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

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

S Z E R K E S Z T I

L E N G Y E L  B É L A

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

D E Á K  G Y U L A  é s  H  A  K  A  S Z T  H  Y  - P  A  P  P  M E L I N D A

A z  A c ta  C h im ica  n é m e t ,  a n g o l, f r a n c i a  és orosz n y e lv e n  k ö z ö l é r te k e z é s e k e t  a  k é m ia i  
t u d o m á n y o k  k ö réb ő l.

A z  A c ta  C h im ica  v á l to z ó  t e r je d e lm ű  fü z e te k b e n  je le n ik  m e g , e g y -e g y  k ö te t  n é g y  f ü z e t 
b ő l á l l .  É v e n te  á tla g  n é g y  k ö te t  je le n ik  m e g .

A  k ö z lé sre  s z á n t  k é z i r a to k  a s z e rk e s z tő s é g  c ím ére  ( B u d a p e s t  112/91 M ű e g y e te m ) k ü l 
d e n d ő k .

U g y a n e r re  a c ím re  k ü ld e n d ő  m in d e n  sz e rk e sz tő sé g i le v e le z é s . A  s z e rk e sz tő sé g  k é z 
i r a t o k a t  n e m  ad  v issza .

M e g re n d e lh e tő  a  b e lfö ld  s z á m á ra  a z  „ A k a d é m ia i  K ia d ó ” -n á l  ( B u d a p e s t  V ., A lk o tm á n y  
u t c a  2 1 . B a n k sz á m la  0 5 -9 1 5 -1 1 1 -4 6 ), a  k ü l f ö ld  s z á m á ra  p e d ig  a  „ K u l t ú r a ”  K ö n y v -  és H ír la p  
K ü lk e re s k e d e lm i  V á l la la tn á l  ( B u d a p e s t  I . ,  F ő  u t c a  32. B a n k s z á m la :  4 3 -7 9 0 -0 5 7 -1 8 1 ) v a g y  
a n n a k  k ü lfö ld i  k é p v is e le te in é l  és b iz o m á n y o s a in á l .

D ie  A c ta  C h im ica  v e rö f fe n t l ic h e n  A b h a n d lu n g e n  a u s  d e m  B e re ic h e  d e r  c h e m isc h e n  
W is s e n s c h a f te n  in  d e u ts c h e r ,  e n g lisc h e r , f r a n z ö s is c h e r  u n d  ru s s is c h e r  S p ra c h e .

D ie  A c ta  C him ica  e r s c h e in e n  in  H e f te n  w e c h se ln d e n  U m fa n g e s .  V ie r  H e f te  b i ld e n  e in e n  
B a n d .  J ä h r l i c h  e rsch e in en  4  B ä n d e .

D ie  z u r  V e rö f fe n tl ic h u n g  b e s t im m te n  M a n u s k r ip te  s in d  a n  fo lg e n d e  A d re sse  zu  s e n d e n :

A c ta  C h im ica
B u d a p e s t  1 1 2 /9 1  M űegye tem

A n  d ie  g leiche A n s c h r i f t  is t  a u c h  j e d e  f ü r  d ie  R e d a k t io n  b e s t im m te  K o rre s p o n d e n z  zu 
r i c h t e n .  A b o n n e m e n ts p re is  p ro  B a n d : $ 1 6 .0 0 .

B e s te l lb a r  be i d e m  B u c h -  u n d  Z e i tu n g s -A u ß e n h a n d e ls -U n te rn e h m e n  t>K u ltú ra «  ( B u d a 
p e s t  I . ,  F ő  u tc a  32. B a n k k o n to  N o . 4 3 -7 9 0 -0 5 7 -1 8 1 ) o d e r b e i s e in e n  A u s la n d s v e r t r e tu n g e n  u n d  
K o m m is s io n ä re n .
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PREPARATION AND PROPERTIES OF 
T RIPY R R O LYLB O RANE

P . S z a r v a s , В . G y ő r i  and J .  E m r i  

(D e p a r tm e n t o f  In o rg a n ic  and  A n a ly t ic a l  C h e m is try , K o ssu th  U n iversity , D eb recen )

R e c e iv e d  M a y  20 , 1970

S o m e  re a c tio n s  le a d in g  to  t h e  f o rm a t io n  o f  t r ip y r ro ly lb o ra n e  h a v e  b e e n  in v e s t i 
g a te d .  I t  h a s  b e e n  fo u n d  t h a t  th e  re a c tio n  o f  B F 3, BC13 a n d  B; H (i w ith  K (N C 4H 4), as 
w ell a s  th e  r e a c t io n  o f  K [B H (N C ,H ,)3] w ith  B F 3 a n d  HC1 re su lt  in  th e  f o r m a t io n  of 
t r ip y r r o ly lb o r a n e ,  in th e  case  o f  a p p r o p r ia te  m o le  r a t io s .

S a t is f a c to ry  m e th o d s  h a v e  b e e n  d e v e lo p e d  fo r  i ts  p r e p a ra tio n  in  a  p u r e  s t a te .
T h e  c h e m ic a l  b e h a v io u r  o f  t r ip y r r o ly lb o r a n e  is c h a ra c te r iz e d  b y  th e  fo llo w in g  

r e a c tio n s .  I t s  r e a c tio n s  w ith  w a te r ,  m e th a n o l  a n d  a c e tic  a c id  a re  f a s t ,  le a d in g  to  th e  
fo rm a t io n  o f  B (O H )3, B (O C H 3)3 a n d  B 20 ( 0 0 C C H 3)4, re sp e c tiv e ly . U p o n  r e a c t io n  w ith  
a m m o n ia  a n d  p y r id in e ,  th e  c o r re sp o n d in g  c o m p le x e s  a re  fo rm ed , a n d  w i th  L iH ,  N a H , 
L iC jH j  a n d  K (N C ,H 4) s ta b le  a n io n  c o m p le x e s  a r e  o b ta in e d .  C o n tra ry  to  th e  a b o v e ,  th e  
r e a c t io n  w i th  K O C H 3 a n d  R O C nH-, a f fo rd s  t h e  c o rre sp o n d in g  b o ric  a c id  e s te r s  a n d
K [B (N C 4H 4)4].

T h e  fo llo w in g  new  c o m p o u n d s  h a v e  b e e n  p r e p a re d :  B (N C (H |)3, B (N C ,H 4)3N H 3. 
B (N C ,H 4)3N C 5H 5, Cs [B H (N C 4H 4)3], K [B (C 0H 5)(N C 4H 4)3]. K [B (N C 4H 4)4] h a s  b e e n  
p r e p a r e d  b y  a  n e w  m e th o d . O n  th e  b a s is  o f  c h e m ic a l  a n d  sp e c tro sc o p ic  in v e s t ig a t io n s  
i t  h a s  b e e n  e s ta b l is h e d  th a t  B (N C 4H 4)3 is a  r e la t i v e ly  s tro n g  L ew is-ac id .

In  ou r ea rlie r papers [1, 2] d ea lin g  w ith  th e  reac tio n s of py rro le  p o ta ss iu m  
w ith  b o ron  co m p o u n d s , we re fe rred  to  som e re a c tio n s  leading to  th e  fo rm a tio n  
of tr ip y rro ly lb o ra n e  and  b rie fly  to u ch ed  o n  th e  donor—accep to r p ro p e rtie s  
of th is  co m p o u n d . In  th is  p ap er we wish to  r e p o r t  in  d e ta il on th e  p re p a ra t io n  
of tr ip y rro ly lb o ra n e  an d  the  reac tio n s  w hich  ch a rac te rize  its chem ica l p ro p 
ertie s . In  th e  cou rse  of th e  s tu d y  of th e se  re a c tio n s  the  follow ing new  com 
p o u n d s  w ere p re p a re d : a m m in e -tr ip y rro ly lh o ran e , p y rid in e -tr ip y rro ly lb o ran e , 
p o ta ss iu m  p h e n y ltr ip y rro ly lh o ra te  an d  cesium  h y d ro tr ip y rro ly lb o ra te , w hile 
p o tass iu m  te tra p y r ro ly lb o ra te  an d  te tra a c e ta to d ih o ro n o x id e  w ere p re p a re d  
b y  new  m eth o d s . O ur stud ies h av e  show n t h a t  th e  fo rm atio n  of tr ip y rro ly l-  
h o ro n  ta k e s  p lace  in  th e  follow ing reac tio n s.

1. T he co m p o u n d  of com position  K [B (N C 4H 4)4] form ed b y  re a c tio n  of 
K (N C ,H 4) an d  B F 3 e th e ra te  in  a 1 : 1 m ole ra t io  [1, 2] reacts fu r th e r  w ith  B F 3 
e th e ra te  w ith  th e  fo rm atio n  of B (N C 4H 4)3:

3 K [B (N C 4H 4)4] +  4 B F 3 =  4 B (N C ,H 4)3 +  3 K [B F 4] (1)

2. T rip y rro ly lb o ra n e  is also fo rm ed  w hen  a n  e th e rea l so lu tion  of BC13 e th e 
ra te  is ad d ed  to  a n  e therea l su spen sio n  o f K (N C 4H 4):

3 K (N C 4H 4) +  BC13 =  B (N C 4H 4)3 +  3 KC1 (2)
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3. A fu rth e r fo rm a tio n  of B(NC4H 4)3 is b y  th e  reac tio n  o f K (N C 4H 4) 
a n d  B 2H e a t  a 3 : 2 m ole r a t io ,  since th e  l a t t e r  is able to  e x tra c t th e  h y d rin e  
a n io n  fro m  th e  K [B H (N C 4H 4)3] [2] w hich is fo rm e d  in  a 2 : 1 m ole ra t io  reac 
t io n .

H ow ever, th is  re a c tio n  occurs m ore slow ly  th a n  th e  reac tio n  le a d in g  to  
th e  fo rm a tio n  of K [B H (N C 4H 4)3]:

6K(NC4H 4) +  3 B 2H 0 =  2 K [B H (N C 4H 4)3] +  4 K [B H 4]

2 К [BH (N C4H 4)3] +  B 2H„ =  2 B (N C 4H 4)3 +  2 К  [B H 4] (3)

4 . BiNC.H,)-! m a v  h e  p rep a red  too  b y  th e  reac tio n  of BF„ e th e ra te  w ith  
K [B H (N C 4H 4)3] in  e th e r :

K [B H (N C 4H 4)3] +  B F 3 =  B (N C 4H 4)3 +  K [B H F 3] (4)

T h e  K [B H F 3] reac ts  in  p a r t  w ith  B F3 a n d  som e B2H e is also fo rm ed  in  th e  
r e a c t io n .

5. S im ilarly  i t  m a y  b e  p repared  fro m  K [B H (N C 4H 4)3] b y  re a c tio n  w ith  
HC1 in  a n  ethereal m e d iu m :

K [B H (N C 4H 4)3] +  HC1 =  B (N C 4H 4)3 +  H 2 +  KC1 (5)

O f th e  above re a c tio n s , (3) and  (4) a re  th e  m o st su itab le  fo r th e  p re p a ra 
t io n  o f  p u re  B(NC4H 4)3. T h e  p ro d u c t th u s  o b ta in e d  is com pletely  w h ite  and  
d o es n o t  becom e co lo u red  even  a fte r lo n g  s ta n d in g . U sing th e  a p p a re n tly  
m o s t  s im p le  reactions (1) a n d  (2), how ever, o n ly  a fa in tly  red -co lo u red  p ro d 
u c t  is o b ta in ab le  an d  th e  co lour of th is  d eep en s  on stan d in g . B u t if  a l i t t le  
N a [ B H 4] or B2H 6 is a d d e d  to  th e  reac tio n  m ix tu re , th e  colour of th e  p ro d u c t 
c a n  b e  red u ced  to  a co n sid e rab le  ex ten t.

T h e  pu re  B(NC4H 4)3 crysta llizes as w h ite  needles. I t  can  be su b lim ed  in  
v a c u u m  betw een  160 a n d  200 °C. The m e ltin g  p o in t of th e  p u rified  m a te r ia l  
is 2 1 1 — 212 °C I t  is re a d ily  soluble in  T H F , m o d e ra te ly  in  benzene , a n d  only  
s l ig h t ly  in  ether.

I n  CC14 so lu tion  th e  В — N stre tc h in g  v ib ra t io n  appears a t  1360 c m _! 
in  a g re e m e n t w ith th e  d a ta  o f  K ö s t e r  [3], w h ile  in  CHC13 it is sh if te d  to  1334 
c m - 1 . T h e  band  a t  1378 c m -1  can be a ss ig n ed  to  th e  skele ta l v ib ra t io n  o f  
p y r r o l  [4] (Fig. 1).

T rip y rro ly lb o ra n e , s im ila rly  to  th e  a lk y l e s te rs  o f boric acid , is se n s itiv e  to  
w a te r .  I n  aqueous m ed iu m  a t  room  te m p e ra tu re  i t  is hyd ro lyzed  to  b o ric  acid  
a n d  p y rro le . I t  is of in te r e s t  th a t  th e  aq u e o u s  so lu tions of fo u r-c o o rd in a ted  
a n io n ic  derivatives of B (N C 4H 4)3 (e.g. K [B (N C 4H 4)4], K [B H (N C 4H 4)]3) a re  
m u c h  m o re  stab le  th a n  th e  co rrespond ing  an io n ic  deriv a tiv es  o f  B (O R )3 
(e.g N a[B (O R ).j] [5] a n d  N a [B H (O R )3] [6]).
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R ap id  m eth an o ly sis  occurs on tre a tm e n t w ith  m e th a n o l a t  room  te m p e r
a tu re  an d  th e  tr ip y rro ly lb o ra n e  is q u a n tita tiv e ly  c o n v e rte d  to  B (O C H 3)3.

In  e therea l so lu tio n  tr ip y rro ly lb o ra n e  reac ts  w ith  a c e tic  ac id  (in a mole 
ra t io  of 1 : 3) to  form  B 20 (0 A c ) ;1:

2 B(N C4H 4)3 +  6 HO A c =  B20 ( 0 Ac)4 +  6 NC4H 5 +  Ac20  (6)

B(N C4H 4)3 d issolves in  liqu id  am m onia ; a f te r  e v a p o ra tio n  o f th e  am m onia, 
a com pound  of co m p o sitio n  H 3N • B(NC4H ,)3 is o b ta in e d , w h ich  is su rp ris in g ly  
in sen sitiv e  to  m o is tu re . S im ilarly , B(NC4H ,)3 re a c ts  w ith  p y rid in e  a t room

F ig . 1. In f ra re d  s p e c tru m  o f  t r ip y r ro ly lb o ro n  b e tw e e n  8 5 0 — 1600 c m  1 in  CC14 (— ) a n d  in
C H C !3 (. . . .), so lu tio n  C  — 0 .0 1 M

te m p e ra tu re . T he p ro d u c t form ed dissolves in  p y rid in e  on  h e a tin g ; on cooling, 
w h ite  c rysta ls  o f a su b s ta n c e  of com position  C5H 5N  • B (N C 4H 4)3 sep a ra te  
o u t.

H ow ever, in  c o n tra s t  to  s tro n g  L ew is-acids su ch  as tr ia ry lb o ran es  
(e.g. B P h 3), tr ip y rro ly lb o ra n e  does n o t re a c t u n d e r  th e  n o rm al conditions 
w ith  P P h 3 [7], sod ium  an d  p o tassiu m  [8], sod ium  and  p o ta ss iu m  am algam s 
[9], or KCN [10].

In  a T H F  m ed ium  it  reac ts  sm o o th ly  w ith  K (N C 4H 4) an d  p o tassiu m  
te tr a p y r ro ly lb o ra te  is fo rm ed :

B (N C 4H 4)3 +  K (N C 4H 4) =  K [B (N C 4H 4)4] (7)

I t  reac ts  im m e d ia te ly  w ith  pheny l lith iu m  in  e th e r , an d  a f te r  e v ap o ra 
tio n  o f th e  e th e r  a co m p o u n d  of com position  K [B (C eH 5) (NC4H ,)3] sep a ra tes  
o u t from  aqueous so lu tio n  on tre a tm e n t w ith  KC1:

B (N C 4H 4)3 +  L iC „H 5 L i[B (C eH 5) (N C4H 4)3] (8)

l* A c ta  C h im , ( B u d a p e s t)  70, 1971
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L i[B (C 6H 5) (NC4H 4)3] +  KC1 K [B (C cH .) (N C4H 4)3] +  LiCl (9)

L iH  an d  N aH  re a c t lik ew ise  in  boiling e th e r  an d , a f te r  th e  rem o v a l of 
th e  e th e r ,  t re a tm e n t of th e  a q u e o u s  so lu tion  w ith  CsCl lead s to  th e  sep a ra tio n  
o f a w h ite  com pound of c o m p o s itio n  C s[B H (N C 4H 4)3]:

B (N C 4H 4)3 LilIe;hrer̂  L i[B H (N C 4H 4)3] (or N a sa lt) C s[B H (N C 4H 4)3]

( 10)

I t  is know n th a t  N a H  does n o t  re a c t w ith  d ib o ran e  in  e th e r  [11]. W ith  
B (N C 4H 4)3 in  e th e r, h ow ever, N a H  reac ts  read ily  w ith  th e  fo rm a tio n  of 
N a [B H (N C 4H 4)3] and  th is  l a t t e r  com pound  reac ts  w ith  d ib o ran e  to  yield 
N a [B H 4] w hile th e  B(NC4H 4)3 u sed  in  th e  reac tio n  is reco v ered . T h u s B (N C 4H 4)3 
a c ts  as a c a ta ly s t for th e  re a c tio n  b e tw een  N aH  an d  B2H 6:

2 N aH  +  2 B (N C ,H 4)3 2 N a[B H (N C 4H 4)3] (11)

2 N a[B H (N C 4H 4)3] +  B 2H e 2 N a [B H 4] +  2 B (N C 4H ,)3 (12)

i.e. th e  o v era ll reac tio n  is

2 N aH  +  B 2H n 2 N a [B H (] (13)

B (O C H 3)3 has a sim ilar role in  th e  p re p a ra tio n  of N a [B H 4] b u t  in  th is  case the  
r e a c tio n  c a n n o t be acco m p lish ed  in  e th e r  [12, 13].

I n  c o n tra s t to  th e  p re c e d in g  reac tio n s, a c o m p o u n d  of com position  
K [B (O R ) (N C ,H 4)3] can n o t b e  p re p a re d  from  K (O R ) (R  =  C H 3, C0H 5). In  
T H F  th e  follow ing reac tio n  ta k e s  p lace :

4 B(NC4H 4)3 +  3 K (O R ) =  3 K [B (N C 4H ,)4] +  B (O R )3 (14)

Discussion

T h e  chem ical p ro p e rtie s  o f a th ree -co o rd in a ted  b o ro n  co m p o u n d  are 
d e te rm in e d  basically  b y  th e  L ew is-ac id  s tre n g th  o f th e  c o m p o u n d  in  question . 
I n  th e  am m in e  com plexes of b o ro n  com pounds (e.g. H 3N  • B (C H 3)3) th e  s tre tc h 
in g  f re q u e n c y  of th e  B -N  b o n d  is to  be found  in  th e  reg io n  o f 1100 c m “ 1 
[14]. I n  th o se  th re e -c o o rd in a te d  b o ro n  com pounds w h ere  р л—р л bond ing  
is p o ss ib le  be tw een  th e  В a n d  N  a to m s , th e  s tre tc h in g  fre q u e n c y  fo r th e  B —N 
b o n d  a p p e a rs  a t  h igher fre q u e n c y  v a lu es  [15]. F o r th e  case o f th e  triam in e- 
b o ra n e s  in  general th e  g re a te r  th e  v a lu e  of th e  B -N  s tre tc h in g  freq u en cy  th e
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g re a te r  th e  e lec tron  d en sity  on th e  boron  a to m , a n d  acco rd ing ly  th e  w eaker 
th e  Lew is-acid  c h a ra c te r  o f th e  com p o u n d  concerned . T h e  B —N fre q u e n c y  for 
B (N C ,H ,)3 is fo u n d  a t  1360 c m “ 1 (in  CC14). In  th e  case o f B (N R 2)3 ty p e  com 
p o u n d s (w here R  =  H , a lk y l o r a ry l)  th e  B -N  a b so rp tio n  occurs in  th e  range  
1400— 1500 c m “ 1 [16]. T his m ean s t h a t  th e  p„-p„  c h a ra c te r  of th e  B —N bond  
in  B(N C4H 4)3, a lth o u g h  s ig n if ic a n t, is less p ro n o u n ced  th a n  in th e  case o f th e  
sim ple am ines of th e  above  ty p e , an d  hence B (N C 4H 4)3 m u st be  a s tro n g e r  
L ew is-acid  th a n  th ese  co m p o u n d s. This find ing  is u n am b ig u o u s ly  su p p o rte d  
b y  th e  chem ical reac tio n s o f B (N C 4H 4)3:

a) W ell-defined  com plexes a re  o b ta in ed  w ith  am in es (N H 3, p y rid in e ).
b) I t  re ad ily  reac ts  w ith  L iH  or N a l l  an d  K (N C 4H 4), LiCnH 5 w ith  th e  

fo rm a tio n  o f s tab le  sa lts  (L i[B H (N C 4H .).,|, N a [B H (N C 4H .)3], K [B (N C 4H .)4], 
L i[B (C eH 5)(N C4H 4)3]) (reac tio n s (7), (8), and (10)).

Such d e riv a tiv e s  of th e  B (N R ,)3 ty p e  co m p o u n d s  are  n o t k n o w n . F ro m  
th e  in fra red  spectro scop ic  d a ta  a n d  th e  above re a c tio n s , i t  can  be concluded  
th a t  B(NC4H 4)3 is a s tro n g e r L ew is-ac id  th a n  th e  tr ia m in o b o ra n e s .

Since th e  B -N  b o n d s in  tr ip y rro ly lb o ra n e  h a v e  a s ig n if ican t p r—p„ 
c h a ra c te r , i t  is n o t ex p ec ted  to  b e  a Lew is-acid  o f s tre n g th  s im ila r to  th a t  
o f  В 2Н Г), B F 3 or B P h 3. D ire c t ch em ica l p ro o f o f th is  is th a t  K [B (N C 4H 4)4] 
gives B(NC4H 4)3 w ith  B F 3, as does K [B H (N C 4H 4)3] w ith  B F 3 or B 2H ß (reac 
tions (1), (3) an d  (4)). T he fa c t t h a t  B (N C 4H 4)3 does n o t  r e a c t w ith  N a , K ,N a /H g , 
К /H g , P P h 3 or w ith  K C N  p o in ts  to  th e  w e a k e r L ew is-acid  c h a ra c te r  of 
B (N C 4H 4)3 co m p ared  w ith  B P h 3. T h is  la t te r  is also p ro v e d  b y  th e  re a c tio n  be
tw een  B(NC4H ,)3 an d  p h e n y l lith iu m  w here L i[B (C eH 5)(N C4H 4)3] is fo rm ed  
an d  no t L i[B P h ,]  an d  L i[B (N C 4H 4)4] (reac tio n  (8)).

F rom  th e rm o d y n am ic  [17] a n d  spec tro scop ic  [16] d a ta  i t  h as  been 
p ro v ed  th a t  in  bo ron  co m pounds th e  N  atom s are  ca p a b le  o f m ore s ig n if ican t 
b ack -c o o rd in a tio n  co m p ared  w ith  О a tom s. F ro m  o u r s tu d ie s , h o w ev er, 
B (N C 4H ,)3 is a d e fin ite ly  s tro n g e r  Lew is-acid th a n  th e  a lk y l e s te rs  o f bo ric  
ac id . B (N C jH 4)3 gives w e ll-defined  com plexes w ith  b o th  N H 3 a n d  p y rid in e , 
w hereas B (O C H 3)3 form s com plexes only  w ith  v e ry  s tro n g  L ew is-bases (R N H .„ 
p ip e rid in e , e tc .). S im ilar com plexes o f h igher a lk y l e s te rs  are  u n k n o w n  [18]. 
T h e  course o f th e  re a c tio n  b e tw e e n  B(NC4H 4)3 a n d  K (O C H 3) (reac tio n  (14)) 
is also in ag reem en t w ith  th e  s tro n g e r  Lew is-acid c h a ra c te r  of tr ip y rro ly lb o ra n e  
co m p ared  to  th e  m e th y l e s te r  o f b o ric  acid.

The p h en y l e s te r o f bo ric  ac id  gives s ta b le  com plexes w ith  N H 3 an d  
p y rid in e  s im ila r to  B(N C4H 4)3, b u t  K (O C riH 5) re a c ts  w ith  B(N C4H 4)3 sim ila rly  
to  K (O C H 3). On the basis of th is , i t  is p robab le  t h a t  tr ip y rro ly lb o ra n e  is also 
a s tro n g e r Lew is-acid  th a n  th e  p h e n y l es te r of b o ric  acid .

The re la tiv e ly  s tro n g  L ew is-acid  c h a ra c te r  o f B (N C 4H 4)3 is c lea rly  a 
consequence o f th e  a ro m a tic  c h a ra c te r  of th e  p y rro le  ring  w h ich  reduces 
b a ck -co o rd in a tio n  co n sid erab ly .

A c ta  C h im . (B u d a p e s t)  70 , 1971
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Experim ental

I n  a il cases e x p e r im e n ts  w e re  c a rr ie d  o u t  in  a b s o lu te  so lv e n ts  in  a  d r y ,  o x y g e n -fre e  
a tm o s p h e r e .  O u r m e th o d s  w e re  in  th e  b ro a d  d e ta i ls  id e n t ic a l  w ith  th e  a n a e r o b ic  m e th o d s  o f 
H e r z o g  a n d  D e h n e r t  [1 9 ]. B F 3, BC13 a n d  B2H f> w e re  p r e p a re d  b y  th e  m e th o d s  o f  B o o th  
a n d  W il s o n  [20], G a m b l e  [2 1 ] a n d  B r o w n  a n d  T i e r n e y  [2 2 ], r e s p e c t iv e ly ,  a n d  K (N C 4H 4) 
b y  a  m e th o d  sim ila r to  t h a t  o f  I s s l e i b  a n d  B r a c k  (see  [2 ]). K [B H (N C 4H 4)3] w a s  p re p a re d  b y  
o u r  o w n  m e th o d  [2]. T h e  N a H  u s e d  w a s  o b ta in e d  f ro m  F lu k a ,  a n d  th e  L iH  f ro m  B D H . In f ra re d  
s p e c t r a  w e re  re co rd e d  o n  a  U n ic a m  M odel S P  200 G  s p e c tro m e te r  in  a b o u t  0 ,01  M  CC14 a n d  
C H C 13 s o lu tio n  a t  a n  o p t ic a l  p a t h  le n g th  o f  0 .253  m m .

P r e p a r a t io n  o f  t r ip y r ro ly lb o ra n e , B (N C 4H , ) 3

a )  11.9 m l (94 m m o le s )  o f  B F 3 e th e r a te  in  20 m l o f  e th e r  is slow ly  a d d e d  to  a  c o n tin u o u s ly  
s t i r r e d  su sp e n s io n  o f  7.15 g  (68  m m o le s )  o f  K (N C 4H 4) in  60 m l o f e th e r .  T h e  r e a c t io n  m ix tu re  
is  s t i r r e d  fo r  an  h o u r a n d  t h e n  f i l t e r e d ;  th e  so lid  re s id u e  is e x tr a c te d  s e v e ra l  t im e s  w ith  th e  
f i l t r a t e ,  t h e n  th e  B (N C 4H 4)3 s e p a r a t e d  b y  e x tr a c t io n  w i th  8 0 — 100 m l o f  b e n z e n e .  T h e  b e n ze n e  
s o lu t io n  is cooled  a n d  th e  s e p a r a t e d  t r ip y r ro ly lb o ra n e  f i l te r e d .  T h e  b e n z e n e  a n d  e th e r  so lu tio n s  
a r e  c o m b in e d  an d  e v a p o r a te d :  t h u s  a  f u r th e r  s ig n if ic a n t  a m o u n t  o f  B (N C ,H 4)3 c a n  b e  o b ta in e d .

Y ie ld :  2 .8 — 3.1 g ( 5 9 — 6 5 % ) .

T h e  p r o d u c t  th u s  o b ta in e d  h a s  a  f a i n t  re d  co lou r. E v e n  r e p e a te d  e x t r a c t io n  w i th  b e n ze n e  d id  
n o t  l e a d  to  a c o m p le te ly  w h i te  p r o d u c t .  I f  a  l i t t le  N a [ B H 4] is a d d e d  to  th e  r e a c t io n  m ix tu re  
( 0 .2 — 0 .3  g to  7.15 g o f  K (N C 4H 4)), a f te r  r e c ry s ta l l iz a t io n  f ro m  b e n z e n e  th e  p r o d u c t  is m u ch  
p u r e r  a n d  co m p le te ly  w h ite .  A n  e v e n  p u re r  p ro d u c t  is o b ta in e d  if  th e  r e a c t io n  is c a r r ie d  o u t 
in  T H F  in  th e  p resen ce  o f  a  l i t t l e  N a [ B H 4] a n d  B 2H 6. T h e  B (N C 4H 4)3 c a n  b e  p r e p a re d  in  th e  
f o r m  o f  w h ite  c ry s ta ls  b y  a d d i t i o n  o f  e th e r  to  a  c o n c e n tr a te d  so lu tio n  in  T H F .

C jo IljoY gB  (209.06). C a lcd . В  5 .1 7 , N  20.10;
F o u n d  В  5 .2 0 , N  1 9 .9 8 % .

b )  6 .45  g (55 m m o le s)  o f  BC13 is d isso lv ed  in  40 m l o f  e th e r  a n d  th e  s o lu t io n  o b ta in e d  
is  a d d e d  w ith  slow s t i r r in g  to  a  s u s p e n s io n  o f 16.2 g (1 5 4  m m o le s)  o f  p y r ro le  p o ta s s iu m  in  e th e r . 
A f t e r  t h e  a d d it io n , s t i r r in g  is  c o n t in u e d  fo r  h a lf  a n  h o u r  a n d  th e  m ix tu r e  t h e n  f i l te re d . T h e  
r e s i d u e  is  e x tra c te d  2— 3 t im e s  w i th  th e  e th e re a l  f i l t r a te .  B (N C ,H ,)3 is o b ta in e d  fro m  th e  
m a t e r i a l  re m a in in g  o n  th e  f i l t e r  b y  e x tr a c t io n  w i th  b e n z e n e . B y  e v a p o r a t io n  o f  th e  f i l t r a te  
f r o m  t h i s  e x tra c t io n ,  a  s l ig h t ly  im p u r e  p ro d u c t  is o b ta in e d .

Y ie ld :  7 .5 — 8.0 g (7 0 — 7 5 % ) ,  s tro n g ly  c o lo u re d .

c )  6 .0  g (56 m m o le s) o f  p y r r o le  p o ta s s iu m  is s u s p e n d e d  in  120 m l o f  e th e r .  D u r in g  2— 2.5 
h o u r s  a t  ro o m  te m p e ra tu r e  a  B 2H G—N 2 m ix tu re  c o n ta in in g  1.09 g (39 .2  m m o le s )  o f  B 2H fi is 
i n t r o d u c e d  in to  th e  su s p e n s io n  w i t h  v ig o ro u s  s t i r r in g .  A t  t h e  b e g in n in g  (u p  to  0 .7 8  g) th e  B 2H ,; 
r e a c t s  q u ic k ly ;  fo llow ing  th i s  t h e  r e a c t io n  slow s d o w n  a n d  a c c o rd in g ly  th e  r a te  o f  in tro d u c t io n  
o f  B 2H 6 m u s t  be s u b s ta n t ia l ly  d e c re a s e d .  A fte r  th e  a d d i t io n  o f  th e  B 2H G, s t i r r in g  is c o n tin u e d  
f o r  3 — 4 h o u rs  an d  th e  s o lu t io n  t h e n  f il te re d . B (N C 4H 4)3 is e x tr a c te d  f ro m  th e  so lid  re s id u e  
w i t h  b e n z e n e .  T h e  p r o d u c t  is  p u r e  w h ite  a n d  is n o t  c o lo u re d  o v e r a lo n g  p e r io d  o f  tim e .

Y ie ld :  2 .5— 2.7 g (6 3 — 6 8 % ) .

d )  1.76 m l (14 m m o le s )  o f  B F 3 e th e ra te  in  10 m l o f  e th e r  is a d d e d  in  0 .5 — 1 h o u r  w ith  
s t i r r i n g  to  a  su sp en sio n  o f  2 .4 9  g  (1 0  m m o les) o f  w e ll-p o w d e re d  K [B H (N C 4H 4)3] in  3 0 — 40 m l 
o f  e t h e r .  A  g as s c ru b b e r  f i l le d  w i t h  a c e to n e  is c o n n e c te d  to  th e  r e a c tio n  v e s se l  to  a b so rb  th e  
s m a l l  a m o u n t  (1 0 — 2 0 %  o f  t h e  s to ic h io m e tr ic  q u a n t i t y )  o f  B 2H G fo rm e d  d u r in g  th e  re a c tio n : 
a f t e r  a  f u r th e r  h o u r’s s t i r r in g  t h e  r e a c tio n  m ix tu re  is  f i l te r e d  a n d  th e  B (N C ,H 4)3 se p a ra te d  
f r o m  t h e  re s id u e  as a b o v e . T h e  q u a l i t y  o f  th e  p r o d u c t  is th e  sa m e  as t h a t  o f  th e  p r o d u c t  b y  th e  
p r e v i o u s  m e th o d .

Y ie ld :  1.75— 1.9 g (8 4 — 9 0 % ) .

A c ta  C h im . ( Budapest)  70, 1971
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Preparation of ammine-tripyrrolylborane, H3N • B(I\C4H 4) 3

N a -d r ie d  N H 3 is co n d en sed  o n to  2 .0 9  g (10  m m o le s)  o f  p u r i f ie d  B (N C 4H 4)3 u n t i l  th e  
l a t t e r  h a s  c o m p le te ly  d isso lv e d . T h e  N H 3 is th e n  e v a p o r a te d  off. D u r in g  th e  c o n c e n t r a t io n  o f  
t h e  s o lu tio n , w e ll- fo rm e d  c ry s ta ls  s e p a r a t e  o u t ,  b u t  a f te r  th e  c o m p le te  e v a p o ra tio n  o f  t h e  N H 3 
th e s e  d is in te g ra te  in to  a p o w d e red  p r o d u c t .  T h e  l a s t  t r a c e s  o f  N H 3 a re  r e m o v e d  in  v a c u u m . 
T h e  y ie ld  is a lm o s t  q u a n t i ta t iv e .

C j. H , 5N 4B  (2 2 6 .0 9 ). C a lcd . В  4 .7 8 . N  2 4 .7 8 , C 6 3 .7 5 , H  6 .69 ;
F o u n d  В 4 .8 1 , N  2 4 .2 1 , C 63 .4 4 , H  6 .6 2 % .

Preparation of pyridine-tripyrrolylborane, C5H5N ■ B(NC,H,)3

6 m l o f  a b s o lu te  p y r id in e  is a d d e d  to  1.05 g (5 m m o le s )  o f  B (N C 4H 4)3. A p o w d e re d  s u b 
s ta n c e  s e p a ra te s  o u t  w i th  e v o lu tio n  o f  h e a t .  I f  th e  t e m p e ra tu r e  is ra is e d  to  100— 110 °C , a  c le a r  
s o lu t io n  is o b ta in e d  f ro m  w h ic h  th e  p r o d u c t  s e p a ra te s  o u t  a s  c ry s ta ls  o n  slow  c o o lin g  to  0 °C. 
T h e  so lu t io n  is f i l t e r e d ,  w a sh e d  w i th  e th e r  a n d  d r ie d . A  f u r th e r  sm a ll  a m o u n t  o f  m a te r i a l  m a y  
b e  o b ta in e d  f ro m  th e  so lu tio n  b y  p r e c ip i t a t io n  w ith  e th e r .

Y ie ld :  1 .25 g (8 6 .5 % ), w h i te  c ry s ta l l in e  m a te r ia l .

C 17H 17Y 4B (2 8 8 .1 6 ). C alcd . В 3 .7 5 , N  19 .44 ;
F o u n d  В 3 .7 6 , N  19.18% ,.

Preparation of potassium tetrapyrrolylborate, K[B(NC4H4) 4]

2 .09  g (10 m m o le s )  o f  B (N C 4H 4)3 in  T H F  is a d d e d  w i th  s t i r r in g  to  a s u s p e n s io n  o f  1.2 g 
o f  p y r ro le  p o ta s s iu m  in  T H F . A  la rg e  p a r t  o f  th e  p y r ro le  p o ta s s iu m  re a c ts  d u r in g  th i s  t im e .  
T h e  so lu tio n  is r e f lu x e d  fo r h a lf  an  h o u r ,  c o o le d , t r e a te d  w i th  c h a rc o a l  a n d  f i l te re d .  T h e  f i l t r a te  
is  e v a p o ra te d  a n d  th e  p ro d u c t  s e p a ra te d  o u t  b y  th e  a d d i t io n  o f  e th e r .

Y ie ld ; 2 .5 — 2.7 g (8 0 — 8 6 % ).

C 1(iH „ ;Y 4B K  (3 1 4 .2 7 ). C alcd . К  12 .44 , В  3 .44 , N  17 .83 ;
F o u n d  К  1 2 .6 5 , В  3 .46 , N  17.70% ,.

Preparation of potassium phenyltripyrrolylborate, К[В(СвН,)(1ЧС4Н4) 3]

20 m l o f  e th e r  is  a d d e d  to  2 .0 9  g (10 m m o le s)  o f  B (N C 4H 4)3. A n  e q u iv a le n t  a m o u n t  
(1 0  m m o le s) o f  p h e n y l  l i th iu m  in  e th e r  so lu t io n  is a d d e d  to  th e  su sp e n s io n  w i th  s t i r r in g .  T h e  
B (N C 4H 4)3 d isso lv e s  c o m p le te ly  a n d  tw o  p h a se s  a p p e a r .  T h e  so lu tio n  is s t i r r e d  fo r  a n  h o u r , 
t h e n  e v a p o ra te d  to  d ry n e ss . 10 m l o f  w a te r  is a d d e d ,  th e n  a  l i t t le  c h a rc o a l ,  a n d  a f t e r  s t i r r in g  
fo r  1 2 h r . th e  m ix tu r e  is f il te re d . A  c o n c e n tr a te d  a q u e o u s  so lu tio n  o f  7— 8 g o f  KC1 is a d d e d  
d ro p w ise  to  th e  f i l t r a t e  a n d  th e  p r o d u c t  s e p a ra te s  o u t  in  th e  fo rm  o f  w h ite  m ic ro c ry s ta ls .  
T h e s e  a re  f i l te re d  o f f  a n d  w ash ed  a lk a l i  f re e  w i th  10%, KC1 s o lu tio n ;  th e  KC1 is w a s h e d  o u t  w ith  
a  l i t t le  co ld  w a te r ,  a n d  th e  p ro d u c t  d r ie d  in  v a c u u m  a t  60  —70 °C. T h e  c o m p o u n d  m a y  b e  p u r i 
f ie d  b y  a  f u r th e r  KC1 p re c ip ita t io n  f ro m  a q u e o u s  so lu tio n .

Y ie ld ; 2 .5 — 2.7 g (7 7 — 83 °,,) .

C 18H 17X 3B K  (3 2 5 .2 7 ). C alcd . К  1 2 .0 2 , В  3 .32 , N  12 .92 :
F o u n d  К  1 1 .83 , В  3 .30 , N  12.36% ,.

Preparation of cesium hydrotripyrrolylborate, Cs[BH(NC4H4)3]

20 m l o f  e th e r  is  a d d e d  to  1.05 g  (5 m m o le s)  o f  B (N C ,H 4)3; th is  is fo llo w ed  b y  0 .0 4 5  g 
(5 .6 5  m m o le s) o f  L iH  w ith  s t ir r in g . T h e  re a c tio n  m ix tu r e  is r e f lu x e d  fo r  2.5 3 h o u r s  d u r in g
w h ic h  t im e  th e  B (N C ,H 4)3 a n d  th e  L iH  r e a c t  a n d  o n ly  a  sm a ll a m o u n t  o f  so lid  r e s id u e  c a n  be  
se e n  in  th e  so lu t io n .  T h e  e th e r  so lu t io n  is  e v a p o ra te d  to  d ry n e s s , 10 m l o f  w a te r  is  a d d e d ,  a n d

A cta  Chim . (B u d a p e s t)  70 , 1971



8 SZARVAS et al.: TR IPY R R O L Y L B O R A N E

t h e  so lu t io n  s t i r r e d  fo r  h a l f  a n  h o u r  a n d  th e n  f i l te r e d  (w i th  th e  a d d it io n  o f  a  l i t t le  c h a rc o a l  
th e  so lu t io n  m a y  b e  f i l t e r e d  p u r e ) .  10 m l o f  an  a q u e o u s  s o lu t io n  o f  1.05 g (6 .0  m m o le s )  o f  CsCl 
is  a d d e d  d ro p w ise  w ith  s t i r r in g  to  t h e  c lea r f i l t r a te  a n d  t h e  p r o d u c t  s e p a ra te s  o u t  in  th e  fo rm  
o f  w h i te  m ic ro c ry s ta ls .  A f t e r  s ta n d in g  fo r a sh o r t  t im e  th e  s u b s ta n c e  is f i l t e r e d  o ff , w a sh e d  
a lk a l i- f r e e  w ith  sm a ll a m o u n t s  o f  c o ld  w a te r  ( to ta l  30 m l)  a n d  d r ie d  in  v a c u u m  a t  6 0 — 70 °C.

Y ie ld :  1.55— 1.6 g  (9 0 — 9 3 .5 % ).

T h e  s u b s ta n c e  c an  b e  p u r i f ie d  b y  re c ry s ta ll iz a t io n  f r o m  m e th a n o l .

C s[B H (N C ,H 4)3] c a n  b e  p r e p a re d  s im ila r ly  a lso  w i th  so d iu m  h y d r id e .  I n  t h i s  c ase  th e  
r e a c t io n  p ro c e e d s  m o re  s lo w ly , a n d  th e re fo re  i t  is  n e c e s s a r y  to  r e f lu x  th e  r e a c t io n  m ix tu r e  fo r  
4 — 5 h o u rs .

C joH ^N gB C s (342 .97 ). C a lc d . Cs 3 8 .7 5 , В 3 .15;
F o u n d  Cs 3 9 .0 9 , В  3 .1 4 % .
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D E S C R IP T IO N  OF F I R S T  O R D E R  P H A S E  
T R A N S F O R M A T IO N S  B Y  P O T E N T IA L  T H E O R Y

L. M e z e y

(D epartm ent o f  Physics, U n iversity  o f  A gricu ltura l Sciences, Gödöllő)  

R ece iv ed  A p r i l  18, 1970

A  su rv e y  a n d  g e n e ra liz a tio n  w a s  m a d e  o f  so m e  fu n d a m e n ta l  r e s u l ts  in  c o n n e c tio n  
w i th  th e  s t a t i s t i c a l  th e rm o d y n a m ic s  o f  p h a s e  t r a n s fo rm a tio n s .  A n  a s s u m p t io n  w as 
m a d e ,  in  a g re e m e n t  w i th  th e  l i t e r a tu r e  d a t a ,  fo r  th e  d is t r ib u t io n  o f  t h e  z e ro  s i te s  o f  
th e  p h a se  in te g ra ls ,  a n d  th e n  th e  c o n s e q u e n c e s  a p p e a r in g  in  th e  fo rm a lism  o f  t h e  in v e r s e  
L a p la c e  t r a n s f o rm a t io n  w ere  d is c u s se d . N e x t  th e  r e la t io n  b e tw e e n  th e  c h a r a c t e r i s t i c  
fu n c tio n s  o f  th e  ‘tw o -d im e n s io n a l’ e l e c t r o s t a t i c  f ie ld  a n d  th e  f ie ld  d e s c r ib e d  b y  th e  
‘c o m p le x  p o te n t i a l s  o f  s ta t is t ic a l  t h e r m o d y n a m ic s ’ w a s  d e f in e d . I n  th e  c o u r s e  o f  th e  
a n a ly s is  o f  th e  r e la t io n ,  th e  p h y s ic a l m e a n in g  o f  th e  fo rm a lism  r e c o m m e n d e d  f i r s t  b y  
L e e  a n d  Y a n g  is  p o in te d  o u t. T h e  in v e r s io n  o f  th e  a p p lie d  c o n s id e r a t io n s  sh o w s  
h o w  th e  t r e a tm e n t  o f  p h a se  t r a n s f o rm a t io n s  fo llo w s fro m  th e  d if fe re n c e s  b e tw e e n  th e  
s t r u c tu r e s  o f  th e  in d iv id u a l  p h a se s .

1. In tro d u c tio n

T h e  com plete  descrip tio n  of p h a se  tra n s fo rm a tio n s  can n o t he  co n sid ered  
a so lved  q u es tio n  in  e ith e r  phen o m en o lo g ica l or s ta tis tic a l th e rm o d y n a m ic s . 
T he g re a te s t  p ro g ress  w as produced b y  th e  w o rk  of T isza  [1], Se m e n c h e n k o

[2] a n d  F é n y e s  [3] concerning p h en o m en o lo g ica l th e rm o d y n a m ic  th e o ry . 
A ccord ing  to  T isz a , th e  n a tu re  of th e  m a tr ix  ch arac teriz in g  th e  s ta b i l i ty  of 
th e  e q u ilib riu m  s ta te  o f a stud ied  sy s te m  d e te rm in e s  in how m a n y  p h a se s  th e  
sy s te m  e x is ts ; th e  p h a se  changes o ccu r in  o rd e r  th a t  th e  system  av o id  an  u n 
s ta b le  s ta te .

F o r  a long tim e  s ta tis tic a l th e rm o d y n a m ic s  were regarded  as u n s u ita b le  
for th e  t r e a tm e n t  o f th e  problem , fo r  e x a m p le  as found b y  T e m p e r l e y  [4], 
since p h a se  in teg ra ls  (p a r titio n  fu n c tio n s)  p la y in g  a cen tra l role in  s ta t is t ic a l  
th e rm o d y n a m ic s  a re  con tinuous fu n c tio n s , d iffe ren tiab le  an y  n u m b e r  of 
tim es  w ith  re sp ec t to  th e ir  a rg u m en ts . I n  th e ir  th e o ry  rep o rted  in  1952, L e e  

an d  Y a n g  [5] gave th e  f irs t, and  so fa r  th e  o n ly , generally  a c c e p ted  d e sc rip 
tio n  o f  p h ase  tra n s fo rm a tio n s  from th e  v ie w p o in t of s ta tis tic a l th e rm o d y n a m 
ics. T h e y  have  sh o w n  th a t  phase c h a n g e s  c a n  occur only in ‘in f in ite ly  la rg e ’ 
sy s tem s  an d  th a t  fo r th e ir  descrip tion  (w h ich  th e y  perform ed in th e  g ra n d c a n o n - 
ical a ssem bly ) th e  g randcanon ical p a r t i t io n  fu n c tio n  m ust he e x a m in e d  as 
th e  fu n c tio n  of complex  fugacity . T h e y  re la te d  th e  sites of the  p h a se  t r a n s fo r 
m a tio n s  w ith  th e  zero  s ites of the  co m p lex  g ran d can o n ica l p a r ti t io n  fu n c tio n .
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P h a se  change d esc rip tio n s  w hich w ere m o re  o r less analogous w ith  th e  
th e o ry  o f  L e e  an d  Y a n g  w ere  given b y  L e w is  a n d  S ie g e r t  [6, 7] a n d  b y  
J o n e s  [8] in  p ressu re  a n d  can o n ica l assem bly , re sp ec tiv e ly , in  1956 an d  1966. 
G ro ssm a n n  [9] d e a lt w ith  second  o rder p h ase  tra n s fo rm a tio n s  in  can o n ica l a s 
sem b ly .

A s concerns th e  L e e — Y a n g  d esc rip tio n , i t  is s till an  open q u e s tio n  
w h e th e r  th is  is th e  o n ly  possib le  m eth o d  o f t r e a tm e n t  [10]. A t all e v e n ts , th e  
u se fu ln ess  of th e  L e e — Y a n g  th e o ry  w as a lre a d y  d em o n stra ted  in  1952 in  
th e  tw o -d im en sio n a l I s i N G  m odel [11], a n d  s ince  th e n  such a d esc rip tio n  o f 
p h ase  tra n s fo rm a tio n s  in  v a rio u s  m odels h as  b e e n  successful in  n u m e ro u s  
cases. I n  th e  p re se n t w o rk , th e re fo re , we se t o u t fro m  th is  form alism .

W e t r y  to  give a n  an sw er to  th e  q u e s tio n  of w hy d ifferen t a u th o rs  
co u ld  a rr iv e  a t  an a logous re su lts  for th e  v a r io u s  assem blies, an d  o f w h a t  
th is  fo rm a lism  re flec ts . N a tu ra lly , since th e  c a lc u la tio n  of phase in te g ra ls  
a n d  th e ir  a n a ly tic a l sequels fo r m odels w hich  re f le c t a v a rie ty  of a c tu a l in te r 
a c tio n s  is an  e x trem e ly  d ifficu lt ta sk , for th e  tim e  b e in g  th e re  can be no q u e s 
tio n  o f th e  ‘c o n firm a tio n ’ o f th e  form alism . R a th e r  we shall a tte m p t to  p o in t 
o u t th e  ph y sica l b a c k g ro u n d  o f th e  L e e —Y a n g  d esc rip tio n  w ith  g en e ra liza 
tio n s  a n d  w ith  new  re la tio n s . W e shall deal w ith  so m e questions to u ch ed  u p o n  
here , su ch  as th e  ex is ten ce  o f  com plex p h ase  in te g ra ls  as L aplace tra n s fo rm s , 
th e  d e sc rip tio n  of p h ase  changes in  m icro can o n ical assem bly  will be g iven  in  a 
s u b se q u e n t p a p e r [12].

2. Complex phase  in teg rals an d  ph ase  tran sfo rm ations

In  th e  follow ing, we b rie fly  sum m arize  th e  l i te ra tu re  d a ta  on w h ich  th e  
p re se n t co n sid e ra tio n s are  b ased .

A ccord ing  to  K ubo  [13], th e  canon ica l p h a se  in teg ra l is th e  L a p la c e  
tra n s fo rm  of th e  m ic ro can o n ica l ‘s tru c tu re  fu n c tio n ’ (th e  nam e was g iv en  b y  
H i n c s i n  [14]), w h ils t th e  g ran d can o n ical p a r t i t io n  fu nc tion  is a n  in f in ite  
series o f com plex  v a ria b le s . L e w is  and  S ie g e r t  [6, 7] refer to  th e  p h a se  in 
te g ra l o f th e  p ressu re  a ssem b ly  as th e  L ap lace  tra n s fo rm . N obody  h as  y e t  
d e a lt w ith  th e  co n d itio n s su ffic ien t for th e  ex is ten ce  of th e  L aplace tra n s fo rm ; 
th is  w ill he  th e  su b je c t of a fo rthcom ing  p a p e r  [12].

I n  a n y  case, th e  q u e s tio n  arises in  w h a t reg ions th e  phase in te g ra ls , 
as fu n c tio n s  of co m p lex  v a riab le s , will be  a n a ly tic a l. This question  h as  b e e n  
d e a lt  w ith  in d e p e n d e n tly  of th e  L aplace tra n s fo rm a tio n  theo ry .

U n d e r rea l co n d itio n s m ade to  th e  p o te n tia l  o f th e  in te rac tio n  b e tw e e n  
th e  m olecules, J o n es  [8] confirm ed  th a t  th e  p h a se  in teg ra l o f th e  canonical  
a ssem b ly  (Z) is an  a n a ly tic a l fu n c tio n  of th e  co m p lex  ß  values on th e  Re ß  ]> 0 
h a lf-p lan e . L e e  a n d  Y a n g  [5] confirm ed th e  a n a ly tic a l  n a tu re  of th e  p h a se  
in te g ra l of th e  grandcanonical  assem bly  (0 )  o n  th e  Re z 0 h a lf-p lan e  (z
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is th e  fu g ac ity ). In  th e  p a p e r  of L e w i s  an d  S i e g e r t  [6 ]  on th e  ph ase  in te g ra l 
of th e  p re ssu re  a ssem bly  (У ), i t  w as n o ted  th a t  th is , as a L aplace tra n s fo rm , 
is n ecessarily  an a ly tica l to o  on th e  Re ß P  >  0 ha lf-p lan e .

T h e  p h ase  in teg ra ls  th em selves a re  less im p o r ta n t  c h a ra c te ris tic s  of 
p h ysica l sy stem s th a n  th e  th e rm o d y n a m ic  fu n c tio n s  o b ta in ab le  fro m  th e m . 
As is w ell-know n, for in fin ite ly  large sy stem s s ta t is t ic a l  th e rm o d y n am ics  gives 
re su lts  e q u iv a le n t to  th e  th e rm o d y n am ics . E x tra p o la t io n  from  th e  p ro p e rtie s  
of la rge  b u t  fin ite  sy stem s to  th o se  o f ‘in f in ite ly  la rg e ’ system s is re fe rre d  to  
as fin d in g  th e  ‘th e rm o d y n am ic  lim it’. In  th e  fo llow ing  th is  w ill be d e n o te d  in 
sh o rt b y  th .  lim . T he re su lts  o b ta in ed  in  th . lim . are  ch a ra c te ris tic  o f  an y  
sy stem  o f ‘th e rm o d y n a m ic  d im ension ’ an d  so th e  specific q u a n tit ie s  are 
u sua lly  ca lcu la ted .

L e t us consider th e  follow ing lim its :

- ß n ß . v)  =  N ,  V  — » с о  ( ~  (1 )

- f s v . p . f í - y  ■ * . -  Ь Х Ы М  m
ÍV

o n , т,  « 4  l» 0 ( /? ,z ,F )
— ß P(z,p)  =  F ------ ► °o  ---------— ------- ( á )

w here f  is th e  specific free energy , g th e  specific  free  en th a lp y  and  P  th e  p re s 
su re , ta k in g  in to  acco u n t th e  d e fin itions o f th e se  functions.

In  connec tion  w ith  each  lim it tw o an a lo g o u s theo rem s have b e e n  co n 
firm ed . W e now  q u o te  from  th e  L e e —Y ang  th eo rem s proved  in  co n n ec tio n

.  .. In 6 \ ß , z , V )
w ith  E q . (3). Theorem I:  fo r all p o sitive  v a lu es  o f z, h m --------—--------  ex is ts

к — ~ у
an d  is a m o n o to n o u sly  d ec rasin g  fu n c tio n  of z. Theorem I I :  L et R  be  a reg io n  of 
th e  co m p lex  plane z t h a t  co n ta in s  a p o rtio n  o f th e  p ositive  real ax is ; a n d  le t 
th e  ro o ts  o f th e  eq u a tio n s

0  (z, V, ß) =  0 (4)

no t fa ll in  R  for an y  v a lu e  of V. T h en  th e  ex p ressio n  In 0 /  V  converges u n i
fo rm ly  in  R  to  th e  lim it an d  th e  lim it is an  a n a ly tic a l fu nc tion  in  R.  T he

0
‘o p e ra tio n s ’ z ---- an d  lim  in  R  are  in te rch an g eab le .

