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APPLICATION OF WATER-ALCOHOL MIXTURES 
IN VAPOUR PRESSURE OSMOMETRY

J. Szabó-Lakatos and I. Lakatos

(P etroleum  E ngineering  Research Laboratory o f  the H u ngarian  A cadem y o f  Sciences,
Egyetemváros, M isko lc)

R eceived 12 J a n u a ry  1975

W a te r-m e th a n o l, W ater-e th an o l a n d  w a te r- iso p ro p a n o l m ix tu re s  were u sed  in  
v a p o u r  p re ssu re  o sm om etry . I t  w as fo u n d  t h a t  w ith  b in a ry  m ix tu re s  th e  slope o f th e  
an a ly tic a l s tra ig h t  line  ob ta in ed  fo r w a te r  (m o la r re sis tan ce  d ifference) can  be  increased , 
a n d  th e  re la tiv e  e rro r o f th e  m eth o d  can  b e  red u ced  to  th e  desired  v a lue . A fu r th e r  
a d v an tag e  of th e  ap p lica tio n  of w a te r-a lc o h o l m ix tu re s  is t h a t  th e  ten d en cy  of th e  su b 
stan ce  in  q u e s tio n  to  dissociate can  be  d e te c te d , a n d  th e  m o st p ro b a b le  m olecular w e ig h t 
can  b e  d e te rm in e d  w ith  a n  accuracy  of 2— 3 rel. % ,  even  in  th e  case o f  com pounds w h ich  
undergo  d isso c ia tio n  (association) in  w a te r  o r aqu eo u s m ed ium . A lth o u g h  th e  m easu re 
m en ts  are  d is tu rb e d  b y  th e  slow e s tab lish m en t o f th e  eq u ilib riu m  o f th e  l iq u id -v a p o u r  
phase , th is  u n fa v o u ra b le  effect can  be e lim in a ted  w ith  a  longer m easu rem en t tim e  a n d  
m ore fre q u e n t so lv en t exchange.

In tro d u c tio n

V ap o u r p ressu re  o sm om etry  is one o f  th e  s im p lest a n d  fa s te s t m eans o f 
d e te rm in in g  th e  m o lecu la r w eights of o rgan ic  a n d  ino rg an ic  substances. T he 
o n ly  re q u ire m e n ts  o f  th e  an a ly tica l m e th o d  are  t h a t  th e  so lv en t an d  th e  so lu te  
u n d e r  in v es tig a tio n  shou ld  be com patib le  as reg a rd s  th e  co lliga tive  p ro p erties , 
an d  th a t  th e re  shou ld  be a large difference be tw een  th e  v a p o u r  pressures o f 
th e  tw o  su b stances. I n  th e  case o f o rganic su b stan ces  th e se  req u irem en ts  can  
genera lly  a lw ays be sa tis fied  w ith  p u re  so lv en ts , an d  th e  p ra c tic a l role o f  th e  
ap p lica tio n  of so lv en t m ix tu res  is s ligh t [1].

T he s itu a tio n  is less favourab le , how ever, w hen  w a te r  is u sed  as so lven t. 
T he d ifference b e tw een  th e  v ap o u r p ressu res o f so lu te  a n d  so lv en t is n o rm ally  
n o t a p ro b lem , b u t  th e  sen s itiv ity  an d  accu racy  o f  th e  a n a ly tic a l m ethod  are  
th e  low est in  th is  case, w hile th e  d issociation , or possib ly  association  of th e  
w ater-so lub le  co m pounds in  p rac tice  p re v e n ts  e x a c t d e te rm in a tio n  of th e  
m olecu lar w eigh t. T h is exp la ins in  p a r t  w h y  no p ap ers  h av e  as y e t  been p u b 
lished  on th e  d e te rm in a tio n  of th e  m olecu lar w eigh ts o f ino rg an ic  substances 
b y  v a p o u r p ressu re  o sm o m etry . As reg a rd s its  ap p lica tio n  in  aqueous m edium , 
on ly  B urge [2] has so fa r  rep o rted  d a ta  in  con n ec tio n  w ith  th e  d e te rm in a tio n  
o f th e  d issocia tion  c o n s ta n ts  o f com pounds w ith  know n  m olecu lar w eights.

T he p re se n t ex p e rim en ts  involve ap p lic a tio n  of w a te r-a lco h o l (w a te r -  
m eth an o l, w a te r—e th a n o l an d  w a te r—isopropano l) m ix tu re s  in  v a p o u r  pressure
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o sm o m etry . A s tu d y  w as m ade of th e  re la tiv e  accu racy  o f th e  a n a ly tic a l 
m e th o d , and  th e  d y n am ics of e s ta b lish m e n t of th e  A R  vs. t eq u ilib riu m . W ith  
w a te r—ethano l m ix tu re s  as so lven ts, a n  in v es tig a tio n  w as ca rried  o u t as to  
w h a t possibilities e x is t fo r th e  v a p o u r p ressu re  osm om etric  d e te rm in a tio n  of 
th e  m olecular w eigh ts o f  substances w h ich  dissociate in  w a te r  an d  aq u eo u s 
so lu tio n s. A scorbic ac id , ta r ta r ic  ac id  a n d  succinic acid  w ere u sed  as m odel 
com pounds.

Experim ental

M easurem ents w ere m ade a t  37 °C, w ith  a H e w le tt-P a c k a rd  M odel 302 
v a p o u r  pressure o sm om eter. The th e rm is to r  beads u sed  h a d  h y d ro p h ilic  su r
faces for the  s tu d y  o f aqueous so lu tions, an d  hydro p h o b ic  su rfaces fo r o rgan ic  
so lu tions. The a n a ly tic a l s tra ig h t lines w ere recorded  w ith  n - tr ia c o n ta n e  fo r 
o rgan ic  so lvents, an d  w ith  saccharose fo r aqueous so lu tions an d  fo r w a te r -  
alcohol m ix tu res . T he so lvents u sed  (benzene, to lu en e , ch lo ro fo rm , ca rb o n  
te tra c h lo rid e , n -h ex an e , m ethano l, e th a n o l, isopropanol) w ere R ean a l p ro d u c ts  
o f  th e  h ighest a n a ly tic a l p u rity . D o u b ly  d istilled  w a te r  w as em ployed  to  p re 
p a re  th e  w a te r—alcohol m ix tu res . T he ascorbic, ta r ta r ic  an d  succinic acids 
u sed  to  s tu d y  th e  e ffec t of d issocia tion  w ere sim ilarly  of th e  h ig h es t a n a ly tic a l 
p u r ity .

Study o f the relative error of vapour pressure osm om etry

The relation describing the basic principle of vapour pressure osm om etry  
w as derived by B o nnar  et al. [3]; according to th is, the resistance difference 
o f therm istor beads holding a solvent drop in the vapour space of som e solvent, 
and a solution drop form ed from the solvent in question, is given by

A R
M,RT2

kA H  QMrA 7  +  '
M r ,p

Ca ( 1 )

F or su b stan ces  obeying  th e  R a o u lt  law , th e  m o lecu lar w eigh t can  be 
dete rm in ed  w ith  su ffic ien t accu racy  if  on ly  th e  f irs t te rm  of th e  above e x p re s 
sion  is ta k e n  in to  acco u n t. In  th is  case a p lo t o f A R  v s. Сд (genera lly  w ith  
m o la r so lu tions) is lin ear.

F o r re a d y  com parison  of th e  an a ly tic a l s tra ig h t lines m easu red  w ith  a 
g iven  ca lib ra tio n  m a te r ia l b u t  d iffe ren t so lvents, th e se  are  p lo tte d  fo r n- 
h ex an e , ch loroform , carb o n  te tra c h lo r id e , benzene, to lu en e  an d  w a te r  in  F ig . 1, 
w hile th e  slopes are lis ted  in  T ab le  I .
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SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 3

Fig. 1. A n aly tica l s tra ig h t  lines a t  37 °C in v a rio u s so lv en ts

Table I

Slopes o f  the analytical straight lines on the use 
o f  various solvents

Solvent
Molar resistance 

difference 
ohm • mole-1

n-hexane 940
Chloroform 660
Carbon te trach lo rid e 552
Benzene 465
Toluene 336
W ater 56

T h e fo rm ally  defined  slope A R /М а  gives th e  m olar re s is tan ce  d ifference, 
w h ich  ch a rac terizes  th e  an a ly tica l m e th o d  on th e  use of th e  so lv en t in  q u estio n . 
T h e  sm alle st d iv ision  of th e  c o m p en sa tin g  p o ten tio m e te r  o f  th e  a p p a ra tu s  is
0.01 ohm  (1 0 " 4 °C), b u t  in  an  u n fa v o u ra b le  case th e  s ta n d a rd  d ev ia tio n  of th e  
m easu rem en ts  m ay  a t ta in  + 0 .1  ohm  (1 0 -3  °C). W ith  th e  l a t te r  ta k e n  in to  con
s id e ra tio n , th e  re la tiv e  e rro r o f th e  a n a ly tic a l m ethod  is g iven  in  T able I I  fo r  
v a rio u s  so lven ts an d  m o lar so lu tions.

A  p a r tia l  e x p lan a tio n  w hy  v a p o u r  p ressu re  o sm om etry  h as  n o t becom e 
w id esp read  in  th e  s tu d y  of inorgan ic  su b stan ces  is th a t  th e  a n a ly tic a l s tra ig h t
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4 SZABŐ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

Table II

Relative error o f  vapour pressure osmometry on the application  
o f  various solvents

Concentre-
Relative error, %

tion of solute 
mole - dm-3 n-hexane chloroform

carbon te tra 
chloride benzene toluene water

0.01 l . n 1.47 1.80 2.20 3.12 18.3

0.02 0.54 0.76 0.91 2.13 2.52 9.1

0.04 0.27 0.37 0.44 0.54 0.77 4.4

0.06 0.18 0.25 0.30 0.36 0.50 3.0

0.08 0.13 0.19 0.22 0.27 0.38 2.2

0.1 0.11 0.15 0.18 0.21 0.29 1.8

lin es  fo r aqueous so lu tio n s  have low  slopes, and  th e  a n a ly tic a l m ethod  h as  a 
la rg e  re la tive  e rro r . I n  p rinc ip le , th is  p ro b lem  can be g o t o v er in  tw o w ays:

(a) increase o f  th e  co n cen tra tio n  (abso lu te  re s is tan ce  difference) of th e  
so lu te  under in v e s tig a tio n ;

(b) increase o f  th e  slope (m o lar re s is tan ce  d ifference) of th e  an a ly tica l 
s tra ig h t  line.

The fu n d a m e n ta l re la tio n s o f v a p o u r  pressure  o sm o m e try  are v a lid  fo r 
d ilu te  so lu tions, a n d  th is  lim its th e  in crease  of th e  c o n c e n tra tio n , p a r tic u la r ly  
fo r  m ateria ls  o f h ig h  m olecu lar w eig h t. I n  our ex p erien ce , th e  upper lim it o f 
co n cen tra tio n s o f  so lu tio n s is 10— 15 g • d m -3 . In  c o n tra s t ,  w ith  aqueous 
so lu tions th e  sm all e rro r  o b ta in ed  w ith  organic so lv en ts  w o u ld  he a tta in a b le  
o n ly  if  m easu rem en ts  w ere m ade on so lu tions w ith  co n c e n tra tio n s  a b o u t one 
o rd e r higher. T h ere  is th u s  no p o ssib ility  to  increase th e  s e n s itiv ity  of th e  m e th 
o d  as in  (a) ab o v e .

Effect o f w ater-alcohol m ixtures on the slope o f  the analytical
straight line

A ccording to  re la tio n  (1), th e  re s is tan ce  ( te m p e ra tu re )  difference c re a te d  
b y  th e  given m o la r  so lu tion  is d ire c tly  p ro p o rtio n a l to  th e  m olecular w e ig h t 
o f th e  so lven t u se d , an d  in v erse ly  p ro p o rtio n a l to  th e  h e a t  o f v a p o riza tio n  
a n d  density  o f th e  so lven t. I f  th e  m o la r  res is tan ce  d ifference  can be increased  
via  these  fac to rs  in  such  a w ay  t h a t  th e  colligative p ro p e rtie s  of th e  so lu te  
rem ain  below  15 g • d m “ 3 fo r th e  w a te r-a lco h o l m ix tu re s  in  question , th e n  a 
favourab le  re su lt  is to  be ex p ec ted  fro m  th e  ap p lica tio n  o f th e  b in a ry  m ix tu re s . 
H ydroph ilic  th e rm is to r  beads w ere u sed  to  d e te rm in e  th e  an a ly tica l s tra ig h t

Acta Chim. (Budapest)  89, 1976



SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 5

lin es  fo r so lu tions o f  saccharose in  w a te r—alcohol m ix tu re s  co n ta in in g  20, 40 
a n d  60 v o l%  m e th an o l, e th an o l a n d  isopropano l. Those fo r w a te r -e th a n o l 
m ix tu re s  are to  he seen in  Fig. 2.

F ig. 2. A n a ly tica l s tra ig h t  lines in  w a te r -e th a n o l  m ix tu re s  w ith  v a rio u s  e th an o l c o n te n ts

T hose  for w a te r—m eth an o l an d  w a te r—isopropano l m ix tu re s  are  essen 
t ia lly  s im ila r. T he slopes (m olar re s is ta n c e  differences) o f th e  lines w ere ca lcu 
la te d , as w as th e  re la tiv e  e rro r of th e  a n a ly tic a l m e th o d . T hese re su lts  are 
lis ted  in  T ab les I I I  a n d  IY .

T h e  ex p e rim en ta l re su lts  lead  to  th e  follow ing find ings:
(a) T he A R  vs. M A re la tio n  re m a in s  lin e a r  w ith in  th e  g iven  co n c e n tra tio n  

ran g e , ev en  w hen w a te r-a lco h o l m ix tu re s  are  used . (This is a  p rac ticab le , b u t  
n o t in e v ita b le  req u irem en t.)

Table III

Slopes o f  analytical straight lin es on the appplication  
o f  various water—alcohol m ixtures

Alcohol
content
vol.%

Molar resistance difference, ohm • mole-1

methanol ethanol isopropanol

0 56 56 56

20 67 69 72

40 75 81 83

60 91 93 92
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6 SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

Table IV

R elative  error o f  vapour pressure osmometry on the application  
o f  water-alcohol m ixtures

Solvent
Alcohol
concen
tration
vol%

Relative error, % in saccharose solutions with concentrations of

0.01 0.02 0.04 0.06 0.08 0.1

mole • dm -3

20 15.4 7.7 3.8 2.6 1.9 1.5

W  a te r-m e th an o l 40 13.3 6.7 3.3 2.2 1.7 1.3

60 11.8 5.7 2.9 1.9 1.4 1.1

20 14.5 7.2 3.6 2.4 1.8 1.5

W  a te r-e th a n o l 40 12.1 6.2 3.1 2.1 1.5 1.2

60 10.7 5.4 2.6 1.8 1.3 1.0

20 14.3 7.5 3.8 2.4 1.8 1.4

W  ater-isop ropano l 40 12.0 6.2 3.0 2.0 1.5 1.2

60 11.4 5.7 2.9 1.9 1.4 1.1

(b) The slopes o f  th e  an a ly tica l s tr a ig h t  lines, i.e. th e  m olar re s is tan ce  
d ifference, increase  to  a considerable e x te n t .

(c) The re la tiv e  e rro r of th e  m e th o d  decreases in  accordance w ith  th e  
increase  of th e  m o la r  resistance  d ifference.

As reg ard s th e  a n a ly tic a l m e th o d , th e  use of w a te r-a lco h o l m ix tu re s  
le ad s  to  a fav o u rab le  re su lt overall; w ith  th e ir  aid  th e  slope of th e  a n a ly tic a l 
s tra ig h t  line can  b e  in creased , and  th e  re la tiv e  e rro r o f th e  m eth o d  can  be  
d ecreased . A lth o u g h  th e  m olar re s is tan ce  difference o b ta in e d  for th e  b in a ry  
w a te r-a lco h o l m ix tu re s  is su b s ta n tia lly  low er th a n  th e  v alues m easured  w ith  
n -h ex an e  or ch lo ro fo rm , w ith  60 v o l%  a lco ho l-con ta in ing  solvents th e  m o lec
u la r  w eight an d  th e  d issociation  or asso c ia tio n  eq u ilib riu m  co n stan ts  can  be  
d e te rm in ed  w ith  an  e r ro r  of <  2 rel. % .

Study o f the dynamics o f the A R  vs. t equilibrium

The processes ta k in g  place in  th e  th e rm o s ta te d  v a p o u r  space of th e  v a 
p o u r  pressure o sm o m ete r, and  fo rm ing  th e  basis o f th e  m easu rem en t, w ere  
described  in  d e ta il e a rlie r  [4, 5]. H ere  i t  is m en tio n ed  on ly  th a t  th e  v a r ia t io n  
in  tim e  of th e  re s is ta n c e  difference p ro v id es  in fo rm a tio n  on th e  m ass t r a n s fe r  
processes of th e  v a p o u r- liq u id  phase , and  on th e  dy n am ics of a t ta in m e n t o f  
th e  equ ilib rium  s ta te .

Acta Chim. ( Budapest) 89, 1976



SZABÖ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 7

The dynam ics of e s ta b lish m e n t o f  th e  A R  vs. t e q u ilib riu m  w ere s tu d ied  
w h en  w a te r-a lco h o l m ix tu res w ere  u sed . F o r so lvents w ith  v a rious alcohol 
c o n te n ts , th e  change in  tim e o f th e  re s is tan ce  d ifference w as m easu red  w ith
0.02, 0.04, 0.06, 0.08 and  0.1 m ole • d m -3  saccharose so lu tio n s. F igu re  3 show s 
th e  A R  vs. t cu rves for 0.1 mole • d m “ 3 saccharose in  w a te r—eth an o l m ix tu res .

F ig . 3. V aria tio n  in  tim e  o f th e  resistan ce  d ifferen ce  in  w a te r-e th a n o l m ix tu re s  w ith  va rio u s 
e thano l c o n te n ts , w ith  a  saccharose  co n ce n tra tio n  of 0.1 m ole  ■ d m -3

I t  is clear t h a t  th e  equ ilib riu m  A R  va lu e  is a tta in e d  th e  m ore slow ly, 
th e  h ig h er th e  alcohol co n ten t of th e  m ix tu re . The te m p e ra tu re  difference of 
th e  tw o  drops com es in to  eq u ilib riu m  w ith in  th e  10 m in m easu rem en t tim e  
o n ly  in  pure  w a te r a n d  th e  m ix tu re  c o n ta in in g  20 vo l%  e th an o l. In  th e  so lven t 
c o n ta in in g  60 v o l%  e th an o l ab o u t 15 m in  is necessary  fo r th e  resis tan ce  
( te m p e ra tu re )  d ifference p ro p o rtio n a l to  th e  m olecu lar w eight to  be estab lish ed  
b e tw een  th e  th e rm is to r  heads ho ld ing  so lv e n t and  so lu tion  d rops a t  th e  given 
saccharose  c o n cen tra tio n . The co rresp o n d in g  tim e  for p u re  (one-com ponent) 
so lv en ts  is 1 3 m in .

O u r experience to  da te  in d ica te s  t h a t  th e  shapes o f th e  A R  vs. t curves 
a lw ays depend  on th e  abso lu te  v a lue  o f  th e  resis tan ce  d ifference. A s tu d y  was 
th e re fo re  m ade of how  th e  shapes d e p e n d  on th e  solute co n cen tra tio n  in  various 
so lv e n t m ix tu res . F ig u re  4 shows cu rv es  o b ta in e d  for m ix tu re s  co n ta in in g  40 
v o l%  e th an o l a t  saccharose c o n c e n tra tio n s  o f 0.04, 0.06, 0.08 and  0.10 
m ole ■ d m “ 3.

T hese  curves re v e a l th a t  th e  g re a te r  th e  abso lu te  va lue  o f th e  resis tan ce  
d ifference  de te rm in ed  b y  th e  c o n c e n tra tio n  o f th e  substance  u n d e r  ex am in a tio n
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8 SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

(or th e  low er th e  m o le c u la rw e ig h to f th is  su b stan ce  in th e  case o f th e  sam ew eig h t 
co n cen tra tio n ), th e  m ore  d ifficu lt i t  is for th e rm a l eq u ilib riu m  to  be estab lish ed  
in  th e  g iven system . S im ila r-sh ap ed  curves w ere o b ta in ed  fo r w a te r-m e th a n o l 
an d  w a te r—isopropano l m ix tu re s , w ith  th e  difference t h a t  th e  tim e  n ecessary  
for a t ta in m e n t of th e  eq u ilib riu m  value w as sh o rte r  for th e  fo rm er, and  longer 
for th e  la t te r ,  th a n  fo r  w a te r—ethano l.

F ig . 4. V a ria tio n  in  t im e  o f th e  resistance  d ifference in  w a te r -e th a n o l m ix tu res  co n ta in in g  
40 v o l%  e th a n o l, w ith  v a rio u s saccharose  c o n cen tra tio n s

T he shapes of th e  curves in  F igs 3 an d  4 in d ica te  t h a t  a m ass tr a n s fe r  
p rocess accom pan ied  b y  a th e rm a l e ffec t occurs in  th e  en v iro n m en t o f th e  
th e rm is to r  ho ld ing  th e  so lu tion  d rop , th is  de lay ing  ra p id  estab lish m en t o f th e  
te m p e ra tu re  d ifference fo r th e  liq u id  d rops on th e  tw o th e rm is to r  beads. E x c lu d 
ing  th e  p o ssib ility  o f  chem ical reac tio n , th is  m ass tra n s fe r  process, th e  r a te  o f 
w h ich  is h ighest in itia lly , can  only  be th e  v a p o riza tio n  o f  som e co m p o n en t o f 
th e  so lu tion  d rop . S im u ltan eo u s v a p o riza tio n  o f th e  so lu te  is n o t possib le, fo r 
th e  v a p o u r p ressu re  o f saccharose is a lm o st zero a t  th e  g iven  te m p e ra tu re , w hile 
in  th e  case of s im u ltan eo u s v ap o riza tio n  of th e  so lu te  th e  A R  vs. t. curves te n d  
to  decrease e x p o n e n tia lly  [4].

T he cause o f th e  observed  p h enom enon  is as follow s. T he th e rm o s ta te d  
v a p o u r  space of th e  a p p a ra tu s , filled  w ith  v a p o u r fro m  th e  b in a ry  m ix tu re , is 
p re p a re d  b y  p u tt in g  a re la tiv e ly  large a m o u n t of so lv en t in  th e  closed ch am b er 
of th e  v ap o u r p re ssu re  osm om eter. W hen  w a te r—alcohol m ix tu res  are u sed , 
a p a r t  from  th e  n o rm a l processes eq u ilib riu m  is e s tab lish ed  betw een  th e  liq u id  
a n d  v ap o u r phases d u rin g  th e  th e rm o s ta tin g  period . W ith  w a te r—alcohol m ix-
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SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES 9

tű ré s  con ta in in g  2 0 —60 vol%  a lcoho l, th e  alcohol c o n te n t o f th e  v a p o u r  p h ase  
is 40 — 80 m ole% , com pared  to  10 — 5 0 %  in  th e  liqu id  phase  [6, 7]. C om pared  
to  th e  in itia l s ta te ,  therefo re , (w h en  th e re  is no v a p o u r space above it)  th e  
com position  of th e  liq u id  phase in  th e  eq u ilib riu m  s ta te  changes in fin ite s im a lly , 
b u t  defin ite ly . T he co n cen tra tion  ch an g e  is a fu n c tio n  of th e  a m o u n t o f so lv en t 
p u t  in  th e  o sm om eter, and the  d u ra t io n  o f th e  m easu rem en t.

F o r  the  above reasons, th e  a lco h o l co n cen tra tio n  o f a so lu tion  d ro p  fo rm 
in g  d u rin g  th e  m easu rem en ts is n o t  th e  sam e as th a t  o f th e  liq u id  phase  in  th e  
ch a m b e r. A t an y  e v e n t, the d ifference be tw een  th e  tw o  is su ffic ien t fo r  th e  
sen s itiv e  electron ic  m easuring sy s te m  o f th e  a p p a ra tu s  to  d e te c t an d  fo llow  
th e  doub le  m ass tra n s fe r  process in  th e  so lu tio n  d ro p : passage  o f th e  so lv e n t 
in to  v a p o u r- liq u id  equilib rium  (e v a p o ra tio n  o f a sm all a m o u n t o f a lcoho l 
from  th e  solu tion  d ro p ) and d ev e lo p m en t o f a te m p e ra tu re  d ifference b e tw een  
th e  so lv en t and  so lu tio n  drops (m ix ed  cond en sa tio n ). As reg a rd s  th e ir  te m p e r 
a tu re  effects, th e  tw o  processes are o p p o sin g , an d  th e  reco rd ed  A R  vs. t cu rv es  
re p re se n t th e  r e s u l ta n t  o f the tw o .

E s ta b lish m e n t o f  equilib rium  fo r  th e  so lven t com position  of th e  so lu tio n  
is a d iffusion  process. T h is explains w h y  th e  tim e  n ecessary  to  a t ta in  th e  e q u i
lib riu m  s ta te  is th e  longer

(a) th e  g rea te r  th e  difference o f  th e  eq u ilib riu m  liq u id  an d  v a p o u r p h ase  
com positions; and

(b) th e  low er th e  liqu id  and  v a p o u r  p h ase  d iffusion ra te s  o f th e  alcoho l. 
T he d a ta  o b ta in ed  suggest th a t  th e  d iffu sio n  process in  th e  cases of m e th a n o l 
an d  e th a n o l is fa s t en o u g h  no t to  e x te n d  th e  m easu rem en t tim e  to o  m uch . T h e  
slow rise  o f th e  cu rves fo r isopropanol, how ever, is u n fav o u rab le  as reg a rd s  th e  
an a ly tic a l m ethod .

T h e  p h en o m en a  discussed above in  connection  w ith  th e  shapes o f th e  
A R  vs. t curves m u s t h e  classified as u n fa v o u ra b le  fo r an a ly tic a l ap p lica tio n  
of v a p o u r  pressure osm om etry , fo r th e y  increase th e  m easu rem en t tim e . 
H ow ever, th e  p rob lem s m ay  he e lim in a te d  b y  m ore fre q u e n t so lven t exchange , 
b y  ca re fu l p re tre a tm e n t, and b y  u s in g  sm all so lven t an d  so lu tion  d rops. I n  
c o n tra s t, th e re  is th e  ad v an tag e  th a t  th e  e rro r  of th e  m e th o d  can  be lim ite d  
to  th e  desired  value w ith  b inary  w a te r—alcohol m ix tu res .

Determ ination o f molecular w eight o f dissociating compounds with  
the use of water—alcohol mixtures

T h e o th e r g rea t obstacle  to  th e  u se  o f v a p o u r p ressu re  o sm o m etry  in  
aqueous m ed ium  is th e  fa c t  th a t  m ost w a te r-so lu b le  su b stan ces undergo  disso
c iation  (possib ly  associa tion) in w ater. A s a  consequence of th e  co lligative effec t, 
the  m easu red  m olecular w eight is th e re fo re  less (or m ore) th a n  th e  th e o re tic a l
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10 SZABÓ-LAKATOS, LAKATOS: APPLICATION OF WATER-ALCOHOL MIXTURES

v a lu e , and  th e  e rro r o f  th e  m easu rem en t d ep en d s on th e  va lu e  of th e  d issocia
tio n  c o n s ta n t.

Since alcohols a n d  th e  decrease o f d ilu tio n  are know n to  repress d issocia
tio n , su c h  effects o f  w a te r—alcohol m ix tu re s  w ere s tu d ied  w ith  th e  m odel com 
p o u n d s  ascorbic, t a r t a r i c  an d  succinic ac ids. M easu rem en ts w ere m ade on 0.02,
0 .04, 0.08 and  0.10 m ole • d m -3  so lu tions. T he m olecu lar w eights found  for 
a sco rb ic  acid as a fu n c tio n  of th e  alcohol c o n te n t o f th e  m ix tu re  are g iven  in
F ig . 5.

c a l c o h o l  vo1

F ig . 5. D ependencejo f m o lecu la r w eight m easu red  fo r ascorbic acid  on th e  alcohol c o n te n t o f 
th e  m ix tu re  and th e  c o n c e n tra tio n  of th e  so lu te

I t  is re a d ily  seen  th a t  w ith  th e  in crease  of th e  alcohol co n te n t an d  th e  
co n cen tra tio n  o f th e  su b stan ce  ex am in ed , th e  m easu red  m olecular w eight b e t te r  
ap p ro x im ates  to  th e  th eo re tica l v a lu e . I t  can  also be observed  th a t  th e  slope 
decreases co n sid e rab ly  w ith  increase o f  th e  m olar c o n cen tra tio n . T his is o f  
im p o rtan ce  p r im a r ily  from  a p rac tica l a sp ec t, for th e  lim itin g  value o f th e  c u rv 
es, i.e. th e  th e o re tic a l m olecular w e ig h t can  be e x tra p o la te d  w ith  th e  g re a te s t  
c e r ta in ty  for th e  cu rv e  of low est slope, th o u g h  all curves have  th e  sam e lim itin g  
va lu e .

This com m on lim itin g  value can  be d e te rm in ed  w ith  m a th e m a tic a l a p 
p rox im ation  m e th o d s . In  m any  cases, how ever, th e  e x tra p o la tio n  is s im plified  b y  
p lo ttin g  th e  m e a su re d  m olecular w e ig h t as a fu n c tio n  o f th e  lo g arith m  o f th e  
alcohol c o n te n t. I n  th is  case th e  e x p e rim e n ta l po in ts  for ascorbic acid , fo r 
in s tan ce , lie on a s tra ig h t line (F ig . 6).

The in te rse c tio n  of th e  s tra ig h t lines lies ou tside  F ig . 6, show ing th a t  in  
v e ry  d ilu te  so lu tio n s  acids and  b ases un d erg o  a ce rta in  d issociation  even  in
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F ig . 6. V a ria tio n  of th e  m olecular w e igh t m easu red  fo r ascorbic acid  as a  fu n c tio n  o f th e  log
a r ith m  of th e  a lcohol co n ten t o f th e  m ix tu re  a n d  th e  co n ce n tra tio n  of th e  so lu te

p u re  alcohol. T he in te rsec tio n  is a t  179, i.e. a difference of - |-1 .7 %  from  th e  
th e o re tic a l va lue . T h e  m olecular w e ig h t e x tra p o la te d  for an  alcohol c o n te n t 
o f 100 v o l% , how ever, is of a ccep tab le  accu racy  excep t fo r th e  0.02 an d  0.04 
m ole • d m -3 so lu tio n s. As show n b y  th e  d a ta  in  T able  V, th e  p ra c tic a l re q u ire 
m e n ts  are  also sa tis f ied  b y  the  m o lecu la r w eig h t m easured  d ire c tly  in  a m ix tu re  
c o n ta in in g  40 v o l%  alcohol for a 0 .10 m ole • d m ~ 3 solution .

Table V

Dependence o f  relativ? error on alcohol content o f  m ixture  
a n d  on d ilution

Solvent
Alcohol con

centration 
col%

Relative error, %

Ascorbic acid Tartaric acid Succinic acid

0.02 0.04 0.08 0.10 0.10 0.10

mole dm-3

0 — 47.2 — 26.8 —  18.7 —  15.3 —  14.9 —  10.3

10 — 31.8 —  17.6 —  10.8 —  6 .8

W a te r-e th a n o l 20 - 2 3 .3 —  13.1 — 7.4 — 4.5 — 9.9 — 5.2

m ix tu re 40 - 1 5 .9 — 8.5 — 4.5 —  2.8 —  5.8 — 1.2

60 — 11.2 —  6 .2 —  3.4 —  1.7 —  2.8 +  1.5
100* — 5.6 — 5.6 — 1.1 — 0.6

* E x tra p o la ted  value
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T h e  ta b u la te d  d a ta  p ro v e  th a t  in  th e  d e te rm in a tio n  o f m olecular w eigh ts 
of d isso c ia tin g  su b stan ces , increase of e ith e r  th e  alcohol c o n te n t of th e  m ix tu re  
or th e  c o n c e n tra tio n  o f  th e  ex am in ed  su b s ta n c e  has a fav o u rab le  re su lt. T he 
tw o  fa c to rs  a c t in  th e  sam e d irec tion , a n d  th e  considerab le  red u c tio n  o f th e  
e rro r  re su lts  from  rep re ss io n  of th e  d isso c ia tio n . A t th e  sam e tim e , increase  o f 
th e  a lcoho l co n ten t le ad s  to  an  increase in  th e  m o la r re s is tan ce  difference (slope 
of th e  an a ly tica l s tr a ig h t  line), an d  increase  o f  th e  co n c e n tra tio n  of th e  s u b 
s tan ce  in v es tig a ted  in c reases  th e  abso lu te  re s is tan ce  d ifference, i.e. i t  im proves 
th e  acc u ra cy  of th e  m e th o d .

T h e  resu lts  fo r t a r ta r ic  an d  succinic ac ids b y  an d  large  agree w ith  th o se  
fo r a sco rb ic  acid, b u t  sem i-logarithm ic  p lo tt in g  of th e  p o in ts  fo r ta r ta r ic  acid  
d id  n o t  give a s tra ig h t lin e . This can  p re su m a b ly  be ex p la in ed  b y  th e  stepw ise 
d isso c ia tio n , and  th e  s im ila rity  of th e  d issoc ia tio n  c o n s ta n ts . D ifficu lty  in 
e x tra p o la tio n  and  a f u r th e r  e rro r arise if  th e  su b stan ce  in  questio n  has lim ited  
so lu b ility  in  w a te r—alcoho l m ix tu res . A p o sitiv e  d ev ia tio n  from  th e  th e o re tic a l 
m o lecu la r w eight th e n  re su lts , an d  th e  m e th o d  c a n n o t be used . I t  m u s t be 
n o te d , how ever, t h a t  m o lecu la r w eights d e te rm in e d  b y  e x tra p o la tio n  are n o t 
in d e p e n d e n t of th e  so lv e n t—solute in te ra c tio n , an d  w ith in  th is  of th e  p ro p e rtie s  
o f th e  alcohol an d  th e  su b stan ce  (e.g. p e rm itt iv ity ) .

In  connection  w ith  th e  accu racy  o f  th e  an a ly tic a l m eth o d , a tte n tio n  is 
d ra w n  to  th e  fac t t h a t  th e  relative error a ris in g  from  th e  su b jec tiv e  an d  c o n s tru c 
t io n a l  p rob lem s, w h ich  is ty p if ie d  b y  s ta n d a rd  d ev ia tio n  in  b o th  p o sitive  an d  
n e g a tiv e  d irec tions, m u s t be sh a rp ly  d is tin g u ish ed  from  th e  dissociation an d  
association errors, w h ich  cause on ly  n eg a tiv e  or po sitiv e  dev ia tio n s, re sp e c tiv e 
ly . I n  every  case th e se  la t te r  are acco m p an ied  b y  th e  re la tiv e  e rro r in  th e  
d e te rm in a tio n  o f ZljR.

In  spite  of i ts  sh o rtco m in g s, th e  m e th o d  also has to  follow ing a d v a n ta g e s :
(a) W ith  its  h e lp , i t  can  be e s tab lish ed  w h e th e r th e  su b stan ce  ex am in ed  

d isso c ia tes  in  aq u eo u s m ed ium .
(b) I f  so, th e n  th e  m ost p ro b ab le  m o lecu la r w eig h t o f th e  su b stan ce  can  

b e  d e te rm in ed  fro m  th e  lim itin g  va lu e  o f th e  M rmeasd vs. calcolll)1 cu rves.
(c) The d isso c ia tio n  an d  assoc ia tion  eq u ilib ria  o f com pounds o f know n  

m o lecu la r w eigh t can  be  s tu d ied  w ith  s a tis fa c to ry  accu racy  in  w a te r—alcohol 
m ix tu re s .

A p a rt from  th e  ex am in ed  an d  p re se n te d  p h en o m en a , th e  use o f b in a ry  
liq u id  m ix tu res in  v a p o u r  p ressure  o sm o m etry  does n o t differ from  th e  ap p li
c a tio n  of pure  so lv en ts .
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Notations

CA co n cen tra tio n  o f  so lu te g .d m  3
Л н h e a t  v ap o riza tio n  o f  solvent k ca l. m o le  1
M A  
M r ,0
M r,A
к

co n cen tra tio n  o f  so lu te  
m olecu lar w e ig h t o f solvent 
m olecular w e ig h t o f solute 
co n stan t

m o le .d m  3

R th e  gas c o n s ta n t k c a l.k m o le - L K —1
A r resistance d ifference ohm
T tem p era tu re К
t tim e m in
Q
ß

d e n s ity  of so lv en t 
M argules c o n s ta n t  [3]

g .cm - 3
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A t ab o u t p H  7 h y d rogen  pe ro x id e  is se lectively  decom posed b y  c a ta la se  in  th e  
p resence  of p e ro xo-m onosu lphuric  a n d  peroxo-m onophosphoric  acid . T his o b se rv a tio n  
c an  be ex p lo ited  fo r analysis o f sy s tem  co n ta in in g  th e  m en tio n ed  su bstances. I n  an  
a liq u o t o f th e  sam ple  h y d rogen  p e ro x id e  is decom posed  b y  ca ta lase , an d  su b seq u en tly  
iod ine  lib e ra te d  b y  th e  peroxo-m onoacids is m easu red  sp ec tro p h o to m etrica lly . In  
a n o th e r  sam ple , th e  to ta l  oxid iz ing  cap ac ity  is d e te rm in ed  in  a sim ilar w ay.

S evera l m e th o d s have  been  developed  fo r th e  d e te rm in a tio n  of h y d ro g en  
pero x id e  in  th e  presence  of p e ro xo-su lphuric  acid . V o lum etric  m e th o d s are 
know n  fo r th e  d e te rm in a tio n  of g re a te r  am o u n ts  o f hyd ro g en  perox ide  [1 — 5]. 
H o w ev er, th e y  can  be u sed  only  n o t  below  th e  sem i-m icro  scale. F o r d e te rm i
n a tio n s  on m icro scale, tw o m eth o d s  ap p e a r to  be availab le . In  one of th e m  
h y d ro g en  perox ide  is oxidized w ith  cerium (IV ) ions a t  a h igh  c o n c e n tra tio n  
of su lp h u ric  acid (w hich is necessary  to  suppress th e  induced  reac tio n  b e tw een  
p e ro x o -su lp h u ric  ac id  a n d  cerium (IV )), m easu ring  th e  change in  th e  ab so rb an ce  
of cerium (IV ) [6]. T h en  in  a n o th e r sam ple th e  to ta l  oxidizing c a p ac ity  is d e te r 
m ined  sp ec tro p h o to m e trica lly , w ith  th e  use o f iro n (II)  ions. In  th e  o th e r  
m e th o d , h y d ro g en  perox ide  is m easu red  as p e ro x o -titan iu m (IV ) com plex  b y  
sp e c tro p h o to m e try , w hereas th e  to ta l  oxidizing c a p a c ity  is d e te rm in ed  in  
a n o th e r  sam ple , s im ila rly  w ith  th e  use o f iro n (II)  ions [7]. T he la t te r  m e th o d  
has th e  a d v a n ta g e  th a t  hyd rogen  perox ide  is com plexed  b y  tita n iu m (IV ) 
in s ta n ta n e o u s ly , an d  th is  m ay  serve as an  e ffic ien t quench ing  in  case o f k in e tic  
m easu rem en ts . H ow ever, b o th  m e th o d s  have th e  d raw b ack  th a t  th e  d e te rm i
n a tio n s  o f  h y d rogen  perox ide  an d  pero x o -su lp h u ric  acid can n o t be ca rr ied  
o u t a t  th e  sam e se n s itiv ity  due to  d ifferences in  th e  absorbancies an d  th u s  th e  
q u a n ti ty  o f p e ro xo-su lphuric  acid  o b ta in ed  as a d ifference is erroneous. In  
ad d itio n  to  th a t ,  th e  ab o v e-m en tio n ed  m icro m eth o d s can n o t he u sed  fo r th e  
analysis o f  sam ples co n ta in in g  h y d ro g en  peroxide an d  peroxo-m onophosphoric  
acid b ecau se  b o th  tita n iu m (IV ) an d  th e  form ed iro n ( I I I )  re a c t w ith  th e  p h o s 
p h a te  ions w hich  are inav o id ab le  com ponen ts in  th e  sam ples to  be an a ly zed . 
T herefo re  a new  m e th o d  is req u ired  to  solve th e  p rob lem s in d ica ted . O n ta k in g  
in to  acco u n t th a t  th e  colours of th e  peroxo-com plexes of o th e r tra n s itio n  m e ta ls  
are n o t su ffic ien tly  in ten siv e  for th e  d e te rm in a tio n  of h y d rogen  perox ide  a t  an
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a d e q u a te  sen s itiv ity , a n d  th a t  also th e se  m e ta l ions form  com plexes w ith  
p h o sp h a te  ions, we a t te m p te d  th e  d e te rm in a tio n  o f h y d ro g en  p e ro x id e  as a 
m ix e d  ligand  peroxo-com plex , w ith  th e  u se  o f  a su itab le  chela tin g  a g en t. These 
re s u lts  w ill be re p o r te d  elsew here.

As an o th e r w ay  o f so lv ing th e  ab o v e-m en tio n ed  p rob lem  we a t te m p te d  th e  
use o f  th e  tech n iq u e  sugg ested  by  van  d e r  Meu len  [8]. T his consists essen
t ia l ly  in  th e  rem o v al o f h y d rogen  perox ide  fro m  th e  sy stem  co n ta in in g  peroxo- 
d isu lp h a te  b y  c a ta ly tic  decom position  w ith  osm ium  te tro x id e . H ow ever, 
w h e reas  u n d e r such  co n d itions p e ro x o -d isu lp h a te  rem ains in  fa c t u n a lte re d , 
p ero x o -m o n o su lp h u ric  an d  p e roxo-m onophosphoric  acid  a lread y  undergo  
decom position . A ccord ing  to  our in v e s tig a tio n s  th e  ra te  of decom position  of 
h y d ro g e n  peroxide c a ta ly se d  b y  osm ium  te tro x id e  ex h ib its  a m ax im u m  a t  p H  
10.6, th e  au to d eco m p o sitio n  of th e  p eroxo-m onoac ids has a p e a k  v a lu e  w here 
p H  =  p K . The p K  v a lu e  o f p e ro x o -m onosu lphuric  acid is 9.2 an d  th a t  o f  peroxo- 
m o n o p hosphoric  ac id  is 12.8.

I t  is know n since long  th a t  h y d ro g en  perox ide  is decom posed  b y  even 
m in u te  am oun ts o f c a ta la se  a t  a h igh  r a te  an d  w ith  rem ark ab le  se lec tiv ity . 
T h u s , we carried  o u t m easu rem en ts  to  c lea r u p  th e  an a ly tica l ap p licab ility  of 
th e  en zy m atic  rem o v a l. C atalase can be o b ta in e d  re la tiv e ly  easily  from  various 
n a tiv e  raw  m a te ria ls , a n d  is availab le  also as a com m ercial p ro d u c t in  so lu tions 
o r in  a lyophilized  fo rm . T he d ilu te  aq u eo u s so lu tion  of th e  enzym e can  be 
s to re d  in  a re fr ig e ra to r  fo r m on ths w ith o u t considerab le  change in  th e  a c tiv ity . 
C on seq u en tly , c a ta la se  appears to  be su ita b le  as an  a n a ly tic a l re a g e n t, to o .

C atalase is k n o w n  to  be a h e m a to p ro te in  of a m olecu lar w eig h t o f ab o u t 
250 000 co n ta in in g  fo u r  p ro to p o rp h y rin  g roups in  th e  m olecule. T he cen tra l 
i r o n ( I I I )  ions are p la n a r ly  co o rd in a ted  b y  th e  N  atom s o f th e  p o rp h y rin  ring . 
B elow  and  above th e  p lan e , th e  p ro te in  is lin k ed  to  one o f th e  co o rd ina tion  
s ite s  5 or 6 w hereas w a te r  or h y d ro g en  p e rox ide  is linked  to  th e  o th e r  one. 
A cco rd in g  to  som e a u th o rs  [9] th e  a c t iv i ty  o f ca ta lase  to  decom pose hydro g en  
p e ro x id e  is in d e p e n d e n t o f th e  p H  in  th e  p H  range  be tw een  4 —10 w hereas o th e r 
a u th o rs  observed  th e  m ax im um  ra te  o f decom position  a t  a b o u t p H  7 [10]. 
A cco rd in g  to  th e  p re lim in a ry  in v es tig a tio n s  in  u n b u ffe red  so lu tions as w ell as 
in  th e  presence o f V ero n a l buffer th e  r a te  o f decom position  show s u p  a m ax i
m u m  a t  p H  7.3 w ith  th e  only  difference t h a t  th e  v e lo c ity  w as h ig h er b y  ab o u t 
1 5 %  th a n  th a t  o b se rv ed  in  unbuffe red  m ed iu m  (Fig. 1).

T he a b so rp tio n  sp ec tru m  of th e  c a ta la se  so lu tion  w ith  a n d  w ith o u t 
V e ro n a l buffer is show n in  Fig. 2 acco rd in g  to  w hich  th e re  is a w eak  op tica l 
in te ra c tio n  a t a b o u t 265 nm .

In  th e  p resence o f  peroxo d e riv a tiv e s  ca ta la se  ex h ib its  a p ecu lia r b e h a v 
io u r . P eroxo-m onosu lphuric  acid a n d  peroxo-m onophosphoric  ac id  can  be 
s to re d  in  a b u ffe red  so lu tio n  a t  p H  7.3 fo r  a longer period  w ith o u t a n y  decom 
p o s itio n  w hereas p e ro x o -d isu lp h a te  a n d  to  a sm aller e x te n t also peroxo-
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Fig. 1. C ata lase  a c t iv ity  a t  d iffe re n t p H  values. A m o u n t o f  oxygen  evolved  in  8 m in u tes  (in  
n o rm al cm 3); H y d ro g en  p e ro x id e : 3.9 X lO -3  M . C ata lase: I x l 0 -8 M . C urve 1: in u n b u ffered  

m ed iu m . C urve 2: in  0.01 M  V ero n al b u ffer

Fig. 2. A b so rp tio n  sp e c tra  o f 4 .10 6M  ca ta lase . Curve 1: in  w a te r. C urve 2: in  a  V eronal b u ffer, 
ag a in st a re fe ren ce  so lu tio n  con tain ing  V ero n al, lig h t p a th :  0,2 cm.

d ip h o sp h a te  undergo  decom position . In  c o n tra s t  to  th e  inorgan ic  peroxo- 
m onoacids also peroxo-benzo ic  acid  suffers d ecom position . A ccording to  ou r 
m easu rem en ts  no gas is ev o lv ed  d u rin g  th e  decom position  o f p e ro x o-d isu lpha te . 
— In  a s ligh tly  ac id ic  m ed iu m  th e  co n cen tra tio n  of peroxo-acids and  th e  
a c tiv ity  o f  ca ta lase  a re  d ecreased  b y  th e  reac tio n  b e tw een  th e  peroxo-acids an d  
ca ta lase .

2 Acta Chim. ( Budapest) 89, 1976



8 SCHNEIDER e t al.: DETERMINATION OF HYDROGEN PEROXIDE

B ased  on o b se rv a tio n s  m en tio n ed  above th e  follow ing p ro ced u re  is recom 
m e n d e d  for the  s im u ltan eo u s d e te rm in a tio n  of hydrogen  p e rox ide  an d  ino rgan ic  
peroxo-m onoacids. C a ta lase  so lu tion  is a d d ed  to  th e  sam ple to  be an a ly sed  and 
th e  m ix tu re  allowed to  s ta n d  in  a n e u tra l  m edium  for a perio d  need ed  fo r th e  
d ecom position  of h y d ro g en  perox ide. W h en  th e  decom position  is com pleted  
th e  iod ine libera ted  b y  th e  peroxo-acid  is de te rm in ed  sp ec tro p h o to m e trica lly . 
I n  a n o th e r  sam ple th e  to ta l  ox idazing  c a p ac ity  is de te rm in ed .

Reagents

0.2 M  N a-V eronal 
0 .2  M  HC1
10—6 M  catalase , c ry sta llin e  c a ta la se  p re p a ra tio n  R ean a l (p roduced  fro m  ox liv e r) dissolved 

in  w ater
0.1 M  po tassium  iodide (p rep a re d  fresh ly) so lu tio n
0.05 M  acetic  acid
0.1 M  sodium  m o n o m olybdate

Procedure

T ransfer 2 m l o f th e  N a-V eronal, 2 m l o f hydroch lo ric  acid  a n d  5 m l o f c a ta la se  so lu tion  
in  a  25 m l volum etric  flask . T h en  a d d  th e  sam ple  co n ta in in g  th e  p e ro xo-com pounds to  be  ana
ly se d  ( th e  sum  of co n ce n tra tio n  of perox ides m u s t n o t exceed to  100 f iM l ). A llow  th e  m ix tu re  
to  s ta n d  for 20— 30 m in u te s , th e n  a d ju s t th e  p H  to  3 .4 — 3.8 w ith  ace tic  acid , a d d  5 m l o f  p o tas
s iu m  iod ide solution. H a v in g  filled  th e  v o lu m e tric  flask  allow to  s ta n d  i t  fo r an  h o u r  an d  th en  
m e a su re  th e  absorbance of th e  l ib e ra te d  iod ine  a t  400 nm  in  a cell o f a d e q u a te  l ig h t  p a th  
(g4°° Я:., 6400 dm 3 • molt' 'em  1). On using  a ca lib ra tio n  curve fo r e v a lu a tio n  m ore  accu rate  
re s u lts  can  be ob ta ined . A tte n tio n  m u st be  p a id  to  th e  fa c t th a t  ac id ifica tio n  w ith  ace tic  acid 
m u s t  p recede th e  a d d itio n  o f p o tassiu m  iod ide  since o therw ise h y p o io d ite  is fo rm ed  which 
a t ta c k s  th e  p ro te in  an d  th u s  th e  co n ce n tra tio n  of iodine is decreased.

T o ta l oxidizing c a p a c ity  is d e te rm in ed  sim ilarly  b u t  w ith o u t a d d in g  ca ta la se  to  the  
sa m p le . In s te ad , 0.1 M  so d iu m  m o ly b d a te  is ad d ed  in  o rder to  accele ra te  th e  re d u c tio n  of h y 
d ro g e n  peroxide b y  iodide ions. O n m easu ring  lig h t ab so rp tion , also w a te r  c an  be  a p p lied  in  bo th  
cases as reference so lu tion .

T he d a ta  in  T ab le  I  show  t h a t  m ea su re m e n t is fa irly  rep ro d u c ib le . T h e  s ta n d a rd  dev ia
t io n  is <5 =  ± 0 .3 9  /.iM, w h ereas th e  v a r ia tio n  coefficient A  %  =  0.74.

Discussion

The perox ide-decom posing  a c tiv i ty  of ca ta lase  has its  m ax im u m  va lu e  a t 
a b o u t  p H  7 (see F ig . 1). H ow ever, i t  ap p e a re d  favourab le  to  w ork  a t  a b o u t p H  7 
n o t  on ly  to  ensure h ig h e r ra te s  o f decom position  b u t  also because  a t  low er pH  
v a lu e s  even th e  peroxo-m onoacids a re  a tta c k e d  b y  th e  enzym e. S ince th e  pH  
chan g es w ith  th e  p ro g ress  o f th e  decom position  of h y d ro g en  p e ro x id e , th e  use 
o f  a  bu ffer is desirab le . F o r  th is  p u rp o se  we found  V eronal to  be q u ite  ad eq u a te . 
I n  o u r opinion th e  acce le ra tio n  of th e  r a te  o f decom position  b y  a b o u t 15 %  in  the  
m ed iu m  buffered  w ith  V eronal in  com parison  to  th e  r a te  in  u n b u ffe red  m edium  
is n o t  due to  ce rta in  a c tiv a tio n  of th e  enzym e in d u ced  b y  th e  b u ffe rin g  sub
s ta n c e  b u t sim ply  to  th e  a lte ra tio n  o f th e  p H  value d u rin g  th e  decom position
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Table I

Hydrogen peroxide Peroxo-acid

Applied
/xM

Found
f iM

Residue
%

Applied
/хМ

Found
jaM

Deviation
о//о

97.5 0.37 0.40 — — —

440.0 0.36 0.08 — — —

892.0 0.38 0.04 — — —

Peroxo-m onosulphuric  acid

--  . — 28.0 27.0 — 3.4

— — — 39.2 38.8 — 1.0
— — — 78.4 78.4 0.0

— — — 117.6 119.0 +  1.2
499.0 — — 106.5 109.0 +  2.0

499.0 — ' — 530.0 523.0 - 1 . 3

499.0 — — 883.0 916.0 +  3.5

100.2 — — 540.0 546.0 +  1.3

418.0 — — 515.0 519.0 + 0 .8

736.0 . — — 515.0 519.0 + 0 .8

998.0 — — 540.0 541.0 + 0 .3

Peroxo-m onophosphoric acid

— — — 23.1 22.9 - 1 . 0

— — — 32.2 22.9 — 1.7

— — — 47.8 46.6 — 2.5

- — — 70.4 70.7 + 0 .5

— — — 92.3 91.9 — 0.5

— — — 138.6 138.0 — 0.5

168.0 — — 690.0 690.0 0.0

168.0 — — 690.0 691.0 + 0 .1

168.0 — — 690.0 684.0 — 1.0

168.0 — — 690.0 692.1 + 0 .2

168.0 — — 690.0 690.2 0.0

168.0 — — 690.0 697.0 +  1.0

168.0 — — 690.0 692.3 +  0.2
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Table I (co n tin u ed )

S ta n d a rd
V a ria tio n

dev ia tio n :
coefficient:

±  0.387 p M  
0.741 %

1 1 

P eroxo-d isu lphuric  acid

— — — 91.2 78.7 — 13.8

— — — 267.0 282.0 +  5.5

— — — 430.0 348.0 — 19.5

Peroxo-benzoic acid

— — — 45.6 37.0 — 19.0

— — — 150.0 114.0 — 24.0

— — — 242.3 223.0 — 8.0

— — — 350.0 280.1 — 19.0

p ro cess  in  th e  absence  o f  a buffer. N a m e ly , th e  p H  o f th e  so lu tion  rises w ith  
th e  decrease of th e  c o n c e n tra tio n  o f h y d ro g e n  perox ide  an d  th is  reduces th e  
r a te  o f decom position . I t  can  be seen in  F ig . 2 t h a t  th e re  a w eak  o p tica l in te r 
a c tio n : a sm all m a x im u m  appears a t  253 n m  b e tw een  th e  enzym e an d  b u ffe r
in g  su b stance . I t  is k n o w n  th a t  th e  c a ta la se  effect is decreased  or even  in h ib ited  
b y  s tro n g  Lewis b a se s  b y  occupy ing  one o f th e  co o rd in a tio n  sites 5 or 6, 
w h ich  is essen tia l as re g a rd s  o f enzym e a c tiv ity . O bv iously , o u r m e th o d  c an n o t 
b e  app lied  in  th e  p resen ce  of su b stan ces o f  th is  ty p e  e.g. o f cyan ide .

In  th e  b eh av io u r o f  enzym e a g a in s t v a rio u s  peroxo-com pounds no re g u la r
itie s  could be o b se rv ed . O n tak in g  in to  acco u n t th a t  ino rgan ic  peroxo-m ono- 
ac id s  are b o th  p o te n tia l ly  and  also k in e tic a lly  s tro n g  oxid izing  ag en ts  i t  is 
q u ite  surp rising  t h a t  th e  enzym e does n o t  su ffer an y  a lte ra tio n s  in  th e ir  p re s 
en ce . O therw ise, h o w ev er, th e  se le c tiv ity  is v e ry  pecu lia r in  th a t  c e rta in  
m o n o su b s titu te d  p e ro x o  deriv a tiv es  su ch  as p e roxo-m onosu lphuric  acid  an d  
p ero x o -m o n o p h o sp h o ric  acid are n o t w h ereas  peroxo-benzo ic  acid is decom pos
e d , to  an  ap p reciab le  e x te n t  b y  ca ta la se . A c tu a lly , th e  la t te r  b eh av io u r could  be 
e x p e c te d  on consid erin g  th e  b eh av io u r o f  th e  a lk y l hyd ro p ero x id es . — P eroxo- 
d iac id s  are k in e tic a lly  w eaker ox id iz ing  ag en ts , an d  th e re fo re  th e ir  m ark ed  
deco m p o sitio n  on  th e  e ffec t of ca ta la se  w as q u ite  u n ex p ec ted . H ow ever, d u rin g  
th e i r  decom position  o x ygen  was fo rm ed  o n ly  in  a v e ry  m in u te  q u a n ti ty  w hich  
p o in ts  to  th e  fa c t t h a t  th e  occurring  deco m p o sitio n  re a c tio n  is n o t of th e  c a ta 
la se  ty p e .

T he suggested  sim ple m e th o d  offers o v er th e  p ro ced u res  know n up  to  th e  
p re s e n t  th e  a d v a n ta g e  th a t  h y d ro g en  p e ro x id e  an d  th e  peroxo-acids can  be
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d e te rm in ed  w ith  th e  sam e se n s itiv ity . In  ad d itio n  to  th a t ,  also th e  d e te rm in a 
tio n  o f p e roxo-m onophosphoric  acid  in  th e  p resence  o f  hyd rogen  p e ro x id e  
can be carried  o u t b y  th is  m eth o d .
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T h e  m ass sp ec tra  of E tS iH 3, P rS iH 3 an d  P h S iH 3 are d o m in a ted  b y  th e  frag m e n t 
o b ta in e d  b y  th e  loss o f one a n d  tw o  a .m .u . T he ion iza tion  p o ten tia ls  as well as th e  
a p p ea ran c e  p o ten tia ls  o f a b u n d a n t ions ( P - l  + , P -2 + ) have  been d e te rm in ed  a n d  th e  ionic 
b o n d  d issoc ia tion  energies o f S i-H  b o n d  are  calcu la ted . These d a ta  im p ly  c e r ta in  io n iza 
t io n  m echan ism s fo r alky l- an d  a ry ls ilanes. T he prob lem  of d e te rm in in g  th e  D (S i-C ) 
v a lu e  on  th e  basis  o f A P (R + ) or A P (S iH 3+ ) is discussed, in v o k in g  S tev en so n ’s ru le . 
A p p ro x im a te  frag m e n ta tio n  m echan ism s are proposed.

Introduction

O rganosilicon  com pounds h av e  been  ex tensive ly  s tu d ied  b y  m ass sp e c tro 
m e try  a n d  a tte n tio n  has been  focused  on energetic  d a ta  u sed  to  o b ta in  Si—H  
a n d  Si—C b o n d  d issocia tion  energies [1 —11]. H ow ever, en e rg e tic  d a ta  are 
o ften  in  s tro n g  d isag reem en t (see, e.g. th e  values re p o rte d  fo r th e  io n iza tio n  
p o te n tia l  o f  Me4Si) an d  few  a tte m p ts  h av e  been  m ade to  c la rify  fra g m e n ta tio n  
processes b y  th e  s tu d y  of m e ta s ta b le  ion  tra n s itio n s  and  b y  en erg e tic  co n sid e r
a tio n s . T h is  p o in t is o f p a r tic u la r  in te re s t  because organosilicon  com pounds 
m a y  p e rm it  a fu r th e r  te s t  o f th e  q u as ieq u ilib riu m  th e o ry  o f m ass sp ec tra , t a k 
in g  in to  acco u n t th e  g rea t a m o u n t o f w ork  a lread y  done on analogous h y d ro 
carb o n s.

I n  th is  s tu d y  on E tS iH 3, P rS iH 3 an d  P h S iH 3 an  a t te m p t  is m ade to  c la r
ify  th e ir  io n iza tio n  m echan ism  an d  fra g m e n ta tio n  p a th w ay s  as a f ir s t  s tep  
to  a Q E T  c a lcu la tio n  of th e ir  m ass sp ec tra .

Results and discussion

I n  F ig . 1 are p re sen ted  th e  50 eV m ass sp ec tra  o f E tS iH 3, P rS iH 3 an d  
P h S iH 3 to g e th e r  w ith  th e  co rrespond ing  sp e c tra  of carbon  analogues. T he m ain  
c h a ra c te r is tic s  o f th e  m ass sp e c tra  are  th e  follow ing.

(1) I n  th e  silicon d e riv a tiv e s , f ra g m e n t ions o b ta in ed  b y  loss o f one an d  
tw o  a .m .u . c a rry  a large p o rtio n  of th e  to ta l  ion  cu rren t.

(2) U p o n  increasing  th e  h y d ro c a rb o n  chain , th e  s im ila rity  b e tw een  th e  
silicon a n d  carb o n  d e riv a tiv es  becom es m ore ev id en t; F o r ex am p le , in  th e  case
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of E tS iH 3 th e  base p e a k  is  (P -2)+  w hile fo r p ro p a n e  i t  is (P -15 )+ ; how ever, fo r 
b o th  P rS iH 3 and  b u ta n e  th e  base p eak  co rresp o n d s to  (P -1 5 )+.

(3) T he ion  a t  m /e =  31, assigned as S iH 3+ on  th e  basis  o f its  iso top ic  
com p o sitio n , is a b se n t in  th e  spec tru m  o f P h S iH 3. In  an  a t te m p t to  c la rify

th e  p rocesses lead ing  to  th e  m ass sp ec tra  o f th e se  com pounds, we have d e te r 
m in ed  th e  ion iza tion  p o te n tia ls  (I .P .)  a n d  ap p ea ran ce  p o ten tia ls  (A .P .) o f 
som e in te re s tin g  f ra g m e n t ions. M oreover, in  o rd e r to  te s t  th e  consistency  of 
o u r ex p e rim en ta l d a ta  w ith  those  fo u n d  in  th e  l i te ra tu re , we have m easu red  
also th e  I .P .’s o f m e th y l su b s ti tu te d  silanes. T he I .P . ’s (in  eV) are given in  
T ab le  I .  F ro m  th e  d a ta ,  i t  is ev id en t t h a t  fo r th e  a lk y l de riv a tiv es , th e  I .P . ’s 
decrease  w ith  in c reasin g  e lec tro n  re leasing  e ffec t o f th e  group(s) bon d ed  to  th e  
Si a to m .

T his tre n d , to g e th e r  w ith  th e  low er I .P .  va lu es  re la tiv e  to  those  o f th e  
co rresp o n d in g  carb o n  com pounds suggests a  charge  localiza tion  on th e  silicon 
a to m  a t  le a s t a t  th e  io n iza tio n  th resh o ld . T h is h y p o th es is  is in  c o n tra s t w ith  
t h a t  o f Steele et al. [10] w ho suggested  an  io n iza tio n  from  th e  alky l g roups.
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T ab le  I

Compound

Ionization potentials (eV)

This work Literature

Me2SiH 2 10.72 _
Me3SiH 10.22 10.10*, 9.8[1]

Me4Si 9.92**

E tS iH 3 10.19 10.18 [10]

P rS iH 3 10.04 —
PhS iH 3 9.52 9.09a

* A diabatic  v a lu e  b y  pho to e lec tro n  sp ec tro sco p y ; G. D is t e f a n o , S. P ig n a ta r o , L. 
Sz e p e s , u n p ub lished  resu lts .

** T his value  is in  good agreem ent w i th  th e  b e s t d a ta  o f th e  l ite ra tu re  [2 — 7]. 
a A d iab atic  v a lue  b y  pho to e lec tro n  sp ec tro sco p y  [13]

Som e su p p o rt to  o u r h y po thesis  com es fro m  th e  I .P . of P h S iH 3: th e  io n iza tio n  
p o te n tia l  of th is  com pound  is too  low  to  be  exp la ined  b y  th e  e lec tron ic  e ffec t 
o f th e  a ry l group on th e  silicon a to m ; an  ion iza tion  from  th e  a ro m atic  rin g  is 
m ore likely.*

O n th e  o th e r h a n d  th e  ion iza tio n  p o te n tia l  of th e  p h en y ls ilan e  is h ig h er 
th a n  th a t  o f th e  to lu en e  show ing th a t  th e  su b s titu tio n  o f a m e th y l b y  a sily l 
g ro u p  causes an increase  in  th e  I .P . an d  n o t  a decrease, as w ould  be obvious from  
an  io n iza tio n  from  th e  m e th y l or sily l g roup .

T he appearance  p o te n tia ls  are re p o r te d  in  T able I I ;  th e se  d a ta  w ere u sed  
to  ca lcu la te  th e  b o n d  d issociation  energ ies also show n in  th is  T ab le ; th e y  allow  
to  e s ta b lish  th e  n a tu re  o f th e  n e u tra ls  o f  som e fra g m e n ta tio n  processes. T he 
low er A .P . for th e  loss o f tw o  a .m .u . fro m  th e  m olecular io n  (we h av e  fo u n d  
th e  a p p ro p ria te  m e ta s ta b le  ions w hich  show  th a t  these are  p r im a ry  processes) 
c lea rly  in d ica tes  t h a t  th ese  f ra g m e n ta tio n s  are  accom pained  b y  th e  fo rm a tio n  
o f h y d ro g en  m olecules. A ssum ing th is  m ech an ism , we can  c a lc u la te  D (R S iH  — 
H )+ , also rep o rted  in  T ab le  I I ,  from  th e  follow ing re la tio n sh ip :

A .P . (R S iH )+  =  I .P .(R S iH 3) +  D (R S iH 2—H )+  +  D ( R S iH - H )  + - D ( H - H )

I t  is also  assum ed th a t  th e  tw o h y d ro g en  a to m s come from  th e  silicon a to m . 
T h ere  is no d irec t ev idence fo r th is  a ssu m p tio n , b u t  we shou ld  like to  n o te  t h a t  
in  th e  m ass sp ec tra  o f R 3SiH  ty p e  co m p o u n d s th e re  are no ions fo rm ed  b y  th e  
loss o f  tw o  a .m .u . from  th e  m olecular io n  [16].

* T h is idea is su p p o rted  by  th e  p h o to e le c tro n  spec trum  of p h en y ls ilan e  w hose f ir s t  
b a n d , ex ten d in g  from  9.0 to  9.8 eV, has been  assigned  to  th e  u p p erm o st л  levels of th e  benzene 
r in g  [3].
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Table II

Compound Ion A. P. (eV) AP-IP (eV) D(RSiH-H)+ (eV)

E tS iH 3 E tS iH + 11.38 1.19**

E tS iH  + 10.69 0.50 3.38

P rS iH 3 P rS iH  + 11.00 0.96**

P rS iH  + 10.60 0.56 4.12

P h S iH 3 PhS iH  + 11.60 2.08**

P h S iH  + 11.32 1.80 4.24

E tC H 3 [15] E tC H  + 11.76 0.56* D ( R C H - H ) +

E tC H  + 12.20 1.00

D (S i-C )

4.96

P rS iH 3 C3H +  . 11.0 3.20 eV =  

73.6 kcal/m ol

* The suggested  s tru c tu re  o f th is  ion is (C H 3+ C H C H 3); acco rd ing  to  V e s t a l  [14], 
th e  ac tiv a tio n  energy  fo r th e  loss o f a  te rm in a l hy d ro g en  is 1.14 eV.

** This value  co rresp o n d s to  D (S iH 2 —H )+

These d a ta , w h en  com pared  w ith  th o se  fo r p ro p an e , can  be used to  ex p la in  
som e fea tu res  o f th e  m ass spec tra . I t  is e v id e n t th a t  th e  ac tiv a tio n  energy  fo r  
th e  loss of H 2 is low  w ith  resp ec t to  b o th  th e  analogous process in  p ro p a n e  
an d  th e  loss o f a h y d ro g e n  a tom ; in  a d d itio n , th e  b o n d  d issociation  energ ies 
lis te d  in  th e  la s t  co lu m n  of Table I I  show  a h igher v a lu e  fo r p ropane. I n  th is  
s i tu a tio n  i t  is n o t su rp ris in g  th a t  th e  m ass sp ec tra  of th e  silicon deriva tives are  
d o m in a ted  b y  fra g m e n ts  o b ta in ed  b y  th e  loss of one an d  tw o  a.m .u . In  v iew  o f 
th e  ra th e r  s im ila r Si—H  an d  C -H  b o n d  d issoc ia tion  energ ies (ab o u t 90 a n d  98 
kcal/m ol, re sp ec itv e ly ), i t  seems lik e ly  t h a t  th e  d ifferences found  in  th e  a c t i
v a tio n  energies (w h ich  in  tu rn  d e te rm in e  th e  d ifferences in  th e  m ass sp ec tra )  
co idd  be ascribed  to  a p re fe ren tia l charge loca liza tio n  on th e  silicon a to m  fo r th e  
a lk y l d eriva tives.

In  th e  case o f  pheny ls ilan e  th e  a c tiv a tio n  energies fo r th e  sam e processes 
a re  h igher th a n  th o se  fo r  th e  alky l d e riv a tiv e s  and , as a  consequence, also th e  
ionic bond  d isso c ia tio n  energies show  a tr e n d  w hich is n o t  in  co n tra s t w ith  th e  
d iffe ren t io n iza tio n  m echan ism  of th is  co m p o u n d , sugg ested  before. The p o sitiv e  
charge  loca liza tion  on th e  benzene rin g  en h an ces th e  s ta b il i ty  of the  m o lecu la r 
io n  and  th e  S i-H  b o n d  energy  is low ered  less ex ten s iv e ly  in  th e  ion  (see T ab le  I I ,  
co lum n 4).

I t  w ould  be o b v ious to  de te rm ine  th e  Si—C b o n d  d issocia tion  en erg y  b y  
m easu ring  th e  A .P . o f  th e  SiHj" or R + fra g m e n t ions. I n  all cases, e x c e p t fo r  
th e  C3H f  ion , th e  io n iza tio n  efficiency cu rv es show  a long  ta i l  w hich excludes 
an  accu ra te  A .P . d e te rm in a tio n . F o r E tS iH 3, th e  ions and SilTj1- a re
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Table III

Reaction
I.P. of the 

corresponding 
radicals eV

Relative abundance
i(/i<

C2H5SiH + — S iH  + +  C2HS- 8.32 [10] 9.6
C2H5SiH +  — C2H +  +  SiH3 • 8.78 [17] ^>5.8
C3H 7SiH 3+ —  S iH +  +  C3H 7 • 8.32 [10] 4.9
C3H ,S iH 3+ -  C3H +  +  SiH3. 7.80 [17] 14.4

n o t  su itab le  for th is  ty p e  of m e a su re m e n ts  because o f tw o  d iffe ren t reasons. 
A ccord ing  to  S tev en so n ’s ru le, th e  C2H 5+ ion should  be fo rm ed  w ith  a consider
ab le am o u n t of excess energy  (see T ab le  I I I ) ;  on th e  o th e r  h a n d , th e  S iH 3 + ion  
can  be form ed also b y  secondary  p rocesses (see la te r , th e  m e ta s tab le  tr a n s i
tio n s) . These tw o fa c ts  are  responsib le  fo r th e  long ta ils  o b se rv ed  in  th e  io n iza
tio n  efficiency curves o f these ions.

T he low I .P .  o f  th e  C3H 7 ra d ic a l  ind ica tes  t h a t  th e  C3H 7 + ion  from  
P rS iH 3 should  be fo rm ed  w ith o u t excess energy , so its  ap p ea ran ce  p o te n tia l 
h as  to  prov ide a reaso n ab le  value to  ca lcu la te  th e  Si—C b o n d  d issocia tion  energy . 
I n  fa c t, th e  re su lt (3.20 eV =  73.6 k ca l/m o l) is in  good ag reem en t w ith  bo n d  
d isso c ia tio n  energy  d a ta  for o ther R S iH 3 ty p e  com pounds [10].

T he re la tiv e  ab u n d an ces of th e  S iH 3+ an d  R +  ions are  governed  b y  th e
I .P , o f th e  re la ted  rad ica ls , show ing t h a t  th e  m ass sp e c tra  a re  s tro n g ly  in f lu 
enced  b y  th e  a c tiv a tio n  energies o f  th e  v a rio u s processes [18]. H ow ever, th e  
m ass sp ec tru m  of P h S iH 3 seems n o t to  follow  th is  p a t te rn :  one w ould  ex p ec t a 
re la tiv e ly  in tense S iH 3 + -fragm en t io n , ow ing to  th e  h igh  I .P .  o f th e  p h en y l 
ra d ic a l (9.89 eV). T h e  v e ry  low in te n s ity , or th e  absence o f th is  ion, im plies a 
v e ry  h igh  ac tiv a tio n  en e rg y  for its  fo rm a tio n , a t tr ib u ta b le  to  a s trong  (p~d)n 
effec t w hich  stab ilizes th e  Si-C  b o n d  to  a considerab le e x te n t . E v idence  fo r 
su ch  ty p e  of in te ra c tio n  comes also  fro m  p h o to e lec tro n  spec tro scopy  [13].

Table IV

Compound m* Reaction m(calcd.)

C2H 5SiH 3 56.2 C ,H /8S iH +  -*■ C2H fS iI I+  +  H , 56.07
16.3 C2H528S iH +  -  28SiH +  +  C2H 4 16.29

C3H 7SiH3 72.1 C3H ,28SiH +  C3H 728SiH + +  H 2 70.06
27.8 C3H 728S iH +  -v  28SiCH + +  C2H 4 27.74

26.8 C3H ,28SiH +  —  28SiCH + +  C2H 4 26.80

16.25 C2H 428SiH +  -  28S iH +  +  C2H 4 16.27
C6H 5SiH3 103.0 28SiCcH +  ^  28SiC6H +  +  H 2 103.04
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T ab le  IV  shows th e  m e ta s ta b le  tra n s itio n s  found  for th e  com pounds s tu d 
ied . O n th e  basis of en e rg e tic  co n sid era tio n s an d  m e ta s ta b le  tra n s itio n s , we 
p ro p o se  th e  follow ing te n ta t iv e  f ra g m e n ta tio n  p a th w a y s :

C2H 5S iH 3+ — C2H 5S iH 2+ +  H .
I------------- * ------v S iH 3+ +  C2H 4

I------------------- >-SiH+ +  H 2
C2H 5S iH +  +  H 2 1---------------9-Si+ +  H -
I— ^ ----------— *SiC H 3+ +  C H 3.

-*■ S iH 3+ + C 2H 5.
I---------------------->-SiH+ +  H 2

I---------------»-Si +  H -

C3H 7S iH 3+ — C3H 7S iH 2+ +  H -
I------- --------------- *SiCH 5+ +  C2H 4

U  C3H 7S iH +  +  H 2
I------- — *-------vSiCH 4+ +  C2H 4

I---------------------->-SiCH2+ +  H 2
— C2H 4S iH 3+ +  C H 3.

I--------- *--------------- *S iH 3+ +  C2H 4
I----------- --— >-SiH+ +  H 2

I---------------*Si + +  H .

—► СзЙ7+ +  S iH 3-
I-------------------- ,C 3H 5+ +  H 2

I---------------->-C3H 3+ +  H 2

~ S i H 3+ +  C3H 7.
I------------------ ->-SiH+ +  H 2

I------------- *Si+ +  H -

CeH 5S iH 3+ -*■ SiC6H 7+ +  H -
I------------------- >-SiCeH 5+ +  H 2

—<• SiC6H 6+ -f- H 2

* F rag m en ta tio n s  p ro v ed  b y  m eta s tab les .
(a ) A .P .(S iC H 3)+ =  12.12 eV; th is  re la tiv e ly  h igh  v a lu e  m akes th is  m echan ism  p ro b ab le .

I t  is im p o r ta n t  to  no te  t h a t  th e  fo rm a tio n  m ech an ism  of th e  la s t f ra g 
m e n t ions is r a th e r  u n c e rta in  [23]; a serious com plica ting  fa c to r  is th e  s tro n g  
ran d o m iza tio n  o f  h y d ro g en  a to m s [24].
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Experim ental

T he m easu rem en ts  w ere perform ed w ith  an  A tlas CH4 sp ec tro m ete r. T he sam ples were 
in tro d u c ed  v ia  a  gas in le t  system . A t th e  n o rm al o p era tin g  te m p e ra tu re  of th e  ion  source 
(*=«150 °C), th ere  w as no  in d ica tio n  of th e rm a l decom position  o f th e  com pounds. Io n iza tio n  
p o ten tia ls  have  been  d e te rm in e d  by  th e  m e th o d s  of H o n i g  an d  L o s s i n g  e t al. [19, 20] a n d  th e  
ap p ea ran ce  p o ten tia ls  b y  th e  W a r r e n  m e th o d  [21].

X en o n  was in tro d u c ed  to g e th e r w ith  th e  sam ple to  c a lib ra te  th e  e lectron  energy . T he 
rep ro d u c ib ility  was ± 0 .1  eV.

Silanes were p re p a re d  by  re d u c tio n  o f th e  corresponding  ch lorosilanes w ith  L iA lH 4 in 
e th e r  so lu tion  [22]. P u r i ty  w as checked b y  g .l.c . and  bu lb  to  bu lb  d e s tin a tio n  was m ad e  w hen  
necessary .

*

W e th a n k  th e  M in istern  per gli A ffa ri E s te ri I ta lian o  fo r a g ra n t  to  L. Sz. T he a u th o rs  
a re  g ra te fu l to  P rof. A. F o f f a n i  and D r. G. D i s t e f a n o  for helpfu l d iscussions.
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COMPLEX STUDY OF RANEY NICKEL 
SKELETON CATALYSTS, YII

N IC K E L  P A R T IC L E  S IZ E  A N D  H Y D R O G E N  C O N TEN T IN  S K E L E T O N  CATALYSTS 

A. T ungler , J . P etró , T. Má t h é , J .  H eiszman , S. B é k á ssy  and Z. Csűrös

(Research Group fo r  Organic Chemical Technology, H ungarian  A cadem y o f  Sciences)

R ece iv ed  M arch  6, 1975

T he m ag n e tiz a tio n  of six  d iffe ren t n ickel ske le ton  c a ta ly s ts  has been  m easu red  
a f te r  h e a t t r e a tm e n t  a t  100— 400 °C, as a  fu n c tio n  of th e  fie ld  s tre n g th  an d  te m p e ra tu re . 
A co m puter m e th o d  w as ap p lied  to  ca lcu la te  th e  sa tu ra tio n  m a g n e tiz a tio n  an d  th e  Curie 
te m p e ra tu re  fro m  th ese  d a ta . C hanges in  m ag n e tiza tio n  va lues h a v e  b een  com pared  w ith  
th e  resu lts  o f th e rm o d eso rp tio n  a n d  th e rm a l analysis. R e la tio n sh ip s  w ere estab lished  
be tw een  changes in  th e  sa tu ra t io n  m ag n e tiz a tio n  of th e  c a ta ly s ts  a n d  th e  ty p e  a n d  
q u a n tity  of deso rbed  h y d ro g en , on  th e  one h a n d , and  b e tw een  th e  increasé  o f th e  Curie 
te m p e ra tu re  an d  th e  change in  p a r tic le  size o f  th e  c a ta ly s t ,  on  th e  o th e r h an d . F ro m  
these  find ings i t  h a s  b een  con clu d ed  t h a t  th e  Curie te m p e ra tu re  o f fe rro m ag n etic  n ickel 
in  th e  skeleton  c a ta ly s ts  is sig n ifican tly  low er, owing to  th e  sm all p a rtic le  size, th a n  th e  
Curie tem p e ra tu re  o f h u lk  n ickel, a n d  th a t  th e  tw o ty p es  o f h y d ro g e n  sorbed on  n icke l 
red u ce  th e  m ag n e tiz a tio n  of th e  la t te r  to  d iffe ren t ex ten ts .

Introduction

As R an ey  n ickel is a w id e ly  app lied  h y d ro g en a tio n  c a ta ly s t , its  p ro p 
e rtie s  an d  s tru c tu re  h av e  b een  ex ten s iv e ly  s tu d ied  w ith o u t, how ever, th e  
em ergence of a co n sis ten t op in ion .

T h e  ca ta ly tic  p ro p e rtie s  o f  R a n e y  n ickel have b een  s tu d ie d  in  liqu id - 
p h ase  an d  gas-phase h y d ro g e n a tio n s  [1—5]. I ts  surface a rea  w as m easured  
u s in g  p h ysica l an d  ch em iso rp tio n  m eth o d s. I ts  hyd ro g en  c o n te n t was d e te r 
m in ed  b y  m eans o f m iscellaneous chem ical an d  p h y sica l m ethods. I ts  
p a rtic le  size has b een  d e te rm in ed  b y  X -ra y  d iffrac tio n , i ts  su rface  p ro p erties  
s tu d ie d  w ith  th e  e lec tro n  m icroscope, w ith  e lec tro n  m icro p ro b e  analysis an d  
e lec trochem ically . F in a lly , th e  p a r tic le  size d is tr ib u tio n , h y d ro g en  c o n te n t 
an d  th e rm a l s ta b ility  o f fe rro m ag n e tic  an d  c a ta ly tic a lly  ac tiv e  nickel have  
b een  in v es tig a ted  b y  m ag n e tic  m e th o d s  [6—13].

T he m a jo rity  o f  w orkers ag ree on th e  follow ing p o in ts :
(i) R an ey  c a ta ly s ts  c o n ta in  m e ta llic  n ickel, n ick e l-a lu m in iu m  alloy , 

a lu m in iu m  h y d ro x id es , w a te r , a lk a li ions an d  hydrogen .
(ii) I f  only eq u ilib riu m  alloy  p h ases  w ere co n ta in ed  in  th e  in itia l alloy, th e  

ac tiv e  n ickel, accord ing  to  m o st in v e s tig a tio n s , is fe rro m ag n e tic .
(iii) P a r t  of th e  a lu m in iu m  rem a in in g  in  th e  c a ta ly s t  is p re se n t as m e ta l 

in  th e  undecom posed  n ic k e l-a lu m in iu m  alloy , w hile th e  o th e r  p a r t  is p re sen t
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in  th e  form  of a lu m in iu m  h y d ro x id e . T h e  undecom posed  n ick e l-a lu m in iu m  
a llo y  is p a ram ag n e tic . T h e  degree o f h y d ra tio n  of th e  a lu m in iu m  h y d rox ides 
is v a ry in g . The re su lts  o f  th e rm a l analysis  (1) in d ica te  t h a t  in  th e  case of e x tra c 
t io n  w ith  N aO H , R a n e y  n ickel co n ta in s  m a in ly  h y d ra rg illite .

(iv) R aney  n ic k e l co n ta in s  la rge  am o u n ts  of h y d ro g en  (usually  > 1 0  
c m 3/g). This is p a r t ly  ad so rb ed  on its  su rface , an d  p a r t ly  a d so rb ed  in  th e  n ickel 
la t t ic e .

(v) D uring  h e a t  t r e a tm e n t o f R a n e y  n ickel, on th e  one h an d , so rb ed  
h y d ro g e n  is rem o v ed  ( th e  q u a n ti ty  o f th e  rem oved  gas a n d  th e  ch a ra c te ris tic  
te m p e ra tu re  of d e so rp tio n  can  be d e te rm in ed  b y  th e rm a l d eso rp tio n  e x p e ri
m e n ts  [11, 12, 13], a n d  on th e  o th e r  h a n d , m e ta l c ry s ta llite s  in  th e  c a ta ly s t  
ag g reg a te  u n d er th e  e ffec t o f h e a t [14]. As a re su lt o f b o th  p rocesses, th e  m ag 
n e tic  properties o f th e  c a ta ly s t  w ill change [14].

The open q u e s tio n  in  th is  re sp ec t is how  h y d ro g en  d eso rp tio n  an d  in 
crease  in partic le  size a ffec t th e  m ag n e tic  ch a rac te ris tic s , n a m e ly  th e  sa tu ra tio n  
m ag n e tiza tio n  an d  C urie te m p e ra tu re .

D a ta  are a v a ila b le  in  th e  l i te ra tu re  [14, 16—31] on th e  effect o f hy d ro g en  
so rp tio n  on th e  s a tu ra t io n  m ag n e tiz a tio n  o f n ickel c a ta ly s ts  an d  on th e  effect 
o f  p a rtic le  size on th e  s a tu ra tio n  m a g n e tiza tio n  an d  C urie te m p e ra tu re .

A ccording to  th e se  d a ta , th e  m ag n e tiza tio n  o f su p e rp a ram ag n e tic  
n ick e l, a t lower te m p e ra tu re s , lin e a rly  decreases w ith  th e  q u a n t i ty  of so rbed  
h y d ro g en . No u n e q u iv o c a l re la tio n sh ip  ex is ts  fo r fe rro m ag n e tic  c a ta ly s ts  b e 
tw e e n  the  q u a n t i ty  o f  so rbed  h y d ro g en  an d  m agnetic  ch a rac te ris tic s  o f th e  
c a ta ly s t .  Only th e  f a c t  t h a t  m a g n e tiza tio n  decreases w ith  h y d rogen  so rp tio n  
eo u ld  be e stab lish ed . F ro m  th e  dependence  of th e  m a g n e tiz a tio n  of superm ag- 
n e tic  ca ta ly sts  on  th e  fie ld  s tre n g th  an d  te m p e ra tu re , th e  m ag n etic  m o m en t 
o f  n ickel partic les  a n d  hence th e ir  d ia m e te r  can  be ca lcu la ted .

No u n a m b ig u o u s  re la tio n sh ip  b e tw een  th e  m ag n e tiz a tio n  an d  Curie te m 
p e ra tu re  of c a ta ly s ts  co n ta in in g  fe rro m ag n e tic  n ickel p a rtic le s  in  th e  tra n s it io n  
ra n g e  betw een su p e rp a ra m a g n e tic  an d  fe rro m ag n e tic  s ta te s , on th e  one h an d , 
a n d  partic le  size, on  th e  o th e r, has b een  found . Macnab an d  A nderson  [32] 
a s se r t  th a t  th e  C urie te m p e ra tu re  of c a ta ly s ts  co n ta in in g  50 Á n ickel pa rtic le s  
c a n n o t differ g re a tly  from  th a t  o f b u lk  n ickel. T h ey  th e re fo re  a t tr ib u te  th e  
m easu red , s ig n if ic a n tly  low er values to  th e  non-hom ogeneous solid so lu tio n  of 
h y d rogen  and  a lu m in iu m  in  n ickel. T his e x p lan a tio n  is, how ever, d o u b tfu l 
since alum inium  p re s e n t in  th e  c a ta ly s t  is e ith e r  a lu m in iu m  h y d ro x id e  or m e ta l
lic  a lum inium . T h e  fo rm er does n o t a ffec t th e  m a g n e tiz a tio n  of n ickel, as 
d em o n stra ted  b y  s tu d ie s  o f c a ta ly s ts  on a lum ina  su p p o rt. M etallic  a lum in ium , 
o n  th e  o th e r h a n d , is p re se n t in  th e  fo rm  of its  n ickel a lloy , in  undecom posed  
partic les  sim ilar in  com position  to  th e  in itia l alloy. F o r  th is  reason , a lum in ium  
ca n  ac t only on n ick e l in  th e  alloy , in  close c o n ta c t w ith  i t ,  t h a t  is, i t  can  on ly  
red u ce  the  s a tu ra t io n  m ag n e tiza tio n  an d  Curie te m p e ra tu re  o f th is  n ickel, b u t
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c a n n o t affect se p a ra te  fe rro m ag n etic  n ickel partic les  in  its  v ic in ity . X -ra y  
d iffrac tio n  s tud ies confirm  th a t  m e ta llic  a lum in ium  c a n n o t he  d e te c te d  
in  R a n e y  n ickel, on ly  v a ry in g  a m o u n ts  o f th e  n ickel—alum in ium  alloy  
p h a se , depend ing  on  th e  e x te n t o f  e x tra c tio n .

T h e  effect o f h y d ro g en  c o n te n t in  th e  c a ta ly s t on th e  m a g n e tiz a tio n  of 
n ick e l has been  e lu c id a ted . I t s  red u c in g  effect on th e  C urie te m p e ra tu re  h as  
n o t b een  confirm ed up  to  now .

A  m ore p ro b ab le  e x p lan a tio n  fo r th e  difference b e tw een  th e  Curie te m 
p e ra tu re s  of R an ey  n ickel and  b u lk  n ick e l assum es th a t  a re d u c tio n  of n ick e l 
p a r tic le  size is accom pan ied  b y  th e  low ering  o f th e  Curie te m p e ra tu re , a n d  in  
h e a t  t re a tm e n t, as a re su lt o f p a rtic le  agg regation , th e  C urie te m p e ra tu re  o f 
th e  c a ta ly s t  te n d s  to w ard s  th e  Curie te m p e ra tu re  of b u lk  n ick e l [15 ,16 , 2 8 ,3 3 ].

I n  a n o th e r p a p e r, Macnab an d  A nderso n  [34] a t te m p t  to  e v a lu a te  e x 
p e r im e n ta l resu lts  o b ta in e d  w ith  R a n e y  n ickel b y  assum ing  th a t  th e  c a ta ly s t  
is su p e rp a ram ag n e tic  an d  th e  m odified  L an g ev in  fo rm ula  is v a lid . T h is a ssu m p 
tio n  is b ased  on n icke l pa rtic le s  sm aller th a n  300 A being  co n sid e red  as in d e 
p e n d e n t W eiss dom ains, i.e. su p e rp a ram ag n e tic . T hus, th e  100 A  p a rtic le s  in  
R a n e y  n ickel are th o u g h t to  belong to  th is  class. This e x p la n a tio n , how ever, 
c o n tra d ic ts  earlie r fin d in g s [32], accord ing  to  w hich, th e  C urie te m p e ra tu re  o f 
n ick e l pa rtic le s  la rg e r th a n  50 A is close t h a t  o f b u lk  n ickel, i.e. t h a t  such  p a r 
tic les are  fe rrom agnetic . In  one o f our ea rlie r p ap ers  [33] we h av e  p o in te d  o u t 
th e  e rro r  caused  if  fe rro m ag n e tic  n ickel c a ta ly s ts  are  consid ered  su p e rp a ra 
m ag n e tic . A n o th e r source o f e rro r m a y  arise from  th e  fa c t t h a t  th e  s a tu ra tio n  
m ag n e tiz a tio n  of one an d  th e  sam e n ickel c a ta ly s t  is d iffe ren t in  th e  p resence of 
h y d ro g e n  and  in  th e  gas-free s ta te . T herefo re  p artic le  sizes ca lcu la ted  from  
m ag n e tic  m easu rem en ts on im p erfec tly  degassed  c a ta ly s ts  w ill n o t  re flec t th e  
tru e  p a rtic le  size.

W e have ca rried  o u t s tud ies on sk e le to n  n ickel c a ta ly s ts  belong ing  to  
d iffe re n t ty p es. W e follow ed th e  processes ta k in g  place d u rin g  h e a t  t r e a tm e n t 
o f th e  ca ta ly s ts  b y  m eans o f m agnetic  m easu rem en ts , th e rm o d e so rp tio n  m eas
u re m e n ts , an d  th e rm a l analysis. F ro m  th e  d a ta  o b ta in ed , conclusions w ere 
m ad e  on  th e  s tru c tu re  o f th e  active c a ta ly s t.

Experimental

A  F a ra d a y  m ag n e tic  b a lance  was u sed  fo r m agnetic  m easu rem en ts . T he 
a p p a ra tu s  allows to  v a ry  th e  fie ld  s tre n g th  in  th e  range o f 5 to  10 kO e an d  th e  
te m p e ra tu re  in  th e  ran g e  of 25 to  450 °C. H y d ro g en  an d /o r a rg o n  can  pass 
th ro u g h  th e  m easu ring  cham ber.

S am ple w eights w ere b e tw een  2 a n d  10 m g. T he m ag n e tic  ba lan ce  w as 
c a lib ra te d  w ith  h ig h -p u rity  m eta llic  n ickel. T he accu racy  o f th e  m easu rem en t 
w as +  1% .
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The c a ta ly s t sam p les  w ere tre a te d  in  th e  ch am b er o f th e  m agnetic  ba lan ce  
a t  increasing  te m p e ra tu re s , in  argon  flow . A fte r  each  t r e a tm e n t ,  m ag n e tiza tio n  
as a  fu n c tio n  of fie ld  s tre n g th  an d  te m p e ra tu re  w as m easu red  a t  th e  te m p e ra tu re  
o f  th e  h e a t t r e a tm e n t  a n d  a t  low er te m p e ra tu re s .

A com pu ter p ro ced u re  w as used  to  ca lcu la te  th e  s a tu ra t io n  m ag n e tiza tio n  
a n d  Curie te m p e ra tu re  ch a rac te riz in g  th e  eq u ilib riu m  s ta te  es tab lish ed  a fte r  
h e a t  t re a tm e n t [33]. T h e  essence of th is  p ro ced u re  consists  in  using  th e  fo rm u la  
v a lid  for fe rro m ag n e tic  substances

ff/cTo, =  ta n h ff/oG +  H/W ga
т /в ( 1 )

a n d  a m odified  v a r ia n t  o f th e  p rocedure  o f H ooke an d  J eev es  [35].
In  th e  fo rm u la , a is th e  m ag n e tiza tio n  a t  th e  g iven  te m p e ra tu re  an d  fie ld  

s tre n g th , (Too th e  s a tu ra t io n  m ag n e tiza tio n  a t  T  =  О К  (in  em u g -1 cm 3), H  is 
th e  fie ld  s tre n g th  (Oe), W  th e  fe rro m ag n e tic  c o n s ta n t, q th e  d en sity  o f n ickel 
(g c m -3 ), T  th e  a b so lu te  te m p e ra tu re  (K ), an d  & th e  C urie te m p e ra tu re  (K ).

T h erm o d eso rp tio n  stud ies w ere ca rried  o u t in  an  a p p a ra tu s  f i t te d  w ith  
a ca ta ly tic  co m b u stio n  cham ber d e te c to r . A lin ea r te m p e ra tu re  p ro g ram  a t  
a r a te  of 8 °C/m in w as app lied  and  ex p e rim en ts  w ere ca rr ied  o u t in  an  argon  
flow . (The a p p a ra tu s  w as ca lib ra ted  w ith  a ccu ra te ly  m easu red  hydrogen . T he 
a m o u n t of desorbed  h y d ro g en  was d e te rm in ed  from  th e  p e a k  a rea  of th e  d e te c 
to r  signal). The te m p e ra tu re  co rrespond ing  to  th e  p e a k  m ax im u m  was accep ted  
as th e  te m p e ra tu re  ch a rac te riz in g  th e  d eso rp tio n  of th e  g iven  ty p e  of hyd ro g en .

T herm al an a ly sis  w as carried  o u t w ith  a D e riv a to g ra p h  (system  P aulik— 
P aulik - E r d e y , m a n u fa c tu red  b y  MOM ). C a ta ly s t sam ples of ab o u t lg  w ere 
d e h y d ra te d  before a n  analysis w ith  alcohol. The alcohol w as th e n  e v a p o ra te d  
in  th e  cham ber o f  th e  in s tru m e n t, in  an  argon  flow  a t  a m b ie n t te m p e ra tu re , 
th e re b y  p rev en tin g  o x id a tio n  of th e  c a ta ly s t  b y  a ir in  th e  course of in tro d u c in g  
th e  sam ple in to  th e  in s tru m e n t. D TA , D T G  an d  T G  cu rves w ere reco rd ed  in  
a rg o n  a t  a h e a tin g  ra te  of 5 °C/m in.

I t  should  be re m a rk e d  th a t  th e rm o m ag n e tic  an a ly sis  served  to  c h a ra c 
te rize  th e  eq u ilib riu m  s ta te  e s tab lish ed  in  th e  course o f h e a t t re a tm e n t, as 
opposed  to  th e rm o d e so rp tio n  an d  th e rm a l analysis reco rd in g  non-eq u ilib riu m  
changes ta k in g  p lace  a t  s tead ily  ris ing  te m p e ra tu re s . T h is m a y  cause some d ev i
a tio n  in  th e  va lu es  o f  ch a rac te ris tic  te m p e ra tu re s . N onethe less, we th in k  th a t  
th e  re su lts  o b ta in e d  in  these  m easu rem en ts  m ay  be  com pared .
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Catalysts

O ne of th e  sam ples w as a com m ercial R an ey  n ick e l m a n u fa c tu re d  b y  
C hinoin , B u d ap es t. T he o th e r  sam ples w ere p rep ared  fro m  5 0 —50 w t. %  n ic k e l-  
a lu m in iu m  alloy, 35 — 65 w t. %  n ick e l-z in c  alloy an d  5 0 —50 w t. %  n ick e l—sili
con  alloy . T he p a rtic le  size w as < 6 0  p m  for all alloys.

T he com m ercial sam ple , m ark ed  C H , is m ade fro m  a N i—Al a llo y  co n 
ta in in g  48 w t. %  n ickel, b y  e x tra c tio n  a t  50 °C w ith  15 w t. %  N aO H .

T he c a ta ly s t m ark ed  R I  w as p re p a re d  from  th e  5 0 —50 w t. %  N i—A l 
alloy  b y  e x tra c tio n  a t  9 0 - 100 °C w ith  25 w t. %  N aO H .

T he ca ta ly s ts  m ark ed  R 2 and  R3 w ere also p re p a re d  from  th is  a lloy , u sin g  
a special p rocedure  [36]. T hese c a ta ly s ts  are so-called h ig h -a c tiv ity  sk e le to n  
c a ta ly s ts .

T he c a ta ly s ts  m a rk e d  H  an d  E  sk e le to n  ca ta ly s ts  w ith  reduced  p y ro p h o 
ric  p ro p e rtie s . T hey  w ere p re p a re d  from  th e  ab o v e-m en tio n ed  N i—Zn an d  N i—Si 
alloys b y  p a r t ia l  e x tra c tio n  w ith  N aO H  [37].

A fte r  e x tra c tio n  w ith  alkali, all c a ta ly s ts  w ere w ash ed  w ith  d is tille d  
w a te r  an d  s to red  u n d e r w a te r . M easu rem en ts were p e rfo rm ed  a t  least one w eek  
a f te r  th e  c a ta ly s ts  h a d  b een  p rep a red .

Results

T h e  N i-A l, N i-Z n  a n d  N i—Si alloys u sed  as s ta r tin g  m a te ria ls  w ere p a r a 
m a g n e tic  a n d  co n ta in ed  no  fe rro m ag n e tic  co n tam in a tio n s. T h e  resu lts  o f  th e r-  
m o m ag n e tic  analysis  fo r th e  d iffe ren t c a ta ly s ts  are p re se n te d  in  F igs 1 — 6. 
A ll sam ples w ere h e a t- tre a te d  sim ilarly , in  steps of 50 °C, b e tw een  100 an d  400 
°C. T he m a g n e tiza tio n  w as m easu red  f ir s t  a t  25 °C before h e a t  t r e a tm e n t, a n d  
su b se q u e n tly , a f te r  h e a t t re a tm e n t ,  a t  th e  te m p e ra tu re  o f th e  t re a tm e n t a n d  
a t  successively  low er te m p e ra tu re  in  step s  o f 50 °C. T he fie ld  s tre n g th  w as in  
th e  ran g e  o f 5 to  10 kO e.

F ro m  m ag n e tiza tio n , f ie ld  s tre n g th  a n d  te m p e ra tu re  d a ta , using  E q . (1), 
th e  s a tu ra t io n  m a g n e tiza tio n  e x p ro la te d  to  О К , a „ belong ing  to  th e  e q u ilib 
r iu m  s ta te  (co rrespond ing  to  th e  te m p e ra tu re  of h ea t t r e a tm e n t) , and  th e  C urie 
te m p e ra tu re , 0 ,  w ere c o m p u ted . T he re su lts  are p resen ted  in  F igs 1 — 6 as a  
fu n c tio n  of te m p e ra tu re  o f h e a t  t re a tm e n t.

T he figu res in d ica te  t h a t  fo r all c a ta ly s ts  p rep a red  from  th e  N i—Al 
alloy , th e  va lu e  o f a„ changes m ain ly  in  th e  25 —100 °C an d  200—300 °C 
ranges. T he Curie te m p e ra tu re  increases b e tw een  100 and  200 °C, an d  decreases 
b y  a b o u t 20 to  40 °C b e tw een  250 an d  300 °C.

W ith  th e  c a ta ly s t p re p a re d  from  th e  N i- Zn alloy, th e  decrease o f th e  
Curie te m p e ra tu re  ta k e s  p lace  a lread y  a t  low er te m p e ra tu re s  (150—200 °C).
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_______________ I I 1__________  I

0 100 200 300 400
°C

F ig . 1. S a tu ra tio n  m a g n e tiz a tio n  an d  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t t r e a tm e n t. 
C a ta ly s t  CH О ------О  <7t*> □  - О  &

F ig . 2. S a tu ra tio n  m a g n e tiz a tio n  and  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t t re a tm e n t. 
C a ta ly s t  R I  О ----- О  &a> □ ----- • □  &

F ig . 3. S a tu ra tio n  m ag n e tiz a tio n  and  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t  t r e a tm e n t.  
C a ta ly st R2 О — —О  □ ------□  ©
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F ig . 4. S a tu ra tio n  m ag n e tiz a tio n  an d  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t t r e a tm e n t.  
C a ta ly s t R 3 Q — — О  □ ------□  ©

Fig. 5. S a tu ra tio n  m ag n e tiza tio n  and  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t t r e a tm e n t.
C a ta ly s t H  О ------О  □ ------ □  © $

F ig . 6. S a tu ra tio n  m ag n e tiz a tio n  a n d  Curie te m p e ra tu re  vs. te m p e ra tu re  o f h e a t t re a tm e n t. 
C a ta ly s t E  О ------О  □ ------ □  ©
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W ith  th e  c a ta ly s t  p rep a red  from  th e  N i-S i alloy , th e  va lu es  of b o th  a „ 
a n d  0  increase m o n o to n ica lly  w ith  th e  te m p e ra tu re  of h e a t  t r e a tm e n t.

The th e rm o d e so rp tio n  d iag ram  fo r th e  skele ton  c a ta ly s t  CH is p resen ted  
in  F ig . 7. The cu rves o b ta in e d  w ith  th e  o th e r c a ta ly s ts  a re  s im ila r in  shape , 
so t h a t  only th e  d ia g ra m  fo r c a ta ly s t  CH is show n b y  w ay  o f a ty p ic a l exam ple .

F ig .  7. T h erm odesorp tion  m easu red  on c a ta ly s t  CH. Q u an tity  of d e so rb ed  h y d ro g en  (d ec tec to r
signal) vs. tem p e ra tu re

T h e  q u an titie s  a n d  ty p e s  of th e  d eso rb ed  hydrogen  a n d  th e  ch a rac te ris tic  
te m p e ra tu re s  of d e so rp tio n  are lis ted  in  T ab le  I . W ith  th e  e x c e p tio n  of c a ta ly s t 
E ,  tw o  typ es of h y d ro g e n  are deso rbed  fro m  each  c a ta ly s t, one w ith  low er b o n d  
s t r e n g th  a t a te m p e ra tu re  a ro u n d  100 °C, an d  one w ith  h ig h e r b o n d  s tre n g th  a t  
a  te m p e ra tu re  close to  250 °C.

H ydrogen  d eso rb ed  a t  te m p e ra tu re  above 400 °C is neg lig ib le  as com pared  
to  th e  form er. A p p a re n tly  th is  is n o t ad so rb ed  hyd ro g en , b u t  is p resu m ab ly  
fo rm e d  in  th e  re a c tio n  of H 20  re leased  from  a lum in ium  a n d  Z n hydrox ides 
w ith  th e  residual a lu m in iu m , Zn an d  n ickel.

The resu lts  o f  th e rm a l  analysis are  p resen ted  in  F igs 8 — 10. C a ta ly st R I  
p re p a re d  from  th e  N i—Al alloy  (F ig . 8) loses th e  w a te r  b o u n d  in  a lum in ium  
h y d ro x id es  in  th e  200 — 300 °C ran g e . T he ch a rac te ris tic  te m p e ra tu re  of w a te r 
loss is 250 °C, in d ic a tin g  th a t  a lu m in iu m  hydrox ides are  p re se n t in  th e  form  of 
h y d ra rg illite . The m a g n e tic  analysis o f th is  c a ta ly s t rev e a le d  a sh a rp  rise in  
m ag n e tiza tio n  an d  a decrease  of th e  Curie te m p e ra tu re  a ro u n d  250 °C, and
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Table I

Therm odesorption o f  hydrogen

Catalyst
Characteristic peak 

temperature
(°C)

Desorbed hydrogen 
jcm3/g catalyst)

Total desorbed 
hydrogen 

(cm3/g catalyst)

CH 80 14

257 44,3 58,3

R1 95 25

230 47 72

R2 118 18

200 32 50

R3 150 35

268 28 63

H 90 0.56

287 0.7 1.26

E 65 28 28

th e rm o d eso rp tio n  m easu rem en ts d e m o n s tra te d  th a t  su b s ta n tia l a m o u n ts  of 
h y d ro g en  are d eso rb ed  a t  th is  te m p e ra tu re . T he D T A  curve also in d ica tes  th e  
en d o th e rm ic  loss o f  w a te r.

Fig. 8. D e riv a to g ram  o f c a ta ly s t  R I. C hange in  w eigh t (TG), r a te  o f  change in  w eigh t (D TG  
a n d  change in e n th a lp y  (D TA ) vs. te m p e ra tu re
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C a ta ly s t H  p re p a re d  from  th e  N i-Z n  a llo y  (F ig . 9) loses w a te r  b e tw een  
150 a n d  200 °C. (A s im ila r process w as o b se rv ed  w ith  zinc h y d ro x id e  p re p a re d  
fro m  p u re  zinc b y  d isso lu tio n  in  alkali.) W ith  c a ta ly s t  H , th e  ag reem en t b e tw een  
th e rm o m a g n e tic  an d  th e rm a l analyses w as ag a in  a p p a re n t, since th e  decrease 
o f i ts  C urie te m p e ra tu re  ta k e s  p lace in  th e  ab o v e  te m p e ra tu re  ran g e .

F ig . 9 . D eriv a to g ram  o f  c a ta ly s t  H . Change 
in  w e ig h t (TG), ra te  o f  change  in  w eigh t 

D T G ) an d  change in  e n th a lp y  (DTA) vs. 
te m p e ra tu re

F ig . 10. D e riv a to g ram  of c a ta ly s t  E . Change 
in  w e ig h t (TG), ra te  o f change  in  w eigh t 
(D T G ) a n d  change in  e n th a lp y  (D TA ) vs. 

te m p e ra tu re

D eh y d ra tio n  o f  c a ta ly s t  E  p re p a re d  from  th e  N i—Si alloy  s ta r ts  a lread y  
ab o v e  50 °C (F ig . 10) an d  th e  sam ple w e ig h t decreases m o n o to n ica lly  w ith  
r is in g  te m p e ra tu re . H y d ro g en  d e so rp tio n  also proceeds a t  a low  te m p e ra tu re , 
a ro u n d  65 °C. I n  good ag reem en t w ith  th is  fin d in g , th e  m a g n e tiza tio n  an d  
C urie  te m p e ra tu re  also increase m o n o to n ica lly  w ith  te m p e ra tu re .

A com parison  o f  th e  desorbed  q u a n tit ie s  o f th e  tw o  ty p e s  o f hyd ro g en  
w ith  th e  change in  s a tu ra tio n  m a g n e tiz a tio n  ta k in g  place in  th e  a p p ro x im a te  
te m p e ra tu re  ran g es o f  deso rp tio n  (T ab le  I I )  shows th a t  h y d ro g en  desorbed  
a t  th e  low er te m p e ra tu re  causes an  av e rag e  change of ~ 0 .2 2  in  th e  n u m b e r of 
B o h r  m agnetons p e r  h y d ro g en  a to m , w hile  th e  co rrespond ing  v a lu e  for th e  
d eso rp tio n  a t th e  h ig h e r te m p e ra tu re  is ~ 0 .5 5 .

In  th is  re sp e c t, c a ta ly s t  H  p re p a re d  fro m  th e  N i-Z n  alloy  b eh av es d iffe r
e n tly , because its  m a g n e tiza tio n  — in  v iew  o f its  ferro m ag n etic  n ickel c o n te n t 
— specifically  in c reases  to  a m u ltip le  o f  i ts  orig inal value in  th e  course of h e a t 
tr e a tm e n t.  T his is p re su m ab ly  n o t ex c lu s iv e ly  a ttr ib u ta b le  to  h y d ro g en  d eso rp 
tio n .
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Table II

R ela tionsh ip  between changes in  magnetization and the quantities 
o f  desorbed hydrogen

Catalyst
T emperature 

range 

(°c)

•
Ao'co

(emu g -1cm3)
Desorbed 
hydrogen 

(cm3/g catalyst)
,ub/H  atom*

CH 5 0 -1 2 0 1.4 14 0,20

1 5 0 -4 0 0 10.8 44.3 0.49

R I 25— 120 2.8 25 0.22

1 5 0 -3 5 0 13.5 47 0.58

R2 25— 150 3.0 18 0.33

175— 300 7.0 32 0.44

R3 25— 180 3.5 35 0.20

2 0 0 -3 5 0 10.5 28 0.76

H 25— 200 2 .6 0.56 9.4

2 3 0 -3 5 0 6.2 0.7 18

E 25— 200 3.0 28 0.22

*  / < B  =  num ber o f B o h r m agnetons

D iscussion

T he in te rp re ta t io n  o f m agnetic an a ly s is  re su lts  is d ifficu lt w ith  R a n e y  
c a ta ly s ts , ow ing to  th e  com plex, m u lti-c o n s titu e n t system s invo lved . T h is is 
th e  reaso n  w h y  we a t te m p te d  to  follow  th e  changes ta k in g  p lace in  th e  c a ta ly s t  
as a re su lt o f h e a t t r e a tm e n t  s im u ltan eo u sly  b y  severa l d iffe ren t tech n iq u es .

T he resu lts  in d ic a te  th a t  the s ta te  o f th e  c a ta ly s ts  can  be ch a rac te rized  
b y  th e ir  s a tu ra tio n  m ag n e tiza tio n  a n d  th e ir  C urie te m p e ra tu re . The d ev ia tio n  
of th e se  v a lu es  from  th e se  observed a f te r  h e a t  t r e a tm e n t  an d  from  those  o f b u lk  
n ickel m ay , on th e  one h a n d , serve as a  m easu re  fo r th e  q u a n ti ty  and  ty p e  of 
h y d ro g en  so rbed  on th e  c a ta ly s t and , o n  th e  o th e r  h a n d , will charac terize  th e  
p a rtic le  size an d  its  changes upon h e a t t r e a tm e n t .

I t  m a y  be seen fro m  th e  d a ta  in  T a b le  I I  t h a t  changes in  sa tu ra tio n  m ag 
n e tiz a tio n  fo r ce rta in  te m p e ra tu re  ra n g e s  are  in  good ag reem en t w ith  th e  
q u a n ti ty  o f desorbed  h y d ro g e n : the ch an g e  in  s a tu ra tio n  m ag n e tiza tio n  ta k in g  
place as th e  re su lt o f  th e  desorp tion  o f  u n i t  am o u n ts  of h y d ro g en  is s im ilar 
for th e  d iffe ren t c a ta ly s t  ty p e s . These d a ta  in d ic a te  th a t  th e  ty p e  of hyd ro g en  
desorbed  a t  th e  low er te m p e ra tu re  e x e r ts  a sm alle r effect on m ag n e tiza tio n  
since i t  is m ore loosely b o u n d  to  nickel.
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T he sign ifican t d ifference b e tw een  th e  sa tu ra tio n  m ag n e tiza tio n  of c a ta 
ly s ts  t r e a te d  a t  400 °C (i .e. co n ta in in g  o n ly  negligible am o u n ts  o f so rbed  h y 
drogen ) an d  th a t  o f  b u lk  m eta llic  n ickel m a y  p resu m ab ly  be assoc ia ted  w ith  th e  
s ig n if ic a n t am o u n ts  o f undecom posed  N i—A l, N i-Z n  an d  N i—Si alloys an d  h y 
d ra te d  Al, Zn an d  Si h y d ro x id es , c o n ta in e d  in  th e  c a ta ly s ts , so t h a t  th e  p e r
c e n ta g e  o f fe rro m ag n e tic  su b stan ce  is low er.

O u r re su lts  in d ic a te  th a t  th e  C urie te m p e ra tu re  o f th e  c a ta ly s ts  is in  
close re la tio n sh ip  w ith  th e  p a rtic le  size. R eliab le  X -ra y  d iffrac tio n  m easu re 
m e n ts  [14] have  d e m o n s tra te d  a p a rtic le  size increase from  93 to  150 A  in 
R a n e y  nickel c a ta ly s ts  t r e a te d  a t  in c reas in g  te m p e ra tu re s  (25 — 600 °C). O u r 
m easu rem en ts  in d ic a te  th a t  th e  C urie te m p e ra tu re  of th e  c a ta ly s ts  t r e a te d  
a t  increasing  te m p e ra tu re s  ten d s  to w a rd s  th e  Curie te m p e ra tu re  of b u lk  n icke l, 
b u t  does n o t re a c h  i t  in  e ith e r  case. I t  ap p e a rs  there fo re  t h a t  even  a f te r  h e a t  
t r e a tm e n t  a t  400 °C, th e  c a ta ly s ts  are in  a f in e ly  d ispersed  s ta te , as also show n 
b y  th e  d iffrac tion  p a tte rn s . A fu r th e r  p ro o f  fo r po lyd isperse  fine  p a rtic le s  is 
t h a t  — in ag reem en t w ith  d a ta  in  th e  l i te ra tu re  [32] — we also fo u n d  a close to  
lin e a r  re la tio n sh ip  b e tw een  m a g n e tiz a tio n  an d  te m p e ra tu re  in  th e  v ic in ity  
o f  th e  Curie te m p e ra tu re  of b u lk  n icke l.

T he fin d in g  th a t  th e  Curie te m p e ra tu re  of all c a ta ly s ts  p rep a red  b y  a lk a 
line e x tra c tio n  fro m  N i—Al alloys decreases up o n  h e a t t r e a tm e n t b e tw een  250 
a n d  300 °C is su rp ris in g . This decrease to o k  place w ith  th e  c a ta ly s t p re p a re d  
fro m  th e  N i—Zn allo y  be tw een  150 an d  200 °C, while no such  p h en o m en o n  w as 
o b se rv ed  w ith  th e  c a ta ly s t  p re p a re d  fro m  th e  N i-S i alloy.

The TG  cu rv es in d ica te  t h a t  in  th e se  te m p e ra tu re  ranges th e  c a ta ly s ts  
lose w a te r, i.e. a lu m in iu m  an d  zinc h y d ro x id es  co n ta in ed  in  th e  c a ta ly s t  a re  
decom posed  a n d  tran sfo rm ed . A lso, s u b s ta n tia l  am o u n ts  of h y d ro g en  a re  
desorbed . T he decrease  of th e  Curie te m p e ra tu re  ind ica tes  a decrease in  th e  size 
o f  n ickel p a rtic le s . I t  seem s p ro b ab le  t h a t  th is  is due to  s in te rin g  cau sed  b y  
w a te r  loss from  th e  gel-like, sem ic ry sta llin e  a lum in ium  an d  zinc h y d ro x id e s  
w h ich  have a s tab iliz in g  effect on th e  s tru c tu re  and  can  be reg a rd ed , in  a 
m an n e r, as su p p o rts , b u t  lose th e ir  cohesive effect on n ickel pa rtic le s  w h en  th e y  
lose w a te r. T h is m a y  lead  to  a change in  th e  spongy s tru c tu re  of n ick e l a n d  to  
a decrease in  its  p a rtic le  size. H y d ro g en  d eso rp tio n  w ill enhance  th ese  p rocesses.

The fa c t t h a t  no  decrease o f th e  C urie te m p e ra tu re  w as o b serv ed  w ith  th e  
c a ta ly s t  p re p a re d  from  th e  N i-S i a llo y  w hose TG  curve p o in ts  to  a c o n tin u o u s  
loss of w a te r  above 50 °C m ay  serve as in d ire c t ev idence for th e  co rrec tn ess  o f  
th e  above a ssu m p tio n .

S u m m ariz in g  th e  resu lts  o f th e rm o m a g n e tic  ana lysis , th e rm o d e so rp tio n  
m easu rem en ts  an d  th e rm a l an a ly sis , th e  follow ing s ta te m e n ts  can  be  m a d e :

(i) T he m a jo r  c o n s titu e n t o f R a n e y -ty p e  c a ta ly s ts  is f ine ly  d isp e rsed , 
fe rro m ag n e tic  n ick e l co n ta in in g  so rb ed  hydrogen . T he Curie te m p e ra tu re  o f 
th e  c a ta ly s t is su b s ta n tia lly  low er (b y  m ore th a n  80 °C) th a n  th a t  of b u lk  n ick e l.
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T he increase o f th e  Curie te m p e ra tu re  (i.e. its  a p p ro a c h  to  th a t  o f b u lk  n ickel) 
w ith  increasing  te m p e ra tu re s  o f h e a t  t r e a tm e n t in d ica te s  th a t  th e  C urie te m 
p e ra tu re  is in  close re la tionsh ip  w ith  th e  size o f th e  c a ta ly s t p a rtic le .

(ii) The in te ra c tio n  of h y d ro g en  desorbed  a t  d iffe ren t te m p e ra tu re s  w ith  
th e  c a ta ly s t d iffers sign ifican tly , as d e m o n s tra te d  b y  m agnetic  d a ta :  th e  average  
change in  m a g n e tiza tio n  is 0.22 B o h r  m agnetons p e r  hydrogen  a to m  fo r th e  
ty p e  of hyd ro g en  b o u n d  more w e a k ly , an d  0.55 B o h r  m agnetons p e r h y d ro g en  
a to m  fo r th a t  b o u n d  w ith  g rea te r s tre n g th . T h u s , th e  q u a n tity  an d  n a tu re  of 
th e  hyd ro g en  d eso rb ed  from  the  c a ta ly s t  has a s ig n if ic a n t effect on th e  s a tu ra 
tio n  m ag n e tiza tio n  o f th e  c a ta ly s t.

(iii) A decrease of th e  Curie te m p e ra tu re  ta k e s  p lace  a fte r  h e a t t r e a tm e n t  
a t  250—300 °C in  th e  case of c a ta ly s ts  p rep a red  fro m  th e  N i-A l a lloy , a n d  a t  
150 — 200 °C in  th e  case o f the  c a ta ly s t  p rep a red  fro m  th e  N i-Z n  alloy . T hese 
te m p e ra tu re  ranges coincide w ith  th e  te m p e ra tu re s  o f  w a te r  loss in  a lu m in iu m  
an d  zinc hy d ro x id es  a n d  hydrogen  d e so rp tio n . F ro m  th is  phenom enon  we co n 
clude th a t  re s id u a l hyd rox ides h a v e  a  stab iliz in g  effect on th e  s tru c tu re  so 
t h a t  w hen  th e y  becom e d eh y d ra ted , th e  size o f n ick e l partic les  in  th e  c a ta ly s t  
w ill decrease an d  th e  partic le  w ill d is in teg ra te .
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T he new  [C o(Propox ■ H )2(N 0 2)2] com plex  ion  was o b ta in ed  b y  a  su b s ti tu tio n  
re ac tio n  fro m  [C o(N 02)„]3_ w ith  m eth y liso p ro p y lg ly o x im e  (propox im e =  P ro p o x • H 2). 
A  series o f new  sa lts  o f th is  anion has b een  p re p a re d  b y  double  decom position  reac tio n s. 
T he I R  sp e c tru m  w as recorded and d iscussed . T he a q u a tio n  k in etics o f [C o(Propox • H )2 
( N 0 2)2 w ere s tu d ie d  in  a  wide range of p H  a n d  th e  k in e tic  p a ram e te rs  com pared  w ith  
th o se  o f th e  analogous d im ethylglyoxim e d eriv a tiv e .

T he sy m m e tric  3 ,4-hexanedione d iox im e (d ie thy lg lyox im e) an d  five a sy m 
m etric  2,3- an d  1 ,2 -hexaned ione d ioxim es h av e  been  o b ta in e d  an d  c h a ra c te r i
zed b y  UV sp e c tra  [1 —4]. These isom eric  d ioxim es fo rm  che la tes  o f th e  ty p e  
[M (diox-H )2] a n d  [M (diox-H )2X Y ], re sp ec tiv e ly , w ith  M (II): N i, P d , Co, 
Cu, F e , P t  a n d  M (I I I ) :  Co, R h, I r .  T h e  co o rd in a tio n  ch em is try  o f th e se  
ch e la tin g  ag en ts  w as h a rd ly  in v estig a ted .

In  a p rev io u s  p a p e r  [5] th e  fo rm a tio n  o f  som e com plex  acids of th e  ty p e  
H [C o (P ro p o x -1 1 )2X 2] w ith  X  =  C1, B r, I  h a s  b een  stu d ied .

W e have o b se rv ed  th a t  p ropox im e re a c ts  re a d ily  w ith  N a3[C o(N 02)e] 
in  a w arm  aq u eo u s alcoholic so lu tion :

N a3[C o(N 02)6] +  2 P ro p o x -H 2 =  N a  [C o (P ro p o x -H )2 (N 0 2)2] +

+  2 N a N 0 2 +  2 Н Щ ,  (1

T he aqueous so lu tio n  o f th e  sodium  sa lt p re c ip ita te s  A g +, T1+, C u +, H ga2+ an d  
Cs+ an d  th e  d ia c id o -te tram in e  ty p e  co m p lex  ca tions [M (am ine)4X 2] + (M =  
=  Co and  Cr).

N e ith e r th e  h ex am in e  and  m o n o ac id o -p en tam in e  ty p e  com plexes of 
co b a lt an d  ch ro m iu m  (e.g. [M (N H 3)6]3+, [M (en)3]3 + , [M (N H 3)5X ] 2+), n o r th e  
di- an d  t r iv a le n t  tra n s i t io n  m eta l ions (e.g. Z n (II) , C d (II) , C o(II), N i(II) , 
F e ( I I I ) ,  C r(III))  fo rm  w ell-defined com pounds w ith  [C o (P ro p o x -H )2(N 0 2)2]~ . 
L ike o th e r  [C o (d io x -H )2X 2] “  ty p e  an io n s, th is  com plex  read ily  fo rm s 
[C o(diox.H )2 (am in e)2] • [C o (P ro p o x -H )2( N 0 2)2] ty p e  b in a ry  sa lts . The sy n 
theses an d  an a ly ses  fo r  8 com pounds o f  th is  ty p e  are sum m arized  in  
T ab le  I I .
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Table I

New derivatives o f  the complex acid H[Co(Propox ■ H )2(N 0 2)2] 
w ith  metals and cobalt(III)-am ines

No. Formula
Mol.wt.
Calcd.

Yield
(%) Appearance

Analysis(%)

Calcd. Found

l . Tl[C o(Propox • H),(NO„)2] 641.6 10 Long, th in Co 9.18 9.02
yellow needles N 13.10 12.75

2 . АеГСо(Ргорох • H),(NO.,), | 544.9 80 Yellow m icro-
crystals Co 10.82 10.64

3. Cs[Co(Propox • H)„(NO.,),l 570.2 40 Square, yellow Co 10.33 10.15
prism s N 14.73 14.35

4. Hg„fCo(Propox • H),(NO,,),]., 1275.7 85 Yellow m icro-
crystals Co 9.25 9.14

5. trails-[Co(en),Cl„] •
[Co(Propox • H ),(N 0 2)2| 686.9 40 Green-yellow

plates Co 17.15 17.02

6 . trans- [Co(en).,Br2] • H exagonal,
fCo(Propox • H)„(NO„),l 775.8 50 green-yellow

plates Co 15.18 15.07

7. tran s- [Co(pn)2Cl2] . Green-yellow Co 16.48 16.20
[Co(Propox • H ),(N 0 2),] 715.2 50 prism s N 19.59 19.20

8 . 1 Co(pyridine)4Cl„] • Yellow m icro- Co 13.34 13.28
[Co(Propox • H )2(N 0 2)2] 883.1 70 crystals N 15.86 15.60

The sa lts [C o (d io x -H )2(am ine)2] • [C o (P ro p o x -H ),(N O ,)2] and  [C o(Pro- 
p o x - H ) 2(am ine)2] • [C o(d iox -H )2(N 0 2)2], w hich  can he o b ta in e d  via analogous 
ro u te s , are  c o o rd in a tio n  isom ers. T h e y  d iffer to  a sm all e x te n t in  th e ir  so lu 
b il i ty , co lour an d  c ry s ta l form .

W e observed  th a t  in  cone, aq u eo u s so lu tions, in  th e  p resence of su lfu ric  
ac id , [C o (P ro p o x .H )2( N 0 2)2] -  loses a N O , group an d  [C o (P ro p o x -H ),(N O ,) 
(H 20 ) ]  is p re c ip ita te d . This n itro -a q u a  n o n e lec tro ly te  undergoes a n u m b e r  
o f  a n a tio n  reac tio n s w ith  C l~, B r - , I - , N C S ~ , N C Se- , N 3_ , re su ltin g  in  th e  
fo rm a tio n  of [C o(Propox- H )2(N 0 2)X ]~  ty p e  com plexes. In  excess K C N  
o r N a2S 0 3, c o o rd in a te d  N 0 2 is also s u b s titu te d .

The [C o(Propox- H ),(N O ,)X ]~  an d  [C o(P ropox-H ),(C N )2] “ com plex  ions 
can  be iso la ted  as b in a ry  s a lts .T h e  te rv a le n t  [C o (P ro p o x -H )2(S 0 3)2]3~ io n  can  
be  sep a ra ted  as [C o(N H 3)6] • [C o(P ropox  • H ),(S 0 3)2] • 6H 20 ,  [Co(en)3]. [Co 
(P ro p o x  -H )2(S 0 3)2] - 6 H ,0  or [C o(N H 3)5(H 20 )] - [C o (P ro p o x -H )2(S 0 3)o] • 6 H ,0 .

The IR  sp ec tru m  of K [C o (P ro p o x -H )2(N O ,),] show s th e  p resence  o f  
s tro n g  in tram o lecu la r  O -H  . . 0  h y d ro g e n  b ridges, s im ila rly  to  th e  analogous 
d im eth y lg ly o x im e  d e riv a tiv e . [ 'О —H  2300 — 2400 c m _1(w), eO—H  . . О 1700
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Table II

New binary salts o f  the typ e  [C o(D H )2(amine)2] [Co(Propox ■ H )2(NO,).2]

No. Formula
Mol. wt. 

Calcd.
Yield

% Appearance

Analysis %

Calcd. Found

l . [Co(D H )2(N H 3)2] • R 760.2 60 Yellow m icro- Co 15.50 15.60
crystals N H 3 4.48 4.36

2. [Co(DH)2(aniline)2] • R 912.3 70 Brown d en d rite s Co 12.91 12.84
N 18.42 18.20

3. [C o(D H ),(p-toluidine)2] • R 940.3 75 Brown regu lar
prism s Co 12.53 12.40

4. rCo(DH).,(pyridine).,1 • R 884.3 80 Y ellow-brown
needles Co 13.32 13.29

5. [Co(DH)2(m -toluidine)2] • R 940.3 70 Brown prism s Co 12.53 12.28
N 17.86 17.60

6. [Co(DH)„ Co 11.70 11.86
(p-phenetid ine)2] • R 1000.28 80 R ed-brow n

prism s N 16.80 16.64

7. [Co(DH).,(o-anisidine)<>l • R 944.3 75 Y  ellow-brown
needles Co 12.48 12.50

8. ÍCo(DH)„(p-B r-an ilinefd  • R 1070 85 Brown p la tes Co 11.01 11.20
N 15.70 15.40

R  =  [C o(Propox • H )2(N 0 2)2]

1770 c m _1(w )]. T hese hydrogen  b r id g e s  stab ilize  th e  co p lan a r C o (P ro p o x -H )2 
r in g  sy s tem , i.e. th e  tr a n s  geom etric  co n fig u ra tio n  of th e  d in itro co m p lex  an d , 
th e re fo re , ligand  exchange re a c tio n s  occur w ith  re te n tio n  of co n fig u ra tio n .

T h e  "С =  К  s tre tc h in g , v ib ra tio n s  o f th e  co o rd in a ted  oxim e g roup  h av e  
b e e n  fo u n d  a t 1575 c m -1  (s). This b a n d  is s i tu a te d  a t 1640 c m ^ 1 (m) in  th e  case 
o f th e  free , n o n -co o rd in a ted  p ro p o x im e .

T he "N—0  a n d  "N—OH s tre tc h in g  v ib ra tio n s  of co o rd in a ted  p ro p o x im e 
a p p e a r  a t  1245 c m -1  (s) and  1120 c m " 1 (m ). In  th e  case o f th e  analogous d im e- 
th y lg ly o x im e  d e r iv a tiv e , K [C o (D H )2( N 0 2)2], th e y  w ere fo u n d  a t  1240 c m '1 
an d  1090 c m -1  as v e ry  strong , sh a rp  b a n d s . The ‘'С—H , eC H 3 an d  eC H 2 v ib ra tio n s  
a p p e a r  a t  2990 (m ), 2960 (m), 1470 (m ) an d  1360 80 c m -1 . T he la t te r  tw o
b a n d s  are  o verlapped  b y  th e  s tro n g  VN —О stre tch in g  v ib ra tio n s  o f th e  coo r
d in a te d  N O , groups. These v ib ra tio n s  [K8N - 0  (n itro ): 1418 1430 c m “ 1(s),
vsN - 0 (n itro ): 1330 c m _1(s), and  th e  eO - N - 0  d efo rm atio n a l v ib ra tio n , 824 830
c m -1 , an d  ew(N 0 2): 620 — 630 c m “' 1(w )] ap p e a r ap p ro x im a te ly  a t  th e  sam e 
freq u en c ies  as in  th e  case of o th e r  n i tro c o b a lt( I I I )  com plexes. T he p resence  of 
th e  s tro n g  jN -0  a b so rp tio n  b a n d  a t  1330 c m -1  and  th e  absence of a s tro n g
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"N—О (n itrito ) b a n d  a t  1030—1050 c m -1  p o in t to  a Co—N 0 2 bond ing  th ro u g h  
th e  n itrogen  a tom .

In  aqueous so lu tio n s  [C o (P ro p o x -H )2( N 0 2)2] “'  undergoes an a q u a tio n  
re a c tio n , leading to  th e  lib e ra tio n  of N 0 2~ ions. T he k in e tic s  o f th is  reac tio n  
w as followed a t  d iffe re n t te m p e ra tu re s , in  a w ide p H  ran g e . In  b o th  acid ic 
a n d  alkaline m ed ia , a p p a re n t  f ir s t  o rd e r reac tio n s w ere observed . T he ra te  
c o n s ta n ts  (ke;tp) o f th e s e  reac tio n s  are p re se n te d  in  T ab le  I I I .

The pH  d ep en d en ce  o f th e  aq u a tio n  r a te  is v e ry  s im ila r to  th a t  o b se rv ed  
in  th e  case of th e  an a lo g o u s  [Co(D H )2( N 0 2)2]~  ion  (D H 2 s ta n d s  for d im eth y l- 
g lyoxim e) s tu d ied  in  o u r  p rev ious p ap ers  [10, 11]. A ccord ing  to  our p rev ious 
d a ta ,  th e  in fluence o f  th e  p H  on th e  a q u a tio n  ra te  is a re su lt  o f th e  p ro to ly tic  
p re -eq u ilib ria  e s ta b lish e d  b e tw een  some co n ju g a te  species o f th e  com plex s tu d 
ie d , and  of th e  p a ra lle l  a q u a tio n  of th ese  species a t  d iffe ren t ra te s .

T hus, in acid ic  so lu tio n s th e  fo llow ing p re -eq u ilib riu m  occurs:

[C o (P ro p o x • H 2)(P ro p o x  ■ H )(N 0 2H )(N 0 2)] + ^  [C o(Propox- H 2)(P ropox- H)

(N 0 2)2] +  H +  (1)

w h ereas  in  a lkaline m e d ia  th e  d e p ro to n a tio n  o f th e  co o rd in a ted  dioxim e ta k e s  
p lace :

[C o (P ro p o x -H )2( N 0 2)2] ” fC2[C o (P ro p o x -H )(P ro p o x )(N 0 2)2] 2_ -j- H +  (2)
ki

K x an d  K 2 are th e  a c id ity  co n stan ts  of th e  co rrespond ing  species. In  acid ic 
so lu tio n s th e  a q u a tio n  o f  th e  con jugate  ac id  is fa s te r , w hereas in  basic  m ed ia  
th e  con jugate  base  is m ore  reac tiv e . S ince th e  a q u a tio n  o f th e  com plexes 
[C o(P ropox-H .,)(P ropox  • H )(N 0 2)2] an d  [C o (P ro p o x -H )o (N 0 2)2] _ can be n eg 
le c te d  as com pared  w ith  th a t  of th e ir  co n ju g a te  species, th e  in d iv id u a l f ir s t  
o rd e r  ra te  c o n s ta n t o f  [C o (P ro p o x -H 2) (P ro p o x -H )(N 0 2H )N 0 2) ] + (kL) an d  
[C o (P ro p o x .H )(P ro p o x )(N 0 2)2] 2_ (fe2), an d  th e  co rresp o n d in g -acid ity  co n stan ts
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Table III

Overall f ir s t  order rale constants (feexp) o f  the aquation o f  [Co(Propox ■ II)„(NO.,)„] ~ 
at [i =  1.0 M , at different temperatures and p H  values

[H +]xlO !
^exp X 105(s

(M)
18 °C 20 °C 23 °C 25 °C

2 1.48 1.82 2.20 2.88
3 2.00 2.50 3.13 3.94
4 2.54 3.04 3.82 5.05
5 2.91 3.64 4.48 5.81
7 3.57 4.46 5.71 7.25

10 4.24 5.32 6.94 9.01
15 5.13 6.49 8.62 11.1
20 5.59 7.19 9.52 12.3
30 6.25 8.13 11.4 14.7
40 6.85 8.40 11.9 15.2

[OH- ] x  102
^exp X 105(s

(M)
35 °C 40.5 °C 45 °C 50 °C

0.4 1.33 2.08 2.83 3.79
0.8 2.21 3.13 4.85 7.58
1.2 2.70 4.26 6.21 9.01
1.6 3.07 4.93 7.14 11.8
2.0 3.40 5.62 9.17 13.5
3.0 3.76 6.33 10.0 14.7
4.0 4.39 6.94 11.7 17.8
6.0 4.44 7.98 12.8 20.3

10.0 4.75 14.7 —

K 1 a n d  K 2 can be g rap h ica lly  derived  fro m  th e  fccxp values d e te rm in e d  a t  d iffer
e n t p H ’s (Fig. 2), b y  u s in g  th e  fo llow ing  re la tio n s [11, 12]

1 __  - ^ l  1  I ^ 1

^-exp [ H T ] 1
an d

1 =  K w 1 1
k exp K 2k 2 [O H - ] k2

( 3)

(4)

T h e  values ca lc u la ted  by  th e  le a s t  sq u ares  m eth o d  are  g iven  in  T ab le  I I I .
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In  o rder to  com pare  th e  re su lts  w ith  tho se  o b ta in e d  fo r th e  analogous 
d im ethy lg lyox im e d e riv a tiv e , in  T ab le  IV  we h av e  su m m arized  th e  a c id ity  
c o n s ta n ts  and  th e  k in e tic  p a ra m e te rs  o f th e  species s tu d ie d .

F ig . 2. G raphica l d e te rm in a tio n  o f k x a n d  k..

Table IV

A cid ity  constants and  individual aquation rate constants o f  several conjugate species 
o f  [Co(Propox • H )2(N 0 2)2\~, at different temperatures and fi — 1.0 M

t(°C) JClX 10* K 2x  1012 fcxx 104(s_1) fcjXlO'fs-1)

18 9.14 — 0.822 —

20 9.56 — 1.05 —

23 12.1 — 1.55 —

25 11.7 — 1.96 —

35 — 1.77 — 0.541

40.5 — 1.80 — 1.05

45 — 1.86 1.83

50 — 2.00 — 3.13

A ccording to  th ese  d a ta , th e  n a tu re  o f th e  c o o rd in a te d  dioxim e e x e rts  
o n ly  a w eak in flu en ce  on th e  ac id ity  an d  th e  k in e tic  b e h a v io u r  of th e  com plexes 
s tu d ie d , as has b e e n  fo u n d  in  th e  case o f o th e r  analogous com pounds w ith  v a r i 
ous dioxim es [12, 13].

The d e p ro to n a tio n  o f th e  co o rd in a ted  d ioxim e occurs m ore easily  in  th e  
case of th e  p ro p o x im e , p ro b ab ly  because  o f th e  s tro n g e r  in d u c tiv e  e ffec t o f  
th e  isopropy l g ro u p  as com pared  w ith  th a t  of th e  m e th y l group in  th e  co o rd i
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n a te d  d im eth y lg ly o x im e m olecule. O n th e  o th e r  h an d , th e  s u b s ti tu tio n  ra te  of 
th e  N 0 2 g roup  in  th e  d e p ro to n a te d  species [Co(diox-H) (d io x )(N 0 2)2] 2_ is low er 
in  th e  case o f th e  p ropox im e d e riv a tiv e . T h is also can  he ex p la in ed  b y  th e  s tro n g 
e r in d u c tiv e  effect o f th e  iso p ro p y l g roup , w hich  leads to  an  increase  o f th e  
e lec tro n  d e n s ity  on th e  c e n tra l a to m , th u s  fav o u rin g  я -e lec tron  tra n s fe r  to  th e  
N 0 2 g roup . T he m ore p ro n o u n ced  я -c h a ra c te r  o f  th e  C o -N 0 2 b o n d  in  th e  p ro 
poxim e d e riv a tiv e  is also in  ag reem en t w ith  th e  h igher ac id ity  o f th e  p ro to n a te d  
N 0 2 g roup  in  th is  com plex.

Table V

A cid ity  constants and kinetic  param eters o f  various conjugate species 
o f  [Co(diox ■ H )fN O .,),,]~  type complexes

Complex Кгх  102 
(25 °C)

K2x 1012 
(35 °C)

fcjXlO*.
s-1

(25 °C)

fc2x l0 \
S“1

(35 °C)
JH

(kcal/mol)
AS
(e.u.) Ref.

[C o(Propox • H „)(Propox • H)- 
(N 0 2)(N 0 2H)]+ 11.7 — 1.96 — 2 0 .9 ± 0 .3 - 5 . 2 _

[Co(D H 2)(D H )(N 0 2)(N 0 2H )]+ 7.23 - 2.23 — 2 0 .9 ± 0 .6 - 4 . 9 [10]

[C o(Propox • H )(P ro p o x )(N 0 2)o]2- — 1.77 - 0.541 2 2 .6 ± 0 .3 - 4 . 8 —

[C o(D H )(D )(N 02)2p - — 6.56 — 1.22 2 2 .1 ± 0 .4 - 4 . 7 [П ]

(D H 3 =  d im ethylglyoxim e)

T he a q u a tio n  ra te  as w ell as th e  a c tiv a tio n  p a ra m e te rs  o f th e  species 
w ith  co o rd in a ted  N 0 2H  are p ra c tic a lly  eq u a l, th u s  i t  is e ssen tia lly  th e  Co—N 0 2 
(T-bond th a t  is responsib le  fo r th e  o b serv ed  differences be tw een  th e  a q u a tio n  
ra te s  o f th e  tw o  d e p ro to n a te d  com plexes, since th ese  d ifferences d isap p ea r w hen  
th e  я -c h a ra c te r  o f th e  C o -N 0 2 b o n d  is d im in ished  b y  p ro to n a tio n .

N o u n eq u iv o ca l conclusions can  be  d raw n  ab o u t th e  m ech an ism  o f th e  
reac tio n s  s tu d ie d . O n th e  basis o f th e  above considera tions a  d issocia tive  p a th 
w ay  m ay  be assum ed , sim ila rly  to  th e  case o f a large n u m b e r o f com plexes o f 
th is  ty p e . T he c learly  n eg a tiv e  a c tiv a tio n  e n tro p y  values, how ever, do n o t  ag ree 
w ith  th is  a ssu m p tio n . I t  seem s m ore lik e ly  t h a t  th e  m echan ism  o f th e se  re a c 
tio n s  is o f  an  in te rm e d ia te  ty p e , in  w hich  b o th  th e  b reak in g  o f th e  C o -N 0 2 
b o n d  an d  th e  fo rm a tio n  of th e  Co—0 H 2 b o n d  p lay  a cohsiderab le  ro le in  th e  
tr a n s it io n  s ta te . A sim ilar k in e tic  b e h a v io u r  has been  observed  in  th e  case o f 
o th e r  analogous [Co(diox-H)2X Y ] com plexes w ith  я -accep to r ligands [14, 15] 
in  th e  Irans positio n .
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E x p erim en ta l

S yn th esis  of m ethylisopropylglyoxim e (p ropoxim e)

T he iso n itro za tio n  o f  m e th y liso b u ty lk e to n e  (A u s tra n a l)  w ith  e th y l n itr ite , u n d e r  cooling , 
in  th e  presence of HC1 lea d s  to  th e  fo rm atio n  of th e  m onox im e: C H 3— C = 0 — C ( = N — O H )—- 
-— C H (C H 3)2 (m .p. 74 °C). U p o n  tre a tin g  th e  m o n o x im e  w ith  an  excess o f h y d ro x y lam in e  h y d ro 
ch lo ride  in  sodium  a c e ta te  b u ffe r  so lu tion , th e  m eth y liso p ro p y lg ly o x im e  sep ara tes in  sp a rk lin g  
irreg u la r  p lates. Y ie ld : 60— 70%  (m .p . 158 °C)

Na [Co(Propox • H ) 2(N 0 2)2] • H 2.0  20.2 N a 3[C o (N 0 2)6] (50 m m ol) dissolved in  100 m l 
w a te r  was m ixed w ith  13.5 g p ropoxim e (100 m m ol) in  100 m l 50%  e thano l. T h e  m ix tu re  
w as k e p t  on a w arm  w a te r  b a th  for 1— 2 h rs. N itro g en  ox ide  evo lved  a n d  a b row n so lu tion  fo rm 
ed . A n excess of solide N a N 0 3 was added  a n d  a f te r  1— 2 h rs  th e  c ry sta llin e  n a tr iu m  sa lt  w as 
f ilte re d  and  w ashed w ith  a  sm all am o u n t o f  ice-cooled  w a te r . T rig o n a l, sp a rk lin g  brow n-yellow  
p rism s.

Co(C6H u N 20 2)2( N 0 2)2 • N aH 20  (478.2)
Calcd. Co 12.32; N  17.56; H 20  3.76. F o u n d  Co 12.20; N  17.40; H 20  3.50% .
K [C o(Propox ■ H ) 2(N 0 2) 2] 5 g N a[C o(P ropox  • H )2( N 0 2)2] in  30— 40 m l w a te r w as tre a te d  

w ith  10 g K N 0 2. T h e  p o ta s s iu m  sa lt p re c ip ita te s  as b ro w n  yellow  prism s.]
Analysis: C alcd. Co 12.36; N  17.63. F o u n d  Co 12.66; N  17 .83% .

Synthesis o f  M e (I)  [C o(Propox • H 2)  (N 0 2) 2] and  [M e (III)(am in e )4X2]

[Co(Propox- H )2(N 0 2) 2]. 10 m m ol M e N 0 3, o r 5 m m ol o f  th e  co rresponding  d iac id o te tra -  
a m in e  sa lt in  50— 100 m l w a te r  was tre a te d  w ith  5 m m ol N a[C o (P ro p o x  ■ H )2(N 0 2)2] in  40 — 60 
m l w a te r. T he p re c ip ita te d  crysta lline  p ro d u c ts  w ere  filte red  a f te r  1/2— 1 h r, w ashed  w ith  a 
sm a ll am o u n t o f w a te r  a n d  dried  in  air.

Synthesis o f  [C o(D H )„(am ine)2] • [C o(Propox • H )2(N 0 2) 2] b inary  sa lts '

5 m mole of [C o (D H )2(am ine)2] a ce ta te  (D H 2 =  d im eth y lg ly o x im e  in  50— 100 m l 5 0 %  
a lcoho l w as tre a te d  w ith  5 m m ol N a[C o(P ropox  • H )2(N 0 2)2] in  25— 30 m l w ater. T h e  c h a ra c 
te r is t ic  crystalline  p re c ip ita te s  w ere filte red  a f te r  1/2— 1 h r , w ash ed  a n d  dried  as above.

Analyses. C obalt w as de te rm in ed  com p lex o m etrica lly , u sing  M urexide as in d ica to r. O rganic  
lig an d s  were d estro y ed  b y  h e a tin g  w ith  cone, su lfu ric  acid  a n d  a few  c ry s ta ls  o f K N 0 3. N i t ro 
g e n  w as d e term ined  b y  th e  m icro-D um as m eth o d .

K inetic  m easu rem en ts . T he co n cen tra tio n  of th e  l ib e ra te d  N 0 2 ~ w as de te rm in ed  co lo rim etri- 
c a lly  b y  m eans of th e  G riess— Ilosvay  d iaz o tiz a tio n  [16, 17]. W eighed  sam ples o f K [C o(P ro - 
p o x .H )2 (NO2)2](1 0 ~ 3 m o l) w ere dissolved in  p re -h e a te d  so lu tions co n ta in in g  th e  req u ired  
a m o u n ts  of HC104 (o r N a O H ) and  N a N 0 3 fo r o b ta in in g  c o n s ta n t ionic s tre n g th  of fi =  1M . 
I n  acidic m edia, 2.5 X  10 ~ 2 mol/1 sulfanilic acid  w as also ad d ed  to  th e  so lu tions to  p re v e n t d e 
com position  of th e  l ib e ra te d  H N 0 2. Sam ples o f  1— 2 m l w ere w ith d raw n  fro m  tim e to  tim e  a n d  
ad d ed  to  a m ix tu re  o f  2 m l 2 X  1 0 ~ 2 M , su lp h an ilic  acid  a n d  2 m l 2 x 1 0 ~ 2 M  a -n ap h th y la m in e  
in  0 .5%  acetic acid. T h e  m ix tu re  was k e p t a t  ro o m  te m p e ra tu re  fo r 10 m in  to  allow co m p le tio n  
o f  th e  d iazo tization  re a c tio n , th e n  i t  was d ilu te d  to  50 m l w ith  a  sa tu ra te d  b o ra x  so lu tion . 
A f te r  2 m in  th e  a b so rb an c e  of th e  so lu tions w as m easu red  a t  420 nm .
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THIOUREA DERIVATIVES IN THE MORPHINE
GROUP, I

R . B ognár, G y. Gaál, P . K e r e k e s , G. H orváth and E . Szikszai

(D epartm ent o f  Organic C hem istry, K ossuth  Lajos U niversity , Debrecen)  

R ece iv ed  M arch 12, 1975

N o rm o rp h in e , norcodeine a n d  nord ihydrocodeine  were allow ed to  re a c t w ith  
v arious iso th io cy an a tes  to  o b ta in  th e  correspond ing  th io u re a  d e riv a tiv es; th e  follow ing 
com pounds h a v e  b een  p repared : N -[N -b en zy lth io ca rb am in o ]-n o rm o p h in e  (IV); N -[N -cy- 
c lo h ex y lth iocarbam ino]-norm orph ine](V ); N -[N -m e th y lth io ca rb am in o ]-n o rco d e in e  (VI); 
N -[N -p h en y lth io carb am in o ]-n o rco d ein e  (VII); N -[N -ben zy lth io ca rb am in o ]-n o rco d e in e  
(V III); N -[N -cy c lo h ex y lth io carb am in o ]-n o rco d em e (IX ); N -[N -2 ,3,4,6-tetraacetyl-/?-D - 
g lucosy lth iocarbam ino]-norcodeine  (X ); N -[N -m e th y lth io ca rb am in o ]-n o rd ih y d ro co d e- 
ine(X I); N -[N -p h en y lth io carb am in o ]-n o rd ih y d ro co d e in e (X II); N -[N -b en zy lth io ca rb a- 
m m o]-nord ihydrocodeine(X II); N -[N -b en zy lth io ca rb am m o ]-n o rd ih y d ro co d ein e  (ХШ); 
N -[N -cy clohexy lth iocarbam ino]-nord ihydrocodeine(X IV ); N -[N -2,3 ,4 ,6-tetraacety l-/3-D - 
g lu co sy lth ioca rban ii n o ]-n o rd ihydrocodeine  (XV); N -[N -ad am an ty lth io ca rb am in o ]-n o r-  
d ihydrocodeine (XVI).

I t  is well k n o w n  th a t  iso th io c y a n a te s  re a c t w ith  p rim a ry  or seco n d ary  
am ines to  give th io u re a  d e riv a tiv e s . T he syn thesis  o f severa l th io u re a  com 
p o u n d s  has been re p o r te d  b y  us e a r lie r  [1 — 3].

I n  th e  g roup  o f  m orphine a lk a lo id s , B raun  [4] p rep a red  tw o th io u re a  
d e riv a tiv e s  b y  m e ltin g  n o rm o rp h in e  an d  norcodeine w ith  p h en y l iso th io 
c y a n a te .

In  th e  course o f  ou r ex p e rim en ts  th e  co rrespond ing  th io u re a  d e riv a tiv e s  
h av e  b een  sy n th esized  from  n o rm o rp h in e  (I) w ith  benzyl- an d  cyclohexy l 
iso th io cy an a te ; from  norcodeine (II) w ith  m eth y l-, pheny l-, benzy l-, cyclohexyl- 
an d  tetraacetyl-/?-D -glucosyl iso th io c y a n a te ; an d  from  n ord ihydrocode ine  (III) 
w ith  m e th y l-, p h en y l-, benzyl-, cy c lohexy l-, ad am an ty l- an d  tetraacetyl-/?-D - 
glucosyl iso th io cy an a te .

T he reactions w ere effected in  d ry  e th a n o l or ch loroform  so lu tions. T he 
p rogress of th e  re a c tio n  was checked  b y  th in - la y e r  ch ro m ato g rap h y .

T he com pound p re p a re d  from  n o rco d e in e  w ith  p h en y l m u s ta rd  oil acco rd 
ing to  B raun  [4] an d  th e  p ro d u c t o b ta in e d  b y  reac tio n  in  so lu tio n  were id e n ti
cal on th e  basis o f th e ir  physical c h a ra c te r is tic s .

T he s tru c tu re s  o f  th e  com pounds are  su p p o rte d  b y  IR  spec tro scopy  an d  
e le m e n ta ry  analyses.
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Fig. 1

E xp erim en ta l

M .p.’s a re  u n c o rre c te d .
T h e  I R  sp e c tra  w ere  reco rded  in  K B r p e lle ts  w ith  U N IC A M  SP . 200 G sp e c tro p h o to 

m ete r.
T h e  p rogress o f  th e  re ac tio n  was follow ed b y  th in -la y e r c h ro m a to g rap h y  (Silicagel lay e r; 

benzene  : m eth an o l (8 : 2) so lven t system ; d e te c tio n  w ith  D ra g en d o rff’s re ag e n t an d  iodine 
v ap o u r).

C olum n c h ro m a to g ra p h y  (Silicagel, ben zen e  : m eth an o l (8 : 2) w as used  fo r th e  p u rif i
c a t io n  of th e  p ro d u c ts ) .

A m ong th e  c o m p o n en ts  to  he  se p a ra ted  th e  Rf v a lu e  of th e  m u s ta rd  oils is th e  h ig h es t, 
so t h a t  these  w ere e lu te d  f i r s t  from  th e  co lu m n . T h e  R f va lues of th e  th io u re a  com pounds a re  
also  co n sid erab ly  h ig h er th a n  those  of th e  no r-co m p o u n d s, th u s  th e y  can  be  read ily  se p a ra ted  
T h e  n o r-com pounds e ith e r  rem ain  a t  th e  s t a r t  line , o r have  v e ry  low  R{ values.
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III XI R =  —CH3

XII

N -[N -B enzylth iocarbam ino]-norm orph iiie  (IV )

B en zy l iso th io c y a n a te  (1.05 g; 0.007 m ole) w as dissolved in  d ry  e th a n o l (100 m l) a n d  
n o rm o rp h in e  (1.9 g ; 0.007 m ole) was su spended  in  th e  so lu tion . T he m ix tu re  w as s tir re d  fo r  20 
h rs . a t  ro o m  te m p e ra tu re , filte red , c larified , e v a p o ra te d  an d  p u rified  on th e  co lum n. T h e  f ra c 
tio n  co n ta in in g  th e  p ro d u c t was e v ap o ra ted  a n d  th e  resid u e  w ashed rep ea ted ly  w ith  e th e r  to  
o b ta in  a  w h ite , am o rp h u s substance  (0.5 g. 1 7% ), m .p . 129— 130 °C.

C24H 24N 20 3S (420.3). Calcd. N  6.66; S 7.61. F o u n d  N  6.50; S 7.61% .
IR :  т-'thioureide I 1530 cm  1; vthiourelde н  1275 cm  .

N-[N-CyclohexyIthiocarbamino]-normorphine (V)

C yclohexyl iso th io cy an a te  (1 g; 0.007 m ole) w as d issolved in  d ry  e th an o l (100 m l) a n d  
n o rm o rp h in e  (1.9 g; 0.007 m ole) was ad d ed  to  th e  so lu tio n . A fter 30 h rs of s tirr in g  a t  ro o m  
te m p e ra tu re , th e  e x te n t  o f conversion d id  n o t  change a n y  longer. Processing w as th e  sam e as 
d escribed  above. A s lig h tly  yellow ish, am o rp h o u s su b s tan ce  (0.75 g; 27% ) w as o b ta in e d , m .p . 
115— 116 °C.

C23H 28N 20 3S (412.3). Calcd. N  6.79; S 7.76. F o u n d  N  6.44; S 7 .68% .
IR *  Vfhioureide j 1525 cm  !; i*thioureide II 1272 cm  4

* I n  th e  I R  sp ec tru m , a b a n d  (1690— 1672 cm  ]) in d ica tiv e  of u re th a n e  im p u rity  w a 
also p re sen t.
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N- [!\- Met livlt hiocarbainino [ -norcodeine (VI)

N orcodeine  (1 g; 0.0035 m ole) an d  m ethy l m u s ta rd  oil (0.25 g; 0.0035 m ole) were d issolv
ed in  ch lo ro fo rm  (30 m l). A fte r  s ta n d in g  for a d ay  a t  ro o m  te m p e ra tu re , th e  m ix tu re  w as ev a 
p o ra te d , th e  residue w ashed  w ith  e th e r and  se p a ra ted  o n  a colum n. T he th io u rea  so lu tion  
e lu ted  fro m  th e  colum n w as e v a p o ra te d , w ashed w ith  e th e r , to  o b ta in  a  w hite, pow dery  su b 
stan ce  (0.95 g; 77% ), w hich  w as fo u n d  hom ogeneous in  th in - la y e r  ch ro m ato g rap h y , m .p . 169—- 
171 °C.

C19H 22N 20 3S (358.3). C alcd. N  7.81; S 8.95. F o u n d  N  7.84; S 8 .84% .
ÍR :  Vthioureide I 4 3 3 ^  cm  '*  ^thioureide II 1278 cm  l .

