auch  erythro-DL-/3-Phenyl- 
s e r in ä th y le s te r  (X: R = C 2H 5; Q =  CeH 5) u m g e se tz t, wobei zwei s tereo isom ere  
R a c e m a te  des T yps III, d. h . N .O -[(B is-2 -ch lo r —äth y l)-am id o ]-p h o sp h o ry l- 
D L -iÄ reo-/?-phenylserinäthylester ( l i la :  C arb ä th o x y - und  P h e n y lg ru p p e  in
tran s-S te llu n g ) u n d  N .O -[(B is-2-ch lor-äthy l)-am ido]-phosphory l-D L -ery t/iro-/3- 
p h e n y lse r in ä th v le s te r  (Illb : C arb ä th o x y - u n d  P h en y lg ru p p e  in  Ci’s-S te llung) 
als g u t  k ris ta llis ie ren d e  P ro d u k te  (Schm p. 100 — 102°, bzw . 124 — 126°)anfielen . 
In  b e id e n  F ä llen  b e tru g  die A u sb eu te  ru n d  5 2%  d. T h . — D u rch  ana logen  
U m sa tz  des threo- u n d  eryt/iro-D L-/3-Phenylserinbenzylesters (X: R  =  C6H 5C H 2; 
Q =  C6H 5) k o n n ten  zwei s tereo isom ere  R acem a te  des B enzy lesters  VI (aus 
t h r e o - \  V ia vom  S chm p. 110— 111°, aus ery th ro - \  Vlh vom  S chm p. 90 — 91°) 
g ew o n n en  w erden. H ie r  e rre ich te  die A u sb eu te  in  beiden  F ä llen  ru n d  80%  
d . T h . D ie H ydrogeno lyse v o n  V ia lie ferte  als sehr hygroskop isches P ro d u k t 
N .O -[(B is-2-ch lo r-äthy l)-am ido]-phosphory l-D L -t/ireo -/3 -pheny lserin  (IV).

O b zw ar das in  d en  R in g  e in g eb au te  P h o sp h o ra to m  ein  zusä tz lich es  
A sy m m e trie z e n tru m  d a rs te ll t , k o n n te  bei je d e m  der oben  a n g e fü h rte n  U m 
sä tz e  n u r  je  ein k ris ta llin es  R a c e m a t g e faß t w erden . Diese P ro d u k te  erw iesen  
sich  l a u t  c h ro m a to g rap h isch er K o n tro lle  als e inhe itlich . E s b le ib t n o ch  zu 
e n tsc h e id e n , oh der R in g sch lu ß  in  bezug  a u f  die K o n fig u ra tio n  des neu en  
A sy m m e trie z e n tru m s s te reospez ifisch  verlief, oder oh das zu e rw a rte n d e  
zw eite  R a c e m a t der B e o b a c h tu n g  en tfie l.

V on den als A u sg an g ssu b stan zen  d ien en d en  threo- u n d  erythro-DL-/3- 
P h e n y lse r in e s te rn  s te llte n  die Ä th y le s te r  (X: R = C 2H 5; Q = C 6H 5) b e re its  
b e k a n n te  V erb indungen  d a r  [2, 3]. D ie b ish e r u n b e k a n n te n  B en zy les te r 
(X: R  =  C6H 5CH2: Q —C6H 5) ließen  sich  a u f  fo lgendem  U m w eg h e rs te ilen : 
threo- bzw . eryi/iro-D i,-/3-Phenylserin (Xa bzw . Xb; R = H ;  Q =  C6H 5) w urde  
a u f  ü b lich e  W eise N -ca rb o b en zo x y lie rt, d ieses P ro d u k t (threo, X Ia, bzw . 
erythro, X lb) in  G egenw art v o n  T r iä th y la m in  in  den  e n tsp rech en d en  B en zy les te r 
(threo, XH a: Schm p. 103 — 104°; erythro, X llb : S chm p. 111 — 112°) ü b e rfü h r t  
u n d  sch ließ lich  die N -S ch u tzg ru p p e  hei R a u m te m p e ra tu r  m it 3 5 % ig em  B ro m 
w asse rsto ff-D ioxan  ab g esp a lten . M an e rh ie lt die g u t k ris ta llis ie ren d en H y d ro - 
b ro m id e  XIII (threo, XH Ia: S chm p. 164— 165°; erythro, XHIb: S chm p. 167°; 
M isch-S chm p. 1 5 9 -1 6 1 ° ) .

Acta Chimica Academiae Scientiarum  Hungiiricac 47. 1966.
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CGHä-C H -C H - C O O H  CeH5 -C H -C H -C O O C H 2C6 H5 CeH5 -C H -C H -C O O C H 2 C6 H5

I l I I  I I
OH N H - Z  OH N H - Z  OH NHj) Br

XI XII XIII

Z =  C0H5CH2OOC

Als /^ -substitu iertes S e rin d eriv a t w urde  sch ließ lich  D L -i/ireo -/3 -H ydroxy- 
g lu ta m in sä u re -d iä th y le s te r  (X: R =  C2H 5; Q =  C H 2COOC2H 5) m it N .N -B is- 
(2 -ch lo r-ä th y l)-p h o sp h o rsäu ream id -d ich lo rid  (IX ) um g ese tz t, w obei d as  eine 
R a c e m a t des V erb in d u n g sty p s  V (R  u n d  Q in  eis-Stellung) an fie l (Schm p. 
8 0 - 8 1 ° ) .

D urch  den ü b lichen  U m satz  von  N .N -B is-(2 -ch lo r-ä th y l)-p h o sp h o r- 
säu ream id -d ich lo rid  (IX) m it L -C y ste in ä th y les te r bzw. D L -L y sin ä th y leste r 
ließ  sich  N .S -[(B is-2 -ch lo rä th y l)-am id o ]-p h o sp h o ry l-L -cy ste in ä th y leste r (VII), 
bzw . N aN £-[(B is-2 -ch lo r-ä th y l)-am id o ]-p h o sp h o ry l-D L -ly sin ä th y leste r (VIII) 
he rs te ilen . V erb in d u n g  VII is t ölig, V e rb in d u n g  VIII konn te  n u r als am o rp h es  
P u lv e r g e faß t w erden , doch  ließen  sich  be id e  P ro d u k te  d u rch  U m fä llen  in 
an a ly sen re in en  Z u s ta n d  b ringen .

Im  IR -S p e k tru m  d er V erb in d u n g  VIII (F requenzen  im  V ersu ch ste il 
angegeben) erscheinen  zwei N H -B an d en ; die eine (3225 c m -1 ) k a n n  e in er 
in te rm o lek u la ren  W asse rs to ffb in d u n g  ( =  N — H . . . O  =  ) zu g eo rd n e t w erden , 
w äh ren d  die an d ere  (in  C hloroform lösung 3400 c m “ 1, in K B r-P re ß lin g e n  3390 
c m -1 ) v o n  einer fre ien  N H -G ru p p e  h e rrü h re n  d ü rf te . Es läß t sich a m  S tu a rt — 
Briegleb  M odell zeigen, d a ß  aus s te rischen  G rü n d en  gleichzeitig n u r  eine N H - 
G ruppe  m it dem  S au ers to ffa to m  des E s te rc a rb o n y ls  oder der P O -G ru p p e  eines 
zw eiten  M oleküls eine W asse rs to ffb in d u n g  e in g eh en  k an n . D era rtig e  W asse r
s to ffb rü c k e n  k ö n n en  e rfah ru n g sg em äß  au ch  in  v e rh ä ltn ism äß ig  v e rd ü n n te n  L ö
su n g en  re c h t s ta b il sein . D iese D eu tu n g  des IR -S p e k tru m s w ird a u c h  v o n  den 
D a te n  d e r M oleku la rg ew ich tb es tim m u n g  u n te r s tü tz t .  Aus der in  C h lo ro fo rm 
lösung  gem essenen S ied ep u n k te rh ö h u n g  ließ  sich  näm lich  ein M oleku la rgew ich t 
von 950 b erechnen , das m eh r als das D oppelte  des a u f  Form el VIII b e re c h n e ten  
W ertes  (360) b e trä g t. H ingegen ergab  die B estim m u n g  in  E isessig d en  W ert 
378, ein  Zeichen dessen, d aß  wegen der in te n s iv e n  W echselw irkung d e r E ssig 
säu re- u n d  der S u b stan zm o lek ü le  in  d ieser L ö su n g  in te rm o lek u la re  W a sse r
s to ffb in d u n g en  zw ischen den M olekülen d e r  V erb in d u n g  VIII n ic h t  m eh r 
b es teh en .

Es is t des ö fte ren  d a ra u f  h ingew iesen w o rd en , das zw ischen d e r  b io lo g i
schen  A k tiv itä t  d er S tick s to ff-L o std e riv a te  u n d  d er an ionischen A b sp a ltu n g s 
te n d e n z  ih re r C h loratom e ein  gew isser Z u sam m en h an g  b esteh t. U n te rs u c h u n 
gen von  R o ss  [4] u n d  P reu ssm a n n  [5] h ab en  jed o ch  ergeben, d a ß  e in e  d e r
a rtig e  P a ra lle li tä t  eher n u r  hei V erb indungen  m it w eitgehend  an a lo g er S t r u k tu r  
zu b eo b ach ten  is t. U m  diesbezügliche w eitere  A n h a ltsp u n k te  zu g ew in n en ,
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h ab en  w ir  die je tz t  und au ch  frü h e r [1] a u fg e b a u te n  S ticksto ff-L ostderiv  a te  
d er A m in o sä u re n  u n te r  d en  z u e rs t von R o ss  [4] u n d  sp ä te r  auch  von  B e r g e l  

und  S t o c k  [ 6 ]  an g ew an d ten  s ta n d a rd é n  V ersuchsbed ingungen  a u f  die H y d ro - 
iy s e b e re its c h a ft  d er CI — C -B indung  u n te rs u c h t. D ie E rgebnisse sind  im  V er
su ch s te il v e rze ich n e t.

D ie  T e s tu n g  a u f  ih re biologische A k tiv itä t  d e r  in  dieser A rbeit b e sch rieb e 
nen  n e u e n  V erb in d u n g en  is t in d er u n te r  d er L e itu n g  von  Prof. A. H a d d o w  

s te h e n d e n  p a tho log ischen  A b te ilu n g  des C h este r B e a tty  R esearch In s t i tu te ,  
I n s t i tu te  o f  C ancer R esea rch : R oyal C ancer H o sp ita l (London) im  G ange. 
Die E rg e b n is se  d ieser U n te rsu ch u n g en  w erden  an  a n d e re r  Stelle v e rö ffe n tlic h t, 
h ie r soll b lo ß  e rw äh n t w erd en , daß  die m e is ten  V erb indungen  bei geringer 
T o x ic i tä t  e ine  b ed eu ten d e  tu m o rw a c h s tu m sh e m m e n d e  W irkung zeigen.

B ei d e r  A u sführung  u n se re r  ex p erim en tellen  A rb e it  h a t  uns F rau  G . N é m e t h  te c h 
n ische H ilfe  g e le iste t. Die IR -S p e k tre n  w urden  in  u n se rem  I n s t i tu t  von H errn  F . R u f f  aufge- 
n o m m e n  u n d  g ed eu te t. Die M ikroanalysen  h aben  in  u n se re m  m ik ro an aly tisch en  L a b o ra to 
riu m  F r a u  I I .  M .-S c h w e i g e r ,  F ra u  S. К и т  ASSY u n d  F ra u  J .  К  a j t á r  au sgeführt. A llen  u n se 
ren  M ita rb e ite rn  sei au ch  an  d ieser Stelle  b estens g e d a n k t.

B eschreibung der V ersuche*

N. 0-[(Bis-2-chlor-äthyl)-ainido]-phosjihoryl-DL-threo-/?-phenylserinäthylester ( lila )

E in e  Suspension  von 2,46 g (0,01 Mol) D L -ifireo-/f-P heny l-serinä thy leste r-hydroch lo rid  
[2] in  40 m l w asserfre iem  C hloroform  w urde zu erst m it 4 .18 m l (0,03 Mol) T riä th y la m in , d a n n  
m it e in e r  L ö su n g  von  2,59 g (0,01 Mol) N .N -B is-(2 -C h lo rä th y l)-p h o sp h o rsäu ream id -d ich lo rid  
[7] in  10 m l w asserfre iem  C hloroform  v erse tz t. N ach  4 s tü n d ig e m  Stehen w urde d as  G em isch 
m it 150 m l tro ck en em  B enzol v e rm isch t und  ü b er N a c h t s ich  se lbst überlassen . M an f iltr ie r te  
das au sg e sch ie d en e  T riä th y la in m o n iu m ch lo rid  ab , w u sch  d ie Lösung zweim al m it je 30 ml
O. 5N  S a lz sä u re , n ach h e r zw eim al m it je  30 ml W asser u n d  tro c k n e te  sie schließlich  m it M agne- 
s iu m su lfa t .  N a ch  A b tre ib en  des L ö su n g sm itte ls w urde  d e r  R ü c k s tan d  aus B e n zo l-P e tro lä th e r 
k r is ta l l is ie r t .  Schm p. 100— 102°. A u sb eu te  2,06 g (52%  d . T h .) . — Rp =  0,9.

C l5H 2l0 4N 2Cl2P  (395,24). B er.: C 45,6, H 5,4, N  7,1, CI 17,9, P  7,8, C2H -0  1 1 .4% . Gef.:

C 46,0 , H  6,0 , N  7,2, CI 17,9, P  7,2, C2H 50  11,6% .

IR -S p e k tr u m :  r^pj 3160 c m ~ 1 ; t’c=o 1758 c m “ 1 (E s te r ) ;  vq _o _c 1220 cm ” 1 (E s te r ) : 
i’p _0  1245 e in - 1 ; 990 c m - 1 .

N .O -| (B is-2 -ch lo r-ä th y l)-am id o ]-p h o sp h o ry l-D L -ery th io -ß -p lie iiy 5 se riiiä th y leste r ( IH b )

D ie  V e rb in d u n g  w urde  aus 2,46 g (0,01 M ol) D L -eryf/iro-/?-Phenyl-seriiiäthylester- 
h y d ro c h lo r id  [3] au f o ben  angegebene  W eise h e rg es te llt . D ie aus B e n zo l-P e tro lä th e r u m 
k r is ta l l is ie r te  S u b s tan z  schm olz  bei 124 — 126°. A u sb eu te  2 .09 g (53%  d. T h .). — R p =  0.91.

C l5H 2l0 4N 2Cl2P  (395,24). B e r.: C 45,6, H 5,4. N  7,1 , CI 17.9, P  7,8, C2H -0  1 1 .4% . Gef.: 

C 45 .45 , H  5,4, N 6,6 , CI 18.4. P  7,2. С..Н-0 11,2% .

I R - S p e k tr u m : 3370 cm  1 ; 1745 cm 1 (E s te r ) :  i 'p^ q 1205 cm “ 1: I'p-pj 990 c m “ 1

* D ie  S ch m elzp u n k te  sind  u n k o rrig ie rt. — Die R p -W e rte  sind  fü r au fste igende  C h ro m a to 
g ra p h ie  a n  W h a tm a n  No. 1. P a p ie r  d u rch  A nw endung  des L ö sungsm itte ls B u tan o l : P y r id in  : 
W asser = 1 : 1 : 1  angegeben.
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N-Carbobenzoxy-DL-threo-/?-phenylserin (XIa)
Die N -C arbobenzoxy lie rung  des DL-t/ireo-yö-Phenylserins (X a) w urde  d e r  H e rs te llu n g  

des N -C arbobenzoxy-L -serins [8 ] n ach g e b ild e t. E ine m it E is g eküh lte  L ösung  v o n  18,12 g 
(ü .l  Mol) D L-fbreo-ß-Phenylserin [2] in  400 m l N N a tr iu m h y d ro g en c a rb o n a tlö su n g  (0 ,4  Mol) 
w urde  m it 100 m l Ä th e r ü b e rsch ic h te t, d a n n  u n te r  R ü h re n  m it 24 g (0,14 M ol) C hloram ciscn- 
säu reb en zy le ste r b in n en  20 M inu ten  tro p fen w eise  v e rse tz t. M an rü h r te  n a ch h e r  d a s  G em isch 
u n te r  E isk ü h lu n g  noch  w eitere 4 S tu n d e n . D ie a b g e tre n n te  w äßrige L ösung  w u rd e  zu erst 
zw eim al m it je  100 m l Ä th e r a u sg e sc h ü tte lt ,  n ach h e r u n te r  E isküh lung  m it k o n z . Sa lzsäu re  
a n g esäu e rt u n d  d as  ausgesehiedene ö l  d re im al m it je  100 ml E ssigester e x tr a h ie r t .  D ie m it 
M agnesium sulfa t g e tro ck n ete  E ssig esterlö su n g  lie ferte  n a c h  dem  E in d am p fen  bei U n te rd u rc k  
ein  gelbes Öl, d as a llm ählich  zu e in em  w eißen K ris ta llg u t e rs ta rr te . N ach  e in m a lig en  U m 
k ris ta llis ie ren  au s w asserfre iem  E ss ig e s te r-P e tro lä th e r  w ar die S ub stan z  a n a ly se n re in . Schm p. 
78 — 80°. A u sb eu te  25 g (79%  d . T h .).

Cl7H I70 3N (315, 33). Ber.: C 64,75, 11 5,4, N 4 ,4 % . Gef.: C 64,9, H 5,7, N  4 ,6 % .

N-Carbobenzoxy-DL-ervthio-//-phenylserin (Xlb)
N ach BERGMANN und  M ita rb e ite rn  [3] lie rgeste lltes D L -eryi/iro-/?-Phenylserinäthylester- 

hydro ch lo rid  w urde  nach  der A ngabe  d ieser F o rsch er m it 2 N Salzsäure h y d ro ly s ie r t  u n d  die 
L ösung  bei U n te rd rü c k  bis zur H ä lf te  e ingeeng t. D as in  d ieser Lösung befin d lich e  jyL-erythro- 
ß -P h en y lse rin -h y d ro c lilo rid  w urde o h n e  Iso lierung  n a c h  Z usatz  der e n tsp re c h e n d e n  Menge 
N a triu m h y d ro g en c a rb o n a ts  wie o b en  angegeben  — carboben zo x y lie rt. D ie a u s  w asser
freiem  E ssig e s te r-P e tro lä th e r u m k ris ta llis ie rte , an a ly sen re in e  S ub stan z  schm olz bei 134 —135°. 
A u sb eu te  30%  d. T h.

C1: H 170 5N  (315.33). ß e r .:  C 64,75. H  5,4, i\ 4 ,4 % . Gef.: C 64,55, H  5,9, N 4 .2 % .

N-Carbobenzoxy-UL-threo-p’-pheiiylserinbeiizylester (XIla)
Die V eres te ru n g  des N -C arbobenzoxy-yö-plienylserins w urde der H e rs te llu n g  des N" 

C arb o b en zo x y -L -th reon inbenzy lesters [9] n ach g eb ild e t. — E in Gem isch v o n  6,3 g (0 ,02  M ol' 
N -C arbobcnzoxy-D L -//ireo-/i-phenylserin . 7,6 g (0,06 Mol) B enzylchlorid  u n d  4,2 m l (0 ,03  M ol' 
T riä th y la m in  w urde  am  W asserbad  15 M inu ten  a u f  75° e rw ärm t (beg in n en d e  E rsta rru n g )*  
w eite re  2,28 ml (0.02 Mol) B en zy lch lo rid  und 1.4 ml (0,01 Mol) T riä th y la m in  h in z u g e fü g t und  
noch  eine S tu n d e  bei dieser T e m p e ra tu r  g eh a lten . N ach  A b tre ib en  des u n re a g ie r te n  B en zy l
ch lorids u n d  T riä th y la m in s  bei U n te rd rü c k  (B a d te m p e ra tu r  70 — 75°) b lieb  e in  gelb liches, 
viskoses Öl zu rü ck , das m an  in  120 m l heißem  E ssig ester löste. Diese L ö su n g  w u rd e  zuerst 
m it 60 m l, n ach h e r d re im al m it je  20 m l 2 N Salzsäu re , zw eim al m it je  20 m l W asse r, d re im al 
m it je  20 m l 5 -p rozen tiger N a triu m h y d ro g en c a rb o n a tlö su n g , dan n  ab erm als  zw eim al m it je 
20 m l W asser d u rc h g esc h ü tte lt, m it M ag n esiu m su lfa t g e tro c k n e t und  sch ließ lich  b e i U n te r 
d rü c k  e in g ed am p ft. Der weiße, k r is ta ll in e  R ü c k s ta n d  ließ sich aus w asserfre iem  E ssigester- 
P e tro lä th e r  U m kristallisieren . Schm p. 111 — 112°. A u sb eu te  5,66 g (70%  d . T h .).

C24H 230 5N (405.46). Вег.: C 71,1, H 5,7, N 3 ,5% . G ef.: C 71,4, H 6,0, N 3 ,3 % .

N-Carbobenzoxy-DL-erythro-/7-plieiiylserinbeiizylester (XHb)
Die V erb in d u n g  w urde aus 6,3 g (0,02 Mol) N-Carbobenzoxy-DL-eryi/iro-yÖ-plienylserin 

ebenso h e rg este llt wie das isom ere tlireo-D e riv a t (s. oben). Die aus w asserfre iem  E ssigester- 
P e tro lä th e r  u m k ris ta llie rte  S u b s tan z  schm olz  bei 103 104°. A usbeute  70%  d . T h .

C24H 230 5N (405.46). B er.: C 71,1. H 5,7, N 3 ,5 % . G ef.: C 71.3, H 5,9, N  3 ,5 % .

DL-threo-/?-Pheiiylseriiibeiizylester-hydrobroiiiid (XHIa)
E ine  e isk a lt be re ite te  S u spension  von 4,05 g (0,01 Mol) N -C arbobenzoxy-D L -threo-ß- 

p h en y lserin b en zy les te r (Xlla) in 40 m l B rom w assersto ff-D ioxan  (35%  H B r) w u rd e  u n te r  
F e u c h tig k e itsau ssch lu ß  bei R a u m te m p e ra tu r  bis zum  A u fhören  der C 02-E n tw ic k lu n g  gerührt 
(u n g efäh r 30 M inuten). Das H y d ro b ro m id  ließ  sich m it w asserfreiem  Ä th e r  in  F o rm  feiner 
K rista lle  au sfällen . N ach  2 s tä n d ig e m  S teh en  im  E isseh ran k  w urde abg esau g t u n d  d a s  K r is ta ll
g u t m it w asserfre iem  Ä ther g rü n d lich  gew aschen . A u sb eu te  2,67 g (76%  d. T h .). D ie  S u b s tan z  
w ar n ach  e inm aligem  U m k rista llis ie ren  au s w asserfre iem  Ä th ano l-Ä ther a n a ly se n re in . Schm p. 
1 0 4 -1 6 5 ° .  — R f - 0.90.
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Cu H 180 3N B r (352.24). B e r.: C 54,6, H 5,15, N  4 ,0 , B r 2 2 ,7 % . Gef.: C 54,6, H  5,0, N  4,1, 
B r 22 ,5 5 % .

DL-erythro-/?-Pheiiylserinbenzylester-hydrobromid (XHIb)
Die V erb indung  w u rd e  a u s  4,05 g (0,01 Mol) N -C arbobenzoxy-D L-erytfcro-/?-phenylserin- 

b e n zy le s te r  (XHb) ebenso h e rg e s te ll t  wie das isom ere  th reo -D eriv a t (s. oben). A u sb eu te  an  
R o h p ro d u k t 58%  d. T h . D u rc h  einm aliges U m lösen a u s  w asserfre iem  Ä th an o l-Ä th e r ließ sich 
e in  analysen re in es P ro d u k t  gew in n en . Schm p. 167°. — R p  =  0,95.

C16H t80 3N B r (352.24). B e r.: C 54,6, H  5.15, N  4 ,0 , B r 22 ,7% . Gef.: C 54,4, H  5,0, 
N  3,7 , B r 23,2% .

N.O-[(Bis-2-ehlor-äthyl)-amido] -phosphoryl-DL-threo-/3-phenylserinbenzylester (Via)
Die V erb indung  w u rd e  a u f  übliche W eise (s. th re o -ll l)  h e rg este llt. A nsatz : 1,76 g (0,005 

M ol) D L -l/ireo-yö-Phenylserinbenzylester-hydrobrom id, 2 ,09 m l (0,015 Mol) T riä th y la m in , 1,3 g 
(0 ,005 Mol) N .N -B is-(2 -ch lo r-ä th y l)-p h o sp h o rsäu ream id -d ich lo rid , 20 m l C hloroform . D as 
k r is ta ll in e  R o h p ro d u k t w u rd e  e in m a l aus w asserfre iem  B e n zo l-P e tro lä th e r u m g elö st. Schm p. 
110 — 111°. A usbeute  7 9 % . d . T h . -  R F =  0,91.

C20H 23O4N2Cl2P  (457 ,31). B e r.: C 52,5, H  5.1, N  6 ,1 , CI 15,5, P  6 ,8% . G ef.: C 52,65, 
H  5,7 , N  6,0, CI 15,25, P  6 ,7 % .

IR -S p ek tru m :  3200 c m - 1 ; J 'o o  1761 c m “ 1 (E s te r ) ;  f p =o 1230 cm -1 ; 1205
cm -1  (E s te r) ;  гр_м  985 c m - 1 .

N.O-[(Bis-2-chlor-äthyl)-amiilo] -phosphoryl-DL-erythro-/J-phenylserinbenzylester (VIb)
D ie H erstellung  d e r  V e rb in d u n g  erfolgte a u s  DL-eryibro-y8-P heny lse rin b en zy leste r- 

h y d ro b ro m id  au f die fü r  d a s  t/ireo -D eriva t angegebene A r t  (s. oben). Das ölig an fa llen d e  R o h 
p ro d u k t  w urde zw eim al au s  B en zo l m it P e tro lä th e r  a u sg e fä llt ,  n ach h e r m it P e tro lä th e r  v e r 
r ie b e n , w obei es zu M ik ro k ris ta llen  zerfiel. Schm p. 90 — 91°. A u sb eu te  80%  d. Th. — R p =  0,94

C20H 23O4N2CLP (457 ,31). B e r.: C 52,5, H  5,1, N  6 ,1 . CI 15,5, P  6,8% . G ef.: C 52.15, 
H  5 ,0 , N  5,8, CI 15,8, P  6 ,5 % .

IR -S p ek tru m :  3375 c m “ 1; j>c_o 1754 cm -1  (E s te r ) ;  1205 c m “ 1 (E s te r) ;
)>P_o 1230 c m " 1; Vp„N 985 c m “ 1.

N.O-[(Bis-2-chlor-äthyl)-amid»] -phusphoryl-DL-threo-/?-phenylserin (IV)
E in e  Lösung v o n  2,29 g (0,05 Mol) des B en zy les te rs  Via in  200 m l absol. Ä th a n o l w urde 

in  A nw esen h e it von  0,3 g P d -T ie rk o h le  (10% ) h y d ro g e n o ly s ie rt. D ie berechnete  W assers to ff
a u fn a h m e  w ar b innen  30 M in u te n  beendet. N ach E in d a m p fe n  (U n te rd rü c k ) der v o m  K a tr ly -  
s a to r  b e fre ite n  Lösung b lieb  e in  ö liger R ü ck stan d  z u rü c k , d e r  n a ch  dem  A nre iben  m it  absol. 
Ä th e r  zu  e inem  P u lv e r zerfie l. D ie  sehr hygroskopische S u b s ta n z  ließ  sich d u rch  A usfällen  m it 
ab so l. Ä th e r  aus ih rer abso l. a lk o ho lischen  Lösung re in ig en .

A u sb eu te  65% . — R p  =  0,58.

C ,3H .-0 ,N 2C12P  (367 ,19). B e r.: C 42,5, H  4,7, N  7,6. CI 15,3, P  8 .4% . G ef.: C 42.9, 
H  4 ,4 , N  7,4, CI 15,1, P  8 ,1 % .

N.O-[(B is-2-chlor-äthyl)-amido] -phosphoryl-DL-thrt^o-ß-hydroxyglutaminsäure-diäthylester (V)
Die V erb indung  w u rd e  a u s  2,56 g (0,01 Mol) D L -lü reo -/?-H ydroxyg lu tam insäure-d iä thy l- 

e s te r-h y d ro ch lo rid  [10] u n d  2 ,59 g (0,01 Mol) N .N -B is-(2 -ch lo r-ä th y l)-p h o sp h o rsäu ream id - 
d ich lo rid  (IX) au f üb liche W eise  (s. d ie H erstellung  v o n  l i la )  h erg este llt. D as R o h p ro d u k t ließ 
sich  au s  absol. B e n z o l-P e tro lä th e r  U m kristallisieren. S c h m p . 80 — 81°. A usbeute  1.75 g (46%  
d. T h .) . — R f =  0,89.

C 13H 23Or>N 2Cl«P (405.24). B er.: C 38,5, H 5.7, N  6 ,9 , CI 17,5, P  7.65, С ,Н 30  20.75 -o. 
G ef.: C 38,5, H  6.0,” N 7,2, Cl 17,95, P 7,35, C2H 50  21,0% .

- írta Chimicn Academiae Scientiarum  Hungaricae 47. 1966.
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IR -S p e k tru m ,  au fgenom m en  n ach  de r K B r-P re ß te c h n ik : 3220 cm - 1 ; Vc- 0  (E s te r)
1757 u n d  1731 cm -1  (diese A u fsp altu n g  de r E s te r  C =  0  B an d e  d ü rfte  a u f  eine in te rm o le k u la re  
W assers to ffb in d u n g , d ie sich  zw ischen de r N H  u n d  C =  0  G ru p p e  b ilden  k an n , zu rü ck z u fü h ren  
sein, d a  L ösungen  d e r S u b s ta n z  keine A u fsp a ltu n g  de r E s te r  C =  0  B ande zeigen); Vp„o 
1235 c m - 1 ; f p - x  990 cm -1 .

N.S-[(Bis-2-chlor-äthyl)-ainido]-phosphoryl-L-cysteinäthylester (VII)
Die V erb in d u n g  w u rd e  aus 1,85 g (0,01 Mol) L -C y ste in ä th y les te r-h y d ro b ro m id  [11] u n d  

2,59 g (0,01 Mol) N .N -B is-(/?-ch lo räth y l)-p h o sp h o rsäu ream id -d ich lo rid  (IX) a u f  ü b lic h e  W eise 
herg este llt. D as P ro d u k t s te llt  ein  ö l  d a r, das n ic h t k r is ta llis ie r t w erden k o n n te , es ließ  sich 
jed o ch  d u rc h  U m fällen  aus absol. B enzol m it ab s. P e tro lä th e r  re in igen. Die im  V ak u u m - 
ex siccato r vom  L ö su n g sm itte l befre ite  S u b s tan z  erw ies sich  als an alysen rein . A u sb eu te  65%  
d. T h . — R f  =  0,88.

C9H ,70 3N 2C12S P  (335,21). B er.: C 32,25, H  5,1, N  8,4, CI 21,15, S 9,6, P  9 ,2 % . Gef.: 
C 32,2, H  5,6, N 8,2, CI 21,3, S 9,4, P  8,9.

IR -S p e k tr u m : i^ H  3200 c m 1; Vqq 1751 c m “ 1 (E s te r) ;  i>p_Q 1230 cm -1 ; vp _n 985 c m “ 1.

D L -L y s i  n ü t l iy  l e s t e r - d ih y d r o c h lo r id

Die V eres te ru n g  des DL-Lysins w ar de r des L -Lysins [12] nachgeb ilde t. K ris ta llis ie ru n g  
aus absol. A lkohol. Schm p. 162 — 163°. A u sb eu te  84%  d. T h.

CgH 2nÖ2N2Cl2 (247,18). B er.: C 38.9, H  8,2, N 11,3, CI 28,7, C2H äO 18,2% . G ef.: C 38,5, 
H 8,2, N  11,5, CI 28,4, C2H 50  18,3% .

N''.Nc-[(Bis-2-ehlor-äthyl)-ainido|-phosplioryl-I)L-|ysinätliylester (VIII)
Die V e rb in d u n g  w urde aus 2,47 g (0,01 Mol) D L -L y sin ä th y leste r-d ih y d ro ch lo rid  und  

2,59 g (0,01 Mol) N .N -B is-(2 -ch Io r-ä thy l)-phosphorsäu ream id-d ic .h lo rid  (IX) a u f  ü b lic h e  W eise 
herg este llt. D as ölig an fallende  R o h p ro d u k t ließ  sich  d u rc h  U m fällen  aus abso l. C hloroform  
m it absol. P e tro lä th e r  re in igen . N ach  V ertre ib en  des L ö su n g sm itte ls  w ar nu r ein h y g ro sk o p isch e r 
feste r S ch au m  e rh ä ltlich , de r sich  n ich t k ris ta llis ie ren  ließ . A u sbeu te  51% . M olgew ich t (in 
E isessig) 378. — R p =  0,97.

C,2H 240 3N 3C12P  (360,24). B er.: C 40,0, H  6,7 , N  11,7, CI 19,7, P  8,6, C2H 50  1 2 ,5 % . Gef. : 
C 40,1, H  7,0, N 11,5, CI 19,5, P  8,9, C2H 30  12 ,4% .

IR -S p e k tr u m : j»xh  u ) in  K B r-P resslin g  3390 u n d  3225 cm -1 , b) in  CHC13-L ö su n g  3400 
u n d  3225 cm - 1 ; Vq„q 1740 cm -1  (E ste r); Гс- O - c  (E s te r )  u n d  vp_o (zusam m engeschm olzen) 
1200 c m -1 , f p _ x  900 —1000 cm “ 1.

Vergleich der llydrolysebereitschaft der C—CI Bindung der N.N-Bis(/l-ehloräthyl)-amiiio- 
phosphoryl Gruppe in einigen Derivaten

Die U n te rsu ch u n g en  w urd en  n ach  de r S ta n d a rd m e th o d e  von  R o ss  [4] d u rch g e 
fü h r t .  E ine  L ösung  v o n  0,25 Mol de r S u b s ta n z  in  e inem  G em isch von  je  12,5 m l A ceton 
u n d  W asser w u rd en  30 M in u ten  rü ck fließ en d  g e k o ch t, d a n a c h  ra sch  ab g ek ü h lt u n d  d e r  G ehalt 
der L ösung  a n  Chlorid Io n en  n ach  V olhard  t it r im e tr is c h  b e s tim m t. Zu diesem  Z w eck w u rd e  die 
ka lte  L ösung  m it 5 m l 0,1 N S ilb e rn itra tlö su n g , h ie ra u f  m it 2 ml 2 N S a lp e te rsäu re  v e rse tz t,  
g e sc h ü tte lt, f i lt r ie r t ,  d e r  N iedersch lag  m it W asser gew aschen  u n d  das F i l tr a t  — u n te r  A n w en 
dun g  v o n  A m m o n su lfa t als In d ik a to r  — m it 0,1 N A m m o n iu m rh o d an id lö su n g  t i t r i e r t .  Die 
M enge d e r u n te r  den  oben  angegebenen  B ed in g u n g en  e n ts ta n d e n e n  C l-Ioncn sind  in  P ro z e n te n  
des g e sa m ten  C hlorgehaltes d e r S u b s tan z  ang eg eb en ; es w u rd en  folgende W erte  ge fu n d en : 
I 8% , l i la  9 % , IHb 8% , V 9 % , Via 13% . VIb 15% . VII 12%  u n d  VIII 24% .

Acta Cliirnica Academiae Scientiarum llim f’aricae 47. 1966.
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Z U SA M M E N FA SSU N G

U m  den  E in flu ß  des T räg erm o lek ü ls  a u f  d ie b io logische W irkung  ein  u n d  derse lb en  
c y to to x is c h e n  G ruppe u n te rsu c h e n  zu  können , w u rd e n  D L-/?-Phenylserincster d e r threo- u n d  
erythro- K o n fig u ra tio n , w e ite rh in  D L -t/ireo-yß-H ydroxygluta in insäure-diä thylester, L-C ystein- 
ä th y le s te r  u n d  D L -L ysinäthy leste r m it N .N -B is-(2 -ch lo r-ä th y l)-p h o sp h o rsäu ream id -d ich lo rid  
(IX ) zu  cyclischen  N -L o s td e riv a te n  (III, V, VI, VII u n d  V III) um gesetz t. U b e r d ie b io log ische 
T e s tu n g  d ieser V erb in d u n g en  w ird  a n  a n d ere r S te lle  b e r ic h te t .
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S y n th es is  o f Cyclic N -Lost D erivatives fro m  ß - Substitu ted  Serines, C ysteine
and Lysine

M. SZEK ERK E, M. T. KAJTÁR and V. BRUCKNER

Sum m ary. In  order to study  the effect of the carrier molecule on the biological ac tiv ity  o f the 
sam e cy to tox ic  group, DLyS-phenylserinesters of threo and  erythro configuration, fu rth er d l - 
threo-/5-hydroxy-glutam ine acid diethvlester, L-cysteine ethylester and DL-lysine e thy lester 
w ere converted  into cyclic N-lost derivatives (III, V, VI. V II and V III) w ith the aid of N .N -b is- 
(yÖ-chloroethyl)-phosphoric acid am ide dichloride (IX ). The results of biological te s t o f the 
p repared  com pounds will be repo rted  elsewhere.

Синтез циклических производных N-иприта из /t-замещенных серинов
цистеина и лизина

М. С Е К Е Р К Е , М. Т . К А Й Т А Р  и В. Б Р У К Н Е Р

Резю м е. С целью исследования влияния несущей молекулы на биологическое воздей
ствие той же самой цитотоксической группы авторы, с помощью амид-дихлорида N,N- 
бпс-(/3-хлорэтил)-фосфорной кислоты, перевели Di.-^-ф ени лсерпн овы е эфиры, трео и эритро 
конфигурации, далее этиловые эфиры D L -T peo-/?-niдрока iглутаминовой кислоты, i ,-цис
теина и DL-лизина в циклические производные N-иприта (111, V, VI, VII и VIII).

О биологическом испытании полученных соединений авторы отчитываются в другом
месте.

D r. M ária S z e k e r k e ; B u d a p e s t V III . M úzeum  k ö rú t 4/b
M ária  T. K a jt á r ; B u d a p e s t I I .  P u sz ta sze ri ú t  57/69
P ro f. D r. V ik to r B r u c k n e r ; B u d a p e s t V I I I .  M úzeum  k ö rú t 4 /b

A ct a Chim it Academiac Scientiarum Hungaricae 47. ]9(t6.
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m it Io n e n au s ta u sc h -F ilte rh a rz en  fu n k tio n ie re n d e  W a sse re n th ä r tu n g s 
und V ollen tsalzungsan lagen

zur W asserre in ig u n g  und
fü r  versch ied en e  chem ische Prozesse
(in  de r p h a rm a ze u tisch e n  u n d  ch em isch en  Industrie
sowie S p iritu o sen fab rik a tio n  usw .)

U n se re  lo n en a u stau sch a n lag e n  w erd en  — u n te r  B erü ck sich tig u n g  der q u a n ti ta t iv e n  und 
q u a li ta t iv e n  A nfo rd eru n g en  d e r v e rsch iedenen  V erw en dungsgeb ie te  — a u f  G ru n d  E in ze l
p ro je k tie ru n g  herg este llt. D ie  A nlagen sind  m it e in e r  L eistu n g  von 100 1 /S tunde b is  400 000 

l/S tu n d e  in  beliebigen G rö ß e n o rd n u n g en  lieferbar.

DIE VORTEILE DER ANLAGEN SIND:

rasche Amortisation der Investitionskosten 
lange Lebensdauer,

*

minimale Betriebskosten,

X
einfache Betätigung,

*
sichere Inbetricbhaltimg,

*
automatische Kontrolhnöglicbkeit während 
des Betriebes

U n se re  E in r ic h tu n g e n  sind  m it »VARION« lo n en a u s ta u sc h -K u n s th a rz e n  u n g a ris c h e r  P ro 
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Bei d e r  A usw ahl der g ew ü n sch ten  T y p en  sin d  w ir  s te ts  gerne b e reit d e n  In te re ssen ten  
m it  F a c h b e ra tu n g  — u n d  fa lls g ew ünsch t — m it  V orschlägen oder a u sfü h rlic h e n

A ngeboten zu  d ien en .
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T he A c ta  C him ica pu b lish  p a p e rs  on  c h em istry , in  E n g lish , G e rm an , F re n c h  a n d  
R u ss ian .

T he A c ta  C him ica ap p earsin  v o lu m es consisting  of fo u r p a r ts  o f  v a ry in g  size, 4 v o lu m es 
b e in g  pub lish ed  a  y ea r.

M an u scrip ts  shou ld  be a d d re ssed  to

A c t a  C h i m i c a

B u d a p e s t  5 0 2 ,  P o s t a f i ó k  3 2

C orrespondence w ith  th e  e d ito rs  sh o u ld  be  sen t to  th e  sam e ad d ress .
T he r a te  o f su b scrip tio n  is 110 fo r in ts  a  vo lum e. O rders m ay  be  p laced  w ith  “ K u l t ú r a ”  

F o re ig n  T rad e  C o m pany  fo r B ooks a n d  N ew sp ap ers  (B u d ap es t I . ,  F ő  u tc a  32. A cco u n t N o. 
43-790-057-181) o r w ith  re p re se n ta tiv e s  a b ro a d .

Les A c ta  C him ica p a ra issen t en  fran ç a is , a llem an d , an g la is  e t  ru sse  e t p u b lie n t des 
m ém oires d u  do m ain e  des sciences ch im iq u es .

Les A c ta  C him ica so n t pu b liés  sous fo rm e de fascicules. Q u a tre  fascicu les se ro n t ré u n is  
en  u n  vo lum e (4 vo lum es p a r an).

O n e s t p rié  d ’envoyer les m a n u s c r its  destin és à la  ré d a c tio n  à  l’ad resse  su iv a n te :

A c t a  C h i m i c a

B u d a p e s t  5 0 2 ,  P o s t a f i ó k  3 2

T o u te  co rresp o n d an ce  do it ê tre  en v o y ée  à c e tte  m êm e ad resse.
Le p rix  de l’ab o n n em en t e s t de  110 fo rin ts  p a r  vo lum e.
O n p e u t s’a b o n n e r  à l’E n tre p ris e  p o u r  le Com m erce E x té r ie u r  de  L iv res  e t J o u rn a u x  

«K u l t ú r a » (B u d ap es t I . ,  F ő  u tca  32. C o m p te -c o u ra n t N o. 43-790-057-181) ou à l’é tra n g e r  chez  
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ON THE ROLE OF WATER 
IN ELECTRON TRANSFER REACTIONS, II.*

I . R u f f
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In  a p rev ious p a p e r  [1] a new  m odel w as used  to  ca lcu la te  th e  r a te  o f 
iso top ic  e lec tro n  exchange reac tio n s. A cco rd ing  to  th is  hypo thesis , th e  e lec tro n  
tra n s fe r  re a c tio n  is reg a rd ed  as th e  tra n s fe r  o f  an  elec tron  th ro u g h  a p o te n tia l  
b a rr ie r  defin ed  b y  th e  n o rm a l red o x  p o te n tia ls  p revailing  in  th e  so lv e n t. 
N am ely , in  aqueous so lu tio n , on ly  th o se  ions a re  s tab le , w hich possess  red o x  
p o te n tia ls  b e tw een  th e  v a lu e s  defined  b y  th e  chem ical decom position  o f  w a te r:

H ^ H + + e  е° =  2 .10  vo lt [2 ] ( 1)

Н , О ^ О Н + Н + + е  е° = — 2.4 vo lt [1] (2 )

In  F ig . 1 these  p o te n tia l  va lu es  a re  re p re se n te d  b y  th e  u p p e r  a n d  low er 
h o riz o n ta l lines. The e lec tro n -d o n o r a n d  e lec tro n -accep to r levels c h a ra c te r 
iz ing  th e  re a c ta n ts  a re  b e tw een  th e se  p o te n tia l  lim its . T heir h e ig t is  d efin ed  
b y  th e ir  n o rm a l o x id a tio n -red u c tio n  p o te n tia l  v a lu es . In  th e  case o f  a n  iso to p ic  
e lec tro n -ex ch an g e  re a c tio n , th e  acc e p to r a n d  d o n o r levels h av e  th e  sam e 
energy  v a lu es , since th e  in itia l a n d  f in a l s ta te s  o f th e  reaction  a re  id e n tic a l.

T he e lec tro n  m ay  reach  th e  ac c e p to r leve l in  tw o w ays: (i) i f  th e  a c t i
v a tio n  en e rg y  is enough to  pass th e  p o te n tia l  b a rr ie r  (d o tted  lines in  F ig . 1), 
th e  a c tiv a tio n  en tro p y  change will be p o sitiv e :

A S *
------->  0 (3)

R

(« )  if  th e  a c tiv a tio n  energy  is sm aller th a n  th e  h e ig h t of th e  h a rrie r , th e  e lec tro n  
can  re a c h  th e  accep to r ion  b y  tu n n e l e ffec t o n ly , th u s

=  -  —  d ] Í 2 m ( U  —  Ê * )  +  I n D ' . (4)
R  h

*  Part I: J. Phys. Chem., 69, 3183 (1965).

1 Acta Chimica Academiae Scientiarum Hungaricae 47. 1966.
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T h is  exp ression  can  b e  w r itte n  on th e  b as is  o f  th e  Gamow  eq u a tio n  o b ta in e d  
fo r  a re c ta n g u la r  p o te n t ia l  b a rr ie r , w here h is th e  Planck  co n s tan t, d =  o p tim a l 
d is ta n c e  of ions (a b o u t 9.4  Â),* m  =  m ass  o f  th e  e lectron , U  =  h e ig h t o f 
th e  b a rr ie r , E* — a c t iv a t io n  energy, a n d  D '  is  a fu n c tio n  of U  a n d  E * ,  a n d  
does n o t  co n sid e rab ly  d iffe r from  u n ity .

I n  b o th  cases, th e re  are  again tw o  p o ssib ilitie s  how th e  e lec tro n  m ay  
re a c h  th e  accep to r lev e l: (a) by  “ e lectron  t r a n s f e r ”  w ith  respect to  th e  u p p e r

H ~ H f+e

г
-,

и

____ lie*
donor

1___
accep tor

н2о~он+н++е 
0 d

position co o rd in a te  

F ig . 1

lim it  o f th e  p o te n tia l ;  a n d  (b) b y  “ h o le - tra n s fe r” , w hen th e  low er lim it is 
con sid ered .

G ood ag reem en ts  h a v e  been found  fo r th e  ca lcu la ted  an d  e x p e rim e n ta l 
v a lu e s  o f A S*,  o r th e  e q u iv a le n t action  c o n s ta n ts .

In  th e  p re se n t p a p e r  th e  a p p licab ility  o f  th is  th eo ry  to  n o n -iso top ic  
e le c tro n  exchange re a c tio n s  is discussed. F u r th e rm o re , th e  n a tu re  o f a c t iv a 
tio n  energy  in , a n d  th e  pH -dependence  o f e le c tro n  tran sfe r reac tio n s  are  
s tu d ie d .

I. Calculation o f the action  constans of non-isotop ic  electron transfer reactions

In  e lectron  tr a n s f e r  reac tions p ro ceed in g  b y  iso topic  exchange, th e  co r
re sp o n d in g  n o rm a l re d o x  p o ten tia ls  of th e  re a c ta n ts  are id en tica l. T h u s  th e

* The reaction m ay  occur a t an arb itrary  d, b u t on account of the exponential depend
ence of the ra te  on d, th e  ra te  for the smallest possible in terionic distance is the h ighest and 
th u s  i t  is ra te  determ ining. T he probability  of very  sm all distances is, however, negligible since 
th e  activation  energy is m arked ly  increased by  th e  im m ersion of coordination spheres. I t  
seem s reasonable to tak e  th e  sm allest possible ionic d istance to  be such where th e  second 
coordination  sphere of th e  ions is already im m ersed. T his represents thus a d istance corres
ponding to  three w ater molecules.

Acta Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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en erg y  of th e  d o n o r a n d  accep to r levels is th e  sam e. T h e  e n th a lp y  change of 
co n v en tio n a l re d o x  reac tio n s  is u su a lly  f in ite , i.e. th e  b o n d  en e rg y  o f th e  
e lec tro n  to  be tra n s fe r re d  is g re a te r  on one o f th e  ions (in  m o st cases on th e  
accep to r) th a n  on  th e  o th e r. So th e  p o te n tia l  co n d itio n s o f F ig . 1 becom e 
m od ified  as show n in  F ig . 2, th e  p o te n tia l  b a rr ie r  is now  a sy m m etric . T he 
ca lcu la tio n  of A S *  fo r  such  e lec tro n  tra n s fe r  reac tio n s  can  be  m ad e  sim ilarly  
to  th e  case of a n  iso to p ic  e lec tro n  exchange re a c tio n , b u t  th is  a sy m m e try

H~H++e

[~ "I 
11,......................................

u

icceptor

____ j I f *
donor

do

H20**0H+H*+e 
0 d

position coordinate 

F ig . 2

m u st be tak en  in to  acco u n t:

/ I S *  4.ТГ __________________________ .—— = ------ d Y 2 m ( U -  U 0 - E * )  +  lnű'. (5)
R  h

I t  can  be show n  (see A p p en d ix ) th a t  E q . (5) is  app licab le  to  th e  case 
o f tu n n e l effect a t  such  an  asy m m etric  p o te n tia l  b a rr ie r . D '  is now  a fu n c tio n  
o f U, U„ and  E * , b u t  th is  sligh t e ffec t is in  m o st cases neglig ib le. T h e  correc
tio n s  due to  D ',  a t  d iffe ren t a sy m m etrie s , a re  show n in  F ig . 3.

M ar c u s  [3] o b ta in e d  resu lts , b ased  on h is e le c tro s ta tic  n o n -eq u ilib riu m  
p o la riza tio n  th e o ry , t h a t  are e n tire ly  d iffe ren t from  th o se  m e n tio n e d  above. 
A ccord ing  to  h im , th e  r a te  c o n s ta n t (к ) o f an  o x id a tio n -re d u c tio n  re a c tio n  is 
in  th e  following c o rre la tio n  w ith  th e  equ ilib riu m  c o n s ta n t (К ) o f th e  process:

к  =  IВ Д  ( 6)

w here  k x and  k2 a re  th e  ra te  c o n s ta n ts  of th e  co rresp o n d in g  iso to p ic  e lec tron  
exch an g e  reac tio n s  o f  th e  r e a c ta n ts , an d  f  m a y  b e  o b ta in e d  fro m  th e

! • Acta Chimica Academiae Scientiarum JIungaricae 47. 1966.
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e x p re ss io n :

( 0

w h e re  Z  is th e  collision fre q u e n c y  o f tw o u n c h a rg e d  species in  so lu tio n  (ab o u t 
1011 l i t .  m o le“ 1 • sec -1).

T h is  resu lt is m ore  o r less in  ag reem en t w ith  som e e x p e rim e n ta l d a ta  
[4, 5 ] , n am ely , in th e  in v e s t ig a te d  cases, th e  fu n c tio n  ln  k  =  /( In  K )  w as ob
ta in e d  as a linear p lo t w ith  a slope o f 1/2 ; how ever, th e  in te rc e p ts  d id  n o t  give 
th e  th e o re tic a lly  ex p ec ted  v a lu e s . T hus, th ese  in v e s tig a tio n s  do n o t seem  to 
p ro v e  th e  ap p licab ility  o f M a r c u s ’ th eo ry  u n a m b ig u o u sly .

II. Activation energy o f electron transfer reactions

T h e  ac tiv a tio n  e n e rg y  re q u irem en ts  of e le c tro n  tra n s fe r  re a c tio n s  have  
b e e n  ex p la in ed  on th e  b a s is  o f th e  Franck  — Condon  p rin c ip le  [1]. T h is a c ti
v a t io n  m echan ism  is e s se n tia lly  based  on p h o to n -e le c tro n  in te ra c tio n : to  m ake 
i t  p o ss ib le  for th e  e le c tro n  (o r hole) to  leave  th e  ion , th e  va len ce  v ib ra tio n s  
o f  th e  lig an d s in  th e  f i r s t  c o o rd in a tio n  sphere  o f th e  ion  m u s t be  su ffic ien tly  
e x c ite d .

T h a t  the  Franck  — Condon  re s tr ic tio n  re a lly  has a ro le in  th e  process 
c a n  b e  p ro v ed  b y  th is  m o d e l as follows. L e t us suppose  t h a t  th e  ions can

A cta  Chimica Academiae Scientiarum  H ungaricae 47. 1966.
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ab so rb  an y  k in d  of d iffe re n t E f  a c tiv a tio n  energies, a n d  th e  e lec tro n  is 
ab le  to  leave  th e  ion in  a n y  o f  th e se  a c tiv a te d  s ta te s . T h en  th e  re a c tio n  p a th s  
due  to  d iffe ren t E f  a c tiv a tio n  energ ies can  be  considered  p a ra lle l, am o n g  w hich 
th e  fa s te s t one is th e  r a te  d e te rm in in g  fac to r. T he p ro b a b ility  o f  tu n n e lin g  
increases a n d  th e  n u m b e r o f  a c tiv a te d  ions decreases w ith  in c rea s in g  E f .  
T h e  ra te  c o n s ta n t, g iven b y  th e  follow ing eq u a tio n :

к  =  - í^ -e x p  í -  —  d ] / 2 m ( U  ~ U 0- E f )  -  +  In 1 0 - ^ - ) * ,  (8)
h { h R T  U  j

is  ex p ec ted  to  be o b ta in a b le  b y  using  th e  o p tim a l E f ,  i.e. th e  m easu rab le  
a c tiv a tio n  energy  shou ld  b e  ca lc u la ted  b y  th e  follow ing e q u a tio n :

( £ ) - ■

( 8)

H ow ever, i t  can  be p ro v e d  t h a t  E q . (9) leads to  E f  =  R T ,  w ith  w hich  the 
e x p e rim e n ta l re su lts , a re  n o t  in  accord .

As th e  energy u p ta k e  o f  con tin u o u s sp ec tru m  is ex c lu d ed  as exp la ined  
above , th e  p o ssib ility  a n d  co n d itio n s o f energy  u p ta k e  q u a n tiz e d  b y  the  
F ra n c k — Condon re s tr ic tio n  sh o u ld  be in v es tig a ted .

F o r e lec tron  tra n s fe r , fo r  in s tan ce , th e  a c tiv a tio n  m ech an ism  consists 
o f rem o v in g  th e  ligands in  th e  f ir s t  co o rd ina tion  sphere  o f  re d u c e d  s ta te  from  
th e ir  eq u ilib riu m  positio n  to  a d is tan ce  th a t  equals to  th e  io n -lig an d  d istance  
(r) o f th e  ion  o f ox id ized  s ta te .  In  th is  case th e  e lec tron  tra n s fe r  can  occur 
a t  a c o n s ta n t r, th e re  is no  n eed  for sim u ltan eo u s n u c lea r m o v em en ts .

The im p a rtin g  o f  th is  en e rg y  causes a decrease in  th e  p o te n tia l  energy  
o f  com plex  ion , e.g. fo r aq u o  ions th e  h y d ra tio n  energy  is d ec reased . The 
chem ical p o te n tia l (red o x -p o ten tia l)  o f th e  com plex ion consists o f  th e  follow 
in g  te rm s:

Afi  — <4Fsub| -)- z lF |0n|Z- -)- /JF hydr (10

w here A F subl , A F i0Xiz a n d  A F hyiir are th e  free e n th a lp y  changes n eed ed  fo r the 
fo rm a tio n  o f th e  gas phase  m e ta l a to m , th e  gas phase  ion  an d  fo r th e  dissolved 
ion , re sp ec tiv e ly ; th e  decrease  in  th e  la s t te rm  in  E q . 10 re su lts  an  increase  of 
re d o x -p o te n tia l in  th e  a c t iv a te d  s ta te . I t  is th u s  ju s tif ie d  to  u se  th e  to ta l 
a c tiv a tio n  energy  in  th e  Gamow  eq u a tio n  as th e  energy  o f  e le c tro n .

E
*  Here the term containing In D '  was roughly approximated by In 10 , for the

exact expression would lead to an equation of high order in Eq. 9.
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F o r  the  ca lcu la tio n  o f  ac tiv a tio n  energy  th e  d ifference o f h y d ra tio n  
e n e rg ie s  o f  the  g round a n d  a c t iv a te d  s ta te  is n ecessa ry . (F o r n o n -aquo  ligands, 
in s te a d  o f  h y d ra tio n  e n e rg y  th e  total fo rm atio n  free  e n th a lp y  o f th e  com plex 
is  to  be  tak en .) G enerally  th is  ca lcu la tion  calls fo r a fu ll q u a n tu m  m echan ical 
k n o w led g e  of the  co m p lex  io n , i.e. a know ledge o f  th e  ^ -fu n c tio n s , or th a t  
o f  th e  ex p erim en ta lly  d e te rm in e d  values of h y d ra tio n  energ ies. U n fo rtu n a te ly  
n o n e  o f  th e  two a lte rn a tiv e s  is  possible due to  ob v io u s d ifficu lties.

I n  f irs t  a p p ro x im a tio n , fo r  tran s itio n  m e ta l ion s som e in fo rm a tio n  can 
b e  o b ta in e d  on a c tiv a tio n  e n e rg y  b y  the m odel o f  c ry s ta l  f ie ld  th e o ry . F o r th e  
c h a n g in g  o f h y d ra tio n  e n e rg y  requ ires th e  sam e w o rk  as t h a t  p erfo rm ed  on 
th e  rep u ls io n  p o ten tia l o f  th e  ligand-e lec tron  a n d  lig an d -lig an d  in te ra c tio n  
b y  d ecreasin g  the  io n -lig an d  d is tan ce . In  f ir s t  a p p ro x im a tio n , how ever, th is  
w o rk  passes in to  th e  in c re a se  o f  10Dq sp littin g  o f  th e  d  o rb its , for accord ing  
to  th e  c ry s ta l field th e o ry , in  case of ion ligand

10 Dq =  ^ - z -  e - 4 -  (11 .a)
э г

a n d  in  case of dipól lig an d

10 D ,  =  5 (/*„ +  /« ,)•-£ - (H  b)

w h e re  z ~  is the  charge o f  th e  io n  ligand, p4 is th e  av e rag e  o f  th e  nucle i-e lectron  
d is ta n c e  on the 4 th  p o w er o f  th e  cen tra l ion , r  is th e  d is tan ce  o f th e  nuclei 
o f  th e  cen tra l m etal io n  a n d  lig a n d  centre, w hile ц 0 a n d  щ  are re sp ec tiv e ly  
th e  p e rm a n e n t and in d u c e d  d ip ó l m om ents o f th e  lig an d .

T h e  ac tiv a tio n  e n e rg y  p u t  in  can be th u s  m easu red  b y  th e  d ifference 
in  th e  tw o  sp littings:

E *  =  (10  Dq)0x — (10 D q)red. (12)

(S ince fo r hole the  en erg y  sca le  is th e  reverse, in  case o f a reac tio n  occurring  
w ith  ho le  tran sfe r th e  sam e  re la tio n  is valid .) III.

III . pH -dependence o f  th e  rate  of e lec tro n  tra n s fe r  reactions

O n basis of th e  c o n s id e ra tio n s  described a b o v e  i t  is read ily  u n d e rs to o d  
t h a t  a ll changes o ccu rrin g  in  th e  coord ination  sp h e re  o f th e  ion  p ro d u ce  a 
c h a n g e  o f th e  a c tiv a tio n  e n e rg y . Since th ese  p rocesses governed  b y  th e  law s 
o f  c o o rd in a tio n  ch em is try , d e p e n d  in  general on th e  p H , th e  reac tio n  ra te  w ill 
a lso  b e  a function  o f th e  p H ,  corresponding  to  th e  in d iv id u a l coo rd ina tion  
c h e m ic a l p roperties of th e  re a c ta n ts .

A cta  Chimica Academiae Scientiarum  H ungaricae 47. 1966.



R U F F :  W A T E R  I N  E L E C T R O N  T R A N S F E R  R E A C T I O N S  I I . 247

In  ad d itio n , in  a ll electron  t r a n s fe r  re a c tio n s  a sligh t p H -d e p e n d e n c e  
o f a n o th e r  ty p e  is also to  be ex p e c te d . N am ely , th e  p o te n tia l l im its  (E q s . 1 
a n d  2) also change w ith  th e  p H , f ro m  w hich , on th e  basis o f E q . (5), th e  
fo llow ing  p H -d ep en d en ce  can be d e r iv e d :

In к =  — а УU  — 170 — E *  ±  к Г р  H +  b (13)
w here

a =  d  112m  =  7 .6  • 10°, cm “ 1 sec~ 3 (14)
h

к  T  E*
b =  I n — -------- (15)

h R T '

a n d  к  Г  is th e  p o te n tia l  change d u e  to  u n i t  p H -ch an g e . T he sig n  o f  k T  is 
p o s itiv e  or n eg a tiv e  i f  th e  reac tio n  p ro ceed s  p re v a le n tly  b y  “ e lec tro n  tr a n s f e r ”  
o r “ h o le -tra n sfe r” , respective ly .

T h e  dependence  of th is  ty p e  is u su a lly  accom pan ied  b y  som e o th e r  p H - 
d ependences due to  coo rd ina tion  ch em ica l changes, th u s  th e  s lig h t e ffec t to  
he  a t t r ib u te d  to  th e  change of th e  l im it  p o te n tia ls  c an n o t be id e n tif ie d  sep a 
ra te ly . N am ely , in  genera l, th e  re a c tio n  o rd e r o f  th e  hydrogen  ion  c o n c e n tra tio n  
does n o t  give d ire c tly  an  in teg e r, a n d  th is  s lig h t p H -d ep en d en ce  g e ts  lo st 
d u rin g  th e  u su a l p ro ced u re  of e x p a n s io n  in  a pow er series.

I f  th e  change o f th e  a c tiv a tio n  e n tro p y  is p o sitive , th is  sh g h t p H -d ep en - 
dence  tu rn s  in to  a dependence o f [H  + ] o rd e r or 1 /[H  + ] o rder, re sp e c tiv e ly , 
d ep en d in g  on w h e a th e r  th e  process is “ e lec tro n  tra n s fe r” or “ h o le - tra n s fe r” . 
N am e ly , a p ositive  e n tro p y  change co rresp o n d s to  an  ac tiv a tio n  en e rg y  g re a te r  
th a n  th e  h e igh t o f th e  ba rrie r, a n d  so tu n n e lin g  is unnecessary . T h e  “ free”  
e lec tro n  or hole, p ro d u ced  in  such  cases is essen tia lly  id en tica l w ith  th e  fo r
m a tio n  o f a h y d ro g en  a to m  or O H  ra d ic a l, w h ich  can  v e ry  ra p id ly  “ t r a n s p o r t”  
th e  e lec tro n  or hole to  th e  accep to r (“ f lu c tu a tin g  c lu ste r m odel” ) [6 ]. IV.

IV. C om parison of th e  consequences o f  th e  th eo ry  w ith  the  ex p erim en ta l re su lts

In  T ab le  I  th e  re su lts  o f k in e tic  m easu rem en ts , found  in  th e  l i te ra tu re ,  
h a v e  been  com pared  w ith  th e  th e o re tic a l v a lu es , in  cases w hen a ll p a ra m e te rs  
n ecessa ry  fo r th e  ca lcu la tion  w ere a v a ilab le . T he no rm al red o x  p o te n tia ls  
com piled  b y  L a t im e r  [2] have been  u sed . I n  th e  colum n of lg  A 0f,s, th e  e rro rs 
o f m easu rem en ts  are  also given i f  th e y  h a v e  been  rep o rted . In  th e  co lum n 
o f lg  A caic, th e  a c tio n  c o n s tan t v a lu e s  ca lcu la ted  from  E q . (5) a re  show n. 
In  case of a g re a t o x id a tio n -re d u c tio n  p o te n tia l  d ifference, co rrec tio n s  due 
to  lg D '  w ere used.
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Table I

System e°
Volt

E*
kcal/mole 8̂ -̂ obs Ref. % ^calc. [H*]-order

Hole transfer reac tio n s

C o(III) -  F e ( I I ) .............. - 1 .8 2 17.2 15.2 7 > 12.8 — l

C o(III) -  C e(III) ............ - 1 .8 2 19.0 15.9 ±  1.5 8 > 12.8 — l

M n (III) — F e(II) .............. — 1.51 12.1 12.3 9 10.3 0

Pu(V ) — P u (V )* * .......... - 1 .1 5 18.8 11.4 ±  2.0 10 10.5 +  i
V(V) — F e ( I I ) .............. - 1.00 8.0 8.5 11 8.0 (*) ?
P u (IV ) — F e ( I I ) .............. —0.97 19.1 9.9 ±  0.3 12 9.5 0

P u(V I) -  T i ( I I I ) .............. — 0.93 10.3 9.6 ±  0.3 13 8.5 - 1

P u (V I) — F e ( I I ) .............. - 0 .9 3 7.6 8.8 14 8.3 (*)
F e (III)  -  Y (III) .............. - 0 .7 7 17.3 11.8 ±  2.9 15 8.8 0

N p(V ) — V (III) .............. —0.75 14.6 10.1 ±  0.6 16 8.5 0

N p(V ) -  N p (V )* * .......... - 0 .7 5 17.6 8.0 ±  0.1 17 8.4 + 1
U(V ) -  U(V)** .......... - 0 .6 2 9.2 9.3 ±  0.5 18 8.4 + 1

E lec tro n  transfer reac tio n s

F e (II) -  H „0 ..................... - 0 .7 7 9.4 8.6 19 7.2 (*)
F e (II)  — Pu(IV ) ............ — 0.77 5.8 5.7 ±  0.3 12 6.0 - 1

* S lig h t pH -dependence  due  to  th e  change of th e  p o te n tia l  lim its 
** D isp ro p o rtio n a tio n

A s i t  is seen in  T ab le  I ,  th e  ca lcu la ted  a n d  observed  ac tion  c o n s ta n ts  
g e n e ra lly  agree w ith in  th e  o rd e r o f m ag n itu d e .

T h e  system s c o n ta in  w idely  d iffe ren t io n s, a n d  so th is  re la tiv e ly  good 
a g re e m e n t seem s to  s u b s ta n tia te , th e  co rrec tn ess  o f th e  assu m p tio n s. T h u s , 
in  c o n tra d ic tio n  to  M a r c u s ’ th e o ry  [3], i t  is seen  t h a t  th e  en th a lp y  change of 
th e  re a c tio n  affects th e  re a c tio n  ra te  on ly  s lig h tly .

T h e  p H -d ep en d en ce  o f  th e  reac tio n  ra te s  also  agrees in  severa l cases 
w ith  th e  th e o re tic a lly  ex p ec ted  b ehav iou r. E .g ., th e  observed  [H  + ] _1 o rd e r 
is  a d ire c t consequence o f th e  th eo re tica lly  d e d u c e d  p o sitiv e  ac tiv a tio n  e n tro p y  
o f th e  C o (III) — F e (II)  a n d  C o(III) —C e(IIl) re a c tio n s .

T h e  s ligh t p H -d ep en d en ce  of th e  P u(Y I) — F c ( I I )  an d  th e  F e (II)  — H 20 2 
re a c tio n s  can  be describ ed  b y  E q . (13) (see F igs. 4 a n d  5). T he slope of th e  line, 
d e f in e d  b y  th e  e x p e rim e n ta l p o in ts , gives, in  go o d  ap p ro x im atio n , th e  sam e 
v a lu e  a s  E q . (14). P ro b a b ly  th e  sam e p h en o m en o n  ta k e s  place in  th e  V(V) — 
F e (II)  a n d  in  th e  F e (II)  — F e (I I I )  exchange [20] proceed ing  in  ice m ed ium , 
b u t  in  th e  f ir s t  case p ro o f  c an n o t be o b ta in e d  b ecau se  of th e  o th e r reac tio n
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w hich d ep en d s lin e a r ly  on th e  hyd rogen  io n  co n cen tra tio n . F e (II)  — F e ( I I I )  
exchange has been  m easu red  only a t  tw o  d iffe re n t acid ities in  ice. T h e  slope 
o f th e  line  d e te rm in ed  b y  these  tw o p o in ts  g ives a v a lu e  of 5.1 • 10®.

VŸ.4S +0.06pH,
F ig . 5

T h e [H  + ]-o rd e r o f th e  o th e r reac tio n s l is te d  in, T ab le  I  c a n n o t b e  e x 
p la in ed  sim ila rly  to  th e  ab o v e  cases. I t  is p ro b a b le  h ere  th a t  th e  o b se rv ed  pH - 
d ependence  is due  to  co o rd ina tion  chem ical p rocesses, such as h y d ro ly s is , 
fo rm a tio n  o f  oxo-com plexes, etc.

In  T ab le  I I  th e  a c tiv a tio n  energies c a lc u la te d  on th e  basis o f  sp e c tra l 
d a ta  h av e  been  co m p a re d  w ith  th e  e x p e rim e n ta l va lues. The c ry s ta l  f ie ld  
sp littin g  v alues h av e  b een  o b ta in ed  from  J 0 r g e n s e n ’s d a ta  [21]. I t  c a n  be 
seen th a t  a good ag re e m e n t is o b ta in ed  on ly  in  t h a t  case w hen th e  e le c tro n
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Table II

Activation process
Л  (10 Dq) 

kK
E*

kcal/mole
E*

kcal/mole Ref.

V(IV) Y(III) ................. 3.9 10.7 11.2 22
V(III) -  V(II) ................. 4.6 13.2 13.2 23
Mn(III) — — M n(II)............. 2.1 12.1 6.0 9
Fe(III) V F e (II ) ............... 3.3 9.9 9.5 24

9.4 19
5.8 12

Co(II) —— Co(II) ............... 8.4 21.6 24.0 25
17.2 7
19.0 8

Co(en)|+ -1— *■ Co(en)§+ ........... 12.0 14.3 64.0 26

t r a n s f e r  does n o t  invo lve  th e  change o f th e  c h a ra c te r  o f th e  c ry s ta l  f ie ld : 
e .g ., th e  a c tiv a tio n  process o f th e  Со(еп)з + — С о(еп)з+ reac tio n  re su lts  in  th e  
tra n s fo rm a tio n  o f th e  w eak  lig an d  fie ld  in to  a  s tro n g  one. This can  p ro b a b ly  
b e  e x p la in e d  b y  th e  fa c t t h a t  changes of th is  m a g n itu d e  m ay  re n d e r  im p o r ta n t  
su c h  fa c to rs  (e.g. a lte ra tio n s  in  p4) w ich h a v e  b een  neglected  in  o u r d ed u c 
tio n s .

A ppendix

E lectron  tunneling  through an asymmetric  rectangular potential barrier

T h e  Schrödinger  e q u a tio n s  o f th e  th r e e  in te rv a ls  show n in  F ig . 2 
(I: X <[ 0; I I :  0 < j  x  d; I I I :  d  <  x),  are  th e  follow ing:

I:Ä  +  Ä . y =  o

I I : ^ + J ^ TL ( U o +  E * - U ) y ,  =  0 (A .2)
a x l n2

I I I :  ( U 0 +  Е * )у ,  =  О (A .3 )
e r  n1

T h e  special so lu tions o f  these  e q u a tio n s  a re :

Vi =  exp i ± i k 1x)  , (A .4)

ipn =  exp ( i  i k 2x  ) , (A. 5)
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a n d
ViII =  ex p  (± i k 3x ) (A-6)

w here

k x — — У2 тпЕ* , 
h

(A.7)

][2 m ( U 0 E* — U), (A -8 )

a n d

k 3 =  - ^ - Y 2 m ( U 0 +  E * ) .  
h

(A .9)

Since th e  e lec tron  w ave is re fle c ted  b o th  a t  th e  I —I I  a n d  II-—I I I  in ter-
faces, th e general so lu tions are :

^ i  =  a l exp  ik^x  -j- br exp ( — i k i*), (A.10)

y>2 == a 2 exp ik2x  -(- b., exp  ( — ik2x), (A .l l )

x p 3  =  a 3 exp  ik 3x  b3 exp ( — ik 3x). (A .12)

W hen  th e  e lec tro n  a rriv es  fro m  in te rv a l I ,  a l can  be chosen  as u n ity . 
L e t us now  ta k e  in to  acco u n t t h a t  th e  w ave fu n c tio n  and  its  f i r s t  d e riv a tiv e  
h av e  to  he con tin u o u s a t  x  =  0 a n d  x  =  d, th e re fo re :

Vh(°) =  % (°) (A -13)

%(«*) =  VÁ*)  (A -14)

’- ^ ü )  =  № - )  (A .15)
d x  )x=0 1 dx  jx„ 0

( A M  =  I A b . )  . (A .16)
l d x  Jx-d ' d x  J x = d

C om bining th e  se t o f e q u a tio n s  (A .13) — (A .16) w ith  E qs. (A .10) — (A .12), 
a3 can  be expressed  as follow s:

a + ______________ 4 k ± k 2 exp ( - i k 3 d ) ______________  1?
(fei +  fe2) (fe2 +  fe3) e x p  ( — ife2 d)  +  [2 fe2 (fex — fe2)

— (fe2 +  fe3) (fej — fc3)] ex p  ( ik2d)
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(T h e  arrival of th e  e le c tro n  from  the  r ig h t h a n d  side is im possib le , th e re 
fo re , b3 =  0). Since, i f  E *  +  U 0 <[ U, kt is a p u re  im a g in a ry  q u a n ti ty , we m ay  
in t r o d u c e  the  d e n o ta tio n

k2 =  ik  . (A.18)

F o rm in g  th e  possib ility  e x p re ss io n  of D

D =  a3a'3, (A .19)

w h e re  a 3 is the  co n ju g a te  o f  a 3, we m ay w rite :

D  = ------------------------------------ Í ÍCÍ i c2-------------------------------------  . (A .20)
sh2 kd  [(Aq k 3 — Ac2)2 -j- k2 (Aq -)- k 3)2] -f- k 2 ( k l -f- k3)2

I n  deducing th is  c o rre la tio n  the  fo llow ing  e q u a tio n  has b een  used :

ch 2kd -  sh2kd  =  1. (A .21)

W h en  kd  >  0, w e h a v e

s h 2 kd  ^  — exp 2 kd  , (A .22)
4

a n d  th e  second m em ber o f  th e  denom ina to r in  (A .20) can  be neglec ted  co m p ared  
w i th  th e  exponentia l m e m b e r . Therefore, th e  f in a l  fo rm  of (A .20) w ill be:

D =  -------- 1------  ----- e x p  ( — 2 kd)  (A .23)
( k x k 3 k 2)2 +  k2 ( к , - k 3)2

w h e re  th e  p re -ex p o n en tia l f a c to r  is denoted  as D '  in  E q . (4) an d  (5).

SUMMARY

The theoretical model, suggested in a previous paper of the author for calculating the 
rate of isotopic electron exchange reactions, has been applied to non-isotopic oxidation-reduc
tions reactions. A correlation is shown to exist between the crystal field splitting values of 
transition metal ions and the activation energies of the corresponding electron transfer reac
tions. The types of the pH-dependence of these reactions have been studied.

The theoretical conclusions and the calculated results are compared with the experi
mental values.
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Über die Rolle des W assers in  Elektronenübergangsreaktionen, II
I. RUFF

Z u sam m en fassu n g . Z ur E rk lä ru n g  de r G eschw ind igkeiten  v o n  E lek tro n en ü b e rg an g s rea k tio n e n  
w ird  das vom  V erfasser in de r e rs te n  M itte ilu n g  d ieser R eihe vorgeschlagene M odell z u r  B e rec h 
n u n g  d e r A k tio n sk o n s ta n t de r N ic h tiso to p a u s ta u sc h — R e d o x reak tio n en  a n g ew a n d t. Z w ischen  
den  K ris ta llrau m a u fsp a ltu n g sw erten  von  Ü b e rg an g sm eta llio n en  u n d  den  A k tiv ie ru n g se n e r
gien  d e r en tsp rech en d en  E lek tro n en ü b e rg an g s rea k tio n e n  w urde ein  Z u sam m en h an g  n a c h g e 
w iesen. D ie aus de r T h eorie  fo lgenden  T y p en  de r p H -A b h än g ig k e it der E le k tro n e n ü b e rg a n g 
re a k tio n e n  w erden besp rochen .

D ie th eo re tisch en  Fo lg eru n g en  u n d  B erech n ungsergebn issen  w erden  m it de r E rfa h ru n g e n  
verg lichen .

Роль воды в реакциях с переходом электрона, II
И. РУ Ф Ф

Резю ме. Автор применил, предложенную в предыдущей работе для объяснения скоро
стей реакций с переходом заряда, модель для расчета констант действия окислительно
восстановительных реакций неизотопного обмена. Автор показывает зависимость между 
величинами кристаллического распада ионов металлов и энергией активации соответ
ствующих реакций с переходом электрона. Обсуждает, далее, зависимости pH, вытекаю
щие из теории, реакций с переходом электрона.

Автор сравнивает теоретические выводы и результаты расчетов с опытными наблю
дениями.

Пт. Im re  R u f f ; B u d a p e s t V II I .  M úzeum  k r t .  4/b
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ON THE ROLE OF WATER 
IN ELECTRON TRANSFER REACTIONS, III.

ELECTRODE REACTIONS 

I . R u f f

(Department o f Inorganic and Analytical Chemistry, L. Eötvös University, Budapest)

Received July 8, 1965

In  th e  p rev ious p a r ts  o f  th is  series [1, 2] th e  k in e tic s  of e lec tro n  tra n s fe r  
reac tio n s  w ere s tu d ie d  b y  a new  th eo re tica l m odel. In  th e  expression  o f  th e  
ra te  co n stan t,

. t T  I AS* E* \
« = -------e x p ----------------------- , ( 1)

h R  R T  j

th e  fac to rs  w ere in te rp re te d  as follows:

- ^ ~ =  - U 0 - E * )  + l g I T  (2 )
К n

if  th e  e lec tron  tra n s fe r  p ro ceed s b y  tu n n e l e ffec t. ( In  E q . 2 h is th e  Planck-  
c o n s ta n t, d =  th e  o p tim a l d is ta n c e  betw een  th e  re a c ta n ts  in  so lu tion , m  =  m ass 
o f th e  e lectron , U  =  e n e rg y  difference b e tw een  th e  p o te n tia l lim it a n d  th e  
en erg y  level o f th e  species, U 0 =  difference b e tw e e n  th e  redox  p o te n tia ls  of 
th e  reac tin g  ion p a irs , a n d  D '  =  c o n s tan t w h ich  does n o t considerab ly  d iffer 
from  u n ity  (see F ig . 2 o f  P a r t  I I  in  th is  n u m b e r) . I f  th e  e lec tro n  tra n s fe r  
p roceeds b y  h y d ro g en  a to m  or O H -rad ica l t ra n s fe r , we h ave:

O n th e  basis  o f th e  F r a n c k —C ondon-princip le , th e  ac tiv a tio n  en erg y  
(£ * )  w as in te rp re te d  as th e  energy  d ifference b e tw een  th e  oxicized an d  
re d u c e d  s ta te s  o f th e  ion:

E * ^  E ox -  E red (4)

F o r  tra n s itio n  m e ta l io n s m ay  be w ritte n  in  th e  f ir s t  ap p ro x im a tio n :

E *  =  (10 Dq)ox — (10 D q)red (5)

w here 10 Dq  is th e  c ry s ta l  f ie ld  sp littin g  of th e  ions.
A n in te re s tin g  c o rre la tio n  betw een  th e  r a te s  o f  chem ical a n d  e le c tro 

chem ical e lec tron  tra n s fe r  re a c tio n  was p o in te d  o u t f ir s t  b y  Marcus [3],
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on th e  b as is  o f his e le c tro s ta tic  p o la riza tio n  th e o ry . H ow ever, a cco rd in g  to  
th is  th e o r y ,  e lec trochem ical re a c tio n  ra te s  c a n n o t be ca lcu la ted  in d e p e n d e n tly  
fro m  th e  chem ical ones.

I n  th is  p ap e r th e  a p p lic a b ility  o f th e  m odel, in tro d u ced  b y  us fo r  chem 
ica l e le c tro n  tra n s fe r  re a c tio n s , is d iscussed  in  e lec tron  tra n s fe r  reac tio n s  
o c c u rr in g  on th e  su rface  o f a n  e lec trode .

1. T he redox  po ten tia l

T h e  e lectron  tra n s fe r  re a c tio n s  ta k in g  p lace  a t  an  in d iffe re n t e lec tro d e  
su rfa c e  d iffer from  th e  processes w hich  occu r in  th e  b u lk  of th e  so lu tio n , 
in  tw o  re sp ec ts : (i) th e  e lec tro d e  p lay s th e  p a r t  o f one of th e  re a c ta n ts ,  an d  
(ii) i t  c a n  b eh av e  b o th  as an  e lec tro n  acc e p to r (for reduced  ions) or a n  e lec tron  
d o n o r  (fo r ox idized ones).

I n  o rd e r to  give th e  en e rg y  co n d itio n s affec ting  th e  re a c tio n  sim ilarly  
as sh o w n  in  Fig. 1, th e  en e rg y  level due to  th e  e lectrode, i.e ., i ts  F e rm i  level 
m u s t  b e  de te rm in ed . To do th is ,  th e  p o te n tia l  o f th e  e lectrode m u s t b e  defined 
ta k in g  in to  considera tion  all re le v a n t fa c to rs  of th e  m odel used .

I t  is know n th a t  th e  v a lu e  of c o n ta c t p o te n tia l  d ifference b e tw e e n  tw o 
b o d ie s  is de te rm in ed  b y  th e  d ifference in  th e ir  F erm i  levels. O n c o n ta c t  o f th e  
b o d ie s , th e  F erm i  levels b ecom e equalized . I f  th e  n u m b er of e lec tro n s  in  one 
o f  th e  bodies is m uch  la rg e r th a n  in  th e  o th e r , th e  change in  th e  F e rm i  level 
o f  th e  f i r s t  body , p ro d u ced  b y  co n ta c tin g , w ill be negligible, th u s  th e ir  equalized  
F e r m i  level can be co n sid e red  id en tica l w ith  th e  orig inal one of th e  f i r s t  body .

I n  ou r concre te  case th is  m eans th a t  th e  e lectrode im m ersed  in  so lu tion  
a ssu m e s  th e  p o te n tia l o f th e  so lu tio n  w ith o u t chang ing  i t  e ssen tia lly . T h e  F erm i  
e v e i o f  th e  so lu tio n  is g iven  b y  th e  fo llow ing  expression :

N = 2 - ----------- (6)
k T

w h e re  E p  is th e  F erm i  lev e l, £ ,  =  en erg y  o f  th e  possible levels, N  =  n u m b er 
o f  a ll e lec trons of th e  sy s te m , an d

i  =  1, 2, 3, . . . ,  n ( ? )

w h ere  n is th e  n u m b e r o f  a ll levels.*

* It is seen that the cases when Ef- E/?, thus e. g., the electrons of completed shells, 
need not be considered.
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L e t us consider a so lu tio n  in  w hich th e  n u m b er of Mn+ io n s in  th e  
o x id ized  s ta te  is N ox, a n d  th e  n u m b e r of ions in  th e  re d u c e d  s ta te  is
N reiJ, an d  le t  us accep t th e  u su a l red o x  p o te n tia l  scale fo r energy  sca le . F u r th e r 
m o re , le t  th e  n u m b e r o f H 30 + ions be  N p a n d  th a t  o f O H -  ions IV/,. T h u s, 
on th e  basis  o f th e  in v e s tig a te d  m odel, th e  n u m b e r  of filled  levels o f  E 0 energy  
is N red, an d  th a t  o f F/, en erg y  is IV/,, w hereas th e  n u m b er o f u n fille d  levels

Fig. 1

of E 0 energy  is TV0x, an d  t h a t  o f E p energy  is N p. T hus, accord ing  to  E q . (6 ) 
we h av e :

TV 4  ту   ^ red ^ ox I ^ h г
l y r e d  “Г  —  “  p  l r  r  p ----------h

И - e x p — -  1 +  e ,p

+  ___________________- p------ = —  .
1 +  exp  E-P------- -

k T

T he E p  p o te n tia l of th e  e lec trode  is describ ed  b y  E q . (8 ). U n fo r tu n a te ly , 
E q . (8 ) co n ta in s  im p lic itly  E P. To show  th e  an a lo g y  w ith  th e  N e r n s t— Peters 
e q u a tio n , le t us sim plify  E q . (8) as follow s: u su a lly  it  is tru e  th a t

E P - E F 5> k T  (9)
an d

E h < * E F . ( 10)
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(T his m eans th a t  th e  F e r m i  level is n o t to o  n e a r  to  e ith e r  o f th e  p o te n tia l 
lim its .)  In  th is  case

,  \ - E r  <U >

1 ...........  V r
an d

N
------PF  F - ™ 0 ,  ( 12)

1 + e x p  E ï Z Ë l L  
k T

th e re fo re
/V *

E P =  E 0 -  k T  In  —-2S- . (13)
N red

T h u s  th e  e lec tro d e  sh o u ld  be ta k e n  in to  a c c o u n t as a level h av in g  alw ays 
th e  a c tu a l value o f th e  re d o x  p o ten tia l of th e  so lu tio n . W hen N aX=  N relj, th is  
p o te n tia l  is E 0, as i t  fo llow s from  E q . (13). I n  th is  w ay  th e  tu n n e lin g  e lec tron  
h a s  to  p e n e tra te  a sy m m e tr ic  re c tan g u la r  p o te n t ia l  b a rr ie r  w hich is sc h e m a ti
c a lly  show n (d o tte d  lin es) in  Fig. 1.

I I .  C alcu lation  of the ex ch an g e  cu rren t

O n an  eq u ilib r iu m  elec trode , th e  r a te  o f  e lec trochem ical re a c tio n  is 
c h a ra c te r iz e d  b y  th e  ex ch an g e  cu rren t d e n s ity  £n. I t  seem s usefu l th e re fo re , 
to  d efine  th e  ra te  e x p re ss io n  as follows:

k T  AS* E*  , , . . . .
i0 =  A  ------- e x p --------- --— -----  , am p  • cm  • m m ole-1  (14)

h R  R T

w h ere  th e  m ean in g  o f  A '  is u n d ersto o d  f ro m  th e  follow ing co n sid e ra tio n : 
I f  th e  n u m b er o f  e ffec tiv e  ac tiv a tio n s  is (k T / h ) exp  (—E * /R T )  p e r u n i t  tim e  
in  one litre  of a so lu tio n  w hich is one m o la r  fo r  b o th  re a c ta n ts , on ly  tho se  
a c tiv a tio n s  w ill b e  u se fu l fo r th e  e lectrode p ro cess  (if A S* — 0) w h ich  a ffec t 
th e  p a rtic le s  t h a t  a re  a t  a su itab le  d is tan ce  fro m  th e  electrode; th u s , in  case 
o f th e  p re sen t m odel, o n ly  th o se  w hich are  n e a re r  to  th e  electrode su rface  th a n  
th e  n e x t  n e a re s t species o f accep to r c h a ra c te r . N am ely , in  th e  oppo site  case 
th e  process is d ire c t e le c tro n  exchange w ith o u t a n y  p a r tic ip a tio n  o f th e  elec
tro d e . In  th e  b u lk  o f  th e  so lu tion , th e  o p tim a l d is tan ce  of th e  p a r tic le s  has 
b een  assum ed to  b e  a b o u t 9.4 A [1]. T h e re fo re , th e  n u m b e r of effec tive  ac ti-

* It is interesting to note that Eq. (8) has a physical meaning and a finite E/? even if 
Na x  or Nri(f is equal to zero while the N e r n s t - P e t e r s ’  formula, similarly to Eq. (13), affords 
Ep =  +  oo or lip =  — oo, respectively.
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v a tio n s  is:

9.4 • 10—8 -------exp  í ------------ , cm ■ m m ole-1 • sec- 1 .
Л \  R T

I f  th e  F araday  n u m b e r  is also  ta k e n  in to  acco u n t, E q . (14) c a n  be 
w ritte n  (a t 25 °C)

I A4* K* \
i0 =  5.8 • 10° exp  I ^ -------—  j .  (15)

T he m ean ing  of Л S*  an d  E *  in  E q . (15) is th e  sam e as in  E q s  (2) — (4) 
w ith  th e  d ifference t h a t  in  E q . (2) d  is 9.4 Â  w hile in  E q . (15) th is  d en o te s  
on ly  th e  u p p e r  lim it  o f th e  w id th  o f  th e  p o te n tia l  b a rr ie r  e x is tin g  b efo re  
th e  tu n n e lin g  e lec tro n . N ow  since th e  p ro b a b ility  of th e  a c t iv a te d  s ta te  
can  be  considered  id e n tic a l in  f i r s t  a p p ro x im a tio n  a t  an y  va lu e  o f d  b e tw een  
0 a n d  9.4 Â , one can  ca lc u la te  w ith  d  =  3.3 Â  in  th e  electrode re a c tio n  w h ich  
is th e  low est possib le  io n -c lec tro d e  d is tan ce  w ith o u t p e r tu rb in g  th e  h y d r a 
tio n  sphere  o f th e  ion.

In  T ab les I  a n d  I I  som e e x p e rim e n ta lly  observed  i 0 values a re  co m p ared  
w ith  ca lcu la ted  ones.

Table I

System в°,
Volt

E*,
kcal/mole **, obe -̂ obe •g Ado

E lec tro n  tra n s fe r  reac tions

E u (II)  -  E u (III) ................... 0.43 9.0 - 1 .7 4.9 5.1
V (II) -  V (III) ........................ 0.25 6.5 - 0 .4 4.4 5.1
T i(III) -  Ti(IV) ..................... - 0.1 7.0 0.0 5.1 4.8

H ole tra n s fe r  reac tions

Fe(CN)|- -  F e(C N )|-........ -0 .3 6 4 1.0 4.0 4.8
Ee(II) -  Fe(III) ................... -0 .7 7 9 -0 .3 6.3 5.2

F o r th e  sy stem s show n in  T ab le  I  R a n d l e s  an d  S o m e r t o n  [4] m ad e  
m easu rem en ts  a t  d iffe ren t te m p e ra tu re s  a n d  th e y  d e te rm in ed  th e  a c tiv a tio n  
energ ies, to o . So i t  w as possib le  fo r  us to  com pare  th e  ac tio n  c o n s ta n ts  w h ich  
a re  in te re s tin g  from  th e  p o in t o f v iew  o f th is  h y p o th esis . In  th e  case o f  sy s tem s  
show n in T ab le  I I  th e  e x p e rim e n ta l a c tiv a tio n  energies h av e  n o t  b een  d e te r 
m in ed . T herefo re  th e  o bserved  a n d  ca lc u la ted  values o f lg i 0 cou ld  b e  corn
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Table II

System e°,
Volt

E*.
kcal/mole % *0, obe ‘o, calc Ref.

E lectron  tran sfe r  re ac tio n s

C r(II) -  C r ( I I I ) ........................... 0.41 9.5 —3.0 - 1.8 4
C o(N H 3)§ + -  Co(NH3)g+ . . . - 0.1 14.3** - 5 . 3 - 5 . 7 4

P tC l i -  -  PtC l26- ........................ - 0.68 11.2 - 5 . 5 - 3 . 7 6
Се(П1) -  C e (IV )......................... - 1 .4 4 7.7* - 1 . 7 - 1 . 5 5

Hole tran sfer re ac tio n s

T1(I) -  T 1 ( I I I ) ............................. - 1 .2 5 12.1* О 1 In

M n O f- -  M n O j ........................ - 0 .5 6 10.5* 1.3 ; - 2.0 4

* T hese ac tiv a tio n  energ ies could no t be ca lcu la ted  o n  basis o f E q . (5), th u s  th e  ac tiv a tio n  
e n erg y  of th e  co rresponding  iso top ic  exchange re a c tio n  h as  been  used (see references in  [1]).

** In  th is system , th e  ac tiv a tio n  energy of th e  Co(en)3+ — Co(en)3+ system  has been 
ap p lied , since i t  is p ro b ab le  t h a t  these  are ap p ro x im ate ly  id en tica l, and  th e  c rysta l fie ld  ap p ro x i
m a tio n  is no longer re liab le  fo r  such low-spin com plexes.

p a re d  only . T he a c t iv a t io n  energies h av e  b e e n  c a lcu la ted  b y  E q . (5) on basis  
o f  th e  sp e c tro p h o to m e tr ic  d a ta  com piled b y  J 0 r g e n s e n  [7]. T his is th e  reason  
w h y  th e  com pared  d a ta  do n o t show  as good  ag reem en t as th o se  lis ted  in  
T a b le  I ,  since th e  e r ro rs  d u e  to  th e  a p p ro x im a tio n s  m ay  be ad d ed  u p  d u rin g  
th e  ca lcu la tio n  o f th e  tw o  facto rs.

