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Acta Chimica Academiae Scientiarum Hungaricae, Tomus 61 (1), pp. 1 — 11 (1969)

SOME PROBLEMS IN THE SEPARATION,
BY PRECIPITATION, OF TRACES OF ELEMENTS, Y

S O R P T IO N  O F  AM M INE C O M P L E X  F O R M IN G  C A T IO N S ON M E T A L  
H Y D R O X ID E S . D E T E R M IN A T IO N  O F  ZIN C  IN  R O C K  SA M PLE S, A F T E R  

S E P A R A T IO N  W IT H  AM M ON IUM  H Y D R O X ID E

E .  U p O R ,  Á . RÓNAI and M. GÖRBICZ

(M ecsek Ore M in in g  E nterprise, Kóvágószöllős)

R ece iv ed  J a n u a ry  23, 1968 

R ev ised  m an u sc rip t rece iv ed : S e p tem b e r 15, 1968

T he ad so rp tio n  of am m in e-fo rm in g  ca tio n s  on  iro n ( I I I )  h y d ro x id e  h as  been  
stu d ied  as a  fu n c tio n  of th e  N H ,,O H  a n d  am m onium  sa lt co n cen tra tio n s . T h o u g h  d a ta  
in th e  l i te ra tu re  are  co n tra d ic to ry  to  one an o th e r, i t  has  b een  found  in a g re e m e n t w ith  
K o lth o ff’s re su lts  th a t  th e  a d so rp tio n  o f all ions d ecrease  w ith  in creas in g  co n cen 
tra tio n s  o f N H ,O H  and  a m m o n iu m  salts .

T he p H -p ro file  of a d so rp tio n  is a be ll-sh ap ed  cu rv e  w ith  a  m ax im u m  a t  a b o u t 
p H  =  8 . C o b a lt( I I )  and  z in c (II) a re  b e s t ad so rb ed ; b y  p ro p e r a d ju s tm e n t o f  th e  p H , 
these  ions can  be  q u a n tita tiv e ly  d irec te d  in to  p re c ip ita te  o r k e p t in so lu tio n . T h eir 
e lu tion  from  th e  p rec ip ita te  is h in d e re d  by  ageing.

T he m in im u m  c o n ce n tra tio n s  o f N H ,O H  an d  am m o n iu m  sa lts  a t  w h ich  th e  
ions rem ain  q u a n tita tiv e ly  in so lu tio n  have b een  d e te rm in ed . T he a p p lic a b ili ty  of 
th is  se p a ra tio n  m eth o d  in th e  a n a ly s is  o f rocks h as  been  d e m o n s tra ted  b y  t r a c e r  te c h 
n ique. T he q u a n ti ta t iv e  re q u ire m e n ts  o f trace  an a ly sis  can  b e  m et b y  a single se p a ra tio n , 
since on ly  th e  loss in cobalt a m o u n ts  to  a few p e r  cen ts.

T he N H .,O H  m ethod  is s u i ta b le  for th e  se p a ra tio n  of zinc from  calc ium . A  m eth o d  
has been d ev elo p ed  for th e  d e te rm in a tio n  of sm all a m o u n ts  o f zinc in ro ck s  using  
d ith izone.

In troduc tion , rev iew  of th e  lite ra tu re

C o m p ara tiv e ly  few co m m u n ica tio n s  deal w ith  th e  losses o ccu rrin g  in 
m e ta l h y d rox ides in  th e  course o f  th e  sep a ra tio n  o f copper, zinc, n ick e l, an d  
c o b a lt w ith  am m o n iu m  hydro x id e . M ost of th e  p ap ers  [1 — 16] re p o rt on s tu d ie s  
w ith  s ta n d a rd  so lu tio n s ; severa l a u th o rs , how ever, discuss ap p lic a tio n s  in 
th e  analysis o f ro ck s, or m etals [17 — 21].

O nly th e  series p u b lica tion s o f  K o lth o ff  et al. [ 1 — 5] deal w ith  th is  
to p ic  in d eta ils , an d  sy ste m a tic a lly .

All th e  a u th o rs  agree th a t  th e  sep a ra tio n  o f th e  above m e n tio n e d  ele
m e n ts  from  iro n ( I I I )  hyd rox ide  a n d  o th e r m e ta l h y d ro x id es  in so lu b le  in 
am m o n iu m  h y d ro x id e  canno t be  ach iev ed  w ith o u t losses. T here is, h o w ev er, 
c e r ta in  d isag reem en t concerning th e  m ag n itu d e  o f  th e  losses an d  th e  c irc u m 
stan ces  a ffec ting  th e  losses. A u th o rs  claim  th e  p rin c ip a l fac to rs in flu en c in g  
th e  so rp tion  are  th o se  of am m o n iu m  h y d ro x id e , a n d  am m onium  sa lts , in  co n 
c e n tra tio n s . T h e ir  considera tions, how ever, are  n o t un an im o u s.
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K o lth o ff  et al. h a v e  show n th a t  th e  in c rea se  o f th e  N H 4O H  a n d  N H ^  
c o n c e n tra tio n  leads to  th e  decrease o f so rp tio n . A ccord ing  to  th e ir  d a ta  
[3, 4] th e  so rp tion  o f  co p p e r, n ickel, an d  zinc can  be co m p le te ly  p re v e n te d , 
a n d  th e  so rp tion  o f c o b a lt( I I )  can  be red u ced  to  7 p e r cen t if  th e  co n cen tra tio n  
o f  th e  am m onium  sa lt is su ffic ien tly  h igh  (> 2 M ). L u n d e l l  [15], how ever, 
c la im s th a t  th ese  c o n d itio n s  are fav o u rab le  o n ly  for keep ing  copper a n d  zinc 
in  so lu tio n , an d  d isa d v a n ta g e o u s  for cobalt a n d  n ickel. T he sam e is th e  op in ion  
o f  B a il e y  [11] co n cern in g  th e  p rec ip ita tio n  o f  c o b a lt( I I )  on C r(O H )3. A ccord 
in g  to  I b b o t s o n , c o b a lt a n d  nickel losses decrease w ith  th e  in c reasin g  
c o n c e n tra tio n  o f a m m o n iu m  hydrox ide . M e l l o r  re p o rts  [17] t h a t  in  ore 
an a ly s is  tw o  or th re e  p re c ip ita tio n s  are n e e d e d  to  achieve se p a ra tio n  o f  zinc 
w ith o u t an y  loss.

U n d e r co n d itio n s n o t  specified, I k r a m o v  [22] fo u n d  a 67 p e r cen t 
loss o f zinc in  th e  p re sen ce  o f  F e(O H )3. H o l y n s k a  [21] e s tim a te s  zinc losses 
to  be  ab o u t 10 to  20 p e r  c en t w hen rock sam p les  are  an a ly sed .

Experimental considerations, methods of investigation

F irs t  th e  so rp tio n  as a function  o f  th e  c o n cen tra tio n  o f am m onium  
h y d ro x id e  an d  am m o n iu m  ions was s tu d ied . H o w ev er, i t  seem ed to  be essen tia l 
[29] t h a t  so rp tio n  sh o u ld  b e  rep resen ted  as a fu n c tio n  of p H  in s te a d  o f as a 
fu n c tio n  o f th e  c o n c e n tra tio n  of am m onium  h y d ro x id e . N am ely , p re lim in a ry  
e x p e rim e n ts  h av e  sh o w n  t h a t  v a ria tio n  in  th e  p H  s ig n ifican tly  affec ts  th e  
re p ro d u c ib ility  of re su lts .

T h e  p H  o f th e  so lu tio n s  was a d ju s te d  b y  an  am m onium  h y d ro x id e  
so lu tio n . T hus in s te a d  o f  th e  dependence o f  so rp tio n  from  p H , a c tu a lly  th a t  
fro m  (рон +  P 1SH3) is reg is te red .

T he p H -d ep en d en ce  o f  sorp tion  a t  a c o n s ta n t am m onium  h y d ro x id e  
c o n c e n tra tio n  will b e  d esc rib ed  in a la te r  com m u n ica tio n .

D ue to  th e  v o la t i l i ty  o f  am m onia th e  p re c ip ita tio n  w as ca rried  o u t in  
g ro u n d  glass s to p p e re d  vessels, and  for ra p id  f i l tra tio n  (in general a f te r  a one 
h o u r  s tan d in g ) a w ide  p o re  f ilte r  p ap er w as u sed . T he p H  o f th e  f i l t r a te  was 
m easu red  im m ed ia te ly . T h e  resu lts  were rep ro d u c ib le , th e  p H  va lu es  d id  no t 
ch an g e  w ith in  one h o u r.

F ro m  th e  m ac ro -e lem en t used as th e  c a rr ie r  100 m g w ere ta k e n ;  th e  
p re c ip ita tio n  w as p e rfo rm e d  in a 100 m l v o lu m e . T he c o n c e n tra tio n  of th e  
c a tio n s  w as be tw een  10 ~5 a n d  10 ~2 M ; m o st o ften  th e  tw o  lim itin g  concen
tr a t io n s  w ere em ployed .

U sually  b o th  th e  liq u id  and  th e  solid p h ases  w ere an a ly sed . P re c ip ita te s  
w ere co llected  on p a p e r  fd te rs  and  in  o rd e r n o t  to  d is tu rb  so rp tio n  equ ilib ria  
w ash in g  of th e  p re c ip ita te s  was o m itted . P re c ip ita te s  w ere w eighed while
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w et to  allow  co rrec tio n  for th a t  q u a n t i ty  o f  th e  p a r tic u la r  ion w hich  re m a in e d  
in  th e  in co m p le te ly  rem oved so lu tio n  ( th is  w as ap p ro x im a te ly  1 —2 m l). 
R esu lts  w ere ac c e p ted  as correct w h en  th e  su m  from  th e  tw o phases w as 100 J -  
^  5 p e r cen t t h a t  o f  th e  in itia lly  ta k e n  q u a n t i ty .

V alues n o te d  on d iagram s or cu rv es  a re  averages of a t leas t tw o  p a ra lle l  
m easu rem en ts .

A n a ly tica l m e th o d s  used w ere th e  fo llow ing .

1. R ad ioactive  tracer tech n iq u e , a n d  m easu rem en t o f ; -activ ity

D e te rm in a tio n  o f  65Z n, 60Co, and ll0mA g a c t iv i ty  w as carried  o u t in  one of th e  fo llow ing 
th re e  ap p a ra tu se s .

а )  2 0 th  C en tu ry  E lectron ics 100-channel a n a ly se r  (T ype 1363d) w ith  a  G am m a N D -] 18 
ty p e  m easu rin g  h ead  a n d  a  N Z - l ll -B D  ty p e  N a l/C s l  w e ll-c ry sta l o f 15 m l u sefu l c a p a c ity .

б)  Scaler, K F K I  1872 ty pe, w ith  th e  sam e  senso r a n d  m easuring  h e ad  as b e fo re .
c) N uclear E n te rp r is e s  single ch an n e l a m p litu d e  an a ly se r, T ype N E -8650 .
T h e  co n ce n tra tio n  o f rad ioactive  iso to p es  u se d  fo r labe lling  was chosen so t h a t  b a c k 

g ro u n d  a c t iv ity  w as n o t  m o re  th a n  0.1 p e r  c e n t o f th e  to ta l  a c tiv ity .

2. P h o to m etric  m ethods

T he d e te rm in a tio n  o f copper(II) w as m ea su re d  as c o p p er(II)  am m ine co m p lex , a n d  
c o b a lt(I I )  as c o b a lt-n itro so -R -sa lt com plex [23]. W h en  th e  p re c ip ita te  w as a n a ly se d , iro n  
w as e x tra c te d  p rev io u sly  w ith  tr i-n -b u th y lp h o sp h a te , fro m  a 1:1 hydroch lo ric  ac id  m ed iu m . 
Sam ple  w eigh ts w ere ch osen  so th a t  1 p e r  c e n t  o f i t  sh o u ld  re liab ly  be d e te c ta b le .

3. Com plexom ctric t i tru tio n  [24]

Z inc w as t i t r a te d  a t  p H  9 -10 w ith  E D T A  u sin g  eriochrom e-b lack  T  as in d ic a to r .
C o b a lt(II)  was m ea su re d  b y  b a c k - titra tin g  a n  excess o f E D T A  p H  9— 10 w ith  a s ta n d a rd  

zinc so lu tio n  using  erioch rom e-b lack  T  as in d ic a to r .
N ickel was t i t r a te d  betw een  pH  9 — 10 u sin g  m u rex id e  as in d ica to r.
C opper was d e te rm in e d  by  b a c k - t i t r a tin g  an  excess o f E D T A  w ith  m a n g a n e s e (I I )  

s ta n d a rd  so lu tion  u sin g  eriochrom e-b lack  T  as in d ic a to r .
Sam ple  w eigh ts w ere chosen so th a t  in  th e  p a r ts  a n  a liq u o t po rtio n  of th e  so lu tio n  s u b 

jec ted  to  analysis, 1 p e r  c e n t o f the  orig inal q u a n t i ty  sh o u ld  co rrespond  to  0.1 m l o f E D T A .
T he p H  values w ere  m easu red  w ith  a  R a d e lk is  O P  401/1 ty p e  p o ten tio m e tric  a p p a ra tu s  

using  an  O P  801/1 ty p e  com bined  electrode.

The pH dependence of the sorption

E x p e rim e n ts  w ere carried  ou t m o s tly  w ith  F e (O H )3 as a c a rr ie r . T h e  
p H  d ependence  o f th e  so rp tio n  of z inc , a n d  c o b a lt( I I )  is show n in F ig . 1. I t  c an  
be conc luded  th a t  b y  ad ju s tin g  th e  p H  su ita b ly  p rac tica lly  com plete  p re c ip i
ta t io n , o r com plete  so lu tio n , can be a c h iev ab le . A curve  o f sim ilar c h a ra c te r  
has been  p u b lished  b y  B e r d n ik o v  [25] fo r th e  so rp tio n  of c o b a lt(II)  on  p e a t ,  
b y  R eimport- H o rváth  [26] for th a t  o f  z in c (I I )  a n d  cobalt on oxyce llu lo se , 
an d  b y  K u r b a t o v  [27] on filte r p a p e r.
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F ig . 1. S o rp tio n  of z in c (I I ) ,  a n d  co b a lt(II)  on  i r o n ( I I I )  h y d ro x id e  from  an am m o n iu m  h y 
d rox ide  m edium  as a  fu n c tio n  of p H

(100 m g F e3 1 +  z in c (II) ,  o r c o b a lt(II)  } N H 4C1, p re c ip ita te d  w ith  va rio u s a m o u n ts  o f  
N H 4O H , a t  ro o m  tem p e ra tu re . F il te re d  a f te r  s ta n d in g  for one h o u r.) 

a )  50 fig  Zn + + ( + C5Z n) +  0.9 M  N H 4N 0 3 b) 0.01 m M  (58 m g) Co + + +  0.6 M  N H 4N O

The dependence of the sorption on the ammonium concentration

F ig . 2 show s th e  pH -dependence  o f th e  so rp tio n  o f c o b a lt(II) , z inc, a n d  
silver, th e  p H  bein g  v a ried  w ith  am m o n iu m  h y d ro x id e  w ith o u t a d d itio n  o f  
a n y  am m o n iu m  sa lt. I t  can  be seen th a t  ev en  a t  p H  10 th e  so rp tion  o f  c o b a lt( I I )  
is close to  90 p e r c e n t, a n d  th a t  o f zinc to  70 p e r  cen t.

F ig . 2. S o rp tio n  o f z in c (II) ,  c o b a lt(II) , an d  silv er, on  i r o n ( I I I )  hydrox ide  fro m  an  a m m o n iu m  
h y d ro x id e  m edium , as a  fu n c tio n  o f  p H

flOO m g F e 3+ +  z inc  (c o b a lt, silver), p re c ip ita te d  w ith  v a rio u s  am oun ts o f N H 4O H , a t  ro o m  
te m p e ra tu re ;  filte red  a f te r  s ta n d in g  fo r one hour.) 
a )  10 m g Co + +, b) 10 m g A g +, c)  10 m g Zn + +

F ig . 3 show's th e  so rp tio n  o f zinc, a t  c o n s ta n t p H , as a fu n c tio n  o f  th e  
c o n c e n tra tio n  o f  am m o n iu m  sa lt; F ig . 4 show s th e  so rp tion  o f c o b a l t ( I I )
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Fig. 3. Sorp tion  o f  z in c (II)  on F e (O H )3, as a  fu n c tio n  o f  th e  am m onium  c o n c e n tra tio n  
(100 m g Fe3+ +  100 fig  Z n + + , various a m o u n ts  of N H ,C1 in  100 m l; p H  8.9—9.1, a d ju s te d

w ith  N aO H .)

in fu n c tio n  o f p H  a t  th ree  d iffe ren t c o n cen tra tio n s  o f  am m onium  sa lt. T h ese  
resu lts  an d  th o se  g iven  in Figs 1 a n d  2 show  an  in c rea se  in  am m onium  c o n 
c e n tra tio n , a n d , as a re su lt, a d ecrease  o f so rp tio n .

P re lim in a ry  experim en ts w ith  n ickel, s ilver, a n d  copper gave th e  sa m e  
re su lt. Curves o f  s im ila r c h a ra c te r  as above w ere o b ta in e d  for th e se . T h u s  
claim s [ l b  15, 17] t h a t  an in crease  in  th e  am m o n iu m  sa lt or a m m o n iu m  
h y d ro x id e  co n c e n tra tio n  decreases th e  so rp tion  o f  som e ions are d isp ro v e d .

Fig. 4. Sorp tion  o f  c o b a lt( I I )  as a fu n c tio n  o f p H , a t  v a r io u s  am m onium  c o n c e n tra t io n s  
(100 m g F e 3+ -|- 50 m g Co + + - f  N H 4C1, p re c ip ita te d  w ith  v a rio u s  am o u n ts  o f N H ,O H , a t  

ro o m  tem p e ra tu re , f i lte re d  a f te r  s ta n d in g  fo r  one  h o ur.)
1. 0.18 M  M H 4C1. 2. 0 .92 M  M H 4C1. 3. 1.85 M  MH,C1
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lg a

F ig . 5. F reu n d lich  iso th e rm  fo r th e  so rp tio n  o f c o b a l t ( I I )  on Fe(O H 3) fro m  a n
h y d rox ide  m e d iu m

(100  m g F e3+, 5 ■ 1 0 ~5 — 1.7 • 10~2 M  Co + +, 0 .19  M  N H 4C1, 1 M  N H 4O H ;

am m onium  

p H  9 .1 )

I n  F ig . 4 it  is n o te w o rth y  th a t  th e  c o n c e n tra tio n  of th e  am m o n iu m  sa lt 
a f fe c ts , in  a ce rta in  m easu re , th e  p o sitio n  o f  th e  m ax im um ; th is  m a y  help 
in  t h e  e lucidation  o f  th e  m echan ism  o f a d so rp tio n  and d eso rp tio n .

O ptim um  conditions for th e  sep ara tio n  of ca tions 
fo rm in g  am m in e  com plexes f ro m  m etal hydroxides

O u r resu lts  in d ic a te  th a t  th e  s e p a ra tio n  according to  th e  re q u ire m e n ts  
o f  tra c e -an a ly s is  can  be ach ieved  b y  a sin g le  p rec ip ita tio n . C onsidering  th a t  
th e  perm issib le  lim it o f  losses w ith  re g a rd  to  tra c e  analysis is se t a t  2 p e r  cen t 
(w ith  w ashing), th e  se p a ra tio n  of sev e ra l e lem en ts  will be possib le  u n d e r  th e  
c o n d itio n s  given in  T ab le  I.

V alues lis ted  in  th e  ta b le  are  c o rre la te d  con cen tra tio n s o f  am m onium  
h y d ro x id e  an d  am m o n iu m  sa lt. T he in c re a se  o f  th e  co n cen tra tio n  o f  one of th e  
c o m p o n e n ts  p e rm its , w ith in  ce rta in  l im its , th e  decrease o f  th e  o th e r . T hus, 
fo r  in s ta n c e , w ith  N i++ a c o n c e n tra tio n  o f  am m onium  sa lt low er th a n  0.5 
m o le  p e r  litre  suffices i f  co n cen tra tio n  o f  am m o n iu m  h y d ro x id e  is h ig h er th a n  
I  m o la r , and , th e  o th e r  w ay  ro u n d : w h e n  th e  am m onium  sa lt co n c e n tra tio n  
is ab o v e  2 M  a few  te n th s  of a m ole p e r  l itre  of am m o n iu m  h y d ro x id e  is 
su ff ic ie n t. O f course , th e  possib ility  o f  v a r ia tio n  is lim ited  in  th e  case of th e  
m o s t  easily  so rbed  io ns: Co + + an d  Zn + + , h e re  high c o n cen tra tio n s  o f am m o-
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Table I

Conditions o f  separation without loss o f  some ions fro m  F e (O H )3

100 m g F e  + ++  +  0.1 to  10 m g of th e  ion  s tu d ied  in  100 m l. 
P re c ip ita tes  a t  room  tem p era tu re  w ith  a m ix tu re  o f N H aCl and  N11,011. 

F iltra tio n  fiv e  m inutes a fte r  p re c ip ita tio n

Ion
n h 4o h

M
N H 4C1

M p H

Co + + > 4 > 2 > 1 0

Z n  +  + > 2 > 2 > 1 0

Cu + + ~ 2 > 1 >  9.5

Ni+ + > 2 > 1 .5 >  9.5

Ag + > 1 > 0 .5 >  9.5

n iu m  sa lt an d  h y d ro x id e  a re  requ ired . A ccord ing  to  th e  F reu n d lich  iso th e rm  
(b =  k - a n̂) th e  re la tiv e  m a g n itu d e  of so rp tio n  d ep en d s on th e  ca tio n  con
c e n tra tio n . In  o rd e r to  p re se n t o u r ex p erim en ta l d a ta  fo r o th e r co n cen tra tio n s  
we p lo tte d  th e  F re u n d lic h  iso th e rm  for co b a lt. T h e  co rre la tio n  is v a lid  w ith in  
th e  fou r orders o f  m a g n itu d e  s tu d ied . T he v a lu e  o f  th e  ex p o n en t 1 /re is 0.52. 
(A ccord ing  to  K o l t h o ff , th is  is 0.41 for th e  so rp tio n  o f  zinc [4], an d  0.46 for 
t h a t  o f  copper [3]. T h is m ean s th a t  a t low er c o n cen tra tio n s  re la tiv e  losses 
are  g rea te r, n ev e rth e le ss , also w ith  tra c e  q u a n ti t ie s  sep a ra tio n  can  be m ade 
com plete . In  o rd e r to  check  th e  resu lts  from  th e  p o in t o f  view  o f th e  d e te rm i
n a tio n  of tra c e s  o f  zinc a n d  co b a lt in rock , we s tu d ie d  th e  sep a ra tio n  o f  e5Zn 
an d  eoCo ad d ed  to  v a rio u s  san d sto n e  sam ples. T hese  w ere d igested  in  aq u a  
reg ia , th e n  th e  ra d io a c tiv e  iso topes, am m onium  ch lo rid e  (3 M )  a n d  am m onium  
h y d ro x id e  (p H  ~  10) w ere added  to  th e  f i l t r a te s .  A fte r one h o u r s ta n d in g  
th e  p re c ip ita te  w as co llec ted  on a filte r p a p e r , a n d  w as w ashed  w ith  a 2 M  
am m o n iu m  ch lo ride  so lu tio n  (ad ju s ted  to  p H  =  9.6) severa l tim es. T he zinc 
c o n te n t o f th e  sam ples w as n o t h igher th a n  100 [/,g/g, an d  th e  co b a lt c o n te n t 
n o t  h igher th a n  60 /иg/g. T h e  resu lts  are lis ted  in  T ab le  I I .

Table II

S o rp tio n  lo ss , %
N o. o f  th e  sam ple

Zn Co

X I I  2360 0.8 1.8

X I I  2322 0.9 1.5

X I I  2280 0.6 0.9

X I I  2260 — 1.1

X I I  2229 1.0 1.3
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A s fa r  as th e  re q u ire m e n ts  o f  tra c e  analysis  are  considered , th e  se p a ra tio n  
is c o m p le te . H ow ever, i t  is im p o r ta n t  to  f i l te r  w ith in  10 m in u te s  a f te r  p re 
c ip ita t io n . F o r, as we fo u n d  i t ,  due  to  ageing p h en o m en a , th e  re -so lu h ility  
o f th e  c o b a lt and  zinc in c o rp o ra te d  b y  so rp tio n  in to  th e  p re c ip ita te  will 
d ec rea se  w ith  tim e . T he loss, in  th e  case o f n ickel, copper a n d  s ilv e r, is less 
th a n  1 p e r  cen t. A ccordingly , c a tio n s  w hich  fo rm  am m ine com plexes in  so lu tion  
can  b e  s e p a ra te d  w ith o u t loss so as to  com ply  w ith  re q u ire m e n ts  o f  tra c e  
a n a ly s is , b y  a single p re c ip ita tio n . T h u s th e  — 10 p er cen t c o rrec tio n , p ro p o sed  
b y  K n y i p o v i c h  [28] for d e te rm in a tio n s  o f th e  copper co n te n t o f ro c k  sam ples, 
can  b e  n eg lec ted . I t  shou ld  b e  m en tio n ed , how ever, th a t  ra p id  se p a ra tio n  
is a re q u ire m e n t in  th e  case o f  c o b a lt, a n d  also ad v an tag eo u s  w h en  zinc is 
m e a su re d .

A  q u a n tita tiv e  se p a ra tio n  can  be ach ieved  b o th  a t room  te m p e ra tu re , 
a n d  a t  80 °C w ater b a th .

P re lim in a ry  ex p erim en ts  d isclosed  th a t  on ly  ra p id  p re c ip ita tio n s  from  
a h o m o g en eo u s solu tion , or b y  m ean s of ZnO  [1, 15] gave s a tis fa c to ry  resu lts . 
S ince t h e  p H  of th e  se p a ra tio n  is re la tiv e ly  close to  th e  m a x im u m  o f th e  
so rp tio n  cu rve  and  th e  a d ju s tm e n t o f th e  req u ired  value  is n o t a t  all easy, 
s e p a ra t io n  canno t be k ep t w ell in  h a n d .T h is  is t ru e  also for th e , o th e rw ise  b e s t, 
p re c ip ita t io n  w itli h e x a m e th y le n e te tra m in e  (cf. T ab le  I I I ) .  E v e n  w hen  th e

Table III

Sorption o f z i n c ( I I ) ,  and  o f  c o b a lt( I I ) , on 100 mg o f F e(O H  
during various separation methods 

100 fig  Zn + + or Co + +, labelled  w ith  65Zn, an d  60Co

Ton M ethod o f  s e p a ra tio n p H N H tCl % so rp tio n

Z n + + boiled w ith  urea 7 .1 5 0 . 1 9 9 3

Zn + + w arm ed w ith  h e x am eth y len e te tram in e 4 . 7 0 . 9 5 7 .5

Z n + + boiled w ith  ZnO suspension 5 .5 — 1 6 .5

Co + + boiled w ith urea 7 .6 5 0 . 1 9 9 0

Co + + w arm ed w ith  h e x am eth y len e te tram in e 4 . 6 5 0 . 9 5 5 .5

Co + + w ith  a ZnO suspension 6 .2 — 7 .5

Co + + boiled w ith  CH3COOiSa 5 .0 1 6

s e p a ra t io n  is carried  ou t from  a hom ogeneous m ed ium , a ce rta in  am m o n iu m  
sa lt c o n c e n tra tio n  shou ld  b e  ap p lied . C on seq u en tly , w hen ro u tin e  analyses 
are  c o n te m p la te d , p re c ip ita tio n  w ith  am m onium  h y d ro x id e  in  th e  presence 
o f  a m m o n iu m  salt is th e  m o st a d v a n ta g e o u s  an y h o w  because th e  co n d itions 
o f  s e p a ra tio n  w ithou t loss a re  easy  to  ensure.
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T he app lica tion  o f separa tions perform ed usin g  am m onium  hydrox ide

D eterm ination o f  m inu te  am ount o f  zinc in  rock samples w ith d ith izone

As could  be seen in Fig. 2, zinc can be q u a n ti ta t iv e ly  p re c ip ita te d  w ith  
iro n ( I I I )  h y d ro x id e  in  a re la tiv e ly  w ide p H  ran g e . I f  th e  c o n c e n tra tio n  of 
th e  am m o n iu m  sa lt is n o t h igh, i.e. <  0.1 M ,  th e  sep ara tio n  o f z inc  from  
calcium  will be feasib le . In  th e  n e x t  s tep  a t a h ig h e r pH  an d  am m o n iu m  sa lt 
c o n c e n tra tio n , th e  se p a ra tio n  o f zinc from  iron  can  he carried  o u t. I t  is a d 
v isab le , how ever, to  re p e a t th e  p re c ip ita tio n  a f te r  red isso lv ing  th e  h y d ro x id e  
p re c ip ita te , o therw ise  — w hen th e  a n a ly tic a l o p e ra tio n s  are ca rr ied  o u t in 
th e  u su a l m a n n e r  — losses due to  ageing will occu r. (W hen th e  p re c ip ita te  is 
allow ed to  s ta n d  fo r an  h o u r an d  th e n  su sp en d ed  in a m ix tu re  of a 2 M  so lu tio n  
of N H 4C1 an d  a 3.5 M  so lu tion  o f N H 40 H ,  a 10 — 15 p er cen t zinc loss is to  be 
observed .)

T he d ith izo n e  m e th o d  seem s to  be th e  m o st ad v an tag eo u s fo r th e  d e 
te rm in a tio n  o f m in u te  a m o u n t of Z n ; th is  is m ostly’ used in w a te r a n d  in  soil 
an a ly sis  [30, 31, 32] fo r o rie n ta tiv e  te s ts . S ince o u r aim  was to  suggest a m ore  
a c c u ra te  m e th o d , th e  p o ssib ility  fo r th e  e lim in a tio n  o f in te rfe rin g  io n s an d  
to  o b ta in  th e  b es t co n d itio n s for th e  p ro ced u re  h a d  to  be stud ied .

All th e  e lem en ts  w hich are e x tra c te d  in to  th e  organic p h ase  from  a 
so lu tio n  su itab le  fo r th e  e x tra c tio n  o f zinc, in te rfe re  in th e  d ith izone m e th o d
[33] . F ro m  th ese  e lem en ts  several (M n, F e , S n , P h . Bi) can be re m o v e d  by’ 
am m o n iu m  h y d ro x id e  p re c ip ita tio n , o th e rs  (Ag, Cd. H g) are p re se n t in  ore 
or soil sam ples o f av e rag e  com position  a t  c o n c e n tra tio n s  lower b y  one  o rd e r 
of m a g n itu d e  th a n  th a t  o f th e  zinc c o n c e n tra tio n  th u s  no special co n cern  is 
caused  b y  these .

O n ly  th e  in te rfe ren ce  o f copper, co b a lt, a n d  n ickel had  to  be e lim in a te d . 
One w ay  to  p e rfo rm  th is  w ould  be th e  m ask in g  o f  th e se  ions e.g. w ith  th io u re a
[34] . H ow ever, we w a n te d  to  d e te rm in e  th e  sa id  e lem en ts a fte r th e  s e p a ra tio n  
w ith  am m o n iu m  h y d ro x id e  h ad  been  ca rried  o u t:  th u s  we reg a rd ed  i t  m o re  
a d v an tag eo u s  to  in tro d u c e  su itab le  se p a ra tio n  s tep s  in to  th e  m e th o d .

A m ong  th e  possib ilities , th e  fo llow ing p ro v e d  to  be th e  best.
N ickel. E x tra c tio n  o f its  com plex  fo rm ed  w ith  d im eth y lg ly o x im e  a t 

pH  8 — 10.
C opper , cobalt. E x tra c tio n  w ith  d ith izo n e , to g e th e r  w ith  zinc, a t  p H  9, 

an d  re -e x tra c tio n  o f  zinc w ith  a 0.1 N  n itr ic  ac id  so lu tion .
In  th e  course o f  th e se  o p era tio n s no  loss o f  zinc ( < 1  per cen t) o c c u rs ; 

n ickel, co b a lt, an d  co p p er are  q u a n ti ta t iv e ly  rem o v ed . This was ch eck ed  b y  
tra c e r  te c h n iq u e  in th e  case o f  cobalt an d  n ickel (eoCo, e3Ni), and  by  p h o to m e try  
in th e  case o f  co p p er th ro u g h  its  sod ium  d ie th y ld ith io c a rb a m a te  re a c tio n .

A n a d v a n ta g e  o f  th is  m eth o d  is th a t  th e  p H  o f th e  solu tion  o b ta in e d  
a fte r se p a ra tio n  w ith  am m o n iu m  h y d ro x id e  is su ita b le  for e x tra c tio n .
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I n  th e  e x tra c tio n  o f z inc  b y  d ith izone  w e en d eav o u red  to  re s tr ic t  excess 
d ith iz o n e  to  th e  low est possib le  level, b ecau se  th e  green d ith izone  h a s  som e 
a b s o rp tio n  a t 530 n m , p ro p e r  for th e  m e a su re m e n t o f th e  red  z in c -d ith izo n a te  
c o m p le x . To p re v e n t th is  in te rfe ren ce , tw o  m e th o d s  seem ed to  be ad v isab le .

1. E x tra c tio n  w ith  sm all po rtions o f  a d ith izo n e  solu tion  (0.5 to  1.0 ml) 
t i l l  a  v io le t colour ap p ea rs .

2 . E x tra c tio n  w ith  excess d ith izone fo llow ed  b y  re -e x tra c tio n  o f d i
th iz o n e  w ith  a N a2S so lu tio n .

T h e  rock  or soil sam p le  (1 g) is e v ap o ra ted  to  d ry n e ss  w ith  aq u a  reg ia  (20 m l), th e  res
id u e  is  d isso lved  in d ilu te  h y d ro ch lo ric  acid an d  th e  in so lu b le  p a r t  is filte red  off. T h e  so lu tio n  
is  h e a te d  to  boiling a n d  a m m o n iu m  chloride (10 g) a n d  c o n cen tra ted  am m o n iu m  h y d ro x id e  
(30 m l)  a re  added . T h e  h y d ro x id e  p rec ip ita te s  a re  f i l te re d  im m edia te ly , an d  th e  f i l t r a te  is 
d i lu te d  to  100 ml.

A ccord ing  to  th e  e x p e c te d  zinc co n ten t, a  1 to  20 m l po rtio n  of th e  so lu tio n  is t r e a te d  
w ith  a  1 p e r  cen t so lu tio n  (5 m l) o f d im eth y lg ly o x im e , a f te r  ten  m in u tes  n icke l is e x tra c te d  
w ith  2 p o rtio n s  (5 m l each ) o f  ch loroform , and  th e  o rg a n ic  ph ase  is d iscarded .

T h e  po rtions o f th e  a q u eo u s  so lu tion  are sh a k e n  w ith  a 0.01 per cen t so lu tio n  o f  d ith izo n e  
in  ch lo ro fo rm  till th is  k eep s i ts  o rig ina l green co lou r. F ro m  th e  com bined d ith iz o n e  e x tra c ts  
z in c  is  reco v ered  w ith  a 0.1 N  n i tr ic  acid so lu tion  (10 m l).

T h e  aqueous so lu tio n  is n eu tra liz ed  w ith  a m m o n iu m  hydrox ide, th e n  a  b u ffe r  (5 m l) 
o f  p H  7.5 (a 1:4 m ix tu re  o f a  1/15 M  so lu tion  o f d iso d iu m h y d ro g en  p h o sp h a te  a n d  a 0.1 M  
s o lu t io n  o f sodium  c itra te )  is a d d e d  an d  zinc is e x tr a c te d  w ith  0.5 to  1.0 m l p o rtio n s  o f a 0.001 
p e r  c e n t  so lu tion  of d ith iz o n e  ( th e  la s t  po rtio n  h as  a  b lu e  t in t ) .  T he com bined e x tra c ts  a re  m ade  
u p  to  10 m l w ith  ch lo ro fo rm , th e  lig h t a b so rp tio n  m e a su re d  of th e  so lu tion  in  a  1-cm  c u v e tte  
a t  530 n m , using  p u re  ch lo ro fo rm  as a reference. A  c a lib ra tio n  curve, b e tw een  0.5 a n d  2.5 
/tg  o f  Z n  should  be u sed . E x tin c tio n  of 1 fig Zn is 0 .16.

W e m ay  p roceed  also b y  e x tra c tio n  of z in c  w ith  a  0.01 per cen t so lu tio n  o f  d ith izo n e  
a n d  re -e x tra c tio n  of excess d ith izo n e  w ith  a 0.15 p e r  c e n t  so lu tion  of N a 2S.

T h e re  is on ly  one d iff ic u lty  a tta ch e d  to  th is  p ro c ed u re , and th is  is th e  c o n ta m in a tio n  
o f  re a g e n ts ,  and  of w a te r , w ith  zinc and  o th e r h e a v y  m eta ls . F o r th is  reaso n  th e  re ag e n ts  
sh o u ld  b e  scrupu lously  p u rif ie d  e.g. d istilla tio n  o f  w a te r ,  a f te r  ion-exchange, in  a  q u a r tz  a p p a 
r a tu s .  B la n k  te s ts , fo r all th e  re ag e n ts , m u st be m ad e  in  p a ra lle l runs. I t  is a d v isab le  to  use  th e  
s a m e  vessels alw ays fo r th e  sam e operations a n d  to  c le an  th e  vessels sh o rtly  b e fo re  use.

T h e  accu racy  o f th e  m e th o d  is + 1 0  pe r c e n t. W e analysed  s ta n d a rd  ro c k  sam p les p re 
p a r e d  in  th e  Geological I n s t i tu te  of B erlin , a n d  o b ta in e d  th e  following re su lts  ( th e  zinc con
t e n t s  p ro p o sed  are in c lu d ed  fo r  com parison).

A b rie f description o f th e  m ethod

M ark  o f  sam ple F o u n d  b y  o u r  m e th o d P roposed  value

G ranite  (GM) 

B asa lt (BM ) 

A rgillite (TS)

50 p. p. m . Zn 

90 p. p. m . Zn 

90 p. p. m . Zn 

10 p. p. m . Zn

46 p. p. m. Zn [35]

102 p. p. m . Zn [35]

103 p. p. m. Zn [35]

L im estone (K H ) 8 p. p. m. Zn [36]
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PHYSICO-CHEMICAL STUDIES ON ISOMERIC 
COMPOUNDS OF TRANSITION METAL IONS

J .  Császár  and E . H o r v á t h

( In stitu te  o f  General and  P hysica l Chemistry, A ttila  J ó z se f  U niversity , Szeged)

R eceived  Ju n e  15, 1968

Physico -chem ica l in v es tig a tio n  on c o o rd in a tio n  a n d  p o ly m eriza tio n  com plex  
isom ers hav in g  Cr3+-, Mn3+-, Co3+-, Ni2+- an d  Cu2+-ions as cen tra l ions a re  rep o rted . 
M agnetic an d  sp e c tra l c h a ra c te ris tic s  are ex p la in ed  on th e  basis o f lig an d  field  th eo ry . 
A ll ex p erim en ta l d a ta  p ro v e  th a t  com plex ions r e ta in  th e ir  ch a ra c te ris tic  fe a tu res  
also in isom eric a d d u c ts . R A C A H  p a ram ete rs , in fra re d  rs(N H ;l) and  t>as( N 0 2) va lues 
a re  used  to  d raw  conclusions regard ing  th e  c h a ra c te r  o f th e  bonds.

1. In troduction

C om pounds o f C r3 + -, M n3+-, F e3 + -, Co3 + -, N i2 + - a n d  Cu2+-ions, h av in g  
v a rio u s com position  a n d  g eo m etry , are in te n s iv e ly  s tu d ie d  from  th eo re tica l 
an d  p rac tica l (p re p a ra tiv e )  p o in ts  o f view . M an y  p a p e rs  deal w ith  th e ir  
fe a tu re s  an d  th e  th e o re tic a l in te rp re ta tio n  o f th e m  on th e  basis o f c ry s ta l 
fie ld  (C F), an d  lig an d  fie ld  (L F ) theories an d  also th e  m o lecu la r o rb ita l (MO) 
m odel [1 6 ]. E x tre m e ly  s ta b le  com plex an ions a n d  ca tio n s  of th e se  m e ta l
ions easily  jo in  w ith  each  o th e r  in th e  m ost v a r ie d  co m b in a tio n s.

O n ly  few p ap ers  dea l w ith  physico-chem ical in v e s tig a tio n  o f th e  isom eric 
a d d u c ts  ap p earin g  in  g rea t v a r ie ty . In  th is  p a p e r  we re p o r t  th e  resu lts  o f  o u r 
d iffe ren t spectroscop ic  a n d  m ag n e tic  in v es tig a tio n s  on a series o f com pounds 
show ing  co o rd ina tion  a n d  po lym eriza tion  isom erism .

2. E xperim ental

T he s ta r tin g  co m p o u n d s  w ere p repared  acco rd in g  th e  m e th o d s described  
in th e  l i te ra tu re  [7 — 10] fro m  reag en ts  o f a n a ly tic a l g rad e , an d  p u rified  b y  
re p e a te d  rec ry s ta lliz a tio n . W hen  p rep arin g  th e  isom eric  ad d u c ts  e q u iv a len t 
q u a n titie s  o f th e  req u ired  co m p o n en ts  in so lu tions in  w a te r  or w a te r-e th an o l 
m ix tu re  w ere m ixed . A fte r  cooling  to  0 °C th e  se p a ra te d  p re c ip ita te  w as f ilte re d  
off, w ashed  w ith  som e cold  w a te r  and  e th a n o l, th e n  w ith  e th e r  an d  d ried  
over P .,0 5 in a desicca to r. C om position  of th e  sim p le  com pounds an d  th e  iso
m ers w ere checked b y  th e ir  sp ec tra  or b y  N -an a ly sis , resp ec tiv e ly . C h arac
te ris tic  d a ta  are  su m m arized  in  T ab le  I.
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Table I

C h a r a c t e r i s t i c  f e a t u r e s  a n d  a n a l y t i c a l  d a t a  o f  t h e  p r e p a r e d  i s o m e r i c  c o m p o u n d s

N o. Com plex Colour
M olecular

w eigh t
P o ly m .
n u m b er

N  %
Cal cd. F o u n d

I. [Co(NH3)6] [Co(CN)„] flesh coloured 376.18 — 44.68 44.51

II . [Co(N H 3)5C1] [Co(N H 3)2(N 0 2U  • 5H20 tan 733.63 — 28.91 28.73

h i . [Co(NH3)6] [Co(Ox)3] • 3 II20 pale green 484.13 — 15.62 15.48

IV. [Co(NH3)6] [Co(C03)3] • 4H 20 olive green 400.10 — 17.80 17.58

V. [Co(en)3] [Co(CN)(>] tan 454.29 — 37.00 34.79

V I. [Co(en)3] [Co(NO2)0] lem on coloured 574.23 29.27 29.16

V II. [Co(en)3] [Co(Ox)3] • 4 H 20 pale green 562.24 13.25 13.14

V III . [Co(N II3)5H 20 ]  [Co(Ox)3] brow nish  green 485.12 — 14.44 14.72

IX . [Co(N H 3)4(N 0 2)2] [Co(N II3)2(N 0 2)4] • 3H 20 ochre yellow 496.12 2 30.55 30.11

X. [Co(N II3)6] [Co(N 0 2)c] lem on coloured 496.12 2 33.88 33.86

X I. [Co(N H 3)5N 0 2] [Co(N H 3)2(N 0 2)4]j tan 744.18 3 33.88 33.95

X II . [Co(N H 3)6] [Co(N H 3)2(N 0 2)4]3 ■ 6 II20 ochre yellow 992.24 4 30.55 30.79

X I I I . [Co(N 0 2)6] [Go(N H 3)4(N 0 2)2]3 • 10H2O ochre yellow 992.24 4 28.68 28.41

X IV . [Co(N 0 2)6]2 [Co(N H 3)6(N 0 2)]3 • 3 II20 reddish 1240.30 5 32.47 32.01

XV. [Cr(Ox)3] [Co(NH3)c] • 3H 20 tan 477.20 — 15.82 15.78

X V I. [Cr(Ox)3] [Co(en)3] • 6H 20 lig h t brow n 555.31 — 12.67 12.60

X V II. [Cr(Ox)3] [Cr(en)3] ■ H ,0 greyish  green 548.38 — 14.84 15.24

X V III. [M n(Ox)3] [Co(NH3)fi] • 3H 20 m agenta 480.12 15.73 15.62
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X IX . [M u(Ox)3] [Co(en)3] • 3H 20

X X . [M n(Ox)3] [Cr(en)3] • 3H 20

X X I. [Fe(O x)3] [Co(NH3)6]

X X II . [Fe(O x)3] [Co(en)3] • 5H 20

X X III . [Fe(O x)3] [Cr(en)3] • 3H 20

X X IV . [Co(Ox)3] [Cr(en)3]

X X V . [Co(NH3)6] [Fe(CN)e]

X X V I. [Co(en)3] [Fe(CN)6]

X X V II. [Co(N H 3)6]4 [Fe(CN)6]3

X X V III. [Co(en)3]4 [Fe(CN)6]3

X X IX . [Co(NH3)e] [C uC lJ

X X X . [X i(N H 3)6] [Co(N H 3)2(N 0 2)4]2

X X X I. [Cu(N H 3)4] [Co(N H 3)j(N 0 2)4]

m agenta 558.23 _ 13.73 13.66

viole t-red 551.30 — 13.88 13.78

ochre yellow 481.04 17.47 16.58

ochre yellow 559.15 — 12.95 12.88

greenish  yellow 552.22 — 13.86 13.76

d ark  green 555.31 — 15.14 15.02

orange 373.09 — 45.06 44.97

orange 451.20 — 37.26 37.22

pink 1280.40 — 45.95 45.92

pink 1592.83 — 36.94 36.98

yellow 401.96 — 20.91 20.79

ochre yellow 629.79 — 40.04 40.10

olive green 685.74 32.68 32.62
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16 CSÁSZÁR, HORVÁTH: ISOMERIC COMPOUNDS OF TRANSITION METAL IONS

Table II

Possible Laporte-forbidden transitions in  the Oft , C4„ ( ) sym m etry classes, having

e—-config. group Transitions* Energy

( t4 ) 4 e gr 3 J T 2g (F ) 3,4A 2g (F ):  v* A

a n d Oft 3’4T ,g  (F ) -
1 5 B + 3 4 —  У A*— 1 8 B d + 2 2 5 B 2

: V2 2

( h gY  ( « , ) ’ 3 J T 1S( P ) -
1 5 B 4 - 3  3 +  У A 2— 1 8 B / I + 2 2 5 B *

• ^3 2

' U  -  ‘A j :v* A — C

Oft
'T.. — 

3T i

: v* 

s * ? .i

А  +  1 6 B  — C 

А — 3C

3T 2 — : , ? >g А  +  8B — 3C

<*.«>■ ( ‘ l>0 i p +  1ЛA lg : v * ( I ) А - Ц - Т Л - С
4

C Jt. 'А ч  - : * ? ( I I ) A —  C

О  ift ■B2 g - : v * (I) A — 4 D s  — 5 D t  +  1 6 B  —  C

'E g  — : v J ( I I ) A  +  2 D s  —  ~  D t  +  1 6 B  —  C 
4

A bsorp tion  a n d  re flec tio n  sp ec tra  w ere reco rded  in  th e  320 —1250 /im  
re g io n  on a B eckm an  D U  sp e c tro p h o to m e te r . R eflection  curves w ere ta k e n  
a g a in s t  m agnesium  ox id e  s ta n d a rd  w ith o u t d ilu tio n ; ca lcu la tion  o f  th e  curves 
w a s  ca rried  ou t acco rd in g  to  th e  K u b e l k a  — M u n k  re la tio n  [11, 12].

M agnetic su sc e p tib ility  w as d e te rm in e d  a t  room  te m p e ra tu re  w ith  an 
e le c tro m a g n e t of W eiss-ty p e , ap p ly in g  a b o u t 6500 G auss fie ld  s tre n g th . 
T h e  co rrec ted  [13] v a lu es  w ere s u b s ti tu te d  in to  th e  /лв v- =  2 ,8 4 (^ V,T)1/2 fo r
m u la  to  ob ta in  th e  BM  va lues. F o r s ta n d a rd isa tio n  H g[C o(SC N )4] [14] and  
[N i(e n )3]S20 3 [15] w ere used.

In fra re d  sp e c tra  w ere  reg is te red  b y  a U nicam  SP 100 reco rd in g  sp e c tro 
p h o to m e te r  in K B r p e lle ts  a t 30 °C.

3. T heore tica l

C oord ination  isom erism  is a well k n o w n  ty p e  of isom erism  [16], c h a ra c 
te r is t ic  to  com pounds co n sisting  o f tw o  com plex  ions a t leas t. S uch  a p a ir  of 
c o m p o u n d s  are e.g. [C o(N H 3)e] [Cr(CN )6] an d  [Co(CN)6] [C r(N H 3)B]. This 
iso m erism  does n o t  re q u ire  d iffe ren t c e n tra l  ions in  th e  com plex  ions, n e i
t h e r  lim its  th e  n u m b e r  o f  com plex  ions am ong  th e  c o n s titu e n ts  o f th e  iso
m e ric  com pound. Such are  e.g. [C o(N H 3)r)] [C o(N 02)6], [C o(N H 3)4(N 0 2)2] 
[Co(N H 3)2(N 0 2)4] o r [C o(N H 3)6] [Co(N H 3)2(N 0 2)4]3, [Co( N 0 2)6] [Co(N H 3)4
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CSÁSZÁR, HORVÁTH: ISOMERIC COMPOUNDS OF TRANSITION METAL IONS 17

d 3, d8 and  d6 electrons, furtherm ore fo rm u la s used fo r  calculation

В,(С)”  B, Dt De

„  y* +  v j - 3 t  „  3vjzi — (у*)2 — 2z12
— —1 16 2 27zl -  15у?

,, -  »7 
B =  16
^ v i  —
C 2

— —

6yJ —  6 J  4- 6C  +  35Dt 
96

С =  Л(Ол) -  r í  (II)

D t =  - ^ - K  ( i i ) — y*(i)l***

Dt = Í  к *(0л) _  v‘ ]**’ *
Ds =  - | r D t

* A ccording to  th e  e lectron  configuration , t r ip le t  a n d  q u a r te t  levels ex is t in N i2 + 
and  Cr3+ a to m s, resp .

** B Cr3+ =  947; B Co3+ =  1065; B Ni2+ =  1084; CCr3+ =  3850; CCo3+ =  5120; CNi2+ =  
=  4831 c m -1 .

*** I f  r*  is sp litte d  enough  to  be ev aluated  or i t  can  be d isjo ined  b y  curve an a l
ysis.

**»* jf  js not splitted.

( N 0 2)2]3 com p o u n d  p a irs  to o . These c o m p o u n d  p a irs  are  p o lym eriza tion  
isom ers.

F o r  ou r s tu d y  we h a v e  chosen co m pounds o f  sim ple com position  and  
s tru c tu re , h av in g  lig an d s w ith  no  d is tu rb in g  effects on assig n a tio n  an d  id e n 
tif ic a tio n  o f th e  c h a ra c te r is tic  b an d s.

In  th e  case o f  p a re n t  com pounds o f  O/,, D 4/, a n d  C4e s y m m e try  th e  s tru c 
tu re  a n d  in te rp re ta tio n  o f  th e ir  ab so rp tio n  sp e c tra  are  w ell k n o w n . F u n c tio n s 
are av a ilab le  fo r ca lcu la tio n  o f th e  L F  p a ra m e te rs  an d  th ro u g h  th e m  q u a n 
ti t ie s  c h a ra c te r is tic  o f  th e  b o nds can  be d e te rm in ed .

S p ec tra  o f com plexes o f m e ta l ions w ith  3d3, 3d® a n d  3d8 e lec trons have 
been  discussed  in d e ta ils  in  th e  li te ra tu re  [17 — 21]. T h eo ry  o f  F e 3 + -, M n3+- an d  
Cu2+-com pounds, h av in g  3d5, 3d4 an d  3d9 e lec tro n  s tru c tu re , re sp ., w as de
ve loped  b y  B a l l h a u s e n  [6 ]. T ab le  I I  show s th e  co rresp o n d in g  tra n s itio n s  
a n d  re la tio n s  used  in  o u r w ork .

T h e  L F  p a ra m e te rs  m ak e  possible ca lcu la tio n  o f  ß  == B /B 0, у  =  C/C0 
a n d  d %  =  100(1 — ß) v a lu es  [2 2 ], w hich som etim es allow  in te re s tin g  com 
p arisons concern ing  th e  b o n d  ty p e .

2 Acta Chim. Acad. Sei. Hung. 61, 1969



18 CSÁSZÁR, HORVÁTH: ISOMERIC COMPOUNDS OF TRANSITION METAL IONS

Table III

S pectra l-(kK ) and magnetic data o f  the paren t com-

N o . e ~-configuration Com plex*
Vi*

abs. re fl.

l . ( h g)3 K 3[C r(O x)3] 1 7 . 7 0 1 7 . 7 5

2 . C r(E n )3Cl3 2 1 . 8 0 2 1 . 9 5

3. ( t 4 Y  ( e g ) ' К 3[М с(О х)31 9 . 5 8 9 . 6 0

4 . ( t  2g)3 (eg)2 K 3[F e(O x )3]** — —

5 . ( u gr [C o (C 0 3)3]3_ 1 6 .3 0 1 6 .0 5

6 . [C o(O x)3]K 3 1 6 . 5 0 1 6 . 6 2

7 . [Co(N H 3)5C1]C1„ 1 8 . 7 2 1 8 . 9 5

8 . [Co(N H 3)5H 20]C I3 2 0 . 5 0 2 0 . 7 6

9. [Co( N 0 2)6]K 3 2 0 . 9 0 2 1 . 2 2

1 0 . [Co(N H 3)6]C13 2 1 . 0 5 2 1 . 3 0

1 1 . [C o (E n )3]CI3 2 1 . 4 5 2 1 . 5 2

1 2 . [Co(N H 3)5N 0 2](N 0 2)2 2 1 . 7 5 2 1 . 9 8

1 3 . t r -  [Co(N H 3)4(N 0 2)2]N 0 2 2 2 . 7 3 2 2 . 8 0

1 4 . t r - [C o (N H 3)2(N 0 2)4]K 2 3 . 0 5 2 3 . 2 5

1 5 . [Co(CN)6]K 3 3 2 . 4 0 —

1 6 . ( t 2gr ( e ef [N i(N H 3)6]C l2 1 0 . 5 3 1 0 .8 1

1 7 . ( t2g)6 (es)3 Cs2[CuCl4] 1 2 . 5 0 ~  9 . 5 0

1 8 . [Cu (N H 3)4]C12 1 6 . 6 0 —

* K 4[Fe(CN)6] and K 3[F e(C N )6] a re  n o t show n, as no  d d  tran s itio n  is possible. 
** N o intensive d— d b a n d  a p p e a rs  in  the  v isible sp ec tra l region.

4. Discussion of the experimental data

4 .1 . S p ec tra  o f the parent com pounds

D a ta  of absorp tion  a n d  re flec tio n  sp ec tra  o f th e  sim ple com plexes, 
m e a s u re d  m agnetic m o m e n tu m  v a lu es , to g e th e r  w ith  th e  ca lc u la ted  ones 
a re  su m m a riz e d  in T ab le  I I I .  E x p la n a tio n  on th e  m ech an ism  o f th e ir  lig h t 
a b s o rp tio n  can be found  in  t h e  l i te ra tu re  [17 — 21]. S p ec tra  of C r3+ (3d3), 
a n d  N i2+ (3d8) and Co3+ (3d6; Ол, Civ an d  D,lft sy m m e try ) are ch a ra c te riz e d  
b y  L ap o rte -fo rb id d en  t r a n s i t io n s  given in  T ab le  I I .  I n  th e se  cases th e  co r
re sp o n d in g  L F  pa ram ete rs  c a n  easily  be ca lcu la ted . I t  is to  be n o te d , th a t  
c o m p o u n d s  of M eX6 an d  M eL 3 ty p e  are considered  as h a v in g  Oh sy m m e try ,
i.e. w e n eg lec ted  th e  loss o f s y m m e try  caused b y  b id e n ta te  lig an d s.

I n  th e  spectrum  o f th e  M n3+ com plex tw o b a n d s  due  to  one sp in -fo r
b id d e n  (3T lg -(- 5E g) an d  one sp in -a llo w ed  (5T2g-<— 5E g) tra n s it io n s  are  fo u n d  [20]. 
H ig h  in te n s i ty  of th e  l a t t e r  re su lts  in  com plete  o v erlap  w ith  th e  charac-
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pounds and calculated В  (R A C A H )  and ß  values

v2* В ß
B M fo u n dabs. ref]. аЬя. refl. abs. re fl .

2 4 . 1 0 2 4 . 3 5 6 2 1 6 4 6 0 . 6 6 0 . 6 8 3 .9 3

2 8 . 5 0 2 8 . 6 0 6 2 8 6 2 2 0 . 6 6 0 . 6 6 3 . 8 2

2 0 . 0 2 2 0 . 1 0 — — — — 4 . 8 8

— — — — — 5 . 7 6

2 2 . 8 0 2 2 . 9 6 4 0 6 4 3 2 0 . 3 8 0 . 4 1 0

2 3 . 8 0 2 3 . 9 6 4 5 6 4 5 9 0 . 4 3 0 . 4 3 0

2 7 . 5 0 2 7 . 5 8 5 0 0 — 0 . 4 7 — 0

3 0 . 4 0 3 0 . 7 2 6 3 0 — 0 . 5 9 — 0

— 2 8 . 8 0 9 4 9 4 — 0 . 4 6 — 0

2 9 . 5 0 2 9 . 6 8 5 2 8 5 2 4 0 . 4 9 0 . 4 9 0

2 9 . 5 0 2 9 . 6 6 5 0 3 5 0 9 0 . 4 7 0 . 4 8 0

? W О bo 9 5 5 1 — 0 . 5 2 — 0

— 2 8 . 8 5 9 3 4 8 — 0 . 3 3 — 0

— 2 9 . 6 0 9 4 0 4 — 0 . 3 8 — 0

3 9 . 0 0 — 4 1 3 — 0 . 3 9 — 0

1 7 . 2 4 1 7 .3 5 9 1 2 8 6 8 0 . 8 4 0.80 3 .1 3

— 2 3 . 5 0 — - — — 1 .9 9

— — — — — 1 .9 6

te r is t ic  d — d  b a n d  o f  th e  o th e r  com p lex -co m p o n en t p re se n t in its  isom ers. 
T h e  sp ec tru m  o f th e  F e 3+ com p o u n d  — h a v in g  3d 5 e lec trons — show s on ly  
co m b in a tio n  b an d s  o f  low  in te n s ity , as th e  g ro u n d  te rm  does n o t sp lit an d  
o n ly  sp in -fo rb idden  s e x te t-q u a r te t  tra n s itio n s  a re  possib le . One b ro a d , com 
p lex  b a n d  is found  in  th e  sp ec tru m  of th e  te tr a m m in e  com plex  o f th e  Cu2 + 
ion  (w ith  3d9 e lec trons), i ts  com plex ity  is due to  th e  J a h n  T e l l e r  effect 
[23].

C onsidering th a t  th e  isom eric  com pounds a re  v e ry  s lig h tly  or n o t a t  all 
so lub le , th e  re flec tion  sp e c tra  o f th e  p a re n t co m p o u n d s w ere also d e te rm in ed  
— ex cep t of [C o(C 03)3]3 “ — an d  th e  co rresp o n d in g  p a ra m e te rs  ca lcu la ted . 
W e asce rta in ed , th a t  a b so rp tio n  an d  reflec tion  s p e c tra  o f  th e  Co3 + com plexes 
a re  v e ry  sim ilar [24], a n d  th e  ca lcu la ted  В an d  ß  v a lu e s  can  alw ays be re la te d  
as B ° B r an d  ß° ^  ßr (0 reg ard in g  th e  a b so rp tio n - , a n d  r th e  re flec tio n  
sp ec tra ) . This m eans a s lig h t sh ift in  th e  c h a ra c te r  o f  th e  bonds to w a rd s  
ionic one.
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4 .2 . Co3+ isomers

A ll th e  Co3 + co m p o u n d s a re  sp in -p a ired , i.e. d iam ag n e tic . R eflection  
s p e c tra  o f  th e  isom ers co n ta in  th e  tw o  ch a ra c te ris tic  L a p o rte -fo rb id d en  bands 
(T ab le  I I )  (see e.g. F igs 1 a n d  2). T h e  on ly  excep tions are  th e  n itro -a m m in e  
c o m p o u n d s , as th e  a b so rp tio n  o f  th e  n itro  g roup  p rev en ts  th e  o b se rv a tio n  
o f  v* ; in  m a n y  cases also v* a p p e a rs  as a b ro a d  in flec tio n  o n ly  (T able  IV ). 
T h e  b a n d s  of sp in -fo rb idden  tra n s i t io n s  of low  in te n s ity , c h a ra c te r is tic  of

m p
1000 600 A 00

F ig . 1. R eflection  sp ec tra . 1: [C o(N H 3)6] [Co(CN)e];  2: [C o(N H 3)6] [C o (N 0 2)6];
3: [C o(N H 3)6]Cl3 in  w a te r

Co3+ com plexes can  on ly  b e  u n c e r ta in ly  id en tified , so th e  c a lc u la te d  values 
o f  C a n d  у  should  be re g a rd e d  as a p p ro x im a tiv e  ones.

V a lu es  of В a n d  C, c a lc u la te d  on th e  basis  of sp e c tra l d a ta  [25] differ 
f ro m  th o s e  of th e  p a re n t co m p o u n d s . H ere  th e  ra tio  of C/B is low er. W hen  com 
p a r in g  th e  sp ec tra  o f th e  p a re n t  a n d  isom eric com pounds, th o se  o f  th e  la tte rs  
seem  to  be form ed b y  a d d itiv e  co m b in a tio n  o f  sp ec tra  o f th e  fo rm er ones. 
T h e  В  values of th e  I —V a n d  I I I —V II  com p o u n d  p a irs  a re  a lm o s t id en tica l; 
i t  w as  to  be ex p ec ted  b y  re a so n  o f  th e  s im ila rity  o f th e ir  s tru c tu re .

A lso th e  in fra red  sp e c tra , reco rd ed  in  th e  375 — 8850 c m -1 reg io n , prove 
th is  a d d i t iv i ty  [26]. V alues o f  i s(N H 3) an d  vai(N 0 2) are  g iven  in  T ab le  V. 
T h ese  a re  d efin ite ly  o b se rv ed  in  th e  case o f  th e  isom ers to o , a lw ays ap p earin g  
b e tw e e n  th e  co rrespond ing  v a lu e s  o f  p u re ly  cov a len t (N H 3, C H 3N 0 2) and
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М1Д
1000 600 A00

kK

F ig . 2. R eflection  sp ec tra . 1: [Co(en)3] [Co(CN)6]; 2: [Co(en)3] [Co(Ox)3]; 3: K 3[Co(Ox)3]
in w ater

Table IV*

Reflection spectral data o f  some Co3+ complex isomers, and calculated param eters

No. W,i •'f Br F Cr Cf/Br

I. 14.00 20.90 —31.20 — 644 0.60 3450 5.4

и . — 18.80 —23.00 —28.20 — — - —

h i . 13.00 17.00 23.70 419 0.39 2000 4.8

IV. — 12.00 16.60 —25.00 — 525 0.49 2300 4.4

V. 14.20 21.50 —31.80 —631 0.59 3750 4.9

V I. — 13.00 —24.00 — — — — —

V II. 12.60 16.80 23.50 419 0.39 2100 5.0

V III . — 16.60 —25.00 — — — —

IX . — 15.00 — 22.80 — — — — —

X . — —25.00 — — — — —

X I. — 14.50 — 23.00 — — — — —

X II . — 14.00 22.50 —27.50 — — — —

X III . — 14.20 21.70 28.00 — — — —

XIV . — 13.40 —22.00 —29.00 — — — —

* N um bering  corresponds to  th a t  o f Table I.
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p u re ly  ion ic  (N H 4C1, ONO - ) fo rm s [27]. T his in d ic a te s  p a r tly  ion ic  c h a ra c te r  
o f  th e  C o—N H 3 a n d  Co — N 0 2 bonds. T he co v a len t c h a ra c te r  o f  th e  bonds, 
e x p re sse d  in  p er cen ts , c a lc u la te d  accord ing  to  th e  follow ing e q u a tio n  [28]

C O V .  °/0 =  • 100
ve -  vt

a re  g iv en  in  Table V. I t  is to  be  seen, th a t  va lu es  o f  th e  tw o series are  d iffe ren t, 
b u t  show  th e  sam e te n d e n c y .

Table V*

Two characteristic in frared frequencies o f  sim ple and isomeric compounds 
and covalent bond %  values calculated fro m  them

No.
c o v a le n t %

V. (NHj) ealed. V a . (NO,) ealed .

N H 3 3 4 1 4 — — —

c h 3n o 2 — — 1 5 8 2 —

1 4 . 3 3 2 8 6 7 . 9 0 1 4 4 0 5 1 . 0 5

IX . 3 3 0 0 5 7 . 6 5 1 4 4 0 5 1 . 0 5

1 3 . 3 3 0 0 5 7 . 6 5 1 4 4 0 5 1 . 0 5

X I. 3 3 0 0 5 7 . 6 5 1 4 4 0 5 1 . 0 5

X II. 3 2 9 0 5 4 . 1 0 1 4 3 8 5 0 . 4 0

7 . 3 2 7 0 4 6 . 7 5 — —

II. 3 2 7 0 4 6 . 7 5 1 4 3 5 4 9 . 4 5

1 2 . 3 2 6 0 4 3 . 1 3 1 4 3 0 4 7 . 8 7

X IV . 3 2 5 0 3 9 . 5 3 1 4 2 0 4 4 . 7 1

9. — — 1 4 2 0 4 4 . 7 1

X III . 3 2 2 0 2 8 . 7 9 1 4 1 8 4 4 . 0 8

1 0 . 3 2 1 0 2 5 . 2 4 — —

X . 3 1 8 0 1 4 . 6 3 1 4 1 7 4 3 . 7 6

N H j C l 3 1 3 8 — — —

,(O N O )- — — 1 3 3 5 —

* N um bering  corresponds to  th a t  o f T ables I  a n d  I I I .

4 .3 . Isom ers o f  Cr3 + -, M n 3 + -, F e 3 + - and Co3 +-complexes

In  th is  g roup  th e  c e n tra l  ions are C r3 + -[(t2g)3], M n3 + — [(*2*)3(е«)г]» 
F e 3 + — [(t2g)3(eg)2] a n d  Co3 + — [(t2g)6] ions. In  th e  s tu d ied  reg ion  b o th  Cr3 + 
a n d  Co3+ com plex ions sh o w  tw o  L ap o rte -fo rb id d en  b an d s (T ab le  I I ) .  The 
;j>3 b a n d  o f Cr3+ co m p o u n d s  can  only ra re ly  be observed  because  o f  overlap  
!by b a n d s  due to  c h a rg e - tran s fe r  an d  b y  th o se  o f th e  ligands to o . C harac
te r i s t i c  sp ec tra l d a ta  are  g iven  in  T able V I.
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Table VI

Characteristic data o f  Cr3+, M n 3+, Fe3 + and Co3+ isomers

No.
BM value

kK
Calcd.* Found**

XV. 3.88 3.92 17.50
~ 2 1 .3 0

23.30

XVI. 3.88 3.90 17.70
~ 2 0 .5 0

22.80

XVII. 7.76 7.66 17.65
22.90

~ 2 8 .3 0

XVIII. 4.90 4.86 10.20
20.30

XIX. 4.90 4.92 8.70
21.20

XX. 8.78 8.67 9.70
20.40

XXI. 5.92 5.82 21.00
29.60

XXII. 5.92 5.88 21.70
29.00

XXIII. 9.80 9.61 22.40
29.20

III. 0 0 17.00
23.70

VII. 0 0 16.80
23.50

XXIV. 3.88 3.85 17.10
23.30

4T2g
l T ,g
I T  

1 iff
4T„g
'T 8*rg4T b
*4!

4T
-К4T1 lgIT 81 1S

3T.g5тЛ

>т,
•T
•Т

4А
•А

*2g
ЗТ11?5тi 2g
I T4 lg
ITlog
IT 4 ig
'Tlog
4Tlog 
IT s

4 lg
IT 

1 ig ITlog

Tog

•To

2g

4A2g
' A|g
4A2

2g

4A.
4a :
4a !

5 £ g
5E«
5Eg
5E„

5E

1Au•A„

"ig
4A 2g
4\ii2g
' A ig 
<  

1 A .g1A ‘Ajg

— 'A

552

473

489

0.58

0.50

0.51

537 0.50

456 0.43

636 0.67

419 0.39

419 0.39

388 0.36

* C alculated according to  equation  | / вм =  [4S(S +  l ) ] ' / 2.
** C alculated from  th e  co rrec ted  suscep tib ility  v a lue , according to  th e  follow ing for- 

n u l a :  / /EM =  2.84[yM • T ] '/ 2.

P a irs  o f Co3+ — Cr3+ (X Y , X V I, X X IY ) co m pounds show  s p e c tra  (Figs 
3 , 6 ) w ith  w ell-defined  s tru c tu re , th e  ch a ra c te ris tic  h an d s  are easily  observed 
a n d  id en tified . S om etim es co m b in a tio n  h an d s  a p p e a r  to o , b u t  th e i r  positions 
a re  u n c e rta in .

In th e  case o f F e 3 + — Co3+ an d  F e 3 + — Cr3+ com p o u n d  p a irs  (X X I — 
X X I I I )  it  is th e  s t ru c tu re  o f  th e  sp ec tru m  o f th e  com plex  ca tio n  (F ig . 5) w hich 
d o m in a te s  [29]. In  sp e c tra  o f  com pounds c o n ta in in g  M n3 + -ions th e  ex trem ely  
in ten s iv e  ^•»g 5E g b a n d  [6 ] overlaps th e  c h a ra c te r is tic  m ax im a  o f th e  Co3 + 
o r Cr3+ com pounds (F ig . 4).

W e can s ta te , t h a t  in sp ec tra  o f  isom eric p a irs  c o n ta in in g  F e 3+ ions th a t  
o f  th e  com plex  ca tio n , in  o th e r  cases th a t  o f th e  com plex  an io n  is th e  dom i-

Acta Chim. Acad. Sei. Hung. 61, 1969



24 CSÁSZÁR, HORVÁTH: ISOMERIC COMPOUNDS OF TRANSITION METAL IONS

т м
1000 600 400

F ig . 3. In flec tio n  s p e c tra . 1: [Cr(Ox)3] [C o(N 03)6];  2: [Cr(O x)3] [Co(en)3];
3: [Cr(Ox)3] [Cr(en)3]

т ц
1200 800 600 400

f i g .  4.  Reflection cu rv es. 1: [M n(Ox)3] [Co(JNH3)6];  2: [M n(O x)3] [Co(en)3];
3: [M n(Ox)3] [C r(en)3]

n a t in g  one, th ough  th e  c o m p le x ity  of th e  in d iv id u a l b an d s  can  u n d o u b te d ly  
b e  p ro v e d  a t b o th  ty p e .

C alcu la ted  values o f  В  a n d  C (RACAH) p a ra m e te rs  (T able I I )  are  given 
in  T a b le  V I too. I f  th e  fo rm u la s , applied to  th e  isom ers, are  se lec ted  w ith  
re g a rd  to  th e  ty p e  o f  th e  c u rv e , th e  o b ta in e d  v a lu es  change genera lly  in  
C r3 + — F e 3 + — Co3+ o rd e r, co rrespond ing  to  th e  n e fe lau x e tic  series o f th e  
c e n tr a l  ions [30, 31].

T ab le  V I shows v e ry  go o d  agreem ent b e tw een  m easu red  a n d  ca lcu la ted  
sp in -o n ly  values of p a ra m a g n e tic  m om ent. T h is in d ic a te s  u n ch an g ed  electron
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s tru c tu re  of th e  com plex  co n s titu en ts  o f th e  p a re n t  com pounds in  th e  a d d u c ts  
to o , an d  also th e  m a g n itu d e  o f th e  c o n tr ib u tio n  o f  o rb ita l m om ent rem a in s  
th e  sam e.

т д
1000 800 600 400

F ig . 5. R eflection  sp ec tra . 1: [Fe(O x)3] [C o(N H 3)e]; 2: lFe(O x)3] [Co(en)3];
3: [Fe(O x)3] [C r(en)3]

т д
1000 800 600 400

F ig . 6 . l ie f  lection  curves. 1: [Co(Ox)3] [C o(N H 3)e]; 2: [Co(Ox)3] [Cr(cn)3]
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4 .4 . Other isomers

C h a ra c te ris tic  d a ta  of som e m ix ed  iso m ers  are sum m arized  in  T ab le  V II . 
I n  sp ec tra  o f h e x a c y a n o fe rra te (II)  a n d  h e x a c y a n o fe rra te ( I I I )  of 

[C o (N H 3)e]3+ an d  [Co(en)3]3+ [32, 33] one single, sh a rp , w ell-defined  b an d  
a p p e a rs  b e tw een  22.80 an d  23.90 k K . In  th e  h e x a c y a n o fe rra te (III)  a d d u c ts

Table VII

N o . B a n d  m a x im a , k K  (re flec tio n  spectra)

X X V . — — 15.90 23.90 — —

X X V I. — 19.80 23.50 — —

X X V II. — — — 20.10 23.60 —

X X V III . — — 22.80 — —

X X IX . — 10.50 — — 24.00 — —

X X X . 10.35 — 16.60 — 22.80 — 28.30

X X X I. — 17.18 — 23.20 — 28.50

(X X V , X X V I) th e  m ain  b a n d  a lm o st co incides w ith  th e  b a n d  o f th e  com plex  
an io n  ap p ea rin g  a t  23.80 k K , w hile th e  in flec tio n , observed  on th e  descend ing  
s id e  in d ic a te s  o v erlap p ed  b an d s  o f th e  c a tio n s . The ch a ra c te ris tic  b a n d s  are 
sh if te d  to  2058 a n d  2030 cm -1 in sp e c tra  o f  X X V II an d  X X V II I  co m p o u n d s, 
a n d  to  2096 a n d  2094 cm _1 in  th o se  o f  X X V  an d  X X V I, as c o m p ared  to  th e  
r(C  =  N ) [27] b a n d s  o f h e x a c y a n o fe rra te ( I I )  an d  h e x a c y a n o fe rra te ( I I I )  ions 
a p p e a r in g  a t ab o u t 2031 a n d  2125 c m “1. In  accordance  w ith  th e  p a re n t  com 
p o u n d s  h e x a c y a n o fe rra te s (II)  are  d ia m a g n e tic , while h e x a c y a n o fe rra te ( I I I )  
a d d u c ts  a re  p a ra m a g n e tic , h av in g  2.48 a n d  2.43 BM values [32].

In  [C o(N H 3)6] [CuClj] th e  an io n  a n d  th e  a d d u c t are p a ra m a g n e tic , w ith  
—'2 .0 0  BM  an d  1.86 BM values, resp . In  i ts  reflection  sp ec tru m  (F ig . 7) [34] 
a w ell-d efin ed  b a n d  appears a t  10.50 k K  a n d  a b ro ad , com plex  one b e tw een  
21 — 28 k K . In  aqueous so lu tion  th e  loose connection  of th e  tw o  com plexes 
b re a k s  off. B an d s o f [C o(N H 3)0]3+ a p p e a r  a lm ost in  u n c h a n g e d  position . 
T h e  com plex  an io n  loses its  q u a s i- te tra h e d ra l s tru c tu re  a n d  an  aq uo-ch lo ro , 
p ro b a b ly  [C u(H 20 ) 5C l]+, com plex  is fo rm ed  w ith  a d is to r te d  o c ta h e d ra l 
s t ru c tu re .  B ands a t  12.5, 21.3 a n d  29.6 k K  can  be assigned to  d — d  tra n s it io n s  
o f  th e  com plex  an ion  an d  ca tio n , re sp . C a lcu la ted  v alues o f В =  519 an d  
ß —  0 .48 show  o n ly  a v e ry  w eak  in te ra c tio n  betw een  th e  co m p o n en ts . V alue 
o f  X ca lcu la ted  from  th e  g -value  [53] is —405 c m -1.

T h e  p e rfec t a d d itiv ity  is w ell seen a t  com pounds X X X  a n d  X X X I  too . 
C h a ra c te r is tic  b a n d s  o f th e  ca tio n  com plexes (Fig. 8) c learly  a p p e a r  in  b o th  
cases, s ligh t sh ift o f th e m  being  d is reg a rd ed . N i2+ an d  Cu2+ co m p o u n d s  are 
p a ra m a g n e tic , h av in g  3.16 an d  1.92 BM  v a lu es , resp.
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ГТ1Д
1200 800 600 4 0 0  200

F is  7. 1: [C o(N H 3)s] [CuCl5] in w a te r ; 2: th e  sam e, in  ^ 3  M  HC1 so lu tion ; 3: th e  sam e
su b s tan ce , i ts  re flection  cu rve

mjj.
1200 800 600 400

Fig. в. 1: [N i(N H 3)„] [C o(N H 3) 2(N 0 2) , ] 2; 2: [C u(N H 3) J  [C o(N H 3)2( N 0 2) J 2. R eflection
sp ec tra . 3: [N i(N H 3)6]CU in  w a te r
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DERIVATOGRAPHISCHE UNTERSUCHUNG 
DES MAGNESIUMAMMONIUMPHOSPHATS

F . P a u l i k , É .  B u z á g h - G e r e  und L. E r d e y

( In s t i tu t  f ü r  A llgem eine u n d  A nalytische Chemie, Technische U niversität, B u d a p est)  

E ingegangen  am  15. Ju l i  1968

V ersc liied en artig  h e rg este llte  M ag n esiu m am m o n iu in p h o sp h at-N ied ersch läg e  
w u rd en  e iner k o m b in ie rte n  d e riv a to g rap h isch en  th e rm o g asan a ly tisc h e n  u n d  d ila to -  
m etrisch en  U n te rsu ch u n g  un terw o rfen . E s w u rd e  u .a . fe stg es te llt, daß  aus L ösu n g en  
u n te r  75 °C d as H e x a h y d ra t ,  aus Lösungen ü b e r  d ieser T e m p e ra tu r  das M o n o h y d ra t 
au sfä llt . D er A m m oniak - u n d  W assergehalt de r N ied ersch läg e  en tw eich t bei m o n a te 
lan g em  A u fb ew ah ren  v e rsch ied en artig . A uch d ie  th e rm isc h e  Z ersetzung  de r N ie d e r
sch läge is t  je  n a ch  d e r H erstellungsw eise  u n te rsch ied lich .

Die th e rm isc h e  Z erse tzu n g  des M ag n esiu m am m o n iu m p h o sp h a t-h ex a- 
h y d ra ts  b e s te h t aus m eh re ren , e in an d er ü b e r la p p e n d e n  Teil V orgängen, ü b e r  
deren  V erlau f die k lassischen  th e rm o a n a ly tisc h e n  M ethoden  (DTA, TG ) v e r-  
h ä ltn iß m ässig  w enig  auszusagen  verm ögen, w o rau s  fo lg t, daß  in  d er L i te r a tu r  
v ersch iedene A n sich ten  ü b e r  die A rt d er th e rm isc h e n  R eak tio n en  zu  f in d e n  
sind  [1 — 7].

Die m it dem  D eriv a to g rap h en  von hohem  A uflösungsverm ögen  e rh a lte 
nen  m it a b eze ich n e ten  K u rv e n  in  A bb. 1 lassen  zwei P h asen  der th e rm isc h e n  
Z erse tzu n g  e rk en n en , von  denen  die erste  (70 — 180 °C) — a u f  G rund  des re su l
tie re n d e n  G ew ich tsv erlu stes  — dem  E n tw e ich en  von  5 Molen K ris ta llw asse r, 
die zw eite (180 — 600 °C) dem  gem einsam en E n tw e ic h e n  des restlichen  K r is ta l l
w asserm oleküls von  1 Mol A m m oniak  und  1/2 Mol S tru k tu rw asse r  zu  e n t 
sp rechen  scheinen  [1].

Ü b er w eitere  E in ze lh e iten  der th e rm isch en  Z erse tzung , ü b er die R e ih e n 
folge, G eschw ind igkeiten  u n d  V erb u n d en h e iten  d e r  T eilreak tio n en  e rh ä lt  m a n  
jed o ch  auch  im  B esitze  d e r d e riv a to g rap h isch en  K u rv en  keine w e ite ren  
A ufschlüsse.

V or k u rzem  gelang  es, m it H ilfe eines M eh rte lle r-P ro b eh a lte rs  [10], eines 
th e rm o g a sa n a ly tisc h en  A d ap te rs  [11] u n d  eines d ila to m etrisch en  A d a p te rs  
[12], die L e is tu n g sfäh ig k e it des D e riv a to g rap h en  [8, 9] w eitgehend  zu  s te ig e rn . 
U n te r  d iesen  V o rau sse tzu n g en  w urden  die f rü h e r  begonnenen  [7] U n te r 
suchungen  bezüglich  d e r th e rm isch en  Z erse tzu n g  des M agnesium sam m onium 
p h o sp h a ts  w ieder au fgenom m en .
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Tabelle I

F ä llu n g sa rt N ach  W in k l e r  [13] Sa in t  Cham ant 
V ig ie r  [14]

B isher n ich t 
angegeben

T heore
tischer
H 20 -
u n d

N H 3-
G ehalt

G rundlösung M gS04 +  N H .C l +  N H 4OH M gS04 +  N H 4C1 +  (N H 4)2H P 0 4

Reagenslösung (N H 4)2P 0 4-lösun g
Ä thano lam in  

(H ydro lyse  
in der K älte )

N a H C 0 3-Lsg. 
(Z ersetzt sich 
siedend)

F ä llu n g stem p era tu r 100 °C 90 °C 80 °C 70 °C 25 °C cca 75 °C

T rocknung am  G lasfilter im  L ufts trom , 
40 M inuten

Im  V akuum  
bei 50 °C 

10 Tage lang

am  G lasfilte r im  L u fts tro m , 
40 M inuten

A uf bew ahrun gszeit — 2 Ja h re — — 2 Ja h re — 2 Ja h re

Nr. der N iederschläge 1 2 3 4 5 6 7 8 9 10

M olzahl
N H 3

durch  D estilla tion 1,05 1,02 1,02 1,01 0,93 0,55 1,03 0,99 1,97 0,96
1,00

T herm ogasanaly  tisch 0,95 1,00 0,94 0,99 0,92 0,52 — 0,93 — 0,95

Molzahl**
durch  D estilla tion 1,22 1,18 1,33 5,93 6,03 1,90 6,10 3,70 3,67 3,40

6,00
h 2o

Therm ogasanaly  tisch 1,32 1,20 1,41 5,98 6.04 1.93 — 3,67 — 3,45

N um m er der A bbildungen die die 
en tsp rechenden  d eriva tog raph i- 
schen K urven  zeigen

2 1 ,3 ,6 3 5 3 4 4 4

** in d irek t, du rch  B erechnung
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E xperim enteller Teil

Zehn v e rsch ied en e , d u rc h  Ä nderungen  d e r F ä llu n g sm eth o d e , d e r F ä l-  
lu ngs- u n d  T ro c k n u n g s te m p e ra tu r  sowie d e r  A u fb ew ahrungszeit e rh a lte n e  
N iedersch läge w u rd e n  u n te rsu c h t. Ü ber die H e rs te llu n g su m stä n d e  u n d  Z u 
sam m en se tzu n g  d e r  e inzelnen  N iedersch läge in fo rm ie r t T ab . I. D ie d e r iv a to -  
g raph ischen  U n te rsu c h u n g e n  w urden  te ilw eise  im  Tiegel, teilw eise m it a u f  
dem  e rw äh n ten  M eh rte lle r-P ro b eh a lte r  [10] au sg eb re ite ten  P ro b en  u n te r -

Abb. 1. T herm ische Z erse tzu n g sk u rv en  des N iedersch lages N r. 4; a )  im  Tiegel u n d  in  L u f t ,  
b) im  M e h rte lle r-P ro b e lia lte r  u n d  in  S ticksto ff, c) im  T iegel u n d  in S tick s to ff

n o m m en . D er th e rm o g a sa n a ly tisc h e  A d a p te r  [11] g e s ta tte te  neben  d e r ü b li
chen  R eg is trie ru n g  d e r P ro b e te m p e ra tu r , d e r  G ew ich tsän d eru n g  (TG ), d e r 
G eschw indigkeit d e r  G ew ich tsän d eru n g  (D TG ) u n d  d er G eschw indigkeit d e r 
E n ta lp ie ä n d e ru n g  (D T A ) au ch  die k o n tin u ie rlich e , g leichzeitige R eg is tr ie ru n g  
des en tw eich en d en  A m m o n iak s u n d  som it in d ire k t  auch  des W assers. D e r 
th e rm o g a sa n a ly tisc h e  A d a p te r  erm öglich te  n ä m lic h  m it H ilfe von T räg erg as 
die Ü b erfü h ru n g  des fre ig ese tz ten  A m m oniaks in  e inen  A bsorber, wo es in  
W asser aufgefangen  u n d  m it n / 10 HCl gegen M e th y lro t ko n tin u ie rlich  t i t r i e r t  
w urde . Die en tw e ich en d en  M engen des A m m o n iak s als F u n k tio n  d er T e m p e 
r a tu r  au fgezeichnet e rg ab en  die m it N H 3 b e z e ic h n e te n  K u rv en  in  den  A b b il
d u n g en . Die m it H 20  beze ich n eten  K u rv en , e rh a lte n  d u rch  D iffe ren zrech n u n g  
d er TG  und  N H 3-K u rv e n  zeigen den A u s tr i t t  des K ris ta ll-  bzw. S t r u k tu r -
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w assers (A bb. 2 — 5). D er N H 3-G ehalt eines je d e n  N iedersch lags w u rd e  au ch  
d u rc h  D e stilla tio n  b e s tim m t. D ie in  M olen au sg ed rü ck ten , d e r iv a to g ra p h isc h  
u n d  d u rc h  D estilla tio n  b e s tim m te n  N H 3- u n d  rechnerisch  e rm itte l te n  H 20 -  
G e h a lte  d e r einzelnen N iedersch läge  sin d  in  T a b . I  zu sam m en g este llt. U m  d er 
O x y d a tio n  des A m m oniaks v o rzu b eu g en , w u rd e  bei den V ersuchen  S tic k s to ff  
als T rä g e rg a s  v e rw en d e t, abgesehen  von  d en  K u rv e n  a u n d  b in  A b b . 1, wo 
d ie  A u fn ah m e  in L u ft e rfo lg te .

N iedersch lag  N r. 4 w u rd e  au ch  e in e r  d ila to m etrisch en  P rü fu n g  u n te r 
w o rfen , d ie  m it H ilfe  eines m it dem  D e riv a to g ra p h e n  v e rb in d b a re n  d ila to 
m e tr is c h e n  A d ap te rs  [13] erfo lg te . I n  zw ei pa ra lle len , u n te r  S ta n d a rd -V e r
su ch sb ed in g u n g en  au sg e fü h rte n  U n te rsu c h u n g e n  e rh ie lt m an h ie r d ie T e m p e 
r a tu r - ,  G ew ichts-(T G ), u n d  die d er V o lu m e n ä n d e ru n g  en tsp rech en d e  L ä n g e n 
ä n d e ru n g  (TD ), w e ite rh in  d ie  G eschw ind igkeit d e r E n ta lp ie -  (D TA ), G ew iclits- 
(D T G ) u n d  L ä n g e n ä n d e ru n g  d er in  zy lin d risch e  F orm  g ep reß ten  P ro b e  
(A b b . 6). D ie A ufheizung sg esch w in d ig k e it b e tru g  s te ts  5 °C/Min.

Besprechung der Ergebnisse

A us den E rg eb n issen  d er V ersuche g eh t h e rv o r, daß  M agnesium am m o- 
n iu m p h o sp lia t-h e x a h y d ra t n u r  d a n n  in  s tö ch io m etrisch e r Z u sam m en se tzu n g  
a u s fä ll t , w enn die T e m p e ra tu r  d er G ru n d lö su n g  u n te r  80 °C b le ib t. D ie Z u
sa m m e n se tz u n g  d er bei 100, 90 u n d  80 °C ge fä llten  N iederschläge N r. 1, 2 u n d  
3 e n ts p ra c h  in  jed em  F a ll n u r  dem  M o n o h y d ra t (A bb. 2). D er K r is ta llw a sse r
g e h a lt des N iedersch lages N r. 9, gefällt b e i T e m p e ra tu ren  zw ischen 70 u n d  80°C 
(W a sse rb a d ) b e tru g  n u r  3,7 Mol. A u f d iesen  U m stan d  m uß  R ü c k s ic h t ge
n o m m e n  w erden , sofern  m a n  M agnesium - o d e r P h o sp h a tio n en  g ra v im e tr isc h  
n a c h  W in k l e r  [13] d u rch  W ägen  des g e tro c k n e te n  N iedersch lags b e s tim m e n  
w ill.

D e r N iedersch lag  N r. 4 w urde  be i 50 °C, im  V akuum , bei 50 T o rr  ge
t r o c k n e t ;  w äh ren d  200 S tu n d e n  san k  d e r K ris ta llw asse rg eh a lt a llm ä h lic h  a u f 
1,9 M ol u n d  der A m m o n iak g eh a lt a u f  0,5 Mol. E in  J a h r  lan g  a u fb e w a h r t 
ä n d e r te  sich  die Z u sam m en se tzu n g  v o n  N ied ersch lag  N r. 4 ü b e rh a u p t  n ic h t, 
v o n  N r. 9 k au m , von  N r. 7 h ingegen  e rh eb lich . D as T rocknen  d er N ied ersch läg e  
is t  d e m n a c h  eine seh r he ik liche  O p e ra tio n , es lä ß t  sich h ie rfü r n u r  d ie g u t b e 
w ä h r te  W ink lersche  M ethode des T ro c k n e n s  bei Z im m e rte m p e ra tu r  im  L u f t
s tro m  em pfehlen .

V erg le ich t m an  die K u rv e n v e rlä u fe  in  A bb. 2 — 3, so ze ig t sich , daß  
s ich  d ie  A rt der th e rm isc h e n  Z erse tzu n g  in  A b h äng igke it von d e r Z u sam m en 
se tz u n g  d er N iedersch läge ä n d e r t . V e rw en d e t m an  an  S telle des T iegels den 
M e h rte lle r-P ro b e h a lte r , bei dem  d er P a r t ia ld ru c k  d er gasförm igen Z e rse tzu n g s
p ro d u k te  im  L u ftra u m  zw ischen den K ö rn e rn  geringer is t, so t r e te n  w eitere  
U n te rsc h ie d e  im  V e rla u f d er th e rm isc h e n  Z erse tzu n g  auf. D as w e is t d a ra u f
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°C

Abb. 2. T h erm isch e  Z ersetzu n g sk u rv en  d e r N iedersch läge  N r. 1, 2 u n d  3; a)  im  T iegel,
b) im  M e h rte lle r-P ro b e h a lte r

h in , d aß  in  jen en  P hasen  der Z erse tzung , wo die Z usam m ense tzungen  d e r  e in 
zelnen N iedersch läge  a u f  G ru n d  d er T G  (bzw . N H 3 u n d  H 20 )  e in an d e r g leich  
sind , in  ih re r  K r is ta l ls tru k tu r  D ifferenzen  b es teh en . Die Z e rse tz u n g s te m p era tu r  
is t n ä m lic h  ein em pfind liches K en n ze ich en  d e r S tä rk e  der zw ischen  den  
A tom en  u n d  A to m g ru p p en  w irk en d en  B in d u n g sk rä fte .

Im  T iegel verw an d eln  sich  die N iedersch läge  N r. 4, 5, 7, 8, 9 u n d  10 
(K u rv en  a in A bb . 3, 4) in  d er e rs te n  P h ase  d er th erm isch en  Z e rse tz u n g , 
u n g e fä h r b is 180 °C, in das M o n o h y d ra t (und  zw ar N r. 8. 9 u n d  10 (A b b . 4) 
k o n tin u ie rlic h , die üb rigen  in  e iner S tu fe). D a n a c h  en tw eich t zw ischen  180 
u n d  600 °C, m it m ax im ale r G eschw ind igkeit zw ischen 230 und  270 °C, g le ich 
zeitig  das re s tlich e  1 Mol K ris ta llw asse r, 1/2 Mol S tru k tu rw a sse r  u n d  1 Mol 
A m m o n iak , ganz ähn lich  wie bei den  u n m itte lb a r  aus der Lösung als M ono
h y d ra te  au sfa llen d en  N iedersch lägen  N r. 1, 2, 3 (A bb. 2). N iedersch lag  N r. 6 
geh t zw ischen  70 u n d  180 °C in  das A n h y d rid  ü b e r (A bb. 5).

Im  M eh rte lle r-P ro b eh a lte r  (K u rv en  b) e n ts te h e n  aus den N ied ersch läg en  
N r. 8, 9 u n d  10 in  der e rs ten  P h ase  d er Z erse tzu n g  M onohydrate  (A b b . 4), 
aus N r. 5, 6 u n d  7 A n h y d rid e  (A bb. 3, 5) obzw ar, wie A bb. 2 zeigt, d as  M ono
h y d ra t u n te r  diesen U m stän d en  bis 130 °C g ew ich tsb estän d ig  w ar.

E s sei b e m e rk t, d aß  bei den  N iedersch lägen  N r. 6, 8, 9 u n d  10 m it d efi- 
z item  W asse rg eh a lt (A bb. 4, 5) im  M eh rte lle r-P ro b eh a lte r n ich t n u r  das 
K ris ta llw asse r, sondern  auch  das A m m oniak  in  zwei S tu fen  en tw eich t, w ä h re n d  
dies bei d en  stö ch io m etrisch en  N iedersch lägen  N r. 1, 2, 3, 4 u n d  7 n ic h t  d e r 
Fall w ar (A bb. 2, 3).
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°C

Abb. 3. T h erm isch e  Z erse tzu n g sk u rv en  der N ied ersch läg e  N r. 4 u n d  7; a )  im  T iegel, b j  im
M eh rte lle r-P ro b eh a lte r

°C

Abb. 4 . T h erm isch e  Z erse tzu n g sk u rv en  der N ied ersch läg e  N r. 8, 9 u n d  10; a )  im  T iegel,
b) im  M e h rte lle r-P ro b e h a lte r
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°C

Abb. 5. T h erm isch e  Z ersetzungskurven  des N ied ersch lag s N r. 6 ; a)  im  Tiegel, b)  im  M ehrte lle r-
P ro b e h a lte r

D ie R e su lta te  der m it P rä c ip itä t  N r. 4 d u rch g efü h rten  d ila to m e tr isc h e n  
V ersuche s in d  ebenfalls b em erk en sw ert. W ahrschein lich  lä u ft h ie r  in  der 
e rs te n  P h a se  der th erm isch en  Z erse tzu n g  ein m it sich ü b e rla p p e n d e r, zw ei
m aliger V o lu m en v e rän d e ru n g  v e rb u n d e n e r  V organg  ab, w odurch  d ie  c h a ra k 
te ris tisc h e  S treck e  bis 180 °C in d er D T D -K u rv e  in  A bb. 6 z u s ta n d e k o m m t. 
D as V o lu m en  der P robe  zeig t zu e rs t eine zun eh m en d e  T endenz , v e ru r s a c h t  
d u rc h  eine  geringe A uflockerung  d er K r is ta l ls t ru k tu r  in B eg le itung  d e r  W a sse r
ab g ab e . B ei 70 °C zeigt sich jed o ch  eine d eu tlich e  V o lu m v erm in d e ru n g , die 
m it d e r m ax im a len  G eschw indigkeit des A u s tr i t ts  von  5 Molen K ris ta llw a sse r  
z u sa m m e n fä llt, es schein t also , d aß  das E n tw e ich en  des W assers au s  d er 
G i t te r s t ru k tu r  eine V erm in d eru n g  d e r G itte ra b s tä n d e  v e ru rsa c h t. D iese  E r 
sch e in u n g  w a r  bei der d ila to m e trisch en  P rü fu n g  d e r H y d ra te  a n d e re r  V e rb in 
d u n g en  ü b rig en s  ebenfalls zu  b e o b a c h te n  [15].

D er V e rla u f  der N H 3- u n d  H 20 -K u rv e n  bew eist, daß  die zw e ite  P h a se  
d e r th e rm isc h e n  Z ersetzung  aus einem  ziem lich  einheitlichen  R e a k tio n sm e c h a 
n ism u s b e s te h t;  die T e ilreak tio n en  des A u s tr i t ts  von  A m m oniak u n d  S t r u k tu r 
w asser h ä n g e n  m ite in an d er o rgan isch  zu sam m en . Sie verlaufen  s tre n g  p a ra lle l 
u n d  ließen  sich  w eder du rch  die H e rs te llu n g sm e th o d en  (Abb. 2, 3, 4 , 5) noch  
d u rch  die th e rm isc h e n  V ersuch sb ed in g u n g en  (K u rv en  о und  b) t r e n n e n .  D ie 
zw eite  E ta p p e  der th e rm isch en  Z e rse tzu n g  w ird  bei 220 — 270 °C in  je d e m  
F a ll von  e inem  raschen  G ew ich tsverlu st e in g e le ite t, das E n tw e ich en  des r e s t 
lichen  A m m oniaks u n d  W assers is t jed o ch  lan g  hingezogen. Schon a n d e re  F o r-
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A bb. 6. T herm ische Z e rse tzu n g sk u rv en  des N iedersch lags N r. 6 . aufgenom m en m it zy lin d risch
gepreßtem  P ro b e k ö rp e r

sch e r h ab en  gezeigt [5], d a ß  die über 230 °C b e g in n e n d e  P y ro p h o sp h a tb ild u n g  
k e in e  einfache D im e risa tio n  is t, denn bei 500 °C k a n n  schon eine b each tlich e  
M enge von  T rim eren  u n d  P o lym eren  n ach g ew iesen  w erden. Die U rsache  des 
v e rz ö g e rten  A m m o n iak - u n d  W asserverlu stes is t  also in  dem  verw ick e lten  
M echan ism us d er P o ly m e risa tio n  zu suchen . D ie e rw äh n ten  F o rscher h ab en  
d as  P ro b lem  auch  th e rm o g a sa n a ly tisc h  u n te r s u c h t .

D ie D ila ta tio n sv e rsu c h e  (Abb. 6) h a b e n  e rg eb en , daß  diese zw eite t h e r 
m isc h e  Z e rse tzu n g se tap p e  e in  Z w eistu fenvorgang  is t . D ie m axim ale G eschw in
d ig k e it  der eine S in te ru n g  v o n  etw a 7%  v e ru rsa c h e n d e n  S tru k tu ru m w a n d lu n g  
fä ll t  p rak tisch  m it d e r  H ö ch stgeschw ind igke it des W asser- und  A m m oniak - 
A u s tr i t ts  zusam m en , w ä h re n d  die zw eite 4 % ig e  S in te ru n g  n u r  m it geringer 
G ew ich ts- u n d  E n ta lp ie ä n d e ru n g  v e rb u n d en  is t .

D as n iedrige M a x im u m  au f der D T A  K u rv e  in  A bb. 1 u n d  6 bei 620 — 
'650 °C w ird  d u rch  d ie  b eg in n en d e  A u sb ild u n g  d e r  K ris ta lls tru k tu r  des M ag- 
n e s iu m p y ro p h o sp h a ts  au s  d em  am orphen  P o ly m e re n  v e ru rsach t, d u rch  w elche 
fdas schnelle u n d  re s tlo se  E n tw eichen  d e r g e rin g en  n och  anw esenden M enge
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v o n  A m m oniak  u n d  W asser h e rv o rg eru fen  w ird . Diese V orgänge s in d  auch  
in  d en  T D - u n d  D T D -K u rv en  e rk e n n b a r.

D as ex o th e rm e  M axim um  bei 250 °C a u f  d er D TA  K u rv e  in  A b b . 1 
lä ß t  sich  m it d er p a rtie llen  O x y d a tio n  des en tw eichenden  A m m o n iak s  e r
k lä re n . Bei d er D u rch fü h ru n g  des V ersuchs in  S tic k s to ff  ersch ien  k e in e  ex o 
th e rm e  S p itze , n u r  eine e n d o th e rm e  bei 230 °C (gestrichelt). M erk w ü rd ig  is t 
d e r  U m sta n d , d aß  die ex o th e rm e  S p itze  au ch  d an n  ausb lieb , w enn d ie  P ro b e  
im  M eh rte lle r-P ro b eh a lte r u n te rs u c h t  w urde  (K u rv e  6, A bb . 1), o b zw ar h ie r 
e ine n o ch  in ten siv e re  O x y d a tio n  zu  e rw a rte n  w äre. Im  Tiegel erfo lg t jed o ch  
d ie O x y d a tio n  im R au m  zw ischen den  K ö rn e rn , w odurch  die T e m p e ra tu r  der 
P ro b e  e rh ö h t w ird , bei d er in  seh r d ü n n e r  S ch ich t au sg eb re ite ten  P ro b e  im  
M e h rte lle r-P ro b eh a lte r  h ingegen  sp ie lt sich  die O xyd atio n  b e re its  a u ß e rh a lb  
d er P ro b e  ab  u n d  so w irk t die fre ig ese tz te  W ärm e a u f die P ro b e  n ic h t m ehr. 
U m w an d lu n g en , die sich n ic h t im  R a u m  zw ischen den K ö rn e rn , d. h . n ic h t 
in n e rh a lb  d er G asphase sondern  in  d er festen  P hase  absp ielen  — w ie z. B. 
U m w an d lu n g  d er K r is ta l ls tru k tu r  des M ag n esiu m p y ro p h o sp h a ts  — k o n n te n  
je d o c h  auch  im M eh rte lle r-P ro b eh a lte r  e in d eu tig  nachgew iesen w erd en .

W ir dan k en  F ra u  M. Csonka  u n d  F ra u  E . B orsay fü r ihre M ithilfe bei den  V ersu ch en .
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ON THE PARAMETER FORM 
OF FORCE CONSTANT MATRIX, X

ON  T H E  C O R IO L IS  C O U P L IN G  CON STANTS 
C O M PA T IB L E  W IT H  T H E  N O R M A L F R E Q U E N C IE S

F . T ö r ö k , P .  P u l a y  a n d  G y. H u n - B o r o s s a y

(In s titu te  o f  General and Inorganic C hem istry, L . Eötvös U n iversity , 
and  Research Group fo r  Inorganic C hem istry o f  the H ung a ria n  A cadem y o f  Sciences, B udapest)

R eceived  J u ly  16, 1968

T he Coriolis coupling  c o n s ta n ts  co m p atib le  w ith  th e  m ea su re d  freq u en c ies  can 
be  fo rm ed  w ith  th e  help  o f th e  p a ra m e te r  re p re se n ta tio n  o f fo rce  c o n s ta n ts . B y  apply ing  
th e  m eth o d , fo rm u la s  can  be  g iven  to  d e te rm in e  th e  p a r tia l  d e r iv a tiv e s  o f th e  Coriolis 
(f c o n s tan ts  w ith  re sp ec t to  th e  p a ram e te rs .

T h e en erg y  o f in te ra c tio n  be tw een  th e  ro ta tio n a l a n d  v ib ra tio n a l m otions 
o f  a m olecu la  can  be w ritte n  as [1 ]:

A + A oiy + A o)z,

w h ere  cox, coy, coz a re  th e  co m p o n en ts  o f th e  v ec to r  со c h a ra c te riz in g  th e  an g u la r 
v e lo c ity  o f  th e  ca rte s ian  co -o rd in a tio n  sy stem  fix ed  on th e  m olecu le , an d

A  = QT£aQ’ <x =  x , y , z .
T h ere  Q d esigna tes th e  co lum n m a tr ix  consisting  o f n o rm a l co -o rd ina tes, 
a n d  m a tr ix  £a c o n ta in s  th e  so called  Coriolis coupling  c o n s ta n ts  w hose values 
d e p e n d  on th e  in te ra c tio n  b e tw een  th e  ro ta tio n  an d  v ib ra tio n  o f  th e  m olecule.

T h e  p ro p e rtie s  o f  m a trices  £“ h av e  been  in v e s tig a te d  b y  M e a l  and  
P o l o  [2]. T h ey  h av e  show n th a t

C“ =  Í M “ I7 ,

w here l is th e  tra n s fo rm a tio n  m a tr ix  b e tw een  th e  n o rm a l a n d  m ass-w eigh ted  
c a r te s ia n  d isp lacem en t co -o rd in a tes . M a designates sim ple  m a tric e s  hav ing  
a long  th e ir  m ain  d iagonal as m a n y  m atrices

1 0 0 0 ^ f 0 0 --1 ) f 0 1 0 \
M x = 0 0 1 , M y = 0 0 0 , M z = - 1 0

01 0- -1 0 ; l 1 0 о J l 0 0 0

as  m a n y  a tom s are  in  th e  m olecule.
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A s th e  elem ents o f m a tr ix  l depend  on th e  force c o n s ta n ts , th e  Coriolis 
c o u p lin g  co n stan ts , w h ich  can  be ob ta in ed  from  e x p e rim e n ta l d a ta , also 
d e p e n d  on th em . T h u s in  th e  possession o f th e  e lem en ts  o f conclusions 
co n c e rn in g  th e  force fie ld  o f  th e  m olecule can he d raw n .

I n  th e  follow ing i t  w ill be  show n th a t  w ith  th e  help  o f th e  p a ra m e tric  
m e th o d  described in  o u r e a r lie r  p ap e r [4] th e  m a tric e s  £a co m p atib le  -with 
th e  m easu red  frequencies o f  a m olecule can be  easily  in v e s tig a te d . 

A ccord ing  to  Me a l  a n d  P olo [2] m atrices can  be  exp ressed  as

C* =  L ~ 1C*(L~1)T,

w h ere  C* =  DM * D 1. T h e  tra n s fo rm a tio n  m a tr ix  D  co n n ec ts  th e  S , sy m m etry  
c o -o rd in a te s  and  th e  m ass-w e ig h ted  ca rte s ian  c o -o rd in a te s :

S  =  Dq

a n d  m a tr ix  L  -1 tra n s fo rm s  th e  sy m m etry  c o -o rd in a te s  in to  th e  n o rm a l ones:

Q =  L - 1 S .

M a tr ix  Ca can be fo rm ed  in  th e  know ledge o f th e  g e o m e try  a n d  a tom ic  m asses 
o f  th e  m olecule, while m a tr ix  L  can  be o b ta in ed  b y  so lv ing  th e  secu lar e q u a tio n :

G F L  =  L A .  (1)

T h e re  G can  also be c a lc u la te d  from  th e  e q u ilib riu m  g eo m etry  a n d  a tom ic  
m asses  o f  th e  m olecule, th e  e lem en ts  of m a tr ix  F  are th e  force c o n s ta n ts , 
a n d  th e  elem ents of th e  d ia g o n a l m a trix  Л can  be easily  d eriv ed  from  th e  
n o rm a l frequencies.

A ccord ing  to  o u r p re v io u s  p ap e r [5] all th e  m a trice s  L  be longing  to  
m a tr ic e s  F  w hich rep ro d u ce  th e  m easu red  n o rm a l freq u en c ies  can be w ritte n  as

L  =  G1/2 U,

w h ere  U  is an a rb itra ry  p ro p e r  o rthogonal m a tr ix  ( i.e . w ith  d e te rm in a n t equal 
to  + 1 )  w hich can be fo rm e d  as fu n c tio n  o f (?) p a ra m e te rs . C onsequen tly  all 
th e  C oriolis coupling c o n s ta n ts  being  in h a rm o n y  w ith  th e  m easu red  fre 
q u en c ie s  can be fo rm ed  b y  th e  eq u a tio n :

Í* =  U T G-1/2 C* G“ 1/2 U  . (2)

T ak in g  in to  co n sid e ra tio n  th a t  th e  m u ltip lic a tio n  o f  tw o  p ro p er o r th o 
g o n a l m a trices  yields also a p ro p e r  o rthogonal m a tr ix , E q . (2) m eans th a t  as 
m u c h  as a

:*a =  ( L ^ ) C * ( L ~ Y
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m a tr ix  w as o b ta in ed  th e n  all th e  o th ers  can  be form ed b y  th e  e q u a tio n :

Ca =  UTta U , (3>

w here  U  is again an  a rb i t r a ry  p ro p er o rth o g o n a l m a trix .
T h e  re la tions ab o v e  p e rm it th e  p a r tia l  d e riv a tiv es  o f th e  e lem ents 

o f  cpa w ith  respect to  th e  p a ra m e te rs  to  be ca lcu la ted .
L e t us suppose t h a t  th e  p a r tia l  d e riv a tiv e s  o f  £’ are to  be  d e te rm in e d . 

I t  m ean s  th a t  th e  p a r t ia l  д^/дж ц  are to  be ca lcu la ted  from  E q . (3) w hen 
U  =  E  (E  is th e  u n it  m a tr ix ) , i.e. w hen th e  p a ra m e te rs  are  o f zero  v a lue . 

U sing  E q . (3) th e  re la tio n

b ^  =  b U T .  .  b u  I

b ctij Ь a.,] „  b ccjj | ( )

can  be  o b ta in ed , an d  fro m  th is  e q u a tio n  ap p ly in g  th e  sim ple fo rm u la  fo r th e  
d e riv a tiv e s  of m atrices  w ith  resp ec t to  p a ra m e te rs  a t zero values [4], th e  p a r tia l 
d e riv a tiv e s  can be ex p ressed  as

bí°s
b Xij b Xij

b Z j
b aCij

=  (?a)is U s  = 1,2 , . . , n b u t s =f= j

b j]t_  

b ciij
=  ( $ ) ; /  if  t =  1,2, . ., n b u t t=f= i

ь a , =  0 i f  n e ith e r  s n o r t is equal to  i
b oc,-j

T h e re la tions w ere ap p lied  to  th e  m olecule O N F. T he h a rm o n ic  f re q u e n 
cies 1876.8 cm -1, 775.5 cm  -1, an d  522.9 cm  _1 co rrespond  to  th e  N  — О s tre tc h 

ing , N  — F  s tre tc h in g  an d  ^  4N// ^  angle d e fo rm atio n  v ib ra tio n s , re sp ec tiv e ly  
[7]. Som e f  sets c o m p a tib le  w ith  th e  frequencies an d  th e  co rre sp o n d in g  force 
c o n s ta n ts  are  show n in T ab le  I . T h e  p a ra m e te rs  o f zero v a lu e  g ive  th e  force 
c o n s ta n t m a trix :

F  =
15.356 0.110 0.180 \

2.818 0.345
1.313 /
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Table I

Some sets o f  C oriolis coupling constants and  force  constants 
compatible w ith  the normal frequencies o f  O N F  

In  th e  blocks th e  seq u en ces o f th e  p a ram ete rs a n d  co n stan ts  are as follows: 
°^i2 t ^23 and £ i 29 C139 £23 resP*

C orio lis
P a ram e te rs co u p lin g

c o n s ta n ts
F orce  c o n s ta n ts

0 0.720 15.355 0.111 0.181
0 — 0.555 2.818 0.345
0 0.417 1.313
0.1 0.720 15.281 2.275 —0.501
0 — 0.461 3.029 0.205
0 0.518 1.381
0 0.624 17.656 2.580 3.050
0.1 -0 .5 5 5 3.031 0.641
0 0.551 1.714
0 0.596 15.392 0.269 0.193
0 0.686 3.217 0.571
0.1 0.417 1.213

—0.1 0.720 14.458 -1 .9 4 3 0.861
0 — 0.626 3.354 0.246
0 0.299 1.322
0 0.789 12.224 — 1.860 — 2.132

- 0.1 — 0.555 3.379 0.942
0 0.266 1.943
0.1 0.606 15.537 2.617 —0.278
0 -0 .5 9 2 3.479 0.452
0.1 0.531 1.250

M a tr ix  L a co rrespond ing  to  th e  force c o n s ta n ts  a b o v e  gives th e  follow ing 
m a t r ix  T :

T  =  ( L f Y  =
' 2.69291

-0 .1 0 3 0 9  
\  - 0 .0 5 8 9 9

0.22870
2.35477

- 0 .7 5 2 1 0

1.35403 \ 
2.27402 
2.62080 /

I n  T ab le  I I  th e  p a r t ia l  d e riv a tiv es  o f th e  'Q e lem en ts  from  th e  f irs t  row  
w ith  re sp ec t to  th e  fo rce  c o n s ta n ts  from  th e  f i r s t  co lum n  are show n.

Table II

The p a r tia l derivatives o f  f  elements w ith  respect 
to p a ra m ete rs  in  the case o f  O N F  molecule

ín £l3 in

a i2 0 0.417 0.555
a i3 — .417 0 0.720

“23 — .555 -0 .720 0
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The infrared spectra of nitrotriacetoxy and nitrotripropionoxy derivatives 
formed during the nitration of furfural in acetic anhydride, and in propionic anhydride, 
respectively, and the infrared spectrum of 5-nitrofurfurylidene diacetate have been 
studied. The spectra of the intermediates formed during nitration correspond to those 
of 5-nitro-5-acetoxy-2,5-dihydrofurfurylidene diacetate and to 5-nitro-5-propionoxy- 
2,5-dihydrofurfurylidene dipropionate.

T he s ta r t in g  m a te ria l o f  a -n itro fu ra n e  d e r iv a tiv e s , 5 -n itro fu rfu ry lid en e  
d ia c e ta te , w idely  used  an d  req u ired  in m ed ica l a n d  v e te rin a ry  p ra c tic e , can  
be p re p a re d  b y  th e  n itra tio n  o f fu rfu ra l w ith  c o n c e n tra te d  n itr ic  ac id  in  th e  
presence  o f  ace tic  a n h y d rid e . K u p c Ík  et al. [1] described  a n i tro tr ia c e to x y  
d e riv a tiv e  fo rm ed  as an  in te rm e d ia te  of th e  n i t r a t io n . On th e  basis o f  po la ro - 
g raph ic  s tu d ies  th e y  suggested  th a t  t r e a tm e n t o f  fu rfu ra l w ith  a m ix tu re  of 
c o n c e n tra te d  n itr ic  acid an d  acetic  an h y d rid e  g ives rise  to  l ,l ,5 - tr ia c e to x y -5 -  
n itro p en ten e-(3 )-2 -o l.

A com parison  o f th e  in fra red  sp ec tra  o f  n itro tr ia c e to x y  a n d  n i t r o t r i 
p ro p io n o x y  d e riv a tiv e s  p rep a red  from  fu rfu ra l, as described  in E x p e r im e n ta l, 
an d  o f  5 -n itro fu rfu ry lid en e  d ia c e ta te  (Fig. 1) show ed  th a t  th e  in te rm e d ia te s

0 2N VO' c \

о
II

O - с — C H ,

' 0 - C - C . H ,
II
о

Fig. 1. Structure of 5-nitrofurfurylidene diacetate

form ed d u rin g  n itra tio n  w ere n o t lin ea r co m p o u n d s  an d  did n o t  c o n ta in  
h y d ro x y l group .

T he in fra re d  sp ec tru m  o f 5 -n itro fu rfu ry lid e n e  d iace ta te  is show n  in 
S p ec tru m  1. T he ch a ra c te ris tic  frequencies are  l is te d  in  T able  I.
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LiF NaCl KBr

S p e c t r u m  1 .  Infrared spectrum of 5-nitrofurfurylidene diacetate

Table I

Characteristic frequencies o f 5 -n itro furfurylidene diacetate

P o s itio n  o f b an d s A ss ig n m e n t

3138 cm-1

1760 cm-1
1605 cm-1
1545 cm-1
1514 cm-1
1435 cm-1

1402 cm -1
1228 cm -1
1210 cm -1

v(=CH) (C—H stretching of hydrogen
attached to the carbon atom in 
the five-membered heteroaromatic 
ring)

t>C =  0
Skeletal stretching (t'ls)

Skeletal stretching (b6)
<5asCH3 (Methyl groups of the acetoxy 

groups)
Skeletal stretching (r5)

II
vasO—С—C (In-phase and out-of-phase

vibrations of geminal diacetoxy 
groups)

[2]

[2 ]

[2 ]

I t  is re m a rk a b le  t h a t  th e  vasN 0 2 b a n d  o f th e  n itro  group is o n ly  o f  m e
d iu m  in te n s i ty .  T he sam e can  be o b serv ed  in  th e  case of th e  r sN 0 2 b a n d . 
B ecau se  o f  th is , th e  assig n m en t of th e  la t t e r  is u n ce rta in  an d  th e re fo re  i t  is 
n o t  sh o w n  in  th e  T ab le . T h e  b an d s a t 1360 o r 1340 c m -1 co rresp o n d  to  th e  
m o d e  psN 0 2. T he b a n d  <5SC H 3 (m eth y l g roup  o f  th e  acetoxy  group) also  ap p ears  
in  th is  reg io n ; i t  m ay  be assum ed  th a t  th e  fre q u e n c y  1373 c m -1 co rresp o n d s 
to  th e  sy m m e tric  d e fo rm atio n  C — H  m ode o f  th e  m ethy l g roups. T h e  b a n d

11p a irs  a t  1030 a n d  1017 c m " 1 can be assig n ed  to  th e  rasC—0  — C v ib ra tio n s .
T h e  c h a ra c te ris tic  b a n d s  ap p earin g  in  th e  sp ec tru m  of th e  n i tro tr ia c e to x y  

d e r iv a tiv e  (S p ec tru m  2) a re  show n in T ab le  I I .
S p e c tru m  2 does n o t co n ta in  a b a n d  ch a ra c te ris tic  o f th e  h y d ro x y l 

g ro u p ; th u s  in  o u r case th e  fo rm atio n  o f  l ,l ,5 - tr ia c e to x y -5 -n itro p e n te n e -(3 )-
2-ol is exc lu d ed .
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LiF NaCI KBr

90
80
70
60
50
«0
30
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Spectrum  2. In fra red  sp e c tru m  o f 5 -n itro -5 -ace to x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d ia c e ta te

Table II

Characteristic frequencies o f  5-nitro-5-aceloxy-2,5-dihydrofurfurylidene diacetate

P osition  o f b an d s A ssignm ent

3117 cm“ 1

1776 cm“ 1] 
1765 cm-1)

r (  - C H ) (C—H  stretching of olefinic hydrogen
of a five-membered hetero ring)

v C ~ 0  (С О stretching of the 5-acetoxy
and the geminal acetoxy groups)

1630 cm" vC =  C

1577 cm-1 
1435 cm "1

1377 c m -1
1222 cm -'l 
1202 cm -'J

va,N 0 2

áasC H 3 (M ethyl groups of th e  ace to x y  
groups)

vsN 0 2 +  dsC II3 
И

vas^ С C

T h e re la tiv e ly  h igh  freq u en c ies  of th e  valence  s tre tc h in g  v ib ra tio n s  
o f  th e  n itro  g roup  show  th a t  th e  n itro  group is a tta c h e d  to  an  a lip h a tic  ca rb o n  
a to m  b o u n d  to  an  a to m ic  g ro u p  o r a to m  o f s tro n g  — I  effec t, su ch  as th e  
C-5 ac e to x y  group or th e  o x ygen  a to m  of th e  ring . A t th e  sam e t im e , th e  
rC =  0  freq u en cy  of th e  b a n d  ap p e a rin g  a t ab o u t 1776 c m -1 a n d  o r ig in a tin g , 
ju d g in g  from  its  in te n s ity , fro m  th e  th ird  ace to x y  g roup  ( th a t  is, n o t  fro m  one 
o f  th e  gem inal d iace to x y  g roups) in d ica tes  th a t  th e  e th e r  oxygen  a to m  o f th e  
“ n ew ”  ac e to x y  group is lin k ed  to  a carbon  a to m  o f s tro n g  — I  e ffec t, in  th e  
p re se n t case, th e  one c a rry in g  th e  n itro  group . F in a lly , i t  can  b e  assu m ed  
t h a t  th e  1065 an d  1040 cm  - 1 b a n d s  o rig in a te  from  coupled  v ib ra tio n s  b e tw een  
th e  oxygen  a to m  o f th e  r in g  an d  th e  oxygen a to m  in e ith e r  lin k a g e  o f  th e  
a c e to x y  g roup  connec ted  to  C-5.

T ak in g  in to  acco u n t t h a t ,  accord ing  to  th e  N M R  sp e c tru m , th e  n itro -  
t r ia c e to x y  deriv a tiv e  c o n ta in s  tw o  olefinic hyd rogen  a to m s in  cis p o s itio n ,
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F ig . 2. S tru c tu re  o f 5 -n itro -5 -a ce to x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d iac e ta te

i t  c a n  be s ta te d  w ith  c e r ta in ty  th a t  th e  co m p o u n d  fo rm ed  as an  in te rm e d ia te  
is  5 -n itro -5 -ace to x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d ia c e ta te  (F ig . 2).

W h en  th e  sp e c tru m  o f  th e  n itro tr ip ro p io n o x y  d e riv a tiv e  (S p ec tru m  3) 
is c o m p a re d  w ith  th e  s p e c tru m  o f 5 -n itro -5 -ace to x y -2 ,5 -d ih y d ro fu rfu ry lid en e

LiF NaCI KBr
90
80
70
60
50
40
30
20
10

S p e c tru m  3. In frared  sp e c tru m  o f  5 -n itro -5 -p ro p io n o x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d ip ro p io n a te

d ia c e ta te  (Spectrum  2), a s ig n ifican t change can  be  o bserved  in  th re e  regions 
b e tw e e n  1480 an d  1410, b e tw e e n  1400 a n d  1350 fu r th e rm o re  b e tw een  1230 
a n d  1100 c m -1.

T h e  spectrum  o f th e  n itro tr ip ro p io n o x y  d e r iv a tiv e  has a t  1466 cm "x 
th e  őasC H 3 b an d  o f th e  e th y l  group, a t 1423 cm  " x th e  /3SC H 2 b a n d  o f th e  
m e th y le n e  group n e ig h b o u r in g  th e  carbony l g ro u p , a t 1382 cm " x th e  dsCH3 
b a n d  o f th e  e th y l g ro u p , a t  1360 c m " 1 th e  r sN 0 2 b a n d  o f th e  n itro  group,

a n d  a t  1168 and  1135 c m -1 th e  vasO — C — C b a n d s  o f th e  e s te r g roups. The 
s h if t  o f  th e  la t te r  b a n d  p a i r  to w a rd  sm aller w av e  n u m b e rs , co m p ared  w ith  
th e  b a n d  pa ir seen in  t h e  sp ec tru m  o f th e  t r ia c e to x y  d e riv a tiv e , is th e  
co n seq u en ce  of m ass in c re a se .

О
II

О — C - C H 2—СНз

О — С - С Н 2- С Н 3

F ig . 3. S tru c tu re  o f  5 -n itro -5 -p ro p io n o x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d ip ro p io n a te
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C onsidering  th e  s im ilarities an d  d ev ia tio n s  o f S p ec tra  2 an d  3, a s tru c 
tu r a l  fo rm u la  s im ila r to  th e  one show n in F ig . 2 can  be given for th e  n i tro tr i-  
p ro p io n o x y  d e riv a tiv e ; co n seq u en tly , in  p ro p io n ic  an h y d rid e  m ed iu m  th e  
p ro d u c t is 5 -n itro -5 -p ro p io n o x y -2 ,5 -d ih y d ro fu rfu ry lid en e  d ip ro p io n a te  (F ig . 3).

E xperim en ta l

5 -N itro -5 -acetoxy-2 ,5 -d ihydro fu rfu ry lidene  d iaceta te

204 g (2 m oles) o f ace tic  an h y d rid e  w as p laced  in  a  1 l itre  flask  equ ipped  w ith  a m ech an i
cal s t i r re r  an d  a th e rm o m e te r . T h is w as cooled to  0 °C , a n d  0.5 g o f cc. H 2S 0 4 w as a d d ed . 
T he m ix tu re  w as s tir re d  fo r 10 m in . a n d  th e n  th e  s ta r t in g  “ m ixed  acid”  w as p re p a re d  b y  
th e  a d d itio n  o f 5 g (0.08 m ole) o f 100%  n itr ic  acid  a n d  0.5 g o f  w a te r  a t  0 °C. T h is  “ m ix ed  
acid ”  w as s tir re d  a n d  cooled, an d  68 g (1.08 m ole) o f 100%  n itr ic  acid and  96 g (1.0 m ole) o f 
fresh ly  d is tilled  fu rfu ra l w ere ad d ed  to  i t  s im u ltan eo u s ly  a t  0 °C. T he re la tiv e  ra te s  o f  ad d in g  
th e  tw o  co m p o n en ts  w ere a d ju s te d  so t h a t  th e  a d d itio n s  w ere fin ished  a b o u t s im u ltan eo u s ly . 
The n i tro tr ia c e to x y  d e r iv a tiv e  b egan  to  p re c ip ita te  a f te r  th e  ad d itio n  of a b o u t o n e - th ird  o f 
th e  fu rfu ra l. A fte r  th e  a d d itio n  of th e  to ta l  q u a n ti ty  o f n i tr ic  acid  an d  fu rfu ra l, th e  re ac tio n  
m ix tu re  w as s tir re d  be tw een  — 2 °C an d  -(-2 °C u n til  a th ic k  c ry s ta l m ass w as o b ta in e d . T h e  
p re c ip ita te  w as w ash ed  w ith  cold m eth an o l a n d  d isso lv ed  in  h o t  m eth an o l (2 m l p e r  g), 
pu rified  w ith  d eco louriz ing  carb o n  an d , a f te r  f i l t r a tio n , c ry s ta lliz ed  in an  ice b a th .  A fte r 
f i ltra tio n  an d  d ry in g  in  v a cu u m  a t  40 °C th e  w e igh t o f th e  p ro d u c t was 162 g (5 3 .2 % ), m . p. 
109— 111 °C.

T he sam p le  w as re p ea te d ly  recry sta llized  from  m e th a n o l.
Cu H 13N O , (303.22). Calcd. C 43.57; H  4.29; N  4 .62 . F o u n d  C 43.21; H  4.14; N 4 .7 1 %

5-N itro-5-prop ionoxy-2 ,5 -d ihydro fu rfu ry lidene  d ipropionate

330 g (2.5 m oles) o f p rop ion ic  a n h y d rid e  w as p laced  i n a  1 l itre  flask  equ ipped  w ith  a m e
ch an ica l s t ir re r  an d  a th e rm o m ete r. T h is w as cooled to  0 °C , 1 g o f  cc. H „S04 was a d d e d , a n d  
a f te r  s t ir r in g  fo r 10 m in . a t  0 °C, th e  “ m ixed  ac id ”  w as p re p a re d  b y  th e  a d d itio n  o f  48 g (0.76 
m ole) o f n itr ic  acid . S tirr in g  an d  cooling w ere co n tin u e d , a n d  54 g (0.85 m ole) o f  100%  n itr ic  
acid  a n d  96 g (1 m ole) o f fresh ly  d istilled  fu rfu ra l w ere a d d e d  sim u ltan eo u sly  a t  0 °C a n d  a t  
such  a ra te  t h a t  th e  a d d itio n s  o f th e  tw o co m ponen ts w ere  fin ish ed  a t  th e  sam e tim e . A fte r  
c o m p le tin g  th e  a d d itio n , th e  re ac tio n  m ix tu re  w as s t i r re d  be tw een  — 2 °C an d  + 2  °C u n til  
a th ic k  c ry s ta llin e  m ass w as o b ta in ed . T h e  p ro d u c t w a s  w ash ed  w ith  cold m e th a n o l an d  
d isso lv ed  in h o t  m e th a n o l (2 m l pe r g), pu rified  w ith  d eco louriz ing  carbon , an d  c ry s ta lliz ed  
in an  ice -b a th . A fte r  f i ltra tio n  an d  d ry in g  in v acu u m  a t  40 °C, th e  w eight o f th e  p ro d u c t  was 
62 g (18% ), m . p . 87— 89 °C.

T his p ro d u c t w as re p e a te d ly  recry sta llized  from  m eth a n o l.
C14H 19N 0 9 (345.30). Calcd. C 48.70; H  5.55; N 3.62. F o u n d  C 48.31; H  5.41; N 3 .7 4 % .

In frared  spectra

T he in fra re d  sp e c tra  w ere o b ta in ed  w ith  a C arl Zeiss U R -10  in frared  sp e c tro m e te r , 
in K B r pe lle ts .

T he a u th o rs ’ th a n k s  a re  due to  Dr. L. R a d ic s , fo r o b ta in in g  and  e v a lu a tio n  o f th e  
N M R  sp e c tra , to  Miss I. Szabó fo r th e  in frared  sp e c tra , a n d  to  Miss E . P ásztor fo r a ss is tan ce  
in th e  p re p a ra tiv e  w ork.
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MEAN AMPLITUDES OF VIBRATION FOR SMALL 
MOLECULES CONTAINING SULPHUR, I

T H IO N Y L  A N D  S U L P H U R Y L  C H L O R ID  ES

I . H a RGITTAI an d  S. J .  Cy VIN

(Laboratory fo r  Research o f  Chemical Structures o f  the H u n g a r ia n  A cadem y o f  Sciences, B udapest, 
and In stitu te  o f  Theoretical Chemistry, Technical U niversity  o f  N orw ay, T rondheim )

R eceived  A u g u st 14, 1968

R evised  n o rm al-co -o rd in a te  analysis w as p e rfo rm ed  fo r SOCl2 an d  S 0 2C12 in  
o rd e r to  a tta in  consistence  w ith  m ean  a m p litu d e s  fro m  e lectron  d iffrac tio n . In  p a r tic 
u la r  th e  p rev ious spectroscop ic  calcu la tio n s te n d e d  to  give som ew hat too  sm all v a lu es 
o f  / fo r th e  Cl . . .  Cl d istan ces . F o r SOCl2 th e  fo rce  fie ld  o f th e  p re sen t w ork  gives 
p e rfec t ag reem en t w ith  b o th  o bserved  freq u en c ies  a n d  m ean  am p litu d es. A lso for 
S 0 2C12 a force fie ld  w as p ro d u ced  w hich  rep ro d u ces  e x ac tly  th e  observed  freq u en c ies  
a n d  gives m ean  am p litu d e s  w ith in  th e  e rro r l im its  o f th e  e lec tro n -d iffrac tio n  v a lu es. 
A n o th e r force fie ld  w hich  gives a still b e tte r  a g re e m e n t fo r th e  m ean  a m p litu d e s  w as 
fo u n d , w hereas th e  low est freq u en cy  (in S 0 2Cl2)c h an g e s  from  218 to  175 cm - 1 . No rea l 
conclusion  could be  d raw n  to  th is effect.

Sm all m olecules c o n ta in in g  su lp h u r h a v e  b een  sub  jec ted  to  m a n y  sp ec 
tro sco p ic  in v es tig a tio n s , an d  have  a t ta in e d  ren ew ed  in te re s t  in  re c e n t y ea rs . 
T h e  p re se n t w ork  concerns th e  v ib ra tio n a l a n a ly s is  o f  SOCl2 an d  S 0 2C12 m ad e  
in  co n n ec tio n  w ith  th e  e lec tro n  d iffrac tio n  in v e s tig a tio n s  of H a r g it t a i [1 ]  
re p o rte d  in  th e  p reced in g  a rtic le .

Thionyl chloride

T h e  m ean  a m p litu d es  o f v ib ra tio n  for SOCl2 q u o ted  in  Cy v in ’s book  [2] 
are ta k e n  from  V e n k a t e s w a r l u  et al. [3]. T h e y  used  114° as eq u ilib riu m  v a lu e  
o f th e  C1SC1 angle. T he la te r  ca lcu la tions o f  M ü l l e r  et al. [4] are  based  on 
s t ru c tu ra l  p a ra m e te rs  w hich  inc lude  97.5° fo r th e  C1SC1 ang le ; th is  va lu e  
has been  confirm ed  b y  m eans o f e lec tron  d iffrac tio n  [1]. T he m ean  am p litu d es  
o f v ib ra tio n  from  M ü l l e r  et al. [4] differ la rg e ly  from  th e  o th e rs  m e n tio n e d  

. above  [3]. In  th is  connec tion  i t  shou ld  be p o in te d  o u t th a t  th e  a p p ro x im a tio n  
m e th o d  used  b y  M ü l l e r  et al. [4] in v o lv in g  th e  neg lec t o f  all o ff-d iagonal 
E  m a tr ix  e lem ents in  general is v e ry  q u es tio n ab le .

T he v ib ra tio n a l assig n m en t for S0C12 em p lo y ed  in  th e  c ited  sp e c tro 
scopic w orks [3, 4] is th e  sam e, an d  th e  frequencies coincide in  m ag n itu d e  w ith  
th o se  q u o te d  b y  N akam oto  [5]. In  a la te r  co m p ila tio n  S ie b e r t  [6] adheres 
to  th e  sam e assig n m en t w ith  p rac tica lly  th e  sam e  (w ith in  few w ave num bers)! 
f req u en cy  values.
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R e c e n tly  th e  m ean  a m p litu d e s  o f v ib ra tio n  w ere reca lcu la ted  b y  Cy v i n ’s 
g ro u p  in  co llabo ra tion  w ith  M ü l l e r  et cd., in  o rd e r to  get m ore re liab le  re su lts  
f ro m  th e  rigorous m eth o d  [2] o f  n o rm a l-co -o rd in a te  analysis . T hesecal cu la tio n s  
a re  b a se d  on th e  fu n d a m e n ta l a ssu m p tio n  o f sm all h arm on ic  v ib ra tio n s . 
F o rc e  c o n s ta n ts  w ere o b ta in e d  b y  th e  m e th o d  o f F a d in i  [7 ]. F ro m  th ese  
c a lc u la tio n s , a t  298 ° K ,th e  m ean  am p litu d es  o f v ib ra tio n  for th e  S — Cl, S = 0 ,  
Cl . . .  Cl a n d  Cl . . .  О d is tan ces  in  S0C12 a re : 0.0529, 0.0360, 0 .0627 an d
0 .0 9 6 8  Ä , re spec tive ly . T he force c o n s ta n ts  o f  th ese  ca lcu la tions a ll seem ed 
re lia b le . In  p a r tic u la r  / ( S =  0 )  =  9.384 m d y n e /Á  is in  good ag reem en t w ith  
th e  v a lu e s  9.30 [8], 9.49 [9] a n d  9.69 m d y n e /Á  [10], w hile a ls o / (S  — Cl) =  
=  2 .155  m dyne/Á  is q u ite  co m p a tib le  w ith  1.80 m dyne/Á  [10], a lth o u g h , 
so m e w h a t h igher th a n  1.4415 [9]. B u t in  th e  la t te r  w ork  [9] th e  a d o p ted  
a s s ig n m e n t differs from  t h a t  o f  th e  ab o v e  c ited  m ore recen t w orks [5, 6].

I t  w as ex trem ely  in te re s tin g  to  co m p are  th e  m ean  a m p litu d es  given 
in  th e  p reced in g  p a ra g ra p h  w ith  th e  o b serv ed  values from  elec tron  d iffrac tio n  
[1]. T h e  ag reem en t w as s a tis fa c to ry  for th e  tw o  b o nded  d istances, b u t  sign if
ic a n t  d iscrepancies w ere fo u n d  for th e  tw o  n o n b o n d ed  d istances. C onseq u en tly  
w e d ec id ed  to  m odify  th e  force fie ld  in  such  a w ay  to  a tta in  ag reem en t, if  possib le, 
fo r  a ll th e  m ean  am p litu d es  o f  v ib ra tio n  a n d  a t  th e  sam e tim e  m a in ta in  th e  
o b se rv e d  v ib ra tio n a l freq u en c ies . A fte r som e tr ia ls  w ith  sy s tem atic  chan g in g  
o f  b e n d in g  force c o n s ta n ts  in  th e  to ta l ly  sy m m e tric  species we rea lly  succeeded  
in  p ro d u c in g  such  a force fie ld . I n  th e se  ca lcu la tio n s th e  s t ru c tu ra l  d a ta  
f ro m  H a r g it t a i [1] w ere a d o p te d  as eq u ilib riu m  p a ra m e te rs ; th e y  are  con
s is te n t  w ith  th e  p a re n th e s iz ed  va lu es  in T ab le  I . T he fina l force c o n s ta n ts  are

Table I

M ean am plitudes o f  vibration ( Ä  un its)  fo r  thionyl chloride

S0C12 (E q u il. d is t .) T =  0 298 °K E lec tr . d iff. [1]

s = o (1.4425) 0.0359 0.0360 0.031 ±  0.010

S - C l (2.0755) 0.0466 0.0524 0.051 ±  0.0025

Cl. . .C l (3.0872) 0.0650 0.0959 0.101 ±  0.008

0 . .  ,C1 (2.8406) 0.0628 0.0774 0.076 ± 0 .0 0 6

303 313 323 ° K

S =  0 0.0360 0.0360 0.0361

S—Cl 0.0526 0.0530 0.0535

Cl. . .Cl 0.0966 0.0979 0.0992

O . . .Cl 0.0778 0.0787 0.0796

Acta Chim. Acad. Sei. Hung. 61, 1969



HARGITTAI, CYVIN: MEAN AMPLITUDES OF VIBRATION, I 53

Table II

Sym m etrized force constants ( m dyne/A )  fo r  thionyl chloride

A ' 1 2.624 —0.006 0.055 0.149

2 9.445 —0.002 0.120

3 0.254 0.005

4 0.455

A ” 1 1.741 0.107

2 0.307

show n  in T able I I  a n d  p e r ta in  to  th e  te n ta t iv e ly  s ta n d a rd iz e d  sy m m e try  
co o rd in a tes  rep o rted  e lsew here [11]. This force fie ld  rep ro d u ces e x a c tly  th e  
o b se rv ed  frequencies acco rd in g  to  th e  q u o ta tio n  in  S ie b e r t ’s b o o k  [6 ]. The 
co rrespond ing  valence  fo rce -co n stan ts  / ( S =  0 )  =  9.445 an d  / ( S — Cl) =  2.182 
m d y n e /Á  are still co m p a tib le  w ith  prev ious re su lts  (see above), a n d  th e  ca l
c u la te d  m ean am p litu d es  are  in  perfec t ag reem en t w ith  th e  e lec tro n -d iffrac tio n  
d a ta  fo r all d istances. I t  is re fe rred  to  T ab le  I ,  w here  ca lcu la ted  values a t 
sev e ra l te m p e ra tu re s  a re  re p o rte d .

Sulphuryl chloride

T he only  ca lcu la ted  m ean  am p litu d es fo r S 0 2C12 av a ilab le  b efo re  our 
ca lcu la tio n s were th o se  from  V e n k a t e s w a r l u  et al. [12] also q u o te d  b y  
Cy v in  [2]. We decided  to  p e rfo rm  som e re fin ed  ca lcu la tio n s in  conn ec tio n  w ith  
th e  e lec tro n -d iffrac tio n  w ork  o f H arg ittai [1].

To s ta r t  we se t u p  an  ap p ro x im a te  force fie ld  w ith  force c o n s ta n ts  
m a in ly  ta k e n  from  H u n t  et al. [13]. These force c o n s ta n ts  we a d ju s te d  to  
v ib ra tio n a l frequencies from  N akam oto  [5] a n d  from  S ie b e r t  [6 ];  sign if
ic a n t differences in  th e  a ssig n m en ts  fo r S 0 2C12 are  fo u n d  in  th e se  tw o  books. 
T h e  resu ltin g  m ean  a m p litu d e s  a t  298 °K  in Á u n its  are show n below . The 
co lum ns give: (a) R esu lts  o f  V e n k a t e s w a r l u  et al. [3, 12] (a t 300 °K ),
(b) p resen t resu lts co n s is te n t w ith  freq u en cies from  N akam oto  [5 ], an d
(c) from  S ie b e r t  [6].

D istance (a) (b) (c)

S =  0 0.03976 0.0350 0.0349
S—Cl 0.05136 0.0538 0.0474
0  . . . 0 0.06121 0.0639 0.0637
Cl . . . Cl 0.08480 0.0831 0.0831
0  . . .  Cl 0.06428 0.0701 0.0689

T h e m a jo rity  o f th e se  va lu es  are con sis ten t w ith  th e  e lec tro n -d iffrac tio n  
re su lts  [1] w ith in  th e ir  e rro r  lim its . This is especia lly  th e  case fo r a ll values 
in S et (c). On com parison  w ith  Set (b) th e  on ly  s ig n ifican t d ifference is found
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fo r  t h e  S — Cl d istance . T h e  o b se rv ed  v alue  fo r Z(S— Cl) [1] (see also below ) 
c le a r ly  p o in ts  in  fav o u r o f  S e t (c). In  th e  fo llow ing we give th e  assignm en t 
f ro m  S i e b e r t  [ 6 ] w ith  fre q u e n c ies  (included in  p a ren th ese s) from  N a k a m o t o

[5] in  t h e  cases w here th e y  a re  d ifferen t. T he B x a n d  B 2 species d esigna tion  
is a m b ig u o u s . The p re se n t n o ta t io n  is co n sis ten t w ith  th e  co n v en tio n s of 
s y m m e tr y  co-ord inates g iv e n  elsew here [14] w hen  th e  Cl an d  О a to m s are 
c o n s id e re d  as Y an d  Z, re sp e c tiv e ly , in  th e  a p p ro p r ia te  X Y 2Z2 m odel o f C2„ 
s y m m e try . All values are  w a v e  num bers in  c m -1. Species A x : 1182, 560, 
408  (405), 218. Species А г : 282 (388). Species B x : 1419 (1414), 388 (282). 
S p ec ies  B 2 : 580 (380), 362 . T h ro u g h o u t th e  p re se n t ca lcu la tio n s we have 
a d o p te d  th e  s tru c tu ra l d a ta  fro m  H a r g i t t a i  [1] as eq u ilib riu m  p a ra m e te rs .

T h e  observed v a lu e  o f  Z(C1 . . . Cl) [1] suggests  t h a t  th e  ca lc u la ted  values 
in  a ll t h e  sets rep o rted  a b o v e  are  som ew hat to o  low , a lth o u g h  th e y  fa ll w ith in  
th e  re la t iv e ly  large e rro r  l im its  o f th e  e lec tro n -d iffrac tio n  e x p e rim en t. A sim 
ila r  s i tu a tio n  was e n c o u n te re d  fo r th io n y l ch lo rid e  as describ ed  in  th e  p re 
c e d in g  section . F u r th e rm o re  M o r i n o  et al. [15] h a v e  o bserved  a co rrespond ing  
la rg e  v a lu e  of Z(C1 . . . Cl) =  0.102 ^  0.007 A in  SC12 [2, 15], w hile sp ec tro 
sco p ic  v a lu es  abou t 0.093 Á  fo r  th e  sam e q u a n t i ty  h av e  been  re p o rte d  [2]. 
I n  co n seq u en ce  we t r ie d  to  m o d ify  th e  force fie ld  fo r S 0 2C12 in o rd e r to  increase 
th e  c a lc u la te d  value fo r  /(C l . . . Cl) along th e  sam e p ro ced u re  as w as used 
fo r  SO C l2 (see above). S e v e ra l a tte m p ts  o f v a ry in g  th e  b en d in g  force con
s ta n t s  w ith in  reasonab le  l im its  gave no su b s ta n tia l  im p ro v em en t fo r ca l
c u la te d  m ean  am p litu d es w h e n  com pared  to  S et (c) re p o rte d  above. All th e  
m e a n  am p litu d es h ad  a s t ro n g  ten d e n c y  to  re m a in  s tab le  ev e ry  tim e  we in 
s is te d  to  m a in ta in  th e  o b se rv e d  frequencies. O n th e  o th e r  h a n d , w hen  we 
to le r a te d  some d ev ia tio n s  fro m  th e  observed  freq u en c ies , we h a d  n o  d iffi
c u ltie s  in  producing a se t o f  ca lcu la ted  m ean  a m p litu d es  in  s till b e t te r  agree
m e n t  th a n  Set (c) w ith  e lec tro n -d iffrac tio n  v a lu es . B elow  in  th e  co lum n (d) 
w e g iv e  th e  best re su lts  o f  t h e  p re sen t ca lcu la tio n s. I t  w as o b ta in e d  w ith  force 
c o n s ta n ts  p rac tica lly  th e  sa m e  as those  of S et (c) ex cep t fo r fix, w h ich  was 
p u t  e q u a l to  0.20 m d y n e /Á .

D istance (d) E le c tro n  d iffrac tio n  [1]

S =  0 0.0349 0.035 - f  0.007
S~C 1 0.0475 0.046 +  0.004
0  . . . 0 0.0665 0.061 (assum ed)
Cl . . .  Cl 0.0986 0.101 +  0.018
0  . . .  Cl 0.0689 0.072 ±  0.006

T h e  ab o v e  co lum n (d) a g a in  show s ca lcu la ted  m ean  a m p litu d es  in  A  u n its  
a t  298  °K . T he force c o n s ta n ts  u sed  in th is  ca lcu la tio n  give ca lcu la ted  freq u en 
c ies  d if fe re n t from  th o se  o f  S i e b e r t  [6] on ly  in  Species A v  w here  th e y  read : 
1 1 8 1 , 557, 408 a n d  175 c m -1 . T hese co n sid era tio n s m ay  be in te rp re te d  as a 
su g g e s tio n  th a t  th e  lo w est freq u en cy  in S 0 2C12 shou ld  be so m ew h at lower
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Table III

M ean am plitudes o f  vibration ( A  un its) fo r  su lp h u ry l chloride 
F o r th e  va lues a t  298 °K , see colum n (c) in  th e  te x t

S02C12 (Equil. diet.) T =  0 303 313 323 °K

s= o (1.407) 0.0348 0.0349 0.0349 0.0350

S - C l (2.010) 0.0432 0.0476 0.0480 0.0483

оd

(2.472) 0.0564 0.0640 0.0645 0.0650

Cl. . .Cl (3.086) 0.0596 0.0836 0.0847 0.0858

0 .  . .Cl (2.784) 0.0584 0.0692 0.0699 0.0706

Table IV

Sym m etrized force constants (m d yn e /A ) fo r  su lphury l chloride

A x 1 3.925 0.124 0.122 0.333 A , 0.313

2 10.522 0.048 — 0.094

3 0.312 — 0.014

4 1.287

»1 1 10.515 0.071 ß 2 1 2.158 0.214

j  2 0.495 2 0.577

th a n  th e  m ag n itu d e  (218 c m -1) in  th e  c o n v en tio n a l a ss ig n m en ts  [5, 6]. H ow 
ev er, th is  can  h a rd ly  be considered  as a real conclusion .

As th e  f in a l sp ec tro scop ic  values of m ean  a m p litu d e s  for S 0 2C12 we ta k e  
th o se  o f  Set (c) g iven above. C orresponding v a lu es  a t  v a rio u s te m p e ra tu re s  
are  fo u n d  in T ab le  I I I ,  an d  th e  correspond ing  force fie ld  is given in  T ab le  IV . 
T h e  re p o rte d  force c o n s ta n ts  p e r ta in  to  th e  sy m m e try  co o rd ina tes re p o rte d  
elsew here [14]. W e re p e a t here  th a t  th is  force f ie ld  rep roduces e x a c tly  th e  
v ib ra tio n a l frequencies acco rd in g  to  S i e b e r t  [6], a n d  th e  ca lcu la ted  m ean  
a m p litu d e s  are  all co n sis ten t w ith  th e  e lec tro n -d iffrac tio n  resu lts  w ith in  
th e ir  e rro r lim its . T h e  co rrespond ing  valence fo rc e -c o n s tan ts  for s tre tch in g s  
a r e / ( S  —0 )  =  10.518 a n d / ( S  — Cl) =  3.041 m d y n e /A , w hich  b o th  seem  to  be 
reaso n ab le .
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R e ev es’ c o n fo rm a tio n a l fo rm ulas o f a ld o p y ran o ses can  be  d esc rib e d  b y  com 
b in a tio n s o f le t te rs  a n d  n u m b ers . T his system  m ay  be especially  u se fu l w hen  m any 
co n fo rm a tio n a l fo rm u la s  w ould  hav e  to  be  p r in te d . T he C l c o n fo rm a tio n  of sugars 
in th e  D-series is to  be  v isu a lized  w ith  th e  C4 a to m  on th e  r ig h t, below , a n d  th e  C4 a tom  
on th e  left, above  in  th e  ch a ir fo rm  =  4C4, an d  th e  rin g  m em bers m u s t be  num b ered  
clockwise. A p p ly in g  th ese  conv en tio n s, b o th  in th e  D- an d  L-series th e  a x ia l  su b s ti tu e n ts  
a tta c h e d  to  th e  C1( C3 a n d  C5 a to m s in th e  C l co n fo rm atio n  are  d ire c te d  dow nw ards, 
while those  a ffix ed  to  th e  C2 an d  C4 a to m s p o in t u p w ard s  re la tiv e  to  th e  p lan e  o f the  
ring . T he C5-su b s titu e n t in  py ran o ses o f C l con fo rm atio n  is ax ia l  in  th e  case  o f  L-sugars, 
an d  equatorial in D -sugars. T he ax ia l position  is d esig n ated  in th e  fo rm u la  b y  i ts  location  
w ritte n  in p a ren th ese s  a n d  th e  su b s titu e n ts  o th e r  th a n  — H  a n d  — O H  a re  in d ica ted  
b eh in d  th e  p a ren th ese s . 4C, m eans an a ld o p y ran o se  rin g  o f C4 c o n fo rm a tio n . 4C,(-)5- 
CH2OH  m eans /З-D -gIucopyranose, 4C ,(l,2 )5 -C H 2O H  den o tes a -D -m an n o p y ran o se . I f  
th e  figure  “ 5”  also occu rs  in p a ren th eses , th e  sym bol re p re se n ts  a n  L -sugar, e.g., 
4C ,(l,2 ,5 )5 -C H 2O H  m ean s /?-L-gulose, o r 4Ct(l,2 ,5 )5 -C O O H ,3-deoxy  is 3-deoxy-/f-L- 
guloronic acid  in  Cl co n fo rm atio n . T he 1C co n fo rm atio n  is d e sig n a ted  as 4C4, B1 as 
4B ‘, B2 as 5B 2, e tc . T h e  r in g  m em bers a re  n u m b ered  in th e  “ a l te rn a tiv e ”  co n fo rm atio n s 
(1C, IB , 2B, 3B) counter-clockw ise .

Introduction

T he know ledge o f  th e  con fo rm atio n  a n d  its  illu s tra tio n  is o fte n  in e v ita b le  
in  th e  d e linea tion  o f  v a rio u s  reac tio n s  o f  p y ran o id  sugars [1]. T h e  d e m o n s tra 
tio n  o f th e  rea l sp a tia l a r ra n g e m e n t of th e  su g ar rings a n d  th e ir  s u b s ti tu e n ts  
has b een  perfo rm ed  so fa r  m a in ly  b y  R e e v e s ’ fo rm ulas [2 ]. T h ese  fo rm ulas, 
b e ing  d raw ings, can  o n ly  c irc u m sta n tia lly  be w ritte n  b y  ty p e w r ite r  a n d  th e ir  
ty p o g ra p h ic a l re p ro d u c tio n  req u ires  a p p ro p ria te  d raw ings an d  th e  p re p a ra tio n  
o f  c o s tly  p la te s : th e  p r in te d  fo rm ulas occupy  a lo t of p lace. T h e re fo re , every  
a u th o r  has to  p o n d e r to  red u ce  th e  n u m b e r o f co n fo rm atio n a l fo rm u la s  in  his 
p u b lic a tio n . E sp ec ia lly , in  h an d b o o k s  an d  te x tb o o k s , i t  w ould  be v e ry  desirab le  
to  i llu s tra te  m an y  o f th e  co n fo rm atio n s o f th e  p y ranoses d iscussed . H ow ever, 
th is  g en era lly  c a n n o t be d one  because o f  th e  ab o v e-m en tio n ed  ty p o g ra p h ic a l 
reasons.

I s b e l l  an d  T ip s o n  [3] h av e  p roposed  sim ple fo rm u las  for th e  d e lin ea tio n  
o f th e  p rinc ipa l co n fo rm a tio n a l form s o f p y ran o id  sugars. In s te a d  o f  th e  C l 
a n d  1C sym bols, I s b e l l  [4] proposed  in 1956 to  w rite  C l an d  C2, a n d  in  1957, 
to g e th e r  w ith  his co-w orkers [5] he suggested  th e  use o f  C T  a n d  C '2  in  o rd er
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to  a v o id  a possible in te rc h a n g e  w ith  th e  R e e v e s  fo rm u las . In  1958 G u t h r i e

[6], a n d  in  1959 I s b e l l  a n d  T i p s o n  [7] p ro p o sed  a n ew  n o m e n c la tu re  fo r th e  
in d ic a t io n  o f  th e  c o n fo rm a tio n . A ccording to  th is  n o m e n c la tu re , th e  possible 
c o n fo rm a tio n a l form s o f  th e  p y ran o sid e  rings a re  in d ic a te d  b y  th e  follow ing 
sy m b o ls :  Cx, B 1? B2, B 3, Sx,3, S2,0, S2,4, S3,5, S4,0. T h e  sym bols C an d  В re fe r 
to  th e  “ c h a ir”  and  “ b o a t”  fo rm s , in  accordance w ith  R e e v e s ’ n o m en c la tu re , 
b u t  t h e y  rep resen t s im u lta n e o u s ly  b o th  m irro r-im ag e  isom ers, i.e. in  th is  case 
C m e a n s  b o th  C l an d  1C, as w ell as В m eans b o th  th e  B1 a n d  IB  fo rm s. S in 
d ic a te s  th e  skew c o n fo rm a tio n , w hich fo rm  w as n o t  t r e a te d  in  d e ta il b y  
R e e v e s ’ n o m en cla tu re . T h e  n u m b e rs  beside “ S”  re fe r  to  th e  ex o p lan a r a tom s.

T h e  tw o  m irro r-isom ers a re  d istingu ished  on  th e  basis o f th e  co n fig u ra tio n  
o f  t h e  anom eric  C -atom ; if  th e  position  of th e  fu n c tio n a l g roup  on th is  a to m  
is n o t  quasi, th e  sym bols С, В  or S have to  be co m p le ted  b y  e ith e r  “ A ”  ( =  
a x ia l)  o r  “ E ”  ( =  equatorial) .  In  accordance w ith  th o se  sa id  above th e  m ost 
s ta b le  con fo rm ation  o f an  oc-D-glucopyranoside is sym bolized  b y  CA, w hile 
th e  le a s t  p robable  c o n fo rm a tio n  b y  CE (acco rd in g  to  R e e v e s ’ Cl an d  1C, 
re sp e c tiv e ly ) . As it  follow s, a n  I s b e l l — T i p s o n  fo rm u la  consists of th re e  item s: 
th e  sy s te m a tic  d e n o m in a tio n  o f  th e  sugar, c h a ra c te r iz a tio n  o f sh ap e  o f th e  
s u g a r  r in g  (C or B), a n d  th e  p o sitio n  of th e  fu n c tio n a l g roup  on th e  anom eric  
c a rb o n  a to m  (A or E ). In  a m o re  so p h is tica ted  fo rm  o f th e  sy stem , th e  above 
a u th o r s  in d ica ted  th e  p o s itio n s  o f all fu n c tio n a l g roups b y  ad d in g  “ a”  or 
“ e”  to  th e  ab o v e -m en tio n ed  sym bols; e.g., th e  C l con fo rm atio n  o f a-D- 
g a la c to se  is de linea ted  b y  th e  following fo rm u la : cc-D-galactose-fascae).
A s i t  is  seen , th e  I s b e l l  — T i p s o n  form ula does n o t  in d ic a te  th e  a c tu a l s tru c tu re  
o f  a su g a r ;  th is  is assu m ed  to  b e  know n an d  is c o m p le ted  on ly  b y  in fo rm a tio n  
c o n c e rn in g  th e  shape o f th e  su g a r ring, as w ell as th e  co n fig u ra tio n  o f th e  
a n o m e ric  C-atom .

T h e  p resen t p a p e r  d ea ls  w ith  a m ore sim p le  m e th o d  fo r th e  rep re sen 
ta t i o n  o f  th e  steric  s tru c tu re s  o f  p y ran o id  su g ars . T hese  new  fo rm u las  m ay  be 
r e g a rd e d  as descrip tions o f  t h e  w idely  used R e e v e s  fo rm ulas b y  co m b in a tio n s 
o f  le t te r s  and  n u m bers.

Basic conventions

T h e  w ay of d raw in g  R e e v e s ’ form ulas is n o t  u n ifo rm . T he p lac ing  of 
t h e  C4 a to m  w ith in  th e  o r ig in a l R e e v e s  fo rm u las  is n o t  th e  m ost a p p ro p ria te ; 
m a n y  a u th o rs  do n o t a c c e p t th is  form  [2], w h ere  th e  C4 a to m  is n o t p laced  
o n  o n e  o r th e  o th e r “ p e a k ”  o f  th e  “ ch a ir” . F o r  th is  reaso n , th e  illu s tra tio n  
o f  a g lycosid ic linkage or a n y  reac tio n s of th e  C4 a to m  m ay  lead  to  confusion 
(la ). T h e  form ula is easy  to  su rv ey  only w hen  th e  С4 a to m  is p laced  on one 
o r  th e  o th e r  “ p eak ”  o f  th e  “ c h a ir”  or “ b o a t” . Som e a u th o rs  d raw  th e  C l 
c o n fo rm a tio n  of R e e v e s  w ith  th e  C4 a to m  on th e  le f t side, above  (lb), o th e rs
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d ra w  it on th e  r ig h t side, below  (Ic). In  th e  follow ing, th e  lo ca tio n  o f th e  C4 
a to m  in chair fo rm u las  fo r D -sugars in C l co n fo rm atio n  will be fix ed  on th e  
r ig h t side, below. T h is is basic  conven tion  N o. 1. A bove th is  to  th e  le ft th e  ring  
oxygen  a to m , a n d  u n d e r  th is  la t te r  th e  C2 a to m  are  to  be w r itte n : i.e. th e  ring  
m em bers are n u m b e re d  clockw ise. This is basic  co n v en tio n  N o. 2. T he n u m 
b erin g  o f th e  so-called  “ a l te rn a tiv e ”  co n fo rm atio n s (1C, IB , 2B , 3B) ru n s 
coun ter-c lockw ise, as it  follow s from  th e ir  m irro r-im ag e  c h a ra c te r .

Ь  l b  i r

F orm ulas Ha----lid  show  th e  four possib le  c h a ir  co n fo rm atio n s o f an
a-allose. An in sp ec tio n  o f  th e se  form ulas reveals  th e  fo llow ing fa c ts . C onversion 
o f  th e  C l con fo rm atio n  o f  a D -sugar in to  1C co n fo rm atio n  causes inversion  
in  th e  ring  sk e le ton , w hile all su b s titu e n ts  ch an g e  th e ir  positio n  from  ax ia l 
to  eq u a to ria l an d  v ice v e rsa  (see I la  —*■ lib ) . M oving from  th e  D — 1C fo rm  
(D -sugar in 1C co n fo rm atio n ) to  L— 1C fo rm  (ь -su g ar in  1C co n fo rm atio n ), 
th e  rin g  skeleton rem a in s  u n ch an g ed , w hile th e  s u b s titu e n ts  change th e ir  
positio n  (see l i b — >-l id ) .  As a consequence, an  L—1C su g ar is a lw ays re la ted  
to  th e  D — C l form  o f th e  sam e sugar, as an  im age re fle c ted  in  a m irro r. T he 
sam e is tru e  for an  L—C l a n d  D — 1C pair. S ta r t in g  from  d — C l (see I la  — >TId), 
one can  get to  L— 1C also th ro u g h  L—C l; in  th is  case, in  th e  f irs t  s tep  th e  
su b s titu e n ts  change th e ir  p osition , and  in th e  second th e y  re tu rn  to  th e ir  
o rig inal position  s im u ltan eo u sly  w ith  th e  in v ersio n  o f th e  rin g  skele ton . 
T h e  n e t  resu lt is o n ly  inversion  o f th e  rin g  sk e le to n .

O bserv ing  th e  m en tio n ed  f irs t and  second c o n v en tio n s , a n d  ap p ly in g  
th e  above-described  t r a in  o f  th o u g h t to  ev e ry  p y ra n o id  su g ar, th e  follow ing 
conclusion m ay  be d raw n  fo r th e  sp a tia l a rra n g e m en t w ith in  th e  ch a ir con
fo rm atio n s:

(a) C onsidering th a t  th e  C4 a tom  is fix ed  in  th e  C l co n fo rm atio n  on 
th e  le ft an d  in 1C co n fo rm atio n  on th e  r ig h t side ab o v e , th e  axia l su b s ti tu e n t 
o f th e  Cj^atom has to  be d irec ted  dow nw ards on th e  d raw in g , i.e. Cr  H ow ever, 
th is  defines th e  d irec tio n  o f  every  possible axia l s u b s ti tu e n t  C2 T C3 I C4 t 
C5 I , i.e. th e  1-, 3- a n d  5 -(unpa ired ) s u b s ti tu e n ts  m a y  be s tag g ered  o n ly  
dow nw ards, th e  p a ired  ones (2 an d  4) only  u p w ard s , as re la te d  to  th e  rin g  level. 
T h is conclusion is basic  co n v en tio n  No. 3, w hile it  is to  be n o te d  th a t  in th e  
case o f  th e  scarce В -co n fo rm atio n s, b o th  axia l p o sitions on th e  “ p eak s”  are 
d irec ted  upw ards, a n d  all fo u r ax ia l ones on th e  “ b ase”  o f  th e  b o a t  confor
m atio n  are  d irec ted  dow nw ards.
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(b ) The C5-su b s ti tu e n t  o f  a D -sugar in  C l co n fo rm atio n  m ay  never 
o c c u p y  axia l position , o n ly  equatorial one (Cs.e9), w hile th e  m ain  c h a ra c te ris tic  
o f  a n  L -sugar in C l c o n fo rm a tio n  is th e  axia l C5-su b s titu e n t (C5.0;1.). In  1C con
fo rm a tio n , these  re la tio n s  a re  rev ersed . T his is basic  co n v en tio n  N o. 4. The 
su g g e s te d  new  d elineation  o f  th e  con fo rm ations is b ased  on th e se  fou r con
v e n tio n s .

6

U— 1C 
II h

iC4(2, 4,5)5—CH2OH

Ha— lid: T he four possible c h a ir  c o n fo rm a tio n s  o f a-allose. T h e  arrow s in d ic a te  th e  d irection
o f  n u m b erin g  in th e  rings

Description of the Cl conformation

O n th e  basis o f th e  ab o v e  co n v en tio n s, th e  de lin ea tio n  o f th e  confor
m a tio n s  becom es sim ple. T h e  d e lin ea tio n  o f  th e  C l rin g  is show n b y  III. L e tte r  
“ C”  d en o te s  th e  “ c h a ir”  c o n fo rm a tio n , w hile “ 4 ”  on th e  left ab o v e , a n d  “ 1” 
on  th e  r ig h t below d efine  th e  lo ca tio n s o f th e  С4 a n d  C4 a to m s (C onvention  
N o . 1). A ccording to  C o n v en tio n  N o. 2, n u m b erin g  is done clockw ise, th e re fo re , 
th e  lo c a tio n s  of th e  C2, C3 a n d  C5 a tom s an d  o f th e  rin g  oxygen  a re  also fixed . 
C o n v e n tio n  No. 3 defines th e  d irec tio n  of th e  in c id e n ta lly  axia l su b s titu e n ts . 
B o th  in  th e  D- and  L-series fo r  b o th  C -conform ations (C l a n d  1C), th e se  are: 
Cx I C2 t  C3 ! C4 t  С. I . T h e re fo re , fo r an  u n a m b ig u o u s  d e fin itio n  o f an y  
s u g a r , i t  is suffic ien t to  w rite  th e  p lace n u m b e r o f  th e  s u b s titu e n ts  in 
p a re n th e s e s  behind  th e  r in g  sy m b o l 4С1; th e  d irec tio n  o f th e  su b s titu e n ts  is 
f ix e d  b y  th e ir  position  in  th e  rin g . A ccording to  th is  th e  sym bol 4C4( —) defines 
q u ite  u n am b iguously  th e  R e e v e s  fo rm ula  IV. T h e p y ran o sid e  h av in g  no 
a x ia l  su b s ti tu e n t an d  no  s u b s t i tu e n t  on th e  C5 a to m  (d isreg a rd in g  H  a n d  O H ), 
is id e n tic a l to  /?-D-xylose. A cco rd ing ly , a-D -xylose is d e s ig n a ted  as 4CX(1).
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D-ghicose differs from D -xylose b y  an —C H 2O H  group attach ed  to  the C5 atom . 
T h is  substituent has to  be indicated  outside the parentheses: 4C4( — )5 — CH..OH 
m eans /J-D-glucopyranose, and 4C1(1)5 — CH2O H  represents a-D-glucopyranose 
in C l conform ation (Va and Vb).

A c c o r d i n g  t o  t h e  f o u r t h  c o n v e n t i o n ,  t h e  C 5- s u b s t i t u e n t  i s  a l w a y s  equa
torial w i t h i n  t h e  D - s e r i e s  t h e r e f o r e ,  i f  t h e r e  i s  n o  f i g u r e  “ 5”  w i t h i n  t h e  p a r e n 

t h e s e s  b e h i n d  t h e  4C1 s y m b o l ,  t h e  f o r m u l a  r e p r e s e n t s  a  s u g a r  b e l o n g i n g  t o  t h e  

D - s e r i e s ,  w h i l e  f i g u r e  “ 5”  w i t h i n  t h e  p a r e n t h e s e s  i n d i c a t e s  a n  L - s u g a r .  E .g .: 
4C j(l,2 ,5 )5  — CH2O H  m e a n s  / I - L - g u lo s e ,  a n d  4C1(1,2,5)5 — C O O H  i s  /? - L - g u lo r o n ic  

a c i d  (VI).
I n  c a s e  o f  p e n t o p y r a n o s e s ,  t h e  s a m e  s t a t e m e n t  i s  v a l i d  f o r  t h e  C4 a t o m .  

I f  t h e r e  i s  n o  f i g u r e  “ 5 ”  a n d  a t t a c h e d  s u b s t i t u e n t  b e h i n d  t h e  p a r e n t h e s e s  

t h e  s u g a r  in  q u e s t i o n  i s  a  p e n t o p y r a n o s e .  I f  t h e r e  i s  a  f i g u r e  “ 4 ”  in  t h e  p a r e n 

t h e s e s ,  i t  i n d i c a t e s  a n  L - p e n t o p y r a n o s e ,  i f  t h e r e  i s  n o t ,  a  D - p e n t o p y r a n o s e .  

E .g .:  a - L - a r a b i n o s e :  4C4(4); o c - D -a r a b in o s e :  4C1(1,2,3). T h e  h o m o l o g o u s

h e x o p y r a n o s e s  a r e  a s  f o l l o w s :  a - L - a l t r o s e :  4C1(4,5)5 — C H 2O H ; o c -D -a ltr o s e :

«C1( l ,2 ,3 ) 5 - G H aO H .
A n ex cep tio n a l case is p re sen ted  b y  C5-m eth y l h ex o p y ran o ses , such  as 

6 -deoxy-5-C -m ethy l-D -xy lo -hexopyranose  ( =  5 ,5 -d i-C -m ethy l-D -xy lopyranose). 
I t s  cu rio sity  is in d ic a te d  b y  presence o f a second b u lk y  C5-s u b s titu e n t. Such 
su g ars  m ay  be classified  b o th  in to  th e  D-series an d  in to  th e  L-series. T he above- 
m en tio n ed  D-sugar in  a -C l fo rm  m a y  be described  b y  th e  fo llow ing  confor
m a tio n a l fo rm ula : 4C1(1,5)5-M e,5-M e; th is  is, how ever, id e n tic a l to  6-deoxy- 
5-C-m ethyl-/9-L-idose. T h u s , C --d im ethy l sugars re p re se n t tra n s i t io n  form s 
be tw een  th e  d - an d  L-series. A n o th e r exam ple  fo r th is  k in d  o f  sugars is no- 
v iose: 6 -d eo x y -5 -C -m eth y l-4 -0 -m eth y l-L -ly x o -h ex o p y ran o se . I t s  confor
m a tio n a l fo rm ulas are  as follow s: L-1C fo rm : 1C4(l,2 ,5)5-M e,4-O M e; L-1C 
fo rm : 4C1(3,4,5)5-M c,4-OM e.

I f  th e  C2 s u b s titu e n t is ax ia l, a n d  th e  C4 s u b s ti tu e n t  is n o t ,  i.e. we are 
dealing  w ith  a /J-anom er o f a D -sugar in  C l co n fo rm atio n , th is  re su lts  in every  
case in a J2 -e ffe c t, th e re fo re  special in d ica tio n  o f th is  fa c t is needless. This 
is th e  case, e.g., w ith  /?-D-lyxose a n d  j?-D-mannose. In  th e  ж-anom ers o f D- 
sugars in C l co n fo rm atio n , no zl2-effect ta k e s  p lace.

II
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H

VI»

H

*Ci(— )$ — С Й г О Н

H

4C i ( 1 ,2 ,5 ) 5 — C O O H

I n  t h e  C l  c o n f o r m a t i o n  w i t h i n  t h e  D - s e r i e s  o n l y  o c - a n o m e r s  c a n  h a v e  

a n  a x ia l  C j - s u b s t i t u e n t ,  w h e r e a s  w i t h i n  t h e  L - s e r ie s  t h e  s a m e  a p p l i e s  t o  t h e  

( 5 - a n o m e r s .  T h e r e f o r e ,  t h e s e  n e w  s y m b o l s  r e n d e r  n e e d l e s s  t h e  u s e  o f  D , L , a  a n d  

/З- l e t t e r s  in  t h e  d e s c r i p t i o n  o f  t h e  s t e r i c  s t r u c t u r e s  o f  p y r a n o i d  s u g a r s .