N-[N-Phenylthiocarbamino]-norcodeine (VII)

(a ) A ccording to  B r a u n  [4]: N orcodeine (0.5 g ; 0.0017 m ole) an d  p h eny l m u s ta rd  oil 
(0,47 g; 0.0035 mole) w ere m ix ed  an d  hea ted  for 30 m in . o n  s te am  b a th . T he m ix tu re  agg lom er
a te d  to  a  solid m ass, w hich  w as b ro k en  up , su spended  in  a lcohol (25 m l) an d  boiled fo r 40 m in . 
T he w h ite , pow dery  su b s ta n c e  w as recovered  by  f i l t r a tio n . I t  was fo u n d  hom ogeneous in  th in -  
lay e r c h ro m a to g rap h y . Y ie ld : 0.5 g (70% ), m .p . 201— 202 °C.

C24H 24N 20 3S (420.3). C alcd. N  6.61; S 7.63. F o u n d  N  6.50; S 7 .50% .
IR :  3300 3340 cm  j 1529 cm  , ^thioureide II 1224 cm

(b) In  so lu tion: N orcodeine  (0.3 g; 0.001 m ole) a n d  p h en y l m u sta rd  oil (0.13 g; 0.001 
m ole) w ere dissolved in  ch lo ro fo rm  (10 ml). The n e x t d a y , th e  p ro d u c t was found  hom ogeneous 
in  th in - la y e r  ch ro m a to g rap h y . T he m ix tu re  was e v a p o ra te d  an d  w ashed rep ea ted ly  w ith  e th e r  
to  o b ta in  a w hite, a m o rp h o u s  su b stan ce  (0.38 g; 9 5 % ). m .p . 201— 202 °C.

C24H 24N20 3S (420.3). Calcd. N  6.61; S 7.63. F o u n d  N  6.54; S 7.61% .
IR :  3300 3340 cm  1; j 1529 cm  r^om-gi^g ц  1224 cm  *.

N-|N-Bcnzylthiocarbamino|-norcodeine (VIII)

N orcodeine (1 g; 0.0035 m ole) and benzyl m u s ta rd  oil (0.5 g; 0.0035 m ole) w ere d issolved 
in  ch loroform  (70 m l). A fte r  2 days o f stan d in g , th e  co n v ersio n  w as fo u n d  to  be  com plete . T he 
so lu tio n  was e v ap o ra ted , p u rif ied  on a colum n, e v a p o ra te d  again  an d  w ashed w ith  e th e r. A 
s lig h tly  yellow ish, am o rp h o u s  p ro d u c t (1.4 g; 9 3 % ) w as o b ta in ed , m .p . 101— 102 °C.

C25H 26N20 3S (434.33). Calcd. N  6.44; S 7.37. F o u n d  N  6.42; S 7 .45% .
I R :  i’thiiHireidc I 1530 cm  1: I'tili::urcHie ц1247 cm

N-[N-Cyclohexylthiocarbamino]-norcodeine (IX)

N orcodeine (0.5 g ; 0.0017 mole) and  cy c lo h ex y l m u s ta rd  oil (0.25 g; 0.0017 m ole) w ere 
d isso lved  in  chloroform  (20 m l). A fter 1 day  of s ta n d in g , th in - la y e r  ch ro m ato g rap h y  show ed th e  
p resen ce  of a hom ogeneous p ro d u c t. The m ix tu re  w as e v ap o ra te d  an d  th e  residue w ash ed  w ith  
e th e r . A  sligh tly  yellow ish  am orphous substance  (0.7 g; 9 9 % ) w as ob ta in ed , m .p. 100— 103 °C.

C23H 30N 2O3S (426.3). Calcd. N  6.56; S 7.56. F o u n d  N  6.55; S 7.51% .
IR * : Vthioureidg I 1525 cm  1; t'tiii.QIireide II 1273 cm  L.

N -[N -2,3,4,6-T etraacetyl-jS-D -g!ucosylthiocarbam ino] -norcodeine (X )

N orcodeine (0.25 g ; 0.0008 mole) an d  2 .3 .4 ,6-tetraaeety l-/? -D -g lacosy liso th iocyanate  
(0 .4  g; 0.0008 m ole) w ere d issolved in ch loroform  (10 m l). T he n e x t d ay  th in -la y e r c h ro m a to 
g ra p h y  show ed th e  p resen ce  of a  hom ogeneous p ro d u c t. T he m ix tu re  was ev ap o ra te d  a n d  th e  
re s id u e  w ashed w ith  e th e r  to  o b ta in  th e  w h ite , p o w d ery  th io u re a  com pound (0.5 g; 9 3 % ), m .p .
U 3_335 °с_

C32H 380 12N 2S (672.33). Calcd. S 4.76; C H 3CO 25.58. F o u n d  S 4.72; C H 3CO 25 .01% .
IR :  vNH 3405 c m “ 1; v0 H 3460 c m -1 ; vthioureide I 1540 c m -1 .

* The IR  sp e c tru m  also h ad  a b a n d  (1638— 1603 cm  *) ind ica tive  o f u re th a n e  im p u rity .
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N -[N -M ethylth iocarbam ino]-nord ihydrocodeine (X I)

N o rd ih y d ro co d e in e  (1 g; 0.0035 m ole) a n d  m eth y l m u s ta rd  oil (0.25 g; 0 0035 m ole) 
were d issolved in  ch lo ro fo rm  (30 ml). A fte r 2 d ay s  o f s tan d in g , th e  sp o t o f th e  s ta r tin g  m a te ria l 
w as s ti ll  v isib le  in  th e  th in -la y e r ch ro m a to g ram , y e t  no fu r th e r  conversion  occurred . T h e  m ix 
tu re  w as e v ap o ra te d , th e  residue w ashed w ith  e th e r  an d  se p a ra ted  on  a colum n. A n  a m o r
p h ous su b stan ce  w ith  p ea rly  lu stre  was o b ta in e d  (0.6 g; 4 8 % ), w hich  was hom ogeneous in 
th in - la y e r  c h ro m a to g ra p h y ; m .p . 107— 108 °C.

C19H 24N 20 3S (360.3). Calcd. N  7.77; S 8.88. F o u n d  N  7.63; S 8.70%
IR ; Vthiourelde I 1530 cm  1; r^ioureide II 1274 cm  b

N -[N -Pheny lth iocarbam ino]-nord ihydrocodeine  (X II)

N ord ih y d ro co d e in e  (0.5 g; 0.0017 m ole) a n d  p h eny l m u s ta rd  oil (0,23 g; 0.0017 m ole) 
w ere dissolved in  ch loroform  (10 m l). C onversion w as com plete b y  th e  n e x t d ay . T h e  m ix tu re  
w as processed  as d escribed  above to  o b ta in  th e  th io u re a  d e riv a tiv e  as a  w hite , am o rp h o u s su b 
stan ce  (0.7 g; 9 8 % ), m .p . 180— 181 °C.

C24H 26N 20 3S (422.3). Calcd. N  6.63; S 7.57. F o u n d  N  6.43; N  7 .44% .
IR :  vnh 3328 cm  *; | 1524 cm 1; ^thioureide II 1267 cm  l.

N -[N -B enzylth iocarbam ino] -nord ihydrocodeine (X III)

N ord ih y d ro co d e in e  (1.5 g; 0.0052 m ole) a n d  ben zy l m u s ta rd  oil (0.77 g; 0.005 m ole) 
were dissolved in  ch loroform  (30 m l). A fter tw o  d a y s  o f s tan d in g , th e  s ta r tin g  m a te ria ls  w ere 
a lm o st com ple te ly  co n v erted . The m ix tu re  w as e v ap o ra te d  an d  se p a ra ted  on  a  co lum n. T h in - 
lay e r c h ro m a to g ra p h y  show ed th e  h o m ogeneity  o f  th e  w hite, p o w d ery  p ro d u c t (0.9 g ; 4 1 % ), 
m .p . I l l — 113 °C.

C24H 28N 20 3S (436.3). Calcd. N  6.41; S 7.33. F o u n d  N  6.10; S 7 .28% .
IR :  Vthioureide I 1530 cm  l ; rthioureide II 1272 cm  1.

N -[N -C yclohexylth iocarbam ino]-nord ihydrocodeine (X IV )

N ord ih y d ro co d e in e  (1 g; 0.0035 m ole) a n d  cyclohexyl m u s ta rd  oil (0.5 g; 0.0035 m ole) 
w ere dissolved in  ch loroform  (30 m l). C onversion  w as com plete  b y  th e  n e x t d ay . T h e  m ix tu re  
w as processed  in  th e  u su a l w ay. The p ro d u c t e lu te d  fro m  th e  co lum n w as a  hom ogeneous, s lig h t
ly  yellow ish  po w d ery  sub stan ce  (1.4 g; 9 5 % ), m .p . 81— 82 °C.

C24H 32N20 3S (428.3). Calcd. N  6.52; S 7.45. F o u n d  N  6.44; S 7 .40% .
IR * : i'thiourcide I 1525 cm  1; Vthioureide н  1271 cm  4

N -[N -2 ,3 ,4 ,6-T etraacety l-/?-D -glucosylth iocarbam ino]-nordihydrocodeine (X V )

N o rd ih y d ro co d e in e  (0.25 g; 0.0008 m ole) a n d  2,3,4,6-tetraacety l-/S-D -glucosyl iso th io 
c y an a te  (0.4 g; 0.0008 m ole) were d issolved in  ch loroform  (10 m l). S tan d in g  o v e rn ig h t w as 
su ffic ien t to  a t ta in  co m p le te  conversion . P ro cessed  in  th e  w ay  described , th e  p ro d u c t w as a 
w h ite , am o rp h o u s su b s ta n c e  (0.4 g; 7 5% ), m .p . 118— 121 °C.

C32H 40N2O12S (674.33). Calcd. S 4.74; C H 3CO 25.50. F o u n d  S 4.84; C H 3CO 2 5 .2 3 % .
IR :  Vthi0Ureide 1 1540 cm  b

N -[N -A d am an ty lth iocarbam ino]-nord ihydrocodeine  (X V I)

A d a m an ty l iso th io cy an a te  (0.5 g; 0.0014 m ole) an d  n o rd ihydrocodeine  (0.2 g; 0.0014 
m ole) w ere d isso lved  in  abs. e th an o l (30 m l). A fte r  30 h rs o f bo iling , no fu r th e r  co n v ersion  
w as observed . T h e  w h ite , c ry sta llin e  su b s tan ce  a f te r  ev ap o ra tio n  w as recry sta llised  fro m  e th a 
no l to  o b ta in  0.5 g (7 4 % ) of XVI m .p . 173— 175 °C.

C28H 35N 20 3S (484.3). Calcd. S 6.62; N  5.79. F o u n d  S 6.56; N  5 .71% .
IR : r NH 3416 c m “ 1; v0H 3593 c m * 1; nhiourelde I1529 c m '1; nhioureide II 1260 ™ _1-

* T he I R  sp e c tru m  also h a d  a  b a n d  (1694 cm  ')  in d ica tiv e  o f u re th a n e  im p u rity .
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STEREOCHEMICAL STUDIES, XXVI*
ACID AMIDES OF POTENTIAL PHARMACOLOGICAL

ACTIVITY, IP *
T H E  S Y N T H E S IS  O F  C IS -  A N D  T R A N S - 2-A M IN O -1-C Y C L O PE N T A N E -, 

1-C Y C L O H E X A N E - A N D  1 -C Y C L O H E P T A N E C A R B O X A M ID E  D E R IV A T IV E S

G .  B e r n á t h ,  L. G e r a * * * ,  G y . G o n d o s ,  I. P á n o v i c s  and Z. E c s e r y +

( In stitu te  o f  Organic C hem istry, A ttila  J ó zse f U niversity , Szeged a n d  +Chemical and Pharm aceu
tical W orks, C hinoin , B udapest)

R eceived  A p ril 16, 1975

S ta rtin g  w ith  cis  a n d  íraras-2 -am in o -l-cy c lo p en tan ecarb o x y lic  acid (2a, 3a), cis- 
a n d  tran s-2 -am in o -l-cy c lo h ex an eca rb o x y lic  acid  (2b, 3b), a n d  w ith  írans-2-am ino- 
1 -cy clo hep tanecarboxy lic  acid  (3c), a g re a t n u m b er o f  N -su b s titu te d  cis- an d  Irans-2- 
am in o -l-cy c lo a lk an eca rb o x am id es (16 , 17a— 17ee, 18, 1 9 a— 19h, 20a and  20b) h av e  
b een  syn thesized  fo r  ph arm aco lo g ica l tes tin g . F u r th e r ,  som e N -su b stitu ted  cis- an d  
íran s-2 -fo rm y lam in o -l-cy c lo h ex an ecarb o x am id es (22a— 22f, 23) N -su b stitu ted  cis-2- 
a ce ty lam in o -l-cy c lo h ex an ecarb o x am id es  (27a—27f), a n d  N -su b s titu te d  írans-2 -acety l- 
am in o -l-cy c lo h ex an ecarb o x am id es (28a— 28e) h av e  b een  p rep ared .

Introduction

F o r  ste reochem ica l s tud ies we have  p re p a re d  a n u m b e r of cis- an d  
íran s-2 -am in o m eth y lcy clo p en tan o l- [1, 2], cis- an d  ir<m s-2-am inom ethylcyclo- 
h exano l- [3 — 5], cis- a n d  tro7 is-2 -am inom ethy lcyclohep tano l-[6 ], an d  re la te d  
d e riv a tiv e s  [7]. Since m a n y  com pounds w ith  ac id  am ide  s tru c tu re  are kn o w n  
to  possess hyp n o tic , an tico n v u ls iv e , a n tid e p re ssa n t, h y p o ten siv e , or o th e r  
v a lu ab le  pharm aco log ical effects [8, 9 ] , we have p re p a re d  th e  N -acyl d e r iv a 
tiv e s  o f  th e  m en tio n ed  alicyclic 1 ,3 -am ino  alcohols a n d  th e ir  analogues, fo r 
pharm aco log ical te s tin g . T h is w ork  w as m o tiv a te d  b y  th e  c ircum stance  t h a t  
w hile th e  N -alkyl- a n d  N -d ia lk y l-d e riv a tiv es  o f am in o m eth y lcy c lo h ex an e  an d  
o f re la te d  com pounds s u b s ti tu te d  in  th e  skele ton  are w id e ly  s tu d ied  analgetics
[10], th e  co rrespond ing  N -acy l d e riv a tiv e s  have n o t b e e n  in v es tig a ted .

I t  has been fo u n d  [11 —13] t h a t  th e  N -cycloalky l ac id  am ides p re p a re d  
b y  us [14] ex e rt a d e f in ite  tra n q u illiz in g  effect u p o n  th e  c e n tra l  n e rv o u s  sy s
te m  a n d  th e ir  th e ra p e u tic  ra tio  is h igh .

* P a r t  X X V : J a n c k e , H ., E n g e l h a r d t  ,G . B e r n á t h  ,G ., G ö n d ö s , G y . ,  T i c h y ,  M .: 
J .  p r a k t .  Chem .; 317, 1005 (1975)

** As P a r t  I  o f th is  series is regarded : B e r n á t h , G., C s ó k á s i , E ., H e v e r , J . ,  G e r a , L ., 
K o v á c s , К .: A cta  Chim. (B u d a p es t)  7#, 271 (1971)

*** T h is p ap er in c lu d es  a su b s ta n tia l  p a r t  of th e  D o c to ra l T hesis (Szeged, 1974) о Í 
L . G e r a .
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A s a c o n tin u a tio n  o f  th is  w ork , i t  w as obvious to  sy n th esize  also th e  am ide 
ty p e  derivatives o f o u r  s te reochem ica l m odel su b stan ces, i.e. o f cis- an d  
tran s-2 -am in o -l-cy c lo h ex an eca rb o x y lic  ac id  (2b, 3b) an d  th e ir  analogues w ith  
c y c lo p en tan e  an d  cy c lo h ep tan e  sk e le to n  (2a, 3a, 3c). B y th e  pharm aco log ical 
t e s t in g  of a great n u m b e r  o f s tru c tu ra lly  analogous co m p o u n d s differing  in  
th e  r in g  size, th e  m a jo r i ty  of th e m  b e in g  stereochem ically  hom ogeneous, we 
h o p e d  to  gain in s ig h t in to  th e  re la tio n sh ip  betw een  chem ical fine  s tru c tu re  
a n d  pharm aco log ical effec ts.

Close analogues o f  th e  ty p e  o f co m p o u n d  1 syn thesized  b y  u s , are described  
as in te rm ed ia te s  in  a p a te n t  sp ec ifica tio n  pub lished  n o t long  ago [15], w here 
th e  ta r g e t  com pounds, i.e. th e  2 -an ilino- a n d  2 -an ilin o m eth y l-l-cy c lo a lk y lam in e  
d e r iv a tiv e s  were fo u n d  to  have  d iu re tic  an d  an tid iab e tic  effec ts .

A n analogous a ro m a tic  ca rb o x y lic  ac id  d eriv a tiv e , o -[3 -triflu o ro m eth y l- 
(phen y lam in o )] benzo ic  ac id  (flu fenam ic  acid) is a p o te n t an tip h lo g is tic  d ru g  
[16 , 17].

n = 1,2,3

R1, R2. R3 = H, alkyl, aralkyl or aryl 

R4 = H or acyl

F i g .  1

A fu rth e r  in c e n tiv e  to  th e  sy n th es is  o f com pounds of ty p e  1 w as found  in  
th e  circum stance  t h a t  our w ork  a im ing  a t  th e  p re p a ra tio n  a n d  s tu d y  of th e  
con fo rm atio n s o f co n d en sed  h e te rocyc les w ith  tw o h e te ro a to m s  [6, 18 — 20] 
p ro m p te d  th e  sy n th e s is  o f 4a ,5 ,6 ,7 ,8 ,8 a-h ex ah y d ro q u in azo lin -4 (3 H )-o n es 
a n d  re la te d  d e riv a tiv e s . T he a ro m a tic  analogues of th e se  com pounds h av e  
b e e n  v e ry  th o ro u g h ly  s tu d ie d  [21] from  b o th  th e  chem ical a n d  pharm aco lo g i
ca l p o in ts  o f v iew . 2 -M ethy l-3 -(o -to ly l)qu inazo l-4 (3Ji)-one , M ethaqua lone , 
p re p a re d  b y  In d ia n  au th o rs  [22] is a va lu ab le  n o n -b a rb itu ra te  h y p n o tic  
a g e n t.

B ased on th e  a n a lo g y  of th e  g en era lly  used  m eth o d s  [21] fo r th e  p re p 
a r a t io n  of qu inazo lones, i.e. th e  a ro m a tic  analogues, i t  seem ed  reasonab le  to  
a t te m p t  the  p re p a ra tio n  o f th e  h ith e r to  h a rd ly  s tu d ied  [23], ste reochem ica lly  
hom ogeneous h y d ro g e n a te d  d e riv a tiv e s  b y  cyclization  o f  th e  2 -acy lam in o -l-
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cy c lohexanecarboxam ides (1: R 1, R 3 =  H ; R 2 =  H , a lk y l, a ra lk y l, a ry l; R 4 =  
acyl).

I t  m ay  be w o rth  m en tio n in g  th a t  th e  m etab o lic  p ro d u c t o f M ethaqualone  
d ischarged  b y  th e  organ ism  is th e  co rrespond ing  2 -n itro  acid  am ide, i.e. 2- 
n itroben zo -o -to lu id id e . T he s tu d y  o f  th e  acid  am ide ty p e  m etab o lite s  of th e  
re la te d  qu inazo lones is in  th e  fo reg round  also in  th e se  day s [23].

COOH 

N H - Z

2: cis 4: cis

3: Irans 5 : Irans

a: n =  1; 6: n =  2 ; c: n =  3

О
II

z = — c—o—CH2—C6H5

F ig . 2

T he re la tio n sh ip  tran scen d in g  fo rm al analogy  p ro m p te d  us to  s tu d y
2-am ino -N -cy c lo alk y l-l-carb o x am id es in  p a ra lle l w ith  hex ah y d ro q u in azo lo n es. 
In  th is  p a p e r th e  sy n th esis  o f com pounds o f  ty p e  1 w ill be d iscussed  (1: R 1 =  H ; 
R 2 — a lky l, a ra lk y l, or a ry l; R 3 =  H , R 4 =  H , acyl). D e ta ils  o f th e  w ork  on 
th e  syn thesis  o f fu r th e r  analogues (1: R 1 =  H , a lky l, a ra lk y l; R 2 =  a lky l, 
a ra lk y l, a ry l; R 3 =  H , a lky l, a ra lk y l, a ry l, acy l; R 4 =  H , a lky l) an d  of h y d ro 
g en a ted  qu inazo lones derived  from  th e m  [24 — 26] w ill be p u b lish ed  la te r .

Results and discussion

Since one o f  th e  aim s of th is  w ork  w as th e  syn th esis  o f m odel substances 
fo r th e  s tu d y  o f th e  re la tio n sh ip  be tw een  chem ical fine s tru c tu re  an d  p h a rm a 
cological ac tion , we en d eav o u red  to  p roduce  ste reo ch em ica lly  hom ogeneous 
com pounds. In  a sy n th esis  o f com pounds o f ty p e  1 ,  S z m u s k o v i c z  supposed  [15] 
th a t  th e  red u c tio n  o f enam ines, p re p a re d  from  e th y l-2 -o x o -l-cy clo h ex an ecarb o - 
x y la te s  w ith  am ines, gave cis d e riv a tiv e s  b u t  th e  ste reo h o m o g en e ity  of th e  
com pounds, as th e y  w ere only  in te rm e d ia te s , w as n o t p ro v ed . H e isom erized 
th e  cis isom ers w ith  p o tassiu m -f-b u to x id e  in to  th e  co rrespond ing  trans d e riv a 
tiv e s , w hich  w ere co n v erted  again  w ith o u t ev idence fo r stereochem ical 
hom ogeneity  — in to  th e  req u ired  en d -p ro d u c ts .
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E arlie r we h av e  show n  [35] t h a t  c a ta ly tic  red u c tio n  o f th e  im ino d e r iv a 
t iv e , easily  p rep ared  f ro m  e th y l-2 -o x o -l-cy c lo h ex an eca rb o x y la te  w ith  am m o
n iu m  hydrox ide , a lw ays y ields a m ix tu re  o f e thy l-cis-, an d  e th y l-tran s-2 -am in o -
1- cy c lo h ex an ecarb o x y la tes . I t  is also k n o w n  th a t  th e  iso m eriza tio n  o f alicyclic 
1 ,2 -d isu b s titu ted  sy s te m s  leads to  an  eq u ilib riu m  w hich  assu res th e  presence 
ch ie fly , b u t  n o t ex c lu siv e ly , o f th e  trans isom er [36]. T herefo re  we th o u g h t i t  
u se fu l to  synthesize th e  alicyclic N -su b s titu te d  2 -am in o -l-ca rb o x am id es  (1) 
b y  s ta r t in g  w ith  s te reo ch em ica lly  hom ogeneus cis- an d  fra n s-2 -am in o -l-ca rb o x - 
y lic  acids (2, 3). T he sy n th ese s  o f th e se  /З-am ino acids are  described  in  ea rlie r 
com m unications [2, 4 , 6].

F o r the  p re p a ra t io n  o f N -su b s titu te d  cis- an d  tro n s-2 -am in o -l-cy clo a l- 
k an eca rb o x am id es (1), th e  m ethods u su a lly  em ployed  in  p e p tid e  ch em istry  w ere 
ap p lied . The alicyclic /З-am ino  acids (2, 3) w ere t r e a te d  w ith  b en zy l chlorofor- 
m a te  [27] and th e  re su ltin g  2 -ca rb o b en zo x y am in o -l-ca rb o x y lic  acid  de riv a tiv es  
(4, 5) [2 -(Z -am ino)-l-carboxy lic  ac ids; Z =  carbobenzoxy] w ere m ade to  re a c t 
w ith  th e  co rrespond ing  am ines in  th e  presence o f d icyc lohexy lcarbod iim ide  
(D D C ) as the  con d en sin g  agen t. T he desired  reac tio n s p ro ceed ed , in  general, to  
give sa tisfac to ry  y ie ld s . H ow ever, th e  a tte m p te d  reac tio n s w ith  b u ty lam in e  an d
2- (m ,/)-d im ctlio x y p h en y l)e th y lam in e  led  on ly  to  th e  fo rm a tio n  o f th e  sa lts ; 
no  acid  am ide w as o b ta in e d .

Besides th e  re q u ire d  cis-2 -(Z -am ino)-l-cyclohexane-p -ch lo rocarboxan i- 
lide ( l l n ) ,  the  N -acy l-N ,N ’-d icyc lohexy lu rea  de riv a tiv es  (6) w ere also p ro d u ced  
w h en  cis-2 -(Z -am ino)-l-cyclohexanecarboxy lic  acid (4b) w as allow ed to  re a c t 
w ith  p-ch lo roan iline  in  te tra h y d ro fu ra n e . S im ilar s id e-reac tio n s are kn o w n  in 
p e p tid e  syntheses [28, 29]. The N -acy lu rea  d e riv a tiv e  (6) is o b ta in ed  b y  O —>-N 
acy l m igration  fro m  th e  a d d itio n  p ro d u c t (7) p rim arily  fo rm ed .

Owing to  th e se  side-reac tions, th e  m ixed  an h y d rid e  m e th o d  [30] p ro v ed  
m ore  suitable fo r th e  p re p a ra tio n  o f th e  2 -am in o -l-ca rb o x am id es . T he Z -am ino

Fig. 3
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acids (4, 5) were t r e a te d  in  te tra h y d ro fu ra n e , in  th e  p resen ce  o f tr ie th y la m in e , 
w ith  iso b u ty l c lilo ro fo rm ate , and  th e  re su ltin g  m ixed  an h y d rid e  (8, 9) w as 
allow ed to  reac t w ith  th e  corresponding  am ines a t  — 10 °C. T he yields of N -sub- 
s t i tu te d  cis- an d  (ran s-2 -carb o b en zo x y am in o -l-cy c lo p en tan eca rb o x am id es  
(10a, 10b, 12a, 12b), cis- a n d  trem s-2 -carbobenzoxyam ino-l-cyc lohexanecarbox- 
am ides (11a -ii, 13a-g) an d  íran s-2 -ca rb o b en zo x y am in o -l-cy c lo h ep tan eca r- 
b o xam ides (14a, 14b) w ere  betw een  60 a n d  8 0 % . As b y -p ro d u c ts , some ca rb am - 
ic acid  esters  (15) also  fo rm ed  in th e se  reac tio n s  [31, 32]. W ith  seco n d ary  
am ines (d ie thy lam ine , N -m eth y l-b en zy lam in e) a n d  w ith  cyclic  secondary  am ines 
(p ip e rid in e , m orpho line) th e  fo rm atio n  o f ca rb am ic  ac id  esters w as p re 
vailin g . T hus th e  m ix ed  an h y d rid e  m e th o d  p ro v e d  u n su ita b le  fo r th e  sy n th esis  
o f  d e riv a tiv es  d isu b s ti tu te d  on th e  am ide  n itro g en .

T he undesired  p rep o n d e ran ce  of ca rb am ic  ac id  e s te r  fo rm a tio n  w hen using  
seco n d ary  an d  cyclic am in es can  be in te rp re te d  as a consequence  of s teric  h in 
d ra n c e  du ring  ca rb o x am id e  fo rm ation .

T he p ro tec tin g  Z -g ru p  of th e  co m pounds 1 0 —14 (T ables I —II I )  w as 
rem o v ed  b y  t r e a tm e n t w ith  hydrogen  b ro m id e  in  g lac ia l acetic  acid [33]. 
H ydrogeno lysis  w ih t p a llad iu m -ch arco a l [27, 34] p ro v ed  to  be u n su itab le . T h e  
m e th o d  ac tu a lly  used  h a d  th e  ad v an tag e  o f d irec tly  y ie ld in g  th e  h y d ro g en  
b ro m id e  sa lts  o f th e  2 -am in o -l-ca rb o x am id es  16 — 20 fo r pharm aco log ical t e s t 
ing . I n  som e cases (hyg roscop ic  su b stan ces, d ifficu lties in  p u rific a tio n ) th e  base

5 Acta Chim. (Budapest) 89, 1976
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Table I

M elting poin ts and analysis data o f  N -substituted cis-2-carbobenzoxyamino-l-cyclohexanecarboxamides (11a— I l i i )

Оo>

Analysis, %
Calculated

Compound R
Formula M.p., °c Found Yield,

Molecular weight Solvent %

c H N

l la H c15h 20o3n2
276.34

1 4 8 -1 4 9
ethanol

65.20
65.00

7.30
7.49

10.14
9.70 61.23

l i b - C H 3 ClcH 220 3N 2 1 3 7 -1 3 8 66.18 7.64 9.65 65.17290.36 ethanol 66.26 7.62 9.74

11c -C H .,(C H „),C H 3 1̂9̂ 28̂ 3̂ 2 1 0 1 -1 0 3 68.64 8.49 8.43 65.25332.45 ethanol 67.76 8.58 8.31

l i d C21H 30O3N 2
358.48

1 6 4 -1 6 5
ethanol

70.36
70.00

8.44
8.20

7.82
7.45 70.17

l i e - C cH 5 C2iH240 3N2 1 7 2 -1 7 3 71.58 6.87 7.94 72.20354.44 ethanol 71.52 6.92 7.79

I l f — C6l I 4CH3(o) c22h26o3n2 1 6 9 -1 7 1 72.10 7.15 7.64 71.15366.46 ethanol 72.42 7.31 7.54

H g —CeH4CH3(m) 2̂2-̂ 26̂ 3̂ 2 1 8 6 -1 8 8 72.10 7.15 7.64 70.27366.46 ethanol 71.97 6.98 7.38

l l h —CeH4CH3(p) C22H26O3N2 1 7 8 -1 7 9 72.10 7.15 7.64 72.35366.46 ethano l 72.10 7.18 7.40

H i —C6H 2(CH3)3(o,o’,p ) QmH.0O8N2 1 9 8 -2 0 1 73.07 7.67 7.10 62.51394.52 dioxane 73.23 7.67 7.21

Hj — CcH 3CH3(o)Cl(m) c.,.,h,5o3n„ci 2 1 4 -2 1 5 65.91 6.27 6.99 61.12400.91 dioxane 65.99 6.35 7.09
I l k -C 6H4F(m) c21h23o3n2f 1 8 7 -1 8 8 68.10 6.26 7.56 65.07370.43 ethano l 68.30 6.29 7.55

111 “  C6H 4Cl(o) C21H 230 3N2C1 1 7 5 -1 7 7 65,20 5.99 7.24 74.20386.88 ethanol 65.69 6.18 7.61
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1 1 m -C „H 4 Cl(m) с ^ Н я Р л а
386.88

lln * — С6 Н4 С1(р) C2 1 H2 3 0 3 N.,C1 
386.88 “

l lo — CGH 3 Cl2 (o, m) C2 1H 2 20 3N2 C12

421.33
lip — C6 H 3 Cl(o)Br(m) C2 1 H2 20 3 N2ClBr

465.78
H r — C6 H4 Br(p) C2 1 H,30 3 N„Br

431.34
l lq - C cH4 CF3 (m) С*НиО 3N2F 3 

420.43
1 1 s —C6 H4 OCH3 (p) c2 2h 2 6o4 n 2

382.46
l i t - C 6 H 3 OCH3 (o)Cl(m) c2 2h 2 5 o4 n 2ci

416.91
l lu — C6 H4 OC2 H5 (p) c2 3 h 2 8 o 4 n 2

396.49
U v —CeH4(COCH3 )(p) C2 :(H 2 Gö 4 N2

394.47
llw - C 6 H4 (NHCOCH3)(p) C23H3 704 N3

409.49

И х - C 0 H4 NO2(p ) C2 1H2 3 O5 N3

397.42
I ly -C H 2 C0 H5 c22h 2 6 o 3n 2

366.46
H z - C H 2CriH4 Cl(p) C2 2H2 5 0 3N2C1

400.91
Н ад -C H 2 CGH4 OCH3(p) c2 3 h 2 8 o 4 n 2

396.49
llb b -C H 2 CH2CGH5 ^23^28^3^2

380.49

197 199 65.20 5.99 7.24
ethanol 65.36 6.16 7.06

179-180 65.20 5.99 7.24
ethanol 65.41 5.59 7.57

195-197 59.87 5.26 6.65
dioxane 59.60 4.94 6.56

172-174 54.19 4.76 6 . 0 1

ethanol 54.31 4.64 6.31
184-185 58.48 5.38 6.50
ethanol 58.24 5.43 6.23

167-169 62.85 5.52 6 . 6 6

ethanol 62.42 5.45 6.61
170-172 69.08 6.85 7.32
ethanol 69.07 6.94 7.09

158-160 63.38 6.05 6.72
ethanol 63.42 5.81 6.99

165-167 69.67 7.21 7.07
ethanol 69.27 7.10 6.78

196-198 70.02 6.64 7.10
dioxane 69.89 6 . 6 8 7.11
233-236 67.46 6.65 10.26
dimethyl-
formamide

67.80 7.00 10.33

2 0 0 - 2 0 2 63.46 5.83 10.58
dioxane 63.17 5.66 1 0 . 6 6

125-127 72.10 7.15 7.64
ethanol 71.80 7.34 7.20

160-161 65.91 6.29 6.99
ethanol 66.47 6.25 6.83
140-142 69.67 7.12 7.07
ethanol 69.77 7.00 7.05

154-155 72.60 7.42 7.36
ethanol 72.69 7.38 6.72

73.15 

54.03

60.15 

60.27 

79.25

64.38 

63.10 

63.37

62.15

68.39

70.15

47.31

69.36

68.70

65.30

68.45

o>

B
E

R
N

Á
T

H
 et al.: ST

E
R

EO
C

H
EM

IC
A

L ST
U

D
IE

S, X
X

V
I



A
cta C

lim
. (B

udapest) 89, 1976

O)oo

Table I (con tinued)

Compound R Formula
Molecular weight

M.p., °c
Solvent

Analysis, % 
Calculated 

Found Yield,
%

C H
N

l l c c
11.1.1

-  CH2CH2Cr,H3(OCH3),(m,p)
-  CH2CH2C6H4(S 0 2N H 2)(p ) ^ 25^ 32^)5 ^ 2

440.54
1 3 7 -1 3 9

ethanol
68.17
67.95

7.32
7.45

6.36
6.26 65.40

l ic e
/ = N

- O
Q3H29O5N3S

459.97
1 5 5 -1 5 7
ethanol

60.11
59.70

6.36
6.41

9.14
9.19 71.20

l i f t

v _ /

y V 4 !

C20H 23O 3N 3
353.42

1 7 3 -1 7 4
ethanol

67.97
68.43

6.56
6.62

11.89
11.53 70.15

^23^2(5^3^4
406.49

1 9 5 -1 9 7
dioxane

67.96
68.18

6.45
6.05

13.79
13.51 49.57

H g g
C22H27O3N3

381.48

1 4 2 -1 4 3
ethano l

69.27
68.90

7.13
7.52

11.01
10.90 67.15

l l h h

S— C jsH ojO gN gS
359.45

1 8 7 -1 8 9
ethanol

60.14
60.10

5.89
6.01

11.69
11.40 68.30

1 1 Ü
< 0

c22h 23o 3n 3s
411.53

2 0 5 -2 0 8
benzene

64.21
64.24

6.21
5.92

10.21
10.13 55.20

C om pound l l n  w as p repared  by  th e  dicyclohexylcarbodiim ide m ethod.
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T able II

M elting poin ts and  analysis data o f  N-substituted  
trans-2- ( carbobenzoxyamino)-1-cyclohexanecarboxamides (13a—13g)

Com
pound R

Formula 
Molecular weight

M.p.,°c
Solvent

Analysis. °/ 
Calculated 

Found Yield,
%

C H N

13a - C H 2(CH2)2CH3 ^19H2803N 2
332.45

1 8 7 -1 8 9
ethanol

68.46
69.19

8.49
8.84

8.43
8.92 61.13

13b ^ 2 lH 3o 0 3 ^ 2
358.48

2 3 9 -2 4 1
ethano l

70.36
70.41

8.44
8.63

7.82
7.61 61.35

13c - C 6H 4CH3(p) c22h 26o 3n 2
366.46

2 2 8 -2 3 0
dioxane

72.10
72.32

7.15
7.27

7.64
7.37 68.27

13<1 - C 6H 4Cl(p) c2Ih „3o 3n 2c i
386.88

2 4 2 -2 4 4
ethano l

65.20
64.80

5.99
6.00

7.24
7.38 71.10

13e - C eH 4B r (p ) C21H 230 3N 2B r
431.34

2 5 1 -2 5 3
m ethanol

58.48
58.88

5.38
5.91

6.50
6.44 70.17

13f -C H ,C 6H 5 C92H9gOgN2
366.46

2 2 3 -2 2 5
ethanol

72.10
71.60

7.15
7.42

7.64
7.36 61.20

1 3 g - C H 2CH2C6H ä C23H 280 3N 2
380.49

1 8 5 -1 8 7
ethanol

72.60
72.90

7.42
7.47

7.36
7.56 63.30

Table III

M eltin g  p o in ts  and a na lysis data o f N -su b s titu ted  cis- and trans-2 -(carbobenzoxyam ino)-l- 
cyclopentanecarboxamides (10a, 10b, 12a, 12b), and  -1-cycloheptanecarboxamides (14a, 14b)

Com
pound R

Configu
ration

Formula
Molecular weight

M.p.,°c
Solvent

Analysis, % 
Calculated 

Found Yield,
0//о

C H N

10a - C 6H 4CH3(p) cis c21h 24o 3n 2
352.44

1 7 6 -1 7 8
ethano l

71.58
71.44

6.87
6.84

7.95
8.19 71.53

10b - C 6H 4Cl(p) cis C„0H n ON.,Cl
377.84

1 7 8 -1 8 0
ethanol

64.42
63.64

5.68
5.71

5.51
5.50 70.21

12a — C6H 4CH3(p) trans c21h 24o 3n 2
352.44

1 8 1 -1 8 3
m ethano l

71.58
71.81

6.87
6.59

7.95
7.95 68.61

12b —CeH 4Cl(p) trans C20H 21O 3N 2Cl
377.85

1 9 8 -2 0 0
m ethano l

64.42
64.68

5.68
5.75

7.51
7.99 65.74

14a — C0H 4CH3(p) trans ^23^-28^3-^2
380.47

2 0 6 -2 0 7
m ethanol

72.60
72.56

7.42
7.44

7.36
7.45 71.32

14b — CcH 4Cl(p) trans C,.,H„,03N„C1
400.87

2 1 7 -2 1 8
m ethano l

65.90
65.30

6.28
6.23

6.98
6.90 68.95
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<CH2)„

О О
I I  I I,с—о—с—о—сн2 

I
с н

/ \
НзС СНз

а :  п  =  1 

Ь : п — 2 

с :  п =  3

R -N H .

R  N H ,

(СН2)„

(СН,)„

О H N — R

II
JC— N H — R

1
0 = 0
1

о
+

C H 2
N H — Z CH

10: n  =  1 Л
НзС СНз

11: n =  2
15

0 H N — R1
II

S '— N H — R
1

0 = 0
1

0
+

4
C H 2
1

N H — Z CH
12: n =  1 A

НзС СНз
13: n  =  2

15
14: n =  3

F ig . 6

(сн2)„

N H — 7.

10: п =  I

11: п =  2

13: п  =  2 

14: и =  3

Н В г/С Н )—соон

Н В г/С Н ,-С О О Н

19: п ~  2 

20: и 3

F ig . 7
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w as lib e ra te d  b y  m ean s  of Y arion-A D  an ion -exchange resin . L ib e ra tio n  o f  th e  
base w ith  sodium  h y d ro g en  c a rb o n a te  w as feasib le only  fo rm  th e  p u re  sa lts . 
T ab les IV  and  Y give a  survey  of th e  cis- a n d  tran s-2 -am in o -l-cy c lo h ex an ecar- 
b o x am id e  d e riv a tiv e s .

F ig . 9

Som e N -acyl d e riv a tiv e s  of th e  c ts-2 -am in o -l-cy clo h ex an ecarb o x am id es 
were also p rep ared . F o rm y la tio n  of c is-2 -am in o -l-cy clo h ex an ecarb o x y lic  acid  
(2b) w as effected  in  th e  usual w ay [37], w ith  a m ix tu re  of form ic acid  an d  
acetic  ac id  an h y d rid e . H ow ever, th e  m ix e d  an h y d rid e  m ethod  [30] fa iled  in  th e  
a tte m p te d  conversion o f  c ts-2 -fo rm ylam ino-l-cyc lohexanecarboxy lic  acid  (21) 

in to  2 -fo rm y lam in o -l-carb o x am id e  d e r iv a tiv e s , th ere fo re  we h ad  to  use th e  
longer ro u te , i.e. fo rm y la tio n  of the  a p p ro p r ia te  N -su b s titu te d  c is-2 -am ino-l- 
cy c lo h ex an ecarb o x am id es. W e wish to  n o te  here  t h a t  2 -fo rm ylam ino-l-cyclo - 
h ex an ecarb o x y lic  acid h a d  been p re p a re d  ea rlie r b y  L e  B e l  et al. [38] w ho o b 
ta in e d  th e  p a re n t  acid , i.e. 2 -am in o -l-cy c lo h ex an ecarb o x y lic  acid, b y  th e  c a ta 
ly tic  h y d ro g en a tio n  o f a n th ra n ilic  acid , a n d  fo u n d  th e  m elting  p o in t o f th e  fo r
m yl d e riv a tiv e  p rep a red  th e re fro m  to  b e  200 — 201 °C. In  c o n tra s t to  th is , com 
p o u n d  21 p re p a re d  b y  u s  from  s te reo ch em ica lly  hom ogeneous c ts-2 -am ino-l- 
cyclohexanecarboxy lic  a c id  (2b) h ad  m .p . 206 208 °C, suggesting  th a t  th e
c a ta ly tic  red u c tio n  of a n th ra n ilic  acid h a d  n o t p ro d u ced  2b in ste reochem ica lly  
hom ogeneous form .

C is -2 -ace ty lam in o -l-cy c lo p en tan eca rb o x y lic  acid  (24) an d  th e  hom olo 
gous cis- a n d  trans-cy c lo h ex an e  d e riv a tiv e s  (25, 26) w ere syn th esized  b y  th e  
u su a l a c e ty la tio n  p ro ced u re  [39], from  th e  co rrespond ing , s tereochem ically  
hom ogeneous am ino acids 2a, 2b and 3b.
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T able IV
to

M elting po in ts and analysis data* o f  N-substituted cis-2-amino-l-cyclohexanecarboxaniides (17a— 17ee)

Analysis, % 
Calculated

R Form*
Formula M.p.,°C Found Yield,

pound Molecular weight Solvent %

1
c H N

17a** H a c7h 14o n 2 1 2 5 -1 2 6 59.13 9.95 19.70
68.73142.20 e th y l ace ta te 59.15 10.33 19.51

17b -C H ,(C H ,)2C H 3 a c 14h 22o n 2 3 9 - 4 2 66.63 11.18 14.13
198.31 benzene-pe tro leum 54.17. ether 65.99 10.82 14.01

17c - C H 2(CH2)2C H 3 ß C,,H.,30NoCl 1 4 2 -1 4 4 56.27 9.88 11.98
51.27234.77 eth an o l-e tlie r 55.80 10.19 11.78

17d

■ - ( = )
V C13H 25ON2B r 2 0 4 - 207 (d.) 51.14 8.25 9.18 61.05305.27 e th an o l-e th e r 51.67 8.49 9.53

17« - C 6H 5 a C13H 18ON2 1 4 3 -1 4 4 71.53 8.31 12.83
68.27218.30 ethanol 72.11 8.33 12.03

17f - c 6H5 ß 188 191 (d.) 52.19 6.40 9.36 71.02299.22 ethanol 51.73 6.21 9.18

17g - C 6H 4CH3(o) a C14H 20ON2 9 2 - 9 3 72.39 8.68 12.06 71.21232.33 eth e r 72.34 8.54 11.52

I7 h -C „ H 4CH3(m) a c 14h „0o n . 1 3 0 -1 3 3 72.39 8.68 12.06 67.10232.33 benzene 72.95 8.56 11.62

17i -C „ H 4CH3( p ) a C14H 20ON2 1 4 4 -1 4 7 72.38 8.68 12.06 85.25232.33 benzene 72.31 8.85 12.21

17i - C eH 4CH A p ) ß C14H „0N .,B r 2 0 0 -2 0 3 53.69 6.76 8.95 78.15313.25 ethano l 53.77 7.08 8.71

17j - С „ Н 2(СН3)3(о, o \ p ) ß C16H 25ON2B r 2 7 5 -2 7 7 56.31 7.38 8.21 61.27341.30 ethanol 55.75 7.17 7.92
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17k -C eH 3 CH3 (o)Cl(m) ß C1 4 H.,0 ON.,ClBr 244 -247 48.37 5.80 8.06
347.69 “ ethanol 48.64 5.58 7.92

171 —CeH4F(m) ß C1 3 H 1 8ON.,BrF 207 -  210 (d.) 49.22 5.72 8.83
313.25" ethanol 48.92 5.77 8.79

17m - C 6 H4 Cl(o) ß C1 3 H 1 8ON.,ClBr 168-170 46.79 5.44 8.40
333.66“ ethanol 46.39 5.75 8.30

17n - C cH4 Cl(m) a C1 3 H j,ON2 C1 121 -123 61.77 6.78 11.09
252.75 benzene 61.85 6.67 10.90

17o —C6 H4 Cl(p) a C1 3 H 1 70N,C1 121-123 61.77 6.78 11.09
252.75" ethanol 61.75 6.90 1 1 . 1 0

17p - C 6 H4 Cl(p) ß C1 3 H 1 8 ON.,ClBr 197-200 46.79 5.44 8.40
333.66 ethanol 47.20 5.80 8.19

17r - C eH4 Br(p) a C1 3 H 1 7ON2Br 140-142 52.52 5.77 9.43
297.30 ethanol 52.02 5.81 9.59

17q — C6 H4 CF3 (m) ß Ci4 Hi8 ON2BrF 3 169-172 45.80 4.98 7.64
367.22 ethanol 45.53 5.13 7.95

17s*** —C6 H4OCH3 (p) a CliH2 o0 2 ^ 2 102-103 67.72 8 . 1 2 11.28
248.83 ether 67.98 8.45 11.51

17t - C cH4 OCH3 (p) ß C1 4 H2 10 2 N2Br 135-138 51.07 6.43 8.51
329.25 ethanol-ether 51.16 6.80 8.40

17u - C 6 H4 OC2 H5 (p) OL c1 5 h 2 2o 2n 2 9 5 -9 6 6 8 . 6 6 8.45 1 0 . 6 8

262.36 benzene 68.91 8 . 8 8 10.56
17v - C cH4 OC2 H5 (p) ß ^ - '1 5 ^ 2 3 ^ 2 ^ 2 ^ r 122-126 52.48 6.78 8.16

343.27 ethanol 51.91 7.41 7.91
17 w - C H 2c 6H 5 a C1 4H 2 0 ON2 55-57 72.38 8 . 6 8 12.06

232.33 ethanol-ether 72.03 8.53 11.54
17x - C H 2 C6 H4 Cl(p) a C1 4H 1 90N 2C1 60 -6 2 63.03 7.18 10.50

266.77 ethanol-ether 63.40 7.31 1 0 . 8 6

17y • CH2 C6 H4 OCH3 (p) ß C1 5H,,0„N.,Br 194-196 52.48 6.75 8.08
343.27 ethanol 52.70 6 . 8 8 8.38

17z — CH2 CH2 C6 H5 a C1 5H 2 2ON2 8 6 - 8 8 73.12 9.00 11.37
246.36 ethanol-ether 73.24 8.81 1 1 . 8 6

60.29

63.17 

77.51

69.31

79.31

82.31

75.17

62.27 
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65.31 

68.71 

71.21 

73.23

68.31 

69.45
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Table IV (con tinued)

Com
pound R Form*

Formula 
Molecular weight

—

M.p., °c
Solvent

Analysis,% 
Calculated 

Found Yield,
%

C H N

17aa -  CH2CH2C6H 3(OCH3)2(m ,p) a c 17h 26o 3n 2
306.41

6 9 - 7 1
e th an o l-e th e r

66.64
66.25

8.55
8.81

9.14
9.42 70.15

17Ы.
/ = N a c .„h 17o n 3

219.29
1 3 1 -1 3 3

e th an o l-e th e r
65.72
65.87

7.81
7.60

8.04
8.17 63.21

17cc
a c 15h 19o n 4

271.34
1 6 5 -1 6 7
benzene

66.41
66.64

7.06
6.63

20.64
20.37 51.20

17.Ы c h . - c h ^ Q
a

247.34
6 0 - 6 2

e th an o l-e th e r
67.99
68.40

8.56
8.71

16.99
16.69 55.30

17ee
■ 4  j l

a c 10h 15o n 3s
225.31

1 5 6 -1 5 8
ethanol

53.31
53.58

6.98
6.98

18.27
18.27 69.87

N otes: * a  =  base, ß  =  H B r, у  =  HCl; ** The lit. m .p. of 17a is 124 °C [45]; *** The lit. m .p. of 17s is 99 — 100 °C [15].
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T able V

M elting points and analysis data o f  N -substituted trans-2-amino-l-cyclohexanecarboxamides (19a— 19h)

Com
pound R Form*

Formula
Molecular weight

M.p., °c
Solvent

Analysis, % 
Calculated 

Found Yield,
%

C H N

19a - C H 2(CH2),C H 3 a Cu H 22ON„
198.31

7 2 - 7 5  
e th an o l-e th e r

66.63
66.49

11.18
11.40

14.13
13.42 49.11

19b - C 6H 4CH3(p) a C14H 20ON2
232.33

1 4 0 -1 4 1
ethanol

72.39
72.67

8.68
8.75

12.06
11.37 65.15

19c —CeH |C H 3(p) ß C14H 21ON2B r
313.25

2 0 6 -2 0 9
ethanol

53.69
54.20

6.76
6.79

8.95
8.70 78.27

19d - C GH4Cl(p) a C13H 170N„C1
252.75

1 6 1 -1 6 3
ethanol

61.77
64.41

6.78
7.05

11.09
11.73 65.25

19e - C,;I I4Cl(p) ß CI3H 18ON2ClBr
333.66

2 2 8 -2 3 0
ethanol

46.79
46.43

5.44
5.41

8.40
8.12 77.21

19f — CeH 4B r(p) ß C13H 18ON2B r2
378.12

2 5 5 -2 5 7
ethanol

41.30
41.14

4.80
4.39

7.41
7.44 70.03

19g - C H 2CH2C6H 5 a C15H 22ON2
246.36

9 8 -1 0 1
ethanol

73.12
72.83

9.00
9.21

11.37
11.12 60.21

19h -  CH2CH2C6H 3(OCH3)2(m ,p) a ^17^26^3^2
306.41

1 2 0 -1 2 2
e th an o l-e th e r

66.64
66.31

8.55
8.39

9.14
9.04 65.11

*<x =  base , ß  =  H B r
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T h e a tte m p te d  GRiMMEL-type p h o sp h o ro u s  trich lo rid e  re a c tio n  [40] 
w ith  am in es 25 and  26 d id  n o t affo rd  th e  e x p e c te d  h ex ah y d ro q u in azo lo n e  d e riv 
a tives (29) b u t  gave th e  N -su b s titu te d  cis- a n d  trares-2 -acety lam ino-l-cyclo - 
h ex an ecarb o x am id es  27 an d  28. In  th e  course o f  th e  reac tio n  o f c is-2-acety l- 
a m in o -l-cy c lo h ex an eca rb o x y lic  acid  (25) w ith  am ines, sm all am o u n ts  (4—5% ) 
of N -su b s titu te d  ir< m s-2 -ace ty lam ino-l-cyc lohexanecarboxam ides (28) w ere 
also fo rm ed . The cis an d  trans isom ers could  be s e p a ra te d  by  frac tio n a l c ry s ta lli
za tio n .

(CH2)„

COOH

N H — C— CH3 
II 
()

24: n =  1, cis

25: n =  2, cis

26: n - 2, Irans

0

N H — С— СНз 
II
О

27: n =  2 , cis

28: n =  2 , Irans

Fig. 10

29

F ig . 11

I t  m ay appear surprising th a t  th e  GRiMMEL-type reaction  o f  25 and 26 
d id  n o t  g ive th e  e x p e c te d  h ex a h y d ro q u in a zo lo n es as it  is w ell k n ow n  th a t  th e  
m o st v ariou s N -a cy l-a n th ra n ilic  acid  d e r iv a tiv es  y ie ld  b y  th is  reaction  q u in azo- 
lin es  in  v er y  good  y ie ld s .

T he syn thesis  o f  h ex ah y d ro q u in azo lo n es  w as ach ieved  in  a n o th e r  w ay  
[41]. T he discussion o f th is  m e th o d  an d  th e  sy n th es is  of th e  2-a lky l-, 2 -a ra lk y l- 
a n d  2 -a ry ld e riv a tiv es  o f th e  com pounds d esc rib ed  in  th is  p a p e r, w ill be g iven 
in  a su b seq u en t p u b lic a tio n  [42].

A m ong th e  com pounds m en tio n ed , sev era l c is-2 -am ino-l-cyclohexane- 
ca rb o x am id e  d e riv a tiv e s  show  a narcosis  p o te n tia tin g  effect. M ost p o te n t  are 
th e  com pounds 17i, 171, 17q (R  =  C0H 4X ; X  =  р -С Н 3, m -F , m -C F3). A dose 
o f th e se  (50 m g/kg , given orally) p ro tra c ts , b y  a fac to r of a b o u t 5, th e  sleep 
in d u c e d  in  mice b y  a dose (40 m g/kg , i .v .)  o f v en o b a rb ita l. In te re s tin g ly , th is  
e ffec t is m uch sm aller, or a lto g e th e r m issing , w ith  th e  co rrespond ing  trans iso 
m ers .
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A n u m b e r o f  th e se  com pounds h a v e  a n tip y re tic  an d /o r an a lg e tic  effec ts . 
T h is a n tip y re tic  e ffec t is p ronounced  a g a in  w ith  th e  c is-2 -am in o -l-cy clo h ex an e- 
ca rb o x am id e  d e riv a tiv e s ; th e  co rresp o n d in g  trans isom ers, e.g. 17r a n d  19f, 
R  =  CeH 4B r(p ) , a re  ineffective.

T he N -acy l d e riv a tiv es  o f a licyclic  /З-am ino  acids (24—26) an d  th e  cis- 
or írares-2 -acy lam in o -l-cy c lo h ex an ecarb o x am id es (22, 2 3 ,2 7 , 28) possess no  a p 
p rec iab le  a n tip h lo g is tic  or a n tip y re tic  ac tio n .

T he co m p o u n d s described in  th is  p a p e r  fo rm  th e  su b je c t o f a p a te n t  a p p li
c a tio n  [43]. D e ta ile d  pharm aco log ical re su lts  w ill be p u b lish ed  elsew here [44].

E x p erim en ta l

C 7s-2 -carbobenzoxyam ino-l-cycIohexanecarboxylic  acid  (4b)

C £s-2 -am ino-l-cyc lohexanecarboxy lic  ac id  (2b) (14.32 g; 0.10 m ole) was d isso lved , w ith  
s tirr in g  in  a  21V so lu tio n  o f sodium  h y d ro x id e  (0.10 m ole). T he so lu tio n  w as cooled to  0 °C in  a 
sa lt-ice  h a th ,  th e n  b e n z y l ch loroform ate  (18.77 g ; 0.11 m ole) a n d  o f sod ium  h y d ro x id e  (4.00 g; 
0.10 m ole , in  th e  fo rm  o f a  21V solution) w ere a d d e d  p a ra lle l, b y  d ro p s, d u rin g  30 m in .; c a re  w as 
ta k e n  t h a t  th e  re a c tio n  m ix tu re  should re m a in  a lw ay s  s lig h tly  a lk a lin e . S tirr in g  w as c o n tin u e d  a t  
0 °C fo r  1 h r ., an d  fo r  fu r th e r  4 h rs  a t  room  te m p e ra tu re .  T he excess b en zy l ch lo ro fo rm ate  w as 
th e n  rem o v ed  fro m  th e  m ix tu re  b y  e x tra c tio n  w ith  e th e r . T he aqueous p h ase  w as cooled in  ice a n d  
acid ified  to  p H  2 w ith  a  1 : 1 so lu tion  of h y d ro c h lo ric  acid. T he p re c ip ita te , e is-2-carbobenz- 
o x y a m in o -l-cy c lo h ex an ecarb o x y lic  acid (4b) w as f i lte re d  off an d  w ash ed  w ith  cold w a te r . R e 
c ry s ta lliz a tio n  fro m  e th a n o l  y ielded a w h ite  c ry s ta llin e  su b s tan ce  (23.70 g; 8 5 .5 % ), m .p . 
127 129 °C.

Ci5H 190 4N  (277,32). Calcd. C 64.97; H  6 .91 ; N  5.05. F o u n d  C 64.86; H  7.01; N  5 .0 8 % .

T ran s-2 -ca rb o b en zo x y a in in o -l-cy c lo h ex an ecarb o x y lic  acid  (5b)

T h is  co m p o u n d  w as p rep ared , in  th e  w ay  desc rib ed  for th e  cis isom er 4b, from  trans-2- 
a m in o -l-cy c lo h ex an ecarb o x y lic  acid (3b). R e c ry s ta ll iz a tio n  from  m e th a n o l gave w h ite  c ry s ta ls , 
m .p . 145— 147 °C; y ie ld  9 3 .0 4 % .

C15H 190 4N  (277.32). Calcd. C 64.97; H  6 .91; N  5.05. F o u n d  C 65.15; H  7.09; N  4 .9 9 % .

C is- an d  írans-2 -ca rb o b cn zo x y am in o -l-cy c lo p en tan ecarb o x y lic  acid  (4a , 5a)

T hese acids w ere  p re p a re d , in  th e  w ay  d esc rib ed  fo r com pound  4b, fro m  cis- a n d  trans-  
2 -am in o -l-c y c lo p e n tan e ca rb o x y lic  acid (2a a n d  3a , resp ec tiv e ly ). I n  th e  syn thesis o f  cis-2- 
c a rb o b en zo x y am in o -l-cy e lo p en tan ecarb o x y lic  ac id  (4a), th e  p ro d u c t o f acid ification  w ith  
h y d roch lo ric  acid  se p a ra te d  as a  viscous oil; th is  w as e x tra c te d  w ith  e th y l a ce ta te  a n d  th e  
so lu tion  d ried  over so d iu m  su lfa te . E v ap o ra tio n  o f  th e  e th y l a c e ta te  le ft a  p ro d u c t w h ich  w as 
used  w ith o u t fu r th e r  p u r if ic a tio n  fo r th e  sy n th esis o f  d e riv a tiv e s .

T ran s-2 -ca rb o b en zo x y am in o -l-cy c lo p en tan eca rb o x y lic  acid  (5a) w as recry sta llized  fro m  
e thano l, m .p . 149— 151 °C, y ie ld  87.35% .

C14H 170 4N  (263.30). C alcd. C 63.86; H  6.51; H  5.32. F o u n d  C 66.76; H  6.71; N  5 .3 6 % .

T rares-2-carbobenzoxyam ino-l-cyc lohep tanecarboxy lic  acid  (5c)

T h is w as p re p are d , in  th e  w ay  described fo r  c o m p o u n d  4b, fro m  íraras-2-am ino-l-cyclo- 
h ep tan ecarb o x y lic  acid  (3c). R e cry s ta lliza tio n  f ro m  e th a n o l  gave th e  acid  5c, m .p . 132— 133 °C; 
y ield 78 .2 3 % .

C16H 210 4N  (219.34). C alcd. C 65.95; H  7 .77 ; N  4.81. F o u n d  C 66.14; H  7.39; N  4 .2 2 % .
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Cis-2-carbobenzoxyamino-l-cyclohexane-p-chlorocarboxaniIide v. in)

C is-2 -carb o b en zo x y am in o -l-cy c lo h ex an ecarb o x y lic  acid  (4b) (41.6 g; 0.15 m ole), d icy - 
c lohexy lcarbod iim ide  (30.50 g; 0.15 m ole) w ere p lac ed  in  anh y d ro u s te tra h y d ro fu ra n e  (420 
m l), a n d  th e  m ix tu re  w as a llow ed  to  s ta n d  a t  room  te m p e ra tu re  for one d ay . T h e  N ,N ’-dicyclo- 
h e x y lu re a  w hich se p a ra ted  w as th e n  rem oved  b y  f i l t r a tio n . E v ap o ra tio n  of te tra h y d ro fu ra n e  
le f t  a  y e llow ish  w hite, s t ic k y  m ass w hich  crysta llized  on  th e  a d d itio n  of e th e r  (80 m l) and  s ta n d 
ing . T h e  c ry sta ls  w ere co llec ted  on  a  glass f ilte r. T LC  (silica  gel, benzene e th a n o l 9 : 1, d e tec tio n  
w ith  io d in e  vapour) show ed tw o  spots. R e c ry s ta lliz a tio n  fro m  e th a n o l (500 m l) gave cis-2- 
c a rb o b e n zo x y  am in o -1 -cy c lohexanc-p -ch lo rocarboxan ilide  as w h ite  c ry s ta ls  (31.35 g), m .p . 
177— 179 °C; y ield 5 4 .0 3 % .

C21H 230 3N2C1 (386.88). Calcd. C 65.20; H  5.99; N  7.24. F o u n d  C 65.04; H  5.59; N  7 .5 7 % .
E v ap o ra tio n  of th e  m o th e r  liq u o r to  a b o u t  100 m l gave, a f te r  cooling, N -(cis-2-carbo- 

b e n zo x y am in o -l-cy c lo h ex y lca rb o n y l)-N ,N ’-d icy c lo h ex y lu rea  (6) (15.25 g ; y ie ld  21 .82% ) as 
w h ite  c ry sta llin e  p o w d er; m .p . 113— 115 °C (from  e th a n o l).

C28H 410 4N4 (483.66). Calcd. C 69.63; H  8.54; N  8.69. F ound  C 69.22; H  8.65; N  8 .6 5 % .

N-substituted cis- and /rans-2-carbobenzoxyamino-l-cyclohexanecarboxamides
(11a—Ilii, 13a—13g)

0.02 mole o f cis- o r tran s-2 -ca rb o b en zo x y am in o -l-cy c lo h ex an ecarb o x y lic  acid  (4b a n d  
5b, respec tiv e ly ) w as d isso lved  in  p u re  te t ra h y d ro fu ra n e  (70 ml) and  th is  so lu tio n  w as cooled 
to  -—10 °C in a sa lt-ice  b a th .  W ith  v igorous s tir r in g , trie th y la m in e  (0.02 m ole) an d  iso b u ty l 
ch lo ro fo rm ate  (0.02 m ole) w ere  ad d ed ; a fte r  s tirr in g  fo r a n o th e r 2— 3 m in u te s , th e  am ine (0.02 
m ole) dissolved in  p u re  te tra h y d ro fu ra n e  (20 m l) a n d  cooled to  — 10 °C w as ad d ed  dropw ise in to  
th e  re a c tio n  m ix tu re . S tir r in g  a t  s a l t—ice te m p e ra tu re  w as con tinued  fo r a n o th e r 5 h rs , th e n  
th e  m ix tu re  was a llow ed  to  s ta n d  ov ern ig h t a t  ro o m  tem p e ra tu re . T h e  te tra h y d ro fu ra n e  w as 
e v a p o ra te d  and , in  o rd e r to  rem ove th e  u n re ac te d  am ine  com ponent, th e  residue  w as sh a k e n  
fo r 20 m in . w ith  an  a q u eo u s  m ix tu re  of an  o rg an ic  so lv en t chosen fo r th is  p u rpose  (p e tro leu m  
e th e r ,  e th e r or benzene). T h e  c ry sta lline  su b stan ce  th u s  o b ta in ed  w as co llected  on  a glass f i lte r ,  
th e n  sh ak en  for 5 m in . in  a chilled  10%  so lu tion  of sod ium  hydrox ide  (0.02 m ole). T he p ro d u c t  
w as f ilte red  off w ashed  w ith  w a te r  u n til  n e u tra l, d ried  an d  recrysta llized . T he d a ta  o f th e  N - 
s u b s ti tu te d  cis- a n d  tran s-2 -ca rb o b en zo x y lam in o -l-cy cIo h ex an ecarb o x am id es (11a—Ilii ,  
13a—13g) th u s  p re p a re d  are  collected  in  T ab les I  a n d  I I .

Synthesis of N-substituted c i s -  and trans-
2-(carbobenzoxyamino)-l-cyclopentanecarboxamides (10a, 10b, 12a, 12b)

These cy c lo p en tan e  d e riv a tiv es w ere sy n th es ized  as described  fo r th e  co rresp o n d in g  
cy c lo h ex an ecarb o x am id es (11a—ii, 13a— g), fro m  cis- and  írcm s-2 -carbobenzoxyam ino-l- 
cy c lo p en tan ecarb o x y lic  acid  (4a an d  5a) re sp ec tiv e ly . T he d e riv a tiv es p rep ared  are  l is te d  in  
T ab le  I I I .

Synthesis of N-substituted íraras-2-carbobenzoxyamino-l-cycloheptanecarboxanilides
(14a, 14b)

These com p o u n d s w ere p rep ared  as desc rib ed  fo r com pounds 11a— ii an d  13a—g, fro m  
tran s -2 -ca rb o b en zo x y am in o -l-cy c lo h ep tan eca rb o x y lic  acid  (5c). T h e  d e riv a tiv e s  o b ta in e d  a re  
lis te d  in  Table I I I .

Cis-2-amino-l-cyclopentane-p-methylcarboxanilide hydrobromide (16)

T his co m p o u n d  w as syn thesized  fro m  c is-2 -ca rh o b en zo x y am in o -l-cy cIo p en tan e-p - 
m e th y lca rb o x an ilid e  (10a) according to  th e  m e th o d  used  for th e  sy n th esis  of íraras-2-am ino-l- 
cy clo p en tan e-p -m eth y lca rb o x an ilid e  h y d ro b ro m id e  (18). R e cry s ta lliza tio n  from  e th a n o l gave  
16, m .p. 236— 238 °C, y ie ld  72 .0% .

C13H 19ON 2B r (299.22). Calcd. C 52.19; H  6.40. F ound  C 52.15; H  6 .71% .

N-substituted cis- ard írous-2-aminc-l-cyclohexanecarboxamides (17a—17ce, 19a—19h)

Four to  fiv e  e q u iv a len ts  o f h y d ro g en  b ro m id e , 20%  so lu tion  in  g lacial ace tic  ac id , w as 
ad d ed  to  th e  N -s u b s titu te d  cis- o r tran s-2 -ca rb o b en zo x y am in o -l-cy c lo h ex an eca rh o x am id es 
(11a—Ilii, 13a—13g). U pon  ad m ix tu re  w ith  d ry  e th e r, th e  N -su b s titu ted  cis- o r tra n s-2-
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am in o -l-cy c lo h ex an ecarb o x am id e  h y d ro b ro m id es sep a ra ted , u su a lly  as oily liq u id s  w hich  
c ry sta lliz ed  on  ru b b in g  w ith  a glass ro d . T h e  N -su b s titu ted  cis- o r íran s-2 -am in o -l-cy c lo h ex an e- 
carb o x am id es w ere l ib e ra te d  fro m  th e  c ry sta llin e  hyd ro b ro m id es b y  tr e a tm e n t  w ith  a  10%  
so lu tio n  of sodium  h y d ro g en  ca rb o n a te .

W h en  th e  h y d ro b ro m id es cou ld  n o t  be  o b ta in ed  in  c rysta llin e  fo rm , th e  bases w ere lib e r
a te d  b y  m eans of V arion-A D  ion -exchange  resin . C h arac teristic  d a ta  o f th e  d e riv a tiv e s  p re p are d  
are  show n in  T ables IV  a n d  V.

Tr<ms-2-amino-l-cyclopentane-p-methylcarboxanilide hydrobromide (18)

F o u r to  five  e q u iv a len ts  o f h y d ro g en  b rom ide, as 20%  so lu tio n  in  g lacial ace tic  acid, 
was ad d ed  to  lran s-2 -ca rb o b en zo x y am in o -l-cy c lo p en tan e-p -m e th y lcarb o x an ilid e  (12a) a n d  th e  
m ix tu re  w as allow ed to  s ta n d  50 m in . a t  ro o m  tem p e ra tu re . On th e  a d d itio n  o f d ry  e th e r  trans- 
2 -am ino-1-cyd o p e n tan e -p -m e th y lc a rb o x a n ilid e  hydro b ro m id e  (18, R  =  C6H 4C H 3(p ) se p a r
a te d  in  c rysta llin e  form . R e c ry s ta lliz a tio n  fro m  e th a n o l—e th e r gave  w h ite  c ry sta ls , m .p . 195—  
198 °C, y ie ld  62 .15% .

C13H 19N 2B r (299.22). Calcd. C 52.19; H  6.40; N  9.36. F o u n d  C 52.26; H  6.18; N  9 .5 3 % .

N-substituted írans-2-amino-l-cycloheptanecarboxanilides (20a, 20b)

T hese com pounds w ere p re p a re d  in  th e  sam e w ay as th e  N -su b s titu te d  cis- o r trans-2- 
am in o -l-cy c lo h ex an ecarb o x am id es (11a—Ilii, 13a—13g), from  ir<m s-2-carbobenzoxyam ino- 
1 -cyclohep tanecarboxan ilides (14a, 14b).

Trarís-2-amino-l-cycloheptane-p-methylcarboxanilide hydrobromide (20a)

R ecry sta llized  from  e th a n o l, 20a h a d  m .p . 159— 160 °C; y ie ld  56 .2 9 % .
C15H 23ON2B r (327.27). C alcd. C 55.05; H  7.08; N  8.55. F o u n d  C 54.76; H  6.96; N  8 .4 0 % .

7Yans-2-ammo-l-cycIolieptane-p-chlorocarboxanilide hydrobromide (20b)

R ecry sta llized  fro m  e th a n o l, 20a h a d  m .p . 162— 163 °C; y ie ld  4 7 .3 2 % .
C14H„0ON 2ClBr (347.67). Calcd. C 48.34; H  5.75; N  8.05. F o u n d  C 48.48; H  5.56; N  8 .3 7 % .

Cis-2-formylamino-l-cyclohexanecarboxylic acid (21)

A m ix tu re  o f c is-2 -am in o -l-cy c lo h ex an ecarb o x y lic  acid  (2a) (4.30 g; 0.03 m ole), 98—  
10 0 %  form ic acid  (5.52 g; 0.12 m ole) a n d  ace tic  acid  a n h y d rid e  (12.35 g ;  0.12 m ole) w as 
w arm ed  a t  35— 40 °C for 1.5 h r . T h e  suspension  becam e hom ogeneous a n d  a  few  m in u te s  la te r  
th e  se p a ra tio n  of c is-2 -fo rm y lam in o -l-cy clo h ex an ecarh o x y lic  acid  (21) b eg an . T h e  re ac tio n  
m ix tu re  w as k e p t a t  + 4  °C fo r one d ay , w h ereu p o n  3.80 g o f w h ite  c ry s ta ls  se p a ra ted . R e 
c ry s ta lliz a tio n  from  m e th an o l gav e  3.30 g (6 4 .2 % ) of th e  p ro d u c t, m .p . 206— 208 °C (lit. [38] 
m .p . 201— 202 °C).

C8H 130 3N  (171.20). C alcd. C 56.13; H  7.65; N  8.18. F o u n d  C 56.33; H  7.76; N  7 .7 2 % .

Cis-2-acetylamino-l-cycIopentanecarboxylic acid (24)

Follow ing th e  m eth o d  u sed  fo r th e  sy n th esis  o f c is-2 -acety lam in o -l-cy c lo h ex an ecar- 
boxylic  acid  (25), from  c is -2 -am in o -l-cy c lo p en tan ecarb o x y lic  acid (2a) (12.92 g; 0.10 m ole) we 
o b ta in e d  11.35 g (66 .30% ) of co m p o u n d  c ry sta llizab le  from  e th e r, m .p . 79— 81 °C.

CsH 130 3N  (171.20). Calcd. C 56.13; H  7.65; N  8.18. F o u n d  C 55.95; H  7.64; N  8 .2 7 % .

Cis-2-acetylamino-l-cyelohexanecarboxylic acid (25)

In  a th ree -n eck ed  fla sk  eq u ip p ed  w ith  a s tirre r  and  condenser, c is-2-am inocyclohexane- 
carboxy lic  acid  (2b) (14.32 g; 0.10 m ole) w as d issolved in  w a te r  (60 m l) a n d , w ith  v ig o ro u s 
s tirr in g , in  one p o rtio n , ace tic  acid  an h y d rid e  (25.52 g; 0.25 m ole) w as a d d ed . T he m ix tu re  g o t  
v e ry  w arm . S tirr in g  was c o n tin u e d  fo r  60 m in . th e n  th e  m ix tu re  w as allow ed to  s ta n d  o v e r
n ig h t a t  + 4  °C. T h e  c ry sta ls  w h ich  se p a ra ted  w ere collected  by  f i l t r a tio n , a n d  re c ry s ta lliz e d  
from  e th a n o l, to  o b ta in  c is-2 -ace ty lam in o -l-cy c lo h ex an ecarb o x y lic  acid  (25) (10.92 g; 58 .9 6 % ) 
as a  w h ite  c ry sta llin e  pow der, m .p . 149— 151 °C. E v ap o ra tio n  of th e  acid  m o th e r l iq u o r a n d  
rec ry s ta lliza tio n  of th e  residue gav e  a  fu r th e r  crop (3.52 g; 19.01% ) of co m p o u n d  25.

C9H 150 3N  (185.22). Calcd. C 58.37; H  8.16; N  7.56. F o u n d  C 58.25; H  8.34; N  7 .3 7 % .
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Tabic VI

M elting poin ts and analysis data o f  N-substituted cis- and trans-2-(form ylamino)-l-cyclohexanecarboxamides (22a— 22f, 23)

Analysis,% 
Calculated

Configuration
Formula M .p.,°c Found Yield,

pound К Molecular weight Solvent %

c H N

22a - CH2(CH2)2CH3 cis C12H 22O2N 2 1 2 7 -1 2 9 63.69 9 . 8 8 12.38 71.30
226.32 ethanol 63.46 10.03 12.28

22b* —С6Н 4С1(р) cis C14H 170 2N 2C1 2 3 0 -2 3 2 59.89 6.10 9.98 52.91
280.76 ethanol 60.10 6.38 9.81

22c - C GH 4B r(p) cis C14H 170 2N ,B r 2 4 3 -2 4 5 51.81 5.27 8.62 78.27325.21 m ethanol 51.69 5.45 9.05

22d - с 6н 4ос2н 5(р) cis ^16-^22^ 3N 2 1 8 3 -1 8 5 66.18 7.64 9.65 75.17
290.36 m ethano l 65.95 7.53 9.89

22e - C H 2CH2CGH 3(OCH3)2(m, p ) cis c 18h 2Go 4n 2 1 6 7 -1 6 9 64.65 7.84 8.38 68.13
334.42 ethanol 64.47 7.97 8.34

/ = N
22 f /  \ cis c 13h 17o 2n 3 2 1 7 -2 1 9 63.14 6.93 16.99 65.27

V / 247.30 e th an o l 62.87 6.93 16.91

23 —C6H4Cl(p)1 trans CI4H 170 2NX1 2 6 2 -2 6 4 59.89 6.10 9.98 60.27
280.76 ethanol 60.22 6.37 9.95

* C om pounds 22b and  23 were p rep ared  b y  reflux ing  cis- and  íraris-2-arnm o-l-eyclohexane-p-chlorocarboxanilide w ith  trie th y lo rth o  
fo rm ate  [37].
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Table VII

Melting points and analysis data of N-substituted cis-2-acctylamino-l-cyclohexanecarboxamides (27a—27f)

Analysis,% 
Calculated

Com-

-
Formula м.р., °c Found Yield,

pound Molecular weight Solvent. %

c II N

27a -C H 2(CH2)2CH3 c 13h ,4o2n 2 1 3 3 - 1 3 5 6 4 .9 5 10 .06 11 .65
5 5 .7 32 4 0 .3 5 chloroform-ether 6 4 .6 4 10 .02 11 .37

271. - C eH5 C15H20O2N„ 211 - 2 1 3 6 9 .2 2 7 .7 5 10 .76
7 0 .3 02 6 0 .3 4 ethanol 6 9 .2 7 7 .8 2 11 .50

27c - С сН4С1(л) C15H190 2N2C1 2 3 4 - 2 3 6 6 1 .1 2 6 .5 0 9 .5 0
4 4 .7 02 9 4 .7 8 ethanol 6 1 .6 0 6 .3 0 9 .8 6

27.1 - C eH4Br(p) C15H190 2N2Br 2 3 7 - 2 3 8 53 .11 5 .65 8 .2 6
6 8 .3 03 3 9 .2 4 ethanol 5 2 .8 9 5 .4 7 8 .5 0

27e - C H 2C6H5 CleH220 2N2
2 7 4 .3 6

1 9 1 - 1 9 2
ethanol

7 0 .0 4
6 9 .2 9

8 .08
8 .1 9

10.21
10.21 7 1 .3 0

27f -CH,CH„C»H,(OCH,),(m,p) Ci9H280 4N2 1 6 6 -  168 6 5 .4 8 8 .1 0 8 .0 4
6 8 .2 034 8 .4 5 ethanol 6 4 .8 7 7 .67 7 .9 4
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Table V III

M elting poin ts and analysis data o f  N-substituted trans-2-acetylamino-l-cyclohexanccarboxarnides (28a— 28e)

Compound R
Formula

Molecular weight
M.p., °c
Solvent

c

Analysis, % 
Calculated 

Found

H N

Yield, %

28a -  CH,,(CH.,).,CH3 c 13h ,4o .,n .. 2 1 8 -2 2 2 64.95 10.06 11.65
240.35 ethanol 64.68 1 0 .2 0 11.19

28b* - C r,H5 C15H 20O2N2 2 6 6 -2 6 8 69.22 7.75 11.65
260.34 ethano l 69.60 8.03 10.70 d . I d

28c - C 6H 4Cl(p) c 15h 19o 2n 2ci 2 8 3 -2 8 5 61.12 6.50 9.50
294.78 ethano l 60.93 6.60 9.25 O d . J l

28d - C fiH4B r(p) C15H 190 2N2B r 2 8 9 -2 9 0 53.11 5.56 8.26
339.24 m ethanol 52.93 5.75 8.32

28e -C H .,C H .,C nH ,(O C H ,),(m ,,() c 19h 28o 4n 2 1 9 8 -2 0 0 65.48 8.10 8.04
348.45 ethano l 64.98 8.33 8.85

*This is a by -p ro d u ct recovered by fractional crysta lliza tion  from  th e  synthesis o f c is-2-acety lam ino-l-cyclohexanecarboxanilide  (27b)* 
m ade on th e  analogy of Grim m eFs quinazoline syn thesis [40], using c /s-2-acety lam ino-l-cyclohexanecarboxylic  acid (25) and aniline.
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T rares-2 -ace ty lam ino-l-cyc lohexanecarboxy lic  acid  (26)

A ccord ing  to  th e  m eth o d  u sed  fo r th e  sy n th esis o f th e  cis isom er (25), Iran s-2 -am ino-1- 
cy clo h ex an ecarh o x y lic  acid  (3h) (14.36 g; 0.10 m ole) gave co m p o u n d  26 as w h ite , g listen ing  
c ry s ta ls  (14.36 g; 77 .5 4 % ); recry sta llized  from  e th an o l, m .p . 206— 208 °C.

C9H 150 3N  (185.22). Calcd. C 58.37; H  8.16; N  7.56. F o u n d  C 58.57; H  8.41; N  7 .5 8 % .

Synthesis o f N -substitu ted
e is-2 -fo rm y lam in o -l-cy clo h ex an ecarb o x am id es (2 2 a , 22c— 22f)

T h e  a p p ro p ria te  N -su b s titu te d  cis- o r íran s-2 -am in o -l-cy c lo h ex an ecarb o x am id es 
(17b , 17r, 17u, 1 7 aa  or 17bb) (0.02 m ole) was d issolved in  98— 100%  form ic acid  (0.12 m ole) 
a n d  ace tic  an h y d rid e  (0.12 m ole) w as ad d ed  to  th e  so lu tion . T h e  m ix tu re  w as w arm ed  a t  35— 40 
°C fo r 1.5— 2 h rs . T h e  w h ite , c ry sta llin e  p ro d u c t w as filte red  off a n d  recry sta llized  fro m  a su it
ab le  so lv en t ( tab le  V I) u n til  c o n s ta n t m .p . w as a tta in e d . T ab le  V I g ives a  su rvey  o f th e  com 
p o u n d s o b ta in ed .

Synthesis o f N -substitu ted  cis- an d  trans- 
2 -ace ty la in in o -l-cyc lohexanecarboxam ides (2 7 a —27f, 2 8 a— 28e)

1.0 m ole o f cis- o r  tran s-2 -ace ty lam in o -l-cy c lo h ex an eca rb o x y lic  acid  (25 or 26) w as su s
p en d ed  in  d ry  to lu en e , a n d  to  th is  suspension  1.0 m ole o f th e  am in e , d issolved in  a n h y d ro u s  
to lu en e , w as ad d ed  in  one p o rtio n . T he m ix tu re  w as sh ak en  v igo ro u sly , a n d  0.33 m ole o f p h o s
p h o ru s trich lo rid e , d issolved in  d ry  to lu en e , was ad d ed  to  i t .  T h e  m ix tu re  w as th e n  re flu x ed  
fo r 2 h rs. T he so lu tio n  w as d ecan ted  a n d  allow ed to  s ta n d  a t  + 4  °C fo r one d ay . T h e  c ry sta ls  
w hich  se p a ra ted  w ere  co llected  on  a  glass f i lte r  an d  recry sta llized , e ach  fro m  th e  so lv en t in d i
c a ted  in  T ab les V I I  a n d  V II I ,  u n til  c o n s ta n t m .p. w as a tta in e d .

*

T he a u th o rs  th a n k  th e  C hem ical a n d  P h a rm ac eu tica l w orks C H IN O IN , B u d a p e s t, fo r 
f in an c ia l a ssistance . T h an k s  are  due  P ro f. Z. M é s z á r o s ,  B u d a p es t, a n d  to  P rof. K .  K o v á c s , 
Szeged fo r th e ir  in te re s t  in  th is  w ork , to  P rof. P . S o h á r  (P h a rm ac eu tica l R esearch  In s t i tu te ,  
B u d a p es t)  for th e  I R  an d  N M R  sp e c tra , to  D rs. L .  L e s z k o v s z k y  a n d  L .  T a r d o s , B u d a p es t, 
fo r th e  p h arm aco log ica l te s ts , to  M rs. K .  L a k o s , M rs. G. B a r t ó k , a n d  M rs. É .  GÁcs fo r th e  
g re a t n u m b er o f m ic roanalyses, a n d  to  Miss A. P ó l y á k  fo r tech n ica l assistance.
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ALKALOIDS CONTAINING THE INDOLO[2,3-c]- 
QUINAZOLINО[3,2-a]PYRIDINE SKELETON, IY*

T H E  MASS S P E C T R A  OF R U T E C A R P IN E , E V O D IA M IN E  A N D  3 ,1 4 -D IIIY D R O R U T E -
C A R P IN E

J .  T a m á s*, G y. B u jt á s *, К . H o r v á t h -D ó r a ** and O. Cl a u d e r **

(*C entral Research In s titu te  fo r  Chemistry o f  the H ungarian  A cadem y o f  Sciences, B udapest, and  
**In stitu te  o f  Organic Chemistry, F a cu lty  o f  Pharm aceutical Sciences, Semmelw eis M edical

U n iversity , B udapest)

R ece iv ed  A pril 17, 1975

T he e lec tro n  b o m b ard m en t m ass sp ec tra  of ru tec a rp in e , evodiam ine a n d  3,14- 
d ih y d ro ru te ca rp in e  are reported . A s show n b y  th e  in v es tig a tio n s , th e  m olecu lar io n  of 
th e  la t te r  co m p o u n d  undergoes a sk e le to n  re a rra n g em en t p rio r  to  frag m e n ta tio n .

T he m ass sp ec tro m etric  b e h a v io u r  of ru te c a rp in e  an d  evod iam ine , th e  
tw o longest kn o w n  alkaloids w ith  in d o lo p y rid o q u in azo lin e  skeleton , h as  n o t  
been  in v e s tig a te d  so fa r. H ow ever, th e  ch a ra c te ris tic  m ass sp ec tra l d a ta  o f  
som e new  m em bers o f th is group h a v e  b een  p u b lish ed ; such  com pounds are  
p a raen sin e  (I) [2], euxy lophorine-c  (Ila) an d  its  d ih y d ro -d e riv a tiv e  (lib ) [4], 
as w ell as h y d ro x y ru teca rp in e  (III) [5], iso la ted  b y  D a n ie l i  et al. [1 — 5] fro m  
E u x y lo p h o ra  p a ra ä n s is  H ub ., a p la n t  of th e  R u taceae  fam ily .

In  ou r p rev io u s papers [6, 7] w e re p o rte d  th e  sy n th esis  of 3 ,14-d ihydro- 
ru te c a rp in e  (VI) fro m  w hich ru te c a rp in e  (IV) an d  evod iam ine (V) can  re a d ily  
he o b ta in ed .

In  th e  p re se n t p a p e r  we re p o r t  th e  m ass sp ec tro m etric  b eh av io u r of th e se  
th re e  com pounds.

T he 70 eV m ass spectra  of co m p o u n d s IV —VI are show n in  F ig . 1.
T he m o lecu la r sk e le ton  of rutecarpine (IV), sim ila rly  to  t h a t  o f com pound  

Ila  [4] a n d  III [5], is  v e ry  stable a g a in s t e lec tro n  b o m b a rd m e n t. The only  sig n if
ic a n t f ra g m e n ta tio n  process is th e  loss o f a h y d ro g en  a to m  from  th e  m o lecu lar 
ion. T he h igh  freq u en cy  o f th is  process can  be  ex p la ined  b y  th e  sp littin g  o f one 
of th e  p ro to n s  in  /З-p o sitio n  to  th e  N b n itro g e n  an d  b y  th e  d evelopm en t o f  a 
stab le  im m o n iu m  io n  s tru c tu re , e x te n d in g  th e  co n ju g a tio n . Also a co m p e tin g  
loss of CO can  be o b se rv ed , w hich is a cco m p an ied  b y  rin g  co n trac tio n  (fo rm a
tio n  of th e  mje 259 ion ). T he ions of m/e 143 an d  129, h av in g  sim ilarly  low in te n 
sities, can  be a t t r ib u te d  to  th e  tw o ty p e s  o f f ra g m e n ta tio n  o f rin g  C show n in  
Fig. la .

* P a r t  I I I :  A c ta  C him . (R udapest), 84 , 93 (1975)
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IV R = CH, V 

R = H VI

In  the  case o f  evodiamine (V) th e  m o lecu la r ion is less s ta b le , ow ing to  th e  
d isappearance  o f  th e  con tinuous c o n ju g a tio n  system ; nev erth e less , i t  g ives th e  
m o st in tense p e a k  o f th e  sp ec tru m . Im m o n iu m  ion fo rm a tio n  consisting  o f th e  
loss of one h y d ro g e n  a to m  is s ig n ifican t, y e t ,  as i t  is u su a l, in  th e  case o f com 
p o u n d s w ith  te trah y d ro -/j-ca rb o lin e  sk e le to n  [8], m a in ly  th e  sp littin g  o ff o f 
th e  3-H  a to m  m u s t be  expec ted . T he p rin c ip a l f ra g m e n ta tio n  process o f com 
p o u n d  У is th e  о-sp littin g  o f th e  sk e le to n  (see F ig . lb )  w hich  is p a r t ly  a  re tro -  
D iels-A lder re a c tio n  lead in g  to  ion  o f m/e 170, an d  p a r t ly  invo lves H  m ig ra tio n , 
afford ing  th e  io n  169 an d  its  co m p lem en ta ry  ion  of m/e 134. Also th e  fo rm a tio n  
o f  ions 143 a t t r ib u ta b le  to  th e  c leavage o f  rin g  C can be observed . T he ion  ty p e s
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Fig. 1. 70 eV m ass sp e c tra  o f  co m pounds IV, V, V I

correspond ing  to  th ese  processes also a p p e a r  in  th e  sp e c tru m  of com pound 
l ib  [4].

In  c o n tra s t to  th e  com pounds m e n tio n e d  above, 3,14 dihydrorutecarpine 
(VI) e x h ib its  a su rp ris in g  b eh av io u r on  e lec tro n  b o m b a rd m e n t. T he s ta b ility  
of th e  m olecu lar ion is v e ry  low, an d  th e  m ain  f ra g m e n ta tio n  ro u te  is th e
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s p li t t in g  o f  ring  C (fo rm atio n  o f ions 130 an d  143). The а -sp littin g  w hich  has 
b e e n  fo u n d  to  be th e  m ain  sp littin g  p rocess fo r com pound V h av in g  an  id en tica l 
sk e le to n , does n o t occur a t  all in  c o m p o u n d  VI. On th e  basis o f th is  u n ex p ec ted  
b e h a v io u r , we p resum e th a t  th e  m o lecu la r ion  of VI undergoes th e  follow ing 
m o le c u la r  re a rra n g em e n t:

T h is p re su m p tio n  is su p p o rte d  b y  th e  p redom inance  o f th e  fo rm a tio n  of 
th e  ions of m/e 143 an d  130, w hich  is re a d ily  exp la ined  if  s tru c tu re  В is p re se n t; 
th e s e  ions can  also be observed  d u rin g  th e  fra g m e n ta tio n  o f N -su b s titu te d  
tr ip ta m in e s  [9]. The ion  143 can  be fo rm ed  from  s tru c tu re  В b y  m ean s of H  
m ig ra tio n , th ro u g h  a four- o r s ix -m em b ered  cyclic tra n s it io n  s ta te , an d  th e  
fra g m e n ts  p ro d u ced  correspond  to  s tab le  m olecules:

+

The ion  of m/e 130 can  be d e riv e d  b y  th e  hom oly tic  sp li t t in g  (/3-splitting) 
o f  th e  C5—C6 bond . T he A —*- В con v ersio n  of th e  m o lecu lar ion  o f V I an d  th e  
sugg ested  m echan ism  o f th e ir  fu r th e r  decom position  ro u te  are  also su p p o rte d  
b y  in v estig a tio n s w ith  co m p o u n d  lab e lled  b y  d e u te riu m : on  rep lac in g  th e  
ac tiv e  p ro to n s  o f com pound  VI b y  d e u te riu m , th e  m o lecu lar w eight is increased  
b y  tw o  u n its , an d  in  th e  lab e lled  sp e c tru m  th e  d e u te riu m  c o n te n t in  th e  ions 
o f  m/e 143 an d  130 is co m p le te ly  id e n tic a l w ith  t h a t  in  th e  m o lecu lar ion.

Acta Chim. (Budapest) 89, 1976



TA M ÁS e t  a l.: A L K A L O ID S , IV 8 9

E x p erim en ta l

T he m ass sp e c tra  w ere ob ta in ed  w ith  a n  M S-902 sp ec tro m ete r. T he ex ac t m ass o f th e  
m ain  ion peaks w as d e te rm in ed  a t h igh  re so lu tio n  w ith  a n  accu racy  o f ± 2  ppm .

Sam ples w ere  in tro d u c ed  by  d irec t in se rtio n . T he te m p e ra tu re  o f th e  ion ch am b er w as 
150 °C, th e  ioniz ing  e le c tro n  energy b e in g  70 eV.

T he p re p a ra tio n , physical c o n s tan ts  a n d  spectroscop ic  (U V , IR )  d a ta  of com p o u n d s 
ru tec a rp in e  (IV), ev o d iam in e  (V) and 3 ,1 4 -d ih y d ro ru tecarp in e  (VI) are  described in  a  p reced in g  
p a p e r  [7].

Com pound VI lab e lled  w ith d e u te riu m  w as p rep ared  b y  d isso lv ing  i t  in  D20  +  DC1.

[1] Ca no n ica , L .. D a n ie l i , B., Ma n it t o , P ., R u sso , G., F e r r a r i, G.: T e trah ed ro n  L e tte rs
47, 4865 (1968)

[2] D a n ie l i, B., Ma n it t o , P ., R o n c h et ti, F ., R u sso , G., F e r r a r i, G.: E x p erien tia  28, 249
(1972)

[3] D a n ie l i, B ., Ma n it t o , P ., R o n c h e t t i, F ., R u sso , G., F e r r a r i, G.: P h y to ch em . 11,
1833 (1972)

[4] D a n ie l i, B ., P a l m isa n o , G., R usso , G ., F e r r a r i, G.: P h y to c h em . 12, 2521 (1973)
[5] D a n ie l i, B ., P a l m isa n o , G., R a in o l d i, G ., R u sso , G.: P h y to c h em . 13, 1603 (1974)
[6] C l a u d e r , O., H o r v á t h - D ó r a , К .: A c ta  Chim . (B u d a p es t)  72, 221 (1972)
[7] H o r v á t h - D ó r a , К .,  C l a u d e r , 0 .:  A c ta  Chim. (B u d ap est) 84, 93 (1975)
[8] B u d z i k i e w i c z , H ., D j e r a s s i , C., W i l l i a m s , D. H .: S tru c tu re  E lu c id a tio n s  o f N a tu ra l

P ro d u c ts  b y  M ass S p ec tro m etry . V ol. 1, p . 77, H o ld en -D ay , In c ., S an  Francisco , 1964.
[9] T amás, J . :  U n p u b lish e d  d a ta

R E F E R E N C E S

Jó z se f  T a m á s  

G yörgy  B u j t á s
H -1088, B u d a p e s t, P u sk in  u. 11 13.

B u d a p e s t, H őgyes E . u . 7.
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THE TAUTOMERISM AND ISOMERISM OF 
ENAMINES RELATED TO ACRYLIC ACID

J .  F r a n k ,  P . D v o r t s á k , G. H o r v á t h ,  Z. M é s z á r o s  and G. T ó t h *

( Chemical and P harm aceutical W orks, C hino in , B udapest, and *R uhr U niversity, B ochum ,
G erm any )

R eceived Ju n e  26, 1975

T he ta u to m e rism  of acrylic  e s te rs  a n d  acry lo n itrile s  w as s tu d ied  b y  P M R  spec
tro sco p y . T he ex is ten ce  of th e  isom ers Z  an d  E  w as e stab lish ed  an d  th e ir  re la tiv e  ra tio  
d e te rm ined . B y  m easu rin g  th e  coalescence te m p e ra tu re , th e  a c tiv a tio n  free e n th a lp y  
of th e  isom erization  w as de term ined .

In  th e  course o f th e  syn thesis  o f  th e ra p e u tic a lly  u sefu l 4 -h ydroxyqu ino - 
line de riv a tiv es , th e  f in a l p ro d u c ts  w ere o b ta in ed  b y  m ak in g  use of some in te r 
m ed ia tes  re la ted  to  acry lic  acid.

In  his early  w o rk  C l a i s e n  [1] described  th e  co n d en sa tio n  reac tio n  o f 
an iline an d  e th y l e th o x y m e th y le n e m a lo n a te  (a b b re v ia ted  in  th e  lite ra tu re  as 
EM M E) to  yield e th y l  a -e th o x y carb o n y l-/? -an ilin o ac ry la te . T h erea fte r th is  
re a c tio n  has found  th e  m o st w id esp read  ap p lica tio n  fo r th e  p re p a ra tio n  of 
in te rm e d ia te s  of v a rio u s  4 -h y d ro x y q u in o lin es  [2, 3, 4, 5].

T he condensation  re a c tio n  of a ro m a tic  am ines (1) w ith  EM M E, i.e. th e  
sy n th esis  o f th e  com pounds 2a g w as effec ted  b y  bo iling  th e  com ponen ts in  
ab so lu te  e th an o l, o r gasoline. B y  a llow ing  th e  anilines l h —к  to  re a c t w ith  
e th y l oc-cyano-/?-ethoxyacrylate (a b b re v ia te d  in  th e  l i te ra tu re  as EM CE) in  
th e  above so lvents, com pounds 2h к  w ere o b ta in e d  in  n e a rly  q u a n tita tiv e  
y ie lds. C om pound 21 w as p re p a re d  b y  th e  re a c tio n  of an iline w ith  e th y l form yl- 
su cc in a te  [6]. The co m pounds sy n th esized  are sum m arized  in  T ab le  I.

* P re se n t adress: I n s t i tu te  o f O rganic C hem istry , Sem m elw eis M edical U n iv e rsity , 
P h a rm ac eu tica l F acu lty , B u d a p es t
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Table I

Compounds o f  type  2

R. R , R3 R. Ref.

a H H С2Н5 СООС2Н5 [ 3 ]

b OH C2H60 с,н5 СООС2Н5
C CIIjCOO C2H50 С2Н5 со о с ,н 5
d с10н 21о с,н5о С2Н5 со о с ,н 5 [ 1 0 ]

e 0 —C H ,-0 С2Н5 СООС2Н5 [ 7 ]

t 0 -C H 2- 0 С4Н9 СООС4Н9

g O—CH2- 0 СЙН5СН2 СООСН,—С6Н5
h H H С2Н5 CN [8]

i OH C2H50 С2Н5 CN

j C10H21O C2H50 С2Н5 CN [ 1 0 ]

к
о1и"и1о С2Н5 CN [9]

1 н  н
1

С2Н5 СН2СООС2Н5 [6]

Results and discussion

The com pounds o f ty p e  2 can  e x is t in  th e  enam ine or k e tim in e  ta u to m e ric  
fo rm . A ccording to  th e  li te ra tu re , in  secondary  am ines w h ich  are  co n ju g a ted  
w ith  a keto-, or es te r- o r n itrile  fu n c tio n , th e  tau to m eric  e q u ilib riu m  is p red o m 
in a n t ly  shifted to w a rd s  th e  enam ine  fo rm  [11, 12]. In  ag reem en t w ith  th is , 
a lso  in  com pounds 2a 1 th e  enam ine  ta u to m e ric  fo rm  is p rev a ilin g , as show n 
b y  th e  IR  and  N M R  sp ec tra , re sem b lin g  each  o th e r to  a la rge  e x te n t. As a 
m o d e l, com pound 2e w as s tu d ie d  in  d e ta il. In  its  N M R sp e c tru m  th e  N U  signal 
a p p e a rs  as a d o u b le t (<5 =  11.1, J  =  13 H z). The signal o f th e  v in y l p ro to n  can  
b e  found  a t b =  8 .46, s im ila rly  sp lit to  a doub le t. U pon  th e  a d d itio n  o f D 20  
th e  fo rm er b an d  d isap p ea rs , while th e  olefinic p ro to n  becom es a sing le t, show ing 
t h a t  th e  p ro ton  ex ch an g ed  has b een  in  th e  N H  g roup , lo ca ted  in  vicinal posi
t io n  to  the olefin ic = C H . The N H  b a n d , app earin g  a t  3260 c m “ 1 in  th e  I R  
sp e c tru m  sim ilarly  p ro v es th e  p re d o m in a n t ch a rac te r o f th e  am ine ta u to m e ric  
fo rm .

D uring th e  in v e s tig a tio n  o f c o n ju g a ted  enam ines i t  has been  estab lish ed  
t h a t  as a consequence of ex te n d e d  co n ju g a tio n , th ese  co m pounds can  be co n 
sidered , in good a p p ro x im a tio n , as p la n a r  m olecules [13]. As a re su lt, th e  U V  
ab so rp tio n  m ax im u m  above 300 n m  in th e  sp ec tru m  o f th e se  d e riv a tiv e s  ap p ea rs  
w ith  a very  h igh  in te n s i ty  (e >  104) [13] (see E x p e rim en ta l) .

B y te m p e ra tu re -d e p e n d e n t N M R  stud ies i t  has b een  show n th a t  ro ta t io n  
is h indered  n o t o n ly  a ro u n d  th e  C =  C double bond , b u t  also a b o u t th e  N  — C
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b o n d  [13 — 18]. F u r th e rm o re , D a b r o w s k i  et al. gave ev idence  for th e  h in d e red  
c h a ra c te r  of th e  ro ta t io n  a b o u t th e  = C  — CO b o n d  in  en am in o -ca rb o n y l d e r iv 
a tiv e s , and  also d e te c te d  th e  presence o f  s-cis an d  s-trans isom ers [13]. T h e  
la t te r  ro ta tio n  req u ire s  th e  low est a c tiv a tio n  energy , w hile h in d ran ce  o f  th e  
ro ta tio n  a round  th e  = C  — N H  bond  is m ore d e fin ite , a n d  th a t  a b o u t th e  
— C =  C bond  is s tro n g e s t. S h v o  an d  S h a n a n - A t i d i  [13] as w ell as D a h l -  

Q u i s t  [20] found  th e  ro ta t io n  b a rrie r (AG*) o f  th e  C =  C b o n d  in  1 -d im ethy l- 
am in o -l-m e th y l-2 -cy an o ca rb o m e th o x y e th y len e  to  be 14.8 kcal/m ole, while fo r  
th e  C—N  bond  th e y  gave  th e  co rrespond ing  va lu e  as 10.8 a n d  12.9 k ca l/m o le , 
resp ec tiv e ly . On th e  b as is  of w hat has b e e n  said  above, th e  ap p earan ce  o f  th e  
follow ing conform ers can  be expected  (n o t considering  th e  ca rb o n y l s-cis an d  
s-trans isom ers):

R 3

R.—N = <
X

Y

R i2

b

R, - / > = < x

The conform ers (a—d) a re  d iastereom ere; th e y  d iffer en e rg e tica lly , and  conse
q u e n tly  th e ir  p o p u la tio n  is also d ifferen t. I f  X = Y  (e.g. in  2a c), th e  confor
m ers (a—b) and  (c—d), respective ly , a re  “ d eg en e ra ted  iso m ers”  (topom ers), 
as X  an d  Y  are, from  th e  p o in t of view  o f th e  ro ta t io n , n o n e q u iv a le n t. A r o ta 
tio n  a b o u t th e  C =  C b o n d  m eans here th e  ex ch an g e  o f th e  d ia s te reo to p ic  g roups 
[21].

T he m ain  p u rpose  o f  th e  p resen t w o rk  w as to  s tu d y  th e  isom eriza tion  o f  
th e  ty p e  Z  E, a ris in g  from  ro ta tio n  a b o u t th e  C =  C b o n d .

T he h igh value o f th e  coupling  c o n s ta n t ( J nh.ch =  13 H z) suggests t h a t ,  
as a re su lt of steric fa c to rs , th e  equ ilib rium  o f th e  conform ers p ro d u ced  in  th e
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Tabic II

Com
pound Solvent

E z
Ratio E/Z*

CH NH CH NH

2h c d c i3 8.46(d) 8.7(d) 7.96(d) 10.7(d) 40 : 60

CDC13D20 8.46(s) — 7.96(s) _ 0 ON О

C6D6—N 0 2 8.32(d) 8.95(d) 7.98(d) 10.61(d) 40 : 60

2k CDC13 8.40(d) 8.6(d) 7.71(d) 10.8(d) 50 : 50

CDC13D20 8.40(s) — 7.71(e) — 50 : 50

c 6d 5- n o 2 8.28(d) 8.91(d) 7.90(d) 10.74(d) 50 : 50

С Я ,— COOC2H 5 СЯ2-С О О С 2Н 5

21 CDClg 3.46(s) — —

CDC13D20 3.46(s) 3.22(s) 30 : 70**

c0d 5- n o 2 3.61(e) 3.32(s) 95 : 5

* Im m ed ia te ly  a f te r  dissolution
** A fter s ta n d in g  fo r one day
T he m easu rem en ts  w ere carried  o u t a t  room  tem p era tu re ; th e  ra tio  E /Z  does n o t  in  

e a c h  case equal th e  co m position  in  th e rm o d y n am ica l eq u ilib riu m  ( th e  la t te r  is sh o w n  in 
T ab le  I I I ) .

ro ta t io n  ab o u t th e  N  — C =  bo n d  is p re d o m in a n tly  sh if te d  to w ard s  th e  con- 
fo rm e r con ta in in g  th e  p h en y l g roup  in  trans position  re la te d  to  C =  C.

The re la tiv e  r a t io  of th e  isom ers Z^= ±E  was d e te rm in ed  b y  m eans o f th e ir  
N M R  spectra . T h e  d a ta  are su m m arized  in  T able I I ,  in  w h ich  o n ly  th e  m o s t 
ch a rac te ris tic  p ro to n  signals are show n fo r th e  iso m eriza tio n  m odel co m p o u n d s 
s tu d ied .

In  th e  isom er Z , in  each case an  in tram o lecu la r  h y d ro g en  b o n d  is fo rm ed . 
A ccordingly , th e  p rocess of exchange  o f th e  N H  a g a in s t d e u te r iu m  re q u ire s  
sev era l days a t  ro o m  te m p e ra tu re , w hile th e  N H  in  isom er E  is ex ch an g ed  im m e 
d ia te ly .

Since th e  N H  signal che la ted  w ith  th e  ca rbony l g roup  ap p ea rs  a t  a h ig h e r  
ő value th a n  th a t  o f  th e  free, N H  am ong  o thers th is  fa c t  also offers a w a y  to  
d iffe ren tia te  b e tw e e n  th e  isom ers Z  a n d  E  b y  N M R sp ec tro sco p y .

The isom erism  can be b e s t o b serv ed  on th e  C H 2—COOC2H 5 sig n a l o f 
com pound  21; th e  E jZ  ra tio  can also be d e te rm in ed  here . T he assig n m en t b a se d  
u p o n  th e  N H  p ro to n  could easily  be  done, as isom er E  o f com p o u n d  21 cou ld  
be iso lated  an d  s tu d ie d  in  pu re  fo rm . In  d eu te ro ch lo ro fo rm  so lu tio n  th e  C H 2 
signal of th is iso m er appears a t  d =  3 .46, while th e  N H  signal a t  7.7 p p m . U p o n  
s tan d in g  a couple o f  hours a t room  te m p e ra tu re , th e  su b s ta n c e  in  so lu tion  c h a n g 
es in to  a m ix tu re  o f  th e  isom ers, a n d  th e  sing let o f th e  C H 2—COOC2H 5 g roup
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c h a ra c te r is tic  o f  isom er Z  ap p ea rs  a t  д =  3 .22, an d  th e  N H  b a n d  a t  10.0 p p m . 
As th e  assignm en t o f th e  signals is in  th is  m a n n e r  u n am b ig u o u s , on ly  th e  d a ta  
ch a rac te ris tic  o f C H 2—COOC2H 5 are  show n in  th e  T ab le .

The ra tio  o f  th e  g eom etrica l isom ers o f co m p o u n d  21 m easu red  im m ed i
a te ly  a fte r d isso lu tio n  undergoes a change w ith  tim e . U pon  s tan d in g  a t  room  
te m p e ra tu re  fo r th re e  hours in  ch loroform  so lu tio n  th e  a m o u n t of th e  o rig i
n a lly  pure  isom er E  is decreased  to  60% , an d  a f te r  3 d ay s  th e  eq u ilib riu m  is 
a lre a d y  sh ifted  to w a rd s  isom er Z , th e  isom er ra tio  be in g  75 : 25.

T he iso m eriza tio n  Z  —>- E  o f  th e  enam ines w as s tu d ie d  on th e  com pounds 
2a, e, h, к, 1 as w ell as on th e  N -m e th y l d e riv a tiv e  o f 2h [3]. T he IR  sp ec tra  o f 
th e  s tu d ied  com pounds, reco rd ed  in  K B r pelle ts , su p p o rt th e  re su lts  on th e  
ex istence  and  tra n sfo rm a tio n s  o f  th e  isom ers. In  th e  sp e c tra  severa l rC =  0  
b an d s  could be observed , from  am o n g  w hich th e  low  freq u en cy  value of th a t  
a p p ea rin g  a t  1685 c m " 1 arises fro m  th e  h y d ro g en  b o n d  in  isom er Z , while th e  
vC =  0  (ester) b a n d  o f th e  iso m er E  is, in  ty p e s  2a g, a t  1720 c m " 1. In  com 
p o u n d s  2h к i t  ap p ea rs  a t a b o u t 1710 c m " 1, an d  in  21 a t  1712; th e  b a n d  a p p e a r
in g  a t  1745 c m " 1 in  th e  case o f th e  la t te r  co m p o u n d  can  be a t tr ib u te d  to  th e  
j>C =  0  v ib ra tio n  o f th e  n o n -co n ju g a ted  este r g roup . (F o r th e  d e ta iled , e x a c t d a ta  
see E x p e rim en ta l.)  •

W hen  th e  te m p e ra tu re  w as ra ised  g rad u a lly  u p  to  220 °C d u rin g  th e  r e 
co rd ing  of th e  sp e c tru m , th e  b a n d  ch a rac te ris tic  o f isom er E  becam e g rad u a lly  
w eak er, while th e  b a n d  c h a ra c te ris tic  of Z  grew  s tro n g e r.

In  th e  te m p e ra tu re -d e p e n d e n t N M R m easu rem en ts  i t  has been  observed  
th a t  th e  bands se p a ra te ly  c h a ra c te ris tic  of Z  an d  E  coalesce above a ce rta in  
tem p e ra tu re  v a lu e  (T c), co rrespond ing  to  th e  fa c t  t h a t  th e  iso m eriza tion  becam e 
u n h in d ered . F ro m  th e  above e ffec t th e  a c tiv a tio n  e n th a lp y  of th e  isom eriza tion  
can  be  de te rm in ed  on th e  basis  o f  th e  E y rin g  c o rre la tio n  [22]. The resu lts  of 
th e  m easu rem en ts  are  co n ta in ed  in  T able I I I .

Iso m eriza tio n  a ro u n d  th e  n o n -c o n ju g a te d  C =  C doub le  b o n d  is a t  room  
te m p e ra tu re  m o s tly  h in d ered , as a  re su lt of th e  g re a t a c tiv a tio n  free e n th a lp y  
(AG* =  25 — 65 kcal/m ole). In  th e  case of o lefins w ith  e x te n d e d  co n ju g a tio n , 
w here  on one side o f th e  double b o n d  e lec tro n -w ith d raw in g , an d  on th e  o th e r

T ab le  I I I

Com
pound Signal evaluated Hz тс ° с Kcal/mole Solvent

Ratio
E\Z

2a — ОСЯ2-С Н 3 3.3 88 19.8 C6D6—NO, X

e — ОСЯ2-С Н 3 4.1 86 19.5 C6D5-N O , X

h -ОСЯ2-С Н 3 6.5 162 23.4 c6d 5 N 0 2 40 : 60

к — ОСЯ2-С Н 3 7.0 161 23.3 CcD5— NO, 25 : 75

1 — СН2СООС2Н5 200 25.0 C0D5—NO, 70 : 30
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side electron-releasing  s u b s titu e n ts  a re  lo ca ted , th e  a c tiv a tio n  free e n th a lp y  
m a y  be  decreased to  such  an  e x te n t  (zlG* =  5 25 kcal/m ole), t h a t  th e  in v es
t ig a t io n  of th e  ro ta tio n  b y  D N M R  becom es possible [18].

T he isom eriza tion  Z^= ±E  o f th e  enam ines can  p roceed  in  tw o  w ays. 
I t  is possible th a t  i t  ta k e s  p lace via  th e  k e tim in e  ta u to m e ric  fo rm , a lth o u g h  th is  
fo rm  could  n o t be d e te c te d  e x p e rim e n ta lly , since com ponen ts b e in g  p re se n t a t 
s ta t io n a ry  co n cen tra tio n s o f less th a n  1 % , can n o t be d e te c te d  b y  th e  m e th o d  
a p p lie d . The o th e r p o ssib ility  co nsists  o f ro ta tio n  a ro u n d  th e  C =  C b o n d . The 
iso m eriza tio n  Z  E  w ill ta k e  th e  re a c tio n  ro u te  w hich  req u ire s  less energy .

I f  th e  isom eriza tion  Z  E  p ro ceed s via  ta u to m e riz a tio n , s tro n g  p ro to n  
c a ta ly s is  can be ex p ec ted . I t  h as  b een  show n th a t  th e  iso m eriza tio n , e.g. of 
en am in es  and k e ten am in a ls  is s tro n g ly  ca ta ly zed  b y  trace s  o f  acid  or w a te r  in 
th e  so lv en t [17, 23, 24]. P ro to n  ca ta ly s is  w as also o bserved  in  th e  isom eriza- 
t io n s  o f th e  enam ines s tu d ie d  in  th is  w ork . A dd itio n  of a c a ta ly tic  a m o u n t of 
CFgCOOH to  th e  CDC13 so lu tio n  in c rea sed  th e  ra te  of iso m eriza tio n  to  ab o u t 
th e  doub le , and in  n itro b en zen e  i t  re su lte d  in  a sig n ifican t decrease in  th e  coa
lescence  tem p e ra tu re  T c. B ased  on  th is  evidence i t  can  be sugg ested  th a t  in 
p ro tic  m edium  th e  iso m eriza tio n  p roceeds p re d o m in a n tly  via  ta u to m e riz a tio n .

F o r th e  purpose  o f  s tu d y in g  th e  n o n -ca ta ly zed  th e rm a l ro ta t io n  ab o u t 
th e  C =  C bond , exclud ing  th e  p o ss ib ility  of ta u to m e riz a tio n , e th y l a-cyano-/?- 
(N -m e th y l)-an ilin o ac ry la te  (3) w as sy n th e tiz e d . T his com p o u n d  h a d  been  s tu d 
ied  b y  Shvo [13], a n d  sim ila rly  to  our re su lts  th e y  concluded  th a t  b y  
in tro d u c in g  th e  N -  C H 3 g roup , th e  e q u ilib riu m  Z^=±E  is sh ifted  to  such  a large 
e x te n t  th a t  th e  iso m eriza tion  Z ^ = tE  can  no longer be s tu d ie d .

A n o th er w ay  o f avo id ing  ta u to m e r iz a tio n  is to  use an  a p ro tic  so lven t. 
F o r  th is  purpose th e  m easu rem en ts  w ere carried  o u t in  p u re  n itrobenzene  
c o n ta in in g  no tra c e  o f  w a te r  or ac id . In  th is  case th e  iso m eriza tio n  ta k e s  its 
cou rse  b y  ro ta tio n  a ro u n d  th e  C =  C b o n d , via  a d ip o la r tr a n s it io n  s ta te  (B ), the  
fo rm a tio n  of w hich

\ -  I /
N —C = C

/
A

\
\  I © /

N = C  —C
/ ©  \

В

is in flu en ced  by  th e  e lec tro n -re leasin g  or e le c tro n -a ttra c tin g  p ro p e rtie s  of the  
a t ta c h e d  su b s titu e n ts .

A m ong th e  o b ta in e d  d a ta  i t  is s tr ik in g  th a t  u p o n  rep lac in g  th e  ester 
g roup  b y  n itrile , th e  a c tiv a tio n  free e n th a lp y  increases, in  sp ite  o f th e  fa c t th a t  
° c n  < C  ° c o o c h 3- A ccord ing  to  S h v o  [13], how ever, b o th  th e  g ro u n d  an d  th e  
e x c ite d  s ta te s  shou ld  be ta k e n  in to  co n sidera tion , an d  in  th is  m an n e r the  
m esom eric  p a r t  o f a is o f decisive im p o rta n c e , th u s  <TmCH <7 в тсоосна’

O n th is  basis i t  can  also be u n d e rs to o d  th a t  in  th e  case o f th e  e s te r  side 
c h a in  ex ten d ed  b y  a m e th y len e  g roup  (21) th e  ac tiv a tio n  free e n th a lp y  is signif
ic a n tly  increased , because  еГснгсоосгн5 Ocn-
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In  th is  case o f  com p o u n d  21 th e  th e rm o d y n a m ic a lly  less stab le  isom er E  
could  be iso la ted  in  p u re  fo rm , th o u g h  a m ix tu re  of th e  isom ers (E  : Z  =  36:64) 
w as form ed in  th e  re a c tio n . Iso m er Z  can  be se p a ra te d  b y  frac tio n a l c ry s ta lli
za tio n , and  as a consequence  of th e  large  value of AG* no iso m eriza tion  occurs 
a fte r  p re c ip ita tio n  o f  th e  cry sta ls .

E xperim en ta l

T he UV sp ec tra  w ere o b ta in ed  w ith  a  U n icam  S P  800, th e  I R  sp e c tra  w ith  a Zeiss U R  20 
an d  th e  N M R  sp ec tra  w ith  a P e rk in -E lm er R 12 , V A R IA N  NY -14 a n d  a  JE O L  C 60-H L  
sp ec tro m ete r. The I R  sp e c tra  w ere reco rded , also a t  h ig h  te m p e ra tu re s , in  K B r pelle ts. In  
th e  N M R  m easu rem en ts  te tra m e th y ls ila n e  w as used  as s ta n d a rd , th e  v a lu es of th e  chem ical 
sh ifts  are  given on th e  <5 scale. P re p a ra tiv e  lay e r ch ro m a to g rap h y  w as carried  o u t on  0.25 
m m  K ieselgel G (M erck) a d so rb e n t lay e rs  on  m ic ro p lates o f th e  size 4 X 7.5 cm . The sp o ts w ere 
d e tec ted  b y  using iod ine v a p o u r  or D rag g en d o rff’s reag en t.

Preparation of a-ethoxycarbonyl-/?-anilinoacrylic esters (2a— g)
Ethyl a-ethoxy carbonyl-/?-anilinoacrylate (2a) [3]

M .p. 50— 52 °C
UV (ethanol): Amax 313 an d  289 nm .
I R  (K B r): vN H  3200; v C = 0  1700; rC = C  1652; v C = C (ar) 1605, 1590, 1512; rC — О — C 

1280, 1260, 1040 c m - 1.
N M R  (CDC13): 11.02 (1, d, N H ); 8.48 (1, d, = C H ) ;  7.4— 6.9 (5, m , A r H ); 4.28 (2, q , 

O C H ,); 4.23 (2, q , O C H 2); 1.36 (3, t ,  CH3); 1.32 (3, t ,  C H 3).

Ethyl a-ethoxyca rbonyl-,:i-(3-i't hoxy-4-hyd roxy a nil ino)-acrylate (2b)

A  m ix tu re  o f 4 -h y d ro x y -3 -e th o x y an ilin e  (15.31 g; 0.10 m ole) a n d  EM M E (26.01 g; 
0.12 m ole) w as h ea ted  on  a  w a te r  b a th  for 1 h r. A fte r d ilu tio n  w ith  gaso line  (30 m l) th e  so lu tio n  
was re flu x ed  for ad d itio n a l 2 h rs . T he m a te ria l w hich p re c ip ita te d  u p o n  cooling was se p a ra ted  
b y  f i ltra tio n . A san d -co lo u red  su b stan ce  (27.78 g; 8 6 % ) w as o b ta in e d , m .p . 80 °C.

C1gH 2IN 0 6 (323.347). Calcd. C 59.43; H  6.54; N  4.33. F o u n d  C 59.57; H  6.61; N  4 .3 0 % .
UV  (ethanol) : / max 334 and  227 nm .
I R  (K B r): rO H  3550; rN H  3270; i>C =  0  1720 an d  1665; 1>C=C 1630; j>C— О— C 1260 

an d  1160 c m -1 .
N M R  (CDC13): 11.0 (1, d, N H , J  =  14 H z); 8.48 (1, d , =  C H , J  =  14 H z); 7.1— 6.5 

(3, m , a r-H ); 6.0 (1, b ro a d , O H ); 4.6— 3.9 (6, q , OCH2); 1.6— 1.2 (9, t ,  C H 3).

Ethyl a-ethoxycarbonyl-/S-(3-ethoxy-4-acetoxyanilino)-acrylate (2c)

4 -A cetoxy-3 -e thoxy-an iline  (58.56 g; 0.30 m ole) w as allow ed to  re a c t  w ith  EM M E (80.40 
g; 0.33 m ole) in  boiling e th y l  a c e ta te  (45 m l) fo r 3 h rs. T he p ro d u c t c ry sta lliz ed  up o n  cooling; 
th e  w h ite  substance  w as f i lte re d  off and  w ashed  w ith  ab so lu te  a lcohol to  o b ta in  a  w h ite  su b 
stan ce  (98.22 g; 8 9 .6% ). m .p . 115 °C

ClgH 23NOc (365.380). C alcd. C 59.17; H  6.34; N  3.83. F o u n d  C 59.90; H  6.60; N  4 .01% .
I R  (K B r): rN H  3250; r C = 0  (acy l) 1770; r C = 0  (ester) 1720 a n d  1670; rC = C  1630; 

rC — О— C 1260, 1235 a n d  1170 c m “ 1.
N M R  (CDC13): 11.1 (1 , d, N H , J  =  13 H z); 8.51 (1, d , = C H , J  =  13 H z); 7.8— 7.1 

(3, m , a r-H ); 4.6— 3.8 (6, q , O C H 2); 2.3 (3, s, C H 3CO); 1.6— 1.2 (9, t ,  C H 3).

Ethyl a-ft hoxycarbonyl-/?-(3-ethoxy-4-decyloxyanilino)-acrylate (2d) [10]
M .p. 46 °C.

UV (ethanol): Лтах 330 nm .
I R  (K B r): vNH 3280; v € = 0  1720, 1702, 1675; i>C=C 1631; vC = C  (a r)  1600, 1530, 1472; 

vC— О— C 1260, 1238, 1044 c m - 1.
N M R  (CDC13): 12.0 (1 , d , N H , J  =  14 H z); 8.51 (1, d , = C H , J  =  14 H z); 7.1— 6.6 (3, 

m , a r-H ); 4 .6— 3.9 (8, m , O C H 2); 2.0— 0.8 (28, m , a lip h a tic  H ).
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Ethyl a-ethoxycarbonyl-j3-(3’4-methylenedioxyanilino)acrylate (2e) [7]

M .p. 109— 111 °C.
UV (ethanol): / max 332 and  222 nm .
I R  (K B r): vN H  3260; r C = 0  1717, 1695; v C = C  1650; v C = C  (ar) 1610, 1520; j>C— О — C 

1280, 1240 and 1040 c m ' 1.
N M R  (CDC13): 11.5 (1 , d , N H , J  =  13 H z); 8.43 (1, d , = C H , J  =  13 H z); 6.9— 6.3 

(3 , m , a r-H ); 6.03 (2, s, O — CH2- 0 ) ;  4.29 (2, q , O CH 2); 4.16 (2, q, O C H 2); 1.36 (3, t ,  CH3); 
1.30 (3, t ,  CH3).

Butyl a-butoxycarbonyI-/3-(3,4-methylenedioxyanilino)-acrylate (2f)

A m ix tu re  o f 3 ,4 -m e th y len ed io x y an ilin e , (13.71 g; 0.1 m ole) d ib u ty l  e th o x y m eth y len e- 
m a lo n a te  (34.04 g; 0.1 m ole) an d  b u tan o l (6 m l) w as boiled  for 30 m in . T h e  c ry s ta ls  w hich  p re 
c ip i ta te d  upon cooling w ere  filte red  off a n d  w ash ed  w ith  cold alcohol. A slig h tly  coloured  
p ro d u c t  (26.89 g; 7 4 % ), m .p . 58— 60 °C, w as o b ta in e d .

C19H 25N 0 6 (363.414). Calcd. C 62.80; H  6 .93; N  3.85. F o u n d  C 62.27; H  6.81; H  3 .82% .
UV (ethanol): Amax 333 nm .
IR  (K B r): r N H  3270; r C = 0  1700; i-C = C  1650; rC =  C (ar) 1610, 1522, 1476; vC— О— C 

1250, 1040 c m “ 1.
N M R  (CDC13): 12.0 (1, d, N H , J  =  13 H z ); 8.49 (1, d, = C H , J  =  13 H z); 7.0— 6.5 

(3, m , a r-H ); 6.04 (2, s, O — CH2— 0 ) ;  4.29 a n d  4 .24 (4, t ,  OCH2); 2.0— 0.8 (14, m , a lip h a tic  H ).

Benzyl <x-benzyloxycarbonyl-/?-(3,4-methylenedioxyanilino) -acrylate (2g)

3 ,4 -M ethy lened ioxyan iline  (13.71 g; 0.1 m ole) was dissolved in  b en zy l alcohol (15 ml) 
a n d  d ibenzyl e th o x y m e th y len e m a lo n a te  (34 .04 g ; 0.1 m ole) w as ad d ed  to  th e  so lu tion . A fter 
te rm in a tio n  of th e  e x o th e rm ic  re ac tio n , u p o n  cooling, a c ry sta llin e  su b s tan ce  p re c ip ita te d . 
A f te r  a few hours th e  coo led  suspension w as f i lte re d  and  th e  p ro d u c t w ash ed  w ith  alcohol to  
o b ta in  a w hite c ry s ta llin e  m a te ria l 23.8 g; 5 5 .2 % , 121— 122 °C.

C25H 2,N 0 6 (431 .449). Calcd. C 69.60; H  4 .90; N  3.25. F o u n d  C 69.23; H  4.79; N  3 .22% .
UV (ethano l): Amax 335 nm .
I R  (K B r): v N H  3266; j» C = 0  1695; v C = C  1640: rC = C  (ar) 1610, 1512; j>C— О— C 1280, 

1235, 1046 c m " 1.
NM R (CDC13): 11.0 (1, d , N H , J  =  14 H z ); 8.48 (1, d, = C H , J  =  14 H z); 7.5— 6.5 (13, 

m , a r-H ); 5.98 (2, s, O — C H 2— O); 5.33 a n d  5.29 (4, s, OCH2).

Preparation of ethyl a-cyano-/3-anilinoacry lates (2h-k)
Ethyl a-cyano-/S-anilinoacryIate (2h)

M .p. 109 °C.
UV (e thano l): Ámax 318 nm .
I R  (K B r): FN H  3210; j>CN 2222; v C = 0  1708, 1677; rC = C  1636; rC =  C (ar) 1605, 1592, 

1500; rC— О— C 1258, 1038 c m " 1.
NM R (CDC13): iso m er Z: 10.7 (1, d , N H , J  =  14 H z); 7.96 (1, d , = C H , J  =  14 H z); 

iso m er E : 8.70 (1, d , N H , J  =  14 H z); 8.46 (1, d , = C H , J  =  14 H z ); 7 .7— 7.0 (5, m , a r-H ); 
4 .35 (2, q, OCH2); 1.36 (3, t ,  CH3).

Ethyl a-eyano-/?-(3-elhoxy-4-hydroxyanilino)-acrylate (2i)

A m ix tu re  o f  3 -e th o x y -4 -h y d ro x y an ilin e  (3.06 g; 0.02 m ole) a n d  EM C E (3.72 g; 0.022 
m ole) was m o lten  in  gaso line  (30 m l) a n d  h e a te d  on  a  boiling w a te r  b a th  fo r 3 h rs . D uring  th e  
re a c tio n  th e  o rig in a lly  b ro w n  oily p h ase  d is in te g ra te d  to  give a l ig h t co loured  solid. F il tra tio n  
gav e  th e  p ro d u c t (5 .5  g ; 9 9 % ), m .p . 129— 130 °C.

C14H 16N 20 4 (276.294). Calcd. C 60.85; H  5.84; N  10.14. F o u n d  C 60.70; H  5.98; N  10 .42% .

Ethyl a-cyano-/?-(3-ethoxy-4-decyloxyanilino)-acrylate (2j) [10]

M .p. 112— 113 °C. У|
UV (e th an o l): Amax 334 and  258 nm .
IR  (K B r): i>NH 3230; lU N  2226; r C = 0  1718, 1680; rC = C  1654; rC =  C (a r)  1605, 1537, 

1478; vC— О— C 1240, 1042 c m “ 1.
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N M R  (CDC13): 10.8 (1, d , N H , J  =  13 H z); 7.82 (1, d , = C H , J  =  13 H z); 7 .1 — 6.5 
(3, m , a r - f f ) ;  4 .5 — 3.8 (6, m , OCH2); 2 .0— 0.7 (25, m , a lip h a tic  H ).

E th y l a-cyano-/S-(3 ,4-m ethylene<lioxyanilm o)-acrylate (2 k )

M .p. 158 °C.
U V  (e th a n o l): Amax 332 an d  257 п т .
I R  (K B r): vN H  3222; rCN 2216; r C = 0  1709, 1684; v C = C  1653; vC = C  (a r) 1510, 1478; 

rC— О— C 1248, 1040 c m “ 1.
N M R  ( C D C I 3 ) :  iso m er Z : 10.8 (1, d , N H , J  =  13 H z); 7.71 (1, d , = C H , J  =  13 H z); 

iso m er E :  8.60 (1, d , N H , J  =  14 H z); 8.40 (1, d , = C H , J  =  14 H z); 7 .0—6 .5 (3 , m , a r -H ) ; 6.06 
(2, s, O — CH2—O); 4.22 (2, q , O CH ,); 1.37 a n d  1.34 (3, t ,  CH3).

E th y l 3 -an ilino-/3-ethoxycarbonylvm ylacetate  (21)

A  m ix tu re  o f  an ilin e  (37.24 g; 0.4 m ole) an d  d ie th y l fo rm y lsu cc in a te  (80.82 g ; 0 .4  m ole) 
w as b o iled  in  ben zen e  (400 m l) for 3 h rs  in  a  f la sk  eq u ip p ed  w ith  an  a u to m a tic  w a te r  se p a ra to r . 
T h e  m ix tu re  o f  w a te r  a n d  benzene, o b ta in e d  as th e  d is tilla te , w as rem oved . T he yellow  so lu tio n  
w as e v a p o ra te d  to  d ry n e ss  in  v acu u m  a n d  th e  re m a in in g  orange coloured  oil w as c ry s ta lliz ed  
b y  cooling  an d  ru b b in g , to  o b ta in  an  ap rico t-yellow , s tic k y  m a te ria l (108.4 g; 98 .3 % ), co n sis tin g  
of a  m ix tu re  o f th e  isom ers Z  and  E . R ecry s ta lliz a tio n  fro m  ace tone  or d ry  alcohol gave  snow - 
w h ite  c ry s ta ls  m e ltin g  a t  100 °C (lit. [6] m .p . 102 °C), re p re sen tin g  isom er E .  I n  th is  m a n n e r  
one o f th e  g eo m etrica l isom ers was iso la ted  in  a hom ogeneous, p u re  fo rm , as p ro v ed  u n a m b i
g uously  b y  th e  N M R  sp ec tru m  and  TLC  ex am in a tio n  (one spo t, developed in  th e  so lv en t m ix 
tu re  ben zen e: m e th a n o l =  4 : 1 ) .

U V  (e th an o l): Amax 314 nm .
I R  (K B r): r N H  3355; r C = 0  1715 a n d  1685; rC =  C 1656; v C = C  (ar) 1610 a n d  1510; 

vC— О— C 1250 c m - 1.
N M R  (CC14): isom er Z : 10.0 (1, d , N H , J  =  12 H z); 7.30 (1, d , = C H , J  =  12 H z ); 3.22 

(2, s, C H 3); isom er E :  8.11 (1, d , = C H , J  =  14 H z); 7.70 (1, d , N H , J  =  14 H z); 3.46 (2, s, C H 2); 
7.6— 6.8 (5, m , a r-H ); 4 .5— 4.0 (4, m , O CH 2); 1.5— 1.1 (6, m , C H 3).

E th y l a -cy an o -|9 -(N -m ethy lan ilino )-acry la te  (3)

N -m e th y lan ilin e  (1.07 g; 0.01 m ole) w as d isso lved  in  d ry  alcohol (5 m l), a n d  E M C E  
(1.85 g ; 0.011 m ole) w as ad d ed . The m ix tu re  w as re flu x ed  fo r 3 h rs. T h e  so lven t was e v a p o ra te d , 
th e  re s id u e  d isso lved  in  ace to n e  and  th e  p ro d u c t p re c ip ita te d  b y  th e  a d d itio n  of p e tro leu m  e th e r  
an d  cooling , to  o b ta in  a  yellow  su b stan ce  (0.8 g; 34 .8 % ), m .p . 98 °C.

R e c ry s ta ll iz a tio n  from  an  e th y l a c e ta te -p e tro le u m  e th e r  ra ised  th e  m eltin g  p o in t  to
105 °C.

Ci 3H 14N 20 2 (230.267). Calcd. C 67.81; H  6.13; N  12.16. F o u n d  C 67.39; H  6.09; N  1 2 .2 6 % . 
U V  (e th an o l): Amax 299 nm .
I R  (K B r): rC N  2210; r C = 0  1710; vC— О— C 1245 c m " 1.
N M R  (CD3O D ): 8.15 (1, s, = C H ) ;  7 .7— 7.3 (5, m , a r-H ); 4.26 (2, q, OCH2); 3.77 (3, s 

N — C H ,); 1.30 (3, t ,  C H 3).
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A C T A  CH IM IC A

Т О М  8 9 - В Ы П .  1

Р Е З Ю М Е

Применение смесей воды со спиртом в осмометрии упругости паров

Ю . С А Б О -Л А К А Т О Ш  и  И . Л А К А Т О Ш

Н а основе эксперим ен тальны х  дан н ы х , полученны х пр и  использовани и  смесей воды с 
м етанолом , воды с этанолом  и воды с изопропанолом  в осмом етрии у пругости  п аров , были 
сделаны  следую щ ие заклю чения.

1. Н аклон  анали тической  п р я м о й  д л я  воды, полученны й в  бинарны х см есях  (из
м енение полярного сопротивления), м о ж ет  быть увеличен и относи тельная погреш ность 
м етода м ож ет быть ум еньш ена до ж ел а ем о й  величины.

2. Д альнейш им  преим ущ еством  пр и  использовании смесей вода-спирт я в л я ет ся  то, 
что м о ж ет  быть определена способность к  диссоциации изучаем ого  вещ ества, а  т ак ж е  
наиболее вероятны й м о л ек у л яр н ы й  вес  (с точностью  до 2 —3 относительны х процентов) 
вещ еств, претерпеваю щ их диссоциацию  (ассоциацию ) в воде ил и  водны х средах.

3. Выло установлено , что х о тя  м едленное установление фазового равн овесия ж и д
ко сть-п ар  меш ает изм ерениям , однако, так о го  рода помехи м о гу т  бы ть устранены  увеличе
нием продолж ительности  измерений, более частой сменой растворителей .

Определение перекиси водорода и неорганических пероксомонокислот при их
совместном присутствии

И . Ш Н Е Й Д Е Р ,  Л .  Н А Д Ь  и  Л .  Й . Ч А Н И

Б ы ло найдено, что около pH  =  7  к ата л и за  селективно р асщ еп ляет  переки сь водо
рода, в присутствии пероксо-м оносерной  кислоты  или пероксо-моноф осфорной кислоты . 
Это поведение м ож ет бы ть использовано  при  определении переки си  водорода и  пероксо
м онокислот, присутствую щ их совместно. П ереки сь водорода, в  одном из образцов ан ал и 
зи руем ого  вещ ества, расщ еп ляю т с пом ощ ью  катали зы , э после этого p H  раствора  дово
ди тся  до 4 и вы деляю щ ийся за  счет пероксо-м онокислот свободны й йод изм еряю т спектро
фотометрически. В другом  ж е  образце подобны м образом определяю т всю окисляю щ ую  спо
собность.

Масс-спектрометрическое исследование соединений типа XSiH3

Г . И Н Н О Р Т А , Л .  С Е П Е Ш  и  Й . Б О Р О Ш А И

Б ы л и  исследованы  соединения E tS iH 3, P rS iH 3, P h S iH 3. В сняты х  спектрах  домини
р у ю т фрагменты, полученны е потерей одного или  двух  а. м. е. Б ы л и  определены  потен
ц и ал ы  ионизации т а к ж е  к а к  и потенциалы  п оявлен и я  дом инирую щ их ионов (Р-1+ , Р -2+ ) и 
бы ли  рассчитаны  эн ер ги и  ди ссоциации ионной связи  S i— Н . Э ти данны е получены  при 
использовани и  м еханизм ов ионизации д л я  а л к и л  и арил-си ланов . П роблем а определения 
величины  D (Si—С) на основе A P(s+) и л и  A P (S iH 3+) обсуж дается , при ним ая  во вним ание 
прави л о  Стивенсона. П редлагаю тся п р и бл и ж ен н ы е  м еханизм ы  фрагм ентации.



Комплексное исследование никелевых скелетных катализаторов, VII

Р а сп р ед ел ен и е  н и к ел я  и с о д е р ж а н и е  вод орода  н а  скел етн ы х  к а т а л и за т о р а х
А . Т У Н Г Л Е Р , Й . П Е Т Р О , Т . М А Т Е , Й . Х Е Й С М А Н , Ш . Б Е К А Ш И  и  3 .  Ч Ю Р Ё Ш

Н ам агничиваем ость ш ести  различн ы х ни келевы х скелетны х катали зато р о в  бы ла 
и зм ер ен а  в  зависимости от силы  п о л я  и  тем пературы . О бразцы  предварительн о  подверга
л и сь  терм ообработке пр и  100—400°С . Отсюда с помощ ью  расчетного м етода на ЭВМ 
бы ли определены  насы щ енная нам агничиваем ость и тем пература К ю ри . И зм енение м агнит
ны х  вели чин  сравнивалось с р езу л ьтатам и  терм одесорбционны х и дериватограф и ческих  
исследований . Бы ла определена зависим ость, с одной стороны , м еж д у  изменением насы 
щ енн ой  намагничиваем ости и «качеством» и количеством  десорбированного  Н 2, а с другой  
стороны , м еж ду  увеличением  тем п ер ату р ы  К ю ри и изменением разм еров  частиц  к ата л и за 
то р а. Отсю да можно зак л ю ч и ть , что тем пература К ю р и  ф ерром агнитного н и кел я , н а х о 
д я щ его ся  на скелетны х к а т а л и за то р а х , вследствие м алы х  разм еров частиц , значительно 
м ен ьш е д л я  компактного н и к е л я , а т ак ж е  что две формы водорода, сорбированного на 
н и к ел е , в  различны х степенях  ум ен ьш аю т нам агничиваем ость н и келя .

Комплексы переходных металлов с а-диоксиимином, LI

К о м п л ек сд и н и тр о -б и с -п р о п о к си м ато -к о б ал ь та(П  1 )и к и н е т и к а его а к в о ти за ц и и

Ч . В А Р Х Е И , 3 .  Ф И Н Т А , А . Б Е Н К В  и С . М И Х А Л Ь Ч А

Н овы й ком плексны й ион  [Co(riponoKC.H)2(N 0 2)2] -  был получен  реакци ей  зам е
щ ен и я  с м етализопропилглиоксим ом  («пропоксим» - П роп окс .Н 2) и з [C o (N 0 2)6]-3 . Р я д  
н овы х  солей этого аниона бы л  приготовлен  реакц и ям и  двойного р а зл о ж е н и я . Й К  спектр 
этого  соединения был снят  и  о бсуж дается . К инетика аквотизации  [С о(П ропокс.Н )2(1Ч02)2]“ 
бы ла исследована в ш ироком  и н тер в ал е  pH  и полученны е кинетически е парам етры  сравни
в ал и сь  с аналогичны ми им п арам етрам и  для  дим етилглиоксим а.

Тиокарбамидные производные в морфиновом ряду, I

Р . Б О Г Н А Р , Д Б .  Г А А Л , П . К Е Р Е К Е Ш , Г . Х О Р В А Т  и  Е . С И К С А И

И з норморфина, н о ркодеин а и нордигидрокодеина с помощ ью  различн ы х  изотио
ц и ан ато в  были получены  следую щ ие тиокарбам идны е производны е: 
М -[[Ч -бензилтиокарбам ино]-норм орфин (IV),
К -[1Х -циклогексилтиокарбам ино]-норм орф ин (V),
N -fN -ф енилтиокарбам ино]-н орко  деин (VI),
N-[ N -м етилтиокарба.миноj-но р ко деи н  (V II),
N - [N -бензилтиокарбам иноф норкодеин  (V III),
N -fN -циклогексилти окарбам ин оф норкодеин  (IX ),
М -[М -2,3 ,4 ,6-тетраацетил-/3-0-глю козилтиокарбам ино]-норкодеин (X ), 
N -fN -м етилтиокарбам иноф нордигидрокодеин  (X I),
N -fN -ф енилтиокарбам иноJ-н о р дигидрокодеин (X II) , 
N -fN -бензилтиокарбам иноф-нордигидрокодеин (X II I ) ,  
N -fN -циклогексилтиокарбам иноф нордигидрокодеин  (X IV ),
N -[N -2 ,3,4,6-тетраацетил-/J-D-глю козилтиО карбам иноф нордигидрокодеин (X V ) и 
N - [N -адам антилтиокарбам ино ]-нордигидрокодеин (X V I).



Стереохимические исследования, XXVII

С интез п отен ц и альн ы х  ф ар м ак о н о в  ти п а  ам и д ов  к и сл о т , I I I  
П олучен и е прои зводн ы х цис- и т р ан с -2 -ам и н о -1 -ц и к л о п ен тан , 1-ц и к л о ге к с а н  

и 1 -ц и кл о геп тан кар б о кси м и д о в
Г . Б Е Р Н А Т , Л .  Г Е Р А , Д Ь .  Г Е Н Д Ё Ш  и  И . П А Н О В И Ч

И сходя из цис- и  т /ш нс-2 -ам ин о-1 -ц иклопентанкарбоновы х  к ислот  (2а, За), цис- и 
т р а н с-2 -ш т ю -  1 -циклогексанкарбоновы х к ислот  (2в, Зв), а  т а к ж е  /лранс-2-ам ино-1- 
циклогептановой  кислоты  (Зс), бы ли синтезированы  для  ф арм ако л о ги чески х  исследований  
м ногочисленны е N -замещ енны е цис- и  ш /мнс-2-амино- 1 -ц и клоалкан карбоксам и д ы  (16, 
17а—е, 18, 19а—h v 20а, Ь). Б ы л и  получены  т а к ж е  некоторы е N -зам ещ енны е цис- и  т ранс- 
-2-(ф орм илам ино)-1-циклогексанкарбоксам иды  (22а—f, 23), N -зам ещ енны е цис-2-(ацетил- 
ам ино)-1-циклогексанкарбоксам иды  (2 7 а—f) и N-замещ енны е т ранс-2-(ацетилам ино)-1- 
-циклогексан карбоксам и ды  (28а—е).

Алкалоиды со скелетом индоло|2,3-с)хиназолино[3,2-а)пиридина, IV

М асс-спектр  р у т е к а р п и н а , эво д и ам и н а  и 3 ,1 4 -д и ги д р о р у те к ар п и н а
И . Т А М А Ш , Д Ь .  Б У Й Т А Ш , К . Х О Р В А Т -Д О Р А  и О . К Л А У Д Е Р

П риводится м асс-спектр р у тек ар п и н а , эводиамина и 3 ,14 -дигидрорутекарпин а. Н а 
основе исследований было найдено, что перед ф рагм ентацией м о л ек у л яр н ы й  ион послед
него соединения претерпевает п ер егр у п п и р о вку  в  скелете.

О таутомерии и изомеризации энаминов акриловой кислоты

Й . Ф Р А Н К , П . Д В О Р Т Ш А К , Г .  Х О Р В А Т , 3 . М Е С А Р О Ш  и  Г . Т О Т

Т аутом ери я  акри ловы х  эф иров и акри лонитрилов  бы ла исследована с помощ ью  
Я М Р спектроскопии. Б ы ло определено сущ ествование изомеров Z и Е  и было определено 
их  соотнош ение. И змерением тем пературы  коалесценции  бы ла определена свободная 
эн тал ьп и я  акти вац и и  изомеризации.
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PREPARATION AND MASS SPECTROMETRY 
OF MOLYRDENUM AND TUNGSTEN OXYBROMIDES 

AND TUNGSTEN BROMIDES
O. K a p o s i * ,  T. D e u t s c h * * ,  A .  P o p o v i c * * *  and J. P e z d i ó * * *

(*D epartm ent o f  Physical C hem istry a n d  Radiology, Eötvös L . U niversity , B udapest 
**C hinoin W orks fo r  Pharm aceutical and Chemical Products, B udapest 

***Jozef S te fan  In s titu te , L jub ljana , Yugoslavia)

R ece iv ed  F e b ru a ry  20, 1975

M o 0 2B r2, W 0 2B r2, W O B r4, W B r, an d  W2B rr> were p re p a re d  b y  th e  b ro m in a tio n  
o f th e  re sp ec tiv e  m etals o r m e ta l ox ides a n d  stud ied  m ass-sp ectro m etrica lly . T h e  m ass- 
sp ec tro m etric  frag m e n ta tio n  o f th e se  com pounds was d e te rm in ed , th e  a p p ea ran c e  
p o te n tia ls  o f th e  ionic species p re se n t in  h igher re la tiv e  a m o u n ts  was m easu red  an d  
th e ir  h e a ts  o f fo rm ation  c a lcu la ted . Som e ions were observed  w hose com position  cou ld  
b e  in te rp re te d  from  th e  solid p h a se  s tru c tu re  o f these com pounds. Io n s o rig in a tin g  
fro m  th e  c lu s te r  com pound W 2B re w ere  d e tec ted  in  h igh  re la tiv e  in ten sitie s . Som e 
th erm o ch em ica l and  th e rm o s ta tic  p a ra m e te rs  of th e  com pounds u n d e r in v es tig a tio n  
w ere ca lcu la ted  from  th e  e x p e rim e n ta l ap p earance  and  io n iza tio n  p o ten tia ls .

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 89 (2), pp. 101 — 122 (1976)

I. In tro d u c tio n

T he increasing  techno log ical im p o rtan ce  of m o lybdenum  an d  tu n g s te n  
[1, 2] lends special im p o rtan ce  to  th e  s tu d y  of system s com posed o f th e se  
m e ta ls  an d  halogens. The th e o re tic a lly  ca lcu la ted  h ig h -te m p e ra tu re  p a ra m 
e te rs  o f th ese  com pounds w ere f i r s t  su rv ey ed  b y  B rew er  et al. [3]. B ecause  
o f  th e  lack  o f  th e  necessary  ex p e rim e n ts , th e ir  a p p ro x im a te  th e rm o d y n am ic  
d a ta  a re  still u sed  in  th e  l i te ra tu re  [4, 5].

Since th e  d iscovery  of th e  h a logen  incandescen t lam ps [6, 7, 8] th e  p ra c 
tic a l im p o rtan ce  o f th e  tu n g s te n —halogen  and  tu n g s te n —halogen—oxygen  
sy stem s [9, 10, 11] has increased  d ram a tica lly . The ha logen  co n c e n tra tio n  
need ed  fo r th e  opera tio n  of th e se  lam p s can  be ensured  b y  th e  in tro d u c tio n  
o f gaseous halogens in to  th e  v a p o u r  space  of th e  lam p  o r b y  th e  py ro lysis  
o f  h a lo g en a ted  hydrocarbons w ith in  th e  lam p  [12, 13, 14]. T he chem ical 
t ra n s p o r t  reac tio n s tak in g  place in  h a logen  lam ps, th e  com position  o f th e  gas 
p h ase  an d  th e  heterogeneous eq u ilib ria  b e tw een  th e  tu n g s te n  f ila m e n t an d  th e  
gas p h ase  [15, 16, 17, 18] are ca lcu la ted , ow ing to  th e  lack  o f a d e q u a te  e x p e ri
m e n ta l d a ta , e ith e r  from  B rew er’s [3] o r th e  J anaf T ables [19] or from  th e  
th e o re tic a lly  ca lcu la ted  d a ta  o f N eum an  [20, 21]. O nly la te ly  has som e e x 
p e rim e n ta l w ork  been  pub lished  on th e  k inetics o f these  system s [22, 23, 24, 
25, 26] an d  on th e  th erm o d y n am ics o f  tu n g s te n  halides, an d  oxyhalides. 
T hese p u b lica tio n s  w ill be re fe rred  to  in  th e  discussion o f  th e  ex p e rim en ta l 
re su lts .

1 Acta Chim. (Budapest) 89, 1976



1 0 2 K A P O S I e t  a l.: P R E P A R A T IO N  A N D  M ASS S P E C T R O M E T R Y

In  th is  p a p e r  we shall describe th e  re su lts  o f a m ass-sp ec tro m etric  
in v es tig a tio n  o f th e  b ro m in a tio n  p ro d u c ts  o f m o lybdenum  and  tu n g sten  
oxides an d  m eta llic  tu n g s te n . These ex p e rim en ta l d a ta  su p p lem en t th e  high- 
te m p e ra tu re  chem ical [27] and  m ass-sp ec tro m etric  [28, 29] p a ram ete rs  of 
m o lybdenum  an d  tu n g s te n  oxyhalides d e te rm in ed  in  th e  la s t few years. 
T h e  m ass-sp ec tro m etric  s tud ies on tu n g s te n  brom ides are  th e  f irs t ex p eri
m e n ts  in  th is fie ld  b y  th e  given tech n iq u e .

II. E xperim en ta l

П .1. In s tru m en ts

A m ass sp e c tro m e te r eq u ip p ed  w ith  a  K n u d sen -ty p e  effusion cell, b u ilt in  th e  Jo z e f 
S te fan  In s ti tu te  (L ju b lja n a ) , w as em ployed. In  th is  fo rm  th e  sp e c tro m ete r was su itab le  for 
m easu rem en ts  a t  h igh  te m p e ra tu re s  [30], i.e. i t  cou ld  be used  for th e  d e te rm in a tio n  o f th e  
h e a ts  o f sub lim ation  a n d  of o th e r  th e rm o d y n am ic  p a ra m e te rs  o f th e  o x y brom ides and  brom ides 
u n d e r  in v estiga tion . T h ese  d a ta  are of fu n d a m e n ta l im p o rtan ce  also fo r th e  m odelling of 
halogen-filled  in ca n d esce n t lam p s [31]. T he m ass sp ec tro m ete r h a d  a N ier geom etry , single 
focussing  and  a re so lu tio n  o f ab o u t 800. Two oil d iffusion  pu m p s p ro v id ed  a vacuum  of 10-7  
T o rr  in  th e  ion source. T h e  jo in t  con ta in ing  th e  ion  source an d  th e  v ap o riza tio n  cell could be 
b a k e d  to  250 — 300 °C to  red u ce  th e  back g ro u n d . T he K n u d sen  effusion  cell [32] m ade  of 
tu n g s te n  had  an  o rifice  o f  a b o u t 0.3 m m  an d  w as h e a ted  b y  a tu n g s ten  resistance w ire; its  
te m p e ra tu re  a ro u n d  100 °C w as m easured  by  a C rN i-A IN i therm o co u p le  w ith  an  accu racy  
o f  Í 0 . 5  °C. The in s t ru m e n t  w as equ ipped  w ith  a F a ra d a y -ty p e  co llector and  an  e lectron  
m u ltip lie r . The sp e c tra  w ere  reco rded  by  a S peed o m ax  T ype G reco rder.

The io n iza tio n  effic ien cy  curves were reco rd ed  in th e  u su a l m an n e r [33], using  neon 
fo r ca lib ra tion . T h e  io n  acce le ra tin g  p o ten tia l w as m easu red  w ith  a  d ig ita l v o ltm ete r (F lu k e  
T y p e  8300 A) w ith  an  a cc u rac y  of ± 0 -0 1  V. T he cu rv es o f io n iza tio n  efficiency were ev a lu a te d  
b y  th e  electron en ergy  d is tr ib u tio n  difference m eth o d  (E D D ), as w orked  o u t by  W i n t e r s  et al. 
[341-

The m ass scale w as ca lib ra ted  in th e  kno w n  m an n er w ith  perfluorokerosene. In  case 
o f ions of v e ry  h ig h  m ass n u m b ers (such as e.g. W 2B rJ )  th e  sp ec tra  w ere recorded also w ith  
th e  double-focussing  CEC-21-110 C m ass sp ec tro m ete r; th is  p e rm itte d  to  id en tify  w ith  ab so lu te  
c e r ta in ty  th e  v a rio u s  p e a k s  b y  m eans of th e  iso to p e  d is tr ib u tio n  ca lcu la ted  from  th e  p eak  
h e ig h ts  and  b y  th e  a c c u ra te  d e te rm in a tio n  o f th e  m ass n u m b er b a sed  on th e  p eak -m atch in g  
m eth o d  [35].

Since th e  o x y b ro m id e s  and  brom ides u n d e r  in v es tig a tio n  are  h ig h ly  sensitive to h u m id 
i ty  [36], all o p e ra tio n s  w ith  these com pounds w ere perfo rm ed  in a d ry -b o x  un d er n itro g en .

II.2 . P rep ara tio n  of th e  com pounds

2/a P reparation  o f  molybdenum bromide. F o r  th e  p re p a ra tio n  of M o02B r2 [36, 37, 38], 
th e  following re a c tio n  w as u tilized :

Mo +  2 M o 0 3 +  3 B r2 — 3 M o02B r2 (1)

The re ac tio n  w as p e rfo rm ed  in  th e  a p p a ra tu s  show n in F ig . 1.
The A r c a rr ie r  gas en te red  th e  re ac tio n  space 4 th ro u g h  d ry in g  colum n 1 filled  w ith  

d e h y d ra ted  Mg(C104)2 a t  a ra te  m easu red  b y  ro ta m e te r  2, th ro u g h  a system  of va lves e ith e r 
th ro u g h  th e  th e rm o s ta te d  (40 °C) sto rage vessel fo r B r2 3 (d u rin g  th e  reac tion ) or th ro u g h  a 
sid e -b ran ch  (d u rin g  th e  p re lim in ary  flush ing  o f th e  eq u ip m en t). A b o u t 8 g o f th e  s to ich io 
m etric  m ix tu re  o f th e  m e ta l w ith  th e  m eta l ox ide  w as p laced  in to  q u a rtz  b o a t 5 w hich  w as 
in tro d u ced  in to  th e  re a c tio n  space th ro u g h  a p ipe  w hich could be closed. To rem ove th e  la s t  
trac e s  of w a te r, th e  e n tire  system  was care fu lly  h e a ted  a n d  th e  tem p e ra tu re  of th e  re a c to r  
tu b e  k e p t a t  300 °C  b y  m ean s of tu b e  fu rn ace  6 fo r 1 to  2 h rs  w hile th e  flow of A r w as m ain -
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ta in e d . A t th e  s ta r t  o f  th e  reac tio n  A r w as a llow ed  to  flow  th ro u g h  th e  B r2 sto rage vessel fro m  
w here  th e  gas m ix tu re  en te red  th e  re a c tio n  space. T he gas carry in g  th e  u n re ac te d  B r2 flo w ed  
th ro u g h  ab so rb er 8  in to  th e  p ressu re -co m p en sa tin g  vessel. T he h u lk  of th e  p ro d u c ts  o f  th e  
t ra n s p o r t  reac tio n  w as collected  in vessel 9 w h ich  h a d  a neck an d  could  be sealed. T he p ro d u c ts  
condensing  in  th e  cooler surfaces of th e  a p p a ra tu s  fell, w hen gen tle  knocking  w as ap p lied  to  
th e  w all, in to  th e  collecting  vessel. T he p re ssu re  o f th e  gas m ix tu re  w as m easu red  before  a n d  
a f te r  th e  re ac to r  w ith  m anom eters 10.

