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Acta Chimica Academiae Scientiarum  Hungaricae , Tomus 68 (1 — 2 ), pp . 1— 9 (1971)

DETERMINATION OF SMALL QUANTITIES OF
EUROPIUM

M . F á b i á n -M o h a i , E .  U p o r  a n d  G y . N a g y

( M ecsek Ore M in in g  C om pany, Pécs)

R eceived  D ecem ber 15, 1969

A m eth o d  has b een  developed  for th e  d e te rm in a tio n  of sm all a m o u n ts  o f eu ro 
p iu m . Two o f th e  th re e  v a r ia tio n s  a re  b a sed  on th e  lum inescence d esc rib ed  b y  P o lu- 
e k t o v ; how ever, se lec tiv e  sod ium  am alg am  se p a ra tio n  of eu ro p iu m  h a s  m a d e  possible 
th e  use o f A rsenazo  I I I  re a g e n t fo r th e  d e te rm in a tio n  of th e  eu ro p iu m  c o n te n t  o f sam 
ples co n ta in in g  h ig h  q u a n tit ie s  o f  ra re  earth s .

In te rfe rin g  c o n ta m in a tio n s  are  se p a ra ted  b y  o x a la te  p re c ip ita tio n  a n d  e x tra c 
tio n  of ra re  e a r th s  w ith  d ib u ty lp h o sp h o ric  acid  follow ed b y  re -e x tra c tio n  u n d e r  special 
conditions.

T he follow ing se n sitiv itie s  w ere o b ta in e d  fo r th e  th re e  m e th o d s : 1 • 10“ 5 %  
(fusion , lum inescense), 2 ■ 10 4 %  (o -p h en an th ro lin e  +  a to p h a n e )  a n d  1 ■ 10" 3 %  
(A rsenazo I I I ) .

A fte r a cco m p lish m en t o f th e  d escribed  se p a ra tio n s  th e  o b ta in e d  so lu tion  is 
su itab le  for a n y  o f th e  th re e  ty p es  o f analysis. T hese  m eth o d s  a re  su ita b le  fo r th e  de
te rm in a tio n  o f th e  eu ro p iu m  c o n te n t o f m o n ac ite , a p a ti te , v a rio u s  ro ck s a n d  com pounds 
o f ra re  earth s .

Introduction

B esides n e u tro n  a c tiv a tio n  analysis  an d  em ission sp e c tro m e try , lu m i
n escen t m ethods h av e  also been  developed  fo r th e  d e te rm in a tio n  o f  sm all 
q u a n tit ie s  of eu ro p iu m  [1— 7]. M ost o f th e se  re su lts  w ere p u b lish ed  b y  P o l u - 

EKTOV et al. In  th e ir  f i r s t  p a p e r  [2] th e y  rep o rted  th e  lum inescence  o f eu ro 
p iu m  in  SrCl2—N aCl m ix tu re s  fu sed  in  th e  reducing  p a r t  o f a gas flam e. An 
a n a ly tic a l m ethod  fo r m ix ed  oxides o f ra re  e a r th s  is based  on th is  experience. 
E u ro p iu m  is e x tra c te d  w ith  0 .25%  sodium  am alg am  from  a 0.5 M  sodium  
c itr a te  so lu tion . A ccord ing  to  th e  cited  p a p e r, com ple te  sep a ra tio n  is ob ta in ed  
from  o th e r  ra re  e a r th s , a n d  sam ariu m  rem ain s in  th e  aqueous p h ase  q u a n t i ta 
t iv e ly ; on ly  eu rop ium  a n d  sodium  will in te rch an g e  in  th e  am alg am . S everal 
p a p e rs  deal w ith  th e  lum inescence  of so lu tions or suspensions o f com plexes 
fo rm ed  in  th e  p resence  o f  tw o che la tin g  agen ts. /S-diketones or o th e r  che la tin g  
a g e n ts  (th en o y ltr if lu o ro ace to n e , qu ino line d e riv a tiv es) an d  b ases co n ta in in g  
N  a to m s  (o -p h en an th ro lin e , p y rid in e  d e riv a tiv es) are  su itab le  c h e la tin g  agen ts 
to  p ro d u ce  com pounds cap ab le  o f  ex c ita tio n .

S am arium  an d  te rb iu m  also show  lum inescence u n d e r s im ila r condi
tio n s , an d  th e  o th e r  ra re  e a r th s  —  depend ing  on th e  e lec tro n  s tru c tu re  —  will 
en h an ce  or decrease th e  in te n s ity . Ions w ith  chang ing  valence  a n d  th e  tra n s i
tio n  m e ta l ions h a v e  s tro n g  q u ench ing  effect.

1 Acta Chim. Acad. Sei. H ung. 68, 1970
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T h e  object o f o u r w o rk  w as th e  d ev e lo p m en t o f  a m e th o d  (or m ethods) 
fo r  th e  d e te rm in a tio n  o f e u ro p iu m  in m inera ls  a n d  v a rio u s chem ical in te r 
m e d ia te s  or p ro d u c ts  c o n ta in in g  ra re  earth s. S ince th e  am algam  m eth o d  p ro 
p o se d  b y  P o lu ek to v  a ffo rd e d  a possib ility  fo r  th e  se lective sep a ra tio n  of 
e u ro p iu m  from  o th e r r a re  e a r th s , d e te rm in a tio n  o f  eu ro p iu m  b y  m eans of 
i ts  re a c tio n  w ith  A rsenazo  I I I  could also be  considered . I t s  p re lim in a ry  con
d i t io n  is th e  com plete s e p a ra t io n  of europium  fro m  th e  ra re  e a r th s  w hich  are  
p re s e n t  in  co n cen tra tio n s h ig h e r  b y  3—4 o rd e rs  o f  m a g n itu d e . F o r th e  sep a
r a t io n  o f  th e  rare  e a r th s  f ro m  o th e r  ions, we in te n d e d  to  use th e  co n v en tio n a l 
m e th o d  developed for th e  d e te rm in a tio n  of th e  to ta l  q u a n ti ty  of ra re  e a r th s :  
o x a la te  p rec ip ita tio n , e x tra c t io n  w ith  d ib u ty lp h o sp h o ric  acid  an d  re -e x tra c 
t io n  a f te r  the  ad d itio n  o f T B P  [8].

Extraction o f  europium with sodium  am algam

T h e  following fa c to rs  h a d  to  be s tud ied  b efo re  d ev e lo p m en t o f th e  re 
q u ire d  m e th o d :

(1) efficiency o f e x tra c tio n  and  re -e x tra c tio n  of eu rop ium ,
(2) effect of p H  on  th e  ex trac tio n ,
(3) se lectiv ity  o f th e  sep a ra tio n .
In  th e  ex p erim en ts , lab e lled  152E u and  153Sm  species w ere d e te rm in ed  

b y  m easu rem en t of th e  y - a c tiv i ty  or w ith  A rsenazo  I I I .
T h e  exp erim en ta l p ro c e d u re  was th e  fo llow ing:

5 m l of sodium  c it r a te  so lu tio n  w as added  to  th e  ac id  so lu tio n  co n ta in in g  th e  ions to  
be  a n a ly z e d , which w as th e n  n e u tra liz e d  w ith  10%  p o ta ss iu m  h y d ro x id e  so lu tio n  in  th e  p re s
en ce  o f  pheno lph ta le in , a n d  th e  v o lu m e  was m ade u p  to  10 m l. T he so lu tio n  w as sh ak en  to 
g e th e r  w ith  1 ml of 0 .25%  so d iu m  am alg am  in a se p a ra to ry  fu n n e l fo r 1 m in , a n d  a f te r  sep a ra 
t io n  o f  th e  phases th e  a m a lg am  co n ta in in g  th e  eu ro p iu m  w as w ashed  w ith  0.5 M  sod ium  c it
r a te  so lu tio n . A fter th is , th e  a m a lg a m  w as sep ara ted  a n d  d ried  fro m  a d h erin g  w a te r  b y  m eans 
o f f i l t e r  p ap er s trip s, th e n  d eco m p o sed  by  boiling w ith  5 m l o f 2 N  HC1 so lu tion . T h e  d e te r 
m in a t io n  was carried  o u t  in  th e  a q u eo u s  phase.

T h e  results o b ta in e d  fo r  th e  sep ara tio n  o f  eu ro p iu m  are  lis ted  in  T ab le  I . 
A s c a n  be seen, th e  loss o f  eu rop ium  during  th e  p ro ced u re  (tw o ex trac tio n s , 
w a sh in g  the  am algam  tw ic e  an d  its  deco m p o sitio n  w ith  h yd roch lo ric  acid) 
is lo w e r th a n  2%  u n ti l  o b ta in in g  the fina l so lu tio n . T hese v a lu es  w ere found  
to  b e  co n stan t in  th e  p H  ra n g e  betw een  8 a n d  12. T h u s  th e  a d ju s tm e n t of 
th e  co rrec t pH  value  m a k e s  no d ifficu lty  d u rin g  th e  e x tra c tio n .

E x tra c tio n  of th e  o th e r  ra re  earth s  w as s tu d ie d  u n d e r id en tica l cond i
t io n s  (tw o e x trac tio n s  a n d  tw o  w ashings). T h e  re su lts  are g iven  in  T ab le  I I .  
N e i th e r  in  th is  case do ch an g es  o f the  p H  b e tw een  8 an d  12 affect th e  effi
c ie n c y  o f the  e x tra c tio n , i.e. th e  separa tion  o f eu ro p iu m  from  th e  o th e r ra re  
e a r th s .

A cta  Chim. Acad. Sei. H ung. 68, 1971
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(Some d iff ic u lty  w as en coun tered  because  o f  th e  europium  c o n te n t of 
th e  chem icals u sed . A fte r  d e tec tio n  of th e  p resen ce  o f  eu ropium  b y  lu m in es
cence, th is  w as rem o v ed  from  th e  so lu tions b y  m ean s  o f  a single am alg am  ex 
tra c tio n , and  in  th e  follow ing w ork , such so lu tio n s  w ere used as th e  s ta r t in g  
m a te ria l. T he 153Sm  p re p a ra tio n  w as n o t rad io ch em ica lly  p u re , e ith e r ; its  
152E u  c o n ta m in a tio n  w as d e tec ted  b y  y -sp e c tro m e try  an d  rem oved as d esc rib 
ed  above).

Table I

E xtraction o f  europium  with 0 .25%  sodium amalgam

L oss o f eu ropium ,
%

E x tra c tio n  w ith  1 m l o f am algam 0.6

E x tra c tio n  w ith  4 x 1  m l o f am algam 0.2

W ashing  w ith  2 x 2 0  m l o f w ashing liqu id 0.4

A fter re -e x trac tio n , in th e  am algam 1.4 '

Table II

Extraction o f  rare earths ivith sod ium  amalgam

R a re  e a rth s  ad d ed R a re  e a rth s  found
(m e) G“ g)

10 m g L a  +  10 m g Ce

10 m g Y  - j -  10 m g Y b -J- 10 m g Ho -f-
< 0 .5

+  10 m g E r

10 m g N d  -f- 10 m g P r  -f- Ю m g T m  -j-

< 0 .5

- f  10 m g Gd < 0 .5
10 m g Sm < 0 .5

Tables I an d  I I  in d ica te  th a t  th e  se lec tiv ity  o f  th e  sep ara tio n  p ro ced u re  
m akes possible th e  m easu rem en t o f eu rop ium  w ith  A rsenazo I I I  re a g e n t, 
even  in  th e  p resence  o f  3— 4 o rd e rs  o f m a g n itu d e  h ig h e r q u an titie s  o f  o th e r  
ra re  ea rth s . In  a d d itio n  to  th is , th e  possib ility  o f d e te rm in a tio n  b y  lum inescence 
w as also considered . T h is la t te r  m eth o d  is su ita b le  fo r  o b ta in in g  a p p ro x im a te  
ana lyses and  fo r th e  analysis  of sam ples o f  e x tre m e ly  low  europium  c o n te n t.

D eterm ination o f europium with A rsenazo III reagent

Before th e  use o f A rsenazo I I I  as a re a g e n t, we h a d  to  check w h e th e r 
th e  so lu tion  o b ta in e d  b y  decom position  o f th e  a m a lg am  gives a p ro p er m ed iu m  
fo r p h o to m etric  m easu rem en ts  or n o t. A ccord ing  to  o u r in v estig a tio n s, th e  
m ercu ry  p resen t in th e  aqueous phase does n o t in te rfe re  w ith  th e  d e te rm in a -

1* Acta Chim. Acad. Sei. Hung. 68, 1971



4 FA BIA N -М ОНА! e t al.: D ETE R M IN A TIO N  O F EUROPIUM

t io n . I t  is , how ever, a w ell-know n  fa c t t h a t  in  th e  sligh tly  acid  m ed iu m  used 
fo r  d e te rm in a tio n  of th e  ra re  e a r th s , sod ium  ions will also in crease  th e  ligh t 
a b s o rp tio n  o f A rsenazo I I I  a t  th e  w av e len g th  used  for th e  m e a su re m e n t (652 
n m ). I t  w as  found  th a t  p e rfe c tly  id e n tic a l sod ium  co n ten ts cou ld  n o t  he  en 
su re d  d u r in g  th e  p re p a ra tio n  o f th e  am a lg am . T hus, sodium  ions a p p ea rin g  
in  th e  aq u eo u s  phase a f te r  deco m p o sitio n  o f  th e  am algam  could  h a v e  a v a ry 
in g  in flu e n c e  on th e  lig h t a b so rp tio n . A n o th e r  possible e rro r w as d u e  to  th e  
f a c t  t h a t  th e  a c tiv ity  o f  th e  am alg am  d ecreases on storage; use o f a n  o ld  p re p 
a r a t io n  fo r  ex trac tio n  m a y  re su lt in  5— 10%  loss of eu rop ium . I n  o rd e r to  
e lim in a te  b o th  sources o f e rro r , th e  m e th o d  o f using an  e x te rn a l s ta n d a rd  
w as  em p lo y ed . S im u ltan eo u sly  w ith  th e  an a ly s is  o f th e  sam ple, a k n o w n  q u a n 
t i t y  (10 f ig) o f eu rop ium  w as e x tra c te d  w ith  am alg am  an d  m easu red  in  id en tica l 
m a n n e r ;  a rith m e tic  p ro p o rtio n  w as th e n  used  for ca lcu la tion  o f th e  resu lt.

Procedure

R eagen ts

N a O H , an a ly tica l g rad e , so lid  a n d  1 N  so lu tio n ;
HC1, an a ly tica l g rad e ; co ne., 8 IV, 6 IV, 2 N  a n d  0.1 N  solu tions;
H 20 2, an a ly tica l g rad e ;
H 2C20 4, an a ly tica l g rad e ;
D i-n -b u ty lp h o sp h o ric  acid  (H D B P ), 0.2 M  so lu tio n  in gasoline, p re p a re d  accord ing  

to  [9 ];
T B P , pss.;
0 .2 5 %  sodium  am alg am ;
1 M  sodium  c itra te  so lu tio n ;
0 .1 %  A rsenazo I I I  so lu tio n . T h e  re a g e n t w as p re p a re d  according to  [10] a n d  calcium  

w as re m o v e d  b y  passing th e  so lu tio n  th ro u g h  a  ca tio n  exchange  resin in H -fo rm .
S o d iu m  h e x am e ta p h o sp h a te  so lu tion  of 1 g/1 co n cen tra tio n .
E u ro p iu m  stock so lu tio n  o f  10 mg/1 c o n c e n tra tio n  w as m ade b y  d isso lv in g  E u 20 3 of 

s p e c tra l  p u r i ty  in  HC1.
M ax im u m  1 g of th e  sam p le  to  be  ex am in ed  is w eighed o u t (th e  a c tu a l v a lu e  depend ing  

o n  th e  e x p e c te d  europ ium  c o n te n t) .  I f  th e  sam ple  is so luble  in acids, it is bo iled  w ith  20— 30 ml 
o f  co n e . HC1 an d  a few d ro p s o f H 20 2, th e n  th e  so lu tio n  is co n cen tra ted  to  sm all v o lu m e . W hen 
th e  sa m p le  is insoluble in  acids, i t  is fused  w ith  so d iu m  hy d ro x id e  in  a n ick e l o r iro n  crucib le , 
a n d  th e  m e lt  dissolved in  h o t  w a te r . T he h y d ro x id e  p re c ip ita te  is filte red  off a n d  w ash ed  back  
in to  th e  b eak e r. In  b o th  cases th is  is fo llow ed b y  p re c ip ita tio n  of th e  ra re  e a r th  w ith  o x a la te  
( in  th e  a n a ly s is  o f th e  ra re  e a r th  co m p o u n d s th is  is u n n ecessary ), here  a m a lg am  e x tra c tio n  
is th e  f i r s t  step . W hen th e  to ta l  q u a n ti ty  o f ra re  e a r th s  an d  calcium  is less th a n  50 m g in th e  
sa m p le , a  CaCl2 solu tion  eq u al to  50 m g Ca2+ sh o u ld  b e  ad d ed . The so lu tion  is b o iled  an d  5 g 
o f  o x a lic  acid  is added  to  p re c ip ita te  th e  ra re  e a r th s  a n d  calcium . In  o rd er to  p re v e n t  p rec ip 
i ta t io n  o f  th e  t ita n iu m  co m p o u n d s p re sen t, a  few  m illilitre s  of H 20 2 are  a d d e d . T h e  p H  of 
th e  so lu tio n  ad ju s ted  to  2, th e  m ix tu re  is a llow ed  to  s ta n d  ov ern ig h t. T h e  p re c ip ita te  is 
th e n  f i l te r e d  off, w ashed w ith  h o t  w a te r  an d  ig n ite d  a t  6— 700 °C in a p o rce la in  o r p la tin u m  
c ru c ib le . T h e  residue is d isso lved  in  a sm all a m o u n t o f  1 : 1 HC1 in a beaker. I f  th e  sam p le  con
ta in s  C e 0 2, a few  drops of H 20 2 sh o u ld  be  ad d ed  to  p ro m o te  dissolu tion . T h e  so lu tio n  is concen
t r a t e d  to  a  sm all vo lum e, n e u tra liz e d  w ith  1 N  N aO H , th e n  2.0 m l o f 1.0 N  HC1 so lu tion  is 
a d d e d ,  a n d  th e  volum e m ad e  u p  to  20 m l w ith  d is tilled  w ater. In  o rder to  re d u ce  F e 3+ ions 
p r e s e n t  in  tra c e  q u an titie s , som e asco rb ic  acid  is a d d ed , th e n  th e  ra re  e a r th s  a re  e x tra c te d  by  
s h a k in g  w ith  20 ml of 0.2 M  H D B P  so lu tio n  fo r h a lf  a  m in u te  in a s e p a ra to ry  fu n n e l. T he o r
g a n ic  p h a se  is w ashed w ith  3 X 1 0  m l o f 0.1 N  HC1 so lu tio n  to  m inim ize th e  e x tra c t io n  of cal
c iu m  ions.

(T h e  ra re  e a rth  c o n te n t o f th e  so lu tion  to  be  e x tra c te d  should be less th a n  50 m g. P a r tia l  
p re c ip i ta t io n  of th e  co rresp o n d in g  com plexes m ay  o ccu r w hen th e ir q u a n ti ty  is h ig h er th a n
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20 m g. H ow ever, th is  p re c ip ita te  w ill re m a in  in  th e  o rg an ic  phase , a n d  no loss w ill occur if  
th e  ph ases are se p a ra te d  carefully . D u rin g  re -e x trac tio n  th e  p re c ip ita te  is d isso lved , an d  th e  
ra re  e a r th s  get in to  th e  aqueous p h a se  w ith o u t loss.)

In  o rder to e n su re  re -e x trac tio n  o f  th e  ra re  e a r th s , 5 m l T B P  so lu tio n  is ad ded  to  th e  
o rg an ic  phase. T h e  p ro d u ced  co n d itio n s m ake  possib le th e  tra n s fe r  o f  ra re  e a r th s  in to  th e  
a q u eo u s  phase  b y  sh ak in g  w ith  2 X 2 0  m l o f 8 N  HC1 so lu tio n , w ith o u t  loss. T he com bined  
aq u eo u s phases a re  e v a p o ra te d  to  a sm a ll vo lum e to  rem o v e  m o st o f  th e  h y d roch lo ric  acid , 
a n d  th e  residue is t ra n s fe rre d  in to  a  m easu rin g  flask  o f  25 100 m l vo lum e, dep en d in g  on th e
e u ro p iu m  con ten t.

M axim um  5.0 m l o f th e  so lu tion  th e  a c tu a l a m o u n t d ep en d in g  on th e  eu rop ium  con
te n t  —  is p ip e tted  in to  a sep a ra to ry  fu n n e l, th en  5 m l o f 1 JV sod ium  c itra te  so lu tion  and  one 
d ro p  p h en o lp h ta le in  in d ic a to r  so lu tio n  a re  ad d ed , th e  so lu tio n  n e u tra liz ed  w ith  10%  K O H , 
an d  th e  volum e m ad e  u p  to  10.0 m l, w hen  necessary . E u ro p iu m  is e x tra c te d  b y  shak ing  w ith  
2 X 1.5 m l o f 0 .25%  so d iu m  am algam  fo r 1 m in . T he aqu eo u s ph ase  is d isca rd ed  a n d  ad h erin g  
w a te r  d rops are re m o v e d  w ith  f i lte r  p a p e r  strip s . T he am a lg am  is w ash ed  w ith  2 X 1 0  m l o f 
sod ium  c itra te  so lu tio n , tran s fe rre d  in to  a sm all b e ak e r a n d  d ecom posed  b y  th e  ad d itio n  of 
5 m l o f 2 N  HC1 so lu tio n  an d  su b seq u e n t h e a tin g . T h e  tw o  p h ases  a re  se p a ra te d , a n d  th e  a q u e 
ous p h a se  co n ta in ing  th e  europ ium  io n s is n e u tra liz ed  w ith  1 N  sod ium  h y d ro x id e  so lu tion . 
A fte r  th e  add itio n  o f 1.5 m l of 0.1 N  HC1, th e  so lu tion  is t ra n s fe rre d  in to  a  50 m l m easu ring  
flask . 2.0 m l of A rsenazo  I I I  so lu tion  is a d d ed  a n d  th e  vo lu m e is m ad e  u p  to  th e  m ark  w ith  
d is tilled  w ater.

T h e  ligh t a b so rp tio n  o f th e  so lu tio n  is m easu red  b y  a sp e c tro p h o to m e te r  a t  652 n m  w ave
le n g th , in  5 cm la y e r  th ick n ess. D istilled  w a te r  is used  as re fe ren ce . A fte r  reco rd ing  th e  m eas
u re d  v a lu e , 2 drops o f sod ium  h e x am e ta p h o sp h a te  so lu tion  are  ad d ed  to  th e  so lu tion  in  th e  cell, 
m ixed , a n d  th e  a b so rp tio n  of th e  m ix tu re  is again  d e te rm in ed . T he lig h t ab so rp tio n  of th e  eu ro 
p iu m  com plex is o b ta in e d  as th e  d ifferen ce  o f th e  tw o  m easu red  v a lues.

S im u ltan eo u sly  w ith  th e  ana ly sis  o f  th e  sam ple , th e  am a lg am  e x tra c tio n  an d  d e te rm in a 
tio n  o f 1 0 /ig of eu ro p iu m  is also ca rried  o u t. A rith m e th ica l p ro p o rtio n  ca lcu la tio n  is used  to  
o b ta in  th e  resu lt fro m  th e  e x tin c tio n  v a lues.

T h e  sen sitiv ity  o f  th e  m eth o d  is a b o u t  1 • 10_ I t  is su itab le  fo r th e  analysis o f  a p a tite , 
m o n ac ite  and  v a rio u s  in d u str ia l p ro d u c ts  co n ta in in g  ra re  e a rth s .

Determ ination o f europium by m eans of the lum inescence o f  its novatophane 
and o-phenanthroline com plexes

As m en tio n ed  in  th e  in tro d u c tio n , in so lu tions or suspensions of ce rta in  
m ix ed  com plexes eu rop ium  show s lum inescence in  u ltra v io le t lig h t. T he re 
la tiv e ly  high se n s itiv ity  is due to  th e  fac t th a t  th e  o rgan ic  p a r t  o f th e  m olecule 
tra n s m its  some o f th e  excited  en erg y  to  th e  c e n tra l a to m , eu rop ium . O th e r 
ra re  e a r th  ions w h ich  have no 4 f  e lec trons (L a, Y ), or h a v e  th e ir  4f  o rb ita ls  
s a tu ra te d  (Lu), a n d  tho se  w here th e re  are  g rea t en e rg y  differences be tw een  
th e  g ro u n d  and  ex c ited  s ta te s  (G d, Tb) also show  lum inescence  u n d e r  c e r ta in  
co n d itio n s. T hough  th e y  show no  lum inescence in  th e  o -p h en an th ro lin e  +  
a to p h a n e  system , th e  loss of th e ir  ex c ita tio n  en erg y  does n o t occur in  a p e r 
fec tly  n o n -ra d ia tin g  m anner, b u t  th e  energy  is p a r tia lly  tra n s m itte d  to  th e  
eu ro p iu m  p resen t, re su ltin g  in  a n  enh an ced  lum inescence  o f  th e  la t te r .  T h e  
com plexes of th e  o th e r  la n th a n id e s  also abso rb  lig h t, how ever, th e y  are d e 
a c tiv a te d  by  rad ia tio n -free  tra n s it io n s  and  th is  decreases th e  lum inescence of 
eu rop ium  [3].

T heo re tica lly , lim ited  co m p en sa tio n  o f th ese  in te rfe ren ces  is possible 
b y  th e  in te rn a l s ta n d a rd  m ethod  in  th e  case o f  o b jec tiv e  m easu rem en ts ; how 
ever, th e  change in  lum inescence can  be tw o o rd e rs  o f m ag n itu d e , an d  th is
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m a y  re su lt  in  very  h igh e rro rs  in  th e  d e te rm in a tio n . A ccord ing  to  P o l u e k t o v , 
s a m a r iu m  also shows lum inescence  u n d e r cond itions id en tica l w ith  th o se  used 
in  th e  d e te rm in a tio n  o f eu ro p iu m . T h is in te rfe ren ce  can  be e lim in a ted  b y  spec- 
tro f lu o ro m e try , u tiliz ing  th e  d ifference in  th e ir  sp ec tra , how ever, such an 
in s tru m e n t  is n o t a lw ays a v a ilab le . Ow ing to  th ese  fac ts , th e  use o f  th e  above- 
d e sc rib e d  sodium  am alg am  se p a ra tio n  is recom m ended .

P o lu ek to v  sugg ested  v a rio u s  com plex system s fo r th e  d e te rm in a tio n  
o f  e u ro p iu m  b y  lum inescence  [4]. O f th ese , th e  ab o v e-m en tio n ed  co m b in a tio n  
o f  o -p h en an th ro lin e  an d  a to p h a n e  (2 -pheny lqu ino line-4 -carboxy lic  acid) w as 
ch o sen . T he only m o d ifica tio n  w as th e  use of n o v a to p h a n e  (2 -pheny lqu ino- 
line-4 -carb o x y lic  acid  m e th y l es te r). In  th e  p re lim in ary  ex p e rim en ts  an  a n a 
ly t ic a l  U V  lam p w as u sed  to  ach ieve ex c ita tio n , and  e v a lu a tio n  w as carried  
o u t  v isu a lly .

A s suggested b y  P o l u e k t o v , th e  com position  of th e  so lu tio n  w as th e  
fo llow ing : europium  sto ck  so lu tio n  -|-0.5 m l of 4 0%  u ro tro p in e  so lu tio n  -f-0.1 
m l o f  1 %  gelatine so lu tio n  -)-0.5 m l of 0 .5%  n o v a to p h a n e  +  0.7 m l o f 1%  
o -p h en an th ro lin e ; th e  vo lu m e o f th e  m ix tu re  w as m ade u p  to  5.0 m l w ith  d is
til le d  w a te r.

O u r p re lim in ary  e x p e rim e n ts  ind ica ted  a se n s itiv ity  low er th a n  th a t  
o b ta in e d  b y  P o lu ek to v  w ith  th e  use o f a to p h an e . U n d e r th e  g iven  cond i
tio n s , 1 fig o f eu rop ium  show ed a v e ry  sligh t p in k  lum inescence on ly . As m en 
tio n e d  above, P o lu ek to v  re p o r te d  th e  in te rfe ren ce  o f som e ions w ith  th e  de
te rm in a tio n  of eu rop ium , b y  decreasing  or increasing  its  lum inescence [4]. 
T h is  l a t te r  effect w as u tiliz e d  fo r im prov ing  th e  sen s itiv ity . G ado lin ium  w as 
fo u n d  to  be th e  m ost su ita b le  fo r th is  sensibilizing ac tio n , since o u r in v es tig a 
tio n s  confirm ed its h ig h est en h an c in g  effect on th e  lum inescence o f eu rop ium . 
I n  th e  presence of 200 fig g ad o lin iu m  th e  lum inescence o f even  0.1 fig eu rop ium  
c a n  easily  be d e tec ted . H o w ev er, th e  desired effect can  on ly  b e  o b ta in ed  in 
th e  absence  of ra re  e a r th s  decreasing  th e  lum inescence. T h u s  in  th e  presence 
o f  50 fig Gd and  50 fig of E r  (N d , T m , D y), th e  lum inescence of 2 fig eu rop ium  
c a n n o t be noticed. 2 fig o f  eu ro p iu m  in th e  presence of 300 fig Gd and  25 fig 
E r  show s no stro n g er lum inescence , th a n  0.2 fig o f E u  in  th e  absence o f E r. 
A cco rd in g  to  these  re su lts , th e  am alg am  sep a ra tio n  is essen tia l.

T h e  hydroch lo ric  ac id  so lu tio n  o b ta in ed  on decom position  of th e  am a l
g a m  does n o t affect th e  in te n s i ty  of lum inescence, th u s  th is  s tep  does n o t 
in te r fe re  th e  an a ly tica l p ro ced u re ; th e  stock  so lu tion  o b ta in ed  b y  th e  above- 
d esc rib ed  H D B P  e x tra c tio n  follow ed b y  am algam  e x tra c tio n , is su itab le  for 
th e  d e te rm in a tio n  b y  lu m inescence  as well as b y  re a c tio n  w ith  A rsenazo  I I I .  
T h e  ad d itio n  of 200 fig o f G d is recom m ended  to  im p ro v e  th e  se n s itiv ity  of 
th e  d e te rm in a tio n .

A  reference series is p re p a re d  con ta in ing  0.0, 0.1, 0.2, 0.3, 0.5 an d  1.0 fig 
o f  eu ro p iu m , and 200 fig p o r tio n s  of Gd are also added .

6  FÄ B IÄ N -M 0H A I e t al.: D ETERM IN A TIO N  OF EU RO PIU M
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T he m ethod  is su itab le  for th e  analysis  of a p a tite , m o n a c ite  an d  o ther 
m a te ria ls  con ta in ing  ra re  ea rth s . C onsidering  th a t  th e  low est lim it  o f detec
tio n  o f th e  lum inescence is 0.1 fig o f  eu ro p iu m , and  a m ax im u m  50 m g of rare 
e a r th s  can  be rem oved  b y  th e  a b o v e  described  H D B P  e x tra c tio n , th e  sensi
t iv i ty  of th e  m ethod  is 2 • 10 ~ 4%  (if no stock  solu tion  is p re p a re d , b u t  the 
w hole sam ple is used). In  th e  case o f  sam ples o f h igher E u  c o n te n t , th e  p repa
ra tio n  o f a stock so lu tio n  is, of cou rse , recom m ended . T he m e th o d  is su itable 
fo r ra p id  ro u tin e  m easu rem en ts  in  p rocess contro l.

T he erro r of th e  m easu rem en t is low er th a n  + 3 0 % , even  a t  v isu a l evalu 
a tio n . O th e r m ethods o f  ev a lu a tio n , e.g. th e  use of th e  lu m in e sc e n t device of 
th e  P u lfrich  p h o to m e te r, a re  also possib le . In creased  accu racy  c a n  be  ob ta ined  
b y  th e  use of ob jec tive  m easu rin g  m eth o d s  such as sp ec tro flu o ro m e try .

Lum inescent determ ination of europium  
in SrCl2—NaCl melt

A ccording to  P o lu ek to v  [2], 0.02 fig of eu ropium  can  b e  d e te c te d  as 
th e  m in im um  q u a n ti ty  in  200 m g o f S rC l,-N aC l m elt (1 : 1 m ix tu re ) . This 
lum inescence is due to  th e  e x c ita tio n  of E u 2+, th u s  in  fu sing , p ro p e r  condi
tio n s  should  be p ro v id ed  fo r th e  re d u c tio n  o f E u 3 + .

T he sen sitiv ity  o f  th e  lum inescence  re p o rte d  by  P o l u e k t o v  w as prom is
ing  fo r th e  d evelopm en t o f a m e th o d  su itab le  fo r th e  analy sis  o f  ro ck s  of av er
age com position . (T he average  eu ro p iu m  co n ten t o f th e  E a r th ’s c ru st is
1.2 • 1 0 ~ 4%  [1]). I t  w as also o u r p u rp o se  to  u tilize th is  s e n s itiv ity  fo r th e  de
v e lo p m en t of a ra p id , a p p ro x im a te  m e th o d  of low er accu racy .

F irs t  o f all th e  ex p e rim en ts  o f  P o lu ek to v  were re p e a te d . T h e  stock 
so lu tions o f eu ropium  (0.0, 0.005, 0 .01, 0.02, 0.05 fig) were p laced  in  glass evap 
o ra tin g  d ishes, and  a f te r  th e  a d d itio n  o f 1.0 ml of a 25 m g /m l S rC l2 solution 
an d  1.0 m l of a 25 m g/m l NaCl so lu tio n , th e  m ix tu re  was e v a p o ra te d  to  d ry 
ness in  a sand  b a th  an d  th e  residue  co llected . I t  was pressed  to  fo rm  a pellet, 
th e n  fused  in p ro p an e  b u ta n e  gas f lam e , ta k in g  care to  cool th e  m e lt in  the  
in te rn a l sphere of th e  f lam e , en su rin g  red u c tio n . T he lum inescence  o f 0.005 fig 
o f  eu rop ium  in 50 m g o f m elt can  easily  be de tec ted , th u s  th e  s e n s it iv ity  ob
ta in e d  w as th e  sam e as th a t  re p o r te d  b y  P o lu ek to v .

T h e lum inescence observed  in  m elts  o f o th e r  a lkali a n d  a lk a li-ea rth  
m e ta l chlorides was also stu d ied , b u t  a decrease in se n s itiv ity  w as observed 
in  each  case.

E ffec ts  of th e  co n d itions o f fu sing  w ere also in v es tig a ted . I n  o rd e r to 
o b ta in  a sh in ing pelle t o f  s tro n g  an d  u n ifo rm  lum inescence, i t  sh o u ld  be  cooled 
in  th e  in n e r sphere o f th e  flam e b y  g ra d u a lly  reducing  th e  a ir  flow  a f te r  fusing. 
T h u s  th e  m elt solidifies w ith in  a few  seconds. Pelle ts p ro d u ced  b y  m eans of
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a sp ir i t- la m p  are sligh tly  s ta in e d  b u t th ey  h av e  u n ifo rm  lum inescence. V ery  
p o o r  lum inescence is o b ta in e d  in  pellets p rep ared  in  ovens w here no reducing  
a tm o s p h e re  is provided .

T h e  quenching e ffec t o f  iron  is s ign ifican t; 10 /tg o f Fe decreases th e  
lu m in escen ce  to  o n e -te n th  o f  th e  original va lue . I f  n o  o x a la te  p re c ip ita tio n  
is re q u ire d  to  provide s e p a ra t io n  from  m etals o th e r  th a n  ra re  ea rth s  in  th e  
co u rse  o f  th e  analysis, iron  c a n  be rem oved d u rin g  th e  H D B P  e x trac tio n  an d  
r e -e x tra c tio n  w ith HC1, a f te r  th e  add ition  of T B P . T h ese  separa tio n s are u n 
n e c e s sa ry  w hen rare  e a r th  co m p o u n d s  are an a ly zed  in s te a d  of rocks or o th e r  
sa m p le s  o f com plex co m p o s itio n . High am o u n ts  o f  iro n , w hich w ould give 
rise  to  in terference, a re  re m o v e d  by  ex trac tio n  w ith  20 %  gasoline so lu tion  
o f  T B P  from  6 N  HC1 m e d iu m . T he aqueous so lu tio n  c o n ta in in g  th e  eu rop ium  
is e v a p o ra te d  to  d ryness to  rem o v e  the  h y d ro ch lo ric  ac id , w ith  su b seq u en t 
e v a p o ra t io n  to  dryness to g e th e r  w ith  the fu se -m ix tu re . (As th e  p re lim in a ry  
s e p a ra t io n  m ethods h av e  b e e n  rep o rted  in d e ta il a n d  th e  lum inescen t m easu re
m e n t  is described above r e p e a te d  discussion of th e  p ro c e d u re  is unnecessary .)

W ith  th e  use of an  in te rn a l  s tan d ard , th e  e r ro r  o f th e  m easu rem en t is 
less t h a n  + 3 0 % , even a t  low7 concen tra tions a n d  v isu a l evalu a tio n .

E valu ation  o f the developed m ethods

I t  is a com m on a d v a n ta g e  to  all th ree  m e th o d s  t h a t  th e  analyses can  be 
c a rr ie d  o u t equally  w ell on  th e  stock so lu tions o b ta in e d  b y  th e  sep ara tio n  
m e th o d s  described. T h is m a k e s  possible th e  a n a ly s is  o f sam ples w ith  w idely  
v a ry in g  europium  c o n te n ts  a n d  also the  checking  o f  th e  re su lts  to  a ce rta in  
e x te n t .  Since th e  analysis  c a n  be  com bined w7ith  th e  p h o to m e tric  de te rm in a-

Table III

E u ro p iu m  content o f  some sa m p les , determined according to the described methods

Sam ple

E u ro p iu m  co n te n t 
(p p m )

A rsenazo  I I I . o -P h e n an th ro lin e  
-f- n o v a to p h a n e

SrClt —N aC l 
m elt

M o n a c ite 45 50 45—50

W a s te s  o f  p roduction  of t r iso d iu m  p h o sp h a te

l . 154 130 —

2. 140 120 —

3. 120 110 —

A p a ti te 46 53 —
S m 20 3 o f 99%  p u rity  (S o ju z h im e x p o rt) 300 - -
Y 0O 3 (A uer-R em y) 10 _

-
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t io n  o f th e  sum  o f ra re  e a r th s  [8] an d  th e  cerium  c o n te n t [11], its  tim e  
re q u ire m e n t is n o t too  h igh .

N o s ta n d a rd  sam ples w ere availab le  fo r check ing  th e  m e th o d s. T h e re 
fo re , th e  accu racy  w as checked  b y  m eans of th e  sto ck  so lu tions an d  in te rn a l 
s ta n d a rd s . T he above d a ta  re fe rrin g  to  th e  e rro r o f th e  m e th o d  w ere o b ta in e d  
in  th is  m anner.

Som e sam ples w ere an a ly zed  accord ing  to  m ore th a n  one m e th o d . T he 
re su lts  are  sum m arized  in  T ab le  I I I .
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A s tu d y  w as m ade of th e  p re p a ra tiv e  c o n d itio n s  o f  m an g an ese -ac tiv a ted  calcium  
sulfate p h o sp h o rs  su itab le  fo r d o sim etry  a n d  th e ir  e ffec t on th e  th e rm o lu m in esce n t 
p roperties. U n d e r  th e  stud ied  ex p e rim e n ta l p re p a ra tiv e  cond itions, th e  o p tim u m  m e th 
od of in tro d u c tio n  of th e  a c t iv a to r  w as d e te rm in e d . T h e  m o st fav o u rab le  p ro p e rtie s  
were possessed  b y  those  p h o sp h o rs  in  w h ich  th e  in tro d u c tio n  of th e  a c t iv a to r  took  
place in acid ic  m ed iu m  before th e  se p a ra tio n  o f th e  calc ium  su lfa te . F ro m  a s tu d y  of 
th e  effect o f th e  h e a tin g  a tm o sp h e re  on th e  s e n s it iv ity , i t  w as found  th a t  (since m an g a 
nese ions o x id ized  to  a valency  s ta te  h ig h er th a n  tw o  are  responsib le  for th e  low er se n s itiv 
ities of th e  sa m p le s  hea ted  in a ir), in asm u ch  as th e se  ox id ized  m anganese  ions w ere 
su b sequen tly  re d u c e d  to  d iv a len t m an g an ese  a n d  re m o v e d , th e  lig h t in te n s ity  a n d  sensi
tiv ity  of th e  sam p le s  p rep ared  in  an  a tm o sp h e re  o f  a ir  closely ap p ro ach ed  o r re ac h ed  
th e  co rresp o n d in g  d a ta  of th e  sam ples p re p a re d  in  th e  red u cin g  a tm o sp h ere . In  ev ery  
sam ple th e  y - ra y  dose is m easu red  lin ea rly  in  th e  ex am in ed  region (10 2— 102 R).

Introduction

The do sim etric  ap p lica tio n  o f  th e rm o lu m in e sc e n t phosphors is b eco m 
in g  m ore and m ore  w idespread . O f th e  p h o sp h o rs  used , especially  in  m easu re 
m e n ts  of very  sm all doses, an  im p o r ta n t  p lace  is occupied  b y  m an g an ese -ac 
t iv a te d  calcium  su lfa te . F rom  th e  beg in n in g  o f  th e  1950’s num ero u s m e th o d s  
h a v e  been re p o rte d  fo r th e  p re p a ra tio n  o f th e rm o lu m in e sc e n t phosp h o rs  su it
ab le  for d o sim etry : calcium  su lfa te  a c tiv a te d  w ith  m anganese , sam a riu m , or 
m ore  recen tly  d y sp ro s iu m  [1— 14].

The m o d ifica tio n s of calcium  su lfa te  w h ich  co n ta in  w a te r o f c ry s ta lliz a 
tio n  (C aSO ,-2 H.20  an d  C aS 0 4- l /2  H „0) do n o t possess th e rm o l um in escen t p ro p 
e rtie s , w hereas th e  an h y d ro u s m o d ifica tio n  lum inesces strong ly . D u rin g  
th e  p rep a ra tio n , th e  fo rm atio n  o f  th is  m o d ifica tio n  m u s t be s triv ed  fo r and  
a t  th e  sam e tim e  th e  a c tiv a to r  ion, in  a su itab le  a m o u n t an d  fo rm , m u s t be b u ilt  
in to  th e  cry sta l la t t ic e . This is m o st easily  ach iev ed  b y  h ea tin g  a m ix tu re  of 
th e  a c tiv a to r  a n d  ca lc iu m  su lfa te  c o n ta in in g  w a te r  o f c ry s ta lliz a tio n  a t  a te m 
p e ra tu re  of 900— 1000 °C. H o ffm a n n  [1] p re p a re d  th e  C aS 0 4 : M n p h o sp h o r 
as long  ago as 1897 in  th is  m an n er. L y m a n  [2] o b serv ed  th a t  a m an g an ese (II)  
su lfa te  co n ten t o f  be tw een  0.2 an d  17%  does n o t affect th e  lum inescen t p ro p 
e r tie s  of the  p h o sp h o r.

** P resen t a d d re ss : H u n g arian  D a iry  E x p e r im e n ta l In s t i tu te ,  M o so n m agyaróvár 
B u d a p es t)
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W a ta n a b e  [3] m o d ified  th e  p ro ced u re  b y  m ix ing  th e  su lfa te s  w ith  d i
lu te  su lfu ric  acid. A fte r  e v a p o ra tio n  to  d ry n ess , th e  m ix tu re  w as h e a te d  a t  
1000 °C. I n  th is  w ay th e  se n s itiv ity  of th e  p h o sp h o r increased  s ig n ifican tly  
b e cau se  su lfuric  acid, b y  v ir tu e  o f its  d e h y d ra tin g  p ro p e rty , p ro m o tes  th e  con
v e rs io n  o f  th e  d ih y d ra te  (C aS 0 4-2 H 20 )  to  th e  an h y d ro u s  form  (C aS 0 4). P e t e r

[4] sh o w ed  th a t  if  th e  p h o sp h o r  is h e a te d  in  an  a rg o n  a tm o sp h ere , th e n  a fu r th e r  
in c re a se  o f  th e  sen s itiv ity  m a y  b e  o b served  since th e  o x id a tio n  o f m a n g a n e se (II)  
ions to  ions of a h ig h er v a le n c y  s ta te  is p re v e n te d .

M a y e r  [5] ca rried  o u t th e  fo rm a tio n  o f th e  a n h y d rite  c ry s ta l s tru c tu re  
w ith  c o n c e n tra ted  su lfuric  ac id  a t  300 °C w here  th e  excess su lfu ric  ac id  is 
re m o v e d . M e d l in  [6] m o d ified  th e  p ro ced u re  in  as m uch as th e  a c t iv a to r  ion 
is p re c ip ita te d  to g e th e r w ith  ca lc ium  su lfa te  from  a so lu tion  o f ca lc ium  ch lo 
rid e  b y  th e  ad d itio n  o f c o n c e n tra te d  su lfu ric  acid.

T h e  p rocedure o f B jä r n g a r d  [7] is to  a ce rta in  e x te n t a co m b in a tio n  
o f th e  p rev io u s m ethods. C a S O ,-2 H 20  o f a n a ly tic a l p u r ity  an d  1 m o le%  o f 
M n S 0 4- H 20  are m ixed w ith  2 5 %  su lfu ric  ac id , an d  th e  m ix tu re  allow ed to  
s ta n d  a t  room  te m p e ra tu re  fo r  16 hours. T h e  w a te r  is rem oved  a t  80— 90 °C 
a n d  th e  ac id  a t  250— 300 °C, an d  th e  d ry  m a te r ia l is h ea ted  a t  900 °C fo r 45 
m in u te s  in  a reducing  a tm o sp h e re  (N 2 -)- S 0 2).

A p re p a ra tiv e  m e th o d  d iffering  from  th e  above w as rep o rted  b y  Sp u r n y

[8] a n d  b y  o thers [9, 10]. T h e  essence o f th is  is t h a t  th e  C aS 0 4 : M n is fo rm ed  
in  a so d iu m  chloride m e lt d u rin g  slow cooling (ca. 40 °C p er hour) from  1000 °C. 
In i t ia l  com position : a m ix tu re  o f ig n ited  ca lc ium  su lfa te  w ith  sod ium  ch lo ride  
a n d  m a n g a n e se (II)su lfa te  in  a ra tio  o f 4.5 : 4.5 : 1. T he co n te n t o f in c o rp o ra te d  
a c t iv a to r  is less th a n  1% .

T h e  exchange o f th e  m an g an ese  a c t iv a to r  fo r sam ariu m  does n o t im 
p ro v e  th e  dosim etric  p ro p e rtie s  [11].

T o d a y , for th e  m e a su re m e n t o f v e ry  sm all doses of 20— 4 0 p R  [19], in  
n e a r ly  a ll cases C aS 0 4 : M n is th e  th e rm o lu m in escen t p h o sp h o r u sed .

I n  th is  w ork we deal w ith  th e  effect e x e r te d  on th e  re la tiv e  s e n s itiv ity  
an d  l in e a r i ty  of th e  p h o sp h o r b y  th e  m ode o f in tro d u c tio n  of th e  a c t iv a to r , 
i ts  c o n c e n tra tio n , th e  te m p e ra tu re  o f  h e a tin g , an d  th e  su b seq u en t re d u c tio n  
to  m an g an ese (II)  an d  re m o v a l o f m anganese  ions oxidized in th e  case o f  sam 
p les h e a te d  in  th e  air.

W e have  a lread y  re p o r te d  in  severa l p u b lica tio n s  an d  le c tu re s  on th e  
a p p lic a tio n  in  m edical rad io lo g y  o f th e  C a S 0 4 : Mn p hosphors p re p a re d  b y  
us [15— 17].

Experim ental

1. P re p a ra tio n  of th e  s to ck  so lu tions

A s to ck  solu tion  of calc ium  ch loride  w as u sed  fo r th e  p re p a ra tio n  of th e  C aS 0 4 : Mn 
p h o sp h o rs . T h is was p re p are d  b y  d isso lv ing  calcium  ox id e  o f a n a ly tica l p u r i ty  in  h y d ro ch lo ric  
ac id  o f  a n a ly tic a l p u rity .
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A C aS 0 4 : Mn p h o sp h o r  o f  su itab le  q u a li ty  can  be p re p a re d  fro m  chem ica ls o f an a ly tica l 
p u r i ty  w ith  no fu rth e r p u r if ic a tio n  [3, 7]. In  calcium  oxide  of a n a ly tic a l p u r i ty ,  th e  specifi
c a tio n s  (R ef. [18] p. 660) p e rm it  g re a te r  iron  a n d .h e a v y  m eta l c o n te n ts  th a n  in  th e  o th e r  a n a ly t
ica lly  p u re  chem icals u sed  b y  u s (H 2S 0 4, M n S 0 4.4 H 20 ,  HC1) (R ef. [18] p p . 764, 846 a n d  1058). 
S ince iro n  h as  a w ell-know n lum inescence q u en ch in g  effect th e  ca lc iu m  ch lo ride  so lu tion  was 
p u rif ie d .

T h e  sligh tly  acid ic so lu tio n  (a fte r o x id a tio n  w ith  h y d ro g en  p e ro x id e ) w as m ad e  alkaline 
w ith  calc iu m  hydrox ide  p a s te , a f te r  ab o u t h a lf  an  h o u r’s s t ir r in g  th e  suspension  w as filte red , 
a n d  th e  f ilte red  so lu tion  w as u sed  for the  p re p a ra tio n  of som e o f th e  p h o sp h o rs  (sam ples 1— 3). 
In  th e  fo llow ing, th is w ill be  called  so lu tion  A . D uring  th is  p u rif ic a tio n  o p e ra tio n  th e  iron con
te n t  o f  th e  solution d ec reased  sign ifican tly , fro m  0.015%  to  below  0 .0 0 5 % .

T h e  following o p e ra tio n  was p e rfo rm ed  on p a r t  o f th e  calc iu m  ch lo rid e  so lu tion  p re 
p a re d  in  th e  previous m a n n e r :  calcium  su lfa te  w as se p a ra ted  from  th e  calc iu m  ch loride  so lu tion  
w ith  a  l i t t le  sulfuric acid . A fte r  h a lf  an  h o u r’s s tirr in g  th e  so lu tio n  w as f i lte re d  a n d  th e  f i ltra te  
u se d  fo r  th e  p rep ara tio n  o f  fu r th e r  p h o sp h o r sam ples (sam ples 4 , 4a , 4 b , 5, 5a, 5b). In  th e  
fo llow ing  th is  will be re fe rre d  to  as so lu tion  B.

T h e  Ca2+ co n ten ts  o f  so lu tions A a n d  В w ere d e te rm in ed .

2. Activation o f the samples

T h e  sam ples w ere a c t iv a te d  as follow s.
Sample 1: An a m o u n t o f m anganese  ( I I )  su lfa te  a c t iv a to r  co rresp o n d in g  to  1 m ole%  

w as d isso lv ed  in d ilu te  ( ~ 3 0 % )  sulfuric  acid . T o th is  so lu tion  w as ad d ed  an  a m o u n t o f solution 
A  a lm o s t eq u iv a len t to  th e  su lfu ric  acid. ( I n  sam ples 1— 5 th e  excess su lfu ric  acid  w as less 
th a n  0 .5 % .)

Sample 2: T he p re v io u s  p rocedure  w as rep ea ted  w ith  th e  d ifference  t h a t  before th e  
a d d it io n  o f solution A to  th e  acidic m an g an ese  ( I I )  su lfa te  so lu tio n  th e  r e d u c ta n t  hy d ro x y l- 
a m in e  hydroch lo ride  w as a d d e d  too.

Sample 3: T he r e d u c ta n t  h y d ro x y lam in e  h y d roch lo ride  w as d isso lved  in  so lu tion  A 
a n d  th e n  an  am oun t o f m an g an ese  ( I I )  su ífa te  co rresponding  to  1 m ole%  w as p re c ip ita te d  w ith  
su lfu ric  acid .

Sample 4: T his w as th e  sam e as sam p le  1 b u t th e  so lu tio n  В w as used .
In  o rder to  s tu d y  th e  effect o f th e  a c t iv a to r  co n ce n tra tio n , th e  p re p a ra tio n  of sam ple 

4 w as re p e a te d  using 0.5 m o le %  (sam ple 4a ) and  1.5 m ole%  (sam ple  4 b ) o f m anganese  ( I I )  
su lfa te  too .

Sample 5i T his w as th e  sam e as sam p le  3 w ith  th e  d ifference  t h a t  so lu tio n  В was used.
A fte r  th e  se p a ra tio n  o f  calcium  su lfa te  th e  sam ples w ere e v a p o ra te d  to  d ry n ess on a 

s te a m -b a th .
Sample 6: In  th is  case , a f te r  th e  p re c ip ita tio n  o f calcium  sulfat'e th e  suspension  was 

e v a p o ra te d  to  dryness on  a  s te am -b a th . T h e  residue  was k e p t a t  340 °C fo r 3 h o u rs , an d  a fte r  
th is , m anganese  (II)  su lfa te  correspond ing  to  1 m ole%  w as ad d ed  to  it .

3. H eating and after-treatm ent of the sam ples

T h e  th erm al t r e a tm e n t  o f th e  sam ples w as perfo rm ed  in  tw o  w ays. H a lf  o f th e  sam ples 
w ere h e a te d  in an a tm o sp h e re  o f air, th e  o th e r  h a lf  in  an  arg o n  -f- su lfu r d iox ide  a tm osphere . 
T h e  f i r s t  5 sam ples w ere t r e a te d  a t  900 °C. T h e  m ate ria l co rresp o n d in g  to  th e  com position  of 
sam p le  5 w as also h e a te d  in  a  su lfu r d io x id e -co n ta in in g  argon  a tm o sp h e re  a t  950 °C (sam ple 
5a) a n d  a t  1000 °C (sam p le  5b).

Sam ple  6 was h e a te d  in  reference [ 6] a t  1050 °C b o th  in a ir  a n d  su lfu r d iox ide-argon  
a tm o sp h e re s .

F o r  all the  sam ples, h a lf  o f the  p h o sp h o rs  h e a ted  in  a ir w ere a f te r - tre a te d , th e  purpose 
o f  w h ich  was the  re d u c tio n  a n d  rem oval o f  oxid ized  m anganese  ions to  m an g an ese  (II) . T he 
a f te r - tre a tm e n t  was p e rfo rm e d  by  boiling  in  a w eak h y d ro ch lo ric  acid  so lu tio n  con ta in ing  
h y d ro x y lam in e  h y d ro ch lo rid e . T he sam ples w ere w ashed b y  d e c a n ta tio n  u n til  ch loride  could 
no  lo n g er be detected  w ith  A g N 0 3, th en  f i lte re d  and  dried  in  a d ry in g -o v en  a t  120 °C.

In  th e  case o f th e  sam p le  1 pho sp h o rs p rep ared  in  th e  re d u c in g  a tm o sp h e re , th e  a fte r- 
t r e a tm e n t  w as carried  o u t  to  decide w h e th er a  fu r th e r  increase  o f  se n s it iv ity  cou ld  be  observed.
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4 . E xcitation  of the phosphore

T h e  irrad ia tio n  fo r th e  h e a t in g  cu rves was carried  o u t  w ith  y - ir rad ia tio n  from  Cs-137 
( E y  =  662 keV). To fa c ilita te  c o m p a riso n  of th e  h ea tin g  cu rv es, th e  sam ples w ere ir ra d ia te d  
in  a ll  cases w ith  1 R , a n d  m e a su re m e n ts  w ere begun  e x ac tly  1 h o u r  a f te r  th e  irrad ia tio n . T h e  
r e a d y  pho sp h o rs were m ea su re d  in to  p o ly e th y len e  p ack e ts  a n d  th e  ir ra d ia tio n  p e rfo rm ed  in  
th e s e .  A n  am o u n t of th e  i r r a d ia te d  p h o sp h o r, correspond ing  to  th e  e x p e rim e n ta lly  d e te rm in ed  
s a tu r a t io n  lay er th ickness, w as ta k e n  in  a  20 m m  d iam e te r n ick e l t r a y  a n d  so p laced  in  th e  
m e a s u r in g  ap p ara tu s .

I n  th e  s tu d y  o f th e  p h o to m u lt ip l ie r  cu rren t-d o se  re la tio n  ( l in e a r ity ) , y -irrad ia tio n  w as 
c a r r ie d  o u t  w ith  Co-60 (E y =  1.225 MeV).

5. M easurem ent of the therm olum inescent em ission

T h e  m easu rem en t o f th e  i r r a d ia te d  pow ders was p e rfo rm ed  w ith  th e  h e lp  o f th e  ex p eri
m e n ta l  T L D  evaluati.ig  a p p a ra tu s  m ad e  in  th3  F rederic  Jo lio t-C u rie  R ad io b io lo g ica l an d  R ad io 
h y g ie n e  R esearch  In s t i tu te .  T h e  h e a tin g  curves were reco rd ed  w ith  a h e a tin g  r a te  o f 26 °C 
p e r  m in u te .

R esu lts and discussion

T h e heating  curves o f  th e  C aS 0 4 : Mn sam ples p re p a re d  b y  th e  d ifferen t 
p ro c e d u re s  described in  th e  ex p e rim en ta l p a r t  are show n in  F ig s  1— 8.

Som e of th e  m ore  im p o r ta n t  p a ram ete rs  o f sam p le  p re p a ra tio n , th e  in 
t e n s i t y  m axim a ( I m) o f th e  h e a tin g  curves, an d  th e  te m p e ra tu re s  re la tin g  to  
th e s e  ( T m) are given in  T a b le  I .

T h e  resu lts show  t h a t  th e  va lu es  of Tm, in  a g re e m e n t w ith  th e  l i te ra tu re  
d a t a ,  f lu c tu a te  ab o u t 100 °C. T h e  decrease o f t  ;  a c t iv a to r  c o n c e n tra tio n  re 
s u l ts  in  th e  decrease o f T m (F ig . 7).

F ro m  th e  va lu es  o f  I m i t  is  ev iden t th a t  th e  p h o sp h o rs  o f  h ig h es t lig h t 
in te n s i ty ,  i.e. th e  m o st s e n s i t iv i ty  ones, a re  tho se  w here  th e  a c t iv a to r  w as in 
tro d u c e d  in  an  acidic m e d iu m  (sam ples 1 an d  4 ; F igs 1 a n d  4).

F ig . 2. H e a tin g  cu rv es  o f C aS 0 4 : Mn sa
m p les no . 2
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I f  th e  in tro d u c tio n  o f th e  a c tiv a to r  does n o t  ta k e  place s im u ltan eo u sly  
w ith  th e  fo rm atio n  o f  ca lc ium  su lfa te  h u t  su b s ta n tia lly  la te r  (as in  sam ple 
6), th e n  th e  sen s itiv ity  is s ig n ifican tly  decreased  (F ig . 6).

----------- in Ar + 50 2

----------- in air
----------- in air with a f te r- t reatm ent

F ig . 3. H eatin g  curves o f C a S 0 4 : Mn sam 
ples no. 3

in Ar +SO2 

in air
in air with a f te r - t rea tm en t

F ig . 5. H ea tin g  curves o f  C a S 0 4 : Mn sam 
ples no. 5

Heating:
--------  in Ar+ S02
-------- in air
--------  in air with a f te r - t re a tm e n t

Fig. 4. H e a tin g  cu rves o f C aS 0 4 : M n sam 
ples no. 4

Fig. 6. H e a tin g  cu rv es o f C aS 0 4 : Mn sa m 
ples no. 6

T he sep ara te ly  ad d e d  re d u c ta n t does n o t increase  th e  lig h t in te n s ity , 
b u t  r a th e r  decreases i t  b y  a b o u t 15%  (sam ple 2; F ig . 2).

A com parison  o f th e  m easu red  d a ta  for sam ples 1 a n d  4 (T ab le  I) show s 
th a t  th e  second p u rif ic a tio n  o p e ra tio n  does n o t a ffec t th e  lig h t in te n s i ty  su b 
s ta n tia lly , increasing  i t  b y  on ly  ab o u t 3—4 % .

T h e  v a ria tio n  o f th e  h e a tin g  te m p e ra tu re  b e tw een  900 and  1000 °C does 
n o t cause an y  s ign ifican t d ifferences (Fig. 8). I t  shou ld  be  m en tio n ed  h ere  th a t  
in  th e  case of h ea tin g  a t  900 °C fo r sam ple 5 a new  in te n s ity  p eak  is fo u n d  a t
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a b o u t  265 °C; w ith  h e a tin g  a t  a h igher te m p e ra tu re  th is  d isap p ea rs  (F ig . 8). 
I f  t h e  therm o lu m in escen ce  d o sim e te r  e v a lu a tio n  is m ade on th e  b as is  of th e  
l ig h t  in te n s i ty  re la tin g  to  T m (p e a k  h e igh t m e a su re m e n t) , th e n  use o f phosp h o rs  
p o sse ss in g  a single p e a k  g iv es  m ore  accu ra te  re su lts , b u t  th e  p resence  o f m ore 
p e a k s  m akes possible th e  re p e a te d  ev a lu a tio n  o f  th e  dosim eter [20].

T h e  decrease o f th e  a c t iv a to r  c o n c e n tra tio n  fro m  1 m o le%  to  0.5 m ole%  
b r in g s  a b o u t th e  decrease n o t  on ly  of T m b u t  also  o f th e  lig h t in te n s ity , b y

A c tiv a to r c o n c e n tra t io n :
—------------1.0 m o le  %  Mn
------------ 1.5 m ole  %  M n
--------------- 0.5 m o le  %  Mn

T em p era tu re  o f h e a tin g :
---------------  1000 °C
---------------  9 0 0 °C
---------------- 9 5 0 oC

F ig .  7 . H ea tin g  curves o f sa m p le s  co n ta in ing  
d iffe ren t am o u n ts  o f a c t iv a to r

F ig . 8 . H e a tin g  curves o f sam ples h e a ted  a t  
d iffe ren t te m p e ra tu re s

a b o u t  30% . A t th e  sam e tim e , increase o f th e  a c tiv a to r  c o n c e n tra tio n  to  1.5 
m o le %  does n o t cau se  a su b s ta n tia l  change (F ig . 7).

F o r  th e  sam ples h e a te d  in  an  a tm o sp h e re  o f a ir, a f te r - tre a tm e n t is 
a c co m p an ied  in all cases b y  a sign ifican t s e n s itiv ity  increase (T ab le  I). E v en  
fo r  th e  sam ples h e a te d  in  th e  reducing  a tm o sp h e re , a sm all in crease  o f sen
s i t iv i ty  (a few p er cen t) o ccu rs  as a re su lt o f a f te r - tre a tm e n t (sam ple  1).

D u rin g  th e  a f te r - t r e a tm e n t  a decrease o f  th e  m anganese  c o n te n t  can  be 
o b se rv e d . The analyses show ed  th a t  in  th e  case o f a 1 m o le%  m an g an ese (II)  
s u lfa te  in itia l a c tiv a to r  c o n te n t  th is  decrease is a b o u t 30%  o f th e  o rig in a l m a n 
g a n e se  co n ten t. T h a t  is , u n d e r  our ex p e rim en ta l cond itions th e  a c t iv a to r  con
t e n t  o f  th e  p repared  C a S 0 4 : M n is ab o u t 0 .7 % ; th is  is th e  b u ilt- in  am o u n t 
t h a t  c an n o t be rem o v ed  d u rin g  th e  a f te r - tr e a tm e n t.  T his re su lt is in  ag ree
m e n t  w ith  those o f Ma y e r  [5] and  Sp u r n y  [8]. T heir p re p a ra tiv e  m eth o d s 
b o th  d iffer su b s ta n tia lly  f ro m  our ow n, b u t  n ev erth e less  Ma y e r  a n d  Spu r n y  
r e p o r t  co n cen tra tio n  v a lu e s  o f ab o u t 0 .5 %  a n d  less th a n  1 % , resp ec tiv e ly , 
fo r  th e  in co rp o ra ted  m an g an ese  co n ten t. I f  i ts  o x id a tio n  is p re v e n te d , th e  
p re se n c e  of no t b u ilt- in  a c t iv a to r  has no s u b s ta n tia l  effect on th e  lum inescence 
p ro p e r tie s . This is th e  e x p la n a tio n  of th e  o b se rv a tio n  of L ym a n  [2]. A t th e
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Table 1
The intensity m axim a (1 тлх) and the corresponding tem perature m axim a (T max)  o f  the heating 

curves o f  C a S 0 4 : M n  samples prepared in  different ways

S am ple
H e a tin g

A c tiv a to r
A f te r - tr e a tm e n t

 ̂max
n u m b e r

a t  m o sp h ere te m p e ra tu re
°C

cone, 
m ole %

(a rb itra ry  u n its) °c

reducing 900 1 — 385 101

l reducing 900 l + 395 100
air 900 l — 80 98

air 900 l *T 360 98

reducing 900 l — 330 94
2 air 900 l — 70 94

air 900 l + 325 94

reducing 900 l — 345 96

3 air 900 l — 65 102

air 900 l + 250 96

reducing 900 l — 400 96
4 air 900 l — 30 96

air 900 l 4 - 90 96

4a reducing 900 0.5 — 285 85
4b reducing 900 1.5 — 385 100

reducing 900 1 — 160 101
5 air 900 1 ___ 77 96

air 900 1 + 185 96

5a reducing 950 1 — 155 100

5b reducing 1000 1 - 170 102

reducing 1050 1 — 56 92
6 air 1050 1 — 50 96

air 1050 1 -j- 155 96

sam e tim e, th e  rem o v a l of th e  n o t b u ilt-in  m an g an ese  a c tiv a to r  in  th e  case 
of th e  C aS 04 : M n p hosphor used  fo r d o sim etry  is an  essen tia l s tep , even  if 
(no t being oxid ized) it  does n o t a ffec t th e  lum inescence  p ro p erties , since b e 
cause o f its a to m ic  n u m b er (Z  =  25), it  fu r th e r  im p a irs  th e  o therw ise  n o t too 
fav o u rab le  en erg y  dependence o f th e  phosphor. In  o u r case, how ever, th e  sen
s itiv ity  increases to  several tim es  th a t  before tr e a tm e n t  an d  th is  m ak es pos
sible th e  p re p a ra tio n  in  an  a ir a tm o sp h e re  o f p h o sp h o rs  of such sen s itiv ity  an d  
lig h t in te n s ity  th a t ,  w ith o u t a f te r - tre a tm e n t, w ould  have been possib le  to  
ach ieve only in a reducing  a tm o sp h e re . D eriv a to g rap h ic  m easu rem en ts  [21] 
h av e  show n th a t  a sam ple a f te r - tre a te d  and  d ried  a t  room  te m p e ra tu re  does 
n o t con ta in  w a te r  o f c ry s ta lliz a tio n .
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A fte r- tre a tm e n t h a s  f u r th e r  a d v an tag es . T h e  hom ogeneity  o f  an  after- 
t r e a te d  sam ple  is g rea te r , a n d  its  adhering  pow er a n d  hygro sco p ic ity  less th a n  
th o se  o f  a sam ple n o t a f te r - t r e a te d . These a d v a n ta g e s  are  fa ir ly  sign ifican t 
in  p ra c t ic a l  applica tion .

W ith  th e rm o lu m in escen t phosphors as dosim eters , e v a lu a tio n  can  be 
c a rr ie d  o u t  in  tw o w ays [20].

F ig . 9. P h o to m u ltip lie r c u rre n t-d o se  re la tio n  
( l in e a r i ty )  o f sam ples p re p a re d  in  a reducing  

a tm osphere

I n  th e  one case th e  a re a  u n d e r th e  h e a tin g  curve  is m easu red  (in teg ra l 
m e a su re m e n t) ; th is a rea  is p ro p o rtio n a l to  th e  ir ra d ia tio n  dose.

I n  th e  o ther case th e  p e a k  m ax im um  of th e  h ea tin g  cu rv e  is m easu red  
(p e a k  h e ig h t m ea su re m e n t); u n d e r th e  g iven ex p e rim en ta l co n d itio n s th is  too  
is p ro p o r tio n a l to  th e  a m o u n t  o f irrad ia tio n .

A n  im p o rta n t re q u ire m e n t in  b o th  m e th o d s  is th a t  th e  d ire c t p ro p o r
t io n a l i ty  betw een I m, th e  a re a  u n d e r th e  m easu red  curve, an d  th e  e x te n t of 
i r r a d ia t io n , should co v er a s  large a m e asu rem en t range as possib le .

T h erm o lu m in escen t d o s im ete rs  can  be u sed  in  a range o f 4 — 8 orders 
o f  m a g n itu d e  in general ( ^ 1 0  3— 105 R) d ep en d in g  on th e  p h o sp h o r an d  th e  
e v a lu a tio n  ap p a ra tu s , a n d  fo r  th e  in d iv id u a l p h o sp h o rs  th e  d irec t p ro p o rtio n 
a l i ty  (linearity ) ex ists a lm o s t in  th e  sam e scale.

D epending  on th e  se n s itiv itie s  of th e  in d iv id u a l sam ples, w ith  th e  ex 
p e r im e n ta l  TLD e v a lu a tio n  a p p a ra tu s  used  b y  u s  m easu rem en ts  could be 
m a d e  in  a scale of a b o u t 4 o rd e rs  o f m ag n itu d e  (10 “ 2— IO2 R) (F igs 9 an d  10). 
T h e  re su lts  show th a t  in  th e  ex am in ed  ran g e , fo r sam ples h e a te d  in  b o th  th e  
re d u c in g  atm osphere  (F ig . 9) an d  in  a ir (F ig . 10), th e  p ro p o rtio n a lity  does 
e x is t . ( In  Fig. 10, o f th e  sam p les  n o t a f te r - tre a te d , only  th e  d a ta  fo r  sam ple 1 
a re  g iven .)

A cta  Chirn. Acad. Sei. Hung. 68, 1971
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H ere  th e  im p o r ta n t  fa c t m u s t  be  p o in ted  ou t t h a t  th e  a f te r - tre a te d  
sam p les  too  m a in ta in  th e ir  l in e a r ity  o v e r th e  en tire  ex am in ed  ra n g e  (F ig. 10) 
a n d , as a lread y  m en tio n ed , th e ir  s e n s it iv ity  too  increases s u b s ta n t ia l ly  (4—6 
tim es) com pared  to  th a t  of those  n o t  a f te r - tre a te d  (Fig. 10, c u rv e s  1 a n d  1” ).

W ith  th e  g iven  e v a lu a tio n  a p p a ra tu s  i t  was n o t possib le  to  d e te rm in e  
e i th e r  th e  u p p er or th e  low er lim it o f  th e  lin e a rity  of th e  m e a su re m e n t reg ion  
w ith o u t its  m od ifica tion . I t  m ay  b e  p resu m ed  th a t  if  m easu red  w ith  a m ore  
sen sitiv e  ev a lu a tio n  a p p a ra tu s  w ith  a  la rg e r  m easu rem en t ra n g e , th e  l in e a r ity  
w ould  be found  to  ex is t over a n  ev e n  la rg e r in te rv a l in  b o th  d ire c tio n s , b u t 
p a r tic u la r ly  in th e  d irec tion  of th e  u p p e r  m easu rem en t reg ion .
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THERMODYNAMICS OF THE GAS PHASE 
REACTION OF TRICHLOROSILANE WITH 

VINYLCHLORIDE AT HIGH TEMPERATURES

D. K n a u s z
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R ece iv ed  D ecem ber 16, 1969

U sing th e  eq u ilib riu m  c o n s ta n t  fo r th e  re ac tio n  of trich lo ro silan e  w ith  v in y l-  
ch loride, th e  h e a t o f fo rm a tio n  o f v in y ltrich lo ro silan e  w as d e te rm in e d . T his v a lu e  w as 
fo u n d  to  be  co n sis ten t w ith  o th e r  d a ta  availab le  in  th e  l i te ra tu re  on fo rm a tio n  h e a ts  
o f  sim ilar substances. V alues o f  th e  equ ilib rium  c o n s ta n t w ere c a lcu la ted  fo r  sev e ra l 
tem p e ra tu re s . D a ta  w ere o b ta in e d  on  th e  average re ac tio n  h e a t  an d  th e  av erag e  ch an g e  
of e n tro p y  in  th e  te m p e ra tu re  in te rv a l  o f 600— 821 K .

In  a recen t p ap er [1] th e  k in e tic  s tu d y  o f th e  reac tio n

Cl3SiH  +  C H 2 =  CHC1 ^  CH2 =  CHSiCl3 +  HC1 ( 1 )

ca rried  o u t in th e  gas p h ase , a t  a tm ospheric  p ressu re , in  a flow  sy s te m , a t  
548 °C w as described. A ccord ing  to  th e  resu lts , th is  re a c tio n  is of th e  second  
o rd e r an d  leads to  eq u ilib rium .

F ro m  th e  k inetic  d a ta  g iven  in Ref. [1], th e  eq u ilib riu m  c o n s ta n t o f 
re a c tio n  (1) is ca lcu la ted : K p =  2 .27, a t 548 °C.

T he equ ilib rium  c o n s ta n t a n d  th e  th e rm o d y n am ic  c h a ra c te ris tic s  o f 
c o m p o n en ts  ta k in g  p a r t in  th e  re a c tio n  are connected  b y  th e  fo llow ing w ell- 
kn o w n  re la tio n sh ip :

R  In K p 1 ( G° - g 8 ) , a h °q~ 
{ T  } T

( 2)

w here: R  is th e  un iversal gas c o n s ta n t, K p th e  equ ilib rium  c o n s ta n t (in p re ssu re
■ QO __  fJO

u n its ) , A  —------ -— th e  red u ced  free en th a lp y  d ifference b e tw een  th e  re a c 

t a n t s  an d  p ro d u c ts , A H 1,, th e  h e a t  o f th e  h y p o th e tic  gas reac tio n  ta k in g  p lace  
a t  0 K . U sing  th e  above g iven  v a lu e  o f th e  equ ilib rium  c o n s ta n t b y  m ean s o f  
e x p re ss io n  (2), th e  h ea t of fo rm a tio n  a t  th e  ab so lu te  zero can  be  ca lc u la ted  
fo r an y  reac tin g  co m p o n en t p ro v id ed  th a t  th e  h ea ts  o f fo rm a tio n  o f all th e

QO ___ f j o  \

re m a in in g  com ponen ts ta k in g  p a r t  in th e  reac tio n  as well as th e  ----- —----- - I
v a lu es  fo r each com ponen t are  k now n . In  th e  case of re a c tio n  (1), th e  d a ta
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n ecessa ry  for th e  c a lc u la tio n s  are know n fo r all th e  co m p o n en ts  ex cep t v inyl- 
ch lo rosilane . T hese d a ta  a re  collected in  T a b le  I .

( Ga — H° \
T he -------------- v a lu e s  o f  v in y ltrich lo ro silan e  can  be ca lcu la ted  b y  q u a n 

tu m -s ta t is t ic a l  m e th o d s  fro m  spectroscopic a n d  ste reochem ica l d a ta  fo r th is  
co m p o u n d  [8]. T h u s  th e  h e a t  co n ten t, red u ced  free  e n th a lp y , e n tro p y  an d  con-

ТаЫе I

Data used fo r  the calculation o f  the heat o f  fo rm a tio n  o f  vinyltrichlorosilane

C om p o u n d
(ЛЧ)) j' <G° -  Hi) ^  

R eferen cekcal/m ole R efe ren ce

HCl -  21.984 [2] [2]
IlSiCl., - 1 2 5 .6 a , 6,c [3]
C H 2-C H C 1 7.011 c, d [ 6 ]

a calculated  from  th e  h e a t  of hydrolysis g iven  b y  W olf [4], using  W is e ’s value  [5] for 
am o rp h o u s S i0 2: l(A H °)2gs S iO 2(am0rph.)] =  — 215.9 kcal/m ole  

6 [(A II4)29g HSiCl ,(g) ] =  — 126.8 kcal/m ole 
c V alue ob ta in ed  fro m  E q . (3) 
d  [ (d H 0) 29äC2H 3Cl(g)] =  5.2 kcal/m ole [7]

s ta n t  p ressure h e a t c a p a c ity  were ca lcu la ted  (using  a rig id  ro ta to r , harm onic 
o sc illa to r a p p ro x im a tio n ) fo r  th e  ideal gas s ta te  a n d  1 a tm  p ressu re . F o r th e  
m o d e l o u tlined  a b o v e  s ta tis t ic a l  th e rm o d y n a m ic s  give th e  follow ing re la tio n 
sh ip s:

H  -  Щ =  4RT +  Evibr (3)

—------=  H — I n M  4 1 n T  —  l n J A / B J c +
T  { 2 2

+  In p  -f  In I T -  129.520) 4- | —  (4)
/ I T  jvibr

S = R  — In M + 4 1 n T H — — l n J A I ß l c  — l n p  - In a  +  133.520 +  S vibr (5) 
2 2

Cp =  4 R  +  CvibT (6)

T he values co rre sp o n d in g  to  th e  v ib ra tio n a l freq u en c ies  w ere dete rm in ed  
as follows:

E,ibr = R 2 - ^ r -------- П Г  (7)
1 e kT — 1
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=  R  V  In
vibr

hVj

hvi ч
1 _ e "

svlbr = « k T
hfj

e XT' —  l

_
I n ( l - e  kT)

i

hVj

Cvlbr =  R  У  4-fcT

hvi
J tT

hvi
J tT

(8)

(9)

( 10)

w h ere : R  is th e  un iv e rsa l gas c o n s ta n t , T  th e  te m p e ra tu re , M th e  m o lecu la r w eight 
o f  th e  com pound , / д / в / с  th e  m o m e n t o f in e r tia  o f th e  m o lecu le , p  th e  
p re ssu re , a a sy m m etry  n u m b e r, h th e  P la n c k  c o n s tan t, к th e  B o ltz m a n n  
c o n s ta n t an d  vt a re  th e  v ib ra tio n a l frequencies.

T he H irsch fe lder form ula [9 ] w as used to  ca lcu la te  th e  m o m en t o f  in e r tia :

A — F  —E
I AIbIc =  — F B —D ( 1 1 )

— E —D С I
w h ere  th e  m ean in g  of n o ta tio n s  is:

A =  2  mi M  +  *?) — — Í2 mi j i j  — -^ r  2  m‘ Z|j ( 12)

B =  2  mi (*? +  z i) — “j^7 »»Í *ij — 2  m‘ Z'j ( 13)

C =  2  m M  +  *?) — 2  m <y^ ~  m ‘ *<] (14)

d ~ 2  miyt zi — TT Í2  miУ/| I У, m > 2<l (15)
i M \i  ( V  j

E = 2  m> x‘z'--77 m> *' Li’ w' z< (16)i M \i J [t

F = 2  mi Х>У‘----- ”7  [ S  mi *Í [ > ’ miy\ (17)t M \ i  \ i )

In  th e  ab o v e  expressions m,- s ta n d s  for th e  m ass o f th e  i- th  a to m  in  th e
m olecule, M  =  Unij is th e  m ass o f  th e  m olecule, x t, у z( are  th e  r e c ta n g u la r

i
co o rd in a tes  o f th e  i- th  a tom  in  th e  m olecule.
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T h e  stereo ch em ica l d a ta  of th e  m olecule w ere  ta k e n  from  th e  p a p e r  b y  
V ilk o v  et al. [10]. T h u s  th e  m om ent of in e r tia  I a I b I c =  1.09749 X Ю -113 
g3cm®, th e  m olecular w e ig h t is 161.491, a n d  th e  sy m m e try  n u m b er is 1. T he 
v ib ra t io n a l  freq u en cy  v a lu e s  were ta k e n  fro m  Sh u ll’s p a p e r [11]. T h e  to ta l  
tra n s la t io n a l , ro ta tio n a l a n d  v ib ra tio n a l v a lu e s  a re  show n in  T ab le  I I .

Table II

Therm odynam ic characteristics o f  vinyltrichlorosilane in  the ideal gas state, al 1 atm  pressure
(cal. K -1 • mole-1)

T
(K)

(G-—Я») 
T s c pT

100 10.69 51.83 54.57 15.03

200 14.76 60.53 75.29 22.20
273.15 17.31 65.52 82.83 26.16

298.15 18.10 67.07 85.16 27.31

300 18.38 67.21 85.58 27.40

400 19.97 72.80 92.77 32.37

500 23.34 77.74 101.08 34.18

600 25.29 82.03 107.31 36.40

700 27.05 86.42 113.46 38.07

800 28 52 89.93 118.45 39.72

821.15 28.72 90.69 119.41 39.90

900 29.84 92.37 122.21 40.86

1000 30.99 96.57 127.56 41.87

U sing th e  d a ta  g iv e n  above, th e  h e a t  o f  fo rm a tio n  of v in y ltrich lo ro - 
s ilan e  a t  the  ab so lu te  zero  w as calcu lated  b y  m ean s o f E q . (2). Since th e
( QO _  JJ O  Q  _  JJO
-------------- values a re  g e n e ra lly  ta b u la te d  a t  in te rv a ls  o f 100 K , th e  A  ----------------

T 0 Tg
v a lu e  fo r 548 °C w as d e te rm in e d  b y  in te rp o la tio n . T he h e a t o f fo rm atio n  of 
v in y ltrich lo ro silan e  a t  0 К  w as found to  be  (A H f ) 0 =  — 104.7 kcal/m ole. The 
s ta n d a rd  heat of fo rm a tio n  w as calcu lated  fro m  th is  v a lu e  using  th e  eq u a tio n :

( А Щ ) Т =  [ ( # r  Щ)  +  (АЩ)о]с - Z(H»T -  H°0)e (18)
w h ere

(A H f) r  is th e  n o rm a l h ea t of fo rm a tio n  o f  th e  com pound a t  298 K ; 
( A H f ) 0 is th e  n o rm a l h e a t of fo rm a tio n  o f  th e  com pound  a t 0 K ;
H p  is th e  e n th a lp y  of th e  co m p o u n d  o r e lem ent a t  298 K ;
H Ő is th e  e n th a lp y  of th e  co m p o u n d  o r e lem ent a t  0 K ;

su b sc rip ts  c and e re fe r  to  th e  com pound a n d  th e  e lem en ts fo rm ing  th is  com 
p o u n d , respectively . O n  th e  basis of these  c a lcu la tio n s  we o b ta in  th e  follow ing

A cta  Chim. Acad. Sei. H ung . 68, 1971



KNAUSZ: THERM ODYNAM ICS OF GAS PH A SE REACTION 25

v a lu e  fo r th e  n o rm a l h ea t of fo rm a tio n  of v in y ltrich lo ro silan e : ( A H f ) 0 =  — 106.9 
kcal/m ole.

T he m e th o d  o f ca lcu la ting  th e  h e a t o f fo rm a tio n  of m olecules fro m  th e  
b o n d  in crem en ts , using  a d d itiv ity  ru les, is w ide ly  know n. T hese in c rem en ts  
a re  re la te d  to  th e  b o n d  d issocia tion  energies. R ecen tly  sim ilar b o n d -a d d itiv ity  
ru les were ap p lied  fo r a sy s te m a tiz a tio n  o f th e  h ea ts  o f fo rm a tio n  o f  silicon 
com pounds. O’N eal  and  R ing  [12] h a v e  ca lcu la ted  th e  h ea t o f  fo rm a tio n  
o f  silicon co m pounds using a sim p le  b o n d -a d d itiv ity  m ethod . Van  D a lén  et al. 
[13] h av e  ca lcu la ted  th e  h e a ts  o f  fo rm a tio n  o f  m ethy lsilanes, ch lo rosilanes 
a n d  m eth y lch lo rosilanes (of gen era l fo rm ula  X nSiY4_„, w here n  is th e  bond  
n u m b e r  for ligand  X , 4 -n is th e  sam e  for ligand  Y) from  th e  follow ing e q u a tio n :

/ lH /°(X „SiY 4_ n) =  im ( S i - X )  +  (4—n)a(S i Y) +  n ( 4 - n ) i ( X ,  Y) (19)

w here  a(Si X) a n d  a (S i—Y) a re  p ro p o rtio n a l p a r ts  o f th e  A H v a lu es  o f  th e  
S iX 4 an d  SiY4 m olecules, re sp ec tiv e ly ; £(X, Y) is a b o n d -in flu en ce  te rm  
ex p ressin g  th e  d ev ia tio n  from  th e  a d d itiv ity  ru le .

T hese b o n d -a d d itiv ity  ru les , to o  p e rm it to  ca lcu la te  th e  h e a t o f  fo rm a 
tio n  o f v in y ltrich lo ro silan e  an d  to  com pare  i t  w ith  th e  value o b ta in e d  above. 
T h u s , using  a sim p le  a d d itiv ity  ru le , th is  v a lu e  is (A H f)29S =  — 101.5 kcal/m o le . 
B y  m eans of E q . (19) we get fo r th e  d ifference betw een  th e  ‘in flu en ce’ te rm s  
o f  th e  v in y l (h y d ro g en  and v in y l) chloro g ro u p s:

i(CH2C H , H ) —  i(C H 2C H , Cl) =  1.8

B esides th e  h e a t o f fo rm ation  o f  v in y ltrich lo ro silan e  de te rm in ed  earlie r 
th e  follow ing v a lu es  were used as basic  d a ta  in  th e  calcu lations:

[ ( / l / f “)298CH2C H S iH 3(g)] =  — 1 kcal/m ole [12, 14]

[(Zlf/")298SiCl4(g)] =  — 161.2 kcal/m ole*

[(/IH ;)298SiH 4(g)] =  - 2 7 . 0  kcal/m ole**

T h e  value fo r i(C H 3, H) —  i(C H 3, Cl) is 2.1, according to  v a n  D a l e n ’s 
w o rk  [13]. Since b o n d  ‘in fluenc ing ’ occurs as a secondary  effect, th e  ag ree 
m e n t o f th e  above d a ta  is sa tis fa c to ry . T his ag reem en t proves th e  co n sis ten cy  
o f  in  th is  p a p e r o b ta in e d  value o f  th e  h e a t o f  v in y ltrich lo rosilane  fo rm a tio n  
w ith  o th e r  know n d a ta .

* C alculated  fro m  th e  h ea t of h y d ro ly s is  g iven  b y  W o lf  [4], using  W is e ’s v a lu e  [5] 
fo r am o rp h o u s  S i0 2: [(z1//)),,,lRSiO,(amorph)] — — 215.9 kcal/m ole.

** T his va lue  w as ob ta in ed , using  th e  co m b u stio n  h e a t  d a ta  given by  F e u e r  et al. [15] 
a n d  t h a t  o b ta in ed  fo r am o rp h o u s S i0 2 b y  W is e  [5] [(/IRj!)2!,8S i0 2(amorp|1) =  — 215.9 k cal/m ole .
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O n th e  basis o f th e  re su lts  on  v in y ltrich lo ro s ilan e  and  E q . (2), new  in 
fo rm a tio n  can  be o b ta in e d  fo r th e  equ ilib riu m  es tab lish ed  in  R ef. [1]. T h e re 
fo re , th e  v a lu es  for th e  equ ilib riu m  c o n s ta n t w ere  ca lcu la ted  for te m p e ra tu re s  
d iffe re n t from  th o se  u sed  in  th e  ex p erim en ts . T h e  re su lts  are  su m m arized  in  
T ab le  I I I .

Table III

E quilibrium  constants o f  reaction (1 )  at d ifferen t temperatures

T
( K )

400 1.71 X 102

600 9.03

800 2.52

1000 1.15

I n  o u r earlie r p a p e r  [16] i t  w as n o te d , t h a t  th e  exped ien t te m p e ra tu re  
ra n g e  fo r  k in e tic  m e a su re m e n ts  is 400— 550 °C, since below 400 °C th e  reac 
tio n  r a te  is too  low , w hile above 550 °C th e  fo llow ing  side reac tio n  ta k e s  place 
b es id es  m a in  process (1):

Cl3SiH  +  C H 2 =  CHC1 -*  SiCl4 +  C H 2 =  CH2 (20)

O n  th e  basis o f o u r re su lts  re ferring  to  th e  te m p e ra tu re  ran g e  su itab le  
fo r k in e tic  m easu rem en ts  som e o th e r im p o r ta n t  th e rm o d y n am ic  c h a ra c te r is 
tic s  c a n  be  d e te rm in ed : th e  average  h ea t o f  th e  re a c tio n  and  th e  av e rag e  en 
tro p y  ch an g e  can  b e  ca lcu la ted  as follow s:

A H° A S 0
4.576 T  +  4 .576

( 21)

w here
A H 0 is th e  av e rag e  h e a t o f th e  re a c tio n
A S 0 is th e  av e rag e  e n tro p y  change acco m p an y in g  th e  reac tio n .
T h e  ca lcu la tio n s w ere perfo rm ed  fo r th e  te m p e ra tu re  range 327— 548 °C 

(600— 821 K ) w hich is w id er th a n  th e  ab o v e  m en tio n ed  in te rv a l, because 
d a ta  n ecessa ry  fo r th e  ca lcu la tio n s are av a ilab le  a t  s teps of 100 K . T hese  ca l
c u la tio n s  y ielded  A H 0 =  — 6.3/kcal for th e  av e rag e  reaction  h e a t a n d  / IS 0 =  
=  — 6.2 /k ca l/K  fo r th e  av erag e  en tro p y  ch an g e .
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INVESTIGATION OF ADSORPTION PHENOMENA 
ON PLATINIZED PLATINUM ELECTRODES 

BY TRACER METHODS, V
T H E  P O T E N T IA L  D E P E N D E N C E  O F C H L O R ID E  IO N  A D S O R P T IO N  
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( Central Research In s titu te  fo r  Chemistry o f  the H u n g a r ia n  A cadem y o f  Sciences, B u d a p es t)

R eceived N o vem ber 4, 1969

1. T h e  a d so rp tio n  o f chloride  ions on  a  p la tin u m  e lectrode in a 1.0 N  so lu tio n  
o f perch lo ric  acid  as su p p o rtin g  e lec tro ly te  h a s  b een  s tu d ied  b y  m eans o f t r a c e r  te c h 
n iques.

2. T h e  p o te n tia l dependence  of th e  a d so rp tio n  of chloride  ions v a rie s  w ith  th e  
s ta te  o f th e  e lectro d e : on  fresh ly  p re p are d  or re g e n e ra te d  e lectrodes, a d so rp tio n  occurs 
in  tw o d is tin c t s tep s w hich  coalesce u p o n  ag in g  o f  th e  e lectrode.

T here  are  m an y  p ap ers  in  th e  li te ra tu re  in  w hich  th e  specific a d so rp tio n  
o f h a lid e  ions is d iscussed. Among; these  th e  s tu d ie s  rep o rted  hy  B alashova  
[1] deserve special m en tio n .

In  th is  p a p e r  as an  ex tension  o f s tu d ies  fo rm erly  described, w e w ish  to  
d irec t a t te n tio n  to  som e phenom ena , n o t y e t  m en tio n ed  in th e  l i te ra tu re , r e la t 
ing to  th e  p o te n tia l dependence  o f ch loride ion  ad so rp tio n .

Experimental

In  th e  s tu d y  of th e  ad so rp tio n  of chloride  ions th e  iso to p e  3eCl, w hich em its /? -rad ia tio n  
(E max =  0.716 MeV), w as used . T he m easu rem en ts  w ere  ca rried  o u t in an  a p p a ra tu s  a lre a d y  
described  [2], th e  te c h n iq u e  used  in th e  ex p erim en ts  w as e ssen tia lly  th e  sam e as t h a t  em p lo y ed  
in  th e  cases o f su lfu ric  an d  ace tic  acid.

In  th e  p re se n t s tu d y , too , th e  su p p o rtin g  e le c tro ly te  w as 1.0 N  perch loric  ac id  w h ich  
en su red  th a t  e n ric h m e n t in th e  double  lay e r due to  e le c tro s ta tic  forces was neglig ib le.

R esults

T h ere  is a c h a ra c te ris tic  d ifference b e tw een  ex p erim en ta l re su lts  o b ta in e d  
w ith  fresh ly  p re p a re d  electrodes and  w ith  e lec trodes p rev iously  u sed . T h is 
d ifference was p r im a rily  in th e  c h a ra c te r  o f th e  p o te n tia l dependence o f  a d 
so rp tio n , and  n o t in th e  a d so rp tio n  cap ac ity .

T h e  co n c e n tra tio n  o f hydroch lo ric  acid  w as v a ried  w ith in  th e  lim its  o f 
10" 5 an d  10“ 2 mole/1 an d  th e  p o ten tia l d ep en d en ce  w as s tu d ied  b e tw een  0 an d  
800 mV. T he p o te n tia ls  are  those  w ith  resp ec t to  t h a t  o f a hydrogen  e lec tro d e  
a t  1 a tm  in 1.0 IV perch lo ric  acid.
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T h e  p o te n tia l d ep en d en ce  of a d so rp tio n  on  electrodes p rev io u sly  used  
e x h ib its  th e  fea tu res  re p o rte d  in  num erous p u b lic a tio n s . This is show n in  F ig . 1, 
w h e re  th e  co n cen tra tio n  o f hyd roch lo ric  ac id  is 1.3 X 10 ~ 4 mole/1. I n  essence, 
th e  sh a p e  o f  th e  cu rve  is n o t affec ted  by  th e  p o te n tia l  a t  w hich th e  m e a su re 
m e n t is s ta r te d , i.e. no h y ste res is  is in  ev idence .

T h e  curves o b ta in e d  w ith  fresh ly  p re p a re d  electrodes a f te r  c a th o d ic  
re g e n e ra tio n  differ s ig n if ican tly  from  th o se  fo r  th e  preceding  case. T h is  is 
sh o w n  in  F ig . 2. In  th is  in s ta n c e  th e  sh ap e  o f  th e  curve depends on  th e  di-

F ig . 1. T h e  p o ten tia l d ep en d en ce  o f ad so rp 
t io n  o n  a n  electrode p re v io u s ly  u sed , a t  

1.3 X 10" 4 m ole/l HC1

re c t io n  follow ed d u rin g  m easu rem en t (cf. F ig . 3), i.e. th e re  is a c h a ra c te ris tic  
h y s te re s is  effect in  th e  p o te n tia l  dependence  o f  ad so rp tio n . In  F ig . 3, C urve 1 
w as reco rd ed  w ith  p o te n tia ls  increasing  fro m  0 to  800 mV, w hile C urve  2 w ith  
p o te n t ia ls  changing  in  th e  rev e rse  d irec tio n .

I f  th e  p o te n tia l in te rv a l  b e tw een  0 a n d  800 mV is re p e a te d ly  covered  
in  b o th  d irec tions, th e  cu rv e  show n in F ig . 2 w ill g rad u a lly  change th a t  in 
F ig . 1. T h is process is show n  in F ig . 4. T h e  n u m b ers  m ark ing  th e  in d iv id u a l 
c u rv e s  in d ica te  th e ir  o rd e r o f succession. I n  th e  case of fre sh ly  p re p a re d  or 
r e g e n e ra te d  e lec trodes, tw o  ch a ra c te ris tic  sec tio n s can be d is tin g u ish ed  in  
th e  p o te n tia l  dependence o f a d so rp tio n  (cf. F ig . 2). O n th e  co rrespond ing  d e riv a - 

А Г
t iv e  ------  curve (cf. F ig . 5 ), th ese  tw o  sectio n s becom e v e ry  d is tin c tly  se p a ra t -

d  E
ed . T h is  phenom enon  is o bserved  in  q u ite  a w ide co n cen tra tio n  ran g e . F ig . 6 
sh o w s th e  p o te n tia l d ependence  o f a d so rp tio n , respective ly , fo r 1 .3X  10~ 5 
(C u rv e  1), 2 .6 x l 0 ~ 5 (C urve 2), 1 . 3 x l 0 ^ 4 (C urve  3), and 1 . 3 x l 0 -3  (C urve 4) 
m o le /l HC1.

T h e  accu ra te  d e te rm in a tio n  of th e  c o n c e n tra tio n  dependence o f ad so rp 
t io n  o n  a given e lec trode  is d ifficu lt due to  ag ing  and  slow tra n s fo rm a tio n  of 
th e  e lec tro d e . T he co m p ariso n  of resu lts  o b ta in e d  w ith  various e lec trodes is 
l im ite d  b y  u n c e rta in tie s  invo lved  in  th e  d e te rm in a tio n s  of surface a reas .

I t  is necessary  to  pe rfo rm  m easu rem en ts  in  a su ffic ien tly  w ide p o ten tia l 
ra n g e  a t  a given c o n c e n tra tio n  to  o b ta in  in fo rm a tio n  concern ing  th e  s ta te  of
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H O R Ä N Y I e t al.: INVESTIGA TIO N  OF A D SO R PT IO N  PHENOM ENA. V 31

th e  e lec trode . F o r , as we have  seen, th e  c h a ra c te r  o f th e  p o ten tia l d ep en d en ce  
o f ad so rp tio n  re flec ts  th e  changes t h a t  h av e  o ccu rred  in  th e  s ta te  o f  th e  elec
tro d e , an d  u p o n  going to  a n o th e r c o n c e n tra tio n , th e  electrode sh o u ld  f ir s t  
he reg en e ra ted . M easurem ents a t  sev era l, e sp ec ia lly  low, co n cen tra tio n s  w ith  
th e  sam e e lec tro d e  a re  tim e-consum ing , an d  d u rin g  th is  th e  electrode m a y  he 
su b jec t to  m ore or less im p o rta n t changes.

W ith  all th e se  u n ce rta in tie s  in  m in d , n o t  m ore  th a n  the  c h a ra c te r  o f 
th e  c o n c e n tra tio n  dependence of a d so rp tio n  can  be  deduced  from  F ig . 6.

Fig. 3. A d so rp tio n  hysteresis 
C urve 1: p o te n tia l  ch an g ed  from  0 to w ard s  

800 m V;
C urve 2: p o te n tia l  ch an g ed  from  800 to  0 V m

E mV

Fig. 4 . T h e  p o te n tia l  dependence o f  a d so rp 
tio n , ch an g in g  w ith  th e  nu m b er o f  m easu re - 

ents
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F ig. 5. Two sec tions th e  p o ten tia l dependence  o f a d so rp tio n  (Г  cu rv e) illu stra ted  by  a-^j^r cu rv e

In  s tu d y in g  p o te n tia l dependence  of a d so rp tio n , th e  s itu a tio n  is m ore  
favourab le .

W e h av e  a rr iv e d  a t  th e  conclusion  th a t  th e  dependence of a d so rp tio n  
on th e  co n c e n tra tio n  an d  electrode p o te n tia l c an  be  expressed , as a f ir s t  a p 
p ro x im atio n , b y

Г  — Л ■ F ( c ) f ( E)  (1)

w hich m eans t h a t  th e  adsorbed  a m o u n t can  be  described  as the  p ro d u c t o f  
tw o fu n c tio n s each  o f one variab le . F a c to rs  w h ich  ch arac terize  the  s ta te  a n d  
q u a lity  o f th e  su rface  are  in co rp o ra ted  in  c o n s ta n t A .  T he  m agn itude  o f  th e s e  
fac to rs  changes w ith  tim e  even for a g iven  e lec tro d e . T h e  s tu d y  of th e  a d s o rp 
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t io n  o f  su lfu ric  acid [3] sugg ested  an  a d so rp tio n  iso therm  essen tia lly  id en tica l 
w ith  t h a t  described b y  E q . (1). F o r su lfuric ac id  we have found th a t  a t  a g iven 
p o te n t ia l  a lim iting  a d so rp tio n  is a tta in e d  b y  a g rad u a l increase o f c o n c e n tra 
t io n  a n d  th a t  th is lim it is a fu n c tio n  of th e  e lec tro d e  po ten tia l. W e fo rm u la te d  
th is  b y  s ta t in g  th a t  th e  m ax im u m  coverage, Г 0, is a function  o f th e  e lec trode  
p o te n t ia l .

F ig . 6 . T h e  p o ten tia l dep en d en ce  o f  ad so rp tio n  a t  v a r io u s  co n cen tra tio n s . C urve 1 a t  1.3 X 10 r>, 
C u rv e  2 a t  2 .6 X 1 0 “ 5. C urve 3 a t  1 .3 X 1 0 “ 4 and  C u rv e  4 a t  1 .3 X 1 0 -3  mole/1 o f  h y d ro ch lo ric

acid

I f  we accept E q . (I) as va lid  for th e  case  o f  chloride ion a d so rp tio n , th en  
th e  c u rv e s  fo r th e  sam e co n c e n tra tio n  (c =  c o n s ta n t)  can he tra n s fo rm e d  one 
in to  a n o th e r  by  d iv id ing  th e  Г  values p e r t in e n t  to  one curve b y  th e  ad so rb ed  
a m o u n t  Г h p e rtin e n t to  an  a rb itra ry  e lec tro d e  p o te n tia l Eh- T he re la tiv e  va lu es  
t h u s  o b ta in e d  are d e n o te d  b y  Г г:

j L = m _  (2)
r h f ( E h)

T h u s  Г г is in d ep en d en t o f  th e  c o n c e n tra tio n  an d  A .  W ith  E h =  700 mV as 
th e  b a s is  o f reference, th e  I \  v alues c a lc u la ted  from  resu lts  o f m easu rem en ts  
on  a fre sh ly  reg en era ted  e lectrode im m ersed  in  hydrochloric  ac id  so lu tions 
o f  v a r io u s  co n cen tra tio n s a re  collected in  T a b le  I.

F ig . 7 is a g ra p h ic a l re p re se n ta tio n  o f th ese  d a ta  w ith  th e  b oundary ' 
c u rv e s  t h a t  include th e  d a ta .

A t  f irs t sight, th e  a rea  defined  b y  th e  b o u n d a ry  curves seem s to  be too  
la rg e . H ow ever, considering  th a t  as th e  re la tiv e  e rro r in any  of th e  d a ta  m eas
u r e d  is a few per cen t, E q . (1) m ay  be a c c e p ted  as su itab le , a t  le a s t  as a firs t 
a p p ro x im a tio n , for th e  d e sc rip tio n  of th e  o b se rv ed  phenom ena. A t a c o n s ta n t 
c o n c e n tra t io n  an  av e rag e  curve  can  be d ra w n  th ro u g h  th e  a rea  b e tw een  th e  
b o u n d a r y  curves.T h is cu rv e  gives th e  gen era lized  p o ten tia l d ep en d en ce  o f 
a d so rp tio n .

Acta Chim. Acad. Sei. H ung. 68, 1971
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Table I*

^  c mole/1 

E  mV
2.6x10-® 1.3x10-« 2.6x10-« 6.5x10-« 6.5x10-* 1.3x10-* 1.3x10-* 2.6x10-* 6.5x10-»

50 0.012 0.010 0.017 0.016 0.032 0.029 0.027 0.026 0.017
100 0.038 0.050 0 050 0.056 0.122 0.086 0.110 0.060 0.079
150 0.138 0.134 0.175 0.350 0.271 0.219 0.275 0.166 0.210
200 0.300 0.285 0.309 0.270 0.420 0.371 0.423 0.333 0.342
250 0.519 0.430 0.425 0.388 0.495 0.438 0.492 0.411 0.421
300 0.595 0.524 0.489 0.450 0.516 0.486 0.508 0.465 0.465
350 0.629 0.560 0.513 0.472 0.526 0.514 0.529 0.500 0.491
400 0.637 0.584 0.554 0.494 0.537 0.533 0.540 0.517 0.517
450 0.694 0.632 0.612 0.528 0.569 0.572 0.566 0.552 0.553
500 0.756 0.698 0.714 0.584 0.649 0.638 0.640 0.605 0.605
550 0.918 0.795 0.802 0.686 0.787 0.724 0.777 0.710 0.702
600 0.975 0.926 0.833 0.820 0.910 0.847 0.900 0.865 0.833
650 0.978 0.966 0.947 0.933 0.968 0.933 0.952 0.947 0.929
700 1 .000 1 .0 0 0 1 .000 1.000 1 .0 0 0 1.000 1 .0 0 0 1 .000 1 .000

750 1 .000 1.050 1.030 1.010 1.040 1.040
800 1.070 1.065 1.080 1.075 1.075

* W here concen tra tions are th e  sam e, th e  d a ta  refer to  d ifferent electrodes.
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I n  o rd e r to  o b ta in  th e  genera lized  p o te n tia l  dependence in  an a ly tica l 
fo rm  th e  fa c t is u tilized  th a t  th e  increase  in  a d so rp tio n  as a fu n c tio n  o f th e  elec
t ro d e  p o te n tia l , occurs in  tw o  sh a rp ly  d is tin g u ish ed  phases, an d  th e  an a ly tica l 
fo rm  o f th e  func tions w hich  describe  th e se  p h ases  is sim ilar.

0 100 200 300 400 500 600 700 800
E mV

F ig. 7. B o u n d a ry  cu rv es a n d  av erag e  v a lu es for th e  d a ta  in  T ab le  I

T h e  analogy  w ith  th e  a d so rp tio n  of h y d ro g en  suggests

Г О ] О Ь ( £ - £ о )
1 \  =  ------------ (3)

1 +  10ft(£- £o)

as a su ita b le  e q u a tio n  fo r th e  d esc rip tio n  o f th e  tw o phases m en tio n ed . In  
E q . (3), Г 0, b, and  E 0 a re  c o n s ta n ts . T h u s th e  cu rve  com posed o f tw o  sections 
c a n  b e  expressed  b y  th e  eq u a tio n

r>0 1 л й , ( Е - Е 01)  pO 1 С)Ъг(Е -Е ог)
Г г =  — 1--------------------b — ------------------ (4)1 +  10MB-B«) I 10М £-ад

t h a t  c o n ta in s  six u n k n o w n  c o n s ta n ts , a n d  on ly  th e  know ledge o f th e se  allows 
i t  to  b e  com pared  w ith  e x p e rim e n ta l re su lts . V alues fo r E 01 an d  E 02 can  be 
d e te rm in e d  from  th e  in flex io n  p o in ts  o f th e  Г г vs. E  curves, or from  th e  m ax im a 
o f  th e  d e riv a tiv e  cu rves since E 01 an d  E 02 a re  su ffic ien tly  a p a r t .  F o r th e  de
te rm in a t io n  of b1 th e  fa c t c an  be u tilized  th a t  fo r p o ten tia ls  E  <§ E ov th e  ap 
p ro x im a te  re la tio n sh ip

Г Г^ Г \  lOWß-Boi) (5)

is v a lid . T he lo g arith m ic  fo rm  o f E q . (5) co rresponds to  a s tra ig h t  line th e  
slope  o f  w hich is bv  I n  o rd e r to  d e te rm in e  bx, we recorded  th e  in itia l section  
o f  Г г vs. E  curves on v a rio u s e lec trodes fo r sm all steps of p o te n tia l. T hese  ex 
p e r im e n ts  are sum m arized  in  F ig . 8a, w hich  show s th a t ,  in  fa c t, th e  lg F r vs. E  
p re s e n ta t io n  p roduces s tra ig h t lines in  co n fo rm ity  to  E q s (4) an d  (5), and

A cta  Chim. Acad. Sei. H ung. 68, 1971
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th a t ,  due to  th e  sc a tte r  in th e  in d iv idua l series o f  d a ta ,  these lines a re  n o t 
id en tica l b u t o n ly  para lle l.

The d e te rm in a tio n  of / у  can  be carried  o u t u sing  th e  correlation

1

7Г
JO -M E -E o i)

n

1

7Y ( 6)

w hich is valid  fo r such p o ten tia ls  w here th e  second te rm  o f E q . (4) is still neg lig 

ible. I f ---- is p lo tte d  as th e  fu n c tio n  of 10_<,l(E_Eoi\  a s tra ig h t line should re su lt,
'  r

th e  slope or th e  in te rc e p t o f w hich  is su itab le  fo r  th e  ca lcu la tio n  o f Г \ .  T h e

Fig. 8a. In itia l se c tio n  of th e  lg Г г vs. E  Fig. 8b. In i t ia l  sec tio n  o f th e  lg (TJ!—F J )  vs. 
curves for th e  d e te rm in a tio n  o f  b, E  cu rv es fo r  th e  d e te rm in a tio n  of

sim p lest w ay o f o b ta in in g  th e  v a lu es  for 71“ an d  Г% is d ire c t d e te rm in a tio n  
from  th e  curves. I t  follows from  E q . (4) th a t  in  th e  p o in ts  o f  inflexion (E  =  E ol

an d  E  =  E 02) t h a t  I  r(E al) =  - -  , and  /  Г( Е П2) =  I  x , since E 01 <^E02.

I f  Ej  is know n, b., c an  be ca lcu la ted . I f  E  §> E ov E q . (4) assum es th e  form

J'r = n
Г% Ю6г<£-Е»2>

1 _|_ 10ft2(£' ' Eo2) 0 )

w hich , a f te r  t r e a tm e n t  sim ilar to  th a t  ou tlined  fo r bv  y ie ld s th e  value fo r 62. 
In  Fig. 8b the  l g ( f r —  Г {) vs. E  p lo ts  are  show n. T h e se  s tra ig h t lines a re  also  
p a ra lle l w hich seem s to  su p p o rt th e  correctness o f th e  m e th o d  and  gives access 
to  v a lu es  of th e  c o n s ta n t bz. T a b le  I I  sum m arizes th e  v a lu es  o f th e  c o n s ta n ts  
p e rta in in g  to  th e  av erag e  curve  in  Fig. 7, th e  v a lu es  fo r Г сг calcu la ted  from  
th ese , and  also th e  f r  values o f  th e  average cu rve .

3* Acta Chim. Acad. Sei. Hung. 68, 1971



36 HORÄNYI e t a l.: IN V ESTIG A TIO N  O F A D SO RPTIO N  PHENO M EN A, V

Table П а

1 2

Го 0.515 0.515

ь w “ v " ' t 5ïï- " v "

Е 0 175 m V 550 m V

Table НЬ

E ,  mV n r . E , mV n Г r

50 0.020 0.020 450 0.576 0.586
100 0.066 0.072 500 0.656 0.654

150 0.178 0.192 550 0.771 0.778

200 0.336 0.338 600 0.886 0.883

250 0.450 0.447 650 0.963 0.951

300 0.500 0.500 700 1.000 1.000
350 0.520 0.527 750 1.018 1.028

400 0.539 0.546

T h e  solid cu rve  in  F ig . 9 co rresp o n d s to  Г сг, and  th e  p o in ts  rep resen t 
v a lu e s  o f  Гг-

O n th e  basis o f th e  fo rego ing  we th in k  th a t  E q . (4) is accep tab le  as a 
g o o d  ap p ro x im atio n  fo r th e  a d so rp tio n  o f  chloride ions.

A s fa r as th e  in te rp re ta t io n  o f th is  co rre la tio n  is concerned , severa l ideas 
c a n  b e  p u t  forw ard  a lre a d y  a b o u t th e  o rig in  of th e  tw o sections. I t  is possible 
t h a t  th e  tw o sections co rresp o n d  to  a d so rp tio n  on various ty p e s  o f  adso rp tion  
s ite s , b u t  i t  is also possib le  t h a t  th e y  in d ic a te  to ta lly  d iffe ren t a d so rp tio n  proc
esses w hich  occur a t  th e  sam e sites. I t  is h igh ly  p robab le  t h a t  ad so rp tio n  is 
a c c o m p a n ied  b y  som e degree o f charge  tra n s fe r . A dso rp tion  a f te r  th e  ad d itio n  
o f  h y d ro ch lo ric  acid to  th e  cell is a cco m p an ied  b y  a positive c u r re n t  pu lse  on an 
e le c tro d e  p o te n tio s ta tic a lly  a d ju s te d  to  500 mV an d  im m ersed  in  a 1.0 iV so
lu t io n  o f  perchloric ac id , as show n b y  C urve  b in  Fig. 10. F o r  com parison , 
th e r e  w ith  th e  effect cau sed  b y  su lfu ric  ac id  is show n b y  cu rv e  a. T he  la tte r  
e ffe c t is sign ifican tly  w eaker.

F o r  th e  in te rp re ta t io n  o f th e  a d so rp tio n  m echan ism  on ly  su ch  a th eo ry  
is  accep tab le  from  w hich  i t  follows th a t  th e  n u m b er of a c tiv e  s ite s  available 
fo r  ad so rp tio n  is a fu n c tio n  o f th e  e lec tro d e  p o ten tia l. F o rm a lly , fo r instance,
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we m ay  suppose th a t  an  eq u ilib riu m  process

z

nA  - f  ze~ N A *  n (8)

occurs, invo lv ing  charge tra n s fe r  be tw een  sites considered  a c tiv e  an d  inactive 
from  th e  p o in t o f view  o f  a d so rp tio n . H ere  z is th e  n u m b er o f ch a rg es ; A  repre
sen ts  in ac tiv e  an d  A*  ac tiv e  s ites; n is th e  sto ich iom etric  fa c to r .

Fig. 9. Comparison o f calculated (solid  curve), 
and average values (points) obtained from  the  

curve o f  averages

Fig. 10. Current pulse a t 500 m V which ac
com panies the adsorption o f a )  sulfuric acid, 

and b)  hydrochloric acid

F o r th is  equ ilib rium  it is possib le to  w rite

E Eo + * ? - l n  ^
zF  N a -  N*a

(9)

w here N A * is th e  n u m b e r o f th e  ac tive  sites, an d  N a is th a t  o f  all th e  sites. 
R ea rran g em en t o f E q . (9) gives

N д. =- N„

zF  
, nRT (E - E „ )

1 + e
zF

nRT ( E - E . )
( 10)

w hich essen tia lly  corresponds to  E q . (3). As m en tio n ed  before , th e  tw o  sec
tions observed  ex p erim en ta lly  could  be a t tr ib u te d  to  tw o d iffe re n t k inds of 
ac tiv e  sites ch a rac te rized  b y  d iffe ren t va lu es  o f E 0, z, an d  n. T h e  process of 
aging could th e n  be in te rp re te d  as a s tru c tu ra l rea rra n g em e n t accom pan ied  
b y  th e  convergence  of p o te n tia ls  E 0 to w ard s each o th e r. In  sp ite  o f  th is  the  
ag reem en t b e tw een  E qs (10) an d  (3) can  on ly  be considered fo rm a l d u e  to  the  
lack  of fu r th e r  ev idence th e re fo re  fu r th e r  s tud ies are needed fo r th e  e lucidation  
of th e  a d so rp tio n  m echanism .

A cta  Chim . A cad . S e i. H u n g . 6 3 , 1971
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INVESTIGATION OF ADSORPTION PHENOMENA  
ON PLATINIZED PLATINUM ELECTRODES BY 

TRACER METHODS, VI

T H E  R O L E  O F  A D S O R P T IO N  E Q U IL IH R IA  IN  H E T E R O G E N E O U S  C A TA LY TIC  
H Y D R O G E N A T IO N  C A R R IE D  O U T  IN  A Q U E O U S M E D IA

G y . H o r á in y i , J .  S o l t  an d  F .  N a g y

(C entral Research Institu te  fo r  C hem istry o f  the H u n g a ria n  A cadem y o f  Sciences, B ud a p est)

R eceived  N o v em b er 24, 1969

On th e  basis o f concrete  e x am p les , i t  h a s  been  show n th a t ,  c o n tra ry  to  p rev ailin g  
views, d u rin g  c a ta ly tic  h y d ro g e n a tio n  an d  e le c tro h y d ro g en a tio n  in  a n  aq u eo u s  m ed ia , 
no a d so rp tio n  equ ilib rium  of th e  s u b s tra te  can  b e  p o stu la te d . A cco rd in g ly , th e  co n cep ts  
a b o u t th e  k in e tic s  o f these re a c tio n s  need  rev ision . In  th is  c o n te x t som e g e n e ra l con
sid e ratio n s h av e  been p u t  fo rw ard .

In  s tud ies o f h e te ro g en eo u s  ca ta ly s is  i t  is th e  changes in  th e  b u lk  con
c e n tra tio n  w hich  fu rn ish  th e  b as is  fo r  conclusions concern ing  th e  reac tio n s 
w hich  occur a t  th e  phase b o u n d a rie s . I t  is necessary  to  m ake c e r ta in  m ore  or 
less ju s tif ied  assu m p tio n s, to  p a v e  th e  w ay  o f inferences a b o u t co n c e n tra tio n s  
a t  th e  in te rface , d raw n from c o n c e n tra tio n  d a ta  p roper to  th e  b u lk  o f  th e  re 
sp ec tiv e  phases.

So, in a g re a t n u m b er of p a p e rs  a b o u t heterogeneous c a ta ly t ic  h y d ro 
g en a tio n , it  is assum ed  th a t  b o th  th e  a d so rp tio n  steps p reced ing  re a c tio n  and  
th e  co rrespond ing  desorp tion  p rocess are  ra p id , consequen tly , an  a d so rp tio n  
eq u ilib riu m  in v o lv in g  all th e  co m p o n en ts  w hich  tak e  p a r t  in th e  re a c tio n  is 
m a in ta in e d  [1].

T he assu m p tio n  of an  eq u ilib riu m  is o f  p rinc ipal sign ificance since only 
such  an  equ ilib riu m  allows, using  th e  a d so rp tio n  iso therm s, to  m ak e  on e s ti
m a te  of th e  su rface  co n cen tra tio n s  on  th e  basis  of co n cen tra tio n s m easu red  in 
th e  hom ogeneous p h ases . In  w h a t follow s we propose to  show th a t  in  n u m ero u s  
cases it  is n o t ju s tif ie d  to  suppose t h a t  an  ad so rp tio n  p re -eq u ilib riu m  is m a in 
ta in e d  during  h y d ro g en a tio n s c a rr ie d  o u t on  p la tin u m  in aq u eo u s m ed ia  a t 
ro o m  te m p e ra tu re .

Acta Chimica Academiae Scientiarum  Hungaricae ,  Tomus 68 (1 — 2 ), pp . 39 —  46 (1971)

1. Problem of the existence of an adsorption equilibrium

Q uestions concern ing  th e  a d so rp tio n  o f organic com pounds on p la tin u m  
surfaces from  aq u eo u s m edia are d iscu ssed  b y  th e  s tead ily  ex p an d in g  l i te ra tu re  
o f e lec tro so rp tio n  [2].

H ow ever, th e  lite ra tu re  d a ta  co n cern in g  th e  adso rp tion  e q u ilib riu m  of 
such  com pounds are  c o n tra d ic to ry . T h e  ad so rp tio n  of e th y len e  an d  benzene

Acta Chim. Acad. Sei. H ung. 08. 1971
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re p re se n ta tiv e s  of th e  u n s a tu ra te d  and  a ro m a tic  class o f com pounds, on p la t 
in u m , h as  been e x te n s iv e ly  s tu d ied  b y  B o c k r is  et al. [3]. A ccording to  th e se  
a u th o rs , ad so rp tio n  from  aq u eo u s m edia in v o lv es  th e  follow ing equ ilib rium :

S0 +  ra(H ,0)a n (H 2O )0 +  Sa (1)

w h e re  S s tan d s fo r th e  s u b s tra te , and  su b sc rip ts  о a n d  a refer to  th e  so lu tion  
an d  th e  ad so rp tio n  p h a se , respectively . F ro m  th e  equ ilib rium  c o n s ta n ts  
re p o r te d  b y  th e  a u th o rs , i t  follows th a t  a t  ro o m  te m p e ra tu re  s a tu ra tio n  is 
reach ed  a lread y  a t  r a th e r  low  con cen tra tio n s (1 0 ~ 6 to  10~ 5 mole/1) of th e  a d 
so rb a te .

T h e  eq u ilib riu m  c o n s ta n t  does n o t in d ic a te , how ever, th e  m a g n itu d e  
o f  th e  ra te  co n s ta n ts  o f  a d so rp tio n  and  d e so rp tio n , th o u g h  it is obvious th a t  
i f  a re a c tio n  occurs, i t  w ill b e  th e  abso lu te  v a lu es  o f  th e se  ra te  co n stan ts  w hich  
will d e te rm in e  w h e th e r  o r n o t an ad so rp tio n  p re -eq u lib riu m  can be assum ed .

O ur o b se rv a tio n s  u p  to  now seem to  su g g est t h a t  fo r a ra th e r  w ide v a 
r ie ty  o f ad so rb a tes  th e  r a te  o f th e  overall a d so rp tio n  process is d e te rm in ed  
b y  th e  ra te  of d iffu sion  [2], i.e. the  ra te  o f a d so rp tio n  is high or a t le a s t h igher 
th a n  th a t  of d iffusion .

H ow ever, l i ttle  is k n o w n  ab o u t th e  r a te  o f  d eso rp tio n . This ra te  c a n  be 
s tu d ie d , by  m eans o f  t r a c e r s ,  following th e  e x ch an g e  ad so rb ed  m olecules e ith e r  
so t h a t  m olecules in  th e  ad so rb ed  phase o r th o se  in  th e  solu tion  are labe lled
w ith  14C.

M any ex p e rim en ts  h a v e  been carried  o u t b y  b o th  m ethods; in  w h a t 
follow s a num ber o f c o n c re te  experim en ts w ill serve  as exam ples illu s tra tin g  
o u r  ob se rv a tio n s. 2

2. Study of desorption rates

T he a p p a ra tu s  p re v io u s ly  described [4] w as u sed . As show n in an  earlie r 
p a p e r  [5], in th e  p re se n t m e th o d  th e  a d so rp tio n  o f labelled  species is reco rded  
d ire c tly , b y  m easu rin g  th e  ra d ia tio n  th a t  a rr iv e s  from  th e  surface. In  th e  ex 
p e rim e n ts  to  be d iscu ssed  here , we p roceeded  as follow s. The e lec trode  im 
m ersed  in a 1.0 N  so lu tio n  o f perchloric acid w as a d ju s te d  to  such a p o te n tia l a t 
w h ich  no reac tion  o f  th e  adso rbed  species o ccu rs, i.e. n e ith e r  o x id a tio n  n o r 
h y d ro g en a tio n  sh o u ld  be expected . T hen  th e  a d so rb a te , labelled w ith  14C, 
w as added  to  th e  sy s te m . A fter th e  ad so rb ed  a m o u n t (c.p.m .) had  a t ta in e d  
a c o n s ta n t level, th e  in a c tiv e  com ponen t w as a d d e d  in  large excess a t  th e  
tim e  in d ica ted  b y  an  a rro w  on th e  curve. In  th is  case, in  view  th a t  th e  overa ll 
specific  a c tiv ity  o f th e  ad so rb ed  species is re d u c e d  b y  tw o or th ree  o rders of 
m a g n itu d e , possib le f u r th e r  adso rp tion  escapes o b se rv a tio n : th u s  i t  is un-
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eq u iv o ca lly  th e  deso rp tion  p rocess t h a t  is be ing  followed, and  th e  decrease 
in  th e  coun ts p e r  m in u te  gives th e  ra te  o f deso rp tio n .

T h e  d e so rp tio n  ra tes  o f ace to n e  an d  p h en y lace tic  acid  a re  show n in 
F igs 1 and  2, resp ec tiv e ly . In  th e  w ay  d escrib ed , ace tone  was a d d ed  a t  300 mV, 
w hile p h en y lace tic  acid  a t 400 m V , to  th e  sy s tem . H ad  a tru e  d y n am ic  a d so rp 
tio n -d e s o rp tio n  equ ilib rium  in  fa c t  ex is ted , a decrease o f c .p .m . shou ld  
h a v e  occurred  a t  a n y  p o ten tia l a t  a ra te  co rrespond ing  to  th e  r a te  o f  d e so rp 
tio n  u n til  th e  c .p .m . com ing fro m  th e  su rface  d id  no t fall below  1%  o f  th e  
o rig in a l value.

H ow ever, as show n by  th e  F ig u res , an  ap p reciab le  exchange o f th e  la b 
elled co m p o n en t occurs only a t  such  p o te n tia ls  (E  200 mV) w here  h y d ro -

F ig. 1. D eso rp tion  r a te  o f acetone a t  v a rio u s  
e lectrode  p o ten tia ls

g e n a tio n  also has to  be tak en  in to  a cco u n t. I t  is rem ark ab le  th a t  th e  ex ch an g e  
ra te  decreases sig n ifican tly  w ith in  a re la tiv e ly  sh o rt tim e a t each  p o te n tia l , 
a n d  fu r th e r  exchange  is observed  o n ly  w hen  th e  p o ten tia l is sh if te d  to w a rd s  
m ore  n eg a tiv e  v a lu es . The r a te  o f  h y d ro g e n a tio n , referred  to  1 cm 2 o f  th e  
g eo m etrica l su rface , a t  p o ten tia ls  m ore  n e g a tiv e  th a n  100 m V , is in  th e  m A  
ra n g e , co n seq u en tly , if  th e  a c tiv e  co m p o n e n t ad so rb ed  on th e  su rface  w ere  
c o m p le te ly  rem o v ab le  by  re a c tio n , th e  half-life  of th e  observed  d ec rease  in 
c. p . m . should  be  in  th e  o rder o f  seconds. T he observed  p ic tu re  c o n tra d ic ts  
th is , th u s  th e  in te rp re ta t io n  of th e  p h en o m en o n  requ ires fu r th e r  a ssu m p tio n s , 
e.g. t h a t  o f a heterogeneous su rface . I f  on ly  one desorp tion  or re a c tio n  ra te  
c o n s ta n t  is o p e ra tiv e  th e  c.p .m . w ould  decrease exponen tia lly  w ith  tim e .

F o r  a com parison , Figs 3 a n d  4 show  th e  exchange of acetic  a n d  h y d ro 
ch lo ric  acids, follow ed in  ex ac tly  th e  sam e w ay  as th a t  of acetone a n d  p h e n y l
ace tic  acid . B o th  ace tic  acid a n d  h y d ro ch lo ric  acid  (or chloride ions) e x h ib it 
s ig n if ic a n t specific adso rp tion . F o r  labe llin g  14C an d  3eCl w ere used .
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ï n  th e se  cases th e  exchange is v e ry  ra p id  a lre a d y  a t  th e  s ta r tin g  p o te n 
tia ls  a n d  is p ra c tic a lly  com plete  w ith in  a sh o r t  tim e .

T h e  co m p ariso n  o f  F igs 1 an d  2 w ith  F igs 3 a n d  4 u n equ ivoca lly  show s 
th a t ,  a p a r t  from  ra p id  responses to  changes o f p o te n tia l, th e  d eso rp tio n  ra te  
o f  ace to n e  an d  p h e n y la c e tic  acid is v e ry  low.

O w ing also to  th e se  low  ra te s  o f d e so rp tio n , th e  occurrence of an  a d so rp 
tio n  eq u ilib riu m  c a n n o t he accep ted  w ith o u t rese rv e . O bviously, a slow reac-

r
I I5-p  ̂

A -

10 20 30
t, min

F ig . 3. D eso rp tio n  o f a ce tic  acid  a t  700 mV

tio n  w hich  occurs a t  a r a te  p ro p o rtio n a l to  th e  coverage, m ay  suggest th e  
a p p a re n t  ex istence  o f an  a d so rp tio n  iso th e rm .

I n  th e  s te a d y  s ta te ,  th e  following ex p ressio n  can  be w ritten  fo r th e  re a c 
tio n  ra te

w  = k A e{ l  — O s) = k r O s (2)

w h ere  к  a  is th e  r a te  c o n s ta n t o f ad so rp tio n , k r is th e  ra te  co n stan t o f th e  reac 
tio n , an d  0 S is th e  s ta t io n a ry  coverage b y  th e  a d so rb ed  species.

R e a rra n g e m e n t o f  E q . (2) p roduces a re la tio n sh ip  betw een  c o n c e n tra tio n  
an d  coverage th a t  h a s  th e  form  of th e  L a n g m u ir  iso th e rm , viz.

- L l c

e ,  = -------- b j -------- (3)
1 +  ^  c 

k r

A t a n y  ra te  i t  can  be concluded  from  w h a t has b een  said  th a t  a t  ap p rec iab le  
ra te s  o f h y d ro g e n a tio n  no a d so rp tio n  p re -eq u ilib ria  seem  possible irre sp ec tiv e  
o f  w h e th e r  or n o t a d so rp tio n  equ ilib ria  as such  do ex ist.
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3. C onnection betw een the  a d so rp tio n  o f hydrogen 
and su b stra te

As fo u n d  in fo rm er ex p erim en ts  [6], in  th e  presence  of u n s a tu ra te d  co m 
pounds th e  ad so rp tio n  o f  h y d ro g en  decreases : th u s  a d isp lacem ent e ffec t in 
ad so rp tio n  w as p o s tu la te d . In  th e  p resence  o f  ace to n e  (Fig. 5) a n d  p h en y l- 
acetic  acid  (F ig . 6) these  a d so rb a te s  do n o t in te rfe re  w ith  th e  a d so rp tio n  of 
hydrogen , as w itnessed  b y  th e  hyd rogen  a d so rp tio n  section  (E  <7 300 mV)

Fig. 5. G a lv an o s ta tic  charg ing  cu rv es: 1. in 
th e  su p p o rtin g  e lec tro ly te  (1.0 N  perch loric  
acid); 2. a f te r  ad d itio n  of 1 0 ~ 2 mole/1 of 

acetone

Fig. 6. G a lv an o s ta tic  charging c u rv e s : 1. in 
th e  su p p o r tin g  e lec tro ly te  (1.0 N  p e rch lo ric  
acid ); 2. a f te r  a d d itio n  of 10“ 2 mole/1 o f 

phen y lace tic  acid

of th e  ch a rg in g  curves. In  th e se  cases th e  a d so rp tio n  o f hydrogen  an d  s u b s tra te  
are in d e p e n d e n t o f each o th e r , th u s  it  m ay  b e  su p p o sed  th a t  d iffe ren t a c tiv e  
cen ters are  in v o lv ed  in th e  ad so rp tio n  o f th e  tw o  com ponents.

4 . A ging of th e  electrode and  p e rm a n e n t adsorption

In  d e so rp tio n  ex p erim en ts  we have  seen  th a t  p a r t  o f th e  ad so rb ed  su b 
stance  is n o t  rem o v ed  even  d u rin g  h y d ro g e n a tio n  reac tio n . Thus th is  f ra c tio n  
m ust be re g a rd e d  as p e rm a n e n tly  adso rbed .

T he p e rm a n e n tly  ad so rb ed  frac tio n  c a n n o t be  rem oved b u t b y  v ig o ro u s  
o x ida tion , as show n for p h en y lace tic  acid in  F ig . 7. In  th is  case a f te r  th e  a d 
so rp tion  o f lab e lled  p h en y lace tic  acid , a la rge  excess of th e  inactive co m p o u n d  
was ad d ed  to  th e  system  a n d  h y d ro g en a tio n  s ta r te d . A fte r allow ing th e  f ra c 
tion  p e rm a n e n tly  adsorbed  a t  0 mV, i.e. th e  p a r t  n o t rem oved during  re a c tio n , 
to  becom e c o n s ta n t, th e  p o te n tia l  of th e  e lec tro d e  w as sh ifted , by  m ean s  of 
a p o te n tio s ta t , to w ard s p o sitiv e  values. As show n in F ig . 7, a s ig n ifican t d im 
inu tio n  o f th e  p e rm a n e n tly  ad so rb ed  fra c tio n  d id  n o t begin  below 700 m V .

T his ex p la in s  th e  role o f  anod ic  re g e n e ra tio n  used in  th e  case o f  e le c tro 
h y d ro g en a tio n . A t th e  sam e tim e  som e lig h t is shed  upon  th e  cause  o f  th e  
aging processes. A ccording to  ou r ex p e rim en ta l fin d in g s, th e  a m o u n t o f  p e r 
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m a n e n tly  adso rbed  frac tio n  changes in  tim e , ro u g h ly  in para lle l w ith  th e  aging 
o f th e  e lec tro d e , i.e. th e  c a ta ly s t.

A cco rd in g ly , ag ing  in  th is  case is d u e  to  irreversib le  a d so rp tio n  o f  th e  
m o lecu le  p e rh ap s  accom pan ied  b y  b o n d  fiss io n  ra th e r  th a n  to  a d so rp tio n  of 
im p u r it ie s .

F ig . 7. T h e  rem o v a l o f th e  p e rm a n en tly  ad so rb ed  f ra c t io n  of pheny lace tic  acid  a t  p o sitiv e
p o te n tia ls

5. K inetics o f  electrohydrogenation

A ccord ing  to  w h a t h as  been  fo u n d , on ly  u n id irec tional p rocesses (ad 
so rp tio n , reac tion) o f th e  su b stan ce  seem  to  ex ist.

I n  th e  s te a d y  s ta te  th e  ra te  o f e lec tro h y d ro g en a tio n  a t  a g iven  p o te n tia l 
is d e sc rib e d  b y

w =  k D (c0 — c}) =  k A Cf { 1 в 5 -  0 M) =  k r 0 S (4)

-where k A an d  k r are  th e  ra te  c o n s ta n ts  o f  d iffusion , adso rp tio n  an d  th e  reac 
t io n , re sp ec tiv e ly , c0 an d  Cf are  c o n c e n tra tio n  o f the  re a c ta n t in  th e  so lu tio n  
a n d  a t  th e  e lectrode su rface , resp ec tiv e ly . 0 S an d  QM are s te a d y -s ta te  co v er
age b y  th e  m obile an d  th e  p e rm an en t f ra c tio n , respectively . R a te  c o n s ta n t 
k r in c lu d e s  th e  p o te n tia l dependence  of th e  r a te  and  th e  d ep en d en ce  o f  th e  
r a te  o n  h y d ro g en  a d so rp tio n  or a c tiv ity . I f  th e re  is no d iffusion c o n tro l, th en  
Cf c0, and  th e  s ta tio n a ry  coverage b y  th e  m obile frac tion  is

a. -  -  ' (5)
l  + - = -

к  A Co

arwl th e  reac tio n  ra te  is

W -  kr(1  v ö l , )  (6)

1 + - t -
к  Д  c0
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As po in ted  o u t w hen  th e  ad so rp tio n  eq u ilib riu m  w as discussed, ra te  eq u a tio n  
(6) is id en tica l in  fo rm  w ith  th a t  for a p rocess invo lv ing  ad so rp tio n  p re -eq u i
lib riu m  described  b y  a L an g m u ir-ty p e  iso th e rm .

In  th e  l i te ra tu re  genera lly  th is  m echan ism  is accep ted  w hen a ra te  eq u a
tio n  of ty p e  (6) is app licab le .

This w as th e  case e.g. in  a recen t co m m u n ica tio n  [7] a b o u t th e  in te rp re 
ta t io n  of p h en o m en a  observed  during  th e  h y d ro g e n a tio n  of ace to n e  in  acid 
m ed ia . O ur e x p e rim e n ta l find ings, and  w h a t h a s  been  said  here , seem  clearly  
to  d em o n stra te  t h a t  in  th a t  case no p re -eq u ilib riu m  is possible, th u s  th e  au 
th o rs  m u st h a v e  fo rm ed  an  erroneous co n cep t a b o u t th e  m echanism .

^  k r
D epend ing  on th e  v a lu e  o f th e  t e r m -------- , E q . (6) m ay  assum e various

k A <4,
form s, viz.
a) if  kr §> k Ac0,

- 0 m ) (7)
К

and
w ^ k A c(l — 0 M);

b) if  kr <s k Ac0,
0 S ^  1 — & M (8)

an d
W я« M l  — 0 M).

T h e  e lec tro h y d ro g en a tio n  o f acetone also fu rn ish es  an  exam ple fo r case (7), 
as h as  been show n in a p rev ious com m unica tion  [8]. T here  w hen v a ry in g  th e  
electrode p o te n tia l, a lim itin g  c u rren t u n a ffec ted  b y  s tirr in g  or b y  th e  electrode 
p o te n tia l w as a t ta in e d  a t  a given acetone c o n c e n tra tio n , for kr is a fu n c tio n  
o f  th e  p o ten tia l. I n  su c h  cases th e  reduced  lim itin g  c u rre n t clearly  re flec ts  th e  
ag ing  of th e  e lec tro d e , o r  th e  increase of 0 M.

The case defined  b y  E q . (8) has been  d iscussed  in  fo rm er com m unications
[9]. I n  such cases th e  re a c tio n  ra te  is a fu n c tio n  o f  k r only and  is governed  b y  

th e  electrode p o te n tia l alone.
M uch m ore  co m p lica ted  correlations em erge  w hen all th re e  step s  h av e  

to  be  considered s im u ltan eo  isly. Then

w _  kA kD c0-\-krkD-{-kA ( 1 — QM)_________ ,

2 kA

, КI k,\ k D c0 +  kr k D-1 k A ( 1 0 M)]2-  4 k r k A f k A k D c() ( 1 &M j ]

2 k A

H ere we w ish to  n o te  th a t  th e  ra tio  o f a d so rp tio n  to  m ass tr a n s p o r t  b y  
d iffusion  depends v e ry  m uch  on th e  q u a lity  o f  th e  electrode su rface . Mass
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t r a n s p o r t  b y  diffusion is p ro p o r tio n a l to  th e  g eom etrica l surface a re a  w hile 
in  a d s o rp tio n  processes th e  t r u e  su rface  is inv o lv ed . T h u s th e  a d so rp tio n  ra te s  
p e r  c m 2 o f th e  geom etrical su rfa c e  inc lude  also th e  roughness fa c to r . I n  con
se q u e n c e , th ro u g h  changes o f  th e  roughness fa c to r  i t  is possible to  a ffe c t su b 
s ta n t ia l ly  th e  ra tio  of th e  r a te s  of th e  v a rious step s . T hus i t  m ay  h a p p e n  th a t  
in  th e  case  o f th e  sam e re a c tio n , a t  one tim e  d iffusion  and  a t  a n o th e r  tim e  a d 
s o rp tio n  o r  reaction  is ra te - lim itin g , d epend ing  on th e  m ag n itu d e  o f  th e  ro u g h 
ness fa c to r .

I n  su m m ary , we m ay  s ta te  th a t  u n d e r  th e  cond itions of h e te ro g en eo u s 
c a ta ly t ic  hyd rog en a tio n  in  aq u e o u s  m edia, in  th e  cases s tu d ied  a n d  fo r th e  
class o f  com pounds used  as m o d e ls , an  a d so rp tio n  p re -eq u ilib riu m  o f th e  su b 
s t r a te  c a n n o t be assum ed, a n d  th e re  are d o u b ts  t h a t  an  a d so rp tio n  eq u ilib 
r iu m  c a n  ex is t a t all. A cco rd in g ly , th e  concep ts a b o u t th e  k in e tics  o f  h e te ro 
g en eo u s ca ta ly tic  reac tio n s o f  th e  above ty p e s  of com pounds seem  to  need 
som e m od ifica tions. G enera l p o in ts  o f view  p e r tin e n t to  th is  q u e s tio n  h av e  
b e e n  p u t  forw ard  in th is  p a p e r .
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PROPERTIES OF SOME AMINOAZOBENZENE 

DERIVATIVES, I
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2,4 -D IA M IN O A Z O B E N Z E N E  A N D  4’-E T H O X Y -2 ,4 -D IA M IN O A Z O B E N Z E N E

L .  L a d á n y i , M . V a j d a * an d  G y . V á m o s

( In s ti tu te  o f  Inorganic a n d  A n a ly tica l Chem istry, L . Eötvös U niversity, B u d a p es t a n d  * Institu te  
o f  Organic Chem istry, L . Eötvös U niversity , B udapest)

R eceived  N o v em b er 14, 1969

T he m ech an ism  o f  th e  e lectrochem ica l re d u c tio n  of som e d e r iv a tiv e s  o f  am ino- 
azobenzene (4 -am in o azo b en zen e  (I), 2 ,4 -d iam inoazobenzene  (II)  a n d  4 ’-e th o x y -2 ,4 - 
d iam inoazobenzene  ( I I I )  w as in v es tig a ted  u sin g  v o ltam m etric , c o n s ta n t  p o te n tia l  elec
tro ly tic , and  U V -v isib le  sp e c tro p h o to m etric  m eth o d s. I t  was fo u n d  t h a t  th e  overall 
tw o-e lectron  re d u c tio n  o f th e  azo g roup  is a  tw o -s tep  process. I t  p ro c e e d s  th ro u g h  an 
in te rm ed ia te  fo rm ed  fro m  th e  azo g ro u p  b y  ad d itio n  of one e lectron  e ith e r  w ith  a n  E C E 
m echan ism  or th ro u g h  a d isp ro p o rtio n a tio n  step . F u r th e r  d isp ro p o r tio n a tio n  o f the  
hy d razo  group lea d s  to  an  o v erall fo u r-e lec tro n  red u ctio n . T he e x a m in a tio n  o f th e  elec
tro ch em ica l p ro p e rtie s  o f  th e  a ro m a tic  am ines fo rm ed  (1 ,2 ,4 -triam in o b en zen e  a n d  1,4- 
phen y len ed iam in e) m ad e  i t  possible to  e lu c id a te  de ta ils  of th e  re d u c tio n  m echan ism .

In tro d u c tio n

T he in v es tig a tio n  o f  th e  e lec tro red u c tio n  of 4 -am in o azo b en zen e  (I), 
2 ,4 -d iam inoazobenzene (‘ch riso id ine’, II) an d  4 ’-e th o x y -2 ,4 -d iam in o azo b en - 
zene (‘p -e th o x y ch riso id in e ’, III)  w as p ro m p te d  f ir s t ly  b y  th e  g re a t  d ifferences 
b e tw een  th e  b eh av io u r o f th e se  com pounds an d  th a t  o f th e  v e ry  th o ro u g h ly  
s tu d ie d  a z o b e n z en e -h y d ra z o b e n z e n e  sy stem  [1, 2, 3] and  second ly  b y  th e  hope 
th a t  th e  s tu d y  o f th e  e lec tro ch em ica l p ro p e rtie s  of these  co m p o u n d s w ill assist 
in  th e  m ore p ro found  u n d e rs ta n d in g  of th e ir  fu n c tio n  as in d ic a to rs .

Acta Chim. Acad. Sei. H ung. 68, 1971
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Experim ental

M aterials

4 -am inoazobenzene (F lu k a ) ,  C hrisoidine. HC1, /t-E t.h o x y -c h riso id iu e .il  Cl (M ichrom e), 
l ,2 -d iam in o -4 -n itro b e n ze n e  (E G A  C hem ie KG) w ere u sed  as su p p lied .

T h e  buffers used  w ere  p re p a r e d  according to  C l a r k  a n d  L u b b s  (p H  1.0— 2.0) a n d  
B r i t t o n — R o b in s o n  (p H  2 — 12). O x ygen  was rem o v ed  b y  h ig h  p u r i ty  n itro g en  (specified  
p u r i ty  99 .995%  N2, B u d a p e s t O x y g e n  W orks). All so lu tio n s  w ere  p rep ared  w ith  b id is tilled  
w a te r .

P o la ro g rap h ie  m ax im a  w e re  su p p ressed  by  a fre sh ly  p re p a re d  g e la tine  so lu tion .

Instru m en ta tio n

Y o ltam m o g ram s w ere  re c o rd e d  w ith  a R ad io m e te r P O -4 -g  p o la ro g ra p h  an d  a M etro h m  
E  446  I R  com pensator, u s in g  th e  u s u a l  th ree-electrode  sy s te m  a n d  a w a te r-jack e ted  cell. T h e  
t e m p e ra tu r e  was k e p t c o n s ta n t  a t  25.0 +  0.1 °C. E le c tro d e  p o te n tia ls  w ere m easu red  ag a in s t 
a  s a tu r a te d  calom el e lec tro d e  w i th  a n  accuracy of + 5  m V .

T h e  w orking e lec tro d es u s e d  w ere p a ra ff in - im p re g n a te d  spectroscopic  g ra p h ite  [4] 
( ro d -fo rm ) , carbon  p aste  [5] a n d  th e  d ro p p in g  m ercu ry  e le c tro d e . C o n s ta n t p o te n tia l  e lec tro 
ly se s  w e re  perform ed on a s t i r r e d  m e rc u ry  pool and  a p la t in u m  sp ira l se p a ra ted  b y  a  f r i t te d  
g las s  d isc.

p H  values were m e a su re d  w ith  an  accuracy  o f  + 0 .0 1  p H  u n i t  (R A D E L K IS  O P-205 
P re c is io n  p II-M eter).

A b so rp tio n  sp ec tra  w ere  re c o rd e d  on a UN ICAM  S P  700 in s tru m e n t using  1 m m  in frasil
cells.

P rep a ra tio n  of so lu tio n s

S to ck  solutions o f th e  c o m p o u n d s  un d er in v e s tig a tio n  w ere  p rep ared  in  96%  alcohol. 
A liq u o ts  w ere d ilu ted  to  g iv en  v o lu m e s  w ith  th e  a p p ro p ria te  b u ffe r  a n d  th e  p H  values m easu red . 
I n  a  g iv en  series o f e x p e r im e n ts ,  th e  alcohol a n d  d e p o la r iz e r  c o n cen tra tio n  w ere k e p t 
c o n s ta n t .

Results

1. Pre lim inary  investigation

T h e cyclic v o lta m m o g ra m  of I on a c a rb o n  p a s te  electrode is show n in 
F ig . 1. II and III gave  q u a lita tiv e ly  sim ilar v o ltam m o g ram s. As th e  figu re  
sh o w s, th e  wave o b ta in e d  in  th e  firs t ca th o d ic  cycle  (w ave A )  is com plete ly  
irre v e rs ib le . A t m ore p o s it iv e  p o ten tia ls , on th e  o th e r  h a n d , a reversib le  red o x  
s y s te m  (B , C) can be  seen  w hich  appears o n ly  a f te r  th e  f irs t ca th o d ic  sw eep. 
F u r th e r  cycles show  no  n ew  d a ta .

F o r  th e  purpose o f  id en tify in g  th e  ty p e  o f  c u rre n t causing th e  w aves, 
p e a k -c u r re n t (ip) vs. s q u a re  ro o t of scan ra te  ( F 1/2) d iag ram s w ere p lo tte d . 
T h e se  gave s tra ig h t lines in  th e  region of 0 .1— 0.8  Y /m in. This fa c t [6], th e  
te m p e ra tu re  coefficient, a n d  th e  dependence o f  th e  lim itin g  c u rren t on m er
c u ry  pressure a t  th e  D M E  (see Table I) show  t h a t  th e  w aves are  d iffusion- 
c o n tro lle d .
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Fig. 1. Cyclic v o lta m m e try  o f I  on a carbon  p as te  e le c tro d e . C° =  5.00 X M  5 M ;  p H  =  6.21; 
scan  r a te  0.8 V/m in ; Ca]cohoi =  10 .0%  v/v

2. pH -D ependence o f  the cyclic voltammetric curves

E p vs. p H  v a lu es  o f th e  f irs t ca th o d ic  w av e  (A)  are  show n in  F ig s  2, 3 
an d  4.

T he E p vs. p H  p lo t o f I  is a s tra ig h t lin e , w hile those of I I  an d  I I I  show  
tw o b reak s  on th e  g ra p h  giving th ree  s tra ig h t  sec tions w ith  slopes o f  0 .06,
0.03 an d  0.06 У/p H , re sp ec tiv e ly . The second b re a k  corresponds to  th e  p K 2 v a lu e  
in th e  case o f I I  [7]. N o p K a d a ta  fo r I I I  w ere  fo u n d  in  th e  l i te ra tu re .

I t  is n o te w o rth y  th a t  E p 2 — E p va lues fo r  th e  w aves A  are  57 +  5 mV 
th ro u g h o u t th e  w hole p H -ran g e  s tu d ied  in  th e  case of II  and  I I I  a n d  u p  to  
pH  =  4.4 in th e  case o f I.

Fig. 2. Peak  p o te n tia l vs. p H  d iag ram  for I  on 
a p a ra ffin -im p re g n a ted  g ra p h ite . C° =  5.00 X 
10~5 Af; Ca|cot,0i =  5.0%  Vlv; scan  ra te :  0.1 

V/m in

4 Acta Chim. Acad. Sei. Hung. 68, 1971

Fig. 3. P e a k  p o ten tia l vs. p H  d iag ra m  fo r  I I  
on a c a rb o n  p a s te  electrode. C° =  4 .00 X 10“ * 
M \ Ca|co|,oi =  20.0%  к/p; scan r a te  =  0.8 

V/m in
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U sin g  an  im p re g n a te d  g rap h ite  e lec tro d e  we succeeded to  o b ta in  
th e  E p  vs.  p H  d iagram  o f th e  w ave В  of ch riso id in e  (II) (Fig. 5). T h e  fa ir ly  f la t  
p e a k s  a n d  there fo re  ill-defined  p o te n tia ls  m ad e  i t  im possible to  c o n s tru c t 
th is  fu n c tio n  w ith  su ffic ien t precision  in th e  case  o f th e  o th e r tw o co m p o u n d s .

Fig. 4. P e a k  p o ten tia l vs. p H  d iag ram  for 
I I I  o n  a  c a rb o n  p as te  e lectrode . C° =  4 X 10 4 
M ; C a|coho| =  20.0%  »/»; scan  r a te  =  0.8 

V/m in

2. Polarography , constant potentia l reduction, coulometry

A ll th re e  com pounds a re  reducib le  a t  th e  D M E in a single s te p . T heir 
p o la ro g ra p h ic  b eh av io u r is sum m arized  in  T ab le  I.

Table I

D. C. polarography o f  some azo compounds
p H  =  3 .80 ; T em pera tu re: 25 0.1°C; m2,a • i1/6 =  2.951 m g2'3 sec-1/2; C =  1 .0 0 X 10 -3  JVf;

h =  78.2 cm

C o m p o u n d 1* Ellz
V

[°g  ‘d 
log h

t e m p , coeff. o f
(% °C)

te m p , ran g e :
2 0 - 4 0  °C

log. p lo t  a n a l.
(C  = 5 x l O - 4 M ) 

fog =f(E)
(V/log u n it)

U=f(C)
fu n c tio n  

(co n e , ran g e : 
1 0 - » - 1 0 - * )

4-am in o azo b en zen e(II) 5.09 — 0.353 0.45 2.44 0.058 lin e a r

2.4’-d iam inoazobenzene
( и ) 4.42 0.354 0.50 1.76 0.058 lin e a r

4 -e th oxy-2 ,4 -d iam ino-
a z o b e n ze n e (III) 3.82 0.406 0.50 1.75 0.057 lin e a r

* D iffusion  cu rren t co n s tan t
I  =  ia/m 2W C  
(JuA /m g2/3sec-1 /2m M )

Acta Chim . Acad. Sei. Hung. 68. 1971

F ig . 5. P e a k  p o ten tia l vs. p H  d ia g ra m  for 
W a v e  В  o f I I  on a  p a ra ff in - im p re g n a te d  
g ra p h ite  electrode C° =  5.00 X lO - 5  M ; 
C-ilcoho! =  5 .0%  vjv; scan r a te  =  0 .8  V /m in
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All th re e  com pounds w ere red u ced  p o te n tio s ta tic a lly  on a s tir re d  m er
c u ry  c a th o d e  on th e  lim iting  c u rre n t sec tio n  o f th e  po la ro g rap h ic  w ave (E  =  
=  — 0.90 V). T he red u c tio n  w as accom plished  in  d iscrete p e rio d s. (The tim e  
fo r one period  corresponded  w ith  th e  tim e  necessary  for th e  filling  o f th e  
H 2— N 2 gas C oulom eter [8]). A fte r th e  red u c tio n  was in te r ru p te d , a po laro- 
g ram  w as reco rded . C o n stan t p o te n tia l red u c tio n  was resum ed  as soon as th e

F ig . 6. C u rre n t-v o ltag e  cu rves (2— 6) o b ta in e d  d u rin g  th e  C P  red u ctio n  o f I  on  a D M E . C urve 1 : 
p o la ro g ram  o b ta in e d  before e lectro lysis. C° =  1.00 X 10“ 3 M ;  Caic0|,0| =  20 .0 %  vjv

p o la ro g ram  w as ta k e n . W e co m p u ted  th e  a m o u n t of charge p assed  d u rin g  
th e  re d u c tio n  o f th e  am o u n t o f d ep o la rize r red u ced  in  each perio d  (from  th e  
d ifference o f  th e  p o la rog raph ic  w ave h e ig h ts  and  th e  d a ta  o b ta in ed  b y  coulo- 
m e try ) . W e also o b ta in ed  th e  n u m b e r o f  e lec trons involved  in  th e  re d u c tio n  
of one m ole o f  depo larizer (n ).

T h e  p o la ro g ram s recorded  d u rin g  th e  c o n s ta n t p o te n tia l re d u c tio n  o f 
I an d  I I  an d  th e  anod ic  ox ida tio n  of th e  red u ced  p ro d u c t of II  a t  E  =  -f-0.08 V 
are  sh o w n  in F igs 6 an d  7.

4* Acta Chim. Acad. Sei. H ung. 68, 1971

Fig. 7. C u rre n t v o ltag e  curves (D M E) o b ta in e d  d u rin g  th e  C P  e lectro lysis o f I I . C° =  1.00 X 
10 3 M ; Caicoho| =  20%  vfv. 1: ca th o d ic  scan befo re  e lectro lysis. 2: anodic  scan  b e fo re  e lec tro 
lysis (m erc u ry  d isso lu tion  curve), 3: cu rv e  o b ta in e d  d u rin g  th e  C P  re d u c tio n  (see Sec tio n  3 in 
T ab le  I I ) ,  4 : cu rv e  o b ta in e d  a fte r  com ple tion  o f  th e  C P  re d u c tio n , 5: cu rv e  o b ta in e d  a f te r  

com pletion  of th e  re -o x id a tio n  o f th e  reduced  p ro d u c t
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P o la ro g ram s o b ta in e d  d u rin g  th e  CP e lec tro lysis  of I I I  are v e ry  s im ila r 
to  th o se  of II.

I t  c an  be  seen from  F ig . 7 th a t  c o n c u rre n tly  w ith  th e  low ering o f th e  
l im itin g  cu rve  of th e  red u c tio n  s tep  of I I , an  ano d ic  w ave appears (F? 2 =  
=  -{-0.04 У) occu rring  ju s t  p r io r  to  th e  rise o f  th e  anod ic  back g ro u n d  c u rre n t. 
I n  th e  case o f I , th is  anod ic  w ave coalesces w ith  th is  m ercu ry  d isso lu tion  
c u rv e , a lth o u g h  i t  can  be o b serv ed  c learly  on  a g ra p h ite  or carbon  p a s te  elec
tro d e  (F ig . 1). I t  c an  also be  seen th a t  a f te r  anod ic  re -o x id a tio n  of th e  so lu tio n  
o f re d u c e d  I I  (or H I) , a new  com pound  is fo rm ed  w h ich  is reduced  a t  th e  D M E 
in  tw o  step s  o f id e n tic a l h e ig h t. (F Í/2 =  — 0.15 У , F f /2 =  — 0.53 V.)

T h e  n u m b e r o f e lec trons invo lved  in  th e  successive steps d e te rm in ed  
co u lo m e trica lly  are  show n in  T ab le  I I .  T h is ta b le  also gives th e  ra tio  of th e  
d im in ish in g  of th e  ca th o d ic  w ave (A ired =  i 0 —  i re(j) to  th e  g row th  o f  th e  
an o d ic  w av e  (iox) in  th e  perio d  in  q uestion , as ca lc u la ted  from  th e  beg in n in g

of th e  elec tro lysis - . red- | .
h>x /

F ro m  th is  ta b le  th e  follow ing conclusions can  be draw n:
1. T he n u m b e r o f e lec trons involved  as o b ta in e d  from  coulom etric  m eas

u re m e n ts  —  ex cep tin g  th e  series o f I I  a t  p H  =  6.2 —  are m uch la rg e r th a n  
th e  th e o re tic a lly  ex p ec ted  h ig h es t value (n  =  4).