3 Z U—•»
R o u e l l e  [15] co n firm ed  a th eo rem  an a logous to  I for a canonical  

a ssem bly , an d  J o nes  [8] p ro v ed  th e  v a lid ity  o f th eo rem  I I  for su ch  an  a s 
sem b ly . ( In  these  proofs Z , ß an d  N a p p e a r  in  p lace of 0 ,  z a n d  V, re 
sp ec tiv e ly .)  L e w is  an d  S ie g e r t  [6, 7] co n firm ed  th e  correctness of th e  tlieo-
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rem s fo r  pressure  assem blies. (H ere  Y , ß P  a n d  N  ap p ea r in  p lace  o f 0 ,  z and  
V,  re sp ec tiv e ly .)

T h e  d esc rip tio n  o f p h ase  tra n s fo rm a tio n s  is based  on th e  su p p o sitio n  
t h a t  d u r in g  d e te rm in a tio n  of th e  lim it d esc rib ed  in  E qs. (1)— (3), th e  roo ts 
of E q . (4) or th e  e q u a tio n s  co rresp o n d in g  to  th is , each converge to  a p o in t 
o f t h e  re a l p ositive  ax is . T h en , again  ta k in g  as an  exam ple th e  w o rk  o f  L e e  
a n d  Y a n g  [5], th e  fo llow ing o b ta in s : in  each  su ch  p o in t z0 tw o  reg ions, R x and  
R 2, a re  in  c o n ta c t w h ich  sa tis fy  th e  co n d itio n s  o f theorem  I I .  T h en , in  th e se  
p o in ts  o f  c o n ta c t o f th e  regions th e  d e n s ity

— —  =  Z — ß P ( z , ß )  (5)
V(z) dz ’

su ffe rs  a ju m p , b u t  w ith in  th e  regions i t  ch an g es  co n tinuously  (for re a l va lues 
o f *).

T h ese  regions m a y  be id en tified  w ith  th e  p h ases  of th e  sy s tem . I t  is easy  
to  see t h a t  th e  d e n s ity  increases w hen  w e p ass  th ro u g h  th e  c ritic a l p o in ts  
s0 to w a rd s  h ig h er z v a lu es :

2 ~  —  =  / — ]2\ - / ( —  П > °  (6)
8z v(z) M  V  /  \ l  V )  /

T h e  o th e r  tw o  p ap ers  [6, 8] describe th e  p h a se  tra n sfo rm a tio n s  in  th e  o th e r  
tw o  assem blies sim ilarly .

F ro m  a co n sid e ra tio n  o f th e  co n cre te  ex am p le  of th e  tw o -d im en sio n a l 
I s i n g  m o d el [11], L e e  a n d  Y a n g  co n firm ed  t h a t  th e  roo ts of 0  lie on  a circle 
o f u n i t  ra d iu s  a b o u t th e  o rig in  in  th .  lim . w ith  a d is tr ib u tio n  fu n c tio n  g(d), 
a n d  th u s  on ly  one p h ase  tra n s fo rm a tio n  is p o ssib le . T hey  also re fe rred  to  th e  
fa c t  t h a t  th e  field  s tre n g th  b eh av es  s im ila rly  to  1 jz  tim es 1 jv(z) in  a n  e le c tro 
s ta t ic  f ie ld  g en era ted  b y  charges ly ing  on a c y lin d e r of in fin ite  le n g th  crossing  
th e  г p la n e  p e rp e n d ic u la rly  in  a circle o f  u n i t  rad iu s . (The d is tr ib u tio n  o f 
ch a rg e  on  th e  cy linder is c o n s ta n t a t  r ig h t ang les to  th e  p lan e . T h e  d is tr i
b u tio n  in  a given p lan e  is described  also b y  g { 0 ) . )  The p o te n tia l  o f such  a 
f ie ld  is ß P .  L e w i s  a n d  S i e g e r t  [6] use  an  e lec tro s ta tic  an a lo g y  to o , an d  
c o m p a re  th e  tre a te d  p ro b lem  w ith  th e  d e sc r ip tio n  of th e  fie ld  of a n  in f in ite  
d ip o le  ch a in .

I n  con n ec tio n  w ith  th e  co rrec tness o f th e  L e e — Y a n g  th e o ry , a decisive 
q u e s tio n  is w h e th e r th e  ro o ts  of 0  in  th e  case o f th . lim . rea lly  do b e h av e  
in  th e  m a n n e r  described  above . I f  for ex am p le  th e y  converge n o t to  a p o in t 
b u t  to  a f in ite  section , th e  usefulness of th e  e n tire  descrip tion  becom es q u es
tio n a b le . B ecause of th e  w ell-know n d ifficu ltie s  connected  w ith  th e  e x a c t 
c a lc u la tio n  of th e  ph ase  in teg ra ls , th is  q u e s tio n  can  still no t be co n sid ered  as 
closed  [10].
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3. G eneralizations

O n th e  basis o f th e  above we now  m ake a few g en e ra liza tio n s  an d  unify 
th e  tre a tm e n t. In  th e  follow ing th e  s tru c tu re  fu n c tio n  is also  in c lu d ed  am ong 
th e  p h ase  in teg ra ls  in  tre a tm e n ts  w here  th e  fo rm alism  o f th e  L ap lace  tra n s 
fo rm a tio n  is used.

T he m ac ro -s ta te  of a th e rm o d y n a m ic  system  is d esc rib ed  b y  th e  values 
o f v ariab les  c h a ra c te r is tic  of th e  re la tio n s  ex isting  w ith  th e  en v iro n m en t of 
th e  sy stem  and  th e  sy stem  itself. T h u s , if th e  sy stem  is c losed  from  th e  po in t 
o f view  of a co n n ec tio n , it is d esc rib ed  b y  th e  ex ten siv e  q u a n t i ty  ch a rac te riz 
ing  th e  connection  in  q uestion , if  op en , b y  th e  in ten siv e  q u a n t i ty  [3], and th is 
w ill be th e  c h a ra c te ris tic  variab le . ( In  th e  follow ing th e se  w ill be  deno ted  b y  
W  an d  tv.) A th e rm o d y n a m ic  c h a ra c te r is tic  fu n c tio n  (K )  [3] belongs to  each 
su ch  connecting  p o ss ib ility , an d  th e  ch a rac te ris tic  v a r ia b le s  of th is  are its 
in d e p e n d e n t v a riab le s . F rom  a s ta tis t ic a l  p o in t of v iew  th e  connection  is 
also ch a rac te rized  b y  a phase in te g ra l Q and  th is  be longs to  t h a t  s ta tis tic a l 
(G ibbs) assem bly  w h ich  describes th e  system s in  th e  co n n ec tio n . T he relation  
b e tw een  th e  tw o is g iven  by  th e  d e fin itio n :

ß К  d e f  In О (7)

T he phase in te g ra l Q is re la te d  to  th e  phase in te g ra l q (w hich  describes 
a connection  w here exchange of a n  ex ten siv e  v a riab le  W  is n o t allowed) by :

Q { w )=  j  e~wWq ( W ) d W  (8)
W  =  Wo

w here  th e  id en tica l ch a ra c te ris tic  v a riab le s  are n o t sh ow n . S ince changes of 
all ex tensives occur in  ‘q u a n tiz e d ’ p o rtio n s , m ore c o rre c tly  th e  S tielties in 
te g ra l should  have  b een  w ritte n  in  p lace  of th e  R iem an n  in te g ra l (8), b u t in 
th e  case of th . lim . it  is clear th a t  th e  difference b e tw een  th e  tw o  d isappears. 
W„ is th e  m in im um  o f th e  ex tensive  W  in  th e  system  s tu d ie d  (ze ro -p o in t energy, 
m in im um  volum e, m in im u m  p a rtic le  n u m b er: 0). W ith  c o o rd in a te  tran sfo rm a
tio n  W  — W  — W 0, E q . (8) assu m es a shape  s im ila r to  th e  L ap lace  tra n s 
fo rm atio n .

T he p re lim inaries ou tlined  in  th e  prev ious sec tio n  c a n  be  generalized 
as follows. F irs t, w ith  Re w >■ 0, p h a se  in teg ra ls  Q(w) a re  a n a ly tic a l functions. 
I t  should  be n o ted  th a t ,  as c h a ra c te r is tic  in tensives w, e n tro p ie  in tensive 
p a ra m e te rs  [3] m u s t be  ta k e n ; th e se  a re  ß , ß P  an d  ßi> fo r can o n ica l, p ressure 
a n d  g ran d can o n ical assem blies, re sp ec tiv e ly , w here v is th e  ch em ica l p o ten tia l 
w hich  is re la ted  to  th e  fu g ac ity  z b y  th e  know n expression
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T h u s  w e  m a y  w rite:

ßv

8
z  —  

dz

ln  Z

8

d(ßv)

( 9 )

T h e  lim its  (1)— (3), h o w e v e r, can  be generalized  in  th e  follow ing w ay. 
L e t J  b e  a  ch a rac te ris tic  e x te n s iv e  v a riab le  or c h a ra c te r is tic  in ten s iv e  va riab le  
d e p e n d in g  on  th e  concrete  r e la t io n ;  le t X  be an  ex te n s iv e  th e  v a lu e  of w hich 
is e s ta b lis h e d  in  th e  g iven  re la t io n ;  w  is th e  in te n s iv e  q u a n t i ty  ‘con tro lling ’ 
th e  d is t r ib u tio n  of th e  v a r ia b le  ex ten s iv e  W  in  th e  g iven  re la tio n ; an d  b is a 
sp ec ific  ex ten siv e  (the ra tio  o f  tw o  extensives) or a n  in te n s iv e . T h en  th e  lim it

- < H ( „ , t ) = j l i m  (Ю)
x-* «= X

does e x is t  fo r iv >  0 (th eo rem  I) , a n d  i t  is a n a ly tic a l fu n c tio n  o f w  in  all re 
g ions R  w h ich  do no t c o n ta in  th e  ro o ts  of any  of th e  e q u a tio n s

Q ( X , w , J )  =  0 (11)

fo r a n y  v a lu e  of X ,  an d  each  c o n ta in s  a p a r t  of th e  re a l p o s itiv e  w  axis (th eo 
re m  I I ) .  T h e  proof follows d ire c tly  from  th e  in te rp re ta t io n  o f th e  th . lim . oper
a tio n , a n d  so it  has been  o m itte d .

T h u s  E q . (5) can  be g en e ra lized : if th e  ro o ts  o f E q . (11) converge to  
s e p a ra te  p o in ts  of th e  rea l p o s it iv e  w  axis in th e  case o f  th .  lim ., th e n  in  these  
p o in ts  th e  specific e x p e c ta tio n  v a lu e s  suffer a ju m p .

Э In Q ( X ,w ,r )  1 8 ln  Q(X, w, r ,)  <JF>
h m  — =  lim    —— ---------- - d e l -----

dw x^«> X  x-~~. X  Эw =  X
( 12)

(<( )> s ig n if ie s  th e  e x p e c ta tio n  v a lu es .)
A s regards th e  sign o f th e  ju m p , since

( W  ] I 1 Э2 In Q (X , w, r) 9
— unci 1----

: X 8tc2 Qw
(13)

on  th e  in c rease  of Re w, — W / X  inc reases; i.e. W j X  d ecreases . (F o r th e  grand- 
c a n o n ic a l assem bly , w ith  th e  p rev io u sly  described  choice o f w, — W j X  =
=  —{— TV/ V  =  -|-g increases.)

F ro m  th e  d is tr ib u tio n  o f  th e  zero sites we k n o w  t h a t  th is  m u st be sy m 
m e tr ic a l  w ith  respect to  th e  x  =  Re w  axis. T h a t  is , fo r  th e  Q(w) L ap lace 
tra n s fo rm s
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Q(w) =  Q(w) (14)

(The b a r  deno tes th e  co m p lex  con jugate .)
T hus, w hile X  > oo th e  regions sy m m etrica l to  th e  x  ax is xvill be  com 

p le te ly  free from  th e  ro o ts  o f E q . (14). T hese  reg ions E ,, R 2 . . . R n co rre 
spond in g  to  phases i =  1, 2, . . .  n  will to u c h  in  p o in ts  x v  x2 . . . х п_ г on  th e  
x  ax is.

L e t us assum e th a t  cu rv es  Cv  C2 . . . Cn confin ing  th e  reg ions c u t  th e  
л; ax is  so th a t  in  th e  r ig h t-h a n d  side lim itin g  p o in t x, o f Е /, th e  n o rm a l n to  
Cj p o in t in  th e  d irec tio n  o f  th e  x  ax is. T his co n d itio n  im poses a m ea n in g  on 
th e  c u rv a tu re  of th e  C,’s viz. because of E q . (14) th e  C,-’s in  a n y  case  cross 
th e  x  axis in  th e  p o in t o f in te rse c tio n  a t  r ig h t angles. T he co n d itio n  does no t 
c o n tra d ic t th e  re su lt fo u n d  fo r th e  tw o-d im ensiona l Is in g  m odel ( th e re , E , =  E t 
w as th e  in te rio r  of th e  circle  o f u n it  rad iu s  a ro u n d  th e  origin).

Э 3
B ecause of th is  co n d itio n , th e  op era tio n s ----- an d  ----- a t  th e  p o in ts  of

dx dn
in te rsec tio n  give e q u iv a le n t re su lts .

B ecause of E q . (14), th e  regions be tw een  th e  E ,’s are  also sy m m etrica l 
a b o u t th e  x  ax is, an d  so b e tw een  E , and  E , _ , lies a reg ion  T , w h ich  co n ta in s 
th e  ro o ts  of E q . (11) fo r a ll va lues of X  sa tis fy in g  th e  co n d ition  X 0 X ; X ü 
is th e  m in im um  of th e  ex te n s iv e  X  in th e  sy stem  in question .

In  a th e rm o d y n a m ic  lim it p re su m ab ly  th e  ro o ts  lie on closed  curves 
D v D., . . . D n. T his a s su m p tio n  w ould he e x trem e ly  d ifficu lt to  c o n firm  (see 
th e  rem ark s o f  J o n e s  in  co n n ec tio n  w ith  th e  zero sites of th e  can o n ica l assem bly  
P ha se in teg ra l [8]). C learly , fo r an y  i D , Ç T

4. Phase changes and the inverse Laplace transform ation

I f  th e  inverse o p e ra tio n  o f L ap lace  tra n s fo rm a tio n  (8) is c a rr ie d  o u t, 
know ing  Q we o b ta in  th e  p h ase  in teg ra l q :

X  + 1 00 +  00

q( W)  =  —— I Q(w)ewWd w — ----- I Q(u>) ewW d y  ( y — i m w )  (15)
2лi J 2л J

X - i ~

F o r a given v alue  of x  =  c, th e  in te g ra tio n  p a th  passes th ro u g h  m  reg ions of 
Rl(m  n), an d  am ong  th e se , th ro u g h  m  —  1 th e  regions of T,-. I n  th e  case of 
th .  lim ., accord ing  to  th e  p rev io u s sec tion , we o b ta in  a lto g e th e r  2 (m  —  1) 
p o in ts  o f in te rsec tio n  w ith  th e  cu rves I), ly*n g sy m m etrica lly  in  p a irs  a b o u t 
th e  x  ax is; th e  in te rv a ls  (y ,_ 15 y () fo rm ing  p a r t  o f th e  reg ion  E , co rre sp o n d  to  
th e  in d iv id u a l phases on th e  s tra ig h t line x  =  c ab o v e  th e  x  ax is, o r  th e  in te r 
v a ls  (—-yi-it —yi) s im ila rly  fo rm ing  p a r t  o f E , below  th e  x  ax is.

Acla Chim. (Budapest) 70, 1971



16 M EZEY : F IR S T  ORDER PHASE TRANSFORM ATIONS

E q . (15) th en  red u ces  to  th e  sum  of m  in te g ra ls :

1 m Г
(?( Í F ) =  V  Q(w) ewW d y  (16)

2л í= i J
Ri

W e  h a v e  ob ta ined  th e  in te re s t in g  resu lt th a t  th e  p h ase  in teg ra l q(W )  in  th e o ry  
c o n s is ts  of co n tr ib u tio n s  fro m  m  phases.

5. D escription o f ph ase  tran sfo rm atio n s by po ten tia l theory

I n  a singly in te rd e p e n d e n t region R ,  an  a n a ly tic a l com plex fu n c tio n  can 
b e  re g a rd e d  as th e  co m p lex  p o ten tia l of a n  e le c tro s ta tic  fie ld  th e  charges of 
w h ic h  lie outside R  [16, 18]. T h e  f ie ld -s tren g th  v e c to r  belonging  to  th e  com plex 
p o te n t ia l

f ( z ) = U ( x , y ) + i V ( x , y )  (17)

is g iv e n  in  R  by  th e  fo rm u la

e(z) =  - i f ' W =  ~ i U x -  V x =  — i V y +  Uy (18)

w h e re  th e  Cauchy— R ie m a n n  equations, to o , h a v e  been  ta k e n  in to  acco u n t.
U p o n  crossing th e  b o u n d a ry  C of reg ion  R  in  th e  d irec tio n  of th e  p ositive  

n o rm a l th e  p o ten tia l fu n c tio n  V  changes c o n tin u o u s ly  if  th e re  are charges here, 
b u t  th e  norm al co m p o n e n t o f  th e  f ie ld -s tre n g th  E n suffers a ju m p . E n also 
su ffe rs  a ju m p  if th e re  a re  in  fa c t  no charges on  C, b u t  C sep a ra te s  tw o m edia, 
1 a n d  2, o f d ifferen t d ie le c tr ic  co n stan ts . In  su ch  a case th e  cause o f th e  ju m p  
is a t t r ib u te d  to  a p p a re n t ch a rg es  w hich a re  c re a te d  b y  real charges g en era tin g  
th e  f ie ld  and  lying o u ts id e  R .  T he  m ag n itu d e  o f  th e  ju m p  is:

E‘>n Eln _
E ln e2

L e t u s  consider a fie ld  w h ic h  is due to  ch a rg es  d is tr ib u te d  u n ifo rm ly  along 
th e  z ax is . Then th e  cou rse  o f  th e  fie ld -s tren g th  in  th e  x, у  p lan e  is described  
b y  th e  function

E(r) =  —  (20)
er

w h e re  r =  +  K^2 + J 2 an<l  * th e  co n stan t l in e a r  charge d e n s ity  a long  th e  z 
ax is .

O n  th is  basis th e  fo llow ing  analogies m a y  b e  estab lish ed . T he lim its 
a p p e a r in g  in  E q . (10) c a n  b e  considered  as th e  co m p lex  p o te n tia l of an  e lec tro 
s ta t i c  fie ld  w hich is g e n e ra te d  b y  a charge d is tr ib u tio n  of d e n s ity  f crossing
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MEZEY: F IR ST  O RD ER PH A SE TRANSFORM ATIONS 17

th e  origin o f th e  com plex  w  p lan e  p e rp e n d ic u la rly  to  th e  p lane. T h e se  charges 
lie o u ts id e  th e  h a lf-p lane  Re w  )>  0 fo r a ll v a lu e s  of z (the p h ase  in te g ra ls  Q 
on th e  h a lf-p lan e  Re w 0 an d  th e  lim its  m en tio n ed  are also a n a ly tic a l) . 
M ore e x a c tly  th e  lim its  (10) w ith in  th is  h a lf-p la n e  will only  b e  a n a ly tic a l 
w here th e  d ie lec tric  c o n s ta n t e changes c o n tin u o u s ly  (in regions JR,) ; how ever, 
in  th e  p o in t of c o n ta c t o f tw o regions R, th e  n o rm a l com ponents o f  th e  field- 
s tre n g th  belo n g in g  to  th em  suffer a ju m p .

On th e  basis  of th is  an a lo g y  lim its  (10) w ill be te rm ed  s ta t is t ic a l  th e rm o 
d y n am ica l com plex  p o ten tia ls . A ccord ing  to  E q . (12), th e  specific e x p e c ta tio n  
values

£' = - - f = ( f >  (21)

co rrespond  to  th e  no rm al com ponen ts o f th e  fie ld -s tren g th  (in th e  p o in ts  of 
in te rsec tio n  o f th e  cu rves C w ith  th e  x  ax is), w h ere  according to  s e c tio n  3 th e  
no rm al p o in ts  in  th e  d irec tio n  of th e  x  ax is.

T he q u e s tio n  m ay  he ask ed  of w h a t co rresp o n d s in th is  fo rm a lism  to  
th e  charge  d e n s ity  q an d  th e  d ie lec tric  c o n s ta n t  e. C learly, th e  e x p e c te d  value 
of an y  specific  q u a n ti ty  m ay  also he w r it te n  in  th is  w ay  as a fu n c tio n  o f th e  
in ten siv e  w:

/ — \  =  — ----- (22)
\ X /  wQ( w )

w here o n ly  w  m a y  change, th e  va lu es  of X  a n d  J  (or if  J  is ex ten s iv e , J / X )  are 
fixed  n u m b ers , an d  t is an  a rb itra r ily  chosen  c o n s ta n t. W ith  th is  th e  p ro b lem  
is only  fo rm a lly  so lved ; th e  p h y sica l b a c k g ro u n d  is discussed in  th e  fo llow ing 
section .

6. P hy sica l m ean ing  of the  analogy  in  te rm s of poten tia l th e o ry

L e t us consider w h a t has been  sa id  so fa r  on a concrete e x a m p le  of a 
canon ical assem b ly . T he follow ing q u a n ti t ie s  th e n  ap p ear in  th e  genera l 
fo rm aliza tio n  o f sections 3— 5.

a) T h e  given connection : exchange fro m  th e  v iew poin t o f v a r ia t io n  of 
E ,  and  in su la tio n  w ith  re sp ec t to  th a t  o f N  a n d  V.

b) T h e  c h a ra c te ris tic  v a riab le s  of th e  p h a se  in teg ra l: ß, N  a n d  V.
c) T h e  role of q is filled b y  th e  s tru c tu re  fu n c tio n  u>(E, N ,  V )  a n d  th e  role 

o f Q b y  th e  canon ica l phase  in teg ra l Z(ß, N ,  V )  in  E q . (8); in E q . (7) К  is th e  
free energy .

d) U p o n  lim it fo rm atio n  b y  E q . (10), in  th e  case of X  =  N  w e o b ta in  
th e  specific free  energy  re la tin g  to  th e  p a r tic le  n u m b er, w hereas in  th e  case
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of X  =  V  t h a t  re la tin g  to  vo lu m e; in th e  fo rm e r  case b =  V /N  a n d  J  =  V,  
a n d  in  th e  la t te r  case J  =  N  and  b — N / V .

/ W \  / E \  / E \  . .
e) — \ X /  =  \  N~ /  ОГ — \ V ~ /  “ eP en<**n 8 on *-̂ ie ch ° ice ° f  -V. In  th e

/  E \
fo llo w in g  le t us ta k e  th e  fo rm er case w hen  / ----- ) corresponds to  th e  n o rm a l

c o m p o n e n t o f th e  f ie ld -s tre n g th . The d ep en d en ce  o f  th is  on ß (for b =  N / V  =  
=  c o n s t.)  on  th e  basis o f  (22) is:

/ — \  -  (23)
W  ß r t ß )

B ecau se  of (19), on  c rossing  from  a m e d iu m  of higher d ie lec tric  co n 
s ta n t  to  one of low er d ie lec tric  co n stan t, th is  q u a n t i ty  is increased .

W e know  th a t  a cco rd in g  to  th e  th e o ry  o f  e q u ip a rtitio n , fo r a d eg ree  o f 
f reed o m  i (for one p a rtic le )  th e  average th e rm a l  en erg y  a t te m p e ra tu re  T  is :

U,  =  Æ S  =  —  =  —  (24)
\ N  /  2 2ß

H o w e v e r , th is  is on ly  v a lid  a t  high te m p e ra tu re s  w hen

k T f > A  (25)

w h ere  A  is som e n u m b e r  ch a rac teriz in g  th e  d is ta n c e  betw een  th e  en e rg y  
levels  fo r  th e  degree of freed o m  in question . (V ario u s  energy level d a ta  c a n  b e  
fo u n d  fo r  exam ple  in  th e  b o o k  of H e r z b e r g  [19].) O therw ise, th e  av e ra g e  
en e rg y  o f  th e  degree o f freed o m  concerned ( E ß N y  is sm aller th a n  th is  (in  p a r t  
i t  is ‘f ro z e n ’). T he d ifference  is easily  e s ta b lish e d  fo r  th e  usual m odels o f  s ta t i s 
t ic a l  m ech an ics  an d  th is  d ifference can be  fo rm a lly  tak en  in to  c o n s id e ra tio n  
w ith  a  fu n c tio n  cpßß). In c lu d in g  th e  zero p o in t  e n e rg y  U0i too :

W ) = — L - . + t / o , -  (26)
2ß<Ft(ß)

T h u s , if  a p a rtic le  has f  degrees of freedom , th e  to ta l  energy is:

(27)
ы \  L 2/5 <pt(ß)

N ow  le t  u s  define a fu n c tio n

U(ß) =  — L-----  (28)
2 ß №
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On th e  basis  o f (27) an il (28), <p(ß) can  be o b ta in e d  as follows:

7 (ß ) d e f  j - ------- 1 - . ,  (29)
“ 2  2 l J o i ß ß — —

Í=l L < P i ( ß )  ]

I f  all th is  is used  in E q . (23), we o b ta in  th e  follow ing in te rp re ta t io n :  (f(ß) 
co rresp o n d s to  th e  d ie lec tric  c o n s ta n t, an d  f /4 to  th e  charge d e n s ity  t.

T h u s , in  th e  canon ical assem bly  we h a v e  o b ta in ed  via  th e  p h y s ic a l in 
te rp re ta t io n  o f th e  m a th e m a tic a l fo rm alism  th a t  beh ind  th e  L e e — Y a n g  

re su lt d eriv ed  w ith  reaso n in g  o f a pu re ly  m a th e m a tic a l n a tu re  s ta n d s  th e  p h y s i
cal m ean in g  (a t  le a s t in  th is  case) th a t  th e  c h a ra c te r , n u m b er a n d  p o s itio n  
o f th e  en erg y  levels fo r th e  degrees of freedom  a re  d ifferen t in  th e  in d iv id u a l 
phases. W e shall dea l b rie fly  w ith  th is  q u e s tio n  too .

T he h e a ts  o f m e ltin g  of sim ple su b s ta n c e s  are  in  m ost cases a b o u t k T  
[20— 22]. Since th e  ze ro -p o in t energies sca rce ly  change in  such  cases , th e  
h e a t o f m e ltin g  is tu rn e d  in  a decisive p a r t  to  ‘m e ltin g ’ of new  deg rees  of 
freedom . D ep en d in g  on th e  ac tu a l m a te r ia l, th e se  are  of a ro ta t io n a l  o r a 
tra n s la tio n a l c h a ra c te r  ( th e  la t te r  co nnec ted  w ith  th e  presence o f ‘co m m o n  
e n tro p y ’) o r a p p e a r  in  connec tion  w ith  th e  ch an g e  of s ta te  o f th e  e lec tro n  
shell [21].

All th e se  changes cause th e  sudden  d ec rease  of th e  ‘d ielec tric  c o n s ta n t’ 
defined  in  E q . (29), t h a t  is th e  increase o f th e  specific  energy b ecau se  o f E q . 
(23).

On boiling , how ever, th e  increase o f th e  zero -po in t energy  p la y s  a d e 
cisive ro le . In  th is  case <p(ß) decreases, i.e. th e  specific energy  in c reases . W e 
shall n o t deal in  d e ta il here  w ith  th e  chan g es occu rrin g  on bo iling ; w e re fer 
th e  re a d e r in s te a d  to  th e  book  of F o w l e r  [22] fo r exam ple.

As re g a rd s  th e  o th e r  assem blies an d  ch an g es  of th e  e x p e c ta tio n  v a lu es  
of o th e r  specific  ex ten s iv es , considera tions an a lo g o u s  to  th e  ab o v e , co m b in ed  
w ith  th e  an a ly sis  o f th e  defin itio n  accord ing  to  (22), lead  to  e s ta b lish m e n t of 
th e  ac tu a l m ean in g  of th e  ‘d ielectric  c o n s ta n t’ an d  th e  charge. W e sh a ll n o t 
discuss th is  in  d e ta il now , b u t  m erely  p o in t to  th e  fa c t th a t  if  we a re  co n cern ed  
w ith  so m e th in g  o th e r  th a n  th e  ex p ec ta tio n  v a lu e  o f th e  energy , we can  assu m e  
u n it  ch arg e  d e n s ity  a long  th e  z ax is. F o r th e  p re ssu re  assem bly , th e  fu n c tio n  
d eriv ab le  from  th e  v ir ia l series p lays th e  ro le  o f  th e  d ielectric  c o n s ta n t, w hich  
can  be d efin ed  b y  th e  re la tio n

/ — )  = ---------------------  (30)
W  ( ß P ) - f ( ß P )
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w h ils t  fo r th e  g ran d can o n ica l assem bly , th e  fu n c tio n  w hich can  he  d e riv ed  
fro m  th e  fu g ac ity  series, a n d  w hich can  b e  d efin ed  b y  th e  re la tio n

' N \  _ ___ 1 ___
J V  {ßv)-cf(ßv)

(31)

O n  p h a se  change, c lea rly  th e se  too  suffer a d isco n tin u o u s  change.

7. M ulticom ponen t system s a n d  severa l in teractions

B ecause  of th e  co n sid e rab le  g en e ra lity  o f  th e  form alism  used  ab o v e , it  
is s u ita b le  for th e  s ta t is t ic a l  th e rm o d y n a m ic a l tre a tm e n t of m ix tu re s  too . 
T h e  g en era liza tio n  is fa ir ly  obv ious. I t  is c lea r  t h a t  th e  b eh av io u r o f a m ix tu re  
o f  L  co m p o n en ts  m a y  b e  describ ed  b y  th e  in tro d u c tio n  of a f u r th e r  L  —  1 
c h e m ic a l p o ten tia ls  v. I t  is ex p ec ted  th a t  u n d e r  such  cond itions th e  f a c t  can  
b e  p ro v e d  th a t  th e  p h a se  changes p roceed  in  th e  en tire  sections of th e  p o si
t iv e  ax es o f th e  c o rre sp o n d in g  in tensives (e.g. th e  sec tion  b e tw een  d ew -p o in t 
a n d  b u b b le -p o in t) . I n  th e  o ne-com ponen t cases a s tu d y  of th e  b e h a v io u r show n 
in  c o m p le te  p o ly d im en sio n a l fields com posed  o f sub-fields co rresp o n d in g  to  
th e  in ten s iv es  w ould be  n ecessa ry  for sev e ra l d iffe ren t in te rac tio n s  to o  (elec
t r ic ,  m ag n e tic , e tc .), a n d  fo r th is  likew ise th e  fo rm alism  generalized  in  sec tio n  
3 is su ita b le . A fter th is  th e  com ple te ly  g en era l t r e a tm e n t  w ould fo llow  fo r th e  
case  o f  ph y sica l in te ra c tio n s  o f a rb itra ry  n u m b e r  an d  m ix tu res  of an  a rb i t r a ry  
n u m b e r  o f co m ponen ts. W ith  th e  a p p lic a tio n  o f su itab le  m odels a n d  w ith  
the. u se  o f re la tions s im ila r to  (29), all th e se  w ould  m ake possible th e  u se  of 
m o d e rn  s ta tis tic a l th e o ry  in  th e  ca lcu la tio n  o f  th e  ph ase -v a riab le  p ro p e rtie s  
o f  m o re  com plex th e rm o d y n a m ic  system s.

*

T h e  a u th o r  w ish e s  to  t h a n k  P ro f .  I .  G y a r m a t i  fo r  h is  v a lu a b le  a d v ic e , a n d  J .  G a c s , 
H e a d  o f  D e p a r tm e n t  (O il D e s ig n  B u re a u ) ,  fo r  h is  h e lp .
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RADIATION CHEMISTRY 
OF SATURATED-UNSATURATED 
HYDROCARBON SYSTEMS, IV*

THE EFFECT OF CYCLIC STRUCTURE ON THE RADIATION-CHEMICAL 
HYDROGEN EVOLUTION FROM HYDROCARBONS WITH 5 TO 8 CARBON ATOMS

G. F ö l d i á k  and L. W o j n á r o v i t s

( In s t i tu te  o f  Iso to p e s  o f  the H u n g a r ia n  A c a d e m y  o f  S c ie n ce s , B u d a p e s t)

Received May 8. 1970

The Gj-j2 values of mixtures of the C5—C8 alkanes (n-pentane. л-hexane, n-hep- 
tane, n-octane; cyclopentane, cyclohexane, cycloheptane, cyclooctane) with alkenes of 
the same carbon atom number (1-n-pentene, l-/i-hexene, l-n-heptene, 1-n-octene: 
cyclopentene, cyclohexene, cycloheptene, cyclooctene), and also the Gp,, values of 
the pure components were determined.

The hydrogen evolution yields are strongly affected by the strain due to the 
ring structure in the cyclic hydrocarbons, and by the individual properties following 
from the structure of the molecules. VC hen the Gp2 values were plotted as a function 
of the concentration of the unsaturated hydrocarbon, Gj-j2 values of mixtures containing 
an open-chain saturated hydrocarbon were smaller than the hydrogen evolution yields 
of saturated—unsaturated hydrocarbon mixtures containing a cyclic alkane. From 
kinetic calculations the explanation of the observed phenomenon is that, because of the 
ring strain, the monomolecular processes proceed more rapidly for the cycloalkanes 
than for the aliphatic alkanes, and so relatively less time is available for the partici
pation of bimolecular processes of ‘protection’.

The ‘proctecting effect’ towards a given saturated hydrocarbon depends on 
whether the other constituent is an aliphatic or a cyclic unsaturated hydrocarbon.

If the GHz values measured for the mixtures are plotted as a function of the 
‘double bond concentration’ a reasonably common zone is given only in the case when 
the unsaturated hydrocarbon is an aliphatic one, while a well defined common curve is 
displayed only for n-alkane—1-n-alkene mixtures.

Conclusions were reached relating to the analogy of interinolecular and intra
molecular protecting processes too.

Acta Chimica Academiae Scientiarum Hungaricae,  Tomus 70 (1 — 2), pp. 23— 39 (1971)

1. Introduction

In  m an y  p ap ers  i t  is rep o rted  th a t  th e  s tr a in  a rising  in cyclic h y d ro c a r
bons as a re su lt o f cy c liza tio n , an d  th u s  th e  s t ru c tu ra l  p ro p ertie s  w hich m ay  
be  considered  as in d iv id u a l for th e  m olecules, s tro n g ly  a ffec t th e  chem ical 
reac tio n s  and  so th e  cyclic h y d ro ca rb o n s  of v a rio u s  ca rb o n  a to m  n u m b er d iffer 
in b e h av io u r to  a la rg e r e x te n t from  one a n o th e r  th a n  do th e  a lip h a tic  h y d ro 
ca rb o n s [1—6]. In  th is  w ork we re p o rt on th o se  s tu d ie s  in  w hich we s tr iv e d  
to  com pare  th e  rad ia tio n -ch em ica l hydrogen  ev o lu tio n  processes of cyclo 
a lk an es  and  cyclom onoalkenes of carbon  a to m  n u m b e rs  5— 8 and  th e  s a tu r a t 
ed—u n sa tu ra te d  h y d ro c a rb o n  m ix tu res  fo rm ed  from  th em  an d  co n ta in in g  
h y d ro ca rb o n s  of th e  sam e carb o n  a to m  n u m b er; com p ariso n  w as also m ade 
w ith  th e  sim ilar reac tio n s  o f open-chain  a lk an es an d  te rm in a l m onoalkenes.

* Part III: Acta Chim. Acad. Sei. Hung. 69. 177 (1971)
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I t  is w ell know n th a t  th e  a m o u n t o f h y d ro g en  gas fo rm ed  u p o n  i r ra d ia 
t io n  o f  s a tu ra te d —u n s a tu ra te d  h y d ro c a rb o n  m ix tu re s  (e.g. cy c lo h ex an e— 
cy c lo h e x e n e  [7— 10], cy c lo h ex an e—b en zen e  [7, 8, 11— 13], m e th y lcy c lo h ex an e— 
b e n z e n e  [13]) is sm aller th a n  th e  a m o u n t ex p ec ted  b y  th e  a s su m p tio n  of sim ple 
a d d i t iv i ty  from  th e  ra d ia tio n -c h em ica l y ields of th e  p u re  co m p o n en ts . T he 
d iffe ren ce  from  th e  lin ea r  m ix in g  ru le  is ex p la in ed  b y  th e  ‘p ro te c tin g  e ffec t’ 
o f th e  u n s a tu ra te d  co m p o n en t. T h is is assum ed  to  consist o f tw o  m a in  p a r ts : 
th e  t r a n s f e r  of energy  from  th e  s a tu ra te d  to  th e  u n s a tu ra te d  h y d ro ca rb o n s , 
a n d  se c o n d ly  th e  rad ica l c a p tu re  re a c tio n s  b e tw een  th e  doub le  b o n d s  an d  th e  
IT  a to m s  fo rm ed  as in te rm e d ia te s  in  h y d ro g en  fo rm a tio n .

T a b l e  I

GHo v a lu e s  o f  th e  p u r e  h y d ro c a rb o n s

A lkane g h 2* A lkene G h "

cyclopentane 5.1 cyclopentene 1.27
cyclohexane 5.3 cyclohexene 1.26
cycloheptane 5.7 cycloheptene 1.03
cyclooctane 5.9 cyclooctene 0.91

n-pentane 5.0 l-7i-pentene 0.87
n -hexane 5.2 l-7i-hexene 0.91
71-heptane 5.1 l-7i-heptene 0.94
n-octane 5.3 l-7i-octene 1.01

* ± 0.1
** + 0.03

2. E xp erim en ta l

For the purposes of our studies hydrocarbons produced by Merck and Fluka were used. 
According to the data of the respective catalogues, apart from cyclooctane which was of about 
98% purity, the purity of the saturated hydrocarbons was better than 99% while all unsatu
rated hydrocarbons contained less than 5% impurities. All of the compounds were subjected 
to appropriate further purification.

The saturated hydrocarbons were shaken with an equal volume of concentrated sulfuric 
acid for 48 hours at room temperature to remove possible unsaturated impurities, the sulfuric 
acid being changed every 3—4 hours by means of a separation funnel.

Immediately before use both the saturated and the unsaturated hydrocarbons were 
distilled from metallic sodium and the corresponding purity checked by capillary gas chroma
tographic analysis.

The irradiation of the samples was carried out in Rasotherm glass ampoules of 30 cm5 
volume which were approximately half-filled with 12 + 2 g of hydrocarbon, or of a hydrocarbon 
mixture, weighed to an accuracy of +0.05 g. Before the ampoules were sealed they were evac
uated at the temperature of liquid air (final pressure: 10“5 mmHg).

The irradiation was carried out in the Institute of Isotopes of the Hungarian Academy 
of Sciences with a e0Co radiation source [14] of 80,000 Ci nominal activity at 35 + 3 °C with 
a dose rate of 2.2 Mrad per hour. The integral dosage was 4.4 Mrad.
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A f te r  i r r a d ia t io n  th e  a m p o u le s  w ere  o p e n e d  in  t u r n  in  a c lo sed  sp a c e  a n d  th e  p r o d u c ts  
n o t  c o n d e n se d  a t  th e  t e m p e r a tu r e  o f  l iq u id  a ir  w e re  c o lle c te d  w ith  a  T o e p le r  p u m p  a n d  a n a ly z e d  
g a s -c h ro m a  to g ra p h ic a lly .

T h e  do se  n e c e ssa ry  fo r  th e  d e te rm in a tio n  o f  th e  r a d ia t io n -c h e m ic a l  y ie ld  fo r  th e  h y d ro g e n  
e v o lu t io n ,  G{-j2, w as o b ta in e d  w ith  a lc o h o lic  c h lo ro b e n z e n e  d o s im e try ,  s in c e  b e c a u se  o f  th e  
h ig h  d o se  r a te  an d  th e  d e s ig n  o f  th e  r a d ia t io n  so u rc e  i t  w a s  n o t  p ra c t ic a b le  to  u se  th e  s t a n d a r d  
F r ic k e  m e th o d  [15]. N u m e ro u s  s tu d ie s  w ere  c a r r ie d  o u t  in  o u r  la b o r a to r y  o n  th e  a p p lic a b i l i ty  
o f  th e  a lc o h o lic  c h lo ro b e n z e n e  m e th o d ,  a n d  fo r  r e la t iv e ly  sm a ll  d o ses  th e y  w e re  a lso  c a re fu lly  
c h e c k e d  w ith  th e  F r ic k e  d o s im e te r  [16].

T h e  G j-i2 v a lu e s  o f  th e  m ix tu re s  w ere  d e te rm in e d  w ith  o n e  m e a s u re m e n t  fo r  e a c h  c o m 
p o s i t io n  a n d  w ith  s e v e ra l  ( in  g e n e ra l,  th re e )  p a ra l le l  m e a s u re m e n ts  fo r  th e  p u r e  c o m p o n e n ts*

F ig . 1. G j- |2 v s . X c u rv e s  fo r  C5 m ix tu re s ,  x , th e  
m o le  f r a c t io n  o f u n s a t u r a t e d  h y d ro c a rb o n  — 
О  n -p e n ta n e —1 -n -p e n te n e , О  c y c lo p e n ta n e -1 -  
n -p e n te n e ,  Д n - p e n ta n e —c y c lo p e n te n e ,  ▲ c y 

c lo p e n ta n e -c y c lo p e n  te n e

F ig . 2 . G j-|2 vs. x  c u rv e s  fo r  СГ) m ix tu re s ,  x , t h e  
m o le  f r a c t io n  o f  u n s a tu r a te d  h y d r o c a rb o n  —
О  n -h e x a n e — 1 -n -h e x e n e , •  c y c lo h e x a n e —1- 
n -h e x e n e ,  Д n -h e x a n e —c y c lo h e x e n e , A c y c lo 

h e x a n e —c y lo h e x e n e

In  su c h  a w a y  th e  G j-j„ v a lu e s  m e a su re d  fo r th e  m ix tu r e s  wre re  o b ta in e d  w i th  a c c u ra c ie s  o f  
- - 4 %  a n d  th o se  o f  th e  p u r e  c o m p o n e n ts  w ith  i  2 % , re sp e c t iv e ly .

T h e  G h 2 v a lu e s  o f  t h e  a lk a n e s  a n d  a lk e n e s  s tu d ie d  a re  g iv e n  in T a b le  I ,  w h ile  th e  d a ta  
fo r  th e  s a tu r a t e d —u n s a t u r a t e d  h y d ro c a rb o n  m ix tu re s  c o n ta in in g  m e m b e rs  w i th  id e n t ic a l  c a rb o n  
a to m  n u m b e rs  a re  sh o w n  in  F ig s  1— 4. T h e  G Ha d a ta  fo r  t h e  h y d ro c a rb o n s  o f  c a rb o n  a to m  n u m 
b e rs  5, 6 , 7 a n d  8, a n d  fo r  t h e i r  m ix tu re s ,  a re  to  b e  fo u n d  in  F ig s  1, 2, 3 a n d  4 , r e s p e c t iv e ly .

3. E xperim en ta l resu lts

3.1. Radiation-chemical hydrogen evolution y ie lds  fo r  the p u re  hydrocarbons

I t  is obvious from  T ab le  I th a t  w hile th e  G h 2 values o f th e  p u re  open- 
ch a in  sa tu ra te d  h y d ro c a rb o n s  (well know n from  th e  lite ra tu re )  b a re ly  differ 
from  each  o th e r [17], th e  y ield  values of th e  cycloalkanes o f  ca rb o n  atom  
n u m b ers  5— 8 in crease  w ith  increasing  ca rb o n  a to m  n u m b ers  o f th e  ring  and  
th e  G h 2 values fo r cy c lo h ep tan e  and  cy c lo o c tan e  a re  a lre a d y  g re a te r  th a n  
th o se  o f  th e  co rresp o n d in g  open-chain  h y d ro c a rb o n s . In  n u m ero u s  experi-
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m e n ts  i t  w as checked t h a t  th e  re la tiv e ly  s ig n ifican t d ifferences are  n o t caused  
b y  e x p e rim e n ta l e rro r. F r e e m a n  an d  S t o v e r  h av e  also a rriv ed  a t  a sim ilar 
c o n c lu s io n . In  connec tion  w ith  th e  ex trap o la ted  G H,2 va lu es  for zero ir ra d ia tio n  
d oses o f  cyclopen tane  a n d  cy c lo h ex an e  (5.4 an d  5.6), th e y  found  th a t  th e se  
in c re a se  w ith  increasing  c a rb o n  a to m  n u m b er of th e  rin g  [18].

T h e  ra d ia tio n -ch em ica l h y d ro g en  ev o lu tio n  y ie ld s of th e  eycloalkenes 
to o  t a k e  a d ifferen t sh a p e  re la tiv e  to  th o se  o f th e  open -chain  1-n -a lkenes.

F ig .  3 . G H2 v s . X  c u rv es  fo r  C7 m ix tu r e s ,  x ,  th e  
m o le  f r a c t io n  o f  u n s a tu r a te d  h y d r o c a r b o n  — . 
О  « - h e p ta n e — 1 -n -h ep te n e , 9  c y c lo h e p ta n e - 1 -  
n - h e p te n e ,  Д « -h e p ta n e —c y c lo h e p te n e ,  A cy- 

c lo h e p ta n e -c y c lo h e p te n e

F ig . 4. vs. x  c u rv e s  fo r C 8 m ix tu re s ,  x ,  th e  
m o le  f r a c t io n  o f  u n s a tu r a t e d  h y d r o c a r b o n  — . 
О  « -o c ta n e —1 -n -o c te n e , •  c y c lo o c ta n e —l-« -o c -  
te n e ,  д  « -o c ta n e —c y c lo o c te n e . A c y c lo o c ta n e — 

c y c lo o c te n e

W h ile  G h2 increases to  a sm a ll e x te n t w ith  in c rea s in g  carb o n  a to m  n u m b e r 
fo r th e  a lip h a tic  a lkenes, i t  decreases for th e  eyc loa lkenes in  th e  o rd e r cyclo- 
p e n te n e  >  cyclohexene ]>  cy c lo h ep ten e  ]> cyclooctene.

3 .2 . G н 2 values o f  the m ix tures

F ig s  1—4 show th e  m easu red  G h2 values p lo tte d  as a fu n c tio n  o f th e  
m ole fra c tio n s . I t  can  be seen  t h a t  th e  m ix tu re  sy s tem s s tu d ied  do n o t follow" 
th e  l in e a r  m ixing ru le w r i t te n  fo r  m ole frac tio n s . A  s im ila r re su lt is o b ta in e d  
if  th e  G h 2 v alues are p lo tte d  as a fu n c tio n  n o t o f m ole frac tio n s b u t  o f elec
t ro n  f ra c tio n s  (the d iffe ren ces be tw een  th e  m ole frac tio n s  and  th e  e lec tron  
f ra c tio n s  in  th e  m ix tu re  sy s te m s  s tu d ied  are o n ly  sm all).

T h e  difference in  th e  G H, v alues w hich can  be ca lcu la ted  from  th e  lin 
ea r m ix in g  rule and  th o se  fo u n d  b y  m easu rem en t c learly  showrs th e  in te ra c 
tio n , ca lled  ‘p ro tec tin g  a c tio n ’ in  th e  l ite ra tu re  o ccu rrin g  d u rin g  ir ra d ia tio n  
b e tw e e n  th e  com ponents o f  th e  m ix tu res  s tu d ied .
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T he e x te n t o f th e  in te ra c tio n  s tro n g ly  depends on th e  s tru c tu re s  of the  
p a r tn e rs  concerned . T he cu rves show n in F igs 1—4 d iffer d ep en d in g  on  w h e th 
er an  u n sa tu ra te d  h y d ro c a rb o n  is m ixed  w ith  a s a tu ra te d  o p en -ch a in  h y d ro 
ca rb o n  or w ith  a s a tu ra te d  cyclic h y d ro c a rb o n  of th e  sam e ca rb o n  a to m  num ber. 
T h e  G h2 curves of th e  m ix tu re s  co n ta in in g  th e  cyclic s a tu ra te d  h y d ro c a rb o n  
in g enera l lie above th e  cu rves re la tin g  to  th e  co rrespond ing  o p en -ch a in  h y d ro 
carb o n s. T his d ifference ap p e a rs  p a r tic u la r ly  fo r th e  7 an d  8 c a rb o n  a tom  
cyclic s a tu ra te d  h y d ro ca rb o n s , w hile i t  is b a re ly  ob se rv ab le  in  th e  case of 
th e  5 an d  6 carbon  a to m  rings.

F ro m  Figs 1— 4 it  is d ifficu lt to  a rriv e  a t  a d e fin ite  co n c lusion  as to 
w h e th e r  a given u n s a tu ra te d  h y d ro c a rb o n  has a m ore p ro n o u n ced  p ro te c tin g  
e ffec t in  its  m ix tu re  w ith  th e  s a tu ra te d  open -chain  or w ith  th e  s a tu ra te d  
cyclic h y d ro c a rb o n  of th e  sam e ca rb o n  a to m  n u m b er. I t  is t ru e  th o u g h  th a t  
th e  h ig h er G h2 values re fe r in  all cases to  th e  cu rves o f th e  m ix tu re s  c o n ta in 
ing th e  cyclic s a tu ra te d  h y d ro c a rb o n  ra th e r  th a n  to  th e  cu rv es  o f th e  co rre
sp o n d in g  a lip h a tic  s a tu ra te d  h y d ro c a rb o n s : a t  th e  sam e tim e , h ow ever, the  
G h2 v alues of th e  pu re  cyclic s a tu ra te d  h y d ro ca rb o n s a re  also g re a te r  in all 
cases th a n  tho se  o f th e  co rresp o n d in g  open -chain  s a tu ra te d  h y d ro ca rb o n s .

M ore c lear-cu t conclusions can  be  reached  if th e  co n cep t o f ‘‘the extent 
o f  the protecting effect’’ is in tro d u c e d . B y  th is  is u n d ers to o d  th e  ra tio  of the 
h y d ro g en  evo lu tio n  y ield  ca lcu la ted  from  th e  lin ear m ix ing  ru le  w r itte n  for 
e lec tro n  frac tio n s to  th a t  d e te rm in ed  from  th e  m easu rem en ts:

Ф  _  c A ^ H a , A  +  e E ^ H a , K

G H2

(I f  ir ra d ia tio n  shou ld  n o t lead  to  an y  in te ra c tio n  be tw een  th e  co m p o n en ts  of 
th e  m ix tu re s  s tu d ied , th e  va lu e  o f th e  frac tio n  w ould be in d e p e n d e n t of the 
co n c e n tra tio n  an d  Ф w ould  be  equal to  1.)

F ro m  th e  Ф vs. x  cu rves in  F igs 5 — 8 it can  be seen th a t  in  all th e  cases 
s tu d ie d  an unsaturated hydrocarbon exerts a more pronounced protecting action 
on the open-chain saturated hydrocarbon o f th e  sam e ca rb o n  a to m  n u m b e r  th a n  
on th e  s a tu ra te d  cyclic h y d ro ca rb o n .

I f  a g iven s a tu ra te d  h y d ro c a rb o n  is m ixed  w ith  an  o p en -ch a in  or cyclic 
u n s a tu ra te d  h y d ro ca rb o n  i t  ap p ears  th a t  for C5 an d  Ce h y d ro c a rb o n s  th e  p ro 
te c tin g  effect o f 1 -n-alkenes is g re a te r  th a n  th a t  o f th e  c o rre sp o n d in g  cyclic 
a lkenes, a t  th e  sam e tim e , how ever, fo r th e  C7 and  C 8 h y d ro c a rb o n s  th e  p ro 
te c tin g  ac tio n  is m ore p ro n o u n ced  for th e  cyclic u n s a tu ra te d  h y d ro c a rb o n s .

A n in te re s tin g  conclusion  is o b ta in e d  if  th e  Ф vs. x  cu rv es  (F ig . 9) of 
n-alkane—l-n-alkene  m ix tu re s  co n ta in in g  m erely  o p en -ch a in  h y d ro ca rb o n s  
a re  com pared  w ith  th e  cu rves for th e  o th e r h y d ro c a rb o n  m ix tu re s  [cyclo
a lk a n e —1-n-alkene (F ig . 10), n -a lk an e—cycloalkene (F ig . 11), cy c lo a lk a n e -
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F ig .  5 . Ф vs. X c u rv e s  fo r  C 5 m ix tu r e s ,  x ,  th e  
m o le  f r a c t io n  o f  u n s a tu r a te d  h y d r o c a r b o n  —► . 
О  n - p e n ta n e —1 -n -p e n te n e , ф  c y c lo p e n ta n e - 1  - 
n - p e n te n e ,  Д  n -p e n ta n e —c y c lo p e n te n e ,  A  cy- 

c lo p e n ta n e -c y c lo p e n te n e

F ig . 6. Ф vs. x  c u rv e s  fo r  CB m ix tu re s ,  v. th e  
m o le  f r a c t io n  o f  u n s a tu r a t e d  h y d ro c a rb o n  —>-. 
О  n -h e x a n e —l- n - h e x e n e ,  ® c y c lo h e x a n e —1- 
n -h e x e n e , Д  n -h e x a n e —c y c lo h e x e n e , A  c y c lo 

h e x a n e —c y c lo h e x e n e

F ig .  7. Ф v s . x  c u rv es  fo r  C7 m ix tu r e s ,  x ,  t h e  
m o le  f r a c t io n  o f  u n s a tu r a te d  h y d r o c a r b o n  — . 
О  n - h e p ta n e - l - n - h e p te n e ,  ®  c y c l o h e p t a n e - l -  
n - h e p te n e ,  Д n -h e p ta n e —c y c lo h e p te n e ,  A c y 

c lo h e p ta n e —c y c lo h e p te n e

F ig . 8. Ф vs. x  c u rv e s  fo r  C8 m ix tu re s ,  x , th e  
m o le  f r a c t io n  o f  u n s a t u r a t e d  h y d ro c a rb o n  — 
О  n -o c ta n e —1 -n -o c te n e ,  ф  c y c lo o c ta n e -1  -n - 
o c te n e , Д  n - o c ta n e —c y c lo o c te n e , A  c y c lo o c 

t a n e — c y c lo o c te n e

cy c lo a lk en e  (Fig. 12)]. I t  c a n  b e  seen th a t  only  th e  co rresp o n d in g  curves of th e  
n -a lk a n e —1-n-alkene sy s tem s  ag ree  ap p ro x im a te ly ; th is  p o in ts  to  th e  fa c t th a t  
th e  in te ra c tio n s  in  th e se  m ix tu re s  a re  rough ly  o f th e  sam e n a tu re  an d  e x te n t.