T he p a r t  o f th e  a p p a ra tu s  be tw een  th e  ro ta m e te r  to  th e  ad so rber was m ade  o f q u a r tz . 
T he q u a rtz  — q u a rtz  p a r ts  were jo ined  b y  te flo n  tu b in g . T he te m p e ra tu re  o f th e  re ac tio n  
tu b e , m easu red  be tw een  th e  lining of th e  ov en  a n d  th e  re ac to r  tu b e  was 230 — 250 °C. T h e

flow  ra te  o f th e  ca rrie r gas w as 12 — 15hrs, i ts  p re ssu re  790 — 810 T orr. U n d er these co nd itions 
M o 0 2B r2 w as fo rm ed  a t  a  ra te  o f ab o u t 10 g /h r. T h e  p ro d u c t consisted  of brow n, f la t ,  lu s tro u s  
c ry s ta ls  w hich  h y d ro lized  in a ir w ith  th e  fo rm a tio n  of H B r. T he qualities o f th e  m a te ria ls  
w ere: B r2, a n a ly tic a l g rad e  (M erck), M o 0 3, a n a ly tic a l grade (U C B , B ruxelles), Mo po w d er 
(T u n g sram , B u d ap est).

2/b P reparation o f  tungsten oxybromides. T h e  tw o  m o st im p o r ta n t  tu n g s ten  oxybrom i- 
des, W 0 2B r2 a n d  W O B r4 hav e  been  described [39]. E ssen tia lly , tw o m eth o d s are k n o w n  for 
th e  p re p a ra tio n  o f W 0 2B r2 : 1 /b rom ination  o f W O „ t h a t  is, o f W  +  W 0 3 [40, 41] w hen  th e  
follow ing reac tio n s  ta k e  p lace  a tl  ower te m p e ra tu re s  (2 0 0 —250 °C):

W 0 2 +  Br2 =  W 0 2B r2 (2)

W  +  2 W O j +  3 B r2 =  3 W 0 2B r, (3)

A t h ig h er te m p e ra tu re s  th e  reac tio n  betw een th e  com p o n en ts  on  th e  le ft-h an d  side o f E q . (3) 
p roceeds acco rd ing  to  E q . (6).

T he o th e r  m eth o d  invo lves th e  reac tio n  o f W 0 3 w ith  CBr4 in  a h igh  p ressure  tu b e  re 
ac to r a t  20 to  30 a tm  a n d  440 — 490 °C [40, 42].

Since beside (4), re ac tio n  (5)

2 ,W 0 3 +  CBr4 =  2 W O ,B r2 +  C 0 2 (4)

W 0 3 +  CBr4 =  W O B r4 +  C 0 2 (5)

m ay  also ta k e  p lace, th e  W 0 2B r2 needed for th e  e x p e rim e n ts  was p rep ared  b y  th e  b ro m in a tio n  
o f W 0 2.

B ecause of th e  h ig h  se n sitiv ity  o f tu n g s te n  o x y brom ides to  h u m id ity , w a ter was re 
m oved  fro m  th e  brom ine  re ag e n t and  from  th e  re a c tio n  space m o st carefu lly  b y  m eans o f  
ev acu atio n  w hich  is a  fa r  m ore  reliable m eth o d  th a n  th e  one app lied  in  th e  case of M o02B r2 
w hen m o is tu re  w as rem o v ed  b y  th e  carrier gas. T h e  chem ical t ra n s p o r t  reac tio n  to o k  p lace 
in  th e  q u a r tz  re a c to r  tu b e  show n in  Fig. 2.

T he tu n g s te n  ox ide (T ungsram , B u d ap es t)  w as p laced  in to  section  3, th e  re a c to r  
ev acu ated  to  10“ 6 T o rr  an d  k e p t a t  th is  p ressu re  fo r severa l hours, while th e  tu b e  w ith  th e  
W 0 2 was h e a te d  b y  a  B u n sen  b u rn e r  to  rem ove th e  la s t  traces o f m o istu re . F ro m  a n a ly tic a l 
grade b ro m in e  (M erck) th e  trac e s  o f  m oistu re  w ere rem o v ed  b y  d is tilla tio n  a t  —18 °C so th a t  
one b ra n ch  o f a n  a p p ro p ria te ly  sh aped , closed fla sk  c o n ta in in g  th e  B r2 to  be  p u rified  w as k e p t  
a t  th e  te m p e ra tu re  o f  th e  e u te c tic  m ix tu re  o f ice—sa lt-w a te r ,  while th e  o th er b ran ch  w as
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im m ersed  in to  a  D ew ar f la s k  filled  w ith  liq u id  a ir  in to  w hich  th e  b rom ine d istilled  over a n d  
so lid ified . A fte r several r e p e tit io n s  o f th is  o p e ra tio n , b rom ine  was d ilu te d  from  P20 5 in to  
c o n ta in e r  1 o f th e  re ac to r tu b e  (F ig . 1), b y  im m ersin g  th e  co n ta in er in to  liq u id  a ir a n d  keep ing  
th e  f la s k  w ith  th e  pu rified  B r2 a t  room  te m p e ra tu re . W hen  som ew hat m ore th a n  th e  n ecessary  
a m o u n t o f b rom ine for th e  re a c tio n  h a d  solidified, th e  reac tio n  tu b e  was ev acu a ted  an d  sealed  
a t  p o in t  a. T h en  section  3 co n ta in in g  th e  W 0 2 w as p laced  be tw een  c an d  d in to  th e  tu b e  fu rn ace  
in  w hose m iddle  section  th e  tem p e ra tu re  w as 250 °C. In  th e  reac tio n  space co n ta in ing  th e  
W 0 2, a  c o n s ta n t flow o f B r2 w as ensured  b y  keep in g  co n ta in ers  1 and  5 a lte rn a te ly  a t  th e  
te m p e ra tu re  o f liqu id  a ir  a n d  a t  room  te m p e ra tu re . A fte r a  fewr hours of th e  a lte rn a tin g  flow

o v e n

F i. 2. A p p a ra tu s  fo r th e  b ro m in a tio n  o f tu n g s te n  an d  tu n g s te n  oxides

o f  B r2 a suffic ien t a m o u n t o f orange W 0 2B r2 c ry s ta ls  fo r th e  ex p erim en ts p re c ip ita te d  on  th e  
coo ler w alls o f sections 2  a n d  4. N ex t, th e  to ta l  a m o u n t o f b rom ine in  1 w as m ade  to  so lid ify  
a n d  th e  reac tio n  tu b e  sea led  a t  its  neck. T h e  re ac tio n  p ro d u c t was sub lim ed  a t  100 —1 5 0 °  
in to  sec tio n  5 o f th e  tu b e  a n d  th e  la t te r  sea led  a t  p o in t e. The am poule  was opened a n d  th e  
K n u d s e n  cell filled u n d e r  n itro g en  in  th e  d ry  box .

W O B q w a s p re p a re d  sim ilarly  to  W 0 2B r2 accord ing  to  reac tio n  (5) [40] o r b y  th e  b ro m i
n a t io n  of a m ix tu re  o f W  pow der and  W 0 3 [41, 43, 44] according to  th e  follow ing re ac tio n :

2 W  4- W 0 3 +  6 B r2 =  3 W O B r4 (6)

H o w ev e r, according to  o th e r  au th o rs , beside W O B r4, oxybrom ides o f low er valencies a re  fo rm ed  
sim u ltan eo u s ly  [45]. A t tem p e ra tu re s  above  500 °C W O B r4 is fo rm ed also by  th e  d eco m p o 
s i t io n  o f W 0 2Br2

2 W 0 2B r, =  W O j +  W O B r4 (7)

As will be show n la te r , in  ag reem en t w ith  p rev ious o b se rv atio n s [47], if  tu n g s te n  co n 
ta in s  som e oxides, th e  p ro d u c ts  o f its  b ro m in a tio n  a t  h igh  te m p e ra tu re s  include W O B r4.

T he a p p a ra tu s  show n  in Fig. 2 w as also  em ployed  for th e  p re p a ra tio n  of W O B r4, b u t  
in  th is  case reac tio n  sp ace  3 was filled w ith  tu n g s te n  wool on w hich W 0 3 pow der was sp rin k led  
(b o th  W  and  th e  W 0 3 pow der were p ro d u c ts  o f T u n g sram , B u d ap es t) , th e re b y  e n su rin g  a 
la rg e  surface  for th e  h e terogeneous reac tio n . O therw ise  th e  p rocedure  w as th e  sam e as befo re  
w ith  th e  sole d ifference t h a t  th e  reac tio n  space was h e a ted  to  400 °C. B y  th e  end of th e  t r a n s 
p o r t  reac tion , d a rk  b ro w n  W O B r4 p re c ip ita te d  in  th e  form  of need le-shaped  c ry sta ls  o n  th e  
co o le r p a r ts  of th e  tu b e  (sections 2  an d  4).

2/c B rom ination  o f  tungsten. I t  h a s  b een  d e m o n s tra ted  b y  o th e r  au th o rs  [46] t h a t  
w h e n  m etallic  tu n g s te n  is b ro m in a ted  in  th e  absence of m oistu re  a n d  oxygen, th e  co m p o 
s it io n  of th e  tu n g s te n  brom ides fo rm ed  w ill be d e te rm in ed  p rim arily , b y  th e  te m p e ra tu re  
o f  th e  reac tion  space. W h en  b ro m in a tio n  is p e rfo rm ed  in  a s tream  of n itro g en  a t  low er te m 
p e ra tu re s , W B rfi w ill be  th e  m ain  p ro d u c t [40, 49], while a t  450 — 500 °C th e  reac tio n  p ro ceed s 
a lm o s t q u a n tita tiv e ly  in  th e  d irec tion  o f W B r5 fo rm atio n  [40, 47, 49]. A bove 200 °C W B r6 
is rev ersib ly  co n v erted  in to  W B r5. [40]. R e d u c tio n  of W B r5 w ith  W  or Al b y  th e  te m p e ra tu re  
g ra d ie n t m ethod  lead s to  W B r4 [50, 54]. A co m p o u n d  of even  low er ox id a tio n  s ta te ,  W B r3, 
c an  be p repared  fro m  W B r2 by  b ro m in a tio n  a t  50 °C. T he W B r3 fo rm ed  in  th is  w ay  decom poses 
slo w ly  a t  80 °C in to  W B r2, Br2 and  W B r5 [51]. W B r2 can  be p rep ared  e ith e r by  th e  d i s p r o p o r 
tio n  of W B r4 or b y  b ro m in a tin g  W  a t  a  ‘su ffic ien tly  h igh’ te m p e ra tu re  in  a  m an n e r s im ilar 
to  th e  p re p ara tio n  o f W I2 [52]. In  som e o f th e  p rocedures described  for th e  W  -j- B r2 re a c tio n  
th e  conditions a re  n o t  s tr ic tly  defined ; u n d e r  th e  sam e or v e ry  sim ilar cond itions d iffe re n t 
re ac tio n  p ro d u c ts  w ere ob tained  by  d iffe re n t a u th o rs . A n accu ra te  assessm ent o f th e  fa c ts  
is  fu r th e r  com p lica ted  b y  th e  c ircu m stan ce  th a t  th e  id en tifica tio n  of th e  com pounds fo rm ed  
h a s  n o t  alw ays b een  convincingly  re liab le , since in  th e  m a jo rity  o f cases i t  was p e rfo rm ed  o n ly
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b y  th e  d e te rm in a tio n  of the  W  : B r ra tio  b y  m eans of classical analysis, T he p o ss ib ility  o f th e  
fo rm a tio n  of tu n g s te n  brom ides o f  a n  in te rm ed ia te  o x id a tio n  s ta te  adds to  th e  co m p lex ity  
o f th e  problem  [48, 53].

T hus, i t  is n o t  possible to p re p a re  p u re , hom ogeneous tu n g s ten  brom ide b y  th e  b rom ina- 
t io n  o f th e  m e ta l. T here  are, h o w ev er, ro u n d a b o u t w ays, e.g. for th e  p ro d u c tio n  o f W B r6 
via  th e  reac tio n  W (C O )6 B r2 [40]. I n  o u r p re sen t w o rk  we h av e  u n d e rta k e n  a  m ass-spectro - 
m e tric  s tu d y  o f th e  p roducts fo rm ed  a t  a  re la tiv e ly  h igh  te m p e ra tu re  (600 °C) u p o n  th e  
b ro m in a tio n  o f tu n g s te n  w ith or w i th o u t  a  carrie r gas.

F o r th e  b ro m in a tio n  of tu n g s te n  in  a  ca rrie r gas th e  a p p a ra tu s  show n in  F ig . 1 was 
u sed . In  th is case a b o u t  5 g of tu n g s te n  wool w as p laced  in to  th e  b o a t an d  m o is tu re  w as re 
m o v ed  as described  in  th e  p a rag ra p h  on  th e  b ro m in a tio n  of Mo -f- M o 0 3. T he te m p e ra tu re  
o f  th e  reac tio n  space  w as k ep t a t  600 °C . A fte r  a b o u t 10 m in , w hen  th e  b ro m in a tio n  of th e  su r
face  ox ide layer o f tu n g s te n  could be  co n sid ered  as com ple ted , th e  process was in te r ru p te d  a n d  
th e  p ro d u c ts  w hich  h a d  p recip ita ted  o n  th e  cooler walls o f th e  a p p a ra tu s  were su b lim ed  in to  
th e  collecting  vessel b y  im m ersion of th e  la t t e r  in to  liq u id  a ir  while th e  o th er p a r ts  o f  th e  a p p a 
r a tu s  w ere h e a ted  w ith  a Bunsen b u rn e r .  T he p ro d u c t fo rm ed  u p o n  co n tin u ed  b ro m in a tio n  
w as co llected  in  a n o th e r  flask . The c o n d itio n s  (ex cep t th e  te m p e ra tu re )  w ere th e  sam e as those  
em p lo y ed  in th e  b ro m in a tio n  of Mo M o 0 3. A fte r  3 h rs  a b o u t 3 g o f th e  tu n g s te n  w ool 
h a d  re a c te d  form ing  a  d a rk  brown c ry s ta llin e  p ro d u c t.

T u n g sten  w as n e x t b rom inated  in  v a cu u m  b y  th e  m eth o d  described in  th e  p a ra g ra p h  
on th e  p re p ara tio n  o f tu n g sten  o x y b ro m id es (F ig . 2). To rem ove all th e  oxide trac e s , p rio r  to  
b ro m in a tio n  th e  tu n g s te n  wool has t r e a te d  in  a h y d ro g en  s tream  a t  900 °C fo r 2 h rs . D u rin g  
b ro m in a tio n  th e  te m p e ra tu re  of the  tu b e  fu rn ac e  in  th e  m iddle  o f th e  reac tio n  space w as 600 °C 
an d  200 °C a t  th e  tw o  ends. The re ac tio n  p ro d u c ts  sub lim ed  in to  tu b e  sections 2  a n d  4. T he 
re a c tio n  involved th e  d istillation  of b ro m in e  a p p ro x im a te ly  te n  tim es from  c o n ta in e r 1 in to  
c o n ta in e r  5 and  b ack , a f te r  w hich th e  b u lk  of th e  tu n g s te n  wool (ab o u t 5 g) seem ed to  h av e  
re ac te d . T he b lack  c ry sta llin e  e n d -p ro d u c t w as sub lim ed  in  an  e lectric  oven (w here th e  te m 
p e ra tu re  in  th e  m idd le  w as 250 °C) in to  sec tio n  2 o f  th e  sealed reac tio n  tu b e , so t h a t  th e  re 
ac tio n  tu b e  was g ra d u a lly  pushed fo rw a rd  in  th e  tu b e  fu rn ace  w hile section 2 w as cooled.

III. R esu lts  and  discussion

I I I . l .  Mass spectrum o f Mo0.2Br2

T he gas p ressu re  needed fo r th e  reco rd ing  o f th e  m ass sp ec tru m  w as 
en su red  in  th e  ion source  b y  the e v a p o ra tio n  o f th e  m a te ria l u n d e r in v es tig a tio n  
from  th e  K nu d sen  cell. The re la tiv e  in te n s itie s  o f th e  ions form ed b y  th e  col
lision o f  th e  gas m olecules p ro d u ced  b y  th e  ev ap o ra tio n  o f M o02B r2 w ith  
elec trons are  given in  T ab le  I. W e h a v e  lis ted  on ly  tho se  ions whose q u a n t i ty  
re la tiv e  to  M o02Br^“ is m ore th a n  1 Го-

T h e  recorded  iso to p e  peaks o f  th e  M o 0 2B r^  m olecu lar ion  in  th e  m ass 
sp ec tru m  are  show n in  F ig . 3 as a fu n c tio n  o f th e  m ass n u m b er. T here is a good 
ag reem en t betw een  th e  isotope ra tio s  ca lcu la ted  from  th e  p eak  h e igh ts a n d  
th e  th eo re tica lly  c a lcu la ted  values (T ab le  V II).

T h e  ap p earan ce  p o ten tia ls  show n in  T ab le  I  w ere co n ta in ed  b y  reco rd in g  
and e v a lu a tin g  th e  io n iza tion  e ffic ien cy  curves. E m p lo y in g  W i n t e r s ’ e- 
v a lu a tio n  m eth o d  [34], А1Мо0гВг2 (w here  A I  is th e  difference in  ion  c u rre n ts  
m easu red  a t  tw o successive acce lera ting  p o ten tia ls ) w as p lo tte d  vs. th e  u n 
co rrec ted  e lec tron  en erg y  (F ig. 4). T h e  io n iza tio n  p o te n tia l  v a lue  o b ta in e d  
fo r M o 0 2B r2 was in  good agreem ent w ith  th e  p u b lished  d a ta  [28]; for th e  
ap p earan ce  p o ten tia l o f  th e  o ther fra g m e n ts  th e re  a re  no  d a ta  in  th e  li te ra tu re .
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[^Fig. 3. H eigh ts o f  th e  iso tp e  peaks (I) o f M o 0 2B rJ  vs. th e  m ass n u m b er (m /e)

eV

Fig. 4. Io n iza tio n  efficiency of M o02B rf  vs. th e  unco rrec ted  e lectron  en erg y

I n  th e  case of M o 0 2B r2 th e  in tensities o f  th e  frag m en ts , as m easu red  b y  us, 
a re  sim ilar to  th e  ex p e rim en ta l d a ta  o f B arraclough [56], w hile Singleton  
o b serv ed  a less e x ten s iv e  frag m en ta tio n  [29]. Besides th e  ions re su ltin g  from  
th e  frag m en ta tio n  o f  M o 0 2B r2 we h av e  also d e tec ted  th e  ions M o 0 4B r + a n d  
M o 0 3B r+ . T he ap p e a ra n ce  of these  ions can  he in te rp re te d  in  te rm s o f th e  
c ry s ta l  s tru c tu re  o f  M o 0 2B r2. A ccording to  th e  IR  sp ec tra  o f  th ese  com pounds 
[56], M o02B r2 a n d  W 0 2B r2 have  s tru c tu re s  com posed of M 0 4B r2 (w here 
M = M o  or W ) o c ta h e d ra  linked  b y  О a to m s. This oxygen-bridged  s tru c tu re  
characterizes also th e  dim eric m olecules in  th e  gas phase [56]; B arraclough 
h a s  found peaks o f  fa irly  h igh in ten s itie s , correspond ing  to  th ese  ions in  th e  
m ass spec trum  o f M o 0 2B r2. W e h av e  d e te c te d  th e  ions Mo20 4B r^  an d  Mo20 4B r +
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Table I

M ass spectrum  o f  M o 0 2B r2 
T em p era tu re  o f th e  K n u d sen  cell 320 К

m/e Ion (l) (2) Probable process (S)

288 МоО,ВгУ 100 11.0 ±  0.2 MoO..Br2 — M o02B r2+ 126
272 M oOBr+ 4.7 МоОВгУ +  0

256 M oB r^ 3.3 M oB r^ +  2 0

240 M o04B r + 3.6

224 MoO.,Br + 1.1

208 M o02B r + 58.4 13.4 ±  0.2 M o 0 2B r2 — Mo 0 2Br ^  +  Br 154

192 M oOBr + 22.5 19.6 ±  0.3 M oO B r+ 0  Br 238

176 M oBr + 10.1 26.1 ±  0.5 M oBr+ +  2 0  +  Br 328
128 M oO i 14.5 16.0 ±  0.3 M o O i +  2Br 187
112 MoO + 18.0 22.9 ±  0.4 MoO+ +  0  +  2Br 314

96 Mo + 12.5 (16 ± 0 .5 ) (M o O .B r..-  Mo+ +  B r2 +  O, 231)

160 B r+ 1.0

81 H B r + 9.6

80 B r + 19.20

(1) R e la tiv e  in te n s i ty , e lectron  energy 40 eV
(2) A p p earance  p o te n tia l  (eV)
(3) H e a t o f ion fo rm a tio n  (kcal/m ol)

A H f  (M o 0 2B r2(g)) =  —127.3 kcal/m ol [38]
A H }  (B r) =  26.7 kcal/m ol [54]
A H f  (0 )  =  59.0 kcal /m ol [55]

on ly  in  v e ry  low  (less th a n  1% ) in ten sities . T he ap p earan ce  o f H B r+ in  th e  
sp ec tra  in d ica tes  som e hydro lysis , w hich m a y  h av e  occurred  du ring  th e  t r a n s 
fe r o f th e  K n u d sen  cell from  th e  d ry  b o x  to  th e  m ass sp ec tro m ete r and  its  
ev acu a tio n  5 x l 0 ~ 7 to r r .

I I I . 2. Mass spectrum o f  W 02Br2

P a r t  o f  th e  m ass sp ec tru m  of W 0 2B r2 w ith  th e  tw o m o st in ten se  peaks 
is show n in  F ig . 5. T h ere  is a good agreem ent b e tw een  th e  iso tope  d is trib u tio n s 
ca lcu la ted  th eo re tica lly  an d  ob ta ined  from  th e  h e igh ts o f th e  peaks (Table 
V II) . T he sh ap e  o f th e  peaks of fragm ents c o n ta in in g  odd  an d  even num bers 
o f b rom ine  a tom s (F ig . 5) is v e ry  cha rac teris tic  o f  tu n g s te n  b rom ides an d  facil
ita te s  th e ir  id en tif ic a tio n .

T ab le  I I  lists th e  fra g m e n t ions form ed from  W 0 2B r2 a t  a h igher re la tiv e  
in te n s ity  th a n  1% . T h e  ap p earan ce  p o ten tia ls  o f th e  ions w ere de te rm ined  
from  th e  ion iza tio n  effic iency  curves o f th e  m ore in ten se  fragm en ts. T he 
ion iza tion  effic iency  cu rv e  o f W 0 2B r^  an d  W 0 2B r+ is show n in  Fig. 6.
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F ig . 5 . P a r t  o f  th e  sp ec tru m  of W 0 2B r2. H e ig h t o f  th e  isotope peaks o f \ \  0 2Вго an d  W 0 2B r+
vs. th e  m ass n u m b er

14.0 14.5 15.0 15.5
eV

F ig . 6. Io n iza tio n  efficiency of W 0 2B r i  a n d  W 0 2B r+ vs. th e  u n c o rre c te d  e lec tro n  energy

Like in  th e  case o f M o 0 2B r2, -we have  observed  m ore ex ten siv e  fra g 
m e n ta tio n  th a n  o th e r au th o rs  [56, 57]. A d irec t com parison  is d ifficu lt because  
o f  th e  d iffe ren t cond itions u n d e r w h ich  th e  sp ec tra  h av e  been  reco rded  ( tem 
p e ra tu re  of th e  sam ple, e lectron  energy). In  add itio n  to  th e  ions in  th e  T ab le  I I  
W 0 3B r^  an d  W 0 3B r+ w ere d e te c te d  in  in tensities below  1%  an d  W 20 4Br^' 
in  even low er q u a n titie s . All th e se  fa c ts  suggest a c ry s ta l s tru c tu re  such  as 
a lread y  m en tio n ed  in  th e  case of M o 0 2B r2. T he ap p earan ce  of th e  d itu n g sten ic  
ions can be ex p la ined  b y  th e  fo llow ing  process:

2 W 0 2B r2(s) -+  W.20.jB r2(g) - f  B r2(g) (8)
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Tabic II

M a ss spectrum  o f  HO., Hr, 
T em p era tu re  of th e  K n u d sen  cell 300 К

m/e Ion (1) (2) Probable process (3)

376 W O ,B r2+ 100 11.4 ± 0 .2 W 0 2B r2— W O„B r2+ 128

360 W O B r, 6 W O B r+  ±  0

344 W B r+ 11.6 ¥ B r .+  ±  2 0

297 W 0 2B r + 88 13 6 ±  0.2 W 0 2B r+  ±  B r 145

281 W O B r + 36.7 19.8 ± 0 .3 W O B r+  +  0 228

265 W B r + 20.2 25.7 ±  0.5 W B r+  ±  2 0  ±  Be 305

216 W O + - 17.0 15.8 ± 0 .5 W 0 2+ ±  2Br 168

200 WO + 24.0 21.3 ±  0.5 W O ±  2B r ±  0 236

184 w  + 10.4 W + +  2B r ±  20

160 Br+ 1.6

81 H B r + 3.2

80 Br + 13.6

(1) R e la tiv e  in te n sity , e lec tro n  energy  40 eV
(2) A p p earan ce  p o ten tia l (eV)
(3) H e a t o f ion  fo rm ation  (keal/m ol)

AH°f (W 0 2B r2(g)) =  - 1 4 1 .3  keal/m ol [41]

T his reac tion  m a y  ta k e  place d u rin g  th e  p re p a ra tio n  o f  W 0 2B r2 or d u rin g  i ts  
ev ap o ra tio n . T h is la t te r  p a th w a y  is co n firm ed  b y  th e  ap p ea ran ce  o f B r7  ions 
in  th e  sp ec tru m . Since accord ing  to  th e  assum ed  decom position  m echan ism , 
based  on e lec tro n  collision, no B r2 is fo rm ed , th e  b u lk  o f  Br^- m u st o rig ina te  
p a r t ly  from  re a c tio n  (8) and  p a r t ly  from  th e  ion iza tion  o f  B r2 form ed by  th e r 
m al d issociation  a t  th e  ca thode o f  th e  io n  source a t 2400 K . T he low p ressu re  
d u rin g  m easu rem en t favours th e  fo rm a tio n  o f  d itu n g s te n  com pounds b y  
reac tio n  (8). T hese experim en ts seem  to  in d ic a te  th a t  m olecules o f th e  fo rm ula  
M 0 2X 2 (where M =  W  or Mo) a re  e v a p o ra te d  m ain ly  as M 0 2X 2 m olecules, 
w ith  a m inor p a r t  in  th e  form  o f M 0 4X 2, o ffering  a d irec t p ro o f of th e  o c ta 
h ed ra l s tru c tu re , o r, depending u p o n  th e  ex p e rim en ta l cond itions (pressure, 
te m p e ra tu re )  as M20 4X 2 m olecules. T his la s t process is accom pan ied  b y  th e  
fo rm a tio n  of h a logen  v apour.

I t  appears fro m  Tables I  an d  I I  th a t  th e  io n iza tio n  p o te n tia ls  o f M o02B r2 
an d  W 0 2B r2 due to  e lec tron  collision are  a lm o st th e  sam e. T ak in g  in to  con
s id e ra tio n  Singleton’s resu lts  [29], i t  appears t h a t  th e  io n iza tio n  p o ten tia ls  
o f th e  d ioxy-d ihalides o f th e  e lem en ts  in  g roup  Y I/B  d ep en d  only  s ligh tly  
u p o n  th e  n a tu re  o f  th e  cen tra l m e ta l a tom .
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I I I .  3. M ass spectrum o f  W OBr,

I t  appears from  th e  low  reso lu tio n  sp ec tru m  o f W O B r, (T able I I I )  
th a t  th e  in te n s ity  o f th e  p a re n t  ion is o n ly  a b o u t 1%  o f th e  in te n s ity  o f th e  
W O B r^  base  peak . T h is low  in te n s ity  is re la te d  to  th e  d° s tru c tu re  [28]. 
T he re la tiv e  in te n s ity  d is tr ib u tio n  o f th e  ions is s im ilar to  th a t  re p o rte d  earlie r 
[29, 57 ]. In  c o n tra s t to  th e  d io x y -d ib ro m id es, th e  in te n s ity  o f  Br^" is h igh , 
a m o u n tin g  in  Singleton’s m easu rem en ts  [29] to  ab o u t 33%  o f th a t  o f th e  
base  p eak .

Table III

M ass spectrum  o f  W O Br,
T em p era tu re  o f  th e  K n u d se n  cell 400 К

(m/e Ion (i) (2) Probable process (3)

520 W O B r/ 1.2 W O B r, —  W O B r/

504 W B r / 0.5 W B r/ ±  0

441 W O B r/ 100 10.5 ±  0.2 W O B r/ ±  Br 103

425 W B r / 7.5 17.9 ± 0 . 4 W B r./ ±  0  ±  B r 215

360 W O B r/ 39.2 14.5 ± 0 . 2 W O B r/ ±  2Br 170

344 W B r/ 16.4 20.9 ±  0.4 W B r/ ±  0  ±  2B r 283

281 W O B r + 14.7 18.3 ±  0.5 W O B r+ ±  3Br 230

265 W B r + 12.8 26.1 ±  0.5 W B r+ ±  0  ±  3B r 349

200 WO + 5.9 W O+ ±  4B r

184 W  + 7.0

160 B r / 17.0

81 H B r+ 5.3

80 B r + 23.7

(1) R e la tiv e  in te n s ity , e lectron  en erg y  40 eV
(2) A ppearance  p o te n tia l  (eV)
(3) H ea t o f ion  fo rm atio n  (kcal/m ol)

d H °,(W O B r4(g)) =  - 1 1 .2  kca l/m o l [41]

The re la tiv e  in ten s itie s  o f th e  iso to p e  peaks o f W O B rj1" vs. th e  m ass 
n u m b e r are show n in  F ig . 7. I n  th is  case too  th e  iso to p e  ra tio s  ca lcu la ted  
from  th e  F igu re  7 a re  sim ilar to  th o se  o b ta in ed  b y  th e o re tic a l ca lcu la tio n  
(T able V II). T he va lu es  o f th e  a p p e a ra n ce  po ten tia ls  o b ta in e d  from  th e  io n 
iza tio n  efficiency cu rv e  (for W O B u%  see F ig . 8) are  in  good ag reem en t w ith  
G u p t a ’s  resu lts  [57], ex cep t fo r th e  ap p earan ce  p o te n tia l o f W B r^ . T he as
sum ed decom position  processes fa il to  explain  th e  h ig h  B r f  in te n s ity . 

A ccording to  th e  ex p erim en ts  a im ed  a t  th e  c la rifica tio n  o f th e  s tru c tu re  of 
W O B r, [58] in  th e  solid s ta te  th is  la s t  com pound consists o f chains o f W B r, 
g roups jo ined  b y  oxygen  b ridges, th u s , like in  th e  case o f W 0 2B r2 [56], di-
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435 440 445
т /г

F ig. 7. H e igh t o f  th e  base p eak  o f  W O B r4 and  of th e  iso to p e  p eak s o f W O B rf vs. th e  m ass
num ber

Fig. 8. Io n iza tio n  efficiency o f  W O B r^ vs. th e  u n c o rre c te d  electron  energy

tu n g s te n  com pounds and  B r2 m ig h t be form ed. (In  fa c t, we were able to  d e te c t 
W 2B re w ith  th e  h ig h  reso lu tion  m ass sp ec tro m eter in  a re la tiv e ly  high in te n s ity  
am ong th e  b ro m in a tio n  p ro d u c ts  o f tu n g sten .)

In  ad d itio n , one should  ta k e  in to  accoun t th e rm a l dissociation  a t  th e  
ca thode of th e  source.

I I I .  4. Mass spectrometric analysis o f the bromination products o f tungsten

T he sp ec tra  o f  th e  p ro d u c ts  o f  th e  tra n sp o r t  re a c tio n  W  B r2 in  A r as 
ca rrie r gas were reco rd ed  b y  a  h ig h  reso lu tion  m ass sp ec tro m e te r and  th e  
re la tiv e  in ten sities  ca lcu la ted  fro m  th e  sp ec tra  w ere expressed  in  per cen t 
o f th e  to ta l  ion  c u rre n t (Table IY ). I t  appears from  th e  T ab le  th a t  beside 
th e  fragm en ts o f tu n g s te n  b ro m id es, considerable q u a n tit ie s  o f ions o rig inating  
from  tu n g s te n  oxybrom ides are  fo rm ed , w hich m eans t h a t  th e  presence o f
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Table IV

M ass spectra o f  the brom ination products o f  tungsten  
(B ro m in a tio n  in  A r s tre am , te m p e ra tu re  o f  th e  ion source 373 K )

ra/e
Ions formed, 

electron energy 
40 eV

Relative intensity 
in % of total 

ion current

584 W B r+ 0.5

536 W 0 2B r4+ 0.1
428 W 2B r+ 0.2

520 W O B r4+ 0.1
504 W B r4+ 13.5

457 W O ,B rt 0.4

448 W.,Br + 0.1
441 W OBr+ 16.3

425 W B r+ 6.4

392 W 0 3B r+ 1.6

376 W O .B rj 1.1

360 W O B ri 8.2

344 W B r2+ 9.8

312 W O.,Br + 0.6

297 W 0 2B r + 0.5

281 W O B r + 5.1

265 W B r + 9.3

216 W O t 0.2

200 W O + 3.3

184 w+ 7.3

160 B r2+ 6.5

81 H B r + 0.7

80 B r + 7.1

sm all am o u n ts  o f o x ygen  d u rin g  th e  reac tio n , or th a t  is th e  b ro m in a tio n  
o f  in su ffic ien tly  d eoxyd ized  tu n g s te n , w ill lead  to  th e  fo rm a tio n  o f oxybro- 
m id es. O f course, m a n ip u la tio n  o f th e  p ro d u c ts  m igh t p ro m o te  th e  tu n g s te n  
b ro m id e  —► tu n g s te n  o xybrom ide  tra n sfo rm a tio n . N everth e less , com parison  
w ith  th e  p ro d u c ts  o f b ro m in a tio n  in  v acu u m  (w hen th e  en d -p ro d u c t was 
t r e a te d  and  an a ly zed  in  ex ac tly  th e  sam e w ay) shows th a t  th e  re la tiv e ly  large 
o x y b ro m id e  c o n ta m in a tio n  m u s t be d u e  to  th e  cond itions o f  p rep a ra tio n . 
I n  th e  p resen t case (T able IV) th e  1\увг,+Д\УОВг3+ r a t i°  a t  th e  beg inn ing  of 
an a ly sis  was a b o u t 0.8 th e n  in c reased  a f te r  tre a tm e n t a t  100 °C fo r one hour 
to  rough ly  10 ,w hile h e a tin g  fo ra fe w  h ours in  vacuum  (in th e  m ass sp ec tro m 
e te r)  led to  e v a p o ra tio n  o f th e  to ta l  am o u n t o f tu n g s te n  oxybrom ides,
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le av in g  a residue , in  whose m ass  sp ec tru m , d im eric  tu n g s te n  b ro m id es of 
h ig h e r m ass n u m b ers  occur in  sm a ll q u an titie s  to g e th e r  w ith  sm all am o u n ts  
o f  W Brj" an d  s ig n if ic a n t am o u n ts  o f  W B r^  and  th e ir  frag m en ts . T his in d ica tes  
t h a t  th e  v ap o u r p ressu re  of th e  oxybrom ides fo rm ed  as b y -p ro d u c ts  a t  th e  
te m p e ra tu re  of m easu rem en ts  co n sid e rab ly  h igher th a n  th a t  o f  th e  co rre 
sp o n d in g  b rom ides, co n sequen tly , th e  in tensive  oxy b ro m id e  peaks re p re se n t 
in  fa c t re la tiv e ly  low  co n cen tra tio n s  o f th e  c o n tam in an ts .

T he d a ta  in  T ab le  IY  fu r th e r  show  th a t  u n d e r th e  given cond itions 
o f  b ro m in a tio n  th e  m a in  b y -p ro d u c t is W O B r4 (h igh W O B r^  p eak  a n d  h igh  
p eak s o f its  frag m en ts) an d  less W 0 2B r2 is form ed ( th e  peaks o f W O .,B r^ an d  
its  frag m en ts  are less in tensive). T h e  appearance  o f W 0 2Br]f~ ions a n d  o f  its  
f rag m en ts  (W 0 2B r^ )  is a resu lt o f  th e  s tru c tu re  o f W O B r4 [58].

T he resu lts  o f  b ro m in a tio n  ex p erim en ts  in  A r as ca rrie r gas show  th a t  
in  th e  case of halogen  lam ps, w hose cond itions o f o p e ra tio n  are  s im ila r to  th e  
con d itio n s of th is  re a c tio n , firs t o f  a ll th e  fo rm atio n  o f  tu n g s te n  o xybrom ides 
m u s t be  expected . T h is a ssu m p tio n  is su p p o rted  b y  th e  values o f th e  free 
en th a lp ie s  of th ese  com pounds c a lc u la te d  on th e  basis o f th e o re tic a l co n 
sid e ra tio n s  b y  N e u m a n n  and  K natz [20, 59], w hich show  th a t  in  th e se  sy s
tem s th e  fo rm atio n  o f  oxybrom ides is accom panied  b y  a fa r  g rea te r decrease 
in  free  en th a lp y  th a n  is th e  fo rm a tio n  o f tu n g s te n  b rom ides.

W hen  tu n g s te n  is b ro m in a ted  w ith o u t carrier gas, as a re su lt o f  th e  re 
m o v a l o f oxides in  h ig h  vacuum  p r io r  to  th e  reac tio n , th e  m ass sp ec tru m  
in d ica te s  th e  fo rm a tio n  o f tu n g s te n  b rom ides alm ost com ple te ly  free o f  o x y 
b rom ides. T he ap p ea ran ce  o f a sm all a m o u n t of oxybrom ide frag m en ts  a t  th e  
beg in n in g  o f reco rd ing  (I\yBr4+AwOBr3+~ 1 0 )  ,s due to  som e hydro lysis  in  th e  
K n u d sen  cell. A fter t r e a tm e n t  for 1 h r  a t  400 К  th e  ions o rig in a tin g  from  th e  
o x y b ro m id e  frag m en ts  d isap p ear f ro m  th e  m ass sp ec tru m . W Br- w as th e  
m o n o tu n g sten  b rom ide o f  th e  h ig h es t m ass n u m b er a n d  th e  m ost in te n s iv e  
p eak  p e r ta in e d  to  W B r^ . T he ra tio  IwBriAwBr5+ was a b o u t 20. This ra tio  d id  
n o t in crease  w hen th e  te m p e ra tu re  o f  th e  cell was ra ised  to  800 °K , an d  h e a t  
t re a tm e n t caused a g ra d u a l decrease in  th e  in te n s ity  o f W B r^' u n til, a f te r  2 
to  3 h rs , th e  en tire  a m o u n t of W B r5 sub lim ed , as in d ic a te d  b y  its  p resence  
in  a re la tiv e ly  sm all q u a n t i ty  in  th e  re a c tio n  p ro d u c t. T he d itu n g s ten  brom ides 
w ere p re se n t in  read ily  m easurab le  q u a n tit ie s  w ith  th e  h ig h es t m ass n u m b e r 
co rrespond ing  to  W2B r,f . Besides the  fra g m e n ts  of WBrj" a n d  W 2B r6b,in te n s iv e  
peaks co rrespond ing  to  B r + and  B uf a n d  less in tensive  peak s of H B r+ ions 
also ap p ea red . A t th e  b eg inn ing  of e v a p o ra tio n  th e  re la tiv e  ion  cu rren ts  c a l
c u la te d  from  th e  h e igh ts o f  th e  peaks w ere:

1\авг4+А вг ~  0-5; 1\увг4+Авгг+ ~  12.5 

1\УВг;|-АнВг+ ~  30
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A fte r th e  su b lim a tio n  o f  th e  oxybrom ide a n d  W B r5 a p ro d u c t spec trum  
show ing  b o th  W B r4 an d  W 2B re was reco rded  (T ables У an d  V I).

Table V

M a ss spectrum o f  W B r t 
T e m p e ra tu re  of th e  K n u d sen  cell 800 К

m/e Ion (l) (2) Probable process (3)

504 W B r + 44.3 00 *K>
 

,
H-

 
! 

©
 to W B r4 ->- W B r + 166

425 W Br+ 100.0 11.2 ±  0.2 W B r3+ ±  Br 208

344 WBr,+ 50.3 15.1 ± 0 .3 W B r^  -f- 2Br 271

265 W B r + 65.4 19.4 ±  0.3 W B r+  +  3Br 343

184 W  + 85.0 23.2 ±  0.5 W + ±  4Br 401

(1) R ela tive  in te n s i ty , e lec tro n  energy 30 eV
(2) A ppearance p o te n t ia l  (eV)
(3) H e a t o f ion fo rm a tio n  (kcal/m ol)

A H f (W B rl(s)) =  - 5 8 .6  kcal/m ol [21] 
3 H sub| (W B r4) =  37.0 kcal/m ol [31]

Table VI

M ass spectrum o f  W 2B r6 
T e m p e ra tu re  o f th e  K n u d sen  cell 800 К

m/e Ion (1) (2) Probable process (3)

848 w 2Br+ 54 9.0 ±  0.2 W ,B r6 — W ,B r+ 154

768 W 2Br+ 100 11.0 ± 0 .2 W 2B r^ ±  B r 174

688 W 2Br + 31.4 15.2 ±  0.3 W 2B r4+ ±  2Br 242

608 W 2Br3+ 43.8 19.5 ± 0 .3 W 2B r3+ ±  3Br 314

528 W ,B r2+ 20.4 W 2B r+  ±  5Br

448 W ,B r + 13.1 W + ±  6B r

368 w + 6

(1) R ela tive  in te n s i ty ,  e lectron  energy 30 eV
(2) A ppearance p o te n tia l  (eV)
(3) H eat of ion  fo rm a tio n  (kcal/m ol)

J H ?  (W ,B r6(g)) =  - 5 3 .5  kcal/m ol [31]

The in te n s ity  ra tio  o f th e  base p eak s is

^wBr.+AwiBr, ~  2-5

T he mass sp ec tra  o f  th e  ions W B r^ a n d  W 2B r /  reco rd ed  by  m eans of th e  
double-focussing m ass-sp ec tro m ete r a re  show n in  F igs 9 an d  10.
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Fig. 9. H e ig h t o f th e  iso tope  p e a k s  o f W B r /  vs. th e  m ass n u m b er

m /e

F ig . 10. M ass spec trum  o f th e  m olecular p e a k s  o f W 2B rJ  recorded  b y  m ean s of th e  h ig h  r e 
so lu tion  m ass-sp ec tro m ete r

F ig . 11. Io n iza tio n  efficiency o f W B rJ  an d  i ts  f ra g m e n ts  vs. the  u n c o rre c te d  e lectron  energy
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T here  is a fa irly  good  ag reem en t b e tw een  th e  iso to p e  ra tio s  ca lcu la ted  
th e o re tic a lly  and  o b ta in e d  from  th e  h e ig h ts  o f th e  peaks (T ab le  V II). F igures 
11 a n d  12 are th e  io n iz a tio n  efficiency curves o f W Br^- a n d  W 2B r^  an d  its  
f ra g m e n ts , respective ly . I t  appears from  th ese  curves t h a t  m olecular ions o f 
low er m ass num bers th a n  W B r4an d  W 2B re can  be d isreg a rd ed  in  th e  ca lcu la
tio n s , i.e. no tu n g s te n  com pounds o f low er o x id a tio n  s ta te  th a n  W B r4 are  
fo rm ed  in  sign ifican t q u a n tit ie s  d u ring  th e  b ro m in a tio n  o f  tu n g sten .

9.0 9.5 '  10.5 11.0 15.0 ШМОО 19.5 21.5 22.0 22.6
pV

Fig. 12. Ion ization  effic iency  o f W 2Brjf and  its  frag m en ts  vs. th e  u n c o rre c te d  electron  energy

The ap p earan ce  p o te n tia l o f B r2 w as d e te rm in ed  to  give a v a lue  o f 
10.9 зЬ 0.2 eV. T his is in  good ag reem en t w ith  th e  v a lu e  re p o rte d  for I P ^ r ^ )  
[33], confirm ing t h a t  B r2 orig inates from  a chem ical re a c tio n  (9) ra th e r  th a n  
fro m  frag m en ta tio n  d u e  to  electron  collisions, since th e  la t te r  would p ro d u ce  
a fa r  h igher A P (B r+ ) v a lu e . The low  values o f IP (W B r+ ) (8.2eV) and lP (W .,B r+) 
(9.0 eV) u n am b ig u o u sly  show  th e  p resence of m o lecu la r ions, i.e. tu n g s te n  
b rom ides o f h ig h er m ass  n um bers, w hich  p roduce th e  above ions via f ra g 
m e n ta tio n , b u t cou ld  n o t  have been p re se n t in  an y  s ig n ifican t q u a n ti ty  a t  
th e  tim e  of record ing .

L ite ra tu re  d a ta  [4 , 40, 48] suggest th a t  th e  b ro m in a tio n  of tu n g s te n  
a t  450— 500 °C leads to  W B r5, w hich is reduced  b y  tu n g s te n  to  W B r4 u n d e r  
th e  effect of th e  te m p e ra tu re  g rad ien t. In  ou r ex p erim en ts  perform ed w ith o u t 
ca rr ie r  gas a t a te m p e ra tu re  g rad ien t o f 600—200 °C (th e  te m p e ra tu re  in  th e  
m idd le  of th e  re a c tio n  space was 600 °C an d  200 °C a t  b o th  ends) in  v a c u u m , 
in  th e  presence o f  a la rg e  excess of W  wool, th e  re a c tio n

W B r5 W B r4

w as alm ost q u a n ti ta t iv e .  In  ad d itio n , th e re  is a p o ss ib ility  of d isp ro p o rtio n a 
tio n  of th e  p rim arily  fo rm ed  W B r5, since th e  cond itions o f h igh  vacuum  fa v o u r  
th is  process [60]. T h is proves th a t  W B r^  is n o t a f ra g m e n t of W B r^  an d  t h a t
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Table VII

Relative amounts o f  som e intensive isotope peaks  
in  p er cent o f  the m ost intensive isotope p e a k , 

theoretically calculated a n d  determ ined experim entally  
fro m  the observed pea k  heights

Compound m/e Calculated Experimental

MoCbBr. 284 52.0 50.6

286 6 6 .0 6 6 .6

288 90.0 90.7

290 100 .0 1 0 0 .0

292 58.2 57.2

W O,Br., 372 23,4 23,8

372 72.3 73.4

376 10 0 .0 1 0 0 .0

378 75.1 74.6

380 24.1 23.5

W O B r3+ 437 55.1 54.5

439 98.7 98.7

441 10 0 .0 10 0 .0

443 56.5 57.0

W Br4 500 34.6 36.0

502 77.6 76.2

504 100 .0 10 0 .0

506 78.5 77.5

508 35.1 35.6

W,,Br6 844 53.2 51.9

846 86.0 84.8

848 1 0 0 .0 100 .0

850 83.7 82.3

852 51.0 50.5

W B r^  ap p ears  in  a v e ry  low  in ten s ity  o n ly , fu rth e rm o re , a f te r  h e a t t re a tm e n t 
in  v acu u m  i t  d isappears com pletely  from  th e  spec trum .

T h e  appearance  o f c lu ste r com pounds con ta in in g  m e ta l-m e ta l bonds 
also su p p o r t th e  fo rm atio n  o f W B r4. T h e  fo rm a tio n  o f such  com pounds has 
been o bserved  w ith  tu n g s te n  com pounds o f  th e  o x id a tio n  s ta te  o f fo u r or low er, 
b u t  n ev e r in  th e  case o f  tu n g s te n  of h ig h e r  va len cy  [61, 62]. R i n k e  an d  
S c h a f f e r  [63] were th e  f i r s t  to  de tec t su c h  dim ers w ith  m e ta l-m e ta l bonds 
in  tu n g s te n  halides in  th e  fo rm  of W 2C16 b y  m eans of m ass sp e c tro m e try , b u t  
only  from  WC14 and  n o t from  WC15.
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O ur ex p erim en ts  p ro v id e  u n equ ivoca l ev idence fo r th e  ex istence o f  th e  
c lu s te r  com pound W 2B r6 con ta in ing  a m e ta l-m e ta l bond .

W e have n o t  d e te c te d  W 3B r^  ions o r its  frag m en ts , w hich  w ould h av e  
in d ic a te d  th e  p resence  o f  tr in u c lea r c lu ste rs . W e h av e  assum ed  th a t  W 2B re 
is fo rm ed  in  th e  re a c tio n

2 W B r4(s) -* W 2B re(s) +  B r2(g) (9)

T h is concept is s u p p o r te d  by  th e  ap p ea ran ce  of B r2 in  th e  sp ec tru m , fo rm ed  
via  a chem ical re a c tio n . T he th e rm o d y n am ic  p a ra m e te rs  o f th is  reac tio n  w ere 
d e te rm in ed  m ass-sp ec tro m etrica lly  from  th e  te m p e ra tu re  dependence o f  th e  
p a r t ia l  p ressure o f  B r2 [31]. I t  follows from  E q . (9) t h a t  decreasing  p ressu re  
w ill sh ift th e  re a c tio n  in  th e  d irec tion  o f th e  u p p e r a rrow , re su ltin g  in  th e  
ap p earan ce  of d im eric  ions in  h igher in ten s itie s  u p o n  b ro m in a tio n  w ith o u t 
c a rr ie r  gas. In  o u r  experience h igher te m p e ra tu re s  o f  th e  ev a p o ra to r  also 
fa v o u r th e  fo rm a tio n  o f  W.,Bre. In  tu n g s te n  brom ides o f  low er ox ida tio n  s ta te , 
po lym eric  tu n g s te n  b rom ides have also been  observed  [64], such as th e  p o ly 
m e r of W B r2, viz. W eB r2 w hich, w hen  tr e a te d  w ith  liq u id  brom ine a t  v a rio u s  
te m p e ra tu re s , is tra n s fo rm e d  in to  a series o f com pounds con ta in in g  th e  c lu s te r  
nucleus W eB r8 w ith  an  ap p a ren t v a len cy  o f 2.33 for tu n g s te n . W e also o b se rv ed  
a conversion o f  th e se  com pounds in  v acu u m  accom pan ied  b y  th e  ev o lu tio n  
o f  B r2.

I I I .  5 . Calculation o f  thermostatic parameters from  the experimentally determined 
ionization and appearance potentials

The h e a ts  o f  fo rm atio n  of ions show n in T ab les I , I I ,  I I I ,  У  a n d  V I 
w ere ca lcu la ted  in  th e  following m a n n e r: in  th e  genera l case a fra g m e n ta tio n  
reac tio n  due to  e lec tro n  collision p roceeds as follow s:

R jR j +  e — R + +  R 2 +  2e (10)

F o r th is  re a c tio n  th e  following co rre la tio n  is va lid :

A P (R + ) =  /1НГ =  А Щ Я + ) +  zJHf(R 2) -  / I H f íR A )  Í 11)

w here  A P is th e  ap p earan ce  p o te n tia l, A H r th e  h e a t o f th e  reac tio n  a n d  ZlHf 
th e  co rrespond ing  h e a t of fo rm atio n .

F rom  th e  ap p earan ce  p o te n tia ls  an d  h e a ts  o f ion  fo rm atio n  sh o w n  in  
th e  Tables conclusions can be d raw n  on th e  s tre n g th  o f th e  various b o n d s  in  
th e  ions, a ssu m in g  th a t  th e  ions are  fo rm ed  w ith o u t excess energy  [33].
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In  th e  genera l case th e  d ecom position  o f th e  m o lecu la r io n  can be m o d 
elled b y  m eans o f th e  following re a c tio n

R i R 2+ R+ +  R , (12)

D =  A P (R + ) —  IP (R XR + ) =  z lH f(R + ) +  zlH  (R 2) —  z lH f(R 1R +) (13)

w here D is th e  b o n d  dissociation  energy , I P  and  A P are  th e  io n iza tion  an d  
ap p ea ran ce  p o ten tia ls , respective ly , a n d  z J H f are th e  co rresp o n d in g  hea ts  o f 
fo rm a tio n . F o r in stan ce  from  th e  re a c tio n

M o02B r í  — Mo OÍ  — 2Br  

1/2 D(M o0 2 —  B r2) =  57.5 kcal/m ol.

W e ca lcu la ted  th e  b o n d  s tren g th s  o f  in d iv id u a l B r and  О a to m s in  th e  various 
ions an d  since these  show ed no s ig n if ican t differences for ions o f  various com 
p o sitions b u t  con ta in in g  th e  sam e a to m s, we took  th e  av e rag e  bo n d  energy  
o f th e  g iven a to m  in  th e  ions. T he resu lts  are  sum m arized  in  T ab le  V II.

T h e  a ssu m p tio n  th a t  th e  b o n d  s tre n g th s  of th e  in d iv id u a l a to m s are  equal 
in  th e  ions, regard less of th e  o x id a tio n  s ta te  o f th e  cen tra l a to m , th a t  is, e.g.

D (W B r+ — Br) =  —  D (W B r+ — B r2) =  —  D (W B r+— B r3) =  —  D (W + — B r4)
2 3 4

is on ly  a rough  ap p ro x im atio n  [33, 65], th o u g h  su ffic ien t (as con firm ed  b y  
th e  d a ta  in  T ab le  V II I )  for th e  com parison  o f th e  average b o n d  s tre n g th s  o f 
id en tica l a tom s in  ions form ed from  v ario u s com pounds b y  e lec tro n  collision.

Table VIII

Average bond strengths in  various ions

Ion Bond kcal/mol

M o02B r^ M o 0 2B r +- B r 56.3

M o O B r^-O 146.0

\V O .,B ri W 0 2B r+ -B r 50.6

W 0 B r2+ - 0 139.0

W O B r3+ W O B r^ -B r 87.0

W B r+ -0 173.6

W Br+ W B r+ -B r 86.0

w 2B re+ W ,B r+ -B r 80.6
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I n  ad d itio n , since in  m a n y  cases th e re  is a fa irly  good agreem ent be tw een  
th e  average bond  s tre n g th s  in  ions a n d  in  n e u tra l m olecules [33], i t  is possible 
to  e s tim a te  from  th e  d a ta  in  T ab le  V I I I  th e  b o n d  s tre n g th s  of B r an d  О 
a to m s in  th e  co rrespond ing  n e u tra l m olecules too .

In  order to  ca lcu la te  th e  average  b o n d  s tre n g th  re fe rred  to  one B r a to m  
in  th e  n eu tra l W B r4 m olecule i t  is n ecessary  to  know n th e  ion ization  p o te n tia l 
o f  W  an d  its  ap p e a ra n ce  p o te n tia l in  th e  sp ec tru m  o f W B r4. The v alue  o f 
I P ( W + ) is 8.0 eV [33] a n d  A P (W + ) =  23.1 eV (T able V). T he calcu la tion  is 
p erfo rm ed  as follows:

^ B r 4(g) +  4  ® r(g) ( 1 4 )

A P (W +) =  IP (W + ) +  4 D (W — B r) (15)

23.1 =  8.0 +  4 D (W — B r) (16)

D (W — B r) =  3.8 eV =  87.4 kcal/m o l

F o r  1/4 D (W + — B r4), 86.0 kcal/m ol is o b ta ined . T h e  v e ry  good ag reem en t 
be tw een  th e  tw o va lu es  confirm s th e  v a lid ity  of o u r ea rlie r assum ption .

F ina lly , from  th e  values of th e  ion iza tion  a n d  ap p earan ce  p o te n tia ls , 
w ith  th e  excep tion  o f  W OBr,/- w hose ion iza tion  p o te n tia l  could n o t be c a l
c u la te d  because o f i ts  low  in te n s ity , we d e te rm in ed  th e  ac tiv a tio n  energies 
(zlH*) of th e  d ecom position  of th e  m olecu lar ions [33]. In  th e  general case 
th e  decom position  o f  a m olecular ion  can  be w ritte n  as

X + -* Y + +  Z (17)

T h e  sum  of th e  a c tiv a tio n  energy  an d  th a t  h e a t o f th is  reac tion  is

A P ( Y + ) - I P ( X + )  =  zJHexp (18)

w here  A P (Y +) is th e  ap p earan ce  p o te n tia l of th e  ion  Y + in  th e  m ass sp ec tru m  
o f  X  an d  I P ( X + ) is th e  ion iza tion  p o te n tia l o f X + , w hile th e  h ea t o f th e  
re a c tio n  ZlHR can  be  expressed  as

z lH r =  J H f(Y +) +  zlH f(Z) —  z1Hf(X + ) (19)

H ence, th e  a c tiv a tio n  energy  o f reac tio n  (17) is

J H t  =  A H calc- z J H R _ (20)

T he resu lts are  su m m arized  in  T ab le  IX . I t  ap p ea rs  th a t  in  th e  case o f th e  
m olecular ions o f m o ly b d en u m  an d  tu n g s te n  o x y b ro m id es and  tu n g s te n  b ro 
m ides th e  a c tiv a tio n  energy  of th e  decom position  accom pan ied  b y  th e  fo r
m a tio n  of B r a to m s is zero or a v e ry  low  positive  v a lu e .
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Table IX

A ctiva tion  energy o f  the decomposition o f  molecular ions

Process JHÍ (keal/mol)

M o02B r2+ — M o02B r + -|- B r 1 .2

W 0 2B r2+ — W 0 2B r+  +  B r 4 .4

W B r + — W B r+  +  B r 0

W ,B rc+ — W .B rf  -f- B r 1

T h e m ass sp ec tra  of M o 0 2B r2, W o 0 2B r2, W O B r4, W B r4 an d  W 2B re 
h a v e  fu rn ish ed  som e ad d itio n a l, p rev io u sly  lack ing  d a ta  fo r  in o rg an ic  m ass 
sp e c tro m e try . The ex p erim en ta l d a ta  p e rm it conclusions w ith  re sp ec t to  th e  
e v a p o ra tio n  of these  com pounds a n d  th e  calcu lation  o f  th e rm o d y n a m ic  
p a ra m e te rs  from  th e  values o f th e  io n iza tio n  and  ap p e a ra n ce  p o te n tia ls . 
T he K n u d sen  effusion m ass sp e c tro m e try  has p rov ided  som e im p o r ta n t  
a d d itio n a l th erm o d y n am ic  d a ta . T h e  re su lts  o f these ex p e rim en ts  w ill be 
re p o r te d  elsew here. [31]

*

T he a u th o rs  w ish to  th a n k  P rofessor J .  M a r s e l , H ead , D e p a rtm en t o f M ass S p ec tro m 
e try ,  Jo z e f  S tefan  In s t i tu te  (L ju b ljan a , Y ug o slav ia) fo r th e  m ate ria l a n d  m o ra l su p p o rt 
o f  th is  re sea rch . O ur th an k s  are due to  D r. Y. K r a m e b , Jo z e f S tefan  In s t i tu te ,  fo r th e  record ing  
o f th e  h ig h  reso lu tion  sp ec tra , an d  to  M r. J .  H o d á c s , R esearch  D e p a r tm e n t, T u n g sram , 
L td . ,  B u d a p e s t,  for help  in  th e  p re p a ra tiv e  w ork .

R E F E R E N C E S

[1] N o r t h c o t t , L.: M etallu rgy  of th e  R a re r  M etals. N o. 5. M olybdenum . B u tte rw o rth s ,
L o n d o n  1956

[2] R i e c k , G. D .: T u n g sten  an d  its  C om pounds. P e rg am o n  Press, O xfo rd  1967
[3] B r e w e r , L ., B r o m l e v , L. A ., G i l l e s , L o f g r e n  N . L.: The C hem istry  a n d  M etallu rgy

of M iscellaneous M aterials. E d . L . L. Q uill, M cG raw -H ill, N ew  Y o rk  1950
[4] F e r g u s s o n , J. E .: H alide  C hem istry  o f C hrom ium , M olybdenum  a n d  T u n g sten  in

H alo g en  C hem istry , 3. E d . Y. G u tm an n , A cadem ic  Press, L ondon , N ew  Y o rk  1967
[5] C a n t  e r f  o r d , J .  H ., C o l t o n , R .: H a lid es o f  th e  Second and T h ird  R ow , T ran s itio n

M etals. W iley , L ondon 1968
[6] Z u b l e r , E . G., M o s b y , F . A .: 111. E n g ., 54, 734 (1959)
[7] T ’J a m p e n s , G . R ., v a n  d e r  W e i j e r , M. H . A .: Phillips Techn. R ev ., 27, 165 (1966)
[8] M o s b y ,  F . A ., S c h u p p , L. J . ,  S t e i m e r , G. G., Z u b l e r , G.: 111. E n g ., 62, 198 (1967)
[9] T i l l a c k , J . ,  E c k e r l i n , P ., D e t t i n g m a y e r , J .  H .: Angew. C hem ., 78, 4512 (1966)

[10] R a b e n a u ,  A .: Angew. Chem ., 79, 43 (1967)
[11] S c h a f e r , H .: Chemische T ran sp o rtre ak tio n en . Sym posium  R einstoffe  in  W issen sch aft

u n d  T echn ik . D resden  1970
[12] K a p o s i , O ., R i e d e l , M., D e u t s c h , T .: A c ta  C him ., (B udapest) 81, 43 (1974)
[13] D e u t s c h , T .: Thesis, E ö tv ö s L. U n iv e rs ity , B u d a p e s t 1973
[14] Kaposi, O., Riedel, M., Sánchez, R . G.: M agy. Kém. Foly., 80, 419 (1974)
[15] K o p e l m a n , B ., v a n  d e r  W o r m e r , K . A .: 111. E n g ., 63, 176 (1968)
[16] K o p e l m a n , B ., v a n  d e r  W o r m e r , K . A .: 111. E n g ., 64, 230 (1969)
[17] Y a n n o p o u l o s , N ., P e b l e r , A.: J .  A ppl. P h y s ., 42, N o. 2, 258 (1971)
[18] H a n g o s , I .,  D e u t s c h , T .: K ém . K özi., 37, 459 (1972)
[19] J a n a f  T herm ochem ical T ables a n d  A d d en d a  I — I I I .  Dow Chem ical C orp ., M id d lan d ,

M ichigan 1965— 68
[20] N e u m a n n , G. M., K n a t z , W .: N a tu rfo rsch . 26a, 863 (1971)

Acta Chim. (Budapest) 89, 1976



/ K A P O S I e t  a l .:  P R E P A R A T IO N  A N D  M ASS S P E C T R O M E T R Y1 2 2

[ 2 1 ]  N e u m a n n ,  G. M.: Z. M eta llk u n d e , 64, 2 6 ,  1 1 7 ,  1 9 3 ,  2 7 9 ,  4 4 4  ( 1 9 7 3 )
[22] Z u b u e r , E . G.: J .  P h y s . C hem ., 74, 2479 (1970)
[23] N e u m a n n , G. M., M ü l l e r ,  U .: J .  Less-C om m on M etals, 26, 391 (1972)
[ 2 4 ]  Z u b l e r , E . G.: J .  P h y s . C hem ., 76, 3 2 0  ( 1 9 7 2 )
[25] R o s n e r ,  D. E ., A l l e n d o r f , H . D .: J .  P h y s . C hem ., 75, 308 (1971)
[26] A b b o t t , P . C., S t i c k n e y , R . E .: J .  Phys. C hem ., 76, 2930 (1972)
[27] R o s n e r , D. E .: A n n . R e v . M aterials Science, 2, 573 (1972)
[ 2 8 ]  L i n s e n  H s i a  N g a i ,  S t a f f o r d , F .  E . :  G aseous O xohalides, H yd ro x id es and  C om plex

O xides o f G roup I I I  a n d  T ran sitio n  E lem en ts . A dvances in  H ig h  T em p era tu re  C hem 
is try . V/3. A cadem ic P ress , N ew  Y o rk  1971

[29] S i n g l e t o n , D. L .: D isse r ta tio n , N o rth w estern  U n iv e rsity  1971
[30] D r o w a r t , J . :  M ass S p e c tro m e try  an d  H igh  T em p era tu re  C h em istry . Mass S p ec tro m etry .

E d . J .  M arsel. L ju b lja n a  1971
[31] K a p o s i , O. et a l.: T o  be  p u b lished
[32] M a r g r a v e , J .  L .: T h e  C h arac te riza tio n  of H igh  T em p era tu re  V apors. W iley, New Y o rk

1967
[33] F i e l d , F . H ., F r a n k l i n , J .  L .: E lec tro n  Im p a c t P h en o m en a . A cadem ic Press, N ew

Y o rk  1970
[34] W i n t e r s , R . E ., C o l l i n s , J .  H ., C o u r c h e n e , W . L .: J .  C hem . P hys., 45, 1971 (1966)
[35] R o b o z , J . :  M ass S p e c tro m e try . W iley, N ew  Y o rk  1968
[36] C o l t o n , R ., T o m k i n s , J .  B .: A ustr. J .  C hem ., 18, 447 (1965)
[37] G m e l i n ’ s H a n d b u ch  d e r A norganischen Chem ie. M olybdän , 53, V erlag Chem ia, 1935
[38] O p p e r m a n n , H .: Z. A norg . Alig. C hem ., 379, 362 (1970)
[39] R o s c o e , H. E .: J .  L ieb igs A nn. Chem., 162, 349 (1872)
[40] S h c h u k a r e v ,  A. S ., K o k o v i n , G. A.: R u s s . J .  Inorg . C hem ., 9 , 1303, 1565 (1964)
[41] O p p e r m a n n , H ., S t ö v e r , G.: Z. anorg. alig. Chem ., 383, 14 (1971)
[42] P o u r a n d , M., C h a i g n e a u ,  M.: C om pt. R en d ., 249, 2568 (1959)
[43] H e s s , H ., H a r t u n g , H .: Z. anorg. alig. C hem ., 344, 157 (1966)
[44] C o l t o n , R ., T o m k i n s , J .  B .: A ustr. J .  C hem ., 21, 1975 (1968)
[45] T i l l a c k , J . ,  K a i s e r , R .: Angew. Chem. In t .  E d ., 7142, 294 (1968)
[46] K o k o v i n , G. A .: R u s s . J .  Inorg . C hem ., 12, 7 (1967)
[47] C o l t o n , R ., T o m k i n s , J .  B .: A ustr. J .  C hem ., 19, 759 (1966)
[48] S h c h u k a r e v , A. S., N o v i k o v , G. J . ,  K o k o v i n , G. A .: R u s s . J .  Inorg. Chem ., 4 , 2185

(1959)
[49] McCarley, R. E., B rown, T. M.: In o rg . Chem., 3, 1232 (1964)
[50] H i l d e b r a n d , D .  L ., K r a m e r , W . R ., M c D o n a l d , R . A ., S t u l l , D .  R .: J .  A m er. C hem .

Soc., 80, 4129 (1958)
[51] M c C a r l e y , R . E ., B r o w n , T . M.: J .  A m er. Chem. Soc., 84, 3216 (1962)
[52] S c h a f e r , H ., S c h n e r i n g , H . G., T i l l a c k , J . ,  K u h n e n , F ., W ö h r l e , H ., B a u m a n n ,  H .:

Z. anorg. alig. C hem ., 353, 281 (1967)
[53] J o l l y , W . Z.; P re p a ra t iv e  In o rgan ic  R eac tio n s , J .  W iley  In terscience , N ew  Y o rk  1971
[54] S i e p m a n n , R ., S c h a f e r , H .: N a tu rw issen sch aften , 52, 344 (1965)
[55] W e a s t , R . C.: H a n d b o o k  of C hem istry  an d  Physics. 5 1 st ed ., 1970—71
[56] B a r r a c l o u g h , C. G ., S t a l s , J . :  A ust. J .  C hem ., 19, 741 (1966)
[57] G u p t a , S. K .: J .  P h y s . Chem., 75, 112 (1971)
[58] H e s s , H ., H a r t u n g , H .: Z. anorg. alig. Chem ., 344, 157 (1966)
[59] N e u m a n n , G. M., K n a t z , W .: Z. N a tu rfo rsch ., 26a, 1046 (1971)
[60] R o b i n s o n , B. H ., F e r g u s s o n , J .  E ., W i l k i n s , C. J . :  U n p u b lish ed  resu lts
[61] F e r g u s s o n , J .  E .:  M eta l-M eta l-B onded  H alogen  C om pounds o f th e  T ran sitio n  M etals.

W . L. J o l l y : P re p a ra tiv e  Ino rgan ic  R e ac tio n s , 7, W iley  In terscience , N ew  Y o rk  1971
[62] B a i r d ,  M. C.: M eta l-M eta l-B o n d s in  T ran s itio n  M etal C om pounds. Progress in  In o rg an ic

C hem istry  9, W iley  In terscience , N ew  Y o rk  1968
[63] R i n k e , К ., S c h a f e r , A.: Angew. Chem ., 79, 650 (1967)
[64] S c h a f e r , H ., S i e p m a n n , R .: Z. anorg . allgem . C hem ., 357, 273, 289 (1968)
[65] M a r g r a v e , J .  L .: M ass S pec tro m etry  in  Ino rg an ic  C h em istry . Am. Chem. Soc. P u b lic a 

tion , New Y o rk  1968

O liver K a p o s i ; 

T ib o r D e u t s c h ; 

A rk ad y  P o p o v i c  

Jo z e  P e z d i Ó

H -1088 B u d ap est, P u sk in  u tc a  11— 13. 
H-1045 B u d ap est, Tó u . 1— 5.

L ju b ljan a , Y ugoslav ia  J a m o v a  39.

Acta Chim. (Budapest) 89, 1976



Acta Chimica Academiae Scientiarum Hungaricae, Tomus 89 (2), pp. 123—136 (1976)

KINETICS OF ETHANE DEHYDROGENATION 
ON *-Cr20 3 CATALYST, I

T H E  R A T E -D E T E R M IN IN G  ST E P  

P . K ö n i g  a n d  P . T é t é n y i

( Institu te  o f  Isotopes o f  the H u n g a ria n  Academ y o f  Sciences, B udapest)  

R ece ived  A pril 17, 1975

D eh y d ro g en a tio n  of e th an e  h as  been  stud ied  on  a -ch ro m ia  c a ta ly s t, in  a  c ir
cu la tio n  reac to r, be tw een  0 a n d  4 k N  m -  2 pressures an d  in  th e  te m p e ra tu re  range  
be tw een  430 and  580 °C. Several chem ical processes tak e  p lace  on  th e  c a ta ly s t  u n d e r 
th ese  conditions; in  ad d itio n  to  gaseous p ro d u c ts  (H 2, C2H 4 ,C H 4) su rface  deposits 
are  also form ed; th e  com position  of th e  la t te r  depends on th e  a c t iv ity  o f th e  c a ta ly s t  
a n d  th e  tem p era tu re . B y  a p p ro p ria te  p re tre a tm e n t and  reg en e ra tio n  of th e  c a ta ly s ts , 
i t  w as possible to  p erfo rm  k in e tic  ex p erim en ts  on  ca ta ly sts  o f p ra c tic a lly  c o n s ta n t a c tiv ity . 
T h e  tem p e ra tu re  dependence  of th e  in it ia l  r a te  o f d eh y d ro g en a tio n , th e  k in e tic  iso tope 
effec t a n d  th e  re la tiv e  ra te s  o f d e h y d ro g en a tio n  and D—H  ex change  in d ica te  t h a t  th e  
ra te  of e th an e  d eh y d ro g en a tio n  is lim ited  b y  th e  surface reac tio n .

In tro d u c tio n

T h e  d eh y d rogena tion  o f h y d ro ca rb o n s  on c a ta ly s ts  co n ta in in g  chrom ia 
is o f  considerab le  in te re s t from  b o th  th eo re tica l an d  in d u s tr ia l v iew po in ts . 
In  sp ite  o f th e  large a m o u n t o f e x p e rim e n ta l d a ta  av ailab le , th e re  is no un ifo rm  
o p in ion  concern ing  th e  k in e tics  o f th e  reactions. C orresponding  to  p ra c tic a l 
re q u ire m e n ts , k inetic  ex p erim en ts  h av e  been  lim ited  to  d e h y d ro g en a tio n  of 
C4 h y d ro ca rb o n s  [1— 8] a n d  cyclohexane [9— 16].

D odd an d  Watson suggested  a  so-called ‘d u a l-s ite ’ m echan ism  for 
b u ta n e  d eh y d rogena tion  w ith  th e  su rface  reac tio n  as th e  ra te -d e te rm in in g  
s tep  [1]. On th e  o th e r h a n d , B a la n d in  p u t  fo rw ard  a ‘single s ite ’ m ech 
an ism ; he believed th a t  th e  ra te -d e te rm in in g  step  w as th e  associa tive  
a d so rp tio n  of b u ta n e  [2, 3 ]. T he w ork  o f  Carrä an d  F orni [8] su p p o rts  th e  
fo rm er opinion. A pplying th e  m e th o d  o f sto ich iom etric  n u m b ers  to  his ow n 
[4, 5] an d  Ba l a n d in ’s re su lts , H appel  h as com e to  conclusions w hich  differ 
from  b o th  concepts m en tio n ed . In v e s tig a tin g  th e  d eh y d ro g en a tio n  o f iso 
b u ta n e  b y  th e  sam e m e th o d , he has fo u n d  a  single ra te -d e te rm in in g  s tep , 
w h ich  is th e  associative ch em iso rp tion  o f th e  h y d ro carb o n  [7].

T h e  ra te -d e te rm in in g  s tep  o f th e  th ree -s tep  d eh y d ro g en a tio n  o f cyclo
h e x an e  [15] is also th e  a d so rp tio n  o f cyclohexane b u t  th e re  is no un ifo rm  
o p in io n  w h e th e r th is  a d so rp tio n  is assoc ia tive  [13, 14] o r d issocia tive  [16]; 
th e re  w ere also argum en ts a b o u t th e  fo rm  o f th e  ra te  eq u a tio n  [8— 13].
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T h e ca ta ly sts  fo r th e  k in e tic  ex perim en ts m en tio n ed  w ere d ifferen t: 
p a r t ly  a-chrom ia, p a r t ly  a lu m in a -su p p o rted  ch ro m ia  o f  v a rio u s  origins an d  
com positions. The p re p a ra t io n  an d  p re tre a tm e n t o f th e  c a ta ly s ts  used b y  
d iffe re n t au thors show  la rg e  v a ria tio n s , w hich m a y  have c o n tr ib u te d  to  th e  
la c k  o f  a com m on k in e tic  p ic tu re . The chem iso rp tion  an d  c a ta ly tic  properties 
o f  a -ch ro m ia  are d e p e n d e n t to  a h igh degree on th e  m e th o d  o f p re p a ra tio n  —  
f i r s t  o f  all on the  co n d itio n s  o f h e a t tre a tm e n t [17, 18] an d  o f  th e  ac tiv a tio n  
in  h y d ro g en  [19] as w ell as on  th e  am o u n t o f re s id u a l w a te r  in  th e  ca ta ly s t [20]. 
F o r  su p p o rted  c a ta ly s ts , an  ad d itio n a l u n c e r ta in ty  m ay  he caused  by  th e  fac t 
t h a t  p re tre a tm e n t a n d  a c tiv a tio n  lead  to  th e  fo rm a tio n  o f  a solid so lu tion  
p h a se  whose com position  a n d  d ispersity  m a y  be d iffe ren t [21]. The ca ta ly tic  
a c t iv i ty  of these is d e te rm in e d  b y  th e ir  —  v ario u s —■ ch rom ium  co n ten ts 
[22, 23]. The presence o f  a lk a li an d  alkaline e a r th  m e ta ls  —  w hich  can n o t be 
a v o id e d  in  in d u str ia l c a ta ly s ts  —  leads to  o th e r  com plica tions [24, 25].

Considering all th e se , i t  seem ed ex p ed ien t to  s tu d y  th e  c a ta ly tic  d eh y d ro 
g en a tio n  of h y d ro ca rb o n s  choosing a m odel reac tio n  as sim ple  as possible, a 
rep ro d u c ib le  c a ta ly s t a n d  rep roducib le  re a c tio n  cond itions. A lthough  th e  
equ ilib riu m  conversion  o f  th e  sim plest h y d ro ca rb o n  th a t  can  be d eh y d ro 
g e n a te d  (ethane) is e x tre m e ly  low  in  th e  p rac ticab le  te m p e ra tu re  region [26], 
th e  experim en ta l d ifficu ltie s  due to  th is  fa c t a re  co m p en sa ted  b y  th e  sm all 
n u m b e r  of possible side  reac tio n s. S im ilarly , th e  know ledge o f th e  s tru c tu re  
a n d  surface p ro p erties  o f  a-ch rom ia  [19, 27, 28] w hich  can  be  p rep ared  in  a w ay  
p ro d u c in g  a un ifo rm  s tru c tu re  m ay  com pensate  th e  ex p erim en ta l d raw back  
cau sed  by  th e  re la tiv e ly  ra p id  d eac tiv a tio n  o f th is  c a ta ly s t  [21].

Experimental

A pparatus

E xperim en ts w ere  c a rried  o u t in  a glass c ircu la tio n  a p p a ra tu s  described  elsewhere [29], 
h a v in g  a volum e of 204.3 cm 3. T he tem p e ra tu re  o f th e  q u a rtz  re ac tio n  vessel was m ain ta in ed  
w ith  an  accuracy of ^ 0 . 5  °C b y  m eans of an  e lectrical oven  con n ec ted  to  a th y ris to r  co n tro l 
u n it.

A nalysis

Sam pling w as d one  u sin g  a n  evacuable sam pling  stopcock  0.34 cm 3 in volum e, in s ta lled  
in to  th e  gas c ircuit. U p o n  tu rn in g  th e  stopcock, th e  sam ple  w as flu sh ed  by  a n itrogen  s tream  
(flow  ra te  0.8 cm 3 s“ x) in to  a ch ro m atograph ic  colum n (len g th : 2 m , I .D . 5 m m ) co n ta in in g  
a c tiv a te d  S i0 2 (Carlo E rb a  510/1100). T he colum n te m p e ra tu re  w as 125 °C. Two d e tec to rs , 
a  k a th a ro m e te r a n d  a flam e  ion iza tion  de tec to r, w ere connected  in series a fte r th e  colum n. 
T he sm allest am o u n ts  to  be  m easu red  w ith  a  fa ir rep ro d u c ib ility  w ere: 5 .2 5 x 1 0 “ 10 m ol o f 
h y d ro g en  and 4 .5 3 x 1 0 “ 12 m ol of e th an e . C a lib ra tion  was done b y  p ressure  m easu rem en t, 
u sin g  an abso lu te  m a n o m e te r ;  th e  com bined av erage  erro r o f  sam pling  and  analysis w as 
i l . 6 %  on th e  F .I .D . a n d  i 2 . 0 %  on th e  k a th a ro m e te r. R e te n tio n  tim es for th e  com ponents 
in  ro u tin e  k inetic  an a ly se s  w ere as follows: H 2 48 s; C H 4 58 s; C2H 6 125 s; C2H 4 185 s.

The analysis o f d e u te ra te d  hyd ro carb o n s w as p e rfo rm ed  o n  a  D u P o n t 21490 В m ass 
spec trom eter, from  th e  co rrespond ing  frac tio n  of th e  m ix tu re  se p a ra ted  on th e  ch ro m a
to g rap h ic  colum n. S p e c tru m  ev a lu a tio n  was done b y  a m u ltip le  regression  com puter p ro g ram , 
u sin g  an  ICT 1905 m ach in e  [30].

Acta Chim. (Budapest)  89, 1976



K Ö N IG , T É T É N Y I: K IN E T IC S  O F  E T H A N E  D E H Y D R O G E N A T IO N , I 125

C atalyst

T he c a ta ly s t  was p re p a re d  b y  th e rm a l decom position  o f (N H 4)2Cr20 ,  (“ R ean a l” , p .a . 
g ra d e ) in a th in  lay er; th e  p ro d u c t w as d e h y d ra te d  in a ir a t  680 °C fo r 6 hrs. B oth  D T A  an d  
X -ra y  d iffrac tion  show ed th a t  th e  p ro d u c t  w as en tire ly  c ry sta llin e  a -C r(III)o x id e . I t s  I R  
ab so rp tio n  sp ec tru m  corresponded  to  t h a t  re p o rte d  b y  M a r s h a l l  et al. [31]. I ts  specific surface  
w as 16.2 m 2 g” 1 (d e term ined  on a S a r to r iu s  m icrobalance using  th e  B E T  m eth o d , w ith  N 2 
as a d so rb en t) .

M aterials

H yd ro g en : C ylinder hydrogen  w as d e o x y g en a te d  an d  d e h y d ra ted  b y  p assin g  th ro u g h  a P d /S i0 2 
c a ta ly s t  th e n  cooling i t  in  a  liq u id  n itro g en  trap . I t  w as co llected  in  a vessel an d  passed  
th ro u g h  a P d /A g  m em b ran e  b e fo re  use.

O xygen: K M n 0 4 (p .a . “ M erck” ) w as th e rm a lly  decom posed, th e n  th e  gas condensed in to  a 
liqu id  n itro g en  tra p  a n d  d is tilled .

E th a n e :  F L U K A  pss. grade (e th an e  9 8 % , im p u ritie s: e thy lene, p ro p a n e , propylene), p u rified  
as follows: a “ fin g er” (I.D . 3 cm , len g th  25 cm ) w as filled  w ith  a c tiv a ted  S i0 2 a n d  e- 
v acu a te d ; th e n  e th an e  w as fro zen  in to  th is  vessel. A fter slow  d istilla tio n , th e  m idd le  
frac tio n  (betw een  25 an d  7 5 % ) co n ta in ed  less im p u ritie s  th a n  0.1 ppm .

E th y len e:  F L U K A  pss. g rade, p u rif ied  like  e th an e .
Deuteroethane: “ Isocom m erz” , D resden . C2D 6 co n te n t 92% , th e  re s t  m a in ly  C2D5H , an d  traces 

o f less d e u te ra te d  e th an e  species.

E xp erim en ta l

0.02 — 0.1 g c a ta ly s t  of 0.1 —0.2 m m  p a rtic le  size w as p laced  in to  th e  upw ard  b ra n ch  
o f a  U -sh ap ed  q u a rtz  reac to r tu b e  b e tw ee n  q u a rtz  wool p lugs, s lig h tly  pressed , in o rder to  
a v o id  “ channeling” . P re p a ra tio n  an d  re g en e ra tio n  was carried  o u t as follows.

T he c a ta ly s t  w as m ain ta in ed  a t  600 °C in  an  a tm o sp h ere  of oxy g en  pressure  7 k N  m ~ 2 
fo r 3 h rs ;  C 02 an d  H 20  p roduced  w ere fro zen  in  a t r a p  w ith  liqu id  n itro g en . A flee w ards i t  w as 
p u m p e d  o u t  a t  th e  sam e tem p e ra tu re  fo r 6 —8 h rs  (final p ressure  10- 3  N  m _ 2). The c a ta ly s t  
w as th e n  a c tiv a te d  in  h y d rogen  (7 kN  m  2) a t  480 °C for 3 h rs  w ith  th e  w a te r  p roduced  frozen  
o u t, th e n  i t  was pu m p ed  o u t u n til  f in a l p ressu re  reached  th e  v a lu e  m en tio n ed  (3 —4 hrs).

T h e  reac tio n  m ix tu re  was p re p a re d  in  th e  m ixing cham ber b y  in tro d u c in g  com ponents 
o f g iv en  p ressu re : its  e x ac t com position  w as d e te rm in ed  in the  c h ro m a to g rap h  a fte r  hom ogeniza- 
t io  n  fo r  10 — 15 m in. T his was followed b y  p assin g  th e  c ircu la ting  m ix tu re  th ro u g h  th e  c a ta ly s t 
c h a m b e r; th e  gas com position was fo llow ed b y  sam pling  a t  5 m in  in te rv a ls . The ev a lu a tio n  
o f th e  ch ro m ato g ram s w as perform ed b y  m easu rin g  p eak  he igh ts since a  s ta tis tic a l com parison 
o f a ll  p ra c tic a b le  m eth o d s show ed th is  to  be  th e  m o st accu rate . A carb o n  a n d  h y drogen  ba lan ce  
w as c a lcu la te d  for each ru n  on th e  IC T 1905 co m p u te r, using correspond ing  t im e —p eak  h e ig h t 
—re a c tio n  te m p e ra tu re —room  te m p e ra tu re  d a ta  as in p u t va lues, to g e th e r  w ith  c h ro m a to 
g rap h ic  fa c to rs  checked before each  ru n  a n d  considering  th e  te m p e ra tu re  g ra d ie n t in  th e  a p p a 
ra tu s  as w ell as th e  e rro r caused b y  sam pling . T he average erro r o f such  b a lances for th e  e m p ty  
re a c to r  w as ± 0 .5 % . T he o u tp u t  o f th e  b a la n ce  — th a t  is th e  d is tr ib u tio n  of th e  to ta l  q u a n ti ty  
o f th e  re a c tio n  m ix tu re  am ong th e  v a rio u s  chem ical species — served  as th e  basis fo r calcu
la tin g  th e  re ac tio n  ra te  w hile th e  d e fic it m ad e  i t  possible to  de term ine  th e  a m o u n t and  com po
s itio n  o f d eposits  form ed on th e  c a ta ly s t.

R esults

Temperature and pressure lim its o f the experiments

T h e tem p era tu re  for 50%  eq u ilib riu m  conversion o f e th a n e  deh y d ro 
g en a tio n  is 720 °C [32]. C hrom ia c a ta ly s ts , how ever, su ffer in ten se  ageing 
in  a re d u c in g  a tm osphere  above 580 °C an d  th is process becom es irreversib le  
above 650 °C [33]. C onsequen tly , rep ro d u c ib le  m easu rem en ts  can  only be 
p e rfo rm ed  below  580 °C. C onsidering, fu rth e rm o re , th a t  th e  effect o f th e
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Fig. 1. C om position o f th e  re ac tio n  m ix tu re  an d  th e  va lue  o f th e  a p p a re n t eq u ilib riu m  c o n s tan t fo r e th an e  
d eh y d ro g en a tio n  on a-C r20 3. C a ta ly s t w eigh t: 0.125 g, Ethane =  1.30 0.03 k N  m “ 2; a : t  =  450 °C;

b: t  =  488 °C; c: t =  525 °C
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reverse  reac tio n  can only  be avo ided  i f  th e  conversion  is below  10%  o f th e  
equ ilib rium  va lu e , th e  equ ilib rium  d a ta  p e rm it to  ca lcu la te  th e  te m p e ra tu re  
an d  p ressu re  ran g e  in  w hich th e  ex p e rim en ta l re su lts  can  be read ily  e v a lu a te d . 
O n th e  basis o f th e  ex p erim en ta l e rro r, th e  low est conversion to  be e v a lu a te d  
is 1 .5%  ( th a t  is, th e  equ ilib rium  conversion  shou ld  exceed 15% ) an d  th is  m a y  
be realized  above 450 °C an d  below  4 k N  m _ 2. T h u s , k in e tic  ex p erim en ts  w ere 
carried  o u t b e tw een  450 an d  580 °C an d  in  th e  p ressu re  range o f 0 — 4 k N  m - 2 .

Product distribution

F igu re  1 show s th e  tra n s fo rm a tio n  o f  e th a n e  on a fresh ly  a c t iv a te d  
c a ta ly s t a t  d iffe ren t te m p e ra tu res . T he d a ta  in d ica te  th a t  th e  overall p rocess 
m u s t consist o f severa l reac tio n s. In  a d d itio n  to  dehydro g en a tio n , h y d ro g en o l- 
ysis an d  a th ird , hyd rog en -p ro d u c in g  process also ta k e  p lace, since e th y le n e

F ig. 2. V a ria tio n  o f th e  com position  o f th e  d ep o sit fo r e th a n e  dehy d ro g en a tio n  on  a -C r20

a n d  h y drogen  are  n o t form ed in  a s to ich io m etric  ra tio . The la t te r  tw o side 
reactions occur also in  th e  q u as i-s te a d y -s ta te  region, w here d eh y d ro g en a tio n  
a n d  h y d ro g en a tio n  are  ap p ro x im a te ly  in  eq u ilib rium . Therefore, as show n 
in  th e  figure , th e  a p p a re n t equ ilib rium  c o n s ta n t is low er th a n  th e  v a lu e  
given in  th e  li te ra tu re  [26].

No o th e r  p ro d u c t could be  fo u n d  in  th e  gas ph ase , th u s  th e  d e fic it of 
th e  m a te ria l ba lan ce  m u st be connected  w ith  deposits on th e  ca ta ly s t su rface . 
I ts  com position , as ca lcu la ted  from  th e  m ass ba lan ce  (F ig. 2), was n e a r to  
th a t  o f e th an e , (H /C  =  3) in  th e  in itia l s tages, b u t  as th e  reac tio n  p roceeded , 
i t  co n ta in ed  less a n d  less hydrogen .

T he ra te s  o f com peting  processes can  be e v a lu a te d  from  se lec tiv ity  va lu es  
ca lcu la ted  from  in itia l reac tio n  ra te s  (T able I).
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Table I

Selectivity values fo r  different transform ation  o f  ethane*

450 °C. 488 °C 525 °C

C2H 4 0.76 0.77 0.46

CH4 0.004 0.015 0.071

d ep . 0.23 0.21 0.47

S e lec tiv ity : a,-
ntvi

rb t
i - i

coeffic ien t o f th e  re ac tio n ; n  th e  num ber o f re ac tio n s

where r; is th e  in it ia l  reac tio n  ra te ; Vj th e  s to ich io m etric

Catalytic activity

As expected  fro m  th e  high se le c tiv ity  o f deposit fo rm atio n  (a<jep)’ th e  
c a ta ly s t  becom es p o iso n ed  during  d eh y d ro g en a tio n . On ev a c u a tin g  th e  re 
ac tio n  vessel a f te r  re a c tio n , th e  ca ta ly tic  a c t iv i ty  decreases to  a fra c tio n  o f its  
in itia l v a lu e  an d  ev en  a prolonged a c tiv a tio n  procedure  c an n o t re s to re  its  
o rig in a l level. I t  c an  be  concluded, h o w ev er, from  F igure 1 t h a t  d ep o sit 
fo rm a tio n  depends in  a reverse sense on h y d ro g en  coverage o f  th e  su rface . 
E v a c u a tio n  rem oves m obile  hyd rogen  species from  th e  surface an d  th is , in  
tu r n ,  m a y  p ro m o te  fu r th e r  loss of h y d ro g en  from  im m obile d eposits , p ro d u c in g  
“ coke’4 w hich c a n n o t be  rem oved b y  e v acu a tio n . Indeed , i f  th e  re a c tio n  is 
te rm in a te d  b y  in tro d u c in g  hydrogen  in  a large excess w ith  sim u ltan eo u s 
freezing  ou t o f th e  h y d ro carb o n s, a considerab le  a c tiv ity  can  be  re sto red .

F ig u re  3 show s th e  decrease o f th e  c a ta ly tic  a c tiv ity  m easu red  a t  450 °C 
cau sed  b y  id en tica l am o u n ts  of e th a n e  (1 k N  m ~ 2) reac tin g  fo r periods of 
v a rio u s  d u ra tio n . T h e  c a ta ly s t was re g e n e ra te d  in  a g rea t excess (10 kN  m - 2 ) 
o f h y d ro g en  a t  th e  reac tio n  te m p e ra tu re  fo r 1 h r. D isregard ing  th e  in itia l 
ra p id  decay , th e  c a ta ly tic  a c tiv ity  d ec reased  in  p ropo rtio n  to  th e  reac tio n  
tim e, w ith  th e  se le c tiv ity  unchanged . A n  oxygen  tre a tm e n t o f th e  c a ta ly s t 
a f te r  ab o u t 30 h rs  o f  operation  p ro d u c e d  considerable am o u n ts  o f ca rb o n  
d iox ide , h u t  th e  c a ta ly tic  a c tiv ity  in c re a se d  on ly  sligh tly . This in d ica tes  th a t  
the  a c tiv ity  change observed  m ay  b e  analogous to  th e  a c tiv ity  decrease o f  
Cr20 3/Al20 3 c a ta ly s ts  in  a reducing  a tm o sp h e re  [33]. This la t te r  w as a t tr ib u te d  
— a t  least p a r t ly  —  to  th e  g row th  o f  Cr20 3 crysta llites , co rrespond ing  to  th e  
decrease o f th e  su rface  area  in  th e  case o f  a-chrom ia . I t  was possib le to  d e te r
m ine  th e  B E T  su rface  o f th e  c a ta ly s t ‘in  s i tu ’ in  th e  reac tio n  ch am b er using  
m e th a n e  as th e  a d so rb a te  a t  — 196 °C a n d  app ly in g  th e  F .I .D . as th e  p ressu re  
gauge. T ak ing  th e  su rface  req u irem en t o f  th e  m eth an e  m olecule to  be equal 
to  1.64 x l 0 ~ 19 m 2 [34], th e  surface a reas  o b ta in ed  were a b o u t 20%  less th a n
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F ig . 3. R a te  o f fo rm a tio n  o f e thylene (x), m eth a n e  ( • )  an d  h y drogen  (o) (th e  la t te r  tw o re la te d  
to  th e  fo rm er) as a  function  of th e  d u ra tio n  of reac tio n  from  c a ta ly s t  ac tiv a tio n . 

C ata lyst: 0 .043 g a -ch ro m ia , t =  450 °C,
■̂ ethane — 1*9 k N  m
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F ig. 4. V a ria tio n  of th e  com position  of th e  re a c tio n  m ix tu re  for e th an e  deh y d ro g en a tio n  on
stab ilized  oc-Cr20 3.

C a ta ly s t: 0.0689 g (1 .12  m 2), t =  527 °C,
P  =  1.19 kN  m ~ 2 e th a n e
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those  d e te rm in ed  b y  N 2/B E T , b u t  th e se  v alues w ere rep ro d u c ib le  w ith in  
± 2 % .  O n keeping th e  c a ta ly s t  in  h y d ro g en  fo r a b o u t 500 h rs , th e  ca ta ly tic  
a c t iv i ty  decreased  b y  a b o u t tw o orders o f  m a g n itu d e  b u t  th e  su rface  rem ained  
th e  sam e  w ith in  th e  lim its  of ex p erim en ta l erro r.

O n rep ea tin g  sev era l tim es th e  c a ta ly s t  p re tre a tm e n t described  in  th e  
E x p e rim e n ta l section , th e  a c tiv ity  decreased  b y  ab o u t tw o  orders o f m ag n itu d e  
as c o m p ared  w ith  th e  fre sh  sam ple, b u t  th e  ra te  o f fu r th e r  d eac tiv a tio n  b e 
cam e v e ry  low. E.g. a f te r  rep ea tin g  a cycle consisting  o f one h o u r’s reac tio n  
(525 °C, 1 kN  m -2  e th a n e ) an d  20 m in u te ’s reg en era tio n  (525 °C, 10 kN  m -2  
H 2) f iv e  tim es, th e  c a ta ly tic  a c tiv ity  rem a in ed  c o n s tan t w ith in  th e  lim its  o f  
e x p e rim e n ta l error. F ig u re  4 shows th e  p ro d u c t d is tr ib u tio n  o b ta in ed  on a 
c a ta ly s t  stab ilized  in  th is  w ay . I t  can  be seen th a t  d eh y d ro g en a tio n  is accom 
p a n ie d  b y  a s trong  d ep o sit fo rm atio n , th e  H /C ra tio  ch a rac te ris tic  of th is  
l a t te r  b e ing  close to  3. U pon  te rm in a tin g  th e  reac tio n  a fte r  65 m in  an d  tre a tin g  
th e  c a ta ly s t  w ith  10 k N  m ~ 2 hydrogen  a t  th e  reac tio n  te m p e ra tu re , th e  a n a l
ysis o f  th e  tra p p e d  h y d ro ca rb o n s  show ed th a t  residues w ere adsorbed  a lm o st 
e n tire ly  in  th e  form  o f C2 deposits, as in d ic a te d  b y  th e ir  deso rp tio n  as e th an e  
(d a ta  d eno ted  b y  X  in  th e  figure).

F u r th e r  ex p erim en ts  have been  perfo rm ed  on th is  s tab ilized  c a ta ly s t 
sam p le  (0.0689 g —*• 1.12 m 2); i t  was reg en e ra ted  a fte r  each  ex p erim en t in  th e  
w ay  described  above.

Temperature dependence o f the reaction rates

D eposit fo rm a tio n  as well as n on -sto ich iom etric  hyd rogen  fo rm atio n  
le a d  to  th e  conclusion th a t  no sim ple expression  can be ex p ec ted  to  describe 
th e  a c tu a l p ressu re  o f  th e  com ponen ts as a fu n c tio n  o f tim e . F igure 4 show s, 
h o w ev er, th a t  e th y len e  fo rm atio n  can  be ch a rac terized  b y  a m onoton ic  fu n c 
t io n , th u s  th e  in itia l reac tio n  ra te  can  p re su m ab ly  be d e te rm in ed  b y  e x tr a 
p o la tin g  some sim ple  fu nc tion  to  zero tim e . F igure  5 show s th e  d e riv a tiv e  
o f  th e  ethy lene a m o u n t vs. tim e  p lo t o f  F ig . 4. T he d e riv a tio n  was carried  o u t 
acco rd in g  to  W h i t a c k e r  an d  P i c k f o r d  [35] b y  perfo rm in g  a num erica l 
d e riv a tio n  for th e  f i r s t  five po in ts  o f  th e  in teg ra l curve an d  rep ea tin g  th is  p ro 
ced u re  for th e  2 n d — 6 th , 3 r d —7 th , 4 t h —8 th  etc . p o in ts . This p rocedure  
gives th e  d e riv a tiv e  o f a q u a d ra tic  fu n c tio n  f i t te d  to  these  five  po in ts  
acco rd ing  to  th e  m e th o d  o f least sq u ares . The e rro r o f  th e  m iddle  (th ird ) 
p o in ts  is alw ays th e  low est; th e  F ig u re  shows th ese  th ird  po in ts  fo r each  
g ro u p  of five p o in ts , excep t for th e  f i r s t  an d  la s t tw o p o in ts . T he po in ts  show n 
a re , w ith  a good ap p ro x im a tio n , on a s tra ig h t line. T he f irs t  tw o p o in ts  h av e  
b een  neglected  in  th e  ex trap o la tio n  to  zero p a r tly  ow ing to  th e  la rg e r e rro r 
m en tio n ed , an d  p a r t ly  due to  th e  d is tu rb in g  effect o f adso rp tio n .
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t ( m i n )

F ig . 5. V a ria tio n  of the  ra te  o f  e th y le n e  fo rm a tio n  du rin g  th e  reac tio n

T he A rrhen ius p lo t o f the  in i t ia l  re a c tio n  ra te s  is show n in  F ig . 6. T h e  
a p p a re n t energy  o f  ac tiv a tio n  has b e e n  ca lc u la ted  b y  th e  m eth o d  o f w e ig h ted  
least sq u ares  [36]; i ts  value is

E  =  148.4 ^  6.5 k J  m o l-1

The s ta tis t ic a l  w eigh ts have been c a lc u la ted  from  th e  following e q u a tio n :

w here rT deno tes th e  in it ia l  ra te  a t te m p e ra tu re  T , an d  s2(rT) its  m ean  q u a d ra tic  
sp read .

Fig. 6. A rrh en iu s p lo t o f th e  in it ia l  ra tes  of e th y le n e  fo rm a tio n . C a ta ly st: 0.0689 g, E thane =
1.04 i  0.03 k N  m -  2
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T h e  la t te r  va lu e  can  be de te rm ined  from  th e  erro r of num erica l d e riv a tio n  
in  th e  ca lcu la tio n  o f th e  in itia l ra te s  [35].

T h e  regression coeffic ien t o f th e  A rrh en iu s  p lo t for th e  te m p e ra tu re  
ra n g e  su itab le  fo r k in e tic  experim en ts (T  =  4 3 0 —580 °C) is r  =  — 0.98, 
in d ic a tin g  th e  indep en d en ce  of th e  a c tiv a tio n  energy o f th e  te m p e ra tu re .

K ine tic  isotope effect an d  H -D  exchange

D e te rm in a tio n  o f th e  k ine tic  iso to p e  effect can  p rov ide  v a lu a b le  d a ta  
fo r recognizing  th e  n a tu re  of th e  ra te - lim itin g  s tep . The reac tio n  ra te s  o f  CoH 0 
an d  C2D 6 d e h y d ro g en a tio n  a t  450 °C are s ig n ifican tly  d ifferen t (T able I I ) .

Table I I

K inetic  isotope effect in  the dehydrogenation o f  ethane and deuteroethane

Pressure (kN m~2)
r°x 10u 71

C,H, c 2d 8
(mol s-1 m~2)

1.30 6.73

I

1.32 2 .2 0

3.06

1.25 2.18

I I

1.26 5.73

2.63

A v e r a g e : 2.85

B y d e h y d ro g en a tin g  p e rd e u te ro e th a n e  in  th e  presence o f p ro tiu m  a n d  
b y  analyzing  th e  p ro d u c t sam ples m ass-sp ec tro m etrica lly , i t  is possib le  to  
s tu d y  d eh y d ro g en a tio n  and  h y d ro g en —d eu te riu m  exchange s im u lta n e o u s ly  
(F ig . 7). C learly , deh y d ro g en a tio n  is accom pan ied  b y  an  in ten se  ex ch an g e  
w hose ra te  is h ig h er th a n  th a t  of d eh y d ro g en a tio n  on b o th  ends of th e  k in e tic  
te m p e ra tu re  ran g e . T he p ro tiu m  c o n te n t o f  th e  in itia l d e u te ro e th a n e  can  be 
fo u n d  en tire ly  in  m olecules of C2D 5H  a t  th e  ac tu a l m ax im um  conversion  o f 2 % .

D iscussion

E x p e rim e n ta l evidence has been  o b ta in ed  th a t  th e  reac tio n  o f e th a n e  
on  a-Cr20 3 has a tra n s ie n t and  a q u a s i-s te a d y -s ta te  region (F ig. 1). T h e  t r a n s ie n t  
reg ion  can be ch a rac te rized  b y  ra p id  fo rm atio n  of e th y len e  an d  h y d ro g e n :

Acta Chim. (Budapest) 89, 1976



K Ö N IG , T É T É N Y I: K IN E T IC S  O F  E T H A N E  D E H Y D R O G E N A T IO N , I 13 3

t ( mi n )

Fig. 7. D eu te r iu m -h y d ro g e n  exchange (o) a n d  d e u te ro e th y len e  p ro d u c tio n  (x) for d eu te ro - 
e th a n e  as a  fu n c tio n  o f re a c tio n  tim e a t (a )  450 °C; ( b)  550 °C. C ala lyst: 0.0689 g, -Pc2D6 =  

1.32 ^  0.03 kN  m~ 2; =  2.05 i  0.05 k N  m _ 2

th e  e th y len e  c o n cen tra tio n  has a m a x im u m  an d  slow ly decreases in  th e  s te a d y - 
s ta te  reg ion . E th a n e  deh y d ro g en a tio n  is accom pan ied  in  b o th  regions b y  e th a n e  
hydrogeno lysis and th e  fo rm ation  o f  h y d ro g en -d e fic ien t deposits . This la t te r  
process re su lts  in  h y d ro g en  fo rm ation , exceed ing  th e  s to ich io m etric  a m o u n t. 
T his excess hyd rogen  sh if ts  the  e q u ilib riu m  b ack w ard s. T h is fa c t m ig h t h av e  
been  th e  reason  of w h y  th e  ethylene co n c e n tra tio n  has a m ax im u m  b u t  in  
th is  case th e  m ass e ffec t ra tio  should a p p ro x im a te  th e  equ ilib riu m  c o n s ta n t 
from  th e  u p p e r  side. A c tu a lly , the  o p p o site  has been observed , in d ica tin g  th a t  
e th y len e  or a surface species being in  eq u ilib riu m  w ith  e th y len e  m u st be th e  
p recu rso r o f th e  d eposits .

W h en  ev a lu a tin g  th e  com position  o f  deposits , i t  m u s t be rem em b ered  
th a t  i t  w as deduced  fro m  th e  defic it o f  th e  carbon  an d  h y d ro g en  balance  
h u t  th is  d e fic it co n ta in s  also reversib ly  chem isorbed  h y d ro g en  an d  h y d ro 
carbon . I n  o th e r  w ords, surface deposits  m u s t be m ore  h y d ro g en -d efic ien t 
—  especia lly  a t  low er tem p era tu res  —  th a n  i t  seem s from  F ig . 2.

B o th  deposit fo rm a tio n  and th e  ch an g e  of its  co m position  as well as 
m e th a n e  fo rm a tio n  are  th e  m ost rap id  in  th e  in itia l s tag e  o f th e  tra n s ie n t 
region (a few  m inu tes) w h en  th e  ca ta ly s t su rface  has a re la tiv e ly  low  coverage. 
This in d ica tes  th a t  chem isorbed  h y d ro g en  m u s t h in d er d ep o sit fo rm ation . 
This is also su p p o rted  b y  th e  fa c t th a t  d ep o sits  co rrespond ing  to  low  conversion 
can  be rem o v ed  from  th e  surface via h y d ro g e n a tio n  as m e th a n e  or e th an e  
(F ig . 4) an d  fu r th e r  b y  th e  decrease o f th e  d e h y d ro g en a tio n  se lec tiv ity  w ith  
increasing  te m p e ra tu re , t h a t  is, w ith lo w er h y d ro g en  coverages.
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As a w orking h y p o th es is , th e  fo llow ing fac ts  can  be s ta te d  a b o u t th e  
re a c tio n s  of e thane  on a-C r20 3.

E th a n e  m olecules chem isorbed  on  th e  c a ta ly s t su rface  g rad u a lly  lose 
h y d ro g e n , leading to  H /C  values dow n to  u n ity , depend ing  on th e  te m p e ra tu re  
a n d  h y d ro g en  co n ten t o f  th e  ca ta ly s t. Som e o f th e  in te rm e d ia te  stages o f th is  
p rocess is accom pan ied  b y  C-C b o n d  ru p tu re . Two p ro d u c ts  o f  th is  re a c tio n  
seq u en ce  m ay  ap p ea r in  th e  gas phase  a f te r  deso rp tio n  a n d /o r hyd ro g en  u p 
ta k e :  m e th an e  an d  e th y len e . T he process o f  in te re s t fo r us is e th a n e  d e h y d ro 
g e n a tio n  in to  e th y len e ; th is  occurs in  th e  tra n s ie n t s tage  o f th e  reac tio n  an d , 
p re su m a b ly , consists o f severa l e lem en ta ry  step s . T he q u estio n  arises o f w h e th e r 
a n y  o f  these  is ra te -d e te rm in in g  an d  i f  so, w hich.

T he ap p a ren t energy  of a c tiv a tio n  is n ea rly  in d e p e n d e n t o f th e  te m 
p e ra tu re  in  th e  te m p e ra tu re  range sp read in g  over 150°. T h e  regression coeffi
c ie n t o f th e  A rrhen ius p lo t is v e ry  close to  u n ity , an d  th is  —  in  sp ite  o f  th e  
w ell-know n in sen sitiv ity  o f th e  ex p o n e n tia l fu n c tio n  —  suggests th a t  a single 
ra te -d e te rm in in g  s tep  exists*.

T he num erica l v a lu e  of th e  k in e tic  iso tope  effect is r) =  2.85 a t  450 °C; 
acco rd in g  to  E y b i n g  an d  C a g l e ,  th e  th e o re tic a l m ax im u m  a t  th is  te m p e ra tu re  
is Tjmax — 3.5 [37]. As th e  ac tu a l v a lu e  is close to  th e  m ax im u m , th e  r a te 
d e te rm in in g  step  m a y  be th e  ru p tu re  o f a С—H  bond  in  th e  a c tiv a te d  com plex . 
Y u n g - F a n g  Y u Y a o  has reached  th e  sam e conclusion fo r e th an e  o x id a tio n  
o n  a-chrom ia [38], fo r w hich  th e  k in e tic  iso tope  effect is as h igh  as r] =  2 .22.

The process o f  e th an e  d eh y d ro g en a tio n  involves th e  cleavage o f 2 С—H  
b o n d s . A ccording to  genera lly  accep ted  view s, h y d ro c a rb o n  ch em iso rp tio n  
is d issociative [15, 16, 18], th u s  th e  ru p tu re  of th e  f ir s t  С—H  b o n d  occurs 
d u rin g  chem isorp tion . T he prob lem  w h e th e r d issocia tive  ad so rp tio n  o r th e  
su b seq u en t su rface  reac tio n  invo lv in g  С—H  bond  sp littin g  is ra te -d e te rm in in g  
c a n  be ap p roached  b y  com paring  th e  ra te s  o f d eh y d ro g en a tio n  an d  h y d ro g e n -  
d eu te riu m  exchange fo r th e  g iven h y d ro ca rb o n . A ssum ing  th a t  d isso c ia tiv e  
chem iso rp tion  is an  ind ispensab le  p reco n d itio n  o f  H —D exchange (an d  th is  
a ssu m p tio n  is in  correspondence  w ith  o u r p resen t know ledge), no ex ch an g e  
sh o u ld  be observed  a t  low  conversions, i.e. for neglig ib le ra te s  o f th e  rev e rse  
reac tio n , i f  d issocia tive  chem iso rp tion  w ere ra te -d e te rm in in g . In  th e  o p p o site  
case, th e  ra te  o f exchange shou ld  exceed  b y  severa l o rders of m a g n itu d e  t h a t  
o f  dehyd ro g en a tio n . A lthough  ex ch an g e  can be observed  th ro u g h o u t th e  
w hole range an d  its  ra te  is alw ays h ig h e r th a n  th a t  o f d e h y d ro g en a tio n  (с /. 
F ig . 7), i t  c a n n o t be concluded  from  th e se  ra te s  on ly  th a t  th e  surface re a c tio n  
is ra te -d e te rm in in g . This c o n tra d ic tio n  can , how ever, be reso lved  b y  con-

* In  th e  o p p osite  case a sum  of r a te  c o n stan ts  ap p ears  in  th e  ra te  expression  a n d , on  
a lo g arith m ic  scale, th is  approaches a  s tra ig h t  line  on ly  i f  th e  a c tiv a tio n  energy  o f one o f  th e  
s te p s  is m uch  h ig h er th a n  those  of th e  o th e rs . Since th e  ra te s  o f e le m en ta ry  processes in  q u e s 
tio n  are  com m ensurab le , th e  p ro b a b ility  o f th is  is v e ry  low.
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sidering  th a t  since m olecules reac tin g  on th e  su rface  m u st have been  ch em i
so rbed  p rev io u sly , th e  ra te  of th e  surface re a c tio n  shou ld  be com pared  w ith  
th e  com bined  ra te s  o f surface reac tio n  and  ex change ; on th e  o th e r  h a n d , 
exchange invo lves m ore e lem en tary  steps w ith  f in ite  ra te s , th u s its  o vera ll r a te  
is necessarily  low er th a n  th a t  o f chem isorp tion .

These e le m e n ta ry  steps m en tioned  a re : d eso rp tio n  of th e  ex ch a n g e d  
h y d ro ca rb o n  an d  su rface m ig ra tion  o f H  a n d  D . T h e deu te rium  e lim in a te d  
from  th e  s ta r t in g  h y d ro ca rb o n  (for tech n ica l reaso n s, th e  reverse ex ch an g e  
was s tu d ie d  in  o u r case) should  change its  p lace  w ith  a hydrogen  a to m  fro m  
th e  gas p h ase ; th is  la t te r  th en  com bines w ith  th e  h y d ro ca rb o n  residue a n d  th e  
re su ltin g  C2D 5H  m a y  th e n  leave th e  su rface . Since Co n n e r  and  K o k e s  h a v e  
show n b y  a v e ry  convincing  exp erim en t t h a t  “ th e  sites of ch em iso rp tio n  
are d iscrete  an d  n o n -in te ra c tin g ”  on oxides o f zinc a n d  chrom ium  (an d , p re 
su m ab ly , on m o st oxides), unlike on m eta ls , th e  m ig ra tio n  process m u s t b e  
very  slow [39]. T h u s , th e  ra te  o f exchange m u s t be assum ed  to  be m uch  lo w er 
th a n  th a t  of d issocia tive  chem isorp tion , since th e  m o st p robable  re a c tio n  
of chem isorbed  m olecules is th e ir  reco m b in a tio n  w ith  th e ir  original d e u te riu m  
atom s an d  su b se q u e n t desorption .

C onsidering th e se , i t  m ay  be concluded  th a t  th e  ra te -d e te rm in in g  s te p  
of e th an e  d e h y d ro g en a tio n  on a-Cr20 3 m u s t be, in  all p ro b ab ility , th e  su rface  
reac tio n  su b se q u e n t to  dissociative chem iso rp tion .
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KINETICS OF ETHANE DEHYDROGENATION 
ON a-Cr20 3 CATALYST, II

T H E  R A T E  E Q U A T IO N  

P. K ö n i g  and P. T é t é n y i

( In s ti tu te  o f  Isotopes o f  the H u n g a ria n  A cadem y o f  Sciences, B udapest)

R ece iv ed  J u ly  3, 1975

T he k in e tic s  of e thane d e h y d ro g en a tio n  h as  been  in v es tig a ted  in  a  c ircu la tio n  
reac to r, in  th e  tem p era tu re  ra n g e  o f 450 — 580 °C a n d  in  th e  p ressu re  ran g e  of 0 —4 k N  
in ~ 2. In i t ia l  re ac tio n  ra tes d e te rm in e d  gas ch ro m ato g rap h ica lly  h a v e  been  co m p ared  
w ith  th e  a p p ro p ria te  H o u g e n - W a t s o n  ra te  eq u a tio n s  b y  n o n linear p a ra m e te r  e s t i
m a tio n  on a d ig ita l com puter. T h e  k in e tic  e q u a tio n  fo u n d  to  be m o st p ro b ab le  s ta t i s t i 
cally , its  so rp tio n  an d  ra te  c o n s ta n ts , as w ell as th e  va lues o f a c tiv a tio n  energy , so rp tio n  
e n th a lp y  a n d  e n tro p y  de te rm in ed  on th e ir  basis su p p o rt th e  “ d u a l s ite ”  m ech an ism  
of d eh y d ro g en a tio n  w ith  th e  m o d ific a tio n  t h a t  th e  tw o  c a ta ly tic  cen ters  in  q u estio n  
a re  n o t id en tica l.

In tro d u c tio n

In  a p reced in g  pub lica tion , on  th e  basis o f  a m any-sided  in v es tig a tio n  
of e th a n e  d eh y d ro g en a tio n , it  h a d  b een  estab lish ed  th a t  th e  ra te  o f d eh y d ro 
g en a tio n  — in  all p ro b a b ility  — is lim ite d  b y  a single step  on an  a p p ro p ria te ly  
s tab ilized  c a ta ly s t  -with a rep ro d u c ib le  a c tiv ity , th is  s tep  being  th e  su rface  
reac tio n . This fa c t p e rm its  the  ap p lic a tio n  o f th e  H o u g e n — W a t s o n  co n cep t 
well p ro v ed  in  k in e tic  experience [1]. I n  th e  p re se n t p ap er, an  a t te m p t  is 
m ade to  d e te rm in e  th e  H o u g e n — W a t s o n  e q u a tio n  b y  co m p u te r f i t t in g  to  
our ex p e rim en ta l k in e tic  d a ta  an d , a t  th e  sam e tim e , to  ca lcu late  its  reac tio n  
ra te  an d  so rp tio n  equ ilib rium  c o n s ta n ts . T hese d a ta  m ay  p rov ide  v a lu ab le  
help  in  e lu c id a tin g  th e  m echanism  o f d eh y d ro g en a tio n  d isp u ted  u n til  now .

E x p erim en ta l

P ro ced u re

T he ex p erim en ta l p ro ced u re  has been  d escribed  in  d e ta il in  th e  f irs t p a r t  o f th e  series. 
E x p erim en ts  to  be d iscussed  h e reafte r h av e  b een  carried  o u t  on  th e  sam e stab ilized  c a ta ly s t  
sam ple (0.0689 g 1.12 m 2 a-C r20 3).

T he fa c t  th a t ,  b efo re  stab iliza tion , th e  re ac tio n  ra te  exceeded  b y  a b o u t tw o o rders of 
m ag n itu d e  th a t  o bserved  in  th e  p resen t series, m ad e  i t  u n n ecessa ry  to  in v es tig a te  w h e th er 
d iffusion  m ay  p lay  a n y  ro le .

T he a c t iv ity  o f c a ta ly s ts  has been ch eck ed  p e rio d ica lly  b y  con tro l experim en ts . T he 
a c tiv ity  decrease  d u rin g  th e  w hole series o f ex p erim e n ts  w as as low  as 22% , w ith  u n ch an g ed  
c a ta ly s t  surface . F o r b e tte r  com parison, th e  in it ia l  ra te s  m easu red  have  been re fe rred  to  th e  
a c tiv ity  level fo u n d  a t  th e  beginning of th e  series.
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C alculations

T he m o st p ro b ab le  k in e tic  eq uation  a n d  i ts  c o n stan ts  h av e  been d e te rm in ed  on th e  
b asis  o f  in it ia l  ra te s  (r0) a n d  th e ir  average e rro r (sr) c a lcu la te d  as described  in  P a r t  I. T he p a ra m 
e te rs  <p o f th e  eq u atio n  e n su rin g  th e  best f i t  to  n e x p e rim e n ta l p o in ts  have  been  d e te rm in ed  
b y  th e  m eth o d  of w e ig h ted  le a s t  squares, b y  sea rch in g  fo r th e  m in im u m  of th e  ta rg e t  fu n c tio n

s (?) =  E  щ (го1 -  n(<P))2 (!)i- l
H e re  ív/ =  1 /sfi deno tes th e  s ta tis tic a l w eigh t; r/((p) th e  i- th  in itia l ra te  calcu la ted  b y  using  
th e  a c tu a l  v a lue  of p a ra m e te rs  ip.

T h e  co m puter p ro g ra m  applied  is a  m o d ifica tio n  of th e  m eth o d  of F l e t c h e r  and  
P o w e l l  [2] described e a r lie r  in  de ta il [3, 4]. T h is  p ro g ram  gives also th e  e rro r lim its  
o f  th e  o p tim a l p a ram e te rs  ф a t  th e  m in im um  S ($ ) o f  ta rg e t  fu n c tio n  (1). These a re  g iven  a t  a 
9 5 %  confidence level. T h e  calcu la tions hav e  b een  carried  o u t on  an  ICT 1905 c o m p u te r.

R esu lts

In itia l reaction rate as a function  o f ethane partial pressure

T he resu lts  a re  show n in Fig. 1. I f  th e  su rface  reac tio n  is ind eed  th e  r a te 
d e te rm in in g  s tep , th e  exp erim en ta l d a ta  a re  described  b y  one of th e  follow ing 
tw o  expressions:

kbEp E j

( 1  +  bEp E)2

k b E P E  j j

1 4~ bEp E

( 2)

d ep en d in g  on w h e th e r  or no t С—H  b o n d  ru p tu re  requires an  a d ja c e n t free 
a c tiv e  site  le ft b y  an  e th an e  m olecule* . O p tim iza tio n  was carried  o u t fo r th e

F ig . 1. In itia l ra te s  as a fu n c tio n  of e th a n e  p a r tia l  p ressure

* T he sy m b o l r0 is re la ted  to  1 m 2 c a ta ly s t  surface , th u s  th e  d im ension o f b o th  r0 an d  к 
is  [mol s-1  m - 2 ].
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ex p e rim en ta l r0 =  f{pp)  d a ta  o b ta in e d  a t  te m p e ra tu re s  450, 528 an d  580 °C; 
th e  re su ltin g  o p tim a l p a ra m e te rs  a n d  th e  v alue  of th e  resid u a l sum  o f q u a d ra tic  
errors are  as given in T ab le  I.

T able  I

B est parameters and  residual quadratic  errors fo r  the optim ization  
o f  the experimental results according to two alternative mechanisms

(°'c)

к (mol s_I) m -* )x l0 i” bß (m2 ]N_1)x 10* S(i)

I IT I II I II

450 3 .5 3 ±  0.24 1 .20±  0.28 1 .5 8 ± 0 .2 9 5.5 ± 1 .1 0.1620 0.01106
528 55.7 ±  6.2 22.2 ±  2.6 1 .2 6 ±0 .2 2 3 .36±0 .64 1.473 1.061
580 292 ± 3 7 114 ± 1 7 0 .9 4 ±0 .2 1 2 .57±0.65 27.16 21.60

A p p ro x im atio n s accord ing  to  E q u a tio n  I I  give in  all cases low er erro rs 
th a n  those  acco rd in g  to  E q u a tio n  I ,  b u t  th e  d ifference is n o t su ffic ien t to  fa v o u r 
th e  fo rm er u s in g  th e  usual s ta tis t ic a l  m e th o d , i.e. S n e d e c o r ’s  F -te s t  [5].

Energies o f  ac tiv a tio n  a n d  e th a n e  so rp tio n  en th a lp ies  ca lcu la ted  from  
th e  tw o ty p es o f  r a te  co n stan ts  an d  so rp tio n  equ ilib rium  coefficients accord ing  
to  th e  A r r h e n i u s  equation  u s in g  th e  m e th o d  o f least squares are as follow s:

I :  E  =  176.3 ±  2.0 k J  m o l - 1; Ш  =  — 20.0 ±  4.7 k J  m o l" 1 

I I :  E  =  179.6  ±  0.1 k J  m o l " 1; <dH =  — 30.6 ±  0.3 k J  m o l“ 1

T hese values a re  r a th e r  close to  each  o th e r , b u t  th e  confidence level o f th o se  
ca lcu la ted  w ith  E q u a tio n  I I  is b y  ab o u t an  o rd e r of m ag n itu d e  b e tte r , in d ic a t
in g  a closer f i t t in g  o f  E q u a tio n  I I  to  th e  A r r h e n i u s  eq u a tio n .

T he a p p a re n t  energy o f  a c tiv a tio n  ca lcu la ted  from  th e  exp ression

E ' =  E  +  A H

is E ’ =  156 k J  m o l-1  for E q u a tio n  I  an d  £ ’ =  149 k J  m o l-1  for E q u a tio n  I I .  
T he a p p a re n t e n e rg y  of a c tiv a tio n  d e te rm in e d  in  an  in d ep en d en t series of 
ex p erim en ts  (P a r t  I :  E ' =  148.4 ^  6.5 k J  m o l - 1) agrees w ith in  th e  lim its  
o f ex p erim en ta l e r ro r  w ith  th e  second  re s u lt  only .

These re su lts  a re  a lready  in  fav o u r o f  E q u a tio n  I I  over E q u a tio n  I ;  i t  
can  be decided, h o w ev er, only a f te r  carefu l fu r th e r  s tud ies w h e th e r th is  e x 
pression  gives in d e e d  a su ffic ien t ag reem en t w ith  th e  ex p erim en ta l d a ta .

T he th e o re tic a l function  m a y  be re g a rd e d  as “ w e ll-fitted ”  to  th e  e x p e ri
m e n ta l po in ts i f  th e  e s tim a ted  s ta n d a rd  d e v ia tio n  o f th e  f i t  is ab o u t th e  sam e 
as th e  average e r ro r  o f  th e  e x p e rim e n ta l p o in ts , an d  fu r th e r , i f  th e  sp read
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o f th e  la t te r  gives a ran d o m  d is tr ib u tio n  a ro u n d  th e  th e o re tic a l fu n c tio n . 
T he f i r s t  req u irem en t can  be in v e s tig a te d  b y  m eans of th e  F - te s t  a lread y  
m e n tio n e d ; th is  gives a reaso n ab le  re su lt in  o u r case. T he d is tr ib u tio n  o f  
e x p e rim e n ta l po in ts  can  be b es t ch a rac te rized  b y  th e  analysis o f  th e  residua ls 
[6, 7]. T h e  “ residua ls”  are  defined  as th e  d ifferences betw een  m easu red  a n d  
ca lc u la ted  values o f th e  d ep en d en t v a riab le . B y  d iv id ing  th is  q u a n ti ty  b y  th e  
v a r ia n c e  estim a te  (th is  p ro ced u re  is called  s ta n d a rd iz a tio n ) a p ro b a b ility  
v a r ia b le  (q) can  be o b ta in ed , th e  e x p e c ta tio n  va lu e  of w hich  is 0 an d  th e  
v a r ia n c e  is 1 [4].T his has been  p lo tte d  as a fu n c tio n  o f th e  in d ep en d en t v a ria b le  
in  o u r case th e  p a r tia l  p ressu re  o f e th an e  (F ig . 2). As can be seen, th e  s ta n d a rd -

1.5
C» 1 j l V *  •  **  •  t _  ^ _____

3 "
• •  •  •

0.5 •

2 ‘X

*  x  X x

*  X  X

СГ 0
*  X

-1
*  X

x  X

- 2
------------------------1------------------------ 1-------------------------1________________1____

'  '. '.M  r r v " 2 \

F ig . 2. S tan d ard ized  resid u als  (q) a n d  re la tiv e  w eigh ts o f ex p erim en ta l p o in ts  (w Tej) as a 
fu n c tio n  of e th an e  p a r tia l  p ressu re , a t  528 °C

ized  “ residuals”  show  no de fin ite  d irec tio n  o f d ev ia tio n , th e  ex p e rim en ta l 
p o in ts  are ran d o m ly  d is tr ib u te d  a ro u n d  th e  th eo re tica l fu n c tio n  (q =  0), 
e x c e p t for those  re la te d  to  th e  low est p ressu res. On th e  basis o f th e  re la tiv e  
s ta t is t ic a l  w eights show n in  th e  F ig u re , one can  also see th a t  th ese  l a t te r  
p o in ts  have  h u t  a sm all in fluence  on th e  re su lt.

Table II

O ptim al values fo r  reaction rate constants 
and ethane equilibrium  sorption constants

(°C) к (mol s - 1  m -2) x Ю10 Ьд (m2 N-1) x 101

450 1 .2 0 ±  0.28 5.5 ± 1 .1

475 3 .2 8 ±  0.64 4 .5 0 ± 0 .6 9

500 8 .3 8 ±  0.91 3 .97±0 .51

528 22.2 ±  2.6 3 .3 6 ± 0 .6 4

555 52.6 ±  9.8 2 .77± 0 .78

580 114 ± 1 7 2 .57± 0 .65
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I t  can th u s  be concluded  t h a t  ra te  eq u a tio n  I I  re p re se n ts  a sa tis fa c to ry  
expression  for th e  dependence o f  in itia l ra te  on th e  e th a n e  p a r tia l p ressu re . 
T he op tim um  c o n s ta n ts  d e te rm in ed  on th is  basis are su m m arized  in  T ab le  I I ;  
th e  th eo re tica l cu rves ca lcu la ted  w ith  these  are  re p re se n te d  b y  th e  con tinuous 
lines in  F igure 1. T h e  ag reem en t w ith  ex p erim en ta l d a ta  is v e ry  good a t  each  
te m p e ra tu re .

Initial reaction rate as a function of hydrogen partial pressure

U sing id e n tic a l am o u n ts  o f  e th an e  (p E =  2.19 0.03 kN  m ~ 2) a n d
hydro g en  pressures v a ry in g  b e tw een  0 and  4 k N  m - 2 , th e  effect of hyd ro g en  
p a r tia l  p ressure cou ld  be s tu d ie d  on  th e  in itia l ra te  o f e th a n e  d eh y d ro g en a tio n . 
R esu lts  are show n in  Fig. 3.

In  ag reem ent w ith  th e  H o u g e n — W a t s o n  concep t ap p lied  so fa r an d  
considering  also th e  dependence o f  th e  reac tio n  ra te  on e th a n e  p a r t ia l  p ressu re, 
th e  follow ing equ a tio n s can  be p ro p o sed  for th e  process in  q u e s tio n , depending 
on th e  fa c t w hether th e  ac tive  s ites fo r e th an e  an d  h y d ro g en  chem isorp tion  
are  id en tica l (a)  o r d iffe ren t ( b ) :

rn =

kbEpE_____
1 +  bEp E +  Ьир н

kbßPß ____
(1 +  bEp E) (1 +  Ьнр и )

__ kbEp E
1 "T bEp E +  1 bHp H

kbEp E_________

(1 +  ьЕр Е) (1 +  VbHp H )

(«)

(b)

(a)

(b)

( 3 )

I I
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F o r  th e  equations in  G roup  I ,  asso c ia tiv e , fo r those in  G ro u p  I I ,  d issociative 
h y d ro g e n  chem isorp tion  w as assum ed . I n  o rd e r to  sim p lify  th e  ca lcu la tions, 
th e se  tw o  groups can  he com bined  in to  th e  following fo rm u la s :

I :  r0 =  fci/(fe2 +  ЬнРн) 

I I :  r0 =  k j ( k 2 +  / Ь н Рн )
(4)

w h ere  th e  m eaning  o f k 1 an d  k2 is:

fo r G roup ( a ) : k l =  kbEp E; k2 =  1 -(- bEp E;

G roup (b ) :  k x =  kbEp El( 1 -(- bEp E); k2 =  1

Table III

O ptim al parameters and residual quadratic errors fo r  the op tim iza tio n  o f  the experimental 
results according to two alternative m echanism s

t klx 1010 k2
(C) j II j II

450 2.89±0.84 0.664±0.034 4.9 ±1.8 0.981 ±0.057
528 7.9 ±1.3 8.07 ±0.69 0.91±0.17 0.83 ±0.23
580 30.1 ±3.4 39.00 ±0.87 0.83±0.11 0.91 ±0.19

l>E (m2N_1)x 104 Щ)

I II I II

450 83.9 ±3.1 30.10 ±0.62 1.93 X 10 -2 5.04 x 10-3
528 4.5±1.2 3.49± 0.67 1.373 0.4094
580 1.67±0.34 1.59 ±0.10 40.27 5.248

O ptim izing  these  tw o  expressions fo r th e  ex p e rim en ta l p o in ts  d e te rm in ed  
a t  450, 528 and  580 °C, th e  p a ra m e te rs  show n in T ab le  3 are o b ta in ed . I t  can  
be  seen from  th e  re s id u a l sum s o f q u a d ra tic  errors sh o w n  in  T ab le  I I I ,  th a t  
M odel I I  is a b e t te r  ap p ro x im a tio n  fo r th e  ex p e rim en ta l re su lts , w hich  can also 
be verified  b y  th e  F- te s t . T he v a lu e  o f  k2 is close to  u n ity , in d ep en d en tly  of 
th e  te m p e ra tu re , in d ica tin g  th e  v a lid ity  of M odel I I /6 . A fix ed  v alue  of k2 
and  o p tim iza tion  accord ing  to  th e  expression

r" =  ,  . v l—  <5>1 +  I' &HjPh

re su lts  in a m in o r change in  th e  values of k l an d  6H b u t th e  residua l sum  o f
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squares rem ains c o n s tan t, co n firm in g  th a t  th e  rea so n  w hy k2 was n o t eq u a l 
to  u n ity  was t h a t  i t  has a low  g rade  co rre la tion  w ith  th e  o th e r p a ra m e te rs .

O p tim iza tio n  of all p a ra m e te rs  according to  expression  (5) re su lts  in  
th e  curves show n b y  con tin u o u s lines in  Fig. 3. T h e  closeness o f f i t  has been 
in v estig a ted  as in d ica ted  in th e  p rev ious section; th is  gave d iagram  I I  in  F ig . 4, 
w here ex p e rim en ta l po in ts sho w  a random  d is tr ib u tio n  a ro u n d  th e  th e o re tic a l 
curve. F o r com parison , th e  sam e  series of ex p erim en ts  has also been processed

F ig . 4. Standardized residuals (q) and relative weights of experimental] points ( írrei) ás 
a function of hydrogen partial pressure, at 528 °C

accord ing  to  exp ression  I  re su ltin g  in  d iagram  I  in  F ig . 4. H ere, ex p e rim en ta l 
v a lues for low p ressu res  lie below , th o se  for high p ressu res  above th e  q =  0 line.

The o p tim u m  p a ram e te rs  o f  E q . (5) are lis ted  in  T ab le  IY . T he th ird  
co lum n con ta in s th e  reaction  r a te  co n stan ts  ca lcu la ted  from  Aq values using  
th e  values of bb as show n in T a b le  I I ,  b y  m eans o f  E q . (4) G roup (b).  S ince 
th e se  are in good ag reem en t w ith  th e  ra te  c o n s ta n ts  ca lcu la ted  from  th e  
prev ious series o f  ex p erim en ts , th is  provides a d d itio n a l su p p o rt for th e  co r
rec tness of E q u a tio n  II/6 .

Table IV

O ptim al values fo r  reaction rate constants and hydrogen equilibrium  
sorp tion  constants

«(°C) fcjXlO10 к (mol s-1 m -2) x 1010 6H (m2 N -1) x 101

450 0.677±0.038 1.235±0.070 31.3 ±8.4
475 1.64 ±0.13 3.30 ±0.026 17.4 ±4.2
500 4.05 ±0.24 8.72 ±0.51 9.7 ±2.4
528 9.68 ±0.38 22.97 ±0.91 5.0 ±1.3
555 19.5 ±1 .1 51.7 ±2.8 3.04±0.63
580 41.3 ± 1 .9 114.8 ±5.2 1.85±0.37
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Initial reaction rate as a function o f ethylene partial pressure

O n adm ixing  v a r io u s  am o u n ts  o f  e th y len e  to  e th an e  o f  a  p ressu re  of
1.01 i  0.03 kN  m - 2 , a n d  re a c tin g  th is  m ix tu re  as before, th e  in it ia l  ra te  re 
m a in e d  unchanged  u p  to  a ce rta in  e th y len e  co n cen tra tio n . T h is is illu s tra te d  
b y  F ig . 5. This f in d in g  in d ica tes  t h a t  e th y len e  is e ith e r n o t chem iso rbed  on 
th e  ac tiv e  sites of d eh y d ro g e n a tio n  in  th e  p resence  o f e th an e , o r its  chem isorp
tio n  is so slow th a t  i t  does n o t in flu en ce  th e  in itia l reac tio n  r a te .  I f  th e  la t te r  
case w ere valid , a ssu m in g  th a t  th e  r a te  o f e thy lene  ch em iso rp tio n  is com-

F ig . 5 . Initial rates and relative variations of initial rates as a function of ethylene partial
pressure

m en su rab le  w ith  t h a t  o f  d eh y d ro g en a tio n , th e  ra te  o f d eh y d ro g en a tio n  ough t 
to  decrease m ore ra p id ly  w ith  in c reasin g  reac tio n  tim e  in  th e  p resence  of added  
e th y le n e  th a n  w ith o u t i t .  F igu re  5 co n ta in s  also th e  ra tio s  o f  th e  slopes of 
s tr a ig h t  lines se rv ing  fo r th e  d e te rm in a tio n  of in itia l ra te s  (cf. P a r t  I , Fig. 5) 
a t  5 0 0 °C

(Ar0/At)Ei
{ArJAt)

w ith  various a m o u n ts  o f e th y len e  a d d ed  (n u m era to r), an d  w ith o u t i t  (de
n o m in a to r), re sp ec tiv e ly . T he tim e  dependence  of th e  ra te  o f  e th a n e  dehydro 
g e n a tio n  is indeed  in d e p e n d e n t o f th e  presence o f e th y len e  u p  to  a p a rtia l 
p re ssu re  of 0.2 k N  m ~ 2, b u t  ab o v e  th is  v a lu e  th e  rev e rse  reac tio n  i.e. 
e th y le n e  h y d ro g en a tio n  is n o t neglig ib le an d  th e  re a c tio n  ra te  decreases 
fa s te r  in  th e  p resence  o f e th y len e  w ith  h ig h er ra te s  o f d ep o sit fo rm ation  
a n d  hydrogen e v o lu tio n .
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Table V

Average values o f  in itia l rates and reaction rate constants 
calculated fro m  them  fo r  ethane dehydrogenation in  the presence o f  ethylene

<(°C) r0 (mol s-1 m~2) x 1010 к (mol s_1 m -2) x Ю10

450 0 .4 4 ± 0 .1 0 1 .24± 0 .28

500 2 .4 3 ± 0 .3 5 8.3 ± 1 .2

550 10.0 ± 1 .3 44.2 ± 5 .5

T ab le  У  con ta in s reac tio n  ra te  c o n s ta n ts  ca lcu la ted  from  th e  av erag e  
o f  in it ia l  d eh y d ro g en a tio n  ra te s  in  th e  presence of e th y len e  w ith  th e  a p p ro 
p r ia te  values o f bE using  E q . (2)11. Since th e  reaction  ra te  has been  ca lcu la ted  
from  th e  increase in  th e  a m o u n t o f  e th y len e , these  re su lts  are m u c h  less 
a c c u ra te  th a n  tho se  o b ta in ed  so fa r, nevertheless, th e  r a te  co n stan ts  a re  in  
good ag reem en t w ith  th e  co rrespond ing  d a ta  of T ables I I  an d  IV .

The m ost probable rate equation

F ro m  th e  analysis o f th e  in fluence  o f th e  re a c ta n ts  on  th e  re a c tio n  ra te  
i t  cou ld  be estab lished  th a t  th e  m o st p ro b ab le  k ine tic  eq u a tio n  fo r e th a n e  
d eh y d ro g en a tio n  a t  low  pressures is

___________kbEp E________

(1 +  ьЕр Е) ( i  +  У ьнр н )

This h as  been  selected  from  th e  possib le equa tions (2) an d  (3) m ain ly  on  th e  
basis o f  s ta tis t ic a l  considera tions. I t  is possib le , how ever, to  p rove  th e  c o rre c t
ness o f  E q . (6) ex p erim en ta lly , o m ittin g  s ta tis tic a l p a ra m e te r  e s tim a tio n  
from  th e  procedure.

I f  a series o f p a ired  ex p erim en ts  w ith  d ifferen t am o u n ts  o f e th a n e  is 
c a rried  o u t w here a c o n s ta n t a m o u n t o f  hydrogen  is a lw ays added  to  one 
m em b er o f  th e  p a ir, th e  ra tio  o f th e  in itia l ra te s  will be in d e p e n d e n t o f e th a n e  
p a r tia l  p ressu re  on ly  in  th e  case o f v a lid ity  o f E q . (6). T his can  he v isu a lized  
on th e  basis o f th e  follow ing co n sidera tions.

L e t us deno te  th e  reac tio n  ra te  in  th e  presence o f h y d ro g en  b y  r0 :

__________ kbEp E_________

(1 +  bEp E) ( l  + У б нр н )

an d  t h a t  in  th e  absence o f h y d ro g en  b y  r'0:

r> _  kbEp E

1 +  ЬеРе
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I f  p E =  Pei th en

—  =  1 -(- ]/ bHp H =  con st (p H =  const) (7)
ro

A pply ing  th e  sam e  consid era tio n s to  th e  o th e r  reac tio n  ra te s  i t  is obvious 
t h a t  n one  of th e  o th e r  eq u a tio n s  suggested :

rо
_______bbEp E______
1 +  bEp E +  \  bHp H

_______ bbEp E_______

(1 +  bEp E +  1' bHp H )2
(8 )

p e rm it th e  indep en d en ce  o f  th e  ra tio  Гд/г0 o f  th e  p a r tia l p ressu re  of e th an e  p E.
R esu lts are show n in  T ab le  V I. The te m p e ra tu re  w as 500 °C, th e  a m o u n t 

o f  h y d ro g en  added  1.50 ^  0.03 kN  m ~ 2. T h e  v a lu e  o f bH c a lcu la ted  from  th e  
m e a n  value of ró/r0 (7) w as:

bH =  (9.97 ±  1 .1 2 ) x 1 0 ” 1 m 2 N -1

w h ich  is in  good a g re e m e n t w ith  th e  co rresp o n d in g  re su lt in  T able IV .

Table VI

R eaction  rates in  the presence ( r0)  and absence ( ró) 
o f  a g iven  am ount o f  hydrogen, and their ratios

' ,Et(kNm“*l r0x l0 10 rí x 1010 K/r,

0.57 0.64 1.50 2.34

1.22 1.23 2.75 2.24

2.14 1.60 4.15 2.59

2.39 1.96 3.80 1.94

2.92 2.13 4.29 2.01

3.19 2.11 4.69 2.23

3.60 2.23 4.94 2.22

A verage 2 .224± 0 .068

The A r r h e n i u s  p lo ts  for th e  ra te  co n stan ts  an d  so rp tio n  equ ilib rium  
c o n s ta n ts  d e te rm in ed  using  d ifferent m e th o d s  are show n in  Fig. 6. T he co n 
s ta n ts  of th e  p lo ts  w ere  de te rm ined  as described  in  P a r t  I , by  th e  m e th o d  
o f w eighted  lin ea r  le a s t  squares. T he k in e tic  an d  th e rm o d y n am ic  c o n s ta n ts  
ca lcu la ted  from  th e s e  are  as follows:
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E n e rg y  of a c tiv a tio n : 
P re e x p o n e n tia l fa c to r :
S o rp tio n  e n th a lp y  o f e th a n e : 
S o rp tio n  e n tro p y  o f e th a n e : 
S o rp tio n  e n th a lp y  o f h y d ro g en : 
S o rp tio n  en tro p y  o f  h y d ro g en :

E  =  178.4 ±  0.6 k J  m o l - 1
k0 =  947 ^ 8 5  m ol s _1 m -2
ZlH =  —  30.3 ±  1.4 k J  m o l - 1 
A S  =  — 104.5 ±  1.7 m ol“ 1 K _1 
A H  =  — 111.8 ±  0.9 k J  m o l - 1 
A S  =  — 202.5 ±  1.2 J  m o l" 1 K “ 1

T h e  va lu e  of th e  a p p a re n t energy  o f  a c tiv a tio n  d e te rm in ed  earlie r 
( E ' )  is in  good ag reem en t w ith  th e  sum  o f th e  tru e  en erg y  o f a c tiv a tio n  
an d  th e  so rp tio n  e n th a lp y  o f  e th a n e :

E'txp =  148.4 ±  6.5 k J  m o l - 1;

E'  =  E  +  ZlH =  148.1 ±  2.0 k J  m o l" 1

Fig. 6. A rrh en iu s  p lo ts  for r a te  c o n s tan ts  an d  so rp tio n  equ ilib rium  c o n s tan ts  o f e th a n e  (I>e )  
an d  h y d ro g e n  (Ьи ) .  X  О C alcu la ted  from  dependence  on e th an e  p a r tia l  p ressu re ; •  Д  c a lcu la ted  
from  d ep en d en ce  on h y d ro g en  p a r tia l  p ressu re ; Д  ca lcu la ted  fro m  dependence  on e th y le n e  
p a r tia l  p re ssu re ; □ calcu la ted  fro m  th e  re la tiv e  decrease  o f ra te  caused  b y  hy d ro g en  cf. E q . (7)

D iscussion

E q u a tio n  (6) ch a rac te riz in g  th e  k inetics of e th a n e  d e h y d ro g en a tio n  
seem s to  su p p o rt th e  “ d u a l s ite ”  m echan ism  o f d eh y d ro g en a tio n . I ts  classical 
in te rp re ta t io n  suggested  tw o , chem ically  id en tica l active sites fo r th e  b reak in g  
o f th e  С—H  b o n d  in  th e  ra te -d e te rm in in g  s tep , th u s , th e  k in e tics  was a p p ro x i
m a te d  w ith  E q . (8) [8].

O u r re su lts  show , how ever, t h a t  tw o , chem ically  d iffe ren t ac tiv e  sites 
p a r tic ip a te  in  th e  b reak in g  o f th e  b o n d  in  question , th e  su rface  coverage

Acta Chim. (Budapest) 8 9 ,  1976



1 4 8 K Ö N IG , T É T É N Y I:  K IN E T IC S  O F  E T H A N E  D E H Y D R O G E N A T IO N , I I

o f one  o f th em  is d e te rm in e d  b y  th e  p a r t ia l  p ressu re  o f th e  h y d ro ca rb o n , th a t  
o f  th e  o th e r one b y  th e  p a r t ia l  p ressu re  o f  hyd ro g en , ( i t  has to  be n o te d  th a t  
d iffe re n t active sites do n o t  m ean  n ecessarily  d iffe ren t su rface  ions, th e y  m a y  
re p re s e n t d ifferen t c o -o rd in a tio n  s ta te s  o f th e  sam e ty p e  o f ion .) T he chem ical 
n a tu r e  o f  these  ac tive  s ite s  can , how ever, be  derived  on ly  b y  in d ire c t evidence, 
b y  co m p arin g  th e  ch em iso rp tio n  p ro p ertie s  o f  ch rom ia  described  in  th e  l i te ra 
tu r e  a n d  our own re su lts .

E th a n e  ch em iso rp tio n  on oc-Cr20 3 is a h e te ro ly tic  p rocess [9]; th e  alkyl 
c a rb a n io n  is bonded  to  a C r3+ ion b y  a cr-bond sim ila rly  to  th e  w ell-know n 
o rg an ic  chrom ium  co m p o u n d s  [10], w hereas h y d ro g en  is lin k ed  to  one o f th e  
n e ig h b o u rin g  O 2- ions.

D iffe ren t ty p es  o f  h y d ro g e n  ch em iso rp tion  are possib le [1 1 ].B urw ell e ta l . 
su g g ests  he te ro ly tic  c h em iso rp tio n  [12], th is  is su p p o rte d  b y  th e  IR  sp ec tru m  
o f  h y d ro g en  chem iso rbed  on ZnO ev idencing  th e  p resence o f О- H  an d  Z n -H  
b o n d s  [13]. On th e  o th e r  h a n d , Siegel  assum ed  a h o m o ly tic  hyd rogen  chem i
s o rp tio n , a t least a t  h ig h e r  te m p e ra tu re s , m a in ly  on th e  basis o f analogies w ith  
hom ogeneous ca ta ly sis . T his w ould inv o lv e  th e  bo n d in g  o f b o th  hyd ro g en  
a to m s  to  th e  sam e su rface  chrom ium  a to m  w ith  tr ig o n a l or te tra g o n a l co -o r
d in a tio n  [14]. T he h e a t  o f  hyd ro g en  ch em iso rp tio n  on  a-C r20 3 d e te rm in ed  
in  a s ta t ic  system  w as fo u n d  to  be zlH  == — 113 k J  m o l-1  [15], in  good ag ree
m e n t w ith  our k in e tic  re su lt.

O n th e  basis o f  th e  p ro b ab le  m echan ism  o f h y d ro g en  an d  e th an e  chem i
so rp tio n  ou tlined  ab o v e , a n d  considering  th e  so rp tio n  en th a lp ies  de te rm in ed , 
th e  energies of th e  b o n d s  fo rm ed  can be e s tim a te d : @H_H =  2 @H_K -f- A H H =  
=  435 .4  k J  m ol-1  [17] fo r th e  energy  o f  th e  H - H  b o n d . T hus, th e  average  
e n e rg y  o f th e  c a ta ly s t—h y d ro g en  bo n d  w ould  be @H_K =  273.6 k J  m o l- 1 . 
O n th e  basis o f e th a n e  ch em iso rp tion : @C_H =  Qc-к, Qh- k ~b ^ H E =  
=  410.7  k J  m ol-1  [16] fo r th e  energy o f th e  C2H .-H  bond .

A ssum ing th e  b o n d  energy  of hy d ro g en  o rig in a tin g  from  h y drogen  chem i
so rp tio n , i.e. =  QH-K> we °b ta ln  fo r th e  average energy  o f th e  c a ta ly s t -
c a rb o n  bond : @C_K =  167.4 k J  m o l- 1 .

O nly one l i te ra tu re  d a ta  has been fo u n d  for th e  en erg y  o f th e  Cr—C bo n d  
[18] according to  w h ich  th e  d issociation  energy  o f ch rom ium  ace ty lide  p er 
sing le  bond  is 222 i  21 k J  m o l-1 . As th e  b o n d  in  th e  ace ty lid e  is to  som e ex 
t e n t  ionic, th is  va lu e  is p resu m ab ly  m uch  h igher th a n  th a t  o f th e  c h ro m iu m - 
c a rb o n  ff-bond, th u s , th e  a ssum ption  th a t  th e  carb o n  a to m  of th e  chem i
so rb e d  e thane  is b o n d e d  to  chrom ium  ion  th ro u g h  a cr-bond, does n o t seem  
c o n tra d ic to ry , even  c o m p ared  w ith  th e  e s tim a te d  v a lu e  o f @c-K’

H ydrogen  can  be  b o u n d  to  e ith e ra  Cr3+ or an  O 2- ion  o f Cr20 3.T he energy  
o f  th e  C r-H  bond is 276.8  k J  m ol-1  [19], th a t  o f О- H  b o n d  427.9 k J  m o l-1  
[20]. T he v a lu e  fo u n d  b y  us is c loser to  th e  fo rm er one. A ltho u g h  co n 
sid e ra tio n s  of th is  ty p e  co n ta in  severa l fac to rs  of u n c e r ta in ty , b o th  th is  agree-
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m en t and th e  sq uare ro o t depen dence o f  th e  reaction  ra te on  h yd rogen  p artia l 
pressure su pp ort S ie g e l ’s h o m o ly tic  m ech an ism  for h yd rogen  ch em isorp tion .

O n th e  basis o f  th e  so rp tio n  e n tro p y  values a ro u g h  e s tim a tio n  o f th e  
loca liza tio n  of ch em iso rb ed  hydrogen  a n d  e th an e  can he m ad e  [21]. In  th ese  
ca lcu la tions th e  m in o r co n trib u tio n s o f  th e  co n fig u ra tio n a l a n d  v ib ra tio n a l 
te rm s  to  th e  so rp tio n  e n tro p y  are  neg lec ted .

T he change in  e n tro p y  fo r th e  d issocia tive  ch em iso rp tion  o f hyd ro g en  
a t  800 K , assum ing  th e  loss of all tra n s la tio n a l and  one ro ta tio n a l degrees 
o f freedom  is equal to :

A S  =  — 138.1 —  39.8 =  — 177.9 J  m o l“ 1 K -1

T he ex p erim en ta l v a lu e  was A S  — — 202.5 J  m o l-1  K _1 in d ic a tin g  localized 
h y d ro g en  ch em iso rp tio n , suggested  b y  K o k es  [13].

T he en tro p y  ch an g e  for d issocia tive  e th an e  ch em iso rp tion  assum ing  th e  
loss o f  all tra n s la tio n a l an d  one ro ta tio n a l degrees of freedom  (w ith  re sp ec t 
to  th e  ro ta tio n  a b o u t th e  axis p e rp en d icu la r  to  th e  С—C b ond) w ould be:

A S  =  — 180.5 —  57.5 =  — 238.0 J  m o l“ 1 K “ 1

w hich  is considerab ly  h ig h e r th a n  th e  ex p e rim en ta l value o f  — 104.5 J  m o l“ 1 
K “ 1. D elocalization  o f  th e  chem isorbed  e th y l rad ica l ( i.e. if  i t  w ere a tw o- 
d im ensional ideal gas) w ould  decrease th e  ca lcu la ted  e n tro p y  change b y  98.0 J  
m ol 1 K “ 1. T hus, a g reem en t be tw een  ca lcu la ted  and  e x p e rim e n ta l va lues 
can  on ly  be achieved i f  i t  is assum ed th a t  carbonaceous frag m en ts  fo rm ed  
d u rin g  e th an e  ch em iso rp tio n  are to  som e e x te n t delocalized.

T he o th e r p ro d u c t o f  d eh y d ro g en a tio n , e thy lene , does n o t h in d e r th e  
reac tio n . T he ra te  d ecrease  observed  a t  h ig h er pressures can  be a t t r ib u te d  to  
in ten se  deposit fo rm a tio n  invo lv ing  th e  a b ru p t  g row th  o f  h y d ro g en  p a r tia l  
p ressu re  exerting  a k in e tic  inh ib itio n  even  d u ring  th e  in itia l re a c tio n  period  
an d  b rin g in g  ab o u t d e te c ta b le  e thy lene  h y d ro g en a tio n .

T hese p henom ena a re  in  ag reem en t w ith  th e  p ic tu re  on  e th y len e  chem i
so rp tio n  invo lv ing  a loose ^ -com plex  ty p e  chem isorp tion  on a co -o rd in a tiv e ly  
u n s a tu ra te d  Cr3+ ion [13, 15], w hich m akes i t  obvious w hy i t  does n o t in h ib it 
e th a n e  d eh y d ro g en a tio n . In  th e  presence o f hyd rogen , how ever, th e  fo rm a tio n  
o f a lk y l rad ica ls w ith  h y d ro g en  u p ta k e  is m ore fav o u rab le , th is  rad ica l will 
th e n  be b o n d ed  to  a C r3+ th ro u g h  a cr-bond [12, 13, 15]. I t  has been  show n in  
P a r t  I  th a t  a lky l rad ica ls  á ré  p recu rso rs o f deposit fo rm a tio n  w hich , in  tu rn , 
gives rise  to  even m ore  hyd ro g en . This a u to c a ta ly tic  process m a y  be re sp o n 
sible fo r th e  a b ru p t decrease  o f d eh y d ro g en a tio n  a c tiv ity  above a ce rta in  
e th y len e  co n cen tra tio n .
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R a n ey  n ickel c a ta ly s t  sam ples h e a t- tre a te d  in  a rg o n  a t  increasing  te m p e ra tu re s  
w ere su b je c ted  to  therm o m ag n e tic , th e rm a l d e so rp tio n  a n d  e lectrochem ical e x a m in a 
tio n s , — a c tiv ity  a n d  surface m easu rem en ts , w hile th erm o m ag n e tic  analysis a n d  
th e rm a l d e so rp tio n  m easu rem en ts w ere c a rried  o u t  on  sam ples polarized  e lec tro - 
chem ica lly  to  va rio u s ex ten ts . T he re su lts  o f e lectrochem ica l hydrogen  c o n te n t d e 
te rm in a tio n  w ere com pared  w ith  th e  re su lts  o f th e rm a l d eso rp tion  an d  m ag n e tic  
m easu rem en ts , an d  a s tu d y  was m ade  o f th e  effec t o f h e a t- tre a tm e n t on th e  c a ta ly s ts .

I t  w as fo u n d  th a t  th e  change ta k in g  p lace  in  R a n e y  n icke l above 200° is fu n d a 
m en ta l: th e  h y d ro g en  co n ten t, th e  surface , th e  m ag n e tiz a tio n  an d  th e  Curie te m 
p e ra tu re  decrease, and  th e  c a ta ly tic  a c t iv ity  is e lim in a ted .

In  th e  electrochem ically  tre a te d  sam ples, n icke l w ith  a  coarser s tru c tu re  is 
fo rm ed  w hen  th e  a lum in ium  is dissolved o u t. T he R a n e y  n ickel can  be p o larized  b y  
a b o u t 150 m V w ith o u t ox idation .

T h ere  is a  corre lation  be tw een  th e  hy d ro g en  c o n te n ts  d e term ined  e lectrochem i
cally  a n d  b y  th e rm a l desorp tion . In  sam ple  3, h e a t- tre a te d  a t  a h igher te m p e ra tu re , 
a deso rb in g  hy d ro g en  species ap p ea rs  a t  >  350°.