A iTe d
2. T h e  r a t i o —;-----h as  a va lu e  of a p p ro x im a te ly  2.

l ox
W e th e n  d e te rm in ed  th e  n u m b er of e lec tro n s invo lved  in  th e  o x id a tio n  

s te p  u sin g  th e  m e th o d  o u tlin ed  above. T h is w as accom plished  a fte r com p le te

Table I I

M acro scale electrolysis and coulometry o f  some azo-compounds

C o m p o u n d 4 -am in o azo b en zen e
(b

2,4 -d iam inoazobenzene
(H)

4 '-e th o x y -2 ,4 -
-d iam inoazo-

benzene
(ni)

2 ,4 -d iam in o azo -
b en zen e

(и)

p H 3.80 3.80 3.80 6.05

n ^ r e d n dired n Zlired n zlz’red
l ox l ox ‘ ox lox

P e rio d  1 u n c e rta in - 4.5 u n c e rta in 9.6 1.62 4.7 1.74

P e rio d  2 14.0 — 5.8 2.05 9.2 1.63 4.7 1.80

P e rio d  3 9.8 — 6.4 2.04 8.7 1.81 4.7 1.83

P e rio d  4 8.2 — 7.3 2.01 8.7 1.80 4.7 1.81

P e rio d  5 8.0 — — 1.69* 8.5 1.73 — —

* V alue de te rm in ed  a fte r  th e  com plete red u ctio n  o f th e  depolarizer.
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re d u c tio n  of I I  or I I I  a t  E  — -)-0.08 У. T h e  follow ing values w ere  o b ta in e d :

II. (p H  = 3.8) 1.6
II. (p H  = 6.05) 1.8
III. (pH  = 3.8) 1.7

L o g arith m ic  analysis  o f th e  anod ic  w ave o f  I I  a t pH  =  3.8, g av e  a slope 
o f  0.035 V/log u n it  co rrespond ing  to  n =  2.

4. Spectroscopic investigation o f  the electrolysis products

A fter co m p le tio n  of c o n s ta n t p o te n tia l  e lec tro ly tic  re d u c tio n , th e  UV- 
v is ib le  sp ec tra  o f  th e  so lu tions w ere reco rd ed . T hese spectra  w ere  co m p ared  
w ith  th o se  of 1 ,2 ,4 -triam inobenzene*  (IV) an d  an iline (V) so lu tio n s p re p a re d  
u n d e r  iden tica l con d itio n s (c =  1 .0 0 X 1 0 ~ 3 M , p H  =  3.80, ea|COh0i =  2 0 %  v/v).

C om parison  o f  th e  sp ec tra  show ed  th a t :
1. th e  sp e c tra  o f th e  reduced  so lu tio n  o f  I I  were id en tica l w ith  th o se  

o b ta in e d  by  th e  su p erp o sitio n  of th e  sp e c tra  o f  IV and V;
2. th e  sp e c tra  o f th e  so lu tions o b ta in e d  a fte r  co n stan t p o te n tia l  ox i

d a tio n  of th e  red u ced  so lu tion  of II , I I I  a n d  IV are  very  sim ilar. T h e  a b so rp 
tio n  h a n d  ap p ea rin g  a t  18,800 c m -1  is e spec ia lly  charac teristic .

I n  th e  case o f  I th e  anodic  w ave c a n n o t be  observed p o la ro g ra p h ic a lly , 
as m ercu ry  is ox id ized  before  th is  w ave a p p e a rs . Therefore we id e n tif ie d  th e  
re d o x  system  a p p e a rin g  on th e  cyclic v o ltam m o g ram s by  th e  fo llow ing  ex 
p e rim e n t.

In  ad d itio n  to  th e  ex p erim en ts  m e n tio n e d  above, th e  cyclic v o lta m m o - 
g ram  o f I, V an d  p -p h en y len ed iam in e  (VI) w ere recorded  u n d er id e n tic a l con
d itio n s (c =  5 x l 0 ~ 4 M ,  p H  =  5.85, caiCOhoi =  10%  vjv, in d ic a to r  e lec tro d e : 
c a rb o n  p aste , F ig . 8).

F ro m  th e  com p ariso n  o f th e  v o lta m m o g ra m s th e  follow ing c a n  b e  con
c lu d ed :

T he new red o x  system  (w aves В , C) ap p ea rin g  a fte r th e  re d u c tio n  o f 
I  is d u e  to  th e  fo rm a tio n  of VI and  its  o x id ized  fo rm  (1 ,4-benzoquinone d iim in e , 
V II) [10, 11].

2. V is o n ly  ox id ized  a t  m uch m o re  p o sitiv e  po ten tia ls  th a n  I ,  a n d  th e  
red o x  system  (w aves E , F )  ap p earin g  is n o t  id en tica l w ith  th e  sy s te m  m en 
tio n e d  above.

* Solu tions o f  1 ,2 ,4 -triam inobenzene  (ГУ) w ere o b ta in e d  by  th e  c o n s ta n t p o te n t ia l  re 
d u c tio n  o f l,2 -d iam in o -4 -n itro b en zen e  (p H  =  3 .80 , caicohol =  20.0 a/v% , c =  1.00 X 10“ 3 M ). 
T h e  n itro -co m p o u n d  is red u ced  a t  th e  D M E in a single 6-e lectron  step  [9]. D u rin g  th is  re d u c 
tio n  we also observed  an  anod ic  step  id en tica l in  a ll re sp ec ts  w ith  th a t  o b se rv ed  d u r in g  th e  
re d u c tio n  o f II  an d  I I I  (£7г/г =  0.04 V). C o n s ta n t p o te n tia l  o x idation  of th e  re d u c e d  so lu tio n  
a t  E  =  0.08 V gave  an  n va lue  o f 2.1.

Acta Chim. Acad. Sei. H ung. 68, 1971



54 LADÁNYI e t a l.: IN VESTIGA TIO N  OF ELEC TR O C H EM IC A L P R O PER TIES, I

3. T he new  re d o x  sy s tem  form ed in  th e  re d u c tio n  of I I  and  I I I  is id e n 
tic a l w ith  th a t  o f 1 ,2 ,4 -triam inobenzene  a n d  i ts  oxidized form  (cf. fo o t
n o te , p ag e  53).

F ig.8 . Cyclic v o lta m m e try  o f I. V an d  V I on  c a rb o n  p aste  electrodes

D iscussion

T h e  p u b lished  d a ta  on  th e  e lec tro ch em ica l red u c tio n  of a ro m a tic  azo 
c o m p o u n d s  can he  su m m arized  as follows.

A zobenzene is red u ced  in a tw o -e lec tro n  s te p  to  hydrazobenzene. H y - 
d razo b en zen e  in  tu r n  is ox id ized  in  a sim ilar p ro cess  to  azobenzene. I f  an  a ro 
m a tic  azo -com pound  has nucleophilic  s u b s t i tu e n ts  in  th e  ortho or p a ra  p o s i
t io n s , fo u r-e lec tro n  o v e ra ll red u c tio n  processes a re  o ften  encoun tered  [12— 14]. 
F l o r e n c e  [15] su g g ests  t h a t  th e  p rim ary  p ro d u c t  in  th is  case is also th e  h y 
d razo b en zen e  d e r iv a tiv e . T h e  d isp ro p o rtio n a tio n  o f th is  yields 50 %  o f th e  
s ta r t in g  azo -co m p o u n d  a n d  50%  of th e  p ro d u c t  o f  a four-electron  re d u c tio n  
(ortho o r para  s u b s t i tu te d  d eriv a tiv e  of an ilin e ). I f  th is  process is re p e a te d  
se v e ra l tim es a t  th e  e lec tro d e  during  th e  life -tim e  of one drop, th e  lim itin g
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c u rre n t of the  re d u c tio n  w av e  app roaches th e  n -v a lu e  o f 4. I f  th e  process is 
so slow  th a t  no d isp ro p o rtio n a tio n  occurs d u rin g  th e  life o f th e  d ro p , th e  num 
b e r  o f  electrons in v o lv ed  is th e  low er lim it o f n  =  2, i.e. th e  o b se rv ed  num ber 
o f  e lectrons can be  a n y  v a lu e  betw een  2 an d  4. T his su g g estio n  is in  accord 
w ith  th e  ex p erim en ta l re su lts  in  th e  p a p e r m en tioned .

In  ap ro tic  so lv en ts  (ace tn itrile , d im e th y lfo rm am id e) azo-com pounds 
a re  reduced  in  tw o  successive  one-electron  step s , th e  in te rm e d ia te  being a 
s ta b le  rad ica l [16, 17]. H il l so n  and  B ir n b a u m  [18] a t te m p te d  to  in te rp re t 
th e  E J 2 v s . p H  fu n c tio n  o f  cis- a n d  trans-azobenzene b y  assu m in g  t h a t  th e  re
d u c tio n  proceeds in  tw o  successive  steps even in  aqueous so lu tio n s , a lthough  
th e  po larogram  o n ly  show s one tw o-e lec tron  red u c tio n  w ave. N y g ä r d  [19, 20] 
in v e s tig a te d  th e  a d so rp tio n  o f  th e  a z o -h y d ra z o  sy stem  a n d  cam e to  th e  sam e 
conclusion.

In  our case th e  s im ila r ity  o f  th e  cyclic v o ltam m o g ram s seem s to  suggest 
an  id en tica l reac tio n  m ech an ism  fo r all th ree  com pounds.

O ur resu lts  show  conclu siv e ly  th a t  th e  n u m b e r o f e lec tro n s invo lved  in 
th e  overall red u c tio n  s te p  is 4, an d  th a t  th e  new  red o x  sy stem s a re  th e  com 
p o u n d s  suggested .

O n th e  o th e r h a n d , th e  p H  dependence o f th e  E p va lu es  o f  I I  and  III 
p o in ts  to  a tw o -e lec tro n  p rocess [21] (cf. th e  red u c tio n  o f m e th y le n e  blue). 
T h e  ex p lan a tio n  o f th is  is t h a t  th e  d isp ro p o rtio n a tio n  o f h y d razo -co m p o u n d s 
can  lead  to  a fo u r-e lec tro n  s te p . As th is  process is a su b se q u e n t ch em ica l reac
tio n , i t  does n o t in flu en ce  th e  slope o f th e  w ave, b u t  on ly  sh if ts  i t  to  m ore 
p o s itiv e  values [22].

L e t us now ex am in e  th e  a z o -h y d ra z o  tra n s fo rm a tio n  in  o u r  case. I f  we 
assum e a fa s t c h a rg e - tran s fe r  (ch a rg e -tran sfe r ra te  c o n s ta n t к  ^> 0.2 v 1/2 cm 
se c -1 ) [23], th e  e q u a tio n

Epl2- E p =  - ^ ^ - V  ( 1)
n

can  be considered v a lid , a lth o u g h  i t  has been  d eriv ed  fo r th e  ‘re v e rs ib le ’ case. 
T h u s , assum ing th e  v a lid i ty  o f (1), th e  a z o -h y d ra z o  tra n s fo rm a tio n  would 
in v o lv e  only  one e le c tro n  w hich  is im possible. T herefo re , th e  o v era ll two- 
e lec tro n  process has to  o ccu r in  tw o  steps. T his can  be e ith e r  an  E C E  m echanism  
o r a d isp ro p o rtio n a tio n  [24]. A ssum ing th a t  th e  chem ical re a c tio n s  are  no t 
ra te -d e te rm in in g , a possib le  m echan ism  in th e  case o f I I  w ould  b e  (see Schem e 
on  p . 56). As E j is m ore  n e g a tiv e  th a n  E 2, only  one w ave can  b e  o b serv ed  in 
th e  case of EC E m ech an ism . T he a ssu m p tio n  th a t  th e  chem ical re a c tio n  is not 
ra te -d e te rm in in g  is s u b s ta n tia te d  b y  th e  fac t th a t  th e  w aves a re  diffusion- 
con tro lled .

N a tu ra lly  th is  is o n ly  one o f th e  possible m echan ism s. N everth e less , 
i t  is necessary  in  a ll m ech an ism s th a t  th e  sing le-e lec tron  re d u c tio n  p ro d u c t
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sh o u ld  b e  form ed as sh o w n  b y  th e  E p!2— E p v a lu e  o f  a b o u t 0.057 У. T he E p— 
p H  d iag ram s co n stru c ted  f ro m  o u r v o ltam m o g ram s, ta k in g  low  p o la riza tio n  
r a te s  (0 .1— 0.8 V m in “ 1) c a n , o f  course, only show  th e  o vera ll reac tio n .

R esu lts  ob ta ined  fro m  th e  logarithm ic an a ly s is  o f w aves recorded  a t  
th e  D M E  (Table I) a re  in  h a rm o n y  w ith  th e  re su lts  m en tio n ed  above. W e 

I id — i
o b ta in e d  £ = /  lo g ---------  fu n c tio n s  w ith  slopes o f  0.06 V, i.e. th e  slope of a

i
fo rm a lly  one-electron s te p  [25].
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T h e  p ro d u c t on th e  o th e r  h a n d  is fo rm ed  in  a 4 -e lec tron  re d u c tio n  an d  
th e  fo rm a tio n  o f a h y d razo -co m p o u n d  as an  in te rm e d ia te  m u s t occur. I ts  fo r
m a tio n  is s u b s ta n tia te d  b y  th e  E p— p H  fu n c tio n  o f I I  an d  I I I .  T herefo re , we 
m u s t conclude  th a t  th e  one-electron  red u c tio n  is on ly  a fo rm ally  one-e lec tron  
p rocess.

In  th e  case o f I  th e  E p vs. p H  d iag ram  w as co n stru c ted  using  d a ta  o b 
ta in e d  w ith  an  im p re g n a te d  g rap h ite  e lec tro d e , as th e  d a ta  o b ta in ed  on c a r
b o n -p a s te  w ere n o t su ffic ien tly  rep roducib le . As F ig . 2 show s, th e  m easu red  
v a lu es  a re  on a s tra ig h t  line , show ing no b reak s . T h is suggests th a t  if  p H  >  p K a 
(p K a =  2.8) [26], a chem ical reac tio n  p recedes e lec tro n -tran sfe r causing  th e  
d e p ro to n a tio n  o f th e  am m o n iu m  group b efo re  red u c tio n .

As T ab le  I I  show s, th e  d e te rm in a tio n  o f  n  a t  p H  =  3.8 b y  co u lo m etry , 
gives va lu es  s ig n ifican tly  h ig h er th a n  4. This can  o n ly  be  in te rp re te d  b y  a ssu m 
ing th a t  in te rm e d ia te s  fo rm ed  d u rin g  c o n s ta n t p o te n tia l e lectro lysis on  a 
m acro-scale, a re  p a r tia lly  re-oxid ized  in  chem ica l reac tions before  th e  f in a l 
p ro d u c t is form ed. (The reo x id a tio n  o f th e  e n d -p ro d u c t does n o t occur a cco rd 
ing to  o u r experience.) L ite ra tu re  d a ta  [27] p ro m p t us to  suggest th e  sp o n 
ta n e o u s  decom position  o f th e  p ro to n a te d  ra d ic a l (A H .)

A H  -* A  +  1/2 H 2

or th e  re a c tio n  o f th e  n o n -p ro to n a te d  form  w ith  w a te r

A ~  +  H 20  — A  +  1/2 H 2 +  O H -

T h e  n -values o f a b o u t 4.7 o b ta in ed  from  th e  red u c tio n  o f I I  a t  p H  =  6.05, 
are  on ly  slig h tly  la rg e r th a n  th e  expected  v a lu e  w hich seem s to  be in  acco rd  
w ith  th e  above a ssu m p tio n . H igher p H -v a lu es  obv iously  do n o t fa v o u r  th e  
d eco m p o sitio n  p rocess.

T h e  ra tio  A i re<i / iox w hich  is ab o u t 2 (T ab le  I I )  also po in ts  to  an  overa ll 
fo u r-e lec tro n  red u c tio n  a t  th e  m ercu ry  pool. T h e  o x id a tio n  on th e  lim itin g  
c u rre n t sec tion  o f th e  anod ic  step  is a tw o -e lec tro n  overall process an d  if  we 
assum e sim ila r d iffusion  c o n s ta n ts , th e  z k re d / io x  ra tio  should  be e x a c tly  2 ,  

i.e. th e  anod ic  w ave o b ta in e d  a t  th e  end of th e  red u c tio n , should  be  e x a c tly  
h a lf  o f th e  h e ig h t o f th e  ca th o d ic  one before th e  c o n s ta n t p o ten tia l red u c tio n .

In  case of I I  th e  E p vs. p H  diagram  of th e  ano d ic  w ave (w ave В  in  F ig . 1) 
consists  o f  tw o s tra ig h t  sections w ith  slopes o f 0.065 and  0.036 V /pH , in te rse c t
ing  a t  p H  5.9. As we saw  in  Section 4, th is  w av e  is due  to  th e  o x id a tio n  of 
1 ,2 ,4 -triam in o b en zen e  an d  corresponds to  a n  overa ll tw o-elec tron  process. 
T he b re a k  a t  p H  =  5.9 is in  good ag reem en t w ith  th e  p K 3 va lu e  of 6.1 [28] 
of 1 ,2 ,4 -triam in o b en zen e . T he ox idation  m echan ism  o f 1 ,2 ,4 -triam inobenzene 
can , th e re fo re , be w ritte n  as u n d e r p H  == 5.9 (in  th e  in te rv a l s tu d ied ).
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w h ile  a b o v e  pH  =  5.9

N H
II

II
N H

+  2 e + 2 H +

N H

+ 2 e + H +

- j / ^ N H +
N H

T h e re  is no ev idence w h e th e r  th e  ortho- or th e  p a ra -q u in o id a l com p o u n d  
is fo rm e d  as we could n o t iso la te  the  e n d -p ro d u c t to  d a te , b u t  we th in k  th a t  
th e  p a r a -form  is m ore p ro b a b le . T h e  fo llow ing also seem s to  s u b s ta n tia te  th e  
m e c h a n ism  m entioned  ab o v e .

a )  T he  oxidized p ro d u c t o f 1 ,2 ,4 -triam in o b en zen e  has ac id -b ase  in d i
c a to r  p ro p e rtie s  (the  ac id  fo rm  is red , th e  a lk a lin e  form  yellow ).

b)  O n th e  D M E, th e  o x id ized  form  is red u ced  in  tw o w aves o f id en tica l 
h e ig h t .  I f  we assum e th a t  d iffusion  c o n s ta n ts  o f th e  ox id ized  an d  red u ced  
fo rm s  a re  iden tica l, b o th  w aves co rresp o n d  ro u g h ly  to  one-electron  red u c tio n  
s te p s ,  accord ing  to  th e ir  re sp e c tiv e  h e ig h ts . T h e  sam e conclusion is o b ta in ed  
f ro m  th e  difference of th e  p e a k  p o te n tia ls  o f  th e  w av es В  an d  C on th e  cyclic 
v o lta m m o g ra m s  w hich is g en era lly  0.06— 0.07, i.e. s im ilar to  th e  v a lu e  ex p ec t
ed  fo r  a  one-electron  w ave. T h e  C w ave is d u e  to  th e  f irs t  s tep  o f th e  tw o  one- 
e le c tro n  oxidation . T he second  s tep  u su a lly  coalesces w ith  w ave A  o f  th e  
r e p e a te d  ca thod ic  cycle, b u t  a t  som e p H -v a lu es  i t  can  be recognized se p a ra te ly , 
to o .

F u r th e r  a ttem p s  to  iso la te  an d  id e n tify  th e  ox id ized  fo rm  are  in  p rog ress.

*
W e are  in d eb ted  to  D rs. F . R u f f  an d  Gy . F a r sa n g  fo r v a lu ab le  d iscussions d u rin g  th e  

c o u rse  o f  th is  work.
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A p o te n tio s ta t ic  m eth o d  is described  t h a t  ren d ers  possible th e  co n tin u o u s  m eas
u re m e n t a n d  a u to m a tic  com pensation  o f  th e  re s is tan c e  po lariza tio n  d u rin g  p o te n tio 
s ta tic  m ea su re m e n ts . T h e  m eth o d  was em p lo y ed  fo r th e  s tu d y  of th e  an o d ic  p o la riza 
tio n  of silver in  su lp h a te -co n ta in in g  so lu tions. T h e  c h a ra c te r  o f th e  an o d ic  po lariza tio n  
curve w as ch an g ed  w hen  th e  p o ten tia l d ro p  on  th e  ohm ic resis tan ce  o f th e  so lu tio n  was 
au to m a tica lly  co m p en sa ted . W hen th e  a u to m a tic  com pensa tion  tec h n iq u e  w as em 
ployed, th e  re fe ren ce  e lectrode  d id  n o t n eed  to  b e  p laced  n ear th e  w o rk in g  e lectrode 
and  th u s  th e  sh ie ld in g  effect of th e  fo rm er co u ld  be  avoided.

In  an  ea rlie r co m m u n ica tio n  [1] we re p o r te d  on a m eth o d  fo r th e  con
tin u o u s  d e te rm in a tio n  an d  au to m atic  c o m p e n sa tio n  of ohm ic p o la riza tio n  
in  p o te n tio s ta tic  m easu rem en t. E ssen tia lly , th is  m eth o d  is based  on  th e  follow 
ing p rincip le: an  a .c . c u rre n t p ro p o rtio n a l to  th e  d.c. cu rren t flow ing  th ro u g h  
th e  cell is su perim posed  on th e  d.c. c u rren t. T h e  a.c. vo ltage  m easu red  betw een  
th e  reference e lec tro d e  an d  th e  w orking e lec tro d e  is p ro p o rtio n a l to  th e  d.c. 
v o ltag e  arising  across th e  resistance of th e  so lu tio n  betw een  th e se  tw o  elec
tro d es . The a.c. v o ltag e  m easured  on th is  re s is ta n c e  is added  a f te r  am p lifica 
tio n  and re c tif ic a tio n  to  th e  d.c. v o ltage  c o n tro llin g  th e  p o te n tio s ta t .  This 
m e th o d  perm its  to  im pose on th e  e lec trode  u n d e r  in v es tig a tio n  th e  vo ltage  
a d ju s te d  on th e  p o te n tio s ta t  regardless o f th e  ohm ic resistance .

This m e th o d  w as ap p lied  for th e  in v e s tig a tio n  of th e  anod ic  p o la riza 
tio n  of silver u n d e r  p o te n tio s ta tic  cond itions in  so lu tions co n ta in in g  su lp h a te , 
because in th ese  so lu tio n s , in  add ition  to  th e  re s is tan ce  of th e  so lu tio n , a lay er 
o f re la tiv e ly  h igh  re s is tan ce  is also fo rm ed  on  th e  surface of th e  elec trode .

The sch em atic  d iag ra m  o f th e  m easuring  sy s te m  is show n in F ig . 1. T h e  cy lind rica l 
silver electrode (V) in  cell (1) h a v in g  a surface a rea  o f  4 c m 2, w as ro u n d ed  o ff a t  one side , and 
sealed  in to  a glass tu b e  w ith  E p o k it t  resin . T his e le c tro d e  (Y) w as co n cen trica lly  su rro u n d ed  
b y  a p la tin u m  n e t  e le c tro d e  (E ). T he reference e le c tro d e  w as m ercu ry /m ercu ro u s  su lp h a te  
(R ) im m ersed  in to  0.1 n  H 2SO ,. T he d. c. c u rre n t flo w in g  th ro u g h  cell (1) w as fed  in to  th e  u n it 
consisting  of th e  m o d u la to r  (5) an d  of th e  a.c. a m p lif ie r  (6), w hich  g en era ted  an  a .c . cu rre n t 
p ro p o rtio n a l to  th e  d .c. c u rre n t. T his a.c. c u rre n t w as su p p lied  to  cell (1) th ro u g h  resistan ce  
(7) a n d  cap ac ito r (8). C a p ac ito r  (8) served for th e  s e p a ra t io n  o f th e  d.c. an d  a.c. c ircu its , w hile 
re s is tan ce  (7) en su red  t h a t  am p lifie r (6) fun c tio n ed  as a  c u r re n t  g en era to r, i.e. o f th e  a .c. cu rren t 
flow ing  th ro u g h  th e  cell w as in d ep e n d en t from  th e  cell re sistance.

R eference e lec tro d e  (R ) w as connected  to  th e  in p u t  o f th e  d iffe ren tia l am p lifie r (2) 
th ro u g h  filte rs (11, 12) a n d  to  th e  a lte rn a tin g  v o lta g e  am p lifie r (9) and  d e m o d u la to r  (10). 
T h e  o u tp u t  v o ltag e  o f d e m o d u la to r  (10), equal to  th e  v o ltag e  across th e  ohm ic  resis tan ce ,
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w as a d d e d  to  th e  po lariza tio n  v o lta g e  a d ju s te d  on th e  p o ten tio m e te r , and  fed in to  th e  o th e r  
in p u t  o f  th e  d ifferen tia l am p lifie r (2). F il te r in g  c ircu its  (11, 12) p re v en ted  th e  a .c . v o lta g e  b e 
tw een  th e  re ference  and  th e  m ea su rin g  e lectrodes from  reach in g  th e  in p u t of th e  d iffe re n tia l 
a m p lif ie r  (2). In d u c tiv ity  (4) se rv ed  to  p re v e n t  a.c. sh u n tin g  o f th e  cell b y  th e  o u tp u t  im p e 
d an ce  o f  th e  p o ten tio s ta t.

D u r in g  th e  m easu rem en ts , th e  p o te n tia l  co n tro lled  b y  th e  p o te n tio s ta t  w as v a r ie d  con
t in u o u s ly  a t  a  ra te  o f 60 m V /m in b y  m ea n s  o f p o te n tio m e te r  (13). T he sliding c o n ta c t  o f  th e  
p o te n t io m e te r  w as m oved b y  a m o to r  h a v in g  a c o n s ta n t speed  of ro ta tio n , th u s  en su rin g  a 
l in e a r v a r ia t io n  of th e  p o te n tia l w i th  tim e.

F o r  th e  d e te rm in a tio n  of th e  o p tim u m  value  o f th e  freq u en cy  of th e  a .c. c u r re n t  th e  
f re q u e n c y  dependence  of th e  cell im p e d a n ce  w as m easu red  in  a n  a.c. b ridge c ircu it e m p lo y in g  
a fre sh ly  p re p a re d  and a su rface  c o a te d  e lec tro d e  resp ec tiv e ly  in  b o th  cases. T he cell im p e d a n ce  
w as fo u n d  to  be  in d ep en d en t o f f re q u e n c y  in  th e  freq u en cy  ra n g e  from  2 to  5 k H z . T h ere fo re , 
an  a .c . c u r re n t  o f 3 kH z  freq u e n c y  w a s  u sed  in  our in v es tig a tio n s .

B e fo re  th e  m easu rem en ts , th e  e lectrodes w ere c lean ed  w ith  em ery  p a p e r , e tc h e d  in 
10 p e r  c e n t  n itr ic  acid fo r 5 m in u te s , a n d  w ash ed  w ith  d is tilled  w a ter. E ach  m e a su re m e n t w as 
p e rfo rm e d  w ith  a fresh ly  tre a te d  e le c tro d e  an d  fresh  0.1 n H 2S 0 4 solu tion .

F ig . 1. S c h e m a tic  d iag ram  of th e  c irc u it  u sed  for th e  a u to m a tic  com pensa tion  of o h m ic  p o la r i
z a tio n  u n d e r  p o te n tio s ta tic  co n d itions

T h e  resu lts  o f th e  m e a su re m e n ts  are show n in  Fig. 2. O n each  o f  th e  
d ia g ra m s  th e  in ten s ity  o f th e  d .c . c u rre n t flow ing  th ro u g h  th e  cell w as p lo tte d  
on th e  o rd in a te  axis. V alues p lo tte d  on th e  abscissa  were th e  follow ing:

I n  case a)  th e  p o la r iz a tio n  vo ltag e  a d ju s te d  on th e  p o te n tio s ta t ,  u n d e r  
c o n d itio n s , w hen th e  c o n n ec tio n  be tw een  (10) an d  (14) (c f . c ircu it d iag ram  
in  F ig . 1) has been in te r ru p te d , i.e. th e  v o ltag e  across th e  re s is tan ce  o f  th e  
so lu tio n  a n d  th e  surface la y e r  w as n o t a u to m a tic a lly  com pensated .

I n  case b)  th e  e lec tro d e  p o te n tia l, e v a lu a ted  from  th e  app lied  v o ltag e  
ta k in g  in to  accoun t th e  v o lta g e  across th e  ohm ic resis tan ce . This v a lu e  w as 
c a lc u la te d  b y  in te rru p tin g  th e  connec tion  b e tw een  (10) and  (14), a n d  c o n 
t in u o u s ly  m easuring an d  re co rd in g  th e  d.c. o u tp u t  vo ltage  of d e m o d u la to r
(10) w ith  a v acu u m -tu b e  v o ltm e te r . This v o ltag e , w hich w as eq u a l to  th e  
v o lta g e  across th e  ohm ic re s is tan ce , w as s u b tra c te d  in  each case from  th e  v o lt
age p o la riz in g  th e  e lec trode .

I n  case c) th e  p o la riz in g  v o ltag e  a d ju s te d  on th e  p o te n tio s ta t, th e  v o lt
age ac ro ss  th e  ohm ic re s is ta n c e  b e ing  a u to m a tic a lly  com pensated  (see c ircu it 
in  F ig . 1).

T h e  zero p o ten tia l v a lu e s  on th e  d iag ram s co rresponded  in  each  case to  
th e  rev e rs ib le  p o te n tia l o f  th e  e lec trode , a g a in s t th e  m ercu ry /m ercu ro u s  
s u lp h a te  electrode.
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I t  is a p p a re n t in  F ig . 2 t h a t  in  case b) ,  th o u g h  th e  p o te n tia l  o f  th e  
p o te n t io s ta t  w as co n tro lled  b y  a lin ea r  p ro g ram  th e  electrode p o te n tia l  d id  n o t 
follow  lin ea rly  th e  p o la riza tio n  v o ltag e  o f th e  p o te n tio s ta t. T his w as cau sed  
b y  th e  change w ith  tim e  o f th e  re s is tan ce  o f th e  so lu tion  an d  o f  th e  la y e r

fo rm ed  on  th e  surface o f th e  e lec trode . O w ing to  th is  fac t th e  p o la riz ing  v o lta g e  
d ro p p ed  in  th is  ohm ic resis tan ce  [2 .] In  case c) ,  w hen  th e  v o ltage  across th e  
ohm ic re s is tan ce  w as con tin u o u sly  a n d  a u to m a tic a lly  co m p en sa ted , th e  
e lec tro d e  p o te n tia l  co n tin u o u sly  follow ed th e  p o la riz ing  v o ltage , an d  th e  a c tu a l 
v o ltag e  a d ju s te d  on th e  p o te n tio s ta t  w as a lw ays im posed on th e  e lec tro d e . 
T his fa c t  is also re flec ted  b y  th e  change in  th e  c h a ra c te r  of th e  p o la r iz a tio n  
cu rves (cases a)  an d  c)). T h u s, for ex am p le , th e  sec tion  ind ica tin g  a n  a p p a re n t  
o v e rs a tu ra tio n  b e tw een  500 an d  600 mV on cu rv e  a)  d isappeared  on cu rv e
c),  a n d  th e  p o te n tia l  range  co rresp o n d in g  to  th e  anod ic  d isso lu tion  o f  th e  m e ta l 
was also d im in ished .

I n  su b se q u e n t m easu rem en ts , th e  re ference  e lectrode (R) was p la c e d  a t  a 
d is tan ce  o f 5, 10 an d  15 m m , resp ec tiv e ly , from  th e  silver e lec trode  (V) in  a
0.1 n  H 2S 0 4 so lu tio n , an d  in  each  case, th e  v o ltag e  across th e  ohm ic re s is ta n c e  
was a u to m a tic a lly  co m p en sa ted . T he re su lts  a re  show n in Fig. 3. T h e  p o la r iz 
ing  d .c . v o lta g e  is p lo tte d  on th e  abscissa  o f  th e  d iag ram , while on th e  o rd in a te  
th e  in te n s i ty  o f th e  d.c. c u rre n t flow ing  th ro u g h  th e  cell.

T h e  d iag ram  show s th a t ,  regard less o f th e  d istance  from  th e  re fe ren ce  
e lec tro d e , th e  p o la riza tio n  curves w ere id en tica l w ith in  th e  lim its  o f  th e
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F ig. 2. A nodic  p o la riza tio n  curve  o f silver in  0.1 n  H 2S 0 4 so lu tio n , a) n o t tak in g  in to  c o n s id e ra 
tio n  th e  v o lta g e  across th e  ohm ic re sis tan ce , b ) cu rv e  a) co rrec ted  fo r th e  v o lta g e  ac ro ss  th e  

o hm ic  re s is tan c e , c) w ith  a u to m a tic  co m p en sa tio n  o f th e  v o ltag e  across th e  ohm ic re s is ta n c e
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e x p e rim e n ta l e rro r. T h u s , b y  em ploying a u to m a tic  com pensation , i t  is p o s
sib le  to  p lace th e  re fe ren ce  electrode re la tiv e ly  fa r  from  th e  e lec trode  to  be  
s tu d ie d  an d  to  e lim in a te  erro rs arising  fro m  th e  ap p ro ach  of th e  re fe rence  
e lec tro d e  cap illa ry  to  th e  w ork ing  e lec trode . T h e  screen ing  effect of th e  cap il-

200 400 600 800 1000 1200
E [ mV]

F ig . 3. T h e  effect o f in c re a s in g  d is tan ce  be tw een  th e  re fe ren ce  e lectrode  an d  th e  silv er e lectro d e  
in  0.1 n  H 2S 0 4 so lu tio n , w ith  a u to m a tic  c o m p e n sa tio n  o f th e  vo ltag e  across th e  ohm ic r e 

sis tan ce

la ry  can  change th e  d is tr ib u tio n  of th e  c u r re n t  d e n s ity  on th e  e lec trode  su rface . 
M oreover a c a p illa ry  p laced  close to  th e  su rfa c e  o f  th e  electrode m easu res  th e  
p o te n tia l  of a sm all p a r t  o f th e  electrode o n ly , a n d  th is  m ay  con sid erab ly  d iffer 
from  th e  av erag e  e lec tro d e  p o ten tia l.
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A c o m p u te r p ro g ram  is desc rib ed  fo r sim ula ting  th e  r o ta t io n a l  s tru c tu re  of 
p e rp en d icu la r  v ib ra tio n a l tra n s it io n s  o f s lig h tly  asym m etric  p ro la te  to p  m olecules. 
In  ad d itio n  to  jRz-ty p e  Coriolis in te ra c tio n s  th e  asy m m etric  to p  t ra n s it io n s  a re  tak e n  
in to  acco u n t ex ac tly  u p  to  К  =  4. A  sam p le  calcu la tio n  is given fo r r 7 o f  e th y le n e .
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Introduction

A p rev ious p u b lica tio n  [1] d e a lt w ith  th e  s im ula tion  o f  ro v ib ra tio n a l 
b a n d s  o f sy m m etric  an d  slig h tly  a sy m m e tric  p ro la te  to p  m o lecu les. I n  th e  
ca lc u la tio n s  K 2-ty p e  Coriolis in te ra c tio n  w as tak en  in to  a c c o u n t a n d  by  
f i t t in g  th e  co m p u ted  sp ec tru m  to  th e  e x p e rim e n ta l one th e  d e te rm in a tio n  of 
C oriolis £z c o n s ta n ts  w as a tte m p te d . T h e  sy m m etric  to p  a p p ro x im a tio n  used 
in  th is  p ro g ram , how ever, led to  serious d isc repanc ies betw een  th e  e x p e rim e n ta l 
an d  co m p u ted  sp ec tra  in  th e  reg ion  close to  th e  cen tre  of th e  p e rp e n d ic u la r  
b a n d s  of a sy m m etric  to p s . I f  th e  Coriolis in te ra c tin g  b an d s a re  ly in g  n e a r  to  
one a n o th e r  an d  so th e ir  ro ta tio n a l s t ru c tu re  is s trong ly  b le n d e d , th e  sy m 
m e tric  to p  a p p ro x im a tio n  gives in su ffic ien t o r incorrect in fo rm a tio n  on  th e  
p a ra m e te rs  to  be  de te rm in ed .

In  o rd e r to  o b ta in  th e  co rrec t h a n d  s tru c tu re , th e  c o m p u te r  p ro g ram  
h a d  to  be ex ten d ed  to  ta k e  in to  ac c o u n t a sy m m e try  effects. S ince in  th e  case 
o f s lig h tly  a sy m m etric  ro to rs  (x  сы — 1), a sy m m e try  sp littin g  a n d  lev e l sh ifts 
p la y  a sig n ifican t role o n ly  up  to  K _ x =  3* (or, in m ore a sy m m e tr ic  cases 
К  =  4), above th is  v a lu e  th e  sy m m e tric  to p  ap p ro x im atio n  c a n  b e  used.

T he p re se n t w ork  rep o rts  th e  ex ten s io n  o f th e  s im ula tion  p ro g ra m  to  th e  
c a lc u la tio n  o f asy m m etric  to p  energy  levels, tran s itio n s  an d  in te n s itie s .

T he th e o ry  of a sy m m etric  ro to rs  h as  b een  developed b y  K in g , H ainer  
an d  Cross [2]. F o r a b e tte r  u n d e rs ta n d in g  o f  th e  com pu ter p ro g ra m , a b rie f  
a cco u n t o f th e  th e o ry  is given here.

* In  th e  following, w h en ev er К  is u sed , jK _ , is m ean t.
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Energy levels and transition frequencies o f  asym m etric rotors

T h e  energy of a r ig id  asy m m etric  ro to r  c a n  h e  exp ressed  as:

E ( A , B , C )  =  ~  [AP~ +  B P I  +  C P 2] (1)
nr

w h ere  Pa, Pb and P c a re  th e  com ponents o f th e  a n g u la r  m om entum  a long  th e  
p r in c ip a l axes of th e  r o to r ,  A  >  В  C a re  th e  co rrespond ing  ro ta tio n a l 
c o n s ta n ts .

C onsidering th e  c o m m u ta tio n  rules o f th e  a n g u la r  m om entum  co m p o 
n e n ts  a n d  using as b a s is  th e  sym m etric  ro to r  w a v e  fu n c tio n s  chosen b y  W ang  
|3 ] ,  M u l l ik e n  and  V a n  V l e c k  [4], the  follow ing m a tr ix  e lem ents are o b ta in e d :

< J ,  К ,  M |P 2I J ,  X , M > =  < J , X , M  |P 2| J ,  K ,  M }  =  —  [.J ( J  +  1 ) -  X 2]

w  2 <2> 
< J ,X ± 2 ,M |P 2| J ,X ,M >  =  — - [ ( J T K ) ( J ± K + l ) ( J ^ K ~ l ) ( J ± K + 2 ) ] 4 *

4

< J ,X ,M |P | |  =  h'2 X 2

T h e  C artesian  axes x , y ,  z  a n d  th e  principal in te rn a l  ax es  a , b , c can be id en tified  
in  3 ! d iffe ren t w ays, y ie ld in g  six re p re se n ta tio n s  lab e lled  b y  I r, I I r, I I I r, 
I , I I  an d  I I I  . In  th e  case  o f  nearly  p ro la te  sy m m e tr ic  ro to rs , rep re sen ta tio n  
I r is th e  m ost c o n v e n ie n t o n e , w here x  —>■ b ,  у  —► c a n d  z —*■ a.

B y  in troduc ing  th e  R a y  a sy m m etry  p a ra m e te r :  x  =  (2B —A — С)/ ( А— C), 
s im p le r  an d  generally  u s a b le  expressions a re  o b ta in e d  fo r th e  energy m a tr ix  
e le m e n ts . The co rre la tio n  b e tw e e n  th e  reduced  a n d  e ffec tive  energy is:

E(  1, *, 1) =  E ( x )  =  — E ( A ,  В ,  C) -  A ± S - J ( J +  1) (3)
Л  —  О  Л  —  L

S u b s ti tu t in g  th e  a n g u la r  m o m e n tu m  m a trix  e lem en ts  in to  E q . (1), an d  p e rfo rm 
in g  th e  tran sfo rm a tio n  g iv e n  b y  E q . (3), th e  fo llow ing  n o n -v an ish ing  e lem en ts o f 
th e  E ( x ) m a trix  are  o b ta in e d :

< J ,  K ,  M  I E(x)  I J ,  X , M  > =  F J ( J  +  1) +  (G— F ) X 2

< J , к ,  M  I E(x)  I J ,  X  +  2 , M  > =  [ J ( J  +  1) —  (X  +  1) (X  +  2 )]1 4  (4)

[ J ( J  +  1) -  K ( K  +  1)]1/2
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w here c o n s ta n ts  F,  G an d  H  depend  on th e  re p re se n ta tio n  used. F o r r e p re s e n 
ta tio n  I r:

F =  y ( * — 1), G =  1 a n d f f = - y ( * + l )  (5)

F o r th e  lim itin g  p ro la te  to p , w here  x  =  —  1, th e  above m a tr ix  e lem en ts  
yield th e  w ell-know n fo rm ulas of sy m m e tric  to p  en erg y  levels:

< J ,  K ,  M  I E(x)  I J ,  K ,  M  > =  —  J ( J  +  1) +  2K* (6)

< J ,  K ,  M  I В Д  I J ,  X  ±  2, M  > =  0

I t  is seen th a t  fo r th e  sym m etric  to p  th e  en e rg y  m a tr ix  becom es d ia g o n a l also 
in K .

Since — J  <  K  <  J ,  th e  energy  m a tric e s  a re  o f th e  o rder (2J  +  1), b y  
a su itab le  tra n s fo rm a tio n , how ever, th e y  can  b e  tran sfo rm ed  in to  sm alle r 
su b m atrices . T h e  sy m m etric  ro to r  w ave fu n c tio n s , used  as basis fu n c tio n s  for 
th e  ca lcu la tio n  o f energy  m a tr ix  e lem en ts , c an  h e  tran sfo rm ed  to  n ew  hasis  
fu n c tio n s, to  th e  so called  W ang fu n c tio n s  [3]. T h e  tran sfo rm a tio n  to  a  re p re 
se n ta tio n  b ased  on th e se  func tions fac to rs  th e  en erg y  m a trix  in to  fo u r  su b 
m atrices:

X ' E X  =  E+  4  E -  +  0 +  +  0 -  (7)

T he e lem en ts  o f th e  su b m atrices  ca n  b e  easily  ca lcu la ted  f ro m  th e  
m a tr ix  e lem en ts g iven  in  E q . (5). B y fin d in g  th e  eigenvalues of th e  ab o v e  m a tric e s , 
a sy m m etric  to p  en erg y  levels are o b ta in e d . S ev era l m ethods are reco m m en d ed  
for th is  p ro ced u re  [2, 5], in p ro g ram s, h o w ev er, w ritten  fo r h ig h -sp eed  
co m p u ters  th e  d iag o n a liza tio n  b y  J a c o b i’s m e th o d  appears to  b e  th e  m ost 
su itab le .

T he se lec tion  ru les govern ing  th e  tra n s i t io n s  betw een  th e  e n e rg y  levels 
of an  asy m m etric  to p  are : A J  = 0 + 1  a n d  fo r  th e  p e rp en d icu la r b a n d s  of 
n ea rly  sy m m e tric  ro to rs  Л К  — +  1. T he a b o v e  in d ica ted  changes in  J  give 
rise to  th e  P, Q an d  R  b ran ch es w hich  a re  d iv id ed  in to  tw o su b -b ra n c h e s  
accord ing  to  th e  v a lu e  o f A K .  S ince am o n g  th e  su b m atrices  o b ta in e d  b y  th e  
W ang  tra n s fo rm a tio n  E + and  E ~  c o n ta in  o n ly  elem ents c o rre sp o n d in g  to  
even К  v a lu es , w hile 0 + and  0 ~  m a trice s  in v o lv e  o n ly  odd К  levels, t ra n s it io n s  
a re  allow ed on ly  b e tw een  energy levels o f  d iffe re n t subm atrices. L in e  fre q u e n 
cies are  ca lc u la ted  b y  fo rm ing  th e  p ro p e r en e rg y  differences b e tw e e n  th e  
levels, ta k in g  in to  acco u n t selection  ru les , a n d  b y  com bining th e se  d ifferences 
w ith  th e  co rresp o n d in g  C o rio lis-pertu rbed  b a n d  origin.
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In ten sities  o f tra n s it io n s

R o v ib ra tio n a l in te n s itie s  are p ro p o r tio n a l to  th e  square  of th e  ro v ib ra - 
t io n a l  tra n s i t io n  m o m e n t:

Irv ~  ^  К», Щ Vf \v, R } \ 2 (8)
F

w h e re  ytt is  th e  m o lecu lar d ipo le  vec to r, v a n d  R  s ta n d  for th e  v ib ra t io n a l  an d  
r o ta t io n a l  q u a n tu m  n u m b e rs , resp ec tiv e ly , w h ile  F  rep resen ts th e  axes of 
sp a c e -f ix e d  C artesian  sy s te m . A ssum ing t h a t  ro ta tio n a l an d  v ib ra tio n a l 
w a v e  fu n c tio n s  can be s e p a ra te d , th e  a b o v e  e x p re ss io n  can be w r i t te n  as th e  
p r o d u c t  o f  th e  v ib ra tio n a l tra n s it io n  m o m e n t a n d  of th e  m a tr ix  e le m e n ts  of 
0 Fg d ire c tio n  cosines, so E q . (8) is w r it te n  as :

2  K * ’ R \ r* F  I», R>I2 = 2  2  ! <J’K*м  K’ MXv\Fg\v> 2
F  F  g , АГАТ'

(9)

w h e re  g  rep resen ts  th e  m olecule-fixed  ax is  sy s te m . E ach  d ire c tio n  cosine 
m a t r ix  e lem en t is sp li t  in to  th re e  fac to rs :

< J ,  K ,  M \ 0 Pg\ J ,  K ,  M > =  < J \ 0 Fg\ J > < J . M \ 0 Fg\ J ,  M  ><J, K \ 0 Fg\ J ,  K }  (10)

A n a ly t ic a l  expressions c a lc u la ted  for th ese  m a tr ix  e lem ents in  th e  sy m m e tric  
r o to r  r e p re s e n ta tio n  a re  l is te d  in  T able I  [2]. F o r  th e  ca lcu la tion  o f a sy m m e tr ic  
r o to r  l in e  s tre n g th s , d ire c tio n  cosine m a tr ix  e le m e n ts  are tra n sfo rm e d  to  th e  
b as is  o f  W a n g  fu n c tio n s, b y  th e  sam e tra n s fo rm a tio n  th a t  fac to rs th e  en erg y  
m a t r ix  in to  su b m atrices :

0 sPg =  X ' 0 FgX  (11)

T h e re a f te r  a fu r th e r  tra n s fo rm a tio n  is re q u ire d  to  th e  asym m etric  ro to r  basis . 
T h is is c a rr ie d  o u t using  th e  m a tr ix  th a t  d iag o n a lizes  th e  su b m atrices  o f  E:

0 $ g =  T ’2X ' 0 FgX T 1 (12)

w h ere  T x a n d  T2 are th e  e ig en v ec to r m atrices o f  th e  energy  blocks co rresp o n d in g  
to  th e  g ro u n d  and  ex c ited  s ta te s , re sp ec tiv e ly . S ince b o th  tra n s fo rm a tio n s , 
re p re s e n te d  b y  X  and  T  a re  d iagonal in J  an d  M ,  o n ly  th e  la s t fac to r o f E q . (10) 
sh o u ld  b e  tran sfo rm ed . T h ese  tran sfo rm ed  m a tr ix  e lem ents have b een  e v a lu a t
ed a n d  p u b lish e d  b y  S c h w e n d e m a n  [6]. T h e  s tru c tu re  of th e  m a tr ix  w h ich  
c o n ta in s  sev e ra l blocks co rresp o n d in g  to  tra n s it io n s  betw een  th e  en e rg y  levels 
o f d if f e re n t  energy su b m a tr ic e s , is show n o n  F ig . 1. E ach  b lock  c o n ta in s  
n o n zero  e lem en ts  for o n ly  one g  axis, le tte rs  a , b a n d  c refer to  th is  ax is , b locks
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Table I

D irection cosine m atrix  elements in  the sym m etric top representation

Value of J ' J  + 1 J
J - 1

<J\4>Fg\J'> { 4 ( J + 1 ) [ ( 2 J + 1 ) .
■ ( 2 J + 3 ) ] > / * } - ‘ [ 4 J ( J + l ) ] - i [ 4 J ( 4 J 2 — l ) 1/ 2] -1

<■J , K \ 0 FZ\ J ' K ) 2 [ ( J + i y - - K * Y ! ° - 2 К - 2 ( Т — К г)Чг

< J , K | 0 F y U ' K ± l >  =
=  T i < J , K | 0 F x | J ' K ± l >

T [ ( J ± K + 1 ) -  
( J ± K + 2 ) ] 4 *

K J T K ) .
A J ± k  i - i ) ] > /2

T [ ( J T K ) .  
■ ( J T K - 1 )]1/ 2

2 [ ( J + 1 ) 2 M 2] 1/ 2 2 M — 2 ( J 2 — M 2) 1/ 2

< J  , M  1Ф  y g \ J ' M  ±  1> =
( J ± M + 2 ) ] * / 2

[ ( J T M ) .
■( J ± M + l ) ] 4 2

T t ( J T M ) .
( J T i W - 1 ) ] 1/ 2

labelled  b y  zero co rrespond  to  fo rb idden  tra n s itio n s . T h e  a c tu a l m a tr ix  ele
m en ts  are also  g iven  in  [6], fo r sav ing  p lace th e y  a re  n o t p re sen ted  here.

T he rem a in in g  m a tr ix  e lem ents in  E q . (10) need n o t be tran sfo rm ed , th e y  
can  be d ire c tly  ca lcu la ted  fo r each  tra n s it io n  using  p ro p e r J , A J ,  К  a n d  A K  
va lues. In  th e  absence  o f e x te rn a l field , th e  su m m a tio n  in  E q . (9) over F  can  be  
rep laced  b y  a m u ltip lic a tio n  b y  3; su m m atio n  o v er M '  an d  M "  can  be  ca rried  
o u t a lg eb ra ica lly ; i.e. in s tead  of th e  m a tr ix  e lem en ts  g iven in  T ab le  I ,  on ly  
th re e  q u a n titie s  shou ld  be ca lcu la ted  d ep en d in g  on th e  v a lu e  o f  A J:

2  ICL &Fg \J> (J, m \ <&Fg\J, м > |2 =
F ,M ’ ,M ‘

[ J ^ J r l ) ] - 1 for A J = - 1  
[ J ( J - f l ) ] - 1 fo r J J = 0  (13) 
[ ( J + 1 ) ( 2 J + 1 ) ] —1 for 4 7 = 1

Excited
G round

J J +  1

E+ E - 0 + o- E + 0+ o-

E+ 0 a c b a 0 6 c

E - a 0 b C о a c b

J  0+ c b о a b c a 0
o - ь c a 0 c b 0 a

E+ a 0 b c

E - 0 a C b see ./  — j

+О

b c a о block

o - c b 0 a

F ig  1. T he b lock  s tru c tu re  of th e  tra n s fo rm e d  d irec tio n  cosine m a tr ix
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T h e  square  o f th e  tra n s fo rm e d  d irec tio n  cosine m a tr ix  e lem en t is th e n  
m u ltip lie d  b y  th e  co rresp o n d in g  ex p ressio n  o f E q . (13) giv ing th e  in te n s i ty  fac to r 
t h a t  d ep en d s  only on th e  ro ta t io n a l  s ta te s . I t  has been  checked  th a t  fo r sy m 
m e tr ic  to p  m olecules (w here E  is d iagona l an d  th e re fo re  T± an d  T 2 a re  u n it 
m a tr ic e s )  these  expressions y ie ld  th e  H ö n l-L o n d o n  coeffic ien ts . T h erefo re  we 
h a v e  lab e lled  th e  above in te n s i ty  fa c to r  also fo r th e  a sy m m etric  to p  tra n s itio n s  
b y  A KJ.

R o v ib ra tio n a l line in te n s itie s  can  be th e n  ca lcu la ted  from  th e  fo llow ing 
e x p re ss io n :

I rv =  P I  • (2J  1) ' g  • A Kj  - v - B  (14)

w h e re  P I  is th e  p e r tu rb e d  v ib ra t io n a l  in te n s ity , g is th e  s ta tis t ic a l  w eig h t for 
th e  g ro u n d  s ta te  arising  from  n u c le a r  sp in  s ta tis t ic s , v d en o tes  th e  co m p u ted  
t r a n s i t io n  frequency , an d  В  s ta n d s  fo r th e  B o ltzm an n  fa c to r  of th e  ro ta 
t io n a l  g ro u n d  s ta te .

S im u la ted  an d  observed spectra

T h e  correctness an d  p e rfo rm a n c e  o f th e  p rog ram  h av e  b een  checked  
u s in g  th e  r7 C -type h a n d  o f e th y le n e . T he in p u t d a ta  used  b y  th e  s im u la tio n  
p ro g ra m  are  listed  in  T ab le  I I .  E x p e rim e n ta l sp ec tra  h av e  been  re co rd ed  on a 
P e rk in -E lm e r  M odel 225 sp e c tro m e te r . E x p e rim e n ta l co n d itions fo r reco rd in g  
a re  l is te d  in  T able I I I .  O n co m p a rin g  th e  sim u la ted  sp ec tru m  to  th e  ex p e ri
m e n ta l  one (Fig. 2), a re a so n a b ly  good f i t  can  he observed . T he rem a in in g  
d isc re p a n c ies  are due to  th e  n eg lec tio n  of cen trifu g a l d is to r tio n  effects an d  
to  th e  la c k  of sim u la tin g  ‘h o t-b a n d s ’ w hich  arise  w ith  slig h tly  d iffe ren t r o ta 
t io n a l  c o n s ta n ts . The ro ta t io n a l  s tru c tu re  is an a lysed  b y  Sm ith  an d  M il l s  [9] 
w ho  g iv e  ex p lan a tio n  fo r th e  re g u la r  fea tu re s  ap p earin g  in  th e  b an d .

T able  I I

In p u t data fo r  the sim u la tio n  program : molecular constants and  
parameters o f  the C -type perpendicular v7 band o f  ethylene

T  =  300°iC «/max =  50 .Kmax =  Ю, asym . calc, up  to  К  =  3

G ro u n d s ta te E x c ited s ta te

A 4.861 c m -1 4.861 c m -1
В 1.0005 c m -1 0.9953 c m -1

С 0.8288 c m “ 1 0.8236 c m -1
B and  origin 949.3 c m -1

Coriolis С 0.14
1,10
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Table III

Experim ental conditions fo r  spectral recording

Pressu re 

Cell thickness 

Spectra l re so lu tio n  

W n. range:

10 m m H g 

10 cm  

0 .4  c m -1 

880 — 1000 c m " 1

F ig . 2

D escription o f th e  co m p u te r program

The p ro g ram  w as w ritte n  in  A lgol fo r a n  IC T  1905 com puter. S eg m en ts  
ca lcu la ting  th e  ro ta tio n -v ib ra tio n  in te ra c tio n , sy m m etric  to p  tra n s itio n s  an d  
in tensities h av e  b een  pub lished  in  [1], so th e y  a re  n o t d ea lt w ith  here .

The f irs t  p a r t  o f  th e  p ro g ram  co n ta in s  th e  n ecessary  in p u t in s tru c tio n s , 
w here in  a d d itio n  to  the  p a ra m e te rs  (i.e. ro ta t io n a l  co n stan ts , c e n tr ifu g a l 
d is to rtio n  c o n s ta n ts* , u n p e rtu rb e d  v ib ra tio n a l orig ins and  in te n s itie s , th e  
range  and  th e  ‘re so lu tio n ’ o f th e  s im u la ted  sp e c tru m , etc.) in fo rm a tio n  b its  
are read  in  g iv ing  w h e th e r sy m m etric  or a sy m m e tr ic  ap p ro x im atio n  is r e q u e s t
ed ; m oreover th e  te rm in a l va lu es  o f J  an d  К  a re  specified. A sy m m etric  to p  
tran s itio n s  can  b e  ta k e n  in to  acco u n t up  to  К  =  3 or 4, above th is  lim it  sy m 
m etric  top  a p p ro x im a tio n  is used .

The ro v ib ra tio n a l H am ilto n ian  m a tr ix  is se t up  an d  d iagonalized  in  th e  
sam e m an n er as described  in  [1], ex cep t fo r th e  fa c t th a t  p e r tu rb e d  b a n d  
origins and  in te n s itie s  are  ca lcu la ted  an d  s to re d  in  ad v an ce  for each  К  v a lu e  
involved  in th e  a sy m m etric  ca lcu la tio n . T his is d u e  to  th e  fa c t th a t  th e  energy  
is n o t d iagonal in  К  an d  so for each  J  an  en erg y  m a tr ix  should  be c o n s tru c te d , 
diagonalized a n d  its  eigenvalues a re  assigned  to  th e  d iffe ren t K ’s.

* In  th e  re c e n t  version  of th e  p ro g ram  cen trifu g a l d is to r tio n  is tak e n  in to  a c c o u n t on ly  
in  th e  sy m m etric  to p  tran sitio n s.
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I t  shou ld  be n o te d  here  th a t  even  in  th e  W ang  re p re se n ta tio n  th e  
m a tr ic e s  to  be  d iagonalized  a re  ro u g h ly  o f  o rd e r J /2 . W e h av e  fo u n d , o n  th e  
b a s is  o f  P a r k in ’s idea  [7] t h a t  since on ly  th e  low est eigenvalues a re  req u ired  
fo r  th e  p re se n t a p p ro x im a tio n , a n d  th e  m a tr ix  e lem ents be long ing  to  h ig h er 
К  v a lu e s  h a rd ly  in fluence  th e se  eigenvalues, m a trices  of large d im en sio n  m ay  
b e  t ru n c a te d .

I t  h as  been found  th a t  th e  d im ension  o f energy  su b m atrices  need  no t 
b e  g r e a te r  th a n  8. In  such  a w ay  in d e p e n d e n tly  of th e  size of th e  co m p u te r  
m e m o ry  i t  is only co m p u te r tim e  econom y t h a t  lim its  th e  m ax im al v a lu e  of J .

H a v in g  d iagonalized  th e  energy  m a tr ic e s , th e ir  low est e igenva lues are  
a s s ig n e d  to  th e  co rrespond ing  К  va lues a n d  s to re d . As a m a tte r  o f fa c t, energy  
a n d  e ig en v ec to r  va lues co rrespond ing  to  tw o  consecu tive  J  va lues a re  s to re d  a t  
th e  sa m e  tim e . In  P -ty p e  tra n s itio n s  leve l lJ  -f- 1’ is com bined w ith  th e  
v ib ra t io n a l  g round  s ta te , level ‘J ’ w ith  th e  ex c ited  s ta te , in R -ty p e  tra n s itio n s  
th e  s i tu a t io n  is reversed , w hile in th e  case o f  Ç -type  tran s itio n s  level ‘J ’ is 
c o m b in e d  w ith  b o th  s ta te s . W hen  all 84 tra n s i t io n s  corresponding  to  a g iven  J  
le v e l-p a ir  h av e  been ca lcu la ted  ( tra n s itio n s  a re  specified in  T ab le  IV) th e  v alue  
o f J  is in c reased  by  one, th e  p rev ious ‘J  -f- 1’ level is assigned to  th e  new  ‘‘J ’’ 
lev e l, a new  iJ  -f- 1’ level is ca lcu la ted  a n d  th e  w hole p rocedure  is re ite ra te d .

A c tu a l tra n s itio n s  are ca lcu la ted  b y  m ean s of a su b ro u tin e  w hich  carries 
o u t  th e  fo llow ing steps.

Table IV

Transitions taken into account in  the sim ulation program

B ranch
E n e rg y

su b m a tric e s Type C hanges in  К _ г

Q E+  — 0 - b 0 — 1, 2 « - 1, 2 — 3, 4 — 3

E -  — 0  + b 2 — 1, 2 — 3, 4 — 3,

E+  — 0  + c 0 — I ,  2 — 1, 2 — .3, 4 — 3

E -  —  0 - c 2 — 1, 2 — 3, 4 — 3

P * and R E+  — 0  + b 0 — 1, 2 — 1, 2 — 3, 4 — 3

E -  — 0 - ь 2 — 1, 2 — 3, 4 — 3

0 +  -V E+ b 1 — 0, 1 — 2, 3 — 2, 3 — 4

0 -  — E ~ b 1 — 2, 3 — 2, 3 — 4

E+  — 0 - C 0 — 1, 2 — 1, 2 — 3, 4 — 3

E -  — 0  + c 2 — 1, 2 — 3, 4 — 3

0 -  E+ c 1 — 0, 1 — 2, 3 — 2, 3 — 4

0 +  —  E - c 1 —  2 , 3 — 2 , 3 —  4

* T hese  transitions a re  calcu la ted  tw ice in  each  J  cycle; a t  f irs t “J  +  1”  —► 4iJ ”  th en  
“ J ”  — “J  -j- 1”  tran sitio n s are calcu la ted  betw een  th e  in d ica ted  energy subm atrices.
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E nerg ies a re  tra n sfo rm e d  in to  E ( A ,  В , C) u s in g  th e  a p p ro p r ia te  (ground 
or exc ited  s ta te )  ro ta tio n a l c o n s ta n ts . T erm  d ifference  is fo rm ed  a n d  com bined  
w ith  th e  p e r tu rb e d  b a n d  orig in  w hose p o la riza tio n  co rresponds to  th e  p o la ri
za tio n  o f th e  a c tu a l ro ta tio n a l tra n s it io n . A p p ro p ria te  d irec tio n  cosine m atrices 
a re  b u ilt  up an d  tra n sfo rm e d  b y  m eans of th e  e ig en v ec to r m a trices  co rresp o n d 
ing to  th e  g ro u n d  a n d  exc ited  s ta te s . The e lem en t defined  b y  K '  an d  K "  is 
se lected , sq u ared  a n d  m u ltip lied  b y  th e  co rresp o n d in g  exp ression  o f  E q . (13). 
C om plete ro v ib ra tio n a l s tre n g th  values are  th e n  ca lcu la ted  on th e  basis of 
E q . (14).

T he accu m u la tio n  of th e  co m p u ted  sp e c tru m , th e  s lit fu n c tio n  s im u la tion  
an d  th e  conversion  p rocedure  to  tra n sm itta n c e  h a v e  been  described  in  [1]. T he 
to ta l  sp ec tru m  can  be  p rin te d  o u t  on a line p r in te r  o r p u n ch ed  on p a p e r ta p e . 
In  th e  la t te r  case th e  conversion  to  tra n s m itta n c e  is ca rried  o u t b y  a n o th e r 
p ro g ram  w hich th e re a f te r  p lo ts  th e  sp ec tru m  in a fo rm  d irec tly  co m p arab le  to  
th e  ex p e rim en ta l one.
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CHEMISTRY OF FREE RADICALS, YII

R E A C T IO N  O F N IT R O S O  C O M PO U N D S W IT H  V IN Y L  M O N O M E R S *

L. S ü m e g i , F . T ü d ő s  and I. K e n d e

(C entral Research Institu te  fo r  C hem istry o f  the H ungarian  Academ y o f  Sc iences , Budapest)

R ece iv ed  D ecem b er 29, 1969

T he in te rac tio n  o f  n itro so  co m p o u n d s a n d  v iny l m onom ers w a s  s tu d ied . The 
re ac tio n  occurring  b e tw ee n  m e th y l m e th a c ry la te  a n d  p -n itro so an ilin e  h a s  b een  found 
p seu do-un im olecu lar fo r  n itro so an ilin e , w ith  an  ac tiv a tio n  e n erg y  o f  15 kcal/m ole. 
T h e  re ac tio n  of s ty re n e  w ith  n itro so b en zen e  ap p ea rs  to  be  p se u d o -b im o le cu la r  for the  
la t te r  com pound w ith  a n  a c tiv a tio n  en erg y  o f 7.5 kcal/m ole. A  n u m b e r  o f  ex p erim en ts 
w ere carried  o u t w ith  N -s u b s titu te d  p -n itro so an ilin e s  and  n itro so b en z en e  d e riva tives 
su b s ti tu te d  th e  a ro m a tic  nu c leu s, w h ich  w ere tre a te d  w ith  m e th y l m e th a c ry la te  or 
s ty re n e , and  th e  re ac tio n  ra te s  a n d  th e ir  H a m m e tt  dependence w ere d e te rm in e d . Spec- 
tro p h o to m e tr ic  an d  E S R  s tu d ie s  hav e  led  to  th e  conclusion th a t  free  ra d ic a ls  o f n itro 
gen ox ide ty p e  are  fo rm ed  in  these  reac tio n s .

In tro d u c tio n

A  w ide range o f s tu d ie s  h av e  b een  m ade la te ly  o f th e  e ffec t o f  nitroso 
co m pounds on th e  ra d ic a l p o ly m eriza tio n  o f v iny l m onom ers [1]. A rom atic  
n itro so  com pounds w ere fo u n d  to  be m u ch  m ore effective in h ib ito rs  th a n  the 
w idely  ap p lied  ty p es o f q u in o n e  an d  h y d ro q u in o n e . W ith  n itro so  com pounds, 
how ever, ow ing to  th e ir  h ig h  re a c tiv itie s , reac tio n s proceeding  in  tw o  d irections 
m u s t be  considered u n d e r  th e  cond itions o f th e  p o ly m eriza tio n : th e  f irs t  is a 
rad ica l ad d itio n  process o f  n itro so  co m p o u n d s [2], and  th e  o th e r  a d irect 
re a c tio n  w ith  re spec tive  v in y l com pounds.

N itro so  d e riv a tiv es  re a d ily  re a c t w ith  com pounds c o n ta in in g  double 
b o n d s. T h is has been sh o w n  b y  W ic h t e r l e  [3] and  K resze  [4, 5 ] ; th e  in te r
ac tions ta k in g  place b e tw e e n  s u b s titu te d  b u ta d ie n e  d e riv a tiv e s  a n d  d ifferen t 
a ro m a tic  n itro so  co m p o u n d s w ere reg a rd ed  as D iels-A dler re a c tio n s . The 
ex p e rim en ts  carried  o u t b y  H am m er  et al. [6] w ith  olefins, as w ell as the  
re su lts  o b ta in ed  by  I n g o l d  an d  Go w e n l o c k  [7, 8], p o in t to  th e  fo rm a tio n  of 
azoxy  com pounds th ro u g h  a fo u r-m em b ered  heterocyclic  ring . T h e  re a c tio n s  of 
s u b s ti tu te d  bu ten es w ith  sev e ra l d e riv a tiv e s  of n itro sobenzene w ere  stud ied  
b y  S u l l iv a n  [9]. All th e se  in v e s tig a tio n s , how ever, w ere c a rr ie d  o u t under 
e x p e rim e n ta l cond itions su b s ta n tia lly  d iffe ren t from  tho se  u sed  in  th e  ex p er
im en ts  described  below .

* P re se n ted  in a sh o rt fo rm  a t  th e  In te rn a tio n a l  Sym posium  on M acro m o lecu la r Chem
is try , R u d a p es t, 25—-30 A u g u s t, 1969. K in e tic s  a n d  M echanism  of P o ly re a c tio n s , 3 , 97 102
(1969).
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2. Experimental

K in e tic  m easu rem en ts w e re  m a d e  w ith  sty rene  a n d  m e th y l  m e th a c ry la te  m o nom ers. 
T h e  m o n o m e rs  were pu rified  [10, 1 1 ], a n d  stored a t  — 70 °C. T h e ir  p h y sica l co n stan ts  a re  g iven  
in  T a b le  I.

N itro so  com pounds w ere  p re p a r e d  from  the  p u re  n i tro  co m p o u n d s b y  Z n-dust re d u c tio n  
in  n e u t r a l  m edium , follow ed b y  o x id a tio n  w ith  FeCl3, s te a m  d is tilla tio n , an d  su b seq u en t r e 
c ry s ta l l iz a t io n s . The n itro so  c o m p o u n d s  w ere stored in  a  re fr ig e ra to r . T he physical c o n s ta n ts  
o f th e  n itro s o  com pounds u sed  a n d  re fe ren ces to th e  s y n th e tic  m e th o d s  are  show n in  T ab le  I I .

Table I

P hysica l properties o f  the v in y l m onom ers used

Monomer B p -,°c
Refractive index

Ref.
Lit. Observed

S ty re n e

M e th y l m eth acry la te

145.2 
(760 to r r )  
1 0 0 - 100.1 
(760 to r r )

n f  =  1.5439 

n |°  =  1.4140

n | 3 * 5 =  1.5441 

n%° =  1.4138

[12]

[13]

Table II

P hysical p ro p erties o f  the nitroso com pounds used

Q (pora) 
substituent

M.p„ “C
Ref.

Lit. Observed

- H 68 68 [14]

- c o 2c 2H 5 8 3 - 8 4 83 [15]

- C l 8 7 -8 9 87.5 — 88 [16]

- C H 3 48.5 46 — 48 [17]

- O C H 3 101.5 102 [18]

- n h 2 1 7 3 -4 173.5 [19]

- N H C H 3 118 1 1 7 - 8 [14]

- N ( C H 3 ) 2 85 85 [14]

- N ( C 2 H 5 ) 2 84 83 — 4 [14]

— N H Ph 1 4 3 -4 .6 144 [14]

- N P h „ 120.5 120 [30]

3. K inetic m easurem ents

T h e  reactions of n itro s o  com pounds w ith  ra d ic a ls  an d  v iny l com pounds
c a n  b e  s tu d ie d  se p a ra te ly  u n d e r  su itab le  e x p e rim e n ta l conditions. In  sy stem s 
c o n ta in in g  no in itia to r, th e  fo rm a tio n  of m acro ra d ic a ls  below  70 °C is p rac tica lly  
e x c lu d e d , thus a d irec t s tu d y  o f  th e  reactions w ith  v in y l com pounds is possib le.
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Since in  p re lim in ary  ex p erim en ts  oxygen  w as fo u n d  to  d is tu rb  th e  re a c tio n , 
th e  ex p e rim en ts  o u tlin ed  below  w ere c a rr ie d  o u t in  n itrogen  a tm o sp h e re .

P h o to m e tr ic  m easu rem en ts  w ere m ad e  w ith  a P u lfrich  p h o to m e te r  
b e tw een  30 an d  70 °C in  a th e rm o s ta te d  ce ll-co m p artm en t. The m e a su re m e n ts  
req u ired  th e  co n stru c tio n  o f a special c e ll-co m p artm en t show n in  F ig . 1. The 
use o f th is  vessel fa c ilita ted  th e  e x a m in a tio n  o f  th e  sam ples in  a ir-free  n itro g en  
a tm o sp h e re .

F ig. 1. C e ll-co m p artm en t u sed  in  th e  p h o to m e tr ic  m easu rem en ts

A ccord ing  to  th e ir  b eh av io u r, th e  n itro so  com pounds in v e s tig a te d  m ay  
h e  classified  as follows:

1. p -n itro so an ilin e  an d  its  d e riv a tiv e s  su b s ti tu te d  in  th e  N H 2 g roup ;
2. o th e r  su b s ti tu te d  d e riv a tiv es  o f n itro so b en zen e .
I n  su p p o rt o f th e  above g roup ing  is th e  fa c t th a t  m a rk e d  differences 

cou ld  b e  observed  b e tw een  th ese  tw o  k in d s  o f  com pounds in  th e ir  re a c tiv itie s  
to w a rd s  s ty ren e  and  m eth y l m e th a c ry la te , as w ell as in th e  re a c tio n  orders 
a n d  A rrh en iu s  p a ram e te rs .

O n th e  basis of th e  c h a ra c te ris tic  v isib le  sp ec tra  of n itro so  co m p o u n d s, 
i t  w as possible to  follow th e  f irs t s tep  o f th e  re a c tio n  b y  p h o to m e tric  m easu re 
m e n t o f  th e  co n su m p tio n  o f th e  n itro so  com pound . The re su lts  can  m ost 
co n v e n ie n tly  be described  in  th e  case o f th e  p -n itro so an ilin e  d e r iv a tiv e s , th e re 
fo re  th e se  xvill be d ea lt w ith  f irs t.

R eaction of jp-nitrosoaniline derivatives with  
m ethyl m ethacrylate

p -N itro so an ilin e  d e riv a tiv es  a c tu a lly  fa il to  re a c t w ith  th e  s lig h tly  po la r 
s ty re n e , w hereas th e  reac tio n  w ith  m e th y l m e th a c ry la te  proceeds a t  a m eas
u ra b le  ra te . K in e tic  m easu rem en ts  h av e  show n th a t  th e  p rocess is o f f irs t 
o rd e r  w ith  re sp ec t to  b o th  reac tio n  co m p o n en ts . T he k in e tic  c u rv e  o f  th e  
co n su m p tio n  o f p -n itro so an ilin e  (a t a te m p e ra tu re  o f 50 °C) is sh o w n  in  F ig . 2,
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w h ere  E  deno tes th e  o p tic a l d en sity  w hich  is p ro p o rtio n a l to  th e  c o n c e n tra 
tio n  o f  th e  n itroso  co m p o u n d .

T h is  k in e tic  b e h a v io u r  is ch a ra c te ris tic  o f  a ll N -su b s titu te d  p -n itro so -  
an ilin e  d e riv a tiv e s . T ab les  I I I  an d  IV  show  th e  re su lts  of th e  e x p e rim e n ts  
p e rfo rm e d  a t  50 °C w ith  p -n itro so -N -m e th y la n ilin e  and  p -n itro so -N ,N - 
d ie th y la n ilin e , re sp ec tiv e ly .

F is .  2. K in e tic  cu rve  o f th e  re a c tio n  in  th e  sy s tem  m e th y l  m e th a c ry la te -p -n itro so a n ilin e
a t  50 °C

Table III

K inetic  data o f  the reaction o f  methyl methacrylate with p-nitroso- 
N -m ethylan iline  at 50 °C c0 =  1.16 • 1 0 -2  mole/1

t (min) E t (min) E

0 1.225 80 0.647

10 1.105 100 0.535

20 1.015 120 0.478

30 0.951 150 0.336

40 0.878 180 0.287

50 0.815 220 0.220

Table IV

K inetic  data o f  the reaction between methyl methacrylate and p-nitroso-N , 
N -d ie thy lan iline  at 50 °C c0 =  6.90 • 1 0 -3  mole/1

t (min) E t (min) E

0 0.785 80 0.407

10 0.725 90 0.380

20 0.670 100 0.362

30 0.603 110 0.318

40 0.564 120 0.296

50 0.505 130 0.282

60 0.480 140 0.256

70 0.423 150 0.235
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Table У

Bim olecular rate constants fo r  the reaction

NO

I
Q

+ M M A  — —

Substituent
<Q)

Temperature
(C°)

k '
10s • (1 • mole- 1  • min-1)

- n h 2 30 0.303

- n h 2 40 0.661

- n h 2 50 1.26

- n h 2 60 2.81

- n h 2 70 5.82

—N H C H 3 50 0 . 8 8

- N ( C H 3) 2 50 1.53

- N ( C 2H 5) 2 50 0.858

—N H P h 50 3.55

— N P h 2 50 4.38

F ig . 3. A rrh en iu s dependence  o f th e  r a te  c o n s tan ts  in  reac tio n s  betw een  m e th y l  m e th a c ry la te
a n d  p -n itro so an ilin e

T h e  b im o lecu lar r a te  c o n s ta n ts  o f th e  processes have  b een  ca lcu la ted  
from  th e  p seudo -u n im o lecu la r ra te  c o n s ta n ts  determ ined  fro m  th e  k in e tic  
cu rv es . T hese are show n in T ab le  V.

T h e  ac tiv a tio n  en erg y  has been  d e te rm in ed  in  th e  case o f  /»-nitroso- 
an iline  in  th e  te m p e ra tu re  ran g e  betw een  30 an d  70 °C .T he A rrh e n iu s  d ep en d 
ence (F ig . 3) can  be described  b y  th e  fo llow ing equa tion :

k'  =  2.3 • 107 • e-i5°ooIRT 1 . m ole“ 1 • m in“ 1 (1)
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R eaction  of o th e r  substitu ted  deriva tives o f  nitrosobenzene
w ith  styrene

O th e r  su b s titu te d  d e r iv a tiv e s  of n itro so b e n z e n e  re a c t w ith  th e  h igh ly - 
r e a c t iv e  m ethy l m e th a c ry la te  so rap id ly  t h a t  th e  re a c tio n  is a lm o st in s ta n 
ta n e o u s  a t  th e  usual c o n c e n tra tio n s , therefo re , i t  c a n n o t he follow ed b y  p h o 
to m e t r y .  On the  o th e r  h a n d ,  while p -n itro so a n ilin e  deriva tives p ra c tic a lly  
do  n o t  re a c t w ith  s ty re n e , th e  reaction  of o th e r  s u b s ti tu te d  n itro so b en zen e  
d e r iv a tiv e s  proceeds a t  a m easu rab le  ra te  a t  a b o u t  50 °C.

F ig . 4. K inetic  curve o f  th e  re a c tio n  in th e  sy s te m  n itro so b e n z e n e -s ty re n e  a t  50 °C

A n o th e r s ig n ifican t d iffe ren ce  was o b se rv ed  in  th e  reac tion  o rd e r w ith  
r e s p e c t  to  n itroso  c o m p o u n d s . T he reactions b e tw e e n  p -n itro so an ilin e  d e r iv a 
t iv e s  a n d  m ethy l m e th a c ry la te  follow f irs t-o rd e r  k in e tic s  w ith  re sp ec t to  th e  
n i tro s o  com pound, w hile re a c tio n s  of second o rd e r  ta k e  place w hen  th e  o th e r  
n itro so b e n z e n e  d e riv a tiv e s  a n d  styrene are  a llo w ed  to  reac t. F o r ex am p le , 
F ig . 4 show s th e  k in e tic  c u rv e  of consum ption  o f  th e  n itro so  com pound  in  th e  
r e a c t io n  o f n itro so b en zen e  a n d  sty rene , in  th e  re p re se n ta tio n  E _1 =  f ( t ) ,  
c o rre sp o n d in g  to  se c o n d -o rd e r k inetics.

T h e  resu lts o f e x p e r im e n ts  w ith p -n itro so a n iso le  an d  p -n itro sobenzo ic  
a c id  e th y l  ester are  re c o rd e d  in  Tables V I a n d  V I I ,  respective ly .

Table VI

Data o f  the reaction between p-nitrosoanisole a n d  styrene at 50 °C 
c0 =  9 .07  • IO ' 2 mole/1 e =  11.97

t (min) E ~ l t (min) E - *

0 0.922 200 1.042

5 0.926 290 1.087

10 0.930 360 1.152

20 0.926 420 1.177

60 0.944 480 1.219

110 1.000
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Table VII

Data o f  the reaction between p-nitrosobenzoic acid ethyl ester and styrene at 50  °C 
c0 =  8.36 • 10_s mole/1 e =  14.24

t (min) E ~ l t (min) E - i

0 0.840 9 2.960

l 1.154 10 3.280

2 1.346 12 4.050

3 1.538 14 4.505

4 1.776 16 5.350

5 2.028 18 6.250

6 2.193 20 6.370

7 2.479 25 9.090
8 2.702

T h e  ra te  c o n s ta n ts  (k " )  d eriv ed  fro m  th e  k in e tic  curves are  lis ted  in  T a b le  V II I . 
W ith  th e  ex cep tio n  o f p -n itro so a n ilin e  d e riv a tiv e s , n itro so  co m p o u n d s  show  a 
te n d e n c y  to  d im erize in  ap o la r m ed iu m . I t  m ay  th u s  he a ssu m ed  t h a t  th e  
n itro so  co m pounds e n te r  th e  re a c tio n  in  th e  form  of a d im er, w h ich  exp la in s 
th e  fac t: th e  process is o f second o rd e r w ith  respect to  th e  n itro so m o n o m er. 
T h is a ssu m p tio n  is in  ag reem en t w ith  th e  o th e r  experim en ta l fa c ts , a n d  w ill be 
considered  in  th e  d iscussion  o f th e  re a c tio n  m echanism .

T he com pounds in  q u es tio n  show  a b eh av io u r d iffe ren t f ro m  t h a t  of 
th e  p -n itro so an ilin e  d e riv a tiv e s  also in  re sp ec t to  th e ir  A rrhen ius p a ra m e te rs . 
T h e  ex p erim en ts  re fe rrin g  to  th is  w ere ca rried  o u t w ith  n itro so b en zen e , w hich 
m a y  be  considered  th e  p a re n t co m p o u n d  o f th e  group , in  th e  te m p e ra tu re  
ran g e  30— 70 °C. T he A rrh en iu s-d ep en d en ce  of th e  c o n s ta n t is d esc rib ed  b y  
th e  follow ing e q u a tio n :

k "  =  0.78 • 10 ‘ • e~750°lRT \- • m ole“ 2 • m in “ 1 (2)

A com parison  o f E q s (1) a n d  (2) show s th a t  in  th e  la t te r  case  b o th  th e  
a c tiv a tio n  energy  an d  th e  p re e x p o n e n tia l fac to r  are  sm aller, s u p p o r tin g  th e  
assu m p tio n  t h a t  a n itro so  d im er is in v o lv ed  in  th e  reac tion . In  th is  case, th e  
follow ing d im eriza tio n  equ ilib riu m  m u st be ta k e n  in to  acco u n t:

consequen tly ,
Z  +  Z ^ D , (3)
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Table V n i

R a te  constants o f  the reaction

NO

Substituent
(Q)

1 Temperature 

1 eC)
к

(l2 • mole- 2 • min-1)

H 30.3 2.69 1 0 - 2

H 40 3.20 1 0 - 2

H 45 4.07 1 0 - 2

H 50 4.71 1 0 - 2

H 50 5.43 1 0 - 2

H 50 4.64 1 0 - 2

H 60 7.50 1 0 - 2

H 70 10.05 10 - 2

H* 50 4.90 1 0 - 2

H** 50 4.73 10 - 2

- O C H 3 50 8.76 1 0 - 4

- C O O C 2H 5 50 3.73 1 0 - ‘

- C O O C 2H 5 50 3.70 i o - 1

- C l 50 1.01 10-1
- C H 3 50 1.29 1 0 - 2

[styrene]
* E x p e r im e n t m ade in benzene so lu tio n : —-----------=- =  1

[benzene]

** E x p e r im e n t m ade in benzene so lu tio n : =  - i
[benzene] â

F ig . 5. A rrhen ius dep en d en ce  o f th e  ra te  co n stan t in re a c tio n s  o f n itro sobenzene  w ith  s ty re n e

A cta  Chim. Acad. Sei. Hung. 68, 1971
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w here z and  d d e n o te  co n c e n tra tio n s  of th e  n itro so  m o n o m er an d  n itroso  
d im er, respective ly . C onsidering  E q u ilib riu m  (3), th e  k in e tic s  eq u a tio n  for 
th e  co n sum ption  o f  th e  n itro so  m onom er m ay  be  g iven  as fo llow s:

dz

dt
— kd m v о  I  п о—  z~ m  =  к z~ m  ,

К
(5)

w here  m  is th e  c o n c e n tra tio n  o f s ty re n e , an d  к th e  ra te  c o n s ta n t o f th e  reac tion : 
n itro so  d im er -f- s ty re n e . W e m u s t n o te  th a t  E q . (5) can  on ly  b e  described 
in  th is  sim ple form  if  th e  d im eriza tio n  is r a th e r  slig h t. In  o rd e r to  e lucidate  
w h e th e r th is  co n d itio n  is sa tisfied  or n o t, d e ta iled  in v e s tig a tio n s  w ere carried  
o u t w ith  n itro so b en zen e  in  b en zen e  so lu tion  over a w ide c o n c e n tra tio n  range. 
A ccord ing  to  ou r m e a su re m e n ts , th e  op tical d e n s ity  o f th e  so lu tions is a 
s tr ic t ly  linear fu n c tio n  o f th e  co n cen tra tio n  even  a t  room  te m p e ra tu re ; in  
o th e r  w ords, th e y  v e ry  a c c u ra te ly  sa tisfy  th e  B e e r -L a m b e r t  law , w hich 
m eans th a t  th e  d im er c o n c e n tra tio n  can n o t exceed  th e  o rd e r o f  m ag n itu d e  
o f 0 .1 % .

O n th e  o th e r h a n d , i t  seem s p robab le  th a t  in m e th y l m e th a c ry la te , 
w hich  is considerab le  m ore  p o la r  th a n  sty ren e , th e re  is p ra c tic a lly  no d im eriza
tio n , w hich  m eans t h a t  th e  re a c tio n  can only  ta k e  p lace  w ith  th e  m onom eric 
n itro so  com pound. In  v iew  o f th e se  co n sidera tions, th e  d iffe re n t reac tion  
o rders are  easy to  e x p la in .

I t  appears fro m  expression  (5) th a t  k" is n o t a rea l r a te  c o n s ta n t, as th e  
d en o m in a to r also com prises th e  equ ilib rium  c o n s ta n t, w h ich , in  tu rn ,  m ay  
cause th e  decrease o f  b o th  A rrh en iu s  p a ram e te rs . T he m a rk e d  d ifference in  th e  
re a c tio n  o rder in d ic a te s  p ro b a b ly  d issim ilar m echan ism  o f th e  tw o  reactions, 
a n d  th e  A rrhen ius p a ra m e te rs  m a y  also differ ow ing to  th is  reason .

T he ra te  c o n s ta n ts  o f th e  reac tio n  b e tw een  s u b s ti tu te d  n itro sobenzenes 
an d  s ty ren e  have  b een  p lo tte d  as log k" =  /(c r+) in  F ig . 6.

F rom  th is  fig u re , th e  v a lu e  o f q is equal to  -f- 2 .3 ; in  o th e r  w ords, 
e lec tro n -w ith d raw in g  s u b s titu e n ts  rap id ly  increase th e  re a c tio n  ra te . I t  is 
re m a rk a b le  th a t  th e  r a te  c o n s ta n ts  show co n sid e rab ly  less co rre la tio n  as a 
fu n c tio n  o f a. In  m a k in g  th e  choice betw een  c o n s ta n ts  a  a n d  u +, th e  ex trem ely  
low  ra te  co n stan ts  o f  th e  p -O C H 3 d eriv a tiv e  h ad  to  be p r im a rily  considered. 
T hese ex perim en ts le ad  to  th e  conclusion th a t  th e  p a r t  o f  th e  electrophilic  
co m p o n en t is p lay ed  b y  th e  n itro so  com pound in  th is  re a c tio n .

In  our in v e s tig a tio n s  th e  k in e tic  p a ram e te rs  o f  th e  re a c tio n s  have  been 
d e te rm in ed , b u t  th e  s tru c tu re s  o f th e  p ro d u c ts  h av e  n o t b een  elucidated . 
In  th e  course o f re a c tio n s , th e  orig inally  green co lour g ra d u a lly  becom es 
b ro w n  an d  th en  tu rn s  b r ig h t  o range-red . T he co lour o f th e  p ro d u c t is s im ilar to  
t h a t  of s tab le  free rad ica ls  o f th e  n itrogen  oxide ty p e .

6 * Acta Chim. Acad. Sei. Hung. 68, 1971
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P-0CH3 p-CH j -H p-CI P-C02C2H5

в*

F ig . 6. H a m m ett-d ep en d en ce  o f r a te  c o n s ta n ts  in  th e  re ac tio n  o f n itro so b en zen e  deriva tives
an d  sty rene

4. S tudy  o f  th e  reaction  m echan ism

E lu c id a tio n  of th e  n a tu r e  o f  th e  reac tio n  p ro d u c ts  w as a tte m p te d  by  
sp e c tro p h o to m e tr ic  an d  E S R  m e th o d s . In  these  s tu d ie s  w e d id  n o t  endeavour 
to  o b ta in  q u a n tita tiv e  re su lts  ( th e  conditions d id  n o t co rresp o n d  to  those  of 
th e  p h o to m e tr ic  m easu rem en ts) , as i t  was n o t possib le  to  c a r ry  o u t th e  m easu re
m e n ts  in  n itrogen  a tm o sp h e re .

C u rv e  1 in  Fig. 7 show s th e  l ig h t ab so rp tio n  o f th e  s ta r t in g  so lu tio n  as a 
f u n c t io n  o f  th e  w ave le n g th . C urves 2 —5 show  th e  ch an g e  ta k in g  p lace in  the  
c o u rse  o f  th e  reaction . O b se rv a tio n  o f  sections A  an d  В  o f th e  lig h t ab so rp tio n  
c u rv e s  rev ea ls  th a t  lig h t a b s o rp tio n  decreases in  sec tio n  A  a n d  increases a t  В  as

F ig . 7 . C u rv es 1—5 show th e  l ig h t  a b so rp tio n  curve of th e  s ty re n e  so lu tio n  (1.5 • 10" 2 mole/1) 
of n itro so b e n z e n e , and curve 6 g ives th e  l ig h t  a b so rp tio n  cu rv e  o f  th e  ben zen e  so lu tio n  (2 • 10~ 2

mole/1) o f  th e  B anfie ld  rad ica l

A c ta  C h im . A c a d . Sei. H ung . 6 8 , 1971
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th e  re a c tio n  p roceeds. T he la t te r  fa c t suggests an  increase in  th e  c o n c e n tra tio n  
of th e  p ro d u c t. C urve 6 is th e  lig h t a b so rp tio n  c u rv e  o f th e  B anfield  r a d ic a l  a t  a 
rad ica l c o n c e n tra tio n  correspond ing  to  th a t  o f  th e  s ta r tin g  m a te ria l, n itro so - 
benzene. As i t  can  be  seen in th e  figure , th e  lig h t abso rp tions o f  b o th  th e

Fig. 8 . E S R  sp e c tru m  of rad ica ls  fo rm ed a t  th e  b e g in n in g  of th e  reac tio n  o f n itro so b en z en e
w ith  s ty ren e

Fig. 9. E S R  sp e c tru m  of rad ica ls  fo rm ed in  th e  course  o f  th e  reac tio n  of n itro so b en z en e  w ith  
s ty ren e . T h e  period  of reac tio n  w as 5 m in  a t  100 °C

B an fie ld  ra d ic a l an d  th e  reac tio n  p ro d u c t show  a su d d en  rise be low  550 /гт.
T hese e x p e rim e n ta l re su lts  lead  to  th e  a ssu m p tio n  th a t  in  th e  re a c tio n  

of v in y l m onom ers an d  n itro so  com pounds a free  rad ica l o f th e  n itro g e n  oxide 
ty p e  m a y  be  fo rm ed .

A s tu d y  o f  th e  sy stem  n itro so b en zen e—sty re n e  a t  room  te m p e ra tu re  
rev ea led  an  E S R  signal a t  th e  in itia l p h ase  o f  th e  reaction  in d ic a tin g  th e  
fo rm a tio n  of free rad ica ls  in  th e  course o f th e  reac tio n .

T h e  in te s i ty  o f th is  ab so rp tio n  signal increases w ith  tim e , w hile  th e  
sp e c tru m  also show s a s tru c tu ra l change. T h e  E S R  sp ec tru m  of th e  free  rad ica l 
is f ir s t  r a th e r  a sy m m etrica l, th e n  i t  changes g ra d u a lly , as it  is show n in  F ig . 9.

F ig . 8 show s th a t  th e  s tru c tu re  of th e  sp e c tra  of th e  rad ica ls  fo rm e d  in  
th e  in itia l p h ase  o f  th e  reac tio n  has m a in ly  d o u b le t ch a rac te r. A t th e  en d  of

Acta Chim. Acad. Sei. H ung. 68 , 1971
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th e  r e a c tio n , how ever, th e  s tru c tu re  tu rn s  o u t  to  be  essen tia lly  a t r ip le t  w hich  
sh o w s fu r th e r  h y p erfin e  sp lit t in g  an d  som e s igns o f a sy m m etry  (see F ig . 9).

T h e  s tab le  free ra d ic a ls  fo rm ed  as th e  e n d -p ro d u c t o f th e  re a c tio n  w ere 
d e te c ta b le  b y  E S R  ev en  a f te r  s to rag e  for se v e ra l m o n th s  a t  room  te m p e ra tu re . 
I t  is  th u s  ev id en t t h a t  s ta b le  free rad ica ls  o f  th e  n itrogen  ox ide  ty p e  are  
fo rm e d  d u rin g  th e  re a c tio n .

E S R  stud ies o f th e se  system s an d  th e  re a c tio n  m echan ism s w ill he 
d isc u sse d  in  d e ta il in  a fo rth co m in g  p u b lic a tio n .

*
W e w ish  to  express o u r  th a n k s  to  Mr. L. JÓK A Y a n d  M r. J .  H e id t  fo r th e  p re p a ra tio n  

o f  s e v e ra l  n itro so  com p o u n d s, as w ell as to  Mrs. E . R o c k e n b a u e r  a n d  Mrs. J .  T ím á r  fo r  th e ir  
a s s is ta n c e  in  th e  ex p e rim e n ta l w ork .
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MOLECULAR FORCE FIELDS FOR SILYL 
ISOTHIOCYANATE AND SILYL ISOCYANATE

K . R a m a sw a m y  and S. R a n g a r a j a n

(D epartm ent o f  Physics, A n n a m a la i U n iversity , A nnam a la in a g a r, In d ia )  

R eceived D ecem ber 30, 1969

T h e  ca lcu la tio n  of a p p ro x im a te  force fie ld s  fo r S iH 3NCS and  S iH 3N C O  w as 
a tte m p te d  b y  th e  m ethods suggested  b y  T o r k in g t o n  an d  H erranz  a n d  Ca st a n o . 
I t  is show n t h a t  T o r k in g to n ’s m eth o d  gives a  b e t te r  se t o f p o ten tia l en erg y  c o n s ta n ts , 
m ean a m p litu d e s  o f v ib ra tio n  a n d  Coriolis c o u p lin g  c o n stan ts  w hich agree  w ell w ith  
th e  o b se rv ed  e x p erim en ta l v a lues.

Introduction

The e x a c t n a tu re  of th e  force field  o f a m olecule can n o t be d e te rm in e d  
unam b ig u o u sly  fro m  th e  v ib ra tio n a l freq u en c ies  a lone. To fix  th e  fo rce  fie ld  
com plete ly  a d d itio n a l d a ta  like iso top ic  freq u en c ies , ro ta tio n -v ib ra tio n  in te r 
ac tio n  c o n s ta n ts , an d  m ean  a m p litu d es  o f v ib ra t io n  are  often  n ecessary . H o w 
ever, a p p ro x im a te  force fields can  be d e te rm in e d  using  th e  k in em atic  m e th o d s  
suggested  b y  T o r k in g t o n  [1], H e r r a n z  a n d  Ca s t a n o  [2], B il l e s  [3] an d  
S t r e y  [4]. F r e e m a n  [5], Sa w o d n y  [6] a n d  P f e i f f e r  [7] have  sh o w n  th e  
v a lid ity  o f th e se  m eth o d s in  f ix in g  th e  force fie ld s fo r sim ple m olecules. T hese  
k in em atic  m e th o d s  w ere app lied  to  a n u m b e r  o f  m olecules of d iffe ren t sy m 
m e try  and  in te re s tin g  resu lts h a v e  been  o b ta in e d  [8— 11].

The p re se n t p a p e r deals w ith  th e  an a ly s is  o f th e  m olecular fo rce  fie lds 
o f  silyl iso th io c y a n a te  and  silyl iso cy an a te  u s in g  th e  m ethods of ‘c h a ra c te r is tic  
se t of valence co -o rd in a tes’ o f H e r r a n z  a n d  Ca s t a n o  and  ‘p rogressive  r ig id 
i ty ’ of T o r k i n g t o n . The a p p lic a b ility  o f th e  m e th o d s  for th e  e v a lu a tio n  of 
force co n s ta n ts  fo r  th ese  m olecules is also d iscu ssed  on th e  basis o f  th e  re p ro 
d u c ib ility  o f o th e r  m olecular c o n s ta n ts .

Potential energy constants

B oth  sily l iso th io cy an a te  an d  silyl iso c y a n a te  belong to  th e  C3V p o in t 
g roup  w ith  th e  fu n d a m e n ta l v ib ra tio n a l freq u en c ies  falling  u n d er th e  ir re d u c 
ib le re p re se n ta tio n s  т  =  5«^ • 5e. In  th e  p re s e n t calcu la tions th e  v ib ra tio n a l 
assignm ents o f  E b sw o r t h  et al. [12] and  th e  m icrow ave d a ta  of J e n k i n s  et al. 
[13] and  G e r r y  et al. [14] w ere used. T h ey  a re  p resen ted  in T ables I  a n d  I I .

A c ta  Chim . A cad. Sei. H u n g . 6 8 , 1971
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Table I
Vibrational frequencies ( in  c m ~ ')  fo r  S iH :lN C S  and SiH ^NCO

« i Sp ecies e Sp îcies

S iH sN C S[12] S iH 3NCO* S iH jN C S SiH jN C O

513 577 2301 2203

1068 1455 739 716
2272 2299 989 954

2164 2198 54 35

980 961 501 621

* P r iv a te  com m unication  from  P ro f. E b s w o r t h .

Table I I
Internuclear distances ( in  Â )  and bond angles fo r  S iH 3N C S and S iH :iNCO

S iH 3N C S[13] S iH 3NCO[14]

d ( S i - H ) 1.489 1.506

D ^ S i - N ) 1.714 1.699

D ,( N - C ) 1.211 1.150

D 3( C - X ) 1.560 1.179
/ 4

a ( H - S i - H ) 1 1 1 °2 2 ' 110° 24'
/ 4

ß  ( H - S i - N ) 107° 30 ' О C
O 0

U sin g  th e  follow ing se t o f  sy m m etry  co o rd in a te s  for th e  ax species

R x =ADi

R 2 =  - ~ ( A D 2 +  A D 3)

R 3 = - ~ ( A D 2 A D 3)

R , =  (Ad1 +  A d2 +  A d3)

^5 =  T/a о 2 +  ^ а23 +  ^*31 +  v(Aß 1 +  dß2 +  Aß,)]
у o +  óv-

w h ere
R 1 =  Si— N ; D 2 =  N — C; D 3 =  C— S (0) 

d  =  Si— H ; а  =  H — Si— H

ß H -S i-N  and  r
]Ä3cos ß 
cos a/2

A c ta  C h im . A c a d . Sei. H ung . 68 , 1971
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a n d  w ith  th e  se t o f  co o rd ina tes g iv en  b y  Sa t h ia n a n d a n  a n d  Margrave  [15] 
fo r  th e  e species, th e  G m a tr ix  e lem ents w ere c o n s tru c te d  in  th e  u su a l w ay 
a n d  th e  F  m a tr ix  e lem en ts  w ere o b ta in ed  b o th  b y  T o r k in g t o n ’s m ethod  and 
b y  H erra n z’ m e th o d .

In  th e  m e th o d  o f T o rk in g to n  th e  e ig en v ec to r L  o f  th e  p ro d u c t of th e  
G a n d  F  m atrices is tr ia n g u la r , th e  elem ents o f w hich  are  o b ta in e d  using th e  
re la tio n

Grs =  £ L raL Sa( r £ s )  ( 2)
a

In  the m e th o d  o f H erra n z  an d  Castano

L  =  B M 1I2B*  (3)

w h ere  В  is an o r th o g o n a l m a tr ix  w h ich  d iagonalizes G. M  is a d iagona l m a trix  
w hose elem ents a re  th e  reciprocals o f th e  e igenvalues o f G. T he  a s te r isk  refers 
to  th e  transpose .

T he sy m m etry  force c o n s ta n t m a tr ix  is g iven  b y

F  =  L - 'M L - 1 (4)

w h ere  Л  is a d iag o n a l m a tr ix  w ith  Л к =  4л 2СЬ>к. vk is th e  k-th  v ib ra tio n a l 
w av en u m b er an d  C is th e  velocity  o f  lig h t in  cm /sec. U sing th e  ab o v e  exp res
sions, th e  F  m a tr ix  e lem ents an d  hence  th e  v a lence  force c o n s ta n ts  w ere ob
ta in e d . The im p o r ta n t  valence fo rce  c o n s ta n ts  a re  p re sen ted  in  T ab le  I I I .

Tabic II I

Important valence force constants in  m dynes/A  fo r  S iH :iN C S  and  S iH ^N C O

S iH jN C S SiH jN C O

Torkington IIkrran/. Torkington Herranz
m eth o d m eth o d m eth o d m eth o d

f i 3.0271* 3.0238 2.7795 2.7902

/ di 3.1401 5.6053 3.5131 6.8028

/02 13.7373 18.7027 17.1994 25.6781

fo s 15.3944 18.4696 16.8575 19.5750

ÍDID2 2.3828 8.3725 2.3419 10.6066

fD1D3 1.7335 3.8503 0.9459 4.2802

fű id 0.0306 0.1464 0.0368 0.1569

h - fa a . 0.2232 0.2290 0.2113 0.2169

f ß - f ß ß 0.2584 0.2790 0.2474 0.2671

f e 0.3384 0.7917 0 4944 0.9542

j<P 0.0135 0.2653 0.0045 0.2289

* This num ber o f sign ifican t figures is re ta in ed  for in te rn a l consistency  in  th e  calculations
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T h e  v ib ra tio n a l m ean  a m p litu d e s  of d iffe ren t b o n d s w ere ca lcu la ted  
b y  th e  m e th o d  of Cy v in  [16] a n d  th e  nonbonded  ones b y  th e  m e th o d  of R ama- 
s w a m y  et al. [17]. The im p o r ta n t  m ean  am p litu d es a re  g iven  in  T ab le  IV .

T h e  Coriolis coupling c o n s ta n ts  were ca lcu la ted  u s in g  th e  re la tio n  given 
b y  M e a l  an d  P olo [18]. T h e  p r in c ip a l axis was ta k e n  to  be  th e  2-ax is in  b o th  
m o lecu le s . The Coriolis c o u p lin g  c o n s ta n ts  along w ith  th e  av a ilab le  ex p eri
m e n ta l  va lues are given in  T a b le  V.

Table IV

Important v ibrational mean amplitudes ( in  Â )  at 298.16°К  
fo r  S iH 3N C S  and S iH 3N C 0

A tom
pair

S iH jN C S S iH .N C O

T o r k i n g t o n

m e th o d
H e r r a n z

m eth o d
T o r k i n g t o n

m eth o d
H e r r a n z

m eth o d

S i - H 0 .0 8 7 0 * 0.0893 0.0887 0 .0939

S i - N 0 .0 5 2 4 0.0614 0.0491 0 .0567

N  =  C 0 .0375 0.0426 0 .0357 0.0397

c= s 0 .0331 0.0323 — —

о II О — — 0.0348 0.0347

H . .  .H 0 .1 3 0 7 0.1302 0 .1495 0.1492

H . . . N 0 .1165 0.1510 0 .1270 0.1808

* As under T able  I I I .

Table V

C o r i o l i s  coupling constants fo r  S iH 3N C S and S iH 3N C 0

SiH gN C S SiHgN CO

T o r k i n g t o n

m eth o d
H e r r a n z

m e th o d
E x p e rim e n ta l

[12]
T o r k i n g t o n

m e th o d
H e r r a n z

m eth o d

Ce +0.0467* — 0.0032 + 0 .0 3 4 + 0 .0 4 6 3 + 0 .0 0 0 5

С , +  0.2434 +  0.1626 - +  0.2566 +  0.1719

c8 -0 .1 9 8 9 — 0.1111 - 0 .1 5 — 0.2094 -0 .1 2 3 0

Сэ + 0.9294 +  0.9638 - +  0.9310 + 0 ,9 6 7 4

Cm + 0.9885 + 0 .9 9 7 6 — + 0 .9 9 0 9 + 0 .9 9 8 6
z  с» 2.0091 2.0091 - 2.0154 2.0154

2.0091 2.0154

* A s u n d e r Table I I I .
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Results and discussion

T h e values o f  th e  S iH 3 g roup  force c o n s ta n ts  in  S iH 3NCS (f s i - н  —  3.027 
m dynes/Â  and  f % — =  0.223 m dynes/Â ) a n d  S iH 3NCO (f s i - н  — 2.780 
m dynes/Â  and  / a —  f ax =  0.211 m dynes/Â ) o b ta in e d  b y  th e  m e th o d  o f T or- 
KINGTON com pare fa v o u ra b ly  well w ith  th e  va lu es  ( / sí_ h =  3.021 m dynes/Â  and 
/«  —  /аа =  0 .182 m d ynes/Â ) re p o rte d  b y  Sa th ia n a n d a n  [15] a n d  w ith  those 
re p o rte d  b y  D u n ca n  [19]. S im ilarly  th e  S iH 3 g roup  force c o n s ta n ts  o b ta in ed  
b y  th e  m ethod  o f H er r a n z  agree well w ith  th e  va lu es  re p o r te d  b y  earlier 
w orkers [15, 16]. T h is  show s th a t  th e  m e th o d s o f T o r k in g t o n  a n d  H erranz  
are  app licab le  to  g ro u p s co n ta in in g  h y drogen  a to m s. T h is re su lt is in  agree
m en t w ith  th e  o b se rv a tio n s  m ade b y  F r eem a n  [5] a n d  P f e if f e r  [7].

T h e values o f th e  force c o n s ta n ts  o b ta in e d  fo r th e  lin ea r c h a in  N — C— X  
(X  is S or O) w ere fo u n d  to  be v e ry  h igh  in  th e  H e r r a n z  m eth o d  i f  in d iv id u a l 
bon d s w ere tre a te d  as in te rn a l co o rd in a tes . T h e  p o te n tia l  en erg y  d is tr ib u tio n  
also in d ica ted  h igh  m ix in g  b e tw een  th e  m odes. H ence  a lin e a r  co m b in a tio n  
of th e  in te rn a l co o rd in a te s  was m ad e . E v en  th e n  th e  values o f th e  m a jo r  force 
c o n s ta n ts  are fo u n d  to  h a v e  h igh  values ( / d2 =  18.703 m dy n es/Â  an d  f Di =  
=  18.470 m dynes/Â  in  S iH 3NCS) as com pared  to  th e  values o f 12.423 m dynes/Â  
a n d  6.650 m dynes/Â , re sp ec tiv e ly , o b ta in ed  usin g  B a d g e r ’s ru le  [20]. The 
sam e is t ru e  in  th e  case  o f S iH 3NCO. This in d ica te s  th a t  th e  m a tr ix  o f  tra n s fo r
m atio n  o b ta in ed  b y  th e  H e rran z  m eth o d  does n o t  t ru ly  re p re se n t th e  norm al 
m odes. H ow ever th e  v a lu es  o b ta in ed  b y  T o r k in g t o n ’s m eth o d  a re  com parab le  
w ith  th e  ones o b ta in e d  b y  earlie r w orkers [15].

T he large d ifference  in  th e  _/c = n  values in  S iH 3NCS an d  S iH 3NCO m ay 
be tra c e d  to  th e  la rg e  d ifference (0.061 Â) in  th e  bo n d  len g th s  w h ich  is again  
in d ica tiv e  of th e  h ig h ly  p o la r n a tu re  o f  th e  o x ygen  a to m . T his is also  reflec ted  
in  th e  re la tiv e ly  sm a lle r  values of th e  force c o n s ta n ts  p e rta in in g  to  th e  linear 
chain  in  S iH 3NCS. T h e  C =  N bo n d  len g th  is v e ry  sh o rt, ap p ro a c h in g  th e  value 
o f  th e  C = N  bond  d is ta n c e . T he h ig h  values o f  th e  force c o n s ta n ts  show  th e  
p ro b ab le  likelihood o f th e  follow ing re so n a n t s tru c tu re s

S i— N = C = X  ** S i—N + = C — X -

T his s tru c tu re  is m ore  p ro m in en t in  S iH 3NCS th a n  in  S iH 3NCO . T h is is well 
re flec ted  in  th e  v a lu es  o f th e  force c o n s tan ts .

T he m ean a m p litu d e s  of v ib ra tio n  fo r S i— H  an d  N = C  co m p are  very  
well w ith  th e  values o f  0.0888 Â in S iH 4 and  0.038 Â in  H N CO  an d  H N C S [21]. 
T h e  v ib ra tio n a l m ean  a m p litu d e  0.033 Â fo r C =  S is v e ry  low w hen  com pared  
to  th e  va lu e  of 0.040 Â in HNCS [21]. T he n o n b o n d ed  H  . . .  I I  m ean  am pli
tu d e s  conform  well w ith  th e  value o f 0.150 Â re p o rte d  b y  Cy v in  [21].

As seen from  T ab le  Y th e  Ce an d  C7 v a lu es  o f 0.047 a n d  — 0.199 for 
S iH 3NCS ob ta in ed  b y  T o r k in g t o n ’s m eth o d  a re  close w ith in  ex p erim en ta l
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e rro rs  to  th e  values of 0 .034  a n d  — 0.15 re sp ec tiv e ly  re p o rte d  b y  E b sw o r t h  
et a l. [12] while the  H e r r a n z  m e th o d  gives low  v a lu e s . T he f  sum  ru le  is v e ri
fied .

T h is  shows th a t  th e  H e r r a n z  m ethod  is a p o o r a p p ro x im a tio n  fo r th e  
d e te rm in a t io n  of th e  m o le c u la r  force fields for S iH 3NCS an d  S iH 3NCO. Since 
th e  T o r k in g t o n  m eth o d  g iv es  a reaso n ab ly  close se t o f  force c o n s ta n ts  w hich 
re p ro d u c e  (indirectly) th e  m a t r ix  o f tra n s fo rm a tio n  b e tw een  n o rm a l a n d  sy m 
m e t r y  coo rd in a tes , th e  C orio lis coupling  c o n s ta n ts  a n d  v ib ra tio n a l m ean  am 
p l i tu d e s ,  i t  is concluded t h a t  T o r k in g t o n ’s m e th o d  gives a closer force field 
fo r  S iH 3NCS and S iH 3NCO .

*

T h e  au th o rs  are th a n k fu l  to  P ro f. E bsw o rth  (U n iv e rs ity  o f E d in b u rg h , S c o tlan d ) for 
h is k in d  perm ission  to  use h is u n p u b lis h e d  d a ta . One o f th e  a u th o rs  (S. R .) is g ra te fu l to  th e  
C o u n c il o f  Scientific and I n d u s tr ia l  R esea rch , New D elhi, fo r f in an c ia l a ssistan ce  th ro u g h  th e  
a w a rd  o f  a  Ju n io r  R esearch  F e llo w sh ip .
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THIOKARBAMIDDERIVATE 
MIT TUBERKULOSTATISCHER WIRKUNG,* I

V E R B IN D U N G E N  M IT  H E T E R O C Y K U S C H E M  T H IO K A R B A M ID S K E L E T T  

S . S ó l y o m , I . K o c z k a , G. T ó t h  und  L. T o l d y

( In s titu t f ü r  A rzneim ittelforschung, B udapest)

E ingegangen  am  3. N o v em b er 1969

Die bei tu b e rk u lo s ta tisc h  w irk sam en  T h io c arb a m id d e riv a ten  h in s ic h tlic h  der 
W irkung  v o rte ilh a f te  l-(4 -Iso am y lo x y p h en y l)- th io c a rb a m y lg ru p p e  sow ie  analoge, 
jed o ch  an d ers  su b s ti tu ie r te  T h io c arb a m y lg ru p p e n  w urden  m it A m in o sä u ren  als biolo
gisch b e d eu ten d en  T räg erm o lek ü len  k o m b in ie rt.

Ü ber die au s a -, ß-  u n d  y -A m in o säu ren  u n d  den e n tsp rech en d en  Iso th io p y an a ten  
herg este llten  T h io carb am y lam in o säu ren  w u rd en  cyclische V e rb in d u n g e n  u n d  zwar 
2 -T h ioh idan to ine , 2 -T h io h y d ro u racy le  u n d  2 -T h io -4 -o x o -p e rh y d ro -l,3 -d iazep in e  sy n th e 
tis ie rt. A u ßerdem  w u rd e n  V erb in d u n g en  h e rg este llt , die das T h io c a rb a m id sk e le tt  im  Ring 
e n th a lte n : 2 -T h io -4 -p h en y l-l,2 -d ih y d ro ch in azo lin  u n d  2-A ryIim ino-4-oxo-5-m ethy l-per- 
h y d ro -l,3 -th ia z in e . D ie S tru k tu r  d e r V e rb in d u n g en  w urde m it ch em isch en  u n d  sp ek tro 
skopischen M eth o d en  b e s tä tig t.

D ie 2 -T h io h y d an to in e  besitzen  in  v itro  eine hohe tu b e rk u lo s ta tis c h e  W irkung, 
sind  jed o ch  s ta rk  to x isch . D ie P e rh y d ro -l,3 -d iaz ep in e  zeigten dag eg en  e in e  tran qu illie- 
rende  W irkung .

Die in  v itro  b e d e u te n d e  tu b e rk u lo s ta tisc h e  W irkung  e in ig e r T h iocarba- 
m id d e riv a te  is t b e re its  seit e tw a 20 J a h re n  b e k a n n t. E inzelne  D e riv a te  aus 
d e r großen  Z ahl d e r u n te rsu c h te n  V erb in d u n g en  w urden  auch  in  d ie  T herap ie  
e in g efü h rt. Ih re  k lin ische  W irk u n g  is t jed o ch  keinesw egs e in d e u tig  überzeu 
gend , n ich t e inm al be i dem  am  m eisten  g ep rü ften  IS O X Y L  (4 ,4 -D iisoam yloxy- 
th io ca rb an ilid ). D iese T a tsa c h e  k a n n  u . a . a u f  die u n sich eren  R eso rp tio n s
v e rh ä ltn isse  oder v ie lle ich t a u f  den  zu in a k tiv e n  M etabo liten  fü h re n d e n  schnel
len A bb au  z u rü c k g e fü h rt w erden  [1].

A us diesem  G ru n d  beschlossen  w ir, w eitere  V e rtre te r  d e r  po ten tie ll 
a n titu b e rk u lo tisc h e n  T h io c a rb a m id d e riv a te  zu u n te rsu ch en .

In  den  sy n th e tis ie r te n  neu en  V erb in d u n g en  h ie lten  w ir m e is te n s  die bei 
den  T h io ca rb am id en  b e re its  als v o r te ilh a f t festgeste llte  4 -A lk o x y p h en y l, bzw. 
im  besonderen  die 4 -Iso am y lo x y p h en y l-G ru p p e  [2— 5].

D aneben  w ü n sch ten  w ir das T h io ca rb am id sk e le tt m it irg en d e in em  biolo
gisch b ed eu ten d en  T rä g e r zu  v erb in d en . F ü r  diesen Zw eck w ä h lte n  w ir die 
A m inosäuren .

A us oc-Am inosäuren u n d  4 -A lk o x y p h en y liso th io cy an a ten  a u sg e h e n d  stell
te n  w ir nach  einem  m o d ifiz ie rten  V erfah ren  v o n  E dman [6] 3-(4 -A lkoxyphe-

* Die v o rliegende  A rb e it is t ein  Teil d e r  D isse rta tio n  von S. Sólyom, E ö tv ö s  Loránd 
U n iv e rs itä t, B u d ap es t 1969.
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n y l)-2 -th io h y d a n to in e  h e r . D ie se r  W eg schien u n s  a u c h  deshalb  erfo lgversp re
c h e n d , weil die tu b e rk u lo s ta t is c h e  W irkung e in ze ln e r 2 -T h io h y d an to in e , so 
z. B . des 5 -ra -H ep ty l-2 -th io h y d an to in s  [7] u n d  des 3 -(p -S u lfonam idopheny l)-
2 - th io h y d a n to in s  [8] b e re i ts  b e k a n n t  w ar, sodaß  b e i d en  du rch  uns h e rg es te ll
te n  n e u e n  S u b s titu tio n en  e in e  S teigerung d ieser W irk u n g  e rw a rte t w erd en  
k o n n te .  D ie sy n th e tis ie rte n  3 -(4 -A lk o x y p h en y l)-2 -th io h y d an to in e  sind  in  T a b . I  
a n g e fü h r t .

E in ige  dieser V e rb in d u n g e n  w urden aus L -A m inosäuren  h e rg es te llt. 
B e k a n n tlic h  w erden 2 -T h io -h y d a n to in e  le ich t ra c e m is ie r t  [9]. Diese T a tsa c h e  
w u rd e  au ch  durch u n se re  e ig en en  B eob ach tu n g en  u n te r s tü tz t .  D as op tisch e  
D reh u n g sv erm ö g en  s ä m tlic h e r  V erb indungen  —  m it  A u sn ah m e des aus L-nor- 
L e u c in  hergestellten  2 -T h io h y d a n to in -D e riv a ts  VI —  n a h m  in a lkoho lischer 
L ö su n g  schnell ab, w ä h re n d  in  Chloroform  se lb st n a c h  längerem  S tehen  k eine  
Ä n d e ru n g  zu b eo b ach ten  w a r . Diese E rsch e in u n g  d ü r f te  d am it zu e rk lä ren  
se in , d a ß  der P ro to n e n a u s ta u s c h  am  a sy m m etrisch en  K o h len sto ffa to m  des 
T h io h y d an to in -R in g es  d u rc h  A lkohol gefördert w ird .

A ufg rund  einer L ite ra tu ra n a lo g ie  [10] w u rd e  au s dem  aus L -G lu tam in- 
s ä u re  h ergeste llten  T h io h y d a n to in  VIII durch  W a sse re n tz u g  m it E ss ig säu re 
a n h y d r id  das L actam  XV h e rg e s te llt .

CH- О

M it diesem L a c ta m  w u rd e n  prim äre u n d  se k u n d ä re  A m ine a cy lie rt, 
w o b e i einige /l-[3 -(4 -Iso am y lo x y p h en y l)-2 -ttiio h y d an to in -5 ]-p ro p io n säu ream id e  
g ew o n n e n  w urden. L e tz te re  s in d  in Tab. I I  a n g e fü h r t .

N eb en  ihrer in  v itro  b e d e u te n d e n  tu b e rk u lo s ta tis c h e n  W irkung  (0,1— 0,8 
jUg/ml a u f  D ubos N ä h rb o d en ) s in d  die in T ab. I  u n d  I I  an g e fü h rten  T h io h y d an - 
to in e  in  vivo an M äusen s t a r k  to x isch . Die le tz te re  E ig e n sc h a ft w ird  du rch  d ie  
S u b s t i tu t io n  am C-5 K o h le n s to ffa to m  nur u n w e se n tlic h  beein flu ß t. U m  also 
w e n ig e r  toxische R e p rä s e n ta n te n  dieser V e rb in d u n g sg ru p p e  he rzu ste llen , 
ä n d e r te n  w ir die 3 -P h e n y lsu b s titu tio n .
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Z u diesem  Z w eck w urden  V e rb in d u n g e n  u n te rsu c h t, w elche d u rc h  die 
R e a k tio n  v o n  2 ,6 -d isu b s titu ie rten  P h e n y liso th io c y a n a te n  und  x -A m in o sä u re n  
h e rg es te llt w urden  (T ab . l i l a  u n d  I l l b ) .  U n te r  den als P r im ä rp ro d u k t e n t
s teh en d en  N -T h io ca rb am y lam in o säu ren  e rfo lg te  jedoch  ein s p o n ta n e r  oder 
d u rch  gelinde E rw ä rm u n g  h e rv o rg e ru fen e r R in g sch lu ß  zu 2 -T h io h y d a n to in e n  
alle in  bei den aus oc-A m inodicarbonsäuren h e rg este llten  D e riv a te n . B e i dem  
G ly c in d e riv a t XXXIII erfolg te d e r  R in g sc h lu ß  durch saueres K o ch en , 
w ä h re n d  die au s  sonstigen  A m in o säu ren  h ergeste llten  N -T h io c a rb a m y l-  
v e rb in d u n g e n  XXXIV—XL se lb st b e i S äu ree in w irk u n g  keine T h io h y d a n to in e  
lie fe rten .

D ie a n titu b e rk u lo tisc h e  A k tiv i tä t  d e r  in  T a b . l i l a  und  I l l b  a n g e fü h rte n  
V erb in d u n g en  w ar in  v itro  geringer als d ie  W irk u n g  der V e rb in d u n g e n  in 
T a b . I  u n d  I I  (50— 100 jUg/ml, D u b o s), w ä h re n d  ihre T o x iz itä t u n v e rä n d e r t  
b lieb .

D ie an g e fü h rte n  E rgebnisse  ze ig ten  a lso , d a ß  die 4 -A lk o x y p h en y lg ru p p e  
zw ar h in sich tlich  d e r  tu b e rk u lo s ta tisc h e n  W irk u n g  auch bei T h io liy d a n to in e n  
g ü n stig  is t, die T o x iz itä tsv e rh ä ltn isse  be i d ieser V erb in d u n g sg ru p p e  jed o ch  
u n g ü n s tig  liegen.

E in e  w eitere  M öglichkeit zu r E lim in ie ru n g  der tox ischen  N e b e n w irk u n g  
d er T h io h y d a n to in e  ergab  sich aus d e r  S te ig e ru n g  der R ingg liederzah l. D ie den
3 -(4 -A lk o x y p h en y l)-2 -th io h y d an to in en  an a lo g en  3 -(4 -A lkoxypheny l)-2 -th io - 
h y d ro u ra c y le  w a ren  bere its  b e k a n n t [11]. (D iese V erb indungen  w eisen  in 
v itro  a u f  D u b o s-N äh rb o d en  in  K o n z e n tra tio n e n  von  10— 20 /ig /m l e ine  tu b e r- 
k u lo s ta tisch e  W irk u n g  auf.) W ir s te llte n  d as  3 -(2 ,6 -D im ethy lpheny l)-2 -th io - 
h y d ro u ra c y l ebenfa lls h er (XLI), dessen  a n titu b e rk u lo tisc h e  W irk u n g  in  v itro  
—  ähn lich  den T h io h y d an o tin en  m it v e rw a n d te r  S tru k tu r  —  n u r  50 ,iig/inl 
b e trä g t .

A uch bei d e r  H ydro lyse  m it K H C 0 3 des in  der R eak tio n  v o n  o-A m ino- 
b en zo p h en o n  u n d  B en zo y liso th io cy an a t e rh a lte n e n  N -B en zo y lth io ca rb am id s  
w u rd e  eine V erb in d u n g  e rh a lte n , w elche  d as  T h io c a rb a m id sk e le tt in  einem  
sechsgliedrigen  R in g  e n th ä lt. B ei d e r  H y d ro ly se  e n ts te h t anste lle  des zu  e rw ar
te n d e n  m o n o su b s titu ie rte n  T h io c a rb a m id s  d as  2 -T h io -4 -p h cn y l-l,2 -d ih y d ro - 
ch inazo lin  XLII.

Acta  Chim A cad . S e i.  H u n g . 6 8 , 1971
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T a b e lle  I

5-R-3-(4-AlkoxyphenyI)-2-thyohydantoine

O R '

Nummer Bezeich
nung** R R' Schmelzpunkt

Bruttoformel

I T578 H i C5H a - 226— 227 °C ^14^18^2^2^

и * T602 C H , i CSH U- 179 °C ^15^20^2^2^

i n 20083
/ С Н ,  

— C H <
\ C H 3

i CBH U- 197— 198 °C c i 7 h mn 2 o 2s

IV* T546
/ С Н ,

— C H 2— CH<
\C H ,

i C5H U- 149— 150 °C c 1 8 h 2 6 n 2 o 2s

V T605
/ С Н ,

— C H <
\ C H 2CH3

• C5H U- 152— 153 °C ^18^26^2^2^

VI* 20182 — C H 2C H 2C H 2CH3 i CSH U- 124 °C ^18^26-^2^2^

VII T606
- ciM ^ 3 ) i C5H U— 181 °C c 2 1 h 2 4 n 2 o 2s

VIII* T621 — C H 2C H 2— COOH i C6H U- 142 °C 
Benzol

Ci7H 22N20 4S

IX 20079 — C H 2— C O O H i C6H U- 219 °C 
Zers.

^16^20-^2^4^

X 20055 -  C H 2O H i CSH U- 161— 162 °C ^15^-20^2^3^

XI 20054 — C H 2C H 2— S— CH3 i C6H n - 140 °C ^■*17^24^202^2
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A nalyse

V e rfa h re n
B em e rk u n gM oleku lar

gew ich t

B erech n e t G efu n d en

С H N S C H N S

278,36 60,40 6,51 10,06 11,51 60,80 6,90 10,12 11,39

A
L ite ra tu r  des v e r
w en d eten  4-Iso- 

am yloxy-phenyliso- 
- th io c y an a ts  [41]

292,39 61,61 6,89 9,58 10,96 61,80 7,10 9,70 10,98 A

320,44 63,71 7,54 8,74 10,00 63,68 7,52 8,70 10,20 A

334,49 64,63 7,83 8,38 9,58 64,50 7,69 8,56 9,79 A

334,49 64,62 7,83 8,37 9,58 64,62 8,05 8,38 9,78 A

334,49 64,62 7,83 8,37 9,58 64,75 7,92 8,43 9,74 A

368,48 68,44 6,56 7,60 8,70 68,30 6,88 7,61 8,91 A

350,42 58,26 6,32 7,99 9,14 58,27 6,52 7,94 9,34 A

336,40 57,12 5,99 8,33 9,53 57,05 6,14 8,40 9,70 A

308,39 58,42 6,53 9,08 10,39 58,37 6,70 9,15 10,52 A

352,50 57,92 6,86 7,94 18,19 57,82 6,99 8,01 18,02 A

7 A d a  Chim . A ca d . S e i. H u n g . 68, 1971
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T abelle  I (F o r ts .)

N u m m e r
B eze ich 
nung** R R ' S ch m elz p u n k t

B ru tto fo rm e l

XII* 20230

/C H 2-

и
H

i C5H U- 169— 170 °C 
Zers

^ 1 8 ^ 2 2 - ^ 4 ^ 2 ^

XIII* 20129
iC5H , t— 0 —

c=s
1

~ ( C H 2)4̂ -N H

i C5H U— 153 °C C,oH 42N4O A

XIV T607 H C2H 5- 196 °C 
Zers

w a s

* A us L-Am inosäure h e rg este llt.
** Im  I n s t i tu t  fü r  A rzn eim itte lfo rsch u n g , B u d ap es t übliche Bezeichnungen.

X L II X L H I

Acta Chim . Acad. Sei. H ung. 68, 1971
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A nalyse

M olekular-
B e re ch n e t G e fu n d e n V e r fa h re n

B e m e rk u n g
gew ich t

C H N S C H N s

358,45 60,31 6,18 15,63 8,94 60,24 6,22 15,43 8,79 A

570,79 63,12 7,41 9,81 11,23 63,24 7,59 9,72 11,20 A

236,28 55,91 5,11 11,85 13,56 56,06 5,30 11,86 13,85 A
L ite ra tu r  des ve r

w e n d e te n  4-Ä tho- 
x y p h en y liso th io cy a- 
-n a ts  [31]

Im  lR -S p e k tru m  in C hloroform  d er V e rb in d u n g  XLII b efinden  sich  n äh m - 
lich w eder die fü r  C arbony l, noch die fü r  m o n o su b s titu ie r te  T h io c a rb a m id e  cha
ra k te r is tisc h e n  B an d en , w ährend  die G e g e n w a rt der B anden  bei 3380 c m ^ 1 fü r 
vN H  u n d  bei 1625 c m -1 fü r  r C = N  sowie d ie  E lem en ta ran a ly se  d ie  S tru k tu r  
XLII b e s tä tig e n . Im  S p ek tru m  des C a rb ä th o x y d e riv a ts  XLIII is t  d ie  B an d e  
rN H  n ic h t v o rh a n d e n , w ährend  die B a n d e  i> C = 0  bei 1730 c m '1 z u g eg en  ist. 
D a in  den  U V -S p ek tren  kein  A nstieg  d e r K o n ju g a tio n  bei XLIII im  V erg leich  
zu XLII zu b e o b a c h te n  is t, is t die A cy lg ru p p e  offensichtlich  an  d a s  S tic k s to ff
a to m  geb u n d en .

In  v itro  ze ig ten  die V e rb in d u n g en  X L II u n d  XLIII keine  w esen tlich e  
tu b e rk u lo s ta tisc h e  W irkung .

W ir s te llte n  au ch  sechsgliedrige H e te ro c y c len  her, in denen  d a s  S chw efel
a to m  des T h io ca rb am id sk e le tts  im  R ing  e n th a l te n  ist.

B e k a n n tlic h  w erden  T h io ca rb am id  bzw . seine N ,N '-d isu b s titu ie r te n  
D eriv a te  in  sa u re r  L ösung an  a ,/3 -u n g esä ttig te  C arb o n y lv e rb in d u n g en  addi- 
tio n ie r t [12, 13] u n d  aus dem  e n ts ta n d e n e n  Iso th io ca rb am id  w ird  in  b e s tim m 
ten  F ä llen  d u rch  R ingsch luß  4 -O x o -l,3 - th ia z in  gebildet. Diese R e a k tio n  w ar 
bei sy m m etrisch  d isu b s titu ie r te n  T h io c a rb a m id e n  m it a ,^ -u n g e sä ttig te n  S äu re 
ch lo riden  b e k a n n t und  fü h rt e in d eu tig  zu  d e r  S tru k tu r  В / l ,  w ä h re n d  bei 
m o n o su b s titu ie r te n  T h io ca rb am id en  dre i Iso m ere  А , В  u n d  C  e n ts te h e n  
können .

7* A cta  Chim . A cad. S e i. H u n g . 6 8 , 1971
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T ab e lle  U

ß-[3-(4i-Isoam yloxyphenyl)-2-thiohydantoin-5]-propionsäuream ide

О
II

Q— C— (CH2)2—CH— N H  
I Io=c c=s

Nummer Bezeichnung Q Schmelzpunkt
Bruttoformel

X V I 20133 n h 2 - 174— 175 °C c 17h 23n 3o 3s

X V H 20134 CH2= C H — C H 2— 167 °C

X V III 20132

O

C2H 5— 0 — C— \  —
W

167— 168 °C c24h 34n 4o 5s

X IX

X X

20168

20169

i c 5h u - o - ^ Q ^ ) - n h - 204— 205°C ^28H 37N 30 4S

CH3

C H 2— CH—N H — 162 °C c26h 33n 3o 3s

X X I 20170 n-C12H l5- N H - 142 °C c29h 47n 3o 3s

X X II 20184

____ /C H 3

ч сн3

220— 224 °C 
b )  n ach  m ehr
fa ch e m  Kochen 
m it  A lkohol

c25h 31n 3o 3s

X X III 20185 ©U
N

191— 192 °C 
n - P ro p an o l

c22h 26n 4o 3s

A c ta  C h im . A ca d . Sei. H ung . 6 8 , 1971
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A n aly se

M olekular-
B e re ch n e t G efu n d en V erfah ren

B em erk u n g
gew icht

с H N S c H N S

349,44 58,42 6.63 12,02 9,17 58,43 6,67 12,11 9,19 С
389,52 61,66 6,98 10,79 8,23 61,55 7,17 10,75 8,19 с

490,61 58,75 6,98 11,42 6,53 58,90 6,94 11,34 6,46

с,
Schm elzen, L ite ra tu r  

des ve rw en d e ten  1- 
C arb ä thoxyp ipera- 
zins [42]

511,66 65,72 7,29 8,21 6,26 65,90 7,40 8,25 6,41 C

467,61 66,77 7,11 8,98 6,85 66,96 7,12 8,95 7,01 C

517,75 67,26 9,15 8,11 6,19 67,34 9,30 8,13 6,39 c

453,59 66,19 6,89 9,26 7,07 66,5 7,03 9,25 7,23 c
Schm elzen

426,53 61,94 6,14 13,14 7,51 62,10 6,29 12,99 7,42 C
Schm elzen

A d a  C him . A cad . S e i. H u n g . 68, 1971
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T ab e lle  I I  (F o rts .)

N u m m e r B eze ich n u n g «
S ch m elz p u n k t

B r u t to f o rm e l

X X IV 20228 C H 2— A H — 188 °C C2 4 H 2 9 N 3 O 3 S

X X V 20229 186— 187 °C ^oH ^ N gO gS

X X V I 20241 H O — (C H 2 )2— N H — 167 °C CltH 2 7 N 3 0 4S

x x v n 20206 N H -  N H 178— 179 °C

x x v i n 20213 H 2N — N H — 174— 175 °C c 1 7 h 24n  o 3s

A

О

В Х = Н С

B/IX'=Q

I n  unseren  eigenen U n te rsu c h u n g e n  v e rw en d e ten  w ir als sc,/?-ungesät- 
t ig te  C arb o n y lv e rb in d u n g  M e th ac ry lsäu re , w obei m it m o n o su b s titu ie r te n  
T h io c a rb a m id e n  — ähn lich  d e r  b e k a n n te n  R e a k tio n , das Iso m ere  В  (R  =  
=  — C H 3) en ts tan d . D er S tru k tu rb e w e is  e rgab  sich fo lg en d e ra rt:

a) D ie C arbony lbande e rsch ien  im  IR -S p e k tru m  säm tlich e r V erb  in  düngen  
b e i 1710— 1715 c m -1 . D ie C a rb o n y lfreq u en z  w eist bei dem  au s 1 ,3 -D ipheny l- 
th io c a rb a m id  gew onnenen an a lo g en  K e to th ia z in  (T yp В /1) einen  äh n lich en  
W e r t  (1700 cm x) a u f  [13], w ä h re n d  die C a rb o n y lb an d e  im  F a ll e in er S tru k tu r  
C  in fo lg e  der a u ftre te n d en  K o n ju g a tio n  bei n ied rigeren  W ellen zah len  liegen 
so llte .

b) A ufgrund  der in  d en  IR -S p e k tre n  e rsche inenden  in ten s iv en  u n d  ziem 
lich  d iffu sen  rN H -R an d en  k a n n  a u f  eine d im ere  A ssoziation  g efo lgert w erden . 
I n  d e n  in  Lösung a u fg en o m m en en  IR -S p e k tre n  ä n d e r t  sich die C arb o n y l
fre q u e n z  gegenüber d en  in  fe s te r  P h ase  au fgenom m enen  S p e k tre n  n ich t 
(1710 c m -1 ) und  die rN H -B a n d e  des M onom eren t r i t t  u m  3360 c m -1 auf.

D iese Befunde w eisen d a r a u f h in ,  d aß  bei d er in  fe s te r P h a se  a u ftre te n d e n  
B ild u n g  von  W asse rs to ffb rü ck en  n ic h t die C arb o n y lg ru p p e , so n d e rn  das 
Im in o s tic k s to ffa to m  d e r E le k tro n d o n o r-P a r tn e r  is t. Bei d er S t ru k tu r  C k an n  
d ie  B ild u n g  von  ähn lich  s ta rk e n  W assers to ffb  rü ck en  k au m  e rw a r te t  w erden ,

A c ta  Chim. Acad. Sei. Hung. 68, 1971
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A n aly se

V e rfa h re n
B e m e rk u n gM o le k u la r

g e w ic h t

B e re c h n e t G e fu n d e n

C H N s C H N 1 s

439,66 65,56 6,67 9,56 7,29 65,59 6,71 9.54 7,17 c

389,50 61,67 6,98 10,79 8,23 61,64 7.09 10,68 8,29 c

393,49 57,99 6,91 10,68 8,14 57,85 7,14 10,80 8,06 c

440,55 62,70 6,40 12,72 7,27 62,58 6,49 12.80 7,41 c

364,46 56,02 6,63 15,37 8,79 55,98 6,57 15,40 8,77 c

w äh ren d  bei d er S tru k tu r  A  die M öglichkeit ih re r  B ildung  ü b e rh a u p t n ich t 
b e s te h t.

c) Die V e rb in d u n g en  k o n n te n  m it H ilfe d e r  geb räu ch lich en  A cylierungs- 
v e rfa h re n  n ic h t a c y lie r t w erden.

Die sy n th e tis ie r te n  V erb in d u n g en  m it d e r  S tru k tu r  В  sind in T ab . IV  
zu sam m en g efaß t.

Bei dem  au s A c ry lsä u re ä th y le s te r  und l-(4 -Iso a m y lo x y p h e n y l)- th io ca r-  
b a m id  au f analoge  W eise h e rg es te llten  P ro d u k t erfo lg t jedoch  keine R in g 
sch lu ß reak tio n  u n d  d as  e rh a lten e  P ro d u k t X LIX  h a t  eine Z w itte r io n e n s tru k tu r . 
D em gem äß  ersche inen  im  IR -S p e k tru m  der V e rb in d u n g  die der p ro to n ie r te n  
Iso th io c a rb a m id g ru p p e  en tsp rech en d en  B an d en  fü r  i>NH (2800 c m -1) u n d  
r C = N  (1650 c m -1 ).

X L IX

Die in T ab . IV  zu sam m en g efaß ten  P e rh y d ro - l ,3 - th ia z in e  b esitzen  in 
v itro  keine w esen tliche  tu b e rk u lo s ta tisc h e  W irk u n g  (50— 100 /Lg/ml, D ubos), 
w ogegen die V e rb in d u n g  X LIX  e inen  T ite r  v o n  1,6 jUg/ml aufw ies. A u fg ru n d  
dieses B efundes s te llte n  w ir einige N -(4 -Iso am y lo x y p h en y l)-S -a lk y liso th io ca r- 
bam id sa lze  (T ab .V ) h e r, welche in  K o n z e n tra tio n e n  v o n  1— 8/tg/m l a k tiv  w aren . 
I n  v ivo  erw iesen sich  diese V erb in d u n g en  jed o ch  als in a k tiv .

Z u r H ers te llu n g  von  siebengliedrigen  R in g en , die das T h io carb am id sk e- 
le t t  e n th a lte n , w u rd e  y -A m in o b u tte rsäu re  m it v e rsch ied en en  Iso th io c y a n a te n

A cta  C h im . A cad . S e i. H u n g . 68 , 1971
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Tabelle I lla

5 -R -3 -(  2 ,6-D i-R ' -p h en yl) -2-thiohydantoine  

R — C H — N H
I Io=c c=s

N u m m e r B- Z eichnung R R ’ S c h m elzp u n k t
B ru tto fo rm e l

X X IX 20081 H C H 3—

к

228 °C 
Zers. Alkohol

c „ h 12n 2o s

X X X 20095 H O O C — C H 2— C H 3- 258— 260 °C 
Zers. Alkohol

c 13h u n 2o 3s

X X X I 20080 HO OC— C H 2— CH2— CH3— 205 °C 
aus W asser und  

d anach  aus 
Alkohol

c 14h 16n 2o 3s

X X X II 20145 H O O C — C H 2— CH2— CI— 217— 218 °C 
A lkohol- 

P e tro lä th er

C12H 10C12N 20 3S

in  R e a k t io n  gebrach t u n d  d ie  so e rh a lte n e n  y -(N -T h io ca rb am y l)-am in o b u tte r- 
s ä u re n  m it P o ly p h o sp h o rsäu re , bzw . m it P o ly p h o sp h o rsä u re ä th y le s te r  b eh a n 
d e lt ,  w obei durch R in g sch lu ß  die M öglichkeit d er B ildung  v o n  d re i P ro d u k te n , 
(D , E , F ) b esteh t:

CH2- C H 2

Q - N C S
+  —  

H 2N - ( C H 2)3-C O O H

<:h 2— c h  2

c h 2-

\

' V

N - C - N H - Q

0 '

C H 2
\
COOH

HN

<!>

C H 2— C H 2
/  \

C H 2 N

\  //
^  ^ N - Q

H

/  ■
NH CH2

— >  \

0  ^

NH

N '

D 9

CH2— CH2 

CH2 NH

\  /
0 ^  S ^ - N - Q

A cta  Chim . Acad. Sei. Hung. 68, 1971
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A nalyse
V erfahren

B em er-
k u n g

M oleku lar
gew icht

B e re c h n e t G efunden

C H N 1 S C H N s

220,28 59,97 5,48 12,72 14,55 60,12 5,45 12,93 14,63 В

278,32 56.09 5,06 10,06 11,51 55,95 5,17 10,16 11,51 в

292,35 57,51 5,51 9,58 10,96 57,51 5,64 9,49 11,17 в

333,18 43,25 3,02 8,41
9,62

CI:
21,27

43,33 3,28 8,32
9,57

CI:
21,09

в

A ufgrund  d e r h o h en  S ta b ili tä t  der h e rg e s te llte n  V erb in d u n g en  k an n  das 
P e rh y d ro -l,3 - th ia z e p in  E ,  bzw. sein T a u to m e r von  v o rn h ere in  ausgeschlossen 
w erden.*

D ie IR -S p e k tre n  d er e rh a lte n e n  V erb in d u n g en  sind  e in a n d e r sehr ä h n 
lich , folglich k o m m t fü r  ih re S tru k tu r  e in h e itlich  en tw ed e r F o rm e l D  oder 
F o rm e l F  in F rag e .

D a die E le k tro n e n d o n o r-b zw . E le k tro n e n a k ze p to re ig e n sc h a ft d e r G ruppe 
Q k a u m  einen E in f lu ß  a u f  den W e rt der r C = 0  F req u en z  a u sü b te , k o n n te  
zw ischen  den F o rm e ln  D  u n d  F  n u r  m it H ilfe von  M odellv erb in d u n g en  b e k a n n 
te r  S tru k tu r  e n tsc h ie d e n  w erden . Zu diesem  Z w eck w u rd en  die N -M ethyl- 
d e r iv a te  von D  u n d  F  h e rg este llt (L U I), bzw . (LIV) u n d  zw ar n ach  folgendem  
S chem a:

* Dies ist eine S -A cy liso th io c a rb a m id s tru k tu r, w elche b e k a n n tlic h  n u r  in  F o rm  von 
Salzen  s tab il ist u n d  so n s t d u rch  A cy lw anderung  zu  N -A cy lth io carb am id  u m g ese tz t w ird 
133, 34, 35]. A uch d as  d u rc h  E D M A N  herg este llte , d e r  S tru k tu r  E  analoge fünfgliedrige 
à -A n ilin o -f-isobu ty l-d^-th iazo lin -S -on  bzw . dessen Salz is t ä u ß e rs t  zerse tz lich  [36].

A cta  Chim . A ca d . S e i. H u n g . 68, 1971
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E s soll b e m e rk t w erden , d a ß  d e r R ingsch luß  bei L III  u n d  LIV n u r  m it 
T rif lu o ress ig säu rean h y d rid  d u rc h g e fü h rt w erden  k o n n te  [43].*

E rw artu n g sg em äß  is t die F re q u e n z  i’C = 0  im  S p e k tru m  v o n  LIV wegen 
d er R in g sp an n u n g  u m  25 c m -1 h ö h e r , als bei L III, w äh ren d  d e r  W e rt fü r  diese 
le tz te re  V erb indung  k au m  von d e r F req u en z  v C = 0  bei LV ab w e ic h t. D a auch 
in  den  IR -S p e k tre n  d e r du rch  u n s  h e rg este llten  ü b rig en  V e rb in d u n g e n  keine 
C = 0  F req u en zen  h ö h e r als 1710 c m -1 gefunden  w u rd en , b e s itz e n  die durch  
R in g sch lu ß  der y -(N -Q -T h io ca rb am y l)-am in o b u tte rsäu ren  h e rg e s te llte n  P ro 
d u k te  (deren  S p e k tre n  analog  den  S p e k tre n  von  L III  u n d  LV sind ) die S tru k 
tu r  D. E s h an d e lt sich also um  2 -T h io -3 -Q -4 -o x o -p erh y d ro -l,3 -d iazep in e .

D ie A bw eichung  v o n  der S t r u k tu r  F  w ird  auch  d u rch  d ie  U V -S pek tren  
u n te r s tü tz t .  Bei L I I I  u n d  LV, d ie  d e r S tru k tu r  D  e n tsp re c h e n , liegen zwei 
Amax v o r, bei 243 u n d  285 nm  bzw . bei 259 und  295 nm . Bei LIV  (S tru k tu r  F ) 
t r i t t  dagegen n u r e in  Amax bei 296 n m  auf.

D ie h e rg este llten  2 -T h io -3 -Q -4 -o x o -p erh y d ro -l,3 -d iazep in e  sind  in  T ab. 
V I, die bei der H ers te llu n g  d ieser V erb in d u n g en  als In te rm e d iä re  e rh a lten en  
y -(N -Q -T h io ca rb am y l)-am in o b u tte rsäu ren  in T ab . V II  a n g e fü h rt.

D ie a n titu b e rk u lo tisc h e  W irk u n g  d er in T ab . V I e n th a lte n e n  n eu en  Dia- 
zep ine is t gering. E in ig e  V e rtre te r  (z. B . LVII und  LVIII) b e s itzen  dagegen  eine 
tran q u illie ren d e  W irkung .**

Experim enteller Teil***

V e rfah ren  A

5-R -3 -(4 -A lk o x y p h en y l)-2 -th io h y d a iito in e  I — XIV (T ab. I). N -(2 ,6 -D i-R /-p h en y lth io ca rb am y l)- 
am in o säu ren  X X X III— XL (T ab . I l l /b ) ,
a -(N -Q -T h io carb am y l)-am in o - bzw . -m eth y lam in o b u tte rsäu ren  L X X IX — CI (T ab . V II) ,

0,05 M  A m inosäure  w erden in ca. 2/3 e in e r 10% igen A lkalilösung , w elche eine äq u iv a
len te  M enge N aO H  e n th ä l t ,  gelöst und  m it  40 m l A lkohol v e rd ü n n t. D as G em isch  w ird auf 
40— 50 °C e rw ärm t u n d  eine a lkoholische L ösung  von 0,05 M  des e n tsp rec h en d e n  Iso th io- 
c y a n a ts  w ird  u n te r  R ü h re n  im  Laufe e in e r h a lb e n  S tu n d e  tropfenw eise  zu g efü g t. D as Gem isch 
w ird  w eite re  2 bis 3 S tu n d e n  lang  bei 4 0 — 50 °C g e rü h rt. D er p H  des R eak tionsgem isches 
w ird  sow ohl w ährend  dem  Z u trop fen , als a u c h  w ährend  dem  n ach fo lg en d en  R ü h re n  k o n tro l
l ie rt u n d  — falls n ö tig  —  m it dem  R e st d e r  A lkalilösung  au f 9— 9,5 e in g este llt.

D an ach  w ird d ie L ösung  e in g ed am p ft u n d  10% ige S alzsäure  zum  v isk o sen  R ü c k stan d  
zugegeben. Bei den V erb in d u n g en  I —XIV e rh ie lte n  w ir n ach  dem  A n säu e rn  in  e in igen  Fällen 
S y ru p e . welche jed o ch  beim  S tehen  bzw . bei R eiben  m it einem  G lasstab  eb en fa lls  k ris ta lli
s ie rten . Die P ro d u k te  k ö n n e n  im a llgem einen  aus Ä thano l, die V erb in d u n g en  L X X IX —CI 
(} '-(N -Q -T h io carb am y l)-am in o b u tte rsäu ren ) au s einem  G em isch von  Ä th a n o l u n d  P e tro lä th e r  
u m k ris ta llis ie r t w erden. Die A nw endung  e in es d avon  abw eichenden  L ö su n g sm itte ls  is t in den 
T abellen  angegeben.

* A uf ähn liche A rt w urde die A n a lo g v erb in d u n g  zu L III, das  l-M eth y l-2 -th io -3 -(2 ,6 - 
d im eth y lp h en y l)-4 -o x o -p e rh y d ro -l,3 -d iazep in  LXXVIH herg este llt (T ab . V l/b ) .

** Die W irkung  d ieser V e rb in d u n g en  is t schw ächer als die W irk u n g  d e r  in  d e r T herap ie  
an g ew en d e ten  B en zo d iazep in sk ele tt-V erb in d u n g en  [44].

*** U nkorrig iertc  S chm elzpunk te .

Acta  C him . A ca d . S e i.  H u n g . 68 , 1971
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N - (  2,6-D i-R ' -p h en y l ) -thiocarbam ylam inosäuren  

Ж '

T a b e lle  I l l b

4R '

N H — C— N H  -  CH— СООН
I

R

N u m m e r Bezeichnung A m in o sä u re R ’ S c h m e lz p u n k t
B ru tto fo rm e l

X X X III 20164 Gly CH3 175 °C
Z ers. M ethanol

C i i H 14N 20 2 S

X X X IV 20082 D,L-Val CH3 165— 166° C 
Zers.

C u H 20N 2O2S

XXXV 20094 L-Leu CH3 134 °C 
B en zo l-  
-P e tro lä th e r

c 15h 22n 2o 2s

X X X V I 20090 D,L-Phe CH3 156 °C 
A lkohol—

— P e tro lä th e r

c 18h 20n 2o 2s

X X X V II 20091 D,L-M et CH3 158 °C Zers. c 14h 20n 2o 2s 2

X X X V III 20084 D,L-Ala CH3 171 °C c 12h 16n 2o ,s

X X X IX 20092 /S-Ala CH3 165— 166 °C C12H 16N 20 2S

XL 20144 G ly CI 147— 148 °C 
Z ers. A c e to n -  

—P e tro lä th e r

c9h 8c i2n 2o 2s

V erfahren В

3 -(2 ,6 -D im e th y lp h e n y l)-2 - th io h y d a n to in  X X IX ; R eak tio n  von  1-A m inod icarbonsäuren  un 
2 ,6 -D i-R  -phenyliso th iocyanaten , X X IX — XXXII (T ab. Ш /а )

D as V erfahren  is t m it  V e rfa h re n  A  iden tisch , jed o c h  e rfo lg t eine R in g sch lu ß reak tio n  
d e r  b e im  A nsäuern  des R e ak tio n sg e m isc h es  e rh a lten en  N -T h io ca rb am y lam in o säu ren  en tw ed er 
im  L a u fe  des U m k rista llis ie ren s o d e r  —  bei XXIX — im  L au fe  e ines e in s tü n d ig en  E rw ärm en s 
des a n g esäu e rte n  R e ak tio n sg em isch es  a u f  dem  W asserbad .

/9 -[3 -(4 -Iso am y lo x y p lien y l)-2 -th io h y d an to in -5 ]-p ro p io n säu re lac tam  XV

21 g C arbonsäure V III  (T a b . I )  w ird  m it 80 m l E ss ig sä u re an h y d rid  2 S tu n d en  lang  
a u f  d e m  W asserbad e rw ärm t, d ie  L ö su n g  anschließend e in g e d am p ft, d e r  T ro ck en rü ck s tan d  in 
50 m l Ä th y la c e ta t  gelöst u n d  e rn e u t  e ingedam pft. D iese O p e ra tio n  w ird  einige Male w iederho lt, 
b is  e in  k ris ta llin es P ro d u k t e rh a l te n  w ird , welches in P e tro lä th e r  su sp en d ie r t u n d  ab g en u tsc h t 
w ird . D a s  d e ra rt e rh a lten e  R o h p ro d u k t  (15,5 g) w ird  aus 35 m l B enzol —  u n te r  E n tfä rb u n g  
m it  K noch en k o h le  — u m k r is ta l l is ie r t .  A usbeute: 13,7 g re in es XV. S ch m elzp u n k t 178 °C. 

A nalyse : Cl7H 20N 2O3S (332 ,41).
B erech n et: C 61,42, H  6 ,06 , N  8,43, S 9,64.
G efunden: C 61,50, H  6 ,17 , N  8,39, S 9,60.

A c ta  C h im . Acad. Sei. H u n g . 68 , 1971
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A nalyse

M olekular*
gew ich t

B e re ch n e t G efunden
V e rfah ren  

B em er
k u n g

C II N s C H N s

238,30 55,43 5,92 11,75 13,45 55,33 6,11 12,00 13,75 A

280,38 59,96 7,19 9,99 11,43 60,09 7,29 10,17 11,61 A

294,40 61,19 7,53 9,51 10,88 61,32 7,44 9,50 10,88 A

328,42 65,82 6,14 8,53 9,76 65,87 5,98 8,66 9,90 A

312,44 53,81 6,45 8,96 20,52 54,05 6,52 8,97 20,72 A

252,33 57,11 6,39 11,10 12,70 57,28 6,41 11,30 12,61 A

252,33 57,11 6,39 11,10 12,70 57,27 6,34 10,97 12,78 A

279,13 38,72 2,88 10,03
11,48
CI:
25,40

38,78 3,02 10,05
11,46
CI:
25,63

A

V erfahren  С

/^-|3 -(4-IsO aiiiy loxy |)heiiy l)-2 -tliiohy(la iilo in -5 |-p rop ionsäurean iide  XVI— X X V III (T ab . I I )

3,32 g (0,01 M ) L ac ta m  XV w erden  m it 0,012— 0,015 M  des e n tsp rec h en d e n  A m ins 
(im  Fall von  XVI m it 0,07 M  A m m o fiiu m h y d ro x y d lö su n g ) im  zehnfachen  V o lu m en  B enzol 
o d e r A lkohol 1/2— 1 S tu n d e  lan g  im  Sieden gehalten . B eim  P ip e raz in d e riv a t X V III, dem  
2 ,6 -D im e th y lan ilin d eriv a t X X II u n d  dem  a -A m in o p y rid in d e riv a t X X III w urde  ke in  L ö su n g s
m it te l  angew endet, sondern  d as G em isch de r R e a k tio n sp a rtn e r  w urde  hei 1 2 0 -  150 °C 
geschm olzen u n d  10— 15 M in u ten  lan g  hei dieser T e m p e ra tu r  g eh alten , w obei e ine  k lare  
Schm elze e rh a lte n  w urde. Sow ohl die Schm elzen als die aus de r R eak tio n  in L ö su n g  d u rc h  
E in d a m p fen  e rh a lten en  R o h p ro d u k te  k rista llis ie ren  heim  V erreiben  m it 5 % ig e r Sa lzsäu re . 
D ie P ro d u k te  w urden f iltr ie r t, m it  W asser gew aschen u n d  nach  dem  T ro ck n en  au s A lkoho l — 
u n te r  E n tfä rb u n g  m it K n o chenkoh le  —  u m k ris ta llis ie rt.

A cta  Chim . A ca d . S e i. H u n g . 68 , 1971
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T ab e lle  IV
2-Arylim ino-4-oxo-5-m ethylperhydro-l,3-thiazine

O

N u m m e r B ezeichnung Q S c h m e lz p u n k t
B ru t to  form el

M oleku lar
gew ich t

XLIV 20325 C5I I n 115 °C ^ 1 6 ^ 2 2 ^ 2 ^ 2 ^ 306,41

X IV 20326

C H 3x

-Ю )
С Н /

165 °C 248,34

XI.VI 20407

C H 34 .NO,

-© >
C H . /

148— 149 °C c ,3h I5n 3o 3s 293,34

X LV II 20334

/
@

 ч
 

!. 
0

 
1 

G
 

1

182— 183 °C Cu H 10C12N 2OS 289,17

X L V III 20388
C H 3Ox

-<0 >
165 °C c 12h 14n 2o 2s 250,31

V erfahren  D

3 -(2 ,6 -D im e th y lp h e n y l)-2 -th io h y d ro u ra cy l XLI u n d  2 -T h io -3 -Q -4 -oxo-perhydro -l,3 -d iazep ine  
LV— LX X IV  (Tab. V I/a)

A us dem  en tsp rec h en d e n  Iso th io c y a n a t u n d  bei X L I au s ß -A lan in , bei den  D iazep inen  
a u s  y -A m in o b u tte rsäu re , w e rd e n  z u e rs t  nach  V erfah ren  A  d ie  N -Q -T h io carb am y lam in o säu ren  
X X X IX  (Tab. IH /b ) bzw . L X X IX  XCIX (Tab. V H /a ) h e rg este llt.

5 g N -Q -T h io carb am y lam in o säu re  w erden bei 110— 140 °C zu  u n g efäh r 2 m l P o ly p h o s
p h o rsä u re  [14] zugegeben u n d  d a s  Gem isch w ird 15— 20 M in u ten  lan g  bei d ieser T em p era tu r 
g e r ü h r t .  N ach dem A b k ü h le n  w e rd e n  60 m l W asser zu g efü g t, das ausgeschiedene k ris ta llin e  
P r o d u k t  w ird ab g en u tsch t, m it  W asse r  n eu tra l gew aschen  u n d  n ach  dem  T rocknen  aus Alkohol 
u m k ris ta llis ie r t.