Description of the conformations of disaccharides and glycosides

T h e  new  fo rm u la  is a lso  app licab le  fo r d isacch arid es . E .g ., /3-D-maltose 
[4С г(1 )5 -С Н ,0 Н Д -0 -]  [4C1(-)5 -C H 2O H ,4-] (Vila). T h e lo c a tio n  o f th e  glyco- 
s id ic  b o n d  in th e  n o n -re d u c in g  u n it  is in d ica ted  b y  1 -0 - , w hile  in  th e  reducing  
o n e  b y  4-. Since th e  fig u re  “ 1”  occurs in  p a ren th eses  in  th e  n o n -red u c in g  u n it ,  
i t  d e f in e s  an  axial p o s itio n , i.e. in  th is  case a lin k ag e  o f  an  a -co n fig u ra tio n  
(Cw ). T he a -l,4 -lin k e d  d ig lucose is id en tica l to  m a lto se . T h e  /3-configuration 
o f  t h e  reducing  u n it  is in d ic a te d  b y  a sign in  p a re n th e se s , i.e. i t  m eans 
a n  Cb  su b s titu e n t. E .g ., t h e  fo rm u la  for a -iso m alto se  (Vllb), an  oc-l,6-linked 
d ig lu co se , is th e  fo llow ing : [4C1(l)5 -C H 20 H , l - 0 - ]  [4C1(1 )5 -C H ,0 -]. 1 -0 -
m e a n s  in  every  case an  O -glycosid ic  linkage, s im ila rly  1-N- deno tes an  N -gly- 
co s id e  a n d  1-S- m eans a 1 -th iog lycoside . Some ex am p les  to  i l lu s tra te  th is  
p o in t  a re  as follows:

N -m eth y l-a -D -g ly co sam in id e : 4C1(l)5 -C H 2O H ,l-N -C H 3 
/З-ce llob iose : [4С Д -)5 -С Н ,0 Н ,1 -0 -]  [4C1(-)5-CH 2O H ,4-]
« ,a - tre h a lo se : рС Д ^-Б -С Н Д Э Н Д -О -] [^C ^IJS -C H .O H ,!-]
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a-D -m ethylglucopyranoside: 4C1(l)5 -C H 20 H , l - 0 - C H 3
1 - d e o x y - l - th io - /3 -D -e th y lg lu c o s id e :  4C1(-)5 -C H 2O H ,l- S -C 2H 3
2- d eo x y -2 -acety lam in o -a -D -m eth y lg lu co p y ran o sid e : 4C j( l)5 -C H ,O H ,2 -N H -
-C 0 -C H 3, l - 0 - C H 3
2 -d eo x y - |S -D -g lu c o se :  4C 1(-)5 -C H 2O H ,2 -d c o x y

S c r u tin iz in g  th e s e  fo r m u la s  — w h ic h  a re  w e ll su ita b le  fo r  d a ta  p r o 
c e s s in g  b y  p u n c h e d  ca rd  s y s te m  — c o n c lu s io n  c a n  b e  d raw n  c o n c e r n in g  t h e  
s t a b i l i t y  o f  th e  su g a r s , s in c e  m o re  a x i a l  s u b s t i t u e n t s  m ea n  lo w e r  s t a b i l i t y .

T ab le  I  c o n ta in s  th e  R e e v e s ’ fo rm ulas o f  a ld o pyranoses in  C l con fo r
m a tio n  as well as th e  sugg ested  new  fo rm ulas. A n ex am p le  for a 6 -d eo x y -su g ar 
is 6-deoxy-/?-D -idose: 4C 1(2 ,3 ,4 )5 -C H 3.

T h e se  fo r m u la s  are a lso  a p p lica b le  fo r  k e to p y r a n o s e s , b u t in  s u c h  c a s e s  
t h e  Cj a to m  d o es  n o t  ta k e  p a r t  in  th e  r in g  fo r m a t io n ,  th ere fo re  t h e  C4 a n d  t h e  
r in g -o x y g e n  w ill  fo r m  t h e  “ p e a k s”  o f  th e  “ c h a ir ” , t h u s  th e  a p p r o p r ia te  sy m b o l  
fo r  k e to p y r a n o s e s  is  4C0(i)2 -C H 2O H .

'  •>

[*С,(1)5—СН20Н,1 О—][*С,(—)5 —СН,0Н,4—]
VII a: M altose

D e sc r ip t io n  o f  o th er  c o n fo r m a t io n a l form s

T h e  a p p r o p r ia te  s y m b o l for  th e  1C c o n fo r m a t io n  fo llo w s  s im p ly  fro m  t h e  
m e n t io n e d  c o n v e n t io n s :  1C4. In  th is  ca se , in  t h e  s e n s e  o f  th e  b a s ic  c o n v e n t io n s ,  
a ld o h e x o p y r a n o s e s  b e lo n g in g  t o  th e  D -series are  c h a r a c te r iz e d  b y  C5.M a n d  
th o s e  in  th e  L -series b y  C 5.eq s u b s t itu e n ts .  T h e  1C c o n fo r m a tio n  — as i t  h a s
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Table I

b e e n  m e n t i o n e d  —  i s  f o r m e d  a s  a  r e s u l t  o f  a  “ t u r n i n g  o u t ”  o f  t h e  C l  c o n f o r 

m a t i o n ,  w i t h  t h e  c o n s e q u e n c e  t h a t  t h e  o r i g i n a l  a n d  t h e  n e w  f o r m s  o f  t h e  r in g  

s k e l e t o n  a r e  r e l a t e d  t o  e a c h  o t h e r  a s  a n  o b j e c t  a n d  i t s  m i r r o r - i m a g e .  S i m u l -
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tan eo u s ly , th e  equatorial su b s titu e n ts  are  d isp laced  in to  axia l p o sitio n , an d  
vice versa.

T h e 1C co n fo rm atio n  p lays an  im p o r ta n t ro le — am ong  o th e rs  — in 
b icyclic  d e riv a tiv es  o f  sugars. E .g ., th e  well know n su g ar a n h y d rid e , levo-

5 Acta Chim. Acad. Sei. Hung. 61, 1969
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g lu c o sa n , can  only be im a g in e d  in  1C co n fo rm atio n . I t s  d e sig n a tio n  is as 
fo llow s (V III): jC4( l ,2 ,3 ,4,5) <  l-0 - ,5 -C H 2- > .  T he 1 ,6 -an h y d rid e  is d es ig n a ted  
as < l - 0 - ,5 - C H 2-^>, w hile t h e  3 ,6 -an h y d rid e  as < 3 -0 - ,5 -C H 2- > .  A ccord ing  
to  th i s ,  3 ,6 -anhydro -D -g lucopyranose  (IX) is d e s ig n a te d  as ^* (1 ,2 ,3 ,4 ,5 ) 
-< 3 ,0 - ,5 -C H 2>-. D -M annuronic  ac id  3 ,6-lactone m a y  ex is t in  1C co n fo rm atio n  
(X ), s in c e  i t  is only in  th is  fo rm  t h a t  th e  C3—O H  a n d  C5—CO O H  groups are 
lo c a te d  on  th e  sam e side o f  t h e  rin g . I ts  d esig n a tio n  is: 1C4(1,3,4,5) <  3 -0 ,5 -  
C 0 -^ > . T h e  3 ,6-lactone is d e s ig n a te d  as < 3 -0 - ,5 -C 0 - ]> .

T h e  B1 conform ation  is  fo rm ed  from  th e  C l co n fo rm atio n  b y  tu rn in g  
th e  C 4 a to m  to  th e  o th e r  side o f  th e  p lane o f  th e  r in g  (X I). A sim ilar d isp lace
m e n t o f  Cj in  th e  1C c o n fo rm a tio n  (X II), o r t h a t  o f th e  C4 a to m  in th e  C l 
c o n fo rm a tio n  (X III), leads to  I B  co n fo rm atio n . In  th is  case, s im ila rly  to  o th e r  
“ a l te r n a t iv e ”  con fo rm ations (1C, 2B , 3B), th e  r in g  m em bers are  n u m b e re d  
co u n te r-c lo ck w ise .

T h e  designation  o f  th e  В  con fo rm atio n s are as follow s:

B l :  4B ! IB : JB 4
B 2: 5B 2 2B : 2B 5
B 3: °B 3 3B : 3B°

T h e  in d ica tion  o f  s u b s t i tu e n ts  is s im ilar to  th e  case o f C -conform ations, 
ta k in g  in to  consideration  t h a t  th e  axia l positions on b o th  “ en d s”  o f th e  b o a t 
a re  d ire c te d  upw ards, w hile  on  th e  base-fo rm ing  fo u r a to m s, dow nw ards. 
T h e  B 2  a n d  2B co n fo rm a tio n s  o f  a-D -g lucopyranose a re  show n b y  X lV a 
a n d  X lV b . T he d irections o f  a ll possib le  ax ia l po sitio n s in  a-D -g lucopyranoses 
[2 ,8 ], as  w ell as th e  ang les b e tw e e n  th e  n e ig h b o u rin g  h y d ro x y l g roups are 
r e p re s e n te d  in  Table I I .

Table II

Steric  positions o f the substituents 
in  a-D-glucopyranose in various conformations

C o n fo rm a tio n C,— 0 — C2— O H C , - C ,* c 3- 0 H  ; С ,— c ( * C4— O H C6— C H sO H

Cl \ — —  6 0 °
I

+  6 0 ° — —

1C — t 1 8 0 ° 1 1 8 0 ° t 1

B l — 1 —  1 2 0 ° —  I +  6 0 ° — —

I B t — —  1 2 0 ° 1 1 8 0 ° t 1

B 2 1 — -  6 0 ° +  1 2 0 ° t

2 B — t 1 8 0 ° 1 1 +  1 2 0 ° — —

B 3 1 1 1 8 0 ° Í  1 1 8 0 ° —

3 B — — ■ —  6 0 °
-

+  6 0 ° — 1

* =  angle betw een th e  — O H  groups.
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V I I I

iC 4( 1 ,2 ,3 ,4 ,5 ) < 3 — 0 — ,5 —  C H 2— > 

IX

O H

i C4( 1 , 3 , 4 , 5 ) < 3 — 0 — , 5 — C O —> 

X

\

I
/

1 B = ‘B 4

5* Acta Chim. Acad. Sei. Hung. 61, 1969'■>
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CH2OH H OH H

XIV a

H

O H l ^ j  H

B2 = 5 B 2 (1 ,4 , 5)5 — C H 2OH

OH 
_H HO

OH { ) H

2B = 2B5(2 ,3)5— CH2OH

H CH2OH

XIV b
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BENZAZOLES, VII*
A L K Y L A T IO N  R E A C T IO N S  O F  2 -T H IO -[l,3 ]-D IA Z O L E S

O. H . H A N K O V SZK Y  a n d  K . H lD E G  

Institu te  o f  Pharm acology, M edical U niversity, Pécs 

R ece iv ed  J u ly  18, 1968

2 -T h io -[l,3 ]-d iazo les h a v e  been  re a c te d  w ith  h a lo g en a lk y lp y rid in es in  a lk a lin e  
m ed iu m  to syn thesize  2 -( th io a lk y lp y rid y l)-[ l,3 ]-d ia zo le  d e riv a tiv e s . T h e  re ac tio n s  
o f 2 -(2 'am in o eth y l)p y rid in c  w ith  2 -th io -[l,3 ]-d ia zo les  give 2 -( th io e th y lp y r id y l) - [ l ,3 ]-  
d iazo les, w ith  am m onia  e v o lu tio n . T he m ech an ism  of these  re ac tio n s  is nuc leo p h ilic  
ad d itio n  involving ^-e lim in atio n .

N ,-a lk y lp y rid y l d e r iv a tiv e s  h av e  been p re p a re d  from  th e  c o rre sp o n d in g  n itro - 
an iiines b y  red u ctio n  an d  r in g  c losure  w ith  carb o n  d isu lph ide in e th a n o l.

In  one o f th e  p ap ers  o f  th is  series th e  M annich  reac tions o f  ben z im id azo le  
d e r iv a tiv e s  w ere re p o rte d ; it  w as fo u n d  th a t  in th e  M annich  re a c tio n  of 
2 -m ercap to b en z im id azo le  i t  w as th e  th io n e  ta u to m e r ic  form  w h ich  u n d e rw e n t 
a m in o m e th y la tio n  accord ing  to  an  e lec troph ilic  su b s titu tio n  m ech an ism , to  give 
I,3 -b is-(am in o m eth y l)b en z im id azo lin e -2 -th io n e  (P a r t  IV) [1].

In  th is  p ap e r we re p o rt t h a t  w hen  2 -m ercap to b en z im id azo le  is a lk y la te d  
w ith  an  ft)-halogenalkylpyrid ine in  a lka line  m ed iu m , i t  is a lw ays th e  2 -th io l 
fo rm  o f th e  benzim idazole  w hich  undergoes th e  reac tio n , p ro d u c in g  an  S-alkyl 
d e r iv a tiv e .

M ethod A

W hen  a h a lo g en a lk y lp y rid in e  d e riv a tiv e  was used as th e  re a c tio n  
p a r tn e r , 2 -(S -a lky lpy ridy l)benz im idazo les w ere form ed, as show n below .

* P a r t  V I: A c ta  Chim. A cad . Sei. H u n g . 57, 219 (1968)
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2 -M ercap to m eth y lb en z im id azo les  can also  b e  a lk y la te d  b y  th is  m e th o d . 
T h is  reac tio n  w as also  app lied  to  o th e r  2 -th io l-[l,3 ]-d iazo les .

M ethod  В

2-(2 ’-a m in o e th y l)p y rid in e  was found  to  be  ab le  to  reac t w ith  benzim id- 
azo le -2 -th io l d e riv a tiv e s , a cco m p an ied  b y  a m m o n ia  evo lu tio n , accord ing  to  th e  
fo llow ing  reaction  e q u a tio n :

U sing  2-(2’-b ro m o e th y l)p y rid in e  as th e  re a c tio n  p a r tn e r  in  M ethod  A ,  
t h e  p ro d u c ts  o b ta in ed  b y  th e  tw o  m ethods h a d  id e n tic a l physical a n d  chem ical 
c o n s ta n ts .

T h e  reactions can  b e  generalized , since th e  conversions of 2-(2’-am ino- 
e th y l)p y rid in e  w ith  [ l,3 ]-d iazo le -2 -th io ls  give 2 -(S -e th y lp y rid y l)-[l,3 ]-d iazo le s , 
as sh o w n  b y  th e  fo llow ing  reac tio n  eq u a tio n s:
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H ^
^ - N  I
I V .-S H  N H . —СШ • '1H9— k .  J
к /

li
N\

—  C I b

A p p ly in g  su ita b le  reac tio n  p a r tn e rs , M e th o d  A  an d  В  re su lted  in  id e n 
tic a l p ro d u c ts . T he reac tio n s  given in  th e  ab o v e  eq u a tio n s can be gen era lized  
to  d iffe ren t [l,3 ]-d iazo le -2 -th io ls , i t  is specific  fo r  2-(2’-am in o e th y l)p y rid in e , 
as no o th e r  am ines show  th e se  reac tio n s. T h e re fo re , in  our op in ion , th e  m ech 
an ism  o f  th e  re a c tio n  shou ld  he a nucleo p h ilic  ad d itio n  invo lv in g  /S-elimina- 
tio n :

M ethod C
In  o rd e r to  show  t h a t  th e  com pounds o b ta in e d  w ere o th e r th a n  l- (a lk y l-  

p y rid y l)b en z im id azo le -2 -th io ls  o r th e ir  ta u to m e rs ,  l-(a lk y lp y rid y l)b en z im id - 
azo line-2 -th iones, we sy n th esized  l-(p ico ly l)b en z im id azo lin e-2 -th io n es b y  th e  
fo llow ing m e th o d :
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M ethod M -p., ° c
F o rm u la

(M olecular w eight)
N

A nalysis

S Cl
S a d tle r

No.*
Calcd

F o u n d

l H CH l 2 A 148—150 Cn H n N3S • 2HC1 13.37 10.20 22.57
(314.25) 12.99 10.42 22.68

2 H CH ___ l 3 A 182—185 C13H UN3S • 2HC1 13.37 10.20 22.57
(314.25) 13.15 10.39 22.70

A 128—129 C13H n N3S 17.42 13.28 ___

3 11 CH — l 4 (241.32) 17.36 13.27 —

180— 183 Ci3H u N3S • 2HC1 13.37 10.20 22.57
(314.25) 13.17 9.98 22.78

4 5(6)C1 CH ___ l 2 A 172— 174 C13H 10C1N3S • 2HCI 12.05 9.20 30.50
(348.70) 12.23 9.42 30.29

5 5(6)C1 CH ___ l 3 A 160—165 C13H 10C1N3S ■ 2HC1 12.05 9.20 30.50
(348.70) 11.90 9.00 30.45

204—205 C14H 12N40 2S 18.65 10.68 —

6 5(6)NO., CH — l 2 A (300.34) 18.79 10.50 —

188—189 < ; „ ( ( , 2a ,o „s  • 2HCi 15.01 8.59 19.79
(373.27) 14.85 8.44 19.69

120-121 c15h 15n 3s 15.60 11.91 ___

n1 5,6-(CH3)2 CH — 2 A (269.37) 15.42 11.67 —

l 198-200 C16H lsN3S • 2HCI 12.28 9.36 20.72
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8 5,6-(CH3)2 CH — 1 4
82—84

Л
213—214

CisHi5IV3S
(269.37)

C15HlsN3S • 2HC1 
(342.30)

15.60
15.48
12.28
12.28

11.91
11.69
9.36
9.15

20.72
20.60

175-177 23.12 13.23 34 286
9 H N — 1 2 A (242.31) 22.99 13.00 —

191—194 C12H.,,N.S • 2HC1 17.77 10.17 22.50
(315.24) 17.45 9.96 22.49

200-201 C12H10N4S 23.12 13.23
10 H N — 1 3 A (242.31) 22.90 12.98 —

128-129 C,,H1(,N4S • 2HC1 17.77 10.17 22.50
(315.24) 17.69 9.97 22.39

11 H N 1 4 A 162—165 C,„H10N4S • 3HC1 15.93 9.12 30.25
(351.69) 15.98 9.06 29.85

7 5 -7 7 cI4h 13n 3s 16.46 12.55
12 H CH — 2 2 A, В (255.34) 16.18 12.75 —

C14H13N3S • 2HC.I 12.80 9.76 21.60
198-201 (328.27) 12.63 9.57 21.45

4 5 -4 7 15.60 11.91
13 5(6)011, CH — 2 2 Л, В (269.37) 15.54 11.89 —

188—193 C15H15N3S ■ 2HC1 12.28 9.36 20.72
(342.30) 12.31 9.58 20.67

6 7 -6 8 14.83 11.31
14 5,6-(CH3)2 CH — 2 2 В (283.40) 14.64 11.49 —

196-198 ClcHn N3S • 2HC1 11.80 9.00 19.90
(356.33) 12.05 9.08 20.10
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No. R z*** A n

Position
of

attach
ment

to
pyridine

Method M.p., °c Formula
(Molecular weight)

N

Analysis

s Cl Sadtler
IR

No.*
Calcd
Found

в 1 2 8 -1 2 9 C14H 12N40 2S 18.65 10.68
15 5(6)N 02 CH — 2 2 (300.34) 18.89 10.50 —

188 189 C14H „ N 40 ,S  • 2HCI 15.01 8.59 19.00
(373.27) 14.85 8.24 19.27

16 11 N 2 2 в 1 8 2 -1 8 5 C13H 12N4S • 3HC1 15.32 8.77 29.09 34 285
(365.73) 15.45 8.86 28.73

17 H CH _ 3 3 A 104— 106 C15H 15N 3S • 2HC1 12.28 9.36 20.72
(342.31) 11.97 9.33 20.47

18 H CH CH2 1 3 A 1 7 6 -1 7 9 C14H 13N 3S • 2HC1 12.80 9.76 21.60 34 284
(328.27) 12.65 10.03 21.48 **5 674

* S ad tle r I R  S ta n d ard  Spectra  Catalog No.
** S ad tle r N M R  Spectra  C atalog No.

W here Z =  N , a n o th e r isom er is also possible.* * *
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T h ese  com pounds d iffe re d  from  th e  co rresp o n d in g  2-isom ers in  th e ir  
p h y s ic a l  an d  chem ical c o n s ta n ts .

T h e  p repared  c o m p o u n d s  are  show n in  T ab les  I  a n d  I I ;  th e  m e th o d s are 
d e s c r ib e d  in  E x p e rim e n ta l b y  w ay  o f ac tu a l exam p les  th a t  can  he generalized .

M eth o d  A
E x p e r im e n t a l

2 -'[2 -(4 -p y rid y l)m e th y l]- th io )b en z in iid a zo le  (N o. 3)

A  so lu tion  of 8 g (0.2 m o le ) o f sod ium  h y d ro x id e  in  w a te r  a n d  16.4 g (0.1 m ole) o f 4- 
c h lo ro m e th y lp y rid in e  h y d ro c h lo r id e  w ere ad ded  to  a  so lu tio n  o f 15.0 g (0.1 m ole) o f 2-m er- 
c ap to b en z im id a zo le  in 200 m l o f  e th a n o l. T he m ix tu re  w as re flu x ed  fo r 2 h rs . T h e  NaCl form ed 
(11 g) w a s  filte red  off, a n d  th e  f i l t r a te  e v ap o ra te d  to  d ry n ess. A fte r  c la rific a tio n  of th e  acetone 
s o lu t io n  o f  th e  residue, i t  w as d i lu te d  w ith  w a te r  a n d  th e  base  21.5 g (9 0 % ) w as filte red  off, 
m .p .  1 2 8 — 129 °C.

D ihydrochloride

T h e  yellow c ry sta ls o f th e  d ih y d ro ch lo rid e  se p a ra te d  w hen  gaseous h y d ro g e n  chloride 
w a s  in tro d u c e d  in to  an a ce to n e  so lu tio n  of th e  base , m . p. 180— 183 °C.

M e th o d  В

2-{[2 -(2 -p y rid y l)e th y l]-th io }b en zim id azo le  (N o. 12)

15.0 g (0.1 m ole) o f 2 -m ercap to b en zim id azo le  a n d  12.2 g (0.1 m ole) o f 2-(2am ino- 
e th y l)p y r id in e  were h e a ted  a t  150 °C in  a m eta l b a th  fo r 3 h rs ., u n d e r  a  re flu x  condenser, 
u n t i l  th e  evolution  of a m m o n ia  ceased . A fter cooling, th e  m e lt w as d ilu te d  w ith  e th an o l and 
th e  so lu t io n  clarified. T he b ase  w a s  o b ta in ed  on d ilu tin g  th e  f i l t r a te  w ith  w a te r . I t  w as purified  
b y  re c ry s ta ll iz a tio n  from  a  m ix tu re  o f  w a te r-e th a n o l to  o b ta in  20.50 g (80% ), m . p. 75— 77 °C.

D ihydrochloride

A cid ification  of an  a lc o h o lic  so lu tion  of th e  base  w ith  a  1:1 m ix tu re  o f cc. HC1 and  
a lc o h o l gave  the  d ih y d ro ch lo rid e , m . p . 198—201 °C.
S a d t le r  I R  No. 28137 (1966).

D im ethiodide

A n  acetone so lu tion  o f  th e  b ase  was re flu x ed  w ith  m e th y l iod ide. A fte r  cooling, th e  
d im e th io d id e  separa ted  a lm o s t q u a n ti ta t iv e ly  as yellow  c ry s ta ls , m . p. 246— 248 °C.

C 16H 19I2N3S (539.22). C a lcd . N  7.79; S 5.95. F o u n d  N  7.81; S 6 .22% .
S a d t le r  I R  No. 38128 (1966).

M eth o d  C
[l-(3 -p y rid y l)-m e th y l]b e n z im id a z o lin e -2 -th io n e  (No. 22)

27.6 g (0.2 mole) o f  o -n itro a n ilin e  and 21.4 g (0.2 m ole) o f p y rid in e -3 -a ld eh y d e  were 
h e a te d  in  150 ml of xy lene u n t i l  3 .6  m l o f w a te r was co llected  in th e  w a te r  t r a p  (a b o u t 6 hrs). 
T h e  x y le n e  was distilled o ff in  v a c u u m , and  a f te r  d isso lv ing  th e  resid u e  in 150 m l o f abso lu te  
e th a n o l ,  10 g o f N aB H 4 w as a d d e d  to  th e  cold so lu tion , th e n  i t  w as re flu x ed  fo r 1 h r. T h is tim e 
w as  e n o u g h  to  accom plish th e  r e d u c tio n  of th e  azo m eth in e  group . A fte r  d ecom position  of th e  
c o m p le x  w ith  w ater th e  e th a n o l  w as e v ap o ra te d ; th e  aqu eo u s resid u e  w as e x tra c te d  w ith

Acta Chim. Acad. Sei. Hung. 61, 1969



HANK.OVSZKY, HIDEG: BENZAZOLES, VII 77

e th e r, th e  so lv en t e v ap o ra ted , a n d  2 -n itro -N -(3 -p y rid y l)m e th y lan ilin e  w as iso la te d  as i ts  
m o n o h y d ro ch lo rid e  by  m eans of a m ix tu re  o f H C I-ethanol. Y ie ld : 48 g (90% ), m . p . 184— 187°C .

C ^ H ^ N g O , • HC1 (265.70). Calcd. N  15.81. F o u n d  15 .35% .
2 -n itro -N -(3 -p y rid y l)m e th y lan ilin e  w as red u ced  b y  zinc pow der in w a te r—h y d ro c h lo ric  

acid  (1 :1 ), th e n  th e  reac tion  m ix tu re  w as m ad e  a lk a lin e , an d  e x tra c te d  w ith  e th e r . T h e  so lv en t 
w as e v a p o ra te d  a n d  th e  residual oil re flu x e d  w ith  500 m l o f  a n h y d ro u s e th an o l a n d  50 m l o f 
c a rb o n  d isu lp h id e  fo r 5 hrs. (th e  co n d en ser w as eq u ip p ed  w ith  an  o u tle t p ipe  fo r th e  gases). 
T h e  p ro d u c t  se p a ra ted  in yellow  c ry s ta ls . I t  cou ld  be rec ry s ta llized  from  alcohol to  g ive  m . p. 
249— 250 °C. Y ield : 34.7 g (72% ).

T h e  in fra red  an d  NM R sp e c tra  w ere reco rd ed  a n d  pu b lish ed  by  S ta n d a rd  Spectra , 
P h ilad e lp h ia . *

T h e  p re se n t w ork  was sponsored  b y  th e  U n ited  P h a rm ac eu tica l an d  D ie te tic  P ro d u c ts , 
B u d a p es t. T h an k s  are  expressed  to  Mrs. M. О тт, Miss T . H uszár and  Mrs. A. H alász fo r 
th e ir  te c h n ica l assistance .
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T H E IR  C O N V E R S IO N  IN T O  G L U C O S ID E S  O F  CHA LCO NE,

F L A V A N O N E  AN D  P H L O R IZ IN  T Y P E

R . B o g n á r , A. L. T ő k é s  and H . F r e n z e l

( In s titu te  o f  Organic Chemistry, L . K o ssu th  U niversity , Debrecen)

R eceived A pril 18, 1968

T he g lu co sy la tio n  reac tio n  of p h lo rac e to p h e n o n e  has been re -in v e s tig a te d . 
I t  h a s  been fo und  th a t  th e  coupling  of p h lo rac e to p h e n o n e  w ith  a -ace to b ro m o g lu co se  
in  th e  p resence  o f silver oxide in  qu ino line  g iv es 2 ,4-di-(tetraacety l-/?-D -glucosyl)- 
p h lo rac e to p h e n o n e  (I) as th e  o n ly  isolable p ro d u c t.  O n carry ing  o u t th e  g lu co sy la 
tio n  in  ace to n e  w ith  a 10%  so lu tion  o f so d iu m  h ydrox ide, 2 ,4 -d i( te tra a c e ty l-  
/S-D -glucosyl)-phloracetophenone (I) is p ro d u ced  a s  th e  m ain  p ro d u c t, b u t  4 - ( te tra -  
acety l-/3-D -glucosyl)-phloracetophenone (VII) c an  a lso  be iso lated , th o u g h  in  a  con
s id e rab ly  low er y ield .

T h e  w ell-defined  m ono- an d  d ig lucosides o f  ph lo racetophenone  w ere  u se d  to  
re p ro d u c e  th e  ex p erim e n ts  o f Zem plén  et al. [5, 13, 14]. T he chalcone d ig lu co sid es 
p re p a re d  from  2 ,4 -d i-( te traace ty l- lS-D -glucosy l)-ph loracetophenone w ith  4 -h y d ro x y - , 
4 -m eth o x y -, 3 ,4 -d ih y d ro x y - an d  3 -h y d ro x y -4 -m e th o x y b en zald eh y d e , a n d  th e  di- 
h y d ro ch a lco n e  d ig lucosides o b ta in ed  by  th e  h y d ro g e n a tio n  of th e  chalcone d ig lu co sid es 
p ro v e d  to  be  co m p le te ly  id en tica l w ith  th e  c o m p o u n d s  described earlier.

4 -(T etraacety l-jS -D -g lucosy l)-ph loracetophenone has also been c o n d en sed  w ith  
th e  ab o v e-m en tio n ed  b en za ld eh y d e  d e r iv a tiv e s . H y d ro g en a tio n  and  r in g  c losure, 
re sp ec tiv e ly , o f  th e  chalcone m onoglucosides g ives th e  corresponding p h lo re tin  d e r iv 
a tiv e s  a n d  f lav a n o n e  g lucosides. T he m e ltin g  p o in ts  an d  specific ro ta t io n  v a lu e s  
o f  th e  m onoglucosides p re p are d  are  p re sen ted  in  T ab le s  I I ,  I I I  and  IV .

T h e glycosides o f p h lo race to p h en o n e  a re  com pounds o f fu n d a m e n ta l  
im p o rta n c e  in  th e  sy n th es is  o f flavono id  g lycosides. W ith  su b s titu te d  a ro m a tic  
a ld eh y d es  th e y  can  he condensed  to  th e  co rre sp o n d in g  chalcone g lycosides 
from  w hich  glycosides o f  ph loriz in  ty p e  of low er o x id a tio n  s ta te  can be p re p a re d  
b y  h y d ro g e n a tio n , o r f lav an o n e  glycosides o f  id en tica l s ta te  o f o x id a tio n  
m ay  be  o b ta in e d  b y  rin g  closure. T hese l a t t e r  c an  be converted  b y  k n o w n  
m e th o d s  in to  th e  flav o n e  an d  flavono l g lycosides, e tc . o f higher o x id a tio n  s ta te .

S y n th ese s  o f f lav o n o id  glycosides c a rr ie d  o u t w ith  p h lo race to p h en o n e  
g lycosides offer th e  a d v a n ta g e  th a t  th e  g ly co sy lo x y  group is in tro d u c e d  in  
th is w ay  d ire c tly  in to  rin g  A o f th e  flav o n o id  ag lycone m olecule a n d  th u s  a 
g rea t n u m b e r  of n a tu ra l  glycosides can be sy n th e s iz e d . Phlorizin , a c o m p o u n d  
o f p a r t ic u la r  physio log ica l e ffect, p ro duc ing  g lu co su ria , has been sy n th e s iz e d  
in 1942 b y  Z e m p l é n  a n d  B o g n á r  [1].T his g lucoside , w hich is very  w id e -sp re a d  
in p la n ts  [2], was f irs t  iso la ted  b y  D e K ö n i n c k  [3] in 1835, b u t its  s t r u c tu r e  
was e lu c id a te d  o n ly  a lm o st a c e n tu ry  la te r  [4].

* P a r t  X V : A c ta  Chim . A cad. Sei. H ung . 58, 195 (1968); R . B ognáh, L. A. T ő k és , 
M. R á k o s i: M agy. K ém . F o ly ó ira t, 74, 457 (1968)
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F o r  th e  syn thesis  o f ph lo riz in  it  was n e c e ssa ry  to  p repare  th e  c o rre sp o n d 
in g  2 -g lu co sy l-p h lo race to p h en o n e  d e riv a tiv e , a n d  to  condense i t  w ith  4- 
h y d ro x y b e n z a ld e h y d e . H y d ro g en a tio n  o f th e  o b ta in e d  n a rin g en in -ch a lco n e  
g lucoside  gave  p h lo re tin -2 ’-glucoside, i.e. s y n th e t ic  phlorizin.

I n  th e  course of o u r ex p e rim en ts  to  p re p a re  p h lo race to p h en o n e  gluco- 
sides, d ire c t  g lucosy la tion  o f  p h lo race to p h en o n e  affo rded  a c ry sta llin e  p ro d u c t 
w h ich , o n  con d en sa tio n  w ith  4 -h y d ro x y b e n z a ld eh y d e  and  su b seq u en t h y d ro 
g e n a tio n , g av e  a p h lo re tin  g lucoside n o t id e n tic a l w ith  n a tu ra l p h lo riz in  b u t  
d isc lo sin g  v e ry  sim ilar p ro p e rtie s  [5]. I t  w as p re su m e d  b y  Ze m p l é n  a n d  B og
n á r  t h a t  th is  la t te r  co m p o u n d  w as th e  4 ’-g lucoside  of p h lo re tin . I n  o rd e r 
to  d is tin g u is h  i t  from  n a tu ra l  ph lo riz in , th e  n a m e  p a ra -p h lo riz in  was su g g ested , 
in c o n tr a s t  to  orf/io-phlorizin proposed  to  d e n o te  n a tu ra l ph lo riz in , on th e  
basis  o f  th e  s ite  o f linkage o f  glucose to  th e  ag ly co n e , ph lo re tin .

T h e  s tru c tu re  of th e  p h lo race to p h en o n e  glucoside o b ta in ed  b y  d ire c t 
sy n th e s is  w as suggested  b y  Z e m p l é n  and  B o g n á r  on th e  basis o f e x p e r im e n ta l 
e v id e n c e  w h ich  show ed t h a t  h ighest r e a c t iv i ty  in  p h lo race to p h en o n e  was 
e x h ib ite d  b y  th e  h y d ro x y l g roup  in  4 - (p a r a )  positio n . M eth y la tio n  o f  th e  
p h lo race to p h en o n e-g lu co sid e  te t r a a c e ta te  b y  d iazo m e th an e  failed  to  g ive a 
h o m o g en eo u s  d e riv a tiv e , o r a c rysta lline  h y d ro ly tic  cleavage p ro d u c t . T his 
w as e x p la in e d  b y  th e  p ro b a b le  s im u ltan eo u s fo rm a tio n  of 2 ,6 -d im e th y l an d  
2 -m e th y l d e riv a tiv es . T he s tru c tu re  o f th e  p h lo race to p h en o n e  g lucoside  
d e r iv a t iv e  o b ta in ed  b y  d ire c t g lu cosy la tion  w as n o t checked u n e q u iv o 
ca lly .

I n  1959 J orio  [6] re p o r te d  th a t  p a r t ia l  hyd ro lysis  of d ih y d ro n a rin g in  
gave  p h lo re t in -4 ’-glucoside, b u t  th is  p ro d u c t w as n o t iden tica l w ith  th e  com 
p o u n d  sy n th e s iz e d  b y  Ze m p l é n  an d  B o g n á r  a n d  described as p a ra -p h lo r iz in . 
I n  1961 W il lia m s  [7] succeeded  in  iso la ting , f ro m  th e  leaves o f M a lus trilobata, 
th e  n a tu r a l  p a ra -p h lo riz in  a n d  p roved  its  s t ru c tu re  by  chem ical m e th o d s . 
H y d ro ly s is  o f th e  p ro d u c t a ffo rd ed  a 1 : 1 m ix tu re  of ph lo re tin  a n d  g lucose; 
a lk a lin e  d eg rad a tio n  y ie lded  flo rin  (p lilo rog lucino l glucoside), w hile m e th y la 
tio n  a n d  su b seq u en t h y d ro ly sis  gave p h lo re tin -4 ,2 ’,6’-trim e th y l e th e r . T hese 
re su lts  u n eq u iv o ca lly  show  th a t  n a tu ra l  p a ra -p h lo r iz in  is th e  4 ’-g lucoside 
o f  p h lo re t in .  In  W il l ia m s’ op in ion , th e  c o m p o u n d  p repared  b y  J o rio  w as n o t 
id e n tic a l  w ith  n a tu ra l p a ra -p h lo riz in .

I n  1965 P acheco  a n d  G r o u il l e r  [8] re p o rte d  th a t  th e  p re su m e d  
p h lo race to p h en o n e-4 -g lu co sid e , w hich h a d  b e e n  p rep ared  an d  em p lo y ed  b y  
Z e m p l é n  et al. for th e  p re p a ra tio n  of v a rio u s g lucosides of th e  ch a lco n e , f la v a - 
n o n e  a n d  phlo riz in  ty p e , w as ac tu a lly  ph lo race to p h en o n e-2 ,4 -d ig lu co sid e . 
T h e  F re n c h  au th o rs  sy n th es ized , th ro u g h  th e  co rrespond ing  chalcone d ig luco- 
sides, f la v a n o n e  dig lucosides; p a rtia l h y d ro ly s is  o f  th e  la tte r  w ith  d ilu te  acid 
g av e  iso sa k u ra n in , p ru n in  a n d  h espere tin -7 -g lucoside . L a te r in 1966, eriodic- 
ty o l-7 -g lu co s id e , a co m p o u n d  iso la ted  by  W il l ia m s  [10] from  M alus com m unis,

Acta Chim. Acad. Sei. Hung. 61, 1969



BOGNÁR et al.: FLAVONOIDS, XVI 81

an d  b y  P a r is  an d  E t c h e p a r e  [11] from  Cratageus pyracantha, w as sy n th e s iz e d  
b y  H ö r h a m m er  et ál. [9] in  th e  sam e w a y .

In  th is  p a p e r  we re p o r t  a re in v e s tig a tio n  o f  th e  glucosylation  re a c tio n  
o f  p h lo race to p h en o n e . T h e  s tru c tu re s  o f th e  p ro d u c ts  were p ro v ed , a n d  th e  
co m p o u n d s w ere u sed  fo r th e  syn thesis o f  f la v o n o id  glucosides. In  t h e  course  
o f  th e se  ex p e rim en ts , ea rlie r w ork o f Ze m p l é n  et al. w as, in p a r t, also  r e p e a te d  
an d  checked .

I t  has been  fo u n d  th a t  th e  coupling o f  p h lo race to p h en o n e  a n d  a -a c e to -  
brom oglucose w ith  s ilv e r ox ide in qu ino line  a ffo rd s , in re la tive ly  p o o r  y ie ld , 
on ly  one iso lab le p ro d u c t:  2 ,4-d i-(te traacety l-/S -D -g lucosy l)-ph lo racetophenone 
(I). H ow ever, i f  th e  g lu cosy la tion  is ca rried  o u t  in  th e  presence o f 1 0 %  so d iu m  
h y d ro x id e  so lu tion  2 ,4 -d i-(te traacety l-/?-D -g lucosy l)-ph lo racetophenone is o b 
ta in e d  as th e  m ain  p ro d u c t, in  a y ield  e s se n tia lly  h igher th a n  in  th e  fo rm e r 
case. B esides, in  a m u ch  low er yield, 4 -(te traace ty l-/? -D -g lucosy l)-ph lo race to - 
p h en o n e  (VII) can  also be iso la ted  from  th e  re a c tio n  m ix tu re . T h e  course  
o f th e  coup ling  re a c tio n  w as followed b y  c h ro m a to g ra p h y  (K ieselgel-G  la y e r ; 
so lv en t sy stem  benzene  a n d  m eth an o l (93 : 7). I t  has been fo u n d  t h a t  th e  
m ono- an d  th e  d ig lucoside ace ta tes  are fo rm e d  sim ultaneously , in  p a ra lle l 
rea c tio n s . In  o rd e r to  p ro v e  th e  s tru c tu re  a n d  to  id en tify  th e  m ono- a n d  d i
glucoside a c e ta te s , a n a ly tic a l m easu rem en ts  (d e te rm in a tio n  of th e  m o le c u la r  
w eig h ts , e lem en ta l an a ly s is , d e te rm in a tio n  o f  a c e ty l groups a n d  g lucose), 
a n d  th e  fo llow ing chem ical conversions w ere  c a rr ie d  ou t.

S ap o n ifica tio n  gave th e  free g lucosides, 4-/?-D -glucosylphloracetophe- 
n one(V III) an d  2 ,4-d i-(/?-D -glucosyl)-ph loracetophenone (II), re sp ec tiv e ly .

A c e ty la tio n  w ith  a ce tic  anhydride in  p y r id in e  o f  th e  d ig lu cosid e a c e ta te  
(I) an d  th e  in on og lu cosid e  a ce ta te  (VII) an d  o f  th e  corresponding sa p o n if ie d  
a ce ty l-free  g lu cosid es (II  an d  VIII) y ie ld e d  2 ,4 -d i-(te traacety l-/3 -D -g lu cosy l)- 
6 -a ce ty lp h lo ra c e to p h en o n e  (III) and 4 -(te tra a cety l-/S -D -g lu co sy l)-2 ,6 -d ia cety l-  
p h lo ra ce to p h en o n e  (IX ), resp ec tiv e ly .

T h e cou p led  p ro d u cts  w ere m e th y la te d  to  o b ta in  2 ,4 -d i-(tetraacety l-/J -  
D -g lu co sy l)-6 -m eth y lp h lo ra ceto p h en o n e (IV) a n d , according to  K u h n  [1 2 ],
4 -(tetra a cety l-/S -D -g lu co sy l)-2 ,6 -d im eth y lp h lo ra ceto p h en o n e (X), r e sp e c t iv e ly .  
A cid  h y d r o ly s is  o f  th e se  com p oun ds afford ed  6 -m e th y lp lilo r a ce to p h e n o n e  (V) 
and 2 ,6 -d im eth y Ip h lo ra ceto p h en o n e  (X I), r e sp e c tiv e ly .

2 ,4 -D i-(te traacety l-/3 -D -g lucosy l)-ph lo racetophenone gave a c ry s ta ll in e  
ox im e (VI) w ith  h y d ro x y lam in e  (Table I).

T h e  co n d en sa tio n  ex p erim en ts  co n d u c te d  e a rlie r  b y  Zem plén  et al. w ere 
th e n  re p e a te d  w ith  th e  well defined  m ono- a n d  diglucoside d e r iv a tiv e s  o f 
p ro v ed  s tru c tu re , u sin g  4 -hydroxy-, 4 -m e th o x y - , 3 ,4-d ihydroxy- a n d  3- 
h y d ro x y -4 -m e th o x y b en za ld eh y d e . T he ch a lco n e  a n d  d ihy d ro ch a lco n e  di- 
g lucosides, re sp ec tiv e ly , o b ta in e d  w ith  th e  ab o v e-m en tio n ed  a ld e h y d e s  an d  
2 ,4 -d i-(te traace ty l-/? -D -g lucosy l)-ph lo racetophenone  (I) were co m p le te ly  iden -
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Table I

Phloracetophenone glucosides and  com pounds prepared 
by their conversion

1 R 1 =  R 2 = G1(Ac)4; R :l =  H

II R 1 =  R 2 = G1 ; R3 -= H

III R 1 =  R 2 = G1(Ac)4; R< ==  A c

IV R 1 =  R 2 = G1(Ac)4; R 3 == C H 3

V R 1 =  R 2 = H ; R 3 == C H 3

VI R ' =  R 2 = G1(Ac)4; R 3 == H ; C =  0  =

V II R 1 =  G1(Ac)4 ; R 2 =̂  R3 = H

V III R 1 =  G1 ; R 2 -= R 3 = H

IX R 1 =  G1(Ac)4 ; R 2 = R3 = Ac

X R' =  G1(Ac)4 ; R 2 R3 = CH3

X I R> =  11 ; R 2 = R3 = CH3

t i c a l  w i t h  t h e  c o m p o u n d s  s y n t h e s i z e d  b y  Z e m p l é n  et al. [5 , 1 3 ,  1 4 ,  1 5 ] .  C o n  

s e q u e n t l y ,  t h e  s t a t e m e n t s  o f  Z e m p l é n  et al. a r e  t o  b e  c o r r e c t e d ,  b e c a u s e  t h e  

p r o d u c t  s y n t h e s i z e d  b y  t h e m  a n d  p r e s u m e d  t o  b e  p a r a - p h l o r i z i n  i s  2 ’ , 4 ’ - d i -  

( / 3 - D - g l u c o s y l ) - p h l o r e t i n  (X IX ); t h e  p r e s u m e d  4 - m e t h y l - p a r a - p h l o r i z i n  i s  2 ’ , 4 ’ - 

d i - ( / 3 - D - g l u c o s y l ) - 4 - m e t h y l p h l o r e t i n  (XX); t h e  p r e s u m e d  3 - h y d r o x y - p a r a -  

p h l o r i z i n  i s  2 ’, 4 ’ - d i - ( / ? - D - g l u c o s y l ) - 3 - h y d r o x y p h l o r e t i n  (XXI); a n d ,  f i n a l l y  

t h e  p r e s u m e d  3 - h y d r o x y - 4 - m e t h y l - p a r a - p h l o r i z i n  i s  2 ’, 4 ’- d i - ( / ? - D - g l u c o s y l ) - 3 -  

h y d r o x y - 4 - m e t h y l p h l o r e t i n  (X X II). S i m i l a r l y ,  c o r r e c t i o n s  a r e  r e q u i r e d  i n  t h e  

c a s e  o f  t h e  p r o d u c t s  p r e p a r e d  b y  P e t r u c z  [ 1 6 ] ,  s i n c e  t h e  c o m p o u n d s  d e s c r i b e d  

a s  c i t r o n e t i n - c h a l c o n e - 4 ’ - /3 - D - g lu c o s id e  a n d  t h e  c o r r e s p o n d i n g  f l a v a n o n e ,  r e 

p o r t e d  a s  c i t r o n e t i n - 7 - / ? - D - g l u c o s i d e ,  a r e  a c t u a l l y  2 ’ , 4 ’- d i - ( / S - D - g l u c o s y l ) - c i t r o n -  

e t i n - c h a l c o n e  a n d  5 . 7 - d i - ( / ? - D - g l u c o s y l ) - c i t r o n e t i n .  F u r t h e r ,  t h e  e r i o d i c t y o l - 7 -  

/ ? - D - g l u c o s y d e  p r e p a r e d  b y  G a r u s o v a  et al. 11 7 ]  i s  a c t u a l l y  5 .7 - d i - ( / S - D - g l u c o -  

s y l ) - e r i o d i c t y o l  (X X V III), w h i c h  f a c t  h a s  b e e n  a l r e a d y  p a r t l y  p o i n t e d  o u t  

b y  P a c h e c o  [ 8 ] ,  a n d  b y  H ö r h a m m e r  a n d  F a r k a s  [ 9 ] .

4 - ( T e t r a a c e t y l - / ? - D - g l u c o s y l )  p h l o r a c e t o p h e n o n e  (VII) w a s  a l s o  c o n 

d e n s e d  b y  u s  w i t h  4 - h y d r o x y - , 4 - m e t h o x y  a n d  3 - h y d r o x y - 4 - m e t h o x y - b e n z a l d e -  

h y d e ,  p r e p a r i n g  i n  t h i s  w a y  4 ’- ^ - D - g l u c o s y l - n a r i n g e n i n c h a l c o n e  (X V I), 4 ’- 

/З- D - g l u c o s y l - i s o s a k u r a n e t i n c h a l c o n e  (X V II) a n d  4 ’- / 5 - D - g l u c o s y l - h e s p e r e t i n -
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eha lcone  (XVIII). T hese  chalcones w ere h y d ro g e n a te d  to  p a ra -p h lo riz in  
(XXIII), 4 -m eth y l-p a ra -p h lo riz in  (XXIV) an d  3 -h y d ro x y -4 -m e th y l-p a ra -p h lo - 
riz in  (XXV), w hile rin g  closure in  a b u ffe r so lu tion  o f d isod ium  hydrogen  
p h o sp h a te  and  c itric  ac id  (p H  7) affo rded  7-/S-D -glucosyl-naringenin (XXX), 
7-/?-D -glucosyl-isosakuranetin  (XXXI) an d  7-/3-D -glucosyl-hesperetin (XXXII), 
respective ly .

O ur a tte m p ts  to  condense 4 -(te traacety l-/S -D -g lucosy l)-ph lo racetophe- 
n one  (VII) w ith  3 ,4 -d ih y d ro x y b en za ld eh y d e , in  o rd e r to  sy n th esize  3 -h y d ro x y - 
p a ra -p h lo riz in , fa iled . T h is com pound  has b een  sy n th esized  b y  F a r k a s  et al. 
[18] b y  th e  p a r t ia l  hy d ro ly sis  o f  2’,4’-d i-(/?-D -glucosyl)3-hydroxyphloretin . 
T h e  to ta l  syn thesis  o f  p a ra -p h lo riz in  has also been ach ieved  s ta r t in g  w ith  
2-benzoy l-4 -(te traacety l-/?-D -g lucosy l)-ph lo racetophenone, th ro u g h  th e  know n 
s te p s , while p ru n in  h as  been  p rep a red  b y  th e  rin g  closure o f th e  co rrespond ing  
chalcone glucoside.

The course o f  th e  sy n th esis  o f th e  co m pounds p re p a re d  in  th e  p resen t 
ex p erim en ts  is as follow s:

T he m elting  p o in ts  a n d  va lues o f specific ro ta t io n  of th e  d e riv a tiv e s  p re p a re d  in  th is 
w ork  are  listed  in T ab les  I I ,  I I I  and  IV.

*

T he a u th o rs ’ th a n k s  a re  due  to  D r. É . R á k o s i-D ávid  a n d  to  th e  s ta f f  o f th e  m icro- 
a n a ly tic a l lab o ra to ry  fo r th e  analyses, a n d  to  M r. P . K is s  fo r his v a lu ab le  he lp . T h e  au th o rs  
a re  g ra te fu l to  th e  H u n g a ria n  A cadem y o f Sciences fo r sponsoring  th e  p re se n t in v es tig a tio n s .
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E xperim ental

A ll m elting  p o in ts  a re  u n c o rre c te d .

2 .1 -1 ) i- ( le t r a i le d  у 1-/1-П-glucosy l)-ph lor ace tophenone  ( I )

(a )  Coupling in  acetone in  the presence o f  10°/o N a O H  so lu tion , according to Ze m p l é n  
a n d  B o g n á r  [5].

A  crude  p ro d u c t (5.52 g) o f  th e  re ac tio n  was re p e a te d ly  rec ry s ta llized  to  o b ta in  3.31 g 
( 6 % )  o f  p u re  2 ,4 -d i-(te traacety l-jS -D -g lucosy l)-ph lo racetophenone, m . p . 217— 218 °C (lit. 
[5 ] m . p . 215— 216 °C a n d  [8] 220 °C [a ]D — 48 (in a n h y d ro u s  p y rid in e , c =  1). (L it. [5] [oq] 
— 5 2 .7 , in  pyrid ine , c =  0 .07 , a n d  [8] — 51.3 in p y rid in e , c =  0.01).

C36H 440 22 (828.71). C alcd . C 52 .17 ; H  5.35; Ac 41.54. F o u n d  C 52.51; Ac 43 .7 7 % . Mol. 
w t. ( R a s t  m ethod):

D e te rm in a tio n  of g lucose: 0.1 g o f th e  pu re  p ro d u c t  w as sapon ified  w ith  0.1 M  sod ium  
m e th o x id e ,  and  a fte r h y d ro ly s is  w i th  10%  HC1, sugar w as d e te rm in e d  acco rd ing  to  B e r t r a n d . 
C a lcd . 43 m g. F o u n d  40.9 m g  g lucose  (95 .1%  of th e  th e o re tic a l am o u n t).

4 -(T etraacety l-/? -D -g lucosy l)-ph lo racetophenone  w as s e p a ra te d  fro m  th e  m eth an o lic  
m o th e r  liq u o r of 2 ,4 -d i(te traacety l-/3 -D -gh icosy l)-ph lo race tophenone .

(b )  Coupling in  q u ino line  w ith  silver oxide, according to Ze m p l é n , B ognár  and  Szegő  [14] 
1.55 g of th e  crude p ro d u c t  w as recry sta llized  fro m  a m ix tu re  o f  ace to n e  an d  m e th a n o l;

0 .75 g  (4 .2 % ) of a silky  c ry s ta l l in e  su b s tan ce  se p a ra ted , m . p . 217— 218 °C (lit. [14] m . p . 
215 °C ); [a ]D — 48° (a n h y d ro u s  p y rid in e , c =  1) (lit. [14] [a ]D — 37.1°, in  p y rid in e ).

C36H 440 22 (828.71). C alcd . C 52.17; H  5.35; Ac 41.5 . F o u n d  C 52.65; H  5.55; Ac 
4 2 .8 9 % . Mol. w t. (R a s t m e th o d ) :  879. D e te rm in a tio n  o f glucose as described  u n d e r  (a ) .  
C alcd . 43 m g. F ound  40.9 m g (9 5 .1 % ).

4-(T etraace ty l-/S - D -glucosy l)-ph loracetophenone (V II)

T h e  m ethanolic  m o th e r  l iq u o r  o f 2 ,4 -d i-(tetraacety l-/S -D -g lucosy l)-phIoracetophenone 
o b ta in e d  b y  m ethod  (a )  w as a llo w ed  to  s ta n d  for a  few  d ay s. T h e  se p a ra ted  4 -(te traa c e ty l-  
|S -D -g lucosy l)-ph loracetophenone w a s  recry sta llized  fro m  m e th a n o l to  y ield  lg  (2 .6 % , ca l
c u la te d  fo r  ph lo race to p h en o n e) o f  V II, m . p. 176— 177 °C.

A fte r  d ry ing  in  v a c u u m , 1.5 m ole  w a te r o f c ry s ta ll iz a tio n  w as found . [a ]p  — 42° (in  
a n h y d ro u s  pyrid ine , c =  1).

C22H ,6O l3 (498.43). C alcd . C 53.01; H  5.25; A c 34.54. F o u n d  C 53.58; H  5 .32; A c 
3 3 .0 5 % . Mol. w t. (R a s t m e th o d ) :  467. Glucose w as d e te rm in e d  as described  u n d e r  (a ) .  
C alcd . 32 m g. F ound  31.1. m g (9 7 .3 % ).

2 ,4-D i-/?-D -g lucosy l-ph lo racelophenone  ( I I )

1.7 g of 2 ,4 -d i-(te traacety l-/3 -D -g Iu co sy l)-p h lo raceto p h en o n e  w as sapon ified  in  a  m ix 
tu r e  o f  10 m l o f an h y d ro u s m e th a n o l  a n d  6 m l o f 0.1 M  so d iu m  m eth o x id e . A  w h ite  pow der 
(0 .51  g) w as o b ta ined  w h ich  c o u ld  n o t  be  c ry sta llized , m . p . 93— 95 °C; [a ]D — 65° (in  a n 
h y d ro u s  p y rid in e  e =  1). (L it .  m . p . 95 °C; [a]p  — 93°, in  e th a n o l [8]).

2 ,4 -D i-(te traacc ty l-^ -D -g lu co sy l)-6 -ace ty l-p h lo race to p h en o n e  ( I I I )

( a)  From  2,\-di-(letraacetyl-ß-T>-glucosyl)-phloracetophenone

5 m l o f acetic  a n h y d r id e  w as  ad d ed  in  sm all p o rtio n s  to  a suspension  o f 0.5 g o f 2 ,4-di- 
( te traa c e ty l- /? -D -g lu co sy l)-p h lo race to p h en o n e  in 25 m l o f  an h y d ro u s  p y rid in e . T he m ix tu re  
w as a llo w ed  to  s tan d  fo r 24 h rs . a n d  p o u red  on to  ice. T h e  a m o rp h o u s  w h ite  c ru d e  p ro d u c t 
w as re c ry s ta lliz e d  from  e th a n o l to  g ive  w h ite  needles, 0.41 g (7 8 .8 % ); m .p . 182— 183 °C (lit. 
[16] m . p . 180 °C); [a ]D — 43.2° (in  an h y d ro u s p y rid in e , c =  1) (lit. [16] [a ]D — 38.3°, in 
p y rid in e ) .

M ol. w t. 830 (in  e th a n o l, b y  ebullioscopy) (c a lcu la te d  fo r C38H 46 0 23 ; 870.75).
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Table II

M elting po in ts and specific rotation values o f  chalcone glucosides prepared by the condensation reaction o f  
2.4 d i-(ß-D-glucosyl)-phloracetophenone and 4-ß-v-glucosyl-phloracetophenone w ith aromatic aldehydes

R1 R> R3 R4 R5 M. p.,
°C

Lit. m.p.,
°C Wd Lit. [a]D

XII Gl Gl H H H 190— 191 191 Í51 — 30° (pyrid ine) —40.4° (pyrid ine) [5]
191 [8]

XIII G1 Gl H C H 3 H 175 1 7 3 -1 7 5 [13] —68° (pyrid ine) — 32.8°
190/174 [8] (pyrid ine) [13]

XIV Gl Gl H H OH 193— 194 1 9 3 -1 9 4 [14] — 34.7° (pyrid ine) — 34.3° (pyrid ine) Г14]
194— 196 [17] — 39° (CHC13) [17]

XV Gl Gl H C H 3 OH 200— 205 200—204 [15] — 42.1° (pyrid ine) — 32.6°
2 0 5 -2 1 0 [ 8] (pyrid ine) [15]

XVI Gl H H H H 195— 198 indefin ite [18] — 71° (ethanol) —42° (ethanol) [18]

XVII Gl H H C H , H 187 — 44.5° (e thanol)

XVIII Gl H H CH3 OH 175— 179 — 19° (pyrid ine)
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Table I I I

M elting poin ts and specific rotation values o f  dihydrochalcone di- and monoglucosides prepared by the catalytic
hydrogenation o f  chalcone di- and monoglucosides

R1 R* R* R R s
M. p.,

°C
Lit. m. p.,

°C

—

[«]/> Lit. [a]/>

XIX Gl Gl H H I I 1 6 6 -1 6 7 170— 173 [5] — 63.3° (pyrid ine) — 67.6° (pyrid ine) [5]
XX G1 Gl H CH3 H 1 7 0 -1 7 5 143— 144 [13] —  55° (pyrid ine) — 54.1° (pyrid ine) [13]

XXI Gl Gl H H OH 221 221 [14] —  47° (pyrid ine) —47.5° (pyrid ine) [14]
X X II Gl Gl H CH3 OH 1 5 5 - 160 1 5 5 -1 5 7 [15] — 53.8° (pyrid ine) — 59.7° (pyrid ine) [15]

X X III Gl H H H H 1 6 4 -1 6 6 164— 166 [18] — 68° (e thanol) — 67° (e thanol) [18]
166 [7] — 70° (e thanol) [7]

XXIV Gl H I I CH3 H 1 7 5 -1 8 0 — 36.5° (ethanol)

XXV Gl H 11 CH3 OH 1 7 8 -1 8 0 — 44° (pyrid ine)

B
O

G
N

Á
R

 et 
al.: 

F
L

A
V

O
N

O
ID

S
, X

V
I



A
d

a C
him

. 
A

cad. 
Sei. 

H
ung. 

6
1, 

1
9

6
9

Table IV

M elting points and specific rotation values o f  flavanone di- and monoglucosides prepared by ring closure o f  chalcone d i- and monoglucosides

R» R* R3 R4 M.p.,
°c

Lit. m. p.,
°C Wö Lit. [а]д

XXVI Gl Gl H H 205—208 221 [8] — 61° (pyrid ine) — 74.9° (pyrid ine) [8]

XXVII Gl Gl CH3 H 260 214 113] — 72° (pyrid ine) — 73.4° (pyrid ine) [13]
265 [8] -73 .5° (pyrid ine) [8]

XXVIII Gl Gl H OH 1 9 6 -1 9 7 196— 197 [17] - 6 6 .6 °  (DM F) — 64.6° (DM F) [17]

XXIX Gl Gl CH3 OH 2 4 9 -2 5 0 250 [17] — 72.9° (pyrid ine) — 70.4° (pyrid ine) [17]
276 [8] — 71.2° (pyrid ine) [8]

XXX Gl II 11 H 2 2 2 -2 2 4 221—225 [18] — 40° (acetone) — 40° (acetone) [181
222 [8] —40.5° (acetone) l«J

XXXI Gl H CH3 H 178 180 184 186 [8] — 50° (pyrid ine) — 55.3° (pyrid ine) [8]

XXXII Gl H CH3 OH 180- 185 189/180 [8] — 39.6° (pyrid ine) — 47.6° (pyrid ine) [8]

BO
G

NÁR et «L: FLAVO
NO

IDS, XV
I



88 BOGNÁR et al.: FLAVONOIDS, XVI

(b )  F rom  2A -di-ß-I)-glucosyl-phloracetophenone

0 .2  g o f  2 ,4-di-(/?-D -glucosyl)-phloracetophenone in  10 m l of an h y d ro u s p y r id in e  w as 
a c e ty la te d  w ith  10 m l o f ace tic  an h y d rid e  to  y ield  0 .25 g (71 .4% ) of a  w hite  c ry s ta ll in e  p ro d 
u c t ,  m . p . 182— 183 °C (lit. [16] m . p. 180 °C ); [a]r> — 42° (in anhydrous p y r id in e , c =  1) 
(lit. [16] [oe]D — 38°, in  p y rid in e ).

2 ,4 -D i-(te traace ty l-^ -D -g lu co sy l)-6 -m eth y l-p lilo racc to p h en o n e  (IV )

1.24 g o f silver ox ide w as ad d ed  in p o rtio n s , w ith  con tinuous s tirr in g  to  a  so lu tio n  
of 1 g o f  2 ,4 -d i-(te traacety l-/? -D -g lu co sy l)-p h lo race to p h en o n e  an d  1.24 g o f m e th y l io d id e  in  
15 m l o f  an h y d ro u s  ace tone . T h e  re ac tio n  m ix tu re  w as m a in ta in e d  a t  60 °C fo r 8 h rs .,  th e  
p r e c ip i ta te  rem oved  by  f i lt r a tio n , an d  th e  f i ltra te  e v a p o ra te d  in  vacuum . T h e  re s id u e  w a s  
re c ry s ta ll iz e d  from  e th an o l to  o b ta in  0.80 g (76 .2% ) o f IV , m . p. 195— 196 °C ; [a ]D — 34.3° 
(in  a n h y d ro u s  py rid ine , c =  1).

C37H 460 22 (842.74). Calcd. O C H 3 3.68. F o u n d  O C H 3 4 .08% . Mol. w t.: 849 (in  e th a n o l, 
b y  eb u llio sco p y ).

2 -M ethy lph lo race tophenone  (V )

1 g o f 2 ,4 -d i-(te traacety l-/? -D -g lucosy l)-6 -m ethy lph lo racetophenone  w as h y d ro ly z e d  
fo r 6 h rs . w ith  30 m l of 10%  H 2S 0 4. T he w hite  a m o rp h o u s  crude  p roduct w h ich  p re c ip i ta te d  
on  n e u tr a liz a t io n  of th e  m ix tu re , w as recry sta llized  fro m  aqueous e thano l to  y ie ld  0 .13 g 
(6 0 % ) o f  V ; m . p. 203— 205 °C (lit . [19] m . p. 205— 207 °C ).

2 ,4 -D i-(te traacety l-/^ - D -g lucosy l)-p lilo racetophenone oxime (V I)

A  so lu tio n  of 1.6 g o f 2 ,4 -d i-(te traacety l-/? -D -g lucosy l)-ph lo race tophenone, 0 .14  g o f 
h y d ro x y la m in e  h y d roch lo ride  a n d  0.16 g o f a n h y d ro u s  so d iu m  ace ta te  in a m ix tu re  o f  10 m l 
o f e th a n o l  a n d  3 m l of w a te r w as b o iled  for 3 hrs. P o u r in g  th e  reac tion  m ix tu re  in to  ic e -w a te r  
gav e  a w h ite  am orphous p ro d u c t, w hich  was re c ry s ta ll iz e d  from  e thano l to  o b ta in  0.85 g 
(5 2 .5 % ) o f  V I, m. p . 123—125 °C ; [а ]^  — 33.8° (in  a n h y d ro u s  pyrid ine, c =  1).

C3gH 450 22N (834.72). C alcd. N  1.66. F ound  N  1 .8 6 % .

4-^-D -G lucosy l-ph lo racetop lienone  (V III)

1 g o f  4 -(te traacety l-/? -D -g lucosy l)-ph lo racetophenone  was refluxed fo r 1 h r . in  10 m l 
o f  0.1 M  so d iu m  m ethox ide. T h e  reac tio n  m ix tu re  w as ac id ified  w ith  acetic  ac id  to  p H  5, 
a n d  e v a p o ra te d  in v acuum . R e c ry s ta lliz a tio n  of th e  re s id u e  from  m ethano l y ie ld e d  0.22 g 
(33.4% ) o f  p u re  VII, m. p . 235 °C ; [a ]D — 91° (in  e th a n o l ,  c =  1).

4 -/?-D -g lucosy l-ph loracetophenone has been p re p a re d  b y  Farkas et al. [18] fro m  4- 
(te traacety l-/? -D -g lu co sy l)-2 -b en zy lp h lo raceto p h en o n e. T h e ir  p ro d u c t had  m. p. 2 2 8 —229 °C, 
a n d  [a]{) — 90° (in e th an o l, c =  1).

4 -(T etraacety l-/?-D -g lucosy l)-2 ,6 -d iacety l-ph loracetophenone (IX )

( a )  F ro m  4>-(tetraacetyl-ß-T)-glucosyl)-phloracetophenone

A  su spension  of 0.5 g o f 4 -(tetraacety l-/? -D -g lucosy l)-ph lo racetophenone  in  2 m l of 
a n h y d ro u s  p y rid in e  was m ixed  w ith  5 ml o f acetic  a n h y d r id e ,  and  th e  m ix tu re  k e p t  a t  room  
te m p e ra tu r e  fo r 24 hrs. I t  w as th e n  p oured  in to  ic e -w a te r , a n d  th e  p rec ip ita ted  w h ite  a m o r
p h o u s  p ro d u c t  w as recry sta llized  fro m  ethano l to  o b ta in  0 .40 g (68 .9% ) of IX , m . p. 144— 145 °C: 
[oc] d — 39.6° (in  an h y d ro u s p y rid in e , c =  1).

M ol. w t. (R a s t m eth o d ); 523. C alculated  fo r C26H 30O 15: 582.50.

(b )  F rom  4>-ß-i)-glucosyl-phloracetophenuue

0.2 g o f  4-jö-D -glucosyl-phloracetophenone w as a c e ty la te d  in 2 ml of a n h y d ro u s  p y r i 
d in e  w ith  5 m l of acetic  a n h y d rid e  to  y ield 0.20 g (5 7 .1 % ) of a w hite c ry s ta llin e  p ro d u c t ,  
m . p . 144— 145 °C; [a ]D — 38° (in  an h y d ro u s p y rid in e , c =  1).

4 - (T e tra  acety l-/9 -D -g lucosy l)-2 ,6 -d im ethy lph lo racetophenone  (X); 2 ,6 -d im eth y lp h lo r-  
a c e to p h e n o n e
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1 g of 4-(tetraacetyl-/3-D-glucosyl)-phloracetophenone and 1 ml of methyl iodide were 
dissolved in 10 ml of dimethylformamide, and 1 g of silver oxide was added in portions, under 
continuous stirring. The reaction mixture was then stirred for further 3 hrs., the precipitate 
was filtered off and washed with some chloroform. The filtrate was shaken and washed with 
a 1% solution of potassium cyanide, then with water, dried over Na2SO,, and evaporated. 
The residual reddish-brown syrup was hydrolyzed directly with 25 ml of 1% HC1. After cooling, 
the hydrolyzate was neutralized with NaHC03. 2,6-Dimethylphloracctophenone (0.1 g; 
25.6%) separated in the form of almost white needles, m. p. 183—185 °C (lit. [20] m. p. 
185.5 °C).

4’-/S-d -G lucosyl-naringenin-chalcone (XVI)

1 g o f 4 -(te traacety l-/3 -D -g lucosy l)-ph lo race tophenone  w as saponified  w ith  6.7 m l o f 
a  60%  so lu tion  o f K O H , th e n  0.25 g o f  4 -h y d ro x y b en za ld eh y d e  was add ed . T h e  re a c tio n  
m ix tu re  w as sh aken  fo r 72 h rs ., acid ified  w ith  10%  HC1 to  p H  5, th e  yellow c ry s ta llin e  p ro d u c t 
w as f ilte red  off b y  su c tio n  an d  w ash ed  w ith  ice -w a te r u n til  free of acid. R e c ry s ta ll iz a tio n  
o f  th e  c ru d e  p ro d u c t (0.33 g; 37 .9 % ) from  h o t w a te r  gave m . p . 195— 198 °C (lit . [18] m . p .: 
n o n -c h a ra c te ris tic ); [cc] q — 71° (in  e th a n o l, c =  1); — 27° (in  anh y d ro u s p y rid in e , c =  0.5). 
(lit. [18] [<x](3 — 42°, in  e th a n o l, c =  1.08). R í  =  0 .65, in  n -b u ta n o l-b e n z e n e -a c e tic  ac id —w a te r  
(40 :10 :5 :45).

7-/3-D-Glucosyl-iiariiigenin (XXX)

0.2 g o f 4 ’-/?-D -glucosyl-naringenin-chalcone w as b o iled  for 1 hr. w ith  10 m l o f w a te r . 
A fte r  cooling , th e  se p a ra te d  s lig h tly  yellow ish  p ro d u c t w as filte red  by  suc tion  a n d  re c ry s ta l 
lized  from  aqueous e th an o l to  o b ta in  0.11 g (5 5 % ) o f XXX, m . p. 222— 224 °C (lit .  [8] m . p. 
222 °C a n d  [18] 221— 225 °C); [<x]D — 40° (in  ace to n e , c =  0 .5) (lit. [8] [oeJo — 40 .5 °, in  ace
to n e , c — 0 .5, and  [18] —40°, in  ace to n e , c =  0.5).

4’-/3-D.Glucosyl-phloretin, para-phlorizin (X XIII)

4’-/?-D -G lucosyl-naringenin-chalcone w as h y d ro g e n a te d  in 10 ml o f e th a n o l  in  th e  
p resence  o f  p a llad iu m -o n -ca rb o n  c a ta ly s t ,  a t  room  te m p e ra tu re  and  a tm o sp h e ric  p re ssu re . 
R ecry s ta lliz a tio n  of th e  p ro d u c t fro m  h o t w a te r  y ie ld ed  0.12 g (60% ) of XXIII, m . p . 164— 166 
°C (lit. [7] m . p. 166 °C a n d  [18] 164— 166 °C) [ot]D — 68° (in  e th an o l, c =  1); — 37° (in  a n 
h y d ro u s  p y rid in e , c =  0 .5). (lit. [7] [a ]ß  — 70°, in  e th a n o l, c =  2, and  [18] — 67°, in  e th a n o l, 
c - 0.81).

4’-/3-D -G lucosyl-isosakuranetin-chalcone (XVII)

1 g of 4 -(te traacety l-/3 -D -gIucosy l)-ph lo racetophenone  w as saponified  w ith  6.7 m l of 
a 60%  so lu tio n  o f K O H . A fte r  th e  a d d itio n  of 0.32 g o f 4 -m eth o x y b en za ld eh y d e , th e  re ac tio n  
m ix tu re  w as sh ak en  fo r 72 h rs ., a n d  ac id ified  w ith  10%  HC1 to  pH  5. T he y e llo w , o ily  crude  
p ro d u c t w as se p a ra ted  a n d  rec ry s ta llized  from  h o t w a te r  to  y ield  0.32 g (3 5 .9 % ) o f a yellow  
c ry s ta llin e  su b s tan ce , m . p . 187 °C (sh rin k in g  fro m  150 °C). [<x]p — 44.5° (in  e th a n o l, c =  0.5). 
R /  =  0.58, in  га-b u tan o l—benzene— ace tic  acid—w a te r  (40:10:5:45).

C22H24Ol0 (448.41). Calcd. C 58.91; H 5.39. Found C 58.23; H 5.31%.

7-/?-D-Glucosyl-isosakuranetin, isosakuranin (XXXI)

A so lu tion  of 0.2 g o f  4 ’-/3-D -glucosyl-isosakuranetin-chalcone in 4 m l o f m e th a n o l was 
m ix ed  w ith  5 ml o f a b u ffer m ix tu re  o f  d isod ium  h y d ro g en  p h o sp h a te  and  c itric  a c id  (p H  7), 
an d  th e  m ix tu re  w as re flu x ed  fo r 30 m in . T he o ran g e-red  p re c ip ita te  was f i lte re d  off, w ashed  
w ith  cold m eth an o l a n d  re c ry s ta lliz e d  from  50%  m e th a n o l to  o b ta in  0.1 g (5 0 % ) o f  XXXI; 
m . p . 178 180 °C (lit. [8] m . p. 184— 186 °C); [a ]D — 50° (in  an hydrous p y rid in e , c =  0.5) 
(lit. [8] [a ]D — 55.3°, in p y rid in e ).

4’-^.D-Glucosyl-4-m cthylphlorctin; 4-niethyl-para-phlorizin (XXIV)

0.2 g o f  4 ’-/?-D -glucosyI-isosakuranetin-chalcone w as h y d ro g en ated  in 10 m l o f e th an o l 
in th e  p resence  of p a llad iu m -o n -ca rb o n  c a ta ly s t .  A fte r  p rocessing  th e  reac tio n  m ix tu re  in the  
co n v en tio n a l w ay, 0.1 g (5 0 % ) o f th e  p u re  p ro d u c t w as o b ta in e d , m. p. 175— 180 °C ; [<x]q 
— 36.5° (in e th an o l, c = 0.5).

C22H 20O 40 (450.42). Calcd. C 58.65; H  5.81. F o u n d  C 58.02; H 5 .78% .
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4-M ethylphloretin

H y d ro ly s is  o f 0.1 g o f 4’-/l-i)-g luco8yI-4-m cthy lph loretiri w ith  1%  HCI gav e  0.05 g 
(8 3 .3 % ) o f  4 -m eth y lp h lo re tio , m . p . 194— 195 °C (lit . [13] m . p . 196 °C).

4’-/?-D-Glueosyl-liesperetin-ehalcone (XVIII)

1 g o f 4 -(te traacety l-/S -D -g lucosy l)-ph lo racetophenone  w as saponified w ith  6.7 m l o f 
a  6 0 %  so lu tio n  of K O H  a n d  0.30 g o f 3 -h y d T oxy-4 -m ethoxybenzaldehyde  w as a d d e d  to  th e  
re a c tio n  m ix tu re  w h ich  w as th e n  sh aken  fo r 72 h rs ., a n d  acid ified  w ith  10%  HCI to  p H  5. 
T h e  o ily  su b s ta n c e  w h ich  s e p a ra te d  w as re p ea te d ly  re c ry s ta ll iz e d  from  h o t w a te r  to  y ield  
0.28 g (3 0 % ) o f a  yellow  p ro d u c t, m . p . 175— 179 °C ; [oc] q  =  — 19° (in an h y d ro u s  p y rid in e , 
c =  0 .5 ); R r =  0.61, in  n -b u ta n o l—benzene—acetic  acid —w a te r  (40:10:5:45).

C22H 24O u  (464.41). Calcd. C 56.89; H  5.20. F o u n d  C 56.75; H 5 .17% .

7-/?-D-Glucosyl-hesperetin (X X X II)

0.2 g o f 4’-/?-D -glucosyl-hesperetin-chalcone w as d isso lv ed  in  1 m l o f m e th a n o l, 2 m l 
o f  a  b u ffe r  so lu tio n  of d iso d iu m  h y d ro g en  p h o sp h a te  a n d  c itr ic  acid  (p H  7) was a d d ed , a n d  th e  
re a c tio n  m ix tu re  re flu x ed  fo r  30 m in . T he orange-red  so lu tio n  w as allow ed to  s ta n d  fo r a  few  
h o u rs , w h en  a  slig h tly  yellow ish  c ru d e  p ro d u c t se p a ra te d . T h is  w as recry sta llized  from  50%  
e th a n o l to  y ie ld  0.03 g (1 5 % ) o f XXXII, m .p. 180— 185 °C  (lit. [8] m. p. 189/180 °C ); [a ]D 
— 39.6° (in  an h y d ro u s  p y rid in e , c =  0.5). (lit. [8] [a ]D — 47.6°, in  pyrid ine).

4’-/S-D-Glucosyl-3-hydroxy-4-methylphloretin; 3-hydroxy-4-m ethyl-para-phlorizin (XXV)

A  so lu tio n  o f 0.2 g o f 4 ’-/?-D -glucosyl-hesperetin-chalcone in 40 m l o f e th a n o l w as 
h y d ro g e n a te d  in  th e  p resen ce  o f  p a llad iu m -o n -ca rb o n  c a ta ly s t  a t  room  te m p e ra tu re  an d  
a tm o sp h e ric  p ressure . P ro cessin g  o f th e  reac tio n  m ix tu re  in  th e  u su a l w ay gave 0.098 g (49 .3% ) 
o f d ih y d ro ch a lc o n e  g lucoside; m . p . 178— 180 °C; [a ]D — 44° (in  an h y d ro u s p y rid in e , c =  0.5).

C22H 26O u  (466.42). C alcd. C 56.64; H  5.61. F o u n d  C 56.31; H 5.37% .

3- Hydroxy-4-m ethylphloretin

0.1 g o f  4’-/S -D -g lucosyI-3-hydroxy-4-m ethy lph loretin  w as hydro lyzed  w ith  1%  HCI. 
A s lig h tly  yellow ish  p ro d u c t (0.05 g ; 83 .3% ) was o b ta in e d , m . p. 194— 195 °C (lit. [15] m . p. 
194— 195 °C).
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1,2,4-TRIAZlNES AND CONDENSED DERIVATIVES, VIII*
THE REACTION OF 6-AZA-2-THIOTHYMINE WITH 

ACROLEIN AND RELATED COMPOUNDS

G y. H o r n y á k  (1), L. L á n g  (2), К . L e m p e r t  (1) and G y. M e n c z e l  (3)
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(2) D e p a r tm e n t  o f  S p e c t r o s c o p y ,  H u n g a r i a n  O p t i c a l  W o r k s ,* *  B u d a p e s t ;
(3) D e p a r tm e n t  o f  E x p e r i m e n t a l  P h y s i c s ,  L .  E ö tv ö s  U n i v e r s i t y ,  B u d a p e s t )

Received June 6 , 1968.

6-Aza-2-thiothymine (1) adds readily to activated olefinic double bonds. De
pending on the quality of the reaction partner, the reaction starts w ith the nucleo
philic attack of either the sulfur or the nitrogen atom at position 2 of 1 (sometimes, 
in addition, with tha t of the nitrogen atom at position 4) on the /З-carbon of the ac
tivated olefinic bond. The addition is often accompanied or followed by cyclization. 
Acrylonitrile, acrolein, crotonaldehyde and methyl y-bromocrotonate were used as 
activated olefins. The structures of the products have been elucidated by chemical 
and spectroscopical methods.

U re a , th io u rea  as w ell as th e ir  analogues a n d  d e riv a tiv e s  m a y , as i t  is 
w ell k n o w n , read ily  ad d  to  th e  a c tiv a te d  o lefinic doub le  b o n d  o f a c ry lic  ac id  
a n d  re la te d  com pounds [1 — 3]. U rea  an d  th io u re a  u n its  in c o rp o ra te d  in to  
cyclic  s tru c tu re s  are  also c a p a b le  o f th is  re a c tio n  [4 — 8]. Since th e  th io u re a  
m o ie ty , p a rtic u la r ly  in  an ion ic  fo rm , genera lly  ex h ib its  a m b id e n t r e a c tiv i ty , 
e ith e r  iV -(/3-substituted e th y l) th io u re a s  [1,2,5,6,8] or S -(/5 -su b stitu ted  e th y l)-  
iso th io u re a s  [1 — 3] m ay  be  fo rm e d  b y  th is  re a c tio n .

6 -M e th y l-3 -th io -l,2 ,4 -tr ia z in e -3 ,5 (2 /i,4 R )-d io n e  ( “ 6 -a z a -2 - th io th y m in e ” , 
1) [9], w h ich  has been u sed  sev e ra l tim es as a s ta r t in g  m a te r ia l fo r  s tu d ie s  
d esc rib ed  in  previous p a r ts  o f  th e  p re se n t series, is a cyclic th io u re a  o r, m ore 
p rec ise ly , a cyclic th io sem ica rb az id e  d e riv a tiv e ; th e re fo re , i t  w as  th o u g h t 
re a so n a b le  to  in v es tig a te  its  re a c tio n s  w ith  acry lic  acid  d e riv a tiv e s  a n d  re la te d  
c o m p o u n d s , all th e  m ore so, b ecau se  th e  p ro d u c ts  o b ta in ab le  in  th is  w ay  
w ere p ro m ising  as p o te n tia l s ta r t in g  m ate ria ls  fo r th e  syn th esis  o f  co n d en sed  
1 ,2 ,4 -triaz in e  deriv a tiv es .

F ir s t  th e  reac tio n  o f  1 w ith  ac ry lo n itrile  w as in v e s tig a te d . U n d e r  th e  
co n d itio n s  app lied , tw o m olecu les o f  ac ry lo n itrile  re a c te d  w ith  1 to  y ie ld  2; 
th u s  S -cy an o e th y la tio n  d id  n o t  occur. T he s tru c tu re  o f th e  p ro d u c t  could  
u n e q u iv o ca lly  be deduced  fro m  its  sp ec tra l p ro p e rtie s , its  UV sp e c tru m  being

* P art VII: Za u er , К., P u sk á s , J ., N y itr a i, J ., H or n yá k , Gy., W o l f n e r , A., D ole- 
sch all , G. and Lem pert, K.: Periodica Polytechn. Budapest, Ser. Chem. Engng. 12, 259 
(1968)

** Magyar Optikai Művek.
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1: R  =  H  4: R'' =  H ; R  =  R ' =  CH3 7: R '  =  H; R =  CH3
2: =  — C H ,C H ,C N  5: R" =  H ; R =  R ' =  — C H X H X N  8: R ' =  CH3;R  =  C H ,C H ,,C N  9
3: R =  — CH3 6: R =  CH3; R =  — CHXOOH;

R ' =  H

a lm o s t  iden tical w ith  t h a t  o f  th e  model c o m p o u n d  3 [10] and , a t  th e  sam e 
t im e , sign ifican tly  d iffe r in g  from  those o f m o d e l com pounds 4 an d  6 [10].* 
M o reo v er, th e  p o sitio n  o f  t h e  j /C = 0  b an d  in  th e  I R  sp ec tru m  o f th e  p ro d u c t 
w a s  in  com plete a g re e m e n t w ith  s tru c tu re  2 (cf. T ab le  I) , th e re fo re , th e  iso
m e ric  s tru c tu re s  5 a n d  8 co u ld  he defin ite ly  ex c lu d ed .

Since b o th  N H  h y d ro g e n s  of 1 w ere s u b s t i tu te d  du ring  th e  fo rm atio n  
o f  2 , th e  la t te r  c a n n o t be  u se d  as a s ta r tin g  m a te r ia l  fo r th e  sy n th es is  o f  con
d e n se d  1 ,2 ,4-triazine d e r iv a tiv e s . For th is  p u rp o se  th e  m onocyanoethy la tion  
p ro d u c t  o f 1 w ould b e  su ita b le . H ow ever, b e fo re  s ta r tin g  our ex p erim en ts  
w ith  th e  aim  to  develop  m e th o d s  for th e  sy n th e s is  o f  com pounds o f th e  la tte r  
ty p e ,  C zechoslovak re se a rc h e rs  repo rted  a d e ta ile d  in v e s tig a tio n  o f cyano- 
e th y la t io n  reactions o f  6 -azau rac ils  and  6 -aza -2 -th io u rac ils  [6, 8 ]; th ere fo re , 
o u r  w o rk  tow ards th e  a b o v e  aim  was a b a n d o n e d . In s te a d , a s tu d y  o f th e  
re a c tio n s  of 1 and  a ,/S -u n sa tu ra te d  a ld eh y d es (acro le in  an d  c ro to n a ld eh y d e) 
w a s  in itia te d .

A t abou t 50 °C, in  th e  presence of t r ie th y la m in e , a 1 :1  a d d u c t (13) is 
fo rm e d  from  1 and  a c ro le in  ( th e  proof of s t r u c tu r e  is given below ), w hose IR  
s p e c tru m  contains n e i th e r  a n  aldehydic c a rb o n y l b a n d  nor an  N H  b a n d . On 
th e  o th e r  hand , a sh a rp  rO H  b an d  m ay be re a d ily  d e tec ted  in  a d d itio n  to  a 
r C = 0  b a n d  c h a ra c te r is tic  fo r  derivatives o f  6 -aza -2 -th io u rac ils  co n ta in in g  
a c ro ss-co n ju g a ted  d o u b le  b o n d  system . T h e  U V  sp e c tru m , too , e x h ib ite d  th e  
c h a ra c te r is tic s  of th e  s p e c tr a  o f  such c ro ss -co n ju g a ted  d e riv a tiv es , e.g. 4 an d  9 
[1 0 ], cf. Table I. S ince 1 fa ils  to  react w ith  s im p le  ca rb o n y l com pounds, such 
as  b u ty ra ld e h y d e , b e n z a ld e h y d e , or ace tone , b u t ,  a t  th e  sam e tim e , as show n 
b y  i t s  reac tio n  w ith  a c ry lo n itr i le , is capab le  to  a d d  to  an  a c tiv a te d  olefinic 
d o u b le  bond , th e  re a c tio n  lead in g  to  th e  fo rm a tio n  o f th e  a d d u c t could  be 
a s su m e d  to  s ta r t  w ith  th e  ad d itio n  of I to  th e  o lefin ic  b o n d  of acro le in  and 
to  e n d  w ith  a cyc liza tio n  u n d e r  p a rtic ip a tio n  o f  th e  now  in tra m o le c u la r  alde-

* Compounds 3, 4 and 6 have been kindly furnished by Dr. J. Gut, Institu te of Or 
ganic. Chemistry and Biochemistry of the Czechoslovak Academy of Sciences, Prague.
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Table I
U V  and I R  spectra

Compound
UV S p e c t r a I R S p e c t r a  (KBr pellets)

^max (l°g f) Solvent vC = 0 , ring, cm-1 Other bands, cm-1

2 222 (4.13); 270 (4.21); 300 (3.69) sh. ethanol 1700 vC =N : 2260/2250, doublet
3* 223 (4.04); 266 (4.22); 302 (3.60) sh. methanol 1695
4* [11] 235 (4.38) methanol 1670
7* [11] 208 (4.11); 226 (3.76) sh.; 298 (3.92) methanol 1695
9 [10] 238 (4.36) ethanol 1645

13 238 (4.38) ethanol 1640 iO H: 3335
15 235 (4.47); 359 (4.32) ethanol 1630 cNH: 3300 and 3110

6 + E tC H = N —NH
1

235 (4.47; 359 (4.32) ethanol

° > » - o
МЧО..

(1 : 1)
16 221 (4.38); 270 (4.40); 354 (4.32) ethanol 1720 rNH: 3300 and 3110

l  +  EtCH =  N—I\H 270 (4.40): 354 (4.32) ethanol

0  N- \ _ / /  
(1 :1 )  'N O ,

17 238 (4.44) ethanol 1665 rC = D , ester: 1750
18 240 (4.36) ethanol 1650
19 220 (4.12); 270 (4.32); 305 (3.64) sh. ethanol 1710 rOH: 3440, rNH: 3200—2600 

with a maximum at 3080
21 239 (4.38) ethanol 1670 (weak) +  1630 

(strong)**
Ю Н: 3150 (broad)

238 (4.38) dioxane
22 238 (4.34) dioxane 1665 rC = 0 , ester: 1750
24 231 (4.12) ethanol 1665 v C = 0 , ester: 1745

* Compounds 3, 4 and 7 have been kindly furnished by Dr. J . Gu t , Institu te  of Organic Chemistry and Biochemistry of the to 
Czechoslovak Academy of Sciences, Prague 

** Cf. footnote** on p. 100
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h y d e  group .*  In  p rin c ip le , e ith er th e  su lfu r  a to m  o f 1 or its  n itro g e n  a to m  
a t  p o s itio n  2 could  a t ta c k  on th e  /З-ca rb o n  a to m  o f acrolein ; th e re fo re , th e  
p o ssib le  fo rm atio n  o f  e i th e r  o f  tw o p ro d u c ts , 11  a n d  13 th ro u g h  th e  c o rre sp o n d 
in g  in te rm e d ia te s  10 a n d  12, respectively ,**  h a d  to  he ta k e n  in to  co n sid e ra tio n . 
A c tu a lly , only  a single a d d u c t  could be iso la te d , be tw een  whose tw o  a lte rn a tiv e  
s t ru c tu re s  (11 an d  13) a decision  could h a v e  e a s ily  been m ade i f  a  m onocyclic  
in te rm e d ia te  could  h a v e  b een  iso lated  w h ic h , how ever, w as n o t  th e  case.

In  o rd er to  e lu c id a te  th e  s tru c tu re  o f  th e  ad d u c t, X -ra y  d iffrac tio n  
a n d  chem ical s tu d ies  w ere  perform ed. T h e  p re s e n t p a p e r deals m a in ly  w ith  
th e  re su lts  o f th e  la t t e r  a n d , in  ad d itio n , p re lim in a ry  resu lts  o f  th e  fo rm er 
a re  p re se n te d  in  E x p e r im e n ta l.

As an  obvious ro u te  fo r th e  s tru c tu re  d e te rm in a tio n , se lec tiv e  fission  
o f  th e  new ly  fo rm ed  m -th iaz in e  ring  o f th e  a d d u c t  in  th e  v ic in ity  o f e ith e r 
o f  th e  h e te ro  a tom s w as a t te m p te d  w ith  th e  a im  to  derive th e  s tru c tu re  of 
th e  o rig in a l a d d u c t fro m  t h a t  o f its  c leavage p ro d u c t , w hich la t te r  w as hoped  
to  b e  d e te rm in ab le  b y  spectro scop ica l m ean s . T h u s , d esu lfu ra tio n  o f th e  a d 
d u c t  b y  R an ey  n icke l, as w ell as its  h y d ro ly s is  b y  pro longed re flu x in g  of its  
a q u e o u s  so lu tion  w as a t te m p te d ;  how ever, t r e a tm e n t  w ith  R a n e y  nickel 
r e s u lte d  in  com plete  d e s tru c tio n  of th e  a d d u c t  w hile, on re flu x in g  in  aqueous 
so lu tio n , th e  acrolein  m o ie ty  was cleaved c o m p le te ly  from  a t  le a s t  p a r t  of

* F o r  cycliza tions w ith  th e  p a r tic ip a tio n  o f N H  g ro u p s  in co rp o ra ted  in to  a  h e terocycle  
a n d  a ld eh y d e  groups in  side  c h a in s  a tta ch e d  to th e  sam e  r in g , see, e.g., [16, 17].

** I t  should  be p o in te d  o u t  th a t  th e  p o ss ib ility  o f  th e  reac tio n  to  p ro ceed  in  a single 
s te p  b y  s im u ltan eo u s re a c tio n  o f b o th  reac tive  c en tre s  o f  acro le in  w ith  1 is n o t  ex c lu d ed  by 
o u r  re su lts .
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th e  a d d u c t an d  was fo u n d  in  th e  d e s tilla te ; fro m  th e  gum m y re s id u e  o n ly  
sm all a m o u n ts  o f 1 could  be recovered . S im ila rly , on ly  ta r ry  p ro d u c ts  w ere 
form ed as a re su lt o f a t te m p te d  hydro lysis b y  c o n c e n tra ted  h y d ro ch lo ric  acid  
(3 h rs. a t  110 °C in  a sealed  tu b e ). U nder less v igo rous conditions th e  h y d ro 
chloride o f  th e  a d d u c t w as sim p ly  form ed (e ith e r  in  anhydrous fo rm  o r as th e  
m o n o liy d ra te ), from  w hich , b y  t re a tm e n t w ith  aqueous sodium  h y d ro g e n  
c a rb o n a te  so lu tio n , th e  a d d u c t could be reco v e red .

F in a lly , th e  desired  se lective rin g  c leav ag e  w as achieved b y  re a c tin g  
th e  a d d u c t w ith  2 ,4 -d in itro p lien y lh y d raz in e , w h e reb y  one of th e  2 ,4 -d in itro - 
p h en y lh y d razo n es , 14 or 15, was form ed, p o ss ib ly  th ro u g h  th e  co rresp o n d in g  
in te rm e d ia te  10 or 12. S ince th e  UY sp e c tru m  in alcoholic so lu tio n  o f  th e

О

OoN

14 : R  =  H
16 : R  =  CH;1

d in itro p h e n y lh y d ra z o n e  th u s  o b ta in ed  w as fo u n d  to  be p rac tica lly  id e n tic a l 
w ith  th a t  o f  an  eq u im o lecu la r m ix tu re  o f  6 [12] an d  p ro p io n a ld eh y d e  2,4- 
-d in itro p h en y lh y d razo n e  an d , a t  th e  sam e tim e , differed co n sid e rab ly  from  
th a t  o f  an  eq u im olecu la r m ix tu re  o f 1 a n d  p rop iona ldehyde  2 ,4 -d in itro - 
p h en y lh y d razo n e  (see F igs. 1 an d  2), th e  co rrec t s tru c tu re  o f th e  d in itro 
p h e n y lh y d ra z o n e  o b ta in e d  from  th e  a d d u c t  m u s t be 15 and , c o n se q u e n tly , 
th a t  o f  th e  a d d u c t its e lf  13.

A ce ty la tio n  an d  ch lo rin a tio n  o f 13 g av e  th e  0 -ace ty l an d  th e  ch loro  
d e riv a tiv e s  17 and  18, re sp ec tiv e ly , w hose U V  an d  IR  spectra  w ere c o n s is te n t
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F ig. 1

w ith  th e ir  assum ed  s tru c tu re s . H ydro lysis  o f  1 7  w ith  hydrochloric  ac id  g av e  
b a c k  13. T he ch lorine a to m  o f 18 could n o t he  s u b s ti tu te d  by such n u c leo p h iles  
as p o ta ss iu m  cy an id e , am m onia , or p r im a ry  am ines.
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и U

1 7 :Y = C H 3COO—; R = H  1 9 :R = H ;  R '= — C H (C H 3)C H 2C H (O H )O C ,H 5 2 1 :Y = O H ; R = C H 3 
18: Y =C 1; R = H  2 0 : R = —C H (C H ,)C H 2CH (O H )O C 2H 5; R '= H  22: Y = C H 3COO—;R = C H 3

T he reac tio n  o f  1 w ith  c ro to n a ld eh y d e  w as s lig h tly  d iffe ren t. A fter sh o rt 
re flu x in g  of an  e th an o lic  so lu tion  o f  th e  co m p o n en ts  in  th e  presence o f  tr i-  
e tliy lam in e , a te r n a r y  a d d u c t cou ld  be iso la ted  co n sis tin g  o f  1 m olecule each  
o f  1, c ro to n a ld eh y d e  an d  e thano l. S ince th e  UY an d  IR  sp e c tra  o f th is  p ro d u c t 
w ere ch a rac te ris tic  fo r 3 -tliio -l,2 ,4 -tr ia z in e -3 ,5 (2 fi, 4H )-d iones (e.g., 1 — 3; 
see T ab le  I), th e  a lte rn a tiv e  s tru c tu re s  19 an d  20  w ere considered . T hese  
s tru c tu re s  were in  acco rd  w ith  th e  N M R  sp ec tru m  as well. A decision b e tw een  
th e  a lte rn a tiv e  s tru c tu re s  was re n d e re d  possib le  b y  o u r fin d in g  th a t ,  on 
re p e a te d  re c ry s ta lliz a tio n  from  ace to n e , one m olecule o f e th a n o l was g ra d u a lly  
e lim in a ted  from  th e  te rn a ry  a d d u c t (accom pan ied  b y  a g rad u a l rise o f th e  
m e ltin g  — decom p o sitio n  p o in t an d  as ex p ec ted  for a p re su m ab ly  u n s ta b le  
h em iacetal-like  s tru c tu re ) , y ie ld ing  a b in a ry  1 : 1 a d d u c t consisting  o f 1 an d  
c ro to n a ld eh y d e , w h ich  m elted  w ith o u t decom position .*  T he UY an d  IR  
sp e c tra  of th is  p ro d u c t differed co n sid e rab ly  from  th o se  o f th e  o rig inal te rn a ry  
a d d u c t, ex h ib itin g  th e  ch a rac te ris tic s  of th e  sp e c tra  o f  cross-co n ju g a ted
3 -a lk y lth io -l,2 ,4 -triaz in -5 (2 H )-o n es  (e.g., 4  an d  6). T his ch an g e  of th e  sp e c tra l 
p ro p ertie s  could  o n ly  be in te rp re te d  b y  assum ing  s tru c tu re s  19 an d  21** fo r 
th e  te rn a ry  an d  b in a ry  ad d u c ts , resp ec tiv e ly . S tru c tu re  19 for th e  fo rm er is 
co rro b o ra ted  also b y  th e  course o f  its  reac tio n  w ith  2 ,4 -d in itro p lien y lh y d raz in e  
y ie ld ing , u n d er e lim in a tio n  of one  m olecule each  o f  e th a n o l an d  w a te r, a di- 
n itro p h e n y lh y d ra z o n e  (16) w hose UV sp ec tru m  is p ra c tic a lly  id en tica l w ith  
t h a t  of an cq u im o lecu la r m ix tu re  o f 1 an d  p ro p io n a ld eh y d e  2 ,4 -d in itro - 
p h en y lh y d razo n e , d iffering  a t  th e  sam e tim e  co n sid e rab ly  from  th a t  o f  an  
equ im olecu lar m ix tu re  of th e  la t te r  an d  6 [12] (see F igs. 1 an d  2).

Thus, in the  reaction  of 1 w ith acrolein and crotonaldehyde, respectively, different 
orientations are experienced: while th e  jS-carbon of acrolein is a ttack ed  by the sulfur atom , 
th a t  of crotonaldehyde by  the N(2) a tom  of 1. The reason for the d ifferent behaviour of the 
two closely related unsa tu ra ted  aldehydes is apparently  the presence of an ex tra  m ethyl group

* The fact th a t  the ternary  adduct m elts under decom position suggests th a t elim ination 
of ethanol occurs even on simple heating. This change — as traced  by the changes in th e  car
bonyl region of the I R  spectra — occurs indeed even on drying the adduct over P 20 5 in v a 
cuum  a t about 70—80°, or for several days a t  room tem perature .

** Since 21 contains two centers o f chirality , two diastereom eric pairs of racem ates are 
theoretically possible. As concluded from  the sharp m elting po in t of the product, only one 
of the  racem ates has been isolated in our experim ents.
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in  c ro to n a ld e h y d e  a n d  n o t  th e  s lig h t d ifferences o f  th e  cond itions app lied . I f ,  n am ely , th e  
re a c tio n  o f  1 w ith  acro lein  w as p e rfo rm ed  — sim ila rly  to  th a t  w ith  c ro to n a ld e h y d e  — b y  
s h o r t  re flu x in g , fo rm a tio n  o f  th e  a d d u c t 13 likew ise  occurred , th o u g h  in  m u ch  low er y ield  
b e ca u se  th e  g re a te s t p a r t  o f th e  a ld eh y d e  w as s im p ly  po lym erized . O n  th e  o th e r  h a n d , if  th e  
r e a c tio n  o f  1 an d  c ro to n a ld eh y d e  w as p e rfo rm ed  — sim ila rly  to  th a t  w ith  acro le in  — a t  low er 
te m p e ra tu re s ,  th e  a lread y  k n ow n te rn a ry  a d d u c t  19 could  be  iso la ted  as th e  o n ly  p ro d u c t 
th o u g h , ag a in , in  low er y ield .

A  fu r th e r  c h a ra c te r is tic  d ifference o f  th e  reac tio n s o f 1 w ith  acro lein  
a n d  c ro to n a ld eh y d e , re sp ec tiv e ly , is t h a t  a m onocyclic in te rm e d ia te  of th e  
c y c lo a d d itio n  — or m ore  p rec ise ly  its  h em iace ta l-lik e  d e r iv a tiv e  (19) — could 
b e  is o la te d  only  in  th e  la t te r  case.* I t  w o u ld , how ever, be w rong  to  d raw  from  
th is  th e  conclusion t h a t  th e  m o n o th io h em iace ta l-lik e  fu n c tio n a l g roup  p a r tly  
in c o rp o ra te d  in to  th e  m -th iaz in e  rin g  o f  th e  binary  a d d u c t (21) fo rm ed  w ith  
c ro to n a ld e h y d e  is less s tab le  th a n  th e  a ld eh y d e-am m o n ia  like fu n c tio n a l 
g ro u p  p a r t ly  in c o rp o ra te d  in to  th e  m -th iaz in e  rin g  o f th e  a d d u c t (13) form ed 
w ith  acro lein . In  fa c t, th e  s itu a tio n  is ju s t  rev e rsed  since, in  c o n tra s t  to  th e  
m -th ia z in e  cycle o f 13 , th e  rin g  of 21 fa ils  to  undergo  cleavage u n d e r  sim ilar 
c o n d itio n s  w ith  2 ,4 -d in itro p h e n y lh y d ra z in e , i.e. th e  reac tio n  2 1 - ^ 1 6  can n o t 
b e  ach iev ed .

S im ila rly  to  13, 21  m a y  be a c e ty la te d , an d  th e  ac e ty l d e r iv a tiv e  22 is 
re c o n v e r te d  b y  h y d ro ch lo ric  acid  in to  21.**

P re p a ra tio n  o f  th e  h y d razo n e  16 w as also a tte m p te d  s ta r t in g  w ith  th e  
a c e ty l d e riv a tiv e  22 b u t ,  in  v iew  o f th e  n e g a tiv e  re su lts  o b ta in e d  w ith  21, 
th e  c leav ag e  of th e  th ia z in e  cycle w as fo rced  b y  th e  use o f h y d ro ch lo ric  acid. 
T h o u g h  th e  cleavage o f  th e  th ia z in e  r in g  w as ach ieved  b y  th is  t r e a tm e n t ,  it 
d id  n o t  occur in  th e  desired  d irec tio n : th e  c ro to n a ld eh y d e  m o ie ty  becam e 
c o m p le te ly  d e tach ed  from  th e  tr ia z in e  r in g  an d  could be iso la te d  in  60%  
y ie ld  as its  2 ,4 -d in itro p h en y lh y d razo n e , in s te a d  o f  th e  d esired  16.

D ire c t p re p a ra tio n  o f th e  d in itro p h e n y lh y d ra z o n es  15 a n d  16 s ta r tin g  
w ith  1 a n d  th e  d in itro p h e n y lh y d ra z o n e  o f  acrolein  a n d  c ro to n a ld eh y d e , 
re sp e c tiv e ly , was also a t te m p te d , h o w ever, w ith o u t success.

In  a d d itio n , th e  re a c tio n  o f 1 w ith  m e th y l y -b ro m o cro to n a te  [13] w as 
in v e s tig a te d . As a re su lt o f th is  re a c tio n , th e  com ponen ts a re  lin k ed  to g e th e r  
u n d e r  e lim in a tio n  o f  h y d ro g en  b ro m id e , as show n b y  th e  e lem en ta l com po
s i t io n  o f  th e  p ro d u c t. S ince 6 -aza -2 -th io u rac ils  are  k n o w n  to  y ie ld  alw ays

* T h e  h em iace ta l-like  fu n c tio n a l g ro u p  o f 19 p lays, a p p a re n tly , an  im p o r ta n t  p a r t  
in  th e  su b seq u e n t fo rm a tio n  of th e  m -th iazin e  r in g  o f 21. W hen  th e  tr ie th y la m in e -c a ta ly z e d  
re a c tio n  o f  1 an d  c ro to n a ld eh y d e  w as p e rfo rm ed  in  d io x an e  in stead  o f a n  a lcohol — i.e. u n d e r  
c o n d itio n s  w here th e  p o ss ib ility  o f  in te rm e d ia te  fo rm a tio n  of th e  h e m ia ce ta l fu n c tio n  w as 
e x c lu d e d  — no 21 could  be iso la ted .

** T h e  la t te r  re ac tio n  also h a d  im p o rta n ce  in  checking th e  p u r i ty  o f 21. In  th e  IR  
s p e c tru m  o f  21 (T able I )  sp littin g  o f  th e  c a rb o n y l b a n d  h a d  been  obse rv ed , w h ich  m ig h t hav e  
b een  a t t r ib u te d  — in  sp ite  o f a  c o rrec t ana ly sis  — to  th e  presence o f im p u ritie s . S ince, how ever, 
th e  I R  sp e c tru m  of 21, reco v e red  fro m  22 (w hose p u r i ty  was beyond  d o u b t on  th e  basis o f  its  
I R  sp e c tru m ), was fo u n d  to  be  id en tica l w ith  t h a t  o f a  specim en d irec tly  o b ta in e d , th e  sp littin g  
o f th e  ca rb o n y l b a n d  is n o t due to  th e  p resence  o f  im p u ritie s.
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S -a lk y l d e riv a tiv e s  on t r e a tm e n t  w ith  one m olecule o f  an  a lk y l h a lide  [14], 
i t  w as likely  t h a t  th e  p ro d u c t h a d  s tru c tu re  23 . H ow ever, its  IR  sp ec tru m  
d id  n o t show th e  presence o f a n y  N H  ban d , th u s  obv io u sly  th e  reac tio n  p ro 
ceeded  fu r th e r  to  y ield  24, b y  in tra m o le c u la r  a d d itio n  o f  th e  N H  group to  
th e  ac tiv a te d  olefin ic double b o n d  o f 23. T he sp ec tro scop ic  p ro p e rtie s  of th e  
p ro d u c t are co n sis ten t w ith  s t ru c tu re  24. The isom eric  a l te rn a tiv e  s tru c tu re ,

25, is excluded  b y  general ex p e rien ce  concern ing  th e  o r ie n ta tio n  in  A dN 
reac tio n s  of a ,/S -unsa tu ra ted  e s te rs . T he s tru c tu re  o f  th e  p ro d u c t, 26, o b ta in ed  
from  th e  reac tio n  o f  th io a c e ta m id e  an d  m eth y l y -b ro m o c ro to n a te , e lu c id a ted  
b y  B ritish  au th o rs  b y  N M R sp ec tro sco p y  [15], m a y  be consid ered  as fu r th e r  
ev idence, based  on  analogy.

h 2n^ %
+

H3COOC— C H = C H — C H 2B r

H3C.OOC-CH2

26

E xperim en ta l*

6-Methyl-5-oxo-3-thioxo-l,2,4-triazine-2,4(3//,5//)-dipropionitrile (2)

A m ix tu re  o f  6 -aza -2 -th io th y m in e  (1; 2.86 g; 20 m m oles), a c ry lo n itr ile  (2 m l; 
30 m m oles), d ioxane  (12 m l) and  t r ie th y la m in e  (9 m l) w as re flu x e d  4 h rs . T he yellow  oily 
re s id u e  o b ta in ed  on ev ap o ra tio n  in v a c u u m  w as dissolved in 20 m l o f  e th a n o l a n d  tre a te d  w ith  
N o rite . P e tro leu m  e th e r  w as added  to  th e  so lu tion  u n til f a in t ly  o p a le scen t, a n d  th e  m ix tu re  
w as allow ed to  s ta n d  for 3 days in a  re fr ig e ra to r  to  y ield  1.2 g (3 2 % , b ased  on acry lo n itrile ) 
o f  a  colourless c ry sta llin e  pow der, m .p . 97 — 8 °C (from  e th an o l).

C i(1H iiN sOS (249.3). Calcd. N 2 8 .1 0 ; S 12.78 F o u n d  N  27.97; S 12 .90% .

7.8- I)ih\ ilro-8-hydroxy-2-niclhyl-3//,6//- [ 1,3]thia/.ino[3,2-b] [1,2,4] triazin-3-опе (13)

6-A za-2 -th io th y m in e  (1; 2.86 g ; 20 m m oles) was d isso lved  in h o t  m e th a n o l (30 m l). 
A fter cooling  to  50°C, tr ie th y la m in e  (0 .5  m l) and  acro lein  (1.5 m l; 22 m m oles) w ere added , 
a n d  th e  m ix tu re  w as allow ed to  s ta n d  2 h rs. a t  room  te m p e ra tu re . A fte r  ch illing  in  ice, th e  
c ry s ta ls  (2.2 g; 5 5 % ) o f 13 were f ilte red  o f f  an d  w ashed w ith  e th e r  to  o b ta in  colourless needles, 
m .p . 176— 8 °C(d.) (fro m  w ater).

* All m .p .’s a re  u ncorrec ted .
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CyHgNgOgS (199.3). Calcd. N  21.08; S 16.10. F o u n d  N 21.02; S 16 .23% .
P re lim in a ry  X -ray  d if f ra c tio n  in v es tig a tio n s  have  been  p e rfo rm ed  on  single crysta ls 

o f  th is  co m p o u n d . The specim ens w ere  colourless m onoclinic need les e lo n g a ted  in  th e  d irection  
o f th e  b ax is.

L a u e  and  oscillation p h o to g ra p h s  show ed th e  L aue g ro u p  to  be 2/m . S y s tem atica l a b 
sence  o f  re flex ions in d ica ted  th e  p re sen ce  o f a tw ofold screw ax is a n d  of a g lide p lan e  in  th e  u n it 
cell. T a k in g  th e  d irection  of th e  у  ax is  f ix ed  paralle l to  th e  tw ofo ld  ax is a n d  changing  the  
d ire c tio n s  o f th e  x  and  z axes, th e  space  group  and  u n it  cell d im ensions can  be choosen in 
th e  fo llo w in g  th ree  w ays:

(1 ) Space group P 2 x/c
=  9.76 A, b  =  9 .56 A, c , =  11.25 Á, ß =  125.2°

(2 ) Space group P 2 j/n
a 2 =  9.76 A, b  =  9 .56 A , c2 =  9.76 A, ß  =  109.6°

(3) Space group В 2х/с
a3 =  15.95 A, b  =  9 .56  A, c3 =  11.25 Á, ß =  90°

T h e  d a ta  g iven  above w ere m e a su re d  w ith  an  accu racy  of 0.02 A a n d  0.1° respectively .
T h e  density , m easu red  b y  f lo ta t io n  in  m ix tu res  o f ca rb o n  te tra c h lo r id e  a n d  acetone, 

is 1 .523 g /  cm 3. W ith  four m olecu les in  th e  p rim itiv e  u n it  cell (Z =  4), th e  ca lcu la te d  density  
is 1 .542 g /cm 3.

W eissenberg  p h o to g rap h s  o f  6 lay ers  a round  th e  b ax is a n d  of 5 lay e rs  a ro u n d  the  c3 
ax is  w ere  m ade  in order to  d e te rm in e  th e  c ry s ta l s tru c tu re  b y  X -ra y  m eth o d s .

H ydrochloride

13 (2 .0  g; 10 m m oles) w as re flu x e d  2 hrs. w ith  20%  aq u eo u s h y d ro ch lo ric  acid  (30 ml). 
T h e  o ily  residue  ob tained  on e v a p o ra tio n  in v acuum  w as d isso lved  in e th a n o l (10 m l) and 
a llo w ed  to  s ta n d  2 days in a r e fr ig e ra to r  to  y ield 0.7 g (2 8 % ) o f a c ry s ta llin e  pow der w hich 
w as f i l te r e d  off and w ashed w ith  e th e r ,  m .p . 125 — 7 °C (d .)(fro m  e th a n o l, s a tu ra te d  w ith  h y d ro 
gen ch lo rid e , and ether).

C7H 9N 30 2S • HC1 • H 20  (253 .7). Calcd. Cl 13.97; N  16.56. F o u n d  Cl 13.86; N 16.53% .
T re a tm e n t w ith  5%  a q u eo u s  N a H C 0 3 so lu tion  re co n v e rte d  th e  sa lt in to  13.
T h e  sa lt was o b ta in ed  in  a n h y d ro u s  form  by  passing  d ry  h y d ro g en  ch lo ride  in to  a so 

lu tio n  o f  13 in  a m ix tu re  o f e th a n o l  a n d  e th e r. M. p. 145 — 7 °C (d .) (from  e th a n o l, s a tu ra te d  
w ith  h y d ro g e n  chloride, an d  e th e r) . T h e  I R  sp ec tru m  w as a p a r t  from  th e  H 20  band  — 
id e n tic a l  w ith  th a t  of th e  m o n o liy d ra te .

A ce ty la tio n

13 (4 .0  g; 20 m m oles) w as re flu x e d  for 30 m in. w ith  ace tic  a n h y d rid e  (40 m l); the  so
lu t io n  tu rn e d  fa in tly  yellow . T h e  c ry s ta ls , ob ta in ed  on allow ing th e  m ix tu re  to  s ta n d  2 days 
in  a  re fr ig e ra to r , were filte red  o ff  a n d  w ashed  w ith  e th e r to y ield  3.7 g (7 7 % ) of 17, fa in tly  
y e llo w  c ry sta llin e  pow der, m . p. 189 —91 °C (from  ace tic  a n h y d rid e  an d  e th e r) .

CeH n N 30 3S (241.3). C alcd. N  17.42; S 13.28. F o u n d  N  17.50; S 13 .05% .

D eacetyla tion

17 (2.0 g; 8.3 m m oles) w as re flu x e d  for 30 m in. w ith  20%  aq u eo u s hyd ro ch lo ric  acid. 
T h e  o ily  residue o b ta ined  on e v a p o ra tio n  of th e  brow n so lu tio n  to  d ry n ess  in  vacu u m , was 
t r i t u r a te d  w ith  5%  aqueous N a H C 0 3 so lu tion  to  give 0.9 g (5 4 % ) of c ry s ta llin e  13, m. p. 
176— 8 °C (d .) (from  w a ter); th e  p ro d u c t  gave no m. p. d ep ression  w ith  an  a u th e n tic  sam ple.

R eaction  w ith  thionyl chloride

13 (5.0 g; 25 m m oles) w as m ix e d  u n d e r vigorous s tirr in g  w ith  th io n y l chloride  (20 m l); 
c o m p le te  d issolu tion  occurred  u n d e r  th e  evo lu tion  of h e a t. A fte r  e v a p o ra tio n  of th e  excess 
SOCl2 in  v acu u m , the  oily re s id u e  w as d issolved in w a te r (20 m l) an d  n e u tra liz ed  w ith  20%  
a q u e o u s  N a2C 0 3 solu tion , w hen  4.1 g (7 5 % ) of 18 p re c ip ita te d  as fa in t ly  yellow , long needles, 
m .p .  182 — 4 °C (d.) (from  w a te r) .

C7H 8C1N30 S  (217.7). C alcd . Cl 16.29; N  19.30; S 15.07. F o u n d  Cl 16.18: N  19.18; 
S 1 4 .6 8 % .
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R eaction  with 2 ,4-dinitrophcnylhydrazine

A m ix tu re  o f 13 (1.0 g; 5 m m oles), 2 .4 -d in itro p h c n y lh y d raz in e  (1.0 g; 5 m m oles) and  
e th y l a c e ta te  (50 m l) w as re flu x ed  for 16 h rs . T he colour of th e  so lu tio n  tu rn e d  fro m  orange  
g ra d u a lly  to  fa in tly  yellow . T he m ix tu re  w as allowed to  s ta n d  o v e rn ig h t in a re fr ig e ra to r , 
a n d  th e  c ry sta ls  o f 15 (1.4 g; 74% ) were f i l te re d  off and w ashed  w ith  e th e r  to  o b ta in  a  b rig h t 
yellow  c rysta lline  pow der, m . p. 196 °C (d .)  (from  D M F and  w a te r) .

C131Ii3N 70 5S (379.4) Calcd. C 41.15; H  3.45; S 8.45. F o u n d  C 41.56; H  3.71; S 8 .0 3 % .

/?-Methyl-(4,5-dihydro-6-mcthyI-5-oxo-3-thioxo-2(3f/)-l,2,4-tri- 
azine)-propionaldehyde hemiacetal (19)

A m ix tu re  o f 6 -aza -2 -th io th y m in e  (1 ; 2.9 g; 20 m m oles), c ro to n a ld e h y d e  (2 m l; 24 
m m oles), tr ic th y la in in e  (0.5 m l) and a n h y d ro u s  e th an o l (25 m l) w as re flu x ed  fo r 30 m in ., 
f i lte re d  h o t and allow ed to  s ta n d  o v e rn ig h t in  a  re frig e ra to r to  y ie ld  2.7 g (5 2 % ) o f 19 in fo rm  
o f  an  a lm o st colourless m icrocrysta lline  p o w d e r which, a f te r  being  f i lte re d  off, w as w ashed  
w ith  p e tro leu m  e th e r. M. p. 128 —130 °C (d .)  (a fte r  a single  re c ry s ta lliz a tio n *  fro m  e th a n o l-  
p e tro le u m  ether).

CioH 17N 30 3S (259.3). Calcd. C 46.32; I I  6 .61; S 12.37. F o u n d  C 46.28; 116.23; S 12 .31% .

NM R sp ec tru m  (ő values)

1.2 p pm : C H .,- (C H 2), tr ip le t ( J  =  6 cps)
1.4 p pm : C H .,-(C H ), d o u b let ( J  =  8 cps)
2.25 p p m : С Н з -С С singlet
2.9 p p m : ( C H ) - C H 2- ( C H ) , tr ip le t (.1 6 cps)
3.7 p pm : С И , - ( С Н ‘), q u a d ru p le t ( J  =  6 cps)
4.8 p pm : С Н - ( С Н 2), tr ip le t (.1 6 cps)
6.0 PPm : (СН.,) CÍI (С.Н„), m u ltip le t ( J  =  6 cps)
9.75 p pm : N H , singlet

R eaction  w ith 2 ,4-dinitrophenylhydrazine

A m ix tu re  of 19 (1.85 g; 7.1 m m oles), 2 .4 -d in itro p h en y lh y d raz in e  (1.8 g; 9 m m oles) 
a n d  e th y l ace ta te  (50 m l) was refluxed  fo r  10 hrs. and su b seq u e n tly  e v ap o ra te d  to  d ry n e ss  
in  v a cu u m . The yellow  crysta llin e  residue w as recrysta llized  from  n itro in e th a n e  (25 m l) a n d  
w ash ed  w ith  e th e r to  y ield  2.4 g (85% ) of 16, b r ig h t yellow c ry s ta llin e  pow der, m. p .1 9 0 — 1°C 
(from  D M F-w ater).

Ci 4H 15N 70 5S (393.4). Calcd. C 42.74; H  3.84; S 8.15. F o u n d  C 42.57; H 4.03: S 8 .1 3 % .

7,8-Dihydro-6-hydroxy-2,8-dimethyl-3//,6#l-[l,3]thiazino- 
13.2-1»I [1,2,4]triazin-3-one (21)

T his com pound was p rep ared  by  th re e fo ld  recry sta lliza tio n  o f 19 from  a ce to n e -p e tro 
leu m  e th e r , followed b y  tw o re c ry s ta lliz a tio n s  from  pure  acetone. A fte r  th e  las t re c ry s ta ll i
z a tio n  no rise of th e  m. p . was observed. Y ie ld : 45%  of 21, m . p. 152 — 4 °C.

C Jlu N .O o S  (213.3). Calcd. N 19.70; S 15.04. F o u n d  N 19.65; S 14 .48% .
No reac tion  o ccurred  w ith  d in itro p h e n y lh y d ra z in e  u n d e r th e  c o n d itio n  described  abo v e , 

an d  85%  of th e  s ta r tin g  m ate ria l could be reco v ered  u nchanged .

A ce ty la tio n

21 (1.1 g; 5 m m oles) was refluxed  fo r 10 m in. in ace tic  a n h y d rid e  (10 ml) a n d  th e  re 
su ltin g  so lu tion  allow ed to  s tan d  o v e rn ig h t in  a re frig e ra to r to  y ie ld  colourless c ry s ta llin e  
need les (0 .6  g; 47% ) of 22 w hich were w a sh e d  w ith  e th e r. M. p. 200 — 2 °C (from  ace tic  a n 
h y d rid e -e th e r) .

C ioH 13N30 3S (255.3). Calcd. C 47 .07 ; I I  5.13; S 12.56. F o u n d  C 47.14; H  5.12; S 
12 .47% .

* R epeated  re c ry s ta lliza tio n  causes g ra d u a l  rising of th e  m . p . an d , fin a lly , tra n s fo r
m atio n  of th e  p ro d u c t u n d e r  e lim ination  o f e th a n o l in to  21.
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D eacetylation

A m ix tu re  o f 22 (0.5 g ; 2 m m oles) an d  20%  aq u eo u s HC1 (4 m l) w as re flu x ed  for 30 
m in . T h e  so lu tion , w h ich  b ecam e slig h tly  co loured , w as e v ap o ra te d  to  d ry n ess in  vacuum . 
I n  o rd e r  to  rem ove tra c e s  o f  w a te r , th e  residue  w as m ix ed  w ith  d ry  ben zen e  an d  ag a in  ev ap o 
r a te d  to  d ryness. F in a lly , th e  p a r t ly  c ry sta llin e  re s id u e  w as t r i tu r a te d  w ith  e th e rea l diazo
m e th a n e  so lu tion  to  rem o v e  a n y  h y d ro ch lo ric  acid  b o u n d . The p ro d u c t so lid ified  com plete ly  
to  y ie ld  0.2 g (47% ) o f 21, m . p . 152— 4 °C (from  ace tone).

Reaction of the acetyl derivative 22 with 2,4-dinitrophenyIhydrazine

A m ix tu re  o f 22 (0.5 g ; 2 m m oles), 2 ,4 -d in itro p h e n y lh y d raz in e  (0.4 g ; 2 m m oles), 
d io x an e  (40 m l) an d  2 0 %  a q u eo u s  H C l (1 m l) w as re flu x ed  fo r 10 h rs . D u rin g  th is  period , 
sm a ll am o u n ts  o f ta r s  w ere  d ep o site d  from  th e  re d  so lu tio n . A fte r t r e a tm e n t  w ith  N orite , th e  
so lu tio n  w as e v ap o ra te d  to  d ry n ess  in  v acu u m  a n d  th e  re d , p a r tly  solid  re s id u e  w as t r i tu ra te d  
w ith  e th e rea l d iazo m eth an e  so lu tio n . T he excess o f  th e  re ag e n t w as e v a p o ra te d  in  v acuum , 
a n d  th e  c ry sta lline  re s id u e  w as f i lte re d  o ff a f te r  a d d itio n  of a sm all a m o u n t o f e th e r  to  y ield 
0.3 g (6 0 % ) of a red  c ry s ta llin e  po w d er, m . p . 180— 5° (crude  p ro d u c t) , w hose IR  spectrum  
p ro v e d  to  be id en tica l w ith  t h a t  o f  an  a u th e n tic  sam p le  o f  c ro to n a ld e h y d e  2 ,4 -d in itropheny l- 
h y d ra z o n e , m. p . 190 °C (from  n itro m e th a n e ).

2.3-üiliydro-O-nict hy]-.‘{-(methowca гЬопл Imethvl)-7 //-t hiazolo- 
[3,2-b] [l,2,4]triazin-7-one (24)

6 -A za-2 -th io th y m in e  (1; 1.4 g ; 10 m m oles) a n d  m e th y l y -b ro m o cro to n a te  [13] (1.2 m l; 
10 m m oles) w ere d isso lved  in  a so lu tio n  o f sod ium  (0.23 g ; 10 m g — a t)  in  an h y d ro u s  m ethano l 
(15 m l.). T he so lu tion  w as re flu x e d  fo r 1 h r. and  su b seq u e n tly  e v a p o ra te d  to  d ry n ess in  vacuum . 
T h e  re sid u e  was t r i tu r a te d  w ith  50 m l o f an h y d ro u s  ace to n e  a n d  f i lte re d  to  rem ove th e  in 
so lu b le  sod ium  b ro m id e . T h e  f i l t r a te  w as e v a p o ra te d  to  d ry n ess in  v a c u u m  a t  room  te m p e ra tu 
re  a n d  th e  c rysta llin e  resid u e  w as t r i tu r a te d  w ith  p e tro leu m  e th e r a n d  f i lte re d  off to  y ield  1.9 g 
(7 9 % ) o f fa in tly  yellow  c ry s ta llin e  needles o f 24, m . p . 94— 5 °C (from  b e n ze n e -p e tro le u m  ether).

CgHuNgOaS (241.3). C alcd. C 44.80; H  4.59; S 13.28. F o u n d  C 44.72; H  4.52; S 
13 .8 6 % .

*

T he au th o rs  w ish  to  e x p re ss  th e ir  g ra ti tu d e  to  M iss K . Ó f a l v i , M rs. S. V isz t -Sim o n  
a n d  M rs. I. Za u e r -Csü l lö g  fo r  th e  m ic roanalyses; to  M rs. F . K u b ik  fo r  v a lu ab le  tech n ica l 
a ss is ta n ce ; to  D r. P . So h á r  fo r th e  N M R , to  Mr. M. V örös fo r th e  U V  a n d  to  Mrs. Gy. K a r sa i- 
Sa s  a n d  Mrs. M. S z ir An y i-K is s  fo r th e  IR  sp e c tra ; a n d  to  th e  U n ite d  W orks of P h a rm a 
c e u tic a l an d  D ie te tic  P ro d u c ts  (E g y e sü lt  G yógyszer- és T áp szerg y ár), B u d a p es t, fo r fin an c ia l 
su p p o r t.
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A C TA  C H IM IC A

TOM. 6! ВЫ П . 1

РЕЗЮМЕ

О НЕКОТОРЫХ ВОПРОСАХ РАЗДЕЛЕНИЯ СЛЕДОВ ЭЛЕМЕНТОВ С ПОМОЩЬЮ
ВЫСАЖДЕНИЯ, V

Сорбция катионов, образующих аммин-комплексы, на гидроокисях металлов в среде 
NH 4OH. Зависимость сорбции от pH и от концентрации аммонийной соли. Определение

цинка из горных пород
Э. УПОР, А. РО Н А И  и М. ГЁРБИЦ

Проводились исследования для определения зависимости сорбции катионов, 
образующих аммино-комплексы, на гидроокиси железа (III) от концентрации N11,011 
аммонийной соли. В согласии с результатами Колтгоффа (среди остальных противоречи
вых литературных данных) было найдено, что увеличение концентрации N H 4OH и ам
монийной соли приводит к уменьшению сорбции каждого исследованного иона.

Зависимость сорбции от pH представляет кривую колокольной формы, максимум 
которой лежит в области pH =  8. Наиболее хорошо сорбируемые кобальт(П) и цинк(П), 
с помощью изменения pH, могут переводится количественно либо в осадок, либо в раствор. 
Растворение из осадка портится явлением старения.

Определили минимальные концентрации NH4OH и аммонийной соли, необходимые 
для количественного сохранения отдельных ионов в растворе. На основе изотопной инди
кации было показано, что разделение может быть использовано и в анализе горных пород. 
С помощью одного высаждения — с точки зрения требований анализа следов элементов 
— может быть достигнуто количественное разделение.

Разделение гидроокисью аммиака позволяет отделить и цинк от кальция.
Был разработан метод дитизонного определения небольших количеств цинка из 

горных пород.

Физико-химическое исследование изомерных соединений ионов 
переходных металлов

Й. ЧАСАР и Е. ХОРВАТ

Авторы приводят физико-химические исследования координационных и полиме- 
ризационных изомеров комплексов, содержащих следующие центральные ионы: Сг+3, 
Мп+3, F e+3, Со+3, Ni+2 и Си+2. Магнитные и спектральные свойства этих комплексов объяс
няются на основе теории поля лигандов. Экспериментальные данные показывают, что ионы 
комплекса даже в изомерном аддукте сохраняют свои характерные свойства. На основе 
RACAH-параметров, а также величин S(NH)3 и as(N02) из ИК-спектров были сделаны 
заключения относительно характера связей.

Дериватографическое изучение магнийаммонийфосфата
Ф. ПАУЛИН, Э. БУ ЗА Г -Г Е Р Е  и Л . ЭРДЕИ

При различных экспериментальных условиях были получены осадки магнийаммо- 
нийфосфатах которые изучались комбинированными исследованиями дериватографии 
термическо-газового анализа дилатационных измерений. Было установлено, что при
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температуре ниже приблизительно 75° С выделяется гексагидрат, а выше — моногидрат. 
Содержание воды и аммония в некоторых осадках уменьшается при месячных стояниях 
или при вакуумной сушке. Ход термораспада осадков различного состава отличается 
друг от друга.

О параметрическом определении F-матриксы силовых постоянных, X

Изучение постоянных связи Кориолиса, согласуемых с нормальными частотами 
Ф. Т Ё Р Ё К , П. ПУЛАМ и ДЬ. БО РО Ш Ш А И

Используя метод параметрического определения силовых постоянных, могут быть 
просто получены постоянные связи Кориолиса, соответствующие нормальным частотам 
молекул. На основе данного метода может быть получена легко используемая формула 
для частных производных постоянных связи Кориолиса по силовым постоянным.

Изучение промежуточных продуктов нитрования фурфурола на основе
ИК-спектров

Ш. Х О Л Л И , Г. САБО, Г. ТОТ и ДЬ. В А РШ А Н И

Изучались ИК-спектры нитро-триацетокси и нитро-пропионокси-производных, а 
также 5-нитро-фурфурилиден-диацетата, образующихся при нитровании фурфурола в 
средах ангидридов уксусной и пропионовой кислот, соответственно. Было установлено, 
что ИК-спектры промежуточных продуктов реакции нитрования соответствуют диацетату 
5-нитро-5-ацетокси-2,5-дигидро-фурфурилидена и дипропионату 5-нитро-5-пропионокси- 
2,5-дигидро-фурфурилидена.

Спектроскопический анализ и средние амплитуды колебания для SOC1.,
и S0 .2C12

И. Х А РГИ ТТА И  и С. Й. СИВИН

Проведен уточнённый анализ нормальных координат для SOCl2 и S02C12 с целью 
достижения соответствия с средними амплитудами колебания, полученными в результате 
электронографического исследования. В частности, в прежних спектроскопических 
расчётах было получено завышенное значение для 1(0. . . С1) по сравнению с электроно
графическими данными. В настоящей работе было достигнуто совершенное согласие для 
силового поля SOCl2 как с наблюдаемыми частотами так и с средними амплитудами. 
Для S 0 2C12 тоже можно было получить силовое поле, которое точно соответствует наблю
даемым частотам и даёт средние амплитуды в пределах ошибки электронографических 
величин. Можно было получить и другое силовое поле, находящееся в лучшем соответ
ствии с средними амплитудами, но в этом случае величина низшей частоты (для S 02C12) 
изменяется. Авторы работы не думают, что из этого следует делать какой-нибудь вывод.

Новая формула для описания конформаций пираноидных сахаров
Й. СЕЙТЛИ

Конформационные формулы Ривса для альдопираноз могут быть изображены в 
виде комбинаций букв и цифр. Это особенно удобно, когда необходимо печатать большое 
количество конформационных формул. Конформация С1 для сахаров в D-серии визуально
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представляется атомом С4 справа и внизу и атомом С4 слева и вверху в форме стула =  4С,, 
и нумерация членов кольца должна проводиться по часовой стрелке. Применяя эти кон
венции как в D-, так и в L-сериях, аксиальные заместители на атомах С,, С3 и С5 в кон
формации Ci направлены вниз, а заместители на С2 и С4 — вверх, по отношению к уровню 
кольца. Заместитель на С5 пираноз в конформации С1 является аксиальным в ь-сахарах 
и экваториальным в п-сахарах. Аксиальное положение обозначается в формуле его по
зицией, заключенной в скобки, и заместители иные, чем Н и ОН указываются после 
скобок. 4С1 означает альдопиранозное кольцо с конформацией CI. *С4(— )5-СН2ОН означает 
O-D-глюкопиранозу, ,|С1(1,2)5-СН2ОН означает «-и-манноппранозу. Если цифра «5» также 
находится в скобках, то это означает L-caxapa. Так например: 1С1(1,2,5)5-СН2ОН означает 
/З-ь-гулозу, 4С1(1,2,5)5-СООН, 3-дезокси означает 3-дезокси-/3-ь-гулуроновую кислоту с 
конформациями CI. Конформация 1C обозначается через ,С4, В1 — через 4В \  В2 — через 
5В2, и т. д. Нумерация в кольцах «альтернативных» конформаций (1C, 1В, 2В, ЗВ) проис
ходит в направлении против часовой стрелки.

Бензазоли, VII.
X. О. ХАНКОВСКИЙ и к. Х И Д ЕГ

Реакции алкилирования 2-тио-(1,3)диазолей

Проводились исследования для получения пиридиловых производных 2-ТИ0-13, 
диазолей. 2-тио-1,3-диазоли, реагируя с галогеналкилпиридинами (в щелочной среде) 
дают 2-тио-алкил-пиридиловые производные 1,3-диазоля. 2-тио-1,3-диазоли при взаи
модействии с 2(2’-аминоэтил)-пиридином с выделением аммиака по механизму нукле- 
офильного-/?-элиминации присоединения дают 2(тио-этилпиридил)-1,3-диазоли.

Nj-Алкнлпиридиловые производные можно было синтезировать из соответствую
щих производных нитроанилина с помощью их восстановления с последующей серо
углеродной циклизацией в спиртовой среде.

Флаваноиды, XVI.

Моно- и диглюкозиды флорацетофенона и их превращение в глюкозиды типа халкон,
флавонон и флоризин

Р. Б О ГН А Р, А. Л . ТЁКЕШ  и X. Ф РЕ Н Ц Е Л Ь

Авторами пересматривалась реакция глюкозилпрования флорацетофенона, т. к. 
согласно новым исследованиям6- 7- 8, полученное Земплэном и Богнаром 1 соединение, 
которое ранее считалось 4-(тетраацетил-0-ц-глюкозил)-флорацетофеноном (VII), в дей
ствительности оказалось производным бис-глюкозида флорацетофенона. (1).

Было установлено, что при хинолинном связывании флорацетофенона с О-ацето- 
бром-глюкозой под влиянием окиси серебра в действительности может быть выделен лишь 
2,4-ди(тетраацетил-0—ц-глюкозил)-флорацетофенон (1); при щелочном-ацетоновом свя
зывании, однако, наряду с этим основным продуктом, с небольшим выходом может быть 
выделен VII. Структура этих соединений подтверждалась соответствующими химическими 
превращениями (см. табл. 1. и относящиеся к ней формулы).

Производные м-оно- и диглюкозидов определенного строения повторно подверга
лись исследованиям, проведенным Земплэном и сотрудниками 5’ ,3’ 14>15. Производные 
халкона, дигидрохалкона и флавона, полученные из 1, полностью совпадают с соедине
ниями, полученными вышеупомянутыми авторами, и, таким образом, это диглюкозидные 
производные.

Аналогичные исследования, проведенные с VII, привели к 4’- и 4-моно-глюкозил- 
окси-производным халконов, дигидрохалконов и флавононов.

Данные к моно- и диглюкозидам приводятся в таблицах 2., 3. и 4.
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1,2,4-Триазины и их конденсированные производные, VIII.

Реакция 6-аза-2-тиотимина с акролеином и родственными соединениями 
ДЬ. Х О Р Н Я К , Л . Л А Н Г , к. ЛЕМ ПЕРТ и Д Ь . М ЕН Ц ЕЛ Ь

6-аза-2-тиотимин (/) может быть легко принужден к реакции присоединения по 
активированной олефиновой связи. В зависимости от природы реакционного партнера, 
присоединение начинается с нападанием /S-углерода активированной олефиновой связи 
или атомом серы, или атомом азота во 2-ом и гораздо реже в 4-ом положении соединения 1; 
циклизация часто сопровождает или следует за присоединением.

В качестве компонента с активированной олефиновой связью использовались 
акрилонитрил, акролеин, кротоновый альдегид и метиловый эфир у-бромкротоновой 
кислоты. Строение продуктов реакции определялось на основе их химических и спект
ральных свойств.
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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  H A R A S Z T H Y - P A P P  M E L I N D A

A z A c ta  Chim ica n é m e t,  angol, fran c ia  és o rosz  n y e lv e n  közöl é rtek ezések e t a  k ém ia i 
tu d o m á n y o k  köréből.

A z A c ta  Chim ica v á lto z ó  te rjed e lm ű  fü z e te k b e n  je le n ik  m eg, egy-egy k ö te t  négy  fü z e t
bő l á ll. É v e n te  á tla g  n é g y  k ö te t  je len ik  m eg.

A  közlésre  sz á n t k é z ira to k  a sz e rk e sz tő sé g e im ére  (B u d a p e s t 112/91 M űegyetem ) k ü l
d en d ő k .

U g y a n e rre  a  c ím re  kü ld en d ő  m in d en  szerk esz tő ség i levelezés. A  szerkesztőség  k é z 
i r a to k a t  n em  ad  v issza .

A z A c ta  C him ica elő fizetési á ra  k ö te te n k é n t  be lfö ld re  120 F t ,  k ü lfö ld re  165 F t .  M eg
re n d e lh e tő  a  belföld s z á m á ra  az „A k ad ém ia i K ia d ó ” -n á l (B u d a p es t V ., A lk o tm án y  u tc a  21. 
B a n k sz ám la  05-915-111-46), a külföld sz á m á ra  p ed ig  a „ K u l tú r a ”  K ön y v - és H írlap  K ü lk e re s 
k e d e lm i V á lla la tn á l (B u d a p e s t  I .,  Fő  u tc a  32. B a n k sz ám la : 43-790-057-181) v a g y  a n n a k  k ü l 
fö ld i kép v ise le te in é l és b izom ányosainá l.

D ie A c ta  C h im ica  v e rö ffen tlichen  A b h a n d lu n g en  aus dem  B ereiche de r ch em isch en  
W issen sch aften  in  d e u ts c h e r , englischer, fran z ö sisc h e r u n d  russischer Sprache.

D ie A c ta  C h im ica  erscheinen in  H e f te n  w ech se ln d en  U m fanges. V ier H e fte  b ild e n  e inen  
B a n d . Jä h r lic h  e rsch e in en  4 B ände.

D ie zu r V erö ffen tlich u n g  b e s tim m te n  M a n u sk rip te  sind  an  folgende A dresse zu  sen d e n :

A cta  C him ica
B u d a p est 112/91 M űegyetem

A n die g le iche  A nschrift is t a u ch  je d e  fü r  d ie R e d ak tio n  b es tim m te  K o rre sp o n d en z  zu  
r ic h te n .

A b o n n e m en tsp re is  pro B a n d : 165 F o r in t.  B e s te llb a r bei dem  B uch- u n d  Z e itu n g s- 
A u ß e n h an d e ls-U n te rn eh m en  bK u ltú ra « (B u d a p e s t I . ,  F ő  u tca  32. B a n k k o n to  N o . 43-790- 
057-181) oder b e i se inen  A u s la n d sv e rtre tu n g en  u n d  K om m issionären .



Á r p á d  K iss 
1889 —  1968

On 10th  N o v em b er, 1968, d ied , a t th e  age o f  sev en ty -n in e , Á rp ád  K is s , 
co rrespond ing  m e m b e r o f th e  H u n g a ria n  A cadem y  o f Sciences, re tired  p ro fesso r 
o f th e  Jó zse f  A tti la  U n iv e rsity  in Szeged, H u n g a ry . A w eek la te r, a good m a n y  
o f his colleagues, disciples an d  ad m ire rs  g a th e re d  to  accom pany  th is  o u t 
s ta n d in g  re p re s e n ta n t of H u n g a rian  p h y sico -ch em ists  on his last jo u rn e y , 
a t  B u d ap est.

Á rp ád  K iss, b o rn  a t S á ro sp a ta k , H u n g a ry , on 16th  S ep tem ber, 1889, 
abso lved  his academ ic  stud ies a t  th e  U n iv e rs ity  o f  B u d ap est an d  o b ta in e d  
th e re  his degree o f P h . D., in th e  in s t i tu te  o f  th e  la te  P rofessor G u s ta v e  
B uchböck  an d  u n d e r  his personal g u idance , as his a ss is ta n t. The to p ic  o f  h is 
d o c to r’s d isse r ta tio n , e n titled  “ On th e  ra te  o f in te ra c tio n  betw een  n itr ic  o x ide  
an d  ch lo rine” , w as q u ite  u p -to -d a te  a t  its  tim e , h a v in g  been one o f th e  f irs t  
exam ples o f th e  ra re  hom ogeneous gas reac tio n s  o f  th e  th ird  order. T he w o rk  
o f Á rpád  K iss c o n tr ib u te d  m a te ria lly  to  prove th a t  th e  fo rm ation  o f n itro g e n  
oxych lo ride  is in  fa c t a pure exam ple o f  th is  h igh ly  in te re s tin g  ty p e  of re a c tio n s , 
th e  th eo re tica l in te rp re ta tio n  o fw h ich , m ain ly  o f  th e irv e ry  sm all and  so m etim es 
even n eg a tiv e  te m p e ra tu re  coeffic ien ts , ra ised  co n sid e rab le  in te res t am o n g  th e  
scien tists  concerned . T h e  reliable ex p e rim en ts  o f  Á rp ád  K iss could serve as a 
firm  basis fo r th e se  th eo re tica l e ffo rts , an d  so his n am e  becam e indelib le  in 
a n y  m odern  book  on reaction  k in e tic s .

A serious b re a k  in  his scien tific  ca reer w as cau sed  b y  th e  firs t w orld  w ar. 
Soon a fte r  his re c ru itm e n t, in A ugust 1914, he fell, a f te r  h av in g  been w o u n d ed , 
in c a p tiv ity  an d  s ta y e d  on a fte r th e  end  of th e  w ar fo r several years in  th e  
Soviet U nion , a p p o in te d  by  th e  S o v ie t G eograph ica l S ociety  as p h y to p a th o l
ogist resp . b o ta n is t . I t  was in 1920 th a t  he re tu rn e d  to  H u n g ary . In  th o se  
d ifficu lt tim es, fo llow ing  w ar an d  rev o lu tio n , his sc ien tific  a c tiv ity  cou ld  
h a rd ly  develop in  th e  th e n  so-called T h ird  C h em is try  In s t i tu te  of th e  U n i
v e rs ity , a n d  befo re  it  could  rise to  fru itfu ln ess , Á rp ád  K iss left th e  In s i tu te ,  
recom m ended  by  G. B uchböck  an d  th e  a u th o ritie s  o f th e  U n iversity , to  sp en d  
th e  years from  1921 to  1924 a t L eyden  U n iv e rs ity  as an  a ss is ta n t of Sc h r e i n e - 
MAKERS. D u rin g  his s ta y  th e re , he resu m ed  his re sea rch  w ork in th e  fie ld  o f 
reac tio n  k in e tics  w ith  rem ark ab le  success. H e s tu d ie d  th e  ca ta ly tic  effect o f
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b ro m in e  a n d  n itrogen  d iox ide , re sp ec tiv e ly , on th e  fo rm ation  o f n itro g e n  o x y 
c h lo r id e  as well as th e  p h o to ch em ica l decom p o sitio n  of th e  la t te r .  T hese  s tu d ies , 
to o , fu rn ish e d  v a lu ab le  d a ta  for th e  v ig o ro u sly  developing b ra n c h  of reac 
t io n  k in e tic s , i. e. t h a t  o f c learing  u p  re a c tio n  m echanism s. Á. K iss h im se lf 
w as a lso  in te re s ted  in  p rob lem s o f re a c tio n  m echanism s, as show n b y  his 
p a p e rs  on  th e  m echan ism  o f th e  fo rm atio n  o f  ace tic  acid an d  on hom ogeneous 
gas c a ta ly s is . In  connex ion  w ith  th e  la t te r ,  he w as am ong th e  f i r s t  to  p ro v e  
th e  o ccu rren ce  of d is tin c t in te rm e d ia te  co m p o u n d s.

H e  re tu rn e d  to  H u n g a ry  in  1924, to  becom e professor a t th e  U n iv e rs ity  
o f  S zeged , head  of th e  In s t i tu te  of G enera l a n d  P hysica l C h em istry , w here  he 
w o rk e d  th ro u g h o u t his ca reer, n o t o n ly  u n t i l  his re tirem en t b u t  also  a f te r 
w a rd s , as fa r  as his ph y sica l co n d itio n  allow ed  it .  A t Szeged, he go t in te n s iv e ly  
in v o lv e d  in  an o th e r b ra n c h  o f  reac tio n  k in e tic s  opening  new  p e rsp ec tiv e s  a t 
t h a t  t im e , nam ely  in  th e  so-called n e u tra l  s a lt effect on ionic re a c tio n s  in 
a q u e o u s  solu tions. H e s tu d ie d  a co n siderab le  n u m b e r of such re a c tio n s , n o t 
o n ly  w ith  respect to  th e  effect of v a ry in g  sa lt co n cen tra tio n  b u t  also to  th a t  
o f  te m p e ra tu re , so t h a t  e n th a lp y  an d  e n tro p y  changes could  be c o m p u ted  
b e s id e s  iso th erm al a c t iv i ty  coeffic ien ts , m a k in g  possible to  l in k  u p  th e  
B r ö n s t e d  th e o ry  w ith  th a t  o f  D e b y e  an d  H ü c k e l . Owing to  th e ir  ex em p la ry  
c a re fu l p lan n in g  an d  to  th e ir  e x a c titu d e , th e se  stud ies c o n tr ib u te d  m u ch  to  
s u p p o r t  th e  th e o ry  a n d  to  clear som e co n tro v e rs ia l questions. M uch la te r , 
Á . K iss  rev e rted  to  th e  sam e problem s a g a in , b u t  now  he s tu d ie d  th e  n e u tra l  
s a lt  e ffec t on th e  a c tiv a tio n  p a ra m e te rs  o f th e  reac tions, in  v iew  o f th e  th e o ry  
o f  a b so lu te  reaction  ra te s , p ro v in g  again  h is n ev e r re len tin g  su sc e p tib ility  to  
n ew  id eas  an d  views.

I n  n a tu ra l connexion  w ith  th e  above k in e tic  stud ies, p rob lem s concern ing  
th e  m ech an ism s of som e o f th e  reac tio n s d id  arise, and  A. K iss t r e a te d  such 
q u e s tio n s  rep ea ted ly , to o  [reac tio n  b e tw een  iro n (III) , p e rsu lfa te , i ro n (I I I ) -  
c y a n id e  ions, respective ly , a n d  iodide ions, in v es tig a tio n  of triio d id e  eq u ilib riu m , 
m e c h a n ism  of th e  re a c tio n  betw een  m o n o b ro m o -ace ta te  a n d  h y d ro x id e  
io n s] .

A n o th e r  s tu d y  b e long ing  to  th e  sp h ere  o f sa lt effects w as t h a t  o f  th e  sa lt 
e r ro r  o f  th e  q u in h y d ro n e  e lec trode , a n d  th e  electrochem ical m e th o d s  used  
h e re in  m a y  have in d u ced  h im  to  s ta r t ,  a f te r  h a v in g  recognized th e ir  econom ical 
im p o r ta n c e , e lectrochem ical corrosion s tu d ie s  in  H u n g ary , a ss is ted  b y  a g roup  
o f  h is  disciples. T ho u g h  he d id  n o t ach ieve a n y  s ign ifican t sc ien tific  d iscoveries, 
h is a c tiv itie s  in th is  fie ld  w ere im p o r ta n t b ecau se  m an y  o f th o se  w ho are  con
c e rn e d  now  w ith  corrosion  s tud ies in  H u n g a ry  cam e from  his school.

I t  w as a logical ex ten sio n  o f his in te re s ts  th a t  he engaged  h im se lf in 
q u e s tio n s  o f th e  ca ta ly sis  o f ionic reac tio n s , to o . In  th is  connex ion , his a tte n tio n  
w as d ra w n  to  th e  c a ta ly tic  effect o f c e r ta in  com plexes, b u t soon i t  becam e th e  
s tu d y  o f th e  com plexes th em selves, b y  th e  m e th o d  of ligh t a b so rp tio n , w hich
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to o k  possession o f h is ac tiv itie s . H is f irs t p u b lica tio n  d ea lin g  w ith  lig h t ab so rp 
tio n  d a te s  back  to  1934, a n d  th is  rem ained , u n til  th e  e n d , th e  dom ain  of his 
fu r th e r  scientific  in te re s ts .

H e  stud ied  in te n se ly  th e  changes of th e  sp ec tra  c h a ra c te ris tic  o f d ifferen t 
m e ta l ions in aqueous so lu tio n , caused  by  d ifferen t s a lt ad d itio n s , an d  could  
show  th a t  these  changes a re  b ro u g h t abou t b y  com plex  fo rm atio n : e n try  o f 
d iffe ren t anions in to  th e  co o rd in a tio n  sphere o f th e  c e n tra l ion, in s tead  of 
w a te r  m olecules, re su lts  in  ch a ra c te ris tic  b an d  sh ifts  a n d  in  th e  ap p earan ce  of 
new  b a n d s , re spec tive ly . T h e  ev a lu a tio n  of th e  e x p e rim e n ta l resu lts  was h igh ly  
p ro m o ted  b y  th e  m e th o d  o f b a n d  analysis, evolved fo r th e  reso lu tion  of o v e r
lap p in g  b ands. L a te r  on, he ex te n d e d  his s tud ies to  m e ta llic  ion com plexes 
fo rm ed  w ith  o rganic  lig an d s. H is m easu rem en ts te ll  o f  g rea t ex p erim en ta l 
re lia b ility  and  c ircu m sp ec t p lan n in g , w ith  e lim in a tio n  o f  d is tu rb in g  effects, 
ca re fu l e luc idation  an d  con sid era tio n  of an y  so lv en t effec ts. The v as t ex p eri
m e n ta l m a te ria l g a th e red  could  serve afte rw ard s as a f irm  basis  for th e  e lab o ra 
tio n  o f  th e  ligand  fie ld  th e o ry ; H . H artmann  e.g. re lied  to  a g rea t e x te n t on 
th e  ex p e rim en ta l re su lts  o f  Á. K iss. A fter th e  a p p e a ra n c e  o f  th e  th e o ry , th e  
new  a sp ec ts  opened b y  i t  w ere successfully  applied  b y  Á. K iss h im self to  th e  
in te rp re ta tio n  of his ex p e rim en ta l resu lts . I t  m ay  be  n o te d  th a t  he w as th e  
f irs t to  ascerta in  com plex  fo rm a tio n  w ith  som e m e ta l ions whose ten d e n c y  
to w ard s  com plexing  w as d o u b tfu l a t  th a t  tim e . T h e  la s t  y ea rs  of his a c tiv ity  
w ere d ev o ted  to  th e  ta s k  o f  p u tt in g  th e  v as t a m o u n t o f  ex p erim en ta l d a ta  
in to  a sy stem atic  o rder, gu ided  b y  th e  th eo re tica l a sp e c ts , b y  assigning th e  
found  op tica l b an d s  to  ce rta in  spectroscopic tra n s itio n s .

B esides th e  s tu d y  o f  lig h t abso rp tio n  by  com plexes, he s ta r te d  ex ten siv e  
research  w ork on th e  sp ec tra  o f several groups o f o rg an ic  com pounds (e.g. 
h y d ro ca rb o n s  w ith  an g u la rly  condensed  rings) in  so lu tio n . H ere too , ex p eri
m e n ta l d a ta  of v a lu e  h av e  been  com piled, an d  th e ir  ex p la n a tio n  a tte m p te d  
on th e  basis o f th e  so-called  th e o ry  o f o rien ted  lig h t a b so rp tio n .

Á . K iss w as a n e v e r re le n tin g  searcher, e x e m p la ry  as to  ex p erim en ta l 
re lia b ility  and  alw ays accessib le to  new  ideas. I t  w as w ith  th is  good exam ple  
th a t  he launched  on th e ir  c a ree r genera tions of his d isc ip les w ho are w ork ing  
now  as v a lu ed  ex p e rts  in  q u ite  d iverse  fields o f a c tiv itie s . H is a c tiv ity  as p ro 
fessor w as rew arded  b y  th e  t i t le  o f “ D istingu ished  w o rk e r o f high-school 
e d u c a tio n ”  in 1953, an d  a y e a r  la te r  b y  th e  O rder o f  L a b o u r. In  app rec ia tio n  
of his research  w ork, he w as elec ted  corresponding  m e m b e r o f th e  H u n g arian  
A cadem y  o f Sciences in  1954 an d  w as aw arded  b y  th e  g o v ern m en t w ith  th e  
“ K o ssu th  P rize” , in 1955.

A. K iss w as, u n til  his d e a th , an  active m em b er o f  th e  Com m ission o f 
P h y sica l C hem istry  o f th e  H u n g a ria n  A cadem y a n d  c h a irm a n  of th e  S u b 
com m ission for C orrosion as long as th is  la t te r  w as in  ex istence . T hus, he 
c o n tr ib u te d  successfully  n o t on ly  as professor b u t  also as an  ac tiv e  m em ber o f
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th e  C h em is try  Section  o f th e  A cad em y  to  th e  rea lisa tio n  o f  th e  goals se t in 
o u r  science  policy.

T h e  nam e of Á. K iss w ill rem a in  indelib le  n o t o n ly  in  th e  h is to ry  of 
p h y sico -ch em ical re sea rch  in  H u n g a ry , h u t  also in  th e  in te rn a tio n a l  lite ra tu re  
o f  th is  special b ra n c h  o f science, so t h a t  h is m em ory  shall s ta y  im m u n e  against 
fa d in g .

G. S c h a y

L is t o f  p a p e rs  p u b lish ed  by  A. K iss

1. K is s ,  Á.: A ra d io a k tiv itá s  je len ség e in ek  tá rg y a lá sa  kém iai sz em p o n tb ó l (D iscussion of 
ra d io a c tiv e  phen o m en a  fro m  th e  chem ica l v iew po in t). S á ro sp a tak  (1911) 1 — 136

2. K is s ,  A .: A n itro g én o x id  és ch lo r e g y m á sra h a tá sá n a k  sebességéről (O n th e  ra te  o f the  
in te ra c t io n  be tw een  n itro u s  ox ide  a n d  ch lorine). M agyar C hem ikusok  L a p ja  1 (1913) 1 — 26

3. K is s ,  A.: K a ta ly se  der N itro sy lch lo rid b ild u n g  d u rch  B rom . R ee. T ra v . Chim . Pays-B as, 
42  (1923), 112—145

4. A . K is s :  U b er den  L ic h tz e r fa ll  des N itro sy lch lo rids. R ee. T ra v . C him . P ay s-B as 42 
(1923) 6 6 5 -6 7 5

5. K is s ,  A.: De s tra lin g sh y p o th e se  v a n  de chem ische reac tie sn e lh e id . C hem isch W eekblad  
20 (1923) 5 8 5 -5 8 7

6. K is s ,  A.: T heorie en  e x p e rim e n t bei g asreac ties. C hem isch W eek b lad  21 (1924) 26 — 28
7. K is s ,  A .: K a ta ly se  der N itro sy lch lo r id b ild u n g  d u rch  N itro g en d io x y d . R ee. T rav . Chim. 

P a y s-B a s  43 (1924) 6 8 - 8 3
8. K iss , Á. u n d  D e m É n y , L.: Ü b e r  den M echan ism us der E ssig säu reb ild u n g  au s  A ldehyd  und 

S au e rs to ff. R ec. T rav . C him . P a y s-B a s  43 (1924) 221 — 299
9. K is s ,  Á .: Ü b er d ie K a ta ly se  bei hom ogenen  G asreak tionen . C hem isch  W eekblad  24 

(1927) 4 6 - 4 9
10. K is s ,  Á. u n d  B r u c k n e r , G y.: Ü b e r die N eu tra lsa lzw irk u n g  bei Io n rea k tio n e n . I .  Ü ber 

d ie  spezifische Io n e n w irk u n g . Z. p h y sik . Chem . 128 (1927) 71 — 86
11. K is s ,  Á. u n d  L e d e r e r , E .: Ü b e r  d ie N eu tra lsa lzw irk u n g  bei der d u rc h  E isen io n en  k a ta ly 

s ie r te n  Z ersetzung de r H y d ro g e n h y p ero x y d lö su n g en . Z. physik . C hem . 129 (1927) 186 —198
12. K is s ,  A. u n d  L e d e r e r , E .: Ü b e r d en  M echanism us der du rch  M eta llio n en  k a ta ly s ie rten  

Z erse tzu n g  der H y d ro g e n h y p e ro x y d -L ö su n g e n . R ec. T rav . Chim . P a y s-B a s  46 (1927) 
4 5 3 —456

13. K is s ,  Ä. u n d  Z o m b o r y , L .: Ü b e r  d ie K a ta ly se  der R eak tio n  zw ischen  P e rsu lfa t-  und 
Jo d io n e n . Rec. T rav . C him . P a y s-B a s  46 (1927) 225 — 239.

14. K is s ,  A.: N eu trá lis  só h a tá s  ió n rea k c ió k  ese tén  (N e u tra l sa lt e ffec t in  ionic reactions). 
M agy. T ud. A kad. M at. T e rm tu d . É r te s ítő je  45 (1928) 193 — 198

15. K is s ,  A. u n d  B o s s á n y i , I .:  Ü b e r d en  T em p era tu rk o effiz ien ten  d e r N eu tra lsa lzw irk u n g . 
R e c . T rav . Chim. P a y s-B a s  47 (1928) 619 — 626

16. Kiss, Á. und  BOSSÁNYI, I.: Ü b e r d ie  N eu tra lsa lzw irk u n g  in k o n z e n tr ie r te n  Salzlösungen. 
Z. p h y sik . Chem. 134 (1928) 2 6 - 3 2

17. K is s ,  A. and  B o s s á n y i , I .:  Ü b e r die spezifische Ionen w irk u n g . A c ta  Chem . M ineral. 
P h y s ic a  U niv. Szeged 1 (1928) 60

18. K is s ,  Á.: Ü ber die K a ta ly se  de r R e a k tio n  zw ischen P ersu lfa t- u n d  Jo d io n e n . R ec. T rav . 
C him . P ays-B as 48 (1929) 5 0 8 - 5 2 6

19. K is s ,  A.: A B rö n sted  féle reak c ió seb esség i e lm élet a lap v o n ala i (F u n d a m e n ta ls  o f B rön- 
s te d ’s th eo ry  on th e  re a c tio n  ra te ) . M agy. Chem. F o ly ó ira t 35 (1929) 139 —144

2 0 . K is s ,  A. u n d  H atz, E .: Ü b e r  den  E in flu ss  v o n  N ich te lek tro ly ten  a u f  die G eschw indigkeit 
d e r  Io n reak tio n en . R ec. T ra v . C him . P ay s-B as . 48 (1929) 7 —17

21. K is s ,  A.: A ferri- és jó d io n  re a k c ió já n a k  m echan izm usáró l (O n th e  re a c tio n  m echanism  
o f  fe rr ic  and  iodine ions). M agy . Chem . F o ly ó ira t 36 (1930) 49

22. K is s ,  A. u n d  B o s s á n y i , I .:  Ü b e r die N eu tra lsa lzw irk u n g  de r F e rr i-Jo d io n e n -R ea k tio n  
in  v e rd ü n n te n  L ösungen. Z. anorg . alig . Chem . 19 (1930) 289 — 308

23. K is s ,  A.: A n e u trá lis  só h a tá s  és k a ta líz is  ion reakciók  ese tén  (N e u tra l  sa lt effect and 
ca.ta lysjs in ionic reac tio n s). M agy. Chem . F o ly ó ira t 37 (1931) 17 — 23

2 4 . K is s ,  A. und  B o s s á n y i , L : N e u trá lis  só h a tá s  a ferri- jó d io n -reak c ió n á l tö m é n y  sóo lda tok 
b a n  (N eu tra l sa lt effect in th e  fe rric -io d in e  ion reac tio n  in c o n c e n tra te d  sa lt solutions). 
M agy . Chem. F o ly ó ira t 37 (1931) 121 —133

Acta Chim. Acad. Sei. Hung. 01, 1969



SCHAY: ÁRPÁD KISS 111

25. K is s , Á. und B o ss á n y i, I.: Ü ber d ie N e u tra lsa lzw irk u n g  de r F e rri-Jo d io n en -R e ak tio n  
in  k o n z en trie rten  L ösungen. Z. an o rg . alig. Chem. 198 (1931) 102— 115

26. K is s , Ä. und  U rm án czy , A.: Ü b er die L öslichkeit des Jo d e s  in w ässerigen Salzlösungen. 
Z. anorg . alig. C hem . 202 (1931) 172 — 190

27. K is s , Á. und  B o ss á n y i, L : Ü ber d en  M echanism us de r P e rsu lfa t-Jo d io n e n -R ea k tio n .
R ee. T rav . C him . P ay s-B as  51 (1932) 434 444

28. K is s , Á., B o ss á n y i, I. und  U rm án czy , A.: Ü ber d ie K a ta ly se  de r P e r s u l f a t - J o d io n e n -  
R eak tio n  d u rch  K o b a ltik o m p lex e . A c ta  Chem. M ineral. P h y s ica  U n iv . Szeged 2 (1932) 
210—220.

29. K iss , Á. und  B o ss á n y i, I .: Ü b er d ie  N eu tra lsa lzw irk lin g  in k o n z en trie rten  Sa lzlösungen. 
Z. physik . Chem. A. 160 (1932) 290 — 294

30. K iss , Á. und  Va ss , P .: Ü b er den E in flu ss  von N ic h te lek tro ly te n  au f die G eschw indigkeit 
de r F e rri-Jo d io n en -R e ak tio n . Z. A norg . alig. Chem. 206 (1932) 1 9 6 - 208

31. K is s , Á. und Va ss , P .: Ü ber die N e u tra lsa lzw irk u n g  der T h io su lfa t- u n d  M onobrom aze- 
ta tio n en -R e ak tio n . Z. anorg . alig. Chem . 209 (1932) 2 3 6 -  240.