F o r th e  o x id a tio n -re d u c tio n  p o te n tia ls  re q u ire d  in  th e  ca lcu la tio n s, 
w e re fe r to  th e  b o o k  o f  L a t i m e r  [8 ] .

SU M M A R Y

T he a p p licab ility  o f th e  m odel used p re v io u s ly  in  th e  th eo re tica l in te rp re ta tio n  of th e  
r a te  o f chem ical e lec tro n  t r a n s fe r  reac tions, has b een  d iscu ssed  fo r e lectrochem ica l reac tio n s . 
F a ir  ag reem en ts w ere fo u n d  b e tw ee n  th e  observed  a n d  c a lcu la te d  exchange cu rren t va lues.
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Über die R olle des W assers in Elektronenübergangsreaktionen, III

R e a k tio n e n  a u f  E le k tro d e n

I, RUFF

Z usam m en fassu n g . D ie A n w en d b a rk e it des durch  den  V erfasse r z u r  th eo re tisch en  B esp rech u n g  
de r G eschw indigkeit v o n  E le k tro n en ü b e rg an g s rea k tio n e n  e in g e fü h rte n  M odells in e le k tro 
chem ischen  R e ak tio n en  w ird  u n te rs u c h t. Zwischen den th e o re tis c h  b e rechneten  u n d  e x p eri
m en te ll gefundenen  T au sch s tro m w e rte n  ergab  sich eine g en ü g en d e  Ü bereinstim m ung .

Роль воды в реакциях с переходом электрона, III

И. РУ Ф Ф

Резюме. Автор исследовал применимость модели, введенной для теоретического обсуж
дения скоростей химических реакций, идущих с переходом электрона, к электрохимиче
ским реакциям. Автор нашел удовлетворительную согласованность между, рассчитан
ными теоретически и определенными экспериментально, величинами обменного тока.

D r. Im re  R u f f ; R u d a p e s t V III . M úzeum  k r t  4/b
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In tro d u c tio n

In  o rd er to  e s tab lish  a q u a n tu m  m ech an ica l th eo ry  o f c a ta ly s is , such  
in v e s tig a tio n s  h av e  to  deal f irs t o f  a ll w ith  th e  e lectron ic  s tru c tu re s  o f  th e  
c a ta ly tic a lly  ac tiv e  solids. This can  b e  done in  sev era l s teps on ly . I n  th e  f irs t 
s tep  th e  e lec tron ic  s tru c tu re  o f  a n  in f in ite  p e rfec t c ry s ta l is in v e s tig a te d , 
fo llow ed b y  ca lcu la tio n  of th e  su rface  s ta te s  o f th e  co rrespond ing  f in i te  c ry s ta ls . 
L a te r  th e  effects o f la ttic e  im p e rfec tio n s  a n d  im p u ritie s  m u s t a lso  be  ta k e n  
in to  acco u n t. O n ly  th e  d ev e lo p m en t o f a th e o ry  o f c a ta ly tic a lly  a c tiv e  solids 
w ill m ak e  possib le  to  in v es tig a te  th e  in te ra c tio n  of th e  c a ta ly s t  a n d  th e  
s u b s tra te  m ore q u a n tita tiv e ly  on th e  basis  o f q u a n tu m  m echan ics.

In  recen t y ea rs  some w ork h a s  b een  done to  ca lcu la te  th e  su rfa c e  s ta te s  
o f  sem ico n d u c to rs  [1], an d  th e  ro le  o f  th is  fa c to r  in  th e  process o f  ca ta ly s is  
has been  in v e s tig a te d  in  a sem iem p irica l w ay  [2 ].

O n th e  o th e r  h an d , no c a lc u la tio n  h as  d e a lt w ith  th e  su rface  s ta te s  o f 
m e ta ls , th u s  i t  h as  n o t been possib le  to  t r y  to  f in d  co rre la tions b e tw e e n  th e  
e lec tro n ic  s tru c tu re  of c a ta ly tic a lly  a c tiv e  m e ta ls  an d  th e ir  a c tiv ity . T h ere fo re , 
th e  p r im a ry  o b je c t o f our w ork  w as to  ca lcu la te  th e  e lec tron ic  s t ru c tu re  of 
c a ta ly tic a lly  ac tiv e  m etals. As th e  f ir s t  s tep , we ca lcu la te  th e  en e rg y  b a n d  
s tru c tu re s  of in f in ite  m eta l c ry s ta ls  a t  d iffe ren t te m p e ra tu re s , a n d  on  th e  basis 
o f th e se  d a ta  we sha ll t r y  to  p ro ceed  to  th e  ca lcu la tio n  of th e  su rface  s ta te s .

In  th is  p a p e r  w hich is in te n d e d  to  be  th e  f irs t  of a series, w e re p o r t  th e  
c a lc u la tio n  o f th e  energy  b a n d  s t ru c tu re  o f an  in fin ite  N i c ry s ta l  a t  0 °K  
a n d  a t  1373 °K . T he b an d  s t ru c tu re  o f  th is  m e ta l was c a lc u la te d  f i r s t  b y  
F l e t c h e r  an d  W o h l f a r t h  [3] fo r  a b so lu te  zero te m p e ra tu re . A ssu m in g  sp h er
ica l p o te n tia l, th e y  used  tw o -c e n te r  a p p ro x im a tio n  to  d e te rm in e  th e  m ost 
im p o r ta n t  in te ra c tio n  in teg ra ls  w h ich  occur in  th e  t ig h t b in d in g  m e th o d . 
F ro m  th e  re su lts  th e y  ca lcu la ted  th e  en e rg y  b a n d s  of th e  fa c e -ce n te re d  cubic 
N i la t t ic e  for a p a r t  of th e  f irs t  B r i l l o u i n  zone. A few years la te r  K o s t e r  [ 4 ] ,  

u sin g  th e  in te rp o la tio n  m ethod  d ev e lo p ed  b y  S l a t e r  an d  h im se lf [5 ], ex te n d e d  
th e  t ig h t  b in d in g  a p p ro x im a tio n  to  th e  w hole f irs t B r i l l o u i n  zone o f  N i.
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I n  h is p a p e r  he gave th e  cu rv e  of th e  d e n s ity  o f  s ta te s , h u t  u n fo r tu n a te ly  he 
d id  n o t  re p o r t  th e  d e ta ile d  b a n d  s tru c tu re  a t  0  ° K .  B e l d i n g  [ 6 ]  re p e a te d  
th e  c a lc u la tio n  o f K o s t e r  u sin g  th e  t ig h t b in d in g  a p p ro x im a tio n  in  th e  fo rm  
d ev e lo p ed  b y  S l a t e r  a n d  K o s t e r  [ 5 ] ,  b u t  he  a p p lie d  an  a n a ly tic a l p o te n tia l  
fu n c tio n , ta k in g  in to  a c c o u n t also in te ra c tio n s  w ith  second n e ig h b o u rs . H is 
re su lts  show  th a t  th e  e ffec t o f th e  second n e ig h b o u rs  is only  te n  p e r  c e n t of 
t h a t  o f  th e  f irs t  n e ig h b o u rs .

R e c e n tly  m ore  so p h is tic a te d  ca lcu la tio n s  h a v e  been  m ade concern ing  
th e  b a n d  s tru c tu re  o f  N i. Y a m a s h i t a  e t al. [ 7 ]  u se d  a m odified  t ig h t  b in d in g  
a p p ro x im a tio n  an d  a G r e e n  fu n c tio n  m e th o d  to  d e te rm in e  th e  h a n d  s tru c tu re  
in  th e  w hole f irs t  B r i l l o u i n  zone a t  0 °K . T h e y  fo u n d  0.304 R y  fo r th e  to ta l  
w id th  o f th e  3d b a n d s  b y  th e  f irs t  m e th o d , a n d  0.314 R y  b y  th e  second. 
F u r th e r  M a t t h e i s s  [8 ] a p p lie d  th e  augmented p la n e  wave  m eth o d  to  ca lcu la te  
th e  h ig h  sy m m e try  p a r ts  o f  th e  f irs t  B r i l l o u i n  zone.

I t  shou ld  be  em p h asized , how ever, t h a t  a ll th e se  calcu la tions re fe r to  
th e  b a n d  s tru c tu re  o f  N i a t  0  °K  (w ith  th e  e x c e p tio n  of M a t t h e i s s ’ w ork  [ 8 ] ,  

in  w h ich  th e  room  te m p e ra tu re  v alue  of th e  la t t ic e  c o n s ta n t w as considered ), 
a n d  no  a t te m p t  has b e e n  m ad e  fo r th e  d e te rm in a tio n  of th e  v a r ia tio n  o f th e  
b a n d  s tru c tu re  w ith  te m p e ra tu re . T herefo re , th e  m a in  purpose o f th is  w ork  
h as  b een  to  s tu d y  th e  e ffec t o f  th e  increase o f  te m p e ra tu re  on th e  b a n d  s tru c 
tu re  o f  N i.* Since c a ta ly t ic  reac tio n s ta k e  p lace  m o s tly  a t  r a th e r  h igh  te m 
p e ra tu re s , th e  re su lts  m a y  c o n tr ib u te  to  th e  u n d e rs ta n d in g  of th e  c a ta ly tic  
a c t iv i ty  o f Ni.

M ethod

F o r  th e  c a lcu la tio n  o f th e  energy b a n d  s t ru c tu re s ,  we have  used  th e  t ig h t  
b in d in g  a p p ro x im a tio n , ta k in g  in to  acco u n t th e  4s an d  th e  fiv e  3d s ta te s  
o f N i. I n  a face -cen te red  cub ic  la ttic e  each a to m  h a s  tw elv e  n ea rest n e ig h b o u rs , 
w hose po sitio n s m a y  b e  ch a rac te rized  b y  th e  la t t ic e  v ec to rs  pai  +  qaj -J- ral, 
w here  a is th e  la t t ic e  c o n s ta n t  and  i, j  a n d  1 a re  u n i t  vec to rs in  th e  x ,  y ,  z 
d ire c tio n s , re sp ec tiv e ly . O f th e  in tegers, p ,  q a n d  r , tw o  are a lw ays eq u a l to  
u n ity , a n d  th e  th ird  is  zero  [for in stan ce  (p  q r) =  (1 1 0)]. T h e  e lem en ts  
o f th e  m a tr ix  H(k) o f o rd e r  6 , whose

H (k)c,(k) =  £ ,(k)c,(k) (1)

* T h e  increase  o f  te m p e ra tu re  has a tw o-fold  e ffec t o n  th e  b a n d  s tru c tu re  o f solids: f i r s t  
b y  th e  in c rease  of th e  la t t ic e  c o n s ta n t  (expansion  of th e  c ry s ta l) ;  secondly , th e  te m p e ra tu re -  
d e p e n d e n t in te ra c tio n  o f e le c tro n s  w ith  phonons also in flu en ces  th e  b an d  s tru c tu re . A c co rd 
in g  to  F a n ’s ca lcu la tio n s [9] th e  tw o p henom ena h a v e  a co m p arab le  effect o n  th e  en erg y  
g ap  o f Ge. I n  th e  p re se n t p a p e r  we deal on ly  w ith  th e  f i r s t  effect.
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eigenvalue p ro b lem  p rov ides th e  possib le en e rg y  levels in  th e  case o f  a g iven 
w ave n u m b e r v ec to r,

к  =  — i + — j  +  — 1 , (2 )
a a a

can  be c o n s tru c te d  w ith  th e  a id  of th e  fo rm u la s  given b y  S l a t e r  n a d  
K o s t e r  [5] in  th e ir  T able I I ,  i f  w e consider th e  te rm s  (0 0 0), (1 1 0) an d  
(0 1 1) only .

N u m b erin g  th e  s, xy ,  xz ,  y z ,  x 2 — y 2, 3z2 — r2 fu n c tio n s in  th is  o rd e r  b y  
1, 2, 3, 4, 5, 6 , a n d  assum ing  t h a t  th e  in te ra c tio n s  o f th e  4s o rb ita l w ith  th e  3d 
o rb ita ls  is sm all, we have  n eg lec ted  th e  j ( j  =  2 , . . . ,  6 ) e lem en ts  in
th e  sy m m etrica l H(k) m a trix . In  th is  w ay , th e  o rig inal eigenvalue p ro b lem  is 
sp lit to  a f i r s t  o rd e r p rob lem  a n d  to  a f if th  o rd e r one. F u rth e rm o re , f ro m  th e  
sy m m etry  o f th e  3d fu n c tio n s  i t  follow s, t h a t  Я(к)22 =  Я(к)3 3 =  Я(к)4 4, 
Я(к)2,3 =  Я(k )2.4 =  Я (к Ц  Я(к)3>5 =  Я(к)4>5, a n d  fin a lly  Я(к)3'>6 =  Я(к)м . 
So we are  le f t  on ly  w ith  n in e  d iffe ren t e lem en ts  o f  th e  m a tr ix  H(k), n a m e ly : 
Я(к)41, Я(к)2.2, Я(к)55, Я(к)66, Я(к)2>3, Я(к)26, Я(к)м , Я(к)3,6 a n d  Я(к)5,6. 
T hese n ine q u a n titie s , as i t  is easy  to  show  on th e  basis  of th e  fo rm u la s  of 
T ab le  I I  o f [5], can  be exp ressed  w ith  th e  a id  o f  te n  energy  in te g ra ls . T hese 
are th e  fo llow ing: E ltl (0 0 0), E t 4 (1 1 0), E 22 (0 0 0), E 66 (0 0 0),
Е г ,  (1 1 0), E 2,f  (0 1 1), E M  (1 1 0 ) , 'e 5>5 (1 1 0), È23 (0 1 1), E M  (1 1 0).
F o r th e  la s t  six  in teg ra ls  we u sed  a t  0 °K  th e  v a lu e s  o b ta in ab le  from  th e  re su lts  
of F l e t c h e r  a n d  W o h l f a r t h  [3] (see T ab le  IV  o f [5]). Since th e  v a lu e s  of
th e  energy  in teg ra ls  E.L2 (1 1 0) an d  E 22 (0 1 1) o b ta in ed  b y  F l e t c h e r

an d  W o h l f a r t h  fo r N i an d  b y  H o w a r t h  [10] fo r  copper (w ith th e  a id  o f  th e  
ce llu la r m e th o d ) agree q u ite  w ell, we used  fo r  E 22 (0 0 0) th e  v a lu e  of 
H o w a r t h  c a lc u la ted  for Cu. F u r th e r , since in  a tw o -cen te r a p p ro x im a tio n , 
w hich  w as ap p lied  F l e t c h e r  a n d  W o h l f a r t h , E 22 (0 0 0) =  E M  (0 0 0), 
we used  fo r b o th  energy in te g ra ls  th e  a r ith m e tic  m ean  of th e  tw o  in te g ra ls  
given b y  H o w a r t h  for Cu. F in a lly , in  th e  ab sen ce  of sa tis fac to ry  d a ta  fo r  N i 
( F l e t c h e r  a n d  W o h l f a r t h  d id  n o t  ta k e  in to  acco u n t th e  4s s ta te  o f  N i), 
we used  fo r  th e se  la s t tw o q u a n tit ie s  th e  v a lu es  o b ta in e d  b y  H o w a r t h  [10] 
for Cu. T ab le  I  lis ts  th e  u sed  in te g ra l va lu es  in  ry d b e rg  u n its .

S u b s t i tu in g  th e  v a lu e s  o f  th e  in te g ra ls  in  th e  a p p r o p r ia te  e x p re s s io n  o f  
th e  n in e  re m a in in g  d if fe re n t e le m e n ts  o f  th e  m a t r ix  H(k), l is te d  a b o v e , w e 
so lv e d  th e  e ig e n v a lu e  p ro b le m  fo r  th e  w h o le  к sp a ce . S ince , h o w e v e r , th e  
e n e rg y  b a n d  s t r u c tu r e  sh o w s a s y m m e tr y  in  r e s p e c t  o f  th e  re c ip ro c a l l a t t i c e  
o f  a fa c e -c e n tre d  cub ic  la t t ic e ,  a c tu a l ly  w e h a d  to  p e r fo rm  th e  c a lc u la t io n s  
o n ly  in  on e  f o r ty - e ig h th  o f  th e  f i r s t  BRiLLOUiN-zone. F u r th e r ,  s in ce  w e  w ere  
in te r e s te d  m a in ly  in  th e  q u a l i ta t iv e  b e h a v io u r  o f  th e  b a n d  s t r u c t u r e  w ith  
re s p e c t  to  th e  c h a n g e  o f  t e m p e r a tu r e ,  a n d  s in c e  K o s t e r  [4] h a d  a l r e a d y  m o re
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p re c ise ly  d e te rm in ed  th e  b a n d  s tru c tu re  a t  0 °K  tak in g  in to  a c c o u n t 680
n

p o in ts , w e used  on ly  a m esh  o f — in th e  th re e  d irections of th e  rec ip rocal 

sp ace .
T o  ca lcu la te  th e  b a n d  s tru c tu re  a t  1373 °K , we h ad  to  d e te rm in e  th e  

in te g ra ls  lis ted  in  T ab le  I  fo r  th is  case. A ssu m in g  in  th e  f irs t  a p p ro x im a tio n  
th e  v a l id i ty  of th e  re la tio n

ПУ _ SÏÏ (3)

Table I

The used energy integrals o f  N i  ( in  rydbergs) at 0 °K

E M (0 0 0) ........................................ 0.0366
F (o)
% ,1 (1 1 0) ........................................ -  0.0683

^ 2,2 (0 0 0) =  E 6,s (0 0 0) . . . -0 .6 1 5 6

E  $ (1 1 0) ........................................ -0 .0 1 9 2 8
F (°)^ 2,2 (0 1 1) ................................... 0.00574
F (°)
^ 6,6 (1 1 0) ........................................ -0 .0 0 7 8 6
F (o)
*'5,5 (1 1 0) ........................................ 0.01353
F (o)^2,3 (0 1 1) ........................................ -0 .0 3 1 1 6
F (o)
^ 2,6 (1 1 0) ........................................ -0 .0 3 9 1 7

w h ere  in d e x  (0) refers to  0 °K  an d  in d ex  (T ) to  T  °K , we ca lcu la ted  th e  a p p ro 
p r ia te  S i j  overlap  in te g ra ls  fo r 0 °K  a n d  1373 °K . In  doing so, we h a d  to  
t a k e  in to  acco u n t th e  ch an g e  of th e  la t t ic e  c o n s ta n t w ith  te m p e ra tu re . The 
la t t i c e  c o n s ta n t o f N i a t  0 °K  is a =  3.517 Á  [11] an d  th e  la rg e s t k n o w n  v alue  
o f  a,  a t  1373 °K , is a '  =  3.591 Á [12].

S ince th e  va lu es  o f E hl (0 0 0) a n d  o f  E 2 2 (0 0 0) do n o t d ep en d  on 
th e  la t t ic e  c o n s ta n t, th e se  in teg ra ls  do n o t  change w ith  th e  te m p e ra tu re . 
T h e  o th e r  seven in te g ra ls  show n in  T ab le  I ,  how ever, depend  on th e  la ttic e  
c o n s ta n t  an d  th e re fo re  on th e  te m p e ra tu re . I n  o rd e r to  be ab le to  d e te rm in e  
th e i r  v a lu e s  on th e  basis  o f  eq u a tio n  (3), we ca lcu la ted  f irs t  th e  ra t io  of th e  
o v e rla p  in teg ra ls  o f th e  3d func tions a n d  o f  th e  4s func tions a t  Y%a (0° K) 
a n d  a t  ]/'2o'(1373 °K ).

T h e  overlap  in te g ra ls  o f th e  3d fu n c tio n s  co rrespond ing  to  th e  6 la s t 
d a ta  o f  T ab le  I  m ay  be  exp ressed  in  th e  fo llow ing  w ay:
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S 2i2 ( 1 1 0 ) = i - S 3£,3C+  )  S 3fi3í.,
4 4

S 2 2 (011 ) =  —  S 3iJi3t) +  —  S 3( з£,
z ^

•̂ e,6 (110) =  — ^3í,sí +  ~ 7' з̂с.зс ’
4 4

S5,5 (110) =  SW

•^2 ,3  1 1  )  =  “  *^3t;,3t) ~  ^ 3 Í , 3 Í  »

S2,«(110) = ^ - S 3£,3Í- ^ S 3(>3t,

(4)

w here  we used th e  n o ta tio n  of K o ta ni e t al. [13] in  th e  r ig h t h a n d  side of the  
e q u a tio n s . T he d iffe ren t overlap  in teg ra ls  o ccu rrin g  in  E q u a tio n s  (4) are 
ex p ressed  w ith  th e  a id  o f th e  au x ilia ry  fu n c tio n s  A n(x) [12]. T he ta b u la te d  
v a lu e s  o f th e  la t te r  w ere ta k e n  from  th e  T ab les o f  M il l e r  e t al. [14]. C alcu
la tin g , in  th is  w ay  th e  overlap  in teg ra ls  a t  th e  d is tan ces  ]/2 a  an d  |/2 <*\ 
we o b ta in e d  th e  ra tio s  o f  th e  co rrespond ing  o v e rlap  in teg ra ls  (values betw een
0.67 a n d  0.69). S u b s titu tio n  of th e  la tte r , to g e th e r  w ith  th e  E ^j  va lu es  given 
in  T ab le  I , in to  E q u a tio n  (3) gave th e  values o f E \ j \

I n  th e  case  o f  th e  o v e r la p  in te g ra ls  o f  th e  4 s  fu n c tio n s  th e re  is a d if f i
c u l ty ;  a c c o rd in g  to  S l a t e r ’s ru le s , in  th e  w a v e  f u n c t io n

Vts =  Ne~ar г"-1 (5)

we h a v e  n '  =  3.7. T h ere fo re , i t  was necessary  to  pe rfo rm  th e  follow ing p ro 
ced u re . A fte r tra n s fo rm in g  to  e llip tica l c o o rd in a te  sy s tem  an d  in te g ra tin g  
acco rd in g  to  th e  az im u th s , we o b ta in ed  for th e  o v e rlap  in te g ra l th e  expression

l -
S 4Ms( l  1 0) ~  a2-3'7+1 [  [  е~аа№ ( ц г -  V2)3*7d f i d v . ( 6 )

- l  \

F o r tu n a te ly , i t  can  be show n th a t  th e  ra tio

Я », =  - 7 Т Т " ’ (7)M « )
w here

1 T
I no(a) =  j \ e~aa^  (//2 — v2)n' dfidv , (8)

- 1 i
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is  a  slow ly  v a ry in g  fu n c tio n  of n ' . T herefo re , w e could  d e te rm in e  R 3 7 b y  
m e a n s  o f  linear in te rp o la tio n  b e tw een  R 3 an d  So w e o b ta in e d  th e  ra tio

1 1  0 ) _  к  )2-3-7+1 о  (Q)
( H O )  l « J

S u b s t i tu t in g  th e  la t te r  in to  E q u a tio n  (3), we h av e  go t also E j StiS (1 1 0).
I n  T ab le  I I  we give th e  en e rg y  in teg ra ls  o b ta in ed  as d esc rib ed  above 

fo r  T  =  1373 °K .

Table II

The used integrals o f  N i  ( in  rydbergs) at 1373° К

E M (0 0 0) ......................................... 0.0366
F CO
^ 1,1 (1 1 0) ......................................... — 0.0478

E .,2 (0 0 о II и OS ✓—
ч о о О - 0 .6 1 5 6

F (T)
^ 2,2 (1 1 0) ......................................... —0.01328
F (T)
^ 2,2 (0 1 1} ......................................... 0.00386
F (T )
^ 6,6 (1 1 0) ......................................... -0 .0 0 5 4 1
F (T)
^5,5 (1 1 0 ) ......................................... 0.00906

е Ц> (0 1 1) ........................................ —0.02085
F (T)
^ 2,6 ( i 1 0) ........................................ — 0.02701

R esu lts

T ab le  I I I  sum m arizes th e  re su lts  of th e  ca lcu la tions fo r 0 ° K , a n d  T ab le  IV  
fo r  1373 °K . In  b o th  T ab les  th e  lim its  o f th e  b a n d s  (?.,■ a n d  ?.,■ ) a re  given 
in  105 c m -1 un its . T he T ab le s  also co n ta in  th e  w id th s  of th e  b a n d s  (A A,-). 
S ince  in  th e  m a tr ix  e ig en v a lu e  e q u a tio n  (1) a ll th e  e lem ents co rrespond ing  
to  th e  in te rac tio n  of th e  4s o rb ita ls  w ith  th e  3d o rb ita ls  w ere chosen  to  be 0, 
th e  +  va lu es  co rrespond  to  p u re  4s b an d s . O n th e  o th e r h a n d , th e  f iv e  3d 
b a n d  o b ta in ed  co rrespond  to  a m ix tu re  of th e  orig inal f iv e  3d  functions. 
T h e re fo re , in  th e  la s t  row s o f  th e  T ab les , th e  d a ta  of th e  com m on  3d b an d  
a re  a lso  given.

I n  connection  w ith  Д,- v a lu es  o f th e  3d b an d s , given in  T ab les  I I I  a n d  IV , 
i t  sh o u ld  be m en tio n ed  t h a t  w e a lw ays a rran g ed  th e  e igenvalues of th e  m a tr ix  H  
b y  a g iv en  vec to r к  acco rd in g  to  th e ir  m ag n itu d e . In  o rd er to  be  ab le  to  decide 
w h ic h  eigenvalues belong  to  th e  in d iv id u a l b a n d s , i t  w ould  be  n ecessa ry  to  
c a lc u la te  th e  b an d  s tru c tu re  a t  m u ch  m ore  p o in ts  o f space k , th a n  we have 
d o n e . Since, how ever, all 3 d  b a n d s  overlap  to  form  a com m on  3d b an d ,
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th e  d e te rm in a tio n  o f  th e  lim its  o f th e  in d iv id u a l 3d b a n d s  h as  n o t  been 
v e ry  in te re s tin g  fro m  th e  p o in t of v iew  of th e  p re se n t w ork .

Table III

The energy band structure of N i at T  — 0° K , in 10s cm -1 units

i *̂mln A;•max

4s b a n d 1 - 0 .8 5 9 + 0 .3 4 0 1.199

3d b an d s 2 - 0 .6 5 1 - 0 .3 1 0 0.341
3 - 0 .7 2 4 - 0 .5 1 0 0.214
4 - 0 .8 1 0 - 0 .5 9 1 0.219
5 - 0 .8 3 3 - 0 .5 9 4 0.239
6 — 1.001 - 0 .7 0 0 0.301

Com m on 3d b an d - 1 .0 0 1 - 0 .3 1 0 0.691

Table IV

The energy band structure of N i (it V -  1373° K , in 105 cm-1 units

* *̂min •max Mi

4s b a n d 1 - 0 .5 9 0 + 0 .2 5 0 0.840

3d b an d s 2 - 0 .6 5 2 —0.428 0.224
3 - 0 .7 4 7 - 0 .5 6 1 0.186
4 - 0 .7 6 7 - 0 .6 1 7 0.150
5 - 0 .7 8 3 - 0 .6 1 9 0.164
6 - 0 .8 9 8 —0.688 0.210

Com m on 3d b an d — 0.898 - 0 .4 2 8 0.470

D iscussion

I t  is seen fro m  T ab les  I I I  an d  IV , t h a t  we h av e  a r a th e r  b ro a d  4s b an d  
an d  a som ew hat n a rro w e r com m on 3d b a n d  a t  b o th  te m p e ra tu re s . In  b o th  
cases, th e  4s b a n d  a n d  th e  com m on 3d b a n d  overlap  each  o th e r  co n siderab ly . 
T hese d ed uc tions a re  in  ag reem en t w ith  th e  re su lts  o f th e  m ore  d e ta iled  ca l
cu la tio n s of K o ster  [4] fo r th e  energy  b a n d  s tru c tu re  o f N i a t  0 °K .

C om paring o u r  v a lu e  o b ta in e d  fo r th e  w id th  of th e  to ta l  3d b a n d  a t  
0 °K  (zU 3d =  0.69 • 105 c m -1) w ith  th e  co rrespond ing  v a lu es  o f  Y a m a sh it a  
e t a l. [7] (ЛХ3<1 =  0 .33 • 105 c m -1 in  th e  m od ified  t ig h t  b in d in g  a p p ro x im a tio n , 
an d  zJA3d =  0.35 • 10s c m -1 b y  th e  G r e e n  fu n c tio n  m e th o d ), i t  is seen th a t  
ou r v a lu e  is n ea rly  tw ice  as g rea t, as his re su lts . O n th e  o th e r  h a n d , Ma t t h e iss  
[8 ] using  th e  room  te m p e ra tu re  la ttic e  c o n s ta n t of N i a n d  c a lc u la tin g  b y  th e  
m e th o d  o f a u g m e n te d  p lan e  w ave a p p ro x im a tio n  on ly  fo r th e  h ig h  sy m m e try
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p a r t  o f  th e  f irs t B r i l l o u in  zone , ob ta in ed  th e  v a lu e  0.94 • 105 c m -1 fo r AA3d. 
T h is  is considerab ly  la rg e r, th a n  ou r va lue . I t  is e v id e n t t h a t  th e  ca lcu la ted  
w id th  o f  th e  3d b an d  o f  N i s tro n g ly  depends on th e  m e th o d  o f ap p ro x im a tio n  
a p p lie d .

C om paring  th e  re su lts  o b ta in e d  for 0 °K  a n d  1373 °K  (cf. T ab les  I I I  
a n d  IV ), i t  is a p p a re n t t h a t  th e  b an d  s tru c tu re  o f N i dep en d s s tro n g ly  on th e  
te m p e ra tu re ,  i.e., on th e  la t t ic e  co n stan t. T h e  w id th  o f th e  4s b a n d  decreases 
f ro m  1.20 • 105 cm -1 to  0 .84  • 10s c m -1, an d  th a t  o f th e  com m on 3d b a n d  
f ro m  0.69 • 105 c m -1 to  0 .47  • 105 cm '“1. I t  sh o u ld  be  em phasized  th a t  th e  
c o rre sp o n d ig  change o f th e  la t t i c e  co n s tan t is o n ly  A a — a ' — a =  3 .59— 3.52 =  
=  0 .07  Â. So we conclude t h a t  th e  energy b a n d  s tru c tu re s  o f tra n s it io n  m eta ls  
d e p e n d  (a t least, if  we ta k e  in to  accoun t o n ly  th e  ex p an sio n  of th e  la ttic e  
w ith  th e  increase of th e  te m p e ra tu re ,  n eg lec tin g  th e  te m p e ra tu re -d e p e n d e n c e  
o f  th e  in te rac tio n  o f e le c tro n s  w ith  phonons) so s tro n g ly  on th e  te m p e ra tn re  
t h a t  fo r  an  in te rp re ta tio n  o f  c a ta ly tic  effects we h a v e  to  u se  th e  b a n d  s tru c 
tu r e s  d e te rm in ed  for th e  te m p e ra tu re  of th e  c a ta ly tic  re a c tio n , an d  th e  energy  
b a n d  s tru c tu re s  o b ta in ed  fo r  0 °K  can n o t be ap p lied . W e in te n d  to  re tu rn  to  
th e  p ro b lem  of th e  e ffec t on  th e  b a n d  s tru c tu re  o f th e  in te ra c tio n  o f  e lec trons 
a n d  p h o n o n s in  a su b se q u e n t p ap er.

W e w ish to express o u r g r a t i tu d e  to  A cadem ician  D r. G. S ch ay  a n d  to  D r. F . N a g y , 
C o rre sp o n d in g  M em ber o f th e  H u n g a r ia n  A cadem y o f Sciences, fo r calling  o u r a tte n tio n  to  th e  
p ro b le m , a n d  for th e ir  in sp ir in g  in te r e s t  du ring  th is  w o rk . W e a re  in d e b te d  to  M r. F . B e l e z n a y  
f o r  m a n y  stim u la tin g  d iscussions a n d  fo r calling ou r a t te n tio n  to  im p o r ta n t  d a ta  in  th e  l i te ra 
tu r e ,  to  M iss J .  R éd l y  fo r so lv ing  th e  m a tr ix  eigenvalue p ro b lem s on  th e  U ra l I I  co m p u te r o f th e  
S ta te  I n s t i tu te  of S ta tis tic s , a n d  f in a l ly  to  Miss A. J e s z e n á k  fo r p e rfo rm in g  th e  ted io u s  desk  
c a lc u la tio n s .

SU M M A RY

T h e  energy  bands of N i h a v e  b een  calcu la ted  in  th e  w hole f i r s t  B r il l o u in  zone fo r 0 “ К  
a n d  1373° K , using th e  t ig h t  b in d in g  a p p ro x im atio n  in  i ts  in te rp o la t io n  form  su g g ested  b y  
Sl a t e r  a n d  K o ster . T he e ffec t o f  th e  expansion  of th e  c ry s ta l  b y  th e  increase  o f th e  te m p e ra 
tu r e  h a s  b een  considered, n e g le c tin g , how ever, th e  in te ra c t io n  o f e lec tro n s w ith  p h o n o n s. T he 
e n e rg y  in te g ra ls  a t  1373° К  w ere  e s t im a te d  from  th e  c o rre sp o n d in g  en ergy  in te g ra ls  a t  0° K , 
a n d  f ro m  th e  overlap  in teg ra ls  a t  0° К  a n d  1373° K .

A ccord ing  to  th e  re su lts ,  th e  w id th s  of th e  4s b a n d  a n d  of th e  com m on 3d b a n d  are  
d e c re a se d  considerab ly  w ith  th e  in c re a se  o f the  te m p e ra tu re . T h ere fo re , a n y  th e o re tic a l in te r 
p r e ta t io n  of th e  ca ta ly tic  p ro p e rt ie s  o f tran s itio n  m eta ls  h a s  to  co n sid er th e  b a n d  s tru c tu re s  
c o m p u te d  fo r th e  te m p e ra tu re  o f  th e  c a ta ly tic  reac tion .
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Untersuchung der Elektronenstruktur katalytisch  aktiver Feststoffe, I

D u rch  T e m p e ra tu rä n d e ru n g  h e rv o rg eru fen e  M odifizierung 
d er E n e rg ie b a n d e n s tru k tu r  in f in ite s im a le r  N ickelk rista lle

J , LADIK und G, BICZÓ

Z usam m en fassu n g . M itte ls  d e r d u rc h  Sla teb  an d  K o st e b  e in g e fü h rten  In te rp o la tio n sfo rm  
der L C A O -A nnäherung  w u rd en  die E n erg ieb an d en  des N ick els in  de r e rs ten  ganzen  B h il l o ü IN- 
Zone bei den  T e m p e ra tu re n  0° К  u n d  1373° К  b e rech n e t. Im  le tz te re n  F a ll w urde d ie d u rc h  
T em p era tu rzu n a h m e  h erv o rg e ru fen e  A usdehnung  des K ris ta lle s  in  B e tra ch t gen o m m en , 
jed o ch  die W ech se lw irk u n g  d e r E le k tro n en  m it d en  P h o n o n e n  v e rnach lässig t. D ie a u f  
1373° К  beziehenden  E n e rg ie -In te g ra le  w urden  m itte ls  d e r  a u f  0° К  beziehenden  E n erg ie - 
In teg ra le  u n d  der zu  den  T e m p e ra tu re n  0° К  hzw. 1373° К  g eh ö ren d en  Ü b e rlap p u n g sin teg ra le  
g e sch ätz t.

N ach  den E rg eb n issen  n im m t die B an d en b re ite  d e r B an d e  4s u n d  der gem ein sam en  
B an d e  3d m it T e m p e ra tu rz u n a h m e  w esentlich  ab . D a h e r m u ss m an  bei der th e o re tisc h e n  
E rk lä ru n g  de r k a ta ly tisc h e n  E ig en sch aften  von Ü b e rg an g sm e ta llen  aus der zur T e m p e ra tu r  
de r k a ta ly tisc h en  R e ak tio n  g eh ö ren d en  B a n d e n s tru k tu r  au sg eh en .

Исследование электронной структуры каталитически активных твердых
тел, I

Видоизменение структуры полосы энергии бесконечных кристаллов N i, 
наступающее с изменением температуры.

Я . Л А Д И К  и Г. Б И Ц О

Резюме. Используя введенную Слатером и Костерем интерполяционную форму прибли
жения ЛКАО, авторы рассчитали полосы энергии N i в первой B rillou in  зоне при тем
пературах 0° К и 1373° К. В последнем случае принимали во внимание расширение 
кристалла, наступающее вследствие увеличения температуры, но пренебрегли взаимо
действием электронов и фононов. Энергетические интегралы, относящиеся к 0° К и 
1373° К, оценивали с помощью интегралов перекрывания, относящихся к температурам 
0° К и 1373° К.

Согласно полученным результатам, ширина полосы 4s и общей 3d значительно 
уменьшается с возрастанием температуры. Поэтому, при теоретическом объяснении ката
литических свойств переходных металлов необходимо исходить из структуры полосы, 
относящейся к температуре каталитической реакции.

D r. Já n o s  L a d i k  1 . т т  „  . ,
, } B u d a p e s t II., P u sz ta sz e r i u t  57/69

Géza Biczo
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ON THE PARAMETER FORM OF MATRIX F, II*

IN V E ST IG A T IO N  O F  T H E  A SSIG N M EN T W IT H  T H E  A ID  O F T H E  P A R A M E T E R
FO R M

(SH O R T  C O M M U N ICA TIO N )

P . PuLAY and F .  TÖRÖK

( In s ti tu te  o f  General and fnorganic  C hem istry, L . Eötvös U niversity, B u d a p est)

R eceived J u ly  14, 1965

1.

• d
In  ou r p rev ious w ork  [1] we d ea lt w ith  th e  re a l sym m etric  force c o n s ta n t 

m a trices  F , rep ro d u c in g  th e  p ro p e r n o rm a l frequenc ies of th e  m olecule . T h ese  
m a trice s  can  be fo rm ed  on th e  basis of th e  fo llow ing re la tio n :

F  =  g - i U A U ' g - i  ( 1)

w here g  =  G^‘~; G is th e  fam ilia r m a tr ix  [2 ], A  is th e  d iagonal m a tr ix  c o n s is t
ing  o f th e  e lem en ts  А,- =  4 л 2 r; (£ =  1,2, . . . n),  w here v,- deno tes th e  n o rm a l
frequenc ies of th e  m olecule. U  is an  o rth o g o n a l m a tr ix  w ith  a d e te rm in a n t

n
—(-1, a n d  can  be g iven as a fu n c tio n  o f  p a ra m e te rs .

O n th e  basis  o f expression  (1), one can  o b ta in  th e  m atrices F  c o rre sp o n d 
ing to  all th e  possib le  n ! assignm en ts, co n ta in in g , how ever, a lo t o f im p ro b a b le  
v a lu es , to o . I f  we dea l w ith  a given ass ig n m en t only , th e  force c o n s ta n ts  
f lu c tu a te  w ith in  a m uch  n a rro w er in te rv a l. In  o rd e r to  u tilize th e  in fo rm a tio n  
go t from  th e  assig n m en t, i t  is reaso n ab le  to  define  w hich of th e  F  m a tric e s  
gives th e  closest co rrespondence  be tw een  th e  in te rn a l and  no rm al c o o rd in a te s . 
In  th is  w ork  we a re  s tu d y in g  th e  p ossib ilities  b y  w hich one can  d e fin e  th e  
closest a ss ig n m en t, th e  p o ssib ility  fo r d efin in g  th e  assignm ent by  th e  m a tr ix  U, 
an d  we shall give F  m a trices  being  close to  th e  b e s t assignm ent, a n d  co m p are  
th e m  w ith  th e  m o st re liab le  force fie ld s, as d e te rm in ed  from  a d d itio n a l d a ta  
(ze ta  c o n s ta n ts , cen trifu g a l s tre tch in g  c o n s ta n ts , etc).

2 .

B etw een  th e  tw o sets o f co o rd in a tes  S i, . . . ., S n (the  seq u en ce  b e ing  
defined  b y  th e  m a tr ix  G) and  th e  no rm al co o rd in a te s  Qi, . . . ., Qn ( th e  seq u en ce

* P a r t  I :  A c ta  Chim. H ung. 44, 287 (1965).
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is g iv en  b y  th e  m a tr ix  Л),  th e  following re la tio n  ho ld s:

S  =  LQ, Q =  L - i S  (2)

w h ere  S  a n d  Q a re  co lu m n  m atrices co n sis tin g  o f th e  in te rn a l a n d  n o rm a l 
c o o rd in a te s , re sp ec tiv e ly , a n d  L  is th e  m a tr ix  w h ich  consists of th e  e igen v ec to rs  
o f  GF  a n d  is n o rm ed  b y  L L ’ =  G.

F ro m  E q u a tio n  (2) i t  follows th a t  th e  co effic ien ts  show ing th e  w e ig h t of 
th e  in te rn a l  co o rd in a tes  S 3, . . . . S n in  th e  n o rm a l coo rd in a te  can  be  fo u n d  
in  th e  i - th  row  of th e  m a tr ix  L _1, an d  th e  e lem en ts  of th e  i- th  co lum n o f L  a re  
c h a ra c te r is tic  o f th e  d is tr ib u tio n  of (), am o n g  th e  in te rn a l co o rd in a tes . T he 
s t r e n g th  o f th e  co n n ec tio n  be tw een  th e  i- th  n o rm a l an d  jf-th in te rn a l co o rd i
n a te s  m a y  be concluded  fro m  th e  v alue  o f Ljj  a n d  L ÿ 3, respective ly . F ro m  th e  
m a tr ic e s  L  an d  L - 1 , b e in g  g enera l ones, an  easily  in te rp ré ta b le  in fo rm a tio n  for 
th e  co n n ec tio n  b e tw een  th e  in te rn a l and  n o rm a l co o rd in a tes  can n o t be o b ta in ed . 
F o r  th is  reason  Y o n e z o  M o r i n o  an d  K o zo  K u c h i t s u  [ 3 ]  proposed  th e  p o te n 
t ia l  en e rg y  as basis fo r assign ing  th e  n o rm al co o rd in a te s . T hus th e  con n ec tio n  
o f th e  i - th  no rm al a n d  j - t h  in te rn a l co o rd in a tes  is ch arac terized  b y  th e  v a lu e  
o f  L p F j j .

J .  W .  T a y l o r  em p h asized  th a t  in ju d g in g  th e  assignm ent one m u s t ta k e  
in to  a c c o u n t n o t o n ly  th e  p o te n tia l, b u t also th e  k in e tic  energy d is tr ib u tio n  [4]. 
T h u s , if  th e  jf-th in te rn a l co o rd in a te  is fa v o u re d  in  th e  i- th  no rm al one, th e n  
n o t  o n ly  Lj j F j j  b u t  also m u st be re la tiv e ly  g rea t.

W h en  we are  in v e s tig a tin g  th e  F  m atrice s  q u ite  generally , i t  seem s m ore 
re a so n a b le  to  ta k e  in to  a c c o u n t n o t only th e  d iag o n a l te rm s, b u t  also th e  to ta l  
k in e tic  a n d  p o te n tia l en erg y  p ro p ortions b e lo n g in g  to  th e  in te rn a l c o o rd in a te  
Sj  f ro m  th e  i- th  n o rm a l v ib ra tio n . D eno ting  th e se  q u a n titie s  b y  Tj an d  V\,  we 
h a v e

T) =  2  l j‘ L «‘ v j =  2 L ß  L «i З Д • (3 )
i i

T h e  tre n d s  o f th e  d iag o n a l te rm s  L^ Gj j1 an d  L p F j j / l j  d iffer from  each o th e r , an d  
th e  a b so lu te  v a lu e  o f th e  o ff-d iagonal te rm s  m a y  be  g rea te r th a n  th a t  o f  th e  
co rre sp o n d in g  d iag o n a l ones. T his m ay  cause serious inconsistencies in  in te r 
p re t in g  th e  re su lts . O n th e  o th e r h an d , th e  fo llow ing  equa tion  is v a lid  for 
Tj  a n d  V)

T j  — Vj  =  Lij1 Lji  =  M / j  (4)

i.e ., th e  d is tr ib u tio n  o f th e  k in e tic  and  p o te n tia l  en erg y  is given b y  th e  sam e 
ex p re ss io n , w hich c o n ta in s  th o se  elem ents o f L  a n d  L _1 w hich are c h a ra c te r is tic  
o f  th e  connec tion  b e tw een  th e  no rm al an d  in te rn a l  coo rd inates. T he m a tr ix  M  
c o n s is tin g  o f th e  e lem en ts  M y  seem s to  be  su ita b le  fo r th e  descrip tion  o f th e
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ass ig n m en t. N evertheless, th e  ap p lic a tio n  of M  is h in d ered  because  th e  b e s t 
a ss ig n m en t does n o t co rrespond  to  th e  u n it  m a tr ix . M  w ill be u n it  m a tr ix  i f  L  is 
e ith e r  a low er or an  u p p e r tr ia n g u la r  m a tr ix . M oreover, th e  d iagona l e le m e n ts  o f 
M  m ay  be  n eg a tiv e , an d  th e  ap p lic a tio n  w ould  be m ore com fortab le , if  th e  q u a d 
ra te  sum  (in p lace of th e  sum ) o f  th e  e lem ents in  a row  or in  a co lu m n  gave  
u n ity .

T h e  m a tr ix  U  in  (1) enab les us to  express n o t o n ly  F , b u t  also L  a n d  Z, -1 
in  a sim p le  m an n er:

L = g U  L - i =  U'g~K  (5)

T here fo re , i t  is obvious to  consider U  as th e  basis  fo r ju d g in g  th e  a ss ig n m e n t. 
T he o rth o g o n a lity  an d  th e  ind ep en d en ce  from  th e  concre te  p rob lem  a re  g re a t 
a d v a n ta g e s  of U.  T hus one re g a rd  th e  assig n m en t ch a rac te rized  b y  U  =  I  
(u n it m a tr ix )  as th e  b est a ss ig n m en t. T hen , of course:

F =  F 0 =  g - i A g - \  (6 )

A d iff ic u lty  arises, how ever, in  co n n ec tio n  w ith  th e  m a tr ix  U.  I f  we tr a n s fo rm  
from  th e  in te rn a l co o rd ina tes S to  =  f iS,  w here th e  e lem ents o f th e  d ia g o n a l 
m a tr ix  it a re  th e  scale fac to rs  (i.e ., we a lte r  th e  u n it  of m e asu rem en t in  S), 
th e n  each  row an d  colum  o f G w ill be m u ltip lied  w ith  th e  co rresp o n d in g  scale 
fac to r. T h e  new  G m a tr ix  w ill b e  Gt =  fi G [i. T h e  a lte ra tio n  of g  is, h o w ev e r, 
n o t so s im p le : g 1 =  G\ 2 -A g fi. W e can  express g x in  th e  fo rm : g x =  Vg ц ,  
w here V  is an  o rth o g o n al m a tr ix . On su b s titu tin g  th e  above exp ression  in to  
(6 ), we o b ta in

F j  =  p - ' g - ' - V '  Л  V  g - 1

R e tu rn in g  to  th e  o rig inal co o rd in a te s  S,  we get

F = g ~ 1V , A  V g - 1.

T h erefo re , th e  b e s t ass ig n m en t dep en d s on th e  u n its  o f m easure  fo r th e  in te rn a l  
co o rd in a tes . N evertheless, th e  re su lts  o b ta in ed  in  th e  2 b y  2 case in d ic a te  t h a t  
th is  d ependence  can n o t be so s tro n g  th a t  F  m ay  tu rn  in to  a m a tr ix  F  w h ich  
belongs to  a n o th e r  a ssignm en t.

I f  we define a c rite rio n  fo r th e  b e s t a ss ig n m en t, scale fac to rs  c a n  be 
d e te rm in e d  in  such a m an n er, t h a t  th e  m a tr ix  F 0 from  th e  tra n sfo rm e d  m a tr ix  
G shou ld  b e  th e  b e s t one, acco rd in g  to  th is  c r ite rio n . F o r exam ple , one  can  
define th e  b e s t assig n m en t in  such  a m an n e r t h a t  th e  sum  of th e  sq u ares  o f  th e  
o ff-d iag o n a l e lem ents of U  d iv id ed  b y  th e  sum  o f th e  sq u ares  of th e  e lem en ts  in
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th e  co rrespond ing  row , .should be m inim al. M ak ing  use of th e  p a ra m e te r  form  
o f U,  we o b ta in , t h a t  i t  is n ecessary  to  choose th e  scale fac to rs  in  such  a m an n e r 
t h a t  gu  =  Qu, (i — 1 ,2 , . . ., n).  A n o th er c lo se ly  re la te d  w eighing  o f  is 
co n sid e rab ly  sim p ler, w h ere  we dem and  t h a t  Сц  = 1  (i — 1, . . ., n). So fa r 
we h a v e  m o t succeeded  in  o b ta in in g  a co n d itio n  id ea l from  ev ery  p o in t o f view .

3.

In  th e  p reced ing  p a ra g ra p h  th e  v iew -p o in ts  fo r defin ing  th e  b e s t assign
m e n t h av e  been su m m a riz e d . On in v e s tig a tin g  co n cre te  cases, i t  is seen th a t  th e  
“ b e s t  ass ig n m en t”  F  m a tr ic e s  correspond ing  to  th e  vario u s d efin itio n s, do n o t 
d iffe r considerab ly  fro m  one ano ther.

T he d e te rm in a tio n  o f  th e  F 0 m a tr ix , p ro p o sed  b y  us, is v e ry  sim ple 
c o n tra ry  to  th e  m e th o d s  u sin g  Jaco b ian  m a tr ic e s , because we h av e  a rap id ly  
conv erg in g  sim ple i te r a t io n  m eth o d  for c o m p u tin g  th e  square  ro o t o f a positive  
d e f in ite  m a trix  [5].

W e rem ark  th a t  a re la tio n  like (1) w as g iv en  f irs t b y  J .  W . T a y l o r  [6 ]. 
W e p re fe r (1) for tw o  rea so n s: it  requires less c o m p u ta tio n , an d  w hen  U  =  I  
(u n it  m a trix )  is s u b s t i tu te d  in to  T ay lo r’s fo rm u la , th e  re su ltin g  F  m a tr ix  m ay 
be  fa r  from  th e  force c o n s ta n t  m a trix  c o rre sp o n d in g  to  th e  b e s t ass ig n m en t.

T he force c o n s ta n ts  o f some m e th y l a n d  sily l halides are  p re sen ted  in  
T ab le s  I  an d  I I .  E le m e n ts  o f  F (l are given in  th e  f ir s t  an d  second co lum ns, while 
th e  la s t  colum n c o n ta in s  th e  H yb rid  O rb ita l F o rce  F ie ld  (H O F F ) c o n s ta n ts  as 
g iven  b y  M i l l s  a n d  A l d o u s  [7] and  b y  D u n c a n  [8 ]. All force c o n s ta n ts  refer to  
th e  u su a l scaled v a le n c e  sy m m etry  co o rd in a te s , as defined  b y  A l d o u s  and  
M i l l s  [9]. C o m p u ta tio n s  w ere perform ed on a N E  803 В an d  an  U ral-2  d ig ita l 
co m p u te r .

In  m ost cases, as in  o u r exam ples, th e  re a l force fie ld  of th e  m olecule does 
n o t  d iffer co n sid e rab ly  fro m  th e  F 0 m a tr ix , a n d  genera lly  lies b e tw een  F 0 an d  
th e  d iagonal F  m a tr ix . I t  is rem arkab le  t h a t  th e  signs of all o ff-d iagonal ele
m e n ts  are th e  sam e in  F 0 a n d  in  the  m ost re liab le  H . O .F . F . T h is s ta te m e n t m ay  
b e  p ro b a b ly  g enera lized  fo r  th e  s ig n ifican t o ff-d iagonal force c o n s ta n ts  in  
m olecu les, w here a d e f in ite  assignm ent can  b e  g iven . I t  m ay  be h o p ed  th a t  th e  
easily  d e te rm in ab le  F 0 m a tr ix  will p rov ide  co n sid erab le  help  in  th e  assig n m en t 
o f  m o lecu lar v ib ra tio n s .
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T ab le  I

F o r c e  c o n s ta n t s  o f  m e t h y l  h a l i d e s  ( m d y n e / A )

A spec. CHSF CD3F HOFF E spec. CHjF CD,F HOFF

F„ 5.273 5.514 5.36 F„ 5.464 5.703 5.39
F ,2 0.122 0.210 0* F« -0.266 -0 .455 -0 .1 2 4
F,3 0.607 0.781 0* F46 0.406 0.676 0.124
Fæ 0.595 0.669 0.618 F3 b 0.524 0.523 0.492
2̂3 -0 .506 -0.747 -0 .5 8 F5« —0.125 -0 .092 -0 .0 5 5

F33 5.682 5.567 5.79 Fee 0.778 0.798 0.759

A spec. CH.Cl CD3CI HOFF E spec. CH,C1 CDjCl HOFF

F„ 5.478 5.633 5 .45 F44 5.601 5.812 5 .5 3

F« 0.122 0.203 0 * f 15 — 0.271 -0 .472 -0 .1 1 5
F» 0.629 0.801 0 * F;r, 0.372 0.640 0.115
F22 0.514 0.550 0 .5 4 7 F,5 0.527 0.525 0.485
F*23 -0 .362 -0.536 - 0 .4 5 F56 -0 .126 -0 .105 —0.038
^33 3.412 3.531 3.42 FА ее 0.632 0.670 0.618

A spec. CH3Br CDjBr HOFF E spec. ClI,Br CD.Br HOFF

F„ 5 .4 7 9 5.587 5 .4 4 f 41 5.611 5.806 5 .5 3

F 12 0.116 0.188 0 * F4j -0.271 -0 .473 — 0.117
F,3 0.679 0.868 0 * Fle 0.359 0.621 0.117
F22 0.469 0.503 0.504 f 55 0.525 0.518 0.476
2̂3 -0 .333 -0.495 -0 .394 Fje -0 .123 -0 .106 -0 .0 3 1

F33 2.916 3.072 2.90 F ее 0.560 0.599 0.546

A spec. CH,J CD,J HOFF E spec. CH3J CD3J HOFF

FH 5.476 5.661 5.48 F44 5.662 5.847 5.61
F„ 0.114 0.187 0* f 45 -0 .272 -0 .478 -0 .1 5 7
F« 0.685 0.885 0* F4e 0.345 0.601 0.157
Fœ 0.438 0.474 0.480 f 55 0.524 0.518 0.472
2̂3 -0 .292 -0 .434 -0 .351 F5e -0.121 -0 .107 -0 .0 2 6

F33 2.364 2.521 2.337 66 0.494 0.531 0.480

* C onstra ined to  be zero.
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Table II

Force constants o f  silyl halides (m d y n e /A )

A spec. SiH,F SiDaF HOFF E spec. SiH,F SiD,F HOFF

F.i 2.863 2.905 2.865 F „ 2.747 2.874 2.781

F.2 0.034 0.059 0.022 F45 -0 .064 -0.119 -0 .032

F is 0.220 0.316 0* Fie 0.104 0.186 0.032

Fæ 0.274 0.271 0.276 F53 0 .2 2 1 0 .2 2 2 0.216

2̂3 -0 .206 — 0.354 -0.156 F5e — 0.061 -0.050 -0 .056

F33 5.289 5.668 5.321 Fee 0.295 0.295 0.291

A spec. SiHsCl SÍD3CI HOFF E spec. SiH3Cl SiDjCl HOFF

F„ 2.851 2.921 2.870 f 44 2.742 2.871 2.786

F 12 0.033 0.060 0.033 F45 — 0.063 -0.119 -0 .047

F,3 0.218 0.296 0 * F 16 0.093 0.173 0.047

^22 0.251 0.264 0.259 F  35 0 .2 2 1 0 .2 2 0 0 .2 1 2

2̂3 -0 .140 — 0.223 -0.159 Fee — 0.062 -0.053 -0 .0 4 3

F33 2.959 2.965 2.978 F1 66 0.265 0.265 0.258

A spec. SiHjBr SiDjBr HOFF E spec. SiH3Br SiDgBr HOFF

F „ 2.850 2.870 f 4, 2.744 2.780

F 12 0.032 0.031 F45 — 0.063 -0 .0 4 4

F,3 0.246 0 * F.i c 0.090 0.044

F22 0.241 0.249 Fee 0 .2 2 0 0 .2 1 1

F23 -0 .132 -0.150 Fee —0.061 —0.040

F 33 2.461 2.450 Fß6 0.246 0.240

A spec. SiHaJ SID.J HOFF E spec. SiH3J SIDjJ HOFF

Fu 2.829 2.903 2.850 F44 2.768 2.836 2.780

F 12 0.031 0.054 0 .0 2 0 F ie —0.063 -0.117 -0 .028

F13 0.251 0.340 0 * F46 0.086 0.160 0.028

F22 0.227 0.237 0.235 Fee 0.216 0.213 0.209

F 33 -0 .115 — 0.182 -0.138 Fee —0.058 -0.052 — 0.047

F33 1.955 2.006 1.953 FA 6  6 0.219 0.225 0.216

* C onstrained to  be  zero.
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SUM M ARY

T he possib ilities fo r de fin in g  th e  m a tr ix  F  g iv ing  th e  closest assig n m en t be tw een  th e  
in te rn a l an d  norm al co o rd in a te s  w ere in v estig a ted . In  o u r p rev io u s  w o rk  an  o rth o g o n al p a r a 
m ete r  m a tr ix  U w as d e fin ed , b y  m eans of w hich all th e  m a trice s  F  rep ro d u c in g  th e  n o rm al 
frequencies p roperly  can  be  c o n s tru c ted . B y  m eans of m a tr ix  U  e q u a l to  th e  u n it  m a tr ix , one 
g e ts  m a tr ix  F n assu ring  a  close, unam b ig u o u s connection  b e tw een  th e i  n te rn a l a n d  n o rm a l 
co o rd in a tes . W here a d e fin ite  a ssig n m en t can  be g iven, th e  e lem en ts  o f F 0 are  a lm o st e q u a l to  
th e  force co n stan ts  o f  th e  m o st re liab le  “ H y b rid  O rb ita l F o rce  F ie ld ” .
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POLYMERISATION DES METHYLMETHAKRYLATS 
BEI HOHEN UMSÄTZEN, I.

U N T E R S U C H U N G  D E R  IN IT IA L W IR K U N G  V O N  B E N Z O Y L P E R O X ID

I .  M O N D V A I
,1

(L ehrstuh l f ü r  die P last- und  G um m iindustrie  der Technischen U niversität, B u d a p es t)  

E ingegangen  am  30. J u l i  1965

E s is t  b e k a n n t, d a ß  bei der B lo ck p o ly m erisa tio n  m ehrere r M onom eren , 
b esonders des M e th y lm e th a k ry la ts , die R eak tio n sg esch w in d ig k e it n ach  
E rre ic h e n  eines gew issen U m satzg rades p lö tz lich  a n s te ig t. Diese E rsc h e in u n g  
e rk lä r te  m an  zu erst m it d er infolge u n g en ü g en d e r A bführung  der P o ly m e risa 
tio n sw ärm e  a u f tre te n d e n  sp o n tan en  E rw ä rm u n g . S p ä te r bew iesen  jed o ch  
S chulz  [1] und  N o u r is h  [2], d aß  die P o ly m erisa tio n sg esch w in d ig k e it a u c h  u n 
te r  s tre n g  iso th e rm en  B ed ingungen  an w äch st, u n d  n ach  E rre ichen  d e r m a x im a 
len  G eschw ind igkeit schnell zum  N ullw ert a b fä ll t .

W egen  der Y isk o sitä tse rh ö h u n g  des M edium s infolge des A nw ach sen s der 
P o ly m erm en g e  w ird  eine G eschw ind ig k e itse rh ö h u n g  im  S ystem  v e ru rs a c h t. 
In  d iesem  F a ll s in k t die A b b ru ch sg esch w in d ig k e it, die h a u p tsäch lich  v o n  der 
G eschw ind igkeit d er D iffusion  der P o ly m e rra d ik a le  zue inander a b h ä n g t. M it 
dem  S inken  d er A b b ru chsgeschw ing idke it w ä c h s t die K o n z e n tra tio n  d e r P o ly 
m errad ik a le , also au ch  die P o lym erisa tio n sg esch w in d ig k e it. D iese E rk lä ru n g  
d u rch  d en  G eleffek t, die h e u te  schon allgem ein  a n e rk a n n t is t, h a b e n  in  e rs te r  
L inie S ch ulz  [3], Me l v il l e  [4], F u jii  [5] u n d  M i y a m a  [6] a u sg e a rb e ite t.

N euerd in g s, n a c h  V ersu ch sd a ten  bei d e r U n te rsu ch u n g  d er P h o to p o ly 
m erisa tio n  des M e th y lm e th a k ry la ts , h aben  B u r n e t t  u n d  D u n c a n  [7] fü r  die 
R eak tio n sg esch w in d ig k e it bis zu hohen  U m sä tz e n  G leichungen a u fg e s te llt . A uf 
G ru n d  ih re r  U n te rsu c h u n g e n  k an n  die G eschw in d ig k e itse rh ö h u n g  n a c h  einer 
fü r  e inen  großen  Teil d e r P o ly m erisa tio n  — d e r v o m  E rscheinen  des G eleffek ts 
b is zum  E rre ich en  d er m ax im alen  G eschw ind igkeit re ich t — gü ltigen  G leichung  
m it d e r K o n s ta n te  K t g u t c h a ra k te ris ie rt w e rd en . D ie zw eite G le ichung  is t  fü r 
den g ro ß en  A b sc h n itt d e r R eak tio n  vom  E rre ic h e n  d er m ax im alen  G eschw ind ig 
k e it b is  zum  S inken  d e r R eak tio n sg esch w in d ig k e it a u f  N ull g ü ltig , u n d  die 
K o n s ta n te  K 2 is t  fü r  die G esch w in d ig k e itsab n ah m e ch a rak te ris tisch .

S a w a d a  [8 ] le ite te , ausgehend  von  d e r G eschw ind igke itsg le ichung  der 
P o ly m erisa tio n , einen  v o m  A u ftre ten  des G ele ffek ts  b is nahezu  zum  E rre ic h e n  
des G ren zu m sa tzes  g e lten d en  Z u sam m en h an g  ab . Bei B e n u tz u n g  seiner 
G leichung, k an n  m an  d as  du rch  den G eleffek t v e ru rsa c h te  A n w ach sen  der 
G eschw ind igkeit m it e in e r einzigen K o n s ta n te  ch a rak te ris ie ren .

Acta Chimica Academiae Scientiarum Hungaricae 47. 1966.



282 M O N D V A I:  P O L Y M E R I S A T I O N  D E S  M E T H  Y L  M E T  H A K  R Y L  ATS

E xperim en te lle r Teil

A ls In i t ia to r  g eb rau ch ten  w ir  B enzoy lperoxyd , das w ir im  In teresse  de r R e in h e it  in 
C h lo ro fo rm  (K p  61,4—61,6 °C; n£> =  1,4459) lö sten  u n d  d ie L ösung sofort in  M e th an o l (K p  
64,5 °C; n o  =  1,3286) f i ltr ie r te n . D ie  ausgefallenen K ris ta lle  sam m elten  w ir a u f  eine F r i t te  
G 1 u n d  tro c k n e te n  durch  D u rc h sa u g en  von L uft. N a ch  zw eim aligem  U m k rista llis ie ren  v e rä n 
d e r te  s ic h  d e r S chm elzpunk t des B en zo y lperoxyds n ic h t  m eh r und  b e tru g , n a ch  d e r M ikro
m e th o d e  v o n  K o fler  b e stim m t, 108,5 °C.

D a s handelsüb liche  M e th y lm e th a k ry la t  f ra k tio n ie r te n  w ir im  V akuum  ü b e r e in e  K olonne  
m it z w an z ig  B öden u n te r  e inem  R ü ck flu ß v e rh ä ltn is  v o n  e ins zu  eins. Das V ak u u m  h ie lten  w ir 
m it te ls  e in es Q u eck silb e rm an o sta ten  k o n sta n t. D er S ie d e p u n k t der M itte lfrak tio n  b e tru g  bei 
200 T o r r  62 ,8  °C. Diese F ra k t ion fü l lte n  w ir in S p ez ia lam p u llen , die zwei R äum e e n th ie lte n , u n d

C
od

‘A

a

Y
A bb. 1. D ila to m e te r (a: Q u e ck s ilb e rb eh ä lte r , b: K a p illa re , c: M onom erbehälter, d: A n sch lu ß 

sch liff, e: A bschm elzste lle)

f ro h re n  sie  m itte ls  einer A c e to n -K o h len d io x y d sch n ee-K ältem isch u n g  ein. D an n  e n tfe rn te n  
w ir u n t e r  A nlegen von V a k u u m  die in  den A m pullen  e n th a lte n e  L uft u n d  ließen d as M onom ere 
in  e in e r  sau ers to ffre ien  S tick s to ffa tm o sp h ä re  schm elzen. D ieses V erfahren  w ied erh o lten  w ir zw ei
m al, u m  d e n  Sauersto ff restlo s zu  e n tfe rn en . D ann , n a ch  dem  le tz te n  E in frieren , sch m o lzen  w ir 
die A m p u lle n  im  V akuum  (e tw a  10 _3 T orr) ab. D en m it M onom eren  gefüllten  Teil d e r  A m pullen  
g a b e n  w ir  in  eine K ä ltem isch u n g  u n d  lag erten  sie d e ra r t .  V o r G ebrauch h ie lten  w ir d ie  A m 
p u lle n  so , d a ß  sich der leere T eil in  der K ä ltem isch u n g  b e fan d . So destillie rte  d as M onom ere 
n a ch  A ufsch m elzen  in den zw eiten  R a u m  der A m pulle  u n d  ließ  sich n ach  Ö ffnen d e r A m pulle 
fü r  d ie  E x p e rim en te  v erw enden . D as gerein ig te  M onom er b esaß  einen B re ch n u n g s in d ex  von
n h ° =  1 ,41447— 1,41449.

U n se re  E x p erim en te  fü h r te n  w ir in  einem  aus A bb. 1. e rsich tlich en  S p e z ia ld ila to m ete r aus, 
b e i w e lch e m  der zur L agerung  des M onom ers d ienende T eil (c) so ausgebildet ist, d a ß  seine W and  
bei s e n k re c h te r  S tellung des D ila to m e te rs  dem  Q u eck silberm en iskus genau  fo lg t. D ad u rch  
b le ib t d a s  e ingefü llte  M onom er in  e in e r g leichm äßigen , u n g e fä h r  1 m m  dicken S c h ich t ü b e r  der 
Q u eck silb e ro b erfläch e . D ieser U m s ta n d  is t im  In te re sse  e ines g u ten  W ärm eü b erg an g es w ich tig . 
D as D ila to m e te r  ist m it H ilfe  e in es Schliffes (d ) a n  d ie H o c h v ak u u m e in ric h tu n g  u n d  die 
S tic k s to ffre in ig u n g  an sch ließ b ar.

D a s  in  das D ila to m eter e in g efü llte , im  V a k u u m  d e s tillie r te  Q uecksilber e rw ä rm te n  wir 
zw ecks L u fte n tfe rn u n g  gelinde be i e inem  D ruck  von  u n g e fä h r  10-3 T orr. D as E rw ä rm e n  se tz 
te n  w ir  b is  zum  sich tb a ren  B eg inn  d e r  V erdam pfung  des Q uecksilbers fo rt, u n d  ließ en  d a n n  das 
D ila to m e te r  im  V akuum  a b k ü h le n .
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N ach  E in w äg en  v o n  In i t ia to r  u n d  M onom eren  e n tfe rn te n  w ir die L u ft d u rc h  w ied er
h o lte s  D u rch sp ü len  m it S tic k s to ff  u n d  schm olzen d a n n  d as  D ila to m eter bei e in em  D ru c k  von 
IO-6  T o rr  ab . D a ra u f  d re h te n  w ir das D ila to m ete r u m  u n d  sc h n itte n  es am  o b e ren  E n d e  des 
Q u eck s ilb e rb eh ä lte rs  ab . D a m it e rre ich ten  w ir, d a ß  d as  Q uecksilber das D ila to m e te r  vo ll
s tä n d ig  au sfü llte . D as ü b erflü ssig e  Q uecksilber e n tf e rn te n  w ir m it Hilfe einer K a p illa re  u n te r  
V erw endung  von  V a k u u m  u n d  b ra ch ten  das D ila to m e te r  in  e inem  T h erm o sta ten  u n te r .  D e r fü r 
unsere  M essungen b e n u tz te  U ltra th e rm o s ta t  w a r m it  G la sfen s te rn  versehen , u m  d a s  A ble
sen zu  erm ög lichen ; d ie  S ch w ankung  der T e m p e ra tu r  w a r geringer als 0,05 °C.

D en U m satz  b e rech n en  w ir aus der ab g elesenen  V o lu m en v erm in d eru n g , u n te r  V erw en 
dun g  de r D a ten  v o n  S c h u l z  [9].

Abb. 2. Z e it-U m satz  K u rv e n  fü r  die P o ly m erisa 
tio n  bei 50°C. In i tia to rk o n z e n tra tio n : ( • ) :
11,24 • IO "2 m ol/1 ; ( O ) :  7,48 • 10~2 mol/1 (▲): 

4,13 • 1 0 -2 m o l/1 ; (A ):  2,30 • 10~2 m ol/1

E rgebn isse

U nsere V ersuche fü h r te n  w ir bei 50, 60 u n d  70 °C durch , die Z e it-U m 
sa tz  Z u sam m en h än g e  v e ran sch au lich ten  w ir a u f  A bb ildung  2, 3 u n d  4.

Im  A n fa n g sa b sc h n itt der P o ly m erisa tio n  is t  die gebildete P o ly m erm en g e  
der Z eit d ire k t p ro p o rtio n a l, u n d  es gilt d e r fo lgende  Z usam m enhang :

=  ( 1 )
dt

w obei Wst die A nfangsgeschw ind igke it der P o ly m e risa tio n , m die M o n o m erk o n 
z e n tra tio n , t die Z e it, К  die B ru tto g esch w in d ig k e itsk o n stan te  d e r P o ly m e risa 
tio n , u n d  i die In it ia to rk o n z e n tra tio n  b e d e u te n .
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Abb. 3. Z eit-U m satz  K u rv e n  fü r  die 
P o ly m erisa tio n  bei 60°C . I n i t ia to r 
k o n z e n tra tio n : (O): 4,13 • 1 0 -2  m ol/1 ; 
( O ) :  3,31 • IO "2 m ol/1; ( A ) :  1,86 • IO 2 

m ol/1 ; ( Д ): 9,28 • 1 0 - 3 m ol/1
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A u f  G ru n d  von  G leichung  (1) geben w ir d ie  au s  unseren eigenen M essu n 
gen, sow ie  die aus den L ite ra tu ra n g a b e n  e r re c h n e te n  G esch w in d ig k e itsk o n stan 
te n  in  T a b . I  an . W ie m an  au s derse lben  e rs ie h t, stim m en die e r re c h n e te n  
G e sc h w in d ig k e itsk o n s ta n te n  К  m it jen en  d e r  L i te r a tu r  gu t ü b ere in . D e m e n t
sp re c h e n d  d e c k t sich au ch  die B ru tto a k tiv ie ru n g se n e rg ie  der P o ly m e risa tio n  
E  =  19 ,7  kca l/m o l g u t m it dem  L ite ra tu rw e rt [10] v o n  E  =  19,5 k ca l/m o l.

O rd n e n  w ir G leichung (1) um , in te g rie re n  w ir u n d  setzen den U m sa tz g ra d  
d er M o n o m e rk o n z e n tra tio n  ein , so e rh a lte n  w ir:

1 K i h  
1 — X 2 ,303

w o rin  X d en  U m sa tzg rad  b e d e u te t.

( 2)

Tabelle I

Geschwindigkeitskonstanten der Polym erisation von M ethylmelhakrylal

Temperatur; К
°C ' mol— 1 ,2  l 112 sec — Lit. Zit.

50 8,07 • IO“ 5 [11]
50 8,98 • 10- 5 [3]
50 8,67 • IO“ 5 eigene M essung

60 2,23 • IO- 4 [12]

60 2,14 • IQ- 4 eigene M essung

70 5,07 • 10- 4 [11]
70 4,95 ■ 10- 4 [3]
70 Ol ON о 1 eigene M essung

W e n n  w ir die linke  S eite  der G leichung (2) in  A bhäng igkeit v o n  d e r  Z eit 
a u f t r a g e n , wie aus den A bh . 5, 6 und  7 e rs ich tlich , d an n  e rh a lten  w ir G erad en . 
D er A n s tie g  d ieser G eraden  is t  d er A n fan g sg eschw ind igke it der P o ly m e risa tio n  
p ro p o r t io n a l , u n d  aus dem  A bw eichen  der M e ß p u n k te  von den G erad en  k a n n  
m a n  a u f  d en  B eginn des A u ftre te n s  des G ele ffek ts  folgern.

I m  A b sc h n itt der P o ly m erisa tio n , der sich  an  das A u ftre ten  des G eleffek ts  
a n sc h lie ß t , v e rw en d e ten  w ir die F orm el v o n  S a w a d a  [8 ] in  d er fo lg en d en  
F o rm :

1 X — X,
------------ - l g ---------- ^  =  K x t (3)
x 2 —  Xx X2 —  X

w obei x x d en  »kritischen« U m sa tz g ra d  bei A u f tre te n  des G eleffek ts, x 2 den  
G re n z u m sa tz , bei w elchem  die P o ly m erisa tio n sg esch w in d ig k e it a u f  N u ll s in k t

A cta  C him ica Academiae Scientiarum Hungaricae 47. 1966.
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t Imin)
Abb. 4. Z eit-U m satz  K u rv e n  fü r  d ie P o ly m erisa tio n  b e i7 0 ° C . In itia to rk o n z e n tra tio n :  (0 ): 

6 ,6 1 1 0 ~ 3 m ol/1 ; ( О ) :  3 ,6 9 1 0 ~ 3 m ol/1 ; (А);  1 Д 6 -1 0 “ 3 m ol/1; (А ) :  4 Д 6 -1 0 - 1  m ol/1

' 9 Г 7

0.100

0.075

0.050

0.025

Abb 5. E in flu ß  d e r V e rän d e ru n g  de r In itia to rk o n z e n tra tio n  a u f  die A nfan g sg esch w in d ig k e it
d e r P o ly m erisa tio n  bei 50 °C

u n d  K j die d u rch  den  G eleffpkt v e ru rsa c h te  G esch w ind igke itszunahm e 
c h a rak te ris ie ren d e  K o n s ta n te  b ed eu ten .

X — хг
W enn w ir a u f  G rund  d e r G leichung (3) die W erte  lg -----------  in  A b h än g ig -

x2 —  X
k e it von  d er Z eit a u ftra g e n , so e rh a lte n  w ir G eraden , w elche die A b b ild u n g en

M T A  IV . Osztály Közleményei 25 (1966)
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A bb. 6. E in flu ß  de r V e rä n d e ru n g  d e r In itia to rk o n z e n tra tio n  a u f  die A nfangsgeschw indigkeit
d e r  P o ly m erisa tio n  b e i 60 °C

t  I m i n )

A bb. 7. E in flu ß  der V e rä n d e ru n g  de r In i tia to rk o n z e n tra tio n  a u f  die A nfangsgeschw indigkeit
d e r  P o ly m erisa tio n  bei 70 °C

8 , 9 u n d  10 zeigen. D e r A n stieg  der G eraden  g ib t die W erte  an. D en  W ert 
fü r  den  G renzum satz  k a n n  m a n  aus den Z e it-U m sa tz  K u rv en  (A bb. 2, 3 u n d  4) 
a b sc h ä tz e n , w äh ren d  sich  d as  A u ftre ten  des G eleffek ts aus den a u f A bb . 5, 6 
u n d  7 gezeigten Z u sam m en h än g en  e rg ib t. D ie genaue B estim m u n g  beider 
W e rte  k a n n  d an n  e rfo lgen , w enn sich die e rre c h n e te n  M eßpunk te  b estm ö g lich st 
d e r  G eraden  a n n ä h e rn .

Sow ohl die W e rte  fü r  x 17 wie fü r x2 h ä n g e n  v o n  d e r In it ia to rk o n z e n tra tio n  
u n d  d er T e m p e ra tu r  ab . A us den angegebenen  D a te n  is t e rsich tlich , d aß  m it

Acta Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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Abb. 8. E in flu ß  der V e rän d e ru n g  d e r I n i t i a 
to rk o n z e n tra tio n  au f die P o ly m erisa tio n  bei 
h o h en  U m sä tzen . T e m p e ra tu r  50 °C. (®): 
K , =  10,85 ■ 10~2 *, =  0,390 * 2 =  0,855
(O ): K , =  7,70 • IO" 2 =  0,339 *„ =  0,837
(A .)- K , 4,66 • 10-2 *, =  0,306 * “ =  0,864
(Д ) :* К , =  2.76 • 10- 2 *, =  0,255 x 2 =  0,900

Abb. 9. E in f lu ß  de r V e rän d e ru n g  d e r  I n i t ia 
to rk o n z e n tra tio n  a u f  d ie P o ly m e r isa tio n  bei 
h o h en  U m sä tzen . T e m p e ra tu r  60 °C. (0 ):
K , =  11,90 • j  10- 2 *, =  0 ,367 x.£ =  0,916
(О ): =  10,50 • 1 0 - 2a, =  0 ,360 ж2 =  0,900
( Д ) :  К , =  7,10 • 10- 2 X ,  =  0,296 a., =  0,846
( A ) : ’ К , =  4,25 • 10~2 х , =  0,290 х2 =  0,855

t  I m in ]

Abb. 10. E in f lu ß  der V erän d e ru n g  de r In itia to rk o n z e n tra tio n  a u f  die P o ly m e risa tio n  bei 
h o h en  U m sä tze n . T em p era tu r  70 °C. ( • ) :  K , =  6,08 • IO“ 2 x { =  0,250 х г =  0 ,930 (О ): K,
=  4,08 • IO“ 2 * , =  0,240 =  0,927 ( 4 ) :  K , =  1,64 • 10~ 2 x, =0,200 *■," =  0.876 ( Л ): K , =

=  0,85 • IO- 2 x , =  0,170 *2 =  0,930

A bsinken  d er In it ia to rk o n z e n tra tio n  auch  d er U m sa tzg rad  x x fä llt, b e i w elchen  
d e r G eleffek t a u f tr i t t .  D iese A b h än g ig k e itv o n  d er In i t ia to rk o n z e n tra tio n  n im m t 
bei A bsinken  der T e m p e ra tu r  im m er höhere W erte  an . Bei g le icher I n i t i a to r 
k o n z e n tra tio n  is t fü r die n ied rig ere  T e m p e ra tu r  x x geringer. D er G re n z u m sa tz

Acta Chimica Academiae Scientiarum Hungaricae 47. 1966.
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h ä n g t  n ic h t eindeutig  v o n  d e r  In it ia to rk o n z e n tra tio n  ab , da sich bei allen  drei 
T e m p e ra tu re n  bei e iner b e s tim m te n  K o n z e n tra tio n  ein M inim um  zeig t. M an 
k a n n  jed o ch  b eo b ach ten , d a ß  be i niedrigerer T e m p e ra tu r  auch  der G renzum 
s a tz  g erin g er ist. D ie G ü ltig k e itsb e re ich e  d er G le ichungen  (2) u n d  (3) liegen 
z u e in a n d e r  näher, w enn  d ie  A bläufe der Z e it-U m sa tz  K u rv en  w eniger steil 
s in d .

D ie  A n fangsgeschw ind igke it d er P o lym erisa tio n  u n d  den  W ert К г{х2—х г) in  
A b h ä n g ig k e it von In it ia to rk o n z e n tra tio n  zeig t A b b . 11. A u f G ru n d  d er Mes-

да-'

^ 10'2

10' i :  10'3 10'2 10'1

i /то//II
A bb. 11. A bhängigkeit d e r  A n fangsgeschw ind igkeit d e r  P o ly m erisa tio n  u n d  de r K ,(x2 — ж,) 

W e r te  v o n  der In it ia to rk o n z e n tra tio n . T em p era tu r ( O ) :  50 °C, ( Д ) :  60 °C, ( 0 ) : 70 °C

su n g e n  is t die A n fangsgeschw ind igke it d e r P o ly m e risa tio n  d er Q u a d ra t
w u rz e l d er In it ia to rk o n z e n tra t io n  p roportiona l, w ä h re n d  der A nstieg  d er zw ei
te n  G erad en  der In it ia to rk o n z e n tra t io n  einem  E x p o n e n te n  von  2/3 e n tsp ric h t. 
D ies  k a n n  m an fo rm al a ls  e in e n  K e tte n a b b ru c h  b e tra c h te n , der zw ischen e rs te r  
u n d  zw eite r O rdnung lie g t [13]. Bei hohen U m sä tz e n  v e ru rsa c h t d er p h y s ik a 
lisch e  Z ustan d  des M o n o m e r—Polym er-G els e in en  K e tte n a b b ru c h  e rs te r  
O rd n u n g  [14].

F ü r  die Hilfe bei d e r ex p erim e n te llen  A rbeit m ö ch te  de r V erfasser H e rrn  D ipl. Ing .
J .  N a g y  a u f  diesem W ege D a n k  sag en .

ZU SA M M EN FA SSU N G

W ir un tersu ch ten  d ie  m it  B enzoy lperoxyd  in it ie r te  B lo ck p o ly m erisa tio n  v o n  M ethyl- 
m e th a k ry la t  bei versch ied en en  T e m p e ra tm e n . D abei s te ll te n  w ir  fe st, d a ß  de r B eginn  des Gel
e f fe k ts  u n d  der e rre ichbare  G re n z u m sa tz  F u n k tionen  d e r In i t ia to rk o n z e n tra tio n  u n d  der T em p e
r a t u r  d a rste llen . Den A b s c h n it t  d e r  P o lym erisa tion  n a c h  A u f tre te n  dés G eleffekts w e rte ten  w ir 
a u f  G ru n d  der G leichung v o n  Sa w a d a  aus. Die in  de r G le ich u n g  a u ftre te n d e  K o n s ta n te  s te llt  
b e i m it  h ohen  U m stä tzen  d u rc h g e fü h r te n  R eak tionen  e ine  ä h n lic h  ch ara k te ris tisch e  G röße d a r , 
w ie  im  B ereich  n iedriger U m sa tz g ra d e  die A n fangsgeschw ind igkeit de r P o ly m erisa tio n .
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Polym erization o f M ethyl Methacrylate at H igh  Conversion D egrees, I

In v e s tig a tio n  o f th e  In itia tio n  E ffe c t o f  B enzoyl P ero x id e

I. MONDVAI

S um m ary . T he b u lk  p o ly m e riza tio n  of m eth y l m e th a c ry la te  w as in v estig a ted  a t  v a r io u s  te m 
p e ra tu res . I t  w as fo u n d  th a t  th e  beginning of gel e ffec t a n d  th e  a tta in a b le  lim it o f  co n v ersio n  
depend  on th e  c o n ce n tra tio n  o f th e  in itia to r  a n d  on te m p e ra tu re .  The stage of p o ly m e riza tio n  
follow ing th e  gel effec t w as in te rp re te d  on th e  basis o f th e  Saw ada  eq u atio n . T ile  c o n s ta n t  
p re sen t in  th is  e q u a tio n  is a  k in e tic  p a ram e te r o f th e  re a c tio n  occurring a t  h ig h  deg rees o f 
conversion , ju s t  as th e  in it ia l  r a te  o f po ly m eriza tio n  is a s im ila r  p a ram ete r in  th e  d o m a in  of 
low conversion  degrees.

Полимеризация метилметакрилата при больших степенях 
превращений, I

Исследование инициирующего влияния перекиси бензоила
и . МОНДВАИ

Резюме. Исследовали инициированную, блочную полимеризацию метилметакрилата при 
различных температурах. Установили, что начало гель-эффекта и возможно достигаемый 
предел превращений являются функциями концентрации инициатора и температуры. 
Участок полимеризации, наступающий после появления гель-эффекта оценивали с помо
щью уравнения Ш а в а д а . Фигурирующая в уравнении постоянная является аналогичной 
кинетической характеристикой степени полимеризации, как начальная скорость по
лимеризации в области малых степеней превращений.

dr. Im re  M o n d v a i ; B u d a p e s t, X I ., M űegyetem  rk p . 3 — 9.
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METALLKOMPLEXE DER PEPTIDE, V.

U N T E R S U C H U N G  D E R  H Y D R O L Y S E  U N D  O X Y D A T IO N  VON D IP E P T ID -
M E T A L L K O M P L E X E N

J .  N y i l a s i , M. B i h a r i - V a r g a  und P .  O r s ó s

( In s t i tu t  f ü r  A llgem eine und Anorganische Chemie der L . Eötvös U niversitä t, B u d a p es t)

E ingegangen  am  28. J u n i  1965

N ach  der U n te rsu c h u n g  der M eta llk o m p lex e  von  m onotonen  G lycy lpep- 
tid e n  v e rsch ied en er K e tte n lä n g e  [1] w urde  die K om plex h ild u n g  m it K u p fe r-, 
N ickel- u n d  K o b a ltio n e n  d er u n ten fo lg en d en  D ip ep tid e  bzw . d er E in f lu ß  
d ieser K o m p lex b ild u n g  a u f  die H ydro ly se- u n d  O x id a tio n sg esch w in d ig k e it 
s tu d ie r t:  G lycy lg lycin , D L -a-A lany lg lycin , L -L eucylg lycin , G lycy l-D L -a-
A lan in , G lycy l-L -L eucin , DL-cc-Alanyl-DL-oc-Alanin, D L -L euc il-D L -L eucin . 
G lycyl-/?-A lanin, D L -a-A lanyl-/?-A lanin , /?-A lanyl-/3-A lanin, ß -A lan y l-L -H isti-  
d in , G lycy l-L -T yrosin , L -T yrosy lg lycin , L -a -A lany l-L -T yrosin , L -T yrosy l-L - 
a -A lan in , L -L eucy l-L -T yrosin , G ly cy l-L -T rip to p h an .

D ie R e in h e it d e r P e p tid e , P rä p a ra te  v o n  H o ffm an n -L a-R o ch e , L ig h t bzw . 
R ean a l, w urde  m it P a p ie rch ro m a to g rap h ie  [2] k o n tro llie r t.

V or allem  w u rd e  m itte ls  E x tin k tio n sm e ssu n g e n  u n te rsu c h t, w elche d er 
obigen D ip ep tid e  in  0,5 n  N aO H -M edium  hei 20 °C m it Cu-, Ni- u n d  C o-Ionen  
K o m p lex e  b ild en . D ie D ip e p tid k o n z e n tra tio n  d e r G em ische b e tru g  0,02 M ol, 
ih r  M eta llg eh a lt 0,01 G ram m ato m g ew ich t je  L ite r . B ei der H e rs te llu n g  d er 
G em ische w urden  die P e p tid e  zu e rs t m it d e r  C u S 0 4-, N iS 0 4- bzw . C oS 04- 
L ösung  v e rm isch t, u n d  e rs t d an n  die N a triu m h y d ro x id lö su n g  zu g ese tz t. D a die 
B ildung  d e r K o b a ltk o m p lex e  längere Z eit b e a n s p ru c h t, w urden  diese L ösu n g en  
in  G egenw art v o n  S au e rs to ff 100 S tu n d en  b e i 20 °C a u fb ew ah rt. (D ie in  den  
T abellen  fü r  C o-K om plexe u n te r  0 S tu n d e  a n g e fü h rte n  W erte  beziehen  sich  a u f  
diesen Z e itp u n k t.)

D ie m it e inem  P u lfr ic h -P h o to m e te r  in  e in e r  K ü v e tte  von 1 cm  u n d  u n te r  
V erw endung  eines F a rb f il te rs  J61 ,8  fü r  C u-K om plexe  bzw . S53E  fü r  Co- 
K om plexe  gem essenen  E x tin k tio n sw e rte  e rg ab en  (T ab. I ,  0 S tu n d e), d a ß  u n te r  
den u n te rsu c h te n  D ip ep tid en  b loß ß-A lanyi-/?-A lan in  keinen  K o m p lex  m it dem  
K u p fe rio n  b ild e t, w äh ren d  m it C obaltionen  a u ß e r  ß-A lanyi-/?-A lan in  au ch  
G lycy lleucin  u n d  L eucy lleucin  keine K o m p lex e  ergeben . D er G ru n d  d a fü r  is t  
im  F a lle  des /3-A lanyi-/?-A lanins der L änge d e r die die S tick s to ffa to m e  t r e n 
n en d en  K o h le n s to ffk e tte , im  F alle  des G lycy lleucins u n d  des L eu cy lleu c in s  d er 
s te risch en  H em m u n g  d er großen  A lky lg ru p p e  zuzusch re iben . E s is t in te re s s a n t 
zu e rw ähnen , d aß  beim  L eucylg lycin , bei dem  sich  dieselbe A lky lg ruppe  zw ischen
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Tabelle I

Änderung der Extinktionsiverte von Dipeptid-Metallkomplexe während der Hydrolyse bzw. Oxydation

Peptid Cu Co

Stunde
0 4

Hydr.
4

Oxyd.
0 4

Hydr.
4

Oxyd.

G ly -G ly  ............ 0,480 — — 0,675 0,190 0,030
a - A la - G ly .......... 0,620 0,410 0,150 0,670 0,110 0,030
L eu -G ly  ............ 0,670 0,515 0,240 0,580 0,080 0,020

G ly - a - A la ......... 0,660 0,550 0,390 0,385 0,060 —
G ly -L eu  ............ 0,670 0,590 0,580 — — —

a -A la -a -A la  . . . 0,720 0,660 0,710 0,190 0,110 0,020

L e u - L e u ............ 0,730 0,715 0,220 — — . —

G ly /S - A la .......... 0,400 0,080 — 0,230 0,090 —

a-A la-/S-A la . . . 0,590 0,180 0,060 0,245 0,100 0,050

/3-Л1а-/)-Л1а . . — — — — — —

/? -A la -H ist . . . 0,710 0,700 0,320 0,780 0,430 0,210

G ly -T y r ............ 0,630 0,620 0,635 0,550 0,535 0,574

T y r-G ly  ............ 0,635 0,630 0,230 0,525 0,270 0,320

a - A la - T y r .......... 0,690 0,695 0,680 0,470 0,425 0,510

T y r - a - A l a ......... 0,700 0,708 0,740 0,575 0,350 0,315

L e u - T y r ............ 0,740 0,730 0,630 0,325 0,320 0,130

G ly -T rip t . . . . 0,524 0,540 0,590 0,810 0,080 0,040

d e m  A m in o stick sto ff u n d  d e r  P e p tid b in d u n g  b e f in d e t, die K o m p lex b ild u n g  
n ic h t  geh em m t w ird.

M it dem  N ickelion g ab e n  die u n te rsu c h te n  D ip ep tid e  keine K o m p lex e , so 
d a ß  d iese  System e w e ite r n ic h t  u n te rsu c h t w u rd en . E s soll e rw äh n t w e rd en , daß  
l a u t  u n se re n  früheren  U n te rsu c h u n g e n  T ri- u n d  T e tra p e p tid e  u n te r  id e n tisc h e n  
U m s tä n d e n  m it dem  N ick e lio n  b e re its  K o m p lex e  v o n  B iu re tty p  b ild en , w obei 
d ie  S ta b i l i tä t  dieser K o m p lex e  m it d e r L än g e  d er P e p tid k e tte  b e d e u te n d  
a n s te ig t .