A n u m b e r o f procedures have  been  developed  fo r d e te rm in a tio n  o f  th e  
hydrogen  c o n te n t o r th e  hyd rogen  c o n te n t vs. e lectrochem ical p o te n tia l  
re la tio n  o f R a n e y  Ni ca ta ly s ts  [1]. T h e  essence o f  th e se  is th a t  th e  c a ta ly s t  
is su spended  in  th e  e lec tro ly te  an d  polarized  d u rin g  s tirrin g . H ow ever, th e  
resu lts  a re  m ad e  u n c e rta in  b y  th e  h ig h  c o n ta c t re s is tan ce  betw een th e  p a r 
ticles an d  th e  e lec trode . Sturm an d  R ichter [2] h a v e  e lab o ra ted  an  e le c tro 
chem ical p ro ced u re  applicab le  to  fe rro m ag n e tic  c a ta ly s ts  (e.g. R an ey  N i, 
Fe, Co), th e  essence o f  w hich is th a t  th e  c a ta ly s t is a tta c h e d  to  th e  e lec tro d e  
b y  a m ag n e tic  force, an d  th u s  th e  d u ra tio n  an d  s tre n g th  o f  co n ta c t o f th e  elec
tro d e  an d  th e  c a ta ly s t partic les can  he reg u la ted  an d  th e  co n tac t re s is tan ce  
can be e lim in a ted . In  th is w ay  i t  is possible to  d e te rm in e  th e  double la y e r  
cap ac ity  o f th e  c a ta ly s t , th e  exchange c u rre n t p er u n it  w eigh t, and  th e  p o te n 
tia l vs. h y d ro g en  c o n te n t (charge a m o u n t) re la tio n .

I f  R a n e y  n ickel is connected  as anode in  a lka line  so lu tion , H + ions 
leave th e  c a ta ly s t ,  i.e. th e  hyd rogen  c o n te n t o f th e  c a ta ly s t decreases. T h e  
am o u n t o f h y d ro g en  oxidized can  be d e te rm in ed  from  th e  q u a n tity  o f ch a rg e  
passing  (if o x id a tio n  o f th e  c a ta ly s t an d  im p u ritie s  can  be excluded). F ir s t  
to  be ox id ized  electrochem ically  is th e  h y d ro g en  so rb ed  on th e  surface. T h e  
ra te  of th is  o x id a tio n  is h igher th a n  th e  ra te  of h y d ro g en  diffusion from  th e
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in te r io r  o f th e  c a ta ly s t  to  th e  su rface , a n d  therefo re  th e  su rface  becom es 
p o o re r  in  hyd rogen  a n d  below  a ce rta in  su rface  hydrogen  c o n te n t, i.e. e lec tro 
ch em ica l p o ten tia l, o x id a tio n  of th e  m e ta l begins too .

R aney  n ickel a lw ays contains u n d eco m p o sed  alum in ium  alloy , o x id a tio n  
o f  w hich  also d is tu rb s  d e te rm in a tio n  o f  th e  hydrogen  c o n te n t. Sturm  an d  
R ichter  [2] f ir s t  rem o v e  th e  a lum in ium  b y  a lte rn a tin g  p ositive  a n d  n eg a tiv e  
p o la riz a tio n , and  b eg in  ox ida tio n  o f th e  h y d ro g en  a fte r  th is , b y  w aitin g  for 
e s ta b lish m e n t o f th e  h y d ro g en  eq u ilib riu m  betw een  th e  su rface  an d  th e  in 
te r io r  of th e  c a ta ly s t  g rains before e v e ry  new  p o la riza tion .

T he P o u rb a ix  d iag ram  of n ickel show s th a t  in  th e  case o f  po sitiv e  p o 
la r iz a tio n  in  a lkaline  so lu tio n  (pH  >  12) n ick e l is th e rm o d y n am ica lly  u n stab le . 
I n  c o n tra s t, Sturm  a n d  R ichter [2] d e m o n s tra te d  th a t  a f te r  o x id a tio n  of 
th e  alum in ium , R a n e y  n ickel is rev e rs ib ly  p o larizab le  in  th e  ran g e  0 —200 mV,
i.e. in  th is  p o te n tia l in te rv a l th e  c a ta ly s t  c an  be regarded  as p ra c tic a lly  stab le . 
S ince  n e ith e r th e  l i te ra tu re  [2] nor ou r ow n (see Fig. 4) charge curves of R a n e y  
n ick e l exh ib it a b re a k  in d ica tiv e  of co m p le te  o x id a tio n  o f th e  so rb ed  h y d ro g en  
(in  th e  v ic in ity  o f 200 m V and  above th is , n ickel and  hydro g en  are  p ro b a b ly  
o x id ized  to g e th e r), th e  to ta l  sorbed  h y d ro g e n  can n o t be d e te rm in ed  b y  th e  
m e th o d  of reco rd ing  th e  charg ing  curve . F o r  th is  reason , th e  h y d ro g e n  c o n te n t 
to  be  de te rm ined  in  R a n e y  nickel b y  th e  e lectrochem ical m e th o d  w as a r b i t r a r 
i ly  ch arac terized  b y  th e  am o u n t o f ch a rg e  necessary  for p o la riza tio n  o f  th e  
c a ta ly s t  from  0 m V  to  150 mV.

In  th is  series o f  p apers, we h av e  so fa r  rep o rted  on th e rm o d e so rp tio n , 
th e rm o m a g n e tic  a n d  th e rm o g ra v im e tric  s tu d ies  o f sk e le ton  c a ta ly s ts  p re 
p a re d  in  d iffe ren t w ays. I t  is g en era lly  ch a rac te ris tic  fo r th e se  th a t  th e y  
c a n  be used to  fo llow  changes re su ltin g  in  ca ta ly s ts  on h e a t- tre a tm e n t.

The aim s o f  th e  p resen t ex p e rim en ts  w ere to  com pare  th e  resu lts  on 
th e  e lectrochem ical d e te rm in a tio n  o f h y d ro g en  co n ten t w ith  m ag n e tic  an d  
th e rm o d e so rp tio n  m easu rem en ts , an d  to  s tu d y  th e  effect o f h e a t- tre a tm e n t 
o n  c a ta ly s t sam ples o b ta in ed  a t  th e  in d iv id u a l te m p e ra tu re s  o f  h e a t- t r e a t
m e n t.

E x p erim en ta l

The base c a ta ly s t  was o b ta in ed  b y  a special p rocedure  from  an  alloy  
co n ta in in g  50 w t .%  N i an d  50 w t.%  Al [10]; th is  is know n as ‘h ig h -a c tiv ity ’ 
R a n e y  Ni (sam ple 1). T he base c a ta ly s t  s to re d  u n d er abs. alcohol was tre a te d  
fo r  2 hrs in an  a rg o n  a tm osphere  a t  te m p e ra tu re s  o f 25, 100, 150, 200, 250, 
320 an d  400 °C in  th e  a p p a ra tu s  to  be seen  in  Fig. 1, an d  th e  h e a t- tre a te d  
sam p les  (sam ples 2 —̂7) were th e n  a g a in  p laced  u n d er ab so lu te  alcohol, to  
e lim in a te  c o n ta c t w ith  air. The c a ta ly s ts  w ere h ea ted  to  th e  te m p e ra tu re  
o f  h e a t  t re a tm e n t a t  a ra te  of a t  m ost 2 °C /m in, for on fa s te r  h e a tin g  a reac tio n  
accom pan ied  b y  ra p id  evo lu tion  of gas occurs a t  te m p e ra tu re s  above 100 °C.
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Fig. 1. A p p a ra tu s  fo r h e a t- tr e a tm e n t  o f c a ta ly s t sam ples.
1. C a ta ly s t, 2. gas in le t  tu b e , 3. th erm o co u p le , 4. glass filte r, 5. te m p e ra tu re  re ad o u t, 

6. te m p e ra tu re  re g u la to r , 7. heating  s trip

10

Fig. 2. A p p a ra tu s  for e lectro ch em ica l in v es tig a tio n s . 1. Calom el electrode, 2. p la tin u m  a u x ilia ry  
e lectro d e , 3. p la tin u m  e lec tro d e , 4. e lec tro m ag n e t, 5. s tab ilized  D. C. su p p ly  u n i t ,  6. e lectrom 
e te r, 7. po le  changer, 8. s ta b iliz e d  D . C. su p p ly  u n i t ,  9. am m eter, 10. s t i r re r  a n d  s tirre r  m o to r, 

11. gas in le t  tu b e , 12. g lass f ilte r , 13. ca ta ly st

E lec trochem ica l in v e s tig a tio n s  w ere ca rried  ou t in  th e  a p p a ra tu s  show n 
in F ig . 2.

I t s  m a in  p a rts  are  th e  m easu rin g  cell w ith  electrodes a n d  a gas in le t, 
th e  e lec tro m e te r , an a m m e te r , th e  m a g n e t an d  its  supply  u n it ,  w ith  a s tirr in g  
m o to r a n d  a gas-supply  sy s tem  (H 2 and  A r b o ttle s , p n eu m atic  su p p ly  u n its , 
d iffe ren tia l m anom eters, deoxo co n tac t) .
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T he m easuring  cell is a cy lind rica l vessel o f a b o u t 600 m l. The m ag n e t 
re a c h e s  to  th e  o u te r  side  o f th e  P t  sh ee t electrode w elded  in to  th e  w all o f 
th e  cell. A bout 2 m m  from  th e  in n e r side o f th e  P t  e lec tro d e  is th e  L ugg in  
c a p illa ry , w hich is filled  w ith  s a tu ra te d  KC1 ag a r-ag ar a n d  provides co n 
d u c tio n  to  th e  s a tu ra te d  calom el e lec trode . T he p o la riz ing  P t  electrode is in  
a sid e-a rm  closed b y  a glass f ilte r , to  in h ib it  m ix ing  o f  th e  gases form ed on 
p o la riza tio n .

In  the  6 N  N a O H  so lu tion  serv in g  as e lec tro ly te , th e  e.m .f. b e tw een  
th e  R an ey  Ni c a ta ly s t  s a tu ra te d  w ith  h y d ro g en  an d  th e  calom el e lec trode  
w as 1100 ^  2 m V . T h e  p o ten tia ls  o f  th e  c a ta ly s ts  w ere ca lcu la ted  from  th e  
m easu red  e.m .f., a n d  w ere alw ays re fe rred  to  th e  h y d ro g e n -sa tu ra ted  c a ta ly s t, 
i.e. to  th e  h y d ro g en  elec trode .

The po lariz ing  c u rre n t was led  th ro u g h  a pole c h a n g e r w ith  a s tab ilized  
su p p ly  u n it to  th e  e lec tro d es, and  m easu red  w ith  an  a m m e te r  w ith  an accu racy  
o f  ^ 1  mA. T he e .m .f. be tw een  th e  c a ta ly s t  e lectrode a n d  th e  calom el was 
m easu red  w ith  a n  e lec tro m e te r  w ith  an  accu racy  o f  ^  1 mV. H 2 a n d /o r A r 
co u ld  be led in to  th e  e lec tro ly te  th ro u g h  th e  gas in le t tu b e  below  th e  m ix in g  
h e a d .

In  every  case th e  c a ta ly s t sam ple  w eighed 0 .15— 0.20 g (the  w eight w as 
de te rm in ed  b y  d ry in g  a f te r  th e  m easu rem en t) an d  co v ered  th e  surface o f  th e  
P t  electrode u n ifo rm ly . T he e.m .f. w as m easured  b y  connec ting  th e  c u r re n t 
o f  th e  m agnet d u rin g  c o n s ta n t s tirr in g  o f  th e  e lec tro ly te ; th e  ca ta ly s t a d h e red  
to  th e  electrode, th e  e lec tro m e ter read in g  was ta k e n , a n d  th e  exciting  c u rre n t 
o f  th e  m agnet w as sw itch ed  off. This o p e ra tio n  was re p e a te d  a num ber o f  tim es , 
u n til  the  d ifference b e tw een  tw o consecu tive  read in g s w as less th a n  1 m V.

The a lu m in iu m  rem ain in g  in  th e  c a ta ly s t on p re p a ra tio n  was rem o v ed  
b y  electro ly tic  d isso lu tio n , th e  c a ta ly s t  held  on th e  e lec tro d e  firs t be ing  p o 
la rized  by  200 m V  in  th e  positive  d irec tio n  (anod ica lly ), an d  th en  b y  200 m V  
from  the  in itia l v a lu e  in  th e  n eg a tiv e  d irec tio n  (ca th o d ica lly ), and  n e x t be in g  
m ixed  in th e  e le c tro ly te . This o p e ra tio n  was re p e a te d  u n til  th e  am o u n ts  o f  
charge passed u p  to  th e  sam e p o te n tia l  difference in  th e  tw o  directions ag reed  
w ith in  i l 0 %  (5— 6 cycles). On th e  f in a l ca thod ic  p o la riza tio n  th e  c a ta ly s t  
w as sa tu ra te d  w ith  h y d ro g en  e lec tro ly tica lly .

On reco rd in g  o f  th e  h y d rogen  c o n te n t vs. p o te n tia l  curve th e  d isso lved  
hydrogen  was f i r s t  expelled  from  th e  so lu tion  w ith  argon , and a ch a rg e  o f 
1— 3 Cb was th e n  passed  th ro u g h  th e  c a ta ly s t (th e  c u r re n t  was ab o u t 150 m A ). 
T h e  e.m .f. w as n e x t  m easu red , th e  c a ta ly s t be ing  s tir re d  in  th e  e le c tro ly te  
betw een  m e a su re m e n ts . T he equ ilib riu m  p o te n tia l o f  th e  ca ta ly s t w as p lo tte d  
as a function  o f  th e  a m o u n t o f charge  passed.* A nodic  po la riza tion  w as con-

* The a m o u n t o f charge passed  w as ca lcu la ted  as th e  p ro d u c t  o f th e  po larizing  c u rre n t  
a n d  th e  p o la riza tio n  tim e.
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tin u e d  u n til  th e  equ ilib rium  p o te n tia l  o f th e  c a ta ly s t d iffered  from  t h a t  of 
th e  one s a tu ra te d  w ith  hydrogen  b y  140— 150 mV. T he c a ta ly s ts  w ere s u b 
se q u en tly  s a tu ra te d  w ith  gaseous h y d ro g en  an d  th e  p o la riza tio n  cu rve  w as 
again  recorded . F a ra d a y ’s law  w as u sed  to  ca lcu la te  th e  e lec trochem ica lly  
ox id izab le  h y d ro g en  co n ten t of th e  c a ta ly s t  from  th e  a m o u n t o f charge p assed  
u p  to  a p o te n tia l o f  150 mV and  from  th e  w eight of th e  ca ta ly s t.

C a ta ly s t sam p les  were also p re p a re d  w hich  w ere freed  from  h y d ro g en  
elec trochem ically  (sam ples 11— 15, from  sam ple  11) on ly  a lum in ium  b e ing  
leached  ou t.

T he h y d ro g e n a tin g  ac tiv ities o f  th e  h e a t- tre a te d  sam ples w ere d e te r 
m ined  a t  a tm o sp h e ric  pressure a n d  room  te m p e ra tu re , an d  th e ir  specific  
surfaces w ere m e a su re d  by  the  p h y s ic a l a d so rp tio n  of n itro g en . F u r th e r , th e  
h y d ro g en  co n ten ts  o f  all the  sam ples (inc lud ing  th e  e lec trochem ically  ox id ized  
ones) w ere d e te rm in ed  by  th e rm o d e so rp tio n , an d  th e rm o m ag n e tic  analysis  
was perfo rm ed . T h e  experim en ta l co n d itio n s  an d  th e  m e th o d  o f e v a lu a tin g  
th e  ex p erim en ta l d a ta  were re p o r te d  in  earlie r p ap ers  in  th is  series [3 —9].

»

R esu lts

T he resu lts  o b ta in e d  in th e  v a r io u s  in v es tig a tio n s  are  lis ted  in  T ab le  I . 
T he sa tu ra tio n  m ag n e tiza tio n s of th e  c a ta ly s ts  are  g iven fo r th e  s ta te s  b efo re  
(cr25) an d  a fte r  (<T400) th e rm o m ag n e tic  an a ly sis , to g e th e r  w ith  th e  Curie te m 
p e ra tu re s  fo r th e  s ta te s  a fte r h ea t t r e a tm e n t  a t  100 (@100) a n d  400 °C (@40o)- 
I t  can  be seen from  th e  m easured  m a g n e tic  d a ta  th a t  th e  sam ples h e a t- tre a te d  
a t  250 an d  320 °C d iffer fu n d a m e n ta lly  from  th e  o th e rs : th e ir  s a tu ra t io n  
m ag n e tiza tio n s (cr400) a n d  Curie te m p e ra tu re s  ( 0 4oo) m easu red  a fte r  h e a t  
t re a tm e n t a t  400 °C a re  sm aller th a n  th o se  o f sam ples h e a t- tre a te d  a t  e ith e r  
low er o r h igher te m p e ra tu re s . F ig u re  3 show s p lo ts o f th e  A a an d  AG  va lu es

100

80

6 0 "x

40 CD  <
20

0

-20

Fig. 3. R esu lts  o f th e rm o m ag n e tic  analysis o f  th e  h e a t- tre a te d  R a n ey  n icke l sam ples. C hanges 
in  m ag n e tiza tio n  (A a) a n d  C urie tem p era tu re  (A@ ) as fu n c tio n s o f th e  te m p e ra tu re  o f  th e rm a l

p re - tre a tm e n t
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Table 1

R esults on heat-treated and electrochemically

Cata
lyst
No.

Heat-
treat
ment
temp.

°C

Magnetic parameters Electrochemical
parameters

Catalytic activity 
eugenol 

nitrobenzene

a

25

О 0
100

0
400

poten
tial

(mV)

ml H,/g 
pol. 1.

cat. 
pol. 2.

ml
H 2/ml cat/min

1 2 3 4 5

l . 25 18.5 41.7 470 532 55 56 39 35 21

2. 100 13.5 41.3 451 538 77 51 34 24 2

3. 150 12.0 39.6 450 542 85 47 24 22 2

4. 200 16.2 40.8 472 554 120 15 23 23 3

5. 250 13.8 21.7 486 477 146 8 13 0 0

6. 320 17.0 28.6 465 470 135 9 13 0 0

7. 400 16.8 36.8 470 534 139 10 16 0 0

11. ___ 20.4 37.7 508 598 0 45 — —

12. — 24.9 39.1 523 596 75 39 — —

13. — 20.5 36.7 508 600 119 24 — —

14. — 16.6 35.8 488 593 139 0 — —

15. — 20.7 36.7 501 577 160 0 — —

* There is no sharp m axim um , and thus th e  tem perature values are only approxim ate

( i .e . cr400— cr25 an d  0 4oo— ©mo) f° r  sam ples 1— 7 as fu n c tio n s o f  th e  te m p e ra tu re  
o f  th e  p re lim in ary  h e a t  t re a tm e n t.

T here is no s ig n if ican t difference be tw een  th e  m ag n e tic  d a ta  o f th e  
an o d ica lly  po larized  sam ples; th e  n e a r ly  id en tica l s a tu ra tio n  m a g n e tiz a tio n  
v a lu es  (tr400) a fte r  h e a t tre a tm e n t a t  400 °C confirm ed  th a t  th e  fe rro m ag n e tic  
n ickel con ten ts o f th e  c a ta ly s ts  d id  n o t change, i.e. i t  was n o t oxidized e le c tro 
chem ically .

The e lec trochem ica l m easu rem en ts  led  to  th e  d e te rm in a tio n  o f th e  
p o te n tia ls  of th e  in d iv id u a l c a ta ly s t sam ples before th e  a lum in iu m  w as leach ed  
o u t, an d  th e n  th e ir  h y d ro g en  c o n te n ts , in  th e  e lec trochem ically  s a tu ra te d  
s ta te  (po lariza tion  1) an d  th e  s ta te  s a tu ra te d  w ith  gaseous h y d ro g en  (p o la ri
z a tio n  2). The charge a m o u n t vs. p o te n tia l  re la tio n  fo r th e  base  c a ta ly s t is sh o w n  
in  F ig . 4 (curves o f a s im ila r n a tu re  w ere o b ta in ed  fo r th e  o th e r c a ta ly s ts , 
a n d  th is  is th erefo re  p re sen ted  as a ty p ic a l exam ple). In  th e  case of th e  e le c tro 
chem ically  p re tre a te d  sam ples (11— 15), th e  p o te n tia l is th e  value  u p  to  w h ich  
p o la riza tio n  was ca rried  o u t a f te r  rem o v a l o f a lu m in iu m , w hile th e  h y d ro g e n  
c o n te n t was th e  v a lu e  re a d  from  th e  p o la riza tio n  cu rve  o f th e  base  c a ta ly s t  
(F ig . 4).
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oxidized R aney nickel catalysts

Specific
surface
(m7 g)

treated
at

100 °C

Thermodesorption results 
Amount of hydrogen (mlg), temp, of desorption leak max. (°C)

Magnetic moment 
PB/ h  atom

H, H, H3
sum Hi Hi Hs

ml/g °c ™i/g °C ml/g °c*

6 7 8

132 34 60
■

41 201 — — 75 0 .21 0 .75 ___

113 10 54 19 186 17 350 46 0 .3 2 1.6 2 .4

85 7 73 13 181 9 43 0 29 0 .6 8 0 .95 —

120 8 62 23 233 6 580 37 0 .31 0 .98 —

5 1 73 5 231 5 (4 0 0 ) 11 — 1.1 —

20 2 90 8 242 3 480 13 — — —

72 1 85 6 238 3 (4 0 0 ) 10 — — —

— 14 62 5 265 — ___ 19

— 1 76 10 289 — — 11

— 2.5 88 — — — 2 .5

—

200

0 ■ 100 20 0  3 0 0  40 0  500
Specific charge [Cb. g'1]

Fig. 4. C harge passed vs. p o te n tia l  fo r R a n ey  n ickel. 
a )  P o la riza tio n  (po lariza tio n  l ) i n  s ta te  sa tu ra te d  w ith  h y d rogen  e lectrochem ica lly , b) p o la riza 

tio n  (p o la riza tio n  2) in s ta te  s a tu ra te d  w ith  gaseous hy d ro g en

A c tiv ity  m easu rem en ts  ind ica ted  th a t  c a ta ly s ts  h e a t- tre a te d  a t  te m 
p e ra tu re s  above 200 °C a re  inactive.

T he resu lts  o f spec ific  surface an d  th e rm o d e so rp tio n  hydrogen  co n te n t 
m easu rem en ts  can be seen  in  the  s ix th  a n d  sev en th  co lum ns of Table I. In
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a d d itio n  to  th e  to ta l  h y d ro g en  c o n te n t, th e  am oun ts d eso rbed  a t  th e  th re e  
d iffe ren t te m p e ra tu re s  a re  also g iven , to g e th e r  w ith  th e  te m p e ra tu re s  co r
resp o n d in g  to  th e  m a x im u m  ra te  o f d e so rp tio n .

T he la s t co lum n  o f th e  T ab le  c o n ta in s  th e  values o f th e  ‘m ag n e tic  m o 
m e n t p e r H  a to m ’, c h a ra c te r is tic  o f th e  b o n d  s tren g th s  o f th e  h y d ro g en  species, 
c a lc u la ted  from  th e  a m o u n t o f h y d ro g e n  desorbed  an d  from  th e  increase  in  
s a tu ra t io n  m a g n e tiza tio n  in  th e  a p p ro x im a te  te m p e ra tu re  in te rv a l o f d e so rp 
tio n .
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L°c]
F ig . 5. H yd ro g en  c o n te n ts  o f h e a t- tre a te d  R a n e y  nickel sam ples, d e te rm in e d  b y  th e rm o 

d eso rp tio n , as a  fu n c tio n  o f th e  te m p e ra tu re  o f h e a t- tre a tm e n t

F igure  5 show s th e  h y d ro g en  c o n te n t de te rm in ed  b y  th e rm o d e so rp tio n , 
a g a in s t th e  te m p e ra tu re  o f h e a t t r e a tm e n t  o f th e  c a ta ly s t;  th e  am o u n ts  o f  
th e  th re e  ty p es o f h y d ro g en  w ith  d iffe ren t bond  s tre n g th s , an d  also th e ir  
su m , are  all p lo tte d  sep a ra te ly .

D iscussion

In  a g enera l e v a lu a tio n  o f th e se  experim en ts i t  m u s t  be em p h asized  
t h a t  sy s tem a tic  d ifferences w ere o b se rv ed  on com parison  o f  th e  re su lts  o b 
ta in e d  in  th e  course o f a c o n tin u o u s  increase o f te m p e ra tu re  an d  re su lts  
re fe rrin g  to  sam ples h e a t- tre a te d  a t  th e  given te m p e ra tu re  a n d  th e n  co v ered  
w ith  alcohol ag a in : equ ilib riu m  m a y  be  re s to rte d  on s ta n d in g  in  h e a t- t r e a te d  
sam ples re tu rn e d  to  alcohol, w hile in  m easu rem en ts m a d e  w ith  co n tin u o u s 
te m p e ra tu re  increase  th e  sam ples co m e  in to  a new  s ta te  w ith in  a v e ry  s h o r t  
tim e .

On th e  basis o f  th e  d a ta  o b ta in e d  b y  th e  v a rio u s m e a su re m e n ts , i t  is 
c lear th a t  R a n e y  n icke l undergoes a decisive change ab o v e  200 °C (see R ef.
[9]); th e  m ag n e tic  p a ra m e te rs  (cr a n d  0 )  (Fig. 3), th e  sp ec ific  su rface  a n d  th e  
hyd ro g en  c o n te n t d e te rm in ed  e lec trochem ically  an d  b y  th e rm o d e so rp tio n  
decrease, an d  th e re  is no longer a n y  ca ta ly tic  a c tiv ity  in  room  te m p e ra tu re  
reactions.
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As in d ic a te d  b y  th e  sharp  decrease  o f A a an d  AQ  b e tw een  200 an d  250 °C, 
th is  change m eans a  tra n sfo rm a tio n  in  th e  s tru c tu re  o f  th e  skele ton  n ickel, 
an d  an  ap p reciab le  fa ll in  th e  h y d ro g en  c o n te n t; th e re  is a close co rre la tio n  
betw een  th e se  tw o fa c to rs .

S urprising ly , th e  Curie te m p e ra tu re s  an d  s a tu ra tio n  m ag n e tiza tio n s of 
sam ples once h e a t- tr e a te d  a t  250 a n d  320 °C do n o t change a t  h igher te m p e r
a tu re  a n d  on re p e a te d  h e a t t re a tm e n t (F ig . 3), in d ic a tin g  th a t  th e  f i r s t  h e a t 
t re a tm e n t has s tab iliz ed  an in te rm e d ia te  s ta te .

A ccord ing  to  th e  m agnetic d a ta  fo r th e  e lec trochem ically  ox id ized  
sam ples, w hen  th e  a lu m in iu m  is le ach ed  o u t, th e  re su ltin g  n ickel has a coarser 
s tru c tu re  ( 0  la rger th a n  th a t  of th e  base  ca ta ly s t)  (T able I ,  co lum n 3/3, 
sam ples 11— 15); fu r th e r ,  nickel is n o t  ox id ized  d u rin g  th e  e lec trochem ical 
p o la riza tio n  in  th e  ex am in ed  in te rv a l o f  a b o u t 150 m V  (<T400 is n ea rly  th e  sam e 
for sam ples 11— 15), a n d  thu s th e  t o ta l  charge  passed  was consum ed in  th e  
o x id a tio n  o f th e  so rb ed  hydrogen.

T he ca ta ly tic  a c tiv itie s  can be b ro u g h t in to  p a ra lle l w ith  th e  h y d ro g en  
c o n te n t a n d  th e  specific  surface a re a , i.e. th e  a tm o sp h eric  h y d ro g en a tin g  
a c tiv ity  a t  room  te m p e ra tu re  is b o u n d  to  a ce rta in  su rface  area  an d  s tru c tu re , 
an d  to  th e  so rbed  h y d ro g en  con ten t.

T he p o ten tia ls  m easu red  before th e  c a ta ly s ts  a re  freed  from  alum in ium  
(Table I ,  co lum n 4/1) a p p ro x im a te ly  ch a rac te rize  th e  h y d ro g en  co n ten ts  o f 
th e  sam ples, i.e. th e  m o re  the  p o te n tia l  differs from  th a t  o f th e  h y d ro g en  
e lectrode, th e  low er th e  hydrogen  c o n te n t.

T he hydro g en  c o n te n ts  d e te rm in ed  e lec trochem ica lly  an d  b y  th e rm o 
d eso rp tio n  are  in  c o rre la tio n , and  n e a r ly  agree fo r sam ples h e a t- tre a te d  a t  
h igher te m p e ra tu re s .

T he th e rm o d e so rp tio n  results in d ic a te  th a t  a desorb ing  a t  h igher te m 
p e ra tu re s  ( >- 350 °C> h y d ro g en  species a p p e a rs  in  all o f th e  h e a t- tre a te d  sam ples. 
A t room  te m p e ra tu re  th is  h y d ro g en  species can  be found  in  th e  
c a ta ly s ts  o n ly  a fte r s to ra g e  for sev e ra l m o n th s . T he tw o h y drogen  species 
desorb ing  a t  5 0 —100 a n d  a t  180—250 °C, re sp ec tiv e ly , are  to  be found  in  all 
th e  sam ples, w hich p e rm its  th e  conclusion  th a t  th e  h y d ro g en  rem ain in g  in  
th e  h e a t- tre a te d  sam ples re-im m ersed  in  abs. alcohol (from  w hich sam ples 
one or b o th  o f th ese  h y d ro g en  species h a v e  been desorbed) is d is tr ib u te d  
betw een  th e se  tw o fo rm s, i.e. th e  in d iv id u a l h y d ro g en  species m ay  tran sfo rm  
in to  one a n o th e r.

T he tendencies o f  th e  te m p e ra tu re  o f  th e  h y d ro g en  deso rp tio n  peak  
m ax im a  an d  th e  in crease  o f th e  B o h r m a g n e to n  n u m b e r p e r hyd rogen  a to m  
desorbed  (p B /H  a tom ) show  th a t  h e a t t r e a tm e n t  a t  increasing  te m p e ra tu re s  
leads to  changes in  th e  c a ta ly s ts , su ch  t h a t  th e  b o n d  s tre n g th s  o f th e  resid u a l 
h y d ro g en  species increase .

TUNGLER et al.: COMPLEX STUDY OF RANEY NICKEL SKELETON CATALYSTS, VIII 159
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S ta r tin g  w ith  D -tartaric  acid , 1 - tr ih y d ro x y p ro p y lte trah y d ro iso q u in o lin e  d e r iv 
a tiv e s, read ily  so lu b le  in w ater, h a v e  been  sy n th esized . T he abso lu te  c o n fig u ra tio n s
of th e  co m pounds h a v in g  three  c h ira l c en tres  hav e  been  e lu c id ated .

T he fav o u rab le  pharm aco log ical a c tio n  of te trah y d ro iso q u in o lin e  d e r iv 
a tiv es  su b s ti tu te d  on  C -l has been k n o w n  fo r a long tim e  [1]. I t  is also k n o w n  
t h a t  an  increase o f  th e  w a te r-so lu b ility  o f th e  co m pounds —- especia lly  if  
in d e p e n d e n t o f th e  p H -v a lu e  of th e  m e d iu m  —  has u su a lly  a positive in flu en ce  
on th e  p h arm aco lo g ica l effect.

In  th e  fo llow ing we repo rt th e  sy n th es is  of new  te tra h y d ro iso q u in o lin e  
d e riv a tiv e s  s u b s ti tu te d  in  th e  C-l p o s itio n  b y  a 1 ,2 ,3 -trih y d ro x y p ro p y l g ro u p  
( l a ,  b ) .

T hese com pounds have  been sy n th e s iz e d  in  th e  w ay  show n in Schem e 1.
0 ,0 -D ia c e ty l-D -ta r ta r ic  an h y d rid e  (2) p rep a red  b y  th e  a c y la tio n  o f  

D -ta rta ric  acid w as su b jec ted  to  m e th a n o ly s is , an d  th e  p ro d u c t was t r e a te d  
w ith  th io n y l ch loride to  ob ta in  th e  h a lf-e s te r  ch lo ride 3 [2]. This c o m p o u n d  
can  be used  to  a c y la te  the  a p p ro p ria te  3 ,4 -d ia lk o x y p h en y le th y lam in e  (4) 
to  give th e  acid am id e  (5). The acid am id e  5 can  also be p rep a red  in a s im p le r  
w ay  an d  a lm o st in  q u a n tita tiv e  y ie ld , i f  th e  acy la tio n  is carried  ou t d ire c tly  
w ith  th e  an h y d rid e  2, an d  the  re su ltin g  am id e-ca rb o x y lic  acid (6) is m e th y l
a te d  w ith  d iazo m e th an e .

B isch ler— N ap ie ra lsk i ring c lo su re  o f th e  am id e  5 afforded th e  di- 
hyd ro iso q u in o lin e  d e r iv a tiv e  7 only  in  th e  p resence o f phosphorus p e n ta -  
ch lo ride  in  m e th y len e  chloride [3]; co m p o u n d  8 w as o b ta in e d  on m e th an o lic  
d e ace ty la tio n . B o th  com pounds are s ta b le  as sa lts ; lib e ra tio n  of th e  base  is 
p re su m a b ly  acco m p an ied  by  an u n d e s ire d  e lim in a tio n  in  th e  side chain.

I t  seem ed th e re fo re  advisable to  c a rry  o u t th e  h y d ro g en a tio n  o f th e  
C = N  doub le  bond  o f th e  d ihydro isoqu ino line  d e riv a tiv e s  in  acidic m ed iu m . 
R ed u c tio n  o f th e  d ihydro isoqu ino line  h y d ro ch lo rid e  (8) w ith  sodium  boro - 
h y d rid e  in  acetic  ac id , o r b y  ca ta ly tic  h y d ro g e n a tio n , y ie lded  th e  te t r a h y d ro 
isoqu ino line h y d ro ch lo rid e  (9). W hen b as ic  m edium  w as ap p lied  in  th e  course  
o f  th e  red u c tio n  or w o rk  up , pyrrolo [2 ,1-a] isoqu ino line  deriv a tiv es  (10 or 11) 

h av in g  a f iv e -m em b ered  lac tam  ring  cou ld  be iso la ted . T h e  reaction  o f  th e
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7 a ,  b  9 a ,  b 8 a ,  b

1 0 a , b  i l a , b

Scheme 2

I « ,  11 к
a C H 3

b C2H6

h y d ro ch lo rid e  9 w ith  sodium  b is-(2 -m eth o x y e th o x y ) a lum in ium  h y d rid e  
(R ed-A l) in  benzene o r  to luene  affo rded  th e  e n d -p ro d u c t (1).

T he reac tio n  seq u en ce  8 —>• 9 — 1 can  also be ach ieved  in  one s tep  b y  
th e  d irec t red u c tio n  o f  th e  hyd roch lo ride  8 w ith  R ed-A l.

T he s tru c tu re s  o f  la  and  lb  have  been  u n eq u iv o ca lly  p roved  b y  th e ir  
N M R  an d  MS sp e c tra , as well as b y  th e  e le m e n ta ry  analysis  an d  spectroscop ic  
in v e s tig a tio n  o f th e ir  te tra a c e ty l  d e riv a tiv es .

In  giv ing th e  e x a c t s tereochem ical s tru c tu re  o f 1, th e  ab so lu te  co n fig u ra 
tions o f  C l’ an d  C2’ in  th e  side chain  a re  c e rta in ly  kn o w n  from  th e  s te re o 
ch em is try  o f  th e  s ta r t in g  D -ta rta ric  acid.

In  th e  d e te rm in a tio n  o f th e  ab so lu te  co n fig u ra tio n  o f th e  ch ira l C -l 
a to m , th e  CD curve  o f  th e  trih y d ro x y p ro p y lte tra h y d ro iso q u in o lin e  d e riv a tiv e  
lb  (see F ig . 1) is o f a ssistance .

T he n eg a tiv e  C o tto n  effect (1L b-band) observed  a t  a b o u t 285 nm  proves 
th e  —M  h e lic ity  o f r in g  В [4]. A ccording to  d a ta  g iven in  th e  l i te ra tu re  [5], 
in  th e  case o f te trah y d ro iso q u in o lin e s  s u b s ti tu te d  on C l, th e  con fo rm er 
h av in g  a s u b s ti tu e n t in  quasi-axial position  is alw ays p re fe rred . On th is  basis , 
th e  s te ric  s tru c tu re  o f  th e  ch iral second  sp h ere  responsib le  for th e  C o tto n  
effect ap p ea rin g  a t  285 n m  an d  th a t  o f th e  C l s u b s ti tu e n t are  show n in  F ig . 2. 
T hus th e  ab so lu te  c o n fig u ra tio n  o f  th e  C l a to m  is S. As th e  cond itions o f 
sy m m e try  in  c o m p o u n d  l a  h av in g  d im e th o x y  su b s titu e n ts  in  th e  a ro m a tic  
rin g  are  id en tica l w ith  th o se  o f th e  e th o x y  hom ologue, i t  is h igh ly  p ro b ab le  
th a t  th e  ste ric  a rra n g e m en ts  o f l a  an d  lb  are  id en tica l, i.e. 1(S), l ’(S), 2 '(S).  
Ow ing to  th e  co rre la tio n s  betw een  th e  com p o u n d s, th e  ab so lu te  co n fig u ra tio n  
a t  C l in  1 an d  9, an d  a t  ClOb in  10 and  11 is th e  sam e. C onsequen tly , an  e v a lu 
a tio n  o f  th e  N M R  s p e c tra  o f th e  d iace ty l- lac tam  10b (an d  10a) gave v a lu ab le  
d a ta  fo r th e  e lu c id a tio n  o f  th e  s teric  s tru c tu re  o f  all com pounds (F ig . 3). P eak s 
1— 7 (3 p ro to n s) cou ld  b e  assigned w ith  th e  a id  o f th e  sp ec tru m  of th e  co m 
p o u n d  h av in g  d e u te r iu m  a t  ca rbon  a to m  10b (F ig . 4). I n  th e  la t te r  sp ec tru m

A  eta Chim. (Budapest) 89, 1976



164 D Ö R N Y E I, SZÁ N T A Y : T R IH Y D R O X Y A L K Y L T E T R A H Y D R O IS O Q U IN O L IN E  D E R IV A T IV E S

.W-helk'ity

Fig. 2. Projection of compound 1

Fig. 3. Part of the NMR spectrum of 10b (DMSO-dß)

Acta Chim. (Budapest) 89. 1976

Fig. 1. CD curve of lb  in methanol
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th e  H A an d  H B p ro to n s give an  AB system  ( J AB =  7.5; őH A =  5.38; <5HB =  
=  5.64).

T he seven  peaks ap p ea rin g  in  th e  spec trum  o f 10b a t  d 4 .5 —6 can  be 
assigned  b y  assum ing  th a t  tw o  p eak s due to  th e  H B p ro to n  (1,2; 1H ) rem ain  
u n ch an g ed  d u rin g  th e  D —*• H  ex ch an g e , w hereas th e  p eak s  a t tr ib u ta b le  to  
H A are  fu r th e r  sp lit b y  th e  10b p ro to n  (<ШХ =  4.79; d , I I I ,  J AX =  7.5 H z; 
peaks 6 an d  7), w here th e  coup lin g  c o n s ta n t happens to  be th e  sam e; th is  
re su lts  in  th e  a sy m m etric  t r ip le t  also o f  1H  in te n s ity  (peaks 3, 4 a n d  5).

A c О H a  H „  O A c

6 5 4 8 (ppm)

F ig . 4 . P art of the NMR spectrum of 10b-deutero-I0b (DMSO-d6)

T he coupling  co n stan ts  J AB a n d  J AX give u n am b ig u o u s ev idence for 
th e  /З-o rien ta tio n  o f th e  h y d ro g en  a to m  a tta c h e d  to  ca rb o n  a to m  10b, i.e. fo r 
th e  S -co n fig u ra tio n  o f th e  ch ira l c en tre , since th e  d ih ed ra l angles (10b(S):
C— H x /C — H A ~  150°, C —H A/C — H b ~  150°; 10b(R): C —:H X/C — H A ~  30°, 
C— H A/C— H B~  90°) m easu red  on  th e  D reid ing  m odel o f  th e  stereo isom ers 
10b(S) a n d  1 0 b (B )'fo rm in g  a r a th e r  rig id  rin g  system , a re  in  good ag reem en t 
w ith  th e  coupling  co n stan ts  o f th e  X — AB system  in th e  fo rm er case.

A lth o u g h  th e  d irec t conversion  o f 8 to  1 is less stereo se lec tiv e  th a n  th e  
in d ire c t w ay  (8 —► 9 —*■ 1), acco rd in g  to  ou r exp erim en ts , th e  fo rm er gives th e  
com pounds 1 h av in g  1(S), l ’(S ), 2 ’(S) ab so lu te  co n fig u ra tio n  in  h ig h er y ie ld s, 
as th e y  can  be re a d ily  se p a ra te d  from  th e  1(B) stereo isom er b y  c ry s ta lliz a tio n .

T he pharm aco log ical in v e s tig a tio n  o f th e  re su ltin g  com pounds l a  an d  
lb ,  w hich  are exce llen tly  so luble  in  w a te r , is in  progress.

E xperim en ta l

The IR  spectra were recorded in KBr or in a solution with a Spectronom 2000 and a 
Perkin-Elm er 221 spectrophotometer. The NMR spectra were obtained with a Perkin-Elmer 
R12 (60 MHz) spectrometer; the chemical shifts (á) are given in ppm; TMS was used as internal 
standard. The mass spectra (MS) were obtained with an AEI MS 902 instrum ent (70 eV;
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te m p e ra tu re  of th e  ion so u rce  150 °C; d irec t in se rtio n ). T he CD cu rv e  w as m easured  w ith  a 
JA S C O  J3 0  d ich rograph  in  m e th a n o l so lu tion  (c =  10” 3 mole/1) in a 1-m m  cell a t  room  te m 
p e ra tu re .

T he course o f th e  re a c tio n s  was checked  b y  q u a lita tiv e  th in - la y e r  ch ro m ato g rap h y  
T L C ). In ac tiv e  silica gel (K feselgel GF254; M erck) w as used  as th e  a d so rb en t. The follow ing 

d ev e lo p in g  so lven t sy s te m s w ere em ployed:
System  A: b e n z e n e -m e th a n o l 5 : 1
S ystem  B: s a tu ra t io n  w ith  N H 4OH  fo r 5 m in , CH2Cl2-m e th a n o l  1 2 : 1  
S ystem  C: CH2C12—m e th a n o l 5 : 1 
System  D: benzene—e th y l  ace ta te  1 : 1
S ystem  E : s a tu ra t io n  w ith  N H ,O H  fo r 5 m in , CH2C12—m e th a n o l 6 : 1 
T he ch ro m ato g ram s w ere  e v a lu a ted  u n d e r a UV  lam p  (A =  254 nm ), and  by  v isualiz ing  

th e  sp o ts  in  iodine v a p o u r .

1. 2 (R ), 3 (R )-D iace to x y -3 -(N -3 ,4 -d ia lk o x y p h en y l-e th y lcarb am o y l)p ro p io n ic  acid ( 6 )

A  solution of 2 (21.6 g ; 100 m m oles) in m eth y len e  ch loride  (200 m l) w as p laced in  a flask  
e q u ip p e d  w ith  a d ro p p in g  fu n n e l and  reflux  co n d en ser, an d  a so lu tio n  of 4  (100 m m oles) in  
m e th y len e  chloride (60 m l) w as added  a t  a ra te  to  m a in ta in  g en tle  bo iling  of th e  re ac tio n  
m ix tu re . I t  was th e n  a llo w ed  to  s ta n d  a t  room  te m p e ra tu re  fo r 1 h r , th e n  in a re fr ig e ra to r 
o v e rn ig h t;  th e  p re c ip ita te d  c ry s ta ls  were filte red  off.

The ЗЛ -d im ethoxyphenyl derivative (6a) w as o b ta in e d  as co lourless crysta ls (36.8 g; 
9 3 % ), m . p. 220 °C (d .).

C18H 23N 0 9 (397.37). C alcd . C 54.40; H  5.83; N 3.53. F o u n d  C 54.46; H 5.93; N 3 .70% .
IR  (K B r): 1760 ( C = 0  e ste r); 1735 (C =  0  acid ); 1640 (С -  О am id e); 3370 cm 1 (N H ).
T he colourless c ry s ta ls  o f th e  3,4-diethoxyphenyl d e riv a tiv e  (6b) (38.6 g; 91% ) m elt a t  

180 — 181 °C.
C20H 2,NO9 (425.42). C alcd . C 56.46; H 6.40; N  3.29. F o u n d  C 56.39; H  6.48; N 3 .48% .
IR  (K B r): 1755 (C =  0  este r), 1740 (C =  0  ac id ,) 1635 (C =  0  am id e), 3370 cm ” 1 (N H ).

2. M ethy l [2(R>, 3 (R )-d iace to x y -3 -(N -3 ,4 - 
d ia lk o x y p h en y le th y lcarb am o y l)]p ro p io n ate  (5 )

2.1, Synthesis o f  the 3 ,4 -d im ethoxyphenylethyl derivative  (5a)

2 .1 .1 . T he propionic a c id  d e riv a tiv e  6a (11.91 g; 30 m m oles) w as d issolved in a m ix tu re  
o f  m e th a n o l (140 m l) a n d  m e th y len e  chloride (190 m l) an d  d iaz o m eth an e  in  e th e r was ad d ed  
w ith  s tirrin g  a t  room  te m p e ra tu re ,  u n til th e  re ac tio n  w as com ple te  (TLC system  A: R^6a 0.1; 
R j5a: 0.52). The re ac tio n  m ix tu re  was e v ap o ra te d  to  d ry n ess in  v a cu u m . The rem ain in g  oil. 
on  t re a tm e n t  w ith  a m ix tu re  o f e th e r and h ex an e , y ie ld ed  a colourless c rysta lline  p ro d u c t 
(12 .00  g; 97% ), m . p . 81 — 83 °C.

C19H 25N 0 9 (411.40). C alcd . C 55.47; H 6.13; N 3.40. F o u n d  C 55.70; H  6.34; N  3 .55% . 
I R  (K B r): 1750 (1765 sh ., C =  0  esters); 1675 (C =  0  am ide); 3370, 3400 cm ” 1 (N H ).
I R  (CHC13): 1770 (C =  0  esters); 1700 (C =  0  am ide).
N M R  (CDC)3): 2 .10 a n d  2.14 s, (3H  (each), C H 3- C O ) ;  2.80 (m , 2H . P h - C H 2- ) ;  

3.55 (m , 2H , —СЯ2 —N H C O ); 3.79 (s, 3H , C 0 2C H 3); 3.91 an d  3.94 (s, 3H  (each), O CH 3);

5.70 a n d  5.82 (AB sy s te m , 1H  (each); J  =  2.5; /С Н  — OAC); 6.30 (1H , b ro ad . N H ); 6.85 — 
6.89 (3H , a rom atic  p ro to n s ) . '

2.1.2. A cy lation  w ith  acid  chloride 3. 0 ,0 -D ia c e ty l-D - ta r ta r ic  acid  sem i-chloride 
h a lf-e s te r  (3) was o b ta in e d  acco rd ing  to  th e  m eth o d  described  in  th e  l ite ra tu re  [2] in  a y ield  
o f  5 2 % , calculated  for D - ta r ta r ic  acid. The la t te r  co m p o u n d  (5.33 g; 20 m m oles) was dissolved 
in  e th e r  (300 m l) a n d  a  so lu tio n  of 4a (7.24 g; 40 m m oles) in  e th e r  (100 ml) w as added  
u n d e r  stirrin g  and ice-cooling ; th e  evo lu tion  o f h e a t  w as observed . A fte r  stirrin g  for 1 h r  
w a te r  (100 ml) and  m e th y le n e  chloride (50 m l) w ere add ed . T he m ix tu re  was sh aken  in  a 
s e p a ra to ry  funnel, th e n  th e  o rgan ic  lay er was w ashed  w ith  w a te r  (2 x  50 m l), d ried  (M gS 04) 
a n d  th e  so lvent e v a p o ra te d . T he residue w as recry sta llized  fro m  a  m ix tu re  of e th e r a n d  
h e x a n e . The resu ltin g  5 a  (5 .35  g; 65% ) p roved  to  be id en tica l in ev ery  respec t (m . p ., IR , 
N M R , TLC) w ith  th e  p ro d u c t  o b ta ined  in E x p e rim en t 2.1.1.
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2.2. Synthesis o f  the 3 ,4-diethoxyphenylethyl derivative  (5b)

2.2.1. The prop ion ic  acid  d e riv a tiv e  6 b (12.75 g; 30 m m oles) w as suspended  in a m ix tu re  o f 
e th e r  (200 m l) a n d  m e th a n o l (5 m l). T he p rocedure  o f m e th y la tio n  w ith  d iazo m eth an e  w as 
th e  sam e as fo r 6 a  (E x p e rim e n t 2.1.1.) (TLC system  A, R f6 b: 0 .1; ify5b: 0.53). A t th e  en d  of 
th e  reac tio n  th e  susp en sio n  c leared  up , th e n  th e  este r 5b s ta r te d  to  c rysta llize . The p re c ip ita tio n  
w as p rom oted  b y  a d d in g  h ex an e  (100 m l). A fte r f iltra tio n  an d  d ry in g , th e  colourless c ry s ta ls  
o f 5b (11.83 g; 9 0 % ) 1 0 4 - 1 0 5  °C, [a]i,5- l l °  (c =  1, m eth an o l).

C21H 29N 0 9 (439.45). Calcd. C 57.39; H  6.65; N  3.19. F o u n d  C 57.55; H  6.67; N 3 .18% . 
IR  (K B r): 1765, 1750 ( C = 0  ester); 1695 (C =  0  ch e la ted  este r); 1660 ( C = 0  am id e); 

3420, 3270 an d  3090 cm “ 1 (N H  asym m .).
IR  (CHC13): 1770 (C =  0  esters); 1700 cm “ 1 (С=Ю  am ide).
NM R (CDCI3): 1.44 ( t, 6 H , J  =  7, О СН 2 - С Я 3); 2.06 an d  2.09 (s, 3H  (each), CH 3 - C O ) ;  

2.74 ( t, 2H , J  =  7, - C H 2 - C H 2 - N H ) ;  3.53 (q, 2H , J  =  7, С Н 2 - С Я 2 - Г Ш ) ;  5.64, 5.76
I

(2H , J — 2.5 H z, H  — C — 0 ) ;  6.28 (1H , b ro ad , N H ); 6.78 — 6.82 (3H , a ro m atic  p ro to n s ) .
I

2.2.2. The acy la tio n  of 4b (8.36 g; 40 m m oles) w ith  acid  chloride  3 (5.33 g; 20 m m oles) w as 
e ffec ted  according to  E x p e rim e n t 2.1.2. C om pound 5b o b ta in ed  in  th is  w ay (6.05 g; 7 0 % ) 
w as iden tica l in  ev ery  re sp e c t w ith  th e  p ro d u c t described in 2 .2 . 1 .

3. Cyclization w ith PC15

3.1. M ethyl [2(R J , 3 (S )-d ihydroxy-3-(6 ,7 -d im ethoxy-3 ,'l-d ihydro isoquino line-l-y l)]propionate(8a \  
P hosphorus p e n ta ch lo rid e  (12 g; 58 m m oles) was d issolved in  m ethy lene  chloride (90 

m l) w ith  stirrin g  a n d  h e a tin g . S tirrin g  w as m ain ta in ed  an d  th e  m ix tu re  cooled (p rec ip ita tio n  
of fine crysta ls); th e n  th e  am ide este r 5 a  (12.33 g; 30 m m oles) in  m eth y len e  chloride (100 m l) 
w as added  a t  a  te m p e ra tu re  o f 5 —10 °C.

A fter th e  re ac tio n  m ix tu re  h a d  becom e hom ogeneous, i t  w as allow ed to  s tan d  o v e rn ig h t 
in a  refrigerato r. T h e  re ac tio n  5a  -<- 7a  could  be follow ed b y  T LC  (System  B, Rp5a: 0.60; 
Rf7a: 0.50). The m a jo r i ty  o f th e  so lven t w as e v ap o ra ted  in v a cu u m , m eth an o l (100 m l) w as 
cau tiously  ad ded  to  th e  residue, an d  th e  m ix tu re  was re fluxed  fo r 30 m in . A fter d eac e ty la tio n  
(TLC system  B , R j7a: 0 .50; R f8 a: 0.42), e th e r  was added  to  th e  luke-w arm  so lu tion  u n til  
c rysta lliza tio n  s ta r te d . F i l tra t io n  gave th e  colourless c ry sta ls o f th e  hydroch loride  o f  8 a 
(9.53 g; 87% ), w hich  decom posed  a t  162 —163 °C; [a]f>5—58° (c  =  1, m ethano l).

CI5H 20NO6Cl • 1/2 C H 3O H  (361.73). Calcd. C 51.46; H  6.13; N  3.87. F o u n d  C 51.78; 
H  6.29; N 4 .03% . ©

IR  (K B r): 1735 ( C = 0 ) ;  1675 (C =  N ); 1570, 1615 cm “ 1 (a rom .).
NM R (C D 3O D ): 3.10 (s, 1,5H , C l?3O H ); 3.60, 3.70, 3.77 (9 H , O C H 3); 4.23 (d, 1H  

\ ©  I \  © I
")N =  C —С Я —О Н ); 5.60 (m , Ш  ) C = N - C - Я  “ p e ri” ); 6.90 (s, 1H , C 5-H ); 7.18 (s, 1H ,

/  I '  I I
C8  — H ). H

I f  th e  m eth an o lic  t r e a tm e n t  a fte r  th e  rin g  closure was o m itted  a n d  th e  oil was re p ea te d ly  
p re c ip ita te d  from  th e  re ac tio n  m ix tu re  w ith  e th e r, th e  oily d iac e to x y  com pound 7a cou ld  
f in a lly  be tran sfo rm e d  in to  a solid foam  (10.2 g; 79% ).

\  © 'IR  (K B r): 1750 (b ro ad  C = 0 ) ;  1650 ( / C = N ) ;  1555, 1610 (a ro m .); 1205 cm “ 1 (C H 3 — 
- C O - O - C ) .

3.2. M ethyl [2( R ) ,  3 ( S ) -d ihydroxy-3-(6 ,7 -diethoxy-3 ,i-d ihydro isoquino line-l-y l)]propionate(8b)

The cycliza tion  of th e  am ide ester 5b (13.17 g; 30 m m oles) w as carried  ou t as desc rib ed  
in E x p erim en t 3.1. T he c ry s ta ls  of th e  hyd ro ch lo rid e  of 8 b (8.95 g; 8 0 % ), p rec ip ita ted  fro m  a 
m ix tu re  of m e th an o l a n d  e th e r , decom posed a t  174.5 —175 °C; [a]f>°—70° (c =  1, m eth an o l).

C „H „,N O nCl (373.82). Calcd. C 54.62; H  6.47; N 3.75; Cl 9.50. F o u n d  C 54.87; H  6.85; 
N 3.76; Cl 9 .51% . © /

IR  (K B r): 1730 (C =  0 ) ;  1670 (C =  N ( ) ;  1565, 1615 cm “ 1 (arom .).

N M R  (CD 3O D ): 1.42 an d  1.45 ( 2 x t ,  6 H , J  =  7, С Я 3 - С Н 2 - 0 ) ;  3.96 (s, 3H , O C H 3);
\ ©  I

4.22 (q , 4H , J  =  7; С Н 3 - С Я 2 - 0 - ) ;  4.60 (d, 1H , ) N = C - C f f - O H ) ;  5.79 (m , 1H ,
\  © I '  I
/ C = N H  —С Я  “ p e ri” ); 7.11 (s, 1H , C 5 - H ) ;  7.31 (s, 1H , C8 - H ) .
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MS (m/e, % ): 337 (М - H C l ,  3); 320 (1); 278 (2); 249 (93); 248 (50); 247 (17); 234 (33); 
220 (100); 206 (30); 204 (11); 194 (30); 192 (17).

I f  th e  deace ty la tio n  s te p  w as o m itted , th e  h y d ro ch lo rid e  of 7b cou ld  be  ob ta in ed  as a 
fo am  (11.4 g; 83% ). © /

I R  (K B r): 1760 (C =  0 ) ;  1655 ( C = N \  ); 1560, 1605 (arom .); 1200 c m ~ i (C H 3 C O -  
- O - C ) .

4. R eduction of th e  d ihydro isoquino line  8  to  th e  te trah y d ro  d e riv a tiv e  9

4.1 .M e th y l[2 ( R ) ,3 ( S ) -d ih yd ro xy-3 -(6,1 -dim ethoxytetrahydroisoquinoline-l ( S )-y l)]prop iona te(9a)

4 .1 .1 . T he d ih y dro isoqu ino line  8 a  (1.08 g; 3 m m oles) w as dissolved in m e th a n o l (30 m l) con
ta in in g  1 m l o f 1JV m e th a n o lic  HC1, an d  th e  m ix tu re  w as h y d ro g en a ted  a t  room  tem p e ra tu re  
a n d  a tm o sp h e ric  p ressu re  in  th e  p resence o f p a llad iu m -o n -ca rb o n  (0.8 g). T h e  re d u c tio n  was 
co m p le te d  in  ab o u t 3 h rs  (h y d ro g en  ab so rb ed  77 m l, th eo re tica l: 72 m l). T h e  so lu tion  was 
e v a p o ra te d  to  dryness a n d  th e  residue ( 1 . 0 2  g; 1 0 0 % ) was recry sta llized  fro m  a m ix tu re  of 
m e th a n o l  an d  m ethy lene  ch lo rid e . T he colourless c ry s ta ls  of th e  h y d ro ch lo rid e  o f 9 a  decom 
p o sed  a t  186 —187 °C, th e n  so lid ified  and  m e lted  a g a in  a t  243 — 245 °C.

Cj5H 22N 0 6C1 (347.80). C alcd. C 51.80; H  6.38; N  4.03; Cl 10.20. F o u n d  C 51.58; H  6.15; 
N  4 .07 ; Cl 10.17% .

IR  (K B r): 1730 (C =  0 ) ;  1605 (arom .); 3 0 0 0 -3 4 0 0  c m 1 (b ro ad , O H ).
N M R  (DM SO-d6): 3 .64 (s, 3H , C 0 2CH3); 3.73 (s, 6 H , OCH3); 4.12 (b ro ad , 1H , C 3 - O H ) ;

4.65 (b ro ad , 3H , C 2 - O H ,  C H  O H ); 6 . 8 6  (s, Ш  C5’- H ;  6.98 (s, 1H , C8 ’ - H ) .

N M R  (D M S0-d 6 + D 20 ) :  T he signal a t  4.12 p p m  d isappeared  a n d  th e  in te n s ity  of th e  
g ro u p  a t  4.56 d im inished to  tw o .

MS (m/e, % ): th e  fra g m e n ta tio n  was th e  sam e as observed  w ith  co m p o u n d  1 1 a ,  in d ic a t
in g  a q u ick  lac tam  r in g  c lo su re  reac tio n  o f th e  e s te r  un d er th e  co n d itio n s o f m easu rem en t 
(cf. E x p e rim en t 5.1.2.).

4 .1 .2 . T h e  d ihydro  co m p o u n d  8 a (0.36 g; 1 m m ole) w as dissolved in  a m ix tu re  o f m ethy lene  
c h lo rid e  ( 8  m l) and ace tic  a c id  (1 m l), an d  re d u ce d  w ith  N aB H 3 (50 m g; a b o u t  1 m m ole) a t  
5 °C . T he reac tion  w as fo llow ed  b y  TLC (S y s tem  C, Ry8 a: 0.58; Ry9 a :  0.33). T he reac tio n  
m ix tu re  w as e v ap o ra ted  to  d ry n e ss  and  th e  re s id u e  p u rified  by  c h ro m a to g ra p h y  using  so lven t 
sy s te m  C on a K ieselgel 60 (0.063 — 0.200 m m ) co lum n. The frac tio n s c o n ta in in g  th e  p ro d u c t 
9 a  w ere com bined, e v a p o ra te d  to  d ryness a n d  th e  resid u e  was rec ry s ta llize d  from  a m ix tu re  
o f m e th y len e  chloride a n d  m e th a n o l. T he re su ltin g  crysta llin e  p ro d u c t (0 .184 g; 53% ) p roved  
to  b e  id en tica l in all re sp ec ts  (m . p ., TLC, N M R ) w ith  th e  te trah y d ro iso q u in o lin e  hydroch lo ride  
9 a  p re p a re d  in  E x p e rim e n t 4 .1 .1 .

4 .2 . M ethyl [ 2 ( R ) ,3 ( S ) -d ihydroxy-"i-( 6 ,l-d iethoxytetrahydro isoquino line-l(S )-yl)]propionate(9 l> )

4 .2 .1 . T he d ih ydro isoqu ino line  hy d ro ch lo rid e  8 b (1.12 g; 3 m m oles) w as red u ced  c a ta ly tica lly  
as d escribed  in E x p e rim e n t 4 .1 .1 . The h y d ro c h lo rid e  9b was o b ta in e d  as colourless m icro 
c ry s ta ls  (1.12 g; 100% ) a f te r  ru b b in g  w ith  e th e r , m . p . 170 — 171 °C (d ); [a ]t>5 - f  60° (c == 1, 
m e th a n o l) .

C „H 26NOr.Cl (375.85). Calcd. C 54.32; H  6 .97; N  3.73; Cl 9.43. F o u n d  C 54.04; H  6.79; 
N  3.91: Cl 9 .90% . \ ©

IR  (K B r): 1750 (C =  0 ) ;  1620 (aro m .); 3200 3500 cm ' 1 ( / N H S; OH).

N M R  (CD3OD +  CDC13): 1.41 (t, 6 H , J  =  6 ; C H 3 - C H 2 - 0 ) ;  3.09 (2H . P h - C H 2- ) ;
\ ©

3.34 (2H , - 7 N —CH2—); 3.78 (s, 3H , CH 30 ) ;  4.10 (4H , - C H 2 - 0 - ) ;  4.60 (6 H , b ro ad , O H ,
\  /

N H 2, ) C H — OH ); 6.83 (2 H , b ro ad , a ro m a tic  p ro to n s .).

4 .2 .2 . T he d ihydro  d e r iv a tiv e  8 b (0.37 g; 1 m m ole) was reduced  w ith  sod ium  bo ro h y d rid e  
acco rd in g  to  E x p e rim en t 4 .1 .2 . The re su ltin g  h y d ro ch lo rid e  9b w as in  ev ery  resp ec t (TLC, 
m . p ., IR , NM R) id en tica l w ith  th e  p ro d u c t d e sc rib ed  in  E x p erim en t 4 .2 .1 .
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5. Synthesis o f p y rro lo [2 ,l-a ]iso q u in o lin e  derivatives

5.1. 1 ( S ) ,  2 (R )-D ih yd ro xy-ü ,9 -d im ethoxy-l,2 ,3 ,5 ,6 ,10b(S )-hexahydropyrro lo[2 ,l-a]isoqu ino line-  
3-one (1 1 a)

5.1 .1 . T he d ihydro isoqu ino line  h y d ro ch lo rid e  8 a (0.362 g; 1 m m ole) w as d issolved in m e th a n o l 
( 8  m l) a n d  red u ced  w ith  sodium  b o ro h y d rid e  (cf. E x p e rim e n t 4.1.2.). A fte r  th e  re ac tio n  h a d  b een  
co m p le ted , w a te r (10 m l) and  21V N H 4O H  (0.6 m l) w ere ad d ed  to  th e  so lu tio n  (p H  10) co n ta in in g  
m a in ly  9a. T he so lu tion  was allow ed to  s ta n d  o v e rn ig h t, th en  c o n ce n tra ted . T he p re c ip ita te d  
c ry s ta llin e  p ro d u c t was filte red  off an d  w ashed  w ith  w a ter. T he colourless c ry sta ls  o f  la c ta m  
11a (0.19 g; 6 8 % ) h a d  m . p. 243 —245 °C. R t  (S y stem  C) 0.64.

C14H 17N 0 5 (279.29). Calcd. C 60.20; H  6.14; N  5.02. F o u n d  C 59.96; H  6.13; N  4 .8 9 % . 
IR  (K B r): 1695 ( C = 0  5 -m em bered  la c ta m  rin g ); 1605 (aro m .); 3260 an d  3380 cm  1

(O H ).
N M R  (D M SO -d6): 3.92 (s, 6 H , O C H 3); 4 .1 0 -4 .6 2  (m , 3H , C H O H  a n d  P h - C H - N ) ;  

5.85 (d , 1H , J  =  6 , C l —O H ); 6.31 (d, 1H , J  =  6 , C 2 - O H ) ;  6.96 (s, 1H , C 7 - H ) ;  7.26 (s, 1H  
C 1 0 - H ) .

N M R  (DMSO-d,. -f- 3 d rops o f D 20 ) :  T he tw o  doub lets a t  5.85 a n d  6.31 d isap p ea red . 
MS (m /e; % ): 279 (M +, 87); 262(40); 250(29); 248(4); 192(100); 191(96); 176(41): 

92(8); 77(10).

5 .1 .2 . T he te trah y d ro iso q u in o lin e  h y d ro ch lo rid e  9a  (0.35 g; 1 m m ole) w as d issolved in  a m ix 
tu re  o f w a te r  ( 8  m l) an d  m eth an o l (2 m l). T he so lu tio n  was filte red  a n d  21V N H 4O H  so lu tio n  
(0.6 m l) w as ad d ed . T he m ix tu re  was allow ed to  s ta n d  a t  room  te m p e ra tu re  for 1 h r , th e n  
in  a re fr ig e ra to r  fo r 10 hrs. T he p re c ip ita te d  c ry s ta ls  w ere filte red  off. T he re su ltin g  la c ta m  
11a (0.20 g; 72% ) was in all respec ts id en tica l w ith  th e  p ro d u c t o b ta in e d  from  E x p e r im e n t
5.1.1.

5.1.3. T he d iace ty l-lac tam  10a (0.36 g; 1 m m ole) w as dissolved in  w arm  m e th an o l (5 m l) a n d  
21V aqu eo u s h y d roclilo rid  acid (5 m l) or 21V sod ium  h y d ro x id e  (5 m l) w as ad d ed  to  th e  bo iling  
so lu tion . A fter re flu x in g  for 10 m in ., th e  so lu tio n  w as n eu tra lized , a n d  th e  g re a te s t  p a r t  
o f  th e  m e th a n o l w as ev ap o ra ted . T he c ry s ta ls  o b ta in e d  on cooling w ere filte red  off, w ash ed  
w ith  w a te r  an d  dried . T he resu ltin g  d ih y d ro x y la c ta m  11a (0.14 — 0.17 g; 50 — 60% ) w as in 
all re sp ec ts  id en tica l w ith  th e  p ro d u c ts  p re p a re d  accord ing  to  E x p erim en ts  5.1.1. a n d  5.1.2.

5.2. 1 ( S ) ,  2 (R )-D iacc toxy-8 ,9-d im elhoxy-l,2 ,3 ,5 ,6 ,10b(S)-hexahydropyrro lo[2 ,l-a]isoquino line  
3-one (1 0 a)
5.2.1. T he d iace to x y d ihydro isoqu ino line  h y d ro ch lo rid e  7a (0.430 g; 1 m m ole) was d isso lved  
in m e th a n o l (10 m l) an d  reduced  w ith  sod ium  boro h y d rid e . T he re ac tio n  could  be  fo llow ed 
b y  TLC  (S ystem  C, R jla :  0.63). A fter th e  sp o t o f  th e  s ta r tin g  m ate ria l h a d  d isap p ea red , th e  
so lv en t w as e v ap o ra te d  an d  th e  residue e x tra c te d  w ith  a system  of benzene  a n d  0.1 N  aq u eo u s 
N11,011 so lu tion . T he benzene so lu tion  w as w ash ed  u n til  i t  becam e n e u tra l, d ried  (M gS 04), 
an d  e v a p o ra te d  to  d ryness. T he residue w as t r e a te d  w ith  w arm  e th e r, th e  c ry sta ls  w hich  
p re c ip ita te d  w ere filte red  off. T he colourless c ry s ta ls  o f  10a (0.197 g; 52 .5 % ) h a d  m . p . 175 °C 
(RylOa: 0.76, S ystem  C).

C]8 H 21N 0 7 (363.36). Calcd. C 59.50; H  5.83; N  3.86. F ound  C 59.66; H  5.90; N  3 .74% . 
I R  (K B r): 1740 ( C = 0  ace ty l); 1710 (C =  0  lac tam ); 1615 cm - 1  (arom .).
N M R  (CDC13): 2.12 an d  2.22 (s, 3H  (each), C H 3 - C O ) ;  3.83 a n d  3.88 (s, 3H  (each), 

C H 3 0 ) ;  4.38 (m , 1H , C 5 - H equat “ peri” ); 4.80 (d , 1H , J  =  7.5, C 1 0 b - H ) ;  5.43 (t, 1H , J AB =  
=  7.5; J AX =  7.5, C l—H ); 5.69' (d, 1H , AB sy s t. ,  J AB =  7.5, C 2 - H ) ;  6.70 (s, 1H , C 7 - H ) ;  
6.76 (s, 1H , C 1 0 - H ) .

MS (m/e, % ): 363(M +, 7); 320(0.5); 303(66); 261(100); 246(16); 244(52); 192(45); 191(9); 
190(7); 176(13); 43(51).
5.2.2. T he d ih y d ro x y la c ta m  11a (0.19 g; 0.68 m m ole) was stirred  in  a m ix tu re  o f ace tic  a n h y 
d rid e  (5 m l) an d  p y rid in e  (0.1 m l) a t  60 °C. A fte r th e  m ate ria l h ad  d isso lved , th is  te m p e ra tu re  
w as m a in ta in e d  fo r 1 0  h rs, th e n  th e  lig h t b ro w n  so lu tio n  was p o u red  in to  a m ix tu re  o f ice- 
w a te r  (20 m l) an d  m eth an o l (1 m l). A few h o u rs  la te r  th e  crysta ls o f  10a w ere filte red  o ff a n d  
d ried . T he re su ltin g  p ro d u c t (0.181 g; 73% ) w as in  a ll respec ts id en tica l w ith  th e  d iace to x y - 
la c ta m  (10a) o b ta in ed  in E x p e rim en t 5.2.1.

5.3. 1 ( S ) ,  2 (R )-d ih yd ro xy-8 ,9 -d ie th o xy-l, 2,3,5,6,106 (  S  )-hexahydropyrrolo[2 ,\-a \isoquinoline-b- 
one ( l i b )
5.3.1. T he d ihydro isoquino line  hydroch lo ride  8 b (0.374 g; 1 m m ole) in m eth an o l ( 8  m l) w as 
red u ced  acco rd ing  to  E x p erim en t 5.1.1. w ith  sod ium  borohydride . T he la c ta m  l i b  p re c ip ita te d
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as colourless c ry sta ls fro m  th e  sligh tly  basic so lu tio n  (0.194 g; 63% ), m . p. 195 —196 °C; R j  
(S y s tem  C): 0.66.

C16H 21N 0 5 (307.34). Calcd. C 62.52; H  6 .8 8 ; N  4.56. F o u n d  C 62.35; H  6.78; N  4 .60% . 
IR (K B r): 1680 (C =  0  lac tam ); 1620 (a ro m .); 3230 and  3430 cm " 1 (OH).
NM R (DM SO-d6): 1.26 ( t ,  6 H , J  =  7, С Я 3 - С Н 20 ) ;  3.96 (q , 4 H , J  =  7, СН 3 - С Я 2 - 0 ) ;

4 .26 (d , Ш , J  =  7, C 1 0 b - H ) ;  5.60 (d, 1H , J  =  7, C l - O H ) ;  6.05 (d , 1H , J  =  7, C 2 - O H ) ;  
6.72 (s, 1H , C 7 - H ) ;  7.03 (s, 1H , C 1 0 -H ) .

NM R (DMSO-dg -f- D 20 ) :  The signals o f O H  a t  5.60 an d  6.05 are  m issing from  th e  
sp e c tru m . I f  th e  re a c tio n  w as carried  o u t w ith  so d iu m  b o ro d eu te rid e , no peak  a p p ea red  a t
4.26 p p m  in  th e  N M R  sp e c tru m .

MS (m/e, % ); 307 (M + , 78); 290 (24); 278 (27); 262 (4); 250 (3); 220 (87); 219 (100); 
204 (4); 198 (7); 192 (9); 191 (14); 190 (21); 162 (36); 163 (12).
5 .3 .2 . T he te trah y d ro iso q u in o lin e  hydroch loride  9b (0.376 g; 1 m m ole) was tran sfo rm ed  to  
la c ta m  l i b  according to  E x p e r im e n t 5.1.2. The re su ltin g  m a te ria l (0.173 g; 57% ) p roved  to  be 
id e n tic a l in  every  re sp e c t w ith  th e  com pound desc rib ed  in  E x p e rim e n t 5.3.1.
5 .3 .3 . W hen  th e  d ia c e ty lla c ta m  10b (0.391 g; 1 m m ole) was d e a c e ty la ted  according to  E x 
p e rim e n t 5.1.З., (50 — 6 0 % ), th e  d ih y d ro x y lac tam  l i b  was o b ta in ed , th e  p ro d u c t being  id e n 
tic a l in  all respec ts w ith  th e  com pounds d escribed  in  E x p e rim en ts  5.3.1. and 5.3.2.

5.4. 1 ( S  ),2 (R )-D ia ce to xy-8 ,9 -d ie th o xy-l,2 ,3 ,5 ,6 ,1 0 b ( S  )-hexahydropyrrolo[2 ,l-a]isoquinoline-3
-one (10b)
5.4 .1 . The d iacetox y d ih y d ro iso q u in o lin e  h y d ro ch lo rid e  7b (0.458 g; 1 m m ole) was co n v erted  
to  d iace to x y lac tam  a cc o rd in g  to  E x p erim en t 5 .2.1. (TLC system  C, R / 7b: 0.73, R j 1 0 b: 0.86). 
T h e  colourless c ry s ta ls  o f  10b (0.192 g; 49% ) decom posed  a t  163 — 163.5 °C, [a]i>5 +  120° 
(c  =  2 , m ethanol).

CjoILgNO, (391.41). Calcd. C 61.37; H  6.44; N  3.58. F o u n d  C 61.60; H  6.42; N  3 .73% . 
IR  (K B r): 1740 ( C = 0  ester); 1715 (C =  0  lac tam ); 1615 (arom .); 1230 c m “ 1

(C H 3 - C - 0 - C ) .

О
NMR(CDC13): 1.40 a n d  1.42 ( 2 x t ,  3H  (each), J  =  7; С Я 3 - С Н „ - 0 ) ;  2.10 (s, 3H , 

C l—О — C —CH3);2 .1 8 (s , 3 H , C 2 - 0 - C - C H 3); 2 .6 - 2 .9  (m , 2H , C6 - H 2); 3.10 (m , 1H , C5 —

О О
— H ax); 3.99 an d  4.03 ( 2 x q ,  2H  (each), J  =  7, С Н 3 - С Я 2 - 0 ) ;  4.30 (m , 1H , C 5 - H equat 
“ p e r i” )i 4-67 (d . 1 H > J  =  7 -5, C 1 0 b -H ) ;  5.38 (asy m m . t ,  1H , J AB =  7.5, J AX =  7.5 C l - H ) ;  
5.64 (d  o f an  AB sy s tem , J Ag =  7.5, 1H , C2 —H ); 6 . 6 8  (s, 1H , C7 — H ); 6.75 (s, 1H , CIO — H ).

W hen th e  re d u c tio n  w as carried  ou t w ith  so d iu m  b o ro d eu te rid e , th e  de riv a tiv e  h av in g  
d e u te riu m  on th e  C-lOb a to m  was ob ta ined . T h e  d o u b le t a t  4.67 p p m  was m issing an d  th e  
s ignal system  be tw een  5.3 a n d  5.72 ppm  sim plified  to  an  AB system .

5.4 .2 . The d ih y d ro x y la c ta m  l i b  (0.200 g; 0.65 m m ole) was a ce ty la te d  as described in  E x p e r i
m e n t 5.2.2. The re su ltin g  d iace to x y lac tam  (10b) (0.220 m g; 8 6 % ) w as in  every  respec t id en tica l 
w ith  th e  com pound o b ta in e d  in  E x p erim en t 5.4.1.

6 . Synthesis o f  1 -trihydroxypropyltetrahydro isoquino line  derivatives (1)

6.1. 1 f  S  j  - [ 1Y  S)  - 2 ' ( S ) ,  У -Trihydroxypropyl ]-6 .7-í/im ethoxy- 1,2,3,4-ietra/tyi/ro i soqn inol in e ( la )

6.1.1. The d ih y d ro iso q u in o lin e  hydrochloride  8 a  (3.62 g; 10 m m oles) was suspended  w ith  
s tir r in g  in a  m ix tu re  o f b en zen e  (20 ml) and  to lu en e  (4 m l). A 70%  benzene  so lu tion  of sod ium  
b is-(m eth o x y e th o x y )a lu m in iu m  hydride  (R ed-A l) (30 m l; 75 m m oles) was added  to  th e  r e 
ac tio n  m ix tu re  w hile th e  tem p e ra tu re  was m a in ta in e d  u n d e r 25 °C. T he resu lting  so lu tio n  
w as h e a ted  to  80 °C a n d  s t ir re d  for 2 hrs. A fter cooling to  room  te m p e ra tu re , cone. HC1 (60 m l) 
a n d  d istilled  w ater (120 m l) w ere added to th e  re ac tio n  m ix tu re . T he tw o  phases were se p a ra te d  
a n d  th e  aqueous acid  p h a se  w as w ashed w ith  benzene  (50 m l). T he m ix tu re  was m ade a lka line  
(p H  >  1 1 ) w ith  liV  N a O H  u n d e r  efficient cooling, a n d  e x tra c te d  w ith  m ethy lene ch loride  
( 4 x 1 0 0  m l). The o rg an ic  la y e r  was dried (M gS04), to lu en e  was ad d ed  (20 ml) to  i t ,  th e n  th e  
so lv en t was cau tio u sly  e v a p o ra te d  u n til th e  p re c ip ita tio n  o f c ry s ta ls  s ta r te d , w hich  was 
p ro m o te d  by  th e  a d d itio n  o f e th e r. The colourless c ry s ta ls  o f l a  th a t  se p a ra ted  from  th e  1 (R J -  
ep im e l (1.7 g; 60% ) h a d  m . p . 169 —170 °C.
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[а]Ь5 +  63° (с =  2, Н 20 ) . TLC (S y s te m  Е ), R /1 ( R ) :  0.32; R t  l a :  0.46.
IR (K B r): 1610 (a ro m .); 3240 a n d  3500 cm “ 1 (b road  OH).
N M R  (CDC13 +  3 d ro p s of CDgOD): 3.85 an d  3.87 (s, 3H  (each), O CH 3): 3.80 — 4.60

(9H , N H , ^ ) C H - O H ,  -C H ..O H , C l - H ) ;  6 . 6 8  (s, 1H , C 5 - H ) ,  6.72 (s, 1H , C8 - H ) .

MS (m /e; % ): 283 (M + ; 0.1); 282 (0 .1 ); 266 (0.1); 265 (0.1); 252 (0.4); 222 (0.7); 221 
(0.6); 220 (0.7); 192 (100); 177 (4); 176 (9).

T h e  trih y d ro x y p ro p y l d e riv a tiv e  l a  w as a c e ty la te d  w ith  acetic  an h y d rid e  in th e  p resen ce  
of p y rid in e . T he colourless c ry s ta ls  of th e  te t r a a c e ty l  d e riv a tiv e  (8 9 % ) h a d  m . p . 125 — 126 °C 
(m eth an o l—eth er—hexane).

C22H 29N 0 9 (451.46). Calcd. C 58.53; H  6.47 N  3.10. F o u n d  C 58.26; H  6.56; N  3 .0 7 % . 
I R  (K B r): 1740 ( C = 0  ester); 1650 (C =  0  am ide); 1610 (a ro m .); 1220, 1250 cm ' 1 

(C H 3 C O O -C ).
N M R  (CDC13): 2.02, 2.04, 2.14 a n d  2.20 (s, 3H  (each), CH 3 - C O ) ;  3.90 (s, 6 H , O C H 3);

3.70 — 4.50 (3H , C 3 - H 2, C l —H ); 5 .2 0 -6 .0 0  (4 H , CH —OAc, - C H 2OA c); 6 . 6 8  (s, 1H , C 5 - H ) ;  
6.78 (s, 1H , C8 - H ) .  I

6.1.2. T h e  te trah y d ro iso q u in o lin e  h y d ro ch lo rid e  9a  (0.348 g; 1 m m ole) w as red u ced  w ith  
R ed-A l (7 0 % ) in a m ix tu re  o f benzene (5 m l) a n d  to lu en e  (1 m l). T he re ac tio n  and  w o rk -u p  
w ere ca rried  o u t as described  in  E x p e rim en t 6 .1.1. T he resu ltin g  l a  (0.140 g; 49% ) p ro v e d  to  
be id en tica l in every  re sp ec t w ith  th e  p ro d u c t  described  in E x p e rim en t 6.1.1.

6 .2 . l f S ^ - f l ’f S j ,  2 Y S ) ,  У -Trihydroxypropyl\-(> ,l-d iethoxy-1,2,3,^-tetrahydroisoquinoline  ( lb )

6.2.1. T h e  d ihydro isoqu ino line  hy d ro ch lo rid e  8b (3.73 g; 10 m m oles) w as red u ced  w ith  R ed-A l 
acco rd in g  to  E x p erim en t 6 .1.1. The tr ih y d ro x y p ro p y l d e riv a tiv e  lb  could  be  se p a ra ted  from  
th e  re ac tio n  m ix tu re  co n ta in in g  a b o u t 10%  o f th e  lb- 1 (R J -epim er b y  re c ry s ta lliz a tio n  (m e th y l
ene ch lo ride , to luene an d  e th e r)  to  o b ta in  1.40 —1.90 g (45 — 61% ), m . p . 109 —110 °C. T LC  
(S y stem  E ), R A  (R )-e p im e i:  0.35; R tlb :  0 .41. [a]ff +  69° (c =  2, H 20 ) .

I R  (K B r): 1615 (arom .); 3300-3450 cm  (b ro ad  OH ).
N M R  (CDC13): 1.40 a n d  1.44 ( 2 x t ,  6 H , J  =  7, С Я 3 - С Н 20 ) ;  2 .7 0 -3 .3 0  (4H , C 3 -  a n d

C4 —II„); 3 .5 0 -4 .5 0  (13H , - C H 20 - ,  \ l H - 0 - ,  O H , N H , C l - H ) ;  6.62 (s, 1H , C 5 - H ) ;  
6 . 6 8  (s, 1H , C8 - H ) .  /

CD (e thano l): see F ig . 1.
MS (m /e; % ): 311 (M +, 0.1); 310 (0 .3 ); 293 (0.1); 280 (0.4); 250 (0.6); 249 (0.6); 248 

(0.4); 247 (0.4); 246 (0.3); 233 (0.9); 220 (100); 192 (10); 190 (3.5); 176 (5); 164 (6 ); 163 (6 ); 
162 (7); 147 (4); 134 (4).

T h e  trih y d ro x y p ro p y l d e riv a tiv e  lb  w as a c e ty la te d  w ith  acetic  a n h y d rid e  in th e  p re s 
ence of p y rid in e . The colourless c ry sta ls  of th e  te t r a a c e ty l  d e riv a tiv e  (96% ) h a d  m . p . 127.5 — 
129 °C.

C24H 33N 0 9 (479.51). C alcd. C 60.11; H  6.94; N  2.92. F o u n d  C 60.29; H  6.82; N 2 .96% . 
I R  (K B r): 1740 ( C = 0  este r); 1640 (C =  0  am ide); 1605 (arom .); 1210 cm - 1  (C H 3 — 

- C O - O - C ) .  /
N M R  (CDC13): 1.41 ( t, 6 H , J = 7 ,  CH 3 - C H 2 0 ) ;  1.98 (6 H , CH 3 COCH2-  a n d  CH 3C O N ^  );

I О
2.06 and  2.14 (s, 3H (each), C H 3 COCH); 2.86 (2 H , C 4 - H 2); 3.75 (2H , C 3 - H 2); 4.04 (q, 4H ,

0 \J  =  7, C H 3 - C H 2 - 0 - ) ;  5 .1 0 -5 .8 0  (4H , ) C H  —OAc a n d  - C H 2OAc); 6.58 (s, 1H , C 5 - H ) ;  
6.70 (s, 1H , C8 - H ) .  /

6 .2.2. T he te trah y d ro iso q u in o lin e  hyd ro ch lo rid e  9b (0.376 g; 1 m m ole) was red u ced  w ith  
R ed-A l (7 0 % , 2 .5N )  in a  m ix tu re  o f benzene (5 m l) a n d  to lu en e  (1 ml). T he re ac tio n  and  w o rk 
u p  were ca rried  o u t as described  in  E x p e rim en t 6 .1.1. T he resu ltin g  tr ih y d ro x y p ro p y l d e r iv 
a tiv e  l b  (0.120 g; 38.5% ) p ro v ed  to  be id en tica l in  all resp ec ts  w ith  th e  d e r iv a tiv e  o b ta in ed  
in  E x p e rim e n t 6.2.1.

*

T he a u th o rs  th a n k  D r. P . K o l o n it s  an d  h is  co-w orkers for reco rd ing  th e  I R  an d  N M R  
sp e c tra , M rs. D r. B a l o g h  — I .  В а т т а  and  th e  m em b e rs  o f h e r m ic ro an a ly tica l g roup  fo r th e  
analyses. T h an k s  are also due to  D r. J .  T a m á s  fo r reco rd in g  th e  MS sp e c tra , as well as to
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D r. M. K a jtá r  for o b ta in in g  th e  CD curves. In  th e  ex p erim en ta l w o rk  M rs. S. K ra k o w iczer  
g av e  v a luab le  help.

T he au th o rs  also  th a n k  th e  Chinoin P h a rm a c e u tic a l a n d  C hem ical W orks, B u d ap es t, 
fo r th e ir  in te res t in , a n d  f in a n c ia l  su p p o rt o f th is  w ork .

[1] a )  R é t i, L .: “ S im ple  Isoqu ino line  A lkalo ids”  in  “ T he A lkalo ids” , Vol. IV, p. 19. E d .
M anske, R . F . H . a n d  H olm es, H . L ., A cadem ic  P ress , N ew  Y o rk  1954
b) B u r g e r , A .: “ T h e  B cnzylisoquino line  A lka lo ids”  ibid., p p . 44, 57
c )  В е к е , D ., Szá n ta y , Cs.: M agyar K ém . F o ly ., 63, 67 (1957); A cta  Chim. A cad . Sei. 
H ung ., 14, 325 (1958)

[2] L ucas, H . J . ,  B a u m g a r t e n , W .: J .  Am . Chem . Soc., 63, 1655 (1941)
[3] В е к е , D., Szá n ta y , Cs.: A c ta  Chim. A cad. Sei. H u n g ., 12, 286 (1957); M agyar K ém . Fo ly .

62, 247 (1956)
[4] Sn a tzk e , G., K a jt á r , M ., W e r n e r -Za m o jsk a , F .: T e tra h e d ro n  28, 281 (1972)
[5] a)  Sn a tzk e , G ., W o l l e n b e r g , G., H r b e k , J . ,  Sa n ta v y , F ., B la h a , K ., K l y n e , W .,

Sw an , R. J . :  T e tra h e d ro n  25, 5059 (1969)
b) Cr a b b é , P .:  “ R e c e n t A pplications o f O R D  a n d  CD”  in  “ T opics in  S te reo ch em istry ” , 
Vol. 1, pp. 150 a n d  171. E d . A llinger, N . L . a n d  E liel, E . L ., In terscience P ub lish e rs , 
New Y ork, L o n d o n , S yd n ey  1967, an d  references c ited  th e re in .

R E F E R E N C E S

G ábor D ö r n y e i  
C saba Szá n ta y

H - l l l l  B u d a p e s t, G ellert t é r  4.
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CONVERSIONS OF TOSYL AND MESYL 
DERIVATIVES IN THE MORPHINE GROUP, XV*

N U C L E O P H IL IC  SU B S T IT U T IO N  R E A C T IO N S  O F P S E U D O C O D E IN E  T O SY LA TE **  

S . M a k l e i t , G. S o m o g y i  an d  R .  B o g n á r

(D epartm ent o f  Organic C hem istry , K ossu th  L . U niversity , Debrecen)

R eceived J u n e  11, 1975

Pseudocodeine to sy la te  u n k n o w n  u p  to  now  have  been p re p a re d  an d  th e ir  n u c leo 
p h ilic  su b s titu tio n  re ac tio n s  s tu d ied . T h e  s tru c tu re s  o f th e  p ro d u c ts  in d ica te  t h a t  
tw o  ty p es  (A a n d  B ) o f com pounds a re  fo rm ed  depending on  th e  n a tu re  o f th e  an io n . 
T h e  com pounds w ith  C-6-iso s tru c tu re , a re  m o st p ro b ab ly  fo rm ed  b y  S ^ l ’ re a c tio n  
w hereas th e  fo rm a tio n  of th e  C -8-pseudo com pounds is m ore  lik e ly  to  follow  Sj^l 
m ech an ism  w ith  re te n tio n .

These s ta te m e n ts  a re  based  on s tu d ie s  o f th e  co m p ara tiv e  solvolysis o f codeine 
to sy la te  an d  pseudocodeine  to sy la te , a n d  on a  k inetic  e x a m in a tio n  o f th e  re ac tio n  
b e tw een  pseudocodeine to sy la te  an d  p ip e rid in e .

I n  th e  course o f th e  p re p a ra tio n  o f  6 -0 - to sy l and  6 -O -m esyl d e riv a tiv es  
o f  th e  m orph ine  g roup  (m orphine, co d e in e , 14-hydroxycodeine  an d  th e ir  
d ih y d ro  derivatives) a n d  theo re tica l s tu d ie s  on th e ir  nucleoph ilic  su b s ti tu tio n  
re a c tio n s , several new  m o rp h in e  d e riv a tiv e s  m odified  in  rin g  C w ere p rep a red  
w hich  h a d  been p rev io u sly  unknow n, o r  could  only be p re p a re d  in  a m ore  
co m p lica ted  w ay. In  a d d itio n  to  th e o re tic a l  re su lts , sev era l new  com pounds 
o f  p h a rm a c e u tica l im p o rta n c e  were o b ta in e d . In  th e  course o f  th ese  in v e s ti
g a tions th e  s tru c tu re  o f P sc h o rr’s “ b is-th io  d e riv a tiv e s” was e lu c id a ted  an d  th e  
m ech an ism  o f th e ir  fo rm a tio n  was a ssu m ed  to  involve p ro b a b ly  Sn I  re ac tio n  
w ith  re te n tio n , occu rring  betw een  th e  a lco h o lic  po tassium  su lfid e  an d  b rom o- 
cod ide  o r b ro m o m o rp h id e  hav ing  a p seudocode ine  s tru c tu re  [1]. F u r th e r  
ex ten sio n  o f these s tu d ie s , as well as th e  c o n firm a tio n  o f th e  above  m en tio n ed  
h y p o th e tic  m echanism  req u ired  th e  p re p a ra t io n  of pseudocodeine  to sy la te  
u n k n o w n  u p  to  now, a n d  a detailed  in v e s tig a tio n  of its  nucleoph ilic  su b s ti
tu t io n  reac tio n s.

T he syn thesis  o f th e  to sy l ester (II) o f  pseudocodeine (I) [2], o b ta in ab le  
from  a-ch lorocodide, cou ld  read ily  be a c h ie v e d  b y  th e  gen era l p re p a ra tio n  
m e th o d  o f  to sy l esters (to sy l chloride, p y rid in e ) .

In studying the nucleophilic su b stitu tion  reactions o f  pseudocodeine  
to sy la te , th e  following considerations sh ou ld  be taken into account. Stork

[3] assum ed th at the Zl6 system s (pseudo com pounds) are more stab le than the

* P a r t  X IV : S. M a k l e i t , S. B e r é n y i , R . B o g n á r : A cta  C him ., (B u d ap es t) , (in  
press) a n d  M agyar K ém . F o ly ., 81, 449 (1975)

** 3-M ethoxy-4,5 a -epoxy-6 ,7 -d id eh y d ro -8 /? -to sy lo x y -1 7 -m eth y lm o rp h in an

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 89 (2), pp. 173—179 (1976)
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A 7 com pounds in  th is  case. O ur q u a n tu m  chem ical c a lcu la tio n s  [4] reg a rd in g  
m o rp h in e  alkalo ids c o n firm e d  Stork’s assu m p tio n  q u a n tita tiv e ly , as show n 
b y  th e  energy c o n te n ts  o f  severa l C-6 - (A7) an d  C-8 - (A 6; pseudo) su b s ti tu te d  
c o m p o u n d  pairs , c a lc u la te d  ta k in g  in to  acco u n t th e  ‘core-repu lsion  p o te n tia l’ 
(E rep) values, too . O w ing  to  its  geom etric  p ro p ertie s , th e  m orph ine  m olecule 
is n o t  ste rica lly  h in d e re d  on th e  ‘iso’ s ide , w here th e  to sy lo x y  group is also 
s i tu a te d  in  pseudoequatorial position  in  th e  case o f pseudocodeine to sy la te , 
th u s  its  Sn 2 ty p e  re a c tio n  is s terica lly  h in d e red . On th e  o th e r  h a n d , its  p o s itio n  
is s te rica lly  fa v o u ra b le  fo r  SN2’ reac tio n s , on th e  basis  o f  th e  so-called ‘c is’ 
ru le  th a t  can be  co n sid e red  genera lly  v a lid . Such reac tio n s  are, h o w ever, 
en e rg e tica lly  u n fa v o u ra b le  w ith  resp ec t to  th e  fac ts  m e n tio n e d  above. T his is 
a lso  su p p o rted  b y  th e  ex p e rim en ta l d a ta  re p o rte d  b y  Stork  [3] who o b ta in e d  
8 -p iperidocod ide in  7 3 %  y ie ld  on re flu x in g  a-ch lo rocod ide  w ith  p iperid ine  in  
b en zen e  so lu tion  fo r  6  h o u rs . In  c o n tra s t w ith  th is , w hen  /?-chlorocodide h a v in g  
a pseudocodeine s t ru c tu re  was re flu x ed  w ith  p ip e rid in e  in  benzene fo r 238 
h o u rs , 6 -p iperidocod ide  w as ob ta in ed  in  5 0 %  yield  o n ly . I t  should  be p o in te d  
o u t  th a t ,  accord ing  to  th e  in v estig a tio n s o f Stork a n d  Clarke [3], codeine 
to sy la te  and  a -ch lo rocod ide  reac t w ith  p iperid ine  in  reac tio n s of ty p e  SN2 
a n d  Sn2’, re sp ec tiv e ly .

The follow ing reac tio n s  w ere accom plished  using  pseudocodeine to s y la te  
as th e  s ta r tin g  m a te r ia l  (Fig. 1).

The co n d itions a n d  yields fo r th e  in d iv id u a l reac tio n s  are given below . 
(D a ta  for th e  s im ila r  reac tio n s o f codeine to sy la te  a re  g iven  in  p a ren th ese s) .

I l i a :  LiCl, a ce to n e , bo iling  p o in t, 25 h rs , 16 .3% ; (4 h rs , 60%  [3]).
I l l b :  [(Bu)4N ]F , a c e to n itr ile , boiling  p o in t, 29 h rs , 1 0 .2 % ; (4 hrs, 48 .2%  [6 ]).
I I I c :  P iperid ine , b en zen e , 127 h rs , bo iling  p o in t, 6 4 .9 % ; (36 h rs, b o ilin g

p o in t [3]).
IV a: L iB r, ace to n e , bo iling  p o in t, 19 h rs , 52 .3%  (2.5 h rs , 98%  [3]).
IV b: N a l, a ce to n e , bo iling  p o in t, 19 h rs , 25 .9%  (2.5 h rs , 43%  [3]).
IV c: KSCN, a c e to n e , boiling p o in t, 16.5 h rs, 1 5 .3 % ; (2.5 h rs, 4 8 .7 %  [7 ]).
IV d: N aN 3, D M F , 100 °C, 8  h rs , 3 0 .2 % ; (4 h rs, 6 5 %  [8 ]).
IV e: K SC O C H 3, D M F , 100 °C, 8  h rs , 10 .7% ; (5 h rs , 57 .3%  [9]).

A ccording to  th e  d a ta , th e  re a c tio n  o f pseudocodeine  to sy la te  w ith  th e  
v a rio u s n e g a tiv e ly  ch arg ed  nucleoph ilic  reag en ts  does n o t y ield  d iffe re n t 
p ro d u c ts  like co d e in e  to sy la te ; h ow ever, m ore v ig o rous reaction  co n d itio n s  
m u s t be ap p lied  a n d  th e  yields are  also low'er. T hus th e  use of p seudocode ine  
to sy la te  offers n o  a d v a n ta g e  as co m p ared  w ith  codeine to sy la te , an d  th e s e  
reactions do n o t  re p re se n t a rea l ex ten s io n  of th e  scope o f our prev ious w o rk .

H ow ever, w ith  re sp ec t to  th e  s tru c tu re  of th e  com pounds iso la ted , s tu d ie s  
on th e  m ech an ism  o f th e  reac tions seem ed  p rom ising . I n  view  of th e  p rev io u s  
experiences, th e re  a re  tw o  th e o re tic a l possib ilities fo r th e  m echanism  o f  b o th
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re a c tio n s , hav in g  d ire c tio n  A  or В (F ig . 1). T h e  reac tio n s going in  d irec tio n  
A  a n d  y ield ing  a p ro d u c t  w ith  C- 6  iso s t ru c tu re  m a y  occu r b y  e ith e r  SN1’ 
o r  Sn2’ m echan ism . O n  th e  o th e r h a n d , th e  m echan ism  o f reac tions w ith  
d ire c tio n  B, re su ltin g  in  com pounds o f C - 8  pseudo  s tru c tu re , is e ith e r  SN1 
acco m p an ied  b y  re te n t io n , or a co m b in a tio n  o f  SN2’ a n d  SNi’.

This p roblem  w as s tu d ie d  b y  th e  fo llow ing ex p e rim en ts . F irs t  o f  all, 
th e  co m p ara tiv e  so lvo lysis  o f codeine to s y la te  and  pseudocodeine to sy la te  
w as exam ined  (T able  I ) . As ind ica ted  b y  th e  d a ta , b o th  com pounds undergo  
so lvolysis in  a f ir s t-o rd e r  reac tio n  in  th e  sy s tem  ab so lu te  acetic  acid  an d  p o 
ta s s iu m  a ce ta te , in  acco rd an ce  w ith  th e  li te ra tu re  d a ta  rep o rted  fo r - to sy l 
e s te rs  form ed w ith  se c o n d a ry  h y d ro x y l g roups [10]. H ow ever, th e  solvolysis 
o f  pseudocodeine to s y la te  alw ays tak es  p lace  m ore slow ly th a n  th a t  o f codeine 
to s y la te  th o u g h  th e  a c tu a l  ra te  n a tu ra lly  depends on th e  te m p e ra tu re  ap p lied ; 
th e  difference is also  rev e a le d  b y  th e  a c tiv a tio n  free en erg y  an d  th e  a c tiv a tio n  
free  en tro p y  values (T ab le  I).

Table I

K in e tic  data o f  the com parative solvolysis 
o f  codeine tosylate and pseudocodeine tosylate

Temp.,
°C

CTs
cone.,
mole/1

КО Ac 
cone., 
mole/1

к,
min-1

Error,
%

rpCTs 
cone., 
mole/1

КО Ac 
cone. ,* 
mole/1

к,
min-1

Error,
%

5 0 + 0 .1 0.01 0.01 1.241 10-3 0.01 0.01 3.924 10-4

1.236 10-3 3.732 10-1

6 0 ± 0 .1 0.01 0.01 3.350 • 10-3 0.01 0.01 1.071 10 - 3

3.346 • 10-3 1.065 10-3

0.01 0.02 1.309 10-2 +  3.96 0.01 0.02 3.997 10- 3 —  10.6

0.02 0.02 1.276 • 10-2 + 0 .7 9 0.02 0.02 4.722 10 - 3 +  5.56

7 0 ± 0 .1 0.01 0.005 1.141 10-2 —  9.52 0.01 0.005 4.716 10-3 +  5.43

0.01 0.01 1.240 10-2 — 1.58 0.01 0.01 4.320 10-3 — 3.40

0.01 0.025 1.347 10-2 +  6.34 0.01 0.025 4.612 10-3 +  3.10

8 0 ± 0 .1 0.01 0.01 2.578 • 10-2 0.01 0.01 1.134 • 10-2

2.609 • lO-2 1.143 10-2

A E i)  =  23.9 K cal/m ole  A E t  =  27.91 K cal/m ole
d S t  =  — 0.1 ca l m ole-1  degree- 1  d S t  =  9.5 cal m o le-1  degree-1
CTs =  C odeine to sy la te  yC T s =  P seudocodeine  to sy la te

Stork and Clarke [3] studied th e  kinetics o f  th e  interaction o f codeine  
tosy la te  and piperid ine, and fo u n d itto b ea n  SN2 reaction, since the product w as a
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C - 6  iso d eriv a tiv e . W e th o u g h t im p o r ta n t  to  exam ine th e  k in e tic s  o f th e  a n a l
ogous reac tio n  o f pseudocodeine to s y la te .  T he resu lts  a re  su m m arized  in  
T ab le  I I .  O n th is basis , th e  reac tio n  fo llow s firs t-o rd e r k in e tic s , being  o f  e ith e r  
SN1 o r SNT  ty p e . I n  o rd e r to  decide th e  a c tu a l ty p e , th e  re a c tio n  o f p se u d o 
codeine to sy la te  w ith  p iperid ine  h a d  to  be in v es tig a ted  p re p a ra tiv e ly , to o . 
I n  th is  reac tio n  th e  p ro d u c t was u n a m b ig u o u s ly  6 -p iperidocod ide  (IIIc), th u s  
th e  re a c tio n  m echan ism  m u s t be SN1’.

T ab le  I I

K in etic  data fo r  the reaction o f  pseudocodeine tosylate  
with p ip e r id in e

Temperature
°C

^iCTs cone., 
mole/1

Pip. cone., 
niole/1

к,
sec-1

Error,
%

0.01005 0.01988 1.636 • i o - 4 — 6.08

120+ 0.1 0.00857 0.01940 1.784 ■ 1 0 - 4 +  2.41

0.01000 0.03952 1.684 • 1 0 - 4 —  3.32

0.00863 0.03920 1.865 • 10“ 4 + 7 .0 5

yCTs =  Pseudocodeine to s y la te  
P ip  =  P iperid ine .

O n th e  basis o f th e  evidence o b ta in e d  up  to  now, th e  reac tio n s  going in  
d irec tio n  A v e ry  p ro b a b ly  occur by  s Ni ’ m echan ism , w hereas SN1 reac tions 
w ith  re te n tio n  are m ore  lik e ly  in  d irec tio n  B.

Experim ental

M .p .’s w ere d e term ined  in  open  capillaries, a n d  w ere u n correc ted . T h e  p u r i ty  o f th e  com 
p o u n d s w as checked by  th in - la y e r  c h ro m a to g ra p h y  (Silicagel G, b en ze n e -m e th a n o l 8 : 2, 
D ra g e n d o rff  reagen t).

Pseudocodeine to sy la te ( II )

P seudocodeine  [2] (5 g; 0.0167 mole), o b ta in a b le  from  a-chlorocodide (I), w as d issolved 
in  ab so lu te  p y rid in e  (20 m l) in  a  th ree-necked  f la s k  eq u ip p ed  w ith  a s t i r re r  re flu x  condenser 
a n d  d ro p p in g  funnel. The so lu tio n  was cooled to  0 —• —5 °C in an  ice -sa lt cooling b a th , a n d  
a so lu tio n  o f  p -to luenesu lfon ic  ac id  chloride (3.5 g ; 0.0184 m ole) in  ab so lu te  p y rid in e  (20 m l) 
w as ad d ed  dropw ise , w ith  s tir r in g . A fter hav in g  co m p le te d  th e  add ition , th e  re ac tio n  m ix tu re  
w as s tir re d  fo r  2 h rs  a t  th is  te m p e ra tu re , th en  co o lin g  a n d  stirrin g  w as s to p p e d , an d  th e  so lu
tio n  w as a llow ed  to  s tan d  a t  ro o m  tem p e ra tu re  fo r  24 h rs. T he reac tio n  m ix tu re  was p o u red  
in to  w a te r  (500 m l), s a tu ra te d  w ith  sodium  h y d ro g e n  carb o n a te  and  e x tra c te d  w ith  3 X 150 m l 
o f e th e r . T h e  com bined e th e re a l e x tra c t was w a sh e d  w ith  w ater ( 2 x 1 0 0  m l), d ried  over 
M gS 04, f i lte re d , and  th e  f i l t r a te  ev ap o ra ted  to  d ry n e ss  in  vacuum . T he re s id u a l sy rup  w as 
c ry sta lliz ed  fro m  a  m ix tu re  o f  e th e r  and  p e tro le u m  e th e r to  ob ta in  w h ite  o r sligh tly  p in k  
c ry s ta ls  (5.8 g; 76 .5% ), m . p . 108 — 110 °C, Vg_o 1366 cm - 1 . C25H 270 5NS. C alcd. S 7.08. F o u n d  
S 6.62, 6 .6 9 % .
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6- Deoxy-6-chloroisocodeine (Ilia)

Pseudocodeine to sy la te  (II) (0.5 g; 0.0011 m ole) was allow ed to  re a c t w ith  d ry  l ith iu m  
c h lo rid e  (0.18 g; 0.004 m ole) in  abso lu te  ace tone  (20 m l) a t  th e  b o iling  p o in t for 25 hrs, acco rd 
in g  to  Ref. [3], to  o b ta in  0.08 g (16.3% ) o f th e  p ro d u c t, m . p. 152 —154 °C (lit. [2] m . p . 
1 5 2 - 1 5 3  °C).

6- Deoxy-6-fluoroisocodeine (IHb)

Pseudocodeine to sy la te  (II) (0.5 g; 0.0011 m ole) was allow ed to  re a c t w ith te t r a b u ty l-  
a m m o n iu m  fluoride (1.57 g; 0.006 mole) in  d ry  a ce to n itr ile  (20 m l) a t  th e  boiling p o in t fo r 29 
h rs , according to  R ef. [6], to  o b ta in  33.95 m g (1 0 .2 % ) of th e  p ro d u c t, m . p. 145 —146 °C (lit . 
[6] m . p. 1 4 5 -1 4 6  °C).

6-Deoxy-6-piperidocodeine (IIIc)

Pseudocodeine to sy la te  (II) (1 g: 0.0022 m ole) was allow ed to  r e a c t  w ith  p iperid ine  (3 m l; 
0 .03  m ole) in benzene (37 m l) a t  th e  boiling p o in t fo r 127 h rs., a cco rd in g  to  Ref. [3], to  o b ta in  
0 .55  g (64.9% ) of th e  p ro d u c t. P ic ra te , m. p . 240 — 241 °C (lit. [3] m . p . 240 — 241 °C).

8-Deoxy-8-bromopseudocodeine (IVa)

Pseudocodeine to sy la te  (II) (0.95 g; 0.0021 m ole) was a llow ed  to reac t w ith  l ith iu m  
b ro m id e  (1.25 g; 0.014 m ole) in  abso lu te  ace tone  (20 m l) a t  th e  b o iling  p o in t for 19 h rs , a c c o rd 
in g  to  Ref. [3], to  o b ta in  0.42 g (52.3% ) of th e  p ro d u c t, in. p. 154 —156 °C (lit. [3] m . p . 
1 5 5 - 1 5 6  °C).

8-Deoxy-8-iodopseudocodeine (IVb)

Pseudocodeine to sy la te  (II) (0.95 g; 0.0021 m ole) w as a llow ed  to  reac t w ith  so d iu m  
io d id e  (0.32 g; 0.0033 m ole) in  absolu te  ace to n e  (50 m l) a t  th e  b o iling  p o in t for 19 h rs, a cc o rd 
in g  to  R ef. [3], to  o b ta in  0.2 g (25.9% ) of th e  p ro d u c t, in. p . 158 — 159 °C (lit. [3] m. p. 161 °C ).

8- Deoxy-8-isothiocyanatopseudocodeine (IVc)

Pseudocodeine to sy la te  (II) (1 g; 0.0022 m ole) was allow ed to  reac t w ith  p o ta s s iu m  
th io c y a n a te  (0.42 g; 0.0042 m ole) in abso lu te  ace to n e  (20 ml) a t  th e  bo iling  po in t for 16.5 h r s ,  
a cco rd in g  to  R ef. [7], to  o b ta in  0.1 g (15 .3% ) o f  th e  p ro d u c t, in. p. 110 — 112 °C (lit. [7] m . p . 
1 1 0 - 1 1 1  °C).

8-Deoxy-8-azidopseudocodeine (IVd)

Pseudocodeine to sy la te  (II) (0.5 g; 0.001 m ole) was allow ed to  re ac t w ith sod ium  az id e  
(0 .1  g; 0.017 m ole) in  d im eth y lfo rm am id e  (15 m l) a t  100 °C fo r 8 h rs ., according to  R ef. [8 ], 
to  o b ta in  0.105 g (3 0 .2 % ) of th e  p ro d u c t, m . p . 137 —138 °C (lit. [8] m . p. 137 —138 °C).

8-Deoxy-8-acetylthiopseudocodeine (IVe)

Pseudocodeine to sy la te  (II) (0.95 g; 0.0021 m ole) was allow ed to  reac t w ith  p o ta s s iu m  
th io a c e ta te  (0.61 g; 0.0042 m ole) in abso lu te  d im eth y lfo rm am id e  (10 m l) a t  100 °C for 8 h rs ,  
acco rd ing  to  R ef. [9]. T h e  crude p ro d u c t w as dissolved in a  9 : 1 m ix tu re  o f benzene a n d  
m eth a n o l and  p u rif ie d  on  a Silicagel G co lum n b y  e lu ting  i t  w ith  th e  sam e so lven t m ix tu re ,  
th e n  crystallized  fro m  a b so lu te  e th e r; 0.08 g (1 0 .7 % ) of th e  p ro d u c t was ob ta ined , m . p . 137 — 
138 °C (lit. [9] m . p . 1 3 7 - 1 3 8  °C).

Kinetic measurements
(a) Comparative solvolysis of codeine tosylate [11] 

and pseudocodeine tosylate (II)

Codeine to sy la te  a n d  pseudocodeine to sy la te  were d isso lved  separa te ly , to g e th e r w ith  
an h y d ro u s  po tassiu m  a c e ta te ,  in abso lu te  g lac ia l ace tic  acid ; th e n  6 m l a liquo ts were t ra n s fe r re d  
in to  am poules o f 10 m l vo lum e. E ig h t sam ples w ere tak e n  in  each  case. The am poules w ere
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sealed  an d  p laced  in  a n  u l tra th e rm o s ta t .  S im u ltan eo u s ly , 5 m l o f th e  s to ck  so lu tion  was t i t r a te d  
w ith  0.021V perch lo ric  acid  in  ab so lu te  g lac ia l a ce tic  acid  in  th e  p resence  o f B rom opheno l B lue 
in d ic a to r. T his t i t r a t io n  yielded th e  0 m in u te  co n ce n tra tio n  of codeine to sy la te  an d  p seu d o 
codeine to sy la te , re sp ec tive ly . (B lan k  te s ts  w ere c a rried  o u t before each  ru n .)  T he p ro g ress  
o f th e  reac tio n  w as follow ed by m ean s o f  th e  above  tit ra tio n , a ssay ing  5 m l p o rtio n s o f  th e  
so lu tio n  in  th e  am pou les rem oved fro m  th e  th e rm o s ta t  a t  d ifferen t tim e s  a n d  p laced  in to  a n  
ice b a th  to  stop  th e  reac tio n . The re a c tio n  tim e  w as chosen such as to  accom plish  th e  la s t  
t i t r a t io n  a t  a b o u t 6 0 %  conversion.

T he к values w ere de term ined  g rap h ica lly .

(b )  R eaction  of pseudocodeine to sy la te  w ith  piperidine in  ab so lu te  to luene

T he m easu rem en t was carried  o u t  in th e  sam e w ay  as above, b u t  th e  progress o f  th e  
re ac tio n  was m o n ito red  b y  t it ra tin g  w ith  0.021V hydroch lo ric  acid  so lu tio n  in  th e  p resence  
o f p h en o lp h th a le in  in d ica to r.

T he a u th o rs ’ th a n k s  are due to  th e  N a tu ra l  Science D e p a rtm en t I o f th e  H u n g a rian  
A cad em y  of Sciences a n d  to  th e  A lk a lo id a  C hem ical W orks, T iszav asv ári, H u n g a ry , fo r su p 
p o rtin g  th is  research .

T h an k s  are  ex pressed  to  D r. K . H a r s ä n y i  (C hinoin Chem ical W orks, B u d ap es t) fo r 
v a lu ab le  scientific  discussions.
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К. A mmon and W . D ir sc h er l: Vitamine, Vol. I l l  

Georg Thieme Verlag, Stuttgart 1974

The book gives a comprehensive view of our present knowledge of vitamins. The first 
edition, published under the editorship of Professors Ammon and D irscherl  in 1937, has 
become a widely applied, most popular handbook, in fact, the best in the field.

After a considerable elapse of time, following the third edition of Vols I (“Fermente” , 
1959) and II (“Hormone”, 1960), the section on vitamins has finally appeared in an enlarged 
edition of a two-volume book (Vol. I l l ,  1 — 2). In the long run, however, this delay of a decade- 
and-a-half proved to he very useful for it allowed the inclusion of the most recent knowledge 
acquired in the rapidly developing field of biochemical and biological sciences. Comprising 
the work of more than 20 authors, “Vitamine”, Vol. I ll ,  Part I, summarizes in over approx. 
1000 pages our present knowledge of important biochemical substances in the following arrange
ment:

anti-vitamins; the significance of vitamins in therapeutics and nourishment; Vitamin A, 
Vitamin D (Calciferol), Vitamin E (Tocopherol), Vitamin K, Vitamins F (essential fatty 
acids), alpha-lipoic acid, ubiquinones, Vitamins Bj and B2 (Riboflavin), further Vitamins 
B,(pyridoxine,pantothenic acid and other coenzyme components; anti-pellagra vitamin 
nicotinic acid and nicotinic acid amide), biotin, the group of folic acids, choline, myo
inositol, Vitamin C (ascorbic acid) and bioflavonoids (“Vitamin P”).
As is immediately evident from the list of contents, compounds such as lipoic acid and 

collín, which have gained significance most recently, have been assigned a separate chapter 
and treated in detail.

Substances with controversial vitamin properties, e.g., essential fatty acids and bio
flavonoids have also been widely discussed and presented in a comprehensive study, giving 
a practical guide to their analytical treatment as well.

A further merit of this enlarged edition is that, in addition to offering a comprehensive 
review, it discusses in detail the specific properties of vitamins and compounds with vitamin
like effects, their interactions and relationships with enzymes and hormones. It is, above all, 
this biological-biochemical approach that renders this lengthy publication so important and 
invaluable.

The hook is well readable, gives an outline of the historical background and treats 
under one cover biosynthesis and the elucidation of chemical structure and mechanism. The 
data are clearly presented in 109 figures and 155 tables. Another great asset of the book is 
the detailed discussion of the therapeutic aspects, helpful for researchers working both in 
specialized fields and on adjoining topics.

Part 2 (Vol. I ll ,  Part 2), dealing with the properties of Vitamins B12 and related corri- 
noids over 350 pages, with 66 figures and 57 tables, was published in 1975. The special role 
and significance of the Vitamin-complex B12 has been described by professor F ried rich  in 
a similarly intriguing style, with special stress laid on specific features.

J. H olló
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J .  S c h u r z : Physikalische Chemie der Hochpolymeren (E ine E in fü h ru n g ) 

Springer Verlag, Berlin, Heidelberg, New York 1974, 196 Seiten

Das Buch ist für Studenten der Chemie und Physik gedacht, die die höheren Jahrgänge 
der Universität besuchen. Das Buch beschreibt die wichtigsten Prinzipien, Gesetze und 
Methoden der physikalischen Chemie von hochmolekularen Stoffen. Der erste Teil beschäftigt 
sich mit den Eigenschaften der gelösten, der zweite mit denen der festen Makromoleküle. 
Die wichtigsten Abschnitte des Buches beschäftigen sich mit den folgenden Themen:

I. Gelöste Makromoleküle
Molekulargewicht und Molekulargewichtsverteilung der Makromoleküle. Grundlegende 

Charakteristika der gelösten Makromoleküle. Thermodynamik der Lösungen, Lösungsmittel- 
Typen vom Gesichtspunkt der Thermodynamik, chemisches Potential und Aktivität, Mi
schungs-Enthalpie, Mischungs-Entropie, Mischungs-Entropie bei Polymeren, Mischungs
wärme. Die Flory-Hugginssche Theorie, Wechselwirkungs-Konstante. Kolligative Eigenschaf
ten, osmotischer Druck. Abweichung vom idealen Zustand, Viralkoeffizient. (Hier fehlt unter 
den modernen Methoden die Dampfdruck-Osmometrie.)

Phasentrennung in polymeren Lösungen. Mehrkomponentensysteme. Fraktionierte 
Präzipitation. (Hier fehlt die Gelpermeations-Chromatographie.) Konformation, Ketten
endglied-Abstände in Lösungen.

Rheologie verdünnter Lösungen, Viskositätsfunktionen, Bestimmung der Grenz
viskositätszahl. Molekulargewichtsbestimmung aus der Grenzviskositätszahl.

Strömungsdoppelbrechung. Viskosität der Polyelektrolyte und der geladenen Teile.
Transporterscheinungen. Diffusion, Sedimentation, Elektrophorese. Die Streuung von 

Licht- und Röntgenstrahlen. Kleinwinkel-Röntgenstreuung. Streuung des sichtbaren Lichtes. 
Kritische Opaleszenz.

Infrarot- und Ultraviolett-Spektroskopie.
Optische Rotationsdispersion und Zirkulardichroismus. Kernmagnetische Resonanz- 

Spektroskopie. Elektronenspinresonanz-Spektroskopie.

II. Makromoleküle in festem Zustand
Kristallinität. Röntgen-Strukturanalyse. Kristalline Teilchengröße. Orientation. Rönt

genanalyse der großen Perioden.
Optische Doppelbrechung.
Morphologie der Polymere: Kristallite, Sphärolite, Kettenfaltung (hier fehlt die elektro

nenmikroskopische Untersuchungsmethode der Polymeren).
Messung der Kristallinität mit Infrarot- und NMR-Spektroskopie.
Schmelzpunkt.
Kristallisationskinetik. Glaszustand, Umwandlungspunkt zweiter Ordnung.
Gummielastischer Zustand und seine thermodynamischen Beziehungen.
Phasenübergänge und mesomorphe Zustände. Thermoanalyse.
Thermomechanische Kurven. Lineare Viskoelastizität. Viskoelastische Modelle. Mecha

nische Spektroskopie. Festigkeit und Reißprozesse.
In der Zusammenstellung der Abschnitt vereinigte der Verfasser mit glücklicher Hand 

das für die Studenten wichtigste Material mit den neuesten Literaturangaben. Natürlich 
widerspiegelt die Auswahl die individuellen Interessenkreise des Verfassers, was sich vor allem 
auf die Untersuchung der gelösten Makromoleküle bezieht. Dieser Tatsache ist es zuzuschrei
ben, daß der Beschreibung des Verhaltens von Lösungen 122 Seiten gewidmet sind, während 
die feste Phase, bloß auf 66 Seiten behandelt wird. Die Kleinwinkel Röntgenstreuung wird bei 
festen Polymeren eben nur erwähnt, während die kleinwinklige Lichtstreuung der festen 
Polymere gar nicht behandelt wird.

Außer den bereits erwähnten Ausnahmen enthält das Buch sämtliche Kenntnisse, die 
ein absolvierender Chemiker, Chemieingenieur bzw. Physiker über die physikalische Chemie 
der Makromoleküle benötigt. Das Buch kann jedoch als erste Referenzquelle mit gutem Nutzen 
auch von Diplomierten verwendet werden, die in der Industrie oder auf anderen Forschungs
gebieten arbeiten, umsomehr, als die Referenzen gut zusammengestellt sind, so daß die ein
schlägige Literatur der einzelnen Themen leicht zu finden ist.

G .  B o d o r
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D . D obos: Electrochemical Data

Akadémiai Kiadó, Budapest 1975. (Pp. 339)

Following the intentions of the prematurely deceased Author, this is a modern, English 
version of an earlier, very successful edition in Hungarian, augmented and revised according 
to the SI system of units, since then officially introduced. As a handbook, this is a valuable 
and detailed collection of data. The individual chapters contain the necessary fundamentals. 
Chapter 1: fundamental physical constants, conversion tables of the SI units, relative atomic 
masses, the most important electrochemical equations and formula as well as series of data 
suggested as suitable for application Chapter 2: conductivity, transference numbers, diffusion 
coefficients, thermodynamic data, relative permittivities, relaxation times for various electro
lyte solutions and ions at various temperatures; Chapter 3: equilibrium data, activity coeffi
cients, solubility products, pH-values; Chapter 4: data of indicators, measurement of pH, buffer 
solutions, dielectric measurements; Chapter 5: electrode potentials, electromotive forces, 
diffusion potentials, galvanic cells and storage batteries; Chapter 6: coulometric, electrogravi- 
metric, polarographic data, deposition potentials, decomposition voltages important in instru
mental analyses; Chapter 7: electrokinetic data, and finally (in Chapter 8) titles of the more 
important monographs and handbooks on electrochemical theory and analysis, on electro
plating, corrosion, industrial electrochemistry, electrochemical engineering, primary electro
chemical supply units, storage batteries, fuel cells and electrochemical calculations.

This book would have been even more useful and up-to-date if in the course of its edi
tion, besides the consistent use of the SI system also that of the new electrochemical nomen
clature and definitions had been observed since in many aspects the latter diverge from the 
usual concerning both the names of individual quantities (e.g. specific conductance instead 
of conductivity, specific molar conductance instead of equivalent conductivity, ionic molar 
conductance instead of relative mobility, etc.) and their definitions (between absolute and 
relative activity; use of the corresponding composition variable instead of the word concentra
tion — if not expressed as e — since concentration c is but one of the composition variables, 
viz. the composition expressed in units of the mol/dm3, etc.).

This book is the result of very careful work, well arranged and most serviceable. 
In spite of the remarks made, there is no doubt that it satisfies the needs envisaged and attains 
the goals set; it justifies the claim in its sub-title, viz. that it is a “Handbook for Electro
chemists in Industry and Universities”.

E . B e r e c z

Mössbauer-Spectroscopy

Ed. Uli Gonser (5th Volume of the series “Topics in Applied Physics”) 
Springer Verlag, Berlin, Heidelberg, New York 1975

This book (241 pp., 96 figures) consists of six chapters written by U. Gonser, P. Güt
lich , R. W. Grant, C. E. J ohnson, S. S. H afner  and F. E. F u jit a .

Considering the 25 — 30 monographs published till now in English on Mössbauer spectro
scopy, this hook does not seem to aim at the theroetical foundations of the method. Its purpose 
is the discussion of the newer fields of application. Besides this, it summarizes the physical 
fundamentals necessary for understanding the results presented, and also the applications 
that rank already as classical in this field. The book does not assume special preparatory studies 
on the part of its readers: it can be used both as an introduction into, or as a monograph on 
Mössbauer spectroscopy.

In the first chapter (51 p., 17 figures, 5 tables, and 41 numbered correlations) U. G o n s e r  
illustrates, on the basis of 105 references, how the Mössbauer effect has expanded into Möss
bauer spectroscopy and, as aptly noted, into a gold mine for researchers. The era before the 
detection of the Mössbauer effect, the detection of the effect and the specific features of a Möss
bauer spectrum are discussed in a very concise manner (intensity and line-width, the isomer 
shift due to hyperfine interactions, magnetic and quadrupole splitting). The presentation 
with the help of illustrative figures and with well devised comprehensive tables enhances 
understanding; the final equations (discussed but not derived) add exactitude. After the dis
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cussion of perturbation effects consequent upon hyperfine interactions, and after that of 
relativistic effects, the principal questions of the method are analyzed; besides transmission, 
also scattering technique and Mössbauer polarimetry are dealt with. Finally, on two examples, 
the application of the method to the measurement of biological movements is demonstrated.

In the second chapter (43 p., 12 figures, 6 tables, and 81 references) P. Gütlich  dis
cusses the chemical applications of Mössbauer spectroscopy. This is one of the best parts of 
the book, perhaps also because chemical science offers the most extensive and richest field of 
application. (This seems to be so since most of the physicists who work on Mössbauer spectro
scopy have some chemical problem as the subject of their studies.) Briefly, yet touching every 
important aspect, the physical fundamentals of the parameters of Mössbauer spectra are 
summarized. There is some overlap with Chapter 1 as the most important hyperfine inter
actions are discussed twice, e.g. Equations 1.28 and 2.29, as well as 1.30 and 2.25 are the same. 
It should be noted, however, that neither chapter mentions the fact that 1.30, i.e. 2.25, will

3
be the eigenvalue of the Hamiltonian only if — . Subsequently, P. Gütlich  illustrates
with carefully selected examples the more important applications of Mössbauer spectroscopy 
in chemistry, primarily in the chemistry of complexes.

In the third chapter (40 pp. 21 figures, 26 numbered equations and 67 references) 
R. W. Grant gives a good review of the study of magnetic phenomena by means of Mössbauer 
spectroscopy. After the analysis of the magnetic hyperfine structure of 57Fe, the interaction 
of the magnetic and electric interactions is discussed in its essentials, and the determination 
of the sign of the magnetic field is shown. In connect with the study of magnetic character
istics, the determination of the temperatures and types magnetic ordering of by Mössbauer 
spectroscopy and of the local distribution as well as its application for phase analysis and the 
study of phase transitions are explained. With the help of suitable examples (colinear structure 
of Ca2Fe20 5, noncolinear structure of FeOCl, spin arrangement in ErFe2Os) the applicability 
of the Mössbauer effect in the study of magnetic structures is also analyzed and demonstrated.

In the fourth chapter (28 pp., 16 figures, 4 tables, 29 references), by С. E. J o h n s o n , 
some biological applications of the method are described. First an evaluation of the spectral 
parameters is given with regard to information to be gathered concerning the chemical 
bonding, local structure and symmetry of biological compounds. This is followed by results 
achieved in the field of iron-containing proteins. For nonproteins the spectral parameters 
of low spin ferro-Hb02 and -HbCO are compared with those of high spin ferro-Hb as well as 
the parameters of low spin ferri-HiCN, -HiN3, -HiOH with there of ferri-HiF and -HiH20 . 
Mössbauer studies on ironsulfur proteins, on rubredoxins which contain one iron, plant ferre- 
doxins which contain two iron atoms, and proteins which contain 4 and 8 iron atoms are also 
mentioned. As a prospective field of application medical research is indicated.

Nearly every known method of structural analysis has been utilized in the study of 
samples of lunar rock. Mössbauer spectroscopy is eminently suitable for the elucidation of 
the oxidation state, chemical surroundings, electronic structure and the crystal structure 
of the matrix of Mössbauer atoms (chiefly of iron) in lunar samples. In the fifth chapter (43 p., 
11 figures, 5 tables) S. S. H afner  reviews 52 papers, a great part of these dealing with the 
analysis of lunar samples of American lunar searches and expeditions.

F. E. F u jit a , author of the sixth chapter (36 p., 19 figures, 13 equations, 67 references) 
summarizes the application of Mössbauer spectroscopy in the field of metallurgy and metal 
physics. The evaluation of spectral parameters with regard to qualitative and quantitative 
analysis in metallurgical studies, and the statistical calculation of atomic arrangements in 
alloys, are discussed first, then the examination of the various metallographic phases of carbon 
steels, as a group of interstitial alloys (with martensitic transformations in a separate sub
chapter) is described. Concerning substitutional alloys, data on arrangement and separation 
are given, then invar alloys are described in a somewhat greater detail. At the end of the chap
ter, measurements for the determination of texture, oxidation, diffusion and defect structure 
are briefly mentioned.

A . VÉRTES 
E .  KUZMANN

Acta Chim. (Budapest) 89, 1976
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C. J .  K e a t t c h  a n d  D .  D o l l i m o r e : A n  Introduction to Thermogravimetry 

2nd  ed ition , H e y d en  a n d  Son, L ondon  1975

T he l i te ra tu re  a b o u t  th e rm al an a ly sis  h a s  again  been  en rich ed  w ith  a new  m o n o g rap h . 
T h is second  ed itio n  o f “ A n In tro d u c tio n  to  T h erm o g rav im etry ”  b y  C. J .  K e a t t c h  a n d  D . 
D o l l i m o r e , is a b o u t th re e  tim es th e  size o f  th e  f irs t .  A rranged  in  te n  ch ap ters , on  164 pages, 
i t  d eals w ith  th eo re tic a l a n d  p rac tica l a sp ec ts  o f th e rm o g rav im etry , fro m  fu n d a m e n ta l p ro b lem s 
o f m ea su re m e n t to  a  p re sen ta tio n  o f th e  th e o ry  o f k inetic  calcu la tio n s now  w idely  ap p lied . 
O th e r  th e rm o a n a ly tic a l m eth o d s w hich are  o ften  used  to g e th e r w ith  th e rm o g ra v im e try  are 
also  b rie fly  used .

T he conclud ing  p a r t ,  ab o u t one fo u r th  o f  th e  book, su m m arizes th e  fields o f  ap p lic a tio n , 
se p a ra te ly  tre a tin g  in o rg an ic , o rganic a n d  m in e ra l substances.

T h e  p rin c ip a l v ir tu e  o f th is bo o k  is i ts  conciseness: ev ery  prob lem  is p re sen te d  in  its  
e ssen tia ls  on ly . A t th e  sam e tim e, th e  n e a r ly  400 references su b s ta n tia lly  fa c ilita te  a  m ore  
d e ta ile d  s tu d y  fo r th o se  w ho wish to  g a in  d eep er in sigh t in to  a n y  p a rticu la r  a sp e c t o f  th is  
to p ic . T h e  hook  is a u sefu l help for th e  b eg in n e r as well as fo r th e  an a ly s t a lread y  v e rsed  in 
th e rm o g ra v im e try .

J .  P a u l i k

Thermal A nalysis. P roceed ings o f  th e  F o u r th  In te rn a tio n a l 
C onference on T h erm al A nalysis . V olum es 1, 2 and  3.

E d ite d  b y  I. B úzás, A k ad ém ia i K iad ó , B u d a p es t 1975

T h e  In te rn a tio n a l  C onfederation  fo r T h e rm a l A nalysis (IC T A ) organizes a  conference  
e v e ry  th re e  y ears. T he s te ad ily  grow ing im p o rta n ce  o f th is  field  o f  science is show n b y  th e  fa c t 
t h a t  w hereas o n ly  a b s tra c ts  were pub lish ed  o f th e  p ap ers  p re sen ted  a t  th e  A berdeen conference  
(1965) th e  p roceed ings o f th e  conference a t  W o reh ester (1968) filled  tw o volum es, a n d  th e  180 
p a p e rs  re a d  a t  th e  th ird  conference, D avos 1971, were p rin te d  in  th re e  volum es. A b o u t 600 
p a r tic ip a n ts  from  30 co u n trie s  were p re se n t a t  th e  conference in  B u d a p es t, Ju ly  8 — 13, 1974, 
a n d  th e  277 p a p ers  p re sen te d  th ere  occupy  a b o u t  3000 p rin te d  pages a rran g ed  in  th re e  m assiv e  
vo lu m es. T hese proceed ings co n ta in  th e  fu ll t e x t  o f  every  p a p e r, in  th e  form  of a rtic le s  fo r a 
jo u rn a l , com plete  w ith  references.

I n  th e  vo lum es th e  a rran g em en t acco rd s w ith  th e  d iv is ion  o f th e  conference in to  six 
sec tions. T h u s th e  su b je c t m a tte r  is o rd e red  as follows.

V olum e 1: T h eo ry
In o rg an ic  C hem istry

V olum e 2: O rgan ic, an d  M acrom olecu lar C hem istry
E a r th  Sciences

V olum e 3: A p p lied  Sciences
M ethods an d  In s tru m e n ta t io n

T he p ap ers  p re sen te d  clearly  show  th e  w ide range  an d  d iverse  app lications o f  th e  v a r i 
o us m eth o d s  of th e rm a l analysis an d  d e m o n s tra te  th a t  these  are  v e ry  im p o rta n t co m p lem en 
ta r y  m eth o d s of sc ien tific  research .

A  tab le  o f c o n te n ts  a n d  an  a u th o r  in d ex  in  each  volum e help  o rien ta tio n  in  th is  ex te n siv e  
su b je c t m a tte r . P u b lish ed  b y  A kadém iai K ia d ó  w ith in  a  y ea r a f te r  th e  conference, th is  w o rk  
is care fu lly  ed ited  a n d  b e au tifu lly  p rin te d .

G. L i p t a y

Acta Chim. (Budapest) 89, 1976
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РЕЗЮМЕ

Получение и масс-спектрометрическое исследование оксибромидов молибдена 
и вольфрама и бромидов вольфрама

О. К А П О Ш И ,  Т.  Д Ё Й Т Ч ,  А. П О П О В И Ч  и Й. П Е З Д Ё Ч

Бромированием металлов и окислов металлов были получены и исследованы масс- 
спектрометрически следующие соединения: Mo02Br2, W 02Br2, WOBr4, WBr4 и W2Br6. 
Была определена масс-спектрометрическая фрагментация этих соединений, были изме
рены потенциалы появления ионов в области повышенных относительных интенсивностей 
и были рассчитаны их теплоты образования. Наблюдались также и такие ионы, состав 
которых объяснялся на основе структуры этих соединений в твердой фазе. В области высо
ких относительных интенсивностей, среди прочих ионных частиц, удалось детектировать 
ионы, образующиеся из кластеров W2Br6. Исходя из полученных величин потенциалов 
появления, были рассчитаны некоторые термохимические и термостатические данные.

Кинетика дегидрировании этана над катализатором а—Cr20 3, 1

Лимитирующая стадия реакции
п. К Ё Н И Г  и п. тэтэни

Была изучена реакция дегидрирования этана над катализатором а— Сг20 3 в цир* 
куляционном реакторе при давлении 0—4 к Н. м_- и температуре 430— 580°С. При таких 
условиях на катализаторе протекают различные химические превращения; помимо об
разования газообразных продуктов реакции (Н2, С2Н4, СН4) наблюдается также образова
ние поверхностных отложений, состав которых зависит от активности катализатора и тем
пературы реакции. При изучении кинетики реакции путем соответствующей обработки и 
восстановления катализатора удалось обеспечить почти постоянную активность катализа
тора. На основании зависимости начальных скоростей реакции дегидрования от темпера
туры и на основании данных кинетического изотопного эффекта, и сопоставления скоростей 
D—Н обмена можно предположить, что лимитирующей стадией реакции дегидрирования 
этана является реакция на поверхности катализатора.



С интез то зи л а та  п севд окод еи н а  и изучени е его н у к л ео ф и л ь н ы х  реакций

Ш . М А К Л Е Й Т , Г . Ш О М О Д И  и  Р . Б О Г Н А Р

Бы ло получено  новое соединение — тозилат  псевдокодеина и бы ли исследованы  его 
некоторы е реакци и  нуклеоф ильного  зам ещ ения. Н а  основе структуры  продуктов, завися
щ ей от анионов, б ы л и  получены  два  м атер и ал а  А  и В. Д л я  образования C-6-изосоединений 
наиболее вероятны м  я в л я ет ся  м еханизм  SN1,’ а  в сл у ч ае  C-8-псевдосоединений — механизм 
S N1 с сохранением  конф и гурации . Э ти закл ю чен и я  основаны  на сравни тельном  сольволизе 
този л ата  кодеина и  тозилата псевдокодеина и на  кинетическом  исследовании  реакции 
тозилата псевдокодеина с пиперидином.

Превращения тозиловых и мезиловых производных в ряду морфина, .
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Р Е З Ю М Е

Получение и масс-спектрометрическое исследование оксибромидов молибдена 
и вольфрама и бромидов вольфрама

О . К А П О Ш И , Т . Д Ё Й Т Ч ,  А . П О П О В И Ч  и  Й . П Е З Д Ё Ч

Бром ированием  м еталлов и окислов металлов бы ли получены  и исследованы  м асс- 
спектр ометрически следую щ ие соединения: M o02B r2, W 0 2B r2, W O B r4, W B r4 и W 2B r6. 
Б ы л а  определена м асс-спектром етрическая  фрагм ентация эти х  соединений, бы ли изме
рены  потенциалы  п о явл ен и я  ионов в области  повы ш енных относительны х интенсивностей 
и бы ли рассчитаны  и х  теплоты  образования. Н аблю дались т а к ж е  и такие ионы, состав 
которы х  объ ясн ялся  на  основе структуры  этих  соединений в  твердой  фазе. В области вы со
к и х  относительны х интенсивностей, среди прочих ионны х частиц , у далось  детектировать 
ионы, образую щ иеся и з кластеров  W 2B r6. И сходя из п олуч ен н ы х  величин потенциалов 
п оявления , были рассчитаны  некоторы е термохимические и терм остатические данны е.

Кинетика дегидрировании этана над катализатором a — Cr20 3, 1

Л и м и ти р у ю щ а я  стад ия  р е а к ц и и
п . КЁНИГ и  п . тэтэни

Б ы л а  изучена р еак ц и я  деги дрирования этана над  к атали зато р о м  а — Сг20 3 в  цир" 
куляцион ном  р еакторе  при  давлени и  0 —4 к  Н . м-2  и тем п ер ату р е  430— 580°С. П ри  т ак и х  
у сл о в и я х  на  к атали зато р е  протекаю т различны е хим ические п р евращ ен ия; помимо об
р азо ван и я  газообразны х продуктов р еакц и и  (Н 2, С2Н 4, С Н 4) наблю дается  так ж е  образова
ние поверхностны х отлож ений , состав которы х зависит от акти вн ости  катали зато р а  и  тем
пературы  реакции. П ри  изучении ки н ети ки  реакции путем  соответствую щ ей обработки и 
восстановления к атал и зато р а  у далось  обеспечить почти п остоян н ую  активность к ат а л и за 
то р а. Н а  основании зависим ости н ачал ьн ы х  скоростей р еак ц и и  деги дрован ия от тем пера
туры  и н а  основании данны х кинетического  изотопного эф фекта, и  сопоставления скоростей  
D — Н  обмена м ож но предполож ить, что лимитирую щ ей стадией  реакци и  деги дрирования 
этан а  я в л я ется  р е ак ц и я  на  поверхности  катали затора .



Кинетика дегидрирования этана на катализаторе a — Cr20 3, II

У р а в н е н и е  скорости

П . К Ё Н И Г  и  П . Т Е Т Е Н И

И зучен а  кинетика р е ак ц и и  деги дрирования  этана  в ин тервале  тем ператур  450— 
580 °С  и  давлений 0 —4 кн .м - 2 .

Н елинейны м  методом оц ен ки  парам етров  — при м еняя  ЭВМ — расч и тан н ы е  значения 
н а ч а л ь н ы х  скоростей р е ак ц и и  бы ли сопоставлены  с кинетическими у р авн ен и ям и  Х ю ге- 
н а —У атсо н а , применяемы ми д л я  данной реакци и .

М етодами м атем атической статистики  получено наиболее адек ватн о е  уравнение 
ско р о сти  дегидрирования. К он стан ты  скорости  и константы  равн овесной  адсорбции дан
н ого  у р авн ен и я  скорости и  расчитанн ы е зн ач ен и я  энергии активации  и эн тал ьп и и  адсорб
ци и  подтверж даю т что р е а к ц и я  деги дри рован и я  протекает  по двухцентровом у  механизму, 
п р и чем  предпологаемые к атал и ти ч еск и  активны е центры  отличаю тся д р у г  от друга.

Комплексное исследование никелевых скелетных катализаторов, VIII

И ссл ед о ван и е  в л и я н и я  тер м о о б р аб о тк и  н а  н и к ел ь  Р е н е я  с помощ ью  
м агн и тн о го , эл е к т р о х и м и ч е с к о го  и терм од есорбц и он н ого  методов

А . Т У Н Г Л Е Р , Й . П Е Т Р О , Т . М А Т Э , Й . Х Е Й С М А Н , Ф . Б У Э Л Л А  и  3 .  Ч Ю Р Ё Ш

Н а  образцах к ат а л и за то р а  н и кел я  Р ен ея , подвергнуты х терм ообработке в  услови ях  
повы ш енн ой  температуры  и в  аргоне , бы ли проведены  терм ом агнитны е, термодесорбцион- 
ны е и  электрохим ические изм ерения, изм ерения активности  и вели чин ы  поверхности, 
терм ом агнитны й анали з образцов, электрохи м и чески  поляризованн ы х  в  различной сте
пени , а  т ак ж е  термодесорбционны е исследования. С равнивались р езу л ьтаты  электрохим и
ч еско го  определения с о д ер ж а н и я  водорода с термодесорбционны ми и м агнитны м и измере
н и я м и ; бы ло исследовано в л и я н и е  терм ообработки  на  катали заторы .

Б ы л о  установлено, что изм енения, протекаю щ ие на ни кел е  Р е н е я  выше 200°, 
я в л я ю т с я  генеральны ми: ум ен ьш аю тся содерж ание водорода, в ел и ч и н а  поверхности, 
нам агничиваем ость, тем п ер ату р а  К ю ри и исчезает катали ти ческ ая  активность.

В образцах, обработан ны х электрохим ически , за  счет р аств о р ен и я  алю м иния об
р а зу е т с я  никель с гораздо более грубой  поверхностью . Н и кель Р ен ея  м о ж ет  быть поляри
зо в а н  н а  150 мв без о к и сл ен и я .

С одерж ания водорода, определенны е электрохи м и чески  и терм одесорбцией, на
х о д я т с я  в корреляции . В образце 3, подверж енном  терм ообработке п р и  более высокой 
тем п ер ату р е , при более вы со к и х  тем п ер ату р ах  ( <  350°) по явл яется  новы й тип  десорбиро
в ан н о го  водорода.

Синтез производных тригидроксиалкил изохинолина
Г . Д Ё Р Н Е И  и Ч . С А Н Т А И

И сходя из D -винн окам енной  кислоты  бы ли синтезированы  хорош о растворимы е 
прои зводны е 1-тригидроксипропил-тетрагидроизохинолина. Б ы л а  вы ясн ен а  абсолю тная 
к о н ф и гу р ац и я  соединений, обладаю щ их трем я хиральны м и центрам и.



Превращения тозиловых и мезиловых производных ь

Синтез тозилата псевдокодеина и изучение его нукл*
Ш . М А К Л Е Й Т , Г . Ш О М О Д И  и Р. Б О Г Н А Р

Б ы л о  получено новое соединение — то зи л ат  псевдокодеина и 
некоторы е р еак ц и и  нуклеоф ильного  зам ещ ения. Н а  основе структур 
щей от анионов , были получены  два м атериала  А и В. Д л я  образован  
наиболее вероятны м  я в л я е т с я  механизм S ^ l , ’ а  в  случае C-8-псевдосое 
SN1 с сохранени ем  конф и гурации . Эти зак л ю ч ен и я  основаны  н а  сравш  
то зи л ата  к одеина и то зи л а та  псевдокодеина и на кинетическом  и а  
тозилата  псевдокодеина с пиперидином.



T he A cta  C hiraica p u b lish  p a p e rs  on  ch em istry , in  E nglish , G erm an , F re n c h  a n d  
R ussian .

T he A c ta  C him ica a p p ea r in  vo lu m es consisting  o f four p a r ts  of v a ry in g  size, 4 vo lum es 
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r ic h te n . A bon n em en tp re is  p ro  B an d : $ 32.00.
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MÖR k o r a c h |

1888 1975

K ossu th -p rize  w inner and m em b er o f th e  H u n g a rian  A cadem y o f Sciences, 
in te rn a tio n a lly  recogn ized  a u th o rity  on  chem ical techno logy , d isting u ish ed  
sc ien tis t an d  in d efa tig ab le  teacher, g r e a t  h u m an is t an d  po lyh is to r, th e  N esto r 
o f th e  Chem ical S ection  of our A cadem y , M ór K orach  passed  from  am ong  us.

M ór K orach  w as b o rn  on the  8 t h  F e b ru a ry , 1888, in  M iskolc. He received  
his secondary  e d u c a tio n  in  Fium e, a n d  p ro ceed ed  th e re fro m  to  B u d ap est w here, 
a t  th e  Jó zse f T echn ica l U niversity  he g ra d u a te d  as a chem ical engineer, in  1911. 
A lread y  as a u n iv e rs ity  s tu d en t he to o k  p a r t  in  re v o lu tio n a ry  ac tiv itie s  and  
w as, for th ree  y ea rs , vice-president o f  th e  Galilei Circle; th a t  was th e  tim e  
he w ro te  his f ir s t  p a p e r  abou t th e  le g a l p roceedings ag a in st Galilei. In  th e  
course of his m ilita ry  service he re a liz e d  th a t  th e  H ab sb u rg  m o n arch y  w as 
p rep a rin g  for w ar, th e re fo re  he refused  to  ta k e  th e  officers’ o a th  o f allegiance. 
In  th e  au tu m n  o f 1912 he em igrated  to  I ta ly .  F irs t he w orked  a t  th e  U n iv e rs ity  
o f P ad o v a , as an  a s s is ta n t to  the soc ia lis t p rofessor P a n e b ia n c o , in  th e  M iner - 
alogical In s t i tu te . F ro m  Padova he w e n t to  F aen za  w here, a t  th a t  tim e , 
u n d e r th e  auspices o f th e  In te rn a tio n a l M useum  of Ceram ics, th e  p re lim in a ry  
steps fo r th e  fo u n d in g  of th e  first I ta l ia n  h igher tech n ica l school and  research  
estab lish m en t o f ceram ic  sciences w ere  in  progress. In  th is  M ór K orach  
p a rtic ip a te d  as th e  h ead  o f the  re sea rch  la b o ra to ry  an d  o f th e  techno log ica l 
sec tion  o f th e  school an d , in  the  ran k  o f  d ire c to r , rem ain ed  th e re  for te n  y ea rs , 
as th e  h ead  of th e  re sea rch  labo ra to ry . I n  th is  period  he designed an d  c o n s tru c t
ed th e  f irs t I ta lia n  ceram ics pilot p la n t, a n d  also designed an d  p u t in  o p era tio n  
th e  f ir s t  electric  ce ram ic  oven. A t th e  sa m e  tim e  he con tin u ed  his s tud ies in  
physics an d  m a th e m a tic s  as a pupil o f  R ig h i , E n r iq u e z  an d  B u r g a t t i, b u t  
d id  G erm an  philo logy  as well, and also o b ta in e d  his d ip lom a a t th e  end  o f these  
stud ies.

A fte r W orld  W a r I  he resum ed re la tio n s  w ith  his fam ily  and  friends in  
H u n g a ry  and , h av in g  acqu ired  Ita lian  n a tio n a li ty , he could  be of help  to  th e  
fug itives o f th e  1919 H u n g a rian  Soviet R e p u b lic . H e succeded in  sav ing  A lad ár 
K om jÁt from  th e  p resecu tio n  of the w h ite  te rro ris ts . The help  and  p ro tec tio n  
he ex ten d ed  to  th e  com rades fled from  H u n g a ry  to  I ta ly  drew  th e  a t te n tio n
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o f th e  I ta lia n  police, la te r  th a t  o f th e  fasc ists , to  K o rach ’s ac tiv ities , th is  a t te n 
t io n  being show n b y  rep ea ted  house-ra ids an d  corporeal a t ta c k  u p o n  his 
p e rso n . These a t ta c k s  d id  no t cease even  a fte r  M ór K orach  h a d  becom e, in  
1924, professor a t  th e  U n iv ersity  o f B ologna, an d  la te r  th e  h ead  o f its  d e p a r t
m e n t for chem ical in d u s tr ia l m ach inery .

H is researches in  th e  fie ld  of th e  science o f  ceram ics b eg an  a t  F aen za , 
a n d  con tinued  in  ev e ry  b ran ch  o f th is  science. Follow ing his m as te r , V ince 
W a r t h a , th e  g u id ing  th re a d  of K o rach ’s w ork  rem ain ed  th e  co n sis ten t en d eav 
o u r  to  in tro d u ce  th e  scientific  m eth o d  in to  in d u s tr ia l p rac tice . A t th a t  tim e  
th is  w as tra il-b laz in g  w ork  in  I ta l ia n  u n iv e rs ity  tu it io n  as w ell as in  research . 
T h u s  close p e rso n a l connections w ith  in d u s tr ia l p ro d u c t personnel w ere e s ta b 
lish ed , and M ór K o rach  becam e tech n ica l c o n su lta n t to  severa l fac to ries; h e  
designed  and su p erv ised  th e  o p era tio n  o f severa l, a t  th a t  tim e  m odern , in d u s
t r ia l  kilns and  m an u fa c tu rin g  p lan ts .

His firs t re sea rch es dea lt w ith  th e  co louring  techn iques fo r Cassius P u rp le  
a n d  Persian  glazes in  th e  dom ain  o f  fine  ceram ics, b u t  w ere soon ex ten d ed  to  
in c lude  rough ceram ics too. As early  as 1921 he began  a sy s tem a tic  s tu d y  o f  
I ta l ia n  raw  m a te r ia ls  of th e  ceram ics in d u s try  an d  th e ir  u tiliz a tio n ; th is  w ork  
he con tinued  p e rs is te n tly . In  th is  dom ain  his re su lts , be ing  in d u s tr ia l secre ts , 
cou ld  only be p u b lish e d  in  a sm all p a r t .  T he fo rm u la tio n  o f P e rs ian  glazes fo r  
ea rth en w are  he w o rk ed  otxt on th e  occasion of th e  renaissance  of R h o d ian  fa ience  
in d u s try , to  be u tiliz e d  b y  th e  ea rth en w are  m a n u fac tu rin g  p la n t designed a n d  
b u il t  b y  him  in  1932, an d  still a t  w ork  to d a y , in  co n tin u a tio n  of th e  R h o d ia n  
tra d itio n .

Mór K o rach  pub lished  tw o p ap ers  on th e  role of a lka line  e a r th  ox ides 
in  ceram ics; th e  f i r s t  appeared  in  th e  P roceedings of th e  In te rn a tio n a l C hem ical 
Congress a t P a le rm o , in  1926. O u ts ta n d in g  am ong  his su b seq u en t researches o n  
I ta l ia n  ceram ic ra w  m ateria ls  w ere tho se  re le v a n t to  th e  ch ina  clay  deposits in  
S ard in ia , w hich  in d u ced  a coun try -w ide  ex p lo ra tio n  o f ceram ic raw  m a te r ia ls  
in  I ta ly , and  h is w ork  on th e  ap p lica tio n  o f P ied m o n t s te a tite s  in  th e  m a n u 
fac tu re  of a new  ty p e  of cord ierite  soft po rcela in ; fu rth e rm o re , th e  p ro d u c tio n  
o f h igh -frequency  in su la tin g  m ateria ls .

In  1925, M ór K orach was in v ite d  to  th e  new ly  estab lished  chair o f c h e m 
ica l m ach inery  a t  th e  U n iv e rsity  of B ologna. A t th a t  tim e  also th is  w as a 
p ioneering jo b , because  th is  was th e  f irs t u n iv e rs ity  facu lty  th a t  tra in e d  m e c h a n 
ical engineers specifically  for th e  chem ical in d u s try  and , as B e r l ’s fu n d a m e n 
ta l  handbook  on  chem ical m ach in ery  h a d  n o t y e t been  p u b lished , his le c tu re s  
h a d  to  be b a se d  on p ractice  an d  p u b lica tio n s in  th e  v a rious jo u rn a ls . 1928 
w itnessed to  th e  pub lica tio n  of his f ir s t  I ta l ia n  te x tb o o k  on th e  tech n o lo g y  o f 
ceram ics m a n u fa c tu re .

In  a d d itio n  to  his stud ies an d  techno log ica l w ork  on ceram ics, he w o rk e d  
fo r  some tim e  on  th e  problem s of cem en t m an u fac tu re ; in  th is  fie ld  p u zzo lan e
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cem ents an d  ca lc ina tion  were his ch ief concerns. T oge ther w ith  his pupil,. 
D r. R a i m d a c c i o , he w orked  o u t, in  ex p erim en ts  co n tin u ed  over fiv e  y e a rs , a 
m eth o d  for th e  regen era tio n  of used lu b rica tin g  oils; th is  m ethod  also fo u n d  
use in  in d u s tr ia l p rac tice .

In  1938, M ór K o r a c h  fled  to  W este rn  E u ro p e  w here he w orked  as a n  
in d u s tr ia l co n su lta n t. D uring  W orld  W ar I I  he liv ed  in  I ta ly  an d  to o k  p a r t  in  
th e  ac tiv ities  o f th e  resistance , th e  so-called L ib e ra tio n  M ovem ent. H e w as fo u n d  
o u t an d  im prisoned . As a prisoner in  th e  San V itto re  gaol a t  M ilano, he jo in e d  
th e  I ta l ia n  C om m unist P a r ty  a t  th e  beg inn ing  o f 1945.

In  th e  su m m er of 1952, a t th e  call o f th e  H u n g a ria n  governm en t a n d  w ith  
th e  consen t o f th e  I ta lia n  C om m unist P a r ty , M ór K o r a c h  fina lly  r e tu rn e d  to  
H u n g a ry . As o f th e  1st M arch, 1953, th e  C abinet n o m in a te d  h im  fo r th e  d irec 
to rsh ip  of th e  C en tra l R esearch In s t i tu te  o f R u ild ing  M aterials, to  be fo u n d ed . 
Besides th is , he w as given several jo b s. In  F e b ru a ry  1954, he was m ade a m em 
b er o f th e  T echn ical Council of th e  M in istry  of H ousing ; in  M ay o f th e  sam e 
y e a r he w as elec ted  a m em ber of th e  Chief Council fo r B u ild ing  Sciences, D e p a r t
m en t o f T echn ica l Sciences of th e  H u n g a rian  A cadem y  o f Sciences. O n th e  6 th  
O ctober 1955, th e  v ice-p residen t o f th e  C ab inet ap p o in ted  him  m em ber o f  th e  
T echnical D ev e lo p m en t Council.

B esides h is research  and  science o rg an iza tio n  w ork , he again  to o k  p a r t  
in  h igher ed u ca tio n . F rom  A ugust 1956 on he w as professor a t  th e  C hem ical 
M achinery  an d  A g ricu ltu ra l In d u strie s  D e p a rtm e n t o f th e  F a c u lty  fo r M echan
ical E n g ineering  o f th e  Technical U n iv e rs ity  o f B u d a p e s t. On th e  5 th  o f J u n e , 
1957, th e  G o v ern m en t appo in ted  h im  a m em ber o f th e  Scientific Council o f  
H igher E d u c a tio n ; also in  th is  cap ac ity  he d id  m uch  ac tiv e  w ork. O n th e  1 9 th  
J u ly  o f th e  sam e y ea r, he becam e a p e rm a n e n t m em b er o f th e  E x p e rt C om m ittee  
o f B u ild ing  M ateria ls o f th e  M in istry  o f H ousing . As ta k in g  effect on th e  1 s t 
S ep tem b er in  th e  sam e year, th e  M inister o f E d u c a tio n  tra n sfe rre d  h im  fro m  
th e  M echanical E ng ineering  F a c u lty  to  th e  Chem ical E ng ineering  F a c u lty  o f 
th e  T echn ical U n iv e rsity , to  act, in  secondary  em p lo y m en t as th e  h ead  o f th e  
D e p a rtm e n t o f C hem ical Technology.