I n  p rev ious w orks w e re p o r te d  on s tu d ies  c a rr ie d  o u t u n d e r o th e r  ex 
p e r im e n ta l  conditions. I f  th e  G h 2 values for th e  p u re  a lkenes an d  fo r m ix tu res  
c o n ta in in g  an  n -a lkane  a n d  a l-n -a lk e n e  or a d iene w ith  iso la ted  doub le  bonds 
w ere  p lo t te d  as a fu n c tio n  o f th e  ‘double bond c o n c e n tra tio n ’ у  defined  b y  us
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F ig . 9. Ф vs. X c u rv e s  fo r  a l ip h a t ic  a lk a n e —a li
p h a t ic  a lk e n e  m ix tu re s ,  x , th e  m o le  f r a c t io n  o f  
u n s a tu r a t e d  h y d ro c a rb o n  — +  /г-p e n ta n e — 1- 
n -p e n tc n e ,  Ш n - h e x a n e - l - n - h e x e n e ,  Л n -h e p -  

t a n e — 1 -n -h e p te n e ,  О  n -o c ta n e — 1 -n -o c te n e

F ig . 11. Ф vs. x  c u rv e s  fo r a l ip h a t i c  a lk a n e -  
cy c lic  a lk e n e  m ix tu re s ,  x ,  th e  m o le  f r a c t io n  o f  
u n s a tu r a t e d  h y d r o c a r b o n n - p e n t a n e —cy- 
c ’o p e n te n e ,  & n -h e x a n e —c y c lo h e x e n e , Д n -h e p -  
t a n e - c y c lo h e p te n e ,  О  « -o c ta n e —c y c lo o c te n e

F ig . 10 . Ф  vs. x  c u rv e s  fo r  c y c lic  a lk a n e - a l i 
p h a t ic  a lk e n e  m ix tu re s ,  x ,  t h e  m o le  f r a c t io n  o f 
u n s a tu r a te d  h y d ro c a rb o n  — +  c y c lo p e n 
ta n e —1 -n -p e n te n e , ф  c y c lo h e x a n e — l-n -h e x e n e ,  
Д c y c lo h e p ta n e —1 -n -h e p te n e , О  c y c lo o c ta n e -  

1 -n -o c te n e

F ig . 12. Ф vs. x  c u rv e s  fo r  cy c lic  a lk a n e -c y c l ic  
a lk e n e  m ix tu re s ,  л:, th e  m o le  f r a c t io n  o f  u n s a t -  
u r a te d  h y d ro c a rb o n  — +  c y c lo p e n ta n e —cy- 
c lo p e n te n e ,  © c y c lo h e x a n e -c y c lo h e x e n e ,  Д cy- 
c lo l ie p ta n e — c y c lo h c p te n c , O  c y c lo o c ta n e —c y 

c lo o c te n e

( th e  fo rm al л -bond  n u m b er in  1 g o f sam ple), a com m on cu rv e  w as o b ta in e d  
[7 ,1 9 ]. A s im ila r conclusion w as reach ed  in  th e  p resen t s tu d y  (F ig . 13). Also 
show n in th e  F igure  a re  th e  p o in ts  for n -o c tan e—1,7 -n -o c tad ien e  re p o rte d  
in o u r p rev io u s p aper, a n d  th e  G h2 values for 1 -n -hexadecene [20] a n d  1-n- 
b u te n e  [21] m easured  b y  o th e r  a u th o rs . T h e  average  curves o b ta in e d  in  th e
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F ig .  13. G h 2 v a lu e s  o f  a l i p h a t i c  a lk a n e —a lip h a tic  a lk e n e  m ix tu r e s  a s  a  f u n c tio n  o f  y , th e  
‘d o u b le  b o n d  c o n c e n tr a t io n ’, y  X  1021 g~ th e  d o u b le  b o n d  n u m b e r  in  1 g o f  m ix tu re  

n - p e n ta n e —1 -n -p e n te n e , ф  n -h e x a n e —l-n -h e x e n e ,  д  n - h e p ta n e —1 -n -h e p te n e , О  n -o c ta n e — 
—l - n - o c t e n e ,  x n -o c ta n e —1 ,7 -n -o c ta d ie n e  [7], A l - n - h e x a d e c e n e  [2 0 ], >K 1 -n -b u te n e  [21]

F ig . 14. G H ., v a lu e s  o f  c y c lic  a lk a n e - a l ip h a t ic  a lk e n e  m ix tu r e s  a s  a  fu n c tio n  o f y , th e  ‘d o u b le  
b o n d  c o n c e n tr a t io n ’, у  X  Ю 21 g~ 1, t h e  d o u b le  b o n d  n u m b e r  in  1 g o f  m ix tu re  +  cy c lo -
p e n ta n e - l - n - p e n te n e ,  Ф c y c lo h e x a n e - l - n - h e x e n e ,  Д c y c lo h e p ta n e - l - n - h e p te n e ,  O  cy c lo 

o c ta n e — 1 -n -o c te n e
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ea rlie r and  th e  p re se n t s tu d ies  ( th e  solid  cu rv e  in Fig. 13) co inc ide . I t  appears 
th a t  th e  observed  phenom enon  is a fa irly  genera l p ro p e rty  o f  m ix tu re s  of open- 
ch a in  (term inal) m onoalkenes a n d  iso la ted  dienes w ith  o p e n -c h a in  s a tu ra te d  
h y d ro ca rb o n s .

T he Ф vs. X curves of in d iv id u a l c y c lo a lk a n e -l-n -a lk e n e  m ix tu re s  differ 
s ig n ifican tly  from  each o th e r  (F ig . 10); a t  th e  sam e tim e , th e  G Ha vs. y  curves 
a re  n o t id en tica l e ith e r (F ig . 14). I n  th e  la t te r  F igure th e  cu rv e  c h a ra c te ris tic  
o f n -a lk an e—1-n-alkene m ix tu re s  is d ra w n  as a dashed line. T h u s , a t  th e  sam e

F ig . 15. G H , v a lu e s  o f  a l ip h a tic  a lk a n e —c y c lic  a lk e n e  m ix tu re s  as a fu n c t io n  o f  y , th e  ‘d o u b le  
b o n d  c o n c e n tr a t io n ’, y  X W 21 g -  t h e  d o u b le  b o n d  n u m b e r  in  1 g o f  m ix tu r e  — . +  n - p e n ta n e -  
—c y c lo p e n te n e , •  n -h e x a n e —c y c lo h e x e n e , Д n - h e p ta n e —c y c lo h e p te n e , О  n - o c ta n e —c y c lo o c te n e

‘do u b le  bond  c o n c e n tra tio n s’ so m ew h a t g re a te r  Gh2 v a lu es  r e la te  to  m ix
tu re s  co n ta in in g  a cyclic s a tu ra te d  h y d ro c a rb o n  th a n  in  th e  case  o f open- 
ch a in  s a tu ra te d  h y d ro ca rb o n  m ix tu re s ; th is  po in ts  to  a less e ffec tiv e  p ro te c t
in g  ac tio n . A ccord ing  to  th is , in  th e  rad io ly sis  of th e ir  m ix tu re s  w ith  u n sa t
u ra te d  h y d ro ca rb o n s th e  in d iv id u a l cyc loa lkanes beh av e  d iffe re n tly  com pared  
w ith  open-chain  m olecules; th e ir  deco m p o sitio n  lead ing  to  th e  ev o lu tio n  of 
h y d ro g en  is suppressed  less b y  th e  d o u b le  bonds th a n  is t h a t  o f  th e  norm al 
a lkanes.

S ign ifican t d ifferences m a y  be  o b serv ed  in th e  Ф vs. x  (F igs 11 an d  12) 
an d  G h2 v s . у  (F igs 15 and  16) cu rv es  fo r in d iv idua l o p en -ch a in  a lk a n e —cyclic 
a lk en e  and  cyclic a lk an e—cyclic a lk en e  m ix tu re s . W ith  in c re a s in g  n u m b er
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o f c a rb o n  a tom s, the  G h 2 v s .  y  cu rv es for o p en -ch a in  a lkane-cyclic  a lkene m ix 
tu r e s  a re  d isplaced to w a rd s  lo w e r Gh2 values; as m a y  be  fo u n d  from  F ig . 11, 
th e  e x te n t  of th e  p ro te c tin g  a c tio n  in  m ix tu re s  o f  c a rb o n  a to m  n u m b ers  7 
a n d  8 exceeds th a t  o b se rv ed  fo r  m ix tu res of c a rb o n  a to m  num bers 5 a n d  6, 
b u t  a t  th e  sam e tim e  is g r e a te r  th a n  those  o b se rv e d  fo r a lipha tic  a lkenes 
{F igs 7 a n d  8).

T h e  GHz vs. y  cu rves fo r  ind iv idual cyclic alkane—cyclic alkene mixtures 
in te r s e c t  each  o ther, c o rre sp o n d in g  to  th e  ch an g e  o f  th e  G Ho t  allies of th e

F ig . 16 . ( , [  ]. v a lu e s  o f c y c lic  a lk a n e —cy c lic  a lkene  m ix tu r e s  a s  a  fu n c tio n  o f  y ,  th e  ‘d o u b le  
b o n d  c o n c e n t r a t io n ’, у  X 1021 g~ x, t h e  d o u b le  b o n d  n u m b e r  in  1 g  o f  m ix tu re  +  c y c lo 
p e n ta n e —c y c lo p e n te n e , 9  c y c lo h e x a n e -c y c lo h e x e n e ,  Д c y c lo h e p ta n e —c y c lo h e p te n e , O  c y 

c lo o c ta n e — c y c lo o c te n e

p u re  co m p o n en ts , a t  an  in te rm e d ia te  co n cen tra tio n  v a lu e . I f  th e  re la tiv e ly  sm all 
u n s a tu r a te d  co n cen tra tio n s  a re  d isregarded , th e  e x te n t  of th e  p ro te c tin g  
a c tio n  in  C7 and  Cg m ix tu re s  is g rea te r th a n  fo r  C5 a n d  C6, sim ilarly  to  th e  
r e s u l t  fo r  th e  prev ious g ro u p s .

A s has a lready  b een  co n sid ered  in d e ta il w ith  re g a rd  to  Figs 14— 16, 
th e  ireducibility to one curve’ o b se rv ed  for m ix tu re s  o f  n -a lkenes w ith  n -a lk an es 
is n o t  fo u n d  for th e  G h 2 vs. у  curves of a lk a n e —alk e n e  m ix tu res  co n ta in in g  
cy c lic  h y d ro carb o n s, a l th o u g h  th e  cycloalkane—l-n -a lk e n e  system  does n o t 
d iffe r  s ig n ifican tly  from  th is .

I t  follows from  th e  a b o v e  th a t  bo th  th e  G h 2 v a lu e s  of th e  pure  cy c lo a l
k a n e s  a n d  pure  cyclo a lk en es s tu d ied , and  th e  b e h a v io u r  of these  show n in
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s a tu ra te d —u n s a tu ra te d  h y d ro c a rb o n  m ix tu re s , differ from  th o se  o b served  
fo r th e  p u re  n -a lkanes an d  p u re  n -a lk en es  an d  th e ir  m ix tu re s , a n d  depend  
on th e  ca rb o n  a to m  n u m b er; th is  p o in ts  to  th e  d ifferen t b e h a v io u r  o f th e  
in d iv id u a l cyclic h y d ro ca rb o n s, a n d  to  d ifferences in  th e  re la tiv e  ra te s  of 
th e ir  reac tio n s.

4. D iscussion o f  the results

In  th e  f ir s t  p ap e r of th is  series [22], i t  has a lread y  b een  re p o r te d  th a t  
ra d ia tio n -ch em ica l hyd rogen  fo rm a tio n  from  s a tu ra te d -u n s a tu ra te d  h y d ro 
ca rb o n  m ix tu re s  occurs (accord ing  to  m ore or less un ifo rm  fin d in g s  in  th e  
re le v a n t l i te ra tu re )  in  b im o lecu lar re a c tio n s  w ith  th e  in te rv e n tio n  o f h y d ro g en  
a to m s , an d  th e  hyd ro g en  fo rm a tio n  sa id  to  be  m onom olecu lar is also  partia lly  
a re su lt of fa s t h y d ro g en  a to m  re a c tio n s  [21, 23— 30]. The assu m ed  in d iv id u a l 
reac tio n s  are  th e  follow ing (th e  s a tu ra te d  m olecules are  d en o ted  b y  A an d  th e  
u n s a tu ra te d  b y  E ):

A — -лл/т— > Лх (OA)
E — -ЛЛЛЛЛ/—*■ E x (OE)
A x---------------»- A or A[ +  A„ (p)
E x-------------- E o r E ,  +  E 2 (q)
A x-------------- E a +  H , ‘ (m)
E x-------------- -- E B +  H 2 (n)
A x-------------- A- +  H- (s)
E x— — — E- +  H- (t)
A x +  E -------* A +  E x (r)
H- +  A ------->- A- +  H., (u)
H- +  E -------* E- 4- H~2 (v)
H- - f  E -------* EH - (z)

w here : Ax an d  E '  are  th e  exc ited  a n d  ionized m olecules fo rm ed  d u rin g  th e  
in te ra c tio n  b e tw een  ra d ia tio n  an d  m a tte r ;

Aj, A2, E x an d  E 2 are th e  h y d ro c a rb o n  rad ica ls (or rad ica l ions) fo rm ed  
b y  C— C b o n d  ru p tu re ; E A an d  E B a re  th e  u n sa tu ra te d  m olecules (or m olec
u la r  ions) fo rm ed  a fte r  th e  loss o f a h y d ro g en  m olecule from  th e  s a tu ra te d  
o r u n s a tu ra te d  m olecules, re sp ec tiv e ly ;

A - an d  E- are  th e  s a tu ra te d  o r u n s a tu ra te d  h y d ro c a rb o n  rad ica ls  (or 
rad ica l ions) d ep riv ed  of one a to m  o f H -;

E H - is th e  sem i-h y d ro g en a ted  h y d ro c a rb o n  rad ical. T h e  a b o v e  re a c 
tio n  possib ilities are  sum m arized  in  F ig . 17. T he following re m a rk s  a p p ly  to  
th e  F igu re .
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(i) T h e  te rm s w r i t te n  above  th e  in d iv id u a l a rro w s rep re sen t th e  re a c tio n  
ra te s  o f  th e  re le v a n t p rocesses.

(ii) T h e  ‘m o lecu la r h y d ro g en  ev o lu tio n ’ p rocesses [(m) an d  (n)] a re  
n o t show n  in  th e  F ig u re  on th e  s tro n g  d e b a ta b le  a ssu m p tio n  th a t  th e  m olec
u la r  p rocesses a re  co n s id e ra b ly  less im p o r ta n t  th a n  th e  rad ica l ones;

(iii) T he reac tio n s  o f th e  s a tu ra te d  h y d ro c a rb o n s  w hich  lead  to  th e  r u p 
tu re  o f th e  C— C b o n d s a n d  to  th e  loss of en erg y  w ith o u t decom position  acco rd 

i n g .  17 . P ro p o s e d  h y d ro g e n  f o r m a t io n  s c h e m e

ing  to  E q . (p) do n o t s ig n ifican tly  affect th e  q u a s i-s ta tio n a ry  co n cen tra tio n s  
of th e  re a c ta n ts  t h a t  sh o u ld  be considered  in  th e  ca lcu la tions concern ing  
h y d ro g e n  evo lu tion .

W ith  th e  ab o v e  a ssu m p tio n s , using  s ta t is t ic a l  p ro b ab ilitie s  in  th e  e s ti
m a tio n  of th e  re a c tio n s  b e tw een  h y d ro g en  a to m s a n d  h y d ro ca rb o n s, w ith  
th e  help  o f o p tim iz a tio n  co m p u te r  p ro ced u res  som e com binations of re a c 
tio n  r a te  c o n s ta n ts  fo r  th e  h y d ro g en  ev o lu tio n  p rocesses (show n in T ab le  I I ,  
co lum ns 3— 5) w ere c a lc u la te d ; th ese  are  re g a rd e d  as ch a rac te ris tic . O ur p re s 
e n t ca lcu la tio n s w ere c a rr ie d  ou t using  th e  0 ( x )  fu n c tio n s*  rep o rted  ea rlie r 
[31]. T h e  к  va lues in  th e  T ab le  are th e  a p p ro p r ia te  re a c tio n  ra te  co n stan ts  an d  
th e  (c)’s a re  th e  to ta l  m o la r  co n cen tra tio n s  o f th e  A  a n d  E  com ponen ts w ith  
d im ensions (m ole • l i t -1 ).

* T h e  0 ( x )  f u n c t io n  w a s  d e f in e d  b y  th e  r e la t io n

0 ( x )  =  A 'i A i b A  
GH2

w h e re :

е д  is th e  c o n c e n tr a t io n  o f  c o m p o n e n t  A  e x p re s s e d  in  e le c tro n  f r a c t io n ;  
G h 2?a  is th e  h y d ro g e n  fo rm a t io n  y ie ld  f ro m  p u re  c o m p o n e n t  A ;
Gj_{0 is th e  m e a s u re d  ra d ia t io n -c h e m ic a l  y ie ld  fo r  t h e  m ix tu r e .
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Table II

C om bina tion  o f  som e characteristic  rate constan ts o f  the s tu d ie d  sa tura ted—u n sa tu ra ted  hydrocarbon
m ix tu res

The fo llow ing  m ore im p o r ta n t  conclusions a rise  from  th ese  ca lcu la tio n s. 
The re su lts  su p p o rt our a ssu m p tio n  th a t  in  th e  h y d ro ca rb o n  m ix tu re s  

show n in Figs 1— 4 th e  rad ia tio n -ch em ica l h y d ro g e n  ev o lu tio n  proceeds p re 
d o m in an tly  acco rd in g  to  th e  g iven  h y d ro g en  e v o lu tio n  schem e, i.e. th e  d e v ia 
tio n  o f th e  Gh2 v a lu e s  from  th e  lin e a r  m ix ing  ru le  is th e  re su lt both o f  energy 
transfer reactions fro m  th e  s a tu ra te d  to  th e  u n s a tu ra te d  h y d ro ca rb o n s , and  o f  
hydrogen atom capture reactions b y  th e  u n s a tu ra te d  h y d ro ca rb o n s .

I t  was fo u n d  ab o v e  th a t  an  u n s a tu ra te d  h y d ro c a rb o n  ex erts  a g re a te r  
p ro te c tin g  effect in  its  m ix tu re  w ith  th e  o p en -ch a in  s a tu ra te d  h y d ro c a rb o n  
w ith  th e  sam e c a rb o n  a to m  n u m b e r th a n  in its  m ix tu re  w ith  th e  cyclic h y d ro 
carbon . This is su p p o rte d  b y  th e  fa c t th a t  in  th e  m ix tu re s  c o n ta in in g  th e

k r
sam e u n s a tu ra te d  h y d ro ca rb o n s  in  T ab le  I I ,  in  all cases sm alle r — (c) v a lu es

^s
re fer to  th e  cy c lo a lk an e  system s th a n  to  th e  o p en -ch a in  a lk a n e -a lk en e  m ix tu re s . 
O n th e  basis o f th e  schem e in F ig . 17, th is  m ean s th a t  th e  d ifferences in  th e  
p ro te c tin g  ac tio n  (o therw ise  fo llow ing logically  fro m  th e  Ф vs. x  curves [F  igs 
5— 8)] are a t t r ib u ta b le  to  th e  fa c t  th a t  th e  en e rg y  tra n s fe r  from  th e  cy c lo 
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M ix tu re
* . <c) kt + kq

K_
k,i

a v e ra g e
f

n -p e n ta n e - l - n - p e n te n e 29.8  +  1.5 0 .3 6  +  0.02 0.50 +  0.02

c y c lo p e n ta n e -  l - n -p e n te n e 25.8 +  2.0 0 .3 5  0 .015 0.50 1 0.02
0.35

л -p e n ta n e —c y c lo p e n te n e 35.6 + 2 .0 0 .3 9  - 0 .02 0.43 +  0.02
0 .4 0

c y c lo p e n ta n e —c y c lo p e n te n e 30.0  +  1.0 0 .4 0  0.02 0.44 + 0 .0 2

л -h e x a n e —l-n -h e x e n e 2 7 .0 + 1 .5 0 .35  +  0.01 0.50 + 0 .0 2
0 .35

c y c lo h e x a n e -1 -л -Ь ех е п е 24.2 + .1 0 0 .35  ; 0 .02 0.48 + 0 .0 2

л -h e x a n e -c y c lo h e x e n e 35.4 +  1.8 0 .3 9  Í 0 .02 0.43 +  0.02
0 .40

c y c lo h ex a n e —c y c lo h e x e n e 29.7 +  1.8 0 .4 0  1 0.03 0.46 +  0.02

л -h e p ta n e —l- n -h e p te n e 33.8 +  2.2 0 .3 8  . 0 .02 0.51 +  0.02
0 .39

c y c lo h e p ta n e —l- n - h e p te n e 22.7 +  1.6 0 .4 0  +  0.03 0 .54  +  0.03

л -h e p ta n e —c y c lo h e p te n e 34.2 +  2.0 0 .3 5  +  0.02 0.50 +  0.02
0 .35

c y c lo h e p ta n e —c y c lo h e p te n e 19.5 +  0.8 0 .3 5  +  0.02 0.48 +  0.02

л -o c ta n e —l-n -o c te n e 33.2 { 2 .0 0 .3 8  ! 0 .02 0.50 + 0 .0 3
0 .39

c y c lo o c ta n e — l-n -o c te n e 15.6 +  0.7 0 .4 0  +  0.02 0.50 +  0.02

л -o c ta n e —cy clo o c ten e 32.2 f 2.0 0 .3 1  +  0.01 0 .5 0 + 0 .0 2
0 .30

c y c lo o c ta n e -c y c lo o c te n e 10.2 ! 0.6 0 .3 0  +  0.01 0.46 + 0 .0 2
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a lk a n e  to  th e  a lip h a tic  a n d  cyclic  a lkenes p roceeds w ith  a sm alle r effic iency  
re la t iv e  to  th e  m o n o m o lecu la r deco m p o sitio n  in  th e  m ix tu re s  co n ta in in g  
c y c lo a lk a n es  th a n  for th e  o p en -ch a in  h y d ro ca rb o n s . T he p ro b ab le  e x p la n a tio n  
o f  th is  is t h a t  because o f  the s tra in  in  the rings  th e  m onom olecu la r decom posi
t io n  p ro cesses  for th e  cy c lo a lk an es are  fa s te r  th a n  for th e  o p en -ch a in  a lkanes 
a n d  so a re la tiv e ly  smaller tim e is available  fo r b im o lecu la r en e rg y  tra n sfe r  
re a c tio n s .

I n  th e  ra te  of th e  m o n o m o lecu la r p rocesses of cyclo a lk an es , e.g. o f th e  
re a c t io n  accord ing  to  E q . (s), a fu n d a m e n ta l fa c to r  m ay  be th e  en e rg y  re q u ire 
m e n t o f  th e  reac tio n  or, re la te d  to  th is , th e  energetic  s ta b il i ty  o f th e  cyclo- 
a lk v l ra d ic a l form ed d u rin g  th e  reac tio n . In  a s tu d y  of ch a in  re a c tio n s  (e.g. 
p h o to su lfo c h lo rin a tio n ) re q u ir in g  th e  p a r tic ip a tio n  of v a rio u s  cycloalky l 
ra d ic a ls , i t  was found  t h a t  th e  re a c tiv i ty  of th e  cy c lo a lk an es , a n d  also 
th e  e n e rg e tic  s ta b ility  o f th e  rad ica ls  n ecessary  for in it ia tio n  a n d  p ro p 
a g a tio n  o f th e  chain  re a c tio n , increases in  th e  o rder cy c lo h ex an e  cy 
c lo p e n ta n e  <C cy c lo h ep tan e  < [ cyclo o c tan e  [2— 4]; th is  m a y  be  para lle led  
w ith  o u r  o b se rv a tio n  t h a t  th e  d ifference in  th e  Gh2 v s . x  a n d  Ф vs. x  curves 
fo r  th e  m ix tu re s  c o n ta in in g  th e  o p en -ch a in  an d  th e  cyclic s a tu ra te d  h y d ro 
c a rb o n s  is m ost o bservab le  in  th e  case of m ix tu re s  of C7 an d  C 8 h y d ro ca rb o n s .

F ro m  a co n sid e ra tio n  o f  th e  d a ta  in  T ab le  I I ,  co lum n 3, i t  m a y  b e  s ta te d  
k t

t h a t  th e  f  = ----------- values o f  mixtures, containing the same unsaturated hydro-
k t kq

carbon, in  boxes se p a ra te d  b y  a c o n tin u o u s  an d  a d ashed  line do n o t  differ 
s ig n if ic a n tly  from  each  o th e r . Such an  ag reem en t of th e  f  v a lu es  is obvious 
sin ce  o n  th e  basis o f th e  re a c tio n  schem e in  Fig. 17 th e y  are  c h a ra c te r is tic  
o f th e  in d iv id u a l u n s a tu ra te d  h y d ro c a rb o n s . T he av erag ed  f  v a lu e s  of th e  
v a r io u s  h y d ro ca rb o n s a re  to  be  found  in  T ab le  I I ,  co lum n 5.

B ecau se  of th e  re la tiv e ly  large im prec ision  of, an d  th e  sm all d ifferences 
b e tw e e n  th e  values of t h e / d a t a  in  th e  T ab le , i t  is d ifficu lt to  re a c h  genera liz 
in g  conclusions. I t  m ay  be  seen, how ever, th a t  w hile th e  f  v a lu es  for th e  
o p e n -c h a in  u n sa tu ra te d  h y d ro c a rb o n s  s tu d ie d  scarcely  d iffer from  each  o th e r 
a n d  a re  n o t  clearly  co n n ec ted  w ith  th e  le n g th  of th e  ca rb o n  ch a in , th e  d iffer
ences b e tw een  these  d a ta  fo r th e  in d iv id u a l cycloalkenes are  m o re  sign ifi

a ic a n t :  t h e /  = ------------ v a lu e s  decrease w ith  increasing  ca rb o n  a to m  n u m b e r ol
k t -f- kq

th e  h y d ro c a rb o n  rings s tu d ie d , ju s t  as h as  a lre a d y  been  found  in  th e  e v a lu a tio n  
o f th e  G h2 d a ta . T his m ean s th e re fo re  t h a t  w ith  th e  increase  of th e  carbon  
a to m  n u m b e r  in  th e  cy c lo a lk en e  ring  th e  re la tiv e  ra te  of th e  re a c tio n s  lead ing  
to  h y d ro g e n  a to m  fo rm a tio n , as in  E q . ( t) , decreases s ligh tly .

H a v in g  exposed cyc loa lkenes to  th e  effect of th e rm a l o x id a tio n  u n d er 
‘m ild ’ cond itio n s, V a n  S i c k l e  e t al. o b se rv ed  th a t  th e  h y d ro g en  a to m s  of these  
h y d ro c a rb o n s  m ay  be  sp lit  o ff w ith  in c reasin g  ra te , i.e. p ro b a b ili ty , in  th e

Acta Chirn. (Budapest) 70, 1971
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o rd e r  cyclooctene < / cy c lo h ep ten e  </ cyclohexene < / cy c lo p en ten e  [5]. This 
o rd e r co rresponds to  th e  o rd e r of G h2 an d  f  valu es  o b serv ed  b y  us.

T he m en tio n ed  a u th o rs  exp la in  th e  o b serv ed  p h en o m en o n  b y  th e  fac t 
t h a t  w ith  th e  rem o v a l o f one H - a to m  from  cy c lo p en ten e  or cyclohexene, the  
s tru c tu re s  of w hich  a re  th e  closest to  p la n a r , th e re  is a p o ss ib ility  fo r th e  
fo rm a tio n  of an  a lly l ty p e  rad ica l w hich is en e rg e tica lly  fav o u rab le  b e in g  closer 
to  th e  p la n a r  s tru c tu re  in  w hich  th e  energy  o f in te ra c tio n  (resonance  energy) 
o f th e  electrons in  th e  do u b le  b o n d  w ith  th e  u n p a ire d  e lec tro n  o f th e  h y d ro 
ca rb o n  rad ica l decreases th e  energy  req u irem en ts  o f th e  p rocesses lead ing  to  
h y d ro g en  evo lu tion . O n th e  o th e r h an d  th e  s tru c tu re s  of cy c lo h ep ten e  and  
cyclooctene, an d  also o f  th e  rad ica ls  fo rm ed  from  th e m  b y  th e  rem o v a l of a H. 
a to m , d iffer s ig n ifican tly  from  p la n a r; as a consequence  o f th e  m ore  u n fa v o u 
rab le  sp a tia l a r ra n g e m e n t th is  leads to  a decrease in  th e  reso n an ce  en erg y  and  
also to  th e  fac t th a t  th e  energy  necessary  for th e  s e p a ra tio n  o f each  h y drogen  
a to m  from  these  cyc loa lkenes increases [5, 32].

C onsidering th e  co m b in a tio n s of ra te  c o n s ta n ts  c h a ra c te r is tic  o f th e  
n -a lk a n e —1-n-alkene m ix tu re s , i t  m ay  he concluded  from  T ab le  I I  th a t  th e  
va lu es  co rrespond ing  to  th e  in d iv id u a l m ix tu re s  d iffe r from  each  o th e r  m erely  
s lig h tly , b u t  in  th e  case o f m ix tu res  co n ta in in g  a cyclic h y d ro c a rb o n  th e y  
g en era lly  depend  s ig n if ican tly  on th e  carb o n  a to m  n u m b e r. T h is ag rees w ith  
o u r ea rlie r find ing  th a t  w hile th e  p ro p ertie s  of th e  h y d ro c a rb o n s  o f various 
ca rb o n  a to m  n u m b ers  show n  in  m ix tu res  a re  s im ila r fo r sy stem s co n ta in in g  
o p en -ch a in  h y d ro ca rb o n s  (re -a lk an e-l-n -a lk en e), th e y  are  d iffe ren t fo r m ix
tu re s  co n ta in in g  a cyclic  h y d ro ca rb o n .

O u r re su lts  allow  a fu r th e r  in te re s tin g  conclusion  reg a rd in g  th e  energy 
tra n s fe r  cond itions. T h e  energy  excess g iven to  th e  m olecules b y  th e  ra d ia tio n , 
w hich  causes th e ir  e x c ita tio n  a n d /o r io n iza tio n , can  m ove fu r th e r  e ith e r  from  
m olecule to  m olecule, i.e. in te rm o lecu la rly , or w ith in  th e  m olecule, i.e. in tra - 
m o lecu la rly . A ccord ing  to  general ob se rv a tio n s, th e  gross energy  tra n s fe r  is 
d irec ted  to w ard s p o sitio n s of low er e x c ita tio n a l an d  io n iza tio n  en erg y , in  th e  
p re se n t case th e  te rm in a l doub le  bonds. E a rlie r, th e  q u es tio n  o f in te rm o lecu la r 
en erg y  tra n s fe r  w as s tu d ie d  essen tia lly  in  th e  tr e a tm e n t  of our k in e tic  ca lcu
la tio n s  b ased  on th e  h y d ro g e n  fo rm atio n  schem e o f F ig . 17. H o w ev er, on the  
basis  of li te ra tu re  analog ies (e.g. observ a tio n s in  th e  s tu d y  of a lky l-benzenes 
[33— 35]), th e  p o ss ib ility  o f in tram o lecu la r energy  tra n s fe r  d ire c te d  to  the  
p a r t  co n ta in in g  th e  л  b o n d s from  th e  s a tu ra te d  p a r t  of th e  a lk en e  h y d ro 
ca rb o n s  m u st also be considered .

T h e  facts th a t  th e  G h2 v alues for th e  n -a lk an e—1-re-alkene m ix tu re s  and  
fo r th e  p u re  1-n-alkenes lie on one and  th e  sam e cu rv e  on  th e  G h 2 vs. у  d iagram  
(F ig . 13), and  th a t  th e  G h 2 v alue  of e.g. 1-n -hexadecene agrees w ith in  experi
m en ta l e rro r w ith  th e  G h2 va lu e  for th e  m ix tu re  o f n -o c tan e  an d  1-n-octene 
in  a 1 :1  m ole ra tio , in d ic a te  th a t  th e  efficiency o f in tra m o le c u la r  en erg y  tran s-
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fe r  c a n n o t  exceed co n s id e ra b ly  th e  efficiency o f in te rm o le c u la r  en e rg y  t r a n s 
fe r.

N a tu ra lly  th e  re su lt o b ta in e d  should  n o t be a t t r ib u te d  solely  to  th e  energy  
t r a n s f e r  reac tio n s; th e  o th e r  fa c to r  c o n tr ib u tin g  to  th e  G v a lu e  m u s t also be 
c o n s id e re d , viz. th e  ra d ic a l c a p tu re  reac tions b e tw een  th e  doub le  bon d s and  
h y d ro g e n  atom s fo rm ed  d u rin g  th e  rad io lysis. As a consequence  o f th e  fo re 
g o in g , i t  m ay  be assu m ed  t h a t  th e  rad ica l c a p tu re  p ro p e rtie s  of th e  v a rio u s 
1 -n -a lk en es  are rou g h ly  th e  sam e . T his p ic tu re  f i ts  w ell w ith  w h a t has a lread y  
b een  sa id ; th e  Gh2 v a lu es  on  th e  G h2 v s . y  d iag ram s (F ig . 13) o f a lip h a tic  a l
k a n e -a l ip h a tic  a lkene m ix tu re s  a n d  of th e  p u re  l-n -a lk e n e s  fa ll in to  th e  sam e 
c u rv e  w h ich  is a re su lt o f th e  s im ila r energy tra n s fe r  an d  rad ica l c a p tu re  p ro 
p e r t ie s  o f double b o n d s of th e  sam e type .

A ccord ing  to  o u r d a ta  it  is also d e b a tab le  w h e th e r t ru ly  n o n -id en tica l 
re a c tio n  steps are in v o lv ed  in  th e  so-called ‘in tra m o le c u la r’ an d  ‘in te rm o lec 
u la r ’ p ro te c tio n , i.e. w h e th e r  d u rin g  th e  in te ra c tio n  of th e  ra d ia t io n  an d  th e  
s u b s ta n c e  th e  energy  p r im a r ily  s itu a te d  in  th e  s a tu ra te d  ‘h y d ro c a rb o n  chain  
s e c tio n ’ of th e  m onoalkenes a rr iv e s  decisively  in  th e  л -bond  ‘en erg y  t r a p ’ 
o f i t s  o w n  m olecule or t h a t  o f a ‘ne ig h b o u rin g ’ m olecule, a n d  w h e th e r in  th e  
r a d ic a l  c ap tu re  re a c tio n s  o f th e  hyd ro g en  a to m s fo rm ed  b y  b re a k in g  of th e  
C — H  b o n d s  a л -b o n d  in  i ts  ow n m olecule m ean s a g re a te r  ra d ic a l c a p tu re  
p o s s ib il i ty  th a n  does а л -b o n d  o f p e rh ap s  m ore fa v o u ra b le  g eo m etrica l a rra n g e 
m e n t  in  a ‘n e ig h b o u rin g ’ m olecu le .

I t  is hoped to  o b ta in  an sw ers  to  these  q u estio n s in  o u r fu r th e r  w ork .
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VIBRATIONAL SPECTRA OF ORGANOMERCURY 
COMPOUNDS, VIII*

I N F R A R E D  A N D  R A M A N  S P E C T R A  O F  A L L Y L M E R C U R IC  C O M P O U N D S  

J .  M i n k  and Y u .  A. P e n t i n

( I n s t i tu te  o f  Iso topes o f  the H u n g a r ia n  A c a d e m y  o f  S c ien ces , B u d a p e s t , a n d
D e p a rtm en t o f  C h e m is try . M oscow  S ta te  U n iv e r s i ty , M o sco w )

R e c e iv e d  M ay  16, 1970

T h e  in f ra re d  (3200  200 cm  ')  a n d  R a m a n  s p e c tra  o f  a l ly lm e rc u r ic  c h lo r id e
a n d  a lly lm e rc u r ic  b ro m id e  h a v e  b e e n  re c o rd e d  in  th e  c ry s ta l l in e  p h a se  a n d  in  s o lu tio n .

T h e  o b se rv e d  f re q u e n c ie s  w e re  a ss ig n e d . T h e  n o rm a l  c o o rd in a te  a n a ly s is  p e r 
fo rm e d  fo r  th e  a lly lm e rc u r ic  h a lid e s  w ith  r e s p e c t  to  th r e e  a l t e rn a t iv e  c o n f ig u ra tio n s ,  
c is , in te rm e d ia te ,  a n d  i ro n s ,  y ie ld e d  th e  b e s t  f i t  in  th e  c ase  o f  th e  in te r m e d ia te  m o d e l.

F o r  a lly lm e rc u r ic  c h lo r id e  a n d  b ro m id e  th e  fo rce  f ie ld  w a s  e v a lu a te d  b y  a  le a s t  
s q u a r e s  f i t  a n d  th e  fo rce  c o n s ta n t s  o f  th e  C H g -s tre tc h in g  w e re  fo u n d  to  b e  4 .1 6  a n d  
4 .0 9  X  10® c m “ 2 (2.67 a n d  2 .62  m d y n /Â )  a n d  th o se  o f  th e  H g X - s t r e tc h in g  w e re  e s t i 
m a te d  a s  3 .01 a n d  2 .87  X  10e c m “ 2 (1 .9 3  a n d  1 .84  m d y n /Â ) , r e s p e c t iv e ly .  Ä  f r e q u e n c y  
a s s ig n m e n t  w as p e r fo rm e d  fo r  th e  in f ra re d  s p e c tru m  o f  l iq u id  d ia l ly lm e rc u ry .

Introduction
T h e in fra red  sp ec tra  o f a lly lm ercu ric  halides and  re la te d  co m p o u n d s 

h av e  b een  p u b lished  [1, 2]. Som e in fra red  d a ta  on a lly lm ercu ric  ch lo rid e  h av e  
been  also re p o rte d  [3]. I n  th e  re p o r te d  cases th e  an a lysis  covered  o n ly  som e 
o f th e  v ib ra tio n a l b ands. N o co m p le te  analysis  has y e t been  m ad e  o f th e  in fra 
re d  an d  R a m a n  sp ec tra , n o r h as  th e  force fie ld  of th e se  co m p o u n d s b e e n  in 
v e s tig a te d  so far.

Experim ental
A lly lm e rc u r ic  c h lo rid e , b ro m id e  a n d  d ia l ly lm e rc u ry  w ere  p r e p a re d  f ro m  c o m p o u n d s  

o f  t h e  t y p e  C H 2 =  C H C H 2M g X  w ith  a n  e q u iv a le n t  a m o u n t  o f  th e  m e r c u r y ( I I )  h a lid e  [4] in  
q u e s t io n .

T h e  a lly lm e rc u r ic  h a lid e s  w e re  p u r i f ie d  b y  r e c r y s ta l l iz a t io n  fro m  m e th a n o l.  D ia lly l
m e r c u r y  w a s  d is t il le d  a t  re d u c e d  p re s s u re .  T h e  a n a ly t ic a l  d a ta  a n d  th e  o th e r  p r o p e r t i e s  a re  
s p e c if ie d  in  T a b le  I.

T a b le  I

A n a ly tic a l  da ta  f o r  a lly lm ercuric  com pounds

A nalysis

C o m p o u n d F o u n d Cal >d. M elting  p o in t;  B oiling  
p o in t  (“C)

C % H  %  , c % H %

C H ,= C H C H .,H g C l 13.17 2.06 13.00 1.82 m .p .  109— 110

C H 2 =  C H C H ,H g B r 11.31 1.78 11.20 1.57 m .p .  122— 123

(C H ,= C H C H 2)2H g 25.49 3 . 5 6 25.71 3.68 b .p .  7 2 — 74 (3 m m H g

» F o r  P a r t  V I I ,  cf. A c ta  C h im . A c a d . Sei. H u n g . 6 7 , 435 (1971).
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T h e  sp e c tro m e te rs  a n d  t h e  m e th o d s  u se d  fo r  t h e  m e a s u re m e n ts  w e re  th e  sa m e  a s  th o se  
d e s c r ib e d  in  a n  e a r lie r  r e p o r t  [5 ].

T h e  in fra re d  s p e c tr a  o f  t h e  c ry s ta l l in e  a l ly lm e rc u r ic  h a lid e s  a n d  o f  th e i r  so lu tio n s  in  
C S2 a n d  b e n z e n e  w ere  m e a s u r e d  in  t h e  w a v e n u m b e r  r a n g e  f ro m  3200  to  200 c m “  h  T h e  s p e c tra  
a r e  sh o w n  in  F ig . 1. T h e  in f r a r e d  s p e c tru m  o f  l iq u id  d ia l ly lm e rc u ry  w a s  m e a s u re d  in  th e  ra n g e  
f r o m  5000  to  400 c m “ '.  T h e  s p e c t r u m  re c o rd e d  in  t h e  r a n g e  b e tw e e n  3500 a n d  400 c m “ 1 is 
sh o w n  in  F ig . 2. T h e  R a m a n  s p e c t r a  w ere  o b ta in e d  in  d io x a n  so lu t io n s ,  th e  d e p o la r iz a tio n ,  
h o w e v e r ,  co u ld  n o t  b e  d e te r m in e d  b e c a u se  o f  th e  a lm o s t  im m e d ia te  d e c o m p o s it io n  o f  th e  
c o m p o u n d s  as a  c o n se q u e n c e  o f  m e rc u ry  a rc  e x c i ta t io n .

T h e  v ib ra t io n a l  d a t a  o f  t h e  a lly lm e rc u r ic  h a lid e s  a n d  th e  in f r a r e d  f re q u e n c y  d a ta  o f  
a lly lm e rc u r ic  io d id e  a re  s u m m a r iz e d  in  T a b le  I I .

R esu lts  and  d iscussion

In  analogy to  a lly l h a lid e s  [6— 10] th e  a lly lm ercu ric  ha lid es  a re  ex p ec ted  
to  e x h ib it  to rsional iso m e rism . T he possib le isom eric  fo rm s m ay  be a n y  of th e  
fo llow ing  c o n fig u ra tio n s : trans (0  =  0), trans-gauche ( 0  =  60°), cis-gauche 
( 0  =  120°) and  cis ( 0  =  180°), w here 0  is th e  a z im u th a l angle  (i.e. th e  angle 
b e tw e e n  th e  p lanes o f th e  v in y l and  th e  CC H g g roups). T h e  spectroscopic  
d a ta  a lone  ind ica te  th e  occu rrence  of tw o ro ta t io n a lly  isom eric  form s in  th e  
c ry s ta llin e  s ta te  of th e  a lly lm ercu ric  h a lides. C onsidering  th e  re la tiv e  in te n 
s itie s , th e  p ro p o rtio n  o f  th e  second fo rm , h o w ev er, is th o u g h t to  be v e ry  sm all. 
T h e  w eak  bands w ere o b se rv e d  in  th e  v ib ra tio n a l sp e c tra  in  th e  en v iro n m en t 
o f  th e  s tro n g  b an d s r8, r10, r12, vu  and  r18 w ere  a t t r ib u te d  to  a m ino r isom eric 
fo rm . T he w eak b a n d s  a ro u n d  r9, r10 an d  vu  o b se rv ed  in  th e  c ry sta llin e  sam ples 
d is a p p e a r  from  th e  s p e c tra  o f th e  so lu tions in  w h ich  th e  m a jo r isom er seem s 
to  h e  p red o m in an t.

T he CH ,==CH CH 2H g X  (X  =  Cl, B r, I) m olecules h av e  24 fu n d a m e n ta l 
freq u en c ies ; 22 b an d s  co u ld  be  iden tified  in  a d d itio n  to  th e  above m en tio n ed  
excess bands a t w a v e n u m b e rs  above 100 c m “ 1 a n d  a t t r ib u te d  to  th e  p red o m 
in a n t  configura tion . In d e p e n d e n tly  of th e  to rs io n a l isom ers, all th e  fu n d a 
m e n ta l v ib ra tio n s a re  in f ra re d  and R am an  ac tiv e . I n  th e  case of p la n a r  (cis 
o r  trans) con fig u ra tio n s, th e  ally lm ercuric  h a lid e s  h av e  Cs sy m m etry .

F i ve frequency  h a n d s  w ere assigned to  th e  c a rb o n —h y d ro g en  s tre tc h in g  
v ib ra tio n s , of w hich th e  th r e e  bands, v4, v2 a n d  r3, in  th e  ran g e  be tw een  3000 
a n d  3080 c m “ 1, are a t t r ib u te d  to  th e  v in y l g ro u p , w hile th e  tw o  s tro n g  b an d s  
b e lo w  3000 cm “ 1 to  th e  a sy m m etric  v4 an d  th e  sy m m e tric  v5 CH s tre tc h in g  
freq u en c ies  of th e  m e th y le n e  group. T he s tro n g  b a n d  a t  3060 c m “ 1 seem s to  
o r ig in a te  from  th e  ve v1 co m b in a tio n  m ode.

T he C =  C s tre tc h in g  freq u en cy  v6 o f th e  v in y l g roup  is observed  in  b o th  
th e  in fra red  and  R a m a n  sp e c tra  as an  in te n se  b a n d  a t  1630 c m “ 1.

T he w agging v15 a n d  th e  tw istin g  r13 freq u en c ies  of th e  fo u r d efo rm atio n  
m o d es o f th e  v iny l C H 2 g ro u p  produce s tro n g  b a n d s  in  th e  in fra red  sp ec tra  
n e a r  900 c m “ 1 an d  985 c m “ 1, respective ly . T hese  o u t-o f-p lan e  d e fo rm atio n  
m o d es, as expected , a re  a lm o s t or en tire ly  a b se n t from  th e  R am an  sp ec tra . 
B a n d s  w hich can  b e  a t t r ib u te d  to  v iny l C H 2, in -p lan e , b en d in g  v ib ra tio n s
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F ig .  1. T h e  in f ra re d  s p e c tr a  o f  a l ly lm e rc u r ic  h a lid e s . 200— 400 c m - 1  : 0 .3  M  a n d  0.2 M  s o lu tio n s  o f  a lly lm e rc u r ic  c h lo rid e  
a n d  b ro m id e  in b e n z e n e  re sp e c tiv e ly , 1 m m  C sl cell; 4 0 0 — 3200 c m -  1: 0 .16  M  a n d  0 .19  M  so lu tio n s  o f  a lly lm e rc u r ic  c h lo r 

id e  a n d  b ro m id e  in  CS>, r e sp e c tiv e ly , 1 m m  K B r  cell. D a sh e d  lin e s : th e  s p e c tra  o f  c ry s ta l l in e  sa m p le s

Fig .  2. T h e  in f ra re d  sp e c tra  o f  liq u id  d ia l ly lm e rc u ry . ( A )  liq u id  f i lm , ( В ) so lu tio n  in n u jo l,
(C ) p a th  le n g th  0 .07  m m
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Table II

V ib ra tio n a l spectra  o f  a lly m e rc u ric  ha lides

A lly lm ercuric  ch loride A lly lm ercuric  brom ide A lly lm ercuric  iodide

A ssig n m en t
In fra re d R a m a n In fra re d R am an in fra red  [2]

solid 
(cm  ')

so lu tion  
(cm  •)

so lu tion
(cm - 1 )

solid 
(cm  ■)

so lu tio n
(cm --)

so lu tion
(cm “ 1)

solid
( c m - 1)

1 2 3 4 5 6 7 8

3078 vs 3081 vs 3078 vs 3080 vs 3080 m Vv  A ’

3063 s 3059 s 3061 s 3057 s 3055 w fc, + b

3030 s 3029 s 3027 s 3027 s 3023 tv V.,, A '

3004 s 3000 s 3002 s 3000 « 2998 w v3, A '

2971 vs 2938 v s 2973 vs 2982 vs 2973 m i'4, A '

2925 s 2921 s 2910 w 2919 s 2923 m 2906 m 2928 m A '

2850 vw 2858 2850 vw 2840 tiw? 2858 vw V7 +  *S

2808 vw 2810 vw 2820 vw 2811 w 2807 w 2820 w 2 v e

2780 vw 2780 vw v s +  V»

2282 2280

2194 2190

2162 2160 b l + Vl-2

2033 2031 2031 Vi3 +  v12

1968 vw 1955 vw 1965 vw 1955 vw 2 vi3

1880 1880 »15 +  »’13

1803 m 1803 m 1801 m 1800 in 2 "is

1678 vw 1677 vw 1677 vw V1C, +  t>I-a

1632 s 1628 s 1618 s 1629 s 1627 s 1623 m fos A '

1590 vw 1588 1586 vw fl7  +  ”15
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1437 s 1436 s 1432 m V-, A '

1400 m 1400 m 1392 m 1398 m 1400 m 1391 m 1396 if v 8, A '

1346 tiw 1332 vw 1336 vw 1331 vw I
V 4 '

1302 it- 1297 it> 1301 it- 1295 m }
r 9, Л

1225 vw 1216 t-it>

1190 s

1186 s 1186 s 1186 s 1188 s 1192 m ^ io- A '

1158 viv 1158 vw

1115 s 1119 s 1114 vs 1104 s 1111 ns 1109 rs 1095 m >’i p  A "

1076 m 1080 m
1046 s 1037 s 1035 m v12, A '

1049 s 1039 s

988 s 984 s 986 s 984 s 990 m A "

933 tv
932 it- 939 it-

936 it-
931 it- 938 w

938 it )
A>

914 tv , sh 916 s, sh 903 s 1

902 vs 899 vs 900 i-it- 900 v s 899 i-s 900 vw 898 s V15’ A

774 vs 772 vs 770 it- 771 vs 772 it 772 w 765 m ^16’ A
683 s 683 s 686 m 681 s 687 s 684 m 683 m v17, A "

585 vw 575 vw
487 if  } A '

511 s 504 s 505 m 503 s 496 s 490 m I
380 m 387 in 376 tt> 378 m 886 m 375 w *'l9’ A
312 s 329 s 308 vs 244 m 235 m 206 vs ^20’ A

227 m 235 m + v2l, A '

143 vw 146 it- V,,, A "

120 vvw 111 vvw V23i A

88 vvw 88 v vw v,v  A '

N o te : s ,  s tro n g ; m , m e d iu m ; ir , w e a k ; r ,  v e ry :  s h ,  sh o u ld e r ; ! f re q u e n c y  u sed  tw ice .
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a p p e a r  a t  1400 c m -1  ( r g, scissoring) and  a t  1045 c m -1 (rJ2, rocking). T h e  in 
p lan e  r15 an d  o u t-o f-p lan e  r17 deform ations o f th e  v in y l hyd rogen  are  th o u g h t 
to  be  responsib le  fo r th e  b a n d s  observed n e a r  1300 c m -1 and  680 c m -1 , re 
sp ec tiv e ly . T he la t te r  is o b se rv ab le  in th e  R a m a n  sp e c tra , too.

T h e  assignm en ts to  th e  bend ing  v7 an d  ro c k in g  v1R m odes of th e  m e th y 
lene  g roup  are  th o u g h t to  b e  unam biguous, w h e reas  th e  frequency  assig n m en ts  
to  th e  w agging i>10 a n d  tw is tin g  vn  v ib ra tio n s  a re  questionab le  (T ab le  I I ) . 
T he frequencies sp ec ified  fo r  th e  la t te r  are in fe rre d  m ain ly  from  n o rm al coor
d in a te  ca lcu la tions. T h e  tw is tin g  v ib ra tio n  a p p e a rs  in  th e  R am an  sp e c tra  
as an  in ten se  b a n d .

A m ong th e  sk e le ta l v ib ra tio n s  th e  C— C s tre tc h in g  vu  can  be id en tified  
a t  930 c m “ 1 in  b o th  th e  in f ra re d  and th e  R a m a n  s p e c tra . A n o th er b an d  a p p e a r 
in g  in  th e  903— 916 c m “ 1 reg ion  of th e  in f ra re d  sp e c tra  of cry sta llin e  ally l- 
m ercu ric  halides can  b e  a t t r ib u te d  to  th e  in h o m o g e n e ity  of th e  co n fig u ra tio n . 
T h e  ap p ea ran ce  of th e  CCC skele ta l bend in g  r19 in  th e  low -frequency  reg ion  
a t  380 cm  1 re flec ts  th e  fa c t  th a t  th e  h eav y  m e rc u ry  a to m  is involved  in  th is  
d e fo rm a tio n  m ode.

T h e  v ib ra tio n s  in v o lv in g  th e  m ercu ry  a to m  a p p e a r  a t  low frequenc ies . 
T h e  C H g s tre tc h in g  r18 freq u en cy  decreases in  th e  o rd e r chloride, b ro m id e , 
iod ide. T h e  H gCl s tr e tc h in g  frequency  is o b se rv e d  in  th e  in fra red  sp e c tru m  
of th e  so lu tio n  in b en zen e  a t  a frequency  h ig h er b y  18 c m “ 1 th a n  th a t  m easu red  
in  th e  sp ec tru m  of th e  c ry s ta llin e  sam ple, in d ic a tin g  s tro n g  in te rm o lecu la r  
in te ra c tio n  (HgCl . . . H g) in  th e  la tte r . T h e  H g R r  s tre tc h in g  shows a v e ry  
s tro n g  b a n d  a t  206 c m “ 1 in  th e  R am an  s p e c tru m  in  d ioxan  so lu tion . T h is 
b a n d  ap p ears  a t  a c o n s id e ra b ly  lower f req u en cy  th a n  in  th e  in fra red  sp e c tra , 
w hich  could  be a t t r ib u te d  to  th e  influence o f  s tro n g ly  p o la r d ioxan  so lv en t. 
T h e  R a m a n  b an d  a t  227 c m “ 1 can be assigned  to  th e  CCHg skele ta l b en d in g  
freq u en cy , v2V*

T h e w eak R a m a n  lines n ea r 145 c m “ 1 c a n  he  assigned  to  th e  to rs io n a l 
m ode of th e  ally l g ro u p . T h e  low  frequencies w h ich  can  he assigned to  th e  tw o 
(in p lan e  an d  o u t-o f-p lan e ) defo rm ation  m odes o f  th e  C H gX  groups (r24, r23) 
are v e ry  d ifficu lt to  m e a su re  b y  th e  p re sen t te c h n iq u e , th u s  th e  assig n m en ts  
are  on ly  a p p ro x im a te .

T h e  ally l d e r iv a tiv e s  o f m ercu ry  have  w e a k  b a n d s  in  th e  in fra red  sp ec tra  
o rig in a tin g  from  th e  o v e rto n e s  2 r 8, 2 r13, a n d  2 r15, th e  la t te r  being especia lly  
c h a ra c te ris tic  of th e se  co m p o u n d s. The c o m b in a tio n  to n es v6 -f- r 7 an d  r 7 -f- v8 
a re  w ell a p p a re n t.

T h e  in fra red  d a ta  o f  a lly lm ercuric  iod ide  re p o r te d  b y  G r e e n  [2] are  in 
good ag reem en t w ith  th e  v ib ra tio n a l sp ec tra  o f  th e  o th e r  a lly lm ercuric  h a lides 
(see T ab le  II) .

* T h is  b a n d  is d i f f ic u l t  to  m e a su re  in  th e  R a m a n  s p e c t r u m  o f  a lly lm e rc u r ic  b ro m id e  
b e c a u se  o f  th e  v e ry  s t r o n g  b a n d  a t  206 c m “ 1.
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Diallylm ercury

D ia lly lm ercu ry  is an  u n s ta b le  co m p o u n d . T h e  in fra red  sp ec tru m , w hich  
to  o u r know ledge h as  no t y e t b een  reco rd ed , w as ta k e n  on a liq u id  sam p le  
im m ed ia te ly  a f te r  d is tilla tio n  a t  reduced  p re ssu re . D ecom position  of th e  sam p le  
w as n o t observed  d u rin g  th e  m easu rem en t.

The in fra re d  d a ta  of d ia lly lm ercu ry  a re  lis te d  in  T able I I I ;  fo r th e ir  
in te rp re ta tio n  th e  sp ec tra  of th e  a lly lm ercu ric  ha lides p rov ide  a rea so n ab le  
basis .