A c ta  C him . Acad. Sei. H u n g . 6 8 , 1971
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A nalyse

V erfah ren
B em erk u n g

B erech n e t G efunden

с H N S c H N s

62,71 7,23 9,14 10,46 63,06 7,27 9,23 10,48
F

L ite ra tu r der v e rw en d e ten  
T hiocarbam id-V  erb in- 
dung [29]

62,87 6,49 11,28 12,91 62,84 6,44 11,34 12,92

F
L ite ra tu r der v e rw en d e ten  
T hiocarbam id-V  e rb in - 
dung [40]

53,22 5,15 14,33 10,93 53,43 5,24 14,46 11,14

F
L ite ra tu r der v e rw en d e ten  
T hiocarbam id-V  e rb in - 
dung [30]

45,68 3,48 9,69
11,08
Cl:

24,32
45,74 3,79 9,74

11,10
Cl:

24,31

F
L ite ra tu r der ve rw en d e ten  

T hiocarbam id-V erb in - 
dung [30]

57,57 5,63 11,19 12,81 57,76 5,85 11,35
:

12,74 F
L ite ra tu r der v e rw en d e ten  

T h io carbam id-V erb in - 
dung [40]

V erfah ren  E

2-T h io -3 -Q -4 -o x o -p erh y d ro -l,3 -d iazep in e  L X IX  u n d  LX X V — LXXV II (T ab. V I/a)
Diese V erb in d u n g en  w urden  n ach  dem  V erfah ren  D  h e rg este llt, m it de r A b w eich u n g , 

d a ß  die R in g sch lu ß reak tio n  m it P o ly p h o sp h o rsäu re ä th y le s te r  [15] d u rc h g e fü h rt w urde .
5 g y -(N -Q -T h io ca rb am y l)-am in o b u tte rsäu re  w e rd en  m it 10 ml P o ly p h o sp h o rsäu re 

ä th y le s te r  v e rm isch t u n d  2— 3 T age lan g  bei R a u m te m p e ra tu r  stehen  gelassen. D a n ac h  
w ird  das R eak tio n sg em isch  m it de r zehnfachen  W asserm engc  v e rrieb en  und  m it K a liu m c a rb o 
n a t  n e u tra lis ie rt. E in  festes R o h p ro d u k t w urde  allein  bei LXXV e rh a lte n , w äh ren d  d ie ü b rig en  
V erb indungen  in S y ru p fo rm  ausgeschieden w urden . D ie  le tz te re n  w urden  m it A th y la e e ta t  
aufgenom m en, die L ösung  m it W asser gew aschen, ü b e r  N a tr iu m su lfa t  g e tro ck n et u n d  von  dem  
n ach  dem  E in d am p fen  als R ü c k s tan d  e rh a lte n e n  Öl w u rd e  w enig ab so lu te r A lkohol a b d e s ti l
lie rt. D er R ü c k s ta n d  k ris ta llis ie rt beim  S tehen  bzw . b e im  R e iben .

Die R o h p ro d u k te  w u rd en  aus ab so lu tem  A lkohol u m k ris ta llis ic rt.

A d a  Cliim. Acad. Sei. Hung. 68, 1971
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T abelle  V

N-(4,-Isoam yloxyphenyl)-S-alkyl-isothiocarbam ide

S R

I— N H — C = N H .H X

N u m m e r B ezeichnung R S c h m e lz p u n k t
B ru tto fo rm e l

M o lek u la r
g e w ic h t

L 20171 C2H 5- 96— 97 °C CuH^J^OS 394,32

L I 20172 i C5H U - 135 °C C[,H29BrN2OS 389,49

L H 20173 i - C 4H 9- 95 °C CleH 27B rN 2OS 375,36

2 -T h io -4 -p h en y l-l,2 -d ih y d ro ch in azo liii X L II

5 ,82  g (0,06 M )  g ep u lv e rte s  K a liu m rh o d a n id  w u rd e n  in  30 ml ab so lu tem  A c e to n  gelöst. 
Im  L a u fe  v o n  ca. 10 M in u ten  w erd en  u n te r  R ü h re n  8,4 g (0,06 M )  B enzo y lch lo rid  tro p fe n 
w eise z u g e fü g t. A nschließend w ird  d as  G em isch 1/2 S tu n d e  lan g  au f dem  sied en d en  W asse rb ad  
g e rü h r t .  N a c h  dem  A b k ü h len  w ird  e ine  L ösung  v o n  11,8 g (0,06 M )  2 -A m in o b en zo p h en o n  in 
70 m l A c e to n  tropfenw eise  zugegeben  u n d  1/2 S tu n d e  lan g  im  Sieden g eh alten . A nsch ließ en d  
w ird  e r n e u t  ab g ek ü h lt u n d  das ausgesch iedene  P r o d u k t  a b filtr ie rt. Die ace to n isch e  M u tte r 
lau g e  w ird  a u f  das halbe  V o lum en  e in g e d am p ft u n d  e ine  fün ffache  W asserm enge  zugegeben . 
D er d a b e i  ausgesch iedene  N iedersch lag  w ird  m it d em  f rü h e r  ausgeschiedenen P r o d u k t  v e re in ig t 
u n d  m i t  W a sse r  gew aschen. D ie  n u tsc h fe u c h te  S u b s ta n z  w ird  in einem  G em isch  a u s  50 m l 
W asse r u n d  250 m l A lkohol su sp en d ie rt, 12 g (0,12 M )  K H C 0 3 w erden zugegeben  u n d  1 S tu n d e  
lan g  —  v o n  d e r  völligen A uflö su n g  g e rech n e t —  w ird  zu m  S ieden e rh itz t. D a n a c h  w ird  die 
L ö su n g  u n g e fä h r  au f ein V ie rte l ih res  V olum ens e in g e d am p ft u n d  m it 1 0 % ig er S a lzsäu re  
w ird  d e r  p H  a u f  7 e ingestellt, w obei ein  N iedersch lag  ausgesch ieden  w ird. D as au sg esch ied en e  
P r o d u k t  w ird  m it W asser gew aschen , g e tro c k n e t u n d  au s  de r lOOfachen A lk o h o lm en g e  u m 
k r is ta l l is ie r t .  A u sbeu te : 9,0 g (6 3 % ). S ch m elzp u n k t: 226 °C (u n te r  Z ersetzung).

A n a ly se : C14H I0N2S (238,30).
B e re c h n e t:  C 70,55, H  4,23, N  11,76, S 13 ,45% .
G e fu n d en : C 70,61, H  4,39, N  11,77, S 13 ,42% .

l-C a rb ä th o x y -2 -th io -4 -p h e n y l- l,2 -d ih y d ro rliin a z o lin  X L III

2 ,38  g (0,01 M )  X L II w e rd en  im  G em isch v o n  50 m l abso lu tem  A ceto n  u n d  1,40 ml 
T r iä th y la m in  su sp end iert. U n te r  K ü h le n  m it k a lte m  W asser w erden 1,08 g (0,01 M ) C hlor
k o h le n s ä u re ä th y le s te r  trop fenw eise  zugegeben . D as G em isch  w ird 5 S tu n d en  lan g  b e i R a u m 
te m p e ra tu r  g e rü h rt ,  ü b er N a c h t s te h en  gelassen , das ausgesch iedene T r iä th y la m in c h lo rh y d ra t 
f i l t r ie r t  u n d  m it zw eim al 10 m l ab so lu tem  A ceto n  gew aschen . N ach  dem  E in d a m p fe n  der 
a ce to n isc h e n  L ösung  w erden  2,20 g des gelben  k r is ta ll in e n  R o h p ro d u k ts  e rh a lte n . D u rch  
U m k ris ta ll is ie re n  aus 28 m l M eth an o l w u rd en  1,70 g des re in en  P ro d u k te s  e rh a lte n . S chm elz
p u n k t :  1 0 3 — 104 °C.

A n a ly se : C17H 24N20 2S (310,36).
B e re c h n e t:  C 65,78, H  4,54, N  9,03, S 10 ,33% .
G e fu n d e n : C 65,79, H  4,68, N  8,92, S 10 ,25% .

A c t a  C h im . A c a d . Sei. H ung . 68 , 1971
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A n aly se

B e re ch n e t G efu n d en V e rfah re n
B e m erk u n g

C H N s X C H N s X

42,64 5,88 7,10 8,13
J :

32,18 42,87 5,98 7,23 8 , 2 1
J :

32,33

G
U m krista llis ie ren  

aus W asser

52,42 7,53 7,19 8,23
B r:

20,52 52,54 7,59 7,20 7,95
B r:

20,22

G
R ein igung  du rch  

F ällen  m it Ä th e r 
aus A lkohol

51,19 7,25 7,46 8,54
B r:

21,29 51,30 7,22 7,36 8,62
B r:

20,92

G
R ein igung  d u rch  

K ochen  in  P e tro l
ä th e r

V erfahren  F

2 -A ry liin in o -4 -o x o -5 -m e th y l-p e rh y d ro -l,3 -th iaz in e  X L IX — X LV III (T ab. IV)

0,1 M  m o n o su b stitu ie rte s  T h io c arb a n iid  w ird  in  d e r  zehnfachen  M enge n -B u tan o l 
su sp en d ie rt u n d  u n te r  R ü h ren  m it gasfö rm iger S a lzsäu re  g e sä tt ig t,  w obei das T h io c a rb a m id  
gelöst w ird. E s  w e rd en  17,2 g (0,2 M )  M eth acry lsäu re  zugegeben  u n d  das G em isch 12— 14 
S tu n d e n  lang im  S ieden  gehalten . N a ch  dem  E in d a m p fe n  w ird  d as zu rü ck b le ib en d e  ö l  in 
300 m l W asser g e lö s t u n d  m it N a H C 0 3 w ird  n e u tra lis ie r t.  D ie e rh a lten e  E m u lsio n  w ird  m it 
3 X 100 ml A th y la c e ta t  au sg e sch ü tte lt, d ie v e re in ig ten  Ä th y la c e ta tp h a se n  w erden  m it 10% iger 
N a H C ö 3-L ösung u n d  ansch ließend  m it  W asser gew aschen  u n d  ü b e r  N a tr iu m su lfa t g e tro c k n e t. 
V on d em  n ach  d em  E in d am p fen  zu rü ck b le ib en d en  Öl w ird  w enig ab so lu te r  A lkohol a b d e s ti l
lie rt. D er R ü c k s ta n d  k ris ta llis ie rt be im  V erreiben  m it P e tro lä th e r  bzw. beim  S teh en .

D as P ro d u k t w u rd e  aus A lkohol u m k ris ta llis ie rt.

N -(4 -Iso am y lo x y p heny l)-S -ß -carboxyäthy liso th iocarbam id  X L IX

Diese V e rb in d u n g  w ird  aus l-(4 -Iso am y lo x y p h en y l)- th io c a rb a m id  [16] u n d  A cry lsäu re 
ä th y le s te r  im  w esen tlich en  n ach  V erfah ren  F  h e rg es te llt . D ie R e ak tio n  w u rd e  jed o c h  in  
Ä th a n o l d u rc h g efü h rt u n d  die R e a k tio n sp a rtn e r  w u rd en  in  ä q u iv a len ten  M engen v e rw en d e t. 
N ach  5stünd igem  K o ch en  w urde das R eak tio n sg em isch  e in g ed am p ft u n d  an sch ließ en d  2 
S tu n d e n  lang m it 1 0 % ig er w äßrigen  Salzsäu re lösung  g ek o ch t.

D er be im  N eu tra lis ie ren  des G em isches ab g esch iedene  N iedersch lag  w ird  d u rc h  m eh r
faches A uskochen m it  A lkohol gere in ig t. S ch m elzp u n k t: 156 °C (u n te r  Z ersetzung).

D as P ro d u k t  k a n n  aus A lkohol m it 10%  D im e th y lfo rm a m id g e h a lt u m k ris ta llis ie r t  
w erden . S ch m elzp u n k t: 159— 160 °C (u n te r  Z ersetzung).

A nalyse: C 15H 22N20 3S (310,40).
B erechnet: C 58,04, H  7,14, N  9 ,02 , S 10 ,33% .
G efunden: C 57,92, H  7,26, N  9,18, S 10 ,36% .

8 A cta  C h im , Acad. Sei. H u n g . 68 , 1971
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2-Thio-3-Q -4-oxo-perhydro-l,3-diazepine

T a b e lle  V I/a

NH

i  i
*Л»Л|

Q

\
N u m m e r  B ezeichnung Q S c h m elz p u n k t

B ru tto fo rm e l
M o lek u lar

gew ich t

LV 20690 © 1 0 0  ° c Cn H 12N 2O S 220,28

L V I 20212 à
1
O — iC6H u

83 °C CleH 22N 20 2S 306,41

L V II

L V III

20215

1
C H

/ \  
C H 3 C H 8@ 72 °C ^uH ^gN gO S 262,36

20217

C H 3 1 C H 3w 128 °C C13H 16N 2O S 248,34

u x 20639 ©r
с н /

112 °C C13H 1gN 2OS 248,34

L X 20242

C H 3 1 C H 3w
n o 2

.

134— 135 °C c 13h 15n 3o 3s 293,34

A c ta  C h im . A cad . Sei. H ung . 68, 1971
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A nalyse

B erech n et G efunden V erfah ren
B e m erk u n g

C H N s C H N s

59,97 5,49 12,72 14,55 59,75 5,61 12,68 14,69 D

62,71 7,23 9,14 10,46 62,70 7,32 9,20 10,45 D

64,08 6,91 10,68 12,22 64,17 6,91 10,63 12,25 D

62,87 6,49 11,28 12,91 63,00 6,67 11,26 13,08 D

62,87 6,49 11,28 12,91 62.90 6,58 11,28 12,62 D

53,22 5,15 14,33 10,93 53,33 5,23 14,39 11,08 D

8* Acta Chim. Acad. Sei. Hung. 68, 1971
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T abelle  Y I/a  (F o rts .)

N u m m e r B eze ichnung Q j S ch m elzp u n k t ;
B ru tto fo rm e l

M o lek u lar
gew icht

L X I 20248

C H 3 1 C H ,

W
I

B r

141— 142 °C C 13H 16B rN 2OS 327,24

L X II 20286

CI 1 CI

W
1 9 1 -1 9 2  °C Cu H 10C12N 2OS 289,17

L X III 20285 76 °C C12H 11F 3N2 0 S 288,29

LXTV 20634

CI i

95 °C C12H ioC1F3N 2OS 322,73

LXV 20478

CI , C H 3

W

161— 162 °C c 12h 13c in 2o s 268,75

280,33I.X V I 20479

C2H 6 1 C2H 6

w

89 90 °C

L X V II 20480

t o

154 °C Cl5H 14N 2OS 270,34

L X V n i 20568

“ t o

184— 185 °C
1

C16H 16N 2OS 1 284,37

I X I X 20524
: f Ö )  

( Q f

86 °C C17H l6N 2OS 296,38

A c ta  C h im . A c a d . Sei. H ung. 68 , 1971
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A nalyse

B erechnet V e rfa h re n

c H N s C H 1 N s

47,71 4,62 8,56
9,79

B r:
24,42

47,70 4,65 8,71
9,72

B r:
24,67

D

45,68 3,48 9,69
11,08
CI:
24,52

45,82 3,60 9,73
10,94
CI:
24,43

D

49,99 3,84 9,72 11,12 49,86 4,12 9,75 10,97 D

44,65 3,12 8,68 9,93 44,80 3,23 8,74 10,04 D

53,62 4,87 10,42
11,93
CI:
13,19

53,57 4,95 10,49
11,97
CI:
13,25

D

68,54 4,31 9,99 11,43 67,98 4,63 10,00 11,46 D

66,64 5,22 10,36 11,86 66,57 5,33 10,44 11,78 D

67,58 5,67 9,85 11,27 67,58 5,78 9,92 11,34 D

68,88 5,44 9,45 10,81 68,76 5,61 9,40 10,83 E

A c ta  C h im . A ca d . S e i. H u n g . 6 8 , 1971
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T abelle  V I/a  (F o rts .)

N u m m e r Bezeichnung 0 S c h m elz p u n k t
B ru tto fo rm e l

M oleku lar
gew ich t

L X X 20362

(C H 2)2
1

C H 116— 117 °C ^ 2 0 ^ 2 2 ^ 2 ^ ^ 338,45

LX  X I 

L X X II

20569

1
C H©©1 133 ° c C 18H l9N 2OS 311,41

20389

(C H 2)2

© 108— 109 °C c 13h 16n 2o s 248,34

L X X  111 20390

1
C H 2

à 92 °C C12H u N 2OS 234,31

LXXTV 20391 ó 82 °C Ch H 18N 2OS 226,33

L X X V 20515 JÓ 143— 144 °C C ^ H ^ O S 278,40

L X X V I 20525 élX  O C2H 5 

O C 2H 5

84 °C c 17h 24n 2o 3s 336,44

L X X  V II 20528

(C H 2)2

1
0 C H 3

64— 65 °C ^ 1 5 ^ 2 0 ^ 2 ^ 3 ^ 308,39
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A nalyse

B e re ch n e t G e fu n d e n V e rfah re n
B em e rk u n g

С H N S С H N S

70,97 6,55 8,28 9,47 70,90 6,61 8,40 9,27 D

69,42 6,15 8,99 10,29 69,46 6,02 8,89 10,28 D

62,87 6,49 11,28 12,91 62,90 6,57 11,27 12,97 D

61,51 6,02 11,96 13,68 61,46 6,07 12,01 14,03 D

58,37 8,01 12,38 14,16 58,31 8,12 12,42 14,33 D

64,71 7,96 10,06 11,51 64,63 7,97 10,06 11,50 E

60,68 7,19 8,33 9,53 60,63 7,29 8,25 9,45

E
Die im  L aufe  der 
S y n th ese  gew onne
nen N -T hiocarba- 
m y lsäu ren  k o n n ten  
n ich t in  k ris ta llin e r 
F o rm  iso lie rt w er
den, desh a lb  w urde 
das ölige R o h p ro 
d u k t, w elches aus 
ih rem  E x tr a k t  m it 
Ä th y la c e ta t durch  
E in d am p fen  erh a l
ten  w urde , u n m it
te lb a r  m it  Po ly- 
phosphorsäureäthyl- 
este r b eh an d e lt.

58,41 6,53 9,08 10,39 58,37 6,63 9,10 10,36
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T a b e l le  V I/Ь

l-M eth y l-2 -th io -3 -Q -4 -o x o -p e rh y d ro -l,3 -d ia ze p in e

N  —C H ,

» X

I
Q

N u m m e r B eze ichnung Q S c h m e lz p u n k t
B ru tto fo rm el

M o le k u la r
g e w ic h t

L I I I 20700 96 °C Cl2H l4N2OS 234,31

L X X V III 20641

C H , 1 C H 3

w

126— 127 °C c I4h 18n 2o s 262,36

V erfahren  G

N -(4 -Iso a in y lo x y p h en y l)-S -a lk y l-iso th io ca rb am id sa lze  L — L II (T ab. V)

D ie se  V erb indungen  w u rd e n  aus l-(4 -Iso am y lo x y p h en y l)- th io c a rb a m id  a u f  b e k a n n te  
W eise  [171 h e rg este llt.

y -(N -M eth y l-]4 -p lien y lth io ca rb a in y l)-a rn in o b u tte rsäu rem e th y le s te r CII

8 g  (0,05 M )  y - Iso th io c y a n a to b u tte rsä u re m e th y le s te r  [18] w urden  m it 5,35 g (0,05 M )  
N -M e th y la n il in  v e rm isch t u n d  a m  W asse rb a d  1 S tu n d e  lan g  e rw ärm t. D an n  w ird  a b g e k ü h lt ,  
d a s  k r is ta l l is ie r te  P ro d u k t f i l t r ie r t  u n d  m it  P e tro lä th e r  gew aschen. D as P ro d u k t w ird  aus 
e in e m  G e m isch  von 17 m l A lkoho l u n d  100 m l P e tro lä th e r  um k ris ta llis ie rt.

A u s b e u te :  8,1 g. S c h m e lz p u n k t: 54— 55 °C.
A n a ly se :  C13H 18N20 2S (266,35).
B e re c h n e t:  C 58,62, H  6 ,81 , N  10,52, S 12 ,03% .
G e fu n d e n : C 58,76, H  6,85, N  10,41, S 12 ,14% .

y -(N -M eth y l-]4 -p h en y lth io carb am y l)-a im n o b u M ersäu re  C III

19 ,3  g y -(N -M eth y l-N -p h en y lth io ca rb am y l)-am in o lm tte rsäu rem eth y le s te r  w e rd en  m it 
190 m l A c e to n  u n d  15 m l cc. S a lzsäu re  v e rm isc h t u n d  2,5 S tu n d e n  lang  zum  Sieden e rh itz t .  
A n sc h lie ß e n d  w ird  das L ö su n g m itte l a b g e trieb en  u n d  d e r R ü c k s ta n d  m it 10% iger N a H C 0 3- 
L ö su n g  a u f  p H  8 eingestellt. D ie abgesch ied en e  ölige S u b s ta n z  w ird m it 200 m l Ä th y la c e ta t  
a u fg e n o m m e n  u n d  diese L ösung m it  3 X 8 0  ml 10% iger N a H C 0 3-L ösung e x tra h ie r t .  (A us d e r 
Ä th y la c e ta tp h a s e  kan n , n ach  W asch e n  m it W asser u n d  T ro ck n en , 7 g S ub stan z  d u rc h  E in -

A cla  C him . Acad. Sei. Hung. 68, 1971
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A n aly se

V erfahren
B em erkung

B e re ch n e t G efu n d en

C H N S C H N s

61,51 6,02 11,96 13,68 61,55 6,12 11,85 13,66

H
Die S ubstanz  w u r d e  
n ach  einigen W o 
chen ölig.

64,08 6,91 10,68 12,22 63,91 6,95 10,69 12,23 H

d am p fen  e rh a lte n  w erden . D iese  e n th ä lt  — gem äß e in em  d ü n n sch ich tch ro m a to g ra p h isch e n  
V ergleich — h a u p tsäc h lic h  d e n  A usgangsester u n d  k a n n  e rn e u t  d e r H y d ro lyse  u n te rw o rfen  
w erden .)

D ie u rsp rü n g lich e  L ö su n g  sowie die zur E x tra k t io n  v e rw en d e ten  N aH C Ö 3-L ösungen  
w erden  v e re in ig t, m it S a lzsäu re  an g esäu e rt u n d  das au sg esch ied en e  Öl w ird  m it 3 X 8 0  m l 
Ä th y la c e ta t  e x tra h ie r t .  D iese L ösu n g  g ib t, nach  T ro ck n en  u n d  E in d am p fen , 6 g k ris ta llin e s 
P ro d u k t (S ch m elzp u n k t 92 °C).

Die S äu re  k a n n  au s e in em  G em isch von A ceton u n d  P e tro lä th e r  1 : 4 u m k ris ta llis ie rt 
w erden . N ach  m eh rfach em  R ein ig en  zeigte sie den  S c h m e lz p u n k t von  95°.

A nalyse: CI2I I 16N20 2S (252,33).
B erech n et: C 57,11, H  6 ,39 , N 11,10, S 12 ,70% .
G efunden: C 57,27, H  6 ,50 , N 11,13, S 12.83% .

l-(N -M eth y l-N -p h en y lth io carb a in y l)-p y rro lid o n -2  L1V

2,3 g (0,0091 M )  y -(N -M eth y l-N -p h en y Ith io ca rb am y l)-am in o b u tte rsäu re  w erden  in 
15 m l C hloroform  gelöst u n d  e ine  Lösung von 6,3 g (0 ,03  M )  T riflu o ressig säu rean h y d rid  in 
10 m l C hloroform  w ird b e i — 10 °C im  L aufe einer h a lb e n  S tu n d e  tropfenw eise  zugegeben. 
D a n n  w ird  24 S tu n d e n  lan g  bei R a u m te m p e ra tu r  u n d  an sch ließ en d  4 S tu n d en  lan g  bei 60 °C 
g e rü h rt ,  bei derselben  T e m p e ra tu r  e ingedam pft, d e r  R ü c k s ta n d  in  60 m l Ä th y la c e ta t  au f
genom m en u n d  m it 1 0 % ig er N a H C 0 3-L ösung u n d  d a n a c h  m it W asser n e u tra l  gew aschen. 
N ach  dem  T ro ck n en  u n d  E in d a m p fen  w ird w enig a b so lu te r  A lkohol vom  R ü c k s tan d  a b d e s ti l
lie rt. D as e rh a lten e  Öl k r is ta ll is ie r t  beim  S tehen. A u sb eu te : 1,40 g.

A us A ceton  m eh rm als  u m k ris ta llis ie rt, e rg ib t sich  e in  S ch m elzp u n k t von  117— 118 °C.
A nalyse: C ,2H l4N2OS (234,31).
B erech n et: C 61,51, H  6,02, N  11,96, S 13 ,68% .
G efunden: C 61,46, H  6,18, N 12,00, S 13 ,73% .
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Tabelle УП/а

y-(N-Q -Thiocarbamyl)-am inobuttersäuren

N u m m e r  j Q S c h m elz p u n k t
B ru tto fo rm e l

M olekular
gew icht

L X X IX

©
1 3 6 — 1 3 7  ° C C h H 14N 20 2S 2 8 3 , 3 0

L X X X ( g l
1

0 - i C 6H n

uосоCOr-4 ^ l B ^ W ^ O g S 3 2 4 , 4 3

L X X X I

1
C H

/ \  
C H j  C H 3

à

1 1 4  9 C C 14H 20N 2O 2S 2 8 0 , 3 8

L X X X II

C H ,  1 C H ,

w
1 4 5 ° C ^ 1 3 ^ - 1 8 ^ 2 ^ 2 ^ 2 6 6 , 3 5

L x x x m

1 C H 3

C H 3

1 2 0 ° C C l 3H 18N 20 2S 2 6 6 , 3 5

L X X X IV

L X X X V

C H 3 1 C H ,

X © 1 5 2 ° C C i 3H i 7N 30 4 S 3 1 1 , 3 5

C H 3 1 C H 3

w
1

B r

1 7 6 ° C C 13H I 7B r N 20 2S 3 4 5 , 2 5
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A nalyse

B ere ch n e t G efu n d en V e r fa h re n
B e m e rk u n g

C H N s C H N s

55,44 5,92 11,76 13,45 55,40 6,05 11,82 13,50 A

59,23 7,45 8,63 9,88 59,38 7,59 8,68 10,02
A

L ite ra tu r  d es ve rw en d e ten  
Iso th io cy a n a ts  [41]

59,97 7,19 9,99 11,43 60,01 7,26 10,10 11,47 A

58,62 6,81 10,52 12,03 58,68 6,96 10,64 12,00

A
L ite ra tu r  d es verw endeten  
Iso th io cy a n a ts  [40]; 

h e rg es te llt  n a c h  [20].

58,62 6,81 10,52 12,03 58,55 6,95 10,56 12,10

A
L ite ra tu r  des verw en d e ten  

Iso th io c y a n a ts  [39]; 
h c rg es te llt  n a c h  [20].

50,14 5,50 13,50 10,29 50,24 5,64 13,58 10,23 A

45,22 4,96 8,11
9,28

Br:
23,14

45,37 5,07 8,20
9,29
Br:

23,10
A
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Tabelle V l l /a  (F o r ts .)

N u m m e r Q S c h m e lz p u n k t , ! M o lek u la r  - 
B ru tto fo rm e l ; g ew ich t

L X X X V I

CI 1 CI

W 122— 123 °C CUH 12C12N 20 2S 307,18

L X X X V II 139 °C ^ i2H i3F3N 20 2S 306.30

L X X X V III

CI 1

171 °C 
Z ers .

c 12h 12c i f 3n 2o 2s 340,74

L X X X 1X

Cl 1 C H ,

w 142— 143 °C c 12h 16c in 2o 2s 286,76

294,40XC

C2H 6 ! C2H 6

W 112— 113 °C ^15^22^2^2^

XCI 165 °C 
Z ers.

c 15h 16n 2o 2s 288,36

XCII 185 °C 
Z ers.

C 1cH 18N 20 2S 302,38

х е ш à® 137— 138 °C c 17h 18n 2o 2s 314,39

A c ta  C h im . A cad. Sei. H u n g . 68 , 1971



SÓLYOM u. M itarb.: T H IO K A U B A M ID D E R IV A TE, I 125

A nalyse

V e rfa h re n
B e m e rk u n gB erech n e t G e fu n d e n

С H N S C H N s

43,00 3,93 9,12
10,43
Cl:

23,08
43,00 3,98 9,23

10,53
Cl:

23,21

A
L ite ra tu r des v e rw en d e ten  

Iso th io cy an a ts  [23].

47,05 4,27 9,15 10,46 47,28 4,35 9,25 10,58
A

L ite ra tu r das v e rw en d e ten  
Iso th io cy an a ts  [22].

—

42,29 3,55 8,22
9,41

Cl:
10,40

42,35 3,65 8,26
9,48

Cl:
10,45

A
L ite ra tu r des v e rw en d e ten  

Iso th io cy an a ts  [37];] 
hergeste llt n a c h  [20].

50,26 5,27 9,77
11,18
Cl:

12,36
50,35 5.40 9,85

11,20
Cl:

12,27
A

61,19 7,53 9,51 10,89 61,21 7,68 9,50 11,00 A

62,47 5,59 9,71 11,12 62,46 5,70 9,70 11.10 A
L ite ra tu r des v e rw en d e ten  

Iso th io cy an a ts  [26].

63,55 6,00 9,26 10,60 63,60 6,12 9,35 10,69 A

64,94 5,77 8,91 10,19 64,90 5,91 9,02 10,22 A
L ite ra tu r des ve rw en d e ten  

Iso th io cy an a ts  [28], 
hergeste llt n a c h  [20].

A cta  Chim . A cad . S e i. H u n g . 6 8 , 1971
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T abelle  Y I I /a  (F o r ts .)

N u m m e r Q S c h m e lz p u n k t
B ru tto fo rm e l

M o lek u la r
g ew ich t

XCIV

!
(C H 2 ) 2

1

CH

©Í ®
116 °C c 2 0 h 24n 2 o 2s 356 ,47

x c v

1

CH

(ОТ© 158 °C C1 8 H 2 iN ,0 2S 329 ,43

XCVI

1

(C H 2 ) 2

й 133— 134 °C Ci 3 h 1 8 n 2 o 2s 266 ,35

XCVII

x
<§> 138 °C c 1 2 h 1 6 n 2 o 2s 252 ,33

XCVIII Ó 117 °C Cu H 2 0 N 2O2S 244,35

X C IX 160— 162 °C CI6 H 2 1N 20 2S 2 96 ,42
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Analyse
— Verfahren

BemerkungBerechnet Gefunden

С H N S C H 1 N  1 S

67,38 6,78 7,86 8,99 67,32 6,86 7,85 9,07 A

65,62 6,42 8,50 9,73 65,66 6,56 8,45 9,80
A

L ite ra tu r des v e rw en d e ten  
Iso th io cy an ats  [38].

58,62 6,81 10,52 12,03 58.53 6,85 10,49 11,98

A
L ite ra tu r des ve rw en d e ten  

Iso th io cy an ats  [24], 
hergeste llt n ach  [21].

57,11 6,39 11,10 12,70 57,14 6,40 11,17 12,76

A
L ite ra tu r des ve rw en d e ten  

Iso th io cy an ats  [24], 
hergeste llt n a ch  [21].

54,06 8,25 11,46 13,12 54,02 8,26 11,50 13,12

A
L ite ra tu r des v e rw en d e ten  

Iso th io cy an ats  [25], 
hergeste ilt n a ch  [21].

60,77 8,16 9,45 10,81 60,85 8,28 9,43 10,75

A
L ite ra tu r des v e rw en d e ten  

Iso th io cy an a ts  [27].
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y-(JA-Q-Thiocarbamyl)m ethylam inobuU ersäuren

s
II

Q—NH—C—N—(CH2)3—COOH
I

CH3

T a b e l le  V llb

Num m er Q Schmelzpunkt
Bruttoformel

Molekular
gewicht

c © 103 °c Ci2Hi6N20 2S 252,33

CI

CH3 ! CH3

121 °C ^14^-20^2^2^ 280,38

V erfahren  H

l-M e th y l-2 -th io -3 -Q -4 -o x o -p e rh y d ro -l,3 -d ia z ep in e  L II I  u n d  LX X V III (Tab. V l/b )

A u s y -M e th y la m in o b u tte rsä u re  [19] u n d  aus d em  en tsp rech en d en  Iso th io e y a n a t w e rd en  
n a c h  V e rfa h re n  A  die y -(N -P h en y Ith io c a rb am y l)-m e th y la m in o b u tte rsä u ren  C u n d  CI (T ab . 
V IT /b) h e rg e s te ll t .  Diese w 'erden u n te r  K ü h le n  m it  E isw asse r in  de r 2— 3fachen  M enge v o n  
T r if lu o re s s ig sä u re a n h y d rid  gelöst u n d  die L ösung  w ird  2— 3 T age lan g  steh en  ge lassen . D a n n  
w ird  d a s  R eak tio n sg em isch  m it d e r  zeh n fach en  W asserm en g e  v e rse tz t u n d  d u rc h  Z u g ab e  von  
N a H C 0 3 n e u tra lis ie r t.
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Analyse

Berechnet Gefunden Verfahren

C H N s C 11 N s

5 7 ,1 1 6 ,3 9 1 1 ,1 0 1 2 ,7 0 5 7 ,1 0 6 ,4 8 11 ,03 12 ,71 A

5 9 ,9 7 7 ,1 9 9 ,9 9 1 1 ,4 3 5 9 ,9 2 7 ,28 10 ,03 1 1 ,4 8 A

D as rohe LX X V III w ird  in  F o rm  eines festen  N iedersch lages ab g esch ied en ; das in öliger 
F o rm  abgesch iedene L U I w ird  m it Ä th y la c e ta t  aufgenom m en. D ie le tz te re  L ösung  w ird m it 
10% iger N a H C 0 3-L ö su n g  u n d  d a n a c h  m it W asser gew aschen u n d  ü b e r  N a tr iu m su lfa t  getrock 
n e t. N ach  dem  E in d a m p fen  b le ib t ein  Öl zurück , welches d u rc h  R e ib en  zum  K rista llisieren  
g e b rac h t w erden k a n n . D ie R o h p ro d u k te  w erden aus Ä th a n o l u m k ris ta llis ie r t.

D ie bei den  S y n th esen  n a ch  V erfah ren  A , B , C, D , E  u n d  H  v e rw en d e ten , in de r L ite 
r a tu r  b isher n ic h t g esch riebenen  Iso th io cy a n a te  sind in T ab . V I I I  a n g e fü h rt .  Sie w urden nach  
b e k an n ten  V erfah ren  [20, 21] h e rg este llt.

D ie In f ra ro tsp e k tre n  w u rd en  a u f  dem  Zeiss S p e k tro p h o to m e te r  IR -1 0  aufgenom m en.

*

F ü r  die H ilfe  in  d e r A u sw ertu n g  de r S pek tren  sei H e rrn  D r. P . S o h á r , fü r die A us
fü h ru n g  de r M ik ro an aly sen  F ra u  D r. L . S z a b ó  an dieser Stelle  g e d an k t.
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T ab e lle  V III

Isothiocyanate

Q— N = C = S

Q Siedepunkt
Bruttoformel

Molekular
gewicht

/S -Phenyl-isopropyl- 105— 110 °C/0,7 m m C ,„H UN S 177,26

y , y -D ip h en y lp ro p y l- 190— 195 °C/0,4 m m c 16h 15n s 253,35

/?-(3 ,4-D im ethoxyphenyl)-ätliy l- 160— 163 °C/0,6 m m c u h 13n o 2s 223,28

/5-(3 ,4 -I)iäthoxyphcnyl)-ä thyI- 160— 168 °C/0,1— 0,2 m m c 13h 17n o 2s 251,33

2-M ethyl-6-chlorphenyl- 106— 108 °C/0,7— 0,8 m m c 8h 6c in s 183,65

2 ,6 -D im ethy l-4-brom phenyl- — CgHgBrNS 242,13

2 ,6-D im ethy l-3 -n itropheny l- 140— 144 °C/0,2 m m c 9h 8n 2o 2s 208,23

2 ,6 -D iä th y lp h en y l- 106— 108 °C/0,3 m m C n H 13N S 191,28

2 -M e th y ln a p h ty l- l- 146— 148 °C/0,1 m m Cl2H 8N S 198,25

* D ie  m onosubstitu ierten  T h io c arb a m id e  w urden nach  [32] herg este llt.
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Analyse

Berechnet Gefunden Verfuhren, Bemerkung

N s N s

7,90 18,08 7,87 17,94 n ach  [21]

5,53 12,65 5,45 12,50 n ach  [21]
N ach  F rak tio n ie ru n g  fest. S ch m elzp u n k t

60 °C

6,27 14,36 6,22 14,22 n ach  [21]

5,57 12,75 5,65 12,60 n ach  [21]

7,63
17,45

Cl:
19,30

7,55
17,33

Cl:
19,15

n ach  [20]; ló stü n d ig es K ochen m it C hlor
benzol. D as verw endete  l-(2 -M ethyl-6- 
ch lo rph en y l)-th io ca rb am id  w ar u n b e 
k a n n t.*  Schm elzpunkt 166— 168 °C.

5,78
13,24

B r:
33,00

5,72
13,15

Br:
32,82

n ach  [20]; 8stündiges K ochen m it C hlor
benzol. R ein igung durch E x tra k tio n  m it 
P e tro lä th e r . l-(2 ,6 -D im ethy l-4-brom - 
p h en y l)-th io ca rb am id  [30].

13,45 15,39 13,34 15,30 n ach  [20];
l-(2 ,6 -D im eth y l-3 -n itro p h en y l)-th io carb a- 
m id  [30]

7,32 16,76 7,46 16,49 n ach  [20]; lö stü n d ig es K ochen m it C hlor
benzol. D as l-(2 ,6 -D iä thy lpheny l)-th io - 
ca rb a m id  w ar unbekann t.*  S ch m elzpunk t 
196 °C. Z ers.

7,06 16,17 7,15 16,22 n ach  [20]; 18stündiges K ochen m it C hlor
benzol. D as l-(2 -M eth y ln ap h ty l-l)-th io - 
carb am id *  w ar unb ek an n t. S ch m elzpunk t 
165 °C.
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NÄHERE UNTERSUCHUNG DES VERUAUFS 
DER MILLONSCHEN REAKTION*

J .  Lázár , L. Mód und E . V in k l e r

(Pharm azeutisch-chem isches In stitu t der M ed iz in isch en  Universität, Szeged) 

E ingegangen  am  15. N o v em b er 1969

Die M illonsche R eak tio n  der s u b s ti tu ie r te n  P henole  w urde an  d e n  M odell
v e rb in d u n g e n  4 -H y d ro x y b en zo esäu re  (Ib), 4 -H y d ro x y b e n zo e sä u rem e th y le s te r  (Ib) u n d  
T y ro sin  (Ib) u n te rsu c h t.

N ach  e in e r ausführlichen  L ite ra tu rü b e rs ic h t  w ird die Synthese de r in d e r M illon- 
sehen  F a rb re a k tio n  eine Rolle sp ie lenden  V erb in d u n g en  beschrieben. D u rc h  U m se t
zung  d ieser V erb in d u n g en  in e in an d er k o n n te  d e r  V erlau f der M illonschen R e a k tio n  
g e k lä r t  w erden .

V erfasser s te llten  fest, daß  die g e fä rb te n  V erb indungen  die Q u e ck s ilb e r(II)-  
K o m p lex e  d e r o-N itrosophenole  sind, u . zw . B is-o -n itro so p h en o lm erk u ra t(II)  (IV) u n d  
o -N itro so p h e n o lin e rk u ra t(II)n itra t  (V). A ls e rs te  S tu fe  v e rläu ft du rch  E in w irk u n g  v o n  
W ärm e oder bei Z im m ertem p e ra tu r n ach  län g e rem  S tehen  eine M erk u rie ru n g . In  de r 
zw eiten  S tu fe  re ag ie r t das en ts ta n d en e  P r o d u k t  (II) m it sa lpe trig er S ä u re  u n d  es 
w erd en  das o -N itro so p h en o ld eriv a t (III) bzw . dessen erw ähn te  g e fä rb te  Q u eck 
silb erkom plexe  (IV u n d  V) gebildet.

F e rn e r w urde fe stg es te llt, daß  die K o m p o n e n te  des M illonschen R e ag e n s , w elche 
die F a rb re a k tio n  h e rv o rru ft, das Q u e c k s ilb e r(II)n itr i t  ist.

M il l o n  te ilte  im  J a h re  1849 m it, d a ß  b e s tim m te  P ro te in e  b e im  E rw ä r
m en  m it e iner sa lp e te rsau ren  L ösung v o n  Q uecksilber eine ro te  F a rb re a k tio n  
lie fe rn  [1, 2].

S p ä te r  w u rd en  in  zah lreichen  A rb e ite n  [3— 23] R eagenzien  ä h n lic h e r 
Z u sam m en se tzu n g  —  teilw eise u n a b h ä n g ig  v o n  M il l o n , teilw eise m it  se iner 
A rb e it im  Z u sam m en h an g  —  zum  N achw eis v o n  P ro te in en  bzw . T y ro s in  u n d  
s p ä te r  v o n  v e rsch ied en en  Pheno len  em pfoh len .

S eit den 1910-er J a h re n  bis in  u n se re  T ag e  w u rd en  durch  zah lre ich e  V er
fa sse r  V erfah ren  zum  N achw eis bzw . z u r  p h o to m etrisch en  B e s tim m u n g  von  
P h e n o le n , K reso len , V anillin  [24— 31], T y ro s in , T h y ro x in  [32— 77] a u f  dem  
G eb ie t d e r B iochem ie [32— 63], der H is to c h e m ie  u n d  C ytochem ie [64— 77], 
v o n  v e rsch ied en en , phenolische H y d ro x y lg ru p p e n  en th a lten d en  A rz n e im itte ln  
(T u b o c u ra rin  [78— 80], O estrad io l [81], »O xyphedrin«  [82], » P h en y lep h rin «  
[83, 84]), von  versch iedenen  E s te rn  d e r  p -O xybenzoesäu re  [85— 96], von 
P ro te in -  bzw . A m in o säu reze rse tzu n g sp ro d u k ten  im  H arn  [97, 98] u n d  von

* Z um  Teil v o rg e trag en  d u rch  E . V i n k l e r  a u f  d e r S itzung des K o m ite e s  fü r  o rg a 
n isch e  Chem ie d e r U ngarischen  A kadem ie d e r W issen sch aften  am  28. M ärz 1967. E rsc h ie 
n en  in K ém iai K özlem ények  29, 257 (1968).

Ada Chitn. Acad. Sei. Hung. 6Я, 1971



134 LAZÁK u. M itarb.: V ERLA U F D E R  M ILLO N SC H EN  REAKTION

4 -O x y p h e n y lb re n z tra u b e n sä u re  [99— 102] m it d em  M illonschen R eag en s e n t 
w ick e lt.

S chon  v o n  d e r Ja h rh u n d e r tw e n d e  a n g e fan g en  w aren  F o rsch e r d a m it  
b e sc h ä f tig t , d en  V e rla u f d e r M illonschen R e a k tio n  zu klären . Im  R u ch  v o n  
N i c k e l  au s dem  J a h re  1890 [16] w erden  N itro so p h en o le  fü r das Z u s ta n d e 
k o m m e n  d e r ro te n  F a rb re a k tio n  v e ra n tw o r tlic h  gem ach t. Im  Z u sa m m e n h a n g  
m it d e r  M illonschen R e a k tio n  der S a licy lsäu re  schrieb  L in t n e r  1900 [21], 
d aß  d ie  K o m p o n e n te n , w elche die F a rb re a k tio n  h e rv o rru fen , die m e rk u r ie r te  
S a licy lsäu re  u n d  die sa lp e trig e  Säure sin d . R e im  P rü fen  au f S a licy lsäu re  soll 
d em g em äß  das R eak tio n sg em isch  zu erst m it  Q u e c k s ilb e r(II)n itra t e rw ä rm t 
w erd en ; n a c h  dem  A n säu e rn  u n d  V erse tzen  m it  N a triu m n itr it-L ö su n g  e n t 
s te h e n  d a n n  —  gem äß  seiner M itte ilung  —  die  fü r  die F a rb re a k tio n  v e r a n t 
w o rtlic h e n  N itro so v e rb in d u n g en . In  d em se lb en  J a h r  erschien die A rb e it v o n  
Va u b e l  [22], d e r e inen  zw eistufigen  V e r la u f  d e r  R eak tio n  a n n a h m : in  d e r 
e rs te n  S tu fe  v e r lä u f t  die N itro sie ru n g , in  d e r  zw e iten  e n ts te h t der Q uecksilber- 
k o m p lex .

D e r V e rla u f d e r M illonschen R e a k tio n  w u rd e  von  Gibbs  [103, 104], 
M cFARLANEund F u l n e r  [37], N il sse n  [105], u n d  sp ä te r  von Sc h r e i b e r  [106], 
K a t s u m a t a  [107, 108], Sa k a k iba ra  u n d  M ita rb e ite r  [109, 110] sow ie 
N e u z i l  [30] u n te rs u c h t . All diese V erfasser s in d  einstim m ig  der A n s ic h t, d aß  
es die Q u eck silb e rk o m p lex e  der im  L au fe  d e r  R e a k tio n  g eb ilde ten  O rth o - 
n itro so p h e n o le  sind , die die F a rb re a k tio n  h e rv o rru fe n . Ih re  F o lg eru n g en  s ind  
jed o ch  —  äh n lich  ih re n  V orgängern  vom  B eg in n  des J a h rh u n d e r ts  —  d u rc h  
ex p e rim en te lle  u n d  a n a ly tisc h e  A ngaben  u n g e n ü g e n d  u n te rs tü tz t .  Ih re  A n n a h 
m en  s tü tz e n  sich a u f  U V -A b so rp tio n sm ax im a , p ap ie rch ro m ato g rap h isch e  K o n 
s ta n te n , th e o re tisc h e  Ü berlegungen  u n d  A n a log ien .

U n se r Ziel w a r die Iso lie ru n g  u n d  C h a ra k te ris ie ru n g  der im  L au fe  d e r 
M illonschen  R e a k tio n  en ts te h e n d e n  V e rb in d u n g e n , um  daraus m it H ilfe  
d er h e u tig e n  o rgan isch -chem ischen  u n d  ko m p lex -ch em isch en  K en n tn isse  a u f  
den  V e r la u f  d e r R e a k tio n  sch ließen  zu k ö n n e n .

D ie M itte ilu n g en  von  B au d isch  [111— 114] u n d  Cr o n h eim  [115— 117] 
erw iesen  sich  als w ertv o lle  H ilfe  in der U n te rsu c h u n g  der F a rb re a k tio n , in so 
fe rn  als sie A n g ab en  ü b e r  die H erste llu n g , E ig e n sc h a fte n  und  K o m p lex b ild u n g  
d er o -N itro so p h en o le  e n th a lte n , ohne je d o c h  a u f  die M illonsche R e a k tio n  
h in zuw eisen .

A ls M o d ellv e rb in d u n g  w urde  fü r u n se re  V ersuche  einerseits die p -H y d -  
ro x y b en zo esäu re  (Ia) u n d  deren  M e th y les te r (Ib), anderse its das in  b io c h e 
m isch er H in s ic h t in te re ssa n te  T yrosin  (Ic) g e w ä h lt. D ie V erb indungen  Ia  u n d  Ib 
erw iesen  sich  als b eso n d ers  geeignet, da die R e a k tio n e n  von  keinen  s tö re n d e n  
N e b e n re a k tio n e n  b e g le ite t w erden .

Z u m  H e rv o rru fe n  d er M illonschen F a rb re a k t io n  w urden  d u rch  d ie e in 
zelnen  V erfasse r v ersch ied en e  R eagenzien  v e rw e n d e t, welche jed o ch  d a r in

Acta Chim. Acad. Sei. H ung. 68, 1971
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ü b e re in s tim m en , d a ß  sie alle Q u eck silb e r(II)-  u n d  N itritionen  e n th a l te n .  So 
w u rd en  z. B . sa lp e te rsa u re  L ösungen  v o n  m eta llischem  Q u eck silb e r bzw. 
Q u eck silb e r(II)o x y d , sowie G em ische v o n  Q uecksilber(II)sa lzen  z. B . Q ueck- 
s ilb e r ( I I )n itra t ,  Q u eck silb e r(II)su lfa t, Q u eck silb e r(II)ch lo rid , Q u eck silb e r(II)-  
a c e ta t  m it L ösu n g en  v o n  K alium - bzw . N a tr iu m n itr i t  verw endet.

A nfangs w u rd e  die R eak tio n  gem äß  d e r  u rsp rüng lichen  V o rsc h r if t  von 
M illon a u sg e fü h rt; eine geringe M enge d e r  g en an n ten  M odellv erb in d u n g en  
w urde  m it M illonschem  R eagens* e rw ä rm t, w obei eine dunkelro tc  F a rb re a k tio n  
a u f tr a t .  E ine  äh n lich e  R eak tio n  —  wie b e re its  se it langem  b e k a n n t i s t  —  w urde  
m it ty ro s in h a ltig e n  P ro te in en  (z. B. m it E ik la rlö su n g en ) und  m it in  v e rsch ie 
den en  S te llungen  su b s titu ie r te n  P heno len  e rh a lte n  [1—23].

Bei der U n te rsu c h u n g  der Z u sam m en se tzu n g  unseres M illonschen  R e a 
gens fan d en  w ir —  im  G egensatz zu d e r M itte ilu n g  von  D e n ig e s  [119], daß  
Q u eck silb er(II)- u n d  Q ueck silb er(I)-Io n en  u n g e fä h r  im  V erh ä ltn is  3 : 2 v o r
liegen —  d aß  d as  R eagens überw iegend  Q u e c k s ilb e r(II)n itra t u n d  -n itr i t  
e n th ä lt ,  w obei d ie le tz te re  V erb indung  au s  d e r  be i der A uflösung des m e ta lli
schen  Q uecksilbers in  großen  M engen e n ts te h e n d e n  salpetrigen S ä u re  geb ilde t 
w ird . D ie R olle d e r  im  R eagens in geringen  M engen  zu rückb le ibenden  S a lp e te r 
säu re  b e s te h t d a r in , d aß  sie die H y d ro ly se  d e r  en ts teh en d en  Q u ecksilbersa lze  
u n d  die B ild u n g  v o n  Q u eck silb er(I)-Io n en  zu rü ck d rän g t. D a fü r w ird  eine 
o p tim a le  M enge an  S a lp e te rräu re  b e n ö tig t; e in  Ü berschuß w ürde n ä m lic h  das 
w irksam e A gens Q u eck silb e s(II)n itrit z e rs tö re n . Die im  R eagens e n ts te h e n d e  
geringe M enge v o n  Q u ecksilber(I)-Ionen  k ris ta llis ie r t als schw erlösliches 
Q u e c k s ilb e r(I)n itrit  in F orm  eines gelben N iedersch lages a llm äh lich  au s  dem  
R eagens aus.

M it M odellversuchen  w urde fe s tg e s te llt , d a ß  u n te r  den K o m p o n e n te n  
des R eagens e igen tlich  n u r  das Q u e c k s ilb e r(II)n itr it  die F a rb re a k t io n  h e r
v o rru f t. D as im  R eagens v o rh an d en e  Q u e c k s ilb e r(II)n itr it  k an n  e in e rse its  in 
dem  e in le iten d en  S c h r it t  der F a rb re a k tio n , d e r  M erkurierung u n d  an d e rse its  
in  d e r K o m p lex b ild u n g  te ilnehm en  und  t r ä g t  d u rch  die S teigerung  d e r  Q ueck- 
s ilb e r(II)-Io n e n k o n z e n tra tio n  zu der B ild u n g  d e r in W asser le ic h t löslichen  
K o m p le x v e rb in d u n g  (V) bei, die im  w e ite rem  d isk u tie rt w ird.

D as R eak tio n sg em isch  aus M illonschem  R eagens und  p -H y d ro x y b e n z o e - 
säu re  bzw . d e ren  M eth y leste r sowie a u sT y ro s in  so llte  nun  in p rä p a ra t iv e m  M aß
s ta b  h e rg es te llt u n d  die gebildeten  P ro d u k te  so llten  isoliert und  id e n tif iz ie r t  w er
den . E s zeig te sich , d aß  die A nw endung e in e r w äß rig en  Lösung aus 1 M ol Q ueck- 
s ilb e r ( I I )n itra t  u n d  2 Mol K a liu m n itr it  a n s te lle  des M illonschen R eagens, 
dessen Z u sam m en se tzu n g  sich geringfüg ig  ä n d e r t ,  V orteile h a t .  E s  w urde

* 10 g Q ueck silb e r w erden  en tw eder u n te r  K ü h lu n g  in 10 g k a lte r ra u c h e n d e r  S a lp e te r
säu re  oder u n te r  g e lindem  E rw ärm en  in  10 g S a lp e te rs ä u re  (d =  1,4) g e löst u n d  d ie e n t
steh en d e  L ösung  m it  20 m l dest. W asser v e rd ü n n t.  N a ch  dem  A bsetzen de r au sg esch ied en en  
K ris ta lle  w ird d e r R eag en s d e k a n tie r t [118].

A d a  Chim . A cad. S e i. H u n g .  68 , 1971
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fe s tg e s te l l t ,  d aß  in  d er e rs te n  R eak tio n ss tu fe  d ie  p -H y d ro x y b en zo esäu re , ih r  
M e th y le s te r  bzw . das T y ro s in  beim  E rw ä rm e n  u n te r  der E in w irk u n g  des 
Q u e c k s ilb e r( I I )n itr i ts  bzw . -n i tra ts  m e rk u rie r t w ird . Die e n ts te h e n d e  V e r
b in d u n g  k a n n  du rch  U n te rb re c h e n  der R e a k tio n  im  en tsp rechenden  Z e itp u n k t 
iso lie rt w e rd en , jed o ch  h y d ro lis ie r t sie u n te r  d e n  U m stän d en  der V e ra rb e itu n g  
zu r Q u eck silb e r(II)-h y d ro x y V erb in d u n g  (II) .

la : 
Ib: 
Ic:

R =  — COOH 
R =  — СООСНз
r = - c h 2- c h - c o o h

n h 2

Im  F a ll  v o n p -H y d ro x y b e n z o e sä u re m e th y le s te r  erwies sich d i e \  e rb in d u n g  
IIc  a ls  id e n tisc h  m it dem  a u f  andere A rt [120— 122] hergeste llten  3-Q ueck- 
s ilb e r(II)-h y d ro x y -4 -h y d ro x y b e n z o e sä u re m e th y le s te r . In  dem  e n ts te h e n d e n  m er- 
k u r ie r te n  D e riv a t I I  w ird  die quecksilb erh a ltig e  G ru p p e  durch die W irk u n g  d e r 
e n tw e d e r  u rsp rü n g lich  im  R eag en s e n th a lte n e n  o d e r im  Laufe der v o ra n g e h e n 
den  M e rk u rie ru n g sre ak tio n  e n ts ta n d e n e n  sa lp e tr ig e n  Säure m it d er N itro so - 
g ru p p e  a u sg e ta u sc h t [123— 125].

I m  Z u sam m en h an g  m it dieser R eak tio n  so ll b em erk t w erden, d a ß  D i m - 

b o t h  [123] bei der R e a k tio n  v o n  salpetriger S ä u re  m it dem  durch  M e rk u rie ru n g  
von  P h e n o l e rh a lten en  2 -Q u eck silb e r(II)-h y d ro x y p h en o l eine d u n k e lro te  F a r b 
re a k tio n  b eo b a c h te te . In  se in er M itteilung  b e m e rk t  er, daß  das W esen  d iese r 
R e a k tio n  u n g e k lä r t sei, d a ß  sie jedoch  an  d ie  M illonsche R eak tio n  e rin n e re  
u n d  n im m t an , daß  le tz te re  in  jedem  Falle m it d e r  B ildung von o rg an isch en  
Q u eck silb e rv e rb in d u n g en  in  Z usam m enhang  s te h e .

D a s  a u f  diese W eise en ts teh en d e , in  s t a tu  nascendi n ich t iso lie rb a re  
o -N itro so p h e n o ld e riv a t I I I  b ild e t m it den im  R eak tionsgem isch  v o rh a n d e n e n

A d a  Chim . Acad. Sei. Hung. 68, 1971
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Q uecksilbersa lzen , in  A b h än g ig k e it von  den  M olverhä ltn issen  bzw . K o n z e n tra 
tio n sv e rh ä ltn isse n  zw eierlei K o m p lex v erb in d u n g en , IV u n d  V [115, 116].

D as o -N itro so p h en o ld e riv a t k a n n  aus dem  K o m p lex  fre ig ese tz t w erd en  
u n d  k an n  sogar im  F a ll v o n p -H y d ro x y b e n z o e sä u re m e th y le s te r  aus dem  schw ach  
sau ren  M illonschen R eak tio n sg em isch , infolge d e r  Z erse tzung  d er K o m p lex e , 
m it P e tro lä th e r  au sg e sc h ü tte lt w erden .

Die K o m p lex b ild u n g  k a n n  au ch  m it dem  iso lierten  o -N itro sopheno l- 
d e r iv a t d u rc h g e fü h rt w erden  u n d  ebenso auch  m it dem  iso lierten  m e rk u rie r te n  
P ro d u k t d u rch  R eak tio n  m it sa lp e trig e r S äu re  [21], [123]. In  A b h än g ig k e it 
v o n  d er K o n z e n tra tio n  d e r Q uecksilbersalze e n ts te h e n  zw eierlei T y p e n  v o n  
K o m p lex v e rb in d u n g en  u n d  zw ar das B is-o -n itro so p h en o lm erk u ra t(II)  IV bzw . 
das o -N itro so p h e n o lm e rk u ra t(I I )n itra t V.*

Bei p -H y d ro x y b e n z o e säu re m e th y le s te r  k a n n  das in  W asser un lösliche  
B is -o -n itro so p h en o lm erk u ra t(II)  IV le ich t iso lie rt u n d  u n te r  E in h a lte n  der 
e n tsp rech en d en  M olverhältn isse  auch  h e rg es te llt w erden .

D as o -N itro so p h e n o lm e rk u ra t(II)n itra t V is t n u r bei en tsp re c h e n d  h o h en  
Q u e c k s ilb e r(II)sa lzk o n zen tra tio n en  ex is ten zfäh ig , da u n te r  ab w eich en d en  
M o lverhä ltn issen  der K o m p lex  IV, d. h. B is -o -n itro so p h en o lm erk u ra t(II) , en t-

III (a. I>. e) IV (a. b. c)

viel H g 2‘

" r

o
IV (a. b. c)

II
О

V (a. b. г)

* In fo lge  de r T au to m erie  de r o -N itrosophenole  kön n en  diese K o m p lex v c rb in d u n g en  
sow ohl als sechsgliedrige, als au ch  als fünfgliedrige  C hclatringe geschrieben  w erd en  [126].

A cta  C h im . A cad . S e i. H u n g . 6 8 , 1971
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s te h t  bzw . das e n ts ta n d e n e  o -N itro so p h e n o lm e rk u ra t(II)n itra t Y zu o-N itroso- 
p h e n o lm e rk u ra t( I I )h y d ro x y d  h y d ro lis ie rt VI.

D ie L ö slich k e itsv e rh ä ltn isse  u n d  F a rb e n  d er K om plexe  sind  v e r
sch ied en a rtig . D ie in  W asse r unlöslichen K o m p lex e  IV (v io le tt) u n d  VI (k irsch
ro t)  w erd en  u n te r  d e r  W irk u n g  von  Q u e c k s ilb e r(II)n itra tlö su n g  zum  w asser
lö slichen  k irsch ro ten  K o m p le x  V um g ese tz t.

B ei d ieser F a rb re a k tio n  versch ieb t s ich  das G leichgew icht infolge der 
h o h e n  Q u eck silb e rio n k o n zen tra tio n  in  R ic h tu n g  d e r B ildung  der K om plexe  V; 
u n te r  E in h a ltu n g  d e r en tsp rech en d en  M o lv erh ä ltn isse  e n ts te h t p ra k tisc h  n u r 
d e r  lösliche, k irsc h ro te  K o m p lex  V.

W ir h a lte n  es fü r  w ahrschein lich , d a ß  K a t s u m a t a  u n d  S a k a k i b a r a  

[107, 109] diese b e i d e r  K o m p lex u m se tzu n g  erfo lgende F a rb ä n d e ru n g  falsch  
d e u te te n  u n d  die E rsc h e in u n g  durch  eine w ied e rh o lte  N itro sie ru n g  d e r M etall
k o m p lex e  d er o -N itro so p h en o le  m it d er E in w irk u n g  von  sa lp e trig e r Säure 
e rk lä r te n  (VII):

A us der d a rg e s te llte n  U m setzung  d er K o m p lex e  g eh t h e rv o r, w ie w ich tig  
d e r  h o h e  Ü bersch u ß  des »M illonschen R eagens« gegenüber einer sehr geringen 
M enge d e r zu b e s tim m e n d e n  V erb indung  be i d e r p h o to m e trisch en  A nw endung  
d e r R e a k tio n  is t, u m  g u t rep ro d u z ie rb are  M eßergebn isse  zu e rh a lten .

D er k irsch ro te  K o m p le x  V k an n  m it Ä th e r  u n d  Ä th y la c e ta t aus d er w äß 
rig en  L ösung  a u sg e sc h ü tte lt w erden. V e rsu ch t m a n  jed o ch , das L ösu n g sm itte l 
n e u tra l  zu  w aschen , so h y d ro ly s ie rt die V e rb in d u n g  u n d  das o-N itrosophenol- 
Q u e c k s ilb e r(II)h y d ro x y d  w ird  in  F orm  eines ro te n  un löslichen  N iedersch lages 
ausgesch ieden .

B ei p -H y d ro x y b e n z o e säu re m e th y le s te r  k r is ta llis ie r t der K o m p lex  V aus 
se in e r he iß  g e sä ttig te n , Q u e c k s ilb e r(II)n itra t e n th a lte n d e n  L ösung beim  A b k ü h 
len  u n d  k a n n  f i l tr ie r t  w erd en . N ach dem  T ro c k n e n  ze rse tz t sich der K om plex  
je d o c h  in  k u rze r Z e it u n te r  E n tw ick lu n g  v o n  n itro se n  G asen, w äh ren d  die 
N itro so v e rb in d u n g  z u r  N itro v e rb in d u n g  o x y d ie r t  w ird .

B ei p -H y d ro x y b e n z o e säu re  erwies sich d e r  K o m p lex  V als viel s tab ile r 
u n d  k a n n  ohne b eso n d ere  Schw ierigkeiten  a u fb e w a h r t w erden.

W ird  die R e a k tio n  m it dem  u rsp rü n g lic h e n  M illonschen R eagens au s
g e fü h r t, so w ird  ein g e rin g er Teil der N itro so v e rb in d u n g  in  der schw ach  sal

Acta Chim. Acad. Sei. H ung. 68, 1971
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p e te rsa u re n  Lösung —  n a c h  unseren  U n te rsu ch u n g en  m it F ra u  G. S i m o n  —  

zu d e r N itro v e rb in d u n g  VIII o x y d ie rt. D ieser V organg k a n n  n a c h  B l a c k a l l  

u n d  M ita rb e ite r [127] g e d e u te t w erden . D ie iso lierten  tro ck n en  M eta llkom plexe  
w erden  du rch  L u f tsa u e rs to ff  bei längerem  S teh en  ebenfalls o x y d ie r t ;  dieser 
V o rgang  w ird  du rch  das E rsch e in en  d er gelben  F arb e  des Q ueck silb ero x y d s 
u n d  d e r  b e tre ffen d en  N itro v e rb in d u n g e n  angezeig t.

B ei der F a rb re a k tio n  en ts te h e n  v e rm u tlich  außer den b e re its  b e h an d e lten  
V erb in d u n g en  in ä u ß e rs t  geringen  M engen Q u eck silb e r(I)-K o m p lex e , infolge 
d er ev en tu e llen  G eg en w art von  geringen  M engen an  Q u eck silb e r(I)-Io n en  im 
R eagens. Diese A n n ah m e w ird  du rch  u n sere  B eo b ach tu n g  u n te r s tü tz t ,  daß 
das N itro so d e riv a t III, m it Q u e c k s ilb e r(I)n itra t in R eak tio n  g e b ra c h t , zu Bis- 
o -n itro so p h cn o lm erk u ra t(I)  u m g ese tz t w ird  (IX). Diese V e rb in d u n g  konn te  
jed o ch  n ich t aus dem  F a rb reak tio n sg em isch  iso liert w erden .

D ie G ew innung des N itro so d e riv a ts  v o n  Tyrosin* s tieß  a u f  Schw ierig
k e iten . E s  gelang u ns ab e r, die in  reinem  Z u s ta n d  h e rs te llb a ren  S ilberkom plexe  
sow ohl des T yrosins als au ch  des p -H y d ro x y b e n z o e säu re m e th y le s te rs  (X, XI) 
h erzu ste llen .

0 " "1

--A g

tAr0 Лu V1
СООСНз C H -

1
N H 2

X C.OOAg

XI

D ie an a ly tisch en  A n g ab en  dieser V erb indungen  b e s tä tig e n  d ie  Z usam 
m en se tzu n g  der an a lo g en  Q u ecksilberkom plexe  in vollem  M aße.

* B ei T yrosin  w urde  e in  fa s t  n eu tra le s  R eag en s m it  P u ffe rw irk u n g  v e rw e n d e t (her
g e s te llt d u rc h  M ischen v o n  Q u e c k s ilb e r(II)n itra t  u n d  K a liu m n itr itlö su n g en ), w o m it es uns 
gelang , die U m setzung  d e r A m in o g ru p p e  zu v e rm e id en .

A d a  Chim . A c a d . S e i. H u n g .  68 , 1971
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D ie  L ich tab so rp tio n  d es  F a rb reak tio n sg em isch es  s tim m t m it d er L ic h t
a b s o rp t io n  der Lösung des a u f  p räp a ra tiv em  W ege  h e rg es te llten  K om plexes 
V ü b e re in ,  w om it die R ic h t ig k e i t  unserer m itte ls  ch em isch er M ethoden fe s t
g e s te l l te n  Schlüsse sowie d ie  F o lg e ru n g , daß die F a rb re a k t io n  durch  die k irsch -

A bb. 1. A b so rp tio n ssp ek tru m  d es M illo n sch en  F a rb reak tio n sg em isch es  u n d  der V erb in d u n g en
IH b. IVb und Vb

ro te  lö slich e  K o m p le x v e rb in d u n g  V h erv o rg eru fen  w ird , e indeu tig  bew iesen  
w e rd e n  k o n n te  (Abb. 1).

A u f  G rund un se re r V ersuchsergebn isse  h a lte n  w ir  es fü r  w ahrschein lich , 
d a ß  d ie  M illonsche R e a k t io n  d er P ro teine a u c h  im  F a ll des im  P ro te in 
m o le k ü l e ingebauten  T y ro s in s  a u f dem W ege d e r  e r lä u te r te n  R eak tio n en  
z u s ta n d e  kom m t.

H e r r n  Prof. M ihály B e c k  se i f ü r  die w ertvollen D isk u ss io n en  kom plexchem ischer P ro 
b lem e  b e i unse rer A rbeit g e d a n k t .  F r a u  G. Simon d a n k e n  w ir  fü r  ih re  A rbeit bei den V o r
v e r s u c h e n , F ra u  E. Csapó , u n d  F r a u  I .  D ózsát fü r die A n a ly se n .

A cta  Chim . Acad. Sei. Hung. 68, 1971
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E xperim en te ller Teil

(U n k o rrig ie rte  S ch m elzpunk te)

A ) U n te rsu ch u n g  des M illonschen  Farb reak tionsgem isches

Z u 0,15 g (0,001 JVf) 4 -H y d ro x y b en zo esäu rem e th y le s te r  w u rd en  2— 3 m l M illonsches 
R eag en s [118] zugegeben. N ach  e in igen  M inuten  E rw ärm en  fä rb te  sich das R eak tio n sg em isch  
d u n k e lro t.

U V -A bsorp tionsm ax im a :
Amax: 490, 340, 256 nm .

1) 3 -N itroso-4-hydroxyl>enzoesäureniethylester ( I l lb )

Aus dem  obigen F a rb rea k tio n sg em isc h  w u rd e  n ach  V erreiben m it 5 g  N a triu m ch lo rid  
eine sm arag d g rü n e  V e rb in d u n g  m it  P e tro lä th e r  e x tra h ie r t .  A us dem  E x t r a k t  w u rd e  durch  
S c h ü tte ln  m it w äßrigen L ö su n g en  v e rsch iedener S chw erm etallsa lze  (S ilb er, K u p fe r , Q ueck
s i lb e r^ ) , Q uecksilber(II) u sw .) ein  ro te r  N iedersch lag  abgeschieden.

2) 3 -N itroso -4 -hydroxybenzoesäure  ( l i l a ) ,  3 -N itro -4 -hy d ro x y b en zo esäu rem eth y leste r (V H Ib), 
3 -N itro -4-hydroxybenzoesäure  ( V i l la )

D as n ach  1) m it P e tro lä th e r  bere its  e x tra h ie r te  w äßrige R eak tio n sg e m isc h  w urde m it 
Ä th e r  w eite r e x tra h ie r t, w obei d ie  3 -N itro so -4 -hydroxybenzoesäure  sow ie d a s  G em isch des 
3 -N itro -4 -h y d ro x y b en zo esäu rem e th y le ste rs  u n d  d e r 3 -N itro -h y d ro x y b en zo esäu re  e x tra h ie rt 
w u rd en . D ie ä therische  L ösu n g  w u rd e  m it de r w äßrigen  L ösung eines S ch w erm eta llsa lzes  — 
zw eckm äßig  S ilb e rn itra t o d er K u p fe rsu lfa t — g e sc h ü tte lt, wobei d ie 3 -N itro so -4 -h y d ro x y - 
ben zo esäu re  als unlösliche K o m p lex v e rb in d u n g  des S ilbers bzw. K u p fe rs  e n tfe rn t  w urde, 
w äh ren d  das Gem isch d e r N itro v erb in d u n g en  in d e r ä th e risch en  L ösung  b lieb . D ie T rennung  
bzw . Iden tifiz ie ru n g  le tz te re r  w n rd e  m itte ls  D ü n n sch ich tch ro m a to g rap h ie  d u rc h g e fü h rt . Als 
A d sorbens w urde S ilikagel G v e rw en d e t, als L a u fm itte l d ien te  ein G em isch  v o n  B enzol und 
Ä th e r  im V erhältn is 8 : 2.

3 -N itro -4 -h y d ro x y b en zo esäu rem e th y le ste r (V H Ib )  Rf =  0,56.
3 -N itro -4 -h y d ro x y b en zo esäu re  ( V i l la )  R f =  0 ,16 .
Die im  F a rb rea k tio n sg em isc h  vo rk o m m en d en  V erb indungen  w u rd en  d u rc h  Vergleich 

d e r au s dem  in p rä p a ra tiv e n  M aß stab  h e rg este llten  G em isch n ach  B) iso lie rten  V erb indungen  
m it au th en tisch en  V e rb in d u n g en  c h a ra k te r is ie r t, w obei die S c h m elzp u n k te , M ischschm elz
p u n k te , U V -L ich tab so rp tio n  b e s tim m t u n d  E lem en ta ran a ly sen  d u rc h g e fü h rt  w u rd en .

B ) Synthese und C h a rak teris ie ru n g  der in  der M illonschen F a rb reak tio n  e in e  R olle  spielenden 
V erbindungen

1) 3 -Q uecksilber(II)hydroxy-4 -hydroxybenzoesäurem ethy lester ( I lb )

a) 1,52 g (0,01 M ) 4 -H y d ro x y b en zo esäu rem e tliy le s te r (Ib) w u rd en  in  10 m l Ä thylalkohol 
g e löst u n d  m it einer L ö su n g  v o n  3,2 g (0,01 M )  Q u eck s ilb e r(II)ace ta t in  1 m l E isessig  und 
25 m l W asser v e rsetz t. D as R eak tio n sg em isch  w u rd e  30 M inuten  lan g  am  D a m p fb a d  erw ärm t. 
D as ausgeschiedene R e a k tio n sp ro d u k t w urde a b f il tr ie r t  u n d  der teilw eise h y d ro ly s ie r te  E ster 
d u rc h  W aschen m it v e rd ü n n te m  A m m oniak  e n tfe rn t,  w obei das m e rk u rie r te  P r o d u k t  zurück
b lieb .

A usbeu te : fa s t q u a n ti ta t iv .
b) D as D eriv a t I lb  k a n n  au ch  aus dem  M illonschen F a rb rea k tio n sg em isc h  isoliert 

w erden , sofern das G em isch im  rich tig en  Z e itp u n k t —  w enn sich das G em isch  eben  b laßrosa 
f ä rb t  —  ab g ek ü h lt u n d  d as m e rk u rie r te  P ro d u k t a b f iltr ie r t w ird. D as P r o d u k t  b e s itz t  keinen 
rep ro d u z ie rb a ren  Schm elz- bzw . Z erse tzu n g sp u n k t.

CgHgOjHg (3 6 8 ,7 5 3 ).
B erechnet: H g 54 ,4 % .
G efunden: H g 5 4 ,2% .

A cta  C him . A c a d . S e i.  H u n g . 68 , 1971
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2) 2 -N itro so -4 -h y d ro x y b en zo esäu rem eth y les te r (IH b )

1 ,52  g (0,01 M )  4 -H y d ro x y b e n zo e sä u rem e th y le s te r  w u rd e n  in  7 m l Ä thy lalkoho l gelöst 
u n d  m it  e in e r  Lösung von 1,78 g (0 ,0 0 5 5  M )  Q u e c k s ilb e r ( I I )n itra tu n d  0,93 g (0,011 M )  K a liu m 
n i t r i t  in  15 m l W asser v e rse tz t. D a s  G em isch  w urde 30 M in u ten  la n g  v o rsich tig  a u f  dem  D am p f
b a d  e rw ä rm t,  wobei ein ro te r  N ie d e rsc h lag  ausgeschieden w u rd e . D e r N iedersch lag  w urde 
a b f i l t r ie r t ,  20% ige Salzsäure p o rtio n sw e ise  zugegeben u n d  d ie  L ö su n g  m it m eh re ren  P o rtio n en  
P e t r o lä th e r  e x trah ie rt. D as Z u fü g en  v o n  Salzsäure u n d  d ie E x tr a k t io n  m it P e tro lä th e r  w urde  
so lan g e  fo r tg e se tz t , bis sich d e r  E x t r a k t  k au m  m ehr fä rb te . D ie  g rü n e n  P e tro lä th e r-E x tra k te  
w u rd e n  v e re in ig t, m it g e sä tt ig te r  w ä ß r ig e r  N a triu m ch lo rid -L ö su n g  gew aschen u n d  ansch lies
sen d  m i t  70 m l 5% igen A m m o n ia k lö su n g  au sg esch ü tte lt. D ie  d u n k e lo ra n g e ro te  w äßrige  L ösung  
w u rd e  f i l t r i e r t ,  m it Schw efelsäure  a n g e sa u e rt  u n d  m it P e t r o lä th e r  e x tra h ie r t .  D as E x tra k t  
w u rd e  m i t  g e sä ttig te r  w äß rig er N a triu m ch lo rid -L ö su n g  g ew asch en , ü b e r  g eg lüh tem  N a tr iu m 
s u lf a t  g e tro c k n e t  und in S tic k s to ffa tm o sp h ä re  auf ein V o lu m en  v o n  5 m l e in g ed am p ft. D ie 
L ö su n g  w u rd e  bei Z im m e rte m p e ra tu r  u n d  d anach  im  K ü h lsc h ra n k  ste h en  gelassen, w obei die 
K r is ta l l is a t io n  erfolgte. A nfangs w u rd e n  V erunrein igungen  in  F o rm  eines ge lb b rau n en  Öles 
a n  d e r  K o lb en w an d  ab g esch ied en . D ie  M utterlauge w u rd e  v o n  d iesen  V erunrein igungen  
a b g eg o ssen , d as in grünen N a d e ln  k ris ta llis ie ren d e  P ro d u k t w u rd e  f i l t r ie r t  u n d  in  S tick s to ff
a tm o s p h ä re  ge trocknet. Im  K ü h ls c h ra n k , v o r Sauersto ff u n d  L ic h t  b e sc h ü tz t, b le ib t es längere  
Z e it s ta b il .

0 ,96  g, Schm elzpunkt 54— 55 °C, A usbeute  53% .
C8H 7N 0 4 (181Д44).
B e re c h n e t:  C 53,04, H  3,89 , N  7 ,73% ,
G e fu n d en : C 52,84, H  3 ,69 , N  7 ,85% .
U V -A b so rp tio n sm ax im a  ( in  n -H e x an ):
Яmax 385, 296, 240 nm .
lo g  e : 3,35, 3,96, 4,28.

3) S ilb e r(I)-K o m p lex  von 3 -N itroso -4 -h y d ro x y b en zo esäu rem eth y Ies te r (X )

D ie  L ösung  von 3 -N itro so -4 -h y d ro x y b en z o e säu re m e th y le s te r  in  P e tro lä th e r  w urde m it 
1 0 % ig e r  S ilb e rn itra t-L ö su n g  g e s c h ü tte l t ,  wobei sich ein v io le t tro te r  k r is ta llin e r  N iedersch lag  
a u ssc b ie d . D e r N iederschlag w u rd e  f i l t r ie r t ,  m it W asser u n d  a n sch ließ en d  m it Ä th y la lk o h o l 
g e w asch e n  u n d  ge trocknet. D as P r o d u k t  zersetzte  sich u n te r  d e r  E in w irk u n g  v o n  L ich t. 

A u sb e u te : fa st q u a n ti ta t iv .
S c h m e lz p u n k t 210 °C ( u n te r  Z ersetzung).
C8H 6N 0 4Ag (288,016).
B e re c h n e t:  C 33,36, H  2 ,10 , A g  37,46% .
G e fu n d en : C 33,24, H  2,05 , A g  37,24% .

4) B is -3 -n itro so -4 -h y d ro x y b en zo esäu rem e th y le s te rm erk u ra t(II)  (IV b )

a ) D ie  Lösung von 3 -N itro so -4 -h y d ro x y b en z o e säu re m e th y le s te r  (U lb) in  P e tro lä th e r  
w u rd e  m i t  e in e r w äßrigen L ö su n g  v o n  Q u e ck s ilb e r(II)n itra t o d e r Q u e ck s ilb e r(II)ac e ta t g e sch ü t
t e l t  (M o lv e rh ä ltn is  2 : 1). E in  b ro n z e ro te r , in W asser u n lö s lic h e r N iederschlag  w urde 
a b g esch ied e n , der in  A lkohol, q u e c k s ilb e r(II)n itra th a ltig e m  W a sse r  u n d  in  konz. Schw efelsäure 
lö s lich  w a r .

A u s b e u te : fast q u a n ti ta t iv .
S c h m e lz p u n k t 173 °C.
C16H 12N 20 8Hg (560,886).
B e re c h n e t:  Hg 35,76% .*
G e fu n d en : Hg 36,05% .
U V -A b so rp tio n sm ax im a  (in  Ä th y la lk o h o l):
Amax: 496, 339, 256 nm .
lo g  e: 3,69, 3,97, 5,20.
b )  D ie  Lösung von 3 -N itro so -4 -h v d ro x y b en z o e säu re m e th y le s te r  ( I l lb )  in  P e tro lä th e r  

w u rd e  im  M olverhältn is 1 : 1 m it  e in e r  w äßrigen  Lösung von  Q u e c k s ilb e r ( I I )n itra t  g e sc h ü tte lt, 
w obei B is-3 -n itro so -4 -h y d ro x y b en z o esäu re m e th y le s te rm e rk u ra t(II)  (IVb) ausfiel.

* D e r  Q uecksilbergehalt w u rd e  n a ch  Z erstören m it k o n z . Schw efelsäure  und  W asser
s to f fp e ro x y d  d u rch  T itrieren  m it  0 ,1  n  K a liu m rh o d an id  b e s tim m t.

A c ta  Chim . Acad. Sei. Hung. 68, 1971
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5) 3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y Ies te rm erk u ra t(II)n itra t (V b)

a) D ie L ösung  von  3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y le9 te r (IH b) in  P e tro lä th e r  
w urde  m it  e inem  g roßen  Ü b e rsch u ß  v o n  20% iger w äß rig e r Q u e ck s ilb e r(II)n itra tlö su n g  v e rse tz t. 
D er k irsc h ro te  N iedersch lag  w a r 3 -N itro so -4 -h y d ro x y b en z o e säu re m e th y le s te rm e rk u ra t(II)n it-  
r a t  (Vb). D e r zerse tzliche  N iedersch lag  w urde f i l t r ie r t ,  m it  w enig v e rd ü n n te r  S a lp e te rsäu re  
gew aschen u n d  in S tick s to ffa tm o sp h äre  sofort g e tro c k n e t. D er Ü berschuß  des R eagens k an n  
n ic h t vö llig  aus dem  R e a k tio n sp ro d u k t e n tfe rn t w erd en , d a  das P ro d u k t schnell h y d ro ly s ie rt. 
E s z e rse tz t sich b e re its  bei Z im m ertem p e ra tu r u n te r  E n tw ic k lu n g  von  n itro sen  G asen u n d  
b e s itz t ke in en  re p ro d u z ie rb a ren  Schm elz- bzw . Z e rse tzu n g sp u n k t.

C8H„N20 ,H g  (442,762).
B erech n et: H g 46 ,6 6 % .
G efu n d en : H g  4 7 ,7 2 % .
U V -A b so rp tio n sm ax im a  (in  Ä ther):
Amax: 500, 340, 246 nm.
b) D ie V e rb in d u n g  Vb w ird  a u ch  e rh a lten , w enn  B is-3 -n itro so -4 -h y d ro x y b en zo esäu re - 

m e th y le s te rm e rk u ra t( I I )  (IVb) u n te r  E rw ärm en  m it 3 0 % ig e r  Q u e ck s ilb e r(II)n itra tlö su n g  au f
gelöst w ird . D as b e im  A b k ü h len  au sk rista llis ie rende  R e a k tio n sp ro d u k t (Vb) is t jed o c h  beim  
E rw ä rm e n  e n ts te h en d e n  Z erse tzu n g sp ro d u k ten  v e ru n re in ig t.

6 ) 3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y les te rm erk u ra t(II)-h y d ro x y d  (V Ib)

In  W asser v e r te il t ,  h y d ro ly s ie r t das 3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y les te rm er- 
k u r a t( I I ) n i t r a t  bei R a u m te m p e ra tu r  langsam , bei 4 0 — 50 °C schnell. D er ausgesch iedene 
p u lv e ra r tig e , schw ere, b ro n zefa rb ig e  N iederschlag  is t  in  W asser u n d  organ ischen  L ö su n g sm it
te ln  un löslich  u n d  lö st sich in  konz . Schw efelsäure u n te r  V io le ttro tfä rb u n g .

A u sb eu te : fa s t  q u a n ti ta t iv .  D as P ro d u k t b e s i tz t  ke in en  rep ro d u z ie rb a ren  Schm elz- 
bzw . Z erse tzu n g sp u n k t.

CsII7N 05Hg (397,739).
B erech n e t: H g  50 ,43% .
G efunden : H g  50 ,13% .

7) B is-3 -n itro so -4 -h y d ro x y b en zo esäu rcm e th y le ste rm erk u ra t(I) ( IX )

D ie L ösung von  3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y les te r (I llb )  in P e tro lä th e r  w urde 
im  M o lv erh ältn is 2 : 1 m it e in e r w äßrigen  Q u e ck s ilb e r(II)n itra tlö su n g  g e sc h ü tte lt. E s e n ts ta n d  
ein in o rg an ischen  L ö su n g sm itte ln  unlöslicher v io le t tro te r  N iederschlag .

A u sb eu te : fa s t  q u a n ti ta t iv .
S c h m elzp u n k t: 140 °C.
Ctr,H12N20 8H g2 (761,496).
B erech n e t: H g  52 ,69% .
G efunden : H g 52 ,65% .

8) 3 -N itro -4 -hydroxybenzoesäurem ethy lcster (V H Ib)

a) 3 -N itro so -4 -h y d ro x y b en zo esäu rem eth y les te r ( I l lb )  w urde längere  Z eit an  d e r L u ft 
s te h en  gelassen oder es w urde  S au e rs to ff  bzw. L u ft d u rc h  seine a lkoholische L ösung  g e le ite t. 
A us 5 0 % igem  A lkohol u m k ris ta llis ie r t  w urden  gelbe n ad elfö rm ig e  K ris ta lle  e rh a lte n . Schm elz
p u n k t 71 °C. D as P ro d u k t V H Ib w ar m it der au f an d erem  W ege [128] h e rg este llten  V erb in d u n g  
id en tisc h  (S ch m elzp u n k t, M ischschm elzpunkt).

U V -A b so rp tio n sm ax im a  (in M ethanol):
•Ämax 287, 340, 395 nm .
b) N ach  de r d u rc h  län g erem  S tehen  an  der L u f t  b ew irk ten  Z ersetzung  de r M etall

ko m p lex e  Vb, VIb, IX , X w urde  d u rch  ihre E x tra k tio n  m it  Ä th e r ein gelbes öliges P ro d u k t 
iso lie rt. A us 50% igem  A lkohol u m k ris ta llis ie rt, e rh ie lte n  w ir die V erb in d u n g  VHIb.

c) D as p ro d u k t V H Ib k a n n  in geringen M engen a u ch  aus dem  m it sa lp e te rsäu re h a ltig e m  
M illonschen R eagens h e rg este llten  F a rb reak tio n sg em isch  n a ch  A/2 iso lie rt w erden. 9

9 ) 3 -Q u cck silber(II)hydroxy-4 -hydroxybcnzocsäure  (H a )

D ie M erkurierung  von  4 -H y d ro x y b en zo esäu re  I a  e rfo lg te  n ach  В / l .  D as P ro d u k t 
w ar in N a tr iu m h y d ro x y d  u n d  A m m oniak  leicht, in Ä th y la c e ta t  w enig löslich.
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A u sb eu te : fa s t q u a n ti ta t iv .  D as  P ro d u k t b e s itz t  k e in en  re p ro d u z ie rb a ren  Schm elz- 
bzw . Z erse tzu n g sp u n k t.

C7H c0 4H g (354,716).
B e rec h n e t: Hg 56,55% .
G efu n d en : H g 56,84% .

10) 3 -N itro so -4 -hydroxybenzoesäure  ( l i l a )

1,38 g (0,01 M )  4 -H y d ro x y b e n zo e sä u re  I a  w u rd en  in  10 m l Ä th y la lk o h o l g e löst u n d  m it 
e in e r  L ö su n g  v o n  1,78 g (0,0055 M )  Q u e c k s ilb e r ( I I )n itra t  u n d  0,93 g (0,011 M )  K a l iu m n itr i t  in 
15 m l W a s se r  v e rse tz t; n ach  30 M in u te n  d a u e rn d e m  v o rsich tig em  E rw ärm e n  a u f  d e m  D a m p f
b a d  w u rd e  e in  ro te r  k r is ta llin e r  N ied ersch lag  abgesch ieden , de r n ach  dem  A b filtr ie re n  m it 
S a lz sä u re  z e rse tz t u n d  m it Ä th e r  e x tr a h ie r t  w urde . D er E x tr a k t  w urde  m it  5 % ig er N a tr iu m 
h y d ro x y d lö su n g  g esch ü tte lt, d ie  w ä ß rig e  P h a se  f i l t r ie r t ,  m it  v e rd ü n n te r  S chw efelsäu re  ange
s ä u e r t  u n d  m it  Ä th er e x tra h ie r t . A u s d em  E x tr a k t  w u rd e  d e r K u p fe r(II)-K o m p le x  d es N itro so - 
p h e n o ls  d u rc h  Schü tte ln  m it 5 % ig e r  w äß rig er K u p fe r(II)su lfa tlö su n g  ab g esch ied en . D er 
K u p fe rk o m p le x  w urde m it S a lzsäu re  z e rse tz t, m it  A lka li in  die w äßrige  P h ase  ü b e rg e fü h r t ,  
a n g e s ä u e r t  u n d  ern eu t m it Ä th e r  e x tr a h ie r t ,  w obei eine d u n k e lg rü n e  L ösung  e rh a lte n  w urde . 
A u s d ie s e r  L ösung  k o n n te  d u rc h  E in d a m p fe n  a u f  ein  geringes V olum en oder d u rc h  F ä lle n  m it 
P e t r o lä th e r  d as grüne k ris ta llin e  P r o d u k t  gew onnen  w erden .

0 ,96  g ; Schm elzpunkt 153 °C; A u sb eu te : 56 ,29% .
C7H 5N 0 4 (167,123).
B e rec h n e t: C 50,31, H  3 ,02 , N  8 ,38% .
G e fu n d en : C 50,12, H  3,17, N  8 ,51% .

11 ) 3 -N itro -4 -hydroxybenzoesäure  ( V i l la )

D ie  3 -N itro so -4 -h y d ro x y b en zo esäu re  IH b  w u rd e  län g ere  Z eit an  de r L u ft s te h e n  gelas
sen . D a s  g e lb b rau n e  R o h p ro d u k t lie fe r te  n a ch  U m k rista llis ie ren  au s 50% igem  A lk o h o l gelbe 
K r is ta lle .

S c h m elz p u n k t 185 °C.
D a s  P ro d u k t war m it de r a u f  a n d e re m  W ege [129] h e rg este llten  V e rb in d u n g  id en tisc h  

(S c h m e lz p u n k t, M ischschm elzpunkt).

1 2 ) B is-3 -n itro so -4 -h y d ro x y b en z o esäu re m e rk u ra t(II)  (IV a)

1,67 g (0,01 M )  3 -N itro so -4 -h y d ro x y b en zo esäu re  l i l a  w u rd en  in  80 m l Ä th e r  g e lö s t u n d  
m it  d e r  L ö su n g  von 1,62 g (0,005 M )  Q u e c k s ilb e r ( I I )n itra t  in  15 m l W asser g e sc h ü tte lt. D ie  Ä th e r
p h a se  f ä rb te  sich b rau n lich ro t u n d  e in  v io le ttro te r  N iedersch lag  w urde  ab g esch ied en . N ach  
A b k ü h le n  zu  0 °C w urde f i l t r ie r t  u n d  m it W asser gew aschen . D as P ro d u k t w ar in  W asser, 
Ä th e r ,  A lk o h o l u n te r  R o tfä rb u n g  gering füg ig  löslich. E s besaß  ke in en  re p ro d u z ie rb a ren  
S ch m elz - bzw . Z ersetzu n g sp u n k t.

C 14H 8N 2Os (532,813).
B e rec h n e t: Hg 37,7% .
G efu n d en : Hg 37,5% .

13) 3 -N itro so -4 -h y d ro x y b en z o e säu re m erk u ra t(II)n itra t (V a)

1,67 g (0,01 M )  3 -N itro so -4 -h y d ro x y b en zo esäu re  l i l a  w urd en  in 60 m l Ä th e r  gelöst 
u n d  m it  30 m l einer 30% igen Q u e c k s ilb e r ( ll)n itra tlö s u n g  15— 20 M inu ten  lan g  g e sc h ü tte lt .  
E in  k ir s c h ro te r  N iederschlag w u rd e  ab g esch ied en , w elcher f i ltr ie r t ,  m it v e rd ü n n te r  S a lp e te r
sä u re  u n d  anschließend m it w enig  A lkoho l gew aschen w urde.

D a s  P ro d u k t w ar in W asser u n d  A lkohol u n te r  R o tfä rb u n g  geringfüg ig  löslich .
I n  W asser von 40— 50 °C su s p e n d ie r t,  h y d ro ly s ie rt d as P ro d u k t lan g sam  zu 3 -N itro so -

4 -h y d ro x y b e n z o e sä u re m e rk u ra t(II)h y d ro x y d .
S ch m elzp u n k t 142 °C (v e rk n a llt) .
C7H 4N 20 7Hg (428,706).
B e re c h n e t:  Hg 46,44% .
G efu n d en : H g 47,86% .
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14) 3 -N itroso ty rosinsilber(I) (X I)

1,82 g (0,01 M )  T y ro sin  w u rd en  in 10 m l W asser su sp e n d ie r t  u n d  m it d e r L ösung  von 
4,87 g (0,015 M )  Q u e c k s ilb e r(II)n itra t  u n d  0,85 g (0,01 M ) K a liu m n itr i t  in 15 m l W asser 
v e rse tz t.  D as G em isch w u rd e  30 M inu ten  lang  im  W asse rb ad  bei 80 °C g eh alten . E in  v io le tt-  
ro te s  P ro d u k t (4,0 g) w u rd e  abgesch ieden . Dieses w urde in  10% ig em  A m m oniak  su sp en d ie rt, 
1—2 M inu ten  lang g e sc h ü tte lt u n d  zen trifu g ie rt. D ie vom  N ied ersch lag  a b g eseh ü tte te  L ösung  w u r
den  m it S a lp ete rsäu re  n e u tra lis ie r t  u n d  m it E ssigsäure  sch w ach  a n g esäu e rt. M it 1 0 % ig er S ilb er
n i tra tlö su n g  im  Ü b ersch u ß  e n ts ta n d  ein  schw er f iltr ie rb a re r , ro tb ra u n e r  N iedersch lag , d e r m it 
he iß em  W asser silberionenfre i gew aschen  w urde.

Sch m elzp u n k t 166— 167 °C (u n te r  Zersetzung).
C ,H eNt0 4Agt  (423,93).
B erech n et: C 25,52, H  1,90. Ag 50 ,94% .
G efunden: C 25,13, H 1,95, Ag 51,33% .

15) 3 - N itro so ty ro s in m e rk u ra t( lI )n itra t (Vc)

D ie nach 14) h e rg este llte  u n d  ang esäu erte  L ösung des 3 -N itro so ty ro sin s w urde  anstelle  
von  S ilb e rn itra tlö su n g  m it e inem  Ü b ersch u ß  von 20% iger Q u e c k s ilb e r(II)n itra t  lösung  g eschü t
te lt .  E in  v io le ttro te r  k ris ta ll in e r  N iedersch lag  w urde e rh a lte n . D as P ro d u k t besaß ke in en  re p ro 
d u z ie rb aren  Schm elz- bzw . Z erse tzu n g sp u n k t.

C9H 8N 30 7H g2 (671,36).
B erechnet: H g  5 2 ,7% .
G efunden: H g 52 ,4% .

16) 3 -N itro tyrosin  (V il le )

Bei der H ers te llu n g  des S ilber- bzw. Q u ecksilberkom plexcs des 3 -N itro so ty ro sin s 
gem äß  14) w urde aus d e r M u tte rla u g e , die n ach  dem  F iltr ie re n  des M illo n -R eak tio n sp ro d u k tes  
des T y ro sin s z u rü ck b le ib t, b e im  S teh en  ein gelbes k ris ta llin e s  P ro d u k t  ausgesch ieden , welches 
n ach  dem  F iltrie ren  in A m m o n iak  g e löst w urde. M it E ss ig sä u re  an g esäu e rt, w u rd en  gelbe 
nadelfö rm ige  K ris ta lle  abgesch ieden  (0,15 g). D as P ro d u k t w a r id en tisch  m it a u f  an d erem  
W ege [122] herg este lltem  N itro ty ro s in  (Schm elzpunk t, M ischschm elzpunk t).

17) 3 -Q u eck silb e r(Il)h y d ro x y ty ro sin  (I Ic )  (au s  dem  F a rb reak tio n sg em isch )

D ie  M illonsche F a rb re a k tio n  des T yrosins w urde im  en tsp rech en d en  Z e itp u n k t —  als 
sich  d ie  F arb e  des G em isches eben  n a ch  b laß rosa  v e rä n d e rte  —  d u rc h  A bkühlen  u n te rb ro c h en , 
w obei d a s  m erk u rie rte  D e riv a t des T yro sin s e rh a lten  w u rde . D as  P ro d u k t erw ies sich  au fg ru n d  
a n a ly tisch e r  D a ten  u n d  chem isch er E ig en sch aften  als id e n tisc h  m it dem  au f a n d erem  W ege 
[120, 121, 122] h e rg este llten  3 -Q u eck s ilb e r(II)h y d ro x y ty ro sin . E s  besaß  keinen  rep ro d u z ie r
b a ren  Schm elz- bzw. Z erse tzu n g sp u n k t.

D ie w äßrige Suspension  des m erk u rie rte n  P ro d u k te s  g ab  m it K alium - bzw . Q uecksilber- 
n i t r i t  b e re its  bei Z im m e rte m p e ra tu r  die fü r  die M illonsche R e a k tio n  ch ara k te ris tisch e  F ä r 
bung .

C ,H ,,0 4N H g (397,70).
B erech n et: H g  50 ,44% .
G efunden: H g 51 ,20% .
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THE DARZENS CONDENSATION, II*

E F F E C T  O F  S U B S T IT U E N T S  ON T H E  B A SE-C A TA LY ZE D  D A R Z E N S  C O N D E N SA T IO N  

G y . Sipos, G y . Schöbel an d  L .  B aláspiri

( Institu te  o f  A p p lie d  C hem istry, A . J ó zse f U niversity , Szeged)

R ece iv ed  D ecem ber 18, 1969

D arzens co n d en sa tio n s o f  sev era l p - su b s ti tu te d  p h en acy l h a lid e s  a n d  benzalde- 
hydes have  been  ach ieved  in d io x an  using  sod ium  m eth o x id e  as th e  c a ta ly s t .  B ased on 
th e  y ields o f  th e  ep o x y  k e to n es , q u a lita tiv e  conclusions h av e  b een  d ra w n  regard ing  
th e  in fluence o f th e  su b s ti tu e n ts  on  th e  co n d en satio n . I t  has  been  fo u n d  t h a t  th e  effect 
o f th e  su b s ti tu e n ts  is th e  sam e in  th e  a c id -ca ta ly zed  an d  th e  b a se -c a ta ly z e d  D arzens 
co n d ensation . H ow ever, th e  e ffe c t o f  th e  su b s ti tu e n ts  in th e  p h e n ac y l h a lid e s on th e  
D arzens co n d en sa tio n  is th e  o p p o site  to  th a t  obse rv ed  in  th e  b a se -c a ta ly ze d  a ldo l con
den sa tio n .

T he effect of su b s ti tu e n ts  on  th e  b ase -ca ta ly zed  D arzen s co ndensa tion  
has h a rd ly  been s tu d ied . In  th e  reac tio n s o f phenacy l b ro m id e  w ith  d ifferen t 
su b s ti tu te d  h en za ld eh y d es B odforss d e m o n s tra te d  th a t  th e  p resen ce  of elec
tro n -w ith d raw in g  su b s titu e n ts  (‘n eg a tiv e  g ro u p s’) in th e  b e n z a ld e h y d e  com 
p o n e n t fav o u r th e  con d en sa tio n  [1]. T his s ta te m e n t has been  co n firm ed  by  
o th e r  au th o rs  [2, 3].

In  J örlander’s e x p e rim e n ts , th e  co ndensa tion  o f 4 -ace tam in o -5 -n itro - 
p h en acy l ch lo ride w ith  m -n itro b en za ld eh y d e  failed  to  ta k e  p lace ; from  this 
re su lt it  w as concluded  th a t  th e  p resence  of a n itro  g roup  in th e  p h e n a c y l halide 
com ponen t h in d ers  th e  co n d en sa tio n  [4].

T he reac tio n  com ponen ts u sed  in ou r ex p erim en ts  are  show n  in  T ab le  I.

Table I
Reaction components o f  the base-catalyzed Darzens condensation

P h e n a c y l h a lid e B e n z a ld e h y d e

1. P h en acy l chloride  and  brom ide 1. B enzaldehyde

2. 4 -M ethoxyphenacyl chloride and brom ide 2. 4 -M ethoxybenzaldehyde

3. 4-M ethylphenacyl chloride  and b rom ide 3. 4 -M ethylbenzaldehyde

4. 4-C hlorophenacyl chloride  and brom ide 4. 4-C hlorobenzaldehyde

5. 4-B rom ophenacyl chloride  and  b rom ide

6. 4 -N itrophenacy l chloride and  b rom ide

5. 4 -N itrobenzaldehyde

* P a r t  I :  Gy . S ip o s , Gy . Sc h ö b e l  a n d  L. B a l á s p ib i: J .  Chem . Soc. 1976, 1154.
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T ab le  I I
Epoxyketones fro m  the Darzens condensation

N o. E th y le n e  oxide F o rm u la Mol. Tvt.

C arbon H y d ro g en N itro g en M .p., °c

Calcd. F o u n d Calcd. F o u n d Calcd. F o u n d F o u n d L it.

l. l-B enzoyl-2-phenyl C15H 120 3 225.1 80.3 80.4 5.4 5.5 — 8 8 90 [3,24]
2. l-B enzoyl-2-p-chlorophyl C1SH UC102 258.6 69.6 69.7 4.3 4.3 — — 76 80 [3,25]
3. l-B enzoyl-2-p-n itrophenyl Ci 5H u N O , 269.2 66.9 67.0 4.1 4.2 5.2 5.3 150 148 [3,25]
4. 1 -p-M ethoxybenzoyl- 

-2-phenyl CiCH 140 , 254.2 75.5 75.7 5.5 5.6 80 82 [26]
5. 1-p-M ethoxybenzoyl-

-2-p-chlorophenyl Cir.H13C10, 288.7 66.5 66.5 4.5 4.6 — 119 117 [5]
6. 1 -p-M ethoxybenzoyl- 

-2 -p-nitrophenyl C u H | 3N 0 5 299.2 64.2 64.3 4.3 4.4 4.7 4.8 146 168+ [27]
7.* 1-p-M ethoxybenzoyl-

-2-p-m ethylphenyl С ц Н 1(]0 ;1 268.1 76.1 76.3 6.0 6.1 81
8 . 1-p-Me th y  lbenzoyl- 

-2-phenyl c,«H14o 2 238.2 80.6 80.8 5.9 5.8 85 85 [28]
9. 1 -p-M ethylbenzoyl-

-2-p-chlorophenyl С,„н13сюг 272.7 70.4 70.4 4.8 « 106 105 [5]
10. 1 -p-M et hylbenzoyl- 

-2 -p-n itrophenyl c , 6h 13n o 4 283.2 67.8 67.6 4.6 4.5 4.9 5.0 152 150 [5]
11.* 1-p-M ethylbenzoyl-

-2-p-m ethy lphenyl C „ H lr,0 2 252.1 80.9 80.6 6.3 6.4 101
12. 1-p-Chlorobenzoyl-

-2-phenyl C ,5H „C 1 0 2 258.6 69.6 69.7 4.3 4.3 123 123 [29]
13. l-p-C blorobenzoyl-

-2-p-chlorophenyl C15H IOC120 2 293.1 61.4 61.3 3.4 3.5 119 121 [30]
14. 1-p-Chlorobenzoyl-

-2-p-nitrophenyl C15H ioC1N04 303.6 59.3 59.2 3.3 3.3 4.6 4.7 162 160 [5]
15. 1-p-Brom obenzoyl-

-2-phenyl CläH „ B r 0 2 303.1 59.4 59.2 3.6 3.7 123 125 [5]
16. 1-p-Brom obenzoyl-

-2-p-chlorophenyl C15H 1(lB rC 102 337.6 53.3 53.3 2.9 3.0 130 131 [5]
17. l-p-B roinobenzoyl-

-2-p-nitrophenyl C15H 10B rN O 4 348.1 51.7 51.5 2.9 2 .8 3.9 4.0 165 165 [5]
18. 1-p-N itrobenzoyl-

-2-p-nitrophenyl ^ 1 5 ^ 1 0 ^ 2 ^ 6 314.2 57.3 57.4 3.2 3.1 8.9 9.0 184 184 [5]

* New com pounds 
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These re a c ta n ts  are th e  sam e  as tho se  used  in  th e  ac id -ca ta ly zed  D arzens 
co n d en sa tio n  [5].

E x cep t fo r tw o com p o u n d s, also th e  ep o x y  ketones o b ta in e d  in  th e  p re s 
e n t  ex p erim en ts  are  th e  sam e (T ab le  I I ) .

T he base-ca ta ly zed  reac tio n s  w ere ca rried  o u t b y  allow ing th e  re a c ta n ts  
to  s ta n d  a t  10 °C fo r te n  m in u tes  in  d io x an  so lu tion  in  th e  p resence  o f  sod iu m  
m e th o x id e  c a ta ly s t. In  th e  co n d en sa tio n s  a 10%  excess o f th e  b e n z a ld e h y d e  
co m p o n en t was used  in o rder to  a v o id  se lf-condensation  [6— 8]. T a b le  I I I  lis ts  
th e  y ields of th e  epoxy k e to n es .

I t  is seen th a t  h ighest y ie ld s  w ere o b ta in ed  w ith  js-n itro b en za ld eh y d e . 
T h e  y ields are  low er w ith  jp -ch lo robenzaldehyde and  th e  low est w ith  b en za ld e 
h y d e : how ever, in  tw o cases (w ith  p h en acy l chloride an d  b ro m id e) th e  y ields 
a re  th e  sam e, a n d  in  one case (w ith  p -c lilo ro p h en acy l chloride) b e n za ld eh y d e  
g av e  a h igher y ie ld . p -M e th y lb en za ld eh y d e  reac ted  only  w ith  p -m e th o x y -  
a n d  p -m e th y lp h e n a c y l chloride a n d  b rom ide .

O n th e  basis of th e  re su lts  i t  can  be concluded th a t  th e  su b s ti tu e n ts  
a t ta c h e d  to  th e  benza ldehyde  p ro m o te  th e  co n densa tion  in  th e  fo llow ing 
o rd e r :

4-N O , >  4-C1 >  H  >  4-CH., and  4-OCH.,

Table III

Yields ( % )  o f  the epoxikelones at 10 °C

P h e n a c y l ch lo r id e , p - s u b s t itu e n t

B enzaldehyde ,
p -s u b s t itu e n t H M eO Me Cl B r N O ,

OMe — — — ___ ___

Me — 9 3 4 — — —

H 9 4 1 2 7 1 6 n -

Cl 9 5 7 3 0 9 2 4 —

N O , 4 0 6 6 50 21 2 9

P h e n a c y l b ro m id e , p - s u b s t itu c n t

B en za ld eh y d e ,
p -su b s t itu e n t H M eO Me Cl B r N O ,

OMe — — — — — —
Me — 12 32 — — —

H 28 49 30 30 28 —

Cl 28 55 63 35 32 —

N O , 54 63 82 54 52 18
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T h e above o rd e r m e a n s  t h a t  the  presence o f  e lec tro n -w ith d raw in g  su b s ti
tu e n t s  in  th e  b e n za ld eh y d e  co m ponen t is fa v o u ra b le , w hile e lec tron-releasing  
s u b s ti tu e n ts  are u n fa v o u ra b le  in th e  b a se -c a ta ly z e d  D arzens co ndensa tion  
o f  s u b s ti tu te d  b en za ld c liy d es  w ith  phenacy l h a lid e s . T h is effect of th e  su b s ti
tu e n ts  is th e  sam e as in  th e  ac id -ca talyzed  D arzen s  [5] an d  th e  b ase-ca ta ly zed  
a ld o l condensations [9— 18]. Owing to  th e  s im ila r ity  o f th e  base^catalyzed  
D a rz e n s  [20— 22] a n d  b a se -c a ta ly z e d  aldol co n d e n sa tio n s  [9— 23], th is  re su lt 
is to  b e  expected .

I t  is well know n  t h a t  e lec tro n -w ith d raw in g  su b s ti tu e n ts  of benza ld eh y d e  
in c re a se  th e  р Х вн +  v a lu e s ,  th e re b y  increasing  th e  e lec troph ilic  c h a ra c te r  of 
th e  ca rb o n  atom  in t h e  c a rb o n y l group (su p p o sin g  th a t  p K BH+ is d ire c tly  re 
la te d  to  e lec tro p h ilic ity ) . I n  consequence of th is ,  th e  ra te  of th e  co ndensa tion  
is  acce le ra ted  in  th e  a ld o liz a tio n  step  b y  e lec tro n -w ith d raw in g , and  re ta rd e d  b y  
e lec tro n -re leasin g , s u b s t i tu e n ts .  These c o n sid e ra tio n s  are  in  ag reem en t w ith  th e  
e x p e rim e n ta l re su lts .

O n th e  basis o f  th e  y ie ld s  in T able I I I  conclusions could also be d raw n  
co n cern in g  th e  in flu e n c e  o f  th e  su b s titu e n ts  o f th e  ace tophenone  co m ponen t 
o n  th e  condensation . p -M e th o x y p h en acy l-  a n d  p -m e th y lp h e n a c y l ch loride and  
b ro m id e  gave th e  b e s t y ie ld s  w ith  each a ld eh y d e . T h ey  could be b ro u g h t in to  
re a c tio n  also w i th p -m e th y l- a n d  p -m etlio x y -b en za ld eh y d e  w hich did n o t reac t 
in  th e  ac id -ca ta lyzed  D a rz e n s  condensation  [5]. p -N itro p h e n a c y l ch loride did 
n o t  g ive an  epoxy k e to n e  w ith  an y  one of th e  a ld eh y d es  used . p -N itro p h e n a c y l 
b ro m id e  reac ted  o n ly  w ith  p -n itro b e n z a ld eh y d e , —  like in  th e  ac id -ca ta ly zed  
D a rz e n s  condensation  [5]. T h ese  resu lts p rove  t h a t  th e p -m e th o x y l and p -m e th y l 
g ro u p s  as su b s titu e n ts  o f  th e  phenacyl h a lid e  h a v e  fav o u rab le  effect, while 
th e  p -n itro  group has a r e ta rd in g  influence o n  th e  co n d en sa tio n  [4]. T he y ields 
o b ta in e d  from  th e  o th e r  p h e n a c y l halides a re  low er th a n  in  th e  reac tio n s of 
p -m e th o x y p h e n a c y l a n d  p -m e th y lp h e n a c y l h a lid e s , b u t  th e y  are m uch  h ig h er 
y ie ld s  th a n  in  th e  case  o f  p -n itro p h e n a c y l b ro m id e . T h u s th e  follow ing o rd er 
seem s to  be c o rre c t co n ce rn in g  the  fav o u rab le  e ffec t o f su b s titu e n ts  o f  th e  
ace to p h en o n e  c o m p o n e n t:

4-OCHg a n d  4 -C H 3 }> 4-C1, 4 -B r a n d  H  4 -N 0 2

A cco rd in g  to  th e  ab o v e  o rd e r , th e  e lec tro n -re leasin g  p -m e th o x y l and  p -m e th y l 
g ro u p s  are  a d v a n ta g e o u s , w hile  the  e lec tro n -w ith d raw in g  p -n itro  s u b s ti tu e n t 
is  d isad v an tag eo u s on  th e  condensation . T h is e ffec t o f th e  su b s titu e n ts  is th e  
sa m e  as in  th e  a c id -c a ta ly z e d  D arzens c o n d e n sa tio n  [5] an d  i t  is ju s t  opposite  
to  th e  effect o b serv ed  in  th e  b ase-ca ta ly zed  a ld o l co ndensa tion  [9— 18]. 
A p ro b ab le  e x p la n a tio n  o f  th is  fact is th e  fo llow ing :

O n th e  basis o f th e  re a c tio n  m echanism  o f th e  tw o  b ase -ca ta ly zed  reac 
t io n s , i t  is expected  t h a t  th e  influence o f th e  s u b s titu e n ts  on th e  f irs t tw o

A c ta  Chim . A cad. Se i. H u n g . 6 8 , 1971



SIPOS e t al.: T H E  D A RZEN S CONDENSATION, II 153

s tep s  (eno lization  an d  a ldo liza tio n ) m u s t be th e  sam e b o th  in  th e  D arzens 
an d  aldo l condensations.

In  th e  fin a l s tep  o f th e  D arzen s c o n d en sa tio n  a chloride ion  is e lim in a ted  
from  th e  neighbouring  carb o n  a to m  o f th e  c a rb o n y l group of th e  ch lo ro h y d rin  
m olecule. In  th e  aldol co n d en sa tio n  a p ro to n  m u s t leave th e  k e to l m olecule 
from  th e  sam e carb o n  a tom . As in  th e  f ir s t  case i t  is a chloride io n  a n d  in  th e  
second a p ro to n  w hich  is e lim in a ted  fro m  th e  sam e carbon  a tom , i t  seem s rea so n 
ab le  t h a t  th e  effects o f s u b s ti tu e n ts  in  th e  k e to n ic  com ponen t sh o u ld  be  op p o 
s ite  in  th e  D arzens an d  aldol co n d en sa tio n s . T h u s i t  is expected  t h a t  e le c tro n 
re leasin g  su b s titu e n ts  p re sen t in  th e  k e to n e  a re  fav o u rab le  for th e  e lim in a tio n  
o f  th e  ch loride ion  in  th e  D arzen s c o n d en sa tio n , w hereas e le c tro n -w ith d raw 
ing  s u b s titu e n ts  a re  ad v an ta g e o u s  fo r th e  rem o v al of th e  p ro to n  in  th e  aldol 
co n d en sa tio n .

D arzen s  [20 22]

R O H

- C - C H - C H
\  /

О о

+  C1©

A ldol [ 9 - 2 3 ]

- C -  C H 3+ O R 0  
II
О

- c = c h 2+ r o h

0 0

- t i 
ll
о

C H 2- C H  -

o©

- C - C H = C H -
IIо

+  O H ©
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E xperim en ta l

1 m m ole of th e  p h e n a c y l h a lid e  (chloride or b ro m id e ) a n d  1.1 m m ole of th e  b en za ld eh y d e  
w ere d isso lved  in  10 m l o f  d io x a n  a t  10 °C. A so lu tion  c o n ta in in g  2 m m oles of sodium  m eth o x id e  
in  m e th a n o l was a d d ed , a n d  th e  re ac tio n  m ix tu re  w as a llow ed  to  s ta n d  a t  10 °C fo r 10 m in. 
T h e  re ac tio n  was s to p p e d  b y  d ilu tin g  th e  m ix tu re  w ith  w a te r  to  40— 50 ml, and  n e u tra liz a tio n  
to  p H  7 w ith  aqueous h y d ro c h lo r ic  acid. A fte r a llow ing  th e  m ix tu re  to  s ta n d  severa l d ay s a t  
ro o m  te m p e ra tu re , th e  p re c ip ita te  was filte red  off a n d  re c ry s ta lliz e d  from  95%  e th a n o l or 
ace to n e .
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STRUCTURE ELUCIDATION OF TWO 
TETRABROMO-TETRADEOXYHEXITOL 

ISOMERS BY MASS SPECTROMETRY
(S H O R T  C O M M U N I C A T I O N )

G y . H o r v á t h  an d  J . K u s z m a n n

(Research Institu te  fo r  P harm aceutica l C hem istry , B udapest)

R eceived  M ay 20, 1970

T he s tru c tu re  of tw o te tra b ro m o h e x ito ls  o b ta in e d  via  th e  re ac tio n  o f 1,6-di- 
b ro m o -l,6 -d id e o x y -2 ,3 :4 ,5 -d ia n h y d ro g a la c tito l w ith  h y d rogen  brom ide w as e lu c id a ted  
by  m ass sp e c tro m e try , as being l ,3 ,4 ,6 - te tra b ro m o -l,3 ,4 ,6 - te tra d e o x y a lli to l  a n d  1,2,4,6- 
te trab ro m o -l,2 ,4 ,6 -te tra d eo x y -D ,L -m a n n ito l, re sp ec tiv e ly .

C leavage o f  th e  epoxy rings in  l ,6 -d ib ro m o -l,6 -d id eo x y -2 ,3  : 4 ,5 -d ian - 
h y d ro g a la c tito l (I) b y  hydrogen  b ro m id e  y ie ld ed  tw o com pounds A  a n d  В , 
b o th  being  te tra b ro m o -te tra d e o x y h e x ito ls  as show n b y  th e ir  a n a ly tic a l 
d a ta  [1]. A ccord ing  to  th e  a tta c k  o f  th e  b ro m id e  ions on th e  d iffe re n t b rid g e  
a to m s, four isom ers II, I lia , I llb  a n d  IV m a y  be  form ed th eo re tica lly . As th e  
p o ssib ility  o f an  ep o x y  m ig ra tion  [2] c a n n o t be  excluded , th e  a p p e a ra n c e  of 
fu r th e r  four co m pounds Va, Vb, V ia  and  VIb h as to  be ta k e n  in to  co n sid e ra tio n . 
T he m an n ito l d e riv a tiv e s  I lia  -|- I l lb  an d  th e  tw o  pairs o f th e  ta l l i to l  d e r iv a 
tiv e s  Va -f- Vb an d  V ia -(- VIb, re sp e c tiv e ly , b e in g  an tip o d es, w ill fo rm  th e  
co rrespond ing  ra cem a tes  III, V a n d  VI.

F o r e lu c id a tin g  th e  s tru c tu re  o f th e  s e p a ra te d  com pounds A  a n d  В  
m en tio n ed  ab o v e , th e ir  m ass sp e c tra  w ere  ta k e n . As com pounds d iffe ring  
on ly  in  th e ir  co n fig u ra tio n  give id e n tic a l m ass sp ec tra  [3], th e  te t r a b ro m o 
h ex ito ls  II—VI a re  all included in  th e  fo u r  s tru c tu re  isom ers V II— X , w hich  
are  ex p ec ted  to  give d ifferen t f ra g m e n ta tio n  p a tte rn s .

T he fission  o f bonds being in  oc-position to  th e  h y d ro x y l g ro u p s will 
s tro n g ly  in flu en ce  th e  m ass sp e c tro m e tric  b e h a v io u r of alcohol d e r iv a tiv e s  
[4]. A ccord ingly  i t  can  be p red ic ted , w h ich  fra g m e n t ions m u s t b e  am ong  
o th e rs  o f co n sid e rab le  ab u n d an ce  in  th e  sp e c tra  of th e  isom eric s tru c tu re s  
VII -X .
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In  th e  sp ec tru m  of s tru c tu re  V II:

.13* 215

Ml

th e  ions m/e =  337; 245; 215 an d  123.* 
In  th e  sp ec tru m  of s tru c tu re  V III:

он
L

B r C H . - c h -< ш и  —c u m

VIII

th e  ions m/e =  337 and  123.*
In  th e  sp e c tru m  of s tru c tu re  IX :

o n  OH
I

BrCH: — ('. H Br —CH + C H  -f C H B -C H iB r

th e  ions m/e =  245 and  215,* th e  la t te r  w ith  h ig h  ab u n d an ce  [5]. 
In  th e  sp e c tru m  of s tru c tu re  X:

BrCH:— C I I B r — CHBi

307 123
OH <1 OH

r^ }
!5;i

th e  ions m/e =  337; 307; 153 a n d  123.*
C om paring  th e se  co n sid era tio n s w ith  th e  tw o  sp ec tra  o b ta in ed , i t  can  he  

seen th a t  th e  sp e c tru m  of com p o u n d  A  (F ig . 1) belongs to  s tru c tu re  V III an d  
th a t  of co m p o u n d  В  (Fig. 2) to  s tru c tu re  V II. T h e  la t te r  co rresponds to  th e  
isom ers I I I  an d  V I, b u t  s tru c tu re  V III is due  to  co m p o u n d  II only. T he isom ers I I  
and  III  are  fo rm ed  via th e  sam e ro u te  (1) w h ile  ro u te  2 ough t to  g ive, besides 
isom er VI, a t  le a s t  som e of isom er V, w hich w as n o t de tec tab le . A cco rd ing ly , 
ro u te  2 can  be  ru led  o u t, an d  so th e  s tru c tu re  o f  com pound  A  co rresp o n d s to
1.3.4.6- te tra b ro m o -I ,3 ,4 ,6 - te tra d e o x y a llito l (II)  an d  th a t  of com pound  В  to
1.2.4.6- te tra b ro m o -l,2 ,4 ,6 -te tra d e o x y -D ,L -m a n n ito l (III). The absence o f  th e

* E ac h  w ith  th e  co rresponding  b rom ine iso to p e -p e ak  d is trib u tio n .
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a ll i to l  d e r iv a tiv e  IV, w hich  also  shou ld  be  fo rm ed  b y  th e  sam e ro u te  (1), c a n  be 
e x p la in e d  b y  co n fo rm atio n a l co n sid era tio n s [1].

T h e  rea rran g em en ts  le a d in g  to  th e  loss o f  w a te r  an d  th e  f ra g m e n ta tio n s  
c o n n e c te d  w ith  th em  w ill b e  discussed in  d e ta il la te r.

E x p erim en ta l

M ass sp ec tra  were re co rd e d  on a  M A T-CH -4 in s tru m e n t w ith  TO-4 in le t sy s te m  a t  an  
e v a p o ra t io n  tem p era tu re  of 70 °C.

*
C om pounds A  and  В  w ere  o b ta in e d  acco rd in g  to  th e  l ite ra tu re  [1] b y  t r e a t in g  com 

p o u n d  I  w ith  hydrobrom ic  acid . T h e  cru d e  m ix tu re  o f th e  te trab ro m o  d e riv a tiv e s  (A  -j- B ) 
w as  s e p a ra te d  b y  colum n c h ro m a to g ra p h y  on silicic acid , using  c h lo ro fo rm -e th y l a c e ta te

A d a  C h im . A ca d . S e i. H u n g . 6 8 , 1971
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(3 : 1) as so lven t. T he fra c tio n s  co n ta in in g  th e  se p a ra te d  c o m p o n en ts  w ere ev ap o ra ted  
a n d  th e  residues rec ry s ta llized  fro m  e th y l a c e ta te -e th e r  to  g ive  p u re  co m p o u n d  A  (II), m . p. 
127— 128 °C, (found : C 16.98; H  2 .37; B r 73 .58% ) a n d  В  ( III) , m. p . 125— 126 °C, (found: 
C 16.72; H  2.39; B r 73 .4 2 % ; calcd . fo r C6H 10O2Br4: C 16.61; H  2 .32; B r 7 3 .6 8 % ). B o th  com 
p o u n d s gave  single spo ts on  th in - la y e r  ch ro m ato g ram s (K ieselgel G, c h lo ro fo rm -e th y l ace ta te  
3 : 1) A  — R f 0.45 and  В  =  R f 0 .35. T h ey  were o p tica lly  in ac tiv e  (ace to n e) a n d  consum ed 
no p e rio d a te .

O ur th a n k s  are  due to  P ro f. G. Sn a tzk e  (B onn) fo r p ro v id in g  us w ith  th e  m ass sp ec tra .
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POLYMERISATION DES METHYLMETHACRYLATS 
REI HOHEN UMSÄTZEN, V

U N T E R S U C H U N G  D E R  V E R Z Ö G E R U N G S W IR K U N G  VON D IN IT R O R E N Z O L E N  

I. Mo n d v a i, L. H alász  und A. K eschitz

(Lehrstuh l f ü r  die P last- u n d  G um m iindustr ie  der Technischen  
U niversitä t, B u dapest)

E ingegangen  am  3. O k to b e r 1969

Die B lo ckpo lym erisa tion  v o n  M e th y lm e th a c ry la t w urde bei u n te rsch ied lich en  
T em p e ra tu re n  in G egenw art von  o-, m- u n d  p -D in itro b en zo l u n te r s u c h t .  E s  w urden  
d ie re la tiv e n  G esch w in d ig k e itsk o n stan ten  fc5/fc2 u n d  die fü r das A b s in k en  d e r  P o ly m eri
sa tio n sg esch w in d ig k eit bei h ohen  U m sä tze n  c h a rak te ris tisch en  K ,  rii-W e r te  b e stim m t. 
B eim  V ergleich  fä llt auf, d aß  von  d e r  u n te rs u c h te n  V erzögerern  d a s  o -D in itro b en zo l 
d e r w irk sam ste  ist. Die V erzö g ere rw irk u n g  a lle r drei Isom ere is t dem  E f fe k t  d e r Mono- 
n itro p h e n o le  ähnlich .

Die P o ly m erisa tio n  von m it A z o -d iiso b u tte rsäu ren itril in itiie rtem  
M e th y lm e th a c ry la t  in G egenw art v o n  p -D in itro b en zo l is t d u rc h  K ic e  [1] 
u n te rs u c h t  w orden . Bei d er P o ly m e risa tio n  von  M e th y lac ry la t w u rd e  neben 
dem  e rw ä h n te n  D in itrobenzo l [2, 3, 4] au ch  die verzögernde W irk u n g  des 
o -D in itro b en zo ls  [3] s tu d ie r t. In  G eg en w art a ller drei D in itro b en zo l-Iso m ere  
u n te rsu c h te n  die S ty ro lp o ly m erisa tio n  T üdős und  M ita rb e ite r [5], w ährend  
die V in y la c e ta tp o ly m e risa tio n  v o n  m eh re ren  A u to ren  [4, 6, 7, 8] b e a rb e ite t 
w u rd e . Im  F a lle  des le tz tg e n a n n te n  M onom ers sind die W erte  v o n  k 5/ k 2 so 
g ro ß , d aß  m an  anstelle  von  V erzögerung  besser von In h ib ie ru n g  sp rechen  
so llte .

E x p erim en te lle r Teil

Ü b er d ie V ersu ch sm eth o d ik  sowie die M onom er- u n d  In itia to rre in ig u n g  w u rd e  bereits  
in d e r v o ran g eg an g en en  A rb e it [9] b e r ic h te t.

A lle drei v e rw en d e ten  D in itro b en zo le  w a ren  von h an delsüb licher a n a ly t is c h  re iner 
Q u a litä t  u n d  b esaß en  folgende, n ach  d e r M ik ro m eth o d e  von K ofler b e s t im m te  Schm elz
p u n k te :

o -D in itro b en zo l: 117 °C, 
m -D in itro b en zo l: 90 °C, 
p -D in itro b e n zo l: 172 °C.

E rgebn isse

U nsere  V ersuche w u rd en  n eb en  gleicher In it ia to r -K o n z e n tra tio n  
(7,48 • 1 0 “ 2Mol l " 1 bei 50 °C, 3,31 • IO " 2 Mol l " 1 hei 60 °C u n d  6,61 • 10~3 
Mol l “ 1 hei 70 °C), ab er v e rsch ied en en  V erzögererm engen d u rc h g e fü h rt. 
U n te r  d en  Z e it-U m sa tz -K u rv en  ste llen  w ir die in G egenw art v o n  /J-D in itro - 
benzo l e rh a lten en  K urven  in A bb. 1 v o r. D ie m it den an d eren  zw ei D in itro-

11 Acta  Chim . Acad. S e i. H u n g . 68 , 1971
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b en zo lén  e rh a lten en  K u rv e n  h a b e n  einen äh n lich en  V erlau f. Z ur B estim m u n g  

d e r A n fan g sg esch w in d ig k e it d e r  P o ly m erisa tio n  w u rd e n  die W erte  von lg --------
1  —  X

als F u n k tio n  der Z eit d a rg e s te llt . D ie e rh a lten en  G erad en , aus deren  A nstieg  
die A n fan g sg esch w in d ig k e it d e r  P o ly m erisa tio n  b e re c h n e t w urde, s in d  aus 
A bb . 2 ersich tlich . D ie Z ah len w erte  fü r die A nfangsgeschw ind igke it der P o ly 
m e risa tio n  e n th a lte n  d ie  T ab e llen  I , I I  und  I I I .

A bb. 1. Z e it-U m sa tz -K u rv e n  in  G eg en w art von v e rsch ie d en e n  M engen p -D in itro b en zo l

T e m p e ra tu r  50 °C T e m p e ra tu r  60 °C T e m p e ra tu r  70 °C
B en zo y lp ero x y d k o n zen - B e n zo y lp e ro x y d k o n z e n tra tio n : B e n zo y lp ero x y d k o n zen tra tio n  :

t r a t io n :  7,48 • IO“ 2 3,31 • IO“ 2 Mol l“ 1 6 ,61 • 1 0 " 2 Mol l " 1
Mol 1- 1

V e rzö g e re rk o n zen tra tio n en  :

□  2,66 • 1 0 - 2 M o ll“ 1 ■  3.02 • 1 0 - 2 M o ll” 1 а  2,79 • 10“ 2 Mol 1 - 1
О  3,99 • 1 0 - 2 M o ll“ 1 •  5,59 • IO“ 2 M o l l - 1 а  4,36 • 1 0 - 2 M o l l " 1
д 5,33 • 10~2 M o l l " 1 А 0,112 Mol 1“ 1 л  5,92 • IO' 2 Mol l_ l

0.100

0 .075

CD
0.050

0.025

Abb. 2. E in flu ß  der Ä n d e ru n g  d e r  K o n zen tra tio n  des p -D in itro b e n z o ls  au f die A n fangs
g esch w in d ig k e it der P o ly m e risa tio n

Acta Chim . Acad. Sei. H ung. 68, 1971
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Tabelle I

Charakteristische D aten der Polym erisation in  Gegenwart von o-D initrobenzol 
B enzoy lperoxydkonzen tra tionen : 7,48 • IO-2 Mol 1_1 bei 50 °C, 3,31 • 10~2 Mol 

l _1bei 60 °C, 6,61 - 1 0 -3 Mol l - 1 bei 70 °C

T e m p era tu r «
M ol 1-» M ol l -1  sec -1

Xl
*ï

50 °C 9,45 ■ IO "3 2,000 ■ 10 - * 0,061 0,28 0,90

50 °C 1,42 • 10 - * 1,898 • 10 0,046 0,24 0,86

50 °C 1,89 • 10-* 1,803 • IO-4 0,033 0,20 0,82

60 °C 7,45 • 1 0 - 3 3,481 i o - 4 0,113 0,30 0,85

60 °C 1,49 • 10 - * 3,339 ■ IO "4 0,054 0,22 0,87

60 °C 2,97 ■ 10-* 3,245 10 -* 0,022 0,13 0,91

70 °C 1,19 • 10-* 3,056 • 10 - 4 * * *

70 °C 1,79 ■ 10 - * 2,638 • 10 - 4 * * *

70 °C 2,38 • ]«~* 2,284 • 10 - 4 * * *

* Bei hohen U m sä tzen  sank  d ie Polym erisa tionsgeschw indigkeit so w eit ab , daß  keine 
D a ten  m ehr b estim m t w erden  k o nn ten .

Tabelle II

Charakteristische D aten der P olym erisation in  Gegenwart von m -D initrobenzol 
B enzoy lperoxydkonzen tra tionen : 7,48 • IO-2 Mol l -1 bei 50 °C, 3,31 • 10 -2 

Mol l - 1 bei 60 °C, 6,61 • IO "2 Mol l - 1 bei 70 °C

T e m p era tu r
z

Mol l->
w .,

M ol l _1sec_1 xt

50 °C 5,64 • 10 - * 2,142 • 10 - 4 0,095 0,28 0,85

50 °C. 8,46 ■ 10-* 2,111 • IO“ 4 0,071 0,26 0,84

50 °C 0,113 2,079 • 1 0 -4 0,054 0,25 0,84

60 °C 4,13 • 10-* 3,323 • 10- 4 0,127 0,30 0,86

60 °C 8,25 • 10-* 3,197 • 1 0 -4 0,060 0,22 0,89

60 °C 0,165 2,945 • 10 0,026 0,13 0,88

70 °C 3,55 • 10 - * 3,733 • 10 - 4 0,039 0,23 0,92

70 °C 5,33 • 10-* 3,701 • IO“ 4 0,035 0,18 0,90

70 °C 7,10 • IO-* 3,670 • 10 ~ 4 0,029 0,13 0,88

A us den  A n fan g sgeschw ind igke iten  b e rech n e ten  w ir die v o n  B agdasar- 
JAN [10] e in g efü h rten  V erzö g eru n g sp aram ete r. U n te r  d iesen  h a b e n  w ir die 
au s  den  in  G eg en w art v o n  p -D in itro b en zo l v o rgenom m enen  M essungen  
b e rech n e ten  W erte  a u f  A bb . 3 au fg e fü h rt. A us den  V e rzö g e ru n g sp aram e te rn  
la ssen  sich die W erte  v o n  k jk .z m it H ilfe  d er fo lgenden  G leichung b e re c h n e n  [10]

F W 0 k- k'i
—2------- m a,
kz kq

( 1 )

11* Acta Chim. Acad. Sei. Hung. 68, 1971
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Charakteristische D aten der Polymerisation in  Gegenwart von p-Dinitrobenzol 
B en zo y lp ero x y d k o n zen tra tio n en : 7,48 • IO-2 Mol l -1  bei 50 °C, 3,31 • 10-2 

Mol l - 1 b e i 60 °C, 6,61 • 1 0 -2 Mol l - 1 b e i 70 °C

T e m p e ra tu r
z

M ol I " 1 Mol l - ' s e c - 1 * 1 *1 *!

50 °C 2,66 • 10 " 2 2,095 • i o - 1 0,176 0,33 0,86

50 °C 3,99 • IO -2 2,048 • 10 4 0,127 0,32 0,86

50 °C 5,33 • IO "2 2,000 • 10 ~4 0,100 0,31 0,86

60 °C 3,02 • IO " 2 C
O

V V
©

О
1 0,210 0,33 0,86

60 °C 5,59 • 10 —2 3,260 • 1 0 -1 0,105 0,28 0,90

60 °C 0,112 2,898 ■ 1 0 - 4 0,047 0,23 0 , 9 2

70 °C 2,79 ■ IO -2 3,504 • 10 - 4 0,068 0,23 0,95

70 °C 4,36 • IO -2 3,347 • 1 0 -4 0,059 0,20 0,89

70 °C 5,92 • I O - 2 3,197 ■ 1 0 - 4 0,049 0,18 0,83

w obei F  der V e rzö g e ru n g sp aram e te r, W 0 die A n fan g sgeschw ind igke it der 
P o ly m e risa tio n  in A b w esen h e it des V erzögerers, 2 d ie  V erzö g ererk o n zen tra tio n , 
k 2, k i u n d  fc5 die G esch w in d ig k e itsk o n stan ten  d er W a c h s tu m s-, A bbruchs- u n d  
V erzö g eru n g sreak tio n  u n d  m  d ie  M o n o m erk o n zen tra tio n  is t. D ie W erte  von  a 
g ib t d e r  folgende A u sd ru c k  an :

« =  (1 - q )  (1 +  Я). (2)

H ie r  b e d e u te t q die W ah rsch e in lich k e it d er K e tte n re g e n e rie ru n g sre a k tio n ,

. о »
fc5 r z A  ke 22

w obei r die R a d ik a lk o n z e n tra t io n  und  ke die G esch w in d ig k e itsk o n stan te  der 
b im o le k u la re n  A b b ru c h s re a k tio n  der aus den  V erzögererm olekü len  geb ilde ten  
in te rm e d ie ren  R ad ik a le  is t.

D ie G eschw ind igkeit d e r  le tz tg en an n ten  R e a k tio n  is t  — allgem ein aus 
ch em isch en  G ründen  gew öhn lich  viel k le iner a ls d ie  d er R eak tio n  zw ischen 
d en  in te rm e d iä ren  R a d ik a le n  u n d  den P o ly m e rra d ik a le n  (gem ischte R ek o m 
b in a tio n )  u n d  is t d esha lb  n ic h t  k onkurrenzfäh ig . D em  is t  es zuzuschreiben , daß  
sie m e is t u n b e rü c k s ic h tig t b le ib t ,  in  welchem  F a lle  d e r W e rt von  Я d e fin itio n s
g em äß  Я =  1 ist. W en n  F  d em  B ru ch  z j W 0 p ro p o r tio n a l is t, g ib t es keine 
R eg en e rie ru n g  der K e t te n  (q =  0 und  a — 2).

A u ch  in  G egenw art d e r  anderen  beid en  D in itro b en zo le  e rh ie lten  w ir 
ä h n lic h e  E rgebn isse  w ie d e r a u f  A bb. 3 gezeigte Z u sam m en h an g . Die A nstiege

Acta C him . A cad . Sei. H u n g . 6 8 , 1971
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d er e rh a lte n e n  G erad en  u n d  die b erechneten  W e rte  v o n  k^k., e n th ä lt T abe lle
IV . Z u r B erech n u n g  d e r  V erzö g eru n g sp aram ete r w u rd en  die zu den bei v e r
sch iedenen  T e m p e ra tu re n  b e n u tz te n  B en zo y lp e ro x y d k o n zen tra tio n en  g eh ö ren 
den  W erte  der A n fan g sp o ly m erisa tio n sg esch w in d ig k e it aus Z ita t [9] ü b e r
nom m en . A u f G ru n d  d e r A rb e iten  [11, 12] b e re c h n e te n  w ir die W e rte  fü r  
k:Jk4, d ie b e i 50 °C 5,40 • IO 3, bei 60 °C 1,04 • 1 0 ~ 2 u n d  bei 70 °C 1,80 • IO -2  
M o l-1 1 se c -1 b e tra g e n . E s sei b em erk t, daß  be i e in e r  T e m p e ra tu r  von  60 °C die

Abb. 3. A b h än g ig k eit d e r  У e rzö g eru n g sp aram ete r von  d en  z /lT n-W erten , in G eg en w art von  
p -D in itro b e n zo l O: T e m p e ra tu r  50 °C, • :  T e m p e ra tu r  60 °C, э  : T em p era tu r 70 °C

K o n z e n tra tio n se rh ö h u n g  v o n  o- und m -D in itro b en zo l eine A bw eichung von  
d e r G erad en  b ew irk t. W en n  Я =  1 angenom m en w ird , so is t in  G egenw art des 
o -D in itrobenzo ls be i e in er V erzö g ererk o n zen tra tio n  von  1,49 ■ 10~2 Mol l _ l 
(j =  0,14 aus der A bw eichung berechnet, w ä h re n d  fü r  eine V erzögererkonzen-

Tabellr IV

Verzögerungswirkung von D initrobenzolen  
im  Anfangsabschnitt der Polym erisation

Temperatur
F  w ,

z
103

fc»
К
102

50 °C 4,60 4,51

o -D in itrobenzo l 60 °C 5,72 2,90

70 °C 15,8 4,65

50 °C 0,23 0,225

m -D in itrobenzo l 60 °C 1,85 0,939

70 °C 0,36 0,106

50 °C 0,84 0,824

p -D in itro b e n zo l 60 °C 1,61 0,817

70 °C 2,20 0,647

A c ta  C h im . A c a d . S e i. H u n g . 68, 1971
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t r a t io n  v o n  2,97 • 10-2  Mol l -1  q =  0,44 is t . Ä h n lich  is t  in  G eg en w art des m- 
D in itro b e n z o ls  bei e iner Y e rz ö g e re rk o n z e n tra tio n  von  8,25 ■ 1 0 -2  M o l l -1 g =  
0 ,3 3 , w ä h re n d  fü r eine Y e rz ö g e re rk o n z e n tra tio n  von  0,165 M o ll-1  q =  0 ,69 is t.

Ä h n lic h  wie bei d en  in  frü h e re n  A rb e iten  u n te rsu c h te n  V erzögerern  
[13, 14] w e rte te n  w ir den  P o ly m e risa tio n sa b sc h n itt nach  A u f tre te n  des G el
e ffe k ts  m it  H ilfe der G le ichung  v o n  S a w a d a  [15] aus. W en n  w ir  gem äß

der G le ich u n g  die W erte  v o n ------------- l n ----------- — als F u n k tio n  d e r Z eit d a rs te llen ,
x 2 — x x x 2 — X

A b b . 4. E in f lu ß  der Ä nd eru n g  d e r K o n z e n tra tio n  v o n  p - i tin it robenzoï a u f  die P o ly m erisa tio n

be i h o h en  U m sä tze n

so e r h a l te n  w ir G eraden, die a u f  A bb . 4 gezeig t sind . Die S te ilh e it d e r  G eraden  
l ie fe r t  d ie  fü r  die d u rch  d en  G eleffek t v e ru rsa c h te  G eschw ind ig k e itse rh ö h u n g  
c h a ra k te r is tis c h e n  K 1 W erte , d ie  zu sam m en  m it den  W erten  u n d  x 2 in  den 
T a b e lle n  I ,  I I  und  I I I  zu sa m m e n g e faß t sin d . W ie aus den T ab e llen  h e rv o rg eh t, 
w ird  m i t  d e r Z unahm e d er V e rzö g e re rk o n z e n tra tio n  der U m sa tz  x v  b e i dem  der 
G e le ffe k t a u f tr i t t ,  k le iner. D e r G ren zu m sa tz  (x2) s te llt keine e in d eu tig e  F u n k tio n  
d e r  V e rz ö g e re rk o n zen tra tio n  d a r , in  den  m eisten  F ällen  e rre ic h t e r in n e rh a lb  
e ines gegebenen  B ereiches d e r  V e rzö g e rerk o n zen tra tio n  ein M ax im u m , dessen 
W e r t  g le ich  oder größer is t  a ls d er in  A nw esenheit d e rg le ich en  In itia to rm e n g e , 
je d o c h  ohne V erzögerer gem essene W e rt. D ie T e m p e ra tu ra b h ä n g ig k e it des 
G re n z u m sa tz e s  b e s itz t au ch  h ie r  d en  g leichen  C h arak te r w ie bei d e n  frü h e r 
u n te r s u c h te n  V erzögerern  [13, 14]. E s sei e rw äh n t, daß  in  G eg en w art von 
o -D in itro b e n z o l bei 70 °C d e r  G ren zu m sa tz  ü b errasch en d  k le in  is t. D e r du rch  
E x tr a p o la t io n  der Z e it-U m sa tz -K u rv e n  e rh a lten e  W ert b e tr ä g t  b e i einer 
K o n z e n tra t io n  von  2,38 • 1 0 -2  Mol l -1  0,12 u n d  auch  im  F a lle  e in e r  V er
z ö g e re rk o n ze n tra tio n  v o n  1,19 • 1 0 -2  Mol l -1  n u r  0,5.

Z u r  C h arak te ris ie ru n g  d e r  W irk sa m k e it der u n te rsu c h te n  V erzö g erer bei 
h o h e n  U m sä tzen  w u rd en  au c h  h ie r die 7C, rej-W erte  (der Q u o tie n t d e r  in  G egen
w a r t  b zw . in  A bw esenheit des V erzögerers gem essenen K j-W e rte )  v e rw en d e t, 
d ie  a u f  A bb . 5 in  A b h ä n g ig k e it v o n  d er Y e rzö g ererk o n zen tra tio n  d a rg es te lltA c ta  C h im . A cad . Sei. H u n g . 68 , 1971
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Abb. 5. E in f lu ß  d e r  K o n z en tra tio n sä n d e ru n g  des V erzögerers a u f  die K t rel-W erte  

O'. o -D in itro b en zo l b e i 50‘C • :  bei 60 °C
□ : m -D iu itro b en zo l bei 50 °C ■  bei 60 °C Я: bei 70 °C
Л: p -D in itro b e n zo l bei 50 °C ▲ : bei 60 °C Д : bei 70 °C

sind . Ü b e re in s tim m en d  m it  unseren  frü h e re n  U n te rsu ch u n g en  fa llen  die 
fCj rei‘W erte  b e im  A n stieg  der V erzö g e re rk o n zen tra tio n  s ta rk  ab  [13, 14]. 
E benso  is t das A b sin k en  d e r P o ly m erisa tio n sg esch w in d ig k e it im  A n fan g sab 
sc h n itt  d er R e a k tio n  b e d e u te n d  geringer als b e i h o h en  U m sätzen .

E in  V erg leich  d e r  W irk sam k e it der u n te rs u c h te n  V erzögerer sow ohl im  
A n fan g sab sch n itt d e r  P o ly m erisa tio n  als a u c h  be i hohen  U m sä tzen  ze ig t, 
d aß  das o -D in itro b en zo l am  ak tiv s te n  is t. Z w ischen  d er W irk sam k e it d e r 
an d eren  beid en  D in itro b en zo le  g ib t es k e in en  w esen tlichen  U n te rsch ied . 
B eim  V ergleich des m it m -D initrobenzol e rh a lte n e n  k jk . , -W ertes m it dem  von  
K i c e  [1] bei 44,1 °C gem essenen  W ert von 4,8 • 1 0 ~ 3 w urde  g u te  Ü b e re in s tim 
m u n g  erh a lten .
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POLYMERISATION DES METHYLMETHACRYLATS 
BEI HOHEN UMSÄTZEN, VI

Z U SA M M E N F A S SE N D E  W E R T U N G  D E R  E R G E B N IS S E  

I . Mo ndvai und L . H alász

(Lehrstuhl f ü r  die Plast- und  G um m iindustr ie  der Technischen U niversität.
B udapest)

E ingegangen  am  3. O k to b e r 1969

Bei d e r U n te rsu ch u n g  der B lo ck p o ly m erisa tio n  von  M e th y lm e th a c ry la t w u rd en  
Z u sam m en h än g e  fe s tg es te llt zw ischen den  fü r  die P o ly m erisa tio n  bei h o h en  U m sä tze n  
ch a ra k te ris tisch e n  W erten  u n d  de r A nfan g sg esch w in d ig k e it de r P o ly m erisa tio n . E s  
w u rd en  die in den G leichungen an g e fü h rten  K oeffiz ien ten  u n d  P o ten zen  in G eg en w art 
de r u n te rsu c h te n  In itia to re n  u n d  V erzögerer b e s tim m t. Zwischen d e r ch em isch en  
S tru k tu r  u n d  de r R e ak tio n sfäh ig k e it d e r  u n te rs u c h te n  V erzögerer w u rd en  Z u sam m en 
h änge  gefunden .

B ei der P o ly m erisa tio n  v e rsch ied en er M onom ere (S ty ro l, M e th y lm e th a 
c ry la t ,  V in y lch lo rid ) w urde  fe s tg es te llt, d aß  die m o m en tan e  G eschw ind igkeit 
des V organges in  einem  ziem lich b re ite n  U m sa tzg eb ie t der im S ystem  b e fin d 
lich en  P o lym erm enge  p ro p o rtio n a l is t. Im  F a lle  von  S ty ro l lä ß t  sich  der 
G eleffek t n u r d u rch  den  U m stan d  b em erk en , d aß  die an fäng liche  s ta tio n ä re  
G eschw ind igke it der P o ly m erisa tio n  n ic h t d e rg e s ta lt ab n im m t, als a u f  G rund  
d e r V e rm in d e ru n g  d er M o n o m erk o n zen tra tio n  zu e rw arten  w äre. B ei d er 
P o ly m e risa tio n  des M e th y lm e th ac ry la ts  n im m t die m o m en tan e  G eschw ind ig 
k e i t  d er R e a k tio n  nach  E rre ichen  eines gegebenen  U m satzes s tä n d ig  zu. Die 
D iffe ren z  zw ischen d e r m ax im alen  G eschw ind igkeit und der an fän g lich en  
G eschw in d ig k e it k a n n  auch  eine G rö ß en o rd n u n g  b e trag en . Die P o ly m e risa tio n  
v o n  V iny lch lo rid  v e r lä u f t in h e te ro g en er P h ase  vom  A nfang  an  m it s tä n d ig  
zu n eh m en d e r G eschw indigkeit.

B ei allen  d re i M onom eren b e s te h t je d o c h  d er e rw äh n te  lin eare  Z u sam 
m e n h a n g  zw ischen P o ly m erisa tio n sg esch w in d ig k e it und  U m sa tz . D ieser 
B e fu n d  d ien te  B u r n e t t  u n d  D uncan  [1] sow ie Saw ada  [2] als G ru n d lag e  zur 
A u fs te llu n g  ih re r G leichungen fü r die P o ly m erisa tio n  von  M e th y lm e th a c ry la t 
be i h o h en  U m sätzen .

Z u r I l lu s tra tio n  d er Z u sam m enhänge  P o lym erisa tio n sg esch w in d ig k e it- 
U m sa tz  beim  M eth y lm e th ac ry la t d ien te  die D a rs te llu n g  der m it v ersch ied en en  
M engen B enzoy lperoxyd  bei 50 °C e rh a lte n e n  E rgebn isse  in A bb. 1. D ie aus 
den  geraden  S treck en  g erechneten  /1 W jA x  W erte  sind  c h a ra k te ris tisch  fü r  
die b e i hohen  U m sä tzen  erfolgende P o ly m erisa tio n . S te llt m an  die W erte  
A W jA x  als F u n k tio n  d er an fäng lichen  s ta tio n ä re n  G eschw indigkeit d e r  P o ly 
m e risa tio n  d a r, so e rh ä lt m an die in A bb . 2 gezeig ten  G eraden . E benso lche
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G erad en  e r h ä l t  m an , w enn s t a t t  d er W erte  v o n  A W / A x  die aus d er G leichung  
von  S a w a d a  e rrech n e ten  K t-W erte  d a rg e s te llt  w erd en , n u r  is t die S tre u u n g  
d er V e rsu c h sp u n k te  e tw as g rößer.

_ • * •
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* *
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Abb. 1. P o ly m erisa tio n sg esch w in d ig k e it-U m sa tzg rad -Z u sam m en h än g e  bei 50 °C, in  G egen
w a r t  v e rsc h ie d e n e r  M engen von B en zo y lp ero x y d . In i t ia to rk o n z e n tra tio n e n : •  11,24 • 10“ 2 

M o l l " 1; О 7,48 ■ 1 0 - 2 M o ll“ 1; А 4,13 • 10 ~ 2 Mol 1"»; Д 2,30 • 10“ 2 Mol 1“  1

Abb. 2. D ie  W e rte  v o n  A W /A x  als F u n k tio n e n  d e r A n fan g sg esch w in d ig k e it de r P o ly m erisa tio n . 
B e n z o y lp e ro x y d  bei 50 °C (o ) ,  bei 60 °C ( • ) ,  be i 70 °C (Э ); L au ro y lp ero x y d  bei 50 °C (□ ),

bei 60 °C (■ ), bei 70 °C ( d )

D em g em äß  lassen  sich fo lgende G le ichungen  zw ischen d er an fän g lich en  
G esch w in d ig k e it d e r P o ly m erisa tio n  u n d  d en  W e rte n  / I W / A x  bzw . a u f
sch re ib en :

A W / A x  =  a W ’st (1)

K ,  =  b W s t • (2 )

D ie n u m e risc h e n  W erte  der K o effiz ien ten  u n d  d e r P o ten zex p o n en ten  w u rd en  
in  G e g e n w a rt v o n  B enzo y lp ero x y d  u n d  L a u ro y lp e ro x y d  als In i t ia to re n  bei 
v e rsc h ie d e n en  T e m p e ra tu ren  e rre c h n e t (T ab . I  u n d  T ab . I I ) .  D ie h ie rzu  b e 
n ü tz te n  V e rsu c h sd a te n  sind  in  V erö ffen tlich u n g en  [3] u n d  [4] zu fin d en .
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Tabelle I

W erte der Koeffizienten u n d  Potenzexponenten  
der Gleichung (1 )

I n i t ia to r T e m p e ra tu r
°C a • IO“ * n

50 214 1,22

B en zoy lperoxyd 60 1260 1,45

70 397 1,37

50 158 1,22

L auro y lp ero x y d 60 820 1,45

70 220 1,37

Tabelle I I

Werte der K oeffizienten u n d  Potenzexponenten  
der Gleichung (2 )

I n i t ia to r T e m p e ra tu r
°C b • 10-» n

50 11,2 1 ,2 2

B enzoy lperoxyd 60 44,0 1,45

70 12,5 1,37

50 10,9 1 ,2 2

L au ro y lp ero x y d 60 59,6 1,45

70 14,8 1,37

A us T ab . I  u n d  T a b . I I  is t zu sehen , d a ß  d ie W erte  der P o te n zex p o n en ten  
n  n u r von  d er T e m p e ra tu r  b ee in flu ß t w e rd en . D ie num erischen  W e rte  der 
P o te n zex p o n en ten  u n d  auch  der K o e ffiz ien ten  a und  h sind  bei 60 °C am  
größ ten .

M it s te ig e n d e r T e m p e ra tu r  n im m t a u c h  die anfängliche P o ly m e risa 
tio n sg esch w in d ig k e it zu , ebenso die D iffusionsgeschw ind igkeit des M onom ers im  
m o n o m eren -p o ly m eren  Gel. U n te r  so lchen U m s tä n d e n  n im m t die M öglichkeit 
d er R ad ik a le  z u r A n sam m lu n g  ab, fo lg lich  a u c h  die der sp o n tan en  E rh ö h u n g  
d er P o ly m erisa tio n sg esch w in d ig k e it bei h o h e n  U m sätzen . U n te r  den  an g e 
w a n d te n  R e a k tio n sv e rh ä ltn isse n , d. h . w e n n  d e r iso therm ische V e rla u f  der 
P o ly m erisa tio n  d u rc h  gegebene V ersu ch sb ed in g u n g en  gesichert w erden  k o n n te , 
w ächst bei 60 °C d e r fü r  die P o ly m erisa tio n  be i hohen  U m sätzen  c h a ra k te r i
stische  W ert A W /A x  bzw . K l als F u n k tio n  d e r  an fäng lichen  G eschw ind igkeit der 
R eak tio n  am  s tä rk s te n . D urch  die d o p p e lte  W irk u n g  der T e m p e ra tu re rh ö h u n g  
lä ß t  sich au ch  d e r  B efu n d  erk lären , d a ß  d e r H ö ch stw ert der zu r g leichen 
A n fan g sg eschw ind igke it gehörenden W e rte  A W / A x  bzw. K x bei 50 °C lieg t.
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I n  G egenw art von V erzögerern  n im m t die P o ly m erisa tio n sg esch w in d ig 
k e it  a b . A u s den  im  A n fan g ss tad iu m  d er P o ly m erisa tio n  gem essenen R e a k tio n s 
g esch w in d ig k e itsw erten  [5— 7] w u rd en , in  K e n n tn is  der fü r  die V erzö g eru n g s
r e a k t io n  c h a ra k te ris tisch e n  W e rte  /e5/k2 bzw . k2 [8, 9], die W erte  k 5 e r re c h n e t 
(T ab . I I I ) .  Bei schw ächeren  V erzögerern , w ie m -N itropheno l bei 60 °C u n d  
m -D in itro b e n z o l bei 70 °C, h a t  m an  u n w ah rsch e in lich  kleine fc5 W erte  e rh a lte n . 
H ie r  m u ß te  näm lich  eine h o h e  V erzö g e re rk o n zen tra tio n  an g ew an d t w e rd en , 
um  e in e  en tsp rech en d e  V erm in d e ru n g  fü r  die K 2-W erte  zu e rh a lten , w o d u rch  
w a h rsc h e in lic h  eine K e tte n re g e n e ra tio n  a u f tr a t .  D ad u rch  aber e rh ie lt m a n  
n ie d r ig e re  k5-W erte als die ta tsä c h lic h e n .

H in s ic h tlic h  der W irk sa m k e it d er u n te rsu c h te n  V erb indungen  e rg ab  
sich  b e i b e id en  T e m p e ra tu ren  eine G rößenordnungsd iffe renz  in  fo lg en d er 
R e ih e n fo lg e : D in itropheno le  S> o -N itro p h en o l D in itrobenzo le  u n d  die b e id en  
a n d e re n  M ononitrophenole . L age u n d  Z ah l d e r N itro g ru p p en  b ee in flu ssen

Tabelle I I I

Geschuindigkeitskonstanten von Verzögerungsreaktionen

Verzögerer
T e m p e 

r a tu r
°C

z
102

ks
k2
102

k6
1 M ol-1 sec-1

o-N itrophenol 50 0,30 2,94 9.41

60 2,85 14,5 84,1

m -N itrophenol 50 0,19 1,86 5,95

60 0,08 0,406 2,35

p-N itrophenol 50 0.10 0,980 3,14

60 0,12 0,619 3,53

2,4-D initrophenol 50 4,10 40,2 129

60 9.80 49.7 288

2,5-D initrophenol 50 12,4 122 390

60 14,7 74.6 433
2,6-D initropheno] 50 5,14 50,4 161

60 11,0 55,8 324

50 0,460 4,51 14,4

o-D initrobenzol 60 0.572 2,90 16,8

70 1,58 4,65 44,6

50 0,023 0,255 0,72

m -Dinitrobenzol 60 0Д85 0,939 5,45

70 0.036 0,106 1.02

50 0,084 0,824 2,64

p-D initrobenzol 60 0,161 0,817 4.74

70 0,220 0,647 6 ,2 1
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folglich die R eak tio n sfäh ig k e it d e r V erb in d u n g en . Die g rö ß te  R olle  sp ie lt die 
zw ischen den  b e n a c h b a rten  N itro - u n d  phenolischen  H y d ro x y lg ru p p e n  
zu stan d ek o m m en d e  W asse rs to ffb rü ck e . D as eine S au ersto ffa to m  d er N itro - 
g ru p p e  s itz t in diesem  F alle  locker, w eshalb  die F äh ig k e it der V erb in d u n g en , 
R ad ik a le  zu ak zep tie ren , v iel k rä f tig e r  w ird . Die E in fü h ru n g  e in e r zw eiten  
N itro g ru p p e  b rin g t n u r d a n n  eine b ed e u te n d  höhere R e a k tio n sfäh ig k e it

Abb. 3. Die W erte  von I IV ix  a ls F u n k tio n e n  de r A nfangsgeschw indigkeit de r P o ly m erisa tio n  
bei 50 °C 1. (д )  o -N itrophenol, 2. (A ) m -N itro p h en o l, 3. (A )  p -N itro p h en o l, 4. (o) 2,4-D i- 
n itro p h e n o l, 5. (<j) 2 ,5 -D in itropheno l, 6. ( • )  2 ,6 -D in itro p h en o l, 7. (□ ) o -D in itro b en zo l, 8. (Ш) 

m -D in itrobenzol, 9. (■ ) p -D in itro b e n zo l, 10. ( 0  oh n e  V erzögerer

m it sich , w enn M öglichkeit zu r B ild u n g  der W assersto ffb rücke  b e s te h t. In n e r 
halb  d er einzelnen G ruppen  v e ru rsa c h e n  s tru k tú rá ié  V ersch ied en h eiten  keine 
b e d e u te n d e n  D ifferenzen in  d er R e a k tio n sb e re itsc h a ft, auch  die W irk sam k e its - 
R eihenfo lge is t bis zu einem  gew issen G rad  eine F u n k tio n  d er T e m p e ra tu r .