On th e  1 1 th  N ovem ber, 1957, he gave u p  his d irec to rsh ip  a t  th e  C en tra l 
R esearch  In s t i tu te  o f B uild ing M ateria ls an d  becam e scientific  adv ise r to  th e  
M inister o f H ousing . On th e  2nd M ay, 1958, he tra n s fe rre d  from  th e  M in is try  
of H ousing  to  th e  D e p a rtm e n t o f Chem ical T echno logy  of th e  T ech n ica l 
U n iv e rsity  o f B u d ap est, b u t  was re -a ffirm ed  in  his positio n , in  seco n d ary  e m 
p lo y m en t, as a scien tific  adviser to  th e  M inister o f H ousing . Besides his zea lous 
an d  successful a c tiv itie s  as a professor, M ór K o r a c h  organized  one of th e  f ir s t  
research  in s ti tu te s  for chem ical techno logy  in  M iddle E u ro p e , to  th e  d ire c to r
ship o f w hich he was appo in ted  b y  th e  p res id en t o f th e  H u n g arian  A cad em y  
of Sciences on th e  2 5 th  F eb ru a ry  1960. H e deserves h igh  c red it for th e  d ev e lo p 
m en t an d  ou tlin in g  th e  scope of th is  in s ti tu te . On th e  1st M arch, 1962, th e
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G o v ern m en t ap p o in ted  h im  a m em ber o f th e  N a tio n a l Council o f Technological 
D ev e lopm en t. In  1963 he re tired  as a p ro fesso r, an d  re ta in ed  th e  d irec to rsh ip  
o f th e  research  in s t i tu te , w hich he se rv ed  as a scien tific  adv ise r till  his d ea th .

H is scientific  w o rk  in  H u n g a ry  com p rised , f ir s t  of all, th e  fie ld  o f  chem ical 
tech n o lo g y  an d  in d u s tr ia l  chem istry . T h e  reco g n itio n  of severa l g enera l ru les 
o f chem ical tech no logy , e.g. t h a t  o f th e  sca ling -up  effect an d  cost p a ra m e te rs , 
th e  in itia tin g  of p rocess-theorem es an d , in  th is  dom ain , ch iefly  th e  u tiliz a tio n  
o f th e  g rap h  th e o ry  fo r th e  sy s te m a tiz a tio n  o f chem ical techno log ica l processes 
are  associa ted  w ith  h is nam e. H e re p e a te d ly  s tu d ied  m a th e m a tic a l m ethods 
w ith  a view  to  th e ir  ap p licab ility  in  tech n o lo g ica l sciences. H e deserves c red it 
fo r th e  m odern iza tio n  o f h igher te ch n ica l e d u ca tio n , especially  in  th e  tra in in g  
o f chem ical engineers. I t  is owing to  h im  t h a t  th e  cu rricu lum  fo r g enera l chem 
ica l techno logy  w as e lab o ra ted . H e in s is te d  t h a t  th e  eng ineering  aspects in  
th e  tra in in g  of chem ical engineers be em p h asized . H e did m uch  fo r th e  ca rry in g  
in to  effect tra in in g  b y  techno log ica l w o rk  in  p ilo t p lan t, an d  fo r th e  use of 
au d io -v isu a l m e th o d s. F o r years he s tu d ie d  som e problem s of h e a tin g  tech n iq u es 
in  in d u s tr ia l c h em is try ; he was especia lly  in te re s te d  in  con tin u o u s fu rnaces, 
w here he in tro d u ced  sandw ich -b u rn in g  w h ich  is now  p rac tised  th e  w orld  over.

M ór K o r a c h  becam e p riv a te  d o cen t o f  th e  science of chem ical a p p a ra tu s  
a n d  m ach in e ry  s till in  I ta ly . In  1920 he w as aw ard ed  th e  gold m edal o f th e  
In te rn a tio n a l M useum  o f C eram ics; in  1925 he w as elected  fellow  o f th e  In sp ec 
to r a te  o f th e  In te rn a tio n a l  M useum  o f C eram ics a t  F aenza . I n  H u n g a ry , in  
1952, he becam e d o c to r of th e  te c h n ic a l sciences; in  1956, a co rrespond ing  
m e m b e r and  in  1958 an  o rd in a ry  m em b er o f  th e  H u n g arian  A cadem y  of Sci
ences. H e was v e ry  ac tiv e  and  did  m an y -sid ed  w ork  in  th e  A cadem y; in  recogni
tio n  o f th is  he w as aw ard ed  th e  Gold M edal in  1969.

In  1958 he w as honoured  w ith  a K o ssu th  prize I I  Class, a n d  th e  deco ra
tio n  R ed  F lag  o f L ab o u r. In  N ov em b er 1958, as th e  lead ing  m em b er of th e  
G alilei Circle he w as p resen ted  w ith  its  m em o ria l lea f a t  th e  f if t ie th  a n n iv e r
s a ry  o f  its  fo u n d a tio n ; in  M arch 1959 he w as p resen ted  w ith  th e  m em oria l le a f  
o f  th e  V eterans of th e  H u n g a rian  Sov iet R ep u b lic . In  1961 he received  th e  gold 
d ip lo m a , in  1971 th e  d iam ond  d ip lom a, o f th e  Technical U n iv e rs ity  of B u d a 
p e s t. In  D ecem ber 1953, th e  P re s id e n tia l C ouncil aw arded  h im  th e  O rder of 
L a b o u r , and  in  1968, th e  gold class o f th is  O rder. F rom  th e  C en tra l C om m ittee  
o f  th e  H u n g arian  Socialist W o rk ers’ P a r ty  he received a m em oria l le a f  in  
1965, in  recogn ition  o f his services to  th e  peop le . In  A pril 1967, he was aw ard ed  
a  gold  m edal fo r his w ork  in  th e  fie ld  o f th e  silicate  in d u s try . In  1970 he was 
h o n o u red  b y  th e  Ju b ilee  M em orial P laq u e  o f L ib era tio n , an d  th e  Ju b ilee  P laq u e  
o f  th e  C ity of V eszprém .

His o u ts ta n d in g  resu lts  in  th e  fie ld  o f chem ical techno logy  an d  th e  sili
c a te  in d u s try  w ere acknow ledged b y  a d o c to ra te  honoris causa conferred  up o n  
h im  b y  th e  T echn ical U n iv e rsity  o f B u d a p e s t, on th e  3 rd  N ovem ber 1967.

Acta Chim. (Budapest)  89 .1976



M Ó R  K O R A C H  (1888 1975) 191

This h igh hon o u r was b es to v ed  up o n  him  b y  th e  L en in g rad  Technological 
In s ti tu te , in  1968; in  th e  sam e y e a r th e  Science Po licy  F o u n d a tio n , L ondon , 
elected h im  an h o n o ra ry  m em ber. I n  1971 he becam e H u n g a rian  C ouncillor 
o f th e  C entre of Logical an d  C o m p ara tiv e  Sciences a t  B ologna, an d  an  h o n o ra ry  
m em ber o f th e  in te rn a tio n a l A cadem y  o f Ceram ics a t  G enova; th e  Bolognese 
A cadem y o f Sciences elec ted  h im  a co rrespond ing  m em b er in  1972; in  th e  sam e 
y ea r he becam e a h o n o ra ry  m em b er of th e  I ta lia n  C eram ical Society  a t  B ologna. 
The d ip lom a conferring  on h im  th e  F reedom  of th e  C ity  of F aen za  w as p re 
sen ted  to  M ór K o r a c h  in  1975, d u rin g  his la s t illness.

Besides his academ ical an d  sc ien tific  ac tiv ities , M ór K o r a c h  did  m uch  
w ork in  th e  F ed era tio n  o f T echn ical and  Scientific Societies. H e was fo r years 
p resid en t, an d  th e n  h o n o ra ry  p re s id en t till his d e a th , o f th e  Society  of S ilicate 
Science and  In d u s try ; o f th e  Club o f E ng ineers of F if ty  Y ea rs ’ S tan d in g ; an d  of 
th e  M ETESZ Club of th e  Science of Sciences.

A cadem ician  Mór K o r a c h  w as an  o u ts ta n d in g  p e rso n a lity  n o t on ly  in  
th e  field  of chem ical techno logy  an d  o rgan isa tio n  of sc ien tific  endeavours, b u t  
p roduced  la s tin g  w ork  also in  th e  dom ain  of l ite ra tu re  an d  p a in tin g . H e w ro te  
24 sh o rt sto ries, 10 prose poem s, 49 ta le s , 10 d ialogues, one p lay , 12 polem ical 
papers, 8 l i te ra ry  essays, an d  tw o  on aesthe tics. H is f ir s t  collection o f sto ries, 
en titled  “ II figliuol p rod igo”  ap p ea red  in  1933, th e  second, e n title d  “ II vo lto  
um ano  di C laudio V asari”  in  1961. H e s tu d ied  esp e ran to  as a m eans of sc ien tific  
com m unication . H is p o r tra i t  o f V ince W a r t h a  hangs in  th e  gallery  of th e  T ech 
nical U n iv e rsity  of B u d ap est.

The w ide scope of his life w o rk is re f le c te d b y  th e  b ib lio g rap h y  here  a p p e n d 
ed, and  b y  th e  lite ra ry  p ro d u c ts  m en tio n ed , b u t in  a d d itio n  he  is th e  a u th o r  of 
10 p o p u la r scien tific  p apers, 37 com m unications on econom ics an d  politics an d  
5 illu s tra te d  po litica l p ap ers . H e w ro te  28 critica l artic les an d  review s, an d  did  
24 tran s la tio n s .

I t  is w ith  a h eav y  h e a r t  t h a t  we p a r t  from  a v e ry  g ifted , m an y -sid ed  p e r
so n a lity  of our A cadem y. H is m a n y  accom plishm ents an d  resu lts , th e  gu idance 
in  his life, and  his scientific  legacy  give us s tre n g th  fo r o u r fu r th e r  endeavours 
to  ach ieve progress b o th  in  science an d  h igher education .

W ith  reverence  we shall keep  him  in  our rem em b ran ce  !

K áro ly  P o l i n s z k y

M Ó R K O R A C H ’S PU B L IC A T IO N S

A  Galilei-pör
V ilág, B u d ap es t, 2 0 th  N ov., 1910.

A p p u n ti al ’G e id rovo lan te’
11 R esto  del C arlino, B ologna, 18 th  S ep t., 1917.

U n  nuovo apparecch io  d’aviazione e i g e tti  dei flu id i en tro  i flu id i 
II M onitoré Tecnico, 24 (1918.) N o. 5. p . 34 — 39.
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L ’o p e ra  d ’u n  decennio
F a e n z a , B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche di F aen za , 7  (1919.)

L a  m aio lica  di F aen za  ed  il suo rin n o v am en to  
L e V ie d ’I ta lia , 4 (1920.) N o. 2.

M eto d i d i S tudio  M icroscopici ne lla  C eram ica
F a e n z a . B olle ttino  del M useo In te rn az io n a le  déllé  C eram iche d i F a e n za , 8 (1920.) fasc.
3 —4. p . 9 3 - 9 5 .

D a t i  s ta tis tic i re la tiv i a ll’in d u s tr ia  déllé ceram iche (la teriz i esclusi) in  I ta l ia
F a e n za . B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche d i F a e n z a ,  8 (1920.) fasc. 
1 — 2. p . 4 0 - 4 6 .

S u lla  p o rp o ra  di Cassio
F a e n za . B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche di F a e n za , 9 (1921.)

S u lla  te m p e ra tu ra  déllé fo rm ac i di m aio lica  a  f ia rm a  d ir i t ta
F a e n za . B olle ttino  de l M useo In te rn a z io n a le  déllé  C eram iche di F aenza,] 9 (1921.) fasc .
2. p . 4 3 —46., fasc. 3. p . 69 — 72.

A n c o ra  sui m etodi di s tu d io  m icroscopici ne lla  ceram ica
F a e n za . B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche di F a e n za , 9 (1921.) fasc.
3. p . 72.

R e c e n ti  ricerche sulié p a s te  d i ceram ica
F aen za . B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche di F aen za , 9 (1921.) fasc.
4. p . 1 0 1 -1 0 4 .

L ’I s t i tu to  di ceram ica fran cese
F a e n za . B olle ttino  de l M useo In te rn a z io n a le  déllé C eram iche d i F aen za , 10 (1922.) fasc.
1. p . 17.

Gli in d u stria li di ceram ica  inglesi e l’a r te
F a e n za . B olle ttino  del M useo In te rn a z io n a le  déllé] C eram iche di F a e n za , 10 (1922.) fasc. 
1. p . 17.

Sui fo rn i continui a  g a lle ria  e sül S istem a H erd a
F a e n za , B olle ttino  del M useo In te rn az io n a le  déllé C eram iche di F ae n za , 10 (1922.) fasc. 1 • 
p . 1 8 - 2 3 .

S u l C oncetto  di ren d im en to  term ico  d i fo rm ace, e su a lcuni. . .
F aen za . B olle ttino  del M useo In te rn a z io n a le  déllé C eram iche di F a e n za , 10 (1922.) fasc. 
3 —4. p . 1 5 1 -1 6 0 .
(u a .)
L ate riz i ed A ffini, 1 (1923.) No. 12. [6 pages]

R elazione  del d ire tto re  ing . M aurizio K o r a c h  suli’ a t t iv i tä  ev o lta  negli an n i 1920 —1926. 
L ab o ra to rio  sp e rim en ta le  di ricerche te rm ich e  e fisico-chim iche ap p lica te  a lia  ceram ica. R eg ia  
S cu o la  di Ceram ica in  F a e n za , 12 (1926.) p. 1 —10.

D ecom posizione del calea re  negli im p asti. A tt i  I I .  Congr. N azionale  C him ica P ú ra  e A p p lica ta . 
P a le rm o , 1926.

L ezion i di im p ian ti ch im ici. T en u te  negli an n i 1925 — 26 e 1926 — 27 a ll’ U n iv e rs itä  di B ologna. 
U n iv e rs itä , B ologna, 1927.

F o rn o  elettrico  pe r la  c o ttu ra  déllé ceram iche 
Corriere dei C eram isti, 9 (1928.) No. 1. p . 1 — 6.

E lem en ti di tecnolog ia  ceram ica  I  —I I I .  E d . del M useo déllé C eram iche in  F aen za . T ip. F . Lega. 
1928.

II p rob lém a dei s ilica ti in  I ta lia
L e In d u strie  dei S ilica ti, 7  (1929.) No. 1. p . 3 —7.

In d u s tr ia  Ceram ica. M anuale  dell’In g eg n ere  ‘Colom bo’. M ilano, E d . H oep li, 1929. p . 51 — 58.
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L ezion i di im p ia n ti ch im ici. [2. ed.] U n iv e rs itá , B ologna, 1929 — 30.

F o rn o  e le ttrico  p e r la  c o ttu ra  della c e ram ica
F aen za . B o lle ttin o  del Museo In te rn a z io n a le  déllé  Ceram iche di F a e n z a , 17 (1929.) fasc
1. p . 2 2 —28.
F ae n za . B o lle ttin o  del Museo In te rn a z io n a le  déllé] Ceram iche di F a e n z a , 17 (1929.) fasc.
2. p . 4 8 - 5 2 .

I  cao lin i e le té rré  re fra t ta r ie  della S a rd e g n a . R o m a, T ip . C am era D e p u ta t i ,  1931. p. 47.

A n co ra  i problem i dei re fra tta r i  n azio n ali
L ’In d u s tr ia  del Y e tro  e della  C eram ica, 3 (1932).

R ig eneraz ione  degli olii u sa ti col p ro c e d im e n to  [M aurizio] K o r a c h — [C arlo] R andaccio  
G iornale  di C him ica In d u str ia le  ed A p p lic a ta , 14 (1932.) No. 5. p. 228 — 252.

A ssag i e lab o ra to ri d ’assaggi pe r l’in d u s tr ia  ceram ica  
L ’In d u s tr ia  del Y e tro  e della  C eram ica, 3 (1932.) fasc. 6.

E sp e rien ze  suli’ e ffe tto  degli ossidi a lc a lin o -te rro s i negli im pasti ceram ic i 
L ’In d u s tr ia  del V e tro  e della C eram ica, 4  (1933.) fasc. 7. p. 10.

L a  p o rce llan a  i ta lia n a  senza vernice. [P rim o ] 1° Congresso In te rn a z io n a le  del v e tro  e della  
c e ram ica , se tt. 1933.

L a  p o rce llan a  i ta lia n a  senza vernice. T e ra m o , T ip . L a  F io rita , 1933.

U n a  n u o v a  porcellana  p e r iso latori
L ’E le ttro tec n ica , 21 (1934.) No. 5. p. 1 — 8.

I n d u s t r ia  C eram ica. M anuele dell’ In g e g n ere  ‘C olom bo’. [66 — 70. ed .] M ilano, E d . H oepli, 
1939.

L a  “ S ac ra  F am ig lia”  di C arlantonio  G rue d i C astelli
F a e n za . B o lle ttino  del M useo In te rn a z io n a le  déllé  Ceram iche di F ae n za , 23 (1947.) fasc.
3. 7. pages.

D efin iz ione  tecnologica  del te rm ine  “ c e ra m ic a ”
F a e n z a , B o lle ttin o  del M useo In te rn a z io n a le  déllé  Ceram iche di F a e n za , 25 (1949.) fasc. 
4 — 6. p . 1 1 8 -1 3 4 .

Che accad e  al telescopio di M [onte] P a lo m a r?
C oelum , 19 (1949.) N o. 5 — 6. p. 1 — 4.

S u lla  c o ttu ra  a  fiám m á  ne lla  ceram ica. A t t i  d e l C onvegno per il C om m ercio E s te ro  della  C era
m ica , V icenza, 10 S e tte m h re  1950. V icenza, 1950. p . 32—34.

A dolgozók  töm egeiben  te re m tő  energia  sz a b a d u lt  fel 
Ú jí tó k  L ap ja , 2 (1950.) No. 21. p . 5.

D el c o n ce tto  di “ ren d im en to  term ico’4 dei fo rn i
L ’In d u s tr ia  della  C eram ica e Silicati, — (1951.) N o. 3. 2 pages.

H e ren d  és a  k erám ia i ip arm ű v észe t p ro b lé m á ja  a  nép i dem okráciában  
É p ítő a n y a g , 5 (1953.) N o. 1. p. 16 — 20.

A tu d o m á n y  és a te rm elés szocialista  k a p cso la ta i.
M TA  T ársad a lm i-T ö rtén e ti T u d o m án y o k  O sz tá ly á n a k  K özlem ényei, 3 (1953.) N o. 3 — 4. 
p . 434 — 436.

Az a lag ú tk em en ce  és a  szendvics gyorségetés 
É p ítő a n y a g , 5 (1953.) N o. 8 —9. p. 262.

V álasz Ma ttyasovszky  L ászlónak  és B r é d a  G y u lán ak .
É p ítő a n y a g , 6 (1954.) N o. 1. p. 10 — 11.

A h aza i k u ta tá s  p ro b lém ája .
M ag y a r T echnika , 9 (1954.) No. 11. p . 646 — 650.
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A m űszak i tu d o m án y o k  szerepe  a  tu d o m á n y o k  osz tá ly o zásáb an .
A kadém iai É rte s ítő , 61 (1954.) No. 506. 281 — 294.

B evezetés Vándor  Jó zsef: „ A  h a tv á n y tö rv é n y e k  és je le n tő ség ü k  a  m ű szak i tu d o m á n y b a n ”  c. 
m u n k ájáh o z .

T u d om ányos K ö z lem ények . E p ítő a n y ag ip a ri K ö zp o n ti K u ta tó  In té z e t .  (É pítésügy i M in isz
té riu m  M űszaki F ő o sz tá ly a .)  1954. No. 1. p. 3 — 9.

Ü vego lvasztás szu lfá tv ízü v eg  segítségével. É p íté sü g y i K iad ó , B u d a p e s t. 1954. No. 2. 66 
pages. É p ítő a n y ag ip ari K ö z p o n ti K u ta tó  In téz e t. R e p o rt. No. 8.

Az ép ítő an y ag ip ari k u ta tá s  fe la d a ta  és m ódszerei 
É p ítő an y ag , 7 (1955.) N o. 1. p . 2 — 6.

T héorie  du  fo u r-tu n n e l e t  cu isson  rap id e  “ Sandw ich” . I. P . E ssa is  su r m odeles de fo u rs-tu n n el 
th éo riques .

A c ta  T echnica A cadem iae  S c ien tia ru m  H ung aricae , 11 (1955.) fasc. 1 — 2. p. 161 — 184.

S z ilik á tip a ru n k  h e ly ze té rő l
M űszaki É le t, 10 (1955.) N o. 9. p. 11 —17.

Az a lagú tkem ence  e lm éle te  és a “ szendvicsgyorségetés”
M agyar E nerg iag azd aság . 8 (1955.) No. 7. p . 246 — 257.

C o ttu ra  in forni san d w ich  e in  forni a  galleria  norm ale  [C o-au thor: G. Silipandril]
L a  Ceram ica, 10 (1955.) N o. 8. p . 48 — 57.

M űszaki fe lső o k ta tásu n k  kérdéseihez
M űszaki É le t, 10 (1955.) N o. 16. p. 9 - 1 3 .

T ársad a lm i fo rrad a lo m  és m ű szak i fo rrada lom  
Ú jító k  L ap ja , 7 (1955.) N o. 21. p. 3 — 4.

F é m k o h ásza t és sz ilik á tk o h á sz a t
M űszaki É le t, 10 (1955 .) N o. 24. p. 1 — 4.

Die Technologie de r K e rv it-P la tte n -H e rs te llu n g  
S ilika ttechn ik , 6 (1955.) N o. 12. p. 521 — 528.

P ro d o tti  Ceram ici. M an u a le  C. F e r b i : “ G uida dei p rin c ip a li p ro d o tti  chim ici” . B ologna, E d . 
Za n ic h e l l i, 1955. p .  197 — 211.

In d u s tr ia  C eram ica. M an u a le  Colombo. [80. E d .]  M ilano, E d . H oep li, 1955. p. 1336 — 1346.

Az új tech n ik a  a lk a lm a zá sa  a sz ilik á tip a rb an  
É p ítő an y ag , 8 (1956.) N o. 1. p. 3 — 6.

Vá n d o r  József [N ecro logy .]
M agyar K ém ik u so k  L a p ja , 11 (1956.) N o. 2. p . 50 — 52.

T heorie u n d  T echnologie d e r K e rv it-P la tte n -H e rs te llu n g
A cta  T echnica A cadem iae  S c ien tiarum  H ung aricae , 14 (1956.) fasc. 3 — 4. p. 439 — 462.

M it je le n t szám u n k ra  W a r th a  V ince?
T erm észet és T ársad a lo m , 95 (1956.) No. 4. p. 215 — 217. p.

A m a te m a tik a  szerepe a  techno lóg ia i (g y ak o rla ti)  tu d o m á n y o k b a n .
T udom ányos K öz lem én y ek . É p ítő an y ag ip ari K ö zp o n ti K u ta tó  In tézet. 1956. 2. p . 
1 - 1 5 .

T eo rija  i tehn o lo g ija  p ro izv o d sz tv a  keram icseszkoj p litk i m e to d o m  L itja .
K eram ika, (1957.) N o. 2.

E ssais sur m odéles de fo u rs-tu n n e l théoriques. (B eograd , 1957.) C onférence M ondiale de l ’É n er-  
gie. 11. session p a rtie lle . В . Section , 16. ra p p o rt.

A technológ ia  m ó d sz e rtan a
M agyar T u d o m án y , 2 (1957.) N o. 5 — 6. p . 205 — 229.
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T h e  prob lem  of te c h n ica l teaching
T u d om ányos M u n k áso k  V ilágszövetségének  V. K özgyűlése (W orld  F e d e ra tio n  o f S c ien tific  
W orkers), H e lsin k i, 1957.

O n  m ethodological p rob lem s of tech n o lo g y
P erio d ica  P o ly tech n ica . Chemical E n g in e erin g . 2 (1958.) No. 3. p . 145 — 171.

A z ép ítő an y ag o k  “ fo rrad a lm a ”
M agyar T u d o m án y , 3 (1958.) 8 — 9. sz. p . 343 — 349.

A vegyészm érnökképzés helyzete és k é rd ése i
F e lső o k ta tá si Szem le, 7 (1958.) 5. sz. p . 277 — 282.

A z égetés hőgazdasága  az a lag ú tk em en céb en  
É p ítő a n y ag , 10 (1958.) 1 — 2. sz. p. 1 — 5.

L a  R év o lu tio n  Sociale e t  Culturelle H o n g ro ise  d ’apres la  guerre  e t  les événem en ts d ’O cto b re  
1956

C om prendre. R ev u e  de la  Société E u ro p é e n n e  de C ulture. 19 (1958.) p . 133 — 141.

E g y  m érn ö k  a  fo rrad a lo m b an
M űszaki É le t, 14 (1959.) 28 th  M ay.

T h éorie  du  fo u r-tu n n el e t  cuisson rap id e  “ S an d w ich ” . I I .  P . E ssa is sur m odeles th éo riq u es  de 
fo u rs-tu n n e l de ty p es  no rm al e t sandw ich .

A c ta  T echnica A cadem iae  S c ien tiarum  H u n g a ricae , B p., 25 (1959.) fase. 1 — 2. p. 25 — 62. 
[th e  sam e] B udapesti M űszaki E g y etem  V ízgépek  T anszékének  K özlem ényei, No. 47. 1959.

Ü b e r M aßstabeffek t in  d e r chem ischen T echnolog ie
A c ta  T echnica A cadem iae  S c ien tia ru m  H u n g a ricae , B p ., 25 (1959.) fase. 3. p . 345 — 358.

A h aza i te c h n o ló g ia -o k ta tás  problém ái
M agyar K ém ikusok L ap ja , 14 (1959.) N o . 11. p. 421 — 424.

A lé p té k h a tá s  a k ém ia i technológ iában .
M TA K ém iai T u d o m á n y o k  O sz tá ly án ak  K özlem ényei, 11 (1959.) N o. 2. p . 205 — 215.

K ém ia i technológia I. 1. füzet. B evezetés a  k ém ia i technológ iába. K ő szén ipar. K őolaj és fö ld 
g áz ip ar. M etallurg ia. Felsőok t. Je g y z e te li. V ., B u d ap es t., 1960. 274 pages. [C o-au thors: 
A ck er m a n n  L., J é c sa i L ., etc.]

K ém ia i technológia I. 2. füzet. Víz, k e rá m ia i anyagok . É p ítő ip a ri k ö tő an y ag o k  és ü v eg ek . 
S zerves szerkezeti an y ag o k . A to m reak to r fű tő an y a g o k  techno lóg iá ja . Fe lsőokt. Jeg y zete li. 
V ., B u d a p es t., 1960. 169 pages. C o-au thors: A c k erm a n n  L ., D é r i , M. e tc .]

K ém ia i technológia. F e lső o k t. Je g y ze te li. V. B u d ap es t., 1960. 91 pages. [C o-operative.]

A sz e rv e tlen  kém iai tech n o ló g ia  a fe lszab ad u lá s  u tá n .
M TA K ém iai T u d o m án y o k  O sztá ly án ak  K özlem ényei, 14 (1960.) N o. 2. p. 201 — 204.

A m ag y a r  kém iai tech n o ló g ia i iskola e lvei.
V eszprém i V egyipari E g y etem  K ö z lem ényei, 4 (1960.) p . 227 — 242.

K ém ia i technológia fe la d a to k . E d ito r: T . T é ri 2. rev ised  ed. Fe lsőokt. Jeg y zete li. V ., B u d a p es t., 
1960. 91 pages. [C o-au thors: Ack erm ann  L ., Sz e b é n y iI ., Va jt a  L .]

Szerves szerkezeti an y ag o k  technológiája . F e lső o k t. Jegyzeteli. V., B u d a p es t., 1960. 49 pages. 
[C o-au thor: Men y h á r t , J .]

K ém ia i technológ ia  I. 2. Á b ra fü ze t. F e lső o k t. Jegyzete li. V ., B u d a p es t., 1960. 18 pages.

E in ige  P rob lem e der p h y sika lischen  M aß- u n d  E in h e itssy stem e . F e lső o k t. Jegyzete li. V ., 
B u d a p e s t 1961. 13 pages. C o-authors: Se it z  К ., Sa sv á ri Gy.]

P rü fu n g  ungarischer F lu gaschen . (Die F lu g a sc h e  als R ohstoff.)
P e rio d ica  P o ly techn ica . Chem ical E n g in eerin g . 5 (1961.) No. 4. p . 341 — 356. [C o-authors: 
D é r i  M., Sasvári G y., M oldvai Á., P r á g e r  I .,  A ck erm an n  L., Sz e b é n y i I.]
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M űszaki tu d o m án y o k . [K ey -w o rd ] Űj M agyar Lexikon* 5. E d . A kadém iai К .,  B u d ap est 1961. 
p. 84.

V ilág v iszo n y la tb an  is k iem e lk ed ő  te ljes ítm én y  а  I I .  N em zetközi T u d o m án y o s F ilm fesz tivá l. 
F ilm fesz tiv á l. (P roceed ings o f  th e  2nd In te rn a tio n a l  Scientific  F ilm  F estiv a l.)  G épipari 
T u d o m án y o s E gy esü le t, B u d p e s t No. 4. sz.

K ém ia i technológ ia . 1. fü z e t.  Á brafüze t. SÜTŐ J . ,  Sz e b é n y i I. T an k ö n y v k iad ó , Felsőokt. 
Je g y z e te li. V ., B u d ap est 1961. 55 pages.

K ém ia i techno lóg ia  I. 2. fü z e t.  Á brafüze t a v íz , k e rám ia i anyagok , é p ítő ip a ri k ö tő an y ag o k , 
szerves szerkezeti an y ag o k , a to m re a k to r  fű tő a n y a g o k  technológ iá jához . T an k ö n y v k iad ó , F e l
sőok t. Jeg y zete li. V ., B u d a p e s t  1961. 18 pages.

K ém ia i technológ iai fe la d a to k . T an k ö n y v k iad ó , B u d a p es t 1961. 79 [C o-au thors: A ck erm an n  
L ., Sz e b é n y i  I .,  Va jt a  L .]

K ö z lek ed ésk ari kém iai tech n o ló g ia . Ú tm u ta tó . T an k ö n y v k iad ó , F e lső o k t. Jegyzete li. V., 
B u d a p e s t 1961. 37 [C o -au th o r: P räger  I.]

K é m ia i technológ iai ú tm u ta tó .  T an k ö n y v k iad ó , F e lső o k t. Jegyzete li. V ., B u d a p es t 1961. 34 
C o -au th o r [Sz e b é n y i I .]

A k é m ia i technológ ia  m in t  tu d o m á n y .
A  B u d a p e s ti M űszaki E g y e tem  1961. évi T u d o m án y o s É v k ö n y v e , T an k ö n y v k iad ó , 
B u d a p e s t 1961. p. 186 — 200.

R oP m a te m a tik i v  teh n o log icseszk ih  n aukah .
T ran sac tio n s  o f th e  H u n g a r ia n  In s t i tu te  o f B u ild in g  M aterial R esearch , 1 (1961.) p. 
1 9 - 5 2 .

B eszám oló  az 1959. évi IU P A C  K ongresszusról.
M TA  K ém iai T u d o m á n y o k  O sztá ly án ak  K ö zlem ényei, 15 (1961.) N o. 2. p . 227 — 236.

L ’ex te n s io n  de la n o tio n  de  m odele  e t ses a p p lic a tio n s  th erm o tech n iq u es.
A c ta  T echnica  A cad em iae  Sc ien tiarum  I lu n g a r ic a e , 33 (1961.) fasc. 3 — 4. p. 351 — 357.

T héorie  du  fo u r-tu n n el e t  cu isso n  rap ide  “ san d w ich ” . 3. P.
A c ta  T echnica  A cad em iae  Sc ien tiarum  H u n g a rica e , 33 (1961.) p. 327 — 350.

H őenerg iag azd álk o d ás az  a lagú tkem encében .
Ip a r i  E n erg iag azd álk o d ás , 2 (1961). No. 3. p . 49 — 52.

A M ag y a r T u d om ányos A k ad ém ia  K ém iai T echnológ iai B izo ttsá g án a k  M űszaki K ém iai 
A n k é tja . (P resid en tia l o p e n in g  address.)

M TA  K ém iai T u d o m á n y o k  O sztá ly án ak  K özlem ényei, 15 (1961.) N o. 1. p. 77 — 90

A z o k ta tá s i  reform  és a  vegyészm érnökképzés e lv i kérdései 
M ag y a r T ud o m án y , 6 (1961.) 3. No. 3. p . 153 — 159.

A k ém ia i technológ ia  e g y ik  fe jlődéstö rvényérő l
M TA  K ém iai T u d o m á n y o k  O sztá ly án ak  K özlem ényei, 16 (1961.) N o. 2. p. 163 — 173.

P o rszé n h am u fa jtá k  tech n o ló g ia i v izsgála ta . [C o -au th o r Sasvári Gy .]
É p ítő a n y ag , 13 (1961.) N o. 4. p. 134 —140.

A sz ilik á ttech n o ló g ia  p e rsp ek tív á i.
É p ítő a n y ag , 13 [1961.] p . 439 — 441.

U n e  lói du  d év élo p p em en t de la  technologie ch im ique
C him ie e t In d u s tr ie  [S upp l. “ Génié C him ique” ], 86 (1961.) No. 5. p. 132 — 137.

A z a to m k érd ésrő l
A B u d ap es ti M űszak i E g y e tem  V egyészm érnöki K a rán a k  T u d o m án y o s É v k ö n y v e, T an- 
k ö n y v k iad ó , B u d a p e s t 1962. p. 167 — 177.

Á lta lá n o s  kém iai tech n o ló g ia  I —II. T an k ö n y v k iad ó , B u d ap est 1 9 6 2 .  2 6 6  pages. E d . S i k l ó s  
P ., S ütő  J .)
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K é m ia i technológ iai ú tm u ta tó  és v iz sg á la ti m ódszerek . T an k ö n y v k iad ó , B u d a p e s t 1962. 
69 p ag es . [C o-au thors: Sz e b é n y i I ., A c k e r m a n n  L .]

K ém ia i technológ iai g yakorla tok . T a n k ö n y v k ia d ó , B p ., 1962. 35 pages. [C o-au thors: 
A c k e r m a n n  L., K is s  L ., Moser M.]

A k tu e lle  F rag en  de r S ilika tw issenschaft u n d  P e rsp e k tiv e n  de r S ilika tteehno log ie  
S ilik a tte c h n ik , 13 (196 2 .) No. 2. p. 4 3 — 44.

Die T ro ck n u n g  in  d e r K e ram ik
A c ta  T echn ica  A cad em iae  S cien tiarum  H u n g a rica e , 39 (1962.) fase. 1 — 2. p . 195 — 214. 
[C o -au th o r: Sa sv á ri G y.]

A p r í to t t  h a lm azok  e lo sz tása
É p ítő a n y a g , 14 (1962.) N o. 3. p. 81 — 86.

K e rá m ia i k ro m ato g rá fia
É p í t ő a n y a g ,  14 ( 1 9 6 2 . )  N o . 4 . p .  1 2 1  — 1 2 8 .  [ C o - a u t h o r :  M o l d v a i  Á .]

A k ém ia i techno lóg ia  eg y ik  fejlődési tö rv é n y e . M agyar K ém ikusok  E gyesü le te , B u d a p es t, Aug. 
2 3 - 2 5 .  1962.

S an d w ich -S ch n ellb ren n en  u n d  W irtsc h aftlic h k e it d e r  T u nnelö fen
B e ric h te  de r D eu tsch en  K eram ischen G ese llsch a ft, 39 (1962.) No. 12. p. 583 — 589.

D ie P rü fu n g  u n g a risch e r Flugaschen. K a lk g eb u n d e n e  F lugaschenkörper.
P e rio d ic a  P o ly tech n ica . Chemical E n g in e e rin g . 6 (1962.) p. 21 — 34. [C o-au thors: 
D é r i  M ., Sasvári G y., P ráger  I. e tc .]

G ra in  Size D is tr ib u tio n  o f  Crushed P ro d u c ts .
P ro ceed in g s of th e  6. Conference on th e  S ilic a te  In d u s try .  A kadém iai К ., B u d a p es t 1963. p. 
221 — 230.

C eram ic C h ro m ato g rap h y
P ro ceed in g s o f th e  6. Conference on th e  S ilic a te  In d u s try .  A kadém iai K ., B u d ap e  1963. p. 
231 — 243. [C o-au thor: M oldvai Á.]

B e h av io u r o f  silicon c a rb id e  in  the  b u rn in g  sp ace
A c ta  C him ica A cadem iae  Sc ientiarum  H u n g a r ic a e , 35 (1963.) fasc. 3. p . 321 — 350. [Co
a u th o r :  Men y h á r t  M .]

K eram icseszk a ja  h ro m a to g ra f ija
A c ta  C him ica A k ad ém iáé  Scientiarum  H u n g a ric a e , 37 (1963.) fasc. 3. p. 261 — 278. 
[C o -au th o r: Moldvai Á .]

A k ö z n y e lv  és a  m ű szak i tud o m án y o s n y e lv e k  k a p cso la ta  
H u n g a ra  E sp e ran tis to , [ 3 ]  (1963.) No. 7. p . 4 — 5.

V erb illigung  des B ran d es d u rc h  “ Sandw ich” -T u n n elö fen  
Z ieg elin d u strie , 13 (1963.) p . 485—487.

Á lta lán o s k ém ia i tech n o ló g ia . I I I .  rész. A z  a la p an y a g o k  kém iai techno lóg iá ja . 2. (E d . 
B u csy  I .)  T an k ö n y v k iad ó , B u d ap est, 1963. 143 pages.

K ém iai techno lóg ia . T an k ö n y v k iad ó , B u d a p e s t  1963. 218 pages. [C o-authors: B u c sy  I., 
K e s z t h e l y i K ., Sz e b é n y i I . ,  W ie n e r  G.]

K em encék . T an k ö n y v k iad ó , B udapest, 1963.

A m é ré s ta n  n éh án y  ism ere te lm éle ti kérdése
M agyar F ilozófiai Szem le, 7  (1963.) No. 2. 177 —198.

P roblem ! e p ro sp e ttiv e  d e lla  ceram ica v ice n tin a  
V icenza E conom ica, 1963. N o. 1. p. 11 — 14.

A m ű szak i tu d o m á n y o s f ilm  nem zetközi je len tő ség e .
F ilm fesz tiv á l. (P roceed ings o f th e  3rd In te r n a tio n a l  S tien tific  F ilm  F estiv a l.)  G épipari 
T u d o m á n y o s  E g y esü le t, B u d a p e s t, 1964. N o . 1. p . 1.
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G aetano  B a lla r d in i
L a C eram ica, 1964. No. 9. p. 62.

M űvelet, fo ly am at, e ljá rá s
In te n z ív  V egyipari E ljá rá so k  K onferenciá ja , K ecsk em é t, oct. 22 — 24. 1964.

A porcelángyorségetés tan u lm án y o z ása  m odellezéssel. 1964.

Ü b er d ie d im ensionslosen  K en n zah len  der in d u str ie lle n  E rw ärm u n g  
A cta  C him ica A cadem iae S c ien tia ru m  H ung aricae , 40 (1964.) fase. 3. p. 357 — 366. [C o -au th o r: 

Sas v á r i Gy.]

Á lta lán o s kém iai tech n o ló g ia . I  —II .  rész. Az á lta lá n o s  k ém ia i technológ ia  a lap ja i. T an - 
k ö n y v k iad ó , B u d ap es t 1964. 275 pages. [Sik ló s  P ., S ütő  J .]

Á lta lán o s kém iai tech n o ló g ia . I I I .  T an k ö n y v k iad ó , B u d a p e s t 1964. 152 pages. [C o-au thor: 
B ucsy  I .]

K ém iai techno lóg ia i fe la d a to k . 2. E d . T an k ö n y v k iad ó , B u d a p es t 1964. 79 pages. [C o-au thors: 
A c k erm a n n  L., Sz e h é n y i I . ,  Va jta  L.]

Az É p ítő a n y ag ip a ri K ö z p o n ti K u ta tó in té z e t tíz év es  tu d o m á n y o s m űködése. E lőszó . É p í
tésü g y i M in isztérium  D o k u m en tác ió s Iro d a , B u d a p e s t 1964. p. 5 — 8.

The Science o f In d u s try . T h e  Science of Science Society  in  th e  Technological Age. E d . b y  M aurice  
Go ld sm ith  and  A lan Ma c k a y . Souvenir P ress , L o n d o n —T o ro n to , 1964. p. 179 —194.
[th e  sam e.] H osey U n iv e rs ity  Press, J a p a n , 1965. p. 249 — 267.
[2.] P en g u in  Books, L td . P e lican  Book, L o ndon , 1966.
[3.] N a u k a  о nau k e. (S zb o rn ik  sz ta te j) Izd . P ro gressz , M oscow, 1966. p. 217 — 235. [the  
sam e] E d . by  S im on  a n d  Sc h u ste r , New Y o rk , 1966.

G aetan o  B alla rd in i
F aen za . B o lle ttin o  del M useo In tern az io n a le  delle  C eram iche di F aenza , 50 (1964.) fasc.
4 - 5 .  p . 1 0 3 -1 0 9 .

P orózus ke rám ia i te s te k  e lő á llítása  k ro m ato g ráfia i k ísé rle tek  céljára  
É p ítő a n y ag , 17 (1965.) N o. 1. p. 1 — 6.

In tro d u c to ry  addresses.
P roceed ings o f th e  7. Conference on th e  S ilica te  In d u s try .  A kadém iai К ., B u d a p es t 1965. 
p. 1 3 - 2 2 .

A v eg y ip a r fe jlesztésének  legfon tosabb  fe lté te le  a  n a g y m é re tű  m űszak i jellegű  v egy ipari k u ta tó 
m u n k a .

Ú jító k  L ap ja , 17 (1965.) 11. sz. p. 7.

A rhodosz i fa ján szo k  k e rám ia i színezékeiről.
K o lo risz tik a i É r te s ítő , 7 (1965.) No. 7 — 8. sz. p. 222 — 224.

S y s té m a tisa tio n  du  génié chim ique. Congrés In te rn a tio n a l  de Chimie In d u str ie lle , B eo g rad . 
S ep t. 1963.
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CONTRIBUTIONS TO THE KINETICS OF THE REACTION 
OF DICHLOROGALLANE AND ETHYL IODIDE, I

A. M e s z t i c z k y , D. K n a u s z ,  B . C s á k v á r i  an d  J .  E m m e r  

(D epartm en t o f  General and Inorganic Chem istry, L . Eötvös U niversity , B udapest) 

R eceived  A p ril 6, 1975

T he re d u c tio n  reac tion  of e th y l iod ide w ith  d ich lo rogallane  has been in v es tig a te d , 
u sing  one o f th e  re a c ta n ts  (e thy l iod ide) as a so lven t. T he progress o f th e  re ac tio n  h as  
been  fo llow ed b y  m easuring  th e  v o lu m e  o f e th an e  fo rm ed  d u rin g  th e  reac tio n . T he 
a c tiv a tio n  en erg y  of th e  reac tion  is — 6.5 ±  1 kcal, th e  e n th a lp y  o f a c tiv a tio n  — 6.8 +  1 
k ca l an d  th e  en tro p y  of ac tiv a tio n  — 101 ±  4 cal/K . C onclusions concerning th e  p re 
su m ed  m ech an ism  of th e  reac tio n  h a v e  been d raw n  accord ing  to  th ese  d a ta .

W e h a v e  estab lish ed  in  our p re lim in a ry  com m u n ica tio n  [1] th a t  e th y l 
halides a re  re d u c e d  b y  dich lorogallane to  e th an e . T he o b jec tiv e  of th e  p re se n t 
w ork  has b een  th e  k ine tic  in v es tig a tio n  o f  th e  reac tio n  be tw een  d ich lo rogallane 
an d  e th y l iod ide .

T he re a c tio n  G aH Cl2 -j- C2H 5I  =  GaCl2I  -|- C2H 6 can  be s tu d ied  in  a re la 
tiv e ly  sim ple w ay  by  m easuring th e  vo lum e of th e  e th a n e  evolved . T h e  
reac tio n  is c a r r ie d  o u t exped ien tly  in  a  liq u id  phase . Q u ite  a n u m b er o f e x 
p e rim en ts  w ere m ad e  in  order to  f in d  an  a d e q u a te  so lven t fo r th is  reac tio n . T he 
d ifficu lty  o f  th e  p rob lem  was th a t  d ich lo rogallane  is on ly  p o o rly  soluble in  
ap o la r so lv en ts , a n d  th u s  its  c o n cen tra tio n  can  be v a ried  in  so lven t of th is  ty p e  
only  in  a v e ry  n a rro w  range. I t  is, how ever, know n from  li te ra tu re  [2] t h a t  
d ich lo rogallane  fo rm s stab le  com plexes w ith  po lar so lv en ts  (alcohols, e th e rs , 
am ines etc .) w h ereas  an  undesired  s id e-reac tion  occurs w ith  h igher h y d ro c a r
bons, p a r tic u la r ly  w ith  arom atic  h y d ro ca rb o n s . T herefo re , in s tead  of u sing  a 
se p a ra te  so lv en t, e th y l iodide —  one o f th e  re a c ta n ts  —  w as used  as a so lv en t. 
This n ecessarily  im p lied  th a t  in  th e  in it ia l  s tage  of th e  re a c tio n  th e  d isso lu tion  
ru n  p a ra lle l to  th e  red u c tio n  reac tio n . H ow ever, th e  re su lts  w ere n o t a ffec ted  
m ark ed ly  b y  th is  fa c t since th e  d isso lu tio n  w as com pleted  w ith in  1 — 2  seconds.

Experim ental

T h e  p re p a ra tio n  a n d  p u rification  of d ich lo rogallane  and  th e  ana ly sis  o f th e  p ro d u c ts  
h av e  b een  desc rib ed  in  ou r p re lim inary  co m m u n ica tio n  [1]. O n s ta r tin g  from  gallium  (of 
99.99%  p u r i ty ) , i t  was conv erted  w ith  e le m e n ta ry  chlorine in to  g a llium  trich lo ride  a n d  th e  
p ro d u c t p u rif ied  b y  su b lim a tio n . A p a r tia l re d u c tio n  w as carried  o u t  w ith  tr im e th y l silane, a n d  
tr im e th y l ch lo rosilane  w as rem oved  from  th e  fo rm ed  d ichlorogallane b y  v acu u m  d istilla tio n . 
Since b o th  g a llium  tr ih a lid e s  an d  d ich lorogallane a re  h ighly  sensitive  to  a tm o sp h eric  oxy g en
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a n d  to  a ir  h u m id ity , th e  p ro ced u res o f p re p a ra tio n  a n d  p u rific a tio n , a n d  th e  reac tio n  were 
c a r r ie d  o u t  in  an  a tm o sp h e re  o f h igh  p u r ity  (99 .99%  b y  volum e) n itro g en . T h e  re ac tio n  w as 
c a rr ie d  o u t  in  th e  a p p a ra tu s  show n in  F ig . 1.

T h e  tem p e ra tu re  o f th e  d ich lorogallane c ry s ta ls  p re p are d  p rev io u sly  in  reac tio n  flask  
“ A ”  k e p t  in  a n itro g en  a tm o sp h e re  an d  o f e th y l  io d id e  l ib e ra te d  fro m  io d in e  a n d  p laced  in  
d ro p p in g  funnel “ B ” w as a d ju s te d  to  th e  desired  te m p e ra tu re  w ith  th e  use o f th e rm o s ta t  “ D ”  
p a c k e d  w ith  d ry  ice. T h e  re a c tio n  was s ta r te d  b y  th e  ad d itio n  of e th y l iod ide  to  d ichlorogallane. 
T h e  re a c tio n  m ix tu re  w as sh a k e n  co n tinuously . T h e  vo lu m e of th e  e th a n e  evo lved  w as m easured  
in  g a s  b u re tte  “ E ”  a tta c h e d  to  th e  re ac tio n  fla sk . D u rin g  th e  m ea su re m e n t, th e  p ressure  o f 
th e  g a s  w as co n tinuously  m ad e  equal to  th e  a tm o sp h e ric  p ressu re  w ith  th e  use o f levelling 
f la s k  “ F ” . The tim e of a d d itio n  of e th y l iod ide w as chosen  as th e  s ta r tin g  tim e  o f th e  reac tio n .

F ig . 1. D iagram  of th e  a p p a ra tu s  used  fo r th e  p re p a ra tio n  of G aH C l2 a n d  fo r carry in g  o u t  
th e  reac tio n . A: re a c tio n  flask , B : d ro p p in g  fu n n e l, C: a tta c h m e n t to  th e  vacu u m  p u m p , 

D: condenser p ack ed  w ith  d ry  ice, E :  gas b u re tte , F : su c tio n  flask

O ur m easu rem en ts  w ere carried  o u t  in  th e  te m p e ra tu re  ran g e  b e tw een  — 25 °C a n d  
— 40 °C a t  various co n cen tra tio n s  o f d ich lo ro g allan e  (from  0.1 to  1.0 M ). U n d er such co n d i
tio n s  th e  reac tion  p roceeds w ith  well m easu rab le  ra te s .

E v a lu a tio n  of th e  re su lts  o f m easu rem en ts

Since d u rin g  th e  m easu rem en t th e  reac tio n  w as follow ed b y  v a ry in g  
th e  q u a n tity  o f a single co m ponen t, th e  d e te rm in a tio n  o f th e  o rder o f th e  
re a c tio n  req u ired  p a r tic u la r  care. T h erefo re , th e  o rd er o f th e  reac tio n  w as c a l
c u la te d  from  th e  d a ta  o f ex p erim en ts  ca rr ied  o u t a t  th e  sam e te m p e ra tu re  a t  
v a rio u s  co n cen tra tio n s  of d ich lo rogallane . T his re su lted  in  an  average v a lu e  o f
2 . 1  ±  0 .2 . S u b seq u en tly , i t  w as ex am in ed  w h e th e r th e  sam e o rd e r is o b ta in ed  
in  experim en ts w here  th e  te m p e ra tu re  is v a ried . In  fa c t, th e  o rd er of reac tio n  
Yvas found  to  be 2.0 dr 0.2 on th e  basis  o f ex p erim en ts  ca rried  o u t a t  v a rio u s 
te m p e ra tu re s  as n e a r ly  id en tica l c o n cen tra tio n s  o f d ich lo rogallane . T he re a c 
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tio n  is second  o rd e r in  respect o f d ich lo rogallane  an d  th e  reac tio n  is p seu d o  
zero o rd e r in  re sp ec t o f e thy l iod ide, th e  la t te r  being  in  an  ab o u t 2 0 -fold excess.

S ince th e  reac tio n  is o f second  o rd e r in  resp ec t o f d ich lo rogallane  a n d  
t h a t  th e  vo lu m e o f th e  e th an e  evo lved  h as  been  m easured , th e  fo llow ing ra te  
eq u a tio n  can  be  described.

—  =  k' (V„  — V)2 
91 ( 1 )

w here V m
V
k '
к

is th e  volum e of e th a n e  a t  th e  com pletion  o f th e  reac tio n , 
th e  vo lum e of e th a n e  evo lved  d u rin g  tim e  t,

к v M
r a te  c o n s tan t expressed  in  u n its  o f co n cen tra tio n ,

Ум  m ole vo lum e a t th e  te m p e ra tu re  a t  w hich th e  gas vo lum e h as  b een  
m easu red ,

t tim e  needed  for th e  ev o lu tio n  o f vo lum e V  o f e th an e .
On in te g ra tio n  o f equa tion  (1) we o b ta in

V  =
V j  • k' ■ t 

1 +  • k ' • t
( 2)

T he a lg eb ra ic  tran sfo rm a tio n  o f eq u a tio n  (2) affords

—  =  — -  +
V I  ■ k '

O n p lo ttin g  th e  values o f -p- a g a in s t —

t

on th e  basis o f E q . (3),

(3)

V„ a n d

k ' can  be d e te rm in ed  (see Fig. 2).
In  sev era l cases V m was d e te rm in ed  also experim en ta lly , b y  m easu rin g  

th e  vo lu m e o f th e  e th a n e  evolved a f te r  long  re a c tio n  periods (o f severa l h o u rs). 
V„ m easu red  ex p erim en ta lly  an d  th a t  ca lcu la ted  on th e  basis o f  E q . (3), 
show ed a r a th e r  good agreem ent:

Voo (e x tra p o la ted ) 

V„ (ex p erim en ta l)

T he v a lu e  o f  V „ can  be d e te rm in ed  also from  th e  in itia l w eigh t o f ga llium . 
H ow ever, th e se  values are n o t re liab le  because  th e  losses occurring  d u rin g  th e  
p u rif ic a tio n  o f  gallium  trich lo ride  an d  th e  p re p a ra tio n  o f d ich lorogallane c a n n o t 
be ta k e n  in to  acco u n t.

T he k ' va lu es  ca lcu la ted  on th e  basis  o f  E q . (3) are  p resen ted  in  T ab le  I .
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F ig . 2. D e te rm in a tio n  o f V „  a n d  k \  T = 2 4 8  °IC. 
N u m b e r o f  cu rve  1 2  2
C o n cen tra tio n  of:

G aH C l2, M  0.5025 0.7708 0.9283

F ig . 3. D e te rm in a tio n  of th e  a c tiv a tio n  
en erg y  of th e  reac tio n  b y  m eans o f th e  
te m p e ra tu re  dependence of th e  r a te  

co n stan t
E *  =  — 6.5 ±  1 kcal/m ole

Table I

Temperature,
°C

Concentration 
of GaHCljj 

M
k' k'mean

0.5025 0.01642

— 25 0.7708 0.01436 0.0146

0.9282 0.01310

0.1984 0.0188

— 30 0.2115 0.0168 0.0182

0.2190 0.0189

0.1942 0.0275 -

— 35 0.2920 0.0222 0.0239

0.5183 0.0220

0.1257 0.0365

— 40 0.2125 0.0294 0.0336

0.2177 0.0245

T he a c tiv a tio n  en e rg y  of th e  re a c tio n  can  be ca lcu la ted  from  th e  te m 
p e ra tu re  depencence o f  th e  ra te  c o n s ta n t (F ig . 3).

B y  using th e  re la tio n sh ip

к H A *  , A S *  , . k*Iff — --------------~b --------------- b Iff —
T  2.303 x  R T  2.303 X R  h
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—  w here Л Н ^  is th e  e n th a lp y  o f a c tiv a tio n , A S ^  th e  e n tro p y  o f a c tiv a tio n , 
R  th e  un iversa l gas c o n s ta n t, k* th e  B o ltzm an n  c o n s ta n t, h th e  P la n c k  con
s ta n t ,  к th e  ra te  c o n s ta n t a n d  T  th e  ab so lu te  te m p e ra tu re , •— th e  e n th a lp y  of 
a c tiv a tio n  an d  th e  e n tro p y  o f a c tiv a tio n  o f th e  reac tio n  w ere ca lcu la ted , p lo t-

, к '  1 ,
t in g  th e  re la tio n sh ip  lg  . (Fig- 4)

T he n eg a tiv e  a c tiv a tio n  energy  a n d  th e  h igh ly  n eg a tiv e  e n tro p y  o f  a c ti
v a tio n  allow  th e  conclusion  th a t  p ro b a b ly  a com plex fo rm a tio n  p re e q u ilib 
r iu m  is invo lved  in  th e  p a th  o f th e  reac tio n .

F ig . 4. D e te rm in a tio n  o f th e  e n th a lp y  of a c tiv a tio n  and  o f th e  e n tro p y  of a c tiv a tio n  
A H *  =  — 6 .8 ± 1  k cal A S *  =  — 101 ± 4  cal/°K

M echanism  of th e  reaction

Since th e  re a c tio n  is second  o rd er in  respect o f d ich lo rogallane a n d  th a t  
th e  a c tiv a tio n  energy  a n d  th e  e n tro p y  o f ac tiv a tio n  of th e  reac tio n  are n e g a tiv e  
th e  follow ing m echan ism s can  be p resu m ed :

1 . (G aH C l2) 2 2 GaHCL, I
k2

(G aH C l2) 2 +  2 C2H GI Д  (GaCl2H ) 2 • 2 C2H 5I  I I
k t

(G aH C l2) 2 • 2 C2H 5I (G aH C l2) 2 +  2 C2H 6 I I I

O n assum ing th a t  all th e  eq u ilib ria  a re  rap id  an d  th e y  are  sh ifted  in  th e  
d irec tio n  of d im er fo rm a tio n  an d  com plex  fo rm atio n  i.e. к k 3, ki k2 Aq an d  
k s fe4, th e  follow ing e q u a tio n  can  he  derived  for th e  r a te  o f ev o lu tion  o f 
e th a n e , w ith  th e  use o f  th e  m e th o d  o f q u as i-s tead y  s ta te s :

Э[С2Нс] =  к  • ^  [C2H 5I ] 2 [G aH C l2] 2
3t k 4 Aq
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2. (G aH C l2) 2 2 G aH C l2 IY
К

G aH C l2 +  C2H 5 1 G aH C l2 • C2H 5I V
К

G aH C l2 • C2H 5I  +  G aH C l2 G aH C l2 +  GaCl2I  +  C2H e Y I

C o n d itio n s : k i  fe2 k'3 k i  an d  к ' k 3, k i, co n seq u en tly , [(GaHCLj)2] ^  0.
U sing  th e  m e th o d  o f  q u as i-s tead y  s ta te s , th e  fo llow ing e q u a tio n  

is o b ta in e d  for th e  r a te  o f  ev o lu tio n  of e th a n e

=  fc' Щ. [C2H SI ]  [G aH C l2]2.
Э t  к \

01 H

( 3r £V

/  \
Cl I —C2Hs

Ga—H
/  \

01 01

01 H
\  /Ga

с /  V

(+>Ga... 4 H1"’
/  \  4

01 01

01 H

(Ja,
/

01 1 0 2HR

Ga
/  \

01 01

F ig . 5. T he charge tra n s fe r  com plex p re su m ab ly  form ed d u rin g  th e  reac tio n

B o th  re la tio n sh ip s  d e riv ed  from  th e  tw o  ty p es  o f co n d itions re p re se n t 
r a te  eq u a tio n s  th a t  a re  second  order in  re sp e c t o f d ich lorogallane, q u ite  in  
acco rd an ce  w ith  th e  fa c t  t h a t  th e  values o b ta in e d  for th e  a c tiv a tio n  energy  an d  
fo r th e  e n tro p y  of a c tiv a tio n  w ere n eg a tiv e . H ow ever, th e  m echan ism  described  
in  p o in t  1 is in  c o n tra s t to  th e  d a ta  of l i te ra tu re  [2, 3, 4] acco rd ing  to  w hich th e  
d im ers  (GaCl3) 2 an d  (G aH C l2)2 are  sp lit to  m onom ers on com plex  fo rm atio n . 
T h e  re a c tio n  described  b y  e q u a tio n  V I m a y  be in te rp re te d  b y  th e  fo rm atio n  
o f a ch arg e  tran sfe r co m p lex  (see Fig. 5).
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T he sy n th es is  o f a n tim o n y (I II )  Schiff base  co m plexes o f various co -o rd in a tio n  
n u m b ers  is re p o rte d . T he syn th eses h av e  been  pe rfo rm ed  b y  in te rac tin g  a n tim o n y (I II )  
isopropoxide w ith  m onofunctiona] b id e n ta te  Schiff b ases, h a v in g  th e  general fo rm u la

CH3

Cr,H5C H = N R O H  (w here R  is -(C H 2)2- ,  -C H 2- C H -  a n d  - (C H 2)3-) , in d iffe ren t s to i
ch iom etries . T h e  re ac tio n s  a t  m ole ra tio s  o f 1:1, 1:2 a n d  1:3 y ield  8Ь(О Рг’)2(5В ), 
8Ь(О Рг')(8В )2 a n d  Sb(S B )3 ty p e  d e riv a tiv es, re sp ec tiv e ly  (w here  SB H  is th e  m o n o 
fu n c tio n a l b id e n ta te  Schiff base). In  th e  resu ltin g  d e riv a tiv e s , th e  cen tra l m e ta l a to m  
ap p ears  to  be in  te t r a - ,  p e n ta -  an d  h ex aco o rd in a te  e n v iro n m en t, respec tive ly  as in d i
c a ted  b y  th e  m o nom eric  n a tu re  o f th e  com pounds in  bo iling  benzene. T he in frared  sp e c tra  
o f th ese  d e riv a tiv e s  h av e  b een  reco rded  and  te n ta tiv e  a ssig n m en ts  are m ade.

In tro d u c tio n

D uring  th e  la s t  decade , alkoxides of S b (I I I )  a n d  Sb(V) as well as th e ir  
d e riv a tiv es  w ith  a v a r ie ty  o f ligands h av e  been  describ ed  [1— 4]. R ecen tly , th e  
reac tio n s of a n tim o n y (I I I )  e th o x id e  w ith  glycols [5] a n d  oxim es [6 ] h av e  b een  
described . In  th e  p re se n t w o rk  a n tim o n y (III)  Sch iff b a se  com plexes o f th e  
ty p e s  S b(O P r')2SB, S b (O P r’) (S B )2 and  Sb(SB ) 3 h av e  b een  syn thesized  b y  th e  
reac tio n  of a n tim o n y (II I )  isopropox ide  w ith  m o n o fu n c tio n a l b id en ta te  S ch iff 
bases (I) o b ta in ed  b y  th e  co n d en sa tio n  of b en za ld eh y d e  w ith  am inoalcohols 
such  as 2 -a m in o e th a n o l-l, l-am in o p ro p an o l-2  an d  3 -am in o p ro p an o l-l in  1 : 1, 
1 : 2 an d  1 : 3 m ole ra tio s .

where R  =  — (СШ)—2 ,

CH3

— СНг—CH—- and 

—(СНг)з—

* C hem istry  D e p a rtm e n t, R . B . S. College, A gra , In d ia .
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Experim ental

M aterials an d  m ethods

T he reac tio n s were carried  o u t u n d e r  s tr ic tly  an h y d ro u s  conditions. Iso p ro p an o l (B D H ) 
w as d ried  over sodium  w ire an d  th e n  f ra c tio n a te d  o v er a lum in ium  isop ro p o x id e . B enzene 
(B D H ) w as dried  in  th e  sam e m an n e r, follow ed b y  azeo trop ic  f ra c tio n a tio n  in  th e  presence of 
e th a n o l. A n tim o n  isopropoxide w as p re p are d  b y  th e  sodium  chloride m e th o d  [7] a n d  was 
d is til le d  (105 °C/14 m m).

Sb(OPr*)3 Calcd. Sb 40.75%  F o u n d  Sb 40 .3 9 % .

P rep a ra tio n  o f S ch iff bases

S chiff bases of b en za ld eh y d e  w ere p re p a re d  b y  tak in g  eq u im o lar a m o u n ts  o f am ino- 
a lco h o l an d  benzaldehyde  in  benzene and  re flu x in g  fo r several hours, fo llow ed b y  th e  rem oval 
o f  w a te r-b e n ze n e  azeo trope. T hese  Schiff b ases w ere distilled  before u se ; th e ir  analyses and 
p h y s ic a l ch aracte ris tics a re  lis ted  in  T ab le  I.

Table I

Physical properties and analyses o f  the S c h iff  bases

Analysis (%)

No. Schiff base
S ta te  and m .p.

(°C)
b.p. (°C)/pressure

C
Found

(Calcd.)

H
Found

(Calcd.)

N
Found

(Calcd.)

l Benzylidene-2-
-hydroxyethyl-
amine
(C»Hu NO)

O range 9 8 - 1 0 0 /0 .1 - 0 .2 72.36
(72.46)

7.35
(7.43)

9.25
(9.38)

2 Benzylidene-2-
-liydroxy-1-
-propylam ine
(C10H 13NO)

Colourless
solid

6 4 - 6 6
95— 97/0.3— 0.4 73.41

(73.58)
8.12

(8.03)
8.45

(8.59)

3 Benzylidene-3-
-hydroxy-1-
-propylam ine
(C10H 13NO)*

Yellow
liquid 103— 104/0.3— 0.4 73.39

(73.58)
8.15

(8.03)
8.51

(8.59)

* U sed to  d is tin g u ish  be tw een  co m p o u n d s of th e  sam e m o lecu la r fo rm ula .

P rep a ra tio n  o f complexes

R eactions of a n tim o n y  ( I I I )  iso p ro p o x id e  w ith  th e  Schiff bases in  m ole ra tio s  1:1, 
1:2 an d  1:3 were carried  ou t. A n tim o n y (III)  isop ropox ide  was d isso lved  in  benzene and th en  
a ca lcu la ted  a m o u n t of th e  Schiff base w as a d d ed . T he m ix tu re  was th e n  re flu x ed  and  th e  p rog
re ss  o f th e  reac tion  follow ed by  e s tim a tin g  th e  isopropanol f ra c tio n a te d  azeo trop ically . The 
re su ltin g  deriva tives in  th e  fo rm  of liq u id s a n d  sem i-solids were iso la ted  a f te r  rem ov ing  th e  
v o la tile  frac tions u n d e r red u ced  p ressu re ; th e y  a re  soluble in  com m on  o rg an ic  so lvents. T heir 
an a ly se s , physical p ro p erties  an d  m olecu lar w e ig h ts are given in  T ab le  I I .
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Table I I

Synthese and characteristics o f  an tim ony ( I I I )  S c h if f  base complexes

No.
Anti
mony 

isoprop- 
oxide (g)

Schiff base (g)
Mole
ratio

Conditions 
and time (hr) Compound, yield (g) nature

Isopropanol 
in azeotrope

(g)
Found

(Calcd.)

Analysis

Sb
Found

(Calcd.)

(%)

N
Found

(Calcd.)

Molecular
weight
Found

(Calcd.)

l 1.92 C9H u NO 1 : 1 R efluxing Sb(O Pr‘)2(C9H I0lNO) 0.37 31.46 3.46 394

0.96 1 (2.44), yellow liquid (0.38) (31.39) (3.61) (387)

2 1.44 C9H u NO 1 : 2 R efluxing Sb(O Pri)(C8H 10N O )2 0.59 25.68 5.71 386

1.44 3 (2.31), yellow  sem isolid (0.58) (25.54) (5.87) (476)

3 0.77 C9H u NO 1 : 3 R efluxing Sb(C9H 10NO)3 0.45 21.10 7.26 528

1.17 4 (1.48), yellow sem isolid (0.47) (21.53) (7.42) (565)

4 1.44 C10H 13NO 1 : 1 R efluxing Sb(O Pri)2(CI0H 12NO) 0.30 30.01 3.30 425

0.79 5 (1.85), yellow liquid (0.29) (30.31) (3.48) (401)

5 1.40 C10H 13NO 1 : 2 R efluxing 8Ь(О Рг‘)(С10Н 12]ЧО)2 0.60 23.91 5.48 490

1.54 6 (2.29), yellow  semisolid (0.56) (24.13) (5.55) (504)

6 0.75 C10H 13NO 1 : 3 R efluxing Sb(C ,0H 12N O )3 0.43 19.65 6.68 592

1.23 5 (1.53), yellow sem isolid (0.45) (20.04) (6.91) (607)

7 1.66 C10H ]3NO* 1 : 1 R efluxing Sb(O Pr;)2(C10H 12NO)* 0.32 29.72 3.36 435

0.91 3 (2.20), yellow  liqu id (0.33) (30.31) (3.48) (401)

8 1.48 C10H 13NO* 1 : 2 R efluxing зь (О Р г !) (с 10н 12г г а ) 2 0.66 23.90 5.40 483

1.61 (2.38), yellow  sem isolid (0.59) (24.13) (5.55) (504)

9 1.46 C]„H]3NO* 1 : 3 R efluxing Sb(C]0H 12N O )3 0.85 19.86 6.73 583

2.40 4 (2.98), yellow  sem isolid (0.88) (20.04) (6.91) (607)
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A nalyses and  physical m easu rem en ts

A n tim o n y  was e s tim a te d  as an tim o n o u s p y ro g a lla te  [8], w hile n itro g e n  by  K je ld ah l’s 
m e th o d . Isop ropano l w as d e te rm in e d  b v  th e  o x id im e tric  m eth o d  [9] u sin g  N K 2Cr20 7 in 12.5%  
H 2S 0 4.

M olecular w eights w ere  d e te rm in e d  ebullioscopically  in  bo iling  b enzene. I. R. spectra  
w ere reco rd ed  in  th e  ran g e  o f 4000— 400 c m -1  w ith  a P e rk in  E lm er 337 G ra ting  In frared  
S p ec tro p h o to m ete r.

R esu lts  and  discussion

T he reactions in  m ole ra tio s  of 1 : 1, 1 : 2 an d  1 : 3 (S b ( I I I ) :  Schiff base) 
l ib e ra te  1, 2 and  3 m ol o f  isop ropano l, re sp ec tiv e ly , as show n b y  th e  equa tion

S b(O P r ' ) 3 +  n S B H  Sb (O P r‘)3_ „  (SB)„ +  n P r 'O H  

(w here  n =  1, 2 or 3)
T he isop ropano l w as collected azeo tro p ica lly  w ith  benzene and  th e n  

e s tim a te d . The re su ltin g  com plexes w ere iso la ted  in  th e  fo rm  o f yellow d eri
v a tiv e s  an d  found  to  be  so luble  in  benzene.

T he ebullioscopic d e te rm in a tio n  o f m olecu lar w eights h as  show n th a t  th e  
com plexes are m onom eric  (Table I I ) ,  in d ic a tin g  te tra - , p e n ta -  an d  hexaco-or- 
d in a te  [10— 12] en v iro n m e n ts  for th e  c e n tra l m e ta l a to m  (II, I I I , IV).

On com paring  th e  I .  R . ab so rp tio n  b a n d s  of th e  S ch iff bases w ith  those  of 
th e ir  m e ta l com plexes, i t  can  be in ferred  t h a t  chela te  fo rm a tio n  p ro b ab ly  tak es  
p lace  th ro u g h  th e  o x y g en  (alcoholic) an d  th e  n itro g en  o f th e  v C =  N group 
o f  th e  ligand  m o ie ty . T h is  is ev idenced b y  th e  d isap p earan ce  o f th e  O H  bands 
in  th e  3350— 3100 c m - 1  reg ion  and  b y  th e  ap p earan ce  o f b an d s  in  th e  605 i  5 
c m - 1  region fo r th e  m e ta l com plexes. H ow ever, th e  v C =  N  abso rp tion  b an d  
re m a in s  alm ost u n a ffe c te d  an d  appears in  th e  region 1635 i  5 cm - 1  in  th e  
lig an d s  as well as in  th e  m e ta l com plexes, p ro b ab ly  ow ing to  th e  stronger force 
e x is tin g  in  th e  c C =  N  group . S im ilar observa tions h as  been  m ade b y  o th e r 
w ork ers  [13— 17] as w ell as Sharma an d  B ailar [18].

R ecen tly , B i r a d a r  an d  K u l k a r n i  h av e  also re p o r te d  th a t  th e  v C =  N 
freq u en cy  undergoes v e ry  l i ttle  change in  tin (IV ) [19] a n d  lead  (IV) [20] com 
p lexes. Owing to  th e  la c k  o f facilities fo r record ing  th e  sp e c tra  in th e  low er 
reg ion , th e  Sn N  b a n d  could  no t be observed  in  th e se  com plexes.

*
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Two p la tin g  b a th s ,  a n  acid ic  b a th  con ta in ing  cad m iu m  su lfa te  a n d  su lfuric  
acid , a n d  an  alkaline b a th  co n ta in in g  cad m iu m  sulfate, am m o n iu m  h y d ro x id e  an d  am m o 
n iu m  chloride  were in v es tig a te d . T he in flu en ce  of sinusoidal a .c . superim posed  on  d.c. 
on  th e  anod ic  and  c a th o d ic  p o la riza tio n  w ere traced  in th ese  b a th s . R esu lts  show  t h a t  
th e  effec t o f  a.c. dep en d s on  th e  n a tu re  o f th e  b a th . In  th e  acid ic  b a th , a .c . sh ifts  
th e  anode  p o ten tia l o f c ad m iu m  in  th e  n eg ativ e  d irec tion  a n d  increases th e  c a th o d ic  
p o la riza tio n , while in  th e  a lk a lin e  b a th ,  th e  sh ift occurs in  th e  po sitiv e  d irec tio n , w hich  
fa v o u rs  p a ssiv a tio n  o f th e  e lectrode  a n d  depolarizes th e  ca th o d e .

I n  ad d itio n , th e  effec t o f superim p o sed  a.c. on th e  d is tr ib u tio n  o f d irec t c u rre n t 
a n d  th e  d is tr ib u tio n  o f  m e ta l on  tw o  p ara lle l cathodes w ere in v es tig a te d . In  b o th  
p la tin g  b a th s  exam ined , a .c . increases b o th  th e  cu rren t an d  m e ta l d is tr ib u tio n  ra tio s  
a n d , th e re fo re  has a n  u n fa v o u ra b le  e ffec t on  th e  th row ing  pow er.

In  p rev ious rep o rts  [1— 8 ] th e  e ffec t on electrode p o te n tia ls  o f a s in u 
so idal a .c . superim posed  on d .c . w as s tu d ie d . The a.c. d ep en d in g  on its  d e n s ity  
a n d  freq u en cy  —  affects th e  r a te  o f e lec tro d e  processes ta k in g  p lace a t  a given 
p o te n tia l. T he observed effect o f a.c. w as ascribed  to  th e  a sy m m etric  p o la riza 
b ilities  o f  th e  electrodes. T h u s , th e  e lec trode  p o ten tia l changes w ith  tim e  a n d  a 
d is to r te d  sinuso idal signal ap p ea rs . T herefo re , i t  m igh t be ex p ec ted  th a t  th e  a.c. 
w ou ld  in flu en ce  th e  d is tr ib u tio n  of d .c . b e tw een  tw o p a ra lle l p la n a r  ca th o d es. 
T h is w ould  re su lt in  changes in  th e  m e ta l d is trib u tio n  ra tio  a n d  hence th e  
th ro w in g  pow er o f th e  b a th .

I n  co n tin u a tio n  of o u r p rev ious w o rk  on th e  in flu en ce  o f superim posed  
a.c. on  th e  b eh av io u r o f p la tin g  b a th s , we now  rep o rt th e  re su lts  on som e p la t 
in g  b a th s  o f cadm ium .

F o r  m easu rin g  th e  anod ic  a n d  ca th o d ic  p o la riza tion , th e  c ircu it described  
ea rlie r [9] w as used , in  w hich  a cad m iu m  an o d e  (B D H ) an d  a stee l c a th o d e  w ere 
used . T h e  a re a  of each e lec trode  w as 7.5 cm 2. A t th e  re q u ire d  d.c. an d  a.c. 
(50 H z) d ensities (I= an d  U ) ,  th e  tim e  av erag e  of th e  p erio d ica lly  chang ing  
p o te n tia l  o f th e  w orking e lec tro d e  w as m easu red  re la tiv e  to  a s a tu ra te d  ca lo 
m el e lec tro d e  using  a p o te n tio m e te r  (R ad e lk is  О. P . 201/1).

F o r  m easu ring  th e  c u rre n t d is tr ib u tio n  ra tio  (C D R ) an d  th e  m e ta l 
d is tr ib u tio n  ra tio  (M D R), th e  e lec trode  c ircu it described  [10] w as used , in  
w hich  th re e  p a ra lle l sheet e lec trodes, a cad m iu m  anode an d  tw o  steel ca th o d es, 
w ere used . T h e  a rea  of each  e lec trode  w as 7.5 cm 2 and  th e y  h a d  f iv e  id en tica l
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c ircu la r holes, each o f  w h ich  w as 0.5 cm  in  d iam e te r. T h e  electrodes were a r 
ra n g e d  an d  fixed  in  a re c ta n g u la r  p la tin g  cell in  such  a m a n n e r t h a t  th e  d istance 
b e tw een  th e  anode a n d  th e  n ea re r  ca th o d e  w as 2.5 cm , w hile t h a t  betw een th e  
an o d e  an d  th e  fa r th e r  c a th o d e  was 5 cm  in  th e  sam e d irec tio n . E ach  ca th o d e  
w as connected  in  series w ith  a copper cou lom eter. T he a.c. passed  th ro u g h  th e  
cell via  tw o aux ilia ry  p la t in u m  electrodes. T h e  req u ired  to ta l  d .c. (I t) and  a.c. 
(1^) densities were c o n d u c te d  th ro u g h  th e  cell fo r 75 m in . F ro m  th e  w eights o f 
th e  m e ta l W n and W f d ep o s ited  on th e  n ea re r an d  fa r th e r  ca th o d e , respective ly , 
th e  M D R  could be d e te rm in e d . T he cou lom eters w ere used  fo r calcu la ting  th e  
in d iv id u a l d .c.’s, (In) a n d  (If), passing  th ro u g h  th e  n e a re r  a n d  fa r th e r  c a t 
h o d e , respectively , a n d  hence  th e  CDR (i . e., I n/ I f) .

A ll solutions w ere  m ad e  from  A n a laR  chem icals u sin g  d istilled  w a te r. 
T h e  b a th s  used w ere as follow s:

Acidic b a th : C d S 0 4 • 8/3 H 20 ,  0.8; H 2S 0 4 0.05 M;
A lkaline b a th : C d S 0 4 • 8 /3H 20 ,  0.2; N H 4O H  3.3; N H 4C1 0.1 M.

P rio r  to  each run , th e  e lec trodes were po lished  an d  c leaned  using  th e  reco m 
m en d ed  procedure, I n  each  ru n , a fresh ly  p re p a re d  so lu tio n  as well as a new  
se t o f  electrodes w ere u sed . All experim en ts  w ere ca rried  o u t a t  25 ±  0.5 °C 
in  an  a ir th e rm o sta t.

F igure 1 p re sen ts  th e  effect of superim posed  a.c. on th e  anode p o te n tia l 
o f  cadm ium  in th e  ac id ic  b a th . T he ch a rac te ris tic s  o f th e se  curves were fo u n d  
to  d ep en d  on b o th  th e  d .c . an d  a.c. densities. A t a g iven  d.c. density , th e  
an o d e  po ten tia l su d d e n ly  sh ifts to  a m ore n eg a tiv e  v a lu e  a n d  th e n  levels o ff 
w ith  increasing a.c. d e n s ity . This v a lue  decreases w ith  in c reasin g  d.c. d en sity . 
O n th e  o ther h an d , F ig . 2 shows th e  anode p o te n tia l o f cad m iu m  in th e  acid ic 
b a th  w hen th e  a .c . w as k e p t c o n s ta n t an d  th e  d.c. d e n s ity  was v aried . I t  
can  be seen th a t,  a t  su ff ic ie n tly  low  d.c. densities, th e  p o te n tia l  shifts sh a rp ly  
in  th e  negative d ire c tio n  an d  th e n  reaches a p o te n tia l  m in im um . Follow ing 
th is , th e  p o ten tia l o f  th e  anode sh ifts slow ly in  th e  po sitiv e  d irection  w ith  
increasin g  d.c. d e n s ity . T h e  h igher th e  a.c. d e n s ity  used , th e  g rea te r th e  p o te n 
t ia l  m inim um . T he re su lts  can  be ascribed  to  th e  a sy m m etric  p o la rizab ility  
o f  th e  electrode. T h ere fo re , th e  period ica l change o f th e  electrode p o te n tia l 
cau sed  by  su perim posed  a.c. has th e  fo rm  o f a d is to r te d  sine w ave. On co m p ar
in g  th e  anodic p o la r iz a tio n  curve (curve a in  F ig . 2) an d  th e  cathod ic  p o la ri
z a tio n  curve (curve a in  F ig . 3) u n d e r d .c. cond itio n s, i t  is c lea r th a t  th e  ca th o d ic  
p o la riza tio n  is g re a te r  th a n  th e  anodic p o la riza tio n  especially  a t  su ffic ien tly  low  
d .c . densities. A cco rd ing  to  th e  non -linear ch a rac te ris tic s  o f th e  electrodes, th e  
ca th o d ic  p o la riza tio n  d u rin g  th e  ca th o d ic  half-cycle  is g re a te r  th a t  th e  anod ic  
p o la riza tio n  d u rin g  th e  anodic  half-cycle o f a.c. T h u s th e  m ean  average p o 
te n t ia l  o f th e  anode  becom es m ore n e g a tiv e  th a n  its  s ta t ic  p o ten tia l. As th e  
ra tio  of d.c. to  a .c . d e n s ity  increases, th e  anod ic  p o la riz a tio n  becom es th e  p re 
d o m in a n t fac to r a f te r  th e  p o ten tia l m in im um .
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(mA / cm 2 )

F ig. 1. E ffect o f a .c . on  th e  a n o d e  p o te n 
tia l  o f cadm ium  in  th e  acid ic  h a th :  curve 

(a) I =  =  20 m A /cm 2, (b) I = = 4 0  m A /cm 1

F ig . 2 . E ffec t o f  a .c . on  th e  anode p o te n 
tia l o f cad m iu m  in  th e  acidic h a th : cu rv e  
(a) R  =  0 , (b) 1 ^  =  10 m A /cm 2, (c) I ^  =  

=  20 m A /cm 2

I_ (m A /c m 2 ) I ,  ( m A /c m 2)

F ig. 3. E ffec t of a .c. on  th e  c a th o d e  p o ten - Fig. 4 . E ffec t o f a .c . on  th e  CDR fo r th e
tia l  in  th e  acidic b a th :  cu rv e  (a ) 1 ^  =  0 , acid ic  b a th :  cu rv e  (a) 1 ^  =  0 , (b) 1 ^  =
(b) 1 ^  =  10 m A /cm 2, (c) 1 ^  =  20 m A /cm 2, 50 m A /cm 2, (c) 1^, =  100 m A /cm 2

(d) 1 ^  =  40 m A /cm 2

F igure  3 i l lu s tra te s  th e  effect o f  superim posed  a.c. on  ca th o d ic  po la riza 
tio n  d u ring  th e  d ep o sitio n  o f  cad m iu m  from  th e  acid ic h a th .  As expected , a.c . 
sh ifts  th e  ca thod ic  p o la riz a tio n  in  th e  neg a tiv e  d irec tion .

F igure 4 show s th e  v a r ia t io n  of CD R as a fu n c tio n  o f  to ta l  d.c. d en sity  I t 
u n d e r th e  in fluence o f  a .c . in  th e  acidic b a th . T he resu lts  re v e a l th a t  th e  to ta l  
d .c. is inequally  d is tr ib u te d  b e tw een  th e  p a ra lle l ca th o d es w ith  a g rea te r p o r
tio n  o f th e  c u rren t flow ing  th ro u g h  th e  n ea re r  ca th o d e . T h is d isp roportion  
s lig h tly  increased  w ith  in c rea s in g  d.c. d en sity . T his can  be  exp la ined  b y  th e  
fa c t t h a t  th e  ca th o d ic  p o la r iz a b ility  o f th e  e lec tro d e  is g re a te r  a t  sm aller d.c. 
densities th a n  a t  h ig h er d .c . densities. T herefo re , w ith  in c rea s in g  to ta l  d .c. 
d en sity , th e  increase in  p o la riz a tio n  of th e  n e a re r  ca th o d e  becom es sm aller 
th a n  th a t  o f th e  fa r th e r  ca th o d e . Since th e  p o te n tia ls  arising  a t  ju n c tio n  po in ts  
shou ld  be equal to  each  o th e r  in  ev e ry  b ran ch  o f th e  c ircu it acco rd ing  to  K irch- 
h o ff’s law . T herefore, w ith  in rea s in g  to ta l  d .c. d en sity , a g re a te r  p o rtion  of 
th e  c u rre n t will flow  th ro u g h  th a t  b ran ch  of th e  c ircu it w here  th is  causes th e
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sm a lle r  increase in  p o la riza tio n . T h e  F ig u re  also show s th a t  a.c. increases 
th e  C D R . The g rea te r th e  a.c. d e n s ity , th e  g rea te r is th e  C D R  a t  a g iven  d.c. 
T h e  e ffec t of a.c. m ay  be ascribed  to  i ts  effect on th e  p o la riza tio n  o f  each  
c a th o d e  to  an e x te n t d ep en d in g  on its  d en sity .

F ig u re  5 shows t h a t  th e  v a r ia tio n  o f M D R  as a fu n c tio n  o f I t  fo r th e  acidic 
b a th  ru n s  parallel to  t h a t  of C D R . T h e  tw o  ra tio s are  in te r re la te d  b y  th e  
fo llow ing  equation :

M D R  =  W n/W f == C D R  E n/E ,

T h e  to ta l  ca thodic  effic iency  E t an d  th e  in d iv id u a l c a th o d ic  efficiencies on 
each  ca th o d e , E n an d  Ef are  a p p ro x im a te ly  th e  sam e over th e  w hole d.c. and  
a .c . d e n s ity  range u sed  (curve a in  F ig . 10). A ccordingly, th e  M D R  is expec ted  
to  b e  sam e as th e  C D R . I t  should  be n o te d  th a t  th e  low er th e  M D R , th e  b e tte r  
is th e  th ro w in g  pow er. F igu re  5 show s t h a t  superim posed  a.c. has an  u n fa 
v o u ra b le  effect on th e  th ro w in g  pow er.

F igu re  6  p re sen ts  th e  anodic  p o la riza tio n  curves o f  cadm ium  in  th e  
a lk a lin e  b a th  u n d er th e  in fluence  o f d iffe ren t d.c. an d  a.c. densities. A ll the  
cu rv es  have  th e  sam e general fe a tu re s  an d  are ch a rac te rized  b y  th e  presence 
o f  a c ritica l tra n s it io n  c u rren t d e n s ity  ( Ic) (ac tiv e -p ass iv e  tra n s itio n ) . In  
ab sen ce  of a.c. th e  p o te n tia l  increases v e ry  slowly and  a t  th e  I c w here p ass iv a 
tio n  ta k e s  place, th e  p o te n tia l rises s te e p ly  w ith  increasing  d .c . d en sity . D uring  
th e  a c tiv e  region (before I c) Cd2+ ions are  re leased  in to  th e  so lu tio n  an d  f in a lly  a 
s u p e rsa tu ra te d  so lu tio n  of C d(O H ) 2 is fo rm ed  in  th e  v ic in ity  o f th e  anode 
su rfa c e . The su b seq u en t a d so rp tio n  a n d  p rec ip ita tio n  o f C d(O H ) 2 on th e  anode 
su rfa c e  resu lts in  a d rop  in  th e  d isso lu tio n  ra te , p a ss iv a tio n  s ta r ts  a n d  the  
p o te n t ia l  rises a b ru p tly . S u p e rsa tu ra tio n  is requ ired  to  fo rm  nucle i in  th e  
in i t ia l  stages of p re c ip ita tio n . As th e  p o te n tia l rises, p a ss iv a tio n  is effected  
th ro u g h  the  fo rm a tio n  of CdO w h ich  s ta r ts  to  bu ild  u p  in  th e  pores o f th e  
C d (O H ) 2 film  [11— 12]. S uperim posed  a.c. sh ifts th e  an o d e  p o te n tia l in  the  
a c tiv e  region to  th e  m ore positive  d irec tio n . As th e  d e n s ity  of a.c. increases, 
a n o d ic  po la riza tion  increases. A lso th e  F igure  reveals t h a t  a.c. low ers th e  
v a lu e  o f I c and  fav o u rs  p a ss iv a tio n  o f th e  cadm ium  e lec tro d e . T he g rea te r 
th e  a .c . density , th e  low er is th e  I c v a lu e . The resu lts  m ay  be  due to  th e  fo rm a
tio n  o f a com pact, u n ifo rm  la y e r  o f  C d(O H )2 u n d er th e  in flu en ce  o f su p erim 
p o sed  a.c., w hereas w ith  d.c. a lone, th e  coverage is n o t u n ifo rm  even  th ro u g h  
d isso lu tio n  of th e  m e ta l is g rea te r  th a n  in  th e  presence o f  a .c . [13].

F igure 7 gives th e  effect o f superim posed  a.c. on th e  course o f  ca th o d ic  
p o la riza tio n  d u ring  th e  deposition  o f  cadm ium  from  th e  a lk a lin e  b a th . S uper
im p o sed  a.c. decreases th e  c a th o d e  p o ten tia l. T he d ep o la riza tio n  increases 
w ith  increasing a .c . d en sity .

F igure 8  illu s tra te s  th e  effec ts o f superim posed  a .c . on th e  C D R  as a 
fu n c tio n  of It fo r th e  a lkaline b a th .  T he d.c. has no s ig n if ican t effect on th e
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F ig . 5. E ffec t o f a .c. o n  th e  M D R  fo r th e  
acidic b a th : cu rv es as in  Fig. 4

F ig . 7. E ffec t of a.c. on  th e  cathode  p o te n 
t ia l  in  th e  alkaline b a th :  cu rv e  (a) 1 ^  =  0, 
(b ) 1 ^  =  10 m A /cm 2, (с) I  =  15 m A /c 

~  m 2, (d) =  20 m A /cm 2

I . ( m A / c m ! )

Fig. 6. E ffect o f a .c . on  th e  anode p o te n tia l  
o f cadm ium  in  th e  a lka line  b a th : cu rv e  (a) 
I _  =  0 , (b) =  5 m A /cm 2, (c) I _  =  10

m A /cm 2, (d) 1 ^  =  20 m A /cm 2

20

15 --------------— о  C

C
D

R о

------•------* •  b

5

n

л-----л-----

1 1

I ,  ( m A / c m 2)

Fig. 8. E ffect o f a .c . on  th e  CD R  fo r th e  
a lka line  b a th : cu rv e  (a ) 1 ^  =  0 , (b) 1 ^  =  

50 m A /cm 2, (c) 1 ^  — 100 m A /cm 2

F ig . 9. E ffec t of a.c. on  th e  M D R  for th e  
a lk a lin e  b a th : cu rves as in  Fig. 8

F ig . 10. E t vs. I t re la tio n : curve (a) acidic 
b a th , 1 =  0 , (b) a lk a lin e  b a th , I =  0 , (c)

a lkaline  b a th , 1 ^  =  100 m A /cm 2

C D R , b u t  a.c. increases th is  ra tio  in  su ch  a m an n er th a t  as th e  a.c. d e n s ity  
in c reases , th e  CD R cu rves sh ift u p w ard s .

T h e  d a ta  in  F ig . 9 show  th a t  th e  M D R  curves sh ift u p w a rd s  w ith  in c rea s
ing  b o th  d.c. and  a .c . densities. The lo w er va lu e  of th e  M D R  a t  low  d.c. den-
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sities m a y  be a t t r ib u te d  to  th e  dependence  o f  th e  c u rre n t effic iency  on d.c. 
d en sity  in  th e  a lkaline so lu tio n . Curves b a n d  c in  F ig . 10 give th e  to ta l  ca thod ic  
effic iency  E t as a fu n c tio n  o f  I t . T he  effic iency  decreases w ith  d.c. d en sity . A t 
low  d .c . densities, th is  decrease  is la rge  b u t  becom es sm aller w ith  increasing  
d.c. d e n s ity . A t low d .c . den sities , th e re fo re , th e  M D R  is low er, i.e. th e  th row ing  
pow er is b e tte r  th a n  a t  h ig h e r d .c. densities. T h e  fav o u rab le  e ffec t on th ro w in g  
pow er o f  th e  decrease in  c u rre n t effic iency  w ith  d.c. d e n s ity  is reduced  w ith  
increasin g  d.c. d en sity . S uperim posed  a .c . increases th e  c a th o d ic  efficiency 
over th e  w hole d.c. d e n s ity  ran g e  used. T h is is a p p a re n tly  due  to  th e  fo rm atio n  
of a m e ta l h y d rox ide  d u rin g  th e  anodic  h a lf  cycle o f a .c ., w h ich  is su b seq u en tly  
in c o rp o ra te d  in  th e  d ep o sit.
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MASS-SPECTROMETRIC DETERMINATION OF THERMO
CHEMICAL DATA OF CHBr3 and CBr4 BY STUDY OF 
THEIR ELECTRON IMPACT AND HETEROGENEOUS 

PYROLYTIC DECOMPOSITIONS
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a n d  L .  L e l i k

(D epartm ent o f  Physical Chem istry and  R adiology, L . Eötvös U niversity , B udapest)  

R eceived  J u ly  22, 1975

W ith  th e  aim  of d e te rm in in g  therm o ch em ica l d a ta  fo r h ro m o -su b s titu te d  
m eth an es , a  s tu d y  was m ade  of th e  m echan ism s of th e ir  p y ro ly tic  d eco m p o sitio n s as 
a  re su lt o f  e lec tro n  im p ac t an d  on a tu n g s te n  spiral.

A  p rev io u sly  developed e x p e rim e n ta l m eth o d  was used  to  d e te rm in e  th e  a p p e a r 
ance a n d  io n iza tio n  p o ten tia ls  o f th e  p ro d u c ts  fo rm ed  in  th e  decom positions o f C H B r3 
an d  CBr4. F ro m  th e  tem p e ra tu re  d ep en d en ce  of th e  pyro lysis, th e  a c tiv a tio n  energ ies 
of th e  h e terogeneous pyro lysis o f th e  b ro m o -su b s titu te d  m e th a n es  w ere d e te rm in e d , 
a n d  w ere fo u n d  to  decrease in  th e  d irec tio n  CH3B r — C H2B r 2 C H B r3 -t- CBr4. I t  
w as con clu d ed  fro m  th e  a c tiv a tio n  energ ies t h a t  on  a  tu n g s te n  surface  th e  b ro m o - 
su b s ti tu te d  m eth an es decom pose in  c a ta ly t ic  processes, b y  ra d ic a l m echan ism s.

T h e  d issoc iation  energies o f th e  C -H  a n d  C -B r b o nds w ere ca lcu la ted  fo r  th e  
b ro m o -su b s titu te d  m eth an es; th ese  w ere obse rv ed  to  decrease in  th e  sam e d irec tio n  
as in  th e  case o f th e  ac tiv a tio n  energies. T h is phenom enon  was in te rp re te d  q u a lita tiv e ly  
b y  q u an tu m -ch em ica l reasons.

M ass sp e c tro m e try  is one o f th e  m ost su itab le  p ro ced u res  fo r  th e  
d e te rm in a tio n  o f therm ochem ical d a ta  (h ea ts  o f fo rm atio n , b o n d  d issoc ia tio n  
energies) o f m olecules. The m e th o d  in  essence requ ires s tu d y  o f th e  e lec tro n  
im p a c t f ra g m e n ta tio n , th e  d e te rm in a tio n  o f  th e  ap p earan ce  p o te n tia ls  o f  th e  
ions fo rm ed , a n d  th e  m easu rem en t o f th e  io n iza tion  p o te n tia ls  o f th e  co m 
p o u n d s an d  rad ica ls .

O n th is  basis , therefo re , rad ica ls  m u s t be p roduced ; th is  can  be ach iev ed  
m ost sim p ly  b y  pyro lysis of th e  com pounds u n d e r in v es tig a tio n . A ccord ing ly , 
s tu d y  o f th e  py ro ly sis  of C H B r3 an d  CBr4 is o f fu n d am en ta l im p o rta n c e  as 
regards ca lcu la tio n  of therm ochem ical d a ta  on these  com pounds. A t th e  sam e 
tim e , as w ill be seen la te r , s tu d y  o f th e  heterogeneous pyro lysis  o f b ro m in a te d  
m e th an e  d e riv a tiv e s  on a tu n g s te n  f i la m e n t is also of p ra c tic a l im p o rta n c e .

Follow ing th e  pioneering w ork  o f É l t e t ő n  [1], R o b e r t s o n  [2] a n d  L e  

G o f f  [3], m a n y  p y ro ly tic  reac tio n s on in can d escen t m e ta l surfaces w ere 
su b jec ted  to  m ass-spec trom etric  s tu d y . T h e  experim en ts h av e  show n th a t  
u n d e r such  co n d itio n s m ost organic m olecules decom pose v ia  th e  fo rm a tio n  o f 
free rad ica ls . H ence , s tu d y  of th e  m echan ism s o f th ese  processes req u ires  t h a t  
th e  a n a ly tic a l a p p a ra tu s  used, h av e  to  be  su ita b le  fo r th e  d e tec tio n  an d  id e n 
tif ic a tio n  o f b o th  s ta b le  m olecules an d  free rad ica ls , while th e  k in e tic  m easu re-
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m en ts  n ecessita te  d e te rm in a tio n  o f th e  c o n cen tra tio n s  of th e  in d iv id u a l p ro d 
u c ts  to o  [4]. These ta s k s  c a n  he co n v en ien tly  so lved  b y  use o f  th e  m ass spec
tro m e te r  even if  th e re  is a  difference o f sev e ra l o rders o f m ag n itu d e  b e tw een  
th e  co n cen tra tio n s o f  th e  com ponents. F u r th e r ,  th e  low  pressure  in  m ass 
sp ec tro m e te rs  and  th e  p o ss ib ility  of e x trem e ly  ra p id  d e tec tio n  of th e  re a c 
tio n  p ro d u c ts  are v e ry  fa v o u ra b le  factors as reg a rd s  s tu d y  o f th e  processes.

O u r earlier m ass-sp ec tro m e tric  ex p e rim en ts  [5, 6 ] h av e  show n th a t  th e  
p y ro ly sis  of m e th y l b ro m id e  an d  m ethy lene  b ro m id e  on an  in can d escen t tu n g 
s te n  su rface  proceeds in  ca ta ly zed  processes, b y  ra d ic a l m echanism s. As a 
c o n tin u a tio n  of t h a t  w o rk , we have now  c a rrie d  o u t a s im ila r s tu d y  of th e  
p y ro ly s is  of b ro m o fo rm  a n d  te tra b ro m o m e th a n e . T he m ass-spec trom etric  
m easu rem en ts  p e rm itte d  th e  ca lcu la tion  o f som e th eo re tica lly  im p o r ta n t 
th e rm o ch em ical d a ta  on  th e  b ro m in a ted  m e th a n e  d e riv a tiv e s , a t  th e  sam e tim e  
p ro v id in g  im p o r ta n t p ra c tic a l  in fo rm atio n  on th e  m echan ism  and  te m p e ra 
tu r e  dependence o f p y ro ly s is  in  connection  w ith  ha logen  lam p s [7, 8 ]. As i t  is 
w ell-know n, in  p lace  o f  gaseous halogen a b ro m in a te d  m e th a n e  d eriv a tiv e  is 
a d d e d  to  th e  gas sp ace  o f  b rom ine cycle lam p s [9]; d u rin g  th e  o p era tion  o f  a 
la m p , th is  b ro m in a te d  m e th a n e  d eriv a tiv e  decom poses, p a r t ly  in  hom ogeneous
[10], a n d  p a rtly  in  h e te ro g en eo u s  processes. F o r  th is  reason , these  ex p erim en ts  
c o n tr ib u te  to  th e  d e sc r ip tio n  an d  u n d e rs ta n d in g  o f th e  com plex  chem ical p ro 
cesses tak in g  p lace in  h a lo g en  lam ps.

E xperim en ta l

D epending on  th e  re a c tio n  u n d e r in v es tig a tio n , th e  aim  to  be achieved, an d  th e  ty p e  
o f m ass sp ec trom eter u se d , m a n y  d ifferen t k in d s o f re ac to rs  h av e  b een  em ployed for th e  m ass 
sp ec tro m etric  s tu d y  o f h e te ro g en eo u s k inetic  p rocesses [11]. In  o u r ex p erim en ts a m odified  
Le G off ty p e  re ac to r  [12] w as b u ilt in to  th e  ion  source  of a n  M I 13— 11 m ass sp ec tro m ete r 
F ig . 1).

F ig . 1. O u tlin e  o f th e  p y ro ly sis re a c to r  an d  th e  ion  source
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A 12 У  tu n g s te n  sp ira l (W ) w as in co rp o ra te d  in to  th is  open re ac to r  ty p e  [6]. T h e  te m 
p e ra tu re  d ependence  of pyro lysis w as ex am in ed  u n d e r  cond itions en su ring  m olecu lar flo w  in 
th e  re ac to r. T h e  re a c to r  w as s itu a te d  in  th e  im m e d ia te  v ic in ity  of th e  io n iza tio n  c h am b er [6]; 
i ts  tim e  c o n s ta n t w as v e ry  sm all, an d  i t  w as th u s  su itab le  fo r th e  s tu d y  of rad ica ls  w ith  v e ry  
sh o rt life tim es too .

In  th e  s tu d y  o f f rag m e n ta tio n  due  to  e lec tro n  im p a c t, th e  sp ira l w as n o t h e a te d . I n t r o 
d u c tio n  of th e  C H B r3 sam ple  in to  th e  m ass sp e c tro m e te r, cond ition ing  of th e  sp ira l, m e a su re 
m e n t o f th e  te m p e ra tu re , and  d e te rm in a tio n  o f th e  ap p ea ran ce  and  io n iza tio n  p o te n tia ls  w ere 
carried  o u t as re p o rte d  p rev iously  [5, 6]. Since th e  v a p o u r  p ressu re  o f  CBr4 is su b s ta n tia lly  
low er th a n  those  of th e  o th er b ro m o -su b s titu te d  m eth an es , th e  am poule  co n ta in in g  CBr4 
w as connected  d irec tly  to  th e  ion source b y  in se r tin g  a needle valve.

T he C H B r3 (R ean a l) and  th e  CBr4 (B D H ) w ere o f an a ly tica l p u r ity . B efore use , th e  
com pounds w ere p u rif ied  b y  rep ea ted  v a cu u m  d is tilla tio n .

R esu lts

1. Study of th e  decom position o f C H B r3 an d  CBr4 upon  elec tron  im p ac t

1.1. Low-resolution mass spectra o f  C H B r3 and CBrA

T he low -reso lu tion  m ass sp e c tra  o f  C H B r3 an d  CBr4, reco rd ed  a t  an  
e lec tron  energy  o f  70 eV, are given in  T ab le  1.

T he d a ta  show  th a t  th e  in te n s ity  o f  th e  m olecular ion  is v e ry  low  fo r 
C H B r3, an d  even m ore so for CBr4. In  th e  fo rm er case th e  base p eak  is t h a t  o f 
CBr2 , an d  in  th e  la t te r  case th a t  of C B r3h. I f  th e  d a ta  are co m p ared  w ith  th e  
m ass sp ec tra  of C H 3B r [6 ] and  C H 2B r2 [5], i t  can  he seen th a t  th e  re la tiv e  
in te n s ity  o f th e  m o lecu lar ions of th e  b ro m o -su b s titu te d  m eth an es decreases 
w ith  increasing  n u m b e r  of B r a tom s.

T he lis t (T able I I )  of th e  p ro b ab ilitie s  o f decom position  o f th e  m o lecu la r 
ions [13, 14] serves fo r a num erica l co m p ariso n  o f th e  differences u n d e r f ra g 
m e n ta tio n  cond itions.

I t  can  be seen from  T able I I  th a t ,  a t  a g iven  e lectron  energy , th e  p ro b a 
b ility  o f  decom position  o f th e  m olecular ions o f  th e  b ro m o -su b s titu te d  m e th an es  
increases rap id ly  in  th e  d irection  C H 3B r —>-CBr4. In  th e  case o f C Br4 its  v a lu e  is 
a lm ost 1  even a t  an  e lec tron  energy o f 15 eV. As w ill be seen la te r , th is  fa c t is in  
close co rre la tio n  w ith  th e  s tren g th s  o f th e  b o n d s in  th e  in d iv id u a l b ro m in a te d  
m e th an e  d e riv a tiv es .

1.2. Fragmentation processes o f C H B r3 and CBri resulting from  electron impact

T ab le  I  show s th a t ,  as a re su lt o f e lec tro n  im p a c t, b o th  C H B r3 an d  C B r4 

decom pose to  a v e ry  la rg e  n u m b er o f ions. T he u n im olecu lar decom position  
p a th s  m ay  be d e te rm in ed  as described  ea rlie r [5, 6 ].

T he p rincip le  o f  th e  p rocedure is th e  d e te rm in a tio n  o f th e  ap p ea ran ce  
p o te n tia ls  of all th e  frag m en ts , and  th e  io n iza tio n  p o ten tia ls  of th e  rad ica ls  
fo rm ed  d u rin g  th e  pyro lysis . The li te ra tu re  d a ta  on n o rm al h ea ts  o f fo rm a tio n ,

Acta Chim. (Budapest) 89, 1976
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T able I

■resolution m ass spectra o f  C H B r3 a n d  C B ri  at an  electron energy o f  70 e V

Ion

CHBr3 CBr4

Peak intensity as per cent of

total ion 
current base peak total ion 

current base peak

c + 0.32 1.17 0.71 2.92

CH+ 0.68 2.48 — —
79Br + 5.22 19.10 5.71 23.50

H 79B r+ 2.63 9.63 — —
81Br + 5.22 19.10 5.60 23.05

H81Br+ 2.59 9.49 — —

C79Br + 5.35 19.60 4.20 17.28

CH79Br + 3.11 11.40 — —

C81Br+ 5.27 19.30 4.12 16.95

CH81Br+ 3.11 11.40 — —

79Br+ 0.72 2.63 1.06 4.36
79,81Br+ 1.38 5.05 2.07 8.52

81Br+ 0.71 2.58 1.02 4.20

C79Br£ 13.38 49.10 2.87 11.81

C79-81Br+ 27.20 100.00 5.67 23.33

C81Br+ 13.20 48.40 2.76 11.36

C79Br+ — — 8.35 34.36

CH79Br+ 1.25 4.58 — —
C79,79,81Br+ — — 24.30 100.00
CH79,79,81Br+ 3.68 13.50 — —
C79,81,81Br+ — — 23.68 97.45
CH79,81,81Br+ 3.60 13.20 — -

C81Br+ — — 7.75 31.81

CH81Br+ 1.17 4.29 — —

C79Br+ — — 0.01 0.04
(̂ 79,79,79,81ßr+ — — 0.04 0.17
(̂ 79,79,81,81ßr+ — — 0.06 0.25
Q79,81,81,81JJr+ — — 0.04 0.17

C81Br+ — — 0.01 0.04

), are  u se d  to  calcu late  th e  possib le  ap p ea ran ce  p o ten tia ls . T hose  o f  th e  
processes is accep ted  as m o s t p ro b ab le , th e  ap p earan ce  p o te n tia l  o f 
;s closest to  th e  m easured  v a lu e .
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Table II

Probability o f  decomposition o f  the brom o-substiluted methanes ( W z) as a fu n c tio n  o f  the
electron energy

E lectron
energy

(eV)

w„

CH,Br CHtB2 CHBr8 C B r4

15 0.085 0.401 0.843 0.998

17 0.165 0.420 0.867 0.997

20 0.310 0.524 0.910 0.998

25 0.409 0.599 0.905 0.999

30 0.466 0.627 0.911 0.999

70 0.555 0.663 0.920 0.999

F ig. 2. V a ria tio n  o f th e  in ten sitie s o f th e  ions fo rm ed  from  C H B r3 as a fu n c tio n  o f th e
co rrected  e lec tro n  energy

Io n iz a tio n  effic iency  curves w ere reco rd ed  an d  e v a lu a ted  as p rev io u sly  
[5, 6 ]. T he io n iza tio n  efficiency curves fo r th e  ions p roduced  from  C H B r3 a n d  
CBr4 are  show s in  F igs 2 and  3, re sp ec tiv e ly . T he ap p earan ce  p o te n tia ls  w ere 
d e te rm in ed  from  th e  efficiency curves b y  th e  m e th o d  o f lin ea r  e x tra p o la tio n  
[15]. T he e lec tro n  energy  scale was c a lib ra te d  w ith  argon  (ion iza tion  p o te n tia l  
=  15.75 eV) an d  h e lium  (ionization  p o te n tia l  =  24.48 eV).
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cV

F ig . 3. V aria tio n  of th e  in te n s it ie s  of th e  ions fo rm ed  fro m  CBr4 as a fu n c tio n  of th e  co rrec ted
electron  en erg y

T he io n iza tion  effic iency  curves fo r th e  rad ica ls  fo rm ed  du ring  py ro lysis  
o f  th e  b ro m o -su b s titu te d  m ethanes a re  to  be seen in  F igs 4 an d  5. W h en  
reco rd in g  th e  effic iency  curves, th e  sp ira l w as h e a te d  to  1800— 2000 K , an d  th e  
ion  cu rren ts  w ere m easu red  as a fu n c tio n  o f th e  e lec tro n  energy  u n d e r  th e  
ap p ea ran ce  p o te n tia l.

F igure  3 rev ea ls  th re e  b reak -po in ts  in  th e  ion iza tio n  efficiency curve  o f B r. 
E x tra p o la tio n  o f th e  lin e a r  sections le ad s  to  ap p ea ran ce  p o ten tia ls  o f 14.5, 
18.9 an d  20.6 eV, as a n  ind ica tion  o f th e  fa c t th a t  B r is form ed v ia  a t  le a s t 
th re e  d ifferen t p rocesses in  th e  d ecom position  o f CBr4. T he ap p earan ce  p o te n 
tia ls  fo r th e  th re e  decom position  processes, ca lcu la ted  from  th e  hea ts  o f fo rm a 
tio n  rep o rted  in  th e  lite ra tu re , agree w ell w ith  th e  m easu red  d a ta  (T able I I I ) .

T able I I I  lis ts  th e  m easured  a p p ea ran ce  p o ten tia ls  o f th e  frag m en ts  fo rm ed  
fro m  b ro m o m eth an es  th e  ion ization  p o te n tia ls  o f th e  m olecules an d  o f th e  
rad ica ls  p roduced  in  th e  pyrolyses, a n d  th e  h ea ts  of fo rm atio n  ca lcu la ted  from  
o u r own and  l i te ra tu re  d a ta  [5,6,].

To fac ilita te  th e  su rv ey  of th e  possib le  decom position  processes o f C H B r3 

a n d  CBr4, i t  is co n v en ien t to  em ploy  th e  fra g m e n ta tio n  m echanism  m a tr ix  
described  earlie r [5, 6 ]. The s to ich iom etric  m atrices  a re  given in  T ables IV  an d  
V. T he elem ents o f  th e  m atrices are  th e  s to ich io m etric  coefficients o f all o f th e  
com ponen ts of all o f  th e  possible decom p o sitio n  reac tio n s. T he positions o f th e  
zero  elem ents a re  d en o ted  by  po in ts .
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F ig. 4. Io n iza tio n  effic iency  curve of th e  ra d ic a ls  fo rm ed in  th e  p y ro ly sis of th e  b ro m o -su b sti-  
tu te d  m eth an es (I) . Io n  cu rren t in te n s i ty  in  a rb itra ry  u n its ;  e lec tro n  energies a re  co rrec ted

v a lu es

F ig. 5. Io n iza tio n  efficiency curve o f th e  ra d ic a ls  fo rm ed fro m  th e  b ro m o -su b s titu te d
m e th a n e s  ( I I )
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Table III

A H ° , I P  a n d  A P  values o f  fra g m en ts fo rm ed  in

Radical kcal/mol

IP  (eV)

CH8Br CH2B r2 CHBr3 CBr(

C(g) 175 — — 11.1 ±  0.2 11.1 ±  0.2

CH 143 — — 11.1 ±  0.3 —

C H 2 84 — 10.8 ±  0.4 — —

CH3 38 9.6 ±  0.3 — — —

B r(g) 19 — 12.2 ±  0.3 — —

B rz(g) 3 — — 10.7 ±  0.3

H B r — 15 — 11.9 ±  0.3 11.9 ±  0.4 —

CBr 144 — 12.2 ±  0.5 — 10.6 ± 0 . 3

C H B r 96 — 11.7 ±  0.5

Ö-Hc—

—

C H 2B r 51 8.3 ±  0.1 8.7 ±  0.3 — —

C H 3B r — 8 10.5 ±  0.2 — — —

C B r2 98 — — — 10.0 ±  0.2

C H B r2 44 — 8.4 ±  0.1 — —

C H 2B r2 0 10.5 ±  0.1 — —

C B r3 44 — — — 9.1 ±  0.2

C H B r3 0 — 10.7 ±  0.3 —

C B r4 24 — 10.8 ±  0.3

B y  com parison  o f  th e  ca lcu la ted  ap p e a ra n ce  p o ten tia ls  fo r th e  in d iv id u a l 
decom position  ro u te s  w ith  th o se  found  ex p e rim en ta lly , we m a y  select th e  m o st 
p ro b a b le  decom position  processes. T he ap p ea ran ce  p o te n tia ls  m easu red  fo r 
C H B r3 and  CBr4, a n d  th e  ca lcu la ted  va lu es  app ro ach in g  m o st closely to  th e  
m e asu red  values, a re  lis te d  in  T ab le  V I. O n th e  basis o f th e  good ag reem en t o f 
th e  values, th e  m o s t p ro b ab le  decom position  rou tes m ay  be chosen u n a m 
b iguously .

T he ion -fo rm ing  frag m en ta tio n  p rocesses de te rm in ed  in  th is  w ay  are  
sh o w n  in  Tables V I I  a n d  V I I I  for C H B r3 and  CBr4, re spec tive ly .
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decomposition o f  bromomethanes

Ion J H °
AP (eV)

kcal/mo]
CHgBr CH2B r2 CHBr, CBr,

c+ 427 22.9 ±  0.5 22.7 ±  0.5 23.6 ±  0.5 23.0 ±  0.5

CH+ 398 21.7 ± 0 . 3 22.0 ±  0.5 20.5 ±  0.5 —

CH+ 340 14.7 ±  0.5 
18.2 ±  0.5 17.1 ±  0.3 — —

CH+ 255 12.8 ±  0.3 — — —

B r + 308 15.8 ±  0.5 — 15.4 ±  0.4
14.5 ±  0.5 
18.9 ±  0.5
20.6 ±  0.5

Br+ 240 — 20.7 ±  0.5 15.1 ±  0.3 17.2 ±  0.3

H B r + 266 15.9 ±  0.3 18.2 ±  0.2 14.7 ±  0.3 —

CBr+ 390 18.8 ±  0.3 19.6 ±  0.3 16.2 ±  0.4 19.3 ±  0.4

C H B r+ 364 16.3 ±  0.5 16.0 ±  0.5 17.4 ±  0.4 —

CH2B r+ 238 13.4 ±  0.3 11.1 ± 0 . 2 — —

CH3B r+ 234 10.5 ±  0.2 — — —

CBr+ 337 — 15.6 ±  0.5 13.7 ±  0.2 14.5 ±  0.3

C H B rJ 239 13.2 ±  0.5 — — —

C H 2Br+ 243 — 10.5 ±  0.1 — —

C B 4 254 — — 13.0 ±  0.3 11.4 ±  0.3

CHBr+ 251 — — 10.7 ±  0.3 —

CBr+ 268 — — — 10.8 ±  0.3

1.3. Activation energies o f  the decomposition o f molecular ions o f bromo- 
substituted methanes

In  ce rta in  cases decom position  o f th e  m o lecu la r io n  requ ires a c tiv a tio n  
(excess) energy  [15], w hich  is tra n sfe rre d  to  th e  n e u tra l  m olecules b y  th e  io n 
izing e lectrons in  th e  course o f im p ac t. In  su ch  cases th e  energy  co rrespond ing  
to  th e  ap p earan ce  p o te n tia l m u st cover n o t  on ly  th e  io n iza tio n  energy  a n d  
th e  d issociation  energy , h u t  also th e  a c tiv a tio n  energy . A fte r  th e  io n iza tio n  a n d  
decom position  processes, th is  excess en erg y  will he  p re se n t in  th e  fo rm  o f th e  
k in e tic  an d  e x c ita tio n  energies of th e  pa rtic le s  fo rm ed .
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T able IV

T he a c tiv a tio n  energies o f decom p o sitio n  o f m olecular ions m a y  be ca l
c u la te d  from  th e  ion iza tio n  p o te n tia l a n d  ap p earan ce  p o te n tia l  d a ta  [6 ]. The 
a c tiv a tio n  energies of th e  decom positions o f  th e  m olecular ions of brom o- 
s u b s ti tu te d  m eth an es invo lv ing  fo rm a tio n  o f H B r and  B r, c a lc u la ted  from  
e a r lie r  an d  p re sen t ex p erim en ta l d a ta , a re  g iven  in  T able  IX .z lH  in  th e  T ab le  IX  
is th e  to ta l  energy  necessary  fo r th e  decom position , A H r is th e  reac tio n  h e a t, 
a n d  AH* is th e  ac tiv a tio n  energy .

T ab le  IX  show s th a t ,  in  acco rd an ce  w ith  ex p ec ta tio n s [15], th e  m olecular 
ions decom pose in  endo therm ic  processes, a n d  th e  en d o th e rm ic itie s  of decom 
p o s itio n  processes invo lv ing  fo rm a tio n  o f H B r are  h igher th a n  th o se  of p roces
ses lead ing  to  B r. (In  a s tu d y  o f  th e  a b so lu te  values, a t te n tio n  m u s t be p a id
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The positions o f  the zero elements are denoted by p o in ts

Br,+ HBr+ CBr+ CHBr+ CBr,+ rCHBiy* CBr3+

1 1 l 1 1 1

1 1 l 1

1 2 2 1 2 1 l 1

l 2 1 1

1 1 1

1

1

1

- 1 — 1 - 1 - 1 - 1 - 1 - 1 — 1 - 1 - 1 - 1  - 1 - 1  - 1

.

-  1 - 1

1 •
. .

.

1 1 1 1
•

l 1 1

1 1 1

1 1

1 1

l

1

2 1 .3 1 6 .4  14.8 19.2 1 8 .8 2 0 .3 14.9 2 3 .2 19 .1 1 6 .8 1 5 .8  17.2 1 7 .1  1 3 .4 11.0 13.1

to  th e  accuracy  of th e  ex p e rim en ta l ap p ea ran ce  an d  io n iza tio n  p o ten tia l d a ta  
used  in  th e  ca lcu la tions, w hich is on  av erag e  d; 0-2 eV). T ab le  IX  fu r th e r  p e r
m its  th e  conclusion t h a t  th e  a c tiv a tio n  en erg y  o f decom position  o f a brom o- 
s u b s titu te d  m ethane m olecular io n  is v e ry  close to  zero ( th e  difference fro m  
zero  lies w ith in  th e  o rd e r of th e  e x p e rim e n ta l e rro r), an d  th u s  neglect o f th e  
k in e tic  an d  ex c ita tio n  energies cou ld  n o t  h av e  involved  a la rg e  erro r.
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Table У

Stoichiometric m atrix  o f  electron-impact fragm enta tion  o f  C B rA. T he p ositions o f th e  zero e lem en ts are  d eno ted  b y  p o in ts

c+ Br+ Br,+ CBr+ CBr + CBr8+

c l 1 . 1 1
B r 2 4 3 1 2 1 2 1 3 1 2 . l
B r2 2 1 1 1 . 1 1 1
CBr 1 1 1
CBr2 1 1
CBr3 1
CBr4 — 1 - 1 — 1 - 1 — 1 - 1  -- 1 — 1 - 1 - 1 — 1 - - 1 — 1 — l  - - 1 — 1 - 1 — l
c+ 1 1 1
B r+ 1 1 1 1 1 1
B r ’ 1 1 1 1
CBr + l 1
CBr+ . 1 1
CBr+ . l

APtheor- (e^ ) 17.1 19.1 22.1 22.2 20.7 18.5 15.0 17.2 14.1 19.2 17.2 17.1 14.1 19.8 16.5 14.9 14.1 11.4
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Table VI

M easured appearance potentials fo r  C H B r3 a n d  C B rt , and calculated values most closely
approaching the m easured values

CH Br3 C B r4

Ion Measured calcd. Measured calcd.

(eV) (eV)

c + 23.6 23.2 23.0 2 2 .1

CH + 20.5 19.6 — —

18.9 18.5
B r + 15.4 15.3 14.5 14.1

20.6 20.7
H B r + 14.7 14.9 — —

CBr + 16.2 16.8 19.3 19.8
CHBr + 17.4 17.2 — —

17.1
Br+ 15.1 14.8 17.2

17.2

14.1
CBr+ 13.7 13.4 14.5

14.9

CHBr+ 11.1 11.0 — —

CBr+ 13.0 13.1 11.4 11.4

Table VII

Probable ion fo rm a tio n  processes fo r  C H B r3 in  the case o f  electron-impact ionization

Ion Decomposition reaction

c + C H B r3 ->- C+ +  H  +  3 B r

CH + C H B r3 C H + +  3 B r

B r + C H B r3 -t- B r+  +  C H B r2

H B r + C H B r3 ->- H B r+  +  CBr2

CBr + C H B r3 -► C B r+  +  H B r +  B r

CH Br+ C H B r3 C H B r+  +  2 Br

B r2 + C H B r3 -► B r2+ +  CHBr

C B r2 + C H B r3 — C B r2+ +  H B r

C H B r2 + C H B r3 — C H B r2+ +  B r

CBr3 + C H B r3 ->- C B r3+ +  H
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Table VIII

Probable ion form ation  processes in  unimolecular decom position o f  C B rt in  the case o f  electron-
impact ionization

Ion Decomposition reaction

c+ CBr4 -v  C + + 4 B r

B r  +
fB r + -f- C B r -p B r2 

CBr4-*- |В г + -j- C B r3
[2 B r+  - f  B r2 - f  C

C B r + CBr4 — C B r+  +  3 B r

B r2 + CB fB r2+ + CBr 4 B r 
|В г 2+ +  В г2 +  С

C B r2 + CBr i^®r2 + v  2 B r 
C b r4^  fC B r2 + + B r2

C B r3 + CBr4->- C B r3+ + B r

Table IX

A ctiva tion  energies o f  decom position o f  molecular ions o f  brom o-substituted methanes ( kcal/m ol)

Process AH -ffl* AHX

CH3B r + — B r  +  CH3 + 53 54 — 1

CH2B r2+->- B r +  CH2B r + 14 24 — 10

C H B r3+ —  B r +  CH2B r2 + 7 19 —  12

CBr4+ — B r +  C B r3 + 18 34 - 1 6

CH3B r + ->- H B r +  CH2 + 99 91 8

CH2B r2+ —  H B r +  CHBr + 126 115 11

C H B r3+ —  H B r +  CBr2 + 85 67 18

2. Study o f the heterogeneous pyrolysis o f CHBr3 and CBr4

2.1. Temperature dependence o f the pyrolysis o f СНВг.л on a tungsten spiral

In  th e  s tu d y  o f  th e  tem p era tu re  d ep en d en ce  o f th e  pyrolysis, th e  te m p e r
a tu re  o f th e  sp ira l o f  th e  reac to r was v a rie d  w hile th e  elec tron  energy w as m a in 
ta in e d  co n stan t.

Choice of th e  m a g n itu d e  of th e  ion iz ing  e lec tro n  energy was gu ided  b y  th e  
follow ing p rin c ip les: (1) T he pyrolysis m ay  be in v es tig a ted  w ith  th e  a p p lica tio n  
o f h igh  e lectron  en e rg y . In  th is  m e th o d  f ra g m e n ta tio n  arises jo in tly  on  th e
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su rface  o f th e  incandescing  sp ira l a n d  as a re su lt o f th e  ionizing e lec trons. In  
th is  case th e  ch an g e  occurring in  th e  re la tiv e  in te n s ity  is p rim arily  a consequence  
o f  th e  pyro lysis . (2) The o th e r p o ss ib ility  is to  w ork  w ith  a low  ion izing  e lec tro n  
en e rg y  (below  th e  appearance  p o te n tia l) , w hen th e re  is l i ttle  d is tu rb an ce  from  
elec tro n  fra g m e n ta tio n . A t low  e lec tro n  energies, how ever, th e  io n iza tio n  
cross-section  decreases s tro n g ly , a n d  v e ry  sm all ion  cu rren ts  m u st be m easu red  
(p a r tic u la rly  in  th e  case of rad ica ls)  [16].

In  ou r earlie r m easu rem en ts [5, 6 ], th e  te m p e ra tu re  dependence o f  th e  
py ro lysis  w as s tu d ie d  a t an  e le c tro n  energy  of 70 eV. H ow ever, as can  be seen 
from  Tables I  a n d  I I ,  a t  h igher e lec tro n  energies th e  in ten s itie s  o f th e  m o lecu la r 
ions o f  C H B r3 a n d  CBr4 are v e ry  low , an d  th u s  th e  decom position  of th e se  
com pounds re su ltin g  from  p y ro ly sis  c an n o t he s tu d ie d  a t  h igh  elec tron  energy , 
since th e  e lec tro n  frag m en ta tio n  o v erlap s th e  effect o f pyro lysis. A ccord ingly , 
in  th e  p resen t py ro lysis  ex p erim en ts  th e  sp ec tra  w ere reco rd ed  a t  15 eV.

I n  p y ro lysis , th e  m ass sp e c tru m  also changes slig h tly  in  its  te m p e ra tu re  
dependence b ecau se  of some o th e r  effects. One o f th e  causes is chem ical in  
n a tu re ;  th is  is m an ifested  in  th e  fa c t  t h a t  th e  surface com position  o f th e  sp ira l 
changes in  th e  course of p y ro lysis , as a re su lt o f tu n g s te n  carb ide  fo rm a tio n . 
T h is effect m ay  b e  reduced b y  c o n d itio n in g  th e  sp ira l [3, 17, 18]. In  ad d itio n , 
also physica l in te ra c tio n s  affect th e  in te n s i ty  of th e  m olecu lar beam , an d  hence 
th e  h e ig h ts  o f th e  spectral p eak s  [19]. E xam ples o f such  in te rac tio n s  a re  th e  
te m p e ra tu re -d e p e n d e n t diffuse v a p o riz a tio n  an d  m irro r  re flec tio n  o f th e  gas 
m olecules from  th e  in candescen t su rface  [2 0 , 2 1 ], an d  th e  change in  in te rn a l 
energy  o f th e  gas. T hese effects a re  au g m en ted  b y  th e  fa c t th a t  th e  gas p ressu re  
in  th e  re a c to r  increases during  p y ro ly s is  as a re su lt o f a rise in  th e  n u m b e r 
of m olecules. F u r th e r ,  a t  high te m p e ra tu re s  th e  m olecu lar b eam  passes th ro u g h  
th e  ion iza tio n  ch am b er m ore ra p id ly , a n d  th u s  th e  p ro b a b ility  of io n iza tio n  
falls. T h is la t te r  e ffec t is no t to o  la rg e , since th e  te m p e ra tu re  of th e  io n iza tio n  
ch am b er is n o t in flu en ced  to  a g re a t e x te n t  b y  th e  te m p e ra tu re  of th e  re a c to r , 
w hile a t  a c o n s ta n t m olecular f lu x  th e  p eak  h e ig h t is m ere ly  a sq u are  ro o t 
fu n c tio n  of th e  tra n s la tio n a l te m p e ra tu re  of th e  m olecules [2 2 ]. As a conse
quence  o f all th e se  effects, th e  h e ig h ts  o f  th e  in d iv id u a l peak s of th e  sp ec tru m  
v a ry  in  a lm ost th e  sam e p ro p o rtio n s , a n d  th u s , i f  th e  re la tiv e  in ten sitie s  are  
exp ressed  as a p e rcen tag e  of th e  to ta l  io n  cu rren t m easu red  a t  th e  in d iv id u a l 
te m p e ra tu re s , even  in  sp ite  of th e  ab o v e  ph y sica l in te ra c tio n s  a rea listic  p ic tu re  
m a y  he  o b ta in ed  o f th e  te m p e ra tu re  d ependence  o f th e  m ass sp ec tru m  a n d  th e  
pyro lysis.

F ig u re  6  show s th e  te m p e ra tu re  dependence  o f th e  q u a n titie s  of tho se  ions 
ap p ea rin g  w ith  h ig h e r re la tive  in te n s itie s  in  th e  m ass sp ec tru m  of C H B r3, 
w hile F ig . 7 gives th e  co rrespond ing  dependence fo r ions d e tec ted  in  low er 
re la tiv e  in ten sitie s . T he te m p e ra tu re  dependence  of th e  ion  in te n s ity , or o f th e  
pyro lysis , is even m ore  strik ing  in  a p lo t o f  A I/A T  vs. T  (F igs 8  an d  9).
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T, К
F ig . 6. T em p era tu re  d ep en d en ce  of th e  ion  c u rre n t  o f rad icals fo rm ed in  th e  pyro lysis of

C H B r3. E le c tro n  en erg y  15 eV

1000 1200 WOO 1600 1800 2000 2200
T, к

F ig . 7. T em p era tu re  depen d en ce  of th e  ion  c u rre n t  o f decom position  p ro d u c ts  fo rm ed in 
lower re la tiv e  in te n sitie s  in th e  p y ro ly sis  o f C H B r3. E lec tro n  en ergy  15 eV

T. К T,  к

F ig . 8. T em p era tu re  dependence of th e  
q u o tie n t of d ifferences o f  th e  ion c u rre n t 
o f  th e  p ro d u c ts  fo rm ed  in  th e  py ro lysis o f 

C H B r3

F ig . 9. T em p era tu re  dependence  of th e  
q u o tie n t o f  d ifferences o f th e  ion  c u rre n t 
o f th e  decom position  p ro d u c ts  fo rm ed  in  

th e  p y ro ly sis  o f C H B r3
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T he F ig u res  rev ea l th a t ,  w ith  th is  re a c to r  ty p e , th e  pyrolysis o f  C H B r3 

begins to  a d e te c ta b le  e x te n t a t  a b o u t 800 K , w hile  F igs 8  and  9 show  t h a t  th e  
degree of py ro ly sis  varies m ost in ten s iv e ly  in  th e  te m p e ra tu re  in te rv a l 1600— 
1800 K . T he m ain  decom position  p ro d u c ts  of C H B r3 a re  B r, CBr2 an d  p ro b a b ly  
H , th o u g h  th e  la t te r  could n o t be d e tec ted  w ith  o u r a p p a ra tu s . T he a m o u n t o f  
H B r fo rm ed  w as m uch  less th a n  in  th e  py ro lysis  o f  C H 3B r and  CH 2B r2 [5, 6 ]. 
As a consequence o f  fu th e r  decom position , th e  re la tiv e  am o u n t of som e o f th e  
rad ica ls  occu rring  w ith  low er in ten sities  (H B r, C H B r an d  CBr) increase , w hile 
th a t  o f C H B r2 decreases as th e  te m p e ra tu re  rises. T h e  am o u n t of C d e te c te d  in  
v e ry  low  in te n s itie s  in  th e  pyro lysis is a lm o st c o n s ta n t, since th e  rise  o f  te m 
p e ra tu re  leads to  an  increase in  th e  r a te  o f tu n g s te n  carb ide  fo rm ation  s im ila r 
to  th a t  in  th e  dep o sitio n  of C.

2.2. Temperature dependence o f the pyro lysis o f  CBri

F igures 10 an d  11 p resen t th e  te m p e ra tu re  dependence  of th e  sp e c tra l 
peaks d e tec ted  in  h igher, an d  in  low er re la tiv e  in te n s itie s , re spec tive ly , on 
pyro lysis . F ig u res  12 an d  13 show th e  e x te n ts  o f th e  te m p e ra tu re  d e p e n d e n t 
changes as a fu n c tio n  o f te m p e ra tu re .

I t  can  be seen from  Figs 10— 13 th a t  th e  te m p e ra tu re  dependence o f th e  
pyro lysis o f CBr4 is s im ilar to  th a t  observed  fo r C H B r3. T he m ain p ro d u c ts  o f  
pyro lysis a re  th e  B r, C B r3, an d  CBr2 rad ica ls . Ions in d ic a tiv e  of th e  fo rm a tio n  
o f CBr an d  B r2 w ere d e tec ted  in  m uch low er re la tiv e  in ten sitie s . The cu rv e  fo r 
B r2 has a m ax im u m  a t  ab o u t 1500 K , for a t  te m p e ra tu re s  h igher th a n  th is  B r 2 

begins to  d issociate  to  atom s.

2.3. Activation energies o f the heterogeneous pyrolysis o f bromo-substituted
methanes

W e h av e  seen th a t  th e  frag m en ta tio n  resu ltin g  from  th e  ionizing e lec trons 
can  be e lim in a ted  i f  th e  ionizing elec tron  energy  is low er th a n  th e  a p p ea ran ce  
p o te n tia l o f th e  decom position  p ro d u c ts  u n d e r s tu d y , b u t  h igher th a n  th e  io n i
za tio n  p o te n tia l o f th e  rad ica l. T hus, th e  values o f th e  io n  c u rre n t are n a tu ra lly  
v e ry  sm all, an d  th e  accom pany ing  exp erim en ta l d ifficu lties reduce th e  accu racy  
o f th e  m easu rem en ts . I f  th e  pyrolysis u n av o id ab ly  ta k in g  p lace on th e  ca th o d e  
is ta k e n  in to  acco u n t, to g e th e r  w ith  th e  sm all e x te n t o f  e lec tron  frag m en ta tio n  
occurring  because o f  th e  inhom ogeneity  o f th e  e lec tron  energy  [15], i.e. th e  io n  
c u rre n t observed  a t  th e  cold reac to r  sp ira l is s u b tra c te d  from  th e  m easu red  
ion  cu rren ts , th e n  we o b ta in  th e  ion c u rre n t o rig in a tin g  on ly  from  th e  io n i
za tio n  of th e  rad ica ls  fo rm ed  during  pyro lysis. H ence , F ig . 14 shows th e  te m 
p e ra tu re  dependence  o f th e  p er cen t increase in  th e  io n  c u rre n t due to  th e  reac-
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t io n s  o f  th e  B r a to m s fo rm ed  in  th e  py ro ly sis  o f  C H B r3 and CBr4, w hile F ig . 15 
show s th e  co rrespond ing  dependence  in  th e  case o f  H B r form ed in  th e  pyro lysis  
o f  C H B r3. T he am o u n ts  o f B r an d  H B r fo rm ed  on  pyrolysis increase ra p id ly  w ith  
th e  rise  o f  te m p e ra tu re .

T. к

F ig . 10. T em p era tu re  dependence  of th e  io n  c u r re n t  o f  rad icals fo rm ed in  th e  py ro lysis of
CBr4. E lec tro n  e n erg y  15 eV

T, К

F ig . 11. T em p era tu re  dependence of th e  io n  c u r re n t  o f decom position  p ro d u c ts  fo rm ed  in 
low er re la tiv e  am o u n ts  in  th e  p y ro ly sis  o f  CBr4. E lectron  en erg y  15 eV

I f  th e  ion  c u rre n t o f th e  rad ica ls  fo rm ed  in  th e  pyro lysis  a re  expressed  
in  a rb itr a ry  u n its , lo g a rith m s are  ta k e n , a n d  these  are p lo tte d  as a fu n c tio n  of 
1 /T , th e  ac tiv a tio n  energy  of th e  deco m p o sitio n  process re su ltin g  in  th e  p ro d u c t 
in  q u estio n  m ay  he  ca lcu la ted  from  th e  lin ea r  A rrhenius p lo t o b ta in ed . In  
co m b in a tio n  w ith  th e  re su lts  o f ea rlie r m easu rem en ts [5, 6 ], F ig . 16 gives th e  
A rrh en iu s  p lo ts  fo r th e  decom position  reac tio n s of th e  b ro m o -su b s titu te d  
m e th a n e s  lead ing  to  fo rm atio n  o f B r, a n d  F ig . 17 those o f  th e  heterogeneous 
decom position  processes accom pan ied  b y  fo rm atio n  of H B r.
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F ig . 12. T em p era tu re  dependence o f th e  q u o tie n t o f differences o f th e  ion  c u rre n t o f  th e  
p ro d u c ts  fo rm ed  in  th e  pyro lysis o f CBr4

F ig . 13. T em p era tu re  dependence of th e  q u o tie n t o f differences o f th e  ion c u rre n t o f th e  
p ro d u c ts  fo rm ed  in  th e  pyro lysis o f CBr4

T he ac tiv a tio n  energies ca lcu la ted  fo r th e  heterogeneous pyro lysis from  
th e  s tra ig h t lines are  lis ted  in  T ab le  X . T he cause o f th e  lim ited  accu racy  o f th e  
m easu rem en ts  is t h a t  th e  surface s ta te  o f th e  tu n g s te n  sp ira l has a decisive 
effect on these  p y ro ly tic  processes. As h as  a lread y  been p o in te d  o u t, th e  su rface  
com position  changes during  pyro lysis. In  o rd er to  red u ce  th is  effect to  a m in i
m um , th e  pyro lysis  of th e  b ro m o -su b s titu te d  m eth an es w ere m easu red  one 
a f te r  a n o th e r on th e  sam e, w ell-cond itioned  sp ira l (covered  w ith  tu n g s te n  
carb ide).

Acta Chim. ( Budapest) 89, 1976



2 4 0 K A P O S I e t  a l.: M A S S -S P E C T R O M E T R IC  D E T E R M IN A T IO N

F ig . 14. T em p era tu re  d ep en d en ce  of th e  
p e rc e n t increase  o f th e  io n  c u r re n t  o rig in a t
in g  fro m  ion iza tion  o f th e  B r  a to m s form ed 
in  th e  p y ro ly sis of, C H B r3 a n d  CBr4 . E lec

tro n  energy  13 eV

F ig . 15. T em p era tu re  dependence  of th e  
p e r c en t increase  o f th e  io n  c u rre n t o rig in a t
ing  fro m  io n iz a tio n  o f  th e  H B r form ed in  

th e  p y ro ly sis o f C H B r3

F ig . 16. A rrhen ius p lo ts  o f th e  ion  c u rre n t 
o f  th e  B r  form ed fro m  th e  decom position  

o f b ro m o -su b s titu te d  m ethanes

Fig. 17. A rrh en iu s p lo ts  o f th e  ion  c u rre n t 
o f  th e  H B r fo rm ed  fro m  th e  decom position  

of b ro m o -su b s titu te d  m ethanes

T able X  show s th a t  th e  a c tiv a tio n  energies of th e  heterogeneous de
com positions o f  b ro m o -su b s titu te d  m e th an es  lead ing  to  fo rm a tio n  of B r an d  
H B r  are th e  sm alle r, th e  m ore H  a to m s in  th e  m olecule are  rep laced  b y  B r. 
T h e re  is a sy s te m a tic  decrease in  th e  a c tiv a tio n  energy  values in  th e  d irec tion
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Table X

A ctiva tion  energies o f  pyro lytic  decompositions o f  brom o-substituted methanes on a tungsten  
surface, w ith the fo rm a tio n  o f  B r and H B r  (kcal/m ol)

D ecomposition process AKi

C H 3B r B r +  C H 3 15.0 ±  3.0

C H 2B r2 — B r +  C H 2B r 13.0 ±  3.0

C H B r3 — B r +  C H B r2 10.5 ±  2.5
C B r4 —>- B r +  CBr3 CO О H- to о

C H 3B r -и- H B r +  C H 2 8.6 ±  2.0

C H 2B r2 -> H B r +  C H B r 7.4 ±  1.5

C H B r3 — H B r +  C B r2 6.3 ±  1.5

C H 3B r----------- >CBr4. I t  can  also be  seen th a t  decom position  processes accom 
p an ied  b y  H B r fo rm a tio n  require  less excess energy  th a n  th e  decom positions of 
th e  sam e m olecules to  Br.

I f  th e  above a c tiv a tio n  energies are  com pared  w ith  those to  be fo u n d  in  
th e  li te ra tu re  [23, 24] fo r hom ogeneous p y ro ly tic  decom positions, i t  is observed  
th a t  a lth o u g h  th e se  values v a ry  acco rd in g  to  s im ila r regu la rities, th e ir  n u 
m erical values are su b s ta n tia lly  h ig h e r (ab o u t 5 tim es), a n d  i t  follows fro m  th is  
th a t  on tu n g s te n  th e  b ro m o -su b s titu te d  m eth an es un d erg o  pyrolysis in  c a ta 
ly tic  processes in v o lv in g  rad ical m echan ism s.

A re g u la rity  s im ila r to  th a t  fo r th e  ac tiv a tio n  energies also em erges fro m  a 
com parison  of th e  th e rm o d y n am ic  d a ta  re la tin g  to  th e  b ro m o -su b s titu te d  m e th 
anes. I f  th e  free energ ies of fo rm a tio n  o f th e  b ro m o -su b s titu te d  m eth an es are  
ex am in ed  [25] (T able  X I) , i t  is o b serv ed  th a t  these  com pounds are n o t to o  s ta 
ble th e rm o d y n am ica lly ; th e ir  s tab ilitie s  decrease w ith  increasing  n u m b er o f B r 
a to m s ( th e  free en erg y  o f  fo rm ation  is s lig h tly  n eg a tiv e  fo r C H 3B r an d  C H 2B r2, 
an d  positive  for C H B r3 an d  CBr4). A t room  te m p e ra tu re , how ever, th e y  are

T ab le  X I

Free energies o f  form ation  o f  brom o-substituted methanes (kcal/m ol)

Compound AF°

C H 3B r (g) — 6.2

C H 2B r2 (g) — 1.4

C H B r3 (g) 3.8

C B r4 (g) 8.6
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n e v e rth e le ss  stab le , for th e ir  decom position  req u ires  ac tiv a tio n  energy . T he 
a c tiv a tio n  energy  requ ired  fo r decom position  is th e  sm aller, th e  th e rm o d y n a m 
ica lly  m o re  labile th e  m olecule.

F ro m  all th is, th e  p ra c tic a l conclusion can  be  d raw n th a t  i f  i t  is w ished to  
p ro d u c e  ha logen  for halogen  lam p s b y  e ith e r  hom ogeneous or he terogeneous de
co m p o sitio n  of b ro m o -su b s titu te d  m eth an es, i t  is energetically  m ore  fav o u rab le  
to  e m p lo y  those  con ta in ing  m ore  B r a to m s (C H B r3 or CBr4). B ecause  o f th e  
h ig h  o p e ra tin g  te m p e ra tu re  (ca. 2800 K) how ever, in  th e  case o f in can d escen t 
la m p s , th e  energetic q u estions a re  overshadow ed  b y  techno log ica l fac to rs. I t  
is m u c h  m ore  convenien t to  use C H 3B r, an d  even  m ore so C H 2B r2, to  fill th e  
la m p s , th e  v ap o u r pressure  o f th e  la t te r  a t  ro o m  te m p e ra tu re  b e ing  th e  desired  
few  T o rr .

3. D eterm ination of bond dissociation energies o f brom o-substituted methanes

I n  o u r earlier [5, 6 ] a n d  p re se n t ex p erim en ts , th e  energies n ecessary  to  
sp lit  th e  C -B r and  C -H  b o n d s o f  th e  b ro m o -su b s titu te d  m e th an es  w ere ca lcu 
la te d  fro m  th e  ion iza tion  p o te n tia ls  o f th e  rad ica ls  form ed on  pyro lysis, an d  
fro m  th e  appearance  p o te n tia ls  m easu red  in  th e  frag m en ta tio n  resu ltin g  from  
e le c tro n  im p ac t [15]. T ab le  X I I  con ta in s th e  m easu red  ap p ea ran ce  an d  inoni-

ТаЫс XII

M ea su red  appearance and ion iza tion  potentials o f  bromo-substituted methanes, the heats o f  radical 
fo rm a tio n  (A H °) and bond dissociation energies (D meascj.) calculated fro m  these, and  the literature

bond dissociation energies (D ^ .)

Bond
(kcal/mol)

AP
(eV)

IP
(eV)

t^measd.
(kcal/mol)

Dm.
(kcal/mol)

Radical
stabilization

(kcal/mol)

C H 3— B r 38 12.8 9.6 7 4 ± 5 66.5

C H 2B r— B r 51 11.1 8.3 6 5 ± 4 62.5

C H B r2— B r 44 11.1 8.4 6 2 + 4 55.5

C B r3— B r 44 11.4 9.1 5 3 + 3 49.0

C H 2B r— H 51 13.4 8.3 1 1 8 ± 6 106.8 — 15

C H B r2— H 44 13.2 8.4 1 1 1 + 6 101.1 — 8

C B r3— H 44 13.0 9.1 9 0 + 5 91.1 +  19

z a tio n  po ten tia ls , th e  ca lc u la ted  hea ts  o f ra d ic a l fo rm ation  an d  b o n d  dissociation  
en erg ies . The bond  d issocia tion  energies w ere ca lcu la ted  b y  th e  follow ing 
re la tio n sh ip

A P (R + ) =  IP (R ) +  D (R — X)
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w here A P is th e  ap p ea ran ce  p o te n tia l, I P  is th e  io n iza tio n  p o ten tia l, an d  D  is th e  
b o n d  d issociation  energy  (where X  =  B r o r H ).

The T ab le  also  gives th e  e x p e rim e n ta l d a ta  of S e h o n  an d  S z w a r c  

[23, 26], w ho s tu d ie d  th e  hom ogeneous py ro lysis  o f b ro m o -su b s titu te d  m e th 
anes b y  a to lu en e  rad ica l-trap p in g  te c h n iq u e , an d  from  th e  resu lts  c a lcu la ted  
th e  C—B r b o n d  energ ies. We ca lcu la ted  th e  l i te ra tu re  C — H  bond  energies from  
d a ta  on th e  h e a ts  o f  fo rm ation  [15], u sin g  th e  re la tio n sh ip

D (R -H )  =  Z)H,(R-) +  A H f(H ) —  ZlHf(R -H r)

w here A Hf is th e  a p p ro p ria te  h e a t o f  fo rm a tio n .
I t  can  be seen  from  the  T ab le  th a t ,  even  th o u g h  th e  ag reem en t b e tw een  

th e  m easured  a n d  th e  lite ra tu re  d a ta  is n o t  to o  good in  ce rta in  cases (ow ing to  
th e  lim ited  a c c u ra cy  o f th e  ap p earan ce  a n d  io n iza tio n  po ten tia ls), nev erth e less  
i t  can  he e s ta b lish e d  qu ite  clearly  in  b o th  cases t h a t  th e  s tren g th s  o f b o th  
th e  C -B r an d  th e  С—H  bonds decrease w ith  increasin g  n u m b e r of B r a to m s in  
th e  m olecule. T h is ten d e n c y  m ay  also  be o bserved  from  a com parison  o f  th e  
m ass sp ec tra  of C H 3B r an d  CH2B r2 [ 5 ,6 ] a n d  th o se  o f C H B r3 and  CBr4 re p o r te d  
here  (Table I). T h e  sp ec tra  reveal t h a t  a t  a g iven e lec tron  energy  th e  re la tiv e
in te n s ity  of th e  m o lecu la r ion decreases in  th e  d irec tion  C H 3B r------->-CII2B r2-->-
---- iC H B r3------->-CBr4. T his is u n d e rs ta n d a b le  if  i t  is considered th a t  th e  H
ato m s are  p ro g ressiv e ly  replaced b y  m u ch  la rg e r B r a to m s [27]. This h as  th e  
re su lt, th a t  w ith  in c rea s in g  num ber o f  B r a to m s, th e  repu lsion  betw een  th e  B r 
a to m s also in creases , an d  thu s th e  C—B r a n d  C—H  bo n d  s tren g th s  decrease.

D ecreases in  th e  sam e d irection  a re  also ex h ib ited  b y  th e  th e rm o d y n am ic  
s tab ilitie s  of th e  b ro m o -su b s titu te d  m e th a n e s  (T able X I) , an d  b y  th e  a c t iv a 
tio n  energies o f th e  p y ro ly tic  decom positions d irec tly  connected  w ith  th e  b o n d  
s tren g lits  (Table X ).

Besides th e  rep u ls io n  betw een th e  B r a to m s, th e  effect o f th e  resonance  
s tab iliza tio n  of th e  rad ica ls  form ed on  th e  d issocia tion  energy  o f th e  C—B r 
b o n d  m u st also be ta k e n  in to  account [23]. T h is m eans th a t  th e  p e lectron  of th e  
C a to m  of th e  free  ra d ic a l form ed fro m  th e  b ro m o -su b s titu ted  m e th an e  is 
un co m p en sa ted , a n d  a n  in te rac tio n  a rises w ith  th e  p  e lectrons o f th e  B r a to m s, 
th e re b y  resu ltin g  in  s tab iliza tion  o f  th e  ra d ic a l. T he s tab iliza tio n  increases 
w ith  th e  n u m b er o f  B r  atom s, and  is g re a te s t  in  th e  case o f th e  CBr3 rad ica l. 
S tab iliza tio n  of th e  ra d ic a l is also cau sed  b y  th e  decrease o f th e  repulsion  energy  
d u rin g  fo rm atio n  o f  th e  radical. This occurs w hen  th e  g roup  (CBr3) fo rm ed  from  
th e  o rig inally  c lose-packed , te tra h e d ra l m olecule is co n v erted  to  a p la n a r  
s tru c tu re  during  th e  fo rm a tio n  of th e  C B r3 rad ica l.

T he m easure o f  com plete s ta b iliz a tio n  o f th e  rad ica ls  is defined  n u m e ri
ca lly  b y  th e  d ifference D (C H 3-H ) —  D (R -H )  [28, 29], w here R  is th e  rad ica l 
fo rm ed  from  th e  b ro m o -su b s titu te d  m e th a n e . T he la rg e r th is  difference, th e
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h ig h e r th e  s ta b ility  o f th e  ra d ic a l form ed. T h e  v a lu e  of D (C H 3—H ) is 103kcal/m ol 
[26]. H en ce :

D (C H 3-H )  —  D (C H 2B r-H )  =  —  15 kcal/m ol
D (C H 3-H )  —  D (C H B r2-H )  =  —  8  kcal/m ol
D (C H 3-H )  —  D (C B r3-H )  =  +  13 kcal/m ol
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A study was made of mixtures of n-butylamine and n-propylamine with alcohols 
and with water, with regard to the correlation of the electric conductance and the con
centration. I t  was found tha t the variation of the specific molar conductance as a func
tion of the concentration can be interpreted by a simple association model. In this model, 
ion formation is conceived as the dissociation of complexes of the type A nB , containing 
a single amine molecule and several solvent molecules. The experimental data permit 
conclusions as to the average degree of association. The values of this for both alcohols 
and water fit well into the series obtained for the degree of association by other methods.

We have  b een  stu d y in g  th e  associa tion  co n d itions o f alcohol—am ine 
m ix tu res in  th e  liq u id  phase for an  appreciab le  tim e . T hese investig a tio n s h av e  
rev ea led  th a t  n u m ero u s physico-chem ical ch a rac te ris tic s  o f  th e  m ix tu res an d  of 
th e  pure com ponen ts are  so closely co rre la ted  w ith  th e  associa tion  phenom ena 
th a t  th e ir  s tu d y  can  be u tilized  to  refine an d  su p p lem en t th e  physical p ic tu re  
of association. W e are a tte m p tin g  to  o b ta in  in fo rm a tio n  on th e  association  
conditions w ith  as m a n y  m ethods of ex am in a tio n  as possib le , for these in d e 
p en d en t m ethods p e rm it us to  check th e  assum ptions m ad e  during  th e  in te r 
p re ta tio n  of th e  ex p e rim en ta l resu lts . In  o u r ea rlie r p u b lica tio n s  on th is  to p ic  
we have d ea lt w ith  th e  s tu d y  of th e  v a p o u r—liqu id  eq u ilib riu m  of a lco h o l- 
am ine  m ix tu res, th e ir  h ea ts  of m ixing, d ie lec tric  p ro p ertie s , viscosities, an d  th e  
ac tiv a tio n  energy  o f  viscous flow , and  w ith  th e  in te rp re ta tio n  of th e  re su lts  
[1 — 6 ]. F inally , in  th e  m ost recen t p u b lica tio n  in  th is  series [7], a s tu d y  was 
m ade of th e  specific e lec tric  conductance  an d  its  dependence  on th e  co n cen t
ra tio n  and  te m p e ra tu re , in  m ix tu res of n -b u ty lam in e  w ith  m eth an o l, e th an o l, 
1 -propanol and  1 -b u tan o l. The q u a lita tiv e  e v a lu a tio n  o f th e  re su lts  has show n 
th a t  in  th a t  co n c e n tra tio n  range w here we can  sp eak  o f am ine  dis- solved in  
alcohol, i.e. w hen  th e  m ix tu re  con ta ins m uch  alcohol co m p ared  to  th e  am ine, 
th e  association  an d  e lec tro ly tic  d issociation  can  p rob  ab ly  be  described  b y  th e  
follow ing equ ilib ria :

(R O H )„ +  R 'N H 2 ^  (R O H )n_ 1R O H 3N R ' ^  R 'N H 3+ +  ( R O H ^ R C r

I t  w as assum ed th a t  p rim arily  th e  m ixed  associa ted  species (consisting of 
b o th  alcohol and  am ine  m olecules) con ta in in g  th e  m ore alcohol m olecules are
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cap a b le  o f e lectro ly tic  d issociation . In  th e  p re se n t p ap er an  a cco u n t is g iven o f 
fu r th e r  experim en ta l re su lts , an d  an  a t te m p t  is m ade to  d raw  q u a n tita tiv e  
conclusions from  th e  electric  co n d u c tan ce  d a ta  as to  th e  av erag e  com position  
o f th e  associations (or io n  pairs) capab le  o f  e lectro ly tic  d issociation .

E x p erim en ta l

T he availab le ex p e rim en ta l re su lts  w ere su pp lem en ted  w ith  new  m easu re 
m e n ts , m ade as described  p rev iously  [7]. A  s tu d y  was m ad e  o f th e  elec tric  
co n d u c tan ce  in  n -p ro p y lam in e -m e th an o l, n -b u ty la m in e -w a te r  an d  n -p ropy l- 
am in e—w ate r m ix tu res . T he resu lts  are  g iven  in  Tables I —IV .