Z u r  B estim m ung  d e r  Z u sam m en se tzu n g  d e r  be i 20 °C in  einem  M edium  
v o n  0 ,5  n  A lk a litä t sich  b ild en d en  D ip ep tid -K u p fe r-K o m p lex e  w u rd e  die 
M e th o d e  der M olverhältn isse  [3] v e rw en d e t. D ie E n ts te h u n g  d er K o b a ltk o m 
p le x e  is t  u n te r  den gegebenen  U m stän d en  w esen tlich  verw ick e lte r, so d aß  in  
d ie se m  F a ll M essungen d iese r A rt u n te r la s se n  w urden . M it A u sn ah m e  des
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Tabelle I I

D as perzentuelle M a ß  der alkalischen Hydrolyse von D ipeptiden und ihrer M etallkom plexe

Peptid mctallionfrei Cu Co

Stunde 1 2 '1 1 2 4 0 1 2 4

G ly-G ly ..................... 96 100 100 75 90 98 47 60 80 90

a -A la -G ly ................... 52 73 91 46 61 77 5 34 63 78
L e u - G ly ..................... 13 49 78 5 19 48 + 17 22 33

G ly -a -A la ................... 19 51 65 4 15 31 18 57 75 98

G ly-L eu ..................... 13 32 58 6 12 24 4 16 30 59

a-A la-a-A la  .............. 10 24 51 5 11 20 5 30 42 60

G ly -/?-A la ................... 73 86 99 72 87 97 30 81 96 99
a-Ala-/?-A la .............. 40 78 91 38 76 89 18 56 85 94

/?-A la-IIist .............. + 5 15 + + + + + + +

G ly-T yr ..................... 4 9 17 2 4 17 + 7 13 28

T y r-G ly  ..................... -j- 3 6 + 3 4 + 7 14 25

a -A la -T y r ................... 2 5 14 + + 4 - + + 7

T v r - a - A la ................... + + + — + -j- - + + 5

L e u - T y r ..................... — — — — — — — — — —
G ly-T rip t ................ + + 3 — + + — + + +

+  die A nw esenheit v o n  freier A m inosäure is t  k a u m  nachw eisbar 
— die A nw esenheit von  freier A m inosäure is t  n ic h t nachw eisbar

G ly c y ltr ip to p h a n s  u n d  des /9-A lanylhistid ins — die K om plexe m it d e r  Z u sa m 
m en se tzu n g  1 G ram m iongew ich t Cu: 1 Mol D ip e p tid  b ilden  — e rg a b e n  u n sere  
U n te rsu ch u n g en  fü r  alle üb rig e  F ä lle  ein V e rh ä ltn is  von  1 G ram m io n g ew ich t 
Cu: 2 Mol D ipep tid . D ie M oleküle säm tlich e r P ep tid e , w elche K o m p lex e  
v o n  le tz te re r  Z u sam m en se tzu n g  b ild en , e n th a lte n  zwei S tic k s to ffa to m e , w ä h 
re n d  das zu den A u sn ah m en  gehörende G ly c y ltr ip to p h a n  drei, Д-A la n y lh is tid in  
h ingegen  v ie r S tick sto ffa to m e  e n th ä lt . E s i s t  anzunehm en , d aß  b e i diesen 
D ip e p tid e n  auch das S tick s to ffa to m  im  R ing  an  d er K om plex b ild u n g  b e te ilig t 
is t ,  w as übrigens auch  d u rch  das B eispiel des H y s tid in -K u p fe rk o m p lex es  [4] 
an g eze ig t w ird.

D ie G eschw indigkeit d er be i 100 °C erfo lgenden  H ydro lyse d e r D ip e p tid e  
u n d  ih re r  M etallkom plexe w u rd e  d u rch  die p a p ie rc h ro m ato g ra p h isc h e  A nalyse  
d e r g eb ild e ten  A m inosäu ren , sowie du rch  die M essung der E x tin k tio n sw e r te  der 
G em ische verfo lg t. Ü ber die E in ze lh e iten  d ieser M ethoden verw eisen  w ir a u f  
eine u n se re r  frü h eren  A rb e iten  [1].
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D ie m it c h ro m a to g ra p h isc h e r A nalyse e rh a lte n e n  D a ten  sind aus T a b . I I ,  
d ie  n a c h  v ie rs tü n d ig e r H y d ro ly se  gem essenen E x tin k tio n sw e r te  aus T a b . I e r
s ich tlich . A uf G ru n d  d ie se r  U n tersuchungen  k a n n  fo lgendes festg este llt w erd en :

U n te r  den aus a lip h a tisc h e n  a -A m in o säu ren  b esteh en d en  D ip ep tid en  von 
d e r  allgem einen F o rm e l H 2N - C H ( R ) - C O - N H - C H ( R ) - C O O H  w eist das 
G lycy lg lic in  die g rö ß te  H y d ro ly seg esch w in d ig k e it au f. W enn sich zw ischen  
d e r  fre ien  A m in o g ru p p e  u n d  der P e p tid b in d u n g  eine M ethyl- oder Iso b u ty l-  
g ru p p e  b e fin d e t (a -A la -G ly , Leu-G ly), is t die N e ig u n g  zur H ydro lyse  geringer. 
E in e  w eitere  V e rrin g e ru n g  dieser G eschw ind igkeit is t  d ann  zu b e o b a c h te n , 
w e n n  sich diese A lk y lg ru p p e n  zwischen d e r P e p tid b in d u n g  u n d  der C arboxy l- 
g ru p p e  befinden  (G ly -a -A la , Gly-Leu). S ch ließ lich  w eisen jene  P e p tid e  gegen 
a lk a lisch e  H y d ro ly se  d e n  g rö ß ten  W id e rs ta n d  au f, die an beiden  S e iten  der 
P e p tid b in d u n g  m eh r o d e r  w eniger große A lk a lig ru p p e n  en th a lten  (a-A la-a-A la , 
L eu -L eu ).

Diese B e o b a c h tu n g e n  steh en  übrigens im  a llgem einen  m it den B efu n d en  
a n d e re r  A uto ren  im  E in k la n g  [5 ]. Cr is t o l , B e n e z e c h  u n d  Cr a st e s  d e  P a t j l e t  

[6 ], die u n te r  an d e re m  d ie  H ydrolyse des G lycy lg lyc ins, A lany lg lycins u n d  
L eucy lg lycins in  5 n  N aO H -h a ltig em  M edium  b e i 37 °C u n te rsu c h te n , fan d en  
e ine  A bnahm e d e rse lb en  in  d er angegebenen R eihen fo lge . U n te r den  v o n  den  
g e n a n n te n  A u to ren  a n g e w e n d e ten  U m stän d en  w e ich en  die H ydro ly seg esch w in 
d ig k e iten  der in v e rsen  P e p tid e , wie L eu cy lg lyc in  u n d  G lycylleucin v e rh ä ltn is 
m ä ß ig  wenig von  e in a n d e r  ab . R esu lta te  e ig en er V ersuche zeigen h ingegen , daß  
d ie  s tab ilis ierende W irk u n g  der R -G ruppe b e i in v ersen  P ep tid en  (A la-G ly, 
G ly-A la , Leu-G ly, G ly -L eu ) von deren L age s ta r k  abhäng ig  is t, u . zw . w ird  
d iese  W irkung  s te ts  g rö ß e r  sein, wenn die R -G ru p p e  an  das a sy m m etrisch e  
K o h len sto ffa to m  d e r C -te rm in a len  A m inosäu re  g eb u n d en  is t. Es soll e rw ä h n t 
w e rd en , daß  n ach  d e n  g en an n ten  und  a n d e re n  A u to ren  [7] bei d e r sau ren  
H y d ro ly se  von  D ip e p tid e n  die V erhältn isse eb en  u m g e k e h rt liegen, w ie die von  
u n s  im  a lkalischen  M ed iu m  beob ach te ten . D a s  R -R a d ik a l v e rle ih t n äm lich  
gegen  saure H y d ro ly se  d a n n  einen größeren  W id e rs ta n d , w enn es sich  an  der 
S e ite  d er C arb o n y lg ru p p e  d e r P cp tid b ild u n g  b e f in d e t .

D ie eigenen B e fu n d e  w erden teils d a ra u f  zu rü ck g e le ite t, daß  die A lk y l
g ru p p e n  infolge ih res  D o n o rch a rak te rs , in  A b h ä n g ig k e it von ih re r N a tu r  u n d  
L ag e , hem m end  a u f  d ie  H y d ro ly se  der P e p tid b in d u n g  w irken. D a die elelctro- 
n en ab sto ssen d e  W irk u n g  d e r  A lk lygruppen  m it  d e r  A nzah l der K e tten v e rzw ei-

/ С Н Лg u n g en  zun im m t, w ird  es v ers tän d lich , d aß  L e u c in  (R  =  — CH2— CH<^
X C H 3J

e n th a lte n d e  P ep tid e  w en ig e r s ta rk  h y d ro ly s ie ren , als die A lan in (R  =  — C H 3)- 
P e p tid e  m it analoger S t r u k tu r .  A ußer der v e rsc h ie d e n en  e lek tro n en -ab sto ssen - 
d e n  W irk u n g  m uß  a b e r  a u c h  die hem m ende  s te risch e  W irkung  d e r  A lk y l
g ru p p e n  b each te t w e rd en . D er ansteigende R a u m b e d a r f  der R -G ruppe h e m m t
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näm lich  das H e ran k o m m en  des O H ~ -Ions a n  d ie  P e p tid b in d u n g  u n d  d e m 
zufolge d ie  H y d ro ly se

D ie au ch  cyclische A m inosäuren  e n th a lte n d e n  D ipeptide sind  im  a llg e 
m einen w id e rs ta n d fä h ig e r  gegen eine a lk a lisch e  H y d ro ly se , als die n u r  aus 
a lip h a tisch en  A m in o säu ren  bestehenden . U n te r  d e n  ty ro s in h a ltig en  P e p tid e n  
neigen je n e  s tä rk e r  z u r H ydro lyse , in  w elch en  T yrosin  die C -te rm in a le  
A m inosäure  is t.

D ie au ch  ß -A lan in  e n th a lte n d e n  D ip e p tid e  w erden , m it A u sn ah m e des 
jS -A lanylhistidins, le ic h t h y d ro ly s ie rt. Die H y d ro ly se  des /J-A lanyl-/3-A lanins 
w urde m it P a p ie rc h ro m a to g rap h ie  n ich t u n te r s u c h t ,  da  die N in h y d rin re a k tio n  
in d iesem  F a ll n ic h t v e rw e n d e t w erden k a n n . D ie  H y dro lyse  w ird  b e i P e p t i 
den, die sich  in  k u p fe rio n en fre ien  M edium  w esen tlich  zersetzen, d u rc h  die 
B ildung  d e r K u p fe rk o m p lex e  gehem m t. E in e  A u sn ah m e bilden b lo ß  je n e  
P ep tid e , die /З-A lan in  als C -term inale  A m in o säu re  e n th a lten .

W ä h re n d  die K o m p lex b ild u n g  m it K u p fe r io n e n  — von den e rw ä h n te n  
A usn ah m en  abgesehen  — die S paltung  der P e p tid b in d u n g  hem m t, f in d e t  m an  
beim  K o b a ltio n  au ch  eine W irkung  in  en tg e g e n g e se tz te r  R ich tung . U n te r  den  
aus a lip h a tisch en  a -A m in o säu ren  besteh en d en  D ip e p tid e n  bilden — w ie b e re its  
e rw äh n t — G lycy lleucin  u n d  Leucylleucin u n te r  den  gegebenen U m s tä n d e n  
keine K om plexe  m it K o b a ltio n en . Dies w ird  a u c h  au s den D aten  ü b er ih re  a lk a 
lische H y d ro ly se  e rs ich tlich . Die H y d ro ly sengeschw ind igke it des G lycy lg ly - 
cins, a -A lan y lg ly c in s  u n d  Leucylglycins w ird  d u rc h  die K o m p lex b ild u n g  m it 
K o b a ltio n en  g ehem m t. In  diesen P ep tiden  is t G ly k o k o ll die C -term inale  A m in o 
säure. H ingegen  zeigen d ie  K o b altkom plexe  des G lycyl-a-A lanins u n d  des 
a -A lan y l-ж-A lanins eine s tä rk e re  N eigung z u r H y d ro ly se , als die m e ta ll io n e n 
freien P e p tid e . D em g em äß  w ird  in den u n te r s u c h te n  Fällen die a lk a lisch e  
H y dro lyse  d u rch  die K om plex b ild u n g  m it K o b a ltio n e n  gefördert, falls a -A lan in  
die C -term inale  A m in o säu re  is t. Diese W irk u n g  k a n n  auch  im  Falle des G lycyl- 
ty ro sin s  u n d  des T yrosy lg lyc ins b e o b a c h te t w erd en .

In  V erb in d u n g  m it diesen B efunden  soll d a ra u f  hingew iesen w erd en , 
daß  die in  K o m p lex b in d u n g  vorliegenden K o b a ltio n e n  in der B e tä tig u n g  d er 
D ip ep tid a sen  oft eine Schlüsselro lle  spielen [8 ]. A nderse its  verw eisen  w ir a u f  
die U n te rsu c h u n g e n  v o n  Co ll e m a n  und  B u c k in g h a m  [9]. D urch V erw en d u n g  
von  K o b a ltk o m p le x e n  k o n n te n  diese A u to re n  e infachere P e p tid e  se le k tiv  
h y d ro ly sie ren .

S ch ließ lich  w urde  die D esam inierung  d e r Cu- und  C o-K om plexe von 
D ip ep tid en  u n te rs u c h t, w enn  L uft bei 100 °C d u rc h  ihre 0,5 n a lk a lisch en  
L ösungen  ge le ite t w u rd e . A ußer der B e s tim m u n g  d er fre iw erdenden  A m m o 
n iak m en g e  (T ab. I I I )  w u rd en  auch die E x tin k tio n sw e r te  der F i l t r a te  d e r  4 
S tu n d en  o x y d ie rte n  G em ische gemessen (T ab . I).

Im  allgem einen  k a n n  festgeste llt w erd en , d a ß  die K u p fe rk o m p lex e  viel 
m ehr zu r o x y d a tiv e n  D esam in a tio n  neigen , a ls die K o b a ltk o m p lex e . Z ur
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D e u tu n g  d er gefundenen  A bw eichungen  in  d e r  F re ise tzu n g sg esch w in d ig k e it 
des A m m o n iak s k a n n  die H y d ro ly s ie rb a rk e it d e r P ep tid e , die v e rsch ied en e  
D e sa m in a tio n sb e re itw illig k e it der e n th a lte n e n  A m inosäuren  (T ab . I I I )  sowie

Tabelle III

Perzentuelle Menge des aus D ipeptid-M etallkom plexen freigesetzten N H 3-S ticksto ffes

Peptid : Stunde: 1 2 4 1 2 4

Cu Co

G ly -G ly  ............ 15,3 39,0 75,9 19,9 23,5 25,8
a - A la - G ly .......... 9,7 22,6 51,4 18,6 22,9 25,0
L eu -G ly  ............ 3,8 19,4 39,7 9,4 12,7 14,6
G ly - a - A la .......... 7,0 18,3 37,2 12,2 12,9 13,8
G ly -L eu  ............ 1,6 3,4 8,0 — — —
a -A la -a -A la  . . . 1,3 3,2 7,1 — 0,5 0,8

L e u - L e u ............ — — — — — —

G ly - /? -A la .......... 9,8 19,5 42,6 1,9 3,2 4.7

a -A la-/?-A la  . . . 7,9 18,5 42,7 7,0 7,4 7,9
ß - A l u - ß - M a .  . . — - — — - —

/S -A la-H ist 14,6 31,4 50,3 5,0 8,4 13,9

G ly -T y r ............ 3,6 5,9 10,2 2,4 3,1 4,2

T y r-G ly  ............ 7,4 17,2 44,1 16,9 26,3 30,2

a - A l a - T y r .......... 3,0 4,2 8,4 0,1 0,3 0,7

T y r - a - A l a .......... 3,7 6,3 9,3 1,4 3,1 5,6

L e u - T y r ............ 1,9 3,0 5,3 0,3 0,5 0,8

G ly -T r ip t . . . . 3,9 8,1 13,0 0,8 1,7 3,0

P erzen tuelle  M enge des aus A m inosäure-M etallkom plexen (0 ,04  M ol Am inosäure  — 0,01 Gramm
atom M eta ll)  freigesetzten N H S-Stickstoffes

G ly k o k o l l .......... 4,4 9,6 19,5 — — —

a - A l a n i n ............ 0,7 1,3 3,6 — — —

L eu c in  ............... 0,3 0,8 1,1 — — —

T y ro s in  ............ 3,6 6,8 13,2 0,3 0,6 1,1
T r ip to p h a n  . . . 9,0 21,7 46,0 0,3 0,7 1,9
H i s t i d i n ............ 50,1 62,6 74,5 19,1 27,0 40,3
/З- A l a n in ............ — — — — — —
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die B ild u n g sm ö g lich k e it v o n  gem isch ten  IJb e rgangskom plexen  h eran g ezo g en  
w erden .

D as M aß d er D ésam in a tio n  d er aus a lip h a tisc h e n  oc-Am inosäuren b e s te 
h en d en  D ip ep tid e  ä n d e r t  sich in  derse lben  W eise m it der N a tu r  u n d  der 
R eihenfo lge d er K o p p lu n g  der A m in o säu ren , w ie ih re  N eigung zu r H y d ro ly se . 
W ie dies b e re its  fü r  die f rü h e r u n te rsu c h te n  m o n o to n en  G lycy lp ep tid e  gezeig t 
w u rd e , w erden  be i e iner O x y d a tio n  in  a lk a lisch em  M edium  v o r  a llem  die 
k e tte n d ig e n  A m in o g ru p p en  desam in ie rt. D e r F re ise tzu n g  der d ie P e p t id 
b in d u n g en  b ild en d en  S tick sto ffa to m e  in  F o rm  v o n  A m m oniak  m u ß  je d o c h  die

Abb. 1. V ie rstü n d ig e  H y d ro ly se  bzw. D ésam in a tio n  v e rsch ied en e r D ip ep tid - K u p fe rk o m p  
lex e : 1. H y d ro ly se , % ; 2. o x y d a tiv e  D ésam in a tio n , % ; 3. a u f  die A usgangsm ischungen  b ezo 
gene Ä n d eru n g  des E x tin k tio n sw e rte s  n ach  v ie rs tü n d ig e r  H yd ro ly se ; 4. Ä n d e ru n g  des E x 
tin k tio n sw e rte s  n a ch  v ie rs tü n d ig e r O x y d a tio n  (G =  G ly k o k o ll; A =  a-A lan in ; L  =  L eu c in

H y d ro ly se  der P e p tid b in d u n g e n  v o ran g eh en . Im  gegenw ärtigen  F a ll k o m m t 
m an  zu dem selben  S ch luß , w enn m an  die D a te n  ü b e r die H y d ro ly se  u n d  die 
D ésam in a tio n  d e r D ip ep tid e  versch iedenen  T y p es  verg le ich t (A bb. 1).

In  V erb in d u n g  m it d er O x y d ie rb a rk e it d e r anderen  D ip ep tid e  sollen  
noch  die K om plexe  des G lycy lty rosin s u n d  des T yrosy lg lycins h e rv o rg eh o b en  
w erden . T y ro sy lg lyc in  w ird  näm lich  in  G eg en w art be ider M etallionen  a u ffa l
len d  s tä rk e r  d e sam in ie rt, als das G ly cy lty rosin .
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Z U SA M M E N FA SSU N G

E s  w u rd e  die K o m p lex b ild u n g  versch ied en er D ip e p tid e  m it K u pfer-, N ick el- u n d  
K o b a ltio n e n  in  a lkalischem  M edium  u n te rsu c h t, w e ite rh in  d ie Z usam m ensetzung  de r K o m p lex e , 
sow ie d e r  E in f lu ß  der K o m p lex b ild u n g  a u f  die a lk a lisch e  H y d ro ly se  bzw. a u f  d ie o x y d a tiv e  
D é sa m in a tio n  de r P ep tid e . E s k o n n te  ein  Z u sam m en h an g  zw ischen  der Z u sam m en setzu n g  der 
P e p tid e  u n d  ih re r  N eigung zu r H y d ro ly se  bzw. zu r O x y d a tio n  gefunden  w erden .
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M étal Complexes o f P ep tides, V

In v e s tig a tio n  of th e  H y d ro ly s is  an d  O x id a tio n  of th e  M etal C om plexes of
D ip ep tides

J ,  NYILASI, M, BIHARI-VARGA and P, ORSÓS

S u m m a ry . T he fo rm atio n  of th e  copper, n ickel a n d  c o b a lt  com plexes of va rio u s d ip ep tid e s  was 
s tu d ie d  in  a lkaline  m ed iu m . T h e  com position  o f th e  com plexes were d e te rm in e d , a n d  th e  
e ffe c t o f  com plex  fo rm atio n  on th e  a lka line  h y d ro ly s is  a n d  o x idative  d e am in a tio n  o f p ep tid es 
w as in v e s tig a te d . A co rre la tio n  h as  been fo u n d  b e tw e e n  th e  com position  of com plexes a n d  th e  
te n d e n c y  of  th e  pep tides to  u n d e rg o  hydro lysis a n d  o x id a tio n .
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О комплексах пептидов с металлами, V
Исследование гидролиза и окисления комплексов дипептид — металл

Я . Н И Л А Ш И , М. Б И Х А Р И -В А Р Г А  и П. ОРШ ОШ

Резюме. Исследовали образование комплексов различных дипептидов с ионами меди, 
никкеля и кобальта в щелочной среде. Изучали состав комплексов и влияние комплексо- 
образования на щелочной гидролиз пептидов и их окислительное дезамидирование. 
Установили зависимость между составом пептидов и их склонностью к гидролизу и окис
лению.

D r. Já n o s  N y i l a s i

F ra u  D r. M agdolna B i h a r i -Varga

P iro sk a  O rsós

B u d a p e s t V II I . ,  M úzeum  k r t .  6 —8 .
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THE STEPWISE TOTAL HYDROLYSIS 
OF ALGINIC ACID

J .  S Z E JT L I

(N orw eg ian  In stitu te  o f  Seaweed Research, The Technical U niversity o f  N orw ay, Trondheim ,
N orw ay )

R eceived  A pril 5, 1965

I n  a p rev ious p a p e r [1] ex p e rim en ts  h av e  been  p u b lish ed  concern ing  
th e  h y d ro ly s is  lim it o f alg in ic acid. I n  th e  p re se n t w ork th e  h y d ro ly s is  lim it 
has b een  in v e s tig a te d  w ith  fre sh ly  p re c ip ita te d  alg in ic acid. I n  f re sh ly  p re c ip i
ta te d  s ta te ,  th e  specific surface of a lg in ic  ac id  is m uch h igher t h a n  t h a t  of 
a m a te r ia l  w hich  has been  d ried .

T h e  so lu tions used  in  th e  ex p e rim en ts  w ere p rep ared  from  L . d ig ita ta  
alginate, L . hyperborea alginate  an d  fro m  a residue  of L . digitata  a lg in ic  acid , 
th a t  h a d  b een  h y d ro ly zed  u n til  th e  lim it  w as reach ed  (see E x p . 1). A n  a p p ro 
p r ia te  a m o u n t of hyd roch lo ric  acid  w as ad d e d  to  th e  h o t hom ogeneous so lu tions 
to  a d ju s t  0.4 N c o n cen tra tio n . T he h y d ro ly s is  curves are  show n in  F ig . 1. 
Tw o conculsions m a y  be d raw n  from  th e se  cu rves: (a) th e  h y d ro ly s is  lim it 
o f L . d ig ita ta  a lg in ic acid  is h ig h er th a n  t h a t  o f L . hyperborea stipes  a lg in ic  acid  
(th e  lim its  a re  45.4 a n d  30 .9% , resp .); (b) th e  residue  re s is ta n t to  h y d ro ly sis  
w as now  h y d ro ly zed  to  a considerab le  e x te n t . F ro m  th is  fa c t i t  m a y  he  co n 
cluded  t h a t  one p a r t  of th e  alg in ic ac id , as a consequence of th e  p re c ip ita tio n  
b y  s tro n g  ac id , ta k e s  up  a s tru c tu re  w h ich  is n o t  hyd ro ly zab le . W h en  d isso lved  
in  a lk a li, th e  w a te r-so lub le  a lg in a te  s t ru c tu re  is re-estab lish ed  a n d  a f te r  re 
ac id ify in g  a p a r t  o f i t  rem ains h y d ro lizab le , w hile th e  o th e r p a r t  becom es 
ag a in  r e s is ta n t  to  hydro lysis .

T here fo re , each  of th e  th re e  so lu tio n s in  w hich  th e  hydro lysis h a d  reach ed  
th e  h y d ro ly s is  lim it (see F ig . 1) w as n e u tra liz e d  u n til  all th e  p re c ip ita te  w as 
d isso lved , th e n  i t  w as again  ac id ified  to  a d ju s t  an  acid  c o n c e n tra tio n  o f 0.4 N , 
an d  th e  m ix tu re  w as h y d ro ly zed  on a b o ilin g  w a te r  h a th .

A s i t  is seen in  F ig . 1, th e  h y d ro ly sis  co n tin u ed  to  ap p ro ach  n o w  a new  
h y d ro ly s is  lim it. F ro m  th is  e x p e rim en t i t  w as concluded  th a t  th e  t o ta l  h y d ro 
lysis o f  a lg in ic  acid  m ig h t be ach ieved  b y  a stepw ise techn ique . As i t  is show n 
in  F ig . 2 (E x p e rim e n t 2) th is  a t te m p t  w as succesful. A t its  m a x im u m , th e  cu rve  
re p re se n tin g  th e  red u c in g  pow er reach ed  8 6 % , w hile th e  cu rve  c h a ra c te r iz in g  
th e  re a c tio n  w ith  p h en o l-su lp h u ric  ac id  a t ta in e d  80%  of th e  th e o re tic a l va lu e . 
In  th e  course  o f th is  ex p e rim en t, th e  u ro n ic  acids form ed w ere fo r  th e  m o st 
p a r t  c o n v e rte d  in to  th e ir  a lk a li sa lts  1, 2, 3 or 4 tim es (w hich in v o lv e d  th e
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F ig . 1. R e p ea te d  h y d ro ly s is  o f th re e  d ifferen t sam p les o f  a lg in ic  acid. A t th e  m ark ed  p o in t 
(20 h r .)  th e  h y d ro ly s is -re s is tan t residues were d isso lved  in  a lk a li, th e n  re-acid ified  an d  h y d ro 
ly zed  fu r th e r .  (U ronic  ac id  c o n te n t  calcu la ted  fro m  re d u c in g  pow er d a ta :  41%  o f gu lu ro n ic

acid  an d  59%  of m a n n u ro n ic  ac id .)

p o ss ib ility  for iso m eriza tio n  of m ann u ro n ic  ac id  to  gu luronic  acid) an d  th e y  
w ere h e a te d  w ith  th e  m in e ra l acid  for a long  tim e  ( th e  to ta l  tim e  of hy d ro ly sis  
w as 43.5 hours). T h is  m a y  h av e  caused co n sid e rab le  d e s tru c tio n . A c tu a lly , 
a f te r  43.5 ho u rs , 14%  o f a b row n , inso lub le , p o w d erlik e  fu rfu ra l p o ly m er w as 
fo u n d . Since a p a r t  o f  th e  decom position  p ro d u c ts  h as  reducing  p ro p e rtie s  b u t  
gives w eak er colours th a n  th e  in ta c t  u ro n ic  ac id s w ith  pheno l su lp h u ric  ac id
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re a g e n t, th e  p resence of such  p ro d u c ts  m ay  be  th e  ex p lan a tio n  fo r th e  d iffe r
ence be tw een  th e  tw o  m ax im a. T he so lu tion  a f te r  43.5 hours w as d a rk  b ro w n .

T h is stepw ise d e g ra d a tio n  w as re p e a te d  com bined  w ith  th e  stepw ise  
se p a ra tio n  of th e  m onom ers (see E x p e r im e n t 3). A fte r th e  h y d ro ly s is  lim it 
h a d  b een  reach ed , th e  so lu tio n , w hich  c o n ta in e d  th e  p roduced  m o n o m ers , 
w as se p a ra te d  from  th e  residual p re c ip ita te , a n d  on ly  th is  residue w as d isso lved  
in  a lk a li, re -ac id ified  an d  su b jec ted  to  fu r th e r  hydro lysis . This p ro cess  w as

max = 86%

F ig. 2. S tepw ise  ac id ic  d e g rad a tio n  o f alg in ic acid . (L . digitata  alginic ac id ; 100 °C; 0.4 
N H C l) X  =  p h en o l-su lp h u ric  acid  re a c tio n ; 0 =  reducing  pow er

re p e a te d  u n til  no und isso lv ed  m a te r ia l rem a in ed  in  th e  acidic so lu tio n . T he 
a m o u n t o f u ro n ic  acids fo rm ed  w as d e te rm in e d  in  each  step . In  th e  f i r s t  an d  
second s tep  th e  M /G ra tio  (m an n u ro n ic /g u lu ro n ic  acid  ra tio ) w as also  d e te r 
m ined  b y  ion  exch an g e  c h ro m a to g ra p h y . T h e  re su lts  are lis ted  in  T ab le  I. 
N one o f th e  so lu tions w ere b row n  or c o n ta in e d  an y  fu rfu ra l p o ly m ers . In  th is  
ex p e rim e n t th e  fo rm ed  u ron ic  acids w ere n o t  n eu tra lized , so th e  p o ss ib ility  
o f iso m eriza tio n  w as excluded .

In v e s tig a tio n  o f th e  glycosidic bonds h y d ro ly zed  in  th e  d iffe re n t s tages 
of th e  stepw ise hyd ro lysis .

T he q u estio n , w h e th e r th e  b o n d s h y d ro ly zed  w ere of th e  sam e  ty p e  in  
th e  th re e  d iffe ren t m a te ria ls  show n in  F ig . 1, w as in v es tig a ted  on  b as is  of 
k in e tic a l d a ta .

I f  th e  d iffe ren t alginic acids are  h y d ro ly zed  u n d e r s tr ic tly  id e n tic a l co n 
d itio n s (as i t  w as th e  case w ith  th e  m a te ria ls  show n in Fig. 1), an d  th e  re a c tio n  
ra te  c o n s ta n ts  c a lcu la ted  from  th e  hy d ro ly sis  d a ta  coincide, th e n  i t  is v e ry  
p ro b a b le  th a t  th e  c leaved  bon d s w ere id e n tic a l.
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A s i t  w as m e n tio n e d  in  a prev ious p a p e r  [1], 100%  h y d ro lysis  in  p re s 
ence  o f  s tro n g  ac ids in  one s tep  is p ra c tic a lly  im possib le . C on seq u en tly , th e  
l im it  v a lu e  w as u sed  fo r ca lcu la tin g  th e  f i r s t  o rd e r  reac tio n  ra te  c o n s ta n ts  
a c c o rd in g  to  th e  fo rm u la  log  [lim it/(lim it — # )]. T hese values a re  p lo tte d  
a g a in s t  th e  reac tio n  tim e  in  F ig . 3. The p o in ts  lie  a long  a single s tra ig h t  line, 
a n d  th is  fa c t d e m o n s tra te s  t h a t  th e  b o n d s sp li t  d u rin g  th e  h y d ro ly s is  w ere 
id e n tic a l  in  th e  th re e  d iffe re n t m a te ria ls . S ince th e  “ lim it re s id u e”  w as p re 
p a re d  fro m  th e  sam e L . d ig ita ta  alginic ac id  w h ich  w as h y d ro ly zed  in  th is

Tabic I

Stepwise hydrolysis o f  alginic acid fro m  L . d ig ita ta  (0 .4  N  11(1. 100 °C)

Step
No.

Reducing power,
%
V

Phenolsulphuric 
acid reaction, %

у

Orcinol reaction, 
%
S '

M/G Time
hr.

I 40.8 41.8 35.1 2.15 13
и 55.7 57.5 49.5 2.70 10

h i 61.8 64.2 56.2 10

IV 67.9 70.3 61.7 10

V 75.4 77.6 68.9 10

V I 77.3 80.5 71.4 8

+  residue 97.1

e x p e r im e n t, i t  m eans t h a t  th e  bonds cleaved  in  th e  second step  had  to  be  n ea rly  
id e n tic a l  w ith  th o se  sp lit in  th e  f irs t  s tep . A d d itio n a l evidence is a ffo rd ed  b y  
th e  seco n d  p a r t  o f F ig . 3. T hese  curves are  c a lc u la te d  from  th e  f irs t a n d  second 
s te p s  o f  th e  cu rve  of th e  re d u c in g  pow er show n in  F ig . 2. As th e  re a c tio n  ra te  
is th e  sam e d u rin g  th e  d iffe re n t stages o f th e  stepw ise  hydro lysis , i t  is v e ry  
p ro b a b le  th a t  th e  sam e ty p e s  o f glycosidic b o n d s  a re  hyd ro lyzed  in  th e  d iffe ren t 
s te p s . Flow ever, w ith in  one s te p , d iffe ren t ty p e s  o f  bonds m ay  be sp lit s im u l
ta n e o u s ly .

C harac te riza tio n  of the  h y d ro ly sis-resis tan t frac tion

T h e  earlie r a s su m p tio n  th a t  alginic ac id  consists of tw o co m p o n en ts , 
a h y d ro ly z a b le  a n d  a n o n -h y d ro ly zab le  p a r t ,  is obv iously  re fu te d  b y  F ig . 2. 
As i t  is seen from  T ab le  I  a n d  F ig . 3, th e re  is no  such  s trik in g  d ifference in  
ch em ica l com position  a n d  in  th e  ra te  o f  h y d ro ly s is  w hich could be  accep ted  
as th e  reaso n  fo r th e  ex is ten ce  of a h y d ro ly sis  lim it. I t  m eans t h a t  th e  non- 
h y d ro ly z e d  frac tio n  is chem ica lly  n o t v e ry  d iffe re n t from  th e  h y d ro ly zab le
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su b s ta n c e , b u t  u n d e r th e  co n d itions o f ac id  hyd ro lysis  th e  fo rm er is som ehow  
p ro te c te d  ag a in s t hydro lysis.

T h is p ro te c te d  form  m ay  be a 3 ,6 -lac to n e  or, according to  J e v t u s h e n k o  
[2],  an  ac id  an h y d rid e . A ccord ing  to  J e v t u s h e n k o  th e  lac ton  rin g  is u n s ta b le  
u n d e r  th e  cond itions of ac id  h y d ro ly sis , b u t  th e  neighbouring  c a rb o x y l g roups 
o f  th e  sam e chain  m ay  form  a n h y d rid e s  w ith  each  o ther. H ow ever, i t  is n o t 
v e ry  p ro b ab le  th a t  such  bon d s w ould  be rea lly  stab le  in  h o t w a te r  in  th e  
p resence  o f s tro n g  acids, an d  i t  is n o t  c lear w hy  th e  cleavage o f  g lycosid ic  
linkages shou ld  be h in d ered  b y  th e  p resence  o f acid an h y d rid es .

F ig . 3. T he lo g arith m ic  cu rves for th e  f ir s t  s tag e  o f  th e  reac tion , x — L . d ig ita ta , О  =  L .
hyperborea, A  =  L . d igitata  residue

D r u m m o n d , H i r s t  a n d  P e r c i v a l  [3] suggested  th a t  th e  p resen ce  of 
a lte rn a tin g  1,3 an d  1,4 bonds an d  e s te r  linkages betw een  th e  n e ig h b o u rin g  
chains m ay  be responsib le  fo r th e  in co m p le te  p erio d a te  o x id a tio n  o f  alginic 
acid . T he este r linkages p ro b a b ly  w ould  n o t be s tab le  ag a in st ac id  h y d ro ly s is ; 
th e  ex istence  o f 1,3 bonds — th o u g h  possib le  — gives no d ire c t e x p la n a tio n  
fo r  th e  h y d ro lysis  lim it, e ith er.

I t  seem s p ro b ab le  from  o u r ex p e rim en ts  o f stepw ise d e g ra d a tio n  th a t  th e  
h y d ro ly s is -re s is ta n t s tru c tu re  is fo rm ed  rev e rs ib ly  as a re su lt o f t r e a t in g  th e  
m a te r ia l w ith  s tro n g  acid . T he change o f th e  s tru c tu re  m ay  co n sis t in  th e  
follow ing.

S odium  a lg in a te  is so luble in  w a te r . As a sa lt of a s trong  base  a n d  a w eak 
ac id , i t  d issociates to  a large e x te n t. M any  o f th e  u n its  of th e  p o ly m e r chains 
a re  charged  on acco u n t o f th e  d isso c ia ted  ca rboxy l groups. T h e  m olecules 
do n o t associa te , since repelling  forces be tw een  th e  h y d ra te d  m olecu les are 
considerab le . W hen  a s tro n g  acid  is a d d e d  to  th is  so lu tion , th e  ca rb o x y l
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g ro u p s  are lib e ra ted , th e  chains loose th e ir  c h a rg e  and  h y d ra te  hu ll. T he 
n e ig h b o u rin g  chains a p p ro a c h  each o ther an d  th e  fo rm a tio n  of hydrogen  b o n d s 
b eg in s  betw een th e  c a rb o x y l groups. The u lt im a te  re su lt o f th e  ad d itio n  of 
a s tro n g  acid to  th e  a q u e o u s  solu tion  of a lg in a te  is th e  p rec ip ita tio n  o f a lg in ic 
ac id . A ctually  a se m ic ry s ta llin e  s tru c tu re  is fo rm ed . A sm aller or la rg e r p a r t  
o f  th e  m olecule, d e p e n d in g  on th e  d issociation  o f  ca rb o x y ls , form s a co m p ac t, 
c ry s ta llin e  region, im p e rm e a b le  for h y d ro x o n iu m  ions, while th e  rem ain in g  
p a r t  o f th e  sam e m olecu le  rem ain s am orphous a n d  accessible to  th e  ac id  c a ta 
ly s t .  T h is process is a n a lo g o u s  to  th e  ré tro g ra d a tio n  o f am ylose [5].

E vidence for th e  p resen ce  of h y d rogen  b o n d in g  is p resen ted  b y  th e  
b e h a v io u r  of alginic a c id  in  50%  chloral h y d ra te  so lu tion . Chloral h y d ra te  is 
a good hydrogen b o n d  fo rm in g  agent. F rom  a n e u tr a l  so lu tion  of 50%  ch lo ra l 
h y d ra te  and  0 .3%  a lg in a te , on the  add itio n  o f h y d ro ch lo ric  acid on ly  a p a r t  
o f  th e  form ed alginic ac id  is p rec ip ita ted . A fte r  f i l t r a t io n , th e  dissolved alg in ic 
a c id  m ay  be p re c ip ita te d  fro m  th e  clear so lu tio n  e ith e r  w ith  alcohol or w ith  
w a te r  b y  d ilu ting  to  a b o u t  5 volum es.

I t  is possible t h a t  a t  le a s t a p a rt of th e  u ro n ic  acid u n its  has d iffe ren t 
co n fo rm atio n s in  p re c ip i ta te d  and  in th e  d isso lv ed  s ta te . H i r s t , P e r c i v a l  
a n d  W o ld  [4] re c e n tly  re p o rte d  the p re p a ra t io n  o f oligosaccharides from  
re d u c e d  alginic ac id . N e ith e r  inannosy l-gu lose n o r th e  m annosy l-gu liito l 
show ed  any  m obility  in  m o ly b d a te  buffer in  io n o p h o re tic  experim en ts. I t  m eans 
t h a t  th e  gulose cou ld  n o t  form  a com plex w ith  th e  m o lybda te . A possib le  
e x p la n a tio n  is th a t  th e  gu lose  exists in C l o r in  som e В conform ation . T he 
d ifference  of th e  in s ta b i l i ty  fac to rs  in th e  Cl a n d  1C confo rm ations of gu lu ron ic  
a c id  is less th a n  1.0 ; la c to n e  fo rm ation  is im p o ss ib le  in  b o th  co n fo rm ations, 
s ince  th e  carboxyl a n d  C2 a n d  C3 hydroxy ls a re  on d iffe ren t sides of th e  ring .

M annuronic a c id  o f 1C conform ation  m a y  fo rm  a 3 ,6-lactone. In  th is  
case  a new ring is fo rm e d . A five-m em bered  r in g  is superposed  on th e  six- 
m em b ered  one. As a co n seq u en ce , the  u n s ta b le  1C con fo rm ation  becom es s ta 
b ilized . This lac tone  fo rm a tio n  m ay also o ccu r w hen  th e  substance  is ac ted  
u p o n  b y  strong  ac ids, b u t  th e  p a r t p layed  b y  th is  re a c tio n  in h in d erin g  acid  
h y d ro ly s is  is no t c lear.

In  th e  course o f  th e  heterogeneous h y d ro ly s is  of alginic acid , w a te r- 
so lu b le  oligomers (u l t im a te ly  converted  in to  m o n o m ers  an d  d estru c tio n  p ro d 
u c ts )  an d  a w a te r- in so lu b le , n early  c ry s ta llin e  re sid u e  are o b ta in ed . T his 
re s id u e  is sp lit on ly  v e ry  slow ly.

W hen th is c ry s ta ll in e , h y d ro ly s is -res is tan t re s id u e  is tre a te d  w ith  a lk a li, 
d isso c ia tio n  of th e  c a rb o x y l groups resu lts  in  th e  cleavage of th e  h y d ro g en  
b o n d s , and  ev en tu a lly  th e  la c to n e  ring is opened ; as a consequence th e  m a te ria l 
b ecom es soluble. O n re -ac id ify in g  the  so lu tio n , th e  process is rep ea ted : th e  
sh o r te n e d  m olecules fo rm  a new, b u t le s s -e x te n d e d  c rysta lline  reg ion , an d  
a  p a r t  of the  m olecules rem ain s again accessib le  to  th e  h y d ro x o n iu m  ion .
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Fig. 2 show s th a t  a f te r  th e  th ird  hydro lysis th e  m olecu les are  so m uch sh o rten ed  
th a t  in  th e  fo u rth  s tep  th e y  suffer com plete h y d ro ly s is .

A fter these  e x p e rim e n ts  w ere com pleted , L a r s e n  [6] in th is  la b o ra to ry  
ach ieved  th e  to ta l  h y d ro ly sis  of alginic acid in  hom ogeneous phase  a t  p H  3.5. 
A t th is  p H , alginic acid  is n o t p rec ip ita ted  y e t ,  a n d  th e  g rea test p a r t  o f th e  
ca rboxy l groups a re  free. A t 100° a fte r 60 h o u rs  no  unhyd ro ly zed  m a te r ia l is 
le ft — only  a co n sid e rab le  a m o u n t of d e s tru c tio n  p ro d u c ts  of th e  fo rm ed  
m onom ers — so th e  h y d ro ly s is  is com plete in one  s tep .

D ifference betw een th e  ra te s  o f hydrolysis o f  g u lu ro n ic  and in an n u ro n ic
linkages

The acid  h y d ro ly sis  o f alginic acid consists  o f tw o d ifferen t p rocesses; 
e ith e r  of th em  is a h y d ro ly s is  reac tio n , b u t  th e y  a re  ch a rac te rized  b y  d iffe ren t 
reac tio n  ra te  c o n s ta n ts . F ig . 4 shows tw o c u rv e s ; one of them  is th e  cu rve  
of th e  reducing  pow er (p ro p o rtio n a l to  th e  —C H O  g ro u p s lib era ted ), th e  o th e r  
rep resen ts  th e  co lour re a c tio n  w ith  p h en o l-su lp h u ric  acid (p ro p o rtio n a l to  
th e  a m o u n t of so lub ilized  a lg in ic  acid). As it  is seen  from  th e  figu re , th e  so lu 
b iliza tio n  is a fa s te r  re a c tio n  th a n  th e  h y d ro ly s is . F ig . 5 d em o n stra te s  th e  
sam e d a ta  expressed  as log [lim it/(lim it — x)] v a lu e s  p lo tte d  ag a in st th e  tim e  
of hyd ro lysis , u sed  fo r d e te rm in a tio n  of th e  r a te  co n stan ts . A b re a k  p o in t 
can  be observed  on th e  cu rv e  of th e  reduc ing  pow er.

T he G —>- linkages a re  sp lit fa s te r th a n  th e  M —► bonds. In  th e  f irs t  s tage  
of th e  hyd ro lysis  th e  c leavage of th e  G —>■ b o n d s  t h a t  is, of th e  G —>• G —>• (or 
G —> M -») linkages p rev a ils , b u t  a t  th e  sam e tim e  th e  M~>- bonds (M —► ►
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F ig . 4. H y d ro ly sis  o f a lg in ic  acid  from  L. digitala. 95.2 °C; 0.36 IN HCl; О =  p h e n o l-su l
p h u ric  acid  reac tio n ; •  =  re d u c in g  pow er
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or G —►) are also sp lit. W h en  th e  m a jo r ity  o f th e  G^> bonds are  h y d ro ly zed ,
th e  p ro cess  decelerates a n d  c o n tin u es  a t  a r a te  ch a rac te ris tic  o f th e  sp littin g  
o f  t h e  M —>- bonds. T he in te rse c tio n  of th e se  tw o  d ifferen t ra te  lines p roduces 
th e  b r e a k  p o in t on th e  c u rv e  o f  th e  red u c in g  pow er in  Fig. 5. As i t  is seen  from  
th is  f ig u re , e x tra p o la tin g  to  zero tim e  g a v e  th e  in te rsec tio n  p o in t  log [li- 
m it / ( l im it  — я)] = . 0.17, c o rre sp o n d in g  to  32%  hydro lysis . T h u s , th e  p ro p o rtio n  
o f  th e  fa s te r  sp litting  lin k ag es  is 32% . T h e  assu m p tio n  of a g re a te r  s ta b ility  
o f  M ->  b o n d s is su p p o rted  b y  th e  w ork  of V in c e n t  [7] : he p re p a re d  oligouro- 
n id e s  a f te r  p a rtia l h y d ro ly s is , an d  in  each  of th e m  th e  reducing  en d  g ro u p  was

g u lu ro n ic  acid. The sam e re s u lt  w as fo u n d  b y  H ir st  an d  his co -w orkers [4, 8]. 
M e th y l gulosides are  sp lit  fa s te r  in  ac id  th a n  m e th y l m an n o sid es  [9, 10].

I t  is seen from  F ig . 5 t h a t  th e  f irs t  s tag e  o f  th e  hydro lysis  is f a s te r  th a n  
th e  seco n d . D uring th is  f i r s t  s tag e , th e  red u c in g  groups are fo rm ed  p a r t ly  as 
a co n seq u en ce  of so lu b iliz a tio n , p a r t ly  b y  fu r th e r  hydro lysis o f th e  d isso lved  
m o lecu le  fragm ents. I f  o n ly  a single ty p e  o f b o n d  ex isted  in  th e  m olecule, 
th e  f i r s t  stage  ought to  b e  th e  slow er, since h y d ro lysis  occurs h ere  in  h e te ro 
g en eo u s  phase . In  p rac tice  th e  s itu a tio n  is ju s t  rev e rsed : th e  s tag e  o f  hy d ro ly sis  
ta k in g  p lace  in  hom ogeneous p h ase  is slow er. T hus, th e  f irs t s ta g e  m u s t be 
th e  r e s u l t  of the  s im u lta n e o u s  sp littin g  o f tw o  d ifferen t ty p e s  o f  linkages. 
A t th e  en d  of th is p erio d , th e  ty p e  of b o n d s sp littin g  fa s te r  is p ra c tic a lly  
c o m p le te ly  hydro lyzed . T h e re fo re , on ly  th e  linkages sp littin g  slow er are 
h y d ro ly z e d  during th e  seco n d  period . T he ra te  c o n s ta n t o f th is  seco n d  stage 
is c h a ra c te r is tic  p ro b ab ly  fo r  th e  m an n u ro n ic  linkages.

T h e  ex ac t values o f ^guluronic an d  ^niannuronic can n o t be c a lc u la te d  from  
th e s e  ex p e rim en ts , b ecau se  th e  hyd ro ly sis  occurs p a r tly  in  h e te ro g en eo u s 
p h a s e .

A c ta  Chim ica Academiae Scientiarum H ungaricae 47. 1966.
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S u b s titu tin g  k n  an d  in to  th e  K u h n  [11] eq u a tio n , — fo r s im u ltan eo u s  
sp lit t in g  o f tw o d iffe ren t typ es o f linkages — th e  curve of th e  re d u c in g  pow er 
w as ca lcu la ted . T he d ev ia tions b e tw een  th e  ca lcu la ted  and  m e a su re d  values 
w ith in  th e  f irs t  9 h ou rs of hy d ro ly sis  (0 —9 0 %  hydro lysis) w ere less th a n
± 3 % .

Experim ental

Exp. 1. (a ) 271.7 m g of L. digilala Na-alginata ( Svellingen, 1960, M/G =  1.54) (c o rre sp o n d in g  
to  220.5 m g of w a ter- an d  ash-free m ate ria l) w as d isso lved  in  39.3 g of w ater. 10.7 m l o f  2 N H C L 
w as ad d ed . A fter re ac tio n  w ith  th e  b o u n d  N a th e  HC1 c o n cen tra tio n  was 0.4 N .

(b ) 273.0 m g ( =  214.5 m g, as above) o f L. hyperborea stipes ( Hustad 4/5) N a -a lg in a te  
w as d isso lved  and  p re c ip ita te d  as above.

(c) 250.3 m g o f th e  w a ter- an d  ash-free  resid u e  fro m  ä 20-hr. tre a tm e n t o f  L. digitata 
alg in ic  acid  a t  100° in  0.2 N HC1 was used . T he resid u e  w as cen trifuged , w ash ed  a n d  d ried . I t  
w as d isso lved  in th e  ca lcu la te d  a m o u n t of a lk a li, th e n  t r e a te d  fu r th e r  as u n d e r  (a ) a n d  (b).

E ac h  so lu tio n  w as h e a te d  in  a w a te r -b a th  (9 9 .4 “). S am ples were w ith d raw n  p e rio d ica lly , an d  
th e  re d u c in g  pow er w as de te rm in ed . A fte r  re ach in g  th e  h y d ro lysis lim it, th e  so lu tio n s  w ere 
w eighed on a n  a n a ly tic a l ba lan ce , th en  n e u tra liz e d . T h e  p re c ip ita te  was d isso lv ed . T h e  so lu 
tio n s  w ere w eighed a g a in  a n d  th e  ca lcu la ted  a m o u n t o f  HC1 was added  to  m ak e  e ac h  so lu tions
0.4 N  w ith  re sp ec t to  HC1, a n d  th e  hydro ly sis  w as c o n tin u e d  (see F ig . 1).
Exp. 2. Successive d e g rad a tio n  of alg in ic acid . 2510 m g o f N a-alg in ate  ( =  2050 m g  of a lg in ic  
acid ), th e  sam e as in  E x p . 1(a), was d issolved in  225 m l o f w ater, and  63 m l o f 2 N HC1 was 
a d d ed . T he m ix tu re  w as h y d ro lyzed  in  a b o iling  w a te r -b a th . Sam ples w ere w ith d ra w n  an d  
an a ly zed  b y  th e  fe rricy an id e  m eth o d  a n d  b y  th e  p h e n o l-su lp h u ric  acid  reac tio n . A f te r  reach in g  
th e  h y d ro ly sis  lim it, th e  so lu tion  co n ta in in g  th e  p re c ip ita te  was cooled, w eighed  a n d  d iv ided  
in to  tw o flasks. One o f th e m  w as n eu tra lized  w ith  N aH C O ;l u n til th e  p re c ip ita te  d isso lv ed , an d  
th e n  a g a in  acid ified  to  a d ju s t  0.4 N  c o n c e n tra tio n  o f th e  hydroch lo ric  ac id , a n d  th e  h y d 
ro lysis w as co n tin u ed . T h is was re p ea te d  s till  3 tim e s . T he o th er p a r t  o f th e  so lu tio n  was 
h e a te d  in  th e  sam e w a te r -b a th  w ith o u t n e u tra liz a tio n . F ro m  tim e to  tim e  sam p le s  were 
ta k e n  fo r d e te rm in a tio n  of th e  uronic acid  c o n te n t. A fte r  43.5 h rs., th e  c o n te n ts  o f  b o th  flasks 
w ere f ilte red , th e  p re c ip ita te  w ashed a n d  d ried . A fte r  s tep  “ E ”  (see F ig . 2) th e re  rem a in ed  
14%  of a d a rk  b ro w n , pow derlike m a te ria l: a f te r  th e  p ro longed  step  “ A ” , 2 9 %  o f a  b row n 
flu ffy  p re c ip ita te  w as o b ta in ed . T he te m p e ra tu re  o f th e  hydro lsis w as 95.2°.
Exp. 3. (a ) 2527 m g of sod ium  a lg in a te  ( =  2060 m g of a lg in ic  acid), th e  sam e as in  E x p . 1 (a), 
w as d isso lved  and  h y d ro ly zed  in 250 m l o f 0.4 N  HC1 a t  95.2°. Sam ples were ta k e n  fo r  analysis.

(b ) In  a n o th e r  flask  th e  sam e a m o u n t o f a lg in ic  acid  was h y d ro ly zed  u n d e r  id en tica l 
c o n d itio n s w ith o u t tak in g  sam ples. W hen  (a) re ac h ed  th e  lim it, th e  h y d ro ly sis  in  b o th  flasks 
w as s to p p e d . T he m ix tu re  from  e x p erim en t (b ) w as cen trifu g e d , th e  p re c ip ita te  w a sh e d , a n d  th e  
s u p e rn a ta n t  an a ly zed  (see T ab le  I). T he p re c ip ita te  w as dissolved in N aH C O a, th e  re -ac id ified  
a n d  su b je c ted  to  fu r th e r  hydro lysis. T h is w as re p e a te d  fo u r tim es. T he c h ro m a to g ra p h ic  sep a 
ra tio n  of u ro n ic  acids w as achieved b y  th e  L a r s e n — H a u g  m eth o d  [12], th e  o rc in o l re ac tio n  
acco rd in g  to  B ro w n  [13].

T he a u th o r  is v e ry  m u ch  in d eb te d  to  th e  R o ya l  N o r w e g ia n  Co u n c il  f o r  S c i e n t i f i c  
a n d  I n d u s t r i a l  R e s e a r c h  fo r an aw ard  o f P o s td o c to ra te  Fellow ship t h a t  m a d e  th is  w ork  
possib le , to  M r. B. L a r se n  fo r rev ision  of th e  E n g lish  te x t ,  and to  Mr. A. I I a u g  fo r  colum n 
c h ro m a to g ra p h ic  se p a ra tio n  of th e  u ron ic  acids.

SU M M A R Y

I t  is know n  th a t  alg in ic acid is h y d ro ly zab le  o n ly  u p  to  a certa in  e x te n t ,  a n d  a  residue 
r e s is ta n t  to  hydro ly sis  is genera lly  o b ta in e d . T he p re se n t ex p erim en ts  show ed th a t  th e  h y d ro ly 
s is -re s is ta n t s tru c tu re  is fo rm ed  as a consequence  of p re c ip ita tio n  by  s tro n g  ac id s . W h en  th e  
p re c ip ita te  le f t  b eh in d  a f te r  reach ing  th e  h y d ro ly s is  l im it  is dissolved in a lk a li a n d  th e  so lu tio n  
is ac id ified  again , alg in ic  acid  m ay  be fu r th e r  h y d ro ly ze d  to  a h igher lim it o f h y d ro ly s is . R e p e a t
in g  su ch  h y d ro ly sis  s tep s a b o u t four tim es, th e  a lg in ic  acid  m ay  be com p le te ly  h y d ro ly z e d  by 
re la tiv e ly  d ilu te  s tro n g  acids. I f  th e  fo rm ed  m o n o m ers a re  se p a ra ted  from  th e  re s id u a l  p rec ip 
i t a t e  in  ev ery  s tep  a f te r  reach in g  th e  h y d ro ly sis  lim it, a n d  if  th e  residue is d isso lved  a n d  fu r th e r  
h y d ro ly ze d , th e  y ield  o f u ro n ic  acids is h ig h er th a n  o b ta in a b le  by  form er p ro c ed u re s .
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T h e  n a tu re  o f th e  h y d ro ly s is -re s is tan t residue  is d iscussed . I t  has beeen fo u n d  th a t  
g u lu ro n ic  linkages are sp lit m ore ra p id ly  th a n  m a n n u ro n ic  bon d s.
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Uber die stufenw eisen Totalhydrolyse der Alginsäure
J , SZEJTLI

Z u sa m m e n fa ssu n g . B e k an n tlic h  is t  die A lginsäure n u r  b is zu  e inem  b estim m ten  G rade  h y d ro 
ly s ie rb a r , w obei ein  h y d ro ly se n re s is te n te r  R e stan te il v e rb le ib t.  W eitere  E x p erim en te  ze ig ten , 
d a ß  s ich  d ie h y d ro ly se n res is te n te  S tru k tu r  infolge A u sfä llu n g  d u rc h  s ta rk e  Säure a u sg e b ild e t 
n a t .  W ird  das restliche  P rä z ip i ta t  n ach  E rre ichen  de r H y d ro ly sen g ren ze  in  A lkali g e löst u n d  
e rn e u t  a n g esäu e rt, so lä ß t  sich  die A lg insäure  bis zu e in e r h ö h e ren  H ydro lysengrenze a b b au e n . 
F ü h r t  m a n  diese s tu fen fö rm ige  H y d ro ly se  in e tw a  4 S c h r i t te n  durch , so k ann  die A lg insäu re  
d u rc h  r e la tiv  v e rd ü n n te  s ta rk e  S ä u re n  vo lls tänd ig  h y d ro ly s ie r t  w erden . W enn m an  die e n ts ta n 
d en en  M onom eren  bei je d e r  e in ze ln en  S tufe  n ach  E rre ic h e n  de r H ydro lysengrenze v o n  dem  
re s tlic h e n  P rä z ip i ta t  a b tre n n t  u n d  ledig lich  das le tz te re  a u f lö s t  u n d  w e ite rh y d ro ly s ie rt, so is t 
eine h ö h e re  A usbeu te  an  U ro n säu re n  erzielbar als v o rh e r.

D ie B eschaffenheit des h y d ro ly sen res is ten ten  R e s te s  w ird  d isk u tie rt. B eo b ach tu n g en  
zeigen , d a ß  die G u lu ro n säu reb in d u n g en  rascher g e sp a lten  w erden  als die M an n u ro n säu re- 
b in d u n g en .

Ступенчатый, полный гидролиз альгиновой кислоты
Я . С ЕЙ ТЛ И

резюме. Известно, что альгиновая кислота может быть гидролизована только до опре
деленного предела. Последующие опыты позволили прийти к тому заключению, что гид
ролизнорезистентная структура образуется вследствие осаждения, проведенного сильной 
кислотой. Растворяя, оставшийся после достижения предела гидролиза, осадок в щелочи 
и затем подкислив его снова, можно гидролизовать альгиновую кислоту дальше, до 
более высокого предела. Повторяя эти ступени гидролиза (приблизительно 4 раза), аль
гиновую кислоту можно полностью гидролизовать относительно разбавленными силь
ными кислотами. Если мономеры, образовавшиеся в каждой ступени, отделять от осадка, 
оставшегося после достижения предела гидролиза, и только гидролизнорезистентный 
остаток растворять в щелочи и гидролизовать дальше, тогда может быть достигнут 
более высокий выход уроновой кислоты, чем в случае применяемых до настоящего вре
мени способов гидролиза альгиновой кислоты.

В сообщении обсуждается характер гидролизнорезистентного остатка. Наблю
дения показали, что связь гулуроновой кислоты разрывается быстрее, чем маннуроновой.

Jó z s e f  S z e j t l i , D eu tsch e  A kadem ie der W issen sch aften  zu B erlin , I n s t i tu t  
fü r  E rn ä h ru n g , 1505 P o tsd a m -R e h h rü c k e .
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UNTERSUCHUNG DER OXADATIONS- 
(LAGERUNGS-)VORGÄNGE DER KOHLEN MIT 

DERIVATOGRAPHISCHER METHODE

M. W e l t n e k

( Forschungsinstitut fü r  Elektrische Energie, Budapest) 

Eingegangen am 23. August 1965

D er B e trieb  d er K o h len g ru b en  e rfo rd e rt e inen  g leichm äßigen P ro d u k 
tio n sg an g , d enn  n u r  d ieser b ü rg t  fü r  eine g le ichm äßige  B e tä tig u n g  d e r zu r 
V erfügung  s teh en d en  A rb e itsk rä fte  u n d  fü r eine g u te  A u snü tzung  d e r M asch i
nen . A nderse its  w erden  die K o h le n v e rb ra u ch e r d u rch  die U n rege lm ässigke iten  
der V erw endung , wie au ch  d u rch  u n e rw a rte te  S tö ru n g en  der A n lie fe ru n g  zu 
e iner L ag eru n g  d er K ohle gezw ungen.

D ie L ag eru n g  der K ohle  is t also u n v erm eid lich .
W äh ren d  d er L ag eru n g  d e r K ohle tr e te n  infolge einer O x y d a tio n  d e r

selben schw ere V erlu ste  au f, deren  V erringerung  eine w ichtige v o lk sw ir tsc h a ft
liche A ufgabe b e d e u te t [1].

W äh ren d  d er L ag eru n g  v e rsc h le c h te rt sich die Q u a litä t d e r  K ohle . 
Diese V ersch lech teru n g  b e tr if f t  g le icherm aßen  den  H eizw ert, den G asg eh a lt, 
die V e rk o k b a rk e it usw ., u n d  k a n n  u n te r  u n g ü n s tig e n  U m stän d en  so g ar zu r 
S e lb s te n tz ü n d u n g  fü h ren  [2]. W egen d er U n zu län g lich k e it u nserer K e n n tn is se  
ü b e r die p h ysika lisch -chem ische  B eschaffenheit d e r K ohle stoßen  d ie  e x p e ri
m en te llen  U n te rsu ch u n g en  ü b e r die S tru k tu r  u n d  den  O x y d a tio n sv o rg an g  d er 
K ohle  a u f  große S chw ierigkeiten  [3, 4].

Die in  d er L ite ra tu r  vo rliegenden  u n d  o ft e in an d er w id ersp rech en d en  
D a te n  k ö nnen  te ils d a m it e rk lä r t  w erden , d a ß  K ohlen  von v e rsch ied en em  
In k o h lu n g sg ra d , d. h. von  versch iedenen  E ig en sch a ften , w ährend  d e r L ag e
ru n g , also a u f  o x y d a tiv e  E in w irk u n g , v e rsch ied en  reagieren .

Es g ib t au ch  F ä lle , in  denen  die w id ersp rech en d en  D aten  u n d  A n sich ten  
e iner U n zu län g lich k e it oder e iner u n g en ü g en d en  E m p fin d lich k e it d e r  U n te r 
su ch u n g sm eth o d en  zu zu sch re ib en  sind .

Die O x y d a tio n  ä n d e r t  v o r  a llem , besonders am  A nfang, die O b e rf lä c h en 
e ig en sch aften  d er K ohle, u n d  b e e in flu ß t d a d u rc h  b e trä c h tlic h  das V e rh a lte n  
derse lben  in V orgängen  die von  seinen O b erfläch en e ig en sch aften  a b h än g ig  
sind  (so z. B. bei der V erk o k u n g  oder in  V erb ren n u n g sv o rg än g en ). D ies t r i f f t  
se lb st d an n  zu, w enn aus den  k o n v en tio n e llen  K o h len an a ly sed a ten  n och  bei 
w eitem  n ich t a u f  eine d e ra r t  w esen tliche  Ä n d e ru n g  der K o h len e ig en sch aften  
zu fo lgern  ist [5, 6 , 7].
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D a s  m oderne  u n d  v ie lse itige  V erfah ren , die; d e riv a to g rap h isch e  M ethode, 
b ie te t  m e h r  H ilfe u n d  M öglichkeiten  in  d ieser F o rsc h u n g sa rb e it, als die b ish e r 
v e rw e n d e te n  M ethoden , so d a ß  zu hoffen is t ,  d a ß  au ch  in  d iesem  v o lk sw ir t
s c h a f tl ic h  seh r w ich tigen  G eb ie t durch  die V erw en d u n g  der D e riv a to g ra p h ie  
n eu e  u n d  ve rläß lich e re  R e su lta te  e rz ie lbar sein  w erden  [8].

W e n n  m inera lische  K o h len  in  g rö ß eren  M engen g elagert w erd en  (in 
W ä rm e k ra f tw e rk e n , K o k ere ien , G asw erken , B erg g ru b en b e trieb en ), k a n n  in  
d en  m e is te n  F ä llen  eine E rw ä rm u n g  der K o h le n h a ld e n , u n d  falls re c h tz e itig  
k e in e  V o rb ä u g u n g sm a ß n a h m e n  getroffen  w erd en , au ch  eine S e lb s te n tz ü n d u n g  
d e r K o h le  b e o b a c h te t w erd en .

D ie  aus der V e rsch lech te ru n g  der K o h le  w äh ren d  der L ag e ru n g , ab e r 
n o ch  m e h r  die aus d e r S e lb s ten tzü n d u n g  d er K o h le  s tam m en d en  m ate rie llen  
V e rlu s te  sind , ähn lich  w ie die K o rro sio n ssch äd en , sehr b e trä c h tlic h .

B e re its  1866 b a t  eine S ch iffah rtsg ese llsch aft L iebig um  R a t  b ezü g lich  
e in e r  V e rh in d e ru n g  d er S e lb s ten tzü n d u n g  d e r tra n sp o r tie r te n  K o h len . D as 
P ro b le m  d e r L ag eru n g  u n d  d e r S e lb sen tzü n d u n g  d e r K ohlen b e sc h ä ftig t n o c h  
h e u te  d ie  F o rsch er dieses G eb ie tes a u f der g an zen  W elt, u n d  m an  is t  b e s tr e b t  
m it e in e r  R eihe  von  T h eo rien  die F ragen  in  V e rb in d u n g  m it der L ag e ru n g  u n d  
S e lb s te n tz ü n d u n g  d er K o h len  zu b e a n tw o rte n  u n d  die E rsch e in u n g en  zu 
e rk lä re n .

A n fan g s  w urde  d e r G ru n d  einer S e lb s te n tz ü n d u n g  der K ohle  d e r su lfa ti-  
s ie re n d e n  V e rw itte ru n g  ih res  P y ritg e h a lte s  zugesch rieben . S p ä te r  d a c h te  m an  
a n  d ie  O x y d a tio n  d er o rg an isch en  B es tan d te ile  d e r  K ohle, der H u m in o id e , u n d  
m a n  sp ra c h  auch  von  d er O x y d a tio n  der in  d e r K o h le  en th a fte ten  u n g e s ä ttig 
te n  V erb in d u n g en .

In  gew issen F ä llen  fa n d  m an , d aß  die E rw ä rm u n g  d er K oh le  auch  
in fo lg e  B e tä tig u n g  d e r an  d e r K ohle leb en d en  B ak te rien  v e ru rsa c h t w erden  
k a n n .

H e u te  stim m en  die m e is ten  A nsich ten  d a r in  übere in , daß  d er G ru n d  der 
E rw ä rm u n g  u n d  der S e lb s te n tz ü n d u n g  der K o h le  in  d er O x y d a tio n  d e r o rg an i
sch en  K o h le n su b s ta n z , die a u f  E in w irk u n g  des L uftsau ersto ffes  e rfo lg t, zu 
su c h e n  is t  [9].

W ä h re n d  d er O x y d a tio n  v e ra rm t die K o h le  an  C +  H  u n d  d er S au e r
s to f f  w ird  an g ere ich ert. D ie  D estilla tio n  d er o x y d ie rte n  K ohlen  g ib t einen 
g e rin g e re n  Gas- u n d  T e e re r tra g , als die d er n ic h t  o x y d ie rten  K ohlen .

E s  k o n n te  fe s tg e s te llt w erden , daß die g u t  la g e rb a ren  E o zän k o h len  w äh 
re n d  ih re r  v ie r M onate  d a u e rn d e n  L agerung  b is  zu  10%  ihres H eizw ertes  e in 
b ü ß e n  k ö n n e n , w äh ren d  be i jü n g e ren  K oh len  m it  einem  viel g rö ß eren  V erlu st 
zu re c h n e n  is t.

E in e  L ösung d er P ro b lem e  in  V e rb in d u n g  m it der K o h len lag eru n g  is t 
n u r  d a n n  zu  erhoffen , w enn  die O x y d a tio n sv o rg än g e  u n te r  V erw endung  m o d e r
n e r  U n te rsu c h u n g sm e th o d e n  g ründ lich  s tu d ie r t  w erden .
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Ü b er den O x y d a tio n sm ech an ism u s d e r K ohle sind  die M ein u n g en  v e r
sch ieden . Vom  chem ischen G e s ic h tsp u n k t am  besten  b e g rü n d e t e rsc h e in t die 
P h e n o l-O x y d a tio n sth eo rie  v o n  T ro noW. Im  Sinne dieser T heo rie  h ä u fe n  sich 
in  d er o rgan ischen  S u b stan z  d er K ohle  im  L aufe  der O x y d a tio n  d ie  P heno l-, 
C arbony l- u n d  C arb o x y lg ru p p en  an  [10].

V iele A u to ren  b esch ä ftig ten  sich m it d e r experim en te llen  U n te rsu c h u n g  
d e r K o h len o x y d a tio n . A us diesen U n te rsu c h u n g e n  k an n  d a ra u f  g e fo lg e rt w er
den , d aß  sich die versch iedenen  K oh len  im  L aufe der O x y d a tio n  w ä h re n d  der 
L ag e ru n g  ih rem  In k o h lu n g sg rad  u n d  ih re n  E igenschaften  gem äß  u n te rsc h ie d 
lich  v e rh a lte n , so d aß  die fü r  eine gegebene K o h len a rt oder fü r  K o h len g ru p p en  
m it ähn lichen  E ig en sch aften  gefundenen  G esä tzm äß igke iten  n ic h t  o hne  w ei
te re s  a u f  irgendeine  an d ere  K o h le n a rt o d e r K ohlengruppe zu ü b e rtra g e n  
sind . I

O x y d a tio n sv ersu ch e  m üssen  also s te ts  m it der gleichen K o h le  v o rg en o m 
m en  w erden , deren  V erh a lten  vom  p ra k tisc h e n  G e s ic h tsp u n k t In te resse  
b e s itz t.

W ie b e k a n n t, w erden  in  den  K ra f tw e rk e n  große K o h le n m e n g e n  für 
en erge tische  Zwecke v e rw en d e t.

V or ih re r  V erw endung  w erd en  die K o h len  über kürzere  o d er lä n g e re  Zeit 
g e lag e rt, w odurch  K ohlen  v e rfe u e rt w e rd en , deren  E ig en sch aften  s ich  w ärend  
d e r L ag eru n g  m ehr oder w en iger v e rä n d e r te n .

D ie K o h len o x y d a tio n sv e rsu ch e  w u rd e n  m it K o h len arten , d ie  fü r  K ra f t 
w erke  am  w ich tig sten  sind  u n d  d o rt g e lag e rt sowie v erw en d et w e rd e n , v o rg e
no m m en .

F ü r  die O x y d a tio n sv ersu ch e  m u ß  m an  auch die E ig e n sc h a fte n  der 
u rsp rü n g lich en , also n ic h t o x y d ie rten  frisch en  K ohlen kennen .

E s w urden  die fo lgenden  B ra u n k o h le n so rte n  u n te rsu c h t:
a )  L ignitgriess aus Gyöngyös fü r  K ra ftw e rk e ,
b)  D u rch sch n ittlich e  en erge tische  K oh le  aus A jk a  ( Z en tra le  K oh len

klassierung , A jk a ) ,
c)  K ohle aus Borsod ( Zentrale K ohlenklassierung, B ereu te ),
d )  K ohle aus N agybátony ( Nógráder K ohlenbergbautrust).
A u ß erd em  w u rd en  noch  zwei u n g arisch e  S te in k o h len ty p en : e in e  K o h le  aus

Pécs (0 — 8 m m ) u n d  eine K ohle  aus K om ló  u n te rsu c h t, die v o n  d en  Budapester  
Gaswerken  bzw . von  den D onau-E isenw erken  e ingesand t w urden .

D ie frische, also n ic h t o x y d ie rte  K o h len p ro b e  w urde n a c h  A n a ly se  in 
e inen  m it S au ersto ff gefü llten  E x s ik k a to r  g e leg t u n d  bei Z im m e rte m p e ra tu r  
a u fb e w a h rt. D a zu r O x y d a tio n  d er K oh le  au ch  F eu ch tig k e it b e n ö t ig t  w ird , 
w u rd e  w äh ren d  d er K o h len o x y d a tio n sv e rsu ch e  der T ro c k e n s to ff  a u s  dem  
E x s ik k a to r  e n tfe rn t u n d  d u rch  eine W asse rsch ich t e rse tz t. S p ä te r  fa n d e n  wir 
ab e r, d a ß  die o x y d ie rte  K ohle , deren  H y g ro sk o p iz itä t infolge v o n  O x y d a tio n  
o h n eh in  e rh ö h t w ird , aus d iesem  d u n s te r fü ll te n  R aum  zu v ie l F e u c h tig k e it
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a u fn im m t. D eshalb w u rd e  s t a t t  W asser eine 5 0 % -ig e  Schw efelsäurelösung 
(spez . Gew. 1,399) v e rw e n d e t. Ü ber eine S ch w efe lsäu re lö sung  dieser K o n 
z e n tra t io n  b ild e t sich ein  R a u m  m it 35,2%  re la t iv e r  F eu ch tig k e it; diese so rg t 
fü r  d ie  zu r O x y d a tio n  b e n ö tig te  F e u ch tig k e it, o h n e  d aß  dabei die K ohle  
ü b e r tr ie b e n  viel W asse r a u fn e h m e n  w ürde.

E s  w urden die P e rm a n g a n a tz a h l u n d  d e r  p H -W e r t  der u rp srüng lichen  
u n d  d e r oxyd ierten  K o h len  b e s tim m t.

Z u r B estim m ung  d e r P e rm an g an a tzah l d e r  K oh len  w urde die von 
D r e e s  — K o v a l s k i  a b g e ä n d o r te  M ethode von  F r a n c i s  W h e e l e r  b e n ü tz t.

Z u r B estim m ung  d e r P e rm a n g a n a tz ah l w e rd e n  0,5 g der zu einer F e in 
h e it  v o n  u n te rh a lb  0,2 m m  gem ahlenen K ohle  in  e inen  500 m l E rlen m ey e r
k o lb e n  eingewogen, m it 200 m l einer 0,1 n K a liu m p e rm a n g a n a tlö su n g  u n d  50 
m l e in e r  0,1 n N a triu m h y d ro x id lö su n g  v e rse tz t, u n d  fü r  2 S tunden  in  einem  
T ro ck en sch ran k  bei 75 °C a u fb e w a h rt. N ach d iese r O x y d a tio n  wird der In h a l t  
des K olbens durch  e in en  F ilte r tr ic h te r  aus G las in  e inen  500 m l M eßkolben 
g e f il te r t ,  m it d e s tillie rtem  W a sse r  bis zur M arke a u fg e fü llt , u n d  gu t u m g e sc h ü t
te l t .  100 m l dieser L ö su n g  w erd en  in  einen Jo d z a h lk o lb e n  p ip e ttie r t u n d  m it 
25 m l 10% iger K a liu m jo d id lö su n g , sowie m it 15 m l n  Schw efelsäure v e rse tz t. 
N a c h  5 — 10 M inuten S te h e n  w ird  das fre igese tz te  J o d  m it 0,1 n  N a tr iu m th io 
su lfa tlö su n g  t i t r ie r t .

W enn  zur T itr ie ru n g  a m l 0,1 n N a tr iu m th io su lfa tlö su n g  v e rb ra u c h t 
w u rd e , is t die P e rm a n g a n a tz a h l (p)

p =  200—5a.

D ie V ersuchsergebn isse  zeig ten , daß in  d em  u n te rsu c h te n  O x y d a tio n sa b 
s c h n i t t  die P e rm a n g a n a tz a h l der oxyd ierten  K o h le n  u n v e rä n d e rt blieb  oder 
a b n a h m . So b e tru g  z .B . f ü r  L ign it aus G yöngyös d ie P e rm an g an a tzah l der 
u rsp rü n g lich en  K ohle 125, d ie  der oxyd ierten  K o h le  106, fü r  die u rsp rü n g lich e  
K o h le  aus Borsod 128, fü r  d ie  oxyd ierte  119, fü r  d ie u rsp rü n g lich e  K ohle  aus 
K om ló  33, fü r die o x y d ie r te  25 , w ährend sich sow ohl fü r  die u rsp rüng liche  wie 
au c h  fü r  die o x y d ie rte  K o h le  aus Pécs eine P e rm a n g a n a tz a h l von 13, fü r  die 
u rp srü n g lich e  und  o x y d ie r te  K ohle aus A jk a  e in e  von  44, fü r die u rsp rü n g 
liche  K ohle  aus N a g yb á to n y  eine von 88, fü r  die o x y d ie rte  hingegen eine von  
89, a lso  kaum  eine Ä n d e ru n g , ergab.

Z u r B estim m ung  des p H -W erte s  der K o h len  w u rd en  5 g der zur a n a ly t i 
sch en  F e in h e it gem ah len en  K o h le  in einen 100 m l M eßkolben  eingew ogen u n d  
d e r K olben  (u n te r p e rio d isc h e m  Schü tte ln ) m it d e s tille r te m  W asser bis zu r 
M arke  aufgefü llt. D ie S u sp en sio n  wurde im  L a u fe  des Tages m ehrm als ge
s c h ü t te l t ,  über N a c h t s te h e n  gelassen, u n d  d e r  p H -W e r t am  n äch sten  T ag  
b e s tim m t.
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Z u r p H -B e s tim m t w urde  ein R o h rv o ltm e te r  T yp Radelkisz  2518 /S  v e r
w en d e t, w obei als B ezugselek trode  eine K a lo m ele lek tro d e  in 0,1 n  K C l u n d  als 
A rb e itse lek tro d e  eine G lase lek trode  d ien te .

B ek an n te rw e ise  v e rsa u e rt im  L aufe  d e r  O x y d a tio n  die o rg an isch e  S u b 
s ta n z  d er K ohle in fo lge des A nw achsens d e r A n zah l der C arb o x y lg ru p p en .

D ieses S au erw erd en  is t bei ein igen K o h len  gu t fe s ts te llb a r u n d  sp iegelt 
sich au ch  im  p H -W e rt, w ie z.B . bei d e r K o h le  au s Borsod, wo die u rsp rü n g lich e  
K ohle einen p H -W e r t von  5,1, die o x y d ie r te  hingegen von 4,4 b e s i tz t ,  fe r
n er be i d er K oh le  aus N agybátony, wo d er p H -W e r t von 6,5 a u f  5,9 sow ie bei 
d er K ohle  aus K om ló , de ren  p H -W e rt von  6,2 a u f  4,2 v e rrin g e rt w ird . E ine 
geringere V ersau eru n g  is t bei der K ohle aus Pécs zu b eo b ach ten , w o sich  der 
p H -W e rt von  4 ,9  a u f  4,5 verrin g erte .

B eim  L ig n it aus Gyöngyös ä n d e rte  sich  h ingegen  der p H -W e rt t r o tz  s ta r 
k er O x y d a tio n  n ic h t, d enn  sowohl die u rsp rü n g lich e , wie auch  d ie  o x y d ie rte  
K ohle h a tte n  e inen  p H -W e rt von 4 ,5 , w ä h re n d  sich hei der K o h le  au s  A jk a  
das p H  vom  u rsp rü n g lich en  W ert von  6,4 a u f  7,3 erhöh te .

D ieser ex p erim en te lle  B efund k a n n  d a m it e rk lä rt w erden , d a ß  d e r fü r 
K oh len  gem essene p H -W e rt n ich t n u r  von  d e r S tru k tu r  der o rgan ischen  K o h len 
su b s ta n z , so n d ern  au ch  von  der Z u sam m en se tzu n g  der Asche bzw . des die 
K ohle  b eg le iten d en  ta u b e n  G esteines a b h ä n g ig  is t.

W enn  die b e i d er O x y d a tio n  d er K oh le  sich  b ildenden  C a rb o n säu ren  von 
irg en d e in em  A sch e n b e s ta n d te il g eb u n d en  w erd en , w ird  deren sa u re  W irk u n g  
an  d er A u sb ild u n g  des p H -W ertes  n ic h t m e h r  b e te ilig t sein.

W ie b e k a n n t, e n th ä l t  die K ohle  au s A jk a  b e träch tlich e  M engen  von  
C a lc iu m ca rb o n a t (w as au ch  an den  D e riv a to g ram m en  in F o rm  e ines M axi
m um s bei h o h e r T e m p e ra tu r , zw ischen 700 u n d  800 °C, zum  A u sd ru ck  
k o m m t).

D ieses C a lc iu m ca rb o n a t b in d e t die im  L aufe  der O x y d a tio n  s ich  b ild en 
den  C arb o n säu ren . V on diesen A u sn ah m en  ab gesehen , zeigt eine A b n a h m e  des 
p H -W e rte s  d er u rsp rü n g lich en  K ohle s te ts  e ine O xyd atio n  der K o h le  an .

Im  L aufe d e r  d e riv a to g rap h isch en  U n te rsu ch u n g en  w urde fü r  je d e  K o h 
len p ro b e  die th e rm isc h e  Z erse tzung  d er u rsp rü n g lich en  und  d e r o x y d ie rte n  
K ohle  in  e inem  S tick sto ffs tro m  von  15 L it ./h  G eschw indigkeit, fe rn e r  der 
V erb ren n u n g sv o rg an g  in  L u ft u n te rsu c h t.

Die th e rm isch e  Z erse tzung  w u rd e  in tie fe n , m it D eckel v e rseh en en  P la t in 
tiege ln , s te ts  an  g en au en  E inw aagen  von  1 g b e o b ach te t.

Z u r U n te rsu c h u n g  des V erb ren n u n g sv o rg an g es w urde eine g e n a u  einge
w ogene P ro b e  v o n  0,5 g in  se ich ten  P la tin tie g e ln  flach  a u sg e b re ite t. In  den 
V e rb ren n u n g sv e rsu ch en  w urde d er L u f ts tro m  durch  das aus d em  T iegelofen 
rag en d e  K a litro h r  eingesogen.

Die A ufheizungsgeschw ind igkeit b e tru g  s te ts  5 °C/min. Bei d e r  A u fn ah m e 
d er D T A -K u rv en  w urde  als in e rte r  S to ff A lu m in ium ox id  v e rw en d e t.
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Tabelle I

Derivategraphische Untersuchungen im Stickstoffstrom von 15 Lit./h Durchflußgeschwindigkeit
U rsprüngliche K oh len

Deriva-
togramm

No.
Kohlenprobe

Feuchtig
keitsgehalt

%

DTG-Maxima 

°C Höhe, %

DTA-Maxima 

°C Charakter

694 K ohle  aus Pécs, 0 — 8 m m 80 44
Budapester Gaswerke 1,2 470 518 470

700 151 690 +

695 L ig n itg ru s aus Gyöngyös 15,6 100 287 100
fü r  K raftw erke 360 139

500 142 500 ■ —

620 91

790 80 790 —

703 E n erg e tisch e  D urch- 85 154 85
sch n ittsk o h le  aus Ajka 
Zentrale Kohlen- 410 138 360 —
klassierung,  Ajka 12,4 410 —

505 143 495 —

710 167 700 —

780 328 780 —

729 K o h le  aus Borsod 23,2 85 463 90
Zentrale Kohlen
klassierung, Bereute 340 170 —

400 —
460 79 470

K o h le  aus Nagybátony 14,6 105 302 110

717
Nógráder
Kohlenbergbautrust ' 410 135 400 —

490 164

520 —

728 K o h le  aus Komló 
Donau-Eisenwerke

2,4 50

400

51

656

495

650 72 640 —
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O x y d ie rte  K o h len

Dcriva-
togramm

No.
Kohlenprobe

Feuchtig
keitsgehalt
• %

DTG-Maxima 

°C J Höhe, %

DTA-Maxiina 

°C Charakter

714 L ignitg rus aus Gyöngyös 
fü r  K raftw erke 
O xyd iert (15 Tage)

20,4 110

380

510

670

344

118

91

108

110

365

520 —

715 K ohle aus Pécs,
0 — 8 nun
O xyd iert (15 Tage)

2,4 60

450

670

115

493

128

460

700 +

716 Energetische D urch
schnittskohle  aus Ajka 
Zentrale Kohlen
klassierung, Ajka 
O xydiert (15 Tage)

15,2 90

400

520

790

303

118

128

368

90

410

520

790

—

757 Kohle aus Borsod 
Zentrale Kohlen
klassierung, Berente 
O xydiert (32 Tage)

25,2 110

350

490

551

135

71

120

405

500
-

759 Kohle aus Nagybátony 
Nógráder
Kohlenbergbautrust 
O xydiert (50 Tage)

17,0 110

400

500

620

622

136

110

Inflexion

110

400

500

620 In flex io n

758 Kohle aus Komló 
Donau-Eisenwerke 
O xydiert (39 Tage)

4,0 80

440

510

660

133

740

Inflexion

70

455

510 In flex ion

Bei der U n te rsu ch u n g  des th e rm isch en  Z erse tzungsvorganges w u rd e  die 
T e m p e ra tu r  der zu u n te rsu c h e n d e n  S u b stan z  gem essen, bei d er U n te rsu c h u n g  
des s ta rk  ex o th e rm en  V erb ren n u n g sv o rg an g es  h ingegen die des in e r te n  
S toffes.

D ie E rgebnisse  d er d e r iv a to g ra p h isc h en  U n te rsu ch u n g en  s in d  in  T a b . I 
u n d  I I  zu sam m en g efaß t. In  den  T ab e llen  w ird  die H öhe der D T G -M ax im a in
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Tabelle I I

D erivatographische U ntersuchungen in  L u ft  

U rsprüngliche K o h len

Deriva-
togramm

No.
Kohlenprobe

Feuchtig
keitsgehalt

%

DTG-Maxima DTA-Maxima

°C Höhe, % °C Charakter

700 K ohle aus Pécs, 1,6 30 10
0 - 8  m m
Budapesler Gaswerke 220 - 5 8 230 +

255 62

350 +
390 410 400 +

698 Lignitgrus aus Gyöngyös 60 197 50
fü r K raftw erke 15,6 100 —

245 612 230 +
330 351 325 +
370 356 355 +
460 96 455 +
560 27

702 Energetische D u rch - 65 188 50
schnittskohle au s  A jk a  
Zentrale K ohlen -

12,0 105 —
klassierung , A jk a 240 256 230 +

320 528 315 +
695 188 670 —

731 K ohle aus Borsod 25,6 70 274 60
Zentrale K ohlen
klassierung, Berente 250 314 260 +

330 274 330 +
410 292 400 —

719 K ohle aus N agybátony 15,0 65 270 55
Nógráder
Kohlenbergba u lrust 260 330 260 +

330 714 340 +
440 65 430 —

726 K ohle aus Komló  
D onau-Eisenwerke

2,0 40

220

15

— 51

50 -

280 59 280 +
410 459 400 +
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O xydierte  K oh len

Deriva-
togramm

No.
Kohlenprobe

Feuchtig
keitsgehaltо//о

DTG-Maxima DTA-Maxima

°C Höhe, % °C Charakter

711 K ohle aus Pécs 2,5 30 17
0 — 8 m m
fíudapester Gaswerke 230 - 4 2

O x y d ie rt (15 Tage) 245 45 245 +
410 427 400 +

710 L ign itg rus aus Gyöngyös 19,6 65 243
fü r K ra ftw erk e  
O x y d ie rt (15 T age) 105 113 100 —

220 955 215 +
320 311 310 +
445 Inflex ion 450 In flex ion

570 62

713 E nergetische  D urch- 14,5 50 175
schn ittskoh le  aus A jk a  
Zentrale Kohlen- 220 577 210 4-
klassierung, A jk a 330 577 315 +
O x y d ie rt (15 Tage) 695 201 680

756 K ohle aus Borsod 24,0 60 259
Zentrale K ohlen- 
M assierung, Berente 100 Inflex ion 100 Inflex ion

O x y d ie rt (32 Tage) 260 857 270 +

370 455 360 +

753 K ohle aus N agybátony 17,0 95 215 90 _
Nógráder K ohlen
bergbautrust 325 238 320 +

O x y d ie rt (50 Tage) 405 831 405 +

480 46 490 —

755 K ohle aus Komló 3,0 50 35
D onau-Eisenw erke  
O x y d ie rt (39 Tage) 240 - 2 3

270 +
430 470 470 +
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P r o z e n t  angegeben , in d em  die zw ischen Z im m e rte m p e ra tu r  u n d  800 °C 
g e fu n d e n e  d u rc h sc h n ittlic h e  G eschw ind igkeit d e r  th erm isch en  Z e rse tzu n g  bzw . 
des Y erb ren n u n g sv o rg an g es  zu  100%  an g en o m m en  wird.*

A u f  G rund  des V erg leichs d er d e r iv a to g ra p h isc h en  A nalyseergebn isse  
u rs p rü n g lic h e r  u n d  o x y d ie r te r  K ohlen  k ö n n e n  d ie b isherigen e x p e rim en te llen  
B e fu n d e  fo lgenderm aßen  zu sam m en g e faß t w erd en :

D e n  E rw a rtu n g e n  en tsp re c h e n d , is t be i K o h len  von  n ied rig e rem  In k o h 
lu n g s g ra d , so vor a llem  b e im  L ig n it aus G yöngyös die s tä rk s te  W irk u n g  der 
O x y d a t io n  zu b eo b ach ten . B ei K oh len  v o n  h ö h e rem  In k o h lu n g sg rad , w ie z.B . 
b e i S te in k o h le n , is t die W irk u n g  d er O x y d a tio n  w eniger au ffa llen d . B ei in  
S tic k s to ffs tro m  v o rg en o m m en en  U n te rsu c h u n g e n  der th e rm isch en  Z e rse t
z u n g  i s t  die W irkung  d er O x y d a tio n  e rs t b e i h ö h eren  O x y d a tio n sg ra d e n  an  
d en  D e riv a to g ra m m en  zu b e o b a c h te n . B ei V erb ren n u n g sv ersu ch en  h ingegen  
m a c h t  s ich  die W irk u n g  d er O x y d a tio n  schon  v ie l frü h e r b em erk b a r.

W ä h re n d  der V e rb re n n u n g sv e rsu ch e  in  L u f t  e rschein t bei S te in k o h len , 
zu m  U n te rsc h ie d  v o n  den  B rau n k o h len , n a c h  d em  E n tw eichen  des W assers 
so w o h l a n  den  TG- w ie au ch  an  den  D T G -K u rv e n  ein A b sc h n itt, d e r  eine 
G ew ic h tsz u n a h m e  an ze ig t. D ieser A b sc h n itt k a n n  d am it e rk lä r t w e rd en , daß  
d ie K o h le  u n te r  B ild u n g  sau ers to ffre ich e r G ru p p en , v erm u tlich  m it P e ro x id 
c h a r a k te r ,  S au ersto ff aus d e r L u ft a u fn im m t. D ie H öhe dieser m it G ew ich ts
z u n a h m e  v e rb u n d en en  M ax im a w ird  in  T ab . I I  d u rc h  ein n egatives V orzeichen  
v o n  d e n  m it  G ew ich tsab n ah m e v e rb u n d en en  M ax im a un te rsch ied en .

S ow oh l im  F alle  d e r K o h le  aus Pécs w ie a u c h  in  dem  aus K om ló  is t  d ieses 
m it  G ew ich tszu n ah m e v e rb u n d e n e  M ax im um  fü r  die o x yd ierte  K o h le  k le in e r, 
a ls f ü r  d ie  u rsp rüng liche , n ic h t  o x y d ie rte  K o h le . D ies k an n  o ffen sich tlich  der 
T a ts a c h e  zugeschrieben  w erd en , d aß  die o x y d ie r te  K ohle bere its  v o r B eg in n  des 
V e rsu c h e s  S au ersto ff au fg en o m m en  h a t , w elcher e inen  Teil der a k tiv e n  G ru p p en  
b e s e tz te ,  w odurch  w äh re n d  des V ersuches d iese S tellen  n a tü rlic h  n ic h t  m eh r 
an  e in e r  G ew ich tszunahm e te iln eh m en  k ö n n en .

I n  den  U n te rsu ch u n g en  des th e rm isch en  Z erse tzungsvorganges i s t  die 
W irk u n g  d e r O x y d a tio n  im  F a lle  des L ign its  au s  Gyöngyös k la r e rs ic h tlic h . An 
d em  g eg en  höhere T e m p e ra tu re n  liegenden  A st des W asserm ax im um s d e r  15 
T ag e  h in d u rc h  o x y d ie rten  K o h le  aus Gyöngyös t r e te n  sow ohl an  d er D T G - wie 
a u c h  a n  d e r  D T A -K urve b e i 140 u n d  170 °C c h a ra k te ris tisch e  In fle x io n e n  au f 
(A b b . 1 u n d  2). D iese zeigen  die A b sp a ltu n g  d e r im  L aufe d er O x y d a tio n  
g e b ild e te n  sau ersto ffre ich en  G ru p p en  an. D a  diese A b sp a ltu n g s te m p e ra tu ren  
n ie d r ig  s in d , verschm elzen  sie m eh r oder w en ig er m it dem  W asse rm ax im u m .

* Ä h n lich  wie in  f rü h e re n  A rb e ite n  bere its  b e r ic h te t ,  w u rd e  zu r B estim m u n g  des d u rc h 
s c h n i tt l ic h e n  D T G -G alvanom eteraussch lages die F lä ch e  u n te r  der K urve  zw ischen  Z im m er
te m p e r a tu r  u n d  800 °C p la n im e tr ie r t ,  so d an n  u n te r  B erü ck s ich tig u n g  der L änge  de r G ru n d 
lin ie  je n e r  d u rch sch n ittlich e  G a lv an o m ete rau ssch lag  b e re c h n e t, der einer F läche  v o n  d e rselben  
G rö ß e  w ie  d ie  durch  P la n im e tr ie re n  e rh a lten e  zu g eh ö rt.
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B eim  U n te rsu c h e n  des V e rb ren n u n g sv o rg an g es w ird die W irk u n g  der 
O x y d a tio n  v o r a llem  d a d u rc h  b em erk b ar, d a ß  ein  größerer Teil d er o rg an isch en  
S u b stan z  der K oh le  im  V erb ren n u n g sm ax im u m  von n ied riger T e m p e ra tu r  
v e rb re n n t, wie im  F alle  d er u rsp rü n g lich en , n ic h t  o xyd ie rten  K ohle .