32. K is s , Á.: A n e u trá lis  só h a tás  tö rv én yszerűségei tö m én y  só o ld a to k b an  (The law s o f th e  
n e u tra l  sa lt e ffec t in co n ce n tra ted  sa lt so lu tions). M agy. Chem. F o ly ó ira t 39 (1933) 
1 6 2 -1 6 8

3 3 .  K i s s ,  Á .  und K u k á i , R . :  Ü ber die N e u tra lsa lzw irk u n g  bei Io n e n re a k tio n e n  in k onzen
tr ie r te n  L ösungen. Z. P h y s ik  Chem. A. 167 ( 1 9 3 3 )  3 5 4  —  3 6 4

34. K is s , Á. und K o c s is , I .:  Ü b e r d ie N eu tra lsa lzw irk u n g  bei de r H y d ro ly se  des E ssig säu re 
an h y d rid s . A cta  C hem . M ineral. P h y s ica  U niv . Szeged 3 (1933) 50 — 66

35. K is s , Á. und  U r m á n c zy , E .: Ü b e r die N eu tra lsa lzw irk u n g  bei der R e ak tio n  zwischen 
A m eisensäure u n d  J o d . Z. anorg . a lig . Chem. 213 (1933) 353 — 364

36. K is s , Á. und  Bo s s á n y i, I.: Ü ber d en  M echanism us de r F e rr icy a n -  u n d  Jo d io n e n -R ea k tio n . 
R ec. T rav . Chim. P ay s-B as  52 (1933) 289 — 297

37. K is s , Á., B o ss á n y i, I. u n d  Va ss , P .: Ü ber den E in flu ss  von  N ic h te lek tro ly te n  a u f  die 
G eschw indigkeit von  Io n e n re a k tio n e n . A cta Chem . M ineral. P h v sica  U n iv . Szeged 3 
(1933) 2 0 - 3 5

38. K iss , Á. und B o ss á n y i, I .: Ü ber den  M echanism us de r M ono b ro m ace ta t- u n d  X a n th o -  
g en atio n en -R eak tio n . A c ta  Chem. M ineral. P h y s ica  U n iv . Szeged 3 (1934) 9 9 — 111

39. K iss , Á. und B o s s á n y i, I .: Ü b er d ie  N eu tra lsa lzw irk u n g  in k o n z en trie rten  Sa lzlösungen 
bei de r M o n o ch lo raceta t- u n d  X a n th o g e n a tio n e n -R e a k tio n . R ec. T rav . Chim . P ay s-B as  
53 (1934) 9 0 3 - 9 1 6

40. K iss , Á. und Ge s z n e r , M.: Ü ber d ie U rsache der F a rb e n ä n d e ru n g e n  de r K o b a lto sa lze  
in N eu tra lsa lz lösungen . A cta  Chem. M ineral. P h y s ica  U n iv . Szeged 4 (1934) 124 — 
232

41. K iss , Á. und U rm á n czy , A.: M essungen m it W assersto ff- u n d  C h in h y d ro n elek tro d en  in 
k o n z en trie rten  S a lzlösungen . Z. P h y sik . Chem. A .  169 (1934) 3 1 —40

42. K is s , Á. und U rm á n c zy , A.: Ü ber die D isso z ia tio n sk o n s ta n ten  von A m eisen- u n d  E ssig
säu re  in k o n z en trie rten  Salzlösungen. Z. phy sik . Chem . A. 171 (1934) 257 267

43. K iss , Á. und V a ss , P .: Ü ber den E in fl uss der T e m p e ra tu r  a u f  die G eschw ind igkeit von
Io n en reak tio n en . Z. anorg . alig. Chem . 217 (1934) 305 320

44. K iss , Á. und U rm á n czy , A.: Die D u n k e lreak tio n  zw ischen  N a tr iu m fo rm ia t u n d  Jo d . 
Z. anorg . alig. C hem . 219 (1934) 3 4 8 —356

45. K is s , Á. und  K u k á i, R .: Ü b er den E in flu ss  der T e m p e ra tu r  a u f  die G eschw ind igkeit von
Io n en reak tio n en  I I .  Z. anorg . alig. Chem . 223 (1935) 149 160

46. K iss , Á. und  B o s s á n y i, I. Ü ber den E in fluss de r T e m p e ra tu r  a u f  die G eschw indigkeit 
von Io n reak tio n en  in w ässerigen N ich te lek tro ly tlö su n g en . Z. anorg . alig. C hem . 224 
(1935) 3 8 - 3 9

47. K iss , Á. und Ge r e n d á s , M.: Ü ber d ie F e s ts te llu n g  de r E x tin k tio n sk u rv e n  von gelösten
S to ffen  nach  der p h o to g rap h isch en  M ethode. A cta  Chem . M ineral. P h y sica  U n iv . Szeged 
4  (1935) 272 286

48. K is s , Á. und K u k á i, R .: Ü ber die N eu tra lsa lzw irk u n g  de r A cety lg lyco la t- u n d  H y d ro x y l- 
io n en -R eak tio n  in  v e rd ü n n te n  L ösungen. Rec. T rav . C him . P ay s-B as  54 (1935) 337 — 344

49. K iss , Á., B o ér , P . u n d  Ge r e n d á s , M.: Ü ber die U rsachen  de r F a rb e n än d e ru n g en  von
N ickelsalzen  in N eu tra lsa lz lö su n g en . A c ta  Chem. M ineral. P h y sica  U niv . Szeged 4 (1935) 
259 271

50. K iss , Á. und U rm á n czy , A.: Ü b er den  M echanism us von R eak tio n en  bei w elchen  d ie 
R eak tio n sk o m p o n en ten  d u rch  eine M em bran  d iffu n d ie ren . Z. anorg . alig. C hem . 224
(1935) 40 48

51. K iss , Á. und K u k á i, R .: Ü ber den M echanism us de r A cety lp ro p io n a t- u n d  H y d ro x y lio n en - 
R eak tio n . A cta Chem . P h ysica  U niv . Szeged 5 (1936) 17 — 29

Acta Chim. Acad. Sei. Hung. 61, 1969



112 SCHAY: ÁRPÁD KISS

52. K is s ,  Á. und  B o ssá n y i, I .:  Ü b e r  den  M echanism us d e r M o n o b ro m ace ta t- u n d  H y d ro x y lio - 
n e n -R e a k tio n . A c ta  Chem . M in e ra l. Physica  U n iv . Szeged 5 (1936) 10 — 23

53. K is s ,  Á.: Zur K o n s ti tu tio n  d e r  S u lfa to v erb in d u n g en . Z. anorg . alig. Chem . 226 (1936) 
1 4 1 - 1 4 4

54. K is s ,  Á. und Ge r e n d á s , M .: Z u r p h o to g rap h isch en  A u fn ah m e der A b so rp tio n ssp ek tren  
im  U ltrav io le tt. A c ta  C hem . M in era l. Physica  U n iv . Szeged 5 (1937) 153 — 165

55. K is s ,  Á. u n d  Ge r e n d á s , M .: Z u r L ich tab so rp tio n  v o n  K o b a ltch lo rid lö su n g en . Z. physik . 
C hem . A. 180 (1937) 117 — 130

56. K is s , Á., La jt a i, I. u n d  T h u r y , G.: Ü ber die L ö slich k e it v o n  G asen in W asser-N ich t- 
e le k tro ly t  Gem ischen. Z. a n o rg . alig . Chem. 233 (1937) 346 — 352

57. K is s ,  Á.: Zur A nalyse  d e r E x tin k tio n s k u rv e n  von  L ösungen . A c ta  Chem . M ineral. Physica  
U n iv . Szeged 6 (1937) 101 — 124

58. K is s ,  Á.: E rős e le k tro li te k  e lnyelési színképéről (O n th e  a b so rp tio n  sp e c tra  o f s trong  
e lec tro ly te s). M agy. C hem . F o ly ó ira t  42 (1937) 185 — 192

59. K is s ,  Á .: H őm érsék le t h a tá s a  ion reakciók  sebességére (The effect o f te m p e ra tu re  on th e  
r a te  o f ionic reac tions). M ag y . C hem . F o ly ó ira t 46 (1938) 14 — 21

60. K is s ,  A. und  U rm á n czy , Ä .: Ü b e r  die L öslichkeit des C hlors in  w ässerigen  Salzlösungen. 
A c ta  Chem. M ineral. P h y s ic a . U n iv . Szeged 6 (1938) 305 — 316

61. K is s ,  Á. und  Cz e g l é d y , D .: Z u r L ich tab so rp tio n  d e r K o b a ltik o m p lex e , I. Z. anorg . alig. 
C h em . 235 (1938) 4 0 7 - 4 2 7

62 . K is s ,  Á. und  Cz e g l é d y , D .: Z u r K o n s titu tio n  de r zw eischaligen K o m p lex v erb in d u n g en . 
Z . an o rg . alig. Chem . 239 (1938) 27 — 38

63 . K is s ,  Á .: Zur K a ta ly se  d e r  K o m p lex v e rb in d u n g en . A c ta  Chem. M ineral. P h y s ica  U niv . 
S zeged  7 (1939) 2 6 - 3 2

64 . K is s ,  Á., Csókán , P . u n d  R ic h t e r , M.: Ü b e r den  W echsel der K o o rd in a tio n sz ah l als 
U rsac h e  der F a rb e n ä n d e ru n g e n  von  K o b a ltosalz lösungen . A c ta  Chem . M ineral. U niv . 
S zeged  7 (1939) 1 1 9 - 1 3 2

65. K is s ,  A. und  Gegő, M .: Z u r B e stim m u n g  von Io n en g ew ich ten  n ach  de r D ia lysenm ethode . 
Z. anorg . alig. Chem. 244 (1940) 57 — 66

66 . K is s ,  Á. und  Csó k á n , P .:  Z u r  L ic h tab so rp tio n  de r K o b a ltrh o d an id -L ö su n g en . Z. Physik . 
C h em . A. 186 (1940) 239 — 247

67. K is s ,  Á. und  R ic h t e r , M .: Z ur L ich tab so rp tio n  v o n  K o b a ltch lo rid lö su n g en , 2. N ich t
w ässerige  L ö su n g sm itte l. Z. p h y sik . Chem. A. 187 (1940) 211—226

68. K is s ,  Á. und  U rm á n czy , A .: Ü b e r die N eu tra lsa lz w irk u n g  in  de r R e a k tio n  zw ischen 
A c e ta ld eh y d  u n d  C hlor. A c ta  Chem . M ineral. P h y s ic a  U n iv . Szeged 7 (1940) 204 — 218

69. K is s ,  Á., Arrahám , I. u n d  H e g e d ű s , L : Zur L ic h tab so rp tio n  der F e rrik o m p lex e . Z. anorg. 
a lig . Chem. 244 (1940) 98 — 110

70. K is s ,  Á. u n d  Csó k á n , P .:  Z u r L ich tab so rp tio n  v o n  K o b a ltrh o d an id lö su n g en , 2. W asser- 
N ic h te lek tro ly te  als L ö su n g sm itte l.  Z. p h y sik  Chem . A. 188 (1940) 27 — 40

71. K is s ,  Á. und Csó k á n , P .:  Z u r  L ich tab so rp tio n  v o n  N ickelrh o d an id lö su n g en . Z. anorg. 
a lig . Chem. 245 (1941) 355 — 364

72 . K is s ,  Á. und Ä cs,V .: Z u r B e s tim m u n g  von Io n en g ew ich ten  n ach  de r D ia ly sen m eth o d e , I I . 
Z . anorg . alig. Chem. 247 (1941) 190 — 204

73. K is s ,  Á. und Au e r , G y.: Z u r  L ic h tab so rp tio n  von  o rg an isch en  V erb in d u n g en , I. Z. physik . 
C hem . A. 189 (1941) 3 4 4 - 3 6 3

74 . K is s ,  Á. und  Ma jo r , E .: Z u r  L ic h tab so rp tio n  v o n  K o b a ltth io su lfa tlö su n g en . Z. physik . 
C hem . A. 189 (1941) 364 — 372

75 . K is s , Á., Au e r , Gy. u n d  M a jo r , E .: Zur L ic h ta b so rp tio n  der K o b a ltik o m p lex e , I I .  Z. 
an o rg . alig. Chem. 246 (1941) 28 — 34

76 . K is s ,  Á. und  Csó k á n , P .:  Z u r L ic h tab so rp tio n  v o n  N ick elrh o d an id lö su n g en , 2. N ic h t
w ässerige  L ösungen. Z. a n o rg . alig . Chem. 247 (1941) 205 — 210

77 . K is s ,  ä ., Bá csk a i, Gy . u n d  V a rg a , E .: Z ur L ic h ta b so rp tio n  de r a ro m a tisch e n  Schiff- 
B asen . A cta Chem. P h y s ic a  U n iv . Szeged 1 (1942) 156 —168

78 . K is s ,  A., Csók á n , P . u n d  N y ír i , G.: Zur L ic h ta b so rp tio n  de r po ly cy k lisch en  in n er
k o m p lex en  V erb in d u n g en . Z. p h y sik . Chem. A. 190 (1942) 65 — 80

79 . K is s ,  A., B á csk a i, Gy . u n d  Csó k á n , P.: Z ur L ic h tab so rp tio n  de r po ly cy k lisch en  K o m p lex 
v e rb in d u n g en , I I .  I. p r a k t .  C hem . N. F . 160 (1942) 1 — 20

80 . K is s , Á. und  N y ír i , G.: Z u r L ic h tab so rp tio n  de r p o ly cy k lisch en  in n erk o m p lex en  V er
b in d u n g en , I I I .  Z. an o rg . a lig . Chem. 249 (1942) 340 — 352

81. K is s ,  Á. und  Szabó , R .: Z u r L ic h tab so rp tio n  de r po lycyk lischen  in n erk o m p lex en  V er
b in d u n g en , IV. Z. ano rg . a lig . Chem. 252 (1943) 172 — 184

8 2 . K is s ,  Ä., F odor , G. a n d  L ózsa , A.: In v e stig a tio n s  o f th e  in te rac tio n  o f sev era l chrom o- 
p h o re s  in th e  sam e m olecu le . A c ta  Chem. P h y s ica  U n iv . Szeged 21 (1948) 25 — 30

Acta Chim. Acad. Sei. Hung. 61, 1969



SCHAY: ÁRPÁD KISS ИЗ

83. K is s , Á. und  Cs e t n e k y , E .: Ü ber die M esom erie der Sulfogruppe. A c ta  C hem . Physica  
U n iv . Szeged 2 (1948) 30 — 32

84. K iss , Á. und  B á c sk a i, G y.: Z ur L ic h tab so rp tio n  der A n tip y rin k o m p lex e . A c ta  Chem. 
P h y sica  U niv . Szeged 2 (1948) 48 — 49

85. K is s , Á.: A Szegedi eg y etem  á lta lá n o s  és sze rv e tlen  kém iai in té z e té n e k  m u nkássága  
(The a c tiv ity  o f th e  In s t i tu te  for G enera l a n d  In o rg an ic  C hem istry  o f th e  U n iv e rs ity  of 
Szeged); M agyar K ém . L a p ja  3 (1948) 141 — 144

86. K is s , Á.: Szerves v eg y ü le tek  fényelnyelésérő l (O n th e  ligh t a b so rp tio n  o f  o rg an ic  com 
pou n d s). M agyar K ém . L ap ja  3 (1948) 349 — 395

87. K is s , Á . et Sá n d o r fy , К .: Sur les m éth o d es d ’analyse  des courbes d ’a b so rp tio n . Acta 
Chem . P h ysica  U niv . Szeged 2 (1948) 71 — 76

88. K is s , Á. and  P a u n cz , R .: On th e  a b so rp tio n  of l ig h t by  isom eric d e r iv a tiv e s  o f benzyl-
an iline. A cta  Chem. P h y s ic a  U niv . Szeged 2 (1948) 83 89

89. K is s , Á., Mo ln ár , I. e t  Sá n d o r fy , К .: Les spec tres  d ’abso rp tion  p h é n o liq u es  e t  leu r in ter- 
p ré ta tio n  th éo riq u e. C om pt. R end . A cad. Sei. P a r is  227 (1948) 724 — 727

90. K is s , Á. u n d  H y r o ss , J . :  Z ur L ic h tab so rp tio n  de r N itro d eriv a te  des B enzo ls. A c ta  Chem. 
P h y s ica  U niv . Szeged 2 (1948) 76 — 82

91. K is s , Á. und  Cs e t n e k y , E .: Ü b er den  E in fluss de r Ion isa tion  au f die E x tin k tio n s k u rv e n  
von  B en zo lderiva ten . A c ta  Chem. P h y s ica  U n iv . Szeged 2 (1948) 37 — 47

92. K is s , Á. und  Cs e t n e k y , E .: Ü b er d ie m esom ere u n d  in d u k tiv e  W irk u n g  d e r A m ino
g ru p p e . A cta  Chem. P h y s ic a  U niv . Szeged 2 (1948) 132 — 138

93. K is s , Á. and B író , K .: On th e  lig h t a b so rp tio n  of po lychrom ates. A c ta  C hem . Physica  
U n iv . Szeged 2 (1948) 90 — 95

94. K iss , Á.: Zur L ic h tab so rp tio n  de r o-, m- u n d  p -d isu b s titu ie r te n  B e n zo ld e riv a te . A cta 
Chem . P h ysica  U niv . Szeged 2 (1948) 129 — 132

95. K is s , Á. und  Sző k e , S.: Z ur I ..ö su n g sm itte lab h än g ig k eit der E x tin k tio n s k u rv e n  von 
p o lycyk lischen  K o m p lex en . A cta  Chem . P h y s ica  U niv . Szeged 2 (1949) 155 — 162

96. K is s , Á., F odo r , G. an d  M o ln á r , L : T he m esom erisin  o f p ro p en y lb en zen e  a n d  allyl-
benzene  d e riv a tiv es. A c ta  Chem. P h y s ica  U n iv . Szeged 2 (1949) 189 191

97. K is s , Á. e t Sá n d o r fy , К .: Les sp ec tres  d ’a b so rp tio n  des ions h y d ra té s . R e v u e  Scienti-
fiq u e  P a ris  87 (1949) 37 41

98. K is s , Á., Mo ln á r , 1. e t  Sá n d o r fy , К .: Les sp ec tre s  d ’ab so rp tion  des d é riv é s  phénoliques. 
B ull. Soc. Chim. F ra n c e  16 (1949) 275 — 282

99. K is s , Á .: Sur les sp ec tre s  d ’ab so rp tio n  de d érivés nap h ta lén iq u es . C o m p t. R en d . Acad. 
Sei. P a ris  229 (1949) 7 6 2 - 7 6 3

100. K iss , Á. und  F a r e d in , L : Z ur L ic h ta b so rp tio n  de r K om plexe von  A m inobenzo lsu lfo - 
säu ren . A cta  Chem. P h y s ica  U niv . Szeged 2 (1949) 212 — 217

101. K is s , Á., V in k l e r , E . u n d  Cs e t n e k y , E .: Z u r L ich tab so rp tio n  de r N -(a ry l- th io a lk y l)-  
p h th a lim id -D e riv a te . A c ta  Chem. P h y s ica  U n iv . Szeged 2 (1949) 192 — 196

102. K is s , Á. e t Cs e t n e k y , E .: L ’in fluence de l’io n isa tio n  sur les co urbes d ’a b so rp tio n  des 
d érivés benzéniques. C om pt. R end . A cad. Sei. P a ris  228 (1949) 1423 — 1426

103. K iss , Á.: S pek tro szk ó p ia i irán y ú  k u ta tá sa in k  eredm ényei és célk itűzései (R e su lts  and 
ob jec ts  o f our resea rch  w o rk  in spec troscopy). M agy. Kém . F o ly ó ira t 56 (1950) 41 — 43

104. K is s ,  Á .: Ü b er den E in flu ss  von L ö su n g sm itte ln  a u f  die E x tin k tio n sk u rv e n  v o n  o rg an i
schen  V erb indungen . A c ta  Chem. P h y s ica  U niv . Szeged 2 (1950) 235 — 238

105. K is s , Á.: Az o r ie n tá lt  fényelnyelés e lm éle tén ek  k ísé rle ti ellenőrzése (E x p e r im e n ta l  v erifi
c a tio n  o f th e  th eo ry  o f o rien ted  lig h t ab so rp tio n ). M agy. T ud. A kad . K é m . O sztá lyk . 
2 (1952) 3 2 9 -3 3 8

106. K is s , A.: E ine T heorie  de r L ic h tab so rp tio n  v o n  K om p lex v erb in d u n g en . Z. ano rg . alig. 
Chem . 282 (1955) 1 4 1 - 1 4 8

107. K is s , Ä.: Z ur L ic h tab so rp tio n  von  K o m p lex v e rb in d u n g en . T agungsber. C hem . Ges. D D R  
H a u p tja h re s ta g u n g  1954. A kad. V erlag  B erlin  1955, 45 — 54

108. K is s , A.: A h id ra tá l t  ionok  fényelnyelése inek  tö rvényszerűségei (P rin c ip le s  o f th e  ligh t 
a b so rp tio n  of h y d ra te d  ions). M agy. T u d . A kad . K ém .O sztá lyk . 6 (1955) 37 — 46

109. K is s , Á.: Az e le k ro sz ta tik u s  k ö tésű  k o m p lex ek  fényelnyelése (The lig h t  a b so rp tio n  of 
com plexes w ith  e le c tro s ta tic  bonding). M agy. T u d . A kad . Kém . O sztá ly k . 6 (1955) 77 — 87

110. K is s , Á .: A n a fta lin szá rm a zé k o k  fényelnyelése  (T he lig h t ab so rp tion  of n a p h th a lin e  d e riv a 
tives). M agy. T ud. A kad . K ém . O sztá lyk . 6 (1955) 47 — 61

111. K is s , Á .: Az a n g u lá risan  k o n d e n zá lt a ro m ás szénhidrogének  fényeln y elése  (T he ligh t 
ab so rp tio n  of a ro m a tic  h y d ro carb o n s  w ith  an g u la rly  condensed r in g  sy s te m s) . Magy. 
T u d . A kad . Kém . O szt. K özi. 6 (1955) 63 — 76

112. K iss , Á.: A sz térikus g á tlá s  h a tá sa  a fényeln y elésre  (The effect of s te ric  h in d ra n c e  on ligh t 
ab so rp tio n ). M agy. T u d . A k ad . K ém . O sztá ly k . 6 27 — 35 (1955)

Acta Chirn. Acad. Sei. Hung. 61, 1969



114 SCHAY: ÁRPÁD KISS

113. K is s ,  Á.: A k o b a lti k o m p le x e k  fényelnyelésének m ec h an iz m u sa  (On th e  m ech an ism  of 
th e  lig h t ab so rp tion  o f  c o b a lt ic  com plexes). M agy. T u d . A k ad . K ém . O sztá lyk . 8 59 — 66 
(1956)

114. K is s ,  A., Császár. J .  a n d  L e h o t a i , L.: Az a c e ti la c e to n  k o m p lex ek  fényelnyelése  (The 
l ig h t  abso rp tion  of a c e ty la c e to n e  com plexes). M agy. T u d . A k a d . K ém . O sztá lyk . 8 149 — 155 
(1956)

115. K is s ,  Á.: Zur L ic h ta b s o rp tio n  d e r kondensierten  a ro m a tis c h e n  V erb indungen . I. W e ite r
b a u  de r Theorie d e r o r ie n t ie r te n  L ich tab so rp tio n . A c ta  Chim . A cad. Sei. H u n g . 8 
3 4 5 - 3 5 4  (1956)

116. K is s ,  A.: Az a to m k ö té sű  k o m p le x e k  fényelnyelése (T h e  lig h t abso rp tio n  of com plexes 
w ith  atom ic bonds). M agy . T u d . A kad. Kém . O sz tá ly k . 7 367 — 377 (1956)

117. K is s ,  Á.: U ber den M e c h an ism u s der L ic h tab so rp tio n  v o n  h y d ra tis ie rte n  A tom ionen . 
A c ta  Chim. Acad. Sei. H u n g . 10 39 — 49 (1956)

118. K is s ,  Á.: Ü ber die B e e in f lu ssu n g  der L ic h ta b so rp tio n  d u rc h  sterische H in d e ru n g . I. 
S y s te m a tik  der W irk u n g s a r te n . A cta  Chim. A cad. Sei. H u n g . 10 208 — 216 (1956)

119. K is s ,  Á .: Ü ber die B e d e u tu n g  de r A b so rp tio n sk u rv en  in  d e r S tru k tu rfo rsc h u n g  g e löster 
K o m plexe . A cta P h y s . e t  C h em . Szeged 11 102 — 109 (1956)

120. K is s ,  A.: Zur L ic h ta b s o rp tio n  der kondensierten  a ro m a tis c h e n  V erb indungen . I I .  D ie 
L ic h tab so rp tio n  der l in e a r  k o n d e n sie rten  a ro m a tisch e n  V erb in d u n g en . A c ta  Chim . A cad. 
Sei. H ung . 11 8 5 - 9 8  (1957)

121. K is s ,  A.: Zur L ic h ta b s o rp tio n  der kondensierten  a ro m a tis c h e n  V erb indungen . I I I .  Die
L ich tab so rp tio n  der a n n u la r  k o n d en sierten  a ro m a tisch e n  V erb in d u n g en . A cta  Chim. A cad. 
Sei. H ung. 11 99 111 (1957)

122. K is s ,  A.: M echanism us d e r  L ich tab so rp tio n  der K o m p lex e  m it k o v a len ten  B in d u n g en . 
A c ta  Chim. Acad. Sei. H u n g . 11 1 1 3 -1 2 3  (1957)

123. K is s ,  A.: M echanism us d e r  L ic h tab so rp tio n  de r K o m p lex e  m it e lek tro s ta tisch en  B in d u n 
gen. A c ta  Chim. A cad . Sei. H u n g . 10 373 — 386 (1957)

124. K is s ,  A. and М и тн , В . A .: U ltrav io le t lig h t a b so rp tio n  o f m o n o su b stitu te d  benzene 
d e riv a tiv e s  co n ta in in g  e le m e n ts  of th e  oxygen g ro u p . A c ta  Chim. Acad. Sei. H u n g . 22 
3 9 7 - 4 8 0  (1960)

125. K is s , A. und Császá r . I .:  L ich tab so rp tio n  de r o -P h en an th ro lin k o m p lex e . A c ta  Chim. 
A cad . Sei. H ung. 38 4 0 5 - 4 1 9  (1963)

126. K is s ,  Á. und Császár , I .:  L ic h tab so rp tio n  der 2 ,2 ’-D ip y rid y lk o m p lex e . A cta  Chim. A cad. 
Sei. H ung. 38 4 2 1 - 4 3 4  (1 9 6 3 )

127. K is s ,  Á.: Theorie de r L ic h ta b s o rp tio n  der C y c lo p en tad ien y l-K o m p lex e  der Ü b e rg an g s
e lem en te . A cta Chim . A c ad . Sei. H ung. 56 (1968) 215 — 219

A cta  Chim. Acad. Sei. H ung. 61, 1969



Acta Chimica Academiae Scienliarum Hungaricae, Tomus 61 (2), pp. 115—124 (1969)

MECHANISM OF ADSORPTION INDICATION, I
N IT R O N IC  A C ID S AS A D S O R P T IO N  IN D IC A T O R S : 

p -N IT R O -a -N A P H T H Y L  R E D , A N E W  A D S O R P T IO N  IN D IC A T O R

L . LÉG R Á D I

( N itrochem ical W orks F üzfogyárte lep)

R eceived  F e b ru a ry  2, 1968

A new  ad so rp tio n  in d ic a to r, p -n itro -a -n a p h th y l  red  is recom m ended  fo r  th e  
t i t r a tio n  of cy an id e , b ro m id e  an d  iodide ions. T itra tio n  o f cy an id e  should be p e rfo rm e d  
in n e u tra l  o r  a lk a lin e  m ed ium  (p H  9— 10.5), an d  o f iod ide  an d  brom ide ions in  a lk a lin e  
m edium . T h e  in d ic a to r  has acid—base p ro p e rties , b u t  th e  m echanism  is d iffe re n t fro m  
th a t  o f  an y  o th e r  basic  dye know n so fa r. T he dye  a d so rb a te  is an  ac id -b ase  in d ic a to r  
on u n c h a rg e d  o r p o sitiv e ly  charged  p re c ip ita te s , a n d  fo rm s n itro n ic  acid on a lk a liz in g , 
w hich p rocess is accom pan ied  b y  a colour change . In  th e  t i t r a tio n  of c y an id e  ions 
n itro n ic  acid  is fo rm ed  w hen silver ions a re  p re se n t in  excess, th e  original s t ru c tu re  is 
resto red  h o w ev er on a d d in g  cy an ide  ions. In  t i t r a t io n s  m ade  in alkaline m ed iu m  th e  
reason  for th e  co lour change  is th a t  th e  d isso c ia tio n  c o n s ta n t  o f th e  dye a d s o rb a te ,  
w hich is v e ry  sm all w hen an ions a re  in excess, in creases on  add in g  silver ions in excess, 
and th e  dye  a d so rb a te  fo rm s n itro n ic  acid. T he in d ic a to r  effec t can be d e m o n s tra te d  
by  th e  v a r ia tio n  of th e  d issoc iation  c o n s ta n t o f th e  d y e  ad so rb a te  w ith  in c re a s in g  
excess o f  se lf-ions an d  by  th e  fo rm atio n  of n itro n ic  acid  on positively  ch arg ed  p re 
c ip ita te  on a lk a liz in g  th e  so lu tion .

P heny l-azo-oc-naph thy l-am ine , or a -n a p h th y l  red  is a su itab le  a d so rp tio n  
in d ic a to r  in th e  t i t r a t io n  of b rom ide, iodide an d  th io c y a n a te  ions [1]. T h e  
o -ethy l- [2] a n d  p -e th o x y  [3] d e riv a tiv es  o f th e  c o m p o u n d  have been p re p a re d , 
an d  th e ir  ap p lic a tio n  as ad so rp tio n  in d ica to rs  re p o r te d  earlier. F u r th e rm o re , 
also n itro  g roup  w as in tro d u c e d  in to  th e  p h en y l-azo -a -n ap h th y l-am in e  m o lecu le . 
N itro an ilin e  isom ers w ere d iazo tized  an d  coup led  w ith  a -n a p h th y l-a m in e -  
hyd ro ch lo rid e . T h e  sy n th es is  can  be described  b v  th e  follow ing reaction  e q u a 
tio n , for p -n itro a n ilin e :

Experim ental

O ur in v e s tig a tio n s  disclosed th a t  ou t o f th e  n itro -p h e n y l-a z o -a -n a p h th y l 
am ines, th e  meta  co m p o u n d  is an  in d ic a to r  base  w ith  a p H  in te rv a l o f 3 -4 .5 ,  
the ortho co m p o u n d  is an  am p h o te ric  in d ica to r , in  w hich  th e  acidic c h a ra c te r  
is w eak , th e  p H  in te rv a ls  are  betw een  3.8 an d  5.5, a n d  betw een  8.4 an d  9 .6 -
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W ith  th e  para  com p o u n d  th e  in d ic a to r-a c id  a n d  ind ica to r-b ase  ch a ra c te ris tic s  
a re  e q u a lly  stro n g , th e  la t te r  being  o b se rv a b le  only in  alcoholic m ed iu m , its  
p H  in te rv a l  is b e tw een  3.5 and 5.5. T h e  c o lo u r o f th e  in d ic a to r  b a se s  is red  in 
a c id  a n d  yellow  in  a lka line  m edium .

O f th e  m en tio n ed  com pounds p -n itro -o c-n ap h th y l red  p ro v ed  to b e  th e  b est 
as a n  a rg en to m e tric  in d ic a to r . F u r th e r  e x p e rim e n ts  were p e rfo rm ed  w ith  th is  
in d ic a tio n . In  T ab le  I  th e  resu lts  o f a rg e n to m e tr ic  t i tra tio n s  a re  g iv en . V olum es 
o f  co n su m ed  s ta n d a rd  so lu tion  a re  th e  m e a n  values of th re e  m easu rem en ts . 
T h e  re su lts  o f t i t r a t io n s  carried  o u t in  th e  presence of in d ic a to r  w ere com 
p a re d  to  th e  re su lts  o f p o ten tio m e tric  t i t r a t io n s .  The la t te r  w ere m ad e  w ith  
a T itr i-p H -m e te r  (R ad e lk isz , B u d a p e s t) , w ith  silver an d  s a tu ra te d  calom el 
e le c tro d e s . To ch a rac te rize  th e  accu racy  o f  m easu rem en ts th e  s ta n d a rd  d ev ia 
t io n s  in  th e  t i t r a t io n  o f 10 m l p o rtio n s  o f  so lu tion  w ere d e te rm in e d . In  th e  
t i t r a t i o n  o f cyan ide  w ith  0.1 M  silver n i t r a te  th e  s ta n d a rd  d e v ia tio n  w as found  
to  b e  ^ 0 .0 4 4  m l, o f cy an id e  w ith  0.01 M  silver n itra te , ^ 0 .0 5 2  m l, in  th e  
t i t r a t i o n  o f b rom ide an d  iodide w ith  0.1 M  s ta n d a rd  so lu tion , ^ 0 .0 4 0  m l. The 
m e a su re m e n ts  w ere m ad e  in a lkaline m e d iu m , to  50 ml so lu tio n  1 — 2 d rops of 
1 M  sod ium  h y d ro x id e  w ere ad d ed  (p H  =  9 .0 —10.5). In  ac id  m ed iu m , in  
c o n tr a s t  to  th e  fo rm er de riv a tiv es  [1, 2 , 3 ], no  colour ch an g e  w as observed . 
0 .1 %  so lu tio n  of th e  in d ic a to r  in  a lcohol w as used in  each case. W ith  0.01 M  
s ilv e r  n ira te  so lu tion  only  cyan ide  a n d  io d id e  ions could b e  t i t r a te d .  W ith  
t i t r a t i o n  o f an ions, a f te r  reach ing  co lo u r change , th e  o rig inal co lo u r can  be 
re s u m e d  b y  ad d in g  sm all excess o f an io n s .

Investigation of the mechanism of indication

U sing  p-n itro -oc-naph thy l red  as m o d e l substance , th e  m ech an ism  o f azo 
d y e s , c o n ta in in g  b o th  n itro  and  am ino  g ro u p s  as a b so rp tio n  in d ic a to rs  was 
in v e s tig a te d . F o r th is  pu rpose  th e  fo llow ing  m easu rem en ts w ere  m a d e : a) th e  
v a r ia t io n  o f th e  d issoc ia tion  c o n s ta n t o f  th e  dye  adso rba te  w as m easu red  w ith  
in c re a s in g  c o n cen tra tio n  o f excess se lf io n ; b ) th e  a c id -b a se  c h a ra c te r  of th e  
in d ic a to r  was in v e s tig a te d  on d iffe ren t p re c ip ita te s . P ro to n  re lea s in g  o r u p ta k e , 
a s  in d ic a te d  b y  p H  changes, could n o t be  observed  during  t i t r a t io n .

1. M easurem ent o f  the varia tion  o f  the dissociation constant

M easurem en ts w ere carried  o u t s im ila rly  to  tho se  d esc rib ed  in  our 
e a r l ie r  p ap ers  [2, 3]. T he resu lts  a re  g iv en  in  T ab le  I I .  As show n b y  th e  d a ta , 
d y e  ad so rb a te s  are  am p h o te ric  in d ic a to rs , excep t silver b ro m id e . T h e  change 
o f  th e  d issociation  c o n s ta n t of th e  in d ic a to r  base caused b y  excess se lf ions is 
v e r y  sm all, th e re fo re  th e  in d ica to r  c a n n o t b e  used  in th e  t i t r a t io n  o f  an ions in 
w e a k ly  acid  m ed ium . T he change o f  th e  d issocia tion  c o n s ta n t o f  th e  in d ic a to r
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Table I

Titra tion  o f  anions w ith silver nitrate in the presence o f  
p-nitro-oi-naphthyl red as indicator

Io n
A g N 0 3

s ta n d a rd
solu tion

In d ic a to r
M edium Colour change

C onsum ed A g N 0 3, m l D ev ia tio n

m l (p o te n tio m e tric  ind ica to r)
m l %

Cyanide 0.1 M l — from violet-red to 
blue

4.90 4.92 +  0.02 0.4

Cyanide 0.01 M 0.3 1 drop of 1 M  
NaOH; pH =  9

from violet to blue 9.78 9.85 +0.07 0.7

Bromide 0.1 M 0.4 2 drops of 1 M  
NaOH; pH =  10.5

from yellow to blue 10.01 10.03 +0.02 0.2

Iodide 0.01 M 0.3 2 drops of 1 M  
NaOII; pH =  10.5

from yellow to green 10.12 10.9 —0.03 0.3
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Table II

The dye-adsorbate as acid-base indicator 
A dsorbed  su b stan ce : 4-(4’-n itro p h e n y l-a z o )-l-n a p h th y l-a m in e  hydroch lo ride

A d so rb e n t
E xcess se lf ion ,

p H  in te rv a l
D issociation  c o n s ta n t

Colour changeequ iv .
Кг К ,

Silver cyanide 50% Ag +

10% Ag + 
Equiv. point

3.3—4.0 and 6.0— 6.5

4.0—4.5 and 7.0— 8.5 
4.5—5.5 and 8.0— 9.5

2.24 • 1 0 -4

5.62 • 1 0 -5 
1.00 • i o - 5

5.62 • IO“ 7

1.78 • 10“ 8
1.78 • 10"9

From red to violet-red and 
from violet to blue

10% CN- 4.5—5.5 and 10.5—11.5 1.00 • 10“ 5 1.00 • i o - 11 difficult
50% CN- 4.5—5.5 and 11.5—13 1.00 • IO“ 5 5.62 • 10-13 to see

Silver iodide 50% Ag +

10% Ag + 
Equiv. point

2.8—3.2 and 6.5— 7.5

3.0—3.5 and 7.0— 8.0 
3.2—3.6 and 8.0— 9.0

1.00 • IO“ 3

5.62 ■ 1 0 -4 
3.98 • 10 -4

1.00 • 10“ 7

3.16 • 10“ 8
3.16 • IO 9

From pale pink to orange and 
from orange to green

10% 1
50% Г

3.2—3.6 and 11 13.U 
above 14

3.98 • 1 0 -4 1.00 • 10“ 12 
below 10“ 14

difficult to observe in acid medium

Silver bromide 50% Ag +

10% Ag+_ 
Equiv. point 
10% Br- 
50% Br-

3.0—4.0 and 6.0— 7.5

6 —7.5 
6 —7.5
6.5— 8.0
6.5— 8.0

3.16 • i o - 4 1.78 ■ IO“ 7

1.78 • 10-7
1.78 • IO"7
1.78 • IO"8
1.78 • IO“ 8

From orange grey to grey and 
from grey to dark grey

From brownish violet to grey

From violet to brown

Silver chloride 50% Ag + 3.5—4.0 and 7.6— 8.0 1.78 • 10“ 4 1.59 ■ 10-8 From pale pink to orange
10% Ag + 3.0—3.6 and 7.5— 8.5 5.01 • 10 -4 1.00 • i o - 8 which turns to pale violet;
Equiv. point
10% c i-  
50% Cl

3.0— 4.0 and 8.5— 9.9
3.0— 4.0 and 10.8—11.5
3.0— 4.0 and 12.5—13.5

3.16 • 10“ 4
3.16 • i o - 4
3.16 • i o - 4

6.31 • IO” 40 
7.08 ■ IO“ 42 
1.00 • i o - 43

weak colour change

Silver thiocyanate 50% Ag + 3.8—4.3 and 7.1- 8.0 8.91 • 1 0 -5 2.82 • IO“ 8 From red to yellow and from
10°,,, Ag + 3.8—4.3 and 7.0— 8.2 8.91 ■ IO“ 5 2.51 • 1 0 '8 yellow' to grey
Equiv. point
io°;, csN - 
50% CSN-

3.8— 4.3 and 8.5— 9.5
3.8— 4.3
3.8— 4.3

8.91 • 10 -5
8.91 • 10“ 5
8.91 • 10 -5

1.00 • 1 0 -9 From red to violet then to blue 
no colour change 

From red to violet then to blue 
no colour change
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as in d ic a to r  acid is re m ark ab le , especially  on ad d in g  an ion  in excess, th e re 
fore th e  in d ic a to r  can  be used  in  th e  t i t r a t io n  o f  an ions in a lk a lin e  m ed ium . 
G rea te s t changes were o b se rv ed , an d  b est re su lts  o b ta in ed  w ith  c y a n id e  and  
iodide ions. T he change o f th e  d issocia tion  c o n s ta n t is su ffic ien tly  g re a t  in  th e  
case o f  s ilv e r chloride, b u t  th e  co lour change is w eak , an d  so it  is in  th e  e n d 
p o in t o f th e  t i t ra t io n  of ch lo rid e  ions. W ith  s ilver b rom ide, th e  d y e  a d so rb a te  
is a w eak  in d ic a to r  acid, show ing  on ly  a sm all change on th e  ad d itio n  o f  excess 
se lf ions, accord ing ly  th e  co lou r change in th e  en d -p o in t o f t i t r a t io n s  is only 
sm all. In  th e  case of silver th io c y a n a te  th e re  occurs no a c id -b a se  in d ic a tio n  in 
th e  p resen ce  o f excess se lf ion , co n seq u en tly  th e  in d ica to r  show s n o  co lour 
change a t  th e  end -p o in t o f  th e  t i t r a t io n  of th io c y a n a te  ions, even w ith  0.1 M  sil
v e r  n i t r a te  s ta n d a rd  so lu tion .

2. Colour change o f  the indicator on various precipitates

In  T ab le  I I I  th e  colour changes of p -n itro -a -n a p h th y l red  on v a r io u s  silver 
p re c ip ita te s  are  p resen ted , d ep en d in g  on th e  charge  o f p re c ip ita te  a n d  p H  of 
th e  m ed iu m . T he n eg a tiv e ly  ch a rg ed  p re c ip ita te s  show ed no a c id -b a s e  in d i
c a to r  p ro p e rtie s . W ith  u n c h a rg e d  p re c ip ita te s , th e  dye ad so rb ed  on silver 
th io c y a n a te  an d  silver cyan id e  is a good a c id -b a se  in d ica to r, i.e. th e re  is a g rea t 
d ifference betw een  th e  n e u tra l  a n d  a lkaline co lours, while on silver h a lid e s  th e  
co lour d ifference  is only  sm all. A ccord ingly , n itro n ic  acid in d ic a tio n  does no t 
occur on s ilver halide p re c ip ita te s  on add ing  se lf ion excess, on ly  on  a lk a liz in g . 
In  th e  case o f positive ly  c h a rg ed  p re c ip ita te s  rem ark ab le  d ifference be tw een  
n e u tra l  a n d  a lkaline colour can  on ly  be observed  fo r silver cyan ide . T h e  g re a te s t 
d ifference can  be observed  be tw een  th e  n e u tra l  an d  alkaline co lo u rs  o f  th e  
in d ic a to r  ab so rb ed  on p o sitiv e ly  charged  p re c ip ita te s , w hich is m ost fa v o u ra b le  
from  th e  p o in t o f view  o f th e  sh a rp n ess  of tr a n s it io n  a t th e  e n d -p o in t o f  t i t r a 
tions.

D iscussion

All ad so rp tio n  in d ica to rs  w ith  acid base  p ro p ertie s  are azo d y es w hich  
are  p o s itiv e ly  charged  in  ac id , a n d  u n ch arg ed  in  a lkaline m ed ium . T h e y  w ork 
as a d so rp tio n  ind ica to rs  as follow s: in th e  p resence  o f ca tion  excess th e  ad so rb ed  
dye re leases p ro to n  an d  show s its  n e u tra l or a lk a lin e  colour, in th e  p re sen ce  of 
an ion  excess i t  tak es  up p ro to n  an d  show s its  acid  colour [4].

In  th e  case o f p -n itro -oc-naph thy l red  also a c id -b a se  in d ic a tio n  is in 
q u estio n . T h e  difference from  th e  fo rm er is th a t  th is  is an  in d ic a to r  acid , 
t i tra tio n s  h av e  to  be m ade in a lk a lin e  m ed iu m , an d  colour change ta k e s  place
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Table III

Colourchange o f  p-nitro-oc-naphthyl red on silver precipitates

A d so rb en t

P o sitiv e ly  ch a rg ed  p rec ip ita te U n ch arg ed  p rec ip ita te N eg a tiv e ly  ch a rg ed  p rec ip ita te

ac id n e u tra l a lk a lin e acid n e u tra l a lka line acid n e u tra l a lka line

m edium m edium m ed iu m

AgCl grey violet-grey Ag20  preci
pitated

violet-red violet-grey grey pale violet light grey grey

AgBr greyish
white

greyish
white

Ag,0 preci
pitated

pink yellow greenish
grey

grey grey grey

Agl greyish
white

yellow greenish
yellow

flesh-pink yellow greenish
yellow

dark
yellow

yellow light
yellow

AgSCN brownish
red

orange-
brown

grey red violet-red violet-blue violet-red violet-red violet

AgCN violet-red orange blue red orange violet-blue pink orange-grey grey
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w ith o u t u p ta k e  or release o f  p ro to n . A lth o u g h  n itro n ic  acids h a v e  n o t  y e t 
been  used  as adso rp tio n  in d ic a to rs , a rg e n to m e tric  t i tra tio n s  h av e  a lre a d y  been 
m ad e  in  w eak ly  alkaline m ed iu m . T itra tio n s  w ere carried  o u t in  th e  p resence  
o f reso rc ino l-qu ino line  as in d ic a to r , in aqueous am m onia  [5]. E a r l ie r  also 
am m o n iu m  ca rb o n a te  was u sed  in  th e  d e te rm in a tio n  o f ch lo ride  a n d  iodide 
ions in  th e  p resence of eosine as  in d ic a to r  [6 ]. D ilu te  sod ium  h y d ro x id e  was 
u sed  in  th e  case o f R o d am in  6 G an d  p h en o sa fran in e  [7], a n d  also p h th a le in -  
com plexone a n d  xy lenol o ran g e  can  be used  in  d ilu te , aqueous am m o n ia  or 
sod ium  h y d ro x id e  [8 ]. In  th e se  cases th e  ap p lica tio n  o f a lk a lin e  m ed iu m  is a 
possib le  w ay  o f perfo rm ing  th e  t i t r a t io n , b u t n o t th e  on ly  w ay . T h e  m en tio n ed  
in d ic a to rs  a re  o f qu ite  d iffe ren t s tru c tu re  an d  th e  m echan ism  o f th e ir  o p e ra tio n  
is also d iffe ren t, th e y  w ork on th e  basis o f  surface p re c ip ita te  fo rm a tio n  or 
re d o x  reac tio n . T hese co m p o u n d s c a n n o t help  us to  u n d e rs ta n d  th e  O peration 
o f  p -n itro -a -n a p h tliy l red  as a d so rp tio n  in d ica to r.

The m echanism  o f ind ica tion  can  be g iven as follows: p -n itro -a -n a p h th y l 
red  is an  in d ic a to r  base in aq u eo u s  m ed ium :

In  aq u eo u s m ed ium  no in d ic a to r  ac id  is fo rm ed . In  alcohol th e  d y e  is red , 
tu rn in g  to  v io le t-red  on ac id ify in g . N itron ic  acid  is form ed also in  n e u tra l  
so lu tio n , w hich causes red  co lo u r, b u t  th e  process is p ro m o ted  b y  a d d in g  
a lka li so lu tions:

T he dye ad so rb ed  on u n ch a rg ed  or positiv e ly  charged  silver cy an id e  p re c ip ita te  
show s a c id -b a se  p roperties. T h is  a c id -b a se  in d ic a to r  is am p h o te ric , a n d  tu rn s  
to  red  from  v io le t on ac id ify ing  an d  to  b lue from  vio let on a lk a liz in g :
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AgCN

In  a rg c n to m e tric  t i t r a t io n s  v io le t-b lue  co lou r occurs a t silver ion excess an d  
v io le t-red  a t cyan ide  ion excess. T h e  effect o f  s ilver ions is th e  sam e as th a t  
o f a lk a li, a n d  th a t  o f cy an id e  ions as th a t  o f ac id , th e  shades being , how ever, 
d iffe ren t, n o t pure red  an d  b lue colours b u t  th e  v io let shades are  o b ta in e d . 
On a d d in g  silver an d  cy an id e  ions, th e  sam e s tru c tu ra l  change ta k e s  p lace  as 
on a lk a liz in g  or ac id ify ing . S ilver ion can  p ro d u ce  a sa lt w ith  n itro n ic  acid . 
On ad d in g  10 — 20%  excess of silver ions, th e  s ilver sa lt o f th e  dye decom poses, 
th e  v io le t-b lu e  co lour tu rn s  to  grey ish  v io le t, w hich  tu rn s  to  b row n  on  longer 
s ta n d in g , p ro b ab ly  due  to  o x id a tio n . T h e  above  m echanism  is su p p o r te d  b y  
th e  e x p e rim e n ta l ev idence  th a t  w hen  s ilver ions are t i t r a te d  w ith  p o ta ss iu m  
cy an id e  in  th e  p resence o f  p -n itro -a -n a p h th y l red  as in d ica to r, no v io le t-b lu e  
co lour can  be o b ta in ed . T h e  colour tu rn s  to  lig h t v io let from  d a rk  v io le t, th e  
change b e in g  p e rcep tib le  ab o u t 5 %  a f te r  th e  equ ivalence  p o in t. T h e  v io le t- 
b lue  co lou r is caused  b y  th e  fo rm atio n  o f  a p o sitiv e ly  charged  s ilv e r sa lt o f 
n itro n ic  acid  w hich c a n n o t be form ed here  on p ositive ly  charged  p re c ip ita te  
in th e  presence  of excess silver ions, th e re fo re  no  b lue colour ap p ears .

I f  th e  so lu tion  is a lka lized  w ith  sod ium  hydro x id e , n o t o n ly  cy an id e , 
b u t  also h alide  ions can  be t i t r a te d  w ith  s ilver n i tr a te  s ta n d a rd  so lu tio n  in 
th e  p resence  o f p -n itro -a -n a p h th y l red  as in d ic a to r . In  th e  t i t r a t io n  o f  iodide 
ions th e  in d ic a to r  show s no colour change u n til  th e  equ ivalence p o in t is reach ed . 
H ere , on ad d in g  silver ions in excess, th e  in d ic a to r  tu rn s  to  green from  yellow . 
T h is process does n o t ta k e  p lace in  th e  absence  o f  a lkali. T he degree o f  a lk a liz in g
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d ep e n d s  on th e  d issocia tion  c o n s ta n t o f th e  d y e  ad so rb a te . Too h igh  a lka li 
c o n c e n tra tio n  is d isad v an tag eo u s , since a n o t d is tin c t colour change ta k e s  p lace  
b efo re  th e  equ ivalence  p o in t. T he green co lour fo rm ed  in  th e  presence o f  excess 
s ilv e r ions tu rn s  to  yellow  again  on ad d in g  iod ide  in  excess. T he m ech an ism  o f 
in d ic a tio n  here  can  be ex p la in ed  as follow s: in  th e  p resence  of an ions in  excess, 
th e  d isso c ia tio n  c o n s ta n t o f  th e  dye a d so rb a te  is sm all, so n itro n ic  acid  c a n n o t 
be fo rm e d  even in  a lkaline  m ed iu m , th e  dye show s its  acid colour. In  th e  p re 
sence o f  s ilver ions in  excess th e  d issociation  c o n s ta n t increases an d  in  a lk a lin e  
m e d iu m  n itro n ic  ac id  is fo rm ed .

T h is  m echan ism  in  th e  a lkaline  m ed iu m  is ev idenced  b y  th e  fo llow ing  
fa c ts :  a) R e m ark ab le  decrease of th e  d issocia tion  c o n s ta n t on ad d in g  th e  an ion  
in  excess; th is  decrease is g re a te r  th a n  fo u n d  fo r a n y  o th e r basic dye  k n o w n  so 
fa r. b) T h e  dye a d so rb a te  is an  a c id -b a se  in d ic a to r  on u ncharged  or p o s itiv e ly  
c h a rg e d  p re c ip ita te s , th e  a lka line  colour b e ing  th e  sam e as th a t  p ro d u ced  b y  
excess s ilv e r ions d u rin g  a rg e n to m e tric  t i t r a t io n s .

The position  o f  the nitro group in  the indicator molecule. In d ic a to rs  w ere 
p re p a re d  from  th re e  isom eric n itro -an ilin es  b y  d iazo tiz ing  an d  coup ling  w ith  
a -n a p h th y l  am ine. T he position  o f th e  n itro  g roup  p ro v ed  to  be im p o r ta n t  from  
th e  p o in t  o f view  o f in d ic a to r  p ro p ertie s . O n ly  th e  p -n itro  com p o u n d  can  be 
u sed  fo r d e te rm in in g  cy an id e  ions, iodide an d  c y an id e  ions can  be t i t r a te d  b y  
m ean s o f  th e  m -n itro  com pound  on ly  in  th e  p resen ce  of alkali an d  th e  co lou r 
c h an g e  is n o t sh a rp , w hile th e  o -n itro  d e r iv a tiv e  c a n n o t be used  a t all as an  
in d ic a to r .
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MECHANISM OF ADSORPTION INDICATION, II
AMPHOTERIC ADSORPTION INDICATORS
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The acid-base and adsorption indicator properties of the phenylazo-a-naphthyl- 
amine molecule substituted with groups having -|- M  and — M  effect were investigated. 
I t was found th a t the properties of the substance are determined by the nature of the 
group situated in the para position to the azo-nitrogen. An amphoteric adsorption 
indicator was prepared by diazotizing 4-nitro-2-anisidine and coupling the diazotized 
product with a-naphthylamine. In the presence of amphoteric adsorption indicators 
an ion can be titrated  both in acid and in alkaline medium, when different colour 
changes can be observed. The indicators operate according to the acid—base principle, 
which can be demonstrated by measuring the pH change during the titra tion  in acid 
medium and by determining the change of the dissociation constant in acid and alkaline 
medium on adding self ion in excess.

B y  in tro d u c in g  e th o x y  g roup  w hich has -|- M  effect in to  p h en y lazo -a - 
n a p h th y la m in e  a s tro n g  in d ic a to r  base [1], a n d  b y  in tro d u c in g  n itro  group 
w hich  has — M  effect, an  in d ic a to r  acid was o b ta in e d  [2], w hich p ro v e d  to  be 
good adso rp tio n  in d ic a to rs .l t  was also exam in ed , how  th e  a c id -b a s e  c h a ra c te r  
a n d  ad so rp tio n  in d ic a to r  p ro p e rtie s  o f th e  c o m p o u n d  change w h en  tw o  sub 
s t i tu e n ts  w ith  -\-M  an d  — M  effect, resp ec tiv e ly  are  in tro d u ced . N itro an is id in es  
w ere d iazo tized  an d  coup led  w ith  a -n a p h th y la m in e . T he folloxving azo com 
p o u n d s w ere o b ta in ed :

NO

n o 2

/О С Н з

■у ^  N =  N A  V  N11

OCII

2

Experimental

The first and second compounds are indicator bases with pH intervals of 2.2—3.6 and
2.5—3.8, respectively, while the third compound is an amphoteric indicator, although showing 
no colour change in solution. The acid colour of the first and second compounds is red, the 
alkaline colour orange or yellow. The indicators were used in argentometric titrations. All three
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1 2 6 LÉGRÁDI: MECHANISM OF ADSORPTION INDICATION, II

in d ic a to r s  were applied as 0 .1 — 0 .2 %  so lu tion  in alcohol, in  tw o  w ays: in  w eak ly  acid  m edium  
as in d ic a to r  base, and in w e a k ly  a lk a lin e  m edium , as in d ic a to r  acid. T h e  p -m eth o x y -o -n itro  
d e r iv a t iv e  could only be u sed  in  a c id  m edium  as in d ic a to r  b ase , while th e  m -n itro -o -m eth o x y  
d e r iv a t iv e  b o th  in acid a n d  a lk a l in e  m edium , th e  co lou r ch an g e  in  a lk a lin e  m ed iu m  being, 
h o w e v e r , weak. The p -n itro -o -m e th o x y  com pound show s sh a rp  co lour change  b o th  in  acid 
a n d  a lk a lin e  m edium  in th e  t i t r a t i o n  o f brom ide and  io d id e  ions. T he re su lts  o f t i t r a tio n s  are 
g iv e n  in  T ab le  I. The v o lu m es o f  co n su m ed  t i t r a n t  are th e  m e a n  v a lu es o f th ree  m easu rem en ts . 
T h e  v o lu m e  of t i tra te d  so lu tio n  w a s  50 m l. The re su lts  w ere  com p ared  w ith  those  o b ta in e d  by  
th e  p o ten tio m e tric  m eth o d . P o te n tio m e tr ie  t itra tio n s  w ere m ad e  w ith  a T itr i-p H -m e te r  (R adel- 
k is z , B u d a p es t) , w ith  silv er a n d  sa tu ra te d  calom el e lec tro d es. W ith  0.01 M  silver n itra te  
so lu t io n  on ly  iodide ions cou ld  b e  t i t r a te d .  T h io cy an a te  ions cou ld  n o t be t i t r a te d  w ith  e ith e r 
o f  th e  th re e  indicators s tu d ie d . I n  th e  t itra tio n  of an io n s , a f te r  th e  co lour change h as  tak en  
p la c e , th e  original colour can  b e  re su m ed  by add ing  an io n s  in  a sm all excess. S ilver n itra te  
c o u ld  o n ly  be titra te d  w ith  0.1 M  p o tass iu m  iodide so lu tio n  in  acid  m ed ium ; w ith  th e  o-m eth- 
o x y -m -n itro  com pound th e  c o lo u r  changes from  yellow  to  red , w ith  th e  o -n itro -p -m eth o x y  
d e r iv a t iv e  from  brow n to  b lu e , w h ile  w ith  the p -n itro -o -m e th o x y  co m pound  th e  colour change 
is w e a k . W ith  the  co m p o u n d s a s  in d ic a to r  acids t i t r a t io n s  h av e  to  be  carried  o u t a t  p H  =  
10— 11. T h e  s tan d ard  d e v ia tio n  w a s  + 0 .0 6  ml in th e  t i t r a t io n  o f iodide ions in n e u tra l  so lu tion , 
a n d  + 0 .0 5  ml in the t i t r a t io n  o f  c y a n id e  ions and also o f b ro m id e  an d  chloride  ions in a lka line  
s o lu t io n .

M echanism  of in d ica tio n

T h e  exam inations w ere  m a d e  w ith  p -n itro -o -m eth o x y p h e n y la zo -a -n a p h th y lam in e , th e  
in d ic a to r  being app licab le  b o th  in  acid  and alkaline m ed iu m . In  o rd er to  d e m o n s tra te  th e  
o p e ra t io n  on the  basis o f a c id —b a se  princip le  th e  v a r ia tio n  of th e  p H  d u rin g  a rg en to m e tric  
t i t r a t i o n s  was m easured , a n d  th e  change  of the  d isso c ia tio n  c o n s ta n t o f th e  dye  ad so rb a te  
w i th  in creas in g  self-ion excess d e te rm in e d  [3, 4+

1 . p H  ch a n g es  d u r in g  t i t r a t i o n

50 ml of w ater an d  0.3 m l o f  0 .2%  solution of p -n itro -o -m e th o x y p h e n y la zo -a -n a p h th y l-  
a m in e  w ere added to  10 m l o f  0.01 M  solution of th e  an io n  an d  th e  so lu tion  t i t r a te d  w ith  
0 .01 M  silver n itra te  s ta n d a rd  so lu tio n . The pH  change  w as m easu red  du rin g  t i t r a t io n ,  and 
a lso  in  th e  titra tio n  of silv er io n s w ith  anions. D uring  th e  t i t r a t io n  of iodide an d  b ro m id e  ions 
0 .1 — 0.15 pH  decrease w as o b se rv e d  in  the  equivalence p o in t,  w ith  th io c y a n a te  an d  chloride 
io n s  o n ly  a slight change, w h ile  in  th e  t itra tio n  of silver io n s w ith  ions a 0 .2— 0.3 p H  increase. 
T h is  is in  accordance w ith  th e  r e s u l ts  o f  titra tio n s , n a m e ly  th a t  on ly  iodide an d  b ro m id e  ions 
c a n  b e  t i t r a te d  in n e u tra l m ed iu m . So p -n itro -o -m e th o x y p h e n y la zo -a -n a p h th y la in in e  fu n c tio n s 
o n  a c id —base principle in n e u tr a l  a n d  w eakly  acid m ed iu m . I f  th e  t i t r a tio n s  w ere pe rfo rm ed  in 
a lk a l in e  m edium  a t p H  == 10, n o  p H  change could be o b se rv ed  in  th e  equ iva lence  p o in t.

2 . D e te r m in a t io n  o f  th e  c h a n g e  o f  the d is s o c ia t io n  c o n s ta n t  o f  th e  d y e  a d so rb a te

T h e  m easurem ents w ere  m a d e  sim ilarly  to  th o se  d esc rib ed  in an  earlie r p a p e r [1]. The 
r e s u l ts  a re  given in T ab le  I I .  A ccord ing  to th e  d a ta ,  th e  p -n itro -o -m eth o x y p h en y lazo -a - 
n a p h th y la m in e  in d ica to r a d s o rb a te  h as an am p ho teric  c h a ra c te r . T he dye adso rb ed  on silver 
c y a n id e  exh ib its a change o f th e  d issoc ia tion  co n s tan t o n ly  in a lk a lin e  so lu tion , co n seq u en tly , 
c y a n id e  ions can be t i t r a te d  in  n e u tra l  or alkaline m ed iu m . T h e  d issoc ia tion  c o n s ta n t o f th e  
d y e  ad so rb ed  on silver io d id e  c h an g e s  b o th  in acid a n d  a lk a lin e  m edium . In  th e  p resence of 
e x ce ss  an ion  the  change is n o t  p e rce p tib le  owing to  th e  f a s t  decom position . In  th e  t it ra tio n  
o f  io d id e  ions the  in d ic a to r can  b e  u sed  bo th  in acid a n d  a lk a lin e  so lu tion . On u n ch arg ed  silver 
io d id e  p rec ip ita te  th e  in d ic a to r  sh o w s colour change o n ly  b e tw ee n  pH  12 and  13, th e  com pound 
c o n ta in in g  no m ethoxy  g ro u p  b e tw e e n  pH  9 and 10. A lth o u g h  i t  decreases to  p H  =  8— 9 on 
a d d in g  silver ions in 10%  ex cess, th is  m eans th a t  th e  t i t r a t io n  shou ld  be  p e rfo rm ed  a t  h igher 
p H  in  th e  presence of th e  p -n itro -o -m e th o x y  d e riv a tiv e  th a n  in th e  p resence of th e  n itro  
c o m p o u n d  containing no m e th o x y  g ro u p . W ith  silver b ro m id e  th e  colour change c an n o t be p e r
c e iv e d  since the  p re c ip ita te  tu r n s  brow n. W ith  silv er ch lo rid e  th e  d issoc ia tion  c o n s ta n t 
c h a n g e s  b o th  in acid a n d  a lk a lin e  so lu tio n  w ith  in creas in g  se lf ion excess, in a lka line  m edium  
re m a rk a b ly ,  in acid on ly  s lig h tly . C onsequently , th e  co lo u r change is sh a rp  in th e  titra tio n  
o f  ch lo rid e  ions in a lk a line , a n d  o n ly  w eak in acid m ed ium .
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Table I

T i t r a t i o n  o f  anions in t h e  p r e s e n c e  o f  
4 - ( 4 ' - n i t r o - 2 - m e t h o x y p h e n y l a z o ) - l - n a p h t h y l a m i n e  a s  i n d i c a t o r

Ion
A g N 0 3

s ta n d a rd
so lu tion

In d ic a to r ,
M edium Colour change

C onsum ed A g N 0 3 
m l

D ev ia tio n

m l
(p o n ten tio -

m etric )
( ind i
ca to r) m l 0//0

Iodide 0.1 M 0.7 ml, 0.2% — from violet to orange 5.04 5.01 —0.03 0.6
Iodide 0.01 M 0.4 ml, 0.2% — from violet to orange 10.14 10.13 —0.01 0.1
Iodide 0.1 M 0.7 ml, 0.2% 2 drops of 2 M  

NaOH; pH =  10.8
from yellow to green 4.30 4.33 +0.03 0.7

Iodide 0.01 M 0.5 ml, 0.2% 2 drops of 2 M  
NaOH

from yellow to green 8.84 8.88 +  0.04 0.5

Cyanide 0.1 M 0.7 ml, 0.2% — from violet to blue 4.56 4.57 +0.01 0.2
Bromide 0.1 M 0.7 ml, 0.2% — from violet to orange 5.00 5.01 +0.01 0.2
Bromide 0.1 M 0.7 ml, 0.2% 2 drops of 2 M  

NaOH
from yellow to greyish 

blue
5.00 5.03 +  0.03 0.6

Chloride 0.1 M 0.7 ml, 0.2% 2 drops of 2 M  
NaOH

from violet-orange to 
bluish grey

5.02 5.04 +  0.02 0.4
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Table II

The dye adsorbate as acid-base indicator 

A dsorbed  su b s tan ce  4-(4’-n itro -2 ’m e th o x y p h e n y la zo )-l-n ap h th y lam in e

8

A d so rb en t
E xcess self- 
ion equ iv . p H  in te rv a l

D issociation  c o n s ta n t
C olour change

A, к г

Silver
cyanide

50%  Ag +

10%  Ag + 
E qu iv . p o in t 
10%  C N - 
50%  C N -

3.5— 4.5 and Ag20  preci
p ita tio n

3.0— 4.1 and 7.3—  8.6
3.0—  4.0 and 7.8— 9.1
3.0— 4.0 and  10.5— 11.5

13.0— 14.0

1.00 • 1 0 - 1

2.82 • 10“ 4
3.16 • 10“ 4
3.16 • i o - 4

1.12 • IO- 8 
3.55 • 10~9 
1.00 ■ 1 0 "11 
3.16 • IO“ 14

D ifficult to see owing to  th e  fa st 
brow ning of th e  p rec ip ita te

F rom  red  to v io le t, th en  from  
v io le t to  blue

Silver 50%  Ag + im percep tib le  7.6—  8.4 _ 1.00 ■ i o - 8 In  th e  presence of excess silver
iodide 10%  Ag + 2.0— 2.5 and  8.0— 9.0 5.62 • IO“ 3 3.16 • 1 0 - 9 ions th e  p rec ip ita te  brow ns

quickly
E qu iv . po in t 3.0— 4.0 and 12.0— 13.0 3.16 • i o - 4 3.16 • 1 0 " 13 F rom  yellow ish brow n to  yellow
io %  I - n o t perceptib le — — and  th en  from  yellow  to  green

Silver b rom ide The colour change caused h y  acid and alkali is h a rd ly  perceptib le

Silver
chloride

50%  Ag + 
10% Ag + 
E qu iv . p o in t
10% c i -  
50%  C l-

2.5— 3.5 and 7.5— 8.5 
3.2— 4.0 and  8.1— 9.0
3.5—  4.5 and  9 — 10.2
4.0—  5.0 and  10 — 11.2
4.0—  5.5 an d  13.1— 14

1.00 ■ IO“ 3 
2.51 • 1 0 - 4
1.00 • IO" 4 
3.16 • i o - 5 
1.78 • IO" 5

1.00 • 1 0 "8 
2.82 • IO" 9
2.51 ■ 1 0 - 10
2.51 ■ 1 0 - 11 
3.55 • 1 0 - 14

F rom  v io le t to  orange-brow n and 
th en  from  orange-brow n to 
v iolet-grey

Silver 50%  Ag + 7.5— 8.5 1.00 • IO“ 8 From  red  to  orange grey
th io cy an ate 10%  Ag + 7.5— 8.5 1.00 • IO“ 8 (There is only one colour change)

E quiv . p o in t 7.5— 8.5 1.00 • 10“ 8
10%  C SN - no change
50%  C SN - no change
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A ccord ing  to  our ea rlie r in v e s tig a tio n s  [2] th e  acid —b ase  in d ica tio n  on p o s itiv e ly  charged 
p re c ip ita te s  is im p o rta n t if  th e  ad so rb ed  in d ica to r can  fo rm  n itro n ic  acid . O n s ilv e r cyan ide 
a n d  silver iodide there  is a  g re a t d ifferen ce  be tw een  th e  n e u tra l  a n d  a lk a lin e  colours. A ccord ing ly , 
sh a rp  co lour change is obse rv ed  in  th e  t i t r a tio n  of cy an id e  a n d  iod ide ions in  a lk a lin e  m edium . 
W ith  b ro m id e  an d  chloride  ions th e re  is on ly  a s lig h t d ifferen ce  be tw een  th e  n e u tra l  and  
a lk a lin e  colours, so th e re  is o n ly  a w eak  colour change d u rin g  th e  t it ra tio n .

D iscussion

W h en  anions are t i t r a t e d  in  th e  presence o f p -n itro -o -m e th o x y p h en y lazo - 
oc-naphthylam ine as a d so rp tio n  in d ica to r in n e u tra l  or w eak ly  ac id  m ed ium , 
th e  co lour tu rn s  from  v io le t to  orange. T he in d ic a to r  w orks on a c id -b a s e  
p rin c ip le , u n d e r th e  co n d itio n  re p o rte d  by  P u n g o r  an d  S c h u l e k  [ 3 ] .

In  th e  presence o f  an  an ion  excess, before th e  equ ivalence  p o in t o f th e  
t i t r a t io n , th e  in d ica to r ta k e s  u p  p ro to n  and  show s its  acid colour, w hile  in th e  
equ iv a len ce  p o in t, w hen excess silver ion is ad d ed , it releases p ro to n  a n d  shows 
its  n e u tra l  colour:

/ О С И ,

0 2N — N H - N  =  /  ^ = N H ,

/

n >

уОСНз

0 ,N  N - N H - Z ' AS =  r* —- i i i i — \  у— N H ,\ = /  4 = /  2

bro w n ish  grey
ч  /

AgJ A g,

" j -

O C H ,

0 , N — ^  \ - N = N -

orange

N H , A gJ
Ag+

s  /

T h is m echan ism  was p ro v ed  b y  d em o n stra tin g  th e  p H  change d u rin g  t i t ra t io n  
an d  by  d e te rm in in g  th e  ch an g e  o f dissociation  c o n s ta n t in  acid m ed iu m .

In  th e  a rg en to m etric  t i t r a t io n  o f sodium  cy an id e  th e  m ech an ism  o f th e  
o p e ra tio n  o f  in d ica to r is th e  sam e as it  is in  th e  case o f p -n itro -a -n a p h th y l 
red  [2 ].

A ccord ing  to  th is  in te rp re ta t io n  n itro n ic  ac id  is fo rm ed  as i ts  s ilv e r salt 
on ad d in g  one drop of s ilv e r n i t r a te  so lu tion  in  excess.

T h is m echanism  w as p ro v e d , sim ilarly  to  o u r ea rlie r in v e s tig a tio n s  b y  th e  
follow ing fac ts : a) T he d isso c ia tio n  c o n s tan t o f th e  dye  a d so rb a te  changes 
re m a rk a b ly  w ith  increasing  se lf ion  excess in a lk a lin e  m ed ium , b) O n p o sitiv e ly  
ch a rg ed  p rec ip ita te s  th e  d y e  a d so rb a te  w orks as an  a c id -b a s e  in d ic a to r  in 
n e u tra l  a n d  alkaline so lu tio n , c) T he blue silver sa lt o f n itro n ic  ac id  fo rm ed  on 
silver cy an id e  p re c ip ita te  decom poses in th e  presence  o f a g rea t ( 1 0 —2 0 % ) 
excess o f  silver ions.

+  H+
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vio le t

AgCN

CIS"
A il

"■ CN

AgCN

D urin g  th e  a rg e n to m e tr ic  ti tra tio n  o f h a lid e  ions th e  d y e  ad so rb a te  
fo rm s  n itro n ic  acid ow ing to  th e  presence o f a lk a li, t h a t  gives rise  to  co lou ra
t io n .  W hile at anion excess n itro n ic  acid is fo rm ed  on ly  in  s tro n g ly  alkaline 
s o lu tio n , a t cation excess, h o w ev e r, in w eak ly  a lk a lin e  so lu tio n  to o . T herefo re  
d u r in g  ti tra tio n  n itro n ic  a c id  is form ed on ly  in  th e  equ iva lence  p o in t, w hen  th e  
f i r s t  d ro p  of silver n i t r a te  so lu tio n  is added in  excess. T h is w ay  o f in d ic a tio n  w as 
d e m o n s tra te d  b y  d e te rm in in g  th e  change of th e  d issocia tion  c o n s ta n t o f th e  
d y e  a d so rb a te  in th e  p re se n c e  o f self ion excess.

ja -N itro -o -m e th o x y p h en y lazo -a -n ap h th y lam in e  as an  a d so rp tio n  in d i
c a to r ,  has am photeric  p ro p e r tie s . A m photeric  a d so rp tio n  in d ic a to rs  are  com 
p o u n d s  in  th e  presence o f  w h ic h  an  ion can be t i t r a t e d  b o th  in  acid  a n d  alkaline 
s o lu tio n , and  th e  co lour c h a n g e  o f w hich is d iffe re n t in  th e  tw o  m ed ia . In  acid 
so lu tio n  th e  in d ica to r b e h a v e s  as a base, an d  tu rn s  from  a d a rk e r  to  a lig h te r 
c o lo u r  on adding silver ion s in  excess, while in  a lk a lin e  so lu tion  from  a lig h te r 
c o lo u r  to  a d arker one. T h e  lig h te r  and  d a rk e r  co lours are  n o t th e  sam e in  th e  
tw o  d iffe ren t m edia, since  t h e y  are a ttr ib u te d  to  d iffe ren t s tru c tu re s . A m pho
te r ic  adso rp tio n  in d ic a to r  fu n c tio n s  on a c id -b a s e  p rin c ip le , th e  m echan ism  of 
t h e i r  opera tio n  can  be  p ro v e d  b y  d e te rm in in g  th e  p H  change d u rin g  th e
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t i t r a t io n  in  w eak ly  ac id  or n e u tra l so lu tio n , a n d  th e  change o f th e  d isso c ia tio n  
c o n s ta n t o f th e  d y e  a d so rb a te  in ac id  a n d  a lk a lin e  m edium  in th e  p resen ce  of 
self ions in  excess. T he ad v an tag e  o f  a m p h o te ric  adso rp tio n  in d ic a to rs  over 
o th e r  ty p e s  of a d so rp tio n  in d ica to r  is t h a t  th e y  can  be used in  a  w ide p H  
ran g e  (pH  3 11).
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SULPHUR DETERMINATION IN ORGANIC 
COMPOUNDS BY RADIOREAGENT METHOD

S . M l i n k ó  and  E .  D o b i s

( Central Research Institu te  fo r  C hem istry ,
H ungarian  A cadem y o f  Sciences, B u d a p est)

R eceived Ju n e  16, 1968

A p ro ced u re  and  an a p p a ra tu s  are  d escribed  fo r th e  rad iom etric  d e te rm in a tio n  
of th e  su lp h u r c o n te n t o f o rgan ic  com pounds. T he su lp h u r  c o n te n t of organic c o m p o u n d s 
is co n v erted  b y  d e s tru c tiv e  h y d ro g en atio n  to  h y d ro g e n  su lph ide and th e  h y d ro g e n  
su lph ide  c o n d u c ted  w ith  hydrogen  carrie r gas th ro u g h  a Cd14C 0 3 filling. F ro m  th e  
cad m iu m  c a rb o n a te  a n d  hydrogen su lph ide cad m iu m  su lph ide, w ater an d  c a rb o n  
d iox ide are  fo rm ed  a t  room  tem p e ra tu re  in th e  p resen ce  o f w a ter. T he a c tiv ity  o f c a rb o n  
d iox ide  fo rm ed  in th e  course o f th e  reac tio n  w as m ea su re d  according to  th e  carb o n -1 4  
an a ly ses w ith  m e th a n e  co u n tin g  gas in th e  p ro p o r tio n a l region. For th e  e la b o ra tio n  
o f th e  p ro ced u re  o x id e-h y d ra te -free  cadm ium  c a rb o n a te  was syn thesized . T h e  th e rm a l 
p ro p e rtie s  o f th e  ra d io a c tiv e  reag en t were s tu d ie d  in  a ir- an d  h y d ro g en -a tm o sp h ere . 
A ccord ing  to  th e  assum ed adso rp tiv e  ion ex ch an g e  an  ex p lan atio n  of th e  re a c tio n  
was g iven. T he co n d itions o f the  basic reac tio n  ta k in g  p lace  q u a n tita tiv e ly  w ere e x a m 
in ed  d u rin g  th e  fo rm a tio n  of th e  su lph ide  c o n te n t. T h e  re s tr ic te d  efficiency o f th e  c a d 
m iu m  c a rb o n a te  —  d eriv ed  from  th e  e x p erim en ta l d a ta  — w as accounted  fo r b y  th e  
fo rm a tio n  of th e  solid so lu tions o f cadm ium  c a rb o n a te  and  cadm ium  su lp h id e  a n d  
w ith  th e  re s tr ic te d  m ixed  c ry sta l fo rm ation .

T he p re se n t m e th o d  is based  on th e  g a s -s o lid  reac tio n  betw een C d1'lC 0 3 
an d  h y d ro g en  su lph ide . A p rocedure  has been d esc rib ed  for th e  d e te rm in a tio n  
of som e gases b y  rad io a c tiv e  reag en t [1 — 3]. H o w ev er, no rad iom etric  s u lp h u r  
d e te rm in a tio n  th ro u g h  S —► H.,S —► g a s -p h a s e -s o lid  reac tio n s is know n so fa r .

F o r  th e  ra d io m e tric  d e te rm in a tio n  o f th e  su lp h u r  co n ten t o f o rg an ic  
com pounds th e  T e r -M e u l e n  h y d ro g en a tio n  p rin c ip le  w as em ployed [4 —  5]. 
A ccord ing  to  th e  p ro ced u re , th e  organic co m p o u n d s a re  th e rm ally  d ecom posed  
in s tream in g  hydro g en  an d  th e  su lp h u r c o n ta in in g  py ro ly sis  p roduc ts a re  c o n 
v e rted  in to  h y d rogen  su lp h id e  using  a p la tin ized  q u a r tz  wool ca ta ly s t. H y d ro 
gen su lp h id e  is sw ep t w ith  hydrogen  ca rrie r gas in to  a reac to r filled  w ith  
C d14C 0 3, w here th e  fo llow ing reaction  proceeds:

Cd'^CO, +  H ,S  =  CdS +  11 ,0  +  HCO, (1)

W a te r  is fixed  w ith  calcium  chloride an d  th e  c a rb o n  d iox ide gas is fro zen  o u t 
in a cooling  t r a p  co n n ec ted  to  an a tm o sp h eric  c o u n tin g  tu b e . Gas a c t iv i ty  is 
m easu red  w ith  m e th a n e  co u n tin g  gas in  th e  p ro p o r tio n a l region as d e sc rib ed  
earlie r [6 ].
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(a )  A p p a ra tu s

H y d ro g e n  is fed  from  a p a ra ff in  oil f illed  pressure re g u la to r  a n d  th e  
gas flo w  ra te  is a d ju s te d  to  2 5 — 30 m l/m in u te . T he oxygen c o n te n t o f  h y d rogen  
is c o n v e r te d  in to  w a te r  in  th e  p u rif ic a tio n  tu b e  A  in th e  p resence  o f copper 
a n d  th e  w a te r  is ab so rb ed  in  abso rber B .  A  p la tin ized  q u a rtz  w ool c a ta ly s t  is

F ig . 1. A p p a ra tu s  fo r th e  rad io m etric  d e te rm in a tio n  of th e  su lphur c o n te n t o f o rg an ic  com 
p o u n d s . A  : p u rific a tio n  tu b e , В  an d  E :  ab so rp tio n  tu b e s  for th e  abso rp tio n  of w a te r , C: h y d ro 
g e n a tio n  tu b e ,  D :  re ac tio n  tu b e , F :  c a rb o n  d io x id e  t r a p ,  G: a tm o sp h erica l c o u n tin g  tu b e , 
H :  c a rb o n  d iox ide  a b so rp tio n  tu b e  w ith  a sc a rite  a n d  an h y d ro n e  filling , L :  q u a r tz  w eighing

vessel

p la c e d  in to  th e  h y d ro g e n a tin g  tu b e  C [7] a n d  th e  filling is h e a te d  to  1000°C. 
A  p o r t io n  o f th e  c a ta ly s t p ro tru d e s  fro m  th e  fu rnace. In  th is  sec tio n  o f th e  
tu b e  a co n tin u o u s  te m p e ra tu re  g ra d ie n t — ad v an tag eo u s for th e  fo rm a tio n  of 
h y d ro g e n  su lph ide  — is e s tab lished . H y d ro g e n  su lphide p a r t ly  decom poses a t 
1000°C , th e re fo re , th e  conversion shou ld  ta k e  place q u a n ti ta t iv e ly  in  th e  
re a c tio n  zone a fte r  th e  fu rn ace , th is  zone  b e in g  of low er te m p e ra tu re . The 
c a d m iu m  c a rb o n a te  is p laced  betw een  th e  q u a r tz  wool plugs in  th e  re a c to r  D  
c o n n e c te d  to  th e  h y d ro g e n a tin g  tu b e . T h e  w a te r  leaving th e  re a c tio n  vessel is 
re m o v e d  b y  calcium  ch lo ride  or p h o sp h o ru s  p en to x id e , th e  ca rb o n  d io x id e  gas 
is fro zen  ou t in  t r a p  F . T he  h y drogen  c a r r ie r  gas is leav ing  th e  t r a p  th ro u g h  
th e  a b so rp tio n  tu b e  H  filled  w ith  sod ium  asb es to s . A c tiv ity  m e a su re m e n ts  are 
p e rfo rm e d  b y  m eans o f  th e  a tm o sp h eric  c o u n tin g  tu b e  G [7 — 8 ]. A m e th a n e  
f illin g  a n d  p u rifica tio n  system  [6] is c o n n e c te d  to  th e  co u n tin g  tu b e  th ro u g h  
g ro u n d  jo in t  d.
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(b) A nalyses

T h e  a p p a ra tu s  is h e a te d  in a hyd rogen  flow . In  th e  course of th e  h e a tin g  
perio d  th e  hyd rogen  is allow ed to  pass th ro u g h  t r a p  F  and  co u n te r G. S am p les  
to  be an a ly zed  are  w eighed in to  a p la tin u m  b o a t o r in to  q uartz  vessel L  (show n 
in F ig . 1), an d  p laced  a t  5 — 6 cm  from  th e  fu rn a c e  in to  th e  h y d ro g e n a tin g  
tu b e . B efore th e  in tro d u c tio n  o f th e  sam ple, s to p co ck  S2 is te m p o ra r ily  tu rn e d  
o ff an d  t r a p  F  is im m ersed  in to  liqu id  a ir  o r  n itro g en . The p re ssu re  d ro p  
o ccu rrin g  up o n  cooling in  t r a p  F  h av in g  b een  eq u a lized  from  th e  d ire c tio n  of 
th e  h y d ro g e n a tin g  tu b e , stopcock  S2 is tu rn e d  on aga in , a fte r th e  in tro d u c tio n  
o f th e  sam ple.

W hen  using  q u a rtz  vessels th e  sam ples a re  ap p ro ach ed  w ith  a gas b u rn e r  
acco rd ing  to  th e  p rin c ip le  of th e  c o u n te r  c u rre n t pyrolysis — fro m  th e  

d irec tio n  o f th e  fu rn ace . T he pyro lysis o f th e  sam p le  is accom plished in  5 — 10 
m in u te s . W ith  a gas flow  ra te  o f 25— 30 m l/m in u te , 15 m inu tes a re  n e ed ed  
to  sw eep o u t th e  com bustion  p ro d u c ts . T hen  th e  stopcocks of th e  c o u n te r  are  
tu rn e d  o ff (Sx, S 2, S3), a v acu u m  ru b b e r tu b e  is co nnec ted  to  g ro u n d  jo in t  x  
o f th e  c o u n te r  an d  th e  effec tive  vo lum e is p u m p e d  o u t (5 —10 seconds). W ith  a 
m o m e n ta ry  tu rn  of sto p co ck  S2, th e  h y d ro g en  is also p a rtly  rem o v ed . W ith  
sto p co ck  S 2 open , th e  frozen  carbon  d iox ide  is allow ed to  e v a p o ra te  a n d  th e  
gas left over in  th e  t r a p  is q u a n tita tiv e ly  sw ep t o u t  w ith  purified  m e th a n e  in to  
th e  co u n tin g  tu b e  from  th e  d irec tio n  of g ro u n d  jo in t  d. The m ethod  fo r a c t iv i ty  
m easu rem en ts  has been  described  in  o u r ea rlie r  papers [6 — 8 ]. D u rin g  th e  
d eco n ta m in a tio n  o f th e  c o u n tin g  tu b e  ab so rb e r Л  is connected  to  th e  c o u n tin g  
tu b e  a long  g round  jo in t x  a n d  th e  rad io a c tiv e  ca rb o n  dioxide gas is t r a p p e d  
in th e  ab so rb e r. T he d eco n tam in a tio n  o f th e  c o u n tin g  tu b e  is a u to m a tic a lly  
p erfo rm ed  by  th e  hyd ro g en  flow  d u rin g  th e  p y ro ly s is  of th e  n e x t sam p le .

(c) Synthesis o f Cd14CO;! a n d  its  properties

T h e  fo rm atio n  o f ca rb o n  dioxide ta k e s  p lace  accord ing  to  re a c tio n  (1) if  
th e  p re p a ra te  is hyd rox ide-free. O therw ise, a p a r t  o f th e  hyd rogen  su lp h id e  
re a c ts  w ith  th e  h y d ro x id e  c o n te n t o f th e  basic  cad m iu m  carb o n a te :

C.d(OH), +  H 2S — CdS +  H 20  (2)

T h is reac tio n  reduces th e  carb o n  dioxide y ie ld . N everth e less , it does n o t  ex c lu d e  
in itse lf  th e  a n a ly tic a l u tiliz a tio n  of th e  fu n d a m e n ta l reaction , as th e  c a rb o n  
d io x id e  loss caused b y  th e  s im u ltan eo u s re a c tio n  can be c o m p e n sa te d  b y  
in c reasin g  th e  specific a c tiv ity  o f cad m iu m  c a rb o n a te . In  th e  case o f  rad io - 
m e tric  p ro ced u res  th e  a c tiv ity  eq u iv a len t — t h a t  is, th e  ra d io s to ic h io m e tric  
fa c to r  — can  be a d ju s te d  to  a co rresp o n d in g  v a lu e . The a c tiv ity  e q u iv a le n t
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can  b e  d e te rm in ed  b y  iso to p e  analysis a n d  ch em ica l analysis o f th e  su b s ta n c e  
o r b y  conversion  m e a su re m e n ts  also in  th e  case  o f  basic cadm ium  c a rb o n a te . 
S u lp h id e  fo rm a tio n  fro m  cadm ium  c a rb o n a te  a n d  cadm ium  h y d ro x id e , in  th e  
p re sen ce  o f  w a te r, ta k e s  p lace  q u a n ti ta t iv e ly  a lre a d y  a t room  te m p e ra tu re . 
In  th e  re a c tio n  ra te s  no  s ign ifican t d ifference  can  be observed, ev en  in  th e  
case o f  considerab le  excess o f  w ater.

T h e  u n fa v o u ra b le  p ro p e r ty  of th e  o x id e  h y d ra te  co n ten t is e n c o u n te re d , 
th e n  th e  carb o n  d io x id e  gas, fo rm ed d u rin g  th e  re a c tio n , is sw ept o u t fro m  th e  
re a c tio n  tu b e . A c tu a lly  th e  carbon  dioxide le a v in g  w ith  th e  h y d ro g en  is b o u n d  
b y  th e  h y d ro x id e  c o n te n t o f th e  reag en t as lo n g  as th e  la tte r  is n o t  s a tu ra te d  
w ith  c a rb o n  d iox ide:

C d (O H )2 +  14C 0 , -»• C du C 0 3 +  H ,0  (3)

T h e  su b se q u e n t d ry  s a tu ra t io n  of th e  basic  p re c ip ita te  w ith  carbon  d io x id e  gas 
o f th e  sam e  m olar a c t iv i ty  is ra th e r  co m p lica ted , as in  th e  case o f  p re -d r ie d  an d  
p a r t ia l ly  d e h y d ra te d  p re c ip ita te s  th e  r a te  o f  c a rb o n  dioxide u p ta k e  decreases .

C onsidering  th e  ab o v e  po in ts , i t  can  b e  e s ta b lish e d  th a t ,  for th e  u tiliz a tio n  
o f  th e  re a c tio n , h y d ro x id e -free  cadm ium  c a rb o n a te  is necessary , th e  fo rm a tio n  
o f w h ic h  is d e te rm in ed  b y  th e  cond itions o f  p re c ip ita tio n . A ccord ing  to  l i te ra 
tu r e  d a ta ,  th e  aq u eo u s p re p a ra tio n  o f ch e m ic a lly  p u re  cadm ium  c a rb o n a te  is 
r a th e r  d ifficu lt [9 —13]. A ll m odifica tions o f  c a d m iu m  carbona te  c o n ta in  w a te r  
w h ich  is d ifficu lt to  e lim in a te . The chem ical s t ru c tu re  of th e  p re c ip ita te  g re a tly  
d e p e n d s  on th e  cad m iu m - a n d  c a rb o n a te -io n  excess, respective ly , em p lo y ed  
fo r th e  p re c ip ita tio n . F ro m  th e  c o n tra d ic to ry  e x p e rim e n ta l d a ta  th e  conclusion  
can  b e  d raw n  th a t  th e  com position  o f th e  c a rb o n a te  p rec ip ita te  sen s itiv e ly  
d e p e n d s  on th e  p H -v a lu e  o f th e  m edium .

R ep ro d u c in g  th e  ex p e rim en ta l d a ta  o f  fo rm e r au tho rs we fo u n d  th a t  a 
p ra c tic a l ly  n e u tra l  a n d  ox ide  h y d ra te  free  p ro d u c t  can  be o b ta in e d  if  d ilu te  
so lu tio n s  a re  used  a n d  a cad m iu m  a c e ta te  so lu tio n  is added dropw ise in  n e a rly  
tw o fo ld  excess in to  bo ilin g  sodium  c a rb o n a te  o r  sodium  hydrogen  c a rb o n a te  
so lu tio n . A fte r h o t w a te r  d e c a n ta tio n  a n d  w a sh in g , th e  p re c ip ita te  is n e u tra l , 
a n d  acco rd in g  to  a n a ly tic a l resu lts , in  th e  fre sh ly  p rec ip ita ted  su b s ta n c e  
c a rb o n a te  ion excess is p re sen t. T ak in g  in to  co n sid e ra tio n  th e  c o n d itio n s  o f  
p re c ip ita tio n  th e  fo llow ing  m icella fo rm ula  c a n  b e  given for th e  s tru c tu re  o f  th e  
a d so rp tio n  lay e r:

n(Cdco3) c o ^ : cd2+

D u rin g  th e  se p a ra tio n  o f  th e  p rec ip ita te s  th e  fo rm a tio n  of th e  a d so rp tio n  lay e r 
is g o v e rn e d  b y  th e  P a n e th  — F a jan s  ru le . B ecau se  of th e  so lub ility  p ro p e rtie s  
o f  th e  cad m iu m  c a rb o n a te , a sign ifican t a m o u n t of ca rbona te  ion  excess is 
p re s e n t in  th e  so lu tio n , th e re fo re  in th e  p re se n c e  of b ivalen t c a rb o n a te  ions 
th e  a c e ta te  ions a re  d isp laced  from  th e  d o u b le  ad so rp tio n  layer.
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D uring  th e  se p a ra tio n  o f th e  p rec ip ita te s  th e  occlusion  o f a considerab le  
a m o u n t of w a te r  can  be o b se rv ed , caused b y  th e  h y d ro p h ilic  ch a ra c te r  o f th e  
su rface . I f  th e  p re c ip ita te s  a re  d ried  fo r th e  a d ju s tm e n t o f c o n s ta n t w a te r  
c o n te n t d u rin g  tw o  h o u rs  a t  120°C, th e n  w ith  th e  s ta n d a rd iz a tio n  of th e  co n 
d itio n s  of p re c ip ita tio n  w e o b ta in  n ea rly  rep ro d u c ib le  p re c ip ita te  com positions 
(T ab le  I). F rom  th e  p o in t o f  v iew  o f th e  p ro ced u re  i t  is o f  im p o rtan ce  th a t  th e

T a b ic  I

Chemical com position o f  the C d C 0 3 precip ita tes

P re c ip ita tin g
so lu tio n *CdC O s% 11,0 % CdO % co.% CdO : CO.

N a 2C 0 3 97.92 1.68 72.99 24.38 1.0052

N a 2C 0 3 98.02 1.85 73.07 24.94 1.0040

N a 2C 0 3 99.15 1.03 73.82 25.24 1.0024

N a 2C 0 3 96.80 2.90 72.10 24.56 1.0057

N a H C 0 3 97.42 2.31 72.58 24.55 1.0130

N a H C 0 3 98.74 1.42 73.35 24.89 0.9473

N a ,1CO|s 98.60 1.38 72.53 24.87 0.9992

* M easured  v o lu m e tr ic  alley

m ole ra tio  o f cad m iu m  o x id e -c a rb o n  dioxide is 1 : 1  in  all p rec ip ita te s  in 
sp ite  o f th e  d iffe ren t w a te r  c o n te n t. E x te n d in g  th e  d ry in g  period  b y  tw o  h o u rs  
each , th e  p re -d ried  p re c ip ita te  y ields 0.4 p e r cen t a d d itio n a l w a te r d u rin g  th e  
second d ry in g  period , a n d  o n ly  0.2 p er cen t a d d itio n a l w a te r  d u rin g  th e  th ird  
p erio d . In  th e  p re c ip ita te  d ried  fo r 6 hours a fu r th e r  w a te r  co n ten t o f 1 p e r  
cen t can  be d e te c te d  w h ich  can  be to ta lly  e lim in a ted  o n ly  d u ring  th e  th e rm a l 
decom position  o f  th e  su b s ta n c e . V ariab le  am o u n ts  o f  w a te r  m ay  occupy la tt ic e  
p o in ts  fixed  w ith in  th e  c ry s ta ls , in  th e  form  o f solid so lu tio n , depend ing  on th e  
c ry s ta l re g u la rity , t h a t  is, in  increasing  ra te  w ith  in c reas in g  re g u la rity . T h e  
s tru c tu ra l w a te r  is f irm ly  b o u n d  a n d  can be d isp laced  w ith  m ore d ifficu lty  th a n  
th e  w a te r  adso rbed  a t  th e  su rface  ta k in g  p a r t  in  th e  fo rm a tio n  of re la tiv e ly  
lab ile  h y d ra te s . A ccord ing  to  B a l a re w  [14], th is  -water h y d ra te s  th e  self ions 
ad so rb ed  w ith in  th e  c ry s ta ls .

A ccording to  o u r o b se rv a tio n s  th e  presence  o f  w a te r  is th e  p re lim in a ry  
cond itio n  for th e  re a c tio n , th e re fo re  we do n o t a im  a t its  fu r th e r  e lim in a tio n . 
T h e  en tire ly  d e h y d ra te d  cad m iu m  ca rb o n a te  does n o t re a c t w ith  h y d rogen  
su lp h id e  a t  room  te m p e ra tu re . F o r exam ple, if  th e  cad m iu m  c a rb o n a te  is 
app lied  to  th e  su rface  o f  hygroscopic  su b stan ces  (m agnesium  p e rch lo ra te , 
ca lcium  chloride, p h o sp h o ru s  p en to x id e), th e  h y d ro g en  su lp h id e  flows th ro u g h  
th e  reaction  vessel an d  can  he q u a n tita tiv e ly  t i t r a te d  io d o m etrica lly .
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S im ila rly , no reac tio n  w as o b se rv ed  be tw een  am m o n iu m  su lp h id e , am m o
n iu m  h y d ro g en  su lp h id e  an d  cad m iu m  c a rb o n a te . T his o b se rv a tio n  is o f im p o r
ta n c e , as in  th e  py ro lysis  a n d  in  th e  d e s tru c tiv e  h y d ro g e n a tio n  o f  organic 
c o m p o u n d s  w ith  n itro g en  c o n te n t, am m o n ia  can be fo rm ed  w h ich  has to  be 
e lim in a te d . This can  be a t ta in e d  b y  in c rea s in g  th e  te m p e ra tu re  o f  th e  p la tin u m  
c a ta ly s t .  A t 1000°C th e  c a ta ly tic  deco m p o sitio n  of am m o n ia  is co m p le te , even 
in  case  o f  hyd rogen  excess. A t th e  sam e  tim e , a t  1000°C, in  case o f  hyd rogen

F ig .  2 . Thermoanalytical curves of cadmium carbonate in nitrogen flow

excess, th e  equ ilib rium  of th e  w a te r -g a s  re a c tio n  is p ra c tic a lly  d isp laced  in  th e  
d ire c tio n  o f th e  carbon  m onox ide  fo rm a tio n :

CO, +  H 2 — CO +  H ,0  (4)

th e re fo re , th e  carbon  d iox ide  a p p e a rin g  am o n g  th e  py ro lysis  p ro d u c ts  can n o t 
e n te r  in to  an  exchange re a c tio n . T h e  e s tab lish m en t of th e  eq u ilib riu m  is 
a c c e le ra te d  by  th e  p la tin u m  c a ta ly s t.

T h e  th e rm a l p ro p e rtie s  o f n e u tra l  cadm ium  c a rb o n a te  can  be  derived  
fro m  th e  th e rm o a n a ly tic a l cu rves (F ig . 2). O n th e  D TA  a n d  D T G  cu rves o f th e  
p rc -d r ie d  cadm ium  c a rb o n a te  a d o u b le  en d o th e rm ic  p eak  can  be observ ed . The 
p lace  o f  th e  en d o th e rm a l m ax im a  falls a p p ro x im a te ly  in to  th e  reg ion  o f th e  
d isso c ia tio n  te m p e ra tu re  o f  cad m iu m  c a rb o n a te  (3 5 7 °C ;p co 2 =  760 to rr) . The 
re ta rd a t io n  o f d issociation  can  be  re la te d  to  an  in d u c tio n  p e rio d  s tu d ie d  in 
d e ta ils  in  th e  l i te ra tu re  [15]. T he do u b le  m ax im u m  found  on th e  D T A  an d  D TG
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cu rves in d ica te s  th e  in te rm e d ia ry  s tru c tu ra l  ch an g e  of th e  p re c ip ita te , to  th e  
fo rm in g  o f so lid  so lu tion  o f cad m iu m  oxide a n d  cadm ium  c a rb o n a te . F o r  th e  
th e rm a l p re tre a tm e n t of th e  p re c ip ita te s  an d  e lim ina tion  of th e  a d so rp tiv e ly  
h o u n d  ca rb o n  d iox ide th e  in itia l d ecom position  te m p e ra tu re  o f th e  cad m iu m  
c a rb o n a te  has to  be know n w hich  c a n n o t be re a d  from  th e rm o a n a ly tic a l cu rves. 
T h e  chem ical an d  s tru c tu ra l changes o f  th e  basic  cadm ium  c a rb o n a te  w ere 
s tu d ie d  b y  S c h r ö d e r  [13] an d  m ore prec ise ly  w ith  th e  em an a tio n  m e th o d  of 
H a h n  [16]. A ccord ing  to  th e  cu rv e  show ing  th e  w eigh t loss, S c h r ö d e r  fo u n d  a 
sm all ca rb o n  d iox ide loss a t 300°C. A t 350°C th e  carbon  dioxide loss in c rea sed  
to  2 p e r  c e n t, an d  a t 400°C th e  c a rb o n a te  w as p rac tica lly  co m p le te ly  deco m 
posed . Ce n t n e r s z w e r  an d  A n d r u s o w  [17] h e a te d  th e  cadm ium  c a rb o n a te  a t 
265°C in a ca rb o n  dioxide-free a ir  flow  for sev era l days and  n o ticed  o n ly  a v e ry  
s lig h t d issoc ia tion . In  th e  ex p e rim en ts  o f  R o se  [10], th e  cadm ium  c a rb o n a te , 
a f te r  h a v in g  been  h ea ted  for severa l hours a t  300°C, lost only  a sm all fra c tio n  
o f  its  w a te r  a n d  carbon  d iox ide  c o n te n t;  a t  th e  sam e tim e , one p a r t  o f th e  
ca rb o n  d iox ide  rem ained  fix ed  even  w hen h e a te d  con tinuously  in  a p la tin u m  
cru c ib le . A ccord ing  to  our ex p e rim en ts  th e  b asic  cadm ium  c a rb o n a te  p ro v ed  
to  be th e rm o s ta b le  up  to  120°C in h y d ro g en  flow , th e  n eu tra l c a rb o n a te , h o w ev 
er, s lig h tly  decom posed  above 50°C. T he a m o u n t o f carbon d ioxide fo rm ed  in 
th e  deco m p o sitio n  was follow ed b y  a c tiv ity  m easu rem en t and  p lo tte d  a g a in s t 
th e  gas vo lum e passing  th ro u g h  th e  re a c to r  (see T able I I ) . T ak in g  in to  con-

ТаЫ е II

Decomposition o f  C du CO., at 130°C in  hydrogen stream

Sweeping time, 
min

Volume of passed gas, 
ml

Activity found, 
cpm

15 450 558
30 900 1249
30 900 1309
45 1350 1920
60 1800 2426
60 1800 2636

Background: 220 cpm 
Gas velocity: 30 ml/min

s id era tio rt th e  th e rm a l decom position  o f th e  su b stan ce , resu lts n o t n e c e s s i ta t
in g  b la n k  te s ts  can  be o b ta in e d  on ly  in case i f  th e  te m p e ra tu re  in  th e  re a c to r  
is k e p t a t 50°C o r low er d u rin g  th e  ana lyses.

T h e  reac tio n  of hyd ro g en  su lp h id e  w ith  cadm ium  c a rb o n a te  m a y  he 
consid ered  as an  ad so rp tiv e  ion exchange . As a f irs t  s tep  th e  h y d ro g en  su lp h id e  
is ad so rb ed  on th e  surface o f th e  cad m iu m  c a rb o n a te , th e re a f te r  th e  a d so rp tio n
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is fo llow ed by  th e  e le c tro ly tic  dissociation  o f  th e  hyd ro g en  su lphide. O n th e  
su rface  cadm ium  su lp h id e  is form ed by  ion  e x ch an g e , th a t  is, th e  fo llow ing 
eq u ilib riu m  tak es  p lace :

C d C 0 3 +  S2~ ^  CdS +  CO3-  (5)

T h e  c a rb o n a te  ions o f  th e  surface are d isp laced  b y  su lphide ions, as in  th e  
a d so rp tio n  lay e r th e  d isso c ia tio n  equ ilib rium  sh if ts  in  fav o u r of th e  u n d isso 
c ia te d  m olecules. A cco rd in g ly , th e  reac tio n  c a n n o t ta k e  place w ith o u t th e  
p resen ce  o f w a te r, t h a t  is, th e  e lec tro ly tic  d isso c ia tio n  of th e  hyd rogen  su lp h id e  
a n d  C d C 0 3 as well. T h e  less soluble is th e  p ro d u c t  fo rm ed  in  com parison  w ith  
th e  o rig in a l p re c ip ita te , th e  m ore com plete  is th e  a d so rp tiv e  ion exchange . T h e  
fo rm a tio n  of cad m iu m  su lp h id e  is p ra c tic a lly  q u a n t i ta t iv e ,  as th e  ra t io  o f  th e  
so lu b ility  p ro d u c ts  o f  th e  cadm ium  c a rb o n a te  a n d  cadm ium  su lp h id e  is :
LcdC03 /L Cds =  0.7 • 1015.

F ro m  th e  p o in t o f  v iew  of th e  re a c tio n  n o t  all th e  surface s ite s  can  be  
co n sid ered  as eq u a lly  a c tiv e . C adm ium  c a rb o n a te  co n ta in s  w a te r in  a ce rta in  
su rface  co n cen tra tio n . A ccord ing  to  th e  a n a ly tic a l  re su lts  it  can be assu m ed  
t h a t  th e  ac tive  fra c tio n  is v e ry  sm all, co m p a re d  to  th e  en tire  su rface . T h e re 
fo re , th e  im p ac t o f a h y d ro g e n  su lphide m o lecu le  from  th e  gas p h ase  e x a c tly  
in to  an  ac tive  site  is ra re . I t  is m uch m ore p ro b a b le  t h a t  th e  adsorbed  h y d ro g en  
su lp h id e , as a tw o -d im en sio n  gas, m ig ra tes free ly  on th e  surface u n ti l ,  b y  i ts  
d iffu sion  in  th e  a d so rp tio n  la y e r, i t  reaches th e  re a c tio n  cen tres.

T h e  reac tio n  b e tw e e n  hydrogen  su lp h id e  a n d  cadm ium  c a rb o n a te  can  be  
u tiliz e d  for a n a ly tic a l p u rp o ses  only  up  to  th e  fo rm a tio n  o f a ce rta in  su lp h id e  
c o n te n t. T he a m o u n t o f  ca rb o n  dioxide to  be  p ro d u c e d  o p tim ally  from  cad m iu m  
c a rb o n a te  w ith  h y d ro g e n  su lph ide  was d e te rm in e d  in  a series of e x p e rim e n ts , 
ta k in g  in to  co n sid e ra tio n  th e  conditions o f q u a n t i ta t iv e  conversion. O u r e x p e ri
m e n ta l  re su lts  are su m m a riz e d  in  Tables I I I  a n d  IV . T he ra te  of su lp h u r u p ta k e , 
re la te d  to  th e  su lp h id e  c o n te n t, is given in  m g  values. In  th e  e x p e rim e n ts  
su lp h an ilic  acid, o r a l te rn a te ly  su lphur a n d  su lp h an ilic  acid were p y ro ly zed . 
I n  o rd e r to  check th e  c o m p le tio n  of th e  re a c tio n  th e  carb o n  dioxide fo rm ed  w as 
m e a su re d  g rav im e trica lly . T h e  fo rm ation  o f  c a rb o n  dioxide can be co n sid e red  
as q u a n ti ta t iv e  d e p en d in g  on th e  cond itions o f  th e  syn th esis  of th e  re a g e n t an d  
espec ia lly  on its  w a te r  c o n te n t up to  20 — 25 m g  su lp h u r u p tak e . T h e  su lp h u r  
c a p a c ity  o f th e  re a g e n t (42 — 44 mg) can be d o u b le d  if  i t  is deposited  from  an  
alcoholic  suspension  in  a th in  lay er on a g lass f r i t  ca rrie r (Table IV , series o f  
e x p e rim e n ts  Y). A fte r  th e  u p ta k e  of 43 m g o f su lp h u r th e  c a p a c ity  o f  th e  
p re c ip ita te  can  be im p ro v e d  tem p o ra rily  b y  in c rea s in g  th e  sw eeping tim e  or 
th e  flow  ra te  of th e  c a rr ie r  gas. H ow ever, th is  a d d itio n a l su lphur u p ta k e  is n o t 
s ig n if ican t.

D a ta  o b ta in ed  u n d e r  d ifferen t e x p e rim e n ta l cond itions of th e  p y ro ly s is  
o f  o rg an ic  com pounds, a re  com piled  in T ab le  I I I .  I t  can  be seen th a t  th e  o p tim a l
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Table III

Series
of

experi
ments

Weight of 
sulphanilic 

acid, 
mg

Total
sulphur,

mg

co2 mg
Yield

CO,, %

Reaction 
temperature, °C Gas

velocity,
ml/minfound calculated SiO,—Pt Cd“COs

I 7.230 1.338 1.725 1.837 93.90 1000 30 10

4.215 2.118 0.910 1.071 84.97 1000 30 10
7.038 3.421 1.700 1.788 95.08 1000 30 10

4.037 4.168 0.980 1.026 95.52 1000 30 10

6.800 5.427 1.413 1.728 81.77 1000 30 10

6.442 6.619 1.400 1.637 85.52 1000 30 10

4.247 7.405 1.028 1.079 95.27 1000 30 10

5.985 8.513 1.300 1.521 85.47 1000 30 10
5.102 9.457 1.292 1.296 99.69 1000 30 20

5.353 10.448 1.394 1.360 102.50 1000 50 20

4.900 11.355 1.234 1.245 99.11 1000 50 20
4.462 12.181 1.114 1.134 98.24 1000 50 20
4.844 13.078 1.224 1.231 99.43 950 50 20

3.369 13.702 0.840 0.856 98.13 950 50 20

4.540 14.542 1.155 1.154 100.09 950 50 20

4.200 15.319 1.081 1.067 101.31 900 50 20

4.123 16.082 1.040 1.048 99.24 900 50 20

4.577 16.929 1.128 1.163 96.99 850 50 20

4.232 17.712 1.125 1.075 104.65 1000 50 25
4.923 18.623 1.274 1.251 101.84 1000 50 25

5.305 19.605 1.379 1.348 102.30 1000 30 30

5.522 20.627 1.405 1.403 100.14 1000 30 30

4.005 21.368 1.162 1.018 114.14 1050 50 30
5.760 22.434 1.500 1.464 102.46 1050 50 30

re a c tio n  conditions are  1000°C an d  30 m l/m in u te  hydrogen  flo w  ra te . To 
decrease  th e  ad so rp tio n  o f ca rb o n  dioxide a n d  hydro g en  su lph ide on th e  reag en t 
su rface  con ta in in g  su lp h id e , th e  te m p e ra tu re  o f th e  cadm ium  c a rb o n a te  is 
su ita b ly  a d ju s ted  to  50°C. T he decrease o f  th e  su lph ide  an d  c a rb o n  d iox ide 
fo rm a tio n  du ring  th e  p rogress o f th e  reac tio n  has tw o reasons:

1) W ith  th e  increase  o f  th e  su lph ide  c o n te n t th e  cad m iu m  su lp h id e  can 
ta k e  up  th e  hydrogen  su lp h id e  in  th e  form  o f a su rface com pound  a n d  o f  h y d ro 
gen su lph ide  as well a n d  releases i t  on ly  a t  a v e ry  low ra te . T h e  h y drogen  
su lp h id e  u p ta k e  of th e  cad m iu m  su lph ide  w as exam ined  in a s e p a ra te  series 
o f  ex p erim en ts . O ne p a r t  o f th e  hyd rogen  su lp h id e  o rig ina ting  fro m  th e  firs t 
sam ple  o f  su lphan ilic  acid  w as b o u n d  irrev e rs ib ly  by  th e  fresh  c a d m iu m  sul-
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Table TV

W e i g h t o f
Total

sulphur,
mg

C02, mg
Yield

co2, %
series

of
experiments

sulphanilic
acid,
mg

sulphur,
mg found calculated

I 5.053 5.053

4.165 5.824 1.084 1.058 102.45

5.795 6.897 1.515 1.473 102.85

5.819 12.716

4.950 13.633 1.292 1.258 102.70

5.265 14.608 1.372 1.338 102.54

5.118 19.726

4.014 20.469 1.050 1.020 102.94

8.550 22.051 2.233 2.173 102.76

6.223 28.274

3.226 28.871 0.748 0.820 91.22

6.004 29.982 1.200 1.525 78.68

и 5.992 5.992

5.811 7.068 1.520 1.477 102.91

3.974 7.803 1.037 1.009 102.77

5.786 13.589

4.255 14.376 1.113 1.081 102.96

4.076 15.130 1.066 1.036 102.90

5.166 20.296

4.778 21.180 1.163 1.214 95.79

4.334 21.982 1.131 1.101 102.72

4.948 22.898 0.830 1.257 66.03

6.293 24.063 1.442 1.599 90.18

h i 5.628 1.068 1.628 1.430 113.84

4.753 1.947 1.243 1.208 102.90

4.278 2.379 1.121 1.087 103.13

3.865 3.454 1.011 0.982 102.95

4.578 8.032

5.096 8.975 1.333 1.295 102.93

3.344 9.594 0.870 0.849 102.47

5.418 10.596 1.055 1.377 76.62

10.632 21.228

4.450 22.051 1.167 1.131 103.18

3.365 22.673 0.881 0.855 103.04

Acta Chim. Acad. Sei. Hung. 61, 1969



MLINKÓ, DOBIS: SULPHUR DETERMINATION 143

(C o n tin u a tio n  o f T ab le  IV)

Series
of

experiments

W c i g h t o f
Total

sulphur,
mg

C02, mg
Yield

с о . ,%sulphanilic
acid,
mg

sulphur,
mg found calculated

h i 6.276 28.949
3.709 29.635 0.971 0.942 103.08
5.471 30.647 0.477 1.390 34.31
5.456 31.637 1.018 1.386 73.45

IV 12.511 12.511
21.825 34.336
18.890 53.225

2.790 53.741 0.585 0.709 82.51
4.398 54.555 0.805 1.117 72.06

V 4.273 0.791 0.791 1.110 1.086 102.20
3.648 0.675 1.466 0.830 0.927 89.54
2.251 0.417 1.883 0.537 0.572 93.88

16.526 3.060 4.943 4.162 4.199 99.12
10.865 2.012 6.955 2.565 2.761 92.90
12.273 2.272 9.227 2.954 3.118 94.74
30.035 5.561 14.788 7.570 7.633 99.17
28.098 5.203 19.991 7.100 7.140 99.44
32.446 6.008 25.999 8.042 8.245 97.54
22.223 4.115 30.114 5.630 5.647 99.70
17.083 3.163 33.277 4.308 4.341 99.24
19.062 3.530 36.807 4.845 4.844 100.02
24.049 4.453 41.260 5.987 6.106 98.05
14.070 2.605 43.865 3.665 3.580 102.37
28.766 5.326 49.191 6.205 7.310 84.88
24.358 4.510 53.701 5.710 6.190 92.25
30.125 5.578 59.279 6.540 7.656 85.42
29.170 5.401 64.680 7.615 7.412 102.74
22.380 4.144 68.824 5.707 5.687 100.35
26.686 4.941 73.765 6.845 6.782 100.93
27.105 5.019 78.784 7.007 6.888 101.73

6.105 84.889 8.000 8.380 95.47
5.328 90.217 6.570 7.313 89.84
5.712 95.929 7.145 7.839 91.14
5.870 101.799 7.330 8.056 90.99

R eac tio n  p a ra m e te rs ; Ipj =  1000°C; tcdCO, =  2 5 — 50°C. H ydro g en  flow  ra te :  
2 5 —30 m l/m in . Sw eeping tim e : 30 m inutes
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p h id e . A fte r  sa tu ra tio n  o f th e  filling  th e  h y d ro g en  su lph ide o b ta in e d  from  th e  
se c o n d  sam ple w as reg a in ed  q u a n ti ta t iv e ly  a t  80 — 100°C, b y  an  in creased  
re a c t io n  tim e  an d  gas flow  ra te . I n  th e  so rp tio n  process a s tro n g ly  a c tiv a te d  
s o rp t io n  o f hydrogen  su lp h id e  can  also ta k e  p lace, in  ad d itio n  to  i ts  rap id  
p h y s ic a l  an d  reversib le  a d so rp tio n  on c a d m iu m  su lphide. T h e  d eso rp tio n  of 
h y d ro g e n  sulphide can  be c a rr ie d  o u t o n ly  i f  th e  surface reg ions su ita b le  for 
t h e  b in d in g  of hyd ro g en  su lp h id e  in  a s ta b le  fo rm  are s a tu ra te d , t h a t  is, if  th e  
r a t e  o f  fo rm atio n  of th e  su rface  co m p o u n d s is low  a t  th e  e x p e rim e n ta l te m p e ra 
tu r e  d u rin g  th e  tim e  o f a g iven  e x p e rim e n t. T he ra p id  a d so rp tio n  can  be 
c o n s id e re d  as th e  in te rm e d ia ry  s tep  o f th e  hyd ro g en  su lph ide  fo rm a tio n . The 
h y d ro g e n  sulphide fo rm ed  d u rin g  th e  d ecom position  of th e  cad m iu m  hydro g en  
s u lp h id e  can  be p a r t ly  ch em iso rb ed  to  th e  su lph ide  phase . To ach ieve  th e  
c o m p le te  decom position  o f th e se  fo rm a tio n s  a n d  to  release th e  h y d ro g en  su l
p h id e , m u c h  higher te m p e ra tu re s  shou ld  b e  em ployed  th a n  th e  d issocia tion  
te m p e r a tu r e  of th e  c a d m iu m  h y d ro g en  su lp h id e . T he su rface  co m p o u n d s of 
m e ta l  su lph ides fo rm ed  w ith  h y d ro g en  su lp h id e  are m ore s ta b le  th a n  th e  
c o rre sp o n d in g  hydro g en  su lp h id e , th e re fo re  th e y  can n o t be co n sid ered  as th e  
in te rm e d ia ry  step  o f th e  h y d ro g en  su lp h id e  fo rm atio n . T he a c tiv a te d  so rp tio n  
c a n  b e  in te rp re te d  as th e  side reac tio n  o f th e  hyd ro g en  su lp h id e  decom position .

T h e  crysta lling  s t ru c tu re  o f cad m iu m  c a rb o n a te  is d iffe ren t fro m  th a t  of 
c a d m iu m  sulphide, th e re fo re , th e  fo rm a tio n  o f th e  solid so lu tions o f  th e  tw o 
s u b s ta n c e s  in a b ro ad e r c o n c e n tra tio n  in te rv a l  — in th e  absence o f  iso m o rp h y  — 
is u n lik e ly . I t  is conceivab le  t h a t  in itia lly  a so lid  so lu tion  o f cad m iu m  c a rb o n a te  
a n d  cad m iu m  su lph ide  is fo rm ed ; th e n , a t  a g iven  c o n cen tra tio n  ra t io , a tw o 
p h a s e  reg ion  begins to  fo rm , as th e  c a d m iu m  ca rb o n a te  becom es s a tu ra te d  
w ith  re sp e c t to  th e  su lp h id e . As long  as th e  c o n c e n tra tio n  o f cad m iu m  su lp h id e  in 
c a d m iu m  ca rb o n a te  is low  a n d  th e  c a rb o n a te  con ta in s th e  su lp h id e  in  a hom o
g e n e o u s  disperse d is tr ib u tio n , th e  re a c tio n  w ill ta k e  p lace, as th e  d is tu rb in g  
f a c to r  o f  th e  ch em iso rp tion  c a n n o t be  o p e ra tiv e . T he loosely b o u n d  h y d ro g en  
s u lp h id e  can m ove free ly  on  th e  su rface  u n t i l  i t  reaches th e  re a c tio n  p o in ts . 
L a te r ,  w ith  th e  increase o f th e  su lph ide  c o n te n t, th e  cadm ium  su lp h id e  sep ara tes  
f ro m  th e  m ixed c ry s ta l a n d  a re c ry s ta lliz a tio n  process occurs as a consequence  
o f  t h e  B row nian  m o v em en t o f  th e  c ry s ta l cen tres . T he c ry s ta llin e  s tru c tu re  of 
c a d m iu m  sulphide p ro g ressiv e ly  assum es a m acroscopic s tru c tu re  w h ich  en ta ils  
th e  in c re a se d  u p ta k e  o f h y d ro g e n  su lp h id e . T he free m o b ility  o f th e  adso rbed  
gas — because of th e  u n e q u a li ty  o f th e  forces ac tin g  a t  d iffe ren t p o in ts  o f th e  
a d s o rb in g  surface — p e rm its  one o r m ore m olecules to  occupy  sites o f  h igher 
a c t iv i ty  an d  to  be b o u n d  th e re  p e rm a n e n tly .T h e  occurrence ran g e  o f th e  surface 
c o m p o u n d  is n o t re s tr ic te d  b y  a g iven e q u ilib riu m  p re ssu re - te m p e ra tu re  curve. 
T h e  e s ta b lish m e n t o f th e  c ry s ta llin e  s t ru c tu re  of cadm ium  su lp h id e  im pedes 
th e  d iffu sion  of h y d ro g en  su lp h id e  from  th e  su rface  lay e r to  th e  in n e r  ones an d  
p ro b a b ly  e lim inates th e  in te rm o le c u la r  w a te r , essen tia l fo r th e  re a c tio n .
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T he rec ry s ta lliza tio n  process a n d  th e  ex h au stio n  of th e  fillin g  ca n  be 
follow ed also b y  th e  co lour change o f th e  re a g e n t. The co lour o f  th e  filling  
c o n ta in in g  su lph ide  is lig h t yellow  a t  th e  b eg in n in g  and  th e  re a c tio n  zone is 
sh a rp ly  lim ited . W hen  th e  q u a n ti ta t iv e  fo rm a tio n  o f carbon d iox ide  decreases , 
th e  co lou r o f th e  reag en t changes in to  o ran g e . B ecause of th e  r e s tr ic te d  m ixed  
c ry s ta l  fo rm atio n  cad m iu m  su lp h id e  se p a ra te s  from  th e  solid so lu tio n , its  
deg ree  o f  d isp e rs ity  decreases, i t  becom es hete ro d isp erse  an d  its  c o lo u r covers 
th e  m ix ed  colour fo rm ed  from  th o se  o f  cad m iu m  carb o n a te  a n d  cad m iu m  
su lp h id e . T he rec ry s ta lliz a tio n  m ay  be  fo llow ed also b y  an in te rm e d ia te  change 
in  c ry s ta l  m odifica tion , w hich  goes p a ra lle l w ith  th e  ap p earan ce  o f  th e  b rick - 
re d  colour.

2) T h e  o th e r responsib le  fa c to r  lies in  th e  fac t th a t  th e  d iffu sion  o f  ca rb o n  
d io x id e  from  th e  reac tio n  zone b o rd e red  b y  cadm ium  su lph ide is h in d e re d  or 
i t  is so slow  th a t  i t  ren d ers  th e  re a c tio n  useless from  th e  a n a ly tic a l p o in t of 
v iew . T h e  w a te r form ed in  th e  reac tio n  re m a in s  on th e  surface o f  th e  re a g e n t. 
T h e  w a te r  dissolves th e  carb o n  d iox ide , th e re fo re  appreciable w a te r  c o n d e n sa 
tio n  increases th e  len g th  o f  rin sin g  tim e  n ecessa ry  for th e  re co v e ry  o f  ca rb o n  
d iox ide . B ecause o f th e  diffusion a n d  a d so rp tio n  phenom ena o f  th e  fo rm a tio n  
o f  in te rm e d ia te  com pounds, of th e  a c t iv a te d  adso rp tion , o f  th e  re s tr ic te d  
so lu b ility  an d  o f th e  change o f th e  c ry s ta llin e  s tru c tu re , a c o n tin u o u s  increase  
in  th e  an a lysis  tim e  can be expec ted .

A ccord ing  to  th e  ab o v e  series o f  e x p e rim e n ts  th e  cad m iu m  c a rb o n a te  
fillings can  be u tilized  u p  ti l l  th e  u p ta k e  o f  20 22 m g su lp h u r; a f te rw a rd s ,
th e  re a c to r  is tu rn e d  over a n d  a fresh  filling  is applied . D uring  th e  e x p e rim e n t 
a  su lp h id e  co n ta in in g  reac tio n  zone o f  m a x im u m  25 m m  le n g th  is fo rm ed , 
th e re fo re  we do n o t use fillings o f m ore  th a n  60 m m  len g th . A c tu a lly , th e  le n g th  
o f  filling  depends on th e  su rface  a rea  on w h ich  th e  cadm ium  c a rb o n a te  is 
d isp ersed . F o r conversion  m easu rem en ts  a n d  fo r hydrogen su lp h id e  c a p a c ity  
d e te rm in a tio n s , an  o rig inally  10 cm  long  (5.28 g) filling of ca rrie r-free  g ra n u la te  
(size o f g ran u le  0.5 — 1 m m ) w as p laced  in to  reac tio n  tu b e  D. A f te r  u p ta k e  of 
22.434 m g su lp h u r (T able I I I ,  series o f  e x p e rim e n ts  I) th e  f illin g  c o n ta in in g  
cad m iu m  su lph ide  o f th e  re a c to r  w as s e p a ra te d  from  th e  u n re a c te d  cad m iu m  
c a rb o n a te  an d  th e  w eight o f  th e  re a c tio n  p ro d u c t de te rm ined . T h e  w e ig h t of 
th e  re a c te d  p a r t  o f filling  w as 0.636 g. 22 .434 m g su lphur is e q u iv a le n t to  120.6 
m g cad m iu m  c a rb o n a te , t h a t  is, in  th e  s e p a ra te d  filling  th e  cad m iu m  c a rb o n a te  
is s till p re se n t in  n ea rly  fivefo ld  excess. T h e  in n e r p a r t  o f th e  g ra n u la te  is 
in e ffec tiv e  from  th e  p o in t o f  view  o f th e  re a c tio n , therefo re  2 • 650 m g labelled  
cad m iu m  c a rb o n a te  is d ep o sited  on th e  g lass frit ca rrier, in  n e a r ly  6 cm 
le n g th .

W h en  sy n thesiz ing  labelled  cad m iu m  c a rb o n a te  we s ta r te d  fro m  B a 14C 0 3. 
T h e  specific  a c tiv ity  o f cadm ium  c a rb o n a te  is chosen so th a t  1 m g  su lp h u r 
sh o u ld  be  eq u iv a len t to  a p p ro x im a te ly  2 • 104 im pulses. U nder su c h  co n d itio n s
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-  ta k in g  in to  acco u n t m icro -w eigh ts (1 — 5 m g) — 5 to  10 m inutes o f d e te c tio n  
t im e  are  necessary  fo r o b ta in in g  105 im pulses, th u s  th e  m ean square d e v ia tio n  
o f  th e  a c tiv ity  m e a su re m e n t is sm aller th a n  ± 0 .3  re la tiv e  per cent.

Synthesis of Cd14C 0 3

L et us suppose t h a t  50 g (n early  enough for 4 fillin g s) o f labelled reag en t h a v e  to  be 
sy n th e s ize d  w ith 83.804 / /c o v e ra ll  a c tiv ity . The a c t iv i ty  o f  th e  original B a14C 0 3 is 71 /ic /g ; 
th e o re tic a lly , 1.18 m g is n e c e ssa ry  for th e  synthesis. T h e  ra d io a c tiv e  substance is d ilu te d  w ith  
in a c tiv e  b a riu m  c a rb o n a te  in  60 — 80-fold excess in  o rd e r  to  re n d e r  th e  a c tiv ity  loss sm alle r 
a t  th e  carbon  dioxide e v o lu tio n . T h e  m easured sam ple  w e ig h ts  are :

B a 14C 0 3 =  1.556 mg; B a C 0 3 =  106.466 mg.

T h e  w eighed sam ples a re  p lac ed  in  a gas-generating  v esse l, th e  carbon  dioxide is l ib e ra te d  
w ith  cone, su lphuric acid  a n d  th e  gas absorbed in  an  a b so rb e r  con ta in ing  sodium  h y d ro x id e  
so lu tio n . F o r th e  q u a n ti ta t iv e  rin s in g  of carbon d io x id e  n itro g e n  gas is em ployed a n d  th e  
re a c tio n  fla sk  is s im u lta n eo u s ly  h ea ted . 20 ml 0.1 n  N a O H  so lu tion  is m easured  in to  th e  
ab so rp tio n  vessel (a b o u t tw o fo ld  excess) in order to  o b ta in  a  q u a n tita tiv e  ab so rp tio n . T he 
c o n te n t  of th e  ab so rber is r in se d  in to  a 100 ml m easu rin g  f la s k  and  afte rw ards th e  so lu tio n  
is d ilu te d  w ith  d istilled  w a te r  to  th e  m ark . 100 m l o f  th e  N a 14C 0 3 stock so lu tion  co n ta in s  
110.426 juc carbon-14 a c t iv i ty ,  th u s  83.804 fic  is p re se n t in  75.9 m l solu tion , w ith  a  N a 14C 0 3 
c o n te n t  of 44.03 mg. T h e  s e p a ra t io n  of 50 g Cd14C 0 3 n e c e ss ita te s  44.03 mg rad io ac tiv e , 30.7 g 
in a c tiv e  sodium  carb o n a te  a n d  133.62 g cadm ium  a c e ta te ,  th e  la t te r  tak en  in a tw ofo ld  excess. 
F o r  p re c ip ita tio n  sodium  c a rb o n a te  and  cadm ium  a c e ta te  a re  d isso lved  each in 500 m l o f w a ter. 
T h e  ca lcu la ted  a m o u n t o f ra d io a c tiv e  solution is ad d ed  to  th e  sod ium  carbonate  so lu tio n , th en  
i t  is h e a te d  to  boiling a n d  cad m iu m  ace ta te  so lu tion  is a d d e d  dropwdse. The p re c ip ita te  is 
d e c a n te d  w ith  ho t w a te r, t r a n s fe r re d  to a G3 filte r, th e n  d r ie d  fo r tw o hours a t  120°C. W eig h t 
o f th e  p re c ip ita te : 24.16 g, y ie ld : 48.38 per cent. T he g re a te r  p a r t  o f cadm ium  carb o n a te  rem a in s 
in  so lu tio n . To p re v en t a c t iv i ty  loss, th e  rad ioactive  p r e c ip ita te  is sto red  in a ca rb o n  d iox ide- 
free  a tm o sp h ere . Im m e d ia te ly  b e fo re  use th e  p re c ip ita te  is d e p o s ite d  from  alcoholic suspension  
on th e  surface  of G2 s in te re d  g lass  rubb le  (granule  size: 2 - - 3  m m ), th e  alcohol is su ck ed  off 
a n d  th e  excess alcohol e v a p o ra te d .

To calculate th e  ra d io s to ic h io m e tric  facto r th e  sp ec ific  a n d  m olar a c tiv ity  o f th e  re a g e n t 
h a s  to  be know n. The e m p irica l fo rm u la  can be w r itte n  in  a  sim p le  w ay if  th e  a m o u n t o f  w a te r  
b o u n d  to  cadm ium  c a rb o n a te  is g iven  in  the  frac tio n a l v a lu e s  o f th e  mole num ber, re la te d  to 
1 m ole  cadm ium  c a rb o n a te . A s a consequence of th e  v a r ia b le  w a te r  c o n ten t the  h y d ra te  fo rm u la  
c a n n o t be  w ritten  in such  a  w a y  t h a t  only an in teg ra l n u m b e r  o f w a te r  or cadm ium  c a rb o n a te  
m olecu les be con tained  in  it .  T h e  iso top ic  and chem ical a n a ly s is  o f th e  substance w as p e rfo rm ed  
in  th e  follow ing w ay:

10— 15 mg of p re -d r ie d  p re c ip ita te  were w eighed in to  a p la tin u m  b o a t and th e  su b s ta n c e , 
to g e th e r  w ith  th e  p la tin u m  v esse l, p laced  into th e  c o m b u s tio n  tu b e  of a carbon-14 d e te rm in in g  
a p p a ra tu s .  T he su b stan ce  w as th e rm a lly  decom posed in  a  p u rif ie d  air stream , th e  se p a ra te d  
w a te r  re ta in ed  in an  a b so rp tio n  tu b e  filled w ith  a n h y d ro n . F ir s t ,  th e  ac tiv ity  o f th e  c a rb o n  
d io x id e  gas was m easu red  in  a p ro p o rtio n a l co un ting  tu b e ,  th e n , w ith  th e  d e c o n tam in a tio n  
o f th e  coun ting  tu b e , th e  c a rb o n  d ioxide was sw ep t in to  a  p re v io u s ly  conditioned  a b so rp tio n  
tu b e . F ro m  th e  w eight in c re ase  o f  th e  absorp tion  tu b e  th e  w a te r -  and  carbon d iox ide  c o n te n t  
o f c ad m iu m  carbonate  can  be  d ire c tly  calculated. F o r th e  d e te rm in a tio n  of the  cad m iu m  ox ide  
c o n te n t  th e  m easuring  v esse l w as h e a ted  to 800°C a n d  i ts  w e ig h t m easured  again. T he w e igh t 
d iffe ren ce  corresponds to  th e  c a d m iu m  oxide c o n ten t o f th e  sam p le . According to  th e  a n a ly tic a l 
re su lts  th e  CdO : C 0 2 m ole r a t io  in  th e  cadm ium  c a rb o n a te  is 1 : 1; th is proves th a t  th e  p ro d u c t 
is h y d ro x id e-free  (T able I).

M ean value of th e  sp ec ific  ac tiv ities  according to  s ix  p a ra lle l m easurem ents:

4387 cpm /m g; crrej =  0 .1 7 %

A cco rd in g  to  th e  a n a ly tic a l re s u lts  (Table I) th e  fo llow ing  e m p irica l fo rm ula  can be  g iv en  for 
th e  com position  of ou r c a d m iu m  carb o n a te :

Cd14C 0 3 ■ 1.134 FLO; specific a c t iv i ty :  767270 cpm/mM .
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Table V

Substance Weight, Activity, ерш s Sulphur, % Deviation,
mg found calculated cpin/mg found calculated %

Sulphanilic acid 11.191 49 156 49 580 23 766 18.75 18.51 — 0.1b
10.631 46 870 47 100 23 813 18.42 18.51 — 0.09
10.968 47 590 48 590 23 980 18.13 18.51 — 0.38

Sulphur 2.755 66 517 65 922 24 144 100.90 100.00 +  0.90
2.670 64 162 63 890 24 030 100.44 100.00 +  0.44

L-M ethionine 7.010 34 675 36 047 22 986 20.67 21.49 — 0.82
7.062 34 784 36 314 22 920 20.58 21.49 — 0.91
7.644 39 184 39 307 23 853 21.42 21.49 — 0.07

T hiourea 4.002 38 376 40 340 22 764 40.07 42.12 — 2.05
4.111 41 224 41 440 23 805 41.91 42.12 — 0.21

D ibenzyl- 1.216 7 099 7 573 22 430 24.40 26.03 — 1.63
disulphide 1.724 10 500 10 738 23 395 25.45 26.03 — 0.58

A m inonaphtho l- , 2.234 7 020 7 165 23 440 13.13 13.40 0.29
sulphonic acid 2.581 8 075 8 275 23 358 13.07 13.40 — 0.33

S-M ethylthiourea 3.660 28 668 29 168 22 641 32.74 34.58 — 1.84
su lphate 4.560 38 706 36 340 24 644 35.48 34.58 0.10

2.803 22 066 22 333 22 763 32.90 34.58 1.68

N-M cthyl-N -
to luene-sulpho- 2.715 6 182 6 689 22 118 9.51 10.30 — 0.79

nic-naph tho lam ine 2.090 4 836 5 149 22 472 9.67 10.30 -0 .6 3

2-M ethyl-m ercapto- 3.787 22 057 20 450 25 809 24.34 22.56 +  1.78
4-am ino-triazine 2.747 15 476 14 828 24 973 23.54 22.56 +  0.98

Tetraacety l-D -glu-
cose-dim ethyl-di- 1.904 6 289 6 471 23 256 23.80 14.20 - 0.40
th io ca rb o n a te 2.077 6 988 7 059 23 688 14.06 14.20 — 0.14

1,2 ,3 ,4-T etraacety l- 2.618 3 815 4 297 21 244 6.09 6.86 — 0.77
6-tosylglucose 4.640 6 701 7 615 21 054 6.03 6.86 - 0 . 7 3

Sulphanilic  acid -}-
p-brom obenzoic 6.119 25 541 24 555 24 888 17.44 16.78 +  0.66
acid 6.570 27 382 26 364 24 850 17.41 16.78 +  0.63

Sulphanilic acid -f- 5.608 22 930 22 504 24 380 17.08 16.78 +  0.30
p-brom oacet- 4.216 17 675 16 557 25 544 17.90 16.78 +  1.12
anilide 6.180 25 481 24 805 24 644 17.23 16.78 +  0.45

Sulphanilic acid -f~
l-chIoro-2,4-di- 6.110 25 192 24 520 24 585 17.23 16.78 +  0.45
nitrohenzoic acid 5.350 22 276 21 469 24 828 17.40 16.78 +  0.62

Sulphanilic acid +
p-chlorobenzoic 5.365 22 179 21 529 24 650 17.27 16.78 +  0.51
acid 3.083 12 628 12 371 24 424 17.12 16.78 +  0.34
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T h e  ra d io s to ic h io m e tr ic  fa c to r  ca lcu la ted  fro m  th e  m o la r  a c tiv ity  is 23928 c p m /m g  su lp h u r 
e q u iv a le n t .  T h e  given d a ta  a re  re la tiv e  a c t iv ity  v a lu e s . T h e  d e te rm in a tio n  o f th e  ab so lu te  
a c t iv i ty  o f  th e  re ag e n t can  be  o m itte d  if  th e  sam e c o u n tin g  tu b e  is used  fo r th e  ra d io m e tr ic  
a n a ly s is  a n d  fo r th e  d e te rm in a tio n  of th e  specific  a c t iv ity .

T h e  re su lts  o f ra d io m e tric  analyses a re  su m m a riz e d  in  Table V. F o r  c a lc u la tin g  th e  
a n a ly t ic a l  re su lts  th e  follow ing fo rm u la  is used :

с о /
'  / 0

( I  -  J„) • 100 
B - A

I  =  a c tiv ity  m easu red  in  cpm  (re la tiv e  v a lu e )  
J 0 =  b ack g ro u n d  in  cpm  
В  — sam ple  w e igh t in m g 
A  =  a c tiv ity  eq u iv a len t, in  our e x p e rim e n ts  

23928 cpm /m g su lp h u r eq u iv a len t.

T h e  a c t iv ity  e q u iv a len t is th e  p ro d u c t o f th e  sto ich io m etric  fa c to r F  a n d  th e  specific 
a c t i v i t y  C.

F  =
CdI4C 0 3 - 1.134 H 30  

S
F - C

174883
32.066

• 4378 =  23928 cp m /m g

s u lp h u r  eq u iv a len t. B y  th e  ra d io m etric  p ro ced u re  th e  su lp h u r  co n ten t o f o rg a n ic  co m pounds 
c a n  b e  d e te rm in e d  w ith in  ■ 2 pe r cen t e x p e rim e n ta l e rro r.
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DIPOLMOMENTUNTERSUCHUNGEN DER PHENYL- 
UND BENZYLDERIVATE VON ELEMENTEN 

DER VIERTEN HAUPTGRUPPE
J .  N a g y , S. F e r e n c z i-G r e sz , K . P álo ssy -B e c k e r  and A. B o r b é l y - K uszm a n n

(wo E =  C, Si, Ge und Sn) wurde mittels der ONSAGER-Methode im flüssigen Zustand 
bestimmt.

E s w urde  fe s tg es te llt , daß  der D ip o lm o m en tw ert im  Falle  der P h e n y ld e r iv a te  
bei de r S ilic ium -V erb indung  ein M inim um  au fw eist u n d  im  Falle  der B e n zy ld e riv a te  
m ono ton  zu n im m t.

Im  L aufe  u n se re r  F o rsch u n g en  h ab en  w ir u n s  m it den B in d u n g s s tru k tu r
p ro b lem en  der T rim e th y lv in y ld e riv a te  d er E le m e n te  d e r v ie rten  H a u p tg ru p p e  
a u f  G ru n d  der D ip o lm om en tm essungen  schon  b e fa ß t [5]. W ir h ab e n  fe s tg e 
s te llt , d aß  der D ip o lm o m en tw ert in  d er u n te rs u c h te n  V erb in d u n g sre ih e  vom  
T y p  (C H 3)3E C H  =  (CH 2) (E  =  C, Si, Ge, Sn) b e im  S ilic ium deriva t ein M in im um  
zeig t. D iese T a tsa c h e  is t d a m it zu e rk lä ren , d a ß  m it A usnahm e des K o h le n s to ff
d e riv a te s  im  F a lle  d er a n d e ren  E lem en te  au ch  e in  — M  E ffek t n eben  e in em  -f-1  
E ffek t a u f t r i t t .  D er — M  E ffe k t is t beim  S ilic iu m d eriv a t am  g rö ß te n  u n d  
v e rm in d e rt das re su ltie ren d e  D ipo lm om en t in  h o h em  M aße.

E in e  ähn liche  E rsch e in u n g  t r i t t  au ch  b e i d en  T rim e th y lp h en y l-  u n d  T ri- 
m e th y lb e n z y l-D e riv a te n  d e r E lem en te  d er v ie r te n  H a u p tg ru p p e  au f, w ie dies 
au ch  von  H u ang  u n d  H u i  [1] im  Zuge v o n  D ip o lm o m e n tb e s tim m u n g e n  d e r 
P h en y l-  u n d  B en zy lz in n d e riv a te  bew iesen w u rd e . D a  HuANG u n d  H u i  n u r  die 
D ip o lm o m en te  d er T rim e th y lp h en y l-  u n d  T rim e th y lb en zy lz in n -V erb in d u n g en  
gem essen h ab en , e rg än z ten  w ir ih re  e x p e rim en te llen  E rgebnisse  n u n  m it d er 
B estim m u n g  d er D ip o lm o m en t-D a ten  d er K oh lensto ff-S ilic ium  u n d  G e rm a 
n iu m -D e riv a te . D ie D ip o lm o m en tw erte  w u rd en  abw eichend  von  d en  in  d er 
L i te ra tu r  besch riebenen  M ethoden  u n te r  B e rü ck s ich tig u n g  der rich tig en  A to m 
p o la r itä tsw e rte  u n d  u n te r  A usschluß des L ö su n g sm itte lfeh le rs  n a c h  d er 
ONSAGER-Methode [2] b e s tim m t.

D ie von uns u n te rsu c h te n  V e rb in d u n g sg ru p p en  k ö n n en  m it den  fo lg en d en  
F o rm eln  c h a ra k te ris ie r t w erd en :

( In s t i tu t  f ü r  Anorganische Chemie der Technischen U niversität, B udapest)  

E ingegangen  am  24. J u n i  1968

D as D ip o lm o m en t d e r V erb indungen  v o m  T y p

und

und

wo E  =  C, Si, Ge, Sn.
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D ie D ipo lm o m en tm essu n g en  w u rd en  in  a llen  F ällen  im  F lü ss ig k e itsz u 
s ta n d  n a c h  O n s a g e r  d u rc h g e fü h rt, da  die K o h äsio n sk rä fte  be i d en  u n te r 
s u c h te n  V erb in d u n g en  v e rn a c h lä ss ig b a r sin d .

Z u r  B erechnung  d e r rich tig en  D ip o lm o m en tw erte  w ar die B e s tim m u n g  
d e r  g e n a u e n  A to m p o la r itä tsw e rte  d er P h en y l-S ilic iu m -G ru p p e  n o tw en d ig . 
Z u  d iesem  Zweck w u rd en  die E le k tro n e n -  u n d  A to m p o la r itä tsw e rte  des 
T e tra p h e n y ls ila n s  in  b en zo lisch er L ösung  b e s tim m t (P „  =  P A -)- P e). D as 
T e tra p h e n y ls ila n  M olekül b e s itz t kein  D ip o lm o m en t. D a der R ic h tp o la r i tä ts 
w e r t g le ich  N ull is t, k a n n  d e r A to m p o la r itä tsw e r t in  K en n tn is  d e r E le k tro n e n 
p o la r i tä t  b erech n e t w e rd en . D ie B estim m u n g  d er A to m p o la r itä t w u rd e  a u f 
fo lg en d e  W eise d u rc h g e fü h rt: E s w u rd en  D ic h te , B rechungsindex , D isp e rs io n s
w e r t u n d  D ie le k tr iz itä tsk o n s ta n te  d er v e rd ü n n te n  benzolischen  L ö su n g en  des 
T e tra p h e n y ls ila n s  gem essen . T abelle  I  e n th ä l t  die gem essenen W erte .

Tabelle I

P h y s i k a l i s c h e  K o n s ta n te n  v e r d ü n n te r  b en zo lisch er  
T e tr a p h e n y l s i la n - L ö s u n g e n

L ö s u n g

1 2 3

V 2 0 , 0 0 2 8 8 0 , 0 0 3 9 8 0 , 0 0 4 7 8

d 0 , 8 7 3 8 0 , 8 7 5 1 0 , 8 7 6 0

n D 1 , 4 9 8 8 1 , 4 9 9 2 1 ,4 9 9 6

z 3 5 , 5 1 3 5 , 3 5 3 5 , 3 8

£ 2 , 2 8 1 2 2 , 2 8 2 7 2 , 2 8 5 0

Pe 2 5 , 3 3 0 0 2 5 , 4 1 1 4 2 5 , 4 7 5 1

D u rc h  E x tra p o la tio n  d e r  D ic h te  u n d  d er D ie le k tr iz itä tsk o n s ta n te  a u f  u n e n d 
lich  v e rd ü n n te  L ösung k o n n te  d er W ert d e r  G e sa m tp o la ritä t a u f  G ru n d  der 
G le ich u n g  von H e d e s tra n d  b e re c h n e t w erd en :

M 2 _  M iß  3 M ta

d 1 d1 (ег -f- 2 )2d

D ie d u rc h  g raphische E x tra p o la t io n  e rh a lte n e n  W erte  sind  die fo lg en d en :

d x =  0,8707 

e, =  2,2746
P a =  114,49 ml.

а  =  2,269

ß  =  1 Д П
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Die E le k tro n e n p o la risa tio n  der einzelnen L ösu n g en  w urde  m it H ilfe  der 
a u f  den u n end lichen  W ellen längen  w ert (n„) bezogenen  aus 2 b e rech n e ten  
D ispersion  (nF — rtc ) n a c h  fo lgender G leichung e rh a lte n :

P
0 1 2

n i ,  —  1

n l  +  2
V .

T ab e lle  I e n th ä lt  au ch  diese W erte  (P e). Die E le k tro n e n p o la risa tio n  d e r  gelösten 
S u b stan z  (P*) h ab en  w ir d u rch  E x tra p o la tio n  d ieser P e-W erte  a u f  u n en d lich  
hoch  v e rd ü n n te  L ösung  e rh a lte n .

P* =  104,41 ml 

Р л  = P „ -  P*.

D er A to m p o la risa tio n sw ert ( P a ) b e trä g t 10,08 m l. D em en tsp rech en d  ist das 
In k re m e n t der A to m p o la risa tio n  der P h eny l-S ilic ium  G ruppe  ein V ie rte l des 
ob igen  W ertes

P A(Si -  CcH 5) =  2,52 m l.

A u f diese W eise w u rd en  d ie  D ipo lm om en tw erte  d e r fo lgenden  V erb in d u n g en  
b e s tim m t (über deren  H e rs te llu n g  im  ex p e rim en te llen  T eil b e r ic h te t  w ird):

CeH 5C(CH3)3, C0H 5C H 3, CeH 5Si(CH3)3, C0H 5G e(C H 3)3, C6H 5C H C (C H 3)3, 

CfH 5C H 2Si(C H 3)3 und  C6H 5C H 2G e(C H 3)3.

Z ur B estim m u n g  d e r  D ipo lm om en te  w ar die K e n n tn is  der fo lgenden  ch a
ra k te ris tisc h e n  p h y sik a lisch en  D a ten  n ö tig : B rech u n g sin d ex  (rip ), D ic h te  (dl') ,  
D ispersion  (nF — n c) u n d  D ie le k tr iz itä tsk o n s ta n te  (e25 C), w elche le tz te re  m it 
e inem  se lb s th e rg es te llten  K a p a z itä tm e ß g e rä t be i 104 H z b e s tim m t w u rd e  [4].

A u f G rund  d ieser W e rte  w urden  die M o lre frak tio n en  d er e in ze ln en  V er
b in d u n g en  b e rech n e t, w elche m it den aus den B in d u n g s in k re m e n te n  b e rech n e 
te n  W erten  gu t ü b e re in s tim m te n . Die E le k tro n e n p o la r isa tio n sw erte  (P e) w u r
d en  m it H ilfe des aus d en  D ispersionsw erten  e rh a lte n e n  n „ -W e rte s  [5] u n te r  
B erü ck sich tig u n g  des M olvolum ens b estim m t.

Die A to m p o la risa tio n sw erte  w urden  im  F a lle  d e r K o h len sto ff- u n d  Sili
c iu m v erb in d u n g en  a u f  G ru n d  der A rbeiten  von A u d s l e y  [6] u n d  A l t s h u l l e r

[7] m it d er A d d itiv itä ts re g e l d er B in d u n g sin k rem en te  b e rech n e t. D as B in d u n g s
in k re m e n t der CeH 5S i-G ru p p e  w urde  a u f G ru n d  d e r obigen A u sfü h ru n g en  m it 
2,52 an g ese tz t. D ie e x a k te n  D ip o lm om en tw erte  w u rd en  in  K e n n tn is  d er zu
sam m engehörigen  A to m - u n d  E le k tro n e n p o la risa tio n sw erte  n ach  derONSAGER-
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Tabelle I I

Charakteristische physikalische K onstanten  der Trim ethylphenyl- und  Trim ethylbenzyl-V erbindungen der E lemente der IV /1  Gruppe

CeH 5—(C H 3)3 c , h s— C H , (CH5)3sic„H 5 (CH j)3GeCeH 5 CeH b— CH 2— C(CH3)3 C ,H 3— C H 2Si(C H 3)3 CeH ,C H 2G e(CH 3)3

n D 1 , 4 9 0 0 1 , 4 9 3 5 1 , 4 8 8 7 1 ,5 1 2 6 1 , 4 8 5 8 1 , 4 9 1 2 1 ,5 0 9 1

d™ 0 , 8 6 0 6 4 0 , 8 5 8 3 0 , 8 6 8 6 1 ,0 9 9 0 6 0 , 8 6 1 4 5 0 , 8 6 0 4 1 , 0 9 1 4

f 2S 2 , 3 5 6 2 , 3 7 6 2 , 3 6 1 6 2 , 4 8 8 7 2 , 4 5 4 5 2 , 5 8 6 6 2 , 6 5 3 8

V 1 5 5 , 9 6 1 0 8 , 1 7 1 7 3 , 0 1 7 7 , 2 4 1 7 2 ,0 9 1 9 1 ,0 1 1 9 1 , 1 3

M R D theor. 4 5 , 0 4 3 1 , 1 5 5 0 , 1 0 5 3 , 6 8 4 9 , 6 7 5 4 , 6 7 5 8 ,3 1

M R  и  geniessen 4 5 , 0 9 3 1 , 4 6 4 9 , 9 1 5 3 , 2 4 4 9 , 3 9 5 5 , 3 4 5 7 , 0 8

П fr — nc 0 , 0 1 3 5 9 0 , 0 1 5 8 0 , 0 1 4 7 7 0 , 0 1 4 4 8 0 , 0 1 3 4 4 0 , 0 1 4 6 4 0 , 0 1 6 0 0

n 1 , 4 6 9 5 1 , 4 6 9 7 1 , 4 6 6 4 1 , 5 9 0 6 5 1 ,4 6 0 0 1 ,4 6 9 1 1 , 4 8 5 0

P . 4 3 , 4 7 3 0 , 1 6 4 7 , 9 6 5 1 , 3 0 4 7 , 1 4 5 2 , 4 4 5 4 , 7 8

1 ,4 4 1 ,0 0 4 , 8 0 8 — 1 , 5 5 6 5 , 9 0 —

P A +  Pe =  R 1 4 4 , 9 1 3 1 , 1 6 5 2 , 7 7 — 4 8 , 6 9 5 8 , 3 4 —

M R fj  1 , 0 5 =  R u R  =  M R d R  =  M R D R =  M R d

4 5 , 0 9 3 1 , 4 6 5 2 , 4 1 5 5 , 9 0 4 9 , 3 9 5 8 ,1 5 9 , 9 4

Eeff 1 2 ,2 1 2 , 2 1 4 4 2 , 3 1 6 4 — 2 , 1 8 4 2 , 3 1 9 3 —

Eeff II 2 , 2 2 2 , 2 3 0 5 2 , 3 0 3 4 2 , 3 1 2 2 , 2 0 7 2 , 3 1 1 5 2 , 3 7 0 4

P*l 3 , 6 9 5 2 , 8 8 7 1 , 2 5 1 2 — 7 , 6 8 7 5 7 , 9 2 7 —

P*II 3 , 5 1 5 2 , 5 7 9 1 , 6 1 8 7 2 , 9 1 2 5 6 , 9 5 8 6 8 , 0 2 2 8 , 2 0 4 9

/'1 0 , 4 2 5 0 , 3 7 6 0 , 2 4 8 — 0 , 6 1 4 0 , 6 2 3 —

f'ti 0 , 4 1 5 0 , 3 5 5 0 , 2 8 1 0 , 3 7 8 0 , 5 8 4 0 , 6 2 7 0 , 6 3 4
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F o rm el b e rech n e t. A ußerdem  w u rd en  die D ip o lm o m en tw erte  auch  a u f  G ru n d  
des b ek an n ten  em p irisch en  Z usam m enhanges

M R d • 1,05 =  Pc +  P A
b e s tim m t.

D a die G ru p p e n in k re m e n t-W e rte  der G e rm an iu m v erb in d u n g en  b ish e r 
n ic h t  b e k a n n t s in d , w urden  deren  D ip o lm o m en tw erte  n u r  m it H ilfe  d ieser 
le tz te re n  G leichung gew onnen. D ie E rgebn isse  s in d  in  T abelle  I I  an g eg eb en , wo 
f i \  den m it der e x a k te n  M ethode u n d  fi\\ d en  m it d e r em pirischen  F orm el 
b e rech n e ten  D ip o lm o m en tw ert b ed eu ten .

Tabelle I I I  e n th ä l t  die von  u ns b e s tim m te n  u n d  in  der L i te ra tu r  ange- 
gebenen  D ip o lm o m en tw erte  d e r V erb in d u n g en  C0H 5CH.,; CeH 5C (C H 3)3; 
CeH 5Si(CH3)3 u n d  C6H 5CH2Si(CH 3)3.

Tabelle III

D ipolm om enlw erle der Trim ethylphenyl- u. T rim elhylbenzyl- Verbindungen  
der E lem ente der IV /1  G ruppe

Formel
Gemessener

Wert
m[D]

Literaturwert
Mini

Cr,H 5CH3 0,376 0,63s (flüss); 0,409 (flüss);

0 ,06 '°; 0 ,5 U; 0 ,3 9 '-; 0,313; 0,3714; 
0,3415; 0 ,5310; 0 ,3 17; 0,37‘8; 
0,3919; 0 ,3720

Cr,H 5—C(CH3)3 0,425 0,5315; 0.70'“; 0.52='; 0,41">; 

0,4522

CcH 5- S i ( C H 3)3 0,248 0,4423; 0 ,4224; 0,002S

CGH 5—CH2 —Si(C H 3)3 0,623 0,7123; 0 ,5521; 0,682li

A us den D a ten  d e r  T abe lle  I I I  is t e rsich tlich , d a ß  das D ipo lm om ent des T oluols 
infolge der W irk u n g  d er te r t iä re n  B u ty lg ru p p e  k le in e r  ist als das des tert. 
B u ty lbenzo ls. A us d en  A ngaben  d e r T abelle I I I  g e h t au ch  hervor, d a ß  das von  
u n s  gem essene D ip o lm o m en t des Toluols m it dem  in  d er L ite ra tu r  [14] an g e 
gebenen  W ert (D am p fzu stan d ) ü b e re in s tim m t, Avas die G enau igke it u n se re r  
M eßm ethode u n d  d e r  B erechnungen  b e s tä tig t.

E in den L ite ra tu ra n g a b e n  en tsp rech en d es  D ip o lm o m en t hab en  w ir auch  
im  Falle des tert. B u ty lb en zo ls  gem essen.

M ehrere F o rsc h e r  haben  sich auch  m it d e r B estim m u n g  des D ip o lm o m en 
te s  des T rim e th y lp h en y ls ilan s  b e fa ß t. A m erik an isch e  V erfasser [23] h aben
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0 ,44  D , sow jetische 0,42 D [24] bzw . 0,00 D [25] gem essen. In  d en  e rs te n  zwei 
F ä lle n  w u rd e  der A to m p o la risa tio n sw ert k le in e r  u n d  beim  W ert 0,00 D  größer 
g e w ä h lt  a ls der von uns aus d en  A to m p o la risa tio n s in k rem en ten  b e re c h n e te  W ert.

A u c h  der D ip o lm o m en tw ert des T rim e th y lb en zy ls ilan s  w urde  v o n  m eh re 
re n  V e rfa sse rn  b es tim m t. R o b e r t s  u n d  M ita rb e ite r  [23] fan d en  [г — 0,71 D. 
D ie se r  W e r t  w ar wegen des fa lsch  gew äh lten  A to m p o la risa tio n sw erte s  größer, 
d as  v o n  K a r z e w  u n d  M ita rb . [24] b e s tim m te  D ip o lm om en t, 0,55 D , w ar 
k le in e r  a ls  der von u ns b e re c h n e te  W ert (/ц =  0,623 D). C e r  u n d  M ita rb e ite r  
[26] f a n d e n  fü r den D ip o lm o m e n tw e rt des T rim e th y lb en zy ls ilan s  fi =  0,68 D. 
D ie D iffe re n z  zwischen dem  v o n  u ns b e s tim m te n  u n d  dem  obigen  W e rt k a n n  
a u f  d ie  u n te rsch ied lich en  M eß m eth o d en  u n d  a u f  den  U n te rsch ied  d e r B erech 
n u n g  d es  A to m p o la risa tio n sw ertes  z u rü c k g e fü h rt w erden. Im  L au fe  u n se re r 
B e re c h n u n g e n  g eb rau ch ten  w ir  den  von K a r z e w  [ 2 4 ]  fü r die B enzy l-S ilic ium - 
g ru p p e  gew äh lten  A to m p o la risa tio n sw e rt: 5,9 m l. A uch  die B e re c h n u n g  des 
B in d u n g d ip o lm o m en te s  d er C6H 5— E G ru p p e  w ar ein in te re ssa n te s  P ro b lem . 
Sein  W e r t  k ann  u n te r  A n n a h m e  te tra e d r is c h e r  S ym m etrie  a u f  G ru n d  des 
fo lg e n d e n  D ipo len v ek to r-B ild es  wie folgt b e re c h n e t w erden:

H E
M

/.i =  M  — m

m  =  D ip o lv e k to r der (C H 3)3E  G ruppe, w elcher a u f  G rund  d er L i te ra tu ra n g a 
b e n  fo lg e n d e  W erte an n e h m e n  k a n n :

M D ip o lv ek to r der

4 2
<o

< 2
-A cta  C h im . A cad. Sei. H ung . 61 , 1969

C H 3 — C 0,00 D [5]

C H 3 — Si 0,20 D [27]

C H 3 — Ge 0,30 D [28]

C H 3 — Sn 0,60 D [29]

r \ — E Grupp*e, m it den mögl

C 0,425 D bzw . 0,425

! > -
Si 0,445 D bzw . —'r 0,048

> 2— Ge 0,678 D bzw . 0,078

■ > -
Sn 1,232 D bzw . 0,032
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W erden  die D ip o lm o m en tw erte  der B enzyl- u n d  P h e n y l-D e riv a te  als F u n k tio n  
d er H a u p tq u a n te n z a h l — äh n lich  d a rg es te llt, w ie die V in y l-D eriv a te  der v ie r
te n  H a u p tg ru p p e , so k a n n  bei den P h en y l-S ilic iu m -D eriv a ten  — ähn lich  wie 
bei ih ren  V in y l-D e riv a te n  — ein M inim um  b e o b a c h te t w erden , w äh ren d  die 
D ip o lm o m en tw erte  d e r  B en zy l-D eriv a te  eine m o n o to n e  Z u n ah m e aufw eisen 
(A bb. 1).

Abb. 1. Ä nderung  des D ip o lm o m en tw ertes  der T rim e th y lp h e n y l, T rim e th y lb en zy l- u n d  Tri- 
m e th y lv in y l-V erb in d u n g en  der IV/1 G ruppe als F u n k tio n  de r O rd n u n g szah l

Die E rk lä ru n g  so lch er Ä nderungen  d e r  D ip o lm o m en te  a u f  G rund  der 
B in d u n g ss tru k tu r  w u rd e  schon  in  e iner u n se re r  frü h e re n  A rb e iten  [30] besch rie
b en , wo w ir d a ra u f  h ingew iesen  haben , d aß  das Z e n tra la to m  in den  T rim eth y l- 
p h e n y ld e riv a te n  d er E le m e n te  der v ie rten  H a u p tg ru p p e  — äh n lich  den Tri- 
m e th y lv in y lv e rb in d u n g e n  (die K o h len sto ffv e rb in d u n g en  ausgenom m en) — 
n ic h t n u r  einen - \-I ,  so n d e rn  auch  einen — M  E ffek t b e s itz t, w elcher den 
V ek to rw ert des D ip o lm o m en tes  v e rm in d e rt. D ie E x is te n z  d e r - \ - I  u n d  — M  
E ffek te  bew eist auch  je n e  T a tsach e , daß  die D a rs te llu n g  d er D ipo linom en t- 
w erte  d er T rim e th y lp h e n y l-u n d T rim e th y lv in y l-V e rb in d u n g e n  d er E lem en te  der 
v ie r te n  H a u p tg ru p p e  e in e  G erade e rg ib t (A bb. 2). Bei den  T rim eth y lb en zy l- 
d e riv a te n  gelang t in  je d e m  F alle  n u r  der - | - I  E ffe k t zu r G eltu n g , dessen R ich 
tu n g  m it d er des H y p e rk o n ju g a tio n se ffek te s  d e r C H 2-G ru p p e  id en tisch  ist 
u n d  zun eh m en d e  D ip o lm o m en te  e rg ib t.

Die p a rtie lle  L a d u n g sv e rte ilu n g  des er- u n d  n -B in d u n g ssy stem s w urde im 
F a lle  des T rim e th y lp h e n y ls ila n s  m it q u a n te n c h e m isc h en  B erech n u n g en  b e 
s tim m t.

Die E in ze lh e iten  d e r  q u an ten ch em isch en  B erech n u n g en  h ab en  w ir an 
a n d e re r  S telle  b e re its  b e sch rieb en  [31]. D as in  K e n n tn is  d er p a rtie lle n  L ad u n g s
an te ile  b e rech n e te  re su ltie re n d e  er,л -D ip o lm o m en t b e trä g t  0,08 D u n d  s tim m t 
m it dem  gem essenen W e rt (/л =  0,25 D) g u t ü b e re in . D ies bew eist die zwei 
en tg eg en g ese tz ten  er u n d  я -E ffek te , d .h . d aß  das тг-S e x te tt  d er P h en y lg ru p p e  
eine р л  — <1л W ech se lw irk u n g  m it dem  d O rb ita l des Si A tom s z u s ta n d e b rin g t.
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+ 0,0121
(CH.,)3Si ----  С6Hs

4 -0 ,0 1 2 1

сн2

+ 0 .0 4 0 6

A bb . 2. P a r tie lle  L ad u n g sv erte ilu n g  im  g- u n d  тг-B in d u n g ssy stem  des T rim e th y lp h en y ls ilan s

A bb. 3. K o rre la tio n  zw ischen den D ip o lm o m e n tw erten  der T rim e th y lp h en y l-  u n d  T rim e th y l-  
v in y l-V erb in d u n g en  d e r E lem en te  der IV/1 G ru p p e

E x p erim en te lle r Teil

1. fe rf .-B u ty lb e n zo l

ieri.-B u ty lb en zo l [Cf)H 5C(CH3)3] w u rd e  aus B enzol u n d  ie ri.-B u ty lch lo rid  m it d e r F ried l- 
C ra fts  S y n th e se  hergeste llt.

50 g w asserfreies A1C13 u n d  200 m l abs. B enzol w urden  in einem  D re ih a lsk o lb en  (m it 
R ü h re r ,  R ü c k flu ß k ü h le r  u n d  T ro p f tr ic h te r  verseh en ) u n te r  0°C g ek ü h lt. 49 g ie ri.-B u ty lch lo rid  
w u rd e n  lan g sam  eingetragen , w obei d ie T e m p e ra tu r  u n te r  —J— 5°C g eh a lten  w u rd e . D as R e a k 
tio n sg em isc h  w urde noch eine S tu n d e  g e rü h rt  u n d  d an ach  a u f  E is gegossen. D ie  o rgan ische  
P h a se  w u rd e  m it N a H C 0 3-L ösung , d a n n  m it W asser n e u tra l  gew aschen  u n d  ü b e r  CaCl2 ge
tro c k n e t.  D as P ro d u k t w urde d u rc h  D e s tilla tio n  gerein ig t. K p .: 168,5°C/760 T o rr. A u sb eu te : 45 
g (6 7 % ). D ie R e in h e it der S u b s ta n z  w u rd e  g asch ro m a to g rap h isch  k o n tro llie r t [32].
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2. N eopenthylbenzol

D ie V erb in d u n g  w urde  aus B en zy lch lo rid  u n d  te rí.-B u ty lch lo rid  n a ch  d e r  G rig n a rd - 
M ethode  herg este llt. In  e inen  D re ih alsk o lb en  (R ü c k flu ß k ü h le r , R ü h re r  u n d  T ro p f tr ic h te r )  
w u rd e n  5 g M g-Späne m it 150 m l abs. Ä th e r  ü b ergossen , d ie R e ak tio n  m it 1— 2 m l Ä th y l
b ro m id  in  G ang g ese tz t u n d  26 g (0,2 Mol) B en zy lch lo rid  w u rd en  z u g e tro p ft. D ie  S u sp en s io n  
w u rd e  3 S tu n d en  u n d  n ach  Z ugabe von 18,5 g (0,2 Mol) tc ri.-B u ty lch lo rid  w e ite re  3 S tu n d e n  
u n te r  R ü ck flu ß  g ek och t. D as R eak tio n sg em isch  w urde  a u f  E is  gegossen u n d  d ie a b g e tr e n n te  
o rg an isch e  P h ase  m it W asser gew aschen u n d  ü b e r  CaCl2 g e tro c k n e t. D as n a ch  A b tre ib e n  d es 
L ö su n g sm itte ls  e rh a lte n e  P ro d u k t w urde d u rc h  D estilla tio n  bei 10 T o rr  ( K p 10: 64° C) g e re in ig t. 
A u sb eu te  16 g (54% ). Die R e in h e it des P ro d u k te s  w u rd e  g a sc h ro m a to g ra p h isc h  g e p rü ft .  
K p 10: 64° C, K p l2: 72° C [32].

3. T rim cth y lp h en y lsilan

Die V erb in d u n g  w urde aus 48 g (0,3 M ol) B ro m b en zo l, 32,5 g (0,3 M ol) T rim e th y l-  
ch lo rs ilan  u n d  7,5 g M agnesium -S pänen  in  150 m l abs. Ä th e r an alo g  wie d ie v o rs te h e n d e  
V e rb in d u n g  h e rg este llt. D as E n d p ro d u k t w u rd e  d u rch  D estilla tio n  bei 15 T o rr  g e re in ig t. 
K p 15: 55° C, K p 7no: 172° C. A u sbeu te  21 g (4 6 ,7 % ). D ie R e in h e it d e r  V e rb in d u n g  w u rd e  g a s
c h ro m a to g rap h isch  g ep rü ft. K p ,eo: 172° C; n f ) ’ : 1,4883 [33].

4. T rim etliy lbenzylsilan

Die V erb in d u n g  w urde  aus 26 g (0,2 M ol) B en zy lch lo rid , 23 g (0,2 Mol) T r im e th y lc h lo r-  
silan  u n d  5 g M agnesium -S pänen  in 200 m l ab s . Ä th e r  an a lo g  wie die v o rs teh en d e  V e rb in d u n g  
h e rg este llt . D as d u rc h  D estilla tio n  bei 35 T o rr  gerein ig te  E n d p ro d u k t (K p 35: 93° C; K p 718: 
191— 192° C) wog 17 g (51 ,7% ). K p 76„: 191° C [23].

*

D r. V. F . Mironov  m ö ch ten  w ir fü r  d a s  zu u n se ren  M essungen zur V e rfü g u n g  g e s te ll te  
T rim e th y lp h en y lg e rm a n iu m  u n d  T rim e th y lb en z y lg erm an iu m  an d ieser Stelle  d a n k en .
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MEAN AMPLITUDES OF VIBRATION 
FOR SMALL MOLECULES CONTAINING SULPHUR, II

S U L P H U R Y L  F L U O R ID E ,
F L U O R O  AN D  C H L O R O  S U L P H O N IC  A CID S

S. J .  Cy VIN and I .  H a r GITTAI

( In s titu te  o f  Theoretical Chemistry , Technica l U niversity  o f  N orw ay , Trondheim  a n d  
Laboratory fo r  Research o f  Chemical S tructures o f  the H ung a ria n  A cadem y o f  Sciences, B u d a p es t)

R ece iv ed  A u g u s t 14, 1968

M ean am p litu d es of v ib ra t io n  w ere c a lcu la ted  fo r S 0 2F2, (O H )SO „F  an d  
( 0 H ) S 0 2C1 fro m  spectroscopic d a ta .  F o r  th e  tw o  la t te r  com pounds th e  re su lts  sh o u ld  
b e  considered  as som ew hat u n c e r ta in . In  a n y  w ay  th e  calcu la tions fo r a ll th e se  com 
p o u n d s m ay  no  d o u b t be helpful in  fu tu re  e lec tro n -d iffrac tio n  in v estig a tio n s.

In  th is  p a p e r  we co m m u n ica te  th e  ca lcu la ted  m ean  a m p litu d e s  o f 
v ib ra tio n  fo r som e fu r th e r  m olecules c o n ta in in g  su lp h u r, in a d d itio n  to  ou r 
w ork  on th io n y l a n d  su lphury l ch lo rid es  [1]. In  c o n tra s t to  th e  s i tu a tio n  for 
th e  la t te r  m olecules no e lec tro n -d iffrac tio n  d a ta  of m ean  a m p litu d e s  a re  
a v a ilab le  fo r th e  com pounds co n sid e red  in  th e  p re se n t w ork. B u t th e  re su lts  
o f  th e  p re se n t ca lcu la tio n s are b e liev ed  to  be v e ry  helpfu l fo r fu tu re  e lec tro n - 
d iffra c tio n  in v es tig a tio n s , w hich a c tu a lly  are  schedu led  a t  least for som e o f  th e  
m olecules in  q u es tio n .

S u lp h u ry l fluoride

Follow ing  th e  sam e p ro ced u re  as we used  fo r su lp h u ry l ch lo rid e  [1] we 
s ta r te d  w ith  force co n stan ts  m a in ly  ta k e n  from  H u n t  et al. [2], a n d  a d ju s te d  
th e m  to  v ib ra tio n a l frequencies f ro m  (b) N a k a m o t o  [3] an d  (c) S i e b e r t  [4]. 
B elow  we give th e  re su ltin g  m ean  a m p litu d e s  in  Á u n its  a t 298°K , a lo n g  w ith  
c a lc u la te d  values from  V e n k a t e s w a r l u  et al. [5, 6] (a t 300°K) lis te d  u n d e r  
c o lu m n  (a).

D istan ce (a) (b) (c)
S =  0 0.03969 0.0340 0.0339
S -  F 0.04282 0.0405 0.0406
0  . . . 0 0.05830 0.0520 0.0604
F  . .. . F 0.06612 0.0571 0.0599
0  . . . F 0.05476 0.0643 0.0601
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Table I

M ea n  a m p litu d es o f vibration ( A  u n its )  fo r  flu o ró  and  
chloro sulphonic acids

(O H )S O oF (E quil. d ist.) T =  0 298°K

O - H (0.957) 0.0702 0.070,

S — 0  (h y d ro x y l) (1.560) 0 .047 , 0.0503

S - F (1.530) 0.0463 0.049o

s = o (1.405) 0.037o 0.0374

0  (hydroxy l) . . F (2.297) 0 .0646 0.073o

0  . . . 0 (2.481) 0.0499 0.0509

0  (hydroxy l) . . 0 (2.405) 0.0578 0.0615

F .  . . 0 (2.380) 0 .0595 0.065,;

H . . . S (2.147) 0 .1115 0.114,

H  . . . F (3.198) 0 .096 , 0.101g

H  . . . О (2.733) 0 .132 , 0.1374

( 0 H ) S 0 2C1 (Equil. d ist.) T =  0 298°K

O - H (0.957) 0 .070, 0.070,

S - 0  (h y d ro x y l) (1.560) 0.044„ 0.046,

S - C l (2.010) 0.043, 0.048o

s = o (1.407) 0.036г 0.0364

0  (hydroxy l) . . Cl (2.759) 0.0748 0.106G

0  . . . 0 (2.472) 0.0550 0.058,

0  (h y d ro x y l) . . О (2.399) 0 .0 6 0 2 0.065,

Cl . . .  0 (2.784) 0.059o 0.069„

H . . . S (2.147) 0.1033

lOОо

H  . . .  Cl (3.676) 0 .0994 0.120,

H . . . 0 (2.717) 0.129o 0.135 2

T h e  v ib ra tio n a l a ss ig n m e n t for S 0 2F 2 from  S i e b e r t  [4] is given in  th e  fo llow 
in g , w ith  freq u en cy  v a lu e s  (included in  p a re n th e se s )  from  N akamoto  [3] in 
th e  cases w here th e y  a re  d ifferen t. All v a lu e s  a re  w ave n u m b ers  in  c m _1. 
Species Ap. 1269, 848, 544 (545), 384 (544). Species A.,: 388 (360). Species B p  
1502, 553 (386). Species Bp.  885, 539 (545). A s eq u ilib riu m  p a ra m e te rs  we h av e  
u sed  [7] R (SF) =  1.53 Ä , D (SO) =  1.405 Á , 2 A (F S F ) =  96.1° an d  2B(OSO)
=  124°. O bserved  m e a n  am p litu d es from  e le c tro n  d iffrac tio n  m igh t be decisive 
in  fa v o u r of one o f  th e  ab o v e  listed  a lte rn a tiv e s . A t p resen t we consider Set 
(c) to  rep resen t th e  m o s t  re liab le  values. T h e  co rresp o n d in g  set in  th e  ca lcu la 
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t io n s  fo r th e  ch lo rine com pound  [1] sh ow ed  its  su p erio rity . M oreover all th e  
v ib ra tio n a l frequencies fo r S 0 2F 2 o f th e  S i e b e r t  assignm ent [ 4 ]  a re  e x a c tly  
e q u a l to  tho se  o f a re c e n t R am an  re in v e s tig a tio n  [8]. The valence fo rce-co n 
s ta n ts  fo r s tre tch in g s  from  our c a lc u la tio n s  co rrespond ing  to  S e t (c) are : 
f(S =  0 )  =  11.724 a n d  f(S -  F )  =  5 .570 m dyne/Á .

Fluoro and chloro snlphonic acids

H ere  we give o n ly  a b rie f re p o rt on o u r ca lcu la tio n s o f m ean  a m p litu d e s  
fo r ( 0 H ) S 0 2F  an d  ( 0 H ) S 0 2C1, since th e  re su lts  a re  r a th e r  u n c e rta in  fo r  sev era l 
reaso n s. As to  th e  s tru c tu re  of th ese  m olecu les th e  H O SX  (X  =  F , Cl) a to m s 
a re  assum ed  to  lie in  one p lane , w hile S 0 2 fo rm s a n o th e r  p lane p e rp e n d ic u la r  
to  th e  fo rm er. T h e  ca lcu la tions are  b a se d  on  v ib ra tio n a l a ss ig n m en ts  o f  fre 
quencies co llected  from  tw o  w orks [9, 10], b u t  th is  assignm ent is c e r ta in ly  n o t 
u n q u e s tio n a b le . On th e  o th e r h an d , u s in g  th e se  frequencies th e  p ro c e d u re  of 
o u r n o rm a l-co o rd in a te  analysis  w o rk ed  v e ry  w ell. W e s ta r te d  w ith  a n  in itia l 
va len ce  force fie ld , w hich  should  re p ro d u c e  th e  observed  frequencies n o t  too  
b a d ly . N ex t th is  force fie ld  was a d ju s te d  to  th e  ex ac t frequency  v a lu e s . A fte r 
som e few  ru n s  o f th is  ty p e  using an i te ra t io n  p ro ced u re  we o b ta in ed  rea so n ab le  
force c o n s ta n ts , an d  we m ade no fu r th e r  re fin em en ts . F u r th e r  re fin e m e n ts  an d  
m o d ifica tio n s  seem  n o t to  be ju s tif ie d  a t  le a s t before som e o b se rv ed  m ean  
a m p litu d e s  are ava ilab le . T he eq u ilib riu m  p a ra m e te rs  used for ( 0 H ) S 0 2F  an d  
( 0 H ) S 0 2C1 in o u r ca lcu la tio n s are tra n s fe r re d  from  re la ted  co m pounds acco rd 
ing  to  v a rio u s sources from  lite ra tu re . T h e ir  m ag n itu d es  are  c o n s is te n t w ith  
th e  b o n d ed  an d  n o n b o n d ed  d istances in c lu d e d  in  p a ren th eses  in T ab le  I . In  th is  
ta b le  th e  fin a l m ean  am p litu d es from  o u r  ca lcu la tio n s  are collected.
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STRETCHING FORCE CONSTANTS 
IN N 02F AND N 0 2C1

D. E . F r e e m a n

( A ir  Force Cambridge Research Laboratories) 

R eceived N o v em b er 28, 1968

T he s tre tc h in g  force c o n s ta n ts  o f N O „F a n d  N0,C1 recen tly  o b ta in e d  in  tw o  
d iffe ren t sy s tem s o f sy m m etry  c o o rd in a te s  b y  N em es are  physically  in c o m p a tib le  
u n less (a) th e y  re fe r  to  qu ite  d iffe re n t so lu tio n s  am o n g  th e  m u ltip lic ity  o f  p o ss ib le  
so lu tions to  th e  v ib ra tio n a l p ro b lem  a n d /o r (b ) N em es’ dispersions o f th e  fo rce  co n 
s ta n ts  a re  g rossly  u n d e res tim a ted .

In  th e  la te s t  p a p e r  of N e m e s  [1] d ea lin g  w ith  th e  force fields o f  N 0 2CI 
an d  N 0 2F , th e  rev ised  no rm al freq u en cy  a ss ig n m e n ts  o f B e r n i t t  et á l .  [ 2 ]  are  
used . In  th is  p a p e r  [1], w hich supersedes h is e a r lie r  efforts [ 3 ] ,  N e m e s  re p o r ts  
an d  com pares sy m m e try  force c o n s ta n ts  b a se d  on tw o  d ifferent se ts  o f  sy m 
m e try  co o rd in a tes , o n ly  one set o f w hich  c o n ta in s  a re d u n d a n t a n g u la r  c o o rd i
n a te . T h e  p u rp o se  o f  th e  p resen t n o te  is to  in d ic a te  th a t  th e  tw o sets o f  s t r e tc h 
ing  fo rce  c o n s ta n ts  o b ta in e d  are p h y s ic a lly  in c o m p a tib le  unless (a) th e y  re fe r  
to  q u ite  d iffe ren t so lu tions am ong th e  m u ltip lic ity  o f possible so lu tio n s o f  th e  
v ib ra tio n a l p ro b lem  an d /o r (b) th e  s ta te d  d isp e rs io n s o f th e  force c o n s ta n ts  
are g rossly  u n d e re s tim a te d  and  possess n o t  ev en  re la tiv e  v a lid ity . I n  e i th e r  
case, d o u b t is c a s t u p o n  th e  usefu lness o f th e  ca lcu la tio n .

W hen  d iffe ren t se ts  o f sy m m e try  c o o rd in a te s  sa tisfy ing  th e  m o le c u la r  
sy m m e try  re q u ire m e n ts  ex ist, th e  re la tio n sh ip  b e tw een  th e  co rresp o n d in g  se ts  
of force c o n s ta n ts  is defined  b y  th e  in v a r ia n c e  o f  th e  v ib ra tio n a l p o te n tia l  
en erg y  to  th e  choice o f  coo rd in a te  sy s tem . G en era lly , for a given m o lecu le , 
no p h y sica lly  m ean in g fu l d irect co m p ariso n  c a n  be  m ade betw een  an a lo g o u s  
force c o n s ta n ts  b e long ing  to  d iffe ren t c o o rd in a te  system s. In  T ab le  IV  (fo r 
NOoF) an d  T ab le  У  (for N 0 2C1) o f  N e m e s ’ p a p e r  [1], th e  sy m m e try  force 
c o n s ta n ts  b ased  on h is Set I  sy m m e try  c o o rd in a te s  (con ta in ing  a re d u n d a n c y )  
are  d ire c tly  co m p ared  to  those b a se d  on  h is S e t I I  sy m m etry  c o o rd in a te s  
(co n ta in in g , i t  is c la im ed , no re d u n d a n c y ) . T o  re n d e r  such a c o m p ariso n  
m ean ing fu l th e  sy m m e try  force c o n s ta n ts  c a lc u la te d  in  d ifferen t c o o rd in a te  
sy stem s shou ld  be tra n sfo rm e d  to  a com m on b as is  w hich  m ay here c o n v e n ie n tly  
be chosen  as S et I ,  S e t I I ,  o r th e  in te rn a l  c o o rd in a te  system . Due to  th e  a n g u la r  
re d u n d a n c y  in  th e  S et I  coo rd ina tes, th e  co rre sp o n d in g  force c o n s ta n ts  c a n n o t 
all be  tra n s fo rm e d  u n iq u e ly  to  a re d u n d a n c y -fre e  basis, b u t, b e c a u se  th e  
re d u n d a n c y  fo r p la n a r  X Y 2Z m olecules in v o lv es  on ly  angles, th e  n o n a n g u la r

Acta Chim. Acad. Sei. Hung. 61, 1969



164 FREEMAN: STRETCHING FORCE CONSTANTS

p o r t io n , i.e.,  th e  b o n d -s tre tc h in g  p o rtion , o f  th e  p o te n tia l  function  is u n a ffe c ted  
b y  th e  p u re ly  a n g u la r  red u n d an cy . C o n seq u en tly , th e  Set I  s tre tc h in g  co o rd i
n a te s  S 1, th e  S et I I  s tre tc h in g  co o rd in a tes  S  , a n d  th e  in te rn a l s tre tc h in g  
c o o rd in a te s  r  are  lin e a rly  an d  u n iq u e ly  re la te d , in  accordance w ith  th e  fo rm u lae

a n d

A! 3 -1'2 3-L/2 3-T/2- A
s> = S o = —6 -]/‘2 _ 6-!/2 2(6)-!/2

-S \- 2 -1 1 2 — 2~1/2 0 _ D

'sir 2 - 1 1 2 2 - m 0 ~di

S" = s l l = 0 0 1 do

S i r 2 - m —  2 - 1'2 0 D

( 1 )

( 2 )

I f  F , 1 F U, a n d /d e n o te ,  respective ly , fo rce  c o n s ta n t m atrices (o f s tre tc h in g  
fo rce  c o n s ta n ts  only) b ased  on coord inates S ',  S  l, a n d  r, th en , since A  a n d  A 1 
a re  o r th o g o n a l, th e  fo rm idae

f = A  * F l A ‘ (3a)

=  I n  p u  А и (3b)
an d

F l =  ( A 1 A u ) F u ( A l A ll)~  (4)

d esc rib e  th e  tra n s fo rm a tio n  p ro p ertie s  o f th e  p u re ly  s tre tch in g  p o r tio n  o f  th e  
p o te n t ia l  fu n c tio n .