The (CH 2= C H C H 2)2 H g m olecule h as  45 fu n d a m e n ta l v ib ra tio n a l m odes, 
o f w hich  seven (fo u r skeletal an d  th re e  to rs io n a l m odes) are  ex p ec ted  to  lie 
in  th e  range a b o v e  300 c m ” 1. In  th e  range  o f freq u en c ies  covered b y  o u r  in 
v es tig a tio n s  o n ly  23 b an d s of consid erab le  in te n s i ty  could  be observed . The 
reaso n  for th is  is th e  absence or w eakness o f  co u p ling  betw een  m o st o f  th e  
v ib ra tio n  of th e  tw o  allyl g roups across th e  h e a v y  m ercu ry  a to m . H ow ever, 
a w ell a p p a re n t s p li t t in g  was observed  in  th e  m e th y len e  d e fo rm atio n  m odes 
Pu  a n d  p16. T his p h en o m en o n  m ay  be  due to  e ith e r  a to rs io n a l isom erism  w ith in  
th e  ally l g roups o r to  v ib ra tio n a l in te ra c tio n s  b e tw een  th e  tw o a lly l g roups. 
I n  analogy  to  th e  m ore  th o ro u g h ly  an a ly zed  d ie th y lm e rc u ry  sp ec tru m  [5], th e  
la t te r  seems to  b e  m ore  p ro b ab le . T he sy m m e tr ic  C H g s tre tch in g  m ode  p18 
w as iden tified  a t  474 c m -1 b y  th e  G auss an a ly s is  of th e  b and  sh ap e  on  th e  
low  frequency  side  o f th e  s trong  b a n d  a t  495 c m '1 assigned  to  th e  a sy m m e tric  
C H g stre tch in g  m o d e . The CCHg a sy m m e tric  a n d  sy m m etric  sk e le ta l b en d in g  
m odes have b e e n  de te rm in ed  b y  c a lcu la tio n  as a p p ro x im a te ly  a t  230 cm  1 
a n d  190 c m “ 1, re sp ec tiv e ly .

I t  is d ifficu lt to  m ake an y  d e fin ite  s ta te m e n t  on th e  m olecular sy m m e try  
o f th e  d ia lly lm e rc u ry  on th e  basis  of th e  a v a ila b le  ex p erim en ta l d a ta . T he 
in fra red  sp ec tra  o f  liq u id  diallyl m ercu ry  a re  in te rp re ta b le  sa tis fac to rily  only  
w ith  th e  a s su m p tio n  of a p re d o m in a n t ro ta t io n a lly  isom eric form  in th e  ally l 
g roups.

In  d ia lly lm ercu ry  th e  ro ta tio n  a b o u t th e  C— H g bonds seem s to  b e  free 
an d  a linear C— H g — C skeleton can  be  a ssu m ed  on th e  analogy  o f th e  o th e r  
R 2H g -ty p e  co m p o u n d s  [2, 5, 16, 17].

Norm al coo rd ina te  ca lcu la tio n

The ca lcu la tio n s  were p erfo rm ed  a ssu m in g  cis- an d  tran s-co n fig u ra tio n s  
o f th e  Cg groups o f sy m m e try  an d , a l te rn a tiv e ly , an  in te rm e d ia te -co n fig u ra tio n . 
T h e  p lane of th e  v in y l group is p e rp e n d ic u la r  to  th e  CCHg p lane  (be tw een  
cis-gauche and  trans-gauche) for th e  in te rm e d ia te  co n figu ra tion . T he in te rn a l 
co o rd ina tes a re  d e fin ed  in Fig. 3. T he c o o rd in a te s  in tro d u ced , in  a d d itio n , 
a re  th e  follow ing: an d  q2, th e  o u t-o f-p lan e  d e fo rm atio n s  of th e  v in y l C H 2
a n d  CH group, a n d  x2, th e  to rs io n s b e tw een  th e  CCC p lane an d  th e  CCH g
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T ab le  I I I

In fra re d  fre q u e n c ie s  o f  d ia lly lm e rc u ry

N o. (cm  ') A ssig n m en t N o. (c m - - ) A ssig n m en t

4 7 0 0  IV »1 +  »« 2260
456 5 2159 w »8 +  »10
4 4 9 0 2122 vie »10 +  »14
4 4 6 0  w »1 +  »8 2017 w »12 +  »13
4 3 7 0  v w »4 +  »7, v3 +  v s 1966 vw »13 +  »14
4 3 2 4  w »5 +  v 7 1915
4 2 6 4  v w Vl +  »10. »4 +  »3 1861 w 2 »14
4 1 5 4  vw »1 +  »11 1768 m 2 »15
400 5  v w »1 +  »12. »1 +  »14 1669 tv »13 +  »17
3225 2 v6 »0 1623 vs V C — C C =  C s t r e tc h in g

»1 3 0 7 4  v s vas=  C H , v in y l  CH „
s tre tc h in g 1600 sh »14 +  »17’ »11 +  »19

30 4 7  m »6 +  »7 1560 w »15 +  »17
V1 3 0 1 4  w V C H  v in y l C H  s tre tc h -

ing 1480 w V13 "b V18
»3 2 9 8 9  s »S= C H ,  v in y l  CH.,

s tre tc h in g V7 1424 m ßc CH., m e th y le n e  С Н Л
b e n d in g

»1 2 9 6 0  v s »as >  C H , m e th y le n e
CH., s t r e tc h in g V8 1396 m /?S= C H ,  v in y l  C H ,

b e n d in g
2 9 3 8  vw »6 +  »9 V9 1296 tv ß  C H  v in y l C H  in -p la n e

b e n d in g
v 5 290 7  v s vs >  C H , m e th y le n e

C H , s t r e tc h in g 1255
2842 2 »7 »10 1191 vs y s )  C H 2 m e th y le n e  CH.,

w a g g in g
2 8 0 3  w v n 1099 m l Vn4 ^ CH., m e th y le n e  CH.,
277 4 1075 m j tw is tin g
271 0 v12 1032 s jSas= C H ,  v in v l  C H ,

ro c k in g
268 8  v w »8 +  »9 »13 989 s Yas=  C H , v in y l  C H ,

tw is t in g
263 8  vw »6 +  »12 »11 934 ms V C — С C — C s t r e tc h in g
2598 V15 881 t ’s ys= C H ,  v in y l  C H ,
277 4 w a g g in g
2580 837
253 8  v w »7 +  »11 »10 758 m l ß as }  C H , m e th y le n e
2 4 8 4  w »9 +  »10 718 w  J C H 2 ro c k in g
246 5  vw »8 +  »11 »17 678 m s у  C H  v in y l C H  o u t-o f-

p la n e  b e n d in g
2280 »18 495 vs vas C H g  C H g s t r e tc h in g

474 sh »5 C H g

»19 390 s ß  CCC sk e le ta l  b e n d in g

N o te s :  see T ab le  I I  a n d  T a b le  IV .
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a n d  th e  C— CH p lan es, re sp ec tiv e ly  a n d  f in a lly  th e  o u t-o f-p lan e  d e fo rm atio n  
o f  th e  C hgX . B ecause  of re d u n d a n c y  th e  co o rd in a tes  o f th e  a n g u la r  defor
m a tio n s  ß 2, ß 3 an d  oc45 w ere o m itte d . U n d e r th e  o p era tio n s o f Cs p o in t group 
th e  sy m m e try  co o rd in a tes  y ield  16 A '  an d  8 A "  species h u t  th e  in te rm e d ia te  
c o n fig u ra tio n  gives a 2 4 th  o rd e r e igenvalue  p rob lem . T he c a lc u la tio n  m ethod  
o f  th e  G V FF has been  described  in  R ef. [5]. T he g eom etrica l p a ra m e te rs  esti-

F ig .  3 . The internal coordinates of allylmercuric halides.

m a te d  from  th e  d a ta  of s im ila r com pounds w ere ta k e n  to  be th e  follow ing: 
t’c=c == 1*35 Â, c  ~  1*54 A, )’c h  — 1.07 A, an d  vqh =  1.09 A.
T h e  e s tim a ted  values o f t’cHg =  2.06 Â an d  2.07 Â an d  rHg =  2 .28 Â  a n d  238 Â 
w ere used  for a lly lm ercu ric  ch lo ride an d  b rom ide , re sp ec tiv e ly . T h e  bond  
ang les of th e  v in y l g roup  w ere ta k e n  as 120 °C. L in ea r C H gX  sk e le to n  and 
te t r a h e d ra l  m eth y len e  angles w ere assum ed .

In  zero th  a p p ro x im a tio n  th e  force field  w as ta k e n  to  be e q u a l to  th a t  
e v a lu a te d  for a lly lb ro m id e  [8] an d  p ro p y len e  [6]. T he force c o n s ta n ts  o f th e  
to rs io n a l m ode jq w ere ta k e n  to  be 0.12, 0.18 an d  0.25 X 10° c m ~ 2 [11] for 
th e  cis, in te rm e d ia te , an d  trails co n fig u ra tio n , re spec tive ly .

T he o th e r force c o n s ta n ts  w ere considered  to  be in d e p e n d e n t of the 
co n fig u ra tio n a l m o tio n s. T he ex p e rim en ta l an d  co m p u ted  freq u en c ies  are 
lis ted  in  T ab le  IY . T h e  v ib ra tio n a l m odes r10, v12, ru , r17, r 18, v19 a n d  v21 were 
fo u n d  to  be  th e  m o st sen sitive  to  th e  co n fig u ra tio n . T he o bserved  r12, v14, and  rlg 
b a n d s  in d ica te  th e  ex istence  o f a m in o r fo rm . T h e  w ell-defined  ch an g es  of th e
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Table TV

C o m p u te d  fu n d a m e n ta l  f r e q u e n c ie s  o f  a lly lm e r c u r ic  c h lo r id e  f o r  d i f fe r e n t  c o n f ig u r  a lio n s

No. of fundamen- Experimental Calculated (cm* ’)
Assignmenttals (cm-1) .

CIS intermediate t r a n s

1 2 3 4 5 6 7

3081 3099 3100 3099 r as= C H 2 j

V2 3029 3027 3030 3027 vfC C L  J v in y l  C H  s tre tc h in g

>'з 3000 3010 3011 3010 " s - C H .  J

"5 2921 2926 2926 2926 vs) C H 2 m e th y le n e , sy m m e tr ic a l  
C H 2 s t r e tc h in g

IV, 1628 1648 1652 1649 v C = C  C =  C s tre tc h in g

V7 1437 1436 1437 1449 ß s) C If , m e th y le n e  C H 2 b e n d in g

© 1400 1420 1427 1407 /3S= C H 2 v in y l  С IL  b e n d in g

>’9 1297 1298 1300 1305 /?^>CH v in y l  C H  in -p la n e  b e n d in g

"> ’Vo 1186 1237 1196 1200 7 9>C 1L m e th y le n e  C H 2 w a g g in g

5 vn 1039 1073 1040 1092 ß as= C h i2 v in y l  C H 2 ro c k in g

T "l4 932 904 913 917 v C— С C— C s tre tc h in g

"l8 504 628 473 632 v C H g  C H g  s tre tc h in g

’’io 387 406 376 314 ß  CCC s k e le ta l  b e n d in g

"29 329 331 335 346 v  H g C l H g C l s tre tc h in g

"21 227 138 232 193 ß  C C H g sk e le ta l  b e n d in g

Vo£ 88 81 77 79 Ő C H g C l in -p la n e  d e fo rm a tio n

СЯ "4 2983 2979 2982 2980 vűs) C H 2 m e th y le n e  a s y m m e tr i 
c a l C H 2 s tre tc h in g

ciis "ll 1119 1172 1170 1172 y as> C H 2 m e th y le n e  C H 2 tw is t in g

> "l3 984 1037 1046 1037 y űs= C H 2 v in y l  C H 2 tw is t in g

* "l5 772 9 4 4 945 944 ys= C H 2 v in y l  C H 2 w a g g in g

« "16 899 856 851 845 /?as)>CH2 m e th y le n e  C H 2 ro c k in g

"17 683 520 640 511 y^>CH v in y l  C H  o u t-o f-p la n e  d e 
fo rm a t io n

О
>’22 143 146 137 138 г  to rs io n

О
"23 120 95 111 93 Ô' C H gC l o u t-o f-p la n e  d e fo rm a tio n

D e s ig n a tio n  o f  th e  v ib r a t i o n a l  m o d e s : v, s tre tc h in g ; ß ,  in -p la n e - ;  y ,  o u t-o f-p la n e - ;  <5, sk e -  
le ta ld e fo rm a t io n s ;  r ,  to rs io n .

G  m a tr ix  are responsible for th e  configurational sen sitiv ity  of the calculated  
freq u en cies. The calculated frequencies are the closest to the experim ental 
v a lu es  in  the case of th e  interm ediate m odel. In  sp ite  of the approxim ate  
n atu re  o f the normal coord in ate calculation, it seem s reasonable to assum e  
th a t  allylm ercuric chloride and consequently the allylm ercuric halides have  
a m ajor form which is c lose  to  the interm ediate configuration and a m inor,
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T a b l ó  V

E x p e r im e n ta l  a n d  c o m p u te d  f u n d a m e n ta l  fr e q u e n c ie s  f o r  a l ly lm e r c u r ic  h a lg e n e s

№  o f 
fu n d a 
m en 
ta ls

F req u en c ie s, cm -1

A lly lm ercuric  ch lo ride A lly lm ercu ric  b rom ide A ssig n m en t

e x p tl. calcd . e x p tl. calcd .

vx 3081 3081 3081 3081 hs=CH2 vinyl, asymmetrical CH 
stretching

v2 3029 3029 3029 3029 V CH vinyl, CH stretching

h 3000 3000 3000 3000 vs=CH2 vinyl, symmetrical CH 
stretching

h 2983 2982 2982 2982 hs>CH2 methylene, asymmetrical 
CH stretching

h 2921 2922 2923 2923 h>CH2 methylene, symmetrical CH 
stretching

" c 1628 1627 1627 1627 V C=C C=C stretching

V7 1437 1437 1436 1436 &>CH2 methylene CH2 bending

*8 1400 1400 1400 1400 &=CH2 vinyl CH2 bending

V» 1297 1297 1295 1296 ß CH vinyl CH in-plane bending

ho 1186 1196 1188 1193 ys)CH2 methylene CH2 wagging

h i 1119 1120 1111 1120 yas>CH2 methylene CH2 twisting

h2 1039 1036 1037 1036 ß a s = CH2 vinyl CH2 rocking

h 3 984 988 984 988 >’as=CH2 vinyl CH2 twisting

h i 932 917 931 919 V C—C C—C stretching

he 899 899 899 898 ys=CH2 vinyl CH2 wagging

V1G 772 765 768 764 ßas> CIL methylene CH2 rocking

h? 683 662 678 661 y CH vinyl CH out-of-plane de
formation

he 504 504 496 496 V CHg CHg stretching

he 387 360 386 359 ß c c c skeletal bending

V20 329 329 206 206 V HgX HgX stretching

h i 227 211 235 236 ß CCHg skeletal bending
v22 143 137 146 136 T torsion

hs 120 110 111 98 ô ' CHgX out-of-plane deformation

hi 88 78 88 65 <5 CHgX in-plane deformation

ro ta tio n a lly  isom eric form  w hich  can  be b e s t a p p ro x im a te d  b y  th e  iran s-m o d el. 
T h is a ssu m p tio n  is su p p o rte d  also  b y  s te ric  con sid era tio n s.

T h e  values of th e  force fie ld  w ere re fin ed  using  th e  m e th o d  o f least 
sq u a re s  [13] an d  v a ry in g  th e  fo rce  c o n s ta n ts  in  th e  e n v iro n m e n t o f  th e  m er
cu ry  a to m . T hese ca lcu la tio n s w ere p erfo rm ed  fo r th e  in te rm e d ia te  m odel only. 
A fte r  th e  second or th ird  i te ra t io n  p ro ced u re  th e  ca lcu la ted  freq u en c ies  were 
fo u n d  to  agree well w ith  th e  o b serv ed  d a ta  (T ab le  Y).
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Table VI

F o r c e  c o n s ta n ts  o f  a lly lm e r c u r ic  h a lo id e s

Force constants I 10® cm-2

1 2

K<?„ 13.90
7.02

K qc (С1): 4.16; (Вг): 4.09
K Qd (С1): 3.01; (Вг): 2.87
Kq, =  Kq 8.54
Kq, 8.49
Kqt =  Kq. 8.09

0.51

II £ II 0.77
Kß, 0.72

Kyab 1.02
Ke =  Ke' (С1): 0.60; (Вг); 0.48
K Sl 0.30
к 0г 0.48

К-/л 0.18
Кул 0.68

С?
£££II£

0.10

HQbQc (С1): 0.33; (Вг): 0.37

HQcQí (С1): 0.27; (Вг): 0.26

H'h'k 0.054

HQaiu s) 0.075

hq.qs 0.026

AQa f t w  =  AiiP* 0  =  4- 5) 0.45

AQaVab 1.00

°*iîïi(i„; =  AQb(ßb3’ ß4. ft' 0.43

AQbVab 0.80

AQcVbc 0.59

AQ-ßciU.J 0.71
aqtfl i (£ =  1 ,2 ,3 ) 0.66

~A4lßb'J =  a9<(“<5' ft) =  “ísft =  a ís*<5 0.35

-̂ßißb3 Aft3 0.025

lfty«s =  Iftft, 0.095

АбзУбс У̂дбУб; 0.015

-̂ßb3ß* -̂УайАб 0.085

lf t3ft =  ly«íft —0.055

l(y&C’ ßct* Ас5) Ас4 —0.020
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T a b le  V I ( c o n tin u e d )

Force constants 10e cm-2

1 2

b 'f t , 0 .020

“ e.e. 0 .014

0.120

0.010

0.008

— 0.008

0.082

Км) — 0.082

— 0.011

áA sz«,„> 0.011

N o te : К  d iag o n a l e le m e n ts ;  H (h )  —  e le m e n ts  o f  v a le n c e -v a le n c e , A ( a )  —  e le m e n ts  
o f  v a le n c e -a n g le , 1 e le m e n ts  o f  a n g le -an g le , и  —  e le m e n ts  o f  tw o  o u t-o f -p la n e , a n d  ô —  e le 
m e n ts  o f  a n g le -o u t-o f-p la n e  in te ra c t io n s .

T h e  in te rn a l  c o o rd in a te s  a re  sh o w n  in  F ig . 2 (see te x t) .

T h e force c o n s ta n ts  in  10e cm 2 u n its  as e v a lu a te d  for th e  d iffe re n t ally l- 
m ercu ric  halides are lis ted  in  T ab le  V I. T he fo rce  c o n s ta n ts  of th e  te t r a h e d ra l  
v a lence  angle w ere o b ta in e d  in  te rm s of in d e p e n d e n t (w ith o u t re d u n d a n c y )  
co o rd in a tes . T his p o rtio n  o f th e  F -m a tr ix  h a s  th e  form  (in 10° c m -2  u n its ) :

Уьс A Р ь ßc* ÄS

1.78 0.84 0 .84 0.44 0 .44 Уьс

1.48 0 .94 0.74 0.77 P b

1.48 0.77 0 .74 P b

1.51 0.80 Pc 4

1.51 ß c5

T h e  force c o n s ta n ts  w hich  h a v e  no t been  specified  in T ab le  V I and  ab o v e  w ere 
ta k e n  to  be e q u a l to  zero.

T h ere  a re  on ly  five fo rce  c o n s ta n ts , n am e ly , th e  d iagonal K q c, K q d, K c 
a n d  th e  valence-valence in te ra c tio n  e lem ents Hq^qa, H qcqd t h a t  d ep e n d  on 
th e  ha logen  a to m , w hile th e  rem ain ing  force fie ld  is th e  sam e fo r  th e  allyl- 
m ercu ric  ch loride an d  b ro m id e . T he m ore c h a ra c te r is tic  CH g and  H g X  s tre tc h 
ing force c o n s ta n ts  o f th e  a lly lm ercu ric  ha lid es  w ere found  to  be  close
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to  th o s e  of th e  m e th y lm e rc u ric  halides [14, 15]. As com pared  w ith  th e  ally! 
h a lid e s  [8], th e  m a jo r p a r t  o f  th e  force fie ld  show s a sligh t change. T h e  re la 
t iv e ly  h ig h  value o f th e  fo rc e  c o n s tan t К аг =  0 .4 8 X 106 c m -2 can  be a t t r ib 
u te d  to  th e  higher f re q u e n c y  of th e  v in y l C H  ou t-o f-p lane  d e fo rm a tio n  as 
c o m p a re d  w ith  th e  a lly l h a lid e s  [7— 10].

T h e  X -ray  in v e s t ig a tio n  of a lly lm ercu ric  ch lo ride  an d  th e  in fra re d  and  
R a m a n  s tu d y  of d e u te ra te d  d e riv a tiv e s  h a v e  also  been  perfo rm ed  in  o rd e r to  
v e r ify  th e  m olecular s t r u c tu r e  o f these  co m p o u n d s  in fe rred  from  th e  p re se n t 
a n a ly s is .

*

T h is  w o rk  h a s  b e e n  c a r r i e d  o u t  a t  th e  D e p a r tm e n t  o f  C h e m is try , M oscow  S ta te  U n i
v e r s i ty .  T h e  a u th o rs  a re  g r a t e f u l  to  I .  P . B e l e t s k a y ,  D . S c . ,  fo r  v a lu a b le  su g g e s tio n s  a n d  h e lp 
f u l  d isc u ss io n s .
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M O L E C U L A R  V I B R A T I O N S  
A N D  M EA N  S Q U A R E  A M P L I T U D E S

IV. MEAN AMPLITUDES IN ORGANIC MOLECULES 
WITH A CARBONYL GROUP

S. J .  Cy v i n  and B. V izi

(Technical U niversity  o f  N orw ay, Trondheim , 
and U niversity  o f  Chemical In d u stries, Veszprém)

Received April 22, 1970

A survey of mean amplitudes of vibration (I) is given for organic molecules with 
carbonyl groups, as obtained from electron diffraction and spectroscopic calculations. 
Characteristic values for l(C = 0) are pointed out. The work contains an original contri
bution to the normal-coordinate analysis of acetone with calculated results of mean 
amplitudes and atomic vibration mean-square amplitudes. New data are also reported 
for the mean amplitudes of vibration in three isotopic species of the formic acid monomer.

In  th e  m o n o g rap h  of Cy v i n  [ I ] ,  C h a p te r  12 su rveys th e  ex is tin g  m a te r ia l  
on m ean  a m p litu d e s  o f v ib ra tio n . A lread y  a t  th e  tim e  w hen th is  b o o k  w as 
p r in te d  i t  w as c lear th a t  e x ten s iv e  su p p le m e n ts  w ould be n ecessa ry . Som e 
su p p le m e n ta ry  a rtic les [2, 3] h av e  been p u b lish e d , dealing m o stly  w ith  in o r
gan ic  m olecules. T he p resen t p a p e r  is an  a t te m p t  to  su rvey  in p a r t  th e  e x is tin g  
d a ta  fo r o rgan ic  m olecules. I t  seem ed n a tu ra l  to  give a special su rv e y  o f  g ro u p s 
o f  co m pounds w ith  ca rbony l b o n d s  because  an  appreciab le  n u m b e r o f  p ap e rs  
d ea lin g  w ith  such  m olecules h a v e  re c e n tly  b een  published , re p o r t in g  b o th  
e lec tro n  d iffrac tio n  in v es tig a tio n s  an d  sp ec tro sco p ic  co m p u ta tio n s.

I. Small m o lec u le s

Fig. 1 show s th e  ca lcu la ted  m ean  a m p litu d e s  of v ib ra tio n  fo r th e  d iffe r
e n t  a to m  p a irs  in  (c) fo rm ald eh y d e  [2, 4] a n d  (d) ke tene  [5], g iven  in  a co n 
densed  [6] w ay . T he m ean a m p litu d e s  fo r (a) c a rb o n  dioxide [1] a n d  (b) c a rb o n  
su b o x id e  [7] are  inc luded  for th e  sake o f co m p ariso n . Sim ilar re p re se n ta tio n s  
o f th e  m ean  am p litu d es are show n in F ig . 2 fo r th e  low est c a rb o x y lic  acid . 
viz. fo rm ic acid  [8], and  th e  low est d ia ld e h y d e , g lyoxal [9]. A lread y  a s u p e r
ficial in sp ec tio n  o f these figu res in d ica te s  a c h a ra c te ris tic  value o f  th e  C =  0  
m ean  a m p litu d e  o f ab o u t 0.039 A in  an  a ld eh y d e  or carboxy l g ro u p , a n d  o f 
0.035 A in a = C  =  0  co n fo rm atio n . T he v a lu e  o f 0.035 A is also  fo u n d  as 
c h a ra c te ris tic  fo r C =  0  in in o rg an ic  m e ta l c a rb o n y ls  [1]; in  th e  CO m olecu le  
a m ean  a m p litu d e  o f 0.0337 A h as been  c a lc u la te d  [1].
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1........ ••••45- .............. 1
F ......4 0 ........H 1........■42..... ■1

0 = C  = 35=0 0 = c :C -3 9 " C -3 5 -0
1...... •42........1

a) i ........ •48....................1

b)

F ig .  1 . Mean amplitudes of vibration (10 3 Á) at 298 “K for (a) carbon dioxide, (b) carbon 
suboxide, (c) formaldehyde, and (d) ketene

II. Aldehydes

C alculated  m e a n  a m p litu d es  (/) o f fo rm a ld e h y d e  are show n in  F ig . 1(c). 
T h e y  a re  p e rfec tly  c o n s is te n t w ith  v a lu es  f ro m  electron  d iffra c tio n  d a ta  
o b ta in e d  recen tly  b y  Kato et al. [10], viz . (in  Á  u n its ) : l(C—H ) =  0 .0 8 8 e ±  
±  0.041.3, i(C =  0 )  =  0 .0 4 1 3 ±  0.004,, and 1(0  . . . H ) =  0.0915 ±  0 .0365 a t  21.5 
°C . T h ey  also agree w ith  th e  spectroscopic v a lu e s  re p o r te d  in  th e  sam e w o rk  [10].

Table I

M e a n  a m p l i tu d e s  o f  v ib r a tio n  ( À  u n i t s )  f o r  ace ta ldehyde

D istance*

F ro m  Ref. [11] 
S pectroscopic

F rom . R ef. [10] 
21.5 °C

0 ° K 298 ° K S p e c tr . E lectr. diff.

^ a l d  H a ]d 0.0803 0.0803
^ m e t h  Hj 0.0785 0.0785 0.0778 00

inОО+1inccоo’

^ m e t h 0.0786 0.0786

Cald = 0 0.0389 0.0390 0.0389 0.038, +  0.004o

^ a l d  ^ m e t 0.0473 0.0477 0.0493 0.049, +  0.0065
^ m e t h  • • • 0 0.0574 0.0610 — 0.0605 +  0.009o

* Identification of atoms: Ca|̂ and Ha|(t in the aldehyde group; Cmeti„ Hj and H0 in the 
methyl group; Hj in the aldehyde-group plane.
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K a t o  et al. [10] h av e  also re p o r te d  th e  observed m ean  a m p litu d e s  for 
som e of th e  d is tan ces  in  ace ta ld eh y d e ; cf. T ab le  I . T hey agree v e ry  w ell w ith  
th e  spec tro scop ic  ca lcu la tio n s [10, 11]. H a g e n  [11] has g iven  a l is t  o f  cal
c u la te d  m ean  a m p litu d e s  for all o f th e  s ix te e n  d istance  ty p es  in  a c e ta ld eh y d e  
an d  severa l o f its  d eu te ro  isotopes. H is w o rk  [11] also co n ta in s th e  ca lcu la tio n  
o f m ean  a m p litu d e s  for fluora l (C F3C H O ), ch loral (CCl3CH O ) a n d  brom al 
(C.Br3CHO).

F ig . 2. M e a n  a m p l i tu d e s  o f  v ib ra t io n  (10 3 Â ) a t  298  ° K  fo r  (a) fo rm ic  a c id  a n d  (b )  g ly o x a l

F o r acro le in , an  u n sa tu ra te d  a ld e h y d e , see th e  n ex t sec tio n .
F o r th e  s im p le s t d ialdehyde, viz. g ly o x a l, th e  ca lcu la ted  m e a n  am p li

tu d es [9] are  show n in Fig. 2. In  R ef. [9] th e se  values are co m p ared  w ith  elec
tro n  d iffrac tio n  re su lts  [12]; cf. T ab le  I I .  T h e  agreem ent is fo u n d  to  be  sa tis 
fac to ry , ex cep t fo r th e  (bonded) C— H  d is ta n c e , for w hich th e  e le c tro n  d iffrac
tio n  v a lu e  ap p e a rs  to  be too  low. T ab le  I I  also  includes th e  o b se rv ed  v a lu es  of 
/ fo r oxaly l ch lo ride , C20 2C12 [13]. No sp ec tro sco p ic  values o f / fo r th is  m olecule 
a re  know n, b u t  i t  w ould  be feasible to  p ro d u c e  such resu lts  on  th e  b asis  of 
ex is tin g  sp ec tra l d a ta  [14— 16].
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T ab le  I I

M e a n  am plitudes o f  v ib ra tio n  ( w ith  s tandard  d e v ia tio n s  in  parentheses)  
f r o m  electron d iffra c tio n ; Â  u n i ts

D istance
G lyoxal [11] O x aly l chloride [13]

l И 1 ' (a)

C— H 0 .0 5 7 (0 .010)

C— C l 0 .058 (0.001)

c = o 0 .0371 (0 .0030) 0.045 (0.001)

c — c 0 .0 5 4 6 (0 .0041) 0 .033 (0.003)

C . . . 0 0 .0 5 9 9 (0 .0037) 0.058 (0.003)

C . . . Cl 0 .070 (0 .004)

О . . .  Cl (sh o r t) 0 .061 (0 .002)

O .  . .C l (long) 0 .090 a ssu m ed

o . . . o 0 .0602 (0 .0040) 0 .070 a ssu m ed

C l . . . C.1 0 .080 a ssu m ed

III . A cro le in  and  p -benzo q u in o n e

J e n s e n  et al. [9] h av e  p u b lish e d  th e  sp ec tro sco p ic  m ean  am p litu d es  fo r 
g ly o x a l, acro le in  and  p -b en zo q u in o n e , all th e se  m olecules hav ing  c a rb o n y l 
b o n d s  in  a co n ju g a ted  sy s tem . T ab le  I I I  shows som e o f th e ir  results for ac ro le in  
a long  w ith  e lec tro n -d iffrac tio n  values of l [12, 17] fo r th e  sam e m olecu le . 
T h e  a g re e m e n t is q u ite  s a tis fa c to ry  w hen ta k in g  in to  acco u n t th e  e x p e rim e n ta l 
e rro r  l im its  (ab o u t ^Зсг) a n d  u n c e rta in tie s  in  th e  spectroscop ic  c a lc u la tio n s .

T ab le  I I I

M ea n  a m p litu d e s  o f  v ibra tion  ( Â  u n i ts )  f o r  acrolein

D is ta n c e *
S pectroscopic [9]

E le c t ro n  d iffrac tio n  

[12] 1 [1 ]

0 °K 298 ° K / И l И

С,—H2 0.078 0 .078 0.0776 (0 .0 0 2 0 )

C3 - H' 0.078 0 .078 0.070 (0 .0 0 6 )

C3- H 3 0.079 0 .079

€ = 0 0.039 0.039 0.0360 (0 .0 0 4 5 ) 0.0382 (0 .0 0 0 6 )

c = c 0.041 0.041 0.0477 (0 .0 0 3 8 ) 0.0439 (0 .0 0 0 8 )

c — c 0.048 0.049 0.0422 (0 .0 0 3 2 ) 0.0548 (0 .0 0 1 0 )

С. . . С 0.056 0.059 0.075 (0 .0 0 9 ) 0.0787 (0 .0 0 2 7 )

c 2. . . o 0.060 0.067 0.065 (0 .0 0 6 ) 0.0636 (0 .0 0 1 5 )

оn 0.057 0.061 0.0494 (0 .0 0 3 7 ) 0.0722 (0 .0 0 2 4 )

* F o r  id e n t i f ic a t io n  o f  a to m s ,  see  F ig . 3a.
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I t  has been  n o te d  [9] th a t  th e  va lu es  of /(C;— C) an d  /(C =  C) in  R ef. [12] seem 
to  h av e  b een  in te rch an g ed .

In  th e  c ited  spectroscop ic  w ork  [9] th e  s tru c tu ra l s im ila rity  o f  acrolein 
an d  p -b en zo q u in o n e  is p o in ted  o u t (cf. F ig . 3a) an d  co rre la tions b e tw e e n  the  
m ean  a m p litu d e s  in  th e  tw o m olecules a re  d iscussed . Fig. 3b show s th e  ca l
cu la ted  m ean  am p litu d es  fo r s im ila r d is ta n c e  ty p es  in p -b e n z o q u in o n e  and 
acro le in ; fo r th e  re s t of th e  in te ra to m ic  d is ta n c e s  th e  m ean a m p litu d e s  are 
rep re sen ted  in  F ig . 3c.

H6.

H5

0 , 0

Н , / С1 \  н2

•Cs

í  H l

1
, / С З \

Нз Нз
II

Од

F ig . 3a. I d e n t i f i c a t io n  a n d  n u m b e r in g  o f  a to m s  in  p -b e n z o q u in o n e  (le ft)  a n d  a c ro le in  ( r ig h t)

F ig . 3b. M e a n  a m p li tu d e s  o f v ib r a t io n  (10  3 Â ) a t  298 ° K  fo r  p -b e n z o q u in o n e  a n d  a c ro le in . 
N o tic e  th e  a n a lo g y  b e tw e e n  in te r a to m ic  d i s ta n c e  ty p e s  in  th e  tw o  m o le c u le s
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F ig . 3c . M e a n  a m p litu d e s  o f  v ib r a t i o n  (10 3 Â) a t  298 ° K  fo r  p -b e n z o q u in o n e  a n d  a c ro le in :  
th e  i n te r a to m ic  d is ta n c e  ty p e s  n o t  in c lu d e d  in  F ig . 3b

IV. A cetone

A c e to n e , being th e  lo w e s t ke tone , is n a tu r a l ly  an im p o r ta n t m e m b e r 
w ith in  th e  fam ilies of m o lecu les of th e  p re sen t in v e s tig a tio n . T he re p o r t  [10] 
o f a n  e le c tro n  d iffrac tion  w o rk  on  th is  m olecule c o n ta in s  only som e ru d im e n ta ry  
re s u lts  o f  spectroscopic  m e a n  am plitudes. I n  th e  p re sen t w ork a co m p le te  
h a rm o n ic  force c o n s ta n t a n a ly s is  w ith  c a lc u la tio n s  of m ean a m p litu d e s  fo r 
a c e to n e  w as perform ed.

A n  in itia l a p p ro x im a te  force field w as se t u p , an d  included  / ( C = 0 )  =  
=  10 .0  m d y n e/Â  a long  w ith  a  n u m b er o f fo rce  c o n s ta n ts  tra n s fe r re d  fro m  
p ro p a n e  [18]. A f in a l fo rce  f ie ld  w as a d ju s te d  to  f i t  accu ra te ly  th e  o b se rv ed  
f re q u e n c ie s  [19], w hich  a re  q u o te d  in  th e  fo llo w in g  (in c m -1). Species A x: 
3020, 2926 , 1738, 1438, 1360 , 1067, 779, 483. Species A 2: 2973, 1432, (958 
c a lc u la te d ) , 105. Species B 1= 2973, 1438, 1093, 384, 105. Species B 2: 3020, 2926, 
1456, 1363 , 1218, 896, 528. A  d e ta iled  sp ec if ica tio n  o f th e  applied  sy m m e try  
c o o rd in a te s  is given e lsew here  [20]. C onseq u en tly  i t  is an  easy m a tte r  to  give 
a c o m p le te  re p o rt of th e  f in a l  force fie ld  of th e  p re s e n t ca lcu lations. T h e  fo rce
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Table IV
S y m m e tr y  fo rce  constants ( m d y n e l A )  fo r  acetone

-4, 1 9.85
2 0.15 5.01
3 —0.03 —0.01 4.87
4 —0.01 —0.03 0.03 4.88
5 0.30 —0.26 —0.04 0.01 1.99
6 —0.03 —0.02 —0.01 0.01 0.09 1.19
7 —0.01 0.03 0.003 0.01 —0.02 0.70 1.02
8 0.06 —0.04 —0.01 0.01 0.08 0.51 0.36 0.76

A.. 1 4.71
2 —0.00, 0.40
3 0.002 —0.04 0.41
4 0.00, —0.00., 0.00, 0.0124

Ii, 1 4.70
2 —0.005 0.40
3 —O.OOg —0.003 0.46
4 0.00, —O.OO3 —0.00, 0.032
5 0.00, 0.01 o.oo0 0.024 0.065

/( , 1 3.75
2 0.01 4.87
3 -  0.04 0.03 4.89
4 0.06 o.oo3 0.003 0.62
5 0.05 —0.01 0.01 —0.00, 1.13
6 0.01 0.01 0.00, —0.00, 0.62 0.93
7 0.12 —0.01 0.02 —0.006 0.44 0.37 0.62

c o n s ta n ts  in  te rm s  o f th e  ap p lied  sy m m e try  c o o rd in a te s  [20] are show n  in 
T ab le  IV . T he re su ltin g  m ean  am p litu d es o f v ib ra tio n  are  show n in T ab le  V. 
In  th is  ta b le  th e  v a lu es  in  pa ren th eses  a re  in te ra to m ic  sep ara tio n s (in  Â). 
T hey  fac ilita te  th e  id e n tif ic a tio n  of a to m  p a irs  a n d  s im u ltan eo u sly  show  im p lic 
itly  th e  d a ta  here  ap p lied  as s tru c tu re  p a ra m e te rs . T h e  ag reem en t b e tw een  
ca lcu la ted  and  o b serv ed  [10] values o f /(C =  0 ) ,  /(C— C) and  /(C . . . O) is 
excellen t. I t  is also sa tis fa c to ry  for Z(C . . . C) in  v iew  o f th e  re la tiv e ly  la rg e  
ex p e rim en ta l e rro r lim its  fo r th is  value.

T he m ean  a m p litu d e  o f v ib ra tio n  fo r th e  c a rb o n y l bond  in  ace to n e  
(viz. 0.039 Á) co n firm s th e  ch a rac te ris tic  v a lu e  o f Z (C = 0 ) in th e  a ld eh y d e  
and  ca rboxy l g ro u p s; cf. S ection  I.

T he a to m ic  v ib ra tio n a l m ean -sq u are  a m p litu d e s  h av e  been re p o rte d  for 
p ro p an e  [18]. T hese  q u a n tit ie s  from  th e  p re se n t c a lcu la tio n  for ace tone  are  
show n in T ab le  V I. T h e  q u a n tit ie s  p e rta in  to  th e  o r ie n ta tio n  of ca rte s ian  axes
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Table V
M e a n  a m p litu d e s  o f  v ib ra tio n  ( A  u n its )  fo r  acetone

D is ta n c e
ty p e (E q u il. d ist.) i — j

Spectroscop ic
E le c tr .  d iff. [10] 

21.5 °C
0 ° K 298 °K

C— H (1.085) 2— 5 0.078 0.078

C— H (1.085) 2— 7 0.078 0.078

C = H (1 .222) 1— 4 0.039 0.039 0 .0393 +  0 .0 0 4 8

c — c (1 .507) 2— 4 0.049 0.050 0 .049x ±  0 .0 0 5 3

C . . . C (2 .573) 2— 3 0.061 0.065 0 .0 7 4 5 ±  0 .0 2 5 3

C . . . 0 (2 .384) 1— 2 0.057 0.060 0 .0623 +  0 .0 0 7 s

O .  . .H (2 .494) 1— 5 0 .134 0.139

0 . .  .H (3 .092) 1— 7 0.136 0.199

C . . .H (2 .122) 4 — 5 0.108 0.109

C . . . H (2 .147) 4— 7 0.108 0.108

C . . .H (3 .476) 2— 6 0.104 0.105

C . . . H (2 .855) 2 -  9 0 .153 0.212

H .  . H (1 .764) 5— 7 0.129 0.129

H .  . .H (1 .764) 7— 8 0.129 0.129

H . .  . H (4 .240) 5— 6 0.144 0.145

H .  . .H (3 .821) 5— 9 0 .164 0.195

H . . .  II (2 .710) 7 -  9 0 .215 0.287

H . . . H (3 .233) 7— 10 0 .264 0.459

Table VI
A to m ic  v ibra tion  m ean-square  a m p litu d e s  ( Â 2 u n its )  fo r  acetone

A to m *
(0

T em p.
№ 6 Ф <Ji> <»') <*w> <zm>

C (2) 0 0.00058 0 .00124 0 .00100 0 — 0.00013 0

298 0.00113 0 .00138 0 .00110 0 — 0.00011 0

C (4) 0 0.00341 0.00095 0 .00086 0 0 0

298 0.00762 0.00097 0.00091 0 0 0

0 ( 1 ) 0 0.00133 0.00088 0 .00087 0 0 0

298 0.00503 0 .00102 0 .00096 0 0 0

Щ 5 ) 0 0.05104 0 .01032 0 .01162 0 — 0.00467 0

298 0.17539 0 .01056 0.01223 0 — 0.00491 0

H (7 ) 0 0.02044 0 .02229 0 .03756 0.00884 0.01309 0 .02139

298 0.06324 0 .04510 0 .12560 0.03903 0.05649 0 .08238

* C (2) a n d  C(4) a re  th e  m e th y l  a n d  c a rb o n y l  c a rb o n  a to m s, re sp e c tiv e ly . H (5 )  lies in  
th e  CCC p la n e .
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as in R ef. [20], viz. th e  «-axis is p e rp e n d ic u la r  to  th e  CCC p lane , s is th e  tw o
fold sy m m e try  ax is, an d  co n seq u en tly  y  is p a ra lle l to  th e  c o n n e c tin g  line o f
C(3)— C(2).

V. K e ten es

T h e  m ean  a m p litu d es  of v ib ra t io n  fo r k e ten e  (CH2CO) a re  show n in 
F ig . 1(d). C om plete h a rm o n ic -v ib ra tio n  an a ly se s  w ith  ca lcu la tio n s  o f  m ean  
a m p litu d e s  h av e  also been  p erfo rm ed  fo r m e th y lk e te n e  [5, 21] a n d  d im e th y l-  
k e te n e  [5].

A ll th e se  ca lcu la tio n s confirm  th e  c h a ra c te r is tic  value of l(C — O) =  0.035 
Â fo r th e  k e te n e -ty p e  carbony l b o n d .

VI. C arboxylic acids

F ig . 2(a) show s th e  ca lcu la ted  m ean  a m p litu d es  for th e  fo rm ic  acid 
m o n o m er (H C O O H ) [8]. T he f in a l fo rce  f ie ld  from  th a t  w ork w as u se d  to  cal

lable VII

M e a n  a m p litu d e s  o f  v ib ra tio n  ( A  u n i t s )  f o r  iso to p ic  species o f  fo r m ic  a c id

Distance type DCOOH IICOOD DCOOD

0 II ' (hydroxyl) 0.071
0 - D ' 0.060 0.060
c - 11 0.079
c - П 0.067 0.067
c —0  (hydroxyl) 0.046 0.046 0.046
c —0  (carbonyl) 0.039 0.039 0.039
c . .H ' 0.100
c . ,D ' 0.087 0.087
0 . .0 0.056 0.056 0.056
0 . .11 0.101

0 . .D 0.087 0.087
0 . .H 0.097
0 . .D 0.085 0.085
о . .11' 0.117
0 , . \ y 0.102 0.102
H . . AY 0.113
D . .H ' 0,112
D. . ,D ' 0.103
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c u la te  th e  m ean  a m p litu d e s  also fo r th e  iso to p ic  species D CO O H , H C O O D  
a n d  D C O O D . T he re su lts  a t  298.16 °K  are  g iv en  in  T able V II . T h e re  is no 
s e c o n d a ry  iso to p e  effect on th e  m ean  a m p litu d e s  w ith in  th e  decim als re p o r te d  
h e re . S o m e d a ta  o f m ean  a m p litu d e s  fo r th e  fo rm ic  acid m onom er fro m  
e le c tro n  d iffra c tio n  h a v e  b een  re p o rte d  [22, 2 3 ]. F ro m  th e  la t te r  w o rk  [23] 
(in  Â a n d  w ith  s ta n d a rd  d ev ia tio n s  in  p a re n th e se s ) :

l{C— O) =  0.042 (0.0014)

Z(C— O) =  0.032 (0.0010)

Z (0 ...0 )  =  0.054 (0.0018)

a t  a  n o zz le  te m p e ra tu re  o f (175 ^  10) °C.
T h e  c ite d  sp ec tro scop ic  w o rk  [8] is p a r t  o f a series of papers d ea lin g  w ith  

c a rb o x y lic  acids. T h ey  in c lu d e  m olecu lar v ib ra t io n  analyses w ith  c o m p u ta tio n s  
of m e a n  a m p litu d e s  fo r th e  ace tic  ac id  m onom er [24], oxalic acid m o n o m er [25] 
a n d  fo rm ic  acid  d im er [26]. T hese  c o m p u ta tio n s  c o n firm  a ch a ra c te ris tic  v a lu e  
a ro u n d  0 .039 Â for th e  C =  0  m ean  a m p litu d e  in  a carboxy l g roup  (c f . Sec
tio n  I) . S pec ifica lly  th e  o b ta in e d  values a t  298 °K  a re  (in Â): 0.039 for H C O O H  
[8], 0 .0 4 0 5 for C H 3C O O H  [24], 0.037 for (C O O H )2 [25] and  0.040 for (H C O O H )2 
[26]. S om e m ean  a m p litu d e s  fo r th e  oxalic  a c id  m onom er [27] an d  fo rm ic  
ac id  d im e r  [23] h av e  been  m easu red  b y  e lec tro n  d iffrac tion .
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SOLANUM GLYCOSIDES, VII* **

Q U A L IT A T IV E  A N 1 ) P R E P A R A T IV E  S E P A R A T IO N  O F  M E T H Y L A T E D
M O N O S A C C H A R ID E S

M. M. S lIA B A N A *  * and P . B lT E  

(R esea rch  In s t i tu te  fo r  P h a rm a c eu tica l C h e m is try , B u d a p e s t)

R e c e iv e d  A p r il  16, 1970

R a p id  a n d  e f fe c tiv e  th in - la y e r  a n d  c o lu m n  c h ro m a to g ra p h ic  p ro c e d u re s  w e re  
e la b o ra te d  fo r  t h e  q u a l i t a t iv e  a n d  p r e p a r a t iv e  s e p a ra t io n  o f  2 ,3 ,4 - tr i-O -m e th y l-L -  
rh a m n o s e  a n d  2 ,3 ,4 ,6 - te tra -O -m e th y l-D -g lu c o s e , a s  w ell a s  o f  3 ,4 ,6 - tr i-O -m e th y l-D -  
g lu co se  a n d  4 ,6 -d i-O -m e th y l-D -g a la c to s e .

The hydrolysis o f the perm ethylated  derivative of solaradixin occurring 
in the root bark of S o la n u m  lacin ia tum  and So lanum  aviculare  gives four m ethyl
ated  m onosaccharides [1]: 2,3,4-tri-O -m ethyl-L-rham nose (I), 2,3,4,6-tetra-O - 
m ethyl-D-glucose (II), 3,4,6-tri-O -m ethyl-D -glucose (III) and 4,6-di-O -m ethyl- 
D-galactose (IV).

K uhn  et al. [2] a tte m p te d  th e  p a p e r  c h ro m a to g ra p h ic  se p a ra tio n  and  
c h a ra c te r iz a tio n  of I  a n d  I I  w ith  th e  n -b u ta n o l—eth a n o l—w a te r 4 : 1 : 5  m ix 
tu re  o f H irst  et al. [3 ], b u t  th e y  could  n o t o b ta in  tw o  se p a ra te  sp o ts  even a fte r  
18 h rs of developing. A f te r  m an y  ex p e rim en ts  w ith  d iffe ren t a d so rb en ts  and  
so lv e n t m ix tu res , we now  re p o rt a ra p id  an d  e ffec tive  se p a ra tio n  m e th o d  fo r 
th e se  tw o  com pounds, w ith  a 3 : 1 e th e r—to lu en e  m ix tu re  an d  a silica gel -f- 
gy p su m  ad so rb en t. W ith  double d ev e lo p m en t, th e  R , va lu es  o f  I  and  II  
a re  0.46 and  0.26, re sp ec tiv e ly . T he tim e  re q u ire m e n t o f th e  p ro ced u re  is 
a b o u t 1 h r. on 2 0 x 5  cm  p la te s , an d  20 m in. on m icroscope p la te s .

T h e  p re p a ra tiv e  se p a ra tio n  of I  an d  I I  w as perfo rm ed  b y  K u h n  e t al. 
[2] on colum ns filled  w ith  a 50 w t.%  m ix tu re  o f D arco  G 60 an d  Celite 535 
a d so rb e n ts , as d esc rib ed  b y  L in d b e r g  an d  W ic k b e r g  [4]. T h o u g h  th e  
m e th o d  is effective, th e  p re p a ra tio n  o f th e  co lu m n  is tim e-co n su m in g  and  its 
c a p a c ity  is sm all. E x p e rim e n ts  in  o u r la b o ra to ry  h av e  show n th a t  th e  good 
an d  p re p a ra tiv e  s e p a ra tio n  of I an d  I I  can  be accom plished  w ith in  3— 5 hrs 
w ith  th e  above 3 : 1 e th e r—to luene m ix tu re  on a silica gel co lum n. A fu r th e r  
considerab le  a d v a n ta g e  o f th e  p re sen t m e th o d  is t h a t  a n h y d ro u s  so lu tions are  
to  be  co n cen tra ted  a f te r  th e  ch ro m a to g rap h ic  se p a ra tio n , in  c o n tra s t  to  th e  
aqueous m e th y le th y lk e to n e  so lu tions o f K u h n  e t al.

* P a r t  V I: A c ta  C h im . A c a d . Sei. H u n g . 65 , 101 (1970).
** U n ite d  A ra b  R e p u b l ic  S c h o la r  f ro m  C airo  U n iv e r s i ty ,  F a c u l ty  o f  P h a rm a c y .

5* Acta Chim. ( Budapest) 70, 1971



6 8 SH A BA N A , B IT E : SOLANUM GLYCOSIDES, V II

F o r  th e  p ap er c h ro m a to g ra p h ic  sep a ra tio n  of m e th y la te d  m o n o sacch a 
r id e s  I I I  an d  IV o b ta in ed  fro m  th e  p e rm e th y la te d  so la rad ix in , we successfu lly  
a p p l ie d l  [1] th e  4 : 1 : 5  ra -b u ta n o l-e th a n o l-w a te r  m ix tu re  of H ir st  e t al. [3] 
on  W h a tm a n  1 p ap er, u sin g  th e  ascend ing  tech n iq u e . H ow ever, th is  p ro ced u re  
is r a th e r  devious. W e h a v e  e la b o ra te d  a th in - la y e r  c h ro m a to g ra p h ic  s e p a ra 
t io n  o f  th e se  com pounds ( I I I  a n d  IV) on silica gel— gy p su m  a d so rb e n t w ith  3 : 1 
b e n z e n e —ethano l. W ith  d o u b le  d ev e lo p m en t, th e  R f va lu es  of I I I  an d  IV  w ere 
0 .54 a n d  0.30, resp ec tiv e ly .

T h e  p rep a ra tiv e  s e p a ra tio n  of I I I  an d  IV  w as ca rried  o u t ea rlie r  [1] 
in  o u r  la b o ra to ry  w ith  th e  so lv e n t m ix tu re  o f H ir st  e t al. on W h a tm a n  3 
p a p e r ,  a slow and  cu m b erso m e  p ro ced u re . T h o u g h  th e  so lv en t m ix tu re  w hich  
h a d  p ro v e d  to  be su itab le  in  th e  th in - la y e r  c h ro m a to g rap h ic  te c h n iq u e  could 
n o t  b e  ap p lied  d irec tly  in  th is  case fo r th e  silica gel co lum n, i t  w as fo u n d  th a t  
th e s e  tw o  com pounds can  sa tis fa c to r ily  be s e p a ra te d  on silica gel co lum n 
b y  s ta r t in g  w ith  a 9 : 1 m ix tu re  o f  benzene an d  e th an o l, an d  th e n  sw itch in g  
to  a 4 : 1 m ix tu re  of th e se  sam e  so lven ts.

E xperim en ta l

T h e  th in - la y e r  c h r o m a to g r a p h ic  a n a ly se s  w ere  c a r r ie d  o u t  w i th  s ilica  gel G  a d s o rb e n t  
(M e rc k )  o n  5 X 20 a n d  20 X 20 c m  p la te s ,  a n d  o n  m ic ro sc o p e  p la te s  3 X 8  c m  in  size. T h e  
s t a r t - f r o n t  d is ta n c e  w as 15 a n d  6 c m , re sp e c t iv e ly .  C o lo u red  p ro d u c ts  w e re  o b ta in e d  w ith  
a n i l in e  p h th a la te .

C o lu m n  c h ro m a to g ra p h ic  s e p a ra t io n s  w ere  p e r fo rm e d  on  W o e lm  silica  gel.

S e p a ra tio n  of 2 ,3 ,4 -tri-O -m eth y l-L -rh a in n o se  ( I )  and  2 ,3 .4 ,6 -te tra -O -m eth y l-D -g lu co se  ( I I )

a )  T h i n - l a y e r  p ro c e d u re

T h e  ch lo ro fo rm  s o lu tio n  o b ta in e d  in  th e  w o rk u p  o f  th e  h y d ro ly s is  p r o d u c t  o f  p e r m e th y l 
a te d  s o la r a d ix in  w as a p p lie d  to  s i l ic a  g e l +  g y p su m  th in - la y e r  in  th e  u s u a l  a m o u n t .  S u b s e 
q u e n t  to  r e m o v a l  o f  th e  c h lo ro fo rm , d e v e lo p in g  w as m a d e  w i th  a  f r e s h ly  p r e p a re d  3 : 1 m ix tu re  
o f  e th e r  a n d  to lu e n e . A f te r  th e  f i r s t  d e v e lo p in g  th e  p la te  w a s  d r ie d  w ith  a  s t r e a m  o f  50 °C a ir  
u n t i l  t h e  o d o u r  o f  to lu e n e  d is a p p e a r e d  a n d  th e  d e v e lo p in g  p ro c e d u re  w as r e p e a te d  w ith  a n o th e r ,  
f r e s h ly  p r e p a re d  m ix tu re  o f  th e  s a m e  c o m p o s it io n . A u th e n t ic  m a te r ia ls  (I  a n d  I I )  a n d  th e i r  
m ix t u r e s  w e re  also  d e v e lo p e d  o n  t h e  s a m e  p la te s .  T h e  s p o ts  o f  t r im e th y l r h a m n o s e  a n d  t e t r a -  
m e th y lg lu c o s e  w ere  g re y  a n d  r e d ,  r e s p e c t iv e ly ,  a f te r  v is ib il iz a tio n .

b )  C o lu m n  p ro c e d u re

A  c o lu m n  o f 1.6 cm  in  d i a m e te r  w a s  m ad e  o f  36 g s ilic a  gel w i th  a 3 : 1 m ix tu r e  o f  e th e r  
a n d  to lu e n e .  1 g o f  th e  re s id u e  o f  th e  e v a p o r a te d  c h lo ro fo rm  s o lu tio n  w as a p p lie d  in  3 m l o f  
t h e  s a m e  so lv e n t  m ix tu re .  F r a c t io n s  o f  5 m l v o lu m e  w ere  c o lle c te d . T h e  re s u l ts  a re  sh o w n  in  
T a b le  I .