T able  I

S pecific  and molar specific  conductance o f  n-propylam ine-m ethanol m ix tures at 20°C

Concentration 
(mol l-1)

X
(juS cm-1) Лш

(Q -1 cm*)

0.576 178.0 3.09X10“ 1
1.100 199.0 1.81 X l0 ~ '
2.020 186.0 9.20X10-*
2.790 156.5 5.60x10-*
3.460 136.5 3.94x10-2
5.040 76.8 1.52x10-2
6.590 48.8 7.40X10-2
8.800 20.6 2.34x10-3

12.100 0.279 2.30x10-2

Table I I

Specific  and molar specific  conductance o f  n-propylam ine-w ater m ix tures at 20°C

Concentration 
(mol l-1

X
(jxS cm--1) Л т(fí_1 cm2)

0.576 2930.0 5.10
1.100 3070.0 2.79
2.020 2420.0 1.20
2.790 1835.0 6 .5 8 x 1 0 -'
3.460 1410.0 4 .0 7 x 1 0 -'
5.040 571.0 1 .13x10-'
6.590 180.0 2.73x10-2
8.800 53.5 6.08x10-3

12.100 0.279 2.30x10-3
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Table III

Specific  and m olar specific conductance o f  n -butylam ine-w ater m ixtures at 20°C

Concentration 
(mol l - 1)

9C
(jjS cm -1)

Л т
( f l -1 cm*)

0.481 2745 5.70
0.631 2910 4.61
0.918 2790 3.04
1.680 2420 1.44
2.330 1720 7.35 XlO“ 1
2.880 1535 5.31X10-1
3.880 838 2.16x10-!
5.050 212 4.20 x l0 ~ 2
6.220 111 1.78 xlO“ 2
8.420 17.9 2.12x10-3

10.10 0.18 1.78x10-«

Table IV

Specific  and m olar specific conductance o f  n -butylam ine-w ater m ixtures at 0°C

Concentration 
(mol l - 1)

X
(ju& cm -1)

A m
(O -1 cm*)

0.631 1780 2.82
0.918 1910 2.08
1.200 2120 1.77
1.680 1445 8.60x10“ !
2.330 1115 4.78X10-!
2.880 865 3.00x10-!
3.880 534 1.38x10-*
5.050 200 3.96 xlO“ 2
5.050 200 3.96 XlO-2
6.220 58.6 9.40x10-3
8.420 11.15 1.32x10-3

10.10 0.40 3.96X10-5

In  th e  Tables c is th e  co n cen tra tio n  o f th e  am ine, w hile И is th e  specific , 
an d  Л ат th e  specific m o la r conductance. I n  these  la tte r  ca lcu la tions th e  am ine 
was reg a rd ed  as th e  so lu te .
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D iscussion

T he ex p erim en ta l re su lts  show  th a t  th e re  is b are ly  an y  difference betw een  
th e  co n cen tra tio n  d ependences of th e  specific conductance  of aqueous or m e th an - 
olic so lu tions co n ta in in g  re-propylam ine a n d  re-butylam ine. I t  appears, th e re 
fo re , th a t  in  th is  re sp e c t th e  decisive role is p la y e d  n o t b y  th e  dissolved am ine, 
b u t  b y  th e  p ro p ertie s  o f th e  so lvent. T he re su lts  o b ta in ed  w ith  th e  aqueous 
so lu tions f i t  in  w ith  th e  series of m easu rem en ts  m ade in  m ix tu re s  of various 
alcohols w ith  re-buty lam ine [7], since th e  n a tu re  of th e  cu rves describing th e  
co n d u c tan ce  as a fu n c tio n  of co n cen tra tio n  is th e  sam e in  ev e ry  system  ex am 
ined . S im ilarly  as in  alcoholic so lu tions, th e  m ax im um  in  th e  specific c o n d u c t
ance  is to  he fo u n d  a t  an  am ine c o n cen tra tio n  of ab o u t 1 M  in  aqueous so lu 
tio n s . T hus, in  th e  e v a lu a tio n , w a te r w as reg a rd ed  as th e  f ir s t  m em ber o f a 
so lv en t series co n sisting  o f alcohol hom ologues. (In  th is  concep tion , th e  alco
hols are  regarded  as d e riv a tiv e s  of w a te r, in  w hich  one of th e  hydrogens of th e  
w a te r  has been re p la c e d  b y  an  a lky l g roup .)

E v a lu a tio n  is fa c ilita te d  b y  considering  th e  co rre la tio n  betw een  th e  spe
cific m olar co n d u c tan ce  an d  th e  am ine co n cen tra tio n . This w as n o t dealt w ith  
in  th e  preceding p a p e r  [7]. The earlier d a ta  su p p lem en t th e  m ore  recen t re su lts  
g iven  in  Tables I —IY , a n d  th u s  th e  e v a lu a tio n  can he e x te n d e d  to  every a m in e -  
alcoho l m ix tu re  in v e s tig a te d  to  d a te .

The f irs t q u e s tio n  to  w hich an  answ er w as sough t w as w h e th e r th e  electric  
co nduc tance  of th e  a m in e -w a te r  and  am ine—alcohol m ix tu re s  can  he in te rp re te d  
in  th e  classical w ay , i.e. b y  th e  assu m p tio n  o f a form al d issocia tion  equ ilib rium  
su ch  as can be w r it te n  e.g. in  th e  case o f am m o n iu m  h y d ro x id e . In  th e  p re se n t 
case, th e  equ ilib riu m  in  question  w ould  be:

R O H 3N R ' R C T  +  R 'N H 3+

w here R  and R ' a re  a n y  a lk y l groups or hyd ro g en . F o r th e  equ ilib rium  c o n s ta n t 
o f th e  d issociation  we m a y  w rite :

K d
<x2c 

1 a ( i )

w here  K d is th e  d issoc ia tion  co n stan t, an d  a  is th e  degree o f  d issociation , w hich  
can  be expressed  b y  th e  specific m o lar conduc tance. T he am ines involved  are 
n o t  strong ly  basic , a n d  therefo re  th e  d issocia tion  is p re su m ab ly  only sligh t, so 
th a t :

T h u s:

Л„
Л

< 1
am , oo

( 2 )

K , ( 3 )
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I t  follows from  E q s  (2) and (3) t h a t :

К ^ Л a m , oo =  Л а т c (4)

T h is ind icates th a t ,  a t  a given te m p e ra tu re , th e  p ro d u c t o f th e  co n cen tra tio n  
a n d  th e  square o f th e  specific m o la r  conductance  is c o n s ta n t. In  p ra c tic e , it  
w as found  th a t  fo r th e  solu tions ex am in ed  th is  co rre la tion  does n o t h o ld , for 
th e  above p ro d u c t varies co n sid e rab ly  as a func tion  o f co n cen tra tio n . As 
exam ples, d a ta  on  th e  n -b u ty lam in e—w a te r and  n -b u ty lam in e—m eth an o l sys
te m s  are p re sen ted  in  Table У.

Table У

V alue o f  the product Л | m c in aqueous a n d  m ethanolic solutions o f  n-bu tylam ine, as a  fu n c tio n
o f  the concentration (c ) at 20 °C

Water Methanol

c
(mole l -1) ^am c C

(mol l - 1) ^am ®

0.481 15.70 0.481 6.97 xlO “ 2
0.631 13.45 1.082 4.74X10-2
0.918 8.49 1.683 2.11Х10-2
1.680 3.50 2.754 5.51 x l0 ~ 3
2.330 1.26 5.050 4.04x10-*
2.880 8.18 x 10_1 6.730 6.73 X lO -6
3.880 1.81 x 10-1 7.855 3.99x10“ °
5.050 8 .9 OXIO- 3 8.978 4.85 XlO-8
6.200 1.97 x l 0 ~ 3
8.420 3.79 XlO“ 6

I t  can  be seen th a t  the  value o f  th e  p ro d u c t Лат c decreases ra p id ly  w ith  
in c reasin g  am ine concen tra tio n , a n d  th u s  th e  value of th e  d issocia tion  c o n s ta n t 
d e fin ed  in  th e  above m anner is s tro n g ly  co n cen tra tio n -d ep en d en t. This fin d in g  
can  b e  exp la ined  in  severa l w ays, b u t  i t  does n o t co n trad ic t o u r earlier concep
tio n s , fo r tho se  in v estig a tio n s ca rr ied  o u t earlie r b y  o th e r m e th o d s [2—4] led 
to  th e  conclusion t h a t  th e  associated  am in e—alcohol species, w hose d issociation  
is u sed  to  in te rp re t th e  conductance, do n o t generally  consist on ly  of one alco 
hol a n d  one am ine m olecule, b u t c o n ta in  several alcohol m olecules. T hus, th e  
a sso c ia tio n  process we assum ed w as th e  follow ing:

( R 0 H ) n +  H 2N R ' ^  (R O H ),,-!  R 0 H 3N R '

w here  th e  value of n  g iving the  degree o f  alcohol association  m a y  be 1, 2, 3, . . . 
e tc . W e assum e th a t  th e  m ixed asso c ia ted  species (or th e  ion  p a ir  form ed from
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i t  as described  in  th e  l i te ra tu re )  m ay  d issociate  in  th e  follow ing m anner:

(R O H )n_ 1R O H 3N R ' ^  [(R O H )n_ 1R O _ ] [ + H 3N R ']  ^  ( R O H ^ R O ,,^  +

+  R 'N H 3+

I f  i t  is ta k e n  in to  consid era tio n  th a t  th e  m ixed  species is he ld  to g e th e r b y  
th re e  hydrogen  bonds w h en  n =  1 [8 ], w hereas if  n ]> 1 th e n  th e  num ber of 
h y d ro g en  bonds link in g  th e  n itrogen  and  oxygen  atom s is a t  m ost tw o, i t  m u st 
be concluded  th a t  m ix ed  species con ta in ing  m ore alcohol m olecules are m ore 
lik e ly  to  dissociate. I t  m u s t be n o ted  here t h a t  essen tia lly  th e  sam e assum ption  
is a ccep ted  for w a te r, w h en  th e  high ionic m obilities o f H +  an d  O H " are ex 
p la in ed  b y  th e  p ro to tro p ic  conductance  m echan ism , an d  th e se  ions are conceiv
ed  o f  as a c luster o f w a te r  m olecules w ith  a p ro to n  excess o r deficiency. This 
concep tion  is n o t c o n tra d ic te d  by  th e  assu m p tio n  of th e  so lv a tio n  of th e  R O "  
ions, fo r if  th e  so lv a tio n  is accom panied  b y  th e  fo rm a tio n  o f hyd rogen  bonds, 
th e n  th e  fin a l p ro d u c t is th e  assum ed an ion  (R O H )„_ 1R O " . Solvation  of th e  
ca tio n s R 'N H ^  m a y  also be considered, b u t  th e  fo rm a tio n  of such a so lvated  
R 'N H ^  ion w ould im p ly  dissociation  of th e  a lcoho l-am ine  m ixed species in  
su ch  a w ay  th a t  th e  alcoho l molecules w ould  sep a ra te  in to  tw o  groups: e ith e r  
b o u n d  to  th e  ca tion , or fo rm ing  an in d e p e n d e n t an ion . T he possib ility  of th is  
c a n n o t be excluded, b u t  we do no t reg a rd  i t  as p robab le , since th e  a ssum ption  
o f such  a sep ara tio n  o f th e  alcohol m olecules is in  c o n tra d ic tio n  w ith  th e  f in d 
in g  th a t  th e  pu re  alcohols are  very  poor co n d u c to rs , for th e  v e ry  reason  th a t  
th e  alcohol associations do n o t separa te  in to  groups w ith  e ith e r  p ro to n  excess 
o r p ro to n  deficiency, i.e. in to  ions. (The specific e lectric  conductances of th e  
p u re  alcohols are a t  le a s t  one order o f m ag n itu d e  sm aller th a n  those of th e  
so lu tions exam ined .) F ro m  all these considera tions, th e re fo re , th e  above d isso
c ia tio n  equ ilib rium  is re g a rd e d  as th e  m ost p robab le .

A n a tte m p t w as m ad e  to  use th e  p h y sica l p ic tu re  o u tlin ed  above to  form  
a m odel for th e  in te rp re ta t io n  of th e  p h en o m en a  s tu d ied : a  m odel w hich also 
allow s conclusions to  be  d raw n  as to  th e  average  com positions of th e  alcohols 
a n d  th e  associated  a lcoho l—am ine species.

T he fa c t t h a t  th e  association  cond itions o f alcohols can  b y  no m eans be 
reg a rd ed  as c larified , com pels us a p rio ri to  m ake assu m p tio n s w ith  resp ec t to  
alcohol association . H o w ev er, th is  does n o t  exclude th e  possib ility  of ap p ly ing  
a m odel, as num ero u s exam ples can be fo u n d  in  th e  l i te ra tu re  w here a given 
phenom enon  can  be  eq u a lly  well in te rp re te d  b y  d iffe ren t association  m odels. 
(F o r exam ple, th e  v a p o u r- liq u id  equ ilib rium  d a ta  fo r n -propy lam ine-n- 
h ex an e  m ix tu res can  be  ca lcu la ted  w ith  p rac tica lly  th e  sam e accuracy  w ith  th e  
M e c k e  —  K e m p t e r  m odel, w hich assum es an  in fin ite  ch a in  association  for th e  
am ine , or w ith  th e  m odel based  on th e  assu m p tio n  o f cyclic te tra m e rs  [9].)
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In  th e se  m odels i t  is custom arily  a ssu m ed  th a t  th e  assoc ia ted  species a n d  th e  
m onom ers form  id ea l m ix tures w ith  each  o th e r [1 0 ].

O n the  above basis, th e  m ix ed  c lusters  of th e  a lcoho l-am ine  m ix tu re  
sh o u ld  be rep laced  in  th e  m odel b y  an  association  com plex  of com position  
A nB , consisting o f n m olecules of a lcohol an d  one m olecule o f am ine (A  a n d  B, 
respec tive ly ). T hus, th e  electric c o n d u c tan ce  of th e  m ix tu re  m ay  be a t t r ib u te d  
to  th e  ions form ed u p o n  dissociation :

A nB A n -f- B  +

( I t  m ust be n o te d  th a t  the  n u m b e r, n, of alcohol m olecules fo rm ing  th e  
assu m ed  anion is d e fin ite ly  closely co n n ec ted  w ith  the  average  degree of asso 
c ia tio n  o f th e  m ixed  species form ed in  th e  ac tu a l system , a lth o u g h  i t  is n o t 
n ecessarily  iden tica l w ith  th is , for i t  is conceivable th a t  th e  species AB d isso
c ia te  to  a lesser e x te n t  th a n  th e  species A rB  (n 1) an d  th u s  th e  average  
n u m b e r of alcohol m olecules in  th e  m ix ed  clusters differs from  th e  average  
n u m b e r  of alcohol m olecules com prising  th e  anions. In  th e  case assum ed here  
th e  la t te r  q u a n tity  is la rg e r th a n  th e  fo rm er.)

T h e  dissociation  co n stan t o f th e  com plex  described in  th e  m odel is:

K d = Ш  [B+]
[AnB]

(5)

w h ere  a  is th e  degree o f  dissociation, p re su m a b ly  m uch less th a n  u n ity , an d  c 
is th e  co n cen tra tio n  o f  th e  m ixed com plex  A nB. I f  th e  degree o f  d issociation  is 
ex p ressed  in  te rm s o f th e  specific m o la r  co n duc tance:

an d  th u s :

Л X.
Л т Л„ с

K dA l  ^  —  
c

( 6 )

( ? )

w here Л  is th e  m olar specific  conduc tance  o f th e  m ixed com plex , an d  / 1 „ is 
th e  sam e q u a n tity  a t  in f in ite  d ilu tion .

L e t us regard  th e  alcohol as an  id e a lly  associated  m ix tu re  as proposed  
b y  P rigogine [10], i.e. le t us assum e t h a t  th e  associated  com plex  and  th e  
m onom er in  th e  pure alcohols form  an  id ea l m ix tu re  w ith  each  o th e r. W e m ay  
th e n  w rite  th e  equ ilib rium  con stan t, K n, fo r  th e  association  re a c tio n  of th e  alco
hol in  te rm s  of th e  co n cen tra tio n s of th e  com plex , A n, and  th e  m onom er, A x:

Кn
[ Л 1

[ Л Г
( 8 )
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T he equ ilib rium  c o n s ta n t o f m ixed associa tion  can  b e  w ritte n  in  a s im ila r 
m an n e r, assum ing th a t  th e  previous m odel fo r th e  alcohol is valid  in  th e  p re 
sence o f  th e  am ine to o :

[AnB] _  [AnB]
[An] [Вг] K n[Ax]* [BJ (9)

w here  [B j] is th e  co n c e n tra tio n  of th e  m onom eric  am ine m olecules. As reg a rd s  
th e  co n cen tra tio n s o f m onom eric  alcohol a n d  am ine, th e se  are  p ro p o rtio n a l to  
th e  no m in a l co n cen tra tio n s of th e  co m ponen ts, ca[c an d  cam, since our v isco sity  
m easu rem en ts  [4] show  t h a t  in  an am ine—alcohol m ix tu re  th e  average degree 
o f associa tion  o f th e  m ix tu re  decreases m o n o tonously  a n d  alm ost lin early , on 
p roceed ing  from  th e  p u re  alcohol to w ard s  th e  pu re  am ine . A ccordingly, th e  
equ ilib riu m  c o n s tan t o f  association  can  be  given in  te rm s  o f th e  nom inal co n 
c e n tra tio n s  too .

To a f irs t ap p ro x im a tio n , le t:

[Ai] — kaca ic 

[ B J  =  ^ b c  am

an d  th u s , from  E q . (9):

К а
[AnB]

B ^nk a ca \J t bc am

( 10)

( 11)

( 12)

I f  th e  co n stan ts  are  com bined : К аК пкакь =  ß, and  if  th e  su b s titu tio n  [AnB] =  
=  ßcl\ccam c is p e rfo rm ed , tak in g  in to  accoun t E q s (12) and  (5), since in  
th e  sense of (6 ) a  =  x /cA ^ , for th e  degree o f d issociation  o f th e  m ixed associa tion  
we o b ta in  th a t :

a  =
A o o ß 2 ic c a

(13)

H ence, on th e  basis o f E q . (5):

A l K d
к2

am

^ . ^am

c a m  ß ° a lc

(14)

T h e  f irs t fac to r on th e  r ig h t-h an d  side o f th is  re la tio n  is th e  square of th e  sp e 
cific m olar co n d u c tan ce  ca lcu la ted  w ith  th e  no m in a l concen tra tio n , i.e. th e  
sq u are  of A am g iven  in  th e  Tables, a n d  th u s :

cnalcß K dA i  =  A l ncam (15)

T ak in g  lo g arith m s in  E q . (5):

П b g  Calc +  lo g (ßKdA*) =  log(.1amCam) (1 6 )
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I t  follows from  E q . (16) t h a t  i f  th e  m odel is su itab le  for describ ing  th e  
p h en o m en o n , th e n  th e  expression  log (A lmcam) will give a s tra ig h t line  as a 
fu n c tio n  of th e  lo g arith m  of th e  alcohol co n cen tra tio n , an d  th e  slope o f  th is  
s tra ig h t  line w ill y ie ld  th e  n u m b e r o f alcohol m olecules in  th e  m ixed com plex  
assu m ed  in  th e  m odel, i.e. th e  v a lu e  of n.

F o r purposes o f c la rity , th e  s im plify ing  assum ptions m ade in  th e  course o f  
th e  d e riv a tio n  o f (16) are lis ted  below :

1. I t  w as assum ed  th a t  th e  elec tric  co nductance  o f th e  am ine—alcoho l 
m ix tu re s  is due to  ions form ed from  th e  m ixed  com plex o f  ty p e  A iB .

F ig . 1. fi\og(A am  cam ) vs■ l°g  ^solvent p lo ts  for n -b u ty la m in e  alcohol a n d  re-hu ty lam in e-w ater 
m ix tu re s . D a ta  m easu red  a t  0 °C (O m eth a n o l, x e th an o l, □ 1-propanol, Д 1-bu tano l, •  w a te r )

2. In  th e  m odel em ployed  to  in te rp re t th e  conduc tance  th e  v a rio u s  
com plexes A ^B  w ere rep laced  b y  an  associa tion  com plex o f com position  A nB .

3. I t  was assumed that the ideally  associated m ixture model proposed  
b y  P rigogine  [10] is valid in  the am ine-alcohol m ixture and in pure alcohol 
too.

4. I t  w as assum ed for th e  degree o f d issociation  o f th e  m ixed com plex  
th a n  «  <^ 1 .

5. I t  w as assum ed th a t  to  a f ir s t  ap p ro x im atio n  th e  co n cen tra tio n s o f  
th e  m o n o m eric  alcohol and  am ine m olecules in  th e  alcohol m ix tu re  are p ro p o r
tio n a l to  th e  n o m in a l con cen tra tio n s o f th e  alcohol and  am ine.

T h e  — lo g (/lamcam) vs. log ca\c p lo ts  o f th e  exp erim en ta l re su lts  are show n 
in F igs 1 3 .

T h e  d iag ram s reveal th a t ,  in  accordance  w ith  ex p ec ta tio n s, these  p lo ts  
are lin e a r  fo r  th e  various alcohols a n d  fo r w a te r  too . The dev ia tions from  lin e a r
i ty  can  b e  a t tr ib u te d  p a r tly  to  e rro rs in  th e  m easu rem en ts, an d  p a r tly  to  th e  
s im plify ing  assu m p tio n  th a t  th e  co n cen tra tio n s  of th e  m onom ers o f th e  
so lv en t a n d  so lu te  in  th e  m ix tu res  in  questio n  v a ry  linearly  as a fu nc tion  o f th e  
no m in a l co n cen tra tio n s. In  th e  alcoholic so lu tions th ere  is a la rg e r d ev ia tio n
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on ly  fo r log caic <  0.4, i.e. w hen the  m ix tu re  consists p red o m in an tly  of am ine 
an d  n o t  o f alcohol. In  th is  range  i t  can no lo n g er be ex p ec ted  th a t  a sign ifican t 
a m o u n t of m ixed co m p lex  A nB  be fo rm ed . T his is also in d ica ted  b y  th e  fa c t 
th a t  m ix tu res  co n ta in in g  little  alcohol h a v e  v e ry  low electric  conductances.

F ig . 2. |ttlog (/1 am Cam) vs. log  csolvent plots for re-butyl am ine-a lcoho l a n d  re-bu ty lam ine-w ater 
m ix tu re s . D a ta  m easu red  a t  20 °C ( O  m ethanol, x  e th a n o l, □ 1-propanol, Д  1-butanol, •  w a te r)

F ig .3 . jUlog (A  am cam ) vs. log Csolvent plots for aqu eo u s an d  m ethano lic  so lu tions o f n -b u ty lam in e  
a n d  re-propylam ine. D aca  m easu red  a t  20 °C ( x n -b u ty la m in e  in  m e th an o l, Д  n -b u ty lam in e  in 

w ater, •  p ro p y lam in e  in  m eth an o l, О n -p ropy lam ine  in  w ater)

The resu lts  o b ta in e d  in  m ethano lic  so lu tion  show  th a t  in  so lu tions con
ta in in g  little  am ine (log caic >  1 .2 ) th e  v a lu e  o f n is la rger, an d  becom es sim ilar 
to  th e  value o bserved  in  th e  o ther alcohols only  in  system s con ta in in g  m ore 
am ine . This was n o t  t a k e n  in to  considera tion  in  th e  ev a lu a tio n , b u t th e  average  
v a lu e  of n was d e te rm in ed .

B y  th e  exchange o f  roles of th e  so lv e n t and  so lu te  we can p ro b a b ly  also 
ex p la in  th e  fac t t h a t  th e  tem p era tu re  coeffic ien t o f th e  specific co n d u c tan ce  
changes its  sign in  ro u g h ly  th is  co n cen tra tio n  in te rv a l [7].
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T he d a ta  m easu red  in  aq u eo u s so lu tion  give a s tra ig h t line on ly  fo r  log  
Cwater <C 1.3, i.e. u p  to  a co n cen tra tio n  o f 20 M . This can  p ro b a b ly  be ex p la in ed  
b y  th e  sign ifican tly  d ifferent a sso c ia tio n  p roperties of w a te r  an d  th e  alcohols. 
T he n egative  slopes o f th e  s tra ig h t lines in  th e  F igure give th e  n u m b er o f  so lv en t 
m olecules p a r tic ip a tin g  in  th e  a ssu m ed  association  reac tio n . These are  lis ted  
in T ab le  V I.

T ab le  VI

Negative slopes (n )  o f  the  —io g ( /l |m eam i s. log cs0lvent plots

M ixture
—tan 6 = n

20 °0 0°0

n -b u ty la m in e -l-b u ta n o l 5.10 4.43
rc-bu ty lam ine-l-p ropano l 5.34 4.54
n -b u ty lam in e-e th an o l 5.60 4.62
n-bu ty lam ine-m ethano l* 6.55 6.25
n-buty lam ine- w ater 10.30 10.20

^-p ropy lam ine-m ethano l 6.55 -
n -p ropy lam ine-w ater 10.30 —

* A verage va lue  over th e  range s tu d ie d

F ig u re  3 d ep ic ts  th e  resu lts  o b ta in e d  fo r m ethano lic  a n d  aqueous so lu 
tions o f  n -b u ty lam in e  an d  n -p ro p y lam in e . I t  appears t h a t  th e  resu lts  fo r th e  
tw o  am ines do n o t  d iffe r w ith  re g a rd  to  th e  so lven t: th e  d a ta  fo r aqueous a n d  
m e th an o lic  so lu tions lie on one s tr a ig h t  line fo r a given am ine. A ccord ing ly , 
in  ag reem en t w ith  our concep tions, th e  phenom enon  u n d e r  e x am in a tio n  
depends p rim arily  on  th e  association  p ro p ertie s  o f th e  so lven t.

I f  th e  d a ta  o f T ab le  V I are in sp ec ted , tw o  tendencies can  be estab lish ed . 
I t  is c lear th a t  th e  n u m b er of so lv e n t m olecules invo lved  in  th e  a ssu m ed  
m ix ed  association  increases w ith  th e  decrease of th e  m olar m ass of th e  so lv en t; 
i t  also decreases to  a s ligh t ex ten t w ith  th e  decrease of te m p e ra tu re . T he v a lu es  
o f n fro m  4.43 to  6.55 agree w ith  th e  re su lts  o f our earlie r in v estig a tio n s b y  
a d iffe ren t m ethod . V iscosity  m easu rem en ts  gave a value increasing  from  3.24 
to  3.70 u p o n  going from  1-butanol to  m e th an o l for th e  average  degree of asso 
c ia tio n  o f th e  alcohol. T he a c tiv a tio n  energy  o f viscous flow  y ie lded  re su lts  
in creasin g  from  3.66 to  4.43 for th is  sam e  q u a n tity . I f  we se t o u t from  th e  co n 
s id e ra tio n  m en tioned  earlier, th a t ,  as reg a rd s  th e  m ixed  com plexes, th o se  
co n ta in in g  several alcohol m olecules w ill h av e  low er d issociation  energies th a n  
A B , i t  ap p ears  u n d e rs tan d ab le  th a t  w e o b ta in  resu lts  so m ew hat h igher th a n  
th e  average  degree o f association  of th e  alcohol fo r th e  value  o f  n on th e  b as is  
o f th e  elec tric  co nductance  d a ta .
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W ith  regard  to  th e  aq u eo u s solu tions, d a ta  su itab le  fo r such  a com parison 
w ere n o t  found , h u t  v a r io u s  au th o rs  [11 — 14] m a in ta in  t h a t  in  th is  te m p e ra 
tu r e  ra n g e  th e  n u m b er o f  h y d ro g en  bon d s b ro k e n  a t  a g iven  in s ta n t can  be 
e s tim a te d  as abo u t 10 — 1 5 %  of th e  to ta l  n u m b e r  of possible hydrogen  bonds. 
T h is p h ysica l p ic tu re  can  be  com pared  w ith  th e  v alue  o f n =  10.3 w hich we 
d e te rm in ed .

T he sim ilar n a tu re  o f  th e  p roperties o f  alcoholic a n d  aqueous so lu tions 
p e rm its  th e  conclusion t h a t  in  th e  am in e-co n ta in in g  so lu tions in  question  th e  
re la tiv e ly  high electric  co n d u c tan ce  in  b o th  aqueous an d  alcoholic so lu tions 
c a n  b e  explained b y  th e  h ig h  m obilities o f  th e  anions. I t  follows from  th is , 
h o w ev er, th a t  th e  p ro to tro p ic  conductance  m echan ism  m a y  p lay  an  im p o r ta n t 
ro le  in  alcoholic so lu tions to o . I t  seems v e ry  p ro b ab le  th a t  a s ign ifican t p ro p o r
t io n  o f th e  electric co n d u c ta n c e  of th e  am ine  alcohol m ix tu re s  stem s from  th e  
p h en o m en o n  th a t  an  a lco h o l com plex d e fic ien t in  one p ro to n , an d  ac ting  as a n 
io n , acquires a p ro to n  fro m  a neighbouring  n e u tra l  m o lecu lar c luster, th e re b y  
b eco m in g  n eu tra l, w hile th e  prev iously  n e u tra l  species ta k e s  over th e  role of 
an io n  as a re su lt of its  p ro to n  deficiency. T h is physica l p ic tu re  is in  ag reem en t 
w ith  th e  find ing  th a t  a t  low er te m p e ra tu re , w here th e  av erag e  degree o f asso
c ia tio n  of th e  d issoc ia tin g  m ixed  com plexes is sm aller (see T ab le  V I), in  th e  
c o n c e n tra tio n  range  consid ered  th e  specific  co n d u c tan ce  decreases w ith  th e  
decrease  of te m p e ra tu re  [7]. W ith  reg a rd  to  w h y  th e  m ixed  com plexes c o n ta in 
in g  few er alcohol m olecules d issociate to  a la rg e r  e x te n t a t  low er th a n  a t  h igher 
te m p e ra tu re , we c a n n o t as y e t give a d e fin ite  e x p lan a tio n , b u t  we consider i t  
p ossib le  th a t  th e  p h en o m en o n  is co nnec ted  w ith  a change in  th e  association  
co n d itio n s of th e  a lcoho ls, w ith  enh an ced  rin g -fo rm atio n , an d  hence w ith  th e  
decrease  average n u m b e r  of m onom ers in  th e  alcohol c lu sters .
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SOLUTE-SOLYENT INTERACTION IN AQUEOUS 
SOLUTIONS OF NON-ELECTROLYTES: VISCOSITY

EFFECTS

A m i n a  M. H a f e z  a n d  H .  S a d e k

( Chemistry D epartm ent, F a cu lty  o f  Science, A lexandria  U niversity , A lexandria ,
A .  R . E .)

R ece iv ed  S ep tem b er 5, 1975

S o lu te -so lv en t in te ra c tio n s  w ere s tu d ied  by  v iscosity  m easu rem en ts  in  th e  
aqueous so lu tions of m e th a n o l, e th a n o l, i-b u tan o l-g ly cero l, d io x an , m ethylcellosolve, 
acetone, ace to n itrile  an d  d im e th y lsu lfo x id e . M olecular com plexes can  he d e te c te d  in  
all system s. T h e  d a ta  w ere d iscussed  in  th e  lig h t o f H a r m s ’ th eo ry .

Introduction

In  recen t y ea rs  several p u b lic a tio n s  appeared  concern ing  th e  n a tu re  of 
th e  in te rm o lecu la r s tru c tu re  o f  w a te r. T he m ain  a ssu m p tio n  invo lved  w as 
t h a t  liq u id  w a te r  ex ists in  th e  fo rm  o f aggregates, in  w hich  w a te r  m olecules 
a re  connected  in to  a ne tw o rk -lik e  s tru c tu re  th ro u g h  h y d ro g en  bonds. T h e  
agg rega tes w hich m ay  tak e  d iffe re n t shapes can  be d im ers w ith  a s tru c tu re  
s im ila r to  th a t  o f d iborane, or rin g s  o f  3, 4, 5 or 6  m olecules as suggested  b y  
A g e n o  [1], w ho developed s t ru c tu ra l  m odels based  on tb e  a ssu m p tio n  t h a t  
each  oxygen  a to m  has four te t r a h e d ra l  o rb ita ls . E ach  collective bo n d  invo lves 
one lone  and  one occupied  o rb ita l. T h u s , each  m olecule of w a te r  can  p a r tic ip a te  
in  no m ore th a n  tw o  hydrogen  (co llective) bonds. On th e  o th e r h a n d  agg regates 
m a y  assum e th e  “ iceberg”  fo rm  sugg ested  b y  F r a n k s  an d  E v a n s  [ 2 ]  or th e  
“ c lu s te r”  form  as proposed b y  N é m e t h y  an d  S c h e r a g a  [3]. T hese a u th o rs  
b ased  th e ir  suggestions on th e  “ flick e rin g -c lu ste r”  m odel o f  F r a n k s  a n d  
W e n  [4].

O n m ixing alcohol w ith  w a te r , c o n tra c tio n  in  volum e is observed  in  m a n y  
sy stem s [5— 11]. T h is co n trac tio n  can  be a t tr ib u te d  to  th e  occu p a tio n  o f free  
vo lum e or cav ities in  th e  open so lv e n t s tru c tu re  b y  th e  o th e r com ponen t, a n d  
can  be  expressed  b y  th e  re la tio n sh ip :

A V =  X1M 1 +  X2M 2 _  
d r*12

M l
dl

+  X2
M ,

( 1 )

T hus, a p lo t o f A V  vs. х г (th e  m ole f ra c tio n  o f th e  solute) show s a m in im um  
a t  w h ich  th e  o rgan ic  so lvent—w a te r  “ com plex”  is assum ed to  be p resen t.
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In  th is  p ap e r th e se  s tu d ies  will be ex te n d e d  to  v isco sity  m easu rem en ts 
in  v a rio u s  organic so lv e n t—w a te r system s. Use is m ade o f  th e  d a ta  in  th e  
l i te ra tu re  as well as th o se  ob ta in ed  in th is  la b o ra to ry . T h is s tu d y  includes th e  
fo llow ing system s:

(1) M eOH— H 20  [12], (2) E tO H — H 20  [13], (3) t-B u O H — H 20  [14],
(4) g lycerol (G O H )— H 20  [7], (5) d ioxane (D )— H 20  [8 ], (6 ) m ethylcelloso lve 
(MCS)— H 20  [11], (7) M e2CO— H 20  [13], (8 ) M eCN— H 20  [15], an d  (9) Me.,SO—  
H 20  [16].

T he suggested  “ co m p lex ”  fo rm atio n  will be d iscussed  in  th e  lig h t o f 
H a r m s ’ [17] th eo ry .

Results and discussion

I. A bsolute viscosity vs. m ole fraction curves

F igu re  1 show s th e  v a ria tio n  of th e  ab so lu te  v isco sity  o f  th e  m ix tu re  w ith  
th e  m ole frac tio n  (aq) o f  th e  organic co m p o n en t for th e  6  system s. As can  be 
re a d ily  seen, m ax im a  a re  observed w ith  th e  excep tion  o f system  (4). T hese 
m ax im a  can be a t t r ib u te d  to  th e  v a ria tio n  o f  w a te r s tru c tu re  upon  th e  a d d itio n  
o f  alcohol, since th e  s tru c tu re  collapses ow ing to th e  b reak in g  o f H -bonds in  th e  
w a te r  aggregates. T h e  m ax im a  rep re sen t a 1 : 2 organ ic  so lv e n t-w a te r  “ com 
p le x ” .

A geno [18] ex p la in s  th e  presence o f a m ax im u m  in  th e  M eOH— H 20  
sy s tem  assum ing th a t ,  a t  th is  co n cen tra tio n , all h y d ro g en  bonds availab le  in  
w a te r  a t  th e  g iven  te m p e ra tu re  are s a tu ra te d  b y  alcohol m olecules. I f  th e  
alcohol co n cen tra tio n  is fu r th e r  increased , th e  v iscosity  o f th e  m ix tu re  shou ld  
decrease to w ard  th a t  o f  pu re  m ethano l.

K ay  e t  a l .  [19] stud ied  system s (2) and (5) and suggested  that the struc
tural effect is a m axim um  at low ethanol concentration, and the com position  
corresponding to  th e  v iscosity  m axim um  is the result o f  tw o conflicting effects 
m uch like the m axim um  on the density  curve of pure water.

F ranks [10] h a v e  found  th a t  in  th e  case of sy s tem  (2), drj/dc increases 
w ith  increasing  co n c e n tra tio n , in d ic a tin g  an  increased  s tru c tu ra l effect, 
w h ich  reaches a m a x im u m , w hereas acco rd in g  to  K a y  a n d  B roadwater [20], 
drjldc decreases w ith  increasing  d ioxan  co n cen tra tio n  fo r system  (5). F ranks

[10] p u t fo rw ard  an  ex p lan a tio n  for th e se  tw o  ty p es o f b ehav iou r. Sm all a d d i
tio n s  o f n o n -e lec tro ly tes  to  w a te r cause an  increase in  long-range o rder or an  
increase  in  th e  h a lf-life  o f th e  s tru c tu re d  en tities  ex is tin g  in  w ater. T h ro u g h  
h y d ro g en  b o nd ing , th e  s tru c tu ra l in te g r i ty  of liq u id  w a te r  is p ro b ab ly  en 
h an ced . The m a x im u m  occurring  in  sy stem s (2) a n d  (5) was a t tr ib u te d  to  
s tru c tu re  p ro m o tio n .
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H ow ever, in  g ly ce ro l-w a ter th e  “ com plex”  c a n n o t he d e te c te d  fro m  th e  
7] vs. x x p lo t. On th e  basis of th e  Л V  vs. p lo t i t  shou ld  have th e  com position  
[G O H - 3 (H 20 ]  [7]. O n th e  o th e r h a n d , D a r b a r i  et al. [21] s tu d ied  th e  so und  
a d so rp tio n  in  th is  sy stem  and d ed u ced  th e  fo rm ula  [G 0 H -6 (H 20 ) ] .

F ig. 1. V a ria tio n  of ab so lu te  v isco sity  w ith  com position

A p p a re n tly , sy stem s (5) and  (6 ) show  v iscosity  v a ria tio n s  sim ilar to  th o se  
observed  fo r  alcohol—w a te r  system s. T h is b eh av io u r is ex p ec ted  since h y d ro g en  
bo n d  fo rm a tio n  w ould  be  s trong  w ith  s tru c tu re s  co n ta in in g  m ore th a n  one 
oxygen  a to m .

F ig u re  2 com prises a second g ro u p  o f system s (7— 9), in  w hich  th e
M e^

C = 0organic  liq u id  possesses u n sa tu ra tio n  a t  a ca rb o n  a to m

Me
Me-

a n itro g en

atom  (Me— C = N ) , or a t  a su lfu r a to m
M e'

; s = o

T he “ com plex”  [1 organic so lv e n t-6 (H 20 )]  can  be  easily  d e tec ted  from  
F igu re  2 in  sy stem s (7) a n d  (8). A t th e  sam e tim e  th e  d a ta  o f Cowie a n d  T o- 
porow ski [16] show  t h a t  p ro b ab ly  a Me2S 0 -2 (H 20 )  “ com plex”  is fo rm ed . 
T hese a u th o rs  h a v e  fo u n d  th a t  th e  m ax im u m  on th e  v isco sity  iso th e rm  de-
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creases w ith  increasing  te m p e ra tu re . T his led  th e m  to  suggest th a t  “ th e  system  
Me2SO—H 20 ”  belongs to  th e  class o f so lu tio n s possessing num ero u s so lu te  
w a te r  b o n d s  w hich a re  s tro n g e r th a n  th e  h y d ro g en  bonds be tw een  w a te r 
m olecules. T he “ com plex”  fo rm ed  is th e rm a lly  lab ile  an d  w ould o n ly  be ex p ec t
ed to  e x is t  in  a co m p le te ly  u n d issoc ia ted  s ta te  a t  low  tem p era tu res .

F ig . 2 . V a ria tio n  of ab so lu te  v isco sity  w ith  com position

II. D eviations in the viscosity o f  binary mixtures

M any au th o rs  [22— 31] h av e  su g g ested  equ a tio n s w hich  co rre la te  th e  
v isc o s ity  of b in a ry  m ix tu re s  w ith  th o se  o f  th e  com ponen ts. T he conclusion 
d ra w n  w as th a t  v isc o s ity  is a n o n -a d d itiv e  p ro p e rty  an d  th e re  is a lw ays 
d e v ia tio n  from  lin e a r  a d d itiv ity .

H a r m s ’ et ál. [17] suggested  th e  fo llow ing re la tio n sh ip  fo r th e  v isco sity  
o f  a b in a ry  liqu id  m ix tu re :

Vm u =  * 1  Г]м1 +  x2 r]M„, (2 )

w h ere  г/м is th e  m o la r  v iscosity  re p re se n tin g  th e  force w hich ac ts  v ia  th e  lin e a r  
v e lo c ity  g rad ien t on  a s ta tio n a ry  p lan e  o f area  V%3 a t  a d istance  V m3 
( V m  is th e  m olar v o lum e). I t  is in d e p e n d e n t o f  th e  s ta te  o f m a tte r  an d  th e  ty p e  
o f  th e  m olecules a n d  is given by

Vm  =  V Ии3 • (3)
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F ig . 3. V a ria tio n  o f Arjfnlt w ith  com position

F ig . 4 . V a ria tio n  of A r ) ^  w ith  com position

T h e d ivergence fro m  lin e a r ity  (Аг]м1г) can  be o b ta in ed  from  th e  re la tio n sh ip  

AriMit =  t f aIcd- — rf* P«-

=  +  x 2rj2V ^  — r,12V ^ n  (4)

F igures 3 a n d  4  show  v a r ia tio n  o f th e  d ev ia tio n  Аг]м1а w ith  x v  As 
can  be  read ily  seen , a  m ax im u m  is o n ly  observed  in  th e  case o f system  (4). 
T he m in im a in  th e  o th e r  system s occur a t  m ole frac tio n s  a p p ro x im a te ly  equal 
to  th o se  co rrespond ing  to  th e  m ax im a  in  th e  r] vs. x 2 p lo t. A lso, i t  is obvious
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th a t  th e  d e p th  of the  m in im u m  can be reg a rd ed  as a m easure  of th e  in te ra c tio n , 
w hich  decreases in  th e  fo llow ing o rd er

D - H 20  > í-Bu 0 H - H 20  >  M eO H -H 20  >  M C S-H 20  >  E tO H - H 20  .

F o r  th e  u n sa tu ra te d  organic so lv e n t—w ate r system s th e  follow ing o rder 
is o b ta in e d

Me2C 0 - H ,0  >  Me2S 0 - H 20  >  M eC N -H 20  .

H a r m s’ et al. [17] o b ta in ed  p o sitiv e  Дг}м12 va lues fo r th e  system s CC14 

w ith  h ex an e , CS2, C0H 6, E tO H , P rO H  an d  B uO H , benzene w ith  M eO H , 
E tO H , B uO H  or Me2CO, E tO H  w ith  CS2 or d ioxan , an d  acetone  w ith  hexane, 
w here  m ax im a  were a lw ays observed . N o neg a tiv e  values o f А у]м 12 w ere rep o rted  
b y  th e se  au tho rs. P o sitiv e  an d  n eg a tiv e  Дг]м12 va lues w ere ex p la in ed  b y  H a r m s’ 
et al. [17] in  the  lig h t o f th e  m olecular th e o ry  of in te rn a l fr ic tio n  (or lu b rica tio n ) 
due  to  m ixing. T hey  considered  th e  m ix ing  of tw o liqu ids, one consisting  of 
m olecu les w ith  free p o la r  groups w h ich  form  large m olecules (e. g. alcohols), 
a n d  th e  o th e r consisting  o f  n o n -p o la r m olecules w hich do n o t te n d  to  associate. 
O n d ilu tio n  of th e  p o la r  w ith  th e  n o n p o la r com ponen t, associa tion  an d /o r 
d isso c ia tio n  of th e  ag g reg a tes  occur. W ith  fu r th e r  d ilu tio n , th e  equ ilib rium  
b e tw e e n  these  tw o processes will be sh ifted  to w ard s th e  fo rm a tio n  of sim ple 
m olecules. T herefore, th e y  w ere ab le to  exp la in  th e  v isco sity  d a ta  in  te rm s of 
tw o  possib ilities:

1. Single, large p o la r  m olecules w h ich  in te ra c t b u t  w eak ly  w ith  th e  m ole
cules o f  th e  nonpo lar co m p o n en t. T h ro u g h  b reakdow n  of th e  large  aggregates, 
th e  n u m b e r of loose p o sitio n s  increases th u s  th e  in te rn a l fr ic tio n  w ill be sm all. 
T h e  m ix in g  process is genera lly  asso c ia ted  in  th is  case w ith  enh an ced  in te rn a l 
lu b ric a tio n .

2. Single, large p o la r  m olecules in te ra c t s tro n g ly  w ith  th e  m olecules of 
th e  n o n p o la r co m p o n en t. T h rough  b reak d o w n  of th e  large  u n its  o f th e  p o la r 
co m p o n en t, a n u m b e r o f  new  loose positions ap p ears . O n th e  o th e r h an d , a 
g re a t n u m b er of th e  loose po in ts a lre a d y  p resen t are fix ed  th ro u g h  in te ra c tio n  
b e tw een  th e  large p o la r  m olecules a n d  th e  m olecules o f th e  n o n p o la r com ponen t 
(solv a tion ).

A ccording to  th is  concep t, i t  is clear th a t  in te rn a l lu b ric a tio n  occurs in  
th e  G 0 H - H 20  system  a n d , a t  low  w a te r  co n cen tra tio n s, also in  th e  t-B u O H —H 20  
a n d  M eCN—H 20  sy s tem s, while n e g a tiv e  Дг]м12 v a lues enhance  in te rn a l fric tion  
in  th e  o th e r system s. I t  is v e ry  d ifficu lt to  p red ic t w h e th e r m olecules in  a given 
p a ir  o f  liquids will fa c il i ta te  or h in d e r each  o th e r’s h y d ro d y n am ic  m otion .

I t  can be su g g ested  th a t H a r m s’ th e o ry  is ap p licab le to  sy stem s in  w hich  
b o th  com ponents are p olar liq u id s.
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HETEROCYCLISCHE /5-ENAMINOESTER, 161
ZUR REAKTION HETEROAROMATISCHER /З-ENAMINOESTER 

MIT MALEINSÄUREANHYDRIDEN
DIE PHOTO-DIMROTH-UMLAGERUNG VON 5-AMINO-4-ÄTHOXYCARBONYL-] -

PHENYL-l,2,3-TRIAZOL

G. S z il á g y i* und H . W a m h o f f

( Organisch-Chemisches In s titu t der U niversität B onn  D  5 3 0 0 -B o n n , M a x-P la n ck-S tr. 1) 

Eingegangen am 10. Januar 1975

2-Amino-3-äthoxycarbonyl-4,5,6,7-tetrahydro-benzothiophen 1 und 5-Amino- 
4-äthoxycarbonyl-pyrazol 4 reagieren mit Maleinsäureanhydriden unter Bildung 
substituierter Maleamidsäure-Derivate (3, 5). Die Reaktivität von 3 und 5 sowie die 
Bereitschaft zu Ringschlußreaktionen werden untersucht. 5-Amino-4-äthoxycarbonyl- 
l-phenyl-l,2,3-triazol 12 lagert sich photosensibilisiert in das 5-Anilino-4-äthoxycar- 
bonyl-l,2,3-triazol 14 um.

Die cycloph ile  D o p p e lb in d u n g  des M ale in säu rean h y d rid s  u n d  seiner 
D e riv a te  reag ie rt be i U V -B estrah lu n g  m it zah lre ich en  D oppel- u n d  D re ifach 
b in d u n g en  u n te r  2 +  2 —* 4 C ycloadd ition  [2]. E s la g  d ah er nahe , die p h o to 
chem ische R e a k t iv i tä t  der D o ppelb indung  eines h e terocyclischen  /3-Enam ino- 
carb o n y l-S y stem  g egenüber d iesem  Cyclopliilen zu  u n te rsu ch en  [3]: W ie w ir 
frü h e r b erich ten  k o n n te n  [4], re ag ie rt /З-A m in o -c ro to n säu reaä th y le s te r m it 
M ale in säu rean h y d rid  a n s ta t t  e iner C ycloaddition  u n te r  B ildung  von  3 -A thoxy- 
carbony l-4 -carb o m eth o x y -2 -m eth y l-2 -p y rro lin -5 -o n .

B ei der U V -B estrah lu n g  d er heterocyclischen  Д-E n am in o este r (wie z. B. 
1,2 ,3-Triazolyl-, 1 ,2-O xazolyl-, 4 ,5 -D ihydro-fu ry l- u n d  T hienyl-, 1-M ethyl 
(oder P heny l)-p y razo ly l- u n d  4 ,5 ,6 ,7 -T e trah y d ro -b en z th ien y l-) in  G egenw art 
von  M ale in säu rean h y d rid en  2 a— c k o n n ten  w ir je d o c h  keine P h o to -R e a k tio n  
festste llen . Diese geringe cycloph ile  A k tiv itä t der h e te r  о cyclischen /3-Enam ino- 
e s te r gegenüber d em  M ale in säu rean h y d rid  e rk lä ren  w ir m it der /3-Enam ino- 
c a rb o n y l-S tru k tu r : die nu k leo p h ile  K ra ft der A m in o g ru p p e  is t zu  schw ach  
ausgeb ilde t (nuk leoph iles Z e n tru m : C—3 A tom  [5]). D ie  R e a k tiv itä t  d er o lefi
n ischen  D o p p elb in d u n g  is t zu d em  wegen der “ p iish -p u ll” -a rtigen -R esonanz- 
s tab ilis ie rung  n u r  m äß ig  au sgeb ilde t.

B ei der th e rm isc h e n  U m se tzu n g  äqu im olarer M engen von 2-A m ino-3- 
ä th o x y c a rb o n y l-4 ,5 ,6 ,7 -te trah y d ro -b en zo th io p h en  1 [6 ] m it M ale insäu re
a n h y d rid  2a (in T e tra h y d ro fu ra n )  b ild e t sich —  n a c h  nukleoph ilem  A n g riff 
d er A m inogruppe an  ein A n h y d rid  - C = 0 -  N -(3 -Ä th o x y carb o n y l-4 ,5,6,7- 
te trah y d ro -2 -b en z th ien y l)-m a leam id säu re  3a. M it D ib ro m -m a le in säu rean h y d rid

*Stipendiat der Alexander von Humboldt-Stiftung von Febr. 1972 bis Mai 1973.
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2b u n d  P h a ta ls ä u re a n h y d r id  2c reag ie rt 1 fe rn e r zu  den e n tsp rech en d en  D eriv a 
te n  v o n  3:

(1
a  R  =  R ' =  H 
b R  R Hi

c R -  R =  —  (C H = C H — O H = C H ) —

e

A u f analoge W eise re a g ie rt 5 -A m in o -4 -ä th o x y carb o n y l-p y razo l [7] 4 
m it 2 a  u n d  2c zum  D e r iv a t 5:

co2Kt

2a,c
\ \  A'H.

I
H

b R =  R '=  — (C’H = O H — CH =  C H ) —

N ach  H y d rie ru n g  (6 ) (Pd/C ) e rh ä lt m an  u n te r  nach fo lgender D ecarb o x y 
lie ru n g  die P ro p io n am id o -D eriv a te  7.

M it M e th a n o l/B o rflu o rid -ä th y lä th e ra t [8 ] geling t eine Ü b e rfü h ru n g  von 
3a, b , 6  in  die M eth y leste r 8 a -c . 3a reag ie rt m it T h iony lch lo rid  u n d  anschließend  
m it A lly lam in  zu dem  A lly lam id o -D eriv a te  9 (s. T ab . I).

(1 et
6 CH2CH2CO2 H

(I et 
7 CH2CH3

(1 d' r
8a 0Н=СНСО2СНз

b СЛг =  СВ 1 СО 2 Г Н 3  

(I d’ e
с СНгСНгСОгСНз

cl I.l O l—3
9 CH =  CH C O N H  -ally!
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a> Tabelle I

Ausbeuten , Schm elzpunkte und  analyt. D aten von  З а —с, 5 а —b, 6, 7, 8 а —с, u n d  9

О

R  — N H — С — В — С

Verb. R В с Ausb.
% Schmp. Summenformel

(Mol.-Gew.)
c

Analyse

H N

За R 1 сн=сн со2н 79,0 181— 183° c 15h 17n o 5s Ber. 55,71 5,30 4.33
(323,36) Gef. 55,45 5,18 4,32

зь R 1 С В г=С В г со,н 62,3 178— 180° C15H 15B r2N 0 5S Ber. 37,44 3,14 2,91
(481,18) Gef. 37,38 3,20 2,84

Зс R 1 о ■ С6Н 4 со,н 32,2 172— 174° c 19h 19n o 5s Ber. 3,75
(373,42) Gef. 3,75

5а R 2 сн=сн со„н 54,0 182— 184° c 10h u n 3o 5 Ber. 47,43 4,38 16,60
(253,21) Gef. 47,49 4,41 16,82

5Ь R 2 о • С6Н 4 со2н 46,2 161— 163° c 14h I3n 30 5 Ber. 13,86
(303,27) Gef. 13,88

6 R ' С Н , - С Н , со2н 38,5 165— 168° c J5h 19n o 5s Ber. 4,30
(325,38) Gef. 4,28

7 R 1 СН2—сн 2 н 40,5 210— 212° c 14h 19n o 3s Ber. 4,98
(281,37) Gef. 4,79

8а R 1 сн=сн со2сн3 86,0 119— 120° c 16h 19n o 5s Ber. 4,15
(337,39) Gef. 4,15

8Ь R 1 С В г=С В г со2сн3 52,0 146— 148° Clr,H ,,B r ,I4 0 ,1S Ber. 2,82
(495,20) Gef. 2,82

8с R 1 С Н 2СН„ со2сн3 64,5 93— 96° c 16h 21n o 5s Ber. 4,13
(339,41) Gef. 3,99

9 R 1 сн=сн C ON H-allyl 21,0 192— 193° c 18h 22n 2o 4s Ber. 7,73
(362,44) Gef. 7,30

SZ
ILÁ

G
Y

I, W
A

M
H

O
FF: H

ET
ER

O
C

Y
C

LISC
H

E /З-E
N

A
M

IN
O

E
ST

E
R

, 161 
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Tabelle U

Spektroskopische Daten

Verb.
UV

(in Methanol)3, 
^max H

IR  (cm -1) m  KBrb

KC_0 (Ester) t>c- 0  (Amid) ^СО(ОН) t’asCOO<~:

3a 339, 263, 214 3400— 2300M 
(3160)

1725 1670 1715 —

b 343, 262, 216 3500—2300d 
(3140)

1710 1655 1670 —

c 331, 263, 256, 227, 
208

3500—2300“
(3280)

1740 1650 1700 —

5a 272, 212 3300, 3220d 1725 1670 — 1600— 1640

b 263, 223, 207 3600— 1750d 
(3310, 2500)e 

1900

1705 1675 — ~ 1 6 0 0

6 315, 261, 253, 
226

3400— 3000d 
(3280, 3190)

1680 1650 1735 —

7 319, 261, 255, 226 ~ 3 2 4 0 1685 1660 — —

8a 340, 263, 213 <--'3220 1725,1675 1650 — —

b 355, 239, 215 ~ 3 1 5 0 1740, 1660 1655 — —

c 319, 263, 255, 227, 
207

~ 3 2 6 0 1735 ,1680 1660 — —

9 357, 263, 218 ~ 3 3 9 0  und  
^ 3 4 5 0

1715 1635,1620

a in  96%  Ä thanol 
b  in  CHC13 
c in  d 6—DMSO
d  ü b e rla p p t von  Гдн(— C 0 2H), b re it 
e =  N H  + ( Z w i t t e r i o n ) ------

C yclisierung v o n  3a  m it E ss ig säu rean h y d rid  fü h r t  zu  3 -Ä thoxycarhony l- 
2 -(l-m a le in im id o )-4 ,5 ,6 ,7 -te trah y d ro -b en zo th io p h en  10:
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von 3 a —c, 5a ,b , 6, 7, 8 a —c, u n d  9

N M R  (TMS: r =  10) ( J  in Hz) in CDC1S°

H a H b H° Hd Hd’ H e H ' W

8,60 t
[7]

5,60q
[7]

- 2 , 4 3,50s '-''-'7,3 m ^ 8 , 2m

8,65t°
[7]

5,65q
[7]

- 1 , 9 — — ^ 7 , 3m ^ 8 , 25m

if г—
1 

CO 5 ,75q
[7]

0,25'
- 1 ,6 0

2,4m ^ 7 , 3m ~ 8 ,2 5 m

8,75t°
[7]

5,75q
[7]

— 0,6 3,34 3,61d
[12]

1,90s

8 ,75°
[7]

5,75q
[7]

------0,1 2,3m 1,95s

8,60t
[7]

5,65q
[7]

~ 0 ,5 f 
— 1,4

7,20s ^ 7 , 35m '-'-'8,2 m

8,65t°
[7]

5,65q
[7]

— 1 , 1 ~»7,4dl ~ 8 ,6 5 ti ^ 7 , 4m ~ 8 ,2 5 m

8,60t
[7]

5,65q
[7]

— 1,6 3,50h 3,70h
[12]

6,20s ^ 7 , 25m ^ 8 , 2m

8,65t
[7]

5,65q
[7]

~ — 2,2 — — 6,10s ~ 7 ,2 5 m '---'8,2m

8,65t
[7]

5,65q
[7]

-------1,4 7,20s 6,30s ~ 7 ,3 5 m ~ 8 ,2 m

8,70t°
[7]

5,70q
[7]

^  — 1,3 
+  1,2*

2,95s ej 6,15m  
e2 4,2 m  
e3 4,8 m

^ 7 , 35m ~ 8 ,3 m

f  N H  u n d  O H  
g N H  (S eitenkette) 
h  A B -S pek trum  
i ü b e rla p p t von  H ( 
j ü b e rla p p t v o n  H a

I
H
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Im  F a lle  von  5a is t  es auch u n te r  V erw en d u n g  zah lre icher K o n d en 
sa tio n sm itte l (z. B. DCC, PO C l3, P P A ) n ic h t ge lungen , einen w eite ren  R ing  
an zu k o n d en sie ren . M it E ss ig säu rean h y d rid  g ew in n t m an 11, dessen E n ts te 
hu n g  d u rc h  A b sp a ltu n g  d er S e iten k e tte  u n d  nachfo lgende A ce ty lie ru n g  zu  
d eu ten  is t . In  S ch m elzp u n k t u n d  IR -D a te n  s t im m t 11 m it e iner von  H a r t k e  

[9] d u rc h  A cety lie ru n g  v o n  4 erh a lten e  V erb in d u n g  überein :

W ie in  der L i te ra tu r  b e k a n n t is t, re ag ie ren  einige 1,2,3-Triazole hei 
U V -B estrah lu n g  u n te r  N 2-A bspa ltung  zu  K e ten e-im in en  [11] oder zu  A ziridi- 
nen  [12— 14]. 12 alleine b e s tra h lt w urde , in  säm tlich en  L ösu n g sm itte ln , ohne 
daß  w ir eine N 2-E n tw ick lu n g  beo b ach ten  k o n n te n .
12 re a g ie r t m it 2a w eder u n te r  th e rm isch en  n o ch  pho tochem ischen  B ed in g u n 
gen. B ei U V -B estrah lu n g  (Q u a rzap p ara tu r/D io x an ) in  G egenw art von  T ri- 
p h en y len  als S en sib ilisa to r lag e rt sich 12 in  5 -A n ilino-4 -ä thoxycarbony l- 
1 ,2 ,3 -triazo l 14 [15] u m . Diese R eak tio n  s te ll t  das erste  B eispiel e iner p h o to 
in d u z ie rte n  D im ro th -U m lag eru n g  dar. D iese R eak tio n  w urde  b isher s te ts  
th e rm isc h  u n te r  in  w äßrigem  oder basischem  M ilieu d u rch g e fü h rt [15, 16]. 
P ara lle l-V ersu ch  ( =  R ü h re n  ohne L ich t) r u f t  ke ine  U m lagerung  h ervo r, w om it 
s ich e rg este llt w ird , d aß  es sich h ier ta tsä c h lic h  u m  P ho to - u n d  n ic h t T herm o- 
R e a k tio n  h an d e lt.

D ie R eak tio n  f ü h r t  zu einem  G leichgew ich t [17] zw ischen 12 u n d  14. 
Als e rs te n  S c h ritt  d isk u tie ren  w ir eine H om olyse  zw ischen N —1 u n d  N —2 
(12 —► 13) gefolgt v o n  einer U m lagerung  -|- R ek o m b in a tio n  zum  isom eren  
D im ro th -P ro d u k t 14.

D ie S tru k tu re n  d er e rh a lten en  V erb in d u n g en  befinden  sich  im  E in k lan g  
m it den  sp ek tro sk o p isch en  D a ten  (s. T ab . I I ) .

II
H О

11

Photo-D im roth-U m lagerung von 5-A m ino-4-äthoxy- 
carb on yl-l-p h en yl-l,2 ,3 -triazo l 12 [10]
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E xperim en te ller Teil

F ü r  die sp ek tro sk o p isch en  U n te rsu ch u n g en  d ien te n  fo lgende G eräte : UV: C ary 15 u n d  
U nicam  SP  700, IR :  P e rk in -E lm e r  237 u n d  457, N M R : V arian  А 60 u n d  А 60 D.

A llgem eine V orsch rift zu r D arstellung  de r M aleam idsäuren  3 a -c  u n d  5a, b: 20 m m o l 1 
(oder 4) u n d  20 m m ol 2 a -c  w erden  in  50 m l T e tra h y d ro fu ra n  bei R a u m te m p e ra tu r  g e rü h rt  
u n d  eine N a ch t be lassen . D as P ro d u k t w ird  a b f il tr ie r t  u n d  aus Ä th a n o l u m k ris ta llis ie rt (D a te n  
s .T a b .I .) .

N -(3 -Ä th o x y carb o n y l-4 ,5 ,6 ,7 -te trahydro -2 -benzth ieny l)-beruste inam idsäure  6: 10 m m ol 
3 a  w ird  in  50 m l Ä th a n o l in  G egenw art von  10%  Pd/C  bei R a u m p te m p . h y d rie rt. N ach  de r 
A ufnahm e eines M oles H 2 w ird  der K a ta ly sa to r  a b f il tr ie r t,  d as L ö su n g sm itte l abgezogen u n d  
d e r R ü c k s tan d  aus Ä th a n o l u m k ris ta llis ie rt (D a te n  s. T ab . I).

3 -Ä thoxycarbony l-2 -p rop ionam ino-4 ,5 ,6 ,7 -te trahydro -benzo th iophen  7: 20 m m ol 6 w er
d en  a u f  250— 270 °C e rh itz t ,  n ach  der B eendigung  d e r C 0 2-A b sp a ltu n g  w ird  der R ü c k s ta n d  
a b g ek ü h lt u n d  aus Iso p ro p a n o l u m k ris ta llis ie rt (D a te n  s. T ab . I).

A llgem eine V o rsch rift zu r V eresterung von 3a , b und  6: 10 m m ol 3a, b oder 6 w erden  
in  50 m l M ethanol in  G eg en w art von  2 m l B o rf lu o rid /Ä th y lä th e ra t 3 h  zum  S ieden e rw ärm t. 
D as L ö su n g sm itte l w ird  in  V ak u u m  e n tfe rn t u n d  de r R ü c k s ta n d  aus Ä th a n o l u m k ris ta llis ie rt 
(D a ten  s. T ab . I).

N-Allyl-N’-(3 -äthoxycarb o n y l-4 ,5 ,6 ,7 -te trah y d ro -2 -b en z th ien y l)-m ale in säu red iam id  (9 ) :
4,1 g (12 m m ol) 3a u n d  4,1 m l SOCl2 w erden in  30 m l B enzol gelöst u n d  1 h  zum  Sieden e rh itz t .  
D as R eak tionsgem isch  w ird  in  V akuum  eingeengt, in  30 m l D io x an  gelöst u n d  in n erh a lb  0,5 h  
zu  einer L ösung v o n  1,71 g (30 m m ol) A lly lam in  in  30 m l D io x an  z u g e tro p ft. D as G em isch 
w ird  6 h  bei R a u m te m p . g e rü h rt, in  W asser gegossen, m it 3 x 5 0  m l B enzol e x tra h ie r t  u n d  
ü b e r  M gS04 g e tro ck n e t. D er R ü c k s tan d  (nach  dem  A b d am p fen  des L ösungsm itte ls) w ird  aus 
Ä th an o l u m k ris ta llis ie rt (D a te n  s. T ab . I).

3 -Ä th o x y carb o n y l-2 -(l-m ale in im id o )-4 ,5 ,6 ,7 -te trah y d ro b en zo th io p h en  10: 3,23 g (10 
m m ol) 3a w erden  in  16 m l E ssig säu rean h y d rid  4 h  zum  S ieden e rw ärm t. N ach  A bküh len  w ird  
d as R eak tionsgem isch  in  W asser gegossen, m it A m m o n iak  n e u tra lis ie r t, m it C hloroform
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e x tr a h ie r t  u n d  ü b er M gS04 g e tro c k n e t. N ach  V erd am p fen  des L ösu n g sm itte ls  w ird  d e r R ü c k 
s ta n d  au s  Ä th an o l u m k ris ta llis ie rt. A usb. 1,0 g (3 3 % ) vom  Schm p. 134— 136 °C.

U V  (96%  C2H 6O H ): Amax 409, 347, 256, 217 nm .
IR (K B r) :  v C = 0 lmi(j 1800, 1780 u n d  1705, v C =  0 Ester 1710, v C =  C 1655,

1635, 1560 u n d  1530 c m - 1 .
NM R(CDC13): E s te r  r  8,65 t  u . т  5,68 q  (7,0 H z),

C-Hvinyi г  3,33 d  u . г  2,64 d  (5,0 Hz),
C H 2(5,6) r  8,2 m  (4,0 H z) u . CH2 (4,7) r  7,3 m  (4,0 H z). 

C16H 16N 0 4S (305,34) h e r. N  4,59, S 10,50, gef. N 4,69, S 10,29.

5 -A cetam ido-4-äthoxycarbonyl-pyrazo l 11: A us 5a  ausgehend , n a ch  d e r V o rsch rift 
10 , e rh ä l t  m a n  11. A usb. 0,57 g  (2 9 % ) vom  Schm p. 201— 202 °C (L it [9] 200 °C).

IR (K B r) :  v N H  3340 u n d  3250, v C = 0  1695 u n d  1680 c m “ 1
(L it  [9] N ujo l) 3340, 3250, 1700 u n d  1680 c m “ 1). 

N M R (d e-D M SO ): E s te r  r  8,72 t  u n d  т  5,71 q  (7,0 H z),
GH 3Acetyl T 7>87 s, C -H  г  2,0 s, г  N -H  0,3. 

C8H n N 30 3 (197,19) h e r. C 48,72, H  5,62, N  21,31, 
gef. C 48,61, H  5,67, N  21,24.

P h o to -D im ro th -U m lag eru n g  von 5 -A m in o -4 -ä th o x y ca rb o n y I-l-p h en y l-l,2 ,3 -tr iazo l 12:
4 ,64  g (20 m m ol) 12 w erden  in  ca. 220 m l D io x an  gelöst, 10 m g T rip h en y len  als S ensib ilisa to r 
z u g e fü g t u n d  in  einer B e stra h lu n g sa p p a ra tu r  (m it W asser g ek ü h lte r Q uarzfinger) u n te r  m a 
g n e tisc h em  R ü h ren  m it e inem  H g -H o ch d ru c k b ren n e r (Ph ilip s H P K  125 W ) b e s tra h lt .  D e r 
R e a k tio n sa b la u f  w ird  m it DC verfo lg t (S y stem  B enzol/A ceton  80:20). N a ch  36— 48 h  B e 
s tra h lu n g sd a u e r  w ird  k e in  w eite res P h o to p ro d u k t m eh r geb ildet. N ach  d em  V erd am p fen  des 
L ö su n g sm itte ls  w ird  de r R ü c k s ta n d  an  K ieselgel in  S y stem en  ste ig en d er P o la r itä t  c h ro m a to - 
g ra p h ie r t  (1. Benzol, 2. B enzo l/E ssigester 9:1). 14 fä ll t  a ls F e s ts to ff  an , d e r aus Ä th a n o l u m 
k r is ta ll is ie r t  w ird.

A usb . 1,77 g (3 8 ,0 % ) v o m  Schm p. 136— 138 °C (L it. [15] 129— 130 °C).
IR (K B r) :  v N H  3380 (P h -N H )  u n d  3500— 2600 (3150, 2940) (A zol-N H ), v C = 0  

1700, a ro m atisch e  u n d  h e te ro a ro m a tisch e  C H -S chw ingungen  + /S N H -B an d e n  1620, 1590, 
1545, 1490, 1475 u n d  1440 c m ’ 1 (L it. [18] 3455, 3280, 1712, 1620 u n d  1560 c m " 1 fü r  12).

NMR(CDC13): E s te r  r  8,52 t  u n d  т  5,43 q  (7 H z), P h -N H  т 4,6, A z o l-N H  r  2,1.
Ch H 12N40 2 (232,24) h e r . N  24,25, gef. N  24,17.

*

G. Sz. d a n k t de r A lex an d e r v o n  H u m b o ld t-S tif tu n g  fü r ein  F o rsch u n g sstip en d iu m . 
H e r rn  P. Sohár d an k en  w ir fü r  w ertvo lle  D iskussionen , de r D eu tsch en  F o rsch u n g sg em ein sch aft 
fü r  Sachbeihilfen .
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CONVERSIONS OF TOSYL AND MESYL DERIVATIVES 
IN THE MORPHINE GROUP, XVI*

N E W  D A TA  TO T H E  M E C H A N IS M  O F  A L L Y L IC  R E A R R A N G E M E N T  

S. Ma k l e it , T . M il e  an d  R . B og n á r

(D epartm en t o f Organic C hem istry, L . K ossuth  U niversity, Debrecen)

R ece iv ed  M ay 28, 1975

A d d itio n a l evidence is p re se n te d  fo r th e  com plex (8д-2 S.yi’) m ech an ism  of 
th e  tra n s fo rm a tio n  of the  a lly lic  sy s tem  occurring  in  m orphine a lka lo ids. S ta r tin g  
w ith  codeine to sy la te , a lte ra tio n  o f th e  re ac tio n  conditions m ade possib le th e  p re p a 
ra tio n  of b o th  chloro d eriva tives, a - a n d  /S-chlorocodide; th e  iso lated  а -d e riv a tiv e  was 
isom erized  in to  th e  Д-d eriv a tiv e  u n d e r  sim ilar cond itions as fo r th e  p re p a ra tio n  of 
th e  la te r.

T h eo re tica l considerations a n d  ex p e rim en ta l observations d u rin g  our 
p rev ious w ork [1 , 2 ] led to  th e  conclusion  th a t  tho se  nucleophilic  su b s ti tu tio n  
reac tio n s  of th e  pseudo-equatorial to sy lo x y  g roup  in  codeine-, 3 -0 -acety lm or- 
ph in e- and  14-hydroxycodeine to sy la te s  w hich  y ield  “ pseudo”  co m p o u n d s 
( € - 8  s u b s ti tu te d  derivatives), c a n  be described  b y  a com bined  S N2-\-SNV 
m echan ism .

In  th e  p re se n t paper fu r th e r  e x p e rim e n ta l evidence is p re se n te d  in  con
n e c tio n  w ith  th is  problem .

I t  has been described  in  th e  l i te ra tu re  th a t  codeine to sy la te  (3 -m eth o x y - 
4 ,5a-ep o x y -6 a-to sy lo x y -7 ,8 -d id eh y d ro -1 7 -m eth y lm o rp h in an ) (I) re a c ts  w ith  
lith iu m  chloride in  acetone so lu tio n  to  y ie ld  a-ch lorocodide (3 -m ethoxy-4 ,5 - 
a-epoxy-6 /?-ch lo ro -7 ,8 -d idehydro -17 -m ethy lm orph inan ) (II); th e  re a c tio n  has 
Sjy2 m echan ism  [3].

O n th e  basis o f  earlier o b se rv a tio n s  [1, 2 ], th is  reac tio n  w as ex am in ed  
in  d e ta il an d  i t  has b een  found t h a t  re la tiv e ly  s ligh t changes in  th e  ex p e rim en 
ta l co n d itio n s are  su ffic ien t also in  th is  case to  allow  th e  p re p a ra tio n  o f  b o th  
th e  a - (С -6 ) (II) a n d  th e  ß -  (C -8 ) (III) isom ers, an d  to  co n v ert th e  iso la ted  
€ —6  isom er, w hich  is a k inetic p ro d u c t , in to  th e  C- 8  th e rm o d y n am ic  isom er, 
by  a p p ly in g  sim ilar conditions as fo r  th e  sy n th esis  o f th e  (1-isomer (3 -m eth o x y - 
4 ,5a-epoxy-6 ,7 -d idehydro-8 /?-ch lo ro -17-m ethy lm orph inan) (III).

T h e  tra n sfo rm a tio n s  are show n  in  F ig . 1.
R ecen tly , th e  6 -deoxy-6 - th io c y a n a to  d e riv a tiv e  [1] (called  p ro d u c t a 

in  th e  reference  c ited ), whose fo rm a tio n  h a d  been  assum ed in  th e  course o f  th e

* P a r t  X V : S. M a k l e i t , G. S o m o g y i , R . B o g n á r : A cta  Chim. (B u d ap es t)  (in  p ress 
an d  M ag y ar K ém . F o ly . 81, 517 (1975).
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conversion  of codeine to s y la te  in to  th e  8 -d eo x y -8 - iso th io cy an a te  d e riv a tiv e , 
could  also he iso la ted  u n d e r  special cond itions a n d  its  isom eriza tion  (C- 6  —>- C- 8  

tra n s itio n )  has been  ach iev ed  [4].
T he iso m eriza tio n  o f  6 -deoxy-6-azido-14-hydroxyisocodeine to  8 -deoxy- 

8 -azidopseudocodeine h a s  also been re p o rte d  b y  u s  [2 ].

Fig. 1

T he SJN1’ p a rt-p ro cesses  in  th e  tw o  l a t te r  re a c tio n  h av e  been  exp la ined  
b y  a [3,3] -su p ra fac ia l s igm atrop ic  re a rra n g e m e n t proceeding  th ro u g h  th e  
fo rm a tio n  o f a q uasi-cyc lic  in te rm e d ia te  [4].

T he re a c tio n  o f  codeine to sy la te  w ith  p o ta ss iu m  th io la c e ta te  in  D M F [5] 
y ie ld ed  th e  8 -d eo x y -8 -ace ty lth io  d e riv a tiv e . T h e  corresponding  6 -deoxy-6 - 
a ce ty lth io  d e r iv a tiv e  h as  n o t been  iso la ted , b u t  th e  SN2 m echanism  o f its  fo r
m a tio n  was assu m ed , an d  its  tra n sfo rm a tio n s  b y  S ^ i’ reac tio n  w as suggested  
to  ta k e  place p ro b a b ly  th ro u g h  a t ig h t  io n  p a ir  [4].

T he Sjv*’ p a r t ia l  m echanism  in  th e  tra n s it io n  I I  —*- I I I  can  also be ex p la in 
ed  sim ilarly  b y  th e  fo rm atio n  o f an  io n  p a ir , since th e  chlore d e riv a tiv e  
w as o b ta in ed  ex c lu siv e ly , even on th e  a d d itio n  o f foreign  anions (B r~ , N 3_ ) [6 ].
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E xperim en ta l

ОС-Chlorocodide (II)

6-0 -T osy lcodeine  (4.0 g; 8.8 m .m oles) an d  lith iu m  ch lo rid e  (1.36 g; 32 m .m oles) 
w ere dissolved in  d ry  DM F (120 m l) a n d  k e p t  a t  40 ±  2 °C fo r 5 h rs. T he re ac tio n  m ix tu re  
w as p oured  in to  ice -w ate r (600 m l) a n d  e x tra c te d  w ith  benzene (3 X 100 m l). T he benzene 
so lu tion  w as w ash ed  w ith  w a te r s a tu ra te d  w ith  sodium  ch loride  (2 X 50 m l), d ried  o v e r 
m agnesium  su lfa te  a n d  e v ap o ra ted  to  d ry n ess. T he residue  w as crysta llized  fro m  e th a n o l 
to  o b ta in  2.13 (7 6 % ) of th e  p ro d u c t, m .p . 152 °C (lit. m .p . 151— 154 °C [3]; m ixed  m .p . 
151— 152 °C.

6-O -Tosylcodeine (3.0 g; 6.6 m .m oles) a n d  lith iu m  ch loride  (1.02 g; 24 m .m oles) w ere 
d issolved in  d ry  D M F  (90 ml) an d  k e p t  a t  120 ±  4° C fo r 5 h rs . T h e  reac tio n  m ix tu re  w as 
processed  as desc rib ed  above, to  o b ta in  0.7 g (3 3 .3 % ) of th e  p ro d u c t, m .p . 155— 157 °C (fro m  
e th an o l) (lit. m .p . 153— 154 °C) [3].

Com pound (II) (1.5 g) was h e a te d  in  D M F (30 m l) a t  120 °C fo r 10 h rs; th e  p rogress 
o f th e  reac tio n  w as follow ed b y  TLC. A fte r  th e  d isap p earan ce  of th e  sp o t due to  II, th e  re ac tio n  
m ix tu re  was p rocessed  as above, to  y e ie ld  0.62 g (41 .2% ) o f th e  p ro d u c t, m .p. 155— 156 °C 
(m ixed  m .p. 155° C).

T he a u th o rs ’ th a n k s  due are to  th e  N a tu ra l  Science D e p a r tm e n t I of th e  H u n g a rian  
A cadem y of Sciences an d  to  th e  A lk a lo id a  C hem ical W orks, T iszav asv ári, fo r su p p o rtin g  
th is  w ork.
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ß-Chlorocodide (III)

Conversion of (П) into (III)

R E F E R E N C E S
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In s ti tu te  o f  O rg an ic  C hem istry , U n iv e rs ity  of D ebrecen  
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SYNTHESIS OF SOME COUMARIN-AMINO ACID 
METHYL ESTER DERIVATIVES

A. M. E l - N a g g a r ,  M. H . A. E l - g a m a l ,  В. A. H . E l - T a w i l  and F. S. M. A h m e d

( Chemistry D epartm en t, Faculty o f  Science, A l-A zh a r  U niversity , Nasr-C ity, Cairo a n d  
N at. Res. Centre, D o kki, Cairo, E g yp t A .R .E .)

R eceived J u n e  13, 1975; 

in revised fo rm  O cto b er 18, 1975

Coum arin-3-CO -G ly-O M e (II)  a n d  th e  co rresp o n d in g  L-Ala, L-Leu, L-Ser, D-Val’ 
L-Tyr, D-Phe, L-Pro, L-Trp, L-Thr a n d  /З-A la m e th y l e s te r  de riv a tiv es (I I I—XIV ) h a v e  
been  sy n th es ized  b y  th e  action o f co u m arin -3 -ac id  ch lo ride  (I) on  am ino acid  m e th y l  
este r h y d ro ch lo rid es  in  d ioxan co n ta in in g  E t 3N . H y d raz in o ly s is  of coum arin-3-C O - 
-L-Leu-OM e (IV) in  d ioxan  gave th e  co rrespond ing  h y d ra z id e  in  85%  yield . 3-[5-(6,7- 
-d im e th o x y b en zo fu ry l)] propenoyl-G ly-O M e (XVII) a n d  th e  corresponding L-A la, 
D-Phe, L-Tyr, L -T hr, L-Trp and L -S er-m ethy l e s te r  d e riv a tiv e s  (XVIII— X X II) h a v e  
been p re p a re d  b y  th e  reac tion  o f 3 -[5 -(6 ,7 -d im ethoxybenzofu ry l)] p ropeno ic  acid  
chloride (XVI) w i th  th e  ap p ropria te  am in o  acid  m eth y l e s te r  in  d ioxan  co n ta in in g  E t 3N .

Introduction

T he cou m arin  g ro u p  of n a tu ra l p ro d u c ts  has a ro u sed  in  th e  p a s t tw e n ty  
y ea rs  considerab le  in te r e s t  on acco u n t o f  v a rio u s a sp ec ts  o f biological a c t iv i ty  
[1, 2 ]. I t  seem s th e re fo re  desirable to  sy n thesize  som e coum arin -am ino  ac id  
d e riv a tiv es  w hich m a y  be of verified  o r in ten s ified  p h a rm aceu tica l e ffec ts . 
I n  co n tin u a tio n  o f  o u r  previous w ork  [3, 4 ], th e  sy n th es is  o f coum arin-3-C O - 
am ino  acid  esters (II— XIV) and  3 -[5 -(6 ,7 -d im ethoxybenzofu ry l)] p rop en o y l- 
am ino  acid esters (XVII— XXIII) is describ ed  in  th is  p ap e r.

Results and discussion

F o r th e  p re p a ra t io n  of the  t i t le  com pounds, I [5] w as tre a te d  w ith  th e  
a p p ro p ria te  am ino  a c id  m ethy l e s te r h y d ro ch lo rid e  (1 :1 . 2  mole) in  d io x a n — 
E t 3N m edium  to  a ffo rd  coum arin-3-C O -am ino acid m e th y l esters (II— XIV). 
C oum arin-3-C O -G ly-O M e (II) was successively  sy n th es ized  and  th e  p ro d u c t 
easily  iso la ted , p u r if ie d  an d  recrysta llized .

T he reac tio n  o f  I w ith  Ala- or ß - X \& ,  V al, L eu, P h e , G lu and  P ro  w as 
ca rried  o u t u n d er th e  sam e  conditions as u sed  fo r th e  p re p a ra tio n  of th e  g lycine 
d e riv a tiv e , an d  th e  t im e  required  fo r com p le tio n  of th e  reac tio n  (5 m in , —  
2 hrs) w as m on ito red  b y  TLC.
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I n  th e  p re p a ra tio n  o f th e  Ser, T y r, T h r  a n d  T rp  d e riv a tiv es  (V, IX, XIJ 
an d  X III), th e  coupling reac tio n s d id  n o t re q u ire  th e  p rio r p ro te c tio n  o f  th e  side 
chain  g ro u p  o f th e  am ino ac id , an d  no side reac tio n s  were observed .

M ost o f  th e  p ro d u c ts  w ere o b ta in e d  in  crysta lline  fo rm  in  50— 85%  
yield . T h e  com pounds (II— XIV) w ere c h ro m a to g rap h ica lly  hom ogeneous an d  
gave n e g a tiv e  n in h y d rin  reac tio n .

(S tru c tu re  I I —XV)

(S tructure  XVII—XXII)

t

T h e  e lec tro p h o re tic  m o b ility  (E ) w as fo u n d  to  he zero fo r  all d e riv a tiv es  
in d ic a tin g  th e  h igh  p u r i ty  o f th e  p ro d u c ts  from  any  u n re a c te d  am ino  acid  
e s te rs .

T h e  I R  sp ec tru m  o f coum arin-3-C O -G ly-O M e (II) in  K B r  show ed th e  
c h a ra c te r is tic  hands a t  3460, 3340 an d  3040 (N H  and  C O N H ); 1740, 1650 an d  
1560 (a -p y ro n e); 1655, 1520 an d  1280 (am id e  I ,  I I ,  I I I ) ;  1445, 1360 (-C O O C H 3) 
a n d  1690 ( r  C = 0 )  c m -1 , th e re b y  s u p p o r tin g  th e  s tru c tu re  o f  II.

T h e  IR  sp ec tra  o f th e  o th e r co m p o u n d s (III—XIV) h a d  analogous p eak s, 
co n firm in g  th e  s tru c tu re s  o f  these  com p o u n d s.

T h e  UV sp ec tra  o f II— XIV in  e th a n o l show ed Amax (log e) a t  210 n m  
(4.55) a n d  295 n m  (4.43), c h a rac te ris tic  o f  th e  coum arin  residue .

T h e  a tte m p te d  coupling  re a c tio n  o f  coum arin -3 -carboxy lic  acid  w ith  
am in o  ac id  esters in  D M F , benzene or T H F  using  th e  d icyc lohexy lcarbod iim ide  
m e th o d  w as fru itless. T he azide m e th o d  also failed ow ing to  th e  u n s ta b ili ty  
o f  th e  coum arin  rin g  to w ard s h y d raz in o ly s is  reac tion  in  e th an o l.

T re a tm e n t o f coum arin-3-C O -L-Leu-O M e (IV, 1M ) w ith  a 0 .5M  (or 1M )  
so lu tio n  o f h y d raz in e  h y d ra te  in  e th a n o l a t  20° C (or even  a t  5 °C) fo r 2 h rs  
le a d  to  th e  d es tru c tio n  o f  th e  a -p y ro n e  rin g  as in d ica ted  b y  th e  UV d a ta . 
H o w ev er, w hen IV w as re flu x ed  (90 °C) w ith  0 .5M  hyd raz in e  h y d ra te  in  d io x an — 
e th a n o l m ix tu re  fo r 6  h rs , th e  desired  h y d raz id e  (XV) w as o b ta in e d  a n d  no 
side  reac tio n s w ere observed . T he s ta b il i ty  o f  th e  a-py rone  r in g  w as e stab lish ed  
b y  th e  UV sp ec tru m , e lem en ta l an a ly sis , ch ro m ato g rap h ic  s tu d ies  an d  th e  I R
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sp ec tru m . S im ila rly , some au th o rs  [6 , 7] fo u n d  th a t  th e  a -p y ro n e  rin g  in  o th e r  
coum arins w as c leav ed  b y  t r e a tm e n t  w ith  h y d raz in e  h y d ra te , w hen to lu en e , 
benzene, xy lene , ace tic  acid a n d  alcohols w ere used  as th e  so lven t. H ow ever, 
w hen pheneto le  o r te tra lin e  w ere ap p lied  in s te a d  o f th e  m en tio n ed  so lven ts, 
no  d e tec tab le  d e s tru c tio n  of th e  co u m arin  m olecule w as observed.

Several 3 -[5 -(6 ,7 -d im eth o x y -b en zo fu ry l)] p ropenoy l-am ino  acid  esters 
were p rep ared  b y  th e  reaction  o f  XVI w ith  th e  am ino acid  m e th y l ester, using  
th e  p rocedure d esc rib ed  for th e  p re p a ra tio n  of II— XIV. T he tim e  req u ired  
fo r com pletion  o f  th e  reaction  (35 m in  —- 2 hrs) w as found  o u t b y  TLC. 
H ow ever, coup ling  reactions w ith  L-Ala, L-Tyr an d  L-Trp y ielded  p ro d u c ts  
w h ich  co n ta in ed  sm all traces o f  u n d esired  b y -p ro d u c ts . C om pounds XVIII, 
X X  an d  XXII w ere  iso la ted  an d  p u rif ie d  b y  p re p a ra tiv e  TLC and  rep e a te d  
re c ry s ta lliz a tio n s . I n  general, th e  desired  3 -[5 -(6 ,7 -d im ethoxybenzofury l)] 
p ropenoy l-am ino  a c id  esters w ere o b ta in e d  in  cry sta llin e  form  in  30— 80%  
yie ld .

The IR  sp e c tru m  of XVII in  K B r h a d  th e  ch a ra c te ris tic  bands a t  3260, 
3040 (N H  and  C O N H ); 3165, 1560, 1030 (benzofuran  system ); 1670, 1550, 
1280 (am ide I ,  I I  a n d  I I I ) ;  2920, 2820, 1450, 1340 (A r-O C H 3); 1120, 1240, 
1735 (COOCHg); 1620, 1450,1220 c m - 1  (C = C ) th e re b y  con firm ing  th e  s tru c tu re  
o f  XVII. The U V  sp e c tra  of XVII— X X II (in  E tO H ) show ed Amax (log e) a t  
248 n m  (4.46) a n d  285 nm  (4.48) c h a ra c te r is tic  o f th e  b en zo fu ran  s tru c tu re .

C om pounds II— XV and  XVII— X X II w ere p re p a re d  an d  ch arac te rized  
fo r th e  f irs t tim e. T h e  biological a n d  p h arm aco log ica l p ro p ertie s  of th e  sy n th e 
sized com pounds a re  s till under screen ing .

Experim ental

O ptical ro ta tio n s  [oc]b° were m easu red  in  D M F (unless o therw ise  s ta te d ) . T he R j  v a lu es 
(TLC) w ere de te rm in ed  o n  silica gel, dev elo p ed  w ith  ben zen e-e th y l a c e ta te  (1:1) and  d e tec ted  
w ith  iodine in  K I  so lu tio n  (20% ) as th e  sp ra y in g  a g en t. B enzid ine, n in h y d rin , silver n i tra te  
a n d  h y d ro x a m a te  re a c tio n s  were used fo r d e te c tio n  o f th e  am ino acid  d e riv a tiv es on p a p e r 
ch ro m a to g ram s (sp o t re a c tio n s)  [8]. T he e le c tro p h o re tic  m obilities, E ,  w ere m easu red  w ith  
1000 V , 2 h rs in  p y r id in e -a c e ta te  buffer [8]. U V  sp e c tra  w ere ta k e n  in  e th a n o l an d  th e  I R  
sp e c tra  in  K B r pelle ts.

C ouinarin -3-acid  ch loride  ( I )

T his com pound w as synthesized  fro m  co u m arin -3 -carboxy lic  acid  using  th e  p ro ced u re  
described  in [5].

G eneral procedure fo r th e  synthesis of co u m arin -3 -C O -am ino  acid m ethy l esters ( I I — XIV)

C oum arin-3-acid  ch lo rid e  (I) (0.63 g ; 0.003 m ole) w as d issolved in  d io x an  (20 m l) an d  
ad d ed  to  a  so lu tion  o f th e  am ino acid m e th y l  e s te r  hyd ro ch lo rid e  (0.0036 m ole) in  d io x an  
(20 m l) con ta in ing  tr ie th y la m in e  (1 ml). T h e  re a c tio n  m ix tu re  was s tirred  a t  room  te m p e r
a tu re  follow ed by re flu x in g  u n t il  com pletion  o f th e  re ac tio n  as checked  b y  TLC . A fter cooling
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Table I

Coum arin-3-C O -am ino acid m ethyl esters ( I I  — XV)

Elem entary uialysis, %

Comp.
No.

R =  Amino acid 
residue

Yield,
%

M.p.,°c */ Mb" Mol. formula Found Calculated

c H N C N

П Gly-OMe 65 1 9 3 -1 9 5 0.63 — C13H u N 0 5 60.27 4.37 5.19 59.77 4.2 5.3

h i L-Ala-OMe 60 1 0 8 -1 1 0 0.70 +  49.7(c, 0.64) C jaH ijN O j 61.24 4.94 4.92 61.09 4.7 5.0

IV b-Leu-OM e 70 120— 122 0.81 +  51.4 (c, 0.5) c 17h 19n o 5 64.62 6.06 4.56 64.34 6.04 4.41

V L-Ser-OMe 50 9 8 - 1 0 0 0.71 +  105.4 (c, 0.4) C14H 13N O r> 58.21 4.9 4.57 57.73 4.5 4.82

VI D-Val-OMe 70 9 1 -  92 0.68 + 4 7 .8  (c, 0.7) 
+  15.2 (c, 0.5 

acetone)

c u h 17n o 5 63.36 5.74 4.7 63.36 5.61 4.62

VII L-Val-OMe 85 85— 87 0.68 + 6 0 .8  (c, 0.5); 
— 17.2 (c, 0.5 

acetone)

Cig£Ii 7 N 05 63.87 5.64 4.34 63.36 5.61 4.62

V III L-Glu-OMe 70 1 0 3 -1 0 5 0.51 +  17.3 (c, 0.5) c 17h 17n o 7 58.95 5.03 6.06 58.78 4.8 4.03

IX L-Tyr-OMe 65 9 5 -  98 0.59 + 7 2 .1  (c, 0.5) ^20^17 NO 6 65.41 4.7 3.84 65.3 4.6 3.8

X D-Phe-OMe 30 105— 107 0.68 +  17.7 (c, 0.6) 68.48 4.93 3.59 68.37 4.8 3.9

XI L-Pro-OMe 82 1 4 5 -1 4 7 0.82 — 33.3 (c, 0.6) c 16h I5n o 5 63.56 4.88 4.81 63.78 4.98 4.6

X II L-Trp-OMe 55 107— 109 0.70 + 7 4 .8  (c, 0.5) С22Н ]8^20 5 67.68 4.88 7.66 67.69 4.6 7,2

X III L-Thr-OMe 30 160— 162 0.47 +  58.5 (c, 0.7) C16H u N O e 59.23 5.08 4.76 59.01 4.91 4.5

XIV /3-Ala-OMe 75 1 5 0 -1 5 2 0.48 — c 14h 13n o 5 61.38 5.05 4.99 61.09 4.7 5.09

XV L-Leu-N2H 3 85 2 2 5 -2 2 6 0.90 + 7 .2  (c, 0.5 
acetone)

H lliH 19N30 4 60.77 7.12 13.5 60.5 6.9 13.2
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Table II

3 -[5- (6 ,7-D im ethoxybenzofuryl) Jpropenoyl am ino acid m ethyl esters (X V II- X X II)

Elementary inalysis, %

Comp.
No.

R  =  Amino acid 
residue

Yield,
%

M.p., °c «/ [«IK Mol. formula Found Calculated

C H N C H N

Х Ш Gly-OMe 40 152— 153 0.43 Ci6H 17N O e 60.31 5.75 4.53 60.18 5.32 4.39

XVIII L-Ala-OMe 66 105— 107 0.56 + 7 5 .0  (c, 0.53) c 16h 19n o 6 59.95 5.96 4.49 59.81 5.91 4.36

XIX D-Phe-OMe 64 147— 150 0.73 +  103.3 (c, 0.7) c 23h 23n o 6 67.98 5.91 3.48 67.48 5.62 3.42

XX L-Tyr-OMe 30 135— 137 0.58 +  18.0 (c, 1.4) c 23h 23n o 7 64.95 5.93 3.39 64.9 5.41 3.29

XXI L-Thr-OMe 82 1 8 3 -1 8 5 0.26 + 4 6 .0  (c, 1.7) ^ 1 8 ^ 2 lN 0 7 59.85 5.94 3.93 59.5 5.78 3.85

XXII L-Trp-OMe 35 9 5 -  97 0.65 +  23.0 (0.78) ^"25-^24^2^6 66.96 5.95 6.55 66.96 5.35 6.25
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of th e  re a c tio n  m ix tu re , E t3N  • HC1 was f ilte red  o ff  a n d  a b e n ze n e -e th e r m ix tu re  (250 m l) 
(1:1) w as a d d ed . The reac tio n  m ix tu re  w as w ash ed  w ith  H 20 ,  10%  N a H C 0 3 , H 20  a n d  d ried  
over N a 2S 0 4. E v ap o ra tio n  of th e  so lven t in  v a c u u m  gave  a  solid p ro d u c t w h ich  w as re c ry s ta l
lized fro m  e th a n o l, m eth an o l, h e x an e  or th e ir  m ix tu re s . C om pounds ( I I— XIV) w ere ch ro m a to - 
g ra p h ic a lly  hom ogeneous w h en  d e tec ted  w ith  b enzid ine , iodine so lu tio n , h y d ro x a m a te  
re a c tio n s , a n d  all gave n e g a tiv e  n in h y d rin  te s t .  E  =  zero (for com p o u n d s I I — XIV) (c./. 
T ab le  I ,  C om pounds I I —XIV).

Synthesis o f coum arin-3-C O -L -L eu-N 2H 3 (XV)

C oum arin-3-C O -L-Leu-O M e (IV) (1 g) w as d isso lved  in  d io x an  (25 m l) a n d  h y d raz in e  
h y d ra te  (0 .88 m l) (0.5 M ) d isso lved  in  a  m ix tu re  o f  15 m l e th an o l a n d  20 m l d io x an e  was 
a d d ed . T h e  so lu tion  was re flu x ed  fo r 6 h rs  a t  90 °C. T he tim e req u ired  fo r th e  fo rm a tio n  of 
th e  h y d ra z id e  was estab lished  b y  TLC. E v a p o ra tio n  o f th e  so lven t in  v a cu u m  gave  a  solid 
m a te r ia l  w h ich  was recry sta llized  from  abs. e th a n o l. T he m ate ria l w as ch ro m a to g ra p h ica lly  
h o m o g en eo u s an d  gave p o sitiv e  reac tio n  w ith  silv er n itra te  (c.f. T ab le  I ,  C om pound XV).

G en era l procedure  for th e  syn thesis of 3 -[5 -(6 ,7 -d im ethoxybenzofu ry l)]p ropenoyI-am ino  acid
m ethyl esters (X V II— X X II)

(а ) 3 -[5 -(6 ,7 -D im ethoxybenzofu ry l)]p ropeno ic  acid chloride (XV I): 3 -[5 -D im ethoxy- 
b e n zo fu ry l)]  propenoic acid  (0.55 g) w as d isso lved  in  chloroform  (20 m l), PC15 (1.5 g) was 
a d d e d , a n d  th e  m ix tu re  re flu x e d  fo r 1 h r ; th e  excess PC16 was th e n  f i lte re d  off. E v a p o ra tio n  
o f th e  so lv en t in  v acu u m  gave  th e  acid  ch lo ride  (XVI) as a  hygroscop ic  c ry sta llin e  m ate ria l 
(0 .533 g; 90% ).

(б) Synthesis of X V II— X X II:
C om pound XVI (0.533 g; 0.002 m ole) w as dissolved in d io x an  (20 m l) an d  ad d ed  to 

a so lu tio n  of th e  am ino acid  m eth y l e s te r  h y d ro ch lo rid e  (0.0024 m ole) in  d io x an  (20 m l) 
c o n ta in in g  trie th y lam in e  (2 m l). The re ac tio n  m ix tu re  was re flu x ed  fo r a p e rio d  o f 30 m in  
to  2 h rs ;  th e  tim e req u ired  fo r com pletion  o f th e  reac tio n  was d e te rm in e d  by  TLC. T he sam e 
p ro c ed u re  w as th en  follow ed as described fo r I I — XIV. The co m pounds (X V II— X X II) were 
re c ry s ta ll iz e d  from  p e tro leu m  e th e r, e th a n o l o r m eth an o l, to  o b ta in  w e ll-c rysta llized  su b 
s ta n ce s . A ll p ro ducts w ere c h ro m a to g rap h ica lly  hom ogeneous a f te r  th e ir  iso la tio n  and  
p u r if ic a t io n  (c.f. Table I I ,  C om pounds X V II— X X II).

*

T h e  au th o rs  are  g re a tly  in d eb ted  to  th e  N R C , Cairo, E g y p t, fo r  lab o ra to ry  facilities.
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RECENSIONES

G y. S z e k é r : Significance o f A lu m in iu m  in Technical Development 

(A dvances in  C hem istry , Vol. 25)

A k adém iai K iadó , B u d a p es t 1975, 194 pages

T he series “ A dvances in  C hem istry”  gives in fo rm atio n  n o t  on ly  a b o u t basic  re sea rc h  
a n d  n o t  on ly  sum m arizes th e  technolog ical a n d  o p era tio n a l re su lts  b u t  discloses th e  fu ll an d  
easily  in te llig ib le  n o tio n  of a n  econom ic m a t te r  —  as i t  is done in  th is  p re sen t w ork , to o .

T h e  rev iew  s ta r ts  w ith  th e  p re sen ta tio n  of th e  im p o rtan ce  of a lu m in iu m  w hich  is b e s t  
re flec ted  b y  th e  slogan: “ A lum in ium  is th e  X X th  c en tu ry ’s m e ta l” . H ere  is a b o u t th e  ca ree r 
a lu m in iu m  has m ade  an d  m akes in  several fields o f its  ap p licatio n .

T h e  d esc rip tio n  o f b a u x ite , th e  m ain  m in era l of a lu m in iu m , an d  th e  a lu m in iu m  
p ro d u c tio n  from  i t  n o t on ly  gives a p o ssib ility  fo r specialists to  su rv ey  th e  p rob lem  b u t  is 
re ad a b le  fo r th e  p u b lic  as well.

T he a lu m in iu m  is a  w orld  econom ical fac to r. W e ga in  a  p ic tu re  o f th e  p a r t  p lay ed  
b y  th e  c a p ita lis t com pan ies in  such  a deepness like d u a l p ricing  sy s tem , w hich  gives a n  id ea  
a b o u t  th e  in d u stry -p o litic s  o f w orld  concerns.

T h e  c h a p te r  a b o u t th e  s itu a tio n  of th e  H u n g a rian  b a u x ite -a lu m in iu m  in d u s try  is 
especially  o f h is to rica l in te re s t. I n  i t  th e  a u th o r  p re sen ts  th e  d ev e lo p m en t an d  re su lts  c o n tr ib 
u te d  b y  dom estic  resea rch . D u rin g  th e  la s t  decade  th is  develop ing  ten d e n cy  h as  speeded  
u p  as a  re su lt o f  th e  close socialist co-opera tion . C oncerning th e  e n tire  in d u s try  we h a v e  
re ac h ed  th e  w orld  s ta n d a rd  a n d  H u n g a rian  sc ien tis ts  defin itely  ta k e  a  p ro m in en t p a r t  in  
so lv ing  fu th e r  p rob lem s, too .

T h e  in te lle c tu a l e x p o rt  tra n s a c te d  by  A L U T E R V  is a s tr ik in g  e lo q u en t p ro o f o f th is . 
T he co m m en t u p o n  th e  fu tu re  ten d en cy  o f d ev elopm en t, th e  o b jec tiv e  criticism  o f som e 
a lm o st p h a n ta sm ag o ria l id eas concludes th e  book .

T h ere  is a  lit t le  flaw : in  th e  nam es of A m erican  com panies A lu m in iu m  is used  in s te a d  
of A lum inum .

Z. G. S z a b ó

Structure and Bonding, Vol. 21

Springer-V erlag , B erlin , H eidelberg , N ew  Y ork , 1975. 144 pages

T he co n tinuous increase  o f  th e  n u m b er a n d  size of chem ical period icals is slow ly 
becom ing  h a rd  to  g rasp  even  b y  th e  a id  o f re ference jo u rn a ls . D o u b tless , th is  is in  co n n ec tio n  
w ith  th e  fa c t t h a t  th e  period ica ls them selves, b u t  even  m ore so th e  re ferring  a b s tra c ts  
—  asp irin g  a fte r  e n tire ty  —  accom plished  th e ir  w o rk  w ith  less c ritic ism  th a n  needed . T h is 
is th e  re aso n  w hy a lread y  decades ago th e  p u b lic a tio n  of a n n u a l rev iew s an d  re p o rts  w as 
s ta r te d , w hich  in fo rm ed  on  th e  m o st sign ifican t re su lts  o f each  field . S tru c tu re  an d  B o nd ing  
is one o f th ese , a n d  in  fa c t is one of th e  m o st successive and  m o st u sefu l sum m aries. T h is 
e n te rp rise  is problem-oriented  a n d  from  tim e  to  tim e  sum m arizes th e  th eo re tic a l a n d  e x p e r
im e n ta l re su lts  o f d iffe ren t top ics. T he fa c t t h a t  i t  is dealing w ith  th e  co rre la tions b e tw een  
m acroscopic , i.e. classical chem ical, an d  m icroscopic, i.e. a tom ic  p h en o m en a  m akes th is  
rev iew  ex cep tional. T he op in ion  becom es m ore a n d  m ore genera l t h a t  we have  m ad e  
co n sid erab le  p rogress to w a rd  being  able to  d educe  th e  p ro p erties o f  b u lk  sub stan ces fro m  
a to m ic  an d  s tru c tu ra l p a ram ete rs .

7* Acta Chim. ( Budapest) 89, 1976
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T h e  f irs t review  o f v o lu m e  X X I, “ T he S tu d y  of C ovalency b y  M agnetic  N eu tro n  
S c a tte rin g ”  by  B. C. T c F IE L D  (B ell L ab o ra to ries), su m m arizes those  re su lts  p u b lished  on th e  
ap p lic a tio n  of m agnetic  n e u tro n  sca tte rin g  since 1965 w hen  H u b b a r d ’ s an d  M a r s h a l l ’s 
p a p e r  w as p rin ted . T he s tu d y  o f n e u tro n  sc a tte r in g  h as  p rov ided  n u m ero u s  an d  in te res tin g  
re su lts  t h a t  could n o t h a v e  b e en  o b ta in e d  in  an y  o th e r  w ay . T his new  tec h n iq u e  m akes possible 
to  s tu d y  th e  covalency in  m e ta ls , a lloys, sem i-m eta ls as well as in  in su la to rs . As th e  a u th o r  
h im se lf  expresses, his m a in  p u rp o se  is to  d raw  a tte n tio n  and  in te re s t to  th is  new  tech n iq u e .

T h e  second rev iew  o f th e  book  is on  th e  su p e rh ea v y  e lem ents. B . F r i c k e  very  p ra c 
tic a lly  describes those  e ffo rts  w h ich  aim  a t  th e  p re d ic tio n  of chem ical a n d  p h y sica l p ro p erties  
o f e lem en ts  following th e  second  ra re -e a r th  g roup . A c tu a lly  th is  is n o t  on ly  a  new  ad ap tio n  
o f  t h e  m ore th a n  100 y e a rs  o ld  M endeleev id ea  b u t  a n  u p -to -d a te  a n d  com ple te  fo rm u la tio n  
of i t .

N um erous e ffo rts h a v e  q u ite  un an im o u sly  lea d  to  th e  s ta te m e n t t h a t  th e  6d tran s itio n  
m e ta l group  and even  f u r th e r  e lem en ts u p  to  a to m ic  n u m b er 172 h av e  n o t  a t  all m onotonous 
b y  decreasing  s ta b ility  b u t  c e r ta in  nuclei w ith  la rg e  a to m ic  n u m b ers  —  aro u n d  112-114 —■ 
a n d  w ith  n eu tro n  n u m b ers  o f 178-184 have  a d d itio n a l s ta b ility  an d  th e re fo re  th e ir  p ro d u c tio n  
b y  b o m b ard in g  tw o h e a v y  n ucle i w ith  each  o th e r  is a n  effect th a t  b id s  fa ir  p rospects . T he 
fa c t  t h a t  th e  re la tiv is tic  e ffec t, to o , w as ta k e n  in to  co n sid era tio n  in  th e  a b  in itio  calcu la tions 
c o n tr ib u te s  to  a b e tte r  e s tim a tio n  of th e  a to m ic  s ta b ility .

A  surprising  re su lt  is t h a t  w ith  th e  in crease  o f th e  a tom ic  n u m b e r an d  of th e  shells, 
th e  size o f th e  a to m  does n o t  m o n o to n o u sly  in crease , m oreover, i t  a c tu a lly  show s a decreasing  
te n d e n c y  a lready from  ces iu m . In  o th e r w ords cesium  seems to  be th e  la rg e s t a to m  in  th e  
e n tire  periodic system . J 0 r g e n s e n ’s w ork m ad e  in  th is  field  on  th e  leg itim acy  of e x tra 
p o la tio n s  should be esp ecia lly  em phasized . In  th e se  th e  double  series o f m agic  n u m bers h as 
g iven  a  g rea t assistance.

T he pred ic tions m a y , o r  r a th e r  m u st be ta k e n  scep tically  if  th e y  a re  n o t m ade on  such  
a so u n d  scientifical basis.

Z. G. S z a b ó

Inorganic Chemistry, Series Tw o, V olum e 10, Solid State Chemistry

B u tte rw o rth s , L o n d o n , U n iv ersity  P a rk  P ress , B a ltim o re , 1975. 264 pages

Since th e  re v iv a l o f  in o rgan ic  ch em istry , th e  fa r  reach in g  d ev elo p m en t has a t  th e  
sam e tim e s ta r te d  a g re a t  n u m b e r o f new  p ed iod icals a n d  sum m ariz ing  series, too . One of th e  
m o s t excellent re p re se n ta tiv e s  o f these  is, w ith in  th e  fram ew o rk  o f th e  “ In te rn a tio n a l 
R ev iew  of Science” , th e  “ In o rg an ic  C hem istry  Series”  w hich now  in  i ts  second serial vo lum e 
10 gives a review  a b o u t th e  ch em istry  o f solid  phase .

These series com pile  th e  new  re su lts  o f to p ic s  in  inorgan ic  ch em istry  in  fie ld-oriented  
ch ap te rs . The fa c t t h a t  H . J .  E m e l e u s  is th e  C o n su ltan t E d ito r!  o f th e  pu b lica tio n  a u to 
m a tica lly  garan tees th e  h ig h  level o f th e  co m pila tion .

T he p resen t v o lu m e  consists of 7 rev iew s b y  th e  follow ing a u th o rs :
H igh-p ressu re  s tu d ies  o f  e lec tro n ic  s tru c tu re  in  solids
H . G. D r i c k a m e r , U n iv e rs ity  o f Illinois 
O xide  glasses
T . I. B a r r y , N a tio n a l P h y s ic a l L ab o ra to ry , M iddlesex
C rysta llog raph ic  sh ea r s tru c tu re s
R . J .  D. T i l l e y , U n iv e rs ity  o f B rad fo rd
I I I —Y Com pounds a n d  alloys
G. B . S t r i n g f e l l o w , H e w le tt-P a c k a rd  L ab o ra to rie s , California 
D ecom position  re ac tio n  o f  solids
A. K .  G a l w e y , Q ueen’s U n iv e rsity , B elfast 
M ass tran sp o rt in  ion ic  solids
B . С. H . S t e e l e  a n d  G. J .  D u d l e y , Im p eria l College of Science a n d  Technology, U n iv e rsity  
o f L ondon
O xide bronzes an d  re la te d  phases
P . G. D i c k e n s  a n d  P . J .  W i s e m a n , U n iv e rs ity  o f O xford
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T h ough  th e  t i t le s  are  speak ing  fo r  them selves, th o se  e x trem e ly  in te re s tin g  resu lts  
m u s t  b e  em phasized  acco rd ing  to  w hich  th e  ap p lication  of h igh -p ressu res  (over 100.000 a tm ) 
m a y  re su lt  in  rad ical changes o f th e  p h y sica l a n d  chem ical p ro p e rtie s  o f solid phases. A  pressu re  
o f su ch  an  o rder o f m ag n itu d e  a lread y  in flu en ces th e  s tru c tu re  o f a to m s, th e  e lec tro n  zones 
m e lt  to g e th e r  and th e re  is a  s ig n ifican t sh if t in  th e  energies.

Glass can  show  n u m ero u s ex ce llen t ch aracte ris tics o f single c ry sta ls su ch  as hom o
g e n e ity , tran sp a re n cy  a n d  h igh  m ech an ica l s tre n g th  w ith o u t th e  d ifficu lties o f single  c ry s ta l 
p ro d u c tio n . I t  has n o t  o n ly  th eo re tic a l b u t  con tinuously  in creas in g  p rac tica l im p o rtan ce , 
to o . T h e  sh ort-range  o rd e r can  be easily  in flu en ced  and th e re fo re  th e  productiom  o f glasses 
a p p ro p ria te  for p a r tic u la r  ap p lica tio n s h a s  becom e possible. T h e  p ro d u c tio n  of c ry s ta ls  or 
g lass fro m  m elt dep en d s on  th e  ra te  o f n u c le a tio n  and g ro w th  a n d  th ese  a re  e x a c tly  th e  
p a ra m e te rs  t h a t  can be  easily  in fluenced . A p a r t  fro m  th e  p rev io u s ly  used  glasses o f  sim ple 
com p o sitio n  based  m a in ly  on  silicic acid  to d a y  p rac tica lly  a ll th e  sem i-m etals p la y  a p a r t  
in  th e  fo rm atio n  of g lass, m oreover fu r th e r  e lem en ts such as Ga, I n  hav e  jo in ed  th e m , too .

Galway’s ex trem ely  useful sum m ary on decompositions in  solid phases clearly 
em phasizes those m echanistic possibilities th a t  we have to  regard  as first elem entary steps 
in  these transform ations.

T o th is  are ad d ed  th e  ch ap ters  on  c ry sta llo g rap h ic  shear s tru c tu re s  an d  m ass t r a n s p o r t  
in  ion ic  solid phase. T hese  to g e th e r p ro v id e  a  c learer p ic tu re  fo r th e  b e tte r  u n d e rs tan d in g  
o f  th ese  processes th a n  ev er before.

Z. G. S z a b ó

J .  C. J o h n s o n : A ntioxidants. Syntheses and Applications

P a rk  R idge, New Je rse y , L ondon , E n g la n d , N oyes D a ta C o rp o ra tio n  1975. 320 pages

T h e  Chem ical T echno logy  R eview  series o f N oyes D a ta  C o rp o ra tio n  is an  u n d e r ta k in g  
e x tre m e ly  usefu l to  p ra c tic a l ex p erts . T h is V olum e is m em ber 44 o f th e  series. As m en tio n ed  
b y  th e  ed ito r  in  th e  p re face  o f th e  vo lum e, th e  basic  source o f th e  w o rk  of p ra c tic a l e x p e rts  
is p a te n t  lite ra tu re . T h is id ea  m ay  hav e  g u id ed  th e  publishers in  th e ir  decision to  rev iew  
th e  U S p a te n ts  on  a  g iv en  to p ic  a t  in te rv a ls  o f 4— 5 years. T h e  p re se n t volum e is a  rev iew  
o f U S  p a te n ts  published  b e tw een  1966 an d  1974. I t  discusses a  to ta l  o f 247 p a te n ts , classified  
acco rd in g  to  tw o princip les. T he f ir s t  p rin c ip le  o f  classification  is th e  chem ical s tru c tu re  of 
a n tio x id a n ts , th e  follow ing groups being  d iscussed :

P h en o l an tio x id an ts ,
S u lfu r-con ta in ing  p h en o l a n tio x id an ts ,
N itro g en -co n ta in in g  p h en o l a n tio x id an ts ,
A m ine a n d  im ine a n tio x id an ts ,
T riaz in e  an d  c y a n u ra te  an tio x id an ts ,
P h o sp h o ru s-co n ta in in g  an tio x id an ts , a n d  
M iscellaneous a n tio x id a n ts .

T he second  princip le is th e  ap p lica tio n  o f a n tio x id a n ts . A ccordingly, th e  h ead  tit le s  a re : 
S tab iliza tio n  of p e tro leu m  p ro d u c ts ,
A n tio x id a n ts  o f lu b ric an ts ,
A n tio x id a n ts  o f e la sto m ers (an tio zo n an ts) ,
A n tio x id an ts  of po lyo lefins,
A n tio x id an ts  o f o th e r  p o ly m ers,
A n tio x id a n ts  in  food  in d u s try .
T h e  p ra c tic a l ap p lic ab ility  o f th e  v o lu m e is v e ry  wide. I t  is u se fu l fo r ex p erts  dealing  

w ith  th e  p re p a ra tio n  of a n tio x id a n ts  as w ell a s  fo r those  u tiliz in g  an tio x id an ts . I t  is th e  
m e rit  o f th e  ed ito rs t h a t  th e  lega l fo rm alities  t h a t  m ake p a te n t  spec ifica tions on ly  h a rd e r  
to u n d e rs ta n d  h av e  been  p ee led  off, an d  th e  t e x t  con ta ins on ly  th e  d e ta iled  d esc rip tio n  of 
p re p a ra tio n  an d  a p p lica tio n  m eth o d s. F o r  th o se  w ho w ish to  s tu d y  th e  lite ra tu re  o f th is  
field  i t  ta k e s  on ly  some h o u rs  to  g a th e r  th e  in fo rm a tio n  from  th is  v o lu m e th a t  w ould re q u ire  
the  h a rd  w or ®f days, or so m etim es w eeks, i f  i t  w ere  to  be collected fro m  reference p eriod ica ls.

B . L o s o n c z i
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Р Е З Ю М Е

Кинетика реакции, протекающей между двухлористым галлием и йодистым
этилом, I

А. МЕСТИЦКИ, Д. КНАУС. Б. ЧАКВАРИ и Я- ЭММЕР

Б ы л а  исследована  реакция во сстан о вл ен и я , п ротекаю щ ая м еж ду двухлористы м  
гал л и ем  и йодистым этилом , используя в  качестве раство р и тел я  избы ток одного и з  р е а к 
ционны х  партнеров, а  им енно йодистый эти л . С ледза реакци ей  осущ ествился с помощ ью  и з
м ерени я объема образую щ егося этана. Н а  основе наш их изм ерений бы ли получены  сл ед у 
ю щ ие результаты : эн ер ги я  активации р а в н а  —6,5 ±  1 к к ал /м о л ь , эн тальпи я а к ти в ац и и  
р авн а  — 6,8 ±  1 к к ал /м о л ь  и  энтропия а к т и в а ц и и  р авн а  — 101 ±  4  к ал /°К . Н а основе эти х  
данны х  бы ли сделаны  заклю чения относи тельно  м еханизм а р еакци и .

Комплексы сурьмы(Ш) с основаниями Шиффа, полученными из 
бензальдегида и аминоспиртов

О. П. СИНГ и ДЖ . п . ТАНДОН

Сообщ ается синтез комплексов с у р ь м ы (Ш ) сш иф ф овы м и основаниям и с различн ы м  
координационны м  числом . Они бы ли синтезированы  взаим одействием  изопропоксида 
с у р ьм ы (Ш ) с м оноф ункциональны м и основан иям и  Ш иффа с двум я координирую щ им и 
местами, имею щие основную  формулу С ВН 5СН : N R O H  (где R  =  — (СН2)2-, — СН2С Н (С Н 3)- 
и (С Н 2)3-) с ралуч н ой  стехиометрией. П роведение реакци и  с м олярны м и отнош ениям и 
ком понентов 1 : 1, 1 : 2  и  1 : 3  приводит к  образованию  следую щ их производны х Sb(O Pr>)2 
(SB), S b (O P r‘) (SB )2 и Sb(SB )3 (где S B H  — м о л екула  м оноф ункцинального осн о ван и я  
Ш иффа с двум я координирую щ им и м естам и), соответственно. В образую щ ихся п рои звод
ны х центральны й атом  м еталла  ок азы вается  в тетра-, пента- и  гекса-коорди нирован ном  
о к р у ж ен и и , соответственно, что следует и з  и х  мономерной природы  в кипящ ем  бензоле. 
Б ы л и  сняты  И К  спектры  эти х  производны х и сделаны возм ож ны е ассигнации.

Влияние синусоидального переменного тока на поведение гальванических 
ванн для кадмиевых покрытий

С. С. АБД ЭЛЬ РЕХИМ и М. Г. ХЕЛМИ

Б ы л и  исследованы  два типа гал ьв а н и ч ес к и х  ванн: к и с л а я  ванна, с о д ер ж ащ ая  
су льф ат  кад м ия  и серную  кислоту, и  щ ел о ч н ая  ванна, со д ер ж ащ ая  сульф ат к ад м и я , ги д 
р оокись  амм ония и хлористы й  аммоний. Б ы л о  изучено вл и ян и е  синусоидального п ере
менного то ка , н ал о ж ен н о го  на постоян ны й  ток, на анодную  и катодную  п оляри зац и ю . 
Р езу л ьтаты  у к азы ваю т н а  то, что эф ф ект перем енного то ка  зав и си т  от природы  ван н ы . 
В к и сл о й  ванне перем енны й ток сдвигает анодны й потенциал к ад м и я  в направлени и  м енее 
благородны х  м еталлов и  увеличивает к ато д н у ю  поляризаци ю , в  то врем я к а к  в щ елочной  
ван н е  переменны й т о к  сдвигает анодны й п отен циал  кад м ия  в  н ап равлени и  более б л аго р о д 
ны х  м еталлов  и б лагоп ри ятствует  п асси в ац и и  электрода, а т а к ж е  деполяризует катодн ы й  
потенциал .



П ом и м о этого был изучен  эффект н ал о ж ен н о го  переменного то ка  на  распределение 
п о сто ян н о го  тока , а  т а к ж е  н а  распределение м ет а л л а  м еж ду  двум я п ар ал л ел ьн ы м и  катода
ми. В о бои х  изученны х гал ьван и ч еск и х  в ан н а х  перем енны й ток увел и чи вает  доли распре
д ел ен и я  к а к  тока, т ак  и м еталл а , и тем самым, неблагопри ятно  сказы вается  на равном ер
ности п о к р ы ти я .

Определение термохимических данных молекул СНВг3 и СВг4 с помощью 
масс-спектрометрии на основе исследования разложения за счет электронных 

столкновений и гетерогенного пиролиза
О. КАПОШИ, М. РИДЕЛЬ, К. ВАШ-БАЛЬТАЗАР, Р. САНЧЕЗ и Л. ЛЕЛИК

С целью  определения терм охим ических дан н ы х  бромметанов бы л исследован ме
х анизм  р а зл о ж е н и я  за  счет электронны х столкновений  и пиролиза н а  вольф рам овой 
спи р ал и .

С помощ ью  метода, разработанного  авто р ам и  ранее, были определены  потенциалы  
п о я в л е н и я  и ионизации продуктов, образую щ ихся при  разлож ении  С Н В г3 и СВг4. И с
х о дя  и з  тем пературной  зависим ости  пиролиза, бы ли определены эн ергии  активации  гете
р о ген н о го  пиролиза бром м етанов и было найдено , что они ум еньш аю тся в направлени : 
СН3В г С Н 2Вг2 -► С Н В г3 ->■ С В г,. Н а основе в ел и чи н  энергий акти вац и и  м ож но зак л ю 
чить, что  бромметаны катали ти ческ и  р азл агаю тся  на  поверхности вольф рам а согласно 
р а д и к а л ь н о м у  механизм у.

Б ы л и  рассчитаны  эн ер ги и  диссоциации связей  С— Н и С— Вг в  бром м етанах и д л я  
них  н аб л ю д ал ась  та ж е  сам ая  пон иж аю щ ая тенд ен ция , к а к  и в случае  эн ергий  активации . 
К о л ичественно  это яв л ен и е  интерпретируется на квантовохим ических  основах.

Свойства смесей спирт-амин, VIII

В л и я н и е  ассоиаци и  р а л т в о р и т е л я  н а  зав и си м о сть  эл ек тр о п р о во д н о сти  от 
к о н ц ен тр ац и и  д л я  систем ам и н  — сп и рт  и ам ин  — вод а

Ф. РАТКОВИЧ, М. ЛАСЛО и Т. ШАЛАМОН

Б ы л и  исследованы  смеси н-бутил и н -п роп и лам и н ов  со спиртам и  и водой. Б ы л а  
и зм ер ен а  и х  электроп роводность в зависим ости  от концентрац ии . Б ы л о  установлен о , 
что и зм ен ен и е  удельной  м о л яр н о й  электроп ровод ности  в зависим ости  от концентрации  
м ож ет  б ы ть  объяснено на  основе простой ассоциацион ной  модели. О б разован и е ионов 
ти п а  А „В  я в л я ется  р езу л ьтато м  диссоциации  ассоциатов, со д ер ж ащ и х  единственную  
м о л ек у л у  ам ина и более м о л ек у л  р аств о р и тел я . Н а  основе данны х  изм ерений  мож но 
было с д ел а ть  зак л ю ч ен и я  относительно средн ей  степени ассоциации . Э та величина 
д л я  с п и р т о в  и воды хо р о ш о  укл ад ы вается  в  то т  р я д  данны х, которы й  был получен 
д л я  степеней  ассоциации  с помощ ью  д р у ги х  методов.

Взаимодействия растворенного вещества с растворителем в водных растворах
неэлектролитов

Эффекты в я зк о с т и

А. М. ХАФЕЗ и X. САДЕК

В заим одействия м еж д у  растворенны м  вещ еством  и растворителем  бы ли исследова
ны н а  основе измерения вязкости  водны х р аств о р о в  м етанола, этан о л а , т р еш -б у тан о л а , 
гл и ц ер и н а , диоксана, м етилцеллозольва, ацетона , ацетонитрила и ди м етилсульф оксида. Во 
всех си стем ах  были детектированы  м о л ек у л яр н ы е  ком плексы . Д ан н ы е  обсуж даю тся в 
свете тео р и и  Х арм са.



Взаимодействие гетероароматических /3-энаминоэфиров с малеиновым
ангидридом

Ф ото  Д и м р о т  п р ев р ащ ен и я  5 -а м и н о -4 -э то к с и к а р б о н и л -1 ,2 ,3 -т р и а зо л я

Г. СИЛАДИ и X. ВАМХОФФ

2-А м ино-3-этоксикарбонил-4 ,5 ,6 ,7-тетрагидробензотиоф ен (1) и 5-амино-4-этокси- 
к ар б о н и л п и р азо л ь  (4) реагирую т с м алеиновы м  ангидридом, д а в ая  при этом производны е 
зам ещ ен ной  м алеам идной  кислоты  (3 и 5, соответственно). Б ы ли  исследованы  р еак ц и о н н ая  
способность соединений 3 и 5, а т а к ж е  и х  склон ность к  ци клизации . 5-А м ино-4-этокси- 
карбонил-1-ф енил-1 ,2 ,3 -триазоль (12), п од верж ен н ы й  фотосенсибилизации, п р евр ащ ается  
в 5-анилино-4-этоксикарбонил-1 ,2 ,3 -триазоль (14).

Превращения тозиловых и мезиловых производных в ряду морфина, XVI

Н о в ы е  д ан н ы е в с в я зи  с м ех ан и зм о м  а л л и л ь н о й  п е р е гр у п п и р о в к и

Ш. МАКЛЕЙТ, T. МИЛЕ и Р. БОГНАР

П р и в о д я тс я  новые данные, доказы ваю щ ие слож ны й  механизм  (Ss2 +  SSj’) а л л и л ь 
ной п ер егр у п п и р о в ки  в случае м орф иновы х алк ал о и д о в . И сходя и з тозилата  к одеина и с 
некоторы м и м одиф икациям и условий  реакц и и , бы ли приготовлены  оба изомера х л о р н ы х  
прои зводны х, т. наз., a -и /S-хлорокодиды . И золи рованн ое  а-производное было изом еризова- 
но в  /3-производное, используя у сло ви я  синтеза /3-производного.

Синтез некоторых производных метиловых эфиров кумаринаминокислоты

А. М. ЭЛЬ-НАГАР, М. X. А. ЭЛЬГАМАЛЬ, Б. А. Н. ЭЛЬ-ТАВИЛ и Ф. С. М. АХМЕД

К у м а р и н -3 -CO-Gly-OM e ( I I )  и соответствую щ ие метиловые эфиры  ( I I I — X IV ) 
L — A la, L — L eu , L —Ser, D —Val, L —T y r, D — P h e , L —P ro , L —T rp , L —T h r  и/?-А1а бы ли 
синтезированы  действием хлорида кум ар и н -3 -ки сло ты  (I) на гидрохлориды  м етилового 
эф ира ам и н о ки сл о ты  в диоксане, содерж ащ ем  E t3N . К ум арин-3-CO -L-Leu-O M e (IV ) в 
ди оксане бы л  превращ ен  с выходом 8 5 %  в соответствую щ ий гидразид: 3 [5 -(6 ,7 -Д им е- 
токсибензоф урил)] пропеноил-Gly-OM e (X V II)  и  соответствую щ ие метиловы е эф иры  
(X V II I— X X I I )  L -A la, D -P h e ,L -T y r, L -T h r, L -T rp  и  L -Ser были приготовлены  с помощ ью  
взаим одействия  хло р и да  3[5-(6 ,7-дим етоксибензоф урил)] акри ловой  кислоты  (X V I) с ме
тиловы м  эф и р о м  соответствую щ ей ам и нокислоты  в диоксане, содерж ащ ем  E t3N.
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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  és H  A R A S Z T H Y - P A P P  M E L I N D A

Az A c ta  C h im ica  n ém et, angol, f ra n c ia  és orosz nyelven  közöl é rtek ezések e t a  kém iai 
tu d o m án y o k  k ö ré b ő l.
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M egrendelhető  a  belföld sz á m á ra  az  „A k ad ém ia i K iad ó ” -nál (1363 B u d a p e s t,  P f  24. 

B ankszám la  215 11488), a  külfö ld  sz á m á ra  p ed ig  a „ K u ltú ra ”  K ö n y v - és H ír la p  K ü lk e res
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ANWENDUNG DES HYDROPYROLYSE-VERFAHRENS 
ZUR BESTIMMUNG DES HAUOGENGEHAUTS 

ORGANISCHER VERBINDUNGEN

L. M á z o r

(L e h r s tu h l fü r  a llgem eine  u n d  analytische  C hem ie , Technische U n iv ers itä t. B u d a p e s t)  

E ingegangen a m  18. Ju n i 1975

W erden D äm pfe  oder P y ro ly sep ro d u k te  von organ ischen  H alogenverb indungen  
m it Hilfe eines m it W asserd am p f g e sä tt ig te n  inerten  G asstrom s du rch  eine P la t in 
k a ta ly sa to rsch ich t de r T em p era tu r 800 — 1100 °C geleitet, so zerse tzen  sie sich völlig 
u n te r  B ildung von H a lo g enw assersto ff u n d  K ohlenoxiden. D as im  K ü h le r kondensierte  
u n d  aufgefangene D e s tilla t  h a t  ein v e rh ä ltn ism ä ß ig  geringes V o lum en  u n d  ist von s tö 
ren d en  Ionen  frei; die H alog en w assers to ffsäu ren  oder die H alo g en id io n en  können  da rin  
m itte ls  geeigneter v o lu m etrisch er o d er sonstiger an a ly tisch e r V erfah ren  genau b e 
s tim m t werden.

E inleitung

D as H ydropyro lyse-V erfah ren  w ird  bere its  seit m eh r als 30 Ja h re n  v e r
w en d e t, besonders zu r B estim m ung  des F lu o r- und  C h lo rgehalts  von Scliwer- 
m e ta llsa lzen  (z. B. U ran flu o rid ) und  S ilik a te n  [1].

U n te r  der E in w irk u n g  von W a sse rd a m p f (und S au ersto ff) w ird der 
H a lo g en g eh a lt (X) d ieser V erb in d u n g en  b e i T em p era tu ren  ü b e r  1000 °C n ach  
dem  folgenden R eak tio n ssch em a frei:

M eX 2n +  nH .,0 ^  MeO, +  2 n H X .

D er m it dem W asse rd am p f ab d estillie ren d e  H a lo genw assersto ff k an n  im  
D e s tilla t acid im etriscli o d e r nach  einem  fü r  die B estim m u n g  von  H alogen id 
io n en  geeigneten  V erfah ren  e rfaß t w erd en .

E n tg eg en  dem zur T ren n u n g  u n d  A nre icherung  g eringer F luoridm engen  
in  ano rgan ischen  S toffen frü h e r  ü b lichen  V erfah ren  von W i l l a r d  u n d  W i n t e r

[2] b e s te h t der Vorteil d er H y d ro p y ro ly se -D estilla tio n  d a rin , d aß  die A nreiche
ru n g  viel s tä rk e r  is t u n d  die H alogen id ionen  im  D e s tilla t in  A bw esenheit 
s tö re n d e r Ionen  b es tim m t w erden k ö n n en .

Literaturüberblick

С. A. H o r t o n  [3] m ach te  den V ersu ch , das H ydrop y ro ly se-V erfah ren  
zum  B estim m en  von F lu o r  in  o rgan ischen  V erb indungen  zu verw enden ; der 
E rfo lg  blieb jedoch  aus, die D äm pfe bzw . P y ro ly sep ro d u k te  d er organischen
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S to ffe  durchliefen  das leere H o c h te m p e ra tu rro h r , ohne vo llkom m en  zerse tz t 
zu  w erden. U nsere V ersuche ze ig ten , d aß  d u rch  das E in se tz e n  einer P la t in 
k a ta ly sa to rsc h ic h t in  den geheizten  R o h rte il die D äm p fe  bzw . P y ro ly se 
p ro d u k te  der F lu o r- o d e r sonstigen  ha lo g en h a ltig en  o rg an isch en  V erb indungen  
se lb s t bei T e m p e ra tu re n  u n te rh a lb  v o n  1000 °C völlig z e rse tz t  w erden. A uch  
M e th a n  und  B en zo ld äm p fe  w u rd en  w ä h re n d  des D u rch g an g s  durch  die ca . 
100 m m  lange P la tin k a ta ly s a to r-S c h ic h t (D urchm esser ca . 8  m m ) bei e iner 
T e m p e ra tu r  von  1000 °C vo llkom m en  v e rb ra n n t, die D äm p fe  w urden  in  einem  
m it W asserd am p f g e sä ttig te n  in e r te n  T räg erg asstro m  (S tick sto ff, Argon) m it 
e in e r  G eschw indigkeit v o n  3— 4 cm 3 m in  d u rch  das R o h r ge le ite t. Die K a ta ly 
sa to rsc h ic h t b e s ta n d  aus einem  locker zu sam m en g ed reh ten  N etz , gew oben 
aus dünnem  P la t in d ra h t .  Bei der g leichen V ersu ch san o rd n u n g  w urden  F lu o r
v e rb in d u n g en  bei 900— 1100 °C, C h lo rverb indungen  bei 800— 900 °C, B rom - 
v erb in d u n g en  bei 700— 800 °C völlig  zerse tz t. D ie Z erse tzu n g  von  Jo d v e rb in 
dungen  erfolgte b e i noch n ied rigeren  T em p era tu ren . D ie G egenw art v o n  
W asse rd am p f v e rh in d e r te  den  Z erfall des Jo d w asse rs to ffs , es w urde kein  
e lem en tares Jo d  geb ild e t.

Theoretische Grundlagen des Vorganges

Die H y d ro p y ro ly se  is t ein k o m p lex er V organg, in  dem  —  in A b h än g ig 
k e i t  von den E ig en sch a ften  der sich zerse tzenden  V e rb in d u n g  — gleichzeitig  
u n d  nach e in an d er zah lre iche  E lem en ta rv o rg än g e  v e rlau fen , bis endlich  die 
M oleküle der V e rb in d u n g en  in  ih re  e lem en taren  B e s ta n d te ile  bzw. e in fache 
anorganische Z e rfa llsp ro d u k te  ze rse tz t w erden.

Zahlreiche H a lo g en v erb in d u n g en  reag ieren  m it den  po laren  W asser- 
dam pfm olekü len  in  e iner nuk leoph ilen  S u b s titu tio n s re a k tio n  u n te r  B ildung  
v o n  H a logenw assersto ff bere its  bei T e m p era tu ren  von 200—400 °C, z. B.

C H ;iC H ,X  +  - O H . . . H +  — C H 3CH2O H  +  H X ,

C6H 3X  +  - о н . . ,H+ — C6H 5O H  - f  H X  .

Solche n u k leo p h ile  S u b s titu tio n sre a k tio n e n  gehen  besonders le ich t v o r 
sich  bei V erb in d u n g en , deren  H alogenatom  durch  die W irk u n g  eines e le k tro 
ph ilen  S u b s titu e n te n  gelockert is t. Jed o ch  reag ie rt z. B . C hlorbenzol m it 
W asserdam pf n u r  be i T e m p e ra tu ren  um  450 °C, u n te r  B ildung  von P h en o l 
u n d  Salzsäure (Raschigsches V erfah ren  zur H erste llu n g  v o n  Phenol).

Jedoch  ze rse tzen  sich im allgem einen  auch solche V erb indungen  u n te r 
h a lb  von 500 °C, die n ich t zu n uk leoph ilen  S u b s titu tio n sre a k tio n e n  ne igen . 
D iese V orgänge v e rla u fe n  a u f  sehr kom plexe  A rt, es sin d  n u r  allgem eine P r in 
zipien ihres A b lau fs  b e k a n n t. Bei H alo g en v erb in d u n g en  kön n en  E lim in a tio n s
reak tio n en  a u f tre te n , bei denen auch  H alogenw assersto ff als Z erse tzu n g s
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p ro d u k t erschein t. D er E n e rg ieb ed arf  von  th erm isch en  Z erse tzu n g sv o r
gängen  is t von d er E nerg ie  der K o h len sto ff-H a lo g en -B in d u n g  sowie v o n  
d e r G röße und  S tru k tu r  des M oleküls ab h än g ig . Bei zunehm ender T e m p e ra tu r  
e n ts te h e n  ste ts  k le inere  und  w ärm eb estän d ig ere  Z e rse tzu n g sp ro d u k te ; diese 
R egel is t fü r säm tlich e  H a lo g en v erb in d u n g en  gültig . A us Jo d - u n d  B rom 
v e rb in d u n g en  e n ts teh en  —  infolge d e r v e rh ä ltn ism äß ig  geringen  E nerg ie  d er 
K o h len sto ff—Jod- bzw . K ohlensto ff—B ro m -B in d u n g  — n u r  se lten  s tab ile  th e r 
m ische  Z erse tzu n g sp ro d u k te . D er aus C h lo rverb indungen  u n d  besonders der 
aus F lu o rv e rb in d u n g en  en ts teh en d e  T e trach lo rk o h len sto ff bzw. T e tra f lu o r
k o h le n s to ff  gehört infolge seiner sy m m etrisch en  S tru k tu r  zu den  w ärm e
b es tän d ig s ten  V erb indungen . Aus den  n iederm oleku la ren  w ärm eb estän d ig en  
h a lo g en h a ltig en  Z erse tzu n g sp ro d u k ten  k a n n  das e lem en tare  H alogen  oder d er 
H alogenw assersto ff n u r  m itte ls e iner O x id a tio n sreak tio n  fre ig ese tz t w erden . 
E in e  solche R eak tio n  v e rläu ft a u f d e r O berfläche  des P la tin k a ta ly sa to rs  bei 
en tsp rech en d  hoher T e m p e ra tu r  u n te r  T e ilnahm e des Sauersto ffs des W asser
dam pfes, w obei an ste lle  der K o h len sto ff-H a lo g en -B in d u n g  die energ iereichere  
K o h len sto ff-S au ersto ff-B in d u n g  g eb ild e t w ird . In  dem  allgem ein b e k a n n te n  
V o rgang  der W assergasherstellung  t r i t t  die R eak tio n  bere its  bei 450 °C u n te r  
B ild u n g  von K ohlenm onoxid  und  W a sse rs to ff  ein, und  die G leichgew ich ts
k o n s ta n te  der R eak tio n  erreich t bei 830 °C den W ert 1. Als E rgebn is d ieser 
R e a k tio n  e n ts te h t aus den H alo g en —K o h len sto ff V erb indungen  K o h len 
m o nox id , K ohlendioxid  und  H alogenw assersto ff. Bei T e m p e ra tu ren  u n te rh a lb  
v o n  900 °C erschein t be re its  das M eth an , u n d  bei der P y ro ly se  v o n  cyclischen  
V erb indungen  auch das Benzol in dem  (h in sich tlich  der R eak tio n  in e rte n  aus 
dem  R o h r au stre ten d en ) T rägergas.

A p p a ra tu r

In unseren Hydropyrolyse-Yersuchen verwendeten wir die in Abb. 1 gezeigte Apparatur. 
Diese ist zweckmäßig so aufzustellen, daß das Rohrsystem in Richtung des Kühlers etwa 5° 
abfällt. Dadurch wird erreicht, daß das in den kalten Teilen des Rohrsystems kondensierte 
Wasser zu den Öfen abfließt und dort verdampft.

Der wesentliche Teil der Apparatur ist das etwa 400 mm lange Quarzrohr mit einem 
inneren Durchmesser von 8 —10 mm, an dessen rechtes Ende sich das Zwischenstück 5, 6, 
an das linke Ende der Liebigkühler 10 mit Schliffen anschließt. Das vierfach verzweigte 
Zwischenstück kann aus Glas verfertigt sein; der zweig 6 dient zum Einführen des Trägergases, 
welches das Rohr nach außen hin spült. Im horizontalen Zweig 5 befindet sich der mittels 
eines Magneten von außen her verschiebbare Stab, dessen Kopf aus Eisen ist. Das in das 
Brennrohr eindringende Ende des Stabes ist schaufelförmig ausgebildet; auf dieses Ende wird 
das Schiffchen mit der Einwaage der zu untersuchenden Substanz aufgesetzt. Wird eine flüch
tige Flüssigkeit untersucht, so wird sie auf die übliche Weise in eine Kapillare gewogen und 
diese mit ihrer Öffnung in Richtung zum beweglichen Ofen in das Schiffchen eingesetzt. Mit 
der Apparatur können auch gasförmige Substanzen untersucht werden. Die Gase werden mit 
Hilfe einer durch den PTFE-Stopfen im Stutzen 5 durchgestochenen Injektionsnadel in das 
Rohr eingeführt. Eine andere Möglichkeit besteht darin, das Gas im Glasbehälter gemäß 
Abb. 2 zu wägen und mit dem Trägergas in die Apparatur zu spülen. Ein ähnlicher Behälter, 
der leichter ist als 20 g, kann auch auf einer Mikrowaage gewogen werden.

Der dritte Zweig des Mittelstückes schließt sich an die Wasserdampfquelle an; in dieser 
taucht eine aus Widerstanddraht hergestellte Spirale passender Abmessung in destilliertes
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4

Abb. 1. Schema der Hydropyrolyse-Apparatur; Aufsicht: 1 Druckausgleichgefäß, 2 Rotameter, 
3 Rohrofen für die Gasreinigung, 4 Wasserdampfentwickler, 5 vertikaler Rohrstutzen mit 
PTFE-Stopfen, 6 Einweghahn zum Einleiten des Spülgases, 7 beweglicher elektrischer Rohr
ofen, 8 Schiffchen aus Platin, 9 Katalysatorschicht (zusammengerolltes Platinnetz), 10 Liebig-

Kühler. Maßbezeichnungen in mm

Abb. 2. Gefäß zum Einwägen gasförmiger Substanzen. Maßbezeichnungen in mm

Wasser. Der Heizstrom der Spirale wird mit einem Toroidtransformator geregelt, so daß — 
durch stärkeres oder schwächeres Sieden des Wassers — die nötige Wasserdampfmenge her
gestellt wird. Der Wasserdampf wird durch das Trägergas in die Apparatur transportiert; 
dieses wird aus einer Stahlflasche oder einem Gasometer zuerst in den gegen Überdruck si
chernden Behälter f, und anschließend in das Rotameter 2 (5 — 25 cm3 Gas/min) geführt. Das 
Gas gelangt dann in den Rohrofen 3. Das Rohr des Ofens ist mit Stückchen aus metallischem 
Kupfer gefüllt und entfernt bei einer Temperatur von ungefähr 450 °C die Sauerstoffverunrei
nigung des Trägergases.

Es wird so viel der zu prüfenden Substanz in das Schiffchen eingewogen, daß ihr Halo
gengehalt 2 — 5 mg betragen soll.
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Durchführung der Prüfung

Die Apparatur wird zuerst mit einem schnellen (10 —15 cm3/min) Trägergasstrom 10 — 
20 Minuten lang gespült, wobei das Wasser des Wasserdampfentwicklers in lebhaftem Sieden 
gehalten wird. Zugleich wird der große Ofen auf die nötige Temperatur aufgeheizt. Tempera
turen über 1100 °C erwiesen sich selbst bei der sehr schwer zersetzbaren Trifluoressigsäure als 
unnötig. Der bewegliche Ofen wird mit einer Temperatur von etwa 500 °C in Betrieb gesetzt 
und mit seiner Hilfe das im Rohr kondensierende Wasser verdampft. Danach wird der be
wegliche Ofen vom Rohr abgenommen (dieser Ofen kann auseinandergeklappt werden). Nach 
dem Abkühlen des Rohres wird der Stopfen des Zwischenstücks entfernt und das Schiffchen 
mit der Einwaage in das Rohr geschoben. Inzwischen wird der Hahn 6 des Zwischenstücks ge
öffnet und die Luft im Rohr mit dem Trägergasstrom verdrängt. Dann wird das Rohr mit dem 
Stopfen verschlossen und das Schiffchen mit Hilfe eines Magneten so weit im Rohr vorgescho
ben, bis es sich etwa 30 mm vor dem großen Ofen befindet. Inzwischen wird die Trägergas
geschwindigkeit auf 5 — 7 cm3/min herabgesetzt und das Wasser im Wasserdampfentwickler 
in nur schwachem Sieden gehalten. Unter das Ausflußrohr des Kühlers wird ein kleiner Titrier
kolben gestellt. Dann wird der bewegliche Ofen auf das rechte Ende des Brennrohres aufge
setzt und mit einer Geschwindigkeit von 0,5 — 1 cm/min in Gang gesetzt. Sobald der Ofen ei
nen Abstand von 1 — 2 cm vom Schiffchen erreicht hat, wird seine Geschwindigkeit verringert, 
oder er wird von Hand mit einer Geschwindigkeit von einigen mm pro Minute vorgeschoben. 
Die Art des Pyrolysierens hängt übrigens — wie bei allen ähnlichen Brennverfahren — von 
den Eigenschaften der untersuchten Substanz ab. Es ist wichtig, daß die Dämpfe bzw. Pyro
lyseprodukte der untersuchten Substanz langsam und gleichmäßig in die Katalysatorschicht 
gelangen. Sobald der bewegliche Ofen die Front des großen Ofens erreicht hat, wird etwa 10 
Minuten lang gewartet, bis die Pyrolyseprodukte mit dem mit Wasserdampf gesättiampfent- 
gergas die Katalysatorschicht durchlaufen. Danach wird das Wasser im Wasserdgten Trä- 
wickler in lebhaftes Sieden gebracht und im Laufe von etwa 15 Minuten wird so viel Wasser
dampf durch die Apparatur getrieben, daß ungefähr 10 cm3 Wasser im Titrierkolben gesam
melt werden. Diese Wasserdampf- bzw. Wassermenge ist ausreichend, um den Halogenwasser
stoff aus der Katalysatorschicht und dem Kühler zu spülen. Werden Fluorverbindungen un
tersucht, so ist das Kühlerrohr aus Quarz angefertigt und mit Quarzstückchen gefüllt, während 
das Sammelgefäß aus Quarz oder Kunststoff (z. B. Polyäthylen) bestehen kann.

Die Gesamtdauer der Bestimmung hängt davon ab, wie schnell die Pyrolyseprodukte 
der untersuchten Substanz durch die Katalysatorschicht getrieben werden können. Der höchste 
Zeitbedarf tritt bei der Analyse von Eluorverbindungen auf, besonders bei Verbindungen, 
aus denen im Laufe der Pyrolyse Trifluormethyl-Gruppen enthaltende Zersetzungsprodukte 
entstehen. Zur völligen Zersetzung von Verbindungen mit solchen Gruppen (z. B. Trifluor
essigsäure) sind selbst bei Temperaturen von 1000 1100 °C Verweilzeiten von 10 — 15 Minuten
in der Platinkatalysatorschicht notwendig. Demgemäß kann die Dauer der Bestimmung 35 — 
45 Minuten betragen, während Chlor-, Brom- und Jodverbindungen im allgemeinen im Laufe 
von 25 — 35 Minuten bestimmbar sind. Bei der Analyse von organischen Verbindungen mit 
hohem Jodgehalt (z. B. Jodoform) ist es empfehlenswert, 50 — 70 mg eines wasserstoffreichen 
Zusatzstoffes (Dodecylalkohol, Paraffinöl) in das Schiffchen zu geben, damit aus dem freiwer
denden elementaren Jod sofort Jodwasserstoff gebildet wird.

Im Destillat wird der größte Teil des Fluors in Form von Wasserstoffsilikofluorid vor
liegen. Diese Verbindung kann z. B. mit einer 0,02 n NaOH-Meßlösung unter Anwendung eines 
säureempfindlichen Indikators (z. B. ein Mischindikator aus Methylrot und Methylenblau) 
titriert werden. Genauere Ergebnisse werden jedoch mit für Fluorid-Ionen spezifischen Meß
methoden erhalten. So kann man z. B. mit 0,02 n Thoriumnitrat-Meßlösung, unter Anwendung 
von alizarinsulfosaurem Natrium oder Methylthymolblau als Indikator titrieren, oder es kann 
der Titrationsendpunkt mit Thoriumnitrat potentiometrisch, mit Hilfe einer für Eluoridionen 
spezifischen Elektrode, angezeigt werden [4]. Die aus Chlorverbindungen entstehende Salz
säure kann acidimetrisch titriert werden, oder es kann das Chlorid-Ion mit Silbernitrat-Meß
lösung, mit potentiometrischer Endpunktsanzeige, unter Anwendung eines für Chlorid-Ionen 
spezifischen Membranelektrodensystems titriert werden. Ähnlich werden Bromidionen bzw. 
Bromwasserstoff titriert. Die potentiometrische Titration von Jodidionen mit spezifischen 
Membranelektroden ist infolge des hohen Potentialsprungs recht empfindlich, es kann selbst 
mit einer 0.005 n Silbernitrat Meßlösung auf einen Tropfen genau titriert werden. Jedoch ist 
— wenn keine Elektrode zur ÁTerfügung steht — auch die jodometrische Methode ähnlich emp
findlich. Dabei wird in das Sammelgefäß eine natrium acetathaltige Bromlösung in Eisessig 
gegeben, welche die mit dem Destillat zutropfenden Jodidionen sofort zu Jodationen oxidiert. 
Nach dem Entfernen des Bromüberschusses wird aus der mit Schwefelsäure angesäuerten Lö
sung mit Jodidionen Jod freigesetzt, das mit 0,02 n Natriumthiosulfat-Meßlösung titriert wird.
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Ergebnisse

M it dem b esch rieb en en  V erfah ren  u n te rsu c h te n  w ir zahlreiche F lu o r-, 
C h lo r-, B rom - u n d  Jo d v e rb in d u n g e n . D ie E inw aage lag  zw ischen  2 u n d  15 m g. 
D ie  E rgebnisse s ind  in  den  T abellen  I — IV  an g efü h rt.

Tabelle I

Fluor Verbindungen

Verbindung
1 Theoretischer 

F-Gehalt, %

Mittelwert 
der Ergebnisse 

von 10
Bestimmungen

%

Streuung
о//о

Triamcinolonacetonid C22H270 6F 4,67 4,67 0,35 (0,075)
Haloperidol C21H230 2NFC1 5,05 5,12 0,16 (0,031)
3-Chlor-4-bromfluorbenzol C6H3ClBrF 9,07 9,03 0,44 (0,049)
p-Fluoranilin H2N . C6H4. F 12,87 12,83 0,36 (0,028)
Freon 12 CF2C12 31,40 31,23 1,41 (0,045)
Polytetrafluoräthylen (CF2 — CF2)n 75,88 75,99 2,32 (0,030)

Tabelle II

Chlorverbindungen

Verbindung
Theoretischer 
CI-Gehalt, %

Mittelwert 
der Ergebnisse 

von 10
Bestimmungen

%

Streuung
%

2,4-Dinitrochlorbenzol (0 2N)„C6H3C1 17,42 17,55 0,35 (0,020)
3-Fluor-4-chloranilin H2N . C6H3FC1 24.22 24,19 0,24 (0,01)
p-Chlorphenol HO. C6H4C1 27.57 27,46 0,38 (0,014)
Monochloressigsäure CH2ClCOOH 37,53 37,41 0,64 (0,017)
Hexachlorcyclohexan C6H6C16 75,60 75,13 0,80 (0,010)
Chloroform CHC13 89,08 88,70* 0,86 (0,010)
Tetrachlorkohlenstoff CC14 92,18 91,33* 1,12 (0,013)

* Mittelwert aus 5 Bestimmungen.

D er in  K la m m e rn  an g efü h rte  W e rt in  der S p a lte  S treu u n g  is t die sog. 
re la tiv e  S treu u n g , d . h . die S treu u n g  d iv id ie rt d u rch  den W irk sto ffg eh a lt, 
in  P rozen ten . D ie re la tiv e  S treu u n g  c h a ra k te ris ie rt die G enauigkeit des V e r
fahrens besser als d ie S treu u n g  se lbst.
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Tabelle III

Bromverbindungen

Verbindung
Theoretischer 
Br-Gehalt, %

Mittelwert 
der Ergebnisse 

von 10
Bestimmungen,

%

Streuung
о//о

a-Brom-iso-valerylkarbamid
(CH3)2CHCIIBrCONHCONH 35,83 35,85 0,30 (0,011)

N-Bromsuccinimid (H2C — CO)2=NBr 44,89 44.83 0,35 (0,008)
p-Bromphenol HO. C6H ,Br 46.23 46,17 0,38 (0,008)
p-Bromanilin H2N.C6H4Br 46,46 46,49 0,22 (0,005)
Brombenzol СГ|Н5Вг 51,10 51,16* 0.38 (0,007)
Bromoform CHBr3 94,85 94.72 0,33 (0,008)

* Mittelwert aus 5 Bestimmungen.

Tabelle IV

Jodverbindungen

Verbindung
T heoretischer 
J-Gehalt, %

Mittehvert 
der Ergebnisse 

von 10
В e stim mungen

%

Streuung
0//о

7-Jod-5-chlor-8-hydroxychinolin JC9NH4C10H 41,55 41,49 0,42 (0,010)
Jodvanillin JC6H,OH.CHO.OCH3 45,65 45,54* 0,39 (0,009)
p-Nitrojodbenzol OjN.CßHjJ 50,96 50,77 0,29 (0,006)
p-Jodanilin H2N.C6H4J 57,95 57,98 0,28 (0.005)
Monojodessigsäure CH2JCOOH 68,15 67,82* 0,73 (0,011)
Jodoform CHJ3 97,05 96,23 0,70 (0,007)

* Mittelwert aus 5 Bestimmungen.
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The extraction of Pr with TBP solutions in CC1, from an aqueous phase contain
ing mixtures of NaCIO,, and NaN03, NaClO, and NaSCN, or N aN 03 and NaSCN has 
been investigated. In the presence of salt mixtures the extraction of Pr was found to 
increase. The highest increase was observed on the addition of small quantities of 
NaSCN to NaCIO) and NaN03.

The investigations show that the increased extraction is associated with increased 
activity coefficients in the presence of mixtures of NaC104 and N aN 03 and also with 
the formation of mixed complexes in the presence of NaSCN and NaCIO, or NaSCN 
and NaN03.

In tro d u c tio n

In  recen t y e a rs  th e re  ap p ea red  a n u m b e r of p u b lica tio n s  [1— 14] on 
th e  e x trac tio n  o f v a rio u s m etals from  an  aqueous phase c o n ta in in g  m ix tu res 
o f  m in era l acids or sa lts . The in v e s tig a tio n s  have show n th a t  in  m ost cases 
th e  e x tra c tio n  o f th e  m eta ls  s tu d ie d  is increased , as c o m p ared  w ith  th e ir  
e x tra c tio n  from  an  aqueous phase co n ta in in g  a single in o rgan ic  an ion . In  som e 
o f th e  papers c ited  above, i t  has been  p o in te d  ou t th a t  th e  in c rease  of e x tra c 
tio n  is due to  an  increase  in  th e  a c t iv i ty  coefficients [7— 13], w hile o thers 
[4— 6 , 14] s ta te  t h a t  th is  increase is due  to  th e  fo rm ation  o f m ixed  com plexes 
c o n ta in in g  b o th  an ions from  th e  aqueous phase . The th ird  co n cep t [1— 3] is 
t h a t  th e  increase o f e x tra c tio n  is caused  b o th  b y  th e  increase  o f  th e  a c tiv ity  
co e ffic ien ts  and th e  fo rm a tio n  of m ixed  com plexes.

T h e  p resen t w ork  was carried  o u t fo r inv estig a tin g  th e  e x tra c tio n  of P r 
w ith  tr ib u ty l  p h o sp h a te  (TBP) so lu tions in  CC14 from  an aq u eo u s phase con
ta in in g  m ineral s a lt m ix tu res , an d  to  d e te rm in e  th e ir  in flu en ce  th e  e x tra c 
tio n  o f  P r.

E xperim en ta l

Reagents

All chemicals employed were of analytical grade (p. a.): TBP (“Fluka”) was purified 
before use [15]. In all experiments the concentration of Pr was 3.55 X 10~4 M. To avoid hydrol
ysis, the pH was maintained at 2.
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Procedure

10 ml each, of the aqueous and the organic phases, were shaken for 30 min. As established 
beforehand, this time is sufficient for equilibrium to be reached. After standing for 1 hr, the 
phases were separated. The concentration of Pr was determined photometrically with Arsenazo 
III [20]. To determine Pr in the organic phase, a back extraction was first carried out.

In the photometric determination of Pr, its concentration was maintained within the 
limits of the optimum [20], so that maximum accuracy (offered by the method) could be at
tained.