T h e  resu lts  o f ap p ly in g  E q . (4) to  th e  S e t I I  sy m m etry  s tre tc h in g  force 
c o n s ta n ts  l is te d  in  T ab les IV  a n d  Y o f R ef. [1] a re  g iven in  T ab le  I . I n  a s im ila r

Table I

N 0 2X  s tr e tc h in g  fo r c e  c o n s ta n ts  o b ta in e d  f r o m  c a lc u la tio n s  i n  tw o  
d i f f e r e n t  s y s te m s  o f  s y m m e t r y  c o o r d in a te s

n o 2f N O jC l

m d y n  A  1 Calc. I a Calc. I I 6 Calc. I я Calc. I l"

A 12 .587± 0 .036 9.380 10 .057± 0 .012 8.731

— 3 .6 3 0 ±  0.034 - 3 .0 3 6 — 2 .2 6 0 ± 0 .0 1 1 - 1 .3 1 2

f \ 2 4.370 +  0.035 5.175 7 .1 2 7 ± 0 .0 1 2 7.055

“ T h ese  fo rce  cons a n ts  a re  those  g iven  for Set I c o o rd in a te s  b y  N em es  [1] in his T ab les  IV  a n d  V. 
T hese  fo rce  c o n stan ts  a re  expressed  re la tiv e  to  th e  S e t I  coo rd inates S 1 of E q . (1) a n d  are 
o b ta in e d  th ro u g h  E q . (4) from  th e  Set I I  force c o n s ta n ts  in  Tables IV and  V o f N e m e s  [1].

A cta  Chim . Acad. Sei. Hung. 61, 1969



FREEMAN: STRETCHING FORCE CONSTANTS 165

fash ion , E q . (3a) a n d  E q . (3b) can  be u sed  se p a ra te ly  to  o b ta in  v a lu es  of 
s tre tc h in g  force c o n s ta n ts  re la tiv e  to  th e  com m on  se t of in te rn a l s tre tc h in g  
co o rd in a tes  r, d e fin ed  in  E q . (1) a n d  E q . (2). T h ese  re su lts  are given in  T ab le  I I .

Since th e  w e ig h ted  sum  of sq u a re d  f re q u e n c y  errors c ited  b y  N e m e s  for 
h is Set I  an d  S e t I I  calcu la tions in  his T ab le s  IV  an d  Y are  o f  co m p arab le  
m ag n itu d e  fo r a p a r tic u la r  m olecule, b o th  c a lcu la tio n s  are ju d g ed  c o m p arab le  
in  th e ir  a b ility  to  f i t  th e  frequencies o f t h a t  m olecule. M oreover, since th e  
v ec to rs

[ F l u  F \ u  F l u  F l ] ,  [ F l l , F l l  F l [ ,  F t f ] , an d  [fD,fd , fD d ,fd d ]

a re lin e a rly  re la te d  b y  tra n sfo rm a tio n s  w hich m a y  be show n from  E q s (3) a n d  (4) 
to  be w ell-cond itioned  and  n o t n e a r ly  s in g u la r, i t  follows th a t  sm all ch an g es or 
erro rs in force c o n s ta n ts  are n o t u n d u ly  m ag n ified  b y  tra n sfo rm a tio n s  am ong  
th e se  co o rd in a te  sy stem s. The re su lts  in  T ab le  I  lead  there fo re  to  th e  conclusion  
th a t  (a) th e  s tre tc h in g  force fie lds co n v erg ed  u p o n  in  th e  S et I  a n d  S e t I I  
ca lcu la tio n s o f  N e m e s  do n o t be lo n g  to  th e  sam e  so lu tion  o f th e  v ib ra tio n a l 
p rob lem  (w hich a d m its  o f m u ltip le  so lu tio n s un less co n s tra in ts  a re  im posed , 
for exam ple , b y  th e  req u irem en t t h a t  v ib ra tio n -ro ta tio n  in te ra c tio n  c o n s ta n ts  
be f i t te d  in  a d d itio n  to  th e  v ib ra tio n a l freq u en c ies) an d /o r (b) th e  d ispersions 
q u o te d  b y  N e m e s  a n d  show n in T ab le  I  are g rossly  u n d e re s tim a ted  a n d  possess 
n o t even th e  re la tiv e  v a lid ity  c la im ed  for th e m  [1]. This conclusion is co r
ro b o ra te d  b y  th e  re su lts  given in  T ab le  I I  fo r th e  force co n stan ts  d e riv ed  from  
N e m e s ’ values fo r  h is Set I  an d  S et I I  c a lcu la tio n s  an d  re-expressed  in  te rm s  
o f a com m on basis , viz., th e  in te rn a l s tre tc h in g  coord inates. F o r b o th  N 0 2F

Table II

N O .yX  s tr e tc h in g  fo r c e  c o n s ta n ts  b a se d  o n  in te r n a l  co o rd in a te s

no2f N02C1

m d y n  A  1 Calc. I я Calc. II" B e r n it t " Calc. I я Calc. II" B e r n it t "

/ d 3.686 3.724 2.657 5.973 6.377 2.456

f t 10.330 9.111 11.214 9.993 9.093 10.431

fű d 1.883 0.688 0 0.444 0.250 0

fd d 2.940 1.721 1.534 1.217 0.317 1.569

a T hese  force c o n s ta n ts  are o b ta ined  th ro u g h  E q . (3a) fro m  th e  Set I va lues in  T ab les  IV 
an d  V of N em es  [1].

b T hese  force c o n s ta n ts  are ob ta in ed  th ro u g h  E q . (3b) from  th e  Set I I  va lues in  T ab les  IV 
a n d  V of N e m e s  11J. 

c F rom  T ab le  3 o f  R ef. [2].
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a n d  N 0 2C1, i t  also seem s t h a t  th e  in te rn a l s tre tc h in g  force co n stan ts  o f  N e m e s *  

a n d  th o s e  o f B e r n i t t  e t a l .  [2] belong to  d iffe re n t so lu tions o f th e  v ib ra tio n a l 
p ro b le m . T hese co n sid e ra tio n s , to g e th e r  w ith  th e  in ab ility  of N e m e s ’ force 
f ie ld s  to  rep ro d u ce  th e  iso to p ic  frequencies w ell, c as t d o u b t on th e  u sefu lness 
o f  th e s e  force fields fo r N 0 2C1 an d  N 0 2F  a n d  stress th e  n ecess ity  fo r  th e  
in c lu s io n  o f  ex p erim en ta l d a ta  on v ib ra tio n -ro ta tio n  in te rac tio n  c o n s ta n ts  in 
a n y  f u tu re  ca lcu la tions o f th e  force fields fo r  th e se  m olecules.

N o te  added in  proof. F o r  N O „F, A. M. Mib r i , G. Ca zzo li, an d  L. F e r r e t t i [J . Chem . 
P h y s . 49 , 2775 (1968)] h av e  re c e n tly  show n t h a t  e v en  th e  use  o f cen trifugal d is to r tio n  coef
f ic ie n ts  d e r iv e d  from  th e  m illim e te r  w av elen g th  sp e c tru m , in  a d d itio n  to  th e  in f ra re d  fre 
q u e n c ie s , does n o t p e rm it d e te rm in a tio n  of a u n iq u e  fo rce  field . Two a lte rn a tiv e  fo rce  fields 
a re  o b ta in e d , an d  these  re su lts  seem  closer to  th o se  o f B e r n it t  et al. [2J th a n  to  th o se  o f  
N e m e s  [1].

R E F E R E N C E S

1. N e m e s , L .: A cta  Chim. A cad . Sei. H ung . 56, 153 (1968)
2. B e r n it t , D. L ., Mil l e r , R . H ., H is a t su n e , I. C.: S p ec tro ch im . A cta  23A, 237 (1967)
3. N e m e s , L .: A c ta  Chim. A cad . Sei. H ung . 52, 169, 179, 189 (1967)

D . E . F r e e m a n ; A ir F o rce  C am bridge R esea rch  L ab o ra to ries . L . G.
H an sco m  F ie ld , B ed fo rd , M assach u se tts  01730.

* I t  w ould  be possib le , b y  an  a p p ro p ria te  t ra n s fo rm a tio n , to com pare  th e  b e n d in g  
force  c o n s ta n ts  o f B e r n it t  et al. (w ho em ploy n o n - re d u n d a n t  coord ina tes) to  th o se  based  
on N e m e s ’ S et I I  co o rd ina tes if  th is  la t te r  se t w ere g e n e ra te d  from  a com plete n o n -re d u n d a n t 
se t o f  in te r n a l  coord inates. H o w ev er, th e  five  sy m m e try  coo rd in a tes  (S]1, . . . S*1) spec ify in g  
th e  f iv e  deg rees o f p lan a r  freed o m  are  defined  by  N e m e s  in  te rm s of six in te rn a l c o o rd in a te s  
(d lf  d 2, D , A ,  a t , a„).
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KINETICS AND MECHANISM OF SUBSTITUTION 
REACTIONS OF COMPLEXES, XI

N E W  R E IN E C K E -S A L T -L IK E  C OM POU NDS C O N T A IN IN G  P A R A -P H E N E T ID IN E , 
A N D  T H E  ISO LV OLYSIS O F  [Cr(NCS)4(/> -P H E N E T ID IN E )2] -  IN  E T H A N O L -W A T E R

M IX T U R E S

J .  ZsAKÓ, Cs. VÁRHELYI, J . G a NESCU a n d  J .  TuROS 

(F a cu lty  o f  C hem istry , Babe§-Bolyai U n iversity , C lu j , R o u m a n ia )

R eceived  Ju n e  16, 1968

T w en ty  new  com plexes w ere sy n th esized , co n ta in in g  th e  com plex anion- 
[C r(N C S).,(p-phenetid ine)2]“ . S ynthesis, analysis a n d  c h a ra c te riz a tio n  o f these  com 
po u n d s are  g iven.

T he solvolysis o f th e  [Cr(NCS)4(p -p h en e tid in e )2]~ com plex  ion w as s tu d ied  in 
v a rio u s  e th an o l—w a te r  m ix tu re s . T he experim en ta l re su lts  w ere exp la ined  by assum ing 
tw o  p ara lle l processes. T h e  su b s titu tio n  of th e  f i r s t  NCS is a f irs t  o rd e r reac tio n  in 
re sp ec t to  th e  in itia l com plex  ion. I ts  a c tiv a tio n  e n e rg y  is a b o u t 30 kcal/m ole a n d  its  
a c tiv a tio n  e n tro p y  o f a b o u t  10— 15 Cl. T he r a te  o f  th is  reac tio n  is p ra c tic a lly  n o t 
in fluenced  by  th e  co m p o sitio n  of th e  so lven t. T h e  su b s ti tu tio n  of th e  /7 -phenetid ine  
m olecules seem s to  be  a second  o rd er reac tion  ( f ir s t  o rd e r  in  re sp ec t to  th e  com plex 
ion and f irs t  o rd e r in re sp e c t to  e thano l). T h is re a c tio n  has an  a c tiv a tio n  energy  of 
a b o u t 22— 23 kcal/m ole  a n d  n e arly  a zero a c tiv a tio n  e n tro p y . T he su b s titu tio n  of NCS 
ions is p ra c tic a lly  n o t in flu en ced  by  th e  h y d rogen  ion  co n ce n tra tio n , th e  su b s titu tio n  
of p -p h e n e tid in e , how ever, is fa s te r  in th e  p resence o f  a m in e ra l acid.

W e h av e  re p o rte d  in  earlie r papers [1—3] t h a t  in  K.s[Cr(NCS)6] th e  
N C S-groups can  be easily  p a r tia lly  su b s titu te d  w ith  a ro m a tic  or w ith  h e te ro 
cyclic am ines as an iline  d e riv a tiv e s  (pK  =  9 — 12) a n d  p y rid in e , picoline 
resp ec tiv e ly , b y  h e a tin g  th e se  reag en ts  in th e  ab sen ce  o f  so lv en t. W e observed  
th a t  ja -phenetid ine , w ith  a b ase  s tre n g th  close to  t h a t  o f an iline , en te rs  easily  
in to  th e  in te rn a l co -o rd in a tio n  sphere o f K 3[C r(N C S)6] : [Cr(NCS)e]3 ~ -j- 
2 p -p h en e tid in e  =  [C r(N C S),,(p-phenetid ine)2] ~ +  2N CS _ [4].

T he physico-chem ical p ro p ertie s  of [Cr(N CS)4(p>-phenetidine)2] ~ are v e ry  
s im ila r to  th o se  o f th e  rh o d a n ila te  ion [C r(N C S)4(an ilin e )2] o b ta in e d  by  
B e r g m a in  [5 ] .  I t  is a su ita b le  p rec ip ita tin g  a g en t fo r a g rea t n u m b e r of h e te ro 
cyclic N -bases an d  can  be used  e.g. for th e  se p a ra tio n  o f alkalo ids. In  th e  
p re sen t p a p e r 8 new  co m p o u n d s form ed b e tw een  th e  above  com plex  ion an d  
ch lo ro h y d ra te s  o f a lkalo ids an d  o f he terocyclic  N -b ases  are  described . T hese 
are  lis ted  in T ab le  I.

T he so lu b ility  o f  th e  a lka lo id  salts is v e ry  s lig h t a n d  th e re fo re  th e se  
o rgan ic  bases can be d e te rm in e d  q u a n tita tiv e ly  e ith e r  b y  a g rav im etric  or 
a p h o to m e tric  m e th o d  in  th e  sam e m an n er as th e  re in eck ea te .

M eanw hile th e a n io n  [Cr(N CS)4(p -p h e n e tid in e )2] -  (a b b re v ia te d a s P h e n .R . 
is a v e ry  effec tive  p re c ip ita tin g  agen t for th e  se p a ra tio n  of m eta l-am in e  
com plex  ca tio n s, as [ M e ^ N H ,) , , ] ^ ,  [M e"(en)„]2+, w ith  M e" =  Zn, Cd, Cu
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T able  I

N ew  compounds o f  the typ e  am ine. H [ C r (N C S ) ifp -p h e n e tid in e )2]  
(A m in e s  are organic N-bases)

Mol.
weight
ealed.

Analysis Solubility,
No. Formula

Calcd. Found Appearance Yield
%

in water 
mole/1 

(20—22°C)

l . p -p h e n e tid in e Cr 7.46 7.50 red-v io let 80 —

I I  [Phen . R] 696.8 s 18.40 18.47 th in  prism s

2. 8-oxychinoline Cr 7.39 7.32 red-v io let 85 1.16 • i o - 3

H  [Phen . R] 703.8 s 18.19 18.22 th in  p la tes

3. a tro p in e 849 Cr 6.12 6.08 red-v io let 63

CO1оGO

H  [P hen . R] N 11.54 11.19 th in  p rism s

4. c inchon id ine 854 Cr 6.09 6.24 red-vio let 78 1.49 • 10“ 3

H  [Phen . R] N 11.45 11.60 th in  p lates

5. c h in in e 884 Cr 5.88 6.08 red-vio let 87 1.50 • IO“ 3

H  [Phen . R] s 14.48 14.53 th in  prism s

6. ep h ed rin e 724.9 Cr 7.17 6.93 red-vio let 71 1.50 • IO“ 3

I I  [P hen . R] s 17.66 17.68 th in  prism s

7. m o rp h in e 845 Cr 6.15 6.21 red-v io let 78

■'S*12cd

H  [Phen . R ] N 11.60 11.85 irreg u lar
p la te s

8. p y lo ca rp in e 767.9 Cr 6.77 6.88 red-vio let 80

CO1о

H  [P hen . R] N 13.11 13.11 th in  p lates

[P h e n . R ]  =  [Cr(NCS)4(p -p h e n e tid in e )2]

a n d  N i, [C r(en)3]3 + , [C r(N H 3)5H 20 ] 3 + , [Cr(en)2(NCS)2] + an d  a la rg e  n u m b e r of 
c a tio n s  o f  th e  h exam ine , m o n o -ac id o -p en tam in e  an d  d ia c id o -te tram in e - 
c o b a l t ( I I I ) - ty p e . T he p re c ip ita tio n  reac tio n s  tv ith  c o b a lt( I I I ) -  a n d  c h ro m (III)-  
am in es  h av e  no a n a ly tic a l s ig n ifican ce  because of th e  specific  fo rm a tio n  
c o n d itio n s , b u t th e y  can  be u se d  fo r th e  iso lation  an d  chem ical c h a ra c te r iz a tio n  
o f  re a d ily  soluble com plex  c a tio n s . In  T ab le  I I  12 c o b a lt( I I I ) -a m in e  com 
p o u n d s  a re  com piled.

F ro m  th e  above co m p o u n d s  th o se  o f th e  h ex am in e  ty p e  a re  sligh tly  
so lu b le  in  w ater. All th e  c o b a lt( I I I ) -a m in e  d e riv a tiv es  g iven in  T a b le  I I  are
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Table II

New cobaltf I I I ) - a m in e  derivatives o f  the acid H [ C r (  N C S ) t (  p -p h enelid ine) „]
Analysis

Mol.
No. Formula weight

ealed. Calcd. Found Appearance

a) H exam ine  ty p e

l . [Co(en)3] 

(Phen. R )3

1914.9 Co +  3Cr 

11.23 

S 20.09

11.41

19.98

ligh t red  
m ic ro cry st.

68

2. [Co(NH3)„] 

(Phen. R )3

1835.8 C o + 3 C r 

11.70 

S 20.94

11.88

20.77

red-v io let
m ic ro cry st.

70

3. [Co(NH3)5H 20 ]  

(Phen. R )3 1837.8

Co +  3Cr 

11.68 

S 20.93

11.64

20.73

viole t r e c t
an g u la r 
p la te s

55

b) M onoacido-pentam ine ty p e

4. [Co(en)2Cl N H 3] 

(Phen. R )2
1348.8 Co +  2Cr 

12.08 

N 11.44

12.20

11.30

red m icro
cry st.

60

5. [Co(en)2Cl b enzy lam ine] 

(Phen. R ).
1438.8 C o + 2 C r 

11.32 

S 17.82

11.03

17.64

ligh t red 
m ic ro cry s t.

50

6. [Co(en)2Cl aniline] 

(Phen. R ),
1424.9 Co +  2Cr 

11.44 

N 10.81

11.50

10.90

red-v io le t
m ic ro cry s t.

52

c) D iac id o -te tram in e  ty p e

7. tran s -  [Co(en)2Cl2] 

(Phen. R)
808.6 C o + C r

s

13.77

15.86

13.44

15.88

ligh t p ink  
m ic ro cry s t.

65

8. cis-[Co(en)2Cl2] 

(Phen. R)

808.6 Co +  Cr 13.77 13.60 violet
m ic ro cry st.

60

9. cís-[Co(1N1I3) 1( N 0 2)2] 
(Phen. R)

777.8 Co +  Cr 

N

14.26

21.60

14.40

21.40

orange
m icro cry st.

60

10. [C o(D H )2(/?-toluidine)2] 

(Phen. R)

1063.8 Co 4- Sr

C

10.43

12.05

10.20

11.99

golden yellow 
m ic ro cry s t.

88

11. [C o(D H )2(/i-p icoline)2] 

(Phen . R)

1035.8 C o + C r

S

10.47

12.38
10.57

12.35

ligh t p ink  
m ic ro cry st.

80

12. [C o(D H )2(o-an isid ine)2] 
(Phen. R)

1095.8 C o + C r

S

10.13

11.68

10.06

11.67

th in , golden 
yellow  p la tes

75

en =  C2H 8N 2, D H = C j H ,N ,0 ,
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r e a d i ly  so luble  in som e p o la r  so lv en ts  as ace to n e , m e th y l-e th y l-k e to n e , ace ty l- 
a c e to n e , e th y l ace ta te , d im e th y l-fo rm am id e  an d  p y rid in e ; th e y  a re , how ever, 
in so lu b le  in  n o n p o la r so lv e n ts  as benzene , to lu e n e , carbon  te tra c h lo r id e , 
ch lo ro fo rm . T heir so lu b ility  in  m e th an o l is q u ite  d iffe ren t. T he m o s t soluble 
a re  so m e deriva tives o f  th e  d ia c id o -te tram in e -ty p e  as [C o(D H )2(am in e)2] 
P h e n .R .

T h e  anion [C r(N C S ),(p -phene tid ine)2] ~ is u n s ta b le  in  so lu tions: in  aqueous 
a lco h o l so lu tions lig an d  e x ch an g e  reac tio n s ta k e  p lace.

W e have s tu d ied  th e  so lvolysis o f th e  an ion  o f tw o  sim ilar R e in eck e-sa lt-  
l ik e  co m p o u n d s  (an ilin ium  re sp . p -to lu id in iu m  [Cr(N CS)4(am ine)2]) in  e th a n o l-  
w a te r  m ix tu re s  [6], [7]. O u r ex p e rim en ts  show ed th a t  tw o  p a ra lle l lig an d  
e x c h a n g e  reactions occu r, th e  rep lacem en t o f th io c y a n a te  ion a n d  th e  re p la c e 
m e n t o f  th e  a rom atic  am in e  m olecule b y  so lv en t m olecules. In  th is  resp ec t 
th e  so lvo lysis of th e  s tu d ie d  co m pounds d iffers fu n d a m e n ta lly  fro m  th e  
so lv o ly s is  of th e  R ein eck e  sa lt, s tu d ie d  b y  A d a m s o n  [8].

H e  has proved  th a t  in  th e  solvolysis o f  [C r(N €S )4(N II3)2] -  o n ly  NCS is 
re p la c e d , am m onia, h o w ev er, is n o t lib e ra te d . In  e th a n o l-w a te r  m ix tu re s  th e  
so lv o ly s is  k inetics are p ra c tic a lly  n o t in flu en ced  b y  th e  com p o sitio n  o f th e  
s o lv e n t . In  th e  case o f th e  an a logous co m pounds c o n ta in in g  a ro m a tic  am ines 
th e  N C S exchange is also n o t  a ffec ted  b y  th e  alcohol c o n te n t o f th e  so lv en t, 
b u t  th e  am ine is l ib e ra te d  to o  a n d  th e  r a te  o f its  exchange is co n sid e rab ly  
in c re a se d  b y  h igher e th a n o l c o n c e n tra tio n . T he am ine  exchange p rocess is a 
se c o n d  o rd e r reac tio n , b e in g  f irs t  o rd er in  e th a n o l [7]. M ineral acids have  
a s im ila r  acce lera ting  e ffec t u p o n  th e  am in e  exchange .

In  th is  p ap er th e  lig a n d  exchange reac tio n s  w ith  th e  [Cr(N CS)4(p -phene- 
t id in e ) 2] -  ion are re p o r te d . T h e  change in  tim e  o f th e  co n c e n tra tio n  o f th is  ion 
a t  d iffe re n t te m p e ra tu re s  w as  follow ed in  4 e th a n o l-w a te r  m ix tu re s , co n ta in in g  
2 4 .2 ; 48 .5 ; 72.7 an d  97.0 v /v  p e r  cen t e th a n o l, re sp ec tiv e ly . T hese m easu rem en ts  
e n a b le d  us to  s tu d y  th e  k in e tic s  o f th e  to ta l  p rocess. A p lo t o f  lg  c/c0 versus 
t im e  g av e  a good l in e a r i ty  (F ig . 1).

T h u s  th e  overall p ro cess  is a p p a re n tly  a f ir s t  o rd e r re a c tio n . As seen 
f ro m  F ig . 1, ra te  c o n s ta n ts  are  h ig h ly  d e p e n d e n t on th e  co m p o sitio n  o f th e  
s o lv e n t , sim ilarly  as in  th e  case o f th e  analogous an ilin e  an d  p - to lu id in e  d e riv a 
t iv e s .  F ro m  th e  e x p e r im e n ta l d a ta  th e  r a te  c o n s ta n ts  w ere c a lc u la ted  for 
v a r io u s  te m p e ra tu re s  a n d  e th a n o l-w a te r  m ix tu re s . T he co rresp o n d in g  ra te  
c o n s ta n ts  are  given in  T a b le  I I I .

U sing  th e  A rrh en iu s  e q u a tio n  th e  a p p a re n t  ac tiv a tio n  e n e rg y  Ea an d  
th e  freq u en cy  fac to r P Z  w ere  ca lcu la ted  fo r th e  d iffe ren t so lven t co m positions. 
T h e se  values are given in  T ab le  IV .

Acta Chim. Acad. Sei. Hung. 61, 1969



ZSAKÓ et al.: SUBSTITUTION REACTIONS OF COMPLEXES, XI 171

Fig. 1. D e te rm in a tio n  of th e  ra te  c o n s tan ts  o f  th e  overall reac tio n , a — 2 4 .2 %  e thanol, 
40 .1°C ; b  — 24.2%  e th a n o l, 4 5 .Г С ; c -  48 .5%  e th an o l, 45.0°C ; d  — 9 7 .0 %  e thano l,

40.2°C ; e — 97 .0%  e th an o l 45.0°C

Table III
R ate constants o f  the overall process (k  ■ 10*, s ~ l)

E th a n o l co n cen tra tio n  v /v  p e r  cen t

24.2 48.5 72.7 97.0

40.1 0.46 0.68 _ _
40.2 — — 1.04 1.69
45.0 — 1.23 1.79 2.65
45.1 0.97 — — —

50.1 1.64 2.78 3.82 4.83
53.5 2.94 — — —

54.8 — 4.27 —

55.0 — — 5.88 8.93

Table IV
A p p a ren t activation energy and  activation entropy o f  the 

overall process

I°c E th a n o l c o n c en tra tio n  v /v  p e r  ce n t

24.2 48.5 72.7 97.0

E q, k c a l /m o le ................. 27.3 26.3 24.6 23.1

i g  p z .............................................. 14.7 14.1 13.2 12.3
z4Sj9»C1............................... 8.7 6.2 1.7 — 2.1
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I n  th e  same tab le  a re  g iv en  also th e  a p p a re n t a c tiv a tio n  e n tro p y  v alues, 
o b ta in e d  b y  m eans of th e  w ell kn o w n  form ula:

А 5 1 =  2,ЗЯ l g ^ ^ .
k T

T h e  ap p a ren t a c tiv a tio n  en e rg y  and  also th e  a c tiv a tio n  e n tro p y  decrease 
w ith  in c reas in g  e th an o l c o n te n t  o f  th e  solvent.

I n  o rd er to  se p a ra te  th e  tw o  para lle l so lvolysis p rocesses, b o th  th e  con
c e n tr a t io n  of th e  u n ch an g ed  co m p lex  and  th a t  o f  th e  free  NCS -  w as m easu red . 
T h u s  w e o b ta ined  th e  ra t io  r =  [N C S~]/(c0 — c), w here  c0 an d  c s ta n d  for th e

F ig . 2. R a tio  r =  [NCS ]/(c0 — c) v e rsu s  tran sfo rm a tio n  degree  of th e  in it ia l  com plex io n  
E th a n o l  c o n te n t  of th e  so lv en t: 24 .2%

in i t ia l  a n d  for th e  a c tu a l c o n c e n tra tio n  of th e  s tu d ie d  c o m p lex io n . T his ra tio  is 
c o n s ta n t  in  th e  case of th e  so lvo lysis  of th e  R einecke sa lt. A ccord ing  to  A damson  
[8], i t  is ab o u t r =  2. A d a m s o n  assum ed th a t  th e  solvolysis o f th e  f irs t  N C S -  
w as fo llow ed  by  th e  in s ta n ta n e o u s  rep lacem en t o f  th e  second th io c y a n a te  ion. 
In  th e  case of th e  co rre sp o n d in g  aniline and  p - to lu id in e  d e riv a tiv e s  we found  
also  a  c o n s ta n t ra tio  r [6, 7 ] , w h en  n o t m ore th a n  80 — 85 %  o f th e  in itia l com plex  
w as tran sfo rm ed . T hese v a lu e s  a re  less th a n  2 a n d  a re  d ep en d in g  on th e  e th an o l 
c o n te n t  o f th e  so lven t. W e su p p o se  th a t  also th e  an iline  or th e  p - to lu id in e
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m olecules are rep laced  d u rin g  th e  solvolysis process. O ur m e a su re m e n ts  con
ce rn in g  th e  ra tio  r in  th e  case o f th e  solvolysis o f  th e  p -p h e n e tid in e  d e riv a tiv e  
g ive th e  sam e genera l p ic tu re  as a t  th e  ea rlie r s tu d ied  co m p o u n d s. T h e  p lo t 
o f  th e  ra tio  r versus th e  tra n s fo rm a tio n  degree a  o f th e  in itia l co m p lex  gives a 
sing le  cu rve  for each  so lv en t com p o sitio n , irre sp ec tiv e  o f th e  te m p e ra tu re . 
T h e  ra tio  r is p ra c tic a lly  c o n s ta n t u n til  th e  tra n s fo rm a tio n  o f  th e  in itia l 
com plex  ion is n e a rly  com ple te ; n o  sy s te m a tic  v a ria tio n  o f  th is  ra tio  w ith  
te m p e ra tu re  w as observed , b u t an  irre g u la r  sc a tte rin g  o f  e x p e rim e n ta l values 
ro u n d  th e  com m on cu rve . T hese re su lts  are  il lu s tra te d  in  F ig . 2.

I t  can  be seen th a t  r has a b o u t th e  sam e v alue  d u rin g  th e  so lvo lysis  a t 
all s tu d ie d  te m p e ra tu re s  an d  begins to  increase  only  a f te r  th e  tra n s fo rm a tio n  
o f  th e  m a jo rity  of th e  in itia l com plex  ions. T he m ean  v a lu e  o f  r, co rre sp o n d 
in g  to  th e  h o rizo n ta l p o rtio n  o f th e  cu rv e  in F ig . 2, depends on th e  com position  
o f  th e  so lven t. F o r th is  p ra c tic a lly  c o n s ta n t r va lu e  we o b ta in e d  th e  follow ing 
f ig u res  in  th e  d iffe ren t so lven t m ix tu re s :

E th a n o l c o n te n t v /v  p er c en t 24.2 48.5 72.7 97.0
R a tio  r 0.79 0.51 0.33 0.22

These values are  also less th a n  th o se  fo u n d  b y  A damson  fo r th e  R einecke 
s a lt  an d  r  decreases w ith  in c reas in g  e th a n o l co n te n t. T hese re su lts  c an  he 
ex p la in ed  b y  m eans o f  th e  fo llow ing h y p o th ese s :

1. T he solvolysis o f th e  com plex  ion invo lves tw o  p a ra lle l p rocesses:

[C r(N C S ),(p -P ln :i.)J  -f- R O H  =  [Cr(NCS)3(R O H )(/>-Phen)2] +  NCS -  (1)

[Cr(NCS)4(p -P h en )2] -  +  R O H  =  [Cr(N CS)4(p -P h en )(R O H )] -  +  p -P h e n  (2)

w here  p -P h e n  s tan d s  for p -p h e n e tid in e  an d  R O H  for a m olecule o f  so lv en t, 
e i th e r  w a te r or e th an o l.

2. R eaction  (1) is succeeded b y  a p ra c tic a lly  in s ta n ta n e o u s  p ro cess:

[Cr(N CS)3(R O H )(p -P h en )2] +  R O H  =  [Cr(NCS)2(R O H )2(p -P h e n ) ,]  + +  NCS -  (3)

T h is a ssum ption  seem s to  be p ro b ab le  for th e  follow ing rea so n s:
a) In  th e  case o f th e  R ein eck e  sa lt, w here N H 3 is n o t s u b s ti tu te d , 

A d a m so n  found  th e  ra tio  r  =  2.
b) In  th e  case o f  th e  an iline  d e riv a tiv e s  th e  ra tio  r is n e a r  to  r =  2 a t 

low  e th a n o l co n ten t an d  o therw ise i t  varies  w ith  th e  e th a n o l c o n te n t  like th e  
p -p h e n e tid in e  d e riv a tiv e , s tu d ied  in th e  p re se n t paper.

Supposing  th a t  th e  above h y p o th ese s  are  co rrect we can  c a lc u la te  th e  
ra te  c o n s ta n ts  o f th e  processes (1) an d  (2) from  th e  overall r a te  c o n s ta n t.
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F o r  th i s  pu rpose  we can  u se  t h e  form ulas g iven in  o u r ea rlie r p a p e r [6]:

К (4)

I n  th e s e  fo rm ulas k, fex a n d  k 2 s ta n d  for th e  r a te  c o n s ta n t  o f  th e  overall reac tio n  
a n d  o f  reac tio n s  (1) a n d  (2) re sp ec tiv e ly . I n  o rd e r  to  e lim in a te  th e  sc a tte rin g  
o f  e x p e r im e n ta l d a ta , k 1 a n d  fc2 were n o t c a lc u la te d  u sing  th e  ex p erim en ta l 
o v e ra l l  r a te  co n stan ts  к  (g iv e n  in  Table I I I ) ,  b u t  from  “ th e o re tic a l”  ones 
o b ta in e d  from  th e  A rrh e n iu s  equation , u s in g  th e  a c tiv a tio n  energies an d  
lg  P Z  v a lu es  from  T ab le  IV . F ro m  these “ th e o re tic a l”  o vera ll ra te  c o n s ta n ts  
k x a n d  k 2 w ere c a lc u la te d  acco rd in g  to  fo rm u las  (4). T h e  o b ta in ed  v a lu es  are 
p re s e n te d  in  Tables Y a n d  Y I .

Table V

R ate  constan ts o f  reaction (1 )  ( k l -1 0 ‘>, s l)

Ethanol concentration v/v per cent

24.2 48.5 72.7 97.0

40.1 0.18 0.17 _
40.2 — 0.17 0.18

45.0 — 0.33 0.31 0.34

45.1 0.36 — — —

50.1 0.71 0.64 0.58 0.60

53.5 1.10 - — —

54.8 — 1.14 — —

55.0 — - 1.02 1.03

Table VI

A p p a ren t rate constants o f  reaction (2 )  ( к 2 -1 0 л, s ~ ')

Ethanol concentration v/v per cent

24.2 48.5 72.7 97.0

40.1 0.28 0.51 _ _
40.2 — - 0.87 1.42

45.0 — 0.97 1.57 2.47

45.1 0.56 — — —

50.1 1.09 1.87 2.89 4.40

53.5 1.70 — — —

54.8 — 3.36 — —

55.0 — — 5.15 7.52
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T hese d a ta  in d ica te  t h a t  th e  ra te  c o n s ta n t кг o f reac tio n  (1) is a lm o st 
in d e p e n d e n t from  th e  c o n c e n tra tio n  o f e th a n o l, i.e. reac tio n  (1) is , in  f irs t 
ap p ro x im a tio n , n o t in fluenced  b y  th e  com position  of th e  so lven t. T h is  co n c lu 
sion is in  a good ag reem en t w ith  A dam so n ’s o b se rv a tio n  co n c e rn in g  th e  
independence  o f th e  solvolysis r a te  from  th e  alcohol c o n te n t o f th e  so lv e n t in 
th e  case o f th e  R einecke sa lt, w h ere  on ly  th e  th io c y a n a te  is e x c h a n g e d .

In  c o n tra ry  to  reac tio n  (1), th e  ra te  c o n s ta n t o f reac tio n  (2) in creases  
s tro n g ly  w ith  increasing  e th a n o l c o n c e n tra tio n . T h is enables us to  lo o k  for 
a p a r tia l  re a c tio n  o rd er w ith  re sp e c t to  e th a n o l. T he q u o tie n t o f  th e  ra te  
c o n s ta n t k2 a n d  th e  m olar c o n c e n tra tio n  o f  e th a n o l is n ea rly  c o n s ta n t  a t  a 
g iven  te m p e ra tu re . T hus re a c tio n  (2) seem s to  be a second o rd e r re a c tio n : 
f ir s t  o rd e r b o th  w ith  respect to  th e  com plex  ion  a n d  to  e th an o l.

On th e  basis  o f th e  above re su lts  we assum e th a t  p -p h e n e tid in e  is rep laced  
b y  e th an o l in  reac tio n  (2). T h e  co rresp o n d in g  second o rd er ra te  c o n s ta n ts  are 
g iven  in  T ab le  V II .

Table v n

S e c o n d  o r d e r  r a t e  c o n s ta n ts  o f  r e a c t io n  ( 2 )  
(7c, ■ 1 0 й, l -» m o l e - ' )

t °  c
Eth anol c a n ce n tra tio n  v /v  p e r  cen t

24.2 48.5 72.7 97.0

4 0 .1 0 . 6 7 0 .6 1 _ _
4 0 . 2 — — 0 . 6 9 0 . 8 5

4 5 . 0 — 1 .1 7 1 .2 6 1 .4 9

4 5 .1 1 . 3 4 — — —
5 0 .1 2 . 6 2 2 .2 5 2 .3 1 2 .6 2

5 3 .5 4 . 0 7 — — —
5 4 .8 — 4 . 0 4 — —

5 5 . 0 — - 4 . 1 2 4 . 4 7

C onsidering th e  a c tiv a tio n  en e rg y  an d  a c tiv a tio n  e n tro p y  o f  b o th  p ro 
cesses we can  say  th e  fo llow ing: S ince th e  a p p a re n t ac tiv a tio n  e n e rg y  o f  th e  
solvolysis decreases w ith  in c reasin g  e th a n o l c o n c e n tra tio n  an d  m ean w h ile  th e  
re la tiv e  ra te  o f  reac tio n  (2) in c reases , we can p resu m e  th a t  reac tio n  (1) re q u ire s  
a la rg e r a c tiv a tio n  energy  th a n  re a c tio n  (2). O n th e  basis o f  a p p a re n t a c t iv a tio n  
en erg y  d a ta  g iven  in T ab le  IV , th e  a c tiv a tio n  en erg y  o f reac tio n  (1) is a b o u t 
30 kcal/m ole, w hile th e  a c tiv a tio n  en e rg y  o f re a c tio n  (2) ab o u t 22 — 23 k c a l /m ole. 
S im ilarly  we p resu m e th a t  re a c tio n  (1) has a la rg e r a c tiv a tio n  e n tro p y , a b o u t 
10 —15 Cl, w hile reac tio n  (2) a fa r  sm alle r a n d  even  a n eg a tiv e  one.

F u r th e r  th e  in fluence  o f an  ac id  on th ese  solvolysis reac tio n s w as s tu d ie d . 
T h e  sam e k in e tic  m easu rem en ts  w ere  ca rried  o u t in  24.2 v /v  p e r c e n t  e th a n o l
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in  th e  presence of d iffe re n t perchloric acid c o n c e n tra tio n s . T he overa ll r a te  o f  
so lvo lysis  is s tro n g ly  in f lu e n c e d  by th e  a c id ity  o f  th e  so lu tion : th e  solvolysis 
r a te  increases w ith  in c re a s in g  perchloric ac id  c o n c e n tra tio n . In  T ab le  V II I  
a re  g iven  th e  ra te  c o n s ta n ts  ob tained  a t  d iffe re n t te m p e ra tu re s  an d  d iffe ren t 
a c id  co n cen tra tio n s to g e th e r  w ith  th e  a c tiv a tio n  en erg y , lg P Z  an d  a c tiv a tio n  
e n tro p y  values.

Table V III

I n f lu e n c e  o f  th e  p e r c h lo r ic  a c id  co n cen tra tio n  o n  th e  k in e t ic s  o f  the  o ve ra ll p ro c e s s  
in  a n  e th a n o l—w a te r  m ix tu r e  c o n ta in in g  2 4 .2  v /v  p e r  cen t e th a n o l

C o n c e n tra t io n  of
H C 104
mole/1

к  ■ 1 0 4, s " 1 E l
k c a l/m o le

h
P Z

4 S * „
Cl

T
40°C 4 5 °C 50°C 55°C

3 • 1 0 ~ 4 0 . 5 0 0 . 9 8 1 .8 4 3 .5 6 2 6 . 2 1 4 .0 5 .5 0 . 7 4

l • 1 0 “ 3 0 . 5 4 1 . 0 6 1 .9 7 3 . 6 6 2 5 . 5 1 3 .6 3 .6 0 . 6 9

3 • 1 0 - 3 0 . 5 9 1 . 1 3 2 .0 8 3 .8 1 2 5 . 0 1 3 .2 1 .9 0 . 5 4

1 • 1 0 " 2 0 . 6 4 1 . 2 1 2 .1 9 3 .9 4 2 4 . 4 1 2 .8 5 0 . 3 0 . 4 5

3 • 1 0  2 0 . 6 8 1 . 2 8 2 .3 1 4 . 1 8 2 4 . 4 1 2 .8 5 0 .3 0 .4 1

1 • 1 0 - 1 0 . 7 3 1 . 3 5 2 .4 2 4 .4 9 2 4 . 2 1 2 .7 5 - 0 . 2 0 . 3 9

I t  can be seen t h a t  b o th  th e  a p p a re n t a c t iv a tio n  energy  an d  a c tiv a tio n  
e n tro p y  decrease w ith  in c rea s in g  acid ity .

T he ra tio  (r) o f  th e  co n cen tra tio n  o f free  N C S ~  to  tran sfo rm ed  com plex  
io n  w as de te rm ined , a n d  th e  ob tained  v a lu es  a re  also inc luded  in  T ab le  V III . 
S ince ra tio  r decreases, th e  r a te  of solvolysis, h o w ev e r, increases w ith  increasing  
h y d ro g e n  ion c o n c e n tra tio n , we can co n c lu d e  t h a t  reac tio n  (2) is s tro n g ly  
acce le ra ted  by  th e  h y d ro g e n  ions.

U sing th e  k in e tic  p a ra m e te rs  given in  T a b le  V I I I ,  “ th e o re tic ”  overall 
r a te  co n stan ts  w ere c a lc u la te d , and  b y  m ean s o f  fo rm u lae  (4) th e  ra te  c o n s ta n ts , 

a n d  k 0, were o b ta in e d .

Tabic IX

I n f lu e n c e  o f  p e r c h lo r ic  a c id  u p o n  th e  r a te  c o n s ta n ts  o f  r e a c tio n s  
( 1 )  a n d  ( 2 )

Cone, 
o f  H C 104

mole/1

fc, • 10«, s ~ l fc2 • 104, s -1

40°C 45 °C 50°C 55°C 40 °C 45°C 50°C 55°C

3  • 1 0 - 4 0 . 1 8 0 . 3 6 0 .6 8 1 .3 1 0 . 3 1 0 .6 1 1 .1 6 2 .2 5

1 • 1 0 - 3 0 . 1 9 0 . 3 7 0 .6 8 1 .2 6 0 . 3 5 0 . 6 9 1 . 2 9 2 . 4 0

3  • 1 0 - 3 0 . 1 6 0 . 3 0 0 .5 6 1 .0 2 0 . 4 3 0 . 8 3 1 .5 2 2 .7 9

1 • 1 0 " 2 0 . 1 4 0 . 2 7 0 .4 9 0 . 8 8 0 . 4 9 0 . 9 4 1 .7 0 3 . 0 6

3  • 1 0 - 2 0 . 1 4 0 . 2 6 0 .4 8 0 . 8 6 0 . 5 4 1 .0 2 1 .8 4 3 .3 2

1  • 1 0 - 1 0 . 1 5 0 . 2 7 0 .4 9 0 . 8 9 0 . 5 9 1 .0 8 1 .9 6 3 . 6 9
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I t  can  be seen from  T able I X  t h a t  b o th  ra te  co n stan ts  Aq a n d  k 2 are 
d iffe re n tly  in flu en ced  b y  th e  h y d ro g en  ion  co n cen tra tio n . T he r a te  c o n s ta n t 
o f  re a c tio n  (1) decreases w ith  in c rea s in g  a c id ity , up  to  perchloric ac id  co n cen 
tr a t io n s  o f 3 • 10 -3 to  10 “2 mole/1. T h u s  re a c tio n  (1) shows a s im ila r  b e h a v io u r 
as m a n y  o th e r a q u a tio n  reac tio n s, w h ere  a m in im um  ac id ity  is n eed ed  to  
h in d e r  th e  basic hyd ro lysis . Since b as ic  h y d ro ly sis  is m uch fa s te r  th a n  th e  
ac id  one, increasing  ac id ity  low ers th e  h y d ro ly s is  ra te . In  th e  case  o f  some 
b is -e th y len ed iam in e -ch lo ro -am in o -co b a lto u s(III)  com plexes th e  b a s ic  h y d ro 
lysis can  be su p p ressed  com pletely  a t  p H  <[ 3 in  aqueous so lu tio n s  [11, 12]. 
A ccord ing  to  th e  k in e tic  d a ta  o f T a b le  IX , in  ou r e th a n o l-w a te r  m ix tu re s  
som e m ore  h y d ro g en  ions are need ed  to  h in d e r  basic  hydro lysis o f  th e  s tu d ie d  
[Cr(CN S)4(p -P h en )2] - , since ra te  c o n s ta n t  v a lu es  At are  p rac tica lly  in d e p e n d e n t 
o f a c id ity  on ly  if  th e  perchloric acid  c o n c e n tra tio n  is n o t less th a n  10“ 2 mole/1.

R eac tio n  (2) is g rea tly  acce le ra ted  b y  perch lo ric  acid. R a te  c o n s ta n ts  
k., a re  increasin g  w ith  th e  perch lo ric  ac id  c o n c e n tra tio n  all o v e r th e  s tu d ied  
a c id ity  ran g e . T h is increase  is n o t d ire c tly  p ro p o rtio n a l to  an  in te g e r  pow er 
o f  th e  h y d ro g en  ion c o n cen tra tio n , i t  is, h ow ever, closely lin ea r w ith  th e  p H .

In  som e re sp ec t th e  influence o f  p e rch lo ric  acid  is sim ilar to  th e  in fluence  
o f th e  e th a n o l c o n te n t o f th e  so lv en t, as th e  increase  of th e  c o n c e n tra tio n  of 
th e  ad d e d  co m p o n en t (perchloric ac id  o r e th a n o l)  leads to  th e  a c c e le ra tio n  of 
re a c tio n  (2). S ince reac tio n  (2) has a sm a lle r  a c tiv a tio n  energy  a n d  a c tiv a tio n  
e n tro p y  th a n  re a c tio n  (1), th e  a p p a re n t  a c tiv a tio n  energy  a n d  e n tro p y  of 
th e  o v era ll process decrease in b o th  cases (see T ab les IV  an d  V I I I ) .

M eanw hile, th e re  is a g rea t d iffe ren ce  to o , betw een  th e  in flu e n c e  of 
e th a n o l c o n te n t an d  ac id ity . R eac tio n  (1) is p ra c tic a lly  no t in flu e n c e d  b y  th e  
e th a n o l c o n te n t o f th e  so lven t, w hile th e  p resence  o f perchloric a c id  h in d ers  
basic  h y d ro ly sis  a n d  th u s  th e  increase  o f  i ts  c o n cen tra tio n  d im in ish es  th e  ra te  
c o n s ta n t  fcj, a t  p H  />  2. R eaction  (2) is acce le ra ted  b y  th e  in c rea se  o f b o th  
e th a n o l c o n c e n tra tio n  an d  ac id ity . W h ile  i t  is possib le to  estab lish  a f i r s t  o rder 
w ith  re sp ec t to  e th a n o l, one can n o t f in d  a p a r t ia l  reac tion  o rd e r w ith  re sp ec t 
to  th e  h y d ro g en  ions.

E xperim ental

Preparation of p-phenctidine. H[Cr(NCS)4 ( p-phenetidine)2]

60 g (0.1 m ole) o f  a n h y d ro u s K 3 [C r(N C S)6] a n d  70 g (0.6 m ole) o f p -e th o x y -a n ilin e  
(p -p h e n e tid in c )  a re  th o ro u g h ly  m ixed and  th e  m ix tu re  is k e p t on w a te r b a th  in  a c o rk ed  flask . 
The m ix tu re  should  be s tir re d  freq u en tly . T h e  in it ia lly  v io le t m ass g ra d u a lly  tu rn s  to  d a rk  
red . In  o rd e r  to  se p a ra te  th e  p ro d u c t fro m  th e  K C N S , w hich  is form ed in  th e  re a c tio n  b e 
tw een  K 3[Cr(NCS)c] an d  th e  o rganic base, th e  m ix tu re  is t r e a te d  w ith  250 m l o f  5 0 %  ace tic  
acid  a f te r  cooling. I t  is s tirred  vigorously  a n d  f i lte re d . T h e  p re c ip ita te  is w ashed  w ith  an  a q u e 
ous so lu tio n  of ace tic  acid , a n d  th e  residue  is d isso lved  in 200 ml of e th an o l. T h e  alcoholic  
so lu tio n  is g iven  dropw ise  to  1500 m l o f w a te r , a n d  p -p h en etid in e .H [C r(N C S ),,(p -p h en etid in e )2] 
p re c ip ita te s . I t  is f ilte red , w ashed w ith  d is tilled  w a te r  a n d  dried  on air.
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P rep a ra tio n  o f deriva tives o f th e  type: am in e .H [C r(N C S )4(p -P h e n )2]

T o 10 m m ole of th e  co rresp o n d in g  am ine 10 m l o f cone. HC1 is added . T h e  o b ta in e d  
a m in e -c h lo rh y d ra te  is d isso lved  in  80— 100 m l o f w a te r . 2.5 m m ole of p -p h e n e tid in e . 
H [C r(N C S)4(p -P h e n )2] (1.8 g) is d issolved in  30— 35 m l a lco h o l sep ara te ly . In  1 0 —30 m in u te s  
a f te r  m ix in g  th e  tw o so lu tio n s th e  com plex sa lt p re c ip ita te s . T h e  p ro d u c t is f ilte red , w ash ed  
w ith  som e d is tilled  w a te r  3— 4 tim e s  an d  dried  on a ir  a t  ro o m  tem p e ra tu re . T he co m p o u n d s 
are  g iv en  in  T ab le  I.

A n a l y s i s .  T he ch ro m iu m  c o n te n t o f th e  p ro d u c ts  w as de te rm in ed  io d o m e trica lly , su l
p h u r  g ra v im e trica lly , as B a S 0 4 a n d  n itro g en  by  D u m as’ m eth o d .

S o l u b i l i t y  m e a s u r e m e n ts . S a tu ra te d  so lu tions o f th e  co m plex  salts w ere su b m itte d  to  
a lk a lin e  d eco m position  in  th e  p resence  o f H 20 2 an d  th e  ch ro m iu m  c o n ten t w as d e te rm in e d  
io d o m e tric a lly .

Synthesis of eo b a lt(III)-a m in e  de riv a tiv es

H e x a m in e -c o b a lt( I I I )  d e riv a tiv e s : 2 m m oles o f th e  ch lo ride  of th e  h ex am in e  ty p e  
co m plex  a re  d issolved in  150 m l o f w a te r .T o  th is liq u id  th e  so lu tio n  of 2 m m ole p -p h e n e tid in e . 
H [C r(N C S )4(p -p h en e tid in e )2] in  30 m l of alcohol is a d d ed . T h e  reac tio n  m ix tu re  is a llow ed  to  
s ta n d  fo r  20— 30 m in u te s  an d  th e  p ro d u c t of th e  d o u b le  ex ch an g e  reac tion  is f i lte re d  th e n  
w ash ed  w ith  w a te r  an d  d ried  on  a ir.

M o n o a c id o -p e n ta m in e -co b a lt(III)  d e riv a tiv e s: 3 m m oles o f trans-[C o(en )2Cl2]Cl (0.82 g) 
are  t r e a te d  w ith  3— 3.5 m m oles o f am ine (am m onia, b e n zy lam in e  or aniline) a t  room  te m p e ra 
tu re  in  10 m l aqueous so lu tio n . A fte r  allow ing to  s ta n d  fo r  one d ay  th e  re ac tio n  m ix tu re  is 
d ilu te d  to  100 ml an d  f ilte re d  [9]. To th e  f i ltra te  th e  so lu tio n  o f 2 m m ole p -p h e n e tid in e . 
H [C r(N C S )4(p -P h en )2] in 30 m l a lcohol is ad ded  a n d  a  p re c ip ita te  is fo rm ed. T h e  ab o v e  
d esc rib e d  p ro ced u re  is fo llow ed fu r th e r .

D ia e id o -te tram in e-co b a lt(III) de riv a tiv es

2 m m oles o f th e  d iac id o -te tra m in e  com plex (in  c h lo rid e  fo rm ) are dissolved in 200 m l o f  
w a te r . T o th is  liqu id  th e  so lu tio n  of 2 m m ole p -p h e n e tid in e . H [C r(N C S)4(p -P h e n )2] in 30 m l 
a lcohol is ad d ed . T he o b ta in e d  com plex  sa lts  are w o rk ed  u p  as d irec ted  above. T h e  d im e th y l-  
g ly o x im e  (D H 2) c o n ta in in g  c o b a lt( I I I )  chelate  c o m p o u n d s  w ere syn thesized  b y  A blov’s 
m e th o d  [10]. T he aq u eo u s-a lco h o lic  so lu tion  of c o b a l t ( I I I )  ch loride, d im eth y lg ly o x im e  a n d  
th e  co rresp o n d in g  am ine  (m o la r ra tio  1 : 2 : 3 )  w as o x id ized  b y  b u bb ling  a ir th ro u g h  th e  
m ix tu re .

T h e  d a ta  on th is  ty p e  of co m pounds are com piled  in  T ab le  I I .
A nalysis. S u lp h u r a n d  n itro g e n  w ere d e te rm in ed  as ab o v e . T he sum  of th e  m e ta ls  w as 

d e te rm in e d  g ra v im etrica lly  in  th e  fo rm  of Co30 4 -f- Cr20 3 a f te r  ign ition  a t  900— 920°C.
K in e tic  m easu rem en ts . T h e  sam ples on th e  co m plex  s a l t  w ere dissolved in th e  c a lcu la te d  

a m o u n t o f p re h ea te d  e th a n o l a n d  d ilu te d  w ith  p re h e a te d  w a te r  to  a certa in  vo lum e, to  o b ta in  
so lu tio n s  w ith  in itia l c o n c e n tra tio n  of th e  com plex ion  fro m  3 to  7 • 10“ 3 mole/1. T h e  so lu tio n s  
w ere k e p t  in  an  u l tra th e rm o s ta t .  T he sam ples ta k e n  a t  v a r io u s  tim es were cooled q u ick ly  in  
ice a n d  th e  co n cen tra tio n  of th e  free  th io c y a n a te  ion a n d  t h a t  o f th e  unch an g ed  co m p lex  io n  
w ere d e te rm in e d .

D e te r m in a t io n  o f  C N S ~ .  F re e  th io cy an a te  ion  w as d e te rm in ed  p h o to co lo rim e trica lly . 
To a sam p le  an  aqueous so lu tio n  o f iro n (III)-p e rc h lo ra te  (0 .1  M )  w as added  in excess an d  th e  
e x tin c tio n  o f th e  so lu tio n  w as m easu red , using  a b lue  f i lte r .  T h e  corresponding  c o n c e n tra tio n  
v a lu e s  w ere  o b ta in ed  b y  th e  a id  o f a calib ra tio n  cu rve.

D e te r m in a t io n  o f  th e  u n c h a n g e d  c o m p le x  io n . F o r  th is  p u rp o se  we used  a p re c ip ita tio n  
re a c tio n  w ith  8 -q u in o lin o l(o x in e )ch lo rh y d ra te . T h is sa lt  g iv es an  insoluble p ro d u c t w ith  th e  
s tu d ie d  com plex  ion. T h e  so lvo lysis p ro d u c ts , how ever, do  n o t  p re c ip ita te  since a t  th e  su b 
s t i tu t io n  o f NCS are  fo rm ed  a n o n e lec tro ly te  or c a tio n s , w h ich  c an n o t com bine w ith  th e  8- 
q u in o lin o liu m  ion an d  th e  8 -q u ino lino lium  sa lt of th e  p ro d u c t  o b ta in ed  by  th e  s u b s ti tu tio n  of 
th e  p -p h e n e tid in e  is so lub le  in w a te r . T he 8 -q u in o lin o lin iu m  sa lt  o f th e  s tu d ied  co m p lex  ion  
is so lu b le  in  alcohol, a n d  for th is  reason  an  excess o f a q u eo u s  oxine so lu tion  (c o n ta in in g  1 
mole/1 8 -qu ino lino l an d  3 mole/1 HC1) should  be u sed . T h e  f in a l so lu tion  shou ld  n o t  c o n ta in  
m ore  th a n  13 pe r cen t o f  e th a n o l. T he p re c ip ita te  is f i l te re d  th ro u g h  a G ooch f i lte r ,  G4, a n d  
w ash ed  w ith  d istilled  w a te r . T h e n  th e  p re c ip ita te  is d isso lv ed  in m ethano l an d  th e  e x tin c tio n
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o f th e  o b ta in e d  re d d ish  v io le t so lu tio n  is m easu red  p h o to co lo rim e trica lly , u sing  a  g reen  f ilte r . 
A c a lib ra tio n  cu rv e  shou ld  be used.

T he c a lcu la tio n  of ra te  c o n s ta n ts , a c tiv a tio n  energ ies an d  lg P Z  values w as c a rr ied  ou t 
b y  m eans of th e  le a s t sq u are  m ethod .
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The reaction  of 6-m ethyl-3-m ethylthio-l,2,4-triazin-5(2H )-one (3) w ith 2-amino- 
ethanol and 3-am inopropanol gives, depending on the reaction conditions, derivatives 
either of 3 ,5-diam ino-l,2,4-triazine (4) or of 3-am ino-l,2 ,4-triazin-5(2if)-one (2c , 2d). 
As in term ediates of the reactions leading to th e  la t te r  products, salt-like 1 : 1 adducts 
(5, 10) of 3 and the aminoalcohol can be isolated.

The products (6, n =  2,3) obtained from  2c and 2d with thionyl chloride undergo 
cyclization, depending on the reaction conditions, to yield 7,8-dihydro-3-m ethyl- 
im idazo[2 ,l-c][l,2 ,4]triazin-4(6H )-one (7, n  =  2), or 6,7-dihydro-2-m ethylim idazo- 
[l,2-b][l,2 ,4 ]triazin-3(5H )-one (8, n = 2) and  6 ,7,8,9-tetrahydro-3-m etliyl-4f/-pyri- 
m ido[2 ,l-c][l,2 ,4 ]triazin-4-one (7, n  =  3 ),o rthe isom eric5 ,6 ,7 ,8 -te trahydro -2 -m etby l- 
-3H -pyrim ido[l,2-b][l,2 ,4]triazin-3-one (8, n = 3), respectively.

M ethods have been developed for th e  synthesis of the dioxo com pound, 21, 
containing the  sam e fundam ental ring system  as 8 (n  =  2), and of the triazino triazine 
derivative 28.

The directions of the ring closure reactions and other orientation problem s, as 
well as the fine s tructu res of the potentially  tau tom eric  products have been clarified 
by spectroscopic m ethods.

The observed orientation phenom ena are  re la ted  to  the order of nucleophilic 
reac tiv ity  of the nitrogen atom s in the 1,2,4-triazine ring.

In  p rev io u s p a p e rs  [I — 2] of th e  p re se n t series some m ethods h a v e  been  
described b y  th e  aid  o f w hich a su lfu r-co n ta in in g  second ring  could  be  fused  
to  sides b  a n d  c o f  3 -th io -l,2 ,4 -tr ia z in e -3 ,5 (2 ii,4 if)-d io n e s  (1), b y  m a k in g  use 
o f  th e  su lfu r an d  th e  n itro g en  atom s in  p o s itio n s  2 an d  4, re sp ec tiv e ly , o f  th e  
la t te r  for th e  c o n s tru c tio n  o f th e  new  r in g  (see Schem e 1). S ta r t in g  w ith
3 -am in o -l,2 ,4 -tr ia z in -5 (2 /f)-o n es  (2) we now  succeeded  in  e x te n d in g  th ese

* P a rt V III: H o r n y á k ,  Gy., L á n g , L., L e m p e r t . K. and M e n c z e l , Gy.: A cta Chim. 
Acad. Sei. H ung. 61, 93 (1969).
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m e th o d s  to  th e  syn thesis  o f  b icyclic  1 ,2 ,4 -triaz in e  deriva tives in  w h ich  th e  
seco n d  r in g , to o , co n ta in s o n ly  n itro g en s as th e  h e te ro  atom s (see S chem e 2).

a:  R  =  HOC2H , — ; R '= H  

b: R =  H OCjH6— ; R =11 
c : R = C H 3: R '= H O C 2H ,—
d: R =  CH3; R '= H O C 3H6—

A cco rd in g  to  th e  l i te ra tu re  [3], th e  s ta r t in g  com pounds o f ty p e  2 m ay  
be  p re p a re d  e ith e r  b y  cy c liza tio n  o f th e  g u an y lh y d razo n es  of a -o x o  ac ids in  
n e u tr a l  o r  w eak ly  a lkaline  so lu tio n s, or b y  S -a lk y la tio n  of th io x o  co m p o u n d s 
o f  ty p e  1 a n d  su b seq u en t am ino lysis. C o m p o u n d s 2 — in  w hich  h y d ro g e n  is 
a t ta c h e d  to  a t  least one o f th e  n itro g en  a to m s  — are p o te n tia lly  ta u to m e r ic . 
A cco rd in g  to  spectroscopic  ev idence [4], th e ir  c ross-con jugated  form s (d ep ic ted  
in  t h e  a b o v e  schem es) are  b y  fa r th e  m o st s ta b le , consequen tly , co m p o u n d s 
2 a lw a y s  e x is t in  th ese  fo rm s ex cep t, o f cou rse , i f  th e  C = N  doub le  b o n d  a t  
C — 3 is sh if te d  to  a n o th e r p o s itio n  b y  th e  in tro d u c tio n  of su b s titu e n ts .

B y  th e  second syn th esis  m e th o d  m e n tio n e d  above, fou rnew  3 -am in o -l,2 ,4 -  
- tr ia z in -5 (2 U )-o n es  (2 a—d) h a v e  been  p re p a re d , th e  la t te r  tw o be in g , a t  th e  
sam e  t im e , su itab le  s ta r t in g  com pounds fo r som e re p re se n ta tiv e  b icyclic  
t r ia z in e  d e riv a tiv e s  o f th e  d esired  ty p e s  (see S chem e 3). In  order to  p re p a re  2c 
a n d  2d , 6 -m e th y l-3 -m e th y lth io -l,2 ,4 -tr ia z in -5 (2 if)-o n e  (3) w as f irs t  re f lu x ed  
w ith  excess 2 -am in o e th an o l a n d  3 -am in o p ro p an o l, respective ly ; th e  re a g e n t 
se rv e d  a t  th e  sam e tim e  also as th e  so lv e n t. H ow ever, in  a d d itio n  to  th e  
e x p e c te d  re a c tio n , w hich  w as th e  se lective am in o ly sis  o f th e  m e th y lth io  g ro u p , 
am in o ly s is  o f  th e  ca rb o n y l g roup  o f 3 also o ccu rred , giving rise to  th e  fo rm a 
tio n  o f  3 ,5 -d ia m in o -l,2 ,4 -tr ia z in e  d e riv a tiv e s , 4 . T h e  la t te r  reac tio n  p o in ts  to  
e n h a n c e d  lia b ility  of th e  c a rb o n y l ca rb o n  in  3 to  nucleophilic  a t ta c k  as com 
p a re d  w ith  th e  case o f “ o rd in a ry ”  am ides, a n d  is in  com plete a g re e m e n t w ith  
th e  l ia b i l i ty  o f  th e  ca rb o n y l g roup  o f 3 an d  i ts  analogues to  alcoholysis, e x p e ri
en ced  p re v io u s ly  [5, 6]. H ow ever, w hile a lco ho lysis  can  only  be p e rfo rm e d  b y  
m ean s  o f  ac id  ca ta ly sis , am ino lysis  sm o o th ly  proceeded  in  th e  ab o v e  an d  
re la te d  cases [7] in  th e  absence  o f ac id  c a ta ly s ts .

T h e  desired  tra n s fo rm a tio n  3 — 2c co u ld , f in a lly , be ach ieved  b y  re f lu x 
in g  3 w ith  1 — 1.1 m ole o f  2 -am in o e th an o l fo r  a few  hours in  m e th a n o l or 
e th a n o l. T h e  p ro d u c t w as fo u n d  to  consist o f  tw o  com ponen ts: th e  d e s ire d  2c

A eta Chim. Acad. Sei. Hung. 61, 1969



<

HORNYÄK et al.: 1,2,4-TRIAZINES, IX 183

w as fo rm ed  in  c o m p a ra tiv e ly  low  y ields, an d  th e  m ain  p ro d u c t p ro v e d  to  be 
a 1 : 1 a d d u c t  (5, n  =  2) o f 3 a n d  2 -am in o e th an o l. T his ad d u c t, h o w ev e r, on 
being  h e a te d  to  150°C or re flu x ed  w ith  te tr a l in ,  w as converted  in to  2c u n d e r  
th e  ev o lu tio n  o f  m e th an e th io l. N e ith e r  w as a single p ro d u c t fo rm ed  in  th e  
reac tio n  o f  3 a n d  3 -am inopropano l. In  th e  la t te r  case th e  tw o p ro d u c ts  (5 , n  =  3, 
a n d  2 d) e x p e c te d  b y  analogy* w ere n o t s e p a ra te d  h u t, in s tead , th e  w hole 
a m o u n t o f  th e  residue  o b ta in e d  on e v a p o ra tio n  o f  th e  so lven t w as th e rm a lly  
tra n s fo rm e d  in to  2 d.

T he a d d u c t 5 (n —  2) was also fo rm ed  w hen  3 was covered w ith  e th a n o l 
(in  w hich  i t  is r a th e r  inso luble) a n d , su b se q u e n tly , th e  ca lcu la ted  a m o u n t of 
2 -am in o e th an o l w as ad d ed . O n sh ak in g , 3 d isso lved  u n d er th e  e v o lu tio n  o f 
co n siderab le  h e a t, an d  th e  resid u e  o b ta in e d  on  ev ap o ra tio n  o f th e  so lv e n t 
p ro v ed  a f te r  re c ry s ta lliz a tio n  to  be id en tica l w ith  5 (n  =  2). A s im ila r h u t  less 
v igorous re a c tio n  w as observed  b e tw een  3 a n d  3 -am inopropano l, b u t  th is

* This expectation  was com pletely supported  by the  IR  spectrum  of the crude p roduc t 
when com pared w ith  th a t of pure 2d. By the  same technique it  was also shown th a t  a fte r  1 — 2 
hrs. practically  no 2d was y e t formed.
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a d d u c t  p ro v e d  to  be  less s ta b le : its  « c r y s ta l l iz a t io n  p resen ted  d ifficu lties, and  
no  s a t is fa c to ry  analysis figu res could be o b ta in e d . T hus, th e  len g th  o f  th e  c a r
b o n  c h a in  o f  th e  am inoa lcoho l com ponen t seem s to  be of g rea t im p o rta n c e  
in  d e te rm in in g  th e  s ta b il i ty  o f  th e  a d d u c t [8].

A d d u c t  5 (n =  2) — a n d  obviously  a d d u c t  5 (n =  3) as w ell — have, 
as e v id e n c e d  b y  th e  UV sp e c tru m  of th e  fo rm er, sa lt-lik e  ch a rac te r (10). W hile, 
n a m e ly , th e  UY sp e c tra  o f 3 o b ta in ed  in  e th a n o lic  so lu tions a t  c o n cen tra tio n s  
n o t  less th a n  10 “ 3 moles/1 (or in  m ore d ilu te d  so lu tio n s w hich, h ow ever, h av e  
b een  ac id ified  by  a few d ro p s o f  cc. h yd roch lo ric  acid) con ta in  a single m ax im u m  
a t  236 n m ( lo g e  =  4.26 [9, 10]) d iagnostic  fo r c ross-con juga ted  3 -m e th y lth io -  
-l,2 ,4 -triaz in e -5 (2 JT )-o n es, th e  sp ec tru m  o f 5 (n  =  2), recorded  in  e th a n o l, 
show s th e  sam e c h a ra c te r is tic  differences w ith  re sp e c t to  th e  fo rm er — viz. 
b ro a d e n in g  o f th e  a b so rp tio n  h an d  a t 236 n m  in  th e  d irection  of sh o r te r  w ave 
le n g th s  a n d  ap p earan ce  o f a second, less in te n s iv e  m ax im um  a t  286 n m  — 
w h ich  w ere  observed  also i f  th e  sp ec tru m  o f 3 w as ru n  in  e thano lic  so lu tio n s  
a t  c o n c e n tra tio n s  o f 1 0 - 5 moles/1 or less (or in  a m ore co n cen tra ted  so lu tion  
w h ich , how ever, h ad  been  t re a te d  p rev io u sly  w ith  a few drops o f a lk a li) an d  
w h ic h  w ere  a t t r ib u te d  to  th e  presence o f th e  an io n  (9) co rresp o n d in g  to  3 
[9, 10]. S tru c tu re  10 fo r th e  a d d u c t is also su p p o r te d  by  its  IR  sp e c tru m  in 
w h ich  n o  ca rb o n y l b a n d  can  be found.

* L im itin g  structure of g reatest relative weight.

T re a tm e n t o f 2c b y  th io n y l chloride y ie ld e d  th e  hydroch lo ride  (6, n  =  2) 
o f  th e  co rresp o n d in g  3-(2 -ch lo roetliy lam ino) d e riv a tiv e , w hich cyclized  on 
h e a tin g  to  th e  h y d ro ch lo rid e  (7, n =  2) o f 7 ,8 -d ih y d ro -3 -m e th y lim id azo [2 ,l-c ]-  
[ l ,2 ,4 ] tr ia z in -4 (6 f i) -o n e  w ith  th e  e lim in a tio n  o f  1 m ole of h y d ro ch lo ric  acid. 
T he co rresp o n d in g  base cou ld  he lib e ra ted  b y  t r e a tm e n t  w ith  d iazo m e th an e . 
If, o n  th e  o th e r  h a n d , th e  s a lt 6 (n =  2) w as tr e a te d  w ith  e than o lic  sod ium  
e th o x id e , rin g  closure in  th e  o th e r d irec tio n  to o k  place, an d  th e  isom eric 
6 ,7 -d ih y d ro -2 -m e th y lim id a z o [l,2 -b ][ l,2 ,4 ] tr ia z in -3 (5 ii) -o n e  (8, n  =  2) was 
o b ta in e d .

T h e  d irec tion  of th e  cycliza tions can  he m o st easily deduced  from  th e  
U V  s p e c tra  of th e  p ro d u c ts . W hile th e  UY sp e c tru m  (run in  e th an o l) o f th e  
p ro d u c t  o b ta in e d  on th e rm a l cyclization  c o n ta in s  tw o  bands (a t a b o u t 220 
a n d  300 nm ), s im ila rly  to  3 -am in o -l,2 ,4 -triaz in -5 (4 H )-o n es  (11) c o n ta in in g  a
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c o n tin u o u sly  co n ju g a ted  ch rom ophoric  sy s tem  [4], th a t  o f the  isom eric  p ro d u c t, 
o b ta in e d  on ring  closure w ith  sod ium  e th o x id e , con ta in s only a sin g le  d is tin c t 
m a x im u m  (a t a b o u t 210 nm ) an d  a sh o u ld e r (a t ab o u t 245 nm ), s im ila r ly  to  
c ro ss-co n ju g a ted  3 -am in o -l,2 ,4 -tria z in -5 (2 H j-o n es  (2) [4].

T hese s tru c tu re  ass ig n m en ts  w ere c o rro b o ra te d  also b y  th e  I R  sp e c tra  
o f  th e  p ro d u c ts . T h e  c a rb o n y l b a n d  o f th e  th e rm a l cyclization  p r o d u c t  was 
fo u n d  a t  h igher w ave n u m b ers  th a n  th a t  o f i ts  isom er o b ta in ed  on  r in g  c lo su re  
b y  sod iu m  e th o x id e , in  com ple te  acco rd an ce  w ith  earlier o b se rv a tio n s  (e.g., 
[1, 2]) accord ing  to  w hich  in  isom eric l,2 ,4 -triaz in -5 -o n es th e  c a rb o n y l b an d  
of tb c  co n tin u o u sly  c o n ju g a te d  com p o u n d  is a lw ays found a t  h ig h e r  w ave 
n u m b e rs  th a n  th a t  o f th e  c ro ss-co n ju g a ted  isom er.

2d an d  th io n y l ch lo ride  re a c te d  sim ila rly . In  th is  case, h o w ev er, iso la tio n  
o f th e  reac tio n  p ro d u c t in  p u re  fo rm  w as n o t  a tte m p te d ; in s te a d  th e  crude 
p ro d u c t w as d ire c tly  cyclized  th e rm a lly  o r b y  sodium  e thox ide  to  7 (ra =  3) 
an d  8 (n  =  3), re sp ec tiv e ly . T he d irec tio n  o f  r in g  closure could ag a in  b e  d ed u ced  
from  th e  UY an d  IR  sp e c tra .

T he fine s tru c tu re s  o f  com pounds 6 an d  7  (n  =  2, 3) could also  b e  ded u ced  
fro m  th e  sp ec tra . B eing  p o te n tia lly  ta u to m e r ic , these  com pounds c o u ld  ex ist 
th e o re tic a lly  — a t le a s t p a r t ly  — in a n o th e r  m od ifica tion  th a n  h ith e r to  a ssu m ed , 
viz. in  one w hich co n ta in s  th e  C =  N  doub le  b o n d  in  exocyclic p o s it io n  w ith  
re sp e c t to  th e  tr ia z in e  rin g  (e.g., 12). H ow ever, b y  com parison w ith  th e  know n  
sp e c tra  [4] of tr ia z in o n es  (e.g. 13) co n ta in in g  th e  la t te r  ty p e  of c h ro m o p h o re , 
th is  p o ssib ility  m ay  d e fin ite ly  be excluded .

T he cyc liza tion  o f co m pounds 6 in  th e  p resence of a base to  y ie ld  com 
p o u n d s  o f ty p e  8 is, as an  in tram o lecu la r  a lk y la tio n  reaction  a t  th e  n itro g e n  
a to m  in  position  2 o f th e  tr ia z in e  cycle, co n s is ten t w ith  th e  r e a c tiv i ty  o f  1,2,4- 
-tr ia z in es  experienced  in  o th e r  cases. T he nucleoph ilic  re a c tiv ity  o f th e  n itro g e n  
a to m  a t  position  2 in  d e riv a tiv e s  of 1 ,2 ,4 -triaz in e  is, nam ely , g e n e ra lly  found  
to  be enhanced  as co m p ared  w ith  th a t  o f  th e  n itro g en  a to m  a t  p o s itio n  4 
[1, 2, 11 — 13]. T h e  th e rm a l cyc liza tion  o f com pounds 6 y ield ing , u n d e r  p a r 
tic ip a tio n  o f th e  n itro g en  a to m  a t  p o sition  4, com pounds of ty p e  7, is a n  ex cep 
tio n  to  th e  above ru le . S a lt fo rm atio n , a p p a re n tly , in v e rts  th e  o rd e r  o f  n u c 
leophilic  re a c tiv ity  o f th e  tw o  n itro g en  a to m s. This change m ay  b e  e x p la in e d
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b y  assu m in g  th a t  d u r in g  s a l t  fo rm ation  th e  n i tro g e n  a to m  a t  position  2 o f  th e  
tr ia z in e  rin g  (being n o t  o n ly  th e  m ost n u c le o p h ilic  b u t  also th e  m o st basic  
c e n tre )  h as  been p ro to n a te d , i.e. th a t  th e  s t r u c tu r e  o f th e  salts 6 is c o rre c tly  
re p re se n te d  b y  fo rm u la  14. As a resu lt of p ro to n a t io n , th e  n itro g en  a to m  a t 
p o s itio n  2 is no longer n u c leo p h ilic , and ring  c lo su re  m u s t, o f necessity , p roceed  
u n d e r  p a rtic ip a tio n  o f  th e  o th e r  n itrogen  a to m . O u r a ssum ption  re g a rd in g

th e  s ite  o f p ro to n a tio n  is a lso  supported  b y  th e  I R  sp e c tra . The ca rb o n y l b a n d  
o f  2c is fo u n d  a t 1660 c m -1 , b u t  th is band  is sh if te d  in  th e  sp ec tru m  o f 6 (n  =  2) 
u p  to  1735 c m -1 . A s im ila r  hypsochrom ic s h if t  is observed  w hen th e  IR  
s p e c tra  o f 15 ( v C = 0 :  1670 c m “ 1) and  th e  h y d ro ch lo rid e  of 3 ( r C = 0 :  
1720 c m -1), whose s t r u c tu r e  16 has been a lre a d y  p ro v ed  [5], are co m p ared ;*  
in  b o th  cases th e  sh ift m a y  b e  a ttr ib u te d  to  th e  in tro d u c tio n  of a p o sitiv e  pole.

*

S yn thesis  o f d io x o  d e riv a tiv e s  c o n ta in in g  th e  sam e fu n d a m e n ta l rin g  
sk e le to n  as 8 (n =  2) w as  a lso  a ttem p ted  (see S ch em e  7). W ith  th is  a im  3 w as 
a llow ed  to  reac t w ith  e th y l  b ro m o ace ta te  a n d  b ro m o ace tam id e  to  y ie ld  19a 
a n d  22, respec tive ly ; th e  fo rm er was th e n  s u b je c te d  to  bu ty lam in o ly sis  an d  
th e  p ro d u c t 20a cyclized  u n d e r  acidic co n d itio n s to  y ie ld  th e  desired  21 .

A tte m p ts  to  p re p a re  th e  re la ted  c o m p o u n d  23 , u n su b s titu te d  a t  N (5), 
s ta r t in g  w ith  19a or 22 p ro v e d  unsuccessful b e c a u se  no hom ogeneous p ro d u c t 
w as o b ta in e d . If, on th e  o th e r  hand, 18 in s te a d  o f  3 was reac ted  w ith  e th y l 
b ro m o a c e ta te , 20b w as o b ta in e d  in a low y ie ld , b u t  th e  p ro d u c t could  n o t  be 
cyc lized  to  th e  2 -(2 -h y d ro x y e th y l)  analogue o f  21 .

T h e  sites of “ a lk y la t io n ”  in  the  course o f  th e  reac tio n s of 3 an d  18 w ith  
e th y l  b ro m o ace ta te  a n d  b ro m o ace tam id e  co u ld  be  ascerta in ed  b y  sp ec tro - 
sco p ica l m eans: co m p o u n d s  19a and 22, as w ell as 20b, o b ta in ed  th ro u g h  th e

* In te re s tin g ly , th e  p ro to n a t io n  of 2b, w hich c o m p o u n d  is re la ted  to  th e  h y p o th e tic a l 
base  co rrespond ing  to  14, o ccu rs , as a lready  d e m o n s tra te d , a t  th e  exocyclic n itro g en  to  give 
th e  c a t io n  17 [6]. The d iffe re n t b e h a v io u r  tow ards p ro to n s  is a lso  m an ifested  in  th e  I R  sp e c tra : 
th e  c a rb o n y l ban d  of 2b is fo u n d  a t  1655 c m -1 , an d  i t  is  sh if te d  as a re su lt o f th e  fo rm a tio n  
of 17  o n ly  to  1675 c m -1 .
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a :R  =  C.Hj R =  HO(CH2)2 — : 18
b :R = H O (C H 2)2 —

a : R  =  C H ,
b .  R =  HO(CH2)2—

u n cry sta llizab le  19b — an d , o f course, 21 as well — p ro d u ced  I R  and  UY 
sp e c tra  ch a rac te ris tic  o f cross-co n ju g a ted  3 -a lk y lth io - a n d  3 -am in o -l,2 ,4 - 
-triaz in -5 (2 H )-o n es. T h is o r ie n ta tio n  is in  com ple te  h a rm o n y  w ith  previous 
o b serv a tio n s [1, 2, 11].

•

F ina lly , ex p e rim en ts  w ere m ade w ith  th e  aim  o f sy n th es iz in g  com pound 
28 w hich co n ta in s th e  [ l,2 ,4 ] tr ia z in o [4 ,3 -b ][ l,2 ,4 ] tr ia z in e  rin g  sy s tem  (see 
Schem e 8). In  o rd e r to  ach ieve th is  goal, th io sem ica rb az id e  w as m e th y la te d  
to  y ield  th e  h y d ro io d id e  o f  S -m eth y l-iso th io sem ica rb azid e . T h e  la t te r  w as th e n  
re a c te d  w ith  2 -h y d ra z in o e th an o l to  y ield  24 an d , fin a lly , th is  p ro d u c t was 
condensed  w ith  p y ru v ic  ac id  in  aqueous so lu tion .

A ccording to  th e  an a ly tic a l re su lts , tw o a lte rn a tiv e  s tru c tu re s , 25 and  
26, h a d  to  be ta k e n  in to  co n sid e ra tio n  for th e  p ro d u c t w h ich  m e lted  a t  190— 
191°. T he UY sp e c tru m  (P.max =  220 an d  300 n m ; log e =  3 .88 a n d  3.78, re 
spective ly ) show ed th e  p ro d u c t to  be a co n tin u o u sly  c o n ju g a te d  3 -am in o -l,2 ,4 - 
-triaz in -5 (4H )-one, ren d erin g  th e re b y  s tru c tu re  25 high ly  p ro b ab le . If, nam ely , 
th e  s tru c tu re  o f th e  p ro d u c t w ere rep resen ted  b y  26, th e  a s su m p tio n  th a t  th e  
ta u to m e ric  eq u ilib riu m  26a ^  26b is h igh ly  sh ifted  in  th e  d irec tio n  of 26a 
w ould  be necessary  in o rd e r to  in te rp re t th e  ch a ra c te ris tic s  o f  th e  UY sp ec tru m ,
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s
II

H;INL / С ,  
TN 
H

1) C H ,1
2 ) H O C . H , X H N H ,

M l j
H , N \

N
H

24*

,N H — (C H 2) 2O H
p y r u v i c

л н 2

11 л c
оI! H

.N.
N XCH2

N11;
CH2OH

25

1) SOCl2
2) HC1

O e  f i 3N — N H —(CH 2)2O H

H3C^
< H O ( C H 2) aM i N H i

Tautom eric structure ten tatively assigned.

w h e re a s , according to  all e x p e rien ces  h ith e rto  gain ed  [4], i t  is fo rm  26b w hich 
sh o u ld  be  th e  m ore s tab le .

F o r  th e  sake o f c o m p le te  c e r ta in ty , com p o u n d  26 w as p re p a re d  b y  a 
s t r u c tu r e  p rov ing  sy n th es is  s ta r t in g  w ith  3. T h is p ro d u c t w as fo u n d  b o th  
a c c o rd in g  to  its  m .p. (162°C) a n d  i ts  spectroscop ica l p ro p e rtie s  to  be d iffe ren t 
fro m  th e  p ro d u c t of th e  sy n th e s is  s ta r tin g  w ith  24.

T h e  syn thesis of 26 w as  ach iev ed  b y  re a c tin g  3 w ith  h y d raz in o e th an o l, 
w h e n  a sa lt-like  1 : 1 a d d u c t, analogous to  10, w as f ir s t  fo rm ed  w hich , on h e a t
in g , tra n s fo rm e d  u n d e r e v o lu tio n  o f m e th an e tliio l in to  26. A ccord ing  to  its  
U V  s p e c tru m  (ethano lic  so lu tio n ), th is  com pound  ex is ts  in d eed , as ex p ec ted , 
in  th e  c ross-con jugated  m o d ific a tio n , 26b. The d ifference in  th e  ty p e  o f co n ju 
g a tio n  o f  25 and  26b is r e f le c te d  b y  th e ir  IR  sp e c tra  as w ell: th e  carbony l 
h a n d  o f  th e  con tinuously  c o n ju g a te d  25 is fo u n d  a t  1690 c m -1 , w hile th a t  o f  
th e  c ro ss-co n ju g a ted  26b is sh if te d  to  1665 c m -1 .

25 , w hose s tru c tu re  w as  es tab lish ed  b y  th e  ab o v e  fac ts  b ey o n d  d o u b t, 
w as re a c te d  w ith  th io n y l ch lo rid e  to  y ield  27 (in fo rm  o f its  hyd roch lo ride) 
a n d  th e  la t te r  was cyclized  b y  e th an o lic  p o tass iu m  h y d ro x id e  to  th e  desired  28.

Ik o h

[ (CH j O H )

T

о

28
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E xp erim en tal*

3 -A n iin o -6 -(2 -h y d ro x y e th y l)- l,2 ,4 -tria z in -5 (2 /# )-o n e  (2 a )* *

6 -(2 -H y d ro x y e th y l)-3 -m e th y lth io -l,2 ,4 -tr ia z in -5 (2 //)-o n c  [6] (2 .0  g; 11 m m oles) w as 
h e a te d  in a sealed tu b e  w ith  sa tu ra te d  e th an o lic  am m o n ia  so lu tio n  (10 ml), p rep ared  a t  0°C, 
fo r 8 hrs. to  120°C. O n cooling  1.4 g (8 2 % ) of 2a  s e p a ra te d ; co lourless c ry sta llin e  p o w d er, 
m .p . 268 — 9°C (from  w ater).

C5H 8N40., (156.2). Calcd. C 38.46; I I  5.15; N 35.88. F o u n d  C 38.46; II 5.17; N 35 .4 6 % .

3-A m ino 6 -(3 -h y d ro x y p ro p y l)- l,2 ,4 -tr ia z in -5 (2 /# )-o n e  (2b )**  w as p rep ared  sim ilarly , 
s ta r tin g  w ith  6 -(3 -h y d ro x y p ro p y l)-3 -m e th y lth io -l,2 ,4 -tr ia z in -5 (2 H )-o n e  [6] (2.0 g; 10 m m oles). 
T h e  y ield  was 1.1 g (6 4 % ), colourless p la te s , m .p. 267 — 8°C (from  w ater).

C6H 10N4O2 (170.2). Calcd. C 42.35; H  5.92; N 32.92. F o u n d  C 42.27; H  5.68; N 32 .6 7 % .

2 -H y d roxyethy lam m onium  6 -m e th y l-3 -m e th y lth io - l,2 ,4 - tr ia z in -5 -o la te  (5, n  =  2; 10)

A m ix tu re  of 3 (3.1 g; 20 m m oles), 2 -am in o eth an o l (1 .5  m l; 25 m m oles) and  a n h y d ro u s  
m e th a n o l (40 ml) w as re flu x ed  fo r 3 h rs . a n d  su b seq u en tly  e v a p o ra te d  in  v acuum . T he slow ly 
c ry sta lliz in g  oily resid u e  w as rec ry s ta llized  from  e th a n o l-p e tro le u m  e th e r  to  y ield 4.1 g (9 4 % ) 
o f 5 (n  =  2), colourless c ry s ta llin e  pow der, m .p .: 107 — 8°C.

C7H 14N40oS (218.3). Calcd. C 38.51; II  6.46; S 14.69. F o u n d  C 38.57; II  6.55; S 14 .10% .

3 -(2 -H y d ro x y e th y lim in o )-6 -m s th y l- l ,2 )4 - tr ia z m -5 (2 f / ) - o n e  (2 c )

(a )  A m ix tu re  o f 3 (3.1 g; 20 m m oles), 2 -am in o eth an o l (1 .5  m l; 25 m m oles) an d  a n h y d ro u s  
e th a n o l (80 ml) w as re flu x e d  for 32 hrs. A fte r  s tan d in g  o v e rn ig h t in  a re fr ig e ra to r, th e  c ry s ta ls  
o f  2c (0.4 g =  12% ) w ere filte red  off a n d  w ashed w ith  a  sm all a m o u n t o f w a te r. C olourless 
need les , m .p. 256°C (d .) (from  w ater).

C6H l0N4O., (170.2). Calcd. C 42.35; II  5.92; N  32.93. F o u n d  C 42.29; II 5.93; N 
33 .19% .

The e thanolic  m o th e r  liq u o r o f th e  c ru d e  2c w as e v a p o ra te d  to  d ryness in v acu u m  an d  
th e  p a r tly  solidifying resid u e  recry sta llized  from  e th a n o l-p e tro le u m  e th e r  to  y ield  3.7 g (8 5 % ) 
of 5 (n  =  2), m .p. a n d  m ixed  m .p . w ith  th e  p ro d u c t p re p a re d  as d escribed  above: 107 — 8°C. 
T he id e n tity  of th e  tw o  su b s tan ces was also estab lish ed  b y  th e ir  IK  sp ec tra .

(b )  T h e  crude, p a r tly  so lid  com pound 5 (n  = 2), o b ta in e d  b y  re flu x in g  a  m ix tu re  of 3 (3.1 g; 
20 m m oles), 2 -am in o eth an o l (1.5 ml; 25 m m oles) an d  a n h y d ro u s  in e th a n o l (40 ml) for 5 h rs. 
an d  su b seq u en tly  e v a p o ra tin g  i t  to  d ry n ess  in v acuum , w as h e a te d  for 3 hrs. to  130 —140°C 
in  an  oil b a th . The m ix tu re , w hich was a liq u id  a t  th e  beg in n in g  o f th e  h e a tin g  period , g ra d u a lly  
tu rn e d  un d er ev o lu tio n  of m e th a n e th io l in to  a solid m ass, w h ic h  w as recry sta llized  from  
D M F (40 ml), and  th e  c ry s ta ls  o f 2c th u s  o b ta in ed  (2.5 g; 7 3 % ) w ere w ashed  w ith  e th e r  to  
give a colourless c ry s ta llin e  pow der, m .p . 256°C (d.).

T he tw o specim ens of 2c, p rep ared  accord ing  to  (a )  a n d  (6 ) ,  p ro v ed  to  be id en tica l by 
m .p ., m ixed m .p. an d  I R  sp ec tra .

3 -(3 -H v d ro x y p ro p y Iam in o )-6 -in e th y l-l,2 ,4 -tria z in -5 (2 J/)-o n e  (2d)

A m ix tu re  o f 3 (3.1 g; 20 m m oles), 3 -am inopropano l (1 .6  m l; 21 m m oles) an d  an h y d ro u s  
m e th a n o l (50 ml) was re flu x e d  for 5 hrs. a n d  su b seq u en tly  e v a p o ra te d  to  d ryness in v acu u m . 
T he o ily  residue (5, n  =  3) was h e a ted  fo r 3 hrs. in an  oil b a th  to  130 — 140°C an d  th e  c ry s ta llin e  
p ro d u c t th u s  o b ta in ed  recry sta llized  from  D M F (ab o u t 20 m l) an d  w ashed  w ith  e th e r to  y ield  
2.6 g (68% ) of 2d, co lourless c ry sta llin e  pow der, m .p. 247 — 8°C (d .).

C7H 12N40 2 (184.2). Calcd. C 45 .64 ; 1Г 6.57; N 30.42. F o u n d  C 45.55; II 6 .43 ; N 
30 .04% .

* All m .p .’s a re  u n co rrec ted .
** E x p erim en ts  pe rfo rm ed  by  Mrs. M. H orny ák -H ámori.

6* Act, I Chii Acad. Sei. Hung. 61% lOCt'J



190 HORNYÁK et al.: 1,2,4-TRIAZINES, IX

Table I

U V  and

Compound
Type of 
chromo- 
phore6)

UY S p e c t r a  i n e t h a n o l  
Amax M  (log e)

2a B n 205 (4.43); 249 (3.78)

2b B n

2c B n 210 (4.42); 240 (3.86), sh

2d B N 211 (4.41); 240 (3.86), sh

4  (re =  2) D n 212 (4.36); 234 (4.12); 309 (3.75)

4  ( n = 3 ) » N 212 (4.38); 230 (4.09), sh; 314 (3.64)

5 (re =  2 ) = 1 0  (n = 2 ) 220 (4.18); 230 (4.17); 286 (3.59)

6 ( n = 2 ) = 1 4 ( n = 2 ) B n 210 (4.38); ~  250 (~ 3 .8 ) ,  sh

B n 210 (4.42); 244 (3.86), she>

7 (n  =  2) a n 220 (4.05); 300 (3.70)

HC1 salt

7 (n  =  3) a n 231 (4.05); 316 (3.85)

HC1 salt

8 (n  =  2) B n 210 (4.42); 244 (3.86), sh

8 (n  =  3) B n 212 (4.42); 255 (3.82)

19a b s 238 (4.34)

20a B N 212 (4.43); 248 (3.94), sh

21 B n 215 (4.34); 235 (4.13)

214 (4.28); 268 (3.84), sh0

22 b s 238 (4.11)

25 A n 220 (3.88); 300 (3.78)

26b B n 211 (4.36); 244 (3.85), sh

27 Aa n 218 (3.93); 302 (3.83)

28 a n 226 (4.11); 311 (3.84)

M odel com pounds:

3 Bg» 236 (4.30)1)

D “ ) 218 (4.24); 290 (3.90)

11 (R  =  C H 3) [4] 222 (3.90); 299 (3.89)

13 [4] c 216 (3.88); 266 (3.58); 308 ( ~ 2 .4 ) ,  sh

15 B s 235 (4.38)o)

16 Bg*

(a )  T h e  U V  Spectra  w ere o b ta in e d  w ith  a  S p ec tro m o m  in s tru m e n t (T ype 201) o f th e  H u n 
g a r ia n  O ptical W orks (M ag y ar O p tik a i M űvek), B u d ap est.
I R  S p e c tra  w ere reco rd ed  w ith  a d oub le  b eam  sp ec tro g rap h , ty p e  U R  10 o f  Zeiss, Je n a

(b )  A n : C ontinuously  c o n ju g a te d  in  tr ia z in e  r in g , w ith  n itro g en  a tta c h e d  in  p osition  3C* 
B N: C ross-con jugated  in  tr ia z in e  rin g , w ith  n itro g e n  a tta c h e d  in  p o sitio n  3C)
Bg: C ross-conjugated  in  tr ia z in e  rin g , w ith  su lfu r a tta c h e d  in p o sitio n  3 '
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I R  Spectra

IR  S p e c t r u  (KBr p e l l e t s )  
C h a r a c t e r i s t i c  b a n d s  o f  t h e  d o u b l e  b o n d  r e g i o n  [cm-1] Compound

1665, 1640 (m ), 1545, 1490 (vs) 2a
1665, 1645 (m ), 1540 (vs), 1490 (vs) 2b
1660, 1600 (vs), 1555/45 (doublet), 1525 (m ), 1480 

1665, 1615 (w), 1560, 1475 

1620, 1570/60 (doublet, vs), 1525

2c
2d
4 ( n = 2)

1640 (sh), 1575 (vs), 1530 (sh), 1490 (sh), 1475 (m ) 

1735, 1690, 1640 (m ), 1590 (m)
5 ( n = 2 )

6 ( n = 2 )

1680, 1635 (vs), 1545, 1490

1720, 1675 (vs), 1610, 1565

1680, 1625 (vs), 1555, 1455

1720, 1660 (vs), 1625 (m ), 1585

1660, 1600 (vs), 1 5 6 0 -2 0  (b road , vs), 1480

1635 (vs), 1590, 1525, 1470 (m)

1755f), 1660 (vs), 1595 (m), 1490 (vs)

1675g), 1645g), 1 6 1 0 -1 5 6 0  (b ro ad , vs), 1520 

1770h), .1665, 1605 (vs), 1540 (vs), 1520

7 ( n = 2 )  

HC1 sa lt

7 ( n = 3 )  

HC1 sa lt

8 (rt=2)
8 (n=3) 

19a 
20a 
21

1695 (vs)j), 1655, 1600 (sh), 1485 (vs) 22
1690, 1650 (vs), 1560/40 (doublet, m ), 1510 

1670, 1610 (vs), 1560 (vs), 1520 (m ), 1470
25
26b

1690, 1630 (vs), 1560 (m), 1540 (m ), 1510 

1665, 1620 (vs), 1565, 1460
27
28

1610 (m ), 1590 (m ), 1535 (m) 3

1670 (vs), 1470 (vs)

1720 (vs), 1610, 1550, 1500

C: Sem icyclic C =  N  double  bond  a t  position  3Ĉ o f tr ia z in e  rin g  
Djyj: A ro m atic  tr ia z in e  rin g  w ith  n itro g en  a tta c h e d  in  p o sitio n  3 
D§: A rom atic  tr ia z in e  r in g  w ith  su lfu r a tta c h e d  in  p o sitio n  3Ĉ

(c) A ccording to  th e  n u m b erin g  of th e  ind iv idual tr ia z in e  rin g
(d) P ro to n a te d  a t  N-2
(e) In  e th an o l co n ta in in g  a few  drops o f 0.001 N  aq u eo u s N aO II

15
16
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3 ,5 -D i(2 -h y d ro x y e th y la m in o )-6 -m e th y l- l,2 ,4 - tr ia z in e  (4 , n =  2 )

3  (2 .0  g; 12.5 m m oles) w as re flu x e d  fo r 3 h rs. w ith  2 -am in o eth an o I (15 m l) a n d  th e  
re su ltin g  so lu tio n  ev ap o ra te d  to  d ry n e ss  in  v a cu u m  to  y ield  a  c ry s ta llin e  re sid u e  w h ich  w as 
re c ry s ta ll iz e d  from  e th an o l (a b o u t 30 m l). 1.9 g (71% ) of 4 (n  =  2) w as o b ta in e d  as a  colourless 
c ry s ta ll in e  pow der, m .p. 170 — 1°C.

C8H 15N 50„ (213.2). Calcd. C 45 .06 ; H  7.09; N  32.84. F o u n d  C 45.20; H  7.12; N 
3 3 .0 6 % .

3 ,5 -D i(3 -h y « lro x y p ro p y lam in o )-6 -m eth y l-l,2 ,4 -triaz in e  (4, n  =  3 )w as p re p a re d  sim ilarly . 
T he p ro d u c t  (2 .4  g; 78% ) w as in it ia lly  a  fa in t ly  yellow  oil w hich  slow ly so lid ified  w ith in  a w eek 
to  g ive  a colourless c ry sta llin e  p o w d er, m .p . 126 — 7°C (from  e th a n o l—p e tro leu m  e th e r).

C10H 19N5O2.l/4  H .,0  (245.8). Calcd. C 48.86; H  7.99; N  28.50. F o u n d  C 48.90; H  
7 .93 ; N  28 .44% .

3 -(2 -C h lo ro e th y la m in o )-6 -m e tliy l- l ,2 ,4 - tr ia z in -5 (2 J i)-o n e  hydroch loride  (6 , n  =  2)

2c (1 .7  g; 10 m m oles) w as a d d e d  in  p o rtio n s  a t  room  te m p e ra tu re  to  th io n y l chloride  
(8 m l). A f te r  th e  a d d itio n  of a  d ro p  o f tr ie th y la m in e , th e  m ix tu re  w as k e p t  fo r 30 m in  a t  
40 — 50°C in  a  w a te r h a th . S u b seq u e n tly , th e  excess th io n y l ch lo rid e  w as rem o v ed  in  vacu u m , 
th e  te m p e ra tu re  o f th e  m ix tu re  b e in g  m a in ta in e d  a t  40°C. T h e  c ry sta llin e  resid u e  w as ru b b e d  
w ith  a n h y d ro u s  e th e r and  f i lte re d  o f f  to  y ie ld  1.9 g (84% ) of 6 n =  2, fa in t ly  yellow  c ry sta llin e  
p o w d er, m .p . 172—4°C (d.)* (from  a n h y d ro u s  m e th a n o l-e th e r) .

CfiH 10Cl,N4O (225.1). Calcd. C 32.01; H  4.48; Cl 31.51. F o u n d  C 32.15; H  4.78; 
Cl 3 1 .5 8 % .

7 ,8 -D ih y d ro -3 -m e th y lim i< la z o [2 ,l-e ][ l,2 ,4 ] tr ia z in -4 (6 //) -o n e , (7 , n  — 2 )

6 (n  — 2) (1.0 g; 4.5 m m oles) w as re flu x ed  for 3 m in  in a n h y d ro u s  D M F (10 ml). 
A fte r  co o lin g , an  ab o u t eq u a l v o lu m e  o f e th e r  w as ad ded  to  p re c ip ita te  0.7 g (82% ) of th e  
hydrochloride  o f 7 (n =  2); fa in t ly  ye llo w  needles, m .p . 273 — 3°C (from  an h y d ro u s  m e th a n o l-  
e th e r).

C6H 9C1N40  (188.6). Calcd. C 38.21; H  4.81; Cl 18.80. F o u n d  C 38.37; H  4.55; Cl 
18 .87% .

T h e  sa lt  (1.9 g) w as su sp en d e d  in  a  sm all a m o u n t o f e th e r. F re sh ly  p re p a re d  e th e rea l 
d ia z o m e th a n e  solu tion  w as a d d ed  u n d e r  co n tin u o u s sh ak ing  u n til  its  yellow  co lour p e rsis ted  
fo r a b o u t  3 m in ., an d  th e  c ry s ta llin e  p ro d u c t  w as filte red  off; th e  free  base  w as o b ta in ed  
(1 .4  g ; 9 2 % ) as fa in tly  yellow  need les , m .p . 291 — 2°C (from  w ater).

CgH 8N 40  (152.2). Calcd. C 47 .36 ; H  5.30; N 36.82. F o u n d  C 47.37; H  5.19; N  
36 .76% .

6 ,7 -D ih y d ro -2  - m e th y lim id az c [l,2 -l> ][l,2 ,4 ]tr ia z in -3 (5 7 /)-cn e  (8 , n =  2)

S o d iu m  (0.46 g; 20 m g -a to m ) w as d issolved in  an h y d ro u s  m eth an o l (50 m l), 6 (n  =  2) 
(2.2 g; 10 m m oles) was ad d ed , a n d  th e  m ix tu re  w as re flu x ed  fo r 8 hrs. T he p re c ip ita te d  sodium  
c h lo rid e  w as rem oved  b y  f i l t r a tio n , a n d  th e  p H  of th e  f i l t r a te  a d ju s te d  to  a b o u t 6.5 b y  th e

(f )  E s te r  grouping  of side c h a in
(g )  O n e  of th e  tw o A m ide I b a n d s  h as  i ts  orig in  in  th e  am ide group  o f th e  side chain  
■(h) v C =  0  o f y -lac tam  g ro u p in g
(i) I n  d ioxane
(j)  A m id e  I b an d  of side chain

(k )  H y d ro g e n  bridged
(1) c =  1 0 -3  moles/1 

i(m) A n io n ized
(n ) c =  5 • 10 ~6 moles/1
(o )  I n  m eth an o l

* A tte r  sligh t d eco m p o sitio n , th e  m e lt reso lid ified  a t  174°C an d  decom posed  finally  
a b o v e  265°C. Cf. th e  p re p a ra tio n  o f  th e  h y d ro ch lo rid e  of 7 (n  =  2), see below .
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ad d itio n  of a few  d ro p s  of acetic  acid . O n s tan d in g  o v e rn ig h t in a re frig e ra to r 1.1 g (6 5 % ) 
o f  8 (n =  2) c ry s ta lliz ed . T he p ro d u c t w as filte red  off, w ash ed  w ith  e th e r and  rec ry s ta llized  
fro m  w ater to  o b ta in  sm all, colourless needles, m .p. 262°C.

CeH 8N40  • H 20  (170.2). Calcd. C 42.34; H  5.92; О 18.80. F o u n d  C 42.40; H  5.96; 
О 18.85% .

6 ,7 ,8 ,9 -T e tra h y d io -3 -m e th y l-4 //-p y rim id o [2 ,l-c ][1 ,2 ,4 ]tr ia z in -4 -o n e  (7 , n — 3)

2d (1.8 g; 10 m m oles) was ad d ed  in p o rtio n s to  th io n y l chloride  (10 m l). A fte r  th e  
a d d itio n  of a d ro p  o f tr ie th y lam in e , th e  m ix tu re  w as k e p t  30 m in . a t  50°C in a  w a te r  b a th . 
T h e  excess th io n y l ch loride  was th e n  rem oved  in v a cu u m , an d  th e  c rysta lline  resid u e  th u s  
o b ta in e d  ru b b e d  w ith  an h y d ro u s e th e r  a n d  filte red  off to  y ie ld  2.1 g o f th e  hydrochloride  o f 
6 (n =  3). T he o b ta in e d  pow der w as rec ry s ta llized  from  D M F  a n d  w ashed  w ith  e th e r  to  y ield  
1.5 g (74% ) o f th e  hydrochloride o f 7 (n  =  3), fa in tly  yellow  c ry s ta llin e  pow der, m .p . 245 — 
7°C (d.).

C7H UC1N40  (202.8). Calcd. C 41.45; H  5.46; Cl 17.48. F o u n d  C 41.28; H  5 .77; Cl 
17.23% .

The free b ase  7 (n  =  3) w as o b ta in e d  in 90%  y ie ld  s im ila rly  as in th e  case o f th e  low er 
r in g  hom ologue 7 (n  — 2), see above. F a in tly  yellow  need les , m .p . 277°C (d.) (from  w ater).

C7H 10N4O (166.2). Calcd. C 50.59; H  6.07; N 33.72. F o u n d  C 50.56; H  6 .01; N 
34 .18% .

5 ,6 ,7 ,8 -T e trah y d ro -2 -m e th y l-3 J /-p y rim id o [l,2 -c ] [ l ,2 ,4 ] tr ia z in -3 -o n e  (8 , n =  3)

Sodium  (0 .4  g; 17 m g-atom ) w as dissolved in a n h y d ro u s  m ethano l (30 m l). C rude 
6 (n 3; h y d ro ch lo rid e ) (2.1 g). p re p are d  from  2d (1.8 g; 10 m m oles) as described ab o v e , w as 
a d d ed , and th e  m ix tu re  re fluxed  for 6 h rs . T he sod ium  ch lo rid e  w as rem oved and  th e  p H  of 
th e  f i l t r a te  a d ju s te d  to  ab o u t 6.5 by  th e  a d d itio n  of a few  d ro p s  o f acetic  acid. T he so lu tio n  
w as ev ap o ra te d  to  d ry n e ss  in v acuum  a n d  the c ry s ta llin e  resid u e  ru b b ed  w ith  e th e r  a n d  f il
te re d  off to  y ield  1.3 g (78% ) of 8 (n  =  3), colourless need les , m .p . 295 —6°C (from  w ater).

C7H 10N4O (166.2). Calcd. C 50.59; H 6.07; N  33.72. F o u n d  C 50.40; H 5 .90; N 
33 .56% .

E thyl 6 -m e th y l-3 -m e th y llh io -5 -o x o -l,2 ,4 - tr ia z in e -2 (5 //) -a c e ta te  (19a)

Sodium  (0.46 g; 20 m g-atom ) w as dissolved in a n h y d ro u s  e th an o l (30 m l). 3 (3 .2  g; 
20 m m oles) and  e th y l b ro m o aceta te  (3 .3  g; 20 m m oles) w ere  a d d ed , and  th e  so lu tion  re flu x ed  
fo r 30 m in., an d  th e n  e v ap o ra ted  in  v a cu u m  to  ab o u t h a lf  o f i ts  o rig inal volum e. W a te r  (70 
m l) w as added  to  th e  so lu tion  while still h o t. On cooling 1.7 g (3 8 % ) of 19a se p a ra ted , fa in tly  
yellow  c ry sta lline  po w d er, m .p. 112 — 3°C (from  w ater).

C9H 13N 30 3S (243.3). Calcd. N 17.27; S 13.18. F o u n d  N 17.99; S 13.47% .

6 -M e th y l-3 -m e th y lth io -5 -o x o -l,2 ,4 - tr ia z in e -2 (5 //)-a c e tam id e  (22) w as p rep ared  s im i
la rly , s ta r tin g  w ith  3 (20 m m oles) an d  u sin g  h ro m o ace tam id e  (2.8 g; 20 m m oles) in s te a d  of 
e th y l b ro m o aceta te . T h e  reac tion  m ix tu re  w as e v ap o ra te d  to  d ry n e ss  in v acuum , th e  c ry s ta l
line residue ru b b e d  w ith  cold w a ter (10 m l), an d  filte red  o ff to  y ield  1.1 g (26% ) of 22; colourless 
c rv s ta llin e  pow der, m .p . 228 - 30°C (from  ethano l).

C7H 10N4OoS (214.3). Calcd. N 26.10; S 14.95. F o u n d  N 26.08; S 14.51% .

N -(n -B u ty l)-3 -(n -b u ty la m in o )-6 -m e th y l-5 -o x o -l,2 ,4 - tr ia z in e -2 (5 //)-a c e ta m id e  (2 0 a )

Л m ix tu re  o f 19a  (1.20 g; 5 m m oles), n -b u ty lam in e  (2 .4  m l; 10 m m oles) and  a n h y d ro u s  
e th an o l (15 ml) w as re flu x e d  for 7 hrs., a n d  th en  e v ap o ra te d  to  d ry n e ss  in vacuum . T he p a r tly  
c ry sta llin e  residue w as recry sta llized  from  a m ix tu re  o f m e th a n o l a n d  w a te r ( 1 : 1  v /v ) to  y ield  
0.9 - / ( » I м ) of 20a: long  colourless need les , m .p. 188 9 C.

C ^H jjsN.O.. (295.4). Calcd. C 56.92; H 8.35; N 23.71. F o u n d  C 56.61; H 8 .33; N 
24.05% .
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N -(n -B u ty l)-3 -(n -b u ty lam in o )-6 -(2 -h y d ro x y e th y l)-5 -o x o -l,2 ,4 -tr ia z in e -5 (2 H )-ac e t-  
am id é  (2 0 b )

S o d iu m  (0.23 g; 10 m g -a to m ) w as d issolved in  a n h y d ro u s e th an o l (20 m l). 18 (1.87 g; 
10 m m o le s)  a n d  e th y l b ro m o ac e ta te  (1.1 m l; 10 m m oles) w ere ad ded  an d  th e  m ix tu re  refluxed  
fo r 2 h rs . A fte r  cooling, th e  so d iu m  b ro m id e  w as rem o v ed  and  th e  f i l t r a te  e v a p o ra te d  to  
d ry n e ss  in  v acu u m . T he re su ltin g  yellow  oil (19b) w as m ixed  w ith  n -b u ty la m in e  (4.8 m l; 
20 m m o le s)  a n d  e th an o l (30 m l). A fte r  re flu x in g  fo r 2 h rs ., th e  m ix tu re  w as e v a p o ra te d  to 
d ry n e ss  in  v acu u m  to  y ield  a d a rk  b ro w n  oil w h ich  w as dissolved in  h o t  w a te r  (40 m l) and  
t r e a te d  w ith  N orite . On cooling 0.5 g (1 5 % ) o f 20b c ry sta lliz ed , m .p. 190 — 1°C (fro m  acetic  
a c id -e th e r ) .

C15H 27N 50 3 (325.4). Calcd. C 55.36; H  8 .36; N  21.54. F o u n d  C 55.02; H  8.17; N  
2 0 .7 6 % .

5 - (n -B u ty l) -2 -m e th y lim id a z o [ l ,2 -b ][ l ,2 ,4 ] tr ia z in e -3 ,6 (5 // ,7 H )-d io n e  (2 1 )

2 0 a  (1.5 g; 5 m m oles) w as re flu x e d  for 1 h r. w ith  20%  aqueous HC1 (10 m l) a n d  th e  
m ix tu re  e v ap o ra te d  to  d ry n ess in  v a cu u m  to  y ie ld  a n  o ily  residue w hich slow ly  so lid ified  on 
s ta n d in g  fo r  several days. T h e  p ro d u c t  w as re c ry s ta lliz e d  from  w a te r  to  y ie ld  0.7 g (6 3 % ) of 
21; c o lo u rless  crysta lline  pow der, m .p . 126°C.

C10H 14N 40 2 (222.2). Calcd. C 54.04; H  6.35; N  25.21. F o u n d  C 54.05; H  6.12; N 
2 4 .8 6 % .

3 -A m iiio -4 -(2 -h y d ro x y e th y lam in o )-6 -m e th y l- l,2 ,4 - tr ia z in -5 (4 /l) -o n e  (2 5 )

A  m ix tu re  o f eq u im olecu lar a m o u n ts  of th io sem icarb az id e  an d  m e th y l io d id e  in  5 p a r ts  
o f  m e th a n o l  w as allow ed to  s ta n d  1 h r . T he re ac tio n  m ix tu re  was th e n  re flu x e d  fo r a n  ad d itio n a l 
h r . a n d  e v a p o ra te d  to  d ry n ess in  v a c u u m  to  y ield  c ru d e  c ry sta llin e  h y d rio d id e  o f S -m eth y l-iso - 
th io sem ica rb az id e , m .p . 141 — 3°C. L it .  m .p . [14]: 140°C.

A  m ix tu re  of th e  c ru d e  h y d rio d id e  (24.5 g; 0.1 m ole), 2 -h y d raz in o e th a n o l (8 .0  g; 0.1 
m ole) a n d  m eth an o l (100 m l) w as allow ed to  s ta n d  fo r 4 days an d  f in a lly  re flu x e d  fo r 2 hrs. 
T h e  g u m m y  7V-amino-iV’-(2 -h y d ro x y e th y lam in o )g u an id in iu m  iodide (24 • H I) ,  o b ta in e d  on 
e v a p o ra tio n  of th e  so lv en t, cou ld  n o t  be  c ry sta llized .*  T herefore, i t  w as d isso lv ed  in  w a te r  
(60 m l)  a n d  tre a te d  w ith  p y ru v ic  ac id  (9.3 g; 0.11 m oles). H e a t w as ev o lv ed  sp o n ta n eo u s ly  
a n d , a f te r  b e in g  allow ed to  s ta n d  1 h r .,  th e  m ix tu re  w as re flu x ed  fo r 30 m in . A f te r  cooling, 
th e  p H  w as ad ju s ted  to  7.0 b y  th e  a d d itio n  o f a q u eo u s  N a H C 0 3 so lu tio n . T h e  slow ly  p re 
c ip i ta t in g  loose c ry sta ls w ere  f i lte re d  o ff n e x t  d a y ; tw o  ad d itio n a l crops o f  th e  p ro d u c t  w ere 
o b ta in e d  b y  e v ap o ra tin g  th e  f i l t r a te  in  tw o  step s to  a b o u t  1/4 o f i ts  o rig in a l v o lu m e , th e  to ta l  
y ie ld  o f  25  being  5.9 g (2 4 % ); m .p . 190 —1°C (from  w a te r) .

C6H u NsO (185.2). Calcd. C 38.91; H  5 .99; N  37.82. F o u n d  C 39.27; H  6.35; N  
3 7 .7 6 % .

T h e  y ield  could n o t  be  ra is e d  ab ove  32%  b y  v a r ia tio n  of th e  re a c tio n  co n d itio n s ; 
t h e  re a s o n  m ay  be p a r tly  t h a t  th e  in te rm e d ia te  w as n o t  p u re  24 • H I, cf. fo o tn o te .

3 -[ j3 -(2 -H y d ro x y e th y l)-h y d ra z in o ]-6 -m e th y l-l,2 ,4 -tr ia z in -5 (2 //)-o n e  (2 6 b )

A  m ix tu re  of 3 (1.6 g; 10 m m o les) ,2 -h y d raz in o e th an o l (0.76 g; 10 m m oles) a n d  a n h y d ro u s  
e th a n o l  (40 m l) was re flu x ed  fo r 3 h rs ., a n d  th e n  e v a p o ra te d  to  d ry n ess in  v a c u u m . D u rin g  
th e se  o p e ra tio n s  only s lig h t e v o lu tio n  of m e th a n e th io l w as observed. T he fa in t ly  yellow , oily 
re s id u e , consisting  m ain ly  o f  th e  h y d ro x y e th y lh y d ra z in iu m  sa lt o f 3, w as h e a te d  5 h rs . in  an  
oil b a th  to  120 —30°C, w hen  v ig o ro u s ev o lu tio n  of m e th a n e th io l to o k  p lace. T h e  g lassy  p ro d u c t  
o b ta in e d  o n  cooling was d issolved in  h o t  e th a n o l (a b o u t  15 ml). A fter th e  a d d itio n  o f p e tro leu m  
e th e r  (10 m l) th e  m ix tu re  w as a llow ed  to  s ta n d  o v e rn ig h t in  a re frig e ra to r to  p re c ip ita te  1.3 g 
(7 0 % ) o f  26b, fa in tly  yellow  c ry s ta llin e  pow der, m .p . 162°C (from  e th a n o l-p e tro le u m  e th e r).

C6H n N 50 2 (185.2). Calcd. C 38.91; H  5.99; О 17.28. F o u n d  C 39.17; H  5.72; О 
1 6 .5 9 % .

* T h e  p ro d u c t w as p o ss ib ly  a m ix tu re  o f 24  • H I  an d  th e  isom eric  !V,JV’-diam ino-iV . 
(2 -h y d ro x y e th y l)g u an id in iu m  io d id e .
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3-Amino-4-(2-chloroethylamino)-6-methyl-l,2,4-triazin-5(2//)-one (27)

T hionyl ch loride  (10 m l) was ad d ed  in  sm all p o rtio n s  w ith in  a  few  m in u te s  to  25 (3.1 g; 
16.8 m m oles). A v ig o ro u s reac tio n  s ta r te d  g iving rise  to  th e  fo rm a tio n  o f a  v iscous liqu id  p ro d 
u c t. In  order to  ach iev e  com ple te  d isso lu tio n  of 25, th e  m ix tu re  w as k e p t  fo r 10—15 m in. a t  
35 — 40°C a fte r th e  m ain  re ac tio n  had  su b sided . On cooling  th e  m ix tu re  g ra d u a lly  tu rn ed  in to  a 
c ry s ta llin e  mass. M ost o f  th e  excess th io n y l chloride  w as rem o v ed  in  v a cu u m  a t  room  tem p e ra 
tu re ,  a n d  the  residue w as ru b b e d  w ith  d ry  e th e r (20 m l). F i l tr a t io n  gav e  3.7 g (92% ) of crude  
27.HC1, m .p. 188 — 90°C, w h ich , as show n b y  th e  ana ly sis , w as su ffic ie n tly  pure .

C6H„C12N50  (240.1). Calcd. C 30.02; H  4 .58; Cl 29.55; N  29.15. F o u n d  C 30.56: 
H  5 .32; Cl 29.36; N  28.55% -

T he free base  w as p re c ip ita te d  fro m  an aqueous so lu tio n  o f th e  s a l t  b y  aqueous N a H C 0 3 
in 72%  yield, m .p. 136 — 7°C (from  m ethano l).*

C6H 10C1NjO (203.6). Calcd. C 35.39; H  4.95; Cl 17.41. F o u n d . C 35.84; H  5.69; 
Cl 17 .10% .

T he base 27 co u ld  also  be o b ta in e d  b y  tre a tin g  an  e th e rea l su spension  of its  h y d ro 
ch lo rid e  w ith  e th e rea l d iazo m eth an e  so lu tio n . As show n b y  th e  id e n ti ty  o f  th e  IR  sp ec tru m  
o f th e  p ro d u c t w ith  t h a t  o f  th e  base o b ta in e d  w ith  N a H C 0 3. no m e th y la tio n  to o k  place u n d e r 
th e se  conditions.

6,7,8.9- letrahydro-3-methyl-4 H- [1,2,4] triazino [4,3-b] [1,2,4] -triazin-4-one (28)

27 (6.8 g; 33 m m oles) w as re flu x ed  in  a m eth an o lic  so lu tio n  (60 m l) o f K O H  (2 .2  g; 
39 m m oles) for 20 m in . D u rin g  th is  p e rio d  p re c ip ita tio n  o f a  c ry s ta llin e  p ro d u c t s ta r te d  w hich 
w as f ilte red  off a f te r  coo ling , an d  w ashed  w ith  m eth a n o l a n d  e th e r  to  y ie ld  4.4 g (79% ) of 28, 
m .p . 299 —300°C (from  a q u eo u s  m eth an o l, 1 : 1). T he p ro d u c t cou ld  be  a d v an tag e o u s ly  pu rified  
also b y  sub lim ation  in  v a cu u m .

C6H 9N50  (167.2). C alcd. C 43.11; H  5.43. F o u n d  C 42.79; I I  5 .50% .
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ACYLATION REACTIONS WITH PHOSGENE

Z . C s ű r ö s , R .  Soós, I. B it t e r , L. Sz e g h y  and I.  P e t n e h á z y

(D epartm ent o f  Organic C hem ical Technology, Technical U niversity , B u d a p es t)  

R ece iv ed  Ju ly  31, 1968

T he k in e tic s  an d  m ech an ism  o f th e  fo rm a tio n  of carb am ic  acid  ch lo rid es have 
been s tu d ied  in  th e  reac tio n s  o f  a ro m a tic  p r im a ry  am ines w ith  phosgene . T he ra te  
c o n stan ts  an d  th e  a c tiv a tio n  en th a lp ie s  were d e te rm in e d  fo r an iline, s u b s ti tu te d  anilines, 
and  fo r toIyIene-2 ,4- and  -2 ,6 -d iam ines. T he eq u ilib ria  b e tw een  carb am ic  acid  chlorides 
an d  th e  iso cy an a te s  have  been  in v es tig a te d  an d  th e  k in e tica l d a ta  m easu red  fo r pheny l- 
ca rb am y l ch lo ride, su b s ti tu te d  p h en y lca rb am y l ch lo rid es , and  to ly lene-2 ,4 - a n d  2,6- 
d ica rb am ic  acid  chlorides. T h e  e ffec t of v a rio u s so lv e n ts  on th e  e x te n t  a n d  r a te  of 
decom position  h as  been  d e te rm in e d , and  a m ech an ism  o f th e  d ecom position  is suggested .

In  earlie r co m m u n ica tio n s [1, 2] we d ea lt m a in ly  w ith  th e  q u a lita tiv e  
a sp ec ts  o f th e  reac tio n s  be tw een  a ro m atic  am ines an d  phosgene, a n d  resu lts  
p e r ta in in g  to  th e  m a n u fa c tu re  o f iso cy an a tes  w ere re p o rte d . P a r ts  o f  th e  p reced 
in g  research  w ere on ly  in c lu d ed  to  illu s tra te  th e  g rea t v a r ie ty  o f  p rob lem s 
w h ich  arose in  th e  course o f th e  w o rk  w ith  tech n o lo g ica l aim .

In  th is  p a p e r  we discuss th e  k in e tics  o f th e  tw o  m ain  step s  in  th e  p re 
v iously  described  [1] reac tio n  sequence , th e  acy la tio n  re su ltin g  in  a d e riv a tiv e  
o f  ca rb am y l ch lo ride , an d  th e  d e h y d ro h a lo g e n a tio n  lead in g  to  iso c y a n a te .

1. A cy lation  o f a ro m a tic  am ines w ith  phosgene

The acy la tio n  proceeds acco rd in g  to  th e  fo llow ing  overall e q u a tio n :

2 A rN H 2 +  C0C12 A rN IIC O C l +  A rN H ,IlC l

No li te ra tu re  w as av a ilab le  on th e  k inetics a n d m e c h a n ism  o f th is  reac tio n , 
b u t our p re lim in a ry  ex p erim en ts  h ad  rev ea led  an  ex trem ely  h ig h  reac tio n  
ra te  m ak ing  tr a d itio n a l m e th o d s  useless. W e th e re fo re  s tu d ied  th e  l i te ra tu re  
on th e  k in e tics  o f fa s t reac tio n s [3], an d  se lec ted  th e  so-called “ quench ing - 
flo w ”  m eth o d  [4], w hich seem ed to  be th e  m ost a p p ro p ria te  fo r o u r p u rpose . 
T h is m eth o d  com bines flow  te c h n iq u e  w ith  th e  q u en ch in g  of th e  re a c tio n , an d  
su b seq u en t ana lysis .

T he reac tio n  w as s to p p ed  w ith  sodium  or p o ta ss iu m  m etlio x id e  or e th - 
ox ide, and  th e  free am ine c o n te n t in  th e  re a c tio n  m ix tu re  w as d e te rm in e d  in 
n o n -aq u eo u s m ed ium  glacial a ce tic  acid w ith  p erch lo ric  acid. T h e  a n a ly tic a l 
m e th o d  w as re p o rte d  in one o f o u r ea rlie r p u b lic a tio n s  [1].
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F o r  th e  purpose o f  th e  k in e tica l m easu rem en ts , we c o n s tru c te d , on th e  
b as is  o f  lite ra tu re  d a ta  [4], th e  tu b e  re a c to r  show n in  Fig. 1. T h e  re a c ta n ts  
w ere  tra n s fe rre d  b y  in d if fe re n t gas (n itrogen) p re ssu re  in to  a m ix in g  ch am b er 
w h e re  th e  reaction  s ta r te d . F ro m  here th e  re a c tio n  m ix tu re  p assed  th ro u g h  a 
n a r ro w  (1 —2 m m  d iam .) tu b e  re a c to r  in to  th e  q u en ch in g  so lu tion . T h e  reac tion  
t im e  w as de te rm ined  fro m  th e  m easu red  vo lum e v e lo c ity  o f th e  re a c tio n  m ix tu re  
a n d  fro m  th e  d im ensions o f  th e  reac to r, an d  i t  cou ld  be v a rie d  b y  v a ry in g  
th e s e  d im ensions. E a c h  p o in t  on th e  c o n c e n tra tio n  vs. tim e  cu rv e  re p re se n ts  
th e  r e s u lt  o f one e x p e rim e n t. T he m ethod  has a re p ro d u c ib ility  o f ^ 7 % .

F ig . 1. T u b e  reac to r e x p e r im e n ta l a p p a ra tu s . 1. N itro g en  cy linder; 2. P n e u m a tic  feeder; 
3. C a lc iu m  chloride tu b e ; 4. T h re e -w a y  v a lve ; 5. M ercury  m an o m e te r; 6. S o lv en t sto rag e  
vesse ls  in  a th e rm o sta te d  ja c k e t ;  7. F lo w -th rough ; 8. T u b e  re ac to r; 9. M agnetic  s tirre r;

10. Q uenching f lu id

W e found th a t  fo r re p ro d u c ib le  resu lts  th e  fo llow ing co n d itio n s  m u st be 
c a re fu lly  observed:

1. A dequate  th e rm o s ta t in g  of th e  re a c ta n ts
2. T u rb u len t flo w  in  th e  reac to r
3. C onstan t flow  r a te
4. A ccurate  m e a su re m e n t of flow  th ro u g h  tim e
5. A dequate  m ix in g  o f  th e  quench ing  a g en t an d  th e  re a c tio n  m ix tu re . 
T h e  m easu rem en ts w ere  carried  ou t a t —5°C, —5°C a n d  -)-25°C in

to lu e n e , w ith  an iline, o- a n d  p -to lu id in e , p -ch lo ro an ilin e , to ly lcn e-2 ,4 - an d  
-2 ,6 -d iam in e  as th e  m o d e l su b stan ces , alw ays u s in g  an  excess o f phosgene.

W ith  each m odel su b s ta n c e  15 — 20 m e a su re m e n ts  w ere ca rr ied  o u t by  
v a ry in g  th e  in itia l am in e  c o n c e n tra tio n  betw 'een 0.005 an d  0.03 m o l/litre . Since 
th e  so jo u rn  tim e  in  th e  r e a c to r  could be v a ried  o n ly  betw een  0.07 a n d  0.3 sec 
(in  th e  case of aniline o n ly  b e tw een  0.07 an d  0.15 sec due to  th e  v e ry  high ra te  
o f  th e  reaction), a g ra p h ic  rep re sen ta tio n  o f th e  ex p e rim en ta l re su lts  w ould
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p ro v id e  l i t t le  in fo rm a tio n , since a h eap  o f p o in ts  sc a tte re d  a long  a s tra ig h t  
line w ould  be  o b ta in e d . F o r th is  reaso n , in d iv id u a l ra te  c o n s ta n ts  w ere  ca lcu 
la te d  from  th e  re la te d  C-t p a ra m e te r  p a irs  b y  m eans o f th e  r a te  e q u a tio n  for 
re a c tio n s  o f  second  o rder (acco u n tin g  fo r th e  fa c t th a t  th e  h y d ro c h lo ric  acid 
lib e ra te d  in  th e  course o f th e  re a c tio n  b in d s  an  eq u iv a len t q u a n t i ty  o f  am ine). 
T h e  averages o f  th e  ra te  c o n s ta n ts  a re  g iven  in  T ab le  I. Since th e  v a lu e s  o f  th e  
in d iv id u a l c o n s ta n ts  d ev ia te  b y  less th a n  7 — 8 %  from  th e  av e rag e , i t  is reson- 
ab le  to  assum e th a t  th is  reac tio n  follow s second  o rd er k in e tics .

T able  I

Amine

Rate constant, 
(1 • mol-1 • sec-

h
)

Activation
enthalpy,

zffll

Activation
entropy

JS*

—5°C + 5°C 25°C kcal cal
mole mole • ° К

Aniline 116 183 359 5.46 - 2 8 .5
p-C hloroaniline 56.7 87.5 157 6.58 - 2 6 .5

0°C 10°C

p-T olu id ine 315 438 708 3.92 - 2 7 .6
o-Toluidine 85.2 123 288 6.44 - 2 5 .5

T oly lene-2 ,4-d iam ine 39.0 58.3 113 5.40 - 2 7 .5
T olylene-2 ,6-diam m e 18.8 27.6 57.2 5.86 - 2 7 .7

T he m ech an ism  of th is  re a c tio n , like t h a t  o f o th e r N -acy la tio n  re a c tio n , 
is o f ty p e  S n2 (b im olecu lar nu c leo p h ilic  su b s titu tio n ).

N
I

A r— N H j +  C O O I,-----> A rN :

H

Г 11
A rN +— C

\
ЧЛ

A r— NHCOC1 +  A r— N H , ■ HC1

T he re a c tio n  begins w ith  a nuc leoph ilic  a t ta c k  b y  th e  am ine , fo llow ed  b y  
th e  s ta b iliz a tio n  o f th e  in te rm e d ia te  in  th e  fo rm  of a ry l c a rb a m y l ch lo rid e , 
w ith  th e  loss o f  h y d rogen  ch loride.

T he am ine  p a rtic ip a te s  in  th e  re a c tio n  as an  e lectron  donor. C o n seq u en tly , 
if  th e re  are  e lec tro n  w ith d raw in g  g ro u p s in  th e  a ro m atic  rin g  w h ich  red u ce  
th e  b a s ic ity  o f  th e  am ine, th e  re a c tio n  ra te  w ill decrease, w hile in  th e  p resence  
o f  e lec tro n  d o n o r groups w hich en h an ce  th e  b a s ic ity  of th e  am ine , th e  re a c tio n  
ra te  w ill in crease . T he s teric  v ic in ity  o f ortho su b s titu e n ts  g re a tly  red u ces  th e  
reac tio n  ra te .
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G raphic  r e p re s e n ta tio n  o f  H am m et’s e q u a tio n  resu lts  in  a s tra ig h t line  
w ith  a slope of q =  —0.66  (F ig . 2). The a c tiv a tio n  en tro p ie s  were fo u n d  to  be 
n e a r ly  equal in d ic a tin g  t h a t  th e  s tru c tu re s  o f  th e  a c tiv a te d  com plexes are  
s im ila r  fo r th e  su b s ta n c e s  in v es tig a ted .

H i n s h e l w o o d  [ 5 ]  o b s e r v e d  a  s im i l a r  s u b s t i t u e n t  e f f e c t  a n d  c o n s t a n c y  

o f  t h e  a c t i v a t i o n  e n t r o p i e s  w h e n  s t u d y i n g  t h e  r e a c t i o n  b e t w e e n  a n i l i n e  a n d  

b e n z o y l  c h lo r id e .

2. D eco m p o sitio n  of a rom atic  c a rb a m y l chlorides

T he conversion  o f  a ca rb am y l chloride in to  iso c y a n a te  is an  equ ilib rium  
e lim in a tio n  reac tio n  in  w h ich  th e  ca rb am y l ch lo rid e  loses one m olecule of 
h y d ro g e n  chloride. W e h a v e  rep o rted  [1] t h a t ,  c o n tra ry  to  l i te ra tu re  d a ta , 
th e  in fra red  sp e c tru m  o f p h en y lca rb am y l ch lo rid e  in  various so lven ts has a 
c h a ra c te r is tic  iso c y a n a te  b a n d  a t 2260 c m _1, in d ic a tin g  th e  beg in n in g  of 
decom position  a t ro o m  te m p e ra tu re , p ro b a b ly  ow ing  to  an  in te ra c tio n  w ith  
th e  so lven t.

F o r  a m ore th o ro u g h  s tu d y  of th is  p ro b le m , th e  carb am y l c h lo r id e - iso 
c y a n a te  equ ilib rium  w as s tu d ie d  a t room  te m p e ra tu re  in  th e  cases of p -ch lo ro - 
a n d  p -b ro m o p h e n y lc a rb am ic  acid chloride b y  m e a n s  o f in fra red  sp e c tro p h o to 
m e try . A n increase in  th e  in te n s i ty  of th e  iso c y a n a te  b an d s  was o bserved  in 
th e  o rd e r: to lu en e , b e n z e n e , ch lorobenzene, in d ic a tin g  th a t  th e  equ ilib rium  is 
sh if te d  (in th e  ab o v e  o rd e r)  tow ards d eco m p o sitio n . Tolylene-2,4- a n d  2,6- 
d ica rb am ic  acid ch lo rid es  w ere s tu d ied  in  b en zen e , o -d ichlorobenzene an d  
c a rb o n  te tra c h lo rid e , a n d  i t  w as found  th a t  th e  e x te n t  o f equ ilib rium  tra n s fo r 
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m atio n  increased  in  th e  o rd e r: benzene, o -d ich lo robenzene, ca rb o n  te tra c h lo r id e
(F ig . 3).

T hese re su lts  re v e a l th e  im p o r ta n t roles o f  b o th  th e  s u b s titu e n ts  in  th e  
a ro m a tic  ring  a n d  th e  so lv en t in  th e  decom positions o f  c a rb a m y l ch lorides.

T o lu e n e  T o lu en e  T o lu en e  B en zen e  B enzene  
B e n z e n e  B enzene B enzene  o -d ich lo ro - o -d ich lo ro - 

b e n z en e  b en zen e
C hlo ro - C hloro- C hloro- C a rb o n te tra -  C a rb o n  te tra -
b c n z en e  b en zen e  ben zen e  c h lo r id e  c h lo rid e

P h e n y lc a rb -  p -ch lo ro - p -b rom o- T o ly le n e -  T o ly len e-
a m y l-ch lo rid e  p h e n y l-  p h en y l-  -2 ,4 -d ic a rb - -2 ,6 -d ica rb -

c u rb a m y l-  c a rb am y l-  am ic  a c id  am ic ac id
ch lo r id e  c h lo rid e  ch lo r id e  c h lo rid e

(0.05 m ole/1) (0 .05  m ole/1) (0.05 m ole/1) (0.01 mole/1) (0.01 mole/1) 

F ig . 3. F re e  iso cy an a te  c o n te n t o f c a rb a m y l chloride

In  th e  sam e so lv en t, a c a rb a m y l chloride c o n ta in in g  halogen  in  p a ra  position  
decom poses m ore re a d ily  th a n  th e  n o n -su b s titu te d  ca rb am ic  acid  ch loride.

T he ra te  o f d e h y d ro h a lo g en a tio n  o f c a rb a m y l ch lorides w as also  stu d ied  
w ith  th e  sam e m odel su b s ta n c e s  and  so lv en ts . D irec t m easu rem en t o f th e  
h yd roch lo ric  acid l ib e ra te d  in  th e  decom position  reac tio n  was r a th e r  d ifficu lt 
because of th e  low  c o n c e n tra tio n s  invo lved  in th e  k in e tica l m easu rem en ts  and  
ow ing to  th e  p resence  o f  th e  ca rb am y l ch lo ride w h ich  con tin u es to  decom pose 
u n d e r  th e  co n d itions o f  th e  d e te rm in a tio n  o f  h y d ro ch lo ric  acid.

I t  w as n o t possib le  to  ap p ly  a spec tro scop ic  m e th o d , since we d id  no t 
possess a sodium  ch lo rid e  cell w hich could be  k e p t a t  c o n s ta n t te m p e ra tu re . 
T herefo re , an  in d ire c t m e th o d  w as developed  fo r th e  s tu d y  o f  th e  reac tio n . 
T h e  decom position  w as effec ted  in  th e  p resence  o f  excess tr ie tliy la m in e  w hich 
b o u n d  th e  h y d ro ch lo ric  ac id  lib e ra ted  in  th e  fo rm  o f a sa lt; th e  am in e  h y d ro 
ch lo ride  p re c ip ita te d  q u a n ti ta t iv e ly  from  th e  so lv en t. S u ffic ien tly  rap id  
f i ltra tio n , w ashing  w ith  p e tro le u m  e th e r, d ry in g  a n d  w eighing gave th e  h y d ro 
ch lo ric  acid c o n te n t a t  a n y  given tim e  w ith  ^  1 %  accu racy .

Since th e  sa lt is r a p id ly  fo rm ed , th e  ra te  d e te rm in in g  step  is th e  decom po
s itio n  of th e  c a rb a m y l ch lo ride . B ecause o f  th e  p resence  of tr ie tliy la m in e , th e
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re a c tio n  does no t s top  in a n  equ ilib riu m  s ta te , b u t  proceeds to  com ple tion  
u n ti l  a ll ca rb am y l ch lo ride in  th e  so lu tion  lias been  used  up.

A  fu r th e r  problem  is in tro d u c e d  b y  th e  fa c t t h a t  d u rin g  th e  d isso lu tio n  
o f  th e  c a rb a m y l ch lo ride , i ts  co n cen tra tio n  d ro p s to  th e  eq u ilib riu m  va lue . 
C o n se q u e n tly , th e re  is a c e r ta in  a m o u n t o f h y d ro ch lo ric  acid in  th e  so lu tion  
r ig h t  a t  th e  beginning o f th e  m e asu rem en t, since p a r t  o f th e  acid  ch lo ride  has 
a lr e a d y  suffered  d eco m p o sitio n . T h is fac t has to  be  ta k e n  in to  acco u n t in  th e  
c a lc u la tio n s .

I f  th e  change o f th e  c a rb a m y l chloride c o n c e n tra tio n  w as p lo tte d  lo g a
r i th m ic a l ly  vs. th e  re a c tio n  t im e , a s tra ig h t lin e  w as o b ta in e d  in  a ll cases 
in d ic a t in g  th a t  th e  re a c tio n  fo llow ed  firs t o rd e r k in e tic s . T he c a lc u la ted  reac 
t io n  r a t e  co n stan ts  are  l is te d  in  T ab le  I I .

Table II

C a rb a m y l
c h lo rid e S o lv e n t

^average ( m in -1 ) A c tiv a tio n
e n th a lp y ,
cal/m oleo°c 10°C 25°C 40°C

P h e n y lc a rb a m y l Benzene _ 0 . 0 1 5 5 0 . 0 6 9 4 0 . 2 6 3 0 1 6 . 5 0 0

c h lo r id e T oluene — 0 . 0 4 4 0 0 . 0 6 4 5 0 . 0 9 2 5 4 . 3 7 0

C hlorobenzene 0 . 0 0 7 2 0 . 0 2 5 0 0 . 1 3 2 0 - 2 0 . 4 0 0

p- C h lo ropheny l- B enzene — 0 . 0 1 7 0 0 . 0 7 4 5 0 . 2 8 8 0 1 6 . 8 5 0

c a rb a m y l T oluene — 0 . 0 2 9 5 0 . 0 7 6 0 0 . 1 7 8 0 1 0 . 2 6 0
c h lo r id e C hlorobenzene 0 . 0 1 0 2 0 . 0 3 4 0 0 . 1 7 8 0 - 1 6 . 3 0 0

p -B ro m o p h en y l Benzene — 0 . 0 1 5 0 0 . 0 7 2 0 0 . 2 9 0 0 1 3 . 8 7 0

c a rb a m y l T oluene — 0 . 0 2 3 6 0 . 0 6 9 5 0 . 1 7 5 0 1 0 . 9 6 0
c h lo r id e C hlorobenzene 0 . 0 0 9 3 0 . 0 2 9 5 0 . 1 5 0 0 - 1 7 . 8 0 0

I t  appears from  th e  r a te  c o n s ta n ts  t h a t  th e  v a rio u s  so lv en ts  h av e  a 
s ig n if ic a n t  influence on th e  r a te  o f th e  reac tio n . A t th e  sam e te m p e ra tu re , th e  
r a t e  c o n s ta n t  generally  in c re a se s  in  th e  o rder: to lu e n e , benzene , ch lo robenzene. 
I f  t h e  a ro m atic  ring  c o n ta in s  a n  e lec tro n -w ith d raw in g  ha logen  a to m  in  p a ra  
p o s it io n , th e  decom position  r a te  w ill again  in c rease . T he v a lu e  o f a c tiv a tio n  
e n th a lp y  is th e  low est fo r th e  decom position  in  to lu e n e , an d  i t  is u n ex p e c te d ly  
lo w  in  th e  case of p h e n y lc a rb a m y l chloride. F o r  th e  tim e  b e in g , we h av e  no 
e x p la n a tio n  for th is p h e n o m e n o n .

I n  th e  know ledge o f  th e  k in e tic a l d a ta , we a t te m p te d  to  d raw  conclusions 
on  th e  m echanism  of th e  re a c tio n  (Fig. 4).

S ince  th e  reac tio n  r a te  is increased  b y  th e  p resence  of an  e le c tro n -w ith 
d ra w in g  su b s titu e n t in  p a ra  p o s itio n , we assum e t h a t  th e  re a c tio n  s ta r ts  w ith  
th e  c leav ag e  of a p ro to n  io n , w h ich  is th e  r a te  d e te rm in in g  s tep . U n d e r th e  
in f lu e n c e  o f a su b s titu e n t X , th e  N H  bond  is lo osened , an d  f in a lly  th e  p ro to n
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X N 0-C ® =O  +  (H ® fC l® j

X = 0  +  HC1

F ig . 4. X  =  e lec tro n -w ith d raw in g  s u b s ti tu e n t  (halogen)

is sp lit off. T he t r a n s i t io n  com plex  fo rm ed  in  th is  w ay  is s tab ilized  b y  th e  
e lim in a tio n  o f a ch lo rid e  ion  in  such  a w ay  t h a t  th e  u n sh a red  e lec tro n  p a ir  on 
th e  n itro g en  is lin k e d  to  th e  carbon  a to m  w h e re b y  a ca rb o n -n itro g en  doub le  
b o n d  is form ed.

The m eth o d  d esc rib ed  above w as on ly  su ita b le  fo r s tu d y in g  th e  deco m p o 
s itio n  ra te s  o f  m o n o ca rb am ic  acid ch lorides. D ica rb am ic  ac id  ch lo rides are  
scarce ly  soluble in  in e r t  so lv en ts , fu rth e rm o re , th e  equ ilib rium  in  th e  so lu tio n  
is m ark ed ly  sh ifted  in  th e  d irec tion  o f d eco m p o sitio n . T hus th e  above  g rav i-

F ig . 5. 1. N itrogen  f la sk ; 2. W ash in g  vessel w ith  su lfu ric  ac id ; 3. B rass tu b e  fo r th e  th erm o - 
s ta tin g  of n itro g en ; 4. D iffe re n tia l m an o m ete r; 5. S a m p le ; 6. R eac tio n  vessel; 7. T h ree -w ay

v a lv e ; 8. A bsorber w ith  a lk a li

7 Acta Chim. Acad. Sei. Hung. 61% 1969



204 CSŰRÖS et al.: ACYLATION REACTIONS WITH PHOSGENE

m e tr ic  m e th o d  canno t be u sed  to  m easure  th e  r a te  o f decom position  o f  d ica rb a - 
m y l ch lo rid es .

T h e  th e rm a l d eco m p o sitio n  o f  solid d ica rb am ic  acid ch lo rides can  be 
s tu d ie d  in  th e  a p p a ra tu s  sh o w n  in  F ig . 5.

D ry , th e rm o s ta te d  n itro g e n  gas is p assed  in  tu rb u le n t  flow  th ro u g h  a 
k n o w n  q u a n t i ty  of th e rm o s ta te d  acid  ch lo ride in  a U -tu b e . T he h y d ro ch lo ric  
a c id  fo rm e d  b y  decom position  leaves th e  sy s tem  to g e th e r  w ith  th e  in e r t  gas, 
a n d  is  ab so rb ed  in  alkali. B a c k - t i tr a t io n  o f  th e  excess a lkali gives th e  h y d ro 
c h lo r ic  a c id  form ed p e r u n i t  tim e . (The fa c t t h a t  th e  ca rrie r gas e n tra in e d  
so m e  iso c y a n a te  in te rfe red  w i th  th e  m easu rem en t. T h is iso cy an a te  w as con
v e r te d  in  th e  w ash -b o ttle  in to  c a rb o n a te  w h ich  also consum ed a lk a li. T his 
e r ro r  w as  e lim ina ted  b y  a p p ly in g  W a r d e r ’s m e th o d  [6] for th e  d e te rm in a tio n  
o f  c a rb o n a te  and  to ta l  a lk a li.)

T h e  m easurem ents w ere  ca rr ied  ou t a t  70°C, 90°C and  110°C. T h e  lo g a
r i th m  o f  th e  decrease o f a m o u n t  o f th e  d ica rb am ic  ac id  chloride as a fu n c tio n  
o f  t im e  g av e  again a s t r a ig h t  lin e  in d ic a tin g  t h a t  th e  decom position  re a c tio n  
h as  f i r s t  o rd e r k inetics.

T h e re  was no ch an g e  in  th e  slope o f  th e  s tra ig h t lines w hen  th e  in itia l 
q u a n t i t y  o f  acid chloride a n d  th e  flow  ra te  o f  th e  carrie r gas w ere  v a ried . 
T h is  co n firm s th e  firs t k in e tic a l o rd e r o f th e  decom position  reac tio n  a n d  show s 
t h a t  d iffu sio n  is n o t th e  r a te  d e te rm in in g  s tep .

T a b le  I I I  con ta in s th e  r a te  c o n s ta n ts  ca lc u la ted  from  th e  slope o f  th e  
s t r a ig h t  lines and  th e  a c t iv a tio n  en th a lp ies  o b ta in e d  from  th e  te m p e ra tu re  
d e p e n d e n c e  of th e  ra te  c o n s ta n ts .

Table II I

Rate constants a n d  activation enthalpies o f  the thermal 
decompositions o f  2 ,4 - and 2,6-tolylene dicarbam ic acid chlorides

Rate constant (min-1) Activation
enthalpy,
kcal/mole70°C 90°C 110°C

2,4-isomer 0.032 0.055 0.080 6.1

.2,6-isomer 0.018 0.095 0.219 10.8

In v e s tig a tio n  of th e  deco m p o sitio n  o f to ly le n e  d icarbam ic  acid  ch lo rides 
b y  m e a n s  o f th is  m e th o d  d id  n o t  reveal a d ifference  betw een  th e  decom positions 
o f  t h e  tw o  ty p es  of acid  ch lo rid e s . A d e riv a to g ra p h ic  s tu d y  of th e  d ecom position  
p ro c e sse s  in d ica ted  a c e r ta in  d ifference in  th e  b e h a v io u r o f th e  2,4- a n d  2,6- 
iso m e rs . Since w ith  o u r a p p a ra tu s  i t  w as im possib le  to  achieve q u ite  a c c u ra te  
a d ju s tm e n t  of c o n s ta n t te m p e ra tu re s , a n d  to  rem o v e  hydrogen  ch lo rid e  as 
so o n  as i t  w as form ed, q u a n t i ta t iv e  d a ta  h a v e  n o t been  ca lcu la ted . I t  ap p ears , 
h o w e v e r , probable  t h a t  co n secu tiv e  reac tio n s  w ith  sligh tly  d iffe ren t ra te s
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ta k e  p lace  a n d  th a t  in  th e  case o f  th e  2 ,4 -isom er th e  cleavage o f  th e  f i r s t ,  in  
th e  case o f  th e  2 ,6-isom er o f th e  second  h y ro g en  chloride m olecule  p roceeds 
a t  h ig h e r ra te . A n in v estig a tio n  o f  th is  e ffec t an d  its  co n firm atio n  b y  m ean s 
o f a c c u ra te  n u m erica l d a ta  w ill be th e  su b je c t o f  fo rthcom ing  e x p e rim e n ts .
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A C T A  CH IM ICA
TOM  61 — ВЫ П. 2 

Р Е З Ю М Е

Механизм адсорбционной индикации, I.

Нитрокислоты как адсорбционные индикаторы: п-нитро-а-нафтилкрасный — новый
адсорбционный индикатор

л . Л ЕГРА Д И

Автором предлагается новый адсорбционный индикатор — п-нитро-а-нафтил- 
красный, который может быть использован для определения ионов цианида, бромида и 
иодида. Титрование необходимо проводить в нейтральной или щелочной средах (pH =  
=  9—10,5) для цианистого иона и в щелочной среде для йодистого и бромистого ионов. 
Индикатор работает по кислотно-основному принципу, но механизм его действия отли
чается от известного до сих пор для основных красителей. Адсорбат красителя является 
кислотно-основным индикатором на нейтральном или положительно заряженном осадке 
и под влиянием щелочи образуется нитроновая кислота, которая вызывает изменение 
окраски. При титровании ионов цианида под влиянием избытка иона серебра также об
разуется нитроновая кислота, которая затем превращается обратно под влиянием циани
стых ионов. При титровании в щелочной среде изменение окраски вызвано тем, что из
быток иона серебра повышает константу диссоциации адсорбата-красителя, которая 
является слишком низкой при избытке аниона, и за счет этого адсорбат красителя дает 
нитроновую кислоту. Влияние индикатора может быть обнаружено при изменении кон
станты диссоциации адсорбата-красителя, происходящем при избытке собственного иона, 
а также при подщелачивании положительно заряженного осадка, сопровождающегося 
образованием нитроновой кислоты.

Механизм адсорбционной индикации, II.

Амфотерные адсорбционные индикаторы 

л. Л ЕГРА Д И

Автором изучались кислотно-основные и адсорбционные индикаторные свойства, 
появляющиеся при совместном введении заместителей с эффектом -f М и —М в молекулу 
фенил-азо-а-нафтил-амина. Заместитель фенильного кольца, находящийся в пара-поло
жении по отношению к азоту азо-группы, оказывает решающее влияние на кислотно
основные и адсорбционные индикаторные свойства молекулы. При диазотировании
4-нитро-2-анизидина и сочетании с а-нафтил-амином образуется амфотерный адсорбцион
ный индикатор. С помощью амфотерного адсорбционного индикатора можно титровать 
как в кислых, так и в щелочных средах; при этом случаются различные изменения окраски, 
соответствующие различным структурным изменениям. Действие индикатора происходит 
на основе кислотно-основного принципа, что может быть доказано измерением изменения 
pH в течение титрования в кислой среде и определением изменения константы диссо
циации адсорбата красителя, имеющего место при избытке собственного иона в кислой 
и основной средах.

Радиометрическое определение серы в серсорганических соединениях

Ш. М Л И Н К О  и О. ДОБИШ

Приводится метод и описывается установка для радиометрического измерения 
содержания серы в органических соединениях. Сера в органических соединениях пре
вращается с помощью деструктивного гидрирования в сероводород, который с помощью 
водорода — газа-носителя пропускается через наполнитель — Cd,4C03. Из карбоната 
кадмия и сероводорода образуются в присутствии воды при комнатной температуре

Acta Chim. Acad. Sei. Hung. 61, 1969



сульфид кадмия, вода и двуокись углерода. Активность двуокиси углерода, образую
щейся в реакции, измерялась по образцу анализа углерода-14, наряду с метаном — счет
ным газом, в пропорциональной области. В процессе разработки данного метода был 
синтезирован карбонат кадмия, свободный от оксида-гидрата. Термические свойства 
радиоактивного реагента изучались в воздушной и водородной атмосферах. Протекание 
реакции объяснялось на основе полагаемого адсорбционного ионного обмена. Исследо
вались условия количественного протекания основной реакции по мере образования 
сульфида. Ограниченная емкость карбоната кадмия — согласно экспериментальным 
данным — объяснялась образованием твердого раствора карбоната и сульфида кадмия 
и органиченной способностью образования смешанных кристаллов.

Исследование дипольных моментов для фенильных и бензиловых производ
ных элементов IV/I группы

Й. НАДЬ, Ш. Ф Е Р Е Н Ц И -Г Р Е С , К. БЕ К ЕР-П А Л О Ш И  и А. БОРБЕЙ-КУСМ АН

1. С помощью метода Онзагера в жидком состоянии определялись дипольные мо
менты соединений типа:

(СН3)3Е—< (СН3)3Е—СН2—<

(где Е =  С, Si, Ge, Sn).
2. Было установлено, что в случае фенильных производных величина дипольного 

момента достигает минимума в случае фенил-кремниевых соединений, а для бензиловых 
производных возрастает монотонно.

Средние амплитуды колебания для малых молекул, содержащих атом 
серы. Часть II: so2f 2 (o h )so,f и (o h )S02ci

С. Й. СИВИН и И. ХАРГИТТАИ

Средние амплитуды колебания были рассчитаны для S 0 2F2, (0H )S02F и (0H )S02C1 
из спектроскопических данных. Для двух последних молекул полученные результаты 
являются несколько неопределёнными. Однако данные проведенных расчётов несом
ненно будут служить полезной ориентацией для будущих электронографических иссле
дований.

Растягивающие силовые постоянные в NO,F и N 02C1

Д. Е. ФРИМАН

Растягивающие силовые постоянные в молекулах N 02F и N 02C1, рассчитанные 
недавно Немешем, исходя из двух различных систем координат симметрии, являются 
физически несовместимыми разве, что а) они относятся к совершенно различным реше
ниям среди мультиплетностей возможных решений проблемы колебаний и б) дисперсия 
силовых постоянных, полученных Немешем, значительно недооценен.

Кинетика и механизм реакций замещения в комплексах, XI.

Новые соединения типа солей Рейнеке, содержащие п-фенетидин, и сольволиз [Cr(NCS)4 
(п-фенетидин)2]_ в смесях этанол-вода

я. Ж А К О , Ч . ВА РХ ЕЛ ЬИ , И. ГЭН ЕСКУ и Я . ТУРОШ

Приводится синтез, результаты анализа и краткие характеристики 20 новых соеди
нений, содержащих комплексный анион [Сг(МС8)4(п-фенетидин)2]~. Исследовали соль
волиз комплексного иона [Сг(МСЗ)3(п-фенетидин)2]_ в смесях этанол-вода, различного со
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става, измеряя концентрации неразложившегося комплексного иона и выделяющегося 
иона NCS“ в зависимости от времени. Для объяснения экспериментальных результатов 
предполагалось протекание двух параллельных процессов обмена лигандов. Первый — 
это замещение группы NCS, реакция первого порядка по комплексному иону с энергией 
активации около 30 ккал/моль и энтропией активации 10—15 ккал/моль • °С. Состав раст
вора практически не оказывает влияния на скорость этой реакции. Кажущийся порядок 
второй параллельной реакции равен двум (первый по комплексному иону и первый по 
этанолу). Энергия активации этой реакции равна 22— 23 ккал/моль, а энтропия активации 
— почти нулю. Концентрация иона водорода в растворе практически не оказывает влия
ния на земещенпе групп NCS, в то время как замещение п-фенетидина сильно ускоряется 
присутствием минеральных кислот.

1,2,4-Триазины и их конденсированные производные, IX.

Получение некоторых имидазо-, пиримидо- и [1,2,4]триазино-производных [1,2,4)]три-
азина

Д Ь . Х О Р Н Я К , к. Л ЕМ П ЕРТ и К. ЗАУЭР

6-Метил-3-метилтио-1,2,4-триазин-5(2Н)-он (3), взаимодействуя с 2-аминоэтанолом 
и 3-аминопропанолом, образует в зависимости от условий реакции производные 3,5-диа
мино-!,2,4-триазина (4) или 3-амино-1,2,4-триазин-5(2Н)-она (2с, 2d). Могут быть изоли
рованы промежуточные продукты последней реакции, представляющие собой солеобраз
ные аддукты 3 с аминоспиртами, с составом 1:1 (5, 10.)

Продукты взаимодействия 2с и 2d с тионилхлоридом (6, п =  2,3), в зависимости от 
применяемых условий, циклизируются в 7,8-дигидро-3-метилимидазо[2,1-с][1,2,4] 
триазин-4(6Н)-0н (7, п =  2) или 6,7-дигидро-2-метилимидазо[1,2-Ь] [ 1,2,4]триазин-3 
(5Н)-он (8, п  =  2), и в 6,7,8,9-тетрагидро-3-метил-4Н-пиримидо [2,1-с] [1,2,4]триазин-
4-он (7, п  =  3) или изомерный 5,6,7,8-тетрагидро-2-метил-3/7-пиримидо[1,2-Ь] [1,2,4] 
триазин-3-он (8, п  =  3).

Был разработан метод получения диоксо-(21), а также трназино-(28) производных 
триазина, со скелетом соединения 8 (п =  2).

Спектроскопически были определены направление замыкания кольца и некоторые 
другие ориентационные проблемы, а также тонкая структура потенциально таутомер
ных соединений. Наблюдаемые ориентационные эффекты были связаны с порядком нуклео- 
фильности атомов азота в 1,2,4-триазиновом скелете.

Изучение реакций ацилирования, протекающих с помощью фосгена

3. ЧЮ РЁШ , Р. ШОШ, И. БИ Т Т Е Р, Л . СЕГИ и И. П ЕТН ЕХ А ЗИ

В настоящей работе исследовались кинетика и механизм образования хлоридов 
карбаминовых кислот, получаемых в реакции первичных ароматических аминов с фосге
ном. Определялись константы скоростей, энтальпии активации и величины энтропии для 
анилина и его замещенных производных, а также для толуилен-2,4- и -2,6-диаминов. 
Также исследовалось равновесие хлорид карбаминовой кислоты — изоцианат, и измеря
лись кинетические данные в случае хлоридов фенилкарбаминовой и замещенных фенил- 
карбаминовых кислот, а также хлоридов толуилен-2,4- и -2,6-дикарбаминовых кислот. 
Было установлено, что различные растворители влияют на степень разложения и ее 
скорость. Предлагается механизм реакции разложения.
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CONTINUOUS DETECTION BY SIMULTANEOUS TG 
AND IR MEASUREMENTS OF NH3 AND H20  

RELEASED IN THERMAL DECOMPOSITIONS

A. B.  K iss

( In d u s tr ia l Research Institu te  fo r  E lectronics “ H I K I ” ,
Im re B ródy Laboratory ( T U N G S R A M ) ,  B u d apest-Ú jpcst)

Received July 16, 1968

An IR-spectroscopic method was developed to follow the release of NH3 and 
H20  during thermal decompositions. The effect of the sample-weight, the flow-rate of 
the carrier-gas, and the heating-rate of the furnace on the area under the maxima of 
the resulting curves was studied. The conditions ensuring proportionality of the area 
under the maxima to the am ount of released gases were determined.

The measurement of H20  was performed using its secondary reaction with 
CaC2. The maxima were standardized with CuS04 • 5H20 . Simultaneous TG- and IR- 
measurements gave results throwing light on some details of the decomposition of 
ammonium paramolybdate and paratungstate which have not been studied so far.

In  an  earlier p a p e r w e describ ed  a s tu d y  o f th e rm a l decom p o sitio n  w here, 
in  a d d itio n  to  reco rd ing  th e  changes in th e  solid  ph ase , tho se  in  th e  gaseous 
phase w ere follow ed an d  reco rd ed  b y  in fra red  sp ec tro sco p y . T his te c h n iq u e  has 
been used  f irs t for th e  c o n tin u o u s  detec tio n  o f re leased  C 0 2 d u rin g  th e  th e rm a l 
decom position  of m a n g a n e se (II)  ca rb o n a te . A d esc rip tio n  o f th e  p ro ced u re  has 
been given to g e th e r w ith  th e  ex p erim en ta l re su lts  [1].

T itr im e tr ic  m eth o d s fo r th e  con tinuous m e asu rem en t of N H 3 re leased  in 
th e rm a l decom positions h a v e  b een  described in  th e  l i te ra tu re , am o n g  o th e rs , by 
E i k o h  [ 2 ]  an d  A h n  [ 3 ] .  B y  p lo ttin g  th e  ti tr im e tr ic  d a ta  ag a in s t th e  te m p e ra 
tu re , an  in te g ra l cu rve , s im ila r  to  th e  T G -curve, is o b ta in e d  w h ich  is a source 
o f useful in fo rm atio n  a b o u t th e  reac tio n . D ue to  ce rta in  d ifficu lties  w e prefer 
IR -sp ec tro sco p ic  m easu rem en ts .

T he m eth o d  described  ea rlie r has been e x te n d e d  to  th e  c o n tin u o u s  d e tec 
tio n  o f gases o th e r th a n  C 0 2. In  th e  p resen t p a p e r  we re p o rt th e  e x p e rim e n ta l 
re su lts  o b ta in e d  w hen N H 3 a n d  H 20  vapours evolve.

Experim ental

T he m easu rem en ts w ere  ca rr ied  ou t w ith  a C h ev en a rd -ty p e  th e rm o b a la n c e  
an d  a ty p e  U R  10 sp e c tro p h o to m e te r . A 10 cm long  gas-cell w ith  a vo lum e of 
125 m l w as used. T he f lo w -ra te  o f th e  carrier gas w as k e p t a t th e  desired  level 
w ith  a c a lib ra te d  cap illa ry  m an o m e te r. The fo llow ing se ttin g s  o f  th e  sp ec tro 
p h o to m e te r  were used  in  a ll cases: F este  W ellenzah l, S p a ltp ro g ram m  4, Regi-
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208 KISS: CONTINUOUS DETECTION OF NH3 AND H ,0

strie rg esch w in d ig k e it 50 c m  _1/m in , Schreibzeit f. V o llaussch lag  32 sec, R egi
s t r ie rm a ß s ta b  4 m m /100 c m  -1 .

A m m onium  p a ra m o ly b d a te  [3(N H 4)20 .7 M o 0 3 • 4 H 20 ,  A n a la r , G .R .] an d  
a m m o n iu m  p a ra tu n g s ta te  [5 (N H 4)20 .1 2 W 0 3 • 5 H 20 ,  F lu k a , G .R .] w ere used  in  
th e  p re lim in a ry  ex p e rim en ts . S ta n d a rd iz a tio n  fo r  H 20  m easu rem en ts  w as p e r
fo rm e d  w ith  CuS04 • 5 H 20 .  A cco rd in g  to  X -ra y  d iffrac tio n  d a ta , th e  m o ly b d a te  
a n d  th e  tu n g s ta te  h ad  th e  w e ll-k n o w n  h e p ta m o ly b d a te  a n d  p a ra tu n g s ta te  s tru c 
tu r e s ,  respective ly , an d  th e i r  com position  co rresp o n d ed  to  th e  above form ulas.

a)  M easurem ent o f  gaseous N H 3

T h e  sam ple-holder o f  th e  th e rm o b a lan ce  [1] w as co n n ec ted  to  th e  gas-cell 
o f  t h e  sp ec tro p h o to m ete r. T h u s , i t  was possible to  m easu re  th e  co n cen tra tio n  
o f  t h e  re leased  gas in  th e  ce ll as a function  o f tim e  a n d  te m p e ra tu re . T he con
c e n tr a t io n  was d e te rm in ed  u s in g  th e  sensitive m a x im u m  a t 965.0 c m -1.

F i g .  1 .  IR-curve for NH3 (am m onium  paramolybdate). 1. 400 mg, 2. 200 mg, 3. 100 mg

T h e  effect of sa m p le -w e ig h t, flow -rate, a n d  r a te  o f h ea tin g  w as s tud ied . 
T h e  tra n sm iss io n  vs. t im e  c u rv e s  fo r 400, 200, a n d  100 m g p a ra m o ly b d a te  sam 
p les  a re  show n in Fig. 1 (h e a tin g  ra te :  300°C /hr, f lo w -ra te : 16.65 lit/h r) .

T h re e  large am m onia  p e a k s  are  observed  u n d e r  th e  co n d itio n s g iven  on 
F ig . 1, in  agreem ent w ith  th e  T G -cu rv es th a t  w ill b e  d iscussed  la te r . T h e  heigh ts 
a n d  re la t iv e  areas of th e  p e a k s  a re  strongly  d e p e n d e n t on th e  sam ple  w eight.
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A ccord ing  to  th e  resu lts  o f c o n tro l m easu rem en ts , th is  is due to  th e  la c k  of 
p ro p o r tio n a lity  betw een  th e  o p tic a l d e n s ity  a n d  am m onia  c o n c e n tra tio n , re n 
d e rin g  d irec t q u a n tita tiv e  ev a lu a tio n  im possib le. To c ircu m v en t th is  d iff ic u lty , 
a c a lib ra tio n  cu rve  w as c o n s tru c te d  b y  p lo ttin g  tran sm iss io n  ag a in s t th e  a m o u n t 
o f  N H 3 (m g) in  th e  sp e c tro p h o to m e tric  cell. A  t r e a tm e n t  o f th e  d a ta  in  F ig . 1 
u sin g  th e  ca lib ra tio n  curve leads to  th e  m ax im a  show n in Fig. 2.

F i g .  2 .  IR-ciirve for ]NH3 (ammonium paramolybdate). 1. 400 mg, 2. 200 mg, 3. 100 mg

B y  w eighing  th e  to ta l  a reas  u n d e r  th e  cu rves in  Fig. 2, th e  fo llow ing 
re su lts  w ere o b ta in ed :

S am ple  w eigh t (m g): 100 200 400
In d e x  p ro p o rtio n a l to  th e  46.6 (T 2) 96.5 (T2) 190.0 (T3)

a rea :

T h e  su rface  areas are in  th e  ra tio  T 2 : T 2 : T 3 =  1 : 2.07 : 4 .07 , th e re fo re , 
u n d e r  th e  p re se n t cond itions, th e  to ta l  a rea  u n d e r  th e  IR -m a x im a  is p ro p o r 
tio n a l to  th e  sam ple  w eigh t, i.e. to  th e  a m o u n t o f re leased  N H 3.

I n  o rd e r to  s tu d y  th e  effect o f  th e  f lo w -ra te  o f  th e  carrie r-gas, m e a su re 
m e n ts  w ere p erfo rm ed  w ith  a 400 m g p a ra m o ly b d a te  sam ple a t f lo w -ra te s  o f
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16.65, 29.26, an d  40.0 (lit/h r)  ra te  o f h e a tin g : 300°C /hr. T he d e te rm in a tio n  of 
th e  a re a s  gave th e  fo llow ing re su lts :

F lo w -ra te  (lit/h r): 16.65 (Yj) 29.26 (V,) 40.0 (V„)
In d e x  p ro p o rtio n a l to  th e

a re a : 190.0 (T J  106.0 (T2) 78.5 (T3)

F i g .  3 .  IR-curve for NH3 (ammonium paramolybdate). Sample weight: 400 mg, 1. 300°C/hr
2. 150°C/hr

T h e  increase o f th e  flo w -ra te  p ro p o rtio n a lly  decreases th e  a rea  u n d e r th e  
c u rv e , as d e m o n s tra te d  b y  th e  follow ing ra tio s :

V 3 =  2.40 V2 =  1.76 Уз
Vr v 2

T, T i T ,1 =  2.42 =  1.79
T T 2 T ^

=  1.37 

=  1.35

I n  general, th e  h e a tin g -ra te  o f th e  fu rn a c e  is n o t  lin ear in th e  w hole range, 
th e re fo re , fo r q u a n ti ta t iv e  pu rp o ses  one can  o n ly  use  record ings w here  th e  h o ri
z o n ta l ax is (tim e) co rresp o n d s to  th e  lin e a r  d isp lacem en t of th e  c h a rt-p a p e r  
(m m ), sim ila rly  to  F igs 1 a n d  2. O bviously , i f  th e  h e a tin g  ra te  in  a g iven  in te r 
v a l is decreased  b y  a fa c to r  o f  1/2, only  h a lf  o f th e  o rig inal am o u n t o f  N H 3 will 
flow  th ro u g h  th e  cell in  u n it  tim e , i.e. th e  a re a  u n d e r  th e  cu rve  w ill decrease b y  
1/2, to o . H ow ever, th e  to ta l  a reas o b ta in ed  w ith  d iffe ren t h e a tin g -ra tes  b u t  id e n 
tic a l  ch a rt-sp eed s m u s t be  eq u a l to  each o th e r . T h is  w as p roved  b y  perfo rm ing  
th e  m easu rem en ts  on a 400 m g sam ple a t  a f lo w -ra te  o f 16.65 lit /h r , u sing  h e a t
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in g -ra te s  o f  300°C /hr an d  150°C /hr. T he curves o b ta in ed  w ith  th e  ab o v e  p ro 
ced u re  are  show n in F ig . 3.

T h e  to ta l  areas u n d e r  th e  cu rv es  in  F ig . 3 are a c tu a lly  eq u a l w ith in  th e  
e x p e rim e n ta l erro r. The a re a - in d ex  is 190.0 a t 300°C /hr a n d  188.7 a t  150°C /hr.

T he release o f N H 3 from  an  800 m g am m onium  p a ra tu n g s ta te  sam p le  w as 
fo llow ed u n d e r ex p erim en ta l co n d itio n s  id en tica l w ith  th o se  g iven in  F igs 1 
a n d  2 (F ig . 4).

T h e  re la tiv e  am o u n t o f  N H 3 in th e  tw o com pounds ca lc u la ted  from  th e ir  
fo rm u las  is in ag reem en t w ith  th e  ra tio  of th e  areas u n d e r  cu rv e  1 in  F ig . 2, 
a n d  th e  cu rve  in F ig . 4.

N H 3 m g(M o) =  33.07 =  Q ^  T (M o) =  190.0 =  Q ??5
N H 3 m g (W) 43 .28  ~  ° T  (W ) ~ 245.0

b)  M easurem ent o f  H .fi-vapour

U n d er cond itions s im ila r to  th o se  used  w ith  am m o n ia  th e  d irec t IR -sp ec - 
tro m e tr ic  de tec tio n  o f H 20  is n o t  possib le  because th e  absence  o f h y d ro g en - 
b rid g es s tro n g ly  d im in ishes th e  se n s it iv ity  o f th e  m easu rem en t. T h e  d e tec tio n  
o f  H 20  w as based  on th e  GC s tu d ie s  b y  F o r b e s [4], K n i g h t  an d  W e i s s  [5], 
S u n d b e r g  an d  M a r e s i i  [6], a n d  D u s w a l t  an d  B r a n d t  [7], u sing  th e  reac tio n

CaC2 +  H 20  =  C a(O H )2 +  C2H 2

T h e  a m o u n t o f ace ty len e  w as m easu red  b y  m eans o f th e  sen s itiv e  p e a k  a t 
728.0 c m -1. T he gases re leased  in  th e  th e rm o b a lan ce  w ere led  th ro u g h  a tu b e

A d a  C h im  A ca d . S c  .H u n g . 61 , 1969

F i g .  4 .  IR -c u rv e  for N H 3 (a m m o n iu m  p a ra tu n g s ta te ) .  Sam ple  weight:  800 mg
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F ig . 5 . IR-curve for H20  (ammonium paramolybdate). 1. 400 mg, 2. 200 mg

( le n g th :  25 cm, in n e r d ia m e te r :  1.2 cm) filled  w ith  g ra n u la r  CaC2 (average grain  
s ize : 0.1 — 0.2 cm). T h e  tu b e  w as connected  to  th e  gas-cell w here  th e  am o u n t of 
a c e ty le n e  form ed in  th e  ab o v e  reaction  w as d e te rm in e d . T h e  s im u ltaneous 
d e te rm in a tio n  of N H 3 a n d  H 20  (C2H 2) req u ires  tw o  e x p e rim e n ts  u n d e r id en tica l 
c o n d itio n s , using th e  w av e -n u m b ers  w hich  co rresp o n d  to  N H 3 an d  ace ty len e , 
re sp e c tiv e ly . A t th e  a b o v e  m en tio n ed  p eak s th e  tw o  gases do n o t in te rfe re  in 
t h e  analyses.