Die D e riv a to g ram m e  des u rsp rü n g lich en  u n d  des o x y d ie rten  L ig n its  aus 
Gyöngyös weisen b e d e u te n d e  U n tersch iede  a u f  (A bb. 3 u n d  4).
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A n  d er D T G -K urve des o x y d ie rten  L ig n its  e rsch e in t bei 105 °C, u n m it te l 
b a r  n a c h  dem  W asse rm ax im u m , ein k le ines Z erse tzu n g sm ax im u m , d as  der 
A b s p a l tu n g  der im  L aufe  d e r  O xydatio n  g e b ild e te n  sauersto ffre ichen  G ru p p en  
e n ts p r ic h t .  In  diesem  F a ll h a n d e lt  es sich n ic h t u m  ein V erb ren n u n g sm ax im u m , 
w as a u c h  d u rch  den e n d o th e rm e n  C h a rak te r des dem  D TG -M axim um  e n ts p re 
c h e n d e n  D T A -M axim um s angeze ig t w ird.

W e n n  die E n d te m p e ra tu re n  der D T G -M ax im a a u f  die T G -K u rv e  p ro je k 
t i e r t  w e rd e n , k ann  m an  q u a n ti ta t iv e  D a ten  ü b e r d ie  Menge der in  den  M ax im a 
v e rb re n n e n d e n  S u b stan zen  e rh a lten .

Im  F alle  des u rsp rü n g lic h e n  n ich t o x y d ie r te n  L ignits v e rb ren n en  im  e r
s te n  M a x im u m b e i 245 °C a u f  T ro ck en su b stan z  b e re c h n e t 15%  der o rg an isch en  
S u b s ta n z . Beim  o x y d ie rten  L ig n it liegt dieses M ax im u m  bei n ied rig e re r T e m 
p e r a tu r ,  be i 220 °C, w obei 2 1 %  d er o rgan ischen  S u b s ta n z  verb ren n en , also m eh r 
als im  F a lle  der u rp srü n g lich en  K ohle.

D ie  D eriv a to g ram m e des ox y d ierten  u n d  des frischen L ign its  w eisen 
n o c h  a n d e re  in te re ssan te  U n te rsch ied e  auf. B e im  u rsp rü n g lich en  L ig n it b ild e t 
das z w e ite  V erb ren n u n g sm ax im u m  sow ohl a n  d e r  D TG - wie auch an  d e r D TA - 
K u rv e  e in  D oppelm ax im um  (bei 330 u n d  370 °C), d .h . die V e rb ren n u n g  v e r 
la u f t  in  d iesem  Fall in  zwei S tu fen .

A u f  T ro ck en su b stan z  b e re c h n e t v e rb re n n e n  in  der ersten  S tu fe  1 2 % , 
in  d e r  zw e iten  hingegen 11%  d er S ubstanz .

G egensä tz lich  e rsc h e in t im  F alle  des o x y d ie r te n  L ignits das zw eite  V e r
b re n n u n g sm a x im u m  sow ohl a n  der DTG- w ie a u c h  der D T A -K urve als ein
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einfaches M axim um , d .h . die V erb ren n u n g  v e r lä u f t  h ie r in  e iner S tu fe . In  d ie
sem  einfachen  V erb ren n u n g sm ax im u m  v e rb ren n en  a u f  die T ro ck en su b stan z  
b e re c h n e t 17%  d e r S u b stan z .

D ie V e rb ren n u n g sd eriv a to g ram m e d er u rsp rü n g lich en  u n d  d er o x y d ie r
te n  K ohle  aus A jk a  (A bb. 5 u n d  6) zeigen, d aß  im  F a lle  d er o x y d ie rte n  K ohle 
ein g rößerer Teil im  e rs te n  V erb ren n u n g sm ax im u m  v o n  n ied rig er T em p era 
tu r  v e rb re n n t, als im  F a lle  d er u rsp rü n g lich en  K ohle.

Im  Falle d er u rsp rü n g lich en , n ich t o x y d ie rte n  K ohle v e rb ren n en  a u f 
T ro ck en su b stan z  b e re c h n e t 6%  im  e rs ten  V erb ren n u n g sm ax im u m  be i 240 °C, 
u n d  38%  im  zw eiten  V erb ren n u n g sm ax im u m  bei 320 °C.

Im  F alle  d e r o x y d ie rten  K ohle  v e rb ren n en  a u f  die T ro ck en su b stan z  
b e re c h n e t 13%  im  e rs ten  V erb ren n u n g sm ax im u m  bei 220 °C, u n d  30%  im  
zw eiten  V erb ren n u n g sm ax im u m  bei 330 °C.

D as bei e tw a  700 °C erscheinende große M axim um  k a n n  m it dem  hohen  
C a lc iu m carb o n a tg eh a lt d er K ohle aus A jk a  bzw . m it dessen th e rm isch e r 
Z erse tzung  e rk lä r t w erden .

Im  F alle  d er K ohle  au s Borsod  v e rb re n n t im  e rs te n  V erb ren n u n g sm ax i
m um  — ähn lich  wie b e im  L ig n it aus Gyöngyös u n d  b e i d er K ohle  au s A jk a  — 
von  d er o x y d ie rten  K oh le  ebenfalls m ehr, als von  d er u rsp rü n g lich en  K ohle.

A u f T ro ck en su b stan z  b e rech n e t v e rb ren n en  v o n  d er u rsp rü n g lich en  K ohle 
11%  im  ers ten  M ax im um  bei 250 °C u n d  55%  im  zw eiten  d o p p e lten  M axim um  
(bei 330 und  410 °C).
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V on der o x y d ie rten  K o h le  h ingegen v e rb ren n en  32%  im  e rs te n  M axim um  
b e i 260 °C und 35%  im  zw eiten  M axim um  bei 370 °C, ebenfalls a u f  T ro ck en su b 
s ta n z  b erechnet.

D ie K ohle aus Borsod  e rg ab , ähn lich  w ie der L ig n it aus Gyöngyös, ein 
d o p p e lte s  zweites V erb ren n u n g sm ax im u m  fü r die u rsp rü n g lich e  K ohle , w äh 
re n d  im  Falle der o x y d ie r te n  K oh le  dieses M axim um  einfach w ar.

Im  zw eiten V erb ren n u n g sm ax im u m  v e rb re n n t also die u rsp rü n g lich e  
K o h le  in  zwei S tu fen , die o x y d ie r te  hingegen in  e iner S tufe .

°C — 200 WO 600 800 °C -----» -  200 Í0 0  600 800

Abb. 5

Im  Falle der K ohle  au s N agybätony  w u rd en  bei dem  von  u ns u n te rsu c h 
te n  O x y d a tio n sg rad  n u r  gerin g ere  Ä nderungen  d er o rganischen  S u b stan z  durch  
die O x y d a tio n  h erv o rg eru fen .

U nsere  b isherigen  V ersuehsergebn isse  zeigen, d aß  sich die d eriv a to - 
g ra p h isc h e  M ethode auch  in  d iesem  F orsch u n g sg eb ie t den  E rw a rtu n g e n  gem äß 
b e w e h r te .

D ie d e riv a to g rap h isch e  M ethode  erm öglich t die E rfa ssu n g  u n d  A bsonde
ru n g  d e r einzelnen A b sc h n itte  d e r th erm isch en  Z erse tzung  u n d  des V e rb ren 
n e n s , w äh ren d  die T G -K u rv e  au ch  die genaue q u a n t i ta t iv e  B estim m u n g  der 
in  d en  einzelnen A b sc h n itte m  sich  zerse tzenden  bzw . v e rb re n n e n d en  S u b stan z  
m ö g lich  m ach t.

D ie verg leichende U n te rsu c h u n g  der u rsp rü n g lich en  u n d  d er o x y d ie rten  
K o h le  erm öglich t h ingegen  d ie  E rk e n n tn is  der im  L aufe  der O x y d a tio n  in  der 
o rg an isch en  S ubstanz  d er K o h le  a u ftre te n d en  Ä n d eru n g en , u . zw. m it einer 
e in fa c h e n  V ersuchsm ethod ik .
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L au t u n se re r V ersuchsergebnisse  zeig t sich  die W irkung  der O x y d a tio n  
vo r allem  bei d e r U n te rsu c h u n g  des V erb ren n u n g sv o rg an g es. Dies k a n n  w a h r
scheinlich d a m it e rk lä r t  w erden , daß  der V erb ren n u n g sv o rg an g  an  der O b er
fläche der K oh le  v e r lä u f t, u n d  die O x y d a tio n  v o r  a llem  eben die O b e rfläch en 
e igenschaften  d e r K ohle  ä n d e rt.

D ad u rch  w ird  w e ite rh in  v e rs tän d lich , d aß  d ie  O x y d a tio n  auch  a u f  die 
V erk o k b ark e it d e r K ohlen  einen s ta rk en  E in flu ß  a u sü b t, denn auch  bei d er

V erkokung  spielen  besonders die O berfläch en e ig en sch aften  der K ohle eine 
große Rolle.

Bei dem  b e o b a c h te te n  O x y d a tio n sg rad  v e rb ra n n te  im  Falle der o x y d ie r
te n  K ohlen eine g rößere  M enge von flüch tigen  B e s ta n d te ile n  im  ersten  V erb ren 
n u n g sm ax im u m  v o n  n ied rig e r T em p era tu r, als im  F a lle  der frischen K oh len .

Es ist o ffensich tlich , d aß  diese im L aufe d e r O x y d a tio n  a u ftre te n d e n  
Ä nderungen  auch  in  p ra k tisc h e n  F euerungen  den  V erb ren n u n g sv o rg an g  b ee in 
flussen .

Die bei d er V erfeu eru n g  der K ohle in K ra f tw e rk e n  a u ftre te n d en , o ft 
u n e rk lä rlich  e rsch e in en d en  Schw ierigkeiten  k ö n n en  in  vielen  F allen  s ich e r
lich  a u f  die v e rä n d e rte n  E ig en sch aften  der im L aufe  d e r L agerung  o x y d ie rten  
K ohle zu rü ck g e le ite t w erden .
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ZU SA M M EN FA SSU N G

I n  u n se ren  K ra ftw erk en  w erden  große M engen von  K oh len  fü r  en erg e tisch e  Zw ecke v e r
w e n d e t, d ie  a u ch  d o rt lagern .

D ie  E ig en sch aften  de r o x y d ie r ten  K oh len  w eichen  v o n  jen en  der frisch en  K o h len  ab, 
w as s ich  a u c h  im  Y erb ren n u n g sv o rg an g  b e m e rk b a r m ac h t.

E s  w u rd e n  die in u n g arisch en  K ra f tw e rk e n  v e rw en d e ten  K ohlen , L ig n it au s G yöngyös, 
sow ie K o h le n  aus A jk a , Borsod  u n d  N agybátony  in frisch em  u n d  in o x y d iertem  Z u s ta n d  u n te r 
su c h t.

D ie  deriv a to g rap h isch e  M ethode  is t  zu r V erfo lgung  der w ährend  de r O x y d a tio n  e in 
t r e te n d e n  Ä nd eru n g en  besonders geeignet.

F ü r  o x y d ierte  K ohlen  sind  die bei tie fen  T e m p e ra tu re n  erscheinenden  th e rm isc h e n  Zer- 
se tz u n g s m a x im a  sehr c h a ra k te ris tisch . D iese k ö n n en  a u f  die A b sp altu n g  v o n , w ä h ren d  der 
O x y d a t io n  g eb ilde ten , sau e rs to ffre ich en  G ru p p en  zu rü ck g e le ite t w erden.

E n tsp re c h e n d  der E rw a r tu n g  w erd en  K o h len  v o n  geringerem  In k o h lu n g sg ra d  (L ign ite) 
ra sc h e r  o x y d ie r t ,  als s tä rk e r in k o h lte  K ohlen .
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Investiga tion  o f th e  ox idation  (s to ra g e ) o f coals by d e riv a to g rap h y

M. WELTNER

S u m m a r y .  In  power p la n ts  g re a t q u a n tit ie s  o f coal are  used , an d  th u s  also s to re d , fo r power 
g e n e ra tio n .

T h e  properties o f ox id ized  coals d iffer fro m  those  of fresh  coals, a n d  th is  d ifference 
in f lu e n c e s  also the  co m b u stio n  process.

Coals used in  H u n g a rian  pow er p la n ts , such  as lign ite  from  G yöngyös a n d  coals from  
A jk a , B o rso d  and  N a g y b á to n y  hav e  been  s tu d ie d  in  fresh  an d  in oxid ized  s ta te .

D eriv a to g rap h y  w as fo u n d  to  be a v e ry  su itab le  m eth o d  for follow ing of changes occur
r in g  d u r in g  ox idation .

V ery  ch arac te ris tic  o f ox id ized  coals are th e rm a l decom position  m ax im a , occu rrin g  a t  low 
te m p e ra tu re s .  These a re  to  be a sc rib ed  to  th e  sp litt in g  off of groups r ic h  in  oxy g en , form ed 
d u r in g  o x idation .

As be expected , coals o f low er carb o n iza tio n  grade  (lignites) are o x id ized  a t  a h igher ra te , 
t h a n  coals in  a h igher s ta te  o f carb o n ifica tio n .

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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Исследование процесса окисления (хранения) углей с помощью 
дериватографического метода

М. В Е Л Т Н Е Р

Резюме. На силовых станциях страны используются большие количества угля, которые 
там и хранятся, для энергетических целей.

Свойства оксидированных углей отличаются от свойств свежих углей, что оказы
вает влияние и на процесс горения углей.

Исследовали, используемые на отечественных силовых станциях, дьёньдёши лиг
нит, а также типы углей, добываемые в Айка, Боршоде и Надьбатоне в свежем и оксиди
рованном состояниях.

Дериватографический метод является очень пригодным для наблюдения изме
нений, происходящих в ходе окисления.

Для окисленных углей очень характерными являются максимумы теплового рас
пада, наступающие при низких температурах. Эти максимумы являются результатом 
отрыва, обогащенных кислородом групп, которые образуются в ходе окисления.

Как следовало ожидать, нашли, что быстрее окисляются угли с меньшей степенью 
обугливаемости, чем угли с большей степенью обугливаемости.

d r. M arg it W e l t n e r ; B u d a p e s t, IX .,  F e ren c  k r t .  10.

Acla Chimica Aeademiae Scientiarum Hungaricae 47. 1966.
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ON THE VIBRATIONAL SPECTRUM OF THE 
TRIMETHYLSILYL GROUP

F .  T ö r ö k  a n d  G y .  B .  H u n

(Research Group fo r  Inorgan ic  Chem istry o f  the H u n g a r ia n  A cadem y o f  
Sciences, B udapest)

R e c e i v e d  J u l y  2 6 ,  1 9 6 5

1.

The  tr im e th y ls ily l g roup  m a y  be read ily  co n n ec ted  to  a v a r ie ty  o f ele
m e n ts  an d  com pounds. V ib ra tio n a l sp ec tra  revea ling  im p o r ta n t  d a ta  a b o u t 
th e  m eta l-oxygen-silicon  b o n d s  o f  such  com pounds h a v e  been  p u b lish e d  in  
p rev io u s  p ap e rs  (e.g. [1 — 10]). In  th e  p resen t w ork  we w ish  to  fa c il i ta te  th e  
q u a n ti ta t iv e  ev a lu a tio n  o f su ch  sp ec tra  by  ap p ly in g  th e  m e th o d  o f K i n g  

a n d  C r a w f o r d  to  th e  tr im e th y ls ily l  group.

2 .

K i n g  a n d  C r a w f o r d  [11] discuss group v ib ra tio n s  on th e  basis  o f 
W i l s o n ’s G F  m a trix  m e th o d s  [12]. In  th e  v ib ra tio n a l e q u a tio n

G F L  =  L A  (1)

th e  m a trices  F  and  L  a re  c o n s tru c te d  from  th e  force c o n s ta n ts  of th e  m olecule 
a n d  from  th e  e igenvecto rs o f m a tr ix  GF,  re sp ec tiv e ly ; Л  is a d iagona l m a tr ix  
w ith  th e  e lem en ts A; =  4 n v \ ’, vt(i = 1 , 2 ,  . . . ,  n) den o tes  th e  no rm al freq u en c ies ;

G =  B M - 1 B '

w here M  is a d iagonal m a tr ix  con ta in ing  th e  m asses o f th e  co rresp o n d in g  
a to m s; В  is a m a trix  o f tra n s fo rm a tio n  defined  b y

S  =  B X

w here X  a n d  S are co lum n m a tric e s  co n stru c ted  from  th e  C artesian  a n d  in te rn a l 
co o rd in a tes , respective ly .

K i n g  a n d  C r a w f o r d  discuss th e  v ib ra tio n s  o f  g roups th e  n o rm a l fre 
quencies o f w hich are  o n ly  s lig h tly  affected  b y  th e  m o lecu la r fram ew o rk  to  
w hich th e  group is b o n d ed . T h e  ch a rac te ris tic  freq u en c ies  of th e  g ro u p  m ay

1 Acta Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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th u s  be  considered s e p a ra te ly  from  o th e r  v ib ra tio n s  in  th e  m olecule w hereby 
th e  tre a tm e n t of th e  p ro b le m  becom es co n sid e rab ly  sim pler.

I f  th e  m olecule h a s  g  in te rn a l v ib ra tio n s  o rig in a tin g  fro m  th e  group to  
b e  considered  an d  /  f ra m e w o rk  v ib ra tio n s , th e n  n =  g  -f- / .  In  th is  case th e  
m a tr ix  G F  will be c o n s tru c te d  in a w ay t h a t  th e  f irs t g  e lem en ts  of th e  eigen
v a lu e  m a trix  A  c o rre sp o n d  to  the  in te rn a l g ro u p  v ib ra tio n s . A ccord ing  to  th e  
m e th o d  of K i n g  an d  Cr a w f o r d , in th e  know ledge o f th e  f i r s tg  row s o f th e  m a trix  
L _1, one can c o n s tru c t an  o rth o g o n al m a tr ix  A ,  an d  w ith  th e  a id  of th e  la t te r  
th e  eigenvalues Ax, . . . ,  Ag a re  fac to red  fro m  th e  tra n s fo rm e d  secu la r equation . 
I n  th e  following d iscu ss io n  we shall ap p ly  m a tr ix  A  d iv id ed  in to  four sub 
m a tr ic e s :

q  _  A g g  A g f  

A f g  A f f -

L e t m atrices G a n d  F  p a r titio n e d  sim ila rly .
B etw een  th e  d ia g o n a l m a trix  A jf ,  c o n s tru c te d  fro m  th e  fram ew ork 

e ig en v a lu es  Ag+ 15 . . . ,  A„, a n d  th e  m atrices  w hich w ere  o b ta in ed  by
a  m od ifica tio n  of th e  m a tr ic e s  Gff and  F ff  as described  below , th e  following 
re la tio n  holds:

Gff Ff j Lh =  L+ Aff ( 2 )

w h e re  m a tr ix  L + c o n ta in s  th e  eigenvecto rs o f GffFj'f,

G ff  =  BJ( M ~ 1)+ B}  (3)
B j  is a su b m atrix  o f В :

B f l

( М - 1)+ =  М -!  -  м - 1 В '  w sg B M - 1 , w here  W gg =  A g ( A ’g G A g )-1 A ' .

T h e  m od ified  force c o n s ta n t  m a tr ix  Fjy is also c o n s tru c te d  w ith  th e  aid of 
m a tr ix  A  :

F/ f  — Fff + FfgAgj ( A ff) 1 +  (Aff ) 1 A gf Fgf +  (Aff) 1 A gf FggA gJ(Aff) 1 (4)

3.

L e t th e  tr im e th y ls ily l g ro u p  be connected  to  an  a to m  X  (F ig . 1). H av ing  
su p p o se d  th a t  th e  silicon a n d  carbon  a to m s h a v e  te tra h e d ra l  sy m m e try , the  
s y m m e try  coord inates w ere  co n stru c ted  acco rd in g  to  th e  p o in t g roup  C3„. 
N e g lec tin g  torsional v ib ra t io n s ,  th e  re p re se n ta tio n  has th e  s tru c tu re :

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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8 -{- 3 a 2 - f  l i e .

T he sy m m etry  c o o rd in a te s  are  lis ted  in  T ab les I —I I I .  A ssem bling  T ab les  
I —I I I  side b y  side, one g e ts  m a tr ix  B ' . In  th e  T ab les a =  x/y ,  b =  z/y, w here 
X, y ,  z are  len g th s  o f th e  b o n d s  S iX , SiC a n d  C H , resp ec tiv e ly . C onsidering  
th e  g rea t im p o rtan ce  o f th e  tr im e th y ls ilo x y  g roup , in  o u r w ork  X  w as chosen  
to  be an oxygen  a to m , acco rd in g ly  a — 0.584, b == 1.147. All th e  e lem en ts  
o f T ab les I —I I I  are  to  be  m u ltip lied  w ith  a n o rm aliz in g  fa c to r  1/36.

As th e  p u b lished  sp e c tra  show , th e  frequenc ies o f th e  tr im e th y ls ilo x y  
g roup , w ith  th e  ex cep tio n  o f  frequencies v7 (SiO s tre tch in g ), v8 (OSiC sym . 
def.), r 21 (SiC3 asym . def.) a n d  v22 (OSiC asy ra . def.), a re  a lm o st c o n s ta n t in 
th e  d iffe ren t m olecules.

In  ap p ly in g  th e  m e th o d  o f K i n g  a n d  Cr a w f o r d , one has to  k now  th e  
f ir s t  g row s o f m a tr ix  L -1 ; th ese  w ere d e te rm in ed  in  th is  w ork w ith  th e  aid 
o f th e  U B  force c o n s ta n ts  show n in T ab le  IV .

In  T ab le  V, th e  c o m p u te d  in te rn a l g roup  v ib ra tio n s  are c o m p ared  w ith  
som e ex p erim en ta l v a lu es . T h e  f irs t colum n of n u m b ers  co n ta in s  th e  co m p u ted  
va lu es; th e  second, th i rd  a n d  fo u rth  colum ns show  th e  m easured  frequencies 
fo r [Si(CH 3)3]20  [6 ], S i[O Si(C H 3)3]., [2 ], a n d  В  [O Si(CH 3)3]3 [10 ], resp ec tiv e ly . 
F ro m  th e  d a ta  of th e  th i r d  colum n i t  is ev id en t th a t  K r ie g s m a n n  [2 ], a t 
v a rian ce  w ith  th e  p re se n t a u th o rs , considers th e  freq u en cy  a t  760  c m -1 as 
a C H 3 rock ing  v ib ra tio n , in s te a d  of a s tre tc h in g  v ib ra tio n  of th e  S i— C bond .

T he frequencies v7, v8 a n d  v.n , v22 o f th e  tr im e th y ls ily l g roup , w hich  have 
d iffe ren t v a lu es  d ep en d in g  on th e  n a tu re  of th e  fram ew ork , a n d  th e  o th e r 
v ib ra tio n s  o f th e  m olecule  co n ta in in g  th e  tr im e th y ls ilo x y  group  m ay  be  deter-

C o n fig u ra tio n  o f th e  X Si(C H 3)3 g ro u p  o f sy m m etry  C.lt)

1* Acta Chimica Academiae Scientiarum H ungaricae 47. 1966.



«1 «2 Л . R, R-, Rß «7 Rs «3 Л 10 R n
*1 0 0 0 0 0 0 0 0 0 0 0

У1 0 0 0 0 0 0 0 0 0 0 0

Z1 0 0 0 0 0 0 36 0 0 0 0

*2 0 0 0 0 0 0 0 0 0 0 0

У2 0 0 0 0 0 0 0 0 0 0 0

Z2 0 0 0 0 72a 12p — 36 2 4 p 2 0 0 0

*3 8 — 8 р 8 р — 3 2 р — 6 p a - 2 p 8 p Ü —4 p 0 0 0

Уз 0 0 0 0 0 0 0 0 24 — 24 p —6 p 8 a - 2 p 8

Z3 1 6 p 4 32 16 — 24a—8 — 4 p 0 — 8 p 2 0 0 0

*4 — 4 4 J/" 2 —4 р 1 6 р 3 p a + p —4 p 0 2 p — 6 p 2 1 2 p 9 p a  +  3 p

У 4 4 р —4 р 4 р — 1 6 p — 3 p a —p 4 p 8 0 — 2 p 8 — 12 4 p 8 3 f l8 a  +  p 8

z 4 16 р 4 32 16 — 24a—8 —4 p 0 —8 p 2 0 0 0

*3 — 4 4 р —4 р 1 6 p 3 p a + p — 4 p 0 2 p 6 p 2 — 1 2 p — 9 p a - 3 p

Уз —4 р 4]/б —4]/б 16 p 3 p a + p —4 p 8 0 2 p 8 — 12 4 p 8 3 p 8 a  +  p 8

zó 161/2 4 32 16 — 24a —8 —4 p 0 — 8 p 2 0 0 0

*6 0 0 61/2 1 2 p 12 p 0 0 0 0 0 0

Уе 0 0 0 0 0 0 0 0 0 6 p 8 0

ZG — 1 2 р — 12 0 0 0 0 0 0 0 0 0

ж 7 —4 4 р — 7 р ю р —  5 p 0 0 0 2 p 2 -P 5 p

У: 4 р — 4 р — 5 р 2 p -P 0 0 0 —12 p 8 |/ l8

Z 7 — 2 р 4 - 1 6 —  8 4 0 0 0 2 p 4 p 2 — 2 p 2

* 8 —4 4 р — 7 р ю р —  5 p 0 0 0 — 2 p 2 P —  5 p

Уз — 4]/з 4 р 5 f ő — 2 p P 0 0 0 —12 p 8 f l 8

Z8 — 2 р 4 —  16 —  8 4 0 0 0 — 2 p — 4 p 2 2 p 2

*Э 0 0 — З р — 6 p —  6 p 0 0 6 0 - 9 p 0



У» 0 0 з | / б 6 ^ 6 b f l 0 0 0 0 — 3 ^ 1 8 0

z 9 —  u \ i — 12 0 0 0 0 0 0 0 0 0

* 1 0 — 4 i f i l l j / 2 — i f i 4 ^ 2 0 0 0 2 ' ( \ Í - n — i f i

Ую — i f i i f i - f 6 i f i —  2 ^ 6 0 0 0 12 — y i e 2 f Ï 8

г ю — 2 f i 4 - 1 6 — 8 4 0 0 0 i f i i f \ i — 21/12

*11 8 - i f i — i f i — i f i 0 0 0 i f n — i f i V*
Уи 0 0 — b f l б ]/б — i f i 0 0 0 0 0 — 3 f l 8

z u —  2 ^ 2 4 — 16 — 8 4 0 0 0 —  2 f l — i f n i f n

* 1 2 0 0 — i f i —  b ^ i — 6 ^ 2 0 0 0 0 9 ^ 6 0

У12 0 0 —i f i —bfl —bfl 0 0 0 0 — 3 |/ Î 8 0
z 12 — 1 2 ^ 2 —  12 0 0 0 0 0 0 0 0 0
* 1 3 8 — 8 ^ 2 —i f i —i f i P 0 0 0 —if\2 i f i -Г б
У 13 0 0 bfl —bfl i f i 0 0 0 0 0 - 3 f l 8

Z 13 —i f i 4 — 16 —  8 4 0 0 0 i f i 4 / Î 2 — 2 УТ2

* 1 4 —  4 i f i n \ i —  8 ^ 2 4 / 2 0 0 0 — 2fli fb i f i
У 14 i f i —i f i 6 — 4 |/б 2 ]/б 0 0 0 12 — j/TI 2 f l 8

*14 —  i f i 4 - 1 6 —  8 4 0 0 0 —i f i — i f \2 2\  12



**12 а **13а **14а **15 а **16а **17а **18 а **19а **20 а **21 а •**22 а

*1 0 0 0 0 0 0 0 0 0 0 —  1 8 / б Ь

У з 0 0 0 0 0 0 0 0 0 0 0

г 1 0 0 0 0 0 0 0 0 0 0 0

*2 0 0 0 0 0 0 18а —  54а — 1 2 / 1 2 —  2 4 / 6 1 8 / б Ь + б / б

У  2 0 0 0 0 0 0 0 0 0 0 0

Ч 0 0 0 0 0 0 0 0 0 0 0

х з 8 / 2 0 —  16 16 0 —  64 —  1 2 а - 4 0 8 / Ï 2 — 2 / б — 4 / 6

У з 0 0 0 0 0 0 0 0 0 0 0

*3 32 0 4 / 2 3 2 / 2 0 1 б / 2 — 2 4 / 2  а — 8 / 2 0 — 4 / б — 4 / Ï 2 —  8 / Ï 2

*1 2 / 2 — 1 8 ] /2 — 4 4 36 —  16 —  З а — 1 2 7 а  +  9 2 / Т 2 1 з / б - К б
Уз. — 2 ^ 6 —  б / б 4 / 3 — 4 / 3 I 2 / 3 1б / з з / 3 а  +  / з 9 / З а + з / з — 12 5 / 1 8 / 1 8

Ч — 16 0 —  2 / 2 —  1 б / 2 0 —  8 / 2 1 2 / 2 а + 4 / 2 0 2 / б 2 / 1 2 4 / I 2

* ь 2 ] /2 - 1 8 / 2 — 4 4 36 - 1 6 —  З а — 1 2 7 а + 9 2 / Ï 2 13 /  6 - К б

У ь 2 | / б б / б - 4 / 3 4 / 3 - 1 2 / 3 - 1 6 / 3 — З / З а —/з — 9 / З а — З / З 12 - 5 / Î 8 — / 1 8

Ч — 16 0 - 2 / 2 - 1 б / 2 0 —  8 / 2 1 2 / 2 а + 4 / 2 0 2 / б 2 / 1 2 4 / Î 2

*6 0 0 0 12 0 24 24 0 0 0 0

Уб 0 0 0 0 0 0 0 0 0 0 0

2 6 — 24 0 —  1 2 / 2 0 0 0 0 0 0 0 0

х 7 — 4 / 2 0 8 —  14 0 20 —  10 0 0 0 0

У  2 4 / б 0 —  8 / 3 — ю/з 0 4 / 3 — 2 / 3 0 0 0 0

*7 — 4 0 4 / 2 — 1 6 / Í 0 — 8 / 2 4jí 2 0 0 0 0

х а - 4 / 2 0 8 —  14 0 20 — 10 0 0 0 0

У а — 4 ] / б 0 в/! ю/з 0 — 4 / 3 2 / 3 0 0 0 0

z a —  4 0 4 / 2 —  1 б / 2 0 — 8 / 2 4 / 2 0 0 0 0

Х 9 0 0 0 3 —  27 6 6 0 0 0 0



Уэ 0 0 0 - з ] / з —  9 / 3 - б У з —ф г 0 0 0 0

% 12 0 ф 0 0 0 0 0 0 0 0

*10 i f i —  4 — 11 —  3 8 —  4 —  12 0 0 0

Ую 2fb б / б — 4 / 3 У з — з ) / з — ф 2 ] / з 6 f 3 0 0 0

*ю 2 6 —  2 ^ 2 ф \2]j2 4 ^ 2 — 2 ^ 2 — б У г 0 0 0

хп —ф I 2 / 2 8 4 - 6 2 - 1 3 0 0 0

У а 0 0 0 б / з 0 - б | / з з У з —э У з 0 0 0

* п 2 - 6 —i f i 81 /2 — 1 2 У 2 4 ] / Í — 2 У 2 b]/~2 0 0 0
* i î 0 0 0 3 —  27 6 6 0 0 0 0

У 12 0 0 0 3 ^ 3 ф b fî ф 0 0 0 0

*11 12 0 6 / 2 0 0 0 0 0 0 0 0

*13 —ф 1 2 / 2 8 4 — 6 2 — 1 3 0 0 0

У 13 0 0 0 — б ] / з 0 ф — з ] / з ф 0 0 0

*13 2 — 6 — 2 ^ 2 8 ] /2 —  1 2 / 2 ф — 2 |/2 ф 0 0 0

*14 2 ^ 2 (>\2 — 4 —  11 —  3 8 — 4 —  12 0 0 0

У и — ifb - ф ф -К* з У з 4  f i — 2 | / з —ф 0 0 0

*14 2 6 — 2 / 2 ф 1 2 / 2 ф - 2 / 2 - ф 0 0 0



R llb R 13b ^14f) К 15Ь ^17 Í) ^ 18Ö ^19 b R'iob К ць ^22 Ь
*1 0 0 0 0 0 0 0 0 0 0 0
J l 0 0 0 0 0 0 0 0 0 0 le f ö b
21 0 0 0 0 0 0 0 0 0 0 0
*2 0 0 0 0 0 0 0 0 0 0 0
У‘2 0 0 0 0 0 0 18а — 54а - 1 2 f Ï 2 — 24]/б 1 8 fó b  +  f 6
s2 0 0 0 0 0 0 0 0 0 0 0
*3 0 0 0 0 0 0 0 0 0 0 0
Уз 0 — 8]Al8 0 0 48 0 0 3 6 а + 1 2 0 18]Аб 0
z3 0 0 0 0 0 0 0 0 0 0 0
x i — 2 |/6 — 6]/ь 2]/Г12 — 4]/3 12J/3 1б]Аз 3]/3a +  ]/3 9|Аза +  з)/3 — 12 15^2 3]/2
Уз 2 f l 8 — 2 f l 8 — 12 12 12 — 48 — 9а— 3 9 а + 3 6 ]/l2 з]/б - 3 f 6
2i 1б][1 0 2 f ó 16 0 8 f 6 — 1 2 ] /б а -4 ] /б 0 — ö f  2 — 12 — 24
X5 2 ]/б б|^6 ~ 2 \ rU i f i — 12]/Г3 — 1б|Лз — 3]/За— |Аз — 9]/За— 3 f 3 12 — 15^2 — 3 f 2
Уз 2]/18 — 2 |/Ï8 — 12 12 12 —48 — 9а—3 9 а + 3 ó f l 2 з]/б — з]/б
Zô - 1 б ] /3 0 — 2]/б — 1б]/б 0 — 8]/б 1 2 f 6 a + 4 f ó 0 ô f ï ï 12 24
*6 0 0 0 0 0 0 0 0 0 0 0
У в 0 0 0 0 — 36 0 0 0 0 0 0
2e 0 0 0 0 0 0 0 0 0 0 0
х з 0 — 4|Аб 0 0 2]Аз 0 0 — ю / з 0 0 0
Уз 0 4 f l 8 0 0 — 6 0 0 — 6 0 0 0
2 7 0 — ф 0 0 — 8 ]/б 0 0 i f i 0 0 0
хз 0 4]/б 0 0 — 2]Аз 0 0 lofs 0 0 0
Уз 0 4 ]/Ï8 0 0 — 6 0 0 -6 0 0 0
28 0 4]/з 0 0 3]/б 0 0 - 4 ] / б 0 0 0
Х9 0 0 0 —3 JA3 — 9 f l -б|/3 - ф 0 0 0 0
Уя 0 0 0 9 — 9 18 18 0 0 0 0



29 - l l f i 0 - b f i 0 0 0 0 0 0 0 0
*10 — i f i 2 K i 2 K12 п ) / з - K i - e f i 4j/3 - i f i 0 0 0
У io — l f \ Í l f \ i 12 — 3 — 3 12 — 6 6 0 0 0
*10 — i f i 2 f i i f f ) — 8]/б i f i —i f i i f i — i f i 0 0 0
*11 4 Кб i f i — i f î ï — 4j/3 — i f i — i f i K i K i 0 0 0
Уп 0 0 0 — 18 0 18 — 9 - 9 0 0 0
*ii —2]/3 —  2 f i 2 f i — i f i - 4 Кб - 4 К б i f i 2]/6 0 0 0
*12 0 0 0 z f i 9j/3 f>fi ф 0 0 0 0
У12 0 0 0 9 — 9 18 18 0 0 0
*12 l l f i 0 6K Í 0 0 0 0 0 0 0 0

* 1 3 —i f i — 4Кб 4 f l 2 i f i i f i i f i - f i - K i 0 0 0

У13 0 0 0 - 1 8 0 18 —  9 - 9 0 0 0

*13 i f i i f i - i f i 8 Кб 4Kó i f i - 2 | / 6 - i f i 0 0 0

* 1 1 2 ^ 6 —  i f —i f n — п К з f i z f i —4^3 i f i 0 0 0

У ч —  2] T i l f \ i 12 —  3 —  3 12 — 6 6 0 0 0

* и i f i —i f —i f i sK i —4|/6 i f i —i f i i f i 0 0 0
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Table IV

U rey-B radley force constants (m d /A )

K x (Si- О ) 2.59 Fa (X . . . C) 0.162

K y ( S i - С) 2.71 ( C. . • C) 0.03

K z ( C - H ) 4.54 Fy (Si. . . H ) 0.13

H a ( O - S i - C ) 0.085 F . (H . . . H ) 0.10

Нд ( C - S i - C ) 0.11 X (OSiC3) 0.09

Ну ( S i - C - H ) 0.20 X (S iC H 3) — 0.05

Н а ( H - C - H ) 0.40

m in e d  according to  r e la tio n  (2). The su b m a tr ix  o f ( M _1) + w hich  is necessary  
fo r  co m p u tin g  Gff is show n  in  T ab le  VI. To be  ab le  to  c o n s tru c t m a tr ix  *>/. 
o n e  m u s t  know  th e  m a tr ic e s  A  show n in T ab les V I I —IX .

W e should like to  t h a n k  G . K oszó (C om puting  Centre o f  the H u n g a ria n  A cadem y  
o f  Sc iences)  for his a ss is ta n ce  in  resolv ing th e  n u m erica l p ro ced u re s on a N E  803 В  
d ig ita l  com puter.

Table V

Computed in terna l g ro u p  frequencies compared w ith  the experim en ta l values

C om puted (M e3Si)20 Si(OSiM e3)4 B(OSiM e3)3

V l C H 3 asym. str. 2949 2950 2958 2945

V 2 CH g sym. str. 2899 — 2900 2885

V 3 C H 3 asym. def. 1417 1420 1412 1410

v i CH 3 sym. def. 1262 1255 1252 1261

*5 CH g sym. rock. 863 890,850 760 845

” в SiC sym. str. 658 619,686 640 645

V7 C H 3 asym. str. 2948 2950 2964 2945

V10 CH g asym. def. 1415 1420 1412 1454

’’il CH g sym. rock. 822 834 822 845

V 1 2 CHg asym . str. 2949 2950 2964 2945

»13 C H 3 asym . str. 2949 2950 2964 2945

V 14 C H 3 asym. str. 2890 — 2899 2885

*45 CHg asym. def. 1416 1420 1458 1454

*’u C H 3 sym. def. 1415 1420 1442 1454

V17 CHg sym. def. 1264 1255 1268 1246

>48 CHg asym. rock. 863 850 846 845

V19 CHg asym. rock. 825 834 846 845

V 1 0 SiC asym. str. 746 754 688,697 757
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T ab le  VI

T he subm atrix o f  ( )  ' fo r  the calculation o f

0.0625 0.0000 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0625 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0625 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0178 0.0000 0.0000 0.0186 0.0000

0.0000 0.0000 0.0000 0.0000 0.0178 0.0000 0.0000 0.0042

0.0000 0.0000 0.0000 0.0000 0.0000 0.0204 -0 .0 1 0 4 0.0000

0.0000 0.0000 0.0000 0.0186 0.0000 — 0.0104 0.0281 0.0000

0.0000 0.0000 0.0000 0.0000 0.0042 0.0000 0.0000 0.0540

0.0000 0.0000 0.0000 —0.0056 0.0000 0.0088 0.0102 0.0000

0.0000 0.0000 0.0000 0.0078 -0.0062 0.0052 0.0017 —0.0012

0.0000 0.0000 0.0000 —0.0062 0.0150 —0.0090 - 0.0022 —0.0002

0.0000 0.0000 0.0000 0.0028 -0.0049 0.0088 0.0007 0.0003

0.0000 0.0000 0.0000 0.0078 0.0062 0.0052 0.0017 0.0012

0.0000 0.0000 0.0000 0.0062 0.0150 0.0090 0.0022 — 0.0002

0.0000 0.0000 0.0000 0.0028 0.0049 0.0088 0.0007 —0.0003

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

—0.0056 0.0078 -0 .0 0 6 2 0.0028 0.0078 0.0062 0.0028

0.0000 - 0 .0 0 6 2 0.0150 —0.0049 0.0062 0.0150 0.0049

0.0088 0.0052 -0 .0 0 9 0 0.0088 0.0052 0.0090 0.0088

0.0102 0.0017 —0.0022 0.0007 0.0017 0.0022 0.0007

0.0000 - 0.0012 - 0.0002 0.0003 0.0012 —0.0002 —0.0003

0.0501 - 0.0001 0.0008 —0.0008 —0.0001 —0.0008 —0.0008

—0.0001 0.0475 0.0112 — 0.0050 —0.0012 - 0 .0 0 0 5 —0.0006

0.0008 0.0112 0.0346 0.0087 0.0005 0.0027 0.0005

—0.0008 -0 .0 0 5 0 0.0087 0.0502 -0 .0 0 0 7 —0.0006 —0.0008

—0.0001 - 0.0012 0.0005 —0.0007 0.0475 - 0.0112 — 0.0051

—0.0008 -0 .0 0 0 5 0.0027 — 0.0006 - 0.0112 0.0346 —0.0088

—0.0008 -0 .0 0 0 6 0.0005 —0.0008 -0 .0 0 5 1 —0.0088 0.0501
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Tabic V II

M atrix  A  belonging to

0.99994 0.00103 — 0.00562 0.00057

0.00102 -0 .9 9 9 9 8 — 0.00010 0.00240

0.00440 0.00000 0.95187 -0 .0 1 2 4 0

0.00001 -0 .0 0 3 4 6 — 0.00214 -0 .8 9 2 5 4

0.00396 - 0.00001 0.30305 0.00668

— 0.00084 -0 .0 0 1 6 1 0.01938 0.45022

— 0.00190 0.00196 — 0.03376 0.01273

— 0.00771 0.00051 — 0.02365 0.01786

— 0.00098 - 0.00160 —0.00008 -0 .0 0 7 9 6

— 0.00179 0.00285 0.00087 -0 .0 0 0 9 1

-0 .2 6 7 1 9 -0 .1 2 6 7 3 -0 .0 5 0 8 6 -0 .0 6 1 1 4

0.19368 —0.38522 0.13177 -0 .0 0 9 7 6

0.79551 0.46059 0.23417 0.09096

0.36699 -0 .7 7 8 1 1 0.23725 0.02213

-0 .3 1 0 0 7 0.13363 0.91632 -0 .2 1 2 3 2

0.16563 0.00806 —0.17118 —0.97070

Table V III

M atrix A  belonging to а.г

1.00007 -0 .0 0 5 3 3  —0.00256

— 0.00433 -0 .9 5 5 0 4  0.29644

0.00402 0.29642 0.95504

SU M M A RY

T he force field  o f th e  tr im e th y ls ily l  group a ffix e d  to  oxygen  w as a p p ro ach ed  b y  U rey- 
B ra d le y  force co n stan ts. T h e  g ro u p  frequencies w hich  are  a lm o s t c o n s ta n t in  d iffe ren t m olecules 
h a v e  b een  sep ara ted  fro m  th e  fram ew o rk  frequencies b y  th e  m eth o d  of K in g  an d  Cr a w f o r d . 
M a trices  a re  given for th e  c a lc u la tio n  of th e  rem a in in g  fram e w o rk  frequencies.
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Table IX

M atrix  A  belonging to e

0.24191 0.97025 —0.00156 -0 .0 0 0 5 2 —0.00543 0.00064 -0 .0 0 1 0 5 0.00206 0.00006 0.00095 0.00488

0.97025 -0 .2 4 1 9 2 0.00044 0.00549 —0.00056 -0 .0 0 0 0 3 0.00090 0.00044 0.00143 —0.00548 0.00221

-0 .0 0 0 0 5 0.00162 0.99998 0.00007 0.00000 0.00184 0.00300 —0.00012 —0.00236 0.00062 0.00090

0.00106 0.00423 0.00001 0.09126 0.95015 0.01299 -0 .0 6 1 7 7 0.28278 -0 .0 5 7 9 2 0.00921 0.03897

-0 .0 0 4 2 6 0.00104 0.00001 0.94834 -0 .0 9 2 7 2 0.02673 —0.20421 -0 .0 8 0 1 2 -0 .1 9 8 2 1 0.05940 —0.02001

0.00000 0.00003 0.00345 0.00567 0.00267 —0.86811 -0 .3 8 4 5 9 0.00547 0.31139 0.03396 0.01638

0.00096 0.00386 -0 .0 0 0 0 1 0.03029 0.29542 0.00029 0.15774 -0 .9 1 4 6 3 0.21417 -0 .0 2 0 4 5 -0 .0 6 3 7 2

0.00385 -0 .0 0 0 9 7 0.00002 —0.29869 0.02726 0.00632 -0 .5 7 9 9 6 -0 .2 6 5 7 1 -0 .6 9 9 7 9 0.11262 -0 .0 2 5 4 6

-0 .0 0 0 0 2 —0.00122 0.00257 —0.04003 -0 .0 1 5 0 7 0.49511 -0 .6 5 5 2 0 0.01304 0.56684 0.04728 -0 .0 0 5 8 7

-0 .0 0 5 9 6 -0 .0 0 0 2 7 0.00027 0.02327 -0 .0 1 0 1 9 0.00561 -0 .1 1 1 2 2 —0.05048 —0.05460 -0 .8 5 3 3 3 0.50322

-0 .0 0 0 3 4 -0 .0 0 4 6 4 -0 .0 0 1 2 5 —0.00267 -0 .0 1 6 6 8 0.01687 0.06051 -0 .0 6 0 7 8 0.02301 0.50170 0.86013
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342 TÖ RÖ K , H U N : V IBRATION A L SPECTRUM  O F T H E  TRIM ETH Y LSILY L GROUP

Ü ber das S chw ingungsspek trum  des T rim e th y ls ily l-R ad ikals, I.

F. TÖRÖK und GY. В. HUN

Zusam m enfassung: D as K raftfe ld  des zu Sauerstoff gebundenen Trim ethylsilyl-R adikals 
w urde u n te r Zugrundelegung der UREY-BRADLEY-Annäherung charakterisiert. Die in  ver
schiedenen Molekülen nahezu konstan t sich erweisenden Frequenzen des Radikals w urden m it 
der M ethode von K in g  un d  Cra w fo rd  von der Skelettschw ingung abgesondert behandelt, und  
die zur B erechnung der Skelettschw ingung benötig ten  M atrizen angegeben.

О колебательном спектре триметилсилильного радикала, I.

Ф . T Ë P Ë K  и Д Ь . Б . Х У Н

Резюме. Силовое поле триметилсилильного радикала, соединенного с кислородом, харак
теризовалось с помощью приближения Юр и — Б р э д л и . Частоты радикала, приблизи
тельно постоянные в различных молекулах обсуждались с применением метода К и н г а  
и К р а у ф о р д а  отделив их от колебаний скелета. Кроме этого приведены матрицы, необ
ходимые для расчета колебаний скелета.

F eren c  T ö r ö k  
G yöngyi В. H u n

B u d a p e s t V II. M úzeum  k r t .  6 — 8 .
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THE SIGNIFICANCE OF PHOSPHORESCENCE IN THE  
MEASUREMENT OF LOW ENERGY RETA ISOTOPES 

WITH LIQUID SCINTILLATOR AND SINGLE-CHANNEL
COUNTER

P . F O D O R -C sÁ N Y I an d  B. LÉV A Y  

( E lectrochemistry Research Group o f  the H u n g a ria n  A cadem y o f  Sciences)

R eceived  M ay 13, 1965

In  connection  w ith  s tud ies ca rried  o u t in  o rd e r to  e lucidate  som e q u es
tio n s  re la te d  to  th e  s tru c tu ie  o f e lec tro ly te  so lu tio n s an d  th e  m ig ra tio n  m e c h a 
n ism  o f th e  h y d rogen  ion , i t  has been  fo u n d  n ecessary  to  d e te rm in e  th e  se lf
d iffusion  coeffic ien t of ions a n d  m olecules in  aq u eo u s so lu tions an d  in  m ix tu re s  
o f  o rgan ic  so lven ts w ith  w ate r.

I t  w as decided  th a t  w a te r  sh o u ld  be lab e lled  w ith  tr i t iu m , a n d  o rg an ic  
m olecules w ith  carbon  iso tope .

B o th  iso topes em it soft b e ta  ray s  (th e  m ax im u m  energy of 14C is 155 keY , 
t h a t  o f t r i t iu m  18 keV), co n seq u en tly  th e y  c a n n o t be m easured  in  th e  sam e 
w ay  like  h igh -energy  iso topes, because  a b so rp tio n  occurring  in  th e  m e a su rin g  
sy s tem  a n d  th e  se lf-abso rp tion  of th e  sam ple  p lay  an  im p o rta n t ro le .

T h e  liq u id  sc in tilla tio n  te c h n iq u e  w as chosen because i t  h as  th e  m o st 
a d v a n ta g e s  over o th e r  possib le te ch n iq u es , a n d  a single-channel c o u n te r , ty p e  
E K C O  N  664 A, was used. T he m o st serious prob lem s p re sen ted  b y  s in g le 
ch an n e l liq u id  sc in tilla tio n  co u n te rs  are th e  d a rk  cu rren t (noise) p ro d u c e d  
b y  th e  p h o to m u ltip lie r  an d  phosphorescence . T h e  la t te r  is e m itte d  b y  th e  
b o ttle  c o n ta in in g  th e  liq u id  sc in tilla to r , th e  so lv en t in  w hich th e  s c in ti l la to r  
is d isso lved , th e  bu lb  of th e  p h o to m u ltip lie r , a n d  b y  o th e r p a r ts  o f th e  m e a su r
ing  device, in  consequence o f lig h t fa lling  on th em . B y  p a in tin g  a ll m e ta l 
p a r ts  b lack  a n d  b y  th e  use o f a lig h t s h u tte r  i t  w as possible to  cancel th e  p h o s
phorescence  o f these  p a r ts  a n d  o f th e  p h o to m u ltip lie r  bu lb .

I t  is m ore d ifficu lt to  e lim in a te  th e  phosphorescence  p ro d u c e d  b y  th e  
sam p le  co n ta in e r  an d  b y  th e  so lv en t. T he la t te r  are  exposed  to  l ig h t u n t i l  th e  
b eg in n in g  o f th e  m easu rem en t, co n seq u en tly  th e  cap ac ity  an d  s e n s it iv i ty  o f 
th e  m easu rin g  device is in fluenced  b y  th e  r a te  o f th e  decrease (in th e  fo llow ing : 
decay) o f phosphorescence a n d  th e  v a lu e  o f re s id u a l phosphorescence . I n  ce rta in  
cases, th e  tim e  o f decay  m ay  be as long as severa l days an d  th is  m ak es m e a su re 
m en ts  im possib le .

I t  is a p p a re n t from  th e  afo resa id  th a t  in  th e  course of th e  m e a su re m e n t 
of low  en erg y  b e ta  ra d ia tio n , th e  a m o u n t o f noise an d  p h o sphorescence  shou ld  
be dec reased  to  a possible m in im um . T he d ecreasing  of noise can  b e  re g a rd ed
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as a prob lem  p ra c tic a l ly  solved b y  th e  u se  o f  se lec ted  low -noise tu b e s  a n d  of 
cooling ; how ever, e lim in a tio n  of th e  p h o sp h o re scen ce  in  sing le -channe l co u n 
te rs  rem ain s an  im p o r ta n t  p roblem  th a t  h a s  n o t  been solved so fa r.

T he level o f s igna ls  b ro u g h t a b o u t b y  phosphorescence  is o f th e  sam e 
o rd e r of m a g n itu d e  as t h a t  of th e  signals  g e n e ra te d  b y  soft b e ta  e m itte rs , 
c o n seq u en tly  i t  is e ith e r  qu ite  im possib le  to  decrease b y  d isc rim in a tio n , 
o r  i t  can  be done o n ly  w ith  a ce rta in  loss in  efficiency. T herefo re , s tu d ies  of 
th is  k in d  on p h o sp h o rescen ce  have been  c a rr ie d  on ever since s ing le -channe l 
c o u n te rs  becam e th e  su b je c t of in te re s t.

E x p e rim en ts  w ith  th e  single-channel c o u n te r  a t  our disposal show ed th a t  
th e  in s tru m e n t w as in  i ts  orig inal form  p ra c tic a l ly  useless u n d e r th e  c ircu m 
sta n c e s  p rescribed  b y  th e  m an u fac tu re rs  on acco u n t of th e  e x tra o rd in a r ily  
s tro n g  in te rfe ren ce  cau sed  by  phosp h o rescen ce . In  th e  li te ra tu re , re la tiv e ly  
few  a n d  c o n tra d ic to ry  d a ta  [I — 6 ] w ere fo u n d  on th e  su b jec t, th u s  i t  w as 
d ec id ed  th a t  th e  p ro b le m  should  be s tu d ie d  th o ro u g h ly  in  o rd er to  decrease 
o r e lim in a te  in te rfe re n c e  b ro u g h t ab o u t b y  phosphorescence .

T his w ork  in c lu d e d  an  in v estig a tio n  o f  th e  in te n s ity  an d  th e  in te n s ity  
chan g es on tim e  o f th e  phosphorescence o f  b o tt le s  m ade of v a rio u s so rts  of 
g lass, a n d  of som e so lv e n ts  and  sc in tilla to r  so lu tio n s  w hich are  im p o r ta n t  in  
th e  liq u id  sc in tilla tio n  tech n iq u e . F u r th e rm o re , ex p e rim en ts  w ere m ad e  to  s tu d y  
th e  in te ra c tio n  b e tw e e n  sam ple co n ta in e r phosphorescence  an d  sc in tilla to r  
so lu tio n s , an d  to  re v e a l th e  possibilities o f  d ec rea s in g  or e lim in a tin g  p h o sp h o 
rescence  b y  th e  use o f  d isc rim in a tio n , o p tic a l f i l te r ,  or b o th .

T h e  d e te rm in a tio n s  w ere carried  o u t w ith  th e  EK CO  in s tru m e n t, u n d e r 
c o n d itio n s  co rresp o n d in g  to  p a ram ete rs  e x p e c te d  in  case of th e  iso topes 14C 
a n d  t r i t iu m , th a t  is, an  am p lifica tio n  fa c to r  o f  1000 was used  a t  1300 V w ork ing  
v o lta g e  w ith  a d isc r im in a to r  vo ltage  of 5 a n d  20 V , or a t  1600 Y, w ith  a d isc rim 
in a to r  v o ltage  of 5 Y , respective ly . T hese  p a ra m e te rs  were d e te rm in e d  in  
a w ay  th a t  th e  m in im u m  d e tec tab le  iso tope  q u a n t i ty  was ca lcu la ted  fo r ev e ry  
co n d itio n  assum ing  t h a t  th e  m easu rem en t is feasib le  if  th e  co u n t is a t  le a s t 
tw ice  as h igh as th e  s ta t is t ic a l  error of th e  su m  o f th e  noise of th e  m u ltip lie r  
p lu s  th e  back g ro u n d *  p lu s  th e  phosphorescence  o f th e  so lven t a n d  o f th e  
b o tt le  [7].

F o r  th is  case we h a v e :

_  5.49 10~4 If n h
^ m ln  /а С / п \ \  ( 1 )

r j - V I t

w here  th e  efficiency o f  th e  m easu rem en t ( r / )  is expressed  in p er c en t, th e  
v o lu m e  ( V)  in m l, th e  t im e  o f m easu rem en t (t ) in  seconds, and  th e  v a lu e  nb

* I t  is only th e  pu lses  cau sed  by  th e  ra d io a c tiv ity  o f th e  su rroundings an d  b y  cosm ic 
ra y s  t h a t  is m ean t h ere  b y  “ b ack g ro u n d ” .
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(w hich  is th e  sum  o f noise p lu s  b ack g ro u n d  p lus re s id u a l phosphorescence) 
in  co u n ts /100 sec. un its .

The measuring device

T h e m easuring  device c o n ta in s  a p h o to m u ltip lie r , ty p e  EiMI 9514 S* 
o f a lig h t se n s itiv ity  o f 2000 А /lu m en  an d  ve ry  low  no ise  (7 to  15 m  /тА). D u rin g  
m e asu rem en t, th e  sam ple co n ta in e rs  are p laced d ire c tly  on th e  su rface  o f th e  
p h o to m u ltip lie r , good o p tica l c o n ta c t being p ro v id ed  b y  silicone oil. P ro te c tio n  
o f th e  p h o to ca th o d e  a g a in s t l ig h t is ensured  b y  an  a u to m a tic  lig h t s h u t te r ,  
w hich opens w hen th e  ru b b e r  cover has been closed; th e n  th e  cover c a n n o t 
be  opened  again . A ccord ing ly , i t  is possible to  ch an g e  th e  sam ples w ith o u t 
sw itch in g  off th e  h igh v o ltag e , m oreover, a n y  in te rfe re n ce  caused  b y  th e  
phosphorescence  of th e  p h o to m u ltip lie r  is e lim in a ted . T he b o ttle  is p laced  
on th e  p h o to ca th o d e  b y  a lid  p lu n g er, w hen th e  le a d  lid  is closed.

T h e  m easu ring  p ro b e  is su rro u n d e d  by  a lead  sh ie ld  o f 5 cm  w all th ic k n e ss . 
T he o u tp u t  signals from  th e  m u ltip lie r  are c o n d u c te d  to  th e  a m p lif ie r ; th e  
am p lif ica tio n  fac to r of th e  l a t t e r  can  be v a ried  in  6 s tep s  from  25 to  1000. 
T he s igna ls  are  co u n ted  b y  an  a u to m a tic  scaler ty p e  E K C O  N 530 F . T h e  la t t e r  
is eq u ip p ed  w ith  tim e- a n d  pu lse-p rese lection  fac ilities . T he d isc r im in a to r  
v o ltag e  is a d ju s ta b le  in  th e  ran g e  o f 5 to  50 V.

T h e  in s tru m e n t has b een  m odified  to  som e e x te n t  b y  us, b ecau se  th e  
noise o f th e  p h o to m u ltip lie r  show ed  a stead y  increase  in  consequence o f  h e a tin g . 
To overcom e th is , a th e rm o s ta tin g  ja c k e t was ap p lied  a ro u n d  th e  p h o to m u l
t ip l ie r  w ith  ta p -w a te r  cooling.

In s te a d  of th e  T iO ,-co a ted  con ta iners su p p lied  w ith  th e  in s tru m e n t, 
cy lin d rica l m edicine b o ttle s , w ith  p lastic  lid w ere u sed . T hese are  ch e a p e r a n d  
m ore co n v en ien t to  hand le . T h e  con ta iners w ere c o n ta in e d  in an  a lu m in iu m  
tu b e  w ith  po lished  in n e r su rface ; th e  tu b e  se rved  as a re flec to r. W h en  o p tic a  
glass f i l te r  w as used, th is  w as cem ented  to  th e  low er en d  of th e  tu b e  [8 ]

Phosphorescence of the glass containers

G lass con ta iners, w h ich  h a d  been k ep t in  d a rk n ess  for sev e ra l d ay s , 
w ere e x c ite d  to  phosphorescence  b y  exposure to  su n lig h t. T he b o tt le s  w ere 
ir ra d ia te d  e ith e r  for 1, or fo r 5 m in u tes , alw ays in  th e  sam e g eo m etrica l a r r a n 
g em en t, a n d  th e n  th e  decrease  in  th e  in ten s ity  o f p h o sphorescence  w as m easu red  
as a fu n c tio n  of tim e  (th e  tim e  o f p lacing th e  b o ttle s  in to  d a rkness w as ta k e n  
as zero  tim e).

T h e  m easu rem en ts o f  th e  phosphorescence o f  th e  sam ple c o n ta in e r s  
in c lu d ed  te s t  w ith  sam ple co n ta in e rs  m ade of d iffe re n t so rts  o f g la 3 3 , co a ted
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o r  n o t  coated  w ith  a re f le c to r . In  the  f ir s t  t e s t  th e  p h o sphorescence  was m eas
u r e d  using  th e  p a ra m e te rs  w hich co rresp o n d  to  th e  ca rb o n  iso to p e  (am plifi
c a t io n  fac to r 1000; w o rk in g  voltage 1300 У ; d isc rim in a to r  v o ltag e  5 У). 
A t  th e  p a ram ete rs  u se d  fo r  tr i t iu m , only b o tt le s  o f th e  low est phosphorescence 
w e re  te s ted .

A t f irs t, th e  p h o sp h o rescen ce  of th e  T i0 2-co a ted  b o ttle s  m ad e  o f Pyrex- 
g la ss  a n d  supplied  w ith  th e  EK CO  in s tru m e n t w as d e te rm in e d  a t  -|- 10 and  
— 10° C (Fig. 1). T he in te n s i ty  of th e  phosphorescence  s ta r te d  a t  45,000 counts/

Fig. 1. The p h o sp h o re scen ce  of the  E K C O  b o ttle  p lo tte d  a g a in s t tim e 
A m p lif ic a tio n : 1000; 1300 У ; d isc rim in a to r vo ltag e  5 У . T im e of i r ra d ia tio n : 1 m in. (After

su b tra c t io n  of m u ltip lie r  noise.)
C urve 1: b o t tle  a t  — 10° C;
C urve 2: b o t t le  a t + 1 0 °  C;
C urve 3: b o t tle  shielded ag a in s t l ig h t  a t  + 1 0 °  C

100 sec. h u t  even a f te r  s to ra g e  in darkness fo r  24 hours i t  w as as h igh  as 4000 
c o u n ts /1 0 0  sec. (The n u m b e r  o f counts co rresp o n d in g  to  noise h as  been  sub
t r a c t e d  from  th e  ab o v e  v a lu e s .)  The decrease  o f in te n s ity  is slow er a t  — 10° C, 
b u t  a f te r  a longer p e r io d  o f  tim e , the  re m a in in g  degree o f phospho iescence  
is lo w e r th a n  a t a h ig h e r te m p e ra tu re . In  o rd e r to  decrease th e  phosphorescence , 
th e  o u te r  surface of th e  sa m p le  con ta iner w as c o a te d  w ith  b lack  p a in t.  In  th is  
ca se , th e  in itia l level o f  phosphorescence w as low er, how ever, th e  residual 
p h o sp h o rescen ce  w as as h ig h  as a few th o u s a n d  coun ts/100  sec. C onsequen tly , 
th e  o rig in a l bo ttles  co u ld  n o t  be used on a c c o u n t o f th e  re flec tin g  T i0 2 layer, 
e v e n  i f  lig h t had  been  k e p t  aw ay  from  th e  b o t t le  fo r 24 h ours b efo re  m easu re
m e n t ,  e.g ., by  chan g in g  th e  sam ples in d a rk n e ss  [9].
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B o ttles  o f sh ap es an d  sizes id en tica l w ith  th o se  o f th e  EK C O  in s tru m e n t 
w ere m ade o f P y re x , R aso th e rm , soda glass a n d  q u a r tz . In  some of th e  b o tt le s  
th e  p lane w all to  be  co n tac ted  w ith  th e  p h o to m u ltip lie r  w as e ith e r w elded  
b y  th e  g lassb low er, or cem en ted  w ith  A ra ld ite  to  th e  b o d y  of th e  b o ttle . T h e  
re s t o f th e  b o ttle s  w as m ade of one piece.

B o ttle s  m ad e  o f th e  sam e m a te r ia l a n d  su b je c te d  to  id en tica l h e a t t r e a t 
m en t h ad  id e n tic a l phosphorescence, a n d  th e re  w as no  difference b e tw e e n  
sam ple  co n ta in e rs  w elded  b y  th e  g lassb low er a n d  th o se  m ade of one piece [10]. 
T hese sam ple  co n ta in e rs  a fte r  h av in g  been  k e p t  fo r one h o u r in  d a rk n e ss , 
show ed a v a lu e  as low  as 800 —1000 coun ts/100  sec. T h e re  w as no co n siderab le  
d ifference w ith  th e  use o f p u re  q u a r tz  b o ttle s  e ith e r  as opposed to  re su lts  
o b ta in ed  b y  L l o y d  a n d  co-w orkers [6 ], w ho re p o r te d  th a t  sam ple c o n ta in e rs  
m ade of p u re  q u a r tz  h ad  p ra c tic a lly  no ph o sp h o rescen ce  (F ig . 2).

The p h o sphorescence  of b o ttle s  m ade o f  th e  sam e glass b u t  su b je c te d  
to  d iffe ren t h e a t- tr e a tm e n ts  d iffered  w id e ly ; h ere  A ra ld ite  can n o t be  u sed  
fo r cem en ting  th e  p lane  b o ttle  w alls. (P h o sp h o rescen ce  o f a b o ttle  c e m e n te d  
w ith  A ra ld ite  s ta r te d  a t  ab o u t 45,000 coun ts /1 0 0  sec., a n d  a fte r  20 h o u rs  
w as still as h igh  as 6000 coun ts/100 sec.)

A la y e r  o f  a lu m in iu m  was ap p lied  to  th e  b o ttle s  show ing th e  lo w est 
a m o u n t o f phosphorescence , b y  a v acu u m  e v a p o ra tio n  process, in o rd e r to  
p rov ide  an  o p tic a l re flec to r. A fin ish  o f lu stre le ss  b lack  lacq u er was ap p lie d  
fo r m echan ical a n d  o p tica l p ro tec tio n . T he pho sp h o rescen ce  o f b o ttle s  p re p a re d  
in  th is  m a n n e r w as considerab ly  low er th a n  t h a t  o f th e  o rig inal b o ttle s , since  
th e  b o ttle  w as exposed  to  ligh t on ly  th ro u g h  th e  b o tto m  [9] (Fig. 2).

F u r th e r  s tu d ie s  concern ing  phosphorescence  w ere carried  ou t u sin g  th e  
m edicine b o ttle s , now  ap p ly ing  n o t  on ly  th e  p a ra m e te rs  correspond ing  to  th e  
m easu rem en t o f  th e  carbon  iso tope , b u t  also th o se  co rrespond ing  to  t r i t iu m .

The d ecay  cu rv e  of th e  phosphorescence  o f  m ed ic ine  b o ttle s  is show n [11] 
in  Fig. 3. As o p posed  to  th e  m easu rem en ts  d iscussed  above in  th is  case th e  
b o ttle s  w ere ex p o sed  to  lig h t fo r a longer p e rio d  o f  tim e  (5 m in.) in  o rd e r  
to  o b ta in  less f lu c tu a tin g  in itia l phosphorescence . E v e n  u n d e r such co n d itio n s , 
th e  in itia l phosphorescence  of th e  in d iv id u a l b o ttle s  w as d ifferen t, b u t  th e  
tim e  d ependence  o f th e  decrease in  in te n s ity  w as w ell rep roducib le . T h e  r a te  
o f decay  w as d e te rm in e d  in such a m a n n e r t h a t  th e  in te n s ity  of p h o sp h o re s
cence m easu red  a t  a given tim e  w as d iv id ed  b y  th e  in it ia l  in te n s ity . T he fa c to rs  
o b ta in ed  in  th is  w ay  an d  p e rta in in g  to  id e n tic a l tim es  w ere in  ag reem en t w ith in  
a few p er cen ts . T he h a lf  life on th e  decay  cu rv e  is 2 to  3 m in. in th e  in i t ia l  
s tag e , a n d  a b o u t 20 h rs. in  th e  f in a l s tag e .

U sing  an  am p lifica tio n  fa c to r  of 1000, a n d  a d isc rim in a to r v o lta g e  o f 
5 V a t  1600 o r 1300 Y, th e  in itia l p h o sphorescence  is v e ry  high (a b o u t 10® 
an d  4 • 105 coun ts /1 0 0  sec., resp .) an d  rem a in s  a t  a considerab le  level ev en  
a f te r  one d ay . A t 1300 У  an d  20 V d isc rim in a to r  v o ltag e  th e  shape of th e  cu rv es
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F ig. 2. D ecay  of th e  p h o sp h o rescen ce  p lo tted  ag a in st tim e  
A m p lifica tio n : 1000; 1300 V ; d isc rim in a to r v o lta g e : 5 V. I r ra d ia tio n  tim e : 1 m in. 

(The v a lu e  correspond ing  to  no ise  h as heen su b tra c ted .)

a) B o ttle s  w ith o u t re flecto r, b) B o ttle s  co a ted  w ith  a lum in ium  re flec to r

R a so th e rm  b o ttle s :
^  — uncem en ted  
О — w elded b y  g lassb low er
X — u n cem en ted , w ith  d iffe re n t h ea t tre a tm e n t 

Q u a rtz  b o ttle :
Я — w ith  a lu m in iu m  re fle c to r
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F ig . 3. D ecay  of th e  in te n s ity  o f  phosphorescence of glass b o ttle s  p lo tte d  a g a in s t tim e , a t  
d iffe re n t w orking and  d isc r im in a to r  vo ltages a t  a 1000 tim es am p lifica tio n  a n d  a t  10° C. 

I r ra d ia tio n  tim e: 5 m in . (A fte r  su b tra c tio n  of th e  v a lu e  correspond ing  to  noise.)

is p ra c tic a lly  th e  sam e, h o w ever, th e  am o u n t o f phosphorescence  is m a rk e d ly  
decreased .

In  a d d itio n  to  th e  d ecay  ra te  of phosphorescence th e  a m o u n t o f  re s id u a l 
phosphorescence  is also o f g re a t im p o rtan ce , because  i t  is im possib le to  c a rry  
o u t th e  m easu rem en ts if  th is  v a lu e  is high.

As i t  is seen from  th e  d a ta  given in  T able I ,  th e  residua l phosphorescence  
co rresponds a t  1600 V, to  6000 co u n ts /100 sec., even  a fte r  a d a rk  s to ra g e  of 
24 h o u rs; it  was only  a t  1300 V a n d  a t  a d isc rim in a to r  v o ltag e  o f 20 V th a t  
a phosphorescence su ffic ien tly  low  to  allow m easu rem en ts  (400 coun ts /1 0 0  sec.) 
w as o b ta in e d ; how ever, in  se ria l d e te rm in a tio n s, if  th e re  is no sam ple ch an g in g  
device, even a w aiting  tim e  o f tw o hours is reg a rd ed  as too  long.
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Table I

Phosphorescence o f  the glass bottle and o f  the solvent w ith  and w ithout optical f i l te r  at an am plifica tion  o f  1000 and at 10° C

Without optical filter
With optical 

filter
Chance OX 7

In coincidence

W orking vo ltage, У 1600 1300 1300 1600 1300 1300 1900 1400

D iscrim inator voltage, V 5 5 20 5 20 7

Tim e of d a rk  storage, hrs. 0.08 12 24 0.08 2 8 0.08 0.5 2 2 1 0.5 0.16 0.08

Glass b o ttle , counts/100 sec. 800,000 10,000 6000 220,000 7000 4000 6000 700 400 1000 900 80 150 50

Toluene d istilled  from  
sodium  m etal, 
counts/100 sec.

1 400 200 0 1 200 400 200 900 250 200 0 0 0 30 0

Noise of photom ultip lier 
counts/100 sec. 2000 600 50 2000 600 50 160 80

T o ta l counts/100 sec. 12,200 8000 8000 4800 . 6950 1050 650 3000 1500 130 340 130
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A ccord ing ly , phosphorescence  s tu d ies  w ith  glass sam ple  co n ta in e rs  h av e  
led  to  th e  conclusion  th a t  th e se  sam ple  co n ta in e rs  a re  to ta lly  u n su ita b le  fo r 
th e  m easu rem en t o f tr itiu m , a n d  th e  ca rb o n  iso to p e  can  be m easu red  w ith  
th e ir  use a f te r  r a th e r  long w a itin g  only.

Phosphorescence o f the solvents

In  o rd e r to  s tu d y  th e  b e h a v io u r  of th e  so lv en ts , b o ttle s  th a t  h a d  been  
s to red  in d a rk n ess  for sev e ia l d a y s  w ere p laced  in th e  m easu ring  in s tru m e n t 
in  red  lig h t, a n d  th e  sum  of th e  noise a n d  th e  re s id u a l phosphorescence  o f  th e  
b o ttle  was d e te rm in ed . (The p h o to c a th o d e  o f th e  m u ltip lie r  is in se n s itiv e  to  
re d  ligh t.) A fte r th is , th e  so lv en t w hich h a d  been  exposed  to  lig h t w as p o u re d  
in to  th e  sam p le  con ta iner. T h e  phosphorescence  w as m easu red  s im ila rly  to  
th e  tech n iq u e  em ployed  w ith  th e  e m p ty  sam p le  c o n ta in e r , an d  th e  re su lt 
w as co rrec ted  w ith  th e  va lu e  co rresp o n d in g  to  th e  noise an d  th e  p h o sp h o 
rescence o f th e  sam ple  c o n ta in e r .

O f th e  so lv en ts  and  d ilu te rs  used  in  th e  p re p a ra tio n  o f liq u id  sc in ti l la to rs , 
to luene , xy len e , d ioxane an d  e th y l  alcohol w ere s tu d ie d  [9, 10].

A n a ly tica l g rade  to lu en e , xy len e  an d  e th y l a lcohol w ere “ R e a n a l”  p ro d 
u c ts , while th e  d ioxane u sed  w as sup p lied  b y  N u c lea r E n te rp rise s  (N E ). 
T he to luene  w as fra c tio n a ted  th re e  tim es, th e n  re flu x e d  w ith  sod iu m  m e ta l 
fo r tw o ho u rs , a n d  d istilled  ag a in . T he ph o sp h o rescen ce  of th e  so lv e n ts  o f 
d iffe ren t p u r i ty  w as com pared  w ith  th a t  o f th e  sc in tilla tio n  g rade  to lu e n e  of 
N uclear E n te rp rise s .

A ccord ing  to  th e  e x p e rim e n ta l re su lts , to lu en e , xy lene  a n d  d io x a n e  
b eh av ed , as reg a rd s  phosphorescence , in  n e a rly  id en tica l m an n er (F ig . 4); 
how ever, e th y l alcohol show ed co n sid e rab ly  low er phosphorescence . T h e  p h o s 
phorescence o f th e  so lven ts, th o u g h  m ark ed ly  low er th a n  th a t  o f th e  g lass 
b o ttle s  was to o  h igh  for p ra c tic a l use. In  th e  course o f p u rif ic a tio n , th e  p h o sp h o 
rescence of to lu e n e  decreased  su b s ta n tia lly , a n d  th e  p h o sphorescence  of 
to lu en e , w hen  fre sh ly  d istilled  fro m  sod ium , w as even  low er th a n  th a t  o f  th e  
N E  sc in tilla tio n  g rade  to lu en e  (F ig . 5).

The p u r i ty  o f th e  so lv en ts  is of im p o rtan ce  n o t  on ly  on acco u n t o f p h o s 
phorescence, b u t  also in  co n n ec tio n  w ith  lig h t o u tp u t ,  since am ong th e  im p u 
ritie s  causing  phosphorescence  th e re  are s tro n g  qu en ch ers , too .

A n u m b e r o f ex p erim en ts  w ere ca rried  o u t in  o rd e r to  s tu d y  th e  e ffec t 
of dissolved oxy g en  on phosphorescence . O xygen  w as rem o v ed  from  th e  so lv e n t 
b y  bub b lin g  ca re fu lly  purified  n itro g e n  gas th ro u g h  it .  T h e  rem oval o f  o x y g en  
caused  in ev e ry  case an  increase o f  th e  p h o sphorescence  (F ig . 5). A n esp ec ia lly  
large increase w as observed  in  to lu en e  d is tilled  from  sodium  m e ta l. T h is 
o b se rv a tio n  is c o n tra d ic to ry  to  re su lts  o b ta in e d  b y  L l o y d  a n d  co-w orkers [6]
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b y  th e  use  of th e  sam e te c h n iq u e , w ho fo u n d  th a t  on rem o v in g  oxygen  th e  
s t a r t in g  v a lu e  of ph o sp h o rescen ce  show ed a considerab le  decrease. H ow ever, 
a c c o rd in g  to  o th e r d a ta  p u b lish ed  in  th e  l i te ra tu re ,  oxygen has a q u ench ing  
a c t io n , a n d  b y  its  e lim in a tio n  th e  va lu e  o f l ig h t o u tp u t is in c rea sed  b y  20 to  
3 0 %  [11].

Fig. 4. T h e  p hosphorescence  of so lv e n ts  p lo tte d  ag a in s t tim e 
A m p lif ic a tio n : 1000; 1300 У  ; d isc rim in a to r vo ltag e  5 V  a t  10° C. (Noise an d  b o ttle  p h o sp h o re s

cence hav e  been  su b tra c te d .)
C urve 1: x D oub ly  d is tilled  to lu en e ; •  D ioxane
C urve 2: X y len e
C urve 3: A bs. e th y l a lcohol

S u m m in g  up , i t  m a y  be  s ta te d  th a t  th e  phosphorescence o f so lv en ts  can 
b e  d e c re a sed  by  re c tif ic a tio n  a n d  boiling  w ith  sodium  m e ta l to  such  a degree 
t h a t  i t  w ill in te rfe re  n e ith e r  w ith  th e  m e a su re m e n t of tr i t iu m , n o r w ith  th a t  
o f  th e  14C isotope. H o w ev er, in  case of th e  d e te rm in a tio n  of low  a c tiv itie s , 
i t  w o u ld  be ad v an tag eo u s  to  e lim in a te  even  th is  low  residual phosphorescence , 
c o rre sp o n d in g  to  a few  h u n d re d  co u n ts /100 sec.

Possibilités for decreasing  th e  phosphorescence

S um m ariz ing  th e  re su lts  of p h o sphorescence  m easu rem en ts , i t  can  be 
s t a te d  t h a t  w ith  th e  use of a sing le -channe l co u n te r th e  p h o sphorescence  of 
th e  g lass  b o ttle s  an d  of th e  so lv en t is so h ig h  th a t  th e  in s tru m e n t is n o t  su itab le  
fo r  se ria l m easu rem en ts  (T ab le  I), because  d a rk  s to rage  fo r sev e ra l h o u rs  is 
n e c e s sa ry  before a m e asu rem en t can be m ad e . A ccord ingly , th e  u tiliz a tio n  of 
th e  in s tru m e n t is v e ry  m u ch  re s tr ic te d .
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In  sing le-channel co u n te rs  phosphorescence can  be decreased  b y  th e  use 
o f a sam ple ch an g er, w hich m akes possible to  keep  a n u m b e r of sam ples in 
d a rk n ess  before m easu rem en t. H ow ever, th e  co n s tru c tio n  o f a sam ple changer

Fig. 5. T he phosphorescence  of to lu en e  of various p u r i ty  g rad es p lo tte d  ag a in s t tim e 
A m plification : 1000; 1300 V ; d isc rim in a to r vo ltag e  5 V, a t  10° C. (N oise a n d  b o ttle  pho sp h o res

cence hav e  been  su b tra c ted .)
C urve 1: T o luene d is tilled  tw ice , b u bb ling  w ith  N 2 
C urve 2: T o luene d is tilled  tw ice 
C urve 3: T o luene  d istilled  th re e  tim es 
C urve 4: N E  sc in tilla tio n  g rad e  to luene
C urve 5: T o luene d istilled  from  sodium  m eta l, b u b b lin g  w ith  N 2 
C urve 6 : T o luene d is tilled  fro m  sodium  m eta l

w ould h av e  invo lved , in  ou r case, a h igh ly  expensive m o d ifica tio n  of th e  in s tru 
m en t, fu rth e rm o re , th e  sam ple  ch an g er in itse lf  w ou ld  n o t h av e  solved th e  
p rob lem , since th e  in te n s ity  of res id u a l phosphorescence is, even  a fte r  a dark  
s to rag e  o f one d ay , v e ry  h igh . A ccordingly , for th e  tim e  being , th e  idea of 
th e  sam ple changer w as a b a n d o n ed  an d  d isc rim in a tio n , fu r th e r  th e  use of 
o p tica l glass f ilte r , as p roposed  b y  L l o y d  an d  co-w orkers, w ere tr ie d  to  achieve 
th e  decrease o f phosphorescence .
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T h e  ap p licab ility  of d isc r im in a tio n  a n d  op tica l f i l te r  to  decrease  phospho
rescen ce  is re s tr ic te d  b y  th e  e x te n t  to  w hich th e y  decrease  th e  efficiency of 
m e a su re m e n t.

A  s tu d y  on th e  a b so lu te  v a lu e  of m easu ring  effic iency  w ill be  given in 
a n e x t  p a p e r , an d  only  re su lts  of in te re s t  in  connection  w ith  phosphorescence  
w ill b e  d iscussed  here.

T h e  v a ria tio n s  of no ise , phosphorescence  an d  effic iency  as th e  functions 
o f d isc r im in a to r  v o ltage  a re  show n in  F ig . 6 , fo r th e  sake  o f b e t te r  com para-
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Discriminator voltage

F ig . 6. T h e  v a ria tio n s o f noise , p h o sp horescence  an d  effic iency of th e  d e te rm in a tio n  of UC 
and  tr i t iu m , p lo tte d  ag a in s t th e  d isc rim in ato r v o lta g e  

A m p lification : 1000, w ith  E M I 9514 S p h o to m u ltip lie r  
Noise a n d  p h o sp h o rescen ce  a t  1300 (1) an d  1600 У  (2).

E ffic ien cy  of th e  d e te rm in a tio n  o f 1JC, in  to luene  co n tan in g  p - te rp h e n y l  (4 g/1):
I n  a  sa m p le  co n ta in in g  w a te r , a t  1300 V , w ith  f i lte r  (3) an d  w ith o u t f i lte r  (4). (C om position  of 

sa m p le : 68.25%  b y  vol. o f sc in ti l la to r  so lu tio n , 28.95%  of e th y l a lcohol, 2 .8%  of w ater.)
I n  a  h y d ro c a rb o n , a t  1300 V w ith  f i l te r  (6 ) a n d  w ith o u t f i lte r  (7). A t 1600 У , w ith  f ilte r

a n d  w ith o u t f ilte r (8).
E ffic ie n c y  of th e  d e te rm in a tio n  of t r i t iu m  in  to luene co n ta in in g  p - te rp h e n y l  (4 g/1):

In  a  sa m p le  co n ta in ing  w a te r , a t  1600 V, w ith  f i lte r  (5). (C om position  o f th e  sam ple : 68.25%  
b y  vol. o f sc in tilla to r  so lu tio n , 28 .95%  of e th y l alcohol, 2 .8%  o f w a te r .)

In  a h y d ro c a rb o n , a t  160Ô V, w ith o u t f i l te r  (6 )

b il i ty ,  in  a rb itra ry  u n its . T h e  v a lu e  m easured  w ith  a d isc rim in a to r  vo ltage  
o f 5 V  w as tak en  as u n ity .

W ith  increasing  d isc r im in a to r  v o ltage , noise a n d  phosphorescence  de
c re a se d  in  equal p ro p o rtio n , th e  signals being  p ro d u ced  in  b o th  cases b y  th e  
em ission  or genera tion  a n d  m u ltip lic a tio n  of one e lec tro n . I t  is a p p a re n t from  
th e  F ig u re  th a t  noise an d  ph o sp h o rescen ce  decrease in  consequence  o f d iscrim 
in a t io n  to  a m uch sm alle r deg ree  a t  1600 У an d  5 У  d isc r im in a to r  vo ltage 
th a n  a t  1300 V.
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A ccord ing  to  th e  decay  cu rves (F ig . 3) reco rd ed  a t  various v o lta g e s  an d  
d isc rim in a to r vo ltag es  th e  len g th  o f th e  d a rk  s to ra g e  period d ecreases  as i t  
has been  d iscussed  above, to  a co n sid erab le  e x te n t  w ith  the  d ecrease  o f  th e  
ab so lu te  v a lu e  o f phosphorescence.

O n th e  o th e r  h an d , it  is a p p a re n t  from  th e  efficiency curves t h a t  d isc r im 
in a tio n  can n o t  be used  for decreasing  th e  phosphorescence in  case  o f  t r i 
tiu m , because  th e  efficiency o f th e  d e te rm in a tio n  is considerab ly  d ec reased  
a t  h igher d isc rim in a to r  vo ltages, a n d  a t  th e  sam e  tim e  th e  in te n s ity  o f  re s id u a l 
phosphorescence  is s till high.

D isc rim in a tio n  can be used  in  case of c a rb o n  sam ples, if  th e  m e a su re m e n t 
is c a rried  o u t a t  1300 V an d  w ith  a d is c r im in a to r  vo ltage of 20 У . In  th is  
case, a f te r  a d a rk  sto rage  of 2 h o u rs , 90%  o f th e  a c tiv ity  found  a t  a d isc rim 
in a to r  v o ltag e  o f 5 V is o b ta in e d . Such a n  effic iency  is a c c e p tab le ; how 
ever, d a rk  s to rag e  foi 2 hours is to o  long a p e r io d  to  be p rac ticab le  in  seria l 
te s ts .

Since th e  ex p erim en ts  for red u c in g  phosphorescence  by  d isc r im in a tio n  
d id  n o t affo rd  sa tis fa c to ry  re su lts , th e  use o f  th e  o p tica l filte r, ty p e s  C hance 
O X  7, used  b y  L l o y d  for th e  m e asu rem en t o f  tr i t iu m  was tr ie d  [7, 12]. T he 
fu n d a m e n ta l th e o ry  of ap p lica tio n  of an  o p tic a l f ilte r  is th e  fo llow ing : if  a 
f ilte r  is chosen w hich  has a tran sm iss io n  range  id e n tic a l to  the  re la tiv e ly  n a rro w  
em ission h a n d  o f th e  sc in tilla to r, a ll p a r ts  o f  th e  con tinuous p h o sp h o rescen ce  
o u tside  of th is  b a n d  are  ab so rb ed  b y  th e  f i l te r .  A ccordingly, th e  s e n s it iv ity  
of th e  p h o to c a th o d e  is re s tr ic te d  b y  th e  f i l te r  essen tia lly  to  the  em issio n  b a n d  
of th e  sc in tilla to r .

F o r ex am p le , b y  th e  use o f  th e  o p tic a l f i l te r  ty p e  Chance O X  7, t r a n s 
m ittin g  in th e  2300 to  4300 Â ran g e , th e  o rig in a l sen s itiv ity  range o f th e  p h o to 
ca th o d e  w hich  is 3000 to  6000 Â is re s tr ic te d  to  th e  region 3000 to  4300 Â; 
th e  la t te r  is p ra c tic a lly  th e  sam e as th e  em ission  b a n d  of p - te rp h e n y l o r P B D  
[2 -p h en y l-5 -(4 -b ipheny ly l)-l,3 ,4 -oxad iazo le ] sc in tilla to rs  w hich is b e tw e e n  3200 
an d  4300 Â (F ig . 7). The p rice  o f /» -te rp h en y l is ab o u t fo rty  t im e s  low er 
th a n  th a t  o f P B D , co nsequen tly  th e  fo rm er w as used. The ph o sp h o rescen ce  
of to luene  d is tilled  from  sodium  m eta l w as to ta l ly  cancelled b y  th e  o p tic a l 
f ilte r ; also sc in tilla tio n  grade to lu en e , w hich  h a d  been  sto red  fo r a p ro lo n g ed  
period  o f tim e , show ed b u t a neglig ib le phosphorescence .

In  th e  p resence  of th e  f il te r , th e  phosphorescence  of th e  g lasses  was 
decreased  to  o n e -tw en tie th  of th e  o rig inal in te n s i ty . This is a v e ry  fa v o u ra b le  
re su lt, since, e .g ., in th e  m easu rem en t o f th e  c a rb o n  isotope th e  c o m b in a tio n  
of d isc rim in a tio n  w ith  th e  use o f th e  o p tica l f i l te r  resu lts  in a d ec rease  o f  th e  
in te n s ity  o f phosphorescence b y  tw o  o rders o f  m ag n itu d e  w hen 1300 Y  an d  
a d isc rim in a to r  vo ltag e  of 20 V a re  used . U n d e r  such c ircu m stan ces , d a rk  
s to rag e  of m ax im u m  h a lf an  h o u r  or w ith  t r i t iu m  tw o hours is n ec e ssa ry , 
an d  th e  rem ain in g  phosphorescence co rresp o n d s to  80 and  1000 c o u n ts /100
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sec ., re sp ec tiv e ly . T hese phosphorescences in te n s it ie s  allow a lread y  a lso  th e  use 
o f  a sam p le  changer.

H o w ev er, th e  a p p lic a b ility  of an  o p tic a l f i l te r  is influenced a lso  b y  o th e r 
fa c to rs . W hen  m easu ring  so lu tions of id e n tic a l com position , th e  g eo m etrica l 
f a c to r  becom es so m ew hat less fav o u rab le , s ince  th e  filte r  has a  th ick n ess  
o f  2 m m ; fu rth e rm o re , th e  tra n s m itta n c y  o f  th e  f ilte r  is n o t 100% , e ith e r . 
T h is  a ffe c ts  th e  efficiency o f m easu rem en t th e  m o re , th e  fewer are  th e  p h o to n s  
g e n e ra te d  b y  a single ra d io a c tiv e  d is in te g ra tio n , i.e ., the  low er is th e  energy  
o f th e  ra d io a c tiv e  ra d ia tio n  a n d  th e  lig h t o u tp u t  in th e  sc in tilla to r.
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Wavelength, A

F ig . 7. E m iss io n  spectra  o f som e sc in tilla to r  so lu tio n s ; se n s it iv ity  range of th e  p h o to c a th o d e  
a n d  tran sm iss io n  range  o f th e  o p tic a l filte r

A ccord ing ly , in  case o f 14C, th e  o p tica l f i l te r  does no t in fluence  th e  e ffi
c iency  o f  m easu rem en t su b s ta n tia lly ;  an  e ffic ien cy  o f 78%  was o b ta in e d  w ith  
f i l te r ,  a s  opposed  to  th e  effic iency  of 85%  w ith o u t  f i l te r  [12]. H ow ever, in  case 
o f t r i t iu m , th e  efficiency w as decreased  by  th e  f i l te r  Chance OX 7 b y  2 0 %  an d  
2 5 %  w h e n  th e  iso tope w as in c o rp o ra te d  in  a h y d ro c a rb o n  and  in w a te r , re sp ec 
tiv e ly  [8 ]. T his decrease is considerab le , b u t  th e  use of the  o p tica l f i l te r  is y e t 
ju s t i f ie d  as i t  m arked ly  increases  th e  c a p a c ity  o f  th e  in s tru m en t b y  e lim in a tin g  
a g r e a t  d ea l of th e  id le perio d s.

A  fu r th e r  d isad v an tag e  o f th e  a p p lic a tio n  o f th e  op tica l f i l te r  in  th e  
d e te rm in a tio n  of tr i t iu m  is t h a t  i t  can  be u se d  o n ly  in  connection  w ith  p - te r-  
p h e n y l sc in tilla to r ; th e  so lu b ility  of th is  c o m p o u n d  is  poor a t  low te m p e ra tu re s , 
th u s  co o lin g  can n o t be u sed  as a m eans o f d ec rea s in g  the  noise.
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Studies on th e  in te rac tio n  betw een  phosphorescence o f  sam ple co n ta in e r an d
sc in tilla to r so lu tion

D urin g  o u r m easu rem en ts  w ith  liqu id  sc in tilla to rs  a n d  in  th e  course of 
th e  s tu d y  o f phosphorescence  tw o  effects w ere o b se rv ed  w hich could  be 
ex p la in ed  n e ith e r  by  d a ta  describ ed  in  th e  l i te ra tu re , n o r  on th e  basis o f our 
p rev io u s m easu rem en ts . O ne o f these  w as th e  re m a rk a b ly  h igh b ack g ro u n d  
level m easu red  w ith  liq u id  sc in tilla to rs . T he o th e r  p h en o m en o n  w as t h a t  th e  
phosphorescence  o f th e  b o ttle  filled  w ith  sc in tilla to r  so lu tio n  (m easu red  th ro u g h  
an  op tica l f ilte r)  w as d iffe ren t from  th a t  of th e  e m p ty  b o ttle ;  th is  d ifference 
— n eg a tiv e  or p o sitiv e  — is d ep en d en t on th e  n a tu re  o f  th e  sc in tilla to r  [13].