R esults and discussion

The d is tr ib u tio n  coefficients, D, o b ta in ed  for th e  e x tra c tio n  of P r from  
an  aqueous phase  c o n ta in in g  e ith e r th e  in d iv id u a l sa lts  N a N 0 3, NaC104 an d  
N aSC N  or th e ir  m ix tu re s  are g iven in  Figs 1— 3 an d  T ab les  I — I I I .  F igures

Fig. 1. Values of D for the extraction of Pr with a 2 M  solution of TBP in CC14 from an aqueous 
phase containing NaC104 (1), NaN03 (2), and their mixture (3): NaC104 +  NaN03 =  3.6 M

2.4 26  2.8 3.0 N aC IO jM ]
0.6 0.4 0.2 0 NaSCN [M]

Fig. 2. Values of D for the extraction of Pr with a 1.5 M  solution of TBP in CC14 from an aque
ous phase containing NaSCN (1) and a mixture of NaSCN and NaCIO, (2); NaSCN -f- NaC104 =

=  3.0 M
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Fig. 3. Values of D for the extraction of Pr with a 1.5 M  solution of TBP in CC14 from a n 
aqueous phase containing NaSCN (1) and a mixture of NaSCN and N aN 03 (2); NaSCN +

+  NaN03 =  3.0 M

Table I

Distribution coefficients for the extraction of Pr with a 2 M  solution of TBP in CClifrom an aqueous 
phase containing NaCl04 (D t) , NaN03 (D2) and their mixture (Dn)

N o .
N a C IO ,

[M\ D i
N a N 0 3

[M ] D a
N a C lO , +  N a N O ,

D 12
N a C IO , [M ] N a N 0 3 [M ]

l 3.6 4.10 — _ _ _
2 3.2 1.70 0.4 0.05 3.2 0.4 3.62
3 2.4 0.70 1.2 0.18 2.4 1.2 3.20
4 2.0 0.44 1.6 0.25 2.0 1.6 3.00
5 1.6 0.27 2.0 0.38 1.6 2.0 2.78
6 1.2 0.16 2.4 0.55 1.2 2.4 2.50
7 0.8 0.10 2.8 0.78 0.8 2.8 2.20
8 — — 3.6 1.57 — — —

Table II

Distribution coefficients for the extraction of Pr with a 1.5 M  solution of TBP in CCl4 from an 
aqueous phase containing NaN03 (D J , NaSCN ( l)„j and their mixture (D12)

N o .
N aN O g

[M ] Di N a S C N
[M ] d 2

N a N 0 3 +  N a S C N

d 12
N a N 0 3 [M ] N a S C N  [M ]

l 3.0 0.40 — — _ _
2 2.9 0.37 0.1 0.01 2.9 0.1 1.6
3 2.8 0.33 0.2 0.12 2.8 0.2 3.1
4 2.7 0.30 0.3 0.42 2.7 0.3 5.8
5 2.6 0.27 0.4 0.94 2.6 0.4 7.6
6 2.5 0.24 0.5 1.44 2.5 0.5 11.5
7 2.4 0.21 0.6 2.08 2.4 0.6 15.1
8 2.3 0.19 0.7 3.35 2.3 0.7 18.0
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Tabic III

Distribution coefficients for the extraction of Pr with a 1.5 M  solution of TBP in CCli from an 
aqueous phase containing NaClOt ( I f ) ,  NaSCN (D„) and their mixture (D n)

N aC IO ,
N ° .  [M ]

!
N a S C N

[M ] Do

N a C 1 0 4 

N a C IO , [M ]

-  N a S C N

N a S C N  [M]
D l2

1 3.0 0.25 — - — — —

2 2.9 0.23 0 . 1 0.01 2.9 0 . 1 1.1
3 2.8 0.20 0.2 0.12 2.8 0.2 3.7
4 2.7 0.18 0.3 0.42 2.7 0.3 7.9
5 2.6 0.15 0.4 0.94 2.6 0.4 11.1
6 2.5 0.12 0.5 1.44 2.5 0.5 19.6
7 2.4 0.10 0.6 2.08 2.4 0.6 29.3

2 a n d  3 do n o t show  th e  e x tra c tio n  from  an aqueous ph ase  co n ta in in g  only 
N aC 104 or N a N 0 3 b ecau se , u n d e r th e  ex p erim en ta l co n d itions, i t  is neglig ib ly  
sm all. F rom  th e  d a ta  in d ic a te d  in  F igs 1— 3 and  T ab les I — I I I ,  i t  is ev id en t 
t h a t  on using sa lt m ix tu re s  th e  e x tra c tio n  of P r  is in  all cases u n d e r considera
tio n  g rea te r th a n  th e  su m  o f effects, due to  th e  sam e sa lts  em ployed  sep ara te ly . 
T h is is a peculiar k in d  o f  synerg ic  effec t, caused  n o t b y  th e  presence o f m ix 
tu re s  of th e  e x tra c tin g  a g e n t in  th e  organ ic  phase , b u t  r a th e r  b y  th e  presence 
o f  sa lt m ix tu res in  th e  aqueous phase .

The in v es tig a tio n s  m ad e  so fa r  o ffer no possib ility  to  exp la in  th e  increased  
e x tra c tio n . This req u ire s  som e a d d itio n a l s tud ies.

I. Extraction from  an aqueous [»base containing mixtures of 
NaClOj and N aN 03

One of th e  p ro b lem s in  th e  p re se n t w ork  was to  e s tab lish  w h e th e r m ixed  
com plexes are e x tra c te d  w ith  N aC104 an d  N a N 0 3 p re sen t in  th e  aqueous phase. 
In  princip le , th e  in c reased  d is tr ib u tio n  coeffic ien t o f P r  for e x tra c tio n  from  an 
aqueous phase c o n ta in in g  m ix tu re s  o f th e  tw o salts (F ig . 1 an d  T ab le  I) m ay  
be  explained  e ith e r  b y  th e  increase  o f th e  a c tiv ity  coeffic ien ts or b y  th e  fo r
m a tio n  of m ixed com plexes co n ta in in g  anions of b o th  sa lts . L e t us assum e 
t h a t  th e  b e tte r  e x tra c tio n  is due to  th e  increase o f th e  a c tiv ity  coefficients, 
i.e. no m ixed com plexes are  form ed an d  th e  com plexes e x tra c te d  co n ta in  
o n ly  one of th e  anions p re se n t in  th e  aqueous phase. I t  has been  found  [16, 17] 
th a t  these  com plexes a re  of th e c o m p o s itio n P r(N 0 3)3.3 T B P an d P r(C 1 0 4)3.6T B P. 
In  th is  case

D =  K 3 0 [T B P ] 3 |N 0 3- ] , 7 Í ± 3  +  K 03[TBP]« [C lO H V s i  (1)
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In  the  above expression K 30 an d  K 03 are th e  e x tra c tio n  co n stan ts  for 
th e  com plexes P r ( N 0 3)3.3TBP a n d  Pr(C104)3 .6T B P , re spec tive ly , w hile y1± 
an d  y2 I s tan d  for th e  m ean a c tiv ity  coefficients.

In  order d e te rm in e  th e  v a lid i ty  o f th e  above a ssu m p tio n  i t  is n ecessary  
to  m easu re  th e  a c t iv i ty  coefficients o f P r (N 0 3) 3 an d  Pr(C 104) 3 in a so lu tion  
o f N a N 0 3 and N aC lO j. The isop iestic  m ethod  [21] w as em ployed  for th e  p u r 
pose. I t  was estab lish ed  th a t  w ith  a to ta l  co n c e n tra tio n  o f 3 .6M  th e  a c tiv ity  
coeffic ien t of P r ( N 0 3) 3 changes from  0.165 (in a so lu tio n  of N a N 0 3) to  0.631 
(in a so lu tion  of N aC IO ,), while th e  a c tiv ity  coeffic ien t o f Pr(C 104) 3 is changed  
from  0.821 (in a so lu tio n  of NaC104) to  0.231 (in a so lu tio n  of N a N 0 3).* S u b 
s t i tu t io n  of the  ab o v e  values in to  expression  (1 ) leads to  a sa tis fac to ry  ag ree
m e n t w ith  the d a ta  on  th e  e x tra c tio n  of P r  from  an  aqueous phase co n ta in in g  
m ix tu re s  of N a N 0 3 a n d  NaClOj. T herefo re , one m ay  conclude th a t  th e  en 
han ced  ex trac tio n  is d u e  to  the  ch an g e  in th e  a c tiv ity  coeffic ien ts . H ow ever, 
th e  possib ility  o f fo rm a tio n  and  e x tra c tio n  of m ixed  com plexes can n o t be 
excluded  as th is has been  found in  R efs [1, 2] for th e  e x tra c tio n  of Zr an d  H f 
w ith T B P . N ev erth e less , in our case th e  in fluence o f m ixed  com plexes on th e  
increase  of P r e x tra c tio n  m ust be in sig n ifican t.

II. E x trac tion  fro m  m ixtures of NaSCN—NaClOj an d  NaSCN—N aN 0 3

A strong  in flu en ce  o f NaSCN on th e  e x tra c tio n  of P r  is observed  in  b o th  
cases u n d e r co n sid era tio n . Figures 2 a n d  3 and T ab les I I  an d  I I I  m ake ev id en t 
th a t  th e  add ition  o f sm all am ounts o f  th is  sa lt leads to  s tro n g ly  increased  
e x tra c tio n . In  our o p in io n  this in crease  is due p r im a rily  to  th e  e x tra c tio n  of 
m ixed  com plexes as th e  co n cen tra tio n  o f added N aSC N  is too  sm all to  cause 
(a t a co n stan t ionic s tre n g th )  a s ig n ifican t increase in  th e  a c tiv ity  coefficients. 
H ow ever, before considering  the in flu en ce  of th ese  m ix tu re s , i t  is necessary  
to  in v es tig a te  the e x tra c tio n  of P r  from  an aqueous phase  th a t  con ta ins only  
N aSC N  an d  to  d e te rm in e  the so lv a tio n  num ber o f th e  e x tra c te d  com plex, 
because th e  d a ta  av a ilab le  in the l i te ra tu re  are q u ite  d iverse  [8 , 18, 19]. T he 
au th o rs  o f Ref. [18] h a v e  found th a t  L a , E u , and  L u  fo rm  com plexes w hich 
have  so lvation  n u m b ers  of 5, 4 and  3, respective ly . O u r in v estig a tio n s (F ig. 4) 
have  show n th a t  th e  e x tra c te d  com plexes have a so lv a tio n  n u m b er of 5, i.e. 
th e ir  com position  is P r(S C N )3.5T B P. A n e x tra c tio n  c o n s ta n t o f K 30 = 1 . 2  
was estab lished .

To determ ine  th e  so lvation  n u m b e r of th e  assum ed  m ixed  com plexes 
for th e ir  ex trac tio n  fro m  an  aqueous ph ase  co n ta in in g  N aC104 and  N aSC N ,

* The complete data on the investigation of the activity coefficients will be the subject 
of a separate communication.

Acta Chim. ( Budapest) 89, 1976



3 0 2 G E N O V , D U K O V : E X T R A C T IO N  O F  P R A S E O D Y M IU M

th e  dependence of lg D on  log [T B P ] w as s tu d ied  a t N aSC N  co n cen tra tio n s  
o f  1.8 M  and 0.9 M  a n d  a t  0.9 and  1.8 M  NaCIO,, re sp ec tiv e ly  (F ig . 5). In  
b o th  cases linear re la tio n sh ip  w ith  a slope o f 5, w ere o b ta in ed  w hich  ind ica tes

Fig. 4. Dependence of lg D on lg [TBP] for the extraction of Pr from an aqueous phase contain
ing 2.1 M  NaSCN

Fig. 5. Dependence of lg D on lg [TBP] for the extraction of Pr from an aqueous phase contain
ing NaSCN and NaCICh: 1. NaSCN =- 1.8 M, NaC104 =  0.9 M; 2. NaSCN =  0.9 M, NaC104 =

=  1.8 M

t h a t  only p en ta -so lv a te s  are e x tra c te d . P resu m ab ly , i t  w ou ld  im possib le to  d e 
t e c t  th e  com plex Pr(C10,,)3. 6 T B P , i t  be ing  e x tra c te d  to  a lesser ex ten t. T he 
a v a ilab ility  of on ly  th e  p en ta -so lv a tes  reduces th e  n u m b er o f p robab le  com 
plexes to th ree , n am e ly , P r(S C N )3.5T B P  w ith  an  e x tra c tio n  co n stan t o f
K .j0; Pr(SCN).,(C10,).5TBP w ith  an  e x tra c tio n  c o n s tan t o f K 21; an d  Pr(SCN )
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(C104)2.5TB P w ith  a n  ex trac tio n  c o n s ta n t of K ]2. I f  th e  a c tiv ity  coefficients 
rem ain  co n stan t, th e  d is trib u tio n  coeffic ien t will he d e te rm in ed  by

D =  K 3 0 [S C N - ] 3 [T B P ] 5 +  K 21[S C N -]2 [C104“ ] [T B P ] 5 +

+  K 12[S C N -]  [СЛОП2- [T B P ] 5 (2)

O n d iv id ing  b o th  sides o f Eq. (2) b y  [T B P ]4, one

D /[T B P ] 4 =<[TB P] { K 3 0 [SCN- ] 3 +  K 2 1 [SCN - ] 2 [C IO ,'] +  K l2 [SCN - ] [CIO“ ] 2}

(3)

Fig. 6. Dependence of D/[TBP]4 on [TBP] for the extraction of Pr from an aqueous phase 
containing NaSCN and NaCIO,: 1. NaSCN =  1.8 M, NaCIO, =  0.9 M; 2. NaSCN =  0.9 M,

NaC104 =  1.8 M

As [SC N ~] =  const a n d  [C104 ] == c o n s t, E q . (3) corresponds eq. to  a s tra ig h t 
line passing  th rough  th e  origin of th e  co -o rd ina te  system . I f  th e  a ssum ption  
m ade a b o u t th e  com plexes existing in  th e  organic phase is co rrec t, th e n  —  a t  
a d e fin ite  and  c o n s tan t ra tio  of the  tw o  sa lts  — the  ex p e rim en ta l d a ta  should  
confirm  th e  above considera tions. I t  is ev id en t from  Fig. 6  t h a t  th e  d ep en d 
ences o f D /[T B P ] 4 on [T B P ], o b ta in ed  w ith  tw o ra tio s of N aSC N  a n d  N aCIO , 
give s tra ig h t  lines p assin g  th ro u g h  th e  orig in . This is a d d itio n a l evidence for 
th e  e x tra c tio n  of p en ta -so lv a te s  and  a t  th e  sam e tim e  i t  p roves th e  absence 
o f te tra -so lv a te s . I f  th e  la t te r  had  b een  availab le , th e  s tra ig h t lines w ould 
h av e  b een  charac terized  b y  an  in te rc e p t on th e  o rd in a te  ax is. T his is observed  
in  Fig. 7, w hich illu s tra te s  the  d ependence  of D /[T B P ] 4 on [T B P ] for th e  
e x tra c tio n  o f P r from  a n  aqueous p h a se  conta in ing  N aSC N  an d  N a N 0 3. 
T he ex p erim en ta l re su lts  in d ica te  th a t  w ith  1.8 M  NaSCN  an d  0.9 M  N a N 0 3 

only  pen ta -so lv a tes  are  e x tra c te d , w hile  a t  concen tra tions of 0.9 M  NaSCN 
an d  1.8 M  N a N 0 3 te tra -so lv a te s  are e x tra c te d  to g e th e r w ith  th e  p en ta -so lv a tes .
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T he d a ta  i l lu s tra te d  b y  Figs. 6  an d  7 p e rm it som e fu r th e r  conclusions. 
T h e  slope of curves 1 in  b o th  figures is ap p ro x im a te ly  th e  sam e. These curves 
co rrespond  to  1.8 M  N aS C N  an d  th e  to  0.9 M  N aClO j or N aN O ;i. H ence, 
th e  exchange of N aC 104 fo r  N a N 0 3 affects th e  e x tra c tio n  b u t  v e ry  little . This 
f a c t  indicates th a t  a t  h ig h  N aSCN  co n cen tra tio n s , i t  is th e  com plexes 
P r(S C N )3.5TBP th a t  a re  p re d o m in a n tly  e x tra c te d . In  th is  case, co n stan ts  K 21 

a n d  K 12 in the  r ig h t-h a n d  side of E q . (3) will have a sm all va lu e , as com pared  
w ith  K 30 h u t th e  re la tio n sh ip  w ill rem ain  a s tra ig h t line. A t th e  sam e tim e,

Fig. 7. Dependence of D/[TBP]4 on [TBP] for the extraction of Pr from an aqueous phas>' 
containing NaSCN and N aN 03: 1. NaSCN =  1.8 M, NaN03 =  0.9 M: 2. NaSCN =  0.9 M,

NaN03 =  1.8 M

th e  d a ta  for curves 2 in  F igs. 6  an d  7, o b ta in ed  for 0.9 M  N aSCN  and  1.8 M  
N aC104 or N a N 0 3 d iffe r app reciab ly . T he d iffe ren t slopes o f th e  s tra ig h t lines, 
as well as the  d ifferences in  th e  d is tr ib u tio n  coeffic ien ts p e rm it to  assum e th e  
ex trac tio n  of m ixed  com plexes w ith  so lvation  n u m b er 5 w hen  NaSCN and  
N aC 104 are av a ilab le  in  th e  aqueous phase , an d  o f m ixed  com plexes w ith  
so lvation  n u m b er 4 in  th e  presence of NaSCN  an d  N a N 0 3.
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CALORIMETRIC INVESTIGATIONS ON THE 
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The caloric changes of cis-2,4-dimethyl-2,4,8,8,10,10-hexaphenyl-spiro(5,5) 
pentasiloxane were investigated by the DSC technique. I t has been found th a t the 
melting of this compound is accompanied by a recrystallization process, in which the 
original compound transforms into a modification with a higher melting point. The 
polymerization of the above compound in the presence of various amounts of KOH 
as catalyst has also been studied. The process was found to be a complex, multi-step 
reaction. The characteristic temperatures, and the heats of polymerization and melting 
were determined from the calorimetric curves. The activation energy of polymerization, 
calculated by approximate methods, is 30 kcal/mol.

O w ing to  th e  easy  d e fo rm ab ility  o f th e  О— Si—О valence ang les, th e  
s tru c tu re s  of organosilicon polym ers a n d  oligom ers depend  v e ry  s tro n g ly  on 
th e  n a tu re  of th e  su b s titu e n ts . The m ed iu m  also p lays an  im p o r ta n t ro le , an d  
th e se  fac to rs  m ay  e x e rt a m ajo r in flu e n c e  on th e  th e rm a l changes, su ch  as 
p h ase  tran s itio n s  or po lym eriza tion .

T he accu ra te  m easu rem en t of th e se  th e rm a l changes p e rm its  to  s tu d y  
th e  po ly m eriza tio n  process and  th e  re su ltin g  isom ers, stereo isom ers a n d  con- 
fo rm ers.

In  th is  respect c is-2 ,4 -d im ethy l-2 ,4 ,8 ,8 ,10 ,10-hexapheny l-sp iro (5 ,5 )-pen- 
ta s ilo x a n e  (I) is a v e ry  in te restin g  c o m p o u n d  since i t  co n ta in s  di- an d  te t r a -  
fu n c tio n a l u n its  and has a spirocyclic s tru c tu re . This com pound  is solid an d  
c ry s ta llin e  a t room  te m p e ra tu re , b u t  is also capab le  of p h ase  tra n s it io n  an d  
p o ly m eriza tio n , and  th u s  i t  can be u sed  to  adv en tag e . T he su b stan ce  w as 
p re p a re d  [1] via th e  reac tio n  given in  F ig . 1. T he reac tio n  co n d u c ted  in  so lu 
tio n  p h ase  a t  room  te m p e ra tu re  yields th e  p u re  cis isom er show n in  th e  F ig u re .

T h is sp irosiloxane com pound can  be  reg a rd ed  as a co n d en sa tio n  p ro d u c t 
of tw o tris ilo x an e  (D 3) rings. I ts  in fra re d  sp ec tru m  is, like th a t  o f D 3, co n sid 
e rab ly  d iffe ren t from  tho se  o f sim ple, lin e a r  polysiloxanes.

T h e  th e rm a l effects w ere m easured  w ith  a P e rk in — E lm er DSC-1B in s tru 
m en t, th e  m ax im um  sen sitiv ity  of w h ich  is 1 m cal/sec. F irs t  th e  process o f
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F ig . 1. Synthesis of compound I
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F ig . 2. Melting curve of I in various specimen h o ld e rs .------
3.340 mg; --------  Al holder, sample weight: 3.199 mg; Zffix

rate (ß ) =  8 °C/min

- P t holder, sample weight 
Z1H2 =  11.35 cal/g; heating

m elting  was s tu d ie d , m a in ly  in  o rder to  d e te rm in e  th e  s ta b ili ty  o f th e  com pound  
a t  its  m elting  p o in t a n d  in  m o lten  s ta te . As th e  com pound  p roduces a fa irly  
sh a rp  peak, i t  is su ff ic ien tly  pure , an d  does n o t decom pose d u ring  m eltin g . 
F igu re  2 shows tw o  m eltin g  curves, co rresp o n d in g  to  a lum in ium  and  p la tin u m  
specim en ho lders, resp ec tiv e ly . B o th  th e  shapes o f th e  cu rves and  th e  h e a ts  
o f m elting  o b ta in e d , w h ich  agree to  w ith in  tw o  decim als, in d ica te  an  excellen t 
rep roduc ib ility . T h e  sh if t in  th e  location  o f m ax im um  is due to  th e  fa c t th a t  
th e  tw o curves w ere  m easu red  on tw o su b se q u e n t days, an d  th e  in s tru m e n t 
w as n o t re -c a lib ra te d , i.e. th e  curves w ere  p lo tte d  ag a in s t th e  sam e te m p e r
a tu re  scale.

I f  a sam ple  once m elted  (a) is cooled a n d  rem elted , th e  curve show n in  
F i g .3 can be o b ta in e d .

As can be  seen , in  th e  second m eltin g  process (b) an  e x tra  peak  ap p ea rs  
a t  higher te m p e ra tu re s , w hich becom es th e  on ly  p eak  in  th e  th ird  m elting  (c). 
I t  m ay be assum ed  as an  e x p lan a tio n  th a t  in  th e  m elt —  ow ing to  th e  re m a rk 
able te m p e ra tu re  dependence o f th e  s u b s titu e n t effect know n in silicon 
chem istry  — th e  o rig in a l cis form  is co n v e rte d  in to  th e  trans d e riv a tiv e  w ith  
a higher m e ltin g  p o in t. I t  can n o t be exc lu d ed , how ever, th a t  th e  tw o m e ltin g  
peaks co rrespond  to  th e  sam e m olecu lar fo rm , b u t  to  tw o c ry s ta l m od ifica tio n s.

U pon th e  e ffec t of a c a ta ly s t (0 .02%  K O H ), th e  sp irosiloxane undergoes 
po lym erization  [1 ], w hich can be m o n ito red  th ro u g h  th e  increase in  m o lecu la r 
w eight or th e  e x ten s iv e  changes in  th e  in fra re d  sp ec tru m . This ca ta ly tic  po ly -
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A 01.2

a

c

b

400 К 370

F ig. 3. M elting cu rve  of I  in rep ea ted  m eltin g . Sam ple weight: 3.199 m g, ß  =  8 °C/m in

m eriza tio n , w ith  an  essen tia lly  ionic m echan ism , is w idely know n  for siloxanes. 
I t  is also well know n th a t  these  reac tio n s, un like  several o rgan ic  p o ly m eriza tio n  
processes w hich are  con tro lled  k in e tica lly , ten d  to w ard s th e rm o d y n am ic  
eq u ilib ria , i.e. a f te r  a re la tiv e ly  sh o rt tim e  th e y  reach  an  equ ilib riu m  m olec
u la r  w eigh t d is tr ib u tio n  correspond ing  to  th e  given te m p e ra tu re .

T h e  p o ly m eriza tio n  perfo rm ed  a t  v a rio u s tem p era tu res  (120, 130 an d  
150 °C [1]) was found  to  occur q u ite  ra p id ly , w hich is easy  to  u n d e rs ta n d  i f  
i t  is ta k e n  in to  acco u n t th a t  th e  sp irocyclic  com pound is also a s tra in e d  sy stem  
o f D 3 ty p e . H ow ever, to  follow th e  process o f  p o lym eriza tion , th e  gel c o n te n t 
of th e  re su ltin g  p ro d u c t was also m easu red  besides the  above m easu rem en ts . 
T h is p ro v ed  to  be necessary , because th e se  m olecules, un like th e  sim ple s ta r tin g  
com pounds o f ty p es D 3, D 4, e tc ., w hich co n ta in  only b ifu n c tio n a l u n its , also 
in c lude  one te tra fu n c tio n a l segm ent (Q) p e r  m olecule, w hich m akes th e  m o n o 
m er i ts e lf  te tra fu n c tio n a l if  b o th  rings are  opened . The e x te n t o f cross-link ing  
increases m o n o tonously  a t 120 and  130 °C, as show n b y  th e  gel c o n te n t d a ta , 
passes a m ax im um  a t  150 °C, and  th e n  decreases to  a v e ry  sm all va lue . T he 
la t te r  phenom enon  can  be a t tr ib u te d  to  th e  su b s titu e n t effect, b y  assum ing  
th a t ,  in s te a d  of th e  d isordered  cross-linked  s tru c tu re , sp irocyclic  chain  p o ly 
m ers are  form ed, w hich  are  soluble ag a in  in  th e  organic so lv en t em ployed .

T hese processes can  be illu s tra te d  b y  th e  following schem e:

• -D—  D — Q ------  D

D—D—Q—D—Г>------

D—D I)— I)-------
'  \ /.Q
\ /  \
D—П I)— I)—
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I t  is o f p a r t ic u la r  in te re s t w h e th e r these  delica te  tran sfo rm atio n s in  
m o lecu lar s tru c tu re , w h ich  do n o t exceed th e  low energies associated  w ith  
p h ase  tra n s itio n s , c an  be  de tec ted . T he DSC tech n iq u e  ap p ea red  to  be p ro m 
ising  for th is  p u rp o se . T he p o ly m eriza tio n  w as th e re fo re  perfo rm ed  in  th e  
DSC a p p a ra tu s  u s in g  v a rio u s c a ta ly s t co n cen tra tio n s  an d  h ea tin g  ra te s . T h e  
m easu rem en ts w ere s im ila r to  th e  m e ltin g  ex p erim en ts  on th e  c ry sta llin e  
m onom er, f irs t w ith  a c a ta ly s t  co n cen tra tio n  o f 0 .02%  (as em ployed  in  Ref. [1]), 
a n d  th e n  w ith  p o ta ss iu m  h y d ro x id e  co n cen tra tio n s  o f 0 .03, 0.05 and  0 .2 % .

T he resu lts  c a n  be  sum m arized  as follow s. A t low  con cen tra tio n s (0.02, 
0.03 an d  0 .05% ) a n d  h ig h  h ea tin g  ra te s  tw o or th ree  sm all b u t  unam b ig u o u sly  
observab le  e x o th e rm ic  peaks could be  m easu red  a f te r  th e  m elting  p e a k  
(cf. Figs 9 and  10).

W ith  reg a rd  to  th e  re la tiv e  co m p lex ity  o f th e  system  an d  to  the  u n e x p e c t
ed ly  v a ry in g  n a tu re  o f  th e  DSC signal, i t  h ad  to  be p ro v ed  th a t  th is  DSC 
cu rv e  is really  c h a ra c te r is tic  o f th e  process. All m easu rem en ts  perfo rm ed  b y  
th e  n o n -iso th e rm al te ch n iq u e  are open to  ju s tif ie d  d o u b ts , since i t  is kn o w n  
th a t  “ a p p a re n t”  p eak s  m ay  often  occur due to  c e r ta in  s te a d y  s ta te s  cau sed  
b y  acc id en ta l p h en o m en a . T he in te rp re ta tio n  o f DSC m easu rem en ts deserves 
p a r tic u la r  care , since  in  th is  case th e  above d ifficu lties are  m ultip lied  b y  th e  
p e r tu rb a tio n  effec ts  o f  th e  sm all a m o u n t o f  sam ple, th e  tran s itio n  th e rm a l 
resistance  an d  o th e r  ex p erim en ta l p a ra m e te rs . As in d ic a te d  by  Fig. 4 , th e  
rep ro d u c ib ility  on tw o  d ifferen t sam ples is q u ite  p erfec t, p ro v in g  th a t  a cc id en ta l 
effects do n o t p la y  a role.

F igure  5 i l lu s tra te s  th e  re su lt o f an  ex p erim en t in  w hich  the  in s tru m e n t 
w as se t a t iso th e rm a l m ode a fte r th e  m eltin g . T he ex o th erm ic  signals are s till 
c learly  observab le , a lth o u g h  th e y  are , o f course, less expressed  th a n  in  th e  non- 
iso th e rm al m ode. A ccord ing ly , as also p ro v ed  b y  th e  iso th e rm a l m easu rem en t, 
th e  exo therm ic  p eak s  are  rea l, and  can  he a t t r ib u te d  to  th e  po lym eriza tio n  
process.

In  fu r th e r  m easu rem en ts  low  c a ta ly s t  co n cen tra tio n s  were em ployed  
again , and we s tu d ie d  th e  effect o f h e a tin g  ra te  on th e  n a tu re  of th e  DSC 
curve . F igure  6 show s th e  re su lt o f a m easu rem en t in  w hich  the  sam ple co n 
ta in e d  0 .02%  o f  c a ta ly s t  an d  th e  h e a tin g  ra te  was 2 °C/m in. The shape o f th e  
cu rve  is re m a rk a b ly  d ifferen t from  th a t  reco rded  a t  a h ea tin g  ra te  of 32 °C/m in 
(F ig . 4), in so far as tw o endo therm ic  m eltin g  peaks ap p ear, sim ilarly  to  th e  
m elting  curves o b ta in e d  in  th e  absence o f c a ta ly s t. H ow ever, th e  e x tra  p eak  
appears a lread y  in  th e  f irs t  ex p erim en t, w hereas w ith  th e  system s co n ta in in g  
no ca ta ly s t th e  su b stan ce  of h igher m e ltin g  p o in t is p roduced  only a f te r  the  
second or su b se q u e n t hea tin g  runs. U nlike w ith  th e  sim ple m elting  cu rves, 
th e re  is a sh a rp  ex o th erm ic  p eak  here  b e tw een  th e  tw o  endotherm ic p eak s, 
w ith  an area  a p p ro x im a te ly  equal to  th a t  of th e  second m elting  peak . C onse
q u en tly , up o n  th e  effect o f c a ta ly s t a phase  tra n s it io n  tak es  place, w hich  cor-
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391.5

Fig. 4. Polymerization of I in the presence of 0.05% KOH;------— sample weight: 3.328 mg,
--------- sample weight: 3.665 mg, ß =  32 °C/min

387.5

15 min

I I .....................................I_______________ I .....................................

5 0 0  391 4 0 0  320
К

Fig. 5. Polymerization of I in the presence of 0.02% KOH as catalyst. Sample weight: 9.326 mg;
/3 =  8 and 0 °C/min

401

450  40 0  350
К

Fig. 6. Polymerization of I in the presence of 0.02% KOH. Weight: 8.260 mg, /3 =  2 °C/min

re sp o n d s  p resum ab ly  to  th e  crysta l m o d ifica tio n  of th e  trans form , and  th e  
ra te  o f th is  tra n s itio n , re la tiv e  to  th e  m e ltin g  process, is increased  b y  th e  c a ta 
ly s t to  such  an e x te n t th a t  its  th e rm a l effec t, th e  h ea t of tra n s itio n , becom es 
read ily  m easurab le .
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To decide w h e th e r  th e  peaks a t  385 an d  401 К  co rrespond  to  th e  sp iro- 
cyclic  m onom er, th e  sam ples were cooled a b ru p tly  a f te r  th e  second m eltin g  
p e a k , and  th e ir in f ra re d  sp ec tra  were reco rd ed . T he sp e c tra  show  th e  in v a riab le  
p resence of th e  m o n o m er, ind ica ting  t h a t  th e  tw o en d o th e rm ic  peaks an d  th e  
exo th erm ic  peak  co rresp o n d , even in  th e  presence o f c a ta ly s t, to  th e  p h ase  
tra n s itio n  p reced ing  th e  po lym eriza tion . I t  is w o rth  n o tin g  th a t ,  s im ila rly  
to  th e  endo therm ic  p e a k s , th e  exo th erm ic  p eak  lo ca ted  b e tw een  th em  a t  386 К  
is also reproducib le  in  position .

As to  th e  f u r th e r  shape of th e  cu rv e , th e  th ird , sm allest po lym eriza tio n  
p e a k  is absent, like  on  all th e  curves reco rd ed  a t low  h e a tin g  ra te s , and  a fte r  
th e  second m elting  p e a k  th ere  are on ly  tw o w ell-defined  exotherm ic peaks. 
T hese  signals are  d iffe re n t in shape from  a sh arp  m eltin g  curve, an d  th e ir  
f la tn e ss  is c h a ra c te r is tic  o f chem ical reac tio n s or processes involv ing  m ass 
tra n sfe r .

As ind ica ted  b y  F igs 7 to  10, a t  a p o tassiu m  h y d ro x id e  co n cen tra tio n  
o f 0 .0 2 % , and h ig h e r  h e a tin g  ra tes, th e  re la tiv e  p ro p o rtio n s  of th e  tw o m eltin g  
p eak s  v a ry  in  fa v o u r  o f  th e  f irs t one, a n d  th e  h e ig h t o f  th e  exo therm ic  p e a k  
b e tw een  them  also decreases s ig n ifican tly .

These fac ts  a re  a p p a re n tly  easy  to  in te rp re t if  i t  is assum ed th a t  th e  
c a ta ly s t  plays a ro le  n o t  only in  th e  p o ly m eriza tio n  b u t  also in  th e  iso m eriza
tio n  process.

The specim en w as cooled a b ru p tly  a fte r  th e  f ir s t  an d  second p o ly m eri
z a tio n  peaks, re sp e c tiv e ly , and  th e  in fra re d  sp ec tra  o f these  sam ples w ere 
fo u n d  to  be id e n tic a l. I t  is possible t h a t  th e  th ird  ex o therm ic  peak  is co n 
n ec ted , in fac t, to  th e  fo rm ation  o f th e  cyclo linear po lym er, w hich is so lub le  
in  organic so lven ts. I t s  th e rm al effect is, how ever, so sm all th a t  it  could  n o t 
be in vestiga ted  so f a r  in  detail. T he o b se rv ab ility  o f th e  th ird  peak d epends, 
ow ing to  its low in te n s i ty ,  on th e  h e a tin g  ra te . N am ely , w hen  th e  effects becom e 
m ore prolonged a t  low  hea tin g  ra te s , th e  th ird  step  m a y  easily  m erge w ith  th e  
b ase  line, as a r e s u lt  o f th e  lim ited  se n s itiv ity  of th e  eq u ip m en t.

I t  is in te re s tin g  to  investig a te  w h e th e r our hy p o th eses  concerning th e  
sh ap e  of the  cu rv e  a re  supported  o u r m easu rem en ts a t  h igher c a ta ly s t co n 
cen tra tio n s.

I t is a p p a re n t from  F igure 11 th a t  u n d er such  conditions th e  second  
m eltin g  peak is a b s e n t , b u t the  second ex o therm ic  p o lym eriza tion  peak  is also 
suppressed , in d ic a tin g  th a t  th ere  is a close co rre la tio n  betw een th em . T h u s , 
a t sufficient ra te s  o f  po lym eriza tion  th e re  is no tim e  for com petitive  iso m er
iza tio n  and p h ase  tra n s itio n  and th e  sam ple  becom es cross-linked in  a single 
s tep .

The follow ing experim ents w ere aim ed as checking  th e  results an d  th e  
re la tionsh ip  b e tw een  th e  ca ta ly tic  e ffec t an d  th e  DSC curve. The p o tassiu m  
hydrox ide  c o n te n t w as again 0 .0 2 % , b u t  th e  sam ple w as exposed to  a ir fo r
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Fig. 7. Polymerization of I in the presence of 0.02% KOH. Weight: 4.840 mg, ß =  4 °C/min

382.5

500 4 50  400 330
К

Fig. 8. Polymerization of I in the presence of 0.02% KOH. Weight: 4.629 mg, / 5 = 8  °C/min
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Fig. 9. Polymerization of I in the presence of 0.02% KOH. Weight: 5.461 mg, / 9 = 1 6  °C/min

393

Fig. 10. Polymerization of I in the presence of 0.02% KOH. Weight: 3.726 mg, ß =  32 °C/min
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a longer period , d u rin g  w hich th e  p o tassiu m  h y d ro x id e  c a ta ly s t could  c e r 
ta in ly  carbonize u p o n  th e  effect of a tm o sp h eric  carbon  d ioxide, and  th e re  w as 
a p o ssib ility  for in c id e n ta l ro o m -te m p e ra tu re  reactions. T he m easu rem en ts  
on th ese  sam ples gave  resu lts  id en tica l, to  th e  f in e s t de ta ils , w ith  of th o se  th e  
m easu rem en ts  on c a ta ly s t-free  sam ples, p ro v in g  th a t  th e  m ix ing  involves no  
changes in  th e  h e a t  c a p a c ity  or specific h e a t fu n c tio n , and  no chem ical ch an g e  
occurs, e ither, a t  th is  te m p e ra tu re . A t a c a ta ly s t  co n cen tra tio n  of 0 .01%  n o  
ca ta ly tic  effect can  he observed  a t  all.

Fig. 11. DSC curves of the polymerization processes in the presence of low and extremely high 
amounts of catalyst. /3 =  4 °C/min. Upper diagram: 0.2% KOH, lower diagram: 0.05% KOH

In  th e  n e x t  ex p erim en ts  a tte m p ts  w ere m ade to  de te rm ine  th e  c h a ra c te r 
istic  te m p e ra tu re  a n d  ch a rac te ris tic  h e a t by  v a ry in g  a su ffic ien t n u m b e r  ol 
p a ram e te rs , re ly in g  on th e  fac t of good re p ro d u c ib ility . Some in fo rm a tiv e  
k in e tic  ca lcu la tio n s w ere also p e rfo rm ed  on th e  d a ta  o b ta in ed . I t  m u s t  be  
em phasized  th a t  th e se  calcu lations are only  ap p ro x im a te , se m i-q u a n tita tiv e  
in  n a tu re , b ecau se  th e  processes are  com plex an d  p a r tly  ov erlap  each  
o th er.

K ine tic  ca lcu la tio n s can be b ased  on ly  on th e  ch a ra c te ris tic  te m p e ra tu re  
w hich belongs to  th e  m ax im um  of reac tio n  ra te  (peak  te m p e ra tu re ) , in  th is  
re sp ec t th e  DSC tech n iq u e  is v e ry  co n v en ien t, because th e  reac tio n  ra te  (m o re  
p a r tic u la r ly  th e  p ro p o rtio n a l a m o u n t o f h e a t evolved), an d  no t th e  co n v ersio n  
is m easured  d irec tly . U nder th e  co n d itions of th e  given tra n sfo rm a tio n s , th e r e 
fore, we m u st be  sa tis fied  w ith  v a ry in g  th e  h ea tin g  ra te  sy s tem atica lly  a t  fix ed  
o th e r p a ra m e te rs , a n d  d e te rm in ing  th e  sh ift in  th e  m ax im um  te m p e ra tu re .

The d a ta  o b ta in e d  are show n in T ab le  I.
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T ab le  I

Sample
weight

(mg)
KOH (%)

H eating
rate

(°C/min)

T1 1 m.p.
(K)

^ 2  m.p.
(K )

^ 1 Pol
(K)

^2 POl
(K) (cal/g)

£ ЛНро! 
(eal/g)

8.622 0.02 2 388.1 402.7 416.7 443.8 10.0 9.1
4.649 0.02 4 388.6 402.8 422.0 457.0 10.3 9.8
5.086 0.02 8 391.1 — 432.0 467.0 11.0 9.7
4.629 0.02 8 389.1 402.0 430.0 467.0 10.7 9.3
4.285 0.02 16 389.5 — 439.0 481.0 11.2 9.0
4.123 0.02 16 390.4 — 440.0 481.0 11.2 9.5
3.472 0.02 32 389.6 — 449.0 493.0 11.8 9.8
3.726 0.02 32 390.3 — 456.0 496.0 11.5 8.6

8.005 0.03 2 388.2 402.8 415.0 440.0 11.6 6.8
4.379 0.03 4 388.6 402.3 420.0 452.0 10.6 8.8
4.479 0.03 8 388.6 402.0 431.0 467.0 11.7 9.3
4.906 0.03 16 388.1 — 441.5 482.0 11.7 9.2
3.462 0.03 32 389.1 — 448.0 487.0 11.6 9.5

8.020 0.05 2 388.0 402.7 410.3 446.0 11.4 8.8
4.666 0.05 4 388.3 402.3 415.0 457.0 11.5 9.9
4.613 0.05 8 388.7 — 421.0 476.0 11.4 9.4
6.123 0.05 16 389.5 — 434.0 491.0 11.2 9.8
3.825 0.05 32 389.6 — 399.0 — 11.8 8.8
8.095 0.05 32 391.2 — 454.0 504.0 11.6 9.6
8.002 0.05 32 391.2 — 454.0 504.0 11.7 9.2
8.143 0.05 32 391.2 — 454.9 504.0 11.6 9.8

6.314 0.02 2 386.5 — 399.6 — 9.9 7.4
6.354 0.20 4 387.8 — 406.0 — 10.6 8.2
6.199 0.20 4 387.3 — 405.0 — 11.2 8.1
6.319 0.20 4 388.6 — 407.0 — 10.5

I

S ince th e  m ax im um  tem p era tu res  in  th e  curves were rep ro d u c ib le  w ith in  
th e  accu racy  of th e  m easu rem en ts , th e  re fe ren ce  m eth o d  [2 ] could  be app lied . 

T he basic  eq u a tio n  o f th is  m e th o d  is as follows:

E  =
n R T m ax

X m a x

! dx  I

l di j ( l )

w here  x  is th e  reaction  coo rd ina te , th e  o th e r  sym bols have  th e  c o n v en tio n a l 
m ean ing , an d  su b scrip t “ m a x ”  refers to  th e  m ax im um  reac tio n  ra te .
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E q. (1) can  be re w ritte n , a fte r well know n  sim p lifica tio n s, as

d i g '  1 0 * I п л с п Е— =  — 0 .4 5 7 — -
л 1 R

( 2 )

w here E ,  T  and  R  h a v e  th e  co n v en tiona l m ean ing  an d  ß  is th e  h ea tin g  ra te .
F igure 12 i l lu s tra te s  th a t  th e  co rre la tio n  given b y  E q . (2) rea lly  h o lds. 

F o r  b o th  p o ly m eriza tio n  processes E  =  30 kcal/m ol can  be o b ta in ed  fro m  
E q . (2), w hich can  b e  considered as reaso n ab le .

1.6 -

u

1.2 -

<=- 1.0 ■

CT
0.8 - 

0.6 - 

0A - 

0.2

1Э 2.0 2.2 2A  2.6
V 103

F ig . 12. P lo t of 1st 10ß  a g a in s t  l/T . x -  0.02% К О Н , О  -  0.03% К О Н , □ -  0.05% К О Н

I t  can be s ta te d  as a conclusion th a t  th e  DSC tech n iq u e , as in d ic a te d  
b y  th e  reac tio n  in v e s tig a te d , c a n  be  ap p lied  to  a d v a n ta g e  in  q u a n t i ta t iv e  
s tu d ies  on ionic p o ly m eriza tio n  processes in  o rg an o e lem en t chem istry .

The resu lts  su p p o r t our s ta te m e n t th a t  th e  process is very  com plex  a n d  
proceeds in  sev era l s tep s . I t  has also b een  c la rified  th a t  th e re  is a v e ry  close 
re la tionsh ip  b e tw een  th e  phase tra n s itio n s  observed  d u rin g  th e  m elting  o f th e  
m onom er and  th e  p o ly m eriza tio n  processes.
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T he re ac tio n  of osm ium  te tro x id e  a n d  am m onia  in a m ed ium  co n ta in in g  p o ta s 
sium  hy d ro x id e  leads to  po tassium  n itr id o o sm a te (V III) , whose n itro g e n  c o n te n t c an 
n o t  he  m easu red  b y  th e  K je ldah l m e th o d  d irec tly , only a fte r  re d u c tio n  w ith  D e v a rd a ’s 
alloy. The n itr id o o sm a te (V III)  ions e x e r t a  c a ta ly tic  action  in th e  course o f th e  d igestion  
b y  c o n ce n tra ted  su lphuric  acid ap p lied  in  th e  n itro g en  d e te rm in a tio n  accord ing  to  K je l
d ah l, p ro v id ed  th e  m ix tu re  con tains also p o tass iu m  su lp h a te , a n  a d d itiv e  ra is in g  th e  
boiling p o in t. U n d e r these  conditions am m o n ia  is oxidized to  n itro g en . As long as a m 
m onia  is p re sen t in  th e  system , n itr id o o sm a te (V III) , or m ore likely  th e  co m pound  form ed 
from  it,  co n ta in in g  osm ium  of a low er o x id a tio n  s ta te  is p resen t. H ow ever, a f te r  th e  
am m onia  has been  com plete ly  ox id ized  to  e lem en ta ry  n itrogen , th e  c a ta ly tic  osm ium  
com pound is rem o v ed  from  th e  su lphuric  acid  m edium , p resu m ab ly  as 0 s 0 4. T he e x te n t  
o f ox id a tio n  dep en d s on th e  HSOj" to  H 2S 0 4 m ole ra tio  an d  a tta in s  i ts  m ax im u m  w hen 
th is  ra tio  becom es eq u al to  u n ity . O sm ium  te tro x id e  does n o t show  a c a ta ly tic  effec t 
o f th is  ty p e . W hen , how ever, p rio r to  d igestion  w ith  su lphuric  acid , n itr id o o sm a te (V III)  
h as been fo rm ed , i t  m ay  in terfere  w ith , o r ev en  com pletely in h ib it th e  n itro g en  d e te r 
m in a tio n  acco rd ing  to  K jeldahl.

Introduction

O f th e  com pounds o f  o sm iu m (V III), m ain ly  osm ium  te tro x id e  has been 
s tu d ie d  from  th e  a sp ec t of reac tions w ith  am m onia . These in v es tig a tio n s  w ere 
concerned  w ith  th e  fo rm a tio n  of n itr id o o sm a te (V III)  in  an  a lk a lin e  m edium  [1]:

0 s 0 4 +  N H 3 +  O H -  — O s 0 3N -  +  2H 20

an d  w ith  th e  e lu c id a tio n  o f its  s tru c tu re  [2]. T he reactions o f so lid  0 s 0 4 w ith  
gaseous and  liqu id  am m onia  have also b een  s tu d ied  [3]. U n d e r these  co n d i
tio n s , th e  p ro d u c t is f i r s t  yellow  th e n  becom es b row n an d  fin a lly  b lack . B ased  
on  th e  com position  o f th is  p ro d u c t, W a t t  an d  P o trafk e  [4] described  th e  
re a c tio n  b y  th e  follow ing equa tion :

3 0 s 0 4 - f  9 N H 3 — 0 s3N70 9H 21 +  N2 +  3H 20

T he reac tio n  o f po tassium  n itr id o o sm a te (Y III)  w ith  am m o n ia  has been 
s tu d ie d  b y  W att  an d  McMo rdie  [5]. Solid  K 0 s 0 3N and  am m onium  iodide 
w ere dissolved in  liq u e fied  am m onia a t  — 70 °€ . On h ea tin g  th e  yellow  so lu tio n
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to  room  te m p e ra tu re , a d a rk  brow n p re c ip ita te , la te r  tu rn in g  b lack, w as o b 
ta in e d  and  n itro g en  gas evolved. T he com position  o f th e  p ro d u c t, inso lub le  in  
w a te r  and  v a rious o rg an ic  so lven ts, w as id en tica l w ith  t h a t  of th e  tr in u c le a r  
osm ium  com plex in  th e  above eq u a tio n :

3 N H 40 s0 3N +  3 N H 3 -  OsJN70 9H 21 +  N 2

The fo rm a tio n  o f  th e  osm ium (V I) com plex  invo lves the  o x id a tio n  o f 
a p a r t  of th e  am m o n ia  to  n itrogen . In a s tro n g ly  a lka line  m edia, only  p a r t  of 
th e  n itrogen  c o n te n t is d eam in a ted  from  th e  tr in u c le a r  osm ium  com plex , 
i.e. th e  Os— N b o n d s  a re  no t all id en tica l.

O ur p re sen t ex p e rim en ts  aim ed a t  e lu c id a tin g  w h e th e r  a chem ical r e a c 
tio n  occurs b e tw een  0 s 0 4 or K 0 s 0 3N an d  am m onia  u n d e r  th e  co n d itio n s o f 
th e  K je ldah l n itro g e n  d e te rm in a tio n  an d  w h e th e r th is  reac tio n  affects th e  
d e te rm in a tio n  o f  am m o n ia . C oncerning p o ta ss iu m  n itr id o o sm a te (V III)  we 
have  p rev iously  fo u n d  [6 ] th a t  i t  ■ n itro g e n  c o n te n t is n o t d eam in a ted  in  
a lkaline m edia  even  a t  h igher te m p e ra tu re s  and  its  n itro g en  co n ten t c a n n o t 
be m easured  even a f te r  digestion  w ith  c o n c e n tra ted  su lp h u ric  acid as p erfo rm ed  
in  th e  K je ld ah l m e th o d . H ow ever, i t  can  be d e te rm in ed  q u a n tita tiv e ly  as 
am m onia, on re d u c tio n  in  a lka line  m ed ia  w ith  D e v a rd a ’s alloy. In  possession 
o f th e  above in fo rm a tio n s , th e  ex p erim en ts  w ere ca rried  o u t as follows.

Experimental

O s04 was a M erck p ro d u c t of a n a ly tica l p u r ity ;  K 0 s 0 3 was p rep ared  in th is la b o ra to ry  
b y  reac ting  osm ium  te tro x id e  w ith  am m onia  in  a n  a lk a lin e  m ed iu m  [7] followed b y  re p e a te d  
recry sta lliza tio n . All th e  o th e r  chem icals w ere R e an a l p ro d u c ts  o f an a ly tica l p u rity .

M ixtures o f a  v o lu m e  of 7.5 cm 3 were p re p a re d  fo r  th e  ex p erim en ts. The m ix tu re s  con
ta in e d  2 X 10“ 2 m o l/d m 3 am m o n ia , 2 x l 0 - 3  rno l/dm 3 0 s 0 4 or K 0 s 0 3N and  0.05 — 4.0 m o l/d m s 
po tassium  h y d ro x id e . F i r s t  the  osm ium  co m p o u n d  a n d  su b seq u en tly  th e  requ ired  a m o u n t of 
po tassium  h y d ro x id e  w as add ed . The closed flask s w ere k e p t in  th e rm o s ta t  a t  20 °C. Som e of 
th e  sam ples w ith d raw n  perio d ica lly  were tre a te d  w ith  2 cm 3 c o n c e n tra te d  su lphuric  acid  a n d  
th e n  boiled u n til th e y  b ecam e colourless (for a b o u t 4 h rs). T he su lp h u ric  acid so lu tions w ere 
m ade alkaline a n d  a m m o n ia  was d e te rm in ed  in  a P a rn a s  ty p e  d is tilla tio n  a p p ara tu s . T itra tio n s  
were perform ed w ith  1/70 N  su lphuric  acid  a n d  a  m ix tu re  o f M eth y l R ed  and  M ethylene B lue 
ind ica to r.

The o th er sam p le s were d irec tly  tra n s fe rre d  from  th e  th e rm o s ta t  in to  th e  d is til la tio n  
a p p a ra tu s  and th e  a m o u n t of am m onia  d e te rm in ed  as specified  above.

Rc suits and discussion

In  th e  case o f  m ix tu re s  of various a lk a lin ity , c o n ta in in g  osm ium  te tro x id e  
and  am m onia, a d efic ien cy  of am m onia  w as observed  in  b o th  series of e x p e ri
m en ts. W hen boiling with sulfuric acid was not applied, th e  am m onia d efic iency  
w as 2 x l 0 - 3  m ol in d e p e n d e n tly  o f th e  c o n c e n tra tio n  o f alkali, i.e. id e n tic a l 
w ith  the  a m o u n t o f  O s 0 4. U nder such  co n d itions n itr id o o sm a te (V III)  is fo rm ed .
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T his is p roved  am ong o th e rs  also by  th e  observ a tio n  th a t ,  on add ing  D e v a rd a ’s 
alloy  to  th e  alkaline m ix tu res  o b ta in e d  a fte r  th e  rem o v al o f am m onia , th e  
a m o u n t of am m onia ap p earin g  p rev io u sly  as a deficiency can  be q u a n tita tiv e ly  
rem o v ed  b y  re p e a te d  s team  d is tilla tio n .

In  th e  m ix tu re s  w hich  co n ta in ed  2 x l 0 ~ 3 mol of 0 s 0 4 b u t  were boiled 
with concentrated sulphuric acid (after b e in g  k e p t a t 20 °C in a m ed ium  o f 0.05 —1.0 
m o la r  po tassium  h y d ro x id e ) an am m o n ia  deficiency o f З х Ю - 3  m ol w as 
o b serv ed  as a lim it. T h is am oun t o f n itro g e n  could n o t be found  even a fte r  
re d u c tio n  w ith  D e v a rd a ’s alloy (a fter th e  boiling  w ith  su lp h u ric  acid). T he tim e

F ig . 1. A m o u n t of am m onia  ap p earin g  as d e fic iency , ag a in st th e  tim e a n d  th e  co n cen tra tio n
of po tassium  h y d ro x id e

re q u ire d  for the  n itro g en  deficiency to  develop  depends s tro n g ly  on th e  con
c e n tra tio n  of po tassium  h y d ro x id e  h u t th e  lim itin g  value is in d e p e n d e n t of this 
c o n c e n tra tio n  (Fig. 1).

T h e  am o u n t of am m o n ia  added can  be  q u a n tita tiv e ly  rem oved  from  th e  
m ix tu re s  con ta in ing  p o tassiu m  n itr id o o sm a te (V III)  and  am m o n ia  b y  s team  
d is tilla tio n  applied  a fte r  keep ing  the  sam p les  a t  20 °C. W hen , how ever, boiling  
w ith  c o n cen tra ted  su lp h u ric  acid is also ap p lied , l X l O - 3  m ol o f th e  excess 
am m o n ia  can n o t be d e te rm in ed  because o f  th e  2 x l 0 “ 3 m ol K O s 0 3N , p re se n t 
p ro v id e d  th e  co n cen tra tio n  of the  in itia lly  app lied  po tassium  h y d ro x id e  does 
n o t exceed  1 m ol/dm 3. T he am o u n t of am m o n ia  deficiency is, up  to  th is  va lu e , 
q u ite  in d e p e n d e n t of th e  a lka li co n cen tra tio n  an d , according to  ou r find ings is, 
ju s t  th e  sam e also in  a m ed ium  free of p o ta ss iu m  hydrox ide . E v e n  th e  reac tio n  
tim e  is in d ep en d en t o f th e  alkali c o n c e n tra tio n , w ith in  th e  periods te s te d  in  
th e  ex p erim en ts . N am ely , w hen th e  so lu tio n  of K 0 s 0 3N  is added  to  th e  
am m o n ia  so lu tion  an d  im m ed ia te ly  also c o n c e n tra ted  su lp h u ric  acid is ad d ed , 
th e  am m o n ia  defic iency  m en tio n ed  is d e te c ta b le  even in  su ch  cases.

In  o u r experim en ts carried  ou t th u s  fa r , a t  K O H  co n cen tra tio n s betw een  
0.05 a n d  1.0 m ol/dm 3, am m onia  defic iences corresponding  to  th e  ra tio
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2 0 s 0 4 : 3N H 3 an d  2 0 s 0 3N~ : 1 N H 3 w ere observed. O n increasing  th e  con
c e n tra tio n  of p o ta ss iu m  hydrox ide in  th e  m ix tu re s , th e  am m onia  defic iency  
increases after bo iling  th e  m ix tu res w ith  2  cm 3 of co n c e n tra ted  su lphuric  ac id
(F ig . 2 ).

I f  the  m ix tu re s  co n ta in in g  0 s 0 4 an d  am m onia , or K 0 s 0 3N and am m onia , 
w ere 4.0 m olar w ith  re sp ec t to  po tassium  h y d ro x id e , th e  am m onia  could n o t 
be determ ined  a f te r  bo iling  w ith  2  cm 3 co n c e n tra ted  su lp h u ric  acid even if  th e  
am m onia  c o n c e n tra tio n  was a h u n d red  tim es h igher th a n  th a t  of the  osm ium  
com pound.

F ig . 2. L im iting  v a lu e  o f th e  am m onia defic iency  ag a in st th e  co n cen tra tio n  of p o ta s s iu m
h y d rox ide

In  the  m ix tu re s  con ta in ing  osm ium  te tro x id e  an d  am m onia , a d efic iency  
o f am m onia w as o b serv ed  only in  th e  case w hen 0 s0 4 h a d  been p rev io u sly  
co n tac ted  w ith  am m o n ia  in an a lkaline m ed ium , i.e. th e  fo rm atio n  o f n itr id o - 
o sm ate(V III) ions h a d  been possible. I f  am m onia is t r e a te d  firs t w ith  c o n 
c e n tra te d  su lp h u ric  acid , th en  w ith  osm ium  te tro x id e  an d  fina lly  w ith  th e  
req u ired  a m o u n t o f  p o tassium  h y d ro x id e , th e  q u a n ti ty  o f am m onia ad d ed  ca n  
be m easured  q u a n ti ta t iv e ly  a fte r bo iling  th e  system .

A ccording to  o u r  inv estig a tio n s, th e  reac tio n  lead ing  to  am m onia  d e f i
ciency occurs d u rin g  th e  boiling w ith  su lp h u ric  acid p ro v id ed  t h a t 0 s 0 3N~ ions 
are  presen t. As in  m ix tu re s  con ta in ing  p o tassium  h y d ro x id e , H S 0 4 -ions are  
form ed on th e  a d d itio n  of excess su lp h u ric  acid , th e  am m o n ia  deficiency d ep en d s 
obviously  on th e  m ole ra tio  H SO,” : H.2S 0 4. I f  th is m ole ra tio  is low, an  am m o n ia  
deficiency co rresp o n d in g  to  the  ra tio  2 0 s 0 3N -  : 1 N H 3 appears. ( I t  m a y  be 
presum ed th a t  u n d e r  these  conditions a d inuc lear osm ium  com plex is fo rm ed  
in  w hich N p lay s th e  role o f a b rid g in g  ligand  and , u n d e r  th e  conditions m e n 
tioned  th is n itro g e n  can n o t be m easu red  sim ilarly  to  th e  n itrogen  c o n te n t o f
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T ab le  I

Changes in the amount of measurable ammonia as a function of the HSOjlH2SOt
mole ratio

C o m position  of th e  m ix tu re s : 0.03 m m ol K 0 s 0 3N ; 5.8 — 23 m m ol K 2S 0 4; 36 — 72 m m ol H 2S 0 4

Mole ratio 
H S 07 /H 2S 0 4

A m ount of ammonia added (mmol)

0.052 0.104 0.210 0.432 0.864

0.24 0.044 0.088 0.196 0.416 0.850

0.36 0.039 0.087 0.182 0.370 0.793

0.48 0.032 0.083 0.160 0.308 0.719
0.60 0.027 0.081 0.144 0.275 0.640

0.75 0.026 0.059 0.130 0.170 0.414

1.00 — 0.007 0.010 0.015 -
1.10 —

-

— — —

th e  n itr id o o sm a te (V III)  ion.) W hen th e  H S 0 4 : H 2S 0 4 m ole ra tio  is su ffic ien tly  
h ig h , th e  ca ta ly tic  e ffec t of O s0 3N ~ ion s w ill prevail.

M ixtures co n ta in in g  K 0 s 0 3N  an d  g rea t am oun ts o f am m onia  w ere 
bo iled , to  which po tassiu m  su lpha te  a n d  c o n cen tra ted  su lphuric  acid w ere ad d ed  
in  v a rio u s  mole ra tio s . A t th e  sam e tim e  also m ix tu res c o n ta in in g  no n itrid o - 
o sm a te (Y III)  ions w ere also in v e s tig a te d  fo r th e  sake of com parison  (T able I).

T h e  am o u n t o f am m onia w h ich  can  be de te rm ined  decreases w ith  in 
c reasing  H S 0 4 : H 2S 0 4 m ole ra tio . I f  th is  ra tio  is equal to  u n ity , no am m onia  
can  be m easured  a t  all a f te r  d igestion  w ith  su lphuric  acid.

As regards th e  c a ta ly tic  effect o f  O s 0 3N ~ ions i t  is irre le v a n t w h e th e r 
th e  m ix tu re s  have b een  boiled  in  an  o x y g en  or n itrogen  a tm o sp h ere .

C oncerning th e  fa te  of am m onia d u rin g  th e  ca ta ly tic  reac tio n , th e  e x p e ri
m en ts  w ith  D ev ard a’s alloy  in d ica ted  t h a t  n itr ite  or n i tra te  is no t fo rm ed , 
an d  no n itrogen  oxides could be d e te c te d  e ith e r. S u b sequen tly , o x id a tio n  to  
e le m e n ta ry  n itrogen  ap p ea red  to  be lik e ly . In  o rder to  o b ta in  in fo rm atio n  on 
th is  p o in t, th e  reac tio n  w as carried  o u t  in  a closed system  an d  changes in  th e  
gas v o lu m e  were m easu red .

T h e  m ix tu res ex am in ed  were tra n s fe r re d  in to  50 cm 3 K je ld ah l flasks 
co n n ec ted  w ith  tra p s  con ta in in g  a p o ta ss iu m  hydrox ide  so lu tion . To th e  t r a p  
p laced  a t  th e  g rea test d is tan ce  from  th e  bo iling  flask , a gas b u re tte  was a t 
ta c h e d  in  o rd er to  d e te rm in e  th e  gas v o lu m e . F o r th e  sake of com parison  also 
m ix tu re s  w ith o u t p o tassiu m  n itr id o o sm a te (V III)  were in v es tig a ted  (Table I I ) .

T h u s , according to  ou r in v es tig a tio n s , a t  a H S 0 4 to  H .,S0 4 mole ra tio  
of 1 am m o n ia  is ox id ized  to  e lem en ta ry  n itro g en  a t th e  bo iling  te m p e ra tu re  
of th e  m ix tu re , u n d er th e  ca ta ly tic  e ffec t o f  O s0 3N ~.

S u b seq u en t to  th e  reac tion , in th e  m ix tu re s  digested in  open  flasks u n til 
th ey  becam e colourless, no osm ium  c o n te n t  could  be detec ted  b y  p o la ro g rap h y
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Table II

Amounts of N„ measured during digestion carried out in a closed system

C om position  of m ix tu res: 0.03 m m ol K 0 s 0 3N ; 2.58 m m ol of N H 3; 11.5 m m ol K 2S 0 4; 36 m m ol
H 2S 0 4

Calculated M easured
am ount of N2 am ount of N2

(cm3) (cm3)
(20 °C, 1 atm) (20 °C, 1 atm)

16.8 15.7

14.6

15.1

31.0 28.5

30.5

28.8

[8 ] or by  th e  sp ec tro p h o to m e tric  m e th o d  developed  b y  us earlier [9]. W hen  
how ever, digestion  w as in te rru p te d  p rio r to  th e  com plete  decolouration  o f th e  
sy stem , a p a r t  o f th e  am m onia  and  also c e r ta in  p a r t  o f th e  osm ium  could  be 
determ ined . F o r ex am p le , in  sam ples w h ich  s till co n ta in ed  20— 30%  of th e  
in itia l am ount o f am m o n ia , ab o u t 60— 70 %  of th e  in itia l osm ium  could  be 
determ ined .

T hus, w hile am m o n ia  is p resen t in  th e  sy stem , also th e  n itr id o o sm a te (V lII)  
or m ore likely th e  com p o u n d  form ed from  it ,  co n ta in in g  osm ium  o f low er 
o x id a tio n  s ta te , w ill be  p resen t. H ow ever, a f te r  th e  am m onia  has been oxidized 
com pletely  to  e le m e n ta ry  n itrogen , th e  ca ta ly tic  osm ium  com pound will be  
oxidized in c o n c e n tra te d  su lphuric  acid to  osm ium  te tro x id e  or to  an o th e r v o la 
tile  com pound, an d  w ill leave th e  open sy stem . In  investig a tio n s carried  o u t 
in  a closed sy stem , th e  v apours o f th e  v o la tile  osm ium  com pound can be co n 
densed  and th e  o sm iu m  can he d e tec ted .

These o b se rv a tio n s  d irect a tte n tio n  to  th e  fa c t th a t  th e  presence of ev en  
re la tiv e ly  sm all a m o u n ts  of certa in  osm ium  com pounds m ay  in terfere  w ith , 
or in h ib it n itro g en  d e te rm in a tio n s  acco rd ing  to  K je ld ah l.
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The dipole m o m en ts of seco n d ary  am ines such  as d ie thy l-, d i-n -propyl- a n d  di-ra- 
b u ty lam in e , decrease  w ith  increasing te m p e ra tu re . T his phenom enon can  be  in te rp re te d  
b y  th e  se lf-associa tion  of secondary a m in e s  an d  th e  p a ralle l a lignm en t o f th e  asso c ia ted  
m olecules. The h e a t  o f  form ation of N  — H . . . N  b o nds is ca. 2 kcal/m ole acco rd ing  to  
calcu la tions b a sed  on  th e  Mecke — K e m p te r  m odel. T he dipole m om ents of te r t ia ry  
am ines increase w ith  increasing te m p e ra tu re . T his b eh av io u r in d ica tes a  s tro n g  in te r 
ac tio n  betw een th e  m olecules in th e  l iq u id  phase , an d  suggests th a t  th is  in te ra c tio n  
causes an  a n tip a ra lle l alignm ent o f th e  m olecules.

T he d a ta  p u b lish ed  so far on se c o n d a ry  an d  te r t ia ry  am ines an d  th e ir  
m ix tu re s  do no t p e rm it to  determ ine  u n am b ig o u sly  w h e th e r th e  hy d ro g en - 
bonded  association  o f  secondary am in es y ields cyclic or lin ear po lym ers. T he 
d a ta  a re  also in su ffic ien t to  determ ine w diether th e  m olecules o f te r t ia ry  am ines 
are o rien ted  to  an  o b servab le  ex ten t b y  p o la r  in te rac tio n s . Since th e  know ledge 
of th e  association  cond itions of th e  p u re  com ponen ts is a p re req u is ite  for 
a s tu d y  o f alcohol—am in e  m ixtures, w e h a v e  in v es tig a ted  th e  re la tiv e  p e rm itt iv 
ities o f som e seco n d ary  and  te r tia ry  am in es in  th e  liq u id  phase as a fu n c tio n  
o f te m p e ra tu re . T he q u estio n  to  be a n sw ered  is w h e th e r th e  species fo rm ed  in  
th e  self-association  o f  diam ines are p re d o m in a n tly  cyclic or linear, an d  w h e th e r 
th e y  are  o f a n tip a ra lle l or parallel a lig n m e n t. T he in v es tig a tio n  of te r t ia ry  
am ines is also concerned  w ith  the  p a ra lle l  or a n tip a ra lle l c h a ra c te r  o f th e  
o rie n ta tio n  caused b y  th e  in teraction .

T h e  re la tiv e  p e rm ittiv ity  was m e a su re d  w ith  a precision  d ie lec tro m eter 
o f ty p e  OH-302 in  a s ta t ic  frequency ra n g e  (3— 4 M Hz), be tw een  + 5 0  an d  
— 40 °C. T he sam ple cell was prov ided  w ith  a th e rm o s ta tin g  ja c k e t, an d  th e  
th e rm o s ta tin g  liqu id  w as w ater above 20 °C, an d  m e th an o l below  is te m p e r
a tu re .

T h e  d ensity  m easu rem en ts were p e rfo rm e d  w ith  a d ig ita l d en sito m e te r  
DMA 0 2 C , in  th e  ab o v e  tem p era tu re  ra n g e . As reference, m eth an o l w as u sed ; 
its  d e n s ity  d a ta  are k n o w n  from the  l i te r a tu r e  [1 ].

T he re frac tiv e  in d e x  was m easu red  w ith  an  A bb e-ty p e  re frac to m ete r . 
T he m easu red  d a ta  are  show n in Tables I — I I I .
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Table I

Static relative p erm ittiv ity  and density o f  triam ines as a fu n c tio n  o f  temperature

D iethylam ine Di-n-propylam ine D i-n-butylamine

t (°C) relative
perm ittiv ity

(«)

density 
e (g/cm3)

relative
perm ittiv ity

M

density
e (g/cm3)

relative
perm ittiv ity

U)
density

e (g/cm3)

50 3.289 0.67241 2.785 0.70958 2.603 0.73515
40 3.374 0.68472 2.824 0.72031 2.650 0.74423
30 3.520 0.69618 2.881 0.73019 2.697 0.75248
20 3.680 0.70340 2.923 0.73751 2.765 0.75814
10 3.906 0.72494 3.040 0.74881 2.841 0.77434

0 4.110 0.73446 3.130 0.76002 2.910 0.78439
— 5 4.185 0.73803 3.210 0.76427 2.935 0.78975
- 1 0 4.380 0.75392 3.252 0.76892 2.970 0.79273
- 1 5 4.530 0.75955 3.274 0.77523 3.020 0.79954

—20 4.670 0.76562 3.380 0.78029 3.065 0.80330
- 2 5 4.890 0.77224 3.443 0.78540 3.075 0.80758

- 3 0 5.120 0.77893 3.508 0.79322 3.085 0.81310

Table II

Static relative p e rm ittiv ity  and density  o f  triam ines as a fu n c tio n  o f  temperature

t  (°C)
Triethylam ine T ri-n-propylamine T ri-n-buty lamine

e Q (g/cm3) £ 0 (g/an3) e e (g/cm3)

20 2.418 0.72908 2.380 0.75611 2.340 0.77809
15 2.412 0.73379 2.378 0.76065 2.342 0.78164

10 2.413 0.74022 2.355 0.76686 2.343 0.78633

5 2.417 0.74573 2.354 0.77102 2.344 0.79078

0 2.424 0.75104 2.350 0.77571 2.346 0.78996

-  5 — — 2.342 0.77984 2.345 0.79162
- 1 0 2.450 0.76039 2.340 0.78364 2.345 0.78954

- 1 5 2.453 0.76670 2.326 0.78959 2.346 0.79317
- 2 0 2.468 0.77138 2.323 0.79404 2.349 0.79496

- 2 5 2.477 0.77716 2.323 0.79804 2.348 0.79458
- 3 0 2.497 0.78284 2.325 0.80444 2.346 0.79690
- 3 5 2.521 0.78852 — — 2.346 0.79787
- 4 0 2.540 0.79282 2.344 0.79932
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Table III

Refractive indexes ( n D)  measured at 20 °C

Compound nD

Diethylamine 1.3851
Di-rc-propylamine 1.4046
Di-rc-butylamine 1.4183
Triethylamine 1.4008
Tri-n-propylamine 1.4171
Tri-n-butylamine 1.4297
n-hexane 1.3750

T h e resu lts  w ere in te rp re te d  on th e  hasis o f E q . (1), corresponding  th e  
K i r k w o o d — F r ö h l i c h  th e o ry  [2]:

® “ 1=  —
, ) ( 2 e 0 -  £ „ )

3en

2 3VkTe0
N =  Rf ( 1 )

w here fig is th e  v ap o u r p h ase  dipole m o m e n t o f th e  m olecule, N  is th e  n u m b e r 
o f m olecules in  vo lum e V, к is B o ltzm an n ’s c o n s ta n t, £ 0 is th e  s ta tic  re la tiv e  
p e rm ittiv ity , £° is th e  ab so lu te  p e rm ittiv ity  o f vacuum  8.85415 X 10~ 12 F m _1), 
£oo is th e  sq u are  of th e  in trin s ic  re fra c tiv e  in d ex  (£ra —► n l ) ,  and  fx/ is th e  
effective d ipole m om ent o f  th e  liquid . F a c to r  g in  E q . (1) is used to  ta k e  in to  
accoun t th e  ro ta tio n a l b a rr ie r  form ed b y  th e  in te rm o lecu la r in te rac tio n s th a t  
m ay also lead  to  associa tion . The d ipole  m o m en t genera lly  increases if  th e  
o rie n ta tio n  o f th e  m o lecu lar dipoles is p a ra lle l. In  th ese  cases g is g rea te r  th a n  
u n ity . F o r an tip a ra lle l o rie n ta tio n  g is less th a n  1.

T he d e te rm in a tio n  o f  g involves, in  p rac tice , tw o difficulties. T he f irs t 
one is th e  d e te rm in a tio n  o f  n ^ ,  i.e. th e  in tr in s ic  re frac tiv e  index . I f  n„ c an n o t 
be d e te rm in ed  ex p erim en ta lly  or th eo re tica lly , i t  is m ost conven ien t to  m easu re  
th e  re fra c tiv e  ind ex  w ith  re sp ec t to  th e  N a  D line (nD), an d  to  use i t  in  place 
of n m [2, 3].

T h e  second prob lem  is posed by  th e  d e te rm in a tio n  of /j,g occurring  in  
E q . (1). T he m ost w idesp read  m ethod  is to  d e te rm in e  th e  o rien ta tio n  p o la ri
za tion  as a fu n c tio n  of co n cen tra tio n  in  a d ilu te  so lu tio n  of some n o n -p o la r 
so lven t, a n d  to  e x tra p o la te  to  in fin ite  d ilu tio n . A ccord ing  to  O n s a g e r , th e  
re su lting  d ipole m om ent a n d  the  dipole m o m en t in  th e  v ap o u r phase are 
re la ted  b y  th e  eq u a tio n  [3]

/V
(£„ +  2)(2e„ +  1)

3(2e0 +  e ~)

w here £ 0 an d  £,» refer to  th e  non-polar so lv e n t.

Rg ( 2)
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T he effective d ipole  m om ents w ere d e te rm in ed  from  E q . (1) as a fu n c tio n  
o f te m p e ra tu re , n « b e ing  rep laced  b y  th e  co rrespond ing  reD va lu es  g iven in  
T ab le  I I I .  T he re su lts  are  show n in  T ab le  IV . T he v a ria tio n  o f th e  d ipole 
m o m en t w ith  th e  te m p e ra tu re  is il lu s tra te d  in  F ig . 1. I t  can  be seen from  th e  
d iag ram  th a t  th e  d ipole m om en ts o f  d iam ines an d  triam in es change w ith  th e  
te m p e ra tu re  in  opp o site  d irections.

F ig . 1. E ffective  d ipole m o m en t o f te r t ia ry  and  seco n d ary  am ines ag a in st th e  reciproca l a b 
so lu te  tem p e ra tu re . (1) trie th y la m in e , (2) tri-n -p ro p y lam in e , (3) tri-n -b u ty lam in e , (4) d ie th y l-  

am ine , (5) d i-n -p ro p y lam in e , (6) d i-n -bu ty lam ine

Table IV

Dipole moment o f di- and triam ines as a fu n c tio n  o f  temperature

t  (°C) D ie th y la m in e
D i-n -

p r o p y la m in e
D i-n -

b u ty la m in e T r ie th y la m in e
T r i-n -

p r o p y la m in e
T r i-n -

b u ty la m in e

50 1 .1 5 5 1.026 0 .9 7 8

40 1 .1 5 8 1.025 0 .9 9 1

30 1 .1 7 9 1.032 1 .002

20 1 .2 0 4 1.031 1 .0 2 6 0 .7 3 8 0 .7 7 4 0 .7 7 2

10 1 .2 5 5 1 .060 1 .0 4 3 0 .7 1 6 0 .7 3 1 0 .7 5 8

0 1 .2 2 9 1.073 1 .055 0 .7 0 7 0 .7 0 9 0 .7 4 7

- 1 0 1 .281 1.097 1 .063 0 .7 0 7 0 .6 8 9 0 .7 3 2

- 2 0 1 .3 1 0 1 .114 1 .0 8 0 0 .701 0 .6 4 9 0 .7 2 0

- 3 0 1 .3 6 3 1 .126 0 .6 9 9 0 .6 3 4 0 .7 0 2

- 4 0 0 .7 0 6 0 .6 8 4

The decrease in  th e  d ipole m o m en t o f d iam ines w ith  increasing  te m p e r 
a tu re  is due p ro b a b ly  to  th e  p resence o f association  po lym ers in  p a ra lle l 
a lignm en t. T he re su lt of tw o  opposite  effects can  be observed: th e  en e rg y  o f 
th e rm a l m o tio n , w hich ten d s to  b re a k  th is  p ara lle l a lignm ent, ac ts ag a in st th e  
p ara lle l o r ie n ta tio n  p roduced  b y  th e  associa tion . F o r th is  reason  th e  p a ra lle l
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a lig n m en t becom es less preferred  a t  h ig h e r te m p e ra tu re s , an d  th u s th e  d ipole 
m o m en t decreases w ith  increasing te m p e ra tu re . I t  is obvious for sim ilar reasons 
th a t  th e  re su lt o f th e  in te rac tio n s o f tr ia m in c s  is a s ligh t an tip a ra lle l a lig n m en t, 
and  th u s  th e ir  d ipo le m om ents increase  w ith  increasing  te m p e ra tu re , i.e. w ith  
a decrease in th e  o r ie n ta tio n  effect.

W e have d e te rm in ed  the v a r ia tio n  o f K i r k w o o d ’ s  g fa c to r as a fu n c tio n  
of te m p e ra tu re . T h e  v ap o u r p h ase  d ipole m om en t of d ie th y lam in e  an d  
th e  dipole m om en ts  o f  d i-n-propyl an d  di-re-butylam ine in  in fin ite ly  d ilu te  
so lu tion  w ere ta k e n  from  the  l i te ra tu re  [4]:

fis (in n -hexane)
for d i-n -p ropy lam ine  0.99 D 
fo r d i-n -b u ty lam in e  1.00 D

T he d a ta  w ere c o n v e rte d  to  v ap o u r p h ase  values b y  m eans of E q . (2); th e  
follow ing values o f  fig  w ere used:

fig (D E A ) — 0.920 D 
fig (D PA ) — 0.915 D 
fig (D B A ) =  0.905 D

P ro v id ed  th a t  th e  association  m odel of M e c k e  an d  K e m p t e r  [5] ho lds, 
th e  follow ing re la tio n sh ip  connects th e  eq u ilib riu m  c o n s ta n t o f association  (K )  
w ith  th e  g  fa c to r  [6 ]:

KCn =  Í L = X  (3)
4

w here C 0 is th e  n o m in a l co n cen tra tio n . E q . (3) can  be used  to  d e te rm in e  
g raph ica lly , b y  m eans o f a log (g 2 —  1) vs. 1/T  d iag ram , th e  h ea t of associa tion  
(Fig. 2). T he ca lcu la ted  d a ta  are given in  T ab le  У.

5 — 1
Fig. 2. T he lo g ----- —---- vs. 103/ T  diagram s of seco n d ary  am ines. (1) d ie thy lam ine, (2) d i-n -p ro -

pylam ine, (3) d i-n -b u ty lam in e
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Table У

The Kirkwood g-factors of diamines

t  PC)
10 3/T 
(K -')

Diethylamine Di-n-propylamine Di-n-butylamine

log («! — 1) s log(gZ— 1) g log 0P -1 )

50 3.096 1.576 0.1714 1.258 -0.2343 1.167 -0.4410
40 3.195 1.583 0.1778 1.253 -0.2441 1.200 -0.3556
30 3.300 1.643 0.2276 1.271 -0.2111 1.227 —0.2959
20 3.413 1.713 0.2865 1.269 -0.2197 1.286 -0.1851
10 3.534 1.790 0.3432 1.342 -0.0969 1.328 -0.1163
0 3.663 1.860 0.3909 1.374 -0.0516 1.360 -0.0706

— 10 3.802 1.939 0.4409 1.432 0.0216 1.376 — 0.0492
— 20 3.953 2.029 0.4937 1.481 0.0766 1.423 0.0116
- 3 0 4.115 2.195 0.5818 1.514 0.1113

The changes in  th e  e n th a lp y  o f asso c ia tio n  were ca lcu la ted  on th e  basis 
o f  F ig . 2. The v a lu e s  o b ta in ed  are — 2.01 kcal/m ole for d ie th y lam in e , — 2.00 
kcal/m ole for d i-n -p ro p y lam in e  an d  — 2.15 kcal/m ole for d i-n -b u ty lam in e , 
in  good ag reem en t w ith  th e  en tha lp ies o f  fo rm atio n  of th e  N —H.  . . N  b o n d  
o b ta in e d  by o th e r  a u th o rs  using o th e r  m e th o d s, v a ry in g  be tw een  — 2 . 0  an d  
— 2.3 kcal/m ole [7].
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The v a r ia tio n  of average degree o f association  as a fu n c tio n  of th e  tem p e ra tu re  
has been in v es tig a te d  by  m easu ring  th e  v iscosity  of d i-n -p ro p y l an d  d i-n -b u ty lam in e  
in  th e  te m p e ra tu re  ran g e  from  — 20 to  —{- 80 °C. I t  has been  fo und  th a t  th e  a c tiv a tio n  
e n th a lp y  of v iscous flow  an d  th e  av erage  degree of assoc ia tion  increase ra p id ly  w ith  
decreasing  te m p e ra tu re . T his ph en o m en o n  can  be in te rp re te d  in  te rm s of th e -M eck e- 
K em p te r m odel, assum ing  in fin ite  ch a in  association. T he e n th a lp y  o f fo rm atio n  of th e  
hydrogen  b o n d , ca lcu la ted  from  v isco sity  d a ta , is — 2.4 k cal/m ol, in  good ag reem en t 
w ith  th e  v a lues ca lcu la ted  from  th e  d ielectric  da ta .

In  th e  liq u id  ph ase  seco n d ary  am ines form  associates in  w hich, acco rd 
ing  to  dielectric  in v es tig a tio n s  [1 ], th e  m olecules are m o stly  in  p ara lle l position . 
T h e  m ost obvious reason  for such  dipole o rien ta tio n  m ig h t be th e  fo rm atio n  
o f ch a in -ty p e  assoc ia tion  po lym ers. T he p resen t com m u n ica tio n  re p o rts  on 
fu r th e r  stud ies a im ed  a t  th e  e lu c id a tio n  o f th e  cyclic or chain -like  s tru c tu re  of 
th e  associates. V iscosity  an d  th e  a c tiv a tio n  en th a lp y  o f viscous flow  are  re la ted  
to  th e  degree o f  associa tion  o f th e  po lym ers form ed b y  liq u id s  [2, 3]. V iscosity  
m easu rem en ts  as a fu n c tio n  o f th e  te m p e ra tu re  m ake th u s  possib le to  follow 
changes in  th e  av erag e  degree o f  assoc ia tion , an d  th e re b y  to  d e te rm in e  in d irec tly  
also th e  en th a lp y  o f  th e  associa tion  reac tio n  and  to  d raw  conclusion on th e  
cyclic or chain-like s tru c tu re  o f th e  associates. In  ad d itio n , b y  m easu ring  
th e  v iscosity  o f seco n d ary  am ines we also in ten d ed  to  check  w h e th e r th e  conclu 
sions from  d ielec tric  an d  v iscosity  m easu rem en ts are  co n sis ten t.

T he v iscosities o f d i-n -p ro p y lam in e  and  d i-n -b u ty lam in e  have  been 
de te rm in ed .

T he dynam ic  v isco sity  o f th e  com ponen ts in v es tig a ted  has been  m easured  
a t  a tm o sp h eric  p ressu re , w ith  a H o p p le t ty p e  rheov iscosim eter in  th e  te m p e ra 
tu re  range betw een  — 20 an d  —80 °C. O ur resu lts  are  su m m arized  in  T ab le  I.

I t  can be seen from  Fig. 1 t h a t  a p lo t of th e  lo g a rith m  of th e  dynam ic  
v isco sity  ag a in st th e  rec ip rocal ab so lu te  te m p e ra tu re  does n o t give s tra ig h t 
lines for th e  tw o d iam ines, as opposed  to  th e  alcohols in v e s tig a te d  earlier [2 ]. 
W ith  decreasing te m p e ra tu re , a s te a d ily  increasing  d ev ia tio n  from  th e  A rrhe- 
n iu s-A n d rad e  lin ea r ra la tio n sh ip  can  be observed. This m eans th a t  th e  a c tiv a 
tio n  e n th a lp y  of viscous flow  is n o t c o n s ta n t, decreasing w ith  increasing  te m p e r
a tu re .
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I t  has been show n in  our in v es tig a tio n  of alcohols [3] th a t  th e  ac tiv a tio n  
en th a lp y  of viscous flo w  is p ro p o rtio n a l to  th e  average  degree o f association , 
a t  le a s t in th e  case o f  low  m olecu lar w eight alcohols. T he slope of th e  log r] vs.

—  curves changes w ith  th e  te m p e ra tu re  in  th e  case o f d iam ines, th u s  these

com ponen ts p ro b a b ly  fo rm  associates in  w hich th e  n u m b er o f th e  com ponents 
v a rie s  w ithin w ide lim its . T his q u a lita tiv e  fin d in g  is in d ica tiv e  of chain  
association , and  is th u s  in  accord  w ith  conclusions d raw n fo rm  d ielectric  p rop-

ТаЫе I

D yn a m ic  viscosity as a fu n c tio n  o f  temperature

Dynamic viscosity (cP)
Temperature

(K)
di-n-propylamine ili-n-butylamine

253 1.12 2.37

263 0.91 1.65

273 0.73 1.26

283 0.60 1.02

293 0.50 0.85

303 0.44 0.73

313 0.39 0.64

323 0.36 0.55

333 0.32 0.49

343 — 0.43

353 — 0.39
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erties [1]. In  th e  case of fo rm atio n  o f cyclic associa tion  po lym ers, th e  m a x i
m um  possible degree of association  is d e te rm in ed  b y  th e  n u m b er o f m onom ers 
p a r tic ip a tin g  in  th e  ring . Since th is  n u m b e r can  be estim a ted  to  be n o t la rg e r 
th a n  four, for such  cyclic s tru c tu re s , th e  average  degree o f  association  m a y  v a ry  
on ly  betw een  1 an d  4.

I t  is know n  th a t  in  th e  case o f chain  association , th e  m odel in tro d u c e d  
b y  K em pter  an d  Mecke [4], assum ing  ideal, in fin ite  chain  associa tion , d esc ri
bes th e  ex p e rim en ta l resu lts r a th e r  well, an d  is based  on a physica l co n cep t 
closely ap p ro ach in g  th e  real s itu a tio n . W e h av e  a tte m p te d  th ere fo re  to  in 
te rp re t  th e  re su lts  in  te rm s of th is  m odel an d  on th e  basis o f th e  lin ea r re la t io n 
ship  fo u n d  be tw een  th e  ac tiv a tio n  e n th a lp y  o f viscous flow  an d  th e  av e rag e  
degree o f association .

A ccord ing  to  th e  m odel, th e  s ta n d a rd  en tha lp ies and  en trop ies o f co n 
secu tiv e  associa tion  reactions are  id en tica l

A H° =  A H ° ( in d ep en d en t o f i), ( 1 )

A S° =  A S° ( in d ep en d en t o f i), (2)

i. e. th e  changes in  e n th a lp y  an d  e n tro p y  accom pany ing  th e  fo rm a tio n  an d  
ru p tu re  o f h y d rogen  bonds, do n o t depend  on th e  n u m b e r of m onom ers c o n s ti
tu t in g  th e  associa tion  m ultim ers. I t  follows from  re la tio n sh ip s  (1) an d  (2) 
th a t  th e  eq u ilib riu m  co n stan ts  of consecu tive  association  reac tio n s are also th e  
sam e, so th a t  associa tion  equ ilib rium  can  be unequ iv o ca lly  described  b y  a 
single equ ilib riu m  co n stan t, in d e p e n d e n t of th e  v alue  o f i.

K  =  K i =  ~ î .  (i =  1 ,2 , . . . )  (3)
X,.Ai

w here X  is a rea l m ole frac tion  an d  i th e  n u m b er of m onom er u n its  fo rm in g  
th e  associate .

U sing v a n ’t  H o ff’s eq u a tio n , th e  te m p e ra tu re  dependence o f th e  e q u i
lib riu m  c o n s ta n t can  be expressed as

d  In К  Z7H

dT  R T '  ^

In te g ra tio n  u n d e r th e  assum ption  th a t  A H  is c o n s ta n t y ields

, A H  .
In К  = -------— \- C (5)

R T

W here  К  is th e  association  equ ilib riu m  c o n s ta n t defined  b y  re la tio n sh ip  (3), 
T  th e  ab so lu te  te m p e ra tu re . R th e  u n iv e rsa l gas c o n s ta n t, A H  th e  e n th a lp y
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of fo rm ation  of th e  h y d ro g e n  bond, an d  C is a c o n s ta n t. The equ ilib rium  con
s ta n t  decreases w ith  in c reasin g  te m p e ra tu re  because th e  hyd ro g en  bonds are  
ru p tu re d  and th e  deg ree  of association  d im in ishes.

In add ition  to  th is ,  th e  co rre la tio n  fo u n d  betw een  th e  average  m olecu lar 
w eigh t of the  a sso c ia tes  an d  th e  a c tiv a tio n  e n th a lp y  of viscous flow , discussed 
in  our earlier co m m u n ica tio n s  [2, 3], h as  been  used  for th e  in te rp re ta tio n  of 
th e  experim en ta l re s u lts .  A ccordingly

* =  ~  =  A 1A U V +  B 1 (6 )
M i

w here  a  is th e  av e rag e  degree of assoc ia tion , M  th e  average  m olecular w eigh t 
o f  th e  associates (M  =  Х /М ,) ,  М г th e  m o lecu la r w eigh t of th e  m onom er, w hile 
А г and  B 1 are c o n s ta n ts .

In  one o f o u r ea rlie r  com m unications [3], th e  follow ing re la tio n sh ip  has 
been  found b e tw een  th e  average m o lecu la r w eigh t o f th e  p u re  su b stan ce  and 
th e  equilib rium  c o n s ta n t  o f th e  M ecke— K e m p te r  m odel

M
* = - —  =  K + l .  (7)

M !

Thus, using  E q s  (6 ) and  (7), th e  re la tio n sh ip  betw een  th e  ac tiv a tio n  
e n th a lp y  of v iscous flo w  (А H,.) and  th e  eq u ilib riu m  c o n s ta n t (К ) is,

л  H„ =  A 2 +  B 2K  (8 )

w here the  new c o n s ta n ts  are deno ted  b y  A 2 an d  B2. F rom  th e  d e fin ition  of th e  
ac tiv a tio n  e n th a lp y  o f  viscous flow , we h av e

d In r\ Н я 
d T  ~  R T 2

an d  from  Eqs (5) a n d  (8 ), th e  follow ing re la tio n sh ip  is o b ta ined

b
ln  rj =  a -|— —— b ce RT (9)

w here ri is th e  d y n a m ic  v iscosity  (cP )
T  th e  te m p e ra tu re  (K)

A H  th e  e n th a lp y  of th e  hyd rogen  b o n d  (cal/m ol)
R  the  u n iv e rsa l gas co n stan t (A 1.98 cal/m ol K ) 
a, b and  c a re  co n stan ts .
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To check th e  v a lid ity  of th e  re la tionsh ip  d ed u ced  from  th e  m odel, th e  
bond ing  energy of th e  hyd ro g en  bond  has been c a lcu la ted  from  th e  d y n am ic  
v iscosity  in  te m p e ra tu re  d a ta  in  T ab le  I , using re la tio n sh ip  (9). C alcu lations 
w ere perfo rm ed  on an  O D R A  co m p u te r. For th e  en erg y  o f  th e  hyd ro g en  b o n d , 
a va lue  of — 2.4 k ca l/m o l has been  o b ta in ed  in th e  case o f b o th  d i-n -p ropy la - 
m ine and  d i-n -b u ty lam in e . T hese re su lts  agree well w ith  th e  bond ing  energies 
o f — 2.00 an d  —2.15 kcal/m ol, re sp ec tiv e ly  de te rm in ed  b y  dielectric  m easu re 
m en ts  for th e  tw o com pounds an d  also w ith  th e  d a ta  o f o th e r  au th o rs  o b ta in ed  
b y  m easuring  th e  h e a ts  of m ix ing  [5]. The v a rian ce  a2, d e te rm in ed  from  
th e  differences of th e  m easu red  a n d  ca lcu la ted  va lu es  o f  In rj is 0.00092 an d  
0 .0 0 1 1 0 , respective ly .

B oth  m odel ca lcu la tio n s an d  a q u a lita tiv e  ev a lu a tio n  of ex p e rim en ta l 
re su lts  show th a t  in  th e  p u re  liq u id  s ta te  d i-n -p ro p y lam in e  and d i-n -b u ty l- 
am ine  p resu m ab ly  fo rm  m ain ly  chain  associates. T he e n th a lp y  of fo rm atio n  
o f th e  hydrogen  bon d s is a b o u t — 2.0 to  — 2.5 kcal/m ol. T he charge w ith  te m 
p e ra tu re  o f th e  a c tiv a tio n  energy  o f viscous flow is c o n s is ten t w ith  th e  change 
in  th e  average degree o f  associa tion .

On th e  basis o f  th is , th e  p ro b ab le  s tru c tu re  o f th e  associates is

R R R
j

N  -  H
1

. . . N  - H . . .  N H
1

R
1

R

I t  seem s th a t  th e  ab o v e  m ethod  fo r th e  evaluation  o f  th e  resu lts  o f v iscosity  
m easu rem en ts  is in  acco rd  w ith  th e  d ielectric  p ro p ertie s  an d  m ay be su itab le  
for th e  d istingu ish ing  rin g  an d  c h a in -ty p e  polym ers associa tion  as well as for 
th e  d e te rm in a tio n  o f th e  e n th a lp y  o f  th e  association  reac tio n .
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я-ELECTRON SCF-MO CALCULATIONS FOR 
DISUBSTITUTED BENZENE DERIVATIVES 
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T he 7 -electm nic  s tru c tu re  an d  sp ec tra  of d isu b s titu te d  benzene d e riv a tiv e s 
co n ta in in g  an  e lectron  donor and  an  accep to r group  hav e  been  calcu la ted  b y  th e  P a 
r is e r— P a rr  - Pop le  m eth o d . The ap p licab ility  o f a un iform  p a ra m e te r  system  to  a w ider 
ran g e  of benzene d e riv a tiv es is discussed in  d e ta il. The ca lcu la tio n s give good re su lts  
for th e  sp e c tra l charac te ris tics , g round  s ta te  charge densities a n d  bond  orders. Com 
pariso n  is m ad e  w ith  o th e r я -electron  ca lcu la tio n s rep o rted  in  th e  l ite ra tu re .

S everal p ap ers  h av e  been p u b lish ed  on я -electron  SC F MO ca lcu la tions 
for lim ited  g roups o f  donor-accep to r d isu b s titu te d  benzenes. P rim arily  n i tro 
benzene d e riv a tiv es  e.g. am ino- [1— 5], h y d ro x y - [4, 6 ], an d  halo -n itrobenzenes 
[7, 8 ] h av e  been  in v es tig a ted . Less in fo rm a tio n  is av a ilab le  on benza ldehyde  
an d  benzoic acid  d e riv a tiv e s . The e lec tron ic  s tru c tu re  an d  sp ec tra  of m eth y l-
[9], h y d ro x y - [10], an d  halo -benzaldehydes [11] have  been  s tu d ied  as well as 
th e  s teric  h in d ran ce  in  m ethy lbenzo ic  acids [1 2 ], an d  th e  in tram o lecu la r  
hyd ro g en  bon d in g  in  h y d ro x y b en za ld eh y d es  an d  -benzoic acids [13] w ere 
in v es tig a ted .

T he aim  o f th e  p re sen t w ork is a sy s tem a tic  s tu d y  o f  th e  я -elec tron ic  
s tru c tu re  an d  sp e c tra  fo r a la rg e r n u m b er o f d isu b s titu te d  benzene deriv a tiv es  
co n ta in in g  an  e lec tro n  donor and  an  accep to r group . T he m e th o d  used has been  
th e  P a rise r— P a r r — P ople (P P P ) a p p ro x im a tio n  [14] w ith  th e  sam e s ta r t in g  
values w orked  o u t fo r th e  m o n o su b s titu te d  com pounds [15] and  app lied  fo r 
d e riv a tiv es  co n ta in in g  tw o donor [16], an d  tw o accep to r [17] groups. T he 
ap p licab ility  of u n ifo rm  s ta r tin g  p a ra m e te rs  to  th e  d esc rip tio n  of я -electron  
p ro p ertie s  of a w ider range  of com pounds has been in v es tig a ted .

Method of calculation

T he deta ils  o f th e  P P P  m ethod , as u sed  in  th is  w ork , are  given in Ref. [15]. 
T he fluoro , ch loro , h y d ro x y  and  am ino  g roups w ere considered  as donors, 
an d  th e  fo rm yl, c a rb o x y  and  n itro  groups as accep to rs. T he я -electronic s tru c 
tu re  and  sp ec tra  o f all possible d isu b s titu te d  benzenes b u ilt  up  w ith  th e  above 
su b s titu e n ts  h av e  been  ca lcu la ted . T h ro u g h o u t th e  ca lcu la tio n s, th e  s ta r tin g  
values giving b e s t f i t  fo r th e  sp ec tra l d a ta  of th e  m o n o su b s titu te d  deriva tives
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Table I

Starting parameters of the substituents

A tom ic param eters

Atom Jß (eV) Ap (eV)

F 34.00 12.61

Cl 24.37 11.34

Ö 30.07 10.83

N 25.73 8.97

C 11.16 0.03

N 14.12 1.78

0 17.70 2.47

Bond param eters

Bond rßV (А) ßfiV  ( е ^  )

С—С arom atic 1.397 2.39

C - F 1.30 2.2

C - C l 1.69 2.2

С — 0  hydroxy 1.36 2.5

С — N amino 1.38 2.3

С —С exocycl. 1.50 2.39

С = 0  carbonyl 1.215 2.7

С =  0  carboxy 1.245 2.6

С — О carboxy 1.31 2.5

С — N nitro 1.38 2.1

С — О nitro 1.21 3.0

h av e  been used . T he atom ic an d  b o n d  p a ram e te rs  of th e  su b s titu e n ts  are  col
lec ted  in T ab le  I .

P la n a r  m o lecu la r s tru c tu re s  w ere assum ed  in  each case. W ith  th e  benzal- 
dehyde  and  benzoic  acid d e riv a tiv e s  th e  ca lcu la tion  w as perfo rm ed  fo r all 
p la n a r  con fo rm ations. In  th is  p a p e r , as in  th e  ca lcu la tio n  o f th e  d i-accep to r 
d e riv a tiv es  [17], on ly  th e  О -cis fo rm s are  considered. T he reason  fo r g iv ing  
preference to  th is  ro tam er in  th e  s tu d y  o f carboxylic  acids is th e  sm aller s teric  
d em an d  of th e  ca rbony l group an d  th e  g re a te r  sep a ra tio n  o f id en tica l h y d ro x y  
groups in th e  O-cis form . F o r com p ariso n  th e  sam e conform er was considered  
w ith  th e  co rrespond ing  a ldehydes. T he P P P  calcu la tion  gives th e  О -cis fo rm  
as th e  m ore s ta b le  conform er o f  a ld eh y d es, and  th e  О -trans form  as th a t  of 
carboxy lic  ac ids, because o f th e  p ro x im ity  of large Tt-charges. A ccord ing  to  
th e  ex p erim en ta l resu lts , th e  О -trans fo rm  generally  p red o m in a tes  ex cep t for 
deriv a tiv es  co n ta in in g  groups g iv ing  rise  to  in tram o lecu la r  hyd rogen  bo n d in g
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an d  fo r th e  b u lk y  halogen  su b s titu e n ts  p re fe rring  th e  0 -ci‘s form  [18, 19]. 
T he re su lts  o f ca lcu la tions w ith  d iffe ren t ro tam ers  will be given in  a s u b 
seq u en t p a p e r  [2 0 ].

Som e con tro l ca lcu la tions h av e  b een  carried  o u t w ith  v a r ia tio n  o f  th e  
p a ra m e te rs  ad o p ted  in  th is  w ork, or w ith  som e o th e r s ta r tin g  va lues, re sp ec 
tiv e ly , on som e d e riv a tiv es , p rim arily  on th e  n itro an ilines, in  o rd er to  check  
w h e th e r o u r p a ra m e te r  system  rea lly  gives th e  m ost accep tab le  re su lts . T h e  
se n s itiv ity  o f th e  ca lcu la tio n  to  m o lecu la r s tru c tu ra l d a ta  w as checked  b y  th e  
v a r ia tio n  o f th e  C -N  b o n d  d istances. B o th  th e  bond  d istance  ch a ra c te ris tic s  
o f a ro m a tic  am ines (1.38 A) and  tho se  o f  a ro m atic  n itro  com pounds (1.46 A) 
w as used . T h e  resu lts  show  th a t  th e  m e th o d  is n o t v e ry  sensitive to  changes 
in  th e  bond  d istances. F o r in stance , th e  ca lcu la tion  of th e  n itro an ilin es  w as 
p erfo rm ed  u sin g  1.38 an d  1.46 A fo r b o th  C -N  d istances. The larg est d ifference 
in  charge d en sity  is 0.0088 (on th e  am ino  n itro g en  a tom  of th e  o -d e riv a tiv e ), 
and  th a t  in  tra n s itio n  energy  0.025 eV (for th e  f irs t  b an d  o f th e  m -d eriv a tiv e ). 
In  th e  ca lcu la tio n  of fluo ro - and  ch lo ron itrobenzenes w ith  th e  sam e C—N  b o n d  
d istances th e  d ifference w as alw ays sm alle r th a n  th e  figures given above. 
T h ro u g h o u t th is  p ap e r 1.38 A w as used  fo r th e  C -N  distances.

T h e  m e th o d  is m uch  m ore sensitiv e  to  th e  one- and  tw o -cen te r in teg ra ls . 
T he v a r ia t io n  o f th e  resonance  in teg ra ls  (ßuV) d em o n stra te s  th a t  th e  changes 
in  th e  ß v a lu es  o f  th e  bonds invo lv ing  th e  su b s titu e n t a tom s in fluence  th e  
ca lcu la ted  tra n s i t io n  energies to  a sm alle r e x te n t th a n  does th e  v a r ia tio n  of 
th e  rin g  ßcc p a ra m e te rs  because o f th e  re p e a te d  occurrence of th e  la t te r .  T he 
resu lts  fo r th e  n itro p h en o ls , n itro an ilin es  an d  fluo robenzaldehydes show  th a t  
th e  tr a n s it io n  energies are  changed  on ly  b y  som e h u n d re d th s  of an  eV as a 
re su lt o f th e  change o f /?с-сь/?с—N an d  ßc-F  by  0.2 eV.T he reasonab le  ß ^  in te rv a l 
o f 1.0 eV u su a lly  produces changes o f 0.1— 0.2 eV in th e  tra n s itio n  energies. 
This m eans th a t  dev ia tio n  from  th e  e x p e rim e n ta l v a lue  b y  0.3— 0.4 eV (e.g. in  
p -n itro a n ilin e )  can n o t he  e lim ina ted  in  th is  w ay . T he ag reem en t can  fu r th e r  
be im p ro v ed  b y  changing  th e  ring  ßcc b y  0.1— 0.2 eV, th e  sep ara te  f i t t in g  o f th e  
ring  resonance  in teg ra ls  w ould , how ever, rem ove th e  genera lity  o f th e  t r e a t 
m en t.

In  o rd e r to  get in fo rm atio n  on th e  re lia b ility  of th e  a tom ic p a ra m e te rs  
given in  T ab le  I ,  ca lcu la tions have  been  p erfo rm ed  w ith  a d ifferen t se t o f io n i
za tion  p o te n tia ls  (Ig)  an d  electrons a ffin itie s  (A p )fo r th e  atom s c o n tr ib u tin g  
tw o  e lec trons to  th e  я -system . T he v a lu es  ta k e n  from  H inze’s tab le s  [21] 
w ere considered , w hich p ro d u ce  m uch  less sa tis fac to ry  restilts : th e  tra n s it io n  
energy o f th e  f irs t  b a n d  fo r o- and  m -n itr  о an iline is b y  ab o u t 0.05 eV h ig h er, 
th a t  o f th e  second b a n d  b y  0.5— 0.6 eV low er, and  th e  energies of th e  f i r s t  
tw o  b an d s  fo r th e  p -d e r iv a tiv e  are b y  0.1— 0.2 eV low er. C om parison w ith  
th e  ex p e rim en ta l d a ta  show s th a t  th e  ag reem en t is b e tte r  only for th e  f ir s t  
b an d  of p -n itro a n ilin e  (th e  ca lcu la ted  v a lu e  is 3.982 in s tead  of 4.206 eV).
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i t  is, how ever, w orse fo r  th e  second b a n d  o f th e  p -isom er (4.241 in s tead  o f 
4 .348  eV), and  fo r th e  f ir s t  th ree  b an d s  o f th e  o- an d  m -derivative . S im ilar 
d ev ia tio n s are o b ta in e d  w ith  n itrobenzene a n d  th e  o th e r deriva tives in v es tig a ted .

T he resu lts  fo r  benzene deriv a tiv es  co n ta in in g  atom s c o n tr ib u tin g  tw o  
e lec trons show t h a t  th e  tra n s itio n  energies o b ta in ed  in  m ost cases d iffer b y  
sev e ra l te n th s  o f an  eV from  th e  e x p e rim e n ta l values w hen using  %  and  
v a lu es  ev a lu a ted  fro m  H i n z e ’s tab les [21]. S a tis fac to ry  resu lts  are p ro d u ced  
b y  th e  reduced  I^  a n d  A ^  values, su g g ested  b y  B a i l e y  [22] an d  a d o p ted  in  
o u r  ca lcu lations.

The p a ra m e te r  c o n tro l ou tlined  ab o v e  seem s to  be convincing as to  th e  
ap p licab ility  of th e  p a ra m e te rs  selected .

Results and discussion

Spectral data

Table I I  c o n ta in s  th e  ca lcu la ted  an d  ex p erim en ta l sp ec tra l d a ta  (sing let 
tra n s itio n  energies, o sc illa to r s tre n g th s  an d  p o la riza tio n  d irections) fo r th e  
th re e  isom ers o f  flu o ro -, chloro-, h y d ro x y - an d  am inon itrobenzenes. T he 
resu lts  for th e  b en z a ld e h y d e  and  benzo ic  acid  deriva tives are given in  [2 0 ]. 
T h e  agreem ent fo r  th e  tra n s itio n  energies is sa tis fac to ry , th e  dev ia tio n  does 
n o t  exceed those  o f  th e  calcu lation  fo r th e  d i-donor and  d i-accep to r com pounds. 
T he larg est d e v ia tio n  fo r  th e  f irs t b a n d  w as fo u n d  w ith  o -n itropheno l (9 .608% ), 
t h a t  for th e  second  b a n d  w ith  p -n itro a n ilin e  (7.408% ).

The e x p e rim e n ta l oscillator s tre n g th s  w ere ev a lu a ted  b y  th e  eq u a tio n  
e =  41 700 f  [27]. T h e re  is no n u m erica l correspondence  betw een  th e  ca lcu la ted  
a n d  exp erim en ta l o sc illa to r s tren g th s . T h e  ca lcu la tio n  rep roduces, how ever, 
fo r m ost m olecules, th e  in te n s ity  ra tio s  o f th e  d ifferen t b ands.

There is an  o v e ra ll agreem ent b e tw een  th e  ca lcu la ted  an d  ex p erim en ta l 
values w ith in  th e  series of th e  th ree  isom ers an d  w ith in  th e  series o f th e  fo u r 
donor groups.

The c a lc u la te d  po lariza tio n  d irec tio n s are  given as a, w hich m easures 
th e  angle from  th e  у  axis in  clockwise d irec tio n , th e  bond  betw een  th e  s u b s t i t 
u e n t and th e  r in g  carb o n  atom  in  p o sitio n  1 ly ing  on th e  positive у  axis 
( th e  coord inate  sy s te m  and  th e  n u m b erin g  o f a tom s is given in  F ig . 1). T h e  
ca lcu la ted  p o la r iz a tio n  d irections co rresp o n d  to  those ex p ec ted  from  th e  v e c 
to r ia l add itio n  o f  th e  com ponents o f th e  tra n s it io n  m om ent.

The e x p e rim e n ta l d e te rm in a tio n  o f th e  p o la riza tio n  vec to rs was re p o rte d  
fo r p -n itro an ilin e  b y  T anaka [28]. I n  p lace  o f th e  longest w av e leng th  b a n d  of 
th e  solu tion  sp e c tru m , tw o bands a p p e a r: th e  h ig h -in ten s ity  charge tra n s fe r  
(CT) h an d  n e a r 320 n m  polarized in  th e  у  d irec tio n  and  a w eak  b an d  a t  264 nm  
corresponding  to  th e  x  polarized b en zen o id  tra n s itio n . T he resu lts  of o u r ca l
cu la tion  on p -n itro a n ilin e  are in  com p le te  accordance w ith  th e  ex p e rim en ta l
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Table II
C a l c u l a t e d  a n d  e x p e r i m e n t a l  s p e c t r a l  d a t a

Nitrobenzene
Calculated Experimental®

Ref.E (eV) / a° E (eV) /

o-fluoro- 4.213 0.123 136.0 4.460 0.044 [23]
4.931 0.265 182.7 5.123 0.174

5.703 0.074 32.6

5.991 0.142 142.0
6.161 0.501 217.5

6.900 0.625 281.0

m-fluoro- 4.283 0.073 53.3 4.366 0.044 [23]
4.993 0.320 181.5 4.959 0.204

5.705 0.138 148.8 5.904 0.192

5.990 0.173 90.1

6. I l l 0.433 332.2

6.900 0.629 243.3

p-fluoro- 4.545 0.004 90.0 ~ 4 .4 2 8 [23]
4.724 0.499 180.0 4.843 0.228

5.788 0.071 90.0

6.086 0.386 90.0

6.304 0.086 180.0

6.938 0.845 0.0

o-chloro- 4.027 0.149 132.8 4.335 0.031 [24]

4.878 0.177 181.0 5.081 0.096

5.582 0.149 27.7 5.904 0.384

5.864 0.301 191.0

6.104 0.405 54.5

6.675 0.420 265.4

m-chlor o- 4.172 0.082 232.8 4.275 0.032 [24]

4.960 0.269 183.4 4.881 0.187

5.574 0.286 329.7 5.821 0.456

5.921 0.256 157.7

6.009 0.327 114.5

6.684 0.239 228.8

p-ehloro- 4.524 0.002 90.0 4.275 0.072 [24]

4.559 0.562 180.0 4.678 0.288

5.718 0.113 90.0 5.794 0.257

6.089 0.366 90.0

6.210 0.011 180.0

6.772 0.870 0.0
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T ab le  I I  (con tinued)

Nitrobenzene
Calculated Experimental®

Ref.
E (eV) f a° E (eV) f

o-hydroxy- 3.916 0.172 139.1 3.573 0.089 [25]

4.871 0.156 184.4 4.592 0.174

5.516 0.104 21.4 5.876 0.348

5.805 0.360 186.1

6.118 0.336 56.5

6.715 0.557 275.2

m -hydroxy- 4.030 0.098 48.5 3.948 0.053 [25]

4.937 0.208 185.1 4.805 0.148

5.480 0.294 156.1 — 5.585

5.852 0.329 151.8

6.011 0.291 111.9

6.633 0.215 228.8

p -h y d ro x y - 4.490 0.556 180.0 4.350 0.148 [25]

4.493 0.000 270.0

5.652 0.155 90.0 5.661 0.229

6.111 0.371 90.0

6.150 0.005 180.0

6.815 0.980 0.0

o-am ino- 3.537 0.184 137.2 3.280 0.103 [25]

4.738 0.041 176.7 4.592 0.101
5.284 0.057 357.3

5.442 0.611 208.0 5.438 0.456
6.073 0.076 69.8

6.289 0.495 247.4

m -am ino- 3.666 0.096 48.8 3.583 0.049 [25]

4.821 0.056 217.1 4.592 0.098
5.220 0.512 160.9 5.438 0.417
5.457 0.406 136.0

6.003 0.128 107.1

6.052 0.099 95.0

j?-am ino- 4.206 0.616 0.0 3.850 0.355 [25]

4.348 0.009 90.0 — 4.696

5.437 0.186 270.0 5.462 0.186
5.838 0.020 0.0
6.116 0.333 270.0

6.677 0.857 0.0
a)  The experim en ta l d a ta  refer to  cyclohexane solution.
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assignm ent. T h e  ca lcu la tio n  of p -n itro p h e n o l gives sim ilar sp ec tra l c h a ra c te r 
istics. T he ca lcu la ted  energy difference be tw een  th e  f irs t tw o bands o f th ese  
com pounds is considerab ly  sm aller th a n  th e  ex p e rim en ta l value. P a ra m e te r  
v a ria tio n  as o u tlin e d  in  th e  p receding  sec tion , does n o t a lte r  essen tia lly  th is  
p ic tu re .

I t  shou ld  be m en tio n ed  th a t  th e  d ev ia tio n  o f th e  ca lcu la ted  energy  from  
th e  ex p e rim en ta l va lu e  for th e  f irs t  tra n s it io n  is la rg e r th a n  expected  w ith  
o-n itropheno l, and  th e  s itu a tio n  is th e  sam e, a lth o u g h  to  a sm aller e x te n t, 
w ith  o -n itran ilin e  an d  o -hydroxybenzaldehyde. T he difference be tw een  th e  
ca lcu la ted  an d  ex p e rim en ta l value is la rg e r th a n  3 %  fo r th e  above com pounds, 
w ith  o -h y d ro x y  an d  o-am inobenzoic acid , on th e  o th e r b an d , it is sm alle r

!l 8

У

t
X  11 2
III

F ig . 1.

th a n  2% . T h is b e h a v io u r m ay  be a t tr ib u te d  to  in tram o lecu la r  hydrogen  b o n d 
ing w hich is s tro n g e r  in  th e  form er an d  w eaker in  th e  la t te r  m olecules, a n d  
ten d s to  low er th e  tra n s it io n  energy. T his effect w as n o t inc luded  in  th e  o rig inal 
fram ew ork . T h e  effect o f hydrogen  bond ing  m ay  be considered  by  a lte ra tio n  
o f the io n iza tio n  p o te n tia ls  (7^) of th e  a to m s in v o lv ed  [13]. By inclusion  o f 
this m od ifica tion  b e t te r  agreem ent w as reached .

I t  m ay  be concluded  from  th e  above d iscussion th a t  th e  ca lcu la ted  spec
tr a l  ch a rac te ris tic s  are  in  overall ag reem ent w ith  th e  ex p erim en ta l in te rp re ta 
tio n  of th e  sp ec tra .

I t  is o f in te re s t  to  com pare our resu lts  w ith  som e o th e r P P P  calcu la tions 
g iven in th e  l i te ra tu re . T he ca lcu lation  b y  L utskii  and  Gorokhova [5, 6] 
w ith  sim ilar p a ra m e te riz a tio n  except fo r th e  7^ an d  A ^  values of a tom s c o n tr i
b u tin g  tw o e lec tro n s to  th e  jr-system , p ro d u ced  sm aller tra n s itio n  energies fo r 
th e  n itro an ilin es  a n d  n itropheno ls th a n  d id  o u r ca lcu la tio n . T heir values are 
la rger for th e  f i r s t  b a n d  and  sm aller for th e  second an d  th ird  bands th a n  th e  
exp erim en ta l energ ies. T h ey  ob ta ined  b e tte r  ag reem en t fo r th e  f irs t b a n d  o f 
p -n itro an ilin e  b u t  in  all o th e r cases th e ir  ca lcu la ted  energies and  in ten sities  
show  larger d ev ia tio n s  from  th e  ex p erim en ta l v a lues. T he exp erim en ta l d a ta  
c ited  in Refs [5, 6 ] a re  ta k e n  p a rtly  from  v a p o u r  sp ec tra , p a r tly  from  sp ec tra  
in  po la r so lven ts. In  th e  la t te r  case, large sh ifts  can  be observed , e.g. th e  b an d  
n e a r 5.0 eV in th e  sp e c tra  of o- and m -n itro an ilin e , an d  th a t  a t 5.3 eV w ith  
o- and  m -n itro p h en o l [29] do no t ap p ear o f th e  sam e energy  in nonpo lar so l
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v e n ts , th e  b an d s n e a r 5 .6— 5.8 and  5.45 eV, respective ly , m ay  co rresp o n d  to  
th e m . A ccepting  th e  la t te r  values, th e  p re se n t ca lcu la tion  seem s to  give b e tte r  
re su lts .

Ghirvu  an d  Gropen  [7] o b ta in e d  n ea rly  iden tica l re su lts  fo r chloro- 
n itro b en zen es, using  a d ifferen t p a ra m e te riz a tio n  schem e. T h e ir ca lcu la ted  
tra n s it io n  energies are  som ew hat h ig h er fo r th e  o- and  m -isom ers, an d  low er for 
th e  p -isom er th a n  in  o u r ca lcu lation . T h e  energies ca lcu la ted  b y  L utskii and  
Gorokhova [8 ] are  considerab ly  low er b o th  fo r fluoro- an d  fo r ch lo ron itro - 
benzenes because of th e  use o f th e  a to m ic  p a ram e te rs  (J^ an d  Ay) o f H in z e ’s 
ta b le s  for th e  halogen  a tom s ju s t  as w ith  th e  h y d ro x y - and  am in o n itro b en zen es. 
T hese  dev ia tions ju s t ify  th e  use of B a il e y ’s [22] p a ram e te rs .

I t  seems th a t  d e ta iled  ca lcu la tions a re  no t availab le  for th e  b en za ld eh y d es 
a n d  benzoic acids. T he p resen t ca lcu la tio n s on th e  0 -c is  conform ers give s a tis 
fa c to ry  resu lts : th e  dev ia tio n  from  th e  exp erim en ta l tra n s it io n  energies is 
a lw ays sm aller th a n  th e  h ighest d e v ia tio n  given for th e  n itro -co m p o u n d s.

The ca lcu la tio n s [10] for th e  O-cis form  of th e  h y d ro x y h en za ld eh y d es  
p ro d u ced  som ew hat sm aller tra n s itio n  energies th a n  th e  p re se n t w ork . T he 
s itu a tio n  is th e  sam e as w ith  th e  n itro  d eriv a tiv es . T he tra n s it io n  energies 
ca lcu la ted  by  L u t s k i i  et al. [11] for halogenobenzaldehydes are  la rg e r th a n  th e  
ex p erim en ta l va lues. O ur resu lts are  in general sm aller th a n  th e  ex p e rim en ta l 
v a lu es , b u t th e v  seem  to  give b e tte r  ag reem en t excep t th e  o -derivatives.

Charge densities and  bond orders

The charge densities of th e  c h a ra c te r is tic  su b s titu e n t a to m s an d  o f th e  
u n su b s titu te d  ring  carb o n  atom s a re  g iven in  T able I I I  for th e  n itro b en zen e  
d eriv a tiv es . T he com plete  m olecular d iag ram s can b e  found  in  th e  A p p en d ix  [26].

T he charge d en sity  increases on th e  donor a tom , and  decreases on th e  
oxygen  atom s o f th e  accep to r ca rb o n y l an d  n itro  groups in  th e  o rd e r ortho, 
para, meta. In  th e  m olecules in v e s tig a te d  th e  charge d en sity  o f th e  donor 
su b s titu e n ts  is sm alle r, and  th a t  o f th e  accep to r a tom s la rg e r th a n  in th e  co r
respond ing  m ono- an d  h o m o -d isu b s titu te d  derivatives. T he o rd e r of increasing  
-)- M  effect o f  th e  donor groups (F , Cl, O H , N H 2) corresponds to  t h a t  ex p ec ted . 
T he charge d e n s ity  on the  ring  ca rb o n  atom s and  th e  bond  orders v a ry  in 
accordance w ith  th e  su b s titu e n t effect.

The charge densities ca lcu la ted  for th e  fluo ron itrobenzenes are in  good 
agreem ent w ith  th e  л -charge densities from  CNDO/2 ca lcu la tions [30]. T he 
la t te r  ca lcu la tions p roduce som ew hat la rg e r in te rac tio n s, i.e. th e  differences 
betw een  th e  charge densities o f th e  rin g  carbon  atom s are  so m ew hat la rger. 
T he d ev ia tion  is 0 .01— 0.02 charge u n it.

F o r th e  ch lo ron itrobenzenes G h i r v u  has recen tly  re p o rte d  CNDO/2 and  
P P P  calcu la tions [31]. F rom  a com p ariso n  of th e  charge densities, i t  can  be
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Table III

Charge densities of nitrobenzene derivatives

C; P.. ^*88 P̂lO lO

o-fluoro- 1.0121 0.9560 1.5118 1.9083
777 — 0.9857 0.9826 1.4981 1.9208
p- 1.0326 0.9553 1.5011 1.9150
o-chloro- 1.0165 0.9569 1.5149 1.8929
m- 0.9868 0.9864 1.4989 1.9109
p- 1.0357 0.9563 1.5025 1.9030
o-hydroxy- 1.0254 0.9540 1.5225 1.8414
m- 0.9840 0.9966 1.4995 1.8642

p- 1.0555 0.9532 1.5046 1.8539
o-amino 1.0337 0.9533 1.5312 1.7797
m- 0.9840 1.0057 1.5007 1.8159
p - 1.0663 0.9531 1.5075 1.7998

concluded  th a t  our P P P  resu lts give a slig h tly  b e tte r  ag reem en t w ith  th e  
C N D O /2 calcu la tions (our P P P  values are  b y  severa l h u n d red th s  of a charge  
u n it low er) th a n  G h i r v u ’ s  P P P  resu lts . A ca lcu la tio n  of bond  d istances from  
our b o n d  orders by  th e  form ulas given in  Ref. [31] gave resu lts  in  good ag ree
m en t w ith  G h i r v u ’s  re su lts .

л -dipole moment

T he dipole m o m en t co n tr ib u tio n  of th e  я -electrons (pf) is increasing  
in  th e  o rd e r ortho, meta, para  w ith  all th e  in v e s tig a te d  m olecules. T he e x p e ri
m e n ta l d ipole m om en ts v a ry  in  th e  sam e o rd e r for th e  h y d ro x y  an d  am ino  
co m pounds b u t  in  th e  reverse o rd er fo r th e  halogene derivatives.

I n  series of com pounds co n ta in in g  th e  sam e accep to r b u t d ifferen t donors, 
th e  c a lcu la ted  рл va ries  in th e  ex p e rim en ta l o rder F  <  Cl <  O H  N H 2, 
ex cep t fo r th e  о-d e riva tives. In  series w ith  an  id en tica l donor group , th e  e x p e ri
m e n ta l o rd e r is COOH <C C H 0 - < N 0 2 w ith  th e  exception  of th e  fluoro  d e r iv 
a tives. T he ca lcu la ted  o rder is CHO <  CO O H  <  N 0 2, th e  p„ value of th e  
ca rb o x y  com pounds being  re la tiv e ly  to o  h igh. T he sam e order holds b o th  for 
th e  O-cis and  O-trans conform ers, on ly  th e  m ag n itu d e  of рл is la rger in  th e  
la t te r  case. The s itu a tio n  is th e  sam e w ith  th e  m o n o su b stitu ted  a ro m atic  
c a rb o n y l com pounds (C6H 5COX). T he va lu e  increases in  th e  given donor o rd er, 
i.e. CH O  <  COC1 <  COOH <  CONH.,, th e  ex p erim en ta l o rder being  CO O H  <  
<C CH O  <  COC1 <[ C O N H 2. The tre n d s  are th e  sam e except fo r th e  lo ca tio n  
of th e  ca rb o x y  d e riva tives.
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T he p re se n t ca lcu la tio n s of th e  я -d ipole  m om ents of benzened ialdehydes 
a re  in  good acco rd an ce  w ith  th e  P P P  ca lcu la tio n  b y  K l a b u h n  et al. [32]. 
T h e  я -dipole m o m en ts  o f th e  n itro p h en o ls  an d  n itro an ilin es  w ere ca lcu la ted  
b y  L u t s k i i  et al. [33]. T heir ca lcu la tio n s gave b e tte r  resu lts for th e  n itro 
an ilines and  poorer ones for th e  n itro p h en o ls .

I t  can be e s ta b lish e d  th a t  red u ced  1^ an d  values used in  our ca lcu la 
tio n s  give th e  sp e c tra l  d a ta  in  b e t te r  ag reem en t w ith  th e  ex p erim en t th a n  
th e  я -dipole m o m en ts . T he reason  is t h a t  th e  s ta r tin g  p a ram ete rs  a re  f i t te d  
to  sp ec tra l d a ta  w h ich  seem  to  be th e  b e t te r  com parab le  ex p erim en ta l va lue .

T he d e ta iled  re su lts  o f th e  ca lcu la tio n s are  collected  in  Ref. [26].
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ÄQUIDENSITOMETRIE -  EINE METHODE ZUR 
BEURTEILUNG DER STRUKTUR VON PLASMEN, I IP

BEURTEILUNG DES GALLIUMARSENID- UND GERMANIUMDIOXID- 
GLEICHSTROMBOGENPLASMAS DURCH ÄQUIDENSITOMETRIE 

VON MONOCHROMATISCHEN BOGENPHOTOGRAPHIEN

K . D i t t r i c h , H . R o B l e r  und K . N i e b e r g a l l  

(S e k t io n  C hem ie der K a r l-M a rx -U n iv e r s itä t  L e ip z ig , L e ip z ig , D D R  

Eingegangen am 20. November 1975

Die Charakterisierung des Gleichstrombogenplasmas, welches durch Verdamp
fen von Galliumarsenid oder Germaniumdioxid entsteht, erfolgt auf experimentellem 
Weg durch spektrale Photographie und photographisch-äquidensitometrische Auswer
tung der erhaltenen Photogramme. Es ist möglich, qualitative Aussagen über die Axial
verteilung der Elemente zu gewinnen.

Es konnte gezeigt werden, daß sich die Verteilung sowohl der Matrixelemente 
als auch der Spuren nach dem jeweiligen Ionisationspotential richtet. Elemente mit 
niedrigem lonisationspotential reichern sich an der Kathode, Elemente mit hohem 
Ionisationspotential an der Anode an. Sowohl die Temperatur des Plasmas als auch 
die Matrix sind von Einfluß auf die Verteilung der Teilchen im Plasma. Die Ergebnisse 
werden ausführlich diskutiert.

1. Einführung

D as G allium arsen id - bzw . G erm an ium diox id -G le ichstrom bogenp lasm a, 
w elches bei V erdam pfung  eines G allium arsen id - bzw . G erm an iu m d io x id — 
G raph itpu lver-G em isches aus einer G ra p h it-K ra te re le k tro d e  in  einem  G leich
stro m b o g en  e rh a lte n  w ird, h a t  eine k o m p liz ie rte  Z usam m ense tzung  u n d  
S tru k tu r .

D ie H e te ro g e n itä t der Z u sam m en se tzu n g  n im m t noch zu, w enn sich  im  
G allium arsen id  bzw . G erm an ium diox id  N eb en b estan d te ile  oder S puren  an d e re r 
M etalle  befinden . Die H e te ro g en itä t des P lasm as is t a u f  die un te rsch ied liche  
V erd am p fu n g  der T eilchen, ihre K o n v ek tio n  u n d  W an d eru n g  im  e lek trischen  
F e ld  des G leichstrom bogens u n d  a u f  chem ische R eak tio n en  zu rü ck zu fü h ren .

Die rechnerische  E rm ittlu n g  d er Z usam m en se tzu n g  eines solchen V iel
k o m p o n en ten p lasm as is t wegen der großen  Z ah l von  E in flu ß g rö ß en  p ra k tisc h  
n ic h t m öglich. Sie is t aber fü r die an a ly tisch e  Spek trochem ie  — besonders 
fü r  die S p u ren an a ly se  —  von B ed eu tu n g . W ir w an d ten  a u f die B eh an d lu n g  
dieses P rob lem s die von  uns en tw ick e lte  u n d  beschriebene M ethode [1, 2] der 
K o m b in a tio n  der P h o to g rap h ie  im  m o n o ch ro m atisch en  L ich t m it der p h o to 
g raph ischen  A q u idensitom etrie  an . D iese M ethode g e s ta tte t  es, q u a lita tiv e  
A ussagen  ü b e r die V erte ilung  sow ohl d er M atrix e lem en te  als auch  der S p u ren 
b e s ta n d te ile  im  P lasm a  zu m achen.

* Teil II. Spectrochimica Acta, im Druck
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2. Experim entelles

2.1 Herstellung von spektral aufgelösten Photogrammen des Galliumarsenid- und 
Germaniumdioxid-Gleichstrombogenplasmas

Die Photogramme wurden, wie in unserer II. Mitteilung beschrieben, unter Verwendung 
des Plangitterspektrographen PGS 2 (VEB Carl Zeiss Jena) hergestellt.

Am Plangitterspektrograph wurde der Spalt und der Spaltkopf entfernt und durch 
einen Zentralverschluß mit 5 mm Durchmesser ersetzt. Die abzubildenden Lichtbögen wurden 
mit einem Achromaten ( f  =  75,8 mm) im Verhältnis 5 : 1 verkleinert und scharf in der ehema
ligen Spaltebene des Spektrographen abgebildet.

Die Anregungs- und Aufnahmebedingungen sind in Tabelle 1 zusammengefaßt. Die 
Vorbrennzeit von 20 sec wurde nach Auswertung der Fahrspektren gewählt. Diese zeigten

Tabelle I

Anregungs- und Aufnahmebedingungen

Spektrograph
Gitter
Dispersion

(Plattenmitte)

Ordnungsfilter
Anregung
Stromstärke
Elektroden
Elektrodenabstand
Probematerial

Probemenge
Atmosphäre

Vorbrennzeit
Belichtungszeit
Außenoptik
Spektralplatten
Entwicklung
Unterbrechung
Fixierung
Wässern
Trocknen

Plangitterspektrograph PGS 2 
651 Strich/mm, Blaze 1020 nm

0,235 nm/mm 3. Ordnung (315 nm)
0,176 nm/mm 4. Ordnung (236,3 nm)
UG 5
Universalbogenimpulsgenerator UBI 1 
6 und 12 A Gleichstrom 
siehe Abb. 1
3 mm, von Hand nachgeregelt
GaAs (Matrix), je 500 ppm Al, Sn, Ge, Mg
Ge02 (Matrix), je 500 ppm Al, Sn
20 mg Matrix-Kohlepulver-Mischung (1 : 3)
Luft oder
Argon-Sauerstoff (3 : 2) (120 1/h : 80 1/h)
20 sec 
0,5 sec
Achromat (f =  75,8 mm), Direktabbildung, Maßstab 5 : 1 
ORWO WU 3 spektralblau, extrahart 
4 min, ORWO MH 28 (1 : 4), 19 °C 

10 sec 5%ige Essigsäure, 19 °C 
6 min ORWO A 304, 200 g/1, 19 °C 

10 min
25 min, 27 °C

Abb. 1. Elektrodenkombination (Maßangaben in mm)
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sow ol l für die Matrix als auch für die Spuren ein Verdampfungsmaximum nach 20 sec Brenn
dauer und danach einen in Abhängigkeit von der Stromstärke mehr oder weniger steilen In
tensitätsabfall an.

Die Abbildung 2 zeigt eine typische Aufnahme. Es ist zu erkennen, daß bei Verwendung 
der 3. oder 4. Ordnung des Gitters fast keine Überlappungen auftreten und eine genügende 
Anzahl freiliegender Bogenabbildungen vorhanden ist.

2.2 Herstellung der Äquidcnsiten

Die Herstellung der Einzeläquidensiten erfolgte auf ORWO-Planfilm FTJ 5 gleichzeitig 
für die gesamte Pbotoplatte auf halbautomatischem Weg [3].

Die exakte Zuordnung einer Schwärzung des Originalphotogramms gelingt durch 
Mitäquidensitometrieren eines graduierten Graukeils. Die Montage der Einzeläquidensiten zu 
einem Gesamtäquidensitenbild erfolgte in der bereits beschriebenen Weise [2].

3. Ergebnisse u n d  D iskussion

3.1 Ergebnisse

Die A b b ild u n g en  3, 4, 5, 6, 7, 8  u n d  9 zeigen die Ä qu iden sito g ram m e fü r  
die Ü bergänge v e rsch ied en er A tom e u n d  Io n e n  in  L uft- bzw . A rgon-S auersto ff- 
A tm o sp h äre .

Tabelle II

Wellenlängen, Intensitäten und Anregungspotentiale der mit Hilfe 
von Ä quidensitogrammen untersuchte Übergänge

Elem ent
Übergang 

in nm
Relative 

In ten sitä t 
im  Bogen

Anregungs
potential 

in eV

Ionisations
potential 

in eV

Al I 308,215 800 4,02 5,98
Sn 1 317,502 500 4,33 7,33
Ge I* 303,906 1000 4,96 8,13
As I** 289,871 25 — 9,81
Ga I** 287,424 10 4,29 5,99
Q  J * * * 247,857 400 7,69 11,26
M g l 309,689 150 6,72 7,64
Mg II 280,269 150 4,42 15,03

* Sowohl Matrix als auch Nebenbestandteil im GaAs.
** Matrixelemente.

*** Elektrodenmaterial.

Die v e rw en d e ten  Ü bergänge sind  in  d e r Tabelle I I I  n äh e r c h a ra k te ris ie r t. 
D ie  Ä quidensite  h ö c h s te r  Schw ärzung in  jed em  Bild is t m it einer Zahl g ek en n 
ze ichnet, die eine Z uordnung  zur O rig inalschw ärzung  erm öglich t (siehe 
T abelle  I I I ) .  D ie ä u ß e rs te  Ä q u idensite  eines jeden  B ildes trä g t  die Z ah l 1. 
D ie Ä qu idensiten  2, 6  und  11 w urden  w egen der geringen S ch w ärzu n g su n te r
schiede zu den jew eils vo rher liegenden  Ä q u id en siten  n ic h t m it e ingezeichnet.

Acta Chim. (Budapest) 89, 1976



D IT T K IC H  e t al.: Ä Q U ID E N S IT O M E T R IE , I I I 351

A A Ga б
AA Ge 6

Abb. 3. Monochromatische Äquidensitogramme für die Matrixelemente Gallium (in GaAs)
und Germanium (in Ge02)

AL Ga6: anod. Verdampfung in Luft bei 6A für Ga I 287,424 nm 
AA Ga6: anod. Verdampfung in Ar/02 bei 6A für Ga I 287,424 nm 
AL Ge6: anod. Verdampfung in Luft bei 6A für Ge I 303,906 nm 
AA Ge6: anod. Verdampfung in Ar/02 bei 6A für Ge I 303,906 nm

Äbb. 4. Monochromatische Äquidensitogramme für die Elemente Gallium und Arsen (in 
GaAs) (Photomontage von Gesamtäquidensiten des Ga und As) AL Ga6, AA Ga6: siehe Er

läuterung Abbildung 3 
Ga I: 287,424 nm, As I 289,871 nm

M it H ilfe der Tabelle I I I  is t  es außerdem  m öglich , den  einzelnen  Ä quidensiten  
re la tiv e  In te n s itä te n  zuzuordnen . D azu w a r  es erfo rd erlich , die P la tte n g ra d a 
tio n  in  A bhäng igke it v o n  der W ellen länge m it H ilfe d er kon tinu ierlichen  
S p ek tren  näherungsw eise  zu e rm itte ln  (siehe A bb. 2). Es k a n n  eingeschätz t 
w erden , d aß  die Schw ärzungsw erte  d er T abelle  I I I  m it einem  abso lu ten  
F eh le r v o n  e tw a ^ 0 ,0 2  b e h a f te t  sind. D ie E le k tro d e n  w u rd en  in  die A quiden- 
s itog ram m e n ach träg lich  eingezeichnet.

Acta Chim. (Budapest) 89,1976
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Abb. 5. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium, Zinn, 
Germanium, für Arsen und Kohlenstoff (Matrix Ga As) in Luft 

AL Ga6: anod. Verdampfung in Luft bei 6A für Ga As 
AL Gal2: anod. Verdampfung in Luft bei 12A für GaAs 

Liniencharakteristik siehe Tabelle II

11,26 eV

AL GZ 6

Abb. 6. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium und 
Zinn und für Kohlenstoff (Matrix Ge02) in Luft 

AL Ge6: anod. Verdampfung in Luft bei 6A für Ge02 
AL Gel2: anod. Verdampfung in Luft bei 12A für Ge02 

Liniencharakteristik siehe Tabelle II

Acta Chim. (Budapest) 89,1976



5,98 eV 733 eV 8,13 eV

AL Ga12

9,81 eV

ALGa12

11,26 eV

AL Ga 12
V Э /

Abb. 7. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium, Zinn. 
Germanium, für Arsen und Kohlenstoff (Matrix GaAs) in Argon Sauerstoff-Atmosphäre (3 : 2) 

AA Ga6: anod. Verdampfung in Ar/02 bei 6A für GaAs 
AA Gal2: anod. Verdampfung in Ar/02 bei 12A für GaAs 

Liniencharakteristik siehe Tabelle II

A A Ge 6 AAü e

AAGe 12

Abb 8, Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium und 
Zinn und für Kohlenstoff (Matrix Ge02) in Argon-Sauerstoff-Atmosphäre (3 : 2)

AA Ge6: anod. Verdampfung in Ar/02 bei 6A für Ge02 
AA Gel2: anod. Verdampfung in Ar/02 bei 12A für GeÖ2 

Liniencharakteristik siehe Tabelle II
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Tabelle III

Aquidensiten-Nummern, Schwärzungen S und spektrale relative Intensitäten I

Äquiden-
siten-

Nummer
s ■̂ •280 nm 3̂io nm

l 0,20 1,937 2,104

(2) 0,23

3 0,28 2,193 2,382

4 0,33 2,371 2,571

5 0,42 2,729 2,952

(6) 0,43

7 0,46 2,904 3,140

8 0,52 3,192 3,444

9 0,62 3,721 4,018

10 0,72 4,355 4,677

( H ) 0,73

12 0.81 5,012 5,370

13 0,93 6,039 6,457

14 1,00 6,730 7,195

15 1,11 7,998 8,531

16 1,20 9,205 9,795

17 1,32 11,09 11,88

18 1,40 12,56 13,30

19 1,52 15,17 16,00

20 1,68 19,45 20,46

21 1,83 24,55 25,76

22 1,91 27,86 29,17

23 2,13 39,26 40,83

24 2,33 53,58 55,99

Alle A b b ild u n g en  zeigen d eu tlich  eine S tru k tu r  des P lasm as, w obei a l le r 
dings zu b e rü ck sich tig en  is t, daß  es sich  um  F läch en p ro jek tio n en  eines r ä u m 
lichen  S trah le rs  h an d e lt.

E ine n ä h e re  B eurte ilung  der R a d ia lv e rte ilu n g  d er Teilchen is t  w egen  
des rad ia len  T e m p e ra tu rg ra d ie n te n  n ic h t m öglich. D ie q u a lita tiv e  B e u rte ilu n g  
d e r A x ia lv erte ilu n g  —  besonders d u rc h  V erg le ich sb e trach tu n g en  —  is t m ög lich .

Acta Chim. ( Budapest) 89, 1976
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ALGq 6 AL Ga 6

Abb. 9. Monochromatische Äquidensitogramme für die Magnesiumatome und -ionén in Luft
und Ar/02 (Matrix GaAs und Ge02)

AL Ga6, AL Ge6, AA Ga6, AA Ge6: siehe Abb. 3 
Liniencharakteristik siehe Tabelle II

3.2 Äquidensitogramme von Übergängen der Matrixelemente Gallium,
Arsen und Germanium

Die A bbildung  3 zeigt Ä qu idensitogram m e fü r Ü bergänge des G allium s 
und  G erm anium s. Es sind  deu tlich  U n tersch iede  zu erkennen . Das G allium  
re ich e rt sich an der K a th o d e  an , das G erm an ium  is t ü b e r die gesam te B ogen
säule hom ogen v e r te il t . D ie A bbildung  4 ze ig t 2 Ä q u idensitog ram m e des 
G allium s u n d  A rsens (aufgenom m en als G allium arsen id ). H ier is t ebenfalls zu 
e rkennen , daß  das G allium  aus K a th o d en n äh e , das A rsen  jed o ch  aus A noden
nähe s tra h lt . E in  E in f lu ß  der A tm osphäre  (L u ft oder A rgon : S au ersto ff 3 : 2) 
is t k au m  fes ts te llb a r. Lediglich  im  F alle  des A rsens m a c h t sich die höhere  
T e m p e ra tu r  des A rgon—S auersto ff-P lasm as in  e iner Z u n ah m e der S trah lu n g s
in te n s itä t  b em erk b ar. I n  den anderen  F ä llen  is t n u r  eine geringfügige B ogen
au fw eitung  zu erkennen .

D ie U rsache fü r  dieses un tersch ied liche  V erh a lten  d er E lem en te  is t in  
ih ren  Io n is ie ru n g sp o ten tia len  zu suchen (s. a. T ab . I I ) .  D am it lä ß t sich zeigen, 
daß ein dem  bere its  1931 von Ma n n k o p f  u n d  P e t e r s  [4] gefundenen  K a th o 
densch ich te ffek t äh n lich e r E ffek t auch bei M atrix su b stan zen  a u f tr i t t .  D ie 
V erd am p fu n g sra ten  b e tru g e n  in  unserem  F a ll e tw a  3 m g/m in . E ine w eitere  
E rh ö h u n g  der V erdam pfungsgeschw ind igkeit w urde  n ich t vorgenom m en.

5* Acta Chim. ( Budapest) 89,1976
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Abb. 10. Ionisierungsgrad in Abhängigkeit von der Temperatur bei einem vorgegebenen Elek
tronendruck von 4 x 1 0 “ 4 at für verschiedene Elemente

Es is t w e ite rh in  zu sch luß fo lgern , d aß  auch  in  B ögen m it h o h en  M etall- 
d a m p fk o n z e n tra tio n e n  der Io n isa tio n sg ra d  w esentlich  zu r V erte ilu n g  der 
E lem en te  im  P la sm a  b e iträ g t. B e re c h n e t m a n  den Io n isa tio n sg rad  des G allium s, 
A rsens u n d  G erm anium s u n d  fü r  einige an d ere  E lem en te  fü r  versch iedene T em 
p e l a tu ren  be i einem  vorgegebenen  (n ic h t e rm itte lten ) E le k tro n e n d ru c k , so 
e rgeben  sich die in  A bb ild u n g  11 gezeig ten  K urven . D ie fü r  die B erechnung  
b e n ö tig te n  W erte  w urden  d er L i te r a tu r  en tnom m en  [5].

Die T e m p e ra tu re n  der B ogenachse  w urden  d u rch  M essung d er In te n 
s itä tsv e rh ä ltn is se  v o n  L in ien  d er 420 n m  B ande des C y an rad ik a ls  b e s tim m t 
[6 , 7]. F ü r  die T e m p e ra tu rb es tim m u n g  w urden  L in ien -Q u ersp ck tro g ram m e 
aufgenom m en. D ie aus den  S ch w ärzu n g en  e rrechneten  re la tiv e n  In te n s itä te n  
w u rd en  m it H ilfe  d er A belschen  In teg ra lg le ich u n g  in  re la tiv e  R a d ia lin te n s i
tä te n  u m g erech n e t. D ie fü r das Z e n tru m  der B ogenachse e rh a lten en  W erte  
w u rd en  zur T e m p e ra tu rb e re c h n u n g  b e n u tz t.  D er A rg o n -S au ersto ff-A tm o sp h äre  
w u rd e  fü r die T e m p e ra tu rb es tim m u n g  eine geringe M enge S tic k s to ff  zugefügt 
(105 1/h A r, 75 1/h 0 2, 20 1/h N 2). D iese M enge genügte e inerseits fü r  die B ildung  
des C yanrad ikals in  der e rfo rd e rlich en  K o n zen tra tio n , an d ererse its  w erden 
die V erhältn isse  eines re inen  A rgon—Sauerstoff-B ogens n ic h t w esen tlich  v e r
ä n d e rt. D ie gem essenen W erte  sin d  in  d er Tabelle IV  zu sam m en g efaß t.

D er T abe lle  IV  is t zu e n tn e h m e n , daß  die T e m p e ra tu r  des G erm a
nium diox id -B ogens um  etw a  500 °C h ö h er liegt als die des G allium arsen id - 
Bogens u n d  d aß  zw ischen den  L u ft-  u n d  den  A rg o n -S auersto ff-B ögen  ebenfalls 
eine D ifferenz von  e tw a  500° lieg t.
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Abb. 11. Radialverteilung der Leuchtdichte (relative Volumenstrahlintensitäten) im GaAs- 
Gleichstrombogen für verschiedene Elemente

Tabelle IV

Plasmatemperaturen der Bogensäule

M a tr ix A tm o s p h ä r e
S t ro m s tä r k e

A
T e m p e r a tu r

° K

GaAs Luft 6 5450
GaAs Luft 1 2 5800
GaAs Ar/0„ 6 5850
GaAs Ar/0„ 1 2 6350
Ge02 Luft 6 5950
GeO, Luft 1 2 6400

E n tn im m t m an  der A bb ild u n g  11 bei den gem essenen  T em p era tu ren  
die Io n isa tio n sg rad e , so e rh ä lt m a n  fü r  G allium  e tw a 8 0 %  (L uft) u n d  90%  
(A rgon-S auersto ff), fü r  G erm anium  e tw a  40%  (L uft) u n d  65 %  (A rgon-S auer
s to ff) u n d  fü r  A rsen e tw a  2%  bzw . 4 % .

D am it is t u. E . erw iesen, daß  die axiale V erte ilung  d e r M atrixe lem en te  
u n te r  unseren  B ed ingungen  w esen tlich  von  der T ran sp o rtg esch w in d ig k e it u n d  
d a m it vom  Io n isa tio n sg rad  b e e in flu ß t w ird. A ußerdem  sp ie len  n a tü rlich  die 
Ionenbew eg lichkeit u n d  die F e ld s tä rk e  eine Rolle [6 ].

Acta Chim. ( Budapest) 89,1976



3 5 8 D IT T R IC H  et al.: Ä QU ID EN SITOM ETRIE, I I I

0,5 1,0 1,5 2,0 2,5
г [mm]

Abb. 12. Radialverteilung der Leuchtdichte (relative Volumenstrahlintensitäten) im Ge02- 
Gleichstrombogenplasma für verschiedene Elemente

3.3 Aquidensitogramme von Übergängen der Nebenbestandteile 
in Galliumarsenid und Germaniumdioxid in Luftatmosphäre

N ach den fü r  d ie  M atrixe lem en te  gefundenen  E rg eb n issen  w ar anzu- 
ne lim en , daß auch das lo n isa tio n sp o te n tia l der N eb en b estan d te ile  einen E in 
f lu ß  au f die V erte ilu n g  d e r Spezies im  P la sm a  h a t  (s. a. [2]), d enn  besonders 
f ü r  Spuren h a tte n  Ma n n k o p f  [7] u n d  au ch  V uk a n o v ic  [8] eine V erstä rk u n g  
d e r  A tom spek tren  in  K a th o d e n n ä h e  festgeste llt.

Die A bb ildungen  6  u n d  7 ste llen  en tsp rech en d e  Ä qu id en sito g ram m e fü r 
N eb en b estan d te ile  im  G a llium arsen id  bzw . G erm an iu m d io x id  bei zwei S tro m 
s tä rk e n  dar.

A rsen w urde h ie r  ebenfalls ab g eb ild e t, da es e n tsp re c h e n d  seiner hohen  
V erd am pfungsgeschw ind igkeit und  des bei 1000 °C n a h ezu  vo llständ igen  th e r 
m ischen  Zerfalls des G allium arsen ids zum  Z e itp u n k t d e r A ufnahm e n u r als 
N eb en b estan d te il v o rh a n d e n  w ar. D ie Em ission der K oh lensto fflin ie  w ird  
d u rc h  sublim ierten  K o h le n s to ff  der E le k tro d e n  v e ru rsa c h t.

Die A bb ild u n g en  zeigen deu tlich , d aß  sich die V e rte ilu n g  der L eu ch t
d ich te  nach dem  Io n isa tio n sp o te n tia l der E lem en te  r ic h te t .  D er eigentliche 
F a k to r  dürfte  dab e i w ied er der Io n isa tio n sg rad  des jew eiligen  E lem entes u n d  
die sich daraus erg eb en d e  T ran sp o rtg esch w in d ig k e it im  e lek trisch en  Feld sein. 
E s is t sicher auch  d e r in  K a th o d e n n ä h e  höhere E le k tro n e n d ru c k  (s. a. 3.6), 
d e r zur v e rs tä rk te n  B ild u n g  freier A tom e fü h rt, zu b erü ck sich tig en .
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Z u r q u a n ti ta t iv e n  C h arak te ris ie ru n g  der L eu ch td ich tev erte ilu n g  im  
Bogen w urde das V erh ä ltn is  der re la tiv en  In te n s itä te n  des K a th o d en - bzw . 
A nodenbereiches zu r re la tiv e n  In te n s i tä t  der B o g en m itte  (jeweils a u f  der 
B ogenachse) geb ildet.

C'el. Kath .  __ лгт? f r e i .  Anode __v t r 1
“  —  ’ t 1 ]^ath. v ^  Anode
f re i .  Mitte f re i .  Mitte

V F =  V e rs tä rk u n g sfa k to r.

D iese V e rs tä rk u n g sfa k to ren  sind  ein M aß fü r die L e u c h td ic h te v e rs tä r
kung oder -abschw äcliung  in  den en tsp rech en d en  B ogenzonen. Sie sind u n a b 
hängig  von  den U n te rsch ied en  der In te n s itä te n  der einzelnen  L inien und  lassen 
som it einen besseren  V erg leich  zu.

Tabelle V

Verstärkungsfaktoren der relativen Intensitäten in Luft

S t r o m s tä r k e E le m e n t
V F K athode V F Anode

in  G a A s in  G e O a in  G aA s i n  G e 0 2

6 A l  I 1,52 3,08 0.68 i,i6
6 Sn I 1,20 1.98 0.74 1,16
6 Ge I 1,00 — 1,00 —
6 As I 0,88 — 1,08 -
6 C I 3,03 2,20 1,59 0,92

12 A l  I 1,74 3,56 0,43 1,48
12 Sn I 1,30 2,50 0,52 1,40
12 Ge I 1,01 — 0,75 —
12 As I 0,73 — 1,24 —
12 C I 1,21 1,00 1,21 1,99

In  der T abelle V s ind  die e rm itte lte n  V ers tä rk u n g sfak to ren  zu sam m en 
gefaß t. T rä g t m an  die V e rs tä rk u n g sfa k to ren  der E lem en te  gegen die Io n isa 
tio n sp o ten tia le  in  einem  lin ea ren  M aßstab  auf, so können  die P u n k te  d u rch  
eine G erade v e rb u n d en  w erden . Die V e rs tä rk u n g sfak to ren  des K ohlenstoffs 
sind m it den an d eren  n ic h t verg le ich b ar, da sow ohl die K a th o d e  als auch die 
A node aus K o h len sto ff b e s te h t.

V erg leich t m an  die V erte ilu n g  der E lem en te  A lum in ium  und Z inn im  
G allium arsenid- u n d  G erm an iu m d io x id . B ogenplasm a m ite in an d er (A bb. 5 
und  7 u n d  T abelle  V ), so s te llt m an  im  G erm an iu m d io x id -P lasm a eine s tä r 
kere A nreicherung  an  d er K a th o d e  u n d  einen größeren V ers tä rk u n g sfak to r 
fest. D ieses E rgebn is e rk lä re n  w ir d am it, d aß  d er E lek tro n e n d ru c k  im G erm a- 
n ium diox id -B ogen  tro tz  d er höh eren  T e m p e ra tu r  infolge des n iedrigen  Ion i-
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sa tionsg rades n ied rig e r als im  G allium arsenid-B ogen  is t. D ies fü h r t  zu einer 
s tä rk e re n  Ion isa tion  des A lum inium s u n d  Z inns und  d a m it zu einem  stä rk e ren  
T ra n sp o rt.

B em erkensw ert b e i der A bbildung  6  is t  noch die s ta rk e  A sym m etrie  des 
B ogens. Zum Z e itp u n k t der A ufnahm e des P h o to g ram m s erfo lg te bei V er
lag e ru n g  des K a th o d en b ren n fleck es  an die K a n te  offensich tlich  eine E ru p tio n  
des P lasm as. Die T e m p e ra tu r  dieser P lasm aw olke  re ich te  besonders zu r w ei
te re n  A nregung der le ic h t  an reg b aren  T eilchen  aus. D ie A n d eu tu n g  eines zwei
te n  L eu ch td ich tem ax im u m s in  A nodennähe  is t o ffensich tlich  au f die bei der 
S tro m stä rk e  von 12 A  s ta rk  zunehm ende V erdam pfung  zu rü ck zu fü h ren .

Auch die K o n tin u u m s tra h lu n g  d er E lek tro d en  n im m t, wie an  den  oben 
u n d  u n te n  gelegenen p a ra lle len  A q u id en siten  zu e rkennen  is t ,  m it T e m p e ra tu r
zu n ah m e sta rk  zu.

3.4 Aquidensitogramme von Übergängen der Nebenbestandteile 
in  Galliumarsenid und  Germaniumdioxid in Argon-Sauerstoff-Atmosphäre

Argon- u n d  A rg o n —S auersto ff-A tm osphären  w erden  in  der an a ly tisch en  
S pektrochem ie oft z u r  V erm eidung  der s tö ren d en  C y an b an d en  u n d  auch  zur 
E rh ö h u n g  der P la s m a te m p e ra tu r  angew endet. Aus diesem  G rund  u n te r 
su c h te n  wir den E in f lu ß  der A rg o n -S au ersto ff-A tm o sp h äre  a u f das G allium 
arsen id - und G erm an ium diox id -G le ichstrom bogenp lasm a.

Die A bb ild u n g en  7 u n d  8  ste llen  die A qu idensitog ram m e versch iedener 
N eb enbestand te ile  in  G allium arsen id  bzw . G erm an ium diox id  dar.

Ähnlich wie in  L u fta tm o sp h ä re  e rg ib t sich auch  in  A rgo n -S au ersto ff- 
A tm osphäre  eine L e u c h td ic h te v e rte ilu n g  in  A bhäng igke it vom  Io n isa tio n s
p o te n tia l des jew eiligen  E lem entes. D ies is t besonders d eu tlich  beim  G allium - 
arsen id -P lasm a s ic h tb a r .

Infolge der h ö h e re n  T e m p e ra tu r  dieses P lasm as (s. T abelle IV) im  V er
gleich  zum L u ftb o g en  is t  eine V ersch iebung  des L eu ch td ich tem ax im u m s des 
G erm anium s im  G alliu m arsen id  zu r K a th o d e  zu erkennen . D ie höhere T em p e
r a tu r  bew irk t eine s tä rk e re  Io n isa tio n  u n d  som it eine solche V erteilung .

Die V erh ä ltn isse  im  G erm anium dioxid-B ogen  liegen offensich tlich  etw as 
an d ers  als im en tsp re c h e n d en  L u ftb o g en . Es is t gegenüber dem  L uftbogen  
eine deutliche S ch w äch u n g  der M ax im alin ten s itä ten  u n d  eine H om ogenisierung  
des B ogenplasm as e in g e tre ten .