B ei hohen  U m sätzen  lä ß t  sich  die W irk sam k e it der a n g e w a n d te n  V er
zögerer g u t vergleichen, sofern  die W erte  A W /A x  u n d  K x als F u n k tio n  der 
A nfangsgeschw ind igkeit d er P o ly m erisa tio n  d a rg este llt w erden . In  A bb . 3 
is t als B eispiel die A b h äng igke it d e r  b e rech n e ten  W erte  A W /A x  als F u n k tio n  
d er A nfangsgeschw ind igkeit d er P o ly m erisa tio n  bei 50 °C zu sehen . D ie aus 
V ersuchen  m it versch iedenen  V erzögererm engen  b e rech n e ten  D a te n  liegen 
e n tla n g  einer G eraden und  treffen  sich im en tsp rech en d en  P u n k t d e r G eraden ,
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die e rh a lte n  w urde  im  V ersuch  m it gleicher In i t ia to rk o n z e n tra tio n  jed o ch  ohne 
V erzögerer. Ä hn liche  Z u sam m en h än g e  e rh ä lt  m a n  be i d er D arste llu n g  der 
b e i 60 °C gew onnenen  W erte  A W / A x  bzw . K v  A u ch  aus A bb . 3 g eh t h e rv o r, 
d a ß  sich  die be i h o h e n  U m sä tzen  gem essene R eak tio n sg esch w in d ig k e it be i 
g le icher an fän g lich e r P o ly m erisa tio n sg esch w in d ig k e it d u rch  A nw endung  von  
V erzö g erern  in  e rh eb lich e rem  M aße v e rm in d e rn  lä ß t  als d u rch  V erm inderung  
d e r In it ia to rk o n z e n tra tio n .

Z w ischen  d e r an fän g lich en  G eschw ind igkeit d e r  P o ly m erisa tio n  u n d  den  
W e rte n  A W / A x  bzw . K ± b es teh en  die fo lgenden  B eziehungen :
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1 Í 1
( A W / A x ) Tel [ W Tel I ’

(3)

K hrei ~  ( B̂ rel ) ’
(4)

wo W tei die re la tiv e  P o ly m erisa tio n sg esch w in d ig k e it (d. h. Q u o tien t d er in  
G eg en w art u n d  in  A b w esen h e it von  V erzögerern  gem essenen  P o ly m erisa tio n s
geschw ind igkeit) is t , w äh ren d  (AW /zb;)rei u n d  K lt re| die en tsp rech en d en  re la 
tiv e n  W erte  sind . D ie nu m erisch en  W erte  d e r P o te n z e x p o n e n te n  sind  in  T ab . 
IV  u n d  T ab . V e n th a lte n . W ie ersich tlich , s te h e n  d ie  W erte  von  m  u n d  k,  von  
ein igen  A u sn ah m en  abgesehen , n ah e  zu e in a n d e r, in  d er W irk sam k eit der 
u n te rs u c h te n  V erzögerer b e s te h t also in  d e r  an fän g lich en  S trecke d er P o ly 
m e risa tio n  u n d  b e i h o h en  U m sä tzen  eine Ä h n lich k e it.

Tabelle TV

Werte der Potenzexponenten der Gleichung (3 )

Y  erzögerer
TI\

b e i 50 °C bei 60 °C

o-N itro p h en o l 47 12

m -N itro p h en o l 5 15

p -N itro p h en o l 18 19
2 ,4 -D in itropheno l 20 18
2 ,5-D in itropheno l 10 17

2 ,6-D in itropheno l 20 19

o-D in itrobenzol 15 39
m -D in itrob  enzol 42 14

p -D in itro b en zo l 15 12
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Tabelle V

Werte der Potenzexponenten der Gleichung (4 )

Verzögerer
к

bei 50 °C bei 60 °C

o -N itropheno l 44 9

m -N itropheno l 6 8

p -N  itro p h en o l 17 13

2 ,4 -D in itropheno l 29 17

2 ,5 -D in itropheno l 10 15

2 ,6-D in itropheno l 25 17

o-D in itrobenzol 16 11

m -D in itrobenzol 44 13

p -D in itro b en zo l 15 11
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ACTA CH I MICA
T O M  6 8 — В Ы П .  1— 2

Р Е З Ю М Е

Определение следов европия
М . Ф А Б И А Н - М О Х А И ,  Э . У П О Р  и  Д ь .  Н А Д Ь

Б ы л  разработан  метод оп ределен ия  н ебольш и х  количеств европи я. Д в е  и з  тр е х  разно
видностей берут за  осн ову  лю м инесценцию , описанную  П олуэктовы м; сел ек ти в н о е  отделе
ние европи я  с помощ ью  ам ал ьгам и р о ван н о го  н а т р и я  позволило, однако, и с п о л ь зо в а ть  арсе- 
н а зу  111 для  оп ределения со д ер ж ан и я  евр о п и я  в обогащ енных о б р азц ах  редкозем ельны х 
м еталлов.

О тделение от прим есей редкозем ельны х м еталлов, явл яю щ и х ся  п ом ех о й , бы ло осу
щ ествлено с помощ ью  о ксал атн о го  в ы саж д ен и я , экстр акц и ей  дибути лф осф орн ой  кисло
той  и антагонистической  р еэкстракц ией .

Ч увствительность метода состав ляет  1 • 10~6%  (сп лавление-лю м инесценция), 
2  • 10~4%  (о-ф енантролин  +  новатоф ан) и 1 • 10-3 %  (арсеназа I I I) .

П осле описанного р азд елен и я  все тр и  м етода могут быть прим еним ы  д л я  одного и 
того ж е  раствора. О писанны е методы м огут бы ть применимы  для  одного и то го  ж е  раство
р а . О писанны е методы м огут бы ть и спользованы  д л я  определения е в р о п и я  в  м онацитах, 
ап ати тах , м и н еральн ы х  п ородах  и соеди н ени ях  редкозем ельны х м еталлов.

Получение и исследование CaSO-,, Мп, пригодного для 
дозиметрических целей

И . К А Ш А , И . П О Р У Б С К И Й  и  Л .  К И Ш

И зучали сь  у сл о ви я  п олу ч ен ия  п р е п а р а та  сульф ата к а л ь ц и я — ф осф ора, ак ти ви р о 
ванного  марганцем , пригодного  д гя  дозим етри чески х  целей, и их  в л и я н и е  н а  термолю ми
несцентны е свойства п р еп ар ато в . Б ы л  р азр аб о тан  оптимальны й способ в в е д е н и я  актива
тора . Н аилучш им и свойствам и обладаю т те  ф осфоры , при получении  к о т о р ы х  введение 
ак ти в ато р а  проводится перед  осаж дением  с у л ь ф ата  к ал ьц и я , в к и сл ы х  с р е д а х . И зучая  
в ли ян и е  атмосферы терм ообработки  на чувствительн ость , было у стан о вл ен о , что ответст
венны м и за  меньш ую  чу встви тел ьн о сть  обр азцо в , прокален ны х  на воздухе , я в л я ю т с я  ионы 
м ар ган ц а , окисливш иеся  до валентностей , превы ш аю щ их 2, п о ско л ьк у , л и б о  последую 
щ и м  восстановлением  и х  до дву х вален тн о го  м а р ган ц а , либо удалением , у д а л о с ь  дости
г н у ть , что светоинтенсивность и ли  чу встви тел ьн о сть  так и х  образцов, п р и го то вл ен н ы х  на 
воздухе , п р и б л и ж ается  к  зн ачен и ям , получен ны м  при приготовлении  о б р азц о в  в  вос
станавливаю щ ей  атм осф ере. Все образцы , в и зучен н ом  и нтервале ( 10“ 2-r- 102R ) , д аю т  линей
ную  зависим ость от дозы  гам м а-облучения .

О термодинамике реакции, протекающей между трихлорсиланом 
и хлористым винилом при высоких температурах в газовой фазе

Д .  К Н А У С

Н а основе константы  р авн о веси я  р еак ц и и , протекаю щ ей м еж ду  тр и х л о р си л ан о м  
и хлористы м  винилом , бы ла р ассчитан а теп л о та  образования этого со ед и н ен и я  и  было 
установлено , что данное значение со гласу ется  с литературны м и  данны м и д л я  теп л о т  обра
зо в ан и я  родственны х соединений. Б ы л и  р ассчитан ы  величины  константы  р а в н о в е с и я  реак
ции  при  различны х тем п ер ату р ах , и  на основе и х  бы ли получены  зн ач ен и я  средн ей  теплоты  
р еак ц и и  и среднего изм енения энтеропии  р еак ц и и  в и нтервале тем ператур  6 0 0 — 821 °К .



Изучение адсорбционных явлений на платиновой электроде с 
помощью техники радиоактивной индикации, V

О зависимости адсорбции хлористых ионов от потенциала

Д Ь .  Х О Р А Н И ,  я. Ш О Л Т  и  Ф .  Н А Д Ь

1. А дсорбц и я  ионов С1~ и зу ч а л а с ь  в IN  растворе Н С Ю , н а  платиновом  электроде с 
пом ощ ью  тех н и к и  радиоактивной  индикац ии .

2. Зави си м о сть  адсорбции  и о н о в  С1~ от п отенциала и зм ен яется  с изменением состо
я н и я  э л е к т р о д а ; на св еж еп р и го то вл ен н ы х  и р еген ер и р о ван н ы х  эл ектр о д ах  наблю даю тся 
две д и ск р етн ы е  ступени, которы е см ы ваю тся со «старением» эл ек тр о д а .

Изучение адсорбционных явлений на платиновой электроде с 
помощью техники радиоактивной индикации, VI

Роль адсорбционного равновесия в гетерогенном каталитическом 
гидрировании в водных средах

Д Ь .  Х О Р А Н И ,  я. Ш О Л Т  и  Ф .  Н А Д Ь

Н а  основе конкретны х п р и м ер о в  было показано , что п р и  каталитическом  ги д р и р о 
вани и  и эл ектр о ги д р и р о ван и и  в в о д н ы х  средах — в  п р о ти в о п о л о ж н о сть  более ран ни м  
в згл я д а м  — н ельзя  п о лагать  о н а л и ч и и  адсорбционного р а в н о в е с и я  субстрата.

Н а  основе этого необходим о внести  изменения и в  к и н ети ческ у ю  картин у  р еак ц и й . 
С огласн о  этом у , приводятся н еко то р ы е  общие п о ло ж ен и я .

Изучение электрохимических свойств аминоазобензола, I

Механизм электрохимического восстановления 4-аминоазобензола, 
2,4-диаминоазобензола и 4’-этокси-2,4-диаминоазобензола

Л .  Л А Д А Н Ь И ,  М . В А Й Д А  и  Д Ь .  В А М О Ш

М ех ан и зм  электр о х и м и ческо го  восстановления н еко то р ы х  производны х ам и н о
азо б ен зо л а  (4-ам иноазобензол, 2 ,4-диам иноазобензол, 4 ’-этоксн-2 ,4-диам иноазобензол) и зу 
ч а л с я  с пом ощ ью  во льтам етр и ч еско го , потенциостатического и  спектроф отом етрического 
м етодов. Б ы л о  установлено, что б р у тто  двухэлектронное во сстан о вл ен и е азо-группы  п р ед 
с т а в л я е т  собой двухступенчаты й  п роцесс , который п р о т е к а е т  по Е С Е -м еханизм у через об
р а зо в а н и е  пром еж уточного со ед и н ен и я , явл яю щ его ся  п р о д у к то м  присоединения одного 
э л е к т р о н а  к  азо-группе, и ч ер ез диспропорц и они рован и е. Д ал ьн ей ш ее  диспропорциониро
ван и е гидразо-ф орм ы  п риводи т в  б р у тто  к  4-ех э л ек тр о н н о м у  восстановлению . И зу чен и е  
эл ектр о х и м и ч еск и х  свойств ар о м ати ч еск и х  аминов, о б р азу ю щ и х ся  в  последнем процессе, 
(1 ,2 ,4 -три ам и н обен зол , 1 ,4 -ф енилендиам ин) позволило о п р ед ел и ть  подробный м ехан и зм  
в о сстан о в л ен и я .

Устранение поляризации сопротивления в потенциостатических 
исследованиях, II

Б .  Л Е Н Д Ь Е Л ,  М Л . и  Й .  Д Е В А Й

Б ы л  разработан  метод н еп р ер ы вн о го  изм ерения и к о м п ен си р о ван и я  поляри зац ии  со
п р о т и в л е н и я  во  врем я и зм ер ен и я  в  у с л о в и я х  п отенц иостати чески х  исследований. Д л я  п р о 
в ер к и  м ето д а  и сследовалась а н о д н а я  п о ляри зац ия  сер еб р а  в  сульф атн ы х  растворах . Б ы л о  
у стан о в л ен о , что в случае авто м ати ч еск о го  ко м п ен си р о ван и я  н ап р я ж ен и я  на ом ическом



сопротивлении  и зм ен яется  х а р а к те р  к р и в о й  ан о дн о й  поляризации . П ом им о этого, было 
установлено, что  в случае автом атического к о м п ен си р о ван и я  нет необходим ости в поме
щ ении эл е к т р о д а  реф еренции вблизи  и зм еряем ого  электрода, а тем самым м о ж н о  и збеж ать  
погреш ности, возникаю щ ей  за  счет эк р ан и р у ю щ его  в л и я н и я  электрода реф еренции.

Симуляция вращательно-колебательных спектров молекул типа 
слегка асимметрического удлиненного волчка с помощью ЭВМ

Распространение к переходам в асимметричном ротаторе
Д Ь . Я Л Ш О В С К И Й  и Л .  Н ЕМ ЕШ

О пи сы вается  програм м а д л я  си м у л и р о в ан и я  н а ЭВМ вращ ательной  с тр у к ту р ы  п ер 
п енд ику л яр н ы х  ко л ебател ьн ы х  переходов в м о л е к у л а х  типа слегка асим м етричного  у дл и 
ненного в о лч к а . В дополнение к  кориоли совы м  взаим одействиям  типа R s прин и м аю тся  во 
внимание п ер ех о ды  в асимметричном ротаторе с точностью  вплоть до К  4. Р асч ет  иллю 
стрируется  на п рим ере v7 этилена.

Химия свободных радикалов, VII

Реакция взаимодействия нитрозосоединений с виниловыми мономерами
Л .  Ш Ю М ЕГИ, Ф . Т Ю Д Ё Ш  и  И . К Е Н Д Е

И зу ч ал ась  р е а к ц и я  взаим одействия нитрозосоединений  с виниловы м и мономерами. 
Р еак ц и я  м ети л м етак р и л ата  с п -н итрозоан и ли н ом  я в л я е т с я  п севдо-ун им олекулярн ой  по 
интрозоанилину, и  величина энергии  ак ти в ац и и  р а в н а  15 ккал /м оль . Р е а к ц и я  ж е  сти рола  с 
нитрозобензолом я в л я е т с я  псевдо-би м олекулярн ой  по нитрозобензолу, и в ели ч и н а  эн ер 
гии активаци и  р а в н а  7 ,5 к кал /м о л ь . Помимо р е а к ц и й  вы ш еупом януты х соединений , и зу 
чались реакци и  взаим одействия некоторы х N -зам ещ ен ны х п -нитрозоанилина и м ногих 
производны х н итрозобензола, зам ещ енны х в к о л ь ц е , с м етилм етакрилатом  и стиролом ; 
оп ределялись к онстан ты  скоростей  эти х  р еа к ц и й  и и х  зависимости ти п а  Г ам м етта. Н а 
основе спектроф отом етрических исследований и сп ек тр о в  Э П Р мож но бы ло зак л ю ч и ть , что 
в  течение р еак ц и и  образую тся свободные р ад и к ал ы  ти п а  окиси а зо т а .

Молекулярное силовое поле для силильных изотиоцианатов 
и силильных изоцианатов
К . РАМ АСВАМ И и С. Р А Н Г А Р А Д Ж А Н

Р асчет п р и б л и ж ен н о го  силового поля  S iH 3N CS и S iH 3NCO п роизводи лся  методом, 
предлож енны м  Т оркингтом ом , Х еранзем  и К а с т а н о , соответственно. Б ы л о  п о казан о , что 
метод Т о рки н гтон а  дает  лучш ую  серию  величин к о н с т а н т  потенциальной эн ер ги и , средних 
ам плитуд к о л еб ан и й  и кориолисовы х постоян ны х , которы е хорош о со гласу ю тся  с наблю 
даемыми эксп ери м ен тальн ы м и  величинам и.

О более детальном изучении протекания реакции Миллона

Я . Л А З А Р , Л . М ОД  и Э . В И Н К Л Е Р

Р еакци я  М и л л о н а  д л я  зам ещ енны х ф енолов  и зу ч ал ась  на следую щ их м о д ельн ы х  
соединениях: 4 -ги дроксибензойн ая  кислота (1а), м етиловы й эфир 4 -ги дроксибензойной  
кислоты  (lb) и ти р о зи н  (1с).

После исчерпы ваю щ его  обзора л и тер ату р н ы х  дан н ы х , относящ ихся к  д ан н о й  тем е, 
синтезировались соеди н ени я , играю щ ие роль в в о зн и к н о в ен и и  цветной р еак ц и и  М и л л о н а , 
и превращ ением  п о следн и х  др у г в д р у га  д о к азы вал о сь  п ротекание реакци и  М иллона.



Б ы л о  у стан о вл ен о , что окраш ен ны м и  соединениям и я в л я ю т с я  комплексы  р т у т и (П )  
с о -н и тр о зо ф ен о л ам и : б и с-о -ни трозоф енол-м еркурат(П ) (IV) и о -н и трозоф ен ол-м еркурат  
(П )-н и тр ат  (V ).  В начале , под вли ян и ем  н агр ев а  и ли  п ри  продолж и тельном  стоянии  п р и  
ком натной  тем п ер ату р е , происходит м ер к у р и р о ван и е , вслед  з а  чем образую щ ийся п р о д у к т  
(Н ), р е а г и р у я  с азотной  кислотой , п р евр ащ ается  в п роизводную  о-нитрозофенола (III)  и 
затем  в  в ы ш еу п о м ян у ты е  окраш енны е к ом п лексы  р тути  (IV, V).

Б ы л о  у стан о вл ен о  т а к ж е , что ком понентом  р е а ге н т а  М и л л о н а  вызываю щ им ц ветн у ю  
реакци ю , я в л я е т с я  нитрит тр у ти (II) .

Производные тиокарбамида с туберкулостатической активностью, I

Ш . Ш О Л Ь О М , Й .  К О Ц К А ,  Г .  Т О Т  и  л. толди

В ти о к ар б ам и д н ы х  производны х  с ту бер к у л о стати ч еск о й  активностью  к о м б и н и р о 
вали сь  1 -(4 -изоам и л-окси ф ени л)-ти окарбам и льны е гр у п п ы , являю щ и еся  наиболее п о д 
х одящ и м и  с т о ч к и  зр ен и я  о казы ваем ого  в л и я н и я , а  т а к ж е  ан алогичны е, но иначе зам ещ ен 
ные ти о к а р б а м и л ь н ы е  группы  с ам и н оки слотам и , к а к  би о л о гич ески  важ ны м и м о л е к у л а м и  
н осителя.

И з  a - , ß -  и  у -ам инокислот и  соответствую щ их и зотиоц и анатов  через к и о к ар б ам и л - 
ам и н о ки сл о ты  бы ли  получены  следую щ и е ц и к л и ч еск и е  соединения: 2 -ти охидан тои н ы , 
2 -ти о -ги д р о у р ац и л ы , а  т а к ж е  2 -тио-4 -окси -пергидро-1 ,3 -диазепины . Помимо п о сл ед н и х , 
бы ли си н те зи р о в а н ы  другие ш естичленны е гетер о ц и к ли ч ески е  соединения, со д ер ж ащ и е  
ти о кар б ам и д н ы й  скелет  в кольце, т а к и е  к а к , 2 -тио-4-ф енил-1 ,2-дигидрохиназолин  и 2 -а р и л -  
им и но-4 -оксо-5 -м ети л-п ерги дро-1 ,3 -тиазин ы . Строение соединений  доказы валось на основе 
х и м и ч еск и х  и сп ектроскоп ич еских  исследований .

2 -Т и о х и д ан то и н ы  обладаю т зн ачи тел ьн о й  тубер ку л о статич еско й  активностью  in 
v itro , но  с и л ь н о  токсичны , в то вр ем я  к а к  перги дро-1 ,3 -ди азеп ин ы  оказались у с п о к а и в а ю 
щ ими ср едствам и .

Конденсация Дарзенса, II

Влияние заместителей на конденсацию Дарзенса, катализированную
основаниями

дь. шипош, дь. шЕбел  и  л . б а л а ш п и р и

П р о в о д и л а с ь  реакц и я  ко н д ен сац и и  Д ар зен са  м е ж д у  галогенидам и п -зам ещ енн ы х 
ф ен ац и ло в  и  n -замещ енны ми бен зальдеги дам и  в ди оксане , в  присутствии  м етилата н а т р и я  в 
к ачестве  к а т а л и за т о р а . Н а основе д ан н ы х  вы хода это кси к ето н о в  делались кач еств ен н ы е  
за к л ю ч е н и я  относительно в л и я н и я  зам ести телей  н а  р еак ц и ю  конденсации. Б ы л о  у с т а 
н овлено , что  в л и я н и е  зам естителей  н а  реакци ю  ко н д ен сац и и  Д арзенса я в л я е т с я  о д и н а 
ковы м  к а к  в  сл у ч ае  кислот, т а к  и  в  сл у ч ае  оснований , и спользованн ы х  в качестве к а т а л и 
зато р о в . О д н ак о , влияние зам ести телей  в  гало ген и д ах  ф ен ац и ла  на конденсацию  Д а р зе н с а  
я в л я е т с я  п р отивополож ны м  по ср авн ен и ю  с и х  в л и я н и ем  н а альдольную  ко н д ен сац и ю , 
к а т а л и зи р о в а н н у ю  основаниям и.

Определение структуры двух изомеров тетрабромо-тетрадеокси- 
гекситола с помощью масс-спектрометрии

Д Ь .  Х О Р В А Т  и  Й .  К У С М А Н Н

С т р у к т у р а  двух  тетрабром о-гекси толов, п о лу ч ен н ы х  при взаим одействии  1,6- 
д и б р о м о -1 ,6 -д и д ео к си -2 ,3 : 4 ,5 -д и ан ги д р о -гал ак ти то л а  с бромистым водородом , о п р еде
л я л а с ь  с пом ощ ью  м асс-спектром етрии . Б ы ло  у стан о вл ен о , что они п редставляю т 1 ,3 ,4 ,6 - 
т етр аб р о м о - 1,3 ,4 ,6 -тетр ад ео кси -ал л и то л  и 1,2 ,4 ,6 -тетр аб р о м о -1,2 ,4 ,6 -тетрадеокси -0 ,Ь -м ан- 
н итол , соответственно.



Полимеризация метилметакрилата при высоких степенях конверсии, V

Изучение замедляющего эффекта динитробензолов

И . М О Н Д В А И ,  Л . Х А Л А С  и  А . К Е Ш И Ц

И зу чал ась  бл о ч н ая  п олим еризация м ети лм етакрилата  п ри  р а зл и ч н ы х  тем пературах  
в присутствии 1,2-, 1,3- и 1,4-динитробензолов. О пред еляли сь  о тн о ш ен и я  констант скоро
стей Kj/ k2 и вели чин  К ,, отн., х ар ак тер и зу ю щ и е ум еньш ение ск о р о сти  полим еризации  при 
вы соких степ енях  п р евр ащ ен и я . П р и  сравнении  и х  м ож но зак л ю ч и ть , что наиболее силь
ным зам едлителем  я в л я е т с я  1,2-динитробензол. Зам ед л яю щ ая  способность всех трех  изо
м еров подобна зам едляю щ ей  способности мононитрофенолов.

Полимеризация метилметакрилата при высоких степенях 
превращения, VI

Общее обсуждение полученных результатов

И . М О Н Д В А И  и Л . Х А Л А С

П ри исследовании  блочной полим еризации  м ети л м етак р и л ата  бы ли установлены  
зависим ости  м еж д у  п арам етрам и , характеризую щ и м и  поли м ери зац ию  п ри  вы соких сте
п ен я х  п ревращ ен и я  и н ачальн ой  скоростью  полим еризации . В п р и су тстви и  различны х 
инициаторов и зам едлителей  о п р едел яли сь  парам етры  этих  зависи м остей  (коэффициенты и 
показатели  степеней). Б ы л а  найдена зависим ость м еж ду  р еак ц и о н н о й  способностью  за 
м едлителей  и их  хи м и ческим  строением .
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T he se lec tiv ity  o f iodide m em brane  e le c tro d e s  was stu d ied  in th e  p re sen c e  of 
v a rio u s  p re c ip ita te -fo rm in g  anions, com p lex in g  a g e n ts  and  m eta l ions fo rm in g  com 
plexes w ith  iod ide  ions. T he resu lts  prove th e  th e o re tic a l concep tion  of th e  se lec tiv ity  
c o n s tan t.

I t  has  b een  fo u n d  th a t  m eta l io d o -co m p lex es show th e  sam e b e h a v io u r  to  an 
iodide e lec tro d e  as cy an id e  com plexes to  a c y a n id e  e lectrode. F u r th e r  re se a rc h  in  th is 
field  is in p rogress.

T he a d v e n t o f p re c ip ita te  m em b ran e  e lec tro d es  has opened new  possib il
ities in  th e  fie ld  o f  p o te n tio m e try . T hey  m a d e  possib le  th e  d irec t (p X  d e te rm i
n a tio n ) and  in d ire c t ( titr im e tric )  d e te rm in a tio n  o f  various anions a n d  ca tio n s.

T he se le c tiv ity  o f an ion-specific e lec tro d e  is one of its  c h a ra c te r is tic  
p a ra m e te rs . T h e  se lec tiv ity  of an  e lectrode to  an io n s form ing p re c ip ita te s  w ith  
th e  c a tio n  of th e  p re c ip ita te  in co rp o ra ted  in  th e  m em brane has b een  s tu d ie d  
th eo re tica lly  [1]. F u rth e rm o re , th e  m e m b ra n e  p o ten tia l eq u a tio n  h a s  been 
in te rp re te d  for reac tio n s  o th e r th a n  th e  p re c ip ita te  exchange re a c tio n  (e.g. 
com plex  fo rm a tio n  [2 ]).

B o th  hom ogeneous and hete ro g en eo u s m em brane e lec trodes b eh av e  
e lec trochem ica lly  in  th e  sam e w ay. A d iffe ren ce  is only found b e tw e e n  the 
s tru c tu re s  of th e  m em branes. T he m e m b ra n e  p o ten tia l eq u a tio n  fo r  1 : 1 
e lec tro ly tes  is as follow s:

THE SELECTIVITY OF ION-SPECIFIC 
ELECTRODES, I

S IL V E R  IO D ID E  M E M B R A N E  E L E C T R O D E

Z. P u c h o n y ,  K. T ó t h  and E .  P u n g o r

(D epartm en t o f  A nalytical C hem istry , U n iversity  o f  Chemical 
Industries, V eszprém )

R eceived D ecem ber 15, 1969

Introduction

w here E 0 =  s ta n d a rd  electrode p o te n tia l ,
i — th e  ion  to  w hich th e  e le c tro d e  is reversib le, 
a, =  a c t iv i ty  of ion i in  th e  so lu tio n ,
a, =  a c tiv ity  o f ion i re leased  b y  th e  com plexing a g e n t in  the

b o u n d a ry  m em brane la y e r, b e in g  equal to  a v/n , 
ax =  a c tiv ity  o f th e  com plex ing  a g e n t in  th e  so lu tion ,
(ij — a c t iv i ty  of ion j  in  th e  so lu tio n ,

1 Acta Chim. Acad. Sei. H ung. 68, 1971
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K j  x =  se lec tiv ity  o f  th e  e lec trode  to  th e  com plexing  a g e n t;  th is  
value b ecom es equal to  u n i ty  i f  th e  com plexing  a g e n t d isso lves 
the p re c ip ita te  in  th e  m e m b ra n e  com pletely ,

K j i  =  se lec tiv ity  o f  th e  e lectrode to  io n  j ,  w hich gives o n ly  a p re c ip i
ta te  ex ch an g e  reaction ,

n  — n u m b er o f lig an d s  in  th e  co m p le x  form ed,
J  =  n u m b er o f th e  ions ta k in g  p a r t  in  th e  p re c ip ita te  ex ch an g e  

reac tion .

M an y  papers h av e  d e a lt  w ith  th e  d e te rm in a tio n  of th e  se le c tiv ity  con
s t a n t  o f  ion-specific  e lec tro d es [1, 3, 4]. T h e  se le c tiv ity  c o n s tan t is d e fin e d  as a 
r a t io  w h ich  u n am b ig u o u sly  show s th e  low est c o n c e n tra tio n  a t  w hich an  ion  can  be 
m e a s u re d  in  th e  p resence o f  a n o th e r  ion. T h e  v a lu e  of th e  se lec tiv ity  c o n s ta n t 
c a n  b e  d e te rm in ed  b y  a d ire c t or in d ire c t p o te n tio m e tr ic  m e th o d  in  so lu tio n s  
c o n ta in in g  b o th  th e  ion  m easu red  and th e  in te rfe rin g  ion.

R e c h n i t z  [3] d e te rm in e d  th e  se le c tiv ity  c o n s tan t o f io n -se lec tiv e  
e le c tro d e s  in  an  analogous w a y  to  th a t  u sed  fo r  glass electrodes. T he se le c tiv ity  
c o n s ta n t  o b ta in ed  in  th is  w a y  is called  th e  a p p a re n t  se lec tiv ity  c o n s ta n t ,  an d  
c a n n o t  b e  used for th e o re tic a l conclusions.

T h e  aim  of th is  p a p e r  is to  s tu d y  th e  se lec tiv ity  of iodide m e m b ra n e  
e le c tro d e s  to  various an io n s an d  ca tio n s. T h e  se lec tiv ity  c o n s ta n ts  o f  th e  
e le c tro d e s  in d ica te  th e  possib le  ap p lica tio n s.

E xperim en ta l
T h e  fo llo w in g  ions w ere s tu d ied :

A n io n s : B r~ , C l" , C N - ,  S C N " , O H " , S , 0 , SOS- , C r O f ,  AsOJ- , Р О Г ,  Fe(C N )* . 
C a tio n s : A g+ , Cd2+, H g 2 + , Ph-’ + .
A p p a r a tu s : a R A D E L K IS  (B u d a p es t, H u n g a ry )  B lood p H -M eter (T ype O P -2 0 3 ) and  

a  R A D IO M E T E R  (C openhagen, D en m ark ) A u to m a tic  T itr im e te r  (T ype T T T  1) w ere  used  
fo r  th e  m ea su re m e n ts . T he in d ic a to r  e lectrode was a R A D E L K IS  O P-I-711 e lec tro d e  a n d  the  
re fe re n c e  e lectro d e  was a A g/A gC l e lectrode  w ith  a K N 0 3 ag ar-ag ar bridge.

R ea g en ts : A g N 0 3, K B r, K C l, K C N , K SCN , N a O H , N a 2S20 3, N a ,S 0 3, K 2C r0 4, N a 3A s 0 4, 
N a 2H P 0 4, K 4 Fe(C N )G, C d S 0 4, H g ( N 0 3),, P b (N 0 3).,, o f  a n a ly tic a l g rade  w ere u sed  fo r  th e  so lu 
t io n s  a n d  w ere s ta n d ard ized  b y  c lassical a n a ly tic a l m e th o d s . T he ionic s tre n g th s  o f  th e  so lu
tio n s  w e re  k e p t  c o n s tan t b y  th e  ad d itio n  of p o ta s s iu m  n itra te .

D eterm ination  a n d  the  th eo re tica l ca lcu la tion  of the 
selectivity  c o n s ta n ts

I n  p rac tice  th e  d e te rm in a tio n  of the  s e le c tiv ity  c o n s ta n ts  can  b e  ca rr ied  
o u t  in  tw o  d ifferen t w ays. I f  th e  values of th e  se le c tiv ity  c o n s ta n ts  a re  low , th e  
m e a su re m e n ts  can  be done in  so lu tions c o n ta in in g  a c o n s ta n t c o n c e n tra tio n  of 
io d id e  a n d  various c o n c e n tra tio n s  o f th e  o th e r  io n  s tu d ied . F ro m  th e  e .m .f. 
v a lu e s  m easu red , th e  c o n c e n tra tio n  of th e  o th e r  ion  w hich begins to  in flu e n c e
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th e  b e h av io u r o f  an  iodide m e m b ra n e  electrode is d e te rm in ed . T his co n cen t ra 
tio n  is given b y  th e  break  p o in t o f  th e  e.m .f. vs.  log ax cu rve  (ax is th e  a c tiv ity  
o f  th e  o ther ion). T he b reak  p o in t  can  be  d e te rm in ed  b y  th e  in te rse c tio n  o f  th e  
ta n g e n ts  to  th e  curve.

in  th e  o th e r  m ethod , a so lu tio n  co n ta in in g  iod ide  an d  a n o th e r  a n io n  is 
t i t r a te d  w ith  s ilv e r n itra te . K n o w in g  th e  in itia l io d ide  co n c e n tra tio n  a n d  th e  
p o te n tia l ju m p , th e  iodide c o n c e n tra tio n  a t  w hich  co -p rec ip ita tio n  o f th e  o th e r  
ion  s ta r ts  c an  b e  determ ined . T h e  se lec tiv ity  c o n s ta n t is given b y  th e  r a t io  o f 
th is  iodide a c t iv i ty  and th e  a c t iv i ty  of th e  in te rfe rin g  an ion:

r ( I ,Pa
'* ( I k)mln

w here  f  an d  I k are  the  a c tiv itie s  of ions i an d  к  in  th e  so lu tion  a t  c o -p re c ip i
ta tio n ,

a, b, m,  n  will be d iscu ssed  la te r.
The th e o re tic a l c a lcu la tio n  o f th e  se lec tiv ity  c o n s ta n t w as c a r r ie d  o u t 

u sing  th e  fo llow ing  equation :

K ik =
s  \/a 

ci/n

w here S,-,- is th e  so lu b ility  p ro d u c t o f th e  p re c ip ita te  in c o rp o ra te d  in  the.
m em brane ( I j ) c( Ij)b,

Sjj. is the  so lu b ility  p ro d u c t of th e  p re c ic ip ita te  fo rm ed  d u rin g
th e  exchange re a c tio n  ( I j )n( I k)m, 

a. b, n,  m  are  the  s to ich io m etric  c o n s ta n ts  o f th e  p rec ip ita te s .

R esu lts  and  discussion

The ex p e rim en ta l re su lts  a re  sum m arized  as follow s:
1. Exam ina t io n  o f  ions f o r m i n g  precipitates with silver ions, by m eans  o f  the 

titration method.  T he t i tra tio n  c u rv e s  are  show n in F ig . 1. T he se le c tiv ity  con
s ta n ts  ca lcu la ted  from  these c u rv e s  are com pared  w ith  th e  th eo re tica l v a lu e s  in  
T ab le  I.

2. Stu dy  on anions f o r m i n g  complexes with silver, by means o f  the direct 
method.  The re su lts  are given in  F ig . 2 and  T ab le  I I .

3. E xam in a t io n  o f  metal ions form ing  complexes or precipi tates with 
iodide ions. T h e  resu lts o b ta in e d  are  given in ac tu a l iod ide c o n c e n tra tio n  vs. 
iod ide m ole frac tio n . The a c tu a l  iodide c o n c e n tra tio n  was c a lc u la te d  from  
th e  p o ten tia ls  m easured  w ith  th e  help of th e  e lec trode  c a lib ra tio n  cu rve . 
F igs 3 and 4 show  the  resu lts o b ta in e d  in th e  p resence o f H g2+ and  A g + .
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T h e ex p erim en ta l re su lts  prove th e  th e o re tic a l con cep tio n  of th e  selec
t iv i ty  co n stan t. On th e  b as is  o f th e  e x p e rim e n ta l re su lts  i t  can  be sa id  th a t  th e  
th e o ry  is valid  for m o re  com p lica ted  p re c ip ita te s  of an ions w ith  a va len cy  
h ig h e r  th a n  one. T h e  ca lcu la tio n  of th e  se le c tiv ity  c o n s ta n t fo r re la tiv e ly

J_________________L_

1 2
ml AgNC>3

F ig . I .  P o ten tio m etrie  t i r a t io n  o f so lu tions co n ta in in g  ! О - \ ! K I  and  X  M  of a n  in te rferin g
io n , w ith  10 M  A g N O a

Table I

M easured  and calculated selectivity constants

A n io n K̂ ig (m easured) Kik (calcu lated )

C l - 9 .6  X  1 0 - 7 3 .7  X  1 0 - 7

B r - 1 . 9 X 1 0 - 4 1 .8 X  IO “ 4

SC N - 3.0  X  1 0 - 5 3 . 0 X  i o - J
O H - 9.1  X  1 0 - 9 1.0  X 1 0 - 8

C rO ;“ 6 . 6 X 1 0 - 11 5 .0  X  1 0 - l l

AsOjf 2 . 7 X  l O “ 10 3 . 2 x  1 0 - 10

PO“ 0 . 2 X  1 0 - 10 1 . 2 X  1 0 - 10

t 'e (C i\)g - 3 . 5 X  IO -» 2 . 4 x  1 0 ' b
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sim p le  system s w as fac ilita ted , by  a ssu m in g  th a t  th e  so lubility  p ro d u c ts  w ere 
th e  sam e for th e  sw ollen  b o u n d ary  p h ases  o f  th e  m em b ran e  as for th e  so lu tio n  
phase. T h is a ssu m p tio n  im plies t h a t  th e  a c t iv i ty  coefficients are th e  sa m e  in 
the  m em b ran e  sw ollen  layer as in  th e  so lu tio n .

In th e  p resence  o f com plexing a g e n ts , th e  se lec tiv ity  c o n s tan t c a n n o t be 
ex p ressed  by  th e  e q u a tio n  derived  fo r p re c ip ita te -fo rm in g  ions. As th e  e x p e r i
m en ta l re su lts  show  [2], the  se lec tiv ity  c o n s ta n t o f  th e  electrode fo r th e  com -

F ig. 2. B eh av io u r o f a n  iodide-selective m e m b ra n e  e le c tro d e  in  a so lu tion  co n ta in in g  I and  
S-0§, and I “ a n d  C N ~ ion s, respec tive ly

p lex -fo rm ing  ion is a lw ays equal to  u n ity  w h en  th e  com plex-form ing  io n  d is 
so lved  th e  p re c ip ita te  to  an  ap p rec iab le  e x te n t. T h e  resu lts  ob ta ined  so fa r  h av e  
n o t in d ic a te d  how  i t  is possible to  c a lc u la te  th eo re tica lly  these  se le c tiv ity  
c o n s ta n ts  to  ions fo rm in g  com plexes. E x p e r im e n ts  in th is d irec tio n  a re  in 
p rogress.

A th e o re tic a lly  in te res tin g  p ro b lem  is p re se n te d  b y  the m etal ions w h ich  
give com plexes or p re c ip ita te s  w ith  io d ide  ions. In  th e  presence of p re c ip ita te -

ТаМ с II

Selectivity constants o f  an iodide membrane electrode to some complexing agents

Anion K fa  (measured)

C N - l

ssor 4.2 X  1 0 - 2

sor 5.5 X 10 ~ 7

A d a  Chim . Acad. Sei. H ung . 6 8 , 1971
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fo rm in g  ions th e re  is no rea l p rob lem ; th e  e lec tro d e  m easures on ly  th e  free 
io d id e  in  th e  so lu tion  as show n in Figs 3 a n d  4 . E x p erim en ts  ca rried  o u t w ith  
io d id e  com plexes in d ic a te d  th a t  these  com plexes give a d irect ex ch an g e  re a c 
tio n  w ith  th e  p re c ip ita te  in  th e  b o u n d a ry  la y e r  o f  th e  m em brane. T h is re s u lt  is 
o f  im p o r ta n c e ,  since th e  iod ide  electrode is n o t  su itab le  for th e  d e te rm in a tio n  
o f  th e  s ta b i l i ty  c o n s ta n ts  of these  iodide co m plexes.

F ig . 3. E ffe c t  o f H g 2 + on  th e  p o te n tia l  value  F ig . 4. E ffec t o f A g+ on th e  p o te n t ia l  v a lu e
o f io d id e  ions, m easu red  b y  iod ide electrode of io d id e  ions, m easured b y  io d id e  e lec tro d e

I n  th e  case of cy an id e  electrodes i t  w as fo u n d  th a t  a cy an id e  e lec tro d e  
ca n  d e te c t  th e  cy an id e  re leased  by  th e  d isso c ia tio n  of cyan ide  com plexes 
h a v in g  a ß  value*  g re a te r  th a n  th a t  of s ilv e r d icy an id e . Com plexes w ith  low er 
ß  v a lu e s  th a n  silver d icy an id e  give a d irec t ex ch an g e  reaction  w ith  th e  p re c ip i
t a te  o f  th e  e lectrode. A llow ance m u st be m ad e  fo r a slight shielding e ffec t o f th e  
c e n tra l  m e ta l a to m  on th e  ligands.
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ß =
* is th e  neg ativ e  lo g a rith m  of th e  overall d isso c ia tio n  co n stan t (K d) o f  a com plex ; 

-log  K d.
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A CRITICAL EXAMINATION OF THE STABILÉI Y 
CONSTANTS OF SOME LANTHANIDE-x- 

HYDROXYCARBOXYLIC ACID COMPLEXES
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R eceived J a n u a ry  16, 1970

O n th e  basis of ex p erim en ta l d a ta  re p o rte d  in  th e  lite ra tu re  and u s in g  th e  cu rv e- 
re d u c tio n  p ro ced u re , th e  s ta b ility  c o n s ta n ts  o f  th e  eq u ilib riu m  system s N d (I I I ) -m e th y l-  
p ro p y lg ly co lla te , Y b (III)- iso b u ty lm e th y lg ly c o lla te , -iso p ro p y lm e th y lg ly co lla te , an d  
-d ie th y lg ly c o lla te , E r( II I)-a -h y d ro x y c y c lo h e x a n e c a rb o x y la te  and S m (I lI ) -m a n d e la te  
w ere c r itic a lly  re -ex am in ed . B y m eans o f th is  p ro c e d u re , the  regions o f th e  fo rm a tio n  
cu rv es su itab le  for th e  dev elo p m en t o f  M A n ty p e  com plexes were se lected . F ro m  these  
reg ions o f  th e  cu rves th e  e x ac t va lues o f th e  c o n s ta n ts  were calculated  by  th e  m e th o d  
of le a s t sq u ares , an d  co m pared  w ith  th e  l i te r a tu re  d a ta .

T h e e a r lie s t app lied  com plexing  ag e n ts  fo r th e  ion-exchange se p a ra tio n  
of la n th a n id e s  w ere x -h y d ro x y ca rh o x y lic  ac id s. A ccordingly, n u m e ro u s  
au th o rs  h a v e  s tu d ie d  th e  equ ilib riu m  re la tio n sh ip s  of these sy s te m s  [1]. 
H ow ever, th e  l i te ra tu re  o f co o rd in a tio n  c h e m is try  up  to  the p resen t t im e  co n 
ta in s  re la tiv e ly  few d a ta  for th e  s ta b ili ty  c o n s ta n ts  [2]. This is e x p la in e d  in  
part b y  th e  ex p e rim en ta l d ifficu lties re su ltin g  from  th e  low s ta b ilitie s  o f  th e  
com plexes. In  ad d itio n  to  th e  fo rm a tio n  o f  m ononuclear com plexes, o th e r  
processes m a y  also occur in  these  sy s tem s, fo r in stance , h y d ro ly s is  o f  th e  
com plexes, fo rm a tio n  of p o lynuc lear co m plexes, dissociation  of th e  alcoho lic  
h y d ro g en  fro m  th e  b o u n d  ligand , e tc . F o r e x a m p le , according to  S e y b  [3], as a 
consequence of th is  la s t process, M A f  is fo rm e d  too.

In  th e  l i te ra tu re  m an y  c o n tra d ic to ry  d a ta  m ay  be found for th e  s ta b il i ty  
co n stan ts  o f v a rio u s m e ta l com plexes. H ence  a c ritic a l re -ex am in a tio n  o f  th ese  
d a ta  seem s desirab le . F o r  th e  reasons m e n tio n e d  above, a rc -e x a in in a tio n  is 
even m ore ju s tif ie d  in th e  case of th e  la n th a n id e -x -h y d ro x y c a rb o x y lic  acid  
system s.

T h e  p u rp o se  of th e  p resen t w ork  w as su ch  a c ritica l re -ex am in a tio n  o f  th e  
s ta b ility  c o n s ta n ts  o f som e la n th a n id e -x -h y d ro x y ca rb o x y lic  acid sy s te m s  an d  
the c a lcu la tio n  o f th e  co rrec t values on th e  basis  o f  experim en ta l d a ta  re p o r te d  
in th e  l i te ra tu re .

Сн о р р ш  et til. [4, 5] m ade io n -ex ch an g e  a n d  electrophoretic  s tu d ie s  on 
la n th a n id e  g lyco lla te , - la c ta te  an d  -x -h y d ro x y iso b u ty ra te  sy s te m s  an d  
found  th a t  n eg a tiv e ly -ch arg ed  M A f  co m p lex es w ere also form ed in  th ese  
system s. F ro m  th e  exp erim en ta l p o te n tio m e tr ic  d a ta  th ey  c a lc u la ted  th re e
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c o n s ta n ts  [6]; th e  fo u r th  v a lu e  was n o t e v a lu a te d , in  all p ro b a b ility , b e cau se  
o f  th e  reasons m en tio n ed  above.

T h u n  et al. [7, 8, 9], dealing  w ith  th e  e q u ilib r iu m  conditions o f  la n th a n id e  
c o m p lex es  of glycollic ac id  d eriv a tiv es , g e n e ra lly  calcu la ted  fo u r c o n s ta n ts  
f ro m  th e  ex p e rim en ta l d a ta .  I n  th e ir  c a lcu la tio n s  th e y  did no t ta k e  in to  a c c o u n t 
t h a t  o th e r  processes m a y  also  tak e  place b es id es  th e  fo rm ation  of m o n o n u c le a r  
co m p lex es . T herefo re , a lth o u g h  th e  e x p e rim e n ts  w ere perform ed u n d e r  well 
c o n tro lle d  cond itions, th e  v a lu es  of th e  c a lc u la te d  co n stan ts  and  th e  r a t io  of 
th e  successive  c o n s ta n ts  som etim es do n o t a p p e a r  reasonable . I n  th e  case  of 
a -h y d ro x y  iso b u ty ra te  sy s tem s, for in s tan ce  w ith  th e  series P r, N d  a n d  Sm , 
th e y  o b ta in e d  for log  K 2/ K 3 0.55, 0.12 an d  0.62 an d  for log К я/ К 4 0 .45 , 0.96 
a n d  0 .19  [8]. T he reaso n  fo r th e  abn o rm al v a r ia t io n  of the  ra tio s  c a n  o n ly  be 
th e  in a c c u ra c y  of th e  c o n s ta n ts .

In  an  earlier p u b lic a tio n  [10] we p ro p o sed  a new  ca lcu la tion  p ro c e d u re : 
th e  c u rv e -re d u c tio n  m e th o d . This m ethod  c a n  b e  used  to  select th e  p o r t io n  of 
t h e  fo rm a tio n  curve  w h ich  is fu lly  ch a rac te rized  b y  th e  B je r r u m  fu n c tio n  [11]. 
T h e  s im u ltan eo u sly  c a lc u la ted  co n stan ts  a ffo rd  a good a p p ro x im a tio n , and  
th e  m e th o d  of least sq u a re s  is only app lied  to  a selected  section o f  th e  c u rv e . 
In  th e  fo rm er p u b lica tio n  [10] we d e te rm in e d  a ll four s ta b ility  c o n s ta n ts  of 
th e  C e(III)-g ly co lla te  sy s tem  on the  basis o f  e x p e rim e n ta l d a ta  ta k e n  fro m  th e  
l i te r a tu r e .  W ith  th is  we su p p lem en ted  [6] an d  c o rre c ted  [12] th e  d a ta  p u b lish ed  
e a r lie r .

I n  th e  p resen t w ork  we em ployed th is  m e th o d  for a critica l e x a m in a tio n  
o f th e  N d (III)-m e th y lp ro p y lg ly co lla te , Y b (III)- iso b u ty lm e th y lg ly c o lla te , -iso- 
p ro p y lm e th y lg ly c o lla te , -d ie thy lg ly co lla te  [7], E r(III)-a -h y d ro x y c y c lo h e x a n e -  
c a rb o x y la te  [13] an d  S m (III)-m a n d e la te  [14] system s. B y m ean s  o f  th e  
c u rv e -re d u c tio n  m e th o d  we selected  u sab le  e x p e rim e n ta l d a ta  for th e  c a lc u la 
t io n  o f  th e  co n stan ts , an d  th e n  dete rm in ed  th e i r  p recise values on th e  b as is  of 
le a s t  sq u a re s  princ ip le .

T h e  fo rm atio n  cu rv e  red u c tio n  was p e rfo rm e d  for each of th e  sy s tem s  
l is te d  ab o v e . In  F ig . 1 can  be seen th e  e x p e r im e n ta l fo rm ation  c u rv e  a n d  th e  
p a r t ia l  fo rm a tio n  cu rv es o f th e  Y b (III)- iso p ro p y lm e th y lg ly co lIa te  sy s te m .

I t  can be seen th a t  th e  exp erim en ta l fo rm a tio n  curve (1) a p p ro a c h e s  a 
v a lu e  o f  four. F ro m  th is  it  m ig h t be co n c lu d ed  th a t  up to  n ~  3.8 o n ly  th e  
s im p le  m on o n u clear com plexes are im p o r ta n t  in  th e  equilibria . W e f i t t e d  th e  
p a r t ia l  fo rm a tio n  cu rv es to  th e  Sil l e n  [15] n o rm alized  group o f c u rv e s  ( th e  
se c tio n s  o f th e  p a r tia l  fo rm a tio n  curves d e v ia t in g  from  the best f i t  a re  d raw n  
w ith  a b ro k en  line). T h e  n (0-2̂ (pA)  p a rtia l fo rm a tio n  curve (2) is sy m m e tr ic a l 
a b o u t  th e  m id d le -p o in t. I t  follows from  th is  t h a t  in  th is p A  range , a p a r t  from  
th e  fo rm a tio n  of M A n ty p e  com plexes, no  o th e r  process p lays a s ig n if ic a n t 
p a r t  in  th e  eq u ilib riu m  reac tio n s. F rom  an  an a ly s is  of th e  n ^  ^ ( p A )  an d  
n (2 4 ) ( p A )  curves (3 a n d  4), how ever, i t  is c le a r  t h a t  these  are only sy m m e tr ic a l
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a b o u t th e  m id d le -p o in t up  to  a d e fin ite  p A  v a lu e  (p A  1.7, n ~  2.6). Below  
th is  p A  va lu e  i t  is necessary  to  consider th e  o th e r  processes in  a d d itio n  to  th e  
fo rm atio n  of M A n ty p e  com plexes. H o w ev er, th e  ex p erim en ta l d a ta  a re  n o t 
su ffic ien t for th e  id e n tif ic a tio n  o f th e se  o th e r  com plex  species. H ence , in  ou r 
ca lcu la tio n s we ignored  those  sec tions of th e  cu rv es  w hich no longer f i t te d  th e

Fig. 1. O rig inal a n d  reduced  fo rm atio n  curves o f  th e  Y b (III)- iso p r  m e th y lg ly c o lla te  
system . (1) E x p e rim e n ta l fo rm atio n  cu rv e ; (2) гца 2) (p .d ); (3) n(, 3) (p d ) ;  (4) п ^ ,4) (р А )  p a r tia l

o rm atio n  cu rves

B j e r r u m  fo rm a tio n  curves. A ccord ing ly , in  th e  sy s tem  u n d er c o n s id e ra tio n  
th e  values o f log K n w ere ca lcu la ted  on ly  from  th e  sections of th e  cu rv es  
ex ten d in g  to  p A  =  1.702.

The an a ly sis  o f th e  fo rm a tio n  curves an d  th e  ca lcu la tio n s w ere p e rfo rm ed  
for all th e  sy s tem s u n d e r ex am in a tio n . T h e  c o n s ta n ts  we o b ta in ed  to g e th e r  
w ith  th e  co rresp o n d in g  li te ra tu re  d a ta  a re  su m m arized  in  T ab le  1

T he f irs t  line of th e  T ab le  show s th e  lim itin g  values o f n up to  w h ich  we 
and  th e  a u th o rs  c ited  took  in to  acco u n t th e  m easu red  po in ts . T he n u m b e r  of 
m easured  p o in ts  used  for th e  ca lcu la tio n  o f th e  c o n s ta n ts  is d en o ted  b y  p ,  and  
th e  la s t line o f  th e  T ab le  gives th e  v alues o f  th e  m ean  square  d iffe rences in  
n.  F rom  th e  re su lts  ob ta in ed  for th e  N d (III)-m e th y lp ro p y lg ly c o lla te , Y b ( I I I ) -  
iso b u ty lm e th y lg ly co lla te , - iso p ro p y lm e th y lg ly c o lla te an d  -d ie th y lg ly co lla te  sy s
tem s i t  is e v id e n t th a t ,  as ex p ec ted , th e  v a lu es  o f  log К j an d  log K 2 a re  only  
slig h tly  a ffec ted  b y  th e  fac t th a t  th e  c ited  a u th o rs  used  also th e  ill-d efin ed  
sections o f th e  cu rves in  th e ir  ca lcu la tio n s. H o w ev er, for log K 3 an d  log  K 4, th e
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d iffe re n c es  com pared  w ith  o u r a c c u ra te ly  c a lc u la ted  co n stan ts  becom e in c re a s
in g ly  im p o r ta n t . I t  follow s th a t  th e  o th e r  processes p lay  a m ore an d  m ore 
im p o r ta n t  role in  the  sec tions o f  th e  curves w hich  correspond to  M A 3 an d  M A 4 
fo rm a tio n . This is also show n b y  th e  fac t t h a t  th e  value of log K 3 is a lw ays

Table I

S ta b i l i ty  constan ts o f  some la n than ide-o t-hydroxycarboxylic  ac id  system s as g iven  in  the litera ture
a n d  calcu la ted  by the p re se n t method

N d ( 111)-m ethy 1, 
p ro p y lg ly co lla te

Y b (I  I  I)-iso b u ty  1- 
m e th y lg ly co lla te

Y b (III )- iso p ro p y l-  
m e th y lg ly  co lla te

[91 X 1^1 X m *

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

p 2 4 2 0 1 5 1 3 1 5 9

!og A j 2 . 3 8 2 .3 9 3 .2 1 3 .2 3 3 .1 2 3 . 1 0

log K „ 1 .8 5 1 .8 1 2 . 7 4 2 .7 0 2 . 4 4 2 .4 1

' o g  X , 1 . 1 7 1 .2 5 1 .7 5 1 .8 3 1 .6 5 1 .7 4

l o g  K t 1 .0 6 0 .9 7 1 .4 0 1 .2 7 1 .3 9 1 .2 3

log ß t 6 . 4 6 6 .4 2 9 . 1 0 9 .0 3 8 .6 0 8 . 4 8

[ Д / 1  n y / p ]  • 1 0 5 1 2 4 2 6 8 1 8 4

Yb(II I )-diethyl- 
glycollate

Er(lIl)-hydroxy-
cyelohexanecarboxy-

late
Sm(III)-mandelate

1 m X [13] * [Ml X

n limit 3 . 5 1 4 2 . 8 7 8 1 .7 2 8 1 . 9 1 8 1 . 9 1 8

P 1 5 1 2 1 3 2 3 2 3

log к ' 3 . 1 0 3 .1 3 2 . 4 8 2 .5 8 2 . 5 6 2 . 5 6

log ÍC2 2 . 2 6 2 .2 2 2 . 3 5 1 .9 4 2 .0 0 2 . 0 1

log K 3 1 .3 1 1 .4 0 — 1 .9 6 1 .3 8 1 .3 7

log K l 1 . 0 9 0 .8 2 — —

log ß i 7 . 7 6 7 .5 7 — —

[ £ ( А п ) . , / р ]  ■ 1 0 5 2 4 5 — 1 3 5 5

* D a ta  calculated by  the p re se n t m ethod .

g re a te r  a n d  th e  values o f log K 3 an d  log ßA a re  sm alle r th a n  th e  l i te ra tu re  d a ta . 
T h e  g re a te r  accuracy o f o u r c o n s ta n ts  is p ro v e d  in  th a t  th e  n m ean  sq u a re  
d iffe re n c e  show n in th e  la s t  lin e  o f th e  T ab le  are  su b s ta n tia lly  sm alle r acco rd ing  
to  o u r  ca lcu la tions.

I n  th e  system s d iscussed  so fa r  th e  use  o f th e  cu rv e -red u c tio n  m e th o d  is 
ju s t i f ie d  b y  th e  occurrence o f  tro u b leso m e  side reac tio n s. F o r th e  E r( I I I ) -x -  
h y d ro x y c y c lo h e x a n e c a rb o x y la te  sy s tem  shotvn in  th e  T ab le , th e  r e p o r te d  [13]
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n values are on ly  a b o u t 1.7 because M A 3 s e p a ra te d  as a p rec ip ita te . A ccord ing  
to  th e  m easured  d a ta ,  th e  au th o rs  d e te rm in ed  on ly  log  and  log K 2, d is re g a rd 
ing th e  fo rm atio n  o f  M A 3. W ith  th e  cu rv e -red u c tio n  m e th o d  it has been  show n 
th a t  i t  is necessary  to  ta k e  in to  acco u n t th e  p re sen ce  o f M A 3 even a t  n >  1, 
and  at n ~  1.7 th e  v a lu e  of ot;i is as h igh as 0.25. O u r va lu e  of log K 3 is n a tu ra l ly  
less accu ra te  th a n  log  K , and  log K 2, since in th e  ra n g e  s tu d ied  M A 3 is fo rm ed  
in  co m p ara tiv e ly  sm all am o u n ts . S till i t  m u st be  ta k e n  in to  co n sid e ra tio n  if  
a c cu ra te  values o f  log  K l and log K., are desired . B earing  all th is  in m in d , we 
ca lcu la ted  the c o n s ta n ts  once aga in , and th e  re su lts  d iffer s ig n ifican tly  from  
th e  prev iously  r e p o r te d  d a ta .

The last co lu m n  o f th e  T ab le  shows th e  S m (III)-m a n d e la te  sy s te m  
w hich  had  been ex am in ed  by  P o w ell  and N e il l ie  [14]. In th e ir ca lcu la tio n s  
th e y  took  in to  a c c o u n t the  fo rm a tio n  of M A 3, a n d  th u s  th e  pub lished  d a ta  are  
accu ra te .

F rom  an in v e s tig a tio n  by  th e  c u rv e -red u c tio n  m e th o d  of th e  N d ( I I I ) -  
m e th y lp ro p y lg ly co lla te , Y b (III)- iso b u ty lm e th y lg ly c o lla te , -isop ro p y lm eth y l- 
g lyco lla te  and  -d ie th y lg ly co lla te  com plex e q u ilib r iu m  system s i t  is e v id e n t 
th a t  d ifferen t p rocesses m ay p lay  a p a r t  in th e  o v era ll equ ilib ria . T h erefo re , 
th e  ex ac t values o f  th e  co n stan ts  are  only o b ta in a b le  if  th e  ill-defined sec tio n s 
o f th e  curves a re  n o t considered  in  th e  ca lcu la tio n s .
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THEORETICAL MAGNETIC RESONANCE 
SPECTRA OF AA A". . . X X  X". . . SYSTEMS

T H E  CASE O F  D E C E P T IV E  S IM P L IC IT Y  
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The th e o re tic a l m ag n e tic  resonance  sp e c tra  o f A  A '  A " . . . X X ' X "  . . .  — A % X„  
sy stem s hav e  been  in v es tig a te d  in th e  lim itin g  case w here coupling  b e tw een  p a rtic les 
A  is s trong  in  co m p ariso n  to  th a t  betw een  p a rtic le s  A  an d  X  an d  co u p lin g  betw een  
p a rtic le s  X  is neg lig ib le  (lim iting  case o f s tro n g  coupling). O ur ca lcu la tio n s can  be a p 
p lied  for th e  d esc rip tio n  of b o th  NM R an d  E S R  sp e c tra . W e stu d ied  c o n d itio n s re su lt
ing in  ‘decep tiv e ly  sim p le ’ sp ec tra , th a t  is w hen  th e  sp e c tra  o f an  A ( ,X )n sy s tem  are 
id en tica l w ith  th o se  o f an  A nX m system  co n sistin g  of m ag n e tica lly  e q u iv a le n t partic les. 
W e found th a t  th e  sp e c tra  o f th e  A ^ X ),,  sy s tem  are  d ecep tiv e ly  sim ple o n ly  if  th e  sy m 
m e try  p o in t g ro u p  o f th e  A), sub sy stem  is A b elian : in  th is  case o n ly  th e  average  of 
coupling  c o n s tan ts  J  д х  can  be ob ta in ed . H ow ever, w hen  th e  sy m m e try  p o in t group  
o f  th e  A), su b sy stem  is non-A belian , r a th e r  com plex  sp ec tra  w ere o b ta in e d  from  th e  
d eg en era te  levels o f  th e  A n su bsystem  and  th is  k in d  of sp ec tra  p ro v id es  ad d itio n a l 
in fo rm atio n  a b o u t th e  coup ling  co n stan ts  J  д х -

We h av e  c a lcu la ted  th e  theo re tica l sp e c tra  o f a few  stro n g ly  coup led  A% X  
sy stem s and hav e  re in te rp re te d  th e  p ro to n  reso n an ce  sp ec tra  o f  a few  p h o sp h o rn s- 
n itro g en  com p o u n d s. T h e  d ifference betw een th e  A an d  X  p a r ts  in th e  sp e c tra  o f th e  
A J X J  and A )  X j sy s tem s is also exp la ined  by th e  non-A belian  c h a ra c te r  o f th e  sy m 
m e try  p o in t g roups.

Acta Chimica Academiae Scientiarurn Hungaricae , Tomus 68 (3) ,  pp . 189 203 (1971)

I ntrod notion

M agnetically  an d  chem ically  eq u iv a len t p a rtic le s  p lay  an  im p o r ta n t  p a rt 
in  ih e  th e o ry  o f  m ag n e tic  resonance sp ec tra . T h e  c h a ra c te ris tic  fe a tu re  of 
m a g n e tica lly  e q u iv a le n t p a rtic le s , viz.  th a t  co u p ling  betw een  th em selv es  does 
n o t a ffec t the  reso n an ce  p a tte rn , applies fo r chem ically  e q u iv a le n t p artic les 
o n ly  in  special lim itin g  cases. T his phenom enon  w as f irs t  s tu d ie d  b y  A braham  
a n d  H e r n s t e in  [ 1 ] in  co n n ec tio n  w ith  the  A A ' X X '  sp in  sy stem . T hese  au th o rs  
show ed  th a t  in th e  p a r tic u la r  case w hen  J дд'  §> , /д х  —  J a  x  Í an<  ̂ th e  
co u p lin g  betw een  p a rtic le s  X  is neglig ib ly  sm all, b o th  th e  A  an d  X  p a rts  
o f th e  sp ec tru m  will co nsist o f a 1 : 2 :1  tr ip le t  w ith  a spacing  o f 1/2 ( J AX~\~Ja 'x )-’
i.e. th e  sp ec tru m  will be id en tica l w ith  th a t  of th e  A„X„ sy stem  consisting  of 
m ag n e tica lly  e q u iv a le n t partic les.

T h is ty p e  o f lim itin g  case of s tro n g  co u p lin g  re su ltin g  in  d ecep tiv e ly  
sim p le  sp ec tra  for th e  m ore  com plex X mAA' X'm an d  A nA'mX p sp in  system s 
w as in v es tig a ted  b y  H a rris  [2] and  D i e h l  [3]. As in  th e  p rev io u s case, th e  
sp e c tra  w ere found to  co nsist of th e  sam e lines th a t  a re  ex p ec ted  for th e  resp ec
tiv e  A2X2m and  A ni mX p system s; th e  line sep a ra tio n s  bein g  th e  w eigh ted  
a r ith m e tic a l m ean  o f th e  coupling  c o n s ta n ts  J AX an d  J a 'X-
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N o a tte m p t has b e e n  m a d e , how ever, to  genera lize  th ese  ru les fo r system s 
c o n ta in in g  more th a n  tw o  k in d s  o f m ag netica lly  n o n -e q u iv a le n t b u t  chem ically  
e q u iv a le n t  partic les. B y  s im p le  analogy, Mu s h e r  a n d  Co r e y  [4] suggested  
t h a t  th e  above conclusions a p p ly  for th e  sy stem  A X  A ' X '  A " X "  . . .  as well, 
w h ic h , how ever, is n o t th e  case. In  stu d y in g  th e  e lec tro n  resonance  sp ec tru m  
o f  a sy m m etrica l n itro x id e  tr ira d ic a l. H udson  an d  L u c k h u r st  [5] fo u n d  th a t  
th e  th e o re tic a l h y p erfin e  s p e c tru m , w hich is th e  E S R  eq u iv a le n t o f th e  A  reso 
n a n c e  p a tte rn  of an  A A ' A rX X ' X "  nuclear sp in  sy s tem  is m ore com plex  th a n  
c o u ld  be  expected  b y  a n a lo g y  w ith  m ore sim ple sy stem s, a lth o u g h  th e  above 
c o n d itio n s  leading to  d e c e p tiv e  sim p lic ity  w ere in c lu d ed  in to  th e ir  ca lcu la tio n s. 
A s a re su lt, th e  ca lc u la ted  sp e c tru m  con ta in s, in  ad d itio n  to  th e  lines c h a ra c 
te r is t ic  o f the  A 3X 3 sy s te m , ‘irreg u la rly  sp aced ’ lines as well.

T h e  occurrence o f th e s e  lines in  th e  sp e c tru m  seem s to  in d ic a te  t h a t  th e  
c o n d itio n s  im posed on th e  r a t io s  of coupling  c o n s ta n ts  are g en era lly  in su ff i
c ie n t  fo r resu lting  in  d e c e p tiv e ly  sim ple sp ec tra  in case of m ore com plex  sy s
te m s . O ne m ay in tu it iv e ly  su g g est th a t  th e  re q u ire d  a d d itio n a l co n d itio n s  are 
p ro v id e d  by  the  sy m m e try  p ro p e rtie s  of th e  sy stem .

I n  th is  paper we sh a ll be concerned  w ith  th e  analysis of m ag n e tic  reso 
n a n c e  sp ec tra  arising  f ro m  A  A '  A"  . . . X X ' X "  . . . ty p e  sp in  sy stem s in  the  
l im it in g  case of s tro n g  co u p lin g . In  a recen t p u b lic a tio n  H arris  [6 ] re p o rte d  
on  th e  analysis of th is  s y s te m  fo r a p a r tic u la r  case in  w hich  th e  co n d itio n s of 
s t r o n g  coupling w ere n o t s a tis fa c to r ily  fu lfilled . T h e  su b -sp ec tra l b reak d o w n  of 
A  A '  A " X X ' X "  has also b e e n  p resen ted  [7]. I t s  ap p lica tio n  fo r th e  above 
l im it in g  case, how ever, w as  n o t  carried  o u t as th e  d eg en era tio n  o f su b -sp ec tra  
c a n  b e  determ ined  o n ly  te d io u s ly . As p o in ted  o u t  b y  J ones  an d  W a l k e r  [8 ], 
a n d  D ie h l  and T r a u t m a n n  [9], th e  analysis o f  m ore com plex  sy s tem s, like 
A  A '  A "  A" '  X X ' X " X m. c a n n o t  be perform ed b y  m eans of su b -sp e c tra l t r a n s 
fo rm a tio n s  owing to  th e  e x is te n c e  of lim ita tio n s  in  th is  m e th o d . I n  our ca lcu la 
tio n s  therefore , we m ad e  use o f a d ifferen t a p p ro ach  p ro v id ed  b y  th e  great 
s e p a ra b il i ty  of th e  H a m ilto n ia n  in  the lim itin g  case of s tro n g  coup ling .

D escrip tion  of the system

In  order to  em p h asize  th e  analogy b e tw een  m ag n etic  eq u iv a len ce  and  
ch e m ic a l equivalence in  th e  lim itin g  case of s tro n g  coup ling  th e  sy s tem  inves
t ig a te d  will be d e s ig n a ted  as

A  A ' A "  . . . X X ' X "  . . . =  a ;  x m

w h e re  th e  sym bol -f- in d ic a te s  th a t  b o th  A  + an d  X + p a rtic le s  a re  m ag n e tica lly  
n o n -e q u iv a le n t and c h em ica l equivalence is due to  th e  sy m m e try  p ro p e rtie s  of 
th e  sy s tem  (A + and  X + p a r tic le s  are sy m m etrica lly  eq u iv a len t). T h is m eans

Acta Chirn. Acad. Sei. Hung. 68, 1971
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th a t  am o n g  th e  sy m m e try  o p e ra tio n s  of p o in t g roup  R  th e re  is a t  le a s t  one 
■which tra n s fo rm s  A^‘\  a rb itra r i ly  chosen  from  p a rtic le s  A ^ \  A ^ \  . . . A^n\  in to  
th e  lik ew ise a rb itra r ily  se lec ted  A ^ K  T here m u st also be a t  le a s t one such 
sy m m e try  opera tio n  w here X ^  a rb itra r ily  chosen from  X^1*, X^2\  . . . Х ^ т\  is 
tra n s fo rm e d  in to  th e  a rb itr a ry  X ^ K  W e do n o t p re d e te rm in e  w h a t p a r t ic u la r  
p e rm u ta tio n  of X (1), X (2), . . . X*m* corresponds to  a p e rm u ta tio n  o f  X*1*, A^'2>, 
. . . . A ^  and  th u s , in s tead  o f th e  w hole p o in t g roup  R , th e  p o in t g ro u p s  R a 
and  R x  o f  th e  A a  and  X x  su b sy stem s, resp . w ill be considered . T h e  p reced in g  
sy m m e try  req u irem en ts  a re  fu lfilled  w hen  e.g. we h av e  an  A £  su b sy stem  
w ith  C3v sy m m etry , or an  A f  su b sy s tem  w ith  T d, C4v, or C2v sy m m e try .

W e shall confine ou r d iscussion  to  system s w here a n iso tro p y  effec ts  are 
n eg lig ib le , hence th e  sp in  H a m ilto n ia n  co n ta in s  on ly  iso tro p ic  te rm s:

ж ’УЖ* 1 'УЖ* 1 °УЖ 1 ''УЖ-ЛааЛ жСах (1)

жА *а 2  Ш 11)) =  ъ  Ц  А ) , 
1 — 1

(2а)

жАА 2  JA(i,j)I(A«>)-I(A<» ) ,
1>У=1

(2Ь)

r x
т

vx V  / 2(Х<‘>) vx L ( X ) ,
Í = 1

(2с)

Жах
п т 

í = 1 У = 1
(2d)

H ere  vA an d  vx  are th e  re sp e c tiv e  Z eem an energies, I ( A ^ )  an d  J ( X ^ )  den o te  
th e  sp in  v e c to r  of A ^  an d  X*y* nucle i (or u n p a ired  e lec trons), J a { í , j )  and  
J AX(i, j ) a re  th e  a p p ro p ria te  co u p lin g  co n stan ts . As s ta te d  p re v io u s ly , in te r 
ac tio n s  b e tw een  X*'* an d  X ^  a re  neglected .

W e shall assum e th a t  vA a n d  | vA —  vx  ] are  g re a te r  th a n  th e  coup ling  
c o n s ta n ts  an d  all n o n -v an ish in g  JA are  g rea te r  th a n  JAX. T hese co n d itio n s  
can  he fu lfilled  no t only  fo r specia l n uc lear sp in  sy stem s, h u t  also fo r system s 
c o n ta in in g  u n pa ired  e lec trons, i f  th e  exchange coup ling  o f u n p a ire d  e lec trons 
is m u ch  g re a te r  th a n  th e  h y p e rf in e  couplings. •

The eigenvalues in  th e  s trong  coupling  case

S ince th e  firs t th ree  m em b ers  of th e  H am ilto n ian  co m m u te , th e  eigen- 
fu n c tio n s  o f Ж  A

1Á / l ) \ mA >  =  ™л\тл  >  (3)

A ria  C him . A ra d . S e i. H u n g . 6Я, IV71
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a re  sim u ltan eo u sly  e ig en fu n c tio n s  of Жх  an  d <ЗГАА. Since, fu rth e rm o re , 
vA JAXi  i t  is su ff ic ien t to  re ta in  in  Ж АХ o n ly  th o se  te rm s  th a t  re su lt in
n o n -v a n ish in g  m a tr ix  e le m e n ts  betw een e ig en fu n c tio n s  w ith  th e  sam e m A. 
A cco rd in g ly , from  all s c a la r  p roducts,

i t  is sa tis fa c to ry  to  c o n s id e r  th e  z com ponen ts o n ly . L e t th e  tru n c a te d  JfAX 
b e  d e n o te d  b y  a ^ ”AX ■> w e th e n  have:

n n m

П х  =  2  r AX(i) =  2  Ш {‘У) > ’ J a x ( íJ )  I z ( X ( 1 ) )  ■ (4)
1 = 1  / = 1  j = 1

C o n tra ry  to  the  o rig in a l J^AX, ЖАХ does c o m m u te  w ith  3tfx . th e re fo re , in  
a d d i t io n  to  W A an d  ЖАА (w hich are g re a te r  th a n  WAX)  У̂ х  m ay  also be 
c o n s id e red  as p a r t  o f th e  u n p e r tu rb e d  H a m ilto n ia n , irre sp ec tiv e  o f th e  re la tiv e  
m a g n itu d e  of WAX a n d  У7Х . T hus the  u n p e r tu rb e d  H a m ilto n ia n  m ay  be 
w r i t te n  as

JT0 =  ЖА+  7 fx -\~ Ада , (5)

w h e re  ^AA is th e  o n ly  te r m  wdiere th e  e ig en v a lu e  p rob lem  c a n n o t be solved 
t r iv ia l ly .  The e igenva lue  e q u a tio n  for J^AA m a y  be w ritte n  in  th e  form

• ^ a a  = v AA(u) \mA, u,  v >  (6)

w h e re  и counts th e  r AA e igenvalues of ЖАА, a n d  v th e  d eg en e ra te  e igenkets 
c o rre sp o n d in g  to  th e  sa m e  u  an d  m A. S ince ЖАА co m m u tes  w ith

P ( A )
" n  "12
2  f ( A (i>)

.1 =  1

a n d  is, on the  o th e r h a n d , in v a r ia n t  u n d er th e  sy m m e try  o p era tio n s , th e  vAA(u) 
e ig en v a lu es  can be c h a ra c te r iz e d  by  the  I A e ig en v a lu es  of th e  I  {A)  o p e ra to r and 
b y  irred u c ib le  re p re se n ta tio n s  D u of the  sy m m e try  p o in t g roup  R A. I t  is easy 
to  see th a t  th e  m a g n itu d e  o f  vAA(u) p e r ta in in g  to  a g iven I A is in d ep en d en t 
o f  m A [10]. I f  we e x c lu d e  th e  possib ility  o f  ac c id e n ta l degeneracy , th e n  th e  
n u m b e r  of functions b e lo n g in g  to  th e  sam e vAA(u)  an d  m A is equal to  d u, th e  
d im e n s io n  of th e  a p p ro p r ia te  D.t.

T he th ird  te rm  o f  th e  u n p e rtu rb ed  H a m ilto n ia n , Afx  has com m on 
e ig e n k e ts  w ith I Z(X ) :

I z( X ) \ m x  >  =  m x \ m x  >  . (7)

A d a  Chim. Acad. Sei. H ung. 68 , 1971
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Now th e  so lu tion  o f th e  e igenvalue e q u a tio n  for th e  u n p e r tu rb e d  Ж0 
H a m ilto n ian  can be o b ta in ed  from  E qs (3), (6) an d  (7):

# 5 1  m A , и ,  V > |  m x  >  =  [ v 4  m A + v x  m x +  t U / t ( u ) ]  \m , v  w ,  v > \ m x  >  . ( 8 )

T re a tm e n t o f p e r tu rb a tio n  JfAX is fac ilita ted  th ro u g h  a special p ro p e r ty  
o f  th e  m a tr ix  J AX (i , j ) .  T h is is b ased  on th e  fa c t th a t  ЖАХ is in v a r ia n t  w ith  
resp ec t to  th e  sy m m etry  o p e ra tio n  o f p o in t g roup  R.  L e t R(  1, i) be an  o p e ra tio n  
w hich tran sfo rm s A *9 in to  A^‘\  i.e. I . ( A ^ )  in to  I :( A ^ ) ,  an d  app lied  on ЭГкх (!)• 
Since o p e ra tio n  Ä (l, i) re su lts  in  som e non-specified  p e rm u ta tio n  o f  p a rtic le s  
X (,> .____X<m>, we have

m
R ( I J )  Г АХ( \ ) R \ l , i )  =  Ц А «>) ^ J AX( l , j )  Щ 1,  i) L (X (J>)_ ,( 1, i)

J=I (9)
m m

I A  A U)) 2 ' J a x ( l , j ) I : ( X a ) )  I z ( A<i ) ) 2 J A x ( ^ . i ) I z ( X (k)) -
7 =  1 k  = 1

It can  be seen th a t  th e  tra n s fo rm  o f (1) and

m
r k x ( i )  Ц А (1)) v j AX( i , k ) I ; (X < » )  (10)

k= 1

d iffer on ly  in th e  re sp e c tiv e  coefficients JAX( l , j )  and JAX(i , k). O w ing  to  
in v arian ce  o f ЖАХ w ith  re sp ec t to  R(  1, i) these  coeffic ien ts have  to  be id en tica l,
i.e. each row' of th e  m a tr ix  JAX(i, j )  consists of th e  sam e elem en ts, a rran g ed , 
how ever, d iffe ren tly  in  d iffe ren t row s. The tra n s fo rm a tio n  p ro p e rtie s  o f X  + 
being th e  sam e as those  o f p a rtic le s  A +. the  ab o v e  applies also to  th e  co lum ns,
i.e. we have  th e  sam e e lem en ts  in  every  co lum n as well. H ence th e  a r ith m e tic a l 
m ean  of th e  elem ents in  each  row  and  each co lum n will be th e  sain«1

J o =  1 > ' J 4X(i,y ) = 1 J V J AX( i , j ). (11)
m  j  = i n  ; I

N ote th a t  if  som e of th e  p a r tic le s  are  m ag netica lly  e q u iv a len t, a co rresp o n d in g  
n u m b e r o f row s and co lum ns will have  the  e lem en ts  in th e  sam e o rd e r.

Jí*AX can  be c o n v en ien tly  re -w ritte n  by m ak in g  use of th e  follow ing 
su m m atio n  ru le :

1=1 2 a > 2 b‘
i = l  i = i

1 2  {a> a^ b< b'<) ■ ft / к  =  1
( 12)

2 A cta  Chim . A cad . S e i. H u n g . 08 . 1971
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O m it t in g  tem p o ra rily  th e  se c o n d  te rm , for th e  f i r s t  p a r t  o f 3 f AX we h av e

Пх  =  —  2 lÂA<,)) È  yJAxiiJ) Ш и)) =
n i - 1 t - l j - 1  (13)

m  ]  n

=  Ш )  2  ^ ( x W ) —  y JA x ( i , j )  =  Л  Ш )  I Á X ) .
7= 1 11 1 = 1

S ince  W AX o b v io u sly  com m utes w ith  each  o p e ra to r  in  th e  rem ain in g  
H a m il to n ia n

■%'а + Я 'х + ЗГ а а + ЗГ а х  (14)

th e  co rresp o n d in g  e ig en v a lu es  can  be re a d ily  o b ta in e d :

vA mA +  vx  m x +vAA( u ) + J 0 mA m x . (15)

I t  c a n  b e  seen th a t  th e  e ig en v a lu es  th u s o b ta in e d  are  id e n tic a l w ith  those 
e x p e c te d  in  th e  case o f m a g n e tic  equivalence a n d  th e  av e rag e  coup ling  c o n s ta n t 
J 0 c o rre sp o n d s  to  JAX c h a ra c te r iz in g  th e  in te ra c tio n  in  th e  A nX m sy stem .

D ev ia tio n s  from  th e  sp e c tru m  of th e  A nX m sy stem  m ay  th u s  be due to  
th e  se c o n d  te rm  of 3^A X * in  o th e r  w ords, w e ca n  ex p ec t d ecep tiv e ly  sim ple 
s p e c t r a  fo r th e  А + Х ^  s y s te m  only  if  th e  m a tr ix  e lem ents of 3 ^АХ be tw een  
d e g e n e ra te  functions o f th e  u n p e r tu rb e d  H a m ilto n ia n  are  zero.

I n  o rd er to  find  th e  c o n d itio n s  th a t cause  th e  m a tr ix  e lem ents to  v an ish , 
f i r s t  w e  w rite

I n  m

—  2  ( J ^ <0) U ^ k)) ) 2 ( JA x( iJ ) -JAx(b , j ) ) i z (x (i))- ( 16)
n i>k=l j =1

T h e n  fo r  th e  m a trix  e le m e n ts  betw een  d e g en e ra te  fu n c tio n s  we h av e  

( m A, u , г 'К Ц Х 1»)!. . . ( m ( X ^ ) \  T j b \ m A, u, v ) \ m ( X ^ ) ) . . . |m(X<™>)>

=  —  (_mA, u , v ' \ I z( A ^ )  — I z( A ik)) \mA, u , v } , ^  (17)
n i>k=i

— У, J a x ( ^ A ) )  m ( X (,>) =  0
J= 1

fo r a ll u , V ,  v', i l l .4 and  m  ( X (1>), . . . m (X (m)) v a lu e s . T h is e q u a lity  is fu lfilled  
o b v io u s ly  if  either

Ja x ( í J )  = J Ax ( k , j )  (18

* I sh ik a w a  [10] n eg le c te d  th is  te rm  in his c a lcu la tio n s  w ith o u t offering  an  a d eq u a te  
e x p la n a tio n .

A cta  Chim . Acad. Sei. Hung. 68, 1971
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for each  i and  к , i.e. w hen  th e  p a rtic le s  are  m ag n e tica lly  e q u iv a le n t in  sets A  
an d  X ,  o r

(rnA, и, v ' \ I z( A ^ ) \ m A, u,  v}  — <mA, u, v ' \ I z( A w )\mA, u,  v )  (19)

for ev e ry  i, k,  u, v, v '  an d  m A.
T h e  la t te r  case co rresp o n d s to  w h a t we call th e  c r ite r io n  o f  decep tiv e  

sim p lic ity . Since i t  dep en d s exclusively  on pa rtic le s  A ,  its  v a lid ity  m ay  he 
ie x te n d e d  to  m ore general A ^ X ^ Y  ^  . . . sy stem s, p ro v id ed  th a t  res tric tio n s 
m po sed on pa rtic le s  X + a re  fu lfilled  also w ith  p a rtic le s  Y  + .

C onsider now  how  th is  c rite rio n  is a ffec ted  b y  th e  d eg e n e ra cy  of [ m A, 
it, v^> s ta te s  an d  th e  s y m m e try  p ro p ertie s  of su b -sy stem  A , t . I f  th e  s ta te  is 
n o n -d eg en era te , i.e. if  j m A, u, v )> =  | m A, и  ]> , c rite r io n  (1.9) is always 
sa tisfied . T his can  he show n as follows.

A m ong  th e  o p e ra tio n s  o f p o in t g roup  R A , th e re  is a t  leas t one, R ( i , fe), for 
w hich w e can  w rite

R(i ,  к) 1г(А<0) R~i ( i ,  к) 1г(А<*>). (20)

Since now  D u is a one-d im en sio n a l re p re se n ta tio n , th e  tra n s fo rm a tio n a l 
p ro p e rtie s  o f | rnA, и are:

R ( i , k ) \ m A, u > = D u ( R ( i , k ) ) \ m A, u >  (21)
and

R _1(i, k)\mA, и >  - D+(R( i ,  k )) \mA, и >  . (22)

S u b s titu tio n  o f E q s (21) an d  (22) in to  (19) gives:

( т л , и \ 1 :( А ^ ) \ т л , и )  =

=  ( m A, u \ R ~ \ i ,  k) R ( i , k) I Z( A M) R ~ x(i,  k) R ( i ,  k ) \mA, u> =

: <mA, u \ D £ ( R ( i ,  к)) I Z( A W) D u(R(i ,  k )) \mA, n> =  (23)

=  <»»A, u \ I 2( A w )\mA, u )  .

In  th e  case o f d eg en era te  | m A, u, v s ta te s , c r ite r io n  (19) is generally 
n o t fu lfilled . (S ta te s  w ith  m A =  0 p ro v id e , in  acco rdance  w ith  sp in  inversion, 
an  ex cep tio n  from  th is  s ta te m e n t.)  As a re su lt of th is , th e  p o s itio n  of lines 
asso c ia ted  w ith  d eg en era te  s ta te s  a re  d e te rm in ed  b y  va lu es  o f  m ( X ^ )  (i =  1, 
2, . . . rn) as well. In  com plex  sp in  system s th e  n u m b ers  o f  possib le  sets of 
m (X (i>) m a y  be v e ry  la rge , hence th e  sam e is t ru e  fo r th e  n u m b e r  of lines 
o b ta in e d  from  d eg en era te  s ta te s , co n seq u en tly , th e ir  in te n s i ty  is g enera lly  low 
as c o m p ared  to  th a t  o f th e  ‘m ain  lines’ a rising  from  n o n -d e g e n e ra te  s ta te s .

o * A cta  C him . A ca d . S e i. H u n g . 68, 1971
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A s we have seen th e  m a in  fa c to r  de term in ing  th e  s tru c tu re  of th e  sp ec tru m  
in  th e  l im itin g  case of s tro n g  co u p lin g  is th e  d eg en eracy  o f e ig en sta tes  o f  th e  
u n p e r tu r b e d  H am ilto n ian . T h u s  we can expect d e c e p tiv e ly  sim ple sp ec tra  in  
th o se  cases  w here each  an d  e v e ry  s ta te  of th e  A „  su b -sy s te m  is non -d eg en era te . 
T h is  is e q u iv a le n t to  th e  re q u ire m e n t th a t  sub-group  R A p e rm u tin g  th e  p a r t i 
cles A  b e  A belian.

A c tu a lly , R a  can  be o n ly  A b e lian  w hen n =  2 a n d  th is  m ay  exp la in  w hy 
c a lc u la tio n s  on A ^ X ^  sy s te m s  a lw ays y ielded d ec e p tiv e ly  sim ple sp e c tra  in  
th e  l im it in g  case of s tro n g  c o u p lin g . If, how ever, n is g re a te r  th a n  2, R A m ay  
be  e i th e r  A belian or n o n -A b e lian . T hus, for ex am p le , if  n =- 3, R A is of C3|, 
s y m m e try  w hich is n o n -A b e lian , w hereas, i f  n — 4 th e  sy m m e try  p o in t group 
m a y  b e  T (/, C4v or C2l„ am o n g  w h ich  C2r is A belian .

A t th is  p o in t i t  is c o n v e n ie n t to  show w h a t p a ra m e te rs , in  a d d itio n  to  
th e  a v e ra g e  coupling c o n s ta n t , c a n  be derived  fro m  th e  sp ec tra  w hen  th e  
c o n d it io n s  of deceptive s im p lic ity  are  not fu lfilled .

A s an  illu s tra tiv e  e x a m p le , consider th e  A ^ X j  sy stem . In  th is  case 
d e v ia t io n  from  decep tive  s im p lic ity  m ay arise fro m  th e  d o ub ly  d egenera te  
s t a t e  u( 1/2, E)  c h a ra c te riz e d  b y  th e  eigenvalue I A an d  D u sy m m etry  
sp ec ies . O w ing to  th e  C3v s y m m e try , th e  p e r tu rb in g  o p e ra to r  con ta in s
o n ly  tw o  d ifferen t coup ling  c o n s ta n ts , th e  d iagona l JAX (i, i) =  J  an d  n o n 
d ia g o n a l JAX (i, j )  =  J '. I t  is  co n v en ien t to  in tro d u c e  th e  average  coupling- 
c o n s ta n t  defined  as J 0 =  1/3 ( J - |-2  J ' )  to g e th e r w ith  th e  p a ra m e te r  A J  =  
=  1/3 ( J  J  ) in d ica tin g  th e  d eg ree  o f dev ia tion  fro m  m a g n e tic  eq u iv a len ce .

D iag o n a liza tio n  o f ЖАХ  a n d  su bsequen t d e te rm in a tio n  of tra n s itio n  
p ro b a b il i t ie s  resu lt in  th e  p a r t ia l  sp ec tru m  belonging  to  th e  d eg en era te  u( 1/2. E)  
s ta te .  F ig . 1 shows th e  a p p ro p r ia te  energy levels o f th e  w hole sy stem , w hereas 
F ig . 2 g ives th e  X  resonance  p a t t e r n  for d ifferen t v a lu es  o f A J .  In  th e  p a r tic u la r  
case w h e n  A J  =  0, c a lc u la tio n s  lead  to  a d o u b le t w ith  line sep a ra tio n  J n. 
[T h is  d o u b le t, to g e th e r w ith  th e  q u a d ru p le t a rising  from  th e  non -degenerate  
w(3/2. A ,) s ta te , resu lts  in th e  sim p le  1 : 3 : 3 : 1 re so n an ce  p a tte rn .]  If, how 
ever, IJ  0, each c o m p o n e n t o f th e  doub le t sp lits  in to  a 1 : 4 : 6 : 4 : 1 
q u in tu p le t .  The spacing b e tw e e n  th e  q u in tu p le t lines b e in g  A J ,  if  th e  re la tiv e  
signs a re  know n, th e  sp e c tru m  p ro v id es  b o th  J  an d  J ‘. A nalysis  of th e  A  p a r t 
o f th e  sp e c tru m  gives s im ila r  re su lts  concerning th e  d e te rm in a tio n  o f th e  
c o u p lin g  co n stan ts , th o u g h  th e  X  an d  A  p a rts  o f th e  sp e c tru m  have d iffe ren t 
p a t te r n s .

S im ila r  calcu la tions on  th e  A j X m system  show  th a t ,  depend ing  upon  
w h e th e r  th e  sy m m etry  of t h e  R A p o in t group is T d o r C4„, b o th  of th e  tw o 
d if fe re n t ,  or tw o of th e  th re e  co u p ling  co n stan ts , can  be  o b ta in ed  from  th e  
s p e c tru m . T his leads to  the e x p e c te d  generalization , s ta t in g  th a t  th e  am o u n t of 
in fo rm a tio n  th a t  can  be o b ta in e d  on  th e  couplings d e p e n d s  on th e  sy m m etry  
o f  th e  sy stem .

A cta  Chim . Acad. Sei. Hung. 68, 1971
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Th e second im p o r ta n t  consequence of th e  d e v ia tio n  from  d ecep tiv e  sim 
p lic ity  is the  d iffe ren t s tru c tu re  of th e  A  a n d  X  p a r ts  o f th e  sp ec tru m . D iffe r
ences expected  to  be in  th e  system s even  w h en  n =  m.

A B C D C  D'

/ ' in. 1. E nergy levels o f th e  A :j X j  sy s tem  w ith  s tro n g  co up ling  a n d  tran s itio n s  o f X  re so n an ce
( Im A  0, . Imx  =  +  1)

A : Ж А. В  : Ж А А , C and  С  : Ж х , D  a n d  D ': Ж АХ

C onsider fo r th is  p u rp o se  th e  p a rtia l s p e c tra  asso c ia ted  w ith  th e  n o n 
deg en era te  и ( /д , D u) s ta te s .

A ccording to  th e  se lec tion  ru les for th e  A  and  X  p a r ts ,

Л т А =  i  1 and  A m ( X ^ )  =  0 fo r i =  1, . . .  m  (24)

A c ta  C.him. Acad. Sei. H ung . 68 , 1971
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l m A =  0, Z lm (X ^) =  ^  bu  for i , j  =  1, . . . m * ( 25 )

дэ = о
Э = Э' - н

a3

11
11

________1___________

Д э ф 0 ДЭ

Э ' Ф
1

ьэ _A I l  j i L
2_ .  

'10 ' дэ

y = j J
1 1

<ô 1 1 I I jL L ___
д э = э 0
э'=о г

дэ

-5-Т -З-Т■ 2 ~ Y io -у Э 0 f^O

F i g .  2 .  X  part of the spectrum of the A £ X £  system with strong coupling 
a) J  J ' i  b) J '  3/4 J : c )  J '  =  1/8 J: d) J ' =  0

re s jie c tiv e ly . H ence, th e  re so n an ce  frequencies are  g iven b y

vA =  ^ A + J 0 m x ( Щ
an d

vXz = vX + J » m A. (27)

T h e  re la tiv e  in ten sities  in  th e  A  p a r t  of th e  p a r tia l  sp ec tru m  are  governed  by  
th e  n u m b e r  of possible c o m b in a tio n s  of m (X ■'') giving th e  sam e m x  v a lu es , as 
fo r th e  A  p a r t  of th e  co m p le te  A n X m sp ec tru m , an d  hence th e  A  p a r t  o f every

* In the limiting case of strong coupling there is no combinational line.
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p a r tia l  sp e c tru m  associated w ith  th e  non -d eg en era te  u ( I A, D u) s ta te s  is id e n ti
cal w ith  th e  A  p a r t  of th e  A nX m spec trum . On th e  c o n tra ry , th e  re la tiv e  
in te n s itie s  in  th e  X  p a r t a re  in d e p e n d e n t of m A, hence th is  p a r t  o f th e  p a r t ia l  
sp ec tru m  w ill consist of 2 1 A +  1 lines of eq u a l in te n s ity . I f  each  s ta te  o f  th e  
sy stem  is n o n -d eg en era te , th e  re so n an ce  p a tte rn  o b ta in ed  h y  su p e rp o sitio n  
o f these  lines is id e n tic a l w ith  th e  X  p a r t  o f th e  A nX m sp ec tru m . C o n seq u en tly , 
th e  A  an d  X  p a r ts  o f th e  s p e c tru m  of an A n X ^  sy stem  (no te  n =  m)  are 
id en tica l w hen  th e  sy m m etry  p o in t  group is A belian .

If, h ow ever, th e  R A s y m m e try  p o in t g roup  is non -A belian , th e  A  an d  X  
p a r ts  o f A„  X  + sp ec tru m  will c e r ta in ly  differ, since su p e rp o sitio n  o f th e  p a r t ia l  
sp ec tra  o b ta in e d  from  th e  n o n -d e g e n e ra te  s ta te s  does n o t re su lt in  a n  A nX n 
sp ec tru m  in th e  X  p a rt, w hile i t  does in the  A  p a r t .  T he p a r t ia l  sp e c tra  c o rre 
spond ing  to  degenera te  s ta te s  c a n n o t equalize th is  d ifference ow ing  to  th e  
irreg u la r sp ac in g  of these lines. T h is  difference b e tw een  th e  A  an d  X  p a r ts  will 
s till p e rs is t i f  cond itions for s t ro n g  coupling are  n o t v a lid , since a c o n tin u o u s  
change in  th e  ra tio s  of co u p lin g  co n stan ts  JAA., JAX an d  Jx x  can  re s u lt  on ly  
in  c o n tin u o u s  changes in  t h e  re so n an ce  p a tte rn .

C onsider now th e  А л+Х £  sy stem . Since th e  sy m m e try  p o in t g ro u p  is 
C,,„ i.e: non -A belian , th e  A  a n d  X  p a r ts  of th e  sp ec tru m  w ill be d iffe re n t in 
ag reem en t w ith  th e  resu lts  o f  su b -sp ec tra l analysis  [7].

T he / i 4 A , system  re p re s e n ts  a m ore in te re s tin g  exam ple . A s i t  w as 
p o in ted  o u t b y  J ones an d  W a l k e r  [8], th e  su b sp ec tra l analysis  c a n n o t be 
app lied  to  th is  system , an d  th u s  i t  was no t possib le to  show  w h e th e r  th e  A  
an d  X  p a r ts  o f  th e  spec tru m  a re  id en tica l or n o t. N ow  we can  s ta te  t h a t  i f  th e  
sy m m e try  p o in t group is T d o r  C4l>, i.e. non-A belian , th e n  th e  A  an d  X  p a r ts  
are  d iffe ren t. If, how ever, th e  sy m m e try  p o in t g roup  is C2l,, i.e. A b e lian , th e n  
th e  A  an d  X  p a r ts  are id e n tic a l in  th e  lim itin g  case o f  s tro n g  coup ling . I f  th e  
co n d itio n s fo r s trong  co u p ling  a re  no t fu lfilled , th e n  th e  A  and  X  p a r ts  will 
again  d iffer, since th e  C2l, s y m m e try  can be p ro d u ced  b y  in fin ite s im a l d is to r tio n  
of th e  C4v sy m m etry .

A ppearance  of deceptively  simple spectra  in  special system s

T h ere  is n o t m uch in fo rm a tio n  in  the  l i te ra tu re  a b o u t system s c o n ta in in g  
m ore th a n  tw o  chem ically  e q u iv a le n t h u t m ag n e tica lly  n o n -e q u iv a le n t p a r 
tic les w ith  d ecep tive ly  s im p le  sp ec tra . L et us ta k e  th e  cases w h ere  a well 
reso lved  p a t te r n  could be o b se rv e d  in  th e  A  p a r t  o f th e  sp e c tru m , e.g. sy m 
m e trica l m u ltirad ica ls  [5, 11] a n d  th e  group M n (II)4 em bedded  in  a silicon 
la ttic e  [12], w here the  h y p e rf in e  p a t te rn  in th e  E S R  sp ec tru m  re p re se n ts  th e  A  
p a r t  o f th e  sp ec tra .

T he im in o x y  tr ira d ic a l s tu d ie d  hy  H udson  an d  L u c k h u r st  [5] can  he 
c lassified  as o f  th e  A ^ X ^  ty p e  since sp littin g  is caused  b y  one 14N n u c leu s  in
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e a c h  im inoxy  group . T h e  sy m m etry  p o in t g ro u p  o f th e  sy s tem  is C3v. H udson  
a n d  L u ckhurst  h a v e  d e r iv e d  the  th e o re tic a l sp e c tru m  in  th e  l im itin g  case of 
s t ro n g  coupling, i.e. w h e n  th e  exchange c o u p lin g  b e tw een  th e  u n p a ire d  electrons 
is s tro n g  in  com parison  to  th e  hyperfine c o u p lin g  c o n s ta n ts . T h ey  fo u n d  irreg u 
la r ly  spaced  lines, to o , b esides the  e q u id is ta n t  ones, w hich  is in  ag reem ent 
w ith  o u r criterion : w h en  th e  sy m m etry  p o in t g ro u p  is n o n -A belian  th e  spec trum  
is n o t  deceptively  s im p le . I n  th e  e x p e rim en ta l sp ec tru m  on ly  th e  e q u id is ta n t 
lin e s  w ere observed. T h e  a u th o rs  ex p la ined  th is  fac t b y  a special re lax a tio n  
m e c h a n ism  w hich is e ffec tiv e  only in  th e  d e g e n e ra te  s ta te s  cau sed  b y  th e  
m o d u la tio n  of co e ffic ien ts  J A.

A  sim ilar e x p la n a tio n  can  be given fo r th e  fa c t  t h a t  R o za n tsev  et al. [11] 
h a v e  fo u n d  d ecep tiv e ly  s im p le  spectra  fo r d iffe re n t te tra ra d ic a ls  (system s of 
d 4+ X 4+ ty p e ) :  even  i f  th e  sy m m etry  p o in t  g ro u p  is n o n -A b e lian  (e.g. T d or 
C4v) th e  ab o v e-m en tio n ed  re la x a tio n  m e c h a n ism  p re v e n ts  th e  o b se rv a tio n  of 
ir re g u la r ly  spaced lin e s  a ris in g  from  th e  d e g e n e ra te  s ta te s .

T h e  M n(II)4 g ro u p  em bedded  in  a silicon  la tt ic e  [12] re p re se n ts  an 
in te re s t in g  exam ple o f  th e  A J X ^  sy stem s. T h e  E S R  sp e c tru m  corresponds 
to  a  ty p ic a l d ecep tive ly  s im p le  spectrum . I n  th is  case, p ro b a b ly , th e  an iso tro p ic  
e ffec ts  p rev en t th e  o b se rv a tio n  of irreg u la rly  sp aced  low  in te n s ity  lines.

R ela tive ly  w ell s p l i t te d  p a tte rn s  can  be  o bserved  in  th e  X  p a r t  of the  
s p e c tra  in  the  p ro to n  reso n an ce  spec trum  o f som e p h o sp h o ru s  com pounds. 
T h e  follow ing exam ples c a n  be found in  th e  l i te ra tu re  for n  =  3.

a) The com plex
cis- [Mo(CO)3 (P (O C H 2)3 CR}3], 

s tu d ie d  hv  St a n c l ift  a n d  H e n d r ic k e r  [13], where

R  =  CH3, C ,H S o r C3H 7.

b ) The com p o u n d  syn th esized  b y  H e w l e t t  an d  Sh aw  [14]: ethoxy- 
c y c lo tr ip h o sp h a sa tr ien  (P 3N 3(OCH.,CH3)6 (if  th e  m e th y l g roups are  d isre
g a rd e d  w hich m ay  b e  a t ta in e d  by  d ecoup ling  th e  m e th y l p ro to n s).

T h e  firs t ex am p le  m a y  be classified  as =  A + ( X e) t ,  an d  th e
se c o n d  as A ^ X ^  =  A(3h(X 4)3" (coupling w ith  n itro g e n s  h as  b een  neg lec ted  due 
to  q u ad ru p o le  re la x a tio n ) . T h e  sy m m etry  p o in t g roup  is C3v in  b o th  cases. 
i .e.  th e  molecules s a tis fy  th e  sym m etry  re q u ire m e n ts .

T h e  au tho rs in te rp re te d  th e  p ro to n  re so n an ce  sp e c tra  in  te rm s of 
d e c e p tiv e ly  sim ple p a t te r n  w ith  the  in te n s i ty  ra tio  1 : 3 : 3 : 1. W e expect, 
h o w e v e r , dev iations f ro m  th is  p a tte rn , since th e  c rite r io n  of d ecep tiv e  sim plic
i ty  is n o t fulfilled. In  th e  f i r s t  exam ple th e  sp e c tru m  is n o t reso lved  ad eq u a te ly  
to  d iscuss th is  q u e s tio n  a n d  therefore  o n ly  th e  sp ec tru m  o f ethoxy-cyclo- 
tr ip h o sp h a sa tr ie n  w ill b e  t r e a te d . Since th e  fo u r  lines in  th e  ex p e rim en ta l spec
t r u m  h av e  abou t th e  sam e  line-w id th , th e  c o n d itio n s  fo r s tro n g  coup ling  m ust 
b e  sa tis fied .

2 0 0  RO CK EN BA U ER, RADIO S: TH EO RETICAL M AG N ETIC RESONANCE SPECTRA
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T ak in g  in to  acco u n t Л ?дх as p e r tu rb a tio n , i t  has only to  be d iag o n a lized  
b e tw een  th e  d egenera te  u ( l/2 , E)  s ta te s  fo r all possib le co m b in a tio n s o f  th e  
m ( X  *.), . . . m(X^12̂ ) values. T h e  p e r tu rb a tio n  te rm  h as th e  fo rm :

=  2  ш т )  Í V ax(Ó Í) ш и ) )  (28)
í= i 7-1

w here

•Ja x (Í’ j )  =  J  i f  t h e j - t h  p ro to n  is in  one o f th e  tw o  e th y l g ro u p s coup led  
w ith  th e  i- th  p h o sp h o ru s  a to m , otherw ise 

Ja x (Í-- j )  =  0 t.e. th e  long -range J PH couplings are n eg lec ted . T hen
J 0 =  J /3 .

B y  perfo rm ing  th e  d iag o n a liza tio n  a n d  ca lcu la tin g  th e  t ra n s i t io n a l  
in te n s itie s , we o b ta in  th e  p a r tia l  sp ec tru m  a ris in g  from  th e  u (l/2 , E )  d e g en e ra te  
s ta te .  T h e  o th e r  p a r tia l  sp ec tru m  can  be  c a lc u la ted  from  th e  n o n -d eg en e ra te

F ig . 3. X  p a r t  o f th e  system  A  J (X 4)j w ith  s tro n g  coup ling  w hen J 0 =  1/3 J ,  t h a t  is J '  0. 
L ines m ore th a n  100 tim es sm alle r th a n  th e  fo u r p rin c ip a l lines are no t in d ic a te d  h ere

u(3/2 , A j) s ta te . As i t  w as show n earlier, i t  c o n s titu te s  an  e q u id is ta n t q u a d ru 
p le t , w ith  th e  in te n s ity  ra tio  1 : 1 : 1 : 1. T h e  com ple te  spectrum  is sh o w n  in 
'F ig . 3. O w ing to  th e  g rea t n u m b er o f n o n -e q u id is ta n t lines an d  th e  large 
lin e -w id th , th e  irreg u la rly  spaced  lines c a n n o t be de tec ted , only th e ir  in d ire c t 
e ffec t can  be seen: b y  in c o rp o ra tin g  th e  u n reso lv ed  lines in to  th e  fo u r m ain  
lines, a 1 : 1.34 : 1.34 : 1 in te n s ity  ra tio  is o b ta in e d , w hich is in  good a g reem en t 
w ith  th e  ex p erim en ta l sp ec tru m  given b y  H e w l e t t  and  S h a w  [14].

A cta  Chim . Acad. Sei. H u n g . 6 8 , 1971
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A m ong  p h o sp h o ru s—n itro g en  co m p o u n d s, th e re  are som e w ith  cyclic [15] 
o r cag e  s tru c tu re s  [16— 18] th a t  can  be c la ssified  as of th e  A 7  X ^  ty p e . T he 
s p e c tra  o f these  co m p o u n d s co n ta in  g en era lly  a narrow  d o u b le t a n d  a w ide 
c e n tra l  line . H a rris  [6] ex p la in ed  th is  p a t te r n  b y  supposing th a t  JA a n d  JAX 
h a v e  a b o u t th e  sam e m ag n itu d e , i.e. th e  c o n d itio n  of s trong  co u p ling  is n o t 
fu lf ille d . T he on ly  ex cep tio n  is th e  sp e c tru m  o f (S P )4(NMe)6 s tu d ied  b y  H olmes  
a n d  F o r s t n e r  [17], w here th re e  s tro n g  lin es  a n d  several w eak  lines can  be 
o b se rv e d . T he a u th o rs  in te rp re te d  th e  la rg e  t r ip le t  as a 1 : 2 : 1 p a t te rn  co rre 
sp o n d in g  to  th e  p ro to n  sp ec tru m  coup led  w ith  tw o  m agnetica lly  e q u iv a le n t 
p h o sp h o ru s  a to m s, w hile th e  lines w ith  sm all in te n s i ty  were assum ed  to  be  due 
to  th e  long -ran g e  co u p ling  5J PH.

I n  ou r op in ion  i t  is m ore  c o n v en ien t to  consider the  p ro to n  re so n an ce  
s p e c tru m  of (SP)4(N M e)6 as derived  from  an  (X j)^  system , r a th e r  th a n  
fro m  a n  A 2X 3 sy s tem . T he system  in  q u e s tio n  w ou ld  have th e  sam e p a t te r n  as 
th e  A 2X 3 sy stem  o n ly  i f  th e  Jp couplings w ere  neglig ib le in  com p ariso n  to  th e  
JPH coup lings. F o r o b ta in in g  a p p ro x im a te ly  th e  ra tio  of Jp an d  JPH le t  us 
co m p a re  th e  sp ec tra  o f th e  follow ing analogous co m pounds: P 2(NM e)e, P 4(NM e)6, 
(S P ),(N M e)0 an d  (SP),(N M c)r  In  th e  f i r s t  tw o  cases th e  cen tra l line o f the  
d e c e p tiv e ly  sim ple t r ip le t  is w ide, show ing t h a t  J p is ap p ro x im a te ly  e q u a l to  
J p h , w h ile  in  case o f  (SP)2(NM e)6 i t  is n a rro w , i.e. the JP/JPH r a tio  is la rge . 
T h e  in c rea se  in  p h o sp h o ru s  va len cy  co rresp o n d s to  nearly  th e  sam e d ifference 
o f ch em ica l sh ifts in  case o f th e  p a irs  P 2(N M e)e, (SP)2(NMe)„ an d  P 4(N M e)e, 
(S P )4(N M e)6 [16, 17, 18], w hich  suggests a s im ila r  tendency  for th e  v a lu e s  of 
Jpi  to o , an d  th e re fo re  Jp h as  to  be la rg e  in  com parison  to  JPH in  case of 
(S P )4(N M e)e.

A ssum ing  th u s  an  A ^ ( X .s)jf sy s te m  w ith  s trong  coup ling  b e tw een  
p a r tic le s  A  +, we m a y  easily  e s tim a te  th e  in te n s i ty  of the  p rin c ip a l lines in  
th e  X  p a r t  o f th e  sp e c tru m . T he m olecule in  q u es tio n  has a te tra h e d ra l  sy m 
m e try , th e re fo re  d iag o n a liza tio n  of Ж”АХ m u s t be  carried  ou t in  th e  u (2 , A ,), 
i t ( l ,  T 0) and  н(0, E ) s ta te s . Since u (2, A )  is no n -d eg en era te , f iv e  e q u id is ta n t 
lines o f  equal in te n s i ty  m a y  be deriv ed ; in  th e  u(0, E ) and  u ( l ,  T2) s ta te s , 
w h en  m  4 =  0, all m a tr ix  e lem ents of 3 f AX  a re  zero , as a re su lt o f w h ich  th e  
in te n s i ty  of th e  c e n tra l  line will be six  tim e s  as h igh  as th a t  o f th e  fo u r o u te r  
lines. T h e re  rem ain s s till th e  d iag o n a liza tio n  o f th e  th ird  order Ж'АХ m a trice s  
in  th e  u ( l ,  To) s ta te  w hen  т д  =  J ^ l  for all d iffe re n t com binations of th e  set 
m ( X ^ )  m(X*2)), . . . m (X (18*). D ue to  th e  g re a t n u m b er of se ts, all g iv ing  
d iffe re n t e igenvalues, we m a y  o b ta in  so m a n y  lines from  th is  s ta te  t h a t  th e  
in te n s i ty  of th e  p a r t ic u la r  lines will be m u ch  sm alle r th a n  th a t  o f th e  p rin c ip a l 
lines a n d  w ill th u s  s lig h tly  m odify  th e  sp e c tru m . T h e  p ro ton  resonance  sp e c tru m  
re p o r te d  b y  H olmes  a n d  F o r st n e r  [17] is in  ag reem en t w ith  th e  p ic tu re  th u s  
o b ta in e d  if  we ta k e  in to  acco u n t th a t  th e  am p litu d es of th e  th re e  in n e r 
lines a rc  sm aller th a n  th o se  c o rre sp o n d in g  to  th e  th e o re tic a l ra tio
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1 : 1 : 6 : 1 : 1, since th e  cond itions of s tro n g  co u p lin g  h av e  no t been  s a t i s 
fac to rily  fu lfilled .

L e t us consider how  to  ev a lu a te  th e  co u p lin g  co n stan ts  [iJPH an d  :'JPH 
in th e  tw o  above m en tio n ed  cases. I f  the  m ain  t r ip le t  is in te rp re te d  as th e  X  
p a r t  in  th e  sp e c tru m  o f th e  А 2Х Я sy stem , th e n  th e  sep a ra tio n  of th e  t r ip le t  is 
equal to  JAX — 3J p h • W e have assum ed, h o w ev er, th a t  th is  t r ip le t  c o n s ti
tu te s  th e  tw o o u te r  and  th e  cen tra l lines o f th e  e q u id is ta n t q u in tu p le t  an d  
th u s th e  se p a ra tio n  in  questio n  is equal to  2J0. S ince each p ro ton  is co u p led  
w ith  fo u r p h o sp h o ru s a to m s w ith  coupling  c o n s ta n ts  3JpH, 3Jpn'> aJpH an d  
’Jp H, re sp ec tiv e ly , th u s  2Ju =  3JPH +  :’JPpp a n d  if  ~°JpH *s negligible, th e n  
tw o k in d s of in te rp re ta t io n  give th e  sam e v a lu e  fo r 3JPyp

To exp la in  th e  ap p earan ce  of w eak lines in  th e  sp ec tru m , H o lm es  an d  
F o r st n e r  h ad  to  assum e a re la tiv e ly  large  v a lu e  fo r :'JPH, while in  o u r case 
th e  w eak  lines can  be reg a rd ed  as a consequence o f  th e  non-decep tive s im p lic 
i ty  of th e  sp ec tru m .
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T he h y d ro g e n a tio n  and  e le c tro h y d ro g en a tio n  o f  ace tone  were s tu d ied  in  acid ic  
m ed iu m  (1 N  H C 10,) w ith  a v o lum etric  m eth o d  on  p la tin u m  pow der and  on  a  p la t in 
ized  p la tin u m  e lectro d e , w ith  g a lv an o sta tic  a n d  p o te n tio s ta t ic  m ethods. I t  w as fo u n d  
th a t  u n d e r o u r ex p e rim e n ta l conditions th e  p ro d u c t  o f  b o th  hydro g en atio n  a n d  e le c tro 
h y d ro g e n a tio n  is p ro p an e .

An an aly sis  w as p e rfo rm ed  from  a th e rm o d y n a m ic  p o in t of view of u n d e r  w h a t 
co n d itio n s iso p ro p an o l can ap p ear am ong th e  p ro d u c ts  o f e lec tro h y d ro g e n a tio n  of 
ace tone .

I t  w as show n th a t  th e  cu rre n t decrease  acco m p an y in g  th e  a p p ea ran c e  o f  iso- 
p ro p an o l in  th e  p o te n tio s ta tic  m easu rem en ts is n o t  u n co n d itio n a lly  to  be co n sid ered  
an  ageing process.

W ith  th e  use  o f charg ing  curves i t  w as show n th a t  acetone does n o t  a ffe c t th e  
a d so rp tio n  of hydrogen .

In tro d u c tio n

T h e  h y d ro g e n a tio n  and  e le c tro h y d ro g en a tio n  of ketones, as k n o w n  
from  th e  l i te ra tu re  [1], can  give rise to  v a r io u s  p ro d u c ts  d epend ing  on th e  
ex p erim en ta l co n d itio n s. T h is is illu s tra te d  b y  th e  follow ing schem e

...

R C H O H R '  

^  R  R

(a)

R' --> R ' C - C - R ' (b)
^  0  H OH

R  • C H „  • R ' (c)

R and R ' m ay  be a lk y l or ary l groups. W h en  h y d ro g en a tio n  is c a rried  o u t in 
th e  aqueous ph ase , an  a lkaline  m edium  fav o u rs  (a) and  (b) w hereas in  acidic 
m edium  th e  re a c tio n  proceeds for th e  m ost p a r t  in  th e  d irection  of (c). T h a t  is, 
in  th e  h y d ro g e n a tio n  o f ke tones th e  effect o f  th e  m ed ium  is very  p ro n o u n ced  
and  so th is  reac tio n  can  serve as a m odel i l lu s tra t in g  m edium  effects in  c a ta 
ly tic  h y d ro g e n a tio n  in th e  so lu tion  phase . T h e  p ro d u c ts  of h y d ro g e n a tio n  in 
acid and  a lka line  m ed ia  differ from  each o th e r  n o t only  in th e  case o f oxo co m 
pounds b u t  also in th e  h y d ro g en a tio n  of u n s a tu ra te d  alcohols.
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D u rin g  the  h y d ro g e n a tio n  of ally l a lcoho l on  p la tin u m  in a lk a lin e  m ed iu m  
p ro p a n o l is form ed, w h ils t in  acidic m ed ium  p ro p a n e ,p ro p e n e , and to  a sm aller 
e x te n t  m e th a n e  and  e th a n e  to o  are  evo lved  [2 ].

I t  m u st be added  t h a t  p ro p an o l is n o t  h y d ro g en a ted  u n d e r th e  given 
e x p e r im e n ta l cond itions. T h e  s itu a tio n  is s im ila r in th e  h y d ro g e n a tio n  of 
k e to n e s  in  acidic m ed iu m  a n d  th e  c o rre sp o n d in g  secondary  alcohols a re  no t 
h y d ro g e n a te d  under th e  g iven  cond itions; t h a t  is, th e  alcohol can  h a rd ly  be  an 
in te rm e d ia te  in  th e  series o f  step s  lead ing  to  th e  fo rm atio n  of th e  h y d ro c a rb o n . 
A t th e  sam e tim e, h y d ro g e n a tio n  in  a lk a lin e  m ed ium  te rm in a te s  w ith  th e  
fo rm a tio n  of the  seco n d ary  alcohol.

T h e  change of th e  re a c tio n  p a th  an d  th e  ap p earan ce  of h y d ro c a rb o n  in 
th e  p ro d u c t  are fu n d a m e n ta lly  due to  th e  ch an g e  o f  p H . This p e rm its  th e  co n c lu 
s io n  t h a t  th e  m edium  in  a g iven  case p lay s a  m u c h  larger p a r t  in  th e  h y d ro 
g e n a tio n  reac tio n  th a n  p re v io u s ly  th o u g h t, a n d  th e  com plete e lu c id a tio n  o f th e  
m e c h a n ism  of h y d ro g en a tio n  is possible on ly  w ith  a know ledge and  c o n s id e ra 
t io n  o f  th e  m edium  effects.

W e began  our w ork  re la tin g  to  the s tu d y  o f  th e  m edium  effec t w ith  the  
h y d ro g e n a tio n  and e le c tro h y d ro g en a tio n  o f ace to n e  on p la tin ized  p la tin u m  
in  ac id ic  m edium . In  th e  p a p e rs  of d e  H e m p t i n n e  and  Sc h u n c k  [3 ,4 ]  d ea lin g  
w ith  th e  e lec tro h y d ro g en a tio n  of acetone a n d  b u tan o n e , v e ry  fu n d a m e n ta l 
co n c lu s io n s  can be fo u n d . I n  w h a t follow s, o u r own o b se rv a tio n s  a n d  the  
re s u lts  o f  these  au th o rs  w ill o ften  be c o m p a re d , n a tu ra lly  b e a r in g  in  m ind  
t h a t  th e  exp erim en ta l c o n d itio n s  in  th e  tw o  cases differ from  each  o th e r  to  a 
c e r ta in  e x te n t.

1. E xp erim en ta l

M eth o d s  rep o rted  ea rlie r [5] w ere used  for th e  s tu d y  o f e lec tro h y d ro g en atio n . T h e  m ain  
e le c tro d e  w as sep ara ted  b y  g ro u n d  jo in ts  from  th e  a u x ilia ry  and  reference e lec tro d es. T he 
gas sp a c e  o f  th e  cell c o m p a rtm e n t co n ta in in g  th e  p r in c ip a l  electrode was c o n n ec ted  to  a  gas 
b u r e t t e  in  o rd e r to m easure  th e  v o lu m e  o f gases ev o lv ed  d u rin g  e le c tro h y d ro g en a tio n . Gal-

F ig . 1. A :  m ag n e tic  s tirre r, JS: re ac tio n  vessel, C: th e rm o s ta tin g  jac k e t, D :  gas  b u re t te ,
E :  su b s tra te  feed
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v a n o s ta tic  and p o te n tio s ta t ic  p rocedures w ere  used. T he g e o m e tric a l surface  of th e  d isk -sh ap ed  
p la tin u m  m ain e le c tro d e  was 10 cm 2. W ith  p la tin iz a tio n  a ro u g h n ess facto r o f 500— 1000 
w as a tta in e d ; th is  w as d e te rm in ed  b y  m ea n s  of charg ing  cu rv es . 1 N  HC10, w as u sed  as 
base  so lu tion , a n d  th e  electrode p o te n tia l  referred  to  a 1 a tm o sp h e re  hydrogen  e lec tro d e  
im m ersed  in to  th is  so lu tio n . T he h y d ro g e n a tio n  stud ies w ere c a rr ie d  o u t  a t  25 °C w ith  p la t in u m  
pow der, again in  1 IV H C IO , so lu tion , in  th e  ap p a ra tu s  show n in  F ig . 1.

2. D irection  of th e  hydrogenation  reac tio n

D uring  e le c tro h y d ro g en a tio n , a t  p o ten tia ls  m ore  p o sitiv e  th a n  th e  h y 
d rogen  evo lu tion  p o te n tia l (in a g reem en t w ith  [3]), gas evo lu tio n  m ay  be o b 
se rv ed  on the e le c tro d e ; gas ch ro m a to g rap h ic  an a ly s is  show ed th is  to  be exclu -

t, min

F ig . 2. V a ria tio n  o f  th e  volum e of gas evolved w ith  tim e  a t c o n s ta n t cu rren t (30 m A )
(1) in 1 N  Н С Ю 4 base so lu tio n , (2) in 0.3 M  a ce to n e  in  th e  base so lu tion

sively  propane. T h u s  th e  follow ing overall re a c tio n  ta k e s  p lace a t all e v e n ts

CH3.C.O.CH., +  4 H +  +  4 e - ^  C H :!.C H 2.CH.t +  H 20  (1)

To decide w h e th e r  th e  a lre a d y  m en tio n ed  side  reac tio n s occur, th e  
c u rre n t effic iency  re la tin g  to  p ro p a n e  was d e te rm in e d  b y  th e  v o lu m e tric  
m easu rem en t o f  th e  gas evo lved . To avoid  po ssib le  e rro rs, a c o m p a ra tiv e  
m easu rem en t w as ap p lied . T he v o lu m e  was m easu red  o f  th e  hydrogen  ev o lv ed  
on th e  sam e e lec tro d e  in  th e  b a se  solu tion  w ith o u t ace tone  a t  th e  sam e 
c u rre n t w ith w h ich  th e  e lec tro h y d ro g en a tio n  o f  ac e to n e  was stu d ied . 

A ccording to  th e  reaction

2 H +  +  2 r - > H ,

a charge  of 2 F  is necessary  fo r th e  evo lu tion  o f  1 m ole o f hydrogen , a n d  o f 
4 F  for 1 mole o f  p ro p a n e . Fig. 2 show s th e  d ep en d en ce  o f  th e  gas ev o lu tio n  on 
tim e  for hyd ro g en  (cu rv e  1) an d  p ro p a n e  (cu rve  2). I t  can  be seen th a t  in  a
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g iv en  tim e  th e  vo lum e o f h y d ro g en  fo rm ed  is tw ice th a t  o f th e  p ro p a n e . This 
p ro v es  t h a t  during  th e  h y d ro g en a tio n  o f ace to n e  in our case th e  to ta l  cu rren t 
is d e v o te d  to  reac tio n  (1).

F ro m  our earlie r w ork  [5] i t  follow s unam b ig u o u sly  t h a t  in  th e  h y d ro 
g e n a tio n  carried  o u t w ith  h y d ro g en  on p la tin u m  pow der (d is reg a rd in g  h y d ro 
gen  a c tiv a tio n  and  d isso c ia tiv e  a d so rp tio n ) th e  sam e p rocesses m u s t occur 
as in  e lec tro h y d ro g en a tio n . I n  th e  p re se n t case, since th e  fo rm a tio n  o f several 
p ro d u c ts  is th e rm o d y n a m ic a lly  reaso n ab le  and  of these o n ly  one is gaseous.

F ig . 3. V a ria tio n  w ith tim e  of th e  vo lum e d ecrease  occurring  during  th e  h y d ro g e n a tio n  of

1 . 4 x l 0 ~ 3 m ole o f  ace tone

we h a v e  th e  p o ssib ility  of th e  d irec t p ro o f  o f th is  too. I f  i t  is su p p o sed  th a t  
th e  sa m e  reactions ta k e  p lace  d u rin g  h y d ro g e n a tio n  as d u rin g  e le c tro h y d ro 
g e n a tio n , th e  h y d ro g e n a tio n  reac tio n  w ill be

CH3.C O .C H 3 +  2 H , -> C H 3.CH.,.CH3 +  H 3O (2)

T h a t  is , in  th e  gas v o lu m e tr ic  m e a su re m e n t, fo r th e  conversion  o f  1 m ole of 
a c e to n e  th e  overall gas ab so rp tio n  o b se rv ed  w ill be 1 m ole.

D u rin g  our e x p e rim e n ts , i t  w as m ad e  su re  th a t  th e  a p p a re n t  gas u p ta k e  
d id  in d e e d  correspond to  1 m ole and  th a t  p ro p a n e  did ap p ea r in  th e  gas space. 
In  F ig . 3 is given a gas u p ta k e - tim e  g ra p h  o b ta in ed  d u rin g  th e  h y d ro g en a 
tio n  in  th e  presence o f 1 g o f p la tin u m  p o w d er of 100 m l of a 1.4 X 10 M  ace
to n e  so lu tio n .

T o prove th a t  in  th e  p re se n t case h y d ro g en a tio n  occurs com plete ly  
a c c o rd in g  to  reaction  (2 ), th e  follow ing ex p e rim e n t was ca rr ied  o u t.

T h e  ca ta ly s t an d  a so lu tion  c o n ta in in g  a large am o u n t of ace to n e  were 
p la c e d  in  th e  h y d ro g en a tio n  vessel w hich  w as th e n  filled w ith  n itro g e n . P a r t  of 
th e  l a t t e r  w as rep laced  b y  a know n vo lum e o f hydrogen . I f  E q . (2) is t ru e  then , 
ta k in g  in to  account th e  so lu b ility  of p ro p a n e  in  th e  so lu tion  p h a se , th e  volum e 
d ec rea se  occurring  d u rin g  h y d ro g e n a tio n  m u s t  be exac tly  h a lf  th e  vo lum e of 
h y d ro g e n  in tro d u ced . F ig . 4 shows th e  cou rse  of h y d ro g e n a tio n  w ith  tim e.
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F ro m  th e  g rap h  i t  m a y  be seen th a t  th e  re a c tio n  s to p s a t  a c e r ta in  vo lum e 
V„ w hich  is som ew hat g re a te r  th a n  h a lf  th e  vo lu m e o f hyd ro g en  in tro d u c e d , 
b u t ,  i f  it  is co rrec ted  fo r th e  a m o u n t of p ro p an e  in  th e  so lu tion  p h ase , Vcorr so 
o b ta in e d  gives th e  ex p ec ted  re su lt exac tly .

F ro m  th e  above, i t  is o bv ious th a t  u n d e r o u r e x p e rim e n ta l c o n d itio n s  in a 
1 N  HC104 so lu tion  b o th  h y d ro g en a tio n  an d  e lec tro h y d ro g en a tio n  o f ace 
to n e  re su lt in  p ro p a n e .

F ig . 4. V a ria tio n  o f vo lum e on h y d ro g e n a tio n  w ith  a given vo lum e (24.6 m l) o f  h y d rogen

3. T h erm o d y n am ic  considera tions in connection  
w ith  the  d irec tio n  of the hyd ro g en a tio n  reac tio n

O ur stud ies in  th e  p rev io u s p a r t  connected  w ith  th e  d ire c tio n  o f the  
reac tio n  were carried  o u t w ith  a g a lv an o sta tic  m e th o d . As m ay  be seen  in  the  
p o la riza tio n  curves o b ta in e d  w ith  th e  g a lv a n o s ta tic  m e th o d  an d  show n in 
F ig . 5, e lec tro h y d ro g en a tio n  a lre a d y  tak es  p lace a t  an  ap p rec iab le  ra te  a t 
p o te n tia ls  above 100 m V. A ccord ing  to  th e  s tu d ies  o f d e  H e m p t i n n e  and 
Schuncic [3, 4], iso p ro p an o l m a y  also ap p ea r am ong  th e  p ro d u c ts  o f h y d ro g e n a 
tio n  depend ing  on th e  s ta te  o f th e  electrode. H ow ever, th e ir  m e a su re m e n ts  were 
ca rried  ou t a t a n eg a tiv e  p o te n tia l  for th e  m ost p a r t . In  th e  fo llow ing, a s tu d y  
is m ad e  from  a th e rm o d y n a m ic  v iew po in t o f w h a t p ro d u c t is fo rm ed  d u rin g  
th e  h y d ro g en a tio n  o f ace to n e  d epend ing  on th e  p o te n tia l.

In  an  earlier p u b lic a tio n  [6 ] th e  th e rm o d y n am ic  re la tio n s o f h y d ro g e n a 
tio n  w ere tre a te d  in  com p le te  g en era lity . F ro m  th o se  co n sid e ra tio n s , th e  tw o 
reac tio n s  possible in  th e o ry  are  considered  to  be  reversib le . T h a t  is , we have 
ex is tin g  in  para lle l th e  tw o  equ ilib ria

-  C H 3.C H 2.C H 3 +  H 20  

-V C H 3.C H O H .C H 3

3

C H 3.C O .C H 3 -F 4 H + +  4 e~ 

C H 3.C O .C H 3. +  2 H +  +  2 e

A cta  Chiin. A ca d . Se i. H u n g . 6 8 , 1971
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( I t  m u s t  be rem em b ered  t h a t  th e  h y d ro g en a tio n  o f iso p ro p an o l, a lth o u g h  
th e rm o d y n a m ic a lly  p o ssib le , does n o t tak e  p lace  u n d e r  th e  co n d itio n s used.)

W ith  th e  ca lcu la tio n s  ap p lied  in  th e  p u b lic a tio n  m en tio n ed , we o b ta in  
fo r  th e  s ta n d a rd  p o te n tia l  o f  th e  f irs t re a c tio n  E 01 =  261 mV, an d  for th e  
seco n d  E 02 =  34 mV. T h e  l a t t e r  value seem s a l i t t le  low . D a ta  to  be fo u n d  in  
re fe re n c e s  [7] and  [8 ] w ere  u se d  for th e  ca lcu la tio n . I n  c o n tra s t  to  th is , acco rd 
in g  to  reference [9] E n2 =  132 mV. The free e n th a lp y  o f fo rm a tio n  o f iso p ro p a
no l is  g iv en  as 38.83 k ca l in  refs. [6 ] and  [7] b u t  as 43.28 kca l in  ref. [9], and 
th e  s ig n if ic a n t d ifference in  E 02 is ev iden tly  d u e  to  th is . W ith  th e  a im  of an 
o rd e r  o f  m agn itu d e  e s tim a tio n , a value of a b o u t 120 mV is co n d itio n a lly  accep t
ed fo r  E n2. (F rom  th e  p o in t  o f  view  of th e  co n sid e ra tio n s  w hich  follow  th is  is

F i g .  5. G a lv an o s ta tic  e le c tro h y d ro g e n a tio n  of ace tone . Cx =  0.03 M ,  C2 =  0.075 M .  C3 =
0.152 M , C4 =  0.30 M

th e  m o s t u n fav o u rab le  fo r u s .)  In  possession o f  E 01 an d  E 02, we can  already  
c o n c lu d e  to  a ce rta in  e x te n t  a t  w h a t p o te n tia ls  p ro p an e  is th e  exclusive 
p r o d u c t  o f h y d ro g en a tio n . I t  can  read ily  be seen  th a t  fo r th e  fo rm a tio n  of 
iso p ro p a n o l from  ace to n e  w ith  a fin ite  ra te  a t  p o te n tia ls  a ro u n d  E 02 i t  is 
n e c e ssa ry  th a t  th e  re a c tio n  in  th e  reverse d ire c tio n  also ta k e s  p lace  a t a fin ite  
r a te .  H ow ever, it  is also a n  ex p e rim en ta l fa c t t h a t  a t  such p o te n tia ls  iso p ro p a 
no l c a n n o t  oxidize to  a c e to n e . T hus, i t  m u st also  be  s ta te d  (if  we do n o t w ish 
to  v io la te  th e rm o d y n am ics)  t h a t  isopropanol c a n n o t fo rm  e ith e r . T he fo rm a
t io n  o f  isopropanol can  o n ly  be expected  a t  p o te n tia ls  fa r enough  from  th e  
s ta n d a r d  po ten tia l. T h is m a y  be fo rm ula ted  also  b y  s ta tin g  th a t  th e  e lec tro 
h y d ro g e n a tio n  of ace to n e  to  isopropano l is o n ly  a tta in a b le  a t  a c e r ta in  over
v o lta g e . This is e ssen tia lly  th e  s itu a tio n  in  th e  case o f p ro p an e  b u t  E ()l has a 
s u ff ic ie n tly  high v a lu e  fo r th e  reac tio n  to  ta k e  p lace  a lread y  a t  100— 140 mV 
w ith  a  considerab le r a te .

I n  our opinion, th e s e  fin d in g s succeed in  reso lv ing  th o se  a p p a re n t 
in co n sis ten c ie s  be tw een  o u r  ow n p rev iously  re p o r te d  s tud ies a n d  th e  m easu re 
m e n ts  o f  d e  H e m p t i n n e  a n d  S c h u n c k . Iso p ro p a n o l ap p ears  on ly  a t  sm all 
p o s it iv e  or negative p o te n tia ls ,  d e  H e m p t i n n e  an d  S c h u n c k , as has a lread y  
b e e n  m en tio n ed , c a rr ied  o u t  a good p ro p o rtio n  o f  th e ir  m e a su re m e n ts  a t 
n e g a tiv e  po ten tia ls .

.-Ida Chim. Acad. Sei. Hung. 68, 1971
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4. Study o f eleetrohvdrogenation by potentiostatic m ethod

T he c u rre n t— p o ten tia l c u rv e s  d e te rm in ed  w ith  th e  p o te n t io s ta t ic  
m e th o d  for v a rious acetone c o n c e n tra tio n s  are  given in  Fig. 6 .

F rom  th e  cu rv es to  be seen h e re , i t  ap p ea rs  th a t  w ith  th e  ch an g e  o ccu r
r in g  to w ard s n eg a tiv e  p o ten tia ls  th e  c u r re n t  increases only for a t im e , a lim itin g  
c u r re n t  is reached , an d  in th e  p o te n tia l  in te rv a l preceding  ev o lu tio n  o f  h y d ro 
gen  th e  c u rre n t ev en  decreases to  a sm all e x te n t. The c u rren t ag a in  increases 
as a consequence o f th e  evo lu tio n  o f  h y d ro g en  a t  p o ten tia ls  m ore  n e g a tiv e

E. mV

F ig .  6. C, -  0.15 M .  C2 0.3 M .  C3 =  0.45 M ,  C., 0.6 M

th a n  zero. W ith  increasing  c o n c e n tra tio n , th e  lim iting  c u rre n t to o  in creases . 
F ir s t ly  i t  m ust be  recorded  th a t  th e  observed  lim iting  c u rre n t can  in  no  w ay 
be a lim itin g  d iffusion  cu rren t. T h is  m a y  be seen from  a co m p ariso n  w ith  th e  
lim itin g  diffusion c u rre n t of h y d ro g en  w hich  u n d e r our ex p e rim en ta l c o n d itio n s  
is a b o u t 8 mA. A t th is  lim iting  c u r r e n t ,  th e  co n cen tra tio n  of h y d ro g e n  in  th e  
so lu tio n  is less th a n  10 3 M.  A lth o u g h  th e  diffusion c o n s tan t o f  a c e to n e  is  less 
th a n  th a t  of h y d ro g en , a charge o f  2 F  is n ecessary  for th e  d isch arg e  o f  1 m ole 
h y d ro g en  b u t  o f 4 F  for th e  re d u c tio n  o f 1 m ole of acetone.

F rom  th is  i t  follows th a t  a t  th e  co n cen tra tio n s  re la tin g  to  th e  cu rves 
show n  in Fig. 6 (0.15, 0.3, 0.45 an d  0.6 M )  the  lim iting  d iffusion  c u r re n ts  are 
a lm o s t tw o o rders of m ag n itu d e  la rg e r  th a n  th e  observed lim itin g  c u r re n t . 
H o w ev er, th is m eans th a t  the  o ccu rren ce  of th e  lim iting  c u rre n t m u s t b e  a t t r i 
b u te d  to  o th e r processes. The o b se rv e d  lim itin g  c u rren t is no t a lw ays c o n s ta n t;  
a t  tim es  a w eak m in im um  and m a x im u m  m ay  be observed w ith in  th e  lim itin g  
c u r re n t  section. T h e  m axim um  a n d  m in im u m  becom e observable  p a r t ic u la r ly  a t 
low er co n cen tra tio n s , and  w h e th e r th e y  a p p e a r a t all depends to  a large 
e x te n t  on th e  life h is to ry  of th e  e lec tro d e .

3* A d a  Chim . Acad. S e i. H u n g . 68 , 1071
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I n  Fig. 7 m ay b e  seen  th e  p o la riza tio n  cu rv e  (1) o b ta ined  a t  a low er 
c o n c e n tra tio n  th a n  th e  p rev io u s  ones, and th e  h y d ro g e n  evo lu tion  p o la riza tio n  
c u rv e  (2). The la t te r  w as d e te rm in ed  from  m e a su re m e n ts  in  an argon a tm o sp h e re  
in  th e  pu re  base so lu tio n .

T h e  difference b e tw e e n  th e  tw o curves co rre sp o n d s  to  th e  p ro p er e lec tro 
h y d ro g e n a tio n  cu rv e  (3) if  i t  is assum ed th a t  no  ch an g e  tak es  place in  h y d ro g en

F i g .  7. E le c tro h y d ro g e n a tio n  cu rve  o f  6 . 5 x l 0 ~ 2 M  acetone

e v o lu tio n  because o f th e  p resence of ace tone  o r o f  th e  h y d ro g en a tio n  reac tio n . 
In  th e  follow ing we s tu d y  how  the changes ta k in g  p lace in  the com position  o f 
th e  p ro d u c t m ay a p p e a r  in  th e  p o te n tio s ta tic  m easu rem en ts .

E a rlie r  i t  w as s tre s se d  th a t  th e  observed  lim itin g  cu rren t does n o t depend  
on  th e  s tirrin g , th a t  is i t  is n o t of a d iffu sion  n a tu re . W ith o u t going in to  
d e ta ils  connected  w ith  th e  m echan ism  of th e  h y d ro g e n a tio n  reac tio n , i t  a p 
p e a rs  v e ry  p robab le  t h a t  th is  lim iting  c u r re n t occu rs because of ad so rp tio n  
c o n tro l. H ow ever, th is  m e a n s  th a t  all m olecules ad so rb ed  in  u n it tim e  m u st 
r e a c t .  L im iting  c u rre n ts  o f  various m a g n itu d e  m a y  belong to  one an d  th e  
sam e lim itin g  a d so rp tio n  r a te  depending on how  m a n y  F  are n ecessary  p e r 
m ole , d irec tly  or in d ire c tly , fo r the  reac tio n  to  ta k e  p lace. As has been  seen, 
in  th e  h y d ro g en a tio n  o f ace to n e  tw o ty p es o f p ro d u c t  m ay  be form ed. A charge  
o f  4 F  (z, =  4) per m o le  is necessary  for th e  fo rm a tio n  of p ro p an e , an d  o f 
2 F (z0 =  2) for iso p ro p an o l. I f  th e  num ber o f m oles re a c tin g  in  u n it tim e  a t  th e  
l im itin g  adso rp tion  r a te  is d en o ted  b y  n, a n d  i t  is assum ed  th a t  p ro p an e  and  
iso p ro p a n o l can be fo rm e d  s im u ltaneously , th e n  th e  re la tio n

i, =  F(z1n 1 +  z2n2) (4)

will b e  va lid , for th e  l im itin g  cu rren t (i;), w h ere  n j an d  n2 are th e  n u m b ers  of 
m oles of acetone c o n v e r te d  to  p ropane an d  iso p ro p a n o l, respective ly , in u n it 
t im e . N a tu ra lly , a t  th e  sam e  tim e th e  e q u a lity

n  =  n 1 n2 — c o n s ta n t  (5)
m u s t hold .

A cta  Cliirn. Acad. Sei. Hung. 68. 1071
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F ro m  w h a t w as said  earlie r, how ever, i t  ap p ears  th a t  p ro p a n e  an d  iso 
p ro p an o l are  s im u ltan eo u s p ro d u c ts  on ly  from  ce rta in  p o ten tia ls . S u p p o rte d  
by  th e  norm al e lec trochem ical a t t i tu d e  an d  b y  th e  lite ra tu re , i t  c an  be  s ta te d  
w ith  c e r ta in ty  th a t  th e  ra tio  of iso p ropano l an d  p ro p an e  in  th e  p ro d u c t o f h y d ro 
g en a tio n  a t  a g iven acetone c o n c e n tra tio n  is a fu n c tio n  of th e  p o te n tia l ,  f ( E ) ,  
t h a t  is

—  =  f ( E )  . (6 )
«1

F ro m  e q u a lity  (4)
ii =  F n ][zl +  z J ( E ) ]  (7)

a n d  from  E q . (5)

„ = ------- ----- . (8 )
! + / ( £ )

T h erefo re

i , =  , [ z . + z . J i E ) ] .  (9)

It follow s from  E q . (9) th a t  can  range  b e tw een  F nz , and  Friz., d e p e n d in g  on 
th e  m a g n itu d e  o f / ( F ) .  T he tw o  ex trem e  cases co rrespond  to  th e  fo rm a tio n  o f 
e ith e r  p ro p an e  or isop ropano l. T he e x p e rim e n ta l fac ts  p rove th a t  th e  f ir s t  ease 
does in d eed  ex ist, an d  on fresh ly  re g e n e ra te d  e lec trodes a t positive p o te n tia ls  p r i
m arily , only  p ro p an e  is form ed. T h a t is, i t  c an  be conceived th a t  th e  d ecrease  of 
th e  lim itin g  c u rre n t a t  sm all p o sitive  an d  n e g a tiv e  p o ten tia ls  is re la te d  to  th e  
p resence  of iso p ro p an o l in  th e  p ro d u c t. S ince th e  isopropano l a m o u n ts  to  o n ly  a 
v e ry  sm all frac tio n  o f th e  p ro d u c t, a re la tiv e ly  s ig n ifican t increase o f  its  a m o u n t 
does n o t re su lt in  an  im p o r ta n t decrease o f  th e  lim itin g  cu rren t.

O n th e  basis o f w h a t has been  sa id , c e r ta in  phenom ena , p rev io u sly  
co nsidered  as ageing, m u st now  be v iew ed in  a n o th e r ligh t. In  e le c tro h y d ro 
g e n a tio n , one speaks in general of ageing  (decrease  of ac tiv ity ) if  th e  c u r re n t 
decreases in  tim e  a t a given p o te n tia l. T h e  cu rves to  be seen in  F ig . 8 are 
o b ta in e d  over a long period  a t  n eg a tiv e  p o te n tia ls  [3, 4]. In  th e  F ig u re  i t is th e  
to ta l  c u rre n t and ip, i, and  i H, th e  c u rre n ts  co rrespond ing  to  p ro p a n e , iso p ro p 
anol an d  hydro g en  evo lu tion . A ccord ing  to  th e  au th o rs  the d ecrease  o f th e  
a c t iv i ty  o f th e  e lec trode  is re flec ted  in  th e  decrease  of if, while th e  a p p e a ra n ce  
o f  iso p ro p an o l and th e  increase in its  p ro p o rtio n  are  para lle l w ith  th is  ageing.

F ro m  th e  earlie r a rg u m en ts , how ever, i t  follow s th a t  a t  such  a tim e  we 
m a y  ta lk  a t  m ost o f th e  change occu rring  in  th e  se lec tiv ity , because  a d ec rea s
ing  c u rre n t m u s t also be o b ta in ed  in  th e  case of an u n ch an g in g  a d so rp tio n  
ra te  o f ace tone  if  th e  fo rm a tio n  ra te  o f iso p ro p an o l increases. To i l lu s tr a te  th is , 
an  idealized  case is show n in F ig . 9, w ith  th e  assu m p tio n  th a t  th e  r a te  o f fo r 
m a tio n  o f isop ropano l varies lin ea rly  w ith  tim e . (F o r th e  m ean ing  o f  th e  in d i
v id u a l n o ta tio n s , see th e  te x t  re la tin g  to  F ig . 8 .)

A clu  Chim . A cad . Sei. H u n g . 6 8 , 1971
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F ro m  a co m p ariso n  o f Figs 8 anil 9, all th a t  has prev iously  been s ta te d  
m ay  c le a r ly  be seen. F ro m  th e  p o in t o f view  o f th e  reac tio n  of ace to n e , th e  
d ec rea se  o f it b y  no m ean s signifies th e  d ec rea s in g  a c tiv ity  of th e  e lec tro d e  
c a ta ly s t .  5

h

I' in,. 8 .  Decrease of the activity of the electrode, according to Ref. [3]

h

F i g .  9. Effect of the change of the electrode selectivity on the observed total current density

5. H ydrogen  adsorp tion  in  the  presence  of acetone

F ro m  th e  p o in t o f v iew  of th e  e lu c id a tio n  o f  th e  k inetics and  m ech an ism  
o f th e  h y d ro g e n a tio n  of ace tone , it  is e x tre m e ly  im p o r ta n t  to  decide in  w h a t 
m a n n e r  h y d ro g en  a d so rp tio n  is m odified  b y  ace to n e . A ccording to  th e  ev idence  
o f th e  c h a rg in g  cu rv es, a t  th o se  p o ten tia ls  a t  w h ich  th e re  is a lready  no re a c tio n , 
h y d ro g e n  a d so rp tio n  is essen tia lly  n o t ch an g ed  in  th e  presence o f ace to n e . 
T h is m a y  be  seen in  F ig . 10. C urve (1) in  th e  F ig u re  re la tes  to  th e  p u re  base  
so lu tio n  (1 N  H C 104), an d  cu rve  (2) to  a s im ila r so lu tion  c o n ta in in g  
10 M  ace tone . T h ere  is no s ig n ifican t d ifference  betw een  th e  tw o  cu rves. 
T h e  le v e l p a r t  on cu rv e  (2) a fte r  th e  d o u b le -lay e r section  clearly  occurs as a 
re su lt o f  th e  o x id a tio n  of acetone.

A cta  C h im . A cad . S e i. H u n g . 68 , 1971
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T he m ost sign ifican t f in d in g , w hich accord ing  to  th e  ev id en ce  o f th e  
p re sen t ex p erim en ta l d a ta  m ay  p la y  an  im p o r ta n t p a r t  in  th e  f u r th e r  w ork , is 
c learly  th a t  th e  ad so rp tio n  o f h y d ro g e n  an d  acetone  m ay  be re g a rd e d  as 
in d ep en d en t o f  each o ther. T his in d ep en d en ce  can  he conceived b y  b o th  being 
ad so rb ed , b u t  a t  d ifferen t ac tiv e  s ite s .

Fig. 11. T h e  e lec tro h y d ro g en a tio n  c u rv e  o f  ace tone  (0.15 M )  in 1 IV 11 Cl b a se  so lu tio n

ylcln (.h im . A cad . S r i .  H u n g .  68 , 1971

Fig. 10. G a lv an o s ta tic  charg ing  c u rv es  in  (1) 1 IS НГЛО, and  (2) 1 N  H C IO , c o n ta in in g
1 A  — I 71 /f   1 ...........

6. The effect of anions on electrohydrogenation

T he n a tu re  of anions in  th e  case  of H C104, H 2S 0 4 and  H .,P 0 4 a p p a re n tly  
does n o t sig n ifican tly  affect th e  d ire c tio n  and  ra te  of th e  e le c tro h y d ro g en a tio n  
o f ace tone  [3]. So it seem s very  su rp ris in g  to  fin d  in th e  l i te ra tu re  [4] t h a t  in 
th e  presence of Cl-  ions the  h y d ro g e n a tio n  reac tio n  does n o t occu r a t all. O ur 
ow n ex p erim en ts  d isp rove th is .

T he e lec tro h y d ro g en a tio n  c u rv e  o b ta in ed  in a 0.15 M  so lu tio n  of ace tone  
in  1 N  HCl 1 >ase so lu tion  is g iven  in  Fig. 11.

As m ay  he seen from  a co m p ariso n  of F igs 6 and  11, th e re  is no  s ig n if ican t 
d ifference b e tw een  the  m e a su re m e n ts  in HC1()4 and  in HC1.
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OXIDATION ON THE NICKEL HYDROXIDE  
ELECTRODE, III

D E T E R M IN A T IO N  O F  O X ID A T IO N  R A T E  BY A N  E L E C T R O C H E M IC A L  M E T H O D

Gy. V É R T E S , G y. H O R Á N Y I and F. NAGY 

(C entral Research Institu te  fo r  C hem istry o f  the H ung a ria n  A cadem y o f  Sciences , B u d a p est)

R ece iv ed  D ecem ber 16, 1969

The ra te  o f o x id a tio n  o f alcohols was s tu d ied  on a nickel h y d ro x id e  e lectrode . 
C onsidering th a t  th ere  is no  u n eq u iv o cal re la tio n  be tw een  th e  e lec tro d e  p o te n tia l  and 
th e  am o u n t o f  n ic k e l(III)  ox ide  h y d ro x id e  effec tive  from  th e  p o in t o f  v iew  o f oxi
d a tio n , an in d irec t m e th o d  w as e la b o ra te d  fo r th e  d e te rm in a tio n  of th e  r a te  o f  o x id a tio n . 
T he m ethod  sets o u t from  th e  b asic  p rin cip le  t h a t  th e  reac tio n  ra te  can  be d e te rm in e d  
fro m  th e  com plete  d ischarge  tim es (co rresp o n d in g  to  th e  red u ctio n  o f th e  t o ta l  N iO O H  
av ailab le) m easu red  fo r d iffe re n t c u rre n ts , th e  e lectrode  h av in g  been  d isch arg ed  w ith 
a given c u rre n t and  th e  su b s tra te  to g e th e r.

I t  was found  th a t  th e  r a te  o f o x id a tio n  of e th an o l on a nickel h y d ro x id e  electrode 
is p ro p o rtio n a l a t  a g iven m o m e n t to  th e  a m o u n t o f n ick e l(III)  oxide h y d ro x id e  p re sen t 
on th e  electrode.

In  earlier co m m u n ica tio n s [ 1 ,2 ]  we s tu d ie d  th e  possib ilities o f  th e  elec
tro ch em ica l accom plishm en t o f o x id a tio n  reac tio n s w ith  n ic k e l( I I I )  oxide 
h y d ro x id e . We show ed th a t  u sing  e lec trochem ical m e th o d s w ith  a n ickel 
h y d ro x id e  electrode, com plex  he te rogeneous reac tio n s can be  s tu d ie d  m uch 
m ore  s im p ly  th a n  on n ickel h y d ro x id e  pow der.

C learly  it  is ex p ed ien t in  th e  s tu d y  o f  th e  o x id a tio n  k in e tic s  to o  to  
re ly  on these  find ings, b u t  i t  m u s t be considered  th a t  th e  m e th o d  n o rm a lly  
em p lo y ed  (po lariza tion  cu rves) for th e  d e te rm in a tio n  o f th e  r a te s  o f  e lec tro 
chem ica l reac tions can be used  in th e  p re sen t case only w ith  c e r ta in  lim ita tio n s .

In  o x ida tions on th e  n ickel h y d ro x id e  e lec trode  th e  c o m b in a tio n  o f tw o 
d is tu rb in g  fac to rs p re v e n t us from  d raw in g  q u a n tita tiv e  conclusions from  
sim p le  p o la riza tio n  curves. O ne o f th e  p rob lem s is th a t  th e  re a c tio n s  only 
ta k e  p lace a t e lectrode p o te n tia ls  m ore po sitiv e  th a n  th a t  fo r th e  ev o lu tio n  
o f  oxygen  (the  e lec trode  d isch arg e  occurs b e tw een  1350 an d  1250 mV [1], i.e. 
th e  p o te n tia l  of th e  a lm o st co m p le te ly  d ischarged  e lectrode to o  is m o re  pos
itiv e  th a n  1230 mV). T h is m eans th a t  in ad d itio n  to  th e  o x id a tio n  o f  th e  given 
c o m p o u n d , p a r t of th e  c u r re n t  is used for oxygen  ev o lu tion ; hen ce  i t  is n o t 
possib le  to  ca lcu la te  th e  re a c tio n  ra te  d irec tly  from  th e  c u rre n t in te n s i ty .

In  p rinc ip le  th e  p o ss ib ility  ex ists  th a t  i f  tw o  reac tions ta k e  p lace  s im u l
ta n e o u s ly  on an e lec trode , th e  ra tio  o f th e ir  ra te s  can  be d e te rm in e d  from  a 
know ledge of th e  e lec trode  p o te n tia l . In  th e  case of th e  nickel h y d ro x id e  elec
tro d e , how ever, no u n eq u iv o ca l re la tio n  has been  found even b e tw e e n  th e  p o 
te n tia l  and  th e  degree o f o x id a tio n  o f th e  e lec trode  [1, 3]. O n th is  basis  it
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m a y  be  expected  (a n d  in  a la te r  co m m u n ica tio n  we shall p rove  th is  ex p e ri. 
m e n ta lly )  th a t  th e  r e la tio n  b e tw een  the  e lec tro d e  p o te n tia l  and  the  o x id a tio n  
r a te  is n o t u n eq u iv o ca l e i th e r ;  th a t  is, i t  c a n n o t be decided  w h a t p ro p o rtio n s 
o f  th e  c u rre n t are u sed  fo r  o x id a tio n  and fo r o x y g en  evo lu tion .

T herefo re , fo r th e  d e te rm in a tio n  of th e  r a te  o f a process we use th e  
c la ss ica l princip le o f r e a c tio n  ra te  m easu rem en t. A ccord ing  to  th is , th e  con
c e n tra t io n  change o f a n y  r e a c ta n t  can  be u sed  to  ch a rac te rize  th e  ra te . T he 
o v e ra ll reac tion  b e tw een  th e  charged N iO O H  e lec tro d e  an d  an alcohol is:

R — CH2O H  +  4 N iO O H  +  O H  -  —■ R — COO - +  4 N i(O H )2

S ince  th e  reaction  ta k e s  p lace  in  excess a lk a li, th e  p rocess can be follow ed b y  
m e a su rin g  th e  h y d ro x id e  c o n cen tra tio n  on ly  w ith  g re a t u n c e rta in ty , and  in 
th is  case th ere  is a need  fo r  ex trem ely  precise m e a su re m e n ts . In  p rinc ip le  th e  
d e te rm in a tio n  of th e  a m o u n t of alcohol or c a rb o x y la te  ion in  so lu tion  does 
n o t  cau se  any  p rob lem s. In  th e  course of th e  re a c tio n  i t  is necessary  to  ta k e  
sa m p le s  from  the  so lu tio n  o n  a n um ber of o ccasions, an d  these  m u st be an a 
ly z e d  ind iv id u a lly . T h is  c a n  b e  solved only w ith  d iff ic u lty  even for m o d e ra te ly  
f a s t  reac tio n s, b u t fo r re a c tio n  tim es sh o rte r th a n  te n  m in u tes  a q u ite  special 
a p p a ra tu s  is requ ired . F o r  ju s t  th is  reason i t  seem ed  ex p ed ien t to  follow  th e  
p ro g re ss  of the  re a c tio n  th ro u g h  changes in th e  a m o u n t of nickel h y d ro x id e .

As a resu lt of th e  cau ses  m en tioned  ab o v e , th e re  is no possib ility  to  follow 
c o n tin u o u s ly  th e  a m o u n t o f  n ick e l(III)  ox ide h y d ro x id e  on th e  e lec trode , b u t 
th e  e x h au s tio n  of th e  to ta l  a m o u n t is sign ified  b y  a sh a rp  change of th e  elec
t ro d e  p o te n tia l [1]. T h is  m e th o d  is suggestive o f  th e  p o ten tio m e tric  en d -p o in t 
in d ic a tio n  of t i t ra t io n  c u rv e s , and  of th e  d e te rm in a tio n  of th e  adso rbed  q u a n 
t i t y  w ith  the  c h ro n o p o te n tio m e tric  m ethod .