T he b a c k g ro u n d  va lu e  w as, w ith  th e  use o f a le ad  sh ie ld  of 5 cm  th ick n ess  
a n d  a sam ple vo lum e of 16 m l, in  case o f p - te rp h e n y l a p p ro x im a te ly  1000, 
in case of P O P O P * 2000 coun ts/100  sec., a t  a v o ltag e  o f 1600 Y a n d  a d isc rim i
n a to r  v o ltag e  o f 5 Y. U n d e r th e  sam e c ircu m stan ces , a N a l c ry s ta l of 2 cm  
th ick n ess  a n d  4 cm  d iam e te r  m easu red  a b a c k g ro u n d  o f 200 to  300 coun ts/100  
sec. W hen  co m p arin g  th e  tw o  d a ta , i t  m u st be ta k e n  in to  con sid era tio n  th a t  
i t  is only  ra d ia tio n s  o f h ig h er energies w hich can  p ass  th e  lead  sh ield , an d  
th a t  these  are  d e te c te d  b y  th e  N a l c ry s ta l w ith  co n sid e rab ly  h igher effic iency  
th a n  b y  liq u id  sc in tilla to rs .

The b ack g ro u n d  level, as m easured  b y  m eans o f  th e  liq u id  sc in tilla to r , 
show ed a steep  decrease w ith  increasing  d isc rim in a to r  v o ltag e , an d  a t  20 V 
d isc rim in a to r  v o ltag e  it  w as as low  as 250 coun ts /1 0 0  sec. T his show s th a t  
a considerab le  p ro p o rtio n  of th e  b ack g ro u n d  ra d ia tio n  is due  to  som e low en erg y  
ra d ia tio n , an d  th e  energy  o f th e  rad ia tio n  is o f th e  sam e o rd er of m a g n itu d e  
as th a t  of th e  tr i t iu m  ra d ia tio n . T his phenom enon  c a n n o t be ex p la ined  w ith  
th e  n a tu ra l  ra d io a c tiv ity  o f lead  or th e  o th e r m a te r ia ls  o f co n stru c tio n , since 
th is  is m o stly  ab so rb ed  b y  th e  glass b o ttle  w all. T he m o st sign ifican t is th e  
b e ta  ra d ia tio n  o f 1.33 MeV, p ro d u ced  b y  th e  40K  iso to p e  p re sen t in  th e  glass. 
H ow ever, accord ing  to  n u m ero u s d a ta  p u b lished  in  th e  lite ra tu re , its  c o n tr i
b u tio n  to  th e  b ack g ro u n d  ra d ia tio n  is on ly  40 to  60 coun ts/100  sec., a n d  its  
en erg y  is h ig h er th a n  th a t  co rrespond ing  to  a d isc rim in a to r  v o ltag e  o f 
20 V [7, 14].

These fac ts  n ecess ita ted  a s tu d y  of th e  p h o sphorescence  o f glass, so lv en t, 
a n d  th e  sc in tilla to r  so lu tio n , n o t only se p a ra te ly , b u t  also in  resp ec t of th e ir  
possib le in te ra c tio n s . F o r th is  pu rpose , v a rio u s s c in tilla to r  so lu tions w ere 
ex am in ed  concern ing  th e ir  in fluence  on th e  v a r ia tio n s  o f  th e  phosphorescence  
o f th e  b o ttle s  ex c ited  b y  su n lig h t an d  th e  lig h t o f a m ercu ry  v ap o u r la m p ; 
th e  m easu rem en ts  w ere m ade in th e  presence o f an  o p tic a l filte r.

B o ttle s  s to red  in d a rk n ess  fo r several day s w ere ex c ited  to  p h o sp h o re s
cence p a r tly  by  exposu re  to  su n lig h t an d  p a r tly  b y  th e  lig h t o f th e  lo w -p res

* l,4 -b is[2 -(5 -p h en y lo x azo Iy l)]-b en zen e.
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su re  m ercu ry  v a p o u r  lam p  o f th e  “ U V IF O T ” p h o to m e te r , u s in g  a f i l te r  ty p e  
U G  5. T h e  ex c ita tio n  la s te d  fo r 5 m in u te s . (The tran sm issio n  ran g e  o f th e  filte r  
is 2500 to  4000 Â.)

T h e  in te ra c tio n  b e tw een  th e  p h o sphorescence  of th e  b o tt le  a n d  th e  scin
t i l la to r  so lu tion  w as s tu d ie d  in  th e  fo llow ing  m an n er. A t f i r s t ,  th e  s ta r tin g  
p h o sp h o rescen ce  of th e  ir ra d ia te d  e m p ty  b o tt le  was estab lish ed  a n d  a fte rw ard s , 
in  re d  lig h t, sc in tilla tio n  g rade  so lv en t o r sc in tilla to r  so lu tio n  th a t  h a d  been 
s to re d  in  darkness w as p o u red  in  th e  b o tt le  a n d  th e  decay  o f  phosphorescence  
w as m easu red  a t  ev e ry  100 sec. fo r a b o u t h a lf  an  hour.

In  o rd er to  be ab le  to  s tu d y  th e  in te ra c tio n  w ith  th e  s c in ti l la to r  so lu tion  
i t  is n ecessa ry  to  k now  th e  p h o sp h o rescen ce  o f th e  e m p ty  b o t t le  a t  an y  given 
tim e  o f th e  m easu rem en t. I f  th e  m ean  d ecay  ra te*  of th e  b o ttle s  ir ra d ia te d  an d  
m e a su re d  u n d e r id e n tic a l co n d itio n s a n d  th e  in itia l ph o sp h o rescen ce  of th e  
b o t t le  a re  know n, th e  p h o sphorescence  o f th e  e m p ty  b o ttle  can  be ca lcu la ted  
fo r  e v e ry  in s ta n t o f th e  m e a su re m e n t; th e  phosphorescence  m e a su re d  w ith  th e  
s c in ti l la to r  so lu tion  w as g iven as p e rc e n ta g e  of th e  fo rm er.
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R e su lts

T h e  ra tio  of th e  pho sp h o rescen ce  o f th e  b o ttle  filled  w ith  a sc in tilla to r  
so lu tio n  an d  th a t  of th e  e m p ty  b o tt le  w as a c o n s ta n t v a lu e  d u rin g  th e  period  
o f  th e  m easu rem en t a t  a n y  in s ta n t  o f  tim e . T he m ean  va lu es  fo r  v a rio u s  scin
t i l la to r s  are  su m m arized  in  T ab le  I I .

In  case of ex c ita tio n  w ith  su n lig h t, th e  phosphorescence  m easu red  w ith  
p - te rp h e n y l  an d  P B D  increased  to  125%  w ith  th e  use of P P O  (2 ,5 -d ipheny l- 
oxazo le) to  113%  w hile w ith  o -N P O  [2 -(l-n a p h th y l)-5 -p h en y lo x a z o le ]  and 
P O P O P  i t  was decreased , on th e  av e ra g e , to  34% .

W h en  e x c ita tio n  w as e ffec ted  w ith  a m ercu ry  v a p o u r  la m p , th e  p h o sp h o 
rescen ce  v alues o b ta in e d  w ith  p - te rp h e n y l, P B D  an d  to lu en e  w ere p ra c tic a lly  
id e n tic a l w ith  th a t  o f th e  e m p ty  cell. I f  th e  b o ttle  co n ta in ed  a s c in tilla to r  in 
w h ich  th e  w av elen g th  co rresp o n d in g  to  th e  m ax im um  em ission (co lum n 2 
in  T a b le  I I )  was sh ifted  in  th e  d irec tio n  of th e  longer w av e len g th s  as com pared  
w ith  / i- te rp h e n y l, th e  ph o sp h o rescen ce  w as sm aller n o t on ly  th a n  th a t  o b ta in e d  
w ith  p - te rp h e n y l (or P B D ), b u t  also  th a n  t h a t  o f th e  e m p ty  b o ttle .

L e t  us consider th e  effects t h a t  m a y  ta k e  p lace w hen a s c in tilla to r  so lu 
t io n  is p laced  in to  an  ex c ited  glass b o tt le .  In  th is  case, p a r t  o f  th e  p h o sp h o 
rescen ce  passes th e  so lu tio n  a n d  it  m a y  be  ab so rb ed  by  th e  so lv e n t o r d irec tly  
b y  th e  sc in tilla to r; an  o th e r  p a r t  wiH reach  d irec tly  th e  p h o to c a th o d e .

* T h e  m ean  decay  r a te  w as d e te rm in e d  as desc rib ed  in connection  w ith  th e  s tu d y  of th e  
p h o sp h o rescen ce  of glass b o ttle s .
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Tahié II

Variations in the phosphorescence of the bottle brought about by 
different scintillator solutions

Wavelength 
of maximum 
emission, A

Absorption
band,

A

Emission
band,

A

Excitation with sunlight Excitation 
w ith mer-

glass 
% 1 rod,

1 %

through 
UG 5,

%

cury vapour 
lamp, 

through
UG 5, %

p -te rp h en y l in  
toluene 3450 2400 —320016 3200 —42 0 0 18 125 206 102 97

PB D  in  to luene 3640 124 95

PPO  in  to luene 3800 2800 —330015 3400—4 3 0 0 18 113 79

a-N PO  in  to luene 4150 3700 —52 0 0 16 37 57

PPO  an d  P O P O P  
in  to luene 4250 35 55

p -terp h en y l and  
PO P O P  in to luene 4250 35 52

PO PO P in to luene 4250 3000 400010 3900 —53 0 0 18 30 15 52 58

N E  213 (P O P O P *) 4250 31 55

N E 220 (P O P O P * ) 4250 37 58

toluene 2600 2300 —276017 2300 —276019 102 98

* S c in tilla to r so lu tions produced  by  Nuclear Enterprises ; in  No. 213 the so lv en t is to luene , 
in  No. 220, d ioxane.

I f  th e  phosphorescence  is ab so rb ed  b y  th e  so lv e n t, th e  ex c ita tio n  en e rg y , 
in  a m a n n e r s im ila r to  th e  sc in tilla tio n  m e c h a n ism , reaches th e  s c in ti l la to r  
m olecule w ith  an  effic iency  th a t  depends on th e  so lv e n t used, an d  th e  s c in ti l
la to r  w ill em it p h o to n s  a t  its  ch a rac te ris tic  w a v e le n g th . I f  th e  p h o sp h o rescen ce  
is ab so rb ed  d ire c tly  b y  th e  sc in tilla to r  itse lf , th e  process is an a lo g o u s to  th e  
energy  tra n s fe r  b e tw een  p r im a iy  an d  se c o n d a ry  sc in tilla to rs , an d  a lso  in  th is  
case lig h t em ission w ill re su lt a t  th e  w a v e le n g th  o f th e  sc in tilla to r. A c c o rd 
ingly , in  case o f e ith e r  m echan ism  one p a r t  o f  th e  phosphorescence w ill be  a b 
so rbed  a n d  e m itte d  b y  th e  sc in tilla to r  a t  c h a ra c te r is tic  longer w a v e le n g th .

T he o p tica l f i l te r ,  ty p e  Chance O X  7, t r a n s m its  pho tons of th e  2300 to  
4300 Â w av e len g th  ran g e ; a t  th e  sam e tim e , th e  se n s it iv ity  of the  p h o to c a th o d e  
is re s tr ic te d  to  th e  3000 to  6000 Á ran g e , a n d  co nsequen tly  it  w ere  p h o to n s  
co rrespond ing  to  th e  3000 to  4300 A range  w h ich  w ere m easured in  o u r  e x p e r i
m en ts.

I f  follow s fro m  th e  afo resa id  th a t  i f  th e  a b so rp tio n  bands o f th e  so lv e n t 
an d  o f th e  s c in ti l la to r  co rrespond  to  a ra n g e  fo r  w hich th e  p h o to c a th o d e  is 
in sen sitiv e , a n d , a t  th e  sam e tim e , th e  em ission  o f  th e  sc in tilla to r is su c h  th a t  
i t  co incides w ith  th e  sen sitiv e  range of th e  p h o to c a th o d e , th e  s c in ti l la to r  will 
in tro d u c e  such  phosphorescence  of th e  b o t t le  in to  th e  sensitive reg io n  w hich
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o th e rw ise  w ould  n o t be  d e tec ted  b y  th e  p h o to ca th o d e . As th e  n e t  re su lt, 
a n  in c re a se  in  phosphorescence  is b ro u g h t a b o u t  b y  the  sc in tilla to r . T h is has 
b e e n  n a m e d  b y  us “ in tro d u c tio n  of p h o sp h o re scen ce” .

T h e  above effect is  en co u n te red  in  case  o f  excita tio n  w ith  s u n lig h t an d  
th e  u se  p - te rp h e n y l or P B D  sc in tilla to r d isso lv ed  in to luene (F igs. 7 a n d  8). 
T h e  e x c itin g  sp ec tru m  is, w ith  sun ligh t, c o n tin u o u s ; its  end  to w ard s  th e  sh o rte d  
w a v e le n g th s  is a t  2000 Â. A ll of th e  a b so rp tio n  o f to luene (2300 to  2760 Â), 
a n d  m o s t o f th e  a b so rp tio n  of p - te rp h e n y l a n d  P B D  fall b e tw een  th e  w ave-
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F ig . 8. A b so rp tio n  sp e c tra  o f some sc in ti l la to r  so lu tions and  of to lu e n e

le n g th  o f  th e  exciting  l ig h t a n d  the  low er s e n s it iv i ty  lim it of th e  p h o to c a th o d e . 
T h e  m e a su rin g  range in c lu d es  th e  to ta l  em issio n  sp ec tru m  of th e  s c in tilla to rs . 
A c c o rd in g ly , th e  m easu red  phosphorescence  is 125%  in b o th  cases.

I f  th e  a b so rp tio n  o f th e  sc in tilla to r is b e tw een  3000 an d  4300 A , an d  
its  em iss io n  is ou tside o f th is  range, th e  v a lu e  o f  phosphorescence w ill d ecrease.

T h e  ab so rp tio n  o f P O P O P  is w ith in  th e  m easu rin g  range used  b y  u s , b u t  
its  em iss io n  is n o t; th is  acco u n ts  for th e  co n sid e rab le  decrease in  p h o sp h o 
re scen ce  (34% ). P h o to n  em ission is a lw ays ch a ra c te ris tic  of th e  s c in ti l la to r  
w h ic h  h a s  th e  longest w av e len g th  a t  m a x im u m  em ission; th is  is th e  reaso n  
w h y  e v e ry  so lu tion  th a t  co n ta in ed  P O P O P  show ed  abou t id e n tic a l decrease 
in  p h o sp h o rescen ce .

T h e  ab so rp tio n  a n d  em ission of P P O  a re  in  in te rm ed ia te  p o s itio n  b e 
tw een  t h a t  o f p - te rp h e n y l a n d  P O P O P . P a r t  o f  th e  emission of P P O  is o u ts id e  
o f th e  m easu rin g  ran g e  (F ig . 7), b u t its  a b s o rp tio n  overlaps th e  in sen sitiv e  
ra n g e  o f  th e  p h o to c a th o d e  a n d  th e  m easu rin g  ra n g e . This accoun ts fo r  th e  fac t
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t h a t  i t  can  in tro d u c e  some pho sp h o rescen ce ; how ever, th is  is o f sm alle r degree 
th a n  t h a t  en co u n te red  in  case /> -terpheny l.

T h e  s itu a tio n  is d iffe ren t w hen a m ercu ry -vapour la m p is  used  fo r  e x c ita tio n . 
T he l ig h t o f th e  p h o to m e te r  lam p  c o n ta in s  to  80%  th e  2537 A line  o f  m e rc u ry , 
a n d  i t  is o n ly  th is  line w hich is t r a n s m it te d  b y  th e  f i l te r  ty p e  UG 5. A cco rd in g ly , 
th e  p h o sphorescence  o f th e  b o ttle  co n sis ts  o f  p h o to n s o f th e  w a v e le n g th  of 
2537 A  or longer. I t  has been  show n b y  th e  m easu rem en ts  th a t  a s u b s ta n t ia l  
p a r t  o f th e  phosphorescence  is o f a w av e len g th  con sid erab ly  h ig h e r th a n  th a t  
o f  th e  ex c itin g  lig h t. T his is p ro v e d  b y  th e  fa c t th a t  in th e  3000 to  6000 A 
ran g e , th e  phosphorescence  of th e  b o tt le  co rresp o n d ed  to  ~ 10e c o u n ts /100 sec., 
w hile w ith  th e  use o f an o p tica l f i l te r  (3000 to  4300 A) a v a lu e  o f  o n ly  5 • 101 
w as o b ta in e d . A ccord ingly , th e  m a in  p o rtio n  of th e  ph o sp h o rescen ce  o f  th e  
b o tt le  e x c ite d  w ith  a lig h t of 2537 A w av e len g th  is in th e  4300 to  6000 A 
ran g e . O n th is  basis i t  m ay  be  in fe rre d  th a t  in th e  2537 to  3000 A ra n g e  o n ly  
a sm all p o rtio n  of th e  ex c ita tio n  en e rg y  is e m itte d  in  th e  fo rm  o f p h o sp h o 
rescen ce . C o n se q u e n tly ,p - te rp h e n y l o r P B D  c a n n o t give rise  to  a n  o b se rv ab le  
in c rea se  o f th e  phosphorescence , in  sp ite  o f th e  fa c t th a t  p a r t  of th e  a b so rp tio n  
b o th  o f  to lu en e  a n d  of th e  sc in tilla to rs  is in th e  2537 to  3000 A ra n g e .

T h is is co rro b o ra ted  b y  th e  fa c t  t h a t  in case o f ex c ita tio n  w ith  su n lig h t, 
P P O  in tro d u c e d  a d d itio n a l p h o sphorescence  (113% ), while in  case o f e x c ita tio n  
b y  m e rc u ry  v a p o u r  lam p , th e  p h o sphorescence  w as decreased  (7 9 % ).

T h e  degree o f th e  increase  o r decrease  in  phosphorescence is in flu e n c e d  
also b y  th e  p ro p o rtio n  of th e  ph o sp h o rescen ce  o f th e  b o ttle  p assin g  th ro u g h  
th e  so lu tio n .

W h en  P O P O P  sc in tilla to r  is u sed , th e  ex p la n a tio n  of th e  d iffe rence  
b e tw een  e x c ita tio n  w ith  m ercu ry  v a p o u r  lam p a n d  su n lig h t is t h a t  in  th e  
la t t e r  case n o t on ly  th e  b o tto m  b u t  th e  e n tire  b o ttle  w as ir ra d ia te d , th u s  a 
h ig h er p ro p o rtio n  o f th e  ra d ia tio n  p assed  th ro u g h  th e  so lu tion . O n th e  o th e r  
h a n d , th e  re su lts  w ere sim ilar to  th o se  o f  m ercu ry -v ap o u r lam p  e x c ita t io n  if 
th e  su n lig h t h a d  passed  th ro u g h  a f i l te r  o f ty p e  U G  5, since, in  th is  case , th e  
g eo m e try  o f ir ra d ia tio n  w as id e n tic a l a n d  th e  e x c ita tio n  ran g e  w as s im ila r.

In  o rd e r to  e s tim a te  th e  p ro p o rtio n  o f phosphorescence th a t  w as a b so rb e d  
a f te r  passin g  th e  so lu tion , a glass ro d  w as ir ra d ia te d  in s te a d  o f th e  b o ttle s , 
a n d  th e  fo rm er w as im m ersed  in to  th e  b o ttle  co n ta in in g  th e  sc in ti l la to r , 
in  su ch  a m an n e r th a t  i t  w as fa s te n e d  to  th e  p la s tic  lid . (The d ecay  c u rv e  of 
th e  g lass rods h a d  been  d e te rm in e d  b y  a te ch n iq u e  s im ila r to  t h a t  u se d  for 
th e  b o ttle s .)  In  th is  case, a ph o sp h o rescen ce  correspond ing  to  2 0 6 %  was 
o b se rv ed  w ith  p - te rp h e n y l, w hile fo r P O P O P  a v alue  o f 15%  w as o b ta in e d . 
B y  co m p ariso n  of th e  decreases in  phosphorescence  m easu red  w ith  th e  b o ttle s  
a n d  th e  glass rod , i t  is a p p a re n t  t h a t  th e  phosphorescence o b se rv e d  w ith  
P O P O P  in  case o f th e  glass ro d  is one h a lf  (15% ) of th a t  m e asu red  w ith  th e  
b o ttle . (The o p a c ity  o f th e  f ilte r  fo r th e  em ission ran g e  of P O P O P  is w ell illu s
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t r a t e d  b y  th e  fa c t t h a t ,  e .g ., t h e 14C iso tope  w as m easu red  in  a so lu tion  c o n ta in 
in g  P O P O P  w ith  an  e ffic iency  of 83%  w hile  w ith  th e  use o f th e  f i l te r  an d  u n d e r  
o th e iw ise  s im ila r c o n d itio n s  an  effic iency  as low  as 0 .7%  w as o b ta in ed .)

T h e  q u es tio n  co n cern in g  th e  m ech an ism  o f th e  tra n s fe r  o f energy  from  
th e  b o t t le  to  th e  s c in ti l la to r  has been  o n ly  p a r t ly  answ ered  b y  th e  above- 
d e sc r ib e d  ex p e rim e n ts . T h e  decrease of p h o sp h o rescen ce  in  th e  presence  of 
P O P O P  can  be  e x p la in e d  on ly  b y  assu m in g  t h a t  P O P O P  abso rbs d ire c tly , 
b e c a u se  i t  is o n ly  th e  a b so rp tio n  b a n d  o f P O P O P  w hich  is w ith in  th e  m e a su r
in g  ra n g e . A c co rd in g ly , i t  is n o t  n ec e ssa ry  to  assum e an  in te rm e d ia te  
a c tio n  o f  th e  so lv en t.
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Evaluation

O n th e  basis  o f  o u r  re su lts  we h av e  e x p la in e d  th e  fa c t th a t  th e  phospho" 
rescen ce  o f a sam ple  c o n ta in e r  filled  w ith  a sc in ti l la to r  so lu tion , w hen d e te r 
m in e d  th ro u g h  an  o p tic a l f i l te r ,  is d iffe ren t as co m p ared  to  th a t  o f th e  e m p ty  
sa m p le  c o n ta in e r , a n d  t h a t  th is  p ositive  o r n e g a tiv e  difference depends on th e  
q u a l i ty  o f  th e  s c in ti l la to r  com pound .

B y  assum ing  th e  in tro d u c tio n  of p h o sp h o rescen ce  i t  is also possib le  to  
su p p ly  a n  e x p la n a tio n  fo r th e  e x tra o rd in a r ily  h ig h  b ack g ro u n d  ra d ia tio n . 
B y  th e  use o f j> -te rp h en y l sc in tilla to r , th e  a b so rp tio n  b a n d  is — b o th  w ith  
a n d  w ith o u t th e  use o f  an  o p tica l f i l te r  — o u ts id e  o f th e  m easu ring  ran g e  or 
th e  se n s it iv ity  of th e  p h o to c a th o d e , c o n se q u e n tly  a n  increase  in  p h o sp h o re s
cence is possib le. A c tu a lly  i t  is n o t th e  b a c k g ro u n d  th a t  has a h igh  in te n s ity , 
b u t  th e  o rig ina lly  n o n -d e te c ta b le  p a r t  of s h o r te r  w av e len g th s  in  th e  p h o sp h o 
rescence  o f th e  b o tt le  is in tro d u c e d  b y  th e  sc in ti l la to r  in to  th e  m easu rin g  
ran g e .

In  o rd e r to  e x p la in  th e  increase of th e  b a c k g ro u n d  ra d ia tio n  (i.e ., of 
phosp h o rescen ce) e n c o u n te re d  in th e  p resen ce  o f  P O P O P  (w ith o u t f i l te r  
C hance  O X  7), i t  m u s t b e  assum ed  th a t  to lu e n e  m a y  p la y  a role in  th e  m ech a 
n ism , to o . B o th  th e  a b so rp tio n  an d  th e  em ission  b a n d s  of P O P O P  are  w ith in  
th e  se n s it iv ity  ran g e  o f  th e  p h o to c a th o d e , c o n se q u e n tly  an  in tro d u c tio n  of 
p h o sp h o rescen ce  is possib le  o n ly  if  th e  r a d ia tio n  is ab so rb ed  b y  to lu en e .

T h ere fo re  i t  is n o t  su ffic ien t to  s tu d y  th e  in te n s i ty  of th e  phosphorescence 
o f th e  b o ttle  an d  t h a t  o f th e  so lven t se p a ra te ly , since th e  phosphorescence 
o f a b o t t le  filled  w ith  s c in tilla to r  so lu tion  c a n n o t be  o b ta in ed  as th e  sum  of 
th e  in d iv id u a l ph o sp h o rescen ce  v alues of th e  p a r ts  of th e  system .

O n th e  basis  o f th e  above-m en tioned  re su lts  i t  m u st be p o in te d  o u t t h a t  
w hen  considering  th e  choice o f th e  p ro p e r s c in ti l la to r  or o p tica l f ilte r , th e  
p o ss ib ility  of th e  in tro d u c tio n  of ph o sp h o rescen ce  m u s t also be ex am in ed  as 
a new  fa c to r . T h u s i t  is p re fe ra b le  to  use p - te rp h e n y l, w hich em its in  th e  sh o rte r  
w a v e le n g th  ran g e , to g e th e r  w ith  th e  f ilte r  C hance  O X  7, in s te a d  of em ploy ing
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e.g., P O P O P  w ith  a f ilte r  t ra n s p a re n t  as re g a rd s  th is  sub stan ce . N a m e ly , 
w hen  a sc in tilla to r  e m ittin g  a t  a longer w av e le n g th  a n d  o p tica l f i l te r  a re  u sed , 
th e  s c in tilla to r  m ay  in tro d u ce  a h ig h er a m o u n t o f phosphorescence in to  th e  
sen s itiv e  ran g e  o f th e  p h o to ca th o d e . F o r  in s ta n c e  in  th e  case of a s c in t i l la to r  
so lu tion  co n ta in in g  P P O  an d  P O P O P , th is  m eans th a t  th e  p h o sp h o rescen ce  
co rresp o n d in g  to  th e  ab so rp tio n  b an d s  o f to lu e n e , P P O  an d  P O P O P  (ran g e  
2300 to  3900 Â) will he m easu red  in  sp ite  o f  th e  fac t th a t  th e  f i l te r  is  t r a n s 
p a re n t  on ly  fo r th e  em ission h a n d  of P O P O P  (3900 to  5300 Â). O n th e  o th e r  
h a n d , w ith  a sc in tilla to r  so lu tio n  c o n ta in in g  p - te rp h e n y l, it  is on ly  th e  p h o s 
phorescence  co rrespond ing  to  th e  ra n g e  2 3 0 0 —3000 Â w hich can  b e  in t r o 
d u ced ; th e  a b so rp tio n  b an d s o f to lu en e  a n d p - te rp h e n y l  are largely  o v e rla p p in g , 
a n d  th e  in te n s ity  o f phosphorescence  e x c ite d  b y  sun lig h t is s u b s ta n t ia l ly  
low er in th is  ran g e  th a n  in  th e  reg ion  o f lo n g e r w ave leng ths.

S im ila rly , a n y  a d d itiv e  added  to  l iq u id  sc in tilla to rs  m u s t b e  s tu d ie d  
as reg a rd s  th e  possib le in tro d u c tio n  o f phosphorescence .

U ltim a te ly , an  o p tica l f ilte r  can  co m p le te ly  e lim inate  on ly  p h o s p h o 
rescence h av in g  longer w av e leng ths th a n  th e  u p p e r  w aveleng th  l im it  o f  th e  
f i l te r ,  w hile in  th e  d irec tio n  o f sh o rte r  w av e len g th s  th e re  is no p o ss ib ility  fo r 
such  e lim in a tio n .

T h e  a u th o rs  express th e ir  g ra ti tu d e  to  A cad em ic ian  T ibo r  E r d e y -G ruz a n d  P ro fe sso r 
Sá n d o r  L e n g y e l  fo r th e ir  v a lu ab le  adv ice, fu r th e r  to  M rs BÉLA J ankó  an d  Má r ia  B a r a s it s  
fo r th e ir  help  in  th e  course o f th e  ex p erim en ts .

SU M M A R Y

T he ro le o f phosphorescence has b een  s tu d ie d  in  th e  m easu rem en t o f so ft b e ta  e m it te r s  
(m ain ly  tr it iu m  an d  l4C iso tope) b y  th e  liq u id  sc in tilla tio n  tech n iq u e  using  a s in g le -ch an n e l 
c o u n te r.

I t  has  been  fo u n d  th a t  th e  m o st serious p ro b lem s enco u n tered  in  th e  use  o f  a  s ing le
ch an n e l c o u n te r  — m ain ly  in  th e  d e te rm in a tio n  o f  t r i t iu m  — arise in  con seq u en ce  o f th e  
p hosphorescence  on  th e  glass b o ttle s  an d  o f th e  so lv en ts . T h e  low est m easu rab le  a c t iv i ty  a n d  
th e  n u m b er o f m easu rem en ts  th a t  can  be  c a rried  o u t  in  one d a y  are  d e te rm in ed  f i r s t  o f  a ll b y  
th e  d ecay  ra te  o f th e  phosphorescence an d  b y  th e  in te n s i ty  o f residual phosp h o rescen ce .

T h ere  is no s ig n ifican t d ifference b e tw een  th e  phosphorescence of sam p le  c o n ta in e rs  
m ad e  o f v a rio u s glass so rts : th e  in itia l p h o sp h o rescen ce  is, w ith  an y  of th ese , in  th e  o rd e r  of 
m ag n itu d e  of 10° co u n ts /100 sec., a n d  even  a f te r  a  d a y  i t  rem ain s as h igh  as sev e ra l th o u sa n d  
co u n ts/100 sec.

No considerab le  differences hav e  b een  fo u n d  in  th e  phosphorescence of v a r io u s  so lv en ts  
(to lu en e , x y len e , d io x an e , e th y l a lcohol); h o w ev er, th e  p u r i ty  o f th e  so lven ts h a s  a  m a rk e d  
effect.

T ech n iq u es kno w n  from  th e  l i te ra tu re  as m ean s fo r red u cin g  phosphorescence  (d isc rim in 
a tio n  a n d  th e  use o f  an  o p tica l f ilte r), w hen  a p p lied  se p a ra te ly , did n o t b ring  a b o u t  s a tis fa c to ry  
re su lts . D isc rim in a tio n  involves even  in  th e  case o f th e  14C iso tope  a decrease in  e ffic ien cy , a n d  
re q u ire s  several h o u rs  o f sto rage  in  th e  d a rk ; in  th e  case  o f  tr it iu m , th e  use o f th is  m e th o d  is 
e n tire ly  im possib le.

T h e  phosphorescence  of sc in tilla tio n  g ra d e  to lu e n e  can  be  to ta lly  cancelled  b y  th e  use 
o f a n  o p tica l f i lte r  recom m ended  b y  L loyd  a n d  co-w orkers . In  th is  m anner, th e  in te n s i ty  o f th e  
p hosphorescence  is decreased  to  such  a n  e x te n t  t h a t  i t  becom es possible to  m ea su re  t r i t iu m  
a f te r  a d a rk  sto rag e  of 2 hours, an d  th e  c a p a c ity  o f  th e  m easu ring  device is in c reased  te n  tim es.
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T h e  lo w est d e te c ta b le  a c t iv i ty  level is decreased  b y  2 0 % , in  sp ite  of th e  fa c t th e  m easu rin g  
effic ien cy  is — as o p p o sed  to  th e  resu lts  o b ta in ed  b y  L l o y d  an d  co-w orkers — d ecreased  b y  20 
to  2 5% .

B y  th e  s im u lta n eo u s  use o f th e  o p tica l f i l te r  a n d  d isc rim in atio n , 14C iso to p e -c o n ta in in g  
sam p les can  be  m ea su re d  a f te r  a  d a rk  sto rage of h a lf  an  h o u r , an d  th e  in te n s ity  o f  th e  re s id u a l 
phosp h o rescen ce  is 80 co u n ts /100 sec.

W ith  co n ta in in g  a  sc in ti l la to r  i t  has been  fo u n d  t h a t  in  th e  presence of th e  o p tic a l f i lte r  
a n d  a sc in ti l la to r  e m ittin g  a t  a  su itab le  w av elen g th  (e. g .,jp -te rp h en y l) , th e  in te n s ity  o f  o b se rv ed  
p h o sp h o rescen ce  h as  in c re ased  as com pared  to  t h a t  o f  th e  e m p ty  b o ttle . A d e ta iled  s tu d y  o f 
th is  e ffec t h a s  rev ea led  t h a t  th e  p o rtio n  of th e  p h o sp h o re scen ce  of glass ou tside  o f th e  s e n s it iv ity  
ra n g e  o f th e  p h o to c a th o d e  is  abso rb ed  b y  th e  so lv e n t a n d  th e  sc in tilla to r, an d  i t  is e m it te d  a t  
a  new  w a v e le n g th  c h a ra c te ris tic  o f th e  sc in tilla to r , th e  l a t t e r  w aveleng th  being now  w ith in  th e  
m easu rin g  ran g e . T h is  p h en o m e n o n  has been n a m e d  “ introduction  o f  phosphorescence” b y  th e  
a u th o rs .

I n  consequence  o f  th e  in tro d u c tio n  of p h o sp h o re scen ce , i t  is n o t reaso n ab le  to  s tu d y  th e  
p h o sp h o re scen ce  of th e  sam p le  co n ta in e r and  of th e  so lv e n t in d ep en d en tly  from  th e  sc in ti l la to r  
so lu tio n , a n d  w hen  choosing  th e  a p p ro p ria te  sc in ti l la to r  a n d  o p tica l f ilte r, th e  p o ss ib ility  o f th e  
in tro d u c tio n  o f p h o sp h o rescen ce , as a novel fa c to r , m u s t  b e  ta k e n  in to  co n sid era tio n . I n  o rd e r 
to  d ecrease  th is  e ffec t, i t  is p re fe rab le  to  use a sc in ti l la to r  w hich  em its in  th e  ra n g e  o f sh o rte r  
w a v e le n g th s , to g e th e r  w ith  a  f i l te r  w hich  is t r a n s p a re n t  w ith  resp ec t to  th e  sc in tilla to r . Scin
t i l la to r s  e m ittin g  in  th e  ra n g e  o f longer w av elen g th s a re  a p t  to  in tro d u ce  a h igher p ro p o r tio n  of 
th e  p h o sp h o rescen ce  o f th e  b o ttle  in to  th e  m easu rin g  ra n g e , and  th e  in te n s ity  o f p h o sp h o re s
cence is  m u ch  h ig h er a t  h ig h e r  w avelengths.

A n  o p tica l f i l te r  m a y  co m p le te ly  cancel o n ly  p h o sp horescence  of h ig h er w av e len g th s  
th a n  i ts  ow n lim it o f tra n sm iss io n  on th e  h igh  w a v e le n g th  side, in  th e  d irec tio n  of sh o rte r  
w a v e le n g th s  th e re  is no  p o ss ib ility  to e lim inate  p h o sp h o rescen ce .
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D ie B edeu tung  der P h o sp h o reszen zstrah lu n g  hei der M essung w eiche ß -S trah len  
aussendender Isotopen m it F lü ssig k e itssc in tilla to r in  e inem  E in k an a l-M eß g e rä t

P. FODOR-CSÁNYI und B. LÉVAY

Z usam m enfassung . E s w u rd e  d ie R olle  de r P h o sp h o reszen zstrah lu n g  in  e in em  E in k an al- 
M eß g crä t bei de r M essung m itte ls  F lü ss ig k e itssc in tilla tio n  von  w eiche /З-S tra h lu n g  au ssen d en 
d en  Iso to p e n  (vor allem  T rit iu m  u n d  l4C -Isotop) u n te rsu ch t.

E s  w urde festgeste llt, d aß  in  E in k an al-M eß e in rich tu n g en  — b eso n d e rs  b e i d e r M essung 
v o n  T rit iu m  — die g rö ß ten  P ro b lem e  d u rc h  die P h o sp h o reszen zs trah lu n g  d e r G la sk ü v e tten  
u n d  d e r L ö sungsm itte l v e ru rsa c h t w erden . Die geringste  m eß b are  A k t iv i tä t  u n d  d ie A nzahl 
d e r tä g lich  d u rch fü h rb a ren  M essungen w ird  d u rch  die G eschw indigkeit des A u fh ö ren s der 
P h o sp h o reszen zstrah lu n g  bzw . d u rc h  d ie G röße de r R estp h o sp h o reszen z  am  s tä rk s te n  beein
f lu ß t.

Zw ischen der P h o sp horeszenz  d e r au s v e rsch iedenen  G la sa rten  v e r fe r t ig te n  K ü v e tte n  
w u rd e  keine  w esentliche A bw eichung  gefunden , d ie A u sg an g s in te n sitä t e in e r je d e n  zeigte 
eine G röß en o rd n u n g  von 10° Im p u lse/1 0 0  s, u n d  b lieb se lb st n ach  e in igen T ag en  m eh re re  tau sen d  
Im p u lse /100 s.

D ie P hosphoreszenz de r L ö su n g sm itte l (Toluol, X ylol, D io x an , Ä th a n o l)  wies nu r 
e inen  geringen  U n tersch ied  auf, do ch  ä n d e rte  sie sich  b e trä ch tlic h  m it d e r R e in h e it.

D ie in  der L ite ra tu r  b e sch rieb en en  M ethoden  (D isk rim in a tio n  bzw . d ie  V erw endung  
o p tisch e r F ilte r)  gaben e inzeln  a n g ew en d e t keine befried igenden  R e su lta te . So k a n n  die 
D isk rim in ie ru n g  se lbst im  F a lle  des 14C -Isotopen n u r  zu L as ten  des W irk u n g sg rad es , m it 
S te h en  im  D unk len  w äh ren d  m eh re ren  S tu n d e n  k o m b in ie rt, v e rw en d e t w e rd en , u n d  beim  
T ritiu m  k o m m t diese M ethode g a r n ich t in  F rage.

D er von  L l o y d  u n d  M ita rb e ite rn  em pfohlene op tische  F ilte r  h o b  d ie Phosphoreszenz  
des T oluo ls v o n  S c in tilla tio n sre in h e it v o llkom m en  auf. D ad u rch  w u rd e  d ie P h o sp h o reszen z
s tra h lu n g  d e ra r t  v e rrin g e rt, d a ß  d ie  M essung des T ritiu m s n ach  2 S tu n d e n  S te h e n  im  D unklen  
erm ö g lich t, u n d  die K a p a z itä t  des M eßgerä tes v e rze h n fac h t w urde. D er W e rt d e r  geringsten  
n ach w eisb aren  A k tiv itä t  n ah m  u m  2 0 %  a b , obw ohl de r F ilte r  im  G eg en sa tz  zu  d en  B efunden  
von  L lo y d  u n d  M ita rb e ite rn  den  W irk u n g sg rad  de r M essung u m  20 — 2 5 %  v e rrin g e rte .

D u rch  gleichzeitige V erw en d u n g  des o p tischen  F ilte rs  u n d  d e r D isk rim in ie ru n g  k o n n te  
e rre ich t w erden , daß  das 14C -Iso top  n a ch  h a lb s tü n d ig em  S tehen  de r P ro b e n  m e ß b a r  w urde , und  
die I n te n s i tä t  de r R estp h o sp h o reszen z  80 Im pu lse/100  s b e tru g .

Im  Falle  von  m it S c in tilla to r  g e fü llten  K ü v e tte n  fa n d  m an , d a ß  d ie  In te n s i tä t  der 
b eo b ac h te ten  P hosphoreszenz  in  G eg en w art des o p tischen  F ilte rs  u n d  e ines be i en tsp rech en d e r 
W ellen länge e m ittie ren d en  S c in tilla to rs  (z. B. des p -T erp h en y ls) im  V ergeich  zu  d e r bei leerer 
K ü v e tte  gefundenen  I n te n s i tä t  a n s te ig t. E ine  e ingehende U n te rsu ch u n g  d ieser E rsch ein u n g  
zeig te , d aß  de r au ß erh a lb  des E m p fin d lich k eitsb e re ich es de r P h o to k a th o d e  liegende  Teil der 
P hosphoreszenz  des G lases d u rc h  d as L ö su n g sm itte l bzw. den S c in tilla to r  a b so rb ie r t  u n d  bei 
e iner fü r  den  S c in tilla to r c h a ra k te r is tis c h e n  W ellenlänge, die in  den  M eßbere ich  fä llt, em it
t ie r t  w ird . D iese E rsch ein u n g  w u rd e  »E inbringen  der P h o sp h o reszen zstrah lu n g «  genann t.

W egen des E in b rin g en s d e r P h o sp h o reszen zstrah lu n g  w äre es sinn los, d ie  P hosp h o res
zenz d e r K ü v e tte  u n d  des L ö su n g sm itte ls  u n ab h än g ig  von  der S c in tilla to rlö su n g  zu  u n te r 
su chen , v ielm ehr m uß  bei de r W ah l des S c in tilla to rs  u n d  des o p tisch e n  F ilte rs  als w eiterer 
E in f lu ß fa k to r  auch  die M öglichkeit e ines E in b rin g en s der P h o sphoreszenz  b e a c h te t  w erden. 
U m  dies m öglichst zu v e rh in d e rn , w ird  m an  zw eckm äßigerw eise e inen  in  d em  k ü rz e re n  W ellen
bere ich  em ittie ren d en  S c in tilla to r  u n d  e inen  fü r  dense lben  d u rch sich tig en  F il te r  w ählen . Der 
im  län g e ren  W ellen längenbere ich  e m ittie re n d e  S c in tilla to r k a n n  n ä m lich  e in en  g rößeren  Teil 
de r P h o sp h o reszen zstrah lu n g  d e r K ü v e tte  in  den  M eßbereich  e in b rin g en , u n d  im  längeren  
W ellenbereich  is t  die P hosp h o reszen z  v iel in ten siv e r.

L e tz ten  E ndes w ird  n u r  d ie  P hosphoreszenz  o b erhalb  de r G renze  gegen  die größeren  
W ellen längen  v o lls tänd ig  d u rc h  d en  o p tisch en  F ilte r  au sfiltr ie rt, gegen k ü rz e re  W ellenlängen 
k a n n  jed o ch  die Phosphoreszenz  n ic h t b e se itig t w erden.
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Важность фосфоресценции в жидкосцинтилляционных измерениях 
изотопов мягкой /3-радиации, в одноканальном измерительном

приборе
П . Ф О Д О Р-Ч А Н И  и Б . Л Е В А И

Резюме. Исследовали роль фосфоресценции в жидкосцинтилляционных измерениях 
изотопов мягкой //-радиации (в первую очередь изотопов триция и 14С), в одноканальном 
измерительном приборе.

Установили, что в одноканальном измерительном приборе — в первую очередь 
при измерениях триция — самую большую проблему оказывают фосфоресценционные излу
чения стеклянных кюветт и растворителей. Скорость прекращения фосфоресценции или 
величина оставшейся фосфоресценции больше всего влияют на измеримую наименьшую 
активность и на число проводимых ежедневных измерений.

Между фосфоресценцией кюветт, изготовленных из различных сортов стекла, зна
чительного расхождения не было найдено, начальная интенсивность каждой из кюветт 
была порядка I0 6 импульс/ 1 0 0  сек и оставалась даже по истечению одного дня порядка 
нескольких тысяч импульс/ 1 0 0  сек.

Фосфоресценция растворителей (толуол, ксилол, диоксан, этанол) не отличается 
значительно друг от друга, а изменяется в зависимости от чистоты растворителей.

Известные из литературы методы (применение дискриминирования или оптиче
ского фильтра) снижения фосфоресценции не привели к нужным результатам. Так, дискри
минация еще применима в случае изотопа 14С и то только за счёт снижения степени эффек
тивности и при многочасовом нахождении изотопа в темноте; в случае же триция этот 
метод уже никаким образом не может быть использован.

Предложенный Ллойдом и сотрудниками оптический фильтр полностью устранил 
фосфоресценцию сцинтилляционно чистого толуола. Таким образом, величина фосфорес
ценции снизилась настолько, что стало возможным измерение триция, после двухчасового 
нахождения в темноте, и производительность измерительного прибора увеличилась в 
десять раз. Величина минимально детектируемой активности снизилась на 20%, хотя 
фильтр, в противоположность Ллойду и сотрудникам, на 20— 25% снизил измерительную 
степень эффективности.

При совместном использовании оптического фильтра и дискриминации удалось, 
при измерении изотопа L4C, достигнуть измеримости проб после получасового нахождения 
их в темноте и интенсивность оставшейся фосфоресценции была 80 импульс/ 1 0 0  сек.

В случае кюветт, заполненных сцинтиллятором, наблюдали, что в присутствии 
оптического фильтра и сцинтиллятора (напр., п-терфенил), эмигрирующего при соответ
ствующей длине волны, имеет место возрастание, по сравнению с пустой кюветтой, интен
сивности наблюдаемой фосфоресценции. Более обстоятельное изучение явления показало, 
что растворитель или сцинтиллятор абсорбирует часть фосфоресценции стекла, лежащую 
за пределами чувствительности фотокатода, и эмиттирует ее, при соответствующей сцин
тиллятору длине волны; фосфоресценция попадает в пределы измерений. Это явление 
назвали вносом фосфоресценции.

Вследствие этого явления нет смысла в независимых от растворов сцинтиллятора 
измерениях фосфоресценции кюветты и растворителя, кроме этого, при выборе сцинтил
лятора и оптического фильтра нужно принимать во внимание, как новую точку зрения, 
возможность вноса фосфоресценции. Для снижения такого вноса лучше всего исполь
зовать сцинтиллятор, эмиттирующий в области более коротких длин волн, с прозрачным, 
по отношению к сцинтиллятору, фильтром. Сцинтиллятор, эмигрирующий в более длин
новолновой области, способен внести в область измерений большую часть фосфоресцен
ции кюветты, кроме того, интенсивность фосфоресценции в более длинноволновой области, 
является более значительной.

В конечном итоге, оптический фильтр способен полностью фильтровать фосфорес
ценцию в области, лежащей у границы более длинных волн, при более же коротких длинах 
волн нет возможности устранения фосфоресценции.
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RELATIONS BETWEEN THE INTEGRAL PRINCIPLE 
OF THERMODYNAMICS AND THE HAMILTON PRINCIPLE

I . G y a r m a t i

( D e p a r t m e n t  f o r  P h y s i c a l  C h e m i s t r y ,  P o l y l e c h n i c a l  U n i v e r s i t y ,  B u d a p e s t )

Received October 26, 1965

In tro d u c tio n

In  several p rev io u s  p ap ers  [1, 2, 3, 4] we h a v e  d iscussed  th e  v a r ia tio n a l 
p rincip les of n o n -eq u ilib riu m  th e rm o d y n am ics . T h e  general local fo rm  o f th e  
p rinc ip le  of le a s t d iss ip a tio n  of energy  has b een  fo rm u la te d  in  tw o  d iffe ren t 
re p re se n ta tio n s , fu r th e r  on th e  un ified  fo rm  a n d  its  e q u iv a len t, th e  G aussian  
ty p e  p rincip le  h a v e  been  given . Several ex am p le s  fo r th e  ap p lica tio n  o f th e  
la t te r  have  been  p re se n te d  b y  J .  V e r h ÁS [5, 6 ], a n d  i t  seem s, th a t  th e  G aussian  
ty p e  d iffe ren tia l p rin c ip le  o f th e rm o d y n am ics  is u n d e rs to o d  now  in every  
resp ec t. I t  is know n  th a t  P r ig o g in e  was th e  f i r s t  w ho suggested  th e  ex istence  
of th e  G aussian  ty p e  p rin c ip le  in  a v e ry  in tu i t iv e  w ork  [7]. In  th e  sam e p a p e r 
he also m ade a llu sions to  th e  ex istence o f a th e rm o d y n a m ic  in te g ra l p rinc ip le , 
w hich m ay  to  a ce rta in  e x te n t d isp lay  a s im ila r ity  to  th e  H am ilto n  p rincip le . 
Since in  o u r a b o v e -m en tio n ed  papers (p a r tic u la r ly  in  [2]) a g enera l in teg ra l 
p rinc ip le  w as fo rm id a te d  ( th e  ap p licab ility  o f  w h ich  has been p ro v e d  beyond  
d o u b t b y  V e r i i á s  an d  B ö r ö c z  [8 , 9]), th u s  a m ore d e ta iled  an a ly s is  o f th e  
re la tio n  be tw een  th is  in te g ra l p rincip le  a n d  th e  H am ilto n  p rin c ip le  seem s to  
be desirab le .

1. T he in teg ra l principle a n d  its applications

W e o b ta in e d  th e  in te g ra l p rincip le  o f th e rm o d y n a m ic s  b y  d ed u c tio n  of 
th e  d iffe ren tia l e q u a tio n  o f h e a t co n d u c tio n  a n d  b y  g en era liza tio n  of th e  ob 
ta in e d  resu lts . T h e  g en era l L agrange fu n c tio n  o f th e rm o d y n a m ic s  fo r th e  case 
of co n tin u o u s sy s tem  has been  given in  th e  fo llow ing  form  [ 2 ,4 ] :

3  — QS — y>, ( 1. 1)

w here q is th e  d e n s ity  o f  m edium , s is th e  s u b s ta n tia l  tim e  d e r iv a tiv e  of th e  
specific  e n tro p y , a n d  y> is th e  d iss ip a tio n  fu n c tio n  given as th e  hom ogeneous 
q u a d ra tic  fu n c tio n  o f  th e  th e rm o d y n am ic  fo rces. T he a c tu a l fo rm  of th e  L a 
grange fu n c tio n  fo r  h e a t co nduc tion  in F o u r ie r  p ic tu re  [1, 2, 4, 8 ] is:

3 T =  ecv T ^ -  +  - ( S 7 T ) * .  (1 .2)
91 2
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I n  th e  case of m u ltic o m p o n e n t iso th e rm  d iffusion  [8 ]:

K -i de,. 1 К“ 1
~ ^ / i / í  =  Q ^  ( f t i  f t < )  j  I ~  ^  ^ i ' A  V ( f t '  f t < )  •  V ( i ^ A  f t < ) -  ( ^ ' ^ )

k = 1 a t  2

T h e  L ag ran g e  fu n c tio n  b e lo n g in g  to  th e  N a v ie r—Stokes e q u a tio n  o f viscous 
f lu id s  is th e  follow ing [8 ]:

d \  2 \
2?’v =  v  q --------f - g r a d p — pF  -|-------rjv -------— r\ ( d iv v )2 +  íj [(G rad  v )s]2. (1.4)

dt 2 3 J

F in a lly , th e  L agrange fu n c tio n  belong ing  to  th e  genera lized  N a v ie r—Stokes 
e q u a tio n  co n ta in in g  also th e  ro ta t io n a l  v isco s ity  is [9]:

S ’ Vffl =  S v +  Q&w ■ — — -f- —  (ro t v  — 2ш ) . 
dt 2

(1.5)

T h e  in d ice s  of th e  L ag ran g e  fu n c tio n s  are  in d ic a tin g  th e  v a r ie d  p a ra m e te rs  
in  in d iv id u a l  cases. C oncern ing  th e  m ean in g  o f th e  o th e r q u a n tit ie s , w e re fer 
to  th e  o iig in a l papers. L e t us d e n o te  b y  F j  th e  sca la r p a ra m e te rs  w hose n e g a tiv e  
g ra d ie n ts  are  th e  co rresp o n d in g  th e rm o d y n a m ic  forces X j ,  be .,

fo r  h e a t  co nduc tion  Г  =  T  since X q =  — V  T

fo r  diffusion F k =  fj,k — /лк  since X fc =  — (/лк — ц к )

fo r  v isco sity  Г a =  va since X v =  —G rad  v

th e n  in  th e  case o f f  n u m b e r  o f  in d e p e n d e n t sca la r  p a ra m e te rs  Г  j,  we o b ta in  
th e  co rresp o n d in g  L agrange fu n c tio n  J3? ex p ressed  as depend ing  in  g enera l 
on th e s e  p a ra m e te rs  Г  j, on th e i r  g ra d ie n ts  a n d  th e ir  tim e  d e riv a tiv e s

dT:

r ^ ^ d t :

& = & ( r j , S 7 r j , r } ) .  ( 1.6)

As i t  h a s  been  p ro v ed  p re v io u s ly  [1, 2, 4 , 8 , 9 ], th e  v a r ia tio n a l co n d itio n s 
v a lid  fo r  th e  vo lum e in te g ra l o f  th e se  L agrange fu n c tio n s  are :

í l  =  « J . s w  =  o ( 1 7 )

a n d  th e  E u le r—L agrange e q u a tio n s  o f  th is  v a r ia tio n a l problem s

0 5 ?  3 Q З У

Ü T . ^ T M T 0' w = 1 -2-" /)  (L8)
Qxa.

w ill b e  th e  F o u rie r, F ick , N a v ie r—S tokes, e tc . eq u a tio n s .

Acta C him  111 Academiae Scientiarum Hungaricae 47. 1966.



GYARM ATI: IN TEG R A L PR IN C IPL E  AND HAM ILTON PR IN C IP L E 3 6 9

T he co n d itions o f th e  v a r ia tio n a l p rob lem  a re  th e  follow ing:

(1) T he th e rm o d y n a m ic  flu x es Jj  c o n ju g a te d  to  th e  forces X j ,  a re  co n 
sidered  fix ed , w hile v a ry in g  over I y.

(2) T he p a ra m e te rs  JTj are n o t v a ried  a lo n g  th e  b o u n d a ry  su rfaces.
(3) Q u a n titie s  p ro d u c in g  n o n-irreversib le  effec ts  (such as h y d ro s ta tic  

p ressu re  p  an d  e x te rn a l forces F) are  n o t v a rie d .
dTi Э/ J )

(4) T he tim e  d e r iv a tiv e s ----— or — -  o f th e  I  ,• p a ra m e te rs  a re  n o t
. -, dl dtvaried .

U n d er su ch  co n d itio n s th e  foregoing s ta te m e n ts  are  u n am b ig u o u sly  
v a lid . O f th e  g iven  fo u r co n d itio n s, th e  f irs t  th re e  can  easily  be u n d e rs to o d . 
T he la s t  co n d itio n , h o w ever, is fa irly  d iffe ren t f ro m  th e  v a r ia tio n a l m e th o d s  
fam ilia r in o th e r  fie lds of physics. T herefo re, w h en  a t te m p tin g  to  d raw  a p a ra l 
lelism  betw een  th e  in te g ra l p rin c ip le  (1.7) a n d  th e  H a m ilto n  p rinc ip le , p a r t ic 
u la r  a tte n tio n  sh o u ld  he p a id  to  cond ition  (4).

2. R ela tion  betw een th e  in te g ra l principle o f th e rm o d y n am ics  and  th e  H am ilto n
principle

F irs t o f a ll i t  m u s t be  p o in te d  ou t th a t  o u r  L ag ran g e  fu n c tio n s a re  a c tu 
a lly  L ag ran g ian  d en sitie s , fo r w hich, in  g en era l, th e  in te g ra l p rin c ip le  (1.7) 
is v a lid . F u rth e rm o re , i t  can  be easily  seen, th a t  th e  E u le r—L agrange e q u a tio n s
(1.8) refer to  a rea l, sca la r , m acroscopic p a ra m e te r  Г ,  w h ich  depends on space 
a n d  tim e . H ence , in  th e  m o s t genera l sense a l l / )  =  Г ,(r ,  t) q u a n titie s  re p re se n t 
rea l, sca la r fie ld  q u a n tit ie s . In  th is  re sp ec t we m a y  sp eak  of a te m p e ra tu re  
f ie ld  o f a m a te r ia l sy s tem , o f its  chem ical p o te n tia l  fie ld , a n d  its  fie ld  o f v e loc
i ty  (w hich is, o f  course  e q u iv a le n t to  th re e  sc a la r  fie lds). B ased  u p o n  th is  
fa c t, in  th e  fo llow ing d iscussion  we shall ex am in e  th e  re la tio n  b e tw een  th e  
in te g ra l p rinc ip le  of th e rm o d y n am ics  (1.7) a n d  th e  H a m ilto n  p rin c ip le  w ith  
th e  a id  of th e  m a th e m a tic a l a p p a ra tu s  of c lassica l sca la r  fie ld  theo ries.

F o r such  an  e x a m in a tio n  o f th e  re la tio n  b e tw een  (1.7) an d  th e  fie ld  
th e o re tic a l e q u iv a le n t o f  th e  H am ilto n  p rin c ip le  i t  sh o u ld  be ta k e n  in to  co n 
sid e ra tio n  th a t  th e  fie ld  q u a n titie s  /)■ (as g enera lized  coo rd inates) are  fo rm ing  
a co n tin u u m . T h erefo re , we define a L a g ra n g ia n  d e n s ity  X?  o f w h ich  we 
assum e (ju s t s im ila rly  to  th e  case of th e  H a m ilto n  p rincip le) th a t  i t  depends 
on th e  “ fie ld  c o o rd in a te s” / ) ,  on its  g rad ien ts  S /T j ,  a n d  on  its  tim e  d e riv a tiv e s  
Pj, m oreover p e rh a p s  i t  ex p lic itly  depends also on  tim e . H ence, th e  L ag ran g ian  
d e n s ity  (for th e  sake o f  s im p lic ity  expressed  o n ly  fo r th e  j'- th  fie ld  q u a n ti ty )  
will be:

( 2 . 1)
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O n  in te g ra tin g  th is  o v e r th e  vo lum e fo r  th e  (global) L a g ra n g ia n  we have

L  =  $ & ( r } x r j 4 t j , t ) d V .  (2 .2 )
V

N o w  th e  H am ilton  p r in c ip le  is re p re se n te d  b y  th e  in te g ra l p rin c ip le

ô \ L d t  =  ô [ f  jg*dVdt =  [ J  ( Ô 3 )  d V d t  =  0 , (2.3)
t , (Î  V  t \  V

i f  w e ag ree  th a t  th e  f ie ld  q u a n t i ty  Г ) in  th e  m om en ts ty a n d  i2 is n o t  varied , 
fu r th e rm o re  th a t  tim e  is n o t  v a r ie d  a t  all. E x p ressed  in  e q u a tio n  th is  con
d it io n  o f v a ria tio n :

ÔTj ( r , tj) =  ôTj (r, t2) =  0, and  ôt =  0 . (2-4)

U s in g  now  expression  (2.1) o f  th e  L a g ra n g ia n  d e n s ity  3 ,  we get:

9 3 3 1 д Г \  д З
6* = ^ &г* +  2 - ш г 6 r (2 -5)

U * J

w h e re  in  th e  tw o la s t  te rm s  th e  successive o rd e r o f d iffe re n tia tio n  over th e  
c o o rd in a te s  and  over th e  t im e  are  co m m u tab le  b y  th e  v a r ia tio n . S u b s titu tin g  
e x p re ss io n  (2.5) in to  (2 .3), a f te r  p a r t ia l  in te g ra tio n  w ith  co n d itio n s  (2.4), 
w e g e t:

i.
Г ' Г [ 0 3  3 8 д З  " d Q 3

—  - У — --------t r T  —  d r , d V d t =  0 . (2 .6)
37j o=i Зжа g dt  8TJ

! I dx
V  V  a  >

t i  V

B e c a u se  th is  expression m u s t be  fu llfilled  fo r a rb itra ry  vo lum e a n d  in  case of 
a r b i t r a r y  v a ria tio n s  ÔL), th u s  we m ay  w rite  (see, e.g., [10]):

8 3 3 Э Г д З  1 d  д З
-  у ----------- ?==-----------— - = 0 . (2.7)

8 7] ,7-| 9ха 9 97}_ d t  07]
- д х а  -

T h is  d iffe ren tia l eq u a tio n  is th e  E u le r—L ag ran g e  eq u a tio n  of m o tio n  d escrib 
in g  th e  v a r ia tio n  of th e  f ie ld  q u a n t i ty  7~] =  7 ](r , t) in  tim e  a n d  space , w hen 
th e  L a g ra n g ia n  d en sity  is d e fin ed  b y  (2.1). C om paring  now  th e  th e rm o d y n a m ic  
L a g ra n g e  function  (1.6), th e  in te g ra l p rin c ip le  (1.7), an d  th e  E u le r— L agrange
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e q u a tio n s  (1 .8), w ith  (2.1), (2.3) a n d  (2.7) ex is tin g  in th e  case o f  th e  H a m ilto n  
p rin c ip le , th e  s im ilarities a n d  d ifferences o f th e  tw o p rincip les a re  consp icuous. 
T he s im ila r ity  consists in th a t ,  t h a t  th e  in te g ra l p rin c ip le  (1.7) is in  th e  s tr ic te s t  
sense of th e  w ord  such a v a r ia tio n a l p rinc ip le , w hich gives th e  basis  o f th e  
f ie ld  th e o re tic a l d eve lopm en t o f  th e rm o d y n am ics , ju s t  like th e  H a m ilto n  
p rinc ip le  (2.3) in  o th e r cases. T h e  m o st essen tia l d ifference b e tw een  th e  tw o 
p rincip les is t h a t  in  case o f (1.7) th e  in te g ra l L  is a vo lum e in te g ra l o n ly , an d  
d u rin g  its  v a r ia tio n  th e  tim e  d e r iv a tiv e s  of th e  fie ld  q u a n titie s  a re  n o t  v a ried , 
as re q u ire d  b y  cond ition  (4). In  o th e r  w ords, in  th e  v a r ia tio n a l p rin c ip le  of 
th e rm o d y n a m ic s  th e  v a r ia tio n  o v e r th e  fie ld  q u a n titie s  Г j m u s t be m ad e  a t  
a fix ed  tim e .

N ow  in  o rd e r to  an a ly se  th e  d ifference betw een  th e  in te g ra l p rin c ip le  
o f th e rm o d y n a m ic s  an d  th e  H a m ilto n  p rinc ip le  b y  w ay  o f a c tu a l ex am p les , 
le t  us w rite  now  th e  d iffe ren tia l e q u a tio n s  o b ta in ab le  from  (2.7) b y  m ean s of 
th e  L a g ra n g ia n  densities (1.2), (1.3) a n d  (1.4).

(a) F o r  th e  te m p e ra tu re  f ie ld  (Г  =  T ), we get:

I f  we ap p ly  now  th e  sam e co n d itio n s  w hich  are  n ecessary  fo r h e a t  co n d u c tio n
d  9

ta k in g  p lace  in  a solid b o d y , i.e. q ,  c v are  c o n s ta n ts  a n d -—  = ----, th e  f irs t
dt dt

a n d  la s t  te rm s  o f th e  above d iffe re n tia l eq u a tio n  cancel each  o th e r . H ence, 
i t  can  be  sa id , t h a t  th e  ex istence  o f th e  H a m ilto n ian  ty p e  p rin c ip le  in  th e rm o 
dy n am ics is in co m p a tib le  w ith  th e  v a lid ity  of th e  F o u rie r  e q u a tio n . M ore 
ex a c tly , th e  d iffe ren tia l e q u a tio n  fo llow ing from  th e  H am ilto n ia n  ty p e  in te g ra l 
p rin c ip le  re fe rs  to  s ta tio n a ry  s ta te  on ly . In d eed , (2.8) leads (if A is in d e p e n d e n t 
o f co o rd in a tes) to  th e  L ap lace  e q u a tio n :

T herefo re , in  th e  lig h t o f P r ig o g in e ’s re su lts  [7] i t  seem s, t h a t  th e  p rin c ip le  
o f th e  m in im u m  p ro d u c tio n  o f e n tro p y  recognized  b y  h im  (w hich  ap p lie s  to  
s ta t io n a ry  s ta te s  on ly  [1, 2]) is in  a m ore in tr in s ic  re la tio n  w ith  th e  H a m ilto n ia n  
ty p e  p rin c ip les  th a n  our in te g ra l p rin c ip le .

(6) T h e  fie lds =  /ik — / iK o f  chem ical p o te n tia l o f a d iffu sion  sy stem  
co n ta in in g  К  co m p o n en ts  is o b ta in e d  as th e  superposition  o f К  — 1 in d e p e n 
d e n t sca la r fie ld s . N am ely , th e  G ib b s—D uhem  re la tion

V - ( * V T )  - - f  (ес«т ) =  o -8t d t
( 2 . 8)

A T = 0 . (2.9)

К- l  к - l  \
S  с к ^ / лк~\~ 1 S  Cl<\ ~  ®

k = 1 fc = 1 )
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c a n  b e  w ritte n  b y  u s in g  Г к — цк — ц К in  th e  fo rm

К- l
c/c^A  — — dfiK »

/£ =  1

b o th s  sides of w hich  a re  to ta l  d ifferen tia ls. C onsidering  now  th e  set o f fu n c tio n s  
ck =  с* ( Г  n  Г 2, . . . , Г К_ 1), w e get:

к - i  Эc,
dck =  V  ^  a r , ,

«  a r . '*

w h ere  fo r th e  m ix ed  d e r iv a tiv e s  i t  is v a lid  t h a t

_  dck =  92( - / r K) ^  32( — ц к ) Эс,- _

ail ' arfc а ц зцэгк Qrk 7kl
(i, к =  1, 2 , . . . ,  К  — 1)

( 2 . 10)

H e re w ith  th e  d iffu sio n a l L ag ran g ian  d e n s ity  (1.3) m a y  be w ritte n  in  th e  fo l
lo w ing  general fo rm :

K -i d r ,  1 к - 1

^ r  =  Q 2  Vi* r ‘ T -  + — 2  L ‘k V Г ,  \ / r k . (2.11)
i,k—\ d t  2 i,k=1

W ith  th is  L ag ran g ian  d e n s ity  and  using  th e  sy m m e try  expressed  b y  (2.10),
(2.7) leads to  th e  fo llow ing  d iffe ren tia l e q u a tio n :

K—1 d r ,  к —1 л / к - i
e 2  У н - т * - -  2  v  ' {Lik v  - ~ r  e 2  v *  r « =  0 • (2 -12)k=l fe 1 at k=i

I f  th e  d en sity  of th e  m e d iu m  an d  th e  q u a n ti t ie s  a re  c o n s ta n t in  tim e , th e n  
e q u a tio n  (2 .12) is re d u c e d  to  th e  m iddle te rm  o n ly , w h ich  refers again  to  s ta t io n 
a ry  case. The se t o f  d iffe ren tia l eq u a tio n s  o b ta in e d  b y  o m ittin g  th e  la s t 
te rm  m a y  be co n sid ered  as th e  m ost genera l se t o f e q u a tio n s  of m u ltico m p o 
n e n t  iso th e rm  d iffu sion . I t s  tra n sfo rm a tio n  to  den sitie s  or to  a rb itra ry  con
c e n tra tio n s  is v e ry  s im p le .

(c) In  th e  case o f  a v e lo c ity  fie ld  (Га =  va), (2.7) y ields w ith  th e  L a g ra n 
g ian  d e n s ity  (1.4) b y  v e ry  sim ple c o m p u ta tio n :

dy  ( 71 \ d
Q-------- [ -g ra d p  — p F  — j) V t — ~  g rad  d iv  v --------- (gv) =  0 (2.13)

dt  3 j dt

w h ich  leads aga in , i f  q =  c o n s ta n t to  th e  tim e -in d e p e n d e n t fo rm  of th e  
N a v ie r—Stokes e q u a tio n .
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I t  is seen from  each  p re s e n te d  ex am p le , th a t  th e  H a m ilto n  p rin c ip le
(2 .7 ) allow s on ly  th e  d e te rm in a tio n  o f tho se  te rm s  of th e  t r a n s p o r t  e q u a tio n s  
w hich  are  in d e p e n d e n t of tim e . T he co m p le te  tra n s p o r t  e q u a tio n s  can  only  
he deduced  fro m  th e  E u le r— L ag ran g e  e q u a tio n s  (1.8) belong ing  to  th e  tru e  
in te g ra l p rin c ip le  of th e rm o d y n a m ic s .

3. T h erm odynam ics an d  can o n ica l form alism

O n th e  basis  of w h a t h a s  b een  sa id  so fa r  i t  is reaso n ab le  — ev en  as a 
p ro b lem  of cu rio s ity  — to  ex am in e  th e  ex is ten ce  of canon ical fo rm a lism  in 
th e rm o d y n am ics . F irs t le t  u s  define  a can o n ica l form alism  v a lid  fo r  a rea l 
sca la r  fie ld  q u a n ti ty  Г: in  th e  case, w hen th e  L ag ran g ian  d e n s ity  J3? a n d  th e  
L ag ran g e  fu n c tio n  L  a re  k n o w n  as given b y  (2.1) an d  (2.2), re sp e c tiv e ly . 
W e m ay  s ta r t  b y  chang ing  th e  L ag ran g ian  d e n s ity  jg8* in  (2.7) to  th e  g lobal 
L ag ran g e  fu n c tio n  L  b y  m ean s o f th e  fo llow ing fu n c tio n a l (or v a r ia tio n a l)  
d e riv a tiv e s  [10]:

ÔL » Э 0 - г 7 . ÔL

<5iJ 3i] íTx 3xa g , ®Г] ôTj dl)
®x a .

W ith  th ese , (2.7) m ay  be w r it te n  in  th e  fo rm

d ÖL 0L_ _
dt d f j  ôTj

(3.1)

(3.2)

T h is E u le r—L agrange e q u a tio n  is fo rm ally  sim ilar to  th e  co rresp o n d in g  
eq u a tio n s  of p o in t m echan ics. L e t us now  define  th e  im pulse  c o n ju g a te d  to  
th e  fie ld  q u a n ti ty  Г j — Гj{r ,  t) b y  m ak in g  use o f  th is  fo rm al s im ila r ity , in  th e  
fo llow ing m an n e r:

,  i L  Ь-S ’ . . . .

th e n  from  (3.2) an d  (3.3) fo r  th e  tim e  d e r iv a tiv e  of these  f ie ld  q u a n tit ie s
we get

(l  0  =  т у т  • (3 -4)ö l j
In tro d u c in g  th e  H am ilto n  d e n s ity

j r = n j rJ - 3 ’ (3.5)

th e  H am ilto n  fu n c tio n  w ill b e :
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H =  \ 3 P d V .
V

(3.6)

F ro m  th ese  expressions th e  canonical e q u a tio n s  v a lid  for a Fj sca la r fie ld  
q u a n t i ty  is im m ed ia te ly  o b ta in e d . Since, w ith  th e  a id  o f (3.3), Pj  can  be  elim i
n a te d  from  3 F , th e  l a t t e r  w ill be th e  fu n c tio n a l o f  Fj a n d  jti only . T herefo re ,

Ö H =  f f—  6 F +  0 n \ d V  (3.7)
J \ ÔF 1 Ô JI: 1 У ’

V

w h e re  th e  fu n c tiona l d e r iv a tiv e s  over th e  f ie ld  q u a n ti t ie s  Г j an d  nj a re  in te r 
p r e te d  in  a m an n er a n a lo g o u s  to  th e  f irs t e q u a tio n  o f (3.1):

à H  _ Э . ^  J ,  Э ъ Ж

ô r j - Q F j  . З в *0 0 [ 0 £ Г  ( }

a n d

á H  =  ^  (з  9)
0ЛJ 0Лу d x a g Qni

9*a

O n th e  o th e r han d , th e  v a r ia t io n  of L  can  be g iv en  w ith  th e  v a r ia tio n  o f Г; 
a n d  F j  as follows:

Ô L = \ [ j F ÔFj +  f p  ô r j \ d V = \ & J ô r ; +  n i d V  =
V  1 1 V

—  J  [<5(Яу Pj) -F AjdTj — Pj dnj] d V  — ÓH +  ÔL +  j  (új öFj- — Pj 0л j) d V  , (3 .10)

V V

m ean w h ile  th e  exp ressio n s (3 .3), (3.4), (3.5) a n d  (3.6) h av e  been used . F rom  
th e  la s t  re la tio n , h o w ev er, i t  follows th a t

ÓH =  — Ç (á jóTj  — P j ö n ^ d V  (3-11)
V

w h ic h  on com paring  w ith  (3.7) yields th e  fo llow ing  canonical e q u a tio n s:

Г  m  • 0 H
r ‘  =  ^ '  J =  ~ U f  ' (3'12)

L e t us app ly  now  th e  g iven  a p p a ra tu s  to  w rite  th e  canon ical eq u a tio n s  
p e r ta in in g  to  th e  te m p e ra tu re  field , th e  f ie ld  o f  chem ieal p o te n tia ls , an d
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th e  v e lo c ity  fie ld  of a v iscous flu id  sy s te m . W ith  th e  use of th e  L a g ra n g ia n  
densities (1.2), (2.11) a n d  (1.4) we o b ta in  th e  genera lized  im pulse o f  th e  te m 
p e ra tu re  fie ld , chem ical p o te n tia l  fie ld s , a n d  th e  velocity  fie ld  f ro m  (3.3). 
These a re :

K -l
л т =  Q cv T , n r  =  Q 2 п к Гк , rcv= 0 \ . (3.13)

k = l

T he la s t expression  is, in d eed , th e  im p u lse  d e n s ity  of th e  s tre a m in g  flu id . 
T he H am ilto n ia n  d ensities (3.5) w ith  th e se  expressions can be im m e d ia te ly  
given. T h u s , th e  H a m ilto n ian  d e n s ity  o f th e  te m p e ra tu re  fie ld  is

£ Г Т = -  —  ( V T ) * ,  (3.14)

i.e., i t  is ju s t  th e  n eg a tiv e  o f  th e  second  (sp a tia l)  te rm  of L a g ra n g ia n  d e n s ity  
(1.2). S im ila rly , th e  H a m ilto n ia n  d e n s ity  o f  th e  chem ical p o te n tia l  fie ld s  is:

~  2 '  L i* V r i V r k - (3.15)

F in a lly , th e  H am ilto n ian  d e n s ity  of a v iscous f lu id  system  from  (3.5) is:

v =  q\  • F  — V • g rad  p -----r]v ---------- rj (d iv  v )2 — rj [(grad  v )s]2 (3.16)

w hich  is ag a in  th e  n eg a tiv e  o f  th e  L a g ra n g ia n  d e n s ity  (1.4), d is re g a rd in g  th e  
te rm  c o n ta in in g  th e  tim e  d e riv a tiv e . I t  m ig h t also he s ig n ifican t, t h a t  th e  
H a m ilto n ia n  densities a re  id e n tic a l w ith  th e  n eg a tiv e  expressions o f  th e  co r
re sp o n d in g  d iss ipa tion  fu n c tio n s  ip .  (In  p a r t ic u la r ,  in  case of h e a t c o n d u c tio n , 

t = — T 2 ip ,  accord ing  to  th e  F o u rie r p ic tu re  [2.4].) Now since th e s e  local 
d iss ip a tio n  func tions ip a re  th e  u n am b ig u o u s  m easures of th e  e n e rg y  d iss i
p a te d  p e r  u n it  volum e a n d  u n it  tim e  o f th e  c o n tin u u m  during  h e a t c o n d u c tio n , 
d iffusion  o r viscous flow , th u s  th e  sam e m u s t be v a lid  for th e  H a m ilto n ia n  
densities. I f  th e  H a m ilto n ian  densities a re  k n o w n , on th e  basis o f  (3 .13) th e  
f irs t  g ro u p  o f th e  canon ica l eq u a tio n s  can  be  im m ed ia te ly  g iven . S ince  7- 
an d  3Í?r  do n o t  co n ta in  th e  im pu lse  d en s itie s  пт a n d  nr , th e  f irs t g ro u p  o f th e  
can o n ica l eq u a tio n s  does n o t  ex is t in  case o f  a te m p e ra tu re  fie ld  or a  chem ica l 
p o te n tia l fie ld . F o r th e  v e lo c ity  fie ld  o f a v isco u s flu id  from  (3.12) a n d  (3.16) 
we o b ta in  t h a t  th e  acce le ra tio n  is eq u a l to  th e  e x te rn a l force a c tin g  u p o n  th e  
u n it  m ass, i.e.,

—T5- =  F  a ( a  =  x 1, x 9, x %, )  (3.17)
dl
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w h ich  is rea lly  e x p e c te d  fro m  th e  n a tu re  o f c a n o n ica l form alism . W ith  th e  
a id  o f  (3.8) a n d  (3 .13), th e  second group o f th e  canon ical eq u a tio n s  m a y  be 
w r i t te n  in  th e  fo rm :

=  -  V- (*V T) ,  
dt

K - 1 d r ,  K~ l
q 2  я<* “  2  v  • (L « V Л ,) , ( з л а )

k = 1 k= 1

civ Г ( ti
q ----- =  — jp F  — grad  p  +  f]A\  +  —— h rj„ g rad  d iv  vl

dt ( 3 J

if  q, a n d  y  oc are  c o n s ta n ts . T hough th e se  e q u a tio n s  are d iffering  o n ly  in
sign f ro m  th e  e q u a tio n s  o f h e a t co n d u c tio n  a n d  diffusion, an d  fro m  th e  
N a v ie r—Stokes e q u a tio n s , i t  is ev id en t t h a t  t r a n s p o r t  equations c a n n o t be 
re g a rd e d  as th e  second  g roup  of th e  canon ica l f ie ld  equations. N am ely , on  th e  
le f t h a n d  side of th e  e q u a tio n s  (3.18) s tan d s  th e  t im e  d e riv a tiv e  o f th e  im p u lse  
d en sitie s  (3.13), b u t  th is  t im e  d eriv a tiv e  a rises  fro m  th e  la s t te rm  o f (2.7), 
c o rre sp o n d in g  to  th e  n a tu re  of th e  H a m ilto n  p rin c ip le  an d  th e  can o n ica l 
fo rm a lism . O w ing to  th e  fa c t  th a t  th is  te rm  does n o t  occur in  th e  E u le r — 
L ag ra n g e  eq u a tio n s  (1.8) belong ing  to  th e  th e rm o d y n a m ic  in te g ra l p r in c ip le
(1 .7), th e  s im ila rity  o f  e q u a tio n s  (3.18) to  th e  t r a n s p o r t  eq u a tio n s  m a y  be 
co n sid e red  acc id en ta l. T h u s , we have  to  s ta te ,  in  sp ite  of several in te re s tin g  
conc lusions, th a t  o n ly  th e  in te g ra l p rinc ip le  (1 .7) is eq u iv a len t w ith  th e  to ta l  
sy s te m  o f tr a n s p o r t  eq u a tio n s .

T h e  a u th o r  is in d e b te d  to  his co-w orker Mr. J .  V e r h á s  fo r hav in g  revised  th e  m a n u sc rip t.  
T h a n k s  a re  also due to  P ro f. D r. G. S c h a y  for his s t im u la tin g  in te re s t  in th is  w ork  a n d  fo r his 
c o n s ta n t  he lp .

SU M M A RY

T h e  re la tio n sh ip  b e tw een  th e  th erm o d y n am ic  in te g ra l  p rincip le, developed b y  u s, a n d  
th e  H a m ilto n  p rincip le  h a s  been  discussed. Several s im ila ritie s  and  differences lead  to  th e  
co n clu sio n  th a t  th e  H a m ilto n ia n  ty p e  in teg ra l p rin c ip le  c o rre sp o n d s only to  th e  t im e -in d e p e n 
d e n t  p a r ts  o f tra n s p o r t  e q u a tio n s  describ ing  irrev e rs ib le  processes. This fa c t in d ic a te s  t h a t  
P r i g o g i n e ’s  princip le  o f m in im u m  p ro d u c tio n  of e n tro p y  is  in  a m ore in trin sic  re la tio n  w ith  
th e  H a m ilto n ia n  ty p e  p rin c ip les  th a n  our in teg ra l p rin c ip le . F in a lly , th e  existence of c an o n ica l 
fo rm alism  w as ex am ined  in  th e rm o d y n am ics . T h ough  in  th is  re sp ec t m an y  in te re s tin g  c o n c lu 
sions co u ld  be d raw n , as a  f in a l conclusion  i t  m u s t b e  s t a te d  th a t  alone th e  in te g ra l p rin c ip le  
d ev e lo p ed  b y  us is e q u iv a le n t to  th e  to ta l  system  o f t r a n s p o r t  equations.
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Zusam m enhänge zw ischen clem Integralprinzip der Thermodynamik  
und dem H am iltonschen Prinzip

I. GYARMATI

Z usam m enfassung . D er Z u sam m en h an g  des vom  V erfasser b e re its  frü h e r dargeleg ten  th e rm o 
d y n am isch en  In teg ra lp r in z ip s  m it dem  H am ilto n sch en  P rin z ip  w urde besp rochen . A us 
d ieser B esp rechung  ging n eb en  zah lre ichen  anderen  Ä h n lich k e ite n  u n d  U n te rsch ied en  he rv o r, 
d aß  aus dem  H am ilto n sch en  In teg ra lp rin z ip  nu r die v o n  d e r  Z eit u n ab h än g ig en  T eile d e r die 
irrev ersib len  V orgänge besch re ib en d en  T ran sp o rtg le ich u n g en  folgen. Dies w eist d a ra u f  h in , 
daß  das P rigoginsche P rin z ip  de r m in im alen  E n tro p ie p ro d u k tio n  m it den P rin z ip ien  vom  
I la in ilto n ty p  in  einem  viel engerem  Z usam m enhang  s te h t,  a ls das vom  V erfasser f rü h e r  d a r 
gelegte In teg ra lp rin z ip . Schließlich  w urde die E x is ten zm ö g lich k e it des kanonischen  F o rm a lis
m us in de r T h erm o d y n am ik  u n te rsu c h t. Obw ohl m an  in  d ieser B eziehung  auch  zu zah lre ichen  
in te ressan ten  F o lgerungen  gelang, w urde le tz ten  E n d es fe s tg e s te llt , daß  n u r  das vom  V erfasser 
dargeleg te  In teg ra lp rin z ip  m it dem  vollkom m enen S y s tem  d e r T ran sp o rtg le ich u n g en  g le ich 
w ertig  ist.

Зависимости между термодинамическим интегральным принципом 
и принципом Гамильтона

И. Д Ь Я РМ А Т И

Резюме. Обсуждается связь изложенного автором термодинамического интегрального 
принципа с принципом Гамильтона. Наряду с многочисленным сходством и разницей 
принципов, найдено, что из интегрального принципа типа Гамильтона вытекают только 
независимые от времени части транспортных уравнений, описывающих необратимые 
процессы. Этот факт указывает на то, что принцип минимальной продукции энтропии 
типа Пригогине более тесно связан с принципами типа Гамильтона, нежели с изложенным 
выше принципом. Наконец, исследовалась экзистенция канонического формализма в 
термодинамике. Несмотря на то, что автор и в этом отношении пришел к многочисленным 
интересным результатам, он старается зафиксировать в качестве окончательного резуль
тата тот факт, что только изложенный выше интегральный прицип является эквива
лентным с полной системой транспортных уравнений.

D r. I s tv á n  Gy a r m a t i , B u d ap est X I. G e lle rt t é r  4.
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VAPOUR PRESSURE OF SOLID D20

I . K is s , G. J á k l y  an d  M rs. H . I l l y  

(C entral Research Institu te  fo r  P hysics, B udapest)  

R ece iv ed  J a n u a ry  12, 1965

In troduc tion

W hile th e  v a p o u r  p re ssu re  of liqu id  h e a v y  w a te r  is know n o v er a w ide 
range  of te m p e ra tu re s  to  h ig h  accu racy  [ I ] ,  th a t  o f so lid  D 20  has been  m easu red  
w ith  a p p a re n tly  d isc re p a n t re su lts , as re p o rte d  in  th e  li te ra tu re . B a r t h o l o m e  
an d  Cl u s i u s  [2], as w ell as N i w a  an d  S h i m a z a k i  [3] m easu red  th e  v a p o u r  
p ressu re  o f D 20  in th e  te m p e ra tu re  range b e tw een  th e  m e ltin g  p o in t te m p e ra 
tu re s  of lig h t an d  h ea v y  w a te r . T he sa tu ra te d  v a p o u r  pressure  o f so lid  D 20  
w as in v e s tig a te d  b y  d ire c t m an o m e try  in  th e  e x p e rim en t p e rfo rm e d  b y  
J o h a n n i n -G il l e s  a n d  J o h a n n i x  [4] an d  th e  v a lu es  re p o rte d  on th e  v a p o u r  
p ressu re  o f D20  a n d  o f ice w ith  n a tu ra l iso to p ic  c o n c e n tra tio n  a t  — 24°C 
are  seen to  be equal. T h is seem s to  be in co n sis ten t w ith  th e  o b se rv a tio n s  re p o r t
ed  on o th e r  com pounds w ith  d iffe ren t iso top ic  co n c e n tra tio n s  as w ell as w ith  
th e  th e o re tic a l p red ic tio n s  o f  increasing  re la tiv e  d ifference  betw een  th e  v a p o u r 
p ressu res of iso topic  v a iie tie s  w ith  decreasing te m p e ra tu re s .

M ixtures of lig h t a n d  h ea v y  w a te r are  k n o w n  to  co n ta in  also  H D O  
m olecules. W a te r  o f ex c lu siv e ly  th is  ty p e , how ever, c a n n o t be p ro d u ced  because 
of th e  c u rren t re c o m b in a tio n  of th e  m olecules g o v ern ed  by  th e  e q u ilib iiu m  
fo rm ula

H ,0  +  D 20  ^  2 H D O . (1)

T he H D O  v ap o u r p re ssu re  is ta k e n  to  be th e  g eo m e trica l m ean  v a lu e  of th e  
v a p o u r  pressures m easu red  on p u re  H 20  an d  p u re  D 20  (e .g .  [1]). T h e  v a lid ity  
o f th is  ap p ro x im a tio n , k n o w n  as th e  ru le of th e  g eo m etrica l m ean  [5], has no t 
y e t  been  confirm ed  in th e  case o f w a te r b y  e x p e rim e n ta l ev idence fro m  d irec t 
m easu rem en ts  of v a p o u r  p ressu re . The d a ta  re p o r te d  b y  Me r l e v a n t  e t  al. [6] 
w ho m easu red  th e  l iq u id —v a p o u r eq u ilib riu m  on  n a tu ra l  w a te r  c a n n o t be 
considered  as conclusive ev idence , th e y  even  seem  to  in d ica te  som e d ev ia tio n  
from  th e  p red ic ted  ru le . In  a recen t p ap e r o f N a r t e n  [7] a co m p ariso n  o f th e  
re su lts  re p o rte d  b y  M e r l e v a n t  e t al. concern ing  th e  v a p o u r p ressu re  o f HDO 
w ith  W h a l l e y ’s e q u a tio n  [8 ] o b ta in ed  fo r th e  v a p o u r  pressure  o f D 20 ,  leads 
th e  a u th o r  to  q u es tio n  th e  v a lid ity  of th e  ru le  o f th e  g eom etrica l m ean  in 
th is  case.
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T h e grow ing e x te n s iv e n e ss  of in v e s tig a tio n s  w ith  th e  use o f h e a v y  w a te r 
ca lls  fo r  th e  ever m ore  a c c u ra te  know ledge o f  th e  phy sico -ch em ical p ro p ertie s  
o f  th is  system  w hich  n e c e s s ita te s  th e  e lu c id a tio n  o f p rob lem s lik e  th o se  m en 
t io n e d  above.

I n  an  earlier p a p e r  o f one  of th e  p re se n t a u th o rs  [9] m e a su re m e n ts  have 
b e e n  re p o rte d  in  w h ich  th e  an o m a ly  fo u n d  b y  J o h a n n in -G il l e s , J o h a n n in  
c o u ld  n o t  be observed . T h e  e x p e rim e n ta l a c c u ra c y  o f th e  re su lts  th e n  o b ta in ed  
w a s  in su ffic ien t to  p e rm it m o re  th a n  th e  b a re  s ta te m e n t of th is  fa c t.  Im p ro v e-

F ig . 1. D iffe re n tia l m an o m e te r w ith  m em b ran e ; (1) eq u ilib riu m  vessels, (2) sen sin  f c ( i r < r t , ( 3
sam p le , (4) m ercu ry  seal

m e n t o f  th e  e x p e rim e n ta l s e tu p  m ade i t  possib le  now  to  p e rfo rm  m easu re 
m e n ts  o f  h igher accu racy  on  th e  v a p o u r p re ssu re  o f D 20  an d  H D O  a t  te m p e ra 
tu re s  be low  th e  freezing  p o in t.

E x p erim en ta l m eth o d

T h e  tem p e ra tu re  b e h av io u r  o f  v a p o u r  pressure  w as e v a lu a te d  for th e  d iffe re n t iso to p ic  
v a r ie t ie s  in vo lved  from  th e  d iffe ren ces  be tw een  th e  v a p o u r  p ressures m ea su re d  on  w a te r  of 
n a tu r a l  iso to p ic  com position , D 20  a n d  th e ir  m ix tu re  w ith  50 a t. %  D  co n ce n tra tio n . T he 
e x p e r im e n ta l  se tup  is show n in  F ig . 1. In  th e  m ea su re m e n t an  e x tra -sen sitiv e  d iffe ren tia l 
m a n o m e te r ,  developed a t  o u r L a b o ra to ry  w as used. T he m em b ran e  was a c o n cen trica lly  co rru 
g a te d  c o p p e r  p la te  of 0.03 m m  th ic k n e ss  an d  10 cm in  d ia m e te r . T he pressu re  on  th e  m em b ran e  
w as in d ic a te d  b y  th e  d isp lacem en t o f  a  lig h t beam  re fle c te d  fro m  th e  m irro r m o u n te d  on th e  
m e m b ra n e , 1 m  d isp lacem ent o f th e  l ig h t  signal on th e  sc reen  being eq u iv a len t to  a p ressure  
d iffe re n ce  o f 1 m m H g. Tw o ho les o f  id en tica l d im ensions a n d  positions d rilled  in to  a copper 
b lo ck , jo in e d  b y  m eta l to  g lass so ld e rin g  to th e  glass co m p o n en ts  o f th e  m a n o m e te r , served 
to  h o ld  th e  sam ples (eq u ilib riu m  vesse ls). T he tem p e ra tu re  o f th e  equ ilib rium  vessels w as m eas
u re d  b y  iro n -co n s ta n ta n  th e rm o co u p le .

T h e  m anom eter an d  th e  m ea su rin g  assem bly  w ere c a lib ra te d  for th e  v a p o u r  p re ssu re  of 
w a te r ,  k n o w n  to  h igh accu racy  [10], b y  filling one of th e  eq u ilib riu m  vessels w ith  w ater,
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keeping  th e  o th e r a t  v acu u m  p ressu re  o f 10" 6 m m H g. In  th e  ca lib ra tio n  m ea su re m e n t th e  
se n sitiv ity  of th e  sensing  e lem en t w as fo und  to  he 5 .10-3 m m H g  fo r p ressu re  d ifferences up  to  
1.6 m m H g.

T he therm o co u p le  w as c a lib ra ted  a t  te m p e ra tu re s  below  —35°C b y  m easu rin g  th e  
v ap o u r p ressure  o f p u re  NH .„ w hile a t  h igher te m p e ra tu re s  w ith  th e  use of c a lib ra ted  th e rm o m 
e te r  o f 0.1 °C accuracy . T he m eth o d  p ro v ed  to  be in a d e q u a te  fo r m easu ring  d ifferen ces in 
v a p o u r p ressu re  a t  te m p e ra tu re s  close to  th e  freezing p o in ts  o f b o th  w a te r  an d  h e a v y  w a te r  
ow ing to  th e  th e rm a l e ffec t o f ph ase  tran s fo rm a tio n  a n d  th e  sim u ltan eo u s p resen ce  o f tw o 
condensed phases.

T he p u rif ic a tio n  o f th e  w a te r  sam ples w as c a rried  o u t b y  re p ea te d  d is tilla tio n  an d  
re p ea te d  a lte rn a tin g  bo iling  off a n d  freezing  o u t o u tg assin g  tech n iq u es. T he sam p le s w ere 
d istilled  from  am pou le  w ith  b reak -sea l, connected  by  g ro u n d  jo in t  to  th e  feeder p ipe , in to  th e  
eq u ilib riu m  vessel k e p t a t  v acu u m  p ressu re  an d  a t  low  te m p e ra tu re . 0.2 to  0.3 m l sam ples 
w ere used  in  th e  m easu rem en t.

R esu lts and  discussion

T he re su lts  o f th e  m easu rem en ts  covering  th e  te m p e ra tu re  ran g e  from  
—40° to  - f  10°C are  lis ted  in  T ab le  I . T he v a p o u r  p ressu re  of th e  m ix tu re  
w ith  50 a t .%  D c o n c e n tra tio n  w as e v a lu a te d  also b y  m easu rin g  i ts  d ifference 
from  th a t  o f p u re  D 20  in  o rd e r to  check th e  re lia b ility  o f th e  m e th o d . The 
va lu es  th u s  o b ta in e d  agree w ith in  1 .5%  w ith  th o se  lis te d  in  th e  ta b le . Since 
th e  re la tiv e  d a ta  in c lude  th e  e rro r  of th e  va lu es  o b ta in e d  from  th e  D.20  v a p o u r 
p ressu re  m easu rem en t, th e  re su lts  considered  in  th e  follow ing w ill be only  
th o se  o b ta in ed  re la tiv e  to  H 20  v a p o u r  p ressu re .