Es ist w e ite rh in  zu  erkennen , d aß  d er K oh lensto ff kein  A nodenm axim um  
m e h r aufweist, o b w o h l en tsp rech en d  dem  Io n isa tio n sp o ten tia l des K o h len 
stoffs im A no d en b ere ich  sehr in tensive  S trah lu n g  a u f tre te n  sollte. W ir fü h ren  
diesen E ffek t a u f  d e n  e rh ö h ten  P a r tia ld ru c k  des Sauersto ffs in  dem  verw en 
d e ten  G asgem isch z u rü c k . D a w ir au ß erd em  fests te llten , daß  der A b b ran d  der 
E lek tro d en  im  A rg o n -S au ersto ff-G em isch  schneller erfo lg t, m ü ß te  eigentlich
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eine s tä rk e re  K o n zen tra tio n  von  K o h len sto ffa to m en  im  P la sm a  sein u n d  e in  
s ta rk e s  A nodenm ax im um  au ftre te n . D a dies n ich t der F a ll is t , n eh m en  w ir an , 
d aß  d u rch  den  hohen  P a rtia ld ru c k  des S auerstoffs der A b b au  der A node 
h a u p tsä c h lic h  d u rch  O xydation  u n d  n ic h t d u rch  S u b lim ation  erfo lg t. D as 
g eb ild e te  CO t r ä g t  jedoch  n ich t zu r K oh lensto ffa tom em ission  bei.

Tabelle VI

Verstärkungsfaktoren der relativen Strahlungsintensitäten in Ar/02

S t r o m s tä r k e E le m e n t
V  ̂ Kathode VI' Anode

in  G a A s in  G e 0 2 in  G aA s in  G e 0 2

6 Al I 1,43 1,24 0,83 1,06
6 Sn I 1,36 1,17 0,85 1.17
6 Ge I 1,02 — 1,00 —

6 As I 0,74 — 1,17 —
6 C I 2,14 1,84 0,68 0,83

12 Al I 1,48 2,28 0,81 2,28
12 Sn I 1,26 2,21 0,86 2,21
12 Ge I 1,10 — 0,86 —
12 As I 1,00 — 1,14 —
12 C I 1,98 1,43 0,63 0,57

E rre c h n e t m an  die V e rs tä rk u n g sfak to ren  (siehe T abelle V I), so sind  die 
g e n a n n te n  T endenzen  eindeutig  ab lesb a r. D ie D arste llung  d er V e rs tä rk u n g s
fa k to re n  gegenüber dem Io n isa tio n sp o te n tia l der einzelnen E lem en te  lie fe rt 
im  F a lle  des G allium arsenid-B ogens w iederum  G eraden.

3.5 Radialverteilung der Leuchtdichte der Nebenbestandteile 
des Galliumarsenid- und Germaniumdioxid-Bogens

D ie R ad ia lv e rte ilu n g  is t aus den  Ä qu id en sito g ram m en  n ic h t ohne w eiteres 
ab lesb a r. E in e  M öglichkeit, q u a lita tiv e  A n g ab en  zu e rh a lten , b e s te h t d a rin , 
m it H ilfe  der A belschen In teg ra lg le ich u n g  die aus den S ch w ärzu n g sw erten  
d er Ä q u id en siten  e rh a lten en  re la tiv en  F lä c h e n in te n s itä te n  in  re la tiv e  V o lum en
s tra h lin te n s i tä te n  um zurechnen .

D ie e rh a lten en  E rgebnisse sind  in  den  A bb ildungen  11 u n d  12 d a rg es te llt. 
F ü r  die E rm ittlu n g  der V o lu m e n s tra h lin te n s itä te n  w urde jew eils die B ogen
m itte  g ew äh lt. E s zeig t sich, daß  die L e u c h td ic h te  des A lum inium s u n d  Z inns 
ü b e r e inen  großen  Q uersch n itt hom ogen v e r te ilt  is t. In  einigen F ä llen  n im m t 
die S tra h lu n g s in te n s ti tä t  zum  B o g en zen tru m  sogar ab. Im  F a lle  des G erm a
n iu m s, A rsens u n d  K ohlenstoffs is t eine s tä rk e re  A bhäng igkeit d er V olum en- 
s tra h lin te n s i tä t  vom  B ogenradius e rk en n b a r.
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V ergleicht m a n  diese K urven  m it  den  dazugehörigen  Ä qu idensitog ram - 
m en , so sieht m a n , d a ß  die Ä q u id en siten d ich te  im  Z en tru m  der B ogensäule  
zu r q u a lita tiv en  B e u rte ilu n g  der re la tiv e n  V o lu m e n s tra h lin te n s itä t h e ra n 
gezogen w erden k a n n . H ohe D ich te  b e d e u te t  ein s ta rk e s  M axim um , geringe 
D ich te  im Z en tru m  u n d  hohe D ichte  in  den  A u ß en b ez irk en  b ed eu te t hom ogene 
V erteilung  der V o lu m e n s tra h lin te n s itä t in  e iner re la tiv  b re iten  B ogensäule .

E ine A ussage ü b e r die V erte ilung  d er T eilchen  is t aus diesen A ngaben  
w egen des ste ilen  T e m p e ra tu rg ra d ie n te n  n ic h t m öglich.

3.6 Vergleich der Äquidensitogramme von Übergängen der M agnesium
atome und -ionén im  Galliumarsenid- und Germaniumdioxid-Gleichstrombogen-

plasm a

D er V ergleich d e r  L eu ch td ich tev erte ilu n g  von  S trah lu n g en  von  A tom en 
u n d  Ionen  w urde  am  Beispiel des M agnesium s (s. T ab . 2) sowohl im L u ftb o g en  
als auch im  A rg o n —Sauersto ffbogen  d u rc h g e fü h rt. D ie en tsp rechenden  Ä q u i
densitogram nie s in d  in  A bbildung 9 d a rg e s te llt.

Sowohl fü r  d ie  L euch td ich te  d er A to m - als auch  d er Ionenlin ie  h a t  sich 
ein M axim um  v o r d e r  K athode au sg eb ild e t. G rößere U ntersch iede sind  vor 
allem  bei der Io n e n lin ie  in  A b h äng igke it v o n  der M a trix  u n d  der A tm o sp h äre  
n ic h t zu erkennen .

Die R e d u z ie ru n g  der L eu ch td ich te  d e r A tom lin ien  des M agnesium s beim  
Ü bergang  von  d e r  G allium arsenid- zu r G erm an ium diox id -M atrix  u n d  beim  
Ü bergang  von  L u f t-  zu A rgon-S au ersto ff-A tm o sp h äre  is t au f die d a m it v e r
bundene T e m p e ra tu re rh ö h u n g  z u rü ck zu fü h ren , die der R ek o m b in a tio n  der 
Io n en  zu A to m en  en tgegenw irk t. In fo lg e  des n ied rigeren  E lek tro n en d ru ck es 
im  G erm an iu m d io x id -P lasm a  is t die R ek o m b in a tio n  n u r  noch in  u n m it te l 
b a re r  N ähe der K a th o d e  zu b eo b ach ten .

4. A llgem eine Schlußfo lgerungen

Das V e rfa h ren  der K o m b in a tio n  d er sp e k tra le n  P h o to g rap h ie  u n d  der 
p h o to g rap h isch en  Ä qu id en sito m etrie  erw ies sich als nü tzliches H ilfsm itte l fü r 
die C h a rak te ris ie ru n g  des G allium arsen id - u n d  G erm an iu m d io x id -P lasm as.

Es k o n n te  gezeig t w erden, d aß  sow ohl fü r die M atrixe lem en te  als auch  
fü r  die N eb en b estan d te ile  eine ax ia le  V erte ilu n g  d er A tom e im P la sm a  in  
A bhäng igkeit v o m  Io n isa tio n sp o ten tia l erfo lg te .

Bei n ied rig em  Io n isa tio n sp o ten tia l ex is tie rt sow ohl fü r A tom e als auch  
Ionen  ein L eu ch td ich tem ax im u m  an d er K a th o d e , bei hohem  Io n isa tio n sp o 
te n tia l ist ein so lches an der A node v o rh a n d e n , bei m ittle re n  Io n isa tio n sp o ten - 
tia len  b ilde t s ich  eine hom ogene B ogensäu le  aus.
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D er E lek tro n en d ru ck , der d u rch  die M atrix  h erv o rg eru fen  w ird  u n d  die 
d u rch  ih n  und  die A tm osphäre  und  S tro m s tä rk e  herv o rg eru fen en  T e m p e ra tu r 
än d eru n g en  beein flussen  diesen E ffe k t.

Im  F alle  höherer T em p era tu r w ird  d er V e rs tä rk u n g sfa k to r an der K a th o d e  
im  allgem einen  g rößer, weil in  den ü b rig e n  Teilen des B ogens die L eu ch td ich te  
s ta rk  re d u z ie rt is t. E in en  E in flu ß  h a t  d abei auch d e r E lek tro n en d ru ck , der 
im  w esen tlichen  d u rch  die M atrix  b e s tim m t w ird. D iese E rgebnisse  s tim m en  
d a m it ü b e re in , daß  der K a th o d en sch ich te ffek t vo r allem  fü r  Spuren im  K o h le 
lich tb o g en  von  B ed eu tu n g  ist.

D ie im  m atrix b ee in flu ß ten  B ogen  e rre ich ten  V ers tä rk u n g sfa k to ren  von  
e tw a  2 b ie ten  tro tz d e m  die M öglichkeit zu r V erbesserung  des L in ie -U n terg ru n d - 
V erhä ltn isses bei d er sp ek tro g rap h isch en  S p u renana lyse .

*

Herrn W. HŐGNER vom Zentralinstitut für Astrophysik der AdW der DDR Karl- 
Schwarzschild-Observatorium Tautenburg danken wir hiermit für die Anfertigung der Äqui- 
densiten.
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ÄQUIDENSITOMETRIE -  EINE METHODE ZUR 
REURTEILUNG DER STRUKTUR VON PLASMEN, IV
UNTERSUCHUNG DER LEUCHTDICHTEVERTEILUNG IM GLEICHSTROMBOGEN

PLASMA BEI KATHODISCHER VERDAMPFUNG DER ANALYSENSUBSTANZ 
IN GEGENWART UND ABWESENHEIT EINES MAGNETFELDES

K . D i t t r i c h , К . N i e b e r g a l l  und H . R ö B l e r

( Sektion Chemie der Karl-Marx- Universität Leipzig, Leipzig, DDR) 

Eingegangen am 20. November 1975

Die Charakterisierung von Gleichstrombogenplasmen, die durch kathodische 
Verdampfung von Lanthansesquioxid, Galliumarsenid und Germaniumdioxid in Gegen
wart und Abwesenheit von homogenen Magnetfeldern entstehen, erfolgt auf experi
mentellen Wege durch spektrale Photographie und photographisch-äquidensitome- 
trische Auswertung der erhaltenen Photogramme. Es ist möglich, qualitative Aussagen 
über die Axialverteilung der Elemente zu gewinnen. Es konnte gezeigt werden, daß 
sowohl in Gegenwart als auch in Abwesenheit des Magnetfeldes ein Leuchtdichtemaxi
mum vor der Kathode vorhanden ist. Die Größe der kathodischen Anreicherung richtet 
sich nach dem Ionisationspotential des Neben- und Hauptbestandteiles.

Der Einfluß des Magnetfeldes macht sich besonders bei schwerer ionisierbarer 
Matrix in einer Bogenaufweitung bemerkbar.

1. E in fü h ru n g

I n  d er L ite ra tu r  is t  beschrieben [1, 2 ] , d aß  bei ka th o d isch er V erd am p fu n g  
gegenüber der anod ischen  V erdam pfung  bei s ta rk  red u z ie rte r P ro b em asse  
gleiche, zum  Teil au ch  verbesserte  N achw eisg ren zen  fü r die B estim m u n g  v o n  
S p u ren b estan d te ilen  e rz ie lt w erden k ö n n e n .

B ei unseren  U n tersuchungen  ü b e r  d ie  A nw endung  des hom ogenen M a
gnetfeldes a u f  ein G le ichstrom bogenp lasm a, das eine große M enge le ich t io n is ie r
b a re r T eilchen  e n th ä lt , d ie anodisch v e rd a m p f t  w erden , s te llten  w ir fest, d aß  
kein s tab ile s  B ogenp lasm a erhalten  w erd en  k an n . Bei A nw endung der k a th o 
dischen V erd am p fu n g  fü r  einen m ag n e tfe ld b ee in flu ß ten  G leichstrom bogen  w a r 
das P la sm a  s tab il u n d  es w urde ein g le ich m äß ig er A b b ran d  erzielt.

A u fg ru n d  dieser E rgebnisse  s te llten  w ir uns die A ufgabe, die V erte ilu n g  
der L e u c h td ic h te  d er einzelnen P la sm a b e s ta n d te ile  in  diesen B ogenp lasm en  
m it H ilfe  d er von  uns en tw ickelten  M eth o d e  der K o m b in a tio n  der sp e k tra le n  
P h o to g rap h ie  m it der pho tog raph ischen  Ä q u id en sito m etrie  zu u n te rsu ch en  
[3, 4, 5]. D iese M ethode g e s ta tte t es, q u a li ta t iv e  A ussagen ü b er die A x ia l
v erte ilu n g  d e r E lem en te  in  einem B o genp lasm a u n d  ü b e r die B ogengeom etrie  
zu m achen . D ie U n tersu ch u n g en  w u rd en  an  B ogenplasm en d u rch g e fü h rt, 
die w eitg eh en d  d u rch  die kation ischen  B e s ta n d te ile  der M atrix su b stan zen
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L a n th a n  (La.,03), G allium  (GaAs) und  G erm an iu m  (G e0 2) b e s tim m t лvurden. 
Es w u rd e  in der H a u p tsa c h e  die L e u c h td ic h te v e rte ilu n g  der in  diesen M a trix 
su b stan zen  v o rh an d en en  S p u ren b estan d te ile  u n te rsu c h t.

2. E xperim entelles

2.1 Herstellung von spektral aufgelösten Photogrammen

Die Photogramme wurden, wie in unserer II. Mitteilung [4] näher beschrieben, unter 
Verwendung des Plangitterspektrographen PGS 2 (VEB C. Zeiss, Jena) hergestellt. Die An- 
regungs- und Aufnahmebedingungen sind in Tabelle 1 zusammengefaßt. Die Vorbrennzeiten 
wurden so gewählt, daß jeweils in einem Verdampfungsmaximum aufgenommen werden 
konnte.

Die in Abbildung I dargestellten unterschiedlichen Elektrodenkombinationen und 
-formen sind für die Erzeugung eines stabilen Bogens und eines gleichmäßigen Abbrandes 
erforderlich. Eine breite Gegenelektrode ist in Gegenwart des Magnetfeldes notwendig, weil 
durch die infolge der Rotationsbewegung des Bogens veränderten Außenströmungen nur bei 
dieser breiten Auflage ein stabiler Bogen erhalten wird. Ohne Magnetfeld führt jedoch diese

Tabelle I

Anregungs- und Aufnahmebedingungen

Spektrograph
Gitter
Dispersion

(Plattenmitte)

Ordnungsfilter
Außenoptik
Anregung
Stromstärke
Magnetfeld
Elektroden
Elektrodenabstand
Probematerial

Probemenge

Atmosphäre
Vorbrennzeit

Belichtungszeit

Spektralplatten

Entwicklung
Unterbrechung
Fixierung
Wässern
Trocknung

I Plangitterspektrograph PGS 2 
I 651 Strich/mm, Blaze 1020 nm

I 2. Ordnung 0,370 nm/mm (410 nm) für Ca und (650 nm) für La 
! 3. Ordnung 0,234 nm/mm (315 nm) und 
I 4. Ordnung 0,176 nm/mm (236,4 nm) für Ga und Ge 

WG1 für 2. Ordnung, UG 5 für 3. u. 4. Ordn.
Achromat (f =  75,8 mm), Direktabbildung Maßstab 5 : 1
Universalbogenimpulsgenerator UBI 1
10 A für La, 6 A und 12 A für Ge und Ga
0 — 350 G, homogen, axial
siehe Abbildung 1
3 mm, von Hand nachgeregelt
La20 3 (Matrix), 1000 ppm CaO,
GaAs (Matrix), je 500 ppm Al, Sn, Ge, Mg 
Ge02 (Matrix), je 500 ppm Al, Sn 
40 mg La20 3 : C (1:1)
20 mg GaAs : C (1:3)
20 mg Ge02 : С (1 : 3)
Luft
10 A La, 150 sec 
10 A Ca, 90 sec
6 A und 12 A Ga und Ge, 20 sec 

10 A La 0,1 sec 
10 A Ca 0,2 sec
6 A und 12 A Ga und Ge-Matrix 0,5 sec 

ORWO WP 3 rot extrahart für La Ca 
ORWO WU 3 blau extrahart für Ga und Ge 
4 min ORWO MH 28 (1 : 4), 19°

10 sec, 5%ige Essigsäure, 19°
6 min, ORWO A 304, 200 g/1, 19°

10 min 
25 min, 27°
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breite Gegenelektrode zu einem »wandernden« Bogen. Die als Kathode eingesetzten Becher
elektroden hatten sieh bei analytischen Bestimmungen in La20 3-Matrix bzw. GaAs- und Ge02- 
Matrix bewährt. Die größere Wandstärke des Bechers für die La20 3-Matrix erwies sich wegen 
des geringen Kohlenstoffanteils in der La20 3-Kohle-Pulvermischung für einen gleichmäßigen 
Abbrand als vorteilhaft.

Zur Ermittlung der Plattengradation wurde ein Kontinuum mit der Xenonbogenlampe 
XBO 500 und einem 6 Stufenfilter aufgenommen.

Abb. 1. Elektrodenkombinationen: 1 für La20 3, 2 für La20 3 im Magnetfeld, 3 für GaAs und 
Ge02, 4 für GaAs und Ge02 im Magnetfeld

2.2 Herstellung der Äquidensitcn

Die Herstellung der Einzeläquidensiten erfolgte auf ORWO-Planfilm FU 5 gleichzeitig 
für die gesamte Photoplatte auf halbautomatischem Weg (6) wie in der III. Mitteilung be
schrieben.

3. Ergebnisse u n d  D iskussion

3.1 Ergebnisse

D ie A bb ildungen  2, 3 und 5— 10 zeigen die Ä quidcnsitogram m e fü r 
Ü bergänge v e rsch iedener A tom e und Io n e n  in  L u fta tm o sp h ä re  in  G egenw art 
und  A bw esenheit eines hom ogenen M agnetfeldes bei k a th o d isch er V erdam pfung. 
Die verw endeten  Ü bergänge  sind  in  d e r T abelle I I  n ä h e r ch a rak te ris ie rt. 
Die A q u idensite  h ö c h s te r  Schw ärzung in  jed em  Bild is t m it e iner Zahl gekenn
zeichnet, die eine Z u o rd n u n g  zur O rig inalschw ärzung  (s. T abe lle  I I I )  erm ög
lich t. D ie äußerste  A q u id en site  träg t die N u m m er 1. Zw ischen diesen W erten
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Abb. 2. Monochromatische Äquidensitogramme für das Matrixelement Lanthan, den Neben
bestandteil Calcium und das Cyanradikal bei kathodischer Verdampfung in Luft 

KL 10 La I: kathod. Verdampfung in Luft bei 10A für La 654,315 nm
KL 10 La II: kathod. Verdampfung in Luft bei 10A für La 652,699 nm
KL 10 Ca I: kathod. Verdampfung in Luft bei 10A für Ca 422,673 nm
KL 10 Ca II: kathod. Verdampfung in Luft bei 10A für Ca 396,847 nm
KL 10 CN: kathod. Verdampfung in Luft bei 10A für CN 421,6 nm

Abb. 3. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium, Zinn 
und Germanium und für Arsen und Kohlenstoff (Matrix GaAs):
KL Ga6: kathod. Verdampfung in Luft bei 6A in GaAs Matrix 

KL Gal2: kathod. Verdampfung in Luft bei 12A in GaAs Matrix 
Liniencharakteristik siehe Tabelle II
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Tabelle II

Wellenlängen, Intensitäten und Anregungspotentiale der mit Hilfe 
von Aquidensitogrammen untersuchten Übergänge

Element Übergang 
in nm

Relative 
Intensität 
in Bogen

Anregungs
potential 

in eV

Ionisations
potential 

in eV

La I 654,315 125 2,23 5,61
La II 652,699 125 2,13 11,43
Ca I 422,673 500 R 2.93 6,11
Ca II 396.847 500 R 3,12 11,87
Al I 308,215 800 4,02 5,98
Sn I 317,502 500 4,33 7,33
Ge I 303,906 1000 4.96 8,13
As I 289,871 25 — 9,81
C I 247,857 400 7,69 8.13
Mgl 309.689 150 6,72 7,64
Mg II 280,269 150 4,42 15,03

is t  en tsp  rechend  der T abe lle  I I I  zu nu m erie ren . A ußerdem  is t  es m it Hilfe d er 
T abelle I I I  m öglich, d en  einzelnen Ä q u id en siten  re la tiv e  In te n s itä te n  zuzu 
ordnen . D azu  w ar es erfo rderlich , die P la tte n g ra d a tio n  in  A bhäng igke it von  
der W ellenlänge m it H ilfe  der k o n tin u ie rlich en  S p ek tren  zu  erm itte ln . Die 
E lek tro d en  w urden  n ach träg lich  im  en tsp rech en d en  M aß stab  eingezeichnet. 
Es w urde keine kegelförm ige G egenelek trode  (A node) v e rw en d e t, da der 
A b b ran d  infolge der h o h en  T e m p e ra tu r  zu groß  w ar u n d  ein g leichbleibender 
E le k tro d e n a b s ta n d  d esha lb  n ich t e in g eh a lten  w erden  k o n n te .

3.2 Aquidensitogramme von Übergängen des La I , La I I  (M atrix),
Ca I , Ca I I  und C N  bei kathodischer Verdampfung

D ie A bb ildung  2 s te l l t  A qu id en sito g ram m e fü r L a n th a n -  u n d  C alcium 
übergänge u n d  des C yanbandenkopfes bei k a th o d isch e r V erdam pfung  dar.

Im  G egensatz zu den  E rgebn issen  bei anod ischer V erd am p fu n g  [4] is t  
die S trah lu n g  der M eta lla tom e u n d  -ionén a u f  den k a th o d isch en  R aum  b e 
sc h rä n k t. D er Ä q u id en site  fü r den C y an b an d en k o p f is t zu  en tnehm en , 
daß  zum  Z e itp u n k t der A ufnahm e ein v o lls tän d ig  au sg eb ild e te r L ich tbogen  
ex is tie rte . D er L an th a n ü b e rg an g , der m it dem  C y an b an d en k o p f ü b e rlap p t, 
zeigt die gleich»; S tru k tu r , wie sie bei den freiliegenden  Ü bergängen  zu b e 
o b ach ten  is t. W ir sind  d e r A uffassung , d aß  sich  ein G leichgew icht zwischen 
dem  T e ilch en tran sp o rt d u rch  D iffusion u n d  K o n v ek tio n  u n d  dem  Teilchen
tra n s p o r t  du rch  W an d e ru n g  im  e lek trischen  F e ld  e in ste llt. Im  G egensatz zu r
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Tabelle III

Aquidensiten-Nummern, Schwärzungen S und spektrale relative Intensitäten I

Nr. sx I395 nm 4̂20 um ■̂650 nm s, ^280 nm I310 nm

l 0,2 1.819 1,896 1,818 0,2 1,937 2,104
2 0,22 1,841 1,899 1,841 0,23
3 0,27 1,911 1,974 1,874 0,28 2,193 2,382
4 0,35 2,067 1,958 1,98 0,33 2,371 2,571
5 0,41 2,196 2,023 2.091 0,41 2,729 2,952
6 0,48 2,356 2,175 2,241 0,43
7 0,53 2,486 2,281 2,347 0,46 2,904 3,140
8 0.70 2,929 2,705 2,721 0,52 3,192 3,444
9 0,74 3,024 2,791 2,809 0,62 3,721 4,018

10 0,82 3,279 2,997 2,978 0,72 4,355 4,677
11 0,92 3,529 3,266 3,203 0,73
12 1,01 3,777 3,515 3,401 0,81 5,012 5,370
13 1,03 3,819 3,579 3,44 0,93 6,039 6,457
14 1.12 4.093 3,831 3,631 1,00 6,73 7,195
15 1,22 4,352 4,132 3,834 1,11 7,998 8,531
16 1,3 4,57 4,369 3,973 1,20 9,205 9,795
17 1,53 5,188 5.071 4.394 1,32 11,09 11,88
18 1,67 5,609 5,523 4,656 1,40 12,56 13,30
19 1,85 6,034 6,08 4,931 1,52 15,17 16,00
20 1.97 6,369 6,467 5,112 1,68 J 9,45 20,46
21 1,83 24,55 25,76
22 1,91 27,86 29,17
23 2,13 39,26 40,83
24 2,33 53,58 55,99

Sl Angaben für La-Matrix und Ca.
Sa Angaben für Ga und Ge-Matrix und Nebenbestandteile.
Die Äquidensiten Nr. 2, 6 und 11 wurden wegen ihrer Ähnlichkeit mit Nr. 1, 5 und 10 

nicht in die Äquidensitogramme eingezeichnet.

anod ischen  V erd am p fu n g  sind diese T ra n sp o rtfa k to ren  bei k a th o d isch e r V er
d am p fu n g  en tgegengese tz t ge rich te t. In fo lge der hohen  F req u en z , m it d e r sich 
das dynam ische G leichgew icht zw ischen A tom en u n d  Io n en  e in s te llt, w irk t 
s ich  dieser F a k to r  sow ohl a u f  die V erte ilung  der S tra h lu n g  der n e u tra le n  
A tom e als auch d er der Ionen  aus.
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3.3 Äquidensitogramme von Übergängen der Nebenbestandteile 
des Galliumarsenid und Germaniumdioxid bei kathodischer Verdampfung

Ä hnlich wie bei d er anodischen  V erdam pfung  (5) w u rd e  festgeste llt, daß  
das Io n isa tio n sp o te n tia l sow ohl des M atrixe lem en tes als auch  der S p u ren 
b estan d te ile  einen E in f lu ß  a u f  die L eu ch td ich tev erte ilu n g  d er S purenelem ente 
im  G le ichstrom bogenp lasm a h a t. D ie A bbildung  3 ze ig t die Ä q u idensito 
gram m e fü r die N eb en b estan d te ile  A lum in ium , Z inn u n d  G erm anium  im  
G allium arsen id  u n d  fü r  A rsen  und  K o h len sto ff in  G egenw art dieser M atrix  
bei zwei S tro m stä rk en . M it zunehm endem  Io n isa tio n sp o te n tia l, d. h. schw ä
cherem  lo n isa tio n sg ra d  des N eb en b estan d te ils  u n te r  den  g leichbleibenden 
B edingungen  der G a lliu m arsen id m a trix  s tre c k t sich die S trah lu n g sv e rte ilu n g  
von  der K a th o d e  zu r A node. D as is t w iederum  e rk lä rb a r  d u rch  die R eduzierung  
des fe ldbed ing ten  T ra n sp o rte s  zur K a th o d e  fü r  die schw erer ion isierbaren  
T eilchen. Die T e m p e ra tu re rh ö h u n g  beim  Ü bergang  von  6  A au f 12 A v e r
g rö ß ert die V erdam pfungsgeschw ind igkeit, so daß eine H om ogenisierung  
des B ogenplasm as e rk e n n b a r  is t. B erechnet m an  jed o ch  die V erhältn isse  der 
re la tiv en  L ic h tin te n s itä te n  des k a th o d isch en  R aum es zu r B ogenm itte , so is t 
kein  w esen tlicher U n te rsc h ie d  zw ischen den P lasm en  bei 1 2  A u n d  6  A zu  
erkennen  (s. T abelle  IV ). I n  beiden  F ä llen  is t eine K o rre la tio n  m it dem  Io n i
sa tio n sp o ten tia l fe s tzu s te llen  (s. A bb. 4). E ine  A usnahm e b ilden  die K ohlen- 
sto ffäq u id en sito g ram m e u n d  deren  V ers tä rk u n g sfak to ren . Im  F a ll des 6  A 
B ogens is t die T e m p e ra tu r  im  P lasm a so n iedrig , d aß  zu  w enig K oh lensto ff 
von  der K a th o d e  u n d  g a r k e in  K o h len sto ff von  der A node v e rd a m p ft. Im  F a ll 
des 12 A Bogens v e rd a m p fe n  n ennensw erte  M engen K o h le n s to ff  von  der A node 
u n d  K a th o d e . D as is t zu berü ck sich tig en , w enn m an  die r ich tig e  Tendenz des 
V ers tä rk u n g sfak to rs  1,2 b e u rte ilt.

Die A bbildung  5 ze ig t die Ä qu idensitog ram m e fü r A lum in ium  und  Z inn 
u n d  auch fü r  K o h le n s to ff  in  einer G erm an ium diox id -M atrix . Im  V ergleich

Tabelle IV

Verstärkungsfaktoren der relativen Strahlungsintensitäten des kathodennahen Raumes 
bezogen auf die Bogenmitte für die kathodische Verdampfung

Stromstärke 6 A 12 A

Matrix GaAs Ge02 GaAs Ge02

Element | kathodische Verstärkungsfaktoren VF^:atjl-

Al 1 2,20 3,20 2,60
Sn I 1,75 2.90 1,90
Ge I 1,59 — 1,65
As 1 1,28 — 1,35
C I 1,57 1,00 1,20

3,85
3,42

1,00
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Abb. 4. Abhängigkeit der Verstärkungsfaktoren vom Ionisationspotential für Aluminium, 
Zinn, Germanium und Arsen (Matrix GaAs) bei kathodischer Verdampfung in Luft

Abb. 5. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium und 
Zinn und für Kohlenstoff (Matrix Ge02)

KL Ge6: kathod. Verdampfung in Luft bei 6A Matrix GeOä 
KL Gel2: kathod. Verdampfung in Luft bei 12A Matrix Ge02 

Liniencharakteristik siehe Tabelle II

zum  G allium -B ogen sind die B e s ta n d te ile  noch s tä rk e r  a u f  den k a th o d en - 
n ah en  R aum  k o n z e n tr ie r t (s. a. T ab e lle  IV). Dies k o m m t besonders bei der 
S tro m stä rk e  v o n  12 A zum  A u sd ru ck . A uch dieses V e rh a lte n  lä ß t  sich m it 
H ilfe  der u n te rsch ied lich en  Io n isa tio n sp o ten tia le  u n d  Io n isa tio n sg rad e  e rk lä 
ren . D er Io n isa tio n sg rad  fü r  A lu m in iu m  u n d  Zinn w ird  in  d er schw erer ion isier
b a ren  M atrix  G erm an iu m  h ö h er als im  G allium  sein, so d aß  der fe ldbed ing te
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T ra n sp o r t  größer w ird . A llerdings is t in  diesem  F a ll au ch  die geringere Ver- 
dam pfungsgeschw ind igkeit der M atrix  zu  berü ck sich tig en , d en n  der S iede
p u n k t des e lem entaren  G erm anium s lie g t m it 2700 °C um  e tw a  700 °C h ö h er 
als der des G allium s.

D er A bbildung  5 is t auch zu e n tn e h m e n , daß  es sich  um  eine ech te  
K o n z e n tra tio n sa b n ah m e  im  P lasm a h a n d e ln  m uß  u n d  n ic h t n u r  um  v e r
ä n d e rte  A nregungsbed ingungen , z. B. e in en  ax ialen  T e m p e ra tu rg ra d ie n te n , denn 
fü r den K oh len sto ffü b erg an g  ist e ine  hom ogene L eu ch td ich te -V erte ilu n g  
e rk en n b a r. Diese hom ogene L eu ch td ich te -V erte ilu n g  w id e rsp rich t eigentlich  
w egen des sehr hohen  Io n isa tio n sp o te n tia ls  des K ohlensto ffs  dem  b isher 
G esag ten . E s is t h ier je d o c h  zu b e rü ck sich tig en , daß  au ch  die A node aus 
K o h len s to ff  b esteh t u n d  auch  do rt eine V erdam pfung  m öglich  is t. A uch im  
G allium arsen id -B ogenp lasm a is t die H o m o g e n itä t der L e u ch td ich tev erte ilu n g  
des K oh lensto ffs  bei 12 A e rk en n b ar. B ei einer S tro m stä rk e  v o n  6 A re ic h t 
o ffensich tlich  die T e m p e ra tu r  der A node fü r  eine nenn en sw erte  V erdam pfung  
des K ohlensto ffs n ich t aus.

3.4 Aquidensitogramme von Übergängen der Magnesiumatome und -ionén
in  Galliumarsenid- und Germaniumdioxid-Plasmen bei kathodischer

Ver dam p f и ng

A uch  in  der G allium arsenid- u n d  G erm an iu m d io x id -M atrix  so llte  der 
E in flu ß  des Io n isa tio n szu stan d es der N eb en b estan d te ile  a u f  deren  L eu ch t
d ich tev e rte ilu n g  bei k a th o d isc h e r V e rd am p fu n g  u n te rsu c h t w erd en . Als B ei
spiel w u rd e  wie bei der anodischen  V erd am p fu n g  (s. a. (5)) ein  A tom - u n d  ein 
Io n en ü b e rg an g  des M agnesium s au sg ew äh lt. D ie e rh a lten en  A q u id en sito 
g ram m e sind  in  der A bb. 6 d argeste llt. E n tsp re c h e n d  dem  Io n isa tio n sp o te n tia l 
des M agnesium s lassen sich  die A q u id en sito g ram m e von  Mg I zw ischen Sn I 
u n d  Ge I  einordnen  (s. a. A bb. 3). D a diese A ufnahm en  be i einem  zw eiten 
B o g en ab b ran d  e rhalten  w u rd en , w ird d u rc h  dieses E rgebn is die O b je k tiv itä t 
der M ethode b e s tä tig t. J D e r Vergleich d e r  M agnesium  I-Ä q u id en sito g ram m e 
fü r die G allium arsenid- u n d  die G erm an iu m d io x id -M atrix  zeig t ebenfalls, daß 
sich die M agnesium atom e in  der M a trix  m it höherem  Io n isa tio n sp o te n tia l 
s tä rk e r  v o r der K a th o d e  k o n zen trie ren .

Sow ohl in  der G allium - als auch in  d e r G erm an ium -M atrix  weisen die 
M agnesium  II-U b erg än g e  ein s ta rkes M axim um  in K a th o d e n n ä h e  auf. Die 
im  V ergleich  zum  M agnesium  I-L b e rg a n g  höhere In te n s i tä t  b e s tä tig t  den 
hohen  Io n isa tio n sg rad .

D er V ergleich der A q u id en sito g ram m e des M agnesium  II-Ü b erg an g es 
in  G allium - u n d  G erm an ium -M atrix  bei 12 A zeigt, daß  die A n nahm e, daß 
der Io n isa tio n sg rad  des M agnesium s im  sch lech te r  v e rd am p fen d en  u n d  schw e
re r ion isierenden  G erm anium  höher lieg t, r ic h tig  is t, denn  in  d er G erm anium -
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Abb. 6. M onochrom atische  Ä quidensitog ram m e fü r  M agnesium atom e u n d  -ionén 
K L  G a6: k a th o d . V erdam pfung  in  L u ft bei 6A M atrix  GaAs

K L  G a l2 :  k a th o d . V erdam pfung  in  L u ft bei 12A M atrix  GaAs
K L  G e6: k a th o d . V erdam pfung  in  L u ft bei 6A M a trix  G e0 2

K L  G e l2 : k a th o d . V erdam pfung  in  L u ft bei 12A M atrix  G e0 2

Tabelle V

Verstärkungsfaktoren der relativen Strahlungsintensitäten des kathodennahen Raum es 
bezogen a u f  die Bogenmitte f ü r  die kathodische Verdampfung

Stromstärke 6 A 12 A

Matrix GaAs Ge02 GaAs Ge02

Element kathodische Verstärkungsfaktoren V F ]^ ^

M g l 1,64 2,70 1,46 3,20

Mg I I 1,86 4,32 1,56 4,60

M atrix  ist das k a th o d e n n a h e  M axim um  der L e u c h td ic h te  viel au sg ep räg te r . 
D ie V e rs tä rk u n g sfak to ren  fü r diese Ü bergänge sind  in  d er T abelle V z u sam m en 
gefaß t. Sie b e s tä tig e n  die gezogenen S ch lußfo lgerungen .

3.5 Äquidensitogramme von Übergängen von Atomen und Ionen in  Lanthan-, 
Gallium- und Germanium-M atrix im magnetfeldbeeinflußten Bogen 

bei kathodischer Verdampfung

Es is t b e k a n n t, daß  die in te n s itä tsv e rs tä rk e n d e  W irkung  eines h o m o 
genen M agnetfeldes d u rch  einen K o n zen tra tio n san s tieg  d er E lem en te  v o r d e r  
K a th o d e  u n d  d u rc h  v e rs tä rk te  A nregungsprozesse infolge von T e m p e ra tu re r-
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Abb. 7 Monochromatische Äqnidensitogramme für das Matrixelement Lanthan, den Neben
bestandteil Calcium und das Cyanradikal im Magnetfeld 

KM 10 La I, II: kathod. Verdampfung in Luft bei 10A und 200G für La 
KM 10 Ca I, II: kathod. Verdampfung in Luft bei 10A und 20G für Ca 

KM 10 CN: kathod. Verdampfung in Luft bei 10A und 200G für CN 
(Cyanbandenkopf bei 421,6 nm)

Liniencharakteristik siehe Tabelle II

liöhung  v eru rsach t w ird  [6 ]. Da bei an o d isch er V erd am p fu n g  einer le ich t io n i
s ie rb a ren  M atrix  bei A nw endung eines hom ogenen  M agnetfeldes von uns keine 
L in ien v erstä rk u n g  b e o b a c h te t und  k e in  s ta b ile r  Bogen e rh a lte n  w urde, se tz ten  
w ir die ka thod ische  V erdam pfung  in  V erb in d u n g  m it e inem  M agnetfeld  ein. 
O rien tie rende  V ersuche von  L e u s h a c k e  [6 ] h a tte n  ergeben , d aß  bei k a th o d i- 
scher V erdam pfung  ein n och  au sgep räg te res M axim um  d er In te n s i tä t  v o r der 
K a th o d e  erh a lten  w ird .

W ir u n te rsu ch ten  diese P lasm en  ebenfalls du rch  Ä q u id en sito m etrie ren  
sp e k tra le r  P h o to g rap h ien .

Die erhaltenen  A q u id en sito g ram in e  w erden  in  den A bb ildungen  7, 8 , 9 
u n d  10 dargeste llt. W ir verw endeten  als G egenelek trode K o h les täb e  m it einem  
D urchm esser von 8  m m  (s. A bb. l ) ,u m  die d u rch  das M agnetfe ld  u n d  die K o n 
v ek tio n  hervorgeru fenen  S trö m u n g sv erh ä ltn isse  günstig  zu  beeinflussen .

Im  Falle der L a n th a n -M a trix  (A bb . 7) is t im  V erg leich  zum  m a g n e t
feld freien  Bogen eine s ta rk e  A ufw eitung  besonders bei L a  I I  infolge der du rch  
die H elixb ildung  b ed in g ten  B ogenverlängerung  und  infolge d er v e rän d e rten  
S tröm ungsbed ingungen  zu b eobach ten . D iese B ogenaufw eitung  d rü ck t sich 
in e iner ax ialen  S treck u n g  des s tra h le n d e n  P lasm ageb ie tes u n d  in der a u f
tre te n d e n  P in ch -K o n fig u ra tio n  aus. A uch  die von  B ril  u n d  M ita rb e ite rn  [7]

A ctaC him . (Budapest) 89,1976



3 7 6 D IT T R IC H  e t «1.: Ä Q U ID EN SITOM ETRIE, IV

Abb. 8. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium, Zinn 
und Germanium, für Arsen und Kohlenstoff (Matrix GaAs) bei kathodischer Verdampfung 

in Luft in Gegenwart eines Magnetfeldes 
KM Ga6: kathod. Verdampfung in Luft bei 6A und 350 G für GaAs 

KM Gal2: kathod. Verdampfung in Luft bei 12A und 150 G für GaAs 
Liniencharakteristik siche Tabelle 11

beschriebene anod ische  B ren n fleck au fsp a ltu n g  im  m a g n e tfe ld b ee in flu ß ten  
B ogen ist d eu tlich  im  F a ll der L an th an -Ä q u id en sito g ram m e  zu e rk en n en .

Beim V ergleich  d er A bb ildungen  2 und  7 is t a u ß e rd em  zu sehen, d aß  
sich  das M axim um  d e r S tra h lu n g s in te n s itä t des C y an rad ik a ls  von der A node 
zur K athode v e r la g e r t  h a t. D arau s g eh t hervo r, d aß  auch  bei A n w endung
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Abb. 9. Monochromatische Äquidensitogramme für die Nebenbestandteile Aluminium, Zinn 
und für Kohlenstoff (Matrix Ge02) bei kathodischer Verdampfung in Luft in Gegenwart eines

Magnetfeldes
KM Ge6: kathod. Verdampfung in Luft bei 6A und 350G Matrix GeOa 

KM Gel2: kathod. Verdampfung in Luft bei 12A und 150G Matrix GeÖ» 
Liniencharakteristik siehe Tabelle II

eines solchen P lasm as fü r  ana ly tisch e  B estim m ungen  der E in sa tz  von  I n e r t 
gasen v o n  V orteil is t.

A uch  in  G egenw art der G allium -bzw . G erm an ium -M atrix  w ird  eine ty p i 
sche P in ch k o n fig u ra tio n  des Bogens e rh a lten . D er Bogen v e rb re ite r t  sich von  
d er K a th o d e  zur A node. E r  b re n n t s ta b il, die R o ta tio n  der H elix  e rre ich t einige 
U m d reh u n g en  pro  S ekunde. Bei der gew äh lten  S ch a ltu n g  w irk en  die K o n 
v ek tio n  u n d  die m ag n etfe ld b ed in g te  S trö m u n g  in  der g leichen R ich tu n g , d. h . 
von  d er K a th o d e  (u n ten ) zu der A node (oben). D ie P in c h k o n fig u ra tio n  is t hei 
h o h er F e ld s tä rk e  ( 6  A , 350 G auß) s tä rk e r  ausgep räg t als be i n ied rig er F e ld 
s tä rk e  (12 A, 150 G auß). Die un te rsch ied lich e  m agnetische F e ld s tä rk e  m u ß te
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KM Ga 6 ф

Abb. 10. Monochromatische Äquidensitogramme für Magnesiumatome und -ionén bei katho- 
discher Verdampfung in Gegenwart eines Magnetfeldes 

KM Ga6: kathod. Verdampfung in Luft bei 6A und 350G Matrix GaAs
KM Gal2: kathod. Verdampfung in Luft hei 12A und 150G Matrix GaAs

KM Ge6: kathod. Verdampfung in Luft bei 6A und 350G Matrix GeO,
KM Gel2: kathod. Verdampfung in Luft bei 12A und 150G Matrix GeÖ.,

Liniencharakteristik siehe Tabelle II

gew ählt w erd en , d a  n u r  so ein stab iles B ogenp lasm a bei un te rsch ied lichen  
S tro m stärk en  e rh a lte n  w erden  k o n n te . D as A qu iden sito g ram m  des K o h len 
stoff-Ü berganges ze ig t außerdem  m ehrere  M axim a v o r d er A node. Diese w erden  
durch die R o ta t io n  des anodischen  B rennfleckes hervo rgeru fen .

Die schon  b e i der k a th o d isch en  V erdam pfung  ohne M agnetfeld  b eo b ach 
te te  A nre icherung  der S purene lem en te  v o r der K a th o d e  is t auch in  G egenw art 
eines M agnetfeldes zu b eo b ach ten  (vergleiche A bb ild u n g  3 m it 8 , 5 m it 9 
und 6  m it 10). In  den  m eisten  F ä llen  is t die V olum enverg rößerung  des m ag n et-
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fe ld b ee in flu ß ten  B ogens zu erkennen . W iederum  sind  U n tersch ied e  in  A b h ä n 
g ig k e it von der M atrix  zu erkennen . Lm G allium arsen id -P lasm a wird die L e u c h t
d ich te v e rte ilu n g  der N eb en b estan d te ile  kaum  durch  die G egenw art des M ag n e t
feldes bee in flu ß t. Im  G erinan ium diox id -P lasm a ist fü r  A lum inium  u n d  Z inn 
eine s ta rk e  V erg rößerung  des S trah lungsbere iches in  ax ia le r  R ich tu n g  zu e rk e n 
n en . D ies g ilt ebenfalls fü r  die A tom - u n d  Io n enübergänge  des M agnesium s in  
d ieser M atrix .

E s is t b e k a n n t, d aß  das M agnetfe ld  bei anod ischer V erdam pfung  b eso n 
d ers  d an n  einen lin ie n in te n s itä t e rh ö h en d en  E in fluß  a u s ü b t, w enn die M atrix  
e in  hohes Io n isa tio n sp o te n tia l b e s itz t, z. B. bei der B estim m u n g  von S p u re n 
e lem en ten  in  G rap h it.

A uch bei der k a th o d isch en  V erd am p fu n g  h a t o ffensich tlich  das Io n isa 
tio n sp o te n tia l der M atrix  einen en tsche idenden  E in flu ß  a u f  die L e u c h td ic h te 
v e rte ilu n g  der N eb en b estan d te ile  in  einem m ag n e tfe ld b eein flu ß ten  B ogen
p la sm a . So is t im  le ich t ion is ie rb aren  G allium  kein u n d  im  schw erer io n is ie r
b a re n  G erm anium  ein E in flu ß  des M agnetfeldes au f die L e u c h td ic h te v erte ilu n g  
e rk e n n b a r.

D ie en tsp rech en d en  V e rs tä rk u n g sfak to ren  sind in  d e r Tabelle V I zu sam 
m e n g e fa ß t.

T abelle  VI

V erstä rku n g sfa kto ren  der relativen S trah lungsin tensitä ten  des ka thodischen  R a u m es  
bezogen a u f  die B ogenm itte  f ü r  die kathodische V erdam pfung  in  Gegenw art eines M agnetfeldes

S t r o m s tä r k e 6 A 12 A

M a g n e tf e ld 
s tä r k e 3 50 j a u ß 150 & au ß

M a tr ix G aA s G e 0 2 G aA s G e O z

E le m e n t k a th o d i s c h e  V e r s tä r k u n g s f a k to r e n  V F ^ a th .

Al I 2,55 4,24 2,40 3,33
Sn I 1,79 2,35 2,21 2,12
Ge I 1,36 — 1,36 —

As I 1,17 — 1,33 —

C I 1,22 2,25 1,00 1,11
Mgl 1,64 1,96 2,00 3,75
Mg II 2,60 2,89 1,65 2,42

4. Allgem eine Schlußfolgerungen

D ie ka thod ische  V erdam pfung  d e r u n te rsu ch ten  M atrizes fü h rt infolge 
des geringen A bbrandes je  Z e ite inhe it zu einer V erän d eru n g  der B ogenbed in 
gungen . D urch  die U m k eh ru n g  der E lek tro d en p o lu n g  ä n d e r t  sich die R ich tu n g
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des feldbedingten  T ra n sp o r te s  der Ionen . D ie E rgebnisse  zeigen die M öglichkeit 
e in e r gezielten a n a ly tisc h e n  A nw endung des G leichstrom bogens m it ka thod i- 
sch e r V erdam pfung fü r  d ie  u n te rsu c h te n  M atrizes auf. D ab e i m ü ß te  der B ogen
b e re ich  erhöhter L e u c h td ic h te  d irek t a u f  dem  S palt a b g eb ild e t w erden. D er 
V o rte il eines solchen V erfah ren s  läge n ic h t zu le tz t d a rin , d aß  n u r geringe 
P robem engen  b e n ö tig t w erd en .

Die A nw endung eines M agnetfeldes a u f  ein solches B ogenp lasm a w ird  
in  den  m eisten F ä llen  k e in e  zusätzliche V erbesserung  der I n te n s i tä t  b ringen . 
G enaue  A ussagen ü b e r  d ie  V erbesserung  v o n  N achw eisgrenzen  lassen sich m it 
dem  vorliegenden M a te r ia l n ic h t geben, da  h ie rfü r genaue U n te rsu ch u n g en  des 
L in ie -U n te rg ru n d -V erh ä ltn isses  erfo rderlich  sind.

E s kann  jed o ch  fe s tg e s te llt w erden , d aß  die äq u id en sito m etrisch e  A us
w e rtu n g  von sp e k tra le n  P h o to g rap h ien  d e ra rtig e r P lasm en  g u te  q u a lita tiv e  
Ü berb licke  über die a x ia le  T e ilch en v erte ilu n g  liefert.

*

Herrn W. HÖGNER vom Zentralinstitut für Astrophysik der AdW der DDR, Karl- 
Schwarzschild-Observatorium Tautenburg danken wir hiermit für die Anfertigung der Aqui- 
densiten.
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The electronic absorption spectra of some diarylidenecyclohexanones and cyclo- 
pentanones have been studied in organic solvents and buffer solutions. The spectral 
shifts are discussed in terms of solvent effects and in relation to the molecular structure. 
The acid dissociation constants of the compounds containing OH groups were deter
mined from measurements in buffer solutions. The important hands in the IR spectra 
are assigned and discussed in relation to the molecular structure.

Introduction

D iary lidenecyclanones c o n ta in in g  a h y d ro x y l or am ino  g roup  are con
s id ered  to  func tion  as acid-base in d ic a to rs , ow ing to  th e ir  a b ility  to  c a p tu re  
o r re lease a p ro to n  [1, 2 j, how ever, th e  p K a values of su ch  com pounds h av e  
n o t  b een  de te rm ined . Som e d ia ry lidenecyclanones w ere fo u n d  to  ex h ib it som e 
b io log ica l ac tiv ities [3]. These p ro p ertie s  a t ta c h  in te re s t to  th e  ch em istry  of 
th is  class o f com pounds. T he sp ec tra  o f a series o f d iary lidenecyclanones w ere 
th e  su b je c t o f som e investig a tio n s [4— 7], how ever, few a tte m p ts  have  been  
m ad e  as fa r  as h a n d  assignm ent an d  so lv en t effects are concerned .

In  th e  p resen t w ork , th e  e lectron ic  a b so rp tio n  sp ec tra  o f  som e d ia ry lid en e
cyclohexanones an d  cyc lopen tanones h a v e  been  s tu d ied  in  o rgan ic  so lven ts 
a n d  b u ffe r  so lu tions w ith  th e  aim  to  th ro w  lig h t on th e  sp e c tra l b eh av io u r of 
th e se  com pounds. A lso th e  im p o r ta n t I R  b an d s  are assigned a n d  discussed 
in  re la tio n  to  th e  m olecu lar s tru c tu re .

Experimental

T he com pounds u sed  in  th e  p resen t in v es tig a tio n  w ere p rep ared  b y  th e  condensation  
o f  cyclohexanone  or cyclopentanone w ith  d iffe re n t a ldehydes u n d e r su itab le  experim en ta l 
co n d itio n s  as given by  o th e r  au th o rs  [6, 8]. T he p ro d u c ts  o b ta in ed  were c rysta llized  from  an 
a p p ro p ria te  so lven t. T he com pounds h a d  th e  follow ing stru c tu re s :

* Present adress: Chemistry Department, Faculty of Science, Tanta University, Tanta,
E g y p t
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where X  =  H (a); p-OCH3 (6); p -OH (c); p-N(CH3), (d); p-Cl (e); m-N02(/); o-OH (g); p-OH-m- 
OCH3 (/i) and o-OH-m,m-diBr (i).

T he solvents used  were pu rified  according to  reco m m en d ed  p rocedures [9]; th e  buffer 
so lu tions were p repared  as g iven  by  B ritton  [10].

The absorption spectra were recorded on a UNICAM SP 8000 spectrophotometer using 
1 cm matched quartz cells. The PH measurements were carried out with the aid of a RADIO
METER pH-meter, Model 28.

Results and discussion

(A) Spectra in organic solvents

T he ab so rp tio n  sp e c tra  in organic so lv en ts  (Tables I an d  I I ;  F ig . 1) m ostly  
d isp lay  tw o bands. T he sh o rte r  w aveleng th  h an d  w ith in  th e  range  215—270 nm  
is due to  th e  л —  л*  tra n s itio n  of th e  a ro m a tic  system  ( lL a +- 1A ), w hereas

Table I

Results obtained in organic solvents for series I 
^max(n m ) a n d  emax * Ю“ 4 (mole“ 1 • cm2)

C o m p o u n d

CC14 CH C13 E t h e r E th a n o l

A s s ig n m e n t

r̂aax 1 emax m̂ax em ax m̂ax emax ултах emax

(“) 230 1.94 230 0.66 я  -  я*<°>
332 3.73 322 2.45 320 3.62 330 0.94 C.T.

(b) 238 1.61 243 2.35 я — я*(а)
350 3.94 332 1.45 347 3.01 364 4.12 C.T.

(c) 242 S 245 1.91 я -  я*(а)
355 S 360 s 350 s 375 3.72 C.T.

( d ) 268 1.92 272 1.59 270 s 270 1.06 71 — 7Г*(а)
320 0.77 320 0.40 325 s 330 0.21 я -  я*<Ь>
410 4.09 435 2.97 407 s 447 3.9 С.Т.

<■) 234 2.00 238 1.92 я -  я*М
330 3.34 334 3.46 325 4.01 332 3.61 С.Т.

( 0 220 s 225 2.11 я — я*(а)
270 2.18 275 1.98 272 s 278 1.82 я -  я*(ь>
313 3.86 314 3.12 310 s 315 2.77 С.Т.

(b) 252 s 255 1.13 л  — л * ^

365 1.79 370 2.91 365 s 390 3.25 С.Т.

S saturated solution used
(a) lLa * ------ lA
(b) lLb < -------'A
C.T. =  charge transfer hand
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Table II

Results obtained in organic solvents for series II 
^max(nm) «max ' 1(1 4 (mole“ 1 • cm2)

Compound
CC14 CIICI3 Ether Ethanol

AssignmentЯлтах emax Vax emax m̂ax emax m̂ax emax

(«) 230 2 . 3 9 230 1 . 6 6 71 — 71*^
343 4.17 350 3.59 338 4.65 3 5 4 4.38 C.T.

(ó) 240 s 243 2.65 Я -  Я*<“>
373 4.65 370 S 3 9 4 4.49 C.T.

(«) 235 s 245 8.98 я -  *•(•>
385 s 375 s 395 2.83 C.T.

(d) 270 1.49 270 S 71 -  **<•>
325 0.40 330 s Л -
363 4.85 476 s C.T.

w 237 1.53 238 1.84 Я -  7T*<a>
348 3.35 3 5 5 7.13 345 3.39 358 4.32 C.T.

(g) 234 S 238 1.64 71 -  я*<“>
255 s 260 1.29 я -  л*<ь>

315 s 325 s 320 s 332 1.87 C.T.
366 s 380 s 367 s 390 4.32 C.T.

(/«) 250 s 248 1.61 71 — 71* ̂
390 s 395 s 395 s 410 4.72 C.T.

(0 215 s 220 5.72 я -
258 s 258 2.36 71 — 71*^

310 0.56 310 0.55 310 s 310 0.67 C.T.

For symbols, see Table I

th e  longer w av e len g th  b a n d  is assigned to  an in tram o lecu la r  charge tran sfe r. 
The charge tra n s fe r  invo lves th e  tra n s itio n  of an  e lec tron  from  the  h ighest 
filled energy  level o f th e  a ro m atic  system  to  th e  low est v a c a n t level of th e  
C = 0  group . T he m esom eric sh ift, rep resen tin g  such  a charge  tran sfe r can  be 
fo rm u la ted  as follows:
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T he charge tra n s fe r  c h a ra c te r  o f th e  electron ic tra n s it io n  is su p p o rte d  
b y  th e  h igh  ex tin c tio n  and  b road en in g  o f  th e  band . I t  is also su b s ta n tia te d  
b y  th e  fa c t th a t  th e  b a n d  position  is m a rk e d ly  in fluenced  b y  th e  n a tu re  o f th e  
su b s ti tu e n ts . T he b a n d  is sh ifted  to w ard s  re d  in  th e  case o f e lec tron  donor 
su b s ti tu e n ts , while e lec tron  accep to rs cause  a blue sh ift (T ables I  an d  II) . 
T h e  p lo t of Amax. vs. a (H a m m e tt c o n s ta n t o f  the  su b s titu e n t)  reveals a m ore 
o r less lin ear re la tio n .

Wavelength, nm 

Fig. 1. Spectra of Ic

The charge tra n s fe r  b an d  sh ifts  to w ard s red  w ith  increasing  so lven t 
p o la r ity  in  th e  o rder CC14 —»CHC13 —► e th an o l. In  e th e r, how ever, th e  b a n d  is 
m o stly  b lue-sh ifted  in com parison  to  CC14, th ough  th e  la t te r  has low er p o la rity . 
T he charge tra n s fe r  b a n d  also sh ifts to w ard s  red  on going from  cyclohexanone 
de riv a tiv es  to  th e  cy c lo p en tan o n e  series. This is in acco rdance  w ith  th e  p re 
v ious observa tion  [1 1 ] th a t  cy c lo p en tan o n e  deriva tives absorb  a t  longer 
w aveleng ths as co m p ared  w ith  cyclohexanones.

T he sh o rt-w av e len g th  b an d  ex h ib its  no ap p a ren t sh ifts  w ith  so lv en t p o la 
r i ty , in d ica tin g  th a t  i t  is due to  a localized  tran s itio n . T he sh ift to w ard s red 
observed  in som e cases is o f low m a g n itu d e  in com parison  w ith  th e  charge 
tra n sfe r  b an d .

The sp ec tra  o f com pounds 1̂ , I f .  11̂ , II„ and II, show  a sm all b an d  w ith in  
th e  250— 330 nm  ran g e , w hich can be assigned  to  th e  low est energy  tra n s it io n  of

Acta Chim. (Budapest) 89, 1976



ISSA e t al.: ELECTRO N IC ABSORPTION SPECTRA 385

th e  a rom atic  nucleus (H/* •<— 1A ).  T h is b a n d  acquires a sm all red  sh if t w ith  
increasing  so lv en t p o la r ity  d en o tin g  th a t  i t  co rresponds to  а л  —  n* t r a n 
sition .

The sp ec tra  o f  I I g are ch a rac te rized  b y  a b ro a d  b a n d  in  th e  330 nm 
region. The b an d  ex h ib its  th e  c h a ra c te r  o f charge tra n s fe r  bands as fa r as th e  
so lv en t sh ift, h a n d  b road en in g  an d  ex tin c tio n  are concerned . The ap p earan ce  
of tw o charge tra n s fe r  h an d s in  th e  sp e c tra  of th is co m p o u n d  m ay  be exp la ined  
by  the p o ssib ility  o f tw o in tra m o le c u la r  charge tra n sfe r  in te rac tio n s . T he f irs t  
o rig inates from  th e  p h en y l ring , b e in g  en h an ced  b y  th e  s u b s ti tu e n t  O H  g roup

The second tra n s itio n  does n o t involve an in te ra c tio n  w ith  th e  O H  
g roup , and  recalls th e  case o f th e  n o n -su b s titu ted  co m p o u n d , ch arac terized  
b y  th e  m esoineric sh ift (A).

(B) Spectra in mixed organic solvents

T he sh ift o f th e  charge  tra n s fe r  b a n d  tow ards red  in  e th an o l is m uch 
h ig h er th a n  correspond ing  to  th e  change o f so lvent p o la rity . T he app lica tion  
of th e  equa tion  given b y  Gati an d  Szalay [12]

f i n 2 1

I 2n2 -f- 1
(a b) +  b

D -  1

ъ т т

did no t yield a linear re la tio n  b e tw een  Av and
I D —  1

IdT t
. T h e  sh if t is thus due

n o t on ly  to  changes in  th e  d ielec tric  c o n s ta n t o f the  m ed ium  o r a lte red  so lva
tio n  energy , b u t  also accoun ts fo r th e  possible hyd rogen  b o n d  fo rm ation  
b e tw een  th e  so lu te  an d  so lv en t m olecules. H ydrogen  bond ing  occurs p ro b ab ly  
be tw een  th e  C =  0  g roup  of th e  so lu te  m olecules and th e  p ro to n s  of e thano l. 
T his ty p e  of bond ing  low ers th e  charge  d en sity  on th e  C =  0  group , hence 
increases its  e lec tron  accep tin g  c h a ra c te r . T he change in  e x c ita tio n  energy 
on going from  th e  low  p o la r ity  so lv en t to  e th a n o l am oun t to  2 .5— 3.7 kcal/m ole 
(T able I I ) .

T he fo rm ation  o f in te rm o lecu la r h y d ro g en  bonding is su p p o rte d  b y  th e  
sp e c tra  tak en  in  lo w -p o la rity  so lven ts co n ta in in g  increasing  q u an titie s  of 
e th an o l. The sp ec tra  rep resen ted  in  F ig . 2 reveal th a t  the charge  tra n sfe r  b and  
is genera lly  sh ifted  to w ard s red  w ith  in creasin g  e th an o l c o n c e n tra tio n  A clear 
isoshestic  p o in t is observed  in d ica tin g  th a t  an  equilib rium  is a t ta in e d  in solution
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b e tw een  th e  m olecules so lv a te d  b y  th e  lo w -p o la rity  so lven ts a n d  those bonded  
to  e th an o l th ro u g h  in te rm o le c u la r  hyd ro g en  bonds, fo rm in g  a so rt of m olec
u la r  com plex.

S +  n R O H ^ ( R O H ) „ . . . S

F o r  th is  equilibrium  re a c tio n

K  _  [ (ROH)„. . .S]  
1 [S] [R O H ]"

Fig. 2. Spectra of Ilg in ether-ethanol solvent mixtures

T he value of K f can  be  d e te rm in ed  from  th e  v a ria tio n  o f absorbance w ith  th e  
e th an o l c o n c e n tra tio n  a t a given w aveleng th . The e q u a tio n  used is th a t  g iven 
before [13], n am ely

l°g  Croh 1 b g  K f  
n

+ log
n

A A 0
A , - A .

w here A 0 =  ab so rb an ce  in  th e  low -p o la rity  so lven t,
А/ =  lim itin g  abso rbance  in  th e  presence o f excess ethanol, 
A =  ab so rb an ce  in  th e  m ixed  solvent.

The values o f K f, AG*, n an d  A E  o b ta in ed  for som e com pounds are lis ted  in  
T able I I I .  T h e  re su lts  in d ica te  th a t  th e  m olecular com plex  is form ed th ro u g h  
a w eak in te rm o lecu la r  hydrogen  b o n d  and  has th e  sto ich iom etric  ra tio  1 : 1 . 
The value of K f  is d ep en d en t on b o th  th e  solute a n d  th e  low -polarity  so lv en t 
used. This is an  acco rdance  w ith  p rev ious o b serv a tio n s [13].
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Table III

Results obtained in mixed organic solvents

C o m 
p o u n d S o lv e n t  s y s te m A, n m n lo g  K f K t

AG*,
k c a l/m o le

AE,
k c a l/m o le

id CC14—Ethanol 460 0.70 0.55 3.55 - 0 . 7 4 3.58
CC14—Ethanol 370 0.62 0.17 1.48 -0 .23 3.54

ih CHC13—Ethanol 390 0 . 6 6 0.31 2.04 -0 .42 2.70
Ic CHCI3—Ethanol 385 0.70 0.17 1.48 -0 .23 2.54
Ie Ether-Ethanol 380 0.60 0.50 3.16 -0 .67 3.70
Mg Ether-Ethanol 390 0.55 0.45 2.82 -0.61 3.00

(C) Spectra in buffer solutions

T he sp e c tra  o f th e  com pounds w ith  O H -group  w ere s tu d ied  in  b u ffe r  
so lu tions co n ta in in g  30%  (by volum e) e th an o l. T he a d d itio n  of e th an o l w as 
necessary  to  in crease  th e  so lub ility  o f th e  com pounds, p e rm ittin g  th e  reco rd in g  
o f sp ec tra  w ith  m easu rab le  absorbance , especially  a t low p H  values, w here th e  
com pounds e x is t as non-ion ic species.

The sp e c tra  in  bu ffer so lu tions, rep resen ted  in  F ig . 3, show th e  n o rm al 
b ehav iou r. S o lu tions o f low  pH  d isp lay  a b a n d  w ith  Amax a t  sh o rte r w aveleng ths 
co rrespond ing  to  th e  absorbance  o f th e  non-ion ic fo rm . W ith  increasing  p H , 
th e  abso rbance  o f th e  b an d  decreases, w hile a n o th e r b a n d  is developed a t  
a longer w av e len g th . T he absorbance  o f th is  b a n d  is due  to  a b so rb tio n  b y
th e  ionic species, an d  i t  a tta in s  a m ore or less c o n s ta n t v a lu e  a t high p H . C om 
m only  tw o isosbestic  p o in ts  are observed, w ith in  th e  p H  ranges 2— 8  and  8 — 12. 
In  a few cases th e  second is no t observed, h u t  th e  sp ec tra  a t  h igher pH  d ev ia te  
from  th e  isosbestic  p o in t observed  in  th e  low er p H  ran g e . T he abso rbance  vs. 
p H  curves (F ig . 4) are  ty p ic a l d issociation  curves w ith  a sm all in flection  on 
th e  rising  p a r t . T h is d eno tes th a t  the tw o p ro to n s are  d issociated  in a s te p 
wise m an n er from  th e  so lu te  m olecule, lead ing  to  tw o equ ilib ria

H ,B  H+ +  H B -
H B -  H+ +  B —

This p H - ti tra t io n  o f some com pounds revealed  th a t  tw o moles of so d ium  
h y d ro x id e  are consum ed  in  th e  n e u tra liz a tio n  reac tio n . Also, th e  t i t r a t io n  
curve is cha rac terized  b y  tw o, h u t no t well defined , in flec tions. A ccordingly, 
i t  can  be concluded  th a t  th e  tw o O H -groups are  n o t s im u ltan eo u sly  d issociated . 
T he stepw ise d issoc ia tion  o f th e  O H -groups in d ica te  th a t  th e  ionized p a r t  can 
h in d e r to  som e e x te n t  th e  in tram o lecu la r charge tra n s fe r  from  th e  non-ionized 
O H -group.

7* Acta Chim. ( Budapest) 89,1976



3 8 8 ISSA e t  al.: ELECTRONIC A BSO RPTIO N  SPECTRA

F ig . 3. S p ec tra  o f Ic  in  b u ffe r  solutions

F ig. 4.

The d issoc ia tion  co n stan ts  o f th e  com pounds w ere d e te rm in ed  app ly ing  
th e  m ethods d iscussed  p rev iously ; in  th e  m ain  th ey  w ere th e  follow ing:

(1) H a lf-h e ig h t m eth o d  [14].
12) T he lim itin g  abso rbance  m e th o d  as m odified  fo r stepw ise eq u i

lib ria  [14].
(3) T he C olleter [15] m e th o d  m odified  for ac id -base  equ ilib ria  [14]. 
The resu lts  o b ta in ed  are show n in  T able IY . These values in d ica te  th a t  

{h) has a h ig h er p K a th a n  (c) due to  th e  presence of th e  donor O C H 3 in  th e
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Table IV

Results obtained in  buffer solutions

Com-
Non ionic form Ionic form P h \ Р к г

pound
^max £max ' 10 4 3

^max %ax ■ 10"* l 2 3 Meam 1 2 3 Mean

Ic 357 4 .2 8 46 0 3 .6 6 8 .75 8 .7 5 8 .6 5 8 .7 2 9 .5 0 9 .50 9 .4 5 9 .4 7

ih 395 3 .5 8 49 0 5 .45 8 .9 0 8 .9 2 8 .8 5 8 .8 9 9 .8 0 9.97 9 .7 0 9 .8 2

He 405 4 .0 2 49 5 5 .2 6 8 .6 0 8 .5 5 8 .5 2 8 .5 6 9 .4 0 9.35 9 .4 5 9 .4 0

D g 395 3 .0 9 4 9 0 3 .19 8 .95 8 .9 7 9 .0 0 8 .9 8 9 .9 5 9 .95 10 .05 9 .9 8

I lh 410 4 .1 3 505 5 .4 4 8 .60 8 .6 5 8 .7 0 8 .6 5 9 .5 8 9 .6 6 9 .7 0 9 .6 5

H i 310 4 .2 3 40 5 4 .7 3 7 .6 0 7 .8 0 7 .7 0 8 .7 5 8 .3 0 8 .2 7

fo rm er. Also (g ) has a slig h tly  p K a v a lu e  th a n  (c), in d ica tin g  a low er p a r t ic i 
p a tio n  of th e  o-O H  g roup  in  th e  in tram o lecu la r  charge  tra n s fe r . The p resen ce  
of th e  tw o accep to r B r a to m s in  (i) low ers p K a to  a m easu rab le  ex ten t.

(D) Infrared absorption spectra

T he in fra re d  sp e c tra  o f th e  com pounds u n d e r in v es tig a tio n  were reco rd ed  
in  th e  4000— 400 cm ^ 1 reg ion  in  K B r pelle ts . T he p re se n t discussion is p r i 
m arily  concerned  w ith  th e  bands in flu en ced  b y  th e  m olecular s tru c tu re , 
m ain ly  th e  C =  0  b an d s  (T able Y). The b an d s  co rresp o n d in g  to  th e  OH s tre tc h -

ТаЫе V

Solid  s ta te d  infrared spectral d a ta ^  fo r  series I  and  I I

Se
ries («) (6) M (<0 (•) (/) (*) W (0 Band assignment

— — 3300 — — — 3450 3400 3420 rO H

1665 1660 1657 1650 1670 1672 1660 1640 1700 v C = 0
I 1612 1600 1600 1605 1610 1615 1605 1600 1610 v C = 0

1585 1575 1580 1580 1580 1580 1570 1580 1590 vC = C  skeletal v ib r.

1500 1505 1520 1520 1495 1490 1485 1510 1490 vC = C  skeletal v ib r.

1450 1450 1450 1450 - 1440 1450 1450 1460 i>C=C skeletal v ibr.

— — 3320 — — — 3300 3400 3440 rO H

1686 1683 1680 1675 1690 1650 1650 1690 1660 j>C =0

1635 1625 1630 — 1630 1630 — 1620 1610 vC = C
и 1610 1600 1610 1590 1600 1610 1605 1600 1590 vC = C  skeletal vibr.

1500 1510 1520 1520 1480 1490 1490 1520 1480 vC = C  skeletal v ib r.

1450 1450 1445 1440 1450 1452 1460 1450 1450 v C = C  skeletal v ibr.

(a) In  K B r pelle t
(b) A bsorption  b an d  frequencies, cm “ 1
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in g  freq u en cy  of com pounds (c), (h), (g ) a n d  (i) are observed w ith in  th e  ran g e  
3300— 3450 cm -1 . T he low  values in d ica tes  t h a t  th e  O H  g roup  is p ro b a b ly  
in v o lv e d  in  an in te rm o lecu la r hydrogen  b o n d in g . This b an d  will sh if t to  low er 
freq u en c ies  on going from  I„ to  I,, I,, an d  I,..

T h e  b and  due to  th e  s tre tch in g  v ib ra tio n  of the  C = 0  g roup  appears in 
th e  1700— 1640 and  1690— 1650 cm - 1  reg ions for com pounds o f th e  series I 
a n d  II, respectively . F o r  one and  th e  sam e series, th e  b an d  is sh if te d  to  low er 
freq u en c ies  as com pared  w ith  th e  p a re n t co m p o u n d  w hen th e  a ro m a tic  sy stem  
h as  an  electron donor s u b s ti tu e n t, and  i t  is sh ifted  to  h igher frequencies w hen

tí
Fig. 5. Pq—O (Hammett) plots

th e  su b s titu e n t has e lec tron  accep to r ch a rac te r. O bviously , th e  e lec tro n  
d o n a tin g  groups fa v o u r  th e  p o la riza tio n  o f  th e  carbonyl g roup  th ro u g h  th e ir  
en h an cem en t of th e  charge  tra n s fe r  from  the  phenyl rin g , w hile e lec tron  
a t tra c t in g  groups oppose  th is  p o la riza tio n . T he spectra  o f I, a n d  II, show  th is  
b a n d  at 1700 and  1660 cm -1 , re sp ec tiv e ly . T he b and  is th u s  sh ifted  to  a low er 
freq u en cy  com pared  w ith  lg an d  IIg, i.e . th e  com pounds w ith o u t b ro m in e  
su b s titu e n ts . T his in d ica tes  a decreased  po lariza tio n  of th e  C =  0  b a n d  ow ing 
to  th e  influence o f th e  accep to r c h a ra c te r  o f th e  brom ine atom s.

G enerally , i t  c an  be s ta te d  t h a t  th e  position  of th e  c a rb o n y l s tre tc h in g  
frequency  b an d  is in flu en ced  b y  th e  charge  tran sfe r from  th e  p h en y l ring , 
i.e. b y  th e  n a tu re  o f th e  su b s titu e n t a t ta c h e d  to  th e  a ro m atic  sy stem , especially  
in  th e  para position . T he p lo ts of rC =  0  as a function  of a (H a m m e tt c o n s ta n t) , 
(F ig . 5) show lin ea r re la tio n s for each  series.

The r C = 0  b a n d  of IIa is lo c a te d  a t  a higher freq u en cy  th a n  t h a t  o f  Ia. 
T h e  red  shift and  th e  s tren g th en in g  o f  th e  bond  is due to  th e  s tra in  in  th e  five- 
m em bered  ring . I t  seem s to  be p a r t  o f  a general p h enom enon  w hich appears 
to  have its basis in  th e  sp h y b rid iz a tio n  ra tio  changes of th e  carb o n  a valence 
o rb ita ls , w ith  th e  re su lt th a t  all b o n d s d irec tly  a tta c h e d  to  a s tra in e d  ring  
becom e s tro n g er, w hereas th e  b o nds o f  th e  ring itse lf  becom e w eaker [16].
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INVESTIGATION OF THE CHEMISTRY OF DIOLS 
AND CYCLIC ETHERS, XXXIX

M EC H A N ISM  O F  D E H Y D R A T IO N  O F  D IO L S  O Y ER  C O P P E R  CATALYSTS 

Á . M o l n á r  a n d  M . B a r t ó k
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R eceived  A pril 17, 1975

T ran sfo rm atio n s o f th ree  d eu te rium -labelled  diols, viz. l,3 -b u tan ed io l-[3 -2IL] 
(I), l ,4 -p e n ta n e d io l-[4 -2H ] (II) an d  3 -m eth y l-2 ,4 -p e n ta n ed io l-[0 ,0 ’-2H 2] (HI) hav e  b een  
stud ied  over Cu/Al and  Cu c a ta ly s ts , a t  200 an d  205 °C in  o rd er to ob tain  a deeper in 
sight in to  th e  m echanism  o f processes revea led  earlier. T he m echanism  of th e  m ain  
processes rep re se n ted  b y  these  th ree  diols (d eh y d ra tio n  in to  oxo com pounds a n d  oxa- 
cycloalkanes co n ta in in g  the  sam e n u m b er o f  carbon  a to m s as th e  original diols, as well 
as frag m e n ta tio n ) hav e  been e lu c id a ted  a n d  th e  im p o rtan ce  of m etal-cata lyzed  h y d ro 
gen tran sfe r  processes is d em o n s tra ted .

In tro d u c tio n

T ran sfo rm atio n s of diols over m e ta l c a ta ly s ts  h av e  been rep o rted  in  
som e of our ea rlie r papers [1— 3]. R a n e y  copper (h e rea fte r  Cu/Al) induces th e  
following reac tio n s in  various ty p es  o f diols:

I
—C—(CHS), 

OH OH

- c —(CH2)„— c-
I о

-С — (СН2)„_,— CHS

0  ^o=cC

(CH.)„

V V

<l>

No reac tio n  occurs w hen  n =  0; i f  n =  1, oxo com pounds as well as frag m en ts  
are form ed, w hereas in  th e  case o f n =  2 or 3, d e h y d ra tio n  in to  cyclic e th e rs  
can  be observed.

T he follow ing suggestions can  be p u t  fo rw ard  w ith  re sp ec t to  th e  m e c h a 
nism s of th e  above tran sfo rm a tio n s , considering  li te ra tu re  d a ta  as well as o th e r  
evidences.
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T ran sfo rm a tio n  in to  oxo co m pounds can be v isualized  as show n in 
Schem e (2) describ ing  th e  reac tio n  o f 1 ,3 -b u tan ed io l as an  ex am p le . A d irec t 
tra n s fo rm a tio n  o f diols can be assu m ed  via  hydrogen  m ig ra tio n  in  a six- 
m em b ered , cyclic tra n s it io n  s ta te , w ith  th e  p a rtic ip a tio n  o f  b o th  h y d ro x y l 
g roups:

The fo rm a tio n  o f  oxo com pounds can , in  principle, be in te rp re te d  in 
te rm s  of fu r th e r  reac tio n s of various p r im a ry  products from  diols:

I H 2—  C H . — < Н - О Н з

I I
O H  O H

о

The follow ing th ree  possib ilities can  be presum ed for diol frag m en 
ta t io n :
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C H s

I
С Н з — C H - C H - C H - C H s

I I
O H  O H

( 4 )

T he fo rm a tio n  of cyclic e th e rs  m ay occur via  a fou r-m em bered  cyclic 
in te rm ed ia te  in v o lv in g  th e  tw o  h y d ro x y l g roups:

JCHO2

H 2 C  C H — C H s

o „  \ > — H

(CH2)2

' \ - H  CH ~ H’° r 7 -CH,

\
\  /  \04 .O -H

H 2 C

N o "

. C H — С Н з

H

A t th e  sam e tim e , a n o th e r tra n s itio n  s ta te  is also conceivable, based  on 
th e  concepts o f B a l a n d i n  et al. [4]:

jC'Hsh

H 2 C  C H - C H s  

O H  \ ) H

-H ,
H 2 c  C — C H s

O H  4 )

/ C H s

H2c c
V 0H

+ H ,
H A J --------- 0 H 2

11,(1 H 2 C  , C H — C H s
( Ö )

T he ac tu a l p ro b ab ilities  o f th e  various m echan ism s will be discussed
la te r .

In  th e  p re sen t w ork , we re p o r t  on a s tu d y  o f th e  m echan ism  o f th e  above 
th ree  processes b y  m eans of d e u te ra te d  s ta r tin g  su b stan ces. T h e  m odel com 
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p o u n d s  were selected so as to  ensure th e  p redom inance  of one of th e  possible 
p rocesses in each case. T h u s , th e  c h a ra c te ris tic  reac tio n  of 1 ,3 -bu taned io l- 
- [3 -2H ] is tran sfo rm a tio n  in to  an oxo com pound , th a t  o f l,4 -p e n ta n e d io l-[4 -2H ] 
is p ro d u c tio n  of a cyclic e th e r , w hereas 3 -m e th y l-2 ,4 -p e n ta n e d io l-[0 ,0 ’- 2H 2] 
gives m ain ly  frag m en ts . T h e  in te rp re ta tio n  o f th e  m echanism s w ill be done 
con sid erin g  our p rev ious re su lts , too .

E xperim en ta l

Syntheses of model compounds

1,S-butanediol-[3-2H] (I) was synthesized by reacting l-hydroxybutanone-3 with 
LiAlD4. The product contained 90% of I, as shown by mass spectrometry.

l,4-peníanedíoZ-[4-2H] (II) was prepared by reducing l-hydroxy-4-pentanone with 
LiAlD4. The product contained 90% of II(determined mass spectrometrically).

3-methyl-2A-pentanediol-[OrO'>-'2l i2] (III) was prepared by means of deuterium exchange 
between 3-methyl-2,4-pentanediol and D20  according to Ref. [5]. The product was analyzed 
by 1R spectroscopy and contained 85% of III.

Ethanol-[0-‘2Ъ1] was obtained from sodium ethylate and D20  according to Ref. [6].
Methanol-[2H4] was a commercial product (BDH).

C atalysts

The Cu/Al catalyst ŵ as obtained according to Ref. [7], with the following modification. 
The fraction of a 1 : 1 Cu -f- A1 alloy between grain sizes of 0.63 and 1 mm ŵ as treated with 
25% KOH for 24 hrs (ice-cooled initially), then washed free of alkali. Bulk density after drying: 
1.8 g cm-3.

Cu catalyst. The 0.63 — 1 mm fraction of CuO obtained from “Merck” CuO powder by 
pressing, grinding and screening, was reduced by heating in a hydrogen stream of 60 ml min-1 
up to 190 °C during 1 hr. The sample was kept at this temperature for 2 hrs, then at 200 °C 
for further two hours. This was followed by heating up to 250 °C (heating period 1 hr) and re
duction for 2 hrs; the same procedure was repeated with 290 °C as the final temperature. The 
catalyst was stored in hydrogen after reducing and activated for 2 hrs before use in a hydrogen 
stream of 60 ml min-1 , at the temperature of the experiment. Bulk density: 2.2 g cm-3 .

Procedure

Experiments were carried out in a glass reactor tube at 200 and 205 °C. 12.5 cm3 of the 
Cu/Al or 7.5 cm3 of the Cu catalyst was placed into the reactor tube under a glass bead layer 
serving for evaporation. The temperature was controlled by a temperature regulator and 
measured by a thermocouple placed into a 3 mm I.D. pocket in the center of the reactor. 
The sensor was placed in at half height of the catalyst layer.

Diols were introduced into the reactor by a glass syringe driven by an electric clock
work. A feed rate of 2 cm3 hr-1 of liquid was maintained for the Cu/Al catalyst, whereas this 
value was 1.2 cm3 hr-1 for the Cu catalyst; these values gave identical space velocities in both 
cases (0.16 hr-1). Since, apart from hydrogen, no gaseous products formed, evaluation, identi
fication and calculation of the composition were carried out on the basis of the liquid products.

Investigation of deuterium exchange was carried out under conditions identical with 
those applied for diol reactions (200 °C, 2 ml hr-1 for Cu/Al and 205 °C, 1.2 ml hr-1 for Cu 
with both ethanol-[0-2H] and methanol-[2H4] as starting materials). Reactions and sampling 
were carried out with the exclusion of air humidity.

The isotopic purity of starting materials was checked by mass spectrometry and IR 
spectroscopy; the deuterium content and distribution of products were measured by mass 
spectrometry. A FINNIGAN 1015 S/L GC -f- MS device served for the latter purpose.

In one case, an NMR spectrum was recorded on a JEOL C 60 HL spectrometer in order 
to determine the position of deuterium in deutero-2-methyltetrahydrofuran.
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P ro d u c ts  of ca ta ly tic  reac tio n s were id en tified  by  gas ch ro m a to g rap h y , using  reference 
su bstances. The conditions o f c h ro m a to g rap h y  were as follows. C olum n: 2 m  packed  w ith  
0.2 — 0.3 m m  M erck K iese lguhr coated  w ith  15%  d ipheny lfo rm am ide; ca rrie r gas: hydrogen , 
40 cm 3 m in - 1 ; tem p e ra tu re : 65 °C; d e tec to r c u rre n t: 180 mA; a p p a ra tu s  Carlo E rb a  FRA CTO - 
У А Р  M odel P . (For F ig . 5: s ta tio n a ry  phase  C A R B O W A X  1500, flow  ra te  60 cm 3 m in - 1 , 
t =  80 °C).

R esults

F irs t, th e  a c tiv ity  o f  th e  c a ta ly s t in  deu terium  exchange was checked. 
E th a n o l- [0 - 2H ] was used  to  s tu d y  exchange in th e  O—D group  and  m e th a 
nol- [2H 4] exchange in  th e  C -D  group.

O n th e  Cu/Al c a ta ly s t ,  e th a n o l- [0 - 2H ] tran sfo rm ed  a lm o st com pletely  
in to  “ l ig h t”  e th an o l; a t  th e  sam e tim e  th e  C—D bonds o f  m e th a n o l-[2H 4] 
show ed no reac tion ; co n seq u en tly , d eu te riu m  in  th e  h y d ro x y l g roup  is exchanged  
ra p id ly  over th is  c a ta ly s t ,  w hereas th a t  bonded to  of ca rb o n  a tom  is not 
reac tiv e . This is obv iously  due to  th e  fa c t th a t  p a r t  o f th e  a lum in ium  is tr a n s 
fo rm ed  in to  A120 3 d u rin g  d isso lu tion  o f th e  alloy and  rem ains in  th e  c a ta ly s t; 
th is  com ponen t brings a b o u t d eu te riu m  exchange. C onsequen tly , th is  c a ta ly s t 
is n o t su itab le  for th e  s tu d y  o f 3 -m e th y l-2 ,4 -p e n ta n ed io l-[0 ,0 ’- 2H„] (i.e. the  
m odel substance  for f ra g m e n ta tio n ); th is  was th e  reason w hy we p rep ared  the  
o th e r  Cu ca ta ly s t causing  no d eu te riu m  exchange in e ith e r  th e  C—D or 0 —D 
bonds.

In  o rder to  d e te rm in e  th e  e x te n t o f d eu te riu m  exchange betw een  the  
oxo com pounds form ed a n d  th e  alcoholic h y d roxy l group , 1 : 1 m ix tu re  of 
m e th y l e th y l ketone an d  e th a n o l- [0 - 2H ] w as in tro d u ced  on to  th e  Cu c a ta ly s t 
an d  th e  d eu te rium  c o n te n t of m e th y l e th y l ketone d e te rm in ed . The la t te r  
v a lu e  w as ab o u t 1 0 %  an d  th e  d eu te riu m  co n ten ts  of b o th  a lk y l g roups were 
n e a rly  equal. Since th e  effects observed  d u rin g  in  th e  reac tio n s w ere consid
e rab ly  la rg e r th a n  th e  e x te n t o f exchange, th e  la t te r  w as assum ed  n o t to  
in flu en ce  s ign ifican tly  th e  co rrec tness o f th e  conclusions.

T he tw o ca ta ly s t ty p e s  w ere co m p ared  b y  de te rm in in g  th e  te m p e ra tu re  
d ependence  o f th e  tra n s fo rm a tio n  of 1 ,3 -bu taned io l on th e m . F igures 1 and  
2  show  a t  low er te m p e ra tu re s  b o th  c a ta ly s ts  are very  sim ilar, g iv ing  p rac tica lly  
id en tica l p roduc ts in  n ea rly  id en tica l am o u n ts , p resu m ab ly  fo rm ed  via id en 
tic a l m echanism s. F ig u re  3 show s th e  ch rom atog ram s o f th e  p ro d u c ts  from
3-m eth y l-2 ,4 -p en tan cd io l fo rm ed  on b o th  ca ta ly s ts . T he conclusion  m ay he 
s im ila r to th a t  d raw n befo re , b u t f ra g m e n ta tio n  is even m ore se lective on Cu. 
A t th e  sam e tim e, no cyclic e th e r  is fo rm ed  on th e  Cu c a ta ly s t, in s te a d , a lac ton  
is p ro d u ced ; therefo re , th is  com pound  cou ld  be in v es tig a ted  w ith  respect to  
cyclic e th e r  fo rm ation  on th e  Cu/Al c a ta ly s t  (Fig. 4).

T he d eh y d ro g en a tio n  o f  p rim ary  an d  secondary  alcohols shows ab o u t 
th e  sam e y ie ld  over b o th  c a ta ly s ts  a t  200 °C; e.g. n -p ro p an o l gave abou t 
10— 15%  of p ro p io n ak lch y d e  and  i-p ro p an o l ab o u t 5 0 —6 0 %  of acetone. 
No d eh y d ra tio n  could be o bserved  on th e  Cu ca ta ly s t up  to  290 °C in  c o n tra s t
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F ig . 1. T ransform ation  o f 1 ,3 -bu taned io l as a fu n c tio n  of th e  te m p e ra tu re , over Cu an d  Cu/Al
c a ta ly s ts  (100%  conversion  in  every  c a s e ) . --------- tran sfo rm a tio n  over Cu/Al c a ta ly s t ,------------
tran sfo rm a tio n  over Cu c a ta ly s t;  O #  p ro d u c ts  w ith  th e  sam e ca rb o n  nu m b er as th e  diol;

Л ▲ frag m en ta tio n  p ro ducts

F ig . 2. C hrom atogram  o f p ro d u c ts  o b ta in ed  in  th e  tran sfo rm a tio n  of 1 ,3-butanediol; a: Cu/Al, 
200 °C; b: Cu, 205 °C. 1 a ce ta ld eh y d e ; 2  acetone, 3 e thanol, 4 b u ty ra ld eh y d e , 5 m eth y l e th y l

ke to n e , 6 2 -bu tanol, 7 1 -bu tano l

3

F ig. 3. C hrom atogram  o f  p ro d u c ts  o b ta in ed  in th e  tran s fo rm a tio n  of 3 -m ethy l-2 ,4 -pen tane- 
diol; a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 ace ta ldehyde , 2 e th an o l, 3 m e th y l e th y l ketone, 4 2-bu- 

tan o l, 5, 6, 7, 8 un iden tified  p ro d u c ts
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2

Fig. 4. Chromatogram of products obtained in the transformation of 1,4-pentanediol over a 
Cu/Al catalyst, at 200 °C. 2 2-methyltetrahydrofuran, 1 and 3 unidentified products

2 2

Fig. 5. Chromatogram of products formed in the reaction of a 1 : 1 mixture of methyl vinyl 
ketone and 1-propanol, a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 propionaldehyd, 2 methyl ethyl 

ketone, 3 methyl vinyl ketone, 4 1-propanol

3

Fig. 6. Chromatogram of products formed in the reaction of methyl vinyl ketone and 2-pro
panol (1 : 1 mixture), a: Cu/Al, 200 °C; b: Cu, 205 °C. 1 acetone, 2 2-propanol, 3 methyl ethyl

ketone, 4 methyl vinyl ketone
Acta Chim. ( Budapest)  89,1976



w ith  th e  results of T é t é n y i  et al. [ 8 ]  w ho h av e  found d e h y d ra tio n  o f  secondary  
alcohols over a Cu sam p le  p rep a red  sim ila rly , i.e. by  re d u c tio n  o f CuO.

T he ca ta ly sts  w ere  observed  to  b eh av e  sim ilarly  in  h y d ro g en  tran sfe r 
processes, too: d iffe re n t c a ta ly s ts  gave id en tica l am o u n ts  o f m e th y l e th y l 
k e to n e  from  m eth y l v in y l ke to n e  in  th e  presence of 1 -p ro p an o l an d  2 -propanol 
(F ig s . 5 and  6 ).

The resu lts co n cern in g  deu te riu m -lab elled  com pounds a re  sum m arized  
in  T ab le  I.

D iscussion

On the  basis o f o u r p rev ious [1, 2, 3J and  p resen t re su lts , th e  following 
conclusions can be  d ra w n  w ith  re sp ec t to  th e  a lte rn a tiv e  m echan ism s described 
in  th e  In tro d u c tio n .
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M echanism o f oxocompound formation

W ith  reference to  Schem e (3), isom eriza tion  of th e  u n s a tu ra te d  alcohol 
(a) and  d eh y d ro g en a tio n  of th e  s a tu ra te d  alcohol (d) are  ra p id  b u t th e  fo rm a
tio n  of these co m pounds is v e ry  slow, because th e  e lim in a tio n  o f th e  p rim ary  
h y d ro x y l group a n d  its  hydrogenolysis are  b o th  v e ry  slow . T h u s, th e  h ighest 
o vera ll p ro b ab ility  ca n  be a t t r ib u te d  to  process b, i.e. 1 ,3 -rea rran g em en t via 
a cyclic e ther or a cyclic-e ther-like  tra n s itio n  s ta te , as w ell as to  reac tio n  c, 
p ro v id ed  th a t  th e  h y d ro x y o x o  com p o u n d  form ed is co n su m ed  in  a reac tio n  
w hose ac tiv a tio n  en e rg y  is low er th a n  th a t  o f th e  hyd rogeno lysis  of th e  h y d ro 
x y l group, w hich  is a slow  process.

B oth  c a ta ly s ts  p ro d u ced  un lab e lled  m ethy l e th y l k e to n e  b u t a lm ost 
com pletely  d e u te ra te d  b u ty ra ld e h y d e ; th u s  it  can  be con c lu d ed  th a t  process c 
is ac tua lly  m ore lik e ly  to  ta k e  p lace  th a n  process b. H a d  th e  reac tio n  involved  
a cyclic e ther as an  in te rm e d ia te , b o th  com pounds sh o u ld  h av e  been labelled , 
since th ey  w ould  h a v e  form ed via  in tram o lecu la r d e u te riu m  tra n sfe r  from  th e  
cyclic ether.

C onsequently , th e  f irs t  s tep  o f th e  process is d e h y d ro g en a tio n , p roducing  
an  unstab le /1-h y d ro x y o x o  com pound , w hich undergoes th e rm a l decom po
sition , giving an  u n s a tu ra te d  oxo com pound by  w a te r  elim ination . T his, 
in  tu rn , gives an  a ld eh y d e  or k e to n e  in hydrogen tra n s fe r  processes w ith  th e  
partic ip a tio n  o f th e  u n reac ted  diol:

c h 3- c d - c h 2- c h 2 
I I -

о н  OH

СНз—CD—CH2— t f  ll:" -  CH2-C I)=C H — d f  — CHj —CDH—CH2—c ^
H H  HOH M

H>
(—HD)

СНз—0 — CH2-C H 2 CHj- С — CH=C1 0H .3— С — С Н ,— С Н з
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Labelled compounds produced during transformations of deuterated diols and their ratio to the corresponding unlabelled compounds
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T he p rim ary  s te p  o f  th e  sequence —  i.e. diol d eh y d ro g en a tio n  — is 
in itia lly  a pu re ly  c a ta ly tic  reac tio n , b u t, as i t  can  be concluded  from  th e  fac ts  
m en tio n ed , during  fu r th e r  stages also u n s a tu ra te d  oxo com pounds acqu ire  
som e role, and  s a tu ra te d  oxocom pounds can  be tra n sfo rm e d  in to  alcohols via  
h y d ro g e n  tran sfe r. W ith  re sp ec t to  th e  la s t  s te p , i t  is w ell know n from  th e  
l i te ra tu re  th a t  a ,/3 -u n sa tu ra ted  a ldehydes can  be co n v erted  in to  s a tu ra te d  
a ld eh y d es  in th e  p resen ce  o f  alcohols over co p p er c a ta ly s ts  [9]. T he m echanism  
o f th e  process has b een  confirm ed  re c e n tly  b y  an  iso tope  te c h n iq u e  in  
connec tion  w ith  th e  iso m eriza tion  of u n s a tu ra te d  alcohols [1 0 ].

O th e r pieces o f  evidences in  su p p o rt o f th e  above m echan ism  are  as 
follows:

(i) th e  c a ta ly tic  conversion o f an  eq u im o lar m ix tu re  of m e th y l v in y l 
k e to n e  and  1 ,3 -b u tan ed io l gives 100%  m e th y l e th y l ke to n e ;

(ii) m e th y l v in y l ke to n e  gives m e th y l e th y l k e to n e  in  th e  presence o f 
b o th  p rim ary  an d  seco n d ary  alcohols w ith  sim u ltan eo u s d eh y d ro g en a tio n  o f 
th e  alcohol;

(iii) w hen 1 ,3 -b u tan ed io l is re a c te d  a t  h igh  space velocities, 1 -hydroxy- 
-3 -b u tan o n e  as w ell as m e th y l v iny l k e to n e  are  found  am ong  th e  p ro d u c ts  [2];

(iv) th e  ra tio  o f  th e  tw o oxo co m pounds fo rm ed  is in  good ag reem en t 
w ith  d ifferen t re a c tiv itie s  of th e  tw o diol h y d ro x y l g roups in  th e  f ir s t  s te p , 
i.e. d eh y d ro g en a tio n ;

(v) th is  m ech an ism  offers an  e x p la n a tio n  for th e  phenom enon  th a t  
v e ry  low conversions can  be observed  fo r tra n sfo rm a tio n s  o f 1 ,2 -diols —  ex cep t 
fo r p inacoline —  o v er m e ta l c a ta ly s ts  [1]. D eh y d ro g en a tio n  of th ese  diols 
gives a -h y droxyoxo  com pounds, th e  w a te r  e lim in a tio n  o f w hich  is m u ch  slow er 
th a n  th a t  o f th e  /1-hydroxyoxo com pounds p roduced  from  1,3-diols.

The copper c a ta ly s ts  s tud ied  p a r tic ip a te  in  th e  f ir s t  an d  th ird  s tep  o f th e  
d eh y d ra tio n  of diols in to  oxo com pounds, i.e. in  th e  d eh y d ro g en a tio n  and  
hydro g en  tra n s fe r  processes, w hereas, th e  d eh y d ra tio n  step  itse lf  occurs 
—  according to  o u r op in ion  —  w ith o u t p a r tic ip a tio n  of th e  copper c a ta ly s t .

Mechanism o f fragmentation

O f th e  m echan ism s p u t fo rw ard  in  Schem e (4), process a, i.e. dea ldo liza- 
tio n  of th e  Д-h y d ro x y o x o  in te rm e d ia te  can  be reg a rd ed  as th e  m o st lik e ly  
ex p lan a tio n  fo r f ra g m e n ta tio n  on th e  basis  o f our exp erim en ts . P rocess b h as  
a low p ro b a b ility  over copper since a t  te m p e ra tu re s  sim ilar to  tho se  in  o u r  
experim en ts, no chem isorbed  h y d ro g en  shou ld  be p re sen t on copper [1 1 ].

The p ro d u c t com position  o bserved  is ag a in st m echanism s b an d  c. T hese  
la t te r  processes shou ld  lead  to  2 -b u ta n o l an d  ace ta ld eh y d e ; a t  th e  sam e t im e , 
nearly  equal a m o u n ts  o f ace ta ld eh y d e  a n d  e th an o l h av e  been  found , w ith  o n ly
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tra c e s  of 2 -bu tano l. U nder th e  cond itions app lied , 2 -b u tan o l is d eh y d ro g en a ted  
in to  m e th y l e th y l ke tone  w ith  a conversion  of ab o u t 5 0 —6 0 % , th ere fo re , 
th e  k e to n e  obviously  can n o t be fo rm ed  v ia  th is  ro u te , n e ith e r  can  th e  presence 
o f  e th an o l be exp la ined  b y  these  m echan ism s. D ealdo liza tion  c a n n o t be re sp o n 
sib le  fo r e th an o l fo rm atio n  e ith e r, in d ic a tin g  th a t  even i f  th e  process involves 
a /9-hydroxyoxo com pound as an in te rm e d ia te , th e  p ro d u c ts  m u s t p a r tic ip a te  
in  seco n d ary  processes.

B ased  on experim en ts w ith  3 -m e th y l-2 ,4 -p e n ta n e d io l-[0 ,0 ’] - 2H 2], as 
w ell as on o th e r observations, th e  follow ing p a th w a y  can  be suggested  for 
f ra g m e n ta tio n :

C H , C H 3

-C H a

OD OD
I II

ODO

C H 3C CH „C H 3+ C H 3C<
11(D)
О

; 0

H
( 8)

T he f irs t  s tep  is deh y d ro g en a tio n  in to  a /S-hydroxyoxo com pound , sim i
la r ly  to  th e  tra n sfo rm a tio n  lead ing  to  th e  oxo com pound . T h e  su b seq u en t 
re a c tio n  of th is  com pound is th e  reverse  process of a ldo lization  (d ea ldo liza tion ), 
g iv ing  tw o oxo com pounds. T he d e ta iled  m echan ism  of th is  process still rem ains 
u n k n o w n , th e re fo re , i t  is n o t clear how  d eu te riu m  enters in to  th e  m e th y l e th y l 
k e to n e  m olecule. I t  is un like ly  th a t  d eu te riu m  in th e  h y d ro x y o x o  com pound  
cou ld  ju m p  over to  th e  neighbouring  ca rb o n  a to m , s im u ltan eo u sly  w ith  С—C 
b o n d  fission . I t  w ould  be m ore like ly  t h a t  H  and  D atom s p ro d u ced  on th e  
c a ta ly s t  surface d u rin g  d eh y d ro g en a tio n  p a rtic ip a te  in  th e  process or, ev en 
tu a lly , d eu te riu m  tra n sfe r  from  a n o th e r diol m olecule tak es  place.

T h e  tw o oxo com pounds p ro d u ced  m a y  reac t w ith  th e  diol in  h y d ro g en  
tra n s fe r  processes giving th e  co rrespond ing  alcohol.

T h u s, i t  has been  p roved  th a t  th e  p r im a ry  step  of b o th  th e  tra n s fo rm a tio n  
in to  on  oxo com pound  an d  th e  f ra g m e n ta tio n  involve th e  fo rm a tio n  o f a /1-hyd- 
ro x y o x o  in te rm ed ia te . T he su b seq u en t re a c tio n  is de term ined  b y  th e  s tru c tu re  
a n d  re a c tiv ity  of th is  in te rm ed ia te . In  cases w hen w ater e lim in a tio n  from  th e  
h y d ro x y o x o  com pound  is h indered  b y  th e  presence of su b s titu e n ts  (in all p ro b 
a b ili ty , i t  is a th e rm a l c is-elim ination), th e  process m an ifests i tse lf  as d ea ld o 
liz a tio n  lead ing  to  tw o oxo com pounds.

M echanism o f form ation o f cyclic ethers

E x p e rim en ts  h av e  show n th a t  th e  p ro d u c t form ed from  1 ,4 -pen tane- 
d io l-[4 -2H ] over th e  Cu/Al c a ta ly s t co n ta in s  b o th  d e u te ra te d  an d  u n labe lled  
2 -m e th y lte tra h y d ro fu ra n ; on th is  basis, one could  conclude th a t  b o th  m ech a 
n ism s suggested  are  ac tu a lly  invo lv ed  in  th e  cyclization  in to  cyclic e th e rs  
(process (5) gives a d e u te ra ted , w hereas process (6 ) an u n labe lled  p ro d u c t) .
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T he fa c t, how ever, t h a t  l-p en tan o l-4 -o n e  does n o t give a cyclic e th e r e ith e r  
w ith  a p rim ary  or a seco n d a ry  alcohol as h y d ro g en  donor, co n trad ic ts  th is  
hyp o th esis  and in d ic a te s  th a t  m echanism  (6 ) is no t likely . T he low er d eu te rium  
co n ten t can be ex p la in ed  in  term s of d eu te riu m  exchange of th e  p ro d u c t, 
su p p o rte d  also by  th e  fo rm a tio n  of tw o ty p es  o f labelled  e th ers : in a d d itio n  
to  50%  of 2 -m e th y lte tra h y d ro fu ra n -[2 -2H ], 20 %  of m e th y l-d e u te ra ted  cyclic 
e th e r  has also been p ro d u c e d . A t th e  sam e tim e , th e  e lim in a tio n  of d eu te riu m  
in th e  following process observed  w ith  o th e r  diols is also possible, lead ing  to  
u n labe lled  diol in th e  ca rb o n  chain:

CH2CH2C H 2C C H 3 +  C H ,C H 2C H 2C D C H 3 C H 2C H 2C H ,C H C H 3

ОН О OH OH O H  OD
(9)

*

The au th o rs  w ish to  exp ress  th e ir  g ra titu d e  to  D r. I s tv á n  S z il á g y i  for k ind ly  pe rfo rm 
ing  an d  evaluating  th e  m ass spec tro m etric  m easu rem en ts .
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0-«-l-RHAM N0PYRAN0SYL-(1 -> 4)-0-«-l- 
R H A M N 0 P Y R A N 0 S Y L - ( 1  -> 6)-d-GALACT0PYRAN0SE

N O N A A C E T A T E

S Y N T H E S IS  O F T H E  C A R B O H Y D R A T E  C O M PO N EN T  O F  
R H A M N A Z IN -3 -0 -T R IO S ID E

H . W a g n er , A. L ip t á k ,* and P . N á n á s i*

( In stitu te  o f  Pharmacy o f  the University M u n ic h , G .  F. R . and Institu te  o f  Biochem istry o f  the
U niversity  Debrecen*)

Received S e p tem b e r  1, 1975

A rob inobiose  derivate  (3) w as sy n th esized  b y  w ay  o f condensation  of 1,2,3,4- 
d i-O -isopropylidene-a-D -galactopyranose (1) w ith  2,3,4-tri-O -acetyl-cc-L-rham nopyra- 
nosy l brom ide (2) in  benzene : n itro m e th a n e  (1 : 1) so lu tion , in  th e  presence of H g(C N )2. 
T he disaccharide w as characterized  a s  th e  c rysta llin e  robinobiose  h ep taace ta te  (5). T he 
p ro d u c t (3) of th e  f i r s t  condensation w as d eac e ty la ted  b y  Ze m p l e n ’s m ethod allow ed 
to  re a c t w ith ace to n e  to  give 6. The seco n d  co n densation  of 6 w ith  2 resu lted  in th e  p ro 
te c te d  trisacch arid e  d e riv a te  (7). The t i t le  com pound  (8) was o b ta in e d  via  deace ty la tio n  
a n d  hydrolysis o f 7 followed by a c e ty la tio n .

F ro m  th e  f ru it  o f  Rhamnus petiolaris (Bois) W agner  et al. [1] iso la ted  
tw o flav o n e  glycosides. One of these  glycosides is a rh am n az in -3 -0 -trio s id e  
w hich  —  on th e  basis  o f  chemical a n d  spectroscop ic  ev idence —  proved  to  
be rh am n az in -3 -0 -[a -L -rh am n o p y ran o sy l-( l —*- 4 )-a-L -rham nopyranosy l-(l —*■ 
—I- 6)]-^3-D -galactopyranoside. The tr isa c c h a rid e  was called  rham ninose. G ly 
cosides o f  th is  tr isa c c h a rid e  were also fo u n d  in  th e  fru it o f Rhamnus tinctoria 
and  Rham nus infectorius L. (x an th o rh am n in e) [2] and  Rham nus catharticus L. 
(ca th a rtic in e )  [3]. T h e  s tru c tu res  of x a n th o rh a m n in e  an d  ca th a rtic in e  w ere 
s tu d ied  b y  Schmidt et al. [4], and on th e  basis o f m ass sp ec tro m etric  in v e s ti
gations th e y  p o s tu la te d  tw o  a lte rn a tiv e  s tru c tu re s  for rham ninose , nam ely , 
0 -a -L -rh am n o p y ran o sy l-( l —>-4 )-0 -a -L -rh am n o p y ran o sy l-(l —*■ 6)-D-galactose or 
0 -a -L -rh am n o p y ran o sy l-( l —► 5 )-0 -a -L -rh am n o fu ran o sy l-(l —► 6)-D-galactose. 
The iso la tio n  of ro b inob iose  (0 -a -L -rh am n o p y ran o sy l-(l —► 6)-D-galactose) as 
a p a r tia l  hydro lysis p ro d u c t  o f the rh am n az io n -3 -O -trio s id e  seem ed to  m ake 
sure th a t  rham ninose  is 0 -a -L -rh am n o p y ran o sy l-(l —► 4 )-0 -a-L -rham nopyra- 
nosy l-(l —► 6)-D -galactose.

T he su b jec t o f o u r re c e n t work w as th e  p ro o f o f th e  s tru c tu re  of th is t r i 
saccharide  b y  syn thesis. F o r  th a t  purpose i t  w as necessary  to  p rep are  a su itab le  
p ro te c te d  deriv a te  of rob inob iose as th e  s ta r t in g  m a te r ia l o f th e  synthesis.

T he f ir s t  syn thesis  o f  robinobiose, re p o rte d  by  Zemplén et al. [5], did 
no t p rov ide  a su itab le  s ta r t in g  com pound fo r th e  syn thesis  of th e  trisaccharide , 
as i t  seem ed im possible to  o b ta in  a p ro d u c t w ith  selective p ro te c tio n  contain ing  
free h y d ro x y l group o n ly  a t  th e  C4 p o s itio n  o f th e  rham nose  m oiety .
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T hus th e  choice fell on l,2 ;3 ,4 -d i-0 -iso p ro p y lid en e-a-D -g a lac to p y ran o se  
(1) [6 ] w hich w as m a d e  to  reac t w ith  ace to b ro m o rh am n o se  (2) [7] in  a m ix tu re  
o f benzene  an d  n itro m e th a n e  ( 1  : 1), in  th e  presence o f H g(C N ) 2 c a ta ly s t. 
T races  of th e  s ta r t in g  m ateria ls  an d  th e  decom position  p ro d u c ts  o f 2 w ere 
rem o v ed  by  sh o rt-co lu m n  c h ro m a to g ra p h y  [8 ] and  th e  d isaccharide  (3) w as 
o b ta in e d  in  a y ie ld  o f 76% .

T he IR  an d  N M R  spectra  of 3 u n eq u iv o ca lly  su p p o rt th e  ex p ec ted  s t ru c 
tu r e ;  th e  C j-p ro ton  o f  th e  galactose m o ie ty  appears w ith  a chem ical sh if t o f 
b =  5.52 ppm  a n d  w ith  a coupling c o n s ta n t  o f J  =  5 H z, in d ica tin g  its  quasi- 
equatorial p o sitio n  (in  4C1 (D) co n fo rm atio n ) in  th e  tricyclic  rin g  sy stem . A t th e  
sam e  tim e, acco rd in g  to  th e  d a ta  o f  th e  chem ical sh ift (b =  4.56 ppm ) an d  
th e  coupling c o n s ta n t  (J  =  1.5 H z) o f  th e  Сг p ro to n  of th e  rh am n o se  m o ie ty , 
th e  position  o f th is  p ro to n  m u st also be  equatorial in th e  4CX (L) co n fo rm ation . 
A sim ilar sy n th es is  o f 3, un d er d iv e rse  reac tio n  cond itions, w as p rev io u sly  
re p o r te d  b y  Ja p a n e se  au tho rs [9] in  38 %  yield , b u t  th e  com pound  w as n o t 
fu lly  ch a rac te rized .

By sap o n ifica tio n  of 3 using  Ze m p l é n ’s m ethod , 4 w as o b ta in ed , w hich  
c o n ta in e d  free h y d ro x y l groups on ly  in  th e  rham nose m o ie ty , all th e  h y d ro x y l 
g roups of th e  ga lac tose  m oiety  b e in g  p ro tec ted . The s tru c tu re  of 4 w as also 
su p p o rte d  b y  its  I R  spectrum . O n th e  hydro lysis o f 4 w ith  50%  acetic  ac id  
free  roh inobiose w as o b ta ined , w h ich  w as ace ty la ted  w ith o u t iso la tion  b y  
m eans of ace tic  an h y d rid e  in  p y rid in e  to  y ield  th e  know  rohinobiose h e p ta -  
a c e ta te  (5).

The re a c tio n  o f 4 w ith  abs. ace to n e  in  th e  presence o f su lphuric  acid  gave  
l ,2 ;3 ,4 ;2 ’,3’- tr i-0 -iso p ro p y lid en ero b in o b io se  (6 ). The analysis of th e  gas c h ro 
m a to g ram  [1 1 ] o f  th e  ald ito l a c e ta te  m ix tu re  — o b ta in ed  b y  m e th y la tio n  o f 6  

using  K u h n ’s m e th o d  [10], follow ed b y  acid  hydro lysis, red u c tio n  w ith  N a B H 4 

an d  su b seq u en t ace ty la tio n  —  show ed  on ly  th e  presence o f 4 -O -m eth y lrh am - 
n ito l besides g a lac tito l. D eace ty la tio n  o f  5 followed b y  tre a tm e n t w ith  a c e 
to n e — su lp h u ric  acid  gave also 6. T h e reac tio n  of 6 w ith  2 in  a m ix tu re  o f  
benzene—n itro m e th a n e  (1 : 1) in  th e  p resence  of H g(C N )2 c a ta ly s t re su lted  in  7 
in  a yield  o f 6 2 % . T he crude 7 w as p u rif ie d  by  sho rt-co lum n  c h ro m a to g ra p h y  
to  o b ta in  th e  p u re  p roduc t as a w h ite  am orphous pow der.

In  th e  case of 7 th e  anom eric  con fig u ra tio n  of th e  in terg lycosid ic  b o n d  
betw een  th e  tw o  rham nose m o ie ties w as questionable . C alculations b a se d  on 
th e  op tica l a c t iv i ty  m ade th e  к -L -configura tion  p ro b ab le , w hich  s tru c tu re  w as 
th e n  u n eq u iv o ca lly  su p p o rted  b y  th e  N M R sp ec tru m  o f 7. T he signals o f 
th e  th ree  an o m eric  p ro tons a p p e a re d  w ith  th e  follow ing chem ical sh ifts  a n d  
coupling c o n s ta n ts :  b =  5.58 p p m  (J  =  5 H z); b =  5.01 ppm  (J  =  1.5 H z) 
and  b =  4.63 p p m  ( J  =  1.5 H z).

C om pound  7 was d e a c e ty la te d  b y  Z e m p l é n ’s  m eth o d  an d  th e  iso p ro p y li- 
dene g roups w ere hyd ro lyzed  w ith  50 %  acetic acid. T he free tr isa c c h a rid e
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o b ta in ed  a fte r  ev ap o ra tio n  of th e  h y d ro ly za te  was a ce ty la ted  w ith  p y r id in e -  
acetic  a n h y d rid e  m ix tu re  to  give th e  n o n a a c e ta te  (8), w hich was iso la ted  in  
c ry sta llin e  form  from  70%  aqueous e th an o l.

Experimental

M. p.’s were determined on a Kofler hot-stage apparatus and are uncorrected. Optical 
rotations were measured with a Polamat (Zeiss) automatic photoelectric polariméter. NMR 
spectra were recorded on a Jeol MH-100 (100 MHz) instrument using TMS as internal standard. 
1R spectra were obtained with a Perkin — Elmer instrument, Model 700, in KBr discs.

l,2 ;3 ,4 -D i-0 -isop ropy liilene-6 -0 -(2 ,3 .4 -tri-0 -aee ty l-a -L -rliam nopyranosyI)-a-D -
galactopyranose (3)

l,2;3,4-Di-0-isopropylidene-a-D-galactopyranose (5.20 g; 0.02 moles) (1) [6]and 
Hg(CN)2 (5.10 g; 0.022 moles) were dissolved in a mixture of abs. benzene (70 ml) and nitro- 
methane (70 ml) and the solution was concentrated at atmospheric pressure to about 60 ml. 
After cooling to 45 °C, 7.13 g (0.022 moles) of a-acetobromo-L-rhamnose (2) [7] was added, 
and the mixture was stirred in the absence of moisture. After 2 hrs TLC indicated the dis
appearance of the starting compounds. The mercury salts which precipitated were filtered off 
and the filtrate evaporated in vacuum. The residue was dissolved in chloroform (250 ml), 
filtered again and successively washed with 5% KI solution (5 X 20 ml) and water (3 X 100 ml). 
The neutral solution was dried over Na2S04 and evaporated to dryness. The syrupy residue was 
purified by short-column chromatography on Kieselgel G (350 g) with 9 : 1 benzene-methanol 
as the eluant, to give a syrupy product which solidified to an amorphous mass after standing 
a few days (8.16 g; 76.6%). [aj^ —93.2° (c =  0.81, chloroform). Rf 0.60 (benzene-methanol, 
9 : 1 >- NMR (in CDC13): ö =  5.52 ppm (d, 1 H, Ct-H, J  = 5 Hz); 5.35 — 3.50 (m, 10 H, skeleton 
protons); 4.56 (d, 1 H, Cr H, J  =  1.5 Hz); 2.15, 2.08, 1.99 (ss, 9 H, 3 Ac); 1.58 1.14 (m, 15 H,
2 C(CH3).> and 1 CH3).

C^H3f>013 (532.5). Calcd. C 54.12; II 6.81. Found C 55.10: H 7.02%.

l,2 ;3 ,4 -D i-0-isopropylidene-6-0(cc-L -rhaim iopyranosy l)-a-D -galactopyranose (4)

A solution of 3 (0.50 g) in abs, methanol (20 ml) was deacetylated with 0.5 ml of 0.1 M  
NaOCH3. After standing for 24 hrs at room temperature, the reaction mixture was neutralized 
with Dowex 50 (H+) ion exchange resin, filtered and evaporated to give 0.32 g (84.2%) of 
syrupy 4, which solidified to a pulverizable amorphous glassy product, [ajp —70.5° (c =  1.39, 
pyridine). Rf 0.08 (benzene-methanol, 9 : 1).

Ci8 H3 o°io (406.4). Calcd. C 53.19; H 7.44. Found C 53.90; H 7.60%.

Robinobiose heptaacetate (5)

Compound 4 (0.50 g) was dissolved in 50% aqueous acetic acid (25 ml) and heated at 
85 °C (bath temperature) until the complete hydrolysis of the isopropylidene groups was at
tained. As checked by TLC (benzene-methanol, 9 : 1), the hydrolysis was complete after 
6 hrs. The reaction mixture was evaporated in vacuum and the traces of water were removed 
by repeated addition and distillation of abs. benzene (5 X  20 ml). After drying over P20 5, the 
hydrolyzate was acetylated with a mixture of acetic anhydride (5 ml) and pyridine (5 ml) at 
room temperature for 24 hrs. The mixture was then evaporated to 3—4 ml, poured into crushed 
ice (25 g) and the product crystallized from 75% aqueous ethanol. The yield of the microcrystal
line acetate was 0.70 g (92.1%), m. p. 80 — 82 °C (lit. [9] m. p. 84.5 — 85 °C); [a]ß —8.9° (c =  
=  0.9, chloroform). Rf 0.50 (benzene-methanol, 9 : 1).
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l,2 ;3 ,4 -D i-0-isopropylicleiie-6 -0 -(2 ,3 -0 -isop ropy lidene-a-L -rham nopyranosy l)a-D -
galac to p y ran o se  (6 )

Compound 4 (2.70 g) was dissolved in 90 ml of abs. acetone containing 0.27 ml of cone, 
sulphuric acid. After shaking for 2hrs, the reaction became nearly complete (^80% , as shown 
by TLC) and this ratio did not alter even on further shaking for 1 hr. The mixture was then 
neutralized with cone. NH4OH, filtered and evaporated. The residue was dissolved in chloro
form (100 ml) and then unreacted 4 was removed by extraction with water (3x20  ml). The 
organic layer was dried over CaCl2 and evaporated to obtain 1.87 g (63.1%) of chromatographic- 
ally homogeneous, pulverizable, glassy 6: [a]D —80.6° (c =  0.64, chloroform). Rf 0.34 (ben
zene-methanol, 9 : 1).

C21H34O10 (446.5). Calcd. C 56.48; H 7.67. Found C 57.40; H 7.82%.
50 mg of 6 was methylated with methyl iodide (0.1 ml) and Ag20  (0.1 g) according to 

Kuhn’s procedure. The thin-layer chromatographically homogeneous syrup obtained after the 
methylation (Rj 0.52, benzene-methanol, 9 : 1) was directly hydrolyzed with 0.5 M  H2S04 
(2 ml) at 100 °C for 6 hrs. After dilution with water (5 ml) the reaction mixture was neutralized 
with BaC03 and evaporated. The hydrolyzate contained an equimolar amount of D-galactose 
and 4-O-methyl-L-rhamnose (PC solvent: n-butanol-ethanol-water, 5 : 1 : 4 ,  RTmg 0.07 (ga
lactose), 0.56 (4-O-methyl-L-rhamnose)).

10 mg of the hydrolyzate was reduced with NaBH, (30 mg) in water (2 ml) by letting 
the mixture to stand overnight. It was then neutralized with acetic acid and re-evaporated with 
methanol. The residue was acetylated with acetic anhydride (0.5 ml) and pyridine (0.5 ml) for 
15 min at 100 °C. The alditol acetates formed were directly injected to a GC apparatus (Rj>
8.2 min (4-O-methyl-L-rhamnitol), 44.6 min (galactitol)). The standard 4-O-methyl-L-rhamnose 
was prepared according to [12].

l,2,;3,4-Di-0-isopropylidene-6-0-[2,3-0-isopropylidene-4-0-(2,3,4-tri-0-acetyl-a-L- 
r l ia m n o p y ra n o s y l) -a -L - rh a m iio p y ra n o sy l]  -a -D -g a la c to p y ra n o s e  (7 )

Compound 6 (1.80 g; 4 • 10“ 3 moles) was dissolved in a mixture of benzene (50 ml 
and nitromethane (50 ml), and the solution was concentrated at atmospheric pressure to 35 — 
40 ml. After cooling to 45 °C, Hg(CN)2 (1.23 g; 4.2 • 10“ 3 moles) and a-acetobromo-L-rhamnose
(2) (1.48 g; 4.2 • 10“ 3 moles) were added and resulting mixture was stirred for 8 hrs until the 
starting material disappeared. The reaction mixture was then cooled, filtered and evaporated. 
The residue was dissolved in chloroform, filtered, the filtrate was successively washed with 
5% К I solution (3x30 ml) and water (4 x 2 0  ml), dried (CaCl2) and evaporated to dryness. 
The syrupy 7 was purified by short-column chromatography on Kieselgel G (solvent system : 
benzene-methanol, 9 : 1). 1.78 g (61.5%) of amorphous 7 was obtained, [oc]q —94.5° (c =  
=  1.85, chloroform). Rj 0.66 (benzene-methanol. 9 : 1).

NMR (in CDC13): ő =  5.52 ppm (d, 1 H. C,-H, J  «= 4.9 Hz); 5 .40-3 .40  (m, 16 H,
2 anomeric and 14 skeleton protons); 2.16, 2.07, 1.98 (ss, 9 H, 3 Ac); 1.60 — 1.12 (m, 24 H,
3 C(CH3)2 and 2 CH3).
C33H6o0 17(718.7). Calcd. C 55.14; H 701. Found C 55.82; H 6.83%.

4 -0 -[2 ,3 ,4 -T ri-0 -ace ty l-a -L -rham nopyranosy l] -(l-> 4 )-[2 ,3 -d i-0 -ace ty l-a -L - 
rham n o p y ran o sy l]-(1  -*■ 6 )-l,2 ,3 ,4 -te tra -0 -ace ty l-D -g alac to p y ran o se  (8 )

Compound 7 (1.26 g) was dissolved in 20 ml of abs. methanol and deacetylated with 
1 M  NaOCH3 solution (0.2 ml). The reaction mixture was neutralized, evaporated, and the 
residue (By 0.46, benzene-methanol, 8 : 2) was hydrolyzed with 50% aqueous acetic acid 
(30 ml) at 80 °C for 36 hrs. The product obtained after the concentration of the hydrolyzate 
was dried and acetylated with acetic anhydride (5 ml) in pyridine (5 ml) at room temperature. 
The solution was poured into ice-water and the solid product which precipitated was crystal
lized from 70% aqueous ethanol to give 1.35 g (90.6%) of 8, m. p. 82 — 84 °C. [a][) —30.5° 
(c =  0.59. chloroform). Rf 0.40 (benzene-methanol, 9 : 1).

C3fiH50O23 (850.8). Calcd. C 50.82; H 5.92. Found C 51.20; H 6.10%.
*
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RECENSIONES

Advances in Polymer Science 

(F o rtsc h ritte  d er H ochpo lym eren  Forschung) Yol. 17 

Springer Verlag, Berlin — Heidelberg — New York 1975, 103 pages

The volume contains the following review articles:
A. Ca sa le  — R. S. P o r t e r : Mechanical synthesis of block and graft copolymers.
The paper of 71 pages is written in English. It contains 32 figures, 23 tables and 113 

references.
Block and graft copolymers are manufactured and used today already on an industrial 

scale. In their preparation, the properties of the starting polymers can be modified within wide 
limits. One of the methods for their preparation is the mechanochemical approach. Concern
ing the mechanochemistry of polymers, several excellent monographs have been published, 
so that the authors of the present paper do not discuss the subject on the basis of the equip
ment used, but primarily on the basis of the physical state of the starting polymer. Thus, the 
preparation of block and graft copolymers by the mechanochemical route from solid polymer, 
polymer in rubber-elastic state, molten polymer and polymer in solution is described.

The survey is based primarily on the works of B aram bo in  and his school, and 
S im io n escu  and his school. Therefore, more than half (56 .6% ) of the references concerns the 
work of Soviet and Rumanian authors.

The material compiled is fairly known and rather old, which is indicated also by the 
fact that 69 references from before 1965, 34 papers cited were published between 1965 and 
1969, and only 10 in 1970 or later.

The authors often use as source the first English edition of the book of B aram boin  
(published in 1964, see: references [11]) though a second edition (in Russian) is also known 
since 1971.

It would have been more useful to survey the development in this field on the basis 
of publication appearing after 1970 and embracing an as wide as possible domain.

As concerns the lucidity of the compilation, its usability is made difficult and its value 
diminished by the inconsequent use of symbols (polymethyl methacrylate: PMM A or PMM. 
methyl methacrylate: MMA or MAM, acrylonitrile: AN or ACN, ethylene diamine: ED or 
ETDA, etc.), incomplete figures (Fig. 1: horizontal axis missing of dimension, Fig. 8: arbitrary 
curves, Fig. 15: PMM. Figs 27 and 28: incorrect coordinate indication, Fig. 31: arbitrary 
drawing of the curve, etc.), inexact formulas and citations (among the references, 15 were 
observed to be inexact or faulty).

The paper contains many missprints. These could have been eliminated by more 
careful proof reading.

W. H. Sh a r k e y : Polymerization through the carbon-sulfur double bond.
The paper of 31 pages is written in English. It contains 4 tables and 70 references.
The survey gives a clear picture on the preparation of compounds containing C-S group, 

liable to polymerization, and on their polymerization. Primarily, the following compounds 
are discussed: thioformaldehyde, thioacetophenone, 1-thioacyl aziridines, further thiocarbonyl 
fluoride, perfluorated thioacid halides and perfluoro thioketones. Among these compounds, 
polythioformaldehyde seemed to be promising, owing to its high melting point and crystal
linity, but similarly to the other H-containing derivatives with substantially lower melting 
points, its stability is poor. Therefore, it is not used in practice. Fluorine-containing polymers 
are rubber-elastic. Since they possess a series of valuable properties, the present research is 
aimed at the preparation of a product, in which the disadvantageous properties (trend for 
recrystallization, etc.) are eliminated.

With the exception of a few missprints and inaccuracies (e.g. references 22 and 23 
in the list of references are nowhere mentioned in the text, etc.), the paper gives a useful sum-
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шагу evaluation on the present state of our polymer chemical knowledge concerning thio- 
carbonyl compounds.

Beginning with the present Volume 17, the Publisher changed (enlarged) somewhat 
the format of the volume, owing to financial reasons. At the same time, to facilitate an easy 
survey, a cumulative author index of the volumes published so far (1 —17) has been added to 
this volume.

I. Géczy

Topics in  Current Chemistry, Vol. 57. Cyclic Compounds

Springer-Verlag, Berlin, Heidelberg, New York, 1975, 143 pages

The volume contains two monographs.
The first part is Structure and Reactivity of Cyclopropenones and Triafulvenes by 

T. E i c h e r  and J. L. W e b e r . Research into the macrocyclics, which is of increasing importance 
from both theoretical and preparative aspects, dates back barely more than ten years. As this 
excellent review shows, however, this short past has revealed many interesting features. After 
a brief introduction, the work (109 pages) discusses the chemistry of the cyclopropenones and 
triafulvenes in four chapters. These deal with the syntheses, structural and electron- 
structural characteristics, spectroscopic (UV, IR and NMR) and mass-spectro scopic investi
gations, and finally with their high reactivities. This illustrative and well-constructed work 
includes ample literature references (303).

The second review of the volume is The Higher Annulenones by M. V. S a r g e n t  and T. M. 
Cr e s p . It deals with the structures of completely conjugated inonocarbocyclic ketones, cyclic 
compounds the necessarily containing odd numbers of carbon atoms (4n 3, n =  2;
4n -j- 1, n =  3; 4n +  3, n =  3; 4n L n =  4; 4n -f- 1, n =  5), and annulenediones, and with 
studies of the diatropic and atropic properties of the rings, mainly based on NMR spectroscopy, 
together with the synthetic availability of the compounds (32 pages, 64 references). This va
luable review demonstrates that numerous questions remain to be solved in this field.

Both parts of the volume comprise worthy contributions to this high-quality series. 
It is particularly praiseworthy that both monographs refer to publications appearing up to the 
middle of 1974. This volume is invaluable for both the organic chemist and the spec- 
troscopist.

K . H ideg

G. W. G ib s o n : Mastering Chemistry 

W. B. Saunders Co., Philadelphia, London, Toronto, 1975, 468 pages

The поил is a collection of general chemical examples, containing more than 100 0 ex 
amples in 20 chapters. The solution is given for every example, and in many cases the results 
are supplemented by a few words of explanation. The subject matter of the book embraces 
virtually the whole of general chemistry: it contains an abundance of examples for every topic, 
starting from the atom and proceeding via thermodynamics and solutions to complex ions and 
the various equilibria.

In the first two chapters one can find examples connected with the use of numbers 
and equations: after examples dealing with logarithms, powers, the normal forms of numbers, 
roots, etc., problems are given relating to the interconversion of various units and to the ac
curacy of data. The problems involving the accuracy of the starting data and the calculated 
results are particularly valuable. The chapter dealing with the atom contains examples con
nected with the elementary particles and electron configurations. The chapter on compounds 
deals with ionic and covalent bonds, the valence bond and molecular orbital theories, the geo
metries of molecules, hybridization, and terminology. This is the longest chapter of the book. 
The topics in chapter 5 are atomic weight, molecular weight, the concept of mole and chemical 
formulas. Chapter 6 contains problems connected with chemical equations and stoichiometry. 
The subsequent chapter features thermochemical equations and the calculation of reaction 
heats, followed by two chapters with problems on the first and second laws of thermodynamics.
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Chapter 10 contains examples connected with the gas law. In chapter 11 we find problems re- 
latirg to the heats of vaporization and boiling points of liquids, and the bonding forces in 
liquids. Chapter 12 discusses the solid state, and phase diagrams and changes of state feature 
among the problems. The chapter on solutions deals with the different concentration units, 
their interconversion, and the laws of dilute solutions. The chapter on reaction kinetics contains 
examples on reaction rates and rate constants. The subsequent chapters provide examples 
dealing with equilibria of gases, the solubility product, chemical equilibria of acids and bases, 
and pH calculations. The topics of chapter 18 include electrochemical redox processes, electrode 
potentials, galvanic cells, electromotive force, and electrolysis. Chapter 19 contains examples 
connected with complex ions. The theme of the final chapter is organic substances: 85 exam
ples deal with organic processes, various reactions, isomerism, and nomenclature. The book 
is supplemented by an 8-page index.

To summarize, it may be stated that the book uses examples to treat most areas of ge
neral chemistry in a well surveyable form. In every chapter numerous problems are to be found 
which are provided with detailed explanations, while the processes of solving the problems are 
also described.

J . N a g t

H en ry  M. D r e w : Metal-based Lubricant Compositions

The book of H. M. D r e w  on metal based lubricant compositions has been published 
in 1975 by Noyes Data Corp. in Newr Jersey and London. The book treats over 349 pages the 
relevant U. S. patent literature of recent times. The number of patents discussed is 257, begin
ning with registration number 3.265.621 and closing with number 3.853.772. The book contains 
309 tables and 2 figures.

The selection of themes is based on the more important additive groups of lubricants, 
comprising the organometallic compounds and the metal soaps of organic acids.

The substances are discussed in three principal groups. The first group contains the 
metal based additives of lubricating oils, the second of cutting liquids, and the third of lubricat
ing greases.

Among the lubricating oil additives, the metal phenates, sulphonates and carboxylates, 
and within these, mainly the calcium, magnesium and zinc derivatives are discussed. It is 
actually difficult to class the other groups of the lubricating oil additives discussed within the 
subject matter of the book, because their important part essentially does not contain a metal 
ion. This chapter deals with the succinimide derivatives, i.e. with the ash-free dispersant addi
tives on nitrogen basis. For the sake of completeness, the so called low-ash dispersant additives, 
e.g. certain barium, calcium and zinc derivatives are also classed into this group.

In the third group of lubricating oil additives, oxidation and corrosion inhibitors, used 
primarily as additives of motor oils, first of all phosphorus and sulphur containing substances, 
such as zinc dialkyl dithiophosphoric acid derivatives and related compounds are discussed. 
Aluminium and lithium derivatives are also treated in this part, and surprisingly, ferrocene 
derivatives are also classed into this group.

The next part of the main chapter dealing with lubricating oils describes rather different 
products, e.g. copper powder, lead, zinc and nickel salts, further heat-carrying liquids, such as 
germano siloxane polymers and related compounds, which actually do not belong to the group 
of lubricants.

Finally, extreme pressure (EP) additives of lubricating oils are discussed. Among these, 
molybdenum derivatives are described, out of which molybdenum dithiophosphates and mo
lybdenum naphthenates are novelties worth of attention. Novel types of lead compounds, 
considered already as classical, thus e.g. lead thiosulfates, further recent trends of developments 
in the field of the similarly classical zinc compounds are discussed. New types of EP additives 
of fundamental interest are gold salts, antimony salts, titanium complexes, but also such simple 
compounds as calcium nitrate, further alkali borate dispersions.

A separate chapter deals with the auxiliary substances of metal working. These are not 
grouped according to the type of the additive, but according to the character of the working 
process. Auxiliaries of metal working, cutting oils, forging lubricants and lubricants of con
tinuous casting, quenching oils, hydraulic liquids, elastomer inhibitors, emulsion inhibitors 
are discussed here, further a few solid lubricants, which again do not fit closely in the topics of 
the book, e.g. sodium fluoride-graphite mixtures, boron nitride-sulfur mixtures, the mixtures 
of metal fluorides and aluminium phosphates, etc.
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The third main chapter of the book discusses lubricating greases grouped according to 
the base. Primarily, the most widely used lubricating greases, lithium based greases are dis
cussed, and as contrary to customary practice, here the gel forming component of the grease, 
soap, is also considered as additive. Thus, the process of lubricating grease manufacture proper 
is also discussed. Next, the additives increasing the film strength of lithium based greases are 
discussed, and the corrosion inhibitors of lithium based greases.

In accordance with their importance, the other types of lubricating greases are dealt 
with briefly. This involves aluminium and calcium based greases, and recent results achieved 
in the field of sodium based greases, on the way of becoming obsolate. This is followed by the 
description of development work concerning lubricating greases jellyfied with various gel 
formers, such as bentonite, polymers and similar substances. The main chapter on lubricating 
greases closes with the description of silicone greases, synthetic lubricating greases containing 
ester oil, and certain lubricating greases containing synthetic oils of other type.

This brief description of the contents of the book shows that the selection of the topics 
of the hook is more or less arbitrary, but it is based anyway on a tribological concept. Accord
ingly, basic knowledge can hardly be gained from the book, moreover, the author assumes that 
the reader is already well versed in this field. The purpose of the book is to acquaint the reader 
with the newest pertinent patent literature, since, according to the opinion of the author, this 
is the largest and all-embracing collection of technical-scientific literature in the world. In this 
literature, more practical information is collected, than in all the other sources. In general, 
his information is not taken into consideration and missed by those, who rely only on literature 
in journals, though a precondition of the publication of this type of information is the very 
fact to contain something new. Therefore, patent literature is never of summarizing or repe
titive character. Moreover, patent literature always gives very good ideas for the starting of 
further research.

In addition to the above considerations of the author, it has to be established that orien
tation in patent literatur is actually circumstantial, strenuous, time-consuming and difficult. 
Therefore, a periodic treatment of patent literature according to subject, facilitating greatly 
the information of those interested in the single topics, must be approved of. This is the chief 
merit of the book.

At the same time, both author and reader must be aware of the fact that an information 
source of this type becomes most quickly obsolete, because the predominant part of technical- 
scientific principles is more or less durable, while technical skill, i.e. practical technical know
ledge becomes today very quickly obsolete. Thus, reviews of this kind furnish information of 
merit for 5, but at the most for 10 years.

Conform to several books published in the USA literature, a characteristic feature of 
the book is that it is not critical and does not take a stand. Patents of different importance are 
discussed and considered at equal length and without a critical comment on their true utility. 
However, an important advantage of the book, as compared to other similar works is that it 
gives a summary picture on the state of art in the discussion of the single patent groups, and 
ranges new knowledge within this frame.

A further limiting factor of the book is perhaps that it deals exclusively with U. S. 
patent literature, and limits thereby the usability of the hook, particularly for Europeans, 
to a certain degree.

In summary, the book gives valuable technical information, without a claim to critical 
evaluation or fundamental scientific consideration, mainly for practical specialists, interested 
in process technology and application techniques.

E . V á m o s

International Revieiv o f Science, Inorgan ic  C hem istry , Series Tw o, 
V olum e 4. O rganom eta llie  D e riv a tiv e s  of th e  B asic G roup E lem en ts

Edited by B. J. Aylett, Westfield College, University of London. Buttetworths. London, Uni
versity Park Press Baltimore

The book is one of the complementary volumes of the series Inorganic Chemistry Series 
One, consisting of eleven volumes, terminated in 1972. The purpose of the volume is to give 
a review and a survey for universities and researchers on the results attained in organo-ele- 
ment chemistry in the period 1971—72.
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The aim of the authors was to report those new7 results of the organic compounds of 
elements belonging to the main groups of the periodic system, which are of importance from 
the point of view of preparative chemistry, spectroscopy and molecular structure.

The book consists of eleven chapters. The chapters were written by world-wide known 
experts of the corresponding fields of organo-element chemistry.

The first chapter deals with the chemistry of organo-alkali metals. It describes primarily 
the preparation and use of organolithium compounds. A separate part covers spectroscopical 
studies. The possible reactions of various organic compounds with lithium and the further 
usability of the compounds formed are described in detail. Of particular interest is the de
scription of organo-element compounds containing also lithium. Special attention is paid to 
the reactions of organolithium compounds and derivatives of the elements of the IV main 
group. The discussion of the organolithium compounds of transition metals is also noteworthy.

The second chapter deals with the organoboron compounds and their chemistry. A gen
eral description of organohydroborans and organohalogenborans is given and their prepara
tion and structure are discussed.

Triorganoborans and organoboron chalcogen derivatives are treated in a separate part. 
Within this part, boron-sulfur and boron-selenium systems are also covered.

The main part of the chapter concerns with boron-nitrogen chemistry. A detailed de
scription is given of the chemistry of borazines, of imine boranes and of organoboron nitrogen- 
containing heterocyclic molecules.

The author discusses anions of borate type, and a separate part deals with organoboron 
metal compounds.

The third part treats recent results of tin- and leadorganic chemistry.
The organotin and -lead compounds are described, and the decomposition reactions of 

the tin-carbon and lead—carbon bonds and organic tin and lead radicals are discussed.
Hydrides, halogenides and pseudo-halogenides, compounds formed with the elements 

of the VI/1 and V/l groups, and the derivatives of tin and lead formed with the elements of 
other main groups and with transition metals are described, each in a separate part.

The fourth chapter discusses the organic compounds of aluminium, gallium, indium 
and thallium. In the first place, the compounds of aluminium are described, hut the derivatives 
of the other elements of the III/l group are also dealt with. After the introduction of structural 
problems, the preparation of the corresponding organo-elements, reactions with various com
pounds, and the description of compounds formed with other elements are covered.

The great number of publications, which appeared in recent times on organosilicon 
compounds justifies that in the present hook two chapters are devoted to organosilicon com
pounds.

The fifth chapter concerns with silicon-carbon chemistry, various substituted silanes, 
siloxanes, cyclic compounds, their preparation and reactions, and discusses in detail the chemi
cal properties of silyl-substituted carbon compounds and silacycloalkanes containing double 
and triple bonds.

The sixth chapter reports the results of physico-chemical investigations achieved in 
organosilicon chemistry, and discusses then compounds containing a silicon-nitrogen bond. 
In recent times the chemistry of silicon-nitrogen organocoinpounds underwent a rapid de
velopment, and this field of chemistry is covered in this chapter.

Silylazenes containing nitrogen-nitrogen double bond, silyltriazenes containing three 
nitrogen atoms next to each other, and organosilicon compounds containing phosphorus and 
arsenic are described. The author of the sixth chapter reports also on organosilicon peroxides 
and ozonides prepared very recently. Researches the organosilicon compounds of sulfur, se
lenium and tellur is also briefly discussed.

The next chapter deals with the chemistry of organogermanium compounds. After 
discussing the preparation and reactions of compounds containing germanium-carbon bond, 
the author describes the organo-element germanium-metal compounds, then the derivatives 
containing elements of the V /l groups, and finally cyclic organogermanium compounds.

The eighth chapter reports on the present state of research in the field of organic zinc, 
cadmium and mercury derivatives. Of particular interest are organomercury compounds, 
which steadily gain ground in modern organo-element chemistry. The author lists a wide range 
of organic compounds containing mercury, and discusses also their structural problems.

The ninth chapter reports on recent research and results attained in the field of the 
organic compounds of arsenic, antimony and bismuth, the tenth chapter on those of the or
ganic compounds of beryllium, calcium, stroncium and barium. Both chapters discuss in detail 
the preparation, properties and reactions of the corresponding compounds, and even the com
pounds formed with other elements.

The last chapter deals with organomagnesium compounds. After the discussion of the
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molecular structure and spectroscopic results, the applicability of Grignard reagents in almost 
all the fields of organic chemistry is shown.

The last chapter is followed by a subject index.
The book of 417 pages contains a total of 2764 references. With the aid of the index, 

this kook which can be regarded as a handbook will be of particular value to all those who 
i ntend to obtain informations on recent development in organoelement chemistry.

J.  N a g y

Transition M etal Chemistry

The importance of transition metals in various fields of chemistry is not of recent origin, 
but it increased in the last two-three decades abruptly, and presumably, this development 
will still increase in the future. They are widely used in inorganic, organic, organometallic, 
physical, polymer and biochemistry. Their application in the chemical industry stimulated 
the interest of scientists. The number of scientific publications increased in recent years 
almost explosively, and became more and more difficult to survey. This difficulty was further 
increased by the fact that the great number of papers has been published in the most various 
journals.

A newly published international journal

Transition M etal Chemistry

is intended to ease this situation.
The first issue of the English-language journal of nice presentation has been published 

in the care of Verlag Chemie; GmbH in Octobre 1975. The editors promised 5 issues for 
1976, and following this, bimonthly publication.

In accordance with its title, Transition Metal Chemistry will publish papers dealing with 
the preparation of transition metal-based compounds, the determination of their structure, 
physical and chemical properties, the use of these metals in chemical syntheses, the study of 
their role in natural substances and their analytical determination. The field the new journal 
is designed to deal with is clearly determinad. This permits to hope that its aims will be 
satisfactorily attained, and scientists engaged in transition metal chemistry will be informed in 
the future in an easier way on the most important new results in their field.

B .  H e i l
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Р Е З Ю М Е

Применение метода гидропиролиза для определения содержания галогена
в органических соединениях

Л. МАЗОР

П ары  органи ческих  галоидны х соединений или  продукты  пиролиза, насы щ енны е 
водяны м паром , в  потоке инертного газа при  тем пературе  800— 1 Ю0°С на платиновом  
катали заторе полностью  р азлагаю тся  до галоидоводородны х кислот и окислов углерода. 
Д истиллят  со д ер ж и т  кислоты ил и  галогенидны е ионы в относительно небольш ом объеме, 
свободно от д р у ги х  ионны х помех, т. о., они м огут  быть количественно определены  с по
мощью объемного и л и  другого м етода анализа.

Экстракция празеодима трибутилфосфатом из растворов, содержащих смеси
минеральных солей

Л. ГЕНОВ и И. ДУКОВ

И сследована экстракц и я  празеодим а раствором  трибутилф осф ата в СС14 из водной 
фазы, содерж ащ ей смеси NaC104 и N a N 0 3; N aC lÓ 4 и N aSCN  или  N a N 0 3 и NaSCN. П о
казан о , что при н ал и ч и  этих смесей эк стр ак ц и я  празеодим а увеличивается .

О бнаруж ено, что увеличение экстр акц и и  определяется  увеличением коэффициентов 
активности, если в водной фазе находится N aC 104 и N a N 0 3, и образованием см еш анны х 
ком плексов если в водной фазе находится  N aC lO , и N aSC N  или  N a N 0 3 и NaSCN.

Калориметрическое исследование полимеризации цис-2,4-диметил-2,4,8,8, 
10,1-гексафенил-спиро (5,5)-пентаси л океана

T. СЕКЕЙ, М. ЛЕНДЬЕЛ, В. С. ПАПКОВ, А. В. ЗАЧЕРНЮК, А. А. ЖДАНОВ и. К. А. АНДРИАНОВ

Следя за  калорийны м и изменениям и цис-2 ,4-дим етил-2 ,4 ,8 ,8 ,10,10-гексафенил- 
спиро(5 ,5)-пентасилоксана с помощью Д С К  м и кр о кало р и м етр а  было установлено, что в 
ходе плавления п р о тек ает  процесс перекри сталлизаци и , т. к . исходная м одиф икация 
превращ ается  в  м одиф икацию , плавящ ую ся при более вы сокой тем пературе. Б ы ла иссле
дована  полим еризация вы ш еуказанного мономера в присутствии  различны х количеств  
катали зато р а  К О Н . Б ы л о  установлено, что р еак ц и я  я в л я ет ся  слож ной  и протекает на 
н ескольки х  ступенях . И сходя из калори м етрически х  кривы х , бы ли определены величины  
характеристически х  тем ператур , а т а к ж е  теплоты  п лавлени я  и полим еризации. С помощ ью  
приближ енны х методов бы ла рассчитана энергия акти вац и и  полим еризации, которая о к аза 
л ась  равной 30 к к ал /м о л ь .



Реакции соединений осмия (VIII) с аммиаком
Я. НИЛАШИ и П. ОРШОШ

В ходе реакции , протекаю щ ей м еж ду  тетраоки сью  осмия и амм иаком  в среде гид
роокиси к а л и я , образуется калийнитридо-осм ат (V II I ) ,  содерж ание азота в  котором  н ел ьзя  
измерить с помощ ью  метода К ьел ьд ал я , а  оно м о ж ет  бы ть определено лиш ь после восста
новления со сплавом  Д ью ара. Согласно наш им резу л ьтатам , ионы ни тридоосм ата(У Ш ) 
п р о я в л я ю т  катали ти ческое  влияние на  процесс р а зл о ж е н и я  концентрированной  серной 
кислотой, используем ой при определении азота методом К ьельд аля , в случае прим енения 
сульф ата к а л и я  к а к  обычного агента, повы ш аю щ его тем п ературу  кипения. В т ак и х  усло
в и ях  ам м и ак  о к и сл яется  до элем ентарного азота. П о к а  в системе находится ам м иак, там  
м ож ет при сутствовать и  ион ни тридоосм ата(У Ш ), но более вероятно, образую щ ееся из 
него соединение осмия с более низкой степенью  окислени я. Если, однако, ам м и ак  пол
ностью  о к и сл и л ся  до элем ентарного азота, то катали зи р у ю щ ее  соединение осмия у д а л я 
ется и з среды  концентрированной  серной кислоты  в форме OSOä. Степень окислени я за в и 
сит от м о л яр н о го  соотнош ения H S Ó 4 : H 2S 0 4 и то гда  становится м аксим альной , когда  
величина этого отнош ения равн а  1. Т етраоки сь  осм ия не п р оявляет  такого  к ата л и ти 
ческого эф фекта. Е сли, однако, перед р азлож ением  серной кислотой бы ла возм ож ность 
д л я  обр азо ван и я  нитридоосм ата(У Ш ), то его присутствие в сильной м ере м еш ает при 
определении  азота по К ьельдалю , д аж е  вообщ е последнее м ож ет и не удаться .

Свойства смесей спирт-амин, IX
Ф. РАТКОВИЧ и л .  домонкош

Д и польны й  момент вторичны х аминов в  случае  ж идких  диэтил-, ди -н-пропил- и 
ди -н -бутилам и нов  ум еньш ается с увеличением  тем пературы . Это явлен ие объ ясн яется  на 
основе сам оассоциации и параллельного  р асп о л о ж ен и я  м олекул  в ассоциатах . Э нтальпия  
обр азо ван и я  водородны х связей N — Н  . . . N, рассчи тан н ая  на основе м одели типа М еке— 
К ем птер , р авн а  2 ккал /м о л ь . Д ипольны й момент третичны х аминов увели чивается  с по
вы ш ением  тем пературы . Это явлен ие у казы вает  на сильное взаимодействие м еж ду  м о л ек у 
лам и в ж и д к о й  фазе, а т ак ж е  на то, что вследствие этого взаим одействия м олекулы  р а с 
пол агаю тся  ан ти параллельно  по отнош ению  д р у г  к  другу.

Свойства смесей спирт-амин, X

Вязкость вторичных аминов
Ф. ПАТКОВИЧ и. т- ШАЛАМОН

Н а основе измерений вязкости  ди-н- про п и л  -и ди-н- бутилам илов в ин тервале  
тем п ер ату р  —2 0 — |-80°С, были исследованы  изм енения средней степени ассоциации  в за  
висим ости от тем пературы . Выло обн аруж ен о , что с уменьш ением тем пературы  эн тал ьп и я  
а к ти в ац и и  лам инарного  течения, а вмехте с нею  и средняя степень ассоциации  сильно 
в о зр астаю т. Это явление м ож но и н тер п р ети р о вать  на основе м одели М еке - К ем птера, 
и сходящ ей  и з бесконечной цепи ассоциации . Э н тал ьп и я  образования водородного м остика 
чассч и тан н ая  и зд ан н ы х  измерений вязк о сти , р а в н а — 2,4 ккал /м оль, что хорош о со гл асу ет
ся  с расчетны м и величинам и данны х ди ел ектр и ч еск и х  измерений.



Расчет л>электронной структуры производных дизамещенного бензола, 
содержащих донорные и акцепторные группы, с помощью метода ППП—МО

А. КИШ и Й. СЁКЕ

я -Э л ек т р о н н а я  структура и  спектры  производны х дизамещ енного бензола, со д ер ж а
щ их электронодонорную  и электрон оакцепторную  группы , бы ли рассчитаны  с помощ ью  
метода П ар и зер — П а п п —Попла. В д етал я х  обсуж дается  применимость одинаковой сис
темы парам етров к  более ш ироком у к р у гу  производны х бензола. Расчеты  даю т хорош ие 
результаты  д л я  спектральны х  х ар ак тер и сти к , плотностей за р я д а  основного со сто ян и я  и 
п орядка  связей. П ри вод ятся  ср ав н ен и я  с другим и литературн ы м и расчетам и я -эл е  ктр о н - 
ной структуры .

Эквидензитометрия — метод определения структуры плзамы, IV

К. ДИТРИХ, К. НИБЕРГАЛ и X. РЁССЛЕР

О писы вается эксперим ен тальная х ар актер и сти ка  дуговы х плазм  постоянного то ка  
д л я  La20 3, G aA S и G e 0 2. Бы л и спользован  новый метод, объединяю щ ий сп ектр ал ьн у ю  
фотографию с фотографической эквидензитом етрией . У далось получить качественны е 
результаты  относительно  аксиального  распределен ия в плазме. П лазм ы  были ген ер и р о 
ваны  испарением к ато д а  в присутствии или отсутствии м агнитного поля.

П оказано, что максим ум  р ад и ац и и  всегда находится перед катодом  к ак  в отсутствии, 
т а к  я  в п ри сутствии  м агнитного поля. В еличина катодного обогащ ения зависит от ион иза
ционного п о тен циала  матрицы  и следов. В лияни е м агнитного поля проявляется  в  случае  
трудно ионизуем ы х м атриц .

Эквидензитометрия — метод определения структуры плазмы, III
К. ДИТРИХ, X. РЁССЛЕР и К. НИБЕРГАЛ

О писы вается эксперим ен тальная х ар ак тер и сти к а  дуговы х плазм  постоянного то ка  
д л я  GaAS и 0 е 0 2. Б ы л  использован новы й метод, ком бинирую щ ий спектральную  фото
графию  с ф отограф ической  эквидензитом етрией. У далось получить качественные данны е 
относительно а к с и а л ьн о го  распределения элементов в плазме.

Бы ло по казан о , что распределение элементов м атрицы  и следов зависит от ион иза
ционного потенциала. К ато д  обогащ ается элем ентам и с низким  ионизационны м потенциа
лом, а анод — эл ем ен там и  с высоким ионизационны м  потенциалом. Т ем пература плазм ы  и 
м атрицы  влияет на  распределение частиц . Р езультаты  подробно обсуж даю тся.

Электронные спектры поглощения некоторых диарилиденов циклопентанона
и циклогексанона

Р . М. ИССА, С. X. ИТАИВ, И. М. ИССА и А. К. ИЛЬ-ШАФИ

Б ы л и  сняты  электронны е спектры  поглощ ения некоторы х диарилиденов ц и кл о 
гексанон а и ц и клоп ен тан он а в органи ческих  раство р и тел ях  и буф ерны х растворах. С пек
тральн ы е сдвиги обсу ж даю тся  с точки зр ен и я  эффекта среды и м олекулярной  структуры . 
К ислотны е константы  диссоциации соединений, содерж ащ их группы  О Н , были определены  
на основе измерений в буф ерны х р астворах . Б ы л и  ассигнованы  важ нейш ие полосы погло
щ ения И К  спектров. П оследние обсуж даю тся с точки зр ен и я  м олекулярной  структуры .



Химия диолов и циклических эфиров, XXXIX

М еханизм  д еги д р а т а ц и и  д и о л о в  на  медном к а т а л и за т о р е

А. МОЛЬНАР и М. БАРТОК

Б ы л и  исследованы п ревращ ен ия  трех, м еченны х дейтерием диолов (1 ,3-бутандиол 
-[3 -Н 2](1), 1 ,4-пентандиол-[4-Н 2](П ), 3-м етил-2 ,4-пентандиол-[0 ,0’-Н 22](Ш ) на к ат а л и за 
то р ах  Си/A l и Си при тем п ер ату р ах  200 и 205°. Ц ел ью  исследований было вы яснение м ех а
низм а у ж е  ранее изученны х процессов. Б ы л  установлен  м еханизм  основны х процессов 
превращ ен ий  (дегидрация с образованием  оксосоединений и оксоц иклоалканов  с тем  ж е  
самым числом  углеродны х атом ов к а к  и в ди о дах , и ф рагм ентация), дем онстрируем ы й на 
тр ех  ди одах , вы деляя при  этом  определяю щ ую  р о л ь  процесса переноса водорода, к ата л и зи 
рован ного  металлом, в данны х р еак ц и я х  диолов.

Нонаацетат 0-х-Ь-рамнопиранозил-(1-*4)-0-х-Ь-(1-+6)-0-галактопиранозы
С интез к а р б о ги д р а тн о го  к о м п о н ен та  рам н ази н -3 -0 -тр и о зи д а

X. ВАГНЕР, А. ЛИПТАК и П. НАНАШИ

П роизводное робинобиозы  (3) было синтезировано  путем конденсации 1,2 : 3,4-ди-О- 
-изопропилиден -а-Ц -галактоп иран озы  (?) с 2 ,3 ,4 -три - О -ацетил-а-Б -рам нопиранозилбро- 
мидом (2) в растворе смеси бензола с нитром етаном  (1 : 1) и в присутствии H g(C N )2. Д и са
х ар и д  был охарактеризован  к а к  к ри сталли чески й  гептаацетат робинобиозы (5). П родукт 
первой  конденсации (3) бы л деац итилирован  методом Зем плена и затем  подвергнут взаим о
действию  с ацетоном, д а в ая  6. В торая конденсац ия соединения 6  и  2  приводит к  образо
ванию  защ ищ енного производного тр и сах ар и да  (7). Загл авн о е  соединение (8) было полу
чено через деацитилирование и гидролиз соединения 7 с последую щ им ацетилированием .
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