Since com pressed a ir  u se d  as carrier-gas c o n ta in s  som e w a te r, an  acetone/ 
d r y  ice  t r a p  was in s ta lle d  to  rem o v e  w a te r v a p o u r . T h e  co m p le te  d eh y d ra tio n  of 
t h e  gas, how ever, is u n n e c e ssa ry . I t  is su ffic ien t i f  th e  m e te r  in d ica tes  e.g. a 
s te a d y  90%  tra n sm iss io n  a f te r  th e  carrie r-gas h a s  b een  flow ing  th ro u g h  th e  
s y s te m  for a tim e  lo n g  e n o u g h  to  ensure e q u ilib ra tio n .

In  princip le, th e  flo w  c a n  be p a r te d  a f te r  th e  t r a p ,  a n d  ace ty len e  can  be 
e v o lv e d  a t  iden tica l f lo w -ra te  from  a second CaC2-tu b e  co n n ec ted  to  a com pen
s a t io n  gas-cell w h ich  is u se d  to  ad ju s t 100%  tra n sm iss io n . H ow ever, th e  p re 
se n c e  o f  tw o CaC2-co lu m n s in tro d u c e d  new  sources o f e rro r  w h ich  can  on ly  be 
e lim in a te d  b y  a m ore  co m p lex  tech n iq u e . T h e  sing le-co lum n  p ro ced u re  was 
f o u n d  to  be sim ilar a n d  eas ie r to  contro l.

D irec t record ings o b ta in e d  w ith  400 a n d  200 m g p a ra m o ly b d a te  sam ples 
a t  300°C /hr (flow -ra te : 16.65 lit/h r)  are show n in  F ig . 5. U sing  th e  ca lib ra tio n  
c u rv e  fo r acety lene, th e  c u rv e s  show n in F ig . 6 a re  o b ta in e d . T h e  considera tions 
m e n tio n e d  in  con n ec tio n  w ith  N H 3 also ho ld  fo r th e  o p tic a l d e n s ity  vs. C2H 2-con- 
c e n tr a t io n  re la tio n sh ip .

T h e  ho rizon ta l lin e  in  F ig . 5 d raw n a t  9 0 %  tra n sm iss io n  co rresponds to  th e  
eq u ilib riu m  am o u n t o f  a c e ty le n e  form ed d u e  to  th e  h u m id ity  o f  th e  carrier-gas 
le a v in g  th e  tra p . T h e  a m o u n t  of ace ty lene  fo rm ed  d u rin g  th e  m easu rem en t is 
a d d e d  to  th is  level. T h u s , th e  h o rizon ta l b a n d  in  F ig . 6 sh o u ld  be c u t o ff w hen
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F ig .  6 . IR-curve for H20  (ammonium paramolybdate). 1. 400 mg, 2. 200 mg

d e te rm in in g  th e  a rea . W ith  th e  p resen t tw o -s ta g e  freezing  tech n iq u e  th e  e q u i
lib riu m  is reach ed  in  3 0 —40 m in. T he a re a - in d e x  fo r a 400 m g sam p le  w as 
158.5, w hile for 200 m g i t  equaled  80.5, d e m o n s tra tin g  th a t  th e  ra t io  o f  th e  
sam ple  w eigh ts is eq u a l to  th e  ra tio  o f th e  a rea s  (1.96).

b)  S tandardiza tion  o f  the H 20-D eterm in a tio n  w ith CuSOi • 5H.zO

Since th e  m easu rem en t o f H 20  n eed ed  a n  a d d itio n a l reac tion , th e  cu rv es  
o b ta in e d  fo r ace ty len e  w ere s ta n d a rd iz e d  b y  IR -reco rd in g s  on C u S 0 4 • 5 H 20 .  
A ccord ing  to  D u v a l  [8] an d  Ma r in  [9 ], C u S 0 4 ■ 5H .,0  loses 4 m oles o f  w a te r  in  
th e  in te rv a l o f 67 — 153°C, th e  f if th  w a te r  b e in g  re leased  b u t slow ly. T h e  a n 
h y d ro u s  sa lt is fo rm ed  a t 300°C.

T he reco rd in g s o b ta in ed  w ith  20, 40, a n d  60 m g of C uS04 • 5 H 20  a t  a 
h e a tin g -ra te  o f  300°C /hr (flow -ra te : 16.65 l i t /h r )  in th e  above CaC2-re a c to r  
are  show n in  F ig . 7.

O n co m p arin g  th e  areas u n d e r th e  m a x im a  o f th e  IR -c u rv e s  for 
C u S 0 4 • 5 H 20  an d  p a ra m o ly b d a te  w ith  th e  th e o re tic a l w a te r-c o n ten t o f  th e  
sam ples, th e  d a ta  show n in  T ab le  I  a re  o b ta in e d . A ccording to  th e  fo rm u la  
3 (N H 4)20 .7 M o 0 3 • 4 H 20 ,  th e  to ta l  a m o u n t o f  re lea sed  w a te r should b e  co rre c ted  
for th e  a m o u n t o f w a te r  p resen t in th e  (N H 4)20  g ro u p : (N H 4)20  —*- 2 N H 34 -H 20 .

I t  can  be seen from  T ab le  I  th a t  th e  e x p e rim e n ta lly  de te rm in ed  a re a s  are 
p ro p o rtio n a l to  th e  co rrespond ing  a m o u n t o f  H 20 .  T he p ro p o rtio n a lity  ind i-
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F ig .  7. IR-curve for H20  (CuS04 • 5H„0). 1. 60 mg, 2. 40 mg, 3. 20 mg

Table I

w
('

Sam ple

•ight
n g)

H 20

A rea
T(HsO)

H 20  (m e)
*„ v X 10 
iH aO

C om pound

20.0 7.21 28.0 25.6
40.0 14.43 56.6 25.5 CuS04 ■ 5H„0
60.0 21.64 86.0 25.1

400.0 40.70 158.5 25.7
200.0 20.35 80.5 25.2

Faramolybdate

c a te s  t h a t  in  th e  CaC2 re a c to r  v a rious ty p e s  o f  w a te r  are converted  to  ace ty len e  
to  th e  sam e degree.

T h e  reac tio n  b e tw een  CaC2 an d  w a te r  is kn o w n  to ta k e  p lace  in  tw o
s te p s :

CaC2 +  2H 20  =  C a(O H )2 +  C2H 2 (1)

CaC2 +  Ca(O H )2 =  2C aO  +  C2H 2 (2)

T h e  f irs t fa s t re a c tio n  is th e  on ly  one to  b e  ta k e n  in to  acco u n t in  w a te r  
an a ly se s  b y  gas-liqu id  c h ro m a to g ra p h y  [5, 7]. I n  o rder to  o b ta in  in fo rm a tio n
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a b o u t th e  reac tio n  w ith  CaC2 u n d e r  th e  p resen t co n d itio n s, we d e te rm in e d  th e  
to ta l  a m o u n t of ace ty lene  fo rm ed  in  th e  CaC2-reac to r due  to  th e  th e rm a l  decom 
p o sitio n  o f C uS 04 • 5H 20 .  T h e  re su lts  o b ta in ed  w ith  th e  t i t r a t io n  m e th o d  of 
B a r n e s  an d  Mo l in in i  [10] are  show n in T ab le  I I .

Table II

Weight (mg) Result (mg) Derivation
(mg)

Error
%

Factor
(f)CuS04 • 5H20 н,о C2H2 HaO

о 40.0 14.43 8.81 12.20 2.23 —15.45 1.182
x 40.0 14.43 8.96 12.40 2.03 — 14.05 1.163
о 60.0 21.64 13.38 18.50 3.14 —14.48 1.171
x 60.0 21.64 13.30 18.41 3.23 —14.90 1.177
о 60.0 21.64 13.42 18.60 3.04 —14.00 1.165

x: The reactor was filled with new CaC* 
o: The reactor was used three or four times

T h e d a ta  in T able I I  show  th a t  no in te rfe ren ce  from  reac tio n  2  is observed  
in  th e  th e rm a l decom position  u p  to  1 h r, i.e. up  to  300°C (a t 300°C /hr). 
H o w ev er, reac tio n  1 does n o t  go to  com pletion  e ith e r, th e  efficiency b e in g  ab o u t 
8 5 % . S im ilar resu lts , th o u g h  fo r w a te r-co n ten ts  sm alle r b y  sev era l o rd e rs  of 
m a g n itu d e , w ere rep o rted  b y  K n ig h t  an d  W e iss  [5]. T hese a u th o rs  c a lib ra te d  
th e  d e te c to r  w ith  ace ty len e  so lu tio n s in  acetone o f know n  co m p o sitio n . F o r 
b en zen e  con ta in in g  know n a m o u n t o f w a te r, th e  g a s-ch ro m a to g rap h ic  resu lts  
w ere  sm alle r th a n  tho se  o b ta in e d  w ith  th e  F isch er m e th o d .

T h e  len g th  of th e  rea c to r-co lu m n  d id  n o t a ffec t th e  re su lts . P a r t  o f  th e  
re lea sed  w a te r  m ay  be ad so rb e d  on th e  colder su rfaces o f th e  fu rn a c e  tu b es  
le a d in g  to  incom plete  reco v e ry  o f  w a te r, i.e. to  low  w a te r  c o n te n ts . A n  essen
t ia l ly  id en tica l efficiency w as o b serv ed  w hen th e  co lder surfaces w ere  h ea ted  
w ith  w arm  a ir (50 — 60°C) to  decrease  or e lim ina te  ad so rp tio n  o f  H 20 .

Since th e  dev ia tio n  is a p p ro x im a te ly  c o n s ta n t, as d e m o n s tra te d  b y  th e  
d a ta  in  T ab le  I I ,  th e  in co m p le te  reac tio n  seem s n o t to  a ffec t th e  re la tiv e  surface 
a rea s .

R eac tio n  2 was fo u n d  to  be  v e ry  slow. H ow ever, a f te r  p ro lo n g ed  s ta n d in g , 
th e  C2H 2 fo rm ed  in reac tio n  2  accu m u la tes  in  th e  closed reac to r . B efo re  s ta r tin g  
th e  m easu rem en t, th is  a ce ty len e  shou ld  be rem oved  b y  f lu sh in g  w ith  th e  c a r
rie r-g as .

I t  shou ld  be m en tio n ed  t h a t  a f te r  th e  re a c to r  h a d  been  re p e a te d ly  used, 
th e  CaO fo rm ed  in reac tio n  2  m a y  also b in d  w a te r  th u s  lead in g  to  low  resu lts . 
T h is  source  of erro r can  be  e lim in a te d  b y  passing  a ir  th ro u g h  th e  co lu m n  for 
sev e ra l m in u tes  im m ed ia te ly  befo re  th e  m easu rem en t w hen CaO is rap id ly  
c o n v e rte d  to  Ca(O H )2 b y  H 20  in  th e  a ir [5].
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C om parison  o f  the TG and I R  m easurem ents

U seful in fo rm a tio n  a b o u t th e  course o f th e rm a l  decom position  is o b ta in ed  
b y  p lo tt in g  TG cu rves a n d  IR -m a x im a  to g e th e r  fo r  th e  in d iv id u a l com ponen ts 
a g a in s t te m p e ra tu re . T h is  w as  done for am m o n iu m  p a ra m o ly b d a te  an d  am m o
n iu m  p a ra tu n g s ta te , th e  re su lts  being show n in  F ig s  8 a n d  9, re spec tive ly .

T h e  tim e-course  o f  th e  reactions is i l lu s tr a te d  b y  F igs 10 a n d  11 con
s tru c te d  b y  th e  aid  o f  th e  ca lib ra tio n  curves. O n  th e  basis  o f F igs 10 an d  11,

F i g .  9 . Ammonium paratungstate. Sample weight: 800 mg, 1. TG-curve, 2 IR-curve for H20
3. IR-curve for NH3

Acta Chim, Acad. Sei, Hung. 61, 1969



KISS: CONTINUOUS DETECTION OF N il, AND H ,0 217

i t  is possib le  to  m ake a q u a n ti ta t iv e  e v a lu a tio n  b y  dete rm in in g  th e  a re a s  u n d e r  
th e  cu rves.

T h e  th e rm a l decom position  o f  am m o n iu m  p a ra m o ly h d a te  h a s  b een  th e  
su b je c t o f severa l papers [2, 11, 12, 13, 14]. A ccord ing  to  th e rm o a n a ly tic a l an d  
X -ra y  d iffrac tio n  stud ies, th e  re a c tio n  is com posed  o f th e  follow ing s te p s :

155— 130 °C
3 (N H 4)20  • 7M o03 • 41I20 ------------------>-

2 2 5 -2 4 5  °C
—--------------s -2 (N H 4) , 0  • 8MoO

2 (N H 4) ,0  ■ 5M o03 

320—350 °C
Mo03

F ig .  1 0 . Ammonium paramolyhdate. Sample weight : 400 mg, 1. TG-curve, 2. IR-curve for H20 ,
3. IR -c u rv e  fo r N H 3

T h e IR -m easu rem en ts  y ie ld  th re e  m ax im a  accord ing  to  th e  T G  cu rv es  in 
F igs 8 an d  10 for th e  above d ecom position  re a c tio n . All th ree  s tep s  in v o lv e  th e  
s im u ltan eo u s  release o f g iven  am o u n ts  o f  N H 3 a n d  H 20 . T he d eco m p o sitio n , 
h o w ev er, does n o t exp la in  th e  p resence  o f  in flex ion  po in ts  in F ig . 8 a t  th e  loca
tio n s  m a rk e d  b y  a an d  l> on th e  le f t-h a n d  side o f  m ax im a I I  a n d  I I I .W e  have
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show n  b y  IR - an d  X - ra y  d iffrac tio n  s tud ies t h a t  th e  inflexion a t  p o in t a is due  
to  o c ta m o ly b d a te  h a v in g  a s ligh tly  d iffe ren t s tru c tu re , w hile th a t  a t  p o in t b, 
to  th e  fo rm atio n  o f u n k n o w n  in te rm e d ia te  p h a se s  is stab le  in  o n ly  a n a rro w  
te m p e ra tu re  range. T h e re fo re , th e  decom p o sitio n  is m ore com plex th a n  i t  w as 
th o u g h t  earlie r [15].

R egard less o f th e se  ob se rv a tio n s, we co n sid e r f irs t only th e  know n  m ain  
s te p s  o f  th e  d eco m p o sitio n , an d  m ake an  a t te m p t  a t  re la tin g  th e  a rea  u n d e r

F ig .  1 1 . Ammonium paratungstate. Sample weight: 800 mg, 1. TG-curve, 2. IR-curve for H20 ,
3. IR-curve for NH3

th e  IR -m a x im a  to  th e  decom position  reac tio n s . T h e  ra tio s of th e  ca lcu la ted  
a m o u n ts  of N H 3 a n d  H 20  (moles) re leased  a t  th e  in d iv id u a l s tages are

0.4 : 2.1 : 3.5 =  1.0 : 5.25 : 8.75 (N H ,)
4.2 : 1.05 : 1.75 =  4 .0  : 1.0 : 1.66 (H .,0)

T h e  ra t io  of th e  areas u n d e r  th e  m ax im a in  F ig . 10 is

T ,  T2 T 3
12.4 : 67.0 : 107.0 =  1.0 : 5.40 : 8.62 (N H 3)
9 4 .0 : 2 3 .8 :  41 .0  =  3 .9 4 :1 .0  : 1.72 (H .,0)

in  s a tis fa c to ry  a g reem en t w ith  th e  th e o re tic a l p ro p o rtio n .
T hese  d a ta  can  b e  u sed  to  form  an a p p ro x im a te  p ic tu re  a b o u t th e  re a c 

tio n  ev en  if  no o th e r  in fo rm a tio n  is ava ilab le .
A m m onium  p a ra m o ly b d a te  is an  idea l m o d e l su b stan ce  fo r th e  m easu re 

m e n t o f  areas u n d e r th e  IR -m a x im a  because th e  in d iv id u a l stages o f th e  decom 
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p o sitio n  are  well se p a ra te d . T herefo re, th e  m a x im a  are  also w e ll-sep a ra ted , an d  
th e  a reas  can  easily  be d e te rm in ed .

T h e  d a ta  in  th e  l i te ra tu re  fo r th e  d eco m position  of p a ra tu n g s ta te  are 
m u ch  less in fo rm a tiv e  th a n  in th e  case o f  p a ra m o ly b d a te  [3, 16]. N o n e  th e  less, 
th e  IR -m e a su re m e n ts  p e rm it to  d raw  a few  q u a lita tiv e  conclusions w h ich  help 
to  u n d e rs ta n d  th e  n a tu re  o f th e  reac tio n . I t  can  be d irec tly  seen fro m  F igs 9 
a n d  11 th a t  a f te r  th e  rem o v al of th e  w a te r  o f  c ry s ta lliza tio n  a t  s tag es  I  an d  I I ,

Ammonia

F ig .  1 2 . Calibration curves for NH3

d ry  am m onia  is also fo rm ed  in  stag e  I I I ,  as opposed  to  am m onium  p aram o ly b - 
d a te . A t stages IV  an d  V N H 3 an d  H 20  a re  sim u ltan eo u sly  re leased , p ro b a b ly  
in  th e  p ro p o rtio n  d e te rm in ed  b y  th e  co m p o sitio n  o f th e  (N H 4)20  g ro u p . T hese 
e x p e rim e n ta l re su lts  m odify  th e  view s he ld  u p  till now  [3, 16]. T h e  d ifferences 
b e tw een  th e  o b se rv a tio n s for m o ly b d a te  a n d  tu n g s ta te  are closely r e la te d  to  th e  
m ech an ism  o f th e ir  decom position .

T h e  resu lts  in d ica te  th a t  th e  d eco m p o sitio n  of p a ra tu n g s ta te  co nsists  of 
o v e rla p p in g  steps. T herefo re , th e  area  u n d e r  th e  m ax im a can o n ly  b e  d e te rm in 
ed b y  m ore  com plex  g rap h ica l m eth o d s.

O n co m p arin g  th e  T G -curves w ith  th e  IR -m a x im a , i t  can  be  e s tab lish ed  
t h a t  th e  m ax im a  are loca ted  a t  th e  in flex io n  p o in ts  o f th e  co rresp o n d in g  TG- 
cu rv es. T h e  co n c e n tra tio n  of th e  gases in  th e  cell g rad u a lly  in c reases  w ith  in 
c reasin g  loss of w eigh t. F ro m  th e  in flex io n  p o in t to  th e  b eg inn ing  o f  th e  TG-
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p la te a u , th e  g a s-co n cen tra tio n , i.e. th e  a b so rp tio n , g rad u a lly  decreases. Q u a li
ta t iv e ly ,  th e  IR -c u rv e s  c h a rac te rize  th e  th e rm a l decom position  m ore  sen s i
t iv e ly  th a n  th e  T G -curves. T h is is i llu s tra te d  b y  F igs 8 an d  9 w here th e  IR -  
c u rv e  c le a r ly  show s th e  re lease  o f w a te r  w hen  th e  loss o f w eight is s till in s ig n if i
c a n t  acco rd in g  to  th e  ea rly  p a r ts  o f th e  T G -cu rve . A lso, th e  in flex ion  p o in ts  a t  
a a n d  b in  F ig . 8 re p re se n t changes th a t  c a n n o t h e  observed  on th e  c o rre 
sp o n d in g  T G -cu rves, a t  le a s t w ith  th is  p a r t ic u la r  sam ple-w eigh t. F in a lly , th e  
c a lib ra tio n  curves a re  g iven  in  F igs 12 an d  13.

Acetylene

Fig. 13. C alib ra tion  cu rves fo r C2H 2

D iscussion

I t  c an  be concluded  from  th e  ex p e rim en ta l re su lts  th a t  s im u ltan eo u s IR -  
m e a su re m e n ts  help  to  id e n tify  th e  reac tio n  w h ich  ta k e s  p lace a t th e  in d iv id u a l 
s tag es  o f  th e  T G -curve , especia lly  w hen m ore  th a n  one gas is in d e p e n d e n tly  
re lea sed  d u rin g  th e rm a l decom position .

T h e  m e th o d  has th e  a d v a n ta g e  th a t  sev e ra l gaseous p ro d u c ts  can  h e  fo l
low ed  in d e p e n d e n tly , th u s  th e  T G -curve  re fe rrin g  to  th e  to ta l  change o f  w e ig h t 
is re so lv e d  in to  its  co m p o n en ts .

T h e  th e rm o g ra m  re p re se n ts  th e  sum  o f a ll p rocesses accom pan ied  b y  loss 
o f  w e ig h t, th e  D T G -curve  b e in g  its  d e riv a tiv e . T h e  IR -c u rv e s  w ith  th e  m a x im a , 
to o , c a n  b e  reg a rd ed  as d e riv a tiv e s  o f a T G -cu rve . M ore specifically , th e y  co r
re sp o n d  to  th e  d e riv a tiv e s  o f an  in te g ra l fu n c tio n  in v o lv in g  all th e  co m p o n en ts
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o f th e  T G -curve , a t  le a s t in  th e  case w hen  th e  ch an g e  o f w eig h t is th e  re su lt of 
re leasing  on ly  th e  tw o  gases w h ich  are  m easu red . T h e  m e th o d  is su ita b le  for 
s tu d y in g  th e rm a l d eco m positions w here gases such  as N H 3, CO, C 0 2, N O , N 0 2, 
S 0 2, an d  H 20  are  re leased . H ow ever, if  th e  cells a n d  th e  connec tions a re  tlie r- 
m o s ta te d , th e  m e th o d , in  p rin c ip le , can  he e x te n d e d  to  th e  s tu d y  o f th e rm a l 
decom positions lead ing  to  a n y  v o la tile  p ro d u c t, p ro v id e d  th e  la t te r  is m easu r
ab le  b y  IR -sp ec tro sco p y . R ed u c tio n s  lead in g  to  th e  fo rm a tio n  of H 20  m ay  be 
follow ed, to o . S im ilar s tu d ies  h av e  been  carried  o u t fo r p a ra m o ly b d a te  an d  
p a ra tu n g s ta te  [17].

I f  a ca lib ra tio n  cu rv e  is av a ilab le , th e  m ea su re m e n t o f  th e  above  gases 
becom es a m a tte r  o f ro u tin e , i t  be ing  n ecessary  to  in c lu d e  a seco n d ary  reac tio n  
o n ly  in  th e  case o f H 20 .  A few  p o in ts  of in te re s t sh o u ld  be m ad e  on th e  la t te r .

As i t  has been  m e n tio n e d  in  th e  E x p e rim e n ta l P a r t ,  re ac tio n  1 lead in g  to  
a ce ty len e  is fa s t. F ro m  F igs 8, 9, 10, an d  11 one concludes th a t ,  u n d e r  th o se  
e x p e rim e n ta l cond itio n s, th e  reac tio n  ra te  is h igh  en o u g h  to  ensu re  th a t  th e  
ace ty len e  co n cen tra tio n  follow ed th a t  o f th e  re leased  w a te r  w ith o u t a tim e-lag . 
T h e  co incidence of th e  H 20 -m a x im a  w ith  th e  in flex ion  p o in ts  on th e  T G -curves 
is as good as fo r N H 3. I f  th e  re a c tio n  w ith  CaC2 h a d  in v o lv ed  a tim e-lag , th e  
N H 3 a n d  th e  H 20  peaks could  n o t  have  coincided (cf. s tep s  I I  an d  I I I  in  F igs 8 
a n d  10), a lth o u g h  i t  is c e r ta in  th a t  N H 3 an d  H 20  a re , a t  th e se  s tages, re leased  
s im u ltan eo u sly  in  th e  ra tio  d e te rm in ed  b y  th e  co m position  o f th e  (N H 4)20  
g roup . T he decom position  o f  m o ly b d a te  th u s  p ro v es t h a t  th e  reac tio n  w ith  
CaC2 does n o t  in tro d u c e  a n y  tim e-lag .

O ne can  o n ly  sp ecu la te  a b o u t th e  decreasing  effic iency  of reac tio n  1. 
S ince we used  CaC2 co n ta in in g  10 —15%  of CaO, th e  decrease  in  effic iency  m ay  
be  due  to  th e  b in d in g  o f H 20  b y  CaO. T he CaO p re se n t as an  im p u r ity  differs 
s ig n ifican tly  from  th a t  fo rm ed  in  reac tio n  2. T he la t t e r  is lo ca ted  on th e  o u te r  
su rfaces o f th e  g ra ins an d  can  easily  be co n v erted  to  C a(O II)2 w ith  h u m id  air. 
T h e  o rig inal C aO -im p u rity , on th e  o th e r h an d , becom es accessib le fo r H 20  only  
as CaC2 is b e in g  g rad u a lly  u sed  up . T herefo re , d u rin g  th e  m easu rem en t it 
g ra d u a lly  reaches th e  su rface  a n d  consum es w a te r. T hese  co n sid e ra tio n s  in d i
ca te  t h a t  reac tio n  1 o n ly  ap p e a rs  to  be in com ple te .

T h e  ob jec tiv e  o f th e  p re se n t w ork  w as to  fu r th e r  develop  th is  m e th o d  of 
in v e s tig a tio n . T he new  in fo rm a tio n  ab o u t th e  th e rm a l decom p o sitio n  o f  m o ly b 
d a te  a n d  tu n g s ta te  o b ta in e d  b y  X -ra y , IR  an d  d e riv a to g ra p h ic  te ch n iq u es  will 
be  p re se n te d  in  su b seq u en t p ap ers .

*

T h e  a u th o r  is in d eb te d  to  D r. A. J .  H e g e d ű s  fo r d irec tin g  his a tte n tio n  to  th e  p ro b lem  
an d  p e rfo rm ing  th e  T G -m easu rem en ts , as well as fo r h e lp fu l co m m en ts  in  th e  course  o f  th e  
w ork . T h e  assistance  b y  M r. P . G a d ó  in connection  w ith  th e  X -ra y  s tu d ie s  is g ra te fu lly  a ck 
now ledged.
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CONDUCTIVITY OF MIXED ALKALI GLASSES 
CONTAINING ALUMINIUM OXIDE

Z . BOKSAY and M . GuRMAI

(D epartm ent o f  General a n d  Inorganic Chem istry, Eötvös L oránd  U niversity , 
Research Group fo r  Inorganic C hem istry  o f  the H ungarian  A cadem y o f  Sciences, B u d a p est)

R ece iv ed  A ugust 2, 1968

T he e lectric  re s is tiv ity  a n d  transferen ce  n u m b ers  o f ca tio n s in g lasses w hich 
belong  in to  th e  N a20 — K 20 -  A1»03— S i0 2 sy s tem  w ere d e te rm in ed . W hile  th e  re s is t
iv ity  a t  400°C of sodium  a lu m in iu m  silicate glasses changes in fu n c tio n  o f a lu m in iu m / 
a lk a li ra tio  w ith in  one o rd e r o f  m ag n itu d e , th e  re s is tiv ity  o f p o tass iu m  glasses increases 
b y  a b o u t th ree  o rders o f m a g n itu d e , in a n a rro w  ran g e  o f com position . T h e  u n u su a lly  
h igh  e lectric  re s is tiv ity  o f K 20 — A120 3— S i0 2 glasses w ith  a h igh  a lu m in iu m  co n te n t 
can  be ex p la ined  on th e  b asis  t h a t  an  excess o f a c tiv a tio n  en erg y  is n eed ed  to  form  
b reaches am ong  oxygen ions in  th e  rigid ne tw o rk  fo r th e  ju m p in g  p o tass iu m  ions.

A ra th e r  co n sis ten t a n d  d e ta ile d  p ic tu re  on th e  elec tric  c o n d u c tiv ity  of 
a lk a li-a lu m in iu m  silicate  g lasses, co n ta in in g  sod ium  as th e  u n iv a le n t ion, can  
be fo rm ed  on th e  basis o f th e  l i te r a tu r e  [1—9]. F irs t, i t  has been  su p p o sed  [2, 4] 
a n d  la te r  p ro v ed  [10] th a t  a ll th e  a lum in ium  ions in  th e  glass are  fo u rfo ld  co
o rd in a te d  if  th e  m ole per c en t o f  th e  a lum in ium  oxide is low er th a n  t h a t  o f th e  
sod ium  oxide. F ro m  th e  p o in t o f  v iew  of c o n d u c tiv ity  i t  is im p o r ta n t  t h a t  A104 
te t r a h e d ra ,  com posed of sev e ra l a to m s and  c a rry in g  one n eg a tiv e  ch a rg e , h ind  
sod ium  ions less stro n g ly  th a n  do th e  non -b ridg ing  oxygen  ions. I sard  supposed  
also  [4] th a t  in th e  n e ig h b o u rh o o d  o f th e  A104 te tra h e d ro n  th e  sod ium  ion was 
lo ca ted  in a hole b igger th a n  its  d iam e te r, like in th e  s tru c tu re  o f som e c ry s ta l
line a lum in ium  silicates.

T hus, on th e  basis o f th is  su p p o sition  it  seem s to  be possib le to  rep lace 
a sodium  ion w ith  a som ew hat la rg e r ion w ith o u t causing  a s ig n if ican t d is to r
tio n  of th e  la ttic e . In  m ore s im p le  silicate (an d  b o ra te )  glasses w h ich  do no t 
c o n ta in  a lu m in iu m , th e  s ite  o f  a sm alle r ion c an n o t be  occupied  b y  a la rg e r one 
w ith o u t d ifficu lty . To su p p o rt th is  idea we m ay  p o in t to  th e  so-ca lled  m ixed 
a lka li glasses co n ta in in g  e.g p o ta ss iu m  and  sodium  in w h ich  d u rin g  th e  e lec trical 
co n d u c tio n  it  q u ite  often  occurs t h a t  a p o tassium  ion h as  to  occupy  th e  s ite  o f a 
sodium  ion. A ccord ing  to  o u r in te rp re ta tio n  [ 1 1  —  1 3 ] ,  th e  h in d ran ce  in  th e  w ay 
o f such  s tep s  causes th e  re s is tiv ity  o f  a m ixed alkali glass to  be h ig h er b y  several 
o rders o f m ag n itu d e  th a n  th a t  o f  a glass co n ta in in g  o n ly  one ty p e  o f  a lk a li ions. 
M ixed alkali glasses w ith  a lu m in iu m  oxide w ere s tu d ie d  by  G r e t c h a n i k  [ 3 ]  

who found  th a t  w hen silicium  o x id e  w as rep laced  b y  a 1 : 1 m ix tu re  o f  sodium  
an d  p o tassiu m  oxides a t g iven  a lu m in iu m  oxide c o n te n ts , T xl00 (i.e . th e  te m 
p e ra tu re  a t  w hich th e  specific co n d u c tiv ity  is 100 • 1010 Q  1 c m -1) genera lly
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d im in ish e d . H ow ever, th e r e  e x is ts  a ce rta in  ra n g e  o f co m position  in  w hich  th e  
in c re a se  o f th e  c o n c e n tra tio n  o f  th e  co n d u c tin g  ions (N a + an d  K +) m akes u n 
e x p e c te d ly  th e  T xl00 h ig h e r.

S ince no so lu tion  fo r  th e  question  concern ing  th e  p o ss ib ility  o f occupying  
th e  s ite s  of sodium  ions b y  p o ta ss iu m  ions is fo rth c o m in g  from  ex p erim en ts  
d e sc r ib e d  b y  Gr e tCh a n i k  b e cau se  of lack  of d a ta  (e.g. th e  Т„100 v a lu e  o f  pu re  
p o ta s s iu m  glass), th e  p h e n o m e n o n  gave fu r th e r  im pu lse  to  s tu d y  a lum in ium  
g lasses  m ore th o ro u g h ly .

T h e  ra tio  of a lk a li io n s  to  oxygen ions in  o u r glasses w as c o n s ta n t and

t h a t  o f  alum inium  ox id e  to  a lk a li oxide, x , w as sev era lly —, —, an d  in  th e  
4 8

m a rg in a l  case, zero (c f . T a b le  I ) .  W ith in  th e  m ix ed  a lk a li glass sy s tem  th e  mole

T a b le  I

M ole p e r  cent composition o f  the glasses

X M e20 A 1 ,0 , SiOo

0 2 1 . 4 — 7 6 . 6

1 / 8 2 1 . 7 2 . 7 2 7 5 . 5 8

1 / 4 2 2 . 0 5 . 5 0 7 2 . 5 0

1 / 2 2 2 . 6 4 1 1 .3 2 6 6 . 0 4

f r a c t io n  of po tassium , n K —
К

was zero, 0 .25 , 0.50, 0.75, or 1.0. Glasses
N a  +  К

w ith  low er alum ina c o n te n t  (x  =  0, or 1/8) w ere fu sed  in  p la tin u m  crucib les and  
in  a n  electrical fu rn ace  a t  1350°C, th e  o th e r g lasses w ere p re p a re d  in  m ullite  
c ru c ib le s  a t 1500°C. T h e  p o tassiu m  glasses h av in g  h igh  tra n s fo rm a tio n  
te m p e ra tu re  were re m e lte d  in  a hydrogen  — o x ygen  flam e. F o r  m easuring  
e le c tr ic  resistances, th e  a p p a ra tu s  described  ea rlie r [12] w as used .

T ab le  I I  lists th e  lo g a r ith m s  (lg g) o f th e  re s is tiv ity  a t  4 0 0 °C of sodium - 
a n d  p o ta ss iu m -a lu m in iu m  s ilic a te  glasses, an d  o f  m ixed  a lk a li glasses c o n ta in 
in g  e q u a l q u an titie s  o f  th e s e  a lk a li m etals. In  th is  T ab le  also th e  values o f th e

R a s c h  — H inrichsen c o n s ta n ts  a  a n d  ß  in  th e  e q u a tio n  lg  q =  ------- ß are  in c lu d 

ed . M easured  d a ta  as fu n c tio n s  o f th e  ra tio  o f a lu m in iu m  to  a lkalies are  p lo tte d  
in  F ig s  1, 2 and  3. T h e  c u rv e s  o f th e  sodium  glasses an d  o f th e  m ixed  alkali 
g la sses  are  of sim ilar sh a p e  a t  le a s t in Figs 1 a n d  2 a n d  in d ic a te  th a t ,  accord ing  
to  e x p e c ta tio n , th e  re s is t iv i ty  an d  th e  a  va lues — w hich  in c lude  th e  ac tiv a tio n  
en e rg ie s  — of m ixed a lk a li g lasses are h igher th ro u g h o u t. Q u ite  su rp ris in g ly , th e  
c u rv e s  fo r the  p o ta ss iu m  g lasses show in all th re e  in s tan ces  a s teep  rise in  th e
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Table II

S p e c ific  resistance, constants a  and ß  
o f  the glasses as a fu n c t io n  o f  the a lu m in iu m  to alkali ratio

nK X *g Q 
400°C

a
400°C

ß
400°C

0 3 . 0 2 3 5 6 0 2 . 2 7

I
T 3 . 0 8 3 8 8 0 1 .9 6

0 . 0 0 l
T 3 . 8 4 3 6 3 0 1 .5 4

l
T

3 . 6 0 3 5 3 0 1 .6 4

0 4 . 9 8 5 5 4 0 3 . 4 9

l

T
5 . 1 6 5 7 3 0 3 . 3 7

0 .5 I
T 5 . 2 4 5 5 0 0 2 . 9 2

1

2
5 . 2 4 4 6 0 0 1 .5 9

0 3 . 7 8 3 6 4 0 2 .4 1

1

8
3 . 5 2 3 5 9 0 1 .8 2

1.0 1

4
6 . 5 1 8 7 0 0 6 .4 1

1

T 6 .6 1 8 7 0 0 6 .3 1

ran g e  be tw een  x  =  — an d  — ; u n u su a lly  high re s is tiv ity , a  an d  ß  v a lu e s  are  in 
8 4

ev id en ce  w hich  h a rd ly  ch an g e  w ith  th e  fu r th e r  increase of x.
Since p u re  p o tassiu m  glasses fo rm  th e  ex trem e  cases of m ixed  a lk a li g las

ses w ith  c o n s ta n t value o f  x , i t  is to  be ex p ec ted  th a t  a rise o f x  from  — to  —
8 4

w ill cause  a sign ifican t ch an g e  in  th e  b eh av io u r of m ixed a lkali g lasses. In  th e

e x p e rim e n ta l s tu d y  of th is  p h en o m en o n , o f tw o series of glasses (* =  - - ,  respec-
8

tiv e ly  —) specific re s is tan ce , a  a n d  ß  va lues, fu r th e r , tra n sfe re n ce  n u m b e rs  of

c a tio n s  w ere m easured . S ince th e  d e te rm in a tio n  of tra n sfe re n ce  n u m b e r  was 
ca rr ied  o u t a t 270°C in o rd e r to  co m p are  it w ith  log q va lues, in T a b le  I I I  th e  
d a ta  for 270°C beside th o se  fo r 400°C are lis ted . (H ow ever, from  th is  T ab le
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Fig. 1. R e sis tiv ity  as a  fu n c tio n  o f  th e  ra tio  o f a lu m in iu m  to  a lk a li. О «Na =  1; •  «r =  1;
a  nNa =  nK =  0.5

Э nNa =  nK =  0.5

r e s is t iv i ty  value for 270°C  o f  pu re  p o tassiu m  glasses is lack ing  because  th is  
fa lls  o u ts id e  th e  m e a su rin g  ran g e  of th e  a p p a ra tu s  ava ilab le .)

Specific re s is tan ce  as a  function  of th e  m o le  fra c tio n  of th e  po tassiu m  
io n s is b y  and  large in d e p e n d e n t of x  in  th e  ra n g e  n K <  0.5 (cf. F ig . 4), an d  
th e r e  is a co n stan t d iffe ren ce  betw een  th e  re sp e c tiv e  a  an d  ß  values o f th e  tw o 
series  o f  glasses (Figs 5 a n d  6).

H ow ever, in th e  ra n g e  a ro u n d  =  0.75 th e re  is a sign ifican t dev ia tio n  
in  lg  q va lu es  and  in  th e  p o ta ss iu m  ion tra n s fe re n c e  n u m b e r, as show n in

F ig . 7. T h e  fact th a t ,  a t  r a t io  x  =
1
4 ’

a  is so m e w h a t h ig h er, r K som ew hat low er
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X

Fig. 3. T he value  of ß  as a fu n c tio n  of th e  ra tio  o f a lu m in iu m  to a lka li, о  гема =  1; •  re« =  1;
9  " N a  n K ° - 5

Table III

Specific  resistance , constants a  and ß , po tassium  ion transference num ber  
o f  m ixed  alkali glasses as fu n c tio n s  o f  composition

e a P V K

X n K
(270°C) (400°C) (400°C) (400°C) (270°C )

0.00 5.24 3.80 3800 1.96 0.00

1
8

0.25 6.48 4.67 4830 2.94 0.01

0.50 7.20 5.16 5730 3.37 0.19

0.75 6.93 5.05 5300 2.84 0.87

1.00 4.80 3.52 3590 1.82 1.00

0.00 5.10 3.84 3630 1.54 0.00

0.25 6.15 4.48 4500 2.20 0.01
1
4

0.50 7.20 5.24 5500 2.92 0.22

0.75 7.59 5.64 5450 2.46 0.44

1.00 — 6.61 8700 6.31 1.00

in  com parison  to  th e  o th e r  series, in d ica tes  in glasses th e  p resence  in  sign ifican t 
co n cen tra tio n s  o f  p o ta ss iu m  ions w hich req u ire  h igh a c tiv a tio n  energ ies and  
p a r tic ip a te  only to  a lesser degree in co n d u c tio n . A s ig n ifican t p ro p o rtio n  of 
im m obile  p o tassiu m  ions d im in ish  th e  c o n d u c tiv ity  also in th e  sense t h a t  th ey
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F ig . 4. R esis tiv ity  as a  fu n c tio n  o f po tassium  m ole  f ra c t io n :  •  x  =  — ; O x  — —

p re v e n t th e  m ig ra ting  o f so d iu m  ions as do ca lc iu m , b a riu m  or o th e r b iv a le n t 
ions o f  s im ila r size.

A lso th e  b eh av io u r o b se rv e d  by  G r e t c h a n i k  m a y  be th e  consequence of 
im p e d e d  m ig ra tion  o f so d iu m  ions (and  th u s  o f a n  o v era ll decrease o f co n d u c
t i v i ty  o r  increased  T„100) c a u se d  b y  the  im m obile  p o ta ss iu m  ions in tro d u c e d  
w ith  th e  sod ium -p o tassiu m  m ix tu re , th ough  th e  c o n c e n tra tio n  of th e  u n iv a le n t 
ions in c re a se d  in  th a t  p a r t ic u la r  range of co m p o sitio n . T he o rig inal questio n  
w h e th e r  a po tassium  ion ca n  f i t  easily  in to  th e  sp ace  v a c a te d  b y  a sod ium  ion 
w ill b e  le f t unansw ered  fo r  th e  tim e  being b ecau se  one p o tassiu m  ion c an n o t 
ea s ily  m ig ra te  to  th e  s ite  o f  a n y  o th e r p o ta ss iu m  ion if  th e  c o n cen tra tio n  of 
A104 te tra h e d ro n s  is su ff ic ie n tly  high.
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Fig. 5. a  as a fu n c tio n  o f p o tass iu m  m ole f rac tio n ; •  x  =  — , О * =  — -
о 4

Fig. 6. ß  as a fu n c tio n  o f p o tassiu m  m ole frac tio n ; •  x  =  — , o *  =  —
о 4

T h u s th e  prob lem  m ig h t be fo rm u la ted : w hy  is th e  a c tiv a tio n  e n th a lp y  
o f p o ta ss iu m  ion m ig ra tio n  so h igh  in  glasses co n ta in in g  A120 3 (39.7 k c a l -m ole -1 
ca lc u la ted  from  th e  a  v a lu e  o f a p u re  p o tass iu m  glass) ?
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F ig .  7. C orrelation  b e tw een  th e  tran sferen ce  n u m b er a n d  m ole  frac tio n  of p o tassiu m  ions;
1 1

•  x  =  — , О x  =  —

T h is  m ight be in te r p r e te d  as follows. A c o m p a ra tiv e ly  large  p o tassiu m  
io n  c a n  pass from  one ho le  in to  th e  o ther if  th e  g ro u p s  o f th e  n e tw o rk  sep a ra te  
su ff ic ie n tly  from  each  o th e r . T h e  m ovem ents o f  a n e tw o rk  s tru c tu re  com posed 
o f  s ilic ium  and  oxygen a re  n o t  g rea tly  re s tr ic te d  i f  en o u g h  n o n -b rid g in g  oxygen 
io n s in te r ru p t  th e  n e tw o rk  a n d  loosen th e  r ig id ity  o f th e  s tru c tu re  [16]. In  
s t ru c tu re s  like th is , p o ta s s iu m  ions move as ea s ily  as sodium  ions [7]. I f  con
c e n tra t io n  of a lu m in iu m  io n s increases th e n  th e  n u m b e r  o f n o n -b rid g in g  o x y 
g en  ions will becom e less a n d  th e  s tru c tu re  m o re  rig id . A t th e  beg in n in g  th is  
c h a n g e  does no t s ig n if ic a n tly  a ffec t the  c o n d u c tiv ity  since th e  p o tass iu m  ions 
b e in g  o u t of th e  e n v iro n m e n t o f th e  A104 te t r a h e d ro n s  can m ig ra te  w ith o u t 
d if f ic u lty . W hen th e  c o n c e n tra tio n  of a lu m in iu m  h a s  reach ed  a va lu e  (a lu m i
n iu m  ions have b o u n d  one  fo u r th  of th e  n o n -b rid g in g  oxygen  ions) th a t  causes 
r e s tr ic t io n  of m ob ility  to  s p re a d  over th e  e n tire  n e tw o rk  s tru c tu re , p o tassiu m  
io n s can  change th e ir  p o s it io n  only a t th e  e x p e n se  of a considerab le  h igh 
e n e rg y .
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CONTRIBUTIONS TO THE HETEROFUNCTIONAL 
CONDENSATION OF SILANES, I

IN V E S T IG A T IO N  O F  T H E  P R E P A R A T IO N  O F  S IL O X A N E S  W IT H  R E G U L A R
S T R U C T U R E S

T. S z é k e l y , P . R ö s n e r  and P . G ö m ö r y

( R e s e a r c h  G r o u p  o f  I n o r g a n i c  C h e m is t r y ,  H u n g a r i a n  A c a d e m y  o f  S c ie n c e s  a n d  
D e p a r t m e n t  o f  G e n e r a l a n d  I n o r g a n i c  C h e m is t r y  o f  th e  L o r á n d  E ö tv ö s  U n i v e r s i t y ,  B u d a p e s t )

R eceived  A ugust 4, 1968

H e te ro fu n c tio n a l c o n d en sa tio n  be tw een  a lk o x y  silanes an d  ch lo ro s ilan es w as 
s tu d ied  w ith  th e  a im  to  e s tab lish  how  fa r th is  re ac tio n  is su itab le  fo r th e  p re p a ra tio n  
o f  “ ta ilo r  m ade”  siloxane  p o ly m ers o r oligom ers w ith  re g u la r  s tru c tu re s . I t  w as fo u n d  
th a t  w hen th e  re ac tio n  p ro ceed s in  a so lv en t th e  e q u ilib ra tio n  w hich  is one o f th e  in te r 
fe ring  side-reactions can  b e  e lim in a ted , b u t  s u b s ti tu e n t  ex ch an g e  lim its  th e  p o ss ib ility  
o f p roducing  m olecules w ith  reg u la r  s tru c tu re  to  th e  ra n g e  o f low  m o lecu la r  w eigh ts.

B y v a ry in g  th e  a lk y l rad ica l in th e  a lk o x y  g ro u p  c e r ta in  conclusions m ay  be 
d raw n  on th e  m ech an ism  o f th e  reac tio n  an d  th e  ro le o f  th e  c a ta ly s t.

T he siloxane ch a in , t h a t  is th e  m olecular sk e le to n , m ay  be easily  p rep a red  
b y  th e  condensation  o f silano ls:

=  S i - O H  -F H O —Si ЕЭ--------► =  S i - O —S i =  +  H ,0  (1)

Silanols on th e  o th e r  h a n d  are  read ily  fo rm ed  b y  th e  h y d ro ly sis  o f  com 
p o u n d s , m ost genera lly  ch lo rosilanes, co n ta in in g  a silicon fu n c tio n a l (h yd ro lys- 
ab le) g roup :

= S i —C1 +  H , 0 --------> = S i—O H  +  HC1 (2)

S ta r tin g  from  a silane  co n ta in in g  a fu n c tio n a l g roup , or from  th e  m ix tu re  
o f silan es  possessing v a rio u s  fu n c tio n a l g roups, p rocesses (2) an d  (1) w ill ta k e  
p lace  sub seq u en tly . T h u s  th e  p o ly m er p ro d u c t m a y  be o b ta in e d  from  th e  s t a r t 
in g  m onom er, or m ix tu re  o f  m onom ers b y  a single o p e ra tio n .

S im ultaneously  w ith  th e  in tro d u c tio n  o f th is  re a c tio n  w hich  is u sed  in  th e  
la rg e  scale p ro d u c tio n  o f  silicones, a so-called “ n o n -a q u e o u s”  m e th o d  w as sug
g es ted  for th e  p re p a ra tio n  o f  siloxanes. T h is m e th o d  is based  on th e  fa c t th a t  
s ilan es  con ta in in g  tw o  d iffe re n t fu n c tio n a l g roups condense  in  th e  p resen ce  of 
a c a ta ly s t  (FeCl3, FeC l3 • 6 H 20  or ZnCl2) in a single s te p , accord ing  to  th e  follow 
in g  re ac tio n :

c a ta ly s t
s S i —O Y + X - S i ^ --------— *  = S i - 0 - S i =  +  X Y  (3)

T h e reaction  is know n  as h e te ro fu n c tio n a l co n d en sa tio n  an d  th is  leads to  
th e  p re p a ra tio n  of b o th  lin e a r  [1] an d  b ran ch ed  siloxanes [2].

Acta Chim. Acad. Sei. Hung. 61, 1969



234 SZÉKELY et al.: HETEROFUNCTIONAL CONDENSATION OF SILANES, I

A lth o u g h  th is  re a c tio n  is slow er th a n  th e  h y d ro ly tic  one a n d  req u ires  in 
g e n e ra l a ca ta ly st, i t  d isp la y s , how ever, sev e ra l a d v a n ta g e o u s  fe a tu re s  [3, 5], 
a n d  i ts  m ore th o ro u g h  s tu d y  seem ed to  be  ch a llen g in g . T he re a c tio n  has th e  
a d v a n ta g e  th a t  if  no o th e r  p ro cess  except th e  h e te ro fu n c tio n a l co n d en sa tio n  
p ro c e e d s , a m olecular s t r u c tu r e  w ith  regu lar seq u en ces can be o b ta in e d  an d , in 
a d d i t io n , valuab le  b y -p ro d u c ts  are form ed (n o t o n ly  a h y d ro ch lo ric  acid  so lu 
t io n ,  as  in  th e  h y d ro ly tic  re a c tio n ) .

H e te ro fu n c tio n a l c o n d e n sa tio n  is im p o r ta n t  from  b o th  p re p a ra tiv e  and  
p ra c t ic a l  aspects also b e c a u se  i t  enables th e  co -co n d en sa tio n  o f m onom ers w ith  
d if fe re n t  functional g ro u p s  a n d  consequen tly  w ith  w idely  d iffe ren t hyd ro lysis  
a n d  con d en sa tio n  ra te s . T h u s , fo r  in stan ce , di- a n d  te tra fu n c tio n a l u n its  m ay  in 
f a c t  b e  coupled only  b y  h e te ro fu n c tio n a l c o n d e n sa tio n , since sim ple hydro lysis 
r e s u l ts  on ly  in very  s lig h t co -condensa tion .

E x p e rim en ts  w ere c a r r ie d  o u t to  select th e  m o st su itab le  c a ta ly s t ,  since 
b e y o n d  a few concre te  e x a m p le s  like FeCl3, A1C13 e tc . l i te ra tu re  m en tio n s  only 
t h a t  th e  ca ta ly sts  are  in  g e n e ra l Lewis acids. O n th e  basis o f th e se  ex p e ri
m e n ts  — on w hich w e sh a ll r e p o r t  in  d e ta il in  a fo rth co m in g  p u b lic a tio n  — we 
fo u n d  th a t  for our p re s e n t  p u rp o se s  from  th e  p o in t o f view  o f rep ro d u c ib ility  
a n d  s im p lic ity  th e  m o st s u ita b le  ca ta ly s t seem s to  be F e2 (S 0 4)3 • H 20 .

W e wished to  e m p lo y  h e te ro fu n c tio n a l c o n d en sa tio n  fo r th e  sy n th es is  of 
b r a n c h e d  molecules o f  k n o w n  s tru c tu re . T he s im p le s t m odel is a m olecule w hich  
c o n ta in s  b u t a single b ra n c h in g  ( tr ifu n c tio n a l u n it)  [3, 4]. T h is “ s ta r  m olecule” 
is i l lu s tr a te d  by  th e  fo llo w in g  fo rm ula:

- O — S i(C H 3),
\

О
\

Si(CH3) - O —Si(CH3)2—o —
/о

/
— О S i(C H 3)2

I n  th e  synthesis m e th y ltr ie th o x y s ila n e  (I) w as th e  b ran ch in g  c e n tre  w hich 
r e a c te d  w ith  a chain in c re a s in g  h e te ro fu n c tio n a l m onom er, n am e ly  d im ethyl-zi- 
b u to x y ch lo ro s ilan e  ( I I ) :

catalyst
(CH3) —S i= ( O C 2H 5)3 +  3n (C H 3)2 =  SiC l(O C 4H 9) -------

+  (C H 3) — S i = I  [O S i= (C H 3)2]n_ j [OSi =  (C H 3)2 (OC4H 9)]}3 +

+  (3«  - 3) C4H 9C1 +  3 C2H 5C1 (4)

I t  w as found th a t  in  acco rd an ce  w ith  E q . (4) th e  reac tio n  in d eed  s ta r ts  
in  a ll  fo u r  directions. T h is  w ill be  discussed la te r  in  g re a te r  d e ta il.

I t  is possible to  a c h ie v e  v e ry  low local c o n c e n tra tio n  of co m p o u n d  I I  by 
th e  slow  addition  of th e  sa m e , a n d  co n densa tion  o f com pound  I I  accord ing  to
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reac tio n (5)

n(C H 3)2SiCl(OC4H„)
c a ta ly s t

--------- — *■ Cl (C H 3) 2S iO [(C H 3)2S iO ]„_2- S i

I (n -  1) C4H SC1

OC4H ,

Si

(C H 3)2 (5)

does n o t occur. W ith  in c re a s in g  m olecular w eight th is  is o f course m ore  d ifficu lt 
to  en su re  an d  th ere fo re  s h o r te r  or longer chain  m olecules, re sp ec tiv e ly  se q u e n 
ces a re  fo rm ed . In  fa c t, th is  acco m p an y in g  reac tio n  does n o t e ssen tia lly  in te r 
fere w ith  th e  syn thesis  o f  re g u la r  s tru c tu re d  “ s ta r  m olecules” , since th e  m olec
u la r  w eigh t of th e  fo rm e r is con sid erab ly  low er th a n  th a t  o f th e  la t te r  
a n d  a v e ry  effective s e p a ra tio n  can  be ach ieved  b y  su b seq u en t f ra c tio n a tio n .

In  ad d itio n  we w ere in te re s te d  in  th e  in te rfe rin g  effect o f th e  side re a c 
tio n s  on th e  h e te ro fu n c tio n a l co n d ensa tion , n am e ly  such  side re a c tio n s  m ig h t 
lim it th e  fo rm atio n  o f m o lecu les w ith  reg u la r s tru c tu re s . U n d e r th e  g iven  re a c 
tio n  co n d itions th e  in te rfe r in g  effects of tw o side reac tio n s  shou ld  be co n sid e red : 
a) th e  c a ta ly tic  e q u ilib ra tio n  (scram bling  reac tio n ) [5, 6], b) th e  s ta t is t ic  r e a r 
ra n g e m e n t o f th e  fu n c tio n a l g ro u p s [7]. The ex p e rim en ts  w ere co n cern ed  m ain ly  
w ith  a sce rta in in g  th e  e x te n t  o f  th e se  reactions.

Experim ental

1. E ffect o f equ ilib ration

So-called eq u ilib ra tio n  (sc ram b lin g ) is a c a ta ly tic  p rocess lead ing  to  e q u ilib r iu m  m olec
u la r  w e ig h t d is trib u tio n  b y  w ay  o f  po ly m eriza tio n  an d  d ep o ly m eriza tio n  re ac tio n s , re su ltin g  
in th e rm o d y n am ica l e q u ilib riu m . T h e  c a ta ly s ts  are  acids a n d  bases, p rim a rily  L ew is acids 
a n d  bases. T h u s we m ust re ck o n  w ith  th e  eq u ilib ra tin g  e ffec t o f th e  c a ta ly s t  o f h e te ro fu n c tio n a l 
co n d en sa tio n , w hich  in th e  g iv en  case  leads to  th e  fo rm a tio n  o f h ig h  m olecu la r w e ig h t com 
p o u n d s.

A) A m ix tu re  o f 20 g o c ta m e th y l-c y c lo -te tra s ilo x a n e  (D ,) a n d  0,2 g o f F e 2( S 0 4)3 • H 20  
w as re flu x ed  for 6 hours a t  a b o u t  100°C. D uring  th is  p e rio d  a n  increase  in th e  v isc o s ity  o f th e  
m ix tu re  cou ld  be observed. A f te r  6 h o u rs  th e  p ro d u c t w as d isso lved  in 50 m l o f b en zen e , f ilte red  
an d  w ashed  to  iron-free. T h e  d is t il la t io n  residue was 17.1 g (8 5 .6 % ) of p o ly m er w ith  an  av erag e  
n u m b er-m o lecu la r  w eight o f  1480 d e te rm in e d  b y  m eans o f th e  H e w le tt-P a c k a rd  Y P O  301 A 
V ap o u r P re ssu re  O sm om eter.

B) 60 g D, and 0.6 g o f  F e 2(S 0 4)3 • H 20  were d isso lved  in  50 m l o f d e h y d ra te d  benzene 
a n d  re flu x ed  as above. T he p ro d u c t  w as filte red , w ashed to  iro n -free , d ried  an d  d is tilled . A fte r 
th e se  o p e ra tio n s  th e  q u a n ti ty  o f p o ly m er was on ly  1.3 g w ith  a n u m b er-a v e ra g e  m ole: u la r  
w e ig h t o f 1023.

2. S ta tis tic a l re a rra n g em en t (su b s ti tu e n t exchange)

Since b o th  su b s ti tu e n t  ex ch a n g e  and  h e te ro fu n c tio n a l co n d en sa tio n  p roceed  w ith  th e  
p a r tic ip a tio n  of silicon fu n c tio n a l g ro u p s, su b s ti tu e n t ex ch an g e  w henever i t  o ccu rs  is 
a lw ay s accom pan ied  by  c o n d e n sa tio n , th u s  u n fo rtu n a te ly  th e  fo rm er c an n o t be  s tu d ie d  a lone. 

S u b s ti tu e n t  exchange fo r  th is  case is illu s tra te d  b y  E q . (6):

= S i (,) X  +  e e S í(2)- Y  - a ta -y- ^ = S i (1) Y + ^ S i (2)- X  (6)

T h e  follow ing experim en ts  se rv ed  to  d em o n s tra te  th is  re ac tio n .
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A) 112 g of (C H 3)2SiC l(O C 2H 5) was boiled in  a n  80 cm  long d is tilla tio n  co lum n, packed  
w i th  g lass helices, w ith o u t ta k e  off. H ead  te m p e ra tu re  w as 94°C, co rresp o n d in g  to  th e  boiling 
p o in t  o f  th e  substance. A f te r  6 h o u rs  boiling  th e  h e ad  te m p e ra tu re  d ro p p e d  to  90°C, b u t  
a f te r  ta k in g  off some d is t il la te  th e  te m p e ra tu re  rose  a g a in  to  94°C. T he q u a n ti ty  o f th e  d is til
l a te  w as 1.6 g.

B ) In  56 g of (C H 3)2SiC l(O C 2H 6) 0.56 g o f th e  c a ta ly s t  w as d issolved, th e  m ix tu re  boiled 
in  th e  d is tilla tio n  co lum n o f  p a r .  A ) and  11.0 g o f d is til la te  w as co llected . T he re s t  o f th e  su b 
s ta n c e  b e in g  a low  v o la t i l i ty  p o ly m e r its  v ap o u rs  d id  n o t  re ac h  th e  h e ad  o f th e  colum n.

C) 0.56 g of th e  c a ta ly s t  w as dissolved in 56 g o f (C H 3)2SiCl(OC2H 5), th e  so lu tio n  m ixed 
w ith  50 m l o f d e h y d ra ted  b e n ze n e  a n d  th e  m ix tu re  t r e a te d  in  th e  d is tilla tio n  co lum n as above. 
T h e  y ie ld  w as 10.42 g o f  d is t i l la te .

T h e  com positions o f  th e  d is tilla te s  were a n a ly sed  b y  gas ch ro m a to g ra p h y . D ue  to  c a ta 
ly t ic  s u b s ti tu e n t  ex change  (C H 3)2SiCl2 was p re se n t in  th e  d is tilla te . T he q u a n tit ie s  o f th is 
c o m p o u n d  fo r iden tica l q u a n ti t ie s  (0.40 m ol) o f th e  s ta r t in g  m a te ria l  are  show n in  T ab le  I .  I t  
sh o u ld  b e  n o ted  th a t  th e  s t a r t in g  substance  co n ta in ed  no d e te c ta b le  a m o u n t o f (C H 3)2SiCl2.

Table I

S a m p le
D is t i l l a te ,

m l

S o lv e n t,
m l

(b e n z e n e )

C a t a ly s t ,
g

V o la t i l e  f r a c t i o n  
(C H 3)aSiCI(.,

%

T o t a l  q u a n t i t y  
o f  D  i n  s a m p le ,  

m l

\ 0.8 — — 13.4 0.2
в 11.0 —  ■ 0.56 24.8 2.7
c 16.2 25 0.56 10.4 1.7

D )47 .95  g of (C H 3)2SiCl2 a n d  55.20 g of (C H 3)2Si(OC2H 5)2 w ere m ixed  w ith  46 m l o f b e n 
zen e  a n d  1.03 g of c a ta ly s t  w as d isso lved  in th e  m ix tu re . D u rin g  th e  six  h o u rs  re flu x in g  e th y l- 
c h lo r id e  evolved and  h e te ro fu n c tio n a l  co n densation  to o k  p lace . P ro v id ed  th is  is n o t  accom pa
n ie d  b y  su b s titu e n t e x ch an g e  d u e  to  th e  n a tu re  o f th e  re a c tio n , beside  ch a in s te rm in a te d  by  
fu n c tio n a l  groups on ly  cy clic  c o m p o u n d s w ith  even n u m b ers  o f  silicon a to m s in  th e  r in g  should 
b e  p re s e n t  in  th e  p ro d u c t. I n  f a c t  gas ch ro m ato g rap h ic  a n a ly s is  o f th e  v o la tile  p o rtio n  (9.38 g, 
c o n tr a r y  to  40.44 g o f n o n -v o la ti le  residue) of th e  re a c tio n  p ro d u c t  re su lted  th e  follow ing figures 
(T a b le  I I ) .

Table I I

Di D, D, B e n z e n e

88.0% 11.0% 0.7% trace 0.3%

E ) A n exam ple o f r a d ic a l  exchange as a s id e -rea c tio n  beside h e te ro fu n c tio n a l co n d en 
sa t io n  is illu s tra te d  b y  th e  fo llo w in g  ex p erim en t. C o n d e n sa tio n -reac tio n  can  be  p e rfo rm ed  
a c c o rd in g  to  Eq. (7):

c a ta ly s t
(C H 3)2SiCl2 +  2 (C H 3)3SiO C 4H 9 --------— > [(C H 3)3S iO ]2 • Si(C H 3)2 +  2C4H 9C1 (7)

P ro v id ed  reac tio n  (7) is n o t  accom panied  b y  ra d ic a l exch an g e, c o n d en sa tio n  w ill lead  
to  th e  single tr im er-co m p o u n d .

47.85 g of tr im e th y l- i-b u to x y s ila n e  and 21.15 g o f d im e th y l-d ich lo ro silan e  w ere d isso lv
ed  to g e th e r  w ith  0.7 g o f c a ta ly s t  in  21.0 m l of d e h y d ra te d  b enzene. T he m ix tu re  w as boiled 
in  a  f la s k  p rov ided  w ith  a  Y ig re a u x  f ix tu re  to  w h ich  a  M arcusson  f ix tu re  w as jo in e d  fo r th e  
c o lle c tio n  of th e  i-b u ty lc h lo r id e , fo rm ed  during  th e  re a c tio n . A fte r  th e  M arcusson  f ix tu re  a 
re f lu x  condenser w ith  a  CaCl2- t r a p  w as applied. In  its  f i r s t  p h ase  th e  re ac tio n  w as so stro n g ly
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ex o th erm ic  t h a t  no  h e a tin g  w as n ecessary . A fte r 6 h o u rs  b o iling  th e  p ro d u c t was ag a in  iso la te d  
b y  d is tilla tio n  a n d  th e  v o la tile  p o r tio n  su b jec ted  to  gas c h ro m a to g ra p h ic  analysis. T h e  y ie ld s 
a re  show n in  T ab le  I I I .

Table I I I

V o la ti l e  f r a c tio n s

[ (C H s) ,S i ] aO

22.7%

[ (C H 3)3S iO ]2S i(C H 3),

6.9%

P o ly m e r

0 .2%

3. H e tero fu n c lio n a l cond en sa tio n

Л ) 1.1 g o f c a ta ly s t  w as d isso lved  in 112 g of (C H 3)2SiC l(O C ,H 5), d ilu ted  w ith  50 m l o f 
d e h y d ra ted  b enzene, re flu x ed  a n d  th e  evolved e th y lch lo rid e  co llected  in a deep cooled re ce iv e r. 
B y  freq u e n t w eigh ing  of th e  co n d en sed  reac tio n  p ro d u c t th e  p ro g ress o f h e te ro fu n c tio n a l c o n 
d en sa tio n  could  be follow ed. T h e  re ac tio n  ra te  was r a th e r  low  a lre a d y  a fte r  tw o h o u rs  a n d  a f 
te r  six hours no fu r th e r  re ac tio n  cou ld  be observed. To free  th e  re ac tio n  m ix tu re  fro m  th e  sm all 
q u a n ti ty  of chain -en d in g  ch lo rine  th e  p ro d u c t was m ixed  w ith  e th a n o l, filte red  an d  w ash ed  to  
iron-free. D is tilla tio n  a t  100 m m  H g  an d  150°C y ielded  v o la tile  a n d  po lym eric  frac tio n s . T h e  v o l
a tile  frac tio n  a m o u n ted  to  26 .4%  o f  th e  to ta l, i ts  gas c h ro m a to g ra p h ica lly  e s tab lish ed  co m 
p osition  is show n in T ab le  IV.

Table IV

Di A, B e n z e n e

81.5% 13.4% 2-0% 0.5%

T he n u m b er-av erag e  m o lecu la r  w eigh t of th e  p o ly m eric  f ra c tio n  was 2600.
B) T h e  p ro ced u re  w as s im ila r  to  th a t  described in  p a r . Л ) w ith  th e  d ifference t h a t  th e  

re ac tio n  was c a rried  o u t w ith o u t so lv en t. No vo latile  f ra c tio n  w as o b ta in e d , th e  n u m b er-av erag e  
m olecu lar w e ig h t o f th e  p o ly m er w as 3550.

F ig. 1. O rd in a te : evolved C2H 5C1 in  %  of th eo re tica l y ie ld . A bscissa: tim e, m in ; C urve I :  
cond en sa tio n  w ith o u t so lv e n t;  C urve I I :  co n d en sa tio n  in  th e  presence of so lv en t

I t  shou ld  be m en tioned  here  t h a t  by  prolonging p o ly m e riza tio n  a t  an  a p p ro p ria te  te m 
p e ra tu re  co n d en sa tio n  in th e  ab sen ce  o f so lven t y ielded  p ro d u c ts  o f  v e ry  h igh m olecu lar w e ig h t. 

F igu re  1 show s th e  evo lved  e th y lch lo rid e  [in e x p e rim e n ts  A) and  B)] p lo tte d  ag a in s t
tim e.
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C) N e x t we w ished to  in v e s tig a te  a  v e ry  im p o r ta n t  p rob lem  from  th e  a sp e c t o f th e  
d e v e lo p m e n t o f  th e  reg u la r s tru c tu re ,  n a m e ly  w h e th e r  in  th e  case of s ta r tin g  fro m  .a m ix tu re  
o f t r i f u n c t io n a l  and  chain  g ro w th  p ro m o tin g  d ifu n c tio n a l m onom ers th e  th re e  b ra n c h e s  o f th e  
s ta r  m o lecu le  w ill grow sim u ltan eo u s ly .

F o r  th is  reason 110.15 g o f d im eth y l-2 -ch lo ro e th o x y -ch lo ro silan e  an d  37.74 g o f  m ethy l- 
t r ie th o x y s i la n e  were d issolved in  40 m l o f d e h y d ra te d  benzene. 1.5 g of c a ta ly s t  w as m ixed  to 
th e  m ix tu re .  I n  reflux ing  85%  o f th e  th e o re tic a l q u a n t i ty  o f e thy lch lo ride  w as re co v e red  w hich 
m ea n s  t h a t  p ra c tica lly  a ll th re e  fu n c tio n a l g ro u p s p a r tic ip a te d  in th e  c o n d en sa tio n  reac tio n . 
I t  sh o u ld  h o w ev er be m en tio n ed  t h a t  acco rd ing  to  th ese  ex p erim en ts  in  th e  case o f F e 2(S 0 4)3 •

• H 20  c a ta ly s t  th e  ch lo ro e th o x y  g ro u p  w as fo u n d  e n tire ly  in ac tiv e  from  th e  a sp e c t o f h e te ro 
fu n c tio n a l  condensation .

D ) R e su lts  sim ilar to  th e  ab o v e  w ere o b ta in e d  also w ith  o th er fu n c tio n a l g ro u p s.
80.2 g o f d inie tliy l-n -lm to x y ch lo ro silan e , 18.86 g o f m e th y ltr ie th o x y s ilan e  a n d  1.0 g of 

c a ta ly s t  w ere  dissolved in  18.6 m l o f  to lu en e  a n d  b o iled  in  an  80 cm  h ig h  d is tillin g  colum n 
p a c k e d  w ith  glass helices. T he b u ty lc h lo r id e  fo rm ed  in  course  o f th e  re ac tio n  co n d en sed  in  th e  
co o ler, w h ile  th e  e th y lch lo rid e  p assed  in to  th e  d eep  cooled receiver w here  i t  liq u ified . The 
q u a n t i ty  o f  th is  e thy lch lo ride  a m o u n te d  to  88%  o f  th e  th eo re tic a l, w hich allow s th e  conclusion  
t h a t  w i th  good a p p ro x im atio n  in  th is  case too  th e  g ro w th  of th e  m olecule p ro c ee d ed  in  all 
th re e  d ire c tio n s , th o u g h  a t  th e  sam e tim e  th e  c h a in  also grew  lin ea rly , as in d ic a te d  b y  th e  
q u a n t i t y  o f  b u ty lch o rid e . T h u s th is  m e th o d  led  in d eed  to  s ta r  m olecules.

Discussion

E x p e rim e n ts  concern ing  th e  sid e -reac tio n s in d ica te  th a t  p e rfo rm in g  the  
c o n d e n sa tio n  w ith o u t a so lv en t b o th  co n sid erab le  eq u ilib ra tio n  a n d  su b s titu e n t 
e x c h a n g e  occur. U nder th e se  co n d itio n s h e te ro fu n c tio n a l co n d en sa tio n  is no t 
a p p ro p r ia te  to  fu rn ish  po lym eric  or oligom eric m olecules w ith  re g u la r  “ ta ilo re d ’ 
s t r u c tu r e .  T he ex p erim en ts  p ro v ed  fu r th e r  t h a t  b y  th e  ap p lica tio n  o f so lven ts, 
e q u il ib ra t io n  can be p ra c tic a lly  e lim in a ted . H e te ro fu n c tio n a l c o n d e n sa tio n  will 
p ro c e e d  in  so lvents to o , th o u g h  a t  a co n sid e rab ly  low er ra te  a n d  th e  m ax im u m  
a t ta in a b le  m olecular w e ig h t i.e. p o ly m e riz a tio n  degree will also be  co n sid e rab ly  
lo w er. I n  th e  case o f s ta r-m o lecu le  p o ly m eth y ls ilo x an es  th is  lim it  m o lecu lar 
w e ig h t w as found  a ro u n d  2500 — 3000 w h ich  could  n o t be ra ised  b y  th e  ap p lica
tio n  o f  o th e r  so lvents e ith e r .

A  c e r ta in  su b s ti tu e n t ex ch an g e  w as o b se rv ed  w ith  co n d en sa tio n  processes 
in  so lv e n ts  too . The d a ta  in  T ab le  I I  p e rm it th e  conclusion th a t  as e x p e c te d  th e  
p ro g re ss  o f  th e  reac tio n  is c o n c e n tra tio n  d e p e n d e n t. B eyond  th is  q u a li ta t iv e  f in d 
in g  th e  p re se n t ex p erim en ts  p e rm it no fu r th e r  q u a n tita tiv e  conclu sio n s, since 
th e  e x c h a n g e  reac tio n  is a lw ays acco m p an ied  b y  an  in te n s iv e  co n d en sa tio n  
p ro cess , b u t  a p p a re n tly  in  b en zen e  so lu tio n  to o  th e  exchange re a c tio n  lim its  
th e  p o ss ib ility  of th e  sy n th es is  o f m olecules w ith  reg u la r s tru c tu re s .

C hange  in  th e  a lk y l ra d ic a l o f th e  a lk o x y  group b o u n d  to  silicon has a 
s ig n if ic a n t in fluence on co n d en sa tio n  ra te .  T h u s , while b u to x y  s ilane  reac ts  
a l r e a d y  w ith o u t c a ta ly s t  w ith  ch lo rosilanes a n d  w hen h e a te d  m e th o x y silan es  
to o  m a y  be  condensed in  th e  absence  o f c a ta ly s ts , th e  e th o x y silan es  w ill re ac t 
o n ly  in  th e  presence of c a ta ly s ts . T h e  re a c tio n  o f ch lo ro e th o x y silan es  in d ica ted  
th e  lo ss  o f  re a c tiv ity  b y  th e  a lk o x y  g ro u p  due  to  th e  p resence  o f th e  h igh ly
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e lec tro n eg a tiv e  alky l ra d ic a l. T he m echanism  o f con d en sa tio n  can  be  rep re sen t
ed b y  th e  follow ing sch em e:

<5- : <5+
= S i — 0~S-R s s S i—О R

I ------ *• I +
= = S i-rC l = S i  Cl
<5+ I <5-

o r w ith  c a ta ly s t

[Fe]
/ \

= S i —O — R  ------ ------ »-s=Si—О R
I +

Cl
Ft-]

In  th e  ab o v e  eq u a tio n  [F e ] s ta n d s  for an  iron  com plex  w hich w ill be stud ied  
m ore th o ro u g h ly  in  th e  fu tu re .

I t  is obvious th a t  th e  p re req u is ite  for th e  e lim in a tio n  of th e  a lk y l haloge- 
n id e  is a bo n d  re a rra n g e m e n t fac ilita ted  b y  th e  a b o v e -m en tio n ed  electron 
d isp lacem en t. In creased  e le c tro n e g a tiv ity  o f  th e  a lk y l g roup  cau ses , on th e  
o th e r h a n d , a reversed  e le c tro n  d isp lacem en t in h ib itin g  th e re b y  th e  conden
sa tio n  process.

T h e  h igh  ca ta ly tic  a c t iv i ty  o f th e  tra n s i t io n  m e ta l co m p o u n d s refers not 
on ly  to  a sim ple Lewis ac id  base in te ra c tio n  o f  th e  oxygen — b o u n d  to  the  
silicon — an d  th e  m e ta l io n , b u t also to  th e  en h an cem en t o f th e  cr-bond in 
F e —О p ro b a b ly  th ro u g h  th e  л -accep to r p ro p e r ty  o f  th e  e m p ty  d -o rb ita l o f the  
silicon a to m . To su p p o rt th is  assum ption  it  is w o rth  m en tio n in g  t h a t  c o n tra ry  
to  l i te ra tu re  d a ta  s tro n g  L ew is acids as e.g. A1CI3 o r boron  h a lo g en id es  have 
p ra c tic a lly  no ca ta ly tic  e ffe c t on h e te ro fu n c tio n a l co n d en sa tio n .
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DIE UNTERSUCHUNG YON BORIDÉN, CARBIDEN 
UND NITRIDEN AUF IHRE EIGNUNG ALS 

INDIKATORELEKTRODE FÜR POTENTIOMETRISCHE
MESSUNGEN

E . P u n g o r  und A . W e s e r *

(U n ivers itä t f ü r  die Chemische In d u str ie , Lehrstuhl f ü r  A na ly tische  Chemie, V eszprém )  

E in g eg an g en  am  17. A u g u s t 1968

Bei de r U n te rsu ch u n g  v o n  C arb iden , B o rid én  u n d  N itrid en  de r Ü b e rg an g sm e 
ta lle  a u f  ih re  E ig n u n g  als In d ik a to re le k tro d e n  in  sa u ren  H e x acy an o fe rra tlö su n g en  
fa n d e n  w ir e inen  Z u sam m en h an g  zw ischen d e r  K r is ta lls t ru k tu r  des In d ik a to re le k tro 
d e n m a te ria ls  u n d  se iner E ig n u n g  als In d ik a to re le k tro d e .

P o te n tio m e trisc h e  M essungen in  R ed o x sy s tem en  ergeben P o te n tia le , die 
von  dem  u n te rsu c h te n  S ystem  u n d  u n te r  U m s tä n d e n  von dem  E le k tro d e n 
m a te r ia l ab h än g ig  sind . B ei so lchen M essungen  w u rd en  v o r a llem  G old-, 
P la tin -  u n d  P la tin rh o d iu m e le k tro d e n  v e rw en d e t.

B esonders gern w erden  P la tin e le k tro d e n  sow ohl fü r  R edoxm essungen  als 
au ch  fü r  p H -T itra tio n e n  e in g ese tz t, die a u f  R ed o x v o rg än g e  z u rü c k z u fü h ren  
s in d , wie aus den Z usam m en ste llu n g en  h e rv o rg e h t [4, 8, 27, 43, 44, 50, 51, 53]. 
P la tin in d ik a to re le k tro d e n  eignen  sich fü r die g leichen  V erfahren  in  w asse rfre ien  
L ö su n g sm itte ln  [18, 45].

D er A nw endungsbere ich  d e r P la tin in d ik a to re le k tro d e  w ird  d u rc h  die 
B ild u n g  v o n  O b erfläch en o x y d sch ich ten  festg e leg t, d e ren  B ildung  von  L i n g a n e  

[2, 32], K o l t h o f f  [28] u n d  R o ss  [54] gezeigt w u rd e . Ä hnliche O x y d sch ich ten  
fa n d e n  L e e , A d a m s  u n d  B r i c k e r  [ 3 0 ]  an  G old , P la t in  u n d  P a lla d iu m , d e ren  
P o te n tia le  bei den den  O x y d en  e n tsp rech en d en  W e rte n  sich e in ste llen .

G o lde lek troden  fan d en  eine ähn liche  b re ite  A n w endung  wie P la t in e le k 
tro d e n  [4, 8, 27]. R e i c h e r t , M c N e i g h t  u n d  R u d e l  fan d en , daß  G o ld e le k tro 
d en  be i d e r p o ten tio m e trisch en  T itra tio n  von  W asse rs to ffp e ro x y d  P la t in e le k 
tro d e n  überleg en  sind , d a  G old die Z erse tzu n g  v o n  W asse rs to ffp e ro x y d  w en iger 
s ta rk  k a ta ly s ie r t  [49] als P la tin .

P la tin rh o d iu m leg ie ru n g en  besitzen  äh n lich e  E ig en sch aften  wie re in e  P la 
tin e le k tro d e n , w as von M a l m s t a d t  u n d  F e t t  gezeig t w urde [ 3 3 ] .

E s w u rd e  b e r ic h te t , d aß  m it Z in n d io x y d  [58] u n d  m it T ita n o x y d sc h ic h 
te n  [12] überzogene In d ik a to re lc k tro d e n  a u f  R ed o x sy stem e  an sp rech en . D as 
gleiche V erh a lten  w urde  fü r  In d ik a to re le k tro d e n  aus P b 0 2 [20] u n d  W 20 5 [57]

* A sp ira n t von  der B erg ak ad em ie  F re ib erg , D D R , I n s t i tu t  fü r anorgan ische  u n d  a n a 
ly tisc h e  Chem ie.
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g e fu n d e n . N ach  M a u s e r  u n d  N i c k e l  soll s ich  d as  R e d o x p o te n tia l von  P heno l- 
P h e n o x y l-S y s te m e n  an  P la tin e le k tro d e n  n ic h t ,  w ohl aber an  S in te rb o rca r-  
b id e le k tro d e n  rev e rsib e l e in ste llen  [34].

B ei den  oben a n g e fü h rte n  E d e lm e ta llen  w ird  das V erha lten  als In d ik a to r -  
e le k tro d e  w eitg eh en d  von  den  geb ilde ten  O b erfläch en o x y d en  b e s tim m t. MÜL
LER u n d  A dams fa n d e n  im  B o rcarb id  ein  E le k tro d e n m a te ria l, a n  d em  keine 
O b erfläch en o x y d e  g eb ild e t w erden sollen u n d  obige E rsch e in u n g en  en tfa llen  
m ü ß te n  [40, 41, 42]. Z u  d en  gleichen E rg e b n isse n  gelang ten  au ch  a n d e re  A u to 
re n  [39, 55]. N eueste  U n te rsu c h u n g e n  v o n  B o rc a rb id e le k tro d e n  w eisen  a b e r  au f 
d ie E x is te n z  von  O b erfläch en o x y d en  h in  [17].

T ita n d ib o r id , Z irk o n d ib o rid  u n d  M oly b d än d is ilic id  w urden  von  M ü l l e r  

u n d  O l s o n  w egen ih re r  h o h en  chem ischen  B e s tä n d ig k e it als E le k tro d e n  fü r 
v o lta m e tr is c h e  B estim m u n g en  u n te rsu c h t [42]. Sie erwiesen sich  ab e r als der 
B o rc a rb id e le k tro d e  u n te rle g e n . D ieselben S to ffe  p rü fte n  M a z z a  u n d  T r a s - 

s a t t i  m it dem  gleichen E rg eb n is  [35]. W e ite rh in  u n te rsu c h te n  sie das V e rh a l
te n  v o n  W o lfram carb id , T ita n c a rb id  u n d  T i ta n n i t r id  m it H ilfe v o n  M essungen  
d e r A u s ta u sc h s tro m d ic h te  in  v ersch ied en en  R ed o x sy stem en  u n te rsc h ie d lic h e r 
W a sse rs to ff io n e n k o n ze n tra tio n . W o lfram carb id , B orcarb id  u n d  T i ta n n i t r id  e r
w iesen  sich  n ach  M a z z a  u n d  T r a s s a t t i  als E le k tro d e n  fü r R ed o x sy stem e  gleich
w e rtig , w obei W o lfram carb id  am  besten  fü r  s a u re  u n d  T ita n n itr id  fü r  a lkalische  
L ö su n g en  geeignet is t.

T ita n c a rb id  u n d  T a n ta lc a rb id  ze ig ten  w en ig er befried igende E rgebn isse .
S ilic iu m carb id  w u rd e  au ch  als In d ik a to re le k tro d e  bei p o te n tio m e tr isc h e n  

T i t r a t io n e n  vo rgesch lagen  [22, 23, 24]. D a  S ilic ium carb id  in  v e rsch ied en en  
M o d ifik a tio n en  a u f t r i t t  u n d  schon d u rch  seh r geringe  V eru n re in ig u n g en  s ta rk  in 
se in en  e lek trisch en  E ig en sch a ften  v e rä n d e r t  w ird , fin d en  sich te ilw eise  w id er
sp re c h e n d e  V erö ffen tlich u n g en , in  denen  S ilic iu m carb id  e inm al als In d ik a to r 
e le k tro d e  oder au ch  als B ezugse lek trode  v o rg esch lag en  w ird  [1, 5, 6, 7, 19, 
21, 31].

G i n n e r  u n d  S w e t t e  fan d e n  T ita n n itr id e le k tro d e n  in a lk a lisch en  L ö su n 
gen  b eso n d e rs  zu r S a u e rs to ffre d u k tio n  g e e ig n e t [15].

E s  h a t  n ic h t an  V ersu ch en  gefeh lt, d ie te u re n  E d e lm e ta lle lek tro d e n  d u rch  
a n d e re  M ateria lien  zu  e rse tzen . Als g ü n s tig s te s  E le k tro d e n m a te ria l b e w ä h rte  
sich  G ra p h it ,  der v o n  v ie len  A u to ren  als In d ik a to re le k tro d e  bei p o te n tio m e tr i
sch en  R ed o x - u n d  p H -T itra tio n e n  v o rg esch lag en  w urde [9, 10, 11, 13, 14, 38]. 
D ie g ü n s tig e n  E ig e n sc h a fte n  von  p y ro ly tisc h e m  G rap h it als In d ik a to re le k tro 
d en  w u rd e n  festg este llt [56]. D ie aus p y ro ly tisc h e m  G rap h it g e fe rtig te n  E le k tro 
d en  s in d  d ich t u n d  g asu n d u rch lässig  u n d  au c h  fü r  n ich tw äß rig e  L ö su n g sm itte l 
u n d  S alzschm elzen  g ee ig n e t, w ie von  L a i t i n e n  gezeigt w urde  [29]. D ie v e r
sch ied en en  A rten  d er G ra p h ite le k tro d e  (m it W ach s  im p räg n ie rte  G ra p h ite le k 
t ro d e n  u n d  p y ro ly tisch e  G ra p h ite le k tro d en ), besch rieben  E l v i n g , F r i e d  u n d  
T u r n e r  [11]. E in  b e so n d e re r  V orte il v o n  G ra p h itin d ik a to re le k tro d e n  is t, daß
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le ich t e ine  n eu e  O berfläche  e rzeug t w erden  k a n n , die rep ro d u z ie rb are  E ig e n 
sch aften  b e s itz t.

W ie au s d er L i te ra tu r  h e rv o rg eh t, eigen sich  n ic h t alle Stoffe als E le k tro 
d e n m a te r ia l, au ch  w enn  sie sich  chem isch in e r t v e rh a lte n . U m  näh ere  A ussagen  
ü b e r die E ig n u n g  von  V erb in d u n g en  als R ed o x in d ik a to re le k tro d en  m a c h e n  zu 
k ö n n en  u n d  ev en tu e lle  B eziehungen  zw ischen d iese r E igenschaft m it d e r  K r i
s ta l ls t ru k tu r  zu  zeigen, u n te rsu c h te n  w ir eine R e ih e  von  B oridén , C a rb id en , 
N itr id en  u n d  a n d e ren  V erb in d u n g en  der Ü b erg an g sm e ta lle . E s t r a t  d ie  F rag e  
auf, in w e lch er F o rm  w ir die zu  u n te rsu c h e n d e n  S toffe  e insetzen  so llte n , um  
re p ro d u z ie rb a re  W erte  zu e rh a lte n . W ir s te llte n  in  d er H au p tsach e  h e te ro g e n e  
M em b ran e lek tro d en  aus den  zu u n te rsu c h e n d e n  S to ffen  m it S ilik o n k a u tsc h u k  
her, da  a u f  d iesem  G ebiet m it ion en se lek tiv en  M em b ran e lek tro d en  b e s te  E r 
fa h ru n g e n  vorliegen  [46, 47, 48]. Von e in igen  V erb in d u n g en  w u rd en  au ch  
hom ogene E le k tro d e n  d u rch  Schm elzen oder S in te rn  hergestellt.

E xperim entelles

1. A ngew andte E lek tro d en

a) Carbidelektrodcn

T ab e lle  I  g ib t A u sk u n ft ü b e r  die von  uns g e fe rtig te n  C arb idc lek troden . D er W id e rs ta n d  
de r E le k tro d e n  w u rd e  m it  e iner B rü ck en m eth o d e  gem essen . D ie m anchm al bei e in  u n d  d em 
selben  S to ff  v a r iie re n d e n  W erte  hän g en  von  dem  V e rh ä ltn is  S ilik o n k au tsch u k  zu C a rb id a n te li 
ab . D as V e rh ä ltn is  v o n  C arbid  zu S ilik o n k au tsch u k  v e rh ie lt  sich  etw a wie 4 : 1 .

Tabelle 1

P hysikalische Eigenschaften und H erstellung von Carhid-Elektroden

Nr. Zeit hen Widerstund 
10x Ohm Phasen

Gittertyp 
des Haupt
bestandteils

Herstel
lungsart 
der Ver
bindung

Art der 
Elektrode

l . P t 0,5 P t AI H

2. c 0,5 c i. S .H

3. B4c 5— 5,2 B4C, c B4C i i . s
4. SiC 3 i n . S ,H

5. TiC 1 0,5 TiC, w enig C NaCl l s
6. TiC 2 0,5 TiC, w enig C NaCl i s
7. TiC 3 0,5 TiC NaCl l s
8. TiC 7 0,5 TiC, viel C NaCl l s
9. ZrC 1 1,5 ZrC NaCl 2 s

10. VC 5— 6 VC NaCl 1 s
11. NbC 6 1— 3 NbC -j- O xyde NaCl 1 s
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T abelle  I. F o r ts e tz u n g

Nr. Zeichen Widerstand 
10x Ohm Phasen

Gittertyp 
des Haupt
bestandteils

Herstel
lungsart 
der Ver
bindung

Art der 
Elektrode

12. TaC  1 4— 5 TaC, w enig W C NaCl IV . s
13. Cr7C3 1

COt"* Cr7C3 Cr7C3 2 s
14. Cr3C, 1 1 CO Cr3C2 Cr3C2 2 S
15. Mo2C 3 7— 8 Mo2C, MoC Mo2C 2 s
16. MoC 1 0,5 Mo2C, MoC MoC 2 S,H

17. W 2C 1 2 W 2C, w enig  C Mo,C 2 s
18. W 2C 2 1— 1.5 W 2c Mo2C 2 s
19. W C 1

CO1t'- WC MoC IV. s
20. F e 3C 3 F e3C 3 s
21. W TiC2 1 4 W TiC2 NaCl IV. s
22. W TiCj 2 3 W TiC2 NaCl IV. s
23. W TiC, 3 4— 5 W TiCj NaCl IV. s

I .  W ir  verw en d e ten  sp e k tra lre in e n  G ra p h it.
I I .  D as  verw endete  B o rc a rb id  s tam m te  v o m  S ch leifm itte lw erk  S a lg ó ta r já n .

I I I .  G leiche H e rk u n ft w ie B o rcarb id .
IV . D ie  P ro b en  w u rd en  v o m  H a rtm e ta llw e rk  Im m e b o r t  D D R  zu r V erfü g u n g  geste llt.

I n  d e r  1. 
In  d e r  2. 
In  d e r  3. 
In  d e r  4 .

In  d e r  5. 
In  d e r  6.

I n  d e r  7.

S p a lte  is t die lau fe n d e  N u m m er de r E le k tro d e  e n th a lte n .
S p a lte  fo lg t die B eze ich n u n g  der E le k tro d e .
S p a lte  w ird der W id e rs ta n d  der fe rtig en  E le k tro d e n  angegeben.
S p a lte  füh ren  w ir d ie v o n  u n s  m it H ilfe d e r R ö n tg en a n a ly se  gefu n d en en  u n d  b e s tim m 
te n  P hasen  des in  d ie  M em b ran  e in g e b au te n  M a te ria ls  an.
S p a lte  w ird de r G i t te r ty p  des H a u p tb e s ta n d te i ls  des e in gebau ten  M a te ria ls  v e rm e rk t. 
S p a lte  verw eisen w ir  a u f  d ie H e rs te llu n g  d e r  b e tre ffen d e n  V erb in d u n g , d ie  im  A n 
h a n g  beschrieben  w ird .
S p a lte  geben w ir d ie A r t  de r E lek tro d e  a n , d a  v o n  einigen n ic h t n u r  m it  S ilikon
k a u ts c h u k  g eb u n d en e  E le k tro d e n  (S), so n d e rn  a u c h  hom ogene E le k tro d e n  (H ) aus 
d e m  be tre ffen d en  M a te r ia l  g e fertig t w u rd e n .

Tabelle I I

Physikalische E igenschaften und H erstellung von N itridelektroden

Nr. Zeichen Widerstand 
10x Ohm Phasen

Gittertyp 
des Haupt
bestandteils

Herstellungsart 
der Verbindung

Art der 
Elektrode

1. T iN  3 4 T i 0 2 (50% ) 

T iN  (50% )

5a(700°C) s

2. T iN  4 5 T i0 2 (85% ) 

T iN  (15% )

5a(700°C) s

3. T iN  17 3 T iN NaCl 5a(3XlOOO°C) s
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T abelle  I I .  F o r ts e tz u n g .

N r. Zeichen Widerstand 
lOx Ohm Phasen

Gittertyp 
des Haupt
bestandteils

Herstellungsart 
der Verbindung

Art der 
Elektrode

4 . T iN 19 3 TiN NaCl 4 S,H

5. ZrN 3 2 Z r0 2, Z rH , Z rH 2 5a(600°C) s
6 . ZrN 8 3 , 2 ZrN , Z r0 2 10% 4 s
7 . Z rN 10 4 — 5 ZrN , ZrO , 5% NaCl 4 S ,H

8 . VN 7 5—6 VN NaCl 6(900°C) s
9. VN 12 1— 3 V N , V20 3 6,8 H

10. VN 13 1— 3 VN NaCl 6.8 II

1 1 . CrN 11 3— 5 CrN NaCl 5a s
12. CrN 16 3— 5 Cr2N , CrN 6,8 H

13. CrN 1 7 3— 5 Cr2N , Cr20 3 6,8 H

14. CrN 18 3— 5 Cr2N, Cr20 3 ~  5% 5a H

b) Nitridelektroden
Ü b er E ig en sch aften  u n d  H erste llu n g  de r N itr id e le k tro d e n  g ib t T abelle  I I  A u sk u n ft.

c) Boridelektroden
Ü b er E ig en sch aften  u n d  H erste llu n g  de r B o rid e le k tro d e n  g ib t T abelle  I I I  A u sk u n ft.

Tabelle I I I

Physikalische Eigenschaften und H erstellung von Boridelektroden

N r. Zeichen Widerstand 
10x Ohm Phasen

Gittertyp 
des Haupt
bestandteils

Herstellungs
art der 

Verbindung
Art der 
Elektrode

1. T iB 2 6 3 — 4 TiB., AIB, 2 S,H

2 . T iB 2 18 3 — 4 T iB . A1B, 2 H

3 . Cr.B 0 , 5 Cr2B u n b e k a n n te 2 S ,II

Phase

4 . CrB 0 , 5 Cr2B -|- u n b e k a n n te 2 S ,II

Phase

5 . C rB , 0 , 5 CrB TaB 2 S ,II

6 . M oll 0 , 5 Gem ische von 2 S,H

7 . Mo2B 0 , 5 2 S,H

8 . M o,B5 0 , 5 M o.Jl, Mo 2 S,H

9 . M oB2 0 , 5 MoB 2 S ,II

10. M gB4 8 MgO versch . B oride 2 H

d) Weitere von uns untersuchte E lektrodenm ateria lien  sind  in Tabelle IV  a u fg e fü h rt .

Acta Chim. Actul. Sei. Hung. 61, 1969



246 PUNGOR, WESER: UNTERSUCHUNG VON BORIDÉN, CARBIDEN UND NITRIDEN

Tabelle IV

Physikalische E igenschaften und Herstellung einiger Redoxelektroden

N r. Z eichen
W id e rs ta n d  

10x O hm P h asen
G itte r ty p  

des H a u p t
b e s tan d te ils

H ers te llu n g s
a r t  der 

V erb in d u n g

A r t  d e r  
E le k tro d e

l . T i„B N  7 3— 4 T i.B N , w enig 

T iB 2
NaCl 9 S ,H

2. T i.B N  16 3— 4 Ti.B N , w enig 

TiB„
NaCl 9 S,H

3. T i.B .N 3 TiN , T iB 2 TiSi 9 S ,H

4. T iS i 3 TiSi TiSi 2 H

5 . Z r,B N 3— 4 Zr, N , Z rB 2 9 S,H

6 . Cr3Si 2— 3 Cr3Si ß -W 2 H

7. M n3Si 4 Mn3Si a -F e 2 H

8 . M oSi2 2 MoSi, MoSi2 2 H

9. M oS2 2 MoS2 MoS2 2 s

2. V orbereitung  der E le k tro d en

a ) M it  S ilikonkau tschuk  gebundene Elektroden

D a s  R e ak tio n sg u t w u rd e  m it  einer K ugelm üh le  (F r i ts c h  P u lv erise tte ) zu e in em  feinen 
P u lv e r  e n tsp re c h e n d  den  A n fo rd e ru n g en  der R ö n tg e n a n a ly se  verm ahlen . D ieses P u lv e r  v e r 
m isch te n  w ir  m it  einem  in  d e r K ä lte  au sp o ly m eris ie ren d en  S ilik o n k au tsch u k m o n o m eren  u n d  
dem  e n tsp re c h e n d e n  K a ta ly sa to r . A us der noch p la s tisc h e n  Masse w urden F o lien  g e fe rtig t, 
aus d e n e n  n a c h  der E rh ä r tu n g  S cheibchen  von  3 m m  0  g e sc h n itte n  w urden. D iese S ch e ib ch en  
k i t te te n  w ir  m it einem  S ilik o n g u m m ik leb er au f ein  G la s ro h r, welches einige T ro p fen  Q u eck 
silber u n d  e inen  e in g e k itte te n  K u p fe rd ra h t  zum  K o n ta k tü b e r tr a g  besaß. V or u n d  n a c h  den 
M essungen  w u rd en  die so g e fe r tig te n  E lek troden  m it d e s t .  W asser abgespült.

b )  Homogene Elektroden

B ei d e r  H erste llu n g  d ieser E le k tro d en  k i t te te n  w ir  e in  B ruchstück  von  d em  S in te r 
o d er S c h m elz k ö rp e r analog  a u f  e in  m it  einer A b le itu n g  v e rseh e n e s  G lasrohr. D ie f re is te h en d e  
O b e rfläch e  d e r E lek tro d e  w u rd e  m it  B o rcarb id p u lv er an g esch liffen  und po lie rt.

3 . B enutzte M eßkette

B ei a llen  M essungen v e rw en d e ten  w ir eine g e s ä tt ig te  K a lom elelek trode  a ls R e fe ren z 
e le k tro d e , d ie  ü b e r  einen m it K a liu m ch lo rid  gefü llten  S tro m sch lü sse l in das M eßgu t e in ta u c h te . 
D ie M essu n g en  w urden  u n te r  A rg o n  als Schutzgas a u sg e fü h r t .

4. M eßgeräte

D ie  P o te n tia le  m aß en  w ir an fan g s  m it zwei v e rsch ie d en e n  G eräten , u m  a p p a ra tiv e n  E in 
f lu ß  a u sz u sc h a lte n . W ir v e rw e n d e te n  das ung arisch e  M odell R A D E L K IS  O P -203  u n d  ein 
Seibo ld  p H -M ete r. L e tz te res  b e w ä h r te  sich hei E le k tro d en w id e rs tän d e n  von m eh r a ls 10 M Ű  
am  b e s te n . D ie  R ö n tg en an a ly sen  fü h r te n  w ir an  d em  P h ilip s-G o n io m eter aus.
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5. M essungen im  H e x a c y a n o fe rra t( I I )— (III)-S y stem

U m  unsere  E le k tro d e n  zu p rü fen , w ä h lten  w ir d a s  H e x a c y a n o fe rra t(II)— ( I l l) -S y s te m . 
D ieses R e d o x p aa r  s te h t  im  reversib len  G le ichgew ich t u n d  g ib t an P la tin -  oder G ra p h ite le k tro 
den rep ro d u z ie rb a re  P o te n tia le . V erschiedene S tö ru n g e n  des G leichgew ichts (F re m d sa lz zu sä tz e , 
p H -Ä n d eru n g en ) b eein flussen  das R e d o x p o te n tia l  in  re p ro d u z ie rb a re r  W eise [25, 26]. D er 
G ru n d e lek tro ly t w ar 0,05 N  an  Schw efelsäure  u n d  im m e r 5 X lO “ 3 N  an  K 3Fe(C N )e. D ie K o n 
z e n tra tio n  des K 4Fe(C N )G w urde von 5 X 10“ 2 bis 5 X 10“ 4 N  v a riie rt. F ü r  das H e x a c y a n o fe rra t-  
S y stem  w ird  ein F o rm a lp o te n tia l von  -j-0.69 V in  1 f  H 2S 0 4 angegeben [16]. D as  F o rm a l
p o te n tia l in  n e u tra le r  L ösung  liegt bei -[-0.36 V.

Die m it P la tin -  oder G ra p h ite le k tro d en  g em essenen  u n d  ü b ere in stim m en d en  P o te n tia le  
b e tra c h te te n  w ir als d ie  reversib len  P o te n tia le  u n d  b e w e rte te n  nach  ihnen  das V e rh a lte n  de r 
üb rig en  E le k tro d en m a te ria lie n . Die M eßergebnisse  sow ie d ie zu P o te n tia le in s te llu n g  e rfo rd e r
lichen Z eiten  sind  in  d e r T abelle  V angegeben .

T abelle  V

Gemessene Redoxpotentiale in  K 3F e (C N )G— K ^ F e fC N )  (.-Lösungen in  0,05  N  H .,S 0 4

5 x  io- 3 
5 x 1 0 *  
5 x 1 0 - *

E le k tro ly tz u sam m e n se tz u n g

N r. Z eichen
E in ste llze it 

des P o te n tia ls 5 x 1 0 - »
5 x 1 0 - »
5 x 1 0 '*

5 x 1 0 - »
5 x 1 0 - «
5 x 1 0 - *

N  K 3Fe(C N ), 
Л ' K 4Fe(C N )e 
N  H 2S 0 4

i . P t 1 2 sec 189 +  1 300 +  1 378 +  1 mV
2. c 1— 2 sec 189 +  1 3 0 0 + 1 378 +  1 mV
3. B,C 20— 60 sec 191 +  1 302 +  1 378 +  2 mV
4. SiC 10— 15 m in 189 +  2 300 +  2 3 7 8 + 3 mV
5. TiC 1 1— 2 sec 1 8 9 + 1 300 +  2 Ca» CC mV
6. TiC 2 1— 2 sec 189 +  1 3 0 0 + 1 378 +  1 mV
7. TiC 3 1— 2 sec 189 +  1 300 +  1 3 7 8 + 1 mV
8. TiC 7 1— 2 sec 189 +  1 300 +  1 378 +  1 mV
9. ZrC 2— 5 sec 1 8 9 + 1 300 +  1 3 0 0 + 1 mV

10. VC k ein e  A bhängigkeit

11. NbC 6 2— 5 sec

ccCO 300 +  2 3 7 7 + 2 mV
12. TaC 1 2— 5 sec 189 +  2 300 +  2 375 +  2 mV
13. Cr7C3 1 2— 5 sec 63 +  5 75 +  5 148 +  7 mV
14. Cr3c2 1 2— 5 sec 128 +  5 165 +  5 2 1 0 + 8 mV
15. M oX 3 k e in e  A bhängigkeit
16. MoC 1 2— 5 sec 185 +  4 296 +  5 350 +  5 mV
17. wx 1 1— 2 sec 1 8 9 + 1 296 +  2 378 +  2 mV
18. w x 2 1— 2 sec 189 +  1 308 +  2 378 +  1 mV
19. WC keine  A bhängigkeit

20. F c3C 2— 5 sec Siehe T ex t

21. W TiC2 1 1— 2 sec 189 +  1 300 +  1 376 +  1 mV
22. W TiCj 2 1— 2 sec 189 +  1 300 +  1 378 +  1 mV
23. W TiC2 3 1— 2 sec 1 8 5 + 1 300 +  1 1 3 7 8 + 1 mV
24. T iN 3 keine  A bhängigkeit

25. T iN 4 keine A bhängigkeit
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T ab le  У. F o rtse tzu n g .

5x10-»
5x10-»
5x10-*

Elektrolytzusammensetzung

Nr. Zeichen Einstellzeit 
des Potentials 5 x IO-8 

5 x l0 - 8 
5x10-*

5x10-8
5x10-«
5x10-*

N  K3Fe(CN), 
N  K4Fe(CN)e 
N  H2S04

26. T iN  17 5— 10 sec 176 +  5 280 +  5 315 +  10 mV

27. T iN  19 5— 10 sec 1 7 7 + 5 283 +  5 322 +  10 m V

28. Z rN  3 k e in e  A bhängigkeit

29. Z rN  8 k e in e  A bhängigkeit

30. Z rN  10 2— 5 sec 188 +  4 298 +  5 370 +  8 mV

31. V N  7 1— 2 sec 203 +  4 299 +  4 3 7 9 + 5 mV

32. V N  12 1— 2 sec 189+ 1 300 +  1 378 +  2 mV

33. V N  13 1— 2 sec 189 + 1 300 +  1 378 +  2 mV

34. CrN  11 1— 2 sec 189 +  1 300 +  1 378 +  1 mV

35. C rN  16 1— 2 sec 185 +  2 299 +  2 377 +  2 mV

36. CrN 17 1— 2 sec 189 +  1 300 +  1 379 +  2 mV

37. C rN  18 1— 2 sec 183 +  3 297 +  2 370 +  2 mV

38. T iB 2 6 k e in e  A bhängigkeit

39. T iB 2 18 2— 5 sec 188 +  3 299 +  2 3 7 8 + 3 mV

40. Cr-Boride k e in e  A bhängigkeit

41. M o-Boride k e in e  A bhängigkeit

42. M gB4 2— 5 sec 159 +  5 235 +  5 2 8 0 + 5 mV

43. T i„B N  7 1— 2 sec 189 +  1 300 +  1 3 7 8 + 1 mV

44. T i2B N  16 1— 2 sec 189 +  1 300 +  1 378 +  1 mV

45. T i2B 2N 10— 20 sec 150+ 15 282 +  15 3 1 0 + 2 0 mV

46. Z r2BN 10— 20 sec 181 +  2 285 +  10 sta rk  streuend

47. TiSi 10— 20 sec 181 +  2 285 +  4 379 +  5 mV

48. Cr3Si 2— 5 sec 189 +  2 302 +  3 3 8 1 + 4 mV

49. M n3Si k e in e  A bhängigkeit

50. MoS2 k e in e  A bhängigkeit

51. M oSi,
1

1— 2 sec 185 +  2 300 +  2 3 7 0 + 2 mV

A lle P o ten tia le  w u rd en  gegen die ges. K a lo m ele lek tro d e  bei 25°C gemessen.

6. E rgebn isse  und S ch luß fo lgerungen

a) Carbide

W ir b e w e rte te n  die E le k tro d e n  n a c h  zw ei K rite r ie n , n ach  dem  P o te n t ia l  
im  V erg le ich  zur P la tin e le k tro d e  u n d  der zu r P o te n tia le in s te llu n g  e rfo rd e rlich en  
Z e it. W ir  s te llten  fe st, d a ß  ein Teil der E le k tro d e n  wie E d e lm e ta lle lek tro d en  
re v e rs ib e l au f das R e d o x sy s te m  an sp rich t.
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Geeignete Indikatorelektroden

C, TiC, TiC-j-C , ZrC, \VTiC2, W 2C, F e 3C, N bC u n d  TaC. In te re s sa n t is t das 
V e rh a lten  von F e 3C. D iese E lek tro d en  zeigen u n m itte lb a r  n ach  dem  E in ta u c h e n  
in  das M eßgut das gleiche P o te n tia l  w ie die P la tin e le k tro d e , w elches sich  ab e r 
d a n n  b a ld  v e rä n d e r t . W ir fü h ren  dies a u f  eine chem ische  R e a k tio n  m it d er 
L ösung  zu rü ck , d a  sich  F e 3C in S chw efelsäure le ich t au flö s t. W ir fan d e n  n o ch  
eine A nzahl von  S to ffen , an  denen  das th eo re tisch e  P o te n tia l  n u r  lan g sam  e r 
re ich t w ird . D ieses V e rh a lten  w eist d a ra u f  h in , d aß  sich das G leichgew icht an  
d er E lek tro d en o b e rfläch e  n u r  langsam  e in s te llt, d a  w ir diese E rsch e in u n g  au c h  
an  E lek tro d en  m it einem  W id e rs tan d  von w en iger als 100 К  O hm  b e o b a c h te n  
k o n n te n .

Zu dieser G ru p p e  zäh len  auch  S toffe, die das th eo re tisch e  P o te n tia l  n ic h t 
e rre ichen , w ohl ab e r a u f  das R ed o x sy stem  an sp rech en . D erartig e  C arb ide s in d : 
SiC, B4C, MoC u n d  C hrom carb ide .

U  ngeeignete Carbide

W C, VC, Mo2C, Cr7C3, Cr3C2 u n d  Cr23Cc.

b) N itride

M it den N itr id e n  d er Ü b erg an g sm eta lle  s te llte n  w ir analoge U n te rsu c h u n 
gen an . W ir k ö nnen  au ch  diese in zwei en tsp re c h e n d e  G ruppen  ein te ilen .

Geeignete Indikatorelektroden

V N , CrN

Ungeeignete Indikatorelektroden  

Z iN , Z rN

c)  Boride

Die große Ä h n lich k e it zw ischen C arb iden , N itr id e n  u n d  B oridén  d e r Ü b e r
g angsm eta lle  v e ra n la ß te  u n s, au ch  diese S to ffk lasse  zu  u n te rsu ch en , w eil ein ige 
V erö ffen tlichungen  ü b e r  das V erh a lten  d ieser B oride  b e re its  vorliegen . E n t 
gegen den  E rw a rtu n g e n  ze ig ten  die m eis ten  d e r u n te rsu c h te n  B oride  k e in e  
E ig n u n g  als In d ik a to re le k tro d e  fü r  u n ser R ed o x sy stem . Im  allgem einen t r a te n  
sch lech t rep ro d u z ie rb a re  n eg a tiv e  P o te n tia le  au f. F o lgende  B oride v e rw e n d e te n  
w ir bei un seren  M essungen : T iB 2, Cr2B, C rB , Mo.,B, M oB u n d  MgB,,. E le k tro d e n  
aus T iB 2 fo lg ten  zw ar dem  P o te n tia lg a n g  des R ed o x sy stem s, die P o te n tia le  
s te llte n  sich  jed o ch  n u r  langsam  u n d  m it n ic h t allzu  g roßer G en au ig k e it ein .
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V on d e n  an d eren  B o rid én  sp rach  n u r  das M gB 4 a u f  das R ed o x sy stem  an , e r
re ic h te  a b e r  n ich t die P o te n tia le  d er P la tin e le k tro d e .

d)  S ilic ide  und  gem ischte Verbindungen

N eb en  den a u fg e fü h rte n  C arb iden , N itr id e n  u n d  B orid én  g ib t es eine 
R e ih e  chem isch  v e rw a n d te r  S toffe  m it ä h n lic h e n  S tru k tu re n  u n d  g ro ß er B e
s tä n d ig k e i t  gegen viele  R eagenzien .

Geeignete Indikatorelektroden  

T tjB N , MoSi2, Cr3Si, TiSi

U ngeeignete Indikatorelektroden  

T i2B ,N , Т е, MoS2, M n3Si.

B e i F o lgerungen  d e r Ü b e rs ich t d ieser V erb in d u n g en  sch e in t sich  ein Z u
sa m m e n h a n g  zw ischen d er K r is ta l ls t ru k tu r  u n d  der E ig n u n g  als I n d ik a to r 
e le k tro d e  zu  ergeben. D er g rö ß te  Teil d e r g u te n  In d ik a to re le k tro d e n  k r is ta ll i
s ie r t  in  d e r  lcu b isch -fläch en zen trie rten  S te in sa lz s tru k tu r .

E in e  ganz ähn lich e  k u b isch e  S t ru k tu r  h o h e r S y m m etrie  f in d e n  w ir bei 
d en  a ls  klassische E le k tro d e n m a te ria lie n  b e k a n n te n  M etallen  G old, S ilber, 
P a lla d iu m  u n d  P la tin .

E s  is t  auffa llend , d aß  d em g eg en ü b er die chem isch  seh r äh n lich en  V er
b in d u n g e n , wie die B oride  u n d  S ilicide, im  a llgem einen  in a k tiv  sind . Sie k r is ta l
lis ie ren  alle m it S tru k tu re n  n ie d e re r  S y m m etrie .

D ie  B ed eu tu n g  der K r is ta l ls tru k tu r  k o n n te n  w ir an  einem  M isch k ris ta ll aus 
T i ta n n i t r id  u n d  T ita n m o n o b o rid  zeigen. D a  T iB , w elches ebenfa lls zu m  S te in 
s a lz ty p  g eh ö rt, bei R a u m te m p e ra tu r  in s ta b il  is t  u n d  von  uns n ic h t h e rg es te llt 
w e rd e n  k o n n te , v e rsu c h te n  w ir e inen  M isch k ris ta ll d er F o rm el T i2N B  aus 
T i ta n ,  B o r  u n d  T ita n n itr id  h e rzu ste llen . Im  A n h an g  sind  die R ö n tg e n a u fn a h 
m en  v o n  einigen re in en  T ita n b o rid p ro b e n , d e r V erb in d u n g  T i2B N  u n d  T i2B2- 
P u lv e r  h erg este llt. D ie R ö n tg e n a u fn a h m e n  zeigen  deu tlich  die S te in sa lz s tru k 
t u r  v o n  T i2B N . D as G em isch  aus T iN  u n d  T iB 2 zeig te  au ch  n a c h  m ehrm aligem  
G lü h e n  in  A rgon die L in ien  v o n  T iN  u n d  T iB 2 in  u n v e rä n d e r te r  I n te n s i tä t .  E s 
w u rd e  n o c h  eine A u fn ah m e v o n  W TiC2 a n g e fü h r t , w elches ebenfalls S te in sa lz 
s t r u k tu r  b e s itz t u n d  in  se in er A k tiv i tä t  d em  T ita n c a rb id  überlegen  is t. R eines 
W C k ris ta ll is ie r t  im  h ex ag o n a len  M oC-Typ u n d  e ignet sich n ic h t als I n d ik a to r 
e le k tro d e  im  H ex a c y a n o fe rra t-S y s te m .

*

A n  d ieser Stelle sei d en  H e rrn  P ro f. D r. E . N emecz u n d  K . N agy  u n se r D a n k  fü r  die 
U n te r s tü tz u n g  bei der A n fe rtig u n g  de r R ö n tg e n a u fn a h m e n  u n d  der p rä p a ra tiv e n  A rb e it 
a u sg e sp ro ch e n .
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A n h an g

V erfahren 1. D as e n tsp rech en d e  M eta llo x y d  w ird  m it  Z uckerkohle v e rp re ß t  u n d  bei 
1200°C im  A rg o n s tro m  12 S tu n d e n  g e g lü h t. D ie P reß lin g e  w erden gem ahlen  u n d  e rn e u t  dem  
g leichen G lü h p ro zeß  u n terw orfen . Z u r  v o lls tä n d ig en  H om ogenisierung  w ird  d a s  g leiche v e r
fah ren  noch  ein  d r i t te s  Mal d u rc h g e fü h rt .  D er A n sa tz  k a n n  so v a riie rt w e rd en , d a m it  m an  
P ro d u k te  m it versch iedenem  K o h le n s to ffg eh a lt g ew in n t.

Verfahren 2. Die E lem en te  w e rd en  m ite in a n d e r  v e rm ah len  und  zu F o rm lin g e n  v e r
p re ß t, d ie bei 1200°C 12 S tu n d en  in  A rg o n  oder W asse rs to ff  geg lü h t w erden. U m  völlig  hom o
gene P ro b e n  zu  e rh a lte n , m uß noch zw eim al p u lv e r is ie rt u n d  geg lüh t w erden.

V erfahren 3. E in  Ü berschuß  d e r  M e ta llk o m p o n en te  w ird m it dem  N ic h tm e ta ll  zu 
F o rm lin g en  v e rp re ß t  u n d  bei 1000°C 12 S tu n d e n  im  A rg o n stro m  gesin te rt. D a s  R e a k tio n s 
p ro d u k t w ird  m it v e rd ü n n te r  E ssig säu re  gelöst, u m  den Ü bersch u ß  der M e ta llk o m p o n e n te  zu 
en tfe rn en .
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V erfahren 4. D as M etall w ird  12 S tu n d en  im  S tick s to ffs tro m  bei 1200°C g eg lü h t, 
w obei es sp rö d e  w ird  u n d  sich  d a n n  m ah len  lä ß t. D as M a h lg u t w ird  in  P yro lansch iffchen  e rn eu t 
bei 1200°C  im  S tick s to ffs tro m  g e g lü h t, gem ahlen  u n d  n o ch  e inm al 12 S tu n d en  bei 1200°C 
im  S tic k s to ffs tro m  g eh alten .

Alle Aufnahmen mit Cu Kd Strahlung

V erfahren  5. D as M etall (5a) oder das O xyd  (5b) w e rd en  bei de r angegebenen T em p era 
tu r  im  A m m o n iak stro m  geg lü h t.

Verfahren 6. D ie A m m o n iu m flu o rid e  w erden  im  A m m o n iak stro m  bei d e r angegebenen 
T e m p e ra tu r  py ro ly siert.
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Verfahren  7. D as M etalloxyd  w ird  m it M ag n esiu m p u lv er im  S tick sto ffs tro m  re d u z ie r t. 
D as R e a k tio n sp ro d u k t w ird  m it N H 4C1-Lösung a u sg e la u g t. D ieses V erfah ren  w ird  noch  
zw eim al au sg e fü h rt.

Alle Aufnahmen mit Cu Kof Slrahlung

Verfahren 8. D ie fe in v erm ah len e  P ro b e  w ird v e rp re ß t  u n d  bei 1200°C 12 S tu n d en  
in  A rgon hom ogen isie rt.

Verfahren 9. T i2B N  u n d  Zr2B N  w u rd en  aus den  en tsp rech en d en  N itrid en , M etallen  
u n d  B or h e rg este llt n a c h  V erfahren  2.
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Alle Aufnahmen mit Cu Koi Strahlung
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PLATINUM AND PALLADIUM CATALYZED OXIDATION 
OF AMMONIA UNDER THE EXPERIMENTAL 
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(DTA)
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R eceived  A ugust 26, 1968

U nder th e  co n d itio n s  o f d ifferen tia l th e rm o an a ly tic a l te s ts  a t  te m p e ra tu re s  h igher 
th a n  230°C am m o n ia  is ox id ized  b y  a tm o sp h e ric  oxygen  w ith  a co n sid erab le  r a te  by  
th e  ca ta ly tic  e ffec t o f  th e  sam ple  ho lder m ad e  o f p la tin u m . A d e te c to r fo r  follow ing 
processes acco m p an ied  b y  th e  c leavage of am m o n ia  above 100°C w as p re p a re d  b y  using  
p la tin u m  and p a lla d iu m  c a ta ly s ts  o f h igh  specific  surfaces. Less th a n  1 m g o f am m o n ia  
cou ld  be d e tected .

In  earlier co m m u n ica tio n s  [1, 2] we h a v e  d raw n  a t te n tio n  to  th e  fa c t th a t  
w hen  using  p la tin u m  sam p le  ho lders fo r th e  D T A  o f decom position  processes 
w h ich  invo lve  th e  c leav ag e  o f  am m onia  we h av e  to  reckon  w ith  th e  c a ta ly tic  
o x id a tio n  of am m onia .

T h e rm o an a ly s ts  h a v e  in  all p ro b a b ility  le ft th is  p rob lem  ou t o f co n sid e ra 
tio n , because  in th e  in d u s tr ia l  n itr ic  acid p ro d u c tio n  th e  c o n ta c t te m p e ra tu re  
o f  p la tin u m  is g en era lly  700—900°C; p a r tia l  o x id a tio n  of am m o n ia , in  th e  
p resen ce  of p la tin u m , h ow ever, proceeds a lre a d y  betw een  400 an d  700°C  [3]. 
U n d e r  th e  ex p e rim en ta l co n d itio n s o f d iffe ren tia l th e rm o an a ly s is  (D T A ) th is  
o x id a tio n  is d e te c ta b le  a lre a d y  a t 230°C ap p ly in g  a p la tin u m  sam ple  h o ld e r.

T h e  ex p erim en ts  w ere  ca rried  o u t b y  m ean s o f th e  d e r iv a to g ra p h  [4]. 
A p la tin u m  crucible o r p la te  [5], w ashed  w 'ith c o n c e n tra ted  h y d ro ch lo ric  acid 
a n d  ig n ited  w as p laced  on th e  rod  of th e  sam ple  ho lder an d  a ceram ic  o r glass 
c ru c ib le  w as f i t te d  a b o v e  th e  th e rm o co u p le  u sed  fo r te m p e ra tu re  m e a su re m e n t 
o f  th e  in e r t  sub stan ce . A ir w as b u b b led  th ro u g h  a 25%  am m onium  h y d ro x id e  
so lu tio n  from  w here i t  wras led  in to  th e  fu rn ace  space w ith o u t e x h a u s tio n . T he 
r a te  o f  h e a tin g  w as 10°C p e r  m in u te . A t 230°C th e  p o in te r  o f th e  D T A  g a lv a n o 
m e te r  began  to  deflec t from  th e  base  line o b ta in ed  w ith o u t th e  in tro d u c tio n  of 
am m o n ia  an d  p roceeded  w ith  in creasin g  ra te  in ex o th e rm ic  d irec tio n  (F ig . 1, 
cu rv e  a). A fte r th e  o x id a tio n  o f th e  m a jo r p a r t  o f am m o n ia , w hich h a d  a c c u m u 
la te d  in  th e  fu rnace d u rin g  th e  tim e  till 230°C w as reached , th e  D TA  sig n a l d ro p 
p ed  to  a va lu e  co rresp o n d in g  to  th e  q u a n ti ty  o f  oxygen p re sen t an d  to  th e  ra te  
of a m m o n ia  in p u t. A m ix tu re  o f  oxygen  and  am m o n ia  b eh av ed  in a s im ila r  m a n 
n er. T h e  D TA  curves w ere th e  s teep e r th e  h ig h er th e  te m p e ra tu re  a t  w h ich  th e  
in tro d u c tio n  of am m onia  wras begun  (F ig . 1, cu rves b an d  c ). A m m onia o f  course
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o x id izes  also a t  th e  so lders o f  th e  P t/R h —P t  th e rm o c o u p le s  w hich  m ay  be p ro v ed  
s im p ly  b y  p ro tec tin g  th e  so ld e r  o f  one of tw o  c o u n te r-c o n n ec te d  th e rm o co u p les  
in t h e  fu rn ace  b y  m ean s o f  a  sm all glass cap  fro m  th e  a t ta c k  o f th e  am m onia .

D u rin g  th e  d eco m p o sitio n  of com pounds th e  lib e ra tio n  o f am m onia  is an  
e n d o th e rm ic  process, b u t  w i th  s im u ltaneous o x id a tio n  th e  en d o th e rm ic  c h a ra c 
t e r  w ill b e  less p ro n o u n ced , m oreover, p ro v id e d  th e  sam ple  h o ld e r has a su ffi
c ie n t ly  large and  ac tiv e  p la t in u m  surface, th e  p rocess m a y  a p p e a r d e fin ite ly  
e x o th e rm ic  [1].

F ig . 1. O x ida tion  of am m o n ia  o n  a  P t  p la te . C hanges in  th e  D T A  sig n a l a t  c o n s ta n t am m onia  
i n p u t  (cu rv e  a) and  w hen  a m m o n ia  in p u t  is s ta r te d  a t  305°C  a n d  385°C, re sp ec tiv e ly  (curves 

6 a n d  c). Sam ple: 13 m m  d ia m e te r  e m p ty  P t  c ru c ib le . D T A  g a lv a n o m e te r se n s itiv ity : 1/10

N eglection of th e  p o s s ib ility  of ox id a tio n  m a y  cause an  e rro r m a in ly  w hen 
th e  D T A  curve is u sed  fo r  q u a n ti ty  e v a lu a tio n s , e.g. in  th e  d e te rm in a tio n  of 
deco m p o sitio n  e n th a lp ie s  o r  o f  ac tiv a tio n  en erg ies.

T h e  ca ta ly tic  e ffec t o f  p la tin u m  was u sed  to  fo llow  processes acco m p an ied  
b y  th e  cleavage of am m o n ia . A  sam ple sp re a d  o v e r a la rg e  su rface  on a p la tin u m  
p la te  in  th e  m an n er sh o w n  in  Fig. 2 w as c o v e re d  b y  a dense  (1024 k n o ts  per 
sq .c m ) p la tinum  n e t m ad e  o f  0.062 m m  p la tin u m  w ire . T h is a rra n g e m en t helped 
to  m a in ta in  th e  a d v a n ta g e s  o f  th e  p la te  sam p le  h o ld e r, w hile a t  th e  sam e tim e  
th e  th e rm a l changes a c c o m p a n y in g  th e  d eco m p o sitio n  process w ere o n ly  s ligh tly  
se n se d  b y  th e  th e rm o c o u p le , b u t  th e  h e a t l ib e ra te d  on th e  p la tin u m  n e t  in  th e  
te m p e ra tu re  in te rv a l o f  a m m o n ia  cleavage w as d e te c te d  w ith  u n c h an g ed  sen
s i t iv i ty .

W hen  a c a ta ly s t  p re c ip ita te d  on som e th e rm a lly  n e u tra l  c a rr ie r  was 
p la c e d  in  a few te n th  o f  m m  th ickness on th e  p la t in u m  n e t ,  a d e te c to r  o p e ra tin g  
a t  te m p e ra tu re s  c o n s id e ra b ly  below  230°C w as o b ta in e d . T h u s, fo r in s tan ce , a 
c a ta ly s t  co n ta in in g  1 0 %  o f  pa llad iu m  w hich  w as p re c ip ita te d  on ac tiv e  charcoal 
b y  h y d ro g en a tio n  w ill o x id ize  th e  am m onia  a b o v e  100°C. P la tin u m  or p a llad iu m  
c o n ta in in g  c a ta ly s ts  o b ta in e d  b y  h y d ro g e n a tio n  h a v e  to  be  h e a te d  befo re  use 
t o  80 — 100°C to  e lim in a te  a n y  in te rfe ren ce  b y  th e  o x id a tio n  o f th e  ad so rbed
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Pt plate 
Pt wire net

-Pt crucible

Fig. 2. D e tec to r to  fo llow  th e  evo lu tion  of gases w h ich  a re  oxid ized  on p la tin u m

F ig. 3. D e riv a to g ram  o f (N H 4)6Mo70 2J • 4 H 20  by  u s in g  a  p la tin u m  p la te  (dashed  lin e ) a n d ja n  
am m onia  d e te c to r (c o n tin u o u s  line). W eight o f sam ple : 101 m g. T he n e t o f th e  d e te c to r  w as 
covered  w ith  75 m g o f p la t in u m  o b ta in ed  b y  h y d ro g e n a tio n . S en sitiv ity  o f th e  g a lv a n o 

m ete rs : 1/3

h y drogen  w ith  th e  m easu rem en ts . B ecause o f  th e  com bustion  of coal P d /C  can 
be used  on ly  up to  te m p e ra tu re s  o f 300 — 330°C.

T he a p p lic a b ility  o f th e  d e tec to r is show n th ro u g h  th e  decom position  o f 
am m onium  h e p ta m o ly b d a te  (F ig. 3, co n tin u o u s  cu rve). I t  appears fro m  th e
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D T A  c u rv e  th a t  6 m ols o f am m o n ia  are  re m o v e d  n o t in one s tep , as m ig h t he 
a s su m e d  from  th e  c u s to m a ry  D T A  an d  T G  cu rv es [6], b u t in  th re e . D u e  to  
o x id a t io n  each  process asso c ia ted  w ith  a m m o n ia  cleavage is a c c e le ra te d , as 
sh o w n  b y  th e  DTG cu rve  w h ich  is p ro p o r tio n a l to  th e  w eight loss r a te  a n d  w as 
p lo t te d  fo r  th e  sake o f com p ariso n  w ith o u t th e  use of th e  am m o n ia  d e te c to r  
(F ig . 3 , d a sh ed  line). A lth o u g h  th e  d is tan ce  b e tw e e n  th e  p la te  a n d  th e  P t  n e t  is 
4 — 6 m m , th e  DTA curve  follow s th e  process sa tis fa c to rily  an d  lags b e h in d  th e  
D T G  c u rv e  b y  n o t m ore th a n  5°C. T he s e n s it iv ity  o f th e  d e tec to r is re f le c te d  by  
th e  10 m m  high p eak  on th e  D TA  cu rv e  fo r  th e  0.7 m g of am m o n ia  w hich  
e v o lv e s  fro m  am m onium  u ra te  a t  280 — 3 2 0 °C in  4 m inu tes.

P la t in u m  and  p a lla d iu m  e x e rt c a ta ly tic  effect no t only  on th e  o x id a tio n  
a m m o n iu m  an d  hydrogen , b u t  also e.g. c a rb o n  m onoxide an d  th e  d eco m p o si
t io n  p ro d u c ts  of o rganic co m p o u n d s. W e sh a ll re p o rt elsew here on e x p e rim e n ts  
c o n c e rn in g  th is  p rob lem .
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T h e  vo lum e d is tr ib u tio n  coefficien ts o f n ick e l(II)  an d  c o b a lt(I I )  io n s  on  cation  
ex change  resin  in  th e  p resence  of o x a la te  ions w ere calcu la ted , a n d  th e  o p tim u m  pH  
v a lu e  o f  th e  e lu e n t fo r th e  b e s t se p a ra tio n  a n d  th e  p eak  e lu en t vo lu m es w ere  p red ic ted  
using  ion exchange  e q u ilib riu m , com plex  s ta b il i ty  c o n stan ts  an d  o th e r  d a ta  ta k e n  from  
th e  l ite ra tu re . T he ca lcu la te d  p eak  e lu e n t vo lu m es w ere com pared  w ith  th o se  o b ta in ed  
in e x p erim en ts , an d  good ag reem en t w as found .

Io n  exchange c h ro m a to g ra p h y  as an  o p era tio n  can be c o m p a re d  to  
co n v e n tio n a l p a r ti t io n  c h ro m a to g ra p h y  in  p rin c ip le : th e  d is tr ib u tio n  of a 
species be tw een  th e  fix ed  a n d  m obile p h ase  is n o t contro lled  b y  so lu b ility  b u t 
r a th e r  b y  e lec tro ly tic  eq u ilib ria , since th e  ions to  he se p a ra te d  a re  b o und  
e le c tro s ta tic a lly .

T he ra te  of tra v e llin g  o f th e  ad so rp tio n  b a n d  of an ion on th e  ion  ex 
ch an g e  resin  co lum n is d ep en d in g  on its  d is tr ib u tio n  coefficient.

I f  th e  trav e llin g  ion is d en o ted  b y  B ,  th e  follow ing basic  e q u a tio n  is va lid  
for th e  ra te  o f  trav e llin g :

' d x \  =  J * ] _  =  _ l _  (1
d v ) B ( В ) D B

w here dx  d eno tes th e  in fin ite s im a lly  th in  lay e r o f  th e  colum n — ex p re sse d  as 
vo lu m e or r a th e r  vo lum e in c re m e n t — in  w h ich  th e  ion В  is d riv en  fo rw a rd  by  
d v  m l incom ing  e lu en t. T h e  te rm  in ro u n d  b ra c k e ts  is th e  c o n c e n tra tio n  o f th e  
ion in  th e  resin , th a t  in sq u a re  ones, in  th e  so lu tio n  phase. D B is th e  d is tr ib u tio n  
co effic ien t o f th e  ion B ,  d e fin ed  as th e  ra tio  o f th e  co n cen tra tio n  o f  th e  ion in 
th e  resin  ph ase  to  th a t  in th e  m obile i.e. liq u id  phase.

S e p a ra tin g  th e  v a riab le s  in E q . (1) a n d  ta k in g  th e  en tire  v o lu m e  X  o f  th e  
ion ex ch an g e  co lum n in to  c o n sid e ra tio n , in te g ra tin g  th e  e q u a tio n  fro m  v  =  0 
to  v  =  V  an d  x  =  0 to  x  =  X ,  th e  n e t  e lu en t vo lum e V  can  b e  o b ta in e d

V  =  X - D B ( 2)
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T h e d is tr ib u tio n  co e ffic ien t is considered as c o n s ta n t  d u rin g  e lu tion . T ak in g  
also th e  d ead  volum e o f th e  io n  exchange co lum n  in to  co n sidera tion , o r r a th e r  
a d d in g  i t  to  th e  n e t e lu e n t vo lu m e , th e  fo llow ing e q u a tio n  — v ery  usefu l in 
p ra c tic e  — is o b ta in ed :

Fmax =  X ( D  +  a) (3)

T h is  e q u a tio n , deduced  f ir s t  b y  G l u e c k a u f  [1], g ives th e  re la tionsh ip  be tw een  
th e  d is tr ib u tio n  coeffic ien t a n d  th e  peak  vo lum e o f e lu e n t passing  th ro u g h  th e  
co lu m n  u n til  th e  ion a p p e a rs  in  th e  effluen t in  m a x im u m  c o n cen tra tio n , a is 
th e  v o id  frac tio n  o f th e  c o lu m n .

D iffe ren t ions o f  s im ila r  beh av io u r can  be  s e p a ra te d  by  ion exchange 
c h ro m a to g ra p h y  if  th e  v a lu e s  o f  F max and  d is tr ib u tio n  coefficients, re sp ec tiv e ly , 
a re  d iffe re n t. The g re a te r  th e  ra tio  of th e  p e a k  e lu e n t volum es of th e  ions, th e  
m ore  e ffic ien t is th e  s e p a ra tio n .

T h e  efficiency o f  th e  se p a ra tio n  depends also  on k in e tic  fac to rs, w h ich  are  
re sp o n sib le  for th e  fo rm  o f th e  ch ro m ato g rap h ic  c u rv e s . On th e  basis o f  eq u ilib 
r iu m  calcu la tio n s o n ly  th e  ap p ro x im a te  p o sitio n  o f  th e  peaks, an d  th e  p ossi
b i l i ty  o f th e  sep a ra tio n  can  be  p red ic ted .

A n  a tte m p t w as m a d e  to  ca lcu late  th e  m o s t co n v en ien t p a ra m e te rs  
n e c e ssa ry  for th e  s e p a ra tio n  o f  b iv a len t cobalt a n d  n ick e l ions b y  ion exchange 
c h ro m a to g ra p h y . T h e  c a lc u la tio n s  w ere b ased  m a in ly  on th e  concept o f  R in g - 
b o m , w ho used successfu lly  th e  com plex eq u ilib r iu m  calcu lations in  v a rio u s 
fie ld s o f  an a ly tica l c h e m is try  [2].

T h e  d is tr ib u tio n  co effic ien t o f a b iv a le n t m e ta l  ion  on cation  exchange 
resin  co lum n in th e  ab sen ce  o f  a n y  com plex fo rm in g  su b s ta n c e  can be ca lcu la ted  
a p p ro x im a te ly  from  th e  io n  exchange eq u ilib riu m  eq u a tio n  in th e  follow ing 
w ay :

К* = Ш ± Г  (4)
[M ] ( A f

K x is th e  ap p a re n t e q u ilib r iu m  co n stan t e x p re ssed  w ith  co n cen tra tio n s  of th e  
ions ta k in g  p a r t  in  th e  io n  exch an g e  process. M  d e n o te s  th e  b iv a len t m e ta l ion 
to  be  e lu te d  and  A  th e  m o n o v a le n t ca tion  (sod ium , h y d ro g en , etc.) p re se n t in  th e  
e lu e n t so lu tion .

T h e  d is tr ib u tio n  co e ffic ien t can  be ex p ressed  as

D m  — №  = RX
[M]

i ( A ) _ Y
(5)

S ince th e  am o u n t o f th e  io n  A  is alw ays m uch  h ig h e r  in  ion  exchange c h ro m a to 
g ra p h ic  opera tions th a n  t h a t  o f  th e  ion M  to  be  e lu te d , as a f irs t a p p ro x im a tio n  
th e  c a p a c ity  of th e  co lu m n  (Q) can  be w ritte n  in s te a d  o f th e  c o n c e n tra tio n  of A
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in  th e  re sin  phase , an d  th e  K x v a lu e  can be assu m ed  as c o n s ta n t. T h e  d is tr ib u 
tio n  coeffic ien t can  be a p p ro x im a te ly  ca lcu la ted  b y  th e  follow ing lo g a rith m ic  
fo rm u la  [2]:

log D M ^  lo g ( K XQ2) -  2 log [A ]  (6)

S ince K x an d  Q are c o n s ta n ts  for a g iven  io n  p a ir  an d  ion  exch an g e  
co lu m n , th e  lo g arith m s of th e  d is tr ib u tio n  coeffic ien ts  o f b iv a le n t ions ch an g e  in 
th e  sam e w ay  w ith  th e  lo g a rith m  o f th e  e lu en t c o n c e n tra tio n  as can  be seen in

F ig . 1. L o g arith m ic  d iag ram  of d is tr ib u tio n  coefficients o f som e b iv a le n t m eta l ions in fu n c tio n  
o f th e  e lu e n t co n ce n tra tio n . (D a ta  ta k e n  from  ex p e rim e n ta l re su lts  o f Strelow  e t  al. [4])

Fig. 1. T h e  positio n  o f th e  lines depends on th e  v a lu e  o f  K x b u t  th e  lines ru n  
s im ila rly , all h av in g  a slope o f  —2 (co rrespond ing  to  th e  charge  ra tio  o f  th e  
ions: 2/1). T he ra tio  of th e  d is tr ib u tio n  coeffic ien ts  — th e  difference o f th e  
lo g a rith m s  — is c o n s ta n t a t  a n y  e lu en t c o n c e n tra tio n ; so its  v a lue  c a n n o t be 
in flu en ced  th is  w ay .

T h e  efficiency o f th e  se p a ra tio n  can  be in creased  b y  m eans of com plex ing  
ag en ts , w h ich  form  n e u tra l or n e g a tiv e ly  charged  com plexes o f d iffe ren t s ta b ili
ties w ith  th e  ions to  he  se p a ra te d . A ccording to  R i n g b o m  [2 ]  th e  lo g a rith m  o f 
th e  d is tr ib u tio n  coeffic ien t can  be ca lcu la ted  from  th e  follow ing eq u a tio n  if  th e
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e lu e n t co n ta in s  e.g. a d ib asic  ac id  H 2Y  as co m p lex an t:

log log X х — log <xM(Y) +  2 log Q — 2 log [A ] ( 7)

w h ere  x m (Y) is th e  com plex  fo rm a tio n  fu n c tio n  w h ich  can  be ca lc u la ted  if  th e  
to ta l  c o n c e n tra tio n  a n d  d isso c ia tio n  c o n s ta n ts  o f  th e  co m p lex an t a n d  also th e  
co m p le x  p ro d u c ts  of th e  com plexes fo rm ed  are  know n

a M(Y)
a Y(H)

Cv

ßMY
a Y(H)

[H ]/^ m h y  +

ßMY г +

L a Y(H)
(8)

Cy  d e n o te s  th e  to ta l  a n a ly tic a l c o n c e n tra tio n  o f th e  com plexing  a g e n t, th e  ß-s 
d e n o te  th e  com plex p ro d u c ts  a n d  ау(Н) th e  p ro to n a tio n  fu n c tio n  o f  th e  com plex 
fo rm in g  ligand .

aY(H) = 1 + [H] b [H]2~r^ (9)
/С 2

a n d  k 2 are  th e  d issoc ia tion  c o n s ta n ts  of th e  ac id  H 2Y.
I n  o rd er to  fin d  th e  o p tim u m  com position  o f  th e  e lu en t fo r th e  c h ro m a to 

g ra p h ic  sep ara tio n  of tw o  m e ta l  ions of sam e v a lence , th e  to ta l  a n a ly tic a l con
c e n tr a t io n  o f th e  co m plex ing  a g en t can  be v a ried , or i t  can  be  k e p t  c o n s tan t 
a n d  th e  p H  varied . B o th  fro m  th e o re tic a l an d  p rac tica l p o in ts  o f v iew  i t  is 
m o re  ex p ed ien t to  change th e  p H  o f th e  so lu tio n  and  keep  th e  ion concen
t r a t io n  co n stan t.

B y  v a ry in g  th e  p H , th e  free ligand  co n c e n tra tio n  can  be c h an g ed  very  
s e n s itiv e ly  an d  in m ost cases one can  fin d  th e  va lu e  of p H  a t w hich  th e  d is tr i
b u t io n  coefficients of th e  ions to  be se p a ra te d  m ak e  possible th e  b e s t sep a ra tio n . 
W h e th e r  stepw ise or g ra d ie n t e lu tion  is u sed  fo r th e  sep a ra tio n  o f m e ta l ion 
m ix tu re s  th e  detec tio n  can  b e  fa c ilita te d  i f  th e  ionic s tre n g th  o f th e  efflu en t is 
n e a r ly  c o n s ta n t an d  on ly  th e  p H  is varied .

N ick e l(II) an d  c o b a lt( I I )  ions c a n n o t be sep a ra te d  b y  m eans o f a cation  
e x c h a n g e  colum n if d ilu te  h y d ro ch lo ric  ac id  or sodium  ch lo ride so lu tio n  is used 
as e lu e n t. T he ion exchange c o n s ta n ts , th e  K x va lu es  of th e  tw o  ions re fe rrin g  to  
h y d ro g e n  or sodium  ions a re  close to g e th e r. A ccord ing  to  in v e s tig a tio n s , how 
ev e r, th e se  ions can be s e p a ra te d  successfully  u sin g  a 0.1 M  oxalic  ac id  -sodium  
o x a la te  e luen t. O x a la te  ion s h av e  a su itab le  m o b ility  an d  fo rm  com plexes of 
d if fe re n t s tab ilities  w ith  n ic k e l( I I )  an d  c o b a lt( I I )  ions.

U sing  E qs (7), (8) a n d  (9) a n d  l i te ra tu re  d a ta , th e  d is tr ib u tio n  coefficients 
o f  n ic k e l(II)  and  c o b a lt( I I )  ions w ere c a lc u la ted  a t  d iffe ren t p H  in  so lu tions 
c o n ta in in g  0.1 M  oxalic  ac id .

Acta Chim. Acad. Sei. Hung. 61, 1969



INCZÉDY ct al.: USE OF COMPLEX-FORMING AGENTS, I 265

T he w eight ion exch an g e  c o n s ta n t d a ta  ta k e n  from  li te ra tu re  were th e  
follow ing: К со_н =  1.99; Kplja- н  =  1-29 [3]. T he K ní_ h w as e s tim a te d  as 
1.94, considering  th e  d is tr ib u tio n  coefficient d a ta  o f  n ic k e l(II)  a n d  co b a lt(II)  
ions o b ta in ed  b y  St r e l o w  [4 ]. T he com plex p ro d u c ts  o f  th e  n ick e l(II)-  and  
c o b a lt( I I ) -o x a la te  com plexes: log  ßuiY  = 4 .5 ;  log /9níy8 =  7 .2 ; log  ^ níy8 =  

8.5 [5]; log /?coHsYa =  Ю .9; log /?Co h y  =  5 .6; log ß Co\  =  3 .72; log /?c o y 2 =  
=  6.03 (ionic s tre n g th  0.2) [6].

T he d issocia tion  c o n s ta n ts  of oxalic acid : log k Y =  — 1.4; log k2 =  — 3.8 
(ionic s tre n g th : 0.1) [7].

F i g .  2 .  Volume distribu tion  coefficients of nickel(II) and cobalt(II) ions a t d ifferent pH , 
using 0.1 M  oxalic ac id—sodium oxalate as eluent. The points of the curve were calculated 
by  means of equations (7), (8), and (9). The em pty and full circles were evaluated  from  the 

peak e luen t volum es found in experim ents using equation (3)

T he c a p ac ity  o f  th e  ion  exchange resin  A m b erlite  C G — 120 T y p e  I  used 
in th e  ex p erim en ts  w as fo u n d  to  be Q =  1.9 m v a l/m l; co lum n d e n s ity  a =  
=  0.42 g/m l.

Since in th e  c a lcu la tio n  th e  values of vo lum e d is tr ib u tio n  coefficients 
w ere req u ired , th e  w eigh t ion  exchange c o n s ta n ts  w ere co n v e rted  to  volum e 
c o n s ta n ts  in  the  fo llow ing  w ay :

К X  ____
CoH —

к w
CoH 9

cr

]< rx  _  л СоН 
^ C o N a  —

L NaH

1

a

w here  cr is th e  co lum n d en sity . T he co n s ta n ts  of n ic k e l(II)  ions w ere ca lcu la ted  
s im ila rly .

T he com plex p ro d u c ts  ta k e n  from  th e  l ite ra tu re  w ere used  in  th e  ca lcu la 
tio n s  w ith o u t co rrec tio n , since th e  ionic s tre n g th  o f th e  e lu en t in th e  ex p eri
m e n ts  d id  no t d iffer m u ch  from  th o se  for w hich th e  d a ta  w ere given.
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F ro m  th e  ca lcu la ted  d is tr ib u tio n  coefficien ts a lo g a rith m ic  d iag ram  was 
c o n s tru c te d  (Fig. 2).

T o  o b ta in  th e  o p tim u m  p H  v alue  for th e  e lu tio n , th e  ra tio s

Deo a
D Nl +  a

(w h ic h  correspond to  th e  r a t io s  o f th e  p eak  e lu e n t vo lum es) w ere also 
c a lc u la te d  and  th e ir  lo g a r ith m s  p lo tte d  ag a in st th e  p H  o f th e  so lu tio n . T he 
o b ta in e d  diagram  can  b e  seen  in  Fig. 3 (full line). T he cu rv e  has tw o

( 10)

0 1 2 3 A
pH

F i g .  3 .  Comparison of th e  p eak  e luen t volume ratios found in experim ents (circles) to the 
(^Co +  rt) /(Dfoj +  a) frac tions. F u ll line calculated using equations (7), (8) and (9)

a t  different pH

e x tre m e  values, one o f  w h ic h  is in  th e  acidic reg ion , w h ich  does n o t  ensu re  good 
s e p a ra t io n ;  the  m ax im u m  a t  p H  2.6, how ever, is re a lly  th e  o p tim u m  p H  for th e  
b e s t  sep a ra tio n . A t h ig h e r p H  va lues, th e  ra tio  o f  th e  d is tr ib u tio n  coefficients 
d oes n o t  decrease, b u t  th e  r a t io  o f  th e  p eak  e lu e n t vo lum es te n d s  to  1.

T h e  calculation  o f  th e  d is tr ib u tio n  coeffic ien ts a t  p H  2.6, a n d  also of th e  
p e a k  e lu en t volum es u s in g  e q u a tio n s  (7), (8), (9) a n d  (3) are  g iven  as follows. 
T h e  d a ta  of th e  ion e x c h a n g e  co lum n used la te r  in  ex p e rim en ts  w ere considered.

lo g  a 0 x H )  =  1-3
a Ni(0X) =  1 +  Н Г 2'3 • 1 0 - 41 +  К Г 4’6 • 107'2 +  l ( T fi-9 ■ IO8'5 ^  102'65 

log  D m  =  0.44 +  0.56 — 2.65 +  2 =  0.35 
D Ni =  2.24; Vmax Ni =  3 .08  (2.24 +  0.4) ^  8.1 ml 
aco(ox) =  1 +  10“ 2e • IO "2'3 • IO5'6 +  IO -8'2 • IO -4'6 • IO10’9 +  IO "2'3- 

.  103-7 4 -  10~ 4 ' °  • 10e-°3 ^  101-84 
lo g  D Co =  0.45 +  0.56 — 1.84 +  2 ^  1.17 
Deo =  14.8
V max, Co =  3.08 (14.8 +  0 .4 ) =  46.8 m l
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To e s tim a te  th e  e rro r caused  b y  th e  s im p lifica tio n  of E q s (6) a n d  (7), i.e. 
th e  su b s ti tu tio n  o f (N a) w ith  Q, e lu tion  e x p e rim e n ts  were ca rried  o u t w ith  
d iffe ren t a m o u n ts  o f  n ick e l(II)  ions b u t  w ith  th e  sam e e luen t an d  u n d e r  th e  
sam e co n d itio n s. I n  th is  series o f ex p e rim en t 1 M  am m onium  ch lo ride  so lu tio n  
w as used  as e lu e n t. V max va lues e v a lu a te d  fro m  th e  o b ta in ed  c h ro m a to g ra m s 
are  p re se n te d  in  F ig . 4. As can  be seen from  th e  fig u re , th e  sh ift o f th e  V max 
v a lu e  — a n d  o f th e  co rrespond ing  d is tr ib u tio n  coeffic ien t — is n o t g re a te r  th a n  
ab o u t 6 %  in  th e  ra n g e  in v e s tig a te d  i f  th e  a m o u n t o f  th e  e lu ted  ion is n o t  h ig h er 
th a n  1%  o f th e  co lum n c a p a c ity ; th e  p ro b ab le  e rro r  is o f th e  sam e o rd e r  of 
m ag n itu d e  as th e  re p ro d u c ib ility  o f e lu tion  ex p e rim en ts .

Fig. 4. T h e  v a r ia tio n  o f th e  p e ak  e lu e n t vo lu m e w ith  th e  a m o u n t o f th e  e lu ted  ion . E lu e n t:  
1 M  a m m o n iu m  ch lo rid e . Io n  exchange  co lum n: A m b e rlite  CG— 120 T y p e  I ;  7 X 8 2  m m .

T o ta l c ap a c ity  cca 6 m val. F lo w  ra te :  0 .4  m l/m in

E lu tio n  e x p e rim e n ts  w ith  n ick e l(II)  a n d  c o b a lt( I I )  ions w ere c a rr ie d  o u t 
using  0.1 M  oxalic  a c id —sodium  o x a la te  as e lu e n t o f  d iffe ren t p H ; fro m  th e  
o b ta in ed  ch ro m a to g ra m s th e  V max v a lues w ere e v a lu a te d , an d  also th e  vo lu m e 
d is tr ib u tio n  coeffic ien ts ca lcu la ted  using  e q u a tio n  (3). T he ra tio s  o f  th e  p e a k  
e lu en t vo lum es fo u n d  e x p e rim en ta lly  are  su m m arized  in  Fig. 3. T he d is tr ib u tio n  
coeffic ien ts  ca lc u la ted  from  th e  e x p e rim e n ta l d a ta  are  p resen ted  in  F ig . 2.

T he ch ro m a to g ra m  o b ta in ed  a t th e  se p a ra tio n  o f n ick e l(II) a n d  c o b a lt( I I )  
ions using  an  e lu e n t o f p H  2.6 can  be seen on F ig . 5. T h e  p eak  e lu en t vo lu m es 
w ere fo u n d  to  be as follows:

1 max,NI =  Ю ml 

1 max,Co =  15 m l

O n th e  basis  o f  th e  re su lts  o f e x p e rim e n ts  a n d  b y  co m p arin g  th e  c a l
c u la te d  a n d  e x p e rim e n ta l d a ta  one can  say  t h a t  eq u a tio n  (7) w as su ita b le  for 
th e  ca lcu la tio n  o f  th e  vo lum e d is tr ib u tio n  coeffic ien ts  o f  n ick e l(II)  an d  c o b a lt( I I )
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F ig . 5. C h ro m ato g rap h ic  se p a ra tio n  of n ick e l(II)  a n d  c o b a lt( I I )  ions using  0.1 M  o x a lic  a c id -  
so d iu m  o x a la te  so lu tion  of p H  2.6 as e lu en t. Ion  e x ch an g e  colum n: A m berlite  CG— 120 T ype  I ;  

7X 80  m m ; f ra c tio n  vo lum e: 2 m l. F lo w  ra te :  0.4 m l/m in

ions. O n  th e  basis of th e  c a lc u la ted  d is tr ib u tio n  coefficients a t d iffe re n t p H  
b u t  c o n s ta n t  e luen t c o n c e n tra tio n  also th e  o p tim u m  p H  could be p re d ic te d .

T h e  difference b e tw e e n  th e  ca lcu la ted  a n d  ex p e rim en ta lly  fo u n d  peak  
e lu e n t vo lum es (a t p H  2.6) is sm aller th a n  20 p e r  cen t.

Experimental

Reagents. In  all e x p e rim e n ts  A. G. reag en ts  w ere  used .
O x a lic  acid— sodium  o x a la te  e lu en t so lu tio n s o f  d iffe ren t p H  w ere p re p a re d  fro m  0.2 

M  o x a lic  ac id  solu tion . A fte r  d ilu tin g  500 m l 0.2 M  o x a lic  acid  so lu tion  to  a b o u t  900 m l u n d e r 
s t i r r in g  a n d  checking th e  p H , 1 M  sod ium  h y d ro x id e  so lu tio n  w as added  fro m  a  b u re t te  u n ti  
th e  re q u ir e d  p H  was reach ed . A fte r  d ilu tio n  to  one l it re , th e  p H  of th e  so lu tio n  w as checked 
b y  a  p H -m e te r .

0 .05  M  n ick e l(II) su lp h a te  a n d  c o b a lt(I I )  s u lp h a te  stock  solu tions w ere p re p a re d  by 
w e ig h in g  a n d  dissolving th e  c ry s ta llin e  chem icals. T h e  co n cen tra tio n  of th e  so lu tio n s w as also 
c h e c k e d  b y  com plexom etric  t i t r a tio n .

Ion exchange column. Io n  exchange  co lum n w ith  a resin  bed of 7 m m  d ia m e te r  and 
80 m m  le n g th  was p rep ared  fro m  A m b erlite  CG— 120 T y p e  I ca tion  exchange re sin  a f te r  th e  
u s u a l  p re lim in a ry  t re a tm e n t  [8]. T h e  colum n w as e q u ilib ra te d  w ith  th e  e lu e n t a n d  w ashed 
b e fo re  th e  e lu tio n  ex p erim en ts.

Elution experiments fo r th e  in v es tig a tio n  o f th e  e ffec t of th e  a m o u n t o f  th e  e lu te d  ion 
on  th e  p e a k  e lu en t vo lum e. Io n  ex ch an g e  colum n o f 7 m m  d iam e te r and  80 m m  h e ig h t was 
p r e p a r e d ,  co n v erted  to  th e  am m o n iu m  form  an d  w ash ed . 30 m icro liter o f th e  n ic k e l(II)  s u l
p h a te  s to c k  so lu tion  of g iven  c o n c e n tra tio n  was g iv en  on th e  colum n w ith  a m ic ro p ip e tte  and 
a f te r  w a sh in g  w ith  som e d ro p s o f w a te r , th e  e lu tio n  w ith  1 M  am m onium  ch lo ride  so lu tio n  as 
te lu e n  w a s  s ta r te d  w ith  a  flow  r a te  o f 0.4 m l/m in . T h e  e fflu e n t w as co llected  b y  m ea n s  of an  
a u to m a t ic  f ra c tio n  co llector (F ra c to m a t Y —2, H A K O , G F R ) in 1 m l frac tio n s , a n d  ana ly sed  
(see la te r ) .  F ro m  th e  o b ta in e d  o p tic a l d en sity  d a ta  e lu tio n  d iagram s w ere c o n s tru c te d  and  
th e  p e a k  e lu e n t volum es in  m l e v a lu a te d .

Elution experiments fo r se p a ra tio n  of trac e  a m o u n ts  of n ick e l(II) a n d  c o b a l t ( I I )  ions 
u s in g  o x a la te  ions c o n ta in in g  e lu e n t o f d iffe re n t p H . T he e lu tion  e x p e rim e n ts  were 
c a r r ie d  o u t  w ith  single ions a n d  a lso  w ith  ion p a irs  in  th e  follow ing w ay: T h e  ion  exchange 
c o lu m n  (7 X 8 0  m m ) w as f i r s t  eq u ilib ra ted  w ith  th e  e lu en t an d  w ashed  w ith  w a ter. 
30 m ic ro lite rs  of a 0.05 M  n ic k e l(II)  su lp h a te  a n d  0.05 M  c o b a lt(I I )  su lp h a te  so lu tio n  
w as t h e n  g iven  on th e  co lum n an d  w ashed w ith  som e drops o f w a te r . T h e  e lu tion  
w as c a r r ie d  o u t w ith  a  f lo w -ra te  o f 0.4 m l/m in . T h e  e fflu en t w as co llected  in  1— 4 
m l f ra c t io n s  au to m a tica lly  a n d  an a ly se d . On th e  b a s is  o f th e  ob ta in ed  d a ta  e lu tio n  d iag ram s 
w ere  c o n s tru c te d  and  p e ak  e lu e n t vo lum es e v a lu a te d .
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E stim a tio n  of n ick e l(II)  and  c o b a lt(I I )  io n s in  th e  effluen t. F o r th e  e s tim a tio n  of 
n ic k e l(I I )  ions 1.5 m l o f DM G re ag e n t so lu tio n  a n d  1 m l o f 0 .625%  p o tass iu m  io d a te  so lu
t io n  w as g iven  to  th e  e fflu en t p o rtio n  filled  u p  to  10 m l a n d  a f te r  30 m in  th e  o p tic a l d e n s ity  
m e a su re d  a t  520 n m  b y  m eans o f a Spekol (Zeiss, J e n a ,  G D R ) sp e c tro p h o to m e te r. DMG 
re a g e n t  so lu tio n : eq u al p a r ts  o f  20%  ta r ta r ic  ac id , 25%  sodium  h y d rox ide  a n d  0 .5 %  am - 
m o n ia c a l d im e th y l g lyoxim e w ere m ixed  [9].

F o r  th e  e s tim a tio n  of c o b a lt(I I )  ions 0.5 m l o f b u ffe r  so lu tion , 1 m l o f  1 : 4 am m o n ia  
a n d  0.5 m l o f  0 .05%  2 -n itro so -l-n a p h th o l so lu tio n  w as g iven  to  th e  frac tio n  d ilu te d  to  10 ml 
a n d  th e  o p tic a l d en sity  m easu red  a t  520 n m  a f te r  30 m in . B u ffe r so lu tion : 500 g  c itr ic  acid 
w as d isso lv ed  in  250 m l o f w a te r  a n d  filled up  to  1 l itre  w ith  cc. am m onia  so lu tio n  [10].
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PHYSIKALISCHE URSACHEN DES MATRIXEFFEKTES 
BEI DER SPEKTRALANALYSE 

TM GLEICHSTROMBOGEN*

L. R o s t

(S e k tio n  Geowissenschaften der B ergakadem ie Freiberg, D D R )

E ingegangen  am  27. M ai 1968

F ü r  die M a trix e ffek te  der q u a n ti ta t iv e n  S p e k tra lan a ly se  kom m en zwei U rs a c h e n 
k om plexe  in B e tra c h t ,  näm lich  chem ische V org än g e  bei de r P ro b ev erd am p fu n g  (ch em isch  
b ed in g te  M a tr ix e lfe k te )  u n d  physikalische V o rg än g e  im  P lasm a der S tra h lu n g sq u e lle  
(p h y sik a lisch  b e d in g te  M atrixeffek te). G eg en stan d  d e r  vorliegenden A rb e it sin d  n u r  die 
p h y sik a lisch  b e d in g te n  M atrixeffek te , d ie a m  B eisp ie l eines frei b re n n e n d e n  G le
ich s tro m b o g en s  n ä h e r  u n te rsu c h t w erden. D a b e i la s se n  sich im  w esen tlich en  v ier 
m ögliche E in ze lu rsach en  fe stste llen , die in  k o m p liz ie r te r  W eise Z usam m enw irken  k ö n 
n en . D iese U rsac h en  sind : die K opp lu n g  a lle r  T e ilch en k o n zen tra tio n en  im  P la sm a , 
d ie K o p p lu n g  zw ischen  T e ilch en k o n zen tra tio n en  u n d  B o g en tem p era tu r, d ie  T ra n s 
p o rtv o rg än g e  in  d e r B ogensäule u n d  die W ech se lw irk u n g  des in die E n tla d u n g sz o n e  
e in s trö m e n d en  P ro b ed am p fes  m it dem  P la sm a.

D ie q u a n t i ta t iv e  S p ek tra lan a ly se  b e ru h t  a u f  dem  Z u sam m en h an g  zw i
schen L in ie n in te n s itä t  u n d  T eilchend ich te  im  P la sm a  der S trah lu n g sq u e lle . 
D abei m a c h t m an  n o rm alerw eise  die V o rau sse tzu n g , daß die K o n z e n tra tio n s 
verhä ltn isse  d e r E le m e n te , wie sie in d er P ro b e  vorliegen , sich e n tw e d e r  im  
P lasm a w ied erfin d en  oder w enigstens in s te ts  g le icher W eise a b g e ä n d e rt w er
den. I s t  das n ich t d e r  F a ll, d ann  liegen »chem isch bedingte«  M a trix e ffek te  v o r, 
die a u f  die V orgänge bei d er P ro b e v e rd a m p fu n g  zu rückzu füh ren  s in d . D iese 
V orgänge k ö n n en  u n te r  anderem  als V e rd am p fu n g sb eh in d eru n g  d u rch  B ild u n g  
therm isch  s tab ile r  S y stem e [1, 2, 3] oder als u n te rsch ied lich e  V e rd a m p fb a rk e it 
infolge von  u n te rsch ied lich e r chem ischer B in d u n g  [4] in E rsch e in u n g  t r e te n .  
Auch w enn  d e ra rtig e  E ffe k te  keine R olle sp ie len , b e s te h t die S chw ierigkeit im 
m er noch  d a rin , d a ß  d e r Z usam m enhang  zw ischen  L in ien in ten s itä t u n d  T e il
ch en d ich te  im  P la sm a  der S trah lungsque lle  n ic h t  e indeu tig  ist. D ie U rsach e  
dafü r is t im  p h y sik a lisch en  V erhalten  des E n tla d u n g sp la sm a s  zu su ch en . E s is t 
deshalb  sinnvo ll, d en  G esam tkom plex  der E rsch e in u n g e n , die a u f  S tö ru n g e n  
der In te n s itä ts -K o n z e n tra tio n s -B c z ie h u n g  im  P la sm a  zu rückzu füh ren  s in d , als 
»physikalisch bed in g ten «  M atrixeffek t zu b eze ich n en .

A m  B eispiel des N o rm ald ru ck -N ied erstro m b o g en s sollen die P ro b le m e  
des phy sik a lisch  b e d in g te n  M atrixeffek tes im  fo lgenden  etw as g e n a u e r b e 
tra c h te t  w erden . D abe i is t zu bedenken , d aß  in  d e r  P rax is zwischen ch em isch  
und p h y sika lisch  b e d in g te n  M atrixeffek ten  o ft e ine enge W echselbeziehung  zu 
beo b ach ten  is t, die zu seh r unü b ersich tlich en  V erh ä ltn issen  fü h rt.

* N ach  e inem  im  J a n u a r  1968 in B erlin g e h a lten e n  V o rtrag .
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I

I m  L ich tb o g en  h e rrs c h t m it h in re ic h e n d e r  G enauigkeit th e rm isc h e s  
G le ich g ew ich t. Bei E m ission  aus op tisch  d ü n n e r  S ch ich t is t die I n te n s i tä t  d a n n  
b e s t im m t d u rch  den  E m issio nskoeffiz ien ten  e. F ü r  die L inie eines n e u tra le n  
A to m s  g ilt:

e =  —Í— A  h v JÍ2AL n 0 (1)
4 n  u0

D a b e i b e d e u te n  A  die Ü b e rg an g sw ah rsch e in lich k e it, h  die PbANCKsche K o n s 
ta n t e ,  v d ie F req u en z  des au sg es trah lten  L ic h te s , g 0,a das s ta tis t is c h e  G e
w ic h t  des an g ereg ten  Z u stan d es , u0 d ie Z u stan d ssu m m e des n e u tra le n  
A to m s , n 0 die Z ahl p ro  cm  ~3 der n e u tra le n  A to m e  im  G ru n d zu stan d  o d e r in 
irg e n d e in e m  an g ereg ten  Z u s ta n d , Xo,a d ie  A nregungsenerg ie , к d ie  B oltz
m a n n  K o n s ta n te  u n d  T  d ie ab so lu te  T e m p e ra tu r .

Im  T e m p e ra tu rb e re ic h  des N ied e rs tro m b o g en s  kom m en p ra k t is c h  n u r  
n e u tr a le  u n d  ein fach  io n is ie rte  A tom e d er A n a ly sen e lem en te  vor. D ie  G e sa m t
z a h l p ro  cm  _3 einer b e s tim m te n  S orte  is t d a n n  n 0 nx, wobei d e r I n d e x  a u f 
d ie  Io n is ie ru n g ss tu fe  h in w e is t. D er Z u sa m m e n h a n g  zwischen n Q u n d  n 1 ist 
d u rc h  d ie  SAHA-gleichung gegeben:

-П1— е- =  Ф(Т)  (2)
«о

n e b e z e ic h n e t die Z ah l p ro  cm  ~3 der fre ien  E le k tro n e n  u n d  Ф(Т)  (in  cm  ~3) 
d ie  F u n k tio n

lo g Ф(Т) =  -  +  4 lo g Г  +  l o g ^  +  15,38
1 2 ,  Uq

Xx is t  d ie  Io n is ie ru n g sen erg ie  in  eV , u 1 d ie Z u s tan d ssu m m e des e in fach  io n is ie r
te n  A to m s.

Z w ischen der G esam tzah l N  a ller T e ilch en  u n d  der T e ilch en zah l des 
b e t r a c h te te n  A n aly sen e lem en tes  im  B o g e n p la sm a  soll n u n  beim  G e sa m td ru c k  
P  e in  b es tim m tes  V e rh ä ltn is  bestehen , d as  a m  e in fachsten  d u rch  d en  M olen
b ru c h

■ ra° +  rai = c (N  =  P l k T ) (3)
N

zu  c h a ra k te ris ie re n  is t. c (z. B . in % ) ist also e in  M aß fü r die K o n z e n tra tio n  der 
in te re ss ie re n d en  T e ilch en so rte  in der S tra h lu n g sq u e lle .

D u rch  E in se tzen  v o n  (2) und  (3) in  (1) e rg ib t sich:

£ =  i - i b ^ C ------------ — ------------ e-x .,a ih T  ( 4 )
4 л  м0 1 +  Ф(Т)1пе
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D er E m issionskoeffiz ien t e in e r S p ek tra llin ie  h ä n g t d em n ach  n ic h t a lle in  
v o n  d e r K o n z e n tra tio n  c des b e tre ffe n d en  E lem en tes  im  P la sm a  ab , so n d e rn  
au ß e rd em  v o n  d er T e m p e ra tu r  T  u n d  d e r E le k tro n e n d ic h te  n e [5, 6].

F ü r  eine gegebene Z u sam m en se tzu n g  des P la sm as is t  ne n a tü r lic h  eine 
F u n k tio n  d e r T e m p e ra tu r . Ä n d e rt m a n  ab er die P la sm azu sam m en se tzu n g , 
d a n n  e rg ib t sich  bei b e s tim m te r T e m p e ra tu r  fü r  n e ein  a n d e re r  W e rt. D ie  
E le k tro n e n d ic h te  h ä n g t also n ic h t n u r  v o n  d er T e m p e ra tu r  ab , so n d ern  p a r a 
m e tr isc h  au ch  von  d er G esam tzu sam m en se tzu n g  des P lasm as.

E in e  e rs te  m ögliche U rsach e  des M atrix effek tes  b e s te h t also d a r in , d aß  
se lb s t bei g leicher T e m p e ra tu r  die L in ie n in te n s itä t  des A n aly sen e lem en tes  ü b e r  
die E le k tro n e n d ic h te  von  allen  a n d e ren  P la sm ak o m p o n en ten  b e e in flu ß t w ird . 
D ab e i sp ielen  E lem en te  m it g eringer Io ris ie ru n g sen e rg ie , die b e re its  bei k le in en  
K o n z e n tra tio n e n  die E le k tro n e n d ic h te  s ta rk  v e rä n d e rn , die H au p tro lle .

P rin z ip ie ll is t m an  n u n  in  d e r L age , diesen Teil des M atrix e ffek tes  th e o re 
tis c h  zu  üb erseh en . Zu dem  Z w eck is t  es erfo rderlich , die T e ilch en d ich ten  n 0 
u n d  n x fü r  v ersch iedene Z u sam m en se tzu n g  des P la sm as in  A b h än g ig k e it von  
d er T e m p e ra tu r  zu  berechnen . A us d e r T e ilch en k o n zen tra tio n  des A n a ly sen e le 
m e n te s  e rg ib t sich d an n  le ich t d e r E m issionskoeffiz ien t u n d  d a rau s  die I n te n 
s i tä t  e iner b e s tim m te n  A nalysen lin ie . D as G le ichungssystem , das m an  bei d iese r 
A u fg ab e  zu  b e a rb e ite n  h a t, s ieh t z. B . fü r  L u ft m it den K o m p o n en ten  N 2, 0 2, 
N O , N , 0 ,  N +, 0 + fo lgenderm aßen  aus:

1 D A L T O N sc h e s  G e s e t z

1 Q u a s in e u tra litä tsb e d in g u n g
3 M assenw irkungsgesetze
2  S A H A g le ic h u n g e n

1 M assen v erh ä ltn is  (N  : 0 )

8 G leichungen  fü r die 8 u n b e k a n n te n  T e ilch en d ich ten  n (N )2, . . ., n (0 T) 
u n d  n e.

M ischt m an  d er L u ft n och  A nalysen - u n d  S tö re lem en te  zu, d an n  e rw e ite r t 
sich  d e r U m fang  d er G leichungen fü r  jed es  h in zu k o m m en d e  E le m e n t um  2. D a  
die G le ichungen  n ich tlin ea r  sind , is t  d er A ufw and  bei der L ösung  erheb lich .

I I

E in e  K om pliz ie rung  des M atrix p ro b lem s h ä n g t m it d en  E ig en sch aften  des 
B ogens zusam m en . D ie Schw ierigkeit b e s te h t in sbesondere  d a rin , d aß  die B o 
g e n te m p e ra tu r  m it der E le k tro n e n d ic h te  geko p p elt is t. A lle Ä n d eru n g en  d e r 
E le k tro n e n d ic h te  fü h ren  d a m it n o tw en d ig  zu Ä nd eru n g en  d er B o g e n te m p e ra 
tu r . E in ig e rm aß en  ü b ersich tlich  s ind  die V erh ä ltn isse  noch  bei einem  G leich 
s tro m b o g en , der wie üb lich  m it k o n s ta n te r  S tro m stä rk e  b e tr ie b e n  w erden  soll. 
B e k a n n tlic h  s in k t bei einem  solchen B ogen  die T e m p e ra tu r , w enn m an  die
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E le k tro n e n d ic h te  d u rc h  Z usatz  le ich t io n is ie rb a re r  E lem en te  e rh ö h t. T ro tz  der 
n u n m e h r  n ied rig e ren  B o g e n te m p e ra tu r  b le ib t  die E le k tro n e n d ic h te  ü b er dem  
a n fän g lich en  W e rt [5, 6, 7].

E in e  zw eite m ögliche  U rsache fü r  d en  M a trix e ffek t im  B ogen b e s te h t also 
d a r in , d aß  sich T e m p e ra tu r  u n d  E le k tro n e n d ic h te  des B ogens än d ern , w enn sich 
die P la sm a z u sa m m e n se tz u n g  än d ert.

D er M echan ism us des M atrix effek tes  l ä ß t  sich  bis h ie rh e r wie folgt v e r
an sch au lich en . B ei g le ichb le ibender K o n z e n tra tio n  des A nalysene lem en tes im  
P la sm a  b ew irk t e ine  V erän d eru n g  d er ü b r ig e n  K o m p o n e n te n  V ersch iebungen  
v o n  E le k tro n e n d ic h te  u n d  T em p era tu r . B e ide  E in flü sse  v e ru rsa c h e n  n ach  G lei
ch u n g  (4) In te n s itä ts ä n d e ru n g e n  d er A n aly sen lin ie , obw ohl die K o n z e n tra tio n  
c des A n a ly sen e lem en tes  k o n s ta n t geb lieben  is t.

A u f der G ru n d lag e  des sog. K an a lm o d e lls  d er L ich tb o g en säu le  k an n  m an  
die m öglichen  In te n s itä ts ä n d e ru n g e n  info lge des M atrix effek tes  w en igstens 
n äherungsw eise  q u a n t i ta t iv  übersehen  [7]. E in e  g enauere  B e tra c h tu n g  m uß  
die rad ia le  T e m p e ra tu rv e r te ilu n g  im  B ogen  b e rü ck sich tig en  (L ösung der 
E l e n b a a s  — HELLERschen G leichung). U n te rsu c h u n g e n  in  d ieser R ich tu n g , die 
a lle rd in g s n u r  die Ä n d e ru n g  der T e m p e ra tu rv e r te ilu n g  bei V a ria tio n  der P la s 
m azu sam m en se tzu n g  zum  In h a lt  h a b e n , fü h r te  K r in b e r g  [8] d u rch .