I n  our f irs t c o m m u n ic a tio n  (Fig. 5) i t  w as also seen th a t  d iffe ren t a l
coho ls discharge one a n d  th e  sam e nickel h y d ro x id e  e lec trode  in d iffe ren t tim es; 
in  o th e r  w ords, id e n tic a l a m o u n ts  of n ic k e l(III)  ox ide h y d ro x id e  are reduced  
b y  d iffe re n t alcohols in  d iffe re n t tim es. I t  is o b v io u s th a t  th e  tim e  n ecessary  
fo r th e  reac tio n  of a g iv en  a m o u n t of su b s ta n c e  d ep en d s on th e  ra te  o f reac 
tio n . T h e  average re a c tio n  ra te s  are re flec ted  in  such  a sense by  F ig . 1 too, 
w h e re  th e  d ischarge cu rv es  o f  a p la tin u m  p la te  o f 10 cm 2 surface co a ted  w ith  
N iO O H  m ay  be seen in  e th a n o l so lutions o f d iffe re n t co n cen tra tio n s.

W e note here t h a t  th e  p re p a ra tio n  an d  d isch a rg e  of th e  e lec trode  w ere 
d one  in  th e  m an n er r e p o r te d  in  our f irs t c o m m u n ic a tio n  (d ischarge in  1 N  
N a O H  background  so lu tio n  a t  25 °C). In  all cases th e  ch arg ing  of th e  e lec trode  
w as c a rr ie d  ou t in  a s e p a ra te  vessel in  p u re  1 N  N aO H , because o therw ise  a 
co n sid e rab le  c o n c e n tra tio n  decrease w ould o ccu r fo r sm all su b s tra te  concen 
t r a t io n  an d  in  th e  case  o f  s tro n g  or c o n c e n tra te d  re d u c ta n ts  th e  com plete  
c h a rg in g  of the e lec tro d e  w ould  not be en su red .
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Fig. I. C hange of th e  average reac tio n  ra te  w ith  th e  co n ce n tra tio n  of e thano l. 1 N  K O H  
back g ro u n d  so lu tion . E th an o l co n ce n tra tio n : 1 :0 .5  M ;  2 : 1 jVf; 3: 2.5 M ;  4: 5 :W; 5: 10 M

R ate-de te rm in ing  ro le o f  diffusion

B efore a m ore d e ta iled  s tu d y  of th e  r a te  o f  ox idation  of a lco h o ls  i t  is 
necessary  to  c lea r up  th e  role of tra n s p o r t  p ro cesses , in particu la r o f th e  d iffu 
sion o f  th e  alcohol. This process ev id en tly  p reced es  th e  chem ical re a c tio n  p ro p 
er, an d  it  m ay  be conceived th a t  it  is ra te -d e te rm in in g . I f  th is  is th e  case, 
th en  th e  m easu red  values are c h a ra c te r is tic  n o t  o f th e  chem ical re a c tio n  p ro p 
er h u t  o f th e  d iffusion. T he p o ssib ility  o f  s e t t l in g  th is question  a rise s  w ith  
th e  com parison  o f th e  o x id a tio n  ra tes  o f d if fe re n t substances. T h e  d iffu sio n  
coeffic ien ts of su b stan ces of n ea rly  th e  sam e  m olecu lar w eight a re  p r a c t i 
cally  id en tica l, an d  so, u n d e r o therw ise id e n tic a l  conditions, if  th e  re a c tio n  
ra te s  o f tw o  su b stan ces differ to  a s ig n ifican t e x te n t  (a difference o f  o n e  o rd e r 
of m a g n itu d e  m ay  he found  b e tw een  th em ), th e n  th e  sm aller ra te  c a n n o t  o rig 
in a te  from  d iffusion  con tro l. S ince th e  r a te  o f  diffusion is p ro p o r tio n a l to  
th e  c o n c e n tra tio n  of th e  d iffusing  su b s ta n c e  an d  th e  m easu rem en t o f  ra te s  
d iffering  to  a sig n ifican t e x te n t is m e th o d ic a lly  d ifficu lt, th e  co m p a riso n  
m easu rem en t m ay  be carried  o u t w ith  re a g e n ts  o f d ifferent c o n c e n tra tio n s .

A n ickel p la te  of 10 cm 2 su rface  co a te d  w ith  N iOOH can be d isc h a rg e d  
in 9.2 m in u tes  in  a 1 N  N aO H  b a c k g ro u n d  so lu tio n  w ith  a c u rre n t s tre n g th  
of 60 //A ; th is  m eans th a t  the  N iO O H  on th e  e lec tro d e  corresponds to  a ch arg e  
of 33 mC. I f  ca th o d ic  p o la riza tio n  is ca rr ied  o u t  in ^ 0 .1  M  e th a n o l (fo r th e  
necessity  of com bined  chem ical and  elec tric  d isch arg e , see la ter), th e n  th e  d is
charge  la s ts  a b o u t h a lf  as long. To d isch arg e  th e  33 mC, abou t 20 m C  o f elec
tric  charge  w as necessary  w hile th e  re m a in in g  N iO O H  reacted  w ith  th e  a l
cohol. I f  th e  60 f iA  ca th o d ic  p o la riza tio n  is c a rr ie d  ou t in  5 x 1 0  4 M  fo rm 
a ld eh y d e . th en  (as m ay be seen in  Fig. 2) th e  d ischarge  lasts an ev e n  s h o r te r  
tim e . T h is show s th a t  ca rry in g  o u t the d isc h a rg e  w ith  the sam e c a th o d ic  po
lariz ing  c u rre n t on a given e lec trode , th e  e lec tro d e  discharges in a sh o rte r  
tim e in fo rm a ld eh y d e  th a n  in e th an o l, even  w h e n  th e  form er is th e  m o re  d ilu te  
by m ore th a n  tw o  orders of m ag n itu d e . T h is  proves th a t d iffusion  m a y  be
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d is re g a rd e d  in  a s tu d y  o f th e  ra te -d e te rm in in g  s te p s  in  the  o x id a tio n  o f  0.1 M  
e th a n o l. T he c o n c e n tra tio n  o f  alcohol in  th e  im m e d ia te  v ic in ity  o f th e  su rface  
d iffe rs  b y  less th a n  1 %  from  th e  c o n c e n tra tio n  m easurab le  in  th e  b u lk  o f  th e  
so lu tio n .

F ig . 2. E x clu sio n  of th e  ra te -d e te rm in in g  role o f e th a n o l  diffusion. Q„ 33 m C . C a th o d ic  
p o la r iz in g  c u rre n t 60 //A . E th a n o l  co n cen tra tio n  ~ 0 .1  M ;  fo rm aldehyde c o n c e n tra t io n

5 x 1 0  "4 M

The rate equation o f  oxidation

H a v in g  succeeded  in  show ing th a t  th e  m e a su re d  rates are n o t d iffu s io n  
ra te s ,  in  a d d itio n  to  a know ledge of th e  a v e ra g e  reac tio n  ra te , th e  d e te rm in a 
tio n  o f  th e  in s ta n ta n e o u s  v a lu es  is necessary . B y  d efin itio n  the ra te  of re a c tio n  is

.  — Ä  , i )
dr

w h e re  Q is the  a m o u n t o f N iO O H  on th e  e le c tro d e  a t  tim e r  (if Q is m e a su re d  
in  m C , th e n  th e  ra te  is o b ta in e d  in mA). F o r  th e  d e te rm in a tio n  of th e  in s ta n 
ta n e o u s  v a lu es  of the  re a c tio n  ra te , a know ledge o f  th e  corresponding Q. x p a irs  
is n e c e s sa ry  d u rin g  th e  w hole reaction  tim e . F ro m  th e  m easu rem en ts  m ere ly  
th e  c h a n g e  of th e  e lec tro d e  p o te n tia l w ith  tim e  ( th e  e vs. т re la tion) is  k n o w n . 
I t  m a y  b e  seen from  th e  d ischarge curves (re f. [1], Fig. 1) d e te rm in e d  from  
m e a su re m e n ts  in  p u re  a lk a li so lu tion  on a N iO O H  electrode th a t  a s ig n if i
c a n t  c h a n g e  in  th e  a m o u n t of N iO O H  (or o f th e  charge  equ ivalen t to  th is )  in 
v o lv es  b u t  a sm all change in  th e  electrode p o te n tia l .  The electrode p o te n t ia l  
is n o t  a n  u n eq u iv o ca l fu n c tio n  of th e  e le c tro d e  charge. In  m an y  c a se s  th e  
u n c e r ta in ty  follow ing from  th is  in  th e  p o te n t ia l  can  reach or ev en  exceed 
th e  p o te n t ia l  sh ift caused  b y  th e  change in  c h a rg e . In  such a w ay th e  ch an g e  
in  th e  c h a rg e  of th e  e lec tro d e  can n o t be fo llo w ed  w ith  the  help  o f t h e  elec
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tro d e  p o te n tia l d u rin g  th e  whole d ischarge  tim e . H ow ever, E q . (1) c a n  be 
solved (and  from  it  th e  w vs. x re la tio n  can  he  o b ta in ed ) if  we assum e an  in 
tég rab le  fo rm u la  fo r th e  change of re a c tio n  ra te  writh  tim e. T he co rrec tn ess  
o f th e  a ssu m p tio n  can  he checked w ith  th e  h e lp  o f th e  ex p erim en ta l d a ta .

I f  we co m p are  th e  discharge curves o b ta in e d  from  m e a su re m e n ts  in  
the pu re  b ack g ro u n d  so lu tion  w ith  c u rre n t a n d  in  th e  su b s tra te  so lu tio n  w ith 
o u t c u rre n t, we can  see th a t  th e ir  form s a re  s im ila r. We can a t te m p t ,  th e r e 
fore, th e  a ssu m p tio n  th a t  (sim ilarly  to  th e  d isch arg e  w ith  electric  c u rre n t)  
th e  reac tio n  ra te  is c o n s ta n t during  th e  w^hole d ischarge tim e. In th is  case 
E q . (1) can  be w ritte n  in th e  form

Q  =  Q 0 —  M’to (2)

w here Q() is th e  a m o u n t of charge on th e  e lec tro d e  a t  th e  beg inn ing  o f  r e a c 
tio n  (the  to ta l  ch arg e  th a t  m ay  he ta k e n  up  b y  th e  electrode, in o th e r  w o rd s, 
the e lec trochem ical c a p a c ity  of th e  e lec tro d e), an d  t a is th e  re a c tio n  tim e . 
Qu can  be  d e te rm in ed  b y  ca thod ic  p o la riz a tio n  o f th e  electrode in p u re  a lka li 
in  such a w ay th a t  th e  period  necessary  fo r th e  re d u c tio n  of N iO O H  is m u lt i 
p lied  b y  th e  c u rre n t used

<?„ =  1 T*> (3)

w here t *> is th e  to ta l  d ischarge  tim e  in  a lk a li, and  I  ( ju s t like Q an d  w  in th e  
earlie r eq u a tio n s) is by  defin ition  a p o sitiv e  q u a n ti ty .

I f  th e  re a c tio n  is s to p p ed  a t a given tim e  т „ an d  th e  am o u n t of u n re a c te d  
N iO O H  is d e te rm in ed  (e ith e r the  e lec trode  is rem oved  from  th e  so lu tio n  an d  
a fte r  w ashing  is po la rized  ca thod ica lly  w ith  c o n s ta n t cu rren t in p u re  a lk a li, 
or it  is d ischarged  in th e  so lu tion  w ith  a c u r re n t  g rea te r bv  a t  le a s t an  o rd e r 
of m ag n itu d e  th a n  th e  reac tio n  ra te ), th e n  w  can  be ca lcu la ted  on th e  basis  
of E q . (2). I f  th e  M1 va lu es  ca lcu la ted  in  th e  d iffe re n t m easu rem en ts a re  id e n 
tica l, th e n  th e  in itia l assu m p tio n  th a t  th e  re a c tio n  ra te  is c o n s tan t d u rin g  th e  
d ischarge is co rrec t.

T he e x p e rim e n ta l re su lts  in co n n ec tio n  w ith  th is  are show n in F ig . 3.
I f  an  e lec trode  is d ischarged  in a so lu tio n  th e  su b s tra te  c o n c e n tra tio n  

o f w hich  is n o t to o  large  (less th a n  m olar), th e n  its  po ten tia l changes a c c o rd 
ing to  cu rve  1. I f  th e  reac tio n  ra te  w ere c o n s ta n t  th e n  a t 0.75 i t  w ou ld  be 
possible to  fin d  a charge  o f 0.25 Q0 on th e  e lec tro d e . A ccording to  th e  ev i
dence o f th e  F ig u re , w ith  ca thod ic  p o la riza tio n  th e  p o ten tia l of th e  e lec tro d e  
changes a b ru p tly  in  a n eg a tiv e  d irection  as th e  re su lt  of a su b s ta n tia lly  sm alle r 
charge  th a n  th is . T hese ex p erim en ta l re su lts  force th e  rejec tion  of th e  a s su m p 
tio n  co n ta in ed  in  E q . (2). A fte r th is  it  wrould  seem  obvious to  m ake th e  a s su m p 
tio n  th a t  th e  r a te  o f reac tio n  decreases w ith  decreasing  am o u n t o f u n re a c te d  
N iO O H , and  th is  w ould cause the  slow ing d o w n  o f th e  discharge o f th e  elec
tro d e  to  a large e x te n t  in  th e  final stage. O n th e  basis of the  l i te ra tu re  a n d  our

.4cla ('.him. A cad. S e i. H u n g . 68 . 1971
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ow n experience  it  is co n ce iv ab le , how ever, t h a t  a f te r  th e  reac tio n  o f th e  m ain  
b u lk  o f  N iO O H , th e  re m a in in g  N iO O H , in  in d iv id u a l inclusions, p laces acces
s ib le  o n ly  w ith  d iff ic u lty  fo r th e  su b s tra te , w here  an electric c o n ta c t still 
e x is ts  w ith  the e lec trode  m e ta l, is s till c ap a b le  o f keep ing  th e  e lec tro d e  p o te n 
t ia l  a t  a value co rre sp o n d in g  to  th e  re a c tio n

N iO O H  +  e -  +  H 20  ^  N i(O H )2 +  O H  -

a n d  so th e  change of th e  e lec trode  p o te n tia l  is n o t d irec tly  co n n ec ted  w ith  
th e  re a c tio n  ra te  [4]. T h e  a ssu m p tio n  of th e  ex is ten ce  of inclusions is a lso  s u p 
p o r te d  b y  the  o b se rv a tio n  th a t  a fte r in te r ru p tin g  th e  d ischarge w ith  e lec tric  
c u r r e n t ,  th e  electrode p o te n tia l  is sh ifted  to  a b o u t —f-1200 mV from  th e  —200 
m V  v a lu e  reached  as a re su lt  o f th e  n e g a tiv e  p o la riza tio n  d u rin g  d isch arg e , 
d e s p ite  th e  fac t th a t  th e  d e m o n s tra tio n  o f a considerab le  am o u n t o f  N iO O H  
w ith  re p e a te d  d ischarge  w as n o t successful.

F i g .  3 .  The discharge of 70 mC NiOOH on a 2 cm- nickel plate in 0.2 M  ethanol. 1: Without 
cathodic polarization; 2: dischargeable with 0.5 mC after 31 min.; 3: dischargeable w ith 2.5 

mC after 23 min.; 4: dischargeable with 4.5 mC after 15 min.

O n th e  basis o f th e se  re su lts  i t  can  be sa id  th a t  th e  tim e  o f p o te n tia l 
c h a n g e  signifying th e  en d  o f d ischarge can  o n ly  be b ro u g h t in to  a re a l co n n ec
t io n  w ith  th e  reac tio n  r a te  i f  i t  is ensured  t h a t  th e  effect o f th e  inc lusions m e n 
tio n e d  be  e lim inated  in  som e w ay. T h erefo re  in  th e  following e x p e rim e n ts  it 
is n e c e ssa ry  to  po larize c a th o d ic a lly  th e  e lec tro d e  w ith  a given c u rre n t I  s im u l
ta n e o u s ly  w ith  th e  d isch arg e  b y  added  s u b s tra te . In  th e  case of th e  jo in t  (w ith  
c u r r e n t  an d  su b stra te )  d isch arg e , th e  p o te n tia l change signifying th e  d isap p ea r-  
ence  o f  N iO O H  does in d e e d  m ark  th e  tim e  o f ex h au stio n  of N iO O H ; th e  p o 
te n t i a l  change is m ore  s te e p , i.e. i t  will b e  m ore  accu ra te ly  ev a lu ab le . This 
l a t t e r  e ffec t is enhanced  b y  th e  fac t th a t  a second  p o ten tia l p la te a u  a p p e a r 
in g  fo r  v e ry  sm all ra te s  in  c e r ta in  cases does n o t now appear. In  th is  case 
E q . (1) is m odified as follow s

** „  +  / .
dr

Acta Chim. Acad. Sei. Huns,. 68. 1971
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If  th e  re a c tio n  r a te  is c o n s ta n t d u rin g  th e  w ho le  d ischarge tim e , th e n  so lv ing  
E q . (4) we h av e

Q =  Qn — (»  + I)rr (5)

w here xr is th e  to ta l  tim e  elapsed  from  th e  b e g in n in g  o f d ischarge w ith  c u r re n t  
and  s u b s tra te . I f  th e  tim e  for com plete  d isc h a rg e  ( r ; )  is su b s titu te d  (i . e . w hen  
(1 =  0 ) an d  th e  e q u a tio n  is rea rran g ed , w e o b ta in

- %  =  «, +  /  (6 )

and  th e  e x p e rim e n ta l re su lts  can  be  p lo t te d  on  th e  basis of E q . (6). H a v in g  
d e te rm in ed  th e  v a lu e  o f th e  com plete  d isc h a rg e  tim e  a t  a given e th a n o l co n 
c e n tra tio n  w ith  d iffe ren t cu rren ts , i t  sh o u ld  be  possible to  ca lcu la te  w  from  
th e  in te rc e p t o f th e  g rap h  o f Q J x f  —  I .

I t  m a y  be seen from  Fig. 4 th a t  th e  e x p e rim e n ta l d a ta  do n o t  lie  on a 
s tra ig h t line , c o n seq u en tly  E q . (6), i.e. th e  s ta r t in g  assum ption , is in c o rre c t.

F ig .  4.  Demonstration of tv =  constant. 1 M  ethanol in 1 N  NaOH on a 10 cm 2 nickel plate.
Q 0 =  650 mC N iO O H

H av in g  th u s  reassu rin g ly  succeeded  in  exclud ing  the  p o ss ib ility  th a t  
th e  reac tio n  ra te  is c o n s ta n t d u ring  th e  o x id a tio n , we can re tu rn  to  th e  o rig in a l 
concep tion  th a t  th e  reac tio n  ra te  decreases w ith  th e  decreasing a m o u n t of 
u n re a c te d  N iO O H :

w =  к ■ Q (7)

w here к is a c o n s ta n t. H ence E q . (4) is m o d ifie d  in  th e  following Yvay:

Solving fo r Q in  th e  form

dQ
drr

I + k Q .

Q
I  ^  L - K e ~  kT'
к

( 8 )

(9)

A d a  Chim . Acad. S e i. H u t i ß .  6 8 , 1971
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th e  in te g ra t io n  c o n s ta n t К  can  be d e te rm in e d  from  th e  b o u n d a ry  c o n d itio n  
(Q =  Q t, a t T r =  0)

Q & ^Tr —
I

к
( 10)

A t th e  tim e  of com plete  d isch arg e  (ту == Tf) th e  am o u n t of N iO O H  on th e  
e le c tro d e  is zero (Q =  0); t h a t  is

I

T Qo

B y re a rra n g e m e n t we o b ta in  th e  re la tio n

I

1 +  k - Q 0 ~ e
k r *

( П )

( 12)

U sin g  Eq. (12) th e  p ro p o rtio n a lity  f a c to r  к can  he ca lcu la ted  from  th e  
t im e s  o f  th e  p o ten tia l p la te a u s  o f th e  d isch arg e  curves in  th e  case o f  a g iven  
e th a n o l  co n cen tra tio n  w ith  d ifferen t c u rre n ts .

T h e  m ethod  of c o n s ta n t  differences m a y  b e  used in th e  c a lc u la tio n . T he 
1 t ; cu rve  is d raw n th ro u g h  th e  m easu red  p o in ts . Y alues xf ,  a n d  r ;2 are  
s e le c te d . T heir difference is

=  Tfi — r ; ,  (13)

E q . (12) is also valid  fo r тп  an d  t;2. If th e  e q u a tio n s  for b o th  are w r i t te n  and  
one  is  d iv ided  by  th e  o th e r  we  ob ta in

h

Ь+кЯо e-kr" c n . r

h   e~krk
h  +  kQ„

(14)

I f  a  se rie s  of such p a irs  is chosen  from  th e  r f  v a lu e  region th a t  r e la tio n  (13) 
is v a l id  fo r each pair, th e n  th e  r ig h t-h an d  side  o f  E q . (14) is c o n s ta n t

ekATr =  A  . (15)

R e a r ra n g in g  Eq. (14) we o b ta in

+  kQ0) = А Щ ,  +  k Q n) (16)

D iv id in g  b o th  sides b y  f j U  an d  rea rra n g in g

1 =  - é — —  +  A  —  . (17)
I ,  11
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A t c u rren t s tre n g th  12 th e  d ischarge  tim e  is g re a te r  b y  ex ac tly  /It; th a n  th e  
d ischarge tim e  o b se rv ed  a t I v  In  th e  case of p lo tt in g  1 /1 , ag a in st l / / 2, a c c o rd 
ing  to  th e  a ssu m p tio n  a s tra ig h t lin e  m u st be o b ta in e d . F rom  th e  slope o f th is , 
u sing  E q . (15), th e  v a lu e  of к can  be ca lcu la ted .

Fig. 5 serves to  illu s tra te  th e  ca lcu la tio n . O n th e  basis o f th e  d isch arg e  
curves for 0.1 M  e th an o l 1/1 - x} re la tio n  can  be  p lo tte d . I f  th e  v a lu e  o f

t; , s
100 2 0 0  3 0 0

Fig. 5. O x id a tio n  o f 0.1 M  e thano l on a N iO O H  e lec tro d e . 1. 1/1 t* re la tio n , 2. 1 /J2 — 1 / / ,  
tra n s fo rm a tio n  on th e  basis of E q . (17). I r r — 20 sec.

/ I t; is chosen as 20 sec, th en  th e  c u rre n t re la tin g  to  t ;2 =  20 sec is 72 w h ils t 
th a t  re la tin g  to  t; ,  =  0 sec is I v  W ith  th e  fo llow ing  p o in t for ex am p le  th e  
c u rre n t re la tin g  to  t ;2 =  40 sec is 12 and  th a t  to  be found  a t  t;x =  20 sec is 
I j ,  e tc. The series o f po in ts so p lo tte d  form s th e  1/12 1/1, re la tion .

I t  m ay  be seen in  Fig. 5 t h a t  th e  p o in ts  give a s tra ig h t line to  a good 
a p p ro x im a tio n , an d  from  the  slope o f th is , u s in g  E q s  (17) an d  (15), th e  v a lu e  
o f c o n s tan t к c an  be  ca lcu la ted . In  th is  w ay E q . (7) p ro v ed  to  be th e  c o rre c t 
in itia l a ssu m p tio n , an d  th is  also m ean s th a t  E q . (7) [in  th e  case of th e  a p p li
ca tio n  of ca th o d ic  p o la riza tio n , E q . (8)] does in d eed  describe  the  ra te  o f  o x i
d a tio n  of e th an o l (and  on th e  basis o f  o th e r fin d in g s , o f  o th e r p rim ary  alcohols) 
on a nickel h y d ro x id e  electrode. T h e  re la tio n  show s th a t  th e  ra te  of o x id a tio n  
d u rin g  th e  co m p le te  tim e  of re a c tio n  is p ro p o rtio n a l to  th e  a m o u n t of n ic k e l( I I I )  
oxide h y d ro x id e  on th e  e lectrode. T h u s th e  c o n s ta n t  к m ay  be considered  as 
an  a p p a re n t r a te  c o n s ta n t because  i t  is th e  p ro p o r tio n a lity  fac to r in  th e  re 
la tio n sh ip  c o n n ec tin g  th e  reac tio n  ra te  and  th e  in s ta n ta n e o u s  am o u n t o f  one

4 A d a  C him . A cad . Sei. H u n g . 68 , IV71
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o f th e  re a c ta n ts . T he d ep en d en ce  o f th e  re a c tio n  ra te  on th e  c o n c e n tra tio n  of 
th e  o th e r  re a c ta n t (alcohols) will be tr e a te d  in  a su b seq u en t p a p e r.

I t  is w orthw hile  here  to  deal in  so m ew h at g rea te r d e ta il w ith  th is  eq u a 
tio n . A s is su itab le  for h e te ro g en eo u s re a c tio n s , n o t th e  c o n c e n tra tio n  b u t  th e  
a m o u n t  o f  su b stan ce  in  th e  so lid  ph ase  a p p e a rs  in  th e  re la tio n . T h u s  th e  reac 
tio n  r a te  is a d e riv a tiv e  w ith  re sp ec t to  tim e  of th e  am o u n t of su b s ta n c e  e ith e r 
r e a c tin g  or form ing. I t  follow s from  th is  t h a t  th e  d im ension o f к  is sec-1. B e
cau se  o f th e  e lectrochem ical m e th o d s  u sed , in  th e  eq u a tio n  i t  is e x p e d ie n t to  
g ive  th e  a m o u n t of m a te r ia l n o t in  m oles o r eq u iv a len ts  b u t  as th e  p ro d u c t 
o f  th e  la t te r  w ith  th e  F a ra d a y  n u m b er, t h a t  is in  coulom bs; th e  d im ensions 
o f  th e  re a c tio n  ra te  will th e n  be am peres.

T h e  descrip tion  of a re a c tio n  ra te  acco rd in g  to  E q . (7), w h ere  th e  ra te  
is p ro p o r tio n a l to  th e  a m o u n t of one of th e  substances in  th e  solid  p h ase , is 
n o t  u n k n o w n  in he te rogeneous k in e tics . W e shall give tw o exam p les  o f  th e  de
p e n d e n c e  of th e  reac tio n  ra te  on th e  a m o u n t of o x id an t in  th e  solid  phase. 
P i c k e r i n g  [5] s tu d ied  th e  re a c tio n  of an  a lka line  so lu tion  of h y d ra z in e  w ith  
A gO . T h is  a u th o r  has fo u n d  th a t  th e  re a c tio n  ra te  is p ro p o rtio n a l to  the  
a m o u n t  o f AgO as well as to  th e  h y d raz in e  co n cen tra tio n . H a r i v e l  a n d  L a u r e n t  

[6 ] s tu d ie d  th e  k inetics o f re d u c tio n  of th e  nickel h y d ro x id e  e lec tro d e . T hey  
d e te rm in e d  th e  decrease of “ ac tiv e  oxygen  c o n te n t”  in  K I so lu tio n  o f an  elec
tro d e  o f g iven  electrochem ical c ap ac ity . T hey  found  likew ise t h a t  th e  reac tio n  
r a te  is p ro p o rtio n a l to  th e  a m o u n t of u n re a c te d  N iO O H .

R eproducib ility  of th e  m easurem ents

T h e  q u a n tita tiv e  d e te rm in a tio n  o f th e  rep ro d u c ib ility  of th e  m easu re 
m e n ts  is abso lu te ly  n ecessa ry  fo r th e  e v a lu a tio n  of th e  above re su lts . This 
q u e s tio n  consists of tw o p a r ts :  to  w h a t e x te n t  the  am o u n t of ch a rg e  w hich  
c a n  he  b ro u g h t onto  th e  e lec tro d e  v aries a f te r  rep ea ted  charg ing  an d  d isch arg 
in g  (cycling), and secondly , how  does th e  reac tio n  ra te  (i.e. th e  v a lu e  of k) 
v a ry  as a fu n c tio n  of tim e  or th e  n u m b e r o f m easu rem en ts.

T h e  am o u n t of charge w hich  can  he b ro u g h t onto  th e  e lec tro d e  w as de
te rm in e d  b y  d ischarg ing  w ith  c o n s ta n t c u r re n t in  1 N  N aO H  a f te r  e lec tro ly tic  
c h a rg in g  carried  ou t in  a p u re  so lu tio n  of a lk a li. T he value of Q0 can  be re d e te r 
m in e d  in  th e  above m an n e r a f te r  reco rd in g  th e  d ischarge cu rv es in  alcohol, 
p o s s ib ly  a t  d ifferen t co n c e n tra tio n s  an d  d iffe ren t cu rren ts . A cco rd in g  to  the  
f in d in g s  50— 100 discharges can  be p e rfo rm ed  on an  electrode w ith o u t a sign ifi
c a n t  ch an g e  in  th e  am o u n t o f  th e  d isch arg eab le  charge.

T h e  rep ro d u c ib ility  can  be seen in  F ig . 6 fo r d ifferen t a m o u n ts  o f nickel 
h y d ro x id e . T he e lec trochem ical c a p a c ity  Q 0 d e te rm in ed  w ith  c o n s ta n t  c u rre n t 
is p lo t te d  on th e  o rd in a te , a n d  th e  n u m b e r o f cycles on th e  abscissa . T h e  longer 
b la n k  in te rv a ls  betw een  th e  p o in ts  on th e  abscissa, co rresp o n d in g  to  10— 20
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u n its , rep resen t d isch arg e  cycles in  alcohol. I t  m u s t be m en tioned  th a t  if  th e  
n ickel hydrox ide  e lec tro d e  has s to o d  in  d istilled  w a te r  or in d ry  a ir fo r severa l 
w eeks, th en  a m ore  sig n ifican t decrease m ay  he o b serv ed  in th e  v a lu e  of Q0. 
T his phenom enon ap p ea rs  especially  w ith  fre sh ly  p rep a red  e lec trodes and  
m ay  he explained b y  th e  in co rp o ra tio n  of w a te r  la y e rs  in to  th e  nickel h y d ro x -

80
0

60
E
°4 0

20

n

No. of cycles

1Fig. 6. R ep ro d u cib ility  o f  th e  a m o u n t o f NiOOH w hich c an  be b ro u g h t on to  th e  e lectrode
d u rin g  cycling

Fig. 7. Change of th e  r a te  o f o x idation  o f 0.1 M  e th a n o l on  a N iO O H  electrode d u rin g  cycling

ide la ttic e  d u rin g  th e  cycles, or b y  th e  in crease  o f  th e  d istance  b e tw een  th e  
la ttic e  planes d u rin g  som e o th e r re a rra n g e m e n t; th is  can  lead  to  th e  peeling  
o ff o f the  nickel h y d ro x id e  du ring  th e  d is in te g ra tio n  o f th e  la ttic e .

T he co n s ta n c y  o f Q0 re p o rte d  here p ro v es t h a t  th e  lay er adheres q u ite  
s tro n g ly , and  th e  a m o u n t of nickel h y d ro x id e  does n o t change even  d u rin g  
p ro longed  use.

H ow ever, th is  b y  no m eans excludes th e  o ccu rren ce  of possible s tru c tu ra l 
changes th e  re su lt o f w hich w ould be  th e  change o f  th e  a p p a re n t r a te  c o n s tan t 
к c h a ra c te ris tic  o f th e  ox ida tio n  o f  alcohols.

T herefore  th e  change of th e  r a te  c o n s ta n t m u s t be s tu d ied  as a fu n c tio n  
o f th e  use of th e  e lec tro d e . M easu rem en ts co n n ec ted  w ith  th is a re  show n in 
F ig . 7. The n u m b e r o f  cycles again  ap p ears  on th e  abscissa , while on th e  or-

4* A cta  C him . A cad . Sei. H u n g . 6
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d in a te  are  the  a p p a re n t r a te  c o n s ta n t va lu es  d e te rm in ed  in  0.1 M  e th an o l 
a n d  ca lc u la ted  acco rd ing  to  E q . (17) d eriv ed  from  E q . (7). I t  c an  be  seen from  
th e  F ig u re  th a t  d u rin g  th e  in te rv a l s tu d ied , th e  ageing o f th e  e lec tro d e  need 
n o t  b e  considered in  th e  o x id a tio n  of alcohols on nickel h y d ro x id e .

R E F E R E N C E S

1. V é r t e s , G., H orányi, G ., N agy , F .: A cta  Chim. A cad . Sei. Hung. 67, 145 (1971)
2. H o r á n y i, G., Vértes, G ., N agy , F .: A c ta  Chim. A cad. Sei. H ung. 67, 357 (1971)
3. B o d e , H ., Dehmelt, K ., W it t e , J . :  Z. anorg . alig. Chem ie 366, 1 (1969)
4. B rigg s, G. W. D ., W y n n e - J on n es , W . F . K .: T ran s . F a ra d a y  Soc. 52, 1272 (1956)
5 . P ic k e r in g , W. F .: R ev . P u re  a n d  A ppl. Chem. 16, 185 (1965)
6. H a r iv e l , J .  P. La u ren t , J .  F . :  E lec tro ch im . A c ta  9, 703 (1964)

G yörgy VÉRTES 
G yörgy H o rányi  
Ferenc N agy

B u d a p e s t  I I . ,  P u sz ta sze ri ú t  59— 67.

A c ta  C h im . A cad. Sei. H u n g . 68 , 1971



Acta Chimica Academiae Scientiarum  Hungaricae ,  Tom us 68 (3 ) , pp . 2 2 9 —235 (1971)

INVESTIGATION OF ADSORPTION PHENOMENA 
ON PLATINIZED Pt ELECTRODES BY TRACER 

METHODS, YI1
SIM U L T A N E O U S  STU D Y  OK T H E  A D S O R P T IO N  A N D  E L E C T R O H Y D R O G E N A T IO N

O F  P H E N Y L A C E T IC  A C ID

G y. H o r Á N Y I  a n d  F . N a G Y

(C entral Research In stitu te  fo r  C hem istry o f  the H ungarian  A cadem y o f  Sciences, Budapest)

R eceived  D ecem ber 18, 1969

1. D uring  th e  e le c tro h y d ro g en a tio n  of p h e n y la ce tic  acid  th e  r a te  o f h y d ro g en a 
tion  an d  th e  ad so rp tio n  o f su b s tra te  w ere m easu red  s im u ltan eo u sly .

2. I t  w as fo u n d  th a t ,  correspond ing  to  e x p ec ta tio n s , l in e a rity  ex is ts  betw een 
th e  coverage an d  th e  ra te .

In  an  earlier co m m u n ica tio n  [1] i t  was show n th a t  i t  w ould be  ex trem ely  
a d v a n ta g e o u s  if  a t  an y  m o m e n t o f tim e  in  h e te ro g en eo u s c a ta ly tic  h y d ro g en 
a tio n  o r e le c tro h y d ro g en a tio n  th e  co n cen tra tio n s  of th e  in d iv id u a l com ponen ts 
on th e  su rface  o f th e  c a ta ly s t  o r e lectrode w ere know n . In  th e  m ain  only  as
su m p tio n s  are found  in th e  l i te ra tu re  reg a rd in g  th e  co n n ec tio n  b e tw een  the 
a m o u n t ad so rbed  an d  th e  re a c tio n  ra te , and in  genera l d irec t ex p erim en ta l 
<lata a re  n o t ava ilab le .

We earlier reported [2] our work in connection  w ith the adsorption of 
arom atic com pounds, am ong them  phenylacetic acid.

I t  w as show n w ith  reg a rd  to  p h en y lace tic  acid  th a t  th e  a d so rp tio n  equi
lib riu m  is no t a tta in e d  d u rin g  th e  h y d ro g en a tio n  re ac tio n ; m o reo v er, co m p ar
ed w ith  th e  usual re a c tio n  ra te s  th e  d eso rp tio n  ra te  o f p h e n y la c e tic  acid is 
neg lig ib le . On th e  o th e r  h a n d , the  d eso rp tio n  o f th e  h y d ro g e n a te d  p ro d u c t 
is v e ry  fa s t  and  so u n d e r th e  co n d itio n s of h y d ro g e n a tio n  it  is n o t necessary  
to  con sid er th e  a d so rp tio n  o f th e  p ro d u c t. A t th e  sam e tim e  i t  w as also  proved 
th a t  a frac tio n  o f th e  adso rbed  p h en y lace tic  acid  m olecules do n o t ta k e  p a rt 
in th e  reac tio n ; th is  m u s t be ta k e n  in to  co n sid e ra tio n  in a k in e tic  s tu d y  o f 
th is  process.

In  th e  p resen t co m m u n ica tio n  we re p o rt on o u r w ork  in c o n n ec tio n  w ith  
th e  d e ta ile d  analysis o f th e  re la tio n  betw een  th e  ra te  o f h y d ro g e n a tio n  of phe
n y lace tic  acid an d  its  ad so rp tio n .

Experimental

T he a p p a ra tu s  a n d  c e l la l r e a d y  described [1] w ere used  in  th e  s tu d y . A p o te n tio s ta tic  
m e th o d  w as app lied . 14C -labelled p h en y lace tic  acid  o f 0.1 m C i/m m ole specific a c t iv i ty  w as used.

T h e  stud ies co n sisted  essen tia lly  in th e  s im u ltan eo u s m ea su re m e n t o f  tw o  q u a n titie s , 
th e  c u rre n t  and  th e  co u n t r a te  p ro p o rtio n a l to  th e  a d so rp tio n . A fte r a d ju s tin g  th e  a p p ro p ria te

Acta  C him . Acad. S e i. H u n g . (>8, 1971
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p o te n t ia l  th e  changes in b o th  q u a n ti t ie s  were followed w ith  tim e  u n til a (quasi-) s ta tio n a ry  
s ta te  w as ob ta in ed . This is sh o w n  in  F ig . 1 for a c o n ce n tra tio n  o f 1 X 1 0 ~ 3 M .  C urve 1 refers 
to  th e  c u rre n t , and curve 2 to  th e  c o u n t ra te .

A s h as a lready  been m e n tio n e d , th e  m easured o v e ra ll c o u n t ra te  (Iß)  c an n o t be  d irec tly  
c o n n e c te d  w ith  th e  adso rbed  a m o u n t  a c tiv e  w ith  re sp ec t to  th e  reac tio n . F o r  th e  d e te rm in a 
t io n  o f  th is  la t te r  a m o u n t i t  is n e c e ssa ry  to  know th e  n u m b e r  o f co u n ts  ( I m ) o rig in a tin g  from  
th e  p e rm a n e n tly  bound  ac tiv e  m a te r ia l  on  the  surface. V a rio u s m eth o d s  can  be  u sed  fo r th e  
m e a s u re m e n t of this. I f  th e  s u b s tr a te  con cen tra tio n  is sm all, I m  is m o st sim p ly  d e te rm in ed  
b y  e n su r in g  w ith  th e  a p p ro p ria te  a d ju s tm e n t of th e  p o te n tia l ,  i.e. th e  re ac tio n  ra te ,  th a t  
in  th e  s ta tio n a ry  s ta te  th e  m o b ile  ad so rb ed  am o u n t im p o r ta n t  fro m  th e  p o in t o f  v iew  of th e

re a c tio n  sh o u ld  he p rac tica lly  ze ro . T h e  co u n t ra te  m easu red  a t  such  tim e will c learly  be p ro 
p o r t io n a l  to  th e  am o u n t o f re s id u a lly  adsorbed  p h e n y lace tic  acid.

A n o th e r  possible m eth o d  fo r  th e  d e te rm in a tio n  o f 1M is t h a t  before th e  end  of th e  m eas
u re m e n ts  w ith  p o ten tia ls a t  w h ic h  th e  reac tio n  proceeds w ith  a considerab le  ra te ,  in ac tive  
p h e n y la c e tic  acid is added  in  g re a t  excess to th e  so lu tion . U n d e r  such  co n d itions th e  frac tio n  
r e m a in in g  on the surface, w hich  is n o t  exchangeable, is e q u a l to  I M.

I t  should  be no ted  h ere  t h a t  d u rin g  a too long e x p e rim e n ta l tim e  th e  v a lu e  of I M can 
c h a n g e  to  a significant e x te n t, a n d  th e re fo re  we striv ed  to  c a r ry  o u t  ou r m easu rem en ts  re la 
t iv e ly  q u ick ly  and tocheck th e  m a g n itu d e  of 1^  several tim e s  in  acco rdance  w ith  th e  possib il
i tie s . O n ly  th e  experim en tal o b se rv a tio n s  provided in fo rm a tio n  re la tin g  to  th e  m ag n itu d e  o f 
7д1, a n d  no  correlation  could  be  fo u n d  betw een it  a n d  o th e r  p a ram e te rs . T h e  v a lu es of 
f ro m  th e  ind iv idual m easu rem en ts , as m a y  be seen in  T ab le  I ,  w ere  e x trem e ly  v a ria b le , th o u g h  
th e  e x p e rim e n t was begun w ith  a c lean  e lectrode surface  p re - tre a te d  id en tica lly  fo r all m eas
u re m e n ts .

T h e  f irs t step of th is  p r e - t r e a tm e n t  was anodic re g en e ra tio n . As a lread y  show n [2], 
u n d e r  su ch  conditions th e  p e rm a n e n tly  adsorbed frac tio n  is rem o v ed , p re su m ab ly  by  ox id a 
tio n . T h e  anodic regeneration  w a s  c o n tin u e d  u n til th e  c o u n t r a te  reach ed  th e  b ack g ro u n d  value. 
A f te r  th is , cathodic reg en e ra tio n  w as app lied  for 5— 10 m in u te s . Follow ing th e  ca th o d ic  re 
g e n e ra tio n  th e  solution in th e  cell w as exchanged for p u re  b ase  so lu tion .

T h e  po ten tia l of th e  m ain  e le c tro d e  was a d ju s te d  w ith  a  p o te n tio s ta t  to  100 150 mV
a n d  th e n  th e  labelled p h e n y la ce tic  acid  was added to  th e  sy s tem . M easurem en ts w ere begun 
a f te r  th e  stab iliza tion  of th e  c o u n t  ra te .

I n  o rder to s tu d y  th e  r e la tio n  be tw een  the  c u rre n t  a n d  th e  coverage, th e  co u n t ra te  
co rre sp o n d in g  to m ax im um  m o b ile  ad so rp tio n  ( I max— I ^ j )  m u s t also be k n ow n. T h is can be 
d e te rm in e d  from  the co u n t ra te  m e a su re d  a t  p o ten tia ls a t  w hich  th e  reac tio n  no longer takes 
p lace  o r  occurs only w ith  low ra te s .  (A t th e  studied  co n ce n tra tio n s , even if  an  a d so rp tio n  eq u i
l ib r iu m  ex isted , sa tu ra tio n  w ould  a lre a d y  be reached.)

A cta  Chim. Acad. Sei. Hung. 68, 1971
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Table I

E (mV) i (niA) 1R I jf

C =  10 3 Af; /д | 2500 cpm

120 0.40 2700 1.00
100 0.72 2700 1.00

80 1.80 2700 1.00
70 2.72 2700 1.00
60 4.05 2500 0.92
50 5.15 2100 0.77
40 5.70 1800 0.66
30 5.80 1000 0.37
20 5.90 600 0.22
10 6.10 400 0.15

C =  2 x  1 0 - '  M ; J Д1 1600 cpin

150 0.30 4000 1.00
100 0.75 3800 0.95
80 1.74 3700 0.92
60 2.50 2600 0.65
40 2.54 1500 0.35
20 3.10 800 0.20

0 4.50 600 0.15

c =  5 x 1 0  4 M ; I M 4000 cpm

100 0.54 3000 1.00
90 0.72 3000 1.00
80 1.04 3000 1.00
70 1.46 3000 1.00
60 1.94 2700 0.90
50 2.25 2000 0.66
40 2.28 1400 0.47
20 2.80 900 0.30

0 4.50 300 0.10

On th e  b asis of w h a t has been said, the  s ta t io n a r y  coverage re la ting  to th e  m ob ile  frac 
tion can be c a lcu la te d  using  th e  re la tio n

* ' — r r I ï  a>j max 1M

A n u m b e r  o f ex p e rim e n ta l d a ta  ap p ear in  T a b le  I ;  the  app ro p ria te  c a lc u la tio n s  w ere 
perform ed u sin g  E<j. (1).

Acta Chim. Acad. Sei. H ung. 08, l  971
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Interpretation of the results

I n  o u r  earlier w ork  [3] i t  w as supposed  t h a t  a re la tio n  of th e  ty p e

i =  ° s f ( E ) ( 2 )

100 

80 

I  60
ш

AO

20

0

Fig. 2 .  Electrohydrogenation of phenylacetic acid at a concentration of 10 ~ 2 M

is v a lid  fo r  e le c tro h y d ro g en a tio n . E  is th e  p o te n t ia l ,  and  in m a n y  cases th e  
fu n c tio n  f ( E )  to  a good ap p ro x im a tio n  can  be  w r itte n  as

f ( E )  =  k r ■ 1 0 - ftE (3)
w h ere  6 is  a co n stan t.

A s show n in  F ig . 2, a t  su ffic ien tly  la rg e  con cen tra tio n s (10-2 M )  th e  
re la t io n  log  i — a -)- bE  is a p p ro x im a te ly  v a lid  fo r pheny lacetic  a c id  to o .

A t  su ch  co n cen tra tio n s  th e  a d so rp tio n  m a y  be  considered a lm o s t c o n 
s ta n t  o v e r  th e  w hole p o te n tia l  in te rv a l, as m a y  b e  seen in Fig. 3.

A t  co n cen tra tio n s  g re a te r  th a n  10~2 M  th e  p o la riza tio n  c u rv e  show n  
in  F ig . 2 a lre a d y  changes o n ly  sligh tly , in  a g re e m e n t w ith  th e  fa c t t h a t  th e re  
is no  co n sid e rab le  p o ss ib ility  o f v a ria tio n  in  th e  adsorp tion .

T h u s  only  a t  low er co n cen tra tio n s  is th e re  a question  of th e  v e r if ic a tio n  
o f r e la t io n s  (2) an d  (3). In  th e se  c ircu m stan ces d iffu sion  too is p re se n t am o n g  
th e  ra te -d e te rm in in g  processes. In  th is  case (as s ta te d  in  our p rev ious c o m m u 
n ication);, u n d e r s ta tio n a ry  cond itio n s, i f  th e  ca lcu la tio n  of C~)s is p e rfo rm e d  
a c c o rd in g  to  E q . (1), th e n  th e  equations

' =  M co c/) =  M  1 0 M ) c j { \  Q s) = /сдс/ l  0 S) A v - 1 0  ftfi • 0 S

) tD c„  k- A ( 1  0 í )  =  k'r 0 s = i
k D k'A( l  Os)

( 4 )

Acla Chitn. Acad. Sei. Hung. 68, 1971
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will be  valid , w here  k p  is th e  ra te  c o n s ta n t  fo r  m ass tra n sp o r t  b y  d iffusion , 
к a  is th e  a d so rp tio n  r a te  co n stan t, k'r — k r • 10 , th e  ra te  c o n s ta n t o f  th e
h y d ro g en a tio n  re a c tio n , an d  0 S an d  О м  are  th e  coverages re la tin g  to  th e  m o 
bile and  p e rm a n e n t ad so rb ed  frac tio n s. О м  — I  м / I  max- I f  &d к a th e n

i =  k D c0 (5)

Fig. 3. P o ten tia l d ep en d en ce  o f th e  a d so rp tio n  a t  a  p h e n y lace tic  acid co n ce n tra tio n  of
1 0 “ 2 M

T he ra tio  of kp  and  k, ■ 10 bh depends on  th e  p o te n tia l , th u s  b y  ch an g in g  th e  
p o te n tia l, th e  v a lid ity  o f E q . (5) shou ld  be a tta in a b le . U nder su ch  co n d itions 
a lim itin g  d iffusion  c u rre n t m ay  be o b se rv ed .

This can be seen  fo r exam ple in  th e  p o te n tia l-c u rre n t cu rv e  in  F ig . 4 
w hich  was o b ta in ed  w ith  ! 0 ~ i M  p h e n y la c e tic  acid .

A t p o te n tia ls  m o re  negative  th a n  30 mV th e  cu rren t increases because  
o f h y d rogen  ev o lu tio n . T ak in g  th is  in to  co n sid e ra tio n  th e  d ash ed  line was 
d raw n , and  th is  in d eed  corresponds to  th e  lim itin g  diffusion c u rre n t.

W ith  a know ledge o f Os and i, th e  p o ss ib ility  arises for th e  s tu d y  o f  th e  
v a lid ity  of re la tio n s  (2) an d  (3) b y  p lo tt in g  log  i / 0 s -— E  cu rves. N a tu ra lly , 
for th e  ca lcu la tion  o f  i /Os only th e  c u r re n t u sed  fo r th e  h y d ro g en a tio n  reac tio n  
m u s t be considered .

In  Figs 5, 6 a n d  7, th e  values o f log i (x ) (1) a n d  log i / 0 s (o) (2) are  p lo tte d  
as a fu nc tion  o f p o te n tia l  a t c o n c e n tra tio n s  o f  1(U 3 M , 2 xlC T”4 M  and
5 X 10—4 M.

I t  m ay be seen from  all th ree  g rap h s  t h a t  log  i /0 s is a lin ea r fu n c tio n  of 
th e  p o te n tia l; a t  h ig h  co n cen tra tio n s  (i .e . a t  0 S ^  1) th e  slopes o f th e  e lec tro 
h y d ro g en a tio n  cu rv es ag ree essen tia lly  w ith  th e se  slopes.

To sum m arize  th e  exp erim en ta l o b se rv a tio n s , i t  was found  possib le  in 
th e  given concre te  case  to  verify  th e  v a lid ity  o f  E q s  (1) and  (2). T h e  fa c t th a t

Acta  Chim . Acad. S e i. H u n g . 68 , 1671
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on a concrete exam ple we w ere successful in verify ing the applicability  o f  our 
m eth od  to  the study o f adsorption phenom ena occurring during electrode  
reaction s must be considered as another very  significant result.

E mV

F ig . 4. E lec tro h y d ro g en a tio n  c u rv e  of p h e n y la ce tic  acid  a t  a c o n cen tra tio n  o f 1 0 -4  M

F ig . 5. P lo ts  of log i an d  log i/& s as fu n c tio n s o f th e  p o te n tia l  a t  a co n ce n tra tio n  o f  10 3 M

F ig . 6. P lo ts  of log i and  log i / 0 s as fu n c tio n s  o f th e  p o te n t ia l  a t  a co n cen tra tio n  o f  2 x  10” 4 M

A d o  C him . Acad. Sei. H ung . 6 8 , 19 71
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F'ig. 7. P lo ts of log i a n d  log i /0 s as a fu n c tio n  of th e  p o te n tia l  a t  a c o n ce n tra tio n  o f 5 X  10 1 M
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ЭЛЕКТРООСАЖДЕНИЕ ИЗОТОПОВ ИРИДИЯ 
И ПЛАТИНЫ, СВОБОДНЫХ ОТ НОСИТЕЛЕЙ

Й. М О Л Н А Р  и И ран М О Л Н А Р

(Центральный институт физических исследований АН ВНР Будапешт, Венгрия*)

П оступило: 30 X I I  1969 г.

И зучались эл ектр о о саж ден и е  изотопов иридия и п латины  б ез н о си тел я , за 
висимость вы делен и я  от состава эл ектр о л и та  и от д руги х  п ар ам етр о в .

Н а основе эксп ер и м ен тальн ы х  данны х бы ли  р азработаны  методы , с помощью 
которы х и зго тав л и в аю тся  источники нейтронно-деф ицитны х и зотопов  иридия и 
платины  для ядерн о-сп ектроскоп ически х  изм ерений.

Иридий и платина — благородные металлы, и электроосаждение их 
изотопов без носителя на тонкую проволоку или фольгу кажется лучшим 
способом при изготовлении источников излучения для исследования их ядер- 
ных свойств на магнитных бета-спектрометрах. Практическое использование 
электролиза для этой цели вызывает трдности, которые ввиду того, что в 
литературе мало данных по электроосаждению изотопов иридия и платины 
без носителя [1] привели нас к решению более подробно исследовать 
электролитическое выделение изотопов иридия и платины.

Экспериментальная часть

а) Э л ек т р о л и т и ч еск а я  ячейка и п одгот овка  эл ек т р о д о в

В экспериментах по подбору оптимальных условий электроосаждения 
использовалась так называемая капиллярная ячейка, описанная нами в 
другой работе [2]. Анодом служила платиновая проволока диаметром 0,1 мм, 
катодом проволока из сплава NiCr (марка Х20Н80) диаметром 0,1 мм; ано
ды и катоды погружались в хромовую смесь приблизительно на 1 час, потом 
обмывались дистиллированной водой, а перед началом опыта катоды допол
нительно промывались и хлороформом. Объем раствора в ячейке ~0,045 мл. 
Источником тока служила батарея; во время электролиза ток регулировался 
с помощью реостата.

• Работа вы полнена в О бъединенном институте ядерн ы х  и сследован и й , г. Д убна.
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б) И зот опы

В исследованиях использовались изотопы 1891г и 188Pt, полученные при 
глубоком расщеплении ядер золота, облученного протонами с энергией 660 
Мэв. Перед обработкой облученная мишень выдерживалась в течение 20 дней, 
затем растворялась в царской водке и после разрушения нитратов золото 
экстрагировалось изоамилацетатом из раствора 4 М НС1 [3]. Водная фаза, 
содержащая изотопы иридия и платины, упаривалась почти досуха, остаток 
обрабатывался 0,3 М НО и раствор пропускался через колонку, наполнен
ную смолой Дауэкс-50 X 12. Далее иридий и платина сорбировались на 
смолу Дауэкс-1х8 в колонке, откуда иридий вымывался 9 М НС1 [4]. Для 
элюирования платины использовалась 50% НС104. Раствор платины упари
вался почти досуха с добавлением соляной кислоты. Остаток растворялся в 
3 М НС1 +  3% SnCl2 и Pt экстрагировалась диэтиловым эфиром [5]. Тем же 
самым методом экстракции очищался препарат перед началом электроосажде
ния, чтобы удалить изотоп 1881г, образующийся из 188Pt. Препараты изотопов 
иридия и платины, полученные таким образом, являются радиохимически 
чистыми и свободными от изотопных носителей.

в) Р еа к т и вы  и р а ст во р ы

Для изготовления растворов-электролитов использовались реактивы 
квалификации ч. д. а. Значения pH растворов устанавливались: в кислом 
диапазоне кислотой, отвечающей кислотному компоненту соли или уксусной 
кислотой; в щелочном диапазоне — аммиаком или карбонатом натрия. Рас
творы, содержащие изотопы иридия или платины, приготовлялись растворе
нием сухого препарата 1891г или 188Pt в электролите данного состава.

г) И зм ерен ие

Радиоактивность изотопов, выделенная на катоде, на аноде и остав
шаяся в растворе, измерялась сцинтилляционным счетчиком Nal/Tl/ с ко
лодцем при телесном угле ^ А л  в одинаковых геометрических условиях. 
Н аши данные получены из трех параллельных опытов; относительное стан
дартное отклонение составляет ~ ± 6 % .
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Результаты и обсуждение

а) Э л ек т р о о са ж д ен и е  изот оп ов и р и д и я

С целью получения общей картины по электроосаждению изотопов ири
дия без носителя исследовалось их электролитическое выделение из 0,1 М 
растворов разных солей, при разных значениях pH. Основные результаты

A c ta  C h im . Acad. Sei. H ung. 68 , 1971
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измерений приведены в Таблице 1. Цифры в колонках означают осаждение 
изотопа 1891 г без носителя в процентах; цифры в скобках означают осаждение 
изотопа 1921г с носителем в процентах (в последнем случае концентрация 
иридия в исследованных растворах ~0,0()1 М). По данным можно установить, 
что имеется большая разница в электроосаждении изотопов иридия без но
сителя и иридия при макроконцентрации. Выделение иридия из боль
шинства исследованных растворов незначительно, в то время как выделение 
изотопов иридия без носителя достигает или превышает 50% из многих раство
ров. Особое внимание следует уделить при этом раствору хлористого аммо-

Таблица 1

Э лект роосаж ден ие изотопов и р и д и я  без носит еля из разны х элект ролит ов

К атод  — и з проволоки  N iCr; ток 10 м А ; врем я эл ектр о л и за  — 25 мин. Ц ифры  в к о л о н к ах  
означаю т выделенное на катоде количество  изотопов иридия в процен тах

О сновной электроли т
1,5— 3 3 — 5

Д и ап азон  pH 

5 — 7 7— 9 9— 11

0,1 М N aF 43 (19) 40  (9) 44 (9) 3 0 (7 ) 22 (4)

0,1 М N H 4F 58 56 59 58 29

0,1 М NaCl 7ö (20) 76 (20) 61 (15) 60 55 (7)

0,1 М N H  ,С1 90 (26) 89 (51) 87 (33) 82 (65) 69(14)

0,1 М N aB r 20 35 34 31 23
0,1 М N H 4Br 66 54 50 35 31

0,1 М N a N 0 3 52 (15) 51 (9) 63 (10) 53 (10) 45 (5)

0,1 м  n h 4n o 3 48 46 47 57 49
0,1 М N aC 104 52 (6) 55 (5) 3 4 (6 ) 55 (9) 62 (8)
0,1 м  n h 4c i o 4 52 (8) 71 (8) 53 (8) 58 (10) 18 (20)
0,1 М N a2S 0 4 41 (6) 40  (6) 51 (7) 57 (6) 35 (8)
0,1 М (N H 4)2S 0 4 7 8 (4 ) 71 (8) 73 (3) 64 (6) 49 (11)
0,1 М N a2H P 0 4 22 31 32 40 47
0,1 М (N H 4)2H P 0 4 35 36 23 43 26
0,1 М NaSCN 12 4 6 6 3

0,1 М N H .SC N 39 26 23 18 3
0,1 М C HjCO O Na 29 26 25 46
0,1 М C H 3C O O N H 4 19 9 20 6
0,1 М N a2(COO)2 35 (13) 53 (21) 61 76 68 (25)

0,1 М (N H 4),,(C 00)2 22 22 38 41 12

0,1 М N a2C4H 40 „ 10 6 7 10 11

0,1 М (N H 4)2C4H 40 6 4 5 7 10 6
0,1 М N a3C„H50 , 5 14 13 14 13

0,1 М (N H 4)2H C eH j 0 7 4 10 12 5 5
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ния. В этом случае выделение макроколичества иридия достигает 50%, а 
максимальный выход осаждения изотопов без носителя ^90% .

Влияние катионного компонента солей не однозначно: в случае фтори
дов, хлоридов, бромидов, сульфатов, сульфоцианидов выделение больше из 
аммониевых солей, а в случае нитратов, ацетатов и оксалатов — выход боль
ше из натриевых солей. Величина pH раствора мало влияет на осаждение; 
наблюдается однозначное уменьшение только при pH выше 9.

Исследовалась зависимость электроосаждения от концентрации тех 
солей, из 0,1 М растворов которых выход превышает 60%. Результаты пока
заны на рис. 1. Видно, что выход сильно меняется с изменением концентра
ции; при этом кривые переходят через максимум. Оптимальной концентра
цией является 0,1 М (кроме раствора бромистого аммония).

Рис. 1. Зависи м ость  эл ек тр о о саж д ен и я  изотопов и р и д и я  б ез носителя от конц ен траци й  раз
л и ч н ы х  солей . К атод — и з п р о во л о к и  N iCr; то к  — 10 м А ; врем я электролиза — 25 мин. 

О  N H jC I; •  N aC l; A (N H 4) 2S 0 4;A N H .,B r; □ N a2(COO)2

Р и с . 2 . Зависи м ость  эл ектр о о саж д ен и я .и зо то п о в  и р и д и я  б ез  носителя от силы  то к а . К ато д  
— и з  проволоки  N iCr; эл е к т р о л и т  — 0,1 М N H ,C 1; вр ем я  электролиза — 25 мин.

Измерялась зависимость электроосаждения от силы тока и от времени 
из 0,1 М раствора хлористого аммония, который, по нашим данным, является 
оптимальным по составу электролитом. С увеличением силы тока выход по
степенно возрастает, достигает максимума около 10 мА, что отвечает плот
ности тока ~210 мА/см2 (рис. 2). Из рис. 3 видно, что осаждение про
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текает быстро и за 15 мин. достигает 70%, в дальнейшем выход возрастает 
медленно.

Выделение изотопов иридия без носителя на аноде превышало 2% в слу
чае трех солей; его максимальное значение из раствора 0,1 М NaF 45%, из 
0,1 М NH4F — 38%, из 0,1 М CH.COONa 25%.

ВРЕМЯ, МИН.

Р ис. 3 . З ависи м ость  эл ектр о о саж д ен и я  изотопов и р и д и я  без носителя от времени э л ек тр о 
ли за . К атод  — и з  проволоки  N iCr; эл ек тр о л и т  — 0,1 М N H 4C1; ток — 10 мА.

б) Э лек т р о о са ж ден и е  и зот оп ов п лат и н ы

Известно, что платина достаточно легко выделяется при электролизе на 
катод в виде металла; поэтому ожидается выделение на катод и изотопов пла
тины без носителя. Но наблюдавшееся для микроколичеств платины анодное 
выделение заставило нас исследовать поведение платины при электролизе 
подробнее.

Измерялось выделение изотопов платины на катод и на анод из 0,1 М 
растворов разных солей. Результаты представлены в таблице 2 и 3. Как и 
ожидалось, выделение на катод проходило с большим выходом из многих 
растворов, но не из всех. Самый большой выход получается из 0,1 М раствора 
хлористого аммония. О влиянии pH раствора на выход интересно заметить 
только, что из раствора фосфата натрия большой выход получается при низком 
и при высоком значении pH; при средних значениях pH выход небольшой.

Особый интерес представляют собой данные таблицы 3, согласно ко
торым выделение изотопов платины без носителя на анод может достигать зна
чительной величины, т. е. 40 50%. При этом следует учесть небольшой размер 
анодов, использованных в ячейках при электролизе. Причиной выделения на 
анод может быть образование нерастворимых окислов на поверхности анода, 
а может быть и изотопный обмен между атомами платинового анода и ионами 
изотопов платины под влиянием процессов, протекающих во время электро
лиза. В пользу последней причины говорит тот факт, что удаление изотопов 
платины с поверхности платиновых анодов нам удалось осуществить только

5 A cta  ('.him . A cad . S e i. H u n g . 68  , 1971
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Т аб ли ц а  2

Э лект роосаж ден ие изот опов плат ины  без носит еля из разны х элект роли т ов

К ато д  — и з  проволоки NiCr; то к  — 10 мА; врем я эл ектр о л и за  — 25 мин. Ц иф ры  в к о л о н к ах  
означаю т выделенное н а катоде количество изотопов платины в процентах

О сновной  электролит
Д иап азон  pH

1,5— 3 3— 5 5— 7 7— 9 9— 11

0,1 м N a F 48 18 32 21 27

0,1 м N H 4F 79 73 77 72 55

0,1 м N aCl 53 28 31 18 15

0,1 м N H 4Ci 96 87 92 96 83

0,1 м N a B r 54 44 25 19 8

0,1 м N H 4Br 8 8 69 84 8 6 78

0,1 м N a2S 0 4 37 41 44 31 10

0,1 м (N H 4)2S 0 4 89 6 8 58 56 6 6

0,1 м N a 2H P 0 4 92* 19 25 39 77

0,1 м (N H 4)2H P 0 4 87 87 81 75 90

0,1 м C H 3COONa 29 10 7 4

0,1 м C H 3C O O N H 4 48 30 21 9

* p H  =  1,5

Т аб ли ц а  3

В ы дел ен и е  изотопов плат ины  без носит еля на плат иновы й анод из р а зн ы х  элект ролит ов

Т о к  — 10 мА; время электроли за  — 25 мин. Ц иф ры  в колонках  означаю т выделенное на 
аноде количество изотопов платины  в процентах

О сновной электроли т
Д иап азон  pH

1,5— 3 3 - 5 5—7 7— 9 9 — 11

0,1 M N a F 23 33 46 40 35

0,1 M n h 4f 10 11 13 13 1

0,1 M N aCl 25 23 29 30 41

0,1 M N H 4C1 1 1 1 1 1

0,1 M N a B r 2 4 5 13 17

0,1 M N H .B r 1 1 1 1 6

0,1 M N a ,S 0 4 25 20 28 26 47

0,1 M (N H 4)2S 0 4 6 7 19 16 2

0,1 M N a 2H P 0 4 1 23 1 10 40

0,1 M (N H 4) ,H P 0 4 1 3 5 7 1

0,1 M C H jCO O N a 40 51 35 32

0,1 M C H 3C O O N H 4 1 10 12 1
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растворением поверхностного слоя в царской водке. Окончательный ответ на 
этот вопрос требует дальнейшего исследования.

Исследовалась зависимость выделения изотопов платины без-носителя 
на катод из раствора 0,1 М хлористого аммония при pH ^  2 от силы тока и от 
времени электролиза. Результаты измерений показаны на рис. 4 и 5. Выход

Р и с. 4. Зависи м ость  эл ектр о о саж д ен и я  изотопов п лати н ы  без носителя от си лы  т о к а . 
К атод  — из п роволоки  N iCr; электролит 0,1 М N H 4C1; врем я электроли за  — 25  мин.

ВРЕМЯ, МИН.

Р и с . 5 . Зави си м о сть  эл ектр о о саж д ен и я  изотопов п лати н ы  без носителя от врем ени  эл е к 
тр о л и за . К ато д  -  из п р оволоки  NiCr; эл ек тр о л и т  — 0,1 М N114С1; ток - 10 мА.

постоянно возрастает с увеличением силы тока до практически полного вы
деления при 10 мА, что отвечает -^210 мА/см2. Выделение протекает быстро: 
за 10 мин. 90% изотопов платины осаждается на катоде.

На основе экспериментальных данных нами были разработаны методы 
для изготовления источников излучения нейтронно-дефицитных изотопов 
иридия и платины для измерения их на магнитных бета-спектрометрах и 
спектрографах.

При этом препараты изотопов иридия и платины получаются по методу 
пункта б) экспериментальной части работы с тем лишь отличием, что обра
ботка мишени производится вскоре после конца облучения.

5* A d a  Chim. Acad. Sei. lluug .
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а) И ст о ч н и к а  изот опов и р и д и я

При элюировании изотопов иридия 9 М НС1 8 12 пиковых капель соби
рается в посуду из тефлона и упаривается под инфракрасной лампой досуха. 
Остаток растворяется в 0,1 мл 0,1 М NH4C1 и раствор переносится в ячейку 
электролизера, описанного Новгородовым и др. [6]. Настоящая ячейка отли
чается от описанной тем, что изготавливается из тефлона, а анодом служит 
тонкая платиновая проволока, расположенная на дне ячейки. Затем опуска
ется катод проволока толщиной 0,1 мм или фольга шириной 0,4—0,6 мм из 
сплава NiCr, закрепленная в рамке — до соприкосновения катода с поверх
ностью раствора, и ведется электролиз при плотности тока —200 мА/см2 в 
течение 20 30 минут. 70—80% изотопов иридия без носителя осаждается на 
катоде. Слой осажденных изотопов тонкий; об этом свидетельствует тот факт, 
что при измерении энергии конверсионных электронов с использованием этих 
источников разрешение по энергии не превышает более 20% приборного.

б) И ст о ч н и к и  изот опов п лат и н ы

После экстракции изотопов платины диэтиловым эфиром, органическая 
фаза 5 раз промывается 3 М НС1, насыщенной эфиром. Затем эфир упаривает
ся, остатки его разрушаются перекисью водорода. Изотопы платины раст
воряются в 0,1 мл 0,1 М NH,C1. Дальнейшие операции выполняются 
точно так же, как в случае иридия.

Summary

T h e  dependence of th e  e le c tro ly tic  p re c ip ita tio n  o f carrier-free  irid iu m  a n d  p la tin u m  
is o to p e s  on  th e  com position o f th e  e lec tro ly te  and  on o th e r  facto rs has been in v e s tig a te d .

O n  th e  basis of e x p e rim e n ta l re su lts , m ethods h a v e  been  developed b y  m ean s o f  w hich 
th e  r a d ia t i o n  sources of ir id iu m  a n d  p la tin u m  iso topes w ith  neu tron  defic it a re  p re p a re d , for 
p u rp o s e s  o f  nuclear spectroscopic  m easu rem en ts.
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ЭЛЕКТРООСАЖДЕНИЕ ИЗОТОПОВ ОСМИЯ, 
СВОБОДНЫХ ОТ НОСИТЕЛЕЙ, И МЕТОД ИХ 

КОНЦЕНТРИРОВАНИЯ В МАЛОМ ОБЪЕМЕ

П. М ОЛНАР и Ирэн М О Л Н А Р

(Центральный институт физических исследований А Н  ВН Р Будапешт, Венгрии*)
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Бы л р азр аб о тан  новы й метод к о н ц ен тр и р о ван и я  изотопов осмия без носи
тел я  в малом объеме. И сследовалась зависим ость эл ектр о о саж ден и я  эти х  изотопов 
от состава э л ек тр о л и та , плотности тока и врем ени  эл ектр о л и за . Н а основе эксп ер и 
м ентальны х дан н ы х  бы л разработан  метод, с пом ощ ью  которого и зго тавл и ваю тся  
источники нейтронно-деф ицитны х изотопов осм ия д л я  ядерно-, спектром етрических  
измерений.

Спектры бета-частиц и конверсионных электронов нейтронно-дефицит
ных изотопов осмия недостаточно изучены; это, по-видимому, связано с 
трудностями получения источников для таких измерений.

Химический процесс получения источников для бета-спектроскопи
ческих измерений включает в себя три этапа.

1. Отделение изотопов данного элемента от облученной мишени и от 
изотопов других элементов, образовавшихся в мишени.

2. Концентрирование отдельных радиохимически чистых изотопов в 
малом (~ 0 ,1 мл) объеме раствора, который не содержит химических реакти
вов, мешающих при самом изготовлении источника.

3. Нанесение радиоизотопов из концентрата на тонкую подложку не
большого размера (0,1x10 мм2).

Вся химическая операция должна проводиться по возможности быстро 
и с помощью защитных устройств.

Насколько нам известно, в литературе до настоящего момента имелось 
только две работы, в которых описывались методы получения источников 
изотопов осмия без носителя. По методу Ньютона [1] изотопы осмия, полу
ченные при облучении вольфрама альфа-частицами, отделялись от мишени 
дистилляцией и поглощались раствором 0,1 М N aH S04, который вследствие 
этого разбавлялся до ~0 ,03  М. Непосредственно из этого раствора проводи
лось выделение изотопов осмия электролизом на катоды из платины, никеля и 
нержавеющей стали. Диаметр проволоки 0,01 дюйма, сила тока 150 мА, 
время электролиза — 10 мин. Отмечалось, что на катоде часто появлялся чер
ный слой, который нежелателен при измерении. Кроме того, нет данных по 
выходу процесса. Беляев и др. [2] коротко указывают, что изотопы осмия при

* Р аб о та  вы полнена в О бъединенном  институте я д ер н ы х  исследований, г. Д у б н а .
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их дистилляции поглощались этиловым спиртом, насыщенным SO.,. Источ
ники для бета-спектрометрических измерений приготовлялись упариванием 
этого раствора на алюминиевой фольге.

Исследование ядерных свойств нейтронно-дефицитных изотопов осмия 
в ОИЯИ потребовало разработки нового метода изготовления источников, 
ввиду того, что методы, описанные выше, в наших условиях оказались не
осуществимыми.

Благодаря тому, что 0 s 0 4 легко отгоняется из водного раствора, пер
вый этап не встречает трудностей; 2-й и 3-й этапы требуют более подробного 
изучения. Результаты этих исследований представлены в настоящей работе.

А. Метод концентрирования изотопов осмия без носителя

Нейтронно-дефицитные изотопы осмия получаются в реакциях глубо
кого расщепления ядер золота протонами с энергией 660 Мэв. Затем золото 
(—2 гр) растворяется в царской водке и при нагревании изотопы осмия пере
гоняются вместе с парами кислого водного раствора и конденсируются. Объем 
составляет — 10 мл. Из этого раствора изотопы осмия должны быть сконцен
трированы в объеме —0,1 мл. Это осуществляется по методу, разработанному 
нами следующим образом:

При перегонке изотопов осмия из царской водки летучие компоненты 
поглощаются четыреххлористым углеродом, охлаждаемым водой; —90% изо
топов осмия находится в СС14. Затем органическая фаза отделяется от обра
зовавшейся водной фазы и промывается раствором 1 М Na2H P04 для удаления 
кислоты. Потери осмия при промывке —5%. CCI ,, перегоняется, причем изото
пы осмия количественно тоже переходят в дистиллят. Из последнего осмий 
реэкстрагируется раствором 1 М NH (OH. После этого производится упарива
ние раствора при давлении —20 мм ртутного столба в водяной бане досуха; 
для того, чтобы при упаривании раствор оставался щелочным, к нему пред
варительно добавляется —0,1 мл 0,001 М NaOH. Сухой остаток растворяется 
в —0,1 мл воды или нужного электролита. В этом препарате содержится 70 
80% осмия, образовавшегося при облучении золота. Такой .метод получения 
концентрата мы использовали во всех наших экспериментах.

Б. Электроосаждение изотопов осмия без носителя

Одним из лучших методов для изготовления бета-источников из кон
центрата, полученного вышеописанным образом, по-видимому является элек
троосаждение. Ввиду того, что в литературе мало данных по электроосажде
нию изотопов осмия, возникла необходимость подробного исследования для 
установления оптимальных, с нашей точки зрения, условий изготовления 
источников.
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М О Л Н А Р ,  М О Л Н А Р :  Э Л Е К Т Р О О С А Ж Д Е Н И Е  И З О Т О П О В  О С М И Я 247

Экспериментальная часть

а) Э л ек т р о л и т и ч еск а я  ячейка  и п одгот овк а  элект родов

В экспериментах использовалась капиллярная ячейка [3]. Анодом 
служила платиновая проволока диаметром 0,1 мм, катодом проволока из 
сплава NiCr (марка Х20Н80) диаметром 0,1 мм; аноды и катоды погружались 
в хромовую смесь приблизительно на 1 час, потом обмывались дистиллирован
ной водой. Перед началом опыта катоды промывались хлороформом. Объем 
раствора в ячейке ~0,045 мл. Источником тока служила батарея; во время 
электролиза ток регулировался с помощью реостата.

б) И зот оп

В исследованиях использовался изотоп 1850s, полученный вышеописан
ным образом из мишени золота, облученной протонами с энергией 660 Мэв, 
которая выдерживалась в течение 30 дней перед обработкой.

в) Р еа к т и в ы  и р аст воры

Для изготовления растворов-электролитов использовались реактивы 
квалификации ч. д. а. Значение pH растворов устанавливалось в кислом диа
пазоне кислотой, отвечающей кислотному компоненту соли, или уксусной 
кислотой; в щелочном диапазоне аммиаком или карбонатом натрия. Растворы 
радиоосмия приготовлялись следующим образом: 1 капля раствора, содержа
щая изотоп IH50s без носителя, упаривалась досуха при комнатной темпера
туре и сухой остаток растворялся в заданном электролите.

г) И зм ер ен и е

Радиоактивность изотопа, выделенного на катоде, на аноде и оставше
гося в растворе измерялась отдельно сцинтилляционным счетчиком Nal(TI) 
с колодцем при телесном угле ~ 4 л  в одинаковых геометрических условиях. 
Наши данные являются среднеарифметическими трех параллельных опытов; 
относительное стандартное отклонение составляет 5%.

Результаты и обсуждение

С целью получения общих сведений о поведении изотопов осмия без 
носителя при электролизе, исследовалось их электроосаждение из электроли
тов различного состава. Для приготовления 0,1 М растворов-электролитов 
были взяты 24 соли; в качестве катиона брался натрий или аммоний, в ка
честве аниона 12 анионов органических и неорганических кислот. (Эти 
соли часто служат компонентами электролитов при электроосаждении ме
таллов). При этом из каждой соли приготовлялись растворы с разным зна-
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чением pH. Остальные условия электролиза — объем, электроды, плотность 
тока, время были одинаковые. Результаты измерений даны в табл. 1. При 
этом удивляет то, что несмотря на благородный характер элемента осмия, вы
ход электроосаждения его изотопов из большинства растворов небольшой; он 
достигает или немного превышает 50% только из некоторых электролитов. 
Из растворов лимоннокислых и виннокислых солей выделения совсем незна
чительны. Выделение мало зависит от исходного значения pH,* в случае не
которых электролитов наблюдается однозначное уменьшение выхода с уве
личением pH.

В дальнейшем исследовалась зависимость электроосаждения от кон
центрации электролитов, из которых выход при концентрации 0,1 М достигает 
~ 50% . Результаты измерений показаны на рис. 1. Как видно из рисунка, вы
деление зависит от концентрации, при этом кривые проходят через максимум. 
В случае уксуснокислого натрия максимум наблюдается при концентрации 
0,05 М, а в случае фтористого аммония при 1,5—2 М. Выход при макси
мумах значителен и превышает 75%.

На рис. 2 изображены три функциональных зависимости. Кривая 1 
дает зависимость выхода электроосаждения от концентрации уксусной кис
лоты при постоянной концентрации уксуснокислого натрия, равной 0,05 М. 
Оптимальная концентрация равна 1 М. Кривая 11 изображает зависимость 
выхода от концентрации уксуснокислого натрия при постоянной концентра
ции уксусной кислоты, равной 1 М. Оптимальной концентрацией является 
также 0,05 М (неполное совпадение с соответственной кривой рис. 1 объясня
ется разницей концентраций уксусной кислоты). Кривая III показывает за
висимость выхода от концентрации фтористоводородной кислоты при по
стоянной концентрации фтористого аммония, равной 1,5 М. При небольших 
концентрациях HF выход мало изменяется, а при концентарциях выше 0,2 М 
выход падает.

Измерялась и зависимость выхода осаждения от силы тока при составе 
электролита 0,05 М CH3COONa +  I М СН3СООН; результаты показаны на 
рис. 3. Выход медленно возрастает с увеличением силы тока и достигает на
сыщения при токе около 10 мА; это отвечает плотности тока ^ 2 1 0  мА/см2.

На рис. 4 показана зависимость электроосаждения осмия от времени 
из раствора 0,05 М CH3COONa +  1 М СН3СООН при плотности тока 210 
мА/см2. Как видно, процесс выделения быстрый, кривая резко поднимается; 
выход за 30 мин. достигает 75%, а в дальнейшем увеличение небольшое.

Следует отметить, что выделение изотопов осмия на аноде не превы
шало 2%.

Суммируя вышесказанные, можно отметить следующее: способность 
изотопов осмия без носителя к электроосаждению невелика даже при благо-

* И з-за  малого объем а и небольш ой буферной ем кости  растворов pH , в больш инстве 
сл у ч а е в , м еняется  во в р ем я  эл ектр о л и за .
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Таблица 1

Э лект роосаж дение изотопов осмия без носит еля из разны х элект ролит ов

К ато д  из проволоки NiCr; ток  10 мА; врем я эл ектр о л и за  25 мин. Ц ифры  в колонках 
означаю т выделенное на катоде количество  изотопов осмия в п роцен тах

Д иап азон  pH

1,5— 3 3 — 5 5— 7 7— 9 9 — 11

0,1 M N a F 49 43 43 35

0,1 M N H 4F 51 36 32 31

0,1 M NaCl 51 19 43 28 21

0,1 M N H 4CI 53 32 39 44 37

0,1 M N aB r 21 24 11 16 12

0,1 M N H 4Br 43 14 14 16 12

0,1 M N a N 0 3 15 27 20 29 11

0,1 M N H „ N 0 3 26 10 24 29 17

0,1 M N aCIO j 16 24 20 26 17

0,1 M N H 4C104 45 37 45 46 15

0,1 M N a2S 0 4 25 34 22 29 25

0,1 M (N H 4),S ()4 40 35 47 34 32

0,1 M N a2H P 0 4 50 21 15 22 6

0,1 M (N H 4)2H P ()4 32 16 15 22 33
0,1 M NaSCN 14 7 7 10 12
0,1 M N H 4SCN 27 6 6 12 5

0,1 M CH jCO O N a 62 64 50 42

0,1 M C H 3C O O N H 4 44 17 18 7

0,1 M N a2(COO)2 23 39 33 31 32
0,1 M (N H 4)2(COO)2 54 50 47 40 26

0,1 M N a2C 4H 40 „ 5 1 5 9 7

0,1 M (N H 4)2C4H 4O e 3 3 5 1 2

0,1 M N a3C ,H 50 , 2 5 4 7 6

0,1 M (N H 4),H C nH 5ô , 4 5 11 5 2

приятных геометрических условиях (отношение поверхности катода к объему 
раствора велико); условия, при которых изотопы осмия осаждаются на катоде 
с выходом >  75%, за 30 мин. были найдены только на основе обширных ис
следований.

На основе наших экспериментальных данных был создан метод изго
товления источников излучения нейтронно-дефицитных изотопов осмия без 
носителя для их измерения на магнитных бета-спектрометрах и спектро
графах. Препарат изотопов осмия получается по методу пункта А с тем лишь 
отличием, что обработка мишени производится вскоре после конца облучения. 
Перед упариванием к 1 М раствору N H 4OH, содержащему изотопы осмия,
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добавляется —0,1 мл 2 М NH4F и упаривается до объема —0,1 мл. Этот ра
створ переносится в ячейку электролизера, описанного Новгородовым и др. 
[4]. Эта ячейка отличается от описанной тем, что изготавливается из теф-

Р и с . 7. З ависи м ость  эл ектр о о саж д ен и я  изотопов осм ия б ез  носителя от конц ен траци и  р аз
ли ч н ы х  солей. К ато д  — из проволоки  N iCr; ток  — 10 м А ; врем я электроли за — 25 мин. 

O N a C l; •  N H 4CI; □ C H 3COONa; ■ C H 3C O O N H 4; л  N aF ; A N H 4F

Р и с . 2 . Зависи м ость  эл ек тр о о саж д ен и я  изотопов осм ия б ез носителя от концентраций  р аз
ли ч н ы х  электроли тов . К ато д  — и з проволоки  N iC r; то к  — 10 мА; время эл ектр о л и за  — 25

мин.

лона, а анодом служит тонкая платиновая проволока, расположенная на 
дне ячейки. Затем опускается катод проволока толщиной 0,1 мм или 
фольга шириной 0,4 0,6 мм из сплава NiCr, закрепленная в рамке до 
соприкосновения катода с поверхностью раствора, и ведется электролиз 
при плотности тока —200 мА/см2 в течение 20—30 мин. 65—75% изотопов 
осмия без носителя осаждается на катод.

Слой осажденных изотопов тонкий; обэтом свидетельствует тот факт, что 
при измерении энергии конверсионных электронов с использованием этих 
источников разрешение по энергии не превышает более 20% приборного.

Acta Chim. Acad. Sei. Hung. 68, 1971
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Р и с. 3 . Зависим ость эл ектр о о саж д ен и я  изотопов осмия без носителя от силы  то к а . К атод 
— из проволоки  NiCr; э л ек тр о л и т  — 0,05 М C H 3COO N a +  * М СН^СООН; врем я  эл ектр о 

л и за  — 25 мин.

ВРЕМЯ, МИН.

Р и с. 4. Зависим ость эл ектр о о саж д ен и я  изотопов осмия без носителя от врем ени эл ектр о 
л и за . К ато д  - из п р о во л о к и  N iCr; ток  10 мА; эл ек тр о л и т  — 0,05 М C H :,CO()Na -f 1 М

С Н 3СООН

S u m m ary

A new. m ethod fo r th e  c o n cen tra tio n  o f carrier-free  osm ium  iso topes to  a sm all v o lu m e 
has been  developed.

T h e  dependence o f th e  e lec tro ly tic  p re c ip ita tio n  o f th ese  iso topes on th e  com position  
of th e  e lec tro ly te , on c u r re n t  d en sity  an d  on th e  tim e  o f e lectro lysis h as been  in v es tig a ted .

O n th e  basis o f e x p e rim e n ta l resu lts , m e th o d s hav e  been developed , b y  m ean s of w hich 
ra d ia tio n  sources o f o sm ium  iso topes w ith  n e u tro n  d e fic it a re  p rep ared  fo r pu rp o ses o f nu c lear 
sp ec troscop ic  m easu rem en ts.
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APPLICATION OF THE MODIFIED 
VON RRAUN DEMETHYLATION PROCEDERE, I

G R IG N A R D  R E A C T IO N S O F  A M IN O K E T O N E S ; P R E P A R A T IO N  O F  3 -S U B S T IT U T E D
T R O P A N -3 -O L S

J .  G. F i s c h e r  and Gy. Mik it e

Research Laboratory / / ,  U nited  Works fo r  P harm aceutical and Dietetic P roducts , B udapest)

R eceived  A u g u st 19. 1969

3 -S u b s titu ted  n o rtro p an -3 -o I d e riv a tiv e s  hav e  been p re p are d  b y  re ac tio n  of 
N -e th o x y ca rb o n y ln o rtro p in o n e  w ith  G rignard  reag en ts . Such co m p o u n d s are  inacces
sible in o th er w ays, e.g. by  reac tio n  o f tro p in o n e  w ith  G rignard  re ag e n ts . T h e  ca rb a 
m ate  m oie ty  of the  m olecule rem a in s in ta c t  d u rin g  reac tio n  w ith  R M gX . F u r th e r  evi
dence has been p re sen ted  fo r the  s te reo se lec tiv ity  o f th e  reac tio n  b e tw een  tro p in o n e  or 
N -e th o x y ca rb o n y ln o rtro p in o n e  a n d  R M gX  to  give the  p u re  ax ia l-O H  stereo isom er.

Acta Chimica Academiae Scientiarum  Hungaricae , Tomus 68 (3 ) , pp . 253 259 (1971)

T he d ea lk y la tio n  reac tio n  describ ed  b y  vo n  B r a u n  [1] w as m odified  
a few  y ea rs  la te r. A ccord ing ly , e th y l ch lo ro fo rm ate  was used  in s te a d  o f cy an o 
gen b ro m id e  [2]. T his v a r ia n t  of th e  p ro ced u re  is considerab ly  m o re  su itab le  
in  sy n th e tic  w ork th a n  th e  orig inal one. R eac tio n  of a te r t ia ry  am in e  (I) w ith 
e th y l ch lo ro fo rm ate  (II) gives a s u b s ti tu te d  u re th a n  (III), w h ich  affords a 
seco n d ary  am ine (IV) on hydro lysis .

R . n
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R . N 4- 
Н /

Cl- COOF.t
R,

N C O O E t
R ,

I II III

-C O O  Et
hydrolysis R , \

nN -
R » /

H +  CO* ; E tO H

IV

T he m odified v o n  B raun  d e a lk y la tio n  p ro ced u re  is p a r tic u la r ly  su itab le  
fo r the  rem oval of sm all a lky l g roups from  n itro g en , e.g. fo r th e  d é m é th y la tio n  
o f tro p a n e  d eriv a tiv es . A ccord ing  to  G ad a m er  and  K noch [3] th e  p ip erid in e , 
p y rro lid in e  and te tra h y d ro q u in o lin e  rin g -sy stem s are s tab le  to w a rd s  e th y l 
ch lo ro fo rm ate .

T he procedure  w as also em ployed  in 1966 [4] fo r th e  la rg e-sca le  p ro 
d u c tio n  of n o rtro p an e . R eac tio n  o f tro p a n e  (V) and  e th y l c h lo ro fo rm a te  gave 
N -e th o x y c a rb o n y ln o rtro p a n e  (VI) in  90 %  yield , w hich on h y d ro ly s is  w ith  
h y d ro ch lo ric  acid y ie lded  n o rtro p a n e  (VII) in a lm o st q u a n ti ta t iv e  y ie ld .

A d a  C him . A ca d . S e i. H u n g .  68 ,  1971
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I n  add ition  to  th e  h ig h  y ie ld  (by m eans o f  th e  cyanogen  b rom ide  p ro 
c e d u re  y ields as low as 2 0 %  could  only be ach iev ed  [5]), a n o th e r a d v a n ta g e  
o f  th e  m ethod  is th a t  i t  g iv e s  p u re  p ro d u c t, in  w h ich  even th in - la y e r  ch ro 
m a to g ra p h y  failed to  d e te c t  co n tam ina tions. M ethods based  on o x id a tio n  
a f fo rd  h ighly  c o n ta m in a te d  p roduc ts only.

I n  th e  presen t w o rk . N -e th o x y carh o n y d n o rtro p in o n e  (IX) w as p rep a red  
f ro m  tro p in o n e  (VIII), in  th e  course of an e x a m in a tio n  of th e  reac tio n  betw een  
th e  l a t t e r  and G rignard  re a g e n t.

Kt <)<><:—

( . 1  ( 0 ( 11.1 

benzene 5
>

N -E th o x y c a rb o n y ln o rtro p in o n e  reac ts  w ith  G rig n a rd -reag en ts  an d  in  
th is  w a y  the  p re p a ra tio n  o f  a num ber of 3 - s u b s titu te d  N -e th o x y carb o n y l- 
n o rtro p a n -3 -o l d e riv a tiv e s  (X ) is possible. In  th e se  reac tio n s  i t  could be proved  
u n am b ig u o u s ly  th a t  th e  c a rb a m a te  m oiety  o f th e  m olecule rem ain ed  in ta c t, 
a n d  th e  G rig n ard -reag en t re a c te d  selecti\'e ly  w ith  th e  ca rb o n y l group .

T he reaction  o f tro p in o n e  w ith  G rig n ard  re a g e n t w as exam ined  some 
tw e n ty  years ago b y  A d a m s o n  [6]. He tre a te d  tro p in o n e  w ith  pheny lm agne- 
s iu m  brom ide to  o b ta in  3 -p h en y ltro p an -3 -o l, b u t  th e  y ield  was poor an d  th e  
s te r ic  s tru c tu re  of th e  p ro d u c t  was no t re p o r te d . T h e  sam e com p o u n d  was

A c ta  C h im . Acad. Sei. H u n g . 6 8 , 1971
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p rep ared  in  b e t te r  yield b y  Co p e  and  D ’A d d ie c o , using  p h e n y llith iu m  in 
s te a d  of p heny lm agnesium  b ro m id e . T he p ro d u c t had  a c h a ra c te r is tic  sharp  
m elting  p o in t [7]. On th e  b as is  o f  in fra red  spectroscop ic  ev id en ce , A rcher  
s ta te d  in 1954 th a t  th e  s teric  s tru c tu re  o f th e  p ro d u c t was an a lo g o u s to  th a t  
o f tro p in e  [8], i.e. th e  h y d ro x y l group w as p re se n t in  x -o r ie n ta tio n . This

Table I

3-Substituted nortropan-3-ols and tropan-3-ols (X I)

No. R R, M.p., °c B .p . °c Y ie ld ,
% R ef.

l CH3 phenyl 1 6 1 .5 -2 .5 — 5 - 1 0 [A 7]
2 сн:1 benzyl 140 — 11 —
3 COOEt benzyl 1 0 8 -1 1 0 — 50 —

4 CH:, p-chlorophenyl 1 8 8 -1 9 1 — 7 —
5 COOEt CH;)

cccc100 1 4 5 - 8  
(6 to rr)

32 —

6 COOEt ethy l 1 0 1 -1 0 2  
(0.02 to rr)

33 —

7 COOEt propyl — 1 2 4 -1 2 5  
(0.05 to rr)

23 —

H CHS e th y n y l 162 13 [9 1
9 CH3 ethy l ? у у [9]

p ro v ed  th e  s te reo se lec tiv ity  o f th e  reac tio n  b e tw een  tro p in o n e  a n d  G rignard  
re a g e n t, w hich m ay  be caused , in ter alia, b y  ste ric  h in d ran ce .

In  1963, M icovic [9] tr e a te d  tro p in o n e  w ith  ace ty len e  in th e  p resence 
o f  p o tassium  2 -m eth y l-2 -b u to x id e  to  o b ta in  3 -e th y n y ltro p an -3 -o l in  13%  
yie ld . T he s teric  s tru c tu re  of th e  p ro d u c t w as considered  analogous to  t h a t  of 
tro p in e , the  o th e r  isom er could n o t be  iso la ted . H y d ro g en a tio n  a ffo rd ed  3 -ethy l- 
tro p an -3 a-o l (cf. T ab le  I).

T he s te reo se lec tiv ity  of th e  reac tio n  h as  ra ised  th e  q u estio n , w h e th e r  a 
red u c tio n  of th e  space re q u ire m e n t o f th e  G rig n ard  reag en t w ould p e rm it the  
fo rm a tio n  of th e  /1-isomer, as w ell. In  our ex p erim en ts  tro p in o n e  w as reac ted  
w ith  m ethy l- and  e th y lm ag n esiu m  iodide in  e th e r , te tra h y d ro fu ra n  a n d  xy lene . 
T hese  a tte m p ts  fa iled , and  u n c h a n g e d  tro p in o n e  could be iso la ted  in  all cases. 
P resu m ab ly  th e  fa ilu re  was cau sed  b y  th e  fo rm a tio n  of a h ig h ly  in so lub le  
a d d u c t  of th e  G rig n ard  reag en t w ith  th e  te r t ia ry  am ino  group , w hich  p re v e n te d  
th e  reac tio n  even  w hen a m an ifo ld  excess o f th e  reag en t was used.

In  c o n tra s t to  tro p in o n e , N -e th o x y c a rb o n y ln o rtro p in o n e  is n o t  basic, 
i t  does no t give an  a d d u c t w ith  th e  G rignard  re a g e n t, and has p ro v ed  su itab le  
for th e  p re p a ra tio n  o f 3 -su b s titu te d  tropan -3x -o ls, w hich are h a rd ly  acces
sib le in o th e r w ays, if  a t all.

A d a  C him . A ca d  Se i. H u n g . 68 , 1971
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T ab le  I  shows t h a t ,  as com pared  w ith  3 -b en zy ltro p an -3 a-o l, 3 -benzyl-N - 
e th o x y c a rb o n y ln o rtro p a n -3 -o l can  be p rep a red  in  a considerab ly  h ig h e r y ield , 
w ith o u t  an y  change in  th e  c a rb a m a te  m o ie ty  o f  th e  m olecule. T h is s ta te m e n t 
has b e e n  u n am b ig u o u sly  co n firm ed  by  the  e le m e n ta l analyses and  th e  in fra red  
sp ec tro sco p ic  d a ta . 3 -M ethy l-N -ethoxycarbony lno rtropane-3oc-o l, a com pound  
re la te d  to  3 -m e th y ltro p an -3 a -o l, inaccessible b y  G rig n ard  reac tio n , w as ob
ta in e d  in  good y ield .

L ike  th e  c o rre sp o n d in g  3 -su b stitu ted  tro p a n -3 a -o ls , th e  3 -su b s titu te d  
N -e th o x y c a rb o n y ln o rtro p a n -3 -o ls  showed sh a rp  m eltin g  and  boiling  po in ts  
a n d  p ro v e d  to  be ste reohom ogeneous p ro d u c ts .

A s fa r  as one a c c e p ts  th a t  th e  ra re ly  successfu l reac tio n  of tro p in o n e  
w ith  a G rignard  re a g e n t g ives rise s te reo se lec tiv e ly  to  th e  pu re  3 -su b s titu te d  
tro p a n -3 z -o l isom er, one m a y  also presum e th a t  th e  steric  o r ie n ta tio n  of th e  
h y d ro x y l group is a x ia l in  o u r new n o rtro p in e  d e riv a tiv e s , too . In  one case 
th is  assu m p tio n  has b een  p ro v ed  p re p a ra tiv e ly . N am ely , th e  re a c tio n  of 
3 -b en zy ltro p in e  (XII) w ith  e th y l ch lo ro fo rm ate  a n d  th a t  of e th o x y ca rb o n y l- 
n o rtro p in o n e  w ith  b en zy lm ag n esiu m  ch lo ride  affo rded  th e  sam e p ro d u c t 
(XIII).

A tte m p t was m ad e  in  ev e ry  case to  iso la te  th e  o th e r stereo isom eric  p ro d 
u c t  co n ta in in g  th e  h y d ro x y l group in  equatorial p o s itio n , b u t  i t  nev er succeed
ed . T h e  am o u n t of tro p in o n e  or N -e th o x y c a rb o n y ln o rtro p in o n e  reco v ered  also 
su g g ested  th a t  th is  iso m er d id  no t form  a t  all. T here fo re , th e  reac tio n s  o f t r o 
p in o n e  and N -e th o x y c a rb o n y ln o rtro p in o n e  w ith  G rignard  reag en ts  ap p ea r 
to  b e  stereoselective. T h in - la y e r  c h ro m a to g rap h ic  analysis  also in d ic a te d  th a t  
th e  iso la ted  te r t ia ry  alcoho ls were hom ogeneous p ro duc ts.

A c ta  C him . Acad. Sei. H u n g . 6 8 , 1971



FISCHER, Ml KITE:  DEM ETHYLATION PROCEDURE, 257

Experimental

N-Ethoxycarbonylnortropinone (IX )

A so lu tion  of 570 m l o f  e th y l ch lo ro fo rm ate  in  350 m l of benzene was a d d e d  d ropw ise  
w ith  s tir r in g  du rin g  2 hrs. to  a boiling so lu tio n  o f 278 g (2.0 m oles) of tro p in o n e  in 350 m l of 
ab s. benzene, an d  th e  m ix tu re  was re fluxed  fo r a fu r th e r  3 — 4 hrs., when tro p in o n e  m eth o c h lo r-  
ide began  to  deposit (20 30 g). T he so lu tio n  was w ash ed  w ith  100 ml of 10%  a ce tic  acid  and
200 ml o f w a te r , d ried  over an h y d ro u s  Na.,SO, an d  e v a p o ra te d  in vacuum . F ra c tio n a l  d is til la 
tion o f  th e  residue (388 g) gave 320 g (8 2 % ) o f  IX. !>...„ 118 -1 2 2  °C.

CI0H i;iNO3 (197.24). Calcd. C 60.89: H 7.67; N 7 .1 0 . F ound  C 60.95: H 7 .72; N  7 .05% .

3-Benzyltropine (XII; cf. T ab le  I, No. 2)

A so lu tion  of 90.0 g (0.65 m ole) tro p in o n e  in 200 ml of abs. e th e r was a d d e d  d ropw ise  
w ith  s tir r in g  an d  cooling to a G rignard  re ag e n t p re p a re d  as usual from  19.0 g (0.78 m ole) Mg 
tu rn in g s  a n d  90.0 ml (0.77 m ole) benzyl ch lo ride  in 280 ml of abs. e th e r. A v o lu m in o u s  p re 
c ip ita te  d eposited  im m ed ia te ly . T he m ix tu re  was re flu x e d  for 2 hrs. w ith  s tir r in g , coo led  and  
filte red . D ecom position  o f th e  o rg an o m eta llic  h a lid e  w as effected by add ing  a so lu tio n  o f 80 g 
N a2C 0 3 in 600 ml o f w a te r w ith  s tirr in g  in a b o u t 1 h r. a t  room  tem p era tu re . T h e  o b ta in e d  in 
organ ic  p re c ip ita te  was rem oved  by  f i ltra tio n , an d  th e  f i l t r a te  ex trac ted  w ith  c h lo ro fo rm . T he 
o rg an ic  phase  was dried  an d  ev ap o ra te d  in v acu u m  a n d  th e  residue frac tio n a ted  to  g ive  50.0 g 
o f tro p in o n e  a t  85 °C and  5 m m . T he resid u e  was t r e a te d  w ith  acetone to  give w h ite  c ry s ta ls , 
w hich  w ere co llected  and  w ashed w ith  ace to n e . T h e  c ru d e  p ro d u c t (16.0 g; 11% ) m e lted  a t 
140 °C. R ecry s ta lliza tio n  from  p e tro leu m  e th e r  d id  n o t  ra ise  the  m .p. T h in -la y e r c h ro m a to 
g rap h ic  ana ly sis  (a d so rb en t: K ieselgel G F251: so lv e n t: benzene  e th an o l-2 5 %  N H ,O H  (80 : 20 : 1); 
v isu a liz a tio n  w ith  K M nO , in cone. H 2SO, or in UV lig h t)  revealed  the p resence  o f one  su b 
stan ce  o n ly , R f  0.09.

C15H 21NO (231.34). Calcd. C 77.88; H 9.15; N 6.06. Found C 77.35; H . 9 .24 ; IN 5 .95% . 
T he HC1 sa lt  m elted  a t  195 196 °C (deposited  in ace to n e ): the  H B r sa lt m elted  a t  181 184 °C
(dep o sited  in acetone): th e  in frared  sp ec tru m  of th e  H B r sa lt had the follow ing c h a ra c te r is tic  
ab so rp tio n  b an d s:

vC -O (H ): 1047 c m 1
i-O— H : 3180 cm  1

—C: 708 с п Г  1 (m o n o su b s titu te d  a ro m a tic  ou t-of-p lane b en d in g  b a n d )

T he p ic ra te  was p re c ip ita te d  from  alcohol and  it m elted  a t  159 161 °C; the  m e th io d id e  (from
a ce to n e ) had m .p. 222— 224 °C.

T h e  O -acety l d e riv a tiv e  was p rep ared  by re flu x in g  3 -benzyltrop ine h y d ro c h lo rid e  w ith  
a ce ty l ch lo ride  for 5 hrs. to  give 3 -b en zy l-3 -ace to x y tro p an e  hydroch loride, fro m  w h ich  the  
base  w as lib e ra te d  as u sua l, m .p . 109— 111 °C.

CI7H 23N 0 2 (273.38). Calcd. C 74.69: H  8.84; N 5.12. Found  C 74.65: H 8 .24 : N 5 .35% . 
T he in fra red  sp ec tru m  h ad  th e  follow ing c h a ra c te ris tic  abso rp tio n  bands:

t-C O(Ac): 1045 c m -1
v C = 0 :  1710 c m “ 1 (ketone)
;-C— C: 705 спГ  1 (cf. above)

T he h y droch lo ride  m elted  a t  240 °C (from  ch loroform  pe tro leu m  e th e r); th e  m e th io d id e  was 
p re c ip ita te d  from  ace tone , m .p . 222 223 °C.

3 -(p-C hlorophenyl)trop ine  (cf. T ab le  I, No. 4)

A G rignard  reag en t p repared  from  46.5 g (0.25 m ole) o f  p -ch lo robrom obenzene  a n d  6.1 g 
(0.25 m ole) o f m agnesium  tu rn in g s  in 150 ml o f abs. e th e r  in the  usual w ay w as re a c te d  w ith  
10 g (0.07 m ole) of tro p in o n e  ju s t  as in th e  case o f  3 -b en zy ltro p in e . The d is tilla tio n  re s id u e  was 
tre a te d  w ith  pe tro leum  e th e r  to p re c ip ita te  th e  p ro d u c t (1 .2  g; 7% ), m .p. 188— 191 C.

C14H 18C1N0 (251.76). Calcd. C 66.79: H  7.21; N 5 .56; Cl 14.08. Found C 66 .51 : H 7.08; 
N 5.35; Cl 13.65% .

6 Acta  Chim . Acad. S e i. H u n g . 6 8 , 1971
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N -E th o x y carbony l-3 -benzy lnortrop ine  (X III ;  c f. T ab le  I, No. 3)

A G rignard  re a g e n t p re p a re d  from  63.5 ml o f b e n zy l ch loride  and  15 g m ag n e siu m  in 
450 m l o f abs. e th e r w as a d d e d  to  a refluxing so lu tio n  o f  98.5 g (0.50 m ole) o f N -e th o x y ca rb o - 
n y ln o rtro p in o n e  in  250 m l o f  ab s. e ther. The h e te ro g en eo u s , w h ite  m ix tu re  was re flu x e d  fo r 
2 h rs . an d  allowed to  s ta n d  o v e rn ig h t. The m ix tu re  w as f i lte re d , th e  f i ltra te  tre a te d  w ith  a so
lu tio n  of 90 g am m o n iu m  c h lo rid e  in  500 ml of w a te r , a n d  th e n  e x tra c te d  w ith  ch lo ro fo rm . 
T h e  o rg an ic  phase was d r ie d , th e  so lven t rem oved, a n d  th e  re s id u e  h ea ted  in v a cu u m  to  d is til 
o u t  9.0 g o f th e  s ta r tin g  m a te r ia l  a t  110 °C an d  1 m m . T h e  resid u e  was m ixed w ith  30 m l o f 
a c e to n e  to  ob ta in  55.0 g w h ite , c ry sta lline  p ro d u c t m .p . 109 110 °C. A fu r th e r  12.0 g o f  th e
p ro d u c t  w ith  th e  sam e m .p . co u ld  be isolated from  th e  m o th e r  liq u o r, correspond ing  to  47%  
o v e ra ll  yield . T h in -lay er c h ro m a to g ra p h y , u n d e r co n d itio n s  id en tica l w ith  those  described  
fo r  X II, show ed th e  p ro d u c t  hom ogeneous, R f  0.67.

C17H 23N 0 3 (289.38). C alcd . C 70.56; H  8.01; N  4 .6 4 % . F o u n d  C 70.56; H 8.31; N  4 .6 2 % . 
T h e  d a ta  of e lem en tal a n a ly s is  exclude the  poss ib ility  o f  th e  follow ing tw o carb o x am id e  s t ru c 
tu re s :

T h e  in frared  sp ec tru m  c o n ta in e d  th e  following c h a ra c te r is tic  ab so rp tio n  bands:

vC— 0 (H ): 1050 c m - 1
vC =  0 :  1675 c m - 1  (u re th an )
yC— C: 705 c m - 1  (cf. above)

N -E th o x y carb o n y l-3 -a lk y ln o rtro p in es

X I; w here R x =  m e th y l, e th y l ,  p ropy l, cf. T ab le  I ,  N os 5, 6, 7)
T hese com p o u n d s w ere  p repared  s im ilarly  A to  N -e th o x y ca rb o n y l-3 -b en zy ln o rtro p in e . 

T h e ir  physical c o n s ta n ts  a n d  th e  yields of p re p a ra tio n  are  sum m arized  in T able  I.

R — N

XI

T he 3 -ethy l a n d  3 -p ro p y l deriva tives are p a le  y e llo w  oils, while N -e th o x y ca rh o n y l-3 - 
m e th y ln o rtro p in e  c ry s ta ll iz e d  a f te r  d istilla tion . A f te r  c ry s ta lliz a tio n  from  p e tro leu m  e th e r  
i t  h a d  m .p . 83— 87 °C.

T he au th o rs  a re  in d e b te d  to  the  U n ited  W orks fo r  P h a rm ac eu tica l and D ie te tic  P ro d u c ts  
fo r f in an c ia l su p p o rt o f  th is  w o rk , to  Dr. J .  R á k ó c z i , C. Sc. fo r discussions, and to  D r. L. B u d a  
fo r th e  m icroanalyses a n d  I R  spectra .
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APPLICATION OF THE MODIFIED VON BRAUN 
DEMETHYLATION PROCEDURE, II

A N E W  M E T H O D  OE P R E P A R A T IO N  O F  N O R T R O P IN O N E  

J .  G. F is c h e r  and G y .  M i k i t e

(Research Laboratory  / / ,  U nited W orks fo r  Pharmaceutical and Dietetic Products, B u d a p es t)

R eceived  A ugust 19, 1969

N o rtro p in o n e  w as p re p a re d  from  tro p in o n e  in  h ig h  y ield  b y  a m odified von B rau n  
d é m é th y la tio n  p ro ced u re . In  th e  f irs t step  tro p in o n e  w as co n v erted  to  its e th y le n e  
k e ta l, th e n  th is  p ro te c te d  d e riv a tiv e  reac ted  w ith  e th y l ch lo ro fo rm ate  to g ive  n o r
tro p in o n e  e th y len e  k e ta l ,  an d  fin a lly  th e  p ro tec tin g  g ro u p  w as rem oved  in a lm o st 
q u a n ti ta t iv e  y ield by h y d ro ly sis  w ith  10%  h y d ro ch lo ric  acid . T h e  cyclic k e ta ls  o f t ro p in 
one a n d  n o rtro p in o n e  are  s tab le , in c o n tra s t to  th e  p a re n t  com pounds.

N o rtro p in o n e  w as f i r s t  syn thesized  by  W i l l s t ä t t e r  [1] in  1896. T h e  
p ro ced u re  consisted  of th e  follow ing steps: o x id a tio n  o f tro p in e  (I) w ith  a lk a 
line p e rm a n g a n a te  gave n o rtro p in e  in  50%  y ie ld , w hich  was co n v e rted  to  
n o rtro p in e  c a rb a m a te  (И) w ith  carbon  d iox ide, an d  iso la ted  in th is  fo rm . 
C hrom ic acid  o x id a tio n  o f I I  afforded  n o rtro p in o n e  (III) , a m a te ria l u n s tab le  to  
a ir ; it w as hygroscopic  and  absorbed  carbon  d io x id e . T he y ield  of th is  f in a l 
s tep  was n o t given.

In  1 9 2 7  P o l o n o w s k i  [ 2 ]  oxidized tro p in o n e  (IV) w ith  3 0 %  h y d ro g en  
p e rox ide  to  tro p in o n e  oxide (V), w hich on t r e a tm e n t  w ith  acetic  a n h y d rid e  
a t 0  °C affo rded  a c e ty ln o rtro p in o n e  (VI) in  poor y ie ld . A cid h y d ro lysis  o f VI 
gave n o rtro p in o n e  h y d ro ch lo rid e , m .p. 2 0 1  °C, id e n tic a l w ith  th a t  re p o rte d  
by  W i l l s t ä t t e r .

A new  and  d iffe ren t ap p ro ach  was re p o rte d  b y  Ja p a n e se  re sea rch ers  
(S h i m i z u  an d  U c h i m a r u ) in  1961 [3]. T h is p ro ced u re  consisted  o f a R ob in so n  
S chöpf co n d en sa tio n  w ith  th e  m odification  th a t  am m o n iu m  chloride w as em 
p loyed  in s te a d  o f m e th y lam in e . T he y ield  was 4 £ % .
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I n  th e  p resen t w ork  th e  m odified  von  B rau n  d é m é th y la tio n  p ro ced u re  
u s in g  e th y l ch lo ro fo rm ate  w as em ployed , w hich has been fo u n d  b y  us [4] and 
o th e rs  [5] very  su itab le  fo r th e  p re p a ra tio n  of n o rtro p an e  an d  its  d e riv a tiv e s . 
In  th e  f ir s t  series of e x p e rim e n ts  th e  h y d ro ly sis  of N -e th o x y ca rb o n y ln o rtro p in - 
o n e  (V III) was a tte m p te d  a cco rd in g  to  th e  reac tio n  schem e:

H ow ever, th is  a p p ro a c h  failed  to  give sa tis fac to ry  re su lts , since th e  s ta r t 
in g  m a te r ia l  decom posed u n d e r  th e  co n d itio n s of b o th  acid ic an d  a lk a lin e  h y 
d ro ly s is . T herefore, in  th e  n e x t  series of ex p e rim en ts  th e  c a rb o n y l group  was 
p r o te c te d  by  m eans of tra n s fo rm a tio n  to  a cyclic ke ta l. Such  p ro te c te d  de
r iv a t iv e s  m ay easily be p re p a re d  b y  re a c tio n  of th e  co rresp o n d in g  oxo com 
p o u n d , e.g. trop inone, w ith  v a rio u s  diols, such  as e thy lene  g lycol, g lycerol, or 
1 ,3 -p ro p an ed io l. The cyclic k e ta ls  p re p a re d  b y  us are lis ted  in  T ab le  I . H ow 
e v e r . th e  cyclic e th y len e  k e ta l  o f N -e th o x y c a rb o n y l-n o rtro p in o n e  (X II) could 
n o t b e  p repared  from  V III*  ( th is  was o n ly  possible b y  s ta r t in g  w ith  tro p in o n e
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an ti using  rev ersed  o rd er of th e  re a c tin g  Steps). T he ke ta l fo rm a tio n  is show n 
b y  th e  schem e:

OTs®
®

A ccord ingly , tro p in o n e  was c o n v e r te d  to  th e  p - to lu e n e su lfo n a te  salt 
w ith  excess to luenesu lfon ic  acid m o n o h y d ra te , th e  excess b e ing  ta k e n  to  act 
as ac id  c a ta ly s t in  th e  n e x t step . T h e  re a c tio n  w ith  e thy lene g lyco l w as p er
fo rm ed  in  benzene so lu tion  by c o n tin u o u s  rem oval of th e  w a te r  fo rm ed  by 
azeo tro p ic  d is tilla tio n . In  th is w ay  tro p in o n e  e th y len e  keta l (XI) w as o b ta in ed  
in 8 0 %  yield . Iso la tio n  of tro p in o n e  e th y le n e  k e ta l (XI) in  p u re  fo rm , free 
o f  tro p in o n e  co n tam in a tio n s , n e c e ss ita te d  th e  iso la tion  of the  tro p in o n e  e th y l
ene  k e ta l to sy la te  sa lt (X) in te rm e d ia ry  p ro d u c t and  its p u rif ic a tio n  to  rem ove 
a n y  tro p in o n e  to sy la te  sa lt (IX). T h is  p u rif ic a tio n  can sim ply b e  e ffec ted  by 
w ash ing  w ith  acetone . Om ission o f th is  s tep  re su lted  in  each case in  a c o n ta m 
in a tio n  of th e  p ro d u c t (XI) by tro p in o n e , as th e  tw o com pounds co u ld  n o t be 
c o m p le te ly  se p a ra te d  by  frac tio n a l d is tilla tio n .

F a ilu re  o f th e  k e ta l fo rm ing  re a c tio n  o f N -e th o x y ca rb o n y ln o rtro p in o n e  
is p re su m ab ly  due  to  so lub ility  fa c to rs . E th y le n e  glycol and b e n z e n e  give a 
he te rogeneous sy stem . T rop inone to s y la te  p a r tia lly  dissolves in  e th y le n e  g ly
col, while N -e th o x y c a rb o n y ln o rtro p in o n e  accu m u la tes  in  th e  b e n z e n e  phase 
an d  is ou t of c o n ta c t w ith  e th y len e  glycol.

In  th e  n e x t s tep , tro p in o n e  e th y le n e  k e ta l was tran sfo rm ed  w ith  ethy l 
ch lo ro fo rm ate  to  N -e th o x y c a rb o n y ln o rtro p in o n e  ethy lene k e ta l  (XIII). Al
k a lin e  hyd ro lysis  of XIII in e th a n o l a t  e lev a ted  te m p e ra tu re  y ie ld e d  nor- 
tro p in o n e  e th y len e  k e ta l (XIV), w h ich  w as h y d ro lyzed  w ith  10%, h y d ro ch lo ric
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acid  in  th e  conclud ing  s te p  o f th e  reaction  seq u en ce  to  give th e  desired  nor- 
tro p in o n e  in  form  o f i ts  hyd roch lo ride  sa lt.

T h e  follow ing sch em e show s the  re a c tio n  seq u en ce  w ith  in d ic a tio n  of 
th e  y ie ld s:

O th e r cyclic k e ta ls  p re p a re d  in th is w o rk  a re  lis ted  in  T ab le  I . T hese  
w ere o b ta in ed  s im ila rly  to  th e  ethylene k e ta l  d e r iv a tiv e . T ropinone g lycerol 
k e ta l  p rep a red  b y  th is  m e th o d  was found to  be  a  m ix tu re  of tw o isom ers. No 
a t te m p t  has been m a d e  to  sep a ra te  th e  iso m ers .

Experim ental

Tropinone ethylene ketal (XI; c f. T a b le  I, No. 1)

349.3 g (1.84 m oles) o f  p -to luenesu lfon ic  acid  m o n o h y d ra te  was added  w ith  s tir r in g  
an d  cooling  to  a  so lu tio n  o f  234.0 g (1.68 moles) of tro p in o n e  in  1 1 o f benzene. S u b seq u e n tly  
104.5 g (95 m l; 1.68 m oles) o f  e th y le n e  glycol was a d d e d  a n d  th e  m ix tu re  h e a ted  w ith  s t i r 
r in g  (b a th  tem p e ra tu re  120— 130 °C) for 10— 12 hrs. w ith  c o n tin u o u s  rem oval, b y  azeo tro p ic  
d is tilla tio n  of th e  w a te r  fo rm e d  (65— 70 ml). The m ix tu re  w as  th e n  allowed to cool, th e  c ry s
ta ls  w h ich  deposited  w ere  c o lle c ted  b y  f iltra tio n , su sp en d e d  in  1 1 o f acetone, s tir red  1 h r . a t  
room  te m p e ra tu re  and  f i lte re d . T h e  d ry  product, tro p in o n e  e th y le n e  k e ta l  to sy la te  sa lt  w eighed
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545 g (9 1 % ), m .p . 168— 169 °C. I t  w as d isso lved  in  11 tim es its  w eigh t o f w a te r  a n d  tre a te d  
w ith  a n  e q u iv a len t a m o u n t o f N aO H  so lu tio n  w ith  cooling. T he base l ib e ra te d  w as e x tra c te d  
w ith  ch lo ro fo rm , th e  e x tra c t  d ried  o ver a n h y d ro u s  m agnesium  su lfa te  and  th e  so lv e n t rem oved  
in  v a cu u m . T he resid u e  was fra c tio n a te d  in  v a cu u m  to  give 242 g (79% ) o f tro p in o n e  e th y len e  
k e ta l ,  b .p . 99 100 °C a t  6 to r r ,  a colourless, o d ourless liq u id , s tab le  to  a ir  on s to ra g e  (n e ith e r
co lo u ra tio n  no r decom position , in  c o n tra s t  to  tro p in o n e  itse lf); nï>° — 1.4920.

CtoH 17N 0 2 (183.25). Calcd. C 65.55; H  9.35; N  7.64. F o u n d  C 65.13; H  9 .82 ; N  7 .61% .
T h e  in frared  sp ec tru m  possessed  no rC  =  0  b a n d , accord ing ly  th e  p ro d u c t w as free  even 

o f  trac e s  o f tro p in o n e . T he follow ing d e riv a tiv e s  w ere  p re p are d : m eth io d id e  (fro m  acetone), 
m .p . 176— 177 °C; to sy la te  ( th e  in te rm e d ia ry  p ro d u c t, cf. above), m .p . 168— 169 °C; h y d ro 
ch lo rid e  (from  chloroform ), m .p . 237— 239 °C; p ic ra te  (from  e thano l), m .p . 199— 201 °C.

Table I

Cyclic ketals o f  tropinone  (X II)

No. R R, n B .p ., °C /to rr M.p.,°c

l CH3 H 1 99 — 100/6 —

2 COOKt H 1 105 — 106/0.2 61

3 CH3 CH2OH 1 1 1 8 -1 2 0 /1 —

4 COO Et CH20 —C — P h 1 1 9 9 -2 0 2 /0 .0 8 88 90

5 CH3 11 2 1 2 8 -1 3 0 /7 . —

о CO O Et H 2 1 2 2 -1 2 3 /2 —
7 H H 1 118 122/5 —
8 H H 2 9 7 -1 0 1 /4 —

T ropinone 1 ,3 -p ropy lene  ke ta l (c f . T ab le  I ,  No. 5)

139 g (1 m ole) o f tro p in o n e  w as t r e a te d  w ith  209 g o f p -to lu en esu lfo n ic  ac id  m o n o h y 
d ra te  in  500 m l o f benzene as above, a n d  th e  sa lt so lu tio n  was h ea ted  w ith  91 g (86 m l) o f  1,3- 
p ro p a n ed io l w ith  s tirr in g  a n d  h e a tin g  fo r 10 h rs., u n til  a b o u t 40 m l o f w a te r  co llec ted  in the  
se p a ra to r . T he benzene was e v a p o ra te d  in  v a cu u m , th e  residue  tre a te d  w ith  50 g o f N aO H , 
th e  free  b ase  e x tra c te d  w ith  ch loroform , a n d  th e  e x tr a c t  w orked up as in th e  p reced in g  case 
to  give 85 g (44% ) of th e  p ro d u c t, b .p . 128— 130 °C a t  7 to r r ;  n n° — 1.4972.

Cu H laN O , (197.28). Calcd. C 66.97; H  9.71; N  7.10. F o u n d  C 66.53; I I  9 .69 ; N  7.15°,,. 
T h e  h y d ro ch lo rid e  m elted  a t  201 202 °C, th e  to sy la te  a t  109— 111 °C (from  ace to n e).

T rop inone glycerol k e ta l (c f. T ab le  I ,  No. 3)

I t  w as p rep ared  sim ilarly  to  tro p in o n e  1 ,3 -p ropy lene  k e ta l in a b o u t 50%  y ie ld ; th e  p ro d 
u c t  h ad  b .p . 118— 120 °C a t 1 to rr.

T h e  m eth o to sy la te  m elted  a t  156— 158 °C (fro m  ace tone); th e  b en zo a te  h y d ro c h lo rid e  
h a d  m .p . 207 °C.

N -E thoxycarbo iiy lno rtrop iuone  e thy lene  k e ta l (X III) (cf. T ab le  I ,  N o. 2)

100.0 g (0.55 m ole) o f tro p in o n e  e th y len e  k e ta l  w as dissolved in 130 m l o f  ab s. benzene, 
a  so lu tio n  o f 156 m l o f e th y l ch lo ro fo rm ate  in 120 m l o f benzene was ad d ed  d ro p w ise  w ith 
s tirr in g  a t  re flu x  te m p e ra tu re , a n d  th e  reac tio n  m ix tu re  was s tirred  an d  re flu x e d  u n til  gas 
ev o lu tio n  (C H 3C1) ceased. A fte r s ta n d in g  o v e rn ig h t a t  room  te m p e ra tu re , th e  m ix tu re  was 
filte red , th e  f i l t r a te  w ashed w ith  th re e  40 m l p o rtio n s  o f 10%  aqueous ace tic  acid  a n d  tw o 40 ml 
p o rtio n s  o f  w a te r , an d  dried . T he so lv en t w as rem o v ed  in v acu u m  and  th e  re sid u e  fra c tio n a te d  
to give 105 g (80% ) of th e  p ro d u c t, b .p ; 105— 106 °C a t  0.2 to rr. The d is tilla te  so lid ified  on 
s ta n d in g , m .p . 61 °C.

C12H )9NO, (241.29). Calcd. C 59.75; H  7.89; N  5.90. F ound  C 60.06; H  7 .76 ; N  6 .0 5 % .
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N -E th o x y carb o n y ln o rtro p in o n e  1,3-propylene k e ta l  (cf.  Table I, No. 6)

It was prepared similarly to XIII in 60% yield; colourless liquid, b.p. 122—132° C 
at 2 torr.

N -E th o x y carb o n y ln o rtro p in o n e  glycerol k e ta l b en zo a te  (c f .  Table I, No. 4)

Tropinone glycerol ketal benzoate was liberated from its hydrochloride salt and reacted 
with ethyl chloroformate as above. The product was obtained in 65% yield, b.p. 199—200 °C 
at 0.08 torr.

C20H25NOe (375.43). Calcd. C 63.99; H 6.71; N 3.73. Found C 63.99; H 7.10; N 3.50%.

N o rtrop inone  1 ,3-propylene k e ta l (cf.  Table I, No. 8)

26.8 g (0.105 mole) of N-ethoxycarbonylnortropinone 1,3-propylene ketal was treated 
with a solutiofi of 22.4 g (0.40 mole) of potassium hydroxide in 100 ml of ethanol at room tem 
perature, and the mixture was subsequently refluxed for 7 hrs. After cooling 5.7 g of potas
sium carbonate was separated by filtration. The filtrate was neutralized to pH 6 with 1 : 3 
hydrochloric acid, and the solvent removed in vacuo. The residue was treated with 80 ml of 
10% NaOH solution and the free base extracted with three 100 ml portions of chloroform. 
The organic phase was dried over anhydrous sodium sulfate and evaporated. The residue (28.0 g) 
was fractionated in vacuum to give 12.1 g (63%) of the product, b.p. 9 7 —101 °C at 4 torr. 
The fumarate salt had m.p. 192 193 °C (from ethanol).

C14H21N 0 6 (299.33). Calcd. C 56.18; H 7.07; N 4.68% . Found C 55.90: H 7.42; N 4.59%.

N o rtrop inone  e thy lene  ke ta l (XIV; cf .  Table I, No. 7)

It was prepared similarly to the 1,3-propylene ketal (cf.  preceding compound) but 
obtainable in higher yield; b.p. 118— 122 °C at 5 torr. The hydrochloride salt was precipitated 
from chloroform-ether, m.p. 196— 198 °C; the fumarate salt was prepared in ethanol, m.p. 
194 196 °C.

Ci3H 19N 0 6 (285.30). C 54.73; H 6.71; N 4.91. Found C 54.94; H 7.02; N 5.13%.

N o rtrop inone  hydroch loride  (VII)

1.0 g (0.005 mole) of nortropinone ethylene ketal hydrochloride was treated with 20 ml 
of 12% HC1 and kept at 85 °C for 1 hr. The solution was concentrated in vacuum to give a 
yellow oil, which crystallized on trituration with acetone. The crystals were filtered off at 
0 °C, washed with acetone and dried to give a white crystalline product, m.p. 199— 201 °C 
(lit. m.p. 201 °C [1]).

The infrared spectrum contained а г»С =  0  (ketone) band at 1725 cm 1 (no such band 
was detected in the starting material). Mixed m.p. with nortropinone ethylene ketal hydro
chloride: 153— 158 °C. *

The authors are indebted to the United Works for Pharmaceutical and Dietetic Prod
ucts for financial support of this work, to Dr. J. R á k ó c zi, C. Sc. for his valuable comments, 
and to Dr. L. B u d a  for the microanalyses.
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The th e rm a l d issoc iation  o f d ip h en y lu rea  a n d  its  sy m m etrica lly  su b s ti tu te d  
deriva tives was s tu d ie d  in so lven ts o f th e  a lip h a tic  carboxy lic  acid  an d  alcohol ty pe. 
T he decom position  w as found  to be a f irs t  o rd e r re a c tio n  in perch lo ric  acid  co n ta in ing  
ace tic  acid o r cy c lo h ex an o l; th e  fo rm atio n  of th e  a c tiv a te d  com plex  tak es  p lace by 
m eans of in te rm o le cu la r  p ro to n a tio n . In  cyclohexano l as so lven t, con secu tiv e  reac tions 
p roducing u re th a n e  sh o u ld  also be considered . T h e  a u th o rs  give th e  e x ac t so lu tion  of 
th e  ra te  eq u atio n  p ro v id in g  a usefu l guide for fu r th e r  in v estig a tio n s.

In tro d u c tio n

In  the  p ro d u c tio n  o f a ro m atic  iso cy an a te s  th e  fo rm atio n  o f d ia ry lu reas  
is an inev itab le  side re a c tio n . E ven  a high excess o f phosgene c a n n o t p re v e n t 
th e  reac tio n  of th e  p r im a ry  p ro d u c t, ca rb am ic  acid  ch lo ride —  in  fac t, iso 
c y a n a te  ob tained  fro m  it  by  loss of h yd roch lo ric  acid  —  w ith  th e  am ine  p resen t, 
p ro d u c in g  d ia ry lu reas . T h is process should  be m in im ized , since d ia ry lu reas  
can  be converted  to  iso cy an a te  on ly  very  slow ly even  u n d e r v igorous con
d itio n s.

A ccording to  th e  l ite ra tu re  d a ta , t r e a tm e n t  of N ,N '-d ia ry lu re a s  w ith  
phosgene results in  th e  fo rm atio n  o f tw o m oles o f iso cy an a te  an d  tw o  moles 
o f hydroch lo ric  acid  [1]. As d e m o n s tra te d  b y  th e  ex p erim en ts  ca rried  ou t 
by  E cken ro th  [2], th e  reac tio n  o f N ,N '-d ip h e n y lu re a  w ith  phosgene tak es  
p lace only  at te m p e ra tu re s  h igher th a n  150 °C, i.e. a f te r  d issoc ia tio n  of th e  
u rea  to  aniline an d  p h e n y liso c y a n a te ; th u s  an ilin e  and phosgene are  th e  tw o 
co m pounds ac tu a lly  in v o lved  in th e  reaction .

C , H 5  N H  — C O - N H  —CeH 5  C cH 5N C O  CeH s N H „

C „ H 5 N H ,  -I- COC1, ^  CeH 3N C O  2HC1

T h e fact th a t  on h e a tin g  s u b s titu te d  a ry lu re a s  decom pose to  iso cy an a te  
an d  am ine  is su p p o rte d  by  several p ap ers  [3, 4]. Be n n e t t  [5] o bserved  th e  
fo rm a tio n  of p h en y liso cy an a te  and  o b ta in ed  an ilin e  h y d ro ch lo rid e  in nearly  
q u a n ti ta t iv e  yield on  cooling th e  e v a p o ra te d  d ip h en y lu rea  in th e  presence
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2 6 8 CSŰRÖS e t a l.: TH ERM A L DISSOCIATION,

o f g a se o u s  hydrochloric ac id  ( th is  p rev en ts  reco m b in a tio n  of th e  decom posi
t io n  p ro d u c ts ) . The e x p e rim e n ts  re p o rte d  b y  I w a k u r a  [6 ] also p ro v e  th e  ex 
is te n c e  o f  tw o d ifferent d eco m p o sitio n  p ro d u c ts ; th e  h e a tin g  of d i-p -p h en e th y l- 
u re a s  in  a lipha tic  alcohols re s u lts  in  the  fo rm a tio n  of th e  co rresp o n d in g  u re 
th a n e ,  w hile  the  sam e p ro c e d u re  in  acetic a n h y d rid e  p roduces p h en ace tin e , 
p ro v in g  th e  fo rm ation  of an ilin e .

T h u s , the  c o n tr ib u tio n  o f  th e rm a l d issocia tion  to  th e  p rocess seem s to  
be  p ro v e d , however, th e  a s s u m p tio n  of no d irec t re a c tio n  be tw een  a ry lu reas  
a n d  p h o sg en e  should y e t b e  v e rif ied . F irs t of all, th e  m echan ism  o f th e  th e r 
m a l d isso c ia tio n  should be e lu c id a te d , since th e  l i te ra tu re  d a ta  re g a rd in g  th is  
s u b je c t  a re  scarce and  r a th e r  c o n trad ic to ry .

H o s h i n o  [ 7 ]  and  E l l i n g t o n  [ 8 ]  et al. s tu d ied  th e  k in e tics  of d issoc ia tion  
in  a l ip h a t ic  fa tty  acids. I n  th e i r  op in ion  th e  a c tiv a te d  com plex  is fo rm ed  v ia  
ta u to m e r is m  and su b se q u e n t p ro to n  m ig ra tion .

° <©
A r N H - C O - N H - A r  А г - N  C - N H - A r  A r N  =  C - N H ,  A r .

A I©ОН к о
I II I I I

— A rN C O  A rN H ,

I n  carboxylic acid ty p e  so lv en ts , reco m b in a tio n  of th e  d isso c ia ted  p ro d 
u c ts  c a n n o t  take  place b e c a u se  o f  th e  fo rm atio n  o f an ilides in  re a c tio n s  w ith  
th e  iso c y a n a te , and sa lt fo rm a tio n  by  th e  an iline :

A r - N C O  R -C O O H  — A r - i N H  —C - O - C - R  — Ar  N H  - CO R  CO,
il i|
О 0

T h e  fo rm ation  of a c t iv a te d  com plex (III) seem s like ly , since —  w ith  
one  o r  m ore  phenyl g ro u p s a t ta c h e d  to  th e  n itro g en  a to m  —  a co n ju g a ted  
s y s te m  c a n  develop, re su ltin g  in  an  increased s tre n g th  of th e  b o n d s  in the  
a c t iv a te d  com plex.

T au to m erism  invo lv es  an  in tram o lecu la r p ro to n  ex ch an g e , th u s  th e  
b a s ic i ty  o f n itrogen  a to m s in  u re a  is th e  m ost im p o r ta n t  fac to r  w ith  respect 
to  th e  occurrence of th e  re a c tio n . A ccording to  th e  ex p e rim en ts  ca rr ied  ou t 
b y  E l l i n g t o n  et al., th e  a c t iv a tio n  energy of N ,N '-d im e th y lu re a  is h igher 
t h a n  t h a t  of N ,N '-d ip h e n y lu re a . T h is is ev id en t in  view  o f th e  reso n an ce  effect 
o f  th e  p h e n y l group in  th e  ta u to m e r  form ed from  d ip h en y lu rea , acco u n tin g  
fo r th e  easier p ro ton  tr a n s fe r  in  th is  case th a n  in  d im e th y lu re a  h a v in g  a m ore 
b a s ic  n a tu re ;  the  m ore s ta b le  tra n s it io n  com plex has a m ore p ro n o u n ced  p ro 
m o tin g  effect on the  re a c tio n . T h e  ac tiv a tio n  energy  o f N ,N '-d im e th y lu re a  
is c o n s id e ra b ly  lower th a n  t h a t  o f  th e  co rrespond ing  sy m m etrica l com pound
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CSŰRÖS pt III.: TH ERM A L DISSOCIATION, I 269

and  som ew hat low er th a n  th a t  of N ,N '-d ip h e n y lu re a . Since h ere  one of the  
n itro g en s is a w eaker, th e  o th e r a s tro n g e r nucleophilic  c h a ra c te r  th a n  th a t  
o bserved  in th e  sy m m etrica l u rea , in  th is  case p ro to n  m ig ra tio n  ta k e s  place 
m ore easily . On th e  o th e r  h an d , th e  com parison  o f th e  a c tiv a tio n  energ ies w ith  
th a t  o f d ip h en y lu rea  in d ica tes  o v erco m p en sa tio n  of th e  re so n an ce  effect, 
p ro m o tin g  th e  fo rm a tio n  of ta u to m e r (II) b y  easier p ro to n  u p ta k e  b y  th e  m ore 
basic  n itrogen  a to m .

T he a u th o rs ’ p u rp o se  was to  in v es tig a te  w h e th e r or n o t th e  e x p lan a tio n  
o f th e  decom position  process in acidic so lven ts b y  in tram o lecu la r  p ro to n  m i
g ra tio n  is accep tab le .

R COOH Ar N H  С О - N H  Ar -  R  COO A r А Н - ?  О A r - N H ,  -

-H®
----- :s  A r -N C O  +  A r N H ,

T hough  H o s iim o  [9] refers to th e  possib ility  of a re a c tio n  schem e in 
vo lv ing  general acid ca ta ly sis . M ukaiyama  [10], s tu d y in g  th e  d issocia tion  
o f  v a rious a lk y lu reas  in acids of d iffe ren t s tre n g th , found  th e  seq u en ce  of th e  
r a te  co n stan ts  in c o n s is te n t w ith  th a t  o f th e  ac id ities, th u s  th e  c o n cep t o f gen
eral acid ca ta ly sis  c a n n o t be accep ted . A ccord ing  to  th e  la t te r  a u th o r  in  view  
o f th e  ex p erim en ta l co n d itio n s ensuring  a m in im um  ca rb o x y lic  acid  to  urea 
ra tio  of 50 : 1, th e  ex istence  of an in te rm e d ia te  co n ta in in g  tw o  carboxy lic  
acid  an d  one u rea  m olecule  can reaso n ab ly  be assum ed. One of th e  acid m o
lecules behaves as a p ro to n  donor, th e  o th e r being  a p ro to n  a c c e p to r:

К о
\ л .  II л.

N—C— N — It
/  : I/ : 1

и J
V,— M l — и > ti II
II j
о •

( ) <> f

4<.— и 1
/

<) HO

Oll
ф /

К — \ | | ,  +  It — NCO +  R — I + H <.(ЮЙ

Oll

■>

T his concep t is m ore or less app licab le  fo r in te rp re ta tio n  o f th e  so lven t 
effect, th o u g h  th e  lowr an d  high values o f ra te  c o n s ta n ts  m easu red  in  benzoic 
acid and  p h en y lace tic  acid , respective ly , can  h a rd ly  be due to  th e  s ligh t dif
ference in  ac id ity  b e tw een  th e  tw o acids or to  th e  g rea te r space  re q u ire m e n t
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270 CSŰ RÖ S e t al.: THERM AL D ISSO CIATION , I

o f th e  benzoic acid m o lecu le . Also Mu k a iy a m a  su g g ested  th a t  th e  b asic itie s  
o f  th e  n itro g en  atom s in  u re a  shou ld  be responsib le  fo r th e  s u b s titu e n t e ffec t, 
w h ic h  is th u s  governed b y  th e  p ro to n  accep to r a n d  p ro to n  donor ab ilities  of 
th e  n itro g en s.

I n  our ex p erim en ta l w o rk , th e  d issociation  o f  sy m m etrica lly  su b s ti tu te d  
d ia ry l  u reas  was in v e s tig a te d . In  th is  case th e  n u c leo p h ilic ity  of th e  n itro g en  
a to m s  is iden tical, th u s  a k in e tic  s tu d y  can decide  w h e th e r p ro to n a tio n  or 
d e p ro to n a tio n  is th e  ra te -d e te rm in in g  process in  th e  decom position . O u r ex 
p e r im e n ts  were carried  o u t  in  so lven ts of th e  f a t ty  ac id  and  alcohol ty p e  in  
o rd e r  to  evaluate  b o th  o f  th e  above described  m echan ism s.

E x p e rim en ta l in acid so lven t

A  nearly  id en tica l m e th o d  w as used by  all a u th o rs  to  follow th e  decom 
p o s it io n  process in  f a t ty  ac id s , viz. th e  a m o u n t o f ca rb o n  dioxide evo lved  in 
th e  re a c tio n  of th e  acid  w ith  th e  isocyana te  fo rm ed  w as m easu red  v o lu m etri-  
c a lly  o r b y  a g rav im etric  m e th o d , de term in ing  th e  a m o u n t of b a riu m  ca rb o n a te  
p r e c ip ita te d  after b u b b lin g  th e  gas th ro u g h  a bariu m  h y d ro x id e  so lu tion  
[7, 8 , 9 ]. We found i t  e a s ie r  to  follow th e  re a c tio n  b y  m easu rem en t of th e  
q u a n t i t y  of am ine p re se n t, th e re fo re  a s ta n d a rd iz e d  perch lo ric  acid  so lu tion  
in  g lac ia l acetic acid w as u sed , in  w hich th e  am in e  fo rm s a p e rch lo ra te  sa lt. 
T h e  excess acid was b a c k - t i t r a te d  w ith  tr ib u ty la m in e  in  benzene so lu tio n  [11].

U p o n  p lo ttin g  th e  lo g a r ith m  of th e  a c tu a l c o n c e n tra tio n  o f u re a  as a 
f u n c t io n  of tim e, a s t r a ig h t  lin e  was o b ta in ed  in  each  case, its  slope being  in 
d e p e n d e n t  of th e  in it ia l  c o n c e n tra tio n  of u rea  a n d  perch lo ric  acid . T his is 
c o n s is te n t  w ith th e  l i te r a tu r e  d a ta , con firm ing  th e  f irs t  o rder c h a ra c te r  of 
th e  d issocia tion  process in  ace tic  acid.

T h e  results are su m m a riz e d  in  T ab le  I.
S trik ing ly , th e  v a lu e  o f  th e  ac tiv a tio n  en e rg y  ca lcu la ted  from  th e  m eas

u re d  d a ta  for d ip h e n y lu re a  is s ig n ifican tly  low er th a n  th a t  re p o rte d  b y  
H o s h in o  (36.2 kcal/m ole). T h is  can  easily be u n d e rs to o d  w hen considering  
th e  s tro n g e r  p ro to n  d o n o r  c h a ra c te r  of g lacial ace tic  co n ta in in g  perch lo ric  
a c id , w ith  unchanged  p ro to n  accep to r p ro p ertie s  as com pared  to  glacial acetic  
a c id  itse lf , thus th e  e n e rg e tic  cond itions are m ore  fav o u rab le  for th e  fo rm a tio n  
o f  th e  a c tiv a ted  co m plex . T h e  in sign ifican t d iffe rences in  th e  ra te  c o n s ta n t 
in d ic a te  com plete ab sen ce  o f  acid  ca ta ly tic  effects on  th e  d issocia tion  process.

I n  order to  d e m o n s tra te  th e  so lvent effect, a less acidic so lv en t —  th u s  
h a v in g  m ore p ro n o u n ced  p ro to n  accep to r p ro p e rtie s  —  was used  in s te a d  of 
a c e tic  acid . C yclohexanol w as  chosen for th is  p u rp o se . T his alcohol h as  a su ffi
c ie n t ly  h igh boiling p o in t ,  does n o t undergo deco m p o sitio n  a t  th e  te m p e ra tu re  
o f  th e  m easu rem en ts a n d  does n o t reac t w ith  p e rch lo ric  acid. N ,N '-d ip h en y l-
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u re a  was th e  on ly  co m p o u n d  in v es tig a ted  in  cy c lo h ex an o l co n ta in in g  p e rch lo 
ric acid ; its  d ecom position  w as found  to  be a f ir s t  o rd e r reac tio n . E x p e rim e n ta l 
an d  ca lcu la ted  k in e tic  d a ta  are  given in T ab le  I I .

Table I

R — N H — CO— N H  R

H =  c„H 6-

R p -C H .,C r,H 4-

R = V -СКУЕ

C„, ,,,-ea Cn. нею « 
mole/l

к X 10z(m in  ') E Î
kcal / 
m ole

m ole/l 100.0 C° 105.0 °C 108.0 C° e .u .

0.1852 0.1852 1.55 2.37 3.11

0.0934 0.1852 1.58 2.40 3.00

0.0698 0.1387 1.53 2.44 3.33
26.4 - 1 . 4

0.1267 0.1387 1.49 2.18 2.89

0.0942 0.0950 1.76 2.40 2.78

0.0474 0.0950 1.24 2.20 3.00

av erag e  of к 1.53 1 2.33 3.00

0.1765 0.1765 0.960 1.63 2.09

0.0880 0.1765 0.945 1.58 2.21

0.1300 0.1350 0.805 1.40 2.02
32.5 13.7

0.0650 0.1350 0.960 1.61 2.25

0.0880 0.0880 0.899 1.72 2.52

0.0440 0.0880 0.899 1.62 2.16

av erage  of к 0.900 1.60 2.20

0.1682 0.1685 1.65 2.61 3.83

0.0840 0.1685 1.74 2.76 4.16

0.1250 0.1253 2.00 2.78 4.08

0.0625 0.1253 1.74 3.06 3.60 27.0 0.5

0.0840 0.0850 2.04 2.80 4.41

1 0.0600 0.0850 1.82 2.97 4.00

average  of к 1.83 2.83 4.01

The a c tiv a tio n  energy  —  c o n tra ry  to  th e  e x p e c ta tio n s  —  shows a s lig h t 
increase. T h o u g h  th e  s tre n g th  o f perch loric  ac id  in  cyclohexano l so lu tio n  is 
n o t low er th a n  th a t  in  ace tic  acid , p ro to n a tio n ’ is so m ew h at re s tra in ed  b e 
cause of th e  g re a te r  space  re q u ire m e n t of th e  a t ta c k in g  so lv a te  ca tio n . A lso 
th e  g rea t d ifference b e tw een  th e  p ro to n  accep to r p ro p e rtie s  becom es levelled  
ow ing to  th e  g re a t space re q u ire m e n t of th e  cy c lo h ex an o l m olecule. T hese fa c 
to rs  m ay a cco u n t for th e  p ra c tic a lly  u n ch an g ed  v a lu e  of ac tiv a tio n  energy . 
O n th e  o th e r  h a n d , th e  r a te  o f d issociation  is low er in  cyclohexanol th a n  in  
ac id  so lven ts, th o u g h  th e  p e rm itt iv i ty  of th is  a lcohol is fa r  g rea te r th a n  th a t  
o f ace tic  acid . (This fa c t is also  evidence a g a in s t th e  co n cep t of acid ca ta ly s is .)
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Table I I

C„K (mole/l) C0, HC104 
(rnole/I) t(° C) Ac X  10: (m in -1)

average t, /2 
(min)

E Î
(kcal/mole)

j s i
e.u.

0.1350 0.1330 0.97 72
0.0885 0.1000 0.92
0.0715 0.0660 120.5 0.92

0.1340 0.2660 0.96
0.1000 0.2050 0.96 72
0.07Ó2 0.1595 0.945

0.1240 0.1306 1.38
0.0953 0.1101 1.33 53 27.5 - 3 . 6
0.0667 0.0689 125.0 1.33

0.1238 0.2550 1.41
0.0953 0.1910 1.41 50
0.0667 0.1350 1.34

0.1382 0.1385 2.14
0.1110 0.1020 2.14 32
0.0728 0.0717 130.0 2.07

0.1340 0.2660 2.14
0.1000 0.2050 2.14 33
0.0700 0.1385 2.18

.

T h is  m u s t  be due to  one fa c t :  in  a ca rb o x y lic  acid  th e  g re a te r  n u m b e r  of p ro 
to n  d o n a tin g  m olecules p ro v id es  m ore  f re q u e n t p o ss ib ility  fo r a t ta c k  on the  
n i tro g e n  a tom s, i.e. th e  r a te  of p ro to n  u p ta k e  is h igher.

E x p erim en ts  in  alcohol

O f th e  alcohol ty p e  so lv en ts  c y c lo h ex an o l was chosen ; th is  has been 
u se d  in th e  acidic ex p e rim en ts  to o , th u s  th e  co m p ariso n  of th e  o b ta in ed  re 
s u lts  c a n  be carried  o u t. In  th is  case th e  e q u a tio n  of th e  th e rm a l d issoc ia tio n  
o f  d ip h e n y lu re a  is th e  fo llow ing:

к,
С6Н 5- Г Ш - С О - ? Ш - С 6Н 5 CeH s—N H 2 C6H 5- N C O  (1)

k \

C6H 5- N C O  C6H „  O H  CeH 3N H  —COOC6H u  (2)

W e a ssu m e  th a t  th e  r a te  o f re a c tio n  b e tw een  cyclohexano l a n d  p h en y lisocya- 
n a te  is f a r  h igher th a n  th a t  of th e  d eco m p o sitio n  of d ip h e n y lu re a  (k„ ä> к ,); 
th u s  re a c tio n  (1) is th e  ra te -d e te rm in in g  s tep .

M easu rem en t o f  th e  am in e  fo rm ed  w as in te n d e d  to  be u tiliz e d  fo r follow- 
[ n g  th e  progress of d isso c ia tio n . T h is w as accom plished  b y  m ean s o f  t i t r a t io n
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w ith  perchloric acid in glacial ace tic  acid in  non -aqueous m ed iu m . H ow ever, 
no com m only  used in d ic a to r  could he app lied  because o f th e  p resen ce  o f cyclo- 
h exano l. K r a u s z  [12] recen tly  rep o rted  th e  use of dyes o f th e  am in o a n th ra -  
q u in o n e  ty p e  in  non -aq u eo u s t i t r a t io n s .  “ C ihacet b la u  F 3 R ” , a d ispersion 
dye of th e  a n th ra q u in o n e  ty p e  w as te s te d  u n d er th e  co n d itio n s o f  our experi
m en ts . A very  sh a rp  co lou r change from  b lue  to  red  w as o b ta in e d  (base—acid) 
an d  so th is  in d ic a to r  w as used in  th e  follow ing.

M easurem ents w ere carried  o u t a t th ree  d iffe ren t te m p e ra tu re s  (122 °C, 
130 °C and 138 °C) w ith  vario u s in itia l co n cen tra tio n s ; in  all th e  th re e  cases 
th e  half-life tim e w as found  to  decrease w ith  decreasing  in itia l co n cen tra tio n s  
(T able I I I ) .  This in d ic a te s  th a t  th e  a ssu m p tio n  of fe., feq is in co rrec t, i.e. 
th e  accum ula tion  o f iso cy an a te  as well as th e  reverse  re a c tio n  shou ld  he tak en  
in to  accoun t.

Table III

C0K (mole/1)
t xf J (min)

138.0 °C122.5 °C 130.0 °c

0.1300 155 80

0.1000 240 127 66

0.0900 218 — —

0.0700 181 100 50

0.0500 ISO 84 42

0.0400 — 71 —

0.0300 110 59 32

0.0200 92 51 27

T he ra te  e q u a tio n  can  be g iven  by  th e  follow ing g enera l fo rm u la :

кгд  > в  4 С A : m o m e n ta ry  c o n c e n tra tio n  o f  d ip h en y lu rea
*! (m o le /l)

I _ÍL> £  B: m o m e n ta ry  c o n c e n tra tio n  o f  pheny liso cy a-
n a te  (m o le /l)

k 1 A  k[ BC k., B D  C: m o m e n ta ry  c o n c e n tra tio n  o f  an ilin e  (m o le /1) 
<U

k 2D  =  k . , ü t) -к!, 1): m o m e n ta ry  c o n c e n tra tio n  o f  cyc lohexano l
because  I ) ^ D U (m o le /l)

B y ap p ly in g  the  s te a d y -s ta te  p rin c ip le , th e  c o n cen tra tio n  o f p h en y liso cy an a te  
can  be expressed from  th e  above e q u a tio n , if  d B  dt  =  0, th e n

В
Aq A  

k [ c + k , I
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s u b s t i tu t in g  B  in to  th e  fo llo w in g  equation

we o b ta in

——- =  k, A  k [ B C ,
c U

(1C k l k'., A
A t k [C + k ’2

I f  th e  decrease  of u rea  c o n c e n tra tio n  is rep re se n te d  b y  x , th e n  A  — A 0 —  x. 
C — X  a n d  the  ra te  e q u a tio n  c a n  be given as fo llow s:

dC  d *  кг к2(А  0 — x)

d t df k'^xA-k'i

A fte r  se p a ra tio n  and  in te g ra t io n  of th e  above d iffe re n tia l eq u a tio n  th e  follow 
in g  ex p ress io n  is o b ta in ed :

In
x

x  =
k ,  • k ’2
—— 1 1

К

F ro m  th e  in teg ra ted  fo rm u la , th e  half-life tim e  is

t1/2
0.19 A: . 0.69
---------- - А о H----------

k r A 4 k x

T h is  re la tio n sh ip  im plies a d ec rease  of half-life tim e  w ith  decreasing  A 0; fu r
th e r  o n , th e  in te rcep t o f th e  s t r a ig h t  line gives th e  half-life  tim e  o f th e  reac tio n  
s te p  w ith  ra te  co n stan t k l in  th e  absence o f o th e r  rev e rse  reac tio n s.

S upposing  the  v a lu e  o f  кЦк', to  be in d e p e n d e n t o f th e  in itia l u rea  concen
t r a t i o n  (i .e . u rea has no c a ta ly t ic  effect on an y  o f  th e  processes), th e  p lo t o f  
th e  h a lf-life  tim e ag a in st th e  in it ia l  urea c o n c e n tra tio n  shou ld  give a s tra ig h t 
lin e , w h o se  in te rcep t y ie lds th e  ra te  c o n s tan t of th e rm a l d issocia tion  (F ig . 1).

H alf-life  tim es c o rre sp o n d in g  to  a d isso c ia tio n  process ta k in g  p lace by 
m e a n s  o f  f irs t order re a c tio n s  on ly , can be o b ta in e d  from  th is  figure . In  our 
ca se  th e s e  values -— g iven  in  th e  order of in c reas in g  te m p e ra tu re s  —  are th e  
fo llo w in g : 59, 32 and  17 m in . T he ra te  c o n s ta n ts  c a lc u la ted  from  th ese  d a ta  
as w ell as th e  A(/fe2 va lu es  o b ta in e d  from  th e  in te rc e p ts  a re  g iven in  T ab le  IV .

I t  can  be seen t h a t  th e  ca lcu la ted  ra te  c o n s ta n ts  a n d  tho se  o b ta in ed  
in  cy c lo h ex an o l so lu tion  o f  perch lo ric  acid are in  ex ce llen t ag reem en t, th u s  
th e  in te rp re ta t io n  of th e  re a c tio n  steps is co rrec t. T h e  ra tio  of th e  ra te  con
s ta n t s  (fci/fc2) for the  re a c tio n s  ta k in g  place b e tw een  p h en y lisocyana te -f- aniline 
a n d  cyclohexano l, re sp e c tiv e ly , was found to  be a b o u t 103, considered  to  be 
c o r re c t  b y  analogy w ith  l i te r a tu r e  d a ta .

A c ta  C h im . A cad. Sei. H ung. 68 , 1971
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Fig. 1. D issocia tion  of d ip h en y lu rea  in cyclohexanol so lu tion ; C„: in itia l d ip h e n y lu re a  con
c en tra tio n . t j /2; half-life  tim e

Table IV

Temperature (°C) 120.5 K. S 130.0 138.0
E t

(kcal/mole)

k x m easured (m in-1 ) 0.0095 0.0113* 0.0138 0.0214 0.0415* 27.5
A-, e a le d .  (m in -1 ) — 0.0117 0.0215 0.0405 27.0)

‘ Л — 1040 — ! 1040 1010 —

* V alues calcu la ted  on the  basis o f th e  ac tiv a tio n  energy

Discussion

T he ex p erim en ts  ca rried  o u t in  glacial ace tic  acid m ed ium  c o n ta in in g  
perch lo ric  acid in d ica te  th a t  e lec tro n  d o n a tin g  su b s titu e n ts  (e.g. C H 3) de
c rease , w hile electron  w ith d raw in g  groups (e.g. Cl) increase th e  r a te  c o n s ta n t  
o f  d issocia tion . ( In v e s tig a tio n  o f u rea  d e riv a tiv e s  co n ta in in g  n itro  g roups 
w ould  be o f m uch  va lu e , how ever, th is  has failed  ow ing to  th e ,in a d e q u a te  
so lu b ilitie s  and  an a ly tica l p rob lem s.) The s u b s titu e n t effects show  t h a t  in  
ac id  so lu tio n  th e  ra te -d e te rm in in g  s tep  is n o t th e  in te rm o lecu la r p ro to n a tio n  
o f  th e  n itro g en  atom , h u t  th e  su b s ta n tia lly  m ore h indered  process o f  d e p ro to n 
a tio n . T h is is su p p o rted  also by  th e  r a te  c o n s ta n t o b ta in ed  for N ,N '-d i-(ja -to ly l)- 
u re a  w hich  is th e  low est o f all va lues. I f  th e  basic ities o f th e  n itro g e n  a to m s 
in  u rea  are com pared  using  th e  o rd e r of th e  b a s ic ity  co n stan ts  o f th e  c o rre 
sp o n d in g  anilines, th e  follow ing o rd e r is o b ta in e d : N ,N '-d i-p -to Iy l- N ,N '-  
d ip h en y l-  „ - N ,N '-d i-(jp -ch lo ropheny l)-u rea . T he d ifferences in  b a s ic ity  seem

7* Acta  C him . Acad. S e t. H u n g . 68 , 1971
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to  b e  b lu rred  in th e  p ro cess  o f p ro to n a tio n , w hile  in  d ep ro to n a tio n  th ese  a p 
p e a r  in a d iffe ren tia ted  m a n n e r . This does n o t, h o w ev er, p reclude th e  p o ssib ility  
o f  a reverse  b eh av io u r in  th e  case of s u b s ti tu e n ts  w ith  ex trem ely  s tro n g  elec
t ro n  w ithd raw ing  c h a ra c te r  (e.g. N 0 2)

T he great d iffe ren ces in  ac tiv a tio n  e n tro p ie s  can be in te rp re te d  b y  
th e  fa c t  th a t  in d ip h e n y lu re a  the  original m o lecu le  is forced in to  a co p lan ar 
s ta te  b y  con jugation , w h ile  in  the  a c tiv a te d  com plex  an  ad d itio n a l degree 
o f  freed o m  appears fo r  in te rn a l  ro ta tio n . T h e  in it ia l  ex istence of th is  in te rn a l 
r o ta t io n  is assum ed in  th e  d i-p -to ly l an d  d i-p -eh  loro phenyl d e riv a tiv e s ; in 
th e  la t te r  case i t  is d u e  to  th e  hindering e ffec t o f  ch lorine atom s on th e  con
ju g a tio n  of n itrogens w ith  th e  rings. F u r th e r  on , th e  developm ent o f th e  a sy m 
m e tr ic  s tru c tu re  of th e  a c tiv a te d  com plex is m o re  re s tra in ed  in  th e  case of 
c o n ju g a tio n  w ith  th e  p h e n y l groups, and th is  fa c t  m ay  be responsib le  fo r th e  
h ig h e r  ac tiv a tio n  en e rg y  v a lu es . The o b serv ed  ‘co m p en sa tio n ’ effect m ay  be 
d u e  to  th e  looser s t ru c tu re  o f  the  ac tiv a ted  co m p lex  and  th e  re su ltin g  h igher 
e n tro p y  c o n trib u tio n  b y  in te rn a l  ro ta tio n s  a n d  v ib ra tio n s  of low frequencies, 
in  th e  case of h igher a c tiv a tio n  energies.