T he m easu rem en ts  a re  seen to  con firm  th e  ea rlie r re su lts  w h ich  have  
show n th a t  th e  v a p o u r  p ressu res  of H 20  a n d  D 20  a t  —24°C, c o n tra ry  to  th e  
o b se rv a tio n s o f J o h a n n in -G il l e s  an d  J o h a n n in , are  n o t e q u a l a n d  th e  
v a p o u r  p ressu re  of D 20  below  th is  te m p e ra tu re  does n o t increase  as co m p ared  
w ith  H 20  b u t  th e  increase  in  th e  re la tiv e  v a p o u r  p ressu re  d ifference con tinues 
to  be m o no ton ica l as th e  te m p e ra tu re  decreases.

T he va lu es  o b ta in e d  in  th e  v a p o u r  p ressu re  m easu rem en t on th e  m ix tu re  
of lig h t an d  h ea v y  w a te r  w ith  50 a t .%  D c o n c e n tra tio n  confirm  the validity  
o f  the rule o f  the geometrical mean  in  th e  te m p e ra tu re  ran g e  co v ered  b y  th e  
m easu rem en t. T he eq u ilib riu m  d is tr ib u tio n  coeffic ien t defined  fro m  (1) as

[H D O ]2 

[H 20 ]  [D 20 ]

is given in  th e  l i te ra tu re  as follows

К  a t 0°C

3.94 U r e y  e t al. 1947 [11]
3.76 KlRSHENBAUM 1951 [1]
4.15 N a r t e n 1964 [7]
4.0 (25°C) P y p e r , Long 1964 [12]
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Table I

t P H!o [10] P D20  e x P- P hdo ca lc - P 5o%D20 e x P- р Р н гО  +  ̂ Р о г о Г A
c° m m H g m m H g m m H g m m H g

m m H g
%

— 39.8 0.0988 0.0683

— 36.1 0.1490 0.1020

— 33.2 0.2040 0.1440

— 30.3 0.2775 0.1975

— 28.0 0.351 0.251 0.297 0.298 0.299 —0.33

— 26.0 0.430 0.310 0.367 0.368 0.369 - 0 .2 7

— 23.7 0.541 0.402 0.466 0.468 0.469 - 0.21

— 21.6 0.665 0.491 0.571 0.575 0.575 0.00

— 18.7 0.879 0.657 0.759 0.761 0.764 - 0 .3 9

— 16.7 1.060 0.794 0.917 0.920 0.922 - 0.22

— 14.6 1.288 0.969 1.117 1.124 1.123 +  0.10

— 12.5 1.559 1.185 1.359 1.366 1.365 +  0.07

— 10.5 1.866 1.425 1.631 1.639 1.638 +  0.06

— 8.3 2.266 1.746 1.989 1.998 1.998 0.00

— 6.3 2.695 2.083 2.369 2.377 2.379 - 0 .0 8

— 4.2 3.225 2.512 2.846 2.847 2.858 —0.38

— 2.8 3.630 2.830 3.205 3.207 3.216 —0.28

— 1.5 4.045 3.174 3.583 3.597 3.596 + 0 .0 3

+  5.0 6.543 5.443 5.968 5.971 5.980 - 0 .1 5

+  5.8 6.917 5.767 6.316 6.322 6.329 - 0.11

+  6.5 7.259 6.062 6.634 6.644 6.647 - 0 .0 5

+  7.2 7.617 6.363 6.962 6.979 6.976 + 0 .0 4

+  7.9 7.990 6.685 7.308 7.326 7.323 + 0 .0 4

+  8.6 8.380 7.028 7.674 7.695 7.689 + 0 .0 8

+  9.3 8.786 7.398 8.062 8.072 8.077 - 0 .0 9

T ak in g  the  e q u ilib riu m  coeffic ien t to  be a p p ro x im a te ly  4, i t  can  be read ily  
seen t h a t  th e  com position  s e tt in g  in  on m ix ing  eq u a l m ole q u a n tit ie s  of H 20  
a n d  D 20 ,  will be 50%  H D O , 25%  H ,0  an d  2 5 %  D 20 .  The v a p o u r  p ressu re  
o f  iso to p ic  m olecules fo r  a m ix tu re  considered  to  be  ideal, obeys R a o u lt’s law , 
th u s ,  in  p resen t case we h a v e

P so% d  =  1 / 4  P h 2o  +  1 / 2  P h d o  +  1 / 4  P d 2o -

A ssu m in g  th e  v a lid ity  o f th e  ru le  of th e  geo m etrica l m ean

P h d o  =  ( P h 2o ' P d 2o ) 1/2 ( 2 )
w e o b ta in
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50% D —

pl /2  I p l /2  
* Н 20  I * D 20 (3)

C om paring  now  th e  e x p e rim e n ta l re su lts  w ith  th e  p red ic tio n s from  (3), i t  is 
seen th a t  th e  dev ia tio n s do n o t  exceed  th e  v a lu e  o f th e  e x p e rim e n ta l e rro r . 
C onsequen tly  th e  H D O  v a p o u r  p ressu re  can  be  c a lcu la ted  b y  E q . (2).

T h e  te m p e ra tu re  dependence  o f th e  v a p o u r  p ressu re  w as c a lc u la te d  
from  th e  va lu es  lis ted  in  T ab le  I fo r each o f th e  co m bina tions H 20 ,  H D O  
an d  D 20  b y  m ak in g  use of th e  C lapeyron  eq u a tio n

k > g P = - y + B .

F ig . 2. C om parison of D ,0  a n d  H D O  v a p o u r p ressu re  d a ta  rep o rted  in th e  l i te ra tu re  
N i w a  and  S r im a z a k i  (1 )  ; J o h a n n i n -G i l l e s  and  J o i i a n n i n  ( 0 ) ; K i r s h e n b a u m  ( + ) ;  ou r

m easu rem en ts  (2 an d  x )

T he coeffic ien ts c o m p u ted  b y  th e  m e th o d  o f le a s t squares w ere fo u n d  to  be

A  a В  a

D 20  2767.1 4.2 10.687 0 .016
H D O  2718.2 10.559

T h e  re su lts  a re  co m p ared  w ith  tho se  re p o rte d  in the  l i te ra tu re  in  F ig . 2 
b y  p lo ttin g , for convenience, th e  te m p e ra tu re  dependences fo r log  P h . oI P d ,o .

T he av erag e  va lu e  of th e  su b lim a tio n  te m p e ra tu re  of D 20 ,  as e v a lu a te d  
from  th e  p ressu re  eq u a tio n s  fo r th e  te m p e ra tu re  range from  0° to  —40°C, 
w as fo u n d  to  be

12,663.7 cal/m ole
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in  g o o d  agreem en t w ith  th e  d a ta  o b ta in ed  b y  B artholom e  an d  Cl u s iu s  in  
d ire c t  m ea su rem en t, n a m e ly , 12,631 ^  20 ca l/m o le  a t 3.8°C an d  12,635 ^  
20 c a l/m o le  a t 0°C.

A u th o rs  are in d e b te d  to  M r. L. M a t u s  and  M r. G. J a n c s ó  fo r v a lu ab le  discussions.

SU M M A RY

T h e  v a p o u r  p re ssu re  o f solid  D „0 has b een  m ea su re d  in th e  te m p e ra tu re  ran g e  from  
— 40° to  0°C. T h e  re su lts  show , c o n tra ry  to  th e  an o m a ly  o b se rv ed  b y  J o h a n n i n - G i l l e s  and  
J o h a n n i n , an increase  in  th e  re la tiv e  v a p o u r p ressu re  d ifferen ce  be tw een  H 20  and  D 20  w ith  
d e c reas in g  te m p e ra tu re s . T h e  H D O  v a p o u r  p ressu re  a t  te m p e ra tu re s  below  0°C d e te rm in ed  
fro m  th e  v a p o u r  p ressu re  m easu red  on a H 20  an d  D ,0  m ix tu re  w ith  50 a t. %  D c o n ce n tra tio n  
is fo u n d  to  obey th e  ru le  o f  th e  g eom etrical m ean .
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Ü ber die T ension  des festen  D eu terium oxids

I. KISS, GY. JÂKLI und H. ILLY

Z u sam m en fassu n g . D ie T en sio n  des festen  D eu te riu m o x id s  w urde  im  T e m p e ra tu r in te rv a ll  
v o n  —40° b is 0°C b e s tim m t. A u f G ru n d  de r A ngaben  w u rd e  fe stg es te llt, d aß  — in  G egensatz  
zur d u rc h  J o h a n n i n -G i l l e s  u n d  J o h a n n in  gefu n d en en  A n o m alie  —der zw ischen den  T ensio 
nen  v o m  LLO u n d  D ,0  b esteh en d e  re la tiv e  U n te rsch ied  m it  d e r  E rn ied rig u n g  de r T e m p e ra tu r  
z u n im m t. A u f G rund  d e r M essung de r T ension des 50 A to m  %  D eu teriu m  e n th a lte n d e n  
H 20  — D 20 -G em isch es w u rd e  nachgew iesen , d aß  bei T e m p e ra tu re n  u n te r  0°C die so g en an n te  
R egel des geom etrisch en  M itte ls  in  B ezug a u f  die T en sio n  des H D O  gültig  ist.

Давление пара твердой окиси дейтерия
И. К И Ш Ш , Д Ь .  Я К Л И  и  X. и л л и

Резюме. Измерено давление паров твердой D20  в интервале температур —40° — 0° С 
и установлено, что в противоположность аномалии, найденной Йоханнин-Гиллесом и 
Йоханнином, относительная разница в давлении паров Н 20  и D 20  растет с уменьшением 
температуры. На основании измерений давления паров смеси Н 20  — D 20  с 50 атом % D, 
установлено, что при температуре ниже 0° С для давления паров HDO действительно, 
так называемое, правило геометрического среднего.

I s tv á n  K iss  
G y ö r g y  .JÁKLY 
M rs. H . I lly

B u d a p e s t X I I .,  K o n k o ly -T h eg e  M. ú t
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NEW METHOD FOR THE QUANTITATIVE ANALYSIS OF 
COMBUSTION PROCESSES WITH TOEPLER’S PARALLEL 

BEAM SCHLIEREN APPARATUS

A . N é m e t h  a n d  O. S z a l a y  

(H u n g a r ia n  Oil and Gas Research In s titu te )  

R eceived A pril 9, 1965

T he in te n s iv e  s tu d y  of com b u stio n  p rocesses calls p ressin g ly  fo r  th e  
d ev e lo p m en t o f m easu rin g  m eth o d s, w hich  p e rm it m easuring  o f th e  q u ick  
changes ta k in g  p lace d u rin g  co m b u stio n , w ith o u t in te rfe rin g  w ith  th e  p rocess. 
Schlieren  p h o to g ra p h y , m eetin g  th is  re q u ire m e n t, has found  use in  q u a li ta t iv e  
an a ly sis , a n d  a few  sch lieren  tech n iq u es  su ita b le  fo r q u a n ti ta t iv e  an a ly sis  
h a v e  also been  developed .

E sse n tia lly , th ese  m ethods invo lve  th e  co llec ting  of p a ra lle l b e a m s th a t  
h av e  passed  th ro u g h  th e  flam e on a s lit p la c e d  in th e  focal p lan e  o f  a lens. 
P h o to g ra p h s  are  ta k e n  a t  d iffe ren t p o s itio n s  o f th e  slit, an d  th e  d is tan ce  
be tw een  tw o b a n d s , ap p ea rin g  on th e  p ic tu re  due  to  th e  lig h t d e flec tio n , 
is m easu red  [1].

To develop  a m e th o d  co n v en ien t fo r p ra c tic a l w ork, tw o  ap p ro a c h e s  
h av e  been m ade . In  b o th  cases a n o th e r  s lit is p laced  in  th e  p a th  o f  th e  lig h t 
befo re  th e  flam e. A ccord ing  to  one m o d ifica tio n , th is  s lit is a rran g ed  d iag o n a lly  
befo re  th e  flam e. In  th is  case, th e  b a n d  o b ta in e d  fo r th e  slit on lig h t d e flec tio n  
show s a c u rv a tu re . A ccord ing  to  a fu r th e r  m o d ifica tio n , several p a ra lle l  slits  
a re  used , a rra n g e d  d iagonally , in s te a d  of a single slit. A ctually , th is  a r ra n g e 
m e n t g ives d ire c tly , w ith  th e  a id  of one p h o to g ra p h , th e  d is tr ib u tio n  o f th e  
lig h t d eflec tio n , w ith  one p o in t fo r each  s lit u sed .

A ccord ing  to  th e  o th e r  m o d ifica tio n , m a rk in g  ap e rtu re  is p la c e d  in  th e  
p lan e  o f th e  im age o f th e  s lit [2, 3]. T he d isp lacem en t o f th e  im age o f  th e  s lit, 
t h a t  is to  say  th e  d eflec tion  of lig h t can  be  d e te rm in ed  on th e  b a s is  o f  th e  
m ark in g  a p e r tu re  c o n s ta n t. T he m o m e n ta ry  p o sitio n  o f th e  im age o f  th e  slit 
in  u n co v ered  s ta te  is easie r to  id en tify , if  th e  a p e r tu re s  o f th e  g ra te  a re  covered  
w ith  co lou red  glass. T h u s , conclusions m a y  b e  d raw n  from  th e  co lou rs o f th e  
o b jec t on th e  m a g n itu d e  of th e  a n g u la r  d eflec tio n .

In  a ll th e se  m e th o d s th e  angles o f d e v ia tio n  h av e  been a c tu a lly  d e te r 
m ined  b y  m easu rem en ts  o f d is tan ce  on th e  p h o to g ra p h . T he m e th o d  d esc rib ed  
below  is b ased  e ssen tia lly  on in te n s ity  m easu rem en ts  b y  d e n s ito m e try . T h is 
m e th o d  w as f irs t  p ro p o sed  b y  S c iia r d in  [4], w ho found  a co rre la tio n  fo r th e  
change in  illu m in a tio n  in te n s ity  p ro d u ced  b y  u n d eflec ted  lig h t. U p  to  now ,
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th is  m e th o d  in v o lv ed  th e  fo rm ing  of a b u b b le  — as a d en sito m étrie  s ta n d 
a rd  — w ith  th e  a id  o f a film  fo rm ing  a g en t f ro m  a reference m ed iu m  o f kn o w n  
re f ra c tiv e  in d ex , e.g. from  helium . T his b u b b le  is in tro d u ced  in to  th e  m ed iu m  
to  b e  te s te d . T he te s tin g  lig h t beam  is p a sse d  th ro u g h  th e  sy s tem , a n d  th e  
c h an g e  in  illu m in a tio n  o f th e  p ic tu re  is m e a su re d . This m e th o d  h a s  been  
a p p lie d  successfu lly , am ong  o th e rs , for th e  e v a lu a tio n  of m ixing p rocesses [5]; 
h o w e v e r, th is  te c h n iq u e  w ould  be in c o n v e n ie n t u n d e r cond itions ex is tin g  in  
c o m b u s tio n  processes a n d  flam es.

I n  develop ing  o u r m e th o d , we s ta r te d  fro m  th e  basic co rre la tio n s  c h a r
a c te r is t ic  o f  T o e p l e r ’s sch lieren  a p p a ra tu s . T h e  w orking  p rin c ip le  o f th e  
a p p a r a tu s  is show n in  F ig . 1. L ig h t rays e m itte d  b y  th e  source F  pass th ro u g h  
th e  c o n d e n se r К  a n d  are  focussed  on th e  s lit R .  R ay s  s ta r tin g  from  s lit  R  a re  
c o llim a te d  b y  th e  f ir s t  o b jec tiv e  0 V so t h a t  a p a ra lle l ligh t b eam  m a y  b e  as-

P

F ig . 1. S ch em atic  a rra n g e m e n t o f the  sch lie ren  a p p a ra tu s  according to  T o e p l e b

sig n ed  to  each  p o in t o f th e  slit. These e le m e n ta ry  p a ra lle l lig h t beam s w ill h av e  
d if fe re n t d irec tio n s co rresp o n d in g  to  th e  d iffe re n t po in ts o f th e  s lit. T he  
seco n d  o b jec tiv e , 0 , ,  p ro d u ces th e  rea l im ag e  o f  s lit R  in its  focal p lan e . 
T h ro u g h  p o in t P,  p laced  in  betw een  th e  tw o  o b jec tiv es , one lig h t r a y  w ill 
pass  f ro m  each  of th e  e le m e n ta ry  p a ra lle l l ig h t beam s. In  th e  p lan e  o f th e  
im ag e  o f  th e  slit, th is  lig h t cone is focussed to  a n  e lem en ta ry  im age o f th e  slit. 
A m a rk in g  a p e r tu re , B ,  is ap p lied  in  th e  p la n e  o f  th e  im age of th e  s lit. E sse n 
t ia l ly , th is  m ark in g  a p e r tu re  is a knife te rm in a tin g  in  a s tra ig h t line , a n d  is 
a r ra n g e d  p a ra lle l to  th e  lo n g itu d in a l edge o f  th e  slit. The ob jec tiv e  О serves 
fo r th e  fo rm in g  of th e  im age o f th e  o b jec t s tu d ie d . W hen  an  o b jec t is p laced  
b e tw e e n  th e  lenses 0 X a n d  0 2, w hich deflec ts  th e  lig h t ra y  a t  th e  p o in t  P , 
a n d  i f  th is  deflec tion  is p e rp en d icu la r to  th e  edge o f th e  m ark in g  a p e r tu re , 
th is  l a t t e r  w ill cover one p a r t  o f  th e  im age o f th e  s lit co rrespond ing  to  p o in t P . 
C o n se q u e n tly , th e  in te n s i ty  o f th e  o rig inal illu m in a tio n  will change on th e  
c o rre sp o n d in g  p o in t o f th e  im age on screen E .

N e x t,  le t us ex am in e  th e  d isp lacem en t o f  th e  im age of th e  s lit caused  
b y  a n  a n g u la r  deflec tion  в o f th e  lig h t in  p o in t  P  of th e  ob jec t. A ccord ing  to  
F ig . 2 , th e  d isp lacem en t As o f th e  im age o f  th e  s lit is:

d s = f , t g O ,  (1)

w here  f 2 is th e  focal le n g th  of th e  ob jec tiv e  0 a.
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Since 0 is genera lly  sm all fo r gases, th e  follow ing a p p ro x im a tio n  is 
p erm issib le :

A  s ^ f > 0 ,  (2)

w here  0 is exp ressed  in  rad ian s , a n d  As  a n d  are  given in  th e  sam e u n it.
I f  th e  lig h t ra y  is n o t d e flec ted  b e tw een  О j an d  0 2, a n d  th e  o p tica l 

a d ju s tm e n t is co rrec t, th e  illu m in a tio n  o f  th e  screen will be u n ifo rm . H ow ever, 
th e  in te n s ity  of th e  illu m in a tio n  will c h an g e , if  a lesser or g re a te r  p a r t  o f th e

F ig . 2. D isp lacem en t o f th e  im age of th e  
slit in  th e  focal p lan e  of 0 ? A s  = / 2 tg  0

F ig . 3. L inear d ependence  o f th e  in te n 
s i ty  o f illu m in a tio n  on th e  d isp lacem en t 

A s  o f th e  sch lieren  m a rk in g  a p e rtu re

s lit  im age is covered b y  th e  m ark in g  a p e r tu re . Since th e  in te n s ity  o f  th e  illu 
m in a tio n  depends on ly  on th e  re la tiv e  p o sitio n s of th e  m ark in g  a p e r tu re  and  
th e  s lit im age, an  id en tica l d isp lacem en t o f  th e  m ark ing  a p e r tu re  o r o f th e  
s lit im age will cause th e  sam e change in  th e  in te n s ity  of th e  i l lu m in a tio n  (if 
th e  m ark in g  a p e r tu re  an d  th e  s lit a re  su ita b ly  designed). W hen c o rre c t design 
is en su red , th e  illu m in a tio n  o f th e  screen  w ill change lin early , as th e  m ark in g  
a p e r tu re  is d isp laced  b y  As (F ig. 3).

I  =  tXj +  a 2 A s, (3)

w here  I  is th e  in te n s ity  of th e  i l lu m in a tio n , a n d  a 2 are  c o n s ta n ts  c h a ra c 
te r is tic  of th e  a p p a ra tu s  an d  th e  b asic  a d ju s tm e n t.

To v e rify  th is  re la tio n , th e  in te n s i ty  o f th e  illu m in a tio n  o f  th e  im age 
w as d e te rm in e d  a t  d iffe ren t positions o f  th e  m ark in g  ap e rtu re . I t  m a y  be seen 
fro m  F ig . 4 th a t  th e  re la tio n  I  — f (A s )  is rep re sen ted  in good a p p ro x im a tio n  
b y  a s tra ig h t  line.

T h u s , i t  has been  show n on one h a n d  th a t  an  u n eq u iv o ca l co rre la tio n  
ex is ts  be tw een  th e  an g u la r deflec tion  o f th e  lig h t rays an d  th e  d isp lacem en t 
o f th e  im age of th e  s lit; on th e  o th e r  h a n d , a co rre la tion  has b een  e s tab lish ed  
b e tw een  th e  in te n s ity  of th e  illu m in a tio n  a n d  th e  d isp lacem en t in  th e  described  
o p tic a l sy stem . I t  follows th a t  w hen tg  0 is s u b s ti tu te d  by  0, a l in e a r  co rre la tio n
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ex is ts  a lso  b e tw een  th e  a n g u la r  d eflec tion  p ro d u c e d  b y  th e  o b jec t ex am in ed  
a n d  th e  in te n s i ty  o f  th e  illu m in a tio n  m easu red  on  th e  screen. F ro m  E q u a tio n s  
(2) a n d  (3)

0 =  (4)
* 2  J -2 * 2 / 2

A cco rd in g ly , fo r a f ix e d  o p tica l a d ju s tm e n t  an  u n equ ivoca l m u tu a l  
re la tio n  e x is ts  b e tw een  0 a n d  I ,  a n d  0 an d  A s, re sp ec tiv e ly .

T h e  d e te rm in a tio n  invo lves th e re fo re  a c tu a lly  tw o  steps. F ir s t ,  th e  con-

SHt, mm

F ig . 4. T h e  ch an g e  o f th e  in te n s i ty  o f  lig h t on th e  o p aq u e  p la te  o f th e  sch lieren  a p p a ra tu s  in  
fu n c tio n  o f th e  p o sitio n  of th e  sch lie ren  m a rk in g  a p e rtu re

s ta n ts  o f  E q u a tio n  (3) are  d e te rm in ed , th a t  is to  sa y , th e  exposure v a lu es  are  
o b ta in e d  fo r  d iffe ren t m ark in g  a p e rtu re  p o sitio n s . F ro m  th e  in te n s ity  v a lu es  
of th e  illu m in a tio n  o b se rv ed  on th e  p ic tu re  m ad e  o f  th e  ob jec t to  be te s te d , 
th e  l ig h t deflec tio n s co rresp o n d in g  to  th e  sam e p o in ts  can be ca lcu la ted  from  
E q u a tio n  (4).

I n  p ra c tic e  th e  d e te rm in a tio n  can be f u r th e r  sim plified  b y  co m p arin g  
th e  m e a su re d  va lu es  o f in te n s i ty  w ith  th e  sam e deg ree  o f in te n s ity  of a m easu red  
reference  series, o m ittin g  th e re b y  th e  d e te rm in a tio n  o f th e  abso lu te  in te n s ity . 
In  th is  case, on ly  th e  m u tu a l u n equ ivoca l re la tio n , g iven b y  E q u a tio n  (3) is 
used. I t  follow s th a t  th e  m e th o d  is app licab le  to  a n y  k in d  of slit a n d  m ak in g  
a p e r tu re  ( th u s , e.g., in  case o f a p o in t- ty p e  m a k in g  ap e rtu re ) . T he p ro ced u re  
of th e  d e te rm in a tio n  consists  o f th e  follow ing s te p s :

1. C orrespond ing  to  th e  p u rp o se  an d  th e  sp ec ific  ch a rac te ris tic s  o f th e  
te s t ,  th e  m a rk in g  a p e r tu re  is a d ju s te d  to  ze ro -se ttin g .

2. S ta r t in g  from  th is  zero se ttin g  of th e  m a rk in g  ap e rtu re , a series of 
p ic tu re s  a re  ta k e n  a t  d iffe ren t va lues of As, in  th e  absence of th e  su b s ta n c e  
to  be  te s te d .
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3. On th e  basis  of th e  eq u a tio n  As oá 0 f 2, a v a lu e  o f 0 can  be u n e q u iv o 
ca lly  assigned  to  each  v a lu e  o f zls.

4. T he p ic tu re  series m en tio n ed  in P a ra g ra p h  2 is p lio to m ete red , a ss ign ing  
th u s  to  each  e lem en t of th e  series a d e fin ite  v a lu e  re a d  on th e  scale o f  th e  
p h o to m e te r . (In  p rinc ip le , a n y  k in d  of scale can  he used .)

5. O n th e  basis o f P a ra g ra p h s  4 an d  3, th e  fu n c tio n  0 =  0 (scale read in g ) 
can be g iven .

F ig . 5. A n g u la r deflections m easu red  in  th e  e le m en ta ry  flam e  p ro file  of a  f la t  flam e, p e rp e n 
d icu la rly  to  th e  p rofile  of th e  flam e. (S to ich iom etric  m e th a n e -a ir  m ix tu re . A x is*  is p e rp e n d ic 
u la r  to  th e  e le m e n ta ry  flam e p rofile , th e  origo is a t  th e  p o in t w here  schlieren  has its  m ax im u m . 
T he p a th  of th e  p a ra lle l lig h t b eam  is p a ra lle l w ith  th e  ta n g e n tia l  p lan e  of th e  e le m en ta ry  flam e

profile .)

6. A p h o to g ra p h  is m ade o f th e  o b jec t to  be  te s te d  a t  a m ark in g  a p e r tu re  
se ttin g  acco rd in g  to  P a ra g ra p h  1.

7. T h e  sch lieren  p ic tu re  — p h o to g rap h ed  on  th e  sam e film  as th e  ab o v e  
p ic tu re  series — is p h o to m e te red .

8. T h e  a n g u la r  deflec tion  0 of th e  lig h t r a y s  a t  th e  in d iv id u a l p o in ts  of 
th e  o b jec t can  be g iven on  th e  basis of th e  fu n c tio n  0 =  0 (scale read in g ), 
m en tio n ed  in  P a ra g ra p h  5.

To i l lu s tra te  th e  ap p lic a b ility  of th e  m e a su rin g  m eth o d , F ig . 5 show s 
th e  a n g u la r  deflec tions o f lig h t, m easu red  p e rp e n d ic u la rly  to  th e  g e n e ra tr ix  
o f th e  cone in  th e  flam e o f a m e th an e -a ir  m ix tu re . A ccord ing  to  ex p erien ce , 
th e  shape o f  th e  cu rv e  show s th a t ,  s ta r tin g  from  th e  side o f fresh gas, th e  ang le  
o f d e v ia tio n  increases c o n tin u o u s ly  to  a t ta in  a m a x im u m  value  co rresp o n d in g
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to  th e  p re h e a tin g  zone, a n d  decreases th e n  co n tin u o u sly  as p ro d u c t gases 
le a v e  th e  reac tio n  zone.

SU M M A R Y

A  new  m ethod , based  o n  th e  d e te rm in a tio n  o f b lack en in g  has been  d ev elo p ed  a n d  app lied  
in  th e  sch lie ren  records o f co m b u s tio n  processes. I t  is show n th eo re tica lly  t h a t  a  m u tu a l  and  
u n e q u iv o c a l co rre lation  ex is ts  in  case o f a f ix ed  o p tic a l a d ju s tm e n t be tw een  th e  a n g u la r  deflec
t io n  o f  th e  lig h t rays an d  th e  b lack en in g , a n d  b e tw een  th is  angle and  th e  d isp la c e m e n t o f th e  
m a rk in g  a p e rtu re . T his m ak es th e  d e te rm in a tio n  of th e  ab so lu te  b lack en in g , t h a t  u su a lly  in 
v o lv es  d ifficu lties , u n n ecessary . I t  is su ffic ien t to  co m p are  th e  m easured  b lac k en in g  v a lu es w ith  
a  m e a su re d  reference series o f b lacken ings. T h e  a p p lic ab ility  o f th e  m eth o d  is d e m o n s tra te d  by  
a n  e x am p le .
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Ü ber e in e  neue M ethode zu r q u a n tita tiv e n  U n tersu ch u n g  von  V erb ren n u n g s
v o rg ä n g e n  m ittels T oep lerscher sch lie renop tischer E in rich tu n g  m it para lle lem

S trah len g an g

A. NÉMETH und O. SZALAY

Zusammenfassung. A bw eichend  v o n  d en  zur U n te rsu ch u n g  der Уerb ren n u n g sV o rg än g en  b isher 
a n g e w a n d te n  sch lie renop tischen  M eth o d en , w u rd e  ein  au f der M essung d e r S chw ärzung  
fu ß e n d e s  V erfah ren  en tw ick elt. E s ge lang  n äm lich  zu  bew eisen , daß  bei e iner f ix ie r te n  op tisch en  
E in s te llu n g  gegenseitig ein  e in d e u tig e r Z u sam m en h an g  zw ischen dem  W in k e l d e r R ich tu n g s
ä n d e ru n g  des L ich tstrah les  u n d  de r S ch w ärzung , fe rn e r zw ischen dem  g e n a n n te n  W inkel und  
d e r B len d en b ew eg u n g  b e s te h t. So k a n n  m an  a u f  die b ish e r ziem lich schw er m e ß b a re n  B estim 
m u n g  des ab so lu ten  S ch w ärzu n g sw ertes  v e rz ich ten . S t a t t  dessen is t  es g en ü g en d , d ie gem esse
n e n  W e rte  m it einer V erg le ich ssch w ärzu n g sm eß reih e  zu  vergleichen. D ie B ra u c h b a rk e it  des 
V e rfa h re n s  w urde d u rch  M eß an g ab en  v e ran sc h a u lic h t.

Новый метод количественного исследования процессов горения с помощью 
щелевой оптической установки Теплера, с параллельным ходом лучей

А. Н Е М Е Т  и О. СА Л А И

Резюме. Разработан метод для изучения явлений горения — отличающийся от исполь
зуемых до настоящего времени щелевых оптических методов — основанный на измерении 
почернения. С помощью теоретических выводов доказали, что при фиксированной опти
ческой наладке имеет место взаимооднозначная связь между углом изменения направ
ления светового луча и почернением, а также между вышеуказанным углом и смещением 
диафрагмы. На основании этого, нет надобности в определении величины абсолютного по
чернения, представляющей до настоящего времени большие затруднения. Вместо этого 
достаточно сравнить измеренные величины с эталонами почернения. Используемость 
метода наглядно показана измерениями.

A n d rá s  N é m e t h  

O ttó  S z a l a y
V eszprém , W a r th a  V ince u. 2 — 6.
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HYDANTOINS, THIOHYDANTOINS 
AND GLYCOCYAMIDINES. XXIII*

Q U A T E R N IZ A T IO N  O F  2 ,5 -B IS (M E T H Y L T H IO )-4 ,4 -D IP H E N Y L -4 //-IM ID A Z O L E  A N D  
T H E  R E A C T IO N  O F  T H E  Q U A T E R N A R Y  D E R IV A T IV E  W IT H  N U C L E O P H IL IC

A G EN TS

K . L e M P E R T  a n d  K . Z A U E R

(D epartm ent o f  Organic Chemistry, Technical U n iversity , and  Research Group fo r  A lka lo id  
C hem istry  o f  the H ung a ria n  A cadem y o f  Sciences, B udapest)

R eceived  M ay 31, 1965

In  o rd er to  c a rry  o u t c e r ta in  reac tio n s  w h ich  w ill be d iscussed  in  th e  
follow ing p ap ers  o f th is  series, i t  w as n ecessa ry  to  p rep a re  a d e r iv a tiv e  of 
2 ,5 -b is(m eth y lth io )-4 ,4 -d ip h en y l-4 I/-im id azo le  (I) in  w hich a t  least one o f th e  
rin g  carbon  a to m s lin k ed  to  th e  m e th y lth io  g ro u p s possessed  enh an ced  r e a c tiv 
i ty  ag a in st n u c leo p h ilic  ag en ts  as co m p ared  w ith  t h a t  o f th e  co rresp o n d in g  
ca rb o n  atom s o f th e  s ta r tin g  co m p o u n d  I. F o r  th is  pu rpose  d e riv a tiv e s  o f I 
c a rry in g  a p o sitiv e  charge on one o f  th e  ring  n itro g e n  a to m s as a consequence  
o f  q u a te rn iz a tio n  w ere ex p ec ted  to  be su itab le .

In  th e  p re se n t com m u n ica tio n  p ro o f o f  th e  s tru c tu re  of th e  p ro d u c ts  
(И ) form ed fro m  I  b y  m e th y la tin g  ag en ts , a n d  th e  reac tio n s of I I  w ith  som e 
0 - ,  N- an d  S -nucleoph iles will be  discussed.

On h ee tin g  in  ch lo robenzene w ith  d im e th y l su lfa te , I  y ie lded  a p o o rly  
crysta lliz in g  co m p o u n d  w hich w as fo u n d  to  be  p a r tic u la r ly  sensitive  to  w a te r  
a n d , on th e  basis  o f  th e  an a ly tic a l d a ta  a n d  o f its  reac tio n s , p ro v ed  to  b e  th e  
m e th o su lfa te  (H a) o f th e  q u a te rn a ry  m e th y l d e r iv a tiv e  of I. The p o s itio n  of 
th e  new ly in tro d u c e d  m eth y l g ro u p  w as v e r if ie d  b y  th e  p a r tia l a n d  to ta l  h y 
d ro lysis of th e  co m p o u n d  lead ing  to  th e  a lre a d y  know n  (see e.g. [3]) 1 -m eth y l-
4 -m eth y lth io -5 ,5 -d ip h en y l-3 -im id azo lin -2 -o n e  (III)  a n d  to  l-m e tliy l-5 ,5 -d i- 
p h en y lh y d a n to in  (IV), resp ec tiv e ly .

P a rtia l h y d ro ly s is  o f l i a  ta k e s  p lace w h en  an  aqueous or aq u eo u s ace- 
to n ic  so lu tion  o f H a  is s im ply  a llow ed  to  s ta n d  fo r a few  hours. T he read in ess  
to  undergo  h y d ro ly s is  confirm s o u r p re su m p tio n  acco rd in g  to  w hich, on in t r o 
duc ing  a p o sitiv e  charge to  one o f  th e  n itro g e n  a to m s o f th e  im idazo le  ring , 
th e  re a c tiv ity  o f  th e  p ro d u c t a g a in s t nucleo p h ilic  ag en ts  will a p p re c ia b ly  be 
ra ised . S im ilarly , p a r tia l  h y d ro lysis  ta k e s  p lace  w hen  H a  is boiled  in  aq u eo u s 
e th a n o l in  the presence o f p y r id in e  or p o ta ssiu m  hydroxide. On c a rry in g  o u t 
th e  la t te r  re a c tio n  in  th e  absence o f  bases, to ta l  h y d ro ly s is  occurs, a ffo rd in g  IV.

* P re lim in ary  co m m unica tion : L e m p e r t , K . a n d  Za u e r , К .: T e trah e d ro n  L e tte rs  
1964, 519.

P a r t  X X II:  L e m p e r t , K. an d  N y it r a i, J . :  T e tra h e d ro n  L e tte rs  1965, 2927.
The p re sen t p a p e r  was p rep ared  p a r tia lly  on th e  b asis o f  th e  B. Sc. thesis o f K . Za u e r  

(B u d a p es t, 1963).
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S ince  c o m p o u n d  III , on  h y d ro ly sis  b y  m in e ra l acids in  aq u eo u s e th an o lic  
s o lu tio n  is also c o n v e rted  in to  IV, th e  d ire c t to ta l  hyd ro lysis  o f l i a  can  be 
a sc r ib e d  to  th e  effect o f  th e  m e th y lsu lfu ric  ac id  form ed in  th e  f i r s t  s tep . 
In  th e  p resen ce  of bases, h o w ever, h y d ro ly s is  is s to p p ed  a fte r  th e  fo rm a tio n  
o f I I I  b e c a u se  th e  m e th y lsu lfu ric  ac id  is n e u tra liz e d  b y  th e  base .

T h e  d irec tion  of th e  p a r t ia l  h y d ro ly s is  o f l i a  in d ica tes  t h a t  o f th e  tw o 
m e th y l th io  groups a c tiv a te d  b y  th e  p o s itiv e  charge , th a t  lin k e d  to  C-2 is

Phj : • SMe

IN

SMe

M e X
ph n ---- sjj—SMe

Me— l& g  LN

Me

X0

II
(a : X =SCbMe)

m a rk e d ly  m ore reac tiv e  (as o b serv ed  a lre a d y  ea rlie r  also in  th e  case o f th e  non- 
q u a te rn iz e d  com pound I  [4]).

S ince  com pound  I  can be  p re p a re d  b y  kn o w n  procedures [3] fro m  5,5- 
d ip h e n y lh y d a n to in , m éthylation  at position  I  o f 5 ,5 -d ip h e n y lh y d a n to in  can 
be  carried , o u t b y  th e  re a c tio n  sequence d esc rib ed . So fa r, i t  w as im possib le  
to  a lk y la te  h y d an to in s  se lec tiv e ly  a t  p o s itio n  1 because th e  f i r s t  a lk y l g roup  
is a lw a y s  in tro d u ced  to  N-3 [5].

S im ila rly  to  d im e th y l su lfa te , I  can  also  be  b ro u g h t in to  re a c tio n  w ith  
m e th y l  p -to lu e n e su lfo n a te , m e th y l b en zen esu lfo n a te  an d  m e th y l m e th an e - 
su lfo n a te , lead ing  to  th e  co rresp o n d in g  q u a te rn a ry  sa lts  of II . H o w ev er, these  
sa lts  c ry s ta lliz e  even p o o rer th a n  H a , an d  i t  w as n o t possible to  o b ta in  th em  
in  a n  a n a ly tic a lly  pu re  c ry s ta llin e  s ta te . T h e  p ro d u c ts  o b ta in e d  on h y d ro ly sis  
o f t h e  c ru d e  oily su b stan ces  p ro v e d  n e v e rth e le ss  to  be id e n tic a l w ith  tho se  
p re p a re d  from  th e  m e th o su lfa te . T h is c o n firm ed  th a t  q u a te rn iz a tio n  to o k  
p lace  a lso  in  these cases a t  N - l .  F ro m  th e  q u a n t i ty  of IV fo rm ed  on  h y d ro 
lysis  a n d  fro m  th e  o b serv ed  su lfu r c o n te n t o f c rude  I I  (X  =  p-M e-C 6H 4SO.s) 
th e  p u r i t y  o f th is  m a te r ia l co u ld  be e s tim a te d  to  be of th e  o rd e r o f 90 — 95% ,
5 —T 0 %  o f  I I I  being th e  c o n ta m in a n t.

*

A cta  Chim ica Academiae Scientiarum Hungaricae 47. 1966.
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In  th e  fo llow ings, th e  reac tio n s o f l i a  w ith  N -nucleoph iles w ill be 
described .

B y  tre a tin g  H a  or I I  (X  =  p-M e-C6H 4S 0 3) in  p y rid in e  so lu tion  w ith  
1 m ole of b en zy lam in e  h y d ro ch lo rid e , i t  becom es c o n v e rte d  in to  a m ono- 
benzy lim ide d e r iv a tiv e . W ith  resp ec t to  th e  h ig h e r e lec tro p h ilic  re a c tiv ity  
o f C-2 p roved  ab o v e , s tru c tu re  Y was assu m ed  fo r th is  d e riv a tiv e .

I t  was im possib le  to  v erify  th e  s tru c tu re  b y  w ay  o f d irec t h y d ro ly tic  
d eg rad a tio n  because  V cou ld  be h y d ro ly zed  n e ith e r  b y  a m ix tu re  of ace tic  
an d  hydroch lo ric  ac id s, n o r b y e th a n o lic  p o ta ss iu m  h y d ro x id e . Since, how ever,

acco rd ing  to  ou r ex periences [4], in  com pounds o f  s tru c tu re s  sim ilar to  th a t  
o f V th e  4 -m e th y lth io  g roup  used  to  be re la tiv e ly  d ifficu ltly  h y d ro ly zab le , 
w hile in  th e ir  isom ers, w here th e  double b o n d  a n d  th e  m e th y lth io  group are  
b o th  lin k ed  to  C-2 (e.g. in  com pound  X II a n d  in  co m p o u n d s of xelated  
s tru c tu re ) , th e  m e th y lth io  group  p ro v ed  to  he re a d ily  c leavab le  b y  aqueous 
acids, th e  observed  s ta b il i ty  ag a in s t h y d ro ly tic  a t ta c k s  o f  th e  exam ined  com 
p o u n d  is ju s t  an  ev idence  in  fav o u r o f s tru c tu re  V.

In  o rder to  p ro v e  th e  co rrec tness of s tru c tu re  V e x a c tly , th e  only  possible 
s tru c tu ra l a lte rn a tiv e  (X II) w as p rep a red  b y  th e  fo llow ing  w ay . F irs t V III [3] 
w as allow ed to  re a c t w ith  b enzy lam ine , a n d  su b se q u e n tly  th e  l-m e th y l-4 -  
b en zy lam ino-5 ,5 -d ipheny l-3 -im idazo line-2 -th ione  (IX ) th e re b y  o b ta in ed  su b 
je c te d  to  m é th y la tio n . A ltho u g h  com pound  IX  cou ld  re a c t, in  p rinc ip le , 
a t  th re e  cen tres (a t  N -3, a t  th e  exocyclic n itro g e n  o r a t  th e  su lfu r a to m ), 
u n d e r th e  ap p lied  e x p e rim e n ta l cond itions o n ly  one p ro d u c t, th e  S -m ethy l 
d e riv a tiv e  (X II) w as fo rm ed .

T h e  s tru c tu re  o f  th is  com pound  is p ro v ed  b y  th e  fa c t th a t ,  on bo iling  
w ith  a m ix tu re  o f g lac ia l ace tic  a n d  h ydroch lo ric  ac id s , i t  undergoes hyd ro lysis  
to  l-m e th y l-5 ,5 -d ip h en y l-h y d an to in -4 -h en zy lim id e  (X X I; R  =  C0H 5CH2), w hich 
w as also p rep a red  b y  s tru c tu re -p ro v in g  sy n th es is  (see below ). F o r th e  re s t, 
in  accordance  w ith  th e se  find ings, th e  m é th y la tio n  p ro d u c t o f IX  was found  
to  be d iffe ren t from  co m p o u n d  X I o b ta in ed  b y  a s tru c tu re -p ro v in g  sy n th es is ,

5 A d a  Chimica Academiae Scienliarum  Hungaricae 47. 1966.

* A lthough  IX  is p o te n tia lly  tau to m eric , a “ co n ju g a ted ”  C — N  b a n d  ap p ears  a t  1610 cm ' 1 
in  i ts  in fra red  sp ec tru m  (K B r disc). T h is p roves th a t  th e  fo rm u la  used  ab o v e  is co rrec t, a t  le a s t  

fo r th e  com pound in c ry s ta llin e  s ta te
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v iz . b y  re a c tin g  l ,3 -d im e th y l-5 ,5 -d ip h e n y l-d ith io h y d a n to in  (X) w ith  benzyl- 
am in e .*

S ince com pound  X II p ro v e d  to  be d iffe ren t from  th e  p ro d u c t o b ta in ed  
in  th e  re a c tio n  of th e  q u a te rn a ry  co m p o u n d  l i a  an d  b en zy lam in e , th is  la t te r  
sh o u ld  n ecessarily  possess s t ru c tu re  V.**

*

S im ila rly , we succeeded  in  re a c tin g  l i a  se lec tive ly  w ith  one m ole of 
h y d ro x y la m in e  in  p y rid in e  so lu tio n  in a w ay  th a t ,  u n d e r fo rm a tio n  of com 
p o u n d  V I, only  one of th e  m e th y lth io  g roups p a r tic ip a te d  in  th e  reac tio n . 
S tru c tu re  VI for th e  p ro d u c t w as v e rified , on th e  one h a n d , b y  th e  com parison  
o f th e  u l tra v io le t  sp ec tra  of th e  re a c tio n  p ro d u c t a n d  th e  a lre a d y  know n  2-hy- 
d ro x im in o -4 -m e th y lth io -5 ,5 -d ip h en y l-3 -im id azo lin e  (X III) [4], a n d , on the  
o th e r  h a n d , b y  h y d ro lysis  o f V I b y  g lac ia l ace tic  acid , a ffo rd in g  th e  com pound  
I I I  a lre a d y  know n [3].

*

C om pounds H a  or I I  (X  =  p-M e-C 6H 4S 0 3) y ie ld  in  p y rid in e  so lu tion  
w ith  one  m ole of p h e n y lh y d ra z in e  h y d ro ch lo rid e  or in  e th an o lic  so lu tio n  w ith  
one  m o le  o f p h en y lh y d raz in e  b ase  a m o n o p h en y lh y d razo n e  to  w h ich , on th e  
b a s is  o f  th e  above given ana lo g ies , fo rm u la  V II m ay  be assigned . In  ad d itio n , 
th is  s t ru c tu re  w as also su p p o r te d  b y  th e  u ltra v io le t sp e c tru m  o f th e  p ro d u c t 
w h ic h  r a th e r  resem bles th a t  o f  c o m p o u n d  XIV o b ta in e d  fro m  I w ith  p h e n y l
h y d ra z in e , th e  s tru c tu re  o f XIV b e ing  a lread y  p ro v ed  b y  h y d ro ly s is  [4]. 
S t ru c tu re  V II could, how ever, n o t  be  v e rif ied  b y  hy d ro ly sis  as in  th e  case of VI, 
b e c a u se , on t re a tm e n t w ith  g lac ia l ace tic  acid , V II d id  n o t  re a c t,  w hile, on 
t r e a tm e n t  w ith  a m ix tu re  o f a c e tic  a n d  hyd ro ch lo ric  acids, V II su ffe red  “ to ta l” 
h y d ro ly s is , affo rd ing  IV; a n d  th e  p ro d u c t o f p a r tia l  h y d ro ly s is , v iz . th e  2-phe- 
n y lh y d ra z o n e  (XV) of l-m e th y l-5 ,5 -d ip h e n y lh y d a n to in  cou ld  n o t  be  o b ta in e d  
e i th e r  in  p u re  s ta te  o r b y  t r e a tm e n t  w ith  e th an o lic  a lkali.

S tru c tu re  V II w as f in a lly  p ro v e d  b y  q u a te rn iz a tio n  o f V III w ith  d ie th y l 
s u lfa te , le ad in g  to  th e  q u a te rn a ry  s a lt  XVI*** (analogous to  H a) w hich , w hen

* I t  is know n  [3] th a t  d i th io h y d a n to in s  re a c t  w ith  am m onia  a n d  w ith  am ines in  a 
se le c tiv e  w ay  a t  position  4.

* *  Added in proof:
B y  re ac tin g  crude II  (X  =  p-M e-C r)H ,-S 0 3), w hich has been  exp o sed  fo r som e tim e 

to  a tm o sp h e ric  m oistu re  and , th e re fo re , c o n ta in ed  som e free p -to lu en su lfo n ic  acid , w ith  1 mole 
o f  b e n zy lam in e  in  th e  absence of a n y  so lv en t, a com pound  m elting  a t  249 — 250° w as o b ta in ed  
w h ic h  a n a ly se d  for CI7H leN 2S a n d  could  b e  id en tified  w ith  l,3 -d im e th y l-4 ,5 -d ip h en y l-4 -im i- 
p a zo lin e -2 - th io n e  [2]. T he sam e su b s ta n c e  w as fo rm ed also by  t r e a tm e n t  o f I I  (X  =  
d-M e-C^H j-SOq) p re tre a te d  as a b o v e , w ith  1 m ole of po tassiu m  h y d ro g e n  su lfid e  in  aqueous 
a lco h o lic  so lu tion . F o r th e  re a rra n g e m e n t in v o lv ed  in  these reac tio n s, w h ich  sha ll be in v es ti
g a te d  in  th e  fu tu re , see also [2 ].

*** q ^ e  s tru c tu re  o f XVI is p ro v e d , besides th e  w ay of its  fo rm a tio n , on  th e  one h a n d , by  
th e  fa c t  th a t ,  on trea tin g  V III w ith  d im e th y l su lfa te , i t  is conv erted  a n a lo g o u sly  in to  l ia ,  and , 
on  th e  o th e r  han d , th a t  th e  re ac tio n  of XVI w ith  p h en y lh y d raz in e  a ffo rd s th e  sam e p ro d u c t as 
t h e  s im ila r  reac tio n  of H a.

Acta Chimica Academiae Scientiarum H ungaricae 47. 1966.
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Ph21— SMe Ph2i--------1=0
Ph2f 7 T

-SMe

„ V Me-Nh NH M e-N ^  N

СЛ О m œ

N-X N-NHPh SEt

XIII : X =  OH *’ XV *' XVI
XIV X =  PhNH —*'

* A p o ten tia lly  tau to m e ric  com pound. I t s  ex is ten ce  in  th e  above tau to m eric  fo rm  has 
n o t y e t been  verified .

allow ed to  re a c t w ith o u t iso la tion  w ith  p h e n y lh y d ra z in e , gave a p ro d u c t  
w hich  w as in  ev e ry  re sp ec t id en tica l w ith  VII o b ta in e d  from  lia .

In  a d d itio n , s tru c tu re  VII is verified  b y  th e  fa c t th a t  VII becom es co n 
v e r te d  b y  a -to lu e n e th io l in  th e  presence o f  th e  so d ium  sa lt o f th e  l a t t e r  in to  
th e  analogous S -benzy l d e riv a tiv e  (XVII) (cf. [6]) w hich  la t te r  co m p o u n d  can  
also be o b ta in e d  b y  s tru c tu re -p ro v in g  sy n th e se s  e ith e r  from  XVIII [6] or 
from  XIX.

PhCH;SH +  
PhCH2 Se Ni®

(cf [6])

Ph2,— — n-SCHs Ph РЬг I— r SCH2Ph РЬг I--------n~
PhNHNH2 Me2S04

Me-Nv

T
Me-Nf N

SOaMe 0
N ^ N

N-NHPh SMe SMe

X\/II (non isolated) XVIII [6]

Ph NHNH2

РЬг I— — j|-SCH2Ph Ph2 i-------- pSCHg Ph
El2 so« PhCH2SH*

M e -N ^  N

I SÛ4 Ete
Me-N

ÏÏ
1 PhCH2Se VIII

SEt S
(cf. [6])

(non isolated) XIX

All th ese  reac tio n s  w ith  N -nucleophiles ta k e  p lace a p p a re n tly  acc o rd in g  
to  th e  fo llow ing schem e:*

* В m eans a base  (in th e  p re sen t case p y rid in e ). T h e  e lectron  shifts d e n o te d  in  th e  
f i r s t  step  do n o t n ecessarily  tak e  p lace in  a sy n ch ro n o u s w ay.

5 * Acta Chimica Academiae Scientiarum Hungaricae 47. 1966.
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*

A ccord ing ly , on th e  basis of th e  re a c tio n s  ou tlined , th e  q u a te rn a ry  
c a t io n  I I  p roved  to  be m ore  reac tiv e  in  p o s itio n  C-2 th a n  a t C-5 also  a g a in s t 
N -n u c leo p h ile s . T hus th e  re la tiv e  r e a c tiv i ty  o f  b o th  electroph ilic  c en tre s  is 
a p p a r e n t ly  th e  sam e a g a in s t all ty p es  o f nucleoph iles.

O n  th e  o th e r h a n d , i t  w as also fo u n d  t h a t  th e  q u a te rn a ry  co m p o u n d s I I  
r e a c t  a lso  w ith  N -nuc leoph ilic  ag en ts  m u ch  ea s ie r th a n  I, th is  o b v io u sly  being  
a s  w ell due  to  th e  p resen ce  o f th e  p o s itiv e  cen tre .

*

T h e  reac tio n  of co m p o u n d  l i a  in e th a n o lic  so lu tion  w ith  p o ta s s iu m  h y 
d ro g e n  su lfide app lied  in  g re a t excess, also p ro ceed ed  according to  e x p e c ta tio n s , 
b o th  m e th y lth io  g ro u p s b e in g  exchanged  to  th io x o  groups u n d e r  fo rm a tio n  
o f  c o m p o u n d  X X .* **

A c ta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.

* A  p o ten tia lly  ta u to m e r ic  com pound. I t s  e x is te n ce  in  th e  above ta u to m e r ic  fo rm  has 
n o t  y e t  b e en  confirm ed.

** c. f. F o o tn o te  ** on  p ag e  394.
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F in a lly , th e  reac tio n  o f  th e  p a r t ia l  h y d ro ly s is  p ro d u c t I I I ,  w ith  som e 
n uc leoph ilic  a g e n ts  w as also in v e s tig a te d . T hese  reac tions p ro ceed ed  again  
acco rd in g  to  o u r ex p ec ta tio n s . T hus w ith  am m o n ia  an d  am ines X X I, w hile 
w ith  h y d ra z in e  a n d  p o ta ss iu m  h y d ro g en  su lfid e  XXIV an d  X X III  w ere 
fo rm ed , re sp ec tiv e ly .

E x p erim en ta l*

2,5-Bis(methylthio) -3-methyI-4,4-diphenyl-4/f-imidazolium methosulfate ( l ia )

4.9 m l (6.62 g ; 52.6 m illim oles) o f d im e th y l su lfa te  w ere ad d ed  a t  70° to  a  so lu tio n  o f 
15.2 g (48.6 m m oles) o f  I  in  15 m l a n h y d ro u s  ch lo robenzene , th e  so lu tion  boiled 5 m in u te s  a n d  
allow ed to  cool. A fte r  s tan d in g  an  h o u r, th e  p ro d u c t w as b ro u g h t to  c ry s ta lliz a tio n  b y  seed ing , 
a n d  su b seq u e n tly  15 m l of p e tro leu m  e th e r  w ere ad d ed . A fte r  s tan d in g  o v e rn ig h t th e  c ry s ta ls  
w ere f i lte re d  off, a n d  w ashed w ith  p e tro leu m  e th e r  a n d  an h y d ro u s  ace tone; y ie ld  19.53 g 
(91 .6% ) of co lourless s tu b b y  c ry s ta ls , m . p. 180 — 181° (from  a m ix tu re  o f c h lo ro fo rm  a n d  
p e tro leu m  e th e r) .

CI9H 22N.20 4S2 (438.4). Calcd. C 52.05; H  5.06; N  6.39; S 21.90. F o u n d  C 52 .44 ; 52 .49; 
H  4.77; 5 .00; N  6 .87 ; 6.48; S 21.65; 21 .78% .

Mesylate ( II ; X = M e S 0 3)

A m ix tu re  o f  1.0 g (3.2 m m oles) o f I ,  0.43 g (3.9 m m oles) o f m eth y l m e th a n e su lfo n a te  
and  0.70 m l o f a n h y d ro u s  ch lorobenzene w as h e a ted  in  a  sealed  tu b e  8 hours a t  100°. O n a d d i
tio n  of 2.5 m l o f a n h y d ro u s  benzene an d  1.5 m l o f  a n h y d ro u s  n -h ex an e  an  oil s e p a ra te d  w h ich , 
on ru b b in g  a n d  seed ing  crysta llized . T h e  c ry s ta ls  w ere f i lte re d  off, and w ashed  w ith  a 1 : 1 
m ix tu re  o f  ben zen e  a n d  n -h ex an e ; y ield  0.95 g (7 0 .4 % ), m . p. 157 —162° (crude  p ro d u c t) .

Benzene sulfonate ( I I ;  X = P h S 0 3)

A m ix tu re  o f 1.0 g (3.2 m m oles) o f I, 0.60 g (3.5 m m oles) o f m ethy l b en zen esu lfo n a te  a n d  
1.0 m l of a n h y d ro u s  chlorobenzene w as h e a ted  4 h o u rs  a t  110° in  a sealed tub e . O n a d d it io n  o f 
2 m l o f a n h y d ro u s  n -hexane , a n  oil s e p a ra ted  w hich , on  ru b b in g  an d  stirring , so lid ified  o v e r
n ig h t. T he p re c ip ita te  w as filte red  off, an d  w ashed  w ith  a 1 : 1 m ix tu re  o f b en zen e  a n d  n- 
h ex an e ; y ield  1.41 g (91% ), m. p. 91 — 92° (decom p.) (c ru d e  p ro d u c t).

T he tosylate  ( I I ;  X  =  p-M e-C 0H ,SO 3) can  be p re p a re d  sim ilarly , b u t th e  sam e  p ro d u c t  
is fo rm ed  b y  fu sin g  th e  com ponen ts sim ply  to g e th e r w ith o u t u sing  any  so lven t ( t r e a tm e n t  fo r 
1 to  3 h o u rs  a t  100 —150°).

Partial hydrolysis of 2.5-l)is( methyItllio)-3-metliy 1-1.1-diphenyl-4 //-iinidazolium salts
(H)
a) A  m ix tu re  o f 0.44 g (1.0 m m ole) o f H a , 0.2 m l (2.5 m m oles) of pyrid ine , 1 m l o f  m e th a 

nol an d  0.5 m l o f w a te r  was b ro u g h t to  boiling. On cooling , th e  solidified c ry s ta llin e  m ass w as 
tre a te d  w ith  1 m l o f w a ter, th e  c ry s ta ls  filte red  off, an d  w ashed  w ith  w ater; y ield 0.22 g (7 3 .4 % ) 
of I I I ,  m. p . 2 3 0 - 2 3 1 ° ;  lit. [3]: 229°.

b) T h e  c ru d e  to sy la te  o f I I  w as dissolved in  ace to n e  u n d e r gentle  heating . A f te r  coo ling , 
1 p a r t  (by  vo lu m e) o f w a ter was ad d ed . U n d e r e v o lu tio n  of m e th an th io l, a w h ite  c ry s ta ll in e  
su b s tan ce  ( III)  slow ly  sep a ra ted ; y ield  7 7% , m. p. 229 — 230° (from  a m ix tu re  o f c h lo ro fo rm  an d  
e thano l).

Cl7H 16N 2OS (296.3). Calcd. C 68.90; II 5.44; N 9.45. F o u n d  C 68.63; H  5 .26 ; N  9 .4 4 % .

“Total” hydrolysis of 2,5-bis(methylthio)-3-methyl-4,4-diphenyl-4//-iinidazoIium salts 
(II).Hydrolysis of l-mcthyl-4-methylthio-5,5-diphenyl-3-iniidazolin-2-onc (III)

a) A m ix tu re  o f 7.2 g (16.4 m m oles) o f H a, 30 m l o f e th an o l and 20 ml o f c o n c e n tra te d  
hyd ro ch lo ric  acid  w as boiled 5 hours. T he c ry s ta ls  w hich  se p a ra ted  on the  ad d itio n  o f  100 m l of

* T h e  m eltin g  p o in ts  g iven b y  us a re  u n co rrec ted .
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w a te r  w ere  filte red  off a n d  w ash ed  w ith  w a te r; y ield  3.8 g (8 7 % ) of l-m e th y l-5 ,5 -d ip h en y lh y - 
d a n to in  (IV ); m. p. 224°, l it . [7]: 2 2 4 -2 2 6 ° .

b)  On boiling fo r a b o u t an  h o u r an  aqueous e th a n o lic  so lu tion  of th e  crude  II- to sy la te , 
s im ila rly  IV  w as o b ta in ed  in  6 3 %  y ie ld ; m. p. 226 — 227° (fro m  aqueous e thano l).

C 16H 14N ,0 2 (266.3). C alcd. C 72.16; H 5.30; N  10.52. F o u n d  C 72.39; 72.65; H  5.41; 
5 .38; N  10.80^ 10.85% .

c)  A  m ix tu re  of 1.0 g (3.37 m m oles) of l-m e th y l-4 -m eth y lm ercap to -5 ,5 -d ip h en y l-3 -im i- 
d a zo lin -2-one ( in ) ,  8 m l o f e th a n o l an d  5 m l o f c o n c e n tra te d  hydroch loric  acid  w as bo iled  3 
h o u rs , e v a p o ra te d  to  a b o u t  2/3 o f its  original vo lu m e, a n d  d ilu ted  w ith  2 m l o f w a te r . T he 
s e p a ra te d  c ry s ta ls  were f i lte re d  o ff  an d  w ashed w ith  w a te r ;  y ie ld  0.88 g (98% ) IV; m . p . 226 — 
227° (fro m  aqueous e th an o l).

l-M eth y I-2 -b en zy lim in o -4 -m eth y k h io -5 ,5 -d ip h en y l-3 -im id azo lin e  (V)

a )  A  m ix tu re  o f 0.88 g (2.0 m m oles) of H a , 0.32 g (2 .2  m m oles) of ben zy lam in e  h y d ro 
c h lo rid e  a n d  3.5 m l of a n h y d ro u s  p y rid in e  was boiled  5 h o u rs , and  subseq u en tly  t r e a te d  w ith  
10 m l o f  w a te r . A fter a llow ing th e  m ix tu re  to  s ta n d  30 m in u te s , th e  sep ara ted  yellow ish  c ry s ta l
line  m ass  w as filte red  off, a n d  w ash ed  w ith  w a te r; y ield  0 .38 g (49 .3% ) of V; m. p. 313° (from  a 
m ix tu re  o f py rid ine  an d  e th a n o l). M ixed m. p. w ith  th e  p ro d u c t o b ta ined  acco rd ing  to  b): 
313 — 314°.

b)  T o th e  crude II- to sy la te , o b ta in ed  by  fusing  10 m m o les of ï  and 12 m m oles o f m e th y l 
p - to lu e n e -su lfo n a te  (40 m in u te s  a t  135°) a m ix tu re  o f 1.58 g (11 m m oles) o f b en zy lam in e  
h y d ro c h lo r id e  and 14 m l o f a n h y d ro u s  pyrid ine  w as a d d e d . A fte r boiling fo r 16 h o u rs , 50 ml 
o f w a te r  w as added . A y e llow ish  oil sep ara ted  w h ich  p a r tia l ly  solidified on s ta n d in g . T he 
aq u eo u s  p h a se  was d e ca n te d , a n d  th e  oil was boiled  w ith  10 m l of m ethanol. T he yellow  c ry s
ta l l in e  m ass th e re b y  o b ta in e d  w as filte red  off, and w ash ed  w ith  m eth an o l; y ield  1.55 g (4 0 .1 % ); 
m . p . 313 — 314° (from  a m ix tu re  o f py rid ine  and  e th an o l).

C24H 23N ,S  (385.5). Calcd. C 74.78; H 6.01; N 10 .90 ; S 8.30. Found  C 74.63; 74.06; H 
5 .97 ; 6 .0 6 ; N  11.39; 11.23; S 8.06; 8 .59% .

Amax (in  e thano l): 254 n m  (log e  =  4.05) a n d  323 n m  (log e  =  4.18).

l-M eth y l-4 -b en zy lam in o -5 ,5 -d ip h en y l-3 -im id azo lin e -2 -th io n e  (IX )

A m ix tu re  of 4.0 g (12.8 m m oles) of VIII [3], 3.0 g (20.9 mmoles) o f ben zy lam in e  h y d ro 
c h lo rid e , 1.46 g (17.8 m m oles) o f  an h y d ro u s  sodium  a c e ta te  an d  30 ml of a n h y d ro u s  p y rid in e  
w as re flu x e d  18 hours. T h e  su b s ta n c e  w hich s e p a ra te d  o n  th e  add itio n  of 40 m l w a te r  was 
f i l te re d  o ff, an d  w ashed  w ith  w a te r  and  w ith  aq u eo u s m e th a n o l;  yield 3.96 g (8 3 .4 % ) of IX ; 
m . p . 258 — 259° (from  a q u eo u s  e thano l).

C23H 2lN 3S (371.4). Calcd. C 74.37; H 5.70; N 11.31; S 8.62. F ound  C 74.12; 74 .23; H 
5 .23 ; 5 .62 ; N  11.43; S 8 .83 ; 8 .8 1 % .

T h e  sam e p ro d u c t w as o b ta in e d  also b y  bo iling  V III  sim ply  w ith  b en zy lam in e  in  th e  
p re sen c e  o f som e w ater.

l-M ethy l-2 -m eth y Ith io -4 -b en zy lim in o -5 ,5 -d ip h en y l-2 -im id azo lin e  (X II)

A m ix tu re  of 1.0 g (2 .7  m m oles) of IX , 0.4 g (2.8 m m oles) of ign ited  p o tassiu m  c a rb o n a te , 
15 m l o f  a n h y d ro u s e th a n o l a n d  0.40 m l (0.91 g; 6.44 m m oles) o f m ethy l iod ide w as s tir re d  8 
h o u rs  a t  ro o m  te m p e ra tu re . A fte r  s tan d in g  o v e rn ig h t, th e  ino rgan ic  sa lts  w ere f i lte re d  off, 
w a sh e d  w ith  e th an o l, a n d  th e  e th an o lic  so lu tion  e v a p o ra te d  to  dryness in  v acu u m . T h e  oily 
re s id u e  w as dissolved in  70 m l o f  a n h y d ro u s e th e r, th e  so lu tio n  filtered  and  again  e v ap o ra te d  
to  d ry n e ss ;  y ield  0.79 g (7 6 .2 % ) of X II; m. p. I l l  — 112° (fro m  m ethanol an d  w ater).

Co4H .,,N 3S (385.5). Calcd. C 74.78; H 6.01; N  10 .90 ; S 8.30. F ound  C 74.47; H  6.08; 
N  11 .08 ; 11.17; S 8.32; 8 .42% .

H yd ro ly s is :

a )  200 m g (0.52 m m oles) o f  X II were boiled  5 h o u rs  w ith  a so lu tion  of 0.4 g (4.2 m m oles) 
o f  ch lo ro a ce tic  acid in  1.6 m l w a te r . On adding  10 m l o f 6 %  aqueous p o tassiu m  h y d ro x id e  to 
th e  coo led  so lu tion , an  o ily  su b s ta n c e  sep ara ted . T h e  a q u eo u s  phase was d e ca n te d , th e  oily 
p h a se  d isso lved  in 2.5 m l o f  h o t  e th an o l, clarified  a n d  t r e a te d  w ith  5 ml of h o t w a te r. O n cool
in g , 65.4 m g (35.4% ) of X X I (R  =  P h C H 2) se p a ra ted ; in. p . an d  m ixed m. p . w ith  a n  a u th e n tic  
sa m p le  (see below ): 222 — 223°. T h e  id e n tity  of th e  tw o p ro d u c ts  was also co n firm ed  by  th e ir  
in f ra re d  sp ec tra .
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b) 123 m g (0.32 m m oles) of X II w ere boiled 5 h o u rs  w ith  a m ix tu re  o f 2 m l o f  g lac ia l 
a ce tic  and  1 ml o f c o n cen tra ted  h y d ro ch lo ric  acid ; th e  so lu tio n  was su b seq u en tly  e v a p o ra te d  to 
d ry n ess  on th e  s team  b a th  in v acuum . T h e  residue w as d isso lved  in  2 ml o f m e th a n o l, a n d  th e  
so lu tio n  m ixed w ith  10 ml of ho t w a te r ;  y ield  68 m g (6 0 % ) of XXI (R  =  P h C H 2); m . p . and 
m ixed  m . p. as u n d e r  a).

1,3- I)im ethyl-4-beiizylim iiio-5,5-< lipheiiyI-2-im idaz»liiliiiethioiie (X I)

A m ix tu re  o f  200 mg (0.64 m m oles) o f l ,3 -d im c th y l-5 ,5 -d ip h e n y l-d ith io h y d a n to in  
(X) [3j and  1.0 ml (0.98 g; 9.2 m m oles) o f  ben zy lam in e  w as boiled 4 hours. On a d d in g  a  m ix tu re  
o f  15 m l o f w a ter an d  1 ml of g lacial a ce tic  acid  an  oily p re c ip ita te  appeared  w h ich  w as sepa  - 
r a te d  an d  c rysta llized  from  5 ml o f e th a n o l a f te r  c la rif ic a tio n  w ith  bone b lack ; y ie ld  160 mg 
(6 5 % ) of X I; in. p. 117 —118° (from  a q u eo u s  m eth an o l).

C24H 23N 3S (385.5). Calcd. N 10.90; S 8.30. F o u n d  N 10.64; S 8.21% .

l-M ethyl-2-hydroxiiiiiiio -4-m ethy ltliio -5 ,5 -d iphenyl-3-iiiiic lazo line  (V I)

A so lu tion  of 340 mg (4.9 m m oles) o f h y d ro x y lam in e  hydroch loride  in  8 m l o f h o t  e th a n o l 
w as tre a te d  w ith  a so lu tion  of 230 m g (10 m g -atom es) o f m eta llic  sodium  in 5 m l o f  a n h y d ro u s  
e th a n o l. T he p re c ip ita te d  sodium  ch loride  w as f ilte red  o ff an d  to th e  f iltra te  2.0 g (4 .6  m m oles) 
o f l i a  w ere ad ded  a t  room  tem p era tu re . A fte r s ta n d in g  o v e rn ig h t th e  so lu tion  w as e v a p o ra te d  
to  d ry n ess on th e  s team  b a th  in  v a cu u m , an d  th e  resid u e  tr i tu ra te d  w ith  25 m l o f  w a te r . T he 
care fu lly  d ried  cru d e  p ro d u c t (1.33 g) w as dissolved in 5 m l of an h y d ro u s m e th a n o l a t  room  
te m p e ra tu re , and  th e  so lu tion  tre a te d  w ith  5 m l o f p e tro leu m  e th e r w hereupon  a c ry s ta llin e  
p ro d u c t slowly p re c ip ita te d ; y ield 0.77 g (5 2 % ); m . p. 215 — 216° (decoinp.).

CI7H 17N.,OS (311.3). Calcd. C 65 .68 ; II 5.50; N 13.50; S 10.30. F o u n d  C 65 .5 8 ; 65.63, 
I I  5.59; 5.81; N 13.22; S 10.55% .

Partia l hyd ro lys is:

A m ix tu re  o f 291 mg (0.93 m m oles) o f VI and  12 ml of 40%  aqueous a c e tic  a c id  was 
bo iled  5 hours. A fte r  cooling, th e  m ix tu re  was tre a te d  w ith  5 ml of w ater an d  th e  p re c ip ita te  
th e re b y  form ed w as filte red  off, w ash ed  w ith  w a te r  a n d  crysta llized  from  a q u eo u s  m e th a n o l;  
y ield  104 mg (3 7 .7 % ); m. p. and  m ixed  in. p. w ith  a u th e n tic  [3] I I I :  230 — 231°.

l-M e th y l-4 -m eth y lth io -5 ,5 -d ip h en ,y l-3-iiiiidazo line-2 -o iie -pheiiy lhydrazo iie  (V II)

a )  A m ix tu re  o f 1.75 g (4 m m oles) o f l ia ,  0.61 g (4.2 m m oles) of p h e n y lh y d ra z in e  h y d ro 
ch lo rid e  and  7 ml o f a n h y d ro u s p y rid in e  w as boiled 2 h ours. A fter cooling, th e  re a c tio n  m ix tu re  
w as tre a te d  w ith  21 m l o f w ater. A d a rk  b ro w n  oil a p p ea red  w hich slowly so lid ified  on  sc ra th -  
ing . T h e  sub stan ce  w as pulverized , f i lte re d  off, an d  w ash ed  w ith  w a te r; y ield 1.59 g (1 0 0 % ) of 
VII ; m . p. 202 — 203° (decom p.; from  a m ix tu re  o f  p y rid in e  an d  e thanol).

b)  To th e  c ru d e  II- to sy la te , o b ta in e d  by  fusing  (10 m in u tes  a t  150°) 5 m m o les each  of 
I a n d  m eth y l p -to lu en esu lfo n a te , a  m ix tu re  o f 0.73 g (5.05 m m oles) o f p h e n y lh y d ra z in e  h y d ro 
ch lo ride  an d  5 ml o f an h y d ro u s p y rid in e  w as ad d ed . A fte r  boiling th e  m ix tu re  4.5 h o u rs , i t  w as 
allow ed to  cool, a n d  tre a te d  w ith  5 ml o f  e th a n o l an d  25 m l o f w ater. T he se p a ra te d  o ra n g e-re d  
oil g rad u a lly  so lid ified . T he aqueous p h a se  was d e ca n te d , an d  the  residue bo iled  w ith  aq u eo u s 
e th an o l. A fter cooling, th e  solid su b s ta n c e  w as f i lte re d  off, an d  w ashed w ith  a q u eo u s  a ce to n e ; 
y ield  0.77 g (40% ) o f V II; m. p. 201 — 202° (d eco m p .; fro m  a m ix tu re  o f b u tan o l a n d  m e th a n o l) .

C2.,H..,N4S (386.4). Calcd. C 71 .48 ; H 5.74; N 14.50; S 8.28. F o u n d  C 71.38; 71.08; 
H  5.99; 5.94; N 14.48; 14.64; S 8.01; 8 .37% .

Amax (in e th a n o l): 263 nm  (log e =  4.01); 360 n m  (log e =  3.64).
c)  A so lu tio n  o f 2.3 ml (2.5 g =  23 m m oles) o f p h en y lh y d raz in e  base  in 8 m l o f  e th a 

no l w as ad ded  to  th e  so lu tion  of 5.0 g (11.4 m m oles) o f  l i a  in 32 ml o f a n h y d ro u s  e th a n o l. 
S h o rtly  o range-red  c ry s ta ls  began  to  p re c ip ita te  fro m  th e  red  liqu id  and  m e th a n e th io l  was 
evo lved . A fter s ta n d in g  o v ern igh t, th e  c ry s ta ls  w ere f i lte re d  off, and w ashed w ith  w a te r  and  
w ith  som e e th an o l; y ield  3.2 g (73% ) o f V II; m. p . 202 — 203° (decom p.; fro m  a c e to n e  and  
w a ter).

d) A m ix tu re  o f 0.32 g (1.03 m m oles) o f l-m e th y l-4 -m eth y lth io -5 ,5 -d ip lien y l-3 -im id a- 
zo line-2-th ione (V III) [3] and 0.15 ml (0 .28  g 1.14 m m oles) o f d ie th y l su lfa te  w as h e a te d  
in  a  scaled  tu b e  30 m in u tes  a t  135°. A fte r  cooling, th e  o b ta in e d  m elt (XVI) w as d isso lv ed  in  2 
m l o f an h y d ro u s e th a n o l, and in s ta n ta n e o u s ly  tre a te d  w ith  th e  so lu tion  of 0.25 m l (0 .27  g =
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=  2.5 m m oles) of p h e n y lh y d ra z in e  base in 1 m l o f a n h y d ro u s  e thanol. The c ry s ta ls  of Y II 
sh o r t ly  b e g an  to  p re c ip ita te  f ro m  th e  red solu tion . T h e  su b s ta n c e  was sep a ra ted  as described  
u n d e r  c );  y ie ld  0.39 g (86 .6 % ) ;  m . p . 201 — 202° (decom p.).

T h e  p ro d u c ts  o b ta in e d  u n d e r  a) to d) p ro v ed  to  b e  id en tica l also on th e  b asis  o f th e ir  
in f ra re d  spectra .

Total hydrolysis:

A m ix tu re  o f 0.54 g (1 .44  m m oles) of YII, 3.5 m l o f  g lac ia l ace tic  and  3 ml o f c o n c e n tra te p  
h y d ro c h lo ric  acid was re f lu x e d  8 hours. 20 ml o f w a te r  a n d  5.0 g (89 m m oles) o f p o ta s s iu m  
h y d ro x id e  were added  (p H  =  8), th e  reaction  m ix tu re  f i l te re d  an d  the  f iltra te  ac id ified  w ith  
a ce tic  acid  (pH  =  4.5). T h e  o ran g e-red  am orphous p r e c ip ita te  w as filte red  off, a n d  w ashed  
w ith  w a te r ;  yield 0.38 g (1 0 0 % ) of IV; m. p. and  m ix e d  m . p . w ith  a u th en tic  IV ; 223 — 224° 
(fro m  m eth an o l);

C16H l4N ,0 , (266.3) C alcd . C 72.16; H 5.30; N 10.52. F o u n d  C 72.18; H 5.23; N  10.52; 
10 .41% .

l-M eth y l-4 -b en zy Ith io -5 ,5 -d ip h en y l-3 -im id azo lin e -2 -o n e-p h en y lh y d razo n e  (X V II)

a )  1.0 g (2.6 m m oles) o f  V II was refluxed 18 h o u rs  w ith  a m ix tu re  ob ta in ed  fro m  0.61 m l 
(0.65 g ; 5.2 m m oles) o f a - to lu e n e th io l,  60 mg (2.6 m g -a to m ) o f m etallic  sodium  a n d  28 m l o f 
a n h y d ro u s  e thano l (am ple  d ev e lo p m en t of m e th an e th io l !). A fte r  cooling th e  o range-red  c ry s ta ls  
w ere  f i lte re d  off and  w ash ed  w ith  e th an o l; yield 1.1 g (9 3 .5 % ) o f XVII; m. p. 198 — 199° (from  
e th a n o l an d  acetone).

Co9H o6N4S (462.5). C alcd . C 75.30; H 5.67; N 12.11; S 6.82. F o u n d  C 75.03; 75.80; H  5.81; 
5 .83 ; N 1 2 .2 5 ;  12.45; S 7 .10 ; 7 .0 5 % .

b) 0.24 g (0.62 m m o les) of 2 -m ethy lth io -4 ,4 -d ip h en y l-5 -b en zy lth io -4 H -im id azo le  
(X V III) [6 ] and  0.065 m l (88 m g ; 0.7 mmoles) of d im e th y l su lfa te  were h ea ted  30 m in u te s  in  a 
sea led  tu b e  a t  100°. A fte r  coo lin g , th e  m elt was t r i tu r a te d  w ith  7 m l of an hydrous e th a n o l, and  
im m e d ia te ly  trea te d  w ith  th e  so lu tio n  of 0.14 ml (0.15 g ; 1.4 m m oles) of p h en y lh y d raz in e  base  
in  1 m l o f anh y d ro u s e th a n o l. C ry sta ls  of XVII sh o rtly  b e g a n  to  se p a ra te  from  th e  orange  coloured  
liq u id . A fte r  s tan d in g  o v e rn ig h t  th e  m ix tu re  was p ro cessed  as described un d er a );  y ie ld  0.26 g 
(9 1 % ); m . p. 198 —199° (fro m  e th a n o l and acetone).

c) 2.0 g (6.4 m m o les) o f  l-m e th y l-4 -m eth y lth io -5 ,5 -d ip h en y l-3 -im id azo lin e-2 -th io n e  
(V III) [3] were re flu x ed  5 h o u rs  w ith  a m ix tu re  p re p a re d  fro m  0.79 m l (0.84 g; 6.7 m m oles) 
a -to lu en e th io l, 0.1 g (0.7 m m o les) o f ignited  p o tass iu m  c a rb o n a te , 0.1 ml tr ie th y la m in e  and  
30 m l a n h y d ro u s e th an o l (a m p le  developm ent o f m e th a n e th io l  !). A fter cooling th e  fo rm ed  
X IX  w as p rec ip ita ted  b y  th e  a d d itio n  of 20 ml of w a te r , f i lte re d  off, and w ashed w ith  aqueous 
e th a n o l;  y ield 2.2 g (8 7 % ); m . p. 167—168° (from  m e th a n o l) .

0.39 g (1.0 m m ole) o f  c ru d e  XIX  were h e a ted  a n  h o u r  a t  100° w ith  0.15 m l (0.28 g; 1.1 
m m oles) o f d iethy l su lfa te  in  a  sea led  tube. A fter cooling , th e  o b ta in ed  m elt of th e  q u a te rn a ry  
s a l t  w as dissolved in  4 m l o f  a n h y d ro u s  ethanol, an d  th e  so lu tio n  trea te d  im m ed ia te ly  w ith  th e  
so lu tio n  0.25 ml (0.27 g; 2.5 m m oles) of p h e n y lh y d raz in e  b ase  in  3 ml of an h y d ro u s  e th an o l. 
T h e  re ac tio n  p ro d u c t w as iso la te d  as described u n d e r b ; y ie ld  0.30 g (65% ) of a ra th e r  c o n ta m 
in a te d  cru d e  p ro d u c t. F ro m  th is  la t te r ,  on rep ea ted  re c ry s ta ll iz a tio n  from  e th an o l a n d  ace to n e , 
0.10 g (22% ) of pu re  X V II w ere  ob ta in ed ; m. p. 195 — 196°.

T he p ro d u c ts  p re p a re d  acco rd in g  to a j  to c) p ro v e d  to  be iden tica l on th e  b asis o f th e ir  
m ix ed  m eltin g  po in ts a n d  o f th e ir  infrared  sp ec tra .

l-M e th y l-5 ,5 -d ip h en y i-d ith io h y d an to in  (X X )

1.31 g (3.0 m m oles) o f  l i a  w ere heated  8 hours a t  115° w ith  a so lu tion  of so d iu m  h y d ro 
gen  su lfide  (60 m m oles) in  20 m l m ethanol in a sea led  tu b e . The m ix tu re  w as tre a te d  
w ith  30 m l o f w a te r, f i l te re d ,  a n d  the  f iltra te  ac id ifie d  w ith  4 m l (66 m m oles) o f ace tic  
acid . T h e  p rec ip ita ted  ye llo w  c ry s ta ls  were filte red  o ff  a n d  w ashed  w ith  w a ter a n d  aqueous 
m e th a n o l;  y ield 0.68 g (7 6 % ); m . p. 214 — 215° (from  a q u e o u s  e th an o l); l it  [3]: 217°.

Clf(H 14N 2S2 (298.3). C alcd . C 64.42; H 4.73; N  9.39. F o u n d  C 64.42; H 4 .4 1 ; N  9 .47% .

l-M ethy l-4 -im in o -5 ,5 -d ip h en y l-2 -im id azo lid in o n e  (X X I;  R  =  H)

T he m ix tu re  o f 0.94 g (3.2 mmoles) of l-m e th y l-4 -m eth y lth io -5 ,5 -d ip h en y l-3 -im id azo - 
lin -2 -o n e  (III) and 15 m l o f  a n  a n h y d ro u s alcoholic a m m o n ia  so lu tion  (N H ;) co n te n t: 323 m g,
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19 m m oles) was h ea ted  25 h o u rs  a t  110° in  a sealed  tu b e . A fter cooling th e  re a c tio n  m ix tu re  
w as e v ap o ra te d  ( to g e th e r w ith  th e  p re c ip ita te d  c ry s ta ls )  to  a volum e of a b o u t 5 m l; 10 m l of 
w a te r  w ere su b seq u en tly  a d d ed , th e  c ry s ta ls  f i lte re d  off, and  w ashed w ith  w a te r ;  y ield  0.72 g 
(8 5 .6 % ); m. p. 334° (d eco m p .; from  a 1 : 1 m ix tu re  o f d im ethy lfo rm am ide  a n d  m eth an o l).

CleH l5N 30  (265.3). C alcd. C 72.43; H  5.70; N  15.84. F ound  C 72.59; 72.41; H  5.50; 5.55; 
N 15.74; 15.58% .

l-M ethy l-4 -ben zy lim in o -5 ,5 -d ip h en y l-2 -im id azo lid in o n c  (X X I; R  =  P h C H 2)

T h e  m ix tu re  of 1.2 g (4 m m oles) o f I I I ,  2.14 g (20 m m oles) o f b en zy lam in e , 0.08 g (0.56 
m m oles) o f benzylam ine h y d ro ch lo rid e  an d  15 m l o f an h y d ro u s  e th an o l w as h e a te d  23 h o u rs  a t  
120° in  a sealed  tub e . A fter cooling th e  re ac tio n  m ix tu re  w as filte red  and  th e  f i l t r a te  e v ap o ra te d  
to  a vo lu m e of ab o u t 5 m l, a n d  su b seq u en tly  t r e a te d  w ith  30 ml o f w ater. T h e  w h ite  c ry sta llin e  
p ro d u c t  w as filte red  off a n d  w ashed w ith  w a te r ;  y ie ld  1.40 g (98 .5% ); m. p. 224 — 225° (from  
aq u eo u s m ethano l).

C22H 2tN ,0  (355.4). Calcd. C 77.72; H  5 .96; N  11.82. F o u n d  C 77.98; H  6 .05 ; N  11.43% .
Amax (*n e th an o l); 207 nm  (log e =  4.20) a n d  252 nm  (log e =  3.88).*

l-M e th y l-5 ,5 -d ip h en y lh y d an to in c -4 -p h en y lh y d razo n e  (X X II)

A m ix tu re  of 0.89 g (3 m m oles) o f l-in e th y l-4 -m eth y lth io -5 ,5 -d ip h en y l-3 -im id azo lin -2 - 
one (III). 0 .87 g (6 m m oles) o f p h en y lh y d raz in e  h y d ro ch lo rid e , 0.45 g (5.5 m m oles) o f  a n h y d ro u s 
so d iu m  a c e ta te  and  10 m l o f a n h y d ro u s n -b u tan o l w as re flu x ed  ten  hours. A fte r  coo ling  20 ml 
o f w a te r  a n d  0.30 g (2.3 m m oles) of c rysta lline  so d iu m  a ce ta te  were added , an d  th e  b u ta n o l was 
d is tilled  o ff in  v acuum . T he brow n oil w hich  se p a ra te d  on cooling was d issolved in  10 m l o f ho t 
e th a n o l, an d  th e  crop w hich  p re c ip ita te d  on a d d itio n  of 15 ml w a ter w as re c ry s ta lliz e d  from  
e th a n o l, affo rd ing  0.22 g (2 4 .4 % ) of s ta r tin g  m a te ria l.  On add ing  w a ter to th e  e th a n o lic  m o th e r 
liq u o r, X X II p re c ip ita te d ; y ield  0.30 g (2 8 % ); m . p. 227 — 228° (from  a q u eo u s  e th an o l).

С22Н 2(Д , 0  (356.4). Calcd. C 74.04; H 5 .66; N 15.72. F o u n d  C 74.00; H 5 .4 9 ; N 15.55% . 
Amax ( in  e th a n o l): 283 n m  (log e = 3 .1 4 ) .

N,N,-B is-(l-m etliy l-5 ,5 -d ip h en y l-2 -o x o -4 -im id azo lid in y lid en e)-h y d razin e  (X X IV )

A m ix tu re  of 1.48 g (5 m m oles) o f l-m e th y l-4 -m eth y lth io -5 ,5 -d ip h en y l-3 -im id azo lin -2 - 
one (III) , 0.19 g (2.2 m m oles) o f hy d razin e  h y d ro c h lo rid e , 0.21 g (2.5 m m oles) o f  an h y d ro u s  
sod ium  a c e ta te  and  10 ml o f  an h y d ro u s  p y rid in e  w as boiled  18 hours, w h ereby  som e c ry sta llin e  
su b s ta n c e  p rec ip ita ted . T he re ac tio n  m ix tu re  w as c o n ce n tra ted  to  2/ 3 o f i ts  o rig in a l volum e, 
a n d  su b seq u en tly  30 ml of w a te r  were added . T h e  s e p a ra te d  brow n oil sh o rtly  so lid ified . I t  was 
f ilte red  off, w ashed w ith  w a te r , and e x tra c te d  b y  bo iling  w ith  an  a b o u t ten fo ld  vo lum e of 
p y rid in e  w h ereb y  XXIV w as le ft beh ind  as an in so lu b le  residue w hich p ro v ed  to  b e  insoluble 
in  all com m on organic  so lven ts . T hus, its  p u rif ic a tio n  w as carried  o u t b y  re p e a te d  rep rec ip i
ta t io n  from  alkaline  alcoholic  so lu tion  by  ace tic  ac id ; colourless c ry sta ls ; y ie ld  0 .25 g (19% ); 
m. p . ab ove  420° (decom p.).

C3?H 28N g0 2 (528.6). Calcd. 72.71; H 5.34; N  15.90. F o u n d  C 72.62; H 5 .0 2 ; N  15.89%

l-M eth y l-5 ,5 -flipheiiy l-4 -th iohydan to in  (X X III)

1.0 g (3.37 m m oles) o f  I I I  was h e a ted  44 h o u rs  a t  120° in  a sealed tu b e  w ith  a  so lu tion  
of 3.8 g (67 m m oles) of p o tass iu m  hy d ro x id e  in  4 m l o f w a te r and 23 ml o f e th a n o l, s a tu ra te d

* A d d ed  in proof.
l-M e th y l-4 -(3 -d im eth y lam in o -p ro p y l-im in o )-5 ,5 -d ip h en y l-2 -im id azo lid in o n e  (X X I, R =  

M e2N —Clio —CH.,—CH.,; m p. 142 — 3°, fro m  b en zene-pe tro leum  e th e r ;  fo u n d  C 72.17; 
71.77. H 7.42; 7.18. N 15.97; calcd. for С21Н 2?^ 0 ,  M w t: 350.4; C 71.97; H 7.48; N  15.97), and , 
s ta r tin g  from  4 -m ethy lth io -5 ,5 -d ip h en y l-3 -im id azo lin -2 -o n e , by th e  m eth o d  d esc rib e d  in 
[4] also  th e  n o n m e th y la te d  analogue 4 -(3 -d im ethy lam in o -p ro p y l-im in o )-5 ,5 -d ip h en y l-2 - 
irn id azo lid inone  (m p .: 203 — 4°, from  aqueous m e th a n o l;  found  C 71.44; 71.11; I I  7 .23; 6.95; 
N 17.11, calcd . for C20H 24N ,O , M w t.: 336.4 ; C 71.40; H 7.19; N 16.66) w ere  p rep ared  
sim ila rly  in  92 and  98%  y ield , re sp ec tive ly . B o th  com pounds were te s te d  fo r  CNS and  
a n tic o n v u lsa n t a c tiv ity  by  D . T e d e s c h i  of S m ith  K lin e  and  French laboratories, P hila 
delphia., b u t  p ro v ed  to  be  in ac tiv e .
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p re v io u s ly  w ith  h y d ro g en  sulfide. A fte r  cooling th e  so lu tio n  w as filte red , th e  f i ltra te  ac id ified  
w ith  5 m l o f  g lacial ace tic  acid , bo iled  u p  and  tre a te d  w h ile  h o t  w ith  75 ml o f w a te r; th e  yellow  
c ry s ta llin e  p ro d u c t th e re b y  p re c ip ita te d  w as filte red  o ff a n d  w ash ed  w ith  w a te r; y ield  0.84 g 
(8 8 .5 % ); m . p . 266 — 268° (from  aq u eo u s e thano l).

C16H ,4N 2OS (282.3). Calcd. C 68.07; H  5.00; N  9.92. F o u n d  C 68.14; 68.30; H  4 .96 ; 
5 .13; N  10.00; 10.06% .

Acknowledgement: T h e  a u th o rs  a re  in d eb ted  to  D r. G. D o l e s c h a l l  fo r estab lish in g  th e  
u l tra v io le t  sp ec tra , a n d  to  Mrs. I. B a l o g h -B a t t a  a n d  h e r  assoc iates for carry in g  o u t  th e  
m ic ro an a ly ses.