II I

D ie bis j e tz t  an g e s te llte n  B e tra c h tu n g e n  b a s ie rte n  a u f  d e r V o rau sse tzu n g , 
d a ß  die im  L ic h tb o g e n  au ftre te n d en  F e ld s tä rk e n  u n d  T e m p e ra tu rg ra d ie n te n  
v e rn ach lä ss ig t w e rd en  können . Bei e inem  re a le n  B ogen is t das n u n  keinesw egs 
d e r F a ll, u n d  m a n  m u ß  deshalb  die F ra g e  s te llen , wde sich  F e ld s tä rk e n  und  
T e m p e ra tu rg ra d ie n te n  a u f  die fü r die S p e k tra la n a ly se  in te ress ie ren d en  E rsch e i
n u n g e n  im  B ogen au sw irk en . Diese F ra g e s te llu n g  fü h r t  zu  dem  ko m p liz ie rten  
u n d  n och  w enig u n te rs u c h te n  K om plex  d e r D iffusions- bzw . E n tm isc h u n g sv o r
gänge. E s is t e ig en tlich  seit langem  b e k a n n t, d aß  sich  die T eilchen  im  B ogen 
w ed er in  ax ia le r n o c h  in  rad ia le r R ic h tu n g  g le ichm äßig  v e rte ilen . D am it w ird  
das M isch u n g sv erh ä ltn is  d er einzelnen T e ilch en so rten  o rtsab h än g ig .

D ie E n tm isch u n g se ffek te  im  B ogen  s in d  v o r allem  b e im  N achw eis k le in e r 
G eh a lte  w ich tig . Sie k ö n n e n  zur V erb esse ru n g  oder V ersch lech teru n g  der N a c h 
w e isem p fin d lich k e it fü h ren .

B e tra c h te t  m a n  zu n äch st die A ch sen rich tu n g , d a n n  k a n n  m an  den  E in 
f lu ß  eines T e m p e ra tu rg ra d ie n te n  v e rn ach lä ss ig en . D as äu ß ere  elek trische  F eld  
b e w irk t n u n , d aß  sich  die Ionen  v o r d er K a th o d e  und  die N e u tra lte ilc h en  vor 
d e r  A node a n re ich e rn . D er sp ek tro sk o p isch e  N achw eis dieses E ffek tes  s ta m m t 
v o n  Ma n n k o p f f  u n d  P e t e r s  [9]. In  d e r S p e k tra la n a ly se  w ird  er als »G lim m 
sch ich tv erfah ren «  z u r  B estim m ung  k le in e r G eh a lte  le ich t io n is ie rb a re r E lem en te  
a u sg e n u tz t.
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In  ra d ia le r  R ic h tu n g  b es teh t ein s ta rk e r  T e m p e ra tu rg ra d ie n t u n d  ein 
inneres e lek trisches F e ld . Im  G leichgew icht re s u lt ie r t  eine E n tm isc h u n g , die 
sich fo lg en d erm aß en  c h a rak te ris ie ren  lä ß t  [10]. D ie le ich t io n is ie rb a ren  E le 
m en te  re ichern  sich  in  den  äu ß eren  B o g en b ez irk en  an , wobei die A n re ich e ru n g  
m it z u n eh m en d e r K o n z e n tra tio n  k leiner w ird . Z u r  B ogenachse h in  fo lgen  L inien  
m it w ach sen d er A nregungsenerg ie . D er e x p e rim e n te lle  B efund is t im  w esen t
lichen b e re its  se it d en  U n te rsu ch u n g en  Len a r d s  im  J a h re  1903 b e k a n n t [11].

Die B erech n u n g  so lcher E n tm isch u n g sv o rg än g e  im  Bogen is t p rin z ip ie ll 
m öglich , w enn au ch  n ic h t ganz einfach. D azu  s in d  haup tsäch lich  zw ei W ege 
b e sc h ritte n  w orden , die zum  selben E rg eb n is  fü h re n  [12]. Ma e c k e r  u n d  F rie  
[13] gingen von  d e r T h e rm o d y n am ik  irre v e rs ib le r  Prozesse aus u n d  S c h l ü 
t e r  [14] vom  h y d ro d y n am isch en  M odell des P lasm as. D er U n te rsch ied  zur 
obigen B e trach tu n g sw e ise  b e s te h t vo r allem  d a r in , d aß  die k o n s ta n te n  M assen
v erh ä ltn isse  d u rch  en tsp rech en d e  K o n tin u itä ts -  u n d  B ew egungsgleichungen  
fü r  jed e  d iffu n d ie ren d e  T e ilchensorte  e rse tz t w e rd en  m üssen. N eben  d en  re in  
th e rm o d y n am isch en  G rößen  wie P a r tia ld ru c k  u n d  T em p era tu r k o m m en  also 
auch  die D iffusionsgeschw ind igkeiten  der T e ilch en  als dynam ische G rö ß en  ins 
Spiel. E in e  w eitere  S chw ierigkeit b e s te h t d a r in , d aß  dieses M odell m it  dem  
T e m p e ra tu rfe ld  des B ogens v e rk n ü p ft w erd en  m u ß , das ja  se inerseits in  s ta r 
kem  w echselseitigem  Z u sam m en h an g  m it d e r T e ilchenverte ilung  s te h t .  D iese 
A ufgabe, die ü b e r d ie  E n erg ie -B ilanzg le ichung  des B ogens, etw a in  d e r  E l e n 
b a a s— ÜELLERschen F o rm , zu bew ältigen  w äre , is t o ffenbar noch n ic h t in  A n
griff genom m en w orden .

Die K o p p lu n g  zw ischen  T e ilch en v e rte ilu n g  u n d  T e m p e ra tu rv e rte ilu n g  
ü b e r dem  B o g e n q u e rsc h n itt is t nun  eine d r i t te  m ögliche U rsache des M a tr ix 
effek tes. Sie b e s te h t d a r in , d aß  V erän d eru n g en  d e r  T e ilchenverte ilung  d e r  einen  
S o rte , die e tw a d u rc h  w echselnde Z u sam m en se tzu n g  der P roben  h e rv o rg e ru fen  
sein m ögen, zu  Ä n d e ru n g en  d er T e m p e ra tu rv e r te ilu n g  und  der V e rte ilu n g  aller 
a n d e ren  T e ilch en so rten  u n d  d am it der I n te n s i tä te n  führen .

IV

Schließ lich  is t noch  die Z ufuhr des P ro b e d a m p fe s  in den B ogen u n d  die 
W echselw irkung  m it dem  B ogenplasm a v o n  E in f lu ß  a u f  die V e rte ilu n g  von 
T eilchen  d ich te  u n d  T e m p e ra tu r  u n d  d a m it a u f  d ie  L in ien in ten s itä ten . D en  
oben b esch riebenen  T ran sp o rte rsch e in u n g en  im  B ogen  überlagern  sich  n äm lich  
M assenström e, die d u rc h  die V erdam pfung  d e r  P ro b e  bzw. der E le k tro d e n 
su b s ta n z  e n ts te h e n  u n d  d ie zu einer M odifiz ierung  d e r Teilchen- und  T e m p e ra 
tu rv e rte ilu n g e n  fü h re n . D ab e i f in d e t w iederum  eine  gegenseitige B ee in flu ssu n g  
d er e inzelnen  T e ilch en so rten  s ta t t ,  die eine v ie r te  m ögliche U rsache  fü r  den 
M atrix e ffek t im  B ogen  d a rs te llt .
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B ei den  in  der S p e k tra la n a ly se  zu m eist v e rw en d e ten  A n o rd n u n g e n  von  
g e b o h r te n  u n d  g esto p ften  K o h lee lek tro d en  e rfo lg t die V erd am p fu n g  in  das 
P la sm a  asy m m etrisch , w eil d ie  E n tla d u n g  a u f  dem  ringförm igen  R a n d  der 
E le k tro d e  an se tz t. D ie Z u fü h ru n g  des D am p fes  is t  deshalb n ic h t re in  ax ia l, 
so n d e rn  es tre te n  auch  ra d ia le  u n d  az im u ta le  G esch w in d ig k e itsk o m p o n en ten  
au f. D a d u rc h  w ird  eine th e o re tisc h e  B e h a n d lu n g  sehr erschw ert. F ü r  ax ia le  
M assen e in s trö m u n g  g ib t es A n sä tze  von  Sc h m it z  u n d  P att [15], fü r  ra d ia le  
M assen e in s trö m u n g  von  D r u x e s  [16], die a lle rd in g s  in beiden  F ä lle n  u n te r  
e tw as  a n d e re r  Z ielsetzung  a u fg es te llt w u rd en .

E in e  m ehr pau sch a le  B esch re ib u n g  d e r  s ta tio n ä re n  T e ilc h e n v e rte ilu n g  
im  B o g en  b e ru h t au f der B e tra c h tu n g  d e r D iffusionsvorgänge, die sich  beim  
» D u rch strö m en «  des P ro b ed am p fes  d u rch  d ie  E n tlad u n g szo n e  a b sp ie len  [17, 
18, 19]. D ab e i m uß  s tren g g en o m m en  fü r  je d e  T eilchensorte  eine D iffu s io n s
g le ic h u n g  e rfü llt sein, denen  n o ch  die spez ifisch en  G leichungen des B o g en s h in 
z u g e fü g t w erden  m ü ß ten . D ie gegenseitige W echselw irkung  der e in ze ln en  T e il
c h e n so r te n  w äre d an n  z. T . in  den D iffu sio n sk o effiz ien ten  e n th a lte n . U b e r  den 
E in f lu ß  d e r P lasm azu sam m en se tzu n g  a u f  d ie  D iffusionskoeffiz ien ten  d e r  e in 
ze ln en  T e ilch en so rten  im  B ogen  liegen a lle rd in g s n u r  wenige U n te rsu c h u n g e n  
v o r  [20, 21]. Zu bed en k en  is t  end lich , d aß  d e r  D iffusionstrom  g ew ö h n lich  n u r  
e ine K o m p o n e n te  im  G esam tk o m p lex  d er S trö m e  im  Bogen a u sm a c h t.

D ie  g en an n ten  v ie r U rsach en  fü r  d en  M a trix e ffe k t tre te n  n a tü r l ic h  s te ts  
g e k o p p e lt au f. D ie vorliegende D arste llu n g sw eise  is t  deshalb n ic h t g an z  fre i von  
W illk ü r . E s  erschien  tro tz d e m  n ü tz lic h  die U rsa c h e n  in  dieser F o rm  h e ra u s z u 
s te lle n , w eil sich d a ra n  zeigen lä ß t, w ie k o m p liz ie r t das P rob lem  des M a tr ix 
e ffek te s  w ird , w enn m an  d ie  B e tra c h tu n g  v e rfe in e r t.
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CALCULATION OF THE INFLUENCE OF THE OHMIC 
RESISTANCE OF THE CELL ON THE THIRD HARMONIC 
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T he th eo re tic a l re la tio n sh ip s  derived  fo r th e  th ird  h a rm o n ic  a.c. flow ing  th ro u g h  
th e  cell u n d e r  th e  effec t o f sm all a m p litu d e  sinuso idal v o ltag e  superim posed  on th e  d.c. 
p o lariz in g  p o te n tia l  in case o f  reversib le  p o laro g rap h ic  re ac tio n  were a m en d ed  b y  cor
re c tio n  te rm s  tak in g  in to  a cc o u n t th e  ohm ic resis tan ce  o f th e  cell. C alcu la tio n  accord ing  
to  th e  co rrec tio n  te rm s show  th a t  th e  decrease o f th e  th ird  ha rm o n ic  a .c . a m p litu d es  
u n d e r  th e  effec t o f th e  ohm ic resis tan ce  of th e  cell is g re a te r  w hen th e  a n g u la r  freq u en cy  
o f th e  a .c. v o ltag e  an d  th e  co n ce n tra tio n  of th e  d ep o la rize r are  increased  a n d  w hen  th e  
n u m b er o f th e  e lectrones in v o lv ed  in th e  e lectrode re ac tio n  is h igher.

In  a p rev io u s co m m u n ica tio n  [1] we gave a th e o re tic a l t r e a tm e n t  o f th e  
f irs t an d  second as well as th e  th ird  harm on ic  [2] co m p o n en t o f th e  a lte rn a tin g  
c u rre n t flow ing  th ro u g h  th e  cell w hen  a sinuso idal v o ltag e  o f sm all a m p litu d e  
is sup erim p o sed  o n to  th e  p o la riz in g  d.c. p o te n tia l. T he d ependence  o f th e  
a m p litu d e  o f th e  harm on ics on th e  o v e rp o ten tia l, th e  a n g u la r  freq u en cy  and  
th e  a m p litu d e  o f  th e  a.c. v o ltag e  as well as on th e  tra n s fe r  coeffic ien t an d  th e  
exchange c u rre n t w as s tu d ie d  in  th e  case o f d iffusion  a n d  charge  tra n s fe r  p o la r
iza tions. T h e  re su lts  w ere d iscussed  in  d e ta il for th e  case o f rev e rs ib le  p o la ro 
g rap h ic  reac tio n s .

In  a.c . p o la ro g rap h y  an d  especially  in  th e  s tu d y  o f  e lectrode k in e tic s  th e  
ohm ic p o te n tia l  d rop  on th e  m easu rin g  cell m u st he ta k e n  in to  co n sid e ra tio n . 
T he im p o rta n c e  o f th is  co rrec tio n  has been p o in ted  o u t b y  m an y  w orkers [3, 4 ], 
how ever, th e  c o n tr ib u tio n  o f th e  h igher harm on ics o f  th e  a.c. c u rre n t to  th e  
ohm ic p o te n tia l  d rop  w as assum ed  to  be negligible.

In  a re c e n t p a p e r [5] we derived  co rrec tion  te rm s  fo r th e  ohm ic d rop  
re la tin g  to  th e  f irs t  an d  second  harm o n ic  co m p o n en t o f  th e  a.c. c u rre n t p re 
cisely  ta k in g  in to  acco u n t th e  cell im pedance  in  th e  case o f rev ers ib le  p o la ro 
g raph ic  reac tio n . I n  th e  p re se n t w ork  these  ca lcu la tio n s are  e x ten d ed  to  th e  
th ird  h a rm o n ic  co m p o n en t o f  th e  a.c . c u rren t.

T he a m p litu d e  o f  th e  th ird  h arm on ic  a.c . c u rre n t in  th e  case o f rev e rs ib le  
p o la ro g rap h ic  reac tio n  is given b y  th e  follow ing fo rm u la  [2]:

h  — \ R T ) 3 r̂ 0> (Ao F  A o К A )

3 — 2 ch2- 3̂— (w — ri y) 
2 R T

chx — —  (v - ~  Vv)
2 R T

( 1 )
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w h ere  D y and D2, C10 a n d  C20 are th e  diffusion coeffic ien ts an d  th e  co n cen tra 
tio n s  in  th e  bu lk  o f th e  so lu tio n  o f th e  reduced  a n d  oxid ized  fo rm , resp ec tiv e ly , 
o f  th e  com ponen t ta k in g  p a r t  in  th e  e lectrode re a c tio n , со is th e  a n g u la r  fre 
q u e n c y  o f  th e  a.c. v o lta g e , r j^  is th e  am p litu d e  o f  th e  a.c . v o lta g e , r?= is th e  
t im e  av erag e  value o f  th e  o v e rp o te n tia l, г]уг is th e  half-w ave p o te n tia l, T  is 
th e  te m p e ra tu re  on th e  K e lv in  scale, R  is th e  u n iv e rsa l gas c o n s ta n t a n d  F  is th e  
F a r a d a y  co n stan t.

Í _____ L

Fig. 1. E q u iv a le n t  c irc u it  o f  th e  e lectrode in  th e  case o f cell re s is tan c e  R n

T h e eq u iv a len t c irc u it  o f th e  cell is re p re se n te d  in  F ig . 1 w here  R 0 is th e  
o h m ic  resistance o f th e  cell, C is th e  double la y e r  c a p a c ity  a n d  Z p  is th e  fa rad - 
a ic  im pedance . T he l a t t e r  is th e  re s u lta n t o f  th e  p a ra lle lly  co n n ec ted  R p p o la r
iz a tio n  resistance a n d  Cp “ p se u d o cap ac ity ” :

1

Z F
--------b j (°C
R p

( 2)

w h ere  j  =  ] /— 1
T he p o la riza tio n  re s is ta n c e  an d  th e  p seu d o c a p a c ity  can  be  expressed  b y  

th e  following fo rm u la  (cf. R ef. [5], E q . [6])

R r
cdCp =

(*F)* 
]/2 R T

T«> (c J d ;  +  c . J d 2)

zF  , 
e R T  ('1- -r>vJ

(1
zF  

> RT

(3)

T he a.c. v o ltag e , r s i n  cot im posed  on th e  cell is n o t ap p lied  to  th e  elec
tro d e  im pedance since  a co n sid e rab le  ohm ic d ro p  arises on th e  ohm ic resistance  
o f  th e  cell. The a .c . v o lta g e  a m p litu d e  on th e  e lec trode  im p ed an ce  is given b y  
th e  following fo rm u la  (cf. R e f  [5], E q . [3a]):

' l l  R n)2 Rn 2
/  l  +  ~  + —5- +  со R 0C
r l « p i R p

(4)

w h ere  is th e  a m p litu d e  o f th e  a.c . v o ltag e  im p o sed  on th e  cell.
In  order to  d e riv e  th e  ex ac t co rrec tion  te rm  fo r th e  th i rd  h a rm o n ic  com 

p o n e n t of th e  a.c. c u r re n t ,  th e  ohm ic d rop  exp ressed  b y  E q . (4), fu r th e r  th e
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sh u n tin g  effect o f th e  re s is ta n c e  R 0 are  to  be ta k e n  in to  acco u n t. T h u s  th e  equ i
v a le n t c ircu it o f th e  cell is to  be tra n sfo rm e d  as in  th e  case o f th e  calcu la tion  
o f th e  co rrec tion  te rm  fo r th e  second h a rm o n ic  a .c . c u r re n t [5] (F ig . 2).

A  sine-w ave v o ltag e  o f  со an g u la r freq u en cy  th a t  does n o t c o n ta in  higher 
h arm o n ic  co m p o n en ts  is im p o sed  to  th e  p o in ts  A a n d  В o f th e  cell i.e. to  th e  
re s u lta n t  of R 0 an d  Z e co n n ec ted  in  series. T h u s  A  an d  В are  a t  e q u a l p o ten tia ls  
as fa r  as th e  th ird  h a rm o n ic  a.c . co m p o n en t is co n cern ed  an d  th e y  can  be

A
Г

в
F i g . 2 . Equivalent circuit of the electrode relating to the third harmonic component of the

a.c. c u rre n t

considered  as sh o rt c irc u ite d  in  th e  e q u iv a len t c ircu it. A cco rd ing ly  in  th is  case 
th e  resis tan ce  R 0 an d  th e  e lec tro d e  im pedance  Z e can  be re p re se n te d  in  paralle l 
connection . T he e lec tro d e  im p ed an ce , Z e(3aly is g iven  b y  th e  fo llow ing form ula

---- —  =  — ------- b j  3 (oC
% е Ы )  % F (  3b)

(5)

i.e. i t  is defined  as in  E q . (2) b u t  a t  th e  freq u en cy  3ft) o f  th e  th ird  harm onic. 
T h e  ap p earan ce  o f th e  th ird  h arm o n ic  co m p o n en t in  th e  a .c . c u rre n t flow ing 
th ro u g h  th e  cell is a consequence  o f th e  n o n -lin e a rity  o f  th e  e lec tro d e  im pedance, 
th u s  th e  la t te r  can  be re p re se n te d  as a c u rre n t g e n e ra to r  p ro d u c in g  a c u rren t i* 
an d  h av in g  an  in te rn a l re s is ta n c e  eq u a l to  Z e (3my  A cco rd ing  to  th e  eq u iva len t 
c irc u it o f Fig. 2, ta k in g  in to  co n sid e ra tio n  K irc h h o ff’s law , we have

h  R 0 ~  (* 3  *3)

Z e(3o)

R n
R

+ j
.1 R „

p( 3») R
+  3 coR0C

р Ы )

w here i3 is th e  th i rd  h a rm o n ic  c u rre n t flow ing  th ro u g h  th e  e lec tro d e . H ence the  
a b so lu te  value o f  th e  th i rd  h arm o n ic  c u rre n t d e n s ity  is

/
( i  +  3 -

2

+
/

R p ( 3 a ) R
Яо
р(3в)

(6 )

-J- 3 ojR qC
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F in a lly  un iting  th e  c o rre c tio n  te rm s we o b ta in :

1/3 (Zl,\ b » ( C j D ,  + C j D 2)

z  F
3 — 2ch2 ------- (w_ — riy)

2 R T  K ~

192 (R T )3 z F
c/i4 ------- (ri= — r j y )

2 R T
( ? )

„03

1 + Ro
R p(io)

+
Rn

R
coR0C

P(  и )

2 1 3 / 2 \  (  Rn 2

/ 1 + +
1 - ^ р ( З о )  .

R
R

-2— +  3 coR0C
P (  З и )

F o rm u la  (7) rep resen ts th e  a m p li tu d e  of th e  th ird  h a rm o n ic  a.c. c u rre n t flow 
in g  th r o u g h  th e  cell u n d e r th e  e ffec t o f th e  sine w ave a.c. v o ltag e  o f am p litu d e  

su p e rim p o sed  on th e  d ire c t p o te n tia l  rj= as a fu n c tio n  o f z, C10, C20, Усо, 
r)=, r f  a n d  R 0.

F ig . За

F ig . 3. T h e  cu rren t d en sity  o f th e  f i r s t  harm on ic  a.c. co m p o n en t ( i3) vs. th e  d .c. p o ten tia l 
(Ar) =  — 7]y) for R 0 =  0, 25, 50 a n d  100 O hm  resp . (C10 =  0, C20 =  1 • 10-3 m ole/1 and

a =  1); a )  y ö j =  10; b) fcő  — 20; с) у  to =  50
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C alcu la tions w ere m ad e  in  o rd e r to  e v a lu a te  E q . (7) since th e  fo rm u la  
c o n ta in in g  m a n y  v a ria b le s  is r a th e r  com p lica ted . T h e  re su lts  o f these  ca lcu la 
tio n s  are  re p re se n te d  in  F igs 3 to  7 p lo tte d  as a fu n c tio n  o f  each  variab le . (F o r 
sake  o f  conven ience  th e  va lu es  D  =  1 • 10 -5 cm 2 sec -1 a n d  =  1 • 10 ~2 V  w ere 
assum ed .)

F ig . 3 show s th e  a m p litu d e  o f th e  th i rd  h a rm o n ic  a.c. co m ponen t as a 
fu n c tio n  o f rj= in  case o f  z =  1, for R a =  0, 25, 50 a n d  100 resp ., while C10 =  0, 
C,i0 =  1, 10 ~3 m ole/1 , a n d  ]/со =  10, 20 a n d  50, re sp ec tiv e ly . I t  is a p p a re n t 
from  F ig . 3 t h a t  th e  a m p litu d e  of th e  th ird  h a rm o n ic  a.c. cu rren t d en sity  d e 
creases b y  in c reasin g  R 0 a n d  z.

F ig . 4. T h e  ra tio  o f th e  m ax im u m  am p litu d e s  of th e  th ird  h a rm o n ic  a .c . c u rre n t d en sity  a p p e a r
in g  a t  th e  ha lf-w av e  p o te n t ia l  a n d  a t  m ore  n e g a tiv e  a n d  p o sitiv e  p o ten tia ls  th a n  th e  la t te r  
p lo tte d  as a fu n c tio n  of th e  sq u are  ro o t o f th e  a n g u la r  f req u e n c y  o f th e  a.c. vo ltage  fo r R 0 —

=  0, 25, 50 an d  100 O h m  resp .

T his effect is g re a te r  on  th e  m ax im u m  a m p litu d e  o f is ap p earin g  a t  th e  
h a lf-w av e  p o te n tia l  th a n  on th e  m ax im u m  a m p litu d e s  a t  m ore n eg a tiv e  an d  
m ore  p o sitiv e  p o te n tia ls  re fe rred  to  th e  ha lf-w ave  p o te n tia l. (In  case of po laro - 
g ra p h ic a lly  rev ersib le  e lec trode  reac tio n  th e  la t te r  tw o  am p litu d es are  equal.)

I t  is n o te w o rth y  th a t  in  th e  case of th e  th i rd  h a rm o n ic  a.c. co m p o n en t 
th e  c o rrec tio n  fo r th e  ohm ic d rop  affects c o n sid e rab ly  th e  am p litu d e  o f th e  a.c. 
c u r re n t w hile th e  d ifference  o f  th e  m ore n e g a tiv e  a n d  m ore  positive  p eak  p o te n 
tia ls , re sp ec tiv e ly , th a n  th e  half-w ave p o te n tia l  is ch an g in g  m uch  less th a n  in  
th e  case o f th e  second  h a rm o n ic  a.c. co m p o n en t [5]. I t  is in te re s tin g  to  n o te  
t h a t  th e  decrease o f  th e  ra tio  o f th e  m ax im u m  a m p litu d e s  o f th e  th ird  h arm on ic  
a .c . co m p o n en t a t  th e  half-w ave p o te n tia l  a n d  a t  m ore  n eg a tiv e  (or positive) 
p o te n tia l  th a n  th e  la t te r  as a fu n c tio n  o f th e  a n g u la r  freq u en cy  o f th e  a.c .
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F ig. 5. T he m ax im u m  o f th e  c u rre n t d en sity  o f th e  th ird  h a rm o n ic  a.c. co m p o n e n t (*” * * ))

p lo tte d  vs. th e  sq u a re  ro o t  o f th e  an g u la r f req u en cy  of th e  a .c . vo ltag e  for R 0 =  0 , 25, 50 an d  
100 O hm  re sp . in  th e  case o f C 10 =  0, C20 =  1 • 10 ~3 m ole/1, a =  1

a) b) c)

F ig. 6. T he m ax im u m  a m p litu d e  of th e  th ird  h a rm o n ic  a .c . c u rre n t d en sity  )) p lo tte d

vs. th e  co n ce n tra tio n  C20(C10 =  0) for a =  1 an d  R a =  0, 25, 50 a n d  100 Ohm  resp . a )  yco =  10;
b) y5J = 2 0 ;  c) y S  =  50
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v o lta g e  a n d  o f th e  c o n c e n tra tio n , re sp ec tiv e ly , a re  sim ilar in  fo rm  to  th e  
cu rv es  re p re se n tin g  th e  d e v ia tio n  from  th e  th e o re tic a l value o f  th e  p o te n tia l  
c o rre sp o n d in g  to  th e  m ax im u m  am p litu d es o f th e  second  harm on ic  a.c . c u rre n t 
as fu n c tio n s  o f b o th  th e  a n g u la r  freq u en cy  o f a .c . v o ltag e  and  th e  c o n c e n tra 
tio n  re sp ec tiv e ly .

F ig . 4 show s th is  p h en o m en o n  using  th e  d a ta  of Fig. 3. T he ra tio  o f  th e  
m a x im u m  a m p litu d es  ap p ea rin g  a t  th e  h a lf-w av e  p o te n tia l an d  a t m ore  nega-

Fig. 7. T h e  m ax im u m  a m p litu d e  o f th e  second a n d  th ir d  h a rm o n ic  a.c. c u rre n t d e n s ity  resp . 
p lo tte d  a s  a  fu n c tio n  o f yco in  th e  case o f C10 =  0, C20 =  1 • 10 -3 m ole/1, 2 = 1  a n d  R 0 — 0 an d

50 O hm  resp .

tiv e  o r p o s itiv e  p o te n tia l th a n  th e  la t te r  are p lo t te d  as a fu n c tio n  o f th e  sq u are  
ro o t o f  th e  an g u la r freq u en cy  in  case of R 0 =  0, 25, 50 and  100 O hm .

F ig . 5 rep re sen ts  th e  m ax im u m  a m p litu d e  o f  th e  th ird  h a rm o n ic  a .c . 
c u r re n t a t  th e  half-w ave p o te n tia l p lo tte d  as a fu n c tio n  of th e  sq u are  ro o t o f 
th e  a n g u la r  freq u en cy  assum ing  v a rio u s R 0 v a lu e s , in  case o f z  =  1, C10 =  0 
an d  C.,0 =  1 '1 0 -3 m ole/1.

F ig . 6 shows th e  m ax im u m  am p litu d e  v a lu es  as a fu n c tio n  of th e  co n cen 
t r a t io n  in  case of ]/a> =  10, 20 an d  50 an d  z  =  1 as w ell as R 0 =  0, 25, 50 a n d  
100 O h m .

*
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T h e  ohm ic co rrec tion  is in creasin g  b y  increasing  v a lu es  o f  th e  n u m b er 
o f  e lec trones invo lved  in  th e  e lec tro d e  re a c tio n  as th e  F a ra d a y  a d m itta n c e  
ap p e a rin g  in  th e  co rrec tion  te rm  is increasing  lin ea rly  w ith  th e  sq u a re  o f  th e  
ch arg e  n u m b er.

I t  is ev id en t from  a co m p ariso n  o f th e  co rrec tion  te rm s  re la te d  to  th e  
second  a n d  th ird  h arm o n ic  a .c . c u rre n t in te n s ity  resp . [cf. E q . (7)] t h a t  th e  
effect o f  th e  ohm ic d rop  is in c reas in g  in  th e  case o f higher h a rm o n ic  co m p o n en ts  
o f  a.c. c u rre n t. T h is p h en o m en o n  is show n in  F ig . 7, w here th e  v a lu e s  o f  i'l'dx 
an d  ityiy) resp ec tiv e ly , are  p lo tte d  as a fu n c tio n  of [rco. In  b o th  cases th e  
follow ing p a ra m e te r  va lues w ere  assum ed:

C.,0 =  1 '1 0 ~ 3 mole/1, C10 =  0, z =  1 an d  R 0 =  50 O hm .

O u r ca lcu la tio n s lead  to  th e  conclusion  th a t  th e  ohm ic d ro p  a p p e a rin g  on 
th e  re s is tan ce  R 0 of th e  cell is co n sid e rab ly  affecting  th e  m e a su re m e n t of 
th e  h ig h er a.c. h arm on ic  co m p o n en ts  even in  case of re la tiv e ly  low  cell resis
tan ce .
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BESTIMMUNG DER OBERFLÄCHE 
PULVERFÖRMIGER PLATINADSORBENTIEN 

DURCH MESSUNG DER JODADSORPTION 
MIT DER RADIOAKTIVEN INDIKATOR-METHODE

G. T ó t h  u n d  L. Z s i n k a

( In s t i tu t  f ü r  Isotope der U ngarischen A kadem ie der W issenschaften, B udapest)  

E in gegangen  am  10. A u g u s t 1968

E s w urde  geze ig t, d a ß  sich Jo d id io n en  sow ohl a n  v o rh e r m it W assers to ff b ed eck 
te n , als a u ch  a n  m it c h em iso rb ie rte r O x y d sch ich t b e d e c k te n  P la tin o b e rfläch en  in  F o rm  
von  e lem en ta rem  J o d  ab sch eid en . D ie A b scheidung  e rfo lg t in  beiden  F ä lle n  zufolge 
eines A u s tau sch es  d e r Jo d id io n en  m it den  v o rh e r  ad so rb ie rten  W assers to ff- bzw . 
S au e rsto ffa to m en . W äh re n d  d ieser A u stau sch  an  m it  W assers to ff b e d ec k te n  A dsor- 
ben ticn  d u rc h  d ie B ru tto g le ich u n g

P t(H )  +  H +  +  J -  -  P t ( J )  +  H 2 (1)

besch rieben  w erd en  k a n n , e rfo lg t an  m it O x y d sch ic h t b ed eck ten  A d so rb en tien  als 
e rs te r  S c h r itt  d ie  A u flö su n g  d e r P Ja tin -O b e rfläch en sch ich t la u t  Gl. (2)

P t 2 —  P t ,  —  О +  2H  + +  2 J -  -v (P tJ X „ ) ‘ -<n+1) - f  H 20  +  J  +  P t ,  (2)

sodann  d ie C h em iso rp tio n  des geb ilde ten  e lem en taren  J o d s  la u t  Gl. (2a)

P t2 +  J  -  P t2J ,  (2 a )

w obei P t ,  u n d  P t 2 d ie ä u ß e rs te  bzw . die d a ru n te r  liegende P la tin sc h ic h t u n d  
( P t J X n)1 - (” + 1) d en  au s  d e r u rsp rü n g lich  m it ch em iso rb ie rte r  O x y d sch ich t b e d ec k te n  
äu ß ers te n  P la tin -O b e rf lä c h en sch ich t geb ilde ten  P la tin -Jo d -K o m p le x  b e d eu te t.

E in  V erg le ich  d e r m it  de r B E T -M ethode  gem essenen  O berfläche m it  d e r a d so r
b ie r ten  m ax im alen  Jo d m e n g e  zeig t, daß  bei de r S ä ttig u n g  de r O berfläche eines m it 
O x y d sch ich t b e d ec k te n  A d so rb en s eine m o n o a to m are  ch em iso rb ierte  Jo d s c h ic h t ge
b ild e t w ird , w obei jed e m  O b e rflä c h en -P la tin a to m  ein  Jo d a to m  zukom m t. H ingegen  
erw ies sich a n  m it W asse rs to ff  b e d eck ten  A d so rb en tien  die ad so rb ierte  m ax im ale  J o d 
m enge u m  10— 2 5 %  w en ig er als die e iner m o n o a to m are n , g e sä ttig te n  S ch ich t e n ts p re 
chende M enge. D ie g u te  Ü b e re in s tim m u n g  zw ischen d e r  m it de r B E T -M ethode u n d  de r 
m itte ls  Jo d a d so rp tio n  gem essenen  O berfläche e rm ö g lich t die B estim m ung  d e r  O b e r
fläche  von  P la tin k a ta ly s a to re n  m it H ilfe  de r a d so rb ie r te n  m ax im alen  Jo d m e n g e . D a 
d ie le tz te re  B e s tim m u n g  bei Z im m ertem p e ra tu r, o h n e  vo ran g eh en d e  u n d  höhere  
T em p era tu ren  e rfo rd e rn d e  E n tg a su n g  vorgenom m en  w erd en  k a n n , m uß  eine m ögliche 
A lte ru n g  de r O b e rfläch e  des A d sorbens n ich t in B e tr a c h t  gezogen w erden.

A n p u lv e rfö rm ig en , d u rc h  die R ed u k tio n  v o n  W asse rs to ffch lo ro p la tin a t 
h e rg es te llten  P la tin a d so rb c n tie n  w urde  die A d so rp tio n  von  Jo d id io n en  in  A b 
h ä n g ig k e it von  d er K o n z e n tra tio n , vom  p H -W e rt sow ie vom  re d u z ie rten  bzw . 
o x y d ie rte n  Z u s ta n d  des A dso rbens u n te rsu c h t. D ie spezifische O berfläche  d er 
A d so rb en tien  w urde  m it d er B E T -M ctliode b e s tim m t, u n d  diese W erte  w u rd en  
m it den  aus d er a d so rb ie rte n  Jo d m en g e  b e rech n e ten  verg lichen . Die g u te  Ü b e r
e in s tim m u n g  w eist d a ra u f  h in , d aß  die O berfläche  p u lv e rfö rm ig er P la tin a d so r-
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b e n tie n  bzw . -k a ta ly sa to re n  d u rc h  die M essung des S ä ttig u n g sw ertes  d e r  J o d a d 
s o rp tio n  bestim m t w erd en  k a n n . D er M echan ism us d er Jo d a d so rp tio n  an  m it 
a d so rb ie r te m  W assers to ff b zw . ch em iso rb ie rte r O x y d sch ich t b e d e c k te n  P la t in 
o b e rf lä c h en  w urde g e k lä rt.

1. E in le itu n g

I n  den  le tz ten  J a h r e n  b e fa ß te n  sich zah lre ich e  A rbe iten  m it d e r  A bschei
d u n g  v o n  Jod id ionen  an  b la n k e  u n d  p la tin ie r te  P la tin o b e rf lä c h en  [1 10]. O bw ohl
in  m a n c h e r  H insich t zw isch en  den  einzelnen  A n g ab en  sowie au ch  zw ischen  den 
au s d iesen  gezogenen S ch lü ssen  w esentliche W ied ersp rü ch e  b e s te h e n , sind  sich 
d ie  m e is ten  A u to ren  d a rü b e r  einig, d aß  d ie  je  F läch en e in h e it ad so rb ie rte  
m a x im a le  Jodm enge die d e r  ion ischen  M onosch ich t en tsp rech en d e  M enge ü b e r
t r i f f t  [1 —4], so d aß  die A b sch e id u n g  d e r Jo d id io n e n  n ic h t a u f  e ine  ionische 
A d so rp tio n , sondern  a u f  C hem iso rp tion  z u rü c k z u fü h ren  ist.

D iese F es ts te llu n g en  sowie unsere frü h e re n  ex p erim en te llen  E rgebn isse  
[4, 5 ], die ebenfalls a u f  e ine  die ionische M onosch ich t ü b e rsc h re ite n d e  A d so rp 
t io n  h inw eisen, lassen  fo lg e rn , daß  es sich be i d e r A bscheidung  v o n  Jo d id io n en  
a u f  P la tin o b e rfläch en  u m  C hem iso rp tion  h a n d e lt , doch k ö n n en  diese B efunde 
a n  s ich  n ich t als k la re  B ew eise b e tra c h te t  w erd en . Die F rag e , ob ta tsä c h lic h  
e ine  C hem isorp tion  e rfo lg t, k ö n n te  zw ar d u rc h  den  N achw eis d e r an  der 
A d so rbens-O berfläche  z u s ta n d e  k o m m en d en  m o n o a to m aren  Jo d sc h ic h t e n t
sch ied en  w erden, doch  k ö n n e n  ta ts ä c h lic h  im  F a lle  von  P la tte n -A d so rb e n tie n , 
fü r  w elche der R a u h ig k e its fa k to r  der O berfläche  n u r  a n n äh e rn d  b e k a n n t is, n u r 
in d ire k te  und  a n n ä h e rn d e  Schlüsse ü b er das V e rh ä ltn is  zw ischen ad so rb ie rte r  
m a x im a le r  Jo dm enge  u n d  m o n o a to m are r S ch ich t gezogen w erd en , so d aß  im 
F a lle  v o n  P la tte n -A d so rb e n tie n  der e in d eu tig e  N achw eis d er B ild u n g  einer 
m o n o a to m a re n  S ch ich t d u rc h  C hem iso rp tion  sozusagen  als u n m ö g lich  zu b e 
t r a c h te n  ist.

A ußer der B e s tim m u n g  der B edeckung  d e r O berfläche b e re i te t  auch  die 
K lä ru n g  des A d so rp tio n sm ech an ism u s S ch w ierigke iten , da  sich  b e k a n n tlic h  
a n  d e r P la tin o b erfläch e  b e re its  bei Z im m e rte m p e ra tu r  und  in  L u ft d u rch  Che
m iso rp tio n  eine O x y d sc h ic h t — etw a  m it d er Z u sam m en se tzu n g  P tO  — b ild e t. 
D e r a r t  w äre die A b sch e id u n g  von  Jo d id io n e n  an  m it ch em iso rb ie rte r O x y d 
s c h ic h t b edeck ten  P la tin a d so rb e n tie n  n u r  d u rc h  einen A u s ta u sc h  m it den 
S au e rs to ffa to m en  v o rs te llb a r .

H ingegen erfo lg t d ie  A dso rp tio n  d e r Jo d id io n e n  an  m it ad so rb ie rtem  
W a sse rs to ff  b ed eck ten  P la tin o b e rf lä c h en  d u rc h  d en  A u stau sch  d e r  Jo d id io n en  
u n d  des vorher a d so rb ie r te n  a to m aren  W assers to ffes  sowie d e r in  d er Lösung 
an w esen d en  W asse rs to ffio n en , w obei d er V o rg an g  m it der fo lgenden  B ru tto 
g le ich u n g  beschrieben  w erd en  k a n n :

J  -  +  H  + +  H (P t)  -  J ( P t )  +  H , (1)
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O bzw ar die G ü ltig k e it der Gl. (1) fü r P la tte n -A d so rb e n tie n  d u rc h  d ie  p H - 
A b h än g ig k e it d er A d so rp tio n  sowie d u rch  je n e  B eo b ach tu n g  u n te r s tü tz t  w ird , 
w onach  v o rh e r a d so rb ie r te s  Jo d  d u rch  die E in le itu n g  von  W asse rs to ff in  die 
m it dem  A dsorbens in  B e rü h ru n g  s tehende  L ö su n g  deso rb ie rt w ird  [4, 5 ], k a n n  
der A d so rp tio n sm ech an ism u s la u t Gl. (1) fü r  P la tte n -A d so rb e n tie n  q u a n t i ta 
t iv  n ic h t b e s tä t ig t  w erd en , denn  die m it d e r A d so rp tio n  g leichzeitig  s t a t t f i n 
dende p H -Ä n d e ru n g  k a n n  wegen der k leinen  O b erfläch e  m eß techn isch  n ic h t  e r
fa ß t w erden .

D ie spezifische O berfläche  des d u rch  R e d u k tio n  von  P la tin sa lzen  h e rg e 
s te llten  P la tin a d so rb e n s  b e trä g t  im allgem einen  ein ige Q u ad ra tm e te r  je  G ram m , 
so d aß  die spezifische O berfläche  m it v o lu m e trisc h e r G asadso rp tion  m it  H ilfe 
der B E T -G leichung  b e s tim m t u n d  so auch  die je  e ffek tive  O b erfläch en e in h e it 
ad so rb ie rte  Jo d m e n g e  b e rech n e t w erden  k a n n . D ie b e träch tlich e  spezifische  
O berfläche  der p u lv e rfö rm ig en  P la tin a d so rb e n tie n  erm öglich t au ß e rd e m  eine 
M essung d er m it d e r Jo d a d so rp tio n  gleichzeitig  e rfo lgenden  p H -Ä n d eru n g .

D ie n a c h s te h e n d  besch riebenen  V ersuche b ezw eck ten  e inerseits d ie  K lä 
ru n g  des M echan ism us d er Jo d a d so rp tio n  m it v o rh e r  m it W asse rs to ff bzw . 
chem ieso rb ie rter O x y d sc h ic h t b ed eck ten  P la tin a d so rb e n tie n  u n d  a n d e rse its  
die B estim m u n g  des V erhä ltn isses zw ischen d e r  ad so rb ie rten  m ax im a len  J o d 
m enge u n d  der e in er m o n o a to m aren  S ch ich t e n tsp rech en d en  Jo d m en g e .

2. Versuchsanordnung

D as p u lv e rfö rm ig e  P la tin ad so rb en s  w u rd e  d u rch  die R e d u k tio n  von  
W asse rs to ffch lo ro p la tin a t m it F o rm a ld eh y d  in  a lk a lisch er Lösung h e rg e s te llt . 
In  A b h än g ig k e it d a v o n , ob ein A dsorbens m it k le in e re r oder g rö ß erer sp ez ifi
scher O berfläche  h e rg e s te llt  w erden  sollte, w u rd e  die R ed u k tio n  bei Z im m e r
te m p e ra tu r  bzw . b e i 4 — 5°C vorgenom m en. N a c h  der R ed u k tio n  w u rd e  das 
A dsorbens m it d e s tillie r te m  W asser gew aschen  u n d  bei Z im m e rte m p e ra tu r  
g e tro ck n e t.

D ie ad so rb ie rte  bzw . die in L ösung v e rb le ib en d e  Jodm enge w u rd e  m it 
ra d io a k tiv e r  In d ik a to rm e th o d e  b es tim m t, in d em  die G a m m a -A k tiv itä t d er 
m a rk ie r te n  131I Io n e n  sow ohl am  A dsorbens als au c h  in  der Lösung m it e inem  
N aJ(T l) S z in tilla tio n s-B o h rlo ch k ris ta ll gem essen w u rd e . Bei V ersuchen , d ie  die 
B estim m u n g  der A b h ä n g ig k e it der ad so rb ie rten  Jo d id m en g e  von d er J o d id io 
n e n k o n z e n tra tio n  b ezw eck ten , w urden  A dsorbens-M engen  von 10 m g z u sa m 
m en m it d er V ersuchslösung  in  einem  G lasrohr, dessen  D urchm esser (20 m m ) 
m it dem  des B ohrlochs des S z in tilla tio n sk ris ta lls  ü b e re in s tim m te , e in g e fü h rt. 
Die L ösung  w urde  m it  e inem  E lek tro m o to r g e rü h r t ,  u n d  in  b e s tim m te n  Z e it
a b s tä n d e n  w u rd en  d ie  b e id en  P h asen  zw ecks A k tiv itä tsb e s tim m u n g  g e tre n n t. 
N ach  E rre ich en  des S ä ttig u n g sw ertes  der a d so rb ie r te n  Jodm enge w u rd e  die 
am  A dsorbens h a f te n d e  F lü ssigke itssch ich t d u rc h  E inb ringen  des A d so rb en s
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in  e in e  so lche L ösung  e n tfe rn t, die von g le ich er Z u sam m ense tzung  w ar, w ie die 
V e rsu ch lö su n g , jed o ch  keine Jo d id io n en  e n th ie lt .  D ie Lösung w u rd e  d a n n  so 
lan g e  g e rü h r t ,  bis die G a m m a -A k tiv itä t des A d so rb en s einen k o n s ta n te n  W ert 
e rre ic h te .

I n  V ersuchen  zu r B estim m u n g  der d u rc h  d ie Jo d a d so rp tio n  in  d e r  V er
su c h s lö su n g  h erv o rg eru fen en  p H -Ä n d eru n g  w u rd e  ähnlich  v o rg eg an g en , m it 
d em  U n te rsc h ie d , d aß  zu r E rh ö h u n g  d er p H -Ä n d e ru n g  zu jed em  V ersu ch  100 
m g A d so rb e n s  v e rw en d e t w u rd en . Die p H -Ä n d e ru n g  der V ersuchslösung  w urde  
m it e in e r  G lase lek trode  u n d  einem  R ö h re n v o ltm e te r-T y p  R ad io m e te r  gem essen .

B ei e inem  T eil d e r V ersuche w urde d as  A d so rb en s m it W a sse rs to ff  g e sä t
t ig t ,  w ä h re n d  die ü b rig en  V ersuche ohne d iese  V orb eh an d lu n g  des A d so rb en s 
d u rc h g e fü h r t  w urden . In  d e r Folge w erden  d ie  m it  e lek tro ly tisch  e n tw ic k e lte m  
W a sse rs to ff  g e sä ttig te n  A d so rb en tien  als m it  W asse rs to ff b e d e c k t, d ie  ohne 
re d u z ie re n d e  V o rb eh an d lu n g  v e rw en d e ten  A d so rb en tien  als m it S a u e rs to ff  
b e d e c k t beze ichnet.

D ie  spezifische O berfläche  der u n te rs u c h te n  P la tin a d so rb e n tie n  w u rd e  bei 
d e r  T e m p e ra tu r  des flüssigen  S ticksto ffs m it d e r  B E T -M ethode b e s tim m t, w obei 
w ir je d o c h  im  G egensatz  z u r allgem einen P ra x is  K ry p to n  v e rw e n d e te n  [10]. 
D ie O b e rfläch e  w urde  bei 180°C en tg as t. D ie  gem essenen  W erte  der spezifischen  
O b e rf lä c h e  sind  in  T abelle  I  an g efü h rt. D ie  Jo d id io n e n k o n z e n tra tio n  d er V er
su ch s lö su n g e n  w urde  m it K a liu m jo d id , die W a sse rs to ff io n e n k o n ze n tra tio n  m it 
S ch w efe lsäu re  e ingeste llt.

T abelle  I

A dsorbon t
N um m er

S p ez ifisch e
O b e rf lä c h e

( m '/g )

l . 2 , 0

2 . 11,9

3. 13,0

4. 24,3

3. Versuchsergebnisse

a )  D ie K onzentrationsabhängigkeit der A dsorp tion  an m it W a sse rs to ff 
bedeckten A dsorbentien .

Ä h n lich  wie an  P la tte n -A d so rb e n tie n  [4, 5 ], w ar die A u ssch e id u n g  der 
J o d id io n e n  auch  an  p u lv erfö rm ig en  P la tin a d s o rb e n tie n  ein schne lle r V organg . 
D e r  S ä ttig u n g sw e rt d er A d so rp tio n  s te llte  s ich  n a c h  2 0 —40 M in u ten  ein . Die 
D a rs te llu n g  der A d so rp tio n s-S ä ttig u n g sw erte  als F u n k tio n  d e r K o n z e n tra tio n  
(A b b . 1) lä ß t  d a ra u f  fo lgern , daß  die a d so rb ie r te  M enge ü b er eine gegebene
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Abb. 1. D ie ad so rb ierte  Jo d m en g e  in  A b h än g ig k eit d e r  A n fan g sk o n zen tra tio n  im  F a lle  von 
w assers to ffb ed eck ten  A d so rb en tien  in  1 n  Schw efelsäure. (D ie K u rv e n  beziehen  sich  a u f  Ad-

so rb e n tie n  de r g leichen N um m er)

A bb. 2. A usm aß der A d sorp tion  an  w assers to ffb ed eck ten  A d so rb en tien  in  A b h än g  ig k eit de 
A n fan g sk o n zen tra tio n  in  1 n  Schw efelsäure . (D ie  K u rv e n  beziehen  sich a u f  A d so rb e  n tie n  de

g leichen  N um m er)

A u sg an g s-Jo d id io n en k o n ze tra tio n  bei E rh ö h u n g  der K o n z e n tra tio n  n ic h t m ehr 
w e ite r a n s te ig t, u n d  die ad so rb ie rte  Jo d m en g e  von  d e r Jo d id io n e n k o n z e n tra 
tio n  u n ab h än g ig  w ird. W en n  m an  das M aß d er A d so rp tio n  als F u n k tio n  der 
Jo d id io n e n k o n z e n tra tio n  d a rs te ll t , w ird  e rs ich tlich , d aß  bis zu r S ä ttig u n g  der 
O b erfläch e  die ganze u rsp rü n g lic h  in  d er L ösung  anw esende Jo d m e n g e  ad so r
b ie r t  w ird  (A bb. 2). D ie an  1 g A dso rbens bzw . 1 cm 2 d er A d so rb en so b erfläch e  
a d so rb ie r te n  Jo d m en g en  s ind  in  T abe lle  I I  zu sam m en g efaß t.

Tabelle II

A dsor
b e n t

N u m m er

S pezifische
O b erfläch e ,

m */g

M ax im a lw ert d e r  a d so rb ie rte n  J o d  m enge

je  1 g  A d so rb en t, 
g

je  1 cm 2 O b erfläch e , 
/ 'g

i . 2,0 5,0 • IO“ 3 0,25

2. 11,9 27 • 1 0 "3 0,23

3. 13,0 31 • IO“ 3 0,24

4. 24,3 50 • 1 0 - 3 0 , 2 1
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D ie in  der le tz te n  R u b r ik  der T abelle I I  a n g e fü h rte n  D a te n  zeigen, daß  
d ie  je  O b erfläch en e in h e it a d so rb ie r te  m ax im ale  Jo d m e n g e  in  g u te r  A n n äh eru n g  
als k o n s ta n t  zu b e tra c h te n  is t .  A u f die F rag e  des V erh ä ltn isses  der je  O ber
f lä c h e n e in h e it  a d so rb ie rte n  M enge zur M onosch ich t soll w e ite r u n te n  einge
g a n g e n  w erden.

b)  D ie K onzenlrationsabhängigkeit der A d so rp tio n  an  m it S a u ersto ff 
bedeckten Adsorbentien.

A b b . 3. A u sm aß  der A d so rp tio n  a n  sau e rs to ffb ed eck ten  A d so rb en tien  in  A b h än g ig k eit der 
A n fa n g sk o n z en tra tio n  in  1 n  S chw efelsäu re . (Die K u rv e n  bez ieh en  sich  a u f  A d so rb en tien  der

gleichen N u m m er)

A b b . 4 . A d so rb ie rte  Jo d m e n g e  in  A b h än g ig k eit de r A n fa n g sk o n z e n tra tio n  (K u rv e  2) u n d  de - 
G le ich g ew ich tsk o n zen tra tio n  (K u rv e  1) am  sa u e rs to ffb e d e c k te n  A dsorbens N r. 3

in  1 n Schw efelsäure

Z u m  U ntersch ied  zu  d e n  m it W asse rs to ff b e d e c k te n  A d so rb en tien , lag 
d as  M aß  der A d so rp tio n  a n  m it c h em iso rb ie rte r O x y d sc h ic h t b ed eck ten  A d 
so rb e n tie n  selbst bei so n ied rig en  A u sg a n g s-Jo d id io n e n k o n z e n tra tio n en , bei 
d e n e n  eine S ä ttig u n g  d e r  O b erfläch e  noch  g a r n ic h t  s ta t t f in d e n  k o n n te , s ta rk  
u n te r  100% . S tellt m a n  d a s  M aß der A d so rp tio n  als F u n k tio n  der A usgangs
k o n z e n tra tio n  d ar (A bb. 3), so w ird  e rs ich tlich , d a ß  in  e inem  ziem lich  b re iten  
K o n z e n tra tio n sb e re ic h  n u r  e tw a  50%  d e r in  d e r  L ö su n g  u rsp rü n g lic h  anw esen
d en  Jo d m e n g e  a d so rb ie r t w ird . W erden  die a d so rb ie r te n  M engen  als F u n k tio n  
d e r  K o n z e n tra tio n  d a rg e s te l l t  (A bb. 4), so e rh ä l t  m a n  K u rv e n , die einen  ähn-
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lichen  A b lau f au fw eisen , wie die fü r  die Jo d a d so rp tio n  an  m it W asse rs to ff 
b e d e c k te r  O berfläche  e rh a lte n e n  K u rv en , in d em  sie bei e iner gegebenen  K o n 
z e n tra tio n  einen  S ä ttig u n g sw e rt e rreichen . N ach  Ü b ersch re iten  dieses W ertes  
s te ig t die ad so rb ie rte  M enge be i w e ite re r K o n z e n tra tio n se rh ö h u n g  n ic h t m ehr.

D er B efu n d , w o n ach  das M aß der A d so rp tio n  an  m it ch em ieso rb ie rte r 
O x y d sch ich t b e d e c k te n  P la tin a d so rb e n tie n  in  e inem  re c h t b re iten  K o n z e n tra 
tio n sb ere ich  einen  W e rt v o n  n u r  e tw a  50%  e rre ic h t, obzw ar dabei ke in e  O b er
f lä c h e n sä ttig u n g  s ta t t f in d e t ,  k a n n  d a m it e rk lä r t  w erd en , daß  g leichzeitig  m it 
d er Jo d a d so rp tio n  d ie ä u ß e rs te  O b erfläch en sch ich t des A dsorbens in  F o rm  
eines P la tin —Jo d -K o m p lex es  au fgelöst w ird . W e ite r  u n te n  w ird  a u f  den  Bew eis 
der R ich tig k e it d ieser A n n ah m e noch  n ä h e r e ingegangen , h ier soll n u r  d a ra u f  
h ingew iesen  w erden , d aß  n a c h  den  D a te n  d er T ab e lle  I I I  die je  cm 2 d e r  O b er
fläche  ad so rb ie rte  m ax im ale  Jo d m en g e  auch  in  d iesem  F a ll in g u te r N äh e ru n g  
als k o n s ta n t zu  b e tra c h te n  is t.

Tabelle 111

A d so r
b e n t

N u m m e r

S pez ifische
O b erfläch e ,

m ’/g

M a x im a l a d s o rb ie r te  Jo d m e n g e

j « 1 g A d so rb e n t,
g

je  1 c m 2 O b e rflä c h e , 
/<g/cm 2

l . 2,0 6 • IO“ 3 0,30

2. 11,9 37 • 10~3 0,31
3. 13,0 38 • 1 0 - 3 0,29

4. 24,3 66 • 1 0 - 3 0,27

D ie in  A bb. 3 d a rg e s te llte n  K u rv en  bew eisen , d aß  m an  im  F a lle  d e r m it 
O x y d sch ich t b e d e c k te n  P la tin a d so rb e n tie n  aus d e r b lo ß en  T a tsach e , d a ß  n u r  
ein B ru ch te il d er in  d e r  V ersuchslösung  anw esenden  Jo d m en g e  a d so rb ie rt w ird , 
n ich t d a ra u f  fo lgern  d a rf, d aß  eine O b e rflä c h en sä ttig u n g  erfo lg t ist.

E s soll b e m e rk t w erden  d aß  G em ische v o n  v o rh e r  red u z ie rten , also m it 
W asse rs to ff b e d e c k te n  bzw . m it ch em iso rb ie rte r O x y d sch ich t b ed eck ten  P la 
tin a d so rb e n tie n , je  n a c h  dem  V erh ä ltn is  der be id en  K o m p o n en ten , eine J o d a d 
so rp tio n  von  50 bis 100%  aufw eisen können . W en n  die ad so rb ie rte  Jo d m e n g e  
fü r  diese F älle  als F u n k tio n  d e r A n fan g s-o d e r au ch  d e r G le ichgew ich ts-Jo d id 
io n e n k o n z e n tra tio n  d a rg e s te llt w ird , e rh ä lt m a n  ähn lich e  K u rv en  w ie d ie  in 
A bb. 4 d a rg es te llten , deren  V e rla u f m it den von  B a l a s c h o w a  und  K a s a r i n o w  

besch riebenen  sog. Io g a rith m isch en  Iso th e rm en  [8, 9] ü b e re in s tim m t.
c )  Vergleich des Oberflächenbedarfes der adsorbierten m axim alen  J o d 

menge m it der m ittels der B E T -M eth o d e  bestim m ten Oberfläche.
D ie K u rv en  in  A bb . 1 u n d  3 zeigen, d aß  im  F a lle  säm tlich e r, v o n  uns 

u n te rsu c h te r  P la tin a d so rb e n tie n  eine S ä ttig u n g  d e r O berfläche  zu b e o b a c h te n  
is t, so d aß  eine w eite re  E rh ö h u n g  d er Jo d id io n e n k o n z e tra tio n  in  der V e rsu ch s
lösung  keine w eite re  Ä n d e ru n g  d er ad so rb ie rten  Jo d m e n g e  m it sich b r in g t. E in
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V erg le ich  d er A d so rp tio n s-S ä ttig u n g sw erte  u n d  der m it d er B E T -M eth o d e  
b e s t im m te n  O berfläche ze ig t, d aß  sich die je  F läch en e in h e it a d so rb ie rte  m a x i
m ale  Jo d m e n g e  linear m it d e r  B E T -O b erfläch e  ä n d e r t  (T abellen  I ,  I I  u n d  I I I ) .

Z u m  V ergleich d e r a d so rb ie r te n  m ax im a len  Jo d m en g e  u n d  d e r  d e r M ono
sc h ic h t e n tsp rech en d en  M enge w urde  d er O b e rfläch en b ed a rf  des ad so rb ie rten  
J o d s  u n te r  der A nnahm e b e re c h n e t, daß  im  F a lle  einer O b e rflä c h en sä ttig u n g  
an  je d e s  P la tin a to m  d er O b erfläch e  ein J o d a to m  g ebunden  w ird . U n te r  B e rü c k 
s ic h tig u n g  des K ris ta llsy s te m s  u n d  der G itte rk o n s ta n te  (3,91 Á) des P la tin s  
e rg ib t s ich  fü r  den  O b e rflä c h en b e d a rf  eines Jo d a to m s  7,6 Ä 2, bzw . es en tfa llen
0.28  • 10 -6 g Jo d  a u f 1 cm 2 d e r Jo d -M o n o sch ich t.

D ie  so b e rech n e ten  sow ie die m it d e r B E T -M ethode b e s tim m te n  O b er
f lä c h e n w e rte , fe rn er das V e rh ä ltn is  d er b e re c h n e te n  u n d  gem essenen  O b er
f lä c h e n w e rte  zu e in an d er s in d  in  T abelle  IV  u n d  V  an g efü h rt. D ie D a te n  der 
T ab e lle  V  beziehen sich  a u f  m it  O x y d sch ich t b ed eck te , die d er T ab e lle  IV  au f 
v o rh e r  m it  W assers to ff g e sä tt ig te  A d so rb en tien .

Tabelle IV

A d
so rb en t
N um m er

Spez. O b erfläch e  
b e s tim m t n a c h  d e r 

B E T  M eth o d e , 
m ‘ /g

Spez. O b erfläch e  
b e re c h n e t a u s  dem  

P la tz b e d a rf

V e rh ä ltn is  der 
b e s tim m te n  u n d  

berech n e ten  
O berflächen

l . 2,0 1,8 i , i

2. 11,9 9,6 1,2

3. 13,0 11Д 1,2

4. 24,3 17,8 1,4

Tabelle V

A d 
so rb en t

N u m m er

Spez. O b erfläch e  
b e s t im m t n a c h  d e r 

B E T  M ethode , 
m 2/g

Spez. O b erfläch e  
b e re c h n e t au s  d em  

P la tz b e d a rf

V erh ä ltn is  d e r 
b e s tim m te n  u n d  

b erech n e ten  
O berflächen

l . 2,0 2,1 0.9

2 . 11,9 13,2 0,9

3. 13,0 13,6 1,0

4. 24,3 23,5 1,0

D ie D a ten  der T ab e llen  IV  u n d  V zeigen , d aß  im  F alle  d e r v o rh e r  re d u 
z ie r te n  A d so rben tien  die b e re c h n e ten  spez ifischen  O berfläch en w erte  u m  etw a 
10 — 2 5 %  niedriger s ind  als die m it der B E T -M eth o d e  b e s tim m te n  W e rte . H in 
geg en  w u rd e  im  F alle  d er o hne  red u z ie ren d e  V o rb eh an d lu n g  v e rw e n d e te n  A d
so rb e n tie n  eine sehr g u te  Ü b e re in s tim m u n g  zw ischen den  b e re c h n e ten  u n d  den 
m it  d e r  B E T -M ethode b e s tim m te n  O b erfläch en w erten  gefunden .
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4. A dsorp tio iism echan ism us an  m it W asse rs to ff bzw. m it S au ersto ff bedeck ten
P la tin ad so rb en tien

D as u n te rsch ied liche  V erh a lten  d e r v o rh e r  red u z ie rten  b zw . d e r  m it 
O x y d sc h ic h t b ed eck ten  P la tin a d so rb e n tie n  in  bezug a u f  die K o n z e n tra t io n s 
a b h ä n g ig k e it d er A d so rp tio n  sow ie d er A u ssche idungsm echan ism us des Jo d s  
k ö n n en  a u f  G rund  u n se re r  V ersuchsergebn isse  u n te r  B e rü ck s ich tig u n g  der 
E ig en sch a ften  der ch em iso rb ie rten  W asse rs to ff- bzw . S au ers to ffsch ich t ged eu 
t e t  w erden .

A us den  d iesbezüglichen  A n g ab en  d e r  L ite ra tu r  geht h e rv o r , d a ß  eine 
P la tin o b e rflä c h e  in  K o n ta k t  m it a tm o sp h ä risc h e m  Sauersto ff p ra k tis c h  als m it 
ch em iso rb ie rte r O x y d sch ich t b e d e c k t b e t r a c h te t  w erden kan n . V e rsu c h se rg e b 
n isse  v o n  T r a p n e l l  u n d  L á n y o n  [11] w eisen  a u f  die B ildung  e in e r  n ah ezu  
m o n o a to m aren  O x y d sch ich t h in ; A n s o n  u n d  LlN G A N E  k o n n te n  d as  V o rh a n 
d ense in  e iner O x y d sch ich t an  d er O b erfläch e  sogar m it der ü b lich en  a n a ly t i 
sch en  M ethode nachw eisen , u n d  fan d e n  e in en  W e rt von 6 fü r  d as  V e rh ä ltn is  
je d e r  P la tin a to m e  der O berfläche, an  d en en  ein  bzw. zwei S a u e rs to ffa to m e  
g eb u n d en  sind [12].

D ie G egenw art e iner ch em iso rb ie rten  O x y d sch ich t an  d e r O b erfläch e  
k a n n  au ch  m it versch iedenen  e lek tro ch em isch en  V erfahren  n ach g ew iesen  w er
d en , doch  sind  zw ischen den V ersuchsergebn issen  versch iedener A u to re n  in  b e 
zug  a u f  das V erhä ltn is  d er S auersto ff- u n d  P la tin a to m e  an  d e r  O b e rfläch e  
gew isse W idersp rüche zu  fin d en . F e l d b e r g  u n d  M ita rb e ite r sow ie O h a s h i  

u n d  H o a r e  h a lten  auch  die B ild u n g  e iner m e h r  S auersto ffa tom e e n th a lte n d e n  
O b erfläch en -O x y d sch ich t fü r  m öglich  [13, 14, 15], w ährend  B o l d  u n d  B r e i t e r  

a u f  G ru n d  der A nalyse von  m it p o te n tio s ta tis c h e r  D reieckm ethode a u fg e n o m 
m en en  S tro m -S p an n u n g sk u rv en  b loß  die B ild u n g  von  P tO  fan d e n  [16].

W egen der b e trä c h tlic h en  E n erg ie  d er C hem isorp tion  von  S a u e rs to f f  an  
P la tin o b e rflä c h en  f in d e t die th e rm isch e  Z erse tzu n g  der O x y d -O b e rflä ch e n 
sc h ic h t se lb s t in  der N äh e  des S ch m e lzp u n k te s  von  P la tin  n ic h t s t a t t .  Z w ar 
k a n n  die chem iso rb ierte  O x y d sch ich t m it W assersto ffgas re d u z ie r t w e rd en , 
doch  erfo lg t in  diesem  F a ll eine g le ichzeitige W asse rs to ff-A d so rp tio n ; d ie  so 
g eb ild e te  ad so rb ie rte  W asse rs to ffsch ich t k a n n  b e i 1 a tm  W asse rs to ff-D ru ck  
m it e inem  B edeckungsg rad  v o n  0,84 c h a ra k te r is ie r t  w erden [17, 18].

U n te r  B erü ck sich tig u n g  d e r T a tsa c h e , d a ß  die m it a tm o sp h ä risc h e m  
S a u e rs to ff  in  B erü h ru n g  s teh en d e  P la tin o b e rf lä c h e  m it ch em iso rb ie rtem  S a u e r
s to ff, w äh ren d  die O berfläche eines m it W a sse rs to ff  reduz ie rten  A d so rb e n s  m it 
a to m a re m  W assersto ff b ed eck t is t, e rsch e in t d ie A nnahm e b e re c h tig t, d a ß  die 
A ussch e id u n g  von  Jo d id io n en  w eder an  o x y d ie r te n  noch an  re d u z ie r ten  P la t in 
a d so rb e n tie n  als eine einfache A d so rp tio n  zu  b e tra c h te n  is t, so n d ern  v ie lm eh r 
als e in  A u stau sch  zw ischen den  Jo d id io n e n  u n d  d en  vo rher ad so rb ie rten  W a sse r
sto ff- bzw . S auersto ffa tom en .
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A n  m it W asse rs to ff b e d e c k te n  P la tin a d s o rb e n tie n  k an n  dieser A u s ta u sc h  
m it G l. (1) beschrieben  w e rd e n , hingegen e rfo lg t a n  m it Sauersto ff b e d e c k te n  
A d so rb e n tie n  auch  eine  L ö su n g  der O b erfläch en sch ich t des A dsorbens:

P t - 0  +  2 H +  +  2 J - —> ( P tI X n)4-0 + D  +  H 20 + J  (2)

u n d  d as  gebildete e le m e n ta re  J o d  w ird  an  d e r zw e iten  O berflächensch ich t a d 
s o rb ie r t:

P t  +  J  -  P t  (J )  (2a)

In  G l. (2) b ed eu te t ( P t J X n) 4 ^  den von  d e r O b erfläch e  gebildeten  P la t in
Jo d -K o m p le x , w obei 4 d ie  K o o rd in a tio n szah l u n d  X  irgendein  im  S y stem  a n 
w esen d e r e inw ertiger L ig a n d  ist. Ohne a u f  die F ra g e  der Z usam m en se tzu n g  
b zw . d e r S tru k tu r  d ieses K om plexes e ingehen  z u  w ollen , soll e rw äh n t w erd en , 
d a ß  d ie  d u rch  Gl. (1) b zw . (2) beschriebenen  M ech an ism en  auch d u rch  d ie  R e 
s u l ta te  b e s tä tig t w erd en , d ie  w ir über die p H 4 -Ä n d e ru n g  w ährend  der A d so rp 
t io n  erh ie lten . Die d iesb ezü g lich en  E rgebn isse  s in d  in  Tabelle V I a n g e fü h rt.

Tabelle VI

Z u s ta n d  des A dso rb en ts
A dsorb ierte  Jo d m en g e , 

g .Ä quiv.
p H  +  -Ä nderung 

g .Ä qu iv .

V e rh ä ltn is  d e r 
p H  +  -Ä n d e ru n g  
u n d  d e r  ad so r

b ie r te n  Jo d m e n g e

S au ersto ffbedeck t 4,5 ■ 10~5 8,78 IO "5 1,95

W asse rs to ff bedeck t 8,2 • 1 0 -6 7,64 10- 6 0,93

D ie M essung d e r  p H -Ä n d e ru n g  in  d en  V ersuchslösungen  w ä h re n d  der 
A d so rp tio n  w urde z u m  U n te rsch ied  von  V e rsu c h e n , die die B estim m u n g  der 
a d so rb ie r te n  m ax im alen  Jo d m en g e  bezw eck ten , m it  Lösungen in  0.01 n  Schw e
fe lsä u re  d u rch g e fü h rt, u m  eine gu t m eßbare  Ä n d e ru n g  zu erhalten .

D ie D a ten  in  T ab e lle  V I  zeigen, daß  d as  V e rh ä ltn is  der durch  die J o d a d 
so rp tio n  v e ru rsach ten  W a sse rs to ff-K o n ze n tra tio n sa b n a h m e  zu der Jo d id io n en - 
K o n z e n tra tio n sa b n a h m e  im  F alle  von m it W a sse rs to ff  bedeck ten  A d so rb en tien  
e tw a  1, hingegen im  F a lle  von  m it O x y d sc h ic h t b edeck ten  A d so rb en tien  
e tw a  das D oppelte  b e t r ä g t ,  was die G ü ltig k e it d e r  G leichungen (1) bzw . (2) 
b e s tä t ig t .

D ie Lösung ä u ß e rs te r  O b erflächensch ich t v o n  P la tin a d so rb e n tie n , die in  
sa lz sau rem  M edium  a u c h  v o n  A n s o n  u n d  L i n g a n e  b e o b a c h te t w urde [12], k a n n  
d a r a u f  zu rü ck g efü h rt w e rd e n , daß infolge d e r  b e trä c h tlic h e n  C hem isorp tions- 
en e rg ie  des S auersto ffs  (n a c h  H a y w a r d  a n d  T r a p n e l l  70 kcal/M ol [19]), die 
O b erfläch en a to m e  zu m  T e il aus dem  K r is ta l lg i t te r  herausgerissen  w erd en  [20].
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E benfalls a u f  diese U rsache  is t zu rü ck zu fü h ren , d aß  selbst bei e in e r ü b e r 
schüssigen Jo d id io n e n k o n z e n tra tio n  n u r  die L ösu n g  der O b e rfläch en sch ich t, 
also d er m it ch em iso rb ie rtem  S au ersto ff b e d e c k te n  P la tin sc h ic h t s ta t t f in d e t .

Je n e  B eo b a c h tu n g , w onach  v o r d er E rre ic h u n g  der O b e rflä c h en sä ttig u n g  
n u r  e tw a  die H ä lfte  d e r anw esenden  Jo d m e n g e  an  m it S au ers to ff b e d e c k te n  
A dso rb en tien  a d so rb ie r t w ird , k a n n  m it H ilfe d e r G leichung (2) g e d e u te t w e r
den , die üb rigens d a ra u fh in w e is t , daß  in  d iesem  F a ll d er zw ischen der a d so rb ie r
te n  M enge u n d  d er K o n z e n tra tio n  gem essene Z u sam m en h an g  — eben  w eil ein 
T eil der Jo d io n en  einen  P la tin  Jo d -K o m p lex  b ild e t — als eine A d so rp tio n siso 
th e rm e  v o n  an d erem  T y p  zu b e tra c h te n  ist.

E s soll b e m e rk t w erd en , daß  bei der E n tg a su n g  d er A d so rb en tien  v o r  d er 
O b erfläch en b estim m u n g  m it der B E T -M eth o d e  eine gewisse O b e rflä c h en a b 
n ah m e  (A lterung) zu  b eo b ach ten  w ar, falls d iese bei d er üb lichen  T e m p e ra tu r  
(160 — 200°C) v o rg en o m m en  w urde. D ie F rag e  d e r O b erfläch en a lte ru n g  sow ie 
d ie  B estim m u n g  d er O berfläche  an d ere r E d e lm e ta ll-K a ta ly sa to re n  m itte ls  
Jo d a d so rp tio n  w erden  d en  G egenstand  e ineru  n se re r  n ä c h s te n  A rb e iten  b ild en .
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METHANOLYSIS OF LUTEIN DITRICHLOROACETATE

P R E P A R A T IO N  O F  3 -H Y D R O X Y -3 '-M E T H O X Y -a-C A R O T E N E  A N D  
3 -H Y D R O X Y -5 '-M E T H O X Y -4 ',5 '-D IH Y D R O -3 ',4 '-D E H Y D R O -a -C A R O T E N E

J .  S z a b o l c s  an d  Á .  R ó n a i

( C h e m ic a l  I n s t i t u t e  o f  th e  M e d i c a l  U n i v e r s i t y ,  P é c s )

R eceived  J u ly  4, 1968

Selective m eth an o ly s is  o f  th e  З '-tric h lo ro a c e to x y  group  o f lu te in  d itrich loro- 
a c e ta te  has been  o b se rv ed  y ie ld in g  tw o  isom eric  lu te in  m o n o m eth y l tr ic h lo ro a c e ta te s , 
th e  s tru c tu re s  o f w hich  h a v e  b een  p roved . T h e  m eth an o ly s is  p ro v id es a  n ew  te s t  for the 
d e tec tio n  of som e O H  g ro u p s in  caro ten o id s w h ich  are  in  a  po sitio n  s im ila r  to  th a t  of 
th e  З '-h y d ro x y l g roup  o f lu te in .

T he difference in  b e h a v io u r  be tw een  th e  3- an d  3 '-h y d ro x y l g roups of 
lu te in  I  m an ifests  its e lf  in  sev e ra l reac tio n s  a n d , as i t  is to  be  e x p e c te d , the  
3 '-O H  group , i.e. th e  a lly lic  o n e , is m ore re a c tiv e .

Z e c h m e i s t e r  [1, 2, 3] a n d  S e a s e  o bserved  25 y ears  ago t h a t  lu te in  
gave d esoxy lu te in s b y  w a te r  e lim in a tio n  d u rin g  w hich th e  3 '-h y d ro x y l group 
w as lo s t. L a te r , b y  th e  t r e a tm e n t  o f lu te in  w ith  m e th an o l a n d  h y d ro ch lo ric  
acid , C u r l  [4] succeeded  in  p rep a rin g  3 -h y d ro x y -3 '-m e th o x y -a -c a ro te n e . 
G r o b  a n d  P f l u g s h a u p t  [5] m ad e  s im ila r o b se rv a tio n s  on th e  e th e r  fo rm atio n  
o f  th e  З '-h y d ro x y l g roup  o f  lu te in . M ore re c e n tly , J e n s e n  a n d  H e r t z b e r g  [6 ]  

h av e  p o in ted  o u t th a t  th e  a lly lic  h y d ro x y l g roup  o f lu te in  can  be  o x id ized  se
le c tiv e ly  w ith  n ickel p e ro x id e  in to  3 -h y d ro x y -3 '-k e to -a -ca ro ten e .

In  o u r la b o ra to ry  i t  w as observed  t h a t  se lec tive  m e th a n o ly s is  o f  the  
З '-tr ich lo ro ace to x y  g roup  o f lu te in  d itr ic h lo ro a c e ta te  occurs w h en  th e  com 
p o u n d  is allow ed to  s ta n d  in  m e th an o lic  so lu tio n  a t  room  te m p e ra tu re . As th is  
so lvolysis w as n o t o n ly  in te re s tin g , b u t  also seem ed to  p rom ise a n e w  te s t  for 
th e  d e tec tio n  o f som e O H  g roups in  caro ten o id s , m e thano lysis  w as in v e s tig a te d  
m ore th o ro u g h ly .

L u te in  I  gives lu te in  d itr ic h lo ro a c e ta te  in  a good y ield  w ith  trich lo ro - 
ac e ty l ch lo ride in  a m ix tu re  o f  an h y d ro u s  p y rid in e  an d  benzene, a n d  th e  p ro 
d u c t can  he c ry sta llized  fro m  ace to n e—p e tro leu m  e th e r, m .p . 130° C (lu tein  
d itr ic h lo ro a c e ta te  fu rn ishes lu te in  e ith e r  b y  b ase-ca ta ly zed  h y d ro ly s is , or on 
tr e a tm e n t  w ith  lith iu m  a lu m in iu m  h y d rid e ). L u te in  d itr ic h lo ro a c e ta te , how 
ev er, y ields tw o isom eric m o n o m e th o x y lu te in -3 -tr ich lo ro ace ta te s  w h en  i t  is 
d isso lved  in  m eth an o l an d  allow ed to  s ta n d  a t  room  te m p e ra tu re . A s ch ro m a
to g ra p h y  alone failed  to  s e p a ra te  th e  tw o m e th o x y  d e riv a tiv e s , th e y  were 
su b m itte d  to  hydro lysis befo re  ch ro m a to g ra p h y . O ne o f th e  tw o  m a in  p ro d u c ts  
p ro v ed  to  be id en tica l w ith  3 -h y d ro x y -3 '-m e th o x y -a -c a ro te n e , V, w hose  s truc-

Aria Chim. Acad. Sei. Hung. 61, 1969



F ig . 1. I R  spec tra  o f tr ic h lo ro a c e ta te s  and of th e  p ro d u c ts  o f  m ethano lysis in  CHC13. A :  
z e a x a n th in  d itr ic h lo ro a ce ta te ; B :  lu te in  d itr ic h lo ro a c e ta te ;  C: 3 -h y d ro x y -3 '-m eth o x y -a-caro - 

te n e ;  D : 3-hydroxy-.5 , -m e th o x y -4 ',5 , -d ihydro -3 /,4 , -d eh y d ro -a -c a ro ten e ; E :  3 -h y d ro x y -
2 ',3 '-d eh y d ro -a -ea ro te n e
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tű re  w as d e m o n s tra te d  re c e n tly  b y  J e n s e n  [ 6 ] .  T h e lig h t ab so rp tio n  p ro p e rtie s  
of th e  o th e r  p ro d u c t (cf. F igs 1, 2, 3), w h ich  is ad so rb ed  a t  a h ig h e r lev e l in  
th e  ca lcium  c a rb o n a te  co lum n , are id e n tic a l w ith  those  of 3 -h y d ro x y -3 '-  
-m ethoxy-oc-carotene, a n d  b o th  p ro d u c ts  h a v e  th e  sam e m olecu lar fo rm u la  
(C4iH 580 2).

F ig . 2 . M olecular ex tin c tio n  cu rve  of 3 -h y d ro x y -3 '-m eth o x y -a -c a ro te n e  in ben zen e

т д

Fig. 3. M olecu lar e x tin c tio n  cu rv e  of 3 -h y d ro x y -5 '-m e th o x y -4 ', 5 '-d ih y d ro -3 ', 4 '-d eh y d ro -
-a-caro tene  in b en zen e

3 -h y d ro x y -3 '-m e th o x y -a -ca ro ten e  an d  th e  isom eric  d e riv a tiv e  c a n n o t be 
isom erized  in to  each  o th e r  e ith e r  b y  re f lu x in g  o r w ith  iodine. In  th e ir  UY 
sp e c tra  th e re  is no  cis p eak , th e y  give d iffe re n t isom er sets, a n d  th u s  th e  
p o ss ib ility  oi cis-trans  isom erism  is to  be ru le d  o u t. As zeax an th in  d itr ich lo ro - 
a c e ta te  (see F ig . 1 A )  fails to  solvolyze u n d e r  th e  cond itions in  w hich  lu te in  
d itr ic h lo ro a c e ta te  does, th e  d -m e th o x y -S '-h y d ro x y -a -ca ro ten e  s tru c tu re  c a n n o t 
be ta k e n  in to  co n sid e ra tio n .
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I t  is  assum ed  th a t  th e  isom eric  lu te in  m o n o m e th y l e th e r  is 3 -h y d ro x y - 
-5 '-m e th o x y -4 ',5 '-d ih y d ro -3 ',4 '-d e h y d ro -a -c a ro te n e , VI. T he fo rm a tio n  of 
th e  l a t t e r  m a y  be ex p la in ed  b y  ally lic  re a r ra n g e m e n t — as show n in  T a b le  I  — 
as p ro p o s e d  b y  Z e c h m e i s t e r  [ 2 ] ,  w ho gave th is  “ p robab le  m ech an ism ”  as an 
e x p la n a t io n  for th e  fo rm a tio n  of d e so x y lu te in s  from  lu te in  b y  w a te r  e lim i
n a t io n .

T h e  ap p ea ran ce  o f an  a lly l c a tio n , a n d  so th e  possib ility  o f a lly lic  r e a r 
r a n g e m e n t ,  is su p p o rte d  b y  th e  fa c t t h a t  an  a n h y d ro u s  d e r iv a tiv e , V II, as a 
b y -p ro d u c t ,  alw ays ap p ears  in  th e  tr ic h lo ro a c e ty la tio n  of lu te in . T h is d e r iv a tiv e  
is o b v io u s ly  fo rm ed  via  a re so n an ce  h y b rid  c a tio n  (III, IV) b y  loss o f  p ro to n . 
C o n s id e rin g  th a t  acco rd in g  to  Z e c h m e i s t e r  [ 2 ] ,  carbon ium  ion I I I  c a n  fu r 
n ish  o n ly  one d e riv a tiv e  b y  losing  a p ro to n  (3 -h y d ro x y -2 ',3 '-d eh y d ro -a -  
- c a ro te n e ;  th e  so-called [ 2 ]  deso x y lu le in  „ I I I ” ), b u t  carbon ium  ion  IV  m ay  
g ive  r ise  to  tw o (d eso x y lu te in  “ I ”  an d  d eso x y lu te in  “ I I ” ), i t  seem s lik e ly  th a t  
th e  a n h y d ro u s  d e riv a tiv e  fo rm ed  alone in  th e  tr ic h lo ro a c e ty la tio n  o f lu te in  is 
id e n t ic a l  w ith  deso x y lu te in  “ I I I ” . T he id e n t i ty  o f  th e  tw o com pounds w as also 
d e m o n s tra te d  ex p e rim en ta lly .

C onsidering  th a t  tr ic h lo ro a c e ty la tio n  a n d  solvolysis ta k e  p lace  in  a  good 
y ie ld , th is  m e th o d  is su ita b le  fo r th e  d e tec tio n  o f  h y d ro x y l groups in  a p o s itio n  
s im ila r  to  th a t  of th e  З '-h y d ro x y l group o f lu te in . A re p o rt on th e  s tru c tu re  
o f a -c ry p to x a n th in  as re v e a le d  b y  th is  m e th o d  w ill be pu b lish ed  elsew here.

I t  sh o u ld  be n o te d  t h a t  r e a c tiv ity  o f th e  a lly lic  h y d ro x y l g ro u p  o f  lu te in  
ca n  e x p la in  w hy  in  m a n y  cases, th e  m e ltin g  p o in t  o f lu te in  does n o t  re a c h  even 
a f te r  se v e ra l re -ch ro m a to g rap h ie s  a n d  re c ry s ta lliz a tio n s  th e  l it .  v a lu e  (193° C), 
a n d  in  fa c t,  i t  m ay  decrease  on re c ry s ta lliz a tio n .

E x p erim en ta l

The visual absorption maxima (in m /i )  were determined in a grid spectroscope Type 
Löwe-Schumm, and the melting points on a Kofler block. The visible and infrared absorption 
spectra were recorded on Beckman DU and Zeiss (Jena) UR 10 Spectrophotometer, respec
tively. The widths of zones are given in mm.

L u te in  d itr ich lo ro ace ta te

To a solution of 50 mg of lutein in 1 ml of absolute pyridine and 10 ml of absolute ben
zene there was added a solution of 0.2 ml trichloroacetyl chloride in 1 ml of absolute pyridine 
and 10 ml absolute benzene, and the mixture was shaken under dry nitrogen for 60 min. Then 
it was filtered, and the pigments transferred to 200 ml of petroleum ether in a separatory fun
nel, and washed thoroughly with water. The pyridine-free solution was then dried over an
hydrous Na2S04, the solvent removed in vacuum, and the residue crystallized from acetone- 
petroleum ether. Recrystallization gave 41 mg of yellow needles, m.p. 130° C. The pigment 
showed epiphasic behaviour between 95% methanol and petroleum ether, and had absorption 
maxima in hexane at 474, 444 and 420 т /г  (10-3 E, 128.1, 138.7, and 93.2, respectively). The 
IR spectrum obtained in CHC13 is presented in Fig. 1.
C14H540 4C16. Calcd. C 61.47; H 6.45. Found C 62.23; H 7.00%

A cta  Chim. Acad. Sei. Hung. 61, 1969







S ZA B O LC S, R Ó N A I: M E T H A N O L Y S IS  O F  L U T E IN  D IT R IC H L O R O A C E T A T E 305

B ase-ca ta ly zed  h y d ro lysis o f lu te in  d itr ich lo ro aee ta te

A solution of lutein ditrichloroaeetate (10 mg) in ether (20 ml) was allowed to stand in 
the presence of 4 ml of a 30% KOH solution in methanol under nitrogen for 18 hrs. The hy
drolyzed mixture was washed thoroughly with water, dried over anhydrous Na2SO,, and eva
porated in vacuum. The residue was dissolved in a mixture of benzene and petroleum ether and 
submitted to chromatography on calcium carbonate.

B a n d s P r o d u c ts
A b s .  m a x .  in  p e tr o le u m  

e th e r

1 brownish-yellow unidentified — —

(1) 30 yellow lutein 477 447
(2) 5 orange desoxylutein “III” 477 447

Pigment 1 was hypophasic on partition between 90% methanol and petroleum ether, 
and did not separate from an authentic lutein sample in mixed chromatogram test.

Pigment 2 was mainly epiphasic between 95% methanol and petroleum ether, and was 
not separated in the mixed chromatogram from an authentic sample of desoxylutein “III”.

T rea tm e n t of lu te in  d itrieh lo ro ace ta te  w ith  L iA llI ,

Lutein ditriehloroacetate (10 mg) was dissolved in 30 ml anhydrous ether and added to 
a magnetically stirred slurry of lithium aluminium hydride (about 20 mg) in 10 ml of anhydrous 
ether. After 15 min the reaction was completed and the excess of hydride destroyed by the care
ful addition of moist ether and 10% potassium hydroxide solution. After the usual procedure, 
the product was chromatographed on calcium carbonate from benzene—petroleum ether (1 : 1).

B a n d s P r o d u c ts
A b s .  max. in petroleum 

ether

(1) 1 yellow unidentified 4 7 3 443
(2) 35 yellow lutein 4 7 6 4 47

(3) 6 yellow desoxylutein “III” 4 7 6 4 4 6

Pigment 2 was hypophasic between 90% methanol and petroleum ether. It did not 
separate from an authentic sample of lutein in a mixed chromatogram.

Pigment 3 was divided between 95% methanol and petroleum ether and did not show 
separation in the mixed chromatogram test from an authentic sample of desoxylutein “ III” .

Solvolysis o f lu te in  d itrieh lo ro ace ta te  d u rin g  cry sta lliza tio n  fro m  benzene—m eth an o l
a t  ro o m  tem p era tu re

600 mg of lutein was trichloroacetylated by the method described above, and then 
crystallized from 8 ml of benzene by the careful addition of 50 ml of methanol (the solution 
being kept at room temperature for 4 hrs, at 0° C for 12 hrs and finally, at —15° C for 5 hrs). 
As the precipitate did not give a sharp m.p. even after recrystallization, it was submitted to 
chromatography. In the adsorption column, however, probably owing to decomposition that 
took place in the column, it gave indistinct zones.

Therefore it was dissolved in 300 ml of ether and allowed to stand in the presence of a 
30% KOH solution in methanol under nitrogen at room temperature for 16 hrs. After washing 
with water, drying, and evaporation in vacuum, the residue was chromatographed on calcium 
carbonate from benzene-petroleum ether.
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B a n d s P r o d u c ts
A b s . m a x .  i n  p e tr o l e u m  

e t h e r

5 brown unidentified — —

(1) 30 yellow 3-hydroxy-5'-methoxy-4',5'-di
hydro-3 ',4 '-dehydro-a-carotene 476 445

1 light yellow — — —
(2) 70 yellow 3-hydroxy-3'-methoxy-a-carotene 476 445
(3) 4 yellow desoxylutein “III” 476 446

1 light yellowr — — —

The bands were eluted with a mixture of benzene and methanol, transferred to benzene 
in separatory funnels, washed with water, dried over anhydrous Na2S04, evaporated in vacuum, 
and the residues crystallized.

Pigment 1 (3-hydroxy-5/-methoxy-4',5/-dihydro-3/,4/-dehydro-a-carotene) was dis
solved in 3 ml of benzene, then 20 ml of methanol was carefully added, and the mixture was 
allowed to stand at —15° C for 12 hrs. Recrystallization gave 45 mg of glittering plates, m.p. 
130° C. On partition between 95% methanol and petroleum ether it was found in the upper 
phase. The visible and UV spectra are presented in Fig. 3, the IR spectrum obtained in chloro
form is shown in Fig. ID.

C4iH580 2. Calcd. C 84.48; H 10.03. Found C 83.78; H 10.09%.

Pigment 2 (3-hydroxy-3'-methoxy-a-carotene) was dissolved in 3 ml of benzene and 
crystallized by the addition of 35 ml of methanol at —15 °C. 160 mg of orange-coloured plates 
were obtained, m.p. 168 °C. The visible and UV spectra are shown in Fig. 2; the IR spectrum 
taken in chloroform, is presented in Fig. 1C. On partition between 95% methanol and pe
troleum ether both phases were coloured, the greater part of the pigment, however, was found 
in the epiphase.

C4iH580 2. Calcd. C 84.48; H 10.03. Found C 84.65; H 10.21%.

Pigment 3 (desoxylutein “III”) was dissolved in a small amount of benzene, mixed 
with 4 ml of methanol and allowed to stand at — 15° C. The pigment crystallized in glittering 
plates and did not separate from an authentic sample of desoxylutein “III” in a mixed chro
matogram. The pigment was epiphasic between 95% methanol and petroleum ether. The IR 
spectrum obtained in chloroform is presented in Fig. I E .
C40H54O. Calcd. C 87.21; H 9.88. Found C 87.44; H 10.27%.

Z ea x a n th in  d itrich lo ro ace ta te

50 mg of zeaxanthin was treated with trichloroacetyl chloride as described for the 
preparation of lutein ditrichloroacetate. Recrystallization from benzene—methanol yielded 
35 mg of zeaxanthin ditrichloroacetate as long needles, m.p. 170° C.

The pigment exhibited entirely epiphasic properties. The IR spectrum recorded in 
CHC13 is presented in Fig. 1 A .
Qi4H540 4Cl6. Calcd. C 61.47; H 6.45. Found C 61.74; H 6.62%.

Solvolysis o f lu te in  d itrich lo ro ace ta te  in  benzene—m eth an o l

3 mg of lutein ditrichloroacetate in a mixture of benzene (3 ml) and methanol (12 ml) were 
allowed to stand under nitrogen at room temperature for 18 hrs. After completion of the sol
volysis, the solution was washed with water, dried over anhydrous Na2S 04, evaporated in 
vacuum, and the residue dissolved in 20 ml of ether and hydrolyzed at room temperature in 
the presence of 4 ml 30% KOH solution in methanol for 18 hrs. Finally, it was transferred to 
ether, thoroughly washed with water, and chromatographed on calcium carbonate from a mix
ture o f  benzene and petroleum ether (1 : 5).
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B a n d s P r o d u c ts
A b s . ш а х .  in  p e tr o l e u m  

e th e r

(1) 1 yellow unidentified 479 448
(2) 5 yellow lutein 477 447
(3) 15 yellow 3-hydroxy-5,-methoxy-4',5'-di-

hydro-3', 4'-dehydro-a-carotene 476 446

(4) 25 yellow 3-hydroxy-3'-methoxy-a-carotene 476 446
(5) 2 yellow desoxylutein “ III” 477 447

Pigment 1 was not identified because of lack of material.
Pigment 2 did not separate from an authentic sample of lutein in a mixed chromatog

ram, and it was found in the lower phase between 90% methanol and petroleum ether.
Pigments 3, 4 and 5 were identified, using the products obtained in the course of the 

previous experiments, by mixed chromatograms, partition tests, etc.
It should be mentioned that lutein ditrichloroacetate gave an entirely identical chro

matogram when solvolyzed under similar conditions but decomposed by LiAlH,.

Isom erization  o f 3 -h y d ro x y -3 '-m etlio x y -a -ca ro ten e

( a )  Isom eriza tio n  by re flu x in g  in  benzene so lu tion . 3 mg of pigment V in 15 ml
of benzene was refluxed under nitrogen in semidarkness for 2 hrs. Chromatography was carried 
out on calcium carbonate from benzene—petroleum ether (1 : 3).

B a n d s P r o d u c ts
A b s . m a x .  in  p e t r o l e u m  

e th e r

1 brown unidentified — —

(1) 30 yellow 3-hydroxy-3 '-methoxy-a-carotcne 476 446
(2) 10 yellow cis isomer 473 442

In a mixed chromatogram pigment 1 proved to be identical with the starting material' 
Pigment 2 could be isomerized into pigment 1 by refluxing.

(b) Iso m eriza tio n  by iodine. 4 mg of pigment V in 40 ml of benzene and in the presence 
of 0.04 mg of iodine was allowed to stand at room temperature for 30 min. The solution was 
washed with aqueous sodium thiosulphate solution and water, and dried over anhydrous 
Na2S04. It was then chromatographed on calcium carbonate from benzene-petroleum ether 
(1 : 5).

B a n d s P r o d u c ts
A b s . m a x .  in  p e t r o l e u m  

e th e r

(1) 30 yellow 3-hydroxy-3-methoxy-a-carotene 476 446
(2) Slight c is  isomer 467 437
(3) 20 yellow c is  isomer 471 441

Pigment 1 did not separate from the starting material in the mixed chromatogram. 
Pigments 2 and 3 could be isomerized into the starting material by refluxing.
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Isom erization  o f 3 -h y d ro x y -5 '-m eth o x y -4 ',5 '-d ih y d ro -3 ',4 '-d eh y d ro -0 £ -ca ro ten e

(a )  Isom eriza tio n  by re flu x in g  in  benzene so lu tio n . 3 mg of pigment V I was dissolved 
in 15 ml of benzene and refluxed under nitrogen for 2 hrs. The solution was chromatographed 
on calcium carbonate from benzene—petroleum ether (1 : 5).

B a n d s P r o d u c ts
A b s . m a x .  i n  p e t r o l e u m  

e th e r

(1) 12 yellow c i s  isomer 471 441
(2) 30 yellow 3-hydroxy-5'-methoxy-4',5 '-di-

hydro-3',4'-dehydro-a-carotene 476 446

Pigment 1 is a c i s  isomer and can be converted into pigment 2, which is the un
changed starting material; the conversion product did not separate from the starting mate
rial in a mixed chromatogram.

(b )  Isom erization  by  io d in e . 4 mg of pigment V I was dissolved in 40 ml of benzene and 
allowed to stand in the presence of 0.04 mg of iodine at room temperature for 30 min. The 
solution was washed with aqueous sodium thiosulphate solution and water, dried over an
hydrous Na2S04, and chromatographed on calcium carbonate from benzene-petroleum ether 
(1 : 5).

B a n d s P r o d u c ts
A b s . m a x .  i n  p e tr o le u m  

e th e r

(1) 14 yellow c is  isomer 470 441
(2) 40 yellow 3-hydroxy-5 /-methoxy-4 ',5 '-di-

hydro-3', 4'-dehydro-a-carotene 476 446

Pigment 1 is a c is  isomer, and can be isomerized into pigment 2, which is the unchanged start
ing material; the conversion product did not separate from the starting material in a mixed 
chromatogram.

*

We would like to express our thanks to Mr. L. T í m á r  for the elementary analyses, and 
to Miss M. HÁM for assistance in the chromatographic work.

REFERENCES

1. Z e c h m e i s t e r , L., S e a s e ,  J. W .: J. Am. Chem. Soc. 65, 1951 (1943)
2. Z e i c h m e i s t e r ,  L.: Fortschritte d. Chem. Org. Naturst. XV, 62 (1958)
3. Z e c h m e i s t e r ,  L., P e t r a c e k ,  F. J.: Arch. Biochem. Biophys. 61, 243 (1956)
4. C u r l ,  L.: Food Res. 21, 589 (1956)
5. G r o b , E. C., P f l u g s h a u p t ,  R. P . :  Helv. Chim. Acta 45, 1592 (1962)
6. J e n s e n ,  S. L., H e r t z b e r g ,  S.: Acta Chem. Scand. 20, 1703 (1966)

J ó z se f  Szabolcs 
Á dám  Rónai

P écs, R ák ó cz i ú t  80, H u n g a ry

A cta Chim. Acad. Sei. Hung. 61, 1969



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 61 (3), pp. 309—313 (1969)

THE STRUCTURE OF a-CRYPTOXANTHIN 
AND THE IDENTITY OF ZEINOXANTHIN 

WITH a-CRYPTOXANTHIN

J .  S z a b o l c s  and A. R ó n a i

(C hem ical Institu te  o f  the M ed ica l U niversity , Pécs)

Received July 4, 1968

On the basis of chemical evidence it has been shown that the structure of 
a-cryptoxanthin is 3-hydroxy-a-carotene, i.e. a-cryptoxanthin is identical with zeino- 
xanthin.

a -C ry p to x a n th in  w as iso la ted  fro m  C apsicum  annuum  v a r . L ycopersici- 
fo rm e f la v  um  by  C h o l n o k y  et al. [1] in  1958. O n th e  basis o f its  m ic ro an a ly s is , 
sp e c tra l p ro p ertie s , v ita m in  A p o te n c y , a n d  p ronounced  s im ila r ity  in  m a n y  
re sp ec ts  to  ß -c ry p to x a n th in , it  w as a ssu m e d  th a t  a -c ry p to x a n th in  w as 3 ’-hy- 
d ro x y -a -ca ro ten e . B o d e a  [2 ,3] also re p o r te d  th e  iso lation  of 3 ’-h y d ro x y -a -ca ro - 
te n e  (w ith  th e  nam e  p h y so x an th in ) f ro m  P hysa lis  A lkekengi b u t, as rev e a le d  by  
o th e r  in v es tig a tio n s  [4, 5], “ p h y s o x a n th in ”  w as id en tica l w ith  neo-/3 -cryp toxan- 
th in  A. In  1960 P e t z o l d  and  Q u a c k e n b u s h e  [ 6 ]  rep o rted  th e  occu rren ce  in  
m aize o f a new  ca ro ten o l w hich w as id e n tif ie d , f irs t o f all on th e  b asis  o f  its  
p h y s ica l p ro p erties  an d  lack  of v i ta m in  A p o ten cy , as 3 -h y d ro x y -a -ca ro ten e  
an d  called  z e in o x an th in . T hus it  seem ed  t h a t  on th e  analogy  o f o th e r  p h y to x a n -  
tliin s , b o th  m o n o h y d ro x y  d e riv a tiv es  o f  a -c a ro ten e  occurred  in  n a tu re .

In  view  o f th e  lack  of chem ical ev id en ce  for th e  s tru c tu re  o f  e ith e r  a -c ry p 
to x a n th in  or ze in o x an th in , i t  seem ed w o rth -w h ile  to  re in v es tig a te  tlie ir  s t ru c 
tu re s . T he necessity  o f  such  in v e s tig a tio n  w as confirm ed b y  a re p o r t  in  w hich  
F a r k a s  [ 7 ]  id en tified  a -c ry p to x a n th in  w ith  ze in o x an th in  in  a m ixed  c h ro m a to 
g ram .

T h e  m olecular fo rm ula  (C40H 5eO) show s th a t  th e re  is an  isom eric  r e la tio n 
sh ip  b e tw een  a -c ry p to x a n th in  and  /З-c ry p to x a n th in . T he decaene c h ro m o p h o re  
Umax (CeH„) 488, 457 an d  433 m/i; 1 0 ~ 3 E , 116.9, 130.0 and  86.5, re sp ec tiv e ly ]  
and. th e  presence o f a h y d ro x y l g roup  [rmax(CH Cl3) 3615 cm L] follow  from  th e  
lig h t ab so rp tio n  p ro p e rtie s  (see Fig. 1).

T h e  З’-h y d ro x y -a -caro ten e  s t ru c tu re  o f  a -c ry p to x a n th in , as p ro p o sed  by  
C h o l n o k y  et al. [1], could  have b e e n  co n firm ed  b y  a sim ple m e th a n o ly s is  
te s t  |8 ] o f a -c ry p to x a n th in  tr ic h lo ro a c e ta te . N am ely , th e  З’-h y d ro x y l g ro u p  of 
a -c ry p to x a n th in  occupies th e  sam e p o s itio n  as th e  З’-O H  group  o f lu te in , of 
w h ich  i t  is know n th a t ,  a fte r tr ic h lo ro a c e ty la tio n , i t  undergoes m e th a n o ly s is  
re su ltin g  in m o n o m eth o x y  d e riv a tiv es . T h e  p re sen t experim en ts h a v e , how ever,
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rev ea led  th a t  a -c ry p to x a n th in  tr ic h lo ro a c e ta te  [vmax (K B r) 1764 cm  -1 ; zeax an - 
th in  d itr ic h lo ro a c e ta te  h a d  vmax(K B r) 1761 cm  - 1 !] fails to  solvolyse u n d e r  th e  
co n d itio n s in  -which lu te in  d itr ic h lo ro a c e ta te  does (/?-cryp toxan th in  tr ic h lo ro 
a c e ta te , as is to  b e  ex p ec ted , does n o t u n d e rg o  m eth an o ly sis). T herefo re  th e  
З’-h y d ro x y -a -c a ro te n e  s tru c tu re  of a -c ry p to x a n th in  m u st be ru led  o u t.

F ig .  1 . IR spectra. A: Spectrum of a-cryptoxanthin in CHC13; В : Spectrum of a-cryptoxanthin 
trichloroacetate (KBr); C: Spectrum of /?-cryptoxanthin trichloroacetate (KBr)

I n  ag reem en t w ith  th e  above re su lt th e  iso la tio n  o f a -ap o -2 -caro ten a l, I I ,  
in  th e  p o ta ss iu m  p e rm a n g a n a te  o x id a tio n  [9] o f  a -c ry p to x a n th in  a c e ta te  p ro 
v ides ev idence  fo r th e  p resence  of an  u n s u b s t i tu te d  a-ionone ring  in  a -c ry p to 
x a n th in .

a -C ry p to x a n th in  tr ic h lo ro a c e ta te  h a d  x (CDC13) 9.18, 9.12, 8.89 — 8.87, 
8 .26, 8 .44, 8.10 an d  8 .04 , o f w'hich 9.18, 9.12, 8.44 a n d  8.10 are in good ag reem en t 
w ith  th o se  o f e -ca ro ten e , w hile 8.89 — 8.87 a n d  8 .26  are  also p re se n t in  th e  
sp e c tru m  o f z e a x a n th in  [11]. The b a n d  a t  8.04 is d u e  to  th e  in -chain  m e th y ls .
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A d o u b le t a t  7.74 ind ica tes  a m e th y le n e  g roup  a t  C —4, sim ilar to  th e  end  
g roups in  z e a x a n th in  sp lit b y  sp in -sp in  co u p ling  w ith  th e  single p ro to n  a t  C —3 
(see F ig . 2). On th e  o th e r h an d , th e  p resence  o f  th e  m eth y len e  g roup  a t  C —4

300 200 100 0 CPS

F ig .  2 . NMR spectrum of a-cryptoxanthin trichloroacetate in CDC13 at 100 Mc/sec

w as also con firm ed  b y  tre a tm e n t o f  a -c ry p to x a n th in  w ith  h y d ro g en  ch lo ride  
in  ch lo ro fo rm . I f  th e re  w ere an  O H  g ro u p  in  a lly lic  positio n  a t  C —4, th is  de- 
h y d ra ta t io n  te s t  [10] w ould  resu lt in  a n h y d ro -a -c ry p to x a n th in , w hich  w as n ev e r 
fo und .

HOC
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A ll th e se  ex p e rim en ts  are  co n sis ten t w ith  fo rm u la  I  (see C h a rt 1), in  w hich  
one e n d  g roup  is s im ila r to  t h a t  o f £ -caro tene a n d  th e  o th e r to  th a t  o f zeax an - 
th in , i.e . a -c ry p to x a n th in  is 3 -h y d ro x y -a -ca ro ten e .

T h e  rev ised  s tru c tu re  o f  a -c ry p to x a n th in  is in  good ag reem en t w ith  th e  
fa c t a lre a d y  m en tio n ed  t h a t  a -c ry p to x a n th in  d id  n o t sep a ra te  from  zein o x an - 
th in  in  a  m ix ed  ch ro m a to g ra m  [7]. T he v ita m in  A  p o ten cy  o f a -c ry p to x a n th in  
h ad  o r ig in a lly  been  d e m o n s tra te d  in  a sam ple  p re c ip ita te d  from  m o th e r liq uo rs, 
th u s  i t  m u s t  h av e  b een  due  to  th e  presence  o f  im p u ritie s .

I n  fu tu re  p u b lica tio n s  we shall re fe r to  a -c ry p to x a n th in  as 3 -h y d ro x y -a - 
c a ro te n e .

*

T h e  a u th o rs  w ish  to  express th e ir  th a n k s  to  P ro fe sso r B .C .L . W e e d o n  fo r h is v a lu 
ab le  c o m m e n t on th e  N M R  sp e c tru m  o f a -c ry p to x a n th in  tr ic h lo ro ac e ta te .

E xp erim en ta l

T h e  ro u tin e  p ro ced u re s a n d  m easu rem en ts  u sed  in  th is  w ork  h a v e  b een  su m m arized  
iu  a  p re v io u s  p u b lic a tio n  [8]. a -C ry p to x a n th in  w as iso la te d  fro m  C apsicum  a n n u u m  v a r . 
L ycopersiciform e fla v u m .

a-C ryploxanthin trichloroacetate

A  so lu tio n  of 25 m g of a -c ry p to x a n th in  in  0.5 m l o f  a n h y d ro u s p y rid in e  a n d  5 m l o f  
a b so lu te  b en zen e  w as m ix ed  w ith  4 d ro p s o f tr ic h lo ro a c e ty l chloride in  0.5 m l of an h y d ro u s  
p y r id in e  a n d  3 m l o f ab so lu te  benzene. T he m ix tu re  w as sh ak en  a t  room  te m p e ra tu re  fo r  60 
m in . T h e  r a te  o f acy la tio n  w as follow ed b y  TC L (K ieselge l G ; develop ing  so lv en t: b enzene). 
A fte r  co m p le tin g  th e  re ac tio n , th e  so lu tio n  w as d ilu te d  w ith  p e tro leu m  e th e r , f ilte red  in to  a 
s e p a ra to ry  fu n n e l, w ash ed  th o ro u g h ly  w ith  w a te r , d ried  o v e r  a n h y d ro u s N a2S 0 4, a n d  e v a p o ra t
ed in  v a c u u m . T he resid u e  w as c ry s ta lliz ed  fro m  a m ix tu re  o f  benzene a n d  m eth an o l to  o b ta in  
17 m g , m .p . 158°C; T he I R  sp e c tru m  (K B r disc) is p re se n te d  in  F ig . IB . On p a r ti t io n  b e tw een  
9 5 %  m e th a n o l  an d  p e tro leu m  e th e r  th e  p ro d u c t w as fo u n d  en tire ly  in  th e  u p p e r  phase .

W h e n  a -c ry p to x a n th in  tr ic h lo ro a c e ta te  w as a llow ed  to  s ta n d  in  m eth an o lic  so lu tio n  
u n d e r  c o n d itio n s  sim ila r to  th o se  u se d  fo r lu te in  d itr ic h lo ro a c e ta te , i t  w as reco v ered  u n c h an g e d  
a n d  n o  m eth an o ly s is  occurred .

|3-Cryptoxantliin trichloroacetate

A Cry 111 о \  an t hin tr ic h lo ro a c e ta te  w as p re p a re d  in  th e  u su a l m an n e r from  /?-cryp to - 
x a n th in  o r ig in a tin g  from  C apsicum  a n n u u m  v a r . Lycopersiciform e rubrum . I t  c ry sta llized  fro m  
b en ze n e  a n d  m e th a n o l in yellow  to  o range  p la te s , m . p . 148°C. T he I R  sp ec tru m , reco rd ed  in 
ch lo ro fo rm , is p re sen te d  in  F ig . 1C.

K M n04 oxidation of a-cryp toxanth in  acetate

7 m g  of a -c ry p to x a n th in  a c e ta te  in  20 m l o f  b en zen e  was shaken  w ith  20 m l o f  p o ta s 
sium  p e rm a n g a n a te  so lu tio n  (0.31 g of K M n 0 4 a n d  0.5 g  o f a n h y d ro u s N a 2C 0 3 in  100 m l of 
w a te r )  a t  ro o m  te m p e ra tu re  fo r 4 h rs. T he deco m p o sitio n  o f a -c ry p to x a n th in  a c e ta te  w as fo l
low ed b y  T LC . M anganese  d io x id e  w as th e n  f ilte re d  off, th e  o x id a tio n  p ro d u c ts  w ere e lu ted  
w ith  b e n z e n e  co n ta in in g  som e m e th a n o l, tra n s fe rre d  in to  a  se p a ra to ry  fu n n e l, w ash ed  w ith  
w a te r , d r ie d  o v er a n h y d ro u s  N a 2S 0 4, an d  th e  so lv en t e v a p o ra te d  in  v acu u m . T he re sid u e  w as 
d isso lv ed  in  a  sm all a m o u n t of p e tro leu m  e th e r  a n d  su b je c te d  to  c h ro m a to g ra p h y  on  calc ium  
c a rb o n a te , a n d  developed  w ith  p e tro leu m  e th e r.
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B a n d s P ig m en ts ^m ax (m/z) in  p e tro leu m  e th e r

2 o range (495) 457 427

2 yellow 439

Í 481 451
30 o range a -ap o -2 -caro ten a l j  518* 484* 452*

5 yellow 477 (450) (439)

* in  CS2

A fte r  th e  u su a l p ro ced u re  described abo v e , p ig m e n t 1 w as iden tified  as follow s:
(i) B y  th e  sp e c tra l p ro p erties  (Amax in  p e tro le u m  e th e r  a n d  carb o n  d isu lfide  w ere  a t  

481, 453 a n d  519, 486, 454 т /г ,  re sp ec tive ly ).
(ii) On p a r ti t io n  b e tw een  95%  m e th a n o l an d  p e tro le u m  e th e r  i t  w as fo u n d  in  th e  u p p e r  

ph ase  (before th e  p a r ti t io n  te s t  p ig m en t 1 h a d  been k e p t  u n d e r  th e  conditions o f h y d ro ly sis).
(iii) In  a m ix ed  ch ro m a to g ram , p ig m e n t 1 d id  n o t  se p a ra te  from  an a u th e n tic  sam p le  

o f a -ap o -2 -caro ten a l ( R F =  0.55 on K ieselgel G ; d ev elo p in g  so lv en t: benzene), b u t  i t  s e p a ra te d  
from  a -c itra u r in  a n d  a -c itra u r in  a ce ta te  ( R F —  0.21).

(iv) P ig m en t 1 gav e  a se t o f isom ers sim ila r to  t h a t  fro m  an  a u th e n tic  sam ple  o f  a -ap o -2 - 
ca ro ten a l and  d iffering  fro m  th e  se t o f /? -apo-2 -caro tena l.

Isom eriza tio n  w ith  iod ine in p e tro leu m  e th e r  o n  a  calc iu m  c a rb o n a te  co lum n p ro d u c ed  
th e  follow ing c h ro m a to g ram :

B a n d s P ig m e n ts ■*miuc (m / 0  in  
p e tro leu m  e th e r

20 o range a-apo-2 -caro tenaI 481 452

2 p in k 475 445

10 pa le  p in k 474 445

W e w ould lik e  to  express our th a n k s  to  Miss M. HÁM fo r assistance  in  th e  c h ro m a to 
g rap h ic  w ork , a n d  to  M r. L . T ímár for th e  I R  sp ec tra .
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CHEMISTRY OF 1,3-BIFUNCTIONAL SYSTEMS, VP

E X A M IN A T IO N  O F  T H E  T R A N S FO R M A T IO N S O F  4 -M E T H Y L -l ,3 -D IO X A N E  
ON  V A R IO U S CATALYSTS BY M EAN S O F  T H E  M IC R O  R E A C T O R  T E C H N IQ U E

M. B a r t ó k , J .  A p j o k , R .  A . K a r a k h a n o v ** and K . K o v á c s

( In s ti tu te  o f  Organic Chemistry, A .  J ó z se f  U niversity , Szeged)

R eceived Ju n e  24, 1968

T h e  tra n s fo rm a tio n s  o f 4 -m e th y l- l,3 -d io x a n e  hav e  been  s tu d ied  in th e  p resence  
of h y d ro g en , on  th erm o lite -su p p o rted  p la tin u m , p a lla d iu m  an d  rh o d iu m , fu r th e r ,  on  
n ick e l-a lu m in iu m  an d  co pper-a lum in ium  c a ta ly s ts , u sing  th e  m icro  re ac to r  te c h n iq u e . 
T he degree  o f decom position  of 4 -m e th y l- l,3 -d io x a n e  a n d  th e  re la tiv e  ra tio  o f  th e  
v a rio u s re a c tio n  p a th s  w ere exam ined  as a  fu n c tio n  o f th e  ex p erim en ta l p a ra m e te rs , 
such  as th e  n a tu re  an d  a m o u n t o f c a ta ly s t ,  a n d  te m p e ra tu re . U n d e r th e  c o n d itio n s 
app lied , th e  tra n s fo rm a tio n  of th is  co m pound  p ro v e d  to  be a com plex  process, com posed  
of severa l p r im a ry  a n d  secondary  reac tio n s. T h e  m ain  re ac tio n  p a th s  are : to ta l  f ra g 
m en ta tio n  g iv ing  rise  to  olefins a n d  sa tu ra te d  h y d ro c a rb o n s ; p a r tia l  f ra g m e n ta tio n s  
y ie ld ing  b u ty ra ld e h y d e , b u tan o l, m e th y l e th y l  k e to n e , a n d  sec .-bu tano l, a n d  f in a lly  
iso m erizatio n  to  n- a n d  sec.-b u ty l fo rm ate . T h e  o b se rv a tio n  of th e  iso m erizatio n  o f 1,3- 
d ioxanes to  e s te rs  m eans n o t on ly  th e  re co g n itio n  o f  a  new  re ac tio n , b u t  a t  th e  sam e tim e  
i t  re p re se n ts  a  new  ty p e  of 1 ,3 -rea rran g em en ts  p ro ceed in g  th ro u g h  a fo u r-m em b ered  
tran s itio n  s ta te .

In  th e  course  o f an  ex am in a tio n  o f th e  chem ica l tra n sfo rm a tio n s  o f 1,3- 
h ifu n c tio n a l ca rb o n  com pounds, ex p erim en ts  w ere ca rried  o u t concern ing  th e  
reac tio n s o f 1 ,3 -d ioxanes on d iffe ren t c o n ta c t c a ta ly s ts . In  th is  w ork  a t te n tio n  
w as focused m a in ly  on th e  effect of m e ta l c o n ta c t  c a ta ly s ts  u p o n  th e  degree of 
decom position , a n d  th e  course o f th e  conversions o f 1 ,3-dioxanes o f v a rio u s  
s tru c tu re s . No p u b lic a tio n s  h ad  been  fo u n d  in  th e  l i te ra tu re  dealing  w ith  th e  
reac tio n s o f 1 ,3 -d ioxanes on m eta l c o n ta c t c a ta ly s ts . O ur re su lts  on th e  deco m 
positio n  o f  2 -a lky l- an d  2 ,2 -d ia lk y l-l,3 -d io x an es  in  th e  presence of p la tin u m  
c o n ta c t c a ta ly s t  w ere rep o rted  in  p rev io u s p a p e rs  [1, 2].

T he p re se n t com m u n ica tio n  deals w ith  th e  decom position  o f 4 -m eth y l- 
1 ,3-d ioxane on th e rm o lite -su p p o rte d  p la tin u m , p a llad iu m  an d  rh o d iu m  c a ta 
ly sts  (P t/T , P d /T , R h /T ), m oreover on R a n e y - ty p e  n ickel (N i—Al) an d  copper 
(Cu — Al) c a ta ly s ts . T h e  im pulse m icro  re a c to r  te c h n iq u e  [3] w as chosen as th e  
e x p e rim e n ta l m e th o d . T h e  all-glass m icro  re a c to r  w as d ire c tly  a tta c h e d  to  a 
W illy  G iede G C H F  18/2 gas ch ro m a to g rap h . T h e  ex p erim en ts  w ere ca rried  o u t 
in th e  te m p e ra tu re  ran g e  betw een  180 a n d  400°C , in  hyd ro g en  ca rrie r  gas 
s tream .

* P a r t  IV : A c ta  P h y s . e t  Chem. Szeged 14, 99 (1968).
** I n s t i tu te  o f  O rgan ic  C hem istry  n am ed  a f te r  Z e l in s k y , A cadem y of Sciences, U S SR , 

Moscow.
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F ig . 1. D ependence  of th e  deco m p o sitio n  of 4 -m eth y l- 1 ,3-dioxane on v a rio u s c a ta ly s ts  as 
fu n c tio n  o f th e  tem p e ra tu re . 1 1 m l P t/T ;  2 0.5 m l P t/T ;  3 0.25 m l P t/T ; 4 0.125 m l P t/T ;  

5 1 m l P d /T ; 6 1 m l R h /T ; 7 0.2 m l Cu-Al; 8 0.2 m l N i-A l

Time min

F ig . 2 . C h a rac te ris tic  c h ro m a to g ra m  of th e  d eco m position  p ro d u c ts  o f 4 -m e th y l- l,3 -d io x a n e  
in  th e  p re sen ce  of 1 m l P t/T  c a ta ly s t  a t  305°. 1 gaseous decom position  p ro d u c ts ; 2 a c e ta ld e 
h y d e ; 3 m e th a n o l -f- e th an o l; 4 b u ty ra ld e h y d e ;  5 sec.-b u ty l fo rm a te ; 6 sec.-b u ta n o l m e th y l

e th y l ke to n e ; 7 n -b u ty l  fo rm a te ; 8  b u ta n o l;  9 4 -m e th y l-l,3 -d io x an e
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A ccord ing  to  th e  g raph ica lly  re p re se n te d  d a ta  in  Fig. 1, th e  c a ta ly s ts  can  
be a rra n g e d , on th e  basis  o f th e ir  e ffec t u p o n  th e  e x te n t of d eco m p o sitio n , in  
th e  fo llow ing o rd e r:

N i - A l  >  C u - A l  >  R h /T  >  P d /T  >  P t/T

F ig . 3. D ependence  of th e  conversion of 4 -m e th y l- l,3 -d io x a n e  a n d  i ts  d ecom position  p ro d u c ts  
in  th e  p resence  of 1 m l P t /T  c a ta ly s t as a fu n c tio n  of th e  te m p e ra tu re . 1 q u a n ti ty  o f  4 -m eth y l- 
1 ,3 -d io x an e  tran s fo rm e d ; 2 conversion o f 4 -m e th y l- l,3 -d io x a n e  to  gaseous p ro d u c ts ;  3 co n 
v ersio n  o f 4 -m eth y l-l,3 -d io x a n e  to liq u id  p ro d u c ts ;  4 га-b u ty l  fo rm ate ; 5 b u ty ra ld e h y d e ;  6 

see .-bu tano l -f- m e th y l e th y l k e to n e ; 7 b u tan o l

T h e d irec tions o f  th e  reactions c a n  be d e te rm in e d  b y  e v a lu a tin g  th e  c h ro 
m a to g ra m s o f th e  decom position  p ro d u c ts . A c h a ra c te ris tic  c h ro m a to g ra m  is 
show n in  F ig . 2. T h e  exp erim en ta l d a ta  o b ta in e d  b y  q u a lita tiv e  a n d  q u a n t i 
ta t iv e  ev a lu a tio n s  o f  th e  ch ro m a to g ram s a re  ta b u la te d  (Table I), a n d  th e  d a ta  
o b ta in e d  in  th e  case o f  1 ml P t/T  c a ta ly s t  a re  also g rap h ica lly  show n in  F ig . 3.

A c ta  Clxim . A c a d . S e i . H u n g  .61, 1 9 6 9
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T h ese  ex p e rim en ta l re su lts  reveal t h a t  th e  decom position  o f  4 -m eth y l- 
1 ,3 -d io x an e  in  th e  p resence  o f various m e ta l c o n ta c t c a ta ly s ts  is a com plex  
p ro cess , w hich  can  be  su m m arized  as follow s:

P r im a ry  processes

C H 3

H —C — 0  — CH2 — CH2 — CH2 —CH3

С Н я
I

H — С— о  — CH — C H 2 — C H 3

H j C — C H 2 —  C H 2  — C t T  +  [ C H 2 0 ]  
H

о
II

->-  Н з С  —  С —  C H 2 — С Н з  + [ С Н 2 0 ]

Н з С — С Н = С Н 2 +  [ 2  С Н 2 0 ]

► Н 2 С =  С Н 2 +  [ С Н 2 0 ] +  Н з С - С н

н. ■>-

н : >

н,

Н з С  — С Н 2 - С Н '2 — С Н 2О Н  +  С Н з О Н

н,с C H — С Н 2  — С Н з С Н з О Н

Н з С  — С Н 2 — С Н 2 — С Н з  +  сн2о + н 2о

( 1 )

(2)

(3)

(4)

(5)

(6) 

( 7 )

( 8 )

(9)

S e c o n d a ry  p ro c esse s

н —с;
'о  - j - C i H ,

н,

Н - С ^
о—С4Н?

С 4 Н 1 0  + н — с
о
он

С 4 Н 9  —  О Н  +  [ С Н 20 |

( 10)

( 11)
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„О

с н , —с н .—с н ,—с
н

СН3—СН,—СН3+СО ( 12)

с н , —с н ,—сн,
\ н

н * с н ,— с н ,—с н ,—с н ,—о н
—н ,

(13)

с н ,—с н 3

с н ,
Уо

н

уо
с н 3—с

\
н

СН,0

СН3—СН,—с н 3

с н 3—с н 3

с н 3—с н ,—с н 2—с н 3

СН3—СН—с н 2—с н ,

о н

-----iCH4 +  с о

н ,
;=±С,Н5-О Н
—н ,

СО +  Н„

- Н 2
^ = ± сн 3—с н  =  с н ,  
+ н ,

- н 2^сн,=сн2
+ Н 2

- н 2
Í=^CH2=C H —с н ,—с н ,
+ Н 2

(14)

(15)

(16)

(17)

(18)

(19)

(2 0 )

Tw o of th e  n in e  p rim ary  reac tio n s  (1, 2) a re  isom eriza tion , th re e  a re  h y - 
drogenolysis (7 , 8, 9), w hile th e  o th e r  fo u r a re  fra g m e n ta tio n a l processes.

T h e  e x p e rim e n ta l d a ta  in  T a b le  I  c learly  d e m o n s tra te  th a t  b o th  th e  q u a l
ity  an d  q u a n t i ty  o f  th e  c a ta ly s t, as well as th e  te m p e ra tu re  have decisive  in 
fluence  on th e  d ire c tio n  of th e  decom position .

T he o b se rv a tio n  of th e  iso m eriza tio n  o f 4 -m e th y l- l,3 -d io x a n e  to  b u ty l  
fo rm ates  m eans n o t  on ly  th e  reco g n itio n  o f a new  reac tio n , b u t also d e m o n 
s tra te s  a new  ex am p le  of 1 ,3 -rea rran g em en ts .

I f  th e  re la tiv e  p ercen tage  d is tr ib u tio n  o f th e  in d iv id u a l p rim ary  p rocesses 
is considered , i t  c a n  be s ta te d  t h a t  f ra g m e n ta tio n a l tran sfo rm a tio n s  to  h y d ro 
carb o n s an d  h y d rogeno lysis  are fa v o u re d  in  th e  p resen ce  o f each c a ta ly s t .

T he y ie ld  o f  oxo com pounds a n d  esters  ta k e n  to g e th e r  reached  i ts  m a x i
m um  v alue  (25% ) in  th e  case of th e  P t/T  c a ta ly s t .  T h e  m axim um  y ie ld  o f  iso 
m eriza tio n  to  n -b u ty l fo rm ate  w as 15% , an d  i t  w as o b ta in e d  w ith  P t/T  c a ta ly s t
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a g a in . T h e  o th e r  iso m eriza tio n  p ro d u c t o f  4 -m e th y l- l,3 -d io x an e  o ccu rred  in  
q u ite  a  neglig ib le a m o u n t in  th e  c a ta ly sa te . I n  th e  presence o f R h /T , N i—Al and  
C u — A l c a ta ly s ts  b o th  isom eriza tion  p ro cesses  are  of secondary  im p o rta n c e .

I n  o rd er to  th ro w  m ore lig h t u p o n  th e  chem ical changes u n d e r  in v e s tig a 
t io n , a n d  as a co m p lem en ta ry  e x a m in a tio n , th e  ca ta ly tic  deco m p o sitio n  o f th e  
tw o  iso m eriza tio n  p ro d u c ts , i.e. p r im a ry  a n d  secondary  b u ty l  fo rm a te s , was

F ig . 4 . D epen d en ce  o f th e  decom position  o f re -b u ty l fo rm ate  (1) an d  sec. -b u ty l  fo rm a te  (2) 
on  P t/T  c a ta ly s t  as a  fu n c tio n  o f tem p era tu re

s tu d ie d  u n d e r con d itio n s id en tica l w ith  th o s e  used  in  th e  case o f 4 -m e th y l- l,3 -  
d io x a n e . F ig . 4 show s th e  degree of d eco m p o sitio n  of th e  tw o co m p o u n d s as a 
fu n c tio n  o f th e  te m p e ra tu re . A t th e  sam e tim e , th e  v a p o u r-p h ase  decom posi
t io n  p ro d u c ts  o f 4 -m e th y l- l,3 -d io x a n e  a n d  th e  tw o fo rm ates , o b ta in e d  on 
1 m l P t/T  c a ta ly s t  a t  300°C, w ere su b je c te d  to  com para tive  e x am in a tio n s . A 
c o m p ariso n  of th e se  ex p e rim en ta l d a ta  a ffo rd e d  valuab le  in fo rm a tio n  a b o u t th e  
deg ree  o f th e  iso m eriza tio n  reac tio n s. N a m e ly , in  d e te rm in ing  th e  degree of 
iso m eriza tio n , one h as  to  ta k e  in to  c o n s id e ra tio n , in  add ition  to  th e  a m o u n t of 
fo rm  a te s  d e tec ted  in  th e  ca ta ly sa te , th e  a m o u n t of form ates d ecom posed  a t  th a t
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Table I

E x p e r i m e n t a l  d a t a  o f  th e  c o n ta c t  c a t a l y t i c  d e c o m p o s i t i o n  o f  4 - m e t h y l - 1 ,3 - d i o x a n e

C a ta ly s t, m l

T e m 
p e ra 
tu re ,

°C

C on
v e rs io n ,

%

D is tr ib u tio n *  o f  th e  d e  com position  p ro d u cts  %

C aseous
p ro d u cts

L iq u id
p ro d u cts

B u ty r -
a ld e h y d e

sec.-
B u ty l

fo rm a te

sec.- 
B u tan o l 
+  m eth y l 

e th y l 
k e to n e

B u ty l
fo rm a te B u ta n o l

P t/T 1 225 5 m in. 5 l 0 l l 2

P t/T 1 260 10 1 9 1 l 2 3 3

P t/T 1 285 43 25 18 2 l 2 8 5

P t/T 1 305 6 6 39 27 4 l 4 11 6

P t/T 1 320 93 73 20 3 0 4 8 4

P t/T 1 340 98 82 16 3 0 6 4 2

P t/T 1 360 100 89 11 3 0 7 0 0

P t/T 1 380 100 90 10 3 0 7 0 0

P t/T 0.5 200 2 m in. 2 m in . 0 1 m in. 1

P t/T 0.5 230 5 1 4 m in . m in. 1 1 2

P t/T 0.5 270 18 7 11 1 l 3 3 3

P t/T 0.5 295 50 25 25 2 2 4 9 7

P t/T 0.5 320 61 35 26 3 1 4 7 8

P t/T 0.5 333 84 60 23 3 m in. 3 8 7

P t/T 0.5 345 98 82 16 2 0 5 2 4

P t/T 0.25 255 5 0 5 m in . m in. 1 1 1

P t/T 0.25 298 20 9 11 1 1 2 3 3

P t/T 0.25 325 54 33 21 2 1 3 7 6

P t/T 0.25 350 90 67 22 3 0 5 7 6

P t/T 0.25 370 96 80 16 3 0 6 3 4

P t/T 0.125 300 15 4 10 1 1 2 2 3

P t/T 0.125 340 39 22 17 1 2 2 5 5

P t/T 0.125 355 60 39 21 1 1 3 7 6

P t/T 0.125 370 87 68 18 1 m in. 4 8 5

P t/T 0.125 392 92 76 16 1 0 4 5 5

Pd/T 1 200 2 m in. 2 m in . 0 m in. 1 0

Pd/T 1 240 8 2 6 m in . 1 1 3 m in .

P d /T 1 260 21 10 11 1 2 1 5 1

P d/T 1 280 56 41 15 1 3 2 7 2

Pd/T 1 305 92 77 15 1 m in. 4 6 3

Pd/T 1 330 100 91 9 2 0 4 1 2

R h/T 1 200 2 m in. 1 m in . m in. m in. 0 0

g *  A cta  Chim . A cad . Sei. H ung .
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Table I continued

D is tr ib u tio n *  o f  th e  d ecom position  p ro d u c ts  %

C a ta ly s t ,  m l

T e m 
p e ra 
tu re ,

°C

C o n 
v e rs io n ,

0/ G aseous
p ro d u c ts

L iq u id
p r o d u c ts

B u ty r 
a ld e h y d e

sec.-
B u ty l

fo rm a te

sec.~
B u ta n o l
- fm e th y l

e th y l
k e to n e

B u ty l
fo rm a te B u ta n o l

R h /T 1 255 13 9 4 m in . l l l 0
R h /T 1 275 70 65 5 l l 2 l 0
R h /T 1 300 95 88 7 l 0 4 l 0
N i-A l 0.2 180 19 16 3 l m in. m in. m in . 2
N i-A l 0.2 200 33 26 6 l m in. 1 m in . 4
N i-A l 0.2 240 62 48 14 3 0 4 m in . 7
N i-A l 0.2 255 73 57 16 3 m in. 4 m in . 9
N i-A l 0.2 275 93 76 17 3 m in. 4 m in . 10
N i-A l 0.2 300 100 86 14 2 0 1 0 11

Cu—A l 0.2 200 5 1 4 1 0 1 m in . 2

C u -A l 0.2 225 23 14 8 2 0 3 1 3

Cu—A l 0.2 245 25 11 14 3 m in. 7 1 3

C u -A l 0.2 270 58 43 16 3 min. 10 2 1

C u -A l 0.2 295 93 77 16 3 min. 9 4 1

R e te n t io n  tim e 
(m in ) 37.6 8.2 10.6 12.3 16.2 25.4

* T he fo rm atio n  of trac e s  o f  ace ta ld eh y d e , m e th a n o l and  e th an o l w as a lw ay s  o b se rv 
ed  in  th e  decom position .

te m p e ra tu re .  Oil th is  basis , th e  follow ing d a ta  w ere o b ta in ed  co n cern in g  th e  
d eg ree  o f iso m eriza tion  o f 4 -m e th y l- l,3 -d io x a n e  to  esters:

T e m p era tu re ,
°C

n -b u ty l
fo rm a te ,

°/o

sec.-butyl 
fo rm a te ,

%

2 6 0 4 2

2 8 5 n 6

3 0 5 1 7 1 2

T h e  decom position  o f sec.-b u ty l fo rm a te  gives, besides a neg lig ib le  
a m o u n t  o f sec.-b u tan o l, C4 h y d ro ca rb o n s , w hile  th a t  o f /г-b u ty l fo rm a te  y ields, 
b e s id es  b u ty ra ld e h y d e  a n d  b u ta n o l, C3 a n d  C4 h y d ro ca rb o n s (C3/C4 =  1/1). In  
th e  decom position  o f 4 -m e th y l- l,3 -d io x a n e , th e  C3/C4 ra tio  w as fo u n d  to  be 
1/4, in d ic a tin g  th e  sign ificance of ring  h y d ro g en o ly sis  (reaction  p a th  9).
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C om parison  o f  th e  a m o u n ts  of b u ty ra ld e h y d e  an d  b u tan o l, ta k e n  to 
g e th e r, w ith  th a t  o f  m e th y l e th y l k e to n e  a n d  sec.-b u tan o l shows th a t  n o t  o n ly  
th e  ab so lu te , b u t  also th e  re la tiv e  q u a n titie s  are  h ig h ly  d ep en d en t u p o n  th e  
c a ta ly s t  app lied :

CatalyB t
B u ty ra ld e h y d e  

b u ta n o l ,  %
M ethy l e th y l 
k e to n e  -f- *«*•- 

b u tan o l, %

N i-A l 12 4

P t/T 8 4

P d /T 4 4

Cu-Al 4 10

R h/T 1 4

In  o u r op in ion , th e  reason  w hy  th e  fo rm a tio n  o f b u ty ra ld e h y d e , b u ta n o l, 
m e th y l e th y l k e to n e , sec.-b u ta n o l, sec .-bu ty l fo rm a te  an d  n -b u ty l fo rm a te  d e 
p en d  u p o n  th e  n a tu re  o f th e  c a ta ly s t  lies n o t so m uch  in  th e  difference in  th e  s ta 
b ili ty  o f  these  p ro d u c ts , h u t  is ra th e r  ex p la in ed  b y  th e  ad so rp tio n  co n d itio n s  of 
th e  s ta r t in g  m a te r ia l an d  th e  p ro d u c ts , d e p e n d e n t on th e  ca ta ly s t.

T h e  fo rm a tio n  o f th e  in d iv id u a l p ro d u c ts , m a in ly  th o se  arising  as a re su lt 
o f v a rio u s  seco n d ary  processes, can  be ex p la in ed  in  te rm s  of d iffe ren t m ech a 
n ism s. In v e s tig a tio n  u n d e r id e n tic a l e x p e rim en ta l co n d itions of th e  se c o n d a ry  
p rocesses m ay  re su lt in th e  e lu c id a tio n  of th e  e x a c t re a c tio n  m echan ism .

Experim ental

P re p a ra tio n  of th e  ca ta ly sts

T h e  th e rm o lite  ca rrie r  o f 0 .2— 0.4 m m  p a rtic le  size w as boiled  w ith  h y d ro ch lo ric  acid  
a n d  w ash ed  w ith  d is tilled  w a te r  severa l tim es u n til  free  o f iro n , an d  th e n  d ried . T h e  m eta l 
co m p o n e n ts  (10% ) w ere  ap p lied  on th e  c a rrie r  from  H 2P tC I6 • 6 H 20 ,  R hC l3 • 4 H „0  a n d  P d C l2, 
as d e sc rib ed  earlier [3]. 1.5 m l aqu eo u s so lu tion  w as ap p lied  to  1 g o f th e  ca rrie r . A fte r  a d 
so rp tio n , th e  c a ta ly s t  w as dried  a n d  red u ced  a t  200— 300°C in  a  s tream  of h y d ro g e n . T h e 
R a n e y - ty p e  c a ta ly s ts  w ere  p rep ared  as described  ea rlie r [4]. A p a r t  from  th e  C u-A l c o n ta c t ,  t h e 
a c t iv ity  o f  th e  c a ta ly s ts  d id  n o t change  co n sid erab ly  in  th e  course o f  a p p lica tio n .

E x p erim en ta l cond itions

T h e  im pu lse-m icro  re ac to r  te c h n iq u e  [3] w as chosen  fo r th e  experim en ts . T h e  p a r tic le  
size o f  th e  c a ta ly s t  w a s  0 .2—0.4 m m . T h e  c h ro m a to g ra p h ic  co lum n was 1 m  high  a n d  5 m m  
in d ia m e te r , co n ta in in g  20%  /% 9-oxydiprop ion itrile  on th e rm o lite . T h e  th e rm o s ta t  w as a d ju s te d  
to  72°C , c a rrie r  gas: h y d ro g en ; r a te  o f flow  o f th e  c a rrie r  gas: 60 m l/m in ; d e te c to r  c u rre n t:  
160 m A ; m ax . d isp lacem en t o f th e  co m p en so g rap h : 2 m V ; d iam e te r o f th e  m icro re a c to r :  8 
m m ; sam p le  a m o u n t in je c te d : 0.0033 m l. A W illy  G iede ty p e  G C H F  18/2 gas c h ro m a to g ra p h  
w as u sed . T h e  analy sis  o f th e  gaseous p ro d u c ts  w as acco m plished  a t  80°C in  a  1 in lo n g  A120 3 
co lum n. T h e  peaks w ere id en tified  b y  m eans o f su itab le  s ta n d a rd  m ate ria ls , and  q u a n ti ta t iv e ly  
e v a lu a te d  w ith  th e  a id  o f c a lib ra tio n  curves.
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XeF., AS AN ANALYTICAL REAGENT

( P R E L I M I N A R Y  C O M M U N I C A T I O N )

A. S c h n e e r - E r d e y  and  K .  K o z m u t z a

( R e s e a r c h  G r o u p  f o r  I n o r g a n i c  C h e m i s t r y , H u n g a r i a n  A c a d e m y  o f  S c ie n c e s , a n d  I n s t i t u t e  o f  
G e n e r a l  a n d  I n o r g a n i c  C h e m is t r y , L .  E ö tv ö s  U n i v e r s i t y , B u d a p e s t )

R eceived  M arch 17, 1969

D ue to  its  s tro n g  o x id iz ing  pow er, good sto rag e  s ta b ility  a n d  p o r tio n a b ili ty , 
solid X e F 2 is a c o n v en ien t re ag e n t b o th  in q u a lita tiv e  an d  q u a n ti ta t iv e  analyses. 
T he d e te rm in a tio n  o f iod ide  ions as p e rio d a te  an d  th e  de tectio n  of ch ro m iu m  as chro
m a te  a re  described.

T he f ir s t  p a p e r  on th e  p re p a ra tio n  of co m pounds o f noble  gases ap p ea red  
in  1962 [1]. O ne o f th e  flu o rin e -co n ta in in g  co m pounds of X e d e sc rib e d  in  th e  
ab o v e  p a p e r has been  fo u n d  to  be X e F 2 [2]. I t  is a solid, t ra n s lu c e n t ,  c ry s ta l
line co m p o u n d  a t  room  te m p e ra tu re  w ith  a c h a ra c te ris tic  sm ell a n d  a consid 
e rab le  v a p o u r  p ressu re  (3 to r r ) .  T he reac tio n s  o f  X e F 2 have been  in v e s tig a te d  
b y  sev era l w orkers [3]. I t  h as  been  show n t h a t  th e  reac tio n  o f  X e F 2 w ith  
w a te r  is o f f ir s t  o rd er, a n d  hyd ro ly sis  tak es  p lace  accord ing  to  th e  fo llow ing 
e q u a tio n :

X e F 2 +  H 20  -> X e Í +  2 H F  +  1/2 0 2 

w ith  a half-life  o f 7 hou rs.
T he io d o m etric  d e te rm in a tio n  o f X eF 2 is b ased  on th e  t i t r a t io n  o f  iodine 

fo rm ed  in th e  reac tio n

Ada Chimica Academiae Scientiarum Hungaricae, Tomus 61 (3), pp. 325—328 (1969)

X e F 2 +  2 K I  -> X e t +  2 K F  +  I2

w ith  N a2S20 3 [3, 5].
T he ox id iz ing  effect o f  X e 0 3 form ed in  th e  aqueous so lu tio n  o f  X e F 6 

has a lre a d y  been  u tiliz ed  fo r an a ly tic a l p u rp o ses . A fter o x id iz in g  o rganic  
ac ids to  carb o n  d iox ide  a n d  w a te r , th e  excess X e 0 3 was m easu red  io d o m e tri-  
ca lly  [4].

D isso lv ing  X e F 2 in  w a te r  (th e  c o n c e n tra tio n  o f th e  s a tu r a te d  so lu 
tio n  is 0.15 M  a t  room  te m p e ra tu re )  th e  sm ell o f ozone can be fe lt  a n d  also 
th e  p resence  o f H 20 2 d e te c te d  [5]. T he o x id iz ing  p ro p erties  o f X e F 2 h a v e  long 
been  know n  [7]. T he re d o x  p o te n tia l  o f th e  sy s tem  X e /X eF 2 w as fo u n d  to  be 
2.2 Y in  an  acid ic m ed iu m  [8]. T h is is co m p arab le  w ith  th e  s ta n d a rd  p o te n tia ls  
o f  ozone (E 0 =  2.07 V) a n d  e le m e n ta ry  flu o rin e  (E 0 =  2.85 Y). A co m p ariso n
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o f  th e s e  th ree  oxidizing a g e n ts  shows th a t  X e F 2 h a s  fav o u rab le  p ro p e rtie s  such 
as i t s  so lid  s ta te , easy  h a n d l in g  an d  good s to ra g e  s ta b ili ty .

A t  room  te m p e ra tu re  X e F 2 can be s to re d  in  te f lo n  b o ttle s , w hile an y  
k in d  o f  p lastic  vessel, e.g. p o ly e th y len e , is s u ita b le  in  d ry  ice (—80° C).

T h e  purpose o f th e  p r e s e n t  paper is to  sh o w  t h a t  th e  s tro n g  ox id iz ing  
p o w e r  o f  X eF 2 can be u ti l iz e d  in  analy tica l c h e m is try . X e F 2 is n o t  o n ly  a s tro n g  
o x id a n t  b u t  can also se rv e  as an  effective f lu o r in a tin g  ag en t o f o rgan ic  com 
p o u n d s . I t  is p lanned  to  u se  th is  reagen t in  re a c tio n s  w hich  are  v e ry  d ifficu lt 
to  c a r r y  ou t under o rd in a ry  conditions. In  th e  fo llow ing , th e  a p p lica tio n  of 
X e F 2 fo r  th e  ox idation  o f  io d id e  to  periodate  a n d  C r ( I I I ) — ions to  c h ro m a te  in 
a c id ic  m edium  will be  o u t l in e d  briefly .

Oxidation of iodide ions

A fte r  d em o n stra tin g  t h a t  th e  am o u n t o f  io d in e  released b y  X e F 2 from  
e x cess  K I  is about 9 5 %  o f  t h e  am oun t e q u iv a le n t to  X e F 2 o rig ina lly  p re sen t, 
th e  e x te n t  of ox idation  o f  io d in e  b y  excess X e F 2 w as s tu d ied . F o r th is  p u rpose , 
to  5 m l aliquots of w a te r  o f  K I  5 m l of su lfu ric  a c id  a n d  an  excess X e F 2 were 
a d d e d  in  p lastic  beaker. I o d in e  appeared  in s ta n ta n e o u s ly . A few  m in u te s  la te r  
th e  brow nish-yellow  so lu tio n s  faded . In  o rd e r to  m ak e  th e  reac tio n  com plete  
a n d  to  decom pose th e  e x cess  X eF 2, th e  co lou rless so lu tions c o n ta in in g  gas 
b u b b le s  were hea ted  on  a w a te r  b a th . T he so lu tio n s  w ere cooled, a n d  a fte r  
a d d in g  2 N  HC1 an d  ex cess  K I  iodine was t i t r a t e d  w ith  a s ta n d a rd  N a2S20 3 
s o lu t io n  in  th e  presence o f  s ta r c h  in d ica to r.

T h e  d a ta  in T ab le  I  in d ic a te  th a t  th e  o x id a tio n  o f iodide re su lts  in  th e  
fo rm a tio n  of periodate .

Table I

K I  tak en  
(™g)

X eF 2
added
(m s)

X e F 2 (m g )  calcu lated  
fo r  8 -eq u iv a le n t 

o x id a tio n

V olum e o f 
0.01 N  

N a2S20 3 (m l)

K I  found
(m g)

D ev ia tio n
%

1.67 18.07 6.81 8.15 1.69 +  1.3

1.52 22.98 6.20 7.60 1.58 +  3.7
1.00 11.02 4.08 4.76 0.99 - 1 . 0

0.90 15.66 3.67 4.23 0.88 - 2 . 3
0.45 13.07 1.84 2.13 0.442 - 1 . 8

I n  e a c h  case X eF2 w as a d d e d  in  large excess a b o v e  th e  m ax im u m  a m o u n t 
re q u ire d . The m ate ria l o f  t h e  p lastic  beakers d id  n o t  in fluence  th e  reac tio n . 
H o w e v e r , care m ust be t a k e n  to  achieve co m p le te  d ecom position  o f th e  excess 
r e a g e n t .
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T he resu lts  show  th a t  in  acidic m ed iu m  K I  is q u a n ti ta t iv e ly  ox id ized  to  
K IO , b y  excess X e F 2. S ince th e  vo lum e o f s ta n d a rd  N a2S20 3 so lu tio n  is e igh t 
tim es th a t  e q u iv a le n t to  th e  K I  o rig ina lly  p re se n t, th e  m e th o d  is su itab le  for 
th e  d e te rm in a tio n  o f  sm all am o u n ts  o f  iod ide  w ith  su ffic ien t accu racy . W hen 
th e  analysis is p e rfo rm ed  b y  t i t r a t io n , 1 m l o f  0.01 N  N a2S20 3 co rresponds to
0.20751 mg o f K I.

Oxidation of Cr(III) ions

O nly  a few  re a g e n ts  are  capab le  o f ox id iz in g  c h ro m iu m (III)  to  Cr(VI) 
in  acid ic m edia  [6].

T he o x id a tio n  o f  C r(III)  ions b y  X e F 2 has been  fo u n d  to  occur a lm ost 
q u a n tita tiv e ly  in  h a lf  an  h o u r a t  a b o u t p H  =  2.

T he so lu tion  c o n ta in in g  C r(III)  ions w as p rep a red  from  1 N  K 2Cr20 7 b y  
red u c tio n  w ith  H 20 2 in  d ilu te  su lfuric  acid . T he so lu tio n  w as d ilu te d  to  th e  
req u ired  volum e w ith  d o u b ly  d istilled  w a te r. T he p H  o f th e  so lu tio n  was 1.7. 
1 m l o f th e  so lu tio n  ox id ized  to  ch ro m a te  co rresp o n d ed  to  1.005 m l o f 0.1 N  
N a2S20 3. W hen th e  so lu tio n  w as d ilu ted  te n fo ld , th e  p H  in c rea sed  to  2.3. 
A fte r o x id a tio n , 1 m l o f th e  so lu tion  co rresp o n d ed  to  0.9993 m l 0.01 N  
N a2S20 3.

W hen X e F 2 w as ad d e d  to  1 m l o f C r( I I I )  so lu tio n  in  a glass or p lastic  
b eak er, th e  green so lu tio n  beg an  to  tu rn  yellow  in  a few m in u te s . A fte r  add ing  
2 —40 m l of w a te r , th e  so lu tio n  w as h e a te d  fo r 1/2 h o u r on a w a te r  b a th , 
o r i t  w as p o u red  in  a glass b eak e r covered  w ith  a fu n n e l a n d  boiled  for 
20 — 30 m in u te s  on a sa n d  h a th . A fte r cooling  2 N  HC1 a n d  an  excess o f K I 
w ere ad d ed . T he io d in e  fo rm ed  was t i t r a t e d  w ith  0.01 N  N a2S20 3 in  th e  p re 
sence o f s ta rch  as in d ic a to r . Sm aller a m o u n ts  o f  ch rom ium  can  be d e te rm in ed  
p h o to m etrica lly . W h en  glass b eakers are  u sed  care  m u s t be ta k e n  to  p re v e n t 
c o n cen tra tio n  o f th e  so lu tio n  since th is  m ay  lead  to  losses in  ch ro m iu m  due to  
th e  ev ap o ra tio n  o f C r0 2F 2.

T he resu lts  o f tw o  m e a su r  e n r .( its  í ic  g H c i ir. T ib ié  I I .

Table II

C r ( I l l)  ta k e n  
expressed  as 0.01 iV 

N a 2S „ 0 3 (m l)

X e F , (mg) 
lo r o x id atio n V olum e o f  0.01 N  

V . S O, (ml) 
consum ed

D e v ia tio n

necessary used
%

10.07 8.5 14.20 9.80 - 2 . 7

9.99 8.5 73.0 10.20 +  2.1
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T h e  d a ta  show  th a t  fu r th e r  w o rk  is n ecessary  to  m ak e  th e  p ro ced u re  m ore 
a c c u ra te  a n d  rep roduc ib le . T h is  w o rk  is in  p rog ress.

T h e  d raw backs of th e  o th e rw ise  excellen t re a g e n t  are  its  h igh  p rice  an d  
th e  f a c t  th a t  i t  is d iff ic u lt to  o b ta in , w hich p u t  ce rta in  lim its  on its  
a p p lic a tio n .

*

T h e  a u th o rs  are in d eb te d  to  M r. P . Gróz (C h em istry  D e p a rtm e n t, C en tra l R esearch  
I n s t i tu t e  fo r  Physics, H u n g a r ia n  A cad em y  of Sciences) fo r su p p ly in g  th e  v a lu a b le  X e F , 
sam p le .
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A CTA  C H IM IC A

TOM 61— ВЫП 3

РЕЗЮМЕ

Термогравиметрическое и одновременно с этим ИК-спектрофотометрическое 
измерения количества паров NH3 и Н20, образующихся при термическом

разложении
А. Б . КИШ

Был разваботан ИК-спектрофотометрический метод для измерения количеств NH 3 и 
Н20 , образующихся в течение термического разложения. Изучались зависимости между 
навесками, скоростью потока газа-носителя, скоростью нагрева печи, а также измеренной 
площадью кривых с максимумом. Определялись те условия эксперимента, при которых 
площадь ИК-кривых с максимумом пропорциональна количеству выделяющегося газа.

Для измерения Н20  использовалась реакция с СаС2, в связи с чем был измерен вы
ход реакции превращения экспериментальным путем. Полученные для измерения Н20  
кривые с максимумом калибровались с помощью CuS04 • 5Н20 . На основе совместной 
оценки кривых ТГ и ИК-кривых с максимумом были получены такие экспериментальные 
данные, которые могут быть распространены и на до сих пор неисследованные, более уточ
ненные детали реакции разложения парамолибдата аммония и паравольфрамата аммония.

Об электропроводности смешанных стекол, содержащих алюминий
3. БО К Ш А И  и М. ГУРМАН

Определялись электрическое сопротивление стекол и число переноса катионов 
стекол в системе Na20 — К20 —А120 3—Si02. В то время как сопротивление натрий-алюмо- 
силикатных стекол изменяется при 400 °С лишь в пределах одного порядка в зависи
мости от отношения алюминия к щелочному металлу, сопротивление же калийных стекол 
в узком интервале изменения состава увеличивается почти на три порядка. Такое необыч
ное высокое сопротивление К20 —А120 3—5Ю2-стекол с высоким содержанием алюминия 
объясняется тем, что дырки относительно больших размеров, необходимые для миграции 
ионов калия, образуются в жесткой скелетной структуре лишь за счет высоких энергий 
активации. Вследствие этого, поведение смешанных стекол, относящихся к данной системе 
также изменяется.

Некоторые данные к гетерофункциональной конденсации, I 
Изучение получения силоксанов регулярного строения

Т. СЕКЕИ , П. Р Ё З Н Е Р  и П. ГЁМ ЁРИ

Изучалась гетерофункциональная конденсация, протекающая между алкокси- 
силанами и хлор-силанами, с целью установления возможности её использования для 
получения силоксановых полимеров и олигомеров с заданным регулярным строением. 
Было установлено, что проведением реакции в растворе можно избежать равновесную 
реакцию, представляющую собой мешающую побочную реакцию. Однако, обмен замести
телей ограничивает возможности построения молекул заданного регулярного строения в 
области низких молекулярных весов.

На основе изменения алкильной части алкоксигруппы можно судить о механизме 
реакции, а также о роли катализатора.



Изучение боридов, карбидов и нитридов с точки зрения применения их 
в качестве потенциометрических индикаторных электродов

Э. ПУНГОР и Ш. В Е С Е Р

Проводились исследования карбидов, боридов и нитридов переходных металлов для 
установления их применимости в качестве индикаторных электродов в растворах кислого 
ферроцианида и феррицианида. Авторами была установлена зависимость между кристал
лическим строением вещества индикаторного электрода и окислительно-восстановитель
ными индикаторными свойствами.

Каталитическое окисление аммиака с помощью платины и палладия 
в условиях дифференциального-термического анализа ДТА

М. Б Е Р Е Н Ь И

В условиях дифференциального-термического анализа на держателе образца в виде 
платиновой пластинки, окисление аммиака начинается со значительной скоростью уже 
при 230°. С помощью катализаторов с большой удельной поверхностью, содержащих пла
тину или палладий, был изготовлен такой детектор, который позволяет следить за про
цессами, сопровождаемыми выделением аммиака выше 100°. Детектор чувствителен к 
количеству аммиака, меньшего чем 1 мг.

Применение комплексообразователей в ионообменной хроматографии, I

Разделение ионов кобальта(И) и никеля(Н) на катионообменной колонке 
с помощью элюэнта, содержащего ионы оксалата

Й. И Н Ц Е Д И , П. ГАБО Р-КЛАТШ АНИ и Л . ЭРДЕИ

С помощью данных по ионобменным равновесиям, стабильностям комплексов и 
константам диссоциации были рассчитаны доли разделения ионов никеля(И)и кобальта(П) 
на катионообменной смоле из растворов, содержащих 0,1 моля щавеловой кислоты — ок
салата натрия при различных величинах pH. Используя раствор элюэнта с рассчитанным 
оптимальным значением pH, удалось осуществить хроматографическое разделение ионов 
металлов. Рассчитанные и полученные из эксперимента значения объемов элюэнта совпа
дают удовлетворительно.

Физические причины матричного эффекта при спектральном анализе в дуге
постоянного тока

Л . РОСТ

Матричные эффекты в количественном спектральном анализе обусловливаются 
двумя совокупностями причин, а именно, химическими процессами, происходящими при 
испарении образца (матричные эффекты по химическим причинам), и физическими процес
сами, происходящими в плазме источника излучения (матричные эффекты по физическим 
причинам). Настоящая работа занимается исключительно последними на примере свободно 
горящей дуги постоянного тока. По существу можно различать четыре причины, которые 
могут также находится в сложной зависимости друг от друга, а именно: влияние концен
трации всех частиц, находящихся в плазме, влияние концентрации частиц и температуры, 
транспортные процессы, протекающие в дуге, и взаимодействие газового образца, текущего 
в зону разряда, с плазмой.



Расчет влияния сопротивления ячейки на третью гармоническую 
составляющую в полярографии с переменным током в случае обратимого

электродного процесса
Й. ДЕВ А Й , л . МЕСАРОШ и  Т. ГАРАИ

Учитывая омическое сопротивление ячейки были дополнены коррекционным фак
тором теоретические зависимости, касающиеся третьей гармонической составляющей 
переменного тока, возникающего в обратимых полярографических процессах под влиянием 
переменного напряжения синусной формы с небольшой амплитудой, налагающегося на 
постоянное напряжение. На основе расчетов, проведенных с помощью этой зависимости, 
было установлено, что под влиянием омического сопротивления раствора амплитуды третьей 
гармонической составляющей, по сравнению со случаем, когда R„ =  0, уменьшаются тем 
значительнее, чем больше контурная частота переменного напряжения, концентрация 
компонентов, принимающих участие в электродной реакции, и изменение элементарного 
заряда.

Определение поверхности порошковобразных платиновых адсорбентов 
измерением адсорбции иода с помощью метода радиоактивной индикации

Г. ТОТ и Л . Ж И Н К А

Было показано, что ионы иодида выделяются на поверхности платины предваритель
но покрытой как водородом, так и хемосорбированным слоем кислорода в виде элементар
ного иода. Выделение, в обоих случаях, является результатом обмена, протекающего 
между ионами иодида и предварительно адсорбированными атомами водорода или кисло
рода. В случае водородного покрытия обмен может быть описан следующим суммарным 
уравнением:

P t - H  +  Н + +  I- — Pt— I +  Н, (1)

В случае же окисьного покрытия первая стадия — это растворение поверхностногопо- 
крытия платины согласно уравнению (2):

Pt2 P t j - 0  +  2 H f +  21- — (Pt IX„)1- (,!+,) +  H20  +  I +  Pt2 (2)

а следующая стадия — хемосорбция элементарного иода, образующегося по уравнению
( 2 ) :

Pt2 +  I -  Pt,I, (2а)

где через Pt, и Pt2 обозначаются внешний и лежащий непосредственно под ним слой пла
тины, соответственно; a (PtIX n)4'(”+') означает комплекс платины с иодом, образующийся 
из внешнего поверхностного слоя платины, покрытого первоначально хемосорбированным 
слоем кислорода.

Сравнение поверхности, измеренной методом БЕТ, с максимальным количеством 
адсорбированного иода указывает на то, что на поверхности адсорбента, покрытого слоем 
окиси, во время насыщения образуется монослой хемосорбированного иода, в котором 
на каждый атом платины на поверхности приходится один атом иода. В случае же ад
сорбентов с водородным покрытием максимальное количество адсорбированного иода 
оказалось на 10—25% меньше количества, соответствующего насыщенному монослою. Хо
рошее согласие между величинами поверхностей, определенными методом БЕТ и с по
мощью адсорбции иода, позволяют производить определение поверхности платиновых 
катализаторов путем измерения максимального количества адсорбированного иода. Т. к. 
последнее осуществляется и при комнатной температуре, то тем самым устраняется 
возможность старения поверхности адсорбента, вызванная применением высоких темпера
тур для обезгаживания.



Структура а-криптоксантина и идентичность зеиноксантина 
с а-криптоксантином
Й. С А БО Л ЬЧ н А. РОНАИ

Химическим путем было установлено, что структура а-криптоксантина соответ
ствует 3-гидрокси-а-каротину и что а-криптоксантин идентичен с зеиноксантином.

Химия 1,3-бифункциональных систем, IV. Изучение превращений 3— метил- 
диоксана— 1,3 с помощью микрореакторной техники на различных катали

заторах
М. БАРТОК, Й. А П Й О К , Р. А. КАРА Х А Н О В и К. КОВАЧ

С помощью микрореакторной техники проводились исследования превращения
4-метилдиоксана-1,3 в присутствии водорода на платиновых, палладиевых и родиевых 
катализаторах с термолитным носителем, а также на никель-алюминиевых и медь-алю- 
миневых катализаторах. В зависимости от изменения экспериментальных условий — ка
чество и количество катализатора, температура — были изучены степень и различные 
направления превращений 4-метилдиоксана-1,3. Превращения вышеупомянутого ве
щества — сложные; они складываются из нескольких первичных и вторичных процессов. 
Основными направлениями превращений являются: полная фрагментация с образованием 
олефинов и насыщенных углеводородов; частичная фрагментация с образованием бутираль- 
дегида, бутанола и метилэтилкетона, а также втор,-бутанола; изомеризация с образова
нием Н.- и втор.-бутилформиата. На примере изомеризации 1,3-диоксанов в сложные 
эфиры были показаны не только новая реакция, но и новый тип 1,3-перегруппировки, про
текающий через четырехчленное промежуточное состояние.

Метанолиз дитрихлорацетата лутеина

Получение З-гидрокси-З'-метокси-а-каротинаи З-гидрокси-5'- 
-метоксиД'^'-дигидро-З'^'-дегидро-а-каротина

Й. С А Б О Л Ь Ч  и А. РОМАН

При селективном метанолизе З'-трихлорацетоксигрупп дитрихлорацетата лутеина 
образуются два изомерных монометильных трихлорацетата лутеина, структура которых 
была доказана. Метанолиз представляет собой новый метод для обнаружения некоторых 
гидроксилных групп в каротиноидах, находящихся в положении, подобном положению 
З'-гидроксильной группы лутеина.
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DISTRIBUTION OF ARC TEMPERATURE 
USING CATHODE EXCITATION

Z.  G.  H a n n a * ,  T.  K á n t o r  and L.  E r d e y

( In s titu te  o f  General and  A n a ly tica l Chemistry, Technical U n iversity , Budapest, and * N a tio n a l
Research Centre, Cairo, U . A .  R .)

Received June  26, 1968

D eterm ination  of the axial and radial d is tribu tion  of tem perature in d.c. carbon 
arc in air is described using cathode excitation. P articu la r a ttention  is given to  the 
effect of th e  low ionization potential elem ent alum inium  when evaporated in to  th e  
plasm a. I t  is concluded th a t  alum inium affects th e  residence time of the therm om etric  
elem ent zinc.

1. In tro d u c tio n

I n  a w o rk  p u b lish ed  b y  us [1], we gave  a d e ta iled  s tu d y  on th e  m o s t 
c o n v en ien t a n d  rep ro d u c ib le  w ay  to  in tro d u c e  th e  m a tr ix  m a te ria l a n d  th e  
th e rm o m e tr ic  v o la tile  e lem en t zinc in to  th e  a rc  gap  using  th e  C T E -dev ice 
(device for co n tro lled  to ta l  ev ap o ra tio n ) in  o rd e r  to  m a in ta in  a s te a d y  an d  
rep ro d u c ib le  arc . I n  th is  p a p e r  we will use th e  e x p e rim e n ta l cond itions e s ta b 
lished  b y  us to  d e te rm in e  th e  ax ial an d  ra d ia l d is tr ib u tio n  of te m p e ra tu re  of 
ca rb o n  arc  in  a ir  w hen  th e  sam ple electrode is a rc e d  as ca thode . Several w o rk 
ers h av e  d ea lt w ith  te m p e ra tu re  d e te rm in a tio n  o f arcs anode e x c ita tio n  
[2 — 17], b u t  n o t w ith  ca th o d e  ex c ita tio n . M oreover, th is  s tu d y  w ould  be of 
in te re s t  for a n a ly s ts  w ho are dealing  w ith  c a th o d e  ex c ita tio n  in  o rd e r to  
develop  new  sp ec tro ch em ica l m ethods. W e w ill give an  ap p ro x im a te  e s tim a 
tio n  fo r th e  d is tr ib u tio n  o f zinc co n cen tra tio n  in  th e  p lasm a. F rom  th is  s tu d y  
i t  becam e a p p a re n t th a t  th e  residence tim e  o f zinc w as increased  re sp e c tiv e ly  
w hen  a lum in iu m  w as e v a p o ra te d  in to  th e  p la sm a .

Scope o f  theory

T he th e o ry  o f  te m p e ra tu re  m easu rem en t o f  an  arc  as a th e rm a l source  
is e lab o ra ted  in  th e  basic  w orks of th is  fie ld  [2 —17]. T he follow ing e q u a 
tio n  deduced  from  th e  B o l t z m a n n  s ta tis tic s  h a s  been  applied  f irs t  b y  O r n - 

s t e i n  an d  B r i n k m a n  [ 2 ]

log

5040(Fo -  Vb)

M k - l o g «  ’ 
(g A )b Ц

(1 )

1 Acta Chim. Acad. Sei. Hung. 61, 1969
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w h e re  T (° K )  rep resen ts te m p e ra tu re , V (eV )  th e  ex c ita tio n  p o te n tia l , labels  a 
a n d  b a re  fo r th e  tw o  m o n o ch ro m a tic  ra d ia tio n s  respective ly , e m itte d  b y  one 
a n d  th e  sam e species, g  th e  s ta tis t ic a l  w e ig h t, A  th e  tra n s it io n  p ro b a b ili ty  
a n d  1° (p h o to n s , s e c -1 . c m -2s r -1) th e  e m itte d  absolute in te n s ity  (rad ian ce).

I n  p ra c tic a l sp e c tro g ra p h y  b y  sim ple c a lib ra tio n  m ethods o f th e  em ulsion  
i t  is o n ly  possible to  m easu re  th e  in te n s ity  in  a n  a rb itra ry  scale. T h is  m easu red  
lin e  in te n s i ty  (irrad iance) w ill be ca lled  b y  us relative in te n s ity  ( I ) ,  w h ich  is 
p ro p o r t io n a l  to  th e  ab so lu te  in te n s i ty  as a g iven  op tica l and  d e te c tin g  sy s tem :

I  = f l ° ,  (2)

w h e re  f  is th e  in s tru m e n ta l fa c to r  (d ep en d in g  on  th e  w av elen g th ) w h ich  is 
u n k n o w n  in  these  cases. I t  is co n v en tio n a l to  use Y  and  A Y  sym bols acco rd in g  
to  th e  fo llow ing d e fin itio n s:

Y  =  log I  =  log f l °  (3)

A Y a,b =  l o g A  =  io g A  +  io g i |  (4)
h Jb 1ь

U sin g  th e  n o rm al w a y  o f p h o to g ra p h ic  p h o to m e try  th e  re sp e c tiv e  con
t r a s t  fa c to rs  (ya an d  уь) a re  av a ilab le  a n d  w e can  conclude to  th e  v a r ia t io n  of 
sp e e d  v a lu e  of th e  em ulsion  b y  th e m : i f  th e  c o n tra s t  fac to r ra tio  is a b o u t one, 
th e  r a t io  o f  speed values is a b o u t one too  [18]. A ssum ing th a t  th e  in s tru m e n ta l  
f a c to r  v a rie s  m o stly  w ith  th e  speed  v a lu e  o f  th e  em ulsion w ith in  a lim ited  
w a v e le n g th  range in  case o f  уа1уь —  1 th e  re sp ec tiv e  in s tru m e n ta l f a c to r  ra tio  
c a n  b e  e lim in a ted  from  E q . (4).

U su a lly , tw o line p a irs  o f  zinc a p p e a r  to  be ideal in  th is  re sp e c t g iven  in  
E q s  ( 5 )  a n d  ( 6 )  know ing  t h a t  th e  re la tiv e  (g A )  va lues d e te rm in ed  b y  S c h u t t e - 

v a e r  [ 5 ]  a n d  S c h u t t e v a e r  a n d  S m i t  [ 6 ]  w h ich  h av e  th e  Som ers c o rre c tio n  and  
p ro v id e d  b y  B o u m a n s  [14] w ere u sed  to g e th e r  w ith  th e  p ra c tic a l fo rm ulas 
g iv en  below :

20510

2.580 +  A Y
Z n l 3076

Z n l  3072 

18850

3.258 +  A Y
Z n l 3076 

Z n l 3282

(5)

( 6)

2. E x p erim en ta l

T h e  line p a ir Z n l 3076 /Z nI 3072 is m ore  ad v an tag eo u s th a n  th e  o th e r 
o n e  f ro m  th e  em ulsion c a lib ra tio n  p o in t o f  v iew . B u t on th e  o th e r  h a n d  th e  
u se  o f  th is  line p a ir  is asso c ia ted  w ith  o th e r  k in d  of e v a lu a tio n  p ro b lem s. 
N a m e ly , th e re  is a q u ite  la rg e  difference b e tw een  th e  in te n s ity  o f th e  tw o  lines,
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F ig . 1. T races o f sp ec tra  re p re se n t b a n d  in te rferen ces o f zinc lines: a — a d m ix tu re  a rc ; 
b —a d m ix tu re  a rc  w ith o u t z inc  ox ide, c — p u re  g ra p h ite  arc

in  ad d itio n  th e y  are  d is tu rb e d  b y  “ ca rb o n -a ir”  b a n d s  w hich  a ffec t b o th  
u n fa v o u ra b le  co n d itions fo r th e ir  e v a lu a tio n . A lth o u g h  th e se  p rob lem s h av e  
b een  in v es tig a ted  in  case o f  anode e x c ita tio n  [15] y e t w e found  th a t  i t  is im 
p o r ta n t  to  re p o rt th em  again  in  d e ta il from  th e  p o in t o f  v iew  o f ca th o d e  ex c i
ta t io n .

T he b a n d  in te rfe ren ces fo r th e  tw o  lines can  be seen on  traces  o f sp e c tra  
re p re se n te d  b y  Fig. 1 (a, b , c). T o ta l exposures w ere m ad e  a t  th e  m idd le  reg ion  
o f  th e  gap w ith  pow dered  g rap h ite  (c), a d m ix tu re  h a v in g  16 .7%  A120 3 (b) an d  
a d m ix tu re  h av in g  th e  sam e a m o u n t o f  a lu m in a  a n d  2 %  ZnO. In  a d d itio n  
w h a t is seen from  F ig . 1, th e  in te n s i ty  o f th e  zinc lines v a ried  m u ch  a long  
th e  gap  especially  th e  Z n l 3072, w h ich  w as m ore d is tu rb e d  b y  th e  b a n d  a n d  
h a d  a low er in te n s ity  itse lf. T his m ean s th a t  a b a n d  co rrec tio n  for th is  line  is 
m ore  im p o r ta n t  th a n  fo r Z n l 3076. W e h ad  c o n s tru c te d  a b a n d  co rrec tio n  
fo rm u la  using a th ird  b a n d  p e a k  (rem ark ed  b y  “ x ”  on th e  traces) fo r th e  line 
Z n l 3072 an d  a c o n v en tio n a l b a c k g ro u n d  co rrec tio n  w as perfo rm ed  fo r Z n l 
3076. T em p era tu re  d a ta  o b ta in ed  b y  th is  w ay  are g iven  in  T ab le  I . L a te r  we 
d iscovered  th a t  th e  in te n s ity  ra tio  o f  th e  b a n d  w as a b o u t 3072 A a n d  th e  
re fe rence  one (x) v a ried  along th e  g ap , as a re su lt th e  c o n s tru c te d  fo rm u la  
w as in v a lid  fo r th e  v a rio u s regions o f  th e  arc gap.
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H ow ever, i t  seem s t h a t  th e  e lim in a tio n  o f  th e  above d iscussed  p rob lem  
c a n  h e  achieved b y  u s in g  d iffe ren t co n c e n tra tio n s  o f zinc o x ide  a t  th e  vario u s 
reg io n s  of th e  arc  g ap , p ro v id e d  th a t  th e se  co n cen tra tio n s  m u s t  be  as h igh  as 
p o ss ib le  to  o b ta in  co n sid e rab le  line in te n s itie s  an d  a t  th e  sam e tim e  w ith o u t 
th e  in te rfe rin g  of se lf-ab so rp tio n . In  th is  case a n o rm al b a c k g ro u n d  co rrec tion  
c a n  p rov ide  good re su lts .