As for the e x p e r im e n ts  carried  ou t in  a lcoho l, in th e  p resen t p a p e r  only 
th e  possibilities and  m e th o d s  of ev a lua tion  w ere  e luc ida ted . W ork  is in  p ro 
g re ss  to  ob tain  m ore in fo rm a tio n  on th e  o b se rv e d  effects.
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PYRIMIDINES ANI) CONDENSED 
DERIVATIVES, II*

O X ID A T IO N  O F  2 -(2 -H Y D R O X Y E T H Y L A M IN O )-4 (3 H )-P Y R IM ID IN O N E S  TO
2,3 -D I H Y D R O -3 -H Y D R O X Y -5 (lH )-IM ID A Z O [],2 -a ]P Y R IM ID IN O N E S * *

Gy. Ho rNYÁK and K . LEMPERT 

( Ins t i tu te  o f  Organic Chemistry , Technical University , Budapest)

R eceived A pril 2, 1970

O x id a tio n  o f 2 -(2 -h y d ro x y eth y lan iin o )-6 -in e th y l-4 (3 H )-p y rim id in o n e  (3 ) by 
b ic h ro m a te -su lfu ric  acid  and ch ro m iu m  tr io x id e —ace tic  anhydride  yields 2 ,3 -d ih v d ro - 
-3 -h y d ro x y -7 -m e th y l-5 ( l# )- im id a z o [l ,2 -a ]  p y rim id in o n e  (9 ) and its 1 -ace ty l d e r iv a tiv e  
(10 ). re sp ec tive ly . On brom ination  o f 3 by  N B S , b ro m in e  is in troduced in to  p o sitio n  5: 
o x id a tio n  of th e  re su ltin g  6 by th e  above  re a g e n ts  y ie ld s 11 and  12. the  6 -b ro m o  d e riv a 
tives o f 9 and 10. respec tive ly . 11 an d  12 m ay  also b e  o b ta ined  by NBS b ro m in a tio n  of 
9 an d  10. re sp ec tiv e ly .

F o r sy n th e tic  pu rposes larger q u a n tit ie s  o f  IV -(l,6 -d ihydro-4 -m ethy l-6 - 
-oxo -2 -py rim id iny l)-g lycine  (2) w ere needed . T h is com pound has p rev io u sly  
been o b ta in ed  b y  F e l d  man and  Ch i h  Ch u n g -Ch i  by  reacting  6 -m eth y l-2 - 
-m e th y lth io -4 (3 íf)-p y rim id in o n e  (1 )  in  aq u eo u s  so lu tio n  w ith g lycine [3]. C on
siderab le  q u a n titie s  o f  6 -m ethy lu racil (7 )  a re , how ever, form ed o w ing  to  the  
acco m p an y in g  h y d ro ly s is  o f 1, an d  th e  s e p a ra t io n  of th e  tw o p ro d u c ts  p roved  
to  be d ifficu lt. A possib le  a lte rn a tiv e  p a th w a y  fo r th e  p rep a ra tio n  o f  2 , ox i
d a tio n  o f 2 -(2 -hydroxyethy lam in o )-6 -m eth y l-4 (3 F f)-p y rim id in o n e  (3 )* * *  easily

О 0
II

X / 'Л И

i l  !
M e/ 4 N ^ 'Y

II
x 4/A nh

Me -N / 4 0
H

1: X H , Y SMr
2 : X H , Y N H C H 2C O O H 7: X -  H
3 : X H , Y =  N H C H X H „O H 8: X =  Br
4 : X H . Y -  NHCHoCHO
5 : X Br. Y =  SMe
6 : X  = Hr, ï =  N H C H X H .O H

* P a r t  I: see [1 |.
** B ased  on a p a r t  o f th e  Dr. T echn . T hesis o f  G y . H o h n y á k  (T echnical U n iv e rs ity , 

B u d ap es t, 1967). T he c o n te n ts  of th is p a p e r  h a v e  b een  in co rp o ra te d  in to  a le c tu re  de liv e red  
a t  a M eeting  of th e  H u n g . Chem. Soc. [2].

*** F o r p roof o f th e  tau to m eric  s tru c tu re s  o f th e  p o ten tia lly  tau to m eric  co m p o u n d  3 
and  o f co m pounds 5, 6. 9 an d  11 to be d iscussed  be low , see [1].
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o b ta in a b le  b y  th e  re a c tio n  of 1 and 2 -am in o e th an o l,*  was, th e re fo re , in 
v e s tig a te d .

O x id a tio n  of 3 w as a tte m p te d  by  p o ta ss iu m  b ich rom ate  in  su lfu ric  acid 
a n d  b y  ch rom ium  tr io x id e  in  a m ix tu re  o f  ace tic  acid  and acetic a n h y d rid e . 
As sh o w n  b y  th e  a n a ly tic a l resu lts  of th e  p ro d u c t , b ich rom ate—su lfu ric  acid  
o x id a tio n  stops a f te r  th e  e lim ina tion  of tw o  h y d ro g e n  atom s, i.e. a t  th e  a ld e 
h y d e  s ta g e . Since, a cco rd in g  to  its  UV sp e c tru m , th e  p ro d u c t (w hich  could  
b e  iso la te d  only  so m ew h a t c ircu m stan tia lly  a n d  in  low yields) c o n ta in e d  a 
c o n ju g a te d  double b o n d  sy s tem  in th e  p y rim id in e  ring , s tru c tu re  4  w as a t 
t r ib u te d  to  it. On th e  basis  o f th e  IR  sp e c tru m , accord ing  to  w hich  th e  co m 
p o u n d  co n ta in ed  b u t  a sing le , viz. a la c ta m  c a rb o n y l group (a t 1680 c m -1 ), 
s t ru c tu re  4 h ad , h ow ever, to  be re jec ted  an d , in s te a d , th e  a lte rn a tiv e  s tru c tu re  
9 h a d  to  be accep ted . T h u s , th e  N H  group o f 4, th e  p rim ary  o x id a tio n  p ro d u c t 
o f 3, w as added  in tra m o le c u la r ly  to  th e  a ld e h y d e  group s itu a ted  fa v o u ra b ly  
fo r th is  reac tio n  to  occur, an d  th e  re su ltin g  2 ,3 -d ih y d ro -3 -h y d ro x y -7 -m eth y l- 
-5 ( lf î) - im id a z o [l ,2 -a ]p y r im id in o n e , co n ta in in g  o n ly  a m asked a ld eh y d e  g roup , 
b e c a m e  in sensitive  to  o x id a tio n  to  such an  e x te n t  th a t  i t  was n o t o x id ized  
f u r th e r  even  by  excess b ich ro m ate .

In tra m o le c u la r  a d d itio n s  of cyclic N H  g ro u p s to  side chain  c a rb o n y l 
g ro u p s , lead ing  to  th e  fo rm a tio n  of an a d d itio n a l ring , have a lread y  b e e n  o b 
se rv e d  (cf. e. g.\ [4— 6 ]).

O x id a tio n  of 3 b y  ch rom ium  trio x id e  in  a m ix tu re  of acetic  ac id  and  
a c e tic  a n h y d rid e  led  to  a sim ilar resu lt. A cco rd in g  to  the  analyses, h ow ever, 
th e  re su ltin g  p ro d u c t (A) co n ta in ed  an  a d d itio n a l ace ty l group as c o m p a re d  
w ith  9. In  ag reem en t w ith  th is  9 was o b ta in e d  b y  acid  hydrolysis of A.

0 0

X n/ n - OH
jNH 1

Me W 4 N
1! 1 1 

M e '4'N '"*  INK

Z Ac

9: X  =  Z =  H 13
10: X  =  H: z = Ac
11: X  =  Br: z = H
12: X  =  Br: z Ac

T h e  IR  sp ec tru m  o f A has tw o am ide I  b a n d s , a t 1695 and  1680 cm  
re sp e c tiv e ly . T hese v a lu e s , as well as th e  rO H  b a n d  appearing  a t  3300 c m 1 
a n d  th e  absence o f  e s te r  b a n d s  in the  reg ion  1300 to  1000 cm -1 u n eq u iv o ca lly  
d isp ro v e  A to  be d e riv e d  fro m  9 by  a c e ty la tio n  a t  th e  hydroxy l g roup  a n d  re-

* This compound has previously been prepared by K awai by condensation of ethyl 
acetoacetate and JV-(2-hydroxyethyl)-guanidine [14] ; this synthesis, however, does not prove 
the structure of the product unequivocally.
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veal i t  as an  iV -acetyl d e riv a tiv e  (10 or 13). B y  th e  UV spec tru m  10 w as show n 
to be th e  co rrec t s tru c tu re  because th e  sp e c tru m  (see T ab le  1) w as fo u n d  to  
be v e ry  s im ila r to  those  of th e  b icyclic  iV (2)-acylisocytosine d e riv a tiv e s  14— 17 
co n ta in in g  th e  sam e chrom ophore  and  p re p a re d  by  s tru c tu re  p ro v in g  sy n 
theses [7, 8 ].

()

R \ / 4 n ___.R 3

I ! ^ H
R 7 N ^ N ^ O

R 1

R> R« R7

14
15 
If. 
17

Me Me 
n-B u i H
HOC2H 4-  H 
FhC H  -  H

E t Me
H  Me
-(C H 2), 
-(C H jh

T he UV sp ec tra  of th e  bicyclic iV (2)-acylisocytosines a re  p ra c tic a lly  
id en tica l w ith  tho se  of n o n -acy la ted  m ono- an d  bicyclic isocytosines c o n ta in 
ing th e  sam e co n ju g a ted  double bo n d  sy s tem  as th e  ch rom ophore; th is  m a y  be 
illu s tra te d  b y  th e  spec tra l d a ta  of co m pounds 9 and  11 also show n in  T ab le  I 
(for th e  sp e c tra  o f num erous o th e r  m ono- an d  bicyclic d e riv a tiv e s , see [1]). 
T he s im ila rity  of th e  UV sp ec tra  o f th e  a c y la te d  an d  n o n -acy la ted  ty p e s  m an i
fests itse lf  also in th e  values of A  log e : fo r th e  n o n -acy la ted  m ono- a n d  bicyclic 
isocytosines co n ta in in g  a co n ju g a ted  doub le  bo n d  system  th e  v a lu e  o f  I log e 
was found  to  fa ll be tw een  — 0.24 and  —(-0.18 [1 ]. T he s im ila rity  of th e  sp ec tra

Table I

U V  Spectra o f  some imidazo[l,2-a]pyrimidines

C om pound S olven t 4щах0°в «> A  log e

9 E tO H 226 (4.00) 290 (3.95) 0.05

ix E tO H 230 (3.94) 304 (3.94) 0

R) E tO U 234 (3.88) 283 (4.00) +  0.12

12 E tO H 244 (3.92) 296 (4.08) +  0.16

14 buffer, p H  2.1 10.3 239 (4.06) 285 (3.92) [7] - 0 .1 4

15 l«] E tO H 230 (4.07) 280 (3.94)* 0.13

16 IB] E tO H 236 (4.04) 282 (3.90) - 0 .1 4

17 [8] E tO H 236 (4.00) 282 (3.92) —0.08

* Shoulder a t  242 nm  (3.74)
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o f a c y la te d  and  n o n -acy la ted  com pounds em p h asises  our prev ious s ta te m e n t 
c o n c e rn in g  th e  co m p ara tiv e  insensitiveness o f th e  UV sp ec tra  co rresp o n d in g  
to  th e  2 -am in o -4 (3 H )-p y rim id in o n e  eh ro m o p h o re  to w ard s s tru c tu ra l v a r ia 
tio n s  [1 ].

U nsuccessfu l a t te m p ts  w ere m ade to  ox id ize  th e  h y d ro x y o x o  com 
p o u n d s  9 an d  10 to  the  co rresp o n d in g  dioxo d e riv a tiv e s  by  various ox id iz ing  
a g e n ts  (m anganese  d iox ide , h y d ro g en  pero x id e , IV -brom osuccinim ide). O nly  
as a r e s u l t  of th e  reac tio n s  w ith  N B S could d e fin ed  p ro d u c ts  be o b ta in ed  b u t ,  
a c c o rd in g  to  th e ir  a n a ly tic a l d a ta  and  IR  sp e c tra , these  proved  to  be m ono- 
b ro m in a t io n  p ro d u c ts  in s te a d  of oxidized d e riv a tiv e s .

T h e  b rom ine a to m  in tro d u c e d  in to  10 b y  N B S  could f irs t of all be  p ro v 
ed no t to  be a tta c h e d  to  th e  im idazo lid ine  r in g  o f  th e  p ro d u c t (B ) o b ta in e d , 
since  В could  also be p re p a re d  b y  th e  c h ro m iu m  trio x id e -ace tic  a n h y d rid e  
o x id a t io n  of com pound C (o b ta in e d  from  3 b y  m o n o b ro m in a tio n  w ith  N B S). 
In  o rd e r  to  prove th e  b ro m in e  atom  of C n o t to  be  a tta c h e d  to  th e  h y d ro x y -  
e th y la m in o  side chain , a s tru c tu re  p rov ing  sy n th es is  of C, s ta r tin g  w ith  D 
( th e  m o n o b ro m in a tio n  p ro d u c t of 1 o b ta in ed  on b ro m in a tio n  w ith  b ro m in e  
[9] o r  N B S ) and  2 -am in o e th an o l, seem ed to  b e  tin; m ost sim ple m e th o d . H ow 
ev e r, C cou ld  no t be am in o ly zed  e ith e r w ith  2 -am in o e th an o l or w ith  o th e r  
p r im a ry  am ines. On th e  o th e r  h an d , acid h y d ro ly s is  of C, perfo rm ed  u n d e r  
r a th e r  v ig o ro u s co n d itions, fu rn ish ed  an a lre a d y  know n [10] b ro m o m eth y l-  
u ra c il  ( E ) ,  p rov ing  th e  co rrec tn ess  of our above  s ta te m e n t. (On th e  o th e r  h a n d , 
ac id  h y d ro ly s is  of D also y ie ld ed  E .)

W h ile  th e  tra n s fo rm a tio n s  discussed in  th e  p reced ing  p a ra g ra p h  p ro v e  
th e  b ro m in e  atom s o f co m p o u n d s В — E to  be a t ta c h e d  to  id en tica l p o s itio n s , 
th e y  do  n o t  prove th e ir  a c tu a l s ite  o f a tta c h m e n t. T here  are, n am ely , tw o  a c 
tiv e  p o s itio n s  (C-5 an d  th e  m e th y l group) in  6 -m e th y lu rac il (7 ) w h ich  m ig h t 
be a t ta c k e d  by  brom ine or N B S  and , a lth o u g h  co m p o u n d  E o b ta in ed  on b ro 
m in a t io n  o f 7 is supposed  [10] to  be id e n tic a l w ith  5 -b rom o -6 -m eth y lu racil 
( 8 ) , th is  a ssum ption  h as  n o t  been accu ra te ly  p ro v ed .

I n  th is  connection  th e  o b se rv a tio n  of A u s tr ia n  au th o rs  shou ld  be  m e n 
t io n e d  o n  th e  one h an d , acco rd in g  to  w hich 3 ,4 -d ih y d ro -6 -m e th y l-2 (lH )-p y ri-  
m id in o n e s  are  b ro m in a te d  a t  th e  m e th y l g ro u p  [11] and , on th e  o th e r , th e  
o p p o s in g  view s concern ing  th e  s tru c tu re  of th e  p ro d u c t o b ta in ed  b y  re a c tin g  
I w ith  iV -chlorosuccinim ide [12, 13].

I n  o rd e r to  e lu c id a te  th e  problem  a c c u ra te ly , th e  N M R sp ec tru m  o f D. 
th e  b ro m in a tio n  p ro d u c t o f 1, w as exam ined . S ince two m e th y l signals an d  no 
o le fin ic  p ro to n  signal w as fo u n d , D m u st be  id e n tic a l w ith  5 and , th u s , В , C 
and  E  w ith  12, 6 and  8 . respective ly .*

* A f te r  com pletion  o f th e  p re se n t s tu d y , s tru c tu re  8 w as p roved  by  J a p a n e se  a u th o rs  
fo r E , th e  p ro d u c t ob ta in ed  on re a c tin g  7 w ith  N B S, b y  th e  sam e tech n iq u e  [15].
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9 reacts w ith  INBS sim ilarly to 10. Structure 11 for the product could  
he deduced from the observation that the product m ay also he obtained by  
acid hydrolysis o f  12.

In order to m ake possible the elucidation by spectroscopical m ethods  
(cf .  [1]) of the actual tautom eric structures o f  som e potentially  tautom eric  
com pounds described in the present paper, several related substances w ith  
‘fix ed ’ structures were also prepared; the syn th eses are described in E xp eri
m ental.

E xperim en ta l*

2 -(2 -H y d ro x y e th y lam in o )-6 -m eth y l-4 (3 J /)-p y rim id in o n e  (3)

A m ix tu re  o f 1 (5.0 g; 32 m m oles), 2 -am in o eth an o l (2 .6  g; 42 m m oles), 2 -am m o n io eth an o l 
ch lo ride  (0.2 g) an d  d ry  n -p ro p an o l (40 m l) was re flu x e d  fo r 48 h rs  to yield, a f te r  s ta n d in g  
o v e rn ig h t in a re fr ig e ra to r , 4.7 g (87% ) of 3, colourless c ry s ta ls , m .p . 204 —205 °C (e th a n o l) , 
l it . [14] m .p .: 2 0 4 -  205 °C.

IR  (K B r): vN H  -f- vO H : 3500—2850 w ith  m ax im a  a t  3300 and  3100; A m ide I :  1635 
(b ro ad ). UV (e th an o l): 224 (4.02); 290 (3.97).

2 -(2 -B e iizy lth io )-3 ,6 -d im c th y l-4 (3 //)-p y rim id iiio n e

A m ix tu re  o f  2 -b en zy lth io -6 -m eth y l-4 (3 H )-p y riin id in o n e  [16] (11.6 g; 50 m m oles), 
po tassiu m  h y d ro x id e  (2.8 g; 50 m m oles), e th a n o l (100 m l) a n d  m eth y l iodide (8.9 g; 63 nuno les) 
w as allowed to s ta n d  fo r 6 h rs a t  room  te m p e ra tu re , su b se q u e n tly  re flu x ed  for 1 h r., a n d  f in a lly  
e v ap o ra te d  to d ry n ess in  v acu u m . T he o ily  residue  w as re flu x e d  fo r 5 m in. w ith  5%  aq u eo u s 
sod ium  hydroxide (60 m l) to  yield , a f te r  being  cooled to  0 °C, 9.5 g (77% ) of 2 -(2-benzy lth io )- 
-3 ,6 -d irn e th y l-4 (3 f/)-p y rim id in o n e , long colourless need les , m .p . 74 —75 °C (aqueous ace to n e ).

C13H I4N2OS (246.3). Calcd. N 11.38; S 13.02. F o u n d  N 10.98; S 13.01% .
IR  (K B r): A m ide  1: 1695, UV (e th an o l): 289 (4 .00), th e  sp e c tra l d a ta  p rov ing  th e  s ite  

o f  m é th y la tio n  u n e q u iv o ca lly  (cf. [1]).

2 -(2 -H ydro x y e th y lam in o )-3 ,6 -c lim e th y l-4 (3 //)-p y rim ic liiio n e

(a )  A m ix tu re  o f 3 (4.2 g; 25 m m oles), p o tass iu m  h y d ro x id e  (1.4 g; 25 m m oles), e th a 
no l (30 ml) an d  m e th y l iodide (7.1 g; 50 m m oles) was re flu x e d  fo r 3 hrs. On cooling to  room  
te m p e ra tu re  c ry s ta ls  o f p o tassium  iodide se p a ra ted  w hich  w ere f ilte red  off. The m o th e r  liquor 
w as allowed to  s ta n d  o v e rn ig h t in a re fr ig e ra to r to  y ie ld  2.4 g (5 2 % ) of 2 -(2 -h y d ro x y eth y l- 
a m in o )-3 ,6 -d im eth y l-4 (3 //)-p y rim id in o n e ; colourless n eed les , m .p . 186 187 °C (w a ter).

C8H,.,N30., (183.2). Calcd. C 52.45; 11 7.15; N 22.94. F o u n d  C 52.04; H  6.88: N 2 2 .8 9 % .
IR  (K B r)“: j’N H + И Э Н : 3280; A m ide I: 1650, UV  (e th a n o l): 228 (3.86). 289 (4 .04), 

the  sp ec tra l d a ta  p ro v in g  th e  site  o f m é th y la tio n  u n e q u iv o c a lly  (cf. [1]).
(b)  A m ix tu re  o f 2 -(2 -b en zy lth io )-3 ,6 -d im eth y l-4 (3 H )-p y rim id in o n e  (2.5 g; 10 m m oles), 

2 -a in inoethano l (1.3 g; 22 m m oles), 2 -am m onioethano l ch lo rid e  (0.2 g) and  d ry  e th an o l (10 ml) 
w as h ea ted  in a sealed tu b e  fo r 15 hrs to 145— 150 °C. T h e  re su ltin g  so lu tion  was e v a p o ra te d  to 
d ry n e ss  and th e  oily resid u e  ru b b ed  w ith  e th e r  (20 m l) to y ie ld  1.1 g (60% ) of a su b s tan ce  w h ich  
b y  m .p ., m ixed m .p . a n d  sp ec tra  was p ro v ed  to  be id en tica l w ith  th e  p ro d u c t p rep ared  a c c o rd 
in g  to  (a ) .

2 ,3- D ih v d ro -l,6 -d im eth y l-2 -th io x o -4 ( 1 / /) -p y r in iid in o n e

To a boiling so lu tio n  o f A -m e th y lth io u rea  (4.5 g ; 50 m m oles) in acetic  acid  (13 m l), 
d ik e te n e  (4.3 g; 51 m m oles) was added by  d rops in a b o u t 5 m in . A fte r  reflux ing  fo r fu r th e r  
20 m in ., w a ter (5 m l) was ad d ed  by  d rops. On s ta n d in g  1 h r. in a  re frig e ra to r 2.5 g (3 2 % ) of

* M .p.’s a re  u n co rrec ted .
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th e  d e s ire d  c ry sta llin e  p ro d u c t se p a ra te d , m .p . 268 270 °C (m ethanol). A m .p . o f  235— 245 C
(c ru d e  p ro d u c t? )  is given in  th e  l i te ra tu re  [17].

I R  (K B r): vN H : 3 2 0 0 —2900 w ith  a m a x im u m  a t  3080; Am ide I: 1680. UV (e th an o l): 
218 (4 .2 2 ), 270 (4.18); 290 (4.08), sh.

2 -(2 -B en z y lth io )- l ,6 -d im e th y l-4 ( li /) -p y rim id in o n e

A  m ix tu re  of 2 ,3 -d ih y d ro -l,6 -d im e th y l-2 - th io x o -4 (llï) -p y rim id in o n e  (7.8 g; 50 m m oles)’ 
d ry  e th a n o l  (200 ml) in  w hich  m eta llic  sod ium  (1.15 g; 50 m m oles) had  p re v io u s ly  b een  dis
so lv ed , a n d  benzy l chloride (7.2 g; 57 m m oles) w as re flu x e d  for 3 hrs.

T h e  o ily  residue, o b ta in e d  on ev ap o ra tio n  o f th e  so lv en t, was ru b b e d  w ith  e th e r  (20 ml) 
to  y ie ld  8.3 g (67% ) of 2 -(2 -b en z y lth io )-l,6 -d im e th y l-4 (lH )-p y rim id in o n e , co lou rless c ry s ta l
lin e  p o w d e r , m .p . 146— 147 °C (a c e to n e -p e tro le u m  e th e r) .

C ^H ^N o O S  (246.3). Calcd. N  11.38; S 13.02. F o u n d  N  11.57; S 12 .95% .
I R  (K B r): A m ide I: 1650, U V  (e th an o l): 236 (4.46), th e  spec tra l d a ta  p ro v in g  th e  

p re sen c e  o f  a  c ross-conjugated  ch ro m o p h o re  (cf. [1]), i .e.  t h a t  th e  JV-inethyl g ro u p s  in th is 
an d , t h u s ,  in  th e  p revious co m p o u n d  as w ell, a re  a tta c h e d  to  N -l.

2 -(2 -H y d ro x y e th y la m in o )-l,6 -d im e th y l-4 (l/f)-p y rim id iiio iie

A  m ix tu re  o f 2 -(2 -b en z y lth io )- l,6 -d im e th y l-4 ( lii) -p y rim id in o n e  (4.9 g; 20 m m oles), 
2 -a rn in o e th a n o l (1.3 g; 22 m m oles), 2 -a m m o n io e th an o l ch loride  (0.2 g) and  d ry  e th a n o l (30 ml) 
w as re f lu x e d  for 10 hrs, an d  th e  resid u e , o b ta in e d  on  ev ap o ra tio n  of th e  so lv e n t, w as ru b b ed  
w ith  co ld  e th e r  (10 ml) to  y ield  3.1 g (84% ) of 2 -(2 -h y d ro x y e th y la m in o )- l,6 -d im e th y l-4 ( lH )-  
-p y r im id in o n e ;  colourless c ry s ta llin e  p la te s , m .p. 262 263 °C (aqueous ace to n e).

C8H 13N 30 2 (183.2). Calcd. N 22.94. F o u n d  N  22 .70% .
I R  (K B r): vN H  -f- vOH : 3500-—2800 w ith  a m ax im um  a t  3270; A m ide  1: 1645. 

UV (e th a n o l) :  213 (4.36); 264 (3.74), th e  sp e c tra l  d a ta  again  prov ing  th e  p resence  o f  a cross-
t i l  ch ro m o p h o re , i.e. th e  ta u to m e ric  s tru c tu re  o f th e  p ro d u c t (cf. [1]).

1 -A c e ty l-2 ,3 -d ih y d ro -3 -h y d ro x y -7 -m e th y l-5 (lJZ )-in iid azo [l,2 -a ]p y rim id in o n e  (1 0 )

A  suspension  of 3 (4.8 g; 28 m m oles) in ace tic  acid  (20 ml) was p re p a re d  a n d  a  m ix tu re  
o f c h ro m iu m  triox ide  (2 g; 20 m m oles), ace tic  acid  (20 m l) and  acetic  a n h y d rid e  (10 m l) wa« 
a d d e d  w ith in  ab o u t 30 m in. by  d rops. T he re su ltin g  so lu tio n  was stirred  fo r 1 h r. a t  ro o m  te m 
p e r a tu r e  a n d  ev ap o ra ted  to  d ry n ess in  v a cu u m . T h e  g reen ish  crystalline  resid u e  w as e x tra c te d  
w ith  a c e to n e  in  a Soxhlet a p p a ra tu s  (a b o u t 10 h rs)  a n d  th e  acetonic so lu tio n  e v a p o ra te d  to  
d ry n e ss  in  v acu u m  to  give a c ry s ta llin e  residue  o f 1.3 g (22% ) of a lm o st p u re  10: colourless 
p la te s  (fro m  w ater), m .p . 1 9 0 —191 °C.

C9H u N 30 3 (209.2). Calcd. C 51.67; H  5.30; N  20.09. F ound  C 51.71: H  5.27; N 20.09% .
I R  (K B r): v O R :  3300 (b ro ad ); A m id e  I: 1695 a n d  1680. UV: see T ab le  I.

2 ,3 -D ih y d ro -3 -h y d ro x y -7 -m eth y l-5 (l/Z )-im id azo [l,2 -a ]p y rim id in o n e  (9 )

( a )  B y  deacety lation o f  10: A m ix tu re  o f 10 (0.2 g; 1 m m ole), e th a n o l (3 m l) a n d  20%  
h y d ro c h lo r ic  acid  (2 m l) w as re flu x ed  fo r 30 m in . a n d  ev ap o ra te d  to d ry n ess. T h e  resid u e  was 
d isso lv e d  in  w a te r  (3 ml) an d  th e  so lu tio n  n e u tra liz e d  b y  th e  add ition  of 5%  a q u eo u s  sodium  
h y d ro g e n  carb o n a te  so lu tion . A fte r  s ta n d in g  fo r 3 h rs  in  a re frig e ra to r 0.12 g (7 2 % ) of 9 sep
a r a te d  g ra d u a lly ; colourless c ry s ta llin e  pow der, m .p . 226—227 °C (d.) (from  e th a n o l).

C -H 9N 30 2 (167.2). Calcd. C 50.30; H  5.43; N  25.14. F ound  C 50.33: H  5.40; N 25 .19% .
IR  (K B r): rO H  -F rN H : 3400 2400 w ith  a m ax im um  a t 3200; A m ide  I :  1680.

U V : see T ab le  I.
( b )  B y  ox ida t ion  o f  3: A queous su lfuric  acid  (3.9 m l of H 2SO, and  40 m l o f w a te r)  was 

a d d e d  b y  d ro p s u n d e r co n tin u o u s s tirr in g  w ith in  15 m in . to  a m ix tu re  o f 3 (4.2 g; 25 m m oles), 
p o ta s s iu m  b ich ro m ate  (5.3 g; 180 m m oles), ace tic  ac id  (2 m l) and w a ter (120 m l), th e  reac tio n  
m ix tu re  b e in g  m eanw hile slow ly h e a te d  to i ts  b .p . R e flu x in g  was co n tin u ed  fo r f u r th e r  30 m in. 
T h e  r e su ltin g  d a rk  green so lu tion  w as n e u tra liz ed  w ith  cone, am m onium  h y d ro x id e  a n d  trea te d  
w ith  a c e tic  acid  u n til slig h tly  acid ic  (p H  =  5— 6). T h e  aqueous so lu tion  w as c o n c e n tra te d  to
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ap p ro x im ate ly  one th ir d  o f  its  orig inal vo lum e in  v a cu u m  an d  allow ed to cool to y ield  2.7 g 
o f a g rey ish  c ry sta llin e  p ro d u c t decom posing slow ly a t  a b o u t  210 °C. A second crop  o f 2 g im 
p u re  9 (co n tam in a ted  b y  chrom ium  sa lts )  w as o b ta in e d  b y  co n cen tra tio n  o f  th e  m o th e r 
liq u o r to  h a lf its o rig in a l volum e. By tw o successive c ry s ta lliz a tio n s  from  w a te r  a n d  e th a n o l, 
re sp ec tiv e ly , 0.4 g (9 .7 % ) of pure  9 was o b ta in e d , m .p . 227 °C (d.).

Owing to  th e  n ecessity  of se p a ra tin g  9 from  a  co n sid erab le  a m o u n t o f in o rgan ic  sa lts  
a n d  th e  slight so lu b ility  differences o f 9 an d  its  c o n ta m in a n ts  in w a ter, m e th o d  ( b)  c an n o t 
be recom m ended  fo r th e  p rep ara tio n  of 9.

5 -B ro ino-6 -n ie lli y 1-2-n ie th y lth io -4 (3 / /  )-pyiim icli none (5 )

1 (1.56 g; 10 m m oles) was dissolved a t  40 °C in a m ix tu re  o f d ioxane  (30 m l) a n d  w a te r  
(10 m l). U nder c o n tin u o u s  stirrin g  pow dered  iV -brom osuccin im ide (1.78 g; 10 m m oles) w as 
ad d ed  w hich d isso lved  im m edia te ly . A fte r  a few  m in u te s  c ry s ta ls  o f 5 s ta r te d  to  se p a ra te . 
P re c ip ita tio n  of th e  p ro d u c t  was co m ple ted  by  fu r th e r  s t ir r in g  for 1 hr. T he p ro d u c t (1 .4  g; 
5 9 % ) was a colourless c ry sta llin e  pow der, m .p . 250 -252 °C (d .) (from  e th an o l), lit. [9] m .p .: 
255 °C, m ixed m .p . w ith  a sam ple p rep ared  acco rd ing  to  l ite ra tu re  [9J: 250— 252 °C.

I l l  (K B r): v N H :  3200 -2 5 0 0 ; A m ide 1: 1645.
NM R (D M SO -d6): 2.55Ó; 2.40Ó (3 -  3 H).

5-Bi o m o -2 -(2 -h vch ox vet h via mi n o )-6 -m eth y l-4 (3 /l)-p y riiu id in o iie  (6 )

3 (1.7 g; 10 m m oles) was dissolved in  a w arm  m ix tu re  of d ioxane  (55 m l) a n d  w a te r  
(15 m l). A t 40 °C, u n d e r  con tinuous s tirr in g  po w d ered  N B S (1.8 g; 10 m m oles) w as ad d ed  
w hich  dissolved im m e d ia te ly . The p ro d u c t was iso la ted  as in th e  case o f th e  p rev io u s p re p a ra 
tio n , th e  yield being 1.65 g (66% ) of colourless c ry s ta llin e  needles, m .p . 236 8 °C (d .) (from
w ater).

C7H 10B rN 3O., (248.1). Calcd. C 33.90; II 4.06; Br 32 .31; N 16.92. F o u n d  C 34.21; II  4.08; 
B r 32.44; N 16.63%,.

IR  (K B r): i»OH +  yNH: 3500 2600, w ith  m a x im a  a t 3990, 3300. 3150 and  3095;
A m ide I: 1645. UV (e th a n o l) : 229 (4.04); 304 (4.04).

5 -B ro in o -6 -m eth v lu rac il (8 )

(a )  5 (2.35 g; 10 m m oles) was re flu x ed  fo r 10 h rs  w ith  30%, su lfuric  acid  (20 m l) to
v ield . on cooling, 1.5 g (73%,) of 8, c ry sta llin e  p o w d er, m .p . 247 249 C (d .) (from  w ater),
lit. m .p .: 247 °C (d .) [10], 270—275 °C [15].

(b )  6 (0.5 g; 2 m m oles) was re flu x ed  fo r 18 h rs  w ith  30°,, su lfuric  acid  4 m l) to y ield ,
on  cooling, 0.35 g (8 5 % ) of 8. m .p. and  m ixed m .p . w ith  th e  p ro d u c t o b ta in ed  acco rd in g  to
(a ) :  247 249 °C (d .) (from  w ater).

l-A cety l-6 -b ro iiio -2 ,3 -cIih y < lro -3 -h y d io x y -7 -in e th y l-5 (ll/)-  
-im idazo[ 1 ,2 -a |p y rim id in o n e  (12)

(a )  Pow dered N B S  (1.0 g; 5.5 m m oles) was a d d ed  u n d e r  con tin u o u s s tirr in g  to  a so lu 
tio n  o f 10 (1.0 g; 5 m m oles) in a m ix tu re  o f d ioxane  (36 m l) an d  w a te r  (4 ml). S tirr in g  w as con
tin u e d  for 1 hr. a t  ro o m  te m p e ra tu re  and  th e  so lu tio n  e v a p o ra te d  to  d ry n ess in  v a cu u m . T he 
residue  was boiled u p  w ith  w ater (25 m l) to o b ta in  0.98 g (68% ,) of 12 as an insoluble c ry s ta llin e  
resid u e , needles from  e th a n o l, m .p. 216— 217 °C.

IR  (K B r): v O H :  3370 (b road); A m ide I: 1700 a n d  1670. UV: see T ab le  I.
(b )  To a su sp en sio n  of 6 (2.5 g; 10 m m oles) in a m ix tu re  of ace tic  acid (15 m l) and  ace tic  

a n h y d rid e  (5 ml) a so lu tio n  of chrom ium  trio x id e  (0.7 g; 7 m m oles) in a m ix tu re  o f ace tic  acid 
(30 m l) and acetic  a n h y d r id e  (20 ml) w as ad d ed  by d ro p s  a t room  te m p e ra tu re . S tirr in g  was 
c o n tin u e d  for 1 hr. a n d  th e  resu lting  so lu tio n  e v a p o ra te d  to  d ryness in v acuum . T he c ry sta llin e  
residue  was boiled u p  w ith  w ater (20 ml) and  th e  m ix tu re  allow ed to s ta n d  o v e rn ig h t to  yield 
l . l  g (38%,) of 12. m .p . and  m ixed m .p . w ith  th e  p ro d u c t p re p are d  acco rd ing  to  ( n ) '  216 
217 °C (d.) (from  e th a n o l) .
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6 -B ro iiio -2 ,3 -c lih y d ro -3 -h y d ro x y -7 -m eth y l-5 (l/f  )-im idazo- 
[1 ,2 -a  I pyrin iid inoiie  (1 1 )

( a )  A  m ix tu re  of 12 (0.5 g ; 1.7 m m oles), e th a n o l an d  20%  h y d roch lo ric  acid  (4 ml 
e ac h ) w as re flu x ed  for 30 m in . a n d  e v a p o ra te d  to  d ry n ess  in  vacu u m . T he re sid u e  w as d is
so lv ed  in  w a te r  (15 ml) and  n e u tra liz e d  w ith  5%  aq u eo u s sodium  h y drogen  c a rb o n a te  so lu tio n  
to  y ie ld  0.3 g (63% ) of 11. co lo u rless c ry s ta llin e  pow d er, in .p . 234 —236 °C (d.) (fro m  w ater).

C7H 8B rN 3a ,  (246.1). Calcd. C 34.17; H 3.28; B r 32.48; N 17.08. F ound  C 34.11; I I  3.59; 
B r 32 .58 ; N  16.93% .

I R  (K B r): rN H  rO H : 3500— 2600 w ith  a m ax im u m  a t 3270; A m ide I :  1675. UV: 
see T a b le  I.

( b)  N B S (0.45 g; 2.5 m m oles) w as ad d ed  a t  40 °C u n d e r  co n tin u o u s s tirr in g  to  a  m ix tu re  
o f  9 (0 .4  g ; 2.4 m moles), d ioxane  a n d  w a te r  (20 ml each). T he N B S dissolved im m e d ia te ly  and , 
a f te r  a  few  m in u te s , c ry s ta lliz a tio n  o f th e  p ro d u c t s ta r te d . C ry sta lliza tio n  was co m p le ted  by  
s t ir r in g  fo r a n o th e r hr. an d  a llow ing  th e  re ac tio n  m ix tu re  to  s ta n d  2 h rs in a re fr ig e ra to r  to 
y ie ld  0.42 g (71% ) of 11, m .p . a n d  m ixed  m .p . w ith  th e  p ro d u c t p rep ared  acco rd in g  to  fa ) :  
234— 236 °C (d.) (from  w ater).

I R ,  UV and NM R sp e c tra  w ere  o b ta in e d  in K B r pe lle ts  w ith  an  U R  10 sp e c tro m e te r  
(C arl Z eiss , J e n a ), w ith  a S p e c tro m o m  201 sp e c tro m e te r (M agyar O p tik ai M üvek,* B u d a p es t) , 
a n d  a t  60 M H z w ith  a JN M — C — 60 sp e c tro m e te r ( J a p a n  E le c tro n  O ptics L a b o ra to ry , T okyo), 
re sp e c tiv e ly . T he UV sp ec tra  h av e  p rev io u s ly  been  p u b lish ed  [18].

*
T h e  a u th o rs  express th e ir  g ra t i tu d e  to Miss K . Of a l v i, Mrs. S. V isz t -S im on  a n d  Mrs. I. 

Z a u e r -Csü l lö g  for the  m ic ro an a ly se s , to Dr. L. L á ng  an d  Mr. M. V örös for th e  U V  and  to  
Dr. P . S o h á r  for th e  IR  an d  th e  N M R  sp ec tra .
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ACTA CHIMICA
TOM 68—ВЫП. 3

Р Е З Ю М Е

Изучение селективности мембранных электродов йодистого серебра

3. ПУХОНЬ, к. т о т  и Э. ПУНГОР

И зу чал ась  селективность й одисты х м ем бранны х электродов в  п р и су тств и и  различ
н ы х  анионов, даю щ их с серебром л и б о  осадок, либо ком п лекс, а т а к ж е  р а зл и ч н ы х  ионов 
м еталлов, образую щ их ком плексы  с иодидом. Р езу л ьтаты  подтверж даю т теоретические 
соображ ен ия  относительно  расчета константы  селективности .

Б ы л о  до к азан о , что иодо-ком плексы  м еталлов  ведут себя по отнош ению  к  йодистому 
эл ектр о д у  т а к  ж е , к а к  и ц иан о-ком п лексы  по отнош ению  к  цианидном у э л е к тр о д у . П о
следний  вопрос исследуется дальш е.

Критическое рассмотрение констант стабильности некоторых 
комплексов лантанидов с а-гидроксикарбоксильными кислотами

А. ГЕРГЕЙ и И. НАДЬПАЛ

Н а основе эксп ери м ен тальн ы х  данны х  и з л и тер ату р н ы х  источников с пом ощ ью  ме 
тода  приведенны х к р и вы х  п ер есм атр ивал и сь  к р и ти ч еск и  константы  стаб и л ьн о сти  следу
ю щ их равновесны х систем: N d (1 11)-м етилпропилгликолят, У Ь (Ш )-и зо б у ти л м ети л гл и к о л- 
я т , -и зо п р опи лм ети лгли колят  и -д и эти лгл и к о л я т , Е г(Ш )-а -ги д р о к си ц и к л о гек сан к ар д о к - 
си л а т  и  8 т (Ш )-м а н д е л а т . З ан о во  с помощ ью  метода приведенны х к р и вы х  в ы б и р ал ась  об
л асть  кривы х образован ия , п о д х о д я щ ая  дл я  развити я  ком плексов типа M A . Н а  основе 
метода наим еньш их к вад р ато в  и з д ан н ы х  участков  к р и в ы х  рассчиты валось то ч н о е  значение 
ко нстан т  стабильности  и о бсу ж дал и сь  критически  литер ату р н ы е данны е.

Теоретические спектры магнитного резонанса систем типа 
АА'А". . .  ХХ'Х". . . случай кажущейся простоты

А. РОККЕНБАУЕР и Л. РАДИЧ

И сследованы  теоретические сп ектр ы  м агнитного  резонанса систем ти п а  А А 'А "  . . .  
Х Х 'Х " . . .  ^  А ^ Х |„  в  предельном  сл у ч ае , когда взаим одействие частиц  А  м е ж д у  собой 
я в л я е т с я  сильны м  по сравнению  со взаим одействием  м еж ду  частицам и А  и  X ,  а  взаим о
действием  частиц  X  м еж ду  собой м о ж н о  пренебречь (предельны й слу чай  с и л ь н о го  взаи
м одействия). Н аш и  рассветы  прим еним ы  д л я  описания к а к  Я М Р , т а к  и Э П Р  сп ектр о в . Мы 
и зу ч а л и  у сл о ви я , ведущ ие к  п о явлени ю  спектров  к аж у щ е й с я  простоты , к о гд а  спектры  
систем  «  л+ X J, идентичны  со сп ектр ам и  системы А „ Х т , содерж ащ ей  м агн ети ч еск и  экви
вален тн ы е  частицы . Б ы л о  устан о вл ен о , что системы типа А + X J, обладаю т с п ек тр ам и  к а ж у 
щ ей ся  простоты  то л ьк о  тогда, когда точеч н ая  гр у п п а  симметрии подсистемы  А £ я вл я ется  
аб ел ев о й : в  этом сл у чае  наблю дается  то л ько  среднее зн ачен и е констан т взаим одействия 
I a x - Н о когда  точечн ая  групп а подсистемы  A J н е я в л я е т с я  абелевой, п о л у ч аю тся  более



с л о ж н ы е  спектры  из в ы р о ж д ен н ы х  уровней  подсистемы A J , и  так о го  рода сп ектры  д аю т  
д о п о л н и тел ьн ы е  информации к  определению  констант взаим о дей стви я  1дх-

М ы  рассчитали  тео р ети ч еск и е  спектры  н еско л ьк и х  с и л ьн о  взаим одействую щ их сис
тем  А + Х ^  и дали новую  и н тер п р етац и ю  спектров п р о то н н о го  резонанса н еско л ьк и х  
ф осф оро-азотны х  соединений.

О тл и чи е м еж ду ч астям и  А  и X  в спектрах систем А ^ Х ^  и А ^ Х /  т а к ж е  о б ъ ясн яется  
тем , ч т о  точечн ая  группа си м м етр и и  не является  абел ево й .

Гидрирование оксосоединений, I

Гидрирование и электрогидрирование ацетона в кислых средах. 
Экспериментальная часть

Д Ь .  Х О Р А Н И ,  Ш. САБО, Я. Ш О Л Т  и Ф .  Н А Д Ь

И зу ч ал о сь  гид р и р о ван и е и  электрогидрирование ац ето н а  в к ислы х  ср едах  ( 1 N  
Н С Ю 4) н а  платиновом п о р о ш к е  и  платинированной  п л а ти н е , соответственно, с помощ ью  
волю м ом етрического , га л ь в а н о - и  потенциостатического м етодов. Б ы ло устан овлен о , что в 
и зу ч е н н ы х  эксп ери м ен тальн ы х  у с л о в и я х  продуктом к а к  ги д р и р о в ан и я , т а к  и эл ек тр о ги д 
р и р о в а н и я  явл яется  п ропан .

И сследовались с терм один ам и ческой  точки зр е н и я  у с л о в и я  появлени я  и зо проп и ло
вого  с п и р т а  в  продуктах э л ек тр о ги д р о в ан и я  ацетона.

Б ы л о  установлено, что п р и  потенциостатических и ссл ед о ван и ях  ум еньш ение силы  
т о к а , сопровож даем ое п о яв л ен и ем  изопропилового с п и р та  н е обязательно следует р а с 
с м а т р и в а т ь  к а к  процесс с т а р е н и я .

С н яти е  кривы х за р я д а  п о к а з а л о , что ацетон не в л и я е т  н а  адсорбцию  водорода.

Окисление на окисно-никелевом электроде, III.

Определение скорости окисления электрохимическим методом
Д Ь .  В Е Р Т Е Ш ,  Д Ь ,  Х О Р А Н И  и  Ф .  Н А Д Ь

О п р ед елял ась  ско р о сть  о к и сл ен и я  спиртов н а окисн о-н и келевом  электрод е . П р и 
н и м ая  в о  вним ание то, что м е ж д у  потенциалом  эл ектр о д а  и  количеством  окиси-гидроокиси  
н и к е л я  ( I I I ) ,  эффективным с т о ч к и  зр е н и я  окисления, н е  н абл ю д ается  однозначной зав и си 
м ости , б ы л  разработан  к освен н ы й  м етод  определения с к о р о сти  окисления. М етод и сх о ди т  
и з  сл ед у ю щ его  основного п р и н ц и п а : при  р азряж ен и и  э л е к т р о д а  одновременно с с у б стр а 
том  и  с то к о м , определенной си л ы  с к о р о сть  реакции м о ж е т  бы ть  определена на основе опре
д е л е н н ы х  п р и  различны х с и л а х  т о к а  полны х времен р а зр я д а  — после восстановлени я  всего 
к о л и ч еств а  N iOOH.

Б ы л о  установлено, что  с к о р о с т ь  окисления э та н о л а  н а  окисно-никелевом  электроде 
п р о п о р ц и о н ал ьн а  количеству  окиси-гидроокиси  н и к е л я ( Ш ) , находящ ем уся  в  данны й 
м ом ент н а  электроде.

Изучение адсорбционных явлений на платиновом электроде 
с помощью метода радиоактивной индикации, VII

Одновременное изучение адсорбции и электрогидрирования фенил-уксусной
кислоты

Д Ь .  Х О Р А Н И  и Ф. Н А Д Ь

1. П р и  эл ектр о ги д р и р о в ан и и  ф енилуксусной к и с л о т ы  изм ерялись одноврем енно 
ск о р о с т ь  гидрирования и  а д с о р б ц и я  субстрата.

2 . Б ы л о  установлено, что  м е ж д у  покрытием и ск о р о стью  — согласно  о ж и д ан и ям  — 
су щ е с т в у е т  соответствую щ ая зав и си м о сть  — п роп о р ц и о н ал ьн о сть.



Использование модифицированного деметилирования по
фон Брауну, I

Гриньяровская реакция аминокетонов, получение тропан-3-олов замещенных
в положении 3

Й. Г.  Ф И Ш Е Р  и Д Ь .  М И К И Т Е

П олучение 2 -этоксикарбон и л-нортроп и нон а позволяло  си н тези р о в ать  с помощью 
р еак ц и и  Г р и н ь я р а  соединения тр о п ан -3 -о л а , зам ещ енны е в п оло ж ен ии  3, к о то р ы е  не могут 
бы ть синтезированы  другим путем , н ап р и м ер , реак ц и ей  Г р и н ьяр а , и с х о д я  и з  тропинона. 
Б ы л о  устан овлен о , что к ар б ам и н о к и сл ая  эф и р н ая  часть м олекулы  н е  и зм ен я ется  во время 
реакци и . Б ы л и  получены  новы е р езу л ь т а т ы  относительно гр и н ьяр о в ск о й  р еак ц и и  тропи
н о н а  и N -этоксикарбон и л-нортроп и нон а, а  именно была устан овлен а  ее стереоспециф ич
ность. Г и д р о кси л ьн ая  группа в п р о д у к те  р еак ц и и  заним ает ак си ал ьн о е  простанственное 
р асп олож ен ие.

Использование модифицированного деметилирования по 
фон Брауну, II

Новый способ получения нортропинона
Й. Г .  Ф И Ш Е Р  и Д Ь .  М И К И Т Е

И з тропинона с хорош им  вы ходом  бы л получен  нортропинон ч ер е з  эти л ен кетал ь  
троп ин она. И з последнего п о л у ч ал ся  эти л ен к етал ь  нортропинона на основе м одиф ицирован
ного  дем етилирования по фон Б р а у н у . П р и  кислом  гидролизе (1 0 % -а я  НС1) почти  с коли 
чественны м вы ходом  образуется н о р тропи нон . Ц иклические к етал и  тр о п и н о н а  и нортро
пинона, в отличии  от основных соединений , я в л я ю т с я  соверш енно стаб и л ьн ы м и .

Термическая диссоциация карбамидов, I
3.  Ч Ю Р Ё Ш ,  Р.  Ш ОШ , И. Б И Т Т Е Р  и 3.  Б Е Н Д Е

И зу ч ал ась  терм ическая ди ссо ц и ац и я  диф енилкарбам ида и его  сим м етрично за 
м ещ енны х производны х в р а с тв о р и те л я х  ти па  алиф атических  к ар б о н о вы х  к и с л о т  и спир
тов . Б ы ло  установлено , что в  х л о р н о й  кислоте  с добавкам и уксу сн о й  ки сл о ты  и ц и к л о 
гексан о н а р азл о ж ен и е  п р ед став л я ет  собой процесс первого п о р я д к а , и  пром еж уточны й  
ком плекс образуется  за  счет м еж м о л е к у л я р н о го  присоединения п р о то н а , в  то  вр ем я  к а к  в 
ц и к л о гек сан о л е  необходимо т а к ж е  сч и таться  и с последовательной р е а к ц и е й  о бразован ия  
у р етан а . Т очное реш ение у р а в н е н и я  ско р о сти  я в л я е тс я  основой д л я  д а л ь н е й ш и х  иссле
дований .

Примидины и их конденсированные производные, II

Окисление 2-(2-гидроксиэтиламино)-4(3#)-пиримидинонов до 
2,3-дигидро-3-гидрокси-5(Ш)-имидазо [1,2-а] пиримидинонов

Д Ь .  Х О Р Н Я К  и к. Л Е М П Е Р Т

О ки слени е 2-(2-гидроксиэтилам ино)-6-м етил-4(ЗН )-пирим идинона (3) бихром атом  в 
серной  кислоте  или  трехокисью  х р о м а  в ук су сн о м  ангидриде п р и в о д и т  к  образованию  
2 ,3 -диги дро-3 -ги дрокси -7 -м ети л-5 (Ш )-и м и дазо  [1 ,2-а]-пирам идинона (9) и л и  его 1-ацетил- 
производном у (10), соответственно. С оединение 3 бром ируется в п о л о ж е н и и  5  с помощью 
N -бром сукциним ида. О кисление п р о д у к та  этой  р еакц и и  с помощ ью  вы ш еу п о м ян у ты х  реа
гентов  п риводит к  образованию  6-бром зам ещ енн ы х 9 или 10, соответствен но  (11 и 12, со
ответственно). Соединения 11 и  12 м о гу т  бы ть т а к ж е  получены  бр о м и р о в ан и ем  9 и 10 с 
помощ ью  N -бром сукциним ида.
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EQUILIBRIA OF a-AMINO-ACID COMPLEXES 
OF TRANSITION METAL IONS, IV

S T A B IL IT Y  C O N STA N TS, E N T H A L P Y  A N D  E N T R O P Y  C H A N G E S O F  T H E  A L A N IN E , 
P H E N Y L A L A N IN E  A N D  T Y R O S IN E  C O M P L E X E S ]

A . G e r g e l y , I . N a g y p á l  and B . K ir á l y

( Ins t i tu te  o f  Inorganic  and Ana ly t ica l  Chemistry , L . K ossuth  University, Debrecen)

R ece iv ed  J a n u a ry  1, 1970

T h e  s ta b il i ty  c o n s tan ts  o f th e  p h e n y la lan in e  an d  ty ro sin e  co m p lex es o f  th e  
3d5— 3d10 tra n s it io n  m eta l ions h a v e  been  d e te rm in e d  p H -m e trica lly  a t  20, 25, 30 and 
35 °C. I t  w as fo u n d  t h a t  in  th ese  sy s tem s th e  v a lu e  o f  log К ( K 2 is a lw ays sm a lle r  th a n  
fo r th e  correspond ing  a lan ine  com plexes.

T h e  va lues o f th e  fo rm a tio n a l e n th a lp y  o f th e  3de— 3d10 tra n s it io n  m e ta l ion 
com plexes w ith  a lan in e , p h e n y la lan in e  an d  ty ro s in e  h a v e  been  d e te rm in e d  b o th  from  
th e  te m p e ra tu re  dependence  o f th e  s ta b ility  c o n s ta n ts  an d  ca lo rim etrica lly . T h e  d a ta  
o b ta in e d  w ith  these  tw o in d e p e n d e n t m ethods ag ree  w ith in  0.2— 1.0 K cal/m o le .

T h e  sum  of A H t and  A H 2 fo r  th e  C o(II), N i( I I )  a n d  Z n (II)  p h e n y la la n in e  and  
ty ro sin e  com plexes is in general sm a lle r  th a n  fo r th e  correspond ing  a lan in e  com plexes. 
A t tim es, how ever, th e  d ifference in  A H 2 an d  /I f f ,  fo r th e  fo rm er com plexes is c o m p a r
a tiv e ly  la rg e r th a n  for th e  a lan in e  com plexes. T h is  is m ore  p ronounced  fo r th e  ty ro s in e  
com plexes th a n  fo r th e  p h e n y la lan in e  chelates. I t  w as concluded  from  th e  e x p e rim e n ta l 
d a ta  t h a t  in  th e  a ro m a tic  am in o -ac id  com plexes th e  s ta b ili ty  is d e te rm in e d  p a r t ly  by  
b ack -co o rd in a tio n . T h is p h en o m en o n  is m ore p ro n o u n ced  fo r ty rosine  com p lex es.

T h e  p r im a ry  fa c to r d e te rm in in g  th e  s ta b ili ty  o f  th e  C u(II) com plexes o f  th e  a ro 
m atic  am ino  acids is th e  J a h n —T elle r  effect.

Acta Chimica Academiae Scientiarum  Hungaricae ,  Tom us 68 (4) ,  pp . 285— 296 (1971)

In tro d u c tio n

T he eq u ilib riu m  cond itions o f  tra n s itio n  m e ta l com plexes o f  p h e n y la la 
n in e  an d  ty ro s in e  h av e  been  s tu d ie d  b y  severa l a u th o rs  d u ring  re c e n t  y ea rs . 
F ro m  a com parison  o f  th e  s ta b ili ty  c o n s ta n ts  o f th e  C u (II)-a lan in e  a n d  C u (II)- 
p h en y la lan in e  sy stem s, I za tt  et al. [1] found  t h a t  th e  log K 2 v a lu e s  w ere  a l
m o st id en tica l. H ow ever, th e  v a lu e  o f log K J K 2 w as sm aller fo r th e  p h e n y l
a lan in e  com plex  th a n  fo r th e  a la n in e  chela te . T h is  w as all th e  m o re  s tr ik in g  
since values o f 10.04 an d  9.38 w ere  o b ta in ed  fo r  p K 2 a t  20 °C fo r a la n in e  an d  
p h en y la lan in e , resp ec tiv e ly . T his e x p e rim e n ta l o b se rv a tio n  was e x p la in e d  by  
b ack -co o rd in atio n .

T he th e rm o d y n a m ic  p a ra m e te rs  of th e  a la n in e  an d  p h e n y la la n in e  com 
plexes of C u (II) an d  N i(II)  w ere d e te rm in ed  ca lo rim e trica lly  b y  A n d e r s o n  
et al. [2-—4], u n d e r p recisely  d efin ed  cond itions. A lth o u g h  th e  re su lts  o b ta in e d  
w ere v e ry  sim ilar to  th e  p rev io u s d a ta , no in te rp re ta t io n  o f th is  in te re s tin g  
phenom enon  w as g iven .

M ore re c e n tly , S im e o n  an d  W e b e r  [5] c a rr ie d  o u t e q u ilib riu m  stu d ies  
from  a con sid era tio n  o f th e  s tereospecific  effects o f  th e  p h en y la lan in e  a n d  a la 

1 A c ta  C h im . A cad. Se i. H u n g . 6 8 , 1971
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n in e  ligands. A ccord ing  to  A nderson  et al. [2— 4] th e  M A 2 ty p e  com plexes 
o f  p h en y la lan in e  are  r e la t iv e ly  m ore stab le  t h a n  th e  co rrespond ing  che la tes  of 
a la n in e ; Simeon  an d  W e b e r  obtained  a s im ila r  re su lt fo r C u (II) , b u t  th a t  for 
N i( I I )  d id  no t e n tire ly  s u p p o r t  the  o b se rv a tio n .

A p a rt from  th e  e a r l ie r  stud ies re la tin g  to  th e  p h en y la lan in e  a n d  ty ro sin e  
co m p lex es [6] sy s te m a tic  experim ents w ere  ca rr ied  o u t b y  Sy t c h e v  and  
M i k h a l  [7] in a d d itio n  to  th e  above m en tio n ed  a u th o rs . F o r th e  p h en y la lan in e  
a n d  ty ro s in e  com plexes o f  F e ( I I )— Z n(II) (w ith  th e  excep tion  o f som e system s) 
th e s e  au th o rs  o b ta in e d  th e  re su lt th a t  K 2 K v  H ow ever, th e y  d id  n o t  in te r
p r e t  th is  surprising  e x p e r im e n ta l resu lt.

T h e  d a ta  of th e  a u th o r s  cited above d isag ree  a t  tim es. T h e y  do draw  
a t te n t io n ,  how ever, to  th e  fa c t th a t  th e  s ta b i l i ty  d e te rm in in g  fa c to rs  for th e  
a ro m a tic  am ino-acid  co m p lex es m ay be d if fe re n t from  th o se  fo r  a lip h a tic  
am in o -ac id  chelates.

Several au th o rs  h a v e  d ea lt w ith  th e  th e rm o d y n a m ic  co n d itio n s  of th e  
3 d 5— 3 d 10 tra n s itio n  m e ta l  alanine com plexes [1— 4, 6, 8 , 9 ]. H ow ever, 
w ith  th e  exception  o f  th e  C u (II)  and N i(II)  p h e n y la la n in e  che la tes  [2— 4], d a ta  
o n  fo rm a tio n a l e n th a lp ie s  a n d  entropies r e la tin g  to  th e  tra n s itio n  m e ta l a rom atic  
a m in o -ac id  com plexes a re  n o t available in  th e  l i te ra tu re . T he v a lu e s  of th e  
s ta b i l i ty  co nstan ts  la rg e ly  call for a re -e x a m in a tio n . H ence, b ecau se  of the  
m iss in g  equilibrium  d a ta ,  th e re  is no p o ss ib ility  for an  in te rp re ta t io n  of th e  
fa c to rs  de term in ing  s ta b i l i ty .

I n  an earlier p u b lic a t io n  [10] we d e te rm in e d  p H -m e trica lly  th e  th e rm o 
d y n a m ic  d a ta  of th e  3d 5— 3 d 10 tran sitio n  m e ta l a la n in e  com plexes. I t  w as show n 
t h a t  i f  th e  pH  is m e a s u re d  un d er carefu lly  d e fin e d  cond itions, th e  e n th a lp y  
a n d  e n tro p y  changes m a y  be determ ined  w ith  sa tis fac to ry  a c c u ra cy  v ia  th e  
s ta b i l i ty  constan ts . A t th e  sam e tim e th e  d a ta  av a ilab le  in  th e  l i te r a tu r e  re la t
in g  to  th e  alanine co m p le x e s  were c ritica lly  re -ex am in ed .

T he aim of th is  w o rk , in  accordance w ith  th e  above, is th e  s tu d y  of the  
fa c to rs  determ in ing  th e  s ta b i l i ty  of the  p h e n y la la n in e  and  ty ro s in e  com plexes. 
T o  th is  end, th e  s ta b il i ty  c o n s ta n ts  and fo rm a tio n a l en th a lp y  an d  e n tro p y  v a l
u es  o f  th e  p h en y la lan in e  a n d  tyrosine co m p lex es w ere d e te rm in ed . T h e  la t te r  
w ere  determ ined  b o th  fo rm  th e  te m p e ra tu re  dependence o f th e  s ta b ility  
c o n s ta n ts  and c a lo r im e tr ic a lly . A t the sam e tim e  a  ca lo rim etric  s tu d y  w as m ade 
on  th e  alanine com plexes.

E xperim ental

R eanal chem icals o f  p .a . q u a lity  were used . A lan in e  an d  p h en y la lan in e  w ere purified  
b y  re c ry sta llisa tio n  from  a  1 : 1 m ix tu re  of w a te r -e th a n o l;  ty ro sin e  from  w ater. T h e  co n cen tra 
tio n s  o f  m eta l chloride so lu tio n s  w ere checked g ra v im e tr ica lly . T he co n cen tra tio n s  o f p h en y l
a la n in e  and  tyrosine in b o th  p H -m e tr ic  and ca lo rim etric  m easu rem en ts w ere 5 X l O ~ 3 M .  The 
lig a n d  to  m eta l ra tio  in th e  p H -m e tr ic  m easurem ents w as 3 : 1, and  in th e  c a lo rim e tric  m easure
m e n ts  2 : 1. E very  so lu tio n  c o n ta in e d  5 Х Ю - 2 M  KC1.

A c ta  C him . Acad. Sei. H u n g . 6 8 , 1971
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F o r th e  m easu rem en ts  o f p H  a R a d io m e te r  P H M -4  ty p e  ap p a ra tu s  w as u sed . T h e  s ta n d 
a rd iz a tio n  of th e  in s tru m e n t an d  th e  m ea su re m e n ts  w ere  carried  o u t as p re v io u s ly  re p o rte d  
[10]. T he m eth o d  o f I r v i n g  et al. [11] w as u sed  to  e lim in a te  th e  erro r a ris in g  fro m  th e  d iffu 
sion  p o ten tia l d ifferences.

T he ca lo rim e tric  m easu rem en ts w ere  c a rried  o u t  as in a p rev io u s p u b lic a tio n  [12] 
w ith  th e  a p p a ra tu s  c o n s tru c ted  b y  us. I n  th e  p re se n t case, how ever, th e  b r id g e -v o ltag e  app lied  
w as 2.5 V. A ccord ing ly , one scale d iv is ion  on th e  g a lv a n o m e te r co rresponded  to  a  te m p e ra tu re  
ch an g e  of 8 X 1 0 _ 5 °C.

C alcu la tions

T he p ro to n a tio n  co n stan ts  and  th e  fo rm a tio n  cu rv es were calcu la ted  fro m  th e  p H -m e t- 
r ic  t i t r a t io n  d a ta  in  th e  n o rm al m an n er. F o r  th e  ca lcu la tio n  of th e  accu ra te  c o n s ta n ts ,  t h a t  n 
reg io n  w as se lected  w ith  our c u rv e-red u c tio n  m e th o d  [13, 14], in w hich th e  fo rm a tio n  o f M A S 
a n d  hydro lysis do n o t  p lay  a p a r t.  F o llow ing  th is , th e  c o n stan ts  were c a lcu la te d  a p p ly in g  th e  
lea s t-sq u a res  p rin c ip le  [10]. T he va lues o f  th e  fo rm a tio n a l e n th a lp y  w ere c a lc u la te d  u sin g  th e  
v a n ’t  H o ff eq u a tio n , likew ise w ith  th e  le a s t-sq u a re s  p rincip le, v ia  th e  c o n s ta n ts  o b ta in e d  a t  
d iffe re n t tem p e ra tu re s .

T he e n th a lp ie s  o f  fo rm ation  w ere d e te rm in e d  fro m  th e  calorim etric  d a ta  to o  b y  a m eth o d  
re p o rte d  earlier [12]. T h e  h e a t change co rre sp o n d in g  to  h y d rogen  ion d isso c ia tio n  w a s  o b ta in ed  
in  a  sep a ra te  process. F ro m  a  know ledge o f th e  la t te r ,  th e  hydrogen  ion c o n c e n tra tio n  a n d  th e  
s ta b il i ty  c o n stan ts , a n d  hence th e  c o n c e n tra tio n  changes, . I l l : and  1 IL: co u ld  b e  calcu la ted .

Results and discussion

T he fo rm a tio n  curves of th e  p h e n y la la n in e  and  ty ro s in e  co m p lex es a t 
d iffe ren t te m p e ra tu re s  m ay  be seen  in  F igs 1 an d  2.

B ecause o f  th e  hydro lysis a lre a d y  o ccu rrin g  a t n ~  0.5 th e  s tu d ie s  o f th e  
M n (II)  com plexes w ere carried  o u t  on ly  a t  25 °C. F o r th e  C u (II)  com plexes 
th e  in d iv id u a l fo rm a tio n  curves (as m a y  be  seen in  th e  F igures) a re  w ell sepa
r a te d  from  each  o th e r. H ow ever, fo r  th e  p h en y la lan in e  and ty ro s in e  com plexes 
o f  C o(II), N i(II)  an d  Z n (II) th e  ch an g es a re  sm aller. C o n seq u en tly , o n ly  th e  
fo rm a tio n  cu rves o b ta in ed  a t 20 a n d  35 °C are  dep icted  in  th e  F ig u re s .

1* Acta Chim. Acad. Sei. H ung . 68, 1971

F ig . 1. F o rm a tio n  cu rves a t  d ifferen t te m p e ra tu re s  fo r th e  C u(II), N i(II) , Z n ( I I ) ,  C o(II) and
M n (II) p h e n y la lan in e  system s
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T h e  solubilities o f  th e  pheny la lan in e  a n d  ty ro s in e  com plexes d iffe r su b 
s ta n t ia l ly  from  each  o th e r . T y ro sin e  dissolves m u c h  m ore  poorly  th a n  p h e n y l
a la n in e , b u t  th e  b e h a v io u r  o f  th e  m e ta l- lig a n d  sy s tem s  is in  c o n tra s t to  th is . 
T h u s , fo r  th e  C o(II) a n d  N i( I I )  p h en y la lan in e  sy s te m s  th e  M A 2 com plexes 
p re c ip ita te  a t  n  ~  1 .2 , a n d  fo r  th e  Cu(II) a n d  Z n ( I I )  p h en y la lan in e  sy stem s a t  
n  ^  1.8. (The se p a ra tio n  o f  a  p rec ip ita te  fo r  th e  in d iv id u a l com plexes beg ins 
in  th e  p H  range 6— 8.5 .) A t  th e  sam e tim e  th e re  is no p rec ip ita tio n  a t  a ll in

F i g .  2 .  Formation curves at different temperatures for the Cu(II), Ni(II), Zn(II), Co(II) and
Mn(II) tyrosine system s

th e  p H  range s tu d ie d  o f  th e  corresponding  ty ro s in e  com plexes. W e sh a ll re 
t u r n  to  th e  in te rp re ta t io n  o f  th is  phenom enon  la te r .  I t  m u st be n o te d  here , 
h o w e v e r, th a t  th e  en su in g  c h a n g e  in  so lub ility , m a in ly  fo r th e  Co(II) an d  Z n (II)  
ty ro s in e  com plexes fo rm in g  a t  higher pH  v a lu e s , m a y  be connected  w ith  th e  
in d u c e d  dissociation  o f  th e  pheno lic  h y d ro x y l g ro u p  o r w ith  its  p a r tic ip a tio n  
in  th e  com plex eq u ilib riu m . T h is suggestion  is su p p o r te d  b y  th e  fa c t  th a t ,  
fo rm  o u r calcu la tions w ith  th e  cu rv e -red u c tio n  m e th o d , for all th e  ty ro s in e  
com plexes we m ay  re c k o n  w ith  th e  fo rm atio n  o f  M A n ty p e  com plexes in  g en 
e ra l o n ly  up to  ii =  1 .0— 1.5.

T h e  values o f th e  s to ich io m e tric  s ta b ility  c o n s ta n ts  o b ta ined  for th e  p h e 
n y la la n in e  and  ty ro s in e  com plexes are given in  T a b le s  I  and  I I .

T h e  ca lcu la ted  e r ro rs  in  th e  s tab ility  c o n s ta n ts  in  Tables I  an d  I I  (w ith  
th e  sam e  lim ita tio n  as a lr e a d y  rep o rted  [10]) a re  in  general 0.01 log K .  T h is 
s y s te m a tic  d ev ia tion  in  th e  sam e w ay is p re s e n t  a t  every  te m p e ra tu re . 
H e n c e , th e  accuracy  o f  th e  e n th a lp y  of fo rm a tio n  is de te rm ined  on ly  b y  th e  
s c a t te r  o f log K .

T h e  th e rm o d y n am ic  s ta b il i ty  co n stan ts  o b ta in e d  as rep o rted  [10] fo r 
th e  N i( I I )  and Cu(I) p h e n y la la n in e  system s a re  g iv en  in  T able I I I  to g e th e r  
w ith  th e  d a ta  of A n d e r s o n  et al.

A cta  Chim. Acad. Sei. Hung. 68, 1971
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C onsidering t h a t  A n d erso n  et al. o b ta in e d  p K 2 == 9.31 co m p ared  w ith  
o u r 9 .26 , th e  d ifference  in  th e  s ta b i l i ty  c o n s ta n ts  is 0.02— 0.08, a good  ag ree 
m e n t. C onsidering  also  th a t  our re su lts  fo r th e  a lan in e  com plexes ag ree  w ith  th e  
m o s t a c c u ra te  l i te ra tu re  d a ta , all th e  c o n s ta n ts  o b ta in ed  b y  us fo r th e  p h e n y l
a la n in e  an d  ty ro s in e  com plexes m a y  q u a lify  as being  of su ffic ien t accu racy .

O u r ow n-and  th e  lite ra tu re  c o n s ta n ts  fo r  th e  p h en y la lan in e  a n d  ty ro s in e  
com plexes are g iv en  in  Tables IV  a n d  V.

Table I

S t o i c h io m e tr i c  s t a b i l i t y  con s tan ts  o f  th e  M n ( I I ) ,  C o ( I I ) ,  N i ( I I ) ,  C u ( I I )  a n d  Z n ( I I )  
c o m p le x e s  o f  p h e n y l a l a n i n e  a t  2 0 ,  2 5 ,  3 0  a n d  3 5  °C

20 °C 25 °C 30 °c 35 °C

Phenyl- p K 2 9.20 9.08 8.97 8.85
alanine P K 1 2.09 2.09 2.09 2.09

log A, _ 2.4 _ _
Mn(II)

log К . — 2.3 - —

log A, 4.05 4.03 4.03 4.00
Co(II) log A . 3.47 3.44 3.41 3.39

log K J K 2 0.58 0.59 0.62 0.61

log A-! 5.13 5.11 5.08 5.05
Ni(II) log K 2 4.36 4.32 4.32 4.27

log K J K , 0.77 0.79 0.76 0.78

log A, 7.90 7.82 7.78 7.73

Cu(II) log A , 6.92 6.84 6.74 6.69
log K J K 2 0.98 0.99 1.04 1.04

log K 2 4.31 4.29 4.28 4.24
Zn(II) log K 2 4.09 4.06 4.00 4.00

log K J K . 0 . 2 2 0 . 2 2 0.28 0.24

T h e  d a ta  in  T ab les  IY  and  Y re fe r  to  d iffe re n t ionic s tre n g th s  b u t  i t  is s till 
possib le  to  e v a lu a te  th e  accu racy  o f  th e  c o n s ta n ts . C onsidering th e  d iffe ren t 
io n ic  s tre n g th s , th e  d a ta  of Sim e o n  a n d  W e b e r  fo r th e  p h e n y la la n in e  com 
p lex es d iffer from  o u r own d a ta  b y  0.2 log  X  w h ich  m ay  be considered  fa ir ly  good 
ag re e m e n t. H ow ever, th e  c o n s ta n ts  d e te rm in e d  b y  Sy tch ev  a n d  M ik h a l  [7] 
a t  t im e s  differ b y  one order o f m a g n itu d e  fro m  o u r d a ta . T h is  is m o re  p ro 
n o u n c e d  fo r th e  com parison  of th e  s ta b i l i ty  c o n s ta n ts  o f th e  ty ro s in e  com plexes, 
b u t  fo r  th e  C o(II) an d  N i(II) p h e n y la la n in e  system s th e y  also  fo u n d  th a t  
K 2 К г, w hich fo r  these  system s in  su ch  an  e x te n t  has no ju s tif ic a tio n . Since

Acta Chim. Acad. Sei. H ung . 68, 197
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no  su c h  e rro r  is in v o lv ed  in  th e  ca lcu la tio n  p ro c e d u re  em ployed, i t  p re su m a b ly  
re fle c ts  th e  e x p e rim e n ta l e rro r  in  th e ir  d a ta .

I n  th e  ca lo rim e tric  w o rk  we m easu red  8— 10 p o in ts . In  th e  m e ta l io n - lig 
an d  sy s tem s  th e  m e a su re m e n t in te rv a l w as se lec ted , ta k in g  in to  acco u n t th a t

Table II

S to ic h io m e tr ic  s ta b ili ty  c o n s ta n ts  o f  the M n ( I I ) ,  N i ( I I ) ,  C o ( I I ) ,  C u ( I I )  a n d  Z n ( I I )  
co m p lexes o f  ty ro s in e  at 2 0 , 2 5 , 30 a n d  35  °C

to О о n 25 °C 30 ° c 35 °C

p K 3 1 0 . 2 1 10.14 1 0 . 0 1 9.94
T yrosine P K 2 9.16 9.05 8.94 8.82

p K i 2 . 1 2 2 . 1 2 2 . 1 2 2 . 1 2

M n(II)
log - 1.5 - —
log K., — 3.5 — —

log K l 3.92 3.93 3.93 3.92
C o(II) log K 2 3.48 3.45 3.42 3.38

log K J K 2 0.44 0.48 0.51 0.54

log K l 5.03 5.02 4.99 4.97
N i(II) log K 2 4.29 4.25 4.23 4.17

log K J K 2 0.74 0.77 0.76 0.80

log K j 7.79 7.75 7.71 7.65
C u(II) log K., 6.88 6.82 6.74 6 . 6 6

log K J K 2 0.91 0.93 0.97 0.99

log K 2 4.15 4.16 4.19 4.20
Z n (II) log K 2 4.13 4.11 4.06 4.01

log K J K . 0.02 0.05 0.13 0.19

Table III
T h e rm o d y n a m ic  s ta b ility  c o n sta n ts  o f  the N i ( I I )  a n d  C u ( I I )  p h e n y la la n in e

com plexes at 2 5  °C

M etal log K, \og Kt log KJK, R eference

N i(II) 5.56 4.66 0.90 [3]
5.46 4.53 0.93 th is  work

C u(II) 8.25 7.13 1 . 1 2 [3]
8.18 7.00 1.18 th is  work

A cta  ( 'h im . A c a d . Se i. H u n g . 6 8 , 1971
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M A  an d  M A 2 ty p e  com plexes for th e  C o(II), N i( I I )  a n d  Z n (II)- lig a n d  sy s tem s 
fo rm  u p  to  ri ~  1.2, an d  fo r C u(II) up  to  1.5.

F ro m  am o n g  th e  ca lo rim etric  t i t r a t io n  re su lts , th e  d a ta  o b ta in ed  fo r th e  
a lan ine—m eta l io n  system s are  g iven  in  T ab le  У I.

Table IV

C o m p a riso n  o f  p H -m e tr ic a lly  de te rm in ed  s ta b ility  c o n sta n ts  o f  the C o ( I I ) ,  N i ( I I ) ,  
C u ( I I )  a n d  Z n ( I I )  p h e n y la la n in e  co m p lexes  w ith  litera ture  data

M etal 1 °  C
Io n ic  s tre n g th  

(M) log X , log K2 log K,IK, R ef.

2 5 0 .0 1 4 . 0 0 4 . 0 8 - 0 . 0 8 [ 9 ]
C o (II)

2 5 0 . 0 5 4 .0 2 3 . 4 3 0 . 5 9 th is  w o rk

2 0 0 .3 7 5 .1 9 4 . 4 7 0 .7 2 [8]

N i( I I ) 2 5 0 .0 1 4 .7 3 5 . 2 9 - 0 . 5 6 [91

2 0 0 . 0 5 5 .1 3 4 . 3 6 0 .7 7 th is  w o rk

2 0 0 .3 7 8 .0 3 7 .1 1 0 .9 2 [ 8 ]

C u (II) 2 5 0 .0 1 7 .3 8 6 . 8 6 0 .5 2 [ 9 ]

2 0 0 . 0 5 7 .9 0 6 . 9 1 0 . 9 9 th is  w o rk

2 0 0 . 3 7 4 .4 1 4 . 0 9 0 .3 2 [ 8 ]

Z n (I I) 2 5 0 .0 1 4 .5 8 4 . 4 5 0 .1 3 [91

2 0 0 . 0 5 4 .3 1 4 . 0 9 0 .2 2 th is  w o rk

Table V

C o m p a riso n  o f  p H -m e tr ic a lly  d e te rm in ed  s ta b ili ty  c o n s ta n ts  o f  the C o ( I I ) ,  N i ( I I ) ,  
C u ( I I )  a n d  Z n ( I I )  ty ro s in e  co m p lexes w ith  litera ture  data

M etal i ° C
Io n ic  s tre n g th

(M ) log K, log K, log KJK, R eferen ce

2 5 0 . 0 1 4 .1 4 . 0 0 .1 [91
C o (II)

2 5 0 . 0 5 3 .9 3 3 . 4 5 0 .4 8 th is  w o rk

2 5 0 . 0 1 4 .9 5 . 6 - 0 . 7 [ 9 ]
N i( I I )

2 5 0 . 0 5 5 .0 2 4 . 2 5 0 . 7 7 th is  w o rk

2 5 0 .0 1 7 .0 7 .5 - 0 . 5 [ 9 ]
C u (I l)

2 5 0 .0 5 7 .7 5 6 . 8 2 0 . 9 3 th is  w o rk

2 5 0 . 0 1 4 .6 4 . 7 - 0 . 1 [ 9 ]
Z n (I I )

2 5 0 .0 5 4 . 1 6 4 . 1 1 0 .0 5 th is  w o rk
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Table VI

C a lo rim e tr ic  a n d  p H -m e tr ic  titra tio n  resu lts  f o r  the  a la n in e —m etal io n  s y s te m s

^Alanine —  0 . 0 1  JVÍ

A la n in e C o (I I )— a lan in e N i( I I ) - a la n in e Z n (I I) -a la n in e C u ( I I ) - a la n in e

m l p H —Q
ca l/l m l p H - Q

cal/l p H — Q
c a l/l p H - Q

ca l/l m l p H
—Q
cal/l

1.0 9 . 2 8 7 2 .5 6 0 . 3 6 . 6 6 5 3 .2 4 5 . 6 9 6 4 . 0 0 6 .4 4 1 2 .6 5 0 . 4 3 . 5 6 2 8 .3 3

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

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

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

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

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

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

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

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

4 . 0 6 . 2 9 9 7 . 0 4

W ith  p h en y la lan in e  a n d  ty ro s in e  s im ila r  re su lts  w ere o b ta in e d  b u t  th e  
d a ta  fo r  th e  C o(II) an d  Z n (II)  system s w ere n o t  to o  accu ra te . T his is ex p la in ed  
b y  th e  fo llow ing  reaso n s: b ecau se  o f th e  p o o r so lu b ility  of th ese  tw o  lig an d s , 
w e u se d  0.005 M  so lu tions. A t  th e  sam e tim e , th e  fo rm atio n  of th e  com plexes 
is in  g e n e ra l accom pan ied  b y  a sm aller h e a t c h an g e  th a n  th a t  o f th e  c o rre sp o n d 
in g  a la n in e  chelates. T hus, in  th e  a lan ine  t i t r a t io n ,  for an  a d d itio n  o f  0.3 m l 
o f  a lk a li  th e  g a lv an o m ete r d e flec tio n  w as 18 sca le  divisions on av e ra g e , an d  
32 fo r  C o (I I ) -a la n in e . T h e  co rresp o n d in g  v a lu e s  fo r  p h en y la lan in e  a n d  C o (I I ) -  
p h e n y la la n in e  w ere 10 an d  14 scale d iv isions. A s th e  com bined  e rro r  in  th e  
m e a s u re m e n t an d  th e  e v a lu a tio n  w as a b o u t 2 scale  d ivisions, th is  m ean s a 
g re a te r  re la tiv e  erro r (w ith  a sim ilarly  sm a ll h e a t  change) fo r th e  C o(II) 
a n d  Z n ( I I )  com plexes o f  p h e n y la la n in e  an d  ty ro s in e . F o r th e  N i(II)  a n d  C u (II) 
p h e n y la la n in e  and  ty ro s in e  com plexes, w here  th e  sam e am o u n t of a d d e d  a lk a li 
g av e  a n  av e rag e  g a lv an o m e te r  d eflec tion  o f 20 o r 36 scale d iv isions, n a tu ra l ly  
th e  m e a su re m e n t is s u b s ta n tia lly  m ore  a c c u ra te .

T h e  sa tis fa c to ry  acc u ra cy  of th e  e n th a lp y  changes ca lc u la ted  v ia  th e  
c o n s ta n ts  d e te rm in ed  a t  d iffe re n t te m p e ra tu re s  fo r  th e  a lan ine com plexes has 
a lre a d y  b e e n  p roved  [10]. T h e  av a ilab le  l i te r a tu r e  d a ta  for th e  N i(II)  an d  C u (II) 
p h e n y la la n in e  system s are  g iv en  in  T ab le  Y I I  to g e th e r  w ith  our ow n re su lts . 
T h e  d a t a  in T a b le  V IÏ  d e te rm in e d  b y  A n d e r so n  et al. refer to  zero ion ic  s tre n g th . 
S ince th e  e rro r g iven b y  th e  a u th o rs  for th e  in d iv id u a l com plex  fo rm a tio n  
p ro cesses  is ^  (0-2— 0.8) K ca l/m o le , th e  a g re e m e n t w ith  ou r v a lu es  ap p e a rs  
s a tis fa c to ry .
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T he e n th a lp y  an d  e n tro p y  changes of th e  C o (II) , N i(II) , C u(II) a n d  Z n (I I )  
com plexes o f a lan in e , p h en y la lan in e  an d  ty ro s in e  a re  given in  T ab le  V I I I ,  
to g e th e r  w ith  th e  d a ta  c a lc u la te d  ca lo rim e trica lly  a n d  on th e  basis o f  th e  te m 
p e ra tu re  d ependence  o f  th e  s ta b ility  c o n s ta n ts .

F ro m  th e  d a ta  in  T a b le  V I I I  i t  m ay  b e  co n c lu d ed  th a t  th e  e n th a lp y  
changes fo r th e  N i(II)  a n d  C u (II) p h en y la lan in e  a n d  ty ro s in e  com plexes o b ta in e d  
b y  th e  tw o  m eth o d s ag ree  w ell w ith  each o th e r . I n  th e  d is tr ib u tio n  o f  th e  h e a t

Table VII

E nthalp ies and  entropies o f fo rm ation  o f  the N i ( I I )  and C u ( I I )  
phenylalanine complexes

N i(I I )  p h en y la lan in e

M ethod
—AHX

K ca l/m o le
—АНг

Kcal/m ole
ASX 

e . u .
ASt 

e. u . R ef.

calorim etric 3.2 3.3 13.8 10.0 [3]
calorim etric 2.7 1.9 15* 14* th is  w o rk

tem p . dep. 

o f log К
2.2 2.3 16* 12* th is  w o rk

C u (II) p h en y la lan in e

M ethod — AHX —AHt ASX ASt R ef.

calorim etric 5.3 6.4 19.8 13.7 [2]
calorim etric 4.7 6.9 20* 9* th is  w o rk

tem p . dep.
4.6 6.4 21* 10* th is  w ork

of log К

* ca lcu la ted  from  th e  th e rm o d y n a m ic  s ta b ility  c o n s ta n ts

effects b e tw een  A l l y  a n d  A H 2, how ever, a t  t im e s  la rg e r  dev ia tions a re  o b se rv 
ed. W e h av e  a lread y  p o in te d  o u t one possib le  cau se  o f th is  for th e  c a lo rim e tric  
m easu rem en t [12]. F o r  th e  C o(II) an d  p a r t ic u la r ly  th e  Z n (II)  p h e n y la la n in e  
an d  ty ro s in e  com plexes th e re  is a m ore s ig n if ic a n t d ev ia tio n  b e tw een  th e  en 
th a lp y  changes o b ta in e d  b y  th e  tw o m eth o d s . A s a  re su lt of th e  p re v io u s ly  
d e ta iled  reasons, th e re fo re , we believe th e  d a ta  o b ta in e d  for th e  tw o  l a t t e r  
sy stem s from  th e  te m p e ra tu re  dependence o f  th e  s ta b il i ty  co n stan ts  to  b e  th e  
m ore su itab le . O n th e  b a s is  of th e  d a ta  o b ta in e d  w ith  th e  tw o  in d e p e n d e n t 
m e th o d s, th e  e rro r m a y  b e  p u t  a t  0.2— 1.0 K ca l/m o le .

O n th e  basis  o f th e  fo rm atio n a l e n th a lp ie s  an d  en trop ies, a n d  o f  th e  
s ta b ili ty  c o n s ta n ts  d e te rm in e d  b y  us fo r th e  a lan in e , p h en y la lan in e  an d  
ty ro s in e  com plexes, th e  fo llow ing conclusions m a y  be  d raw n  as to  th e  fa c to rs  
d e te rm in in g  th e  s ta b i l i ty  o f  th e  a rom atic  a m in o -a c id -m e ta l com plexes:
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1. F ro m  T ab le  V I I I  i t  is c lear th a t  th e re  is no sign ifican t d iffe ren ce  in  
th e  su m  o f th e  e n tro p y  a n d  e n th a lp y  ch an g es fo r  th e  C u(II) com plexes of, in  
t u r n ,  a la n in e , p h en y la lan in e  a n d  ty ro sin e . (T h e  ca lo rim etrica lly  o b ta in e d  d a ta  
fo r  th e  C u (II)- ty ro s in e  sy s te m  form  an  e x c e p tio n .)  A t th e  sam e tim e , th e  val-

ТаЫ е V III

E n th a lp ie s  a n d  en tro p ies o f  fo r m a tio n  o f  the a la n in e ,  p h e n y la la n in e  a n d  ty r o s in e  
c o m p le x e s  d e term ined  ca lo r im etr ica lly  a n d  f r o m  the  tem pera ture  dependence  o f  the

s ta b ility  co n sta n ts

L ig a n d

C o (ll) N i( I I )

—A H l — a h 2 a s 2 — A H X —А Н г A S X A S Z

K cal/m ole K cal/m ole e. u . e. u . K cal/m ole K cal/m ole e. u . e . u .

A lan in e
2 . 0 2 .3 1 3 8 3 .4 3 .9 1 4 7

1 .3 * 2 .3 * 1 5 * 9 * 3 .6 * 3 .8 * 1 3 * 8 *

P h e n y la la n in e
1 .1 2 .2 1 5 8 2 .2 2 .3 1 6 12

1 .5 * 0 . 3 * 1 4 * 1 5 * 2 .7 * 1 .9 * 1 5 * 1 4 *

T y ro sin e
- 0 . 2 2 .7 1 9 6 1 .7 3 .1 1 7 9

- 0 . 6 * 1 .7 * 2 0 * 1 1 * 2 . 0 * 2 . 8 * 1 6 * 1 0 *

C u (II) Z n (II )

A lan in e
4 . 7 6 . 0 22 1 0 2 .3 1 .7 1 3 1 3

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

P h e n y la la n in e
4 . 6 6 . 4 21 10 1 .8 2 . 8 1 3 9

4 . 7 * 6 .9 * 2 0 * 9 * 0 .9 * 1 .7 * 1 7 * 1 3 *

T y ro sin e
4 . 0 6 . 0 21 i l - 1 . 5 3 .5 2 4 7

5 . 9 * 6 . 6 * 1 6 * 1 0 * 1 .4 * 2 . 6 * 1 4 * 6 *

c a lo r im e tr ic  re su lts  d e te rm in ed  a t  27 °C

ues o f  lo g  K 2 for th e  C u (II )—p h en y la lan in e  a n d  ty ro sin e  system s a re  a lm o st 
id e n tic a l  w ith  th a t  o f th e  a lan in e  com plex  (c f'. T ab le  IX ). W ith  re g a rd  to  th e  
v a lu e s  o f  p K 2 (a lan ine: 9 .72 ; p h en y la lan in e : 9 .08 ; ty ro sin e : 9 .05), th is  m ean s  a 
s ig n if ic a n t increase o f s ta b il i ty  for th e  C u (II)  a ro m a tic  am ino-acid  com plexes. 
O n th e  o th e r  h an d , fro m  th e  d a ta  o f th e  th e rm o d y n a m ic  changes i t  c a n  only  
be  c o n c lu d e d  th a t ,  s im ila rly  to  th e  a lip h a tic  am in o -a c id -C u (II)  com plexes [15], 
th e  m o s t  im p o r ta n t fa c to r  d e te rm in in g  s ta b i l i ty  is th e  J a h n -T e l le r  effect. 
C o n se q u e n tly , th e  p resence  o f  th e  a ro m atic  r in g  is n o t re flec ted  in  th e  e n tro p y  
c h a n g e s . A t th e  sam e tim e , ta k in g  in to  c o n s id e ra tio n  th e  e rro r in  A H 1 and  
A H 2 e x p la in e d  above, th e  b ack -c o o rd in a tio n  assum ed  b y  I z a t t  et al. [1] can  
be  n e i th e r  excluded  no r v e rified . H ow ever, i f  i t  p lay s  a p a r t  a t  all, th is  c a n  only 
be  o f  a  v e ry  sm all e x te n t  fo r th e  C u (II ) -p h e n y la la n in e  and  ty ro s in e  sy s tem s .
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2. T he sum  o f A H 1 a n d  A H 2 for th e  C o (II), N i(II)  an d  Z n ( I I ) —p h e n y l
a lan in e  an d  ty ro s in e  com plexes is in  general sm alle r th a n  th a t  fo r th e  co rre 
sp o n d in g  a lan ine  com plexes. (The d a ta  o b ta in ed  b y  th e  tw o m e th o d s  fo r the  
Z n (I I )—ty ro sin e  sy s tem  d iffe r s ig n ifican tly  from  each  o th e r. C o n seq u en tly , 
th e  p o ssib ility  of d raw in g  conclusions in  th is  case is r a th e r  lim ite d .)  O n th e  
o th e r  h a n d , th e  va lu es  o f th e  e n tro p y  changes are  genera lly  la rg e r t h a n  fo r th e  
a la n in e  com plexes.

F ro m  th e  s ta b ili ty  c o n s ta n ts  in  T ab le  I X  fo r th e  a lan in e , p h e n y la la n in e  
a n d  ty ro s in e  system s i t  is c lea r  th a t ,  desp ite  th e  differences in  p K  a lre a d y  re fe r
re d  to , th e  values o f log  K 2 fo r  th e  p h en y la lan in e  an d  ty ro s in e  co m p lex es agree

Table IX

S ta b ility  c o n sta n ts  o f  the  a la n in e , p h e n y la la n in e  a n d  ty ro s in e  co m p lexes  
at 25  °C, I  — 0 .05  M

Ligand
log X, log K ,

Co(II) Ni(II) Cu(II) Zn(II) Co(II) Ni(II) Cu(II) Zn(II)

Alanine 4.35 5.46 8.17 4.60 3.51 4.47 6.78 4.07
Phenylalanine 4.02 5.11 7.83 4.28 3.43 4.32 6.83 4.06
Tyrosine 3.93 5.02 7.75 4.16 3.45 4.25 6.82 4.11

w ith  th o se  of th e  a lan in e  com plexes. O n th e  basis o f th e  e n tro p y  ch an g es , th is  
c o m p a ra tiv e  increase in  s ta b il i ty  fo r th e  a ro m a tic  am ino-acid  co m p lex es m ay 
be  ascribed  (a t  le a s t in  p a r t)  to  th e  a ro m atic  s tru c tu re . T he n e u tra l  M A 2 ty p e  
com plexes are less h y d ra te d , o r r a th e r  th e  w a te r  s tru c tu re  is ch an g ed  to  a g re a t
er e x te n t, th a n  th e  a lan in e  com plexes.

3. A ltough  th e  sum  o f th e  e n th a lp y  changes for th e  C o (II), N i( I I )  and  
Z n (I I ) -p h e n y la la n in e  an d  ty ro s in e  com plexes is sm aller th a n  t h a t  fo r  th e  co r
re sp o n d in g  a lan ine  co m plexes, th e re  is a considerab le  d ifference in  th e  d is tr i
b u tio n . W ith  re g a rd  to  th e  in d ic a te d  possib ilities o f e rro r, th e  ra t io  AH^jAHj^ 
is genera lly  la rg e r fo r th e  fo rm er com plexes th a n  for th e  la t te r .  T h is  p h en o m 
enon  m ay  be ex p la in ed  in  p a r t  b y  th e  a ssu m p tio n  of b a c k -c o o rd in a tio n . The 
p ro b a b ili ty  of th is  is su p p o r te d  b y  th e  d ifference in  so lu b ility  (d esc rib ed  above) 
o f th e  a lan ine  an d  ty ro s in e  ch e la tes . T his ex p e rim en ta l fin d in g , to g e th e r  w ith  
th e  d a ta  o b ta in ed  fo r th e  e n th a lp y  changes, is m ost p ro b a b ly  e x p la in e d  as 
fo llow s: as a consequence  o f th e  phenolic  h y d ro x y l g roup , b a c k -c o o rd in a tio n  
fo r th e  ty ro sin e  com plexes is m ore  sign ifican t th a n  for th e  p h e n y la la n in e  com 
p lexes. B y th is  m eans th e  com plex  m olecules w ill be m ore p o la r a n d  th e  so lu
b ili ty  will be increased .

T h u s, i t  m ay  be s ta te d  t h a t  th e  b o n d in g  in  th e  M A 2 ty p e  a ro m a tic  am ino 
ac id  com plexes is re la tiv e ly  m ore  co v a len t. T h is is re flec ted  in  th e  c o m p a ra 
t iv e ly  g re a te r  e n th a lp y  ch an g e  accom pany ing  th e  fo rm a tio n  o f M A 2. A n o th e r
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f a c to r  d e te rm in in g  s ta b il i ty , in  ad d itio n  to  th e  fo reg o in g , is th e  g re a te r  e n tro p y  
c h a n g e  t h a t  can be a sc rib e d  to  th e  presence o f  th e  a ro m a tic  rin g . T hese effects 
a re  m o re  p ronounced  fo r th e  ty ro s in e  com plexes th a n  fo r  th e  p h en y la lan in e  
c h e la te s .

*

We acknowledge the partia l collaboration of Mr. I. Só vágó in the experimental лсогк 
and in the calculations.
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AZO D Y E S A S A D S O R P T IO N  IN D IC A T O R S. E F F E C T  O F  S U B S T IT U E N T S  ON  T H E  
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I n  th is  p a p e r  46 azo com pounds are  lis te d , su itab le  fo r use as a d so rp tio n  in d i
cato rs . M ost o f th e se  co m pounds hav e  n o t  b een  d esc rib ed  in  th e  l ite ra tu re  as y e t.  T he 
ions d e te rm in e d  b y  m ean s o f a rg en to m e tric  t i t r a t io n  a g a in s t th e  lis te d  in d ic a to rs , th e  
co n d itions o f ap p lic a tio n , as w ell as th e  p rin c ip le  fo r  th e  in d ic a tin g  ac tio n  are  g iven. 
T he a c id -b a se  o r th e  su rface  p re c ip ita tio n  p rin c ip le  o r b o th  of th e m  can  be ap p lied  
fo r th e  m a jo r ity  o f  azo a d so rp tio n  in d ica to rs . T h e  e ffec t o f su b s ti tu e n ts  on a rg e n to 
m etric  a p p lic a tio n s  o f th ese  in d ica to rs  are  d iscussed  in  d e ta il.

In  th e  p ra c tic e , sev e ra l azo dyes are  in  u se  as a d so rp tio n  in d ica to rs . 
In  th is  p a p e r  th e  w ell-know n  azo com pounds a re  l is te d  a n d  d iv id ed  in to  g roups, 
to g e th e r  w ith  sev era l azo com pounds p re p a re d  especia lly  fo r o u r s tu d ies  on 
th e ir  in d ic a tio n  m ech an ism . O ur pu rpose  w as th e  in v e s tig a tio n  o f th e  p rin c ip le  
of ac tio n  o f azo dyes show ing  ad so rp tio n  in d ic a to r  c h a ra c te r , o f th e  cond itions 
of a p p lic a b ility  o f an  azo com pound  as an  a d so rp tio n  in d ic a to r , as well as o f 
th e  effects o f  su b s ti tu e n ts  on ap p licab ility .

In  T ab le  I  th e re  a re  22 com pounds lis ted , k n o w n  as in d ic a to r  bases w o rk 
ing  in  acco rdance  w ith  th e  acid—base  p rin c ip le . R eg a rd in g  th e  ap p lic a tio n  of 
th e se  in d ic a to rs  in  a rg e n to m e try , o -ethy l- a n d  p -e th o x y -a -n a p h th y l red  w ere 
u sed  fo r d e ta iled  i l lu s tra tio n  [3—-7]. In  a re c e n t p a p e r  th e  m echan ism  o f a d 
so rp tio n  in d ic a tio n  b y  in d ic a to r  bases w o rk in g  o n  th e  ac id—base  p rin c ip le  w as 
d iscussed  [10, 11]. P re p a ra t io n  an d  in v e s tig a tio n  o f a g re a t n u m b e r o f in d ic a 
to rs  h av e  b een  c a rrie d  o u t in  o rd er to  d e te rm in e  th e  effect o f su b s titu e n ts . Azo- 
benzene w as u sed  as a p a re n t  com pound , th is  is n e ith e r  an  a c id -b a se  in d ic a to r , 
n o r an  a d so rp tio n  one. A fte r  a tta c h m e n t o f an  am ino  g roup  to  th e  benzene 
rin g  in  p -p o s itio n  to  th e  azo group , p -am in o azo b en zen e  w as o b ta in ed , su itab le  
fo r use as b o th  a n  a c id —b ase  and  an  a d so rp tio n  in d ic a to r . T he o th e r  21 com 
pounds lis ted  are  e ssen tia lly  de riv a tiv es  of p -am in o azo b en zen e . T hus th e  presence 
o f an  am ino g roup  in  p -p o s itio n  to  th e  azo g ro u p  is a  necessary  an d  su ffic ien t 
co n d itio n  fo r o b ta in in g  an  a c id -b ase  or a d so rp tio n  in d ic a to r  from  an azo com 
p o u n d . O f course , th is  in d ic a tin g  effect shou ld  be  im p ro v ed  b y  a t ta c h m e n t of 
o th e r  su b s ti tu e n ts , to o .

A tta c h m e n t o f a n  o th e r  su b s ti tu e n t o f +  M  a c tio n  in  p -p o s itio n  to  th e  
azo -n itro g en  is a d v a n ta g e o u s , re su ltin g  in  an  in c rea sed  d ifference b e tw een  th e
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Table I

A zo  bases as a d so rp tio n  ind ica tors

Io n s  to  
t i t r a te

Colour change
p H  in  
precip . 

t i t r .
N o. In d ic a to r p K in  so lu tio n

in  p rec ip ita tio n
Ref.

a lkaline acid t i t r a t io n

l . < ( ^ > - N  =  N - ^ J > - N H 2 2.5 B r“ , I “ , 
SCN

yellow orange from  orange red  to  
yellow

4 - 5

2 . Ч - N  =  N - /  N CHi> 
\ = /  Ч = /  \ Сн з
D im eth y l Yellow

3.4 B r“ , I - ,  
S C N -

yellow red brow n to  orange 4 - 5

3.

/N O j ртт

\ = /  \ с н .
2.5 C l-, B r - ,  

I - ,  SC N -
orange dark

orange
red to  orange 4 - 5

4. ^ ^ > - N  =  N - ^  ^ > - N H 2

n h 2

4.8 B r- , 1- yellow orange orange to yellow 4 - 6

5.

/ № 2

^ ^ , - N  =  N H ,  

n h 2

2.1 B r- , I - ,  
S C N -

yellow orange orange to  yellow 4 - 5

6. C2H 50  ~ / y ~  N  =  N - / - ^ > - N H 2

n h /
p -E th o x ychryso id ine

4.5 B r“ , I - ,
SC N -

yellow red red to  yellow 5 - 6 .5 [ i]

7. N  =  N - < ^ ^ - N H 2 

a -N ap h th y l R ed  - ^

4.3 B r“ , I - yellow red purple to  orange 4 - 5 [2]
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8.
/С гН 5

o -E th y l-a-n ap h th y l R ed

10. C,HsO - < ^ ^ - N = N - < ^ ! - N H .

p -E th o x y -a -n ap h th y l R ed
\ _ y

12. N -

13. - n h 2

2.6

3.0

3.6

3.5

3.5

B r“ , I - ,  
SC N -

C1-, B r -  
I -

B r - ,  I - ,  
SC N -

B r- , I -

B r - ,  I -

B r- , I“ , 
SC N -

[3, 4, 
5]

yellow pink purple to  orange 3 - 5

yellow orange
red

red  to  orange 3 - 5

yellow violet v io le t to  yellow 4 - 6

brow n red purp le  to  orange red 3 - 5
ish
yellow

brow n
ish red

purp le  to  orange red 3 - 5

yellow

yellow red red  to  orange 3 - 5
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Table I  (con tin u ed )

Ions to 
titrate

Colour change
pH in 
precip. 

titr.
No. Indicator pK in solution in precipitation 

titration

Ref.

alkaline acid

14.
/С1

< / ^ > _ N  =  N - i f  S - N H j

\ _ X

3.3 B r - ,  I " ,  
SC N -

orange
yellow

orange
red

red  to  orange 3 - 5

15. H 0 3S -< S ~ ” \ - N  =  N - < ( ^ > - N H 2

\_J^

4.6 B r" , I - yellow vio le t red  to  orange 4 - 5

16. /  S - N  =  N - / ~ ' 4 —N H ,

> <  X
2.5 B r- , I - ,

SC N -
orange purp le blue v io le t to  orange 3 - 5

17.
_ / N 0 2

C H 3Ó - / j ) - N  =  N - / ~ \ - N H 2 3.9 C l-, B r - ,  
I -

orange purple b lue to  orange brow n 3 - 5 [8]

18. H 0 3S - /  ^  —N  =  N - /  'S

О

C1-, B r -  
I - ,  SC N -

blue or green to 
orange 3 - 5 [9]

19.

O C H 3

'  к

2.9 C l-, B r- , 
I -

red blue b lue to  v io le t 3 - 6
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,N0„ /СН,
20. и3с - х З -14 = N-3 /

Ч И ,

N =  N _ / ~ \ _ n h 2

21.

22.

\ _ /

/ ”~ У - С О - Г Ш - У  ) - N  =  N - / A -

,CI
N H , 2.5

C H ,0 X  /

O C H ,

/ ~ X _ C 0 _ n H - < ^ ^ > - N  = N x f 3 ~ NH2
'OCH, /  \

w

2.8

B r - ,  I - ,  
SC N -

C1-, B r - ,  
I - ,  SC N -

Br~, I" , 
SC N -

w ater: v io le t b lue  to  orange
cla re t c la re t red 5 - 6

e thanol:
c la re t blue

orange d ark v io le t b lue  to  grey 3 - 5
orange

orange blue b lue to  orange 3 - 5
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w a v e le n g th s  of acid an d  a lk a lin e  a b so rp tio n  m ax im a  of th e  in d ic a to r , th u s  
th e  co lo u rs  w ill be m ore d is tin c t an d  easie r to  observe.

T h e  fav o u rab le  effect o f a lky l g roups on th e  adso rp tion  in d ic a to r  p ro p 
e r tie s  c a n  be seen b y  com parison  of C om p o u n d s 7, 8 and  9. C o m p o u n d  7 is 
a - n a p h th y l  red , su itab le  fo r t i t r a t io n  of b ro m id e  and  Jodide ions, sh o w in g  
b u t  a  w e a k  colour change. C om pound 8 is o -e th y l-a -n a p h th y l re d , show ing  
b e t te r  co lo u r change in  th e  t i t r a t io n  of b ro m id e , iodide and  th io c y a n a te  ions. 
C o m p o u n d  9 co n ta in s  tw o a lk y l g roups in  o -p o sitio n  to  th e  azo -n itro g en , and  
can  b e  u se d  for th e  t i t r a t io n  o f ch loride, b ro m id e , iodide and  th io c y a n a te  ions. 
T h u s , th e  p resence of an  a lk y l group in  o -p o sitio n  to  th e  azo -n itro g en  is a d 
v a n ta g e o u s  for th e  a d so rp tio n  in d ic a to r  p ro p e rtie s .

T h e  n itro  group p ro d u ces th e  g re a te s t  e ffec t w hen p resen t in  p -p o s itio n  
to  th e  azo -n itro g en . B y  th e  su b s titu tio n  o f a n i tro  group in to  p -am in o a z o b e n - 
zene  o r  a -n a p h th y l  red  in  p -p o s itio n  in d ic a to r  ac id s lis ted  in  T ab le  I I  com e in to  
b e in g . T h e  presence of a n itro  group in  o -p o sitio n  to  the  azo -n itro g en  show s 
a d v a n ta g e o u s  effect on th e  ad so rp tio n  in d ic a tio n  in  C om pounds 3, 5 a n d  17, 
w h ile  th e r e  is no effect in  C om pound 11.

D im e th y l yellow  is su ita b le  for th e  t i t r a t io n  of brom ide, iod ide an d  th io 
c y a n a te  ions only , how ever, a f te r  in tro d u c tio n  o f  a n itro  group in to  o -p o sitio n , 
i t  c a n  b e  u sed  fo r th e  d e te rm in a tio n  of c h lo rid e  ions, too . S im ilarly , a t t a c h 
m e n t o f  a n itro  group to  p -m e th o x y -a -n a p h th y l red  in  o-position  m ak es  it  
s u i ta b le  fo r  th e  t i t r a t io n  of ch lo ride  ions. C h ry so id in e  can be used fo r th e  t i t r a 
t io n  o f  io d id e  an d  b rom ide  ions on ly , h o w ev e r, in tro d u c tio n  of a n i tro  g roup  
in  o -p o s itio n  prov ides a p o ss ib ility  for th e  d e te rm in a tio n  of th io c y a n a te  ions, 
to o . N itro  g roups in  m -p osition  to  th e  a z o -n itro g e n  show no effect on  a d so rp 
t io n  in d ic a tio n .

T h e  p resence  of a sulfo group  m akes th e  basic  dyes w ate r-so lub le , w ith o u t 
a f fe c tin g  th e  colour change. I ts  positio n  w ith  re sp ec t to  th e  azo -n itro g en  has 
no  im p o r ta n c e  reg a rd in g  th e  n a tu re  of th e  in d ic a to rs . In  some cases th e  p re 
sen ce  o f  th e  sulfo group m ak es th e  azo c o m p o u n d  a surface p re c ip ita tio n  in d ic a 
to r ;  th is ,  w h en  being an  ac id—base in d ic a to r  to o , w ill w ork  on th e  ac id —b a se  p r in 
c ip le , to g e th e r  w ith  th e  su rface  p re c ip ita tio n  one , in  a rg en to m etric  t i t r a t io n s .  
T h e  in tro d u c tio n  of a sulfo g roup  in to  d im e th y l yellow  will re su lt in  m e th y l 
o ra n g e , h a v in g  a b e tte r  co lou r change th a n  th e  fo rm er one, in  a d so rp tio n  in d i
c a tio n . I n  C om pound 18 th e  p resence of a su lfo  group is also a d v a n ta g e o u s , 
w h ile  in  C om pound 15 th is  w as n o t o b se rv ed .

T h e  p resence  o f a h a lo g en  a to m  in  th e  d y e  m olecule —  re p re se n te d  b y  
C o m p o u n d s  13 and  14 —  show s no a d v a n ta g e o u s  effect on th e  ac id—b a se  or 
a d s o rp t io n  in d ic a to r  p ro p e rtie s .

T h e  b e s t t i t r a t io n  re su lts  w ith  in d ic a to r  bases  w orking on th e  a c id —base 
p r in c ip le  w ere  o b ta in ed  in  th e  case of io d id e  io n s; b rom ide ions p ro d u c e d  so m e
w h a t  p o o re r  re su lts . T he co lour change is som etim es w eak for th io c y a n a te
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ions, poor if  an y , fo r  th e  chloride ion  an d  in d ic a to r  bases can n o t be u sed  in  th e  
t i t r a t io n  of cy an id e  ions.

T ab le  I I  c o n ta in s  azo in d ic a to r  acids co m m o n ly  used or p re p a re d  b y  us, 
su itab le  for use  as ad so rp tio n  in d ic a to rs . T h e  azo in d ica to r  acids u sa b le  as 
a d so rp tio n  in d ic a to rs  can  be d iv id ed  in to  th r e e  g roups on th e  basis  o f  th e ir  
o p e ra tio n . T he f i r s t  g roup  con ta in s c o m p o u n d s  h a v in g  a basic am ino  g ro u p  in  
ad d itio n  to  th e  ac id ic  n itro  group . T h e ir  a c tio n  h as  been illu s tra te d  on th e  
exam ple  o f p -n itro -oc-naph thy l red  [12]. C om p o u n d s 1— 3 in T ab le  I I  a re  of 
such  n a tu re . C om pounds 4— 7 belong  to  th e  second  group. In  g en era l, th e y  
co n ta in  n itro  a n d  h y d ro x y l groups. T h e ir  m e c h a n ism  of ad so rp tio n  in d ic a tio n  
w as e lu c id a ted  o n  th e  exam ple o f C o m p o u n d  5 [4-(4’-n itro p h e n y la z o )-l-n a p h - 
th o l]  [13]. In d ic a to rs  in  th e  th ird  g roup  a re  ch a rac te rized  b y  th e  p resence  
o f ca rboxy l or su lfo  groups in  a d d itio n  to  th e  n itro  and  h y d ro x y l g ro u p s. 2 - 
(4’-N itro p h en y lazo )-l-n ap h th o l-4 -su lfo n ic  ac id  is a ty p ic a l com pound , u sed  for 
illu s tra tio n  of th e ir  in d ica tio n  m echan ism  [14]. I n  th is  la t te r  case also a d so rp 
tio n -d e s o rp tio n  processes ta k e  p a r t  in  th e  m ech an ism  o f ad so rp tio n  in d ic a tio n , 
w hile in  in d ic a to r  ac ids of groups 1— 2 , th is  occurs a t  h igher ion  excess only .

T he in d ic a to rs  lis ted  in  T ab le  I I  a re  a c id -b a se  in d ica to rs  e x c e p t for 
C om pound 10; C om pounds 3 and  6 w ork  in  a lcoho l only . C om pounds 5, 7 , 11 
an d  15 are u n iv e rsa l a rg en to m etric  in d ic a to rs , eq u a lly  su itab le  for t i t r a t io n  of 
ch lo ride , b rom ide , iod ide , cyanide a n d  th io c y a n a te  ions. T here  is no o rd e r o f 
p reference  fo r ions in  th e  ap p lica tio n , as o b se rv ed  fo r th e  basic  dyes. H ere  
ev e ry  ion has e q u a l chances and , in  g en era l, i t  is th e  n a tu re  of th e  dye  m olecule  
w h ich  d e te rm in es  th e  ions m easu rab le  b y  a rg e n to m e tric  t i t r a t io n . A rg e n to 
m e tric  t i t r a t io n  o f  th e  cyanide ion sh o u ld  be  c a rr ie d  o u t in  th e  p resence  o f  an  
in d ic a to r  acid  a lm o s t exclusively. O f th e  h a lo g en  ions, iodide ion  can  be t i t r a t 
ed in  th e  p resence  o f  an  in d ica to r ac id  in  m o s t cases. This can  be a t t r ib u te d  
to  th e  fa c t t h a t  th e  silver iodide p re c ip ita te  p ro v id es  th e  m ost fa v o u ra b le  
cond itions fo r th e  a d so rp tio n -d e so rp tio n  p rocesses, im p o r ta n t for th e  m e c h a 
n ism  of in d ic a tio n  a n d  th u s  for th e  p ro d u c tio n  o f  a colour change, to o . In  
c o n tra s t  to  th e  b asic  dyes alw ays show ing  th e  b e s t colour change fo r iod ide  
ions and  th e  w e a k e s t for chloride ions, th e  b e h a v io u r  of th ese  co m p o u n d s  
c a n n o t be p re d ic te d , an d  som etim es th e y  g ive  b e t te r  colour change fo r b ro m id e  
or ch loride ions th a n  fo r iodide ion .

T he a m p h o te r ic  adso rp tio n  in d ic a to rs  fo rm  a special g roup  o f azo  a d 
so rp tio n  in d ic a to rs . T h e  te rm  am p h o te ric  re fe rs  to  th e  n a tu re  of th e  a d so rp 
tio n  in d ic a to r  o n ly , irrespec tive  o f  th e ir  b e h a v io u r  in  ac id -b ase  t i t r a t io n s .  
A m ph o teric  a d so rp tio n  ind ica to rs  a re  co m p o u n d s  beh av in g  s im u lta n e o u s ly  
as in d ic a to r  ac ids a n d  bases in  a d so rp tio n  in d ic a tio n . A n excess o f s ilv e r ions 
w ill m ake th e  in d ic a to r  base to  ch an g e  i ts  co lo u r to  a lig h te r one in  a c id  or 
n e u tra l  m ed ium , w hile  th e  colour o f  th e  in d ic a to r  acid  will change to  a d a rk e r  
sh ad e  in  n e u tra l  o r a lkaline  m edium  u n d e r  su ch  cond itions. T he d a rk  co lour,

2* A c ta  C.him. A cad. S e i. H u n g . 68 , 1971
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A z o  in d ica to r acids as a d so rp tio n  ind ica tors

T ab le  I I

2.

3 .

4 .

5 .

6 .

0 2N - < ^ ^ > - N  =  N —^  S '  - N H ,

p -N itro -a -n ap h th y l R ed

0 , N - / ~ \ — N  =  N - / ~ ' S - N H ,

/N O ,
A  \ _ - v  _  TV— /  V _

xOH

N H ,

Н О - /  4 — N  =  N - /  ^ > - O C 2H 5

0 , N - /  \ - N  =  N - < f \ - N H

H O x

0 2N-< ^  ^ > - N = N - < ^ %

\ _ y

pK Io n s  to  
t i t r a te

C olour change
p H  in 
p recip . 

t i t r .
R ef.in  so lu tio n

in  p rec ip ita tio n  
t i t r a t io na lk a lin e acid

B r- ,  I - , w ater:
SC N - purple colour- yellow to  b lue  or 9 - 1 0 [12]

less green
ethanol:

purple red

12.0 I - orange orange yellow  to  orange 6 - 7
red

I - ,  C N - wa ter:
yellow yellow yellow to  orange 8 - 1 0

ethanol:
yellow red

12.0 CI“ , B r- , orange orange orange to  red 8 - 1 0
I - ,  SC N - red

9 .6 C l-, B r- , yellow viole t red  to  blue 8 - 9 [13]
I - ,  SC N -

I - ,  C N - w ater-irisoluble orange to  orange red 8 - 1 0
ethanol:

red v io le t
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12* OjN—<^^>—N = N—

SO ,H

[ 12.0 CI-, Br“ , 
I“ , CN-, 
SC N-

11.1 B r-, I -

11.1 I -

I - ,  SC N -

I - ,  B r -, 
CI“, CN-, 
SC N-

7.6 C l-, B r-, 
I - ,  CN-

yellow violet orange to violet or blue 6 - 1 0

yellow orange yellow to orange 7 - 8

yellow orange yellow to orange 7 - 8 1

orange orange yellow to greenish yellow 9 - 1 0

orange orange yellow to red 6 - 9

orange purple red to blue or green 9 - 1 0
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In d ic a to r

Table II (co n tinued)

Colour change
p H  in 
p rec ip . 

t i t r .
R ef.p K Ions to  

t i t r a te in  so lu tion
in  p rec ip ita tio n  

t it ra t io na lk a lin e acid

9.3 Cl- , Br , orange blue red to  blue 9 -  10 [14]
I - ,  C N -

7.3 Cl- , B r- , yellow red yellow to v io le t or 7 - 9 [14]
I- , SCN~ green

8 .2 Cl- , I - , yellow red yellow to purple 6 - 7
C N -, SCN-

6.3 C l-, B r - , red blue greyish red to  green 6 - 7 [151
I - blue to  v io le t grey 8 - 1 0

306 
L

É
G

R
Á

D
I: 

A
D

S
O

R
P

T
IO

N
 IN

D
IC

A
T

IO
N

, V
III



L É G R Á D I: A D S O R P T IO N  IN D IC A T IO N , V I I I 307

due to  th e  qu ino idal s tru c tu re , is n o t id e n tic a l in  th e  acid an d  a lk a lin e  m edia 
as p ro d u ced  by  d iffe re n t s tru c tu ra l changes. T h u s  th e  ex istence  o f  an  am pho
te ric  ad so rp tio n  in d ic a to r  does no t invo lve  th e  p resence  o f b o th  acid ic  and  basic 
fu n c tio n a l groups in  th e  azo dye. In  g enera l, a t ta c h m e n t  o f a sulfo g roup  to  an 
azo in d ic a to r  base w ill n o t a lte r  its  in d ic a to r  base  c h a ra c te r , th o u g h  i t  will 
in c rease  its  so lu b ility  a n d  change th e  ran g e  o f  its  co lour change. A m pho teric  
azo ad so rp tio n  in d ic a to rs  p rep ared  from  in d ic a to r  acids b y  a t ta c h m e n t of a 
basic  group  are lis te d  in  T ab le  I I I .

T h e  n ex t g roup  o f  azo a d so rp tio n  in d ic a to rs  co n ta in s  azo com pounds 
ac tin g  as surface p re c ip ita tio n  in d ica to rs . T hese  a re  lis ted  in  T ab le  IV . Com
p o u n d  1 of th is  ta b le  is n o t  an  ac id -b ase  in d ic a to r . T h e  on ly  d ifference  betw een  
th is  com pound  and  m e ta n il  yellow is th e  p resence  o f a ch lo rine a to m  in  o-posi- 
tio n , e lim inating  th e  in d ic a to r  c h a ra c te r  o f  th e  m olecule. H o w ev er, i t  acts 
as a su rface  p re c ip ita tio n  in d ica to r, s im ila rly  to  fluo rescein  an d  i ts  de riv a tiv es  
[17]. C om pound 2 d iffe rs  from  m etan il yellow  in  th e  p o sitio n  o f i ts  sulfo group 
w ith  re sp ec t to  th e  azo -n itro g en , i t  b e ing  in  p -p o s itio n  in s te a d  o f m -position . 
S im ila rly  to  m etan il ye llow , i t  is an  in d ic a to r  b ase , how ever, i t  c a n n o t he used 
as an  ad so rp tio n  in d ic a to r  on th e  basis o f ac id —base  p rinc ip le , since th e  colour 
ch an g e  will tak e  p lace  o n ly  a fte r th e  a d d itio n  o f  a s ig n ifican t excess of the  
re a g e n t.

F in a lly , th e re  a re  azo com pounds w h ich  a c t on m ore th a n  o n e  princip le 
as p re c ip ita tio n  in d ic a to rs . These are  su m m arized  in  T ab le  V. O f th e se  in d ica 
to rs , C om pounds 1 a n d  2 w ork  eq u a lly  well on  th e  a c id -b a s e  an d  su rface  p re 
c ip ita tio n  princip les, w h ile  C om pounds 3 a n d  4 show  poor co lo u r change as 
su rface  p rec ip ita tio n  in d ic a to rs . T he co m p o u n d s lis ted  in  T ab le  У  are  in d ica to r 
bases w ith  surface p re c ip ita tio n  p ro p e rtie s , ow ing  to  th e  p resence  o f sulfo or 
c a rb o x y l groups. N o su rface  p re c ip ita tio n  in d ic a to rs  could be  p re p a re d  from  
azo in d ic a to r  acids.

I n  add ition  to  th e  lis te d  com pounds, sev e ra l o th e r  w ell-know n azo dyes 
w ere in v es tig a ted  a n d  fo u n d  to  be u n su ita b le  fo r u se  as a d so rp tio n  in d ica to rs . 
T h e  w a ter-in so lub le  azo  p igm ents H a n sa sc h a rla ch  R N  (С. I .  12120), P erm a- 
n e n tro t  R  ex tra  (С. I .  12085), H ansage lb  G (С. I . 11680) could  n o t  be used as 
a d so rp tio n  in d ica to rs . O f these  p igm en ts  on ly  th e  ice red  or p a ra  red  (С. I. 
12070) w as found to  b e  su itab le  for t i t r a t io n  o f iod ide  an d  cy an id e  ions (Table 
I I ,  C om pound 6). S ince i t  is insoluble in  w a te r , i t  w as d isso lved  in  alcohol and  
m ade alkaline before u se . O f the  basic  azo d y es, D ia m in b ra u n  (С. I . 22311) and  
B asic B row n (С. I . 21000) could n o t be u sed  as a d so rp tio n  in d ic a to rs . T his is 
due  to  th e  fact t h a t  th e se  com pounds are  n o t  ac id -b a se  in d ic a to rs . D irect 
azo dy es D ihanyl B ro w n  (С. I. 35005), D ih an y l O range (С. I . 22130), D irek t- 
schw arz  RW  (С. I . 30245), and D irek ttie fsch w arz  E W  (С. I . 30235) could 
n o t be used as b e in g  no  a c id -b a se  in d ic a to rs . O f th e  azo ch rom ic  m o rd an t 
dyes, A lizarinchroH iechtgelb  (С. I. 14095), C hrom olangelb  G R K  (С. I . 13900),

A clà  Chim . A ca d . S e i. H u n g . 68, 1971
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Table III

A m p h o te r ic  a io  a d s o r p t io n  in d ic a to rs

Io n s  to  t i t r a te  in C olour change

N o. In d ic a to r p K acid a lk a lin e in  so lu tion
in  p rec ip ita tio n

p H R ef.

m ed iu m acid base ti t ra t io n

^ O C H 3

°’N- 0 - N=n-<\_^-nh”

О

í . I - , B r- Cl“ , Br~, 
I - ,  SCN-

pink purple violet to 
orange 

yellow to 
blue

6 - 7

9 - 1 0

[ 8 ]

/ О С Н 3

< / ^ \ - N  =  N - ( ^  ^ > — N H j

n ' ° =  o

2 . 3.1 I - ,  Br~ CN- red yellow purple to 4 - 5 [8 ]
orange 

pink to 
violet 9 - 1 0

Table IV

A zo  com p o u n d s as sur face  p re c ip ita tio n  ind ica tors

C olour ch an g e

N o. In d ic a to r p K Io n s to  t i t r a te in  so lu tio n in  p re c ip ita tio n
p H R ef.

acid b ase t i t ra t io n

1.

Cl

N H -< f  ^ > -N  =  N - / \

1
S 0 3Na

- C -l, B r-, 
I - ,  SCN-

orange orange orange to pink 4 - 5

2 . ^ - N  =  N - < ^ J ^ > - S 0 3Na

Tropeolin 0 0

2 .2 СГ, B r-
I - ,  SCN_

red yellow yellow to. pink 6 - 7 [16]
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T ab le  V

A z o  a d s o r p t io n  in d ic a to r s  a c t in g  o n  m i x e d  p r i n c i p l e

lo n e  to  
t i t r a te

C olour ch an g e

N o, In d ic a to r p K in  so lu tio n
in  p rec ip ita tio n

pH R ef.

ac id base t i t ra t io n

l . ( ^ > - N H - ^ ^ - N  =  N —

M etanil Yellow S 0 »N a

1.7 Cl- , B r- , 
I - , SON-

yellow  to  p ink 6 - 7 [16]

Cl- , B r- , red yellow blue to  orange 3 - 4 [18]

N a 0 3S - / ~ \ - N  =  N - /  4 -  N CH3 
Х = ^  'C H ,

I - , SCN-

2. 3.7 Cl- , B r- , 
I - , SCN-

yellow  to  orange 6 - 7 [19]

M ethyl Orange B r- , I - , red orange red  to  orange 4 - 5

, с о о н  r w

N - N  =  N - / ~ '\ -  N
\ с н 3

SCN-

3. 5.3 B r- , I - ,
SCN-

orange to  orange red 6 - 7

M ethyl R ed B r- , I - , red yellow red  to  orange 4 - 5 . 5
SCN-

n h 2
1

4. / V ^ X - N  =  N 4.0 B r- , I- , red  to  purp le 6 - 7

w  Д SCN-  
B r- , I- , blue red blue to  red 4 - 5 [20, 21]

S O ,N a i ^ J I

1

SCN-

?“■ 6

S 0 3N a

Congo R ed
C Os
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N e o la n g rü n  BL (С. I . 13425) a re  n o t adso rp tio n  in d ic a to rs . T ropeo lin  О was 
th e  o n ly  w ell-know n azo a c id —b ase  ind ica to r w h ich  w as n o t fo u n d  to  be a s u it
a b le  a d so rp tio n  in d ica to r .

G en era l aspects fo r u se  o f  azo  com pounds as ad so rp tio n  ind icators

T h e  above exam ples sh o w  th a t  azo co m p o u n d s a c t as a d so rp tio n  in d i
c a to r s  m a in ly  on th e  b as is  o f  th e  ac id -b ase  p rin c ip le . T h is  req u ires , in  general, 
a d e q u a te ly  d ifferent a b s o rp tio n  m ax im a of th e  ac id ic  an d  a lkaline fo rm s of 
th e  co m p o u n d . There a re  so m e  exceptions, to o , w h ic h  a re  n o t a c id -b a se  in d i
c a to r s  b u t  still ac t as a d s o rp tio n  ind ica to rs . I t  c an  be s ta te d  th a t  th e  m a jo rity  
o f  t h e  azo ac id -base  in d ic a to r s  are sa tis fac to ry  a d so rp tio n  in d ica to rs , w ith  
so m e  excep tions, of cou rse . F o r  exam ple, a change in  th e  positio n  of th e  sulfo 
g ro u p  from  m -position to  p -  o n e  in  m etan il yellow  re su lts  in  u n a lte re d  a c id -  
b a se  in d ic a to r  p ro p erties  b u t  i t  w ill follow th e  su rfa c e  p re c ip ita tio n  p rinc ip le  
w h e n  o p e ra tin g  as an  a d s o rp t io n  ind ica to r.

O f th e  azo a c id -b a se  in d ic a to rs , bo th  th e  in d ic a to r  bases an d  in d ic a to r  
a c id s  c a n  be u tilized  as a d s o rp tio n  ind ica to rs, in  n e u tr a l  an d  acid or n e u tra l  
a n d  a lk a lin e  m edia, re s p e c tiv e ly . In  the  in d ic a to r  b ase  th e  am ino g roup  in  
p -p o s i t io n  to  the  azo g ro u p  is  a n  im p o rta n t s u b s t i tu e n t .  A d v an tag eo u s effects 
a re  o b ta in e d  by s u b s titu e n ts  o f  -j-M  action  in  o- o r p -p o s itio n  and  b y  a lk y l or 
n i t r o  g ro u p s in o -position . I n  th e  in d ica to r ac ids th e  m o st im p o r ta n t su b s ti
t u e n t  is th e  n itro  or h y d ro x y l g ro u p  in  p -p o sitio n  w ith  re sp ec t to  th e  azo g roup .

A ccord ing  to  th e  a b o v e  d iscussion , th e  azo co m p o u n d s  ac tin g  as a d so rp 
t io n  in d ic a to rs  can be d iv id e d  in to  th e  follow ing g ro u p s:

A z o  adsorption indicators

I .  A c id —base p rin c ip le  I I .  Surface p re c ip ita tio n  I I I .  M ixed p rinc ip le

1. I n d ic a to r  2. In d ic a to r  3. A m photeric  
b a se  acid  ind ica to r
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SEPARATION OF TRACES OF ELEMENTS BY  
PRECIPITATION, VIII

S O R P T IO N  O F  L A N T H A N ID E S  A N D  SC A N D IU M  ON IR O N (III)  H Y D R O X ID E  
IN  A  C A R B O N A T E  M E D IU M

E . Upor and Gy . N agy

( M e c se k  Ore M in in g  E n te rp r is e )

R ece iv ed  J a n u a ry  23, 1970

T he so rp tio n  o f th e  la n th a n id e  m eta ls  a n d  scan d iu m  on iron  h y d ro x id e  w as s tu d ied  
in  a  N a2C 0 3 m edium . I t  w as fo u n d  t h a t  as a  r e s u l t  o f  th e  h y d ro ly tic  d eco m p o s itio n  of 
th e  re la tiv e ly  low  s ta b ili ty  c a rb o n a te  com p lex es, th e  so rp tion  of th e  l ig h t  la n th a n id e s  
is com plete  a t  a  N a2COa c o n ce n tra tio n  of 0.2 M ,  b u t  th e  so rp tion  of th e  h e a v y  la n th a 
n ides is on ly  ap p ro x im a te ly  com p le te . W ith  in c rease  o f th e  N a2C 0 3 c o n c e n tra t io n  or of 
th e  a tom ic  n u m b e r th e  so rp tio n  decreases. S can d iu m  b ehaves sim ila rly  to  th e  h eav y  
lan th a n id e  m eta ls . T he so rp tio n  passes th ro u g h  a  m in im um  in  th e  p H  ra n g e  9— 11. 
L u 3+, Y b 3 + a n d  Sc3+ can  be  se p a ra te d  w ith  2 M  N a2C 0 8 from  F e 3+ a n d  to  a  c e rta in  
e x te n t  from  th e  o th e r  la n th a n id e  m eta ls  to o . E v e ry  lan th an id e  m e ta l io n  c a n  b e  sep
a ra te d  from  u ra n iu m , b u t  on ly  th e  f i r s t  m em b ers  o f  th e  series can b e  s e p a ra te d  from  
th o riu m  an d  zirconium .

Acta Chimica Academiae Scienliarum  H ungaricae ,  Tomus 68 (4 )4 pp . 313 —  318 (1971)

Introduction

I t  is well know n th a t  th e  c a rb o n a te s  o f th e  la n th a n id e  m e ta ls  are 
sp a rse ly  soluble com pounds [1]. In  a d d itio n  to  th e  poorly  so lu b le  n o rm al 
c a rb o n a te s  o f com position  L n 2(C 0 3)3, h o w ev er, m ore soluble an ion ic  com plexes 
also  ex is t [2, 3 ]. T h e  com positions o f  th e se  com plexes were r e p o r te d  to  be 
[L n (C 0 3)3]3~ an d  [L n (C 0 3)4]5_. F ro m  th e  r a th e r  lim ited  am o u n t o f  p a p e rs  th e  
fo llow ing  are  k n o w n  on th e ir  p ro p e rtie s .

1. T he s tab ilitie s  o f th e  com plexes a re  no t h igh ; log  K n fo r  th e  
[L n (C 0 3)3]3~ com plex  is 1.89 fo r N d  an d  1.94 fo r E u  [2]. ( K n is th e  s tepw ise  
s ta b il i ty  c o n s ta n t;  n — 3.) N u m erica l v a lu es  h a v e  been d e te rm in ed  fo r  only  
a few  o f th e  m e ta l ions.

2. T he s ta b ilitie s  an d  so lu b ilitie s  o f th e  com plexes increase w ith  a to m ic  
n u m b e r  [2, 3]. T h e  so lu b ility  in  2 M  N a2C 0 3 so lu tio n  varies b e tw een  0 .09  and  
0.10 mM.

3. T he so lu b ility  increases m o n o to n o u s ly  w ith  in creasin g  c a rb o n a te  
c o n c e n tra tio n . T h e  so lu b ility  in  (N H 4)2C 0 3 is sm alle r by  an  o rd er o f  m a g n itu d e  
th a n  in  a lkali m e ta l ca rb o n a te s  [4, 5].

4. S o lub ility  d ifferences fo r in d iv id u a l la n th a n id e  m eta ls  p e rm it  a ce r
ta in  degree o f sep a ra tio n .

As has b een  found  for o th e r  sy stem s to o , th e  so lub ility  o f a co m p le x  ion 
jn  i ts e lf  does n o t d e te rm in e  to  w h a t e x te n t  i t  c a n  rem ain  in  so lu tio n  in  th e  p re 
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sence o f  a p re c ip ita te  (e.g. a m e ta l hyd rox ide) c a p a b le  of sorp tion . F ro m  ea rlie r 
s tu d ie s  [6 ] we fo u n d  t h a t  w ith  0.1 M  jNa2C 0 3 in  th e  presence of F e (O H )3 
each  la n th a n id e  m e ta l (if  p re se n t in sm all a m o u n t)  goes p rac tica lly  co m p le te ly  
in to  th e  p re c ip ita te . I n  th is  w ay  th e  se p a ra tio n  o f  u ra n iu m  from  th e  la n th a n id e  
m e ta ls  can  be ach ieved .

I n  th is  p a p e r  w e re p o r t  th e  resu lts  o f  f u r th e r  investig a tio n s in to  th e  
e ffec ts  ex e rte d  on th e  so rp tio n  of th e  la n th a n id e  m eta ls  by  some im p o r ta n t  
fa c to rs . B ecause o f i ts  chem ica l s im ila rity  to  th e  la n th a n id e  m eta ls  we also 
r e p o r t  h e re  th e  e x p e rim e n ta l resu lts  for scan d iu m .

E xperim ental

I n  o u r e x p erim en ts  50 m g o f iro n (III)  and  v a r io u s  a m o u n ts  o f lan th an id e  m e ta ls  w ere  
p re c ip ita te d  in  a vo lum e o f 50 m l w ith  a so lu tion  o f N a 2C 0 3. T o p re v en t possible v a r ia tio n s  
a ris in g  fro m  ageing, th e  p re c ip ita te s  were filte red  o ff a f te r  30 m in u tes . In  th e  s tu d y  o f th e  d e 
p en d en ce  o f so rp tio n  on  p H , th e  p H  was changed b y  th e  a d d itio n  of HC1 or N aO H . T o o b ta in  
fix ed  p H  v a lu es we a p p lied  10 m l each of H 3B 0 3 +  N a O H  (p H  9.4) or glycine +  N a O H  
(p H  >  10) b u ffer m ix tu re s  (0.2 M  H 3B 0 3 and th e  re q u ire d  a m o u n t of N aO H , or 0.1 M  g lycine  
a n d  th e  req u ired  a m o u n t o f N aO H ). W hen  th e  p H  h a d  b e en  a p p ro x im a te ly  ad ju s ted  p re v io u s ly , 
th e  c a p a c ity  o f th e  b u ffe r  so lu tio n  p roved  suffic ien t to  m a in ta in  th e  desired p H  v a lu e s  even  in 
1 M  N a 2C 0 3. p H  w as m ea su re d  w ith  a B A D E E K IS Z  O P -401/1  p H -titr im e te r  u sin g  a  com 
b in ed  calom el-g lass e lec tro d e . F ro m  a consideration  o f  a n a ly t ic a l  p ractice , in th e  e x p e rim e n ts  
we u sed  th e  tw o m o st im p o r ta n t  tem p era tu res , 25 a n d  80 °C.

In  g enera l, to  a sc e rta in  th e  e x te n t  of sorp tion  th e  f i l t r a te  w as analyzed since in  th e  m a jo r 
i ty  o f  e x p e rim e n ts  th is  c o n ta in ed  th e  sm aller a m o u n t o f  th e  io n  to  be determ ined . T h e  d e te r 
m in a tio n  w as carried  o u t  w ith  a rsen azo  I I I  p h o to m e tr ic a lly  [7] o r b y  isotopic trac in g  a n d  m e a 
su re m e n t o f y -a c tiv ity . B ecau se  o f th e  h igh sa lt c o n c e n tra tio n , i t  was necessary  in th e  case  of 
th e  a rsen azo  I I I  ana ly sis  to  m ak e  checks from  tim e to  t im e  u sin g  an  in te rn a l s ta n d a rd  m e th o d , 
or to  p e rfo rm  sep a ra tio n s  b y  d ib u ty lp h o sp h a te  e x tra c t io n . T h e  following iso topes w ere  u sed  
fo r th e  trac in g : 141Ce, l47N d , l43Sm , 152E u , 153Gd, 160T b , 170Y b , 174L u  and  45Sc. T he a c tiv it ie s  of 
so lu tio n s  w ere m easu red  w ith  a  20th C en tu ry  E lec tro n ics  1363-D  100-channel am p litu d e  a n a ly ze r 
w ith  a  GAMMA N D -118 p ick -u p  a n d  an N Z - l l l - B P  N a l(T l)  hollow  crysta l o f 15 m l u sefu l 
vo lu m e. T h e  ac tiv itie s  u sed  w ere  chosen  so th a t  1%  o f th e m  sh o u ld  be  a t  least com m en su rab le  
w ith  th e  b ack g ro u n d .

R esults

As we h av e  a lre a d y  re fe rred  to  in  th e  in tro d u c tio n , a t  25 and  80 °C w ith
0.1 M  N a 2C 0 3 in  th e  p H  ra n g e  7— 13 each  la n th a n id e  m eta l and  scan d iu m  
p re c ip ita te s  q u a n t i ta t iv e ly  (%  99% ) w ith  F e (O H )3. T h is is tru e  b e tw een  w ide 
c o n c e n tra tio n  lim its .

H ow ever, лее o b ta in e d  a d ifferen t r e s u lt  b y  chang ing  th e  N a2C 0 3 co n 
c e n tra tio n . In  T ab les I  an d  I I  are th e  re su lts  o f  ex perim en ts m ade a t  f ix ed  
p H ’s o f 9.4 and  10.9. I t  c an  be  seen from  th e  re s u lts  th a t  th e  so rp tion  d ecreases 
w ith  in c reas in g  c a rb o n a te  co n cen tra tio n  an d  a t  h ig h e r  co ncen tra tions becom es 
q u ite  sm all for th e  h e a v y  la n th a n id e  m e ta ls . T h e  so rp tion  is m ore  a t  p H  
10.9 th a n  a t  9.4.

T h e  p H -d ep en d en ce  o f  th e  so rp tion  w as s tu d ie d  over a w ide p H  ran g e . 
As c a n  be  seen in  F ig . 1 th e  curves pass th ro u g h  a m in im um  and  th e  so rp tio n  
a t  p H  12 is a lread y  co m p le te  in  1.0 M  N a2C 0 3. T h e  section  of th e  c u rv e  be-
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tw een  p H  9 an d  pH  11 is q u a lita tiv e ly  s im ila r  to  th e  so rp tion  c u rv e s  o f  Z r4 + 
and  UOô .

T h e  e ffec t of te m p e ra tu re  is n o t s ig n if ic a n t; th e  values m e a su re d  a t  25 
and 80 °C agree w ith in  th e  lim its  o f e x p e rim e n ta l error.

T h e  re la tiv e  e x te n t o f  so rp tio n  u n d e r  th e  cond itions of in c o m p le te  so rp 
tio n  is n o t  in d e p e n d e n t o f  th e  la n th a n id e  io n  concen tra tio n . F o r  ex am p le ,

Table I

S o rp tio n  o f  la n th a n id e s  a n d  sc a n d iu m  o n  F e ( O H ) 3 f r o m  a N a 2C 0 3 so lu tio n
at p H  9 .4

(50 mg F e3 + ; 0.01 —100 fig  L n3 + ; 25 °C; in  50 ml volum e)

N a zC 0 3
M

Ce3+ N d 3+ Sm 3+ G d 3+ T b 3+ H o3+ Y b3+ L u 3+ S c3+

%  so rp tio n

0 .1 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0 9 9 9 9

0 .2 1 0 0 9 5 9 2

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

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

2 .0 9 9 9 6 8 9 < 5 < 5 < 5

Table 11

S o rp tio n  o f  la n th a n id e s  a n d  sc a n d iu m  on  F e ( O H ) 3 f r o m  a N a ^C 0 3 so lu t io n
at p H  10 .9

(The ex p e rim e n ta l conditions a re  th e  sam e as in Table I)

N a zC 0 3 C e » N d 3+ Sm 3r E u 3+ G d 3r T b 3+ H o3+ Y b 3+ L u s+ S c3'1

M
%  so rp tio n

0 .1 1 0 0 1 0 0 1 0 0 1 0 0 l o o 1 0 0 1 0 0 1 0 0 9 7 9 8

0 . 2 1 0 0 1 0 0 1 0 0 1 0 0 9 5 9 0

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

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

2 .0 1 5 1 1 1 2

th e  so rp tio n  of 10 //g S m 3+ a t  80 °C a t p H  10.5 is 91% , w hereas t h a t  o f  10 mg 
is only 7 4 % ; th a t  o f 10 fi g Y b 3+ is 39% , b u t  th a t  o f 10 mg is only 7 % . A cco rd 
ing to  o u r s tu d ies , th e  F reu n d lich  iso th e rm  is va lid  betw een  w id e  lim its  of 
c o n c e n tra tio n  (a t le a s t th re e  orders o f m a g n itu d e )  (cf. Fig. 2). T h e  v a lu e  o f th e  
ex p o n en t, 1 /n , is 0.87 fo r Sc3+ and  0.89 fo r Y b 3 + ; th a t  is, the  re la tiv e  e x te n t  of 
so rp tio n  decreases w ith  increasin g  c o n c e n tra tio n .

T h e  m echan ism  o f so rp tio n  was e x a m in e d . S im ilarly  to  th e  case  w ith  
o th e r co m p lex  ions (u ra n y l ca rb o n a te , or c o b a l t ( I I ) ,  zinc(II) and  o th e r  am m ine 
com plexes) [8 , 9], i t  w as observed  here  to o  t h a t  th e  com plex d eco m p o ses and  
b y  m eans o f  h y d ro ly tic  so rp tio n  only th e  c e n tra l  ca tion  goes in to  th e  p rec ip i
ta te  (T ab le  I I I ) .
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F ig . 1 . D ep en d en ce  on  p H  o f th e  so rp tio n  o f Sc3+ a n d  Y b 3+ o n  Fe(O H )3 from  a N a 2C 0 3 so lu
tio n  (50 m g F e 3+; 1 fig  Sc3+ o r Y b 3 + ; in  50 m l v o lu m e; 25 °C. CO§“ -)- HCOjf c o n c e n tra tio n -  
1.0 M .  T h e  p H  w as c o n tro lled  b y  changing  th e  ra tio  o f  th e s e ,  o r w ith  N aO H . F i l t r a t io n  a f te r

30 m in). 1. Sc3+; 2. Y b 3 +

F ig .  2 .  F re u n d lic h  iso th e rm s fo r th e  ad so rp tio n  of Sc3+ a n d  Y b 3+ on Fe(O H )3 fro m  a  N a 2C 0 3 
so lu tio n  (50 m g F e3+; in  50 m l vo lum e). 1. Y b 3 + ; 0.5 M  N a 2C 0 3; pH  10.5; 25 °C 2. Y b 3 + ; 

0.2 M  N a2C 0 3; p H  10.6; 25 °C 3. Sc3 + ; 1.0 M  N a 2C 0 3; p H  10.6; 80 °C

Table I I I

S o rp tio n  o f  L n 3+ a n d  C 0 3~ on F e ( O H ) 3 f r o m  a  carbonate m e d iu m  
(50 m g  F e 3 + ; 0.5 M  N a 2C 0 3; 80 °C)

S tu d ie d
io n

B o u n d  L n 
m m ole

B o u n d  C 0 2 
m m o le C 0 2/L n

G d3 + 0.46 0.06 0.13
D y 3 + 0.34 0.05 0.14

E r 3 + 0.25 0.03 0.12

Y b 3 + 0.30 0.04 0.11

Sc3 + 0.95 0.04 0.04
Y 3+ 0.50 0.03 0.06
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C onclusions. Separa tion  possibilities

In  ad d itio n  to  th e  v e ry  few  d a ta  m en tio n ed  in  th e  in tro d u c tio n , th e  re 
su lts  o f  th e  so rp tio n  e x p e rim e n ts  also prove t h a t  th e  s tab ilitie s  o f th e  ca rb o n a te  
com plexes of th e  la n th a n id e  m eta ls  are re la tiv e ly  sm all. T he in c rease  o f s ta b ili
t y  w ith  atom ic  n u m b e r is also signified b y  th e  decrease  o f th e  e x te n t  o f so rp 
tio n  on iron  h y d ro x id e . I n  th is  connection  to o  w e observe t h a t  th e  p ro p ertie s  
o f th e  h eav y  la n th a n id e  m e ta ls  lie close to  th o se  o f  th o riu m .

I t  is well k n o w n  t h a t  in  a ca rb o n a te  m e d iu m  T h 4+ ex e rts  a desorb ing  
e ffec t on U 0 22+ [10]. T h e  ex p lan a tio n  of th is  is to  be found  in  th e  g rea te r 
s ta b il i ty  of th e  [ и 0 2(С 0 3)з]4- com plex ion  in  a d d itio n  to  th e  good  bond ing  
a b ili ty  fo r C 0 2~ (poor fo r O H - ) of T h(O H )4.

Since th e  s ta b il i ty  o f th e  carb o n a te  co m p lex  o f th o riu m  is g re a te r  th a n  
th o se  o f  th e  co rresp o n d in g  la n th a n id e  com plexes, in  accordance  w ith  ex p e c ta 
tio n s  i t  w as found  t h a t  th o r iu m  does n o t e x e r t a desorb ing  e ffec t d u rin g  th e  
so rp tio n  of th e  la n th a n id e  m eta ls .

I t  can  be seen fro m  th e  ex p erim en ta l re su lts  th a t  th e  so rp tio n  o f Sc3 + 
is s im ila r to  th o se  o f h e a v y  la n th a n id e  m eta ls , e.g. Y b 3+ an d  L u 3 + ; th is  is in  
a g reem en t w ith  th e  p ic tu re  form ed in  con n ec tio n  w ith  th e  analysis o f  scand ium .

F ro m  th e  d a ta  r e p o r te d  here  an d  from  o u r  earlie r w ork, in  th e  presence 
o f  F e (O H )3 as ca rr ie r , th e  possib ilities of th e  se p a ra tio n  of la n th a n id e s  from  
o th e r  ions fo rm ing  c a rb o n a te  com plexes a re  th e  follow ing.

1. All th e  la n th a n id e  m eta ls  and  scan d iu m  can  be s e p a ra te d  from  u ra 
n iu m  w ith  0.1 M  N a2C 0 3 a t  p H  9— 11. U nder su ch  cond itions on ly  a sm all p e r
ce n ta g e  of th e  u ra n iu m  rem a in s  in  so lu tion , w hile  th e  la n th a n id e  m eta ls  go 
q u a n ti ta t iv e ly  in to  th e  p re c ip ita te . T he se p a ra tio n  can  be m ade co m p le te  from  
la rg e  am o u n ts  o f u ra n iu m  b y  rep ea ted  p re c ip ita tio n  an d  b y  u til iz a tio n  of th e  
d eso rb in g  effect o f a d d e d  th o riu m  [10].

2. T he la n th a n id e  m eta ls  and  scand ium  can  be se p a ra te d  fro m  zirco
n iu m  w ith  0.2 M  N a2C 0 3 a t  p H  9.0— 9.4. T h e  se p a ra tio n  is n o t q u a n ti ta t iv e  
since 10— 30%  of th e  z irco n iu m  (depend ing  on  i ts  co n cen tra tio n ) rem ain s in  
th e  p re c ip ita te . B y  re p e a te d  p rec ip ita tio n , h o w ev er, on ly  a few  p e r c e n t o f th e  
z irco n iu m  rem ains in  th e  p re c ip ita te  while m ere ly  fo r th e  la s t  m em b ers  o f th e  
la n th a n id e  series is th e re  a loss of a few p e r c e n t. T he se p a ra tio n  is th u s  of 
lim ite d  efficiency. T h e  se p a ra tio n  from  th e  l ig h t la n th a n id e  m eta ls  is  q u a n t i ta 
tiv e  a n d  so can  be  u sed  fo r exam ple  in  th e  case o f  th e ir  d e te rm in a tio n . I n  o th e r 
cases i t  m ay  be u sed  d ep en d in g  on th e  c o n c e n tra tio n  co n d itions a n d  on th e  
re q u ire m e n ts  o f th e  se p a ra tio n .

3. T he se p a ra tio n  fro m  th o riu m  is m u ch  m ore  p ro nounced . W ith  0.75 
M  N a2C 0 3 a t  25 °C a t  p H  9 .2— 9.6 m ore th a n  9 0 %  of th e  th o riu m  rem ain s in 
th e  so lu tio n  an d  so m a y  be  se p a ra te d  b y  re p e a te d  p re c ip ita tio n  fro m  la n th a 
n u m  an d  from  th e  f ir s t  m em b ers  of th e  cerium  g ro u p  (P r3+, N d 3+, Ce3+). Since
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th e  th o r iu m  d is tr ib u tio n  b e tw e e n  th e  p re c ip ita te  an d  th e  so lu tio n  is g rea te r  
a t  N a 2C 0 3 con cen tra tio n s lo w e r th a n  th is (e.g. w ith  0.5 M  N a2C 0 3 m ore  th a n  
5 0 %  is to  be found in  th e  p re c ip ita te ) , th o riu m  is q u ite  in sep a rab le  fro m  th e  
h e a v y  la n th a n id e s  an d  o n ly  v e ry  im perfec tly  fro m  th e  ions in  th e  m id d le  of 
th e  se ries .

4 . A ccording to  th e  v a lu e s  rep o rted  in  T a b le  I , scand ium , y tte rb iu m  
a n d  lu te t iu m  can be s e p a ra te d  from  L a3 + , Ce3+ a n d  N d 3 + , and  to  a decreasing  
e x te n t  w ith  increase o f th e  a to m a tic  num ber, from  som e of th e  o th e r la n th a n id e  
m e ta ls . T h is  sep ara tio n  m a y  b e  u tilized , for ex am p le , in  th e  d e te rm in a tio n  of 
th e  S c3+ , Y b 3+ and  L u 3+ c o n te n t  o f la n th an id e  co m p o u n d s b y  a n e u tro n  a c ti
v a t io n  m eth o d . In  th is  case  th e  sep ara tio n  m ay  ev en  be im p ro v ed  (in  acco r
d a n c e  w ith  th e  F reu n d lich  iso th e rm s) by  th e  a d d itio n  o f an  in a c tiv e  ca rrie r 
w h ic h  does no t in te rfe re  in  th e  analysis.

5. Sc3 + , Y b3+ an d  L u 3+ can  ev id en tly  be se p a ra te d  from  iro n  b y  th is  
te c h n iq u e .

F u r th e r  stud ies m u s t b e  ca rried  ou t fo r th e  a n a ly tic a l ap p lic a tio n  o f the  
l is te d  possib ilities (excep t th e  u ra n iu m -la n th a n id e  m e ta l sep a ra tio n ).
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I t  has b een  show n th a t  th e  u sua l m e th o d  for calcu la ting  th e  a c t iv a t io n  e n tro p y  
on th e  basis o f  th e  th e o ry  of ab so lu te  re ac tio n  ra te s  often  lead s to  fa lse  re su lts .  The 
m eth o d  has b een  d iscussed  in d e ta il an d  a  co rrec tion  d iagram  has b een  su p p lie d  on the 
basis o f th e  freq u en cy  a n d  a n h a rm o n ic ity  coefficien t of th e  c ritica l n o rm a l v ib ra tio n . 
T he p rac tica l u se  o f th e  m eth o d  has been d e m o n s tra ted  in som e c la ss ica l exam ples.

In tro d u c tio n

A ccording to  th e  th e o ry  o f ab so lu te  reac tio n  ra te s  [1, 2 ], th e  reac tio n  
ra te  is d e te rm ined  b y  th e  decom position  o f  th e  a c tiv a te d  com plex . T h e  reac tio n  
r a te  p e r vo lum e is defined  as:

v = v ' x *  (1)

w here  v' deno tes th e  d ecom position  freq u en cy  of th e  a c tiv a te d  co m p lex  (to 
p ro d u c ts )  and  x * s ta n d s  for th e  c o n c e n tra tio n  o f th e  com plex. T h e  fu n d a m e n ta l 
a ssu m p tio n  o f th is  th e o ry  is th a t  th e  s ta r t in g  m ateria ls  are  in  e q u ilib r iu m  w ith  
th e  a c tiv a te d  com plex . T he co rrec tn ess  o f th is  assum ption  h as  b e e n  q u estio n ed  
b y  severa l au th o rs . H ow ever, since th e  possib ility  of e q u ilib riu m  c a n n o t be 
d en ied  in  th e  case o f  m o st reac tio n s , we shall consider th is  b a s ic  c r ite r io n  of 
th e  th e o ry  as accep ted . T h is co n cep t leads to  fu r th e r  p re su m p tio n s  o f  equili
b r iu m : th e  ex is ten ce  o f a s im u ltan eo u s eq u ilib riu m  betw een  s ta r t in g  m ate ria ls  
a n d  th e  a c tiv a te d  com plex , as w ell as b e tw een  th e  a c tiv a te d  co m p lex  an d  th e  
p ro d u c ts :

I  A , ^  X*  27B, (2)

N a tu ra lly , a m acroscopic  reac tio n  c an n o t be observed  a t e q u ilib riu m , th ere fo re , 
d u e  to  th e  d y n am ic  c h a ra c te r  of th e  eq u ilib riu m , our co n s id e ra tio n s  are  con
ce rn ed  w ith  th e  r a te  o f exchange reactions.

A ccord ing  to  th e  th e o ry  o f ab so lu te  reac tio n  ra te s , th e  c o n c e n tra tio n  of 
th e  a c tiv a te d  com plex , x*, m ay  be exp ressed  from  th e  e q u ilib r iu m  c o n s ta n t 
w r it te n  for th e  le f t-h a n d  side of eq u ilib riu m  (2)

r t  a e J
x* =  K* П а . — -------/7a , e r t  (3)

YlF i V
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w h e re  a ;- s tands for th e  c o n c e n tra tio n s  of th e  s ta r t in g  com pounds, F  d eno tes 
t h e  a p p ro p ria te  th e rm a l p a r t i t io n  functions, a n d  Л Е * is th e  ac tiv a tio n  energy  
a t  t h e  abso lu te  zero.*

In s te a d  of th e  c o rre sp o n d in g  v ib ra tio n a l d eg ree  o f freedom , E y r in g  [1] 
s e p a r a te d  a tra n s la tio n a l p a r t i t io n  function  fro m  th e  p a r ti t io n  fu n c tio n  f *  
o f  t h e  ac tiv a te d  com plex  in  t h e  co-ordinate d ire c tio n  o f  th e  decom posing b o n d :

(4)
h

w h e re  y  denotes th e  p a th  o f  o n e  of the p re fo rm ed  d isso c ia tio n  p ro d u c ts  o f th e  
a c t iv a te d  com plex r e la t iv e  t o  th e  o ther, a t  th e  e n d  o f  w hich  th e  p ro d u c ts  are  
fo rm e d . The ap p lica tion  o f  fo rm u la  (4) is ju s tif ie d  i f  th is  p a th  is p o ten tia l-free , 
w h a t  h a s  been assum ed  b y  th e  au thors due to  th e  f la tn e s s  of th e  to p  o f th e  
a c t iv a t io n  barrier. A c c o rd in g  to  Form ula (1), v is th e  recip rocal of th e  tim e  
in te r v a l  during w hich  th e  end -p roduc ts are  fo rm e d . T h u s  th e  p ro d u c t o f y  
a n d  v ' is , of necessity , a n  a v e ra g e  velocity  c o m p o n e n t o f th e  com plex in  th e  
d ire c t io n  of bond e lo n g a tio n :

y v '  =
kT  i 1/2 

2 лтп j (5)

C o n sid e rin g  Eqs (3), (4), a n d  (5) instead of E q . (1) one  o b ta in s:

k T  F *  „  -A F Ä -  к T  _ _  „
v =  ~hT 7 T F n ‘ e RT =  h к  П а‘

w h e re  F *  is the  p a r t i t io n  fu n c tio n  of th e  a c t iv a te d  com plex , a p a r t from  th a t  
r e fe r r in g  to  the  se p a ra te d  d e g re e  of freedom , w h ile  K *  is an  equ ilib rium  co n 
s t a n t  w here  the  c o n tr ib u tio n  o f  th e  separa ted  v ib ra t io n a l  degree of freedom  is 
n o t  t a k e n  in to  c o n s id e ra tio n  in  th e  th e rm o d y n am ic  p o te n tia l  o f th e  a c tiv a te d  
c o m p le x .