S e p a ra tio n  of 3 ,4 ,6 -tri-O -m ethy l-D -g lucose  ( I I I )  and 4 ,6 -d i-O -m ethy l-D -galac tose  ( IV )

a )  T h i n - l a y e r  p ro c e d u re

T h e  a q u eo u s  p h a se  o b ta in e d  in  th e  h y d ro ly s is  o f  p e r m e th y la te d  so la ra d ix in  w a s  d ro p p e d , 
a f t e r  e x t r a c t i o n  w ith  c h lo ro fo rm  to  r e m o v e  I  a n d  I I ,  on  a  s ilic a  gel G  th in - la y e r .  S u b s e q u e n t  to  
d r y in g  o f  th e  sp o t, d e v e lo p in g  w a s  m a d e  w i th  a  3 : 1 m ix tu r e  o f  b e n z e n e  a n d  e th a n o l .  T h e  
s e c o n d  d e v e lo p in g  w as m a d e  w i th  th e  s a m e  so lv e n t m ix tu r e  as d e sc rib e d  a b o v e  fo r  I  a n d  I I .  
B o th  I I I  a n d  IV  a p p e a re d  as r e d  s p o ts  o n  v is ib iliz a tio n .
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T ab le  I

C hrom atography o f  m ethyla ted  m onosaccharides I  a n d  I I  on a s ilica  gel co lum n

F ra c tio n C o n te n t (mg)
C om ponen t 

(on basis  o f  TLC )

1— 10 50.0 —

11— 19 300.0 I

20— 33 100.0 1 + П

34— 60 360.0 I I

I  =  2,3 ,4-tri-O -m ethy l-L -rham nose
I I  =  2,3,4,6 -tetra-O-methyl-D-glucose

b)  C o lu m n  procedure

A  co lu m n  o f  1 .6  c m  in  d ia m e te r  w a s  m a d e  o f 22 g silica  gel w i th  b e n z e n e ,  a n d  a  m ix tu re  
o f  0 .7  g o f  th e  re s id u e  o f  th e  e v a p o ra te d  a q u e o u s  p h a se  (p re v io u s ly  e x t r a c t e d  w i t h  c h lo ro fo rm ) 
w ith  s ilica  gel w as a p p l ie d  to  i t.  F r a c tio n s  o f  5 m l v o lu m e  w ere  c o lle c te d . T h e  r e s u l t s  a r e  s u m m a 
r iz e d  in  T a b le  I I .

T a b le  II

C hrom atography o f  m ethyla ted  m onosaccharides  I I I  and  IV  on a s ilica  gel co lu m n

S o lv e n t  m ix tu re F ra c tio n
W eig h t o f e v a p 
o ra tio n  residue

(mg)

C o m p o n en t 
(on  b asis  o f T L C )

b e n ze n e 1—  7 — —

b e n ze n e —e th a n o l

9 : 1 8— 19 40.0 —

20— 48 180.0 i n

b e n z e n e —e th a n o l

4 : 1 4 9 — 57 50.0 I I I  I- IV

58— 83 . 150.0 IV

I I I  =  3.4,6 -tri-O -m ethyl-L -glucose
IV  =  4,6-di-O -m ethyl-D -galactose

*

T h e  a u th o r s  e x p re s s  t h e i r  th a n k s  to  D r. I r m e n t r a u t  L o w  (M a x  P la n c k  I n s t i t u t e ,  H e id e l
b e rg )  a n d  P ro fe sso r  S ir  E d m u n d  H i r s t  ( U n iv e rs i ty  o f  E d in b u rg h )  fo r  a u th e n t ic  m e th y la te d  
m o n o sa c c h a r id e s .

T h e  a u th o r s  a lso  t h a n k  M rs . E v a  B a b o s - S z e b e n y i  fo r h e r  te c h n ic a l  a s s is ta n c e .
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CHEMISTRY OF 4H-l,3-BENZOTHIAZINE 
DERIVATIVES, 111

H Y D R O L Y S IS  O F  2 -P H E N Y L -3 -E T H Y L -6 ,7 -D IM E T H O X Y -4 H - l ,3 -B E N Z O T H IA Z IN IU M
B R O M ID E *

J .  S z a b ó , I. V a r g a , E . V i n k l e r  and  É .  B a r t h o s

(D e p a r tm e n t fo r  P h a rm a c eu tica l C h e m is try , M e d ic a l U n iv e r s ity , Szeged)  

R e c e iv e d  A p ril 22 , 1970

T h e  h y d ro ly s is  o f  2 -p h e n y l-3 - e th y l -6 ,7 -d in ie th o x y -4 i / - l ,3 -b e n z o th ia z in iu m  b r o 
m id e  w a s  e x a m in e d  a n d  i t  w a s  fo u n d  t h a t  u n d e r  th e  e f fe c t  o f  e q u iv a le n t  a m o u n t  o f  
a lk a li  th e  c o m p o u n d  is c o n v e r te d  th ro u g h  2 -p h e n y l-3 - e th y l -6 ,7 -d i in e th o x y -4 f i - l ,3 -  
b e n z o th ia z in iu m  h y d ro x id e  in to  2 -p h e n y l-2 -h y d ro x y -3 -e tb y l-6 ,7 -d im e th o x y -2 ,3 -d i-  
h y d r o -4 f i - l ,3 -b e n z o th ia z in e ,  w h ic h , u n d e r  th e  e f fe c t  o f  e x ce ss  a lk a li, r e a c ts  f u r th e r  
to  give IV -b e n z o y l-IV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e . T h e  a c id  h y d ro ly s is  
o f 2 -p h e n y l-3 - e th y l -6 ,7 -d im e th o x y -4 i i - l ,3 -b e n z o th ia z in iu in  b ro m id e  g iv es  S -b e n z o y l-  
iY -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  b ro m id e  in  th e  f i r s t  s te p ,  w h ic h  
is t r a n s fo rm e d  v ia  in te rm o le c u la r  t r a n s a c y la t io n  to  IV -e th y l-4 ,5 -d im e th o x y -2 -m e r-  
c a p to b e n z y la m m o n iu m  b ro m id e  a n d  S ,IV -d ib e n z o y l-IV -e th y l-4 ,5 -d im e th o x y -2 -m e r-  
c a p to b e n z y la in in e .  U p o n  th e  e f fe c t  o f  a lk a l i ,  S -b e n z o y l-IV -e th y l-4 ,5 -d iin e tl io x y -2 -  
m e rc a p to b e n z y la m m o n iu rn  b ro m id e  u n d e rg o e s  in t r a m o le c u la r  t r a n s a c y la t io n  to  g iv e  
iY -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e . T h e  S  — JV a c y l m ig r a t io n  
is a r e v e r s ib le  p ro c ess  b e c a u se  iV -b e n z o y l- IV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y l-  
a m in e  is c o n v e r te d  in  th e  p re se n c e  o f  a c id  in to  t h e  c o rre sp o n d in g  S -b e n z o y l d e r iv a t iv e .  
T h is  h y d ro ly s is  p ro v e d  th e  s t r u c tu r e  o f  2 -p h e n y l-3 -e th y l-6 ,7 -d im e th o x y -4 H - l ,3 -b e n z o -  
th ia z in iu m  b ro m id e  a n d  m a d e  a lso  p o ss ib le  th e  p r e p a r a t io n  o f  th e  iV -e thy l d e r iv a t iv e  
o f 4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e .

D uring an  ex am in a tio n  of th e  ch em is try  o f  2 -p h en y l-3 -e th y l-6 ,7 -d im eth - 
o x y -4 //- l ,3 -b e n z o th ia z in iu m  b ro m id e  (I) o b ta in e d  b y  q u a te rn iz a tio n  o f 2- 
p h en y l-6 ,7 -d im e th o x y -4 H -l,3 -b en zo th iaz in e  [2] it  was found th a t  com p o u n d  I 
is read ily  d isso lv ed  in  w a te r a n d  its s a tu ra te d  aq u eo u s so lu tion  is acid ic 
(p H  3.5). A cco rd ing ly , com pound I undergoes p a r tia l  hydro lysis in aq u eo u s 
so lu tio n  to  2 -p h en y l-3 -e th y l-6 ,7 -d im eth o x y -4 /4 -l,3 -b en zo th iaz in iu m  h y d ro 
x id e  (II) an d  h y d ro g en  brom ide. S u b seq u en tly  th e  hydro lysis of th e  benzo- 
th ia z in e  ring, to o , occurs a t a m o d e ra te  ra te  a t  a b o u t 20 °C and  co n sid e rab ly  
fa s te r  a t e lev a ted  te m p e ra tu re s .

A fter h e a tin g  an  aqueous so lu tion  of b en zo th iaz in iu m  brom ide (I) for 
1 h o u r, the  fo llow ing  p ro d u c ts  could  he iso la ted  from  th e  reac tio n  m ix tu re : 
hyd ro g en  b ro m id e , iV -e th y l-4 ,5 -d im eth o x y -2 -m ercap to b en zy lam in e  h y d ro - 
b ro m id e  (VI), S-benzoyl-iV -ethyl-4 ,5-d im e th o x y -2 -m ercap to b en zy la  m ine
hyd ro b ro m id e  (IV) an d  S ,iV -d ibenzoy l-iV -ethy l-4 ,5 -d im ethoxy-2-m ercap to - 
benzy lam ine  (VII) (experim en t N o. 1).

* P re s e n te d  in  p a r t  a t  th e  S ess io n  o f  th e  C o m m itte e  o f  O rg a n ic  C h e m is try , H u n g a r ia n  
A c a d e m y  o f S c ie n c e s ; F e b r u a ry  22, 1966 [1].
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W h e n  h ea ting  o f th e  sam e aq u eo u s so lu tio n  w as co n tin u e d  fo r  5— 6 
h rs , th e  S -b en zo y l-2 -m ercap to b en zy lam in e  d e riv a tiv e  (IV) could  n o t b e  d e te c t
ed  in  th e  reac tio n  m ix tu re , from  w hich  th e  conclusion was d raw n  t h a t  th is  
c o m p o u n d  is m erely  an  in te rm e d ia te  o f h y d ro ly sis . T he conclusion w as fu r th e r  
s u p p o r te d  b y  th e  o b se rv a tio n  th a t  co m p o u n d  IV tran sfo rm ed  in to  co m pounds 
V I a n d  V II in  q u a n ti ta t iv e  y ie ld  on h e a tin g  in  aqueous so lu tio n  (e x p e rim en t 
N o . 2).

VI

C H .O ^ SCOC6H , 

[  -
^ IN G O C „ H ,

C H 2 1
C>H ,

VII
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On th e  basis o f th e se  o b se rv a tio n s, th e  h y d ro ly s is  of q u a te rn a ry  sa lt I 
p roceeds th ro u g h  th e  follow ing s tep s; com p o u n d  I h y d ro ly zes  in  aqueous 
so lu tio n  to  a sm all e x te n t to  h y d ro g en  b ro m id e  an d  q u a te rn a ry  b ase  II . The 
q u a te rn a ry  base  I I  is tran sfo rm ed  in to  p seudobase  I I I ,  w h ich , in  th e  acidic 
so lu tio n  undergoes C— N b o n d  fission  to  give th e  S -b en zo y l-2 -m ercap to b en - 
zy lam ine  d e riv a tiv e  (IV). T he in te rm o lecu la r tr a n s a c y la tio n  re a c tio n  betw een  
tw о m olecules of com pound  IV, w hich proceeds even  u n d e r  acid ic cond itions, 
y ields com pounds VI a n d  V II.

S -B en zo y l-iV -e th y l-4 ,5 -d im eth o x y -2 -m ercap to b en zy lam in e  h y d ro b ro 
m ide (IV) is tra n s fo rm e d  in  a lkaline  so lu tion  v ia  in tra m o le c u la r  acy l m ig ra
tio n , p ro b ab ly  th ro u g h  in te rm e d ia te  I I I ,  in to  th e  JV -benzoyl-2-m ercaptoben- 
zy lam in e  d e riv a tiv e  (V) (ex p erim en t N o. 3). T he S  —<- N  acy l m ig ra tio n  is a 
rev ers ib le  process, b ecau se  on h ea tin g  w ith  h y d ro g en  b ro m id e  th e  iV-benzoyl- 
2 -m ercap to b en zy lam in e  d e riv a tiv e  (V) is co n v e rted  to  th e  co rresp o n d in g  S- 
b en zo y l d e riv a tiv e  (IV), again  p ro b a b ly  th ro u g h  in te rm e d ia te  I I I ,  an d  com 
p o u n d  IV undergoes fu r th e r  hyd ro lysis  to  give co m p o u n d  V I (ex p e rim en t 
N o. 4).

S -В enzoy l-iV -ethy l-4 ,5 -d im ethoxy-2 -benzy lam ine  h y d ro b ro m id e  (IV) is 
a s tab le  com pound  in  th e  solid s ta te , from  w hich  th e  S -benzoyl-iV -ethyl-4 ,5- 
d im e th o x y -2 -m ercap to b en zy lam in e  base  (V III) c a n n o t be l ib e ra te d  w ith  a l
k a lin e  agen ts, b ecau se  i t  is im m ed ia te ly  tra n sfo rm e d  in to  iV-benzoyl-iV- 
e th y l-4 ,5 -d im eth o x y -2 -m ercap to b en zy lam in e  (V), as has b een  seen in  experi
m e n t N o. 3. On tr e a t in g  an  aqueous so lu tion  of com p o u n d  IV w ith  sodium  h y 
d ro g en  ca rb o n a te , an  im m ed ia te  in te rm o lecu la r tra n sa c y la tio n  reac tio n  occurs 
to  give S ,N -d ib en zo y l-iV -e th y l-4 ,5 -d im eth o x y -2 -m ercap to b en zy lam in e  (VII) 
an d  p resu m ab ly  th e  in te rn a l sa lt of iV -eth y l-4 ,5 -d im eth o x y -2 -m ercap to h en - 
zy lam in e  in q u a n ti ta t iv e  y ie ld , of w hich th e  la t te r  w as iso la ted  a f te r  ac id i
fic a tio n  of th e  aq u eo u s so lu tio n  w ith  h y d ro g en  b rom ide , in  fo rm  of th e  h y d ro 
b ro m id e  sa lt (VI) (ex p e rim en t N o. 5).

V I  -I- VII
NaHCOj

O n th e  basis o f th e  la t te r  reac tio n  th e  p o ss ib ility  a rises t h a t  u n d e r th e  
effect of alkali th e  S -b en zo y l-2 -m ercap to b en zy lam in e  d e r iv a tiv e  (IV) is f irs t 
co n v e rted  to  co m p o u n d s VI an d  V II, an d  th e  IV-benzoyl d e r iv a tiv e  (V) comes 
a b o u t as a re su lt o f tra n sa c y la tio n  be tw een  VI an d  V II. T h e  in tra m o le c u la r  
c h a ra c te r  of th e  S  —► N  acy l m ig ra tio n  process ta k in g  p lace  u n d e r  th e  effect 
o f a lkali is su p p o rte d  b y  th e  o b se rv a tio n  th a t  t r e a tm e n t  o f com pound  IV 
w ith  a lkali in th e  p resen ce  o f 4 ,5 -d im e th o x y -2 -m ercap to b en zy lam in e  h y d ro 
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c h lo r id e  [3] u n d e r th e  co n d itio n s  specified  in  ex p erim en t N o. 3 gave com pound  
V as th e  o n ly  p ro d u c t. T he fo rm a tio n  of IV -benzoy l-4 ,5 -d im ethoxy-2-m ercap to - 
b e n z y la m in e , w hich m ig h t b e  e x p e c te d  in  case o f a n  in te rm o le c u la r  reac tio n , 
co u ld  n o t  be  d e tec ted .

T h e  a lkaline  hy d ro ly sis  o f  2 -p h e n y l-3 -e th y l-6 ,7 -d im eth o x y -4 fi- l,3 -b e n - 
z o th ia z in iu m  brom ide (I) w as also  ex am ined . U n d e r th e  effect o f excess a lkali, 
q u a te r n a r y  sa lt I  is c o n v e rte d  to  iV -benzoyl-lV -ethyl-4 ,5-d im ethoxy-2-m er- 
c a p to b e n z y la m in e  (V), p re su m a b ly  th ro u g h  q u a te rn a ry  b ase  I I  a n d  p seu d o 
b ase  I I I  as in te rm ed ia te s  (e x p e rim e n t No. 6). B y  t r e a tm e n t  w ith  an  eq u iv a len t 
a m o u n t  o f  alkali, q u a te rn a ry  b a se  I I  w as lib e ra ted  fro m  q u a te rn a ry  sa lt I  
in  a q u e o u s  so lu tion  an d  th o u g h  o u r  efforts to  iso la te  I I  h a v e  fa iled , i t  could 
be  tra n s fo rm e d  b ack  to  q u a te rn a ry  sa lt I  b y  im m e d ia te  t r e a tm e n t  w ith  h y 
d ro g e n  b ro m id e .

F ro m  th e  aqueous so lu tio n  o f  q u a te rn a ry  base  II , p seudobase  I I I  is 
r a p id ly  p re c ip ita te d  in  c ry s ta ll in e  fo rm , being  sp a rin g ly  so luble  in  w a te r 
(e x p e r im e n t No. 7). P seu d o b ase  I I I  is a n  u n s ta b le  m a te r ia l, w h ich  cou ld  n o t 
b e  p u r if ie d  b y  c ry s ta lliz a tio n , b ecau se  i t  w as p a r tia lly  tra n s fo rm e d  to  o th e r 
p ro d u c ts  a lread y  upon  d isso lu tio n . W hen  d issolved in  excess aq u eo u s alkali 
in th e  co ld , it was q u a n t i ta t iv e ly  tra n sfo rm e d  to  th e  TV -benzoyl-2-m ercapto- 
b e n z y la m in e  d e riv a tiv e  (Y), p ro v id in g  a fu r th e r  piece o f ev idence  t h a t  a lka line  
h y d ro ly s is  of b en zo th iaz in iu m  b ro m id e  (I) p roceeds th ro u g h  in te rm e d ia te s  
II a n d  I I I  (experim en t N o. 8).

I n  o rd e r to  p rep are  som e c h a ra c te r is tic  d e r iv a tiv e s , IV -benzoyl-IV-ethyl- 
4 ,5 -d im e th o x y -2 -m e rca p to b e n z y la m in e  (Y) was o x id ized  w ith  h y d ro g en  p e r
o x id e  to  th e  co rresponding  d isu lf id e  (IX) and , in  a n o th e r  e x p e rim en t, t r e a te d  
w ith  b e n z o y l chloride in  p y r id in e  so lu tio n  to  give th e  S ,iV -dibenzoyl d e riv 
a t iv e  (V II) (experim en t N o. 9). iV -B enzoy l-jV -etliy l-2 -m ercap tobenzy lam ine

V

N a O H B zC l
P y r id in e

V

VII

(V) w as  also p roduced  b y  p a r t ia l  d éb en zo y la tio n  o f th e  S ,lV -dibenzoyl d e riv 
a tiv e  (V II), one of th e  h y d ro ly s is  p ro d u c ts . D isu lfide  IX  w as also fo rm ed  b y  
a ir  o x id a tio n , w hen th e  so lu tio n  o f  p seudobase  I I I  in  e th a n o l w as exposed  to  
a ir  (e x p e r im e n t No. 10).
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Surveying the acidic and alkaline hydrolysis of 2 -phenyl-3-ethyl-6 ,7- 
dim eth oxy-4H -l,3 -b en zoth iazin iu m  brom ide (I), it can be estab lished  that 
these processes take place sim ilarly to th ose  observed w ith 2-p lienyl-6 ,7- 
dim eth oxy-41 i-l,3 -b en zoth iazin e [3]. H ow ever, in  this case the interm ediate  
pseudobase (III) could also be iso lated , its IR  spectrum  being in accord w ith  
structure HI (Fig- 1).

F ig . 1. IR  s p e c tru m  o f  2 - p h e n y l-2 -h y d ro x y -3 -e th y l-6 ,7 -d im e th o x y -2 ,3 -d i l iy d ro -4 H -l ,3 -b e n
z o th ia z in e  in  K B r

Experim ental
(M e ltin g  p o in ts  a re  u n c o r re c te d )

1 ) H y d ro ly s is  o f  2 -p h e n y l-3 -c tl iy l-6 ,7 -d ii i ic t l io x y -4 / /- l ,3 -b e n z o th ia z i i i iu i i i  b ro m id e  ( I )

A so lu tio n  o f  4 .95  g (0.01 m o le )  2 -p h e n y l-3 - e th y l-6 ,7 -d im e th o x y -4 H - l ,3 -b e n z o th ia z in iu m  
b ro m id e  in 30 m l w a te r  w as h e a le d  fo r  1 h o u r  o n  th e  w a te r  b a th  in  a  f la s k  p ro v id e d  w i th  a 
r e f lu x  c o n d e n se r , in c a rb o n  d io x id e  a tm o s p h e re .  A f te r  c o o lin g , th e  p re c ip i ta te  w a s  s e p a ra te d  
b y  d e c a n ta t io n ,  w a sh e d  w ith  a l i t t le  w a te r  a n d  d r ie d  in  a  v a c u u m  d e s ic c a to r .  Y ie ld : 2 .2  g. 
S , iV -D ib e n z o y l- iV -e th y l-2 -m e rc a p to b e n z y la m in e  (V II)  t h u s  o b ta in e d  w as c ry s ta l l iz e d  fro m  
e th a n o l  to  g ive  c o lo u r le s s  n e ed le s , in . p . 110 -112 °C. T h e  c o m p o u n d  sh o w s p o ly m o rp h is m , 
on  r e p e a te d  c ry s ta l l iz a t io n  fro m  e th a n o l  i t  is t r a n s f o rm e d  to  a n o th e r  m o d if ic a t io n  w i th  m .p . 
166— 167 °C. T h e  a n a ly s is  d a ta  o f  th e  tw o  m o d if ic a t io n s  a re  id e n tic a l.

C.,5H 25N O ,S  (4 3 5 .5 2 ). C a lcd . C 6 8 .9 4 ; H  5 .79 ; N  3 .2 3 ; S 7.36 . F o u n d  C 6 9 .3 0 ; H  5 .52 ; 
N  3 .2 5 ; S 7*49% .

T h e  a q u e o u s  so lu t io n  w as s a tu r a t e d  w ith  e th e r ,  w h e n  0.35  g o f  S -b e n z o y l- iV -e th y l-4 ,5 -  
d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  b ro m id e  (IV ) p r e c ip i t a te d  in  th e  fo rm  o f  c o lo u rle s s  
n e e d le s . T h e  c ry s ta ls  w e re  c o lle c te d  b y  f i l t r a t io n ,  d r ie d  a n d  c ry s ta l l iz e d  f ro m  b e n z e n e  to  g ive  
c o lo u r le s s  n e ed le s , m . p . 135— 136 °C (d e c o m p o s it io n ) .

Ct8H 22B r N 0 3S (4 1 2 .3 5 ). C a lc d . C 5 2 .4 2 ; I I  5 .38 ; N  3 .3 9 . F o u n d  C 51 .81 ; H  5 .3 9 ; N  3 .3 3 % .
T h e  a q u e o u s  s o lu tio n  w as e v a p o r a te d  to  d ry n e s s  in  v a c u u m . T h e  re s id u e , c ru d e  IV -ethy l- 

4 ,5 -d im e th o x y -2 -m e rc a p to b e u z y la m m o n iu m  b ro m id e  (V I) (2 .1 5  g) w as c ry s ta l l iz e d  f ro m  e th a n o l .  
P a le  yellow r p r ism s , m . p . 193— 195 °C (d e c o m p o s it io n ) .

' Cn H 18B rN O .,S  (3 0 8 .2 4 ). C a lcd . C 4 2 .8 6 ; H  5 .8 8 ; N  4 .5 3 ;  S 10.46. F o u n d  C 4 2 .9 1 ; H  5 .87 : 
N  4 .5 2 ; S 1 0 .3 4 % .
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2 )  T r a n s fo r m a t io n  of S -b e n z o y I- iY -e th y I -4 ,5 -d im e th o x y -2 -m e rc  îp to b e n z y la m m o n iu m  b ro m id e
( I V )  in  a q u e o u s  so lu tio n

0 .4 1  g  (0.001 m ole) o f  S -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  
b ro m id e  w a s  d isso lv ed  in  5 m l  w a t e r  a n d  th e  s o lu tio n  h e a te d  fo r  30 m in . on  a  w a te r  b a th  in  
c a rb o n  d io x id e  a tm o sp h e re . T h e  m a t e r i a l  w h ic h  p r e c ip i ta te d  on  co o lin g  w as f i l te r e d  o ff , w a sh e d  
w i th  w a t e r  a n d  d ried  to  g iv e  0 .2 1  g (9 6 .6 % ) o f  S , Y -d ib e n z o y l-Y -e th y l-4 ,5 -d im e th o x y -2 -  
m e rc a p to b e n z y la m in e  (V II). C o lo u r le s s  n e ed les  f ro m  e th a n o l ,  m . p . 110— 112 °C , n o  m . p. 
d e p re s s io n  w a s  o b se rv ed  w i th  t h e  m a te r ia l  o b ta in e d  in  th e  p re c e d in g  e x p e r im e n t .

T h e  a q u e o u s  so lu tio n  w a s  e v a p o r a te d  to  d ry n e s s  in  v a c u u m  a n d  th e  r e s id u e  d is so lv e d  
in  2 m l  e th a n o l  w ith  h e a t in g .  T h e  s o lu t io n  w a s  d i lu te d  w i th  e th e r  to  p r e c ip ita te  0 .1 4  g (9 1 .0 % )  
o f  iV -e th y l -2 -m e rc a p to -4 ,5 -d im e th o x y b e n z y la m m o n iu m  b ro m id e  (V I), m . p . 192 — 195 °C, 
n o  m . p .  d e p re s s io n  w ith  th e  m a te r i a l  o b ta in e d  in th e  p re c e d in g  e x p e r im e n t .

3 ) T r a n s fo r m a t io n  o f S -b e n z o y l- IV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iiim  b ro m id e
( I V )  in  a lk a lin e  m e d ia

0 .4 1  g (0.001 m ole) o f  S -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  
b r o m id e  w a s  d isso lv ed  in  a m ix tu r e  o f  40  m l e th a n o l a n d  2 d ro p s  o f  h y d ro c h lo r ic  a c id  in  e th a n o l ,  
t h e n  a  s o lu t io n  o f  0.5 g p o ta s s iu m  h y d ro x id e  in  0 .5  m l w a te r  a n d  5 m l e th a n o l  w a s  a d d e d . 
T h e  m i x t u r e  w a s  k e p t  a t  ro o m  t e m p e r a tu r e  fo r  5 m in .,  s l ig h tly  a c id if ie d  w ith  h y d ro c h lo r ic  a c id  in 
e th a n o l  a n d  t i t r a t e d  w ith  a 0.1 N  io d in e s o lu t io n .  T h e  a n a ly t ic a l  p ro c e d u re  re v e a le d  th e  p re se n c e  
o f  0 .3 0  g  o f  ]V -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e  (V ), w h ic h  c o r re s p o n d s  
to  9 0 %  o f  t h e  th e o re tic a l  a m o u n t .  T h e  so lu tio n  w a s  e v a p o r a te d  to  d ry n e ss  in  v a c u u m ,  th e  
r e s id u e  w a s  t r e a te d  w ith  10 m l w?a t e r  a n d  e x tr a c te d  w ith  50 m l  e th e r  to  re m o v e  th e  [2 ,2 ’-iV,IV’- 
d ie th y l-N ^ IV ’-b is íb e n z o y la m in o m e th y lJ A A ’^ S ’- te t r a m e th o x y jd ip h e n y ld is u l f id e  ( IX )  w h ic h  
w a s  f o r m e d  d u r in g  io d in e  o x id a t io n .  T h e  e th e re a l  p h a s e  w a s  e v a p o ra te d  to  d ry n e s s  a n d  th e  
r e s id u e  c r y s ta l l iz e d  fro m  6 0 %  e th a n o l  to  g iv e  0.25 g (7 5 .5 % )  o f  th e  p ro d u c t.  A f te r  c r y s ta l l i 
z a t io n  f ro m  6 0 %  e th a n o l s e v e ra l  t im e s ,  th e  m . p . in c re a s e d  to  131 — 132 °C, p a le  y e llo w  n e e d le s .

C36H 4oN2O flS2 (660 .83 ). C a lc d . C 6 5 .4 3 ; H  6 .1 0 . F o u n d  C 65 .22 ; H  5 .8 6 % .

4 )  A c id  h y d ro ly sis  o f iV -b e iiz o y l- iV -e th y l-4 ,5 -< lim e th o x y -2 -m e rc a p to b e n z y la iii ii ie  (V )

0 .3 3  g (0.001 m ole) o f  iV -b e n z o y l -A -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e  w as 
d is s o lv e d  in  10 m l 5 %  h y d ro g e n  b r o m id e  a n d  th e  so lu t io n  h e a te d  fo r  6 h rs  a t  100 °C in  c a rb o n  
d io x id e  a tm o s p h e r e .  A fte r  c o o lin g , t h e  so lu tio n  w as e x t r a c t e d  w ith  e th e r  to  re m o v e  th e  b e n z o ic  
a c id  f o r m e d  (0 .0 6  g).

T h e  a q u e o u s  so lu tio n  w a s  c o n c e n t r a te d  in  v a c u u m  a n d  co o led  to  d e p o s i t  0 .07  g o f  
S -b e n z o y l-7 V -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  b ro m id e  (IV ) in  t h e  fo rm  o f 
c o lo u r le s s  n e e d le s ,  m . p . 133— 135 °C  (d e c o m p o s it io n ) ,  n o  m . p . d e p re ss io n  w ith  th e  m a te r ia l  
o b ta in e d  in  th e  f i r s t  e x p e r im e n t .

T h e  a q u e o u s  f i l t r a te  w a s  e v a p o r a te d  to  d ry n e s s  in  v a c u u m , th e  re s id u e  h e a t e d  w i th  a 
l i t t l e  e th a n o l ,  th e  so lu tio n  f i l t e r e d  a n d  t r e a te d  w ith  e th e r  to  p r e c ip i ta te  0 .17  g o f  iV -e th y l-4 .5 - 
d im e th o x y - 2 - m e r c a p to b e n z y la m m o n iu m  b ro m id e , m . p . 1 9 1 — 193 °C (d e c o m p o s it io n ) .  T h e  
p r o d u c t  s h o w e d  no  m . p . d e p re s s io n  w ith  th e  m a te r ia l  o b ta in e d  in  e x p e r im e n t  N o . 1.

5 )  T ra n s fo rm a tio n  o f  S -b e iiz o y l-A 7-e th y l-4 ,5 -c lim e th o x y -2 -m e rc a p to b e iiz y la n im o iiiu m  
b ro m ie  ( IV ) in  a q u e o u s  so d iu m  h y d ro g e n  c a rb o n a te  so lu tio n

0 .2 2  g  (0 .0005 m ole) o f  S -b e n z o y l- IV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m m o n iu m  
b r o m id e  w a s  d isso lv e d  in 80 m l w a te r  w i th o u t  h e a t in g ,  0 .085  g  (0 .0005  m o le ) so d iu m  h y d ro g e n  
c a r b o n a te  w a s  a d d e d  to  th e  s o lu t io n  a n d  th e  m ix tu re  w a s  le f t  s ta n d in g  fo r 5 m in . T h e  s o lu tio n  
w a s  a c id i f i e d  w ith  h y d ro g e n  b r o m id e  a n d  th e  p r e c ip i ta te d  S ,A T -d ib en z o y l- iV -e th y l-4 ,5 -d im e tlio -  
x y -2 -m e rc a p to b e n z y la m in e  (V II)  w a s  e x tr a c te d  w i th  e th y l  a c e ta te .  T h e  o rg a n ic  p h a s e  w as 
d r ie d  o v e r  a n h y d ro u s  so d iu m  s u l f a te  a n d  th e  so lv e n t r e m o v e d  b y  d is t il la t io n .  O n  c r y s ta l l iz a 
t io n  f ro m  e th a n o l  th e  re s id u e  g a v e  c o lo u rle s s  n e e d le s , m . p . 1 1 0 — 112 °C, no  m . p . d e p re s s io n  
w ith  t h e  s u b s ta n c e  o b ta in e d  in  e x p e r im e n t  N o. 1. Y ie ld :  0 .1  g, 9 6 % .

T h e  a q u e o u s  so lu tio n  w a s  e v a p o r a te d  to  d ry n e s s  in  v a c u u m , th e  re s id u e  e x t r a c t e d  w ith  
e th a n o l  a n d  th e  so lu tio n  d i lu te d  w i th  e th e r  to  p r e c ip i ta te  0 .08  g (1 0 0 % ) o f  IV -e th y l-4 ,5 -d im e th -  
o x y -2 -m e rc a p to b e n z y la m m o n iu m  b ro m id e  (V I), m . p .  192 — 194 °C (d e c o m p o s it io n ) ,  n o  m . p. 
d e p re s s io n  w i th  th e  m a te r ia l  o b ta in e d  in e x p e r im e n t  N o . 1.
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6 )  A lk a lin e  h y d ro ly s is  o f  2 -p h e n y l-3 - e th y l -6 ,7 -d im e th o x y -4 H - l ,3 -b e n z o th ia z in iu m  b ro m id e  (I )

0.2 g (0 .0005 m o le )  o f  2 -p h e n y l-3 - e th y l -6 ,7 -d im e th o x y -4 H - l ,3 -b e n z o th ia z in iu m  b rom ide  
w a s  d isso lv e d  in 30 m l w a te r ,  5 m l  2 N  so d iu m  h y d ro x id e  so lu tio n  w as a d d e d  a n d  th e  m ix tu re  
w a s  le f t  s ta n d in g  fo r 5 m in .  T h e  re a c tio n  m ix tu r e  w as a c id if ie d  w ith  h y d ro c h lo r ic  acid 
a n d  th e  p re c ip ita te d  iY -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m c rc a p to b e n z y la iii in e  (V ) e x tr a c t 
ed  w i th  e th y l  a c e ta te .  T h e  o rg a n ic  p h a se  w as d r ie d  a n d  c o n c e n tr a te d  in  v a c u u m  to  give 
a n  o ily  re s id u e , w h ic h  g a v e  a p o s it iv e  m e rc a p to  re a c tio n .  I t  w as d is so lv e d  in  e th a n o l ,  t r e a t 
ed  w ith  1 d ro p  o f  1IV so d iu m  h y d ro x id e  a n d  o x id iz e d  w ith  h y d ro g e n  p e ro x id e  to  the  
c o r re sp o i d in g  d isu lf id e  (IV ). T h e  l a t t e r  w as p r e c ip i t a te d  b y  d i lu t io n  w i th  w a te r .  T h e  p ro d 
u c t  w a s  c ry s ta l l iz e d  fro m  6 0 ° ,, e th a n o l  to  g iv e  0 .1 6  g p a le  y e llo w  m a te r i a l  (n e e d le s ) ,  m . p. 
1 2 9 — 131 °C; no  m . p . d e p re ss io n  w ith  th e  m a te r ia l  d e sc r ib e d  in e x p e r im e n t  N o . 3.

7 )  R e a c tio n  o f 2 -p h e n y l-3 - e th y l -6 ,7 -d im e th o x y -4 / /- l ,3 -b e n z o th ia z in iu m  b ro m id e  ( I )  w ith
o n e  e q u iv a le n t  a m o u n t  o f  a lk a li

0 .79  g (0 .002 m o le ) o f  2 -p h e n y l-3 - e th y l -6 ,7 -d im e th o x y -4 f f - l ,3 -b e n z o th ia z in iu m  b ro m id e  
w a s  d isso lv e d  in 60 m l co ld  w a te r  a n d  2 m l (0 .002  m o le ) 2 N  so d iu m  h y d ro x id e  w a s  a d d e d  w ith  
c o n tin u o u s  sh a k in g . T h e  so lu tio n  d e p o s ite d  0 .40  g (6 0 .7 % ) o f  2 -p h e n y l-2 -h y d ro x y -3 -e th y l-6 ,7 -  
d im e th o x y - 2 ,3 -d ih y d ro -4 H - l ,3 -b e n z o th ia z in e  ( I I I )  in  th e  fo rm  o f  c o lo u rle s s  p la te s .  T h e  c ry s ta ls  
w e re  w a sh e d  w ith  w a te r  a n d  d r ie d , m . p . 76— 80 °C (d e c o m p o s itio n ) . F u r t h e r  p u r i f ic a t io n  by  
c ry s ta l l iz a t io n  fa iled .

C18H 21N 0 3S (3 3 1 .4 2 ). C a lcd . C 6 5 .2 3 ; H  6 .39 . F o u n d  C 6 6 .5 2 : H  6 .1 9 % .
2 -P h e n y l-3 -e th y l-6 ,7 -d im e th o x y -4 H -1 .3 -b e n z o th ia z in iu m  h y d ro x id e  ( I I )  w h ic h  rem a in ed  

in th e  a q u e o u s  f i l t r a te  w as c o n v e r te d  w ith  h y d ro g e n  b ro m id e  to  th e  c o r re s p o n d in g  b ro m id e  
(I) . T h e  a q u e o u s  s o lu tio n  w a s  e x tr a c te d  w ith  c h lo ro fo rm  se v e ra l  t im e s ,  t h e  c o m b in e d  o rgan ic  
p h a s e  d r ie d  o v e r  a n h y d ro u s  so d iu m  su lfa te  a n d  c o n c e n tra te d  to  a b o u t  1 m l. T h e  residue  
w a s  d i lu te d  w ith  e th e r  to  d e p o s i t  0 .10  g o f  2 -p h e n y l-3 - e th y l-6 ,7 -d im e th o x y -4 f i - l ,3 -b e n z o th ia -  
z in iu m  b ro m id e  (I) , yellow ' p o w d e ry  c ry s ta ls ,  in . p. 189— 191 °C, no  in . p .  d e p re s s io n  w ith  th e  
a u th e n t ic  m a te r ia l  [2].

8 )  T ra n s fo rm a tio n  o f  2 -p h e iiy l-2 -h y ( lro x y -3 -e th y I -6 ,7 -c I im e lh o x y -2 ,3 -d ih y d ro -4 // - l ,3 -b e n -  
z o th ia z in e  ( I I I )  in  so d iu m  h y d ro x id e  so lu tio n

0.33 g (0.01 m o le ) o f  2 -p h e n y l-2 -h y d ro x y -3 -e th y l-6 ,7 -d im e th o x y -2 ,3 -d ih y d ro -4 H - l ,3 -  
b e n z o th ia z in e  w as d is so lv e d  in a s o lu tio n  o f  0 .05  g so d iu m  h y d ro x id e  in 10 m l  e th a n o l  an d  the 
so lu t io n  w as le f t s ta n d in g  fo r  5 m in . T h e  re s u l t in g  iV -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e r-  
c a p to b e n z y la m in e  (V ) w as o x id iz e d  w ith  h y d ro g e n  p e ro x id e  to  th e  c o r re s p o n d in g  d isu lfide  
( IX ) . P a le  y e llo w  n e e d le s  f ro m  6 0 %  e th a n o l ,  in . p. 129— 131 °C, no  in . p . d e p re s s io n  w ith  th e  
p r o d u c t  o b ta in e d  in  e x p e r im e n t  N o . 3.

9 ) iV -B e n z o y l- iV -e th y l-4 ,5 -d in ie th o x y -2 -n ie rc a p to b e n z y la n iin e  (V )

2.18 g (0 .005 m o le ) o f  S , iV -d ib e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la in in e  
(V II)  w a s  d isso lv e d  in 30 m l b o t  e th a n o l ,  a n d  a  s o lu tio n  o f  0.4 g so d iu m  h y d r o x id e  in  2 m l w a te r 
a n d  5 m l e th a n o l a d d e d . A f te r  3 m in . th e  s o lu tio n  w as coo led  a n d  a c id if ie d  w i th  10 m l 10% 
h y d ro c h lo r ic  a c id , 50 m l w a te r  w as a d d e d  in  sm a ll p o r t io n s  to  th e  ice -co ld  r e a c t io n  m ix tu re  to 
d e p o s i t  1.5 g o f  iV -b e n z o y l- iV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la n iin e , w h ic h  w as filte red  
o ff , w a sh e d  w ith  w a te r  a n d  a  l i t t le  e th e r ,  a n d  d r ie d . P a le  yellow ' p r ism s  f ro m  5 0 %  e th a n o l, 
in . p . 120— 122 °C.

C18H ,,N O ;,S (3 3 1 .4 2 ). C a lcd . N  4 .33 . F o u n d  N  4 .2 0 % .
In  o rd e r  to  p re p a re  a  c h a ra c te r i s t ic  d e r iv a t iv e ,  th e  p ro d u c t  w as o x id iz e d  w i th  h y d ro g en  

p e ro x id e  to  [2 ,2 ’-iV,lV,-d ie th y l-iV ,iV ’- b is (b e n z o y la m in o m e th y l) -4 ,4 , ,5 ,5 , , - te t r a in e th o x y ] -  
d ip h e n y l  d isu lf id e  (IX ). P a le  y e llo w  n e ed le s  fro m  6 0 %  e th a n o l,  m . p . 131 132 °C, no m . p.
d e p re s s io n  w ith  th e  m a te r ia l  o b ta in e d  in  e x p e r im e n t  N o . 3.

C o m p o u n d  V w as b e n z o y la te d  w ith  b e n z o y l c h lo rid e  in p y r id in e  s o lu t io n  to  g iv e  S,1V- 
d ib e n z o y l-IV -e th y l-4 ,5 -d im e th o x y -2 -m e rc a p to b e n z y la m in e  (V II). c o lo u rle s s  n e e d le s  fro m  e th a 
n o l, m . p. 166— 167 °C, no  m . p. d e p re ss io n  w ith  th e  m a te r ia l  o b ta in e d  in  e x p e r im e n t  No. 1.
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1 0 ) F o r m a t io n  of [2 ,2 ’ -iV,IV’-d ie th y l- iV ,IV ’-b is (b e iiz o y la m in o m e th y l) -4 ,4 ’,5 ,5 ’- te tra m e th o x y ]_  
d ip h e n y l  d is u lf id e  ( IX )  from  p se u d o b a se  ( I I I )

0 .2 0  g o f 2 -p h e n y l-2 -h y d ro x y -3 -e th y l-6 ,7 -d im e th o x y -2 ,3 -d ih y d ro -4 f í r- l ,3 -b e n z o th ia z in e  
( I I I )  w a s  d isso lv e d  in  2 m l e th a n o l  a n d  th e  so lu tio n  e x p o se d  to  a i r .  0 .1 4  g o f  [2 ,2 ’-IV,IV’- d ie th y l-  
iV ,lV’b is (b e n z o y la m in o m e th y l) -4 ,4 ’,5 ,5 ’- te t r a m e th o x y ]d ip h e n y l  d is u lf id e  w as d e p o s ite d  f ro m  
t h e  s o lu t io n ,  ye llow  p rism s , m . p . 130  - 1 3 1  °C, no m . p . d e p re s s io n  w ith  th e  m a te r ia l  o b ta in e d  
in  e x p e r im e n t  N o. 3.

*

T h e  a u th o r s  e x p ress  t h e i r  t h a n k s  to  D r. J .  S z a b ó  fo r  h is  c o o p e ra tio n  in  th e  e v a lu a t io n  
o f  t h e  I R  sp e c tra .
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A S S O C IA T IO N  S T R U C T U R E  
O F  3 - H Y D R O X Y  -CH ROM O N E S

P. S o h á r , L. V a r g h a  f  and J. K u s z m a n n

(R esea rch  In s ti tu te  f o r  P h a rm a c e u tic a l C h e m is try , B u d a p e s t)

R e c e iv e d  M a y  19, 1970

I n f r a r e d  sp e c tro sc o p ic  in v e s t ig a t io n  o f  th e  2 -m e th y l-3 -h y d ro x y c h ro m o n e  p ro v e d  
t h a t  in  th e  so lid  s t a te  a  cy c lic  d im e r  is fo rm e d  in s te a d  o f  a  5 -m e m b e re d  c h e la te  r in g , 
w i th  in tr a m o le c u la r  h y d ro g e n  b o n d in g  a s  su p p o s e d  e a r l ie r .  T h e  N M R  s p e c t r u m  e x c lu d e s  
th e  p o s s ib i l ity  o f  a  ta u to m e r  a n d  th u s  s p l i t t in g  o f  th e  c a rb o n y l  b a n d  in  th e  I R  s p e c tru m  
is p r e s u m a b ly  c a u se d  b y  F e r m i  r e s o n a n c e  e v e n  in so lu tio n . T h e  m o le c u le s  o f  th e  c o r re 
sp o n d in g  2 -p h e n y l d e r iv a tiv e  ( f la v o n o l)  e x is t  in a  s t a te  o f  s im p le  in te rm o le c u la r  (n o il-  
c y c lic ) a s so c ia t io n .

V a r g h a  et al., preparing th e  2-m ethyl-3-hydroxy-chrom one, suggested  for 
it  the intram olecular chelate-like structure I, as the com pound failed  to  give  
reactions characteristic of the oxo  and hydroxyl groups (e.g. form ation of 
oxonium  salts, or reaction w ith diazom ethane).

To prove th is hypothetical structure, the IR  spectra of I w ere in v esti
gated in the solid sta te  (in K B r pellet) and in 0.1 M  chloroform solution .

In the spectrum  of the solid  (F ig. 1), the rOH band at 3295 c m -1  is 
relatively  sharp w ith  a weak shoulder at 3385 cm “ 1, and the yOH hand appears 
at 665 cm “ 1, too . This indicates [2] the presence of a cyclic, y e t w eak , con-

F ig . 1. I R  s p e c tr u m  o f  I  in  K B r  p e lle t
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seq u en tly  non-chelate-like hydrogen bond. In  th e  spectrum  of the solution  
(F ig . 2) there is no m axim u m  at 3295 cm -1 , and th e  unsplit rOH band appears

LiF NaCt
4* - th-

V- r 4̂
U z n

j F
1 t

г_ J
1
t

11
3600 3400 3200 3000 2800 1600 1Л00 1200 1000 cm“1 

F ig .  2. I R  sp e c tru m  o f  I I  in  CHC13

a t  3450 cm -1 , in d icatin g  th a t the hydrogen bonds are destroyed already in 
re la tive ly  concentrated  solutions, proving the interm olecular character of 
th e  association [3]. T he hypothesis of intram olecular association cannot be 
m aintained  even w ith  th e  restriction th a t hydrogen  bonds are weak, i.e ., 
of non-chelate character. I t  was obvious to  suppose that w ith the partici
p ation  of the carbonyl and hydroxyl, a cyclic dim er is formed by tw o m ole
cules (II), m otivating th e  sharp contours o f the rOH and yOH hands and the  
chem ical properties o f  the com pound.

О

For com parison th e  IR  spectra of 3-hyd roxy-flavon e (III) were recorded 
in  the solid state (in K B r pellet) and in 0.1 M  chloroform  solution.

F ig .  3. I R  sp e c tru m  o f  I I I  in  K B r  p e lle t

In  the spectrum  o f th e  solid (Fig. 3) the broad rOH band appears b e
tw een  3400—2900 c m “ 1 w ith  a m axim um  at about 3230 cm “ 1. The i’C = 0
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3600 3400 3200 3000 2800 1600 1400 1200 1000 cm ’

F ig . 4. I R  s p e c tru m  o f  I I I  in  C H C I3

band at 1610 cm 4  is not split and the у  OH band is very diffuse, appearing  
betw een 800— 500 c m -1  as a broadening-out o f the base line. In  the spectrum  
of the solution (F ig. 4), instead of the I’OH band at about 3230 c m -1 , an ab
sorption m axim um  appears at 3390 cm “ 1. This proves th at unlike in th e  case 
of II, com pound III does not form a cyclic dim er obviously in consequence of 
the more bulky phenyl group. An intram olecular hydrogen bond th a t w ould  
correspond to structure I is also absent, having  been replaced by sim ple inter- 
m olecular association.

During the IR  investigation  o f I another interesring problem arose, viz.  
that in the spectrum  of the solid (Fig. 1) the in tense r C = 0  band at 1625 c m “ 1 
is split: at 1650 c m -1 a well distinguishable m axim um  becom es superim posed  
on the carbonyl band. This maxim um  rem ains unchanged after repeated  
crystallization, and it appears even in the solution  spectrum  (Fig. 2).

IV

Therefore the sp littin g  of the rC =  0  band cannot be due to any con tam i
nation, or to m olecules w ith association structures different from th a t given  
by II, or to m onom eric structures formed at lower rates in the solid sta te .

It is possible th a t, sim ilarly to the phthalides [4], the sp litting is caused  
by the F e r m i  resonance betw een the rC =  0  and an out-of-plane arom atic  
CH deform ation vibration. N evertheless it was conceivable that a sm all fraction  
o f the m olecules w ith  the d iketo-tautom eric (IV) form is responsible for the  
carbonyl band.

To clear up th is problem , NMR in vestigations were performed. In  the  
1H spectrum  (CDC13) the ÓCH., signal is a singlet at 2.50 ppm , the OH  
signal appears at ó =  6.53 ppm , while th e  arom atic protons give A B C X
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ty p e  m u ltip lets w ith the center o f the X -p art at 8.2 ppm  and the ABC- 
p art a t about Ô =  7.4 ppm . Since neither a doublet, nor a quartet characteris
tic  o f  th e  CH— CH3 group o f structure IV did appear, the existence o f  th is  
ta u to m er  can be excluded. T hus, the sp litting  o f the carbonyl band in th e  IR  
sp ectru m  is presum ably caused by F e r m i  resonance. This is supported b y  the  
fa c t  th a t  in  case of III w here the out-of-plane C^rH  deform ation frequencies 
are m od ified , the rC =  0  band  is not split. On the other hand, th e  position  
o f th e  O H  signal in the N M R  spectrum  can be considered as further ev id en ce  
a g a in st th e  chelate structure which would be characterized by sign ifican tly  
larger chem ical shifts [5].

Experim ental

T h e  I R  s p e c tra  w e re  r e c o rd e d  w ith  a  U R -1 0  ( J e n a )  d o u b le -b e a m  s p e c t r o m e te r  
in  K B r  p e l le ts ,  a n d  in  1 m m  N a C l c u v e t te s  u s in g  0 .1  M  CHC13 so lu tio n s . T h e  N M R  s p e c tr a  
w e re  r e c o r d e d  w ith  a V A R IA N  A -6 0 D  ty p e  s p e c t r o m e te r  (60 M H z), in  d e u te ro c h lo ro fo rm  
s o l u t io n ,  u s in g  te t r a m e th y ls i la n e  a s  in te r n a l  re fe re n c e .
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P R E P A R A T I O N  O F  dl- N -M E T H Y L - N - P R O P A R G Y L - 1 -  
P H E N Y L - 2 - A M I N O P R O P A N E  H Y D R O C H L O R I D E  

(C A R D IS O N ) L A B E L L E D  W I T H  CA R B O N -14  
A N D  T R I T I U M *

I. M e z ő , В. T a n á c s , I. T e p l á n , L. B u r s i c s  a n d  J. M á r t o n

( I n s t i tu te  o f  Iso topes o f  the H u n g a r ia n  A c a d e m y  o f  Sc iences, B u d a p e s t)

R e c e iv e d  J u n e  12, 1970

P h e n y la c e to n e -2 -14C w a s  p r e p a re d  f ro m  e th y l  a c e ta t e - l - IJC. T h e  f o rm e r  c o m p o u n d  
w a s  c o n v e r te d  to  D L -N -m e th y lp h e n y liso p ro p y la in in e -2 -14C b y  m e a n s  o f  r e d u c t iv e  
a m in o ly s is ;  th is  s u b s ta n c e  w a s  p ro p a rg y la te d  to  p r e p a re  D L -N -m e th y l-N -p ro p a rg y l-1 -  
p h e n y l-2 -a m in o -p ro p a n e -2 -14C h y d ro c h lo r id e  (C a rd is o n -2 -14C). C a r d is o n - l - 3H  a n d  
C a rd iso n -2 -3H  to o  w ere  p r e p a r e d  b y  v a r io u s  s y n th e t i c  p ro c e d u re s .

The psychostim ulating effect o f phenylisopropylam ine (A m phetam ine) 
on th e  central nervous system  has been know n since 1933. In  the la st years 
several derivatives of this com pound were prepared [ la — e, 2a, b, 3] and 
their pharm acological properties exam ined [4a— e]. Of these, DL-N-m ethyl- 
N -propargyl-l-phenyl-2-am inopropane hydrochloride (Cardison) seem ed to  
he th e  m ost potent one (F ig. 1).
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Our purpose was to prepare 14C anti tritium  labelled Cardison for use in 
studies on the m echanism  o f its action. Theoretically, various syn th eses  
were available for the preparation o f labelled Cardison. After try in g  several 
syn th etic  paths,** the preparation o f an im portant interm ediate, DL-N-m ethyl- 
phenylisopropylam ine (m ethylanara) (F ig. 1), b y  the reductive condensation  
o f p lienylacetone and m ethylam ine and its subsequent conversion to  labelled  
Cardison, w as found to he the m ost su itab le m ethod.

From  the literature, tw o syn th etic  m ethods are know n for th e  prepara
tion o f  labelled p lienylacetone. W i l s o n  [5 , 6 ]  utilized the reaction tak in g  place

* In  p a r t  r e p o r te d  a t  th e  C o n fe re n c e  o f  th e  H u n g a r ia n  C h em ica l S o c ie ty ,  P é c s , 1967.
** In  o u r  w o r k  t h e  e x p e r i e n c e  g a i n e d  b y  D r .  Z. E c s e i i i  i n  t h e  p r e p a r a t i o n  o f  t h e  i n a c t i v e  

c o m p o u n d  w a s  e x t e n s i v e l y  u s e d .
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b etw een  labelled p h en y la ce ty l chloride and e th o x y  m agnesium  diethyl malo- 
nate; labelled  phenylacetone was obtained on hydrolysis and decarboxylation  
of th e  interm ediate m alon ic ester derivative. This synthesis, involving sever
al step s , gives low y ie ld  and  the purity o f th e  product is not satisfactory. 
A nother synthetic m eth od  w as developed b y  E b e r s o n  [7] obtaining th e  prod
uct in  one step, n am ely  in th e  reaction o f labelled  phenylacetic acid with  
m eth y l lith ium . This procedure seems to  be very  advantageous, how ever, 
B l a t t ’s m ethod [8] p rovided  a simpler p ossib ility . In  our work the labelled  
phenylacetone-2-14C (F ig . 2) was, therefore, prepared in analogy w ith  this 
m eth od , using ethyl a ce ta te  labelled in its carb oxyl group as starting m aterial.