T he use o f th e  o th e r  lin e  p a ir  Z n l 3 282 /Z nI 3076 w as m ore  fav o u rab le , 
as w as also found  b y  D e  G alan  [15]. T h ere  w as no la rg e  d iffe rence  in  th e  
in te n s i ty  of th e  tw o  lin es  a n d  a no rm al b a c k g ro u n d  co rrec tio n  w as sa tis fac to ry . 
M o reo v er, i t  was possib le  to  use one c o n c e n tra tio n  of zinc o x ide  se lec ted  b y  
th e  m e th o d  p u b lish ed  in  a p rev io u s p a p e r [1].  In  case o f th e  u sed  ty p e  o f em u l
s io n  th e  co n tra s t f a c to r  fo r  th ese  tw o lines show ed a s lig h t d e v ia tio n  (e. g. 
Уз 2 8 2  =  1 ’37 and у 3 3 0 7 (j 77 1 .3 1 ) .

Table I

A x ia l tem pera ture  data using Z n l  3076/Z n l  3072 line  p a ir

D is ta n c e  fr o m
T e m p e r a tu r e  ( К )

A T
c a th o d e  (m m

G rap h ite  arc (T j) A d m ix tu r e  arc ( T 2) T l— t ,

A node

5.7—  67 5480 5480 0

5.0— 6.0 5600 5570 30

4 .0— 5.0 5890 5760 130

3.0— 4.0 6210 6050 160

2 .0— 3 .0 ' 6470 6260 210

1.0— 2.0 6510 6330 180

0.3— 1.3 

C a th o d e

6610 6380 230

Table I I

A x ia l tem pera ture  data using Z n l  3 0 7 6 /Z n I  3282 line  p a ir

D is ta n c e  fro m
T e m p e r a tu r e  ( ° K )

A T
c a th o d e  (m m )

G rap h ite  arc (T x) A d m ix tu r e  arc ( T c)
т - т г

A node

5 .7— 6.7 5830 5830 0

5 .0— 6.0 6000 5930 70

4 .0— 5.0 6180 6040 140

3 .0 —4.0 6360 6180 180

2 .0— 3 .0 ' 6460 6270 190

1.0— 2.0 6530 6340 190

0.3— 1.3 6600 6390 210

C a th o d e
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T ab le s  I  an d  I I  give re su lts  o b ta in ed  for te m p e ra tu re  m ea su re m e n t using  
b o th  line p a irs  an d  th e ir  re sp e c tiv e  E q s  (5) an d  (6), w ith  pow dered  g ra p h ite  and  
a d m ix tu re  h av in g  0 .33%  Z nO  in  b o th  m ate ria ls . I t  can  be seen t h a t  b o th  line 
p a irs  gave th e  sam e re su lts  w ith in  th e  ca th o d e  zone w hile th e re  is a s ig n if ic a n t 
d e v ia tio n  w ith in  th e  anode one . T h is w as because Z n l 3072 becam e w e a k e r  on 
m oving  to w ard s  th e  anode a n d  th e  b a n d  in te rfe ren ce  a ffec ted  th is  lin e  m ore 
w hich ap p e a re d  in th e  d e v ia te d  resu lts .

O n th e  basis of th e  a b o v e  described  s tu d y  E q . (6) w as selected  fo r  fu r th e r  
w ork g iven  in  th is  paper; fo r  c h a rac te ris in g  th e  precision  o f  th e  te m p e ra tu re  
m e asu rem en t fifteen  re p lic a te  exposu res w ere m ad e  a t  th e  m idd le  reg io n  of 
th e  gap w ith  th e  a d m ix tu re  u s in g  th e  w orking  con d itio n s su m m arised  below . 
Standard  deviation  ;Ь 4 3 °К  w as o b ta in e d  fo r th e  te m p e ra tu re , in se r tin g  th e  
log in te n s ity  ra tio s  of re p lic a te  m easu rem en ts  in  E q . (6).

S u m m ary  o f th e  experim ental conditions

Source: 220 V , d. c. g en era to r, c a th o d e  ex c ita tio n , 10 am p s ( in s ta b le  s ta te  o f th e  a rc in g s), 
7 m m  gap , o p era tin g  w ith  C T E -device  [1] an d  u sing  90 sec p re -a rc in g  w ith  240 s?c 
ex p o su re  tim e.

S p ec tro g ra p h : Zeiss Je n a , Q-24 (m ed iu m , q u a rtz ) , 0.015 m m  slit, in te rn a l focusing . D ia p h rag m  
esp ecia lly  c o n stru c ted  fo r th is  p u rp o se  fixed  on th e  “ F —150”  lens has an  o p e n in g  of 
3 X 3 m m  ( l X l  m m  of th e  a c tu a l  gap).

P h o to g ra p h y : G ev ae rt 23 D 50 em u lsio n , K o d ak  D-19 developer.
P h o to m e try : Zeiss J e n a  “ Schnell p h o to m e te r”  w ith  reco rd in g  sy s tem , e v a lu a tio n  on  th e  basis 

o f ex p e rim e n ta l d en sity  (H  a n d  D ) cu rves using  tw o -s tep  f i lte r  m eth o d .
M ateria ls : tw o  s ta n d a rd s  w ere p re p a re d , pow dered  g ra p h ite  and  a d m ix tu re  o f g ra p h ite  and  

16.7%  A120 3 b o th  c o n ta in in g  0 .3 3 %  ZnO for th e  ax ia l while th e  sam e m a te r ia ls  w ere 
used  w ith  0 .83%  ZnO in case  o f th e  rad ia l in v es tig a tio n .

Sam ple  e lec tro d e : (dow n) w as c u t  fro m  a g rap h ite  rod  3 m m  diam . and  35 m m  lo n g . T he 
c ra te r  w as 2 m m  diam . a n d  16 m m  deep. T he exposed  len g th  of th e  e lec tro d e  w as 6 m m . 
T h e  fillin g  of th e  e lectrode  w as p e rfo rm ed  as follow s: 8 m g of a pow dered  g ra p h ite  con
ta in in g  0 .33%  or 0 .83%  Z nO  w as p laced  a t  th e  b o tto m  of th e  c ra te r  for “ a x ia l”  and  
“ ra d ia l”  investig a tio n s re sp e c tiv e ly  follow ed b y  25 m g s ta n d a rd  m ix tu re  (w ith  or 
w ith o u t a lu m in a) as a seco n d  lay e r. T he e m p ty  p o rtio n  o f th e  c ra te r  w as f illed  w ith  
p o w d ered  g ra p h ite to  th e  r im  a n d  w ell tap p ed .

C oun ter e lec tro d e : 6 m m  diam . a n d  35 m m  long  g rap h ite  ro d  w as used  h av in g  a n e ck  3 m m  in 
d iam . a n d  5 m m  long a t  th e  m id d le  o f th e  e lectrode.

3. R esults

T he “ scope of th e o ry ”  g iv en  above for th e  m easu rem en t o f  th e  te m p e ra 
tu re  o f  p la sm a  involves a re m a rk a b le  s im p lifica tion  o f th e  p ro b lem . E q . (1) 
an d  E q s  (5) a n d  (6) d eriv ed  fro m  th e  fo rm er, en ab le  th e  te m p e ra tu re  o f  th e  
p lasm a , im ag in ed  as p ressed  in to  a “ su rface” , to  be ca lcu la ted . To th e  c a lcu la 
tio n  o f  th e  space d is tr ib u tio n  o f  te m p e ra tu re  th e  sp a tia l ab so lu te  in te n s i ty  in  
E q . (1) h as  to  be in te rp re te d  a n d  ca lcu la ted , one possib le so lu tion  b e in g  th e  
A b e l-tran sfo rm a tio n  [14].

H o w ev er, th e  ap p lic a tio n  o f zinc as th e  th e rin o m e tric  e lem en t offers 
o p p u r tu n ity  to  e s tim a te , in  w h ich  p lasm a  zone ex is ts  th e  te m p e ra tu re  c a lc u la t
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ed  b y  E qs (5) an d  (6). S in ce  th e  ion iza tion  p o te n tia l  o f zinc is h igh , its  a tom  
lin e s  a re  m ost in te n s iv e ly  e m itte d  in  th e  h ig h e r- te m p e ra tu re  zone b e ing  near 
to  th e  axis of th e  p la sm a  w ith in  any  chosen  p la sm a  section . C onsidering  th a t  
th e  zinc  atom  c o n c e n tra tio n  is h ighest also in  th e  v ic in ity  o f  th e  p la sm a  axis 
th e  in te n s ity  of zinc a to m  lines comes m o s tly  fro m  th e  core o f th e  p lasm a. 
T e m p e ra tu re s  c a lc u la ted  o n  th e  basis of m e a su rin g  th e se  lines a re  there fo re  
to  b e  re la te d  to  th is  p a r t  o f  th e  p lasm a. T h ese  “ effective te m p e ra tu re ”  [14] 
d a t a  a re  given in  th is  p a p e r  and  th e y  a re  r e la te d  to  th e  in te rn a l zone of 
th e  p la sm a  in  case o f  th e  m easu rem en t o f th e  a x ia l te m p e ra tu re  d is tr ib u tio n . 
I n  th e  estim ation  o f th e  r a d ia l  tem p era tu re  d is tr ib u tio n  leav ing  o u t th e  Abel- 
tra n s fo rm a tio n  leads to  g re a te r  inaccu racy  in  th e  sp a tia l ass ig n a tio n  o f tem . 
p e ra tu re s . This in a c c u ra c y  show s itse lf b y  th e  f a c t  t h a t  a m ore u n ifo rm  te m 
p e r a tu r e  fall is m e a su re d  o n  going from  th e  a x is  o u tw a rd  th a n  th e  re a l one.

Axial d istribu tion

R ep licate  ex p o su res  w ere  tak en  for e a c h  o f  th e  seven  selec ted  ax ia l re 
g io n s  o f th e  arc gap m o v in g  fro m  th e  ca th o d e  u p w a rd s  to  th e  anode. T h e  axial 
v a r ia t io n  of th e  effective  te m p e ra tu re  an d  th e  lin e  in ten s itie s  o f th e  elem enst 
a re  g iven  in Fig. 2. W e c a n  see from  Fig. 2 (b ) th e  effect o f th e  a lu m in iu m  va-

l (axial) ( mm)
F ig. 2. A xial v a r ia t io n  o f  tem p e ra tu re  a n d  lin e  in te n s it ie s :  a — g ra p h ite  arc,

b — a d m ix tu re  a rc
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pours u p o n  th e  b e h av io u r o f th e  te m p e ra tu re  a n d  th e  correspond ing  lin e  in te n 
sities. A n in f le c tio n  sep a ra tin g  tw o  zones o f  th e  a rc  gap can be reco g n ized  
in th e  m idd le  o f b o th  te m p e ra tu re  cu rv es . T hese are  a c a th o d e  zone 
w ith  s lig h t te m p e ra tu re  v a ria tio n  values w h ich  ex ten d s  from  th e c a th o d e  
u n til th e  m idd le  o f  th e  gap ; and  an  anode zone ch a rac terised  b y  a h ig h er 
d ro p p in g  o f  te m p e ra tu re  w hich covers th e  u p p e r  h a lf  o f th e  gap u n t i l  th e  
anode. R esu lts  o f  th is  s tu d y  for th e  te m p e ra tu re  values o f th e  tw o  a rc s  are  
given in  T ab le  I I  a n d  th e  te m p e ra tu re  d ifference  ( AT)  betw een  th e  tw o  arcs 
for th e  sam e reg ion  o f th e  gap.

W e shou ld  like to  m en tio n  here , th a t  m e a su rin g  th e  te m p e ra tu re  o f  th e  
w hole g ap  using  a d iap h rag m  w ith  an open ing  o f  1 X 21 m m  (0.3 X 7 m m  a c tu a l 
d im ensions in  th e  gap) gave te m p e ra tu re  v a lu es  co rrespond ing  to  6590°K  an d  
6390°K  fo r pow d ered  g rap h ite  an d  a d m ix tu re  resp ec tiv e ly . These v a lu e s  are  
e q u iv a le n t to  t h a t  o b ta in e d  n ea r th e  ca th o d e  e lec tro d e  fo r th e  re sp e c tiv e  arcs 
(see T ab le  I I ) .  T h is w as because th e  m a jo rity  o f  th e  e m itted  lig h t o f  z inc  o ri
g in a ted  from  th e  reg ion  n ea r th e  ca th o d e  (see F ig . 2).

A s a co m p lem en t fo r o u r d iscussion we d e te rm in e d  th e  e lec tron  p re ssu re  
(P e) a d ja c e n t  reg ions to  th e  ca th o d e  an d  an o d e  fo r  b o th  arcs as g iven  in  T ab le
I I I .  F o r  th is  m easu rem en t th e  M g ll 2795/M gI 2852 line p a ir  was u sed  a n d  for 
fu r th e r  d e ta ils  we refered  to  [14].

Table III

A x ia l electron pressure ( P e)  data

D is ta n c e  from  ca th o d e  
(m m )

1'ifS P ,(a tm )

G ra p h ite  a rc A d m ix tu re  a rc

(n ear anode)
5.7—6.7 - 3 . 5 — 3.3

(n ear cathode)
0.3 - 1 .3 — 2.8 - 2 . 5

R adial d istribu tion

O n considering  th a t  th e  visib le arc  co lu m n  u n d e r  th e  selected  w o rk in g  
con d itio n s has a d ia m e te r  o f ab o u t 9 m m , th e  te m p e ra tu re  was d e te rm in e d  a t  
five reg ions from  th e  cen tre  o f th e  gap o u tw a rd s . R ep lica te  ex p o su res  w ere 
ta k e n  fo r each  reg ion  follow ing th e  co n d itions p rev io u sly  described. T h e  ra d ia l 
decline o f  th e  e ffec tive  te m p e ra tu re  an d  th e  line in ten s itie s  of th e  e le m e n ts  in 
b o th  a rcs  a re  il lu s tra te d  in F ig  3. H ere  again  w e can  notice  th e  e ffec t o f  th e  
a lu m in iu m  v ap o u rs  on th e  a rc  te m p e ra tu re  an d  th e  line in ten sities  o f  z in c  a n d  
carbon . R esu lts  o b ta in e d  are  given in T ab le  IY  to  show  th e  te m p e ra tu re  v a lu es  
for b o th  arcs a t  v a ria b le  d istances from  th e  c e n tre  an d  th e  te m p e ra tu re  d iffe r
ence ( AT)  be tw een  th e  tw o arcs fo r th e  sam e reg ion .
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F ig . 3 . R ad ia l decline o f te m p e ra tu re  an d  line  in te n s i t ie s  in  th e  m iddle  of th e  a rc  g a p : 
a —g ra p h ite  arc , b — a d m ix tu re  a rc

F ro m  T ab le  IV  i t  is m o re  clear th a t  in  case  o f th e  a d m ix tu re  th e  o u te s t 
p o in t  o f  th e  m an tle  in d ic a te s  a h igher te m p e ra tu re  th a n  in  case o f  g ra p h ite . 
W e a ssu m e d  th a t  th is  p h en o m en o n  was due  to  th e  h ea tin g  effect re su ltin g  front 
th e  o x id a tio n  o f a lu m in iu m  v ap o u rs  com ing  fro m  th e  arc core.

Table IV

R a d ia l tem perature data

D is tan ce  f ro m  
ce n tre  (m m ) 

(m iddle o f  reg ions)

T e m p e ra tu re  (°K )

A T
T i - T 2G rap h ite  

a rc  (T ,)
A d m ix tu re  

a rc  ( T 2)

C entre

0 6380 6180 200

1 6340 6150 190

2 6240 6060 180

3 5980 5900 80

4 5650 5720 — 70

M antle
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4. D iscussion

Som e contribution to the interpretation o f  a x ia l transport process

M any  in te re s tin g  s tud ies d ea lt w ith  m ean  tim e  sp en t by  a to m s in  th e  
p lasm a as e. g. [11, 14, 19, 20] an d  we w a n t to  in v e s tig a te  th is  q u es tio n  u sin g  
ou r e x p e rim e n ta l d a ta .  I t  is know n th a t  th e  in te n s i ty  o f an  e m itte d  m o n o 
ch ro m atic  ra d ia tio n  is d e te rm in ed  b y  th e  a to m ic  p ro p e rtie s  and  th e  c o n c e n tra 
tio n  o f  th e  free a to m s in  th e  arc p lasm a a n d  b y  its  te m p e ra tu re  an d  e le c tro n  
p ressu re . K now ing  th e  fu n d a m e n ta l arc  p a ra m e te rs  an d  th e  a tom ic p ro p e r tie s  
of th e  re le v a n t e lem en t i t  is possib le to  c a lc u la te  th e  c o n cen tra tio n  o f  th is  
e lem ent in  th e  p lasm a  [14]. I n  th is  re sp ec t th e  zinc  w as hand led  as a re le v a n t  
e lem en t b y  us. H ow ever, we h ad  no ab so lu te  in te n s i ty  d a ta  of th e  zinc lin e s  an d  
th e re fo re  we h ad  o n ly  th e  p o ssib ility  to  ca lc u la te  th e  re la tiv e  d is tr ib u tio n  of 
th e  zinc a to m s in  th e  p lasm a. U sing th e  se lec ted  Z n l 3282 line th e  fo llow ing  
a p p ro x im a te  e q u a tio n  w as app lied :

log  n zn =  Y z n i  3282 — log К  — 5040 • 7 .78/T , (7

w here reZn is th e  n u m b e r o f th e  free an d  n o n -io n ized  atom s, К  c o n ta in s  th e  
in s tru m e n ta l fa c to r , th e  em ission p ro p ertie s  a n d  th e  p a r titio n  fu n c tio n , th e  
value , 7 .78 is th e  e x c ita tio n  p o te n tia l [V]. I n  E q . (7) we considered t h a t  th e  
p a r ti t io n  fu n c tio n  is in d e p e n d e n t of th e  te m p e ra tu re  w hich  is allow ed h e re  as 
an a p p ro x im a tio n  [14]. T he to ta l  n u m b e r o f  th e  species (atom s, ions a n d  m o le 
cules) (n°zn) can  be  expressed  as:

n  Z n  =
l - q ( l - / 8 )  

(1 -  ot)ß
« Z n ( 8 )

w here a  is th e  degree o f io n iza tion  o f zinc a n d  ß  th e  degree of d isso c ia tio n  of 
zinc ox ide.

A ccord ing  to  th e  li te ra tu re  [14] an d  o u r te m p e ra tu re  values in  th e  core 
(Table I I )  th e  d issoc ia tion  o f zinc oxide can  be considered  as ß  1 b ecau se  
its d isso c ia tio n  en e rg y  is 6.1 eV [21] w hich  is re la tiv e ly  low. M oreover, a  for 
zinc is neg lig ib le  as a f ir s t  ap p ro x im a tio n  (p a r tic u la r ly  in  th e  an o d e  zone) 
because zinc has a re la tiv e ly  h igh io n iza tio n  en e rg y  (9.29 eV). T hese  m ean  
th a t  th e  d a ta  o f n Zn give a good in fo rm atio n  a b o u t th e  to ta l  zinc species.

U sing  E q . (7) fo r th e  f irs t  reg ion  a d ja c e n t to  th e  anode in  th e  g ra p h ite  
arc th e  n (re l)Zn =  1 w as ta k e n  as an  a rb itr a ry  s te p  a n d  th e  value of log  К  w as 
ca lcu la ted . U sing th is  log К  va lue  th e  o th e r n (re l)Zn d a ta  were d e te rm in e d  for 
all reg ions o f  b o th  arcs an d  p lo tte d  in  F ig . 4.

G en era lly , we can  see th a t  th e  re la tiv e  c o n c e n tra tio n  of zinc is h ig h e r  in 
th e  p resence  o f a lu m in iu m  v ap o u rs  (cu rve  2) th a n  in  case of g ra p h ite  arc
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(c u rv e  1), a lth o u g h  th e  ra te  o f  e n try  of z inc  in  th e  case of b o th  a rcs  w as th e  
sa m e  w i th  good ap p ro x im a tio n . This w as e s ta b lish e d  b y  an  earlie r m e th o d  [1] 
a n d  w e g o t th a t  i t  w as 0.0056 m icrogram  a to m  Zn/sec.

I n  o rd e r to  give a m o re  e x p la n a to ry  re a so n  fo r th e  increase  o f  th e  co n 
c e n tr a t io n  o f th e  zinc in  th e  presence o f  a lu m in iu m  v ap o u rs , w e d raw  th e

F i g .  4 .  A xial distribution of zinc in graphite arc (curve 1), and admixture arc (curve 2). 
Curve 3 represents the concentration ratios between the two arcs

r e la t iv e  c o n cen tra tio n  ra tio s  be tw een  th e  tw o  a rcs rep resen ted  b y  c u rv e  3 in 
F ig . 4 . C u rv e  3 m ay  acco u n t fo r th e  genera l t r e n d  o b ta in ed  e x p e rim e n ta lly  as 
w ill b e  exp la in ed . H ere  we u sed  labe l (1) a n d  la b e l (2) w hich m ean  in  g ra p h ite  
a n d  in  a d m ix tu re  arc resp ec tiv e ly .

O u r  aim  is to  ex p la in  th e  effect o f th e  low  ion ization  p o te n tia l  e lem en t 
a lu m in iu m , u p o n  th e  ax ia l tr a n s p o r t  v e lo c ity  o f  zinc. W ith  a n o th e r  fo rm , th e  
o b ta in e d  ex p erim en ta l re su lts  can be w r it te n :

raZn(2)

n Z n ( l )

T Zn(2)

T Z n (l)
>  1 o r ? ^Zn(l) — v Z n ( 2)  >  0  i

v Zn(2)

w h e re  t  is th e  residence tim e  and  v is th e  a x ia l  tra n sp o r t  v e lo c ity  o f  th e  re le 
v a n t  e le m e n t in  th e  arc.

B oum ans p roposed  th e  e q u a tio n  below  fo r  describ ing th e  a x ia l t ra n s p o r t  
p ro c e ss  w h en  th e  low er sam p le  electrode is sw itc h e d  on as ca th o d e  [14]:

v =  vc — E<xHi, (9)
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w here vc is th e  co n v ec tio n  velocity  o f th e  w hole a rc  gases, E  is th e  a x ia l fie ld  
s tre n g th , x th e  deg ree  o f ion iza tio n  an d  /q  th e  ion  m o b ility  of th e  re le v a n t 
e lem en t. A p p ly in g  th is  eq u a tio n  fo r o u r case we g e t:

^Z nd) —  v Zn(2) =  V c ( l )  —  v c ( 2) +  ^ 2 a Zn(2) f l 7. u + V2)  —  ^ l^ Z n (l)  f e n +(|)  q q x

А  В  С к

A t th e  f irs t  reg ion  n e a r  to  th e  anode =  T ,  an d  w ith  re sp ec t to  th e ir  
low te m p e ra tu re  v a lu es  (T able I I ) ,  th e  x  v a lu es  can  be ta k e n  as e q u a l n e a r ly  
zero. In  th is  case i t  m eans th a t  on ly  p a r t  “ A ”  o f  E q . (10) has sig n ifican ce  in  
th is  re sp ec t. T h e  co n v ec tio n  velo c ity  o f th e  a rc  gases is la rger w hen  th e  te m 
p e ra tu re  d ifference is b igger be tw een  th e  a rc  gas an d  th e  su rro u n d in g  gas 
system  (air) (see T ab le  I I ) ,  co n sequen tly :

^Zn(l) — l ’Zn(2) —  v c (  1) —  v c(2) >

M oving to w a rd s  th e  ca th o d e  th e  x v a lu e  is becom ing  m ore a n d  m ore 
im p o r ta n t an d  th e re fo re  th e  “ B ”  an d  “ C”  p a r ts  o f E q . (10) to o . H e re  we 
can  acco u n t t h a t  E 2 <  E v  a z„(2) <  «zn(i) a n d  № n+(2) < ” ИZn+(i), m o reo v e r 
m oving  to w ard s  th e  ca th o d e  th e  d ifferences b e tw een  th e  respective p a ra m e te rs  
are  increasing . A s a  re su lt th e  v zn(i) — fz;i(2) h a s  to  decrease m o n o to n o u s ly  
if  vC(i) — vc(2) — c o n s ta n t.

A ccord ing  to  o u r in v estig a tio n s E 2 — E x d ifference is n eg a tiv e  b u t  has 
n o t a b ig  v a lu e  as in  case o f anode e x c ita tio n  [1]. T he negative e n h a n c e m e n t 
ol th e  d ifference a Zn(2) — *Zn(i) in  d irec tio n  to  th e  ca th o d e  is clear from  con si
d e ra tio n s  o f T ab le  I I  an d  on th e  basis o f T ab le  I I I .  T h e  m obility  o f th e  re le v a n t  
ions accord ing  to  th e  l i te ra tu re  drops in  th e  p resen ce  o f  foreign ions [22] o r  in 
general w ith  th e  in c reasin g  o f co n cen tra tio n  o f  ions an d  excited  a to m s [23]. T h is 
w as th e  case in  th e  a d m ix tu re  arc an d  as a re s u lt  th e  ,uzn+(2) becam e sm alle r 
an d  sm aller to w a rd s  th e  ca th o d e  because th e  c o n c e n tra tio n  of th e  a lu m in iu m  
v ap o u rs  becam e h ig h e r an d  h igher. T his p ic tu re  is in te rfe red  w ith  a c e r ta in  
lim it because  th e  in c rease  o f  te m p e ra tu re  en h an ces  th e  ion m obility  [23].

As a la s t p o in t fo r o u r q u a lita tiv e  d iscussion  o f curve 3 in  F ig . 4 , is th e  
ex p la n a tio n  o f th e  m ax im u m  p o in t a t  th e  c e n tre  o f  th e  arc gap. A cco rd in g  to  
th e  above m e n tio n e d  reasons i t  seem s th a t  th e re  is no possib ility  to  u n d e rs ta n d  
th is  d is tin g u ish ed  p o in t on th e  basis o f th e  v a r ia t io n  o f x  and  fi, v a lu e s . B u t 
we m ay  acco u n t th is  to  th e  v a ria tio n  of th e  c o n v ec tio n  velocity  a long  th e  gap 
or p e rh ap s  th e re  is a n o th e r  k in d  of process h ere  w h ich  h ad  no t been ta k e n  in to  
considera tion .
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5. C onclusion

F ro m  th e  described  ca lcu la tio n  i t  m ig h t b e  considered  th a t  th e  re s id e n c e  
t im e  o f  z inc  was in c reased  in  th e  presence o f  a lu m in iu m  as a m a tr ix  e le m e n t. 
I t  seem s th a t  th e  p ro p o sed  ex p lan a tio n  o f  th is  phenom enon  is a good  b as is  
fo r  f u r th e r  in v es tig a tio n s . H ow ever, i t  w as n o t  av a ilab le  to  m a in ta in  a  d e ta ile d  
s tu d y  fo r  b o th  d irec tio n s o f  th e  arc co lum n d u e  to  th e  use of tw o d if fe re n t zinc 
c o n c e n tra tio n s . B u t th is  s tu d y  is in  p rog ress in  ad d itio n  to  th e  m e a s u r in g  o f 
th e  e le c tro n  c o n c e n tra tio n  in  th e  vario u s reg io n s.

1. K á n t o r , T ., H a nn a , Z. G ., E r d e y , L .: S p ec tro ch im . A c ta  243, 37 (1969).
2. O r n s t e in , L. S., B r in k m a n , H .: N a tu rw issen sch aften  19 , 462 (1931).
3. M a n n k o p f f , R .: Z. P h y s ik  86, (1933).
4. M a n d e l s h t a m ,  S. L .: D o k i. A k ad . N auk. S S SR  18 , 559 (1938).

5 . S c h u t t e v a e r ,  J .  W .: R e la tiv e  P ro b ab ilitie s  o f T ra n s it io n s  in  Cadm ium , Zinc a n d  S tro n tiu m  
A to m , Ph . D. T hesis, U n iv e rs ity  U tre c h t (1942).

6. S c h u t t e v a e r ,  J .  W ., S m i t ,  J .  A.: P h ysica  10, 502 (1943).
7. S e m e n o v a ,  O. P .: Iz v e s t. A k ad . N auk . SSSR , Ser. F iz . 9, 715 (1945).
8. H u l d t , L .: S p ectroch im . A c ta  7, 264 (1955).
9. E u l e r ,  J . :  A nn. P h y s ik  18, 345 (1956).

10. D i k h o f f ,  J .  A. M.: S p ec tro ch im . A cta  11, 162 (1957).
11. V u k a n o v i ő ,  V. M.: P ro c . o f  th e  V III . Coll. S p e c tr . I n t . ,  L uzern , p. 62 — 66 (1959).
12. B o u m a n s ,  P . W . J .  M.: Som e F u n d a m e n ta l A sp ec ts  o f D . C. Arc S p ec troch im ica l A nalysis.

P h . D . Thesis, U n iv e rs ity  o f  A m sterdam  (1961).
13. S c h r i b n e r ,  B. F ., M a r G O S H E S ,  M.: A nal. C hem . 38 , 297 R  (1966).
14. B o u m a n s ,  P. W . J .  M.: T h e o ry  of S p ec tro ch em ica l E x c ita tio n . H ilger an d  W a tts ,  L o n d o n

(1966).
15. D e  G a l a n ,  L.: P a r tic le  D is tr ib u tio n  in  th e  D . C. C a rb o n  Arc. Ph . T hesis, U n iv e rs ity  of

A m ste rd a m  (1965).
16. M a r g o s h e s ,  M.: A pp l. S p ec tro sco p y  21, 92 (1967).
17. B o u m a n s ,  P . W . J .  M.: P ro c . o f th e  X IV . Coll. S p e c tr .  I n t .  D ebrecen, H u n g a ry , 23 (1967).
18. K á n t o r ,  T.: M a th em atica l A nalysis of th e  F u n d a m e n ta l  R e la tion  of P h o to g ra p h ic  P h o to 

m e try .  Thesis, T ech n ica l U n iv e rs ity  o f B u d a p e s t  (1965).
19. Z a i d e l ,  A. N ., K a l i t e e v s k i i ,  N . I . ,  K u n d ,  G. G ., F r a t k i n ,  S. G.: O pt. i S p e k tro sk o p iy a

2, 28 (1957).
20. S e m e n o v a ,  О. P ., L e v c h e n k o ,  M. A.: ibid  13, 609 (1962).
21. S u n , K . H .: J .  Am . C eram ic Soc. 30, 277 (1947).
22. M e e k ,  J .  M., C r a g g s ,  J .  D .: E lec trica l B reak d o w n  o f  G ases, p. 33. C larendon P re ss , O xfo rd ,

1953.
23. Y o n  E n g e l ,  A.: Io n ized  G ases, ib id , p. 112 —122 (1965).

Z a k a r ia  G. H a n n a , C airo , N a tio n a l R esea rch  C en tre

R E F E R E N C E S

G ellert t é r  4.

Acta Chim. Acad. Sei. Hung. 61, 1969



Ada Chimica Academiae Scientiarum Hungaricae, Tomus 61 (4), pp. 341—347 (1969)

ANALYSIS OF STEROIDS, IX*

S P E C T R O P H O T O M E T R IC  IN V E S T IG A T IO N  O F  O E S T R A -5 (1 0 )-E N -3 ,1 7 -D IO N E  AN D
IT S  3 ,3 -D IM E T H Y L  K E T A L
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(Physico-chem ical Research Laboratory, Chemical IVorks o f  Gedeon R ichter L td ., B udapest)

R eceived  J u ly  1, 1968

A  sp ec tro p lio to m etric  m eth o d  h as  been  developed  for follow ing o f  conversion  
o f oestra-5(10)-en-3 ,17-d ione (O eD ) in to  i ts  3 ,3 -d im eth y l k e ta l (O eD K ). T h e  m eth o d  
is b a se d  on th e  fa c t th a t  O eD  red u ced  w ith  sod ium  boro h y d rid e  and  t r e a te d  w ith  h y d ro 
ch loric  acid  c an n o t be m easu red  sp e c tro p h o to m etric a lly , while th e  sam e  t r e a tm e n t  of 
O eD K  re su lts  in  an  in te n se ly  ab so rb in g  zP-3-keto  com pound.

D e te rm in a tio n  of OeD an d  O eD K  in th e  p resence  of each o th e r  w as ca rried  o u t 
b y  a lka line  re a rra n g em en t o f th e  OeD c o n ta m in a n t in to  th e  z]4-isom er; th e  q u a n ti ty  
o f  th e  la t te r  w as m easu red  b y  d iffe ren tia l sp ec tro p h o to m etry . A fte r t r e a tm e n t  w ith  
h y d roch lo ric  acid , th e  to ta l  q u a n ti ty  o f th e  tw o  com pounds was m easu red  b y  m eans 
o f th e  ab so rp tio n  b an d  c h a ra c te ris tic  to  l4-3 -keto  com pounds

R ecen tly  z)50°)-3 -kctostero ids h av e  ach ieved  increasing  im p o rta n c e  
am o n g  19-nor-stero ids. As th is  b o n d  s tru c tu re  is v e ry  sensitiv e , th e  3-keto  
g ro u p  is u su a lly  p ro te c te d  d u rin g  th e  reac tio n s. T he m ost sim ple m e th o d  is to  
p re p a re  th e  d im eth y l k e ta l.

T he an a ly tica l m e th o d  used  fo r th e  in v es tig a tio n  of th e  r a te  a n d  co n v e r
sion o f  th e  keta l-fo rm in g  re a c tio n  an d  for th e  q u a lifica tio n  o f th e  o b ta in e d  k e to  
co m p o u n d s shou ld  be su itab le  fo r th e  d e te rm in a tio n  of th e  s ta r t in g  m a te r ia l 
a n d  th e  reac tio n  p ro d u c t in  th e  p resence o f each  o ther.

T h e  p o ssib ility  to  solve th e  p rob lem  b y  sp ec tro p lio to m etric  d e te rm in a tio n  
was s tu d ie d  on th e  p a ir o f com pounds show n below :

OeD

(<

oestra-5-(10)-en-3 ,17- 
dione 3 ,3 -d im eth y l k e ta l 

O eD K

* P a r t  V I I I :  .1. P h arm . Sei. 57, 1737 (1968).
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240 280 300
A nm

F ig . 1. U ltra v io le t  a b so rp tio n  sp e c tra  of oestra-5 (10)-en -3 ,17 -d ione  an d  its  3 ,3 -d im eth y l k e ta l  
in  e th a n o l. C urve a:  s p e c tru m  of o estra-5(10)-en-3 ,17-d ione; C urve b: sp ec tru m  of oestra-5(10)- 

L en-3 ,17-dione 3 ,3 -d im eth y l k e ta l

F ig . 2. U ltra v io le t  a b so rp tio n  sp e c tra  of oestra-4 -en -3 ,1 7 -d io n e  an d  oestra-4-en-17/?-ol-3-one. 
C urve a :  sp e c tru m  of o e stra -4 -en -3 ,17 -d ione  in  e th a n o l; C urve  b: sp ec tru m  of oestra-4 -en -3 ,17 - 
d ione  in  w a te r ;  C urve c: sp e c tru m  of о es t  r  a - 4 - e n -17 /7 - о 1 - 3 - о n c in  w a te r

N e ith e r of th e  tw o  com pounds show s lig h t  a b so rp tio n  usable  fo r a n a ly 
tic a l  m easu rem en ts  (F ig . 1); t re a tm e n t w ith  s tro n g  acids gives th e  Zl4-3-keto  
co m p o u n d  in  b o th  cases (C urve a in  F ig . 2), so m easu rem en ts  b ased  on th e  
l ig h t a b so rp tio n  o f th is  p ro d u c t allow  o n ly  th e  d e te rm in a tio n  of th e  to ta l  
q u a n t i ty  of th e  tw o  co m p o u n d s  to g e th e r.

F o r  a se lec tive  d e te rm in a tio n , reac tio n s  su ita b le  to  d istingu ish  b e tw een  
th e  tw o  co m pounds w ere req u ired .
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Follow ing o f the ketal-form ing reaction

F irs t o u r m e th o d  for follow ing th e  k e ta l-fo rm in g  reac tio n  is d escrib ed . 
O u r aim  w as to  m easu re  th e  q u a n t i ty  o f  th e  re a c tio n  p ro d u c t selectively . T h is  
w as possible b y  re d u c tio n  w ith  sod ium  b o ro h y d rid e  o f  th e  /J5d°)-3-keto sy s tem  
w hich  gives th e  / l 5<10)-3 -hydroxy  b o n d  sy s tem , w hile , u n d e r th e  sam e c o n d i
tio n s , th e  p ro te c te d  ca rb o n y l group in  th e  d im e th y l k e ta l  is n o t affected .

T re a tm e n t w ith  sodium  b o ro h y d rid e  w as fo llow ed b y  h ea tin g  w ith  h y d ro 
chloric acid. T h is  has no effect on th e  z)5<10)-3 -h y d ro x y  system  o b ta in e d  in  th e  
red u c tio n  o f  O eD , so no bond  sy s tem  w ith  l ig h t a b so rp tio n  is fo rm ed ; h o w 
ever, h ea tin g  o f  th e  u n ch an g ed  zl5(10)-3-ketone d im e th y l k e ta l sy s tem  w ith  
hyd roch lo ric  ac id  co n v e rts  i t  in to  th e  zl4-3-keto  co m p o u n d , oestra-4-en-17/?-ol- 
-3-one (1 9 -n o rtesto ste ro n e), w hich h a s  in ten se  l ig h t ab so rp tio n  (C urve c in  
F ig . 2). T his can  be  m easu red  se lec tive ly , so th e  p ro g ress  o f th e  re a c tio n  m a y  
be follow ed on  th e  basis  o f th e  in c reasin g  in te n s i ty  o f  th e  abso rp tio n  b a n d  due  
to  th e  Zl4-3-keto  g roup .

О UH

H C l

The re a c tio n  w ith  sodium  b o ro h y d rid e  w as ca rr ied  o u t accord ing  to  o u r 
m e th o d  developed  p rev io u sly  for th e  d e te rm in a tio n  o f u n sa tu ra te d  k e to s te ro id s  
[1]. U n reac ted  sod ium  b o ro h y d rid e  w as decom posed  b y  acetic  acid b efo re  th e  
hyd ro lysis , since d ire c t t re a tm e n t w ith  h y d ro ch lo ric  acid  also s ta r ts  th e  sim u l-
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ta n e o u s  ra p id  hy d ro ly sis  o f th e  d im e th y l k e ta l .  T h is resu lts  in  th e  s im u ltan eo u s  
p re se n c e  o f  th e  3-keto  co m p o u n d  a n d  so d iu m  b o ro h y d rid e  a t  le a s t fo r  a sh o rt 
t im e , a n d  th is  m ay  give rise  to  an  in te ra c tio n . T he p roduced  e rro r  w ou ld  de
p e n d  o n  th e  q u a n ti ty  o f  u n ch an g ed  so d iu m  b o ro h y d rid e  p re se n t a n d  th e  ra te  
o f  a d d it io n  of h y d ro ch lo ric  acid. A cetic ac id  decom poses sod ium  b o ro h y d rid e  
w i th o u t  h y d ro ly sin g  th e  d im e th y l k e ta l g ro u p , th u s  such an  e rro r  can  be  av o id 
ed . T h e n , boiling  th e  so lu tio n  w ith  h y d ro c h lo ric  acid effected  th e  desired  
h y d ro ly s is  in  a ra p id  a n d  u n am b ig u o u s re a c tio n .

T h u s  th e  re a c tio n  w as follow ed b y  t r e a t in g  th e  period ica lly  ta k e n  sam 
p les  w ith  sodium  b o ro h y d rid e , th e n  w ith  a ce tic  acid , fin a lly  w ith  h y d ro ch lo ric  
a c id , a n d  th e  ex tin c tio n s  w ere m easu red  in  w a te r  so lu tions a t  250 n m  a g a in s t a 
re fe re n c e  p rep a red  in  th e  sam e w ay  b u t  c o n ta in in g  no stero id . C om plete  (100% ) 
r e a c tio n  is rep resen ted  b y  th e  e x tin c tio n  o b ta in e d  b y  th e  sam e p ro ced u re  b u t  
w i th o u t  tre a tm e n t w ith  sod ium  b o ro h y d rid e , w h en  b o th  co m pounds a re  co n 
v e r te d  in to  th e  Zl4-3 -keto  d e riv a tiv e .

O u r m easu rem en ts  w ere carried  o u t a t  250 n m  (w hich is on  th e  d escen d 
in g  s id e  o f  th e  sp e c tru m  o f / l4-3 -k e to ste ro id s , th e  m ax im um  b e in g  a t  ab o u t 
247 n m ), because th is  b a n d  suffers a s lig h t b a th o ch ro m ic  sh ift due  to  re d u c tio n  
o f  th e  C-17 k e to n e  g roup  b y  sodium  b o ro h y d rid e  [2]. T hus co m p ariso n  o f th e  
e x tin c tio n  w ith  th a t  o f  a so lu tion  h y d ro ly z e d  w ith o u t re d u c tio n  is possib le 
o n ly  a t  th e  iso ab so rp tio n  p o in t o f th e  s p e c tra  o f  oestra-4-en-17/S-ol-3-one an d  
o estra -4 -en -3 ,1 7 -d io n e ; i t  w as found  to  be a t  250 n m  in  aqueous so lu tio n  (C urves 
c a n d  b in  Fig. 2).

Determ ination o f oestra-5(10)-en -3 ,17-d ione impurity in  its 
3,3-dim ethyl ketal

T h e  d im e th y l k e ta l  o b ta in ed  fro m  oestra-5 (10)-en-3 ,17-d ione alw ays 
c o n ta in s  m ore or less s ta r t in g  m a te ria l. T h e  know ledge of th e  q u a n t i ty  o f th is  
im p u r i ty  is im p o r ta n t  in  fu r th e r  conversions.

T h is  d e te rm in a tio n  w as b ased  on th e  fa c t  th a t  in  m ild  a lk a lin e  m ed iu m  
th e  Zl50°>-3-keto b o n d -sy s tem  m ay  be  c o n v e r te d  in to  a zl4-3-keto  sy s te m , w hich  
is m e a su ra b le  sp ec tro p h o to m e trica lly , w hile  u n d e r these  co n d itio n s th e  d i
m e th y l  k e ta l rem ain s un ch an g ed .
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W hen th e  e x tin c tio n  o f  an  alcoholic so lu tio n  t r e a te d  w ith  an  a lka li is 
d e te rm in ed  a g a in s t a sim ilar b « t  u n tre a te d  so lu tio n  a t  239 nm , th e  “ b a c k 
g ro u n d ”  due to  l ig h t a b so rp tio n  o f  O eD K  is cancelled  a n d  th e  read  value  w ill 
be ch a ra c te ris tic  to  th e  OeD  co n ta m in a tio n . T h e  low  a b so rp tio n  of OeD m akes 
m easu rem en ts  possib le  a t  re la tiv e ly  high c o n c e n tra tio n s , so h igh  se n s itiv ity  
can  be a tta in e d .

As sp e c tro p h o to m e tric  m easu rem en ts  a t  239 n m  a re  ra th e r  p ro b lem a tic  
in  alkaline m ed iu m , th e  so lu tio n  w as s ligh tly  ac id ified  w ith  acetic  acid a f te r  
th e  alkaline re a rra n g e m e n t. (M ineral acids c a n n o t be u sed , because th e y  c o n 
v e r t  O eD K  in to  th e  Zl4-3-keto  com pound  even  in  cold  so lu tion .) The reference  
so lu tion  also c o n ta in e d  th e  sam e q u a n titie s  o f  sod iu m  h y d ro x id e  an d  ace tic  
acid , b u t th e y  w ere ad d ed  in  rev e rsed  o rder to  exc lu d e  th e  p o ssib ility  o f a lk a lin e  
rea rran g em en t.

Determ ination of oestra-5(10)-en -3 ,17-d ione 3,3-dim ethyl ketal

The conversion  of OeD a n d  O eD K  in to  oestra-4 -en -3 ,17 -d ione  by  bo iling  
w ith  h yd roch lo ric  acid  has b een  used , as th is  c an  be  m easu red  sp ec tro p h o to - 
m e trica lly  an d  is eq u a l to  th e  to ta l  q u a n tity  o f  th e  tw o  com pounds. T he re su lt 
shou ld  be co rrec ted  w ith  th e  O eD  co n ten t d e te rm in e d  b y  th e  above p ro ced u re  
ta k in g  in to  ac c o u n t th e  ra tio  o f  th e  m olecular w eig h ts .

Experim ental

Reagents o f analytical grade were used. The spectrophotom etric determ inations were 
carried ou t on a Spectrom om  201 spectrophotom eter.

Following of the reaction OeD-*OeDK

1.00 ml of the reaction m ix ture  of the ketal form ation (OeD content: about 0.03 g) is 
added  to 10 ml of m ethanol and 1.0 ml of 0.1 N  m ethanolic N aO II in a 100.0 ml m easuring 
flask. (Sodium hydroxide is needed to  neutralize the weak acid presen t as a catalyst.) 0.2 g 
( +  5% ) of sodium borohydride is added, and after dissolution, the  solution is allowed to  stand  
for 15 min. a t room  tem perature. T hen 0.5 ml of glacial acetic acid and, after standing for 
2 m in., 10 ml of 5 N  HC1 are added dropwise. The solution is boiled up and, after cooling, its 
volum e adjusted  to  100.0 ml w ith m ethanol. 3.00 ml of th e  ob tained  solution is p ipetted  into 
ano ther 100.0 ml m easuring flask, and  filled w ith w ater up to  the m ark . The extinction of th is 
d ilu ted  solution is determ ined a t  250 nm  against a solution prepared  in the same w ay b u t 
containing no steroid.

A fter s ta rtin g  th e  reaction, a sam ple of 1.00 ml is w ithdraw n from the reaction m ix ture  
and trea ted  according to  the above described procedure except for th e  addition of sodium boro
hydride. The ex tinction  of this solution is determ ined a t 250 nm  against the reference con ta in 
ing no steroid. The observed value represents the ex tinction  in th a t  case, when the conversion 
is completed to 100% . The extinctions m easured after the reduction  w ith sodium borohydride, 
given in per cents of this value, d irectly  show the percentage progress of the reaction.
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Determination of OeD contamination in OeDK

A bou t 0.15 g of the substance is dissolved in ethanol and the volum e ad justed  to  50.0 ml.
10.00 m l of th e  solution is p ipetted  in to  a 100.0 ml m easuring flask. 1.0 ml of 0.1 N  aqueous NaOH 
so lu tion  is added, and the m ix ture  allowed to  s tan d  for 15 min. a t room  tem pera tu re . 2.0 ml 
of 0.1 ЛГ acetic acid solution is then  added, and th e  volum e adjusted  to 100.0 m l w ith  ethanol.

2.0 ml of 0.1 N  acetic acid and 1.0 m l of 0.1 N  NaOH are added to  ano ther 10.00 ml 
p o rtio n  of the stock solution, w hich is then  filled up to  100.0 ml w ith ethanol. The extinction 
of th e  solu tion  trea ted  w ith N aOH  is determ ined against this o ther solution a t  239 nm.

T he q u an tity  of OeD contam ination  is calculated as follows:

°oOeD
500 ■ E

7W
w here Ejjg, =  611, the specific extinction  of 1M )ef) a t 239 nm in ethanolic m edium , and В 
is th e  weighed quan tity  of the substance, in  gram s.

Determination of OeDK

2.00 ml of ethanolic stock solution prepared  as described above, is boiled w ith  100 ml 
of w a te r and  10 ml of 5 N  HC1 and, a fter cooling, its  volume is adjusted  to  250.0 m l w ith  w ater, 
in  a m easuring  flask. The extinction  of the  solution a t  247 nm is com pared w ith  th a t  of a sim
ila rly  p repared  solution containing no steroid.

T he obtained results are to  be corrected  w ith  the previously determ ined  OeD content.

о/ 12500 ■ E  M p e O K  a ,
/oOeDK 171% r  А/ f  /о OeD^ lc m  ••£> M  OeD

w here li[cm =  512 is the specific ex tinction  of O eD K  after hydrolysis, М 0еоь; an|i  ^OeD are 
th e  m olecular weights of OeDK and  OeD respectively  (318 and 272).

Results

F ig . 3 shows curves o f th e  con v ersio n  OeD —► O eD K  a t  d iffe re n t te m p e ra 
tu re s .

F i g .  3 .  Following of the conversion of oestra-5(10)-en-3,17-dione in to  its  3 ,3-dim ethyl ketal. 
So lven t: m ethanol. C atalyst: m alonic acid. Concentration of oestra-5(10)-en-3,17-dione:

3.0 g/100 ml
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T he curves c a n n o t be e v a lu a te d  k in e tica lly , as a f te r  an  a p p a re n tly  v e ry  
f a s t  s ta r tin g  period , th e y  f la t te n  considerab ly . T h is is caused  b y  s ta r t in g  th e  
re a c tio n , accord ing  to  th e  m a n u fa c tu r in g  tech no logy , b y  d isso lv ing  OeD and 
m alon ic  acid , th e  c a ta ly s t ,  s im u ltan eo u sly  in m e th an o l o f a p p ro p r ia te  te m p e r
a tu re . D isso lu tion  ta k e s  a few  m in u tes , w hile th e  re a c tio n  is a lre a d y  in  p ro 
gress; how ever, th e  m o m en t o f  p e rfec t d isso lu tion  w as co nsidered  as t =  0. 
On th e  basis  o f th ese  cu rv es , th e  tim e  req u ired  fo r com ple tion  o f  th e  reac tio n  
a n d  th e  degree  o f conversion  (a b o u t 95% ) can  be s ta te d .

To e v a lu a te  th e  ab o v e  described  m eth o d s, m ix tu re s  o f  th e  tw o  su b stan ces 
w ere  p re p a re d  w hose OeD c o n te n t v a ried  b e tw een  0 an d  5 % . T h e  re su lts  o b 
ta in e d  are  show n in T ab le  I .  T h e  d ifference b e tw een  th e  w eighed  a m o u n ts  and  
fo u n d  q u a n titie s  o f OeD d id  n o t exceed ^ 0 .1 5  ab so lu te  p e r  c e n t, so th is  
m e th o d  gives re su lts  o f  sa tis fa c to ry  accu racy , even  in  th e  p resence  o f 0 .5%  
O eD  co n tam in a tio n .

Table I

OeD, % OeDK, %

Weighed Found Weighed Found

1. 4.76 4.81 95.2 95.6
2. 3.10 3.17 96.9 97.4
3. 1.92 1.80 98.1 98.9
4. 0.90 0.99 99.1 99.2
5. 0.51 0.46 99.5 99.0
6. 0.30 0.24 99.7 99.4

T he co rrec ted  va lu es  re g a rd in g  th e  q u a n ti ty  o f O eD K  p re se n t in  excess, 
ag ree w ith in  i l %  w ith  th e  c a lcu la ted  ones.

*

The au tho r’s thanks are due to  Mrs. Gy. B e r h id a i for her useful assistance in the  experi
m ents.
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A m ethod was elaborated  for the m easurem ent of positive ion emission of m etals 
by means of a tim e-of-flight mass spectrom eter. The m ethod perm its the determ ina
tion of the n a tu re  of the ions em itted  and also the stu d y  of the very  fas t processes in
volved.

The m echanism  of positive ion emission from  helical tungsten  filam ents was 
studied in details by m easuring tem perature  and tim e dependence of th e  emission in 
the cases of bo th  n o t preheated  and annealed spirals. M easurem ents on molybdenum  
resulted curves corresponding to those obtained for tungsten . Continuous and im pulse
like (the la t te r  caused by ion bursts) ion currents could be detec ted . The absolute value 
of both  cu rren ts could be m easured as well. Thus, height and shape of th e  ion bu rst 
pulses and th e  num ber of ions creating the pulses could be evaluated  for various tem 
peratures. M easurem ents on m onocrystals and linear wires were perform ed too. Compar
ing their resu lts w ith  those on helical filam ents for th e  role of additive m aterials and 
the ir position in tungsten  could be explained.

As early  as 1913, R i c h a r d s o n  [1] observed  th e  em ission o f positive  ions 
from  h o t m eta l su rfaces. D u rin g  th e  su b seq u en t y ea rs  th is  p h en o m en o n  has been 
in v es tig a ted  on v a rio u s  m e ta ls  by  a g rea t n u m b er o f a u th o rs  [2, 3, 4 ]. W ith  th e  
recen t dev e lo p m en ts  in  v acu u m  tech n iq u e  th e  in te re s t  has been  focused m ore 
an d  m ore on th e  ionic em ission from  tu n g s te n . I t  seem s th a t  m an y , p ra c tic a lly  
im p o r ta n t p h en o m en a  a re  closely re la te d  to  th e  p o sitiv e  ion  em ission from  
tu n g s te n . Such are  th e  anom alous f lick e r effect o b serv ed  in  d iodes [5, 6, 7, 8], 
th e  p resence o f  a n u m b e r o f u n u su a l b a ck g ro u n d  p eak s in  h ig h -sen sitiv ity  
solid  sam ple  m ass sp ec tro sco p y  w ith  th e  use o f m u ltif i la m e n t surface io n iza
tio n  source [9], a rc ing  occu rrin g  in  e lectric  b u lb s  [10— 16], d is tu rb an ces in  
c e r ta in  ty p es  o f  m ass sp e c tro m e try  an d  in  th e  ap p lic a tio n  o f th e  ion iza tion  
gauge [17, 18], to  m e n tio n  o n ly  th e  m ost im p o r ta n t  p rob lem s.

T he in ten s iv e  p o sitiv e  ion  em ission in  th e  cases m en tio n ed  above can  
be re la te d  to  th e  tech n o lo g y  used  fo r th e  p ro d u c tio n  o f  tu n g s te n  [19, 20]. 
I t  w as d iscovered  som e decades ago th a t  h e a te d  tu n g s te n  coils k e p t th e ir  
shape  re m a rk a b ly  w ell, if  a b o u t 1%  o f o th e r  m a te ria ls  (KC1, S i0 2, A120 3) are 
ad d ed  to  tu n g s te n  a t  an  a p p ro p r ia te  s tage  in  th e  m a n u fa c tu r in g  process. 
D u rin g  th e  sh rin k in g  process th e  m a jo r p a r t  o f th e  a d d itiv e s  ev ap o ra tes  b u t  
an  ex trem ely  sm all fra c tio n  rem ain s in  th e  “ fib re  s t ru c tu re d ”  d raw n  tu n g s te n  
w ire. D uring  th e  re c ry s ta lliz a tio n  o f th e  w ire th e  p resence  o f  th is  sm all frac tio n
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o f  a d d itiv e s  leads to  th e  fo rm a tio n  o f la rge  c ry s ta ls  w ith  lo n g er boundaries 
b e tw e e n  th em . W hen  th e  m e ta l is h e a te d  th e  ad d itiv e s  are  g ra d u a lly  em itted  
a n d  ow ing  to  th e  h igh  degree o f  io n iza tio n  o f th e  a lk a li m e ta l a to m s  on tu n g s te n  
[21], io n  em ission o f re la tiv e ly  h ig h  in te n s ity  can  be observed .

In  connection  w ith  th is  p o sitiv e  ion em ission from  tu n g s te n , i t  is o f p ra c ti
ca l im p o rta n c e  to  in v e s tig a te  th e  m echan ism  o f th e  em ission  process. In  th e  
e a r lie r  ex p erim en ts  th e re  h a s  b een  a g rea t f lu c tu a tio n  in  th e  ex p erim en ta l 
d a ta  a n d  i t  w as d ifficu lt to  o b ta in  rep ro d u c ib le  re su lts . T he ex p e rim en ta l 
m e th o d  to  be described  in  th e  n e x t  sec tion  p e rm its  to  o b ta in  rep roduc ib le  
e x p e r im e n ta l d a ta . I t  is possib le  to  in fere  from  th e  m e a su re m e n ts  n o t only 
th e  m echan ism  of th e  ion  em ission  p rocess b u t  to  o b ta in  in fo rm a tio n  on th e  
lo c a tio n  an d  m otion  o f th e  im p u ritie s  p re sen t in  th e  m e ta l if  one com pares th e  
m e a su re d  d a ta  w ith  o th e r  e x p e rim e n ta l re su lts  on th e  s tru c tu re  o f tu n g s te n .

Experim ental

T h e  em ission m e a su re m e n ts  w ere perfo rm ed  w ith  th e  use o f  a lin ea r ion 
p a th  tim e-o f-fligh t m ass sp e c tro m e te r  developed  an d  b u ilt  in  th e  N uclear 
C h e m is try  D e p a rtm e n t o f th e  C en tra l R esearch  I n s t i tu te  fo r P h y sics  [22]. In  
p r in c ip le  of c o n stru c tio n  th is  e q u ip m e n t conform s to  th e  B e n d ix  a p p a ra tu s  
[23]. T h e  len g th  of th e  f ly in g  tu b e  is 1 m , th e  acce lera tio n  v o lta g e  is 1000 У 
a n d  th e  o p era tio n a l f re q u e n c y  is 10 kc. W ith  th e  tim e  de lay ed  ion  focusing, 
s im ila r  to  th a t  developed  b y  W i l e y  an d  M c L a r e n  [23] its  reso lv in g  pow er is 
100. T h is  re la tiv e ly  low  reso lv in g  pow er is n o t d isad v an tag eo u s  i f  one considers 
th e  sm all m asses o f ions w h ich  a re  e m itte d  from  tu n g s te n . I t s  g re a t speed  and  
th e  co n tin u o u s  reco rd in g  o f  sp e c tra  chang ing  in  tim e  are  a d e fin ite  ad v an tag e  
fo r  th e  s tu d y  of ra p id ly  v a ry in g  processes, like ion  em ission.

D u rin g  our m e a su re m e n ts  th e  tu n g s te n  f ilam en t to  be  in v e s tig a te d  ac ted  
as a su rface  io n iza tio n  ion  source, a n d  so only  th e  sp e c tru m  o f po sitiv e  ions 
e m it te d  as a re su lt o f  h e a tin g  th e  tu n g s te n  ap p eared  on th e  d e te c tio n  oscillo
scope . T h e  sam ple w as sp o t-w e ld ed  on  a sam ple ho lder (A) a n d  p laced  d irec tly  
in to  th e  ion  source b e tw een  th e  p la te  used  for source b a ck in g  (B) an d  th e  ion 
c o llec to r  grid (C), as show n in  F ig . 1.

I n  F ig . 1 th e  a c c e le ra to r  g rid s are  le tte re d  b y  D a n d  E , th e  in su la tin g  
ro d s  p re p a re d  from  te flo n  b y  F , th e  jo in ts  b y  G, an d  th e  f l ig h t tu b e  b y  H .

F o r  th e  in v es tig a tio n  o f th e  tim e  b eh av io u r o f th e  em ission  processes, 
th e  te m p e ra tu re  of th e  f i la m e n t h a d  to  be increased  a t  d iffe ren t ra te s  in  a rep ro 
d u c ib le  m anner. T he h e a tin g  v o ltag e  w as th ere fo re  co n tin u o u s ly  and  a lm ost 
l in e a r ly  va riab le  b y  m ean s o f  an  e lec tron ic  con tro l c ircu it p e rm ittin g  to  a d ju s t 
th e  e n d  te m p e ra tu re  o f  th e  f i la m e n t to  a n y  desired  va lue .
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T he v a ry in g  te m p e ra tu re  o f  th e  f ilam en t w as m easu red  w ith  an  U her- 
ty p e  electron ic  p y ro m e te r  w hich  w as ca lib ra ted  w ith  an  E v e rsh e d  h igh  p re 
cision o p tica l p y ro m e te r. Since th e  tim e  c o n s ta n t o f  th e  e lec tro n ic  p y ro m e te r  is 
5 m s, th e  te m p e ra tu re  o f th e  f i la m e n t could  he m easu red  co n tin u o u sly . The 
o u tp u t  v o ltag e  o f th e  p y ro m e te r  w h ich  is p ro p o rtio n a l to  th e  te m p e ra tu re  and  
th e  em ission sp ec tru m  w as reco rd ed  on th e  sam e oscilloscope w h ich  could  he 
film ed  a t  d iffe ren t speeds, as d esired . A m icroscope eq u ip p ed  w ith  a m icro 
m e te r  w as used to  re a d  th e  te m p e ra tu re  m ark  an d  th e  p eak  h e ig h t from  th e  
oscilloscope. The v a rian ce  in  th e  m easu red  values o f p eak  h e ig h t w as 1 —2%  
an d  th e  accu racy  o f th e  te m p e ra tu re  m easu rem en t w as a b o u t ^ 3 0  °C.

F i g .  1 .  The ion source of the time-of-flight mass spectrom eter

In  som e cases th e  sp ec tru m  w as m easu red  w ith  th e  K F K I- ty p e  m u lti
channel an a ly ser o r w ith  se lec tive  au to m a tic  energy  c o u n te r , ty p e  G am m a 
N K -108. C ontro lling  th e  co incidence c ircu it of th e  m u lti-ch an n e l an a ly se r by  
a p p ro p ria te  g a tin g  pulses, i t  w as possible to  ana lyze  s e p a ra te ly  th e  peaks 
p ro d u ced  in  th e  sp ec tru m  b y  d iffe ren t m ass n u m b ers .

T he v e ry  low  ion  c u rre n t o u tp u t  signal w as am plified  b y  E M I ty p e  m u lti
p lie r an d  G am m a A -11-R2 h igh  freq u en cy  am p lifie r before  th e  oscilloscopic 
d isp lay  an d  th u s  o n ly  re la tiv e  ion  in te n s ity  m easu rem en t could  be perfo rm ed . 
T he m easu rem en t o f th e  effective in te n s ity  of th e  ion c u rre n t an d  th e  ca lib ra 
tio n  o f th e  m ass sp ec tro m e te r  w as perfo rm ed  w ith  a 401/1 ty p e  R adelk is 
v acu u m  tu b e  m e te r  w ith  1011 Q  in te rn a l resistance . W ith  th is  th e  v a lu e  of 
th e  v o ltag e  d rop  across 3.3 M Q  d u e  to  th e  ion c u rre n t w as m easu red .
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R esults

A s a firs t step  in  th e  p re s e n t m easu rem en ts , th e  com position  o f th e  ion 
c u r r e n t  em itted  from  100 W  e lec tric  bu lb  f ila m e n t, (p ro d u c t o f th e  U n ited  
In c a n d e s c e n t  L am p a n d  E le c tr ic i ty  Co. B u d ap est)  w as e v a lu a te d . I t  w as found , 
in  a g re e m e n t w ith  o th e r  a u th o r s  [3, 9, 14, 24, 25] t h a t  th e  e m itte d  ion  c u rren t 
is c o m p o se d  m ostly  o f p o ta s s iu m  an d  in  less e x te n t  o f  sod ium  ions, an d  th a t  
th e  in i t ia l  te m p e ra tu re  fo r  io n  em ission is a t  a b o u t 1100 °K . In  som e cases 
a lso  C s+ an d  R b + ions w ere  d e te c ta b le , b u t  in  sp ite  o f  th e  v e ry  h igh  ion iza tion  
e ff ic ie n c y  o f these m e ta ls  o n  tu n g s te n , th e  d e te c te d  q u a n tit ie s  w ere v e ry  low.

F i g .  2 .  Io n  emission I (a rb itra ry  u n its )  of tungsten filam ent vs. tim e (seconds) and tem perature  
(°K ) with relatively  slow heating  up. Curve 1, for N a + , curve 2, for K  +

In f re q u e n t ly ,  rap id ly  d e c a y in g  L i+ and  p ro b a b ly  A l+ ions could  be id en tified . 
W + a n d  W O + ions o r ig in a tin g  from  th e  f ila m e n t y ie lded  v e ry  p oor in te n s ity  
a n d  o n ly  above 2700 °K .

I n  each case on ly  N a + a n d  K + ions w ere e m itte d  in  m easu rab le  q u a n ti
t ie s .  I n  case of s tro n g ly  ig n ite d  filam en t ( th e  h e a tin g  te m p e ra tu re  w as ab o u t 
2500  °K ), the  num ber o f  N a +  ions su b s ta n tia lly  d im in ished , b u t  th e  em ission 
o f  K + ions could be m e a su re d  even  a fte r severa l h o u rs  o f h ea tin g . T he tim e  
a n d  te m p e ra tu re  cu rves p lo t te d  fo r N a + an d  K + em ission  are show n in  Fig. 2.

A n  u n p reh ea ted  100 W  e lec tric  bu lb  sp ira l w as in v e s tig a te d . T he m easu re 
m e n t  from  th e  in itia l te m p e ra tu re  for ion  em ission  up  to  2650 °K  tak es  8 
se c o n d s  an d  th e  film ing  o f  th e  sp ec tru m  y ields 5 p ic tu res /s . T he tw o  m ax im a 
v is ib le  on  th e  curves (cu rv e  1 fo r  N a +, curve 2 fo r K  + ) a p p e a r  sh a rp ly  in  each 
c a se  o f  th e  num erous em issio n  curves w hich  w ere reco rd ed  an d  a re  seen to  
lie  in  a b o u t th e  sam e te m p e ra tu re  in te rv a l. In  th e  h ea tin g -u p  perio d  th e  ion 
c u r r e n t  is g reater b y  a few  o rd e rs  o f m ag n itu d e  th a n  a f te r  som e m in u tes  of 
a n n e a lin g  w hen th e  io n  em issio n  a tta in s  a s te a d y  v a lu e  w h ich  in  th e  case of 
p o ta s s iu m  is nearly  c o n s ta n t  in  tim e.
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F i g .  3 .  Ion  emission vs. tim e and  tem peratu re  w ith high speed heating up

F i g .  4 .  The tim e and  tem perature  curves for N a+ and K + emission p lo tted  on th e  h ea ting  up 
of Mo. The d iam eter o f the Mo wire was 80 ц

On fa s t h ea tin g -u p  o n ly  one , w ell defined  b u t  h ig h er m ax im u m  ca n  be 
o b se rv ed  as a p p a re n t from  F ig . 3 w here  th e  n o n -an n ea led  f ila m e n t w as h e a te d  
to  2650 °K in 0.3 s.

In  o rd e r to  see w h e th e r th e  sh a p e  o f  th e  ion em ission curve  an d  th e  n a tu re  
o f th e  em ission is specific fo r tu n g s te n , or sim ilar to  th o se  o b ta in e d  fo r  o th e r
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m e ta ls , th e  ion em ission  fro m  Mo p rep a red  b y  th e  sam e pow der m e ta llu rg ic a l 
m e th o d , b u t w ith o u t a d d itiv e s , was m easu red . Mo w as chosen  because i t  has 
th e  sam e  c ry sta l s t ru c tu re  as  tu n g sten , th o u g h  i t s  m e ltin g  p o in t is m uch  low er. 
O n th e  h ea tin g  u p  o f  Mo re la tiv e ly  in tensive  b u t  n o t  so h igh  N a + an d  K + ion 
em issio n  and  a t  t im e s  th e  p resence of R b + p e a k s , ag a in  m u ch  low er th a n  in  
th e  case of tu n g s te n , c o u ld  be  observed. T h e  t im e  a n d  te m p e ra tu re  curves for 
N a + a n d  K + em ission  p lo t te d  on th e  h e a tin g  u p  o f  Mo are  show n in F ig . 4.

I n  co n tra s t to  th e  cu rves for tu n g s te n , tw o  se p a ra te  m ax im a can n o t 
be  o b serv ed  in  th e  m o ly b d e n u m  curves. O w ing  to  th e  low er m e ltin g  p o in t о

F i g .  5 .  The time and te m p e ra tu re  behaviour of the ion emission in  case of m oderately annealed
tungsten filam en t

M o, th e  te m p e ra tu re  in te rv a l  for ion em ission is m u ch  n a rro w er an d  th e  f ila 
m e n t could  no t be h e a te d  above 2100 °K  w ith o u t blow ing o u t. In  sp ite  o f th e  
d iffe re n t h ea ting -up  te m p e ra tu re s , m any  s im ila r  ch a ra c te ris tic s  are observable  
in  th e  em ission s p e c tra  o f  th e  tw o m eta ls . T h e  em ission  is m a rk e d ly  m ore in 
te n s iv e  in  th e  f irs t  p e r io d  o f  hea tin g  [26]. A  ra p id  decrease in  th e  in te n s ity  is 
o b se rv ab le  as th e  te m p e ra tu re  continues to  rise u n t i l  f in a lly  th e  em ission a tta in s  
a s te a d y  value for b o th  m e ta ls , w hich, as we sh a ll see, is governed  b y  a closely 
s im ila r  m echanism .

T he tim e an d  te m p e ra tu re  b eh av io u r o f  th e  ion  em ission w as s tu d ied  
also  on  tu n g sten  f i la m e n t  w hich had  been  a lre a d y  m o d e ra te ly  annealed  (a t 
2500 °K ). The re su lts  a re  show n in Fig. 5.

T he zero p o in t on  th e  tim e  scale in  F ig . 5 coincides w ith  th a t  a t  w hich 
th e  h ea tin g  was s ta r te d  a n d  n o t w ith  th a t  o f  io n  em ission as in  th e  non -annea l- 
ed  case. The curves in  F ig . 5 considerab ly  d iffe r  from  tho se  show n in Fig. 2. 
I n  F ig . 5 a b rie f t r a n s ie n t  p eak  is o bservab le  on  th e  cu rve  a t  ab o u t 1800 °K 
w h ich  appears on b o th  in creasin g  and d ec rea s in g  th e  sam ple  te m p e ra tu re  and 
ev en  in  th e  case o f s tro n g ly  annealed  f ila m e n t w h en  on ly  th e  p o tassiu m  c u rren t 
w as detec tab le .
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F i g .  6 .  Photograph  of the Na + and К *  spectra. The Na + peak is seen on the left hand side,
the o ther is the K + peak

O n re p ea ted  h ea t in g  of  th e  f i lam en t  n o t  only  th e  sh ap e  of  th e  t im e  de
pendence  b u t  also th e  c h a ra c te r  o f  th e  ion emission was obse rved  to  undergo  a 
change. I t  was found , in ag reem en t w ith  earlier  a u th o rs  [6, 7, 27] t h a t  not 
single ions b u t ,  in a fa r  g rea te r  n u m b er ,  ion b u rs ts  o f  v a r io u s  sizes are 
e m it ted .
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T h is  observation  w as co n firm e d  by  th e  p h o to g ra p h s  ta k e n  o f th e  N a  + 
a n d  K + sp e c tra  show n in  F ig . 6.

T h e  b u rs tlik e -c h a rac te r  o f  th e  ion  em ission is in d ic a te d  in  F ig . 6 b y  th e  
fa c t  t h a t  th e  d ifferen t m ass p e a k s , specially  in  th e  case o f  p o ta ss iu m , h av e  no 
d e f in ite  en d in g  because o f th e  ir re g u la r  b u rs t am p litu d es . T he p h en o m en o n  is 
ev en  m o re  discernible in  F ig . 7 w here  th e  p o ta ss iu m  p e a k  is p u lled  a p a r t  on 
th e  oscilloscope w ith  a sw eep ing  tim e  of 1 /is/cm .

F i g .  8 .  T he  amplitude d is tribu tion  of potassium  ion bursts recorded in  20 s. The filam ent was 
h ea te d  u p  w ithin 12 s from room  tem p era tu re  to 2800 °K. Curve 1 shows results of m easure

m ents from 0 20 s, curve from  40 — 60 s, and curve 3 after 5 min of heating

U sin g  a m u ltich an n e l p u lse  h e ig h t an a ly ze r we w ere ab le  to  follow  th e  
p ro c e ss  o f  th e  em ission b eco m in g  g rad u a lly  b u rs tlik e  w ith  rising  te m p e ra tu re s  
in  th e  case of n on -annea led  f i la m e n t. The a m p litu d e  d is tr ib u tio n s  o f  N a + and  
K + b u r s ts  could be m e a su re d  se p a ra te ly  b y  th e  m u ltic h a n n e l an a ly ze r. The 
c u rv e s  fo r  K +  b u rsts  a re  sh o w n  in  Fig. 8.

T h e  filam en t was h e a te d  up  from  room  te m p e ra tu re  to  2800 °K  in 12 
seco n d s . T h e  n um ber o f b u rs ts  (n) as a fu nc tion  o f a m p litu d e  (mV) w as recorded  
fo r  20  seconds of h ea tin g . C u rv e  1 was p lo tte d  fo r th e  period  from  0 to  20, 
C u rv e  2 fo r th a t  from  40 to  60 s an d  Curve 3 a f te r  an n ea lin g  fo r 5 m inu tes. 
I t  c a n  b e  seen th a t  w ith  th e  p ro g re ss  of h ea tin g  tim e  th e  ion  b u rs t  d is tr ib u tio n  
b e co m es  increasingly  h e te ro g en eo u s  and  sh ifts to w a rd s  g re a te r  am p litu d es , 
t h a t  is , th e  b u rs t- ty p e  em issio n  s ta r ts  to  p re d o m in a te . T he sam e o b se rv a tio n  
co u ld  be  m ade in th e  N a + d is tr ib u tio n .

T o  estab lish  th e  size, d u ra t io n , shape an d  n u m b e r  o f  ion  b u rs ts  as a fu n c
t io n  o f  te m p e ra tu re , a f i la m e n t a lread y  an n ea led  a t  2500 °K  fo r 1 h o u r  was
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F i g .  9 .  The size, du ra tion , shape and num ber of ion bursts as a function of tem perature . The 
oscilloscope sweeping tim e was 10 /is/с т .  The distances of the lines above th e  spectrum s are 
proportional to the tem pera tu res. P icture a) was taken a t 1420 °K, b) a t 1620 °K , c) a t 1810 °K, 

d) a t 2070 °K , e) a t 2330 °K and f) a t 2570 °K

h e a te d  to  d iffe ren t te m p e ra tu re s  w hile th e  oscilloscope screen  w as film ed
( F ig .  9).

In  th is  e x p e rim e n t th e  sp ec tro m e te r w as n o t o p e ra te d  in  th e  u su a l m an 
n e r, t h a t  is, th e  e m itte d  ions w ere n o t acce lera ted  p er pulse h u t  con tinuously . 
In  th is  case th e  ion  c u r re n t was n o t focused an d  th e  ions re a c h e d  th u s  th e
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c o lle c to r  successively as th e y  w ere  em itted . O w ing to  th e  s tro n g  annea ling  
b e fo re  th e  experim en t, th e  io n  b u rs ts  from  th e  f i la m e n t consisted  p red o m i
n a n t ly  o f  po tassium . T he p ic tu re s  w hich  were ta k e n  a t  d iffe ren t te m p e ra tu re s  
b u t  o th e rw ise  under th e  sam e  co n d itio n s , show th e  fo llow ing. A t te m p e ra tu re s  
a b o v e  2300 °K  the  n u m b e r o f  io n  b u rs ts  su dden ly  increases, th e ir  d is tr ib u tio n  
b eco m es  increasing ly  h e te ro g e n e o u s  an d  th e  rise tim e  decreases. As th e  oscillo
scope sw eep ing  tim e w as 10 p s /c m  th e  len g th  o f th e  ion  b u rs ts  could  be ev a 
lu a te d ;  i t  varied  from  1 [xs to  5 /ns. A t ab o u t 1650 °K , how ever, 10 — 20 ,ms 

v a lu e s  w ere  found p re d o m in a n tly . A m axim um  in  th e  n u m b e r o f b u rs ts  is

F i g .  1 0 .  T he num ber of em itted  ion  b u rs ts  per seconds as a function  of tem perature . Curve 1 
refers to  th e  N a*  ion and curve 2 to  the  K + ion

o b s e rv e d  betw een  1700— 1900 °K  w hich  d im in ishes a t  2100 °K  a n d  increases 
a g a in  su d d e n ly  above 2300 °K .

T o  get a more a c c u ra te  p ic tu re  o f th is  b eh av io u r, th e  n u m b e r o f  ion  b u rs ts  
e m it te d  p e r  second w as e v a lu a te d  as a fu n c tio n  o f  te m p e ra tu re  w ith  th e  use 
o f  th e  m u ltich an n e l an a ly z e r. S ince in  th is  e x p e rim en t an  on ly  s lig h tly  a n n e a l
ed  f i la m e n t  was used, th e  n u m b e r  of N a + b u rs ts  w as also con sid erab le , as 
seen  in  F ig . 10 w here C urve 1 s ta n d s  for th e  N a + a n d  C urve 2 fo r th e  К  + b u rs ts .

F ig . 10 shows th e  sam e re s u lts  as th e  foregoing p ic tu re s . T he te m p e ra tu re  
in te r v a l  (1600—2000 °K ) fo r  t r a n s ie n t  ion em ission is th e  sam e in  th e  case of 
c o n tin u o u s  and  of p e rio d ica l h e a tin g  up , w hen th e  f ila m e n t is k e p t fo r som e 
m in u te s  a t  th e  sam e te m p e ra tu re .  T he b u rs tlik e  ion  em ission increases in  bo th  
cases  a t  th e  sam e values o f  te m p e ra tu re .

Acta Chim. Acad. Sei. Hung. 61, 1969



KAPOSI, RIEDEL: POSITIVE ION EMISSION FROM TUNGSTEN 359

B y d e te rm in in g  th e  effective ion  c u rre n t som e ad d itio n a l im p o r ta n t  
in fo rm atio n s  co u ld  be  o b ta in ed  for th e  m echan ism  o f th e  em ission. T h e  re su lts  
in d ica ted  th e  ion  c u r re n t to  be g re a te r  w ith  th re e  o rders o f  m ag n itu d e , w h e n  a 
n o t an n ea led  f i la m e n t w as h ea ted  u p  (in th is  case th e  ion  em ission p re d o m i
n a n tly  c o n tin u o u s) th a n  th e  s ta t io n a ry  (m o stly  im pulse-like  ion c u rre n t)  o f 
th e  an n ea led  f ila m e n ts . In  th e  f irs t case a b o u t 10 9 A ion c u rre n t w as re c o rd e d , 
w hile a t  th e  s ta t io n a ry  em ission th is  v a lu e  decreased  to  10 ~12 A. Ow ing to  th e  
rap id  decrease d u rin g  th e  f irs t h e a tin g  up  perio d  (see F ig . 2) th e  o b ta in ed  re su lts  
w ere in a c c u ra te . T h e  s ta tio n a ry  em ission c u rre n t, how ever, show ed on ly  m in o r  
f lu c tu a tio n s . I n  o rd e r  to  ev a lu a te  th e  ra tio  o f in d iv id u a l ions to  th o se  w h ich  
em it in  b u rs ts  in  th e  s ta tio n a ry  ion  c u rre n t, th e  to ta l  in te g ra te d  c u r re n t w as 
m easu red  w ith  a v a c u u m  tu b e  m e te r , an d  th e  a m p litu d e  d is tr ib u tio n  o f  th e  
ion b u rs ts  w as an a ly zed  using an  a u to m a tic  selec tive  co u n te r ty p e  G am m a 
N K  108. P e rfo rm in g  th e  m easu rem en ts  a t  d iffe ren t te m p e ra tu re s , th e  le n g th  
o f th e  ion  b u rs ts  a n d  th e  n u m b er o f ions com posing  th e m , could be c a lc u la ted . 
T he re su lts  o b ta in e d  using tu n g s te n  w ires an d  s ing le-crysta ls , p rep a red  fro m  
th e  sam e w ire, a re  com piled  in  T ab le  I.

Table I

T h e  v a l u e  o f  i n t e g r a t e d  a n d  b u r s t l i k e  i o n  c u r r e n t  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  i n  
c a s e  o f  t u n g s t e n  w i r e  a n d  m o n o c r y s t a l

Temp. K °

W ire diam. 30 /z Single-crystal diam. 30 /x

Im pulselikt
C/s

curr. In tegrated
C/s

curr. Impulselike curr.
C/s

In tegrated
C/s

curr.

1 2 6 0 1 .0 3  • 1 0 - 1 5 0 .4 5  • 1 0 -1 5 0 .9 2 1 0 - Í 5 0 .4 5  • 1 0 - 1 5

1 3 6 0 8 .1 8  • 1 0 - 1 5 5 .8 6  • 1 0 - 1 5 1 .5 4 1 0  — ‘5 0 .4 8  • 1 0 - 1 5

1 6 5 0 2 8 .7 0  • 1 0 - 1 5 2 2 .5 0  • 1 0 -1 5 2 .8 5 1 0 - 1 5 6 .3 0  • 1 0 - 1 5

1 8 7 0 1 8 .8 0  • 1 0 - 1 5 1 3 .5 0  ■ 1 0 - 1 5 1 .4 4 1 0 - 1 5 2 .7 0  • 1 0 - 1 5

2 1 5 0 8 0 .3 0  • 1 0 -1 5 7 4 .3 0  • l O - i s 1 2 .2 0 1 0 - 1 5 8 .5 0  • 1 0 - 1 5

2 3 6 0 8 0 7 .0 0  ■ 1 0 - 1 5 5 6 8 .0 0  • 1 0 -1 5 1 2 8 .0 0 1 0 - 1 5 7 9 .0 0  • 1 0 - 1 5

T he re su lts  show  th a t  th e  c u rre n ts  m easu red  in  th e  tw o d iffe ren t w ay s 
are in th e  sam e o rd e r  o f m ag n itu d e . T h is m eans th a t  th e  s ta tio n a ry  em ission  
is n ea rly  co m p le te ly  im pulse like. I t  can  be seen from  T ab le  I  th a t  low er ion  
c u rre n t w as m e a su re d  in  case o f sin g le -c ry sta l.

T he n u m b e r o f  ions w hich c re a te d  a single ion  e ru p tio n  was c a lc u la te d  
from  ion c u rre n t m easu rem en ts  a n d  from  ana ly ses  o f th e  ion b u rs ts . S om e 
resu lts  a re  g iven  in  T ab le  I I .

T h e  re su lts  show  th a t  th e  n u m b e r o f ions c re a tin g  one b u rs t v a rie s  fro m  
a few to  severa l th o u sa n d s .
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Table II

T h e  n u m b e r  o f  i o n s  w h i c h  c r e a t e  a  s i n g l e  i o n  e r u p t i o n  a t  1 [ i s ;  5  [ i s  a n d  2 0  [ i s  b u r s t
l e n g t h s

T h e  a m p litu d e  o f 
ion  c u rre n t  3.10 ~ 13

T h e  n u m b e r  o f  io n s  in  case o f diff. b u rs t  
len g th s

1 /MS 5 /Ms 20 /<s

l 2 10 37
10 19 94 375

100 188 940 3750

Som e p re lim in a ry  ex p erim en ts  in d ic a te d  th a t  th e  s ta tio n a ry  ion  em ission 
o f  m o ly b d e n u m  h ad  also a b u rs tlik e  c h a ra c te r . I t  was fo u n d  th a t  th e  a m p litu d e  
a n d  th e  le n g th  of th e  io n  b u rs ts  w ere c o n s id e ra b ly  less an d  th e  a m p litu d e  d is
t r ib u t io n  w as m ore hom ogeneous in  th e  w hole te m p e ra tu re  in te rv a l w hen  
m o ly b d e n u m  was h e a te d .

D iscussion

P rio r  to  th e  d iscussion  of th e  e x p e r im e n ta l re su lts , a b r ie f  su m m a ry  o f 
th e  e x p e rim e n ta l d a ta  on  th e  s tru c tu re  o f  a n d  p a rtic u la r ly  on  th e  lo ca tio n  
a n d  b e h a v io u r  of tra c e  im p u ritie s  in  tu n g s te n  is p resen ted  [28, 29].

S evera l au th o rs  [30, 31, 32] w ere ab le  to  show  th a t  d raw n  tu n g s te n  w ires 
c o n s is t  o f  bunches o f f ib re s , 1 — 3 /л in  d ia m e te r . T his fib re  s tru c tu re  d isap p ears , 
i f  th e  w ires are h e a te d  o v e r 2000 °K  an d  tra n s fo rm s  to  a m ic ro c ry s ta llin e  ty p e  
(p r im a ry  rec ry s ta lliz a tio n ). A fter p ro lo n g ed  annealing  a t  2200° — 2500 °K  a 
s e c o n d a ry  re c ry s ta lliz a tio n  tak es  p lace. T h e  la t te r  process is ra p id  [33]. In  the 
p re se n c e  o f ad d itiv es  like K , Si, A1 th e  le n g th  of th e  seco n d ary  c ry s ta llite s  
(so -ca lled  G K  wire) w ill be  10 to  100 tim e s  t h a t  o f th e  w ire d iam e te r . T he new  
c ry s ta ll i te s  are o rien ted  p a ra lle l to  th e  ax is  o f  th e  w ire an d  re su lt  in  a s tru c tu re  
w i th  longo  v e rlap p in g  b o u n d aries  [34, 35 , 36] o f excellen t tensile  p ro p e rtie s .

M e i j e r i n g  an d  R i e c k  [30] assum e th e  above c ry s ta llite  s tru c tu re  to  be 
d u e  to  th e  tube-like  coverage  of th e  su rfa c e  o f  th e  fib ro u s c ry s ta llite s  b y  th e  
a d d it iv e s , th o u g h  th is  coverage  c an n o t b e  reg a rd ed  as hom ogeneous since th e  
s t r a n d s  are  b locked  a t  sev e ra l p o in ts . A ssu m in g  th e  d is tr ib u tio n  o f  b a rrie rs  
a n d  le a k s  to  be s ta tis t ic a l ,  th e  g ro w th  o f  th e  secondary  c ry s ta llite s  is fa r  less 
im p e d e d  in  th e  d irec tio n  o f  th e  axis as c o m p a re d  w ith  an y  g ro w th  in  th e  la te ra l  
d ire c tio n .

O n th e  o th e r h a n d  M a n n e r k o s k i  [35, 37] and  M i l l n e r  [19] c la im , th a t  
th e  a c tiv e  im p u ritie s , like p o tassiu m , a re  p re se n t in  th e  tu n g s te n  la tt ic e  before  
th e  re c ry s ta lliz a tio n  in  th e  form  o f so lu te s  an d  th e  tu b e -lik e  coverage  form s 
o n ly  d u rin g  th e  fo rm a tio n  of th e  se c o n d a ry  c ry sta llites  from  th e  co lu m n ar 
s t r u c tu r e  w hich  develops from  th e  p r im a ry  c ry sta llite s . In  th e  co lu m n ar s tru c -
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tű re  th e  o v erlap p in g  b o u n d a rie s  of th e  te x tu re  e lem ents along th e  ax is  th e  so- 
ca lled  t i l t  b o u n d aries  c o n ta in  p re d o m in a n tly  edge d islocations w h ic h  can  
m o v e  o n ly  in  th e  v e rtic a l d irec tio n . I n  c o n tra s t ,  th e  h o rizo n ta l b o u n d a rie s  
b e tw een  th e  c ry s ta llite s  a re  so-called  tw is t b o u n d a rie s  [38] c o n ta in in g  o v e r
w helm in g ly  screw  d isloca tions w hich  can  m ove  m a in ly  in  th e  h o riz o n ta l d irec 
tio n . O n h ea tin g , th e  n u m b e r  o f  d islocations in  th e  w ire d im in ishes u n t i l  th e  
o n se t o f th e rm o d y n am ic  eq u ilib riu m . D u rin g  th is  process th e  d is lo ca tio n s  
m ove to w ard s  th e  su rface  o f  th e  la ttic e  d isp lac in g  also th e  im p u r i ty  a to m s

F i g .  1 1 .  Ion emission of a single-crystal tungsten  wire vs. tem perature w ith re la tive ly  slow
heating up

As know n  [39, 40], th e  c o n ta m in a n t a tom s a re  d isp laced  p rim arily  w ith  th e  
edge d islocations an d  as a re su lt accu m u la te  to  c o n s titu te  walls a lo n g  th e  axis 
o f th e  w ire.

In  th e  lig h t of above th eo ries  our e x p e rim e n ta l d a ta  can be in te rp re te d  
as follow s. In  Fig. 2 th e  f i r s t  m ax im u m , o b se rv ed  on th e  f irs t h e a tin g  u p  of 
lio n -p reh ea ted  w ires can  be  a t tr ib u te d  m a in ly  to  th e  desorp tion  o f  a lk a li im 
p u ritie s  from  th e  surface, th e  second to  re c ry s ta lliz a tio n  effects in  tu n g s te n . 
As a lre a d y  show n in th e  a u to ra d io g ra p h y  e x p e rim e n ts  perform ed b y  Milln er  
et al. [41, 42, 43] on o th e r  m e ta ls , im p u r ity  a to m s  m ove along w ith  th e  new  
c ry s ta llite  b o u n d aries  u n d e r fo rm a tio n  a t  a sp eed  exceeding th a t  o f  b o u n d a ry  
d iffusion  [40] and  are  c row ded  th ere fo re  in to  inclusions form ed a lo n g  th e  re 
du ced  n u m b e r o f c ry s ta llite  b o u n d aries .

F ro m  th ese  inclusions th e  im p u rity  a to m s tra v e l to  th e  su rface  m a in ly  
th ro u g h  d islocations b y  p ip e  diffusion [40]. F o r  th is  th ere  m u st e x is t  a la rg e
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n u m b e r o f d isloca tions d u e  to  th e  in te rn a l s tre sse s  re su ltin g  from  th e  m a c h in 
in g  (d raw ing , tw is tin g ) o f  th e  m eta l [30]. T h e  d isloca tions ac t as c e n te rs  for 
th e  g a th e rin g  o f th e  im p u r i ty  a tom s in to  so -ca lled  Cottrell  c louds [44], 
c a u s in g  a s ta b ility  fo r d islocations. O n th e  slow  h e a tin g -u p  of m e ta ls , th e  d islo
c a tio n s  to g e th e r w ith  th e ir  Cottrell  a tm o sp h e re  m ove slowly to w a rd s  th e  
c ry s ta l  b o u n d aries  w h e re  th e y  d isappear. I n  case  o f  fa s t hea tin g -u p  th e  ra p id  
te m p e ra tu re  increase  in d u ces  a great th e rm a l a c t iv a tio n  for d islo ca tio n  m o v e
m e n t a n d  th e  th e rm a l m o tio n  of th e  d is lo ca tio n s becom es fa s t enough  to  leave

F i g .  1 2 .  Ion  emission o f non-annealed  tungsten filam en t in  case of stepped heating. The lowest
curve a t 1340 °K  denotes th e  Cs+ ion

b e h in d  th e  Co t t r e l l  a tm o sp h ere  m oving  b y  la t t ic e  diffusion. T h is ex p la in s 
w h y  th e  second m a x im u m  could n o t be o b se rv e d  on  fa s t h ea tin g  u p  (F igs 2 
a n d  3).

T h e  a ssu m p tio n  t h a t  th e  second m a x im u m , observed  w hen th e  sam ple 
w as f ir s t  an d  slow ly h e a te d  up , is due to  re c ry s ta lliz a tio n , w as c o n firm ed  b y  
th e  m easu rem en t on  s in g le -c ry sta l, w hen o n ly  o n e  em ission peak  w as o bserved  
u n d e r  th e  sam e e x p e r im e n ta l conditions (F ig . I I ) .

T h e  large n u m b e r  o f d islocations re q u ire d  b y  th is  m echan ism  w as re 
v e a le d  b y  th e  e x p e rim e n ts  o f Min t u r n , D atz  a n d  T aylo r  [7] a n d  th e  d a ta  
re p o r te d  b y  H e g e d ű s  et ál. [45]. T he ion  em issio n  from  tu n g s te n  w as fo u n d  to  
in c rea se  m ark ed ly , i f  th e  sam ple was u n d e r e i th e r  m echan ical or th e rm a l stress 
w h ich  is know n to  p ro d u c e  d islocations. W e h a v e  also observed th is  p h e n o m e 
n o n  on  th e  s tep p ed  h e a tin g  o f no n -an n ea led  f i la m e n ts  (Fig. 12).
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I t  is a p p a re n t  from  Fig. 12 t h a t  th e  ion  em ission  exhib its a t r a n s ie n t  
m ax im u m  before a tta in in g  a s te a d y  v a lu e  w h e n e v e r th e  non-annealed  w ire  is 
ra p id ly  h ea ted  u p  from  an y  te m p e ra tu re . T he h ig h e s t p eak  is observed  on  th e  
f irs t h ea tin g -u p  a n d  i t  becom es g ra d u a lly  low er w ith  each  rep ea ted  h e a tin g . 
I t  is o f  in te re s t to  n o te  th a t  th e  m ax im u m  o b ta in e d  on  h ea tin g  up to  2150 °K  
is low er th a n  th a t  o b serv ed  on th e  h e a tin g  to  e i th e r  low er or higher te m p e ra 
tu re s . T his o b se rv a tio n  is a fu r th e r  ev idence  o f th e  m in im u m  occurring  in  th is  
te m p e ra tu re  reg ion  o b ta in e d  also in  th e  case o f  c o n tin u o u s  heating-up .

On c o n tin u ed  h e a tin g  a fte r th e  second m a x im u m , th e  ion em ission show s 
an  ex p o n en tia l decrease. T h is is d u e  to  th e  re m o v a l o f  th e  im p u rity  c e n te rs  
close to  th e  tu n g s te n  su rface , i.e. to  th e  decrease in  th e  co n cen tra tio n  g ra d ie n t 
in  th e  surface reg ion .

A t te m p e ra tu re s  above th a t  o f  seco n d ary  rec ry s ta lliz a tio n  (2500 °K ) 
th e  a c tiv a te d  ra n d o m  w alk  of th e  im p u ritie s  in  tu n g s te n  is accelera ted  to  an  
e x te n t  a t  w hich  th e  a t tra c tio n  of la t t ic e  defec ts c a n n o t assert itse lf a n y m o re  
a n d  p ipe d iffu sion  th ro u g h  d islocations an d  g ra in  boundaries is o v e rw h e l
m in g ly  rep laced  b y  la tt ic e  d iffusion [40, 46]. T h is m odel can  be used  fo r th e  
in te rp re ta tio n  o f th e  ion  b u rs t d a ta  in  F ig . 9. T h e  long  (10—20 /is) b u r s ts  
o b ta in ed  a t  low er te m p e ra tu re s  arc  th e  re su lts  o f  p ip e  diffusion b y  w h ich  th e  
im p u r ity  a to m s a re  b ro u g h t to  th e  su rface  in  th e  fo rm  o f th e  C ottrell c lo u d s 
m o v ing  along w ith  th e  d islocations. T h e  fro n t d is lo ca tio n  a rriv ing  to  th e  su rfa c e  
ac ts  as a p ip ing  a p e r tu re  for th e  im p u ritie s  w hich  em erge  from  the  su rface  b y  
th e rm io n ic  em ission as d e te rm in ed  b y  th e  S ah a  — L an g m u ir eq u a tio n  [21]. 
S ince th e  d u ra tio n  o f  b u rs ts  p ro b ab ly  d ep en d s on th e  p ip e  leng th  and  th e  e m is
sion ra te , b u rs ts  o f  v a rio u s  leng ths a n d  a m p litu d es  m a y  a p p ea r along w ith  t h a t  
o f  p red o m in an t le n g th . T hus, it is p ossib le  to  e s tim a te  th e  num ber o f d is lo c a 
tions from  th a t  o f  th e  d iffe ren t b u rs ts . A t 1800 °K  th is  n u m b er was e s tim a te d  
as l 0 6/cm 2.

In  th e  b u rs ts  ch a rac te ris tic  o f h ig h er te m p e ra tu re s , th e  ions are b ro u g h t 
to  th e  surface b y  a n o th e r  m echan ism , m ain ly  b y  la t t ic e  diffusion. To e x p la in  
th e  b u rs ts  above seco n d ary  rec ry s ta lliz a tio n  te m p e ra tu re , we have to  co n sid e r 
th e  b eh av io u r o f  th e  im p u rities  a rr iv in g  to  th e  su rface  o f tu n g sten . T h e  im 
p u ritie s  are f irs t a d so rb ed  on th e  m e ta l su rface  a n d , d ep en d in g  on th e  te m p e ra 
tu re , th e y  rem ain  ad so rb ed  e.g. in  th e  ran g e  from  1000 to  2500 °K fo r 10 -3 — 
10 ~5 s, on th e  av e rag e  [21]. The a c tiv a tio n  energy  fo r  th e  adsorbed  ions m ig ra t
ing  on th e  surface co rresponds to  a b o u t 50%  o f th e  h e a t  of d eso rp tion . T h e ir  
m ig ra tio n  ra te  is d e te rm in ed  by  th e  su rface  d iffu sio n  coefficient. C a lcu la tin g  
w ith  th e  d a ta  o f  P o p p  [48], a t e.g. 2000 °K  th e ir  a v e ra g e  d isp lacem ent w h ile  
adso rbed  on th e  tu n g s te n  surface, is ~ 1 0  ~3 cm .

A ccording to  R a s o r  and  V a r n e r  [ 4 9 ]  i t  c a n  be  e s tim a ted  th a t  su rfa c e  
system s for w hich E  is g rea te r  th a n  k T  (w here E  is th e  m ean  energy d iffe ren ce  
b e tw een  th e  a to m ic  a n d  ionic s ta te  a n d  k T  is th e  th e rm a l  energy) shou ld  cau se
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th e  a d so rb e d  p a rtic le s  to  u n ifo rm ly  co v er c ry s ta l  faces like a tw o  d im en sio n a l 
gas. S y s tem s  in  w hich  E  is sm all o r n e g a tiv e  shou ld  c o n cen tra te  b y  co n d en 
s a t io n  effec ts . In  th is  case adso rbed  p a r tic le s  shou ld  avoid u n ifo rm  h ig h  w ork  
fu n c tio n  c ry s ta l faces a n d  co n c e n tra te  a t  th e ir  boundaries o r o n  low  w ork  
fu n c t io n  faces. In  th e  case o f  p o tass iu m  a n d  sod ium  these tw o  e ffec ts  seem  to  
c o m p le te  a t  th e  te m p e ra tu re  of in can d escen ce , an d  depending  on  th e  te m p e ra 
tu r e  a n d  su rface  inhom ogeneities, th e  ions e i th e r  condense or sp re a d  o u t over 
a  la rg e  a rea .

T h e  im p u ritie s  are  desorbed  fro m  th e  tu n g s te n  su rface w ith  a h e a t  of 
d e s o rp tio n  w h ich  d ep en d s on th e  su rface  coverage. P a r t  o f th e  im p u ritie s , 
w ith  su ffic ie n t en erg y  ow ing to  th e  th e rm a l  energy  d is tr ib u tio n , leaves th e  
su rfa c e , w hile th e  re s t  condense, as d e te rm in e d  b y  th e  s tru c tu ra l h e te ro g en e itie s  
[21]. A t th e se  sp o ts  th e  presence o f  a d so rb e d  gases and  th e  c o v e rin g  o f th e  
su rfa c e  b y  th e  alkali p a rtic le s  lead  to  a d ec rea se  in  th e  energy  re q u ire d  fo r th e  
d e so rp tio n  [50, 51] a n d  a la rg e  n u m b e r o f  io n s, w ith  a low er th e rm a l  energy , 
c a n  le a v e  th e  surface a t  once, in  th e  fo rm  o f  io n  b u rs ts . T hus, a t  lo w er te m p e ra 
tu r e s  th e  ion  b u rs ts  a re  b ro u g h t a b o u t b y  p ip e  d iffusion, a t h ig h er te m p e ra tu re s  
m a in ly  b y  surface m ig ra tio n .

A t  in creasin g  te m p e ra tu re s  th e  v a lu e  o f  k T  increases re la tiv e  to  E  (in case 
o f  N a  a n d  K ), th a t  is th e  ion  c o n d en sa tio n  ra te  increases s im u lta n e o u s ly  w ith  
th e  ra n g e  o f  su rface m ig ra tio n . As a r e s u lt  m o re  ions leave th e  su rfa c e  a t  th e  
sa m e  tim e , th a t  m eans th e  fo rm a tio n  o f  m o re  b u rs ts  w ith  h ig h er en e rg ies . T his 
is a p p a re n t  from  th e  a m p litu d e  d is tr ib u tio n  o f  th e  b u rs t a n a ly z e d  in  F ig . 8.

T h e  n u m b e r o f  p a rtic le s  c rea tin g  o n e  h u r s t  (characte rized  b y  th e  b u rs t  
a m p litu d e )  depends th u s  on  th e  m easu re  o f  io n  condensation  a n d  th e i r  th e rm a l 
e n e rg y  d is tr ib u tio n . T h e  energy  d is t r ib u t io n  is M axw ellian, as a p p a re n t  from  
c u rv e  1 in  F ig . 8, w h ich  can  be d esc rib ed  b y  th e  equation :

у  =  13 920 ]/ж ex p

C onsidering  th e  d a ta  re p o rte d  on  th e  physicochem ical in v e s tig a tio n s  
o f  o th e r  a u th o rs  i t  is possib le  to  ex p la in  p a r t  o f  th e  p resen t re su lts . A n y  o f th e  
a v a ila b le  m odels fa ils to  acco u n t fo r th e  t r a n s ie n t  ion em ission o b se rv ed  on 
a n n e a le d  f ilam en ts . I t  has been  su g g ested  [25, 27] th a t  an  in c re a se d  fo rm a tio n  
r a te  o f  tu n g s te n  ox ide  in  th is  te m p e ra tu re  in te rv a l  leads to  an  in c re a se d  tu n g 
s te n  e v a p o ra tio n  ow ing to  th e  v o la ti l i ty  o f  o x ides. This a ssu m p tio n  is, how ever, 
c o n tra d ic te d  b y  th e  o b se rv a tio n  t h a t  on  f a s t  rep ea ted  h e a tin g  o r  cooling  to  
th e  te m p e ra tu re  o f t r a n s ie n t  ion em ission  a m ax im um  is o b se rv ed  even a t  
v e ry  low  p a r t ia l  o x ygen  p ressu re  (10 -7 m m H g ). I t  has to  be e s ta b lish e d  w h e th e r 
th is  sh a p e  o f th e  em ission  curve o b se rv e d  fo r  annealed  f i la m e n ts  is due  to  a

x

0.21
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c h an g e  in  th e  su rface  em ission o f  th e  a lkali im p u ritie s  o r to  th e  c o m b in a tio n  
o f severa l p rocesses. T his is th e  m ain  o b jec t o f  o u r co n tin u ed  in v es tig a tio n s .

*

A uthors are indebted  to Mr. Gy . B aktai and Mr. S. Sa i.y  and  to Dr. J . N e u g e b a u e r  
(Tungsram  L td .) for the ir courtesy of supplying the sam ples and  th e  preparation  of th e  single
crystals for th e  experim ents and for m any useful discussions.
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KINETIC STUDY OF HYDROCARBON ADSORPTION ON
NICKEL CATALYST

P. T é t é n y i , L. B a b e r n i c s  and K . S ch ä c h t e r

( I n s t i t u t e  o f  I s o t o p e s  o f  t h e  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s , B u d a p e s t )
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The adsorption  of e thane , benzene, and cyclohexane on a nickel c a ta ly s t was 
studied by a k inetic method. T he experim entally  determ ined adsorption  coefficients 
indicate chemical interaction betw een the surface and the substrate . The h ea ts  of ad
sorption are re la tively  small, th e  adsorption of ethane being endotherm ic.

The adsorption  characteristics perm it to  draw  conclusions on th e  n a tu re  of the 
adsorbed layer. The values for Qhnd Qcnd and QoNi can Ьв calculated from  th e  corre
sponding heats of adsorption.

A dsorp tio n  coefficien ts d e te rm in e d  b y  th e  k in e tic  m e th o d , as w ell as 
th e  th e rm o d y n a m ic  values c a lc u la te d  from  th e m , can  p rov ide  v a lu a b le  in 
fo rm a tio n  a b o u t th e  n a tu re  o f  a d so rp tio n  on  th e  c a ta ly tic a lly  a c tiv e  surface 
d u rin g  th e  c a ta ly t ic  reaction , a n d  ab o u t th e  c a ta ly s t—s u b s tra te  in te ra c tio n .

In  earlier p a p e rs  [1 ,2 ]  w e re p o rte d  th e  d e te rm in a tio n  o f  ad so rp tio n  
coeffic ien ts fo r h y d ro g en  on n ick e l an d  p la tin u m  c a ta ly s ts . T he in v e s tig a tio n  
o f  th e  a d so rp tio n  o f  d ifferen t h y d ro c a rb o n s  is also im p o r ta n t fro m  th e  v iew 
p o in t o f th e  m echan ism  o f d eh y d ro g en a tio n . T herefo re , th e  a d so rp tio n  coeffi
c ien ts  for benzene, w hich  is a n o th e r  p ro d u c t in  th e  d e h y d ro g e n a tio n  o f  cyclo
h ex an e , have b een  d e te rm in ed . I t  w as n o t possib le  to  d e te rm in e  th e  ad so rp tio n  
coeffic ien ts fo r th e  reac tin g  cy c lo h ex an e  b y  a d irec t m e th o d , th e re fo re , an 
in d ire c t m e th o d  h as  been used . W e d e te rm in ed  th e  a d so rp tio n  co e ffic ien ts  of 
cyclohexane re la tiv e  to  th a t  o f  iso p ro p y l alcohol. T he ad so rp tio n  coeffic ien ts 
fo r e th an e  w ere d e te rm in ed  fo r th e  pu rpose  o f  com parison  w ith  cyc lohexane.

Experim ental

a) Method

The e x p e rim e n ts  were p e rfo rm ed  w ith  th e  earlie r describ ed  [3] flow- 
re a c to r . T he p re p a ra tio n  an d  p ro p e rtie s  o f  th e  n ickel c a ta ly s t h a v e  b een  re 
p o r te d  [4]. T he p h y sica l c o n s ta n ts  for cyc lo h ex an e, benzene, a n d  isop ro p y l 
a lcoho l w ere in  ag reem en t w ith  th o se  in  th e  li te ra tu re . T he p u r i ty  o f  e th an e  
w as checked b y  gas ch ro m a to g ra p h y . “ F ” -labelled  argon  was u sed  in  a ll the  
ex p erim en ts . T h e  cyclohexane—benzene  a n d  isop ropy l alcohol cyc lohexane  
m ix tu re s  w ere p re p a re d  by  w eigh ing . L iq u id  cyclohexane w as a d d e d  a t  a
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c o n s ta n t  r a te  to  th e  s tre a m  o f  argon  or e th a n e  b e fo re  th e  reac to r . T h e  argon / 
e th a n e  s tre a m  was a d ju s te d  u s in g  gas cy lin d ers  f i t te d  w ith  red u c in g  va lves. 
T h e  f in e  con tro l of th e  f lo w -ra te  was ach iev ed  w ith  a cap illa ry  flow -m eter. 
T h e  a m o u n t  of cyc lo h ex an e, re a c te d  in  u n i t  t im e  w as d e te rm in ed  fro m  th e  
re f ra c t iv e  in d ex  of th e  c o n d e n sa te . The a m o u n t o f  d eh y d ro g en a ted  iso p ro p y l 
a lco h o l w as calcu la ted  fro m  th e  volum e of h y d ro g e n  evo lved  in  u n it  tim e . T he 
c o n s ta n t  a c tiv ity  of th e  c a ta ly s t  in  b o th  re a c tio n s  w as d e m o n s tra te d  b y  th e  
c o n s ta n t  ra te  of gas e v o lu tio n .

b )  The adsorption coeffic ien ts fo r  ethane and  benzene

T h e  equ ilib rium  c o n s ta n ts  fo r the a d so rp tio n  o f  e th an e  an d  benzene  w ere 
d e te rm in e d  by  a m e th o d  w h ic h  is, in  its  p rin c ip le , id e n tic a l w ith  t h a t  u sed  for 
h y d ro g e n  [1, 2]. As i t  h a s  b e e n  show n earlie r [1, 3 ], th e  d eh y d ro g en a tio n  o f  
c y c lo h e x a n e  in  th e  p resen ce  o f  a non -reac tin g  a d d itiv e  on th e  n ickel c a ta ly s t  
u sed  in  o u r  experim en ts c a n  b e  described b y  th e  fo llow ing eq u a tio n

w h ere

S  V ,

----  =  <* +  У l -----
« С Н

a = ------:-------
kbCH

and  y t =
kb сн

к к к
A  — 1 -f- - , в  =  1  + ----- + -----

к с н к'в к н

( 1  + b t )

( 1 )

Xi — th e  a m o u n t o f  cyclohexane re a c tin g  in  u n it  tim e  in  th e  b in a ry
m ix tu re  w ith  th e  i-th  a d d itiv e ;

v C H  an d  V j  — th e  f lo w -ra te s  of cy c lo h ex an e  a n d  th e  a d d itiv e , re sp ec 
tiv e ly ;

к , &сн* &B an d  к'н ■— th e  ra te  co n s ta n ts  fo r  th e  surface re a c tio n , and  
th e  d e s o rp tio n  of cyc lo h ex an e, benzene an d  h y d ro g en , 
re sp e c tiv e ly ;

&CH a n d bj — th e  a d s o rp tio n  coefficients fo r cyclohexane an d  th e  ad d i
tiv e , re sp e c tiv e ly ;

s — th e  su rface  a re a  of the  c a ta ly s t .

T h e  v a lid ity  o f a n  E q . ( l ) - ty p e  expression  h a s  been  es tab lish ed  fo r b o th  
c y c lo h e x a n e -e th a n e  a n d  cy c lohexane-benzene  m ix tu re s , as d e m o n s tra te d  
(fo r  cy c lo h ex an e-e th an e  m ix tu re s )  by  Fig. 1. T h e  va lu es  for y E a n d  yE a t 
d i f f e r e n t  tem p era tu res , as w ell as th e  y Ar v a lu es  o b ta in e d  as th e  slopes o f  th e  
s t r a ig h t  lines co rrespond ing  to  E q . (1), are sh o w n  in  T ab les I  an d  I I .  T h e  equi-
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Vch

F i g .  1 .  S traigh t lines dem onstrating th e  v a lid ity  of expression (1) for ethane-cyclohexane
m ixtures

T ab le  I

T h e  a d s o r p t i o n  c o e f f i c i e n t s  o f  e t h a n e

t c° 7 E Y  A r
bE

atm — 1

272 1.27 0.290 2.25 +  0.3
281 1.03 0.288 2.57 +  0.1
301 0.63 0.145 3.35 +  0.1
320 0.50 0.085 4.88 +  0.2

T ab le  II

T h e  a d s o r p t i o n  c o e f f i c i e n t s  f o r  b e n z e n e

t C ° 7 в 7 A r
*>ßatm —1

275 2.90 0.18 15.2 +  0.9
285 1.61 0.12 12.4 +  1.1
304 1.12 0.11 9.1 +  0.4
314 1.02 0.12 7.5 +  0.8
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lib riu m  co n stan ts*  fo r  th e  adso rp tio n  o f e th a n e  a n d  benzene (6£ a n d  bB) are 
easily  ca lcu la ted  fro m  th e  slopes:

*>/ =  - -  1 (2)
Г а г

T h e resu ltin g  v a lu es  a re  g iven  in  T ab les I  a n d  I I .

F i g .  2 .  The tem p e ra tu re  dependence of th e  adsorption  coefficients for ethane

F i g .  3 .  The tem p e ra tu re  dependence of th e  adsorp tion  coefficients for benzene

T h e  d a t a  i n  t h e  t a b l e s  s h o w  t h a t  t h e  a d s o r p t i o n  c o e f f i c i e n t s  o f  e t h a n e  

i n c r e a s e ,  w h i l e  t h o s e  o f  b e n z e n e  d e c r e a s e  w i t h  i n c r e a s i n g  t e m p e r a t u r e .  I n  

b o t h  c a s e s ,  t h e  t e m p e r a t u r e  d e p e n d e n c e  c o r r e s p o n d s  t o  t h a t  p r e d i c t e d  b y  t h e  

F R E N K E L - r e l a t i o n s h i p  [ 5 ] ,
A

b =  b0 e*T (3)

as d e m o n s tra te d  b y  F ig s  2 an d  3.
The h ea ts  o f  a d so rp tio n  are 12 an d  — 1 0  kca l/m o le  fo r benzene an d  e th a n e , 

respective ly .

* b A r  was assum ed to  be zero a t the tem pera tu re  of th e  experim ent (250—300 °C).
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c) The relative adsorption coefficients fo r  cyclohexane

T he a d so rp tio n  coefficient fo r cy c lo h ex an e  as a reag en t c a n n o t be  d e te r 
m in ed  b y  th e  ab o v e  described m e th o d . T he e x te n t o f cyclohexane a d so rp tio n  
w as, there fo re , d educed  from  th e  d eh y d ro g en a tio n  o f isop ropy l a lcohol cyclo 
h ex an e  m ix tu re s . T he reac tio n  w as ru n  a t  a te m p e ra tu re  (160 — 200 °C), w here 
o n ly  isopropyl alcohol undergoes d e h y d ro g en a tio n  an d  cy c lohexane  can  be 
re g a rd ed  as a n o n -reac tin g  a d d itiv e .

H ow ever, th e  d e h y d ro g en a tio n  o f  isop ropy l alcohol c a n n o t be  described  
b y  th e  k in e tic  eq u a tio n  (1).

In  a p rev io u s p a p e r [6], w e h a v e  show n th a t ,  on th e  n ickel c a ta ly s t  used  
in  o u r stud ies, th e  d e h y d ro g en a tio n  o f  isop ro p y l alcohol in  a b in a ry  m ix tu re  
w ith  a n o n -reac tin g  add itiv e  ta k e s  p lace  accord ing  to  th e  k in e tic  eq u a tio n

w here

/;• О —  A к  ас J__ h ±  +
k , .. i . .  Ъf t  О --- /1

k a

r
ka + v a ba , V a  —  X

— A A .  +
l*a

к и  j

M
в X  ,

A  =  1 + К B  =  1 + K, +

(4)

к  — th e  ra te  c o n s ta n t fo r d eh y d ro g en a tio n ;
ka, k'ac a n d  k'H — th e  ra te  c o n s ta n ts  fo r th e  deso rp tio n  o f  iso p ro p y l a lco 

hol, acetone, a n d  h y d ro g en , resp ec tiv e ly ; 
kat bac, bи an d  6/ — th e  a d so rp tio n  coeffic ien ts fo r iso p ro p y l alcohol, 

ace tone , h y d ro g en , a n d  th e  ad d itiv e , re sp ec tiv e ly ; 
va an d  Vi — th e  am ounts o f  iso p ro p y l alcohol an d  th e  a d d itiv e , resp ec

tiv e ly , fed in  u n i t  tim e  (m l N .T .P ./m in ); 
x  — th e  am o u n t o f  iso p ro p y l alcohol reac tin g  in  u n i t  tim e

(ml N .T .P ./m in ).

T he g en era l fo rm  of E q . (4) has been  d eriv ed  b y  one o f  th e  a u th o rs  [7], 
on  th e  basis  o f  th e  B a l a n d in  — K i p e r m a n  eq u a tio n  [8]. In  th e  d e riv a tio n , 
n o n e  o f  th e  s tep s  invo lved  has b e e n  assu m ed  to  be ra te -d e te rm in in g . T he fa c t 
t h a t  one o f th e  s tep s  is ra te -d e te rm in in g  is expressed  b y  th e  ph y sica l m ean ing  
o f  c o n s ta n ts  A  a n d  B . The form  o f  E q . (4), how ever, rem ains u n ch an g ed .

U pon in tro d u c in g  zac, Zh  a n d  2,- d e fin ed  b y

А  Ь/_

*' ~  В  ~b~
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E q . (4) re a rra n g e s  to

k S

В
+  *н +  —  *i va l n ( z a c  ~i---------Z H  —  1 )  x (6 )

C o n s ta n ts  2,- are called a p p a re n t  re la tiv e  a d so rp tio n  coefficients. In  case 
w hen  th e  ch em ica l re a c tio n  on th e  su rface  is th e  ra te -d e te rm in in g  s tep , b o th  A  
an d  В  a re  e q u a l to  1, th e  z,-s b e ing  a c tu a l a d so rp tio n  coefficients.

T h e  a p p a re n t  re la tiv e  a d so rp tio n  coeffic ien ts  fo r cyclohexane w ere d e 
te rm in e d  b y  co m p arin g  th e  r a te  o f  iso p ro p y l a lcoho l d eh y d ro g en a tio n  w ith  
th o se  o f  iso p ro p y l a lcoho l-cyclohexane b in a ry  m ix tu re s . T he ZcH’Values w ere 
c a lc u la te d  fro m  ap p ro x im a tio n  fo rm u la  (7)* d e riv e d  from  E q . (6):

w here
x  a n d  %i

P

x
1

Z C H  — (•)

th e  a m o u n t o f  iso p ro p y l a lcohol t h a t  has re a c te d  in  th e  case 
o f p u re  alcohol a n d  a lcoho l-cyclohexane b in a ry  m ix tu re , 
re sp ec tiv e ly ;
th e  m ole f ra c tio n  o f  iso p ro p y l a lcohol in  th e  m ix tu re .

T h e  e x p e rim e n ta l re su lts  a n d  th e  2cH_v a lu es  ca lcu la ted  from  E q . (7) 
fo r 161 °C are  show n in  T ab le  I I I .  T h e  Zch v a lu es  ca lcu la ted  from  th e  ra te  o f

T able  I I I

R a t e s  o f  d e h y d r o g e n a t i o n  o f  i s o p r o p y l  a l c o h o l - c y c l o h e x a n e  m i x t u r e s  a n d  a p p a r e n t  
r e l a t i v e  a d s o r p t i o n  c o e f f i c i e n t s  f o r  c y c l o h e x a n e

i c° 7 X ZC H ~ C H

161 l . i 4.1
161 0.16 2.2 0.17
161 0.56 3.6 0.20
161 1.0 4.1 — 0.18 +  0.02

161 0.22 2.8 0.15
161 0.44 3.0 0.22
161 1.0 3.9 —
161 0.22 2.5 0.16

* A ccording to  its  derivation, approxim ation form ula (7) can only be used a t  conver
sions below  10% . W ith  one or two exceptions, th is was tru e  for all the  m easurem ents. Inciden
ta lly , th e  com parison of the zac and zh values calculated by  different m ethods indicated  [10] 
th a t , even a t  a  conversion of 30% , th e  results of precise and approxim ate calculations only 
differed b y  less th an  10% .
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d eh y d ro g en a tio n  of iso p ro p y l a lc o h o l-c y c lo h ex a n e  m ix tu re s  w ith  v a r io u s  
com positions a re  n ea rly  id e n tic a l a t  a g iven  te m p e ra tu re . S im ilar re su lts  a re  
o b ta in ed  a t  o th e r  te m p e ra tu re s , as i l lu s tra te d  b y  th e  sm all d ev ia tio n  o f  th e  
z c h  values (T ab le  IV ). T hese fa c ts  confirm  t h a t  E q . (6) co rrec tly  describes th e

Table IV
A p p a r e n t  r e l a t i v e  a d s o r p t i o n  c o e f f i c i e n t s  o f  c y c l o h e x a n e  a n d  h y d r o g e n  ( z cн a n d  z y - { )

a n d  t h e i r  r a t i o  ( Ь ^ ц / Ь ц )

t °  c *CH SH Ьсн/*»н

161 0 .1 8  +  0.02 0 .59 0.31

170

1-4©©V(M©

0 .39 0.62

178 0 .2 6  +  0.01 0.31 0.84

188 0 .32  +  0.03 0.22 1.45

207 0 .4 4  +  0.03 0.11 4.00

ra te  of d eh y d ro g en a tio n  for b o th  p u re  alcohol, a n d  alcohol cyclohexane b in a ry  
m ix tu res.

D iv id ing  th e  zqh v a lu es  b y  th e  p rev io u sly  d e te rm in ed  [4] v a lues fo r  zH, 
th e  ra tio  o f  th e  ad so rp tio n  coeffic ien ts for cy c lo h ex an e  an d  hydro g en  is o b 
ta in ed  acco rd in g  to  E q . (5):

zc h /2h  =  ^ c h / ^ h  ( 8 )

T he beh/£*h v a lu es  show n in  T ab le  IV  have  a lo g a rith m ic  te m p e ra tu re  d e p e n 
dence. T he d ifference in  h e a ts  o f  a d so rp tio n  c a lc u la ted  from  th e  te m p e ra tu re  
dependence is

ЛСн —Ah =  — 22 kca l/m o le  (9)

T h e  h ea t o f  a d so rp tio n  fo r h y d ro g en  w as p re v io u s ly  d e te rm in ed  on th e  n ick e l 
c a ta ly s t u sed  (Ah =  24 kcal/m ole). U sing  th is  v a lu e , 2 kcal/m ole is o b ta in e d  
from  E q . (9) fo r  th e  h ea t o f  a d so rp tio n  o f cy c lo h ex an e .

In  th e  c a lcu la tio n  o f th e  Ach va lues, th e  d e h y d ro g en a tio n  of b o th  c y c lo 
hexane an d  iso p ro p y l a lcohol w as assum ed  to  ta k e  p lace  on id en tica l s ite s  of 
th e  c a ta ly s t su rface . T hus, th e  Ah v a lu e  o b ta in e d  fro m  cyclohexane d e h y d ro 
g ena tion  can  be  a d d ed  to  th e  Ach — Ah v a lu e  m e a su re d  fo r th e  d e h y d ro g e n a 
tio n  o f iso p ro p y l alcohol. T h is  assu m p tio n  is su p p o r te d  b y  th e  fa c t t h a t  th e  
ra te s  of th e se  tw o  reac tions ru n  p a ra lle l on n ick e l c a ta ly s ts  p rep a red  b y  d iffe r
e n t m eth o d s. A  p a ra lle l ch an g e  o f  th e  tw o re a c tio n  ra te s  is also o b serv ed  o v e r 
d iffe ren t c a ta ly s t  m eta ls  [13].

I t  w as an  im p lic it a ssu m p tio n  th a t  th e  h e a t  o f  ad so rp tio n  for h y d ro g e n  
does n o t ch an g e  in  th e  in te rv a l be tw een  150 — 300 °C. T h is assu m p tio n  is s u p 
p o rte d  b y  th e  ex p e rim en ta l re su lts  o b ta in e d  in  th is  la b o ra to ry  b y  L. G u c z i, 
accord ing  to  w h ich  th e  iso ste ric  h ea t o f a d so rp tio n  fo r hyd rogen  on th is  n ick e l 
c a ta ly s t  rem a in s  p rac tica lly  c o n s ta n t b e tw een  0 a n d  300 °C.
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D iscussion
T h e  p rob lem  w h e th e r o r n o t th e  a d so rp tio n  coefficients d e te rm in e d  b y  

th e  k in e t ic  m e th o d , an d  th e  h e a t of a d so rp tio n  derived  from  th e ir  te m p e ra tu re  
d e p e n d e n c e  h av e  an y  p h y sica l re a lity , co u ld  on ly  be ju d g ed  b y  co m p arin g  
th e m  w ith  th e  resu lts  o b ta in e d  b y  m ean s o f  o th e r  techn iques.

O n ly  a lim ited  a m o u n t o f  d a ta  is a v a ila b le  a b o u t th e  a d so rp tio n  o f  e th a n e , 
c y c lo h e x a n e , and  benzene w h ich  w ould  b e  su itab le  for d irec t com parison . 
T h is  is p a r tic u la r ly  tru e  fo r th e  h e a ts  o f  a d so rp tio n .

T h e  h e a t o f ad so rp tio n  for benzene  o n  a c h ro m iu m (III)o x id e  — a lu m i
n iu m  o x id e  — p o ta ss iu m  ox ide  c a ta ly s t  w as fo u n d  b y  R u b i n s t e i n  et al. [ 1 4 ]  

to  v a r y  b e tw een  10 an d  13 kcal/m ole , d e p en d in g  on th e  frac tio n  o f  th e  su rface  
c o v e re d . D u e  to  th e  fa c t th a t  s tro n g ly  d iffe re n t ad so rb en ts  w ere u sed , th e  ag ree
m e n t o f  th is  va lue  w ith  th e  one o b ta in ed  b y  us does n o t c o n s titu te  conv incing  
e v id e n c e . O b ta in ed  in  th is  la b o ra to ry  re s u lts  concern ing  th e  a d so rp tio n  of 
b e n z e n e  on  a cobalt c a ta ly s t show  th a t  th e  h e a t  of ad so rp tio n  changes be tw een  
6 a n d  10 kcal/m ole, d ep en d in g  on th e  f ra c t io n  o f th e  surface covered . T h e  h e a t 
o f  a d s o rp tio n  of e th y len e  w as show n to  d e p e n d  on th e  p e r  c en t d -c h a ra c te r  
o f th e  m e ta llic  b o n d  o f th e  c a ta ly s t  [15]. S ince these  p a ra m e te rs  fo r  n ickel 
a n d  c o b a lt  are  a lm ost id en tica l, one can  assum e th a t  th e  h e a ts  o f  a d so rp tio n  
on  id e n tic a lly  p rep a red  sam ples of these  tw o  c a ta ly s ts  w ill n o t d iffe r s ig n ifi
c a n tly .

A t  a n y  ra te , th e  h e a t o f a d so rp tio n  o f  benzene in  th e  above  tw o  cases 
is close to  th e  v a lu e  d e te rm in e d  b y  th e  k in e tic  m ethod . T his fa c t d e m o n s tra te s  
th e  p ro b a b le  re a lity  o f th e  k in e tic  a d so rp tio n  coefficients, s im ila rly  to  th e  ob 
se rv a tio n s  on th e  ad so rp tio n  of h y d ro g e n  [1].

T h e  v e ry  sm all h e a t o f a d so rp tio n  fo r  cyclohexane, an d  a n e g a tiv e  one 
fo r  e th a n e , in d ica tes  th e  p o ssib ility  o f en d o th e rm ic  adso rp tio n .

T h e  ex istence  of en d o th e rm ic  a d so rp tio n  an d  its  possible ro le in  ca ta ly s is  
h a s  b e e n  p o in ted  o u t b y  d e  B o e r  [16].T h e  neg a tiv e  h e a t o f a d so rp tio n  for 
e th a n e  seem s to  su p p o rt th e  ex istence  o f  en d o th e rm ic  a d so rp tio n . A lth o u g h  
th e  h e a t  o f  ad so rp tio n  fo r cyclohexane is p o s itiv e , i t  is sm aller th a n  th e  h e a t 
o f c o n d e n sa tio n  (7.9 kcal/m ole). T h is in d ic a te s  endo therm ic  ch em iso rp tio n  
in  th e  case o f cyclohexane, to o , since th e  m o lecu la r in te ra c tio n  b e tw een  su b 
s t r a te  a n d  ad so rb en t is, b y  all m eans, a cco m p an ied  b y  a p o sitiv e  h ea t-e ffec t.

I t  is w o rth  m en tio n in g  th a t  th e  h e a ts  o f  ad so rp tio n  o f s a tu ra te d  h y d ro 
c a rb o n s  on  oxides h av e  been  fo u n d  to  be  la rg e r  th a n  on m eta ls . T h u s , th e  h e a t 
o f  a d s o rp tio n  of e th an e  on ch ab az ite  is 8.5 k cal/m o le  [17], w hile th o se  o f  cyclo
h e x a n e  o n  silica gel [18] a n d  on c h a b a z ite  [14] equal 8.3 a n d  10 kcal/m o le , 
re sp e c tiv e ly .

T h e  en d o th e rm ic  ch em iso rp tio n  o f  s a tu ra te d  h y d ro ca rb o n s  is u n d e r
s ta n d a b le  since on m eta ls  th is  p rocess in v o lv es  C — H  bo n d  d isso c ia tio n . This 
h a s  b e e n  e stab lish ed  fo r th e  a d so rp tio n  o f  b o th  e th an e  an d  cy c lo h ex an e  on
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n ic k e l  [1 9 — 2 1 ]. T h e  e n e r g y  o f  a c t iv a t io n  fo r  th e  a d so r p t io n  o f  c y c lo h e x a n e  
d u r in g  it s  d e h y d r o g e n a t io n  w a s  fo u n d  to  b e  23  k c a l/m o le  on  o u r  c a t a ly s t  [22 ]  
w h ic h  is  a n o th e r  in d ic a t io n  for  d is s o c ia t iv e  a d so r p t io n .

T h e  h e a t e f f e c t  a s s o c ia te d  w ith  th e  b r e a k in g  o f  th e  C — H  b o n d  o n  n ic k e l  
c a n  b e  e x p r e sse d  w it h  t h e  b o n d  en erg ie s  in  th e  fo l lo w in g  w a y :

(?C H ,N I =  —  (?C H  +  (?CNI +  (? H N I ( 1 0 )

T h e  v a lu e  for Q h n í c a n  h e  c a lc u la te d  fro m  th e  h e a t  o f  a d so r p t io n  o f  h y d r o g e n ,  
u s in g  th e  e x p r e ss io n

=  —  (?H H  +  2  @ H N i ( 1 1 )

S in c e  Ян =  24  a n d  (Ihh  104  k c a l/m o le  [2 3 ] , o n e  o b ta in s  6 4  k c a l/m o le  for
I n  ord er t h a t  @ch ,ní b e  p o s it iv e , @cní sh o u ld  h e  la rg er  th a n  35  k c a l/m o le  

b e c a u se  th e  v a lu e  o f  Q c h  fo r  e th a n e  is 99  k c a l/m o le  [2 3 ] . H o w e v e r , t h e  e x p e r i
m e n ta l r e su lts  [2 4 ]  g iv e  @cní =  18 k c a l/m o le . T h e  v a lu e  for @cní d e te r m in e d  
b y  th e  k in e t ic  m e t h o d  is  21 k c a l/m o le  [2 5 ] . I t  is  e x tr e m e ly  u n lik e ly  th e r e fo r e  
t h a t  th e  C — N i b o n d  e n e r g y  w o u ld  b e  h ig h  e n o u g h  to  m a k e  ( 1 C h , N ,  p o s i t iv e .  
C o n se q u e n tly , th e  a d s o r p t io n  o f  e th a n e  o n  th e  c a t a ly s t  u se d  in  o u r  e x p e r im e n ts  
is  e n d o th e r m ic . N o  d a ta  are  a v a ila b le  for th e  C — H  b o n d  e n e r g y  in  c y c lo h e x a n e .  
A  s tr u c tu r a l a n a lo g y  s u g g e s t s  th a t  th e  e n e r g y  o f  th e  f ir s t  b o n d  is b e s t  a p p r o x i
m a te d  b y  th e  e n e r g y  o f  f is s io n  o f  th e  (C H 3) 2C H  — H  b o n d  w h ic h  is  e q u a l to  
8 9  k c a l/m o le  [2 6 ] . T h e  d if fe r e n c e  o f  10 k c a l/m o le  b e tw e e n  th e  C — H  b o n d  e n er 
g ie s  in  e th a n e  a n d  c y c lo h e x a n e  m a y  b e  th e  e x p la n a t io n  for  th e  o b s e r v e d  d if fe 
r e n c e  o f  1 2  k c a l/m o le  in  th e  a d so r p tio n  h e a ts .

T h erefo re , t h e  h e a t  o f  th e  С — H  b o n d  f is s io n  in  sa tu r a te d  h y d r o c a r b o n s  
is  p r o b a b ly  n e g a t iv e  o r  c lo s e  to  zero . T h is  is  c o m p e n s a te d  fo r  o n ly  to  a sm a ll 
e x t e n t  b y  th e  h e a t  o f  m o le c u la r  in te r a c t io n  b e tw e e n  th e  s u b s tr a te  a n d  th e  
a d so r b e n t .

T h e se  a p p r o x im a t iv e  c a lc u la t io n s  e x p la in  a l t o g e t h e r  th e  lo w  or e v e n  
n e g a t iv e  v a lu e s  fo r  th e  h e a ts  o f  a d so r p tio n  o f  s a tu r a te d  h y d r o c a r b o n s . T h e  
h ig h e r  p o s it iv e  v a lu e s  fo r  th e  h e a ts  o f  a d so r p t io n  o f  e th a n e  a n d  c y c lo h e x a n e  
on  o x id e s  are p r o b a b ly  d u e  to  th e  in c o m p le te n e s s ,  or a b se n c e , o f  C — H  b o n d  
f is s io n  d u r in g  a d s o r p t io n . T h e  fa c t  th a t  th e  h e a t  o f  a d so r p t io n  o f  c y c lo h e x a n e  
on  o x id e  c a ta ly s t s  e x c e e d s  th e  h e a t  o f  c o n d e n s a t io n  o n ly  b y  1 — 2  k c a l/m o le ,  
th e  tw o  b e in g  a lm o s t  id e n t ic a l  on  s i lic a g e l, le n d s  su p p o r t  to  th is  im m a g in a -  
t io n .

T h e  h ea t o f  a d s o r p t io n  o f  b e n z e n e  is  o n ly  s l ig h t ly  h ig h e r  th a n  t h a t  o f  it s  
c o n d e n sa t io n . In  s p i t e  o f  th is ,  th e  a d so r p tio n  c a n n o t  h e  c o n s id e r e d  w e a k , as 
d e m o n s tr a te d  b y  t h e  n u m e r ic a l v a lu e s  o f  th e  a d so r p t io n  c o e f f ic ie n ts . T h e  la t te r  
is  10  a tm  _1  a t 3 0 0  °C , a s  o p p o se d  to  a v a lu e  o f  0 .2  a tm  - 1  fo r  h y d r o g e n . T h e  
a d so r p t io n  c o e f f ic ie n ts  c a n  b e  e x p r e sse d  w ith  th e  m e a n  t im e  o f  l in g e r in g
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in  th e  follow ing w ay :
. _  P
l ~  у м , T i ’

w h e r e

T — th e  m ean  tim e  o f  lingering,
M j  — th e  m o lecu la r w e ig h t of th e  su b s tra te , 

j i  — th e  n u m b e r o f  co llisions of a su b s ta n c e  h av in g  a m o lecu la r w eigh t 
of 1 ,  w ith  an  a c tiv e  site  in 1 second .

(12)

T h e  r e la t iv e  tim e  o f  l in g e r in g  fo r  tw o  su b s tr a te s  [2 7 ] is  o b ta in e d  fr o m  (1 2 )

—  M ±  —
r k I M k bk

(13 )

T h e  m ea n  t im e  o f  l in g e r in g  for  b e n z e n e  o n  t h e  su r fa ce  o f  a  n ic k e l  c a ta ly s t  
a t  3 0 0  °C is  3 .1  X 10 2 t im e s  lo n g e r  th a n  t h a t  o f  h y d r o g e n , a s  c a lc u la te d  fro m  
E q . (1 3 ) . T h e  t im e  o f  l in g e r in g  fo r  e th a n e  is  5 8  t im e s  t h a t  o f  h y d r o g e n , i . e .  

s o m e w h a t  le s s  th a n  l / 5 t h  o f  t h e  v a lu e  for  b e n z e n e . T h e  m a g n itu d e  o f  th e  h e a t  
o f  a d s o r p t io n  o f  h y d r o g e n  u n a m b ig u o u s ly  p r o v e s  t h a t  i t  is  c h e m ic a lly  b o n d e d  
to  t h e  su r fa ce . T h e r e fo r e , t h e  m u c h  lo n g er  t im e s  o f  lin g e r in g  fo r  b e n z e n e  an d  
e t h a n e  is  e v id e n c e  fo r  s t r o n g  in te r a c t io n  b e tw e e n  th e  su r fa ce  a n d  t h e s e  s u b 
s t r a t e s .

T h e  fo llo w in g  th r e e  p ic tu r e s  are th e  m o s t  l ik e ly  o n es  fo r  th e  a d so r p t io n  

o f  b e n z e n e :

dissociative asso c ia tiv e  r-com plex  ty p e  ad so rp tio n

T h e  e x is te n c e  o f  s t r u c tu r e  I p ro p o sed  b y  P itk eth ly~ [2 8 ] h a s  b e e n  e s t a b 
l i s h e d  [2 9 ] . I t s  p r e se n c e  is  p r o b a b ly  c o n fin e d  to  ir r e v e r s ib le  b e n z e n e  a d so r p 
t io n .  T h e  occu rren ce  o f  s u c h  t y p e  o f  a d so r p t io n  se e m s  u n lik e ly  o n  c a ta ly t ic a l ly  
a c t iv e  s ite s  w h ic h  are  m o s t  im p o r ta n t  d u r in g  t h e  r e a c t io n . I n  th e  o p p o s ite  
c a s e ,  s im ila r ly  to  e th a n e , e n d o th e r m ic  a d so r p t io n  sh o u ld  h a v e  b e e n  fo u n d  for  

b e n z e n e .
I t  is  m ore d if f ic u lt  t o  m a k e  a d e c is io n  in  fa v o u r  o f  o n e  o f  th e  r e m a in in g  

s t r u c tu r e s  II an d  III. B o t h  s tr u c tu r e s  w o u ld  le a d  to  a r e la t iv e ly  lo w  h e a t  o f
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a d so r p t io n . I n  c a se  o f  s tr u c tu r e  II, th e  e n e r g y  c h a n g e  a sso c ia te d  w ith  t h e  fo r 
m a t io n  o f  th e  s ix  C — N i b o n d s  is s t r o n g ly  d e c r e a s e d  b y  th e  c o lla p se  o f  t h e  a ro 
m a t ic  s t r u c tu r e . W it h  s tr u c tu r e  II th e  h e a t  o f  a d s o r p t io n  ca n  o n ly  b e  e q u a l  to  
12 k c a l/m o le  i f  e a c h  C — N i b o n d  e n e r g y  e q u a ls  4 0  k c a l/m o le . A s  i t  h a s  b e e n  
m e n t io n e d , th is  is  v e r y  u n lik e ly .

T h u s  th e  p r in c ip le  o f  e x c lu s io n  le a v e s  s t r u c tu r e  III, th e  e x is te n c e  o f  w h ic h  
is a s s u m e d  in  an  in c r e a s in g  n u m b er  o f  in s ta n c e s  [3 0 ] . T h e  sm a ll h e a t  o f  a d 
s o r p t io n  is  e x p la in e d  b y  r e la t iv e ly  w e a k  in t e r a c t io n .  T h e  free  e n th a lp y  a n d  
e n tr o p y  o f  a d so r p t io n  w e r e  c a lc u la te d  fro m  t h e  fo l lo w in g  e x p r e ss io n s :

AG°a =  -  R T  In b B ;

a s - - ~ a g -  +  x . (1 4 )

T h e  c a lc u la t io n s  g a v e  2 — 6  k c a l/m o le , a n d  — 1 6 .5  e .u . for  th e  free  e n t h a lp y  
a n d  e n tr o p y  o f  a d so r p t io n , r e s p e c t iv e ly . T h e  t r a n s la t io n a l  an d  r o ta t io n a l  e n 
tr o p ie s  fo r  b e n z e n e  a t  3 0 0  °C are 4 2 .2  a n d  2 2 .6  e .u . ,  r e s p e c t iv e ly , as c a lc u la te d  
from  k n o w n  fo r m u la e  [3 1 ] .  T h e se  v a lu e s  are  in  g o o d  a g reem en t w ith  th o s e  
c a lc u la te d  b y  K emball a n d  R ideal  [3 2 ] .

I f  e ith e r  s tr u c tu r e  I or III is  o p e r a t iv e , b e n z e n e  sh o u ld  lo se  b o t h  it s  
t r a n s la t io n a l a n d  r o ta t io n a l  d eg rees  o f  fr e e d o m . T h e  r e su lt in g  lo ss  o f  e n tr o p y  
is  o n ly  p a r t ly  c o m p e n s a te d  fo r  b y  th e  v ib r a t io n a l  e n tr o p y  d u e  to  th e  n e w ly  
fo r m e d  b o n d s . E a r lie r  s tu d ie s  [2 9 ] o n  th e  c h e m is o r p t io n  o f  b e n z e n e  sh o w e d  
t h a t  th e  la t te r  c o v e r s  3 — 4 %  o f  th e  su r fa ce  a t  3 0 0  °C . T h is  v a lu e  in d ic a te d  t h a t  
th e  c o n f ig u r a t io n a l e n tr o p y  u n d er  n o  c ir c u m s ta n c e s  c a n  e x c e e d  10 — 15 e .u .  
T h e r e fo r e , th is  c a n n o t  e x p la in  th e  lo w  e n tr o p y  o f  a d so r p t io n , e ith er .

T h e  fa c t  t h a t  th e  a b s o lu te  v a lu e  o f  th e  e n t r o p y  o f  a d so rp tio n  is  b y  n e a r ly  
5 0  e .u . le s s  th a n  th e  su m  o f  th e  tr a n s la t io n a l a n d  r o ta t io n a l  e n tr o p ie s , in d ic a te s  
t h a t  t h e  a d so r b e d  m o le c u le s  r e ta in  so m e t r a n s la t io n a l  a n d  r o ta t io n a l fr e e d o m .  
T h e  r e te n t io n  o f  o n e  r o ta t io n a l  a n d  tw o  t r a n s la t io n a l  d eg rees  o f  fr e e d o m  se e m s  
m o s t  l ik e ly ,  th e  fo r m e r  re ferr in g  to  r o ta t io n  in  t h e  p la n e  o f  th e  r in g . E v e n  in  
th is  c a se  th e  e n tr o p y  is  e x p e c te d  to  d ecrea se  b y  a b o u t  35  e .u . T h e  d if fe r e n c e  
o f  a lm o s t  2 0  e .u . b e tw e e n  th e  e x p e c te d  a n d  e x p e r im e n ta l  e n tro p ie s  o f  a d s o r p 
t io n  c a n  a lr e a d y  b e  e x p la in e d  b y  th e  e x p e r im e n ta l erro r , th e  a p p r o x im a te  c h a r 
a c te r  o f  th e  c a lc u la t io n s , th e  v ib r a t io n a l e n tr o p y  d u e  to  th e  b o n d  b e tw e e n  th e  
su r fa c e  a n d  th e  r in g , a n d  b y  th e  v ib r a t io n  o f  t h e  a d so r b e d  m o lecu le  a s  a w h o le .

T h e  r e su lts  o b ta in e d  fo r  th e  e n tr o p y  o f  a d s o r p t io n , to o , p erm it th e  c o n 
c lu s io n  t h a t  th e  in te r a c t io n  b e tw e e n  th e  b e n z e n e  r in g  a n d  th e  m e ta l su r fa c e  is  
r e la t iv e ly  w e a k . T h is  is  m o re  l ik e ly  w ith  s tr u c tu r e  III th a n  w ith  e ith e r  I o r  II. 
I t  w o u ld  b e  p r e m a tu r e  h o w e v e r  to  d raw  d e f in ite  c o n c lu s io n s  a b o u t th e  m e c h 
a n ism  o f  a d so r p t io n  o n  th e  c a ta ly t ic  su r fa c e  fr o m  t h e  d a ta  w h ic h  a re  a v a i l 
a b le  a t  p r e se n t .
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S u m m a r iz in g  th e  r e s u lt s ,  o n e  m a y  c o n c lu d e  th a t  th e  h y d r o c a r b o n s  s t u 
d ie d  b y  u s  are  a d so rb ed  o n  n ic k e l d u e  to  c h e m ic a l in te r a c t io n . H o w e v e r ,  th e  
h e a t s  o f  a d so r p t io n  are m u c h  sm a lle r  ( n e g a t iv e  fo r  e th a n e ) th a n  t h e  v a lu e s  
e x p e c t e d  fo r  c h e m iso r p tio n . T h e  la t t e r  r e s u lt  se e m s  to  su p p o r t t h e  d e  B o e r  
c o n c e p t  a c c o r d in g  to  w h ic h  e n d o th e r m ic  a d so r p t io n  p la y s  an  im p o r ta n t  ro le  
in  h e te r o g e n e o u s  c a ta ly s is  [1 6 ] .

The catalyst—substrate bond energies

T h e  f a c t  t h a t  h y d r o g e n  a n d  v a r io u s  h y d r o c a r b o n s  are c h e m is o r b e d  on  
c a t a l y t i c a l ly  a c t iv e  n ic k e l su r fa c e s  p e r m it  t h e  c a lc u la t io n  o f  c a t a ly s t - s u b s t r a t e  
b o n d  e n e r g ie s  from  th e  h e a ts  o f  a d so r p t io n . I t  h a s  b een  m e n t io n e d  t h a t  th e  
h e a t  o f  a d so r p t io n  o f  h y d r o g e n  y ie ld s  64  k c a l/m o le  for  th e  H  — N i b o n d  e n e r g y .

T h e  C — N i b o n d  s t r e n g th  ca n  b e  c a lc u la te d  from  k n o w n  v a lu e s  fo r  th e  
h e a t s  o f  a d so r p t io n  o f  e th a n e  a n d  c y c lo h e x a n e .  T h e  e x p e r im e n ta l r e s u lt s  on  
t h e  k in e t ic s  a n d  m e c h a n ism  o f  c y c lo h e x a n e  d e h y d r o g e n a tio n  [1 1 , 2 2 ,  3 3 ] ,  as 
w e ll  a s  t h o s e  o n  t h e H — D  e x c h a n g e  [3 4 ]  s h o w  t h a t  th e  fir s t  s te p  o f  d e h y d r o g e n 
a t io n  i s  t h e  fo r m a tio n  o f  a su r fa c e  c o m p le x  CgH n .N i. T h u s , th e  a d so r p t io n  is  
a s s o c ia t e d  w ith  th e  r u p tu r e  o f  a C — H  b o n d . T h e  fo r m a tio n  o f  t h e  C 2H 5.N i 
r a d ic a l  d u r in g  e th a n e  a d so r p t io n  h a s  b e e n  d e m o n s tr a te d  b o th  b y  t h e  r e su lts  
o n  t h e  H — D  e x c h a n g e  w ith  e th a n e  [3 5 ] a n d  th o s e  on  th e  k in e t ic s  o f  i t s  c r a c k 
in g  [ 3 6 ] .  T h e r e fo r e , as a f ir s t  a p p r o x im a t io n , th e  h e a t o f  a d so r p t io n  o f  b o th  
c y c lo h e x a n e  an d  e th a n e  c a n  b e  r e g a r d e d  e q u a l to  th e  e n e r g y  c h a n g e  d u e  to  
t h e  C —  H  b o n d  ru p tu r e . T h u s  th e  C — N i b o n d  e n e r g y  ca n  b e  c a lc u la te d  from  
fo r m u la  (1 0 ) .  T h e  r e su lt  is  2 7  a n d  25  k c a l/m o le  fro m  th e  h e a t  o f  a d s o r p t io n  o f  
c y c lo h e x a n e  a n d  e th a n e , r e s p e c t iv e ly .

T h e  fo llo w in g  a v e r a g e  v a lu e  c a n  b e  a c c e p te d :

Q cní  —  2 6  k c a l/m o le

T h e  О — N i b o n d  e n e r g y  ca n  b e  c a lc u la te d  from  th e  h e a t  o f  a d so r p t io n  
o b t a in e d  fr o m  th e  a p p a r e n t  r e la t iv e  a d s o r p t io n  c o e ff ic ie n ts  o f  a c e to n e ,  w h ic h  
h a v e  b e e n  d e te r m in e d  [4 ] in  c o n n e c t io n  w it h  t h e  d e h y d r o g e n a tio n  o f  is o p r o p y l  
a lc o h o l .  T h e  d ifferen ce  b e tw e e n  th e  h e a ts  o f  a d so r p t io n  o f  a c e to n e  a n d  h y d r o g e n  
is

Aac —  AH =  — 1 1  k c a l/m o le

C o n s e q u e n t ly ,  th e  h e a t  o f  a d so r p t io n  o f  a c e to n e  is  13 k c a l/m o le . T h e  a d so r p 
t io n  o f  a c e to n e  is  p r e s u m a b ly  a s s o c ia te d  w it h  th e  ru p tu re  o f  o n e  o f  t h e  C =  0  
b o n d s .  T h e r e fo r e , th e  fo l lo w in g  e x p r e s s io n  is  o b ta in e d  for th e  h e a t  o f  a d so r p 
t io n :

^ac —  — (?C=0 +  @CNi (?ONi (15)
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U s in g  t h e  v a lu e  o f  Q c=o —  165.2  k c a l/m o le  [2 3 ] ,  th e  e n e r g y  o f  th e  f ir s t  b o n d  
to  b e  r u p tu r e d  is fo u n d  t o  eq u a l 83 k c a l/m o le .  T h u s , from  E q . (15 )

Q0Ni  =  7 0  k c a l/m o le

T h e  c a lc u la te d  b o n d  en erg y  v a lu e s  a re  su m m a r iz e d  in  T a b le  V . T h e  b o n d

T ab le  V

B o n d  energies calculated fro m  energies o f  activation  and heats o f  adsorption
(kca l/m o le )

B a se  v a lu e  for 
th e  calcu lations e Л

@ H N i 5 9 6 4

Q c n í 2 1 2 6

(?O N i 5 8 7 0

e n e r g ie s  c a lc u la te d  fr o m  th e  a c t iv a t io n  e n e r g ie s  d e te r m in e d  b y  th e  k in e t ic  
m e th o d  fo r  ou r n ic k e l c a t a ly s t  [25] a r e  a ls o  in c lu d e d  in  th e  T a b le . T h e  v a lu e s  
o b ta in e d  b y  th e  tw o  d if fe r e n t  m e th o d s  d if fe r  b y  a b o u t  10 2 5 % . T h e  b o n d
e n e r g ie s  c a lc u la te d  fr o m  th e  h ea ts  o f  a d s o r p t io n  are in  a ll ca se s  la rg er  t h a n  th o s e  
o b ta in e d  b y  th e  k in e t ic  m eth o d .

T h is  ca n  b e  e x p la in e d  b y  tw o  fa c t o r s . I t  is  c o n c e iv a b le  t h a t  c o m p le te  
b o n d  r u p tu r e  d oes n o t  t a k e  p lace  in  t h e  p r o c e s s  o f  a d so r p tio n . I n  t h e  c a lc u la 
t io n s  t h is  a ssu m p tio n  in v o lv e s  sm a lle r  Qx.Ni  v a lu e s .  A s an  e x te n s io n  o f  th is ,  
o n e  m a y  a lso  a ssu m e in c o m p le te  f is s io n  o f  t h e  in d iv id u a l b o n d s o f  th e  m o le c u le  
r e a c t in g  in  th e  a d so r b e d  s ta te . T h e  in t r o d u c t io n  o f  th is  a s s u m p tio n  in t o  th e  
c a lc u la t io n s  w o u ld  r e s u lt  in  th e  d e c r e a se  o f  b o n d  en erg ie s  d e te r m in e d  b y  th e  
k in e t ic  m e th o d . T h is  is  so  b eca u se  th e  o r ig in a l c a lc u la t io n s  b a se d  o n  t h e  k in e t ic  
m e th o d  h a v e  b een  c a r r ie d  o u t  a ss u m in g  c o m p le te  b o n d  ru p tu re  in  th e  r e a c t in g  
s u b s tr a te .

A  m o re  lik e ly  e x p la n a t io n  for t h e  e x is t in g  d if fe r e n c e s  w o u ld  b e  th e  fa c t  
t h a t  in  t h e  k in e t ic  m e t h o d  th e  e n e r g y  b a rr ier  fo r  b o n d  fis s io n  w a s  r e g a r d e d  
a s  e q u a l to  th e  h e a t e f f e c t .  T h is  m e a n s  t h a t  t h e  p r o c e sse s  w h ic h  ta k e  p la c e  o n  
m e ta l  su r fa c e s  do n o t  r e q u ir e  an e n e r g y  o f  a c t iv a t io n .  T h u s , th e  e x p e r im e n ta l  
e n e r g ie s  o f  a c t iv a t io n  w e r e  regard ed  a s  th e  h e a t  e f fe c ts  a s s o c ia te d  w ith  th e  
in d iv id u a l  s te p s . O b v io u s ly , th is  r e s u lte d  in  lo w e r  b o n d  e n e r g y  v a lu e s  w ith  th e  
k in e t ic  m e th o d . T h e  f a c t  th a t  th e  b o n d  e n e r g ie s  c a lc u la te d  fro m  th e  h e a ts  o f  
a d s o r p t io n  are larger  th a n  th o se  o b ta in e d  b y  n e g le c t in g  th e  a c t iv a t io n  e n e r g ie s  
o f  th e  in d iv id u a l s t e p s  in d ic a te s  th a t  p r o c e s s e s  on  so lid  su r fa ces  m a y  req u ire
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a n  e n e r g y  o f  a c t iv a t io n .  I n  o th e r  w o r d s , in  c a t a ly t ic  r e a c tio n s  th e  c o m p o n e n t s  
p r o b a b ly  u n d erg o  a c t iv a t e d  a d so r p tio n .

T h e  a v a ila b le  e x p e r im e n ta l  d a ta , h o w e v e r , do  n o t  c o n s t itu t e  a s o u n d  
b a s is  fo r  th e  c a lc u la t io n  o f  th e  en erg ie s  o f  a c t iv a t io n .
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T h e  spin  d e n s ity  d is tr ib u tio n s  of th e  p h e n y l n itro x id e  rad ical a n d  i ts  ortho, 
p a ra  an d  méta h a lo g e n a te d  (F , Cl, B r) d e r iv a tiv e s  w ere  calcu la ted  w ith  th e  a id  o f 
th e  sem iem pirical d iffe re n t o rb ita ls  fo r d iffe re n t sp in s (D O D S) SCF LCAO M O m e th 
od. A ccord ing  to  th e  o b ta in e d  re su lts  th e  a g re e m e n t be tw een  th e  th eo re tic a l a n d  e x 
p e rim en ta l sp in  d en sitie s  is fo r th e  r in g  c a rb o n  a to m s co m p ara tiv e ly  th e  b e s t  i f  w e use 
fo r th e  C oulom b in te g ra ls  y, j  1.5 tim es th e  v a lu e s  a p p ro x im a te d  by  th e  e x p ress io n  of 
Mataga a n d  N ishim oto . O n th e  o th e r  h a n d , th e  a g ree m e n t for th e  n itro g en  a n d  o x y g en  
a to m s is b a d . T h is  in d ic a te s  th a t  th e  in tro d u c tio n  o f sp in  p ro jec tio n  is im p o r ta n t  also 
in th e  case o f th is  sem iem pirica l version  of th e  D O D S  m eth o d . W ork in  th ese  lin es is in 
progress.

Introduction

I n  t l ie  la s t  fe w  y e a r s  m u c h  a t t e n t io n  h a s  b e e n  fo cu sed  o n  “ n e u tr a l”  
r a d ic a ls  su c h  a s d if fe r e n t  ty p e s  o f  th e  n it r o x id e  ra d ica ls  [1 — 1 0 ] . T h e r e 
fo re  in  th e  co u rse  o f  th e  E S R  in v e s t ig a t io n  o f  s ta b ile  free  ra d ica ls  w e  h a v e  
c a lc u la te d  th e  sp in  d e n s it ie s  o f  d if fe r e n t r a d ic a ls  c o n ta n in g  th e  N — O ' g r o u p  
w ith  th e  a id  o f  th e  s e m ie m p ir ic a l d if fe r e n t  o r b ita ls  for  d ifferen t s p in s  S C F  

L C A O  M O  m e th o d  o f  D e w a r  [1 1 ] . T h e  c h e m ic a l fo rm id a s  o f  th e  in v e s t i 
g a te d  r a d ic a ls , p h e n y l- c y a n o p r o p y l n it r o x id e  a n d  it s  su b s t itu te d  d e r iv a t iv e s ,  
are g iv e n  in  F ig . 1.

A t  th e  sa m e  t im e  w e  h a v e  s tu d ie d  a lso  e x p e r im e n ta l ly  th e  c o u p lin g  c o n 
s t a n ts  in  th e  E S R  s p e c tr a  o f  th e s e  r a d ic a ls  [1 2 ] .

Method

W ith in  th e  fr a m e w o r k  o f  th e  л  e le c tr o n  a p p r o x im a t io n  th e  sp in  d e n s i t y  
d u e to  th e  л  e le c tr o n s  a t  a to m  i  is d e f in e d  b y

o, =  P? . — P ?t (Í! ± 1,1 X 1,1 1 ( 1 )

w h ere  P,“, a n d  Pf,- are th e  л  e le c tr o n  c h a rg e  d e n s i t ie s  o f  e le c tr o n s  w ith  s p in  a  

a n d  ß , r e s p e c t iv e ly , («„ ^  riß) a t  a to m  i.
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382 LADIK et al.: SEMI EMPIRICAL DIFFERENT ORBITALS

F ig. 1. T h e  chem ical fo rm ulas o f th e  in v es tig a te d  rad icals

T o  c a lc u la te  th e  q u a n t it ie s  P ,y  a n d  P f>(- in  a to le r a b ly  g ood  a p p r o x im a 
t io n  t h e  d if fe r e n t  o r b ita ls  fo r  d if fe r e n t sp in s  m e th o d  [13, 14 ] c a n  b e  u s e d  in  
i t s  S C F  L C A O  M O  fo r m  [15 , 1 6 ]. T o  s im p li fy  th e  v e r y  c u m b e r s o m e  in t e g r a 
t io n s ,  n e c e s s a r y  in  t h e  o r ig in a l n o n -e m p ir ic a l v e r s io n  o f  th is  m e th o d , D ew a r  
[ 1 1 ] h a s  p r o p o se d  a se m ie m p ir ic a l fo r m  o f  t h e  m e th o d  w h ic h  c o r r e sp o n d s  to  
t h e  P a r is e r —P a rr—P o p le  m e th o d  fo r  a c lo s e d  s h e l l  sy s te m .

A ccord ing  to  th e  m e th o d  of D e w a r  (ex te n d in g  i t  also to  hete ro cy c les) 
we h a v e  to  d e te rm in e  s im u ltan eo u sly  th e  S C F  eigenvectors of th e  m a trice s  
F a a n d  F p  w h ich  h av e  th e  e lem en ts

F  ■■*- l I -  I ,  - f  Р С Ц ,  -  E . )  +  У  ( P j j  +  P j <  -  Z j )  Y t j ,
1Ф1

F ß- ■ ■■ J  i , i

F i J - ß u  P i j Y i j  

Er

F í i =  ß i j ~  P í j Y i , p

I ,  +  P U h  -  Er )  +  У  ( P í r  +  P f j  -  Z j )  y u ,
j¥=i

( 2)

( 3)
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r e s p e c t iv e ly . H ere  I h E j  a n d  Z, is  th e  io n iz a t io n  p o te n t ia l ,  e le c tr o n  a f f in ity  
a n d  th e  n u m b er  o f  n  e le c tr o n s , r e s p e c t iv e ly ,  g iv e n  b y  th e  a to m  i  in  i t s  ap p ro 
p r ia te  v a le n c e  s t a t e ,  t h e  y t j - 8  are t h e  C o u lo m b  in te g r a ls  b e tw e e n  e lec tro n s  
b e lo n g in g  to  a to m s  i  a n d  j ,  r e s p e c t iv e ly , a n d  th e  r e so n a n c e  in te g r a ls  ß j j  =  
=  (х,- I j j core j x,-), w h ic h  sh o u ld  h e  ta k e n  in to  a c c o u n t  o n ly  b e tw e e n  n ea rest  

n e ig h b o u r s , are tr e a t e d  a s e m p ir ica l p a r a m e te r s . T h e  e le m e n ts  o f  t h e  m a tr ice s  
P* a n d  P ,f are d e f in e d  b y  th e  e x p r e s s io n s

P ? • =  У
k = 1

r * x r? ■ '-kp uk,j4 Pß
П/-1

. V' —J
k  =  1

c *ß. c ß  .
L k , i  L k . i  9 (4)

w h e r e  rij  d en o te s  t h e  h ig h e s t  MO f i l le d  b y  an  e le c tr o n  w ith  sp in  <x.
T o  b eg in  th e  c a lc u la t io n  o n e  h a s  to  s ta r t  w ith  in it ia l  c h a r g e  a n d  b on d  

o rd er  m a tr ice s  P ^ a a n d  P ^  e s t im a te d  fo r  in s ta n c e  fro m  th e  r e s u lts  o f  a  p re
v io u s  H iic k e l c a lc u la t io n . S o lv in g  t h e  m a tr ix  e ig e n v a lu e  p r o b le m s

р(о)» c  .(1)" =  e  ,(i)a c  .(i)®
‘ ’ ( 5 )

f w c .o >/3 =  Emßc.wß v '

s im u lta n e o u s ly , fr o m  t h e  o b ta in e d  e ig e n v e c to r s  C/3^1 a n d  c;1),! w e  c a n  form  
t h e  n e w  m a tr ice s  P (1)* a n d  P (l,p. S u b s t i tu t in g  th e ir  e le m e n ts  in to  e q u a tio n s  
(2 ) a n d  (3) w e p er fo rm  t h e  m a tr ic e s  F^3,ct a n d  F*'3". R e p e a t in g  th is  p roced u re  
u n t i l  s e l f  c o n s is te n c y  w e  o b ta in  th e  s e t  o f  th e  S C F  e ig e n v e c to r s  C/ SC'F>ot and  
c  ( S C /  )/i g u jjSt j tu t i n g  th e m  in to  e q u a t io n s  (4 ) w e  o b ta in  th e  m a tr ic e s  p<SCF>a 

a n d  P<SCF^. T h e d if fe r e n c e s  o f  th e  d ia g o n a l e le m e n ts  o f  th e s e  m a tr ic e s ,

(p(SCF)a^ . _  ^p(SCF)/!^ , _  p ( ß C F ) z  _  p ( S C F ) p  _ _ X S C F )
( 6)

g iv e  d ir e c t ly  th e  d e s ir e d  sp in  d e n s it ie s .
In  th e  a c tu a l c a lc u la t io n s  w e  h a v e  a p p r o x im a te d  th e  C o u lo m b  in teg ra ls  

y j j  w ith  th e  a id  o f  t h e  e x p r e ss io n s

r i,7
R - i j  +  a i,j

. ^ - E t  +  I j - E , ) ( ? )

‘j

p r o p o se d  b y  M a t a g a  a n d  N i s h i m o t o  [ 1 7 ] .  H e r e  R , j  d e n o te s  t h e  d is ta n c e  b e 
tw e e n  cen tre s  i  a n d j ,  a n d  I , an d  E j  is  a g a in  th e  io n iz a t io n  p o te n t ia l  a n d  e lec tro n  
a f f in it y ,  r e s p e c t iv e ly .

F o r  th e  a b o v e  o u t l in e d  m e th o d  a p ro g ra m  w a s  w r it te n  for  t h e  G I E R  co m 
p u te r . T h e  p rogram  u s e s  as in p u t d a ta  th e  I , ,  E ,• a n d  Z , v a lu e s , t h e  g e o m e tr ic a l  
m a tr ix  R  and  th e  H iic k e l  m a tr ix  I I ( / / , i( =  a, =  (х,- | H co,‘ | x , ) ; H , j  =  ß j j  i =f= 

=f= j ) .  A s an  a lt e r n a t iv e  th e  p ro g ra m  is  a b le  to  u se  o n ly  th e  o f f  d ia g o n a l e le m e n ts
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o f  H ,  b u t  in  th is  ca se  w e  h a v e  t o  g iv e  so m e in i t ia l  m a tr ic e s  P ^ a a n d  
r e s p e c t iv e l y .  (A cco rd in g  t o  o u r  ex p e r ie n c e s  w it h  c lo s e d  s h e l l S C F  L C A O  M O  

c a lc u la t io n s  o n  series o f  s im ila r  m o le c u le s  th e  P^SCF) m a t r ix  o f  a  m o le c u le  w ith  
r a t io n a l  c h a n g e s  ca n  b e  v e r y  w e l l  u se d  as P^°* o f  a  s im ila r  o th e r  m o le c u le  [1 8 ] .  
S in c e  in  t h is  w a y  i t  w a s  p o s s ib le  to  a cce lera te  t h e  c o n v e r g e n c e  o f  th e  p r o ced u re  
in  a g r e a t  a m o u n t, w e  w a n t e d  t o  u se  th e  sa m e  tr ic k  in  th e  p r e se n t  o p e n  sh e ll  
c a s e .)  T h e  cr iter ion  o f  s e l f  c o n s is te n c y  w a s

\ P \ T ~  f f r 1)a |m a x < 0 . 0 0 1  ( 8 a)

a n d  a t  t h e  sam e t im e

| J ^ - P f t - W | max<  0 .0 0 1 , ( 8 b)

w h e r e  t h e  in d e x  m a x  r e fe r s  t o  th e  m a x im a l d if fe r e n c e  o f  th e  co rr e sp o n d in g  
e le m e n t s  o f  th e  tw o  m a t r ic e s .  A s  o u tp u t  d a ta  t h e  p r o g r a m  p r in ts  th e  S C F  

e ig e n v a lu e s  e /SCF^, e f  SCF "̂, t h e  S C F  e ig e n v e c to r s  c \ SCF>x, c \ S Cl">'1 a n d  f in a lly  
t h e  S C F  ch arge  a n d  b o n d  o r d e r  m a tr ices  a n d  p^SCF^ ? r e s p e c t iv e ly .
I t  is  p o s s ib le  to  p r in t o u t  a ls o  t h e  sam e r e su lts  fo r  e v e r y  it e r a t io n  s te p .

I n  t h e  e x p e r im e n ta l in v e s t ig a t io n s  th e  E S R  s p e c tr a  w ere  o b ta in e d  for  
p h e n y l  n itr o x id e  r a d ic a ls  d e r iv e d  from  n it r o s o b e n z e n e  b y  a d d it io n  o f  a 
c y a n o is o p r o p y l  ra d ica l:

CH3
I

N = 0  H 3C — C — N — O '

C H 3
I

+  C H 3 — c -  -------------
I

CN

(W e  h a v e  u sed  th e  th e r m a l d e c o m p o s it io n  o f  a z o -b is is o b u ty r o n it r ile  as a  so u rce  
o f  c y a n o is o p r o p y l  r a d ic a l.)  A l l  t h e  E S R  m e a s u r e m e n ts  w ere  p e r fo r m e d  in  b e n 
z e n e  s o lu t io n ,  in  a b se n c e  o f  o x y g e n  a t  room  te m p e r a tu r e  [ 1 2 ].

R e s u lt s  and  d isc u ss io n

I n  T a b le  I  w e  g iv e  t h e  c a lc u la te d  sp in  d e n s i t ie s  fo r  th e  p h e n y l n i
t r o x id e  r a d ic a l w ith  d if fe r e n t  v a lu e s  o f  th e  C o u lo m b  in te g r a ls  у ц .  T h e  c a lc u la 
t io n s  h a v e  b een  p e r fo r m e d  a ls o  fo r  d ifferen t v a lu e s  o f  th e  a n g le  o f  r o ta t io n  

a r o u n d  t h e  C— N  b o n d . ( I n  t h i s  c a se  th e  r e la t io n  ß c , N  =  ß c , N  co s  ос h a s  b e e n  
u s e d ,  w h e r e  oc is  th e  a n g le  o f  r o t a t io n ,  for th e  ß c , N  p a r a m e te r s  a n d  in  c a lc u la t in g  
t h e  in t e g r a ls  y ,y  th e  c h a n g e d  g e o m e tr y  h as b e e n  t a k e n  in to  a c c o u n t .)  I n  th is  
w a y  w e  h a v e  in v e s t ig a te d  t h e  e f f e c t  o f  r o ta t io n  o n  t h e  s p in  d e n s i ty  d is tr ib u t io n .  
A s  w e  c a n  see  from  th e  T a b le , t h e  a g reem en t b e tw e e n  t h e  th e o r e t ic a l a n d  e x p e r i-
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Table I

Calculated sp in  densities o f  the p h en y l nitroxide radical w ith  d ifferen t values  
o f  the Coulomb integrals and  by d ifferen t angles o f  rotation

* U sing  th e  McCo n n e l  re la tio n  | ац | =  Qqh \ qc \ w ith  th e  v a lu e  QcH =  22.5 g au ss 
[10] fo r th e  calcu la tio n  o f th e  c a rb o n  sp in  densities from  th e  e x p e rim e n ta lly  fo u n d  [12] 
h y p e rfin e  sp littin g  c o n stan ts .

m e n ta l  л  e lec tron  sp in  d en sitie s  a t  th e  carbon  a to m s is c o m p a ra tiv e ly  th e  b est 
i f  w e use th e  values = 1 . 5  у, у ' fo r th e  C oulom b in teg ra ls  (у;>/  ' s ta n d s  for 
t h e  C oulom b in teg ra l c a lc u la ted  w ith  th e  a id  o f  th e  M a t a g a — N i s h i m o t o  

a p p ro x im a tio n ) an d  all th e  8 a to m ic  nuclei o f  th e  p h en y l n itro x id e  rad ica l 
w h ich  c o n tr ib u te  а л  o rb ita l  lie in  th e  sam e p lan e  (th e  angle o f  ro ta t io n  is 0°). 
I n  th is  case th e  ag reem en t fo r th e  meta  p o sitions (a to m s 2 an d  4) is q u ite  
good , w hile th e  values o b ta in e d  fo r th e  ortho an d  para  positions (a to m s 1, 3 and  
5) a re  to o  sm all.

T h e  ex p e rim en ta lly  d e te rm in ed  sp littin g  c o n s ta n t o f th e  n itro g e n  a tom  
(ojv =  11.25 gauss) can  be  co m p ared  b y  th e  co rrespond ing  th e o re tic a l  va lu e , 
i f  we use fo r th e  la t te r  th e  a p p ro x im a te  expression

aN I = I \qn I Qn +  I Qo I Qo| (9)
su g g ested  b y  K a r p l u s  a n d  F r a e n k e l  [19] w ith  th e  values @дг =  30.5 gauss 
a n d  Qo =  — 13.6 gauss fo u n d  b y  K i k u c h i  a n d  S o m e n o  [10] fo r p h e n y l n i
tro x id e . I f  we s u b s titu te  th e  th e o re tic a l sp in  densities o b ta in e d  w ith  j  = 1 . 5  
y ^ 'A 'in  th e  case o f 0° ro ta t io n  angle (gjv =  0.306 an d  go =  0.658) in to  (9) we 
o b ta in  fo r aN th e  e x trem e ly  sm all v a lu e  o f 0.38 gauss w hich  is in  sh a rp  c o n tra 
d ic tio n  w ith  th e  e x p e rim en ta l one. T h e  reason  o f  th is  d isc rep an cy  is t h a t  ou r 
m e th o d  has resu lted  in  a fa r  too  la rg e  spin  d e n s ity  a t  th e  o x ygen  a to m  an d  a 
fa r  to o  sm all one a t  th e  n itro g e n  a to m . T his e x p la n a tio n  is in  a g re e m e n t w ith  
th e  fa c t t h a t  b o th  ou r p rev io u s H Ü C K E L  ca lcu la tio n  [20] an d  th e  c a lc u la tio n  of 
K i k u c h i  an d  S o m e n o  [10] p erfo rm ed  in  th e  H ü c k e l  an d  also in  th e  M c L a c h l a n  

[21] ap p ro x im a tio n  h as  g iven  q^  >• qq.
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A s  w e  can  see  fr o m  t h e  co m p a r iso n  o f  t h e  th e o r e t ic a l  a n d  e x p e r im e n ta l  
v a lu e s  in  T ab le  I  th e  s e m ie m p ir ic a l d if fe r e n t o r b ita ls  fo r  d if fe r e n t  s p in s  S C F  

L C A O  M O  m e th o d  o f  D e w a r  ca n  a c c o u n t o n ly  p a r t ia l ly  fo r  th e  sp in  d e n s ity  
d is t r ib u t io n  o f  a r a d ic a l c o n ta in in g  also h e te r o a t o m s . T h e  o b v io u s  w a y  o f  th e  
im p r o v e m e n t  o f  th e  m e t h o d  is  t o  p ro jec t o u t  fr o m  t h e  m a n y  e le c tr o n  л  e le c tr o n  
w a v e  fu n c t io n  th e  c o m p o n e n t s  w h ich  do n o t  c o r r e sp o n d  to  th e  d o u b le t  sp in  
s t a t e .  A s  i t  is w e ll k n o w n , in  t h e  ca se  o f  a d o u b le t  t h e  n e x t  s t a te  w h ic h  h a s  th e  
la r g e s t  c o m p o n e n t in  t h e  u n p r o je c te d  m a n y  e le c tr o n  w a v e  fu n c t io n  is  th e  q u a r
t e t  s t a t e .  T h erefore  a r a th e r  c o m p lic a te d  p r o g r a m  is  u n d e r  c o n s tr u c t io n  w h ic h  
a n n ih i la t e s  a t  le a s t  t h i s  u n d e s ir e d  q u a r te t  c o m p o n e n t .