T h e  correctness o f th e  t h e o r y  seems to be su p p o r te d  b y  th e  fa c t  th a t  w hen ap p lied  to  
th e  c o n d itio n s of th e  e a rlie r  c o llis io n  theory , the  ex p ress io n  o f  th e  reac tio n  ra te  [3], de riv ed  
f ro m  th e  collision n u m b er w as o b ta in e d . This requires t h a t  th e  s e p a ra te d  tran s la tio n a l degree of 
f re e d o m  w ould be ascribed  to  th e  v ib ra tio n a l degree of fre e d o m  o f th e  fo rm ing  bo n d  a n d  n o t  to  
t h a t  o f  th e  decom posing o n e . T h e  com p le te  expression o f  th e  n o rm a l tran s la tio n a l a n d  r o ta 
t io n a l  p a r ti t io n  functions c an  b e  o b ta in e d . In  the la t te r ,  w h e n  d e fin in g  th e  m o m en t o f in e r tia  o f

* W hen  discussing th e  th e o r y  of absolute reac tio n  r a te s ,  m o s t a u th o rs  neglect th e  d im en 
s io n  o f  th e  equilibrium  c o n s ta n t  K t  o r fail to po in t o u t  a  r a th e r  im p o r ta n t  fac t: in s tead  of th e  
p a r t i t io n  functions ( =  D F ,  w i th  V  as the  volum e o f th e  sy s te m ) th e  equ ilib rium  c o n s ta n t 
c o n ta in s  th e  factors D//V^, w h e re  ЛГд is th e  Avogadro n u m b e r  so th e  th u s  defined tran s la tio n a l 
p a r t i t io n  function  is n o t  d im e n sio n le ss  as the o th er p a r t i t io n  fu n c tio n s  b u t  has a  d im ension  
o f  m o le /vo lum e. Thus th e  d im e n s io n  o f th e  com plete e q u ilib r iu m  c o n s ta n t is (m ole/volum e)1- m, 
w h e re  m is th e  m oleeu larity  o f  t h e  re ac tio n . C onsequently , x t  is a c tu a lly  ob ta in ed  as a  concen
t r a t i o n .

A c ta  C h im . Acad. Sei. H u n g . 6 8 , 1971
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the activated complex, the interauclear distance in the diatomic complex was considered equal 
to the sum of the two atomic radii.

If the single vibrational degree of freedom is described by Eq. (4), one obtains the rate 
expression of the collision theory with the only deviation that Л E 0t  replaces the experimental 
activation enthalpy, A H t  .

k T
The so-called  universal frequency fa c to r ,------, in  E q . (6) m ay  also be  in te r -

h

p re te d  by  co n sid e rin g  th e  v ib ra tio n a l p a r ti t io n  fu n c tio n  of th e  n o rm al v ib r a 
tio n  co n c e n tra ted  a t  th e  decom posing b o n d  fo r  a n  ex trem ely  low  freq u en cy

k T
w hen  i t  is eq u a l t o ------. I f ,  in  ad d itio n , i t  is assu m ed  t h a t  due to  th is  v ib ra tio n

h v
th e  ac tiv a te d  co m p lex  decom poses a lready  a t  th e  m ax im u m  in te rn u c le a r  d is 
ta n c e  of th e  f ir s t  v ib ra t io n  p erio d , frequency  v' c a n  b e  id e n tif ie d  w ith  th e  v ib ra 
tio n a l frequency , v. T h is  co n sid e ra tio n  also le a d s  to  E q . (6).

In  th e  th e o ry  o f  a b so lu te  reac tio n  ra te s , E q . (6) h as  been  su p p le m e n te d  
w ith  a p ro b a b ility  fa c to r  sm alle r th a n  1, ca lled  th e  transmission coefficient. 
T his fac to r, d e n o te d  b y  x ,  w as in te rp re te d  b y  E y r in g  as th e  p ro b a b ility  o f 
th e  com plex decom p o sin g  in to  th e  p ro d u c ts  a n d  n o t  b a c k  in to  th e  s ta r t in g  
com pounds. T h is im p lies  t h a t  th e  life-tim e o f th e  a c tiv a te d  com plex  is e q u a l

to  -—  , for if  i t  does n o t decom pose w ith  fre q u e n c y  v' to  th e  p ro d u c ts , th e n
v'

i t  m u s t decom pose to  th e  s ta r t in g  m ateria ls . T h e  in te rp re ta t io n  of x  in v o lv es  
к  T

fu r th e r  d ifficu lties, i f ----- is reg a rd ed  as th e  p a r t i t io n  fu n c tio n  o f th e  n o rm a l
h v

v ib ra tio n  c o n c e n tra te d  a t  th e  decom posing b o n d  because  decom p o sitio n  to  
th e  s ta r tin g  m a te r ia ls  req u ire s  th e  ru p tu re  o f a d iffe re n t bond . I f  E q . (6) is 
re fe rred  to  th e  la t te r ,  eq u ilib riu m  co n stan t K *  w ill n o t  be  id en tica l w ith  th e  
o rig inal one. I t  seem s m ore  unam biguous to  d e fin e  x  as v'/v, in  o th e r  w ords, 
as th e  ra tio  of th e  c leav ag e  an d  v ib ra tio n  freq u en c ies  o f th e  bo n d  being  r u p 
tu re d . T he tra n sm iss io n  coeffic ien t is th e  p ro b a b ili ty  t h a t  th e  a c tiv a te d  co m 
p lex  decom poses to  th e  p ro d u c ts  during  a sing le  v ib ra tio n a l period  an d  does 
not remain intact. T h e  p ro b a b ili ty  of d eco m position  to  th e  s ta r tin g  m a te ria ls  
m ay  be ch a ra c te riz e d  b y  a n o th e r  x, d en o ting  a p rocess from  th e  r ig h t to  th e  
left.

D e te rm in a tio n  o f the ac tiv a tio n  en tropy

On th e  basis o f  E q . (6), th e  reaction  ra te  c o n s ta n t  is

k T
к  =  X — — K *  . (7)

h

A ccord ing  to  th e rm o d y n a m ic s ,

■*V*
К * =  e R T  (8)

Acta Chim. Acad. Set. Hung. 68, 1971
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Zip* is th e  excess free energy  o f th e  a c t iv a te d  com plex  re la tiv e  to  th e  s ta r tin g  
m a te r ia ls , d isregard ing , how ever, th e  v ib ra tio n a l c o n tr ib u tio n  o f th e  decom 
p o sin g  b o n d . The s ta te  * has in  genera l no p h ysica l re a lity  e x c e p t w h en  th e  
a c t iv a te d  com plex c o n ta in s  on ly  tw o  a to m s because  th e  c o n tr ib u tio n  o f  only 
one o f  th e  th ree  v ib ra tio n a l degrees o f freed o m  o f th e  decom posing  b o n d  is 
n o t  t a k e n  in to  acco u n t, an d  th e  ro ta t io n a l  degree or degrees o f freed o m  re 
su ltin g  u p o n  decom position  are  n o t ta k e n  in to  consid era tio n  e ith e r . S e p a ra tin g  
a g a in  th e  free energy  in to  tw o  a p p ro p ria te  te rm s  we o b ta in

П 'Г ' AS* AH*
k = x — — e~R~ e~~RT . (9)

n

O n th e  basis  of E q . (9), one c a n n o t c a lc u la te  th e  a c tiv a tio n  e n tro p y  fro m  th e  
p re -e x p o n e n tia l fa c to r  o f th e  A rrh en iu s  eq u a tio n , fo r AH*  is n o t e q u iv a le n t 
to  AH*, w hich can  be ca lcu la ted  fro m  th e  te m p e ra tu re  d ep en d en ce  o f th e  
r a te  c o n s ta n t. S till, in  p rac tice , th e  a c tiv a tio n  e n tro p y  is c a lc u la ted  fro m  E q . 
(9), b y  ta k in g  in to  co n sid e ra tio n  th e  re a l a c tiv a te d  s ta te  in s te a d  o f  th e  s ta te  
* a n d  ta k in g  th e  tran sm iss io n  coeffic ien t eq u a l to  1:

ьтп as* a h í  , ,
к  =  —г-—  e R e RT (10)

h

fro m  w hich  th e  p re -e x p o n e n tia l fa c to r  is

k T
A =  . ( 11)

h

L e t us exam ine  w h e th e r th is  p ro ced u re  is ju s tif ie d . F ro m  s ta tis t ic a l  
m ech an ic s :

Ац* =  А ц * R T \ n f cr (12)

w h e re  f cr is the  p a r t i t io n  fu n c tio n  o f  th e  c ritic a l no rm al v ib ra tio n . Zip.* can 
be  rep la c e d  by  Zip* i f  f cr is close to  1, w h ich  is tru e  if  th e  f re q u e n c y  is high.

k T
In  th is  case, how ever, f cr c a n n o t be co n sid ered  equal to  -----  n e ith e r  can  th e

hv
tra n sm iss io n  coeffic ien t be ta k e n  fo r 1, since a bond  w ith  a h ig h  v ib ra tio n a l 
f re q u e n c y  is by  no m eans likely  to  decom pose du ring  a single v ib ra tio n a l 
p e rio d .

A c ta  C h im . A c a d . S e i. H u n g . 68 , 1971
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T h e  v ib ra tio n a l p a r ti t io n  fu n c tio n  c a n  be su b s titu te d  f o r ------i f  th e  fre-
hv

q u e n c y  is ra th e r  low , i.e. w hen  th e  v a lu e  o f  th e  transm ission  co e ffic ien t m ay  
also  a p p ro ach  u n ity . B u t th e n  f cr is co n sid e rab ly  h igher th a n  1, c o n seq u en tly , 
Ди* c a n n o t be rep laced  b y  А ц * .

Calculation of the partition function fc r

T h e  p a r ti t io n  fu n c tio n  of a h a rm o n ic  v ib ra tio n  can be g iven  in  an  ex 
p lic it fo rm . H ow ever, assu m p tio n  o f h a rm o n ic  v ib ra tio n  c o n tra d ic ts  to  th e  
p re su m p tio n  th a t  th e  bo n d  will decom pose ow ing to  v ib ra tio n . T h is  su p p o rts  
th e  a ssu m p tio n  o f an h a rm o n ic ity , w hich  h as  been  ta k e n  in to  a c c o u n t b y  th e  
q u a d ra tic  expression  for th e  v ib ra tio n a l en erg y . A ccordingly  th e  en h a rm o n ic  
v ib ra tio n a l energy  w ith  re sp ec t to  th e  ze ro -en erg y  s ta te  is

E  — h v v  [ l  — x (v +  1 )]. (13)

B y  ta k in g  th e  f ir s t  d e riv a tiv e  o f th e  to ta l  v ib ra tio n a l energy w ith  re sp e c t to  v 
an d  p u t t in g  th e  d iffe ren tia l coeffic ien t eq u a l to  zero by  the  usual m e th o d , one

1 —  X
o b ta in s  ■ — for th e  q u a n tu m  n u m b er i>d, co rrespond ing  to  th e  d isso c ia tio n

level. In se r tin g  th is  in to  E q . (13), th e  d isso c ia tio n  energy w ith  re sp e c t to  th e  
zero  en e rg y  s ta te  will be:

D = 4 ^ (  I - * ) 2- (14)

In  th e  an h arm o n ic  v ib ra tio n a l p a r t i t io n  fu n c tio n , how ever, th e  series 
o f levels c a n n o t be in te r ru p te d  a t  th e  d isso c ia tio n  level, b u t in s te a d  i t  shou ld  
be c o n tin u e d  b y  a one-d im ensional tra n s la t io n a l  series. The tra n s la t io n a l  p a r 
t i t io n  fu n c tio n  is th e  a rea  below  a h a lf  G auss cu rv e , w ith  its  ta il  jo in in g  th e  
envelope  cu rve  o f B o ltzm an n  fac to rs  p lo tte d  as a fu n c tio n  o f th e  v ib ra tio n a l 
q u a n tu m  n u m b ers . F ig . 1 show s th e  a n h a rm o n ic  p a r titio n  fu n c tio n  fo r x  =  
=  0.03 an d  x  =  0.1 a t  600 К  if  th e  f req u en cy  am o u n ts  to  50 c m -1 . T h e  tw o  
p a r ts  o f  th e  cu rves f i t  if:

e x p ( - a i4 , )  =  exp I -^ -t> D [ l  x (cD +  l ) ] l  (15)

S u b s ti tu t in g  th e  va lu e  of vd expressed  b y  th e  a n h a rm o n ic ity  co e ffic ien t one 
o b ta in s

hv
a = ----- x .

к T
( 16 )

Acta C h im . Acad. Se i. H u n g . 6 8 , 1971
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a)

F ig. 1. D ep en d en ce  of B o ltzm an n  fa c to rs  o f an  a n h a rm o n ic  v ib ra tio n  on th e  q u a n tu m  n u m b er 
a t  600 K  an d  50 c m -1 fo r a n h a rm o n ic ity  co effic ien ts  a) x  =  0.03 and  b) x  =  0.1

T o  d e te rm in e  th e  a rea  below  th e  ta il  o f th e  G auss curve, a su p p le m e n ta ry  
d ia g ra m  h a s  been  c o n s tru c te d  b y  p lo ttin g  th e  g rap h ica l in teg ra l o f e ~y~ from  
y *  to  in f in i ty  a g a in s t th e  e x p o n en tia l co rre sp o n d in g  to  th e  * s ta te  (F ig . 2). 
T h is e x p o n e n tia l  is th e  B o ltzm an n  fac to r  co rresp o n d in g  to  th e  d isso c ia tio n  
level. I f  th e  a rea  read  from  th e  su p p le m e n ta ry  d iag ram  is d iv ided  b y  |/o , one 
o b ta in s  th e  c o n tr ib u tio n  to  th e  p a r ti t io n  fu n c tio n  b eyond  d issoc ia tion . T h is 
c o n tr ib u t io n  m u s t be  added  to  th e  sum  of th e  B o ltz m a n n  factors p e r ta in in g  to  
all v ib r a t io n a l  levels:

fa n h  =  2 :  RXP ! 7 7 * 7  t 1 - Ф  +  ! ) ]  +  т т г  \ e - v2dv. (17)
■y=o ( k i  11 a  J

T h e  G auss cu rve  co rresponds to  p o ten tia l-free  tra n s la t io n . T he f i t  to  th e  p a r ti t io n  fu n c 
tion  o f  th e  an h a rm o n ic  v ib ra tio n  is, how ever, precise, fo r th e  p o te n tia l  energy of th e  v ib ra tio n  
also d e c re ases  to  zero u p  to  th e  d issoc ia tion  level. In  a h a rm o n ic  case, th e  v ib ra tio n a l en erg y  is 
e q u a lly  d is tr ib u te d  to  k in e tic  a n d  p o te n tia l  energies. T h e  d issoc ia tion  energy c a lcu la te d  from  
th e  p o te n t ia l  m in im u m  is D ' =  hv/4>x, w hich  is e x a c tly  one  h a lf  o f th e  to ta l  h a rm o n ic  v ib ra 
tio n a l  e n erg y *  in  s ta te  V +  1/2 =  1/2*.

* A cco rd in g ly , th e  an h arm o n ic  v ib ra tio n a l e n e rg y  E  =  hv[v 1/2 —  x(v  +  1/2)2] is 
d is t r ib u te d  in to  k in e tic  an d  p o te n tia l  energies as fo llow s: T  =  hv/2 (v +  1/2) a n d  V  =  
=  hv/2 (v  +  1/2) —  hv x (v -{ -l/2)2. In  th e  s ta te  o f d +  1/2 =  1/2*, th e  p o ten tia l en erg y  decreases 
to  zero .
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In  possession  o f th e  concrete  a n h a rm o n ic  p a r titio n  fu n c tio n s , one m ay
„ k T  .

ex am in e  th e  m a n n e r  in  w hich  th e y  d iffe r fro m  -----  applied in  E q . (10), as
hv

well as th e  a m o u n t o f no rm al a ff in ity  c o n tr ib u tio n  of th e  c ritic a l b o n d  per
k T

one degree of freed o m . F ig . 3 gives t h e ------to  f cr ra tio  as a fu n c tio n  o f  th e  nor-
hv

F ig . 2. D ependence  o f th e  one-dim ensional t r a n s la t io n a l  p a r ti t io n  function  f i t t in g  t h a t  o f an 
an h arm o n ic  v ib ra tio n  on  the B o ltzm an n  fa c to r  p e r ta in in g  to  the  d isso c ia tio n  en erg y

m al v ib ra tio n  fre q u e n c y  correspond ing  to  th e  c ritica l bond a t  300 K , w hile 
F ig . 4 show s th e  v a lu e  o f  --  A fia /R T  also as a fu n c tio n  of frequency . A s m a y  be 
seen, in  th e  case o f  h ig h  frequencies, th e  p a r t i t io n  fu nc tion  g rea tly  d iffe rs  from  
kT
—— w hile  in  th e  ra n g e  of low frequenc ies , th e  no rm al a ffin ity  c o n tr ib u tio n  
hv

becom es s ig n ifican t. I n  th e  case of d iffe re n t an h arm o n ic ities , th e  sh a p e  o f  th e  
cu rv e  p lo tte d  in  F ig . 3 appears to  be q u ite  specific  in  th e  ran g e  o f  low  f re 
quencies. T h e  re a so n  is t h a t  in  th e  case o f m a x im u m  a n h a rm o n ic ity  (# =  0.1), 
th e  cu rv e  show s a s teep  rise to w ard s low  freq u en c ies  and  in te rse c ts  th e  cu rv e  
for h a rm o n ic  v ib ra tio n . I n  an  an h arm o n ic  case , th e  rise of th e  v ib ra t io n a l  p a r 
titio n  fu n c tio n  is less steep  to w ard s low  freq u en c ies  th a n  for h a rm o n ic  v ib ra -

kT
tio n s, since th e  l im it  o f th e  harm on ic  p a r t i t io n  fu n c tio n  is —  , w hile t h a t  o f  th e

hv
an h a rm o n ic  p a r t i t io n  fu n c tio n , w here th e  c o n tr ib u tio n  of p o te n tia l-fre e  tra n s -
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la t io n  beco m es m ore an d  m o re  s ign ifican t w ith  d ecreasin g  frequencies, show s 
, 1 л к Т  О2 . . ,

a v a lu e  o f  —  —---- , i.e. i t  is a low er-order h y p e rb o la . A t m o d era te ly  low  f re 

q u e n c ie s  th e  an h arm o n ic  p a r t i t io n  fu n c tio n  is h ig h e r  th a n  th e  h a rm o n ic , fo r 
th e  e n e rg y  levels converge, i.e. th e  decrease o f  B o ltz m a n n  factors is n o t  p u re ly  
e x p o n e n tia l .  W ith  s ligh t a n h a rm o n ic ity  (x  =  0 .01 ), th is  tendency  is o b se rv ab le

F ig . 3. D ependence  o f  (k T /hv) : f cr on  th e  w av e  n u m b er to a t  300 К

200 A 00 600 8 00 1000
со cm '1

F ig . 4. D epen d en ce  o f —A[ia I R T  on  th e  w a v e  n u m b er a t 300 К
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o n ly  a t  100 c m -1, t h a t  is w h y  th e  local m ax im u m  of the  c u rv e  d ev e lo p s a t 
th is  p o in t. I t  m u st be  n o te d , how ever, t h a t  to w ard s s till low er freq u en c ies , 
a f te r  reach ing  a m in im u m , th is  cu rve  w ill also show  an  a b ru p t  r ise .

Correction for the calculation o f activation entropy

As seen from  th e  ab o v e  co n sid e ra tio n s, th e  sep ara tio n  o f  th e  p a r t i t io n
к  T

fu n c tio n  for one degree o f  freedom  in  th e  fo rm  ----- from  F* g iv e n  in  E q . (3)
hv

is a w eak  p o in t o f th e  th e o ry . I f  th is  is n o t done, in stead  o f E q . (9), one m ay 
w rite :

ЛНt
к =  xvK * — XV e R e RT . (18)

O n th e  basis of th is  th e  p re -ex p o n en tia l fa c to r  is:

A  =  XV e R (19)

I f  th e  q u o tie n t of e x p o n e n tia ls  co n ta in in g  th e  ac tiv a tio n  e n tro p ie s  derived  
from  E qs (19) and  (11) is d e n o ted  b y  qs,

4s  =
к T
hvx

( 20)

w here  A S C is th e  co rre c tio n a l e n tro p y  te rm . L e t us deno te  th e  a c t iv a t io n  en
tro p y  ca lcu la ted  from  E q . (11) b y  dS* ; th e n  th e  ac tiv a tio n  e n tro p y  ca lcu la ted  
w ith o u t neglections is:

dS* =  d S * ' +  d S c =  d S * '+ ß  In qs . ( 21)

D eterm ination of the transm ission coefficient

In  th e  case of a d ia to m ic  a c tiv a te d  com plex , th e  frequency  q u o t ie n t  o f th e  
decom position  and  th e  v ib ra tio n  of th e  decom posing  bond , d e f in e d  ea rlie r as 
X, is equal to  J V ß / iV ,  w h ere  N o  is th e  n u m b e r o f m olecules w ith  at le a s t  th e  
d issoc ia tion  energy an d  N  is th e  to ta l  n u m b e r  o f m olecules. A cco rd in g  to  s ta 
tis tic a l m echanics:

CO

^ = _ L j Y w d E . (22)

D
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P ro v id e d  th a t  th e  en e rg y  lev e ls  are e q u id is ta n t a n d  th e  p a r titio n  fu n c tio n  /  
c a n  also  be su b s titu te d  fo r  a n  in teg ra l we h av e

N d
N

D
e  R T  • (23)

N e ith e r  of th e  c o n d itio n s  holds, how ever, fo r  an  anharm on ic  v ib ra tio n , 
th e re fo re , in  general:

N D

N f c

CO

- I 'a n h  J

av dv (24)

(fanh h a s  been given in  E q . (17)).
W ith  an a c tiv a te d  co m p lex  conta in ing  se v e ra l a to m s, th e  energy  m ay  

f lu c tu a te  betw een sev e ra l v ib ra tio n a l degrees o f  freed o m . F o r th is  case, th e  
p ro b a b il i ty  of d eco m p o sitio n , iden tified  h e re  w ith  x , has been ca lcu la ted , 
a m o n g  o thers, by  H i n s h e l w o o d  [4] w ith  th e  fo llow ing  fo rm ula :

D in —7

R T
(3 n 7)!

D
в R T

(25)

w ith  n  denoting  th e  n u m b e r  o f atom s in  th e  co m p le x  (in a lin ear com plex, 
Зге— 6 m u s t be ta k e n  in to  a c c o u n t instead  o f 3 n — 7). E v id e n tly , th e  case o f a 
d ia to m ic  com plex is a lso  in c lu d e d  in  E q. (25). C o n sidering  th a t  th e  v ib ra tio n  
o f  th e  decom posing b o n d  is necessarily  a n h a rm o n ic , one should  w rite  E q . (24)

h e re  to o , in stead  of th e  e x p o n e n tia l, and sh o u ld  be rep laced  b y  an  a p p ro 

p r ia te ly  m odified q u a n t i ty  in  th e  n u m era to r. I t  c a n  be  estab lished , how ever, 

t h a t  F o rm u la  (25) m a y  be  u s e d  only if  - >  Зге— 7*. In  th is  case, how ever,

co n v erg en ce  of th e  v ib ra t io n a l  levels is so s lig h t t h a t  E q . (24) m ay  a c tu a lly  be 
re p la c e d  b y  th e  ex p o n e n tia l g iv en  in  E q. (25). A t th e  sam e tim e , th e  n u m e ra to r  
o f  th e  expression m a y  b e  le f t  in  its  original fo rm .

D
A t frequencies c o rre sp o n d in g  to  ÿ - <У 3re— 7, th e  v a lu e  of x  can  be  d e 

te rm in e d  from  th e  specific  fe a tu re  of the  re la tio n sh ip  (25), th a t  its  lo g a rith m

* I f  — — were n o t g re a te r  th a n  3n  — 7, fu rth e r in crease  in  th e  n u m b er of a tom s or degrees K1
o f  f ree d o m  would decrease th e  p ro b a b il i ty  of bond d eco m p o sitio n . I t  can  be also deduced  t h a t  

if  =  3n  — 7, Eq. (25) re ac h es  a  m axim um  and  a p p ro a c h e s  0 w ith  decreasing freq u en cy .IX 1
T h is  h a s  no physical m ean ing .
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D
show s a s ligh t slope as a fu n c tio n  o f  — , so th e  cu rve  m ay  he easily  in te rp o la te d

b e tw een  th e  f irs t  c a lc u la ted  p o in t an d  x  =  1, w hich  co rresp o n d s to  v =  0 . 
F igs 5a, 5b an d  5c show  th e  n e g a tiv e  lo g a rith m  o f к as a fu n c tio n  o f  th e  re-

V
duced  freq u en cy  - v a t  d iffe re n t a n h a rm o n ic ity  fac to rs . F ig. a is v a lid  fo r tr ia to -

a)

b)

A cta  C him . A cad . S e i. H u n g . 6 8 , 1971
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с)

F ig .  5. D ependence of th e  n e g a t iv e  logarithm  of th e  tra n sm iss io n  coefficient ca lcu la ted  from  
E q . (2 5 ) on  th e  reduced  w a v e  n u m b e r  w/Т  for a) lin ea r t r ia to m ic ,  b) non-linear te tra -a to m ic

a n d  c) hexa-a tom ic  a c tiv a te d  co m p lex

m ic  l in e a r  ac tiv a ted  co m p le x , F ig . b holds fo r a n o n - lin e a r  te tra -a to m ic , an d  F ig . 
c fo r  a non-linear h e x a -a to m ic  ac tiva ted  com plex .

T h ese  d iagram s w ere  used  in p re p a rin g  F ig s  6 a, 6b and  6c, w hich  
le a d s  to  th e  value A S C in  E q . (20), as a fu n c tio n  o f  th e  red u ced  frequency , u n d e ra)
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b)

c)

F ig. 6 . C orrection  of th e  a c tiv a tio n  e n tro p y  calcu la ted  fro m  E q . (11) as a fu n c tio n  o f th e  
reduced  w ave  n u m b er fo r a) lin e a r  tria to m ic , b) n o n -lin ear te tra -a to m ic  an d  c) h ex a-a to m ic

ac tiv a ted  com plex
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c o n d itio n s  sim ilar to  th e  ab o v e . It. c a n  be seen th a t  e.g. in  th e  case o f  a hexa- 
a to m ic  a c tiv a te d  com plex  w ith  a n  a n h a rm o n ic ity  fa c to r  of x  —  0 .1, a t  reduced  
fre q u e n c ie s  1.2 and  3.8 cm -1  K _1, th e  e n tro p y  co rrec tio n  is ze ro , in  o th e r 
w o rd s , th e  ac tiv a tio n  e n tro p y  c a lc u la te d  from  E q . (11) h ap p en s  to  b e  co rrec t. 
O th e rw ise , in  case o f less a n h a rm o n ic  v ib ra tio n s , a s u b s ta n tia l  m is ta k e  m ay  
a rise  w ith  an  order of m a g n itu d e  of 10 ca l/K .m ole  in  th e  c a lc u la ted  a c tiv a tio n  
e n tro p y .

E stim ation  of the critical frequency and the anharm onicity coefficient

T a b le  I  sum m arizes th e  v ib ra t io n  frequencies an d  a n h a rm o n ic ity  fac to rs  of 
som e d ia to m ic  m olecules. Som e d a ta  of m olecules in  th e  e x c ite d  electron ic  
s ta te s  a re  also show n in  o rd e r  to  illu s tra te  th e  energy co n d itio n s  o f th e  
a c t iv a te d  s ta te .

T h ese  d a ta  d raw  a t te n t io n  to  th e  fo llow ing: 1. E le c tro n ic  ex c ita tio n  
s u b s ta n t ia l ly  decreases th e  fre q u e n c y . 2. T h e  an h a rm o n ic ity  fa c to r  generally

Table I

Molecules
Excitation energy 

kcal/mole
Frequency

cm-1
Anharmonicity

coefficient

A1H 0 1575 0.080

А Ш ('Я ) 153.5 850

B aH 0 1323 0.017

C = C 0 1856 0.008

C = C ( 3# g ) 115.2 1107 0.035

CL 0 565 0.007

СЦУ7) 52.6 239 0.023

H 2 0 4395 0.027

H  , ( '# „ ) 287.7 2443 0.027

H 2( ^ +u) 263.5 1357 0.015

H a+ 0 2297 0.027

HC1 0 2990 0.017

H I 0 2310 0.017

I 2 0 215 0.003

4 * n l u ) 34.1 44 0.023

LiH 0 1406 0.016

L iH  (exc.) 76.2 234

NaCl 0 315 0.004

OH 0 3735 0.022

OU 0 2721 0.016
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ru n s  opposite  to  th e  n u m b e r of e lectrons c o n ta in e d  in  th e  bond . 3. T he a n h a r- 
m o n ic ity  fac to r o f  m olecu les co n ta in in g  h y d ro g en  su b s ta n tia lly  increases w ith  
ex c ita tio n . 4. T he f re q u e n c y  of w ith  one e lec tro n  is a p p ro x im a te ly  one h a lf  
o f t h a t  of H 2 c o n ta in in g  tw o  electrons. 5. T h e  freq u en cy  o f th e  en tire ly  ionic 
N aC l is abo u t 4 0 %  o f th e  va lu e  ca lcu la ted  from  H o o k e ’s law  on th e  basis o f  a 
sing le covalen t b o n d .

C onclusions o n  th e  frequencies of bon d s occu rrin g  in  th e  a c tiv a te d  com 
p lex  m ay  be d raw n  fro m  som e classical ex am p les . R ely ing  on th e  fu n d a m e n ta l 
s tu d y  of B o d e n s t e in  [6] on th e  decom position  o f  H I , acco rd ing  to  F o rm u la
(11), — 10.7 ca l/K .m o le  is o b ta in ed  for th e  a c tiv a tio n  e n tro p y  o f th e  process. 
E y r in g  [7] suggests  t h a t  th e  ac tiv a te d  com plex  is tra p e z o id a l H 2I 2 m olecule. 
O n th is  basis, th e  tra n s la t io n a l  an d  ro ta tio n a l c o n tr ib u tio n s  to  th e  a c tiv a tio n  
e n tro p y  m ay be  c a lc u la ted . This ca lcu la tio n  is specified  in  T ab le  I I .  (The 
d a ta  in  b rack e ts  re fe r  to  an  a c tiv a te d  com plex  in  w hich  th e  b o n d  len g th s  
h a v e  ex tended  b y  2 0 % ). Supposing  th a t  th e  a c tiv a tio n  e n tro p y  ca lcu la ted  
from  F orm ula  (11) is co rrec t, accord ing  to  th e  d a ta  g iven in  th e  ta b le , th e  vi-

ТаЫе II

C om p o u n d H I h , i ; à t

D/Л'л 5.92x10« 1.672X 107
Sf, (cal/K .m ole) 35.94 38.00 -33 .88
I A (kg m 2) 0 5.395X 10~17 

(8 X  10 ~ 47)

I b (kg m 2) 4.216X10-47 7.46 X 10 - «  

(1.05 X 10- 44

I c  (kg m 2) 4.216X 10-47 7.515X 10-4S 
(1.05 X 10 ~ 44)

Fr 58.2 7.90 X 104 
(1.347x10*)

Sr (cal/K .m ole) 10.06 25.38
(26.44)

5.26
(6.32)

Sfr -+■ Sr(cal/K .m ole) 46.00 63.38
(64.44)

-28 .62
(-27.56)

b ra tio n a l en tro p y  c o n tr ib u tio n  of th e  a c tiv a te d  com plex  m u st be  som e 17 
cal/K .m ole . F ig . 7 show ing  th e  v ib ra tio n a l e n tro p y  c o n tr ib u tio n  as a fu n c tio n  
o f  th e  reduced  f re q u e n c y  h as  been p lo tte d  to  e s tim a te  th e  c o n tr ib u tio n s . T he 
red u ced  freq u en cy  o f  H I  v ib ra tio n  a t  th e  te m p e ra tu re  o f m easu rem en ts  
556 К  exceeds 4 c m -1  К  *, w hich has p ra c tic a lly  no e n tro p y  c o n tr ib u tio n . 
O ne can n o t assum e a ll co v a len t bonds in  th e  tra p e z o id a l H 2I 2 a t  such  bo n d
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an g les . T h e  m ost p robab le  c o n fo rm a tio n  is an  H ^ I^ “ ion  p a ir. T h e  com plex  
h as  s ix  n o rm a l v ib ra tio n s , f iv e  in p lan e  an d  one o u t-o f-p lane . T he f iv e  in p lan e  
v ib ra t io n s  m ay  be classified  as follow s: 1. N — H  s tre tc h in g , 2. I — I  s tre tc h in g ,
3. H / — 12  s tre tch in g , 4. l ib ra t io n  o f  F K  in  th e  p lan e , 5. tra n s la tio n a l- lik e  
m o tio n  b a c k  and fo rth  o f a long  th e  m o lecu la r ax is. O u t-o f-p lane  v ib ra tio n

F ig .  7. E n tro p y  co n trib u tio n  o f a  single v ib ra tio n a l degree o f  freedom  as a fu n c tio n  of th e

red u ced  w ave n u m b er

is a  l ib ra t io n  of H Í  p e rp e n d ic u la r  to  th e  p lane . T he red u ced  freq u en cy  of 
v ib r a t io n  1 is around  4 an d  h a s  no e n tro p y  c o n tr ib u tio n . T he red u ced  freq u en cy  
o f  v ib ra t io n  2 is a p p ro x im a te ly  0.15 (S  =  5.5 ca l/K .m ole), o f v ib ra tio n  3 
a b o u t  0 .4  (S  =  3.5 ca l/K .m o le ), o f v ib ra tio n  4 a p p ro x im a te ly  2 (S  — 0.5 
c a l/K .m o le ) , of v ib ra tio n  5 a p p ro x im a te ly  0.2 (5 cal/K .m ole), a n d  th a t  of 
th e  o u t-o f-p lan e  v ib ra tio n  is a p p ro x im a te ly  0.2 (S  =  5 ca l/K .m ole). The 
c o n tr ib u t io n  of v ib ra tio n a l e n tro p y  is, accord ing  to  th e  above ca lcu la tio n s, 
19.5 ca l/K .m ole  m ore th a n  w o u ld  be o b ta in ed  b y  using  F o rm u la  (11). T he 
c r i t ic a l  v ib ra tio n  here  is th e  in p la n e  v ib ra tio n  3, t h a t  is, th e  H,/' —  Ijf stre tcJ - 
in g . D u e  to  th e  ionic c h a ra c te r  o f  th e  b o n d  an d  th e  coupling  to  v ib ra tio n  ' , 
th e  v ib ra t io n a l  freq u en cy  m a y  be e s tim a ted  as 200— 250 c m -1 (red u ced  fre 
q u e n c y : 0.4) and  its  a n h a rm o n ic ity  coeffic ien t as 0.03— 0.05. O n th e  basis  of 
F ig . 6b , com pared  w ith  F o rm u la  (11), th e  co rrec tio n  of th e  e n tro p y  is a p p ro x i
m a te ly  3 cal/K .m ole, w h ich  is in  co n fo rm ity  w ith  th e  above co n sid era tio n s. 
T h u s , th e  p robable  a c t iv a tio n  e n tro p y  is - 8 ca l/K .m ole  an d  th e  v ib ra tio n a l 
e n t r o p y  o f th e  a c tiv a te d  co m p lex  is 19.5 cal/K .m ole .

A s an o th e r classical e x a m p le , th e  m easu rem en ts  b y  B l a d e s  an d  M u r p h y  
[8 ] o n  th e  decom position  o f  e th y lv in y le th e r  a t  500 °C can  be m en tio n ed . A cA  e ta  C h im . A cad. Sei. H u n g . 68, 1971
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co rd in g  to  F o rm u la  (11), th e  a c tiv a tio n  e n tro p y  w as ca lcu la ted  as —10.2 
ca l/K .m o le . T h is suggested  t h a t  th e  a c tiv a te d  com plex  w as a cyclic fo rm a tio n . 
T h e  process b e ing  a u n im o lecu la r reac tio n , th e re  is no change o f tr a n s la tio n a l 
e n tro p y  an d  th e  n eg a tiv e  a c tiv a tio n  e n tro p y  can  only  be e x p la in e d  b y  th e  
cessa tio n  o f in te rn a l r o ta t io n a l  degrees of freedom . In  v in y le th y le th e r , th e  
in te rn a l ro ta tio n  of tw o g ro u p s m ay  be rea lized : th e  ro ta tio n  o f  th e  C H 3 
g roup  a ro u n d  th e  0  —C ax is , a n d  th a t  o f th e  th re e  m e th y l h y d ro g e n s  ro u n d  
th e  C —C axis. T he red u ced  m o m en ts  o f in e r tia  are  a p p ro x im a te ly  4 x l 0 _4e 
k g m 2, an d  5.5 X  10~47 k g m 2 resp . A ccord ing ly , th e  e n tro p y  c o n tr ib u tio n s  are 
8.6 an d  4.7 cal/K .m ole , re sp e c tiv e ly . N o considerab le  change o f  th e  ro ta t io n a l  
e n tro p y  can  be expected  fro m  th e  d e fo rm atio n  o f  th e  en tire  m o lecu le . I t  m ay  
be  ca lcu la ted  t h a t  in  th e  case o f  fiv e  a tom s o f  sim ilar m ass, in  a  U -fo rm a tio n , 
th e  p ro d u c t o f th e  th ree  p rin c ip a l m om en ts o f  in e r tia  is a b o u t one a n d  a h a lf 
tim e s  th a t  o b ta in e d  from  th e  W -fo rm atio n . T h is gives ab o u t 0.4 ca l/K .m o le  
fo r th e  ro ta tio n a l en tro p y  d ifference. A ccord ing  to  th e  above ch an g es, a n  en 
tro p y  decrease o f  13 ca l/K .m o le  is o b ta in ed  fo r  th e  ac tiv a tio n . I f  w e accep ted  
th e  decrease in  en tro p y  c a lc u la ted  from  F o rm u la  (11) to  be 10 ca l/K .m o le , 
we w ould  o b ta in  no m ore th a n  3 ca l/K . m ole fo r th e  v ib ra tio n a l e n tro p y  con
tr ib u t io n  o f th e  a c tiv a te d  co m p lex . E v id e n tly , th is  is an  im possib ly  low  va lu e . 
T h e  process assum ed  is th e  fo llow ing:

A \ A
H C 2 4c h 2 HC CH

H .C , 5CH2 H ,C  . CH
H/  H

/  1НС сн2

H .C  C H ,

V in y le th y le th e r  has 33 n o rm a l v ib ra tio n s , 4 o f  w hich  are  sk e le ta l v ib ra tio n s , 
3 in p lan e  sk e le ta l bend in g  m odes, 2 o u t-o f-p lan e  ske le ta l v ib ra tio n s  (one of

Table H I

V ib ra tio n
R ed u ced  fre q u e n c y  

cm~'K_ 1
E n tro p y  c o n tr ib u tio n  

c a l/K .m o le

O • C stre tch in g 0.7 (1.0) 2.0 (1.5)

C—O -C  bending 0.2 (0.3) 5.0 (3.5)

0  • C—C bending 0.3 (0.4) 3.5 (3.0)

In p h a se  ou t-o f-p lane  v ib ra tio n

of C2H 4 groups 0.2 (0.3) 5.0 (3.5)

C ,H 4 lib ra tio n 0.2 (In te rn a l ro ta tio n ) 5.0

CH2 rocking (C5) 0.8 (In te rn a l ro ta tio n ) 2.0

22.5 (11.5)

4* A cta  Chim . A cad . S e i. H u n g . 6 8 , 1971
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th is  is th e  in te rn a l r o ta t io n  o f  th e  C —C H 3 g ro u p ), 8 CH stre tch in g s an d  16 
C H  b e n d in g  v ib ra tio n s  (one  o f  these  is th e  in te rn a l  ro ta t io n  o f th e  C H 3 group). 
T a b le  I I I  shows th e  re d u c e d  frequencies an d  e n tro p y  co n tr ib u tio n s  o f th e  low 
fre q u e n c y  v ib ra tio n s  o f  th e  a c tiv a te d  com plex . T h e  red u ced  frequencies and  
e n tro p y  co n trib u tio n s  o f  th e  corresponding  v ib ra t io n  in  th e  s ta r tin g  m a te ria l 
are  g iv en  in  b racke ts.

N o considerab le  c h an g e  can  be expec ted  in  th e  frequencies of th e  re s t  of 
th e  n o rm a l v ib ra tio n s , i.e . a lso  th e  en tro p y  c o n tr ib u tio n  o f th e  decreased  fre 
q u e n c y  is negligible. T h e  ta b le  shows th e  v ib ra t io n a l  c o n tr ib u tio n  to  th e  a c tiv 
a tio n  e n tro p y  to  be  a p p ro x im a te ly  11 ca l/K .m o le , w hile th a t  c a lcu la ted  
fro m  F o rm u la  (11) is 3 ca l/K .m o le . T he c ritica l v ib ra tio n  is p ro b ab ly  th e  O C 
s tre tc h in g  whose a n h a rm o n ic ity  coefficient is o b v io u sly  v e ry  low, w h ich  ex 
p la in s  th e  en tro p y  c o rre c tio n  o f ab o u t 8 ca l/K .m o le . A ccord ing  to  th e  above, 
th e  c o rre c t a c tiv a tio n  e n tro p y  of th e  reac tio n  is on ly  —2 cal/K .m ole.

F ig. 8. D ependence of th e  n e g a tiv e  lo g arith m  of th e  tran sm iss io n  coefficient on th e  reduced  
w ave n u m b e r  fo r  a th ir te e n -a to m -a c tiv a te d  com plex

A ccord ing  to  E q s  (21) an d  (20), th e  tra n sm iss io n  coeffic ien t m a y  be  cal
c u la te d  as 0.018 from  th e  e n tro p y  correc tion  o f  8 ca l/K . m ole. O n th e  basis  of 
E q . (25), a t  a reduced  fre q u e n c y  of 0.7 cm ” 1 K ” 1 su ch  a tran sm issio n  coeffic ien t 
w ill co rresp o n d  to  an  a n h a rm o n ic ity  coeffic ien t x  =  0.007 (F ig. 8). A ccord ing  
to  T a b le  I , such an a n h a rm o n ic ity  coeffic ien t m a y  be expec ted  in  s tre tch in g s  
w ith  no  hydrogen  p a r tic ip a tio n .

In  sum m ary  o f th e  ab o v e , th e  follow ing p ro ced u re  m ay  be suggested  for 
th e  ca lcu la tio n  of th e  a c t iv a tio n  en tro p y : 1. As f i r s t  ap p ro ach , le t us ca lcu la te  
th e  a c tiv a tio n  e n tro p y  (AS*') according to  E q . (11). 2. L e t us give th e  m ost 
p ro b a b le  co n fig u ra tio n  o f  th e  ac tiv a te d  com plex . 3. T h en  e s tim a te  th e  p rin c ip a l 
m o m e n ts  of in e rtia  a n d  n o rm a l frequencies o f th e  com plex . 4. O n th is  basis, 
c a lc u la te  from  F ig . 7 th e  a c tiv a tio n  en tro p y . 5. I f  th is  ap p ro x im a te ly  corre-

A c ta  C h im . Acad. Sei. H u n g . 68 , 1971
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sponds to  th e  re su lt ca lcu la ted  from  F o rm u la  (11), le t us check w h e th e r  or no t 
th e  e n tro p y  co rrec tio n  is negligible, a cc o rd in g  to  Fig. 6 . 5/a. I f , on  th e  basis 
o f th e  n o rm a l freq u en c ies  an d  Fig. 7, th e  a c t iv a t io n  en tro p y  p ro v es to  b e  h igher 
th a n  th a t  c a lcu la ted  from  F o rm u la  (11), ex am in e  w heth er th e  re d u c e d  fre 
q u en cy  o f th e  c ritic a l no rm al v ib ra tio n  a n d  i ts  e s tim a ted  a n h a rm o n ic ity  coeffi
c ien t ex p la in , acco rd ing  to  Fig. 6 , th e  d e v ia tio n  from  th e  e n tro p y  fo u n d . I f  
e ith e r  on th e  basis  o f 5 or 5/a, th e  d e v ia tio n  is n o t  g rea te r th a n  1— 2 ca l/K .m o le , 
b o th  th e  assum ed  con fig u ra tio n  o f  th e  a c t iv a te d  com plex an d  th e  assum ed 
ra te -d e te rm in in g  s tep  m a y  be considered  as accep tab le .
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I t  w as fo u n d  th a t  a re la tio n  o f  th e  fo rm  / ( c )  • F (E )  can  be w ritten  to  a  good 
a p p ro x im atio n  fo r th e  dependence o f  a d so rp tio n  on  c o n ce n tra tio n  and p o te n tia l  fo r 
acetic  acid  a n d  sulfuric  acid (s im ila rly  as fo r h y d ro c h lo ric  acid).

In  th e  s tu d ied  cases m ore o r less w ell s e p a ra te d  sec tions occur in th e  p o te n tia l  
dependence o f th e  adsorp tion .

Acta Chimica Academiae Scientiarum Hungaricae , Tom us 68 (4 ) , pp . 339 —  344 (1971)

In  an  ea rlie r  com m unica tion  [1 ] i t  w as show n th a t  fo r th e  d ep en d en ce  
on  th e  p o te n tia l (E ) and  co n c e n tra tio n  (c) o f  th e  a d so rp tio n  of ch lo ride  ions, 
to  a good a p p ro x im a tio n  an  e q u a tio n  of th e  ty p e

Г  — f(c )  ■ F (E )  (1)

is va lid ; th a t  is , th e  adso rp tio n  is g iven  h y  th e  p ro d u c t o f tw o func tions o f  one 
va riab le  each.

W e a rriv ed  essen tia lly  a t  th e  sam e conclusion  from  our earlier s tu d ie s  
[2, 3] co nnec ted  w ith  th e  a d so rp tio n  o f ace tic  ac id  an d  sulfuric acid , b u t  on 
th e  basis of th e  fa c t  th a t  w ith  in c rease  o f c o n c e n tra tio n  a t  each p o te n tia l  th e  
ad so rp tio n  a p p ro a c h e d  d ifferen t lim itin g  v a lu es  th is  f in d in g  was so fo rm u la te d  
th a t  th e  m ax im u m  adsorbed  a m o u n t is a fu n c tio n  o f  th e  p o ten tia l.

S im ilarly , in  connection  w ith  th e  s tu d y  o f  th e  ad so rp tio n  o f ch lo rid e  
ions we cam e to  th e  conclusion th a t  F (E )  can  be g iven  to  a good a p p ro x im a tio n  
in  th e  form

F (E )  =
A  • 10МЯ ßoi)

+
В  . 1 0 » .(£ -£ . .)  

1 -f  ЮМЕ-Ем) (2)

O ur earlie r s tu d ies  w ith  su lfu ric  acid  a n d  ace tic  acid  covered c o n c e n tra 
tio n s o f only 10- 3— 10-4 M . T he p o te n tia l  w as v a rie d  in  large, 100 m V  s tep s  
an d  so from  th e  d a ta  arising from  th e se  m e a su re m e n ts  i t  w as possible to  d raw  
on ly  lim ited  conclusions on th e  v a lid i ty  o f E q . (1) an d  no conclusions a t  a ll on 
E q . (2). T hus, to  answ er th e  q u es tio n , th e re  w as a need  fo r fu r th e r  m e a su re 
m en ts ; we re p o r t  on  these in  th e  p re se n t c o m m u n ica tio n .

A cta  C him . A cad . Sei. H ung . 68 , 1971
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E x p erim en ta l

S tu d ie s  were m ad e  in  th e  a p p a ra tu s  a n d  w ith  th e  m eth o d  re p o rte d  ea rlie r [4]. T he 
g r e a te s t  co n ce n tra tio n  u sed  in  th e  case o f su lfu ric  acid  w as 10“ 1 M , a n d  fo r ace tic  acid  
10“ 2 JVf. A s an  illu s tra tio n  o f th e  possib ilities a n d  acc u rac y  of m easu rem en t, in  T ab le  I  are 
g iv e n  th e  o verall co u n t ra te s  ( I f )  m easu red  a t  700 m V  a n d  th e  coun t ra te  ( I p )  p ro p o rtio n a l to 
th e  a d so rb e d  a m o u n t as d e te rm in e d  from  f  a cco rd in g  to  reference [2], in  th e  cases o f  severa l 
m ea su re m e n ts .

Table I

C o u n t rates m easured  at 70 0  m V  w ith  v a r io u s  electrodes a n d  sp e c ific  a c tiv itie s

(M )
I,

(cpm )
i r

(cpm )

Sulfuric  acid

10“ 2 108,000 94,000

10“ 1 19,700 9,300

A cetic  acid

10- 4 200,000 198,000

2 x  10 “ 3 45,000 43,000

5 x l 0 “ 5 241,000 240,000

5 x  10 “ 3 91,000 82,000

5 x l 0 - 2 14,000 7,000

A s m a y  be seen fro m  th e  T ab le , th e  accu racy  o f m easu rem en t d e te r io ra te s  co n sid erab ly  
a t  h ig h  co n cen tra tio n . T h e  c o u n t r a te  p ro p o rtio n a l to  th e  adso rp tion  is gen era lly  sm alle r a t  
h ig h e r  co n cen tra tio n s  because  th e  increase  o f  c o n c e n tra tio n  could in  g en era l be  ach iev ed  only 
w ith  th e  sim u ltan eo u s decrease  o f th e  specific a c t iv ity . F o r th e  s tu d y  of th e  v a lid ity  o f E q . (1), 
th e  c o u n t  ra te  arising  fro m  th e  ad so rb ed  m a te r ia l  m easu red  a t  d ifferen t p o te n tia ls  a t  each  
c o n c e n tra t io n  were d iv ided  b y  th e  co u n t r a te  o b se rv ed  a t  700 mV. T hese q u a n tit ie s  (Г г) are 
g iv en  a s  a  fu n c tio n  of th e  p o te n tia l  in  Figs 1 a n d  2 fo r  a ce tic  acid and su lfuric  acid , re sp ec tiv e ly . 
F o r  t h e  sa k e  of c la rity , o n ly  th e  p o in ts  m easu red  fo r  c e r ta in  co n cen tra tio n s are  given.

A c ta  C h im . A cad. Sei. H u n g . 68 , 1971

F ig .  1 . D ependence of Г г on  th e  p o te n tia l a t  v a rio u s  co n cen tra tions o f ace tic  acid . 
Д  5 x l O - 5 M ; ж 5 x l 0 - 3 M ;  О 1 0 - 2 M
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I t  m ay  be seen  fro m  th e  F igu res t h a t  th e  p o te n tia l  dependence  of Г т is scarce ly  a ffec ted  
b y  co n cen tra tio n  ch an g es o f a lm ost five  a n d  th ree  o rd e rs  o f m ag n itu d e , re sp ec tiv e ly , fo r  su l
fu ric  acid a n d  ace tic  acid . I t  w ould n o t be  a s ig n ific a n t m is ta k e  if  a  single cu rv e  w ere d raw n  
th ro u g h  th e  p o in ts , a n d  so i t  m u st be accep ted  t h a t  E q . (1) is va lid  in these  cases to o . I n  th e  
follow ing th e  q u estio n  arises as to  th e  fo rm  of th e  fu n c tio n  F ( E ) .  T h is question  will be  tre a te d  
se p a ra te ly  fo r th e  tw o  acids.

Adsorption o f acetic acid

T he p o te n tia l  dependence  o f th e  a d so rp tio n  o f acetic  acid a t  a c o n c e n tra 
t io n  o f 5 X 10~3 M  is show n in F ig . 3 (cu rve 1). T h e  in d iv id u a l p o in ts  w ere m eas
u re d  a t  50 mV in te rv a ls  on fresh ly  p re p a re d  e lec trodes p re - tre a te d  b y  anod ic  
an d  ca th o d ic  p o la r iz a tio n  (20— 30 m A ).

T his cu rve  a p p a re n tly  differs from  th o se  re p o r te d  earlier [3] in  w h ich  th e  
re la tiv e ly  f la t  sec tio n  a t  p o ten tia ls  b e tw een  300 an d  500 mV is m issing . T he 
reaso n  fo r th is , th e  ch an g e  of th e  p o te n tia l in  to o  la rg e  steps, has a lre a d y  b een  
m en tio n ed . A p a r t  fro m  th is , i t  m u s t also b e  n o te d  th a t  th e  n a tu re  o f th is  
sec tio n  depends to  a la rg e  e x te n t on th e  life -h is to ry  o f th e  e lec trode  a n d  on 
such  fac to rs as a re  a t  p resen t in su ffic ien tly  u n d e rs to o d . In  th e  case o f  th e  
s tu d y  of th e  a d so rp tio n  of chloride ions, i t  w as show n th a t  changes o ccu r in  
th e  n a tu re  of th e  p o te n tia l  dependence o f th e  a d so rp tio n  w ith  th e  ageing  o f  th e  
e lec trode  and  w ith  its  use [1]. S u b s ta n tia lly  th e  sam e is observed  in  th e  case of 
ace tic  acid too .

F o r th e  c h a ra c te r iz a tio n  o f th e  p o te n tia l  dependence o f a d so rp tio n ,
d r r

" —■ E  curves w ere  used. C urve 2 o f F ig . 3 w as d raw n  on th e  basis  o f  th e

А Г Г
values c a lc u la ted  from  th e  m easu red  d a ta  co rrespond ing  to  cu rv e  1.

Acta Chim. Acad. Sei. Hung. 68, 1971

F ig . 2. D ependence o f Г г on th e  p o te n tia l  a t  v a r io u s  co n cen tra tio n s o f su lfu ric  acid.
О К)-6 M ;  Д IO“4 M; x  10"1 M



342 H O RÁ N Y I e t a l.: A DSO RPTION  PH EN O M EN A , V III

F o r  th e  sak e  of com parison  w e also show  th e  ------ cu rv e  (curve 3) d e te rm in e d
A E

in  a s tu d y  of th e  ad so rp tio n  o f  ch lo ride  ions a n d  re p o rte d  in  an  ea rlie r c o m m u 
n ic a tio n .

E mV

F ig . 3. D epen d en ce  of Г г (cu rv e  1) a n d  А Г Г/А Е  (cu rv e  2) on  th e  p o ten tia l a t  a n  a c e tic  acid  
c o n c e n tr a t io n  of 5 x 1 0 -3 M .  P o te n tia l  dependence  o f А Г г/А Е  in  th e  case o f c h lo rid e  ions

(curve 3)

F ro m  curves 2 an d  3 i t  ap p e a rs  th a t  th e re  is no su b s ta n tia l d iffe rence  in 
b e h a v io u r  betw een  th e  tw o  ad so rb ed  m a te r ia ls . In  b o th  cases tw o  m ax im a  
o c c u r . T h e  positions o f th e  m a x im a  co rresp o n d  to  th e  values o f E 01 a n d  E 02 
in  E q .  (2) (if E 01 and  E 02 a re  f a r  enough from  each  o th er, an d  in  th e  p re se n t 
case  th is  is so).

W ith o u t engaging in  to o  fa r-reach in g  conclusions, we m ay  s ta te  t h a t  th e  
a d s o rp tio n  of acetic acid  is p ro b a b ly  of th e  sam e ty p e  as th a t  o f c h lo rid e  ions,
i.e . i t  c a n  be described b y  a p o te n tia l  d ep en d en ce  o f th e  sam e fo rm  as E q . (2).

I t  ap p ears  th a t  th e  c o n s ta n ts  A  an d  В  in  th e  tw o cases are  o f a p p ro x i
m a te ly  th e  sam e m a g n itu d e . T h e  d ifference w ould  be p rim arily  in  th e  va lu es  
o f  E 01 and  E 02.

F ro m  th e  com parison  o f  severa l m easu rem en ts , how ever, i t  is c le a r  th a t  
th e re  is a considerable s c a tte r ,  especially  in  th e  v a lu e  of E 02. W h a t m a k e s  th e  
m e a su re m e n ts  ra th e r  d iff ic u lt is th a t  ace tic  acid  is adsorbed  q u ite  w eak ly , 
a n d  so th e  im purities p re se n t even  in  low  c o n c e n tra tio n  ex e rt a d isp lacem en t 
e ffe c t. F o r  th is  reason we be lieve  th a t  th e re  is on ly  th e  possib ility  o f e s ta b lish 
in g  th e  above-m en tioned  ten d en c ie s  from  o u r m easu rem en ts.

W e can n o t say  to o  m u c h  e ith e r  reg a rd in g  th e  form  of th e  fu n c t io n /( c ) .  
W e c a n  estab lish  th a t  a t  c o n c e n tra tio n s  ab o v e  10 “ 3 M  th e  a d so rp tio n  d ep en d s 
b u t  s lig h tly  on th e  c o n c e n tra tio n . As a lre a d y  m en tio n ed , in  ou r e x p e rim e n ts  
th e  in c rea se  of c o n c e n tra tio n  w as effected  b y  ad d in g  in ac tiv e  ace tic  ac id  in 
se v e ra l s tep s  to  th e  lab e lled  ace tic  acid  p re se n t in  low  co n cen tra tio n . N a tu ra lly ,
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d u rin g  th is , th e  specific a c t iv i ty  to o  decreased  w hich , in  th e  case o f  u n ch an g ed  
a d so rp tio n , re su lts  in  th e  p ro p o rtio n a l decrease  o f  th e  co u n t ra te .

T he resu lts  o f a m ea su re m e n t series ca rr ied  o u t a t  700 mV are g iven  in  
T ab le  I I .

I t  m ay  be seen fro m  th e  d a ta  in  th e  T ab le  t h a t  th e  co u n t r a te  fo r con
c e n tra tio n s  above 2 X 10~3 M  is a lm o st in v e rse ly  p ro p o rtio n a l to  th e  c o n c e n tra 
tio n , th a t  is th e  a d so rp tio n  a lread y  changes o n ly  s lig h tly  w ith  c o n c e n tra tio n .

Table II

с (M) I r (ер ш )

10- 4 2 9 5 , 0 0 0

2  X  1 0  - a 4 1 , 0 0 0

io-s 9 , 4 0 0

5 x l 0 - 2 2,000

Adsorption of sulfuric acid

P h en o m en a  ag ree ing  essen tia lly  w ith  th e  o b se rv a tio n s  for acetic  acid  
w ere fo u n d  in  th e  case o f  su lfu ric  acid too . T h e  v a lu es  o f  Г г d e te rm in ed  a t  a

А Г г
su lfu ric  acid  c o n c e n tra tio n  o f  10 1 N  are  g iven in  F ig . 4 . T h e ----- - — E  cu rv e

A E
re la tin g  to  th ese  is d raw n  w ith  a dashed  line.

T he p o te n tia l d ep en d en ce  o f th e  a d so rp tio n  w as also s tu d ied  fo r 10“ 1 N  
su lfu ric  acid  w ith o u t p e rch lo ric  acid as b ack g ro u n d  e lec tro ly te . T he co rre 
spond ing  curves are  show n in  F ig . 5. (In  th is  case th e  p o te n tia l refers to  a 1

F ig . 4 . P o te n tia l dependence o f  Г г and  А Г Г/ А Е  a t  a  su lfu ric  acid  co n cen tra tio n  of 10 - l  N  in  a 
1 N  p e rch lo ric  acid b ack g ro u n d  so lu tio n
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a tm o s p h e re  hydrogen  e lec tro d e  im m ersed  in to  10-1  N  su lfu ric  ac id  so lu tio n .) 
T h e re  is no su b s ta n tia l d iffe rence  b e tw een  th e  values observed  w ith  a n d  with* 
o u t  p e rch lo ric  acid.

A  com parison  o f F ig s  3 , 4 an d  5 show s t h a t  th e  d ifference b e tw een  acetic  
a c id  a n d  sulfuric acid  lies in  th e  ap p ea ran ce  o f a th ird  p eak . T h is m eans th e

Í- m'.'

F ig .  5. P o te n tia l  dependence o f Г г an d  А Г Г/Л Е  a t  a su lfuric  acid  co n cen tra tio n  o f 10_1 N  
w ith o u t p e rch lo ric  acid  b ack g ro u n d  so lu tio n

o c c u rre n ce  of a th ird  te rm  in  E q . (2). H ere  to o  th e  ex p e rim en ta l u n c e r ta in ty  
is to o  la rg e  for us to  a t te m p t  th e  d e te rm in a tio n  of th e  form  of th e  fu n c tio n  in  
a d d i t io n  to  th e  revealed  ten d en c ies .

T h e  p resen ted  e x p e rim e n ta l re su lts  in  all cases in d ic a te  t h a t  on  p la ti
n u m  m o re  or less se p a ra te d  sec tions a p p ea r in  th e  p o te n tia l d ep en d en ce  of th e  
a d so rp tio n .

F o r  th e  ev a lu a tio n  o f th e  p h en o m en a  i t  is p ro b a b ly  necessary  to  develop 
a n ew  m odel of a d so rp tio n . H ow ever, th is  can  on ly  be done a f te r  th e  acq u is i
t io n  o f  m ore exp erim en ta l re su lts .
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APPROACH OF THE EQUALIZED ELECTRONEGATIVITY 
BY MOLECULAR PARAMETERS

S . S z ő k e

( Central Research Institu te  fo r  C hem istry , H ungarian  Academ y o f  Sciences)  

R ece ived  J a n u a ry  23, 1970

T he m ean  e lec tro n eg ativ ities  w h ich  are  sa tis fac to ry  a p p ro x im a tio n s  fo r  th e  equal
ized  ones can  be b ro u g h t in to  close re la tio n  w ith  th e  sim plest m o lecu la r  p a ram ete rs . 
T h e  force c o n stan ts  o f d ia to m ic  m olecules o r o f single iso lated  b o nds c an  b e  expressed  
b y  m eans of th e  equalized  e le c tro n e g a tiv itie s , b o n d  orders, bond  s t re n g th s  a n d  in te r
a to m ic  d istances.

U sing th e  force c o n s ta n t re la tio n sh ip , th e  equalized e le c tro n e g a tiv ity  can  be 
a p p lied  for th e  co n stru c tio n  of em p irica l p o te n tia l  energy functions.

S im ilarly , a sim ple re la tio n sh ip  can  be obse rv ed  betw een th e  e lec tro n e g a tiv itie s , 
v ib ra tio n a l force c o n stan ts , a n d  q u a n tu m -ch e m ic a l tw o-cen ter (m o lecu la r o r bond) 
rep u ls io n  in teg rals .

T h e  p o te n tia l energy  fu n c tio n s  o f  di- a n d  polyatom ic  m o lecu les can  be 
d e te rm in e d  w ith  th e  n ecessary  acc u ra cy  even  in  our days —  in  m o s t cases 
on ly  b y  p a ra m e te rs  o f em pirica l c h a ra c te r . T h e  em pirical p a ra m e te rs  are  es
ta b lish e d  b y  spectroscop ic  m easu rem en ts . W e v e ry  seldom  e n c o u n te r  solu
tio n s  in  w hich  th e  ap p lica tio n  o f p a ra m e te rs  o th e r  th a n  tho se  o f  spec tro scop ic  
orig in  a re  tr ie d  fo r th e  ca lcu la tio n  o f en erg y  levels.

E le c tro n e g a tiv ity  w as in tro d u c e d  in to  th eo re tica l ch em is try  b y  P a u l i n g ; 
th is  is th e  energy  b y  w hich  an  a to m  a t t r a c ts  an  electron  or e lec tro n s  belonging  
to  a n o th e r  a tom , fo r es tab lish in g  a b o n d . H is scale is based  on  th e rm o ch em ica l 
d a ta  b u t ,  to  a ce rta in  e x te n t, he m e t d ifficu ltie s  in  co rrect d im en sio n in g . The 
f i r s t  in te rp re ta t io n  w hich  p ro v ed  to  be  sa tis fa c to ry  was g iven  b y  M u l l i k e n , 
r e la tin g  th is  concep t to  tw o p a ra m e te rs  o f  energy  d im ensions, th e  e lec tron  
a f f in ity  a n d  th e  io n iza tio n  p o te n tia l. I n  th e  defin ition  g iven b y  M u l l ik e n  
a lre a d y  p a ra m e te rs  for th e  a c tu a l va len ce  s ta te  occur.

T h e  d im ensional p rob lem  w as f in a lly  so lved  b y  I c z k o w sk i  a n d  Ma r 
g r a v e , w ho show ed th a t  i f  e ith e r  io n iz a tio n  p o te n tia l or e le c tro n  a f f in ity  are 
co n sid e red , th e  energy  change invo lv es  also a change in  th e  c h a rg e . A ccord ing  
to  th e se  au th o rs , th e  p o te n tia l m u s t be  ac c e p ted  as a d im ension  (en e rg y /ch arg e  
m ean in g  p o ten tia l) . T h e  co n cep t t h a t  e le c tro n e g a tiv ity  —  a lth o u g h  its  n u 
m erica l va lues are  d e te rm in ed  b y  th e  a to m ic  s tru c tu re  —  is re a so n a b le  only 
w hen  assoc ia ted  w ith  a chem ical b o n d , ta k e s  its  origin fro m  th e  w ork  of 
H in z e  an d  J a f f é . S im ilarly  to  th e  io n iz a tio n  p o ten tia l or e le c tro n  a ffin ity ,
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e le c tro n e g a tiv ity , to o , c o n n e c te d  w ith  atom ic o rb ita ls  com bined  to  m o lecu la r 
o rb ita ls .

L ik e  th e  covalen t a to m ic  rad ii, th is  is a ty p ic a l  ‘a to m s in  th e  m olecu les’ 
p r o p e r ty  determ in ing  a c o n c e p t —  the  bond  le n g th  —- w hich  has no sense in  
a to m ic  aspects.

Equalized electronegativity

I n  connection w ith  th e  chem ical bond  a n d  th e  fo rm atio n  of m olecules 
w e h a v e  to  consider th e  e q u a liz a tio n  of e le c tro n e g a tiv itie s . The e lec tro n eg a
t i v i t y  o f  th e  atom s fo rm in g  a chem ical bond  m u s t  becom e equal, o therw ise  
e q u ilib r iu m  could n o t e x is t . T h e  concept of e q u a liz e d  e lec tro n eg a tiv ity  w as 
in tro d u c e d  by  Sa n d e r s o n  [1] in to  the  valence th e o ry  an d  was la te r  ex te n d e d  
to  o rb i ta l  e lec tro n eg a tiv itie s .

A ccord ing  to  P r i t c h a r d  [2] eq ualiza tion  is , how ever, no t p e rfec t, b e 
c a u se  i f  th e  in te rac tio n s b e tw e e n  electrons are  also  ta k e n  in to  co n sid e ra tio n , 
th e  e le c tro n e g a tiv ity  v a lu e s  fo r  th e  c o n s titu e n t a to m s  a re  n o t p erfec tly  eq u a l 
b u t  d e v ia te  on the  tw o  a to m s  b y  some ± 5 %  fro m  a ca lcu la ted  m ean  v a lu e .

Q uantum -chem ical approximation o f electronegativity

T h e  principles la id  b y  H in z e  and J a ffé  [3] as well as b y  H in z e , W h i t e - 
h e a d  a n d  J affé  [4] are  t h e  s ta r t in g  point for a n u m b e r  of theore tica l w orks; 
th e i r  re su l ts  are refe rred  t o  in  m ost sem i-em pirica l p rocedures  of q u a n tu m  
c h e m is t ry .

F o r  calcu lating  e q u a liz e d  e lec tro n eg ativ ities  one o f th e  m ost fre q u e n tly  
u se d  possib ilities is th e  i t e r a t iv e  procedure e la b o ra te d  b y  P ritchard  an d  
S u m n e r  [5]; in th is SC F p ro c e d u re  th e  C oulom b in te g ra l  x q is rep laced  b y  th e  
e lec tro n eg a tiv itie s  of л -o rb ita ls . Subscrip t q re fe rs  to  th e  occupancy  o f  th e  
o rb ita ls ,  an d  e le c tro n e g a tiv ity  can  be considered  as a fu n c tio n  of th e  occu 
p a n c ie s . In  every cycle o f  th e  ca lcu la tions th e  o v e rlap  in teg ra ls  and  ocq-s a re  to  
b e  a d ju s te d  to  the  o ccu p an c ies  ca lcu la ted  in  th e  fo rm e r cycle, u n til we o b ta in  
S C F  series of charge d is tr ib u tio n s . The m ean e le c tro n e g a tiv ity  of th e  sy s tem  
— C =  N — , [C(t1i2t3 л); ]Ч (ф 2£3л )]  according to  th e  P a u l in g  scale, is 2 .75, in  
th e  M u l l ik e n  system  6 .82 ; b y  th e  ite ra tiv e  p ro c e d u re  we get for th e  ca rb o n  
a to m  6.50 and  for th e  n i tro g e n  7.13; the d e v ia tio n  from  th e  m ean v a lu e  is 
th u s  a b o u t i 5%  [6 ].

T h e  principles o f th e  q u a n tu m  chem ical a p p ro a c h  an d  m ethodo logy  of 
th e  n e u tr a l  atom ic e le c tro n e g a tiv ity  were e la b o ra te d  b y  Mu l l ik e n  [ 6 ,7 ] ,  
I c z k o w s k i  and Ma r g r a v e  [8], H inze  and  J a f f é  [9], H in z e , W h i t e h e a d  
a n d  J a f f é  [3], K lo pm a n  [10, 11], J ö rg en sen  [12], P ritchard  [13], P r i t -
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c h a r d  an d  Sk in n e r  [14], B a ir d  an d  S ic h e l  [15], B a ir d , S ic h e l  a n d  W h i t e - 
h e a d  [16]. The expression

xa  =  Fa  +  A ’a  (1)

g iv en  b y  M u l l ik e n , w here x a  is th e  e le c tro n e g a tiv ity  of th e  a to m  A ,  I  a  and 
A'a  a re  th e  io n iza tion  p o te n tia l  an d  e lec tro n  a ff in ity , re sp ec tiv e ly , fo rm s the  
b as is  o f  a n u m b er of q u an tu m -ch em ica l p ro ced u res , m ain ly  o f th o se  w h ich  are 
in  e x te n d e d  use also a t  p re se n t (P P P , E H , C N D O  and  o thers).

The approach of equalized electronegativity by molecular param eters

A n u m b er o f th e o re tic a l an d  sp ec tro scop ic  p a ram ete rs  se rv e  fo r the  
c h a ra c te r iz a tio n  o f th e  chem ical bo n d  a n d , acco rd ing ly , th e  chem ical b o n d  can 
be  c lassified  from  severa l p o in ts  o f view . T h e  c lassifica tion  has b een  perfo rm ed  
on  th e  basis o f th e  se p a ra te d  a to m  co n fig u ra tio n s  [17]; th is  m e th o d  has a 
n u m b e r  o f ad v an tag es , e.g. i t  requ ires o n ly  in te g e r  and  h a lf  in te g e r  b o n d  or
d e rs , w hich  can be g iven b y  th e  follow ing sim ple fo rm ula

-TV =  1/2 ( l 'q b —E q ah) (2)

w h ere  N  is th e  bo n d  o rd e r; qb is th e  o ccu p an cy  of bond ing  a n d  qab t h a t  of 
th e  an tib o n d in g  o rb ita ls .

Som e of th e  m o lecu la r p a ra m e te rs  can  be  de te rm in ed  on  th e  basis  of 
v a r io u s  sp ec tra . W ith  th e  aid  o f th ese  it  is in te n d e d  to  e lucidate  th e  q u a lita tiv e  
p ro p e rtie s  o f th e  bond .

T he s tre n g th  of th e  b o n d  was earlie r re fe rred  to  as th e  d isso c ia tio n  energy  
b e lo n g in g  to  th e  v ib ra tio n a l q u a n tu m  n u m b e r: v =  0. Since th e  en e rg y  s ta te  
o f  th e  d issociated  p ro d u c ts  is n o t a lw ays k n o w n  ex ac tly  M u l l i k e n  [18] sug 
g e s te d  e ith e r  th e  v ib ra tio n a l freq u en cy  or th e  recip rocal b o n d  d is ta n c e  in 
s te a d . As to  th e  v ib ra tio n a l frequency , its  con n ec tio n  w ith  th e  v ib ra tio n a l 
fo rce  c o n s ta n t is well k n o w n , an d  th u s  th e  possib ility  arises t h a t  som e ra tio  
o f  th e  d issocia tion  energ ies an d  in te ra to m ic  d is tan ces  be used  as p a ra m e te r  
in  th e  m ost ch a rac te ris tic  expression  fo r th e  b o n d  s tren g th .

T h ere  is a c h a ra c te r is tic  re la tio n sh ip  b e tw een  th e  tw o ab o v e  m en tio n ed  
q u a n ti t ie s  w ith in  a g iven  ty p e  of m olecule; we found  th e  fo llow ing expression  
v a lid :

k e ^  deD 'l2 r; 1 (3)

w h e re  k c is th e  force c o n s ta n t reduced  to  u n i t  bond  o rder, e =  (x a x b )^ 2 is 
th e  m ean  v alue  o f th e  e lec tro n eg a tiv itie s  o f th e  atom s fo rm ing  th e  b o n d , D e 
is th e  d issociation  energy  sim ilarly  red u ced  to  u n it  bond o rd e r; re is th e  in-
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te ra to m ic  d istance . E q . (3) ca n  be w ritten  in  th e  fo llow ing form :

_  _ r ^ _

d D]'2

or ta k in g  th e  bond  o rd e r  in to  considera tion ,

£

(4 )

(5)

E q . (5) can  be reg a rd ed  as a n  ap p ro ach  b y  m o lecu la r p a ram ete rs  o f th e  e q u a l
ized  e le c tro n e g a tiv ity  e s ta b lish e d  [19, 20] b y  q u an tu m -ch em ica l m e th o d s ; 
th u s  th e  e le c tro n e g a tiv ity  show s essen tia lly  th e  re la tio n sh ip  ex is tin g  b e tw een  
th e  tw o  q u a n titie s  (1)е/г(.2)1/2 a n d  ke, ch a ra c te riz in g  th e  bond  s tre n g th .

Som e exam ples for the valid ity  o f  Eq. (3 )

T h e  crite rion  fo r th e  v a lid i ty  of E qs (3) a n d  (5), respective ly , is, w ith in  
a g iv en  m olecule ty p e , a  good  ap p ro x im a te  a g re e m e n t of th e  d c o n s ta n ts . 
In  th e  follow ing ta b le s  th e  d issoc ia tion  energ ies a re  g iven in  K cal/m ole , th e  
fo rce  c o n s ta n ts  in  m d y n /Â , th e  in te ra to m ic  d is ta n c e s  in  Â, and  th e  a to m ic  
e le c tro n e g a tiv ity  v a lu es  a re  ta k e n  from  P a u l i n g . T h e e lec tro n eg a tiv itie s  of 
P a u l i n g  h av e  th e ir  l im ita t io n s ;  th a t  th e y  can  be successfu lly  used in  a p p ro x i
m a te  cases  is due to  th e  f a c t  th a t  th e  single v a lu e s  re flec t a re la tiv e ly  good 
m u tu a l  ra tio , offering a m o re  or less a p p ro p ria te  b as is  fo r com parison .

O f course, all e le c tro n e g a tiv ity  scales give sch em atic  va lues, th e re fo re  
w h en  ch eck in g  on th e  m a x im a l errors of d ( i l 0 % ), besides th e  u n c e r ta in ty  o f 
th e  d isso c ia tio n  energy  d a ta ,  w e m u st be w ell aw are  o f  th is  fac t.

T a b le  I  shows th e  p a ra m e te rs  of th e  a lk a li m e ta ls  and  a lkali h y d rid es , 
as w ell as th e  co rresp o n d in g  d  c o n s ta n ts  of E q . (3); th e se  co n stan ts  c h a ra c te r 
ize th e  sst7 bond, an d  th e ir  av e rag e  value is 0.137 ^  0.001 an d  0.15 ^  0.002, 
re sp e c tiv e ly .

T h e  dissociation  e n e rg y  d a ta  re ferred  to  in  T a b le  I  w ere ta k e n  fro m  th e  
m o n o g ra p h  of Ga y d o n  [21]. T h e  in te ra to m ic  d is ta n c e s  and  force c o n s ta n ts  in  
th e  p a p e r  w ere ta k e n  fro m  th e  p a ra m e te r  v a lu es  o f  Cottrell  [22] com piled  
m a in ly  o n  th e  basis o f H e k z b e r g ’s d a ta .

T a b le  I I  gives th e  p a ra m e te rs  c h a rac te riz in g  th e  h yd rides o f g roup  V a, 
V ia  a n d  V ila  elem ents. I n  th e s e  m olecules b o n d s o f  th e  p sa  ty p e  can  be  fo u n d . 
V alues o f  th e  d c o n s ta n t w ere  g iven only fo r  th o se  d ia tom ic  m olecules, for 
w h ich  re a lis tic  basic p a ra m e te r  va lues could b e  o b ta in e d .

A c ta  C h im . A cad . Sei. H u n g . 68 , 1971
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Tabic I

Param eters o f  group  l a  hydrides and group la homonuclear molecules

a)

К
(m d y n /A ) (A')

( * A )’/*
e

Dr
(K cal/m ole) d

LiH 1.026 1.596 1.448 58 0.148

N a ll 0.781 1.887 1.376 47 0.156
K H 0.561 2.244 1.296 43 0.148

K H 0.561 2.244 1.296 43 0.148

R bH 0.545 2.376 1.296 41 0.150

CsH 0.467 2.494 1.212 42 0.148

Average: 0.151

b)

fc. .
(mdyn/A) A E (K cal/m olc) d

L i, 0.255 2.672 1.0 25 0.136

N a2 0.172 3.078 0.9 17.3 0.141

K , 0.099 3.923 0.8 11.8 0.140

R b 2 0.082 4.200 0.8 10.8 0.131

Cs, 0.069 4.420 0.7 10.4 0.135

* D issocia tion  energies tak e n  from  G a y d o n  [21]

Table I I

Param eters o f  group  Va, V ia  und  V i la  hydride molecules

ke re e D. d

N H 6.030 1.038 2.51 84.0 0.272

P II 3.257 1.433 2.10 71.0 0.264

OH 7.792 0.971 2.71 103.0 0.275

SH 4.193 1.350 2.29 82.3 0.272

F H 9.655 0.917 2.90 135.0 0.263

CHI 5.157 1.257 2.51 102.2 0.260

B r i l 4.117 1.414 2.42 86.5 0.259

1H 3.142 1.604 2.29 70.5 0.262

A cta  Chim . Acad. Sei. H u n g . 6 8 , 1971
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T h e  average  d v a lu e  fo r  th ese  m olecules is 0.266 ^  0.005. T h e  d isso c ia 
tio n  en e rg ies  w ere ta k e n  fro m  th e  m onograph  o f  V e d e n e y e v  [23]. T h e  p a ra m e 
te rs  o f  g ro u p  l ia ,  I l ia  an d  IVa h ydrides a re  l is te d  in  Table I I I .  B o n d  ty p e s  
spa  a n d  spsa  are assum ed  in  th e se  m olecules. B e ry lliu m  has tw o spa  h y b r id 
ized  e le c tro n s , carbon  h as  four.

Table I I I

Parameters o f  group  l i a ,  I l i a ,  IV a  hydride  molecules

к re D. d

BH 3.044 1.232 2.05 70.0 0.219

A1H 1.620 1.646 1.78 67.0 0.183

BeH 2.263 1.343 1.78 54.0 0.235

M g H 1.275 1.731 1.59 46.0 0.204

CaH 0.977 2.002 1.45 42.4 0.207

SrH 0.854 2.145 1.45 38.0 0.202

CH 4.482 1.120 2.29 80.0 0.245

SiH 2.39 1.521 1.94 75.1 0.216

Table TV

Orbital configurations o f  perio d  I  hydrides

L ili l a 2 2cr2 x 'Z +

BeH l a 2 2 er2 Ъа х 2£ +

B H 1 a 2 2 о 2 З а 2 x 'Z +

CH 1er2 2 G2 3 er2 1 л х 2П г

NH 1 o 2 2 o 2 3er2 1 л 2 x 3Z ~

OH 1 a 2 2 о 2 3er2 1 л 3 x - r i i

FH 1er2 la - З а 2 In* x ‘Z +

T h e  d a ta  for co v a len t hom o- and  h e te ro n u c le a r  m olecules a re  g iv en  in  
T a b le  I X  to g e th e r w ith  d issoc ia tion  energ ies ta k e n  from  V e d e n e y e v . T he 
e le c tro n  con fig u ra tio n s fo r th e  d ia tom ic  h y d rid e s  o f atom s in  th e  f i r s t  perio d  
a re  sh o w n  in  T ab le  IV  acco rd in g  to  Ca d e  a n d  H u o  [24]. G ra d u a lity  in  th e  
n u m b e r  o f  e lectrons im plies g ra d u a lity  in  th e  a to m ic  d istances, force c o n s ta n ts  
a n d  d isso c ia tio n  energies to o .

I n  T ab le  V th e  e lec tro n eg a tiv itie s  eq u a lized  according to  E q . (5) are 
c o m p a re d  w ith  th e  g eo m etrica l m eans of a to m ic  e lec tro n eg ativ ities . T h e  d e v ia 
tio n s  av e ra g e  ab o u t ^ 2 % .
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Tabic V

a) Equalized param eters calculated fro m  molecular param eters 
b) The geometric m eans o f  the P a u l in g  values

Molecules a b

N H 2.45 2.51

P H 2.12 2.10

OH 2.55 2.71

SH 2.24 2.29

F H 2.93 2.90

C1H 2.57 2.57

B rH 2.36 2.36

IH 2.32 2.32

d values of m o lecu la r ions

T h e  v a lid ity  of E q . (3) is m ost conv incing ly  ju s tif ie d  b y  th e  co n stan cy  
o f  th e  d  values for m o lecu la r ions.

T h e  m olecular ions are fo rm ed  b y  rem o v a l of a bon d in g  or a n  a n tib o n d 
in g  e lec tro n . I f  a b ond ing  e lec tro n  is rem oved  th e  force c o n s ta n t, th e  d issocia
tio n  en e rg y  and  th e  rec ip ro cal in te ra to m ic  d is tan ce  will d im in ish ; i f  an  an ti- 
b o n d in g  e lectron  is rem o v ed , these  c h a ra c te r is tic  values w ill in c rea se . I t  is 
v e ry  re g re tta b le  th a t  th e  cases occurring  in  th e  l i te ra tu re  a re  n o t  a lw ays so 
u n e q u iv o c a l and  i t  is v e ry  h a rd  to  decide w h e th e r i t  is an  e x p e r im e n ta l e rro r 
or an  an o m aly  (m ost o ften  in  th e  d issoc ia tio n  energy).

W h en  a bond ing  e lec tro n  is rem o v ed , th e  bond  o rd er d ec reases  b y  0.5, 
in  th e  opp o site  case i t  increases b y  th e  sam e va lu e . In  th is  m a n n e r, b o n d  orders 
o f in te g e r  or h a lf  in teg e r va lu es  are  o b ta in e d  fo r th e  m olecules. T h e  H 2b, H F , 
H O  + a n d  HC1+ m olecular ions h av e  a bo n d  o rd e r of 0.5 w hile M gH +  a n d  B eH  + 
h a v e  a b o n d  order of 1. A r a th e r  m ark ed  change can be o bserved  in  th e  H F +, 
w h ere  th e  force c o n s ta n t decreases from  9.655 to  4.99 [25]. A s im ila r  s itu a tio n  
occurs w ith  O H + w here we o b ta in  4.88 m d y n /Â  fo r th e  force c o n s ta n t  in s te a d  
o f th e  v a lu e  of 7.79 in  O H . B etw een  th e  force c o n s ta n ts  of B e l l  a n d  B e H + th e  
d e v ia tio n  is n o t so consid erab le  (2.263 an d  2.640 m dyn/A ). A t th e  sam e tim e  
th e  d isso c ia tio n  energy rises from  53 to  75 K cal/m ole [21]. T h e  b o n d  s tre n g th  
h as  c h an g ed  re m a rk a b ly  because  th e  tw o  h y b rid  electrons h av e  p e r tu rb e d  each 
o th e r  in  B eH . In  th e  B e H +, io n iza tio n  has ch an g ed  n e ith e r th e  b o n d  o rd e r nor 
th e  eq u a lized  e le c tro n e g a tiv ity . I t  has been  assum ed th a t  e q u ilib riu m  is re 
g a in ed  b y  th e  re a rra n g em e n t o f energy  v a lu es . W e call a t te n t io n  to  th e  
fa c t  t h a t  som e of these  p a ra m e te r  va lues c a n n o t be regarded  as f in a lly  accep ted ;
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w e a lso  h av e  to  ex p ec t c h a n g e s  m ain ly  in  th e  a to m ic  b u t  also in  th e  o rb ita l 
e le c tro n e g a tiv itie s . T h e  b o n d  o rders based  u p o n  th e  s e p a ra te d  a tom ic  o rb ita l 
c o n fig u ra tio n s  d e te rm in ed  b y  M u l l ik e n  are  su ita b le  to  our purposes, since 
th e  d isso c ia tio n  energy  le a d in g  to  sep ara te  a to m s  serves as one o f th e  basic  
p a ra m e te rs .

Table VI

P aram eters o f  hydride m olecular ions

К r e D'
e N d

BeH 2.263 1.334 53v 1.78 1.0 0.235

BeH + 2.64 1.310 75 v 1.78 1.0 0.224

BH 3.044 1.232 70 2.05 1.0 0.219

BH + 3.23 1.215 30 2.05 0.5 0.247

CH 4.482 1.120 80 V’° 2.29 1.0 0.245

CH + 4.11 1.130 8 4 '6 ° 2.29 1.0 0.221

OH 7.792 0.971 102 V'G 2.71 1.0 0.275

0 H  + 4.88 1.03 I I I е 2.71 0.5 0.244

FH 9.655 0.917 135 V,G 2.90 1.0 0.263

FH  + 4.99 1.08 106 v 2.90 0.5 0.255

A1H 1.62 1.646 б ?  V,G 1.78 1.0 0.183

A1H + 1.76 1.59 67 1.78 1.0 0.192

H , 5.733 0.74 104 2.1 1.0 0.198

H t 1.567 1.06 61 2.1 0.5 0.143

Som e calcu la ted  d a ta  fo r  a few m olecu la r ions are  show n in  T ab le  V I, 
d e m o n s tra tin g  in  th e se  cases  t h a t  w hen th e  m o lecu le  re leases a b o n d in g  o r an 
a n tib o n d in g  electron, th e  d  v a lu e s  rem ain  n e a r ly  c o n s ta n t  w hile all th e  basic  
p a ra m e te rs  change.

E m p irica l p otentia l energy fu n ctio n s  and  
m e a n  electron egativ ities

F o r  th e  em pirica l p o te n t ia l  energy fu n c tio n s  th e  follow ing re la tio n  an d  
s im ila r  ones are know n  f ro m  th e  lite ra tu re  [26]:

U (r)  =  D,, [ l  (6 )

w h e re  U(r) is th e  p o te n tia l  en e rg y , and  a is 1 o r 2 ; f ( r )  is a fu n c tio n  o f th e  in 
te ra to m ic  distances. W ith  m e a n  e lec tro n eg a tiv itie s , we o b ta in :

U{r) =  D e [ l - e - W r ) ]  (7)

A c ta  C h im . Acad. Sei. H u n g . 6 8 , 1971
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and

y . d\j^B,r. ' ,8)
[ D \

I f  E q . (7) is rea rran g ed  to  th e  follow ing form

=  D(r) =  e~yS(r) (9)
D e

an d  i f  th e  P a u l in g  e le c tr o n e g a tiv ity  is rep laced  b y  th e  M u l l ik e n  o n e , w e  
o b ta in

U(r) =  ex p  [ -d ' If{r)] exp  [d' A f(r )] . (10)

I n  th e  above eq u a tio n ,

/ = [ A i f  ald
D  J L D

IA  is th e  io n iza tio n  p o te n tia l;  A  a is th e  e lec tro n  a ffin ity .

The force co n sta n t eq u ation  and m olecu lar term s

T h e p a ra m e te rs  o ccu rrin g  in  th e  force c o n s ta n t eq u a tio n  h a v e  th e ir  
q u a n tu m  chem ical e q u iv a le n ts  an d , co n seq u en tly , th e  force c o n s ta n ts  ca n  be 
ex p ressed  b y  th e  te rm s  used  in  q u a n tu m  ch e m is try . W ith  re g a rd  to  th e  fa c t 
t h a t  we need m o lecu la r p a ra m e te rs , only  te rm s  (in teg ra ls) o f tw o  cen te rs  
(a to m s) can  be used  fo r rep lac in g  th e  spec tro scop ic  p a ra m e te rs .

T h e  connec tion  b e tw een  th e  d issoc ia tio n  energy  and  th e  re so n a n c e  in 
te g ra l (tw o -cen te r ex ch an g e  in teg ra l)  w as g iven  f ir s t  b y  M u l l ik e n  [6, 7]. 
P e a r s o n  [27] an d  K l o pm a n  [10] ca lcu la ted  b o n d  an d  d isso c ia tio n  energies 
on th e  basis  of th e  a p p ro x im a tio n

D e =  2ß. (11)

T h e  rec ip rocal in te ra to m ic  d is tan ces  rep re sen t e ssen tia lly  th e  rep u ls io n  en erg y  
b e tw een  th e  bon d in g  e lec tro n s. A ccord ing  to  P o p l e , th is  en erg y  in  b o n d s  is 
a p p ro x im a te d  m o st sim p ly  b y  th e  exp ression  e2/ r  (in  these  e q u a tio n s  e is th e  
ch a rg e  o f th e  e lec tron ). I n  th e  d e riv a tio n  of P o p l e , th e  p o in t ch a rg e  a p p ro x i
m a tio n  can  be ex te n d e d  to  a n y  single e lec tro n  p a ir  bond . A ccord ing  to  K l o p
m a n , w hen  s e lec trons are  b o n d in g , th e  fo rm u la

7<r =  e-l] /  r2+ Q { x ) + Q ( y )  12)

A cta  Chim . A ca d . S e i. H u n g . 6 8 , 1971
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is su g g e s te d  for th e  re p u ls io n  te rm  (w here ya is th e  repu lsion  te rm  an d  g is 
th e  ra d iu s  of s o rb ita ls ). A cco rd ing  to  K l o pm a n  an d  B ratoz [28], th e  values 
o f th e  co v a len t a to m ic  ra d ii  agree w ith  th e  ra d ii  o f s o rb ita ls ; th is  m ean s th a t  
w h en  ap p ly in g  E q . (12) in  E q . (3) th e  p ro p o r tio n a lity  c o n s ta n t d inc reases to  
1.5 t im e s  its  value an d  a p p ro ach es  t h e d ’s o f th e  bo n d s coupled  b y p -e le c tro n s  [19].

I f  we in se rt ß  or y  te rm s  in to  th e  force c o n s ta n t  re la tio n sh ip  (5), th e  re la 
t io n  re m a in s  va lid  w ith  th e  sam e re s tr ic tio n s  as in  th e  ap p ro x im a tio n  from  
w h ic h  th e  app lied  p a ra m e te r  has been ta k e n . R ep lac in g  th e  m ean  e lec tro 
n e g a t iv i ty  b y  th e  m ean  v a lu e  of th e  SCF C oulom b te rm s , th e  force c o n s ta n t 
c an  b e  ap p ro ach ed  as fo llow s

k = dxß1'°-y. (13)

T h is  re la tio n  is on ly  su ita b le  fo r th e  d e m o n s tra tio n  o f analogies. I n  th e  m ost 
s im p le  cases i t  shows th e  c o n n ec tio n  be tw een  th e  in d iv id u a l q u a n tu m  chem ical 
re p u ls iv e  an d  a t tr a c t iv e  te rm s , and  th e  fo rce  c o n s ta n ts  an d  o th e r sp e c tro 
scop ic  c h a rac te ris tic s .

I f ,  how ever, we w ish  to  o b ta in  values fo r  th e  force co n s ta n ts  or th e  p o 
te n t ia l  energy  levels (w ith  w hich  th e  fo rm er are  in  close connection) in  good 
a p p ro x im a tio n  to  th e  e x p e rim e n ta l d a ta , w e c a n n o t be sa tisfied  w ith  such 
s im p le  te rm s  as th o se  u sed  in  E q . (13). T h e re fo re  one o f th e  tw o -c e n te r  re p u l
sion  in te g ra l a p p ro x im a tio n s  o f Mataga  a n d  N ish im o t o  [29], or Oh n o  [30], 
sh o u ld  be  in serted  in to  th e  orig inally  g iven  force c o n s ta n t re la tio n sh ip , for 
th e  re p u ls io n  te rm  e2/r reco m m en d ed  b y  P o pl e

y = e2/(r +  a)
, ,  (14)

w h ere  a  is  an exp ression  co n ta in in g  io n iza tio n  p o te n tia ls  and e lec tro n  a ffin 
it ie s  o f  th e  atom s fo rm in g  th e  bond , w h ich  ca n  b e traced  b ack  to  th e  M u l l i- 
k e n  e lec tr o n e g a tiv itie s  [29, 30].

S im ila rly , th e  e q u a tio n  D e =  2 ß  m u s t also  be co rrec ted  b y  an  ex p res
sio n  w h ich , accord ing  to  th e  d e riv a tio n  o f M u l l ik e n , P e a r s o n , S ic h e l  an d  
W h it e h e a d  [6, 12, 27, 3 2 ], co n ta in s  e lem en ts  o f  th e  b o n d  o rder (occupancy) 
m a tr ix  a n d  th e  overlap  in te g ra ls .

E q . (13) in  th e  ab o v e  fo rm  is re s tr ic te d  to  single e lec tron  p a ir  b o n d s.

Atom ic orbital exponents and electronegativities

A  n u m b er of a u th o rs  h a v e  in v es tig a ted  th e  re la tio n sh ip  b e tw een  e lec tro 
n e g a tiv it ie s  and  effec tive  a to m ic  charges [33, 34, 36, 37].

T h e  connection  b e tw e e n  th e  S l a t e r  o rb ita l  ex p o n en ts  an d  P a u l i n g ’s  

e le c tro n e g a tiv ity  scale becom es clear w hen  in  th e  f i r s t  row s o f th e  period ic
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ta b le  tw o co rresp o n d in g  v a lu es  are  referred  to  each  o th e r. T he ra tio s  th u s 
o b ta in e d  can be  seen in  T ab le  V II . In  th e  second row  th e  ra tio  o f th e  tw o  d a ta  
is 0 .65. In  th e  th ird  p e rio d  w e do n o t get such  a p e rfec t c o n s ta n t, nev erth e less , 
th e  ra tio  of th e  tw o v a lu es  is su itab le  for d e m o n s tra tin g  th e  n u m erica l p a ra l
le lism  of th e  tw o  concep ts.

Table VII

L i Be В С N 0 F A verage

I  a 0 . 6 5 0 . 9 7 5 1 .3 0 1 .6 2 5 1 .9 5 2 . 2 7 5 2 .6

I » 1 .0 0 1 .5 0 2 . 0 0 2 .5 0 3 . 0 0 3 .5 0 4 . 0 0

I  c 0 . 6 5 0 . 6 5 0 . 6 5 0 . 6 5 0 . 6 5 0 . 6 5 0 . 6 5 0 . 6 5

N a Mg Al Si P S Cl

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

H f t 0 . 9 0 1 .2 0 1 .5 0 1 .8 0 2 . 1 0 2 . 5 0 3 . 0 0

H e 2 . 4 4 2 . 3 8 2 .3 3 2 .3 1 2 . 2 9 2 . 1 8 2 . 0 3 2 .2 8

I fl O rb ita l ex p o n en ts .
I I a E ffec tive  nu c lear ch arg e  d a ta  from  Sl a t e r .
I j,, I lj, E le c tro n e g a tiv ity  d a ta  fro m  P a u l in g .
I £, I I C R a tio  o f row s a an d  ft.

Table V III

Orbital exponents o f  elements in  the second period according to Sla t e r  ( I )  
and  Sa n t r y - S eg a l  ( I I )

N a Mg Al Si P s Cl

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

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

I I I 0 . 9 0 1 .2 0 1 .5 0 1 .8 0 2 .1 0 2 .5 0 3 . 0 0

I I / I I I 1 .0 2 1 . 0 4 1 .0 5 1 .0 4 1 .0 4 1.01 0 . 9 4

I I I :  P a u l in g  e le c tro n eg a tiv itie s

In  T ab le  V I I I  th e  n u m erica l values fo r th e  period  a re  show n w ith  th e  
d ifference th a t  th e  o rb ita l ex p o n en ts  are g iven acco rd in g  to  S a n t r y  a n d  S e g a l  

w ho included  in to  th e  ca lcu la tio n  also th e  e lec tro n s o f d -o rb ita ls  [36]. The 
ra tio  of th e ir  o rb ita l e x p o n e n ts  an d  e lec tro n eg a tiv itie s  is 1.014 ^  0.02.

T he tw o valence  th e o ry  p a ram e te rs  m u s t he  in  close co n n ec tio n ; th e  
en erg y  of a t tra c t io n  b e tw een  a given a tom  an d  th e  e lec trons of a n o th e r  a tom  
is in  co rre la tio n  w ith  th e  energy  o f in te ra c tio n  w ith  its  ow n e lec tro n s. T he 
scales of th e  single c h a ra c te r is tic s  c an n o t be ca lc u la ted  s im p ly  an d  a t  th e  sam e 
tim e  also re liab ly  enough , th e re fo re  th e  p ara lle lism  o ften  rem ain s concealed .
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T h e  a ttra c tio n  an d  re p u ls io n  te rm s in v o lv ed  in  th e  o p e ra to rs  can  he 
b ro u g h t  in to  co rre la tion  w ith  th e  p o te n tia l en erg y  fu n c tio n s via  th e  force 
c o n s ta n t  re la tionsh ip .

T h e  e lec tro n eg a tiv ity  a n d  io n iza tio n  p o te n tia ls  as w ell as th e  core and  
re p u ls io n  in teg ra ls  in  th e  sem i-em p irica l m e th o d s o f  q u a n tu m  c h e m is try  are 
w ell d e f in e d  ch arac te ris tic s  o f  th e  chem ical bond .

The one-center repulsion integral term and electronegativity

T h e  M u l l ik e n  e le c tro n e g a tiv ity  scale re s ts  u p o n  a m ore e x a c t basis  th a n  
t h a t  g iv e n  b y  P a u l in g . I n  s p ite  o f th is , th e  c o n s tru c tio n  of a sy s te m  e x te n 
sib le  to  th e  whole period ic  ta b le  h as  been unsuccessfu l, ow ing to  th e  fa c t th a t  
th e  g ro u n d  s ta te  e lec tron  a ff in itie s  can  be ca lcu la ted  on ly  w ith  considerab le  
e r ro r  [8 , 9].

T h e  sam e d ifficu lty  em erg ed  in  th e  sem i-em pirica l q u a n tu m  chem ical 
c a lc u la tio n s  when o n e-cen te r re p u ls io n  in teg ra ls  w ere to  be d e te rm in ed . U sing 
th e  P .P .P .  m ethod , a n u m b e r  o f  au th o rs  h av e  av o id ed  th e  e lec tro n  a f f in ity  by  
d e r iv in g  th e  one-center re p u ls io n  energy  te rm  from  th e  easily  ca lcu lab le  C -atom  
te rm , m u ltip ly in g  i t  b y  th e  r a t io  o f th e  co rrespond ing  S l a t er  2 p -o rb ita l expo
n e n ts . P a o lo n i has show n t h a t  th e  repu lsion  te rm s  are  p ro p o rtio n a l to  these  
o rb ita l  ex p onen ts [39]:

Ya a  =  k >A (Iá )

ívhere  у л л  and  are  th e  o n e -c e n te r  repulsion  te rm s , an d  th e  S l a t e r  o rb ita l 
e x p o n e n t, respectively . T h e  re p u ls io n  te rm  belong ing  to  th e  a to m  A  m ay  be 
d e r iv e d  fro m  the  d a ta  fo r th e  C -a to m  according to  th e  follow ing re la tio n :

Ya a  =  Y c c ~ i r ~  ■ (16)
fc

O n  th e  b as is  of T able Y I I ,  i t  is  e v id e n t th a t  th e  ra tio  of e lec tro n eg a tiv itie s  and  
o rb i ta l  ex p onen ts is n e a r ly  c o n s ta n t  in  th e  f irs t  row s o f th e  perio d ic  tab le , 
a n d  is a  p e rfec t c o n s ta n t (0 .65) in  th e  second period .

O n  th e  basis of th is , E q .  (16) can  be re -w ritte n  in  th e  fo llow ing form  by  
th e  a id  o f  th e  e lec tro n eg a tiv itie s :

Ya a  =  Y c c ~ ^ ~  (17)

w h ere  P a , P c are P a u l in g  e lec tr o n e g a tiv itie s .
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Table IX

Parameters o f hom onuclear molecules

ke e Oil d

0 2 11.76 1.207 3.5 58.5 0.265
s . 4.96 1.889 2.5 50.9 0.263
f 2 4.45 1.435 4.0 36.0 0.266
p 2 5.56 1.894 2.1 38.7 0.268
Cl2 3.28 1.988 3.0 58.0 0.280
c 2 9.51 1.312 2.3 72.0 0.294
B r2 2.46 2.284 2.8 45.5 0.298
I , 1.72 2.667 2.5 35.6 0.308
n 2 22.96 1.094 3.0 75.0 0.322
B 2 3.58 1.589 2.0 69.0 0.342

A verage: 0.289

Param eters o f heteronuclear molecules

к r e e D N d

BN 8.328 1.281 2.45 92 2.0 0.321

CN 16.850 1.172 2.74 178 2.5 0.330
SiN 7.291 1.574 2.32 104 2.5 0.308

NO 15.96 1.151 3.24 150 2.5 0.292

BO 13.65 1.208 2.64 184 2.5 0.295
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UNTERSUCHUNG DER IONISATION VON METALLEN 
UND METALLIONENNEUTRALISATION MIT DER  

ROTIERENDEN RING-SCHEIBENELEKTRODE, VII
A B H Ä N G IG K E IT  D E R  A N O D IS C H E N  A U F L Ö S U N G  D E S K U P F E R S  V O N  D E R  

K O N Z E N T R A T IO N  D E R  C H L O R ID IO N E N

L . K is s , J .  F a r k a s  u n d  A .  K ö r ö s i

(Lehrstuh l f ü r  P hysikalische Chemie und  Radiologie der Eötvös Loránd U niversitä t, B ud a p est)  

E ingegangen  am  28. J a n u a r  1970

Die anodische A uflösung  v o n  K u p fe r in  1,0 n  H 2SOj -  x  и HC1(* =  6,7 • 10“ 3—- 
8,7 • IO 2) w urde m itte ls  de r ro tie ren d en  R ing-Seheibenelek trode  u n te r s u c h t .  Es 
w urde  festg es te llt, d aß  die G eschw indigkeit des V organges in dem  u n te rs u c h te n  K o n 
z en tra tio n sb e re ich  d u rc h  die D iffusion  d e r K u p fe r(I)-K o m p lex e  von  d e r  E le k tro d e n 
oberfläche  in das In n e re  de r L ösung  b e s tim m t w ird . Bei einem  b e s tim m te n , v o n  der 
C h lo rid io n en k o n zen tra tio n  de r L ösung  u n d  d e r  D rehzah l der E le k tro d e  ab h än g ig en  
W ert de r anod ischen  S tro m d ich te  w ird  ein  C uC l-Film  a u f  der E le k tro d en o b e rflä ch e  
abgeschieden. D ie m it de r A bscheidung  d ieser S ch ich t zu sam m en h än g en d en  E rsc h e i
nun g en  w u rd en  g ed eu te t.

In  u n se re r v o rangegangenen  M itte ilu n g  [1] w urde ü b er E rg e b n isse  b e 
r ic h te t , w elche bei d er U n te rsu ch u n g  d er anod isch en  und  sp o n ta n e n  A uflösung  
v o n  K u p fe r  e rh a lte n  w u rd en . D iese U n te rsu c h u n g e n  w urden  b e i k o n s ta n te r  
C h lo rid io n en k o n zen tra tio n , in  5 n H 2S 0 4 - f  1 n  HCl bzw. in  1 n  H C l-L ösun- 
gen d u rch g e fü h rt. In  d er vorliegenden  A rb e it w ird  d a rü b e r b e r ic h te t , inw iefern  
d ie  C h lo rid io n en k o n zen tra tio n  d e r L ösung  d ie  G eschw indigkeit d e r anod ischen  
A uflösung  b e e in flu ß t.

B eim  anod ischen  A uflösu n g sv o rg an g  v o n  K u p fe r in  c h lo rid io n en h a ltig e r  
L ösung  e n ts te h e n  K u p ferk o m p lex e  [2, 3], w obei an  der O b erfläch e  des K u p 
fers bzw . in  der u n m itte lb a re n  N äh e  d er O berfläche  (innerhalb  d e r D iffu sio n s
sch ich t) fo lgende V orgänge v e rlau fen  k ö n n en :

Cu +  C l-  ^  CuCl +  e (I)

CuCl +  C r  CuCL- (II)

C u C ljU /b  +  С Г  C u C i y 1' “ (j)

A us den in  d er v o ran g eg an g en en  M itte ilu n g  beschriebenen  E rg e b n isse n  
g ing  h e rv o r, d aß  die G eschw ind igkeit des V organges du rch  die D iffu s io n  der 
g eb ild e ten  ch lo rid h a ltig en  K u p fe rk o m p lex e  in  d as  In n ere  der L ö su n g  b e s tim m t 
w ird , falls die L ösung  genügend in d iffe ren te  E le k tro ly te n  e n th ä l t  u n d  die 
K o n z e n tra tio n  d er C hlorid ionen  genügend  h o ch  is t. ' D em gem äß k a n n  sich 
fü r  die V orgänge (I)— (j) ein  G leichgew icht e in ste llen . Es soll b e m e rk t w erden ,

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 68 (4 ) , pp . 359 370 (1971)
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d a ß  d e r  V organg  (I) in  zw ei S tu fen  verlau fen  k a n n : als e rste  S tufe e rfo lg t die 
A d so rp tio n  des C h lo rid ions u n d  d ann  e rs t d ie  E le k tro n e n ü b e rtra g u n g . Bei 
d e r  an o d isch en  P o la r is a tio n  d e r  E lek trode  k a n n  d e r  d u rch  die E le k tro d e  f lie 
ß e n d e  S tro m  au f fo lgende W eise  geschrieben w e rd e n :

i — ti  • • • + » / +  • • • ( 1 )

ij =  D iffusionsgeschw ind igkeit des CuCl v o n  d e r E le k tro d en o b e rfläch e  
in  das In n e re  d e r  Lösung, in  S tro m d ic h te e in h e ite n ,

£, =  analoge G rö ß e  fü r  CuCl^, 
i j  =  analoge G röße  fü r  CuCFy-1  ̂ .

W erden  die D iffu sio n sk o effiz ien ten  d er K o m p lex e  m it v ersch ied en er A n 
zah l v o n  C h lo rid liganden  a ls  id en tisch  an g en o m m en  u n d  e n th ä lt  die L ösung  
k e in e  k u p fe r(I)h a ltig e  K o m p lex e , so ergeben  s ich  zw ischen den  T e ils tro m 
s tä rk e n  u n d  den K o n z e n tra tio n e n  der e in ze ln en  K o m p lex e  folgende Z u sa m 
m en h än g e :

£x =  X i  [CuCl] (2)

i2 =  X x [CuCl,-] X j K 2[CuCl] [C1- ]  (3)

ij  =  X ,  [CuCl,-U-1)-] (4)

wo X L die in  [1] a n g e fü h r te  B ed eu tu n g  b e s itz t u n d  K., die S ta b ili tä tsk o n s ta n te  
des K om plexes СиС12 is t .  D a  h insich tlich  des E lek tro d e n v o rg a n g s  (1) G le ich 
g ew ich t h e rrsch t, k a n n  [CuCl] als F u n k tio n  des E le k tro d e n p o te n tia ls  an g e 
g eb en  w erden :

[CuCl] К

к
[Cl ] exp (5)

w o kő, u n d  k'ki die G e sc h w in d ig k e itsk o n s ta n te n  des V organgs (I) in  R ic h tu n g  
des oberen  bzw. u n te re n  P fe iles sind bei cp =  0 (cp is t  d er P o te n tia lu n te rsc h ie d  
zw ischen  der V erg le ich se lek tro d e  und  der u n te r s u c h te n  E lek tro d e). D ie ü b rig en  
B eze ichnungen  sind  d ie  ü b lich en .

A ufg rund  von  Gl. (2 )— (5) is t

lo

X , ^  [C1- ]  exp  I I " 1-
K  l k t

X 1 ^ ~ K 4 [CI- ] 2 ex p  
K i

r  K l  ßji — X  —  lj — v i , ,
xki

[C l-p  ex p

1
(6)

Fcp 1
(?)RT  J

Í — ! (8)
1 1<‘  1
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K 1 u n d  K 2 =  S ta b ili tä ts k o n s ta n te n  d e r K o m p lex e  CuCl bzw . CuCl2 , 
ßj =  K o m p le x p ro d u k t des K om plexes CuCly^'-1 -̂ . A u fg ru n d  von  Gl. (1) (4) und
(6)— (8) is t

i = K ,

Кг
exp F<p ßj

R T  J P i  К ! [Cl-V (9)

wo n  die m ax im ale  K o o rd in a tio n sz a h l is t. A us G l. (9) e rg ib t sich , fa lls [CI ] =  
k o n s t., die G le ichung  (1) d e r vo ran g eg an g en en  M itte ilu n g . In  d iesem  F a ll is t

K> =  K 2 ~ [ CI~V-  ( i o )
j = 1 K i

W ird <p aus Gl. (9) au sg ed rü ck t:

R T R T  , R T n ßj------ ln  X , ln
F k"KQi F  1 F j= 1 K ,

[ci-]4 ( i i )

so e rh ä lt m an  einen  A u sd ru ck , d er im  w esen tlich en  m it dem  in  d e r L ite ra tu r
[5] fü r  ähnliche F ä lle  ab g e le ite ten  A u sd ruck  ü b e re in s tim m t. A us Gl. (9) und  
(11) g eh t h e rv o r, d a ß  d ie  R eak tio n so rd n u n g  des A n o d envorganges —  bezogen 
a u f  das C hlorid ion —  m it s te ig en d er CI -K o n z e n tra tio n  von  1 b is n zunehm en 
k a n n . D em gem äß v e rsc h ie b t sich  die P o la r isa tio n sk u rv e  bei anste ig en d er 
C l_ -K o n z e n tra tio n  in  R ic h tu n g  d er n eg a tiv en  P o te n tia le . A us Gl. (5) is t e r
sich tlich , daß  die C u C l-K o n zen tra tio n  bei an o d isch er P o la risa tio n  in  der N ähe 
d e r E le k tro d en o b e rfläch e  zu n im m t. Bei g en ü g en d  p ositivem  P o te n tia l  k an n  
die K o n z e n tra tio n  des in  W asser sch lech t lö slichen  CuCl so hoch  w erden , daß  
es in  F orm  des fe s te n  Salzes a u f  der O berfläche  abgesch ieden  w ird  [3, 6— 8 ]. 
G em äß Gl. (5) is t  d a s  P o te n tia l  cpt, bei dem  die A b sche idung  v o n  CuCl beg in n t 
(falls keine ü b e rs ä t t ig te  L ösung  gebildet w ird )

wo

<Pi =  <P
R T

ln  [C l~]

R T  ln *4, [C uC l], 
F  к •

( 12)

u n d  [CuCl]( die S ä ttig u n g sk o n z e n tra tio n  des K u p fe r(I)-ch lo rid s  in  d er gege
benen  L ösung is t. q)t v e rsc h ie b t sich also m it d em  L o g arith m u s d e r CI -K o n 
z e n tra tio n  lin ea r in  R ic h tu n g  der n ega tiven  P o te n tia le  u n d  es is t

d(p, _  H T  

9 ln  [Cl_ ] /
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W ir d  an  der E le k tro d e n o b e rflä c h e  festes CuCl abgesch ieden , so is t  die 
K o n z e n tr a t io n  des K u p fe r(I)-ch lo r id s  an  der O b erfläch e  k o n s ta n t  gleich 
[CuCl]^. D em zufolge is t die G esch w in d ig k e it des an o d isch en  L ö su ngsvorganges 
u n te r  T e iln a h m e  von Cu(I) (fa lls  au ch  im  w eiteren  n u r  C u(I)-ha ltige  K om plexe  
e n ts te h e n )  gem äß GL (2)— (5) u n d  (9)

i ^ x j c u c i ] ,  J A  [a - ] ; -1 . (is)
j= 1 K i

W ie  auch  aus Gl. (13) h e rv o rg e h t, is t zum  E rre ic h e n  von  [C uC l]( eine 
u m  so h ö h e re  S trom dichte  n o tw e n d ig , je  höher die C h lo rid io n en k o n zen tra tio n  
is t . Ä h n lic h e  Folgerungen k ö n n e n  au ch  aus Gl. (11) u n d  (12) gezogen w erd en , 
d a  j a ,  w ie  diese G leichungen e rk e n n e n  lassen ,

is t.

9f l
a ln  [CI“ ]

<
dq>

8 ln [CD]
(14)

D em zufo lge k an n  be i g en ü g en d  hohen  C D -K o n z e n tra tio n e n  die A b 
sc h e id u n g  von  festem  CuCl a n  d e r E lek tro d en o b erfläch e  selbst im  F a ll von  
r e la t iv  p o sitiv en  P o te n tia le n  (h o h en  S tro m d ich ten ) n ic h t e rw a r te t  w erden . 
D iese  E rsch e in u n g  w urde d u rc h  S m o l ja n in o v  [8 ] bei dem  an o d isch en  L ö
su n g sv o rg a n g  von K u p fer in  S a lz sä u re  b e o b a c h te t: in  1,0 n  Salzsäure  b e i 0 u n d  
20 °C  b ild e te  sich bei g e n ü g e n d  h o h en  S tro m d ic h te n  ein K u p fe r(I)-ch lo rid - 
F ilm  a u f  d e r K upferanode, w ä h re n d  diese E rsch e in u n g  in  7,0 n  S a lzsäu re  n ich t 
a u f t r a t .  W ir  m öchten b e m e rk e n , d aß  der e rw äh n te  V erfasser sich zu m  M echa
n ism u s  b zw . zum  gesch w in d ig k e itsb estim m en d en  V o rgang  der u n te rsu c h te n  
E rs c h e in u n g e n  ü b e rh au p t n ic h t  äu ß e rte . Bei den  in  un seren  e igenen  U n te r 
s u c h u n g e n  verw endeten  S tro m d ic h te n  fanden  w ir, d a ß  in  0,1 n S a lzsäu re  bei 
Z im m e rte m p e ra tu r  kein  K u p fe r(I)-ch lo r id  an  d er E lek tro d e n o b e rflä c h e  a b 
g e sc h ie d e n  w urde [1].

V ersuchsergebn isse  und ih re  D eu tu n g

D ie  W irkung der C h lo rid io n e n k o n z e n tra tio n  a u f  die anod ische  A uf
lö su n g  d es  K upfers w urde m i t  d e r  ro tie ren d en  R in g -S ch e ib en e lek tro d e  u n te r 
s u c h t . I n  den  V ersuchen w u rd e n  in  e rs te r R eihe die anod ischen  P o la r isa tio n s 
k u rv e n  b e i verschiedenen C h lo rid k o n z e n tra tio n e n  sowie die d ie a m  R ing  
m e ß b a re n  G renzström e b e s t im m t. D as exp erim en te lle  V erfah ren , d ie  V o rb e
r e i tu n g  d e r  E lek trode u n d  d ie  Q u a litä t  der v erw en d e ten  R eagenzien  e n ts p ra 
c h e n  d e m  in  [9] und [10] b e sch rieb en en . Die M essungen w u rd en  bei Z im m e rte m 
p e r a tu r ,  in  1,0 n H 2S 0 4 X n  H C l, u n te r  S tick s to ffa tm o sp h ä re  d u rc h g e fü h rt.
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D er W e rt v o n  x  lag  zw ischen den G renzen  6 ,7  • 10 -3 un d  8,7 • 10 -2. D ie angege
ben en  P o te n tia lw e r te  beziehen sich in  sä m tlic h e n  F ä llen  a u f  die l ,0 n K a lo m e l -  
e lek tro d e . D ie s ic h tb a re  O berfläche d er S che ibene lek trode  w ar 0,25 cm 2; die 
angegebenen  S tro m s tä rk e n  beziehen sich  a u f  diese F läche. Z um  R e g is tr ie re n  
der P o te n t ia l -Z e i t  bzw . G ren zstro m -Z e it-Z u sam m en h än g e  w u rd e  d e r P ola- 
ro g ra p h  R ad e lk is  O H -102 b e n ü tz t.

Abb. 1. A n d e r K upfe rech e ib en elek tro d e  gem essene P o la risa tio n sk u rv en  in  1 n  H .,S 04 
+  *  n  H C l. / =  3070 M in - '.  1. x  =  6,67 • IO “ 3; 2. x  =  2,00 • IO “ 2;

3. *  =  4,00 ■ IO "2; 4. л: =  7,33 • 10 -2

I n  A b b . 1 sin d  die an  der K u p fe rsch e ib en e lek tro d e  bei v e rsch ied en en  
C h lo rid k o n zen tra tio n en  b es tim m ten  P o la r isa tio n sk u rv e n  d a rg e s te llt , be i einer 
D reh zah l d e r Scheibe von  3070 M in -1 . D ie A b h äng igke it der P o la r is a tio n s 
k u rv e n  v o n  d e r D reh zah l im  u n te rs u c h te n  K o n z e n tra tio n sb e re ic h  w a r  in 
vö lliger Ü b e re in s tim m u n g  m it der in  [1] besch riebenen  A b h ä n g ig k e it. Aus 
A bb. 1 g e h t h e rv o r, d aß  d er Z u sam m en h an g  q>-lg i  eine G erad e  m it  dem  
N eigungsw inkel v o n  60 mV e rg ib t, d .h . d e r  G renzstrom  d er C h lo rid io n en  is t 
w esen tlich  h ö h e r als i  [5]. D em gem äß is t  d ie  B ed ingung  e rfü llt, d a ß  d ie  K o n 
z e n tra tio n  d e r C hlo rid ionen  an der E lek tro d en o b e rfläch e  p ra k tisc h  u n a b h ä n g ig  
von  dem  d u rc h  die E lek tro d e  fließ en d en  S tro m  is t. D ie E rfü llu n g  d ie se r B e
d in g u n g  w ird  d u rc h  die in  der v o ran g eg an g en en  M itte ilung  b esch rieb en en  
A b h än g ig k e it d e r P o la risa tio n sk u rv e  v o n  d e r D rehzah l d er E le k tro d e  b e s tä 
tig t . D ie  le tz te n  M eß p u n k te  d er P o la risa tio n sk u rv e n  in  A bb . 1 b e i hohen  
S tro m d ic h te n  k o n n te n  im  allgem einen n u r  d u rch  rasche P o te n tia lm e ssu n g  
n ach  d em  E in s te lle n  der S tro m stä rk e  b e s t im m t w erden, da  sich d as  P o te n tia l  
m it d e r  Z e it in  p o s itiv e r  R ich tu n g  v e rsc h ie b t.
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I n  A bb . 2 is t —  a u fg ru n d  der A ngaben  d e r  P o la risa tio n sk u rv en  —  d e r 
L o g a r i th m u s  der d u rc h  d ie  K u p fe rsch e ib en e lek tro d e  fließenden  an o d isch en  
S tro m s tä rk e  in  A b h ä n g ig k e it vom  L o g a rith m u s  d e r C h lo rid k o n zen tra tio n , 
b e i k o n s ta n te m  E le k tro d e n p o te n tia l  u n d  k o n s ta n te r  D rehzah l d a rg e s te llt . 
H ie r  e rg eb en  sich ke in e  G erad en ; im  u n te r s u c h te n  K o n z e n tra tio n sb e re ic h

A b b .  2 .  Abhängigkeit des Logarithmus der durch die Kupferscheibenelektrode fließenden  
anodischen Stromstärke vom Logarithmus der Chloridionenkonzentration./ =  3070 Min-1 .

1. <f =  —100 mV; 2. <f =  —70 mV

v e r ä n d e r t  sich die R ic h tu n g s ta n g e n te  der K u rv e , d .h . —  gem äß Gl. (9) —  
d ie  a u f  das C hlorid ion bezogene scheinbare  O rd n u n g  d er R eak tio n  m it d em  
A n s tie g  d er C h lo rid k o n zen tra tio n  von  1,0 a u f  1 ,67. D em gem äß w erden  u n te r  
d e n  gegebenen  B ed in g u n g en  im  w esen tlichen  n u r  CuCl- u n d  CuCljf -T e ilch en  
v o n  d e r  E le k tro d e n o b e rflä c h e  w e g tra n sp o rtie r t.

I n  A bb . 3 is t d er an  d e r  aus K o h len s to ffp as te  h e rg este llten  R in g e lek tro d e  
m e ß b a re  O x y d a tio n sg ren zs tro m  in des C u (I)-h a ltig e n  K om plexes in  A b h ä n g ig 
k e it  v o n  d er anod ischen  S tro m s tä rk e  i d u rch  d ie Scheibenelek trode, be i v e r 
sc h ie d e n e n  C h lo rid k o n zen tra tio n en  d a rg e s te llt. B ei geringen S tro m d ic h te n  
s in d  i h u n d  i p ro p o rtio n a l, w ie  auch in u n se ren  f rü h e re n  A rbeiten  [1] g e fu n d en  
w u rd e . B ei einem  b e s tim m te n , von  der C h lo rid io n en k o n zen tra tio n  a b h än g ig en  
W e r t  d e r  S tro m stä rk e  b ie g t die G erade je d o c h  ab  u n d  v e rläu ft im  w e ite re n  
p a ra l le l  zu r Abszisse. B ei S te ig e ru n g  der a n o d isch en  P o la risa tio n  der S ch e ib en 
e le k tro d e  n im m t d em g em äß  d er G renzstrom  i h , d .h . die K o n z e n tra tio n  d e r 
C u (I)-h a ltig e n  K om plexe  n a c h  dem  E rre ic h e n  eines b e s tim m ten  W e rte s  i hi 

n ic h t  w e ite r  zu.
Ä hn liche  K u rv e n  w e rd e n  e rh a lten , w en n  d ie  D reh zah l der E le k tro d e  f  

b e i e in e r  gegebenen C h lo rid io n en k o n zen tra tio n  v e rä n d e r t  w ird  (A bb. 4).
D iese E rsch e in u n g  k a n n  d am it e rk lä r t w e rd en , d aß  die S ä ttig u n g sk o n 

z e n tr a t io n  des CuCl bei d e rjen ig en  S tro m stä rk e  it e rre ic h t w ird , die dem  A b b ie 
gen  d e r  G eraden  in  die H o riz o n ta le  e n tsp r ic h t. B e i d ieser S tro m stä rk e  b e g in n t
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also die A bsch e id u n g  des fe s ten  Salzes. In  A b b . 3 u n d  4 k an n  b e o b a c h te t w er
den , d aß  m eistens n o ch  ein  M eß p u n k t vor d em  B eg in n  der h o rizo n ta len  S treck e  
v o rlieg t, bei dem  i h >  i hl is t. D ieser M eß p u n k t k a n n  n u r d an n  b e s tim m t w er
den , w enn  die K u rv e  i h— i  v o n  geringen S tro m s tä rk e n  in  R ic h tu n g  zu  h o h en

Abb. 3. A n der K o h len p as te n rin g e lek tro d e  gem essener O x y d a tio n sg ren zstro m  »л in  A b h än g ig 
k e it  v o n  de r d u rch  d ie  K u p fe rsch eib en elek tro d e  f lie ß e n d e n  anodischen  S tro m stä rk e  i. A n  der 
R in g elek tro d e  e in g este llte s  P o te n tia l  <р̂  =  + 6 0 0  m V ./ =  2120 M in-1 . Z u sam m en setzu n g  
d e r L ösung: 1,0 n  H 2S 0 4 +  x  n  H Cl. 1. x  =  2,66 ■ IO - 2 ; 2. x  — 4,00 • 10~2; 3. x  =  5,33 • 10 ~ 2;

4 .  X  =  8 , 6 6  • 1 0  - 2

Abb. 4. Z u sam m en h an g  — i bei versch iedenen  D re h za h len  der E lek tro d e  in  1,0 n  H 2S 0 4 +  
+  8 ,6 6 - I O - 2 n  H Cl. < ^ = + 6 0 0  mV. 1. /  =  1040; 2 . / =  2120; 3 . / =  2870; 4. /  =

=  4780 M in - 1

S tro m s tä rk e n  au fg en o m m en  w ird . E r  e n ts p r ic h t  d er T a tsach e , d a ß  d ie A b
sch e id u n g  des fe s ten  CuCl aus ü b e rs ä tt ig te r  L ö su n g  b eg inn t. D em zufo lge w ird  
d er w irk liche  W e rt v o n  i  d u rch  den  S c h n i t tp u n k t  der schrägen  u n d  h o riz o n 
ta le n  S treck en  d e r K u rv e  i/,— i  angezeigt.

A us A bb. 5 u n d  6 is t  ersich tlich , d a ß  —  in  Ü b ere in stim m u n g  m it  Gl. 
(13) —  ein  lin e a re r  Z u sam m en h an g  zw ischen  it bzw . ift( u n d  [CI- ] be i k o n s ta n -
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t e r  D re h z a h l  der E le k tro d e  b e s te h t, w ä h re n d  bei k o n s ta n te r  C h lo rid io n en 
k o n z e n tr a t io n  i{  bzw. i hi p ro p o rtio n a l d e r Q u a d ra tw u rz e l d er D re h z a h l der 
E le k t r o d e  ( f l12) v e rä n d e rt w erd en . D er W ert v o n  i t is t jedoch  n ich t n u r  v o n  der 
C h lo rid io n e n k o n z e n tra tio n  u n d  v o n  der D re h z a h l der E lek tro d e  a b h än g ig ,

A bb. 5. A b h ä n g ig k e it von ij (K u rv e  1) u n d  v o n  ih, (K u rv e  2) v o n  der K o n z en tra tio n  d e r C hlorid 
ionen . /  =  2120 M in -1

A bb. 6 . A b h ä n g ig k e it von it (K u rv e  1) u n d  von  ih, (K u rv e  2) v o n  der Q u ad ra tw u rze l de r D re h 
zahl der E le k tro d e . H C l-K o n z en tra tio n  d e r L ö su n g : 8,66- IO -2 n

s o n d e rn  au c h  von der T e m p e ra tu r  [8 ], da  d ie  S ä ttig u n g sk o n z e n tra tio n  [CuCl]* 
te m p e ra tu ra b h ä n g ig  is t.

I m  w eiteren  w urde  u n te rs u c h t , w elche V orgänge  an  der O b erfläch e  der 
K u p fe rsc h e ib e n e le k tro d e  b e im  E in sch a lten  v o n  S tro m stä rk en  o b e rh a lb  i t 

v e r la u fe n . In  A bb. 7 is t eine b e i diesen U n te rsu c h u n g e n  e rh a lten e , c h a ra k te r i 
s tis c h e  K u rv e n sc h a a r b e isp ie lsh a lb e r d a rg e s te llt . K u rv e  a zeig t d ie  ze itliche  
V e rä n d e ru n g  der an die S che ibe  angesch lossenen  S tro m stä rk e . D er e in g esch a l
t e te  S tro m  i is t w esentlich  h ö h e r  als i t ,  i  5 i f .  D ie dabei erfolgende V erän d e-
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ru n g  des P o te n tia ls  d e r S ch e ib en e lek tro d e  w ird  d u rch  K u rv e  b angezeig t. 
D er V e rla u f d ieser K u rv e  q - t  k a n n  a u f  fo lgende A rt g e d e u te t w e rd e n : beim  
E in sc h a lte n  des anod ischen  S tro m s s te ig t die K o n zen tra tio n  des CuCl an  der 
E lek tro d en o b erfläch e  an . B eim  E rre ic h e n  des P o ten tia ls , w e lch e r P u n k t  oc 
e n ts p r ic h t, w ird die L ösung an  d e r  O berfläche  der E le k tro d e  d e r a r t  ü b e r
s ä t t ig t ,  d aß  die A bscheidung  d er C uC l-Schich t au f der E le k tro d e  b eg inn t. 
D a d u rc h  w ird  die Ü b e rsä ttig u n g  b eh o b en  u n d  das P o te n tia l w ird  e tw as  nega-

tCmin]

Abb. 7. V eranschau lichung  de r V orgänge n a ch  dem  A bscheiden von festem  C uC l. Z usam m en
se tzu n g  d e r Lösung: 1,0 n  tL S O j -(- 4 ,0 0 - 1 0 ~ 2 n  HCl. f  — 2120 M in -1 , a :  Z e itlich e  V er
ä n d e ru n g  d e r d u rch  die K u p fe rsch e ib en e lek tro d e  fließ en d en  S tro m stä rk e , b:  V erän d eru n g  
des P o te n tia ls  de r K u p fe rsch eib en elek tro d e  w ä h ren d  de r gleichen Z e itd au e r, c:  V erän d eru n g  
des s tro m fre ien  P o te n tia ls  de r K o h le n p as te n rin g e lek tro d e  w ährend  d e r g le ich en  Z eitdauer. 
d: A n  d e r K o h len p asten rin g e lek tro d e  g em essener k a th o d isch er S tro m  (<pR — — 100 mV). 
e: A n d e r K o h len p asten rin g e lek tro d e  gem essener anod ischer G renzstrom  (qpR =  + 6 0 0  mV)

t iv e r  (S trecke  ß). N ach  dem  A u fb a u  des C uCl-Film s w ird  die S tro m d ic h te  an 
d en  frei gebliebenen T eilen  der O berfläche  hoch, folglich v e rs c h ie b t sich das 
P o te n tia l  in  p o sitiv e r R ic h tu n g  u n d  ein  n eu e r E lek tro d en v o rg an g , n am en tlich  
d ie  A uflösung  des K u p fe rs  in  zw eiw ertiger F orm , w ird e rm ö g lic h t (S trecke 
y).  N ach  dem  A u ssch a lten  des an o d isch en  S trom s versch ieb t s ich  d a s  P o te n tia l 
d e r K u p fe rsch e ib en elek tro d e  in  n e g a tiv e r  R ich tu n g , und  d as  P o te n t ia l  der 
E le k tro d e  qt w ird  bis zum  A uflösen  d e r C uC l-Schicht an d e r E le k tro d e  durch  
die S ä ttig u n g sk o n z e n tra tio n  [CuCl]/ b e s tim m t (S trecke <5).

D iese V orste llung  w ird  au ch  d u rc h  K u rv e n  c, d  und  e u n te r s tü tz t .  K urve 
c ze ig t die zeitliche V erän d e ru n g  des an  d e r K o h len rin g e lek tro d e  gem essenen 
P o te n tia ls  <pR. D as P o te n tia l  des R inges w ird  du rch  das R e d o x sy s te m  Cu(I)/ 
C u (II) e ingeste llt. D em zufolge v e rä n d e r t  sich  q R m it s te ig en d er C u(I)-K onzen-
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t r a t i o n  in  negativer R ic h tu n g  (S trecken  x, ß), b e i d e m  E n ts te h e n  von  C u (II)  
(S tre c k e  y)  in  p o s itiv e r R ic h tu n g  und  n im m t e n d lic h  n a c h  dem  A u ssch a lten  
d es  S tro m e s  den jen igen  W e r t  an , der der S tre c k e  ß  e n tsp ric h t. D aß  in  d e r 
S tre c k e  y  ta tsäch lich  C u (I I ) - Io n e n  gebildet w e rd e n , w ird  du rch  K u rv e  d  b e 
w ie se n . H ie r  w urde an  d e r  R in g e lek tro d e  ein P o te n t ia l  v o n  —100 mV (bezogen 
a u f  1 n  K alom ele lek trode) e in g e s te llt . Bei d iesem  P o te n t ia l  w erden C u (II)-Io n en

A b b . 8 . A bhäng igkeit des d e r S tre c k e  in  A bb. 7b e n tsp rec h en d e n  P o te n tia ls  <pt vom  L o g arith m u s 
d e r C h lo rid io n en k o n zen tra tio n  d e r  L ö su n g

zu  C u (I)-Io n e n  re d u z ie rt, d a g e g e n  w ird Cu(I) n ic h t  zu  m etallischem  K u p fe r 
r e d u z ie r t .  W ie e rs ich tlich , k a n n  am  Ring n u r w ä h re n d  d e r  S trecke y  ein k a th o -  
d is c h e r  S tro m  ( -  ihß g em essen  w erden , d.h. n u r  is t  d iesem  Z eitrau m  e n ts te h e n  
C u (I I ) - Io n e n  in  v e rh ä ltn is m ä ß ig  großen M engen. (E s  so ll b em erk t w erden , d aß  
— i ha k e in  G renzstrom  is t ,  d a  b e i dem  P o te n tia l, b e i  w elchem  der G renzstrom  
e r r e ic h t  w äre , auch C u(I) s c h o n  red u z ie rt w ird .)

K u rv e  e zeigt d en  a n  d em  K o h len p asten rin g  gem essenen  O x y d a tio n s
g re n z s tro m  i h. In  Ü b e re in s tim m u n g  m it der o b e n g e n a n n te n  V orstellung  w eist 
ih b e i a  ein  M axim um  a u f  u n d  is t  in den S treck en  ß , y  u n d  ö p rak tisch  u n v e r 
ä n d e r t .

A u s der S trecke ô d e r  K u rv e  b k an n  also d e r  W e rt von  ept b e s tim m t 
w e rd e n . In  Abb. 8 is t d e r  a u f  d iese A rt b e s tim m te  W e r t  v o n  ept in  A b h än g ig 
k e i t  v o n  L o garithm us d e r  C h lo rid io n e n k o n z e n tra tio n  d a rg es te llt. In  Ü b e r
e in s tim m u n g  m it Gl. (12) e rg ib t  sich eine G erad e , je d o c h  b e trä g t d er N ei
g u n g sw in k e l anstelle v o n  59 m V  bei der gegebenen  V ersuchsre ihe  57 mV.

U n sere  V ersuchsergebn isse  zeigen also, d a ß  d ie  B ild u n g  des CuC l-Film s 
a u f  d e r  K u p fe rsch e ib en e lek tro d e  w ährend  der S tre c k e  ß  erfo lg t und  die D icke
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des F ilm s w äh ren d  d e r S trecke  y  lan g sam er z u n im m t. F ü r  die D icke des F ilm s 
is t  die L änge d e r  S treck e  b (der Z e itrau m  t2) c h a ra k te ris tisch . D ie M enge des 
an  d er O berfläche  d e r E lek tro d e  g eb ilde ten  CuCl is t  d er fü r  die B ild u n g  v e r
b ra u c h te n  L ad u n g sm en g e  Q p ro p o rtio n a l:

<?==(* — */) *1 (15)

i =  d u rch  die E le k tro d e  fließende S tro m s tä rk e  (i >  i,), =  vom  E in sc h a l
te n  des S tro m s i ve rflo ssene  Zeit bis zum  B eg in n  d e r S trecke  y  (siehe A b b . 7c); 
d e r W e rt von  i, is t  d u rc h  Gl. (13) gegeben. D ie G eschw indigkeit d e r  E n t 
fe rn u n g  d er C uC l-S ch ich t v o n  d er E le k tro d e n o b e rflä c h e  is t  also i, u n d  die 
Z e itd a u e r d er E n tfe rn u n g  b e trä g t t2, folglich m u ß  folgende G leichheit b e s te h e n :

(i — i,) t, =  i, t2 (16)

A u fg ru n d  v o n  (16) u n d  (13) is t

- î | — =  X 1(a -fÄ [ C I-] )  (17)

wo
[CuCll, , , [C uC l], К,,

a =  —-------—  und  b =  -------- ------— .
i  i

Folg lich  v e rä n d e r t  sich  bei k o n s ta n te m  i -М г) lin ea r  m it der C h lo rid io n en 
k o n z e n tra tio n  u n d  d e r L o g arith m u s v o n  ti/( t2~Mi) v e rä n d e rt sich  eb en fa lls  
lin ea r  m it dem  L o g a rith m u s  der D rehzah l d e r  E lek tro d e . In  le tz te re m  F a ll 
m uß  d er N eigungsw inkel d er G eraden  1/2 b e tra g e n . Aus A bb. 9 u n d  10 is t 
e rsich tlich , d a ß  die V ersuchsergebnisse  m it Gl. (17) im  E in k lan g  s te h e n . A us 
Gl. (15) bzw . (16) k a n n  die a u f  der O b erfläch e  geb ilde te  M enge v o n  CuCl b e 
re c h n e t w erden .

U nsere  V ersuchsergebn isse  b e s tä tig e n  also , d a ß  die G eschw ind igkeit der 
anod ischen  A uflösung  von  K u p fer in  den u n te rs u c h te n , ch lo rid io n en h a ltig en

Abb. 9. Z u sam m en h an g  zw ischen ij/(t2 -)- !,) u n d  d e r  C h lo rid io n en k o n zen tra tio n  d e r L ösung
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L ö su n g e n  d u rch  die D iffu sio n  d er e n ts te h e n d e n  K upferk o m p lex e  in  d as  In n e 
re  d e r  L ö su n g  b e s tim m t w ird . In  Ü b e re in s tim m u n g  m it den  L ite ra tu ra n g a b e n  
w u rd e  festg este llt, d a ß  bei en tsp rech en d en  B ed ingungen  eine po röse  CuCl- 
S c h ic h t an  der A node g eb ild e t w ird  [3, 6— 8 ]. N ach  der A usb ildung  d e r CuCl- 
S c h ic h t e n ts teh en  n eb en  den  C u (I)-h a ltig en  K o m p lex en  auch  C u (II)-Io n e n  [7].

Abb. 10. Z u sam m en h an g  zw ischen lg t j ( t 2 +  tj) u n d  l g /
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UMWANDLUNGEN DER NETZWERKSTRUKTUR 
IN DER OBERFLÄCHENSCHICHT 

VON SILIKATGLÄSERN

S. D obos

f  Forschungsgruppe f ü r  anorganische Chemie der Ungarischen A kadem ie der W issenschaften .
B udapest)

E in g eg an g en  am  30. J a n u a r  1970

Bei d e r A usb ildung  d e r O berfläch en sch ich t von  Glas m uß  neb en  d em  d iffu sio n s
b estim m ten  lo n e n a u s ta u sc h  u n d  de r A blösung des S ilik a tn etzw erk es an  d e r  G renz
fläche  S ch ich t-W asse r re c h t  o f t au ch  m it e iner S tru k tu ru m w an d lu n g  des S ilik a tn e tz 
w erkes g e rech n et w erden . D iese S tru k tu rä n d e ru n g  k a n n  d u rch  eine U m o rd n u n g  des 
R au m n e tze s oder d u rch  d ie Ä n d e ru n g  de r Zahl d e r ' Si— О — Si< B in d u n g en  erfolgen. 
D ie S tru k tu rä n d e ru n g  k a n n  a u fg ru n d  de r K o n z en tra tio n sv e rte ilu n g  d e r K o m p o n e n te n  
in der O b erfläch en sch ich t u n d  gegebenenfalls au fg ru n d  de r zeitlichen  V e rä n d e ru n g  der 
A b lösungsgeschw indigkeit des S ilik a tn e tzw erk es e rk a n n t  w erden.

D as W esen de r S tru k tu ru m w a n d lu n g  in d e r O berfläch en sch ich t des u n te rsu c h te n  
G lases m it d e r E in w aag ezu sam m en se tzu n g  20 M ol%  K 20 ,  12 M ol%  SrO , 68 M ol%  
S i0 2, b e s te h t w ah rsch ein lich  in  de r U m o rd n u n g  des R au m n e tze s, w eshalb  d a s  S ilik a t
n e tzw erk  chem isch  w id e rs tan d sfä h ig e r u n d  zugleich  fü r  die Io n end iffusion  d u rch lä ss ig e r 
w ird.

Bei w ied erh o lten  Schm elzversuchen  v o n  G läsern  de r g e n an n ten  Z u sa m m e n se t
zung e rh ie lten  w ir in e in igen  F ä lle n  ein Glas, dessen  O b erfläch en sch ich t o h n e  S t r u k tu r 
än d eru n g  au sg eb ild e t w u rd e , in  an d eren  F ällen  dagegen  ein G las, bei dem  d ie  O b e rflä 
ch en sch ich tb ild u n g  m it e in e r S tru k tu rä n d e ru n g  v e rb u n d en  erfo lg te. M itte ls  IR -sp ek - 
tro sk o p isch en  u n d  D T A -M essungen w urde fe s tg es te llt, d aß  die E rk lä ru n g  fü r  dieses 
gegensätzliche V e rh a lten  d e r  m it d e r gleichen E in w aag ezu sam m en se tzu n g  u n d  u n te r  
nah ezu  id en tisch en  B ed in g u n g en  h e rg este llten  G läser in  ih re r  u n te rsch ied lich en  S tru k 
tu r  zu suchen  ist.

D u rch  A n w endung  des zw eiten  F ickschen  G esetzes a u f  d ie D iffu sio n s
vo rgänge, w elche die O b erfläch en sch ich t von  S ilik a tg läsern  au sb ild en , le ite te n  
B o k sa y , B o u q u et  u n d  D obos [1, 2] eine G leichung fü r  die V e rte ilu n g  der 
A lkaliionen  in  d er O b erfläch en sch ich t ab. Im  Z e itp u n k t t is t  d e r M o lenbruch  
n d e r A lkaliionen  in  d er O b erfläch en sch ich t

S  Г

n :  e - ( a !D )y  j e - p - d p ----------I e  p ' d p - f - 1 —  e~(a/D):y (1)
J J

— CO — 00

wo a die A b lö su ngsgeschw ind igke it des S ilik a tn e tzw erk es, D  d ie D iffu sio n s
k o n s ta n te  des A lkaliions, у  d ie T ie fen k o o rd in a te  der S ch ich t,

y — at  У+«*
У Ш  ’ Г I 4 Dt

u n d  p  ein In te g ra tio n s p a ra m e te r  ist.
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W en n  die V o rg än g e , w elche die O b e rflä c h en sh ich t ausb ilden , s ta tio n ä r  
w e rd e n , n im m t Gl. (1) fo lg en d e  einfache F o rm  a n  (A bb . 1):

n =  1 -  е- ( а/°)У. (2)

Abb. 1. V erän d eru n g  des M o len b ru ch es der K a liu m io n en  in  A b h än g ig k eit v o n  d e r T ie fen 
k o o rd in a te  der Sch ich t n a ch  v e rsch ied en en  L ag eru n g sze iten  in  W asser bei G läsern  v o m  T y p  P

In  d er A b le itu n g  d e r G leichung w u rd e  d ie  L ösungsgeschw ind igkeit a 
des S ilik a tn e tzw erk es sow ie d e r  D iffusionskoeffiz ien t D  als k o n s ta n t ang en o m 
m en . D ie  G ü ltigke it d e r  G le ichung  w urde d u rc h  B estim m u n g  d er A lk a liio n en 
v e r te ilu n g  in der O b erfläch en sch ich t eines G lases m it d er Z u sam m ense tzung  
20 M o l%  K ,0 ,  12 M ol%  S rO , 68 M ol%  S i0 2 b ew iesen .

S tru k tu rä n d e ru n g e n  des S ilik a tn e tzw erk es im  Laufe 
der A usb ild u n g  der O berfläch en sch ich t

U n seren  E rfa h ru n g e n  gem äß  zeigt die A lk a liio n en v e rte ilu n g  d er O ber
f lä c h e n sc h ic h t bei e in fach en  S ilika tg läsern  m it h o h em  A lka lig eh a lt im  allge
m e in en  einen  von  Gl. (1) u n d  (2) abw eichenden  C h a ra k te r : das K rite riu m , daß 
d er D iffusionskoeffiz ien t u n d  die A b lösungsgeschw ind igkeit des N etzw erkes 
k o n s ta n t  sind , is t n u r  in  A u snahm efä llen  e rfü llt.

E s  is t le ich t e in zu seh en , d aß  der D iffusio n sk o effiz ien t in  d er S ch ich t nur 
d a n n  k o n s ta n t  sein k a n n , w e n n  die S tru k tu r  des S ilik a tn e tzw erk es  en tla n g  der 
G e sa m ttie fe  der S ch ich t u n v e rä n d e r t  ist. Ä n d e r t  sich  die S tru k tu r , so ä n d e r t  
sich  a u c h  der W ert v o n  D  u n d  folglich w eich t d e r  C h a ra k te r  d er A lkaliionen-
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V erte ilung  von  d er e in fach en  F o rm  gem äß Gl. (1) bzw . (2) ab . E in e  zeitliche 
V e rän d e ru n g  der A b lösungsgeschw ind igkeit des N etzw erk es ze ig t ebenfalls 
eine S tru k tu rä n d e ru n g  des N etzw erkes in  d er O b e rfläch en sch ich t an . In w ie
fe rn  die K o n z e n tra tio n sv e rte ilu n g  der K o m p o n e n te n  (z.B . A lkaliionen) in  
d er O b erfläch en sch ich t d u rc h  die Ä nderung  d er N e tz w e rk s tru k tu r  m o d ifiz ie rt 
w ird , bzw . wie diese Ä n d e ru n g  a u f  die L ö su ngsgeschw ind igke it e in w irk t, w ird  
d u rc h  die A rt u n d  d en  ze itlich en  V erlau f d e r S tru k tu rä n d e ru n g  b e s tim m t.

B ev o r w ir v e rsu c h e n , die m öglichen S tru k tu rä n d e ru n g e n  zu  um reißen , 
m u ß  d e fin ie rt w erd en , w as u n te r  einer u n v e rä n d e r te n  S tru k tu r  v e rs ta n d e n  
w erd en  soll. D as N e tz w e rk  d e r S chich t w ird  als u n v e rä n d e r t  b e tra c h te t ,  w enn 
die Z ah l u n d  räu m lich e  A n o rd n u n g  der ^ S i — О— S ií^  B in d u n g en  im  S i0 2- 
R a u m n e tz  im  V erg leich  zum  k o m p ak ten  G las u n v e rä n d e r t  s in d . A u ch  die Z ahl 
u n d  A n o rd n u n g  der an  das R a u m n e tz  angeschlossenen  ^ S i — О G ru p p en  m üssen 
u n v e rä n d e r t  b leiben . S tre n g  genom m en b e d e u te t n a tü r lic h  d er Io n e n a u s ta u sc h  
b e re its  an  u n d  fü r  sich  eine geringfügige Ä n d eru n g  d e r S tru k tu r ,  d a  die N ic h t
b e rü ck sich tig u n g  d er ab w eich en d en  G röße u n d  p o la ris ie ren d en  W irk u n g  des 
an  die S telle des A lk a liions tre te n d e n  P a r tn e rs  n u r  m it V ernach lässigungen  
m öglich  is t.

F o rm ell k ö n n en  zw ei große G ruppen  d e r m öglichen  S tru k tu ru m w a n d lu n 
gen angenom m en  w erd en :

I n  die erste  G ru p p e  gehören  d iejenigen V orgänge, bei d enen  d ie  Z ahl der 
^3Si— О— Sií^ u n d  ^ S i — О B indungen  u n v e rä n d e r t  b le ib t u n d  n u r ihre 
rä u m lich e  A n o rd n u n g  v e rä n d e r t  w ird. Die W ah rsch e in lich k e it so lcher Ä n d e 
ru n g e n  is t  infolge des th e rm o d y n a m isc h  m e ta s ta b ile n  Z u s ta n d s  d e r k o m p a k te n  
G lasp h ase  sehr hoch . D ie N eigung  des R a u m n e tz e s  zu r S tab ilis ie ru n g  k an n  
in  dem  d u rch  D e a lk a lisa tio n  gestö rten  S ystem  le ic h te r  b e frie d ig t w erden. 
D iese »spontane« U m lag e ru n g  der S tru k tu r , w elche d u rch  die D ea lk a lisa tio n  
d e r S ch ich t s te risch  e r le ic h te rt  w ird  u n d  d u rch  d en  R esta lk a liio n en g eh a lt, 
d u rc h  v e ru n re in ig en d e  F rem d io n en sp u ren  sowie d u rc h  das v o rh a n d e n e  W asser 
k a ta ly s ie r t  w erden  k a n n , s te llen  w ir uns so v o r, d aß  d ie Z ah l d e r ^ S i —-0 — S i^  
u n d  ^ S i — 0  B in d u n g en  d a d u rc h  n ich t b e rü h r t ,  so n d e rn  led ig lich  ih re  rä u m 
liche A n o rd n u n g  in  R ic h tu n g  des n iedrigeren  E n e rg ie z u s ta n d s  v e rä n d e r t  w ird. 
O b n u n  ein d e ra r tig e r  O rd n u n g sv o rg an g  die D iffusion  d e r A lkaliionen  er
le ich te rn  oder erschw eren  w ird , k a n n  k a u m  e in d e u tig  v o ra u sg e sa g t w erden; 
dagegen  e rsche in t es h ö ch stw ah rsch e in lich , d aß  d ieser V organg  den  chem ischen  
W id e rs ta n d  des N e tzw erk es ste igern  und  folglich seine L ösungsgeschw ind igkeit 
in  W asse r oder in  e inem  a n d e ren  R eagens v e rrin g e rn  w ird .

In  die zw eite G ru p p e  d e r S tru k tu ru m w a n d lu n g e n  des N etzw erkes k ö n n 
te n  jen e  V orgänge e in g e re ih t w erden , bei den en  sich  die Z ah l d e r ^ S i — 0 — Si— 
u n d  ^ S i-—0  B in d u n g en  im  N etzw erk  v e rä n d e r t . Solche Ä n d e ru n g en  können  
sich  in  e rs te r  L inie d u rc h  R eak tio n en  zw ischen dem  N etzw erk  u n d  den  von 
a u ß en  in  die S ch ich t e in d iffu n d ie rten  K o m p o n en ten  absp ie len . So k a n n  z.B .
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d e r A n g r if f  des W assers zu r H y d ro ly se  eines Teiles d e r ^ S i — О— S i^ ; B in d u n 
gen  fü h re n :

> S i— O — S i ^  +  H 20  =  2 (> S iO H )

O ffen sich tlich  w ird  die D iffu sio n  d er Ionen  in  d e r  S ch ich t d u rc h  die obige 
R e a k t io n  e rle ich te rt. Z ug le ich  w ird  die A b lösungsgeschw ind igkeit des N e tz 
w erk es  e rh ö h t. Die ^ S i — О — SiS^ B indungen  k ö n n en  auch  d u rc h  andere  
R e a g e n z ie n  gespalten  w erd en . D ie H ydro lyse  k a n n  au ch  m it g leichzeitiger 
U m la g e ru n g  der S tru k tu r  k o m b in ie r t  verlau fen .

I m  en tg eg en g ese tz ten  S in n  v e rlä u f t die K o n d e n sa tio n  d e r ^ S i — O H  
G ru p p e n ; ih re  W ah rsch e in lich k e it is t  keinesw egs gering , w enn  w ir z. B . an  die 
s p o n ta n e  A lte rung  v o n  K iese lsäu reg e len  oder an  d ie  p H -ab h än g ig e  P o ly m eri
s a tio n  v o n  Solen d enken :

iS i O - O  — H

H  O Si
ïS i 0  SL

D e r W a s s e ra u s tr i t t  w ird  d u rc h  s ta rk e  E le k tro n e n a k ze p to re n  (z. B . H y d ro x o n i- 
u m io n e n )  e rle ich te rt. S p ie lt s ich  die K o n d en sa tio n  a lle in  ab , is t sie also n ic h t m it 
e in e r  g leichzeitigen  S tru k tu ru m la g e ru n g  k o m b in ie rt, so gelangen  w ir zu einer 
S t r u k tu r ,  in  der die D iffu sio n  d e r A lkaliionen  lan g sam er w ird . A uch  die Ge
sc h w in d ig k e it der A uflö su n g  des N etzw erkes n im m t infolge d er K o n d en sa tio n  
ab . E in e  —  der K o n d e n sa tio n  ähn liche  —  V e rd ic h tu n g  der S tru k tu r  k ö n n te  
a u c h  d u rc h  E in w irk u n g  v o n  K a tio n e n  m it k le in e ren  Io n e n ra d ie n  u n d  hohen 
L a d u n g e n  verlaufen .

D ie  beiden , re in  fo rm ell u n te rsch ied en en  V o rg an g sg ru p p en , n äm lich  die 
rä u m lic h e  U m lagerung  d er S t r u k tu r  u n d  die Ä n d eru n g  d er Z ahl d e r  B rü ck en 
sa u e rs to ffa to m e , v e rlau fen  in  W irk lich k e it w ahrsche in lich  in  je d e m  F a ll m ehr 
o d e r w en ig er m ite in an d e r k o m b in ie r t.

U n te r  B erü ck sich tig u n g  d e r gen an n ten  m öglichen  V orgänge k ö nnen  
z. B . fo lgende T eilvorgänge be i d e r A usb ildung  d e r O b erfläch en sch ich t im  
L au fe  d e r  R eak tio n  v o n  G las m it W asser u n te rsc h ie d e n  w erden :

1. Io n en a u s ta u sc h  zw ischen  d en  A lkaliionen  des G lases u n d  d en  W asse r
s to ff io n e n  des W assers, w obei das W assersto ffion  in  m eh r oder w en iger h y d ra - 
t ie r te m  Z u stan d  in  das G las e in t r i t t .  D er V organg  w ird  d u rch  die D iffusion  
d e r P a r tn e r  des Io n e n a u s ta u sc h e s  bestim m t.

2 . E in e  even tuelle  Ä n d e ru n g  der N e tz w e rk s tru k tu r  d er S ch ich t.
3. D ie A blösung des N e tzw erk es  der S ch ich t an  d er G renzfläche  S c h ic h t-  

W asse r.
E s  is t le ich t e in zusehen , d aß  bei gleichzeitigem  V erlau f a lle r d re i V o r

g änge  d e r Io n en au stau sch  a m  schnellsten  is t; ih m  fo lg t die Ä n d e ru n g  der 
S t r u k tu r  u n d  zu le tz t die A u flö su n g  des N etzw erkes.
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A uch lieg t es a u f  d er H an d , daß  keine S tru k tu rä n d e ru n g  a u f t r i t t ,  w enn 
die G eschw ind igkeit d ieser Ä n d eru n g  geringer is t  als die G eschw ind igkeit der 
A blösung  des N e tzw erk es ; in  diesem  F a ll is t  die A b lösungsgeschw ind igkeit des 
N etzw erkes k o n s ta n t .

I s t  die G esch w in d ig k e it d er N e tzw erk än d eru n g  k o m m en su rab e l höher 
als d ie  A uflösungsgeschw ind igkeit des N etzw erk es, so n im m t die le tz te re  
ze itlich  ab oder zu , je  n ach  dem , ob die S tru k tu rä n d e ru n g  eine m ehr oder 
w en iger w id e rs tan d sfäh ig e  S tru k tu r  e rg ib t. D iesen  F a ll k a n n  m a n  sich wie 
fo lg t vo rste llen : d ie  m ögliche S tru k tu rä n d e ru n g  is t an  einer b e s tim m ten  
S telle  A der S ch ich t n och  n ic h t b een d e t, w enn  die F ro n t d er A blösung  diese 
S te lle  erre ich t. W egen  d er höh eren  G eschw ind igkeit d e r S tru k tu rä n d e ru n g  is t 
je d o c h  diese Ä n d e ru n g  in  d er n äch sten , tie fe r  liegenden  S telle  В b e re its  m ehr 
fo r tg e sc h ritte n  als w en n  d ie  A b lösungsfron t diese S telle  e rre ich t. D as W asser 
g re if t also an  d en  zw ei S te llen  un te rsch ied lich e  S tru k tu re n  an , fo lg lich  sind 
die A b lösungsgeschw ind igke iten  an  den  S te llen  A u n d  В versch ieden .