CßH .,— С Н ,— C N  +  H 5C ,O O C  - C H 3

CßH - — C — C N  

* C —  O N a
I

C H ,

cc .H 2S 0 4

F it

C BH 3— CH .,— C— C H 3
li
о

T he sodium  salt o f  labelled  a-phenylaceto-acetonitrile  obtained from the  
reaction  of inactive b en zy l cyanide and e th y l acetate-1-14C in alcoholic  
m edium  in the presence o f  sodium  ethylate  is readily  crystallized; th is is im 
p ortan t w ith  respect to  th e  purity of the product. In  order to obtain a higher 
radiochem ical y ield , th e  condensation was carried out w ith labelled ethyl 
a ceta te  until incip ient precip itation  of the sodium  sa lt, then com pleted by  
ad d ition  o f inactive e th y l aceta te  to the reaction  m ixture in an am ount re
quired b y  the m olar ratio . The sodium sa lt separated was hydrolyzed and 
decarboxylated; p h en y laceton e-2 -14C was obtained  on extraction and this 
crude product was used in  th e  subsequent steps.

According to th e  sy n th etic  m ethods g iven  in  the literature, in active d l - 

N -m eth y lp h en ylisop rop ylam in e was prepared b y  m eans of the alum inium  
am algam  reduction o f phenylacetone in aqueous alcoholic solution o f m ethyl- 
am ine [ la ,  2a]. This procedure is not suitable for preparation of labelled com 
pounds because of the large volum es involved  and the highly adsorptive char
acter o f the alum inium  hydroxide formed. A ccording to another procedure, 
p h en ylaceton e and secon d ary  amine can be reduced to  tertiary phenyliso- 
propylam ine in the presence o f palladium [1], b u t th is m ethod cannot be ap
plied to  m ethylpropargylam ine.

In  our work, sodium  borohydride reduction  o f th e  Schiff base formed by  
crude phenylacetone-2-14C and m ethylam ine in alcoholic solution was utilized  
for a very  simple preparation  of D L -N -m ethylphenylisopropylam ine (Fig. 3).

The Schiff base form ed was not separated. In th e  course of preparation, 
purification  was carried out by making use o f  th e  basic character o f  m ethyl-
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anara to  avoid fractional d istillation in vacuum  giving rise to considerable  
losses. To check the procedure, hydrochloride salt was precipitated from  an 
aliejuot of the crude D L -N -m ethylphenylisopropylam ine-2-14C, in 80%  yield. 
Its  m elting point was identical w ith th a t given  in the literature. Cardison 
was prepared by propargylation of the labelled  crude m ethylanara.

In propargylation of m ethylanara, the procedures given in the literature  
[ la , b, c] recom m end the use of m ethylanara as acid-binding agent; after 
m aking the m ixture alkaline the Cardison base is separated from m ethylanara

C,;H.—CH„—C—CH, + H„N—CH,
II
О

C,H, - CH., C -CH3
il
N
I
CH3

N a B H ,

NH

CH3

E t  О Н  Г  H
H r  Г Н  -  v>r> •> CH, CH -C H 3

w a te r  K O H

*
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N

/  \  
CH3 CH,

1
c

E t O H
C„H5 CH. CH CH3

III

1 equ HC1 N* HC1 
/  \

CH

CH3 CH.,

c
III
CH

F ig . 3

by means of fractional distillation  in vacuum . This procedure cannot b e applied  
w ith micro quantities o f labelled com pounds. The crude labelled m ethylanara  
was reacted w ith propargyl bromide in aqueous alcoholic solution, potassium  
hydroxide being used as an acid-binding agen t. The Cardison base was purified 
by means of d istillation  in vacuum . No vo la tile  com pounds other than  Cardi- 
son were obtained. Cardison-2-14C was precip itated  by addition o f a calculated  
am ount of hydrochloric acid in ethanol to  th e  ethereal solution of the distilled  
Cardison base. This substance was D L -N -m ethyl-N -propargyl-l-phenyl-2- 
am inopropane-2-1 'C hydrochloride. The m eltin g  point of the product was in 
good agreem ent w ith that o f an authentic sam ple.

A ccom plishm ent o f the above syn th esis w ith ethyl acetate labelled with  
14C in position 2, resulted in phenylacetone-3-14C as an interm ediate product; 
this was converted to Cardison-3-14C. For th e  purpose o f extended  pharm a
cological investigation , D L -N -m ethylphenylisopropylam ine-l-3H (m ethylanara- 
1-3H ), D L-N -m ethylphenylisopropylam ine-2-3H (m ethylanara-2-3H) as well
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as th e  corresponding tritium -labelled  Cardison derivatives, obtained b y  m eans 
o f prop argy la tion  of the form er ones, were prepared.

B y  analogy with E m d e ’s m ethod [9], m eth y lam ara-l-3H (DL-deoxy- 
e p h e d r in e -l-3H hydrochloride) w as prepared b y  cata ly tic  tritio-dehalogenation  
o f DL-chloropseudoephedrine hydrochloride obtained from DL-ephedrine 
hyd roch lorid e  [10] (Fig. 4). T he catalytic tr itiu m — halogen exchange was 
carried o u t on 0.1 mmole sca le  w ith  carrier free tritium  gas in the presence  
o f p a lla d iu m  charcoal, at a pressure of 675 m m  H g, in 15 min. The m olar 
a c t iv ity  o f  m ethylanara-l-3H  w as 13.2 Ci/mmole.

C6H 5— C H — C H — C H 3 

O H  N H  • HC1
I
C H .

soci.
> 3 0 c

Cl

C ,H ,— C H — C H  - C H ,
:i H ./P d -C  

E t он
N H  HC1
I

C H 3

C „H 3— C H 3H  C H  C H ,

N H  ■ HC1 

C H 3

C C H 3
II 3H 2/ P t 0 2

С „Н 3— С Н ,— C3H

N E t OH N H

C H 3
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(.11.

M ethylanara-2-3H w as prepared according to the procedure developed  
for th e  radiocarbon synthesis, how ever, the reduction was carried out b y  m eans 
o f tAvo d ifferent m ethods. A S ch iff base was form ed from phenylacetone in  an 
a lcoh o lic  solution of m ethylam ine. This Schiff base was reduced w ith  carrier 
free tr it iu m  gas in an alcoholic m edium  in the presence of A dam s’ p latinum  
c a ta ly s t , a t a pressure of 695 m m  H g (Fig. 4). Owing to the isotope exchange  
occurring during the longer reaction  period (45 m in), the specific a c tiv ity  of 
th e  fo rm ed  DL-N-phenylisopropylam ine-2-3H  was relatively  low, 1.0 C i/m m ole.

T h e use of sodium b orotritide proved to  be a more convenient m ethod, 
m ak in g  possib le the preparation o f a product o f m olar activ ity  equal to  th at  
ex p e c te d  on the basis of th e  m olar activ ity  o f sodium  borotritide, under the  
co n d itio n s o f  the synthesis d evelop ed  for incorporation of radiocarbon (F ig . 3).

In  order to achieve a sim pler processing and reduced radiolytical decom 
p o sitio n , th e  crude products w ere diluted w ith  inactive m ethylanara hydro
ch loride. B oth  m ethylanara-l-3H  and m ethylanara-2-3H  were isolated as hydro
ch loride sa lts.

L abelled  Cardison d eriva tives containing tritium  in the required posi
tion s w ere  prepared from m eth y lan ara-l-3H  and m ethylanara-2-3H , under  
co n d itio n s  identical to those o f  th e  radiocarbon synthesis.
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Experim ental

P re p a ra t io n  o f  p h e n y la c e to n e -2 -1 4C

S o d iu m  e th y la te  w a s  p re p a re d  f ro m  2 .4  g (1 0 4 .2  m m o le s )  o f  m e ta llic  so d iu m  in  a b s o lu te  
e th a n o l  in  a th re e -n e c k  f la s k  e q u ip p e d  w ith  a s t i r r e r ,  r e f lu x  c o n d e n s e r  a n d  a s e p a ra to r y  fu n n e l.  
9 .4  g (80 m m o le s)  o f  b e n z y l c y a n id e  w as a d d e d  s lo w ly  to  th e  so d iu m  e th y la te  s o lu t io n ,  th e n  it 
w as h e a te d  to  5 5 -  60 °C a n d  3.088 g o f  e th y l  a c e ta te - ( c a r b o x y l - 14C) a d d e d  u n d e r  c o n t in u o u s  
s t i r r in g .  (S p e c if ic  a c t iv i ty :  49 .5  m C i/g ; a c t i v i t y  in t r o d u c e d :  152.9 m C i.) A f te r  a b o u t  5 h rs . 
w h e n  p r e c ip i t a t io n  o f  th e  s a l t  s t a r te d ,  4 .05  g o f  in a c t iv e  e th y l  a c e ta te  w as a d d e d  s lo w ly  to  th e  
r e a c tio n  m ix tu r e .  (T o ta l  w e ig h t o f  e th y l  a c e ta te  a d d e d :  7 .1 3 8  g : 81 m m oles). A b o u t  20 m in u te s  
la te r ,  1.30 g o f  e th y l  a c e ta te  w as a d d e d  to  e n su re  a n  e x c e s s  o f  e th y l  a c e ta te  in  t h e  r e a c tio n  
m ix tu re  w h ile  h e a t in g  i t  to  100 °C. T h e  m ix tu r e  w as a llo w e d  to  s ta n d  a t  th is  t e m p e r a t u r e  fo r 
2 h rs . T h e n  i t  w a s  c o o led  a n d  80 m l o f  e th e r  w as a d d e d  to  t h e  co ld  su sp en s io n . xYfter s t a n d in g  
o v e rn ig h t ,  th e  s a l t  w a s  f i l te re d  off. w a sh e d  w ith  e th e r  a n d  d ried . I ts  w e ig h t w a s  11 .51 g. 
T h e  so d iu m  s a l t  o f  a -p h e n y la c e to n i t r i le  w a s  s u s p e n d e d  in  20 m l o f c o n c e n tr a te d  su lfu r ic  
a c id  u n d e r  s t i r r in g  a n d  th e  r e a c tio n  m ix tu re  h e a te d  r a p id ly  to  100 °C. T h e  so d iu m  s a l t  w as 
d isso lv e d  in 5 — 10 m in . a n d  th e  so lu tio n  w a s  h e a te d  f u r t h e r  fo r 5 m in . T h en  i t  w a s  c o o le d  to  
30 °C a n d  a f te r  a d d i t io n  o f  100 m l o f  w a te r  to  th e  s u l fu r ic  a c id  so lu tio n , i t  w as k e p t  in  a  h a th  
a t  110 °C fo r  2 1/2 h rs .  T h e  o ily  m a te r ia l  s e p a ra te d  w a s  e x tr a c te d  w ith  e th e r  a f t e r  c o o lin g . 
A f te r  r e m o v in g  th e  so lv e n t th e  w e ig h t o f  th e  o b ta in e d  c ru d e  p h e n y la c e to n e -2 -14C w a s  4 .5  g: 
c h e m ic a l  y ie ld : 3 9 % ; th e  su b s ta n c e  can  h e  u se d  fo r f u r t h e r  s y n th e t ic  s te p s  w i th o u t  p u r i f ic a t io n .

Preparation of DL-N-methyIphenylisopropylamine-2-,4C

4 .5  g o f  c ru d e  p h e n y la c e to n e -2 -14C w a s  d is so lv e d  in  14 m l o f  2 5 %  a lco h o lic  m e th y la m in e  
s o lu t io n ;  a f te r  15 m in .,  3 .00  g o f  so d iu m  b o ro h y d r id e  w a s  a d d e d  to  th e  so lu tio n . T h e  so lu t io n  
w a s  s t i r r e d  fo r  2 h rs  a f te r  a c c o m p lish m e n t o f  th e  r e d u c t io n  a t  ro o m  te m p e ra tu re .  T h e  a lc o h o lic  
so lu t io n  w a s  a c id if ie d  w ith  6 N  h y d ro c h lo r ic  a c id , d i lu te d  b y  th e  a d d it io n  o f  a n  e q u a l  v o lu m e  
o f  w a te r  a n d  e x t r a c te d  w ith  e th e r .  A f te r  th is  th e  a c id ic  a q u e o u s  p o r t io n  w as e v a p o r a te d  to  
h a lf  v o lu m e . 4 N  s o d iu m  h y d ro x id e  so lu t io n  w as a d d e d  to  th e  re s id u e  a n d  th e  b a s e  s e p a ra te d  
w a s  e x t r a c te d  w ith  e th e r .  T h e  e th e r  so lu t io n  w as d r ie d  o v e r  a n h y d ro u s  m a g n e s iu m  s u lfa te .  
T h e  so lv e n t  w a s  d is t il le d  o f f  in v a c u u m : th e  w e ig h t o f  t h e  re s id u a l  ye llow , o ily , c r u d e  d l -N -  
m e th y lp h e n y l is o p ro p y la m in e -2 - l4C w as 3 .573  g. Y ie ld  (b a s e d  on  p h e n y la c e to n e ) :  7 6 .5 % . 
S p e c if ic  a c t i v i t y :  15.1 //C i/rng ; m o la r  a c t iv i ty :  2 .25  m C i/m m o le  (53 .95 m C i), a c t i v i t y  y ie ld  
b a se d  on e th y l  a c e ta te :  3 5 .3 % . In o rd e r  to  c h e c k  th e  p u r i t y  o f  th e  c ru d e  D L -N -m e th y lp h e n y liso -  
p ro p y la m in e -2 - l4C p r o d u c t ,  181.5 m g o f t h e  c ru d e  b a se  w a s  d isso lv e d  in e th e r  a n d  c o n v e r te d  
to  D L -N -m e th y lp h e n y liso p ro p y la m in e -2 - ,4G h y d ro c h lo r id e  b y  in tro d u c t io n  o f  g a s e o u s  h y d r o 
ch lo ric  a c id . T h e  w e ig h t o f  th e  o b ta in e d  w h ite  so lid  s u b s ta n c e ,  D L -IN -m eth y lp h en y liso p ro p y l-  
a m in e -2 - ,4C h y d ro c h lo r id e ,  w as 176 m g. Y ie ld  b a se d  o n  th e  c ru d e  b a se :  7 8 % ; in . p .  131 °C: 
sp e c if ic  a c t iv i ty :  12.85 / / C i/m g: m o la r  a c t iv i ty :  2 .38  m C i/m m o le .

P re p a ra t io n  o f  C a rd is o n -2 -14C

(D L-N -m ethyI-N -propargyl-l-phenyl-2-am iiiopropane-2-1 *C hydrochloride)

2 .976  g (2 0 .0  m m o le s)  o f  c ru d e  N -m e th y lp h e n y l is o p ro p y la m in e -2 -14C (1 5 .1  / /C i/m g : 
2 .25  m C i/m m o le ; in t ro d u c e d  a c t iv i ty :  45 m C i) w a s  d is so lv e d  in 11 m l o f  a b s o lu te  e th a n o l ,  
a n d  11 m l o f  2 iV p o ta s s iu m  h y d ro x id e  w a s  a d d e d  to  t h e  s o lu tio n . T h e  re a c tio n  m ix tu r e  w as 
coo led  to  10 °C a n d  3 .38  g (2.25 m l; 20 m m o le )  o f  p r o p a rg y l  b ro m id e  w as a d d e d  d ro p w ise  
u n d e r  c o n tin u o u s  s t i r r in g  o f  th e  so lu tio n . S t i r r in g  a n d  c o o lin g  w ere  c o n tin u e d  fo r  a n  h o u r ,  th e n  
th e  so lu t io n  w a s  s t i r r e d  a t  room  te m p e ra tu r e  fo r a n o th e r  tw o  h o u rs. A fte r  th is  t h e  r e a c tio n  
m ix tu re  w a s  e x t r a c t e d  tw ic e  w ith  75 m l o f  e th e r ,  th e n  th e  c o m b in e d  e th e re a l  s o lu t io n s  w ere  
e x t r a c te d  tw ic e  w ith  25 m l o f w a te r .  T h e  e th e r e a l  s o lu t io n  w a s  d r ie d  o v e r a n h y d ro u s  m a g n e s iu m  
s u lfa te ,  th e  s o lv e n t  e v a p o ra te d  in v a c u u m . T h e  r e s id u a l  oil w as d is tilled  a t  a p re s s u re  o f  2 m m  
H g  a t  113 115 °C. T h e  w e ig h t o f  th e  o b ta in e d  C a rd is o n -2 - I4C b a se  w as 1554 m g (8 .3  m m o le s ) .
'Phe C a rd is o n -2 -14C b a se  w a s  d isso lv ed  in 70 m l o f  a b s o lu te  e th e r ;  C a rd iso n -2 -14C w a s  p r e c ip i 
t a te d  b y  a d d it io n  o f  1.8 m l o f  17%  a lc o h o lic  h y d ro c h lo r ic  a c id  so lu tio n  u n d e r  c o n t in u o u s  s t i r 
r in g , th e  s u b s ta n c e  w as f i l te re d  o f f  a n d  d r ie d  in v a c u u m . T h e  w e ig h t o f  th e  w h i te  c r y s ta l l in e  
s u b s ta n c e  w a s  1545 m g ; m . p . 105 1 10 °C.
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1545  m g  o f c ru d e  C a rd is o n -2 -14C w as d is s o lv e d  in  4 .0  m l o f  a b s o lu te  e th a n o l  a n d  
c r y s t a l l i z e d  b y  a d d it io n  o f  100 m l o f  a b so lu te  e th e r .  T h e  m ix tu re  w as a llo w ed  to  s t a n d  in  a 
r e f r i g e r a t o r  fo r  2 h rs , th e  c r y s t a l s  w ere  f i l te re d  o ff , w a s h e d  w ith  e th e r  a n d  d r ie d  in  v a c u u m . 
W h i t e  c ry s ta l l in e  C a rd is o n -2 -14C (D L -N -m e th y l-N -p ro p a rg y l- l -p h e n y l-2 -a m in o p ro p a n e -2 - ,4C 
h y d r o c h lo r id e )  w as o b ta in e d ,  i t s  w e ig h t w as 1127 m g . M .p . 129 — 130 °C; sp e c if ic  a c t i v i t y :  
1 0 .9  / /C i/m g : m o la r  a c t iv i ty :  2 .4 3 5  m C i/m m o le ; r e c o v e r e d  a c t iv i ty :  12.28 m C i; a c t i v i t y  y ie ld  
( b a s e d  o n  m e th y la n a ra ) :  2 7 .2 8  % .

Preparation of DL-N-m ethylphenylisopropylamine-2-3H hydrochloride

S o d iu m  borotritide m e th o d

4 .3  g  (32 m m o le s) o f  p h e n y la c e to n e  w as d is so lv e d  in  10 m l o f  e th a n o l a n d  15 m l  o f  2 5 %  
a lc o h o l ic  m e th y la m in e  s o lu t io n  a n d  3.46 m g o f  s o d iu m  b o r o t r i t id e  d isso lv ed  in  9 m l o f  0 .5  N  
s o d iu m  h y d ro x id e  ( a c t iv i ty  o f  t h e  so lu tio n : 21 .3  m C i/m l;  in tro d u c e d  a c t iv i ty :  192 m C i) 
w e re  a d d e d  to  th e  so lu tio n  u n d e r  c o n tin u o u s  s t i r r in g .  A b o u t  45 m in . la te r ,  a  s o lu t io n  o f  2 .4  g 
o f  s o d iu m  b o ro h y d r id e  (6 3 .5  m m o le s )  in 10 m l o f  0 .5  N  s o d iu m  h y d ro x id e  w a s  a d d e d  to  th e  
r e a c t i o n  m ix tu re .  S tir r in g  w a s  c o n tin u e d  fo r 2 h r s  a t  ro o m  te m p e ra tu r e  a n d  th e  s o lu t io n  w as 
a l lo w e d  to  s ta n d  o v e rn ig h t.  I n  t h e  n e x t  s te p , a 1 : 1 h y d ro c h lo r ic  ac id  so lu tio n  w a s  a d d e d  to  
i t  a n d  t h e  ac id ic  a q u e o u s  s o lu t io n  w a s  e x tra c te d  w i th  e th e r .  T h e  e th e re a l  e x t r a c t  w a s  w a sh e d  
w i t h  w a t e r ,  d r ied  o v e r a n h y d r o u s  so d iu m  su lfa te  a n d  e v a p o r a te d  in  v a c u u m . T h e  r e s id u a l  
c o lo u r le s s  o il w as d isso lv e d  in  s o m e  e th a n o l an d  d r y  h y d ro c h lo r ic  ac id  gas w as i n t r o d u c e d  in to  
t h e  s o lu t io n  a f te r  th e  a d d i t io n  o f  e th e r .  A solid  s u b s ta n c e  p re c ip i ta te d  s lo w ly , i t  w a s  f i l te r e d  
o f f ,  w a s h e d  w ith  e th e r  a n d  d r ie d .  I t s  w e ig h t w as 2 .4 6 7  g . S p e c if ic  a c t iv i ty :  2 3 .84  //C i/m g .

M e th y la n a ra -2 -3H  w a s  re c ry s ta l l iz e d  fro m  a  m ix t u r e  o f  10 m l o f  e th a n o l a n d  100 m l o f  
e t h e r ;  t h e  o b ta in e d  w h ite  c r y s t a l l in e  su b s ta n c e  w a s  f i l t e r e d  o ff, w a sh e d  w ith  e th e r  a n d  d r ie d . 
W e i g h t :  1 .567  g; m . p. 131 °C. S p e c if ic  a c t iv i ty :  1 3 .4 6 8  / / C i/m g . M olar a c t iv i ty :  2 .5  m C i/m m o le .

1 .5 6 7  g o f th e  a b o v e  s u b s ta n c e  w as r e p e a te d ly  c ry s ta l l iz e d  fro m  8 m l o f  m e th a n o l  b y  
t h e  a d d i t i o n  o f  80 m l o f  e th e r .  T h e  w e ig h t o f th e  o b t a in e d  w h ite  c ry s ta l l in e  m e th y la n a r a - 2 - :!H 
h y d r o c h lo r id e  w as 1.412 g, m . p .  131 °C. S p ec ific  a c t i v i t y :  13.161 //C i/m g. M o la r  a c t i v i t y :  
2 .4 4  m C i/m m o le .

T h e  in c o rp o ra tio n  o f  t r i t i u m ,  c a lc u la te d  fo r  32 m m o le s  w as 78 m C i, i.e . 4 0 .6% , o f  th e  
i n t r o d u c e d  a c tiv ity .

U s in g  so d iu m  b o r o h y d r id e - 3l I  o f a sp ec ific  a c t i v i t y  o f  a b o u t  10 C i/m m o le  a s  s t a r t i n g  
m a t e r i a l ,  m e th y la n a ra -2 -3H  w i th  a  sp ec ific  a c t iv i ty  o f  2 .4  C i/m m o les  w as o b ta in e d  b y  a n  a n a l 
o g o u s  p ro c e d u re  b u t  o m it t in g  d i lu t io n .

Preparation of DL-N-methylplienyIisopropylamine-2-3H hydrochloride

C a ta ly tic  hyd ro g en a tio n  m e th o d

6 .1 7  g (50 m l) o f  p h e n y la c e to n e  w as d isso lv e d  in  10 m l o f  e th a n o l a n d  17 m l o f  1 8 .8 %  
a lc o h o l ic  m e th y la m in e  so lu t io n  ( a p p ro x .  100 m m o le s)  w a s  a d d e d  to  th e  so lu tio n . T h e  a lc o h o l 
w a s  r e m o v e d  in  v a c u u m  b e lo w  20  °C. A ye llow , o ily  s u b s ta n c e  w as o b ta in e d , i ts  w e ig h t  w as 
7 .9 3  g . T h e o re tic a l  y ie ld : 7 .3 5  g ; t h i s  in d ic a te s  th e  p r e s e n c e  o f  so lv e n t as c o n ta m in a n t  in  th e  
c r u d e  S c h i f f  b a se  (a b o u t  5 % ) .  I n  th e  fo llow ing  e x p e r im e n ts  th is  p ro d u c t  w a s  u se d .

26  m g  of th e  a b o v e  c r u d e  S c h if f  b ase  w a s  d is s o lv e d  in  0.5 m l o f e th a n o l  a n d  i t  w as 
t r i t i a t e d  w i th  g aseous t r i t i u m  a p p l ie d  w ith  c a rr ie r  f re e  g a s  in  th e  p re sen c e  o f  A d a m s ’ p la t in u m  
c a t a l y s t  m a d e  o f  p la t in u m  o x id e ,  a t  a p re ssu re  o f  695  m m  H g  fo r 40 m in . C o n s u m p tio n  o f  
t r i t i u m  g a s  w as 3.384 m l (S T P )  =  8 .7984  Ci. M e th y la n a r a - 2 - 3H  w as d ilu te d  w i th  m e th y la n a r a  
p r e p a r e d  b y  h y d ro g e n a tio n  o f  t h e  c ru d e  S ch iff b a se , i.e . t h e  tw o  e th a n o l so lu tio n s  w e re  c o m b in 
ed  a f t e r  r e d u c t io n .  T h e  c o m b in e d  so lu tio n  w as a c id i f ie d  w ith  a h y d ro c h lo r ic  a c id  so lu t io n  
a n d  e v a p o r a te d  to  h a lf  v o lu m e  in  v a c u u m . T h e  a c id ic  a q u e o u s  so lu tio n  w as e x t r a c t e d  w ith  
e th e r  a n d  m a d e  a lk a lin e . M e th y a la n a r a - 2 - 3H  w as r e m o v e d  b y  m e a n s  o f  e x tr a c t io n  w i th  e th e r  
a n d  s e p a r a t e d  in th e  fo rm  o f  i t s  h y d ro c h lo r ic  ac id  s a l t ,  in  a c c o rd a n c e  w ith  th e  u s u a l  p ro c e d u re .  
2 5 2  m g  o f  D L -m e th y lp h e n y lis o p ro p y la m in e -2 -3H  h y d r o c h lo r id e  w as o b ta in e d . S p e c if ic  a c t i v 
i t y :  4 4 2  //C i/m g . T h e  s u b s ta n c e  w a s  re c ry s ta ll iz e d  f ro m  a  m ix tu r e  o f 1.5 m l o f  m e th a n o l  a n d  
15 m l  o f  e th e r .  W e ig h t o f  t h e  w h i te ,  c ry s ta llin e  s u b s ta n c e  w a s  172.3 m g, m . p . 130 — 132 C. 
S p e c if ic  a c t iv i ty :  425 //C i/m g . M o la r  a c tiv ity :  78 .6  m C i/m m o le . D ilu tio n  127 t im e s .  M o la r  
a c t i v i t y  o f  D L -A -m e th y lp h e n y liso p ro p y la m in e -2 -3H  h y d ro c h lo r id e  w as 1.0 C i/m m o le  w i th o u t  
d i lu t i o n .
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Preparation of DL-N-inethyIphenylisopropylainine-l-3H hydrochloride

22 m g  (0.1 m m o le )  o f  c h lo ro p s e u d o e p h e d r in e  h y d ro c h lo r id e  w a s  t r i t i a t e d  w i th  t r i t iu m  
g a s  (T.,) a p p lie d  w i th o u t  c a r r i e r  g a s  in  th e  p re sen c e  o f  a c t i v a t e d  c a rb o n  c a r ry in g  10 %  o f  p a lla 
d iu m  in 0.5 m l e th a n o l  fo r  15 m in .  C o n su m p tio n  o f  t r i t i u m  g a s  w a s  1.91 m l (S T P ) =  4 .966  Ci 
( th e o re tic a l  c o n s u m p tio n  o f  t r i t i u m  g a s : 2 .241 m l (S T P )) .  T h e  a lc o h o lic  so lu tio n  w as e v a p o ra te d  
to  d ry n e s s  a f te r  r e m o v a l  o f  t h e  c a ta ly s t  an d  400 m g  o f  in a c t iv e  m e th y la n a r a  h y d ro c h lo r id e  
w a s  a d d e d  to  th e  re s id u e . A f te r  r e p e a te d ly  d is til l in g  m e th a n o l  o f f  f ro m  th e  m a te r ia l ,  i t  w a sc  ry s ta l-  
l iz e d  fro m  a m ix tu re  o f  m e th a n o l  a n d  e th e r .  W e ig h t o f  th e  o b ta in e d  s u b s ta n c e :  368 g. S p ec ific  
a c t i v i t y :  324 m C i/m g . M o la r  a c t iv i ty :  600 m C i/m m o le . D i lu tio n  21 .6  t im e s . M o la r  a c t iv i ty  
o f  D L -N -m e th y lp h e n y l is o p ro p y la m in e - l -3H  h y d ro c h lo r id e :  13.2 C i/m m o le , w i th o u t  d i lu t io n .

B y  a n a lo g y  w i th  th e  r a d io c a rb o n  s y n th e t ic  m e th o d ,  C a rd is o n -2 -3H  a n d  C a rd is o n - l-3H  
w e re  o b ta in e d  f ro m  m e th y la n a r a - 2 - :lH  h y d ro c h lo r id e  a n d  m e t h y l a n a r a - l - :lH  h y d ro c h lo r id e ,  
r e s p e c t iv e ly ,  p r e p a re d  a c c o rd in g  to  th e  a b o v e  p ro c e d u re ;  th e  m o la r  a c t iv i ty  o f  C a rd is o n -3H  
w a s  n e a r ly  e q u a l  to  t h a t  o f  t h e  s t a r t i n g  m a te r ia l ,  m e th y la n a r a - :lH  h y d ro c h lo r id e .

T h e  a u th o r s ’ t h a n k s  a re  d u e  to  D r. Z. E c s e r i  fo r  h is  u se fu l c o m m e n ts , to  D r. T . S z a r v a s  
a n d  D r. Cs. O m b o l y  fo r  th e  a c t i v i t y  m e a s u re m e n ts ,  to  M r. A . S z a b ó  fo r  p r e p a r a t io n  o f  th e  
t r i t iu m - la b e l le d  c o m p o u n d s  a n d  to  M r. L . B a r a n y a i  a n d  M r. F .  H o r v á t h  fo r  th e i r  te c h n ic a l  
a s s is ta n c e .
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S Y N T H E S IS  O F  AN A N A L O G E E  OF “ Q U A N T R I L ” 
C O N T A IN IN G  I N D O L  O -Q U I  N O L I Z I D I N E  R I N G

L . N o v a k , N g. B a n g * and Cs. S z á n t a y **

(O rgan ic  C hem ica l In s t i tu te , T ech n ica l U n iv e r s ity , B u d a p e s t)

R e c e iv e d  J u n e  14, 1970

T h e  k e to  e s te r  VIb w as p re p a re d  b y  su ccess iv e  re a c tio n s  o f  c o m p o u n d  III w ith  
p o ta s s iu m  m o n o e th y l in a lo n a te ,  a c ry l ic  e s te r  a n d  so d iu m  h y d r id e .  T h e  re a c tio n  o f 
VIb w ith  d ie th y la m in e ,  so d iu m  b o ro h y d r id e  a n d  a c e tic  a n h y d r id e  g a v e  a n  a n a lo g u e  
( in .)  o f  “ Q u a n t r i l”  c o n ta in in g  th e  in d o lo -q u in o liz id in e  r in g  s y s te m .

The synthesis of the tranquillant and hypotensive drug represented by 
Structure I, known as ‘’Q uantril” or “ Benzquinam ide”  [1], has been  discussed 
previously [2]. In the present work we aim ed at the preparation o f an analogue 
of Compound I containing an indole ring (lib ), for the purpose o f  pharm acolo
gical investigation .

h  K =  C O C H ,

III IV

The /9-carholine derivative (III) prepared by us earlier [3] w as allott ed 
to react with potassium  m onoethyl inalonate, similar to the procedure given 
by C h a p m a n  et al. [4] for m embers o f th e  isoquinoline series. R eaction  of the 
resulting ester (IV) with ethyl acrylate gave the diester Vb in a high yield.

* T h is  p a p e r  is p a r t  o f  th e  T h e s is  o f  N g . B a n c .
** T o  w h o m  e n q u ir ie s  sh o u ld  b e  a d d re s s e d .
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T he keto ester VIb w as obtained by the D ieckm ann  condensation of Vb 
b y  m eans of sodium hydride in  benzene m edium , in  70%  yield. This reaction  
d eserves some com m ent. In  th e  case if the N H  group o f indole in the diester V

CH2

CH2— COOC2H3

-COOC2Hs

Va'

VI a K = H
1) К =  lienzt 1

VII a K =  H
b R =  benzyl

V III

is n o t benzylated (Va), a ltern a tiv e  cyclization resu lts in the keto ester V ila  
in  90%  yield under the a b o v e  conditions of th e  reaction  providing kinetic  
con tro l [5]. Dieckm ann con d en sation  of the analogous isoquinoline deriva
t iv e s  and the non-benzylated  indole derivative Va alw ays gives a keto ester of 
ty p e  V I under conditions p erm ittin g  reversible reaction , i.e. when therm ody
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nam ical control prevails (e.g ., w ith  sodium  eth oxid e in ethanol). This su ggests  
decisive im portance of the presence of the indole-N H  group in the form ation  
o f  the keto  ester VII. According to K l i n e  [ 5 ] ,  Va' is the more stable o f  th e  tw o  
anions (Va' and Va") produced, owing to interaction w ith the in dole-N H  group, 
thus also the activation  energy required for its form ation is lower. This a ssu m p 
tion  has been confirm ed b y  our experiences, too. R eaction of the d erivative  
having its indole-N H  blocked b y  means o f a benzyl group leads to th e  more 
stab le product even under conditions providing k inetic control o f the reaction  
(e.g. sodium  hydride in benzene).

Compound VIb undergoes énolisation to  a considerable degree. In  the  
solid  sta te  both the base and the hydrochloride are com pletely in th e  enolic  
form as shown by the infrared spectra. Integration  o f the signal o f th e  OH  
proton present in  chelate bond appearing a t i  3 in the NM R spectrum  in 
CD Cl., solution indicates th a t about 60%  o f the com pound is present in  the  
enolic form .

Roiling o f ester VIb w ith  diethylam ine in xylene resulted in derivative  
VIII; this crystalline base is present in the ketonic form, while its hydrochloride  
has the enolic form , as show n by the infrared spectra.

The alcohol l ia  was obtained by reduction of the acid am ide w ith  sodium  
borohydride, in a high yield . The equatorial position  o f the hydroxyl group 
w as inferred from the fact th a t predom inant form ation of the epim er o f  this 
structure in the sodium borohydride reduction has been proved in th e  litera
ture and in our own former investigations in the case of isoquinoline d eriva
tives of analogous structure [2]. In  the course o f  the reduction, the form ation  in 
about 10% of the isom eric alcohol w ith the hydroxyl group in axial position  
can be detected  by m eans of th in-layer chrom atography. Com parison o f the  
R ,  \ alues also confirms the axial position of the hydroxyl group in th e  la tter  
com pound.

A cetylation  of l ia  w ith acetic anhydride in pyridine gave the exp ected  
com pound in sim ilarly high yield .

The axial or equatorial position  of the acetoxy l group — as show n b y  the  
investigations carried out w ith  “ Quantril” derivatives [2] —  has no decisive  
pharm acological im portance.

Experimental

9-Bcnzyl-l-(ethoxyearbonylinethyl)-1,2,3,4-tetrahydro-ß-carboline (IV), HCl

10.2  g (26 m m o le )  o f  9 -b e n z y l-3 ,4 -d ih y d ro - /? -c a rb o lin e  p e r c h lo ra te  [3] w as s u s p e n d e d  in  
a m ix tu r e  o f  600 m l w a te r  a n d  30 m l e th a n o l ,  a n d  4 6 .0  g (0 .44  m o le )  o f  so d iu m  c a r b o n a te  
w a s  a d d e d .  T h e  m ix tu re  w a s  e x t r a c t e d  fo u r  tim e s  w ith  a to ta l  o f  2400 m l o f  e th e r ,  t h e  e th e r e a l  
so lu t io n  w a s  w a sh e d  w ith  20 m l o f  w a te r ,  d r ie d  o v e r  m a g n e s iu m  su lfa te  a n d  th e  e th e r  w as 
d is t i l le d  off. T h e  r e s id u a l  9 -b e n z y l-3 ,4 -d ih y d ro - /? -c a rb o lin e  b a se  (6 .5 0  g ; 25 m m o le ;  m . p. 
134 °C) w a s  h e a te d  w ith  6 .63  g (39  m m o le )  o f  p o ta s s iu m  e th y l  m a lo n a te  in 70 m l o f  a c e tic  a c id  
a t  100 °C fo r  8 h rs . A c e tic  a c id  w a s  d is t il le d  o f f  in  v a c u u m  o n  a w a te r  b a th .  T h e  r e s id u e  w as
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d is s o lv e d  in  40 m l o f  w a te r  a n d  10.6  g (0.10 m ole) o f  so d iu m  c a rb o n a te  w a s  a d d e d  to  th e  so lu 
t io n .  T h e  so lu tio n  w a s  e x t r a c t e d  th r e e  tim e s  w ith  a  t o t a l  o f  160 m l o f  e th e r ,  th e  e x t r a c t  w a sh e d  
w i th  30 m l o f  w a te r ,  d r ie d  o v e r  m a g n e s iu m  s u lf a te  a n d  th e  e th e r  d is t il le d  off. T h e  re s id u e  
(6 .8 6  g ; 6 2 % ) w as d is so lv e d  in  20 m l o f a b so lu te  a lc o h o l a n d  d ry  h y d ro g e n  c h lo rid e  w a s  p a sse d  
i n to  th e  so lu tio n  in  o rd e r  to  a c id ify  i t.  30 m l o f  a b s o lu te  e th e r  w a s  a d d e d ,  a n d  th e  s o lu tio n  
w a s  a llo w e d  to  s ta n d  in  a  r e f r ig e r a to r  o v e rn ig h t. T h e  p r e c ip i t a te d  y e llo w  c ry s ta l l in e  s u b s ta n c e  
w a s  f i l te r e d  o ff a n d  d r ie d  to  y ie ld  5.7 g (5 1 .4 0 % ) o f  t h e  p ro d u c t ,  m . p . 168 °C.

CooH o5N ,O oC1 (3 8 4 .8 9 ). C a lc d . C 68 .64 ; H  6 .5 4 ; N  7 .2 8 ; Cl 9 .20 . F o u n d  C 6 8 .3 2 : H  6 .63 ; 
N  7 .1 7 ;  C l 9 .0 6 % .
I R  (K B r ) :  1725 c m " 1 (C O ), 1 1 90 , 1170 (C— 0 — C)
U Y  A g g  =  272 n m  ( lo g e  -  3 .7 1 )

282 n m  (lo g  e =  3 .7 3 ).

9 -B e iiz v l- l- ( e th o x y c a rb o n y lm e th y l) -2 - ( j3 -c a rb e t l io x y e th y l) - l ,2 ,3 ,4 - te tr a l iv d ro -ß -c a rb o l in e  (V b )
HCl

15.4  g (40 m m o le )  o f  t h e  h y d ro c h lo r id e  IV  w a s s u s p e n d e d  in  a m ix tu re  o f  38 m l o f  e th a n o l 
a n d  700  m l o f  w a te r  a n d  8 .4 0  g (1 0 0  m m ole) o f  so d iu m  h y d ro g e n  c a rb o n a te  w a s  a d d e d  to  th e  
s o lu t io n .  T h e  m ix tu re  w a s  e x t r a c t e d  w ith  e th e r  ( t o ta l  v o lu m e :  1000 m l) in  tw o  p o r t io n s .  T h e  
e th e r e a l  so lu tio n  w a s  w a s h e d  w i th  20 m l o f w a te r ,  d r ie d  o v e r  m a g n e s iu m  su lfa te  a n d  th e  e th e r  
d is t i l le d  off. T h e  re s id u e  (1 3 .8 7  g ;  39 m m o le , m . p . 109 110 °C) w as r e f lu x e d  w i th  135 m l o f
e th y l  a c ry la te  fo r 48 h rs .  T h e  a c r y l  e s te r  w as d is t i l le d  o f f  in  v a c u u m  a t  50 °C o n  a  w a te r  b a th  
a n d  th e  re s id u e  (18 .85 g ; 96% ,) d isso lv e d  in  250 m l o f  a b s o lu te  e th e r  a n d  t r e a te d  w i th  d ry  
h y d ro g e n  c h lo rid e  u n d e r  c o o lin g . T h e  p re c ip ita te d  c r y s ta l l in e  su b s ta n c e  w a s  f i l te r e d  o ff , w a sh e d  
w i th  a b s o lu te  e th e r  a n d  d is s o lv e d  in  60 m l o f  a b s o lu te  e th a n o l .  T h e  a lc o h o lic  s o lu t io n  w as 
m ix e d  w ith  130 m l o f  a b s o lu te  e th e r  a n d  re fr ig e ra te d  fo r  th r e e  d a y s . A f te r  th is ,  th e  p r e c ip i ta te d  
c r y s ta l l in e  s u b s ta n c e  w a s  f i l t e r e d  o f f  to  o b ta in  1 4 .82  g (76% ,), o f  th e  p ro d u c t ,  m . p . 150 °C.

C.,7H 3oN oO ,C 1 (4 8 5 .0 0 ). C a lc d . C 66 .85 ; H  6 .8 5 ;  N  5 .7 7 ; Cl 7 .31 . F o u n d  C 6 6 .7 2 ; H  6 .97; 
N  5 .9 6 :  Cl 7.17% ,.
T L C  (8 m l o f  b e n z e n e  a n d  1 m l o f  m e th a n o l)  /%■ =  0 .7 7  (K ie se lg e l G)
I R  (K B r ) :  1730 c m " 1, 1200  c m “ 1 (CO).
U V  /EtOH = 282 nm ( lo g  £ =  3.93).

2 -O x o -3 -(e th o x y c a rb o n y l)- l ,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b -o c ta I iy d ro -1 2 -b e n z y lin c lo lo - (2 ,3 -a ) -q u in o liz i i ie (V Ib )

4 .85  g (10 m m o le )  o f  t h e  h y d ro c h lo r id e  Vb a n d  1.0 g (12  m m o le )  o f  so d iu m  b ic a rb o n a te  
w e re  d isso lv e d  in  150 m l o f  w a te r .  T h is  a q u e o u s  s o lu t io n  w a s  e x tr a c te d  th r e e  t im e s  w ith  a 
t o t a l  o f  160 m l o f  e th e r .  T h e  e th e r e a l  e x tr a c t  w as d r ie d  o v e r  m a g n e s iu m  su lfa te  a n d  th e  e th e r  
d is t i l le d  off. T h e  r e s id u a l  o i ly  m a te r i a l  w as d is so lv e d  in  12 m l o f  a b so lu te  b e n z e n e  a n d ,  a f te r  
t h e  a d d i t io n  o f  0.12 g o f  s o d iu m  h y d r id e  in  50%, o il su s p e n s io n , th e  m ix tu re  w as r e f lu x e d  fo r 
4 h r s .  A f te r  coo ling , 20 m l  o f  a  m ix tu r e  o f  e th a n o l  a n d  w a te r  (1 : 5) w as a d d e d ,  th e  so lu tio n  
w a s  a c id if ie d  w ith  40 m l o f  4%, a c e tic  ac id , a n d  w a s  e x t r a c t e d  th r e e  t im e s  w ith  a  t o t a l  o f 
160 m l o f  b e n ze n e . T h e  b e n z e n e  so lu t io n  w as d r ie d  o v e r  m a g n e s iu m  s u lfa te  a n d  th e  so lv e n t 
d is t i l le d  o ff  in  v a c u u m . T h e  r e s id u e  (3.75 g; 93% ,) w a s  d is so lv e d  in  10 m l o f  a b s o lu te  e th a n o l ,  
a llo w e d  to  s ta n d  fo r o n e  d a y ,  a n d  th e  p re c ip ita te d  c r y s ta l l in e  s u b s ta n c e  f i l te r e d  o ff , 2 .82  g 
(7 0 % ,), m . p. 121 °C.

C25H 2eN 20 3 (4 0 2 .4 8 ). C a lc d . C 74.59; H  6 .5 1 ; N  6 .9 6 . F o u n d  C 7 4 .5 1 ; H  6 .6 4 ; N  6 .9 7 % . 
T L C  (8 m l o f b e n z e n e  a n d  1 m l o f  m e th a n o l)  R r =  0 .6 3  (K ie se lg e l G)
I R  ( K B r ) :  1680 (С О ), 1630  ( С - С ) ,  1200 c m " 1 (С — О  С), (e n o lic  fo rm )
UV Á E tO H  =  247 n m  (lo g  e =  4 .0 4 ); 263 (log £ 4 .0 5 ): 282 n m  (log  e =  3 .9 5 ); 291 (log  £ =  3.87
N M R  (CDC13): 2 .6 — 3 (9 H . a r o m a t ic  p ro to n s) , 4 .68  ( 2 H , C H .,-P h ), 5 .5 5 — 5.95 q u a r te t  J  = 8,6.8 
H z  ( O - C H 2— (C H 3)), 8 .7  t r i p l e t  J  12, 12 H z , (C H 3— (C H 2)— , 3 H ), r ( — )3 (O H ) in  c h e la te  
b o n d ) .

H ydroch loride  : A n  e th e r e a l  so lu tio n  o f  th e  b a se  w a s  s a tu r a t e d  w ith  d r y  h y d ro g e n  c h lo r id e  
a n d  th e  p re c ip ita te d  s a l t  w a s  f i l t e r e d  o ff w ith  s u c t io n ,  in . p . 208 °C.

C.,-,H,7N o0 3C1 (4 3 8 .9 3 ). C a lc d . C 68.39; H  6 .2 0 : N  6 .3 8 ;  Cl 8 .07 . F o u n d  C 6 8 .3 7 ; H  6 .61 ; 
N  6 .0 9 :  Cl 7 .9 6 % .
I R  ( K B r ) :  1670 cm  1 (C O ), 1630 c m - 1 (C =  C), 1210 c m - 1  (C — О —C), (e n o lic  fo rm ).
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T h e  so d iu m  s a l t  o f  th e  e n o lic  fo rm  w as o b ta in e d  b y  e x t r a c t io n  o f  th e  m ix tu r e  w ith  b e n 
zen e  a f te r  c y c liz a tio n . T h e  b e n z e n e  so lu tio n  w a s  d r ie d  o v e r  m a g n e s iu m  s u lf a te  a n d  c o n c e n tra te d  
in  v a c u u m ; c ry s ta l l iz a t io n  o f  th e  re s id u e  o c c u rre d  r a p id ly ,  m . p . 305 °C.

C.,-,H.5N .,03N a  (4 2 4 .4 6 ) C a lcd . C 7 0 .7 3 ; H  5 .93 ; N  6 .6 1 ; N a  (a sh )  5 .41 . F o u n d  C 70 .67 ; 
H  6 .1 3 : 'IN 6 .38 ; N a  (a s h )  4 .9 7 11,,.
I R  (K B r) :  1640 c m " 1 (C O ), 1540 c m " 1 (C = C ) ,  1240 c m “ 1 (C — O — C).

2 -O x o -3 -(N ,N -d ie th y lc a r b a m o y l)-1 2 -b e n z y l- l ,2 ,3 ,4 ,5 ,7 ,1 2 ,1 2 b -o c ta h y d r o in d o lo -(2 ,3 -a )-q u in o -
liz in e  ( M i l )

3.70 g (9.2 m m o le )  o f  V lb  w as  re f lu x e d  w ith  a m ix tu r e  o f  3.8 m l (36 m m o le )  o f  d ie th y l-  
a in in e  a n d  14 n d  o f  x y le n e  fo r  24 h rs .  A f te r  co o lin g , th e  so lu t io n  w a s  w a sh e d  tw ic e  w ith  a  to ta l  
o f  30 m l o f w a te r  a n d  d r ie d  o v e r  m a g n e s iu m  su lfa te .  T h e  so lv e n t  w a s  d is t i l le d  o f f  in  v a cu u m  
a t  50— 60 CC on a w a te r  b a th  a n d  th e  re s id u e  (3 .9  g , 9 6 % )  r c c ry s ta l l iz e d  f ro m  35 m l o f  a b so lu te  
a lc o h o l to  o b ta in  2 .45  g (6 2 .2 % )  o f  th e  p ro d u c t ;  m . p . 181 °C.

C27H 31N 30 2 (4 2 9 .5 4 ). C a lcd . C 7 5 .4 9 ; H  7 .27 ; N  9 .7 8 . F o u n d  C 7 5 .5 9 ; 11 7 .45 ; N  9 .8 9 % . 
T L C  (8 m l o f  b e n z e n e  a n d  1 m l o f  m e th a n o l)  Iir  =  0 .78  (K ie se lg e l G)
IR  (K B r) :  1720 c m " 1, 1640 c m “ 1 (C =  0 )
N M R  (CDC13): r  2 .8  (9 H  a ro m a tic  p ro to n s ) ,  4 .75  (2 H , CH „— P h ) ,  8 .7 3  a n d  8 .85  (6 H , C H 3 
(C H 2)— N )
TJV /ЕЮ Н =  283 n m  (lo g  s  =  3 .9 2 ), 225 n m  (log  e — 4 .4 8 ).

2 -H y d ro x y -3 -(N ,N -d ie th y Ic a rb a m o y l)* l,2 ,3 ,4 ,6 ,7 ,1 2 ,1 2 b -c ic ta h y d io iii< lo Io -(2 ,3 -a )-q u iiio I iz iiie ( I Ia )

1.7 g (4 m m o le )  o f  th e  b a se  V III  w as d isso lv e d  in 22 m l o f  a b s o lu te  m e th a n o l  a n d  a f te r  
th e  a d d it io n  o f  0 .6  g (16  m m o le )  o f  so d iu m  b o ro h y d r id e  (20  m in .)  th e  so lu t io n  w as s t ir re d  fo r 
6 h rs  a t  ro o m  t e m p e r a tu r e .  T h e  so lv e n t w as d is t il le d  o f f  in v a c u u m , th e  re s id u e  d isso lv ed  in 
5 m l o f  15%  HC1, m a d e  a lk a l in e  w ith  1 N  N a O I l  s o lu tio n  (p H  ^  8) a n d  e x t r a c t e d  th re e  tim e s  
w i th  a to ta l  o f 150 m l o f  b e n z e n e . T h e  b e n z e n e  so lu t io n  w a s  d r ie d  o v e r  m a g n e s iu m  su lfa te ,  
a n d  th e  b e n ze n e  d is t i l le d  o ff. T h e  re s id u e  (1 .62  g, 9 5 .3 % )  w a s  r e c ry s ta l l iz e d  f ro m  a 1 : 5 m ix 
tu r e  o f  a b so lu te  e th e r  a n d  p e tro le u m  e th e r .  O f th e  e p im e ric  a lc o h o ls  th e  iso m e r  c o n ta in in g  th e  
h y d ro x y l  g ro u p  in  e q u a to r ia l  p o s it io n  c ry s ta l l iz e d ,  1.42 g (8 3 .5 % ) , m . p . 96 97 °C.

C27H 33N 30 2 (4 3 1 .5 5 ). C a lcd . C 7 5 .13 ; H  7 .70 ; N 9 .4 8 % . F o u n d  C 7 5 .0 0 ; H  7 .6 4 ; N  9 .7 8 %  
T L C  (8 m l o f b e n z e n e  a n d  1 m l o f  m e th a n o l) :  

a x ia l iso m er R j  0.31
e q u a to r ia l  iso m e r  R t  0 .40

I R  (K B r ) :  3400 c m " 1 (O H ) , 1620  c m ' 1 (CO).

2-Acetoxy-3-(N,N-diethylcarbamoyl)-12-benzyI-l,2,3,4,6,7,12,12b-octahydroindolo-(2,3-a)-
quinolizine (lib ), HC1

1.3 g (3.0 m m o le )  o f  l i a  w as a llo w ed  to  s t a n d  in a m ix tu r e  o f  10 m l o f  p y r id in e  a n d  10 m l 
o f  a c e tic  ac id  a t  ro o m  t e m p e r a tu r e  fo r 18 h rs .  T h e  so lu t io n  w a s  c o n c e n tr a te d  in v a c u u m  on a 
w a te r  h a th ,  a n d  th e  re s id u e  d is so lv e d  in 6 m l o f  w a te r .  T h e  s o lu tio n  w a s  m a d e  a lk a l in e  by  the  
a d d i t io n  o f  a m m o n iu m  h y d ro x id e  s o lu tio n  a n d  e x t r a c te d  th r e e  t im e s  w i th  a to ta l  o f  60 m l of 
b e n z e n e . T h e  b e n z e n e  so lu t io n  w a s  w a sh e d  w i th  w a te r ,  d r ie d  o v e r  m a g n e s iu m  su lfa te  a n d  
th e  so lv e n t d is til le d  o f f  in v a c u u m . T h e  re s id u e  (1 .35  g) w a s  d isso lv e d  in  15 m l o f  a b so lu te  e th e r  
a n d  th e  e th e re a l  s o lu tio n  s a tu r a t e d  w ith  d ry  h y d ro g e n  c h lo r id e . T h e  p r e c ip i t a te d  h y d ro c h lo r id e  
w a s  f i l te re d  o ff  a n d  w a sh e d  w i th  a b s o lu te  e th e r .  T h e  p r e c ip i t a te  w as d is so lv e d  in  1 m l o f  a b so 
lu te  e th a n o l w ith  th e  s u b s e q u e n t  a d d it io n  o f  2 m l o f  a b s o lu te  e th e r  a n d  th e  o b ta in e d  yellow  
c ry s ta l l in e  s u b s ta n c e  w a s  f i l te r e d  o ff. 1.12 g (7 3 .2 % ) , m . p . 211 212 °C.

Co9H 3eN 30 3Cl (5 10 . 05). C a lcd . C 6 8 .28 ; II 7 .11 ; N 8 .2 3 ; Cl 6 .95 . F o u n d  C 6 8 .11 : II 7 .40 ; 
N  8 .1 5 ; Cl 6 .7 5 % .
T L C  (8 m l o f  b e n z e n e  a n d  1 m l o f  m e th a n o l)  R r  0 .37  
IR (K B r) :  1740 c m 4 , 1640 c m 4  (C O ). 1220 (C  () C)
U V : A&tOH 226 n m  ( lo g e  =  4 .4 4 ); 283 n m  ( l o g t  =  3 .87 )
N M R : г  2.7 (9 H , a r o m a tic  p ro to n s ) ,  4 .6  (211, С Н ,— P h ) ,

8 (3 H , C— C H 3), 8 .7  a n d  8.8  (611, (C H 2)— C H 3).

6
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T H E  ACID  H Y D R O L Y S I S  O F  M E L I B I O S E *

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

J .  S z e j t l i ,** R. D . H e n r i q u e s  and M. C a s t i n e i r a  

( Escuela de Bioquimica-Farmaceutica,  Universidad de La  Habana, La  H abana ,  Cuba)

R e c e iv e d  N o v e m b e r  6, 1970

The acid hydrolysis o f the g lu cosy l— fructosy] bond (G— F) in raffinose 
was treated in a previous paper [1]. The rate of hydrolysis o f th is  /3-1,2 gly- 
cosidic bond is slower by approxim ately 19% than that of a sim ilar bond in 
the sucrose m olecule, under sim ilar conditions. The greater s ta b ility  o f this 
bond is probably due to  the fact that in raffinose a galactose is jo in ed  to the 
glucose unit. R elatively  little  is known about the stab ility  to acid hydrolysis 
of the a-1,6 linkage betw een galactose and glucose, therefore in the present 
work the acid hydrolysis o f m elibiose [6-0-(«-D -galactopyranosyl)-D -glucopyra- 
nose] has been investigated .