T h e  fa c t  t h a t  C o u lo m b  in te g r a l v a lu e s  1 .5  y , j '  (w h ic h  are n e a r ly  eq u a l  
w i t h  th e  th e o r e t ic a l ( xyx j  | i  | X{Xj) =  у* ц 0Г' C o u lo m b  in te g r a l v a lu e s ) ,  an d  
n o t  t h e  m u ch  sm a lle r  y i j ' N ' v a lu e s  h a v e  g iv e n  fo r  t h e  sp in  d e n s it ie s  a t  th e  c a r 
b o n  a to m s  th e  c o m p a r a t iv e ly  b e s t  a g r e e m e n t w it h  e x p e r im e n t  in d ic a te s  a lso  
t h a t  t h e  a n n ih ila t io n  o f  t h e  q u a r te t  c o m p o n e n t  is  n e c e s s a r y  [2 2 ] . F u r th e r  i t  
s e e m s  p ro b a b le  t h a t  t h i s  a n n ih ila t io n  b y  in c r e a s in g  t h e  sp in  d e n s ity  o f  t h e  N  
a t o m  a n d  d ecrea sin g  i t  b y  t h e  o x y g e n  a to m  w il l  g iv e  a lso  a m u c h  m o re  co rrec t  
t h e o r e t ic a l  a N v a lu e . T h is  s t a t e m e n t  can  b e  s u p p o r t e d  b y  th e  fa c t  t h a t  a c c o r d 
in g  t o  a n o th er  c a lc u la t io n  p e r fo r m e d  for  t h e  s p in  d e n s it ie s  o f  th e  t r ip le t  s ta te s  
o f  t h e  n u c le o t id e  b a s e s  [2 3 ]  th e  a n n ih ila t io n  o f  t h e  q u in t e t  c o m p o n e n t  o f  th e  
u n p r o je c te d  w a v e  f u n c t io n  h a s  a ra th er  la r g e  e f f e c t  o n  th e  sp in  d e n s it ie s  o f  
c e r t a in  a to m s.

I n  T ab le  I I  w e  g iv e  t h e  c a lc u la te d  sp in  d e n s i t ie s  for  o r th o  F - , C1-, an d  
B r -p h e n y l  n itr o x id e  r a d ic a ls  d e te r m in e d  a g a in  fo r  0 ° , 30° a n d  6 0 °  a n g le s  
o f  r o ta t io n  arou n d  t h e  C —  N  b o n d . T h e u se d  y , j  v a lu e s  w ere  =  1 .5  y f j ' N '.

Table II

Calculated sp in  d en sitie s  o f  ortho F-, Cl- a n d  B r-p h en yl nitroxide radicals 
w ith  у  I j  =  1 .5  and by d ifferen t angles o f  rotation

о— F o— Cl o— В г

°° 30° 60 ° 0° 30° 60° 0° 30° 60°

l 0.044 0.033 0.011 0.046 0.035 0.014 0.045 0.033 0.012

2 —  0.025 —  0.018 — 0.006 —  0.026 0.019 —  0.009 — 0.025 —  0.018 —  0.006

3 0.037 0.027 0.010 0.039 0.029 0.013 0.038 0.028 0.010

4 — 0.024 - 0 .0 1 7 — 0.007 —  0.026 —  0.020 —  0.009 —  0.025 —  0.017 —  0.007

5 0.044 0.032 0.011 0.046 0.034 0.014 0.045 0.033 0.012

6 —  0.043 —  0.032 —  0.011 —  0.045 —  0.034 —  0.014 —  0.043 —  0.032 —  0.012

7 0.317 0.320 0.328 0.312 0.317 0.326 0.309 0.315 0.325

8 0.648 0.654 0.663 0.652 0.657 0.665 0.665 0.659 0.667

9 0.003 0.002 0.001 0.002 0.002 0.001 0.001 0.001 0.000

E x p . aN =  13,37 gauss aN =  13.44 gauss =  13.69 gauss
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Table III

The calculated experim ental sp in  densities o f  para  F -, CZ-, J3r-, -OH- and N H .2-phenyl 
nitroxide radicals ( у / j  =  1.5 y i a  =  0 °)

p— F  p— Cl p — B r I  p— O H  I p — N H 2

Theor. Exp. Theor. Exp. Theor. Exp. Theor. Exp. Theor. Exp.

l 0.046 0.101 0.046 0.104 0.049 0.099 0.046 0.100 0.046

2 — 0.026 — 0.038 — 0.026 — 0.042 — 0.029 — 0.026 — 0.035 — 0.026

3 0.039 — 0.039 — 0.042 — 0.038 — 0.040 —

4 — 0.027 — 0.038 — 0.026 — 0.042 — 0.028 — 0.027 — 0.035 — 0.028

5 0.046 0.101 0.046 0.104 0.048 0.099 0.046 0.100 0.046

6 — 0.045 — — 0.045 — — 0.047 — — 0.045 — — 0.045 —

7 0.3111
a N  =  11,53 0.3121

a N  =  10.94 0.3071
a N  =  10.84 0.3111 a N =  11.87 0.3111 a N  =

=  11,69
gauss8 0.654 J gauss 0.653j gauss 0.657 j gauss 0 .654J gauss 0.653]

9 0.002 — 0.002 — 0.001 — 0.033 — 0.004 —
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C o m p a r in g  th e s e  r e s u l t s  w ith  th o s e  o b ta in e d  fo r  th e  u n s u b s t itu t e d  r a d i
c a l  ( s e e  in  T a b le  I  t h e  c o lu m n  1.5 у  w e  c a n  se e  t h a t  th e  s u b s t it u t io n  o f  th e  
h a lo g e n e  a to m s in  t h e  o r th o  p o s it io n  d e crea se s  s o m e w h a t  th e  a b s o lu te  v a lu e s  
o f  t h e  sp in  d en s itie s  w it h in  t h e  r in g  b u t  i t  d o es  n o t  c h a n g e  th e ir  s ig n  d is tr ib u 
t io n .  S in c e  e x p e r im e n ta l ly  i t  w a s  p o ss ib le  t o  m e a s u r e  o n ly  t h e  a jy h y p e r f in e  
s p l i t t in g  c o n s ta n t , t h e  s p in  d e n s it ie s  w ith in  th e  r in g  m u s t  b e  e x tr e m e ly  sm a ll. 
T h e r e fo r e  th e  c a lc u la te d  v a lu e s  o b ta in e d  fo r  t h e  r o ta t io n  a n g le  6 0 °  are  th e  
m o s t  r e a lis t ic  on es. A s  in  t h e  ca se  o f  th e  u n s u b s t i t u t e d  c o m p o u n d , th e  e x p e r i
m e n t a l ly  fo u n d  ajv v a lu e s  c a n n o t  b e  in te r p r e te d  o n  t h e  b a s is  o f  th e s e  r e su lts .  
F in a l ly  i t  sh o u ld  b e  n o t i c e d  t h a t  th e  sp in  d e n s i t y  o n  th e  h a lo g e n  s u b s t it u e n ts  
is  e x t r e m e ly  sm a ll.

I n  T a b ic  I I I  w e  g iv e  t h e  c a lc u la te d  a n d  e x p e r im e n ta l  sp in  d e n s it ie s  for  
p a r a  F - ,  CI-, B r-, H O - a n d  N H 2-p h e n y l n it r o x id e  r a d ic a ls . T h e  c a lc u la te d  
v a lu e s  w ere  o b ta in e d  w i t h  C ou lom b  in te g r a l v a lu e s  y , ,• = 1 . 5  a n d  for
a  =  0 ° . T h e  e x p e r im e n ta l o n e s  w e  h a v e  o b ta in e d  a g a in  fro m  th e  e x p e r im e n 
t a l l y  fo u n d  h y p e r fin e  s p l i t t in g  c o n s ta n ts  u s in g  M cCo n n e l ’s r e la t io n  w ith  

Q c ,h  —  2 2 .5  gau ss.
L o o k in g  a t th e  T a b le  w e  ca n  see  a g a in  t h a t  t h e  s p in  d is tr ib u t io n  o f  th e  

r a d ic a l  is  n o t  m u ch  c h a n g e d  b y  th e  s u b s t it u t io n  ( t h e  sp in  d e n s ity  a t  th e  s u b 
s t i t u e n t s  is  in  a ll th e  f i v e  c a s e s  v e r y  sm a ll, t h e  d is tr ib u t io n  o f  s ig n s  is  u n 
c h a n g e d , th e  a b so lu te  v a lu e s  o f  th e  sp in  d e n s it ie s  w ith in  th e  r in g  is  s o m e w h a t  
s m a lle r  a n d  th e  sp in  d e n s i t ie s  in  th e  N = 0  g ro u p  c h a n g e  o n ly  v e r y  s l ig h t ly ) .  T h is  
f a c t  is  in  a g reem en t w i t h  t h e  e x p e r im e n ta l v a lu e s ,  w h ic h  a lso  c h a n g e  o n ly  in  a 
v e r y  s m a ll  a m o u n t in  c o n s e q u e n c e  o f  th e  d if fe r e n t  s u b s t it u e n ts .  T h e r e fo r e  for  
t h e  c o m p a r iso n  o f  th e  th e o r e t ic a l  a n d  e x p e r im e n ta l v a lu e s  w e  c a n  s a y  th e  sa m e ,

Table IV

The calculated and  experim en ta l sp in  densities o f  m éta F -, Cl- and B r-phenyl 
n itro x id e  radicals ( y t j  =  1,5 " / f  ‘v‘ a  =  0 j

na— F  I  m — Cl j  m — B r

Theor. E x p . Theor. E x p . T h eo r. E x p .

l 0.045 0 .1 0 3 0.046 0 .103 0.048 0.101

2 - 0 .0 2 5 — — 0.026 — — 0.028 —

3 0.040 0 .1 0 3 0.040 0 .103 0.041 0.101

4 - 0 .0 2 6 — 0 .0 3 6 — 0.027 — 0 .036 — 0.028 — 0.036

5 0.046 0 .1 0 3 0.047 0 .103 0.048 0.101

6 — 0.044 — — 0.045 — — 0.046 —

7 0.306 «дг =  1 0 .8 3 0.3071 aN =  10 .94 0.3061 íij\j =  10.87

8 0.658 g a u s s 0.657J g a u ss 0.658J gauss

9 — 0.001 — — 0.001 — — 0.003 —
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as w e  d id  in  th e  c a se  o f  th e  u n s u b s t i tu t e d  r a d ic a l. In  th is  r e s p e c t  i t  s h o u ld  b e  
m e n t io n e d  t h a t  in  th e  ca se  o f  th e  H O -s u b s t it u te d  ra d ica l w e  h a v e  p er fo rm ed  
th e  c a lc u la t io n  a lso  fo r  C o u lo m b  in te g r a l  v a lu e s  у ц  =  y f j '  ' a n d  1 . 2 y f j  ', 
r e s p e c t iv e ly . A g a in , as in  th e  c a se  o f  t h e  u n s u b s t itu te d  r a d ic a l, t h e  c o m p a r a 
t i v e ly  b e s t  a g r e e m e n t  c o u ld  b e  a c h ie v e d  w ith  y , j  = 1 . 5  y / j

F in a l ly  in  T a b le  IV  w e  g iv e  t h e  th e o r e t ic a l a n d  e x p e r im e n ta l sp in  d e n 
s i t ie s  for  th e  m é t a  F - , C1-, a n d  B r -p h e n y l  n itr o x id e  r a d ic a ls . T h e  c a lc u la te d  

v a lu e s  refer  to  y ,  j  = 1 . 5  y u N a n d  *  =  0 ° . T h e  e x p e r im e n ta l v a lu e s  w ere  
o b ta in e d  in  t h e  sa m e  w a y  a s th e  p r e v io u s  o n e s . F ro m  th e  d a ta  in c lu d e d  in  th e  
T a b le  w e  ca n  c o n c lu d e  o n c e  m o re  t h a t  th e  s u b s t itu t io n  o f  th e  h a lo g e n  a to m  
in f lu e n c e s  n e ith e r  th e  th e o r e t ic a l n o r  t h e  e x p e r im e n ta l sp in  d is tr ib u t io n  in  a 
g r e a te r  a m o u n t .

W e  c a n  d r a w  th e  c o n c lu s io n  fr o m  o u r  in v e s t ig a t io n s  w ith  t h e  a id  o f  th e  
se m ie m p ir ic a l d if fe r e n t  o r b ita ls  fo r  d if fe r e n t  sp in s  S C F  L C A O  M O  m e th o d  
t h a t  th o u g h  th i s  m e th o d  d e sc r ib e s  c o r r e c t ly  so m e  fe a tu r e s  o f  th e  e x p e r im e n ta l  
s p in  d is tr ib u t io n  b o th  in  th e  c a se  o f  p a r e n t  r a d ic a l an d  in  th e  c a s e s  o f  i t s  su b 
s t i t u t e d  d e r iv a t iv e s ,  i t  is n e c e s s a r y  t o  in tr o d u c e  sp in  p r o je c t io n  to  im p r o v e  th e  
a g r e e m e n t  b e tw e e n  th e  e x p e r im e n ta l a n d  th e o r e t ic a l v a lu e s .  W o r k  in  th e s e  
l in e s ,  as w e  h a v e  a lr e a d y  m e n t io n e d  p r e v io u s ly , is  in  p ro g ress .

We should like to express our gratitude to Dr. F. Tüdős, for calling our attention to the 
problem and for fruitful discussions.
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CALCULATION OF INFRARED RAND CONTOURS OF 
PLANAR ASYMMETRIC TOP MOLECULES, I

C O N ST R U C T IO N  O F  G E N E R A L  R E L A T IO N S H IP S

É .  P a á l  a n d  G y . V a r s á n y i  

(In s ti tu te  o f  P hysical C hem istry, Technical U niversity , B udapest)

R ece iv ed  O c to b er 1, 1968

U sing a  m eth o d  re p o rte d  p rev io u s ly  [6, 7, 8] th e  b an d  co n to u rs  o f  p la n a r  a sy m 
m etric  to p  m olecules o f d iffe re n t a sy m m e try  p a ra m e te r  and  d iffe ren t r o ta t io n a l  con
s ta n ts  w ere ca lcu la ted . T he frac tio n -v a lu e  w id th s o f p u re  Л -b an d s a n d  R -b a n d s  as well 
as those  of som e A B  h y b rid  b a n d s  h a v in g  tra n s it io n  m o m en ts o f  d iffe re n t d irec tio n s 
w ere  d e te rm in e d . On th e  basis  o f  th e  frac tio n -v a lu e  w id th s x — A v ltn , B  — A v lln and  
tp —  Av1in d iag ra m s w ere c o n s tru c ted . T he d o m ains o f x  and  В  in  w h ich  th e  <p —  d ? , /n 
d iag ram s can  b e  u sed  fo r d e te rm in in g  th e  d irec tio n  of th e  tra n s it io n  m o m e n t w ere d e 
fin ed .

Introduction

T h e  c o n to u r s  o f  v a p o u r  s p e c tr a  o f  p o ly a to m ic  m o le c u le s  are d e te r m in e d  
b y  th e  r o ta t io n a l s t r u c tu r e . T h e  b a n d  c o n to u r s  d e p e n d  o n  th e  d ir e c t io n  o f  th e  
t r a n s it io n  m o m e n ts . T h e  tr a n s it io n  m o m e n ts  o f  n o n -p e r p e n d ic u la r  v ib r a t io n s  
o f  p la n a r  a sy m m e tr ic  to p  m o le c u le s  h a v in g  a C s s y m m e tr y  lie  in  t h e  p la n e  
d e te r m in e d  b y  a x e s  A  a n d  B .  I f  th e o r e t ic a l  b a n d  co n to u r s  o f  v ib r a t io n s  d ir e c te d  
to w a r d s  A  a n d  В  are k n o w n , th e r e  is  a  p o s s ib il it y  to  d e te r m in e  t h e  d ir e c t io n  
o f  t h e  tr a n s it io n  m o m e n t  o n  th e  b a s is  o f  e x p e r im e n ta l d a ta  o f  c o n to u r s .

N o  e x p lic it  e x p r e s s io n  c a n  b e  g iv e n  fo r  th e  v a lu e s  o f  e n e r g y  le v e l s  o f  an  
a s y m m e tr ic  to p . I n  o rd er  to  c a lc u la te  th e s e  v a lu e s , th e  m o le c u le  c a n  b e  re 
g a r d e d  as an  in te r m e d ia te  sp e c ie s  b e tw e e n  an  o b la te  a n d  a p r o la te  s y m m e tr ic  
t o p .  T h e r e  is  a s im p le  a p p r o x im a t io n , n a m e ly  th e  g ra p h ica l d e te r m in a t io n  
o n  t h e  b a s is  o f  th e  te r m s  o f  s y m m e tr ic  to p s  [ I ,  2 ] .  K i n g , H a i n e r  a n d  C r o s s  

r e p o r te d  a r e la t io n sh ip  o n  th e  b a s is  o f  q u a n tu m  m e c h a n ic a l c a lc u la t io n s  [3 ] .
T h e  v a lu e s  o f  E T ( i . e . th e  s o -c a lle d  r e d u c e d  e n erg y ) w ere  c a lc u la te d  up  

to  J  =  4 0  a p p ly in g  th e  m e th o d  o f  K i n g , H a i n e r  a n d  C r o s s  [4 ] .
T h e  f ir s t  c a lc u la t io n  o f  b a n d  c o n to u r s  w a s  carr ied  o u t  b y  B a d g e r  a n d  

Z u m w a l t  [5 ] . T h e y  c o n s tr u c te d  a d ia g r a m  o n  th e  b a sis  o f  b a n d  c o n to u r s  o b 
t a in e d  a t  d if fe r e n t v a lu e s  o f  a s y m m e tr y  p a r a m e te r  ( x) .  T h is  d ia g r a m  h a s  b een  
r e c o m m e n d e d  fo r  q u ic k  e s t im a t io n  o f  x  a n d  q :

2 B - A - C
x  = -------------------

A  —  C

Acta Cliim. Acad. Sei. Hung. 61, 1969



392 PAÁL, VARSÁNYI: CALCULATION OF INFRARED BAND CONTOURS, I

w h e r e  A , В , C  are t h e  r o t a t io n a l  c o n s ta n ts .
B a n d  co n to u rs  o f  d ih a lo g e n o b e n z e n e s  a s w e l l  a s  v in y l  h a lo id s  h a v e  b e e n  

c a lc u la te d  b y  Va r sá n y i [ 6 , 7 , 8 ]. A  g r a p h ic a l a p p r o x im a t io n  w a s  th e n  u se d  
fo r  t h e  d e te r m in a tio n  o f  e n e r g y  v a lu e s . T h is  a p p r o x im a t io n  p r o v e d  to  b e  s a t is 
f a c t o r y  for  e v e r y  b a n d  o f  d ih a lo g e n o b e n z e n e s , in  c a s e  o f  th e  C -b a n d s o f  v in y l  
c h lo r id e  an d  v in y l  b r o m id e ,  h o w ev er , i t  w a s  n o t  a b le  to  rep ro d u ce  th e  f in e  
s t r u c tu r e  o b serv ed  in  t h e  s p e c tr u m , th u s  th e  a p p lic a t io n  o f  a  se c o n d  a p p r o x i
m a t io n  w a s  n e c e ssa r y  [7 ] .  T h e  b ra n ch  fo r m u la e  fo r  c a lc u la t io n  o f  lin e  p o s it io n s  
r e la t e d  to  th e  v ib r a t io n a l  w a v e  n u m b er  w e r e  g iv e n  in  c a se  o f  e a c h  su b b r a n c h  
w it h  th e  a id  o f  th e  te r m  fo r m u la e .

A s  for th e  l in e  in t e n s i t i e s  o f  an a s y m m e tr ic  t o p ,  c a lc u la t io n  m e th o d s  
w e r e  r e p o r te d  f ir s t  b y  K r a m e r s  and  I ttm a n n  [ 9 ] ,  th e n  b y  Cross , H a in e r  
a n d  K in g  [10 ]. T h e  l in e  in t e n s it ie s  w ere  c a lc u la te d  u s in g  th e  la t te r  a u th o r s ’ 
m e t h o d  b y  Sc h w e n d e m a n n  a n d  La u r ie  [1 1 ]  in  c a se  o f  J <  1 2 , a n d  b y  
W a c k e r  an d  P ratto  [1 2 ]  in  ca se  o f  J  3 5 . B o t h  c a lc u la t io n s  w ere  carr ied  
o u t  u s in g  d ifferen t v a lu e s  o f  a sy m m e tr y  p a r a m e te r .

T h e  c a lc u la tio n  o f  l in e  in te n s it ie s  r e p o r te d  in  th e  p a p e r  [6 ] u se d  th e  lin e  
in t e n s i t ie s  o f  a s y m m e tr ic  t o p  as th e  b a se .

T h e  v a lu e s  o f  F  l in e  in te n s it ie s  h a v e  b e e n  d e te r m in e d  b y  D e n n iso n  
in  c a s e  o f  sy m m e tr ic  t o p s  [1 3 ] . Va r sá n y i h a s  sh o w n  [6] th a t  in  c a se  o f  
J  >  1 0 , th e  ra tio  o f  t h e  F  v a lu e s  o f  a sy m m e tr ic  a n d  sy m m e tr ic  to p s  (q ) is  an  
e x c lu s iv e  fu n c t io n  o f  S  —  K / J .  I n  th is  fo r m u la  fo r  S ,  К  is  th e  a r ith m e tic a l m e a n  
v a lu e  o f  К  q u a n tu m  n u m b e r s  o f  th e  g ro u n d  a n d  e x c it e d  s ta te s  a n d  J  m e a n s  
t h e  n u ta t io n  q u a n tu m  n u m b e r  b e lo n g in g  to  t h e  g r o u n d  s t a te .  T h e  q — S  c u rv es  
fo r  e v e r y  su b b ra n ch  h a v e  b e e n  d e te r m in e d  a n d  t h e  r e la t iv e  in te n s it ie s  h a v e  
b e e n  c a lc u la te d  for  la r g e r  J  v a lu e s  on  th is  b a s is .  T h e  lin e s  h a v e  b e e n  n o r m a liz e d  
t o  a  0 .5  c m - 1  lin e  d is t a n c e .  (T h is  n o r m a liz in g  i s ,  in  f a c t ,  an  in t e n s it y  tr a n s fo r 
m a t io n  [8 ]). S om e h y b r id  b a n d s  w ere th e n  c o n s t r u c te d  b y  a v e r a g in g  th e  c u r v e s  
b y  w e ig h t in g  th e m  b y  t h e  c o s in e  sq u ares o f  t h e  a n g le s  b e tw e e n  th e  tr a n s it io n  
m o m e n t  v e c to r  a n d  t h e  a x i s  o f  th e  le a s t  in e r t ia .  D o in g  th is ,  th e  tr ia n g u la r  
c h a r a c te r  o f  th e  f in i t e  s l i t  o f  th e  s p e c tr o m e te r  w a s  ta k e n  in to  c o n s id e r a tio n .  
O n  t h e  b a sis  o f  t h e  i n t e n s i t y  =  w a v e  n u m b e r  d ia g r a m s , tr a n s m it ta n c e  =  
w a v e  n u m b er  d ia g r a m s w e r e  c o n s tr u c te d . T h e  c la s s if ic a t io n  o f  th e  h y b r id  b a n d s  
w a s  ca rr ied  o u t o n  t h e  b a s i s  o f  th e  f r a c t io n -v a lu e  w id th s  (n a m e ly  th e  h a lf - ,  
f i f t h -  a n d  t e n th -v a lu e  w id t h s ) ,  s in ce  th e  b a n d  w id t h s  p r o v e d  to  b e  a p p r o x im 
a t e l y  in d e p e n d e n t o f  t h e  r e s o lu t io n  o f  th e  s p e c t r u m . T h e  u n c e r ta in ty  o r ig in a t 
in g  fr o m  th e  in a c c u r a c y  o f  t h e  m e a su r e m e n t o f  t h e  b a c k g r o u n d  tr a n s m it ta n c e  
w a s  e lim in a te d  b y  c a lc u la t in g  w ith  m ore t h a n  o n e  fr a c t io n -v a lu e  w id th  s im 
u lt a n e o u s ly .
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Data of the calculated hypothetical molecules and the calculation
of the terms

T h e  p r e se n t  c a lc u la t io n s  w ere  carr ied  o u t  u s in g  th e  d escr ib ed  m e th o d s .  
I t  w a s  n o t  n e c e s s a r y  to  k e e p  to  rea l m o le c u le s  fo r  c o n s tr u c t in g  g en era l r e la 
t io n s h ip s  b u t  i t  w a s  p o s s ib le  to  c h o o se  a r b itr a r y  a s y m m e tr y  p a r a m e te r s  t o 
g e th e r  w ith  a p p r o p r ia te  r o ta t io n a l c o n s ta n ts .  S in c e  in  c a se  o f  p la n a r  m o le c u le s  
th e  la r g e s t  m o m e n t  o f  in e r t ia  is  e q u a l to  th e  s u m  o f  th e  o th e r  tw o  o n e s , i t  w a s  
s u f f ic ie n t  to  c h o o se  th e  a s y m m e tr y  p a r a m e te r  a n d  o n e  r o ta t io n a l c o n s t a n t  
a r b itr a r ily . T h e  d a ta  o f  th e  h y p o th e t ic a l  m o d e l m o le c u le s  are l is te d  in  T a b le  I .

T h e  C -b a n d s o r ig in a te  fro m  p e r p e n d ic u la r  v ib r a t io n s . In  ca se  o f  p e r p e n 
d icu la r  e x c it a t io n ,  th e  tr a n s it io n  m o m e n t is  p e r p e n d ic u la r  to  th e  p la n e  o f  th e  
m o le c u le , th u s  C -b a n d s  fo r m  n o  h y b r id e s . C o n s e q u e n t ly , in  th e  p r e se n t w o r k , 
o n ly  th e  c a lc u la t io n  o f  A -  a n d  В -b a n d s  w ill b e  d e a lt  w ith .

T h e  b a n d s  w e r e  c a lc u la te d  su b b r a n c h  b y  s u b b r a n c h . T h e  f ir s t  g r a p h ic a l  
a p p r o x im a tio n  w a s  a p p lie d  fo r  c a lc u la t in g  th e  t e r m s , a s  th is  a p p r o x im a tio n  is

Tabic I

X Л  (cm -1 ) B (c m -1 ) C  (cm -1 )

—  0 . 9 0 . 6 7 1 0 0 . 1 5 0 0 0 . 1 2 2 6

0 . 2 2 3 7 0 . 0 5 0 0 0 . 0 4 0 9

0 . 0 4 4 7 7 0 . 0 1 0 0 0 . 0 0 8 1 7

—  0 . 6 0 . 3 3 5 4 0 Д 5 0 0 0 . 1 0 3 6

0 . 1 1 2 0 0 . 0 5 0 0 0 . 0 3 4 5

0 . 0 2 2 3 6 0 . 0 1 0 0 0 .0 0 6 9 1

0 0 . 2 1 2 1 0 . 1 5 0 0 0 . 0 8 7 9

0 . 0 7 0 7 0 . 0 5 0 0 0 . 0 2 9 3

0 . 0 1 4 1 4 0 . 0 1 0 0 0 . 0 0 5 8 6

s a t is fa c to r y  in  e v e r y  c a se  w ith  th e  s e le c te d  v a lu e s  o f  r o ta t io n a l c o n s t a n t s ,  
e x c e p t  for  o n ly  o n e  c a s e , i . e .  th e  ca se  o f  Q r C l  su b b r a n c h  (th e  sy m b o l C l  m e a n s  
th e  f ir s t  su b b r a n c h  in  th e  C -b a n d ).

Calculation of line intensities

R e la t iv e  in t e n s it ie s  w ere  c a lc u la te d . T h e  v a lu e  o f  th e  s t a t is t ic a l  w e ig h t  
(g ) w a s  ch o se n  in  e v e r y  c a se  to  b e  eq u a l to  (2 J  -(- 1). T h e  tw o fo ld  s t a t is t ic a l  
w e ig h t  o f  th e  К  =  0  l in e  w a s  ta k e n  in to  c o n s id e r a t io n  w h e n  F  lin e  in t e n s it ie s  
w ere  c a lc u la te d . T h e  F  v a lu e s  o f  s y m m e tr ic  t o p s  c a lc u la te d  a c c o r d in g  to  
D e n n i s o n  h a v e  b e e n  l i s t e d  in  p a p er  [6 ].
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S u b b r a n c h  R r c a n  b e  fo u n d  in  b o th  В -b a n d  a n d  C -b a n d . В -b a n d  c o n 
t a in s  t w o  p a r tia l su b b r a n c h e s  c o r r e sp o n d in g  to  A L  =  1 a n d  A L  =  — 1. T h e  
s u b b r a n c h  in  th e  C -b a n d  h a s  a tw o fo ld  w e ig h t  th u s  th e  in t e n s i t y  o f  e a c h  c o m 
p o n e n t  o f  th e  su b b r a n c h  is  e q u a l to  o n e  q u a r te r  o f  th e  t o t a l  in t e n s i t y ,  e x c e p t  
fo r  t h e  l in e  p e r ta in in g  to  К  =  0 . I n  th e  la t t e r  ca se  th e  tw o fo ld  d e g e n e r a t io n  
c a u s e s  t h e  in te n s it ie s  o f  e a c h  s u b b r a n c h  to  b e  e q u a l to  o n e  h a lf  o f  t h e  to t a l  
in t e n s i t y .  S u b b ra n ch  R p c a n  b e  d iv id e d  in t o  fo u r  p a r ts , t o o ,  a c c o r d in g  to  th e  
d if f e r e n t  v a lu e s  o f  A L ;  i . e . :  R p B  I ;  R p В  I I ;  R p С  I ;  R p С  I I .  T h e  F  v a lu e s  in  
e a c h  p a r t ia l  su b b ra n ch  a re  e q u a l  to  o n e  q u a r te r  o f  th e  t o t a l  v a lu e .  T h e  c o m p o 
n e n t s  o f  su b b ra n ch  R q a re: R q A  I  a n d  R q A  I I ,  th u s  th e  in t e n s it ie s  a re  h a lv e d .  
O n  t h e  b a s is  o f  s im ila r  c o n s id e r a t io n s , i t  is  o b v io u s  th a t  th e  F  v a lu e  o f  s u b 
b r a n c h  Q r is  a lso  h a lv e d , w h e r e a s  t h e  in t e n s i t y  o f  su b b r a n c h  Q q r e m a in s  u n 
c h a n g e d .

T h e  lo w er  l im it  o f  th e  a p p r o x im a t io n  w ith  a p r o la te  to p  is , a c c o r d in g  to  

K r a m e r s  an d  I t t m a n n  [9 ] :

2

71
a r c tg

f  в  -  c
A - В

( 3)

T h e  q u o t ie n t  q ( S )  w a s  o b ta in e d  b y  r e la t in g  th e  lin e  in te n s it ie s  o f  t h e  a s y m m e 
tr ic  t o p  t o  th e  F  v a lu e s  o f  s y m m e tr ic  to p s :  w h e n  S  <  S д ,  to  th o s e  o f  t h e  o b la te  
t o p ,  w h e n  S  >  S K , t o  th o s e  o f  th e  p r o la te  to p ,  e x c e p t  for  s u b b r a n c h  R p В  I  
a n d , in  c a se  o f  к  =  — 0 .9 , fo r  su b b r a n c h e s  R r В  I I ,  Q r В  a n d  Q q A .  I n  th e  
c a s e s  m e n t io n e d  th e  b a s is  o f  th e  c o m p a r iso n  w a s  th e  p r o la te  to p  th r o u g h o u t  
t h e  w h o le  ran ge o f  S  v a lu e s .  I n  s u b b r a n c h  R p В  I ,  th e  v a lu e s  are  a s  fo llo w s:  
A J  =  1 , A K  =  — 1 a n d  A L  =  3 . I n  c a se  o f  a p p r o x im a tin g  w ith  a n  o b la t e  to p ,  
q u a n t u m  n u m b ers К  a n d  L  a re  in v e r te d . D e n n i s o n ’ s  fo r m u la e  o f  l in e  in t e n 
s i t y  c o n ta in  no  e x p r e s s io n s  v a l id  fo r  A K  =  3 . T h e  c o m p a r iso n  o f  su b b r a n c h e s  
R r В  I I ,  Q r В  an d  Q q A  in  c a s e  o f  к  =  — 0 .9  w ith  an  o b la te  to p  w o u ld  h a v e  re 
s u l t e d  g r e a te r  d e v ia t io n  fr o m  u n it  th a n  o u r  p ro ced u re . T h e  l in e  in t e n s it ie s  o f  
t h e  a s y m m e tr ic  to p  w e r e  o b ta in e d  fr o m  th e  ta b le s  o f  S c h w e n d e m a n n  and  
L a u r i e  [1 1 ] as w e ll as th o s e  o f  W a c k e r  a n d  P r a t t o  [1 2 ] . T a b le  I I  c o n ta in s  
S k  v a lu e s  p e r ta in in g  to  t h e  s e le c te d  v a lu e s  o f  a s y m m e tr y  p a r a m e te r .

Tabic I I

У. S r

— 0.9 0.1433

— 0.6 0.2950

0 0.5018
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T h e  q  — S  d ia g r a m s w e r e  c o n s tr u c te d  (F ig s  1, 2 , 3 ). T h e  te m p e r a tu r e  
in  t h e  c e ll  w a s  a ssu m e d  to  b e  5 0  °C u n ifo r m ly . T h e  B o ltz m a n n  fa c t o r  co rre 
s p o n d in g  to  th is  t e m p e r a tu r e  w a s  u se d  in  t h e  e x p r e s s io n  o f  in t e n s it y .  T h e  c a l
c u la t io n s  w ere  c o n t in u e d  u n t i l  th e  lin e  in t e n s i t ie s  co r r e sp o n d in g  to  th e  v a lu e s  
o f  J  a n d  К  w ere  le s s  b y  th r e e  ord ers o f  m a g n itu d e  th a n  th o s e  o f  th e  m o s t  in 
t e n s iv e  l in e  (T a b le  I I I ) .

Table I I I

У B (cm -1 ) J  max ■^max

— 0.9 0.1500 100 40

0.0500 160 80

0 . 0 1 0 0 400 200

- 0 . 6 0.1500 120 65

0.0500 200 100

0.0100 450 250

0 0.1500 140 70

0.0500 220 120

0.0100 500 300

T h e  c a lc u la t io n  o f  l in e  p o s it io n s

T h e  lin e  p o s it io n s  w e r e  d e te r m in e d  u s in g  t h e  b ra n ch  fo r m u la s  o f  [8 ] . T h e  
w a v e  n u m b e r s  o f  th e  l in e  p o s it io n s  h a v e  b e e n  e x p r e s s e d  as th e  m u lt ip le s  o f  
t h e  l e a s t  r o ta t io n a l c o n s t a n t .  T h e  lin e  b u n d le s  p e r ta in in g  to  th e  s a m e  К  v a lu e  
a re  e q u id is t a n t  in  e a c h  su b b r a n c h  a n d  th e  d is ta n c e  o f  th e  lin e s  d e p e n d s  e x c lu 
s i v e ly  o n  x .  A  s im ila r  r e g u la r ity  ca n  b e  o b s e r v e d  i f  К  q u a n tu m  n u m b e r  w ill  
b e  g r a d u a lly  in c r e a se d .

C o n stru c tio n  o f  b a n d  c o n to u r s

T h e  e n v e lo p e s  o f  e a c h  su b b r a n c h  w e r e  c o n s tr u c te d  so  t h a t  t h e  К  q u a n 
t u m  n u m b e r  b e  c o n s t a n t  in  c a se  o f  th e  s a m e  c u r v e . A  s u m m a r iz e d  c u r v e  w a s  
c o n s t r u c t e d  fro m  th e  l in e  b u n d le  o b ta in e d . T h e  su m m a r iz e d  c u r v e  c o u ld  b e  
c o n s t r u c t e d  in  a m o re  s im p le  w a y  in  ca se  o f  s o m e  o f  th e  su b b r a n c h e s . I t  w as  
u t i l i z e d  t h a t  in  th e  Q q b r a n c h  o f  e v e r y  m o le c u le  t h e  l in e s  p e r ta in in g  t o  th e  sa m e  
L  v a lu e s  h a v e  th e  sa m e  p o s i t io n ,  as w e ll a s  t h e  f a c t  t h a t  i f  x  =  0 , t h e  p o s it io n s  
o f  l in e s  in  su b b r a n c h e s  R r В  I I ,  R p В  I I  a n d  Q r В  are in d e p e n d e n t  o f  K .  T h e  
s u m m a r iz e d  c u r v e s  w ere  n o r m a liz e d  to  a l in e  d is ta n c e  e q u a l to  0 .5  c m  - 1  w h ic h
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c o r r e sp o n d e d  to  th e  r e s o lu t io n  o f  th e  Z eiss U R - 1 0  sp e c tr o m e te r , a n d  th e  t r i 
a n g u la r  c h a r a c te r  o f  t h e  f in i t e  s l it  o f  th e  s p e c tr o m e te r  w a s  a lso  ta k e n  in to  
c o n s id e r a t io n .

T h e  in t e n s i t y - w a v e  n u m b e r  d ia g ra m s w e r e  t h e n  tr a n s fo r m e d  in to  tr a n s 
m it ta n c e —w a v e  n u m b e r  d ia g r a m s  [8 ].

T h e  b a c k g r o u n d  a n d  m a x im u m  tr a n s m it ta n c e s  w ere  ta k e n  a r b itr a r ily  
as 9 0 %  a n d  2 0 % , r e s p e c t iv e ly .  I t  m a y  b e  d o n e , fo r  th e  fr a c t io n -v a lu e  w id th s  
p r o v e d  to  b e  in d e p e n d e n t  o f  t h e  b a c k g r o u n d  as w e ll  as o f  th e  m a x im u m  tr a n s 
m it ta n c e .

H y b r id  b a n d s  ca n  b e  o b ta in e d  fro m  p u r e  A -  a n d  R -b a n d s  i f  t h e y  are  
a v e r a g e d  b y  w e ig h t in g  t h e m  s t a t is t ic a l ly  b y  t h e  c o s in e  sq u a res  o f  th e  a n g le s  
b e tw e e n  t h e  tr a n s it io n  m o m e n t  a n d  th e  a x is  o f  t h e  le a s t  m o m e n t o f  in e r t ia  
( y ) .  T h ree  h y b r id  h a n d s  w e r e  c a lc u la te d , n a m e ly  in  c a se s  o f  у  =  3 0 ° , 4 5 °  a n d  
6 0 ° , r e s p e c t iv e ly . T h e  fr a c t io n -v a lu e  w id th s  o f  b o t h  p u re  a n d  h y b r id  b a n d s  
w ere  d e te r m in e d  [8 ].

R esu lts

T h e  fr a c t io n -v a lu e  w id th s  (Z lri/n) o b ta in e d  in  c a se  o f  n in e  h y p o th e t ic a l  
m o le c u le s  are  ta b u la te d  in  T a b le  IV .

D ia g r a m s  w ere  c o n s t r u c te d  o n  th e  b a s is  o f  t h e s e  fr a c t io n  w id th s . S in c e  
in  c a se  o f  p u re  h a n d s  tw o  p a r a m e te r s  ca n  b e  v a r ie d  s im u lta n e o u s ly  ( i . e . x  a n d  B )  

i t  s e e m e d  to  b e  u se fu l to  c o n s t r u c t  tw o  t y p e s  o f  d ia g r a m s  b e in g  r e la te d  to  e a c h  
o th e r . O n e t y p e  o f  th e s e  is  t h e  x  — A)>ijn d ia g r a m  s u ita b le  fo r  p lo t t in g  ser ie s  
o f  c u r v e s  b e lo n g in g  to  d if fe r e n t  v a lu e s  o f  B .  T h e  o th e r  ty p e  is  th e  В  — A v i :„ 

d ia g r a m , in  w h ic h  th e  se r ie s  o f  c u r v e s  b e lo n g  to  d if fe r e n t  v a lu e s  o f  x .  T h e  fr a c 
t io n -v a lu e  w id th s  ca n  th e n  b e  d e te r m in e d  u n a m b ig u o u s ly  fro m  th e s e  tw o  ty p e s  
o f  d ia g r a m s in  ca se  o f  g iv e n  v a lu e s  o f  В  a n d  x .  T h e  d ia g r a m s  o b ta in e d  are sh o w n  
in  F ig s  4  — 9 . In  ca se  o f  h y b r id  b a n d s  a th ir d  t y p e  o f  d ia g r a m  m u s t  b e  a d d e d  to  
th e  p r e v io u s  tw o  o n e s:  t h e  A v i / n — у  d ia g ra m  (F ig s  10  — 1 2). U s in g  th e s e  th r e e  
d ia g r a m s th e  d ir e c t io n  o f  t h e  tr a n s it io n  m o m e n t  c a n  b e  d e te r m in e d  fr o m  th e  
e x p e r im e n ta l  fr a c t io n -v a lu e  w id th s .

I t  c a n  b e  se e n  fro m  F ig s  10 — 12 t h a t  th e  d e te r m in a t io n  o f  f r a c t io n -v a lu e  
w id th s  d o e s  n o t  g iv e  an  u n a m b ig u o u s  in fo r m a t io n  in  e v e r y  c a se  on  th e  a n g le  
b e tw e e n  th e  tr a n s it io n  m o m e n t  a n d  th e  A  a x is .  I f  th e  a s y m m e tr y  p a r a m e te r  
is  x  =  — 0 .9 , w ith  th e  m e d iu m  r o ta t io n a l c o n s t a n t  (В ) b e in g  in  th e  0 .0 5 0 0  c m  - 1 

to  0 .1 5 0 0  cm  - 1  r a n g e , t h e  h a lf - ,  f i f th -  a n d  t e n t h - v a lu e  w id th s  ren d er  it  p o s s ib le  
to  d e te r m in e  th e  d ir e c t io n  o f  th e  tr a n s it io n  m o m e n t .  I f  th e  v a lu e  o f  В  is  e q u a l  
to  0 .0 1 0 0  cm  "1, th e  d if fe r e n c e  b e tw e e n  th e  h a lf -v a lu e  w id th s  o f  th e  ^ 4-band  
a n d  B -b a n d  is  as sm a ll a s  3  c m  -1 , w h erea s  th e  a n a lo g o u s  d if fe r e n c e s  b e tw e e n  
th e  f i f th -  a n d  te n t h -w id th s  are  5 .5  cm  - 1  a n d  7 .8  c m  _1, r e s p e c t iv e ly . S in c e  th e  
d e te r m in a t io n  o f  th e  t e n t h - v a lu e  w id th s  o f  t h e  h a n d s  is  th e  le a s t  a c c u r a te ,
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Table IV

X В (cm-1) А г ф  ( c m - ’) А Л ф  (cm-1) 4* 1  l u  (cm- ’)

Л-band ((p =  0°)

- 0 . 9 0.1500 22 30.5 35
0.0500 13 17.5 20
0.0100 5.5 8 9.5

- 0 . 6 0.1500 22.3 29.3 33
0.0500 13.5 17 19
0.0100 6 8 9

0 0.1500 22.5 28 31
0.0500 14.3 16.5 18
0.0100 6.5 8 9

A B  hybrid band (дз = 30°)

- 0 . 9 0.1500 25 33 40
0.0500 15 20.8 24.5
0.0100 6.5 8.8 10

- 0 . 6 0.1500 22.8 31.3 36.3
0.0500 15 18.5 21.5
0.0100 7 8.5 10

0 0.1500 23.5 30 34
0.0500 14.3 17 19
0.0100 6.8 8.5 9.5

A B  hybrid band (gj = 45°)

- 0 . 9 0.1500 28.5 40.5 52
0.0500 17 25 32.5
0.0100 7.3 10 12.5

- 0 . 6 0.1500 23 33 38.3
0.0500 15 19.3 22.5
0.0100 7 9 10.5

0 0.1500 23.5 31 35.5
0.0500 13.8 17.3 20
0.0100 6.8 8.5 9.8

A B  hybrid band (gj = 60°)

— 0.9 0.1500 31.5 40 62
0.0500 20 30 37
0.0100 7.5 12.3 15.5

- 0 . 6 0.1500 23.5 35 42.8
0.0500 15 20.5 24.8
0.0100 7 9 .5 11.5

0 0.1500 23 31.8 37.5
0.0500 13 18 20.5
0.0100 6.5 8.3 10
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T able  IV  (c o n tin u ed )

X В  (cm-1) J?,/, (cm-1) Jv,/B (cm-1) 4ri/m (cm“ 1)

В -band (<p =  90°)

—0.9 0.1500 36.5 55.5 66
0.0500 24 34 40
0.0100 8.5 13.5 17.3

- 0 . 6 0.1500 24 37 46
0.0500 16 22.5 27.5
0.0100 7.5 10.5 12.5

0 0.1500 22.3 33 39
0.0500 13 18.5 21.5
0.0100 6.3 8.5 10.3

i t  is  n o t  p o s s ib le  to  d e te r m in e  th e  d ir e c t io n  o f  t h e  tr a n s it io n  m o m e n t  w it h  a 
s u f f ic ie n t  a c c u r a c y  o n  th e  b a sis  o f  t h e s e  d a ta .  I f  x  =  — 0 .6  a n d  В  —  0 .1 5 0 0  
cm  -1 , th e  d if fe r e n c e s  b e tw e e n  th e  h a lf - , f i f t h -  a n d  te n th -v a lu e  w id h t s  o f  th e  
A -  a n d  В -b a n d s  are  1 .7  c m ' 1, 7 .7  c m ' 1 a n d  13  c m -1 , r e s p e c t iv e ly . T h o u g h  
th e  h a lf -v a lu e  w id th  p r o v id e s  n o  s u f f ic ie n t  b a s is  fo r  d e term in in g  t h e  d ir e c t io n  
o f  th e  tr a n s it io n  m o m e n t , th e  s im u lta n e o u s  d e te r m in a tio n  o f  th e  f i f t h -  a n d  
t e n t h -v a lu e  w id th s  m a y  p r o v id e  a u s e fu l in fo r m a t io n . T h e  m e th o d  c a n n o t  
b e a p p lie d  i f  th e  p a r a m e te r s  o f  th e  m o le c u le  a re  as fo llo w s: x  =  — 0 .6  a n d  
В  —  0 .0 5 0 0  c m -1  or  »  =  — 0 .6  a n d  В  =  0 .0 1 0 0  c m ' 1. In  ca se  o f  t h e  m o s t  
a s y m m e tr ic  m o le c u le s  (x  =  0 ), th e  h a lf - , f i f t h -  a n d  te n th -v a lu e  w id t h s  o f  th e  
h y b r id  b a n d s  g iv e  n o  in fo r m a tio n  o n  th e  d ir e c t io n  o f  th e  tr a n s it io n  m o m e n t  
in  th e  ra n g e  fro m  В  0 .1 5 0 0  c m -1 to  В  —  0 .0 1 0 0  c m -1 .

I n  o u r  n e x t  p u b lic a t io n  th e  a c c u r a c y  o f  t h e  d ia g ra m s c o n c e r n in g  p u re  
A -h a n d s  a n d  В -b a n d s  w ill  b e d e a lt  w ith .
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PREPARATION OF 180-LABELLED 
METHYLSILOXANES

P .  GÖM ÖRY a n d  L. SZ E PE S

( D e p a r t m e n t  o f  G e n e r a l  a n d  I n o r g a n i c  C h e m i s t r y ,  L .  E ö t v ö s  U n i v e r s i t y ,  B u d a p e s t ,  a n d  
I n o r g a n i c  R e s e a r c h  G r o u p ,  H u n g a r i a n  A c a d e m y  o f  S c i e n c e s ,  B u d a p e s t )

R ece iv ed  S ep tem b er 19, 1968

A p re p a ra tiv e  m eth o d  h as  been  developed  fo r th e  hydro lysis o f m o n o - a n d  b i
fu n c tio n a l m eth y lch lo ro silan es w ith  180 -e n ric h ed  w a te r . B y  m ean s o f  h y d ro ly s is , 
p o ly m eriza tio n , p y ro ly sis , a n d  e q u ilib ra tio n , th e  follow ing 180 -en rich ed  cyclic  a n d  lin e a r 
siloxanes h av e  b een  p re p a re d  in  gas c h ro m a to g ra p h ic  p u rity :
[(C H 3)2SiO]„ w ith  n  =  3, 4, 5, 6, 7;
(C H 3)3S i— О— [Si(C H 3)2— 0]fc— Si(C H 3)3 w ith  к  =  0, 1, 2, 3, 4, 5. In  th e  h y d ro ly s is  of 
d im etb y ld ich lo ro s ilan e  w ith  a n e a r ly  s to ich io m etric  a m o u n t o f w a te r, th e  a m o u n t of 
cyclic  p en ta silo x an es in creased  a t  th e  expense  o f t h a t  o f th e  cyclic te tra s ilo x a n e .

M ass-sp ec tro m etric  s tu d ies  [1] on  th e  m o lecu la r s tru c tu re  o f  m e th y l-  
siloxanes h av e  in d ic a te d  th a t  lab e lling  b y  180  m a y  help  to  c larify  th e  re a c tio n  
ro u te s  lead in g  to  th e  o b serv ed  fra g m e n ta tio n  p a tte rn s .

As know n, m e th y ls ilo x an es  are  u su a lly  p re p a re d  by  th e  h y d ro ly s is  of 
th e  co rrespond ing  m onom eric  ch lorosilanes in  th e  presence o f a la rg e  excess 
o f  w a te r .

M ethy lsiloxanes co n ta in in g  oxygen  in  an  iso tope  ra tio  o th e r  th a n  th a t  
o f  th e  n a tu ra l  m ix tu re , can  he p re p a re d  b y  h y d ro ly sis  in  180 -en rich ed  w a te r . 
H o w ev er, ow ing to  th e  h igh  p rice  o f  180 -e n ric h e d  w a te r , it  c a n n o t be  u sed  in  
a la rg e  excess. T herefo re , we h av e  m od ified  th e  p ro ced u re  so th a t  ch lo ro silan es  
a re  h y d ro ly sed  w ith  n e a rly  th e  s to ich io m etric  a m o u n t of w a te r, a n d  ev en  th e  
sm all excess o f th e  la t te r  is reco v ered  w ith  u n ch an g ed  iso tope co m p o sitio n . 
T h e  180 -c o n te n t  can  o n ly  be k e p t c o n s ta n t i f  special care is ta k e n  to  avo id  
c o n ta m in a tio n  b y  w a te r  h av in g  th e  n a tu ra l  iso to p e  com position , a n d  p ro p e rly  
p u rif ied  s ta r tin g  m a te ria ls  are  used.

U sing  trim e th y lch lo ro s ilan e  an d  d im eth y ld ich lo ro silan e  c o n ta in in g  less 
th a n  0 .1 %  im p u ritie s  (as d e m o n s tra te d  b y  GC analysis), th e  fo llow ing  180 -  
labe lled  (4.5 an d  30% ) lin ea r  an d  cyclic m e th y ls ilo x an es have  been  p re p a re d :

M 2 D 3
MoD Dr
m , d 2 d 5
m 2d 3 I>e
m ' d , D t
m 2d 5

w here M =  (C H 3)3SiO0.5 an d  D =  (C H 3)2SiO.
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T h e  p u r i ty  o f th e  iso la te d  p ro d u c ts  w as ch eck ed  b y  gas c h ro m a to g ra p h y . 
T h e  a m o u n t o f im p u ritie s  w as found  to  b e  less th a n  0 .2 %  in  all cases* . T he 
p ro c e d u re  is il lu s tra te d  b y  th e  following sch em e:

(C H 3).,SiCl., (C H 3)3SiCl
___l__

H 2180  (4 .5 % ) H 2180  (4 _5 % ) j  J h 2180  (30% )

Щ  И  Щ  [Щ + no,,voptr,oductsdrolyBls Щ  |m2(18Q 30% )l 

K O H
below  0 .0 1 %

1
p o ly m e r

MoD M„D., M 5D 3 M oD . |M ,D , I -f- p o ly m er 
4 0 0 - 5 0 0  °C 1-----— 1 ~ - \ _ L A 1

D 3 | ( - ^ 4 ’ ^ 5 ’ ® 7 )

| h 2S 0 4

I t  shou ld  be n o te d  t h a t  if  th e  h y d ro lysis  is c a rried  o u t w ith  170 -e n ric h e d  
w a te r , th e  p re sen t te c h n iq u e  allows th e  p re p a ra t io n  o f 170 -labelled  lin e a r  an d  
cyclic  siloxanes, w h ich  a re  especially  su ita b le  fo r  N M R  stud ies. T h e  a m o u n t 
o f  170  in  o c ta m e th y lc y c lo te tra s ilo x a n e  p re p a re d  b y  hydro lysis w ith  n a tu ra l 
w a te r  is so sm all** t h a t  its  N M R  sp ec tru m  c a n  o n ly  be o b ta in ed  a n d  ev a lu a ted  
if  a v e ry  pow erfu l in s tru m e n t  is used [2 ].

I. Hydrolysis of chlorosilanes

(1) H ydro lysis o f  dim ethyldichlorosilane in  the presence o f  10%  and  100%  
excess o f  water above the stoichiometric am ount

T h e  m a jo rity  o f  p a p e rs  dealing w ith  th e  h y d ro ly s is  o f d im e th y ld ich lo ro 
silan e  is concerned  w ith  th e  technological p ro b le m  o f fin d in g  th e  b e s t cond itions 
fo r  th e  fo rm a tio n  o f  cyclic  siloxanes, f ir s t  o f  a ll o c ta m e th y lc y c lo te tra s ilo x a n e , 
th e  s ta r t in g  m a te r ia l fo r  m an u fa c tu rin g  silicone ru b b e r . The o vera ll process is 
a p p ro x im a te ly  d esc rib ed  b y  th e  eq u a tio n

n (C H 3) 2SiC l2 +  n  H 20  -*  [(C H 3)2SiO]„ +  2n HC1,

th e  re a c tio n  being  c a rr ie d  o u t in a large excess o f  w a te r. Since th e  p ro d u c t o f 
h y d ro ly s is  is a s tro n g ly  h y d ro p h o b ic  m ix tu re  o f  siloxanes, th e  re a c tio n  is h e te ro 
g en eo u s. T he ra tio  o f  cyclic  siloxanes in th e  c ru d e  hydro lysis  p ro d u c t is k n o w n

* T h is p u r i ty  w ill b e  d e sc rib ed  in  th e  fo llow ing as “ GC p u r i ty ” .
** T he n a tu ra l  a b u n d a n c e  o f  th e  th ree  oxygen  iso to p es  is: ap p ro x . 99 .759%  l60 ,  0 .204%  

180 ,  a n d  0 .037%  170 .
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to  increase  in  th e  p resence  o f  a so lvent(e .g ., d ie th y l e th e r) w h ich  is m iscible 
w ith  w a te r  to  a lim ite d  e x te n t  [3]. F u rth e rm o re , such  so lv en ts  in c rease  the 
r a te  o f  hydro lysis . T he a m o u n t o f  cycles is fu r th e r  increased  i f  th e  hydro lysis 
is c a rried  o u t in  s tro n g ly  acid ic  m e d iu m (e .g ., in  6 N  HC1) w ith  in te n s iv e  s t i r 
r in g  a n d  cooling [3].

T here  are  tw o possib ilities  fo r p erfo rm in g  th e  h y d ro ly s is  w ith  lsO-en- 
rich ed  w a te r:

— a b so lu te  d ie th y l e th e r  is s a tu ra te d  w th  labe lled  w a te r , a n d  th e  h y d ro 
lysis is c a rr ied  o u t in th is  so lv en t, using  n e a r ly  sto ich io m etric  q u a n t i t ie s  o f  the  
re a g e n ts , in  homogeneous so lu tio n ;

— th e  hydro lysis  is c a rr ie d  o u t in  a heterogeneous sy s tem  in  th e  presence 
o f  a su itab le  excess o f  w a te r , w h ich  is su b se q u e n tly  recovered .

T he a m o u n t o f h y d ro ly sis  p ro d u c ts  o b ta in ab le  in  h o m ogeneous solu tions 
in  th e  la b o ra to ry  is lim ite d  b y  th e  so lu b ility  o f  w a te r  in  th e  so lv e n t. W e have 
fo u n d  t h a t  p ro p erly  d e h y d ra te d  d ie th y l e th e r , w hich does n o t co n su m e K arl- 
F isch e r reag en t, dissolves a b o u t 0.8 —0 .9 %  o f w a te r  (in s tead  o f  1 .3 % , given 
in  th e  lite ra tu re )  a f te r  v ig o rous shak in g  fo r 24 hours. T herefo re , n o t  m ore  th an  
5 — 6 g o f  cyclic te tra s ilo x a n e  p e r l i te r  o f so lu tio n  can  be e x p e c te d . T h e  ad v a n 
ta g e  o f  th is  m eth o d  is in  i ts  s im p lic ity  an d  th e  sm all (5 — 10 g) w a te r  co n su m p 
tio n .

L a rg e r am o u n ts  o f cyclic m eth y ls ilo x an es w ere p re p a re d  b y  he te roge
neous h y d ro lysis  in  th e  p resence  o f  a 100%  excess o f w a te r . T h e  a m o u n t of 
D 4 iso la ted  from  1 lite r  o f  th e  so lu tio n  is a b o u t 3 5 —40 g. In te re s t in g ly  enough, 
h y d ro ch lo ric  acid re leased  in  th e  hyd ro lysis  gives a hom ogeneous p h a se  w ith 
e th e r , w a te r, an d  th e  p ro d u c e d  m eth y ls ilo x an es, w hich  d isso lves a b o u t 1/4 
o f  th e  to ta l  a m o u n t o f  siloxanes. T herefo re , th e  u p p e r so lu tio n  con ta in in g  
e th e r , siloxane, an d  h y d ro ch lo ric  acid  shou ld  be processed  s e p a ra te ly  from  the 
low er p h ase  co n ta in in g  lab e lled  w ater.

D urin g  th e  e v a p o ra tio n  o f  th e  so lv en t from  th e  e th e rea l p h a se , m o st of 
th e  h y d roch lo ric  acid is also rem o v ed . T he e v a p o ra tio n  residue  w as n eu tra liz e d  
w ith  d ry  gaseous am m o n ia  befo re  frac tio n a l d is tilla tio n  to  a v o id  chan g es in 
th e  iso tope  ra tio .

T he volum e of th e  low er phase  w hich  co n ta in ed  th e  excess o f  labelled  
w a te r  w as, su rp rising ly , n e a r ly  equal to  th a t  o f  th e  u p p e r p h a se . T h e  ra tio  
o f th e  phase  volum es w as e x p e c te d  to  be 1 : 10, since th e  excess w a te r  to  e th er 
ra t io  a f te r  hydro lysis  w as a b o u t 1 : 10. T h e  s tro n g  change in  so lu b ili ty  is due 
to  th e  h igh  c o n cen tra tio n  o f  h y d roch lo ric  acid . T h is is in d ic a te d  b y  th e  com 
p o sitio n  o f  th e  low er p h a se : e th e r  61.2, h y d ro ch lo ric  acid  26.4, m e th y ls ilo x an e  
6.9 , a n d  labelled  w a te r  5 .5 % . F ro m  th e  low er p h ase  h y d ro ch lo ric  a c id  — e th er 
is e v a p o ra te d  f irs t. S im u ltan eo u sly , th e  hom ogeneous so lu tio n  s e p a ra te s  to 
c o n c e n tra te d  aqueous h y d ro ch lo ric  acid  an d  a siloxane p h ase . T h e  v a lu ab le  
lab e lled  w a te r  is th u s  reco v ered  as c o n c e n tra ted  aqueous h y d ro c h lo r ic  acid.
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I n  o rd e r  to  regenerate  th e  la b e lle d  w ater, m e ta llic  sod iu m  w as re a c te d  w ith  
w a te r  h a v in g  an iso tope  co m p o s itio n  iden tica l w ith  t h a t  o f th e  w a te r  used  
in  th e  re a c tio n . The re c o v e red  hydroch lo ric  ac id  so lu tio n  w as th e n  n eu tra liz e d  
w ith  th e  N a 180 H  so lu tio n . L a b e lle d  w ater can  b e  ca re fu lly  d istilled  from  th e  
a lk a lin e  so lu tion  s a tu ra te d  w i th  NaCl. B y th is  te c h n iq u e , in  ad d itio n  to  th e  
a m o u n t  o f  w ater used fo r  th e  re a c tio n  w ith  so d iu m , 6 4 %  of th e  excess w a te r  
w as reco v ered .

I t  is w orth  m e n tio n in g  t h a t  th e  am ount o f  cyc lic  siloxanes in  th e  v o la tile  
s i lo x a n e  frac tio n  o b ta in e d  b y  h y d ro ly sis  u n d er th e  ab o v e  cond itions is d iffe ren t 
f ro m  t h a t  given in  th e  l i t e r a tu r e .  In  p a rticu la r, th e  a m o u n t o f th e  D s fra c tio n  
h a s  s tro n g ly  increased a t  th e  ex p en se  of th e  D 4 f ra c tio n  in  th e  h ig h er d e n s ity  
p h a se . T h e  com positions o f  s ilo x a n e  fractions s e p a ra te d  from  th e  u p p e r e th e r  — 
— h y d ro c h lo ric  ac id—silo x an e  ( I )  phase an d  th e  lo w er, aqueous ( I I )  phase , 
as w ell as those of th e  v o la tile  f ra c tio n s  o b ta in ab le  b y  d is tilla tio n  from  I  an d  I I  
a t  3 t o r r  u p  to  100 °G, a re  sh o w n  in Table I .

T h e  com position w as d e te rm in e d  by  f ra c tio n a l d is tilla tio n  using  a r o ta t 
in g  c o lu m n  equ ivalen t to  30 th eo re tica l p la te s , fo llow ed  by  co m p arin g  th e  
a m o u n ts  o f the  in d iv id u a l fra c tio n s  and  th e ir  GC analyses. T he v o la tile  
f ra c t io n s  were d irec tly  a n a ly z e d  b y  gas c h ro m a to g ra p h y . T he ag reem en t 
b e tw e e n  th e  values o b ta in e d  b y  th e  above tw o  m e th o d s  w as v e ry  good.

Table I

C o m p o s i t i o n  o f  t h e  s i l o x a n e  m i x t u r e s  i n  t h e  c r u d e  h y d r o l y s i s  p r o d u c t  a n d  i n  t h e
v o l a t i l e  f r a c t i o n

I I I

C o m p o s it io n  
o f  th e

f r a c t io n  (% )

Com position 
of the

volatile p a r t  
(% )

C o m p o sitio n  
o f  th e

f ra c t io n  (% )

Com position  
o f  the

v o la tile  p a r t  
(% )

D 3 0.04 0.09 — —

I>4 25 .0 52.0 17.5 37.7

d 5 14.9 31.0 21.9 47.3

Do 4.1 8.6 3.7 7.9

D , — — 0.6 1.2

E t ,0 4.0 8.3 3.0 6.5

non-volatile 51.8 — 52.6 —

(2) H ydrolysis o f  trim ethylchlorosilane in  the presence o f  a 20%  excess o f  
w ater above the stoichiom etric am ount

M 2-free tr im e th y lc h lo ro s ila n e  (of GC p u r i ty )  w as h y d ro ly sed  in  ab so lu te  
e th e r  so lu tion . The lab e lled  w a te r  (20%  excess a b o v e  th e  sto ich io m etric  q u a n 
t i ty )  w as  added  to  th e  e th e re a l  so lu tion  of th e  silan e . Since on ly  u n h y d ro ly zed
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ch lorosilane m ay  c o n ta m in a te  th e  p ro d u c t i f  e x te rn a l h u m id ity  is ex c lu d ed , 
i t  is n ecessa ry  to  ach iev e  as com plete a h y d ro ly s is  as possible. A fte r p ro longed  
s tirr in g  a n d  re flu x in g , th e  e th erea l phase  w as s e p a ra te d  from  th e  s lig h t low er 
lay e r o f  aqueous h y d ro ch lo ric  acid, an d  s u b je c te d  to  frac tiona l d is tilla tio n . 
L abelled  w a te r  w as reco v ered  from  th e  a q u eo u s  h ydroch lo ric  acid  as d esc rib ed  
in  S ection  1.

T h e  labelled  h ex am eth y ld is ilo x an e  co u ld  o n ly  be iso lated  in  c h ro m a to 
g raph ic  p u r i ty  if  e x tre m e  care  was ta k e n  to  a v o id  th e  presence o f  to lu e n e , 
because its  la s t tra c e s  c a n n o t be rem oved fro m  h ex am eth y ld is ilo x an e  b y  f ra c 
tio n a l d is tilla tio n . T h e re fo re , in  th e  p re p a ra t io n  o f  abso lu te  e th e r  i t  is n o t 
adv isab le  to  use m e ta llic  sod ium  w hich has b e e n  in  c o n ta c t w ith  to lu en e .

( l / а )  P re p a ra tio n  o f 180 -o c ta m e th y lc y c lo te tra s ilo x a n e  in  hom ogeneous ph ase

P e rfec tly  a n h y d ro u s  d ie th y l e th e r, w hich  d id  n o t  consum e any a m o u n t o f  th e  K a rl-  
F isch er re ag e n t, w as s a tu ra te d  w ith  w a ter co n ta in in g  4 .5 %  o f 180  by  m eans of v ig o ro u s sh ak in g  
fo r  24 hrs. T he w a ted  c o n te n t  o f th e  resu lting  so lu tio n  w as fo und  to be 0.79 g/100 m l b y  th e  
K a rl-F isc h e r m eth o d . In  a 2 1 ro u n d -b o tto m ed  fla sk  e q u ip p e d  w ith  a stirre r, a  re flu x  co n d en ser, 
a th e rm o m ete r, and  a d ro p p in g  fu nnel, 740 ml o f th e  lab e lle d  aqueous e th e r w as p laced , an d  
37.5 g (0.29 m ole) o f  (C H 3) 2SiC l2 dissolved in  80 m l o f  a b so lu te  e th e r was ad d ed  d ro p w ise , 
u n d e r v igo rous s tirr in g  a n d  cooling. T he system  w as iso la te d  from  its  e n v iro n m en t b y  a 
Mg(C104)2 to w er and  sc ru b b e rs  w ith  p araffin  oil. T he r a te  o f dropw ise add ition  w as a d ju s te d  so 
th a t  th e  te m p e ra tu re  o f th e  re ac tio n  m ix tu re  did n o t  ex ceed  32 °C. A fter s t ir r in g  fo r 4 h rs ., 
th e  dissolved h y d ro ch lo ric  acid  w as n eu tra lized  w ith  gaseo u s N H 3 dried  over so lid  K O H , so
d ium  w ire, and  sod ium  am a lg am . A fte r ev ap o ra tin g  m o s t o f th e  e th e r, the  h y d ro ly sis  p ro d u c t  
was d is tilled  using  a ro ta t in g  co lum n eq u iv a len t to  30 th eo re tic a l p la tes, to  o b ta in  3.05 g 
(14 .2% ) of G C -pure D 4( ,80 ) .

T h e  s a tu ra tio n  o f a b so lu te  e th e r w ith  labe lled  w a te r  m ay  be perform ed in  th e  v esse l 
used fo r th e  hydro lysis. T o 740 ml o f abso lu te  e th e r  th e re  w as ad ded  5.6 g o f I I 2,80  (4 .5 %  ) by  
d rops, u n d e r  s tirr in g  a n d  re flu x in g . A fter s tirr in g  a n d  re flu x in g  for 1 h r., th e  a b o v e  m e th o d  
gave 6.16 g (28 .6% ) of D 4(180 )  w hich  con ta ined  2 .5%  im p u ritie s , as show n b y  GC a n a ly s is . 
(The y ield  can be  in creased  if  h igh  p u rity  is n o t  re q u ire d .)

( l /b )P re p a ra t io n  o f I80 -o c ta m e th y lcy c lo te tra s ilo x an e  in  heterogeneous phase

In  a flask  w ith  a s tir re r , an  effic ien t re flu x  c o n d en se r, and two d ro p p in g  fu n n e ls , a 
m ix tu re  o f 1000 ml o f a b so lu te  e th e r  and  72 g (4 m oles) o f  H 2180  (4 .5% ) was p laced , a n d  516 g 
(4 m oles) o f G C -purity  (C H 3) 2SiC l2 as a 1 : 1 e th e r  so lu tio n , a n d  72 ml (4 m oles) o f  H 2180  
(4 .5 % ) w ere ad d ed  s im u lta n eo u s ly  b y  drops, u n d e r  in te n s iv e  s tirring  and  cooling , d u rin g  
1.5 hrs. T he te m p e ra tu re  d id  n o t Exceed 20 °C. A fte r  f u r th e r  s t ir r in g  for 4 hrs., th e  tw o  p h ases 
w ere s e p a ra te d  in a s e p a ra to ry  fu n n e l. The w eigh t o f  th e  u p p e r  layer was 859 g, t h a t  o f  th e  
low er one 853 g.

T h e  upper phase  w as p rocessed  as described u n d e r  ( l /а). U p  to  100°/3 to rr , 4 8 .2 %  (92.8  g) 
o f th e  siloxane m ix tu re  (o rig in a l to ta l  w eigh t 192.2 g) d is tilled  over. The am o u n ts  o f  iso la ted  
sub stan ces are  show n in T ab le  I I .

A fte r  d is tillin g  of 662 g of th e  m ix tu re  e th e r-h y d ro c h lo r ic  acid from  th e  lo w er ph ase  
(d22 = 0.861), i t  se p a ra ted  in to  tw o  layers (59.7 g o f s ilo x an e  a n d  73.1 g of aqu eo u s I iC l) . T h e  
am o u n ts  o f th e  iso la ted  su b s ta n c es  as well as th e  y ie ld s, c a lcu la te d  for d im e th y ld ich lo ro s ilan e , 
a re  show n in  T ab le  I I .

T he lab e lled  w a te r  w as recovered  as follow s: 17 g o f m eta llic  sodium  w as a llo w ed  to 
re a c t  w ith  a  m ix tu re  o f 50 g o f H 2,80  (4 .5% ) an d  200 m l o f  ab so lu te  m ethano l. T h e  re su ltin g  
N a 18O H  so lu tio n  w as used  to  m ak e  a lkaline  th e  HC1 so lu tio n  con ta in ing  th e  lab e lled  w a te r  
w hich h ad  been se p a ra ted  fro m  th e  low er layer. M eth an o l a n d  labelled  w a ter were f in a lly  se p a 
ra te d  on a f ra c tio n a tin g  co lum n.
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Table II

wO-labelled cyclosiloxanes obtained by heterogeneous hydrolysis

Upper phase 
(g)

Lower phase 
(6)

Yield
(%)

D 3( lsO) 0.08 — 0.03

D 4(180 ) 48.19 11.10 20.1

D ö(180 ) 28.62 13.82 14.3

D 6(lsO) 7.95 2.32 3.5

D 7(180 ) — 0.35 0.12

(2) Preparation of lsO-hexamethyldisiloxanc

I n  a  1 1 flask  eq u ip p ed  w ith  a  s tirre r , an  e ffic ien t re f lu x  condenser, and  a d ro p p in g  fu n n e l, 
a  so lu t io n  o f 217 g (2 m oles) o f  G C -pure (C H 3)3SiCl in  300 m l abso lu te  e th e r  w as p la c e d , and  
21 .6  g  (1 .2  m ole) o f H 2lsO (3 0 % ) w as ad d ed  b y  d ro p s  d u r in g  3 hrs., u n d e r c o n s ta n t  s tir r in g  
a n d  re flu x in g . A fte r s tirr in g  a n d  re flu x in g  fo r 8 h rs ., th e  e th e r  ph ase  was su b je c ted  to  f rac tio n a l 
d is t i l la t io n  to  o b ta in  95.2 g (5 8 % ) of labe lled  h ex am e th y ld is ilo x a n e  (G C -purity ).

H e x am e th y ld is ilo x a n e  w as sim ilarly  p re p a re d  w ith  H ,180  (4 .5% ), a n d  u se d  in  th e  
e q u il ib ra t io n  reac tions.

I I . P y ro ly  s is  o f a lk a lin e  D [ ( l80 )  polym er

T h e  pyro lysis  o f  lin e a r  d im e th y lp o ly s ilo x an es  o f h igh m o lecu la r w eig h t 
in  th e  absence  of oxygen  is know n  to  re su lt in  th e  fo rm atio n  of D 3 [3]. T h e  sim 
p le s t  w a y  o f p rep a rin g  th e  h igh  p o ly m er is th e  a lk a lin e  p o ly m eriza tio n  o f  th e  
h ig h ly  p u rif ie d  cyclic te t r a m e r .  Less th a n  0 .0 1 %  o f solid K O H  w as u sed  to  
p o ly m e riz e  D 4, th u s  th e  decrease o f th e  180  iso to p e  frac tio n  w as neg lig ib le . 
T h e  a m o u n t o f c a ta ly s t  h a d  an  im p o r ta n t  e ffec t on th e  m o lecu la r w e ig h t of 
th e  p o ly m e r  [4]. In  o rd e r to  o b ta in  th e  d e s ire d  m o lecu lar w eight (se v e ra l h u n 
d re d  th o u sa n d ) , d isso lved  C 0 2 h ad  to  be  re m o v ed  from  D 4 b y  b u b b lin g  N 2 
th r o u g h  th is  com pound , in  o rd er to  av o id  c a rb o n a te  fo rm atio n  w h ic h  w ould  
h a v e  h in d e re d  th e  re a c h in g  of th e  m o lecu la r w eig h t requ ired .

T h e  y ie ld  o f D a(180 )  in  d irec t p y ro ly s is  o f  a po lym er c o n ta in in g  Si — O K  
te r m in a l  g roups is r a th e r  low . I f  th e  la t te r ,  w h ich  ac t as eq u ilib ra tio n  c a ta ly s ts , 
a re  re m o v e d , th e  p y ro ly s is  p ro d u c t w ill c o n ta in  m ore of th e  D 3(180 ) ,  D e(180 )  
a n d  D 7(180 )  frac tio n s. T h e  re su lts  show n in  T a b le  I I I  were o b ta in e d  b y  GC 
a n a ly s is  o f  th e  py ro lysis  p ro d u c ts .
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T able  I I I

P yrolysis products o f  lsO -d im ethylpo lysiloxane

Si-OK-containing 
polymer (%)

Si-OK-free 
polymer (%)

D3 10.4 19.9

Da 56.7 36.6

d 5 25.2 19.3

Do 6.4 15.3

D, 1.5 7.1

d 8 — 1.7

In  o rd e r to  rem ove th e  Si — O K  te rm in a l g ro u p s, d ry  C 0 2 w as b u b b le d  
th ro u g h  a 10%  so lu tion  o f  th e  p o ly m er in  benzene fo r 24 hours. A fte r  f i l t r a 
tio n  a n d  rem o v a l o f  th e  so lv en t, th e  py ro lysis  w as perfo rm ed . A co p p er vessel 
w as u sed  fo r  pyro lysing  sm all a m o u n ts . A slow s tre a m  o f d ry  N 2 w as p assed  
th ro u g h  th e  system  to  exclude  air.

D u rin g  th e  d is tilla tio n  o f D 3(180 ) ,  th e  co ndenser h a d  to  be m a in ta in e d  
a t  70 °C to  avoid  so lid ifica tion  o f  th e  p ro d u c t (m .p . 65 °C).

Preparation of hexamcthylcyclotrisiloxanc by pyrolysis

In  a 50 m l fla sk  eq u ip p ed  w ith  a  s tir re r , in le t an d  o u tle t  tu b e s  fo r N 2, an d  im m ersed  
in to  a n  oil b a th  (150°), 14.2 g o f  G C -pure D 4(180  4 .5 % ) w as p laced , d ry  n itro g en  w as b u b b le d  
th ro u g h  th e  sy s tem  fo r 1 h r .,  th e n  0.0112 g (0 .0079% ) o f solid  K O H  w as ad d ed . V igorous 
s tir r in g  w as ap p lied  u n til  com ple te  d isso lu tio n  o f K O H . In  a b o u t  20— 25 m in . a  s tro n g  in crease  
o f v isc o sity  w as observed  in d ic a tin g  th a t  p o ly m eriza tio n  h a d  b eg u n . T he m olecu la r w e ig h t 
a f te r  2 h rs . a t  150° increased  to  severa l h u n d re d  th o u sa n d .

T h e  p o ly m er w as h e a te d  a t  400— 500 °C in  th e  p y ro ly s in g  vessel u n d e r d ry  N 2 fo r 15 
m in ., w hen  d e g rad a tio n  w as com ple te . Y ield : 13.04 g (9 2 % ). 1.36 g (9 .6% ) of lab e lled  h e x a - 
m eth y lcy c lo tr is ilo x a n e  w as iso la ted  in  GC p u r ity .

III. Equilibration o f diniethylsiloxancs w ith sulphuric acid

In  d im eth y ls ilo x an e  sy stem s co n ta in in g  m ono- a n d  b ifu n c tio n a l u n its ,  
re a rra n g e m e n ts  lead ing  to  eq u ilib ria  ta k e  place u n d e r  th e  in fluence  o f so -ca lled  
e q u ilib ra tio n  ca ta ly s ts  (e. g ., cone. H 2S 0 4) [5]. L e n g y e l , P r ék o pa  a n d  T ö rö k  
[6] d esc rib ed  a m ethod  fo r c a lc u la tin g  th e  eq u ilib riu m  d is tr ib u tio n  o f m o lecu la r 
w eigh ts. I n  th e  equ ilib riu m  m ix tu re  th e  n u m b e r o f  th e  m olecules te rm in a tin g  
in  m o n o fu n c tio n a l u n its , b u ilt  from  к  b ifu n c tio n a l u n its  is:

N l  =  R
R

R  +  N

N

R  +  N
( 1 )
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w here

к  — th e  n u m b e r  o f  D -un its  in  th e  m olecules MgD^,
R  — th e  to ta l  n u m b e r  o f m olecules in  th e  eq u ilib riu m  m ix tu re , i. e.

th e  n u m b e r  o f  m olecules M 2 in  th e  in itia l  m ix tu re ,
N  — th e  n u m b e r  o f  D -um ts in  th e  in it ia l  m ix tu re .

T he above fo rm u la  d eriv ed  b y  in tro d u c in g  som e sim plify ing  assu m p tio n s 
can  be  used  as a good a p p ro x im a tio n  if  th e  M /D ra tio  is n o t to o  sm all, i. e. th e  
fo rm a tio n  o f cycles is negligible.

F o r  a possible p re p a ra t iv e  use o f th e  e q u ilib ra tio n  p ro ced u re , i t  is neces
sa ry  to  know  th e  in i t ia l  com position  re q u ire d  to  o b ta in  m ax im u m  a m o u n t of 
m olecules w ith  th e  co m p o s itio n  M 2D Ä.T h e  q u e s tio n  can  be answ ered  b y  m eans 
o f  E q . (1). In tro d u c in g

N
P — ------------

R  +  ЛГ
E q . (1) can  be w r i t te n  as

N'k =  R  (1 -  P )p k. (3)
O b v iously , has m a x im u m  value if

d K
dp

=  0 .

F ro m  E q s (4) a n d  (3) we get: 

d {R p k — R p k+1

d p
i f  R  ^  0

=  k R p k~l -  {k +  l ) R P k =  0 ;

к

Р=*ТГ

(4)

(5)

( 6)

S u b s titu tio n  of th is  ex p ress io n  in to  E q . (2) gives

N  =  k R .

T h u s, m olecules w ith  M 2D/; co m p o sitio n  shou ld  form  in  m ax im u m  y ield  
in  th e  equilibrium  m ix tu re ,  if  th e  n u m b e r o f  b ifu n c tio n a l u n its  in  th e  in itia l 
m ix tu re  equals fe-tim e th e  n u m b e r o f th e  m olecules M 2.

I n  order to  h a v e  a ll m em b ers  o f  th e  series M 2D/t (k =  1, 2, 3, 4 , 5) p resen t 
in  iso lab le  am o u n ts  in  th e  eq u ilib riu m  m ix tu re , we chose an  in itia l com posi
t io n  th a t  w ould le a d  to  a n  o p tim u m  a m o u n t o f M 2D 2.

E q u ilib ra tio n  w as c a rr ie d  o u t u sin g  th e  residue  (free o f v o la tile  com po
n e n ts )  o b ta in ed  in  th e  h y d ro ly s is  o f  d im e th y ld ich lo ro s ilan e  w ith  H 2lsO (4 .5% ). 
T h is  is m ain ly  a m ix tu re  o f a , cu -d im ethy lpo lysiloxaned io ls, b u t  th e  presence
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o f  S i—CI te rm in a l groups is also p ro b ab le . T h e  ra te  of reach ing  th e  e q u ilib riu m  
in  such  he te rogeneous system s w as fo u n d  to  be m uch low er th a n , e. g ., d u ring  
th e  eq u ilib ra tio n  o f a M a -f- D 4 m ix tu re . T h e  re su lts  of 5- an d  10 -hour e q u ilib ra 
tio n s  ca ta ly zed  b y  5 an d  10%  cone. H 2S 0 4, resp ec tiv e ly , are  show n in  T ab le  IV 
to g e th e r  w ith  th e  co rrespond ing  d a ta  ca lcu la ted  from  E q . (1). T h e  com posi
t io n  was d e te rm in e d  b y  GC analysis . T h e  re su lts  show th a t  in c rea s in g  a m o u n t 
o f  th e  c a ta ly s t  a n d  longer e q u ilib ra tio n  tim es  sh ift th e  sy stem  c loser to  th e  
eq u ilib rium .

T able  TV

Calculated a n d  fo u n d  am ounts o f  siloxane oligomers in  the equilibrated m ix tu res

C alcu la ted
5 %  conc. H , S 0 4, 

5 h rs.
5%  conc. H 2S 0 4, 

10 hrs.
10%  co n c . H 2S 0 4, 

10 h rs .

m oles g m oles g m oles s m oles g

м » 0.067 10.87 — — 0.078 12.65 0.051 8.25

M„D 0.045 10.60 0.019 4.45 0.038 8.88 0.032 7.56

M 2D 2 0.030 9.25 0.011 3.39 0.014 4.51 0.020 6.18

m 2d 3 0.020 7.62 0.006 2.49 0.007 2.72 0.011 4.45

m 2d 4 0.013 6.06 0.003 1.61 0.005 2.36 0.006 2.96

m 2d 5 0.0088 4.69 0.0026 1.38 0.0034 1.82 0.0037 1.97

m 2d „ 0.0059 3.57 0.0016 0.94 — — 0.0027 1.64

M 2D , 0.0039 2.66 0.0008 0.59 — — 0.0022 1.52

M 2D8 0.0026 1.97 0.0006 0.44 — — 0.0010 0.75

P re p a ra tio n  of th e  M 2D |;( l80 )  series (k  =  1, 2, 3, 4, 5)

A m ix tu re  o f  30.00 g (0.405 m ole) o f v o la tile -free  polysiloxane, o b ta in e d  b y  h e te ro g e 
n eo u s hydro lysis a s  described  in  Section  I  ( l80  4 .5 % ) and  32.72 g (0.202 m ole) o f  lsO -hexa- 
m eth y ld is ilo x an e  (180  4 .5% ) w as m ix ed  w ith  3.13 g (5 % ) or 6.27 g (1 0 % ) o f  cone. H 2S 0 4. 
T h e  vessels co n ta in in g  th e  tw o -phase  sy s tem s w ere v igorously  shaken  fo r 5 a n d  10 h rs ., re 
sp ec tiv e ly . T he c o n te n t  o f th e  vessels w as th e n  tra n s fe rre d  to a  se p a ra to ry  fu n n e l half-filled  
w ith  w a ter, an d  w a sh e d  acid-free w ith  w a te r , aq u eo u s N a 2C 0 3, and  w a te r  a g a in , fo llow ed  by 
d ry in g  over N a 2S 0 4. T he m ix tu re  w as s e p a ra te d  on a p re p ara tiv e  gas c h ro m a to g ra p h  (cf. 
T ab le  IV). Species w ith  к =  6, 7 an d  8 w ere n o t iso la ted  in  pu re  form .
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T he N - tr i ty l  d e r iv a tiv e s  o f am ino acid  m e th y l e s te rs  a re  red u ced  to  th e  corre
spo n d in g  N -tr i ty la m in o  a lcohols b y  L iA lH 4 in  ex ce llen t y ie lds. B y  th is  m e th o d , th e  
N - tr i ty l  d e riv a tiv e s  o f  g lycine , DL-alanine an d  DL-serine w ere  co n v erted  to  th e  corre
spond ing  N -tr i ty l  am in o  alcohols in  y ields of 94, 92 a n d  9 5 % , resp ec tiv e ly . T h is p rocedure  
ap p ea rs  to be  a  new  g en era l m e th o d  for th e  p re p a ra tio n  o f am ino  alcohols fro m  am ino 
acids.

T he L iA lH 4 re d u c tio n  o f am ino acids a n d  th e ir  d e riv a tiv e s  to  am ino 
alcohols has been th e  su b je c t o f  m a n y  in v es tig a tio n s  [1 — 3]. H ow ever, s ta r tin g  
w ith  c e r ta in  am ino ac ids, th e  red u c tio n  gives am ino  alcohols in  v e ry  low  yield. 
A ccord ing  to  th e  l i te r a tu r e ,  th e  L iA lH 4 re d u c tio n  o f  serine m e th y l e s te r  gives 
serino l o n ly  in  a b o u t 3 0 %  y ie ld , an d  th e  p re p a ra tio n  o f  e th an o lam in e  affords 
s im ila rly  poor re su lts  [ la ] .

In  th is  co m m u n ica tio n , som e resid ts  o b ta in e d  in  th e  L iA lH 4 red u c tio n  
o f  N - tr i ty l  am ino ac id  m e th y l esters  are re p o rte d . T h is ap p ears  to  be  a new 
g enera l m eth o d  fo r th e  p re p a ra tio n  of am ino alcohols from  am ino acids.

T he p rocedure  is show n in  Fig. 1.

R - C H - C O O H R —CH-COOCH 3

SOC1,
NH„

C H 3- O H
NH...HC1

PI1 3CCI

R - C H - C H 2O H R - C H  COOCHj
L iA lH 4

N H -C (C eH5)3 -

!pdAL
R CH—CH,OH (CO,H), (R - C H  CH,OH), (C20 4)~

F i g .  1
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T h e  reac tio n  s tep s  sh o w n  in  F ig . 1 can  he ca rr ied  o u t re a d ily  a n d  in  good 
y ie ld s  (T able  I). T he o v era ll y ie ld s  of e th an o lam in e , a lan ino l, a n d  serino l o b 
ta in e d  from  th e  co rre sp o n d in g  am ino  acids a re  73, 70 an d  76, resp ec tiv e ly . 
P re s u m a b ly , s im ilarly  good re su lts  can  also be o b ta in e d  w ith  o th e r  am ino  acids.

T h e  m ethod  describ ed  ab o v e  is especially  p re fe rab le  fo r th e  p re p a ra tio n  
o f  a m in o  alcohols labe lled  w ith  iso topes [4], all th e  m ore  so, since a n u m b e r of 
e x c e lle n t p rocedures are k n o w n  fo r th e  p re p a ra tio n  o f am ino  ac ids labelled  
iso to p ic a lly  in  som e p o sitio n .

Table I

Y ie ld s a n d  m elting  p o in ts o f  reaction products

Com pound m. p., C°
Yield,*

%

G ly c in e  m e th y l e s te r .  HC1 176 92

N - tr i ty lg ly c in e  m e th y l  e s te r 106— 7 8 8

N - tr i ty le th a n o la m in e 8 5 — 6 94

E th a n o la m in e  o x a la te 203 96

D L -alan ine  m e th y l  e s te r  • HC1 157 95

N -tr ity l-D L -a la n in e  m e th y l  e s te r 96 84

N - trity l-D L - a la n in o l 9 6 - 8 92

d l -a la n in o l o x a la te 166 95

D L -serine m e th y l e s te r  • HC1 168 98

N -trity l-D L -se rin e  m e th y l  e s te r 146 8 8

N -tr i ty ls e r in o l 1 3 2 - 3 95

S e rin o l o x a la te 2 0 2 — 3 94

* T he values re fe r to  th e  s te p s  in d ica ted  in F ig . 1

E xp erim en tal

N -tr ity l  am in o  acid m eth y l ester

T h e  am ino acids w ere e s te r if ie d  w ith  m eth an o l in  th e  p resence  o f th io n y l chloride  [5], 
a n d  t r e a te d  w ith  t r i ty l  ch lo rid e  to  o b ta in  th e  N -tr ity l-e s te rs  [6].

N -tr ity l am ino  a lcohol

T h e  N -tr i ty l  am ino acid  m e th y l  e s te r  (0.028 m ole) w as ad ded  in  sm all p o rtio n s , w ith  
s t i r r in g ,  to  a so lu tion  of 2.7 g o f  L iA lH 4 in  200 m l of e th e r  a t  0 °C. A fte r  s t ir r in g  fo r 1 h r. a t  
th is  te m p e ra tu re ,  th e  m ix tu re  w as re flu x e d  for 2 hrs. A fte r  a d d in g  10 m l o f m e th a n o l an d  10 m l 
o f  w a te r ,  th e  p re c ip ita te  w as f i l te re d  off, w ashed w ith  e th e r  a n d  th e  e th e r  so lu tio n  d ried  over 
N a 2S 0 4. T h e  e th e r was e v a p o ra te d  a n d  th e  residue w ashed  w ith  p e tro leu m  e th e r , a n d  re c ry s ta l
l iz e d  fro m  cyclohexane.
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A m ino alcohol o x a la te

H y d ro g en o ly sis o f a  so lu tio n  of th e  N -tr i ty l  am in o  a lcohol (0.05 m ole) in abs. e th an o l 
(200 m l) was effec ted  in  th e  p resence  of P d -ch arco a l (1 0 % ; 0.8 g). A fte r ab so rp tio n  o f  th e  
th e o re tic a l a m o u n t o f h y d ro g e n , th e  c a ta ly s t  was f i lte re d  off, th e  e th an o l e v a p o ra te d  a n d  an 
a lcoho lic  e th e r  so lu tio n  of o xalic  acid  w as added  to  th e  m ix tu re . T he crude o x a la te  is u su a lly  
q u ite  p u re , b u t m ay  be fu r th e r  pu rified  by  re c ry s ta lliz a tio n  from  e th an o l or e th a n o l-w a te r .
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QUARTERNÄRE BORORGANISCHE 
VERBINDUNGEN

P . N e n n i n g  u n d  H .  H o l z a p f e l

( S ektio n  Chemie der K a rl-M a rx -U n ivers itä t L e ipzig  und  Forschungsabteilung des V E B  Labor
chemie A polda  —  D D R )

E in g eg an g en  am  1. O k to b e r 1968

E s w urden  q u a r te rn ä re  u n d  b isq u a rte rn ä re  boro rgan ische  V e rb in d u n g e n  sy n 
th e tis ie r t  u n d  ih re  A lk a lim eta llsa lzb ild u n g  sowie ih r  V erh a lten  in  w ä ß rig e r  Lösung 
u n te rsu c h t. W ir s te llte n  fe s t , d a ß  die A lk a lim etallsa lze  zum  Teil in  W a sse r  seh r schwer 
löslich  sind. A llerd ings lassen  sich einzelne A lk a lim eta llk a tio n en  n ic h t  sp ez ifisch  aus- 
fä llen , so daß  die h e rg es te llten  V erb in d u n g en  als an a ly tisch e  R eag en zien  w ahrschein lich  
k e in e  Z u k u n ft h a b en .

Die h e rg este llten  b o ro rg an isch en  K o m plexe  sind  gegen h y d ro ly tisc h e  Z ersetzung  
b es tän d ig , wenn die E le k tro n e g a tiv itä tsd iffe re n z  zw ischen Z e n tra la to m  u n d  L iganden 
g e rin g  is t und  im  L ig an d en  M esom erie n ic h t m öglich  ist.

D ie S yn these  q u a r te rn ä re r  b o ro rg an isch er V erb in d u n g en  m it  a ro m a ti
sch en  L igan d en  gelang  e rs tm a lig  G. W it t ig  u n d  M ita rb e ite rn  [15, 17]. Seither 
sind  eine  große A nzah l S u b s ta n z e n  dieses V e rb in d u n g sty p s  d a rg e s te ll t  w orden, 
die zu m  T eil wegen ih re r  F ä h ig k e it zu r B ildung  schw erlöslicher A lk a lim e ta ll
salze d as  In te resse  d e r A n a ly tik e r  hervo rrie fen . Im  H in b lick  a u f  ih re  V erw end
b a rk e it  zu r A lk a lim e ta llb es tim m u n g  w u rd en  das N a tr iu m te tra p h e n y lb o ra n a t 
[14], N a tr iu m tr ip h e n y lc y a n o b o ra n a t [3], L ith iu m te tra -p - to ly lb o ra n a t  [10] 
u n d  K a liu m te tra -2 -p h e n y lb o ra n a t [11] au sfü h rlich e r u n te rs u c h t . Ü b e r die 
H a ltb a rk e it  w äßriger R eagenzlösungen  w ird  U n tersch ied lich es  b e rich te t. 
W ä h re n d  N a tr iu m te tra p h e n y lb o ra n a tlö su n g e n  w ochenlang  o hne  V e rä n d e ru n 
gen a u fb e w a h rt w erden  k ö n n en , t rü b e n  sich  L ith iu in te tra -p - to ly lb o ra n a t-  
lö su n g en  bei L u f tz u tr i t t  schon  n ach  w enigen S tu n d en . Ü b e r d ie  U rsachen  
dieses u n te rsch ied lich en  V erh a lten s  is t w enig b e k a n n t.

W ir u n te rsu c h te n  bei q u a r te rn ä re n  b o ro rg an isch en  V e rb in d u n g e n  den 
E in f lu ß  v e rsch iedener L ig an d en  a u f  die L öslichkeit d er A lk a lim e ta llsa lze  
u n d  d ie  R esistenz d e r e rh a lte n e n  w äßrigen  L ösungen  gegen H y d ro ly se .

Im  T e tra p h e n y lb o ra n a ta n io n  sind  die v ie r B ind u n g en  zw isch en  dem 
B o ra to m  u n d  den P h e n y lg ru p p e n  g le ichartig , da  m an  an n e h m e n  k a n n , daß 
das B o r  in  seinen q u a r te rn ä re n  K o m p lex v erb in d u n g en  sp 3-h y b r id is ie r t  ist. 
N ach  d e r PAULiNGschen E le k tro n e g a tiv itä ts sk a la  [7] h a t  B o r d ie  E le k tro 
n e g a t iv i tä t  2,0. E in e  P h e n y lg ru p p e  h a t  die G ru p p e n e le k tro n e g a tiv itä t  2,5 
[12], so d aß  m an n a c h  d e r PAULiNGschen N äherungsfo rm el

-  - j -  (x a - xbY
Io n e n c h a ra k te r  = 1  — e
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Жд =  E le k tro n e g a tiv itä t  des Z en tra la to m s
Xß =  E le k tro n e g a tiv itä t  des L iganden

d e n  Io n e n c h a ra k te r  d er B in d u n g  zwischen dem  Z e n tra la to m  B or u n d  je d e r  
P h e n y lg ru p p e  zu a n n ä h e rn d  6 %  berechnet.

D ie  vorw iegend k o v a le n te  B indung g ib t e in em  p o la ren  h y d ro ly sie ren d en  
A g en z  k e in e n  bevo rzu g ten  A n g riffsp u n k t, so d a ß  e ine  w äßrige  L ösung  eines 
T e tra p h e n y lb o ra n a te s  b e i R a u m te m p e ra tu r  r e c h t  h y d ro ly se re s is te n t is t.

S u b s titu ie r t  m an e in e n  L ig a n d e n  im q u a r te rn ä re n  K o m p lex , w ird  die S y m 
m e tr ie  d e r  E le k tro n e n v e rte ilu n g  um  das Z e n tra la to m  g es tö rt. D ie S tö ru n g  is t 
u m  so au sg ep räg te r, je  m e h r  s ic h  nunm ehr die E le k tro n e g a tiv i tä t  des L iganden  
v o n  d e r  des B oratom s u n te r s c h e id e t  und je  s tä rk e r  M esom erie im  L ig an d en  
a u f t r e te n  kann . Bei d en  v o n  uns h ergeste llten  V erb in d u n g en  N a tr iu m tr i-  
p h e n y l-p -b ro m p h e n y lb o ra n a t (I), N a tr iu m tr ip h e n y l-p -d ip h e n y lb o ra n a t (II) 
u n d  N a triu m tr ip h e n y l-p -b ro m d ip h e n y lb o ra n a t (III) lä ß t  sich d ieser E in flu ß  
d u rc h  M essung der H y d ro ly seg esch w in d ig k e it in  w ä ß rig e r  L ösung verfo lgen . 
W ä h re n d  die B indung z w isc h e n  dem  Z e n tra la to m  B o r  u n d  den  drei P h e n y l
g ru p p e n  im  w esentlichen u n b e e in f lu ß t b le ib t, i s t  d ie  B in d u n g  zum  v ie rte n  
L ig a n d e n  s tä rk e r p o la r, so d a ß  die h y d ro ly tisch e  Z e rse tzu n g  des K om plexes 
a n  d ie se r  Stelle seinen A u s g a n g  n im m t. D ie im  v ie r te n  L iganden  m ögliche 
M eso m erie  kann  bei d en  S u b s ta n z e n  I bis III als d ie  H a u p tu rsa c h e  fü r  die 
U n b e s tä n d ig k e it  der V e rb in d u n g e n  in w äß rig e r L ö su n g  angesehen  w erden .

U m  eine stabile q u a r te r n ä r e  bororganische V e rb in d u n g  zu e rh a lte n , m u ß  
d e r  v ie r te  L igand n ic h t u n b e d in g t  ein a ro m a tisc h e r  R e s t sein. B e k a n n t is t 
d a s  N a tr iu m tr ip h e n y lc y a n o b o ra n a t  (IV) als R e a g e n z  a u f  C äsium  [3]. U nsere  
M essu n g en  über einen lä n g e re n  Z eitraum  h a b e n  gezeig t, daß  eine 10 ~2 M  
L ö s u n g  v o n  IV w eniger h y d ro ly se re s is te n t is t  als e in e  L ösung  von  N a triu m - 
te tr a p h e n y lb o ra n a t  (V) g le ic h e r  K o n zen tra tio n . A llerd in g s sind  die U n te r 
sc h ie d e  n u r  gering. W ir f ü h r e n  das au f die T a ts a c h e  zu rü ck , daß  die P h e n y l
g ru p p e  u n d  die C y a n id g ru p p e  die gleiche G ru p p e n e le k tro n e g a tiv itä t  h ab en  
[12] u n d  deshalb in  ih re m  B in d u n g sv e rh a lten  g eg en ü b e r dem  Z e n tra la to m  
k e in e  w esentlichen  U n te rs c h ie d e  zeigen. D er f rü h e r  v o n  an d ere r Seite  [17] 
v o rg esch lag en en  F o rm u lie ru n g  m esom erer G ren z fo rm en  in n e rh a lb  d er C y an id 
g ru p p e  s tim m en  w ir d e sh a lb  n ic h t  zu, weil die d o r t  p o s tu lie rte  V ersch iebung  
d e r  b in d e n d e n  E le k tro n e n p a a re  zwischen Z e n tra la to m  u n d  L iganden  zu  einer 
s t a r k e n  P o larisierung  d e r  B in d u n g e n  und  d a m it z u  e in er h y d ro lysean fä lligen  
V e rb in d u n g  führen  m ü ß te . N a tr iu m tr ip h e n y lc y a n o b o ra n a t ab er is t  in  w äß rig er 
L ö s u n g  re la tiv  b eständ ig .

A u s den oben a n g e g e b e n e n  G ründen is t  es au c h  n ich t gelungen , eine 
fa rb ig e  q u a rte rn ä re  b o ro rg a n isc h e  V erb indung h e rz u s te lle n . Als C hrom ophore 
k ö n n te n  n u r  ein oder m e h re re  L iganden  w irk en , d ie  ein  R eso n an zsy stem  au s
b ild e n  kö n n en . Das b in d e n d e  E lek tro n en p aar w ü rd e  ab e r in  die R esonanz

Acta Chim. Acad. Sei. Hung. 61, 1969



NENNING, HOLZAPFEL: QUARTERNÄRE BORORGANISCHE VERBINDUNGEN 423

e inbezogen , w odurch  die B in d u n g  B or-L ig an d  so p o la r  w ird , d aß  d e r K o m p le x  
s ta rk  h y d ro ly sean fä llig  w ird  u n d  fü r  den A n a ly tik e r  n ic h t m eh r w e rtv o ll is t.

I n  w äß rig e r L ösung h y d ro ly s ie ren  N a triu m sa lze  q u a r te rn ä re r  b o ro rg a n i
sch er V erb in d u n g en  zu D ia ry lb o rsä u re  bzw . A ry lb o rsäu re  u n d  N a tro n la u g e , 
w as sich  in  e iner p H -V ersch ieb u n g  zum  a lk a lischen  M ilieu h in  ä u ß e r t .  D ie 
Z e ita b h ä n g ig k e it der p H -V ersch ieb u n g  is t ein  M aß fü r  die H y d ro ly se a n fä llig 
k e it des q u a rte rn ä re n  B o rk o m p lex es. S te llt m an  eine 10 ~2 M  L ö su n g  der 
S u b s ta n z  I  h er u n d  b rin g t sie a u f  p H  =  6 , v e rsc h ie b t sich  in n e rh a lb  v o n  8 T a 
gen d e r p H -W e rt au f 6,6 , im  F a lle  d er V e rb in d u n g  I I  v ersch ieb t er s ich  in n e r
h a lb  v o n  3 T agen  bis zum  W e rt 7,5 u n d  im  F a lle  d e r V erb in d u n g  I I I  in n e rh a lb  
von  8 T ag en  a u f  7,7, um  sich  d a n n  k a u m  n och  zu  e rhöhen . In  e in er e n ts p re 
c h en d en  N a tr iu m te tra p h e n y lb o ra n a tlö su n g  b le ib t d e r p H -W e rt ü b e r  14 T age 
u n v e rä n d e r t ,  ebenso bei L ö su n g en  d e r V erb in d u n g en  XI u n d  X II (siehe u n te n ) . 
E in e  10 ~2 M  L ösung von  IV v e rä n d e r t  in n e rh a lb  dieses Z eitrau m es d en  p H - 
W e rt u m  0,2 E inhe iten .

U m  q u a r te rn ä re  b o ro rg an isch e  V erb in d u n g en  zu  an a ly tisch en  Z w eck en  
e in se tzen  zu  können , is t es w ü n sch en sw ert, die L öslichke it d er A lk a lim e ta ll
salze in  W asse r zu  v errin g ern . D ie L öslichke it w ird  o ffen b ar b e e in f lu ß t d u rc h  
den  h y d ro p h o b e n  C h a rak te r  d e r L ig an d en , d er u n te r  anderem  von  ih re r  G röße 
a b h ä n g t. Salze von q u a r te rn ä re n  b o ro rgan ischen  V erb in d u n g en , d ie  p -D i-  
p h e n y lg ru p p e n  bzw. N a p lith y lg ru p p e n  als L ig an d en  e n th a lte n , so llte n  im  
a llgem einen  schw erer löslich sein  als Salze von  T e tra p h e n y l-  oder T e tra a lk y l-  
p h e n y lb o ra n a te n . A n d ererse its  is t b e k a n n t, d aß  g rößere L iganden  am  B o ra to m  
s te risch e  H in d eru n g en  h e rv o rru fe n  können , die von  einem  s ta rk e n  A n stieg  
d er L ö s lich k e it der A lka lim e ta llsa lze  beg le ite t sind . So is t es aus rä u m lic h e n  
G rü n d en  n ic h t  m öglich, das T e tra -o -d ip h en y lb o ra n a t [16] oder das T e tra -a -  
-n a p h th y lb o ra n a t  da rzu ste llen . E s geling t ab e r, T r i-o -d ip h e n y l-p h e n y lb o ra n a t 
(V I) [16] u n d T r i-a -n a p h th y l-p h e n y lb o ra n a t (VII) [8 ] sowie T r i-a -n a p h th y lc y a -  
n o b o ra n a t (VIII) [4] d a rzu ste llen . A lk alim eta llsa lze  v o n  VI sind  generell löslich , 
w ä h re n d  d ie  en tsp rech en d en  Salze v o n  VII u n d  V III sich zw ar w en ig e r g u t 
lösen , a b e r  im m er noch  b esse r als die Salze von  V, w as a u fg ru n d  d e r  G röße 
d e r L ig a n d e n  u n e rw a rte t is t. S te risch e  G ründe  d ü rf te n  fü r  dieses V e rh a lte n  
ebenso  m aß g eb en d  sein, w ie bei den  von  G. W ittig  u n d  M ita rb e ite rn  u n te r 
su c h te n  о-u n d  m  T e tra to ly lb o ra n a te n  [16].

U m  u n erw ü n sch te  s te risch e  E ffek te  zu  v e rm eid en , s te llte n  w ir  das 
T e tra -p -d ip h e n y lb o ra n a t (IX ) [9] u n d  das T r i-p -d ip h e n y lc y a n o b o ra n a t (X) 
her. In  d e r  T a t  sind  die A lk a lim e ta llsa lze  d ieser V e rb in d u n g en  in  W a sse r seh r 
schw er löslich , doch is t an  eine an a ly tisch e  V erw endung  d er V e rb in d u n g e n  als 
R eag en z ien  a u f  A lk a lim e ta llk a tio n en  n ich t zu d en k en , weil sie jeg lich e  S e lek 
t iv i t ä t  v erm issen  lassen. S chon  die L ith iu m salze  s ind  in  W asser s e h r  w en ig  
löslich. U n te rsu ch u n g en  d e r H y d ro ly se re s is ten z  d e r K om plexe  w aren  au s  d ie 
sem  G ru n d e  unm öglich.
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Als zw eiten W eg  z u r  V erm in d eru n g  d e r  L öslich k e it d e r A lk a lim e ta ll
sa lze  w äh lten  w ir d ie  S y n th e se  b isq u a r te rn ä re r  b o ro rg an isch er V erb in d u n g en . 
D ie  U m setzu n g  v o n  T r ia ry lb o r  m it p -D ilith iu rn p h e n y l oder -d ip h en y l fü h rte  
zu  d e n  V erb indungen

D ie L ith iu m salze  (u n d  auch  die N a tr iu m sa lz e )  sind  in  W asser g u t löslich. 
K  + , R b + und  C s+ la s se n  sich  m it e iner v e rd ü n n te n  L ith iu m sa lz lö su n g  aus- 
fä lle n . Die W asse rlö s lich k e it der K alium -, R u b id iu m - u n d  C äsium salze s in k t 
in  d e r  R eihenfolge d e r  V e rb in d u n g en  X I—X II—X III—XIV. D as C äsium salz 
v o n  X I is t aber n u r  u n w e se n tlic h  schw erer lö slich  als das C äsiu m te trap h en y l- 
b o r a n a t  (4,5 • 10 -5 Mol/1 gegenüber 4,8 • 10 ~5 M ol/I), w äh ren d  sich  die K a 
liu m sa lze  von XIV u n d  V im m erh in  um  eine  Z eh n e rp o ten z  in  d er L öslichkeit 
u n te rsc h e id e n  (4 • 10 ~5 Mol/1 gegenüber 3,4  • 10 ~4 Mol/1). A m  B eisp iel der 
V e rb in d u n g  XI w u rd e  fe s tg e s te llt , daß  bei p H  =  6 au ß er K +, R b +, C s+ noch  
N H 4 +, A g + u n d C u ++ (u n te r  teilw eiser Z e rse tz u n g  des K om plexes) N ieder
sch läg e  geben, w ä h re n d  M g + + , Ca + +, S r + + , B a  + +, Co + +, N i + +, A l+ + +, 
Z n  + + , Cd + +, P b  + + , M n + +, B i+ + +, ( U 0 2) ++ keine schw erlöslichen  Salze 
b ild e n . S ta rk e  O x id a tio n sm itte l , k o n z e n tr ie r te  S äu ren  u n d  L au g en  zerse tzen  
d e n  K om plex , V e rb in d u n g  XI g ib t z. B . m it  conc . A m m oniak  B o rtrip h en y l- 
a m m o n ia k a t.

D ie angegebenen  W e rte  der L öslichke it h a b e n  w ir d u rch  L e itfäh ig k e its 
m essu n g en  in g e s ä tt ig te n  w äßrigen  L ösu n g en  b e s tim m t. D abe i e rh ie lten  w ir 
f ü r  die Io n en b ew eg lich k e it des A nions v o n  X I  den  W ert 15 cm 2/O hm  • val.

D ie T a tsache , d a ß  d ie  K alium -, R u b id iu m - u n d  C äsium salze des jp-Di- 
p h e n y le n b is -( tr ip h e n y lb o ran a t)-a n io n s , d as  m a n  sich fo rm al aus zwei T e tra - 
p h e n y lb o ra n a ta n io n e n  a u fg e b a u t denken  k a n n , n ich t w esen tlich  schw erer 
lö s lic h  sind als die e n tsp re c h e n d en  T e tra p h e n y lb o ra n a te , zeig t, d aß  au ch  die 
b isq u a r te rn ä re n  b o ro rg a n isc h e n  V erb in d u n g en  als an a ly tisch e  R eagenzien  
g eg en ü b er dem N a tr iu m te tra p h e n y lb o ra n a t  k e in e  V orteile  b ie ten . W ir ste llten  
fe s t, d aß  bei der F ä llu n g  des Cäsium salzes v o n  X I in  sau re r L ösung  (p H  =  3) 
k e in e  H ydrogensalze e n ts te h e n , ebensow enig h a b e n  w ir die E x is te n z  gem isch
t e r  N atriu m -C äsiu m sa lze  nachw eisen k ö n n e n . D as V erh ä ltn is  A lk a lim e ta ll
k a t io n  : kom plexem  A n io n  is t s te ts  2 : 1, w o b e i d ie  be iden  K a tio n e n  id en tisch  
s in d .

W ir m üssen also  fe s ts te llen , daß  V e rg rö ß e ru n g  der L ig an d en  bei T e tra -  
p h e n y lb o ra n a tv e rb in d u n g e n  zu einer u n sp ez ifisch en , alle A lk a lim e ta llk a tio n en  
u m fassen d en  L ö s lich k e itsv e rm in d eru n g  f ü h r t .  B isq u a rte rn ä re  bo rorgan ische

jo -P h en y len b is-( tr ip h en y lb o ran a t)
p -D ip h e n y le n b is -( tr ip h e n y lb o ra n a t)
p -P h e n y le n b is - ( tr i-a -n a p h th y lb o ra n a t)
p -D ip h e n y le n b is -( tr i-a -n a p h th y lb o ra n a t)

(XI)
(XII)
(XIII) [13]
(XIV) [13]
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V erb in d u n g en  sind in  ih rem  L ö s lic h k e itsv e rh a lte n  den T e tra a ry lb o ra n a te n  
äh n lich . D ie E rfassungsgrenze  fü r  g roße A lk a lim e ta llk a tio n en  lieg t im  F alle  
b isq u a r te rn ä re r  boro rgan ischer V erb in d u n g en  allerd ings — d u rc h  d ie  Z u 
sam m en se tzu n g  des K om plexes b e d in g t — ungünstiger.

D ie  K o n s titu tio n  d e r e rh a lte n e n  V erb indungen  w urde  d u rc h  E le m e n 
ta ra n a ly s e , flam m en fo to m e trisch e  A lk a lim eta llb estim m u n g , S u b lim a ta b b a u  
[1], M o lek u la rg ew ich tsb estim m u n g  u n d  IR -S p e k tre n  sicherg este llt.

B ei dem  V ergleich der IR -S p e k tre n  von  25 q u a r te rn ä re n  b o ro rg an isch en  
V e rb in d u n g e n  s te llten  w ir fe s t, d aß  m it geringen  A bw eichungen  s te ts  die 
B a n d e n  bei 1260 cm - 1 u n d  860 cm  _1 a u ftre te n , die von  C. R i c h t e r  [9] einer 
B o r-K o h le n s to ff-B in d u n g  zu g e o rd n e t w erden . Die B anden  t r e te n  n u r  auf, 
w enn  m in d esten s 3 a ro m atisch e  L ig an d en  im  K om plex  v o rh an d en  s in d .

Experimenteller Teil

1. D arstellung der Verbindungen I bis III

Z u e in e r L ösung von p -B ro m p h en y l- , p -D ip h en y l- bzw. p -B ro m d ip h e n y lm a g n es iu m - 
b ro m id  in  Ä th e r  oder T e trah y d ro fu ra n  (T H F ) fü g t m an  u n te r  strengem  L u fta u ssch lu ß  (S c h u tz 
gas A rg o n ) d ie berechnete  M enge B o rtr ip h e n y l [6] in Ä th er. N ach  A bflauen  d e r s tü rm isc h e n  
R e a k tio n  e rw ä rm t m an  noch 2 S tu n d e n  am  R ü ck flu ß . D er GlLMAN-Test [2] is t j e t z t  n e g a tiv . 
D ie  a b g e k ü h lte  R eak tio n sm isch u n g  g ib t  m an  in e isk a lte  Sodalösung, dabei sc h e id e t sich 
M g C 0 3 ab . D ie organische P h ase  w ird  im  S ch e id e trich te r  ab g e tren n t, die w äßrige  P h a se  d re im al 
m it Ä th e r  e x tra h ie r t .  Die E x tra k te  w erd en  m it Soda sicc. g e tro ck n e t, im  V a k u u m  u n te r  A r 
e in g een g t, B enzol w ird zugefüg t u n d  d e r  le tz te  Ä th e r ab d es tillie rt. D as a u sfa llen d e  m ik ro 
k r is ta llin e  P u lv e r  w ird ü b er einen F ilte r t ie g e l G 4 a b f il tr ie r t,  m it B enzol g ew asch en  u n d  im 
V a k u u m  g e tro c k n e t. Zur w e ite ren  R e in ig u n g  w ird  d ie S u b stan z  in Ä th e r ge löst, d ie  L ösung  
w ird  f i l t r ie r t  u n d  e rn eu t m it B enzol e in g ed am p ft. A usb eu ten  ca. 30%  T h.

D arstellung <ler Verbindung X

Zu e in e r L ösung von p -D ip h en y lm ag n esiu in b ro m id , e rh a lte n  aus 4 g Mg u n d  38 g p - 
-B ro m d ip h e n y l, in  T H F  fü g t m an  tro p fen w eise  8 g B F 3-ä th e ra t.  N ach  A b flau en  d e r  R e a k tio n  
k o c h t m an  2 S tu n d en  am  R ü ck flu ß , d e s til l ie r t  die g rö ß te  M enge T H F  ab u n d  e x tr a h ie r t  den 
R ü c k s ta n d  m it Benzol. Die E x tra k te  w erd en  v e re in ig t, 100 m l T e tra lin  u n d  20 g N aC N  zu 
g efü g t, a u f  dem  L u ftb a d  das B enzol g rö ß ten te ils  ab d es tillie r t u n d  30 M in u ten  bei 110 °C ge
h a lte n . M an lä ß t  abküh len , f i l t r ie r t  v o m  T e tra lin  ab , lö st den  N iedersch lag  in e in e r W a sse r— 
A ceton-M ischung , f i ltr ie r t  u n d  fä ll t  d ie bo ro rg an isch en  K o m p lex v erb in d u n g en  m it  K  + , R b  + 
o d er C s+ au s. D er farb lose  N iedersch lag  w ird  a b f il tr ie r t  u n d  ü b e r P„Or, g e tro c k n e t.

Darstellung der Verbindungen XI und XII

Z u e in e r Suspension von  D ilith iu m p h e n y l (XV) bzw. D ilith iu m d ip h cn y l (XVI) in  P e tro l
ä th e r  t r o p f t  m an  in  der K ä lte  eine L ö su n g  von  B o rtr ip h en y l in Ä th er. Die R e a k tio n  g e h t  u n te r  
sch w ach er W ärm etö n u n g  v o r sich  u n d  e in  k ris ta llin e r  N iedersch lag  fä llt  aus. D a s  L ö su n g s
m itte l  w ird  d e k a n tie r t ,  der N iedersch lag  w ird  m it P e tro lä th e r  und  d an n  m it B enzol gew asch en . 
E r  w ird  in A ceto n  gelöst, die L ösung  w ird  f i l t r ie r t  u n d  n ach  B enzolzusatz  im V a k u u m  e in g een g t. 
M an e rh ä l t  die re ine  V erb indung  in ca. 2 5 % ig er A usbeute .
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D arste llung  der Verbindungen X III  und XIV

Z u einer S uspension  v o n  XV bzw. XVI in  P e t r o lä th e r  (30— 50 °C) tro p f t  m an  die in 
P e t r o lä th e r  gelöste b e re c h n e te  M enge  T ri-a -n ap h th y lb o r zu . A ls S chu tzgas f in d e t wie s te ts  A r 
V e rw en d u n g . Man k o c h t 30 S tu n d e n  am  R ückfluß , e n g t d ie  L ösung  ein, f i l t r ie r t  ab  u n d  lö st 
d e n  N iedersch lag  in W asse r. M a n  neu tra lis ie rt so fo rt m it  E ssigsäu re  u n d  fä ll t  die K a liu m -, 
R u b id iu m -, Cäsium- u n d  A m m o n iu m sa lze  aus.

M essung der Hydrolysegeschwindigkeit

I n  10“- M  L ösungen  d e r  en tsp rechenden  N a tr iu m sa lz e  w erden  hei 20 °C a lle r  24 S tu n 
d e n  m it  einer G laselek trode d ie  p H -W erte  gemessen. A ls A n ze ig eg erä t d ie n t das p H -M eß g e rä t 
M V 11 S der Fa. C lam ann u n d  G ra h n e rt ,  D resden.

M essung der Ionenbeweglichkeit von XI

E in e  besonders g e re in ig te  P ro b e  von XI w ird  e ingew ogen  (60.63 m g) u n d  m it L e it
fäh ig k e itsw asse r au f 100 m l a u fg e fü llt . W ir ste llten  e ine  V erd ü n n u n g sre ih e  he r u n d  h ab en  die 
L e itfä h ig k e it  m it dem  L e itfäh ig k e itsm eß g e rä t der F a .  R a d e lk is  gem essen.

c 4/3 k ( ') лс
1 •■ 1 0 “4 2,4 • 10“ 5 90
2 • 10“ 4 4.1 ■ 10“ 5 77
3 ■ 10“ 4 6,0 • 10“ 5 75
4 • 10“ 4 6,9 ■ IO“ 5 65
5 ■ IO“ 4 8,1 ■ IO“ 5 61

( ')  4/3 is t  die G e fäß k o n s tan te .
D u rc h  graphische E x tr a p o la t io n  ergibt sich eine Io n en b ew eg lich k e it von  15 cm 2/O h m ‘ val.

Bestim m ung der Schm elzpunkte

D ie Schm elzpunkte  h a b e n  w ir  au f einem M ik ro h e iz tisch  n a ch  B o e t i u s  b e s tim m t.

V erb in d u n g N a -sa lz

°C

K-salz

°C

R b -sa lz

°C

Cs-salz

°C
I 440 490 410 440
II 400 440 410 420
II I 315 300 360 340
VII 178* — 340 360
VIII 265 280 — ■—

X — 220 240 270
XI 450 470 430 390
XII — 450 490 470

* L ith ium salz

D ie  Substanzen  sc h m e lz e n  n ach  B rau n fä rb u n g  u n te r  Z ersetzung . D ie A n g ab e  de 
S c h m e lz p u n k te  ist d esh a lb  no tw en d ig erw eise  m it e in em  g rö ß e re n  F eh le r als n o rm al b e h a f te t
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Die In fra ro tsp e k tren

D ie IR -S p e k tren  w urden  an e inem  U R  10 d e r F a . Carl Zeiß au fg en o m m en  (K B r-T a-
h le tte ) .
I :  3060 m , 3005 w, 2985 w,2880 w , 1610 w , 1580 w, 1480 m , 1430 m , 1260 w , 1185 w , 1155 w, 
1070 w , 1050 w , 1035 w, 1010 w , 860 w , 815 w , 750 s, 720 ss, 622 w, 607 m .
П : 3065 s, 3010 s, 2995 m , 2975 m , 1610 m , 1590 m , 1490 ss, 1435 s, 1395 w , 1260 w , 1190 w, 
1160 m , 1075 w, 1035 w, 1010 w , 870 w , 860 w, 825 s, 760 ss, 750 ss, 730 ss, 720 ss, 700 ss, 
663 w , 627 m , 620 m , 610 s, 500 w , 490 m .
I I I :  3065 m , 3005 m , 1585 w, 1485 ss, 1435 m , 1380 w, 1270 w, 1190 w, 1165 m , 1080 w , 1035 w, 
1010 m , 860 w , 815 ss, 765 ss, 745 ss, 725 ss, 715 ss, 610 m .
X : 3060 w, 3025 m , 2175 m , 1600 m , 1485 ss, 1450 w, 1390 w, 1255 w, 1160 w , 1115 w , 1080 w, 
1010 m , 895 w , 830 s, 770 ss, 750 s, 705 s, 560 w , 510 w.
X I: 3065 s, 3000 s, 2975 s, 1620 m , 1590 m , 1570 w , 1485 ss, 1435 s, 1315 w , 1265 m , 1190 s, 
1180 m , 1160 s, 1130 w, 1075 m , 1035 m , 1010 w , 1000 w , 875 m , 860 s, 815 m , 750 ss, 720 ss, 
630 s, 620 s, 610 ss, 490 m , 470 m.
X II: 3065 ss, 3050 s, 3010 s, 2995 s. 1625 w , 1590 m , 1490 ss, 1440 s, 1390 w , 1275 m , 1190 m , 
1165 s, 1075 m , 1040 m , 1015 m , 865 m , 855 m , 820 s, 770 s, 750 ss, 720 ss, 685 s, 620 s, 610 s, 
500 m , 475 m , 465 m.

R E F E R E N C E S

1. F l a sc h k a , H ., A m in , A. M., H o l a se k , A .: Z. ana l. Chem. 138, 241 (1953).
2. G il m a n , H .: J .  A m er. Chem . Soc. 47, 2002 (1925).
3. H avir , J.: Collect, czecbolov. chem. Commun. 26, 1775 (1961).
4. H o l z a p f e l , H ., N e n n in g , P ., D ö p e l , P .: Z. Chem . 5, 315 (1965).
5. K r a u s e , E ., N it s c h e , P .: B er. d tsc h . chem . Ges. 54, 2784 (1921).
6. K r a u s e , E ., N it s c h e , P .: B er. d tsc h . chem . Ges. 55, 1261 (1922).
7. P a u l in g , L .: Die N a tu r  d e r chem ischen  B in d u n g . V erlag  Chemie, W ein h eim , 1964.
8. R a s u w a je w , G. A., B r il k in a , T . G .: B er. A k ad . W iss. U dS SR  91, 861 (1953).
9. R ic h t e r , C.: D isserta tion . Leipzig , 1962.

10. S a so n o w a , W . A., L eo n o w , W . W .: J .  an a l. Chem ie (russ .) 14, 483 (1959).
11. S a so n o w a , W . A .: B er. A kad . W iss. U d S S R  1295 (1957).
12. S t a a b , H . A .: E in fü h ru n g  in d ie th eo re tisch e  organ ische  Chemie. V erlag  C hem ie, W einheim ,

1962.
13. S t ir n , H .: D ip lom arbeit. Leipzig , 1966.
14. T o l l e r t , H .: A n a ly tik  des K a liu m s. E n k e  V erlag , S tu t tg a r t ,  1962.
1 5 .  W i t t i g ,  G.: N a tu rw issen sch aften  3 4 ,  216 (1947).
16. W it t ig , G., H e r w ig , W .: Chem . B er. 88, 962 (1955).
17. W it t ig , G., R a f f , P .: L iebigs A nn. C hem ie 573, 195 (1950).

P e te r  N e n n i n »  

H e i n z  H o l z a p f e l
I 701 L eipzig , L ieb ig s tr . 18. D D K .

7 Acta Chim. Acad. Sei. Hung. 61, 1969





B O O K  R E V I E W S  B U C H B E S P R E C H U N G E N  -  Р Е Ц Е Н З И И  К Н И Г

К . K ü h n e : Glas, seine H erstellung u n d  A n w en d u n g . T heodor S te in k o p ff, D re s
d en  1968. 98 S e iten , 26 A bb. 62 Q u.

Die th eo re tisch e n  u n d  p ra k tisc h en  K e n n tn is se  de r einzelnen In d u striezw e ig e  sin d  in  
d en  m ittle rw e ile  ersch ienenen  H an d b ü ch e rn  a u sfü h rlic h  zusam m engefaß t. Ü b e r E n tw ic k lu n g en  
w ä h ren d  u n d  seit ih re r  E rsch ein u n g  b e r ic h te n  jed o c h  n u r  F ach ze itsch riften , d e ren  S tu d iu m  
v ie l Z eit und  M ühe b e an sp ru c h t. D ie e inzelnen  B än d e  de r T echnischen F o r ts c h r i ttsb e r ic h te  
w ollen  ü b e r  diese Schw ierigkeit hinw eg helfen . D ie im  vorigen  J a h r  e rsch ienene M onograph ie  
d e r  Serie b e faß t sich  m it Glas.

D er erste  A b s c h n itt  des B uches sc h ild e rt die gesch ich tliche E n tw ic k lu n g  des G lases, 
u n te r  B eto n u n g  d e r be iden  sp ru n g h a ften  W en d e p u n k te , nam en tlich : die E n td e c k u n g  der 
P fe ife  u n d  die T ä tig k e it  von  Sch o tt .

D er zw eite A b sc h n itt  b e faß t sich m it d e r C hem ie u n d  P hy sik  des G lases. D ie B eg rü n 
d u n g e n  des V erfassers, w arum  die Glas- u n d  k e ram isch e  In d u str ie  in de r E n tw ic k lu n g  h in te r  
d e r  M etallu rg ie  zu rü ck b lieb , sind  b eac h te n sw ert. D ie le tz te re  d ien te  näm lich  z u r  E rzeu g u n g  
v o n  W affen  und K rieg sau srü s tu n g en , w o ra u f g roßes G ew ich t gelegt w urde. S o d a n n  w erden 
d ie  g eg enw ärtig  b e k a n n te n  G lassorten  a u f  G ru n d  ih re r  V erw endung in G ru p p en  a u fg e te ilt, 
u n d  d ie chem ischen u n d  p h y sika lischen  E ig e n sc h a fte n  des Glases beschrieben.

In  dem  den g lasa rtig en  Z u stan d  b e h an d e ln d e n  A b sch n itt fa ß t de r V erfasse r die von  
Z a c c h a r ia se n , L e b e d e w , Vogel u n d  W e y l  a u sg e a rb e ite te n  T heorien  zu sam m en , u m  d an n  
a u f  d e ren  G rundlage eine neue D efin ition  au fzu ste llen . A nschließend w erden  d ie Z u sam m en 
h än g e  zw ischen den in  die G läser e in g eb au ten  Io n e n  u n d  den G laseigenschaften  b esp rochen .

D er näch ste  A b s c h n itt  b e sch re ib t b eso n d ere  G lassystem e, die d u rch  n a ch trä g lic h e  B e 
h a n d lu n g  zu neuen P ro d u k te n  fü h rte n , wie z. B. die V ycor-, Chem cor-, P h o to fo rm - u n d  P lio to- 
ceram -G läse r u n d  das L aser.

In  dem  A b sc h n itt  ü b e r G lasschm elzen w ird  d ie E n tw ick lu n g  der S chm elzöfen  besch rie 
b en , u n d  jen e  E ig en sch aften  festgeleg t, ü b e r d ie ein Schm elzofen  verfügen  m uß , u m  w ir tsc h a f t
lich  eine hom ogene Schm elze zu liefern . S o d an n  w ird  d ie B earb e itu n g  de r S chm elze  m itte ls  
B lasen , Z iehen, P ressen  u n d  W alzen d isk u tie r t ,  u n d  absch ließend  die E rzeu g u n g stech n o lo g ien  
v o n  Q uarzg las besch rieben .

D er w e rtv o lls te  A b sch n itt de r M onograph ie  b e h a n d e lt  die in der Z u k u n ft zu  e rw arte n d e  
E n tw ic k lu n g  der G lase rzeu g u n g  u n d  -V erw endung. D iese E n tw ick lu n g  h ä n g t n a tü r l ic h  m it 
je n e r  d e r Glas v e rw en d en d en  In d u s tr ien  zu sam m en , wo die F orderungen  s te ts  g rö ß e r w erden. 
D as G las w ird bei m an c h e r V erw endung  d u rc h  d ie k o n k u rrie ren d en  P ro d u k te , d u rc h  K u n s t
s to ffe  e rse tz t, doch w ird  das G las in de r B au -, V erp ack u n g s- u n d  o p tischen  In d u s tr ie  seine 
H egem onie  bew ahren . G läser fü r  L a b o ra to riu m s- u n d  In d u str ieg e rä te , sowie v a k u u m te c h n i
sche  G läser stehen  a u c h  v o r einer g roßen  E n tw ic k lu n g . E in e  allgem eine V erb re itu n g  d e r N ich t- 
S ilik a tg lä se r , so z. B . d e r g lasartigen  M e ta llk a rb id e  u n d  M etalln itride , die b e re its  j e tz t  fü r 
S pezia lzw ecke e in g ese tz t w erden , is t in d e r Z u k u n ft zu e rw arten . E s is t fe rn e r zu  e rw arte n , 
d a ß  G läser und  p o ly m ere  K u n s th a rze  k o m b in ie r t w erden , um  d a m it die N a ch te ile  e in e rse its  
d e r  o rg an ischen , a n d ere rse its  der ano rg an isch en  g la sa rtig en  P ro d u k te  zu k o m p en s ie ren . A uch 
d ie  H o ch d ru ck - u n d  V ak u um schm elzen  w erden  zu  n euen  T echnologien u n d  w ertv o lle ren  
G lä se r fü h ren . O bzw ar V oraussagungen  s te ts  U n s ic h e rh e ite n  in sich bergen , s te h t  o hne  Zweifel 
fe s t , d a ß  die R e su lta te  a u f  dem  G eb iet de r G lasfo rschung  zu vielen neuen P ro d u k te n  u n d  A n 
w en d u n g sm ö g lich k eiten  fü h ren  w erden.

D ie M onographie  b eh an d e lt das T h em a  logisch  u n d  k o n sequen t. D as B u c h  bezw eckt 
w ed er d ie th eo re tisch e  no ch  die p ra k tisc h e  B esch re ib u n g  des Glases, w as ja  in H a n d b ü c h e rn  
e in g eh en d  besch rieben  w ird . E s sollen v ie lm eh r d ie m it dem  G laszustand  z u sam m en h än g en d en  
th e o re tisc h e n  F ra g e n , V erfah renstechno log ien  u n d  A nw endungsm öglichkeiten  besp ro ch en

Acta Chim. Acad. Sei. Hung. 61, 1969



430 BOOK REVIEWS -  BUCHBESPRECHUNGEN -  Р Е Ц Е Н ЗИ И  КНИГ

w erd en , in d em  eine zu sam m en fassen d e  Ü b e rs ich t je n e r  V e rw en d u n g en  gegeben w ird , fü r  w elche 
sich d a s  G las e ignet.

D iese r Z ie lse tzung  w ird  in  v o llem  M aße G enüge g e le is te t. D er A u to r b e re ich e rte  die 
F a c h li te r a tu r  des G lases m it  einer M onographie, d ie sow ohl d e n  F ac h le u ten  als a u ch  d en  sich 
fü r  G las in te re s s ie re n d e n , a u f  a n d eren  G ebieten  der T ech n ik  tä t ig e n  L esern  w ertvo lle  u n d  L e h r
re ich e  K e n n tn is se  v e rm it te lt .

O. K n a p p

W . A. B i n g e l : Theorie der M olekülspektren  (T h eo ry  of m olecular sp ec tra ) 
V erlag -C hem ie  1967. C hem ische T asch en b ü ch er 2. p p . 206, 67 fig u res , 21 
ta b le s .

W . A. B in g e l  is p ro fesso r o f ch em istry  a t  th e  U n iv e rs ity  o f G öttingen . H is n am e  b e 
cam e k n o w n  am o n g  th o se  w ork ing  in  th e  field  o f q u a n tu m  c h em istry  by  his com plex  th e o ry  
o f a to m s. H is p re se n t h a n d b o o k  d iscusses over a b o u t 200 p ag es th e  fu n d a m e n ta l p ro b lem s of 
m o lecu la r  sp ec tro sco p y , i ts  re c e n t develo p m en ts  a n d  ten d en c ie s .

T h e  boo k  d iscusses d ia to m ic  a n d  sim ple p o ly a to m ic  m olecules. T he sp e c tra  o f 
sev era l o f  th ese  ty p e s  o f m olecules can  be  reco rd ed  also  in  th e  gaseous s ta te , so t h a t  th e  
s tu d y  o f  a ll th e  fine  d e ta ils  e x h ib ited  b y  th e  sp e c tra , ro ta t io n a l  s tru c tu re  in c luded , as well 
as t h a t  o f  u n d e rly in g  p h en o m en a  becom es possible.

T h e  bo o k  is con cern ed  to  a n  eq u al e x te n t w ith  th e  ex p erim en ta l an d  th e o re tic a l 
a sp ec ts  o f  th e  su b je c t, how ever, a t  a  level, w hich  is easily  u n d e rs to o d  b y  resea rch  w o rk ers  o f 
u p - to -d a te  ed u ca tio n , in te re s ted  in  p h y sica l ch em istry  a n d  ch em istry .

T h u s , th o u g h  th e  d iscussion  of th e  re su lts  o f w ave  m ech an ics  begins w ith  th e  fu n d a 
m e n ta l p rin c ip les , th e  re a d e r  is led  b y  v e ry  sim ple m ean s to  g ro u p  th eo re tica l in te rp re ta tio n  
a n d  c la ss ifica tio n . E m p h a sis  is la id  on  th e  p rob lem s o f e le c tro n ic  sp ec tra  a n d  e lectron ic  s ta te s , 
b u t  a lso ro ta t io n a l  a n d  v ib ra tio n a l sp e c tra  are  considered . T h e  p rob lem  of th e  in te n s it ie s  in 
th e  v ib ra t io n a l  s tru c tu re  o f  e lectron ic  tran s itio n s , th e  a ss ig n a tio n  of e lectronic s ta te s  on th e  b asis 
o f q u a n tu m  n u m b ers , fu n d a m e n ta l p rinc ip les  in  th e  c a lcu la tio n  of p o ten tia l en erg y  a n d  p o 
te n tia l  su rfaces a re  d e a lt  w ith  ex ten siv e ly .

P a r t ic u la r  m en tio n  shou ld  be  m ad e  of th e  p a r t  d e v o te d  to  th e  in te rp re ta tio n  o f  th e  
sp e c tra  o f m olecu les w ith  low er n u m b e r o f a to m s, in  w h ich  ch em ica l reac tio n s a re  d e a lt  w ith  
in c lu d in g  “ sh o r t  life”  in te rm ed ia te s .

I n  th e  g en era l p a r t ,  th e  c lass ifica tio n  and  th e  freq u e n c y  ran g e  of th e  sp ec tra , fu r th e r  
th e  p u re  ro ta t io n a l  a n d  ro ta tio n a l-v ib ra tio n a l sp e c tra  a re  d iscussed . T he p rob lem s o f p o te n tia l  
en erg y  fu n c tio n s  a re  e lu c id a ted  p rec ise ly  a n d  w ith  th e  b rie fn e ss  o f defin itions w ith  th e  a id  o f 
e lec tro n ic  tra n s it io n s , a n d  those  o f re la tiv e  in te n sitie s  w ith  th e  a id  o f th e  selection ru les.

T h e  la s t  th re e  c h a p te rs  o f  th e  book  d iscuss th e  re la tio n s h ip s  o f  m olecular sp ec tro sco p y  
a n d  th e o re tic a l  q u a n tu m  c h em istry  in  con n ec tio n  w ith  th e  sy s te m iz a tio n  of th e  e lectro n ic  t r a n 
sitio n s o f  di- a n d  tr ia to m ic  m olecules.

I n  su m m ary , th e  bo o k  of P ro fesso r B in g e l  gives a v e ry  good su rv ey  of th e  th e o re tic a l 
p ro b lem s a n d  re la tio n sh ip s  o f s tru c tu ra l  in v es tig a tio n  a n d  m o lecu la r spectroscopy .

S . S z ő k e

L. A . P a q u e t t e : P rincip les o f  M odern Heterocyclic C hem istry. W . A. B e n ja m in , 
In c ., N ew  Y o rk —A m ste rd a m , 1968. 401 -j- X  p p .

T h is  is th e  m o s t re c e n t V olum e of th e  well k n o w n  O rg an ic  C hem istry  M onograph  Series 
ed ite d  b y  P ro fe sso r R o n a ld  B r e s l o w . T he goal of th e  Series is to  fu rn ish  teach ers  an d , o f c ourse , 
s tu d e n ts  o f  o rg an ic  c h em is try  w ith  re la tiv e ly  sh o rt m o n o g rap h s  o f in te rm ed ia te  level, to  be  
u sed  as su p p le m e n ts  o f  th e  c u r re n t  te x ts .

I f  th e re  is a n y  to p ic  w h ich  g en era lly  becom es so m e w h a t sh o rt in  courses o f o rg an ic  
c h e m is try  a n d  w hich , th e re fo re , a b so lu te ly  needs to  be  su p p le m e n ted  b y  a m o n o g rap h  o f th e  
k in d  o u tlin e d  abo v e , th is  is th e  to p ic  o f H e terocyclic  C h em istry . T he ta sk  of w ritin g  su ch  a

Acta Chim. Acad. Sei. Hung. 61, 1969



BOOK REVIEWS -  BUCHBESPRECHUNGEN -  РЕ Ц Е Н ЗИ И  К Н И Г 431

h ig h ly  needed  in te rm ed ia te  leve l te x tb o o k  of h e terocyclic  ch em istry  w as u n d e r ta k e n ,  in the  
U n ite d  S ta te s , b y  P ro fesso r P a q u e t t e  o f  Ohio S ta te  U n iv e rsity , w hose n a m e  a n d  c o n tr ib u 
tio n s  to  th is  field  o f o rg an ic  c h em is try  a re  well know n.

In  th e  opinion o f th e  rev iew er, th e  ta sk  has been  b r illian tly  p e rfo rm ed  b y  th e  au th o r. 
T h e  boo k  is equally  m o d ern  in  th e  se lec tion  o f th e  to p ics , th e  w ay o f th e ir  t r e a tm e n t ,  and  in 
th e  a rra n g e m e n t o f th e  su b je c t-m a tte r . F o r in s tan ce , r in g  system s of th e  sam e size a n d  c o n ta in 
ing  th e  sam e n u m b er o f  h e te ro  a to m s h av e , in  c o n tra s t  to  th e  u su a l p ra c tic e  o f  e a rlie r  tex ts , 
n o t  b een  tre a te d  as se p a ra te  g ro u p s  acco rd ing  to  th e  k in d  o f th e  he tero  a to m  (o r a to m s), b u t 
as re la te d  sub-groups o f th e  sam e group . T h is p ro ced u re , o f course, y ields d e e p e r  in s ig h t in to , 
a n d  b e tte r  u n d e rs tan d in g  of, h e te ro cy c lic  c h em istry . A ccord ing ly , fo r in s ta n c e , C h ap te r  1 
deals w ith  th e  ch em istry  o f  th ree -m em b ered  rings w ith  one h e te ro  a to m  ir re s p e c tiv e  w hether 
th is  is oxygen , su lfu r o r n itro g e n ; th ree -m em b ered  rin g s w ith  tw o h e te ro  a to m s  a re  sim ilarly  
t r e a te d  in  C h ap ter 2; fu rá n , th io p h e n e  an d  p y rro le  are  jo in tly  d iscussed  in  C h a p te r  4, etc. 
T h e  su b je c t m a tte r  of th e  in d iv id u a l c h a p te rs  has been  a rran g ed  th ro u g h o u t th e  b o o k  m ostly  
in to  th re e  sections: sy n th es is , re ac tio n s , a n d  p rob lem s. In  d iscussing th e  f i r s t  tw o  topics, 
e ffo rt h as been m ade  to  call spec ia l a tte n tio n  to  analogies be tw een  rin g  sy s te m s  d iffe rin g  only 
in  th e  k in d  of th e  h e te ro  a to m , a n d  to  general sy n th e tic  ap proaches a n d  re a c tio n s . Som e of 
th e  p ro b lem s are  q u ite  d iff ic u lt to  solve a n d  often  req u ire  m ore th a n  th e  k n o w led g e  o f th e  te x t 
m a te ria l,  nam ely  th a t  o f  th e  p e r tin e n t  l ite ra tu re . In  o rd e r to  fa c ilita te  ch eck in g  o f  th e  co rrec t
ness o f th e  so lu tions w orked  o u t  b y  th e  re ad e r, o r to  he lp  in  o b ta in in g  th e  so lu tio n s  o f  th e  more 
d iff ic u lt p rob lem s, re ferences to  th e  l ite ra tu re  a re  ad d ed  to  each  p ro b lem . T h is  seem s to  the  
rev iew er an  excellen t a n d  o rig ina l idea . I t  is a  fu r th e r  ad v an tag e  th a t  th e  p re se n te d  exercise 
p ro b lem s a re  based  on th e  m o st re c e n t l ite ra tu re .

On th e  o th e r h a n d , g re a t  em phasis is la id , in  h a rm o n y  w ith  m o d ern  p ra c t ic e ,  th ro u g h 
o u t  th e  w hole book u p o n  p re se n tin g  m ech an istic , stereochem ica l an d , if  n e c e ssa ry , stereoelec- 
tro n ic  d e ta ils  o f th e  re ac tio n s  t re a te d .

T he title s  o f th e  in d iv id u a l c h a p te rs  (n o t y e t m en tio n ed ) are as fo llow s: F o u r-m em b ered  
he te ro cy c les ; Condensed fiv e-m em b ered  h e te ro cy c les ; T he azoles; T he p y rid in e  g ro u p ; Q uinoline 
an d  isoquino line; T he d iaz ines a n d  s-triaz in e ; F u r th e r  p rincip les o f h e te ro c y c lic  sy n th esis; 
Som e heterocycles o f b io log ical in te re s t;  an d , f in a lly , a sh o rt A ppendix  on th e  n o m en c la tu re  
o f  he te ro cy c lic  com pounds.

As i t  m ay  be seen from  th e  above e n u m era tio n , th e  choice o f th e  m a te r ia l  p re sen ted  is 
so m e w h a t a rb itra ry ; fo r in s ta n c e , p y ra n e  an d  its  m a n y  n a tu ra lly  occu rrin g  im p o r ta n t  d e riv a 
tiv e s  a re  n o t  included an d , am o n g  th e  azines, on ly  th e  c h em istry  of th e  d iaz in es a n d  s-triaz in e  is 
b rie fly  review ed. T he g re a te s t  p a r t  o f m ed iu m  rin g  system s has also b een  o m it te d  (a lth o u g h  
th e  a u th o r  h im self has m ad e  m a n y  im p o r ta n t co n trib u tio n s  to  th is  b ra n c h  o f  heterocyclic  
ch em istry )  an d  th e  sam e app lies to  p a r tia lly  o r com p le te ly  s a tu ra te d , i.e. n o n -a ro m a tic , de riv 
a tiv e s  o f five- and  six -m em b ered  he terocyclic  com pounds. I t  is, h o w ev er, c le a r  t h a t  the 
w hole to p ic  o f he te ro cy c lic  c h em is try  c an n o t be  p re sen ted  in  a vo lum e o f  th e  p re se n t size, 
th e re fo re , om issions even o f im p o r ta n t  top ics are  u n av o id ab le ; in th is  re sp e c t, fre e  choice has 
to  be  g ra n te d  to  th e  a u th o r .

T he read e r m ay  fin d  co m p en sa tio n  fo r th e  om issions m en tioned  b y  tw o  t r u ly  excellen t 
c h a p te rs :  th e  f irs t, dealing  w ith  th ree -m em b ered  rin g s w ith  one h e te ro  a to m  (62 pag es — this 
is 1 5 % , an d  a to ta l  of as h ig h  as 25%  of th e  space av a ilab le  has been d e v o te d  to  th e  chem istry  
o f  sm all rin g  heterocycles, re fle c tin g  th e  grow ing im p o rtan ce  of these  c o m p o u n d s ), and  the 
te n th ,  p re sen tin g  “ F u r th e r  p rin c ip les  o f h e terocyclic  sy n th es is” , w hich  is —  to  th e  know ledge 
o f th e  rev iew er —  a lm o st q u ite  u n p re ce d en te d  w ith  re g ard  to  its  p o in t o f v iew  an d  style. 
Sec tions o f th e  la t te r  c h a p te r  a re : C ycloaddition  reac tio n s; V alence-bond  iso m eriza tio n s; 
E n am in e  condensations —  a ll d ealin g  w ith  m o d ern  to p ics c u rre n tly  u n d e r  a c t iv e  in v es tig a 
tio n  — ; an d , again , P ro b lem s w ith  references.

T he p rin tin g  of th e  boo k  is v e ry  good; th e  fo rm u las a re  clear, m isp rin ts  a n d  e rro rs  were 
n o t  fo u n d .

S um m ing  u p , i t  is th e  op in io n  o f th e  rev iew er th a t  “ P rincip les o f m o d e rn  he terocyclic  
c h e m is try ”  is a v e ry  w ell w r it te n  sh o rt tex tb o o k  of in te rm ed ia te  level, w h ich  m a y  be recom 
m en d ed  n o t on ly  to  s tu d e n ts  o f ch em istry  b u t  also fo r m ore adv an ced  ch em ists .

K .  L e m p e r t
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A d v a n c e s  in  M acromolecular C hem istry , Yol. I . E d i te d  b y  W . M. P as ik a , A ca
d e m ic  P ress , London a n d  N ew  Y ork  1968. X X V II  sh e e ts , 432, pp ., 89 figures, 
37 ta b le s

T h e  Academ ic P ress P u b lis h e rs  and Mr. W. M. P a s ik a  can  be on ly  c o n g ra tu la ted  for 
th e i r  d ec is io n  to s ta r t a new  m ac ro m o le cu la r  chem ical series, th e  aim  of w hich — as in d ica ted  
b y  i t s  fo rew o rd  — is to be a m e d iu m  fo r delineating th e  f ro n tie r s  o f  m acrom olecu lar re sea rch  
a n d  to  p ro v id e  in form ative  re v ie w s  on  th e  more e s tab lish e d  a sp e c ts  o f th e  m acro m o lecu la r 
sc ien ce .

T h e  f irs t volum e of th e  se rie s , published re ce n tly , d e a ls  w ith  th e  follow ing su b jec ts : 
fe rro cen e  polym ers, 
p o p c o rn , p o ly m eriza tio n ,
e lec tro n  acceptors as in i t i a to r s  of ch arge-transfer p o ly m e riza tio n , 
n o n -n ew to n ian  v isc o sity  a n d  th e  m acrom olecule, 
so lid -s ta te  p o ly m eriza tio n ,
po lysu lphones: o rgan ic  a n d  p h y sica l chem istry .
O w ing  to its c o n te n t th e  f i r s t  volum e will u n d o u b te d ly  w in  h igh  acclaim  am ong  th e  

m ac ro m o le c u la r  chem ists, b e ca u se  e a c h  chap ter is closely r e la te d  to  specific su b jec ts  o r ig in a t
in g  o r  ra p id ly  developing d u rin g  th e  p a s t  few years. F o r re a d e rs  in H u n g a ry , it is o f p a r tic u la r  
in te r e s t  t h a t  th e  work of P ro f. G. H a r d y  and co-w orkers is e x te n s iv e ly  referred  to  in th e  p a r t  
o f  so l id - s ta te  polym erization .

T h e  con tribu to rs o f  th e  f i r s t  vo lu m e of th is series a re  re sea rc h e rs  o f in te rn a tio n a l re p u te  
w ho h a v e  m ade considerable c o n tr ib u tio n s  to the l i te ra tu re  in  th e  field  th ey  are review ing.

T h e  work is of g rea t in te r e s t  fo r  b o th  specialists an d  n o n -sp e c ia lis ts  in th is field  enab ling  
th e m  to  a p p ly  concepts an d  a d v a n c e m e n t  in re la ted  b ra n ch e s  o f  p o ly m er science to  th e ir  own 
f ie ld s  w i th o u t  spending p rec io u s t im e  an d  energy on co m p ilin g  d a ta  from  lite ra tu re .

I . G É C Z Y

H . D a i  tm a n n ,  К . H. E l s t e r : E in führung  in  die höhere M athem atik  f ü r  N a tu r 
w issenschaftler und In g e n ie u re , B an d  I. Y EB G u s ta v  F isc h e r V erlag. 718 S eiten

D a s  S tud ium  von N a tu rw isse n sc h a fte n  an U n iv e rs itä te n  u n d  H ochschulen  b e an sp ru c h t 
h e u tz u ta g e  be träch tliche  m a th e m a tis c h e  K enntnisse. U m  d en  A n sp rü ch e n  von P h y s ik e rn  u n d  
S tu d e n te n  von technischen H o c h s c h u le n  nachzukom m en, s in d  schon  b isher in der ganzen 
W e l t  z ah lre ich e  L ehrbücher d e r  h ö h e re n  M athem atik  e rsch ien en . D iese B ücher b eh an d e ln  
in  v e rsch ied en em  U m fang u n d  m i t  verschiedenen M e th o d en  die zum  S tu d iu m  v o n  N a tu r 
w isse n sc h a f te n  und des In g e n ie u rsw e se n s  benötig ten  m a th e m a tisc h e n  K en n tn isse , m it  B eispielen 
u n d  u n t e r  versch iedenartiger A n o rd n u n g  des b e h an d e lte n  M a te ria ls . D och w erden  o ft die 
s t r e n g e re n  m ath em atisch en  B ew e is fü h ru n g en  und  solche T eile , die genauere  u n d  ex ak te re  
G e d a n k e n g ä n g e  en th a lten  —  so d a ß  sie auch die A u fm e rk sam k e it u n d  die A b s trah ie rfäh ig k e it 
d e s  L e s e rs  beanspruchen  — , v o n  L ese rn , die an g ew and te  M a th e m a tik  bean sp ru ch en , e in fach  
ü b e r b l ä t t e r t .  Viele L eh rb ü ch er la s se n  deshalb diese T eile e in fa c h  weg u n d  verw eisen  a u f  die 
d ie  b e so n d e re n  m ath em a tisch en  K e n n tn is se  liefernde L ite r a tu r ,  o d er m an  d ru c k t solche Teile 
in  M in u sk e lsc h rif t, m it de r B e m e rk u n g , daß sie fü r  a n sp ru ch v o lle re  L eser ged ach t sind. Die 
j ä h e  E n tw ic k lu n g  der N a tu rw isse n sc h a fte n  und de r T e c h n ik  in  den vergangenen  Ja h re n  
e r h ö h te  a u ch  die m a th e m a tisc h e n  A nforderungen , u n d  zw ar n ic h t  n u r  in bezug au f U m fang , 
s o n d e rn  a u ch  hinsichtlich  P r ä z is i tä t  u n d  E x ak th e it. E b e n  d e sh a lb  is t die H erau sg ab e  eines 
L e h r b u c h e s  der höheren M a th e m a tik ,  welches vo r a llem  d ie  B edürfn isse  von  zu k ü n ftig en  
N a tu rw isse n sc h a ftle rn  u n d  In g e n ie u re n  sowie der w issen sch a ftlich en  F o rscher in de r In d u s tr ie  
v o r  A u g e n  h ä lt, und dabei d e n  A n fo rd e ru n g en  der s tre n g en  M a th e m a tik  genüg t, w ü n sch en s
w e r t .  D a h e r  wird das E rsc h e in e n  d es  I. Bandes dieses L e h rb u c h s  de r h öheren  M a th em atik  
m it  g r ö ß te r  Freude b eg rü ß t, u n d  w ir  hoffen, daß au ch  d e r zw eite  B an d  erscheinen w ird .

I m  w esentlichen b e h a n d e lt  d a s  B uch die D ifferen tia l- u n d  In teg ra lre c h n u n g  v o n  reellen  
F u n k t io n e n  m it einer V e rä n d e rlic h e n , m it einer e n tsp rec h en d e n  E in le itu n g  u n d  A nw endungs- 
b e is p ie le n . W er nun dieses B u c h  in  d ie  H an d  nim m t, w ird  so fo r t sehen , daß  es auch  den A n sp rü 
c h e n  v o n  S tu d en ten  m it re in  m a th e m a tisc h e m  In teresse  v o n  » th eo re tisch er m ath e m a tisc h e r 
E in s te l lu n g «  auf einer A n fa n g ss tu fe  Genüge leiste t. D ie B ehand lungsw eise  des B uches ist 
n ä m lic h  vollkom m en e x ak t, u n d  es u m f a ß t  als G rundlage d as S y s te m  der reellen  u n d  kom plexen  
Z a h le n , d ie  elem entaren K e n n w e r te  von  Zahlen- u n d  P u n k tm e n g e n  sowie die eingehende
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B eschreibung  de r Z ahlenfo lgen . D as gu te  V e rs tä n d n is  des B uches wird durch  d ie k la re n  A b b il
d u n g en  u n d  d u rc h  d ie au s  den  N a tu rw issen sch aften  g en o m m en en  sehr gu t g ew äh lten  B eispiele 
e rle ic h te rt. In  de r D iskussion  de r k o n v erg en ten  Z ah len fo lg en  is t z. B. das L in ie n sp e k tru m sy 
stem  des W asse rs to ffa to m s a n g efü h rt, w o durch  e in  an sch au lich es  Bild ü b er d en  B e g riff  des 
H äu fu n g sw ertes  v e rm it te lt  w ird. In  V erb indung  m it  d en  Z ahlenreihen  w ird a u c h  d e r  B eg riff 
des ob eren  und  u n te re n  L im es e rö rte rt, u n d  bei d e r  D isk u ssio n  der reellen Z ah len  w ird  z. B. 
bew iesen, d aß  die M enge d e r reellen  Z ahlen u n a b z ä h lb a r  is t. In  V erbindung m it d e r  D isk u ssio n  
de r H äu fu n g sw erte  w ird  z. B. der b e rü h m te  Ü b e rd e c k u n g ssa tz  von B o r e l , w elch e r bei 
B ew eisfüh rungen  d e r ree llen  F u n k tio n sleh re  o ft v e rw e n d e t  w ird , e rö rte rt. D ie B e h a n d lu n g  des 
F u n k tio n sb eg riffe s  is t  a u c h  sehr e ingehend u n d  g rü n d lic h , u n d  w ird  außer e iner m o d e rn e n  u n d  
e x a k te n  B eg riffserk läru n g  d u rch  zahlreiche B eisp ie le  au s  den N a tu rw isse n sc h afte n  sowie 
d u rch  A bb ild u n g en  d e m o n s tr ie rt .  Die V e ran sch a u lic h u n g  is t eine S tärke  des B u c h e s ; dies 
e rle ic h te rt jed en fa lls  d a s  V e rs tän d n is  und  die A n e ig n u n g  d e r  Begriffe der h öheren  M a th e m a tik . 
E s lieg t an  d e r N a tu r  des B uches, daß  bei de r E rö r te ru n g  de r einzelnen B egriffe  a u c h  au f 
deren  p ra k tisc h e  A n w en d u n g  großes G ew icht g e leg t w ird . So k an n  m an z. B. bei d e r  B e h an d 
lung  d e r k o n tin u ie rlich en  F u n k tio n en  das zur a n n ä h e rn d e n  L ösung der G leichungen  d ien en d e  
»regula falsi« V e rfah ren , u n d  im  A b sch n itt ü b e r  ra tio n e lle  F u n k tio n en  die In te rp o la t io n s  For
m eln  von  L agrange  u n d  New ton  finden , u n d  der D a rleg u n g  de r F orm el zur L ösung d e r  G le ich u n 
gen d r i t te n  G rades fo lg t e ine  eingehende D iskussion  d e r  z u r  an n äh ern d en  L ösung d e r  a lg e b ra i
schen G le ichungen  d ien e n d en  V erfahren . N ach  d e r an sc h au lic h e n  und  erschöpfenden  B e h a n d 
lung  d e r ex p o n en tie llen  u n d  logarithm ischen  F u n k tio n e n  f in d e t m an  die tr ig o n o m e trisc h en  
u n d  a rcu s  F u n k tio n en , d ie  m it zah lreichen , aus d e r S ch w ingungsleh re  genom m enen p ra k tisc h e n  
B eispiele illu s tr ie r t  w erd en . Diese Beispiele e rle ic h te rn  w esen tlich  die A neignung d ieses W issens
geb ie tes , u n d  fö rd ern  a u ß e rd e m  die E rk en n tn is  d e r  p ra k tis c h e n  V erw endbarke it. D ie  D iffe ren 
tia lrec h n u n g  u m fa ß t das fü r  B ücher dieser A rt ü b lic h e  G eb ie t; ein F o rtsc h ritt  g e g en ü b e r  den 
b isheringen  L e h rb ü c h e rn  is t  die I l lu s tra tio n  d e r n u m erisc h en  A nw endungen a n  H a n d  von 
zah lre ich en  B eispielen , d ie e ingehende D iskussion  d e r  g ra p h isch e n  M ethoden sow ie zah lre ich e  
A bb ild u n g en  zu r V eran sch au lich u n g . Bei de r A n fü h ru n g  de r einzelnen T eile  w u rd e n  die 
en tsp rec h en d s te n  p h y sik a lisch en  u n d  chem ischen P ro b le m e , die das V erständn is des g egebenen  
m a th e m a tisc h e n  M a teria ls  e rle ich tern , m it  g lü ck lich e r H a n d  gew ählt.

D ie In te g ra lre c h n u n g  b eg in n t in de r ü b lich en  W e  se, m it  dem  B egriff des b e s tim m te n  
In te g ra ls  u n d  dessen A n a ly se , wobei aus jedem  G eb ie t d e riM echan ik  und  P h ysik  v ie le  B eispie le  
gegeben w erden , so d a ß  d e r L eser ein k lares B ild  ü b e r  d ie  B e d eu tu n g  des b e s tim m te n  In te g ra ls  
in den v e rsch ied en sten  G eb ieten  der N a tu rw isse n sc h afte  n  e rh ä lt. Das u n b e s tim m te  In te g ra l 
w ird  a u ch  seh r e ing eh en d  b eh an d e lt, u n d  die T ech n ik  d e r  In teg ra lrech u n g  w ird  a n  H a n d  von  
z ah lre ic h en  B eispielen  geze ig t. D ieser Teil sch ließ t m it  e in igen  geom etrischen A n w en d u n g e n , 
g ra p h isc h e r  u n d  n u m erisc h e r In teg rie ru n g  u n d  m it d e r B esch re ib u n g  einfacher, zu r In te g r ie ru n g  
v e rw e n d e te r  G eräte .

D er D ifferen tia l- u n d  In teg ra lrech n u n g  fo lg t d e r  A b sch n itt ü b er d ie u n e n d lic h en  
R e ih en . N ach  den e x a k te n  B egriffsein le itungen  w erd en  d ie  b ek an n ten  K o n v e rg en z k rite rien  
de r p o sitiv en  R eihen  sow ie B erechungen von R e ih en  m it  beliebiger G liederzahl b e h a n d e lt .  
Bei de r D iskussion  de r F u n k tio n sre ih en  w ird d e r B e g riff  d e r  g leichm äßigen K o n v e rg e n z  m it 
g roßer S org fa lt e rö r te r t ,  u n d  ih r V erstän d n is d u rc h  H e ra n z ie h u n g  von A b b ildungen  e r le ic h te r t .  
A uch  die e ingehende E rö r te ru n g  de r A nw endung  d e r  P o te n z re ih e n  ist m u s te rg ü ltig .

Das B uch  g ib t e ine  ziem lich genaue D iskussion  d e r  bei der B eschreibung  d e r  p e rio d i
schen V orgänge eine w ich tig e  R olle sp ielenden tr ig o n o m e tr isc h e n  F o u rie r-R eih en , w obei d ieser 
A b s c h n it t  d u rc h  eine k u rz e  Ü b ersich t der o r th o g o n a len  F u n k tio n ssy stem e  e rg ä n z t w ird .

Z um  U n te rsch ied  v o n  de r üb lichen  A n o rd n u n g sw e ise , w erden V e k to ra lg e b ra  u n d  
D e te rm in a n te n  zum  S ch lu ß  b eh an d e lt. D ieser in te re s sa n te  A b sch n itt en d et m it z ah lre ich en  
p ra k tisc h e n  B eispielen  u n d  de r B eschreibung v o n  K u rv e n  u n d  O berflächen z w eiten  G rades.

Z u sam m en fassen d  k a n n  festg es te llt w erd en , d a ß  d a s  neue L ehrbuch  d e r  P ro fe sso ren  
D a llm a nn  u n d  E l s t e r  ein w ertvo ller G ew inn d e r  m a th e m a tisc h e n  L e h rb u c h li te ra tu r  von 
e in fü h ren d em  C h a ra k te r  is t. N ich t n u r das g ro ß e  G e b ie t des b eh andelten  T h em en k re ise s , 
sondern  au ch  die re la tiv e  A n o rd n u n g  der e inzelnen T eile  sow ie die A rt ihrer D isk u ssio n  b rin g en  
viel In te re s sa n te s  u n d  N eues fü r  den Leser, w obei d ie  B e h an d lu n g  der T hem en  d u rc h  viele 
tre ffen d e  p ra k tisc h e  B eisp ie le  u n d  A nw endungen  i l lu s t r ie r t  u n d  v e rstän d lich  g e m a c h t w ird. 
E b en  d esh a lb  w ird  das B uch  fü r  jed en  sich m it N a tu rw isse n sc h a fte n  b esch äftig en d en  U n iv e r
s itä ts s tu d e n te n , ab e r a u c h  fü r  H o ch schu lleh rer v o n  g ro ß e m  N u tzen  sein. Die a n  d e m  U n te r 
r ic h t B e te ilig ten  w erd en  in dem  B uch v iele g e sc h ic k te  pädagogische G e s ic h tsp u n k te  u n d  
Ideen  fin d en , die ih n en  zu r V erbesserung ih re r  b ish e rig e n  V orlesungen v e rh e lfen  w erd en . 
D as oben  G esag te  m a c h t es v e rs tän d lich , d aß  w ir  d em  E rsch e in en  des zw eiten  B a n d e s  m it 
g ro ß er E rw a r tu n g  en tg eg en sch en .

D .  K k a l i k
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РЕЗЮМЕ

Распределение температуры дуги прикатодном возбуждении
3. Г. ХАННА, Т. КАНТОР и Л. ЭРДЕИ

Описывается определение продольного и радиального распределения температуры 
в угольной дуге постоянного тока в воздухе при катодном возбуждении. Особое внимание 
уделяется эффекту, наблюдаемому при испарении в плазму алюминия, обладающего низ
ким потенциалом ионизации. Было заключено, что алюминий оказывает влияние на 
время пребывания цинка, применяемого в качестве термометрического элемента.

Аналитическая химия стероидов, IX

Спектрофотометрическое изучение (эстра-5) 10-ен-3,17-диона и его 3,3-диметил-кеталя

ш . г ё р ё г

Был разработан спектрофотометрический метод для изучения превращений эстра- 
5(10)-ен-3,17-диона (ЭД) в его 3,3-диметил-кеталь (ЭДК). Основой метода служит то, что 
ЭД при восстановлении борогидридом натрия с последующей солянокислой обработкой 
не может быть измерен спектрофотометрически, в то время как ЭДК под влиянием той 
же самой обработки дает И4-3-кето-соединение, обладающее интенсивным поглощением 
света.

Определение ЭД наряду с ЭДК, присутствующих вместе, проводилось таким 
образом, что вначале ЭД, присутствующее в виде загрязнения, подвергалось щелочной 
обработке и превращалось в /14-изомер; количество последнего измерялось дифферен
циальной спектрофотометрией. Общее количество двух соединений можно было измерять 
после солянокислой обработки на основе полосы поглощения, характерной для /14-3-кето- 
соединений.

Исследование эмиссии положительных ионов вольфрама, I
О. КАЛОШИ и М. РИДЕЛЬ

Был разработан способ для изучения эмиссии положительных ионов металлов с 
помощью масс-спектрометра типа время полета. Метод позволяет определить не только 
качество испускаемых ионов, но является пригодным и для исследования очень быстрых 
процессов, протекающих во время эмиссии.

Подробно изучалась зависимость механизма эмиссии положительных ионов вольф
рамовых спиралей, и сырых и предварительно подвергнутых термической обработке, 
от температуры и времени накаливания. Проводились сравнительные исследования с 
молибденовой проволокой. При измерениях удалось различить непрерывные и пульси
рующие, вызванные «ионными вспышками» ионные токи. Кроме отношения этих ионных 
токов были определены и их абсолютные величины. Из размеров, формы и числа ионных 
вспышек рассчитывались при различных температурах количества ионов, образующих 
вспышки. На основе сравнения этих измерений с измерениями, полученными для моно- 
кристаллического вольфрама и неспиральной вольфрамовой проволоки, были сделаны 
заключения о положении и роли добавок в волы)>раме.

■Ida Chini. Arait. Sri. Ifung. 67 , 7У6У



Изучение адсорбции углеводородов на никелевом катализаторе 
кинетическим методом

П. Т Е Т Е Н И ,  Л .  Б А Б Е Р Н И Ч  и К .  Ш Е Х Т Е Р

Авторами изучалась адсорбция этана, бензола и циклогексана кинетическим мето
дом на никелевом катализаторе. Величины измеренных адсорбционных коэффициентов 
доказывают наличие химического взаимодействия между поверхностью и субстратом. 
Величины теплоты адсорбции относительно малы; адсорбция этана эндотермична.

На основе величин, характеризующих адсорбцию, могут быть сделаны выводы 
относительно природы адсорбированного слоя. Из величин теплоты адсорбции могут быть 
рассчитаны значения. Энергии связи водорода, углерода и кислорода с катализатором: 
Q c n í - Q h n í  (l  Q o n í -

Применение полуэмпирического метода ССП МО ЛКАО с использо
ванием различных орбиталей для различных спинов к расчету спиновой 

плотности радикалов некоторых производных N-окиси фекилазота
Я. Л А Д И К ,  г .  Б И Ц О ,  И. К Е Н Д Е  и Л .  Ш Ю М ЕГИ

Распределение спиновых плотностей в радикалах N-окиси фенилазота, а также ее 
орто, пара и мета-галогенизированных (F, CI, Вг) производных рассчитывалось с помощью 
полуэмпирического метода ССП МО ЛКАО с использованием различных орбиталей для 
различных спинов (РОРС). На основе полученных результатов, согласие между теорети
ческими и экспериментальными значениями спиновой плотности для углеродных атомов 
кольца является относительно наилучшим тогда, когда для значения кулоновского интег
рала y^j было взято 1,5-ов значение от рассчитанного по уравнению Матага—Нишимото. 
В этом’ случае, однако, согласие для атомов азота и кислорода является плохим. Это 
указывает на то, что важным является также применение проектирования спина в лолу- 
эмпирической модификации метода РОРС. Продолжается работа в этом направлении.

Расчет контуров ИК-полос для плоских и молекул типа 
асимметрического ротатора, I

Построение общих зависимостей

Э. П А А Л  и Д Ь .  В А Р Ш А Н И

Рассчитывались контуры полос для плоских молекул типа асимметрического 
ротатора с различными параметрами асимметрии и коэффициентами инерции различных 
величин, с помощью уже ранее описанного метода [6, 7, 8]. Определялись ширины чистых 
полос А и В, а также нескольких гибридных полос AB различного направления при 
некоторой доле высоты. Из полученных значений ширины полосы при некоторой доле 
ее высоты строились диаграммы к — Л v  В — Л v  ,/„ и <р — A v i / n. Определялись область 
значений н и В, в которой диаграммы гр —- A v , /„ могут быть использованы для определения 
направления переходного момента.

Получение метилсилоксанов, меченных и зотопом О18
П. Г Ё М Ё Р И  и Л .  С Е П Е Ш

Был разработан препаративный метод для гидролиза ди- и моно-функциональных 
метил-хлор-силанов с использованием воды, обогащенной изотопом О18. При помощи 
гидролиза, полимеризации и пиролиза, а также эквилибрации были синтезированы цик
лические силоксаны [(CH3)2SiO]n (где п =  3,4,5,6,7) газовохроматографической чистоты, 
обогащенные изотопом О18, и линейные силоксаны (СН3)3 Si — О — [Si(CH3)2 — О]^ — 
Si(CH3)3, где к =  0,1,2,3,4,5. При гидролизе диметил-дихлорсилана почти стехиометри
ческим количеством воды наблюдалось увеличение количества циклического пентаси- 
локсана в ущерб тетрасилоксана.

Acta Chim. A carl. Sei. Hang. 61, 1969



Новый метод получения аминоспиртов из аминокислот

Я. СА М М ЕР

N-Тритил-производные метиловых эфиров аминокислот при восстановлении их с 
помощью LiATH., превращаются с хорошим выходом в соответствующие N-тритил-амино- 
спнрты. N-Тритил-производные метиловых эфиров глицина, DL-аланина и DL-серина 
восстанавливаются в соответствующие N-тритил-аминоспирты с выходами 94, 92 и 95%, 
соответственно. Этот способ кажется общеприменяемым для получения аминоспиртов из 
аминокислот.

Четвертичные бороорганические соединения
Г1. Н Е Н Н И Н Г  и X. Х О Л Ц А П Ф Е Л

Были синтезированы четвертичные и бис-четвертичные бороорганические соеди
нения и изучалось как образование их солей со щелочными металлами, так и их поведение 
в водных растворах. Было найдено, что их соли со щелочными металлами являются почти 
нерастворимыми в воде. Несмотря на это считается, что катионы щелочных металлов не 
могут быть высаждены специфическим путем, и поэтому эти соединения, возможно не 
являются перспективными в качестве аналитических реагентов.

Полученные бороорганические комплексы являются устойчивыми к гидролизу, 
если различие электроотрицательностей центрального атома и лиганда невелико и изо
мерия невозможна.

Acta Chiin. Acad Sei. H ung. 61, 1969





М . Т . B e c k
C H E M IS T R Y  OF C O M P L E X  EQUILIBRIA
In English • Approx. 260 pages • 1 7 x 2 5  cm • Cloth

The book presents a very general treatment of the problems of 
complex equilibria. Experimental methods to obtain quantitative 
data on complex formation and mathematical procedures to evaluate 
the equilibrium constants from such data are treated in detail. Special 
attention is given to the formation of mixed ligand, protonated, poly
nuclear and outer-sphere complexes. The importance of complex 
equilibria in the kinetics of inorganic reactions is stressed, and the 
crucial role of the various types of complexes in these reactions is 
pointed out. Factors determining and influencing the numerical values 
of the stability constants are systematically treated, and the principles 
of the critical evaluation of stability constants are given. Equilibria 
occurring in non-aqueous and mixed solvents, in melts and in the 
gaseous phase are also discussed. The book is of interest to coordi
nation chemists, analytical and biochemists, research workers and 
teachers in inorganic chemistry in universities, research students 
and undergraduates.
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