SU M M A RY

2 ,5 -B is (m e th y lth io )-4 ,4 -d ip h en y l-4 # -im id azo le  (I) c an  be  q u a te rn ized  on N-3 b y  m e th y l
a tin g  ag en ts , u n d e r fo rm a tio n  of th e  co rresponding  sa lts  o f I I .  I n  th e  cation  II , th e  r e a c tiv i ty  o f 
C-2 a g a in s t O- an d  N -nucleoph iles is on  th e  one h a n d , m a rk e d ly  enhanced  as co m p ared  w ith  
th e  s ta r t in g  co m pound  I ,  an d , on th e  o th e r  h an d , as c o m p a red  w ith  C-5 of II. In  th is  p o sitio n  
se lec tive  h y d ro ly sis  an d  am ino lyses can  be, th u s , easily  a tta in e d .  U n d e r m ore vigorous h y d ro ly t
ic c o n d itio n s , re sp ec tiv e ly , also th e  resid u al m e th y lth io  g ro u p  o f th e  p ro d u c t III , o b ta in e d  on 
p a r tia l  h y d ro ly s is  can  be  sp lit. B y  tre a tin g  w ith  p o ta s s iu m  h y d ro g en  sulfide, b o th  m e th y l
th io  g ro u p s  o f I I  can  sim ila rly  be  ex ch an g ed  to  th ioxo  g ro u p s  u n d e r  fo rm atio n  of co m pound  XX.
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H y d an to in e , T h iohydan to ine , G lycocyam idine. X X III

Quaternisierung des 2,5-Bis(methylmereapto)-4,4-dipheny-4f/-imidazols und Reaktioii des 
Methylquaternären mit nucleophilen Agenzien

К . LEMPERT und К. ZAUER

Zusammenfassung. D u rc h  E in w irk u n g  von  M e th y lie ru n g sm itte ln  lä ß t  sich das 2,5-B is (m e th y l-  
m ercap to )-4 ,4 -d ip h en y l-4 if- im id azo l (I) am  N-3 q u a te rn is ie re n , w obei die en tsp rec h en d e n  
Salze v o n  I I  geb ilde t w erden . Im  K a tio n  I I  b e s itz t C-2 e in e  b e trä ch tlic h  höhere R e a k t iv i tä t  
gegen O- u n d  N -N ucleophile  als in  de r G ru n d v e rb in d u n g  I  bzw . als C-5. So sind  in  d ieser 
S te llu n g  d ie se lek tive  H y d ro ly se  u n d  A m inolysen le ic h t d u rc h fü h rb a r. U n te r en erg ischeren  
B e d in g u n g en  lä ß t  sich a u ch  die no ch  zurückgebliebene M eth y lm ercap to g ru p p e  des p a r tie lle n  
H y d ro ly se p ro d u k te s  ( III)  h y d ro ly tisc h  oder am in o ly tisch  a b sp a lte n . M ittels K a liu m h y d ro g en 
su lfid s lassen  sich beide  M e th y lm ercap to g ru p p en  v o n  I I  — u n te r  B ildung  der V e rb in d u n g  XX  
— a u c h  gegen  T h io x o g ru p p en  au stau sch en .
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Гидантоины, тиогидантоины, гликоциамидины. XXIII
К ватсрнизация 2,5-бис(м етилм еркапто)-4,4-диф енил-4Н -им идазола и реакция 

метил-квартернера с нуклейфильными агентами

К. Л Е М П Е Р Т  и К. З А У Э Р

Резюме. 2,5-бис(метилмеркапто)-4,4-дифенил-4Н-имидазол (I) может быть кватернизован 
метилирующими агентами по N-3, с образованием при этом соответствующих солей И. 
Реакционная способность С-2 в катионе II, по отношению к О- и N-нуклеофилам, значи
тельно возрастает, по сравнению, с одной стороны, с исходным соединением (I) и, с другой 
стороны, по сравнению с С-5. Поэтому, в этом положении легко могут быть проведены 
избирательные гидролиз и аминолизы. При более энергичном гидролитическом или амино
литическом воздействии может быть отщеплена и метилмеркапто-группа, еще остав
шаяся в частично гидролизованном продукте (III). Под влиянием кислого сернокислого 
калия, обе метил-меркапто-группы продукта И, могут быть заменены на тиоксо-группы, 
с образованием при этом XX.

P rof. D r. K á ro ly  L e m p e r t  

K áro ly  Z a u e r
B u d ap est X I . G ellert t é r  4.
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IMID AZOQUIN AZOLINEDIONES IV.*
S T R U C T U R E  AN D  U L T R A V IO L E T  S P E C T R A  O F SO M E P O T E N T IA L L Y  T A U T O M E R IC  

IM ID A ZO  Q U IN  A Z O L IN E D IO N E S  A N D  R E L A T E D  4 -Q U IN A Z O L IN O N E S

G. D o le sc h a l l , L . L áng  and K . L e m per t

(Research Group fo r  A lka lo id  C hem istry o f  the H ungarian  A cadem y o f  Sciences, D epartm ent 
o f  P hysica l Chemistry, and D epartm ent o f  Organic Chemistry, Technical U n iversity , B udapest)

R ece iv ed  M arch 17, 1965

In  earlie r papers of th is  series th e  syn th esis  of th re e  iso m eric  im idazo- 
q u inazo lined iones: th a t  of 2 ,5 ( l i f ,  3 if ) - im id azo [2 ,l-b ]q u in azo lin ed io n e  (la) 
[ la ,  lb ] ,  o f 2,5(1 H , 3 i/)- im id a z o [l,2 -a ]q u in a z o lin e d io n e  (H a) [2],** a n d  of 
1 ,5(2H , 3 H )-im id azo [l,2 -a ]q u in azo lin ed io n e  ( I l ia )  [2]** h a s  b e e n  re p o r te d .

a : R = H 
b : R = n-Bu 
c : R = H0-CH2-CH2

a ; R = H 
b : R = Et 
c : R = H0-(CH2)3-

a : R= H о
b ; R = СНз-С^

A lth o u g h  th e  s tru c tu re s  o f  th e  skeleton o f com pounds la  a n d  l i a  were 
u n eq u iv o ca lly  p roved  b y  th e  sy n th es is , i t  was n o t possible to  c o n firm  in  all 
d e ta ils  th e  s tru c tu re s  of th e se  p ro d u c ts . T he occurrence o f ta u to m e r ism , n am ely , 
c a n n o t be  excluded , a t  le a s t in  p rin c ip le , an d  th u s , th e  sy n th e s is  a lone was 
in su ffic ie n t fo r th e  ex ac t p ro o f  o f  th e  positio n  of th e  m ob ile  h y d ro g en  
a to m s, show n exp lic ite ly  in  th e  ab o v e  fo rm ulas.

In  th e  case of th e  th ird  iso m er an  a d d itio n a l p rob lem  em erg ed  because 
n o t even  th e  m ode of an e lla tio n  fo llow ed uneq u iv o ca lly  fro m  th e  sy n th esis . 
C o n seq u en tly , in  ad d itio n  to  th e  an g u la rly  an e lla ted  s tru c tu re  I l i a  a n d  its  
ta u to m e rs , also th e  p o ssib ility  o f th e  s tru c tu ra l  a lte rn a tiv e  IY a w ith  lin ear 
an e lla tio n  an d  its  ta u to m e rs  h a d  to  be ta k e n  in to  co n sid e ra tio n .

* P a r t  I I I :  A cta  Chim. H u n g . 45, 357 (1965).
** U n fo rtu n a te ly , com p o u n d s l i a  a n d  I l i a  w ere in co rrectly  n u m b ere d  in  th e  c ited  

co m m u n ica tio n .

Acta Chimica Academiae Scientiarum H ungaricae 47. 1966.



406 DOLESCHALL, LÄ N G , LEM PERT: IM IDA ZO Q UIN A ZOLINEDIO N ES IV.

O n sligh tly  m o d ify in g  th e  la s t step  o f th e  sy n th es is  lead ing  to  I l i a ,  
a n ew  com pound w as o b ta in e d  in s tead  of I l i a  [2]. T h is  p ro d u c t was suspected , 
on  th e  basis of th e  a n a ly tic a l  d a ta  to  be th e  a c e ty l d e r iv a tiv e  of I l i a  (or o f IV). 
O n ex am in in g  the  in f ra re d  sp e c tru m  of th is  co m p o u n d  (show ing three a m id e —I 
b a n d s )  i t  was possible to  s ta te  th a t  th e  c o m p o u n d  is an  N -ace ty l d e riv a tiv e ; 
h o w ev e r, th e  m ode o f  a n e lla t io n  of its  th re e  rin g s , a n d  th e  site  of linkage of 
th e  N  -ace ty l group re m a in e d  s till unso lved  p ro b lem s.

T h e  problem s o f ta u to m e r is m  and  a n e lla tio n  h a d  been  p a r tly  solved 
a lre a d y  earlie r by  p h y sico -ch em ica l m ethods. T h u s , th e  co rrec tness of th e  ta u to 
m e ric  s tru c tu re  la  in  crysta llin e  state was u n e q u iv o c a lly  p ro v ed  b y  th e  in fra red  
sp e c tru m , and  a s tu d y  o f  th e  u ltrav io le t sp e c tru m  o f th e  e thano lic  so lu tion  
o f l a  gave  th e  sam e re s u lt  [1 ]. I t  m ust be n o te d , h o w ev e r, th a t  th e  u ltra v io le t

s p e c tru m  furnishes c e r ta in ly  less convincing  ev id en ce  w ith  resp ec t to  th e  
o x o -en o l tau to m erism , w h ic h  (a t least p rin c ip a lly )  c a n n o t be exc luded  for 
co m p o u n d s  la ,  th a n  th e  in f ra re d  spectrum . T h e  ch ro m o p h o ric  group n am ely  
w h ich  undergoes chan g es in  th e  course of th is  ta u to m e r ic  conversion is o f low 
in te n s i ty ,  and  m oreover, i t  is iso la ted  from  th e  m a in  chrom ophoric  sy stem  of 
th e  com pound . A cco rd in g ly , th e  sen s itiv ity  o f th e  u ltra v io le t  spectroscopic  
m e th o d  in  our case is in su ff ic ie n t to  m ake th e  e v a lu a tio n  of th e  position  of 
th e  oxo-enol ta u to m e ric  e q u ilib riu m  possible.*

* A ctually , th e  ca rb o n y l g ro u p  linked  to  th e  im id azo le  r in g  h as  p rac tica lly  no in fluence 
on  th e  u ltra v io le t sp ec tru m  o f th e  com pounds discussed. T h is  fo llow s convincingly  fro m  th e  
o b se rv a tio n  th a t  th e  u l tra v io le t  sp e c tra  of th e  co m pounds I  a re  id en tica l w ith  th e  sp ec tru m  
o f l-e th y l-2 ,3 -d ih y d ro -5 (lH )- im id a z o  [2 ,l-b ]q u in azo ]in o n e  [8].
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T h e sam e holds also fo r th e  analogous ta u to m e rism  of co m p o u n d s  lb , Ic, 
I I  a n d  III . F o r th is  reaso n , th e  s tu d y  of th e  co n d itio n s o f oxo-enol ta u to m e r is m  
(b y  m eth o d s of u ltra v io le t sp ec tro sco p y ) was n o t in c lu d ed  in  o u r p re s e n t  w ork. 
N ev erth e less , we believe to  be  r ig h t in  considering  th ese  co m p o u n d s to  ex is t 
a lw ays as th e  oxo m o d ifica tio n s since (a) th e  in f ra re d  sp ec tra  of th e  ex am in ed  
co m pounds in th e  c ry s ta llin e  s ta te  (K B r discs) in  a ll cases c o n ta in e d  th e  th e o 
re tic a lly  possible m ax im u m  n u m b e r  of ca rb o n y l (am ide-I) b an d s  [3 ], a n d  (6) 
acco rd in g  to  general ex p erien ce  [4], he terocyclic  com pounds o f th e  ty p e  in v e s ti
g a te d  ex is t in  so lu tions in  m o st cases as th e  oxo in s te a d  of th e  h y d ro x y  m o d i
f ic a tio n .

In  case of th e  th i r d  isom er an g u la r an e lla tio n , i.e. s t r u c tu re  I l i a  
(or its  ta u to m e ric  m o d ifica tio n s) w ere m ade p ro b ab le  b y  c o m p a iiso n  o f its  
D e b y e —S cherrer d iag ram  w ith  th o se  o f com pounds l a  an d  l i a  w hose s tru c tu re s  
( th e ir  m ode of ane lla tion ) h a d  a lread y  been c la rified  [2].

T h e  aim  of th e  p re se n t in v es tig a tio n s  w as to  f in d , w ith  th e  a id  o f  u l t r a 
v io le t spectroscopy , fu r th e r  ev idence  for th e  ta u to m e ric  s t ru c tu re  o f  la , 
as w ell as fo r th e  an g u la r a n e lla tio n  o f th e  th ird  isom er an d , f in a lly , to  e lu c id a te  
th e  ta u to m e ric  s tru c tu re s  o f  l i a  an d  th e  th ird  iso m er an d  th e  s t ru c tu re  of 
th e  N -ace ty l d e riv a tiv e  m e n tio n e d  above.

F o r th is  purpose , a series o f com pounds, m a in ly  N -a lk y la te d  d e r iv a tiv e s  
o f  l a  a n d  l i a  (even th e o re tic a lly  incapab le  o f ta u to m e rism ) h av e  b een  p re 
p a re d  [5], an d  th e ir  u l tra v io le t  sp ec tra  com pared  w ith  th o se  of th e  u n s u b s t i 
tu te d  p a re n t com pounds ( l a —I l ia ) ,  an d  w ith  th o se  o f som e in te rm e d ia te s  
a n d  analogues from  th e  4 -q u in azo lin e  series [1, 2, 5].

P roof of th e  ta u to m e ric  s tru c tu re  o f  la  and  som e 
4 ( 3 //) -q u in a z o lin o n e  derivatives

I f  we p resum e, acco rd in g  to  th e  ab o v e-m en tio n ed  co n sid e ra tio n s , t h a t  la  
ex is ts  also in  so lu tion  as th e  d ioxo  m o d ifica tion , on ly  one ta u to m e ric  s t ru c tu ra l  
a l te rn a tiv e , viz. la*  has to  be considered. B y s tu d y in g  th e  sp e c tra  o f  com 
p o u n d s  lb , Ic  and  V, w hose s tru c tu re s  are  p ro v ed  b y  th e ir  sy n th e s is  [5],
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i t  beco m es possible to  d ec id e  betw een th e  a lte rn a tiv e s  la  an d  la * , i.e., 
th e  p o s itio n  of th e  C =  N  d o u b le  bond  can be  e s ta b lish e d . N am ely , th e  chosen 
m o d e l com pounds are  p a r t ly  incapab le  of ta u to m e r is m  as fa r  as th e  problem  
in  q u e s tio n  is concerned  ( lb , Ic) and  p a r tly  a t  a ll (У).

In  Table I  are  l is te d  th e  w avelengths a n d  lo g  s values of th e  c h a ra c te r
is t ic  m ax im a , m easu red  in  d io x an e , while F ig . 1 show s th e  sp ec tra  o f  com pound 
l a  a n d  o f  th e  two k e y  m o d e ls  (lb and  Y), re c o rd e d  in  d ioxane. T hese d a ta  
u n e q u iv o c a lly  prove th e  co rrec tn ess  of s tru c tu re  l a ,  exclud ing  a t  th e  sam e tim e 
a l te rn a t iv e  la* . The s p e c tra  o f  the  sam e co m p o u n d s  reco rded  in  e th a n o l are 
sh o w n  in  Fig. 2, th e  r e s p e c tiv e  values being  su m m arized  in T ab le  I I .

T able  I

U V  spectra in  dioxane*

Band system I Band system II Band system III

I a 324 (3.50) 312 (3.59) 300 (3.47) 274 (4 .13) 267 (4.18) —  —  —

lb 325 (3.53) 312 (3.61) 300 (3.49) 276 (4 .17) 268 (4.23) —

V 339 (3.34) 270 (3.78) 250 (4.30)

*  The wavelengths of th e  m axim a are given (values of log £  in parentheses). Values
in  ita lics  refer to inflexions

A cta  Chirnica Academiae Scientiarura Hungaricae 47. 1966.



DOLESCHALL, LÁNG, LE M PER T : IM IDA ZO Q UIN A ZOLINEDIO N ES IV. 409

Table II

U V  spectra in  ethanol*

Band system I Band system II Band system II I

Ia 322 (3.56) 278 (4.39) 237 (4.60)

lb 322 (3 .5 0 )  312 (3.60) 300 (3 .48 ) 276 (4.16) 267 (4.22) 233 (4 .56) 228 (4.60)
Ic 322 (3 .4 8 )  311 (3.57) 300 (3 .4 6 ) 275 (4.14) 267 (4.23) 232 (4 .61) 228 (4.64)

V 337 (3.35) 260 (3 .9 4 ) 240 (4 .46) 232 (4.52)

* T he w av elen g th s of th e  m ax im a  are  given (v a lu es o f log  e in  p a ren th eses). V a lu es 
in  ita lic s  re fe r to  inflexions

In  a d d itio n  to  those  o f  th e  im id azo q u in azo lin ed io n es, th e  sp ec tra  o f  som e 
d e riv a tiv es  (V I—V III) o f 4 -qu in azo lin o n e  h av e  also  been  in v e s tig a te d  in  o rd e r to  
c larify  th e  ta u to m e ric  n a tu re  o f  th e  in te rm e d ia te s  VI an d  V II [2, 5]. F o r th is  
pu rpose , besides th e  va lu es  o b ta in e d  w ith  th e  m odel com pounds lb  a n d  V 
a lread y  m en tio n ed , th e  c h a ra c te r is tic  sp e c tra l d a ta  o f  th e  in te rm e d ia te  V III

in cap ab le  o f  ta u to m e rism  [1], a n d  o f q u inazo line  (IX ) av a ilab le  from  l i te r a 
tu re  [6] h av e  also  been u tilized .

T he s tu d y  o f th e  d a ta  o f  T ab le  I I I  rev ea ls  t h a t  th e  sp ec tra  o f co m 
p ounds V I—V III are  v e ry  s im ila r to  one a n o th e r  a n d  to  th a t  o f com pound  lb, 
b u t th e y  essen tia lly  differ from  th e  sp ec tra  o f e ith e r  com p o u n d  IX (cf., e.g.,
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IX

th e  in te n s i ty  values of th e  second  b a n d  sy stem ) and  of co m p o u n d  V (cf. T ab le  
I I ) .  C o n seq u en tly , th e  s tru c tu re s  su g g ested  b y  us for com pounds V I an d  V II 
a re  c o rre c t, an d  in th e  case o f co m p o u n d  V I no fu lly  a ro m a tic  ta u to m e r , while

in  case  o f VI and  V II no ta u to m e r  o f th e  l,2 -d ih y d ro -2 -im in o  ty p e  co n ta in in g  
a n  exocyclic  C =  N doub le  b o n d  is fo rm ed . T he ab so rp tio n  sp e c tra  of com 
p o u n d s  V I - V I I I  are  s im ila r; o f th e se , on ly  th e  sp ec tra  o f VIb an  d V il la , 
r e c o rd e d  in  e thano lic  so lu tio n , a re  p re se n te d  as exam ples in  F ig . 3.
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Table II I

U V  spectra in  ethanol*

Band system I Band system II Band system III

Ib 322 (3.50) 312 (3.60) 300 (3.48) 276 (4.16) 267 (4 .22) 233 (4 .56) 228 (4.60)

V ia 321 (3.49) 265 (4.08) 227 (4.52)

Vlb 321 (3.59) 265 (4.15) 232 (4 .57) 228 (4.60)

VII 336 (3.56) 272 (4.18) 232 (4.52)

V il la 324 (3.57) 315 (3.65) 305 (3.58) 278 (4.18) 235 (4.49) 228 (4.46)
VHIb 324 (3.48) 316 (3.56) — 284 (4.07) 277 (4.11) 233 (4.39)
IX 320 (3.30) 310 (3.40) — 275 (3.30) 225 (4.50)

* T he w av elen g th s o f th e  m a x im a  are  given (values o f log e in  p a ren th eses) . V alues 
in  ita lic s  re fe r to  in flex ions

P ro o f o f the  m ode o f anella tio n  o f  I l i a  and  I l lb ,  and  o f th e  ta u to m e ric  s tru c tu res  
of l i a ,  I l i a  and som e 4 ( I 7/)-q u in a z o lin o n e  derivatives

A t f irs t we exam ined  w h e th e r  “ th e  th ird  isom er”  is rea lly  an  an g u la rly  
a n e lla te d  d e riv a tiv e  ( I l ia  or i ts  ta u to m e rs )  as i t  has b een  ea rlie r suggested  
b y  ou r X -ra y  d iffrac tio n  s tu d ies  [2]. In  case of a lin ea r  r in g  sy s tem  (IV) th e  
sp ec tru m  shou ld  be id en tica l w ith  t h a t  o f lb  or V, re sp ec tiv e ly , d ep en d in g  on 
w h e th e r ou r com pound  ex ists  as th e  ta u to m e ric  m o d ifica tio n  IV a or IVb. 
H ow ever, b y  com parison  o f th e  sp e c tra  reco rded  in  d io x an e  (F ig . 4) i t  is seen
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t h a t  th e  sp ec tru m  of th e  t h i r d  isom er does n o t  resem b le  th e  sp ec tra  o f e ith e r  
o f  th e  m odel com pounds, n o r  can  i t  be d e riv ed  b y  su p erp o sin g  th e  sp ec tra  
o f  th e  tw o  m odel c o m p o u n d s . I t  follows th a t  th e  th i r d  iso m er is in d eed  an 
a n g u la r ly  an e lla ted  c o m p o u n d  a n d  fu rth e rm o re , t h a t  in  d io x an e  so lu tio n  i t  
e x is ts  in  th e  tau to m eric  m o d if ic a tio n  I l ia .  If , in  c o n tra ry , th e  m obile hyd rogen  
w ere  lin k e d  to  N-4 in s te a d  o f  N -3, th e  com pound  sh o u ld  show  a sp ec tru m  
id e n tic a l  w ith  th a t  o f V.

(d ioxane)

T hou g h  a t f irs t s ig h t th e  sp ec tra  of lb  a n d  I l i a  (F ig . 4) ra th e r  resem ble 
e a c h  o th e r , th e re  a c tu a lly  e x is t  essen tia l d ifferences w h ich  w ill be discussed 
la te r .

S ince the  sp ec tra  o f  th e  “ second iso m er”  a n d  V in  d ioxane m ark ed ly  
d iffe r  fro m  each o th e r (F ig . 5), th e  m obile h y d ro g e n  o f  th is  isom er m u st be 
l in k e d  again  to  N-3 in s te a d  o f  N-4; co n seq u en tly  s tru c tu re  H a  is co rrec t. 
T h is  is also confirm ed b y  a com parison  o f th e  u l tra v io le t  sp ec tru m  of l ia ,  
w ith  th e  spectra  of l ib  a n d  l i e  hav ing  “ f ix e d ”  ch ro m o p h o ric  sy stem s, and , 
o n  th e  o th e r h an d , w ith  t h a t  o f I l i a  whose s tru c tu re  h a s  been  p ro v ed  above; 
th e  a b so rp tio n  curves re c o rd e d  in  d ioxane h av e  co m p le te ly  sim ilar shapes, 
in d ic a tin g  th a t  th e  m e n tio n e d  com pounds possess id e n tic a l chrom ophoric  
sy s te m s .

T h e  a lready  m e n tio n e d  N -acety l d e r iv a tiv e  gave  a com plete ly  sim ilar 
u l t r a v io le t  spectrum  in d io x a n e  so lu tion . Since t h a t  m eans th e  presence of 
th e  a lre a d y  know n c h ro m o p h o ric  system , th e  a c e ty l d e r iv a tiv e  m u s t necessarily  
h a v e  s tru c tu re  I llb .
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T he sp e c tra  o f com pounds l ib  a n d  l i e  w ere ex am in ed  in  e th an o lic  so lu 
tio n  as well,* in  o rd er to  o b ta in  also  th e  p a r t  o f  th e  sp ec tru m  a t  s h o r te r  
w av e len g th s . As th e  d a ta  of T ab le  IY  a n d  F ig . 6 show , th e se  sp ec tra  ag ree  w ith  
th o se  e s tab lish ed  in  d ioxane.

On co m p arin g  th e  d a ta  of th e  sp e c tra  e s tab lish ed  e ith e r  in  d io x an e  o r  in 
e th a n o l w ith  tho se  of th e  ch ro m o p h o ric  sy stem  I , i t  is seen th a t  th e  log  e v a lu es

o f b a n d  sy s tem  I  are  co n sis ten tly  h ig h er b y  a b o u t 0.20 u n it ,  i.e ., th e se  b an d s  
h a v e  1.6 tim es h ig h er in te n s ity . T h is fa c t g re a tly  fa c ilita te s  th e  com parison  
o f th e  ch rom ophores an d  th e  sp e c tra  a n d  th e  c lassifica tio n  o f th e  ex am in ed

Tabic IV**

Band system I
Band 

system II Band system III Solvent

H a 319 (3.70) 308 (3.70) 300 (3 .6 0 ) 274 (3 .62) —  —  —  — dioxane

l ib 322 (3.73) 309 (3.77) 300 (3 .6 0 ) 270 (3 .60) — — — — dioxane

l ib 321 (3.67) 311 (3.74) 300 (3 .5 9 ) 268 (3 .72) 242 (4.45)230 (4 .73) e th an o l

l ie 321 (3.76) 309 (3.80) 299 (3 .6 2 ) 270 (3 .70) — —  — — dioxane

H e 321 (3.69) 310 (3.76) 300 (3 .6 1 ) 270 (3 .70) 242 (4.50) 230 (4 .4 0 ) e th an o l

I l i a 322 (3.68) 310 (3.71) 300 (3 .5 5 ) 270 (3 .54) — — — — dioxane

I l lb 305 (3.73) 296 (3.74) —  — 265 (3 .55) ~  —  —  — dioxane

* The spectrum  of compound I l ia  cannot be examined in ethanolic solution (see later).
** The w avelengths of the m axim a are given (values of log e in  parentheses). Values

in  italics refer to inflexions
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com p o u n d s, even  i f  th e  s tru c tu re s  o f  th e  b a n d  system s I a re  s im ila r in b o th  
ch rom op lio ric  sy s te m s . In  case of c o m p o u n d  I l lb ,  ow ing to  th e  sh if t of th e  
p o s itio n  of th e  m a x im a , ju s t  th e ir  in te n s i ty  v a lu es  a n d  th e  sh ap e  o f th e  m in im a 
w ere u tilized  fo r th e  id e n tif ic a tio n  o f  th e  ch ro m o p h o ric  sy stem s as secondary  
ev idence .

I n  our fu r th e r  s tu d ie s , th e  u l tra v io le t  sp e c tra  of som e re la te d  4 (1H )- 
q u in azo lin o n e  d e r iv a tiv e s  (X —X III) w ere in v e s tig a te d  w ith  th e  pu rpose  to  
e s ta b lish  th e  ta u to m e r ic  form s in  w hich  th e  com pounds X —X II [5] ex is t 
u n d e r  th e  given co n d itio n s .

X : R = H, R'= Me

XI : R =  R'= Me
XII : R = R’ = Et

I t  w as fo u n d  t h a t  th e  sp ec tra  o f  co m p o u n d s X —X II (T able  V) a re  sim ilar 
to  one a n o th e r, a n d  also  to  th e  sp ec tra  o f l ib  an d  o f X III, th e  la t te r  h av in g  
a “ f ix e d ”  ch ro m o p h o ric  system  (F ig . 7).

CH2-  CONHa 

XIII

Table V

U V  spectra in  ethanol*

Band system I jj  Band system III

l ib 321 (3.67) 311 (3.74) 300 (3 .59 ) 268 (3 .7 2 ) 242 (4.45) 230 (4 .37)

X 315 (3.60) 304 (3.68) 292 (3 .50 ) 255 (3 .8 5 ) — — 226 (4.66)

X I 320 (3.62) 310 (3.71) 298 (3 .58 ) 258 (3 .8 8 ) 233 (4.56) 228 (4.55)

X II 320 (3.64) 308 (3.73) 298 (3 .58) 258 (3 .93 ) 233 (4.58) 225 (4 .57)

X III 319 (3.87) 308 (3.93) 294 (3 .77) — 254 (4.47) 230 (4 .31)

* T he w av elen g th s o f  th e  m ax im a  a re  g iv en  (v a lu es o f log £ in  p a ren th ese s ) . V alues
in  i ta lic s  re fer to  in fle x io n s
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O n th is  basis, id e n tic a l ch rom ophoric  sy s tem s  m u st be p re su m e d  in 
all th e se  com pounds, a n d  th u s  th e re  is no tra c e  o f  a c tu a l ta u to m e rism  in  co m 
p ounds X—XII; th e ir  s tru c tu re s  co rrespond  to  th o se  d en o ted  b y  a.*

F in a lly , i t  is to  be m en tio n ed  th a t  c o m p o u n d  Ilia  is sp arin g ly  so lub le  
in  e th an o l, th e  d isso lved  p o rtio n  undergo ing  a tra n s fo rm a tio n  w ith in  a s h o r te r  
or longer period , d ep en d in g  on th e  te m p e ra tu re  o f  th e  so lu tion . This con v ersio n  
can  be fo llow ed b y  o b se rv in g  th e  changes in  th e  u ltra v io le t sp ec tru m . W h en

F ig. 7. XII ---------; X I I I -------  (e th an o l)

th e  conversion  p rocess is com pleted , th e  s p e c tru m  o f th e  so lu tion  b ecom es 
id e n tic a l w ith  th o se  o f co m pounds I, VI, VII a n d  VIII. C onsequen tly , th e  p re 
su m p tio n  is obv ious t h a t  th e  e thano l e ffec ts  c leav ag e  of th e  im idazo le  rin g  
of Ilia  w ith  th e  fo rm a tio n  of VIb. C om pound Ilia  undergoes an id e n tic a l h u t  
co n sid e rab ly  m ore ra p id  conversion  w hen d isso lv ed  in  aqueous a lk a li. A s soon 
as th e  so lu tio n  is p re p a re d , its  sp ec tru m  b ecom es a t  once id en tica l w ith  t h a t  
o f Via (F ig . 8). F ro m  th is  i t  m ay  be conc luded  t h a t  th e  a lkali effects th e  co n 
version  Ilia  —► p o ta ss iu m  sa lt o f Via. T h is  l a t t e r  process was v e r if ie d  in 
a p re p a ra tiv e  w ay : b y  ac id ifica tio n  of an  a lk a lin e  so lu tio n  of Ilia  c o m p o u n d  
Via w as p re c ip ita te d .

T h e  u ltra v io le t  sp e c tra  were recorded  w ith  U n icam  SP 500 a n d  S p e k tro -  
m om  201 ty p e  (H u n g a ria n  Optical W orks, B u d a p e s t)  in s tru m en ts . T h e  re su lts  
of th e  m easu rem en ts  are  described  in d e ta il in  a n o th e r  p u b lica tion  [7].

* T h e  in fra re d  sp e c tra  show ing th e  presence o f  tw o  b a n d s  corresponding to  c o n ju g a te d  
C =  N a n d  C =  0  g roups s im ila rly  confirm  s tru c tu re s  Xa — X lla in  th e  c ry sta lline  s ta te  [3 ].
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Fig. 8. V ia  —  (e th a n o l); I l l a  - - - - (aqueous alkali)

T h a n k s  are due to  Mrs. E . B e r e c z k e y  for h e r  carefu l w ork in reco rd ing  th e  a b so rp tio n  
sp e c tra .

SU M M A R Y

A  series of p o ten tia lly  ta u to m e ric  4 -qu in azo lin o n e  a n d  im idazoqu inazo lined ione  d e r iv a 
tiv e s  h a s  b e e n  in v estiga ted . All co m pounds h av e  b een  p ro v ed  to  exist, u n d e r th e  co n d itio n s  of 
th e  p r e s e n t  experim en ts, in  a  ta u to m e ric  m o d ific a tio n  w hich  does not c o n ta in  a  C =  N  bond  
a t  C-2 ex o cy c lic  to the  qu inazo line  ring , an d  in  w h ich  th e  oxygen a to m  fo rm s p a r t  o f  a c a r
b o n y l a n d  n o t  of a h y d ro x y l group .

I n  th e  case of our 4 -q u inazo linone  d e r iv a tiv e s  th is  s ta te m e n t is in  fu ll a g re e m e n t w ith  
th e  g e n e ra l experience [4] acco rd ing  to  w hich in  p o te n tia lly  tau to m eric  h e te ro cy c lic  co m pounds 
th e  n i tro g e n  a to m s linked to  th e  r in g  are inclined  to  fo rm  am ino ra th e r th a n  im in o  g ro u p s, and 
th e  o x y g e n  a to m s affixed  to  th e  r in g  hav e  a te n d e n c y  to  b e  p resen t as c a rb o n y l r a th e r  th a n  
h y d ro x y l  g ro u p s.

I n  th e  case of th e  im id azoqu inazo lined iones, ho w ev er, a C =  N bond  exocyclic  to  one of 
th e  h e te ro  rin g s must be p re sen t. H e re  th e  p ro b lem  is to  decide w hich  of th e  r in g s  ( th e  p y ri
m id in e  o r  th e  im idazole ring) has th e  s tro n g e r te n d e n c y  to  escape th is ty p e  of b o n d in g . I t  has 
b een  p ro v e d  th a t  the  C==N d o ub le  bond  is a lw ays fo rm ed  in  the  p y rim id ine  r in g , th u s  i t  is 
ex o cy c lic  to  th e  im idazole rin g .

T h e  in v es tig a tio n  of th e  s tru c tu re  o f th e  c o m p o u n d s by  u ltra v io le t sp e c tro sco p y  has 
b een  m a d e  possib le by  th e  fa c t t h a t  in  d ioxane  so lu tio n , d esp ite  th e ir e x tra o rd in a ry  s im ila rity , 
s a t is f a c to ry  differences ex is t in  th e  b a n d  sy s tem s I o f  th e  sp ec tra  of th e  ch ro m o p h o ric  sy s tem s 
of c o m p o u n d s  I and II (III).

I n  g en era l, i t  can be s ta te d  t h a t  th e  sp e c tru m  of th e  chron .ophoric  sy s tem  I  con sis ts  of 
th re e  s e p a ra te  b an d  system s w ith  in te n s ity  va lues (log e) o f ab o u t 3.50, 4.00 a n d  4.50. In  th e  
c h ro m o p h o r ic  system  II  (III), in  tu rn ,  th e  b a n d  sy s tem s I I  an d  II I  are m erged, th u s  th e  e x is t 
ence o f  b a n d  system  II  is in d ic a te d  b y  an  in flex io n  o n ly .

C o m p o u n d  V, co n ta in in g  a  C =  N d o u b le  b o n d  exocyclic  to th e  q u in azo lin e  rin g , re p re 
se n ts  a  n ew  chrom ophoric  sy s tem  w hose sp e c tru m  m a rk e d ly  differs from  th e  sp e c tra  o f com 
p o u n d s  I  — III .
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In iidazocliinazo lind ione , IV

UV A bsorp tionsspek tren  und  S tru k tu r ein iger p o ten tie ll tau to m ere r Im id azoch inazo lind ione
und verw andter 4 -C hinazo linone

G. DOLESCHALL, L. LÄNG und K . LEMPERT

Z usam m enfassung . U n te r  den  an g ew and ten  V ersu ch sb ed in g u n g en  existieren  alle V e r t re te r  e iner 
u n te rsu c h te n  R eihe p o ten tie ll tau to m ere r 4 -C h inazo linon- u n d  Im id azo ch in azo lin d io n d eriv a te  
in de rjen ig en  tau to m e re n  M odifikation , die keine, vom  C-2 A tom  des C h inazo lin ringes ausge
hen d e, zu diesem  R ing  exocyclische C =  N B in d u n g  e n th ä l t ,  u n d  in w elcher d e r  S a u e rs to ff  
n ich t in  F o rm  einer H y d ro x y l- sondern  einer C a rb o n y lg ru p p e  vorliegt.

Im  F a lle  de r 4 -C hinazo linonderiva te  s te h t  d ieser B efund  in  vollem  E in k la n g  m it der 
bei p o ten tie ll ta u to m ere n  heterocyclischen  V e rb in d u n g en  b eo b ach te ten  a llgem einen  E rfa h ru n g  
14], n ach  w elcher die an  den  R ing g e b u n d en en  N -A to m e eher Am ino- als Im in o g ru p p e n , 
О-A tom e dagegen  eher C arbonyl- als H y d ro x y lg ru p p en  zu  bilden geneigt sind.

Im  F a lle  der u n te rsu c h te n  Im id azo ch in azo lin d io n e  m uß dagegen eine, zu  d e m  einem  
der H e te ro rin g e  exocyclische C =  N B indung  u n b e d in g t  vorliegen. H ier b e s te h t d a s  P ro b lem  
d a rin , zu  en tsch e id en , w elcher der R inge (d. h . d e r  P y rim id in - oder der Im id a zo lr in g )  eine 
s tä rk e re  T endenz  zu r V erm eidung  dieses B in d u n g s ty p s  b e s itz t. E s w urde fe s tg e s te llt , d a ß  die 
C =  N D o p p e lb in d u n g  h ier im m er im P y rid in rin g , d. h . exocyclisch zum  Im id a z o lr in g  au s
g eb ild e t w ird.

D ie S tru k tu re rm itt lu n g  der u n te rsu ch ten  V e rb in d u n g en  m itte ls UV S p e k tro sk o p ie  w ird 
d a d u rch  e rm ö g lich t, d aß  sich in D ioxanlösung zw ischen  d en  S p ek tren  der C h ro m o p h o rsy stem e  
I u n d  I I  (III) — tro tz  ih rer au ß ero rd en tlich en  Ä h n lich k e it — bereits beim e rsten  B a n d en sy s tem  
doch gen ü g en d  große U n tersch iede  fin d en  lassen .

Im  a llg em ein en  k a n n  m an  feststellen , d aß  d as  S p e k tru m  des C hro m o p h o rsy stem s I aus 
d rei g e tre n n te n  B an d en sy stem en  b e s teh t (m it In te n s itä ts w e r te n  log e um  3,50, 4 ,00  bzw. 
4,50), w äh ren d  beim  C hrom ophorsystem  II (III) d a s  zw eite  und  d ritte  B a n d e n sy s te m  v e r
schm elzen  u n d  d a h e r au f das zw eite B an d en sy stem  n u r  d u rc h  eine Inflexion h in g ew iesen  w ird.

Имидазохиназолиндионы IV
У льтрафиолетовы е спектры  и структура нескольких потенциально таутом ерны х  

имидазохиназолиндконов и родственны х им 4-хиназолинонов

Г. Д О Л Е Ш А Л Л , Л . Л А Н Г  и К . Л Е М П Е Р Т

Резюме. Исследованные авторами все потенциально таутомерные производные 4-хиназо- 
линона и имидазохиназолиндиона, в условиях опыта, существуют в той таутомерной форме, 
которая не содержит связь С =  N, образующуюся с участием С-2 атома хиназолинового 
кольца и экзоциклическую к этому кольцу, и в которой кислород находится не в форме 
гидроксила, а в форме карбонила.
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В случае производных 4-хиназолинона такой вывод находится в согласии с общими 
выводами, установленными для потенциально таутомерных гетероциклических соеди
нений [4], согласно которым, находящиеся в связи с кольцом N-атомы, стремятся к образо
ванию амино-, а не иминогрупп; находящиеся же в связи с кольцом О-атомы стремятся 
к образованию карбонильных групп, нежели гидроксильных.

Однако в случае имидазохиназолиндионов С =  N связь, в эксоциклическом 
положении к одному гетерокольцу, всегда должна находиться. Следовательно, проблема 
здесь состоит в том, что которое из колец (пиримидиновое или имидазоловое) имеет более 
сильную тенденцию к обходу этого типа связи. Установлено, что двойная связь С =  N 
всегда находится в пиримидиновом кольце, следовательно — экзоциклически к имидазо- 
ловому кольцу.

Определению структуры исследованных соединений, с помощью ультрафиолето
вого спектроскопического метода, способствует то обстоятельство, что в диоксановом 
растворе, в спектре I и II (III) хромофор-систем, несмотря на их чрезвычайное сходство, 
все же можно найти достаточную разницу уже у первой системы полос.

В качестве обобщения можно установить, что спектр I хромофор системы состоит 
из трех разностоящих систем полос, величины интенсивностей которых, приблизительно 
(log е): 3,50; 4,00; 4,50, в случае же II (III) хромофор-системы, однако, вторая и третья 
системы полос сливаются в одну систему, и только перегиб указывает на существование 
второй системы полос.

Соединение V, содержащее С =  N двойную связь вне хиназолинового кольца, 
характеризуется новой хромофор-системой, спектр которой уже в значительной степени 
отличается от спектров соединений I—III.

D r. G ábor D o l e s c h a l l . B u d ap est X I. G e lle rt té r  4 
D r. László L á n g  B u d a p e s t I. B a t th y á n y  u . 34 
P ro f . D r. K á ro ly  L e m p e r t  B u d ap est X I .  G ellért té r  4
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CORRELATION BETWEEN THE PAPER 
CHROMATOGRAPHIC Rr AND REVALUES AND THE 

STRUCTURE OF AZO DYES*
A. L ő r in c , F . P é t e r  and O. D obozy

(C entral Research Laboratory fo r  Colouristics and  Research In stitu te  fo r  
Textile In d u stry , B u dapest)

R eceived  J a n u a ry  12, 1965 

In tro d u c tio n

A n u m b e r of s tud ies have been  p u b lish e d  on th e  c h ro m a to g ra p h y  of 
dyes [ e . g . ,  1, 2, 3, 4 , 5], b u t  on ly  a few o f th e m  re fe r to  azo dyes. A  g re a t  p a r t  
o f azo dyes, ex am in ed  ch ro m a to g rap h ica lly  b e lo n g  to  th e  group o f  fo o d  dyes. 
Azo dyes ap p lied  in  th e  dyeing  o f te x tile  m a te ria ls  have  been s tu d ie d  only 
b y  Zahn  [6] a n d  Srám ek  [7]. Som e a u th o rs  [8, 9, 10] exam ined  a n u m b e r  of 
azo dyes, w hich  h av e  also been ap p lied  as ac id ic  a n d  su b s ta n tiv e  te x t i le  dyes, 
fro m  th e  p o in t o f  v iew  of food dyes.

T he a im  o f th e  c h ro m a to g rap h ic  p ro ced u re s  rep o rted  in  th e  l i te ra tu re  
h as  been  genera lly  th e  recogn ition  a n d  id e n tif ic a tio n  of dyes. T h e  p o ss ib ility  
of a co rre la tio n  be tw een  s tru c tu re  an d  re te n tio n  fac to r  was m e n tio n e d  for 
th e  f ir s t  tim e  b y  Z a h n  [6]. E l l io t  a n d  T e l e s z  [11] s ta te d  t h a t  th e  n a tu re  
a n d  p o sitio n  o f th e  su b s ti tu e n ts  a t ta c h e d  to  th e  a ro m a tic  ring  h a v e  a n  in flu en ce  
on th e  R f  va lues. H y d ro x y lam in e  g roups (in  s a tu ra te d  m eth y l a lco h o lic  p e tro 
leum  e th e r  develop ing  so lven t) slow dow n th e  m ig ra tio n , w hereas a lk y l and  
p h en y l g roups h av e  acce lera tin g  effect. S r á m e k  [7] found  th a t  th e  ify-values 
w ere th e  h ig h est w ith  m ono-, low er w ith  dis- an d  th e  low est w ith  trisazo  
d isperse  dyes. W ith in  a single g roup , s u b s ti tu t io n  has, in  general, a d ec reasin g  
e ffec t on th e  R j  v a lu es , ow ing to  th e  in c rea se  o f  th e  m olecular w e ig h t.

In  case o f dyes of id en tica l s tru c tu re s  a n d  m olecular w eig h ts , g en era lly  
th o se  h a v e  h ig h er -R evalues, w hose d ipole m o m en ts  are  low er, c o m p a re d  w ith  
th e  d ev e lop ing  ag en t.

T he te c h n iq u e  of p a p e r c h ro m a to g ra p h y  m ay  be v a ried  also  in  case of 
dyes. E l l io t  a n d  T e l e s z  [11] used  ascen d in g , descending , c ircu la r a n d  s trip e  
c h ro m a to g ra p h y , w hereas T i l d e n  [12],  Z a h n  [6] an d  S r á m e k  [7] a p p lie d  only 
th e  ascen d in g  tech n iq u e .

D evelop ing  ag en ts  em p lo y ed  in  th e  ch ro m a to g ra p h y  o f azo  d y es  are  
o f v a rio u s  c h a ra c te r . T i l d e n  [12] te s te d  27 a lte rn a tiv e s  of so lv e n t sy stem s, 
am o n g  o th e rs  d iffe ren t pheno lic  m ix tu re s . V a l e n c i a n o  and  I b a r r a  [14]

* P re se n ted  b y  th e  C entra l R esearch  L a b o ra to ry  fo r C olouristics, B u d a p e s t.
R ead  a t  th e  X IX th  In te rn a tio n a l C ongress o f P u re  and  A pplied C h em istry  (IU PA C ,) 

963, L ondon .
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e x p e r im e n te d  w ith  so lu tio n s an d  m ixtu res o f  d iffe r e n t a lcohols, K o lsc h e k  [13] 
w ith  w a te r -p y r id in e  m ix tu re s . R ao and  S a r m a  [15] u sed  m ix tu res o f  e th y l-  
e n e d ia m in e  h y d ra te  an d  w a te r , Za h n  [6] th e  m ix tu r e  o f iso b u ty r ic  acid  an d  
w a te r .

G en era lly , th e  c o n v e n tio n a l papers have  b een  used  for w ate r-so lu b le  azo 
d y es, a n d  im p reg n a ted  o r a c e ty la te d  c h ro m a to g ra p h ic  papers w ere o n ly  o cca
s io n a lly  ap p lied . (Im p re g n a tio n  was ca rried  o u t , e.g., b y  p a ra ffin  oil [10] or 
d im e th y l  p h th a la te  [13].)

T h a l e r  [16] w as th e  f i r s t  to  observe th e  sa lt sensib ility  o f dy es in  
c h ro m a to g ra p h y . H e fo u n d  t h a t  salts dec reased  th e  R e v a lu e s  in  th e  fo llow ing 
o rd e r : N H jC l, NaCl, (N H 4) ,S 0 4, N a ,S 0 4.

T h e  dyes used  in  fo o d stu ffs  were p u r if ie d  accord ing  to  th e  m e th o d  of 
T h a l e r  a n d  S ommer [18] b y  d issolving th e m  to g e th e r  w ith  th e  fo o d ; c lean  
wool w as  p laced  in to  th e  ac id ified  so lu tion , a n d  i t  w as boiled. T he dye co lou red  
th e  w oo l, w h ich  was rin sed  a fte rw ard s  w ith  w a te r  an d  th e  dye reco v ered  b y  
a s o lv e n t. T h aler  [16, 18] m en tio n ed  th e  p o ss ib il i ty  of p u rify ing  th e  dyes b y  
p a p e r  c h ro m a to g ra p h y , b u t  re je c te d  th is  m e th o d  as inconven ien t.

T h e  com p o n en ts  o f dyes w ere genera lly  n o t  se p a ra te d , in  fa c t, th e y  w ere 
id e n tif ie d  ju s t  on th e  b asis  o f  secondary  sp o ts . O nly  Ve n k a t a r a m a n  [17] 
s e p a ra te d  th e  a d d itio n a l co m p o n en ts  from  th e  d y es . A ccording to  th is  m e th o d , 
th e  d y e  w as ad so rb ed  on a ch ro m a to g rap h ic  c o lu m n  o f cellulose, th e n  d isso lved , 
a n d  re c o v e re d  b y  re c ry s ta lliz a tio n . The tw o  m e th o d s  described  in  th e  l i te r a 
tu re  [16, 18] are  su itab le  fo r th e  sep ara tio n  o f  d y es from  im p u iitie s , such  as 
fo o d s tu ffs , b in d ers , e tc ., b u t  n o t  for th e  e lim in a tio n  of o th e r dyes p re se n t as 
im p u r it ie s .

Purpose of the experim ents

A tte m p t  was m ade to  solve th e  fo llow ing p ro b lem s:
1. T o  fin d  som e m ono-, dis- an d  tr isa z o  d y es , th e  s tru c tu re s  o f  w hich  

d iffe r f ro m  each  o th e r b y  one , o r b y  a few  g ro u p s  on ly  (Table I).
2. To fin d  o p tim u m  co n d itio n s of th e  p a p e r  ch ro m ato g rap h y  o f p u rified  

azo d y es .
3. T o  d e te rm in e  th e  Щ  va lu es  of th e  se le c te d  su b s ta n tiv e  an d  ac id ic  azo 

dyes a n d  to  exam ine w h e th e r a co rre la tion  b e tw e e n  R f  values a n d  th e  s tru c tu re s  
of th e  d y es  on one h a n d , a n d  betw een  R f  v a lu e s  a n d  some im p o r ta n t dye ing  
p ro p e r tie s  on th e  o th e r, can  be found.

Purification o f azo dyes

A m o n g  th e  9 dyes lis te d  in  T able I, th e  f i r s t  th re e  are acid ic-dyes (am ong  
m o n o azo  dyes th e re  are  no d ire c t [su b stan tiv e ] dyes) w hich are used  fo r dyeing  
o f f ib re s  c o n ta in in g  am ino  g ro u p s; th e  o th e rs  a re  d irec t (su b s tan tiv e )  dyes,
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ap p lied  m o stly  fo r th e  dye ing  o f fib res cap ab le  o f  th e  fo rm atio n  of H -bonds- 
A ll th e  chosen dyes w ere m ix tu res  consisting  o f  sev era l com ponen ts. C on
seq u en tly , th e y  h a d  to  be p u rified  before s ta r t in g  th e  ex p erim en ts. T h e  p u r i
fic a tio n  w as ca rr ied  o u t b y  rem oving  th e  a d d itio n a l com ponen ts from  th e  m ain  
co m p o n en t b y  p a p e r  ch ro m a to g rap h y .

A fte r try in g  severa l ty p es  of p ap e r, S ch le ich er an d  Schiill 2043/b Gl 
p a p e r w as u sed . A line w as d raw n  a t  a d is ta n c e  o f 10 cm  from  th e  low er en d  
o f th e  p a p e r  w ith  th e  so lu tion  of th e  te ch n ica l dye  in  w a te r, c o n ta in in g  th e  
b y -co m p o n en ts , th e n  th e  p a p e r  was developed  e ith e r  b y  w a te r-sa tu ra te d  p h en o l 
(F igs. 1 — 9) or b y  a m ix tu re  of p y rid in e  (25% ) a n d  w a te r (75% ) (F igs. 
1 0 - 1 8 ) .

I t  w as fo u n d  in  each  case th a t  on th e  ch ro m a to g ra m s show ed one sp o t 
(zone) of e ssen tia lly  h ig h er colour in te n s ity  th a n  th e  re s t, w hich p ro b a b ly  
co rresp o n d ed  to  th e  s tru c tu re  given b y  th e  C olour In d e x . The o th e r co lo u red  
spo ts (zones) w ere due to  b y -p ro d u c ts  o r co lou red  in te rm e d ia te s  fo rm ed  in  
th e  course o f p re p a rin g  th e  dye, or m ay  h av e  b een  a t t r ib u te d  to  th e  p resen ce  
o f shad in g  dyes.

T he s tr ip  c o n ta in in g  th e  spo t of th e  m ain  co m p o n en t was cu t o u t  an d  
e x tra c te d  in  a S o x h le t a p p a ra tu s . A fter d ev e lop ing  w ith  pheno l, f ir s t ly  p h en o l 
w as e lu te d  w ith  e th e r , th e n  th e  e th e r  e v a p o ra te d , a n d  th e  dye e lu te d  w ith  
w a te r. In  case o f develop ing  w ith  p y rid in e , f i r s t  th e  p y rid in e  h a d  been  e v a p o 
ra te d  (it has to  be n o te d  th a t  com plete rem o v a l o f p y rid in e  was n o t possib le), 
th e n  th e  dye  cou ld  have  been  solved. T he so lu tio n  o f a dye o b ta in ed  b y  e ith e r  
p u rif ic a tio n  m e th o d  p ro v ed  to  be ch ro m a to g ra p h ica lly  hom ogeneous, th u s  
verify in g  th e  ad e q u a c y  o f b o th  p u rific a tio n  m e th o d s .

An a liq u o t p a r t  o f th e  e x tra c ts  was e v a p o ra te d  to  de te rm ine  th e  q u a n 
t i ty  of dye , w hile th e  re s t  o f th e  so lu tion  w as a d ju s te d  to  a c o n c e n tra tio n  o f 
10 g/1 e ith e r  b y  e v a p o ra tio n  or b y  d ilu tio n . T h e  so lu tions of dyes p u r if ie d  
b y  th e  p y rid in e  m e th o d  gave a p re c ip ita tio n  on e v a p o ra tio n , th e re fo re  we 
u sed  th e  dye  so lu tions w hich  w ere p u rified  b y  th e  ph en o l m eth o d  for o u r c h ro 
m a to g rap h ic  ex p erim en ts .

Determ ination o f the optim al conditions for the chrom atography o f azo dyes

I t  is k n o w n  th a t  in  th e  p ap e r c h ro m a to g ra p h y  o f azo dyes, esp ec ia lly  
su b s ta n tiv e  azo dyes, n o t on ly  th e  p a r t i t io n  o f  th e  s ta tio n a ry  an d  m o v ing  
liq u id  ph ases , b u t , due to  th e  s u b s ta n tiv ity , seco n d a ry  bonds b e tw een  dye  
a n d  p a p e r p la y  an  im p o r ta n t role [16, 19] a n d  m a y  influence  th e  R j  v a lu es  
an d  th e  m ig ra tio n  o f th e  dyes.

T h erefo re , p rio r  to  th e  ex ac t d e te rm in a tio n  o f th e  R j  va lues, th e  in flu en ce  
o f th e  co n d itio n s affec tin g  su b s ta n tiv ity  h a d  to  be ex am ined . T hese a re :

Acta Chimica Academiae Scienliarum Hungaricae 47. 1966.



A
cta C

him
ica A

cadem
iae Scientiarum

 H
ungaricae 47. 1966.

Table I

The exam ined dyes
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Colour-Index
Number
(1956)

Type Structural formula

OH

í. A zorubin S 
(С. I. Acid R ed 14) Chemapo] 14720 Monoazo

N a 03S - / ~ \ - N = N - /

ЧА/
1

S 0 3N a

2. V ik to ria rub in  0  
(С. I. Acid R ed 27) Chemapo] 16185 M onoazo

HOs ,S 0 3N a
\ _ <  3

N a 0 3S - /  > - N = N - /  N
/ = \  / = \  
\ _ r  \ _ f

\ S 0 3N a

3. Cochenillerot A 
(С. I . Acid R ed 18) Chemapol 16255 Monoazo

HO
\

N a 0 3S - / ~ ^ > _ N = N - /  У -

-°3S- 0
\ S 0 3N a

4. B enzoechtro t F  
(С. I. D irect R ed 1) B ay er 22310 Disazo

NaOOC H 2N

H0- O —и - О - О — О
H0- <  _ >  

S 0 3N a
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5 .

6 .

7.

8.

9.

B enzobraun  M 
(С. I . D irect Brown2) B ayer 22311 Disazo

B enzo-B ordeaux 
(С. I. D irect R ed 13) B ayer 22155 Disazo

D irect G rün В 
(С. I. D irec t G reen 6) CIBA 30295 Trisazo

B enzogrün GN 
(С. I. D irect G reen 9) B ayer 30310 Trisazo

C olum biagrün G 
(С. I. D irect Green 8) W olfen 30315 Trisazo
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N H 2 H 20
I _  I

/ \ / \  n = N - /  ^ > - N = N - /  V

H 0 _ \  /
SO.Na “ I

S 0 3Na

OH N H ,

-  1 1 ^ -x
HO—^  \ - N = N - ^  V _ ^ 4 , _ N = N _ ^ \ / V _ N = N - < ^  ^ - n o 2
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- т «глг, OH N H , 0„NN a O O C ^  I I - ‘ ^

HO— % —N = N —^  V A - N = n Y Y Y n = N - ^  %

N a 0 3s / ) < ; \ ^ \ s 03 N a

0
NaOOC O H N H j

b /lV_N /У _NO
—N = N - /  S —/  \ - N = N - / V / V /  \ = /

4 = 7  w  Д Л Л
N a 0 3S S 0 3Na



424 LŐRINC, P É T E R , D OBO ZY : CHROM ATOGRAPHY OF AZO-DYES

Table I I

R f values in  fu n c tio n  o f  the quantity  o f  dyes used 

(D eveloping so lv en t: phenol sa tu ra te d  w ith  w ater)

Ó
г Dye

1

Q u a n t i t y ,  in  у

2.5 5 1 0 25 50

2. С. I .  Acid R ed 27 0.137 0.130 0.133 0.137 0.146 0.145

6 . С. I . D irect R ed 13 0.213 0.206 0.210 0.210 0.160 0.097

8. С. I . D irect Green 9 0.146 0.127 0.123 0.130 0.133 0.133

1. th e  co n cen tra tio n  a n d
2 . th e  effect of sa lts .
T h ese  in v estig a tio n s w ere  m ade a t  room  te m p e ra tu re  b ecau se  only  

re la t iv e  values were needed .
W h e n  developed w ith  th e  w a te r-p h en o l m ix tu re , also u sed  fo r sep a ra tio n , 

th e  R f  v a lu es  of th e  dyes d id  n o t show  a n y  dependence on c o n c e n tra tio n  
(in  case  o f  1 y — 25 y d ro p s). T h is w as p ro v ed  b y  th e  c h ro m a to g ra m s of C.I. 
A cid  R e d  27 (m onoazo), C .I. D ire c t R ed  13 (disazo) an d  th e  C .I. D ire c t G reen 9 
( tr is a z o  dye). The co rresp o n d in g  R f  va lu es  a re  show n in T ab le  I I .  W h en  ex p e r
im e n tin g  w ith  C.I. D irec t R e d  13, th e  ap p lica tio n  of 50 y re v e a le d  d efin ite  
d e p e n d e n c e  on the  c o n c e n tra tio n . T he R f  v a lu es  w ith  50 y o f C .I. A cid  R ed  27 
a n d  C .I. D irec t Green 9 d e v ia te d  from  th e  re su lts  o b ta in ed  w ith  sm alle r q u a n ti
tie s  o n ly  w ith in  the  s ta n d a rd  lim its , so no dependence on c o n c e n tra tio n  was 
fo u n d . T h e  resu lts show  th a t  th e  R f  va lu es  o f  th e  chosen dyes a re  in d e p e n d e n t 
o f th e  co n cen tra tio n  w ith in  a w ide ran g e . H ow ever, as in  case o f  ap p ly in g  
d ro p s  c o n ta in in g  m ore th a n  5 y th e  sh ap e  of th e  spots becam e  in d is tin c t 
a n d  th u s  th e  possib ility  o f e v a lu a tio n  w as decreased  (F igs. 19 —21), in  su b 
s e q u e n t ex p erim en ts  5 y o f e ach  dye  w as app lied .

T o  c larify  th e  s a lt e ffec t, th e  d ependence  o f th e  R f  v a lu e s  o f th e  dyes 
C .I. A c id  R ed  27, C .I. D irec t R ed  13 a n d  C.I. D irec t G reen 9 in th e  presence 
o f s a l t  w as determ ined . F o r  th is  p u rp o se  0.1 — 12.5 g/1 of sod ium  ch lo ride  was 
a d d e d  to  a salt-free, 10 g/1 so lu tio n  o f th e  p u re  dye in v e s tig a te d . D iffe ren t 
b e h a v io u r  was observed  w ith  th e  s tu d ie d  m ono-, dis-, a n d  trisazo -d y es. 
As to  b e  seen from  F ig . 22, ev en  th e  sm allest sa lt a d d itio n  cau sed  a decrease 
o f  th e  R f  va lue . A t s a lt c o n c e n tra tio n s  b e tw een  0.1 an d  2.5 g/1, h o w ev er, no 
r e la t iv e  change of th e  R f  v a lu e s  cou ld  be observed . A sa lt c o n c e n tra tio n  of 
12.5 g/1 caused  fu r th e r  decrease  o f th e  R f  v a lu e , a n d  in s te a d  o f sp o ts , zones 
w ere o b ta in e d .

T h e  R f  values of C .I. D ire c t R ed  13 w ere n o t a lte red  b y  sa lt ad d itio n , 
b u t  th e  te n d e n c y  for s tr ip e d  d e v e lo p m en t was enhanced . F u r th e rm o re , a second 
o r ev e n  a th ird  cen tre  a p p e a re d  w ith in  th e  sam e zone (F ig. 23). T he R f  value
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of C.I. D irec t G reen 9 w as in c rea sed  even b y  th e  sm a lle s t sa lt ad d itio n . H ow 
ever, th e  R f  values w ere r e la tiv e ly  c o n s tan t again  in  th e  0 .1 —2.5 g/1 ran g e  o f 
sa lt c o n cen tra tio n . A t s a lt co n cen tra tio n s  of 12.5 g/1 o r h igher, th e  spo ts 
becam e q u ite  b lu rre d  an d  so th e  R f  values could  n o t be d e te rm in ed  (F ig . 24).

On th e  basis o f th e  a b o v e  resu lts , th e  R f  va lu es  o f th e  in v e s tig a te d  dyes 
show ed a m ark ed  dependence  on sa lt co n cen tra tio n .

C onsidering th e  re su lts  o f  th ese  p re lim in a ry  ex p e rim en ts , th e  o p tim a l 
cond itions for c h ro m a to g ra p h y  d u ring  th e  sy s te m a tic  in v es tig a tio n  w ere 
selec ted  as follow s:

C h ro m ato g rap h ica lly  p u rif ie d , salt-free  dyes w ere u sed  w hich h ad  been 
se p a ra te d  from  o th e r co m p o n en ts . T he sam ple w as ap p lied  to  th e  p a p e r  from  
an  aqueous so lu tio n  of 10 g /1 co n cen tra tio n  b y  m eans of a 10 /Д m ic ro p ip e tte  
h av in g  0.1 ẑl g rad u a tio n . 1/2 /Д was app lied  in  each  case co rrespond ing  to  
5 у of th e  dye. D uring  th e  p ro ced u re  of ap p ly in g  th e  so lu tio n s, th e  S chleicher 
an d  Schiill 2043/b G1 p a p e r  (24 X 50.5 cm) w as h e a te d  from  below  b y  an 
in fra red  lam p  o f 250 W . T h e  s ta r t in g  spots w ere 6 cm  fa r  from  th e  low er end  
o f th e  p a p e r a n d  a t  a d is ta n c e  of a t  least 4.5 cm  from  th e  edge. D istan ce  
betw een  th e  lam p  an d  th e  p a p e r  was 5 cm. T he s ta r t in g  p o in ts  w ere p laced  
4 cm  a p a r t .  T he p ap e r w as su b je c te d  to  th e  v a p o u rs  of th e  m oving  phase  
so lven t fo r 8 ho u rs , th e n  dev e lo p ed  w ith  ph en o l s a tu ra te d  w ith  w a te r  using  
th e  ascend ing  tech n iq u e  in  a C hropa 001 — 1 — 2 a p p a ra tu s  (F ig . 25).

In  each  case fresh ly  d is tille d  phenol an d  fresh ly  s a tu ra te d  m ix tu re  was 
app lied . To ensure  th e  re q u ire d  v ap o u r ten s io n , a tro u g h  co n ta in in g  w a te r  
w as p laced  a t  th e  b o tto m  o f th e  cham ber d u rin g  d ev e lo p m en t.

T he p rocedure  la s te d , in  general, for 18 h o u rs  a t  22 ^  1° C; ascension 
o f th e  so lven t f ro n t a m o u n te d  to  200—220 m m . T he deve loped  ch ro m ato g ram s 
w ere d ried  w ith  an  in f ra re d  lam p .

F o r checking  th e  re s u lts ,  tw e n ty  p a ra lle l ru n s  w ere m ade w ith  each  
p u rified  dye, a n d  th e  R f  v a lu e  o f each spo t w as d e te rm in e d  se p a ra te ly . U sing 
th e  eq u a tio n

„ _ 100 yiAj
X  ■ n

th e  s ta n d a rd  dev ia tio n s o f  th e  R f  values of each  dye  w ere also d e te rm in ed .

(Д( =: d ev ia tio n  from  th e  a r ith m e tic  average o f th e  re su lts  o f m easu rem en ts , 
n  =  n u m b er o f m e a su re m e n ts ,
V =  p ercen tag e  d e v ia tio n ,
X =  a r ith m e tic  average  o f  th e  resu lts.)

T he dev ia tio n s w ere g e n e ra lly  w ith in  th e  lim it o f 0.01 — 0.2 R f  u n its , w hich 
corresponds to  4 .9 %  s ta n d a rd  d ev ia tio n . T he m a x im u m  d ev ia tio n  w as 9 .6 % .
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U sing the given m eth od , unam biguous chrom atogram s o f the in vestigated  
p u rified  dyes could be ob ta in ed , which gave well defined R f  values.

R esults and their evaluation

The arithm etical m eans o f th e  R f  values o f the dyes m entioned in Table I, 
determ ined  by the above m entioned  m ethod, were taken as the basis o f evalu
a tion . The data are show n in T able III, constructed from Figs. 2 6 —28.

Table III

R f a n d  R m values o f  the p u r if ie d  dyes

Ó
£ Dye Type

Number of 
Colour Index value

R w 
value

1. C. I. Acid Red 14 m onoazo 14720 0.450 + 0 .0 8 6

2. C. I. Acid Red 27 m onoazo 16185 0.190 +  0.630

3. C. I. Acid R ed 18 m onoazo 16255 0.230 +  0.525

4. C. I. D irect R ed 1 disazo 22310 0.320 +  0.327

5. C. I . D irect Brown 2 disazo 22311 0.150 +  0.753

6. C. I. D irect R ed 13 disazo 22155 0.230 + 0 .5 2 5

7. C. I. D irect Green 6 trisazo 30295 0.400 +  0.176

8. C. I . D irect Green 9 trisazo 30310 0.240 + 0 .5 0 0

9. C. I . D irect Green 8 trisazo 30315 0.230 + 0 .5 2 5

I t  appears that in case o f  th e  chosen dyes the R f  values do n o t depend 
prim arily  on the number o f azo groups present. No other relationship between  
th e  structure and R f  value o f  the dyes could be detected.

Therefore, the corresponding R m values were calculated from  the R f  
values:

R " “ k 8 7

According to R e i c h l  [ 2 0 ]  the final R m value of a given m olecule is 
b u ilt up from the partial R m va lu es, as the m olecule is com posed o f groups. 
E v ery  group corresponds to  a partial R m value and the sum o f these makes 
up th e  fin a l R m value of th e  m olecule, proving the R nl to be an additive  
q u a n tity .

T able III shows the R m va lu es of the 9 dyes exam ined. On the basis of 
th e  R m values of these dyes, th e  follow ing correlations m ay be stated:
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Monoazo dyes

1. T h e  increase o f  th e  R m value b y  0 .544 u n its  o f C .I. A cid  R ed  27 in  c o m p a r
ison  w ith C .I. A cid  R ed 14 m a y  be  a t t r ib u te d  to  th re e  fa c to rs :
a) T he azo co u p lin g  is in а -p o s itio n  in s te a d  o f /9-position.
b) An a d d itio n a l sulphonic ac id  s u b s t i tu e n t  is a tta c h e d  to  th e  n o n -co u p lin g  

ring  of n a p h th a le n e .
c) The su lp h o n ic  acid group is in  o-position  in s tead  o f /»-position in  th e  

coupled r in g .
2. T h e  tran sfe r o f  a sulphonic a c id  g ro u p  from  position  3 to  p o sitio n  8 o f  th e  

n ap h th a len e  r in g  results in th e  decrease  of th e  R m values b y  0.105 (C .I. 
A cid  R ed 27 a n d  C.I. Acid R e d  18).

Disazo dyes

1. T h e  tran sfe r o f  th e  po in t of azo co u p lin g  from  positio n  1 to  p o sitio n  7 causes
0.426 increase o f  th e  R m v a lue  (C .I. D irec t R ed  1 an d  C .I. D irec t B ro w n  2).

2. C onsiderable d ifference can b e  o b se rv ed  also b e tw een  th e  R m v a lu e s  of 
th e  dyes C .I. D ire c t Brown 2 a n d  C .I. D irec t R ed  13. Since th e  s u b s ti tu e n ts  
o f  th e  t r is u b s t i tu te d  n a p h th a le n e  rin g s  are  id en tica l in  b o th  m olecules, 
a n d  th ey  d iffe r only  in th e  c o u p lin g  positio n , th e  d ifference in  th e  R m 
va lu es  can p r im a r ily  be a t t r ib u te d  to  th e  fa c t th a t  th e  salicy lic  ac id  m olecule  
frag m en ts  o f C .I . D irect B row n 2 h as  been  rep laced  b y  a n a p h th y la m in e  
su lphonic  a c id  rad ica l.

Trisazo dyes

1. In tro d u c tio n  o f  one m ore c a rb o x y lic  g roup  re su lts  in  an  increase  b y  0.324 
o f  th e  R m v a lu e  (C.I. D irect G reen  6 a n d  D irec t G reen 9).

2. T h e  tra n sfe r  o f  a n itro  g roup  fro m  /»-position to  o-position  (C .I. D irec t 
G reen 8 a n d  C .I. D irect G reen 9) re su lts  in  a decrease o f th e  R m v a lu e  b y  
0.025, w hich is w ith in  the  lim its  o f  e rro r , th u s  in d ica tin g  th a t  th is  s t ru c tu ra l  
change does n o t  cause any  o b se rv a b le  d ifference in  th e  R m va lue . T h e  chosen  
9 dyes do n o t  enable us to  d e te rm in e  reg u la r co rre la tio n s b e tw een  R m 
va lu es  an d  th e  s tru c tu res  o f th e  dyes. T herefo re  we in te n d  to  c a rry  o u t 
fu r th e r  e x p e rim e n ts  to  e s tab lish  th e  in fluence  of d iffe ren t g roups a n d  posi
tio n s  of s u b s ti tu t io n  on th e  R m v a lu e s  in  a g rea te r  n u m b er o f dyes.

An a t te m p t  w as m ade to  f in d  re la tio n sh ip  b e tw een  th e  co lo u r fa s tn e ss  
o f  d irec t dyes, a n d  th e ir  R f  or R m v a lu e s . T he resu lts  a re  show n in  T a b le  IV . 
As i t  is seen f ro m  T ab le  IV , th e  w a te r  an d  a lka li fas tn ess  o f th e  dyes varies  
rev e rse ly  w ith  th e  R f  values, b u t  p a ra lle l w ith  th e  R m values.
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Table IV

Correlation between some properties o f  dye fastness and the 
R j and R m values o f  the dyes

6
£ Dye No. of 

Colour Index
R/

value value
Water
fast
ness*

Alkali
fast
ness*

4. С. I . D irect R ed  1 22310 0.320 +  0.327 2 4

4. С. I. D irect B ro w n  2 22311 0.150 + 0 .7 5 3 4.5 4

6 . С. I. D irect R ed  13 22155 0.230 + 0 .5 2 5 3.5 4

7. С. I. D irect G reen 6 30295 0.400 +  0.176 1 1

8. С. I .  D irect G reen  9 30310 0.240 . + 0 .5 0 0 2 4
9. С. I . D irect G reen 8 30315 0.230 +  0.525 4 5

* T he given v a lu es w ere ta k e n  from  th e  a p p ro p ria te  colour-cards.

SU M M A RY

1. A p ro ced u re  h a s  b een  evolved fo r th e  p u r if ic a tio n  of som e azo dyes.
2. B y  m ean s o f a  su ita b le  developing a g en t, m ono-, dis-, an d  trisazo  dyes (3 o f each  

ty p e )  w ere ex am ined .
3. T he R e v a lu e s  o f  th e  n ine  pu rified  azo dyes w e re  d e te rm in ed , a n d  th e  R m values w ere 

c a lcu la te d  from  th e  d a ta .
4. Possible c o rre la tio n s  w ere exam ined  b e tw een  th e  Ry an d  R m values of th e  azo dyes, 

th e  s tru c tu re s  a n d  fa s tn e s s  values.
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Z u sam m en h än g e  zw ischen den Ry- bzw. R m- W erten  von A zofarbsto ffen  u n d
ih re r S tru k tu r

A. LŐRINC, F. PÉTER und О. DOBOZY

Z u sam m en fassu n g . 1. E s  w urde  fü r einige A zo fa rb s to ffe  ein R e in ig u n g sv erfah ren  au sg e 
a rb e ite t.

2. U n te r  V erw en d u n g  eines geeigneten  L a u fm itte ls  w u rd en  je  3 Mono-, D is- u n d  T ris -  
azo farbsto ffe  u n te rs u c h t.

3. D ie R j -W erte  de r 9 gerein ig ten  F a rb s to ffe  w u rd e n  b es tim m t u n d  aus d iesen  d ie 
R m-W erte  b e rech n e t.

4. E s w u rd e n  Z usam m enhänge  zw ischen d e n  Лу- bzw . E m-W erten  de r u n te r s u c h te n  
F a rb sto ffe  u n d  ih re r  S tru k tu r  bzw. gewisser F a rb e c h th e itsw e r te  festgeste llt.

Зависимости между структурой и бумагохроматографическими величинами
R f и R m азо-красителей

А. Л Е Р И Н Ц , Ф . П Е Т Е Р  и О. Д О В О ЗИ

Резюме. 1. Разработан способ очистки некоторых азо-красителей.
2. С помощью соответствующих пробегных агентов исследовались 3—3 моно-, 

дис- и трисазо-красители.
3. Для 9 очищенных красителей определены величины Лу, и из последних рассчи

таны величины Лт .
4. Авторы искали зависимости между Лу- или Лт -величинами и структурой или 

отдельными величинами светостойкости исследованных азо-красителей.

A n d o r L ő r i n c  

F eren c  P é t e r  

O ttó  D o b o z y

B u d ap est IV ., V áci ú t  71.
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Fig. 13. B en zo ech tro t F  (B a y e r )  Developing 
so lven t: 25%  p y rid in e  -f~ 75%  w ater

F ig . 14. B enzobraun  M (B a y e r )  Developing 
so lv en t: 25%  p y rid in e  -f- 75%  w ater

15

Fig. 15. B enzobordeaux  В ( Bayer  f Developing 
solvent: 25%  p y rid in e  +  75%  w ater

F ig . 16. D irek tg rü n  B ( C l B A )  Developing 
so lven t: 25%  p y rid in e  +  75%  w ater
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Fig. 17. B e n z o g rü n  GN (B a yer)  D ev e lo p in g  
so lv e n t: 2 5 %  pyrid ine  +  75%  w a te r

• I

13

•  «  I

2Û

Fig. 19. V ik to r ia ru b in  0  (Chemapol) , p u r i 
f ie d  C. I . Acid R ed 27

E ffect o f d y e  con cen tra tio n , dev elo p in g  so l
v e n t:  p h e n o l sa tu ra ted  w ith  w a te r

Fig. 20. B en zo b o rd o  B (B a y e r ) ,  p u rified  
С. I. D ire c t R ed 13

E ffect of dye c o n c e n tra tio n , develop ing  sol
ven t: p h en o l s a tu ra te d  w ith  w a te r

A cta  Chimica Academiac Scienliarum  Hungaricae 47. 1906.

Fig. 18. C o lu m b iag rü n  G (W o lfen )  D evelop
ing so lven t: 25%  p y rid in e  +  75%  w a te r



л

Fig. 21. B en zo g rü n  GN (B a y e r ) ,  p u rified  
С. I .  D irec t G reen 9

E ffect o f dye  co n cen tra tio n , dev elo p in g  sol
v e n t: p h eno l sa tu ra te d  w ith  w a te r

» »  » !

23

F ig . 22. V ik to ria ru b in  0  ( Chemapol) ,  p u r i
fied  C. I . Acid R ed  27 

E ffe c t  o f  sa lt (NaCl) co n cen tra tio n , dev elo p 
ing  so lv e n t: phenol sa tu ra te d  w ith  w a te r

Fig. 23. B en zo b o rd eau x  В ( B a ye r),  p u rified  C.
I. D irect R ed 13

E ffec t of salt (NaCl) c o n cen tra tio n , d evelop 
ing so lv en t: phenol sa tu ra te d  w ith  w ater

F ig . 24. B enzogrün GN (B a y e r ) ,  p u rif ied  C. 
1. D irect Green 9

E ffec t o f sa lt (NaCl) c o n cen tra tio n , develop ing  
so lv en t: phenol sa tu ra te d  w ith  w a te r
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9  10

F ig . 9 . C olum biag rün  G ( W olfen)  D evelop- F ig . 10. A zorubin  S (Chem apol) D evelop ing  
in g  so lv e n t: phenol sa tu ra te d  w ith  w a te r  so lv en t: 25%  pyrid ine  75%  w a te r

Ц ШЁЩ,

11 fl

Fig. 11. V ik to r ia ru b in  0  (C hem apol) D evel- F ig. 12. C ochenillerot A  (C hem apol) D ev el
op ing so lv e n t:  25%  p y rid in e  ••)• 7 5 %  w a te r  op ing so lv en t: 25%  pyrid ine  -f- 7 5 %  w a te r
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F ig . 5. B en zo b rau n  M (B a y e r)  D eveloping 
so lven t: phenol s a tu ra te d  w ith  w ater

F ig. 7. D ire k tg rü n  G ( C l B A )  Developing 
so lven t: phenol s a tu ra te d  w ith  w ater

F ig . 8. B enzogrün  GIN (B a ye r)  D evelop in  
so lv e n t: phenol sa tu ra te d  w ith  w a te r

A d a  Chirnica Acttdemiae Scientiarum Hungaricae 47. 1966.

F ig . 6. B en zo b o rd eau x  В (B a ye r)  D evelop ing  
so lv e n t: p h eno l sa tu ra ted  w ith  w a te r



5a

1. Glass cy lin d er 
l /а  L id
2. G lass in se r t 

p la te
3. S u p p o rtin g  glass 

ro d
5/a D ro p p in g  fu n 

nel
5/b I n le t  pipe
6 . Gas in le t 
8 . T ra y  fo r d e v e 

lop ing  so lv en t 
9 — 10. C o n tro l o f 

p a p e r  s tr ip  d is
ta n c e

11. T ra y  su p p o r t
13. P la te  fo r th e  

glass ro d s
21. C lam p fo r m ix 

in g  th e  p a p e r 
strip s

22. Glass n a il

F ig . 25 . C h ro p a  001-1-2 ty p e  a p p a ra tu s

F ig . 26. a ) A zorubin  S (C h em a p o l), p u r i 
fied  C. I .  Acid R ed 14. b) V ik to r ia ru b in  О 
(C h em a p o l), purified  С. I. A cid R ed  27. c ) 
C och en ille ro t A  (C hem apol), p u rif ied  С. I. 
A cid  R ed  18. D eveloping so lv en t: p h en o l 

sa tu ra te d  w ith  w a te r

Fig. 27. a )  B en zo ech tro t F  (B a y e r ) ,  p u r i
fied  C. I. D ire c t Red l . b )  B en zo b rau n  M 
(B a y e r ) ,  p u r if ie d  C. I. D irect B row n 2. c) 
B e n zo b o rd e au x  В (B a ye r),  p u rif ied  С. I. 
D irect R e d  13. D eveloping so lv en t: phenol 

s a tu ra te d  w ith  w a te r

r i g .  28. a )  D ire k tg rü n  В ( C I B A ) ,  p u r if ie d  
С. I. D irec t G reen 6 .b )  B enzogrün  GN ( B a 
y e r ) ,  p u rif ie d  С. I. D irect G reen 9. c) C olum 
b iag rü n  G (W o lfe n ) ,  p u rified  C. I. D ire c t 
G reen  8 . D eveloping solvent: phenol s a tu ra te d  

w ith  w a ter
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jPig. 1. A zorubin  S (C hem apol) D eveloping F ig . 2. V ik to ria ru b in  O (C hem apol) Devel- 
so lv en t: phenol s a tu ra te d  w ith  w a ter op ing  so lven t: phenol s a tu ra te d  w ith  w ater

F ig . 3. C ochenillero t Л  ( Chemapol) D evel- F ig . 4. B en zo ech tro t F  (B a y e r )  Developing 
op ing  so lven t: p h eno l sa tu ra te d  w ith  w a te r  so lven t: phenol s a tu ra te d  w ith  w ater
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UNTERSUCHUNG DER VERÄNDERUNGEN VON 
SUUFITARUAUGEN WÄHREND DER VERHEFUNG

B. T ó t h

( Gerbstoffabrik, B u d a p es t)

E ingegangen  am  24. M ai 1965

U n te r  den  zu ck erh a ltig en  N äh rs to ffen  d e r  b io logischen P ro te in sy n th e se  
sp ielt die hei d e r Z ellsto ffherste llung  a n fa llen d e  S u lfitze lls to ffab lau g e  eine 
im m er w ich tigere  R olle [1]. Zu ih re r V e rw e rtu n g  w urden  erfo lg re iche  V er
suche b e re its  au ch  in  U ngarn  d u rc h g e fü h rt [2]. D ie w ährend  d er V e rh e fu n g  
e in tre te n d e  V e rän d e ru n g  d er Z u sam m en se tzu n g  is t  jedoch  noch im m e r n ic h t 
genügend  g ek lä rt [3]. D ie D u rch fü h ru n g  w issen tsch a ftlich e r U n te rsu c h u n g e n  
a u f  d iesem  G ebiete  sch ien  daher n o tw en d ig  zu  sein.

D ie chem ische Z usam m ense tzung  d e r  S u lf itab lau g e  ist in  e r s te r  L inie 
eine F u n k tio n  d er A rt d er Z ellstoffgew innung [4, 5]. In  le tz te r  Z eit h a b e n  sich 
in U n g a rn  n ic h t n u r  in  d er M ethode des A ufsch lusses, sondern  a u c h  a u f  dem  
G ebiete des A u sg an g sm ateria ls  V e rän d eru n g en  e ing este llt [6 ]. A lld ies h a t  zu 
einer V erän d eru n g  d er Z usam m ense tzung  d e r an fa llen d en  S u lfitab lau g e  g e fü h rt. 
Als E rg eb n is  d er gegenw ärtig  an g ew an d ten , hohe  A usbeu ten  lie fe rn d e n  Z ell
sto ffeg ew in n u n g sv erfah ren  h a t  der K o h le h y d ra tg e h a lt der S u lf ita b la u g e n  
w esentlich  abgenom m en . (Im  w eiteren  w erd en  die S u lfitab laugen  d e r n o rm a le n  
u n d  »hochausbeute«  Z ellsto ffg ew in n u n g sv erfah ren , der E in fa c h h e it h a lb e r, 
no rm ale  bzw . H o ch au sb eu te -S u lfitab lau g en  g en an n t.)  Die U m ste llu n g  von 
N adelhö lzern  a u f  L au b h ö lzer h a t zu e in e r E rh ö h u n g  des P e n to se g e h a lte s  
— gegenüber den H exosen  — g efü h rt [7, 8 , 9 ], w ie dies auch aus T a b . I  u n d  I I  
e rs ich tlich  is t.

B eschreibung der V erhefungsversuche

Zu den  V ersuchen  d er b io logischen P ro te in sy n th ese  a u f  u n g a risc h e r  
S u lfitab lau g en b asis  s ta n d e n  uns die aus d em  F o rsc h u n g s in s titu t fü r  die G ä
ru n g s in d u s tr ie  s tam m en d en  T oru la  u tilis  21 u n d  C andida m y c o d e rm a  257 
S täm m e zu r V erfügung  [10], die in  d er F o lge  an  m ehreren  S tellen  n u r  T U  — 21 
bzw . CM —257 g e n a n n t w erden . F ü r  beide S tä m m e  is t die große W u c h sk rä f tig 
k e it k en n ze ich n en d  u n d  ih re  geringe E m p fin d lic h k e it schw efliger S ä u re  (Sulfit) 
gegenüber [11]. T ro tz d e m  h a t d er hohe S chw efeld ioxydgehalt d e r  u rsp rü n g 
lichen , ro h en  S u lfitab lau g e  ziem liche S chw ierig k e iten  b e re ite t. D er H efehem m -
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Tabelle I

Chemische Zusam m ensetzung des Trockensubstanzgehaltes der Sulfitablaugen

Komponenten
Hochausbeute

Pappel-
Normale
Fichten-

S u l f i t e b 1 a u g e

L igninsu lfonsäure 40,5 54,9

H exosezucker 4,8 18,0
P en to sezu ck er 15,8 5,5

O rganische S äuren 6,1 2,8

Z uckerderivate* 10,0 6,2

H arze, E x tra k ts to ffe 2,5 3,5

Asche 20,3 9,1

100,0 % 100,0%

* Z. B . A ldonsäuren , Saccharob isu lfit usw.

S to ff S chw efeld ioxyd  lag  e inesteils an  A ld eh y d e  gebunden , an d e re n te ils  in 
f re ie r  F o rm  (als ab so rb ie rte s  S 0 2) vor. Seine E lim in a tio n  gelang m itte ls  lä n 
g e re r  B e lü ftu n g  [12], w o d u rch  der freie S ch w efe ld ioxydgeha lt in  d e r v e r 
d ü n n te n  W ürze bis u n te r  0 ,0 3 %  gesenkt w erden  k o n n te . Die E n z y m d e s tru k to r-  
w irk u n g  des S chw efeld ioxyds w ar in  d ieser V e rd ü n n u n g  n ich t m eh r w a h r
n e h m b a r  [13].

D e r  B elü ftu n g  fo lg te  die F iltra tio n  d e r  S u lfitah lauge lösung , zw ecks 
E n tf e rn u n g  even tu e ll v o rh a n d e n e r  Z e lls to ff-F ase rn , die das H e few ach s tu m  
g e s tö r t  h ä t te n  [14].

Tabelle II

Wichtigere Zuckerarien in  der Sulfilablauge

Hochausbeute Normale
Monosaccharide Pappel- Fichten-

S u l f i t a b l a u g e

H exosen % 4,8 18,0

M annose % 0 1 0 , 0

G alactose % 4,7 3,0

Glucose % 0 , 1 5,0

P entosen  % 15,8 5,5

X ylose % 12,4 4,4

A rab inose  % 3,4 1Д
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Im  Zuge der Verhefungsversuche w urde die W irkung der fo lgenden  
Param eter untersucht:

a) H erkunft der Sulfitablauge
b) Stellhefe [15]
c) Dauer der Verhefung
d) pH -W ert während der Verhefung [16].

D ie Rolle der B elüftung wurde auch schon von ungarischen A utoren  
eingehend untersucht [17, 18], daher schien  uns die Untersuchung dieses 
Param eters überflüssig zu sein.

1. Kompressor
2. Luftfilter und Puffergefäß

D ie Versuchsbedingungen der Laboruntersuchungen waren fo lgende (die 
Versuchseinrichtung ist au f Abb. 1 gezeigt):

Volum en der Sulfitablauge 400 — 600 ml
pH -W ert der Sulfitablauge 4 ,5  — 6,0
Stellhefe zur B eim pfung: Torula utilis 21 und

Candida mycoderma 257 
T rockensubstanzgehalt der Stellhefe 0,64%
Superphosphat 0,57%
A m m onium sulfat 0,58%
B elüftung 100 m 3/m 2/h

D ie Versuchsbedingungen und die erhaltenen Ergebnisse sind in  den 
Tab. III und IV  zusam m engefaßt.
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Tabelle III

A u f  F ichten-Sulfitablauge erreichte Hefeausbeuten m it einzelnen R assen und ihren Gemischen
(A usgangsvo lum en : 400 m l)

Nr.
Axt der 
Sulfit- 

ablauge

Dauer
Std. pH Stellhefe

Red. Zuk- 
kergeh. %

Endvo
lumen ml

Hefetrockensubstanzgehalt g 

Brutto ! Stellhefe Netto
Brutto in

Hefe Wachstum
g/Lit.

Zuckerver-
wertungs-
quoticnt

der Verhefung TU-21 CM-257 der Sulfitablauge im Gesamtvolumen 100 ml

l . 9 4,5 100 — 1,9 460 3,79 2,56 1,23 0,8239 3,08 16,2

2.
«
bß 9 4,5 80 20 1,9 520 4,46 2,56 1,90 0,8577 4,75 25,0

3. rt
A 9 6,0 20 80 1,9 530 4,72 2,56 2,16 0,8905 5,40 28,4

4.
а

9 6,0 — 100 1,9 530 4,29 2,56 1,73 0,8094 4,32 22,8
5. ' s

m 12 4,5 100 — 1,9 536 4,17 2,56 1,61 0,7798 4,02 21,2
6. d<u 12 4,5 80 20 1,9 555 4,94 2,56 2,38 0,8901 5,95 31,3

7. c 12 6,0 20 80 1,9 536 5,44 2,56 2,88 1,0149 7,20 37,9

8. Рч 12 6,0 — 100 1,9 542 4,82 2,56 2,26 0,8893 5,65 29,7

9. 1 3 12 4,5 80 20 2,72 530 5,27 2,56 2,71 0,9943 6,78 24,9

10.
Яи
О 12 5,0 50 50 2,72 550 6,68 2,56 4,12 1,2145 10,3 37,9

11.
"л 12 6,0 20 80 2,72 540 7,17 2,56 4,61 1,3277 11,5 32,4
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Tabelle TV

A u f  Hochausbeute-Pappel- und  F ichten-Pappel-Sulfitablauge erreichte Hefeausbeuten m it einzelnen R assen und  ihren Gemischen
(A usgangsvolum en: 400 m l)

Nr Art der Sulfitablauge
pH der 
Verhe- 
fung

Stellhefe
Red. 

Zucker- 
g 'h . %

Endvo
lumen

ml

Hefetrockensubstanzgehalt g
Hefewachstum 

g 'Lit.
Zuckerverwer
tungsquotientBrutto Stellh. Netto

Brutto im 100 ml
TU-21 CM 257 der Sulfitablauge im Gesamtvolumen

l. H ochausbeute- 4,5 100 _ 1,81 470 3,70 2,56 1,14 0,7872 2,85 15,7
2. P appel-S ulfitab lauge 4,5 80 20 1,81 490 3,16 2,56 0,60 0,6449 1,50 8,3
3. 6,0 20 80 1,81 530 6,36 2,56 3,80 1,2000 9,50 52,5
4. 6,0 — 100 1,25 540 4,86 2,56 2,30 0,9000 5,75 46,0
5. 6,0 20 80 1,25 530 4,20 2,56 1,64 0,7924 4,10 32,8
6 . 5,0 - 100 1,25 545 4,70 2,56 2,14 0,8624 5,35 42,8

7. 1 : 1 Gem isch aus Pappel- 5,0 100 — 2,21 460 4,43 2,56 1,87 0,9630 4,68 21,2
8. u n d  F ich ten-Sulfitab lauge 5,0 - 100 2,21 560 4,33 2,56 1,77 0,7732 4,43 20,1
9. 5,0 50 50 2,21 556 4,62 2,56 2,06 0,8309 5,15 23,3
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A u f G rund  d er Y ersuchsergebn isse  k a n n  fo lgendes festg este llt w erden :
1. D as geringe H e few ach s tu m  zu B eg inn  d e r  V erhefung k a n n  a u f  die 

In h ib ito rw irk u n g  d er v o rh a n d e n e n  L ig n in su lfo n säu re  zu rü ck g efü h rt w erden . 
In fo lg e  d er e in tre te n d e n  A d a p ta tio n  stieg  b e i v e r lä n g e r te r  W ach stu m sze it 
a u c h  die A usbeute . A n d ie se r Stelle sei b e m e rk t, d a ß  m it en tsp rech en d  a d a p 
t ie r te n  H efearten  die V erh efu n g sd au er von  12 S tu n d e n  bis a u f 6 S tu n d e n  
re d u z ie r t  w erden k o n n te .

2. Die V ersuche w u rd e n  bei den p H -W e rte n  4 ,5 , 5,0 und  6,0, d. h . also 
in n e rh a lb  eines p H -In te rv a lls  von 1,5 p H -E in h e ite n  d u rch g efü h rt. A u ß erh a lb

CM (WUdhefe) 257
-100 80 50 20 0 %

dieses In te rv a lls  t r a t  e n tw e d e r  eine w esentliche A b n ah m e  der A u sbeu te  oder 
die G e fah r von In fe k tio n e n  a u f  [19].

3. D ie au f F ic h te n su lf ita b la u g e -N ä h rb o d e n  d u rch g efü h rten  U n te r 
su ch u n g e n  haben  gezeig t, d a ß  die günstig sten  H e feau sb eu ten  — sow ohl bei 
n e u n s tü n d ig e r  als au ch  b e i zw ölfstünd iger V erw eilze it — m it einem  G em isch 
aus 2 0 %  T U —21 u n d  8 0 %  CM—257 e rre ich t w e rd e n  können . Die n ä c h s t
g ü n s tig s te  Z u sam m en se tzu n g  w ar vom  G e s ic h tsp u n k te  der A usb eu te  50%  
T U  — 21 u n d  50%  CM— 257. W eniger günstig  v e rm e h r te  sich die Z u sam m en 
se tz u n g  20%  CM—257 u n d  8 0 %  T U —21, w ä h re n d  die n ied rig sten  A u sb eu ten  
m it d en  einzelnen S tä m m e n  alle in  erzielt w erd en  k o n n te n . Die m it den  beiden  
u n te rsu c h te n  H eferassen  u n d  m it ih ren  G em ischen  e rre ich ten  A usbeu ten  au f 
F ic h te n su lf ita b la u g e  v e ra n sc h a u lic h t das D ia g ra m m  a u f  A bb. 2.

W ie aus der A b b ild u n g  h e rv o rg eh t, k a n n  zw ischen  den beiden S täm m en  
eine d eu tlich e  sy n erg is tisch e  W irk u n g  b e o b a c h te t w erd en .

4 . Sowohl die n o rm a le  F ich ten - als au c h  d ie  H o ch au sb eu te -P ap p e l- 
S u lf ita b la u g e  kann  v e r lie f t w erden . Bei der le tz te re n  is t der Schw efeld ioxyd
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g eh a lt je d o c h  hö h er u n d  m uß  d a h e r so rg fä ltig e r ausgetrieben  w e rd e n  [2 0 ]. 
E in  w e ite re r U n te rsch ied  zw ischen den  b e id en  e rw äh n ten  S u lfitab lau g en  is t, 
d aß  d er ab so lu te  E r tra g  an  E rn te h e fe  bei d e r  P ap p e lsu lfitab lau g e  in fo lge  des 
n ied rig e ren  Z uckergehaltes geringer is t.