The first paper [2] dealing w ith  the hydrolysis of m elibiose contains only 
a single к value, determ ined in sulfuric acid. The first published va lu e o f the 
energy of activation  (E a — 38.6 kcal/m ole in HC1) [3] seem s to  be unlikely 
high. Som e recent data [4, 5] also relate to sulfuric acid h yd rolysis, therefore 
th ey  are not com parable w ith  the hydrolysis characteristics determ ined in 
hydrochloric acid. The cata lytic  a ctiv ity  of sulfuric acid greatly  depends on 
the conditions of hydrolysis, w hich considerably restricts th e  possib ility  of 
extrapolation  to an identical reference basis. Accordingly, hydrolysis-k ineti- 
cal m easurem ents should be performed in hydrochloric acid [6].

There is no reason for supposing th a t the acid hydrolysis o f th e  Ga-a-1 —► 
, 6 — G in raffinose and m elibiose should be different. In princip le, it is 

im aginable that the furanosyl unit m ay exert some influence on the Ga G 
bond in raffinose, how ever, since the sp litting  of the G— F bond is about 103 
tim es faster than th at o f the Ga— G bond, such an effect is inobservable. 
Therefore, w ithin the lim its of experim ental error, no difference is to be ex
pected in the hydrolysis o f the Ga— G bond of the di- and trisaccharide.

* T h e  p re s e n t  p a p e r  is a  p a r t  o f  a se rie s ; th e  p re v io u s  p a r t  h a s  b e e n  p u b l is h e d  in  A cta  
C liim . A c a d . Sei. H u n g . 6 6 , 213 (1970).

** P re s e n t  a d d re ss :  C h in o in  P h a r m a c e u t ic a l  a n d  C h em ica l W o rk s  L td . ,  B u d a p e s t.
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Experimental

T h e  a b o v e  e x p e c ta t io n  h a s  b e e n  ju s t if ie d  b y  th e  e x p e r im e n ts .  1.3 g o f  m e lib io se  (M E ) 
o r  r a f f in o s e  (R A F ) w as d is s o lv e d  in  15 m l o f  h y d ro c h lo r ic  a c id  o f  a p p r o p r ia te  t e m p e ra tu r e  
a n d  c o n c e n tr a t io n ,  a n d  m a in t a in in g  th e  d e s ired  t e m p e ra tu r e  in  a ja c k e te d  p o la r im é te r  tu b e  b y

F ig .  1. V a r ia tio n  o f  t h e  o p t ic a l  r o ta t io n  as a  f u n c t io n  o f  th e  h y d ro ly s is  t im e

a0—aœ
F ig . 2. T h e  v a lu e s  o f  lo g  —  as a fu n c tio n  o f  t h e  h y d ro ly s is  tim e

aT~aco

m e a n s  o f  a n  u l t r a th e r m o s ta te ,  t h e  o p t ic a l  ro ta t io n  w a s  r e g is te r e d  a s  a f u n c tio n  o f  t im e . T h e  
v a lu e s  o f  a 0 a n d  a œ w h ic h  b e lo n g  t o  т  =  0 an d  т  =  oo, r e s p e c t iv e ly ,  w ere  d e te rm in e d  b y  
e x t r a p o la t i o n  (see F ig . 1) a n d  th e  v a lu e s  o f  к  (in I n  a n d  m in -  *) w ere  c a lc u la te d  f ro m  th e s e  
r e s u l t s  (T a b le  I).

T h e  s c a tte r in g  o f  t h e  m e a s u r e d  p o in ts  is i l lu s t r a te d  in  F ig . 2, w h ic h  show s th e  lo g  

—--------- — v a lu e s  as fu n c tio n  o f  th e  r e a c t io n  tim e . T h e  o th e r  c h a r a c te r i s t i c s  ( E a, J S + ,  d , g . e tc .)ry —  ry N °  '

w e re  c a lc u la te d  as in  p r e v io u s  p a p e r s  [1, 7].

A c ta  C h im . ( B udapest)  70, 1971
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Table I

C haracteristics o f  the h yd ro lys is  o f  the galactosyl-a. ------► 6-glucose bond

1 °c [HCl] N к • 10« 
min “1

hydrolysed
sugar

60.0 0.977 1.08 RAF
70.0 0.977 4.06 RAF

4.16 ME
80.0 0.977 17.7 RAF

14.4 ME
0.0977 1.32 RAF

O th e r  c h a ra c te r is tic s :  E a =  31 .9  k c a l/m o le , IS + =  12.94 e .u . ,  g  =  1 .011 , d  =  1 7 .8 2 0 , k r 100„ £ —  
=  0 .1 6 8 , RAF =  ra ff in o s e ,  ME =  m elib io se

Discussion

According to  the determ ined data, in the presence of HC1 cata lyst, the  
hydrolysis rate constant o f the G a-a-l —► 6-—G bond can be calculated from 
the follow ing equation:

log k =  1.011 • pH  - f  17.820 — 0.4343 • 31900/(1.987 • T)  (1)

Accordingly, we have all data for calculating the ex ten t of hydrolysis of raffi
nose for any case in w hich the applied cata lyst is hydrochloric acid:

p  =  1 —  0.5(e_A°~p'r —  e ~ k a - ° T) (2)

The values of коа- o  can be calculated from Eq. (1), and the values of k a - f 
as it was published in a previous paper [1].

As it is seen in Table I, the hydrolysis o f both  R A F  and ME furnished  
practically identical data under similar reaction conditions. The value of  
kr,ioo° (the reduced rate constant, which refers to a hydrogen ion a ctiv ity  of 
unity  and 100 °C) is 0.1683; the sam e value, calculated  from the experim ental 
data o f M o e l w y n - H d c h e s  [3J is 0.1457. This d iscrepancy is obviously  caused  
by the different E a values, which seem  to be too high in M o e l w y n - H u g h e s ’ 
paper.

M elibiose —  ju st as gentiobiose and isom altose —  from the view point 
of hydrolysis kinetics m ay be regarded as a su b stitu ted  m ethylglycoside, 
since the aglycone m oiety  is joined to the bridge oxygen  atom  through a pri
m ary carbon atom . Therefore, the hydrolysis characteristics o f the Ga— G 
bonds in ME and in R A F  resem ble much more the case o f M e-a-D-galacto- 
pyranose than th at o f  other disaccharides.

A da Chim. ( Budapest) 70, 1971
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P I P E R A Z I N D E R I V A T E ,  I I I*

D IÄ T H Y L C A R B A M Y L - U N D  X A N T H E N D E R I V A T E  

L .  T o l d y , I .  T ó t h , J .  B o r s i  u n d  F .  A n d r á s i

( In s t i tu t  f ü r  Arzneimittelforschung, Budapest)  

E in g e g a n g e n  am  18. A p r i l  1970

E s  w u rd e n  z a h lre ic h e  l - R ’- 4 -R -p ip e ra z in e  sow ie  l - R ’-4 - / î- [4 - (R ) -p ip e ra z in y l- l] -  
ä th y lp ip e ra z in e  h e r g e s te l l t  u n d  ih re  a n tiu le e ro g e n e  W irk u n g  w u rd e  u n te r s u c h t .

E s  w u rd e n  m e h re r e  n e u e  a n tiu le e ro g e n e  V e rb in d u n g s g ru p p e n  g e fu n d e n ;  a m  
'  w irk s a m s te n  w a re n  d ie  l - (X a n th e n -9 -c a rb o n y l) -4 - ld - [ 4 - ( a lk y l ) -p ip e ra z in y l- l ] - ä th y lp ip e -  

r a z in e , m it  g u te r  p e r o ra le r  R e so rp tio n . D iese  V e rb in d u n g e n  ü b e n  e in e  s t a r k  h e m m e n d e  
W irk u n g  a u f  V e rs u c h s u lc e ra  a u s , d ie  d u rc h  d e n  z e n t r a le n  M e c h a n ism u s  e n ts te h e n  u n d  
b e s itz e n  z u g le ich  e in e  a n tic h o lin e rg is c h e  W irk u n g .

A ls p o te n t ie l le s  a n tiu lc e ro g e n e s  A r z n e im it te l  d ü r f t e  in  e r s te r  R e ih e  d a s  l - ( X a n -  
t l ie n -9 -c a rb o n y l)-!- /? -  [4 - ( i-b u t  y l) -p ip e ra z in y  1-11 -ü th v lp ip e ra z in  in  F ra g e  k o m m e n .

In den sich m it P iperazinderivaten beschäftigenden  M itteilungen I und  
II dieser R eihe [1, 2] w urde über antiuleerogene Substanzen berichtet, w elche  
keine anticholinergischen Eigenschaften besitzen  und ihre W irkung verm utlich  
nach einem  zentralen —  über den H ypothalam us zur G eltung kom m enden — 
M echanism us ausüben.

Der neuartige W irkungsm echanism us dieser Verbindungen gab einen A nlaß  
zur H erstellung w eiterer Piperazinderivate. A ls erster Schritt wurden A naloga  
der in M itteilung I beschriebenen Piperazine hergestellt, bei denen an Stelle  
der 3 ,4 ,5-T rim ethoxygruppe die bekanntlich  ebenfalls über eine sed ative  
W irkung verfügende — D iäthylcarbam ylgruppe [1, 3] verw endet wurde.

In Tabelle I und II sind die aufgrund dieser Überlegungen hergestellten  
l-D iäthylcarbam yl-4-R -piperazine** und l-D iäthylcarbam yl-4-/J-[4-(R )-p ipe- 
razinyl-1 ]-äthylpiperazine angeführt.

D ie V erbindungen wurden ähnlich w ie die 3 ,4 ,5-T rim ethoxybenzam ide  
[1] hergestellt. So wurde bei der Reaktion des l-(/?-O xyäthyl)-p iperazins [5] 
m it D iäthylcarbam ylchlorid  [6] das l-D iäthylcarbam yl-4-(/J-oxyäthyl)-p ipera- 
zin ( I )  gewonnen (Verfahren A).  D iese Verbindung wurde m it Hilfe von T hionyl- 
chlorid zu 1 -D iäthylcarbam yl-4-(/3-chloräthyl )-piperazin ( I I )  um gesetzt (Ver
fahren B).  Aus ( I I )  gelangten  wir m it H ilfe der entstehenden 4-R -P iperazine

* M itte i lu n g  I I :  A c ta  C h im . A cad . Sei. H u n g . 5 2 , 288 (1967).
** l -D iä th y lc a rb a m y l-4 -R -p ip e ra z in e  w u rd e n  b e r e i ts  f r ü h e r  e in g e h e n d  u n t e r s u c h t .  

Z a h lre ic h e  R e p r ä s e n ta n te n  d ie s e r  G ru p p e  w u rd e n  a u f  ih r e  W irk u n g  g eg en  L u n g e n -  u n d  D a rm 
p a ra s i te n  v o n  H a u s t ie re n  g e p r ü f t  [4]. D as l - D iä th y lc a r b a m y l- 4 -m e th y lp ip e r a z in  w u rd e  u n te r  
d e r  B e n e n n u n g  P a s in  in  d e n  H a n d e l  g e b ra c h t,  l l h c r  d ie  a n tiu le e ro g e n e  W irk u n g  d ie s e r  V e r 
b in d u n g e n  s te h e n  k e in e  A n g a b e n  z u r  V e rfü g u n g .

Acta Chim. ( Budapest) 70, 1971
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zu den  l-d iäthylcarbam yl-4-/?-[4-(R )-p iperazinyl-l]-äthylp iperazinen  IX , X, 
X I, X III , XIV und XV (Verfahren D).  D ie Verbindung VIII wurde au f ähnliche  
W eise  aus II m it wasserfreiem  Piperazin hergestellt (Verfahren D x). D ie  Ver
b in d u n gen  III, V und XII wurden analog w ie I hergestellt, während die Ver
b in d u n gen  VI bzw. VII aus III bzw. I m it 3 ,4 ,5-T rim ethoxybenzoylehlorid  [7] 
h erg este llt wurden (Verfahren C).

Im  weiteren wurden m it D iäthylcarbam ylderivaten  auf analoge W eise  
su b stitu ier te  Piperazine enthaltende 9-X anthenylp iperazine hergestellt. D ie  
W ahl d ieser Verbindungen wurde auch durch die bekannte günstige antiulce- 
rogene W irkung der l-(9-X anthenyl)-4-carbalkoxyp iperazine u n terstü tzt [8].

B e i den durch uns synthetisierten  neuen l-(9-X anthenyl)-4-R -p iperazi- 
nen* und  den l-(9-X anthenyl)-4-/?-[4-(R )-p iperazinyl-l]-äthylp iperazinen  (Tab. 
I I I  u n d  IV) wurde angenom m en, daß in erster Reihe die im m obilisierende  
antiu lcerogene W irkung gesteigert wird.

D ie  l-(9-X anthenyl)-4-R -p iperazine (Tab. III) w urden—  m it A usnahm e  
vo n  X X V I, welches au sX X p ach d em V erfah ren C m it3 ,4 ,5 -T rim eth oxyb en zoy l-  
ch lorid  gewonnen wurde —  ebenso hergestellt, w ie das bekannte l-(9 -X a n th e-  
nyl)-4-carbäthoxyp iperazin  [8] aus den entsprechenden 4-R -P iperazinen m it 
X a n th y d ro l [9] (Verfahren E).

Ä hnlich  wurden die D erivate m it zw ei Piperazinringen im  M olekül 
(X X V II, XXVIII, XXIX, X X X , Tab. IV) aus l-C arbäthoxy-4-/?-(p iperazinyl-l)- 
äth y lp ip erazin  (siehe im  experim entellen  T eil), l-D iäthylcarbam yl-4-/l-(p ipe- 
razin y l-l)-ä th y lp ip erazin  (Tab. II, VIII) und l-(n -B utyl)-4-/I-(p iperazinyl-l)- 
äth y lp ip erazin  m it X an th yd ro l bzw. T h ioxanthydrol [10] hergestellt. U nter  
den verw endeten  neuen A usgangsstoffen  wurde das l-x -(2 -P yrid y l)-ä th y l-  
p ip erazin  (siehe im  experim entellen  Teil, XVI) aus wasserfreiem P iperazin m it 
2-(a -B rom äthyl)-pyrid in  [11], das l-C arbäthoxy-4-/5-(p iperazinyl-l)-äthylpipe- 
razin  aus den bekannten Verbindungen l-C arbäthoxy-4-(/I-chloräthyl)-pipera- 
zin [12] bzw . l-(n-B utyl)-4-(/?-chloräthyl)-p iperazin  [13] m it wasserfreiem  
P ip erazin  nach dem Verfahren D ± hergestellt.

D urch  A nwendung der X anthen-9-carbonylgruppe m it bekanntlich  anti- 
cholinergischem  Charakter [14, 15, 16, 17, 18, 19, 20] wurden l-(X a n th en -9 -  
carbonyl)-4-R -piperazine**und l-(X anthen-9-carbonyl)-4-/3-[4-(R )-p iperazinyl- 
-l]-ä th y lp ip era z in e  gew onnen (Tab. V, V I).

B e i diesen V erbindungen wurden für R einerseits in unseren bisherigen  
U ntersuchungen  als geeignet gefundene und andererseits h insichtlich  ihrer 
antiu lcerogenen  W irkung noch nicht geprüfte basische Gruppen m it tertiären

* F r ü h e r  w a re n  n u r  e in ig e  R e p r ä s e n ta n te n  d e r  9 - X a n th e n y lp ip e ra z in e  b e k a n n t ;  u n t e r  
d ie s e n  b e f a n d e n  sich  a u c h  D e r iv a te  m it  a n tiu lc e ro g e n e r  W irk u n g  [8].

** A u s  d ie se r  G ru p p e  s in d  f r ü h e r  n u r  e in ig e  D e r iv a te  h e rg e s te ll t  w o rd e n  [1 7 , 18 ], be i 
d e n e n  e in e  p a ra s y m p a th o ly t is c h e  A k t iv i t ä t  g e fu n d e n  w u rd e . B e so n d e rs  b e d e u te n d  w a r  ih r  
s p a s m o ly t i s c h e r  E f fe k t .

A c ta  C h im . ( B u d a p est)  70, 1971
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Stickstoffatom en und bekannte normale und verzw eigte A lkylgruppen ein
gesetzt. Es wurde angenom m en, daß neben der gesteigerten im m obilisierenden  
antiulcerogenen W irkung auch die anticholinergische E igenschaft auftreten  
wird.

Die Verbindungen X X X I, XXXIII, XXXIV, XXXV, X X X V I, XXXVII, 
X XXIX und XL (Tab. V) wurden nach dem Verfahren A  aus den entsprechen
den 4-R -Piperazinen m it X anthen-9-carbonylchlorid [21] hergestellt. Gemäß 
der bereits angew endeten Synthese wurde XXXI m it T hionylch lorid  zu 1- 
(Xanthen-9-carbonyl)-4-(/J-chloräthyl)-piperazin (XXXII) u m gesetzt und daraus 
m it dem  entsprechenden sekundären Am in die Verbindungen X L II, XLIII, 
XLIV, XLVI erhalten (Verfahren D , Tab. V). XXXVIII wurde aus N-(/3-Oxy- 
propyl)-piperazin [22] m it X anthen-9-carbonylchlorid hergestellt (Verfahren 
F).  während XLI und XLVII aus den betreffenden G rundverbindungen (XL 
bzw . XLVI) m it M ethyljodid hergestellt wurden (Verfahren G).

Im  Zusam m enhang m it der H erstellung von LXIII wurden die M öglich
keiten  einer neuen Syn th ese der Verbindung geprüft. Aus der R eaktion  von 
2 Mol N-(/?-O xyäthyl)-piperazin m it 1 Mol i-B utylbrom id wurde l-(i-B u ty l)-  
4-(/J-oxyäthyl)-piperazin gew onnen, welches m it Thionylchlorid zu l-(i-B u ty l)-  
4-(/?-chloräthyl)-piperazin um gesetzt wurde. Aus dem letzteren  wurde mit 
wasserfreiem  Piperazin l-(i-B utyl)-4-/3-(p iperazinyl-l)-äth ylp iperazin  herge
ste llt, und daraus m it X anthen-9-carbonylchlorid, nach dem  Verfahren A,  
die Verbindung LXIII. Das Produkt war in jeder Beziehung m it dem  nach 
dem allgemeinen Syntheseverfahren erhaltenen identisch.

D ie neuen A usgangsstoffe N-i-A m ylpiperazin (siehe im  experim entellen  
Teil) und N -sec.-B utylpiperazin wurden au f analoge W eise w ie das bekannte  
N -(o-M ethylbenzyl)-piperazin [24], aus Piperazin m it dem  entsprechenden  
A lkylhalogenid gew onnen.

Ergebnisse der pharm akologischen Untersuchungen

D ie erhaltenen Verbindungen wurden in erster R eihe au f ihre antiul- 
cerogene W irkung geprüft. Es wurden jedoch auch sonstige pharm akologische  
U ntersuchungen durchgeführt, und zw ar hinsichtlich der sed ativen  und para
sym patholytischen  A k tiv itä t.*

Es zeigte sich, daß die in Tab. I angegebenen l-D iäth y lcarb am yl-4 -R -  
piperazine nicht w irksam er sind, als das l-(3 ,4 ,5-T rim ethoxybenzoyl)-4- 
(/3-oxypropyl)-piperazin-3J455’-trim ethoxybenzoesäureester-hydrochlorid, bei 
w elchem  früher die günstigste antiulcerogene W irkung festg este llt wurde. 
D agegen besitzen unter den zwei Piperazinringe enthaltenden  Derivaten

* D iese  U n te r s u c h u n g e n  w u rd e n  m it  d e n  in  M itte i lu n g  I [1] a n g e f ü h r te n  T e s ts  d u rc h 
g e fü h r t .

Ada Chim. ( Budapest) 70, 1971
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T a b e lle  I

m e ,  о  ■

N — C — N N— К

H 5 C2 \ -----/

l -D iä th y lc a rb a m y l-4 -R -

N o.
B ezeich
nung* R Schm p.

B ru tto fo rm e l M o lek u la r
g e w ic h t

I T19 /5 -0 x y ä th y l F u m a r a t  124— 126 °C a u s  
M eth y lce llo so lv /ab s. Ä th e r  
1 : 1 '

c 15h 2tn 3o 6 345 ,15

i l T 296 /Î-C h lo râ th y l H y d ro c h lo rid  182— 184 °C 
a u s  ab s. Ä th a n o l

Cu H 23N 3OC12 284,01

h i /?-O xypropy l F u m a r a t  122— 124 °C a u s  
a b s . Ä th a n o l/a b s . Ä th e r  1 : 1

c 16h 29n 3o 6 359,16

IV T291 o -M eth y lb en zy l F u m a r a t  152— 154 °C a u s  
a b s . Ä th a n o l

c 21h 31n 3o 5 405,21

V T 248 6 -C h lo rp y rid a -
zinyl-3

106- 108 °C au s a b s . A c e to n C13H 20N 5o C1 297,58

V I T 262 ^-(3 ,4 ,5 -T ri- 
m e th o x y b e n -  
zo y lo x y  )- 
p ro p y l

H y d ro c h lo rid  166— 167 °C 
(Z ers.)**  aus ab s. A c e to n

c 22h 36n 30 6c i 473,67

V II R 261 ^ -(3 ,4 ,5 -T rim e-
th o x y b e n z o y l-
o x y )-ä th y l

H y d ro c h lo rid  160— 162 °C 
(Z e rs .)  aus abs. Ä th a n o l

c 21h 34n 3o 6c i 459,66

* I m  I n s t i tu t  fü r  A rz n e im itte lfo rs c h u n g , B u d a p e s t,  ü b lic h e  B e ze ic h n u n g e n  
** (Z ers .)  - - u n te r  Z e rs e tz u n g

(T a b . I I )  X und  XI eine r e la t iv  s tä rk e re  an tiu lce ro g en e  A k tiv i tä t ;  ih re  a n ti-  
ch o lin e rg isch e  W irkung  is t  so w o h l in vitro als au ch  in  vivo u n b e d e u te n d . D ie 
V e rb in d u n g e n  VI u n d  V II v e ru rsa c h e n  eine v o rü b e rg e h e n d e  H y p o ten sio n , 
w ä h re n d  IX  eine schw ache A n tih is ta m in w irk u n g  b e s itz t .

D ie  l-(9 -X a n th e n y l)-4 -R -p ip e ra z in e  (T ab . I I I ) ,  b esonders X V II, X V III, 
X IX  u n d  X X I. sind d u rch  eine  s ta rk e  im m obilisierende an tiu lcero g en e  W irk u n g  
au sg e z e ic h n e t. Zugleich w e isen  sie in  vitro keine an tich o lin e rg isch e  A k tiv i tä t

Acla Chim. ( Budapest) 70, 1971
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p ip era z in e

A nalyse

B e re ch n e t j G efunden

c II N CI- CI c 11 N c i-

52.19 7,82 12.17 52,17 8,11 11,98

14,78 12,76 25,06 14,51 12,37

53,50 8,07 11,69 53,61 8,22 11,65

62,24 7,62 10,36 62,20 7,91 10,1

52,46 6,72 23,52 52,31 6,91 23,30

55,78 7,60 8,85 7 ,50 55,52 7,88 8,54 7,61

54,86 7,39 9,13 7,71 55,03 7,42 8,48 7,53

Cl

24,96

V erfah ren
B e m erk u n g

A
K Pi mm der Base:

160— 165 °C A u sg an g s- 
v e rb n  d u n  g en  n a c h  
[5, i6]

В

A
K p , mm d e r  B ase:

168— 170 °C A u sg a n g s
v e rb in d u n g  n a c h  [22]

A
A u s g a n g s v e rb in d u n g  

n a c h  [24]

A
A u s g a n g sv e rb in d u n g  

n a c h  [26]

C
A u sg a n g sv e rb in d u n g  

n a c h  [7]

C

auf. E ine m äßige H em m ung der M agensekretion in vivo zeigte sich allein bei
XVII.

Es ist interessant, daß die D erivate m it zwei Piperazinringen bei den 
D iäthylcarbam ylpiperazinen größenordnungsm äßig wirksam er sind, als die 
Verbindungen m it nur einem  Piperazinring, w ährend unter den l-(9 -X a n th e-  
nyl)-4-/3-[4-(R )-piperazinyl-l]-äthylpiperazinen (Tab. IV) allein die V erbin
dung XXVII eine annähernd ähnliche A k tiv itä t besitzt, wie die l-(9 -X a n th e-  
nyl)-4-R -piperazine.

Acta Chitn. (Budapest) 70, 1971
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T a b e lle  II

N —  C H 2—C H 2 T s — R

l-D iä th y lc a rb a m y l-4 -ß -[4 -(R )-p ip e ra z in y l

N o .
B eze ich 

n u n g R S ch m p .
B ru tto fo rm e l

M oleku lar
gew ich t

V II I T401 H T rih y d ro c h lo r id  260— 261 °C 
(Z ers .)  m it  h e iß e m  abs. 
M e th a n o l b e h a n d e lt

C15H 31N ,0 C 1 3 406 ,50

IX T 407 D iä th y l-
c a rb a m y l

D ih y d ro c h lo r id  277— 280 °C 
(Z ers .) m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e lt

C20H 42N 6O2Cl2 469 ,10

X T 293 C a rb ä th o x y D ih y d ro c h lo r id  270— 272 °C 
(Z ers .)  m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e lt

C18H 37N 50 3C1, 442.08

X I T 2 9 4 C a rb o b en z y l-
oxy

D ih y d ro c h lo r id  2 5 3 — 255 °C 
(Z ers .)  m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e lt

c 23h 39n 5o 3c l 504,13

X II T 4 0 2 3 ,4 ,5 -T rim e-
th o x y b e n z o y l

D ih y d ro c h lo r id  248— 250 °C 
(Z ers .)  a u s  a b s . Ä th a n o l

c 25H 43N ao 5c i 2 564,15

X II I T 4 1 9 M eth y l T r ih y d ro c h lo r id  263— 265 °C 
(Z ers .)  m it  h e iß e m  ab s. 
M e th an o l b e h a n d e lt

C16H 36N.,0C13 420,51

X IV 2 0 2 2 0 i-B u ty l T r ih y d ro c h lo r id  285— 286 °C 
(Z ers .)  m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e lt

c , J U X - , о с ь 462,54

XV T 4 0 5 o -M eth y lb en zy l T rih y d ro c h lo r id  267— 269 °C 
(Z ers.) m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e lt

C.3H 42N 30C 13 510.58

U n ter  den l-(X anthen-9-carbonyl)-4-R -piperazinen  (T ab .Y ) waren jene  
D eriv a te  hinsichtlich ihrer antiulcerogenen W irkung am ak tivsten , w elche 
außer dem  Piperazinring noch ein tertiäres Stickstoffatom  enth ielten . E ine 
besonders starke antiulcerogene W irkung zeigte sich bei XLVI, w elches dabei 
in vivo  auch eine bedeutende anticholinergische A k tiv itä t zeigte.

D ie  Verbindungen XXXVII und XLIII besaßen eine m äßige im m obili
sierende antiulcerogene und A ntih istam inw irkung. XXXV und XXXVI wirken

Acta Chim. ( Budapest) 70, 1971
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- l] -ä th y lp ip e r a z in e

A nalyse

B e re c h n e t G efu n d en

C 11 N c i- C 11 N c i-

44 ,31 8,36 17,22 26,60 44,19 8,29 17,01 25,94

1
1

51 ,20 8,95 17,90 15,11 51,36 9,09 17,92 15,26

4 8 ,90 8,36 15,83 16,03 49,03 8,52 15,81 16,00 1

54 ,79 7,73 13,88 14,06 54,62 7,81 13,76 13,97

53,22 7,62 12.40 12,56 53.32 7,55 12,21 12,6

45 .64 8,56 16,46 25,29 45,79 8,69 16,56 26,23

49 ,33 9,08 15,13 23,00 48.98 9,27 14,82 23,37

5 4 ,10 8,22 13,70 20,82 54,38 8.38 13.83 20,68

V e rfah re n
B e m e rk u n g

ß .
К р о ,2 mm d e r  B a se : 

180— 186 °C

D
A u s g a n g s v e rb in d u n g  

n a c h  [4]

D
A u s g a n g s v e rb in d u n g  

n a c h  [27]

D
A u s g a n g s v e rb in d u n g  

n a c h  [28]

A

D
A u s g a n g s v e rb in d u n g  

n a c h  [27]

D
A u s g a n g s v e rb in d u n g

n a c h  [29]

l )

schw ach sedativ . D ie A k tiv itä t des aus XLVI hergestellten quaternären Deri
v a ts  XLVII erwies sich als geringer, als die der G rundverbindung.

U nter den l-(X anthen-9-carbonyl)-4-/?-[4-(R )-p iperazinyl-l]-äthylp ipera- 
zinen (Tab. VI) sind die Verbindungen XLVIII und XLIX durch eine stärkere anti- 
ulcerogene W irkung und —  besonders in vitro —  durch eine bedeutendere 
parasym patholytische W irkung gekennzeichnet, als die bereits erwähnten  
D erivate mit zwei Piperazinringen; in vivo zeigte sich jedoch  diese W irkung
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Tabelle III

l- (9 -X a n th e n y l) -4 -

N o .
Bezeich

nun g R Sehmp. M olekular-
B ru tto fo rm e l gew icht

X V I T459л-Butyl 83—-84 °C aus abs. Metbanol C21H26N20 322,21

X V II T386o-Methylbenzyl 134—136 °C aus abs. Aceton C21H26N20 370,25

X V II I T608/?-Phenyl-
i-propyl

110—112 °C aus abs. Aceton C(iH28N„0 384,26

X IX T597a-(2-Pyridyl)-
äthyf

134—135 °C aus abs. Aceton C j j H j j N j O  371,24

X X T421j8-Oxyäthyl 125—126 °C aus abs. Benzol/ 
abs. Hexan 1 : 1

c 19H :m  310,19

X X I T385 Diäthyl-
carbamyl

124—126 °C aus Benzol/ 
Hexan 1 : 1

C22H27N302 365,22

X X II T445 Carbobenzyl-
oxy

153—155 °C aus Benzol/ 
Hexan 1 : 1

C23H21N303 400.25

X X II I T4463,4,5-Tri-
methoxy-
benzoyl

145- 147 °C aus abs. 
Äthanol

C27H28N205 460.27

X X IV T4889-Xanthenyl 253—254 °C aus Benzol/ 
Hexan 1 : 1

C30H26N2O2 446,30

X X V T449 6-Chlorpyrid-
azinyl-3

216—218 °C aus abs. Aceton C21H19N40C1 378.66

X X V I T447 -̂(3,4,5-Tri-
metboxyben-
zoyloxy)-äthyl

134—135 °C aus abs. Aceton C29H32N206 504,29
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R -p ip e ra z in e

A nalyse

B erechnet V e rfah re n

С H N Cl c H N Cl

78,27 8,06 8,68 78.12 8,12 8,72 E
A u s g a n g sv e rb in d u n g  

n a ch  [25], [9]

81,04 7,02 7,56 81,00 7,22 7,36 E

81,26 7,28 7,28 81,01 7,42 7 ,14 E
A u s g a n g sv e rb in d u n g  

n a ch  [1]

77,64 6,73 11.31 77,65 6,86 11,22
E

73,56 7,09 9.02 73,62 7,16 8.87 E

72,34 7,39 11,49 72,51 7,28 11,35 E

75,01 5,99 6.99 85,15 6,09 6 ,98 E

70,45 6,08 6,08 70,56 6,13 6 ,28 E
A u s g a n g sv e rb in d u n g  

n a c h  [1]

80,73 5,82 6,27 80,51 5,90 6 ,4 0 E
M it 2 M ol X a n th y d r o l

66,38 5,01 14,78 9 ,40 66,38 5,19 14,90 9,30 E

69.06 6,34 5,55 69.28 6,50 5 ,54 C

Acta Chim. ( Budapest) 70, 1971
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Tabelle I V

l- (9 -X a n th e n y l) -4 -ß -[4 -(R )-

No. Bezeich
nung R X Schmp.

Bruttoformel Molekular
gewicht

X X V II T 4 4 4 C a rb ä th o x y 0 131— 133 °C a u s  
B e n z o l/H e x a n  1 : 1

c 26h 34n 40 3 4 50 ,26

X X V II I T 452 D iä th y l-
c a rb a m y l

0 94— 96 °C a u s  
B e n zo l/H ex a n  1 : 1

^28-^39^5^2 4 7 7 .2 6

X X IX T 4 6 9 n -B u ty l о 104— 106 °C a u s  
abs. A c e to n

c 2;h 38n 4o 4 34 ,27

X X X T 4 8 6 n -B u ty l s 105— 106 °C a u s  
abs. A c e to n

^27^-38^4^ 45 0 ,2 7

k a u m . E in e  bedeutende anticholinergische W irkung in vivo konnte endlich  
durch  e in e  aliphatische R -S u b stitu tion  erreicht werden. In dieser Gruppe erw ies 
sich  d ie  Verbindung LXIII sow ohl hinsichtlich der W irkungsstärke als auch  
der T o x iz itä t  und der R esorption  als das günstigste  D erivat.

Zusam m enfassend kann festgestellt w erden, daß eine bem erkensw erte  
a n tiu lcerogen e W irkung bei zw ei Verbindungsreihen, nam entlich bei den  
l-(9 -X an th en y l)-4 -R -p ip eraz in en  und bei den l-(X anthen-9-carbonyl)-4-/3- 
-[4-(a lk yl)-p ip erazin yl-l]-äth ylp ip erazin en  gefunden wurde. Darunter zeichnet 
sich  in  erster Reihe das l-(X anthen-9-carbonyl)-4-/?-[4-(i-b uty l)-p iperazin yl-l]- 
äth y lp ip era z in  LXIII durch gu te  perorale R esorption, starke antiulcerogene  
W irk u n g  bei durch einen zentralen  M echanismus entstehenden Versuchsulcer a 
und b ed eu ten d e anticholinergische E igenschaft aus. D ie antisekretorischen  
und antiu lcerogenen E igenschaften  der V erbindung beruhen —  gemäß E E G - 
U n tersu ch u n gen  —  außer der mäßigen peripherischen anticholinergischen  
W irk u n g  auch auf der zentralen  parasym patholytischen K om ponente.

Experim enteller Teil*
N - i-A m y lp ip e ra z in

2 3 3  g P ip e ra z in -h e x a h y d ra t  w e rd e n  in  480 m l Ä th y la lk o h o l  g e lö s t u n d  u n te r  R ü h r e n  
im  L a u f e  v o n  30 M in u ten  w e rd e n  1 ,2  M ol H C l in  F o rm  e in e r  k o n z e n t r ie r te n  w ä ß rig e n  L ö su n g

* U n k o r r ig ie r te  T e m p e ra tu r e n .
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p ip e r  a z in y l- l] -ä th y l-p ip era zin e

A nalyse
— V e rfa h re n

B e m e rk u n g
B erech n e t G efunden

C H N  S c H N s

69,35 7,55 12,43 69 ,60 7,62 12,22 E

70,45 8,17 14,66 70,67 8,26 14,50 E

74,67 8,75 12,89 74,55 8,86 13,04 E

72,01 8,43 12,43 7,10 71,98 8,54 12,29 7,35 E

(104  m l 11,5 n  H C l) p o r tio n sw e ise  z u g e g e b e n . D a n a c h  w e rd e n  71 g i -A m y lb ro m id  b e i 65 °C 
im  L a u fe  v o n  a n d e r th a lb  S tu n d e n  p o r t io n s w e is e  z u g e g e b e n . D as G em isch  w ird  1 S tu n d e  lan g  
b e i 65 °C g e r ü h r t  u n d  ü b e r  N a c h t  im  K ü h ls c h r a n k  s te h e n  g e lassen . D a s  a u s g e s c h ie d e n e  S a lz 
g e m isc h  P ip e ra z in h y d ro c h lo r id -h y d ro b ro m id  w ird  a b g e s a u g t  u n d  d ie  a lk o h o l is c h e  L ö su n g  
a u f  d em  W a s s e rb a d  u n te r  V a k u u m  z u  e in e m  d ic k e n  B re i e in g e d a m p f t .  D ie se r  w ir d  a b g e k ü h l t ,  
m i t  70 m l 4 0 % ig e r  w ä ß rig e r  N a t r iu m h y d r o x y d lö s u n g  v e rm isc h t u n d  m it  2 X 1 5 0  m l B enzo l 
a u s g e s c h ü t te l t .  D ie  ü b e r  N a t r iu m s u l f a t  g e tr o c k n e te  b e n z o lisc h e  L ö su n g  w ird  e in g e d a m p f t  u n d  
d e r  R ü c k s ta n d  u n te r  V a k u u m  f r a k t io n ie r t .

K p 8- , om m : 8 5 — 86 °C. A u s b e u te :  38 g.
M it P e rc h lo r s ä u re  t i t r i e r t ,  e rw ie s  s ic h  d a s  P r o d u k t  a ls 9 9 ,3 % ig .
3 g d e s  o b ig e n  P ro d u k te s  w e rd e n  in  50 m l a b s . Ä th a n o l  g e lö s t u n d  d a s  N - i -A m y lp ip e ra -  

z in -d ih y d ro c h lo r id  (3 ,6  g) m i t  in  a b s . A lk o h o l g e lö s te m  H C l ab g esch ied e n . A u s  4 0  m l ab s. 
M e th a n o l  u m k r is ta l l i s ie r t  s c h m ilz t  d a s  P r o d u k t  b e i 2 8 0 — 282 °C u n te r  Z e rs e tz u n g .

C 9II...,N.,CL (228 ,9). B e re c h n e t :  C 4 7 ,2 0 ; H  9 ,6 0 ; N  12,22; CD 30 ,96 . G e fu n d e n :  C 4 6 ,9 3 ; 
H  9 ,8 1 ; N  Ï 2,01 ; C D  3 0 ,7 6 % .

N -se c .-B u ty lp ip e ra z in

D ie se  V e rb in d u n g  w u rd e  a u f  a n a lo g e  W eise  w ie  N -i-A m y lp ip e ra z in , a u s  P ip e ra z in -  
h e x a h y d r a t  m it  sec. B u ty lb ro m id  h e rg e s te l l t .

K pism m * 84 86 C.
C 8H 18N , (142 ,08). B e re c h n e t :  C 6 7 ,6 2 ; H  1 2 ,6 7 ; N  1 9 ,7 0 %  G e fu n d en : C 6 7 ,1 3 ;  H  12,88; 

N  1 9 ,9 1 % .

l-a -(2 -P y r id y l)-ä th y !p ip e ra z in

43 g w a sse rfre ie s  P ip e ra z in  w e rd e n  in  400 m l a b s .  B en zo l u n te r  S ie d en  g e r ü h r t  u n d  im  
L a u fe  v o n  3 S tu n d e n  w ird  d ie  L ö su n g  v o n  40 g 2 - (a -B ro m ä th y l) -p y r id in  [1 1 ] in  6 0  m l a b s . 
B e n z o l p o r t io n s w e is e  z u g eg e b en . D a s  G e m isc h  w ird  2 S tu n d e n  lan g  im  S ie d e n  g e h a l t e n  u n d
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Tabelle V

1 - (  X a n t h e n - 9 - c a r b o n y l  )

N o .

X X X I

Bezeich
nung R Schm p.

B ru tto fo rm el
M oleku lar-

g ew ich t

T350 ß - O x y ä th y l H y d ro ch lo rid  245 247  °C 
(Zers.) aus ab s. M e th a n o l

C2(IH 21N 20 3C1 374,65

X X X II T400 C hlo r ä  t h y  1 1 2 7 -  129 °C a u s  a b s . 
B e n z o l/P e tro lä th e r  2 ,5  : 1

CooH ojN.OCI 356,65

X X X II I T470 « -B u ty l H y d ro ch lo rid  2 6 0 — 2 6 2  °C 
(Zers.) aus a b s . M e th a n o l

c 22h 27n 2o x i 386,67

X X X IV T381 o -M e th y lb e n z y l 182— 184 °C a u s  a b s . Ä th a n o l C..r,H ,6N 20 2 398 .26

X X X V T382 C a rb ä th o x y 144— 145 °C a u s  a b s . Ä th a n o l c 21h 22n 2o 4 366.21

X X X V I T383 C a rb o b e n z y lo x y 153-—155 °C au s a b s . Ä th a n o l c 26h 2jn 20 4 4 28 .26

X X X V II T384 D iä th y l-
c a rb a m y l

153— 155 °C a u s  a b s . Ä th a n o l c 23h 27x :a , 393 .23

X X X V II I T367 /? - (X a n th e n -9 -
c a rb o n y lo x y ) -
p ro p y l

155— 157 °C a u s  a b s . Ä th a -  
nol/abs. A c e to n  1 : 1

Cm H b N .0 , 560.35

X X X IX T428 jö -(X a n th e n -9 -
c a rb o n y l-
a m in o ) - ä th y l

243— 245 °C m it  h e iß e m  
abs. M ethano l b e h a n d e l t

C34H3i N 30 4 5 45 ,34
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-4  -R  -p ip era z in e

A nalyse

V e rfa h re n
B e m e rk u n g

B erech n e t I G efu n d en

C H  N ci- J  C I I N CI J

64,11 6,13 7,74 9,46 64,28 6,27 7,29 9,30 A
A u s g a n g s v e rb i  n d u n g  

n a c h  [21]

67 ,34 5,88 7,85 9,93 67,38 6,02 7,96 * 9,93 В
R e in ig u n g  d e r  B ase  

u n m it t e lb a r  d u rc h  
K r is ta l l is ie re n

68,33 6,98 7,22 9,16 68,52 7,03 7,08 9,14 A
A u s g a n g s v e rb in d u n g  

n a c h  [25]

78,40 6,52 7,03 78,24 6,58 6,92 A
A u s g a n g s v e rb in d u n g  

n a c h  [24]

68,88 6,00 7,64 69,17 6,08 7,59 A
A u s g a n g s v e rb in d u n g  

n a c h  [27]

72,90 5,60 6,53 73,12 5,72 6 ,45 A
A u s g a n g s v e rb in d u n g  

n a c h  [28]

70,24 6,86 10,69 70.43 7,00 10,41 A
A u s g a n g s v e rb in d u n g  

n a c h  [22]

75,01 5,71 4,99 75,24 5,84 4,85 F

74,87 5,68 7,70 74,71 5,75 7,67 A
A us 2 M ol X a n th e n -9 -  

c a rb o n y lc h lo r id .  A u s
g a n g s v e rb in d u n g  n a c h  
[30]
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Tabelle V

N o.
B eze ich 

n u n g Schm p.
B ru tto fo rm e l

M o lek u la r
g ew ich t

X L 20064 /? -P h th a lim id o -
ä th y l

140— 142 °C a u s  i -P ro p y l -  
a lk o h o l

c 28h 25n 3o 4 4 6 7 .2 8

X L I 20044 X L -M e th o jo d id 223— 224 °C (Z ers .)  a u s . a b s . 
A ce to n /ab s . Ä th e r  1 : 2

c 29h 28n 3o 4j 609.21

X L II

X L I I I

T 6 1 0

T 5 2 7

ß -P ip e r id in o -
ä th y l

D ih y d ro c h lo rid  2 9 4 — 295 °C 
(Z ers.) m it h e iß e m  a b s . 
M e th an o l b e h a n d e lt

c 25h 33n 30 2c i2 478 ,15

ß -[2 -(ß -O x y -  _ 
ä th y l) -p ip e r i-  
d y l] -ä th y l

D ih y d ro c h lo rid  193— 195 °C 
(Z ers .) au s a b s . A c e to n /a b s .  
Ä th a n o l 1 : 1

C2;H 3,N 30 3C12 522 .17

X L IV T 636 0 -[D i-(0 -O x y -
ä th y l) ] -a m in o -
ä th y l

D ih y d ro c h lo rid  227— 2 2 9  °C 
(Z ers.) aus a b s . M e th a n o l

Co4H 33N 30 4C12 4 9 8 ,1 4

X L V T 6 2 8 /j-( ie ri.-B u ty l-
/5 -oxypropy l)-
a m in o ä th y l

133" 134 C a u s  a b s . 
M eth an o l

c 27h 37n 3o 3 4 5 1 .2 7

X L V I T 523 /?-(/T -P henyl-
i-p ro p y lm e -
th y l) -a m in o -
ä th y l

D ih y d ro c h lo rid  246— 248 °C 
(Z ers.) aus a b s . M e th a n o l

c 3„h 3;n 30 2c l 5 42 ,20

X L V II T 524 X L V I-M etho-
jo d id

206— 208 °C (Z ers .)  m i t  
he iß em  abs. A c e to n  
b e h a n d e lt

6 11 .23

d a s  a u s g e s c h ie d e n e  P ip e ra z in -h y d ro b ro m id  n a ch  d e m  A b  k ü h le n  a b f i l t r ie r t .  N a c h  d e m  A b d a m p 
fe n  d e s  B e n z o ls  w ird  d e r  R ü c k s ta n d  iin  V a k u u m  f r a k t io n i e r t .

K p i  mm: 118— 120 °C. A u s b e u te :  16,5 g.
Cn H 17N 3 (191 .11 ). B e re c h n e t :  C 69,12; H  8 ,8 9 ; N  2 1 ,9 7 % . G e fu n d en : C 6 9 ,8 2 ; H  9 ,2 0 ; 

N  2 1 .5 8 % .

l-( i-B iity l)-4 -(/3 -o x y ä th y l)-p ip e ra z in

100 g N -( /? -O x y ä th y l) -p ip e ra z in  w e rd en  in  350 m l a h s .  A c e to n  bei 45— 50 UC g e r ü h r t  
u n d  52 g i -B u ty lb ro m id  im  L a u fe  e in e r  S tu n d e  p o r t io n s w e is e  zu g eg e b en . A n s c h lie ß e n d  w ird  
4 S tu n d e n  la n g  bei 5 0 — 60 °C g e r ü h r t .  D as G e m isch  w ird  ü b e r  N a c h t s te h e n  g e la s s e n , d a s  
a u s g e s c h ie d e n e  N - ( /? -O x y ä th y l) -p ip e ra z in -h y d ro b ro m id  a b f i l t r i e r t  u n d  die a c e to n isc h e  L ö su n g  
e in g e d a m p f t .  D e r R ü c k s ta n d  w ird  u n te r  V a k u u m  f r a k t io n i e r t .

K p irn n v  112— 116 °C. A u s b e u te :  27,4 g.
M it  P e rc h lo r s ä u re  t i t r i e r t ,  e rw ie s  sich  d a s  P r o d u k t  a ls  9 9 ,3 % ig .
4 g d e r  o b igen  B ase  w e rd e n  in  25 m l abs. Ä th a n o l  g e lö s t  u n d  d as l- ( i-B u ty l) -4 -( /3 -o x y -  

ä th y l ) -p ip e ra z in -d ih y d ro c h lo r id  (5 ,1  g) m it  in  a b s . A lk o h o l  g e lö s te m  C h lo rw a sse rs to ff  a b g e -
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( F o r ts e tz u n g )

A nalyse

V erfah ren
B em erk u n g

B erech n e t G efunden

C H N c i -  J C H  N c i - J

74,10 5,34 8,97 73,82 5,10 8,76 A
S ta t t  D ic h lo rä th a n  in 
abs. Ä th a n o l. A u sg an g e - 
V erb in d u n g  n a c h  [23]

57,27 4,59 6.89 20,83 57,36 4,67 6,82 20,50 G

62,79 6,90 8,78 14,82 62,54 7,13 8,72 14,87 D

62,10 7,08 8,04 13,57 62,16 7,16 7,88 13,42 D
A u s g a n g sv e rb in d u n g  

n a c h  [31]

57,86 6,62 8,43 14,23 58,14 6,74 8,36 14,11 D

71,85 8,19 9,30 71,92 8,35 9,44 U
A u sg a n g sv e rb in d u n g  

n a c h  [32]

66,45 6,82 7,74 13,07 66,62 6,90 7,68 13,10 D
A u s g a n g sv e rb in d u n g  

n a c h  [33]

60,91 6,21 6,87 20,76 60,88 6,33 6,81 21,00 G

sc h ie d e n . A u s 100 m l e in e s  1 : 1 G e m isch e s  v o n  a b s . M e th a n o l u n d  a b s . Ä th a n o l u m k r is ta l l i s ie r t  
s c h m ilz t  d a s  S a lz  u n t e r  Z e rs e tz u n g  b e i 2 3 2 — 234 °C.

C10H.,4N,C1oO  (2 5 9 ,0 0 ). B e re c h n e t :  C 4 6 ,3 7 ; H  9 ,2 2 ; N  1 0 ,8 1 ; C G  2 7 ,3 7 % . G e fu n d e n :  
C 4 5 ,9 8 ; H  9,4_3; N  1 0 ,62 ; C G  2 7 ,4 1 % .

1 - ( i-B u ty l ) -4 -  ( (7 -c h lo rä th y l)-p iper a z i n

D iese  V e rb in d u n g  w u rd e  a n a lo g  zu  I I  (T a b . I ) , n a c h  V e r f a h re n  B ,  a u s  l - ( i -B u ty l ) -4 -  
( p - o x y ä th y l) -p ip e ra z in  m it  T h io n y lc h lo r id  h e rg e s te ll t .  A u s  d e r  3 5 fa c h e n  M enge v o n  a b s . 
Ä th a n o l  u m k r is ta l l i s ie r t  s c h m ilz t  d a s  D ih y d ro c h lo r id  u n t e r  Z e rs e tz u n g  bei 2 3 7 — 239 °C.

C10H.,3C13N , (2 7 7 ,4 5 ). B e re c h n e t :  C 43 ,28 ; H  8 ,2 9 ; C G  2 5 ,5 5 ; CI 3 8 ,0 4 % . G e fu n d e n :  
C 4 2 ,8 7 ; H  8 ,4 1 ; N  9 ,8 8 ; C G  2 5 ,8 3 ; CI 3 8 ,0 4 % .

1 - B -4 - / l- ( I , ip e ia z .in y l- l) -ä th y lp ip e ia z in e

D iese  V e rb in d u n g e n  w u rd e n  a n a lo g  zu  VIII (T a b . I I )  n a c h  V e rfa h re n  D „  a u s  w a s s e r  
f re ie m  P ip e ra z in  u n d  d e m  e n ts p re c h e n d e n  l-R -4 - ( /J -C h )o rä th y l) -p ip e ra z in  h e rg e s te ll t .
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Tabelle VI

l - ( X a n t h e n - 9 - c a r b o n y l ) - 4 - ß - [ 4 - ( R)>

N o .
B eze ich 

n u n g R S c h m p .
B ru tto fo rm e l

M oleku lar
gew ich t

X L Y II I T 369 C a rb ä th o x y D ih y d ro c h lo r id  275— 276 °C 
(Z ers .)  m it  h e iß e m  ab s. 

M e th a n o l b e h a n d e l t

C27H 36N 40 4C12 551,17

X L IX T 370 C a rb o b e n z o y lo x y D ih y d ro c h lo r id  265— 267 °C 
(Z ers .)  m it  h e iß e m  abs. 
M e th an o l b e h a n d e lt

CæH 38N 40 4CL 613,22

L T 408 D iä th y l-
c a rb a m y l

D ih y d ro c h lo r id  272— 274 °C 
(Z ers .)  m it  h e iß e m  abs. 
M e th an o l b e h a n d e l t

c 29h 41n 5o 3c l 578,19

619.17L I T387 o -M e th y lb e n z y l T r ih y d ro c h lo r id  2 5 6 — 258 °C 
(Z ers .)  m it  h e iß e m  abs. 
M e th a n o l b e h a n d e l t

c 32h 41n 1o 2c i3

L I I T 584 /3-PhenyI-
i-p ro p y l

T r ih y d ro c h lo r id  2 6 8 — 270 °C 
(Z ers .)  m it  h e iß e m  ab s. 
M e th a n o l b e h a n d e l t

C33H 43N 40 ,C 1 3 633,68

L U I T 604 a -(2 -P y r id y l) -
ä th y l

T e tra h y d ro c h lo r id  2 5 0 —  
252 °C (Z e rs .)  m it  h e iß em  
ab s. M e th a n o l b e h a n d e lt

C3i H 4i N 50 2C14 607.11

L IV T 410 /5 -O x y p ro p y l T r ih y d ro c h lo r id  2 6 6 — 268 °C 
(Z ers .)  m i t  h e iß e m  
M e th a n o l b e h a n d e l t

c 2;h 33n 40 3c i 3 573.62

LV T411 /?-(3 ,4 ,5-T ri-
m e th o x y b e n -
z o y lo x y )-
p ro p y l

T r ih y d ro c h lo r id  227— 229 °C 
(Z ers .)  a u s  a b s . M e th an o l

C3;H 49N 4O tC13 767,62

L V I 20043 M e th y l T r ih y d ro c h lo r id  263— 265 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

c 25h 33n 4o x i 3 529,60

L V II T 487 Ä th y l T r ih y d ro c h lo r id  268— 269 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

c 26h 37n 4o 2c i 3 543,61
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p  ip era z in y l-1 ] -ä th y lp ip e ra z in e

Analyse
B ere ch n e t G efu n d en V e rfah re n

B e m erk u n g

c H N c i - J c H N CI— J

58,81 6,53 10,16 12.86 58,56 6,67 10,10 12,79 D

62,67 6,19 9,13 11,56 62,50 6,29 9,28 11,68 ü

60,23 7,09 12,10 12,26 60,26 7,11 11,85 12,33 U

62,02 6,61 9,03 17,16 62,02 6,80 9,13 17,29 U

62,54 6,78 8,83 16,78 62,38 6,90 8,69 16,58 D

56,65 6,23 10,65 21,57 56,61 6,20 10,58 21 ,35 D

56,53 6,79 9,76 18,54 56,28 7,00 9,81 18,34 D

57.88 6,38 7.29 13,85 57,65 6,47 7,22 13,75 В

56,90 6,60 10,57 20 ,08 56,69 6,61 10,47 19,85 I )
A u sg a n g sv e rb in d u n g  
n a c h  [27]

57,44 6,80 10,30 19,56 57,62 6,95 10,26 19,48 D
A -tisgangsverb indung  

n a c h  [34]
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Tabelle VI

N o . B e z e ic h n u n g R S c h m p . _ „ . I M oleku lar- 
B ru tto fo rm e l g ew ich t

L V III T 460 n -P ro p y l T r ih y d ro c h lo r id  271— 272 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

C2-H 39N 40 X 1 3 557,62

L1X T 468 A lly l T r ih y d ro c h lo r id  271— 272 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

C27H 37N 40 2C13 555,62

L X  T 4 6 7 i-P ro p y l T r ih y d ro c h lo r id  2 6 0 — 262 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e lt

С27Н ЗУХ 40 2С13 557,62

L X I T 413 7l-B utyl T r ih y d ro c h lo r id  287— 290 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

C28H 41N 40 X 1 3 571,63

L X II  T 485 L X I-D im e th o -
jo d id

2 3 9 — 241 °C (Z e rs .)  m it  
h e iß e m  A c e to n  b e h a n d e lt

C30H 14N 4O .J 2 746,14

L X I I I T 451 i-B u ty l T r ih y d ro c h lo r id  2 7 3 — 275 °C 
(Z ers .)  m i t  h e iß e m  
M e th a n o l b e h a n d e lt

C28H UX ,0 X 1 3 571,63

L X IV T 588 sec,-B u ty l T r ih y d ro c h lo r id  2 6 8 — 270 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

C28H 41N 40 X 1 3 571.63

L X V T 466 n -A m y l T r ih y d ro c h lo r id  2 8 2 — 284 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e lt

C29H 43N 4O X l3 585,64

X V I 2 0 0 2 0 i-A m y l T rih y d ro c h lo r id  2 8 0 — 282 °C 
(Z ers .)  m it  h e iß e m  
M e th a n o l b e h a n d e l t

C29H 43N 40 2C13 585,64

a )  l - ( i-B u ty l ) -4 - /K (p ip e ra z in y l - l ) - ä th y lp ip e ra z in .
K p . ,  mm: 1 5 2 - 1 5 4  °C.
T e t r a h y d r o c h lo r id :  S c h m p . 2 7 0 — 272 °C u n t e r  Z e rs e tz u n g  (m it  2 0 fa e h e m  a b s .  M e th a n o l 

a u s g e k o c h t ) .
C14H 34C14N 4 (399 .92).
B e re c h n e t :  С 4 2 ,0 4 ; H  8 ,5 0 ; N  14 ,00 ; C K  3 5 ,0 6 % .
G e fu n d e n :  С 4 2 ,21 ; H  8 .7 0 ; N  1 4 ,10 ; C K  3 5 ,0 6 % .
A u s g a n g s m a te r ia l  l - ( i-B u ty l) -4 -( /? -C h lo rä th y l) -p ip e ra z in :  siehe  e x p e r im e n te l le r  T e il.
b )  l - (n -B u ty l) -4 - /? - (p ip e ra z in y l- l  ) - ä th y lp ip e ra z in .
K p .2m m : 1 2 2 - 124 X .
T e t r a h y d r o c h lo r id :  S c h m p . 2 7 6 -  278 °C u n te r  Z e rs e tz u n g . (M it 2 0 fa ch e m  a b s . M e th a n o l 

a u s g e k o c h t .)
C14H 34C14N 4 (399 ,44).
B e re c h n e t :  С 4 2 ,0 4 ; H  8 ,5 0 ; N  14 ,00 ; C l"  3 5 ,2 5 % .
G e fu n d e n :  C 4 1 ,8 7 ; H  8 ,6 1 ; N  1 3 ,92 ; Cl 3 5 ,2 5 % .
c) l -C a rb ä th o x y -4 - /K (p ip e ra z in y l - l ) - ä th y lp ip e ra z in .
K p .„ ,4 mm: 1 7 0 - 1 7 3  “C.
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( F o r ts e tz u n g )

A nalyse

V erfah ren
B e m erk u n gB erech n e t G efu n d en

C

58,15

H  N CI— J C H N  j C I - J

6,99 10,04 19,07 58,45 7,12 10,06 18,84
D

A u sg a n g sv e rb in d u n g  
n a c h  [29]

58,36 6,65 10.07 19,14 58,49 6,73 10,19 19,32 D
A u s g a n g s v e rb in d u n g  

n a c h  [35]

58,15 6,99 10.04 19,07 58,06 7,12 9,79 18,91 D
A u sg a n g sv e rb in d u n g  

n a c h  [29]

58,82 7,17 9,79 18,60 58,68 7,25 9.69 18,48 D

48,28 5,89 7,50 34,02 47,92 6,11 7,39 33,84 E

58,82 7,17 9.79 18,60 58,67 7,26 9,71 18,50 Л  u n d  D
A u sg a n g sv e rb in d u n g  

n a c h  [29]

58,82 7,17 9,79 18,60 58,63 7,28 9,66 18,56 V

59,47 7,34 9,56 18,15 59,32 7,45 9 ,64 18,06 D
A u s g a n g s v e rb in d u n g  

n a c h  [36]

59,47 7,34 9,56 18,15 59,32 7,45 9 ,64 18,06 D

T r ih y d ro c h lo r id :  S c h m p . 2 5 8 — 260 °C, u n t e r  Z e rs e tz u n g . (M it 2 0 fa c h e m  a b s . M e th a n o l 
a u sg e k o c h t.)