V erän d e rt s ich  d ie  S tru k tu r  sehr schnell im  V erg leich  zur A blösungsge
sch w ind igke it, so ze ig t sich  eine k o n s ta n te  A b lösungsgeschw ind igkeit des 
N etzw erkes, ab g eseh en  von  e iner äu ß e rs t k u rzen  A n lau fperiode , die gegebenen
falls m it den zu r V erfü g u n g  stehenden  M eß v erfah ren  gar n ich t nachgew iesen  
w erd en  kann .

A us dem  G esag ten  fo lg t, daß  eine Ä n d eru n g  d er A blösungsgeschw ind ig 
k e it  des N etzw erkes ein  sicheres A nzeichen d er S tru k tu rä n d e ru n g  is t , w ährend  
eine k o n s ta n te  A blösungsgeschw ind igkeit kein  genügendes K rite riu m  fü r eine 
u n v e rä n d e rte  S tr u k tu r  d a rs te ll t . E in  sicheres U rte il e rm ö g lich t n u r  die B estim 
m u n g  der V e rte ilu n g  d er A lk a liio n en k o n zen tra tio n  in  d er S ch ich t.

In  der v o rlieg en d en  A rb e it und  in  u n se ren  w e ite ren  A rb e iten  w erden  
O b erfläch en sch ich ten  b e h a n d e lt, deren  A u sb ild u n g  u n te r  S tru k tu rä n d e ru n g  
v e r lä u f t, w obei B eisp ie le  fü r  einige G ru n d ty p e n  d e r m öglichen  V orgänge an 
gegeben w erden .

E xperim en teller Teil

U nsere U n te rsu ch u n g e n  b e ru h en  au f dem  V erfah ren , welches zu r B estim m u n g  der Ver
te ilu n g  der A lk a liio n en k o n zen tra tio n  in der O b erfläch en sch ich t en tw ick e lt w urde  [1, 3]. Die 
G lasprobe (L änge 6— 7 cm , D u rchm esser 0 ,1— 0,3 cm , O b erfläche  4 — 6 cm 2), v o ran g eh en d  in 
e inem  d ich tgesch lossenen  R eag en zro h r über M ag n esiu m p erch lo ra t als T ro ck n u n g sm itte l gela
g e r t, w urde m it H irsch led e r p o lie rt u n d  d u rch  W aschen  m it C yclohexan e n tfe tte t .  Die 
O b erflächensch ich t w u rd e  in P o ly ä th y len g efäß en , in 400 m l W asser bei 40 +  0,2 °C ausge
b ild e t, wobei u m  die R ü ck w irk u n g  der aus dem  Glas h e rau sg e lö sten  R e ak tio n sp ro d u k te  zu 
ve rm eid en  — das W asser so o f t gew echselt w urde , d aß  d ie K o n z en tra tio n  d e r A lkaliionen im 
W asser den W ert v o n  5 ■ 10“ 4 G ram m ionen /L ite r n ic h t ü b e rsc h rit t .  A us dem  flam m en p h o to 
m etrisch  b es tim m ten  A lk a lig eh a lt de r aus dem  W asser genom m enen  P ro b en  w urde die H e 
rau slösungsgeschw ind igkeit d e r  A lkaliionen aus dem  G las u n d  aus dem  p h o to m e trisch  be
s tim m ten  S ilik a tg eh a lt d ieser P ro b en  die G eschw indigkeit d e r  A blösung des S ilik a tn etzw erk es 
b e rech n e t.

Die au f dem  G lass tab  ausgebildete  O b erfläch en sch ich t w urde in 5— 20 S c h ritte n  m it 
I% ig e r  F lu o rw assers to ffsäu re lö su n g  stufenw eise abgelöst. D ies e rfo lg te  jew eils in  17 +  0,1 ml
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L ö su n g , in  P roberöhren  aus P o ly ä th y le n , u n te r  g le ichm äß iger B ew egung des G lasstabes. Die 
T e m p e r a tu r  der F lu o rw assers to ffsäu re lö su n g  b e tru g  20 +  0,2 °C, die D au er de r B eh an d lu n g  bei
d e r  e in z e ln e r  F rak tio n en  jew eils 2 . . .  10 +  0,05 M inu ten . D ie F luo rw assers to ffsäu re lö su n g en , 
w e lch e  d ie  einzelnen S c h ich tfrak tio n en  en th ie lten , w urd en  in  zwei T eile g e te ilt, w obei aus dem  
e in en  T e il d e r  S ilika tgehalt d e r  S c h ic h tfra k tio n  p h o to m e trisch , aus dem  an d eren  T eil d e r  A lkali- 
u n d  E rd a lk a lig e h a lt,  gegebenenfalls n o c h  w eite re  K o m p o n en ten  b e s tim m t w u rd en . D ie G esam t
z e it zu m  A blösen der ganzen O b e rflä c h en sch ich t lag  zw ischen 10 u n d  100 M in u ten , w äh ren d  
d e r V o rg a n g  der A usb ildung  de r S c h ich t im  allgem einen 1 bis 30 T age b e n ö tig te . N ach  den 
B e re c h n u n g e n  von B ouquet [4] b e e in f lu ß t  die A blösung  m it  F lu o rw assers to ffsäu re  zw ar die 
V e r te i lu n g  de r A lk a liio n en k o n zen tra tio n  d e r Sch ich t, die ge rad e  b e s tim m t w erd en  soll, jed o ch  
is t  d e r  d a d u rc h  ve ru rsach te  F e h le r  u m  v ie r  G rößenordnungen  geringer als de r zu  bestim m en d e  
W e r t ,  so d a ß  die R ück w irk u n g  des M eß Vorganges (d e r A blösung  m it F lu o rw assers to ffsäu re ) 
v e rn a c h lä s s ig t  w erden k a n n . In  A n b e tra c h t  dessen, daß  die stufenw eise  A blösung  de r O b er
f lä c h e n s c h ic h t  bei um  20 °C n ied rig e re r  T e m p e ra tu r  v e r lä u f t  als d ie A u sb ild u n g  de r Sch ich t 
u n d  a u c h  ih re  D auer w esen tlich  k ü rz e r  is t ,  k an n  ang en o m m en  w erden , d aß  die a u fg ru n d  der 
s tu fe n w e isen  A blösung e rh a lte n e n  A n g ab en  die S tru k tu r  w iderspiegeln .

D u rc h  Ablösen m it F lu o rw a sse rs to ffsäu re  u n te r  den  g e n an n ten  B ed in g u n g en  k a n n  die 
A b lösu n g sg esch w in d ig k e it des N e tzw erk es in  F lu o rw assers to ffsäu re  (vorzugsw eise  in  E in h e i
te n  G ra m m a to m  Si • cm “ 2 m in “ x) in  den  v e rsch iedenen  A b sch n itte n  de r S ch ich t b e rec h n e t 
w e rd en . D iese  A b lösungsgeschw indigkeit (im  w eiteren  m it v h f  Si b eze ichnet) is t  fü r  die S tru k 
tu r  des S ilik a tn etzw erk es c h a ra k te r is tis c h . Ä n d e rt sich  das S ilik a trau m n e tz  im  L au fe  de r A us
b ild u n g  d e r  Schicht n ich t, so m u ß  die A blösungsgeschw ind igkeit in  a llen  A b sc h n itte n  der 
S c h ic h t id en tisc h  sein u n d  m it d e r  A b lösungsgeschw ind igkeit des k o m p ak te n  G lases in F lu o r
w a sse rs to ffsäu re  ü b erein stim m en . (A u s sp ä te r  an zu fü h ren d en  G rü n d en  w ird  diese E rw a r tu n g  
in  d e r  P ra x is  n u r an n äh e rn d  e r fü ll t .)  V e rä n d e r t  sich die S tru k tu r  des N e tzw erk es w äh ren d  der 
A u sb ild u n g  der O b erfläch en sch ich t, so m u ß  sich die A blösungsgescliw ind igkeit en tla n g  der 
T ie fe n k o o rd in a te  der S ch ich t a u f  c h a ra k te r is tis c h e  W eise v e rän d e rn . N eben  de r V e rte ilu n g  der 
A lk a liio n en k o n z en tra tio n  in de r S c h ic h t l ie fe rt also d ie B estim m u n g  v o n  si w eite re  M ög
lic h k e ite n  zum  Anzeigen e v e n tu e lle r  S tru k tu rä n d e ru n g e n , w obei gegebenenfalls a u ch  gewisse 
S ch lü sse  b ezüg lich  der A r t d ieser Ä n d e ru n g en  gezogen w erd en  können .

I n  u n se re r  A rbeit w ird  d ie  A lk a liio n en k o n z en tra tio n  de r e inzelnen A b sch n itte  der 
S c h ic h t bezogen  auf den S i-G eh a lt des S ch ich tab sch n itte s  angegeben :

+ G ram m io n  K +
Ĉ  G ram m ato m  Si ’

u n d  d ie  V erte ilu n g  wird n ich t als F u n k tio n  de r geom etrischen  T ie fen k o o rd in a te , sondern  als 
F u n k t io n  d e r  N e tzw e rk silik a t-K o o rd in a te  angegeben , w obei le tz te re  die Z ahl de r G ram m ato m e  
S ilic iu m  in  einem  Prism a der S c h ich t m it d e r G rundfläche  v o n  1 cm 2 u n d  de r D icke y  is t  [1].

D ie  S ilika t-K o o rd in a te  w ird  m it  g beze ichnet:

к

g =  2  Si,- ,
i=i

wo Si,- d ie  Z ah l der G ram m atom e S ilic ium  in  den einzelnen S ch ich tfrak tio n en , bezogen a u f  
1 c m 2 is t .  D ie  D im ension v o n  g  i s t  a lso  G ram m ato m  ■ cm " 2.

V ersuclism odcli

D ie  M öglichkeit d e r S tru k tu ru m w a n d lu n g e n  w äh ren d  d er A u sb ild u n g  
d e r S c h ic h t w ird in  e rs te r  L in ie  d u rc h  den Io n e n a u s ta u sc h  geschaffen , b e so n 
d ers  w e n n  die im  Io n e n a u s ta u sc h  te iln eh m en d en  P a r tn e r  v o n  v e rsch ied en er 
G rö ß e  s in d ; h ie rau f h a b e n  b e re its  B o k sa y , B oUGQUET u n d  D obo s im  Z u sam 
m e n h a n g  m it n a tr iu m o x y d h a ltig e n  G läsern  h ingew iesen  [1, 3]. D agegen  e r
k lä re n  sie die T a tsach e , d a ß  d ie  O b erfläch en sch ich ten  bei ih rem  M odellglas
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m it d e r  Z u sam m en se tzu n g  20 M ol%  K 20 ,  12 M ol%  SrO und  68 M o l%  S i0 2 
die G leichungen  (1) u n d  (2) erfüllen, d .h . d a ß  d iese O b erfläch en sch ich t ohne 
S tru k tu rä n d e ru n g  g eb ild e t w urde, m it d e r ä h n lic h e n  Größe des K a liu m - und 
H y d ro x o n iu m io n s .

Sechs S chm elzversuche  des o b e n g e n a n n te n  k a liu m o x y d h a ltig en  G lases 
m it u n v e rä n d e r te r  E in w aag ezu sam m en se tzu n g  e rg ab en  in  v ier F ä lle n  G läser, 
bei d en e n  die V e rte ilu n g  d e r A lk a liio n en k o n zen tra tio n  der O b erfläch en sch ich t 
Gl. (1) u n d  (2) n ic h t  e rfü llte , ih re  N e tz w e rk s tru k tu r  w urde also im  L a u fe  der 
A u sb ild u n g  d er O b erfläch en sch ich t v e rä n d e r t .

D iese T a tsa c h e  m u ß  als ü b e rra sc h e n d  b eze ich n e t w erden , d a  unseres 
W issens n ach  d e r einzige U n tersch ied  zw ischen  d en  sechs S ch m elzv ersu ch en  
d a r in  b e s ta n d , d aß  das v e rw en d e te  B D H  S i0 2 bei jen en  zwei G läsern , d ie  keine 
S tru k tu rv e rä n d e ru n g  aufw iesen, bzw . bei d en  v ie r  G läsern, die e ine  S t r u k tu r 
v e rä n d e ru n g  ze ig ten , aus versch iedenen  L ie fe ru n g en  s tam m te .

I n  der g eg en w ärtig en  A rb e it w u rd en  d ie  le tz te re n  G läser als M odell v e r
w en d e t. Sie w erden  im  w eite ren  als T y p  P 2 b eze ich n e t, w ährend  d ie  G läser, 
die k e in e  S tru k tu rä n d e ru n g  aufw eisen, als T y p  P j  bezeichnet w e rd en .

V ersuchsergebn isse

I n  A bb . 2 s in d  die V ersuchsergebn isse  m it dem  Modell aus P 2-G las d a r
g es te llt. D as G las w u rd e  zwecks A u sb ild u n g  d e r S ch ich t 20 T ag e  la n g  bei 
40 °C in  W asser ge lag e rt. K u rv e  I  ze ig t d ie K o n z e n tra tio n sv e rte ilu n g  der 
K aliu m io n en , K u rv e  I I  is t  das a u f g rap h isch em  W ege h ergeste llte  D iffe ren tia l 
v o n  K u rv e  I , K u rv e  I I I  is t die A blösungsgeschw ind igkeit des N e tzw erk es  in  
F lu o rw asse rs to ffsäu re . B eim  V ergleich v o n  K u rv e  I  m it den K u rv e n  in  A b b . 1 
fä llt  ih r  u n te rsch ied lich e r C h arak te r so fo rt au f. W elche A u fk lä ru n g  b ie ten  
n u n  d ie  M eß d a ten  h in sich tlich  der A rt d e r  S tru k tu ru m w a n d lu n g ?

V erfolgen w ir die Ä n d eru n g  der P a ra m e te r  vom  k o m p ak ten  G las b is  zur 
w äß rig en  P h ase , in  d e r A bb ild u n g  also v o n  re c h ts  nach  links. B ei d em  Ü ber
t r i t t  au s  dem  k o m p a k te n  Glas in  die O b erfläch en sch ich t n im m t d ie  K o n z e n 
t r a t io n  d er K a liu m io n en  ab , ähn lich  wie he i d em  P j-G las, in dessen O b e rf lä c h en 
sc h ic h t d er M olenbruch  d er K aliu m io n en  g em äß  den K u rv en  in  A b b . 1 ab 
n im m t. D er K o n z e n tra tio n sg ra d ie n t n im m t in  d e r Schich t des P ^ G la s e s  in  
R ic h tu n g  vom  k o m p a k te n  Glas zu r w äß rig en  P h a se  m onoton  von  N u ll b is  zum  
W e rt a/D  zu. D er V e rla u f  des K o n z e n tra tio n sg ra d ie n te n  fü r die S c h ic h t im  s ta 
tio n ä re n  Z u s ta n d  w ird  d u rch  das D iffe ren tia l d e r Gl. (2) nach  y  b e sch rieb en :

—  =  —  e-<Q/D»’ . (3)
dy D

A cta  Chirti. Acad. Sei. H u n g . 6 8 , 1971



378 DOBOS: UM W AN D LU NG EN  DER N ETZ W ER K STR U K T U R

G eg en ü b er dieser m o n o to n en  Ä n d eru n g  w ird  bei dem  P 2-G las d e r A n 
s tie g  d es  K o n z e n tra tio n sg ra d ien te n  um  g  5 • IO ” 5 G ram m ato m  Si • c m " 2 
m ä ß ig e r , d u rc h lä u ft d a n n  e in  M axim um  u n d  n im m t bis zur G renze d e r w ä ß 
r ig e n  P h a s e  ab. W enn die D iffusion  der K a liu m io n e n  selbst durch  e in en  im m er 
m ä ß ig e r  anste igenden  u n d  sogar a b n e h m e n d e n  K o n z e n tra tio n sg ra d ien te n

A bb. 2. V erän d e ru n g  der K a liu m io n en k o n z en tra tio n  ( I ) ,  d es G rad ien ten  der K a liu m io n e n 
k o n z e n t r a t io n  (II)  u n d  de r A b lö su ngsgeschw ind igkeit des N etzw erkes in  F lu o rw a sse rs to ff
sä u re  ( I I I )  in  A bhäng igkeit v o n  d e r  d u rc h  den S ilik a tg e h a lt d e r  Schicht au sg ed rü ck ten  T ie fen 

k o o rd in a te  bei P.,-G las

a u f re c h te rh a lte n  w erden  k a n n , so is t das n u r  d a d u rc h  m öglich, d aß  d e r W eg 
d e r A lk a liio n en  in  R ic h tu n g  d e r  S ch ich t-W asse r-G ren z fläch e  ü b er eine solche 
S t r u k tu r  fü h r t ,  in w elcher d e r  D iffusionskoeffiz ien t des K alium ions d a u e rn d  
h ö h e r  w ird , d .h . die S ch ich t w ird  in  R ich tu n g  d e r S ch ich t-W asse r-G ren zfläch c  
s te ts  lo c k e re r  und fü r das K a liu m io n  d u rch lässig e r.

U n te rsu c h e n  w ir n u n  d e n  V erlau f d e r  A blösungsgeschw ind igkeit m it 
F lu o rw asse rs to ffsäu re . Z u n ä c h s t soll aber die N e tzw erk ab lö su n g sg esch w in d ig 
k e i t  m i t  F lu o rw asse rs to ffsäu re  bei der S ch ich t v o n  P j-G las, die ohne S t r u k tu r 
ä n d e ru n g  geb ilde t w urde , k u rz  b e h a n d e lt w erd en . A us der u n v e rä n d e rte n  N e tz 
w e r k s t r u k tu r  sollte —  wie b e re its  e rw äh n t w u rd e  —  folgen, daß  je d e r  P u n k t  
d e r S c h ic h t m it der g leichen  G eschw ind igkeit in  F lu o rw assers to ffsäu re  gelöst 
w ird . D em gegenüber v e rh ä lt  s ich  aber die A blösungsgeschw ind igkeit A b b . 3 
e n ts p re c h e n d , d.h. sie n im m t vom  k o m p a k te n  G las zu r G renzfläche d e r  w ä ß 
rig e n  P h a s e  h in  m onoton  zu. U n se re r M einung n a c h  d ü rfte  diese E rsc h e in u n g  
d a m it  zu  erk lä ren  sein, d a ß  d e r pH  der F lu o rw asse rs to ffsäu re lö su n g  in  d e r 
R e a k tio n sz o n e  der S c h ich t-W asse r-G ren z fläch e  d a v o n  abhängig  is t ,  w iev iel
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K aliu m io n en  aus d er S ch ich t —  infolge des A u stausches m it W a sse rs to ff- 
bzw . H y d ro x o n iu m io n e n  —  ab w an d ern . W ird  d u rch  die F lu o rw asse rs to ff
säu re lö su n g  ein S c h ic h ta b sc h n itt angegriffen , d e r  n ä h e r zum  k o m p a k te n  G las 
lieg t, also m ehr K a liu m io n en  e n th ä lt, so n im m t d e r  p H  in  der R eak tio n szo n e  
zu, die D isso z ia tio n  des F luorw assersto ffs n im m t zu, folglich is t h ie r d ie  A b
lö su n g sgeschw ind igke it des S ilik a tn e tzw erk es geringer als in  d e r S c h ic h t
s treck e  m it n ied rig e ren  K a liu m io n en k o n zen tra tio n en .

D ie N etzw erk ab lö su n g sg esch w in d ig k e it in  d e r O b erfläch en sch ich t des 
P 2-G lases (K u rv e  I I I  in  A bb . 2) n im m t v o n  re c h ts  nach  links, d .h . v o m  kom -

vO
О

Abb. 3. V e rän d e ru n g  d e r A b lösungsgeschw indigkeit d es N etzw erkes in F lu o rw assers to ffsäu re  
in  A b h än g ig k e it von  d e r d u rc h  den S ilik a tg eh a lt d e r  S c h ich t ausgedrück ten  T ie fen k o o rd in a te

bei P ,-G las

p a k te n  G las in  R ic h tu n g  zu r w äßrigen  P h a se  h in  anfangs zu, ä h n lic h  wie 
beim  P j-G las , d a n a c h  ab e r w ird der A n stieg  m äß ig e r, die K u rv e  d u rc h lä u f t 
einen In f le x io n sp u n k t, d a n n  ein M axim um  u n d  n im m t d an n  ab . E s h a n d e lt  
sich bei d ieser K u rv e  v e rm u tlich  um  die R e su ltie re n d e  von m in d esten s  zwei 
E ffe k te n , und  zw ar m u ß  gegenüber der die A b lösungsgeschw ind igkeit s te ig e rn 
den W irk u n g  d e r n ach  links ab n eh m en d en  K a liu m io n e n k o n z e n tra tio n  in  
G ren zfläch en n äh e  m it e iner a llm äh lichen  Ä n d e ru n g  der N e tz w e rk s tru k tu r  
g erech n e t w erden , w elche die chem ische W id e rs ta n d sfä h ig k e it des N etzw erk es 
e rh ö h t. W ird  die A blösungsgeschw ind igkeit m it  F lu o rw asse rs to ffsäu re  in  
A b h än g ig k e it vom  L o g arith m u s der K a liu m io n e n k o n z e n tra tio n  in  d e r  S ch ich t 
d a rg e s te llt  (A bb. 4), so e rh ä lt m an bei G las P j  e ine G erade, w elche d en  fu n k tio 
neilen  Z u sam m en h an g  zw ischen der K a liu m io n e n k o n z e n tra tio n  u n d  d e r  A b
lö sungsgeschw ind igke it m it F lu o rw asse rs to ff zu  u n te rs tü tz e n  sch e in t. B ei dem  
P 2-G las ze ig t je d o c h  die A bw eichung d er K u rv e  von  der G eraden  an , d a ß  die 
N etzw erkah lö su n g sg esch w in d ig k e it au ß e r d e r  K a liu m io n e n k o n z e n tra tio n  auch 
noch v o n  a n d e ren  F a k to re n  abhäng ig  is t.

In  A bb. 5 is t  d ie  zeitliche V erän d eru n g  d e r A u strittsg esch w in d ig k e it der 
im  L au fe  d er A u sb ild u n g  d er O b erfläch en sch ich t in  die w äßrige P h a se  a u s tre 
te n d e n  K a liu m io n en  (K u rv e  I) u n d  d er A blösungsgeschw ind igkeit des N etz-
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W erkes Vh 2o,sí (K u rv e  I I )  d a rg e s te llt . D ie G eschw ind igkeit der A b lö su n g  des 
N e tz w e rk e s  is t n ic h t k o n s ta n t , sie n im m t anfangs stü rm isch  u n d  d an n  
la n g s a m e r  ab , w odurch  an g eze ig t w ird , d a ß  in  d er G renzschich t e ine  solche 
S tru k tu rä n d e ru n g  v o r sich  g eh t, w elche die chem ische W id e rs tan d sfäh ig -

A bb . 4 . V e rän d e ru n g  de r A b lö su n g sg esch w in d ig k e it des N etzw erkes in  F lu o rw asse rs to ffsäu re  
in  (A b h ä n g ig k e it  von  (der K a liu m io n e n k o n z e n tra tio n  d e r Sch ich t bei P t - u n d  P 2-G las

t , Tage
A bb. 5. V e rän d e ru n g  der A u s ttr ittsg e sc h w in d ig k e it d e r  K a liu m io n en  (I) u n d  d e r A b lö su n g s
g e sc h w in d ig k e it  des N etzw erkes ( I I )  in  A b h än g ig k eit v o n  d e r Z eitdauer des L agerns in  W asse r

b e i P 2-G las

k e it  d e s  N etzw erkes an  d er jew eiligen  G ren zfläch e  der S chich t s te ts  e rh ö h t. 
A us d e r  T a tsach e , d aß  die A u s tr ittsg e sc h w in d ig k e it der K o m p o n en ten  se lb s t 
am  20 . T ag e  n ich t k o n s ta n t  is t ,  k a n n  gefo lgert w erden , daß  die O b e rf lä c h en 
s c h ic h t n o c h  keinesw egs im  s ta tio n ä re n  Z u s ta n d  v o rlieg t. Im  s ta t io n ä re n  Z u 
s ta n d  m u ß  näm lich , w ie le ic h t e inzusehen  is t ,  d ie  G leichung

^ Н , 0 , К +  _  CK+,G1 

f H aO ,S i  C S i G l

(4 )
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g elten , w o cK + Q| die K a liu m io n e n k o n z e n tra tio n  u n d  Csiq i die S iliz iu m k o n 
z e n tra tio n  im  k o m p a k te n  Glas is t. D ie ze itlich e  V erän d eru n g  des V erh ä ltn isses  
d er A u s tr ittsg esch w in d ig k e iten  is t in  A bb. 6 d a rg e s te llt;  die g estrich e lte  G erade  
zeig t den  W e rt von  c ^ + oi/csiqi an . A uch  am  20. T ag  zeig t das G eschw indig-

Abb. 6. V e rh ä ltn is  d e r A u strittsg esch w in d ig k e it d e r  K a liu m io n en  und  de r A blösungsgeschw in
d ig k e it des N e tzw erk es in  A b h äng igkeit v o n  d e r  L ag eru n g szeit in  W asser bei P 2-G las

Abb. 7. V e rän d e ru n g  d e r K a liu m io n en k o n zen tra tio n  in  A b h än g ig k eit von de r d u rc h  d en  S ilik a t
g e h a lt d e r  S ch ich t au sg ed rü ck ten  T ie fen k o o rd in a te  bei P2-Glas

k e itsv e rh ä ltn is  e inen  vom  s ta tio n ä re n  Z u s ta n d  w esentlich  ab w eichenden  W e rt 
u n d  die geringe S te ilh e it der K u rv e  u n te r s tü tz t  die A nnahm e, d aß  d e r  s ta t io 
n äre  Z u s ta n d  n u r  nach  sehr langer Z eit e r re ic h b a r  is t. Diese lan g sam e A n n ä 
h eru n g  an  d en  s ta tio n ä re n  Z u stan d  u n te rsc h e id e t das V erh a lten  des P 2-G lases 
ebenfalls vom  V erh a lten  des P j-G lases, be i w elchem  die V orgänge, w elche die 
O b erfläch en sch ich t ausb ilden , nach  dem  a c h te n  T ag  s ta tio n ä r  w u rd e n  [1].

W ir h a b e n  b ish er ü b er unsere  B eo b a c h tu n g e n  im  Z u sam m en h an g  m it 
S ch ich ten  b e r ic h te t , w elche im  L aufe v o n  2 0 täg ig e r L agerung  in  W asse r ge
b ild e t w u rd en . In  A bb. 7 sind  die V e rte ilu n g sk u rv e n  der K a liu m io n en k o n 
z e n tra tio n  in  S ch ich ten  n ach  5-, 8 -, 20- u n d  30 täg ig er L agerung  in  W asser

7 A cta  Chim . A cad. Sei. H u n g . 6 8 , 1971
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( la rg e s te ll t .  Die b e tre ffen d en  K u rv en  der N e tzw erk ab lö su n g sg esch w in d ig k e it 
in  F lu o rw asse rs to ffsäu re  s in d  in  A bb . 8 gezeigt. Q u a lita tiv  ih re r F o rm  n a c h  sind  
d ie  K u r v e n  einander äh n lich  u n d  die F ro n t d e r einzelnen  V orgänge v e rsc h ie b t 
s ich  m i t  zunehm ender L ag e ru n g sd au e r in  W asse r nach  innen . D a rü b e r  h in 
a u sg e h e n d e  Schlüsse d ü rf te n  au s den  K u rv e n  w oh l k au m  zu ziehen sein , je d o c h  
m ö c h te n  w ir d a ra u f au fm erk sam  m achen , d a ß  die K u rv en  der N e tz w e rk a b 
lö su n g sg esch w in d ig k e it m it zu n eh m en d er Z e itd a u e r  der L agerung  v o n  einem

A bb. 8 . V erän d e ru n g  der A b lösungsgeschw ind igkeit des N etzw erkes in  F lu o rw assers to ffsäu re  
in  A b h ä n g ig k e it  von der d u rch  d e n  S ilik a tg eh a lt d e r  S c h ich t ausg ed rü ck ten  T ie fen k o o rd in a te  

n ach  versch iedenen  Z e itd a u e rn  der L ag e ru n g  in  W asser bei P ,-G las

s te ts  n ied rig e ren  N iveau  s ta r te n . Dies sch e in t d a ra u f  h inzuw eisen, d aß  die 
S tru k tu ru m w a n d lu n g  des N etzw erkes ein ze itlich  langsam er V o rgang  is t. 
B e i d e r  S ch ich t, w elche d u rc h  5 täg ige L ag e ru n g  in  W asser geb ilde t w u rd e , is t  
d ie se r  A n fan g sw ert so hoch , d a ß  das M axim um  in  R ich tu n g  des S c h ich tin n e ren  
g an z  v e rsch w in d e t.

S ch lußfo lgerungen

A u fg ru n d  der V ersuchsergebn isse  k a n n  a u f  folgende S tru k tu ru m w a n d 
lu n g e n  in  der O b erfläch en sch ich t des P 2-G lases gefolgert w erden:

1. D ie S tru k tu rä n d e ru n g  e rg ib t einen  A nstieg  der chem ischen  W id e r
s ta n d s fä h ig k e it ,  der S ta b i l i tä t  des N etzw erkes; d er Beweis d a fü r is t d e r V er
la u f  d e r  A blösungsgeschw ind igkeit in  F lu o rw assers to ffsäu re .

2 . D ie S tru k tu ru m w a n d lu n g  is t lan g sam , ih re  G eschw indigkeit is t  k o m 
m e n s u ra b e l  m it der G eschw ind igkeit der A b lö su n g  des N etzw erkes in  W asse r;
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der B ew eis d a fü r is t  die Ä nderung  der A b lösungsgeschw ind igkeit in  W asser 
w äh ren d  der L a g e ru n g  in  W asser.

3. Die T a tsa c h e , d aß  die A b lösungsgeschw ind igkeit des N etzw erk es in 
W asser zeitlich  a b n im m t, b e s tä tig t die B e h a u p tu n g  in  P u n k t 1.

4 . Die S tru k tu ru m w a n d lu n g , die s ta b ilis ie re n d  a u f das N e tzw erk  w irk t, 
e r le ic h te rt zug le ich  die D iffusion der K a liu m io n e n ; dies w ird d u rc h  d ie  fe s t
g este llte  Ä n d eru n g  des K o n z e n tra tio n sg ra d ie n te n  d er K alium ionen  in  d e r  O b er
fläch en sch ich t b e s tä t ig t .

A u fg rund  d e r  A ussagen  in  1.— 4. u n d  u n se re r  H y p o th esen  b ezü g lich  der 
U m w an d lu n g sm ö g lich k e iten  d er N e tz w e rk s tru k tu r  h a lte n  w ir es fü r  w ah r
schein lich , d aß  d as  W esen d er U m w an d lu n g  in  e iner räum lichen  U m o rd n u n g  
des S ilik a tn e tzes  b e s te h t. E s is t jed o ch  keinesw egs auszusch ließen , d a ß  d a 
bei ^ S i — О— S iï^  B in d u n g en  g espa lten  w erd en  bzw . neue ~SSi— О — S i^  
B in d u n g en  e n ts te h e n , sodaß  im  E n d erg eb n is  au ch  das V erhä ltn is  d e r ^ S i — О— 
S i ^  u n d  ^ S i — О B in d u n g en  v e rä n d e rt w erd en  k an n .

Die U rsache der S tru k tu ru m w an d lu n g

Bei der B e p ro d u k tio n  der Schm elzen  v o n  G läsern  m it d er E in w a a g e z u 
sam m en se tzu n g  20 K 20  • 12 SrO • 68 S i0 2 e rh ie lte n  w ir —  wie b e re its  b e m e rk t 
w urde  —  in z u fa llsa rtig e r  W eise m an ch m al P j-G las, d ann  w ieder P 2-G las. 
Die P ro b en  aus e in  u n d  derselben  Schm elze w a re n  s te ts  von d em se lb en  T yp , 
also en tw ed er P x- oder P 2-Gläser.

D ie E rsch e in u n g  m uß  als ä u ß e rs t in te re s s a n t  bezeichnet w erd en , zum al 
w ir v e rsu ch ten , d ie  Schm elzen s te ts  u n te r  id en tisch en  V erhä ltn issen  d u rc h z u 
fü h ren , obw ohl b e m e rk t w erden m uß , d a ß  w ir die S ch m e lz tem p era tu r  n u r  m it 
e in er G en au ig k e it v o n  1350 ^  50 °C rep ro d u z ie ren  konn ten .

D ie U rsach e  d er S tru k tu ru m w a n d lu n g  k a n n  auch  in  den  V e ru n re in i
gungen  des zum  W ässe rn  verw endeten  W asse rs  liegen. D a w ir das W asse r aus 
e iner k u p fe rn en  D estilla tio n san lag e  gew an n en , d a c h te n  w ir an die W irk u n g  der 
V eru n re in igungen  von K upferionen . D ieser V e rd a c h t w urde a u f  d ie  B eo b ach 
tu n g en  von  F i s c h e r  u n d  H e c k e l  g e g rü n d e t, w onach  S puren  v o n  S chw erm e
ta llio n en  die K o rro s io n  von G läsern w esen tlich  v erm in d ern  k ö n n en  [5].

D eshalb  fü h r te n  w ir W ässerungen  m it d estillie rtem  W asser d u rc h , aus 
w elchem  die K u p fe rio n en v e ru n re in ig u n g en  m it dem  O xyce llu lo severfah ren  von  
S c h ü l e r  u n d  M ita rb e ite rn  [ 6 ]  e n tfe rn t w o rd en  w aren . Die S tru k tu rä n d e ru n g  
erfo lg te  dennoch . A ndererse its  u n te rsu c h te n  w ir die A usb ildung  d e r O b e rflä 
ch en sch ich t in  0,01 m  K u p fe race ta tlö su n g  u n d  fan d en  ü b e rh a u p t k e in en  U n
te rsch ied  im  V erg leich  zu den  E rg eb n issen  m it re inem  W asser. W ir u n te r 
su c h te n  auch die K u p fe rio n en v erte ilu n g  in  d e r O b erflächensch ich t u n d  fan 
den , d aß  die G esam tm enge  der K u p fe rio n en  in  d er ers ten  S c h ic h tfra k tio n  a n 
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g e sa m m e lt w ar, folglich k ö n n e n  diese Io n en  d ie  im  In n eren  d er S ch ich t v e r 
la u fe n d e  S tru k tu rä n d e ru n g  keinesw egs v e ru rsa c h e n .

E s  sc h e in t eher w ah rsch e in lich , d aß  die E rk lä ru n g  der S tru k tu ru m w a n d 
lu n g  b e i d e r  A usb ildung  d er O b erfläch en sch ich t des P 2-Glases in  d en  E ig e n 
h e ite n  d ieses Glases se lb st zu  suchen  is t. E s k ö n n te  angenom m en w erd en , d aß  
—  t r o t z  u n se re r  B estreb u n g , id en tische  S chm elzbed ingungen  a u fre c h tz u e r
h a l te n  —  info lge  u n k o n tro llie rb a re r  W irk u n g en , d as  G las w ä h re n d d e s  S chm el- 
zens f ü r  d a s  V e rh a lten  gem äß T y p  bzw . P 2 p rä fo rm ie r t  w ird. D esha lb  w u rd en

0, cm'*

Abb. 9. IR -A b so rp tio n ssp ek tren  v o n  u n d  P 2-G läsern

IR -sp e k tro sk o p isc h e  bzw . D T A -U n te rsu ch u n g en  d e r P a- und  P 2-G läser d u rc h 
g e fü h rt.

F ü r  IR -sp ek tro sk o p isch e  Zw ecke w u rd e  d as  G las zu P u lv e r g em ah len  
u n d  in  e in e r  K o n z e n tra tio n  v o n  0 ,2%  g e p rü ft. E s  w urde ein P e rk in -E lm e r 
S p e k tro g ra p h  T yp  225 m it K a liu m jo d id p a s tille  angew endet. D ie M essungen  
w u rd e n  im  W ellen zah len b ere ich  300— 1600 c m " 1 d u rch g e fü h rt, wo sich  die 
B a n d e n  d e r  Si— 0 — Si B in d u n g en  befin d en . W ie aus A bb. 9 h e rv o rg eh t, w eisen  
b e so n d e rs  d ie  M axim a d er Si— 0 — Si B a n d e n  b e i 470 cm ” 1 u n d  870 c m " 1 
w e se n tlic h e  U n tersch ied e  a u f, je  nach d em , ob es sich  u m  P j-G las o d er P 2-G las 
h a n d e lt .  (E s  soll b em erk t w e rd en , d aß  die IR -S p e k tre n  von  G läsern  desse lben  
T y p s , d ie  au s  versch iedenen  Schm elzen  s ta m m te n , u n te re in a n d e r eine re c h t  
g u te  Ü b e re in s tim m u n g  zeig ten .)

D ie  D T A -K u rv en  der G läser w u rd en  im  T em p e ra tu rb e re ic h  v o n  25—  
1300 °C  m it  e iner M ettle r V a k u u m th e rm o w a a g e  aufgenom m en. (E in w aag e  
15 m g , T e m p e ra tu rp ro g ra m m  6 °C /M inute , E m p fin d lic h k e it 100 /tV.) G em äß  
A bb . 10 w e ich en  die D T A -K u rv en  d er b e id en  G la s ty p e n  c h a ra k te ris tisch  v o n 
e in a n d e r  ab . (D ie Ü b e re in s tim m u n g  der D T A -K u rv e n  von G läsern  desse lben  
T y p s , je d o c h  aus versch ied en en  Schm elzen, w a r v e rh ä ltn ism äß ig  gu t.)

E s  k a n n  also fe s tg e s te llt w erden , d aß  P j-  u n d  P 2-G läser u n te rsc h ie d lic h e  
S tr u k tu r e n  b esitzen ; die U rsach e  des ab w eich en d en  V erhaltens bei d e r A usb il-
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d u n g  d er O b erfläch en sch ich t lieg t also in  d ieser u n te rsch ied lich en  S tru k tu r-  
p rä fo rm a tio n .

U m  zu en tsch e id en , w eshalb  bei d er G lasschm elze —  se lb st b e i v e rh ä ltn is 
m äß ig  g leichen B ed in g u n g en  —  G läser m it abw eichender S t r u k tu r  geb ilde t 
w erd en , sch e in t es zw eckm äßig , U n te rsu c h u n g e n  in  zwei R ic h tu n g e n  d u rc h z u 
fü h re n . E in e rse its  so llten  d ie  V eru n re in ig u n g en  des Glases h in s ic h tlic h  ih re r

t °C

Abb. 10. D T A -K u rv en  von P j  u n d  P ,-G läsern

W irk u n g  so rg fä ltig  g e p rü ft w erd en , an d ere rse its  soll die S chm elze des Glases 
u n te r  s tren g  k o n tro llie r te n  B ed ingungen , zw eckm äßig  in  d e r th e rm o a n a ly ti-  
sch en  W aag e  se lb st, u n te r  V erfo lgung  der be im  Schm elzen u n d  w ä h re n d  dem  
A b k ü h len  v erlau fen d en  V orgänge d u rch g e fü h rt w erden . A us u n se re n  V o rv er
su ch en  in  diesen R ic h tu n g e n  ergab  sich bis zu r Zeit kein  e in h e itlic h  a u sw e rt
b a re s  Bild.
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MIXTURES

J .  L i s z i

( D e p a rtm e n t o f  E lec tro ch em ica l R esearch , H u n g a r ia n  A c a d e m y  o f  Sc iences, a n d  D e p a rtm en t 
o f  P h y s ic a l  C h e m is try , U n iv e rs ity  o f  V eszp rém , V eszp rém )

R eceived J a n u a ry  30, 1970

F rom  a s tu d y  o f th e  v a p o u r-liq u id  eq u ilib riu m  of p rop ion ic  acid—c arb o n  te t r a 
ch lo ride, i t  w as fo u n d  th a t  th e  given sy s tem  beh av es ap p ro x im a te ly  as if  i t  w ere an  
idea l m ix tu re  o f d im eric  p rop ion ic  acid  and  carb o n  te trac h lo rid e . T h e  c a lcu la ted  v a p o u r-  
liq u id  eq u ilib riu m  v a lu es w ere checked ag a in s t d a ta  d e te rm in ed  e x p e rim e n ta lly  a t  30, 
40, 50, 60 a n d  70 °C.

In  our ea rlie r w ork  [1] b in a ry  m ix tu re s  o f p rop ion ic  acid an d  apo la r 
su b stan ces  w ere s tu d ie d . T he e x te n t of a ssoc ia tion  o f p rop ion ic  acid  w as d e te r
m ined  from  th e  d ie lec tric  p ro p ertie s  in  th e  liq u id  phase  a t  20 °C. T h e  resu lts  
show ed th a t  p ro p io n ic  ac id  w as a lm ost co m p le te ly  d im erized  in  th e  s tu d ied  
m ix tu re s  w hich, to  a good ap p ro x im a tio n , could  be considered  as idea l b in a ry  
m ix tu re s  of d im eric  p rop ion ic  acid and  th e  a p o la r  su b stan ce . In  th e  p resen t 
w ork  we exam ine th e  e x te n t to  w hich th e  ab o v e  m en tio n ed  re su lt  can  be 
used  to  describe th e  v a p o u r- liq u id  equ ilib riu m  in  p rop ion ic  acid—carb o n  t e t r a 
ch lo rid e  m ix tu re s . W ith  th is  aim  th e  eq u ilib riu m  d a ta  w ere d e te rm in ed  a t 
30, 40 , 50, 60 a n d  70 °C. T h e  ex p erim en ta l re su lts  a re  co m p ared  w ith  th e  values 
ca lcu la ted  from  th e  above  ap p ro x im atio n .

1. The therm odynam ic  m odel

T h e  p rop ion ic  ac id—carb o n  te tra c h lo r id e  m ix tu re s  are  tr e a te d  as ideal 
te rn a ry  m ix tu re s  o f  th e  ty p e  A - A 2-B .  T h is m eans th a t  th e  n o m in a lly  tw o- 
co m p o n en t (p rop ion ic  acid and  carbon  te tra c h lo r id e )  m ix tu re s  are  considered  
as id ea l te rn a ry  m ix tu re s  of m onom eric p rop ion ic  acid  (A),  d im eric  propionic 
ac id  (A 2) and  ca rb o n  te tra c h lo r id e  (В ). T he fo llow ing re la tio n s  are  v a lid  betw een  
th e  p a r t ia l  p ressu res  o f th e  co m ponen ts, n o m in a l an d  a c tu a l:

Pp гор =  P l +  P  (1 )

PB =  P3- (2)
T he to ta l  p ressu re  is

p t =  p1+ p2+ p 3 =  Pprop+ P B . (3)

A cta  C him . A ca d , S e i. H u n g . 68 , 1971
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T h e  n o m in a l mole fra c tio n  o f  ca rb o n  te tra c h lo rid e  in  th e  v a p o u r  p h ase  can  be 
c a lc u la te d  from  th e  p a r tia l  p re ssu re  w ith  th e  fo llow ing re la tio n ;

У в  =  — —  =  - И -  . ( 1 )
УВ 1 + у а Р + Р г * '

T h e  a c tu a l  m ix tu re  is co n sid e red  as an  ideal te rn a ry  m ix tu re  w hich m eans th a t  
th e  R a o u l t  L aw  is accep ted  a s  v a lid  for th e  te rn a ry  m ix tu re :

P ^ X i P l  (5)

A re la t io n  sim ilar to  E q . (4) is va lid  betw een  th e  no m in a l m ole fra c tio n  of 
c a rb o n  te tra c h lo r id e  in  th e  l iq u id  phase  and  th e  a c tu a l m ole fra c tio n :

( 6)

F o r  th e  above re la tio n s to  he  ap p lied  to  th e  sy s tem  stu d ied , th e  com po sitio n  
o f th e  A - A 2- B  ty p e  te rn a ry  m ix tu re  m u st be know n . T ab le  I  co n ta in s  th e  v alues 
o f  th e  a sso c ia tio n  e q u ilib riu m  c o n s ta n t re fe rring  to  th e  liq u id  phase ,

( 7 )

e x p re ssed  in  mole frac tio n s fo r p u re  propionic acid as a fu n c tio n  of th e  te m p e r
a tu re . I n  th e  la s t tw o co lu m n s of the  T ab le  are  liq u id  phase  m ole frac tio n s  
re la t in g  to  p u re  propionic ac id  o f  th e  m onom eric an d  d im eric  form s (xj an d  x 2). 
T hese  l a t t e r  d a ta  w ere c a lc u la te d  from  E q . (7) u sin g  th e  re la tio n :

x \+ x °2 =  I (8)

Table I

T ru e  com position  o f  p u r e  p ro p io n ic  acid  as a fu n c t io n  o f  tem p era tu re

t°  c К *? x°

8 3040* 0.0180 0.9810
20 1804** 0.0232 0.9760
21 1450* 0.0256 0.9744

31 868* 0.0334 0.9666

41 . 526* 0.0427 0.9573

51 332* 0.0535 0.9465

60 225*** 0.0644 0.9356

70 149*** 0.0785 0.9215

A c ta  C h im . A cad . Sei. H ung. 68, 1971



L ISZI: V A PO U R -L IQ U ID  EQ U ILIBRIU M 389

T h e  d a ta  d eno ted  b y  * an d  ** are to  be found  in  references [2] a n d  [1], respec
tiv e ly . T he values d en o ted  by  *** w ere ca lcu la ted  w ith  th e  e q u a tio n

log К  =  3.7712
2039.9

T
(9)

d e te rm in ed  from  th e  f ir s t  six  row s o f th e  T ab le . T he d a ta  o f T a b le  I  show  th a t  
even  a t  70 °C th e  a m o u n t o f m onom eric  prop ion ic  acid  in  p u re  p ro p io n ic  acid 
does n o t reach  8 % . T h is p e rm its  th e  conclusion, in  ag reem en t w ith  th e  earlier 
d ie lec tric  stud ies [1], t h a t  to  a f ir s t  a p p ro x im a tio n  p rop ion ic  ac id  can  he con
sidered  as d im eric p rop ion ic  acid . I f  th is  ap p ro x im a tio n  is p e rm itte d , th e n  the 
eq u ilib riu m  v a p o u r p ressu re  of p rop ion ic  acid is a lm ost id e n tic a l w ith  th e  equi
lib riu m  v ap o u r p ressu re  o f d im eric p rop ion ic  acid :

P°pioP^P%. ( 10)

F ro m  sim ilar co n sid e ra tio n s:

x2 +  x3 c ^ l  ( 11)

(Xy 0). H ence th e  to ta l  p ressu re  of th e  m ix tu re :

P, X2 Po-\-X3  P 3 . ( 12)

F ro m  re la tio n s (6) and  (11) th e  nom inal m ole frac tio n  o f ca rb o n  te trach lo rid e  
in  th e  liq u id  phase  is

x B 1 ~ * 2
1 +  X2

(13)

T he ca lcu la tio n  o f th e  v a p o u r- liq u id  equ ilib riu m  d a ta  is m ad e  using  the  
ab o v e  ap p ro x im atio n s . x 2, th e  a c tu a l m ole frac tio n  o f d im eric  p ro p io n ic  acid 
in  th e  liq u id  phase , is c a lcu la ted  w ith  re la tio n  (13) from  th e  g iv en  n o m in a l mole 
fra c tio n , xb ■ P 2, th e  p a r t ia l  p ressu re  of d im eric  p rop ion ic  ac id , is de te rm in ed  
from  re la tio n s (5) an d  (10) using  th e  know n v alue  of x2. R e la tio n  (11) furnishes 
x 3, th e  ac tu a l m ole fra c tio n  o f ca rb o n  te tra c h lo r id e . W ith  x 3  k n o w n , E qs (2) 
an d  (5) give P 3, th e  p a r t ia l  p ressu re  o f ca rb o n  te tra c h lo rid e  in  th e  te rn a ry  m ix
tu re . T he to ta l  p ressu re  can  be ca lcu la ted  from  re la tio n  (12). W ith  th e  p a rtia l 
p ressu res and  th e  to ta l  p ressu re  know n, th e  nom ina l m ole f ra c tio n  o f carbon 
te tra c h lo r id e  in th e  v a p o u r  phase  is c a lcu la ted  from  E q . (4).

A cta  Chim . A cad . S e i. H u n g . 68 , 1971
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2. E xperim en ta l d a ta  and  check on th e  applied  m odel

I n  o u r experim en ts th e  n o m in a l com position  o f  th e  v a p o u r  phase an d  the  
t o t a l  p re ssu re  of th e  sy s te m  w ere  m easured  as a fu n c tio n  o f th e  nom ina l mole 
f r a c t io n  o f carbon te tra c h lo r id e . T he ap p a ra tu s  u sed  h as  been  described  in  an  
e a r l ie r  p a p e r  [3]. T be d e te rm in a tio n  of co n c e n tra tio n  w as p erfo rm ed  v ia  th e  
in d e x  o f  refrac tion  in  th e  case  o f  propionic acid—c a rb o n  te tra c h lo r id e  m ix tu res . 
M e a su re m e n ts  were m ad e  w i th  m ix tu res a t  30, 40 , 50, 60 and  70 °C. T he 
r e s u l ts  a re  given in  T ables I I — -VI an d  Figs 1— 10. T h e  f i r s t  co lum n in  th e  T ables

Table II

V apour-liquid e q u ilib r iu m  data fo r  propionic acid-carbon tetrachloride 
m ixtures at 30 °C

ay =  0 .005; =  3 to r r

X m
' ß P™ torr Усв P Ct torr

0.000 0.000 6 0.000 6

0.091 0.795 25 0.802 25

0.165 0.885 41 0.889 39

0.191 0.902 40 0.905 43

0.201 0.915 44 0.910 45

0.265 0.920 50 0.927 51

0.272 0.928 51 0.938 55

0.282 0.948 62 0.941 57

0.341 0.951 61 0.954 64

0.343 0.950 67 0.955 65

0.345 0.956 70 0.958 65

0.352 0.958 62 0.956 66

0.401 0 .964 72 0.964 72

0.410 0.965 77 0.966 73

0.415 0.968 71 0.966 73

0.420 0.970 72 0.967 74

0.435 0.965 73 0.969 76

0.450 0.975 75 0.971 77

0.455 0.972 79 0.971 78

0.495 0.970 85 0.975 82

0.512 0.971 81 0.977 84

0.630 0.986 94 0.986 95

0.782 0.981 108 0.993 107

0.952 0.995 119 0.999 118

1.000 1.000 121 1.000 121
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co n ta in s  th e  no m in a l m ole fra c tio n  of ca rbon  te tra c h lo r id e  in  th e  liq u id  p h ase . 
I n  th e  second co lum n is th e  ex p erim en ta lly  d e te rm in e d  m ole frac tio n  o f ca rb o n  
te tra c h lo r id e  in  th e  v a p o u r  phase , and  in  th e  th i rd  co lum n is th e  m easu red  
to ta l  p ressu re. T he fo u r th  co lum n shows th e  c a lc u la te d  m ole frac tio n  in  th e

Table I I I

Vapour—liqu id  equilibrium  data fo r  prop ion ic  acid-carbon tetrachloride 
m ixtures at 40 °C

O y =  0.004; <Tp{ =  4 to r r

X B y'S P ' f  torr y % torr

0 . 0 0 0 0 . 0 0 0 10 0 . 0 0 0 10

0.018 0.440 15 0.435 17

0.051 0.694 26 0.691 29

0.102 0.816 44 0.825 46

0.149 0.869 58 0.879 61

0.172 0.890 68 0.896 68

0.203 0.918 73 0.914 76

0.237 0.929 83 0.928 85

0.274 0.939 90 0.940 95

0.325 0.948 101 0.952 107

0.326 0.947 104 0.953 107

0.364 0.958 113 0.960 115

0.380 0.962 113 0.962 119

0.382 0.963 115 0.963 119

0.426 0.965 124 0.969 128

0.552 0.983 147 0.981 150

0.582 0.980 153 0.983 155

0.627 0.984 160 0.986 162

0.681 0.986 175 0.989 170

0.683 0.987 169 0.989 170

1 .0 0 0 liOOO 208 1 . 0 0 0 208

v a p o u r phase , an d  th e  f if th  co lum n th e  c a lc u la ted  to ta l  p ressu re. F o r  each  
m easu rem en t series th e  m ean  square  differences b e tw een  th e  ca lcu la ted  an d  
th e  m easured  re su lts  a re  also given. T he c o n tin u o u s  lines in  th e  F ig u res  are  
th e  ca lcu la ted  va lu es  an d  th e  circles are th e  m easu red  resu lts .

T he p resen ted  re su lts  show  th a t  th e  v a p o u r- l iq u id  equ ilib rium  d a ta  o f 
a p rop ion ic  acid—carb o n  te tra c h lo r id e  m ix tu re  ca n  be  described  b y  th e  a p p ro x i
m a tio n  fo rm ulae  in tro d u c e d  in  th e  f irs t  p a r t  o f  th is  p a p e r. In  th e  d esc rip tio n  
o f  these  d a ta , th e  ro le o f m onom eric p ropionic  ac id  is d isregarded . T he p ro p io n -
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Table IV
, V apour-liqu id  equ ilibrium  data fo r  p ro p io n ic  acid-carbon tetrachloride

m ixtures at 50 °C 
O y =  0.008; O p f =  2 to rr

XB
m

>B Pfm torr Pct torr

0 . 0 0 0 0 . 0 0 0 18 0 . 0 0 0 18

0.046 0.602 40 0.621 43

0.102 0.796 69 0.794 71

0.248 0.902 133 0.918 132

0.297 0.941 150 0.935 150

0.376 0.952 174 0.953 175

0.438 0.964 192 0.964 193

0.467 0.966 202 0.968 201

0.505 0.982 213 0.972 211

0.526 0.980 216 0.974 217

0.539 0.976 219 0.975 220

0.550 0.980 221 0.977 223

0.783 0.990 274 0.992 271

1 .0 0 0 1 . 0 0 0 306 1 . 0 0 0 306

Table V
V apour-liqu id  equ ilibrium  data fo r  prop io n ic  acid-carbon tetrachloride  

m ixtures at 60 °C
O y = 0.008; о  pi = 3 to rr

XB
m

У В P fm to r r УСВ P £  to rr

0 . 0 0 0 0 . 0 0 0 32 0 . 0 0 0 32

0.051 0.582 69 0.582 69

0.165 0.834 140 0.836 140

0.316 0.914 212 0.923 215

0.355 0.930 225 0.934 232

0.365 0.927 234 0.937 236

0.374 0.923 238 0.939 240

0.400 0.933 246 0.945 250

0.411 0.938 252 0.948 255

0.454 0.950 267 0.956 271

0.476 0.952 274 0.959 278

0.481 0.958 279 0.960 280

0.570 0.980 305 0.972 309

0.813 0.980 376 0.991 375

1 .0 0 0 1 . 0 0 0 413 1 .0 0 0 413
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Table VI
V apour—liquid equilibrium  data fo r  propionic acid-carbon tetrachloride 

m ixtures at 70 °C 
Oy =  0.009; ffpt =  4 to r r

XB у 'в P™  to r r УСв PjC to rr

0.000 0.000 49 0.000 49

0.047 0.555 96 0.549 99

0.112 0.739 160 0.757 161

0.150 0.795 191 0.813 194

0.175 0.820 208 0.840 215

0.181 0.838 216 0.845 219

0.225 0.860 250 0.878 253

0.276 0.900 285 0.904 290

0.301 0.915 305 0.914 306

0.355 0.925 328 0.931 340

0.414 0.937 370 0.946 375

0.470 0.952 400 0.956 405

0.485 0.956 409 0.959 412

0.523 0.962 426 0.964 431

0.540 0.961 435 0.967 439

0.550 0.962 440 0.968 444

0.551 0.963 442 0.968 444

0.625 0.971 478 0.976 477

0.674 0.978 495 0.981 497

0.732 0.982 514 0.985 519

0.827 0.991 550 0.992 552

0.880 0.992 570 0.995 570

1.000 1.000 605 1.000 605

ic a c id -c a rb o n  te tra c h lo r id e  sy s tem  behaves as if  i t  w ere an  id ea l m ix 
tu re  o f d im eric  p ropionic  ac id  an d  carb o n  te tra c h lo rid e .

In  th e  ev a lu a tio n  o f  th e  re su lts , how ever, th e  follow ing co n sid e ra tio n s  
c a n n o t be neg lec ted . W ith  in c reasin g  c o n c e n tra tio n  of ca rb o n  te tra c h lo r id e  
the  asso c ia tio n  equ ilib rium  is so d isp laced  th a t  th e  re la tiv e  a m o u n t o f  m ono
m eric p rop ion ic  acid increases co m p ared  w ith  th a t  o f th e  d im er. T h is  p h en o m e
non  im plies t h a t  w ith  th e  in crease  o f x tí th e  ap p ro x im a tio n  sh o u ld  g rad 
ua lly  lose its  v a lid ity . A t th e  sam e tim e , how ever, w ith  th e  in c rease  o f x B 
th e  p a r t ia l  p ressu re  of ca rb o n  te tra c h lo r id e  c o n tr ib u te s  m ore an d  m ore  deci
sive ly  to  th e  to ta l  pressure o f th e  sy stem . As a re su lt of these  tw o  c o n tra s tin g  
effects th e  a p p ro x im a tio n  gives sa tis fa c to ry  resu lts  over th e  e n tire  c o n c e n tra 
tio n  range.

A cta  C him . A cad. S e i. H u n g . 6 8 , 1971
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F ig . 1. V a p o u r phase  n o m in a l m ole  frac tio n  of 
c a rb o n  te trac h lo rid e  as a  fu n c tio n  o f  th e  liqu id  

p h a se  nom inal m ole f ra c tio n  a t  30 °C

F ig . 3. V a p o u r phase n o m in a l m ole frac tio n  of 
c a rb o n  te trach lo rid e  as a  fu n c tio n  o f th e  liqu id  

p h a se  nom inal m ole f ra c t io n  a t  40 °C

F ig . 5. V a p o u r phase n o m in a l m ole frac tio n  of carb o n  te tra c h lo r id e  as a fu n c tio n  o f th e  liq u id
p h ase  nom inal m ole fra c tio n  a t  50 °C

A c ta  C h im . A cad . Sei. H u n g . 6 8 , 1971

F ig . 4. E q u ilib r iu m  to ta l  p ressu re  o f  p ro p io n 
ic a c id -c a rb o n  te trac h lo rid e  m ix tu re s  as a 
fu n c tio n  o f th e  liq u id  phase  no m in a l m ole 

f ra c t io n  o f c a rb o n  te trac h lo rid e  a t  40 °C

F ig . 2 . E q u ilib r iu m  to ta l  p ressu re  o f p ro p io n 
ic ac id —c arb o n  te trac h lo r id e  m ix tu re s  as a 
fu n c tio n  o f th e  liq u id  p h ase  n o m in a l m ole 

f ra c tio n  of ca rb o n  te trac h lo r id e  a t  30 °C
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T h u s  from  an  ex a m in a tio n  of th e  associa tion  p ro p e rtie s  o f  propionic 
acid  it  ap p ea rs  th a t  th is  ca rb o x y lic  acid  m a y  be m odelled m ore  s im p ly  th a n  fo r
m ic or ace tic  acids. In  th e  case o f fo rm ic  acid  chain  a sso c ia tio n  occurs [4], 
w hile fo r ace tic  acid  th e  m onom eric  m olecules, w hich have  a s tro n g ly  d ipolar 
c h a ra c te r , do n o t p e rm it th e  ap p lica tio n  o f an  ideal m ix tu re  m o d e l [3].

Fig. 6. E q u ilib riu m  to ta l  p ressu re  o f p rop i- F ig. 7. V apour phase n o m in a l m o le  frac tio n  of 
onic a c id -c a rb o n  te tra c h lo r id e  m ix tu re s  as a c a rb o n  te trach lo rid e  as a  fu n c tio n  o f th e  liquid 
fu n c tio n  o f th e  liqu id  p h ase  no m in a l m ole phase  nom inal m ole f r a c t io n  a t  60 °C

frac tio n  of carbon  te trac h lo r id e  a t  50 °C

F ig. 8. E q u ilib riu m  to ta l  p ressu re  o f p rop i- Fig. 9. V apour phase n o m in a l m ole  frac tio n  of 
onic acid—carbon  te trac h lo r id e  m ix tu re s  as a c a rb o n  te trach lo rid e  as a  fu n c tio n  o f th e  liquid 
fu n c tio n  o f th e  liq u id  p h ase  no m in a l m ole phase  nom inal m ole f r a c t io n  a t  70 °C

frac tio n  o f carbon  te tra c h lo r id e  a t  60 °C

Acta Chim . A ca d . S e t. H u n g . 68 , 1971
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XB

F ig .  1 0 . E q u ilib riu m  to ta l p re s su re  o f  propionic ac id -ca rb o n  te tra c h lo r id e  m ix tu res  as a fu n c 
t io n  of the liquid p h a se  n o m in a l  mole frac tion  of c a rb o n  te trac h lo rid e  a t  70 °C

T h e  reported  resu lts a re  b a s e d  in  p a r t  on the  sc ien tific  s tu d e n t  circle work of I. F ü l ö p . 
w ho p re se n te d  a lecture on th is  th e m e  a t the 9 th  N a tio n a l C onference  of Scientific S tu d e n t 
C ircles.

L ist of symbols

A  —  m onom eric p rop ion ic  a c id
A 2 dim eric propionic acid
В  —  carbon  te trach lo rid e
К  — association e q u ilib riu m  c o n s ta n t  (in mole frac tio n s )  re fe rrin g  to the  liqu id  phase
P  —  pressure
T  —  abso lu te  tem p e ra tu re
X —  m ole fraction  in th e  l iq u id  phase
у  —  m ole fraction in th e  v a p o u r  phase
G —  square  m ean d ifference  o f  th e  differences be tw een  th e  m ea su re d  and  calcu la ted  values

Lower indices

В  —  carbon  te trach lo rid e  in  th e  nom inal m ix tu re  
p ro p  —  propionic acid in  th e  n o m in a l  m ixture 
i  —  general com ponent
t —  to ta l
p t  —  referring  to th e  to ta l  p re s su re
у  —  referring  to the  v a p o u r  p h a s e  mole fraction
1 —  m onom eric p rop ion ic  a c id  in  th e  actual m ix tu re
2 —  dim eric propionic ac id  in  th e  ac tu a l m ix tu re
3 —  carbon  te trach lo rid e  in  th e  a c tu a l m ix ture

Upper indices

m  m easured  (ex p erim e n ta l)  d a ta
c —  calculated  d a ta
0 —  p u re  substance
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ANWENDUNG VON AMIDCHLORIDEN 
IN RINGSCHLUSSREAKTIONEN, II

S Y N T H E S E  V O N  T H lE N O (2 ,3 -d )-4 (3 H )-P Y R IM ID IN O N E N  

Z. C s ű r ö s , R . S oós, J .  P á l i n k á s  u n d  I .  B i t t e r

(Lehrstuh l f ü r  organisch-chemische Technologie, Technische U niversität, B u d a p est)  

E in g eg an g en  am  9. J a n u a r  1970

A usgehend au s 2 -A m in o -3 -ca rb ä th o x y -4 ,5 -d im eth y lth io p h en  u n d  D im eth y lfo rm 
am id ch lo rid  w u rd e  N ,N -D im eth y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y ]]-fo rm a- 
m id in h y d ro ch lo rid  h e rg e s te ll t .  D as a u f  diese W eise gew onnene t r is u b s t i tu ie r te  A m idin 
w u rd e  m it A m m o n iak , a lip h a tisc h en  u n d  a ro m a tisch en  p r im ä ren  A m in en , H y d raz in  
u n d  A lk y len d iam in en  cy c lis ie rt. D ad u rch  w u rd en  5 ,6 -D im ethy lth ieno(2 ,3 -d )-4 (3H )- 
p y rim id in o n e  u n d  d ie b ish e r  no ch  n ic h t b esch riebenen  A lkylen -b is-3 ,3 ’-5 ,6 -d im eth y l- 
th ien o (2 ,3 -d )-4 (3 H )-p y rim id in o n e  e rhalten .

I n  e iner frü h e re n  M itte ilu n g  [1] b e ric h te te n  w ir ü b e r ein  V e rfa h ren  zur 
H e rs te llu n g  von  4 (3 H )-C h in azo lin o n d eriv a ten . D ieses neue  V erfah ren  w u rd e  zur 
H e rs te llu n g  von  T h ien o (2 ,3 -d )-4 (3 H )-p y rim id in o n en  herangezogen .

D as T h ien o (2 ,3 -d )-4 (3 H )-p y rim id in o n  u n d  seine D e riv a te  s in d  —- äh n lich  
wie 4 (3H )-C hinazo linone —  S to ffe  m it th e ra p e u tisc h e r  W irk u n g . E in e  V erb in 
d u n g  d iese r A rt w urde  z u e rs t  d u rc h  B a k er  u n d  M ita rb e ite r  [2] als K o m p o n en te  
des T h io p h e n -Iso s te re n  d e r  gegen M alaria  w irk sam en  H y d ra n g e a -A lka lo id e  h e r
g es te llt. D as E n d p ro d u k t w u rd e  aus 2 -A ce to -3 -m eth y lth io p h en  ü b e r  einen 
ä u ß e rs t v e rw ick e lten  W eg  m it  e in er A usb eu te  v o n  4 %  e rh a lten .

Sc h w ed o w  u n d  M ita rb e ite r  [3] e rh ie lten  das T h ieno (2 ,3 -d )-4 (3H )- 
p y rim id in o n  aus 2 -A m in o -3 -ca rb a lk o x y th io p h en  u n d  F o rm am id  d u rc h  K ochen  
bei 200— 210 °C.

Im  w esen tlichen  d asse lb e  V erfah ren  w urde  d u rc h  R obba  u n d  M ita rb e ite r  
[4] b esch rieb en ; d a n e b e n  b e r ic h te n  sie auch  ü b e r eine neue S y n th e se , in  der 
das P ro d u k t aus 2 -A m in o -3 -ca rb o x am id o th io p h en  m it A m eisensäu re  e rh a lte n  
w ird.

8 A cta  C him . A cad. S e i. H u n g . 6 8 , 1971
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D e n  A usgangsstoff, 2 -A m in o -3 -th io p h en ca rb o n säu ream id , e rh ie lten  sie 
d u rc h  K o n d en sa tio n  v o n  T h io a c e ta ld eh y d  m it C y an am id .

R ie d  u n d  Gie s s e  [5, 6] s te ll te n  außer den  n ic h ts u b s ti tu ie r te n  V erb in d u n 
gen a u c h  die 5- bzw. 6 -A lk y lv e rb in d u n g en  h e r, w obei die e n tsp re c h e n d en  2- 
A m in o -3 -c a rb a lk o x y th io p h e n d e riv a te  m it Im in o e s te r , A m id inen , A m idox im en  
bzw . a k tiv ie r te n  N itrilen  in  R e a k tio n  g eb rach t w u rd en . Bei den  versch iedenen  
2-, 5- u n d  6 -S u b s titu e n te n  e rh ie lten  sie in  1— 1 6 stü n d ig en  R e a k tio n e n  bei 
120— 160 °C A usbeu ten  v o n  12— 47% .

Im  V ergleich zu den  g e n a n n te n  V erfahren  b e s itz t  u n se r V e rfah ren  m ehrere  
V o rte ile . D as T h ien o (2 ,3 -d )-4 (3H )-py rim id inon  w ird  m eist bei n ied rig en  T em 
p e r a tu r e n  u n d  kurzen  R e a k tio n sz e ite n  m it g u te n  A u sb eu ten  e rh a lte n . A u ß er
d em  is t  es m öglich, die N -su b s titu ie r te n  D e riv a te  u n m itte lb a r  h e rzuste llen .

D e r  e rste  S c h ritt d e r  S y n th ese  is t die H e rs te llu n g  des A m idinsalzes. 
D as N ,N -D im e th y l-N ’-[(3 -ca rb o x y -4 ,5 -d im e th y l)-2 -th ien y l]-fo rm am id in h y d ro - 
c h lo r id  ( I I I )  w urde aus D im e th y lfo rm am id ch lo rid  ( I )  u n d  dem  als A usgangs
s to f f  g ew äh lten  2 -A m in o -3 -c a rb ä th o x y -4 ,5 -d im e th y lth io p h e n  ( I I )  gew onnen

IRC CI
I

e i l

CI® +  HCl

H l

D ie  K om ponen ten  w u rd e n  bei Z im m e rte m p e ra tu r  in  C hloroform  in 
ä q u im o la re m  V erhältn is  in  R e a k tio n  g eb rach t. D as P ro d u k t w u rd e  du rch  
E in d a m p fe n  der L ösung gew onnen .

D  as A m idinsalz b le ib t in  k ris ta llin e r oder öliger F o rm  zu rü ck . A us dem  
ö ligen  R ü c k s ta n d  w ird  d as  k ris ta llin e  A m id in h y d ro ch lo rid  d u rc h  V erreiben  
m it D io x a n  erhalten .

Im  zw eiten Schritt, d e r  S y n th ese  w ird d er R in g sch lu ß  zum  T hieno(2 ,3-d)- 
-4 (3 H )-p y rim id in o n  (IV ) d u rc h g e fü h rt.

О

НзС _____ i l ^ R

III + RNH2 -------------> TnT I + EtOH + (O.H3)2NH2Cl

IV
R =  H , I4H„, M ethy l. B u ty l, B en zy l, p -T o lu y l

A c ta  C h im . A cad. Sei. H ung. 68 , 1971
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Als R in g sch lu ß reag en s w u rd en  A m m o n iak , a lip h a tisch es A m in , A ralkyl- 
am in , a ro m atisch es A m in  bzw . H y d ra z in  v e rw en d e t. D as A m id in sa lz  u n d  das 
A m in w u rd en  in  äq u im o la rem  V erh ä ltn is  in  A lkohol in  R e a k tio n  g eb rach t. 
D ie R eak tio n  v e r lä u f t  b e re its  bei Z im m e rte m p e ra tu r , k a n n  je d o c h  d u rc h  E rw ä r
m en b esch leu n ig t w erd en .

Zw ecks Id e n tif iz ie ru n g  d er P ro d u k te  w u rd en  einige T hieno(2 ,3 -d )-4 (3H )- 
p y rim id inone  au c h  n a c h  dem  V erfah ren  von  R ie d  u n d  Gie s s e  [5, 6] herge
s te llt . D ie N -su b s titu ie r te n  D eriv a te  w u rd en  aus d e r A u sg an g sv e rb in d u n g  durch  
A lky lie rung  e rh a lte n . D ie S ch m elzpunk te  u n d  IR -S p e k tre n  d e r  n ach  den 
beiden  V erfah ren  h e rg e s te llte n  S toffe w aren  völlig  id en tisch . I n  E in k la n g  m it 
den  E rgebn issen  v o n  R o b b a  u n d  M ita rb e ite r  [4, 7, 8 ] w urde  fe s tg e s te llt , daß 
die S p ek tren  d e r T h ien o (2 ,3 -d )-4 (3H )-py rim id inone  u n d  d er e n tsp rech en d en  
4(3H )-C hinazo linone e in a n d e r re c h t äh n lich  s in d ; w as besonders fü r  d ie  c h a ra k 
te ris tisch en  S chw ingungen  gilt.

Als R eisp iel w ird  das IR -S p e k tru m  des 3 -B u ty l-5 ,6 -d im e th y l-th ien o - 
(2 ,3 -d )-4 (H )-py rim id inons v o rg e fü h rt.

Zw ischen 1500 u n d  1700 c m -1 b e fin d en  sich  zwei s ta rk e  B a n d e n . Die 
s tä rk e re  is t  die L a c ta m c a rb o n y l-B a n d e , die schw ächere  die V alenzschw ingung  
des a ro m a tisch en  K ern s, die m it an d eren  B an d en , u .a . v e rm u tlic h  m it der 
B an d e  d er B in d u n g  > C = N — , zusam m en  ersch e in t.

D ie den  L a c ta m c a rb o n y l-G ru p p e n  d e r sy n th e tis ie r te n  V erb in d u n g en  
en tsp rech en d en  W ellen zah len  sind  in  T ab . I  angegeben .

W u rd e  A lk y len d iam in  als R ingsch luß reagens v e rw en d e t, so gelang ten  
w ir zu den  b ish er noch  n ic h t besch riebenen  A lky len-b is-3 ,3 ’-th ieno (2 ,3 -d )-4 (H )- 
py rim id in o n en  (V ),

8* A cta  C him . A cad . S e i. H u n g . 68 , 1971
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(cm'1) 

A bb. 2

D ie K om ponen ten  w u rd e n  in äqu im olarem  V erh ä ltn is  in  A lkohol in 
R e a k tio n  gebracht. N ach  k u rz e m  Sieden w urde  d as  P ro d u k t d u rch  F iltr ie re n  
iso lie r t . In te ressan te rw eise  k o n n te  das a m in o a lk y lie rte  D e riv a t se lb st m it 
D iam in ü b e rsch u ß  n ic h t e rh a l te n  w erden. D iese V ersuchsergebn isse  sind  in  
Ü b ere in stim m u n g  m it d en  b e i d er H erste llung  v o n  b is-4 (3H )-C hinazo linonen  
b e o b a c h te te n  B efunden  [1].

B ei der U n te rsu c h u n g  d e r  S pek tren  der b is-V erb in d u n g en  w urde  fe s t
g e s te ll t , daß  sie den S p e k tre n  d e r en tsp rech en d en  T h ieno (2 ,3 -d )-4 (3H )-py ri- 
m id in o n e n  sehr ähn lich  s in d .

A ls Beispiel w ird  d as  IR -S p e k tru m  des H ex y len -b is-3 ,3 ’-5 ,6 -d im ethy l- 
th ien o (2 ,3 )-4 (3 H )-p y rim id in o n s  gezeigt.

Zw ischen 1500 u n d  1700 c m " 1 befinden  sich  a u c h  h ier zwei s ta rk e  B a n 
d en . D ie  stä rkere  L a c ta m c a rb o n y l-B a n d e  b e f in d e t sich  bei 1683 c m " 1.

D ie  w ichtigsten  A n g a b e n  d er sy n th e tis ie r te n  V erb in d u n g en  sind  in  
T a b . I  zusam m engefaß t; H in w eise  au f das an g ew en d e te  V erfah ren  sind  
e b e n fa lls  angegeben.

D ie  sy n th e tis ie rte n  V e rb in d u n g en  w u rd en  d u rc h  E lem en ta ran a ly se , 
gegebenenfalls  durch  M isch sch m elzp u n k te  u n d  M o lek u la rg ew ich tsb es tim m u n 
gen , sow ie durch IR -S p e k tro sk o p ie  id en tifiz ie rt. D ie  IR -S p e k tre n  w u rd en  
m it K B r-P a s tille n  a u f  d em  P e rk in -E lm e r S p e k tro g ra p h  T y p  237 au fgenom m en.

A c ta  C h im . Acad. Sei. H ung. 6 8 , 1971
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Tabelle I

V erb in d u n g
g

*E4>>

S chm elz
p u n k t

°C

Aus
b eu te

%
> c= o
c m -1 be—

C

re c h n e t

H

A nalyse

% Re
N  C

fu n d en

H
%

N

5,6-D im ethylth ieno(2 ,3-d)- 

-4(3H )-pyrim id inon  (P ) 

[5, 6] a 2 7 3 - 4 95,1 1670 53,33 4,44 15,55 53,08 4,29 15,34

3-M ethyl-P a 144 — 6 84,9 1671 55,56 5,15 14,43 55,90 5,26 14,69

3-B u ty l-P b 1 4 1 - 2 92,3 1665 61,01 6,78 11,86 59,71 6,85 11,70

3-B enzyl-P b 1 3 3 - 4 96,1 1670 66,66 5,18 10,36 66,30 5,31 10,12

3-p-T oluyl-P C 2 0 0 - 2 77,1 1689 66,66 5,18 10,36 55,32 5,31 10,52

3-A m ino-P d 1 8 1 - 2 92,1 1672 49,23 4,61 21,53 49,29 4,65 21,60

Ä thylen-b is-3 ,3 ’-P e 3 2 1 - 3 93,6 1671 57,97 5,31 13,52 57,53 5,46 13,34

H exylen-bis-3 ,3’-P e 2 1 8 - 9 94,0 1683 59,72 5,88 12,67 59,81 5,70 12,46

Experimenteller Teil

1) ( I )  D im ethylforn iam idchlorid  [1]
2 ) (I I )  2 -A m in o-3-carb äth oxy-4 ,5 -d im eth y]th iop h en  [9]
3 )  (III )  N ,N -D im eth y l-N ’-[(3 -carb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-

form aniidinhydrochlorid

13 g (0,1015 M ol) D im eth y lfo rm ain id ch lo rid  w e rd en  in  150 m l abs. C hloroform  gelöst. 
E in e  L ösung  von  19,9 g (0,1 Mol) 2 -A m in o -3 -ca rb ä th o x y -4 ,5 -d im eth y lth io p h en  in  C hlo
roform  w ird  lan g sam  zugegeben , wobei die T e m p e ra tu r  n ic h t ü b e r 40 °C ste igen  soll. 
Die L ösung w ird a u f  dem  W asse rb ad  e ingedam pft. D as P ro d u k t  w ird  g e tro ck n e t. B le ib t d as 
P ro d u k t in  F o rm  eines ö ligen  R ü c k stan d es  zu rück , so w ird  es m it  w enig D ioxan  v e rrieb en  u n d  
die abgesch iedenen  K ris ta lle  w erden  f i ltr ie r t  u n d  g e tro c k n e t.

26,6 g (94 ,7% ). S ch m elzp u n k t: 147— 150 °C.

4 ) (IV a) 5 ,6 -D im eth y lth ien o (2 ,3 -d )-4 (3 H )-p y r im id in o n  (a )

29,05 g (0,1 M ol) N ,N -D im eth y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-fo rm am i- 
d in h y d ro ch lo rid  w erd en  in  100 m l Ä thy lalkoho l gelöst u n d  d ie L ösung  w ird m it A m m oniak  
g e sä ttig t. N ach  ó s tü n d ig em  S teh en  w ird  die L ösung a m  W asserb ad  e ingedam pft, de r R ü c k 
s ta n d  m it w enig W asser u n d  A lkohol gew aschen u n d  g e tro c k n e t.

17,1 g (95 ,1% ). S c h m elz p u n k t: 273—274 °C.

5) (IV b) 3 -B u ty l-5 ,6 -d im eth y llh ien o (2 ,3 -d )-4 (3 H )-p y r im id iiio n  (b )

29.05 g (0,1 M ol) N ,N -D im eth y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-fo rm am i- 
d in h y d ro ch lo rid  w erden  in 100 m l Ä th y lalk o h o l gelöst. 7,31 g (0,1 Mol) B u ty lam in  w erden  zuge
fü g t. D ie L ösung w ird  1 S tu n d e  lang  im  Sieden g e h a lten  u n d  ansch ließend  e in g ed am p ft. D er 
k r is ta llin e  R ü c k s ta n d  w ird  m it  w enig W asser und  A lkohol gew aschen u n d  ge tro ck n et.

21,8 g (92 ,3% ). S ch m elzp u n k t: 141— 142 °C.

6 )  (IV c) 3 -p -T o lu y l-5 ,6 -d im cth y lth icn o (2 ,3 -d )-4 (3H )-p yr iin id in on  (c )

29.05 g (0,1 M ol) N ,N -D im eth y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-fo rm am i- 
d in h y d ro ch lo rid  w erden  in  100 m l Ä thy lalkoho l gelöst. 10,7 g (0,1 Mol) p -T o lu id in  w erden  zuge
geben. D ie L ösung w ird  3 S tu n d e n  lang im  Sieden g e h a lte n , an sch ließend  ab g ek ü h lt u n d  m it

A c ta  Chim . A cad. Se i. H ung . 6 8 , 1971
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d e r  d o p p e lte n  M enge W asser v e rse tz t.  D er abgesch iedene  N iederschlag  w ird  f i l t r ie r t ,  m it  W as
se r u n d  w enig  Alkohol gew aschen u n d  g e tro c k n e t.

20,8 g (77 ,1% ). S c h m elzp u n k t: 200— 202 °C.

7) (IVd) 3-A m ino-5,6-diinethyIth ieno(2,3-d)-4(3H )-pyrim idinon (d )

29.05 g (0,1 Mol) N ,N -D im e th y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-fo rm am i- 
d in h y d ro c h lo r id  w erden in  100 m l Ä th y la lk o h o l gelöst. 3,2 g (0,1 Mol) H y d ra z in h y d ra t  w erden 
zu g eg e b en . N ach  24stündigem  S te h e n  w ird  d e r abgesch iedene N iedersch lag  f i l t r ie r t ,  m it  wenig 
W a sse r  u n d  A lkohol gew aschen u n d  g e tro c k n e t.

17,9 g (92,1% ). S c h m elzp u n k t: 181— 182 °C.

8 ) (V ) H exylen-bis-3,3’- 5 ,6-d im ethylth ieno(2 ,3-d)-4(3H )-pyrim idinon (e )

29.05 g (0,1 Mol) N ,N -D im e th y l-N ’-[(3 -ca rb ä th o x y -4 ,5 -d im eth y l)-2 -th ien y l]-fo rm am i- 
d in h y d ro c h lo r id  w erden in  100 m l Ä th y la lk o h o l ge löst. 5,53 g (0,05 Mol) H e x am e th y le n d ia m in  
w e rd en  zugegeben . Die L ösung  w ird  1 S tu n d e  lan g  im  S ieden g eh alten  u n d  an sch ließ en d  
a b g e k ü h l t .  D e r  abgeschiedene N ied ersch lag  w ird  f i l t r ie r t ,  m it  w enig W asser u n d  A lk o h o l gew a
sc h e n  u n d  g e trocknet.

20,8 g (94 ,2% ). S ch m elzp u n k t: 218— 219 °C.
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BENZAZEPINES, IV*

S Y N T H E S IS  O F  D IH Y D R O -[l,S ]B E N Z O T H IA Z E P IN E S  BY T H E  R E A C T IO N  O F  
o -A M IN O B E N Z E N E T H IO L  W IT H  oc,/S-UNSATURATED K E T O N E S

O . H i DEG-Ha n KOVSZKY and K . HlDEG 

(Pharm acological Institu te o f  the U n iversity  M edical School, Pécs)

R eceived J a n u a ry  23, 1970

T h e  sy n th e s is  o f d isu b s titu te d  d ih y d ro -[l,5 ]b en z o th ia ze p in es  b y  th e  re a c tio n  of 
o -am in o b en zen eth io l w ith  th e  a p p ro p ria te  a ,jS -u n sa tu ra ted  ketones (e.g. p y rid y la c ry lo - 
ph en o n es , p y rid y la c ry lo n a p h th o n e s  an d  2 -h e te ro a ry lid en e te tra lin - l-o n e s)  is re p o rte d . 
T he p o sitio n  o f th e  double  bond is also d iscussed .

T he f i r s t  sy n th es is  o f d ih y d ro -[1,5 Jb en zo th iazep in es  b y  th e  re a c tio n  of 
o -am inobenzeneth io ls  w ith  some oc,/?-unsaturated ketones w as re p o r te d  b y  
M u s h k a l o  [1], R ie d  an d  M a r x  [2] an d  S t e p h e n s  an d  F ie l d  [3].

O ur in v e s tig a tio n s  in  th e  b en zo th iazep in e  series have been  e x te n d e d  to  
include o th e r  a ,/? -u n sa tu ra ted  com p o u n d s, such  as /? -m eth y l-v in y l-p y rid y l 
ke tones, h e te ro cy c lic  acry lophenones, p y rid y la c ry lo n a p h th o n es  a n d  2 -a ry li- 
d e n e te tra lin -l-o n e s  (IV). T he u n s a tu ra te d  k e to n e  com pounds are  p a r t ly  u n 
know n, b u t  th e y  h av e  been  syn thesized  in  o u r  experim en ts acco rd in g  to  th e  
usual ro u te s  fo r  chalcones, e.g. by  c o n d e n sa tio n  o f  an  a ldehyde w ith  th e  a p p ro 
p ria te  k e to n e ; th e  c a ta ly s t  em ployed w as a lk a li h y d ro x id e  in  aq u eo u s e th a n o l.

T he k e to n e  com p o u n d  (II) is allow ed to  r e a c t w ith  an eq u im o la r a m o u n t 
o f o -am in o b en zen eth io l (I). T he f irs t  s tep  is a  nucleophilic  a t ta c k  b y  th e  sulf- 
h y d ry l g roup  on  th e  ^ -ca rb o n  a to m  o f th e  d o u b le  b o n d , followed b y  c o n d e n sa 
tio n  of th e  c a rb o n y l g roup  w ith  th e  a ro m a tic  p rim a ry  am ine to  give a seven- 
m em bered  r in g  sy stem .

In  th e  fo rm ed  d ihydro -com pound  th e  d o u b le  bond  can be a C = C  (I ll/a )  
or C =  N (III/b) b o n d , d epend ing  on th e  e lec tro n -w ith d raw in g  effect o f  th e  su b 
s ti tu e n ts  p re se n t. W hen  R 1= C H 3 an d  R 2= p -m e th o x y p h e n y l, th e  doub le

* P a r t  I I I :  K . H id e g , H . O. H ank o vszk y , A c ta  Chim . A cad. Sei. H ung . 57, 213 (1968).
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b o n d  is A 3 and  N H  s tre tc h in g  can  be o b se rv ed  a t  3320 cm ” 1, w hile  C =  N 
s tr e tc h in g  can n o t be d e te c te d . T he double b o n d  p re fe rab ly  assum es a p o s itio n  
in  c o n ju g a tio n  w ith  th e  a ro m a tic  ring . T he o th e r  com pounds have  th e  s tru c tu re  
I l l / b  (2 ,3 -d ih y d ro -2 ,4 -d isu b s titu te d [l,5 ]b e n zo d ia z e p in e s)  su p p o rted  b y  th e  p re 
sen ce  o f  th e  C =  N s tre tc h in g  (1650 cm ” 1) a n d  absence of th e  N H  s tre tc h in g  
f re q u e n c ie s  in  th e ir  IR  sp e c tra .

I f  th e  k e ton ic  c o m p o n e n t is a 2 -a ry lid e n e te tra lin - l-o n e  (IV), th e  co m 
p o u n d  p ro d u ced  has a new  r in g  system  (12-a ry l-10, l l , 12,12a - te tra h y d ro n a p h -  
t h o [ l ’,2 ’-e ]b e n z o [b ][ l,4 ] th ia z e p in e  (V):

T h e  d ih y d ro th iazep in es  (III) can  be re d u c e d  w ith  com plex m eta l h y d rid e s  
to  th e  te tra h y d ro  d e r iv a tiv e s  (VI).

T h e  hydroch lo rides a n d  a lk y lp y rid in iu m  sa lts  of I I I  and  VI h a v e  also 
b e e n  p re p a re d .

T h e  com pounds p re p a re d  are lis ted  in  T a b le  I.

E xperim en ta l

A ll m .p .’s were d e te rm in e d  on  a B oetius M elting  P o in t  A p p a ra tu s and  are  u n c o rre c te d . 
T h e  I R  spec tra  w ere o b ta in e d  w ith  a B eckm an  M odel IR -4  sp ec tro p h o to m eter 
T h e  a ,/?-u n satu rated  k e to n e s  w ere syn thesized  b y  th e  re ac tio n s  of ke tones w ith  a ld eh y d es  

in  th e  p resence  of alkali.

2 ,3 -D ih y d ro -2 -(4 -p y rid y l)-4 -(4 -m e th o x y p h en y l)-[l,5 ]b en zo th iazep in e  (No. 8)

A  so lu tion  of 23.9 g (0.1 m ole) o f 4 -m ethoxy-/?-(4 -pyridy l)acry lophenone  a n d  12.5 g 
(0.1 m o le ) o f o -am inobenzeneth io l in  100 m l o f x y len e  w as re flu x ed  in an a p p a ra tu s  e q u ip p e d  
w ith  a  w a te r  sep ara to r a d a p te r  fo r 3 h rs .; during  th is  t im e  1.8 m l (0.1 m ole) o f w a te r  w as co l
lec ted .

A c ta  C h im . A cad. Sei. H u n g . 6 8 , 1971
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On cooling , a yellow  solid (31.8 g; 92°,,) p re c ip ita te d . A  sam ple was rc c ry s ta lliz e d  fro m  
xylene to  give a b r ig h t yellow  su b s ta n c e , m .p . 43— 44 °C; th e  I R  spectrum  did n o t  re v e a l a n y  
N H  stre tch in g  a t  3350— 3000 cm -  *, b u t  C =  N a t  1650 cm ~ 1 (m ) was observable.

Dihydrochloride

T he base  w as d issolved in e th a n o l-a c e to n e  a n d  ac id ified  w ith  e thanolic  h y d ro c h lo r ic  
acid (1 : 1) to  p H  5; th e  yellow  d ih y d ro ch lo rid e  p re c ip ita te d . A sam ple was re c ry s ta lliz e d  fo r 
analysis to  g ive  m .p . 135— 136 °C.

M onomethiodide (N o. 9 )

A so lu tio n  of 0.01 m ole o f th e  base  in  acetone w as m ix ed  w ith  3 ml of m e th y l io d id e  a n d  
refluxed  for 3 h rs . T he p re c ip ita te d  solid  w as filte red  o f f  a n d  d ried  (3.5 g; 70% ). T h e  r e c ry s ta l 
lized sam ple  h a d  m .p . 118— 120 °C.

Reduction

Reduction of No. 8 to 2 ,3 ,4 ,5 -T etrahydro-2-(4-pyridyl)-4-(4-inethoxyphenyl)-[l,5]- 
benzothiazcpine dihydrochloride 

(a )  W ith N aB H ,

3.5 g (0.01 m ole) of No. 8 w as d issolved in  100 m l o f  ab s. e th an o l, 5 g of NaBH ,, su sp en d e d  
in 50 m l o f ab s. e th a n o l was ad d ed  in  sm all p o rtio n s , a n d  th e  m ix tu re  was re flu x ed  fo r  10 h rs . 
T he com plex w as decom posed b y  w a te r , th e  alcohol re m o v e d  in  v acuum  and th e  o ily  re sid u e  
e x tra c te d  w ith  chloroform  (3 X 1 0 0  m l). T he ch lo ro fo rm  so lu tio n  was dried o v e r a n h y d ro u s  
N a„S0, a n d  th e  so lv en t e v ap o ra te d .

T he solid  w as rec ry s ta llized  from  aqueous e th a n o l  to  give a b rig h t yellow  su b s ta n c e  
(3.0 g; 8 5% ), m .p . 214— 216 °C; IR  analy sis : 3225 c m -  1 (m ) (N H ).

C21H 20N 2OS (348.47). Calcd. C 72.38; H  5.79; N  8 .04 ; S 9.20. F ound  C 72.84; H  5.54; 
N  8.00; S 9 .0 9 % .

Dihydrochloride

A so lu tio n  of th e  base in 100 m l o f acetone w as ac id ified  w ith  alcoholic h y d ro c h lo r ic  
acid, w hen a yellow  solid p re c ip ita te d . A sam ple  re c ry s ta lliz e d  fo r analysis had  m .p . 143— 145 °C.

C21H 20N 2OS • 2HC1 (421.39). Calcd. C 59.85; H  5 .26 : N 6.65; S 7.61; Cl 16.83. F o u n d  
C 59.26; H  4 .85 ; N  7.08; S 7.40; Cl 16 .77% .

(b ) W ith L iA lH ,

T o a so lu tio n  of 0.01 m ole o f  No. 8 in  100 m l o f  ab s . e th e r  there  was ad ded  3 g o f  L iA lH 4 
suspended  in 100 m l abs. e th e r, a n d  th e  m ix tu re  w as re flu x e d  fo r 3 hrs. A fter d e co m p o sitio n  of 
th e  com plex in  th e  u sua l m an n e r, th e  e th c ra l lay e r w as se p a ra ted , and  dried  o v e r a n h y d ro u s  
N a2S 0 4. T h e  e th e r  was e v ap o ra te d  a n d  th e  residual so lid  d issolved in acetone, a c id ifie d , and  
w orked u p  as before . T he p ro d u c t h a d  m .p . 143— 146 °C.

12-(2 ,4-d ichlorophenyl)-ll,12,12a-tetrahydronaphtho- 
[ l ’,2 , -e ]b en zo[b ][l,4 ]th iazep in e  (N o. 18)

2 -(2 ,4 -d ich lo ro b en zy lid en e)-te tra lin -l-o n e  (30.3 g; 0.1 m ole) and 12.5 g (0.1 m o le ) o f 
o -am inobenzeneth io l w ere re flu x ed  in  100 m l o f x y len e  fo r 4 hrs. T he solution w as coo led  and  
th e  p re c ip ita te d  solid filte red  o ff (26.5 g; 65% ), m .p . 148— 152 °C. The rec ry s ta llize d  sam p le  
m elted  a t  151— 152 °C.

A d a  Chim . Acad. Sei. H u n g . 6 8 , 1971



N o. R , R„ R .
B .p ., °C /m m  

or
M .p ., °C

F o rm u la
(M olecular C

A nalysis , %

H  I N  I H lg  I S C H 3

C alcd ./F o u n d

2 0 2 -2 1 0 /0 .3 c 17h 17n o s 72.05 6.05 4.94 _ 11.32 10.95
(283.39) 71.98 6.18 4.93 11.28 10.84

í . - с н 3 H
1 5 3 -1 5 4 C17H 17NOS • HCl 63.84 5.67 4.38 11.08 10.03 9.70

(319.85) 63.58 5.77 4.79 11 15 10.03 9.45

124— 125 ^2oHißN2S 75 92 5.10 8.85 10.13 _
✓ = \

/ = N \ (316.43) 75.78 4.93 8.58 9.91
2 .

~ \ _ S
H

“ X _ P 1 4 9 -1 5 0 C20H 1bN,S • 2 H Cl 61.70 4.66 7.19 18.21 8.23
(389.35) 61.80 4.73 7.13 18.27 8.53

3.
C k
/ = \ H /  N C„0H 14C12N„S 62.34 3.67 7.27 18.40 8.32

CK
v ; 5 5 -  57 (385.31) 62.13 3.59 7.40 18.20 8.25

140 —  141 C.0H 16N,OS 72.26 4.85 8.43 _ 9.65 _
/ " X (332.43) 72.02 4.62 8.53 9.76

4. v v
OH

H
- O 1 4 3 -1 4 4 C,„H,„N,OS • 2HC1 59.26 4.47 6.91 17.50 7.91 _

(405.35) 59.09 4.48 6.91 17.47 7.81

5
“ P

/ N 1 9 5 -1 9 6 C21H 19IN 2OS 53.18 4.04 5.90 26.75 6.76
1Í V P (474.36) 53.39 4.08 5.73 26.22 7.05
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6. ^ - Q C H 3 н / N = \
~ \ _ У

1 2 1 - 1 2 2 C21H 18N 2O S • 2НС1 
(4 Ï9 .3 7 )

60.15
59.99

4.81
4.66

6.68
7.02

16.91
16.55

7.64
7.42

7.40
7.60

7. ^ - Q C H 3 н
- о

1 3 8 - 1 4 0 C21H 18N 2O S • 2НС1 
(419.37)

60.15
59.94

4.81
5.06

6.68
6.86

16.91
16.52

7.64
7.66

7.40
7.48

8. ~ \ ^ “ 0 С Н з н

■ -

-О
4 3 -  44 

1 3 5 - 1 3 6

C2i H 18N„OS
(346.45)

C21H 18N„OS • 2HC1 
(4 Í9 .3 7 )

72.81
72.60

60.15
59.85

5.24
4.92

4.81
4.73

8.09
7.80

6.68
6.42

16.91
16.79

9.25
9.32

7.64
7.55

8.96
9.12

7.40
8.00

9.
- О “ 0 С Н з

н
- < Э ^ - С,Н -

1 1 8 - 1 2 0 C22H 21IN 2OS
(488.39)

54.10
54.15

4.33
4.30

5.73
6.42

25.99
26.10

6.57
6.72

6.35
6.75

10.

11.

- < ^ > - O C H 3 н
/ С Н 3

_ / N = \
4 L /

1 1 3 - 1 1 4

1 4 5 - 1 4 7

C2„H20N 2OS
‘ (360 .48)

C22H 20N 2O S • 2HC1 
(433 .40)

73.31
73.12

60.97
60.81

5.59
5.43

5.12
5.29

7.77
7.69

6.46
6.79

16.36
16.58

8.89
9.05

7.40
7.40

8.61
8.61

7.16
6.98

_ / N = 4
\ _ /

н - < 3 - ° с н з

3 3 -  34 

1 1 8 - 1 1 9

c 21h 18n 2o
(346.45)

C21H 18N 20  • 2HC1 
(419 .37)

72.81
73.22

60.15
60.08

5.24
5.44

4.81
4.71

8.09
7.91

6.68
6.94

16.91
16.80

9.25
9.03

7.64
7.55

8.96
9.12

7.40
7.80
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/ С Н 3

_ / N = \ н
~ ^ Г / ~ 0 С Н з

1 1 2 - 1 1 3 C22H 20N 2O S • HC1 
(396.94)
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66.78

5.33
5.12

7.05
6.92

8.93
9.07

8.07
7.97

7.82
7.54

13. - о " О
1 8 6 - 1 8 7 ^29^23^^

(417.57)
83.42
83.67

5.55
5.73

3.35
3.43

— 7.68
7.50

—

14. оа н / = N 4
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^:m n  18̂ 2s  
(366 .48)

C ^ H jsN jS • 2HC1 
(439 .41)

78.66
78.85

65.60
65.26

4.95 7.64 
5.13 - 7.48

4 .59  j 6 .37 
4 .69  ' 6.45
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7.08
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N o. R. Ra R3
B .p . , °C /m m  

o r
M .p ., °C

F o rm u la
(M olecular

weight)

A nalysis , %

С 1 H  1 N  1 H lg  1 S 1 C H S 

Cal cd. /F o u n d

15. /Ч/V
к л /

H
©

/ = N — C H ,

" M < - >

204—205 C,5H n IN 2S
(508.43)

59.06
59.15

4.16
4.08

5.51
5.59

24.96
24.83

6.30
6.49

-

16.
/ у \ /

Ч / V

H
©

- C ^ C A 1 8 0 -1 8 1 C,6H.,3IN ,S
(522.45)

59.77
59.69

4.44
4.58

5.36
5.16

24.29
24.64

6.14
6.39

-

/\/Ч /
17. 1 II 1

V \ /
11

- O
46— 57 c„4h 18n 2s

(366.48)
78.66
78.71

4.95
4.76

7.64
7.90

8.75
8.72

-

\ f  \  ЛТ /  

\ _ /

18.

19.

- 0 - c l

Cl

1 5 1 -1 5 2 C23H 17C12NS
(410.37)

67.32
66.82

4.18
4.38

3.41
3.17

17.28
17.35

7.81
8.04

—

- 0 “ СНз
1 8 4 -1 8 6 c .,3h 21n s

“(343.49)
80.43
80.24

6.16
6.31

4.08
4.14

9.33
9.65

-



20.
/О С Н з

- < 1 > - 0 С Н з

1 8 7 -1 8 8 C25H23NO22S
(401.54)

74.74
74.56

5.77
5.22

3.49
3-36

- 7.98
8.21

15.46
15.39

21.
- и

1 7 3 -1 7 4 Cn H 17NS2
(347.50)

72.59
72.64

4.93
4.62

4.03
4.04

— 18.45
18.38

-

22. _ / = N x
V /

1 7 1 -1 7 3 C„2H 18N2S • 2НС1 
(4Ï5.39)

63.61
63.78

4.85
4.55

6.75
6.70

17.07
16.99

7.72
7.52

-

23.
- о

1 2 8 -1 2 9 C22H 18N 2S • 2HC1 
(415.39)

63.61
63.38

4.85
5.07

6.75
6.72

17.07
16.78

7.78
8.02

-

24.

y4 /S^XU> ~ ocH3
f  Y \  чО С Н 3

(C H ,)3- C H 3

9 5 -  96 C25H 31N 0 2S
(409.60)

73.31
73.10

7.63
7.91

3.42
3.64

- 7.83
7.62

15.15
15.19
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W e th a n k  M rs. M. О тт , M rs. A. H alász a n d  M iss T . H tjszáb for th e  analyses a n d  fo r th e  
sy n th e s is  o f som e in te rm ed ia te s .
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A lth o u g h  no su itab le  m eth o d s are  av a ilab le  fo r th e  d irec t ex p erim en ta l d e te c tio n  
of h y d ro p h o b ic  bo n d s p re se n t in  th e  g lu te n  com plex , num erous in d irec t o b se rv a tio n s  
p o in t to  th e  im p o rtan ce  o f h y d ro p h o b ic  b o n d s  in  d e te rm in in g  th e  rheo log ical p ro p e rtie s . 
T he m o s t im p o rta n t f in d in g s  are:

1. T he rheo log ical p ro p e rtie s  of g lu te n s  h y d ra te d  w ith  w a te r  co n ta in in g  h ig h er 
a lip h a tic  h y d ro carb o n s  (h e p ta n e  to  u n d ecan e), e x h ib it  a sign ifican t d e te r io ra t io n  as 
co m p ared  to  th e  co n tro l g lu ten . T his effec t increases w ith  increasing  ch a in  len g th .

2 T he co h esiv ity  o f g lu tens, h y d ra te d  w ith  w a te r  co n ta in ing  h ig h e r a lip h a tic  
f a t ty  acid s o r alcohols decreases s tro n g ly  w ith  in creas in g  m olecular w eigh t o f th e  a lco
hol o r  f a t ty  acid add ed .

3. T he sim u ltan eo u s presence of u re a  a n d  a lip h a tic  hyd ro carb o n s h in d e rs  g lu ten  
fo rm a tio n  to  a h igher deg ree  th a n  u rea  a lone.
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I t  h as  b een  p o in ted  o u t in  earlie r co m m u n ica tio n s  [1, 2] t h a t  b o n d s  b e 
tw een  th e  fra c tio n s  fo rm ing  th e  g lu ten  co m p lex  an d  th e ir  in te ra c tio n s  p la y  an  
im p o r ta n t ro le  in  d e te rm in in g  th e  rheo log ica l p ro p e rtie s  of g lu ten .

W hile  g rea t a t te n tio n  has been  p a id  in  w h e a t p ro te in  re sea rch  to  d isu l
fide  b o n d s, a n d  a few a tte m p ts  h av e  been  m ad e  a t  c larify ing  th e  ro le  o f  h y d ro 
gen bonds, p ra c tic a lly  no  s tu d ies  w ere u n d e r ta k e n  in  connection  w ith  th e  h y 
drophob ic  bo n d s.

O nly  d u rin g  th e  re c e n t decade d id  p ro te in  chem ists begin  to  in v e s tig a te  
th e  im p o rta n c e  o f h y d ro p h o b ic  bonds ( in te ra c tio n  of th e  n o n -p o la r g ro u p s  of 
p ro te in s  in  aqueous m ed ium ). Several th e o re tic a l problem s re le v a n t to  th is  
th em e h a v e  b een  so lved , as ev idenced  b y  th e  rev iew  b y  S ch erag a  [3 ]. I t  has 
been  p ro v ed  or assum ed  fo r  severa l p ro te in s  t h a t  hyd rophob ic  b o n d s  p la y  an 
im p o r ta n t ro le  in  d e te rm in in g  th e  s tru c tu re  (ribonucléase, /M acto g lo b u lin , 
etc.).

G lu te n  p ro te in s  c o n ta in  severa l am ino  ac ids w hich possess h y d ro p h o b ic  
side chains (a lan in e , leuc ine , p h en y la lan in e , iso leucine, va line, p ro lin e ). M ore
over, ta k in g  in to  co n sid e ra tio n  th a t  th e  h y d ro p h o b ic  p a r ts  o f lo n g e r p o la r 
side chains (e.g. in  th e  case o f lysine an d  g lu ta m ic  acid) m ay  also in te r a c t ,  th e re  
can  be no d o u b t a b o u t th e  p o te n tia l p o ss ib ility  o f th e  fo rm atio n  o f h y d ro p h o b ic  
bonds.

D o u g h  an d  g lu ten  fo rm a tio n  p roceed  in  aqueous m edia. O w ing  to  th e  
fa c t t h a t  an  in te ra c tio n  o f th e  n o n -p o la r g ro u p s w ith  w a te r is ‘u n fa v o u ra b le ’
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f ro m  th e  th e rm o d y n am ic  v iew p o in t, th e  th e rm o d y n a m ic  te n d e n c y  p o in ts  
to w a rd s  a linkage o f th e  n o n -p o la r groups w ith  each  o th e r (w ith  a co n se q u e n t 
w e a k e n in g  of th e  in te ra c tio n  be tw een  th e se  g ro u p s and  w a ter). T h is p ro b lem  
is d e a l t  w ith  in  th e  rev iew  by  K auzman  [4 ]. In  general, th e  fo rm a tio n  of 
h y d ro p h o b ic  bonds is an  en d o th e rm ic  p rocess, i.e. th e  change in  th e rm o d y 
n a m ic  p o te n tia l is n e g a tiv e  since th e  effect o f th e  change in  e n tro p y  (T A S )  
e x ceed s  th a t  of th e  ch an g e  in  en th a lp y  (A H ).  U p  to  a ce rta in  te m p e ra tu re  
l im it ,  th e  s tre n g th  o f h y d ro p h o b ic  bonds in c reases  w ith  increasing  te m p e ra tu re , 
so t h a t  h y d ro p h o b ic  bon d s a re  of p a r tic u la r  im p o rta n c e  from  th e  v ie w p o in t of 
th e rm a l  s ta b ility  o f p ro te in s .

T h e  so lub ility  o f  g liad in  in  n on -po la r so lv e n ts , and  th e  in fluence  o f  th e  
l a t t e r  o n  so lub ility  are  also in d ica tiv e  of th e  possib le  im p o rtan ce  o f th e  ro le  of 
h y d ro p h o b ic  bonds. All th is  show s conv in c in g ly  t h a t  a s tu d y  of th e  h y d ro p h o 
b ic  b o n d s  is u n av o id ab ly  n ecessary  for th e  u n d e rs ta n d in g  of fac to rs  w h ich  
in f lu e n c e  th e  s tru c tu re  an d  rheological p ro p e rtie s  o f g lu ten  p ro te in s .

U p  to  now  w h e a t p ro te in  research  p a id  l i t t le  a tte n tio n  to  th is  p ro b lem . 
O n ly  th e  o b se rv a tio n  m ig h t p e rh ap s  be m e n tio n e d  th a t  th e  rheological p ro p e r 
t ie s  o f  doughs are ch an g ed  a lread y  b y  sm all q u a n titie s  of ce rta in  a lip h a tic  
h y d ro c a rb o n s  [5 — 8 ].

In  earlier s tud ies [9] concerned  w ith  th e  e ffec t of ce rta in  h y d ro c a rb o n s  
o n  th e  fo rm a tio n  and  rheo log ica l p ro p ertie s  o f  dou g h , we found an in crease  in  
th e  d e v e lo p m en t tim e  an d  s ta b ili ty  of th e  d o u g h , w hile its  ex ten s ib ility  becam e 
s l ig h tly  poorer. Ow ing to  th e  com p lex ity  of th e  sy s tem , no u n eq u iv o ca l c o n c lu 
s io n s co u ld  be d raw n . I t  w as p resum ed , h o w ev e r, th a t  th e re  is a re la tio n sh ip  
b e tw e e n  th e  effect o f h y d ro ca rb o n s  and  th e  h y d ro p h o b ic  bonds o f th e  p ro te in  
sk e le to n  of g lu ten .

T h o u g h  several p a p e rs  d iscussing  th e  th e o re tic a l aspects o f h y d ro p h o 
b ic  b o n d in g  ap p eared  in  re c e n t y ea rs , th e  co m p ariso n  w ith  e x p e rim e n ta l 
d a ta ,  th e  v e rifica tio n  b y  m easu rem en ts , i.e. ex p e rim en ta l tech n iq u es  a re  a t  
th e  in i t ia l  s tage, an d  are  re s tr ic te d  p r im a r ily  to  m odel su b stan ces  [10, 
11, 12, 13].

I n  a recen t w ork , G ra tzer  an d  D o ty  [11] re p o rt th e  e x tre m e ly  h ig h  
s ta b i l i ty  of th e  L -polyalan ine helix  in  aq u eo u s m ed ia . This h igh  s ta b il i ty  is 
e x p la in e d  b y  B ix o n  et al. [14], am ong o th e rs , b y  th e  s tab iliz in g  e ffec t of 
h y d ro p h o b ic  bonds. O th e r a u th o rs  [15 —17] a t t r ib u te  im p o rtan ce  to  h y d ro - 
p h o b ic  b o n d s in  d e te rm in in g  th e  s ta b ility  of g lu ta m ic  ac id -leucine  p o ly p ep tid e s . 
F ro m  th e  ex p erim en ta l p o in t o f v iew , re se a rc h  [18, 19], aim ed a t  s tu d y in g  
th e  b o n d in g  of v a rio u s o rgan ic  com pounds to  p ro te in s  and  th e ir  in te ra c tio n  
w ith  p ro te in s  is of in te re s t.

I n d ire c t  m eth o d s h av e  been  used  p r im a r ily  also in  th e  p re se n t w o rk . 
T h e  e ffec t of com pounds h a s  been s tu d ied , w h ich  are able to  in te ra c t  w ith  
th e  h y d ro p h o b ic  g roups o f th e  g lu ten  com plex , a n d  th ro u g h  these  g roups can
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in te ra c t  w ith  th e  ex is tin g  h y d ro p h o b ic  bonds. M oreover, th e  re la tio n sh ip  
b e tw een  th e  a m o u n t o f am ino acids w ith  h y d ro p h o b ic  side ch a in s  a n d  th e  rheo 
logical p ro p erties  o f th e  g lu ten  com plex  h as  been  stud ied .

M ateria ls and  m ethods

148 flou r sam ples w ere used for th e  in v es tig a tio n s . These sam ples w ere  m a d e  by  labo
ra to ry  m illing of w h e a t species or m illing  m ix tu re s  p ro d u ced  in th e  p e rio d  fro m  1963 to  1968. 
T he sam ples w ere se lec ted  so as to  give a n  ov era ll ch a rac te riza tio n  o f H u n g a r ia n  w h eats and 
flo u rs  from  th e  v iew p o in t o f  bak in g  q u a li ty ,  species an d  place of c u ltiv a tio n .

G luten  w as p re p a re d  as described  in  earlie r p u b lica tio n s  [20, 2]. S im ila rly , th e  re lax atio n  
o f w et g lu ten  was m easu red  in th e  sam e w ay  as d escribed  earlier [20]. R e la x a tio n  t im e  an d  re lax 
a tio n  co n stan t, too , w ere ca lcu la ted  b y  th is  m e th o d .

T he am ino acid  com position  w as d e te rm in e d  a f te r  perform ic acid  o x id a tio n  an d  h y d ro 
ly sis  w ith  h y d roch lo ric  acid , by  p a p e r c h ro m a to g ra p h y , using  th e  b u ta n o l  p ro c ess  [21, 22].

R esu lts  an d  discussion

1. R elationship  between the am ount o f  am ino acids with hydrophobic side-chains 
and the rheological properties o f  gluten

In  research  w o rk  carried  o u t  u p  to  th e  p resen t, th e  a m o u n t  o f proline 
an d  o th e r am ino  acids w ith  h y d ro p h o b ic  side-chains has b een  sc a rc e ly  stud ied  
in  connection  w ith  th e  rheological p ro p e rtie s  o f g lu ten . H o w ev e r, in  consider
a tio n  of th e  fa c t t h a t  th e  to ta l  q u a n t i ty  o f th ese  am ino acids m a y  a m o u n t to 
m ore th a n  30 p e r c en t of th e  g lu ten  p ro te in s , th e ir  im p o rtan ce  in  th e  develop
m e n t of g lu ten  s tru c tu re  and  g lu te n  p ro p e rtie s  is in d u b itab le .

A m a th e m a tic a l-s ta tis tic a l e v a lu a tio n  w as m ade from  d a ta  av a ilab le  on 
th e  am ino acid  com position  an d  th e  rheological ch a ra c te ris tic s  o f  g lu ten . On 
th e  basis of th is  ev a lu a tio n , i t  h a s  been  estab lish ed  th a t  th e  s t r ic te s t  correla
tio n  betw een  am ino  acid  co m position  an d  rheological p ro p ertie s  w ill be  ob tained  
i f  th e  to ta l  a m o u n t of pro line, leu c in e  an d  isoleucine is co n sid e red . T h e  num er
ical d a ta  are  g iven  b y  th e  fo llow ing  eq u a tio n s  and  c o rre la tio n  coeffic ien ts:

tr =  75.74 -  0 .194 H  -  0.044 H 2 and 

К  =  89.37 -  0.267 Я  -  0.053 H 2 

rtr =  0.501 an d  rK — 0.482

w here

/ /  =  10 h — 228,

tr is th e  re la x a tio n  tim e  (sec),

К  is th e  re la x a tio n  c o n s ta n t (g),

h is th e  p ro lin e  -f- leucine -f- iso leucine co n ten t (in p e r  c e n t) .
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T h e  relationsh ip  fo u n d  c a n  he represen ted  b y  a  second  o rder cu rve  w ith  
a  m a x im u m  (с/. Figs 1 a n d  2 ) . T h e  correlation  is n o t  v e ry  s tr ic t , b u t  n e v e r th e 
le ss , i t  is defin itely  s ig n if ic a n t ev en  a t a re lia b ility  le v e l o f 1 p er cen t.

Fig. 1

F ig . 2

A s concerns th e  e x p la n a t io n  of the re la tio n sh ip , p r im a rily  th e  role o f th e  
h y d ro p h o b ic  bonds m u s t b e  co n sid ered , w hich m a y  b e  p a r t ly  in tram o lecu la r , 
a n d  p a r t ly  in term o lecu lar. I t  is  reasonable to  a ssu m e  t h a t  such  bonds p a r t ic 
ip a te  in  th e  form ation  o f  th o s e  p a r ts  of th e  g lu te n  s t ru c tu re  w hich, a f te r  th e  
h y d r a ta t io n  of glu ten  p ra c t ic a l ly  do not rem ain  h y d r a te d ,  do n o t p a r tic ip a te  
in  th e  sw elling , and en su re  t h a t  swelling rem ains l im ite d , an d  no p e p tiz a tio n  
o ccu rs .

T h e  negative effect a f te r  a  g iven  optim um  q u a n t i ty  is due  m ost p ro b a b ly  
to  th e  fo llow ing reasons. A t a  to o  h igh  p ropo rtio n  o f  am in o  acids w ith  h y d ro -
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p h o b ic  side-chains, th e  am o u n t of th e  o th e r  am ino  acids decreases , a n d  to g e th e r  
w ith  th is , th e  n u m b e r o f those  p r im a ry  or seco n d ary  bonds w h ich  a re  also of 
im p o rta n c e  from  th e  v iew po in t o f th e  rheo log ica l p ro p ertie s  o f  g lu te n . In d e e d , 
th is  ex p la n a tio n  is su p p o rte d  by  re su lts  o b ta in e d  for th e  rheo log ica l p ro p e rtie s  
o f  g lu ten s  m odified  chem ically  [2 ].

2. Effect o f  hydrocarbons on the rheological properties o f  g lu ten

T hese te s ts  w ere  carried  o u t as follow s. D e h y d ra te d  g lu ten  w as c o n ta c te d  
w ith  w a te r  co n ta in in g  a know n a m o u n t o f h y d ro ca rb o n s . A fte r  h y d ra ta t io n  
a n d  sw elling, th e  h y d ra te d  m ass w as w o rk ed  m echan ically , u n ti l  a co n tin u o u s , 
hom ogeneous su b s ta n c e  w as o b ta in e d . T h e  excess so lu tion  w as rem o v ed , and  
th e  re la x a tio n  te s t  w as perfo rm ed  as described  earlie r. T h e  e x p e rim e n ta l re su lts  
a re  show n in  T ab le  I.

T h e  d a ta  in  T ab le  I  show  t h a t  th e  rheological p ro p e rtie s  o f  g lu te n  are 
a ffe c ted  u n fa v o u ra b ly  b y  th e  p resen ce  o f  h ig h er a lip h a tic  h y d ro c a rb o n s . W hen  
te s te d  o rgan o lep tica lly , g lu ten  b ecom es less s tre tc h a b le  a n d  c ru m b ly . I n  th e  
case  o f  p en tan e  a n d  h ex an e , an  in c re a se  in  th e  re la x a tio n  tim e  a n d  in  th e  force 
n ecessa ry  to  cause a d e fo rm ation  o f  id e n tic a l degree can  be  o b se rv ed , p a r t ic u 
la r ly  w ith  g lu tens o f poorer q u a lity .

T he p ro n o u n ced  changes w h ich  can  be d e tec ted  even  a t  th e  re la tiv e ly  
low  co n cen tra tio n s  used, d e fin ite ly  in d ic a te  an  in te ra c tio n  b e tw e e n  th e  h y d ro 
c a rb o n s  and  th e  p ro te in s  o f g lu ten . As concerns th e  c h a ra c te r  o f th is  in te ra c 
t io n , on th e  basis o f th e rm o d y n a m ic a l consid era tio n s one can  assu m e th a t  a 
lin k a g e  is form ed be tw een  th e  h y d ro c a rb o n s  an d  th e  h y d ro p h o b ic  side chains

Table I

E ffect o f  hydrocarbons on the rheological properties o f  g lu ten  

Relaxation time (sec)

No. I Control J Pentane | Hexane Heptane Octane | Undecane

0.03 mole/100 g of gluten

1 102 106 101 94 82 65

2 95 95 96 82 76 72

3 88 91 82 71 66 50

4 73 72 70 72 68 53

5 69 65 63 58 55 48

6 62 65 60 55 54 45

7 58 60 62 59 51 45

8 53 48 49 44 40 37

9 43 44 40 38 37 35

1« 38 45 40 38 40 41
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o f p ro te in s . In  th e  case o f  p e n ta n e  and  h ex an e , a w e a k e r b o n d  is fo rm ed , e x te n d 
in g  o r ra th e r  p ro te c tin g  th o se  hydrophob ic  n u c le i w h ich  in  th e  course o f h y d ra 
t a t io n ,  osm otic  w a te r  u p ta k e  an d  swelling, an d  p e p tiz a tio n  p rev en t th e  aggre
g a te s  fro m  u n lim ited  sw e llin g  an d  d is in te g ra tio n . W h e n  h ig h er h y d ro ca rb o n s  
a re  ad d e d , the  in te ra c tio n  m a y  becom e s tro n g e r  d u e  to  th e  h igher a ff in ity , so 
t h a t  ex is tin g  in te ra c tio n s  b e tw een  side ch a in s  m a y  cease, i.e. ex is tin g  hydro - 
p h o b ic  bonds m ay  be  r u p tu re d ,  an d  rep laced  b y  b o n d s  betw een  th e  added  
h y d ro c a rb o n  and  th e  side  ch a in s . This s itu a tio n  is an a logous to  th a t  assum ed  
fo r  th e  ru p tu re  of th e  h y d ro g e n  bonds b y  u re a . T h e  tw o  analogous processes 
a re  il lu s tra te d  by  th e  fo llow ing  schem e:
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3. Effect o f  fa t ty  acids on the rheological properties o f  gluten

T h e  p rocedure  w as th e  sam e as in  th e  p re c e d in g  series o f ex p erim en ts  
w ith  th e  difference t h a t  p a r t  o f  th e  f a t ty  ac ids w as p re se n t in  th e  aqueous 
m e d iu m  as an  em ulsion.

T h e  rheological p ro p e r tie s  of th e  g lu tens u n d e r  th e se  cond itions are  su m 
m a riz e d  in  T ab le  I I .

T h e  d a ta  in  th e  ta b le  sho w  an  in te re s tin g  p a t te r n .  T h e  changes in  rheo log 
ica l p ro p e rtie s  are d iffe re n t d ep en d in g  on th e  ac id  a n d  th e  g lu ten . I n  th e  case 
o f  fo rm ic  an d  acetic ac id , th e  p ep tiz in g  effect p re d o m in a te s , w hich  b rings ab o u t 
ra p id  d e te rio ra tio n  o f th e  rheo log ica l p ro p e rtie s . W ith  ac ids of increasing  c a r
b o n  a to m  nu m b er, u p  to  a n d  inc lud ing  v a le ric  ac id , an  increase  in  re la x a tio n  
tim e  ca n  be observed , w h ile  p a lm itic  and  s te a r ic  ac id  a lre a d y  cause a sligh t 
d e te r io ra tio n  of rheo log ica l p ro p e rtie s .
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F o r  th e  e x p la n a tio n  of th e  o b serv ed  changes i t  is assum ed th a t ,  s im ila rly  
to  p e n ta n e  and  h e x an e , f a t ty  acids w ith  3— 5 ca rb o n  atom s, b rin g  a b o u t h y d ro - 
p h o b iz a tio n . On th e  o th e r  h an d , th e  d ec rea s in g  re la x a tio n  tim e  o b se rv ed  w ith  
h ig h e r f a t ty  acids in d ic a te s  th a t  th e  in te ra c tio n  o f m ore s tro n g ly  h y d ro p h o b ic  
co m p o u n d s  w ith  p ro te in s  m ay  re su lt in  th e  ru p tu re  of ex is tin g  h y d ro p h o b ic  
bonds.

T able  II

Effect o f  fa t ty  acids on the rheological properties o f  gluten

No.

Relaxation time (sec)

Control

Acid added: 0.01 molar solution (emulsion)

Formic Acetic Propionic Butyric Valeric Palmitic Oleic Stearic

l 102 39 40 56 72 85 80

__
b 75

2 93 47 30 50 68 80 82 b 71

3 88 39 28 52 59 69 79 b 80

4 73 48 a 41 48 53 63 b 65

5 69 41 a 44 50 60 62 b 58
6 62 42 a 48 47 50 52 b 47

7 58 29 a 32 39 40 52 b 49

8 52 a a 30 30 42 48 b 41

9 43 a a 27 30 40 42 46 30
10 38 a a 25 28 32 32 57 28

a =  n o t  m easu rab le  (s tic k y , sp read in g  m ass) 
b =  n o t  m easu rab le  (c ru m b lin g , d is in te g ra tin g  m ass)

U n sa tu ra te d  oleic acid  does n o t f i t  a t  a ll in to  th e  series. O leic ac id  causes 
a ch an g e  sim ilar in  c h a ra c te r  to  a v e ry  h ig h  degree of th e rm a l d é n a tu ra t io n . 
P re su m a b ly , th is  is cau sed  b y  th e  in te ra c tio n  o f  oleic acid w ith  a p re fe rred  
side cha in .

4. Effect o f  a lipha tic  alcohols on the rheological properties o f  g lu ten

I n  o rd er to  ex am in e  th e  effect o f a lip h a tic  alcohols, th e  p rocess o f  g lu ten  
fo rm a tio n  and  th e  p ro p e rtie s  of th e  g lu te n  fo rm ed  w ere s tu d ied  in  0.01 m o la r 
aq u eo u s alcoholic m ed iu m  (so lu tion  o r em ulsion ). T he rheological p ro p e rtie s  
o f  th e  g lu ten s are su m m arized  in  T ab le  I I I .

T h e  d a ta  lis ted  in  th e  ta b le  show  t h a t  w ith  th e  excep tion  o f m e th a n o l an d  
e th a n o l w hich have  a s lig h t pep tiz in g  effec t, th e  cohesiv ity  o f g lu te n  d im in ishes 
a n d  i ts  rheological p ro p e rtie s  d e te r io ra te  w ith  increasing  n u m b e r o f  ca rb o n  
a to m s in  th e  alcohol. In  view  of th e  fa c t t h a t  so lu tions of id en tica l m o la r  con-
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c e n tra t io n  w ere u sed  in  each  case, th is  effect on  g lu te n  m ay  be ascribed  to  th e  
in c re a s in g  h y d ro p h o b ic  c h a ra c te r  o f th e  side c h a in . T h e  in te ra c tio n  o f th e  h y 
d ro p h o b ic  side ch a in  is b e lieved  to  be s im ila r to  t h a t  assum ed in  th e  case of 
h y d ro c a rb o n s  or f a t ty  acids.

Table I I I
E ffect o f  a lipha tic  alcohols on the rheological properties o f  gluten

No.
Aliphatic alcohols 

(0.01 molar aqueous 
solution or emulsion)

Rheological properties of gluten

Penetration 
(in 0.1 mm)

Organoleptic 
char acteriz ation

l M ethano l 201 so ft, inelastic , cohesive

2 E th a n o l 190 so ft, cohesive

3 P ro pano l-1 112 e la stic

4 B u tan o l-1 103 to u g h , elastic

5 P en tan o l-1 98 e la stic

6 H exanol-1 125 crum bling

7 H e p ta n o l- l 179 crum bling

8 O ctano l 211 crum bling

5. E ffec t o f  hydrocarbons on the fo rm a tio n  o f  g lu ten  in  the presence o f  urea

I n  earlie r w orks concerned  w ith  th e  ro le  o f  hyd ro g en  bonds, th e  effect 
o f  th e  ad d itio n  of in c re a s in g  am o u n ts  of u re a  on th e  re h y d ra tio n  o f d ry  g lu ten  
a n d  on  g lu ten  fo rm a tio n  h as  been stu d ied . T hese  ex p erim en ts  were now  re p e a te d  
w ith  th e  d ifference t h a t  v a rio u s  h y d ro ca rb o n s  w ere  added  to  th e  u rea  so lu tio n  
(0.03 m ole p er 1 g o f g lu ten ). T he ex p e rim en ta l re su lts  show th a t  u n d e r th e se  
c o n d itio n s , th e  absence  o f g lu ten  fo rm a tio n  or a considerab le  decrease in  th e  
a m o u n t o f g lu ten  fo rm ed  is observed  a lre a d y  a t  a low er u rea  c o n c e n tra tio n . 
T h e  re su lts  are p lo tte d  in  F igs 3 an d  4.

Urea content (mole/li t)

F ig . 3
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The observed  beh av io u r c a n  be  exp lained  by  assu m in g  th a t  th e  com bined  
ad d itio n  of u re a  a n d  h y d ro c a rb o n s  h inders n o t on ly  th e  fo rm a tio n  o f in te r- 
m olecu lar h y d ro g en  bonds b u t  a lso  th e  fo rm atio n  o f th e  co rresp o n d in g  hydro - 
ph o b ic  bonds as a re su lt o f th e  in te ra c tio n  b e tw een  h y d ro ca rb o n s  an d  n o n 
p o la r  p ro te in  side chains.

F i g .  4
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FLAVONOIDS, XXI*. INVESTIGATIONS 
ON SUBSTITUTED CHALCONE AZIRIDINES

P R E P A R A T IO N  O F  N -S U B ST IT U T E D -3-A M IN O F L A V A N O N E S  

( P R E L I M I N A R Y  C O M M U N IC A T IO N )

R . B o g n á r , Gy . L it k e i  and P . Sz ig e t i

( In s titu te  o f  Organic C hem istry , L . K ossu th  U niversity , Debrecen 10) 

R eceived  N o v em b er 30, 1970

In  a p rev io u s p a p e r  we h av e  re p o rte d  on  th e  reac tions o f  2 ’-O R -ch a lco n e  
epox ides (R  =  C H 2—C eH 5; C H 2 — C„H 4—p — N 0 2; C H 3) [1]. O u r in v e s tig a 
tio n s  h av e  now  been  ex te n d e d  to  s tu d ie s  on th e  p re p a ra tio n  a n d  conversions 
o f som e 2 ’-O R -cha lcone  az irid ines (II, III) u n k n o w n  so far.

T h e  az irid ines w ere p re p a re d  b y  a llow ing  th e  s u b s ti tu te d  ch alcones la , 
lb  an d  Ic to  re a c t w ith  cy c lo h ex y lam in e  in  th e  presence of io d in e  [2 ]; cis- an d  
tra n s - l-c y c lo h ex y l-2 -(p -R ’-pheny l)-3 -(2 ,-O R -b en zo y l)-e th y len e im in e  (П а, I lia ;  
l ib , I l lb  an d  l ie ,  IIIc) w ere th e n  iso la ted  from  th e  reac tio n  m ix tu re  b y  frac 
tio n a l c ry s ta lliz a tio n . T h e  az irid ines l i e ,  IIIc w ere also p re p a re d  fro m  th e  chal- 
cone d ib ro m id e  IVc w ith  cyc lo h ex y lam in e  [3].

() H
II H

R

О H H a d О R r

R

la  d () H
R
IV c

К
III a d

a: R  =  CH„C6H 5; R ’ =  H ; b: R  =  C H 2- 0 - C H 3; R ’ =  H ; c: R  =  CH.,CcH 5; 
R ’ =  Cl; d: R  =  C H 2CRH 5; R ’ =  N O .

* P a r t  X X : A c ta  Chiin. Acad. Sei. H u n g ., in  p ress.
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T h e chalcone Id a n d  ben zy lam in e  gave in  th e  p resence  of iodine cis- an d  
ira n s-l-b e n z y l-2 -(p -n itro p h e n y l)-3 -(2 ,-h en zy lo x y b en zo y l)-e th y len e im in e  (lid , 
H id ).

T h e s tru c tu re s  a n d  s te reo ch em is try  o f th e  az irid in es  o b ta in ed  w ere d e te r 
m in e d  b y  analysis, I R  a n d  U Y  spectroscopy  [4]. Som e d a ta  are  g iven  in  
T a b le  I.

Table I

A zirid in e  derivatives

Y ie ld ,
%

M.p.,
°c

C alcd . F o u n d
ПЮ

[cm - 1 ] ■Ws (log «)
C H N

Cl
C H N

Cl

l i a  21 1 1 8 - 1 1 9 82.0 6 .7 3 .3 7 168 8 252  (4 .02 );  3 1 1 ( 3 . 6 8 )

8 2 .0 7 .0 3 .40

I l i a  4 1 .5 9 0 -  92 81.9 6 .7 3 .3 8 165 0 2 5 4 ( 4 . 1 3 ) ;  311  (3 .7 8 )

l i b  12 .5 9 8 -  99 75.9 7 .4 3 .61 167 0 251 (3 .9 6 );  3 02  (3 .5 5 )

7 5 .9 7 .4 3 .84

I l l b  34 1 0 0 - 1 0 2 75.9 7 .3 3 .8 4 166 0 257  (4 .15);  3 0 0 ( 3 . 7 2 )

l i e  4 1 .5 125 - 1 2 7 75.8 6 .2 3 .1 4 168 0 2 5 4 ( 3 . 6 9 ) ;  3 1 1 ( 3 . 4 0 )

7 5 .5 6 .3 3 .14

I I I c  3 8 .5 1 2 0 - 1 2 2 75.5 6.1 3 .1 8 16 4 9 2 6 0 ( 3 .9 6 ) ;  3 1 2 ( 3 . 5 8 )

l i d  2 1 .5 1 2 5 - 1 2 6 75.1 5 .3 5 .9 7 16 7 5 2 5 9 ( 4 .1 4 ) ;  2 9 3 ( 4 . 1 0 )

7 5 .0 5 .1 6 .05

I l id  4 8 1 0 7 - 1 0 9 74.9 5 .2 6 .1 0 1658 2 6 6 ( 4 . 2 2 ) ;  2 8 9 ( 4 . 2 2 )

T h e cis- or tn m s-a z ir id in e s  w ere allow ed to  re a c t  w ith  d ry  HC1 in  e th e r. 
U n d e r  sim ilar co n d itio n s, th e  analogous ira n s-2 ’-O R -cha lcone  epoxides (R  =  
— C H 2— C6H 5; C H 2 О — C H 3) y ie ld  d ih y d ro flav o n o l [1, 5], or th e  tx-hydroxy-/?- 
ch lo ro  deriv a tiv es  (c h lo ro h y d rin s ); th e  az irid ines g ive a m ix tu re  of th e  h y d ro 
ch lo rid e s  of cc-chloro-/3-R” -am in o - and  oc-R” -am ino-/?-chloro d e riv a tiv es . In  
th e  course  of these rea c tio n s , th e  fo rm atio n  of f la v a n o n e  deriv a tiv es  cou ld  n o t 
b e  d e te c te d .

F o rm a tio n  of cis- o r iraras-aziridines from  2’-ace to x y  chalcone (Ie), or 
2 ’-h y d ro x y ch a lco n c  (If) w ith  cyclo liexylam ine, in  th e  p resence  of iodine, could  
n o t  be  observed, h ow ever, a f te r  tre a tm e n t o f th e  re a c tio n  m ix tu re  w ith  d ry  
HC1 in  e ther, 3 -cy c lo h ex y lam in o flav an o n e  h y d ro c h lo rid e  (V; R ”  =  C 6H tl) 
a n d  2 -b en za lco u m aran o n e  (IX ) w ere iso la ted  fro m  th e  reac tio n  m ix tu re  by  
f ra c tio n a l c ry sta lliza tio n .

T h e  reactions o f 2 ’-ace to x y ch alco n e  d ib ro m id e  (IVe) w ith  cyclohexyl- 
am in e  an d  su b seq u en t t r e a tm e n t  of th e  re a c tio n  m ix tu re  w ith  HC1 in  e th e r  
g a v e  th e  flavanone d e r iv a tiv e  (V; R ”  =  C6H n ) in  a y ie ld  of 15% .
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О

е: R  =  СОСН3; R ’ =  H ; f: R =  R ’ =  H ; V: R ”  =  С«НП; VI: R ”  =  C H 2CeH s; VII: 
R ”  =  ге-С4Н 9; V III: R ”  =  i-C4H 9; X : R ”  =  С6Н ,,; XI: R ” =  С Н 2СвН 5

Table II

3 -R ”~ a m in o fla va  n o n e  d eriva tives

Y ie ld .,
%

M .p .,
° c

Calcd. F o u n d
»'CO

[cm “ 1] Im ax  m/1 ( lo g «)
C 11 N

Cl
C H N

Cl

V 26.5 179 180 70.5 6.7 3.92 70.3 6.6 4.01 1705 252(4 .00) 326(3 .53 )

9.92 9.89

V I 36.5 1 5 7 -1 5 8 72.2 5.5 3.84 71.6 5.7 3.84 1699 220 (4.27) 256 (4.08)

9.75 9.68 326(3 .61)

V II 23 1 6 3 -1 6 5 68.8 6.6 4.23 68.8 6.6 4.14 1700 252 (3.96) 326 (3.53)

10.07 9.71

V III 27 1 7 1 -1 7 3 68.8 6.6 4.24 68.7 6.8 4.20 1700 252(3 .96) 325 (3.56)

10.07 9.99

X 78 9 8 - 1 0 0 78.5 7.1 4.37 78.9 6.8 4.43 1693 217 (4.39) 253(3 .98 )

325 (3.57)

X I 78 9 4 -  96 80.5 5.8 4.26 80.4 5.8 4.22 1695 222(4 .23) 252 (3.96)

323 (3.53)
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U n d er sim ilar c ircu m stan ces  2,-h y d ro x y c h a lc o n e  (If) an d  b en zy lam in e , o r 
n -b u ty la m in e , or iso b u ty la m in e  y ielded th e  f la v a n o n e  derivatives (VI VIII; 
R ”  =  C H 2CeH 5; n -C 4H 9; i-C 4H 9).

W hen  3 -cyc lo h ex y lam in o - (V; R ”  =  C eH 14) or 3 -b en zy lam in o flav an o n e  
h y d ro ch lo rid e  (VI; R ”  =  C H 2C6H 5) were a llow ed  to  reac t w ith  a c a lc u la ted  
v o lu m e  of alkali, th e  p ro d u c ts  were 3 -cyc lohexy lam ino- (X; R ”  =  C 6H n ) 
or 3 -b ezy lam in o flav an o n e  (XI; R ” =  C H 2C 0H 5).

Som e d a ta  o f th e  p re p a re d  d e riv a tiv e s  a re  g iven  in T able I I .

*
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The chem istry o f  fu n c tio n a l groups. E d . b y  S. P a ta i .  The chemistry o f  the carbon- 
nitrogen double bond, p p . 794 -(- xiii

In te rsc ie n c e  P u b lish e rs , a d iv ision  o f J o h n  W iley  and Sons, L o n d o n , 1970.

T h e  new  vo lu m e o f th e  w ell-know n series “ T h e  C hem istry  of th e  F u n c tio n a l G ro u p s”  
deals w ith  th e  carb o n —n itro g en  double b o n d . A s p o in te d  o u t  in th e  P reface o f th e  series “ T he 
em p h asis  is laid  on th e  fu n c tio n a l group t r e a te d  a n d  on th e  effects w hich it  e x e rts  o n  th e  chem i
cal a n d  p h y sical p ro p e rtie s , p rim arily  in  th e  im m e d ia te  v ic in ity  o f th e  g roup  in  q u e s tio n , and  
seco n d arily  on th e  b eh av io u r of the  w hole m o lecu le .”

T h e  f irs t, in tro d u c to ry  chap ter (w r i t te n  b y  C. S a n d o r f f y ) deals w ith  g e n e ra l a n d  th eo 
re tic a l a sp ec ts  o f th e  azo m eth in e  group. T h e  n e x t  c h a p te r  (M ethods of fo rm atio n  o f  th e  c a rb o n -  
n itro g e n  double  b o n d , b y  S h l o m o  D a y a g i  a n d  Y a i r  D e c a n i ) is devo ted  to  th e  fo rm a tio n  of 
th e  a zo m eth in e  g ro u p , e ith e r  from  groups p re se n t in  th e  m olecule, o r by  in tro d u c in g  th e  new  
g ro u p  d irec tly  o r in d irec tly . T he n ex t th re e  c h a p te rs  (A n a ly sis  o f azom eth ines, b y  D .  J .  Cu r r a n  
a n d  S. S i g g i a ; T he o p tic a l ro ta to ry  d isp e rsio n  a n d  c irc u la r  d ichroism  of a zo m e th in s , b y  R . 
B o n n e t t ; Basic and  com plex-form ing p ro p e rtie s , b y  J .  W . S m i t h ) describe th e  c h a ra c te riz a tio n  
an d  ch ara c te ris tic s  o f th e  carb o n -n itro g e n  d o ub le  b o n d . F ive  ch ap ters  deal w ith  th e  reac tio n s , 
tra n s fo rm a tio n s  an d  rea rran g em en ts  w h ich  th e  azo m eth in e  group  can u n d e rg o , e ith e r  alone 
or in co n ju n c tio n  w ith  o th e r  reagen ts (A d d itio n s  to  th e  azo m eth in e  group, b y  K a o r u  H a r a d a ; 
C y clo ad d itio n  reac tio n s  o f  c a rb o n -n itro g e n  d o u b le  b o n d s , b y  Je a n -P ie rre  A n s e l m e ; S u b s ti tu 
tio n  re ac tio n s  a t  th e  azo m eth in e  carbon  a n d  n itro g e n  a to m s, by  R . J .  M o r a t h  a n d  G. W. 
S t a c y ; S y n -a n ti  iso m eriza tio n  and re a rra n g e m e n ts , b y  C . G . M c Ca r t y ; C leavage o f  th e  c a r
b o n -n itro g e n  double b o n d , by  A. B r u y l a n t s  a n d  M rs. E . F e y t m a n t s  d e  M e d i c i s .)  T h e  n e x t 
tw o c h a p te rs  are d e v o te d  to  th e  e lec tro ch em istry  (b y  Н . L u n d ) and p h o to c h e m is try  (b y  G. 
W e t t e r m a r k ) of th e  c a rb o n -n itro g e n  d o u b le  b o n d . T h e  la s t ch ap ters  describe  th e  ch em istry  
o f im id o y l halides (b y  R . B o n n e t t ) an d  q u in o n ed iim in e s  (b y  K . T . F i n l e y  a n d  L . K . J .  T o n g ) 
co n ta in in g  carbon  n itro g e n  double bond  too .

T h e  au th o rs  o f th e  p re sen t volum e s im ila rly  to  th o se  of th e  fo rm er ones d id  n o t  aspire  
“ to  g ive  an  encyclopedic  coverage of th e ir  su b je c t, b u t  to  co n cen tra te  on th e  m o s t im p o r ta n t  
re c e n t d ev elo p m en ts  a n d  m ain ly  on m a te ria l th a t  h a s  n o t  been  ad eq u a te ly  co v ered  b y  review s 
or o th e r  secondary  sources b y  th e  tim e o f  w ritin g  o f th e  c h a p te r  . . .” .

T h is  new  vo lu m e o f th e  series, as h a s  been  b ecom ing  cu stom ary , is e x ce lle n tly  ed ited  
a n d , ap p ea rin g  in a ta s te fu l p resen ta tio n , w ill be  o f g re a t  v a lu e  to readers in te re s te d  in  th is  field  
o f  o rg an ic  chem istry .

G y . D e á k

Acta  Chim . A cad. S e i. H u n g . 6 8 , 1971
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Е . S. S t e r n  and  С. J .  T im m o n s :

G illam  a n d  S tern ’s In troduction  to Electronic A bso rp tio n  Spectroscopy in  O rganic
C hem istry , pp . 277 +  VI

E d w a rd  A rno ld  L td ., L o n d o n , 1970.

A lm o st a gen era tio n  of o rg an ic  chem ists h av e  o b ta in e d  th e ir  f irs t in tro d u c tio n  to  UV- 
v isib le  sp ec tro sco p y  from  G il l a m  a n d  S t e r n ’s book. I t  is th e re fo re  an ev en t th a t  th is  classic  
is re p u b lish e d  in  a co m ple te ly  re w r it te n  form . T he o rg a n iz a tio n  of th e  book rem ain s th e  sam e 
as in  th e  second  ed ition , b u t  th e  su b je c t m a tte r  has been  b ro u g h t up  to da te , sp e c tra  a re  p re 
se n te d  on  lin e a r  w av en u m b er scale  a n d  w av enum bers a n d  w av elen g th s are b o th  g iven  in  th e  
T ab les .

T h e  bo o k  consists o f th e  fo llow ing ch ap ters : I. In t ro d u c t io n ;  I I .  The d e te rm in a tio n  an d  
p re s e n ta tio n  of ab so rp tio n  sp e c tra :  I I I .  G eneral p rin c ip les  a n d  sim ple exam ples o f th e  a ss ig n 
m e n ts  o f  b a n d s ; IV. T he se lec tive  a b so rp tio n  of m olecu les co n ta in in g  one fu n c tio n a l g ro u p ; 
V. C o n ju g a te d  ch rom ophores; V I. B enzeno id  ab so rp tio n ; V I I .  A ro m a tic  heterocyclic  co m p o u n d s; 
V I I I .  A p p lica tio n  of a b so rp tio n  sp e c tro p h o to m etry  to  q u a li ta t iv e  analysis; IX . T h e  sp ec tro - 
p h o to m e tr ic  d e te rm in a tio n  of o rg an ic  com pounds; X . U ltra v io le t  ab so rp tion  sp ec tro sco p y  
a p p lie d  to  p ro b lem s of m o lecu la r s tru c tu re ;  th ree  ap p en d ice s : a sh o rt b ib liog raphy , th e  use  of 
so lv e n ts , a n d  som e d a ta  o f te m p e ra tu re  effects. A T ab le  o f fo u r  p lace  logarithm s an d  of re c ip ro 
cals a n d  a n  A u th o r  and  S u b je c t In d e x  com plete th e  v o lu m e.

T h e  book  is w ritten  p r im a rily  fo r th e  organic c h em is t; a lth o u g h  th e  resu lts  o f q u a n tu m - 
m ec h an ic a l ca lcu la tio n s a re  re fe rre d  to , q u a n tu m -m ec h an ic a l th eo ry  is n o t needed  to  u n d e r 
s ta n d  a n d  use  th e  book. E x am p les  o f  e lem en tary  ca lcu la tio n s  a n d  ru les are generously  u se d  to  
give e a s ie r  u n d e rs tan d in g  to  th e  less physico-chem ically  m in d e d . T he a m o u n t o f in fo rm a tio n  
on th e  v a r io u s  groups of co m p o u n d s is enorm ous in  re la tio n  to  th e  size of th e  book  a n d  th e  
o rg a n iz a tio n  of th e  T ab les a n d  th e  sh o rt discussions on  th e  sub jec ts  m ake th e  in fo rm a tio n  
u sa b le  e v en  to  beginners.

T h e  rev iew er f in d s i t  e sp ecia lly  im p o rta n t t h a t  s te ric  e ffec ts  a re  discussed an d  th e  im p o r
ta n c e  o f  scale p ro jec tio n  d iag ram s a n d  o th e r  aids a re  s tre ssed .

T h e  bo o k  will be an  ex ce llen t com panion  for p o s tg ra d u a te  s tu d e n ts  and  fo r p ra c tis in g  
o rg an ic  ch em ists  who are  try in g  to  o b ta in  ad d itio n a l in fo rm a tio n  ab o u t th e ir  co m p o u n d s or 
who w a n t  to  use e lectron ic  a b so rp tio n  spectroscopy  as an  a n a ly tic a l tool.

M. V a j d a

A c ta  C h im . A ca d . Sei. H u n g . 68 , 1971
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ERRATUM

In tegra ted  R ate-E quations in  Chem ical K inetics  

P . J .  R obinson , A cta  C him . 66 , 407 (1970)

T h e  fo llow ing ty p o g ra p h ic a l e rro rs  h av e  occurred 
in  T ab le  I  o f th e  ab o v e  p ap e r:

( a )  T he  f irs t line shou ld  re fe r to  m  =̂= 1, n o t m =  \ .

(b )  T h e  th ird  expression  fo r f  (fo r m  =  n  =  0.5) 
sh o u ld  h av e  T  n o t in  th e  d e n o m in a to r.

(c )  I n  th e  la s t exp ression  fo r /  (for m n =  1.5) 
th e  second te rm  in th e  sq u a re  b ra c k e ts  should be
a  Z fB j/lA ]  n o t a ]f [A]J[B]  .





ACTA CHIMICA

TOM  68 —  В Ы П . 4.

РЕЗЮМЕ

Равновесия коплексов ионов переходных металлов с (»-амино
кислотами, IV

Константы стабильности, энтальпии и энтропии образования 
комплексов аланина, фенилаланина и тирозина

А. Г Е Р Г Е Й , И. Н А Д Ь П А Л  и Б .  К И Р А Й

pH-Метрически определялись константы стабильности комплексов между ионами 
переходных металлов с электронной структурой 3d6—3d10 и фенилаланином и тирозином при 
температурах 20, 25, 30 и 35°С. Было найдено, что в этих системах величина 10g Ki/Ks 
всегда ниже величины для соответствующих комплексов аланина.

Энтальпии образования комплексов между ионами переходных металлов с электрон
ной структурой 3d6 — 3d10 и аланином, фенилаланином и тирозином определялись как на 
основе температурной зависимости констант стабильности, так и калориметрическим путем. 
Расхождение между величинами, полученными двумя различными методами, не превышает 
+0,2ч-1,0 ккал/моль.

Сумма А Н, и А Н 2 в  случае комплексов Co(ll), Ni(ll) и Zn(Il) с фенилаланином и 
тирозином обычно ниже тех самых величин для соответствующих комплексов аланина. 
Разность же величин /Ш, и А Н 2 в некоторых случаях относительно выше для первых пере
численных систем, нежели для комплексов. Это гораздо значительнее проявляется в случае 
комплексов с тирозином, нежели в случае хелатных комплексов фенилаланина.

На основе экспериментальных данных было установлено, что стабильность комп
лексов ароматических аминокислот обусловлена также обратной координацией. В слу
чае тирозина это явление проявляется гораздо сильнее.

Основным фактором, определяющим стабильность комплексов Cu(ll) с аромати
ческими аминокислотами, является эффект Джана-Теллера.

Механизм адсорбционной индикации, VIII

Азо-красители как адсорбционные индикаторы. Влияние заместителей 
на механизм адсорбционной индикации

Л . Л Е Г Р А Д И

Приводятся 46 азосоединений, которые могут быть использованы в качестве адсорб
ционных индикаторов. Большая часть соединений еще неизвестна в литературе. Приво
дятся ионы, в аргентометрическом титровании которых отдельные соединения могут быть 
использованы, приводятся условия применения, а также принципы, на которых основано 
действие индикаторов. Большинство азо-адсорбционных индикаторов действует по кислот
но-основному принципу, кроме того по принципу поверхностной адсорбции на осадке, а 
также на основе обоих принципов. Подробно обсуждается роль заместителей индикато
ров при использовании их в аргентометрическом титровании.



О некоторых вопросах разделения следов элементов осаждением, VIII

Сорбция редкоземельных металлов и скандия на гидроокиси 
железа(П) в карбонатных средах

э .  У П О Р  и дь. Н А Д Ь

Изучалась сорбция редкоземельных металлов и скандия на гидроокиси железа в 
среде Na^Og. Было установлено, что, вследствие гидролитического разложения карбонат
ных комплексов со сравнительно низкой стабильностью, при концентрации Na2C03, равной 
0,2 М сорбция легких лантанидов является полной и сорбция тяжелых лантанидов — почти 
полной. С увеличением концентрации Na2C03, а также порядкового номера лантанидов 
их сорбция уменьшается. Поведение скандия подобно поведению тяжелых лантанидов. 
В интервале pH = 9 -к 11 кривая сорбции проходит через минимум. Lu+3, УЬ+3 и Sc+S 
могут быть отделены от Fe+3 и в некоторой степени от других редкоземельных металлов 
с помощью 2М Na2C03. Все редкоземельные металлы могут быть отделены от урана, но от 
тория и циркония разделяются лишь первые члены ряда.

Некоторые замечания к расчету энтропии активации на основе 
теории абсолютных скоростей реакций

Д Ь . В А РШ А Н И

Было показано, что величины энтропии активации, рассчитанные обычным путем, 
часто оказываются фальшивыми на основе теории абсолютных скоростей реакций. По
дробно обсуждается метод расчета, и приводится диаграмма для поправки, опирающейся на 
критические частоты нормальных колебаний и на коэффициент ангармоничности. При
менимость метода иллюстрируется некоторыми классическими примерами.

Изучение адсорбционных явлений на платиновом электроде 
с помощью метода радиоактивной индикации, VIII

О некоторых новых наблюдениях относительно зависимости 
адсорбции уксусной и серной кислот от потенциала

Д Ь . Х О Р А Н И , Э. Р И З М А Й Е Р  и Ф . Н А Д Ь

Было установлено, что зависимость адсорбции уксусной и серной кислот от потен
циала и концентрации — подобно случаю соляной кислоты — может быть описана в виде 
f(c)F(E).

В изученных случаях зависимость адсорбции от потенциала может быть разделена 
на более или менее явно ограниченные участки.

Подход к выравненным электроотрицательностям с помощью 
молекулярных параметров

Ш. С Ё К Е

Средняя электроотрицательность, являющаяся хорошим приближением к выравнен
ным электроотрицательностям, может быть связана с помощью простой зависимости с 
фундаментальными молекулярными параметрами.

Силовые постоянные двухатомных молекул или отдельных изолированных связей 
могут быть выражены с помощью величин выравненных электроотрицательностей, энер
гий связи, порядков связей и межатомных расстояний.



Используя уравнения силовых постоянных, выравненные электротрицательности 
могут быть использованы как молекулярные параметры для построения эмпирических 
зависимостей потенциальной энергии.

Была найдена также простая зависимость между электроотрицательностями с од
ной стороны, а с другой стороны и силовыми постоянными колебательного движения, а 
также двухцентровыми интегралами квантовой химии, относящимися к молекуле или к 
связи.

Изучение ионизации металлов и восстановления ионов металлов 
с помощью вращающегося дискового электрода с кольцом, VII

Зависимости анодного растворения меди от концентрации хлористых
ионов

Л. к и ш ,  Й. Ф А РК А Ш  и А. КЕРЕШ И

С помощью вращающегося дискового электрода с кольцом изучалось анодное 
растворение меди в растворах 1,0 н  H2S04-|~Xh HCl (X = 6,7-10~3— 8,7-10~2 н). Уста
новлено, что скорость ионизации меди в указанных растворах определяется диффузией 
комплексных ионов Си(1) с поверхности электрода в глубину раствора. На поверхности 
электрода, при определенной плотности тока, зависящей от скорости вращения электрода 
и от концентрации хлористих ионов осаждается слой CuCI. Были объяснены явления, со
провождающие процесс осаждения этого слоя.

Структурные превращения в скелете поверхностного слоя силикатных
стекол

Ш. Д О БО Ш

При образовании поверхностного слоя стекла, наряду с ионным обменом, контро
лируемым диффузией, а также растворением силикатного скелета на границе раздела фаз 
поверхностный слой — вода, часто необходимо считаться и со структурными превраще
ниями в силикатном скелете поверхностного слоя. Структура силикатного скелета может 
изменяться вследствие перегруппировок в пространственной сетке или вследствие изме
нения числа связей ^>Si— О—Si< .̂ Эти изменения могут быть обнаружены на основе рас
пределения компонентов в поверхностном слое, а в некоторых случаях на основе изменения 
скорости растворения силикатного скелета во времени.

Структурные изменения в скелете поверхностного слоя иллюстрируются образцом с 
исходным составом К20 - 20 мол.%, Sr О — 12 мол.% и Si02— 68 мол.%. Сущность этих 
изменений связана с перегруппировками в пространственной сетке, что приводит к повыше
нию химической стойкости силикатного скелета и к повышению проницаемости по диф
фузии ионов.

Повторным плавлением стекла с исходным составом 20 К20 —12 SrO - 68 Si02 может 
быть получено стекло как с измененной, так и с неизменной структурой скелета поверх
ностного слоя. На основе ИК спектроскопических и ДТА исследований было установлено, 
что такое противоречивое поведение можно приписать различной структуре стекол, обра
зующихся при сравнительно одинаковых условиях плавления и из одинакового исходного 
состава.

Изучение равновесия пар — жидкость в смеси пропионовая 
кислота — четыреххлористый углерод

я .  л и с и

При изучении равновесия пар — жидкость в системе пропионовая кислота — четы
реххлористый углерод было найдено, что последняя, в первом приближении, представляет 
собой идеальную смесь димера пропионовой кислоты с четыреххлористым углеродом. 
Расчетные параметры равновесия пар — жидкость проверялись экспериментально при 
30, 40, 50, 60 и 70° С.



Использование хлористых амидов в реакциях циклизации, II

Синтез тиено(2,3-с!)-4(ЗН)-пиримидинонов
3 . Ч Ю Р Е Ш , Р . Ш О Ш , Й. П А Л И Н К А Ш  и И . Б И Т Т Е Р

Исходя из 2-амино-3-карбетокси-4,5-диметилтиофена и хлористого диметилформа- 
мида, был получен солянокислый 1Ч,1Ч-диметил-М’-[(3-кар6етокси-4,5-диметил)-2-тиенил]- 
формамидин. Полученный трехзамещенный амидин подвергался циклизации с аммиаком, 
алифатическими и ароматическими аминами, гидразином и алкилендиаминами. Таким 
образом были получены 5,6-диметил-тиено(2,3-<1)-4/ЗН)-пиримидиноны, а также неописан
ные до сих пор в литературе алкилен-бис-3,3’-5,6-диметил-тиено(2,3-с!)-4/ЗН/-пиримидиноны.

Бензазепины, IV

Синтез дигидро-[1,5]бензтиазепинов на основе реакции 
о-аминобензотиола с а,/S-ненасыщенными кетонами

О. Х И Д Е Г -Х А Н К О В С К И Й  и К . Х И Д Е Г

Приводится синтез дизамещенных дигидро-[1,5]-бензтиазепинов на основе реакции 
о-аминобензотиола с соответствующими а ,^-ненасыщенными кетонами (напр., пиридил- 
акрилофеноны, пиридилакрилонафтоны и 2-гетероарилиден-тетралин-1-оны). Обсужда
ется также положение двойной связи.

Изучение реологических свойств клейковины, III

Роль гидрофобных связей в формировании реологических свойств
клейковины

Р. ЛА СТИ ТИ

Несмотря на то, что наличие гидрофобных связей в комплексах клейковины еще не 
было доказано экспериментально, однако, на основе многочисленных косвенных наблю
дений, полученных соответствующими методами, была установлена роль гидрофобных свя
зей формировании реологических свойств клейковины. Наиболее важными заключениями 
являются следующие:

1. Реологические свойства клейковины, гидратированной водой, содержащей алифа
тические углеводороды с большим числом углеродных атомов (гептан— ундекан), значитель
но ухудшаются по сравнению с контрольной клейковиной. Влияние увеличивается с 
удлинением цепи.

2. Когезия клейковины, гидратированной водой, содержащей алифатические жир
ные кислоты или спирты, с большим числом углеродных атомов, падает с увеличением 
молекулярного веса добавленных кислот или спиртов.

3. Совместное присутствие карбамида и алифатического углеводорода в большей 
степени препятствует образованию клейковины, нежели одиночный раствор карбамида 
стой же самой концентрацией.
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