Im  Zuge d er n ach  den  oben b esch rieb en en  P rinzip ien  d u rc h g e fü h rte n  
V erhefungsversuche  ließen  sich bei den  S u lfitab lau g en  gu t d e fin ie rb a re  V er
än d e ru n g en  fests te llen . Die E rgebn isse  d ieser U n te rsu ch u n g en , die m it f i l t r ie r 
te n , faserfreien  L ösungen  d u rc h g e fü h rt w u rd en , s ind  n ach steh en d  b esch rieb en .

Veränderungen einiger M erkmale der Sulfitablaugen 
während der Verhefung

1. Änderungen  der physika lischen  Merkmale  

(D ich te , V isk o sitä t, B rechungsindex )

A u f den gleichen T ro c k e n su b s ta n z g eh a lt bezogen, h a tte  die V erh efu n g  
eine m eß b are  A bnahm e des spezifischen  G ew ichtes zu r Folge. Z w ischen  d er 
D ich te  d e r u rsp rü n g lich en  u n d  der v e rh e f te n  S u lfitab lau g e  u n d  d em  T ro c k e n 
su b s ta n z g e h a lt k o n n te  eine lineare  K o rre la tio n  nachgew iesen w erd en . W ie aus 
dem  a u f  A bb. 3 gezeigten  D iag ram m  h e rv o rg e h t, w aren  diese A bw eich u n g en  
jed o ch  bei d er u rsp rü n g lich en  u n d  v e rh e fte n  S u lfitab lau g e  v ersch ied en .

Ä hnlich  n a h m  w äh ren d  der V erh efu n g  au ch  die V isk ositä t a b . Z w ischen 
dem  L o g a rith m u s d er in  C entipoise a u sg e d rü c k te n  V iskositä t u n d  d em  T rok- 
k e n su b s ta n z g e h a lt k o n n te  ein n ah ezu  ex p o n en tie lle r Z u sam m en h an g  fe s t
g este llt w erden  (y  =  2х) (A bb. 4).

D iese F es ts te llu n g  ü b er die A b n ah m e d er V isk ositä t s te h t im  E in k la n g  
m it den d u rch  B u e w sk o i u n d  Sa p o t n it z k i beschriebenen  V ersu ch se rg eb 
n issen  [21 ].
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D ie  T a tsach e , d aß  die D ich te  u n d  V isk o s itä t der v e rh e fte n  S u lfit-  
a b la u g e  — bei g leichem  T ro c k e n su b s ta n z g eh a lt — ab n im m t, f in d e t  ih re  
E rk lä ru n g  d a rin , d aß  die in fo lge der A ssim ila tio n  v e rb ra u c h ten  M o nosaccha
r id e  e in e  höhere  D ich te  u n d  V isk o sitä t b esitzen , a ls die zu rückgebliebene L ig n in 
su lfo n sä u re .

B ezüg lich  d er V isk o s itä t der S u lf ita b la u g e  k o n n te  auch  fe s tg e s te llt  
w e rd e n , d aß  diese m it s te ig en d e r T e m p e ra tu r  s ta rk  abnahm . Z w ischen  den 
d re i P a ra m e te rn :  V isk o s itä t, T e m p e ra tu r  u n d  T ro c k e n su b s ta n z g eh a lt k o n n te

ein Z u sam m en h an g  fe s tg e s te llt  w erden, d e r sich  m it fo lgender G le ichung  aus- 
d rü c k e n  lä ß t

rjt =  (ax  -f- b) t -f- cx +  d
in  d ie se r  is t

die V isk o sitä t,
X  d e r  T ro ck en su b s tan zg eh a lt, 
t d ie T e m p e ra tu r , 

w ä h re n d  a, b, c, d K o n s ta n te n  sind.
V on  den  K o n s ta n te n  a u n d  b h a t m in d es ten s  eine einen n e g a tiv e n  W e rt, 

z u m a l d ie V isk o sitä t m it d e r  T e m p e ra tu r  a b n im m t.
M it d er U n te rsu c h u n g  des B rech u n g sin d ex es der S u lfitab lau g en  (m it 

e inem  Z e iss-R e frak to m e te r) k o n n te  fe s tg e s te llt w erd en , daß d ieser m it dem  
T ro c k e n su b s ta n z g e h a lt (ü b e r 2 5 % ) einen g u t d e f in ie r te n  Z usam m enhang  zeig t. 
D er B rech u n g sin d ex  d er v e rh e f te n  S u lfitab lau g e  w a r  — im  G egensatz  zu  den 
P a ra m e te rn  D ich te  u n d  V isk o s itä t — nach  d er V erh efu n g  größer als v o r  d ieser. 
D ie E rk lä ru n g  dieses in te re s sa n te n  E rgebn isses lie g t d a rin , daß  der B rech u n g s
in d e x  d e r  M onosaccharide n ied rig e r is t, als je n e r  d e r  L ign insu lfonsäure.
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2. Änderung und R olle des Schwefeldioxydgehaltes

D er in d e r u rsp rü n g lich en  S u lfitab lau g e  v o rh an d en e , v e rh ä ltn ism ä ß ig  
hohe Schw efeld ioxydgehalt lieg t in  den fo lgenden  drei F o rm en  v o r:

a) A n L ign in  gebunden  [2 2 ].
b) A n A ldohexose u n d  A ld o p en to se  a d d itio n ie r t [23].
c) In  fre ie r Form .
Von beso n d erer B ed eu tu n g  s ind  die diesbezüglichen U n te rsu c h u n g e n  

desh a lb , weil das Schw efeld ioxyd  die G ärungsprozesse  h em m t [24].
Ich  habe  bei diesen U n te rsu c h u n g e n  den  B egriff »S0.2-Q u o tie n t«  einge

fü h r t ,  m it w elchem  das V e rh ä ltn is  des g e sam ten  u n d  des fre ien  S 0 2-G ehaltes 
d e fin ie rt w erden  k an n . Bei d en  n o rm a len  S u lfitab laugen  is t  d ie se r W ert 
1,5 — 3,0m al g rößer, als bei d e r H o ch au sb eu te -S u lfitab lau g e . D ie T a b . V und  
V I zeigen die im  S 0 2-G ehalt bei n o rm a le r  F ic h te n - und  H o c h a u sb e u te -P a p p e l-  
S u lfitab lau g e  w äh ren d  der u n te r  v e rsch ied en en  B edingungen d u rc h g e fü h rte n  
V erhefung  e in tre te n d e n  Ä n d eru n g en . A us d en  D a ten  dieser T a b e lle n  ergeben 
sich  n ach steh en d e  S ch luß fo lgerungen :

a)  D er g esam te  u n d  freie SO,2-G eh a lt ä n d e r t  sich bei den  S u lf ita b la u g e n  
v ersch ied en er H e rk u n ft n ich t in  d er g leichen  W eise. D er au c h  u rsp rü n g lic h  
schon  höhere S ch w efe ld ioxydgeha lt d e r H o c h a u sb eu te -P ap p e l-S u lfitab lau g e  
n im m t näm lich  v iel s tä rk e r  a b , als d er S chw efeld ioxydgehalt d e r  n o rm alen  
F ich ten -S u lfitab lau g e . D a sich  d e r  S chw efeld ioxydgehalt d er b e id e n  S u lfit
ab lau g en  v ersch ied en er H e rk u n f t w ä h re n d  d e r  V erhefung sow ohl in  re la tiv em  
als au ch  in  ab so lu tem  Sinn u n te rsc h ie d lic h  v e rh ä lt, w ird  die u rsp rü n g lich e  
D ifferenz zw ischen den beiden  W e rte n  v iel geringer.

b)  Vom  G esich tsp u n k te  des in  A ld eh y d b in d u n g  v o rlie g e n d e n  S0.2- 
G ehaltes k o n n te  zw ischen den b e id en  v ersch ied en en  S u lfitab lau g en  k e in  ein
d e u tig e r  U n te rsch ied  fe s tg es te llt w erd en , da  die D ifferenz zw ischen  den  au f 
die T ro ck en su b s tan z  bezogenen W e rte n  n ic h t groß war. H ierzu  sei b e m e rk t, 
d aß  je n e r  Teil des in  A ld eh y d b in d u n g  vo rlieg en d en  S chw efeld ioxyds, d e r  n ic h t 
an  Z u ck era ld eh y d  gebunden  is t , eine g eringere  H em m w irkung  a u f  d ie V er
h e fu n g  a u sü b t als das an  die M onosaccharide  gebundene S ch w efe ld io x y d . 
D ie le tz te re  so g en an n te  S ac c h a ro b isu lf itv e rh in d u n g  hem m te so g a r d ie  V er
g ä ru n g  d er freien M onosaccharide [23].

3. Aziditätsverhältnisse in der ursprünglichen und
verheften Sulfitablauge

Bei d er S u lfitab lau g e  h a b e n  w ir es m it e iner solchen L ö su n g  zu  tu n , 
die 0,75 —1,5%  schw efelige S äu re  u n d  0,3 — 0 ,6 %  schw ache o rg an isch e  S äure 
e n th ä lt .  D er e rs te  W ert e n ts p r ic h t e in er 0 ,1 —0,2 norm alen  H 2S 0 3-L ösung , 
d e r le tz te re  e iner 0,05 — 0,1 n o rm a le n  E ssigsäure lösung .
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Tabelle V

Schwefeldioxydverhältnisse bei normaler F ichten-Sulfitablauge nach der Verhefung 

(B ezo g en  a u f  den T ro c k e n tu b s ta n z g e h a lt)

(N a c h  12stündiger V erhefung)

Bedingungen der Urspr.
Sulfit-

ablauge

20% Torula utilis 21-f-80% Candida mycoderma 257
Verhefung pH  =  6 PH =  5 pH =  4,5

G e sa m t-S 0 2 % 3,02 1,68 1,73 1,83

G e sa m t-S 0 2 in  %  des u rsp rü n g l. 
G e sa m t S 0 2 % 100 55,6 57,3 60,6

F re ies  S 0 2 % 0,86 0,25 0,26 0,25

F re ie s  S 0 2 in  %  des u rsp rü n g l. 
g e sa m ten  freien S 0 2 % 100 29,1 30,2 29,1

S 0 2-Q u°  t ie n t 3,5 1,43 1,47 1,58

S 0 2 in  A ldehydbindung % 2,16 1,43 1,47 1,58

S 0 2 in  A ld-B dg. in %  des 
u rsp rü n g l. S 0 2 in A ld.-B dg. % 100 66,2 68,0 73,1

D ie U n te rsu ch u n g en  d e r  A z id itä tsv e rh ä ltn isse  [25, 26] e rs tre c k te n  sich 
m it  d e r  F estste llung  des S äu reg rad es  einesteils a u f  die »T itrations-« o d er »To
ta la z id itä t« , an d eren te ils  w u rd e  durch die B e s tim m u n g  des p H -W erte s  die 
»aktive«  A z id itä t a u sg e d rü c k t.

Tabelle VI

Schwefeldioxydverhältnisse bei Hochausbeute-Pappel-Sulfilablauge nach der Verhefung  

(B e zo g e n  a u f  den T ro ck e n su b s ta n zg e h a lt)

(N a c h  12stüdingen V erh efu n g )

Bedingungen der 
V erhefung

Urspr.
Sulfit-
ablauge

Candida 
mycoderma 257

20% TU-21 
80% CM-257

pH =  6 pH =  5 pH  — 6

G esam t S 0 2 % i 6,i i ,6 1,34 1,5

G e sa m t-S 0 2 in  %  des u rsp rü n g l. 
G esam t S 0 2 % 100 9,9 8,3 9,3

F re ies  S 0 2 % 13,1 0,36 0,37 0,34

F re ie s  S 0 2 in  %  des u rsp rü n g l. 
g e sa m ten  freien S 0 2 % 100 2,7 2,8 2,6

S 0 2-Q u o tien t 1,2 4,4 3,6 4,4

S 0 2 in  A ldehydbindung % 3,0 1,24 0,97 1,16

S 0 2 in  A ld.-B dg. in  %  des 
u rsp rü n g l. S 0 2 in  A ld .-B dg. 100 41,3 32,3 38,6
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T ab . V II zeig t die A z id itä tsv e rh ä ltn isse  ein iger S u lfitab lau g en .

T abelle  V II

Aziditälsverhältnisse von normaler Fichlen- 
und H ochausbeute-Pappel-Sulfitablauge

(B ezogen a u f  d ie  T ro ck en su b stan z)

Nr. Sulfitablauge
Art Säuregrad

Org.
Saure

%
pH-Wert

Schwefeldioxyd %

insges. frei

l . N orm al-F ich te 63 2,6 3,1 5,0 i,6
13. N o rm al-F ich te 72 2,8 2,9 5,5 1,8
15. N orm al-F ich te 79 3,3 2,6 6,1 1,9

5. H ochausbeu te-P appel 166 5,5 3,9 8,9 5,9
14. H ochausbeu te-P appel 233 7,6 3,4 16,1 13,1

16. H ochausbeu te-P appel 212 6,2 3,2 11,5 7,2

A us den  U n tersu ch u n g serg eb n issen  k a n n  festgeste llt w erd en , d aß  die 
m it dem  p H -W e rt au sg ed rü ck ten  W asse rs to ffio n en  außer den  an o rg an isch en  
S äu ren  auch  aus den in  der S u lfitab lau g e  v o rh a n d e n e n  u n d  w eniger d isso z iie ren 
d en  o rgan ischen  S äu ren  s tam m en . B esonders w ar dies bei d er aus d em  H o ch 
au sb eu te -A u fsch lu ß  stam m en d en  S u lfita b la u g e  der Fall.

W ä h re n d  d er V erhefung w erden  d ie  schw achen  o rgan ischen  S ä u re n  von  
den  H efepilzen  assim iliert, die also au ch  se lb s t an  der B eein flu ssung  d e r  A zi
d itä tsv e rh ä ltn is se  te ilnehm en . Dies t r a t  in  d e r E rh ö h u n g  des p H -W e rte s  u n d  
in  d e r A bnahm e des Säuregrades in  E rsch e in u n g . Im  H efew ach s tu m  sp ie lt 
die so g en an n te  a k tiv e  A z id itä t eine g rö ß ere  Rolle als die T i t r a t io n s a z id itä t .

4. Änderung der M enge der Ligninsulfonsäure

D ie B estim m u n g  der L ig n in su lfo n säu re , d er m engenm äßig  w ich tig s ten  
K o m p o n en te  d er S u lfitab lauge  [27] k o n n te  n ic h t n u r m it d er N a p h th y la m in -  
m e th o d e  [28], sondern  auch  a u f  G ru n d  d e r S alzb ild u n g sreak tio n  d e r  L ig n in 
su lfo n säu re  m it K ollagén [29] erfo lg re ich  b e s tim m t w erden. D ie G ru n d lag e  
d ieser M ethode w ar die F e s ts te llu n g , d a ß  es in  saurem  M edium  zw ischen  der 
k a tio n isch en  A m inogruppe des K ollagén« u n d  dem  anionischen  S u lfo rad ik a l 
d e r L ign insu lfonsäu re  zu e iner s tö ch io m e trisch en  B indung k o m m t (A b b . 5).

A u f G ru n d  d er U n te rsu ch u n g en  k o n n te  festgeste llt w e rd en , d a ß  der 
L ig n in su lfo n säu reg eh a lt in  d er n o rm a len  F ich ten -S u lfitab lau g e  w esen tlich  
h ö h er is t , als in  d er H o ch au sb eu te -P ap p e l-S u lfitab lau g e . W ä h re n d  d e r V er-

8 Acta Chimica Academiae Scientiarum H ungaricae 47. 1966.
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h e fu n g  n a h m  d er U n te rsc h ie d  n u r  noch zu , w as m it der s tä rk e ren  K o h le 
h y d ra ta s s im ila tio n  in d er F ich ten -S u lfitab lau g e  zusam m enhing . Aus a lld em  
fo lg t, d a ß  fü r  die V erw en d u n g en , die a u f  d e r L ig n in su lfonsäu re  als a k tiv e n  
S to ff  b e ru h e n , (z. B . o b e rfläch en ak tiv e  u n d  D isp e rg ie rm itte l)  in  e rs te r  L in ie  
die v e rh e f te  F ic h te n -S u lfita b la u g e  in F rage  k o m m t.

CO"
.NH ,C0

-CH-
.CH2

NH CO

CCH2)n

/ ' t > ,l NH3 /
\

/ 0

-  - CH

A
CH2 0 H

/ОСНз CH2 0CH3
1

* - <
- O H ^

^OCH

Abb. 5

5. S au ersto ffb ed arf bei der u rsp rü n g lich en  und  verheften  
Sulfitablauge

D ie B estim m u n g  d er sau e rs to ffen tz ieh en d en  E igenschaften  d er S u lf i t
a b lau g e  bzw . ih res b io log ischen  S au ersto ffb ed arfes  in  F lußw asser is t v o n  g ro ß er 
B e d e u tu n g  [30]. Im  L aufe  d er d iesbezüglichen  U n te rsu ch u n g en  k o n n te  ich  
fe s ts te lle n , d aß  d iese ch a rak te ris tisch e  E ig e n sc h a ft du rch  die B estim m u n g  
d e r K a liu m p e rm a n g a n a tz a h l g u t au sg ed rü ck t w e rd en  k an n  [31].

Z u m  V ergleich b e s tim m te  ich den K M n 0 4-V erb rau ch  einiger o rg an isch e r 
V erb in d u n g en . D ie e rh a lte n e n  E rgebnisse s in d  in  T ab . V III  zu sam m en g efaß t.

D ie S u lf itab lau g e  u n d  besonders ih re  Z u ck erk o m p o n en ten  zeigen in  
d ieser Z u sam m en ste llu n g  v e rh ä ltn ism äß ig  h o h e  W e rte , die n u r  v o n  ein igen  
V erb in d u n g en  m it ph en o lisch en  H y d ro x y lg ru p p e n  ü b ertro ffen  w erden.

D er S a u e rs to ffb e d a rf  d er norm alen  F ich ten -S u lfitab lau g e  is t e rh eb lich  
g rö ß e r als der S a u e rs to ffb e d a rf  der H o c h au sb eu te -P ap p e l-S u lfitab lau g e . N ach  
d e r V erh efu n g  n a h m  d er S au e rs to ffb ed a rf  b e id e r  S u lfitab laugen  ab , je d o c h  
n ic h t  in  gleichem  M aße. D ie A bnahm e w ar bei d e r  P ap p e l-S u lfitab lau g e  g rö ß er. 
D er Z u sam m en h an g  zw ischen  dem  G ehalt an  red u z ie ren d en  S toffen u n d  d er 
K M n 0 4-Z ahl bei v e rh e f te r  S u lfitab lau g e  is t  a u f  A b b . 6 v e ran sch au lich t.
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Tabelle VIII

К MnO f  Verbrauch von 1 g verschiedener organischer Stoffe 

(B ezogen a u f  die T ro ck e n su b s ta n z )

Stoff KMnO,- 
Verbr. g Stoff KMn04 

Vcrbr. g

R esorcin 20,54 F ich ten -S u lfitab l. 4,70
P y ro ca tech in 18,36 P ap p e l-S u lfitab l. 3,60
C arbolsäure 9,85 G allussäure 3,50
D-Glucose 6,15 G elatine 2,23
DL-Xylose 6,04 M ilchsäure 0,97
D -G alactose 5,77 A thy leng lyko l 0,47
L-A rabinose 5,66 C arbam id 0,008
T an n in 5,37 E ssigsäure 0,005

Abb. 6

Aus den  V ersuchsergebn issen  k o n n te  fe s tg e s te llt  w erden , daß  die H och- 
au sb eu te -P ap p e l-S u lfitab lau g e  sow ohl in  ih re r  u rsp rü n g lich en , als au ch  in  d er 
v e rh eften  F o rm  eine geringere G efahr fü h r  die L ebew esen in d en  F lü ssen  
b e d e u te t, als die F ich ten -S u lfitab lau g e .

6. Gestaltung des Zuckergehaltes (der Menge der 
M onosaccharide)

F ü r die p ap ie rch ro m ato g rap h isch  b e s tim m te n  M onosaccharide [32, 33, 
34, 35, 36] e rg ab  sich die fo lgende m en g en m äß ig  ab nehm ende  R eihen fo lge : 

N orm ale F ich ten-Sulfitab lauge: D -M annose, D -G lucose, D -X y lo se , D- 
G alactose u n d  L -A rabinose.

8* Acta Chimica Academiae Scientiarum Ilungaricae 47. 1966.
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H ochausbeute-P appel-Sulfitablauge: D -X y lo se , D -G alactose, L -A rab inose  
u n d  D -G lucose.

A b b . 7 zeigt das C h ro m ato g ram m  d e r F ich ten -S u lfitab lau g e  im  u rsp rü n g 
lic h e n  Z u s ta n d  sowie n a c h  V erh efu n g  u n d  A lkoho lgärung .

A b b . 8 zeig t die C h ro m ato g ram m e eines F ich ten -P ap p e l-G em isch es im  
u rsp rü n g lic h e n  bzw . im  v e rh e fte n  Z u s ta n d .

- I I  » ' •
.1 г г , » f  « « I

X.

Abb. 7

7. Untersuchung der weiteren Verwendbarkeit der verheften
S ulfitab lauge

D iese  V ersuchsserie h a t te  das Ziel, fe s tzu s te llen , inw iew eit die von 
K o h le h y d ra te n  b efre ite  S u lf itab lau g e  als K o m p o n en te  von  G erb- sow ie K leb- 
u n d  P la s tif iz ie rm itte ln  v e rw e n d e t w erden  k a n n  [37, 38].

7 .1  Gerbmittel. V om  G e s ich tsp u n k te  d e r G erbw irkung  is t  d e r L ig n in 
su lfo n sä u re g e h a lt der S u lf ita b la u g e n  die w irk sam e K o m p o n en te , w ä h re n d  
d ie ü b r ig e n  A nteile n u r  B a lla s ts to ffe  b e d e u te n . D a jed o ch  die L ig n in su lfo n 
sä u re  a lle in  als G e rb m itte l n ic h t  a n g e w a n d t w erden  k a n n , w ird  ih re  G e rb 
fä h ig k e i t  m it a ro m atisch en  P o ly k o n d e n sa te n  v e rb esse rt. In  U n g a rn  w ird  die 
L ig n in su lfo n säu re  h a u p tsä c h lic h  zu r H e rs te llu n g  von zwei G e rb h ilfsm itte ln  
a n g e w a n d t u n d  zw ar des L ig n o ta n  u n d  des S y n ta n o l e x tra  O P. C hem isch  ist 
d as  L ig n o ta n  ein m it A l3+ g eb ilde tes gem einsam es Salz eines N a p h th a l in 
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sulfonsäure-Form aldehyd-K ondensats und der Ligninsulfonsäure, während  
das Syntanol extra OP ein K ondensat von D iphenolnovolak m it L igninsulfon
säure ist [29]. D ie Strukturform eln dieser beiden V erbindungen sind au f Abb. 9
gezeigt.

Zur H erstellung der oben erwähnten beiden G erbm ittel versuchte ich  
die Anwendung von eingedickter Sulfitablauge unter vollkom m en gleichen

Versuchsbedingungen parallel, vor und nach der Verhefung. Die vom  G esichts
punkte des Gerbeffektes w ichtigen  Angaben der erhaltenen beiden G erbm ittel 
sind in Tab. IX  gezeigt.

Die D aten der Tabelle bew eisen , daß das m it kohlehydratfreier, d. h. 
also verhefter Sulfitablauge hergestellte Syntanen die vorteilhafteren  E igen
schaften besitzt. Es verfügt über ein besseres G erbsäureverhältnis und einen  
niedrigeren CaO-Gehalt. Nur der A schegehalt war — der ursprünglichen S u lfit
ablauge gegenüber — weniger günstig.

7.2 B in d e-( K lebe-Jm ittel. E s m ußte entschieden werden, ob die ursprüng
liche oder verhefte Sulfitablauge die bessere Adhäsion b esitzt. D ie U ntersuchung  
hatte gleichzeitig auch die F estste llu n g  dessen zum  Ziel, ob die A dhäsion auf 
den Zuckergehalt [39] oder a u f die Ligninsulfonsäuren von verschiedenen  
Polym erisationsgraden zurückzuführen ist. D ie m it dem  Schopperschen A ppa
rat auf faseriger Oberfläche gem essene Adhäsion der beiden verschiedenen  
Sulfitablaugen zeigt Tabelle X .

Abb. 8
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SÛ2 O2S

/  ig n /n s u /fo n sä u r e

L I C N O  T A N

S0,H

Tabelle IX

Untersuchungsergebnisse der synthetischen Gerbstoffe Lignolan und 
Syntanol extra OP , hergestellt mit Sulfitablauge vor und nach der Verhefung

L i g n 0  t a n Syntanol extra OP
Untersuchte Werte hergestellt mit Sulfitablauge

ursprüngl. verheft ursprüngl. verheft

L ösliche A nteile  % 58,5 58,7 50,3 50,1
U nlösliche  Anteile % 0 0 0 0

N ic h t gerbende Stoffe % 23,5 22,5 18,6 18,0

G erb säu re  % 35,0 36,2 31,7 32,1

Q u a litä ts (A n te il)  Zahl 59,8 61,7 63,0 64,1

p H -W e rt 3,2 3,2 3,4 3,4

A sch eg eh a lt % 3,1 3,7 6,2 7,4

C aO -G eh alt % 1,9 1,4 0,82 0,69
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Tabelle X

Untersuchung der Adhäsion der ursprünglichen und vertieften, 
eingedickten Sulfitablauge

T rockensubstanz- 
gehalt der zum 

Kleben verwendeten 
Sulfitablauge

Ursprüngliche Verhefte
e i ngedi ckt e Sulfitablauge

Haftfestigkeit g/10 mm

0,75 g/dm ! 0 0

1,50 „ 25 10

3,00 „ 87,5 78

6,00 „ 645 125

12,00 „ 460 118

18,00 „ 250 113

A uf G ru n d  d er E rgebn isse  d e r U n te rsu ch u n g en  k o n n te  fe s tg e s te ll t  w er
den , daß  die a d h äs iv e  E ig en sch a ft in  e rs te r  L inie a u f  den Z u c k e rg e h a lt z u rü c k 
zu füh ren  is t, da  sie bei der d u rc h  V erhefung  e n tzü ck e rten  S u lf ita b la u g e  in 
b ed eu ten d em  M aße ab n im m t.

7.3 P lastifizierw irkung . D ie  V ersuche h a tte n  das Ziel, die P la s tif iz ie r-  
w irkung  der u rsp rüng lichen  u n d  d u rch  V erhefung  e n tzü ck e rten  S u lf ita b la u g e  
festzuste llen . D ie E rgebnisse d e r  U n te rsu ch u n g  des u n te r  Z u g ab e  v o n  0 ,4%  
des K o n z e n tra ts  h e rgeste llten  B e to n s  sind  in  T ab . X I z u sam m en g e faß t.

Aus den  D a te n  dieser T ab e lle  geh t e in d eu tig  h ervo r, d aß  m it d em  ver- 
h e ften  K o n z e n tra t  eine bessere P las tif iz ie rw irk u n g  erzielt w erden  k a n n , als m it 
dem  zu ck erh a ltig en  [40].

A bsch ließend  kann  fe s tg e s te llt  w erden , d aß  der Z u c k e rg e h a lt d e r in 
U n g arn  an fa llen d en  S u lfitab lau g en  d u rch  V erhefung  — bei A n w en d u n g  e n t
sp rechender H eferassen  — se h r  g u t v e rw e rte t w erden k an n . D ie m ik ro b io lo 
gische V erw ertu n g  v e ru rsa c h t in  d er chem ischen  Z u sam m en se tzu n g  u n d  in

Tabelle XI

Untersuchung der fesligkeitssteigernden und plastifizierenden Wirkung 
von Sulfitablauge vor und nach der Verhefung

Plastifikator
Verdün

nungswasser,
Liter

Druckfestig
keit nach 28 
Tagen kg/cm2

Plastifizier
wirkung

%

Festigkeits
steigerung

%

____ 7,5 253 — —

U rsprüngliche e ingedick te  
Sulfitab lauge 6,5 315 13,3 24,5

V erhefte  e ingedick te  Sulfitablauge 6,5 425 13,3 68,0
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d en  physik a lisch en  E ig e n sc h a fte n  der S u lf ita b la u g e  eine b ed eu ten d e  Ä n d e
ru n g . D iese Ä n d eru n g  i s t  b e i den no rm alen  F ic h te n -S u lfita b la u g e n  u n d  den 
H o c h a u sb e u te -P a p p e l-S u lfita b la u g e n  n ich t im m e r die gleiche. E s w urde  auch  
fe s tg e s te llt , daß  das d u rc h  V erhefung e n tz ü c k e r te  P ro d u k t zu r H e rs te llu n g  
d es  sy n th e tisch en  G erb sto ffe s  v o rte ilh a fte r a n g e w a n d t w erden  k a n n , ebenso 
a u c h  als P la s tif ik a to r , je d o c h  eine v e rm in d e rte  A d h äsio n  aufw eist.

ZU SA M M EN FA SSU N G

E s  w urde die V e rh e fb a rk e it  der Pentosen u n d  H ex o sen  de r norm alen  F ich ten - u n d  
H o c h a u sb e u te -P a p p e l-S u lf ita b la u g e n  ungarischer H e rk u n f t  u n te rs u c h t. D ie Ä n d eru n g en  der 
V isk o s itä t,  des B rech u n g sin d ex es , d e r  D ichte, des S u lf itg e h a lte s , der A z id itä tsv e rh ä ltn isse , des 
L ig n in su lfo n säu reg eh a lte s , d e s  S auersto ffb ed arfes  u n d  des M o n o saccharidgehaltes n ach  der V er
h e fu n g  w u rd en  fe s tg es te llt. D ie  M öglichkeiten de r W e ite rv e ra rb e itu n g  der e n tz ü ck e rten  
S u lf ita b la u g e  w urden  u n te r s u c h t .

L IT E R A T U R

1. I n s k e e p , H ., Gordon , C., W il e y  A.: T ap p i 34, N o  10., 20 (1951).
2. T óth , В ., Sárk ány , I . :  S z e sz ip a r 11, 64 (1963).
3. V o g e l , H .: S u lfitze lls to ff-A b lau g en , W epf e t Co., B ase l, 1948.
4. W i s e , L.: W ood c h e m is try , R e in h o ld , New Y o rk , 1952.
5. F o r s s , K .: The C o m position  o f sp en t spruce su lfite  l iq u o r , T ry ck e ri e t T idn ings, B orga,

1961.
6. L e n g y e l , P.: P a p ír ip a r  3 , 17 (1962).
7. N ik it in , N.: C him ija d re v e ss in ü , Isda te lstw o  A k ad em ii N a u k , M oskw a—L en in g rad , 1951.
8. W e s t , C.: N a tu re  of ch em ica l c o m p o n en t of w o o d ,T ech n . A ssoc., P u lp  P a p e r In d . No 6 .1948.
9. G örög, J . :  K a n d id a tu ra rb e it ,  B u d ap es t, 1961.

10. P elc , À.: Az élesztők  é le t ta n a .  M érnök továbbképző  I n t . ,  N o 2880, 1954.
11. W in t e r , R .: W o ch e n b la tt fü r  P ap ie rfa b rik a tio n . 86 , 949 (1948).
12. P elc , A.: Levegő je le n tő ség e  a z  é lesz tő g y ártásb an . M é rn ö k to v áb b k ép ző  In t .  N o 2932,

1954.
13. T e l e g d y  K ovács, L .— H olló, J . :  É lelm ezési ip a ro k  I .  B u d a p e s t,  T an k ö n y v k iad ó , 1957.
14. St ic h , E .: B eiträge zu r T e c h n ik  d e r  H efeerzeugung, B e rlin , S p rin g er V erlag, 1940.
15. G örög , J . :  M ezőgazdasági k é m ia , B udapest, J e g y z e te llá tó  V ., 1957.
16. K retschm ar , G.: Z e lls to ff  u n d  P a p ie r , 4, No 2., 35 (1955).
17. P elc , A ., Szép, I.-n é : E r je d é s ip a r i  K u ta tó  In téz e t É v k ö n y v e , 1959., p . 31,
18. P elc , A ., Simek, F .: E r je d é s ip a r i  K u ta tó  In téze t É v k ö n y v e  ( J a h rb u c h  des F o rsch u n g s in s ti

t u ts  fü r  die G ä ru n g s in d u s tr ie ) , p. 44, 1951 — 52.
19. W in t e r , R .: Chem. T ec h n . 8, N o. 3., 145 (1956).
20. V as , K .: M ezőgazdasági I p a r ,  3, No. 9., 19, (1949).
21. BuEWSZKOi, A., Sa po t n it z k i, Sz.: Szvoistwo lignosulfonwooi kisloty i jeje szoléi.

S zb o rn y ik  T ru d o v  T o m  IV . 35, G oszleszbum izdat, 1952.
22. Gie r e r , L : Holz als R o h - u n d  W erksto ff, В. 16. 7, 251 (1958)
23. Sa potnitzki, A., Mo sk a lew a , A .: Swoistwo sa c h a ro b isu lf itn ü c h  Soedineni, Gosles-

b u m isd a t, M oskw a— L e n in g ra d , 1956.
24. V a s , K .: M agy. K ém . L a p ja ,  7 , 280 (1952).
25. BoRiSEK, R .: P a p ír  a  C ellu losa  5 , No. 9., 113,
26. V a s , K .: Élelm ezési ip a r , 5 , 345 (1951).
27. K ju r sc h n e r , К .: S h u rn a l P r ik la d n o i Chimii, 6, 629 (1955).
28. St a th er , F ., Reich , G.: D as L e d e r  10, No. 1. 1 (1959).
29. T ó t h , В .: K olo risz tika i É r te s í tő  3 , No. 5. 249 (1961).
30. M e in c k , F .: Das P a p ie r  9 , N o. 13, 372 (1955).
31. R ogger , P .: T ap p i 32, N o . 11, 481 (1949).
32. V . V igyázó , L.: P a p írk ro m a to g rá f ia  és a lk a lm azása  az  e r je sz tő ip a rb a n  (Die P ap ierch ro -

m ato g rap h ie  u n d  ih re  A n w en d u n g  in der G ä ru n g s in d u s tr ie ) . M érn ö k to v áb b k ép ző  In t .  
1954.

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.



TÓ TH : UNTERSUCHUNG D E R  V E R Ä N D ER U N G E N  VON SULFITABLAUGEN 449

33. Y a y m e , G .: Quantitative papierchromatographische Zuckerbestimmung, I. Eucepa-Sympo-
sium 27, 303 (1958).

34. H a jd u c z k y , G.: Doktorarbeit. Budapest, 1962.
35. Sh a w , A.: Pulp and Paper Magazine of Canada, 58, 170 (1957).
36. Ga d , С., F ü r st e n a u , E g Das Papier 7 , No. 7., 127 (1953).
37. T ó t h ,  В.: Magy. Kém. Lapja, 17, 540 (1962).
38. Mih a l ic , G ., R a d e j , Z., K r iza n o v a , M.: Papír a Cellulose 16, 15 (1961).
39. W id e y , A., W ith m o r e , L., B ro gg s , A.: Tappi, 42, 5 (1949).
40. Ung. Pat. No. 149717.

Investigation o f Changes Occurring D uring the Yeast Ferm entation o f W aste
Sulfite Liquors

B . T Ó T H

Sum m ary . The yeastifying ability of the C5 and C6 sugars in Hungarian waste sulfite liquors 
originating from normal pines and high-yield polar poplar was investigated. The changes in 
density, viscosity, refraction index, sulfite content, acidity, oxygen demand, ligninsulfanic acid 
and monosaccharide contents were studied in the yeast-fermented sulfite liquor. Possibilities 
for further processing of the sulfite liquor free from carbohydrates were examined.

Исследование изменений, наступающих в ходе дрожжевания 
использованных сульфитных щелочей

Б. ТОТ

Резюме. Изучалась возможность дрожжевания 5 и 6 С-атомных сахаров сульфитной 
щелочи, происходящей из отечественной нормальной сосны и высокопродуктивного 
тополя. Далее, исследовались изменения плотности, вязкости, показателя преломления, 
условий кислотности и потребности в кислороде сульфитной щелочи после дрожжевания, 
а также, изменение содержания в ней сульфита, количества лигнинсульфоновой кислоты 
и содержание моносахаридов. Наконец, изучалась возможность дальнейшей переработки 
сульфитной щелочи, освобожденной от углеводов.

D r. B éla T ó t h , B u d a p e s t X X I .,  Csepel, Zsák H ugó u . 22.
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E . J u c k e r : Fortschritte der A rzneim itte lforschung
Bei. 8. B irk h äu se r V erlag, B asel u n d  S tu t tg a r t ,  1965. 530 Seiten

Die von E. J u ck e r  herausgegebenen Fortschritte der Arzneimittelforschung erwarben 
sich in kurzer Zeit großes internationales Ansehen und ungeteilte Anerkennung. Dank ihrer 
ausgezeichneten Beiträge, wurde diese Serie zu einem unentbehrlichen Handbuch der sich in der 
Arzneimittelforschung Betätigenden. Der jetzt erschienene Band 8 steigerte noch den Wert 
dieser Serie. Tn diesem Band werden dem Leser 6 selbständige Abschnitte über die neueren 
Fortschritte in der Arzneimittelforschung geboten.

G. W o o l fe  schrieb über die Chemotherapie der Amöbiasis einen zusammenfassenden 
Artikel von etwa 40 Seiten Umfang. Er behandelt kurz die Untersuchungsmethodik, und die 
mit Emetin und verwandten Derivaten, sowie die mit Verbindungen von antibiotischer Wir
kung erzielten Resultate. Verständlicherweise vermittelt die Arbeit am eingehendsten die mit 
verschiedenen synthetischen Arzenimitteln, mit Biallylamicol, Entobex, Manlomid, Diloxanid 
und Mebinol erhaltenen Laboratoriumsergebnisse und klinischen Erfolge. Ein besonderer 
Verdienst dieses Abschnittes ist, daß die im Laboratorium und an der Klinik erzielten Resultate 
in strenger Einheit behandelt werden, so daß die Arbeit tatsächlich über die auf diesem Gebiet 
erzielten Fortschritte eine ausgezeichnete Auskunft gibt. Die Literaturangaben beschränken 
sich auch fast ausschließlich auf die in den letzten Jahren erschienene Literatur.

Eines der längsten Abschnitte des Bandes ist der Beitrag eines ungarischen Autors:
L. DÉcsi berichtet auf etwa 140 Seiten über die Biochemie der auf das zentrale Nervensystem 
wirkenden Arzneimitteln. Die Bedeutung der chemischen Transmittelstoffe und ihre Biochemie 
werden behandelt, sodann in separaten Kapiteln die biochemische Wirkung der das zentrale 
Nervensystem reizenden und dämpfenden Verbindungen diskutiert. Dieser Abschnitt ist auch in 
Weltmaßstab eine der besten Zusammenfassungen dieses Themakreises, wobei 1841 Literatur
zitate aufgearbeitet wurden.

II. Ue h l k e  befaßt sich in einer Arbeit von etwa 70 Seiten Umfang mit der biologischen 
Oxidation von aromatischen Amino- und Nitroverbindungen und ihrer Umwandlung im Orga
nismus. Die Arbeit ist besonders vom Gesichtspunkt der theoretischen Pharmakologie von 
Bedeutung.

S. Ar c h e r  und L. S. H a rris  befassen sich in ihrer Arbeit von etwa 50 Seiten Umfang 
mit den Antagonisten der Narkotika. Sie berichten unter hohen chemischen Anforderungen 
über Resultate auf dem Gebiet der Chemie des Morphins und Morphinans, ferner der Verbin
dungen mit Benzomorphanstruktur, über die Pharmakologie dieser Verbindungen und über 
die klinischen Eigenschaften des sich unter diesen Arzneimitteln in der Praxis am besten be
währten Nalorphins, Levallorphans und Benzomorphans. Die ausgezeichnete Arbeit bringt 220 
Literaturanführungen.

Die sich auf über 100 Seiten erstreckende und 404 Literaturangaben enthaltende 
Arbeit von M. W. W h i t e h o u s e  beschäftigt sich mit wohl einem der wichtigsten Kapiteln der 
gegenwärtigen Arzneimittelforschung, mit den biochemischen und pharmakologischen Eigen
schaften der entzündungshemmenden Arzneimitteln. Die Arbeit gibt eine ausgezeichnete 
Zusammenfassung der sich am besten bewährten Untersuchungsmethoden, der biochemischen 
Eigenschaften der entzündungshemmenden Pharmaka und behandelt die Eigenschaften und 
die Zusammenhänge zwischen Wirkung und Struktur der verschiedenen Antiphlogistica 
(Phenolderivate, Pyrazolonderivate, Steroide usw.). Lobenswert ist die Bestrebung des Autors, 
eine einheitliche Betrachtung über die Biologie der Entzündung und die Pharmakologie der 
Antiphlogistika zu geben bzw. die Zusammenhänge zwischen diesen beiden großen Gebieten zu 
klären.

Der letzte, etwa 70 Seiten betragende Abschnitt des Buches ist von J. A. Montgom ery  
abgefaßt und beschäftigt sich mit der Chemotherapie des Krebses. Für einen jeden wird es
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offensichtlich sein, wie schwierig es ist, über dieses Problem eine kurze, jedoch übersichtliche 
Monographie zu schreiben, in der die erzielten Resultate gegen unzählige, auf diesem Gebiet 
durchgeführte Versuche abgeschätzt werden. Diese Aufgabe wurde vom Autor sehr erfolgreich 
gelöst, und es kann ruhig behauptet werden, daß die Arbeit eine in ausgezeichneter moderner 
Auffassung geschriebene Zusammenfassung dieser komplexen Frage darstellt. Natürlich kommt 
bei solchen Umfang eine detaillierte Diskussion nicht in Frage, vielmehr kann von einem 
proportionierten und gut gegliederten Bild gesprochen werden. Die Arbeit enthält 496 Litera
turangaben.

Der Band wird durch ein Inhaltsverzeichnis ergänzt, das detaillierter als jeden der 
vorangehenden Bände ist. Außerdem wird auch über den Inhalt der vorangehenden Bände 
eine tabellarische Übersicht gegeben. Unter den 6 Abschnitten sind 5 in englischer Sprache 
abgefaßt, eine in deutscher Sprache. Ausführung, Druck und Abbildungen des Buches kommen 
jeder Anforderung nach.

K . N ádo r

C h r . K l i x b ü l l  J 0 R G E N S E N :  Inorgan ic  Complexes
A c a d e m ic  Press, L ondon  a n d  N ew  Y ork , 1963. 220 pp . P rice : 42 sh

In the last two decades our knowledge on inorganic complexes has been enlarged 
extraordinarily. Thousands of important papers have been published in this field, and a critical 
survey evidently presents an enormous task. Ch r . K. J 0 r g e n s e n , after writing two books on 
the theoretical problems of coordination chemistry, undertook to write a concise account on 
the experimental facts of the field. The material of the book, arranged in ten chapters,where 
the basis of classification is the concept of inorganic chromophores, gives a vast amount of 
information. The bibliography amounts to 29 pages and contains 1176 references.

The greatest shortcoming of the hook is the almost complete neglect of reaction kinetical 
results. Nowadays the reaction kinetical study of inorganic reactions gives so much profound 
information on the chemistry of complexes that disregarding them considerably lessens the 
value of such a general treatment. The structure of the book is a bit unbalanced. Such triviali
ties as the problems of nomenclature and preparation of ethylenediamine are thoroughly 
discussed, complexes very dear to the author are extensively described, while important classes 
of compounds — such as oxygen-containing complexes — are only superficially mentioned if 
at all. There are a number of erroneous statements. E. g., on p. 49 it is said that a halide already 
attached to another metalloid element does not seem to form complexes, whereas A n d r e w s  
and K e e f e r  discovered such an effect in 1951. Sometimes conclusions concerning the composi
tion of a species in solution from that in solid state do not seem to be quite correct. From the 
fact that aluminium chloride crystallizes from an aqueous solution as [A1(H20 ) 6]C13 , it does 
not follow that only hexaaquo ions exist in solution. The role of lattice energy also has to be 
considered.

It is an interesting and helpful feature of the book that the author makes many predic
tions; one of them, namely the formation of adducts between XeF4 and fluorides of non-metals 
has already been proved.

The advantageous features overcompensate the shortcomings, and the book is warmly 
recommended to every critically minded reader interested in inorganic chemistry.

M. T. B eck

E l i e l , E .  L., A l l i n g e r , N . L ., A n g y a l , S. J .  a n d  M o r i s s o n , G. A .: C onform a
tio n a l A n a ly s is
In te rsc ie n c e  Publishers, N ew  Y o rk , L ondon , S idney . 1965. p . X I I I  -j- 524.

Conformational analysis is one of the most important chapters of modern organic 
chemistry. The explosion-like development and spreading of this branch of chemistry is known 
to be initiated some fifteen years ago by a fundamental treatise of D. H. R. B a r t o n . Since 
then, conformational analysis has become an indispensable tool in many fields of organic 
chemical research. Beginning with the chemistry of acyclic compounds and simple cyclohexane
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d e riv a tiv e s , con tinued  w ith  th e  c h em istry  o f th e  m ore com plica ted  ca rb o - a n d  heterocyclic  
com p o u n d s, stero ids, tr ite rp e n o id s , a lk a lo id s an d  ca rb o h y d ra te s , re ce n tly  in c lu d in g  p ro tein  
c h em istry , confo rm ational a n a ly s is  flo o d ed  in to  a n d  s tim u la ted  th e  m o st v a r io u s  fields of 
o rg an ic  chem ical research . C on seq u en tly , th o u g h  several excellen t rev iew s h a v e  b een  published  
in  th is  dom ain , w riting  of a m o n o g rap h  on co n fo rm ational analysis w as v e ry  tim e ly . The 
p re se n t book was w ritten  b y  a te a m  of fo u r a u th o rs  o f u n d isp u tab le  r e p u ta tio n ;  a ll o f th em  are 
w ell-know n scien tists w ho h a v e  m ad e  im p o r ta n t  co n trib u tio n s  to th e  v a rio u s  fie ld s  o f ap p lica 
tio n  o f confo rm ational an a ly sis , an d  to  s te reo ch em istry , in  general.

T h e  book fully com es u p  to  th e  ex p ec ta tio n s  based  on th e  p e rsonal q u a lif ic a tio n s  of the 
a u th o rs . T he read er is gu ided  sy s te m a tica lly  and  w ith  c ry sta l-c lear logic fro m  th e  sim plest to 
th e  m o st com plex prob lem s. C are is ta k e n  th ro u g h o u t to  use accu ra te  d e f in it io n s  a n d  precise 
n o m en c la tu re , and  occasional un so lv ed  p rob lem s are  p o in ted  o u t w ith  p ro p e r  c ritic ism . In  this 
w ay , th e  a tte n tio n  of chem ists w ho m ay  new ly tak e  u p  research  in th is  fie ld  is d irec te d  im m edi
a te ly  in  th e  r ig h t d irection .

In  th is  re spec t, th e  rev iew er has on ly  rem ark  as criticism ; in th e  su b c h a p te r  2 — 2c, the 
W i n s t e i n - H olness  k in e tic  m e th o d  fo r th e  d e te rm in a tio n  of c o n fo rm a tio n a l eq u ilib ria  is 
d iscussed  in  deta il. T h is  m e th o d , as i t  is know n, h a s  been su b jec ted  to  severe  c ritic ism , p a rtic 
u la r ly  by  professor W . H ü c k e l . T h o u g h  th e  a u th o rs  m en tio n  th is  c ritic ism , th e  p rob lem  is 
n o t  discussed  fu rth e r. H o w ev e r, if  tb e  a u th o rs  do n o t agree w ith  th e  o b jec tio n s  (an d  in the 
op in io n  of th e  review er th e y  do n o t), th e  lack  of th e ir  rem ark s on th e  c ritic ism  is reg re ttab le .

In  ad d itio n  to a sh o rt p reface  a n d  in tro d u c tio n , th e  w ork co nsists o f sev en  chap ters . 
In  th e  f irs t  c h ap te r  (35 pages) th e  co n firm atio n  of acyclic  m olecules, w hile in  th e  second  chap ter 
(91 pages) th e  fu n d am en ta l p rincip les o f confo rm ational analysis are d iscussed , cyclo h ex an e  and 
i ts  su b s ti tu te d  d e riv a tiv es serv ing  as exam ples. Som e ch arac te ris tic  su b ti tle s  in  th is  chap ter 
a re  as follow s: chair and  flex ib le  fo rm s, chem ical eq u ilib ria , con fo rm atio n  a n d  re a c tiv i ty ,  cyclo
h ex an e  d e riv a tiv e s  c o n ta in in g  a trig o n a l carbon  a to m , d e fo rm ation  of cy c lo h ex an e  rings.

Physica l m eth o d s of co n fo rm a tio n a l analysis are sum m arized  in  60 p ag es o f th e  th ird  
c h a p te r . Som e su b title s  o f th is  c h a p te r  a re : X -ra y  an d  e lectron  d iffrac tio n , th e rm o d y n am ica l 
m e th o d s , spectroscopical m e th o d s , d ipole m om ents, ro ta to ry  pow er, K e rr  c o n s ta n ts , acoustical 
m e th o d s , m ass sp ec tra  an d  k in e tica l m eth o d s. I t  m ay  be seen from  th is  l is t  t h a t  th e  m ateria l 
d iscussed  in  th e  book is q u ite  u p -to -d a te .

C h ap te r 4 (67 pages) deals w ith  th e  ex tension  of con fo rm atio n a l a n a ly s is  from  the 
cyclohexane  ring  to  o th er, re la tiv e ly  sim ple sy stem s, such as cyclo p en tan e , sm all, m edium -sized , 
a n d  large-rings, condensed  sk e le to n s, a n d  heterocycles. C hap ter 5 (95 p ag es) is a c tu a lly  the  
c o n tin u a tio n  of C h ap ter 4 in  w hich  th e  princip les an d  corre lations d iscussed  so f a r  a re  applied 
to  p a r tic u la r  groups of co m p o u n d s of p ro m in en t significance, e. g. s te ro id s , tr ite rp e n o id s  and 
a lka lo ids.

C h ap te r 6 (82 pages) is s im ilarly  d ev o ted  to  a  special dom ain , th e  co n fo rm a tio n a l analysis 
o f carb o h y d ra te s . In  view  o f th e  fa c t t h a t  yclito ls are also p o ly h y d ro x y  c o m p o u n d s , their 
d iscussion  is included in th is  ch ap te r . O ne of th e  a u th o rs  has gained d is tin c tio n  as a n  o u tstan d in g  
w o rk e r in  th e  field  of c o n fo rm a tio n a l analysis of these  com pounds.

T h o u g h  th e  co n fo rm a tio n a l ana ly sis  o f c a rb o h y d ra te s  has so fa r  b een  re s tr ic te d  m ainly 
to  q u a lita tiv e  s ta te m en ts , i t  h a s  led  to  s ig n ifican t re su lts ; th e  a u th o rs  a t te m p t  no w  to  approach  
th e  p rob lem  also from  a q u a n ti ta t iv e  p o in t of view . As th e  w riters o f th e  b o o k  th em se lv es con
fess, th is  ap p ro ach  n a tu ra lly  cou ld  n o t be m ade w ith o u t using  m uch  m ore  sp e c u la tiv e  consider
a tio n s  th a n  in  th e  p reced ing  ch ap te rs . S till, th is  en d eav o u r of th e  a u th o rs  is to  be apprec ia ted  
as a  s ign ifican t p ioneering  w ork .

T he la s t c h ap te r  (52 pages) p re sen ts  d a ta  an d  prob lem s w hich, fo r som e reaso n s , w ere not 
t r e a te d  by  th e  au th o rs  in th e  p reced in g  ch ap te rs , e. g., th e  p rob lem  o f b o a t  co n fo rm a tio n s  or the 
a priori ca lcu la tion  of c o m fo rm atio n a l energies. O f th e  co n ten ts  o f th is  c h a p te r ,  th e  tab le  of 
co m fo rm atio n al energies deserves special m en tion ing  w hich su m m arizes th e  l ite ra tu re  data  
con cern in g  th e  su b s titu e n ts  o f th e  cyclohexane  ring.

T he volum e is con clu d ed  w ith  th e  conven tional indexes.
T he lay o u t an d  p r in tin g  of th e  book  are agreeab le , th e  figures a re  good  a n d  in structive . 

H ow ev er, in Fig. 6 (p. 201) in  th e  sem i-chair form  of cyclopen tane  th e  d irec tio n s  o f th e  exocyclic 
v a len ces of th e  carbon  a to m s are  m issing.

S um m arily , th e  rev iew ed  book is an  excellen t w ork. I t s  s tu d y  will c e r ta in ly  be useful no t 
o n ly  to  ex p erts  in s te reo c h em istry , b u t  also to  th e  m ajo rity  o f o rg an ic  ch em ists .

K . L empert
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К . A b r e sc h  and I. Cl a a s s e n : Coulometric A n a ly s is  
T ra n s la te d  b y  L. L. L e v e s o n

C h a p m a n  and  H all, L o n d o n , 1965. 275 pp . 66 f ig u re s  a n d  3 tab les . P rice  
36 sh illings ne t

C oulom etric analysis is o n e  o f  th e  m ost im p o rta n t m e th o d s  o f m o d ern  an a ly tica l ch em 
is t r y .  I t  has no t only b een  u se d  re liab ly  in  all fields o f v o lu m e tr ic  analysis, b u t  th e re  are 
p ro b le m s  w hich are easier to  so lv e  b y  the  coulom etric  m e th o d  th a n  b y  th e  classical one. 
M o re o v e r i t  m akes possible to  d isc o v e r  new fields by  w ay  o f in v e s tig a tin g  p rim ary  and  second
a r y  a n o d ic  and  cathodic p ro cesses . O w ing to the p o ssib ility  o f  m easu rin g  coulom bs w ith  h igh  
a c c u ra c y , th e  m ethod is a p p lic ab le  n o t  only for d e te rm in a tio n s  on  th e  subm icro  scale, b u t  also 
fo r  re a c tio n  kinetic  m ea su re m e n ts  a n d  fo r the  k inetic  in v e s tig a tio n  of chem ical processes.

T h is  m onograph w as f i r s t  p u b lish e d  in G erm an b y  Verlag Chemie in  1961. I t  is th e  f irs t  
b o o k  to  deal specifically w ith  th e  su b je c t ,  in tended  also as a n  in tro d u c tio n  to th e  th eo ry  and  
p ra c t ic e  o f po ten tio sta tic  c o u lo m e try  a n d  constan t c u rre n t c o u lo m e try  (cou lom etric  titra tio n ) .

T h e  book is d iv ided in to  tw o  p a r ts . P a r t  I deals w ith  th e  th e o ry , a p p a ra tu s  and  in s t ru 
m e n ta t io n ,  P a r t  I I  w ith  th e  a n a ly t ic a l  applications o f c o u lo m e tric  analysis. In  P a r t  I th e  
a u th o r s  sum m arize th e  fu n d a m e n ta ls  o f e lectrochem istry , a n d  d iscuss th e  p rincip les of coulo
m e try .

T h ey  deal w ith  th e  c o u lo m e try  (a) a t  controlled c o n s ta n t  p o te n tia l ,  (b) a t  un co n tro lled  
p o te n t ia l  and  co n stan t c u rre n t, (c ) a t  co n stan t p o ten tia l a n d  c o n s ta n t  cu rre n t and  (d) a t  
c o n tin u o u s ly  varying p o te n tia l.

A fte r  an in te rp re ta tio n  o f  c u r re n t  efficiency, th e  a u th o rs  d eal w ith  en d -p o in t d e tec tio n  
o f v a r io u s  kinds. The co n d itio n s o f  colorim etric , sp e c tro p h o to m e tr ic  a n d  e lectrom etric  (po ten - 
t io m e tr ic ,  am perom etric) e n d -p o in t  d e te c tio n  m ethods are  d iscussed . T h e  th eo re tica l discussion 
o f th e  coulom etric  m ethod  is c o m p le te d  by  the in te rp re ta tio n  o f c u rren t-v o ltag e  curves.

T h e  following C hap ters d e sc rib e  th e  ap p ara tu s for e lec tro ly sis . E lectrodes, d iap h rag am s 
a n d  e lectro lysis cells used fo r v a r io u s  m easurem ents, an d  co u lo m e te rs  o f various ty p es are 
l is te d .  I n  a  separate  c h ap te r  th e  c o n tro l  of p o ten tia l (p o te n tio s ta t)  is discussed an d  exam ples 
a re  g iv e n  rang ing  from  sim ple  p o te n t io s ta ts  to th e  m o st c o m p lica te d  e lectronic con tro lled- 
p o te n t ia l  coulom etric t i t r a to r s .

T h e  ease w ith  w hich th e  g e n e ra tio n  circuit can  be  c o n tro lled  a t  any  m ag n itu d e  of 
c u r re n t  m akes possible a u to m a tic  cou lom etric  t itra tio n s . S u ch  t i t r a t io n s  m ay  be perform ed 
u s in g  a com bination  of an  a u to m a t ic  t i t r a to r  and a co u lo m ete r. D escrip tions of a u to m a tic  
t i t r a to r s  based  on various p r in c ip le s , continuous t itr a to rs ,  a n d  th e  cond itions su itab le  for 
e le c tro m e tr ic  au tom atic  e n d -p o in t d e te c tio n  are also p re sen ted . P a r t  I o f th e  book is com pleted  
b y  a  s h o r t  description of p u lse  c o u lo m e try .

P a r t  I I  is in tro d u ced  b y  a  th eo re tic a l t re a tm e n t o f  d ire c t a n d  in d irec t m eth o d s of 
p o te n t io s ta t ic  coulom etry. In  a  co m prehensive  tab le  th e  c o n d itio n s  o f th e  p o ten tio s ta tic -  
c o u lo m e tr ic  d e te rm ination  o f v a r io u s  inorganic  and organ ic  su b s ta n c es  a re  sum m arized .

V o lum etric  m ethods a re  th e  m o s t  im p o rtan t am ong co u lo m e tric  d e te rm in a tio n s. N u m e r
o us e x am p les  illu stra te  th e  p ro c e d u re s  w hich have been in tro d u c e d  in  th e  field of acid-base, 
r e d o x , p rec ip ita tio n  and c o m p le x o m e tr ic  titra tio n s. T he su rv e y  of v o lu m e tric  d e te rm in a tio n s 
is c o n s id e ra b le  facilitated  b y  a  c o m p reh en s iv e  tab le  of 40 pag es , a t  th e  end of th e  ch ap ter.

T h e  final chap ter o f th e  b o o k  sum m arizes o th er a n a ly tic a l ap p lica tio n s of cou lom etry , 
su c h  as d e te rm in a tio n  of film  th ic k n e ss , vo ltam m etry  (an o d ic  d isso lu tio n  w ith  con tinuously  
c h a n g in g  po ten tia l, c h ro n o p o te n tio m e try ) , d e term ination  o f p o ia ro g ra p h ic  /г-values, in te rn a l 
e le c tro ly s is , de term ination  of o x y g e n  a n d  of w ater, re ac tio n  k in e tic s  a n d  o th e r m ethods. E x p e ri
m e n ta l  d e ta ils , range, a ccu racy  a n d  references are given fo r each  e n try . O ver 500 references 
c o m p le te  th is  very rem ark ab le  w o rk .

I n  general, the  book is a n  e x c e lle n t exam ple of a m o n o g rap h  in  w hich  theo re tica l and  
p r a c t ic a l  problem s of co u lo m e tric  a n a ly s is  are p resen ted  to  th e  re ad e r. I t  will for certa in  
c o n s id e ra b ly  prom ote th e  d e v e lo p m e n t o f th is very  in te re s tin g  a n d  exce llen t m ethod.

I. B úzás

A c ta  Chimica Academiae Scientiarum H ungaricae 47. 1966.
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R ad ia tion  Chem istry. P roceed ings o f th e  T ih an y  S ym posium , E d . b y  J .  D o b ó . 

A kad ém ia i K iadó . (P u b lish in g  H ouse of th e  H u n g a rian  A cadem y  o f Sciences.) 
B u d a p e s t, 1964. 482 pp .

T he book  p resen ts  in  E n g lish  th e  te x t  o f f if ty  lec tu res  and  discussions o f th e  T ih a n y  
S y m posium  (H u n g a ry ) o rgan ized  in  S ep tem b er 1962. T he lis t of a u th o rs  p a r tic ip a tin g  in  th e  
S y m posium  com prises em in en t e x p e rts  in  ra d ia tio n  c h em istry , such  as Sw a l l o w , Ch a r l e s b y  
a n d  Ci ia p ir o , w ho c o n trib u ted  b y  fu n d a m e n ta l m o nographs to  th e  sy s te m a tiz a tio n  o f the  
ach iev em en ts  o f th is  young b ra n ch  o f sciences, exce llen t re p re se n ta tiv e s  o f w o rld -k n o w n  Soviet 
a n d  F ren ch  schools, such as V o e v o d s k y , B ach  an d  H a is s i n s k y . A g re a t n u m b er o f  p ap ers  
w ere su b m itte d  b y  younger sc ien tis ts  o f th e  G erm an  D em ocra tic  an d  F ed e ra l R ep u b lics , 
C zechoslovakia, R u m an ia  an d  P o la n d  as well. C onsequently , th e  S ym posium  w as c ap a b le  of 
p re sen tin g  a w ide su rvey  of th e  t re n d s  o f d ev elo p m en t in  ra d ia tio n  ch em istry  a n d  of th e  up- 
to -d a te  m ethods of inv estig a tio n .

In  ad d itio n  to  the  in te rn a tio n a l c h a ra c te r  o f th e  Sym posium , a n o tab le  fe a tu re  o f th e  
boo k  is th a t  th e  f ir s t  re p o rt is g iven  here  on th e  researches in to  ra d ia tio n  c h em is try  s ta r te d  in 
H u n g a ry  only a few  years ago.

T he m ate ria l p e rta in in g  to  n e a r ly  all fields of ra d ia tio n  ch em istry  is d iv id ed  in to  four 
p a r ts  in  th e  hook.

T he f irs t  p a r t  con ta ins p a p e rs  dealing  w ith  th e  ra d ia tio n  ch em istry  o f o rg a n ic  com 
p o unds. In  sum m ariz ing  lec tu res  a rev iew  is g iven  on th e  researches carried  o u t  in  tw o  im 
p o r ta n t  sc ien tific  in s titu tio n s  o f th e  U n ited  K ingdom , Imperial College an d  Wantage Research 
Laboratory. A n u m b er of o th e r p a p ers  deal w ith  p rob lem s of ra d ia tio n  ch em istry  o f  in te re s t  
from  th e  asp ec t o f ap p licatio n s in  o rg an ic  chem ical in d u s try . Such as ra d ia tio n -in d u c e d  ch lo ri
n a tio n , o x id a tio n  and  su lfo x id a tio n  of h y d ro carb o n s, the  ra d ia tio n -s ta b ility  o f c e r ta in  ty p es 
o f h y d ro carb o n s and  of th e ir  h a lo id  d e riv a tiv e s , and  th e  ra d ia tio n  ch em istry  o f  ace ton ic  
so lu tions. T he lec tu res  d iscussing  th e  ionic  m echan ism  of rad ia tio n -ch em ica l re ac tio n s  o f u n s a tu 
ra te d  h y d ro carb o n s and  th e  th e o ry  o f th e  rad io lysis o f solid com pounds based  on  free  rad ica l 
in v es tig a tio n s  are  a p ro m in en t m e r it  o f th e  book.

T he g re a te s t num ber o f le c tu re s  are  co n ta in ed  by  th e  second p a r t  d ev o ted  to  po ly m eric  
system s. Som e of these pap ers  d eal w ith  ra d ia tio n -in d u ced  co-po lym erizations, su c h  as the  
g ra f t  po ly m eriza tio n  of s ty ren e  on p o ly te tra flu o ro e th y len e  (Teflon), o f v a rio u s m o n o m ers on 
po ly p ro p y len e, of v in y lp y rid in e  on  p o ly v in y l chloride fib res , and  w ith  th e  co -p o ly m eriza tio n  
of acry lam ide  an d  m eth acry lam id e . T he p ro b lem  of v u lcan isa tio n  of ru b b e r b y  r a d ia tio n  is 
d iscussed  in several papers. M any new  re su lts  a re  p resen ted  in  th e  papers re p o rtin g  th e  ach iev e 
m en ts  o f th eo re tica l and  e x p e rim e n ta l in v es tig a tio n s  o f lo w -tem p era tu re  p o ly m e riza tio n  
processes in  th e  solid phase. In  a d d itio n  to th e  papers m en tioned  above, in te re s tin g  s tu d ies 
d eal w ith  th e  k in etics of ra d ia tio n -in d u ce d  po ly m eriza tio n  and  w ith  th e  co m p ariso n  o f the 
e ffec ts of a -ray s , y -rays and u l tra v io le t  r a d ia tio n  on  po lyethy lene .

T he th ird  p a r t  em braces lec tu re s  in  an  a lread y  a lm o st classical fie ld , th e  ra d ia tio n  
c h em is try  o f aqueous so lu tions. T op ics d iscussed  b y  p ap ers  in th is  p a r t  co m p rise , am ong 
o th e rs , th e  processes w hich ta k e  p lace  in  c o n ce n tra ted  an d  in  a lka line  aqueous so lu tio n s , the  
e ffec t on e lectrode  processes o f p ro d u c ts  fo rm ed  on irrad ia tio n , th e  rad io lysis o f th e  aqueous 
so lu tio n s o f a lip h a tic  am ino acids a n d  of som e su lfu r com pounds, o x id a tio n  p rocesses o f  chain- 
m echan ism , and  th e  a fte r-effects o f ra d ia tio n  ch em istry . Som e pap ers  re p o rtin g  d ire c t  obser
v a tio n s  m ade  d u rin g  irrad ia tio n , a n d  p re sen tin g  th e  re su lts  o b ta in ed  by  e m p lo y in g  w a ter- 
so luble  free rad ica ls  are of o u ts ta n d in g  in te re s t  from  th e  p o in t o f view  of e x p e rim e n ta l tech n iq u e .

In  th e  fo u rth  p a r t  of th e  bo o k , p ap ers  d ev o ted  to  p rob lem s of d o sim etry , a n d  co m m u n i
ca tio n s ou tside  th e  fields d iscussed  in  th e  p rev io u s p a r ts  w ere com piled  b y  th e  e d ito r .

An o u ts tan d in g  a d v an tag e  o f th e  book is th a t  th e  m ate ria l o f d iscu ssio n s, w hich 
fre q u e n tly  c leared  up  d ifferences b e tw een  th e  view s of th e  various schools an d  w h ic h  ra ised  
m a n y  new  ideas an d  problem s, is g iven  im m ed ia te ly  a f te r  each  p aper.

T he exce llen t and e x tre m e ly  carefu l ed ito ria l w ork , to g e th e r w ith  th e  f irs t-c la s s  p r in t 
ing  are  in line w ith  th e  c o n te n ts  o f  th is  vo lum e.

I. K iss

Acta Chimica Academiae Scientiarum H ungaricae 47. 1966.
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E . P u n g o r : O scillom etry a n d  Conductometry. T ra n s la te d  b y  T. D o mokos . 
T ra n s la tio n  ed ited  b y  A . T o w n s h e n d

P e rg a m o n  Press, O x fo rd — L ondon  1965. 239 p p .,  122 figures a n d  28 tab les.

O scillom etry, th e  44e le c tro d e le ss”  version o f c o n d u c to m e try  is one o f th e  m o st m o d ern  
m e th o d s  of in stru m en ta l a n a ly s is . T h e  principle o f th e  m e th o d  can  be  used  n o t on ly  to  develop 
n ew  v o lu m e tric  m eth o d s, b u t  a lso  for the  d e te rm in a tio n  of liq u id s in  closed sy stem s, fo r 
c h ro m a to g ra p h ic  in d ic a tio n , fu r th e rm o re  for the m e a su re m e n t of d ie lectric  c o n s tan ts  of liqu ids.

T h is  m onograph f i r s t  p u b lis h e d  in  H u ngarian  in  1963, deals specifically  w ith  th eo re tica l 
a n d  p ra c tic a l aspects o f c o n d u c to m e try  and osc illom etry . I t  g ives a  th o ro u g h  su rv ey  of a p p a 
r a tu s e s  and  in s tru m en ts  u se d  fo r  m easuring c o n d u c tiv ity , h igh -freq u en cy  a n d  d ielectric  
c o n s ta n ts .

T h e  au th o r has se le c te d  th e  m ost im p o r ta n t a n d  ch a ra c te ris tic  ty p es  o f th e  g re a t 
n u m b e r  o f m ethods an d  in s t r u m e n ts  published in  th e  f ie ld  o f h igh  freq u en cy  a n d  co n d u c to 
m e try .

In  th e  f irs t p a r t  o f  th e  m o n o g rap h  Prof. P u n g o r  ex p la in s  th e  th eo re tica l in te rp re ta tio n  
a n d  th e  fundam en ta ls o f d e te rm in a tio n  of c o n d u c tiv ity , u sin g  m an y  m a th e m a tic a l re la tio n s 
a n d  d iagram s.

N um erous figures i l lu s t r a te  th e  m easuring cells a n d  in s tru m e n ts  of va rio u s k inds: 
s im p le  a n d  special high f re q u e n c y  capacitive and  in d u c tiv e  m easu ring  cells an d  cells for th e  
d e te rm in a tio n  of d ielectric  c o n s ta n t  of liquids.

T h e  constructions o f m a n y  devices used for h ig h  freq u e n c y  ti t r a tio n s  an d  fo r th e  d e te r 
m in a t io n  of dielectric c o n s ta n ts  a re  presented w ith  c irc u it  d iag ram s an d  block d iagram s.

T h e  conductiv ity  o f so lu t io n s  can he used to  d e te rm in e  th e  e n d -p o in t o f va rio u s t i t r a 
t io n s . I n  th e  second p a r t  o f  th e  b o o k  th e  au tho r p re se n ts , on  th e  basis o f a m o st m o d ern  view , 
th e  th eo re tic a l in te rp re ta tio n  o f  changes tak ing  p lace  d u rin g  th e  titra tio n s . E q u a tio n s  an d  
r e la t io n s  are given for th e  c o n s tru c tio n  of t i t r a tio n  c u rv es  an d  fo r th e  calcu la tio n  of en d 
p o in ts .  S eparate  ch ap te rs  d e a l  w i th  th e  titra tio n  o f m o n o - a n d  m u ltiv a le n t acids and  bases, 
w i th  d isp lacem en t t i t r a t io n s ,  w i th  acid-base t i t r a tio n s  in  non-aq u eo u s m edia , f in a lly  w ith  
th e  t i t r a t io n s  based on p re c ip i ta t io n ,  complex fo rm a tio n  a n d  o x id a tio n -red u c tio n  reac tio n s.

T h e  au th o r p re sen ts  to  th e  p rac tica l chem ists se v e ra l exam ples show ing th e  a d v an tag e s  
o f  c o n d u c to m e try  and o sc illo m e try , and illu stra tes  th e  a cc u rac y  of these  m eth o d s in  tab les . 
V a r io u s  titra tio n s  are d e sc rib e d  b y  w ay of p rac tica l ex am p le s  a n d  t i t r a t io n  curves.

I n  th e  las t p a r t  o th e r  a p p lic a tio n s  of c o n d u c to m e try  an d  oscillom etry  are sum m arized , 
su c h  a s  applications to  k in e t ic  s tu d ies , to  c h ro m a to g ra p h ic  an alysis, in  e stab lish ing  phase  
d ia g ra m s , th e  direct d e te rm in a tio n  of co ncen tra tions , a n d  of w a te r. N early  400 references 
c o m p le te  th is  very  re m a rk a b le  w o rk .

I n  general, th e  b o o k  is a n  excellen t m on o g rap h  in  w h ich  th e  th eo re tica l a n d  p rac tica l 
p ro b le m s  of co n d u cto m etry  a n d  oscillom etry  are v e ry  in g en io u sly  rep re sen ted  to  th e  read er. 
I t  m a y  b e  well assum ed th a t  i t  w ill be  of great in te re s t fo r  ch em ists  w ork ing  in  m o d ern  a n a ly tica l 
la b o ra to r ie s .

I. B úzás

I .  N . B u t l e r : Ion ic  E q u ilib r iu m ; A M athem atica l A pproach  
A dd ison-W esley  P u b lish in g  Co., 1964.

As s ta ted  in th e  p re fa c e  b y  th e  au thor, th is  b o o k  is in te n d e d  p rim arily  as a  h an d b o o k  
in  th e  teach in g  of A n a ly tica l C h em istry , and acco rd in g ly , m o st o f th e  concluded  exam ples are 
r e le v a n t  to  analy tical a p p lic a tio n s . I n  addition, th e  b o o k  w ill be usefu l as a source of exam ples 
a n d  as reference m ate ria l to  c h a p te rs  dealing w ith  io n ic  e q u ilib ria  in  th e  teach in g  of G eneral 
C h e m is try  and Physical C h e m is try .

T h e  trea tm e n t o f th e  s u b je c t  requires from  i ts  u se rs  b asic  know ledge in  general ch em istry  
a n d  in  m athem atics. In  i ts  d e s ig n , th e  book s ta r ts  fro m  fu n d a m e n ta l p rincip les, an d  proceeds 
s te p  b y  step  to a h igher lev e l, en ab lin g  the  re ad e r to  s tu d y  m on o g rap h s and  th e  research  
l i te r a tu r e  in  th is field o f  k n o w led g e .

I n  th is  sense, th e  b o o k  m a y  be considered a u n iv e rs ity  te x t  book. T he m ore th a n  500 
e x a m p le s  included are v e ry  h e lp fu l in  accom plishing th is  a im . Som e of th e  exam ples are fu lly  
w o rk e d  o u t, while for o th e rs  e i th e r  th e  approach to  a  so lu tio n  or th e  re su lts  are given.

A cta  Chimica Academiae Scientiarum  Hungaricae 47. 1966.
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Two c h a p te rs  a re  devo ted  to acid-base, so lu b ility , com plex form ation , a n d  re d o x  equi
lib ria ; two c h a p te rs  t r e a t  m a th em a tica l m e th o d s  u sed  in  th e  calcula tion  of e q u ilib r ia ;  one 
c h ap te r  deals w ith  th e  m easuring  m eth o d s of e q u ilib r iu m  co n stan ts and  c o rre c tio n s  due  to 
non-ideal b eh av io u r.

A t th e  end of each c h ap te r , copious re fe ren ce , in v o lv ing  papers and b o oks u p  to  1963, 
is given. I t  shou ld  be em phasized  th a t  these  re fe ren ces a re  no t lim ited  to b ib lio g ra p h ic  d a ta , 
b u t  include a sh o r t  c ritica l a n n o ta tio n  on th e  c ite d  w ork .

T he above review  im plies also m y full a p p re c ia tio n  of the  aim s of the  bo o k , o f  th e  ap
plied m eth o d s, an d  of th e  m ode of tre a tm e n t o f  th e  su b jec t. How ever, tw o p o in ts  m ay  he 
com m ented :

1. In  m y e s tim a tio n , the  c h ap te r  dealing  w ith  th e  m easuring  m ethods o f eq u ilib riu m  
c o n stan ts  is re la tiv e ly  sh o rt, as com pared  to  th e  w hole volum e of the lmok, a n d  I m iss the 
desc rip tio n  o f m o d ern  m ethods, e.g., th a t  o f ra d io a c tiv e  trace r technique a p p lic a b le  for the 
solving of task s o f th is  typ e .

2. T he a u th o r  discusses correc tions, due to  n o n -id ea l behaviour, in th e  la s t  c h a p te r  of 
the book. I w ould hav e  considered it m ore to  p u rp o se  to  t r e a t  th is problem  in th e  in tro d u c to ry  
c h ap te r . E rro rs  caused  in  certa in  cases by  th e  n eg lec t o f  corrections could h av e  b e en  po in ted  
ou t w ith  th e  aid  o f a few w orked o u t exam ples. I n  th e  know ledge of the  o rd er o f  m ag n itu d e  
of these  e rrors, co rrec tions could have been d e lib e ra te ly  o m itted  during the  fu r th e r  discussion 
of th e  su b je c t, o r a lte rn a tiv e ly , a tte n tio n  could  h a v e  been  d raw n  to cases, w here th e  neg lecting  
of co rrec tions is inadm issib le.

N o tw ith s tan d in g  these  rem ark s, I co n sider th e  boo k  very  useful and p a r tic u la r ly  su itab le  
to accom plish  th e  a im s s ta te d  in the  preface.

E. J uhász

J. L. K a v a n a u : Structure and Junction  in biological membranes 
Vol. I —I I .  H o ld en -D ay  Inc ., San F ran c isco , 1965, pp . 760.

P rofessor Ka va n au ’s w ork is th e  f irs t  m o n o g rap h ic  discussion d evo ted  e n tire ly  to the 
s tru c tu re  and  fu n c tio n  of biological m em b ran es, a n d  a t  th e  sam e tim e co n ta in in g  a d e ta iled  
analysis of his ow n theo ries concerning c e r ta in  a sp e c ts  o f the  function  of th e  m em branes.

H is th eo ries  w hich  have been p u b lish ed  in sev era l p re lim inary  pap ers  s in ce  1962 can 
be sum m ed  up  as follow s: th e  biological m em b ran e s  a re  d y n am ic  and h ighly lab ile  s tru c tu ra l 
e lem ents w hich , w hile o p era tin g , are v a ry in g  b e tw ee n  v a rio u s sta tes , the  tw o e x tre m e  cases 
of w hich are th e  open  and closed co n fig u ra tio n s. In  th e  open configuration  th e  m ed iu m  layer 
of th e  m em b ran e  w ould  be com posed of 80 X 180 200 Á cy lindrical lipid m icelles o f  a regu lar
hexagonal a rra n g e m e n t, w ith  w a ter phase  m a tr ix  b e tw een  them . B oth  ends of th e  cy lind rica l 
micelles w ould be  bound  by  re la tive ly  s ta b le  p o la r  a n d  non -p o lar bonds to  th e  p ro te in  mono- 
layers o f 10 — 15 Â th ickness bordering  th e  m em b ran e .

T he closed co n fig u ra tio n  recalls in  m a n y  re sp e c ts  th e  trad itio n a l p a t te rn  o f biological 
m em branes w h ich , on th e  basis of the  sk e tch es o u tlin e d  by  D anielli and D a w so n  (1935), 
has come to be  k n o w n  as “ u n it-m em b ran e”  (R o ber tso n , 1960) in recen t y ears. I n  th e  “ un it- 
m em b ran e”  a c o n tin u o u s  b im olecular lip id  lay e r, 50 - 60 Â th ick , is sandw iched  b e tw ee n  the 
p ro te in  layers. T h e  m ain  d ifference be tw een  K a v a n a u ’s closed m em brane a n d  th e  unit- 
m em b ran e  is t h a t  he suggests th a t  th e  lip id  la y e r  is com posed of sub-un its. T h ese  disk-like 
u n its  are supposed  to  be jo ined  to one a n o th e r  m o re  or less closely, w ith  p o re s  rem ain ing  
betw een th em , o r to be m erged w ith  one a n o th e r  m ore  o r less in tim ate ly . T h e  d isk s  o f the 
closed co n fig u ra tio n  w ould be form ed fro m  th e  p illa r  lip id  micelles of the  o p e n  m em b ran e  
so th a t  th e  m a tr ix  w ould be p um ped  o u t o f th e  m em b ran e . T he tran s fo rm a tio n  o f th e  two 
m em brane s ta te s  w ould be induced  by th e  re p la c e m e n t o f m onovalent and  d iv a le n t  cations. 
In  K ava n au ’s view  th is  tran sfo rm atio n  m ay  ta k e  p lace  gradually  and in a cy c lica l m an n er 
on th e  surface  m em b ran es o f the  cells arid o rg an elle s, a n d  by  pum ping the m a tr ix  o u t  i t  could 
be responsib le  fo r p ro top lasm ic  s tream in g , th e  in d e p e n d e n t  m ovem ents of th e  cell o rganelles, 
the  s tream in g  o f th e  c o n ten t of th e  o rganelles, a n d  f in a lly  for am oeboid lo co m o tio n .

P rofessor K a va n au ’s w ork, as he p o in ts  o u t  h im self in the  preface, c o n sis ts  o f h e te ro 
genous c h ap te rs  e lab o ra ted  to vary ing  e x te n ts . C h a p te r  3 en titled  “ On gross a sp e c ts  o f  m em 
bran e  tra n s fo rm a tio n s”  discusses a p a r t  o f th e  a u th o r ’s th eo ry . I t  would hav e  b e en  adv isab le  
to  c o n ce n tra te  th is  in C h ap te r 5 (The s tru c tu re  o f b io log ical m em branes). L ikew ise, th e  a u th o r 
w ould have  been  b e tte r  advised  to rem ove th e  d isp ro p o rtio n a te ly  leng thy  sec tio n  (ex ten d in g  
to  over 80 pages) on w a te r  s tru c tu re  from  th is  C h a p te r , because i t  has n o th in g  to  do  w ith

9 Acta Chimica Acadcmiae Scientiarum llungaricac 47. 1966.
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th e  s u b je c t  discussed here. P e rh a p s  i t  would have b een  b e tte r  to begin th e  book w ith  th is  
se c tio n  a s  a n  indep en d en t C h a p te r . T h is could have  b een  follow ed by the  p re se n t second 
(M icelle fo rm a tio n  and tra n s fo rm a tio n s )  and fo u rth  C h a p te rs  (P ro p e rtie s  of pure  m ixed  m o n o 
lay e rs  a n d  b ilayers). These tw o  C h a p te rs  are the m o s t ex ce lle n tly  e laborated  p a r ts  o f  th e  
book.

V o lu m e  I I  begins again  w ith  tw o  highly p ro b lem atic  C h ap te rs , C hapter 6 d iscusses on 
a to ta l  o f  tw o  pages the fac to rs  in d u c in g  m atrix  m o v em en ts , w hile C hapter 7 considers t r a n s 
fo rm atio n s. be tw een  the open a n d  c losed  configurations o v e r  a sim ilarly  sho rt span  o f space. 
C h a p te r  11 also fails to come up  to  w h a t is prom ised in  i ts  t i t l e  (The effects of p ressu re  a n d  
t e m p e ra tu r e  on  protoplasm s). T h e  m o s t valuable p a r ts  o f V o lu m e II are C hapters 8 —HO w hich  
rev iew  th e  v a rio u s p ro to p lasm  a n d  m em brane  m o v em en ts .

O n e  o f the  m ost im p o r ta n t  m em b ran e  fu n c tio n s, t r a n s p o r t  th rough  the  m em b ran e , is 
d iscu ssed  o n  sligh tly  over 20 pages (C h a p te r  12). T his C h a p te r  also contains some pages on  th e  
c o n d u c tio n  o f electric  im pulse. In  th e  review er’s op in io n , th is  p a r t  fails to reflect th e  p re se n t 
s ta te  o f  th e  problem  of t ra n s p o r t ,  n o r  does i t  m ake c lea r  th e  ex ten t, to w hich th e  a u th o r ’s 
th eo ries  a re  com patib le  w ith  th e  hu g e  m ass of da ta  a v a ilab le  a b o u t perm eability  an d  tra n s p o r t  
p h e n o m e n a .

T h e  la s t  C hapter d iscusses som e resu lts of the  e lectro m n ic ro sco p ic  studies of th e  m e m 
b ra n e , w i th  p a rticu la r  a tte n tio n  p a id  to p repara tions p ro v in g  hexagonal su b -s tru c tu re s . T h e  
re v ie w e r is n o t  particu la rly  fa m ilia r  w ith  e leçtronm icroscopy , b u t  he has the  im p ress io n  th a t  
th ese  a re  r a th e r  evidence for th e  occurrence  of a m ac ro m o lecu la r  m em brane c o m p o n en t th a n  
th e  a u th o r ’s m icellar m em branes.

T h e  boo k  is supplied w ith  a d e ta iled  index and  a l is t  o f  lite ra tu re  con ta in ing  well o v er 
2.000 re fe ren ces .

A ll in  all, th e  review er w a n ts  to  stress th a t  a u n ified  d iscussion  of m em brane s tru c tu re s  
an d  fu n c tio n s  and  the e s ta b lish m e n t of their m olecu lar b io log ical and b io-physico -chem ica l 
b asis is im p e ra tiv e . This rec iu irem en t could only be m e t  b y  th e  au th o r, obviously  b ecau se  of 
lack  o f  d a ta  in  th e  lite ra tu re . T h e  c h a p te rs  discussing th e  physico-chem ical basis o f th e  b io lo g 
ical m e m b ra n e  phenom ena, su ch  as micelle fo rm ation , m o n o - an d  b ilayers, can be c o n sid e red  
m o st u se fu l. T o read  these c h a p te rs  is very  profitab le  fo r b io lo g ists  even if a p h y sico -ch em ist 
m ay  r e g re t  th e  absence of a m a th e m a tic a l analysis. I t  seem s d esirab le  to com plete th e  c h a p te rs  
on b io lo g y  (fo r instance, C h ap te rs  5 a n d  12). Sim ilarly , th e  b o o k  should be co m ple ted  b y  a t  
le a s t  o n e  c h a p te r  on the  s tru c tu re  a n d  operation  of specia l o rg an e lle  m em branes (m ito c h o n d ria , 
c h lo ro p la s ts ) .  Such an ad d itio n a l c h a p te r  would be all th e  m ore  desirable since re sea rch  in 
th is  a re a  is m o st intensive, a n d  th e  a u th o r ’s theo re tical m e m b ra n e  m odel could be c o m p a re d  
m o st f a v o u ra b ly  w ith physio log ical a n d  biochem ical d a ta  in th is  field.

Z. BÖSZÖRMÉNYI

P .  C k a b b e : Optical R o ta tory D ispersion and C irc u la i D ichroism  in  O rganic 
C h em is try
H o ld o n -D a y , S an-F rancisco  — L o n d o n —A m ste rd a m , 1965, 378 [>|>.

S p e c ia liz a tio n  is by  n ecessity  a n  inev itab le  co n seq u en ce  of th e  developm en t o f sc ience 
and  te c h n o lo g y . Organic ch em istry  as a  science is no e x ce p tio n  to th is rule. T he organ ic  c h em is t 
in te n s iv e ly  occupied  in sc ien tific  re se a rc h  is actually  a sp e c ia lis t m ainly  in  th e  m e th o d s  of 
o rg an ic  c h e m is try , w hether he  is con cern ed  w ith sy n th es is , se lec tive  e x trac tio n , or s t ru c tu ra l  
re se a rc h . H o w ev e r, he has to rea lize  t h a t  his work in c re a s in g ly  dem an d s the  use also o f o th e r  
m e th o d s  w h ic h  offer in d ispensab le  h e lp  in his ro u tin e  w o rk . T he significance of p h y s ic a l 
m e th o d s  o f in v es tig a tio n  in  th e  e lu c id a tio n  of the s t ru c tu re  o f  o rganic m olecules is g re a t a n d  
c o n s ta n t ly  grow ing. An in creas in g  n u m b er of books a re  b e in g  published , p o in tin g  o u t  th e  
p ra c t ic a l  a s p e c ts  of physical m e th o d s  based on com p lica ted  th eo re tica l p rincip les a n d  a p p lied  
to  th e  e v e r y d a y  work of the  o rg an ic  chem ist.

T h e  b o o k  by P ie r r e  Cr a b b é , presen tin g  the p o te n tia l  u ses o f optical ro ta to ry  d isp e rs io n  
an d  c irc u la r  d ichro ism  in so lv ing  th e  s tru c tu ra l p ro b lem s o f  o rg an ic  ch em istry , is s in cere ly  
w elcom e in  th is  series. Cr a b b é ’s w o rk  does not go deep ly  in to  th e  discussion o f  th e o re tic a l 
fu n d a m e n ta ls ;  the  mode of p re se n ta tio n  is ra th e r p ra c tic a l, i.e. th e  book offers d irec t h e lp  in 
p u t t in g  th e  m eth o d  to in d e p e n d e n t  u se . A g rea t m an y  re fe re n ce s  are given a t th e  end  of e ach  
c h a p te r ,  p a r t ly  for readers w ho a re  in te re s ted  in th e  th e o re tic a l background , and p a r tly  for 
those  lo o k in g  fo r analogies to c o n c re te  problem s.

A cta  C him ica  Academiae Scientiarum  llungaricae 47. 1966.
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By stu d y in g  th e  changes in ro ta to r y  pow er w ith  th e  v a r ia tio n  of the  w av elen g th , i.e. 
b y  exam in ing  th e  r o ta to ry  dispersion, i t  is possible to e s tab lish  th e  s tru c tu ra l co rre la tio n s o f 
m olecules to  an e x te n t  m u ch  deeper th a n  b y  determ in ing  th e  ro ta to ry  pow er at a given s ta b le  
w aveleng th . F o r th e  m easu rem en t of ro ta to ry  d ispersion a g re a t n u m b e r o f com m ercial in s t r u 
m en ts  are in use. R e ce n tly  also devices su ita b le  for the  d irec t m ea su re m e n t o f circular d ich ro ism ,

th e  phenom enon re sp o n sib le  for the ro ta to r y  power, are av a ilab le .
Today, the  sy s tem at ics  of the  corre la t ions  be tw een  s t r u c tu r e  a n d  ro ta to ry  d ispersion  

or circular  d ich ro ism  h a v e  been d ev e lo p p ed  to such an  e x te n t  t h a t  this topic has a f fo rded  
am p le  m ateria l  to be  chosen by  Cr a b b é  as the deta iled su b je c t  of his m onograph.

The book co m p rises  the  follow ing ch ap ters :
1. O ptical a c t iv ity .
2. T heo re tica l considerations.
3. Technical considerations.
4. A p p lica tio n s o f optical r o ta to ry  d ispersion an d  c irc u la r  d ichro ism  in s t ru c tu ra l  

p rob lem s.
5. P la in  ro ta to r y  dispersion c u rv es  in s te reo ch em istry .
6. C o tto n -e ffec t o f carbonyl c o n ta in in g  sa tu ra te d  com p o u n d s.
7. V icinal e ffe c ts  in sa tu ra ted  k e to n es.
8. In h e re n tly  d issym m etric  ch ro m o p h o res.
9. U n s a tu ra te d  ketones.

10. O ptically  a c tiv e  dienes.
11. A sy m m etrica lly  pertu rbed  sy m m etric  chrom ophores o th e r  th an  ketones.
12. P o ly p e p tid e s , p ro te ins and  nu c le ic  acids.
The p ra c tic a l n a tu re  of the book  is proved by th e  fa c t t h a t  th e  f irs t three c h a p te rs  

occu p y  only 9 %  o f th e  to ta l volum e. T h e  w ay of p re sen ta tio n  is ch arac te rized  by th e  p re d o m 
inance  of p rac tica l a sp ec ts , e.g., th o u g h  th e  defin ition  of th e  o c ta n t  ru le  is given and ex am p les 
o f its  app lication  a re  p resen ted , th e  th eo re tic a l in te rp re ta tio n  of th e  ru le is o m itted . A s a 
v a lu ab le  appen d ix , th e  au to m ated  p ro g ram m in g  of the  d a ta  o f c irc u la r  d ichroism  is d escribed . 
In  th e  opinion of Cr a b b é , this is n ecessa ry  because m ost o f  th e  sp ec tro m ete rs  m ark e te d  fo r 
th e  tim e being are  c ap a b le  of a u to m a tic  recording. H ow ever, fo r th e  ev a luation  of th e  d a ta  
c e r ta in  corrections a re  requ ired , nam ely  th e  values are to be co n v erted  in to  m olar e llip tic ity . 
On th e  o th er h a n d , th e  values of r o ta to ry  pow er m easured  by  p lan im e try  and th e ir chan g es 
w ith  th e  v a ria tio n  o f  tem p era tu re  m a y  yield fu rth e r s tru c tu ra l  in fo rm atio n s o f p o te n tia l  
im p o rtan ce . L as tly , on  subjecting  th e  d a ta  to  s ta tis tica l analy sis , th e  erro rs of m easu rem en ts  
can  be estim ated , i.e ., th e  p re sen ta tio n  o f  d a ta  can be m ade  m ore concrete .

It is hoped th a t ,  in  addition  to  th e  above-discussed  fe a tu re s , also th e  a ttra c tiv e  a p p e a r 
ance  of the  book will encourage o rg an ic  chem ists to confirm  th e  re su lts  o f their re sea rch es 
also by  th is  u p - to -d a te , useful, and p ro d u c tiv e  m ethod.

Gy . V a r s á n y i

9* A d a  Chimiea Academia« Scientiarum Hungaricat 47. 1960.
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