C13H.,9CI3N 40 ,  (3 7 9 ,3 8 ). B e re c h n e t :  C 4 1 ,1 4 ; H  7 ,6 4 ; N  14 ,75 ; С Г  2 8 ,0 2 % . G e fu n d e n : 
C 4 1 ,7 8 ; H  7 ,63 ; N ~ 14 ,85 ; CI“ 2 7 ,9 0 % .

A u s g a n g s s to f f  l-C a rb ä th o x y -4 - ( /S -c h lo rä th y l) -p ip e ra z in  [12].

V e rfa h re n  A

I - 1)i:ithylcarbaiiiyl-4-(%o\yät hyl)-pi|M'i'a/in. I
(T a b . I , T  19)

14,4 g N -( / î-O x y â th y l) -p ip e ra z in  [5] u n d  20 m l T r iä th y la m in  w e rd e n  in  100 m l t r o c k e 
n e m  D ic h lo rä th a n  g e lö s t. U n te r  R ü h re n  u n d  K ü h le n  m it  E is w a sse r  w ird  im  L a u fe  v o n  a n d e r t 
h a lb  S tu n d e n  d ie  L ö su n g  v o n  16,25 g D iä th y lc a rb a m y lc h lo r id  [6] in  40 m l t ro c k e n e m  D ich lo r- 
ü th a n  p o r tio n sw e ise  z u g e g e b e n . A n s c h lie ß e n d  w ird  4 S tu n d e n  la n g  b e i Z im m e r te m p e ra tu r
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g e r ü h r t  u n d  ü b e r  N a c h t s te h e n  g e la s s e n . D a s  a b g e sc h ie d e n e  T r iä th y la m in -h y d ro c h lo r id  w ird  
a b f i l t r i e r t  u n d  d as F i l t r a t  m i t  20 m l  7 % ig e r  w ä ß rig e r  K H C 0 3-L ö su n g  u n d  30 m l W a s se r  a u s 
g e s c h ü t t e l t .  D ie D ic li lo rä th a n p h a s e  w ird  ü b e r  N a t r iu m s u l f a t  g e tro c k n e t ,  d a s  L ö s u n g s m itte l  
w ird  a b g e d a m p f t  u n d  d e r  R ü c k s t a n d  u n te r  V a k u u m  f r a k t io n ie r t .

K p j  mm: 160— 165 °C. A u s b e u te :  9 ,6  g.
M i t  P e rc h lo rs ä u re  t i t r i e r t ,  e rw ie s  s ic h  d as P r o d u k t  a ls  9 9 ,5 % ig .
3 g  d e r  ob igen  B a se  w e rd e n  in  10 m l h e iß e m  a b s . Ä th a n o l  g e lö s t u n d  m it  d e r  L ö su n g  

v o n  1 ,6  g  F u m a rs ä u re  in  17 m l h e iß e m  a b s . A lk o h o l v e rm is c h t .  N a c h  S te h e n  ü b e r  N a c h t  w ird  
d a s  a u sg e sc h ie d e n e  l - (D iä th y lc a rb a m y l-4 - ( /? -o x y ä th y l ) -p ip e ra z in fu m a ra t  (3 ,8  g) f i l t r i e r t .  A u s 
d e r  d r e if a c h e n  M enge M e th y lc e llo so lv /a b s . Ä th e r  (1 : 1) u m k r is ta l l i s i e r t  i s t  d e r  S c h m e lz p u n k t  
1 2 4 — 126  °C. A u sb e u te : 3,2 g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b .  I a n g e fü h r t .

V e rfa h re n  В
l - D iä th y lc a rb a m y l-4 - ( /3 - c h lo rä th y l) -p ip e ra z in ,  I I
(T a b .  I ,  T  296)

6 g l-D iä th y lc a rb a m y l-4 - ( /? -o x y ä th y l) -p ip e ra z in  (I)  (T a b . I ,  T  19) w e rd e n  m i t  40 m l 
t r o c k e n e m  C h lo ro fo rm  b e i S ie d e h i tz e  g e r ü h r t  u n d  im  L a u fe  v o n  a n d e r th a lb  S tu n d e n  w ird  d ie  
L ö s u n g  v o n  2,82 m l T h io n y lc li lo r id  in  10 m l t ro c k e n e m  C h lo ro fo rm  p o r tio n s w e is e  z u g e g e b e n . 
N a c h  3 s tü n d ig e m  S ieden  w ird  d a s  C h lo ro fo rm  g rö ß te n te i ls  (30  m l)  u n te r  V a k u u m  a b g e t r ie b e n  
u n d  d e r  R ü c k s ta n d  m it  20 m l a b s .  A c e to n  v e r s e tz t .  S c h m e lz p u n k t  d es a u sg e sc h ie d e n e n  
l-D iä th y lc a rb a m y l-4 - ( /3 -C h lo rä th y l) -p ip e ra z in -h y d ro c h lo r id s  (6 ,9  g). A u s b e u te :  3 ,05  g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b .  I  a n g e fü h r t .

Verfahren C
1 -D iä th y lc a rb a m y l-4 - ( /j -o x y p ro p y l) -p ip e ra z i ii -3 ,4 ,5 - t r in ie th o x y b e iiz o e s ä u re e s te r ,  V I
(T a b .  I ,  T  262)

4 ,8 6  g l -D iä th y lc a rb a m y l-4 -( /7 -o x y p ro p y l) -p ip e ra z in  (T a b .  I ,  I I I )  u n d  4 m l T r iä th y la m in  
w e rd e n  in  70 m l tro c k e n e m  D ic h lo r ä th a n  g e lö s t. U n te r  R ü h r e n  u n d  K ü h le n  m i t  E is w a sse r  
w e r d e n  im  L au fe  v o n  10 M in u te n  5 g  3 ,4 ,5 -T r im e th o x y b e n z y lc h lo r id  [7] in 20 m l tro c k e n e m  
D ic h lo r ä th a n  ge lös t, p o r t io n s w e is e  z u g e g e b e n  u n d  8 S tu n d e n  la n g  im  S ie d e n  g e h a lte n . 
D a s  G e m is c h  w ird  ü b e r  N a c h t  s t e h e n  g e la ssen , d a s  a u sg e sc h ie d e n e  T r iä th y la m in -h y d ro c h lo r id  
a b f i l t r i e r t ,  d a s  F i l t r a t  m it  25 m l 7 % ig e r  w ä ß r ig e r  N a H C 0 3-L ö su n g  u n d  m it  25 m l W a s se r  
a u s g e s c h ü t t e l t ,  d ie L ö su n g  ü b e r  N a t r iu m s u l f a t  g e tro c k n e t ,  d a s  D ic h lo rä th a n  a b g e d a m p f t  
u n d  d e r  R ü c k s ta n d  (7,1 g) in  100 m l  a b s . Ä th a n o l/a b s . Ä th e r  1 : 10 g e lö s t. D a ra u s  w ird  d a s  
H y d r o c h lo r id  d e r  V e rb in d u n g  V I m i t  a b s . a lk o h o lisc h e r  S a lz s ä u re  a b g e sc h ie d e n  (5 ,1  g ); au s 
56 m l  a b s . A c e to n  u m k r is ta l l i s i e r t  s c h m ilz t  d a s  P r o d u k t  b e i  1 6 6 — 167 °C u n te r  Z e rs e tz u n g . 
A u s b e u te :  2 ,8  g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b . I  a n g e fü h r t .

V e rfa h re n  D
l-D iä t l iy lc a rb a m y l-4 - /3 - [4 - (d iä th y lc a rb a m y l) -p ip e ra z m y l- l]  - ä t l iy lp ip e ra z in , IX
(T a b . I I ,  T  407)

12 ,4  g l-D iä th y lc a rb a m y l-4 - ( /? -c h lo rä th y l) -p ip e ra z in  (T a b .  I , I I ,  T  296), w e lch e s  a u s  
d e m  H y d ro c h lo r id  m it C h lo ro fo rm  u n d  d e r  w ä ß rig e n  L ö su n g  v o n  N a H C 0 3 f re ig e m a c h t  w u rd e , 
w ird  3 S tu n d e n  lan g  bei 130 °C m i t  22 ,12  g N -D iä th y lc a rb a in y lp ip e ra z in  [4] g e r ü h r t .  N a c h  
d e m  A b k ü h le n  w ird  das G e m isc h  m i t  60 m l 1 0 % ig e r w ä ß r ig e r  K 2C 0 3-L ö su n g  u n d  a n s c h lie ß e n d  
m i t  60  m l W a sse r  d u rc h  D e k a n t ie r e n  g e w a sc h e n  u n d  d e r  R ü c k s ta n d  in  80 m l C h lo ro fo rm  a u f 
g e n o m m e n .  D ie L ö su n g  w ird  ü b e r  N a t r iu m s u l f a t  g e tro c k n e t ,  d a s  C h lo ro fo rm  a b g e d a m p f t ,  
d e r  R ü c k s t a n d  (19,5 g) in 80 m l a b s . M e th a n o l g e lö s t u n d  d a s  D ih y d ro c h lo r id  d e r  V e rb in d u n g  
IX  (1 6 ,5  g ) u n te r  K ü h le n  m i t  E is w a s s e r  m i t  ab s. a lk o h o lis c h e r  S a lz sä u re  a b g e s c h ie d e n . N a c h  
A u s k o c h e n  m it  180 m l a b s . M e th a n o l  s c h m ilz t  d as P r o d u k t  b e i 2 7 7 — 280 °C u n te r  Z e rs e tz u n g . 
A u s b e u te :  9 ,8  g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b .  I I  a n g e fü h r t .
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V e rfa h re n  D,
l-Diäthylcarbainyl-4-/L(piperazinyl-l) äthylpiperazin, VIII
(T a b . I I ,  T  401)

16,2 g w asse rfre ie s  P ip e r a z in  w e rd e n  bei 105 °C g e r ü h r t  u n d  im  L a u fe  e in e r  S tu n d e  
w e rd e n  12,4 g l -D iä th y lc a rb a m y l-4 - ( /? - c h lo r ä th y l ) -p ip e ra z in  (T a b . I, II. T  246) p o r t io n s w e is e  
z u g e fü g t .  A n sc h lie ß e n d  w ird  d a s  G e m isc h  2 S tu n d e n  la n g  hei 130 °C g e r ü h r t ,  n a c h  d e m  A b k ü h 
le n  m it  30 m l 1 0 % ig e r  w ä ß r ig e r  K 2C 0 3-L ö su n g  v e rm is c h t  u n d  m i t  2 X 4 0  m l C h lo ro fo rm  a u s 
g e s c h ü t te l t .  N a c h  T ro c k n e n  ü b e r  N a t r iu m s u l f a t  w ird  d a s  C h lo ro fo rm  a b g e d a m p f t  u n d  d e r 
R ü c k s ta n d  u n t e r  V a k u u m  f r a k t io n i e r t .

К Po’2 mm: 180- 186 °C. A u s b e u te :  3 ,9  g.
M it  P e rc h lo rs ä u re  t i t r i e r t  e rw ie s  s ich  d a s  P r o d u k t  a ls 9 9 ,6 % ig .
3,9 g  d e r  o b ig en  B a se  w e rd e n  in  20 m l a b s . Ä th a n o l  g e lö s t u n d  d a s  T r ih y d r o c h lo r id  d e r 

V e rb in d u n g  VIII (3 g) w ird  m i t  a b s . a lk o h o l is c h e r  S a lz sä u re  a b g e s c h ie d e n . M it  50 m l abs. 
M e th a n o l  a u s g e k o c h t  sc h m ilz t  d a s  P r o d u k t  b e i 26 0 — 261 °C u n te r  Z e rs e tz u n g . D ie  A n a ly se n 
e rg e b n is s e  s in d  in T a b . I I  a n g e f ü h r t .

Verfahren E
l-(9 -X an th en y l)-4 -(n -butyl)-piperazin, XVI 
(T a b . I l l ,  T  459)

14,2 g N - ( n -B u ty l) -p ip e ra z in  [2 5 ], 19,8 g X a n th y d r o l  [9] u n d  6 g E s s ig s ä u re  w e rd en  
in  100 m l a b s . T o lu o l, u n te r  A n w e n d u n g  e in e s  w a s s e r a b tr e n n e n d e n  A u fs a tz e s  18 S tu n d e n  lang  
im  S ie d e n  g e h a l te n  u n d  d a s  a ls  a z e o tro p e  M isc h u n g  a b d e s ti l l ie re n d e  W a s se r  w ird  a b g e t r e n n t .  
N a c h  d e m  E in d a m p fe n  d e r  to lu o l is c h e n  L ö su n g  w ir d  d e r  R ü c k s ta n d  in  80 m l C h lo ro fo rm  a u f 
g e n o m m e n  u n d  m it  40 m l W a s s e r  a b g e s c h ü t te l t .  N a c h  d e m  T r o c k n e n  ü b e r  N a t r iu m s u l f a t  
w ird  d a s  C h lo ro fo rm  a b g e d a m p f t  u n d  d e r  R ü c k s ta n d  (32 ,1  g) in  100 m l w a rm e m  A c e to n  g e lö s t. 
D a s  b e im  S te h e n  ü b e r  N a c h t  a u s g e sc h ie d e n e  XVI (2 2 ,1  g) s c h m ilz t  n a c h  U m k r is ta l l is ie r e n  au s 
d e r  f ü n f fa c h e n  M enge a b s . A c e to n  bei 83 84 °C. A u s b e u te :  8 ,6  g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b .  I I  a n g e f ü h r t .

Verfahren F
l-(Xantbeii-9-carbonyl)-4-/)-(xantlien-9-carbonyloxy)-piopylpiperazin, XXXVIII
(T a b .  V , T  367)

1,44 g N - ( /L O x y p ro p y l) -p ip e ra z in  [22] u n d  3,7 m l T r iä th y la m in  w e rd e n  in  20  m l t ro c k e 
n e m  D ic h lo rä th a n  g e lö s t. U n te r  R ü h r e n  b e i Z im m e r te m p e r a tu r  w ird  d ie  L ö s u n g  v o n  5 ,79  g 
X a n th e n -9 -c a rb o n y lc h lo r id  in  30 m l t r o c k e n e m  D ic h lo rä th a n  im  L a u fe  e in e r  S tu n d e  p o r t io n s 
w eise  z u g e g e b e n . A n s c h lie ß e n d  w ird  6 S tu n d e n  la n g  iin  S ie d en  g e h a lte n , d a s  b e im  S te h e n  ü b e r  
N a c h t  a u sg e sc h ie d e n e  T r iä th y la m in - h y d r o c h lo r id  a b f i l t r i e r t  u n d  d a s  F i l t r a t  m it  30  m l 7 ° (,iger 
w ä ß r ig e r  N a H C 0 3-L ö su n g  u n d  m i t  40  m l W a s s e r  a u s g e s c h ü t te l t .  N a c h  d e m  T r o c k n e n  d e r  
L ö su n g  ü b e r  N a t r iu m s u l f a t  w ird  d a s  D ic h lo r ä th a n  a b g e d a m p f t  u n d  d e r  R ü c k s t a n d  (6 .6  g) 
in 20 m l a b s . Ä th a n o l  g e lö s t. D ie  b e im  S te h e n  ü b e r  N a c h t  a u sg e sc h ie d e n e  V e r b in d u n g  XXXVHI 
(4 g ) s c h m ilz t  a u s  50 m l a b s .  Ä th a n o l/a b s .  A c e to n  (1 : 1) u m k r is ta l l i s i e r t  —  b e i 1 5 5 — 157 °C. 
A u s b e u te :  2 ,5  g.

D ie A n a ly se n e rg e b n is s e  s in d  in  T a b . V  e n th a l te n .

Verfahren G
l-(Xanthen-9-carbonyl)-4-(/Lphlhuliiiii<loäthyl)-piperaziiimethojo«lid, X U
(T a b . V , 20 044)

2,5 g l - (X a n th e n -9 -c a rb o n y l) -4 - ( /? -p h th a lim id o ä th y l) -p ip e ra z in  (T a b . V , X L )  w e rd e n  in 
70 m l a b s . A c e to n  g e lö s t u n d  1 ,42  g M e th y ljo d id  z u g e g e b e n . A n sc h lie ß e n d  w ird  d r e i  S tu n d e n  
la n g  a m  W a s se rb a d  im  S ie d e n  g e h a l te n .  D a s  b e im  S te h e n  ü b e r  N a c h t  a u s g e s c h ie d e n e  XLI 
(2 ,3  g) s c h m ilz t  n a c h  d em  U m k r is ta l l is ie re n  a u s  d e r  3 0 fa ch e n  M enge a b s . A c e to n /a b s .  Ä th e r  
(1 : 2) bei 223 224 °C u n t e r  Z e rs e tz u n g .  A u s b e u te :  1,2 g.

D ie  A n a ly se n e rg e b n is se  s in d  in  T a b .  V a n g e fü h r t .

A c ta  CJiim. (B u d a p e s t )  70 , 1971



1 2 2 TO LD Y  u n d  M itarb.: P IPE R A Z IN D E R IV A T E , I I I

L IT E R A T U R

1. T o l d y , L ., T ó t h , I . ,  B o r s y ,  J . :  A c ta  C him . A c a d . S e i. H u n g . 4 9 , 265 (1966)
2 . T o l d y ,  L ., T ó t h , I . ,  B o r s y ,  J . :  A c ta  C him . A c a d . S e i. H u n g . 5 2 , 283 (1967)
3 . N o n a s , G., S t a t e , N . Y .:  J .  M e d . 50, 1257 (1 950)
4 . K u s h n e r , S. e t  a l. :  J .  O rg . C h e m . 13, 144 (1 948)
5. M c E l v a i n , S. M ., B a n i s t e r ,  L . W .: J .  A m . C h e m . S o c . 76 , 1129 (1954)
6 . L u m i e r e ,  P e r r i n : B u ll.  S o c . C h im . F r. 31, 689 (1 9 0 4 )
7. M a r s h , J .  T ., St e p h e n , H .:  J .  C hem . Soc. 1 9 2 5 , 1635
8. U S  P a t e n t  3 157 658 (1 9 6 4 )
9 . O rg .  S y n th . Coll. V o l. I .  p .  5 5 4 . 2 n d  ed. N ew  Y o r k — L o n d o n , 1941

1 0 . O e h l s c h l a e g e r , H . F . ,  M c G r e g o r , J .  R .: J .  A m . C h e m . S oc. 72 , 5332 (1950)
11. W a l k e r , B. H .: J .  O rg . C h e m . 25 , 1047 (1960)
12 . M o r r e n , H . e t  a h :  I n d .  C h im . B e lg . 19, 1176 (1 9 5 4 )
13 . B r i t is c h e s  P a te n t  780 193 (1 9 5 7 )
14 . F o d o r , G., N á d o r , K .,  T o r g o v ,  I . V .: R e ce n t D e v e lo p m e n ts  in  th e  C h e m is try  o f  N a tu r a l

C a rb o n  C o m p o u n d s. V o l. 1 , p p .  176— 232, A k a d é m ia i  K ia d ó ,  B u d a p e s t  1965
15 . B u r g e r , A.: M e d ic in a l C h e m is t ry .  2 n d  ed. I n te r s c ie n c e  P u b l is h e r s  In c . p p . 463 — 492.

N e w  Y o rk  — L o n d o n , 1960
16. N e g w e r , M .: O rg a n is c h e -c h e m is c h e  A rz n e im itte l u n d  ih re  S y n o n y m a . A k a d e m ie -V e rla g ,

B e r lin . 1966
17. U S  P a t e n t  2 742 472 (1 9 5 6 )
18 . B e lg isc h e s  P a te n t  636 4 3 0  (1 9 6 4 )
19 . U S  P a t e n t  3 200 120 (1 9 6 5 )
20 . U S  P a t e n t  3 284 449 (1 9 6 6 )
2 1 . U S  P a t e n t  2 650 130 (1 9 5 3 )
22. K it c h e n , L. J . ,  P o l l a r d , C . B .: J .  Org. C hem . 8, 338 (1943)
2 3 . H i d e g , K ., H a n k o v s z k y ,  O .:  A c ta  Chim . A c a d . S e i. H u n g .  39 , 391 (1964)
2 4 . S t e c k , E . A .: J .  O rg . C h e m . 2 7 , 308 (1962); a u s t r a l i s c h e s  P a t e n t  229 238 (1960)
2 5 . H a m l i n , K . E . e t  a h :  J .  A m . C hem . Soc. 71 , 2731 (1 9 4 9 )
2 6 . B o i s s i e r , J .  R . e t a h :  J .  M e d . C hem . 6, 541 (1 9 6 3 )
27 . S t e w a r t ,  H . W . e t  a h :  J .  O rg .  C hem . 13, 134 (1 9 4 8 )
2 8 . G o l d m a n , L ., W i l l i a m s ,  J .  Н . :  J .  Org. C hem . 1 8 , 815  (1953)
2 9 . B r i t is c h e s  P a te n t  834 3 0 0  (1 9 6 0 )
3 0 . U S  P a t e n t  2 965 609 (1 9 6 0 )
3 1 .  L a v a g n i n o , E . R . e t  a h :  J .  A m . C hem . Soc. 8 2 , 2 6 0 9  (1 960)
3 2 . B o i v i n , J .  L.: C an. J .  C h e m . 3 6 , 1405 (1958)
3 3 . M i n g o i a . Q .: A nn . c h im . p h a r m .  4, 11 (1940): B u l l .  S e i. p h a r m .  4 8 , 202 (1941)
3 4 .  M o o r e , T. S. e t  a h : J .  C h e m . Soc. 1929, 39
3 5 . B e lg isc h e s  P a te n t  563 6 1 0  (1 9 5 8 )
3 6 . B r i t is c h e s  P a te n t  840 358  (1 9 6 0 )

L a jo s  T oldy 
I s tv á n  Tóth 
J ó z s e f  B orsy 
F e re n c  Andrási

B u d a p e s t  IV ., S zab ad ság h arco so k  ú t ja  47—49.

u4cta Chim. (Budapest) 70, 1971



PREPARATION OF 2,4,6-TRI-ARYLPYRYLIUM 
FLUOROBORATES FROM AROMATIC ALDEHYDES 

AND ACETOPHENONE DERIVATIVES, II*
P R E P A R A T IO N  O F  P Y R Y L I U M  F L U O R O B O R A T E S  

W IT H  1W R O N  T R I F L U O R I D E  C A T A L Y ST

Z .  Csűrös, G y . D eá k** and P. Sallay

(D e p a r tm e n t o f  O rganic C hem ical T ech n o lo g y . Technica l U n iv e rs ity , B u d a p e s t)  

R e c e iv e d  M a y  8, 1970

Л  n u m b e r  o f  t r ia ry ip y ry l iu n i  f lu o r o b o r a te  sa lts  w ere s y n th e s iz e d  f ro m  b e n za l-  
d e h y d e  a n d  a c e to p h e n o n e , a n d  th e i r  d e r iv a t iv e s  s u b s ti tu te d  in  th e  a ro m a t ic  n u c le u s , 
in  a c e tic  a c id  so lu tio n  in  th e  p re se n c e  o f  b o ro n  t r if lu o r id e  c a ta ly s t .  T h e  m a x im u m  y ie ld  
w a s  o b ta in e d  w ith  a ra tio  o f  th e  r e a c ta n t s  a ld e h y d e  : k e to n e  : b o ro n  t r i f lu o r id e  1 : 2 : 4; 
th e  y ie ld  a lso  d e p e n d e d  on  th e  s u b s t i t u e n t s .  I t  w a s  fo u n d  t h a t  th e  M ic h a e l a d d it io n  
o f  a c e to p h e n o n e  to  b e n z y ly d e n e a c e to p h e n o n e  is r a te -d e te rm in in g  in  th e  th re e - s te p  
r e a c tio n .

T he f i r s t  syn th esis  of p y ry liu m  sa lts  from  arom atic  a ld eh y d es  an d  ace- 
to p h en o n e  d e riv a tiv e s  was acco m p lish ed  b y  D ilthey [1], w ho re a c te d  tw o 
m oles o f a ry l m e th y l ketone w ith  one  m ole of a rom atic  a ld eh y d e  in acetic 
an h y d rid e  m ed iu m  in th e  presence o f  i r o n ( I I I )  chloride. L a te r  on , iro n  tr ich lo 
rid e  w as re p la c e d  b y  sulfuric acid [2], p h o sp h o ry l chloride [3], w hile  recen tlv  
p e rch lo ric  ac id  h as  been app lied  in  to lu e n e  m edium  [4].

T ria ry ip y ry liu n i f lu o ro b o ra tes  h a v e  been  p repared  e ith e r  from  th e  co r
resp o n d in g  ch lo ro fe rra te  w ith  f lu o ro b o ric  acid  [5] or by  an a logous reactions 
w ith  b o ro n  tr if lu o rid e  e th e ra te  c a ta ly s t  [6].

A ll th e se  m e th o d s of p re p a ra tio n  a re  com m on in th a t  th e  re a c tio n s  are 
acco m p lish ed  u n d e r vigorous co n d itio n s  (in tense  reflu x in g  fo r sev e ra l hours).

E x a m in a tio n  o f the  reac tio n s b e tw e e n  benzaldehyde an d  ace to p h en o n e  
in  abs. ace tic  ac id  m edium  lv ith  b o ro n  tr if lu o rid e  c a ta ly s t [7] re n d e re d  pos
sible th e  e la b o ra tio n  of a new m e th o d  fo r th e  syn thesis o f p y ry liu m  sa lts  in 
good y ie ld s u n d e r  m ilder cond itio n s, a t  room  tem p era tu re . As i t  w as po in ted  
o u t, th e  p y ry liu m  sa lt is form ed u n d e r  such  conditions, p ro v id e d  t h a t  ace to 
phen o n e  is p re se n t in  excess. Since all th e  re le v a n t p u b lica tio n s [1 — 6] rep o rt 
a m o lar ra tio  o f acetophenone b e n z a ld e h y d e  2 :1 , we h av e  chosen  th e  sam e 
ra tio  o f  th e  re a c ta n ts .

T h e  y ie ld s  o f py ry lium  sa lts  fo rm ed  in  these  reactions also d ep en d  upon

Ada Chimica Academiae Scientiarum Hungaricae, Tornus 70 (1 —2), pp. 123 127 (1971)

* P a r t  I :  Z. Csűrös, Gy. DeAk a n d  P .  Sallay: P e rio d ic a  P o ly te c h n ic a .  ( I n  p re ss .)
** P r e s e n t  a d d re s s :  R e se are li I n s t i t u t e  fo r  E x p e r im e n ta l  M ed ic in e . H u n g a r ia n  A c a d 

e m y  o f  S c ie n c e s , B u d a p e s t .
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th e  a m o u n t  o f boron tr if lu o r id e  ad d ed . I t  w as fo u n d  th a t  m ax im um  y ie ld  is  
a t ta in e d  w h en  four m oles of b o ro n  trif lu o rid e  a re  ap p lied  to  each mole o f ben - 
z a ld e h y d e . W ith  less boron  tr if lu o r id e  th e  y ie ld  is re d u ced  considerab ly , w hile  
g re a te r  excesses do no t in f lu e n c e  th e  yield (c f . F ig . 1).

A c co rd in g ly , our in v e s tig a tio n s  revealed  t h a t  th e  op tim u m  ra tio  o f th e  
r e a c ta n ts  fo r  th e  p re p a ra tio n  o f  tr ia ry lp y ry liu m  f lu o ro b o ra te s  is ben za ld eh y d e  : 
a c e to p h e n o n e  : boron tr if lu o r id e  1 : 2 : 4  an d  u n d e r  su ch  conditions a y ie ld  
o f 6 8 %  c a n  be reached a t  ro o m  te m p e ra tu re .

moles of BF3/moles of benzaldehyde

F ig . 1. D e p e n d e n c e  o f  th e  y ie ld  o f  p y r y l iu m  sa lt, b a s e d  o n  b e n z a ld e h y d e ,  on  th e  a m o u n t  o f
b o ro n  t r if lu o r id e  a p p lie d

T h e  re a c tio n  was also c a rr ie d  o u t w ith  a n u m b e r  o f su b s titu te d  a ro m a tic  
a ld e h y d e s  a n d  acetophenones a n d  seven new  s u b s t i tu te d  tr ia ry lp y ry liu m  sa lts  
w ere  p r e p a r e d  (cf. T able I). T h e  o b ta in ed  p y ry liu m  sa lts  co n ta in ed  th e  b e n z a l
d e h y d e  su b s ti tu e n ts  in  th e  4 -p h e n y l ring  of th e  p ro d u c t, while th e  a c e to p h e 
n o n e  s u b s t i tu e n ts  were fo u n d  in  th e  2- and 6 -p h e n y l rings.

T h e  reac tio n  of p -ch lo ro -, p -m e th y l-  an d  p -m e th o x y b en za ld eh y d es  w ith  
a c e to p h e n o n e  gave th e  e x p e c te d  p y ry liu m  sa lts , w hile  th e  analogous re a c tio n  
o f o- a n d  p -n itro b e n z a ld eh y d e s  led  to  th e  fo rm a tio n  o f th e  co rrespond ing  
c h a lc o n e s  on ly . S u b s titu te d  ace to p h en o n es re su lte d  in  th e  expected  p y ry liu m  
sa lt in  e a c h  case.

T h e  y ie ld s of p y ry liu m  sa lts  o b ta in ed  from  p -s u b s t i tu te d  ace tophenone  
an d  b e n z a ld e h y d e  d e riv a tiv es  a re  sum m arized  in  T ab le  I I .

I t  is  seen th a t  am ong  s u b s ti tu te d  b e n z a ld e h y d es  th e  h ighest y ie ld  is 
o b ta in e d  w ith  p -m e th o x y b e n z a ld eh y d e , th e  p -m e th y l-  an d  p -ch lo robenzal- 
d e h y d e s  r e a c t  to  a sm aller e x te n t ,  w hile p -n itro b e n z a ld eh y d e  is no t tra n sfo rm e d  
to  a p y ry l iu m  sa lt a t all.

T h e  sam e su b s titu e n ts  h a v e  ju s t  th e  o p p o site  e ffec t w hen  p resen t in  th e  
a c e to p h e n o n e  re a c ta n t; th e  m a x im u m  yield  is o b ta in e d  w ith  th e  n itro ace to -  
p h e n o n e  d e riv a tiv e  and  in  p a ra lle l  w ith  th e  in c rea s in g  e lec tron  donor c h a ra c te r  
of th e  s u b s t i tu e n t  th e  y ie ld  decreases .

T h e  fu r th e r  ex p erim en ts  a im ed  a t th e  d e te rm in a tio n  of th e  slow est one

Acta Chim. (Budapest) 70, 1971
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T he new  p y r y l iu m  f lu o r  ob orate s p rep a red  by  the boron tr iflu o rid e  m ethod

X Y M.p. Found/Calcd.
(°C) C % H  % N or Cl %

P -Cl i l 266—8 64.42 3.69 7.90
64.10 3.72 8.07

m -Cl H 216—7 63.81 3.78 8.50
64.10 3.72 8.07

o-Cl H 225 6 63.97 3.39 7.59
64.10 3.72 8.07

р -с и 3 H 280 2 70.16 4.47
70.20 4.63

il P -C H 3 268 9 70.74 4.48
70.70 4.95

il m -C H 3 214 6 69.95 4.54
70.70 4.95

il Ht-NOj 302—4 57.38 3.14 5.50
56.60 3.09 5.83

Table II
D ependence  o f  the y ie ld  o f  p y r y l iu m  sa lt u p o n  the substituen ts  

o f  the s ta rting  co m p o u n d s

Substituent 
of benzaldéhyde

Substituent 
of acetophenone

% yifW
of pyrylium sait

/>-NO, H 0

P -c i H 54—56
P -C H 3 II 58—62
P-OCH3 H 62—66
H P-OCH3 31
H P-CHa 50
II p -CI 60
H p - NO, 68—78

Acta  Chirn. ( B u d a p e s t)  70 , 1971
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of th e  th r e e  consecu tive re a c tio n  s tep s : (1) C laisen—Schm id t co n d e n sa tio n , 
(2) M ic h a e l ad d itio n , an d  (3) r in g  closure, in  th e  p resence  of a fo u rfo ld  m o la r  
a m o u n t o f  b o ro n  trif lu o rid e  c a ta ly s t .

W e h a v e  m easured  th e  r a te  o f fo rm a tio n  o f  th e  p y ry liu m  s a lt  fro m  
b e n z a ld e h y d e  an d  ace to p h en o n e , chalcone a n d  ace to p h en o n e  an d  f in a lly  
ch a lco n e  a n d  b en zy ly d en e-b isace to p h en o n e , re sp ec tiv e ly .

C u rv e  a in  F ig . 2 co rresp o n d s to  th e  re a c tio n  o f ace tophenone w ith  b e n z a l
d e h y d e , w h ile  cu rve  b to  th e  re a c tio n  s ta r t in g  o f  chalcone w ith  a c e to p h en o n e .

F ig .  2. R a t e  o f  fo rm a tio n  o f  th e  p y r y l iu m  s a l t  w i th  d i f f e r e n t  s ta r t in g  m a te r ia ls ;  ф  : a c e to 
p h e n o n e  a n d  b e n z a ld e h y d e ; О  : b e n z y ly d e n e a c e to p h e n o n e  a n d  a c e to p h e n o n e
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T a k in g  in to  acco u n t th a t  p re p a ra tiv e  y ie ld s are  encoun tered , th e  tim e-co u rse  
o f th e  tw o  reac tio n s can he consid ered  as id en tica l. H ence i t  is n o t  th e  f irs t 
one o f  th e  above th ree  reac tio n  s tep s  w hich  is ra te -d e te rm in in g . S ince, m oreover, 
th e  r a te  o f  ring  closure of b en zy ly d en e-b isace to p h en o n e  is v e ry  fa s t  co m p ared  
to  th e  o th e r  tw o steps (73%  M ithin  5 m in u te s), i t  can be co n c lu d ed  th a t  th e  
M ichael ad d itio n  is ra te -c o n tro llin g  in th e  above series of co n secu tiv e  reac tio n s .

Experim ental

A m ix tu r e  o f  10 m m o le s  o f  b e n z a ld e h y d e  o r  s u b s t i tu te d  b e n z a ld e h y d e ,  20  m m o le s  o f  
a c e to p h e n o n e  o r s u b s t i tu te d  a c e to p h e n o n e  a n d  40 m m o le s  o f  b o ro n  t r i f lu o r id e  a c e tic  a c id  
c o m p le x  in  10 m l a b s . a c e tic  a c id  w a s  k e p t  fo r  90 h o u rs  a t  ro o m  t e m p e ra tu r e  a n d  t h e n  a d d e d  
to  a  m ix tu r e  o f  50 m l w a te r  a n d  20 m l b e n z e n e . T h e  p y ry l iu m  s a l t  p r e c ip i t a te d  a t  t h e  in te r f a c e  
o f  t h e  tw o  p h a se s . I t  w as f i l te re d ,  w a sh e d  w i th  b e n z e n e  a n d  th e n  w ith  w a te r  u n t i l  n e u t r a l  a n d  
d r ie d  a t  100 °C. T h e  c ru d e  p r o d u c ts  w e re  c ry s ta l l iz e d  f ro m  e th a n o l.  F u r t h e r  d a t a  a re  sh o w n  
in  T  b 'e  I I .
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H Y D R O L Y S I S  O F  A C E T Y L C H O L I N E  S T U D I E D  
BY A Q U A N TU M  C H E M IC A L  M E T H O D ,  I I

E X P E R I M E N T A L  V E R IF IC A T IO N  O F  T H E  M E C H A N IS M  O F  H Y D R O L Y S IS  

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

M. F a rk a s ,* J .  T amás and G y . D e á k *

( * In s t i tu te  o f  E x p e r im e n ta l M e d ic in e  a n d  C entre  f o r  C h e m ica l-S tru c tu ra l S tu d ie s , 
H u n g a r ia n  A ca d e m y  o f  S c ie n ce s , B u d a p e s t)

R e ce iv e d  M a y  3 0 , 1970

I t  is well know n from  th e  in v e s tig a tio n  o f N achmanson [1] t h a t  a c e ty l
cho line  ac tin g  as a m ed ia to r  has an  im p o r ta n t  ro le in th e  process o f  tra n s fe r  
o f  s tim u li in th e  v eg e ta tiv e  n ervous sy s tem . In  th e  course o f m e d ia tio n , 
a ce ty lch o lin e  undergoes ra p id  en zy m atic  h y d ro ly s is  on th e  effect o f  c h o lin e s te 
rase . I n  vitro ex p erim en ts  show ed p e rfec t accom plishm en t of th e  h y d ro ly sis  
w ith in  a 10 ~3 sec period .

In  ou r p rev ious p a p e r  [2] q u a n tu m  chem ica l calcu lations w ere p u b lish ed . 
T h  eir pu rpose  w as to  fin d  a physica l p rocess m an ifesting  itse lf  ch em ica lly  in 
h y d ro ly s is , in th e  case of ace ty lcholine.

T h e  H offm ann  (ex ten d ed  Hiiclcel) m e th o d  w as applied in  our ca lcu la tio n s  
a n d  our re su lts  can  be sum m arized  as fo llow s:

(1) A ccord ing  to  th e  ca lcu la tions, ace ty lch o lin e  ex isting  in  i ts  g round  
s ta te  does no t undergo  h y d ro lysis  even in  th e  p resence of ch o lin este rase .

(2) H y d ro ly tic  decom position  o f th e  ace ty lch o lin e -ch o lin e s te ra se  com 
p lex  ta k e s  p lace only  w ith  th e  u p ta k e  o f  th e  f ir s t  ex c ita tio n  energy .

(3) O n th e  basis o f these  fac ts  th e  u n u su a lly  high speed o f h y d ro ly sis  
o f  ace ty lch o lin e  can be exp la ined . T he f i r s t  s tep  is th e  u p ta k e  o f  th e  f irs t  
e lec tro n  ex c ita tio n  energy ; a fte r  th is  th e  second step , acco m p an ied  b y  th e  
lib e ra tio n  of energy , ta k e s  p lace sp o n tan eo u sly .

(4) O ur ca lcu la tio n s in d ica ted  a lk y l -O- sp littin g  in th e  co u rse  o f h y 
d ro lysis.

D avis an d  R o ss  [3] s tu d ied  th e  h y d ro ly s is  o f e th y l a ce ta te , /3-d im ethyl- 
a m in o e th y l a c e ta te  an d  acety lcho line  a t  50 °C in  80%  aqueous ac e to n e  co n 
ta in in g  acid  and  alkali, respective ly . In  th e ir  op in ion , th e  s ig n if ican t increase  
in th e  r a te  of th e  hyd ro lysis  of ace ty lch o lin e  u n d e r alkaline c o n d itio n s  is due 
to  th e  presence o f a positive  charge  on th e  ^-n itro g en  a to m  a n d  th e  fo r
m a tio n  o f an a c tiv a te d  com plex (I) h av in g  s te rica lly  favoured  s tru c tu re .
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Za slo w sk y  an d  F is h e r  [4] s tu d ied  th e  h y d ro ly s is  of /1 -d im ethylam ino- 
e th y l  a c e ta te  in  th e  p H  ra n g e  betw een  5.5 an d  8 .4 ; th e  increased  ra te  a t  ac id  
p H  v a lu e s  w as ex p la in ed  s im ila rly  as above.

T h e  resu lts  of Ch i o u  et al. [5] o b ta in ed  w ith  com pounds w h ich  m a y  be  
re g a rd e d  as analogues o f ace ty lcho line  b u t  possess con fo rm atio n a lly  r ig id  
s t ru c tu re s ,  seem  to  be c o n tra d ic to ry  to  th e  fo rm e r assum ption . In  a s tu d y  o f  
cis a n d  trans  isom ers o f 2-ace to x y cy c lo p ro p y l t r im e th y l  am m onium  io d id e , 
th e  r a te  o f en zy m atic  h y d ro ly s is  of th e  trans  iso m er incapab le  to  fo rm  th e  
a c t iv a te d  com plex I , w as fo u n d  to  he o f th e  sam e  o rder of m a g n itu d e  as 
t h a t  o f  ace ty lcho line .

H y d ro ly s is  o f ace ty lch o lin e  in  w a te r lab e lled  w ith  oxygen iso tope  seem ed  
to  b e  a su ita b le  m e th o d  fo r  th e  ex p erim en ta l v e r if ic a tio n  of th e  m ech an ism  
o f  th is  re a c tio n . In  ea rlie r s tu d ie s , St e i n  an d  K o s h l a n d  [6] ca rried  o u t  th e  
h y d ro ly s is  o f ace ty lch o lin e  in  w a te r  co n ta in in g  la b e lle d  oxygen an d  th e  c a rb o n  
d io x id e  o b ta in e d  in  th e  p y ro ly s is  o f th e  silver s a lt  o f  acetic  acid w as ex am in ed  
b y  m a ss  sp e c tro m e try . O n th e  basis o f  th e ir  re su lts  th e y  concluded  t h a t  
u n d e r  th e  ac tion  o f th e  p o s itiv e  charge p re se n t in  choline th e  in te rm e d ia te  
a d d u c t  fo rm ed  in  th e  f i r s t  s te p  of hyd ro lysis  w ill h av e  an increased  ra t io  o f  
th e  r a te s  o f sp littin g  o f th e  C— O R  and  C— O H  b o n d s , and  essen tia lly  each  
a d d u c t  w ill decom pose to  a c e tic  acid an d  cho line . O ur in te n tio n  w as to  u se  
a d if fe re n t m eth o d  u tiliz in g  m ass sp ec tro m e try  fo r th e  d e te rm in a tio n  o f ch o line  
in  th e  course  of th e  h y d ro ly s is , considering  t h a t  in  th e  case of a lk y l — О —  
s p l i t t in g  th e  labelled  o x y g en  m u st be c o n ta in e d  in  th e  choline.

H y d ro ly s is  w as c a rr ie d  o u t accord ing  to  th e  follow ing p ro ced u re . 0.005 
m o le  o f  ace ty lcho line  w as d isso lved  in  2 m l of w a te r  con ta in in g  4 %  o f H 2180 ,  
a n d  0.01 m ole of sod ium  h y d ro x id e  was added  to  th is  so lu tion . I t  w as th e n  
b o ile d  fo r  15 m inu tes in  a f la s k  equ ipped  w ith  a re f lu x  condenser. A fte r  coo ling , 
th e  so lu tio n  w as ac id ified  b y  th e  ad d itio n  o f 10%  aq u eo u s HC1 and  e v a p o ra te d  
to  d ry n e s s  in  v acu u m . T h e  resid u e  was d ried  o v e r phosphorus p e n to x id e  in  
a v a c u u m  d esiccato r for tw o  days, th en  the  m ass sp ec tru m  of th e  su b s ta n c e  
w as reco rd ed . F o r co m p ariso n , 0.005 m ole o f ch o lin e  w as boiled  in  2 m l o f  
w a te r  c o n ta in in g  4 %  o f H 2lsO for 1 h r . a n d  th e  choline w as iso la te d  as 
d e sc r ib e d  above an d  s tu d ie d  b y  m ass sp e c tro m e try .
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F ig . 1 show s th e  m ass sp e c tru m  o f choline ch loride o b ta in ed  w ith  20 eV 
io n iza tio n  energy . As i t  can  he seen, th e  m ass sp ec tru m  o f cho line  ch lo rid e  
co rresp o n d s to  t h a t  o f a m ix tu re  o f d im e th y lam in o e th an o l, m e th y l ch lo rid e  
an d  a sm all a m o u n t o f hyd ro g en  ch lo ride , i.e. in  th e  course o f re c o rd in g  th e  
sp e c tru m , choline ch lo ride  w as co n v e rted  on h e a tin g  to  these  n e u tra l  m olecu les 
befo re  e v a p o ra tio n . T hus th e  th e rm a l decom position  of cho line  ch lo rid e  
invo lves p rim a rily  d é m é th y la tio n  an d  som e H offm ann  d eg rad a tio n . S ev era l 
q u a te rn a ry  a lk y l am m onium  h alides show  sim ila r frag m en ta tio n  p rocesses 
in  th e  course o f reco rd in g  th e  m ass sp e c tra  (e.g., [7]).

F ig .  I

T he m ain  p rocess of d ecom position  o f  d im e th y lam in o e th an o l on e lec tro n  
b o m b a rd m e n t is th e  sp littin g  o f th e  b o n d  o f th e  CH2— C H 2-gro u p  h a v in g  
ß  p o s itio n  w ith  re sp ec t to  th e  N an d  О a to m s, re su ltin g  in  th e  fo rm a tio n  of 
fra g m e n ts  w ith  m ass n u m b ers  58 an d  31 (F ig . 1).

R e la tiv e ly  low  io n iza tio n  energies are  fav o u rab le  for th e  a p p e a ra n c e  o f  
th e  d im e th y la m in o e th a n o l m o lecu lar ion.

T he 180  c o n te n t o f th e  choline ch lo ride  sam ples can be d e te rm in e d  b y  th e  
m ass sp e c tro m e tric  in v es tig a tio n  o f th e  sa lt :  th e  I80 co n ten t can  be c a lc u la te d  
from  th e  m easu red  in ten sitie s  of th e  iso to p e  peak s of any  o f th e  ion  species 
c o n ta in in g  oxygen  and  p ro duc ing  re la tiv e ly  in te n se  peaks in th e  m ass sp e c tru m . 
F o r  th is  p u rpose , d e te rm in a tio n  o f th e  I9]/ I 89, I47/ I45 or th e  I33/ I31 in te n s i ty  
ra tio  is eq u a lly  su itab le .

In  th e  case o f choline ch lo ride o f n a tu ra l  iso tope  com position  th e se  ra tio s

9* Acta Chim. ( Budapest) 70, 1971



132 FA R K A S e t al.: HYDROLYSIS O F A C ETY LC H O LIN E, II

w ere b e tw een  0.002 a n d  0.005, giv ing a good ap p ro x im a tio n  o f th e  n a tu ra l  
ra tio  o f 180 / 160  =  0.002.

T h e  sam e v a lu es  w ere o b ta in ed  w ith  cho line  ch loride sam ples p re p a re d  
b y  re f lu x in g  choline ch lo ride  of n a tu ra l iso to p e  c o n te n t  in  w a te r co n ta in in g  4 %  
of H 2lsO in  th e  p resen ce  o f 0.01 m ole o f so d iu m  h y d ro x id e  for 1 h r ., fo llow ed 
b y  e v a p o ra tio n  of th e  so lu tio n  to  d ryness.

In  th e  case o f  choline chloride sam p les  o b ta in e d  b y  th e  h y d ro ly sis  of 
ace ty lch o lin e  in  w a te r  co n ta in in g  4 %  of H 2180 ,  th e se  ra tio s  ran g ed  b e tw een  
0.042 a n d  0.045, co rresp o n d in g  to  th e  180  c o n te n t  o f th e  labelled  w a te r.

T h e  m e a su re m e n ts  w ere carried  o u t b y  m ean s  o f a M H-1303 m ass sp e c tro 
m e te r ; th e  sam ples w ere in tro d u ced  in to  th e  in s tru m e n t th ro u g h  a d ire c t 
feed ing  sy s tem , a t  2 0 0 — 220 °C.

S u m m in g  u p  th e  above fac ts, we can  s ta te  t h a t  th e  base -ca ta ly zed  h y d ro 
lysis o f  ace ty lch o lin e  in  w a te r  co n ta in in g  H 2180  re su lts  in  th e  fo rm a tio n  of 
choline c o n ta in in g  180 ,  verify ing  th e  В д  m e c h a n ism  of th e  reac tio n , in  ag ree 
m e n t w ith  ou r p rev io u s  ca lcu la tions [2].
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THE CHEMISTRY OF 1,3-BIFUNCTIONAL 
SYSTEMS, X II*

K IN E T IC  S T U D Y  O F  T H E  T R A N S F O R M A T IO N  O F  2 -M O N O S U B S T IT U T E D  
D E R IV A T IV E S  O F  T R 1 M E T H Y L E N E C H  L O R O  H Y D R I N  IN  A L K A L I N E  M E D IA

M. B a r t ó k , К. L á n g - L a k o s  ami G. B o z ó k i - B a r t ó k  

(D e p a rtm e n t o f  O rganic  C hem istry , A .  J ó z s e f  U n iv e rs ity , S zeged)

R e ce iv e d  S e p te m b e r  11, 1969. In  r e v is e d  fo rm  J u l y  15, 1970

T h e  k in e tic s  o f  a lk a l in e  h y d ro ly s is  o f  t r im e th y le n e c h lo ro h y d r in  ( I )  a n d  o f  som e 
2 -m o n o s u b s t i tu te d  h o m o lo g u e s  o f  th e  l a t t e r  [2 -m e th y l  ( I I ) ,  2 - iso p ro p y l ( I I I ) ,  2 -b u ty l  
(IV ), 2 -p h e n y l (V ), 2 -c y c lo h e x y l (V I) t r im e th y le n e c h lo ro h y d r in ]  w e re  s tu d ie d .  U n d e r  
th e  a p p lie d  e x p e r im e n ta l  c o n d it io n s  m a in ly  th e  c o r re sp o n d in g  o x a c y c lo b u ta n e  h o m o 
lo g u es  w ere  fo rm e d . I n  t h e  c ase  o f  c o m p o u n d  (V) th e  m a in  c o n v e rs io n  d i r e c t io n  is, due  
to  th e  1 ,2 -e lim in a tio n  p ro c e ss , th e  fo rm a tio n  o f  2 -p h e n y la lly l  a lc o h o l. F r o m  th e  e x p e r i
m e n ta l  d a ta  th e  r a te  c o n s ta n t s ,  a c t iv a t io n  e n e rg ie s  a n d  e n tro p ie s  a n d  th e  p re -e x p o n e n 
t ia l  fa c to rs  w ere  d e te rm in e d .  T h e  e x p e r im e n ta l  r e s u l ts  c o n f irm e d  th e  v a l id i ty  o f  th e  
re a c tio n  m e c h a n ism  s u g g e s te d  e a r l ie r  fo r th is  ty p e  o f  c o m p o u n d s  to o .

In  P a r t  Y II  [1] we h a v e  analyzed  th e  m ain  ch a ra c te ris tic s  o f  th e  tr a n s 
fo rm a tio n  of 1 ,3 -ch lo rohydrin s in  a lkaline m ed ia  and  have  p o in te d  o u t the  
im p o rta n c e  of such a s tu d y . O ur w ork  w as b ased  on th e  e x p e rim e n ta l fact 
t h a t  1 ,3 -ch lo rohydrins c o n ta in in g  chlorine a to m s in  th e  p r im a ry  position  
are  co n v erted  in to  cyclic  e th e rs  in  th e  presence o f a lkali. T he k in e tic  s tu d y  of 
th e se  processes opens a p o ss ib ility  to  o b ta in  in fo rm a tio n  ab o u t th e  m echan ism  
o f cycliza tion . In  o u r p rev io u s  w ork [1] we suggested  a re a c tio n  m echan ism  
fo r 2 ,2 -d ie th y l-3 -ch lo ro p ro p an o l as m odel su b s ta n c e  an d  wish п о л а  to  confirm  
th e  general v a lid ity  o f th is  m echan ism  for 1 ,3 -ch lo rohydrins. A t th e  sam e tim e  
Ave in te n d  to  in v e s tig a te  th e  effect o f su b s ti tu e n ts  in  vario u s p o sitio n s  on the  
k in e tic  p aram eters .

In  th is  tvork tve re p o r t  a k inetic  s tu d y  o f th e  tra n s fo rm a tio n  o f th e  fol
low ing  m odel su b stan ces in  a lkaline  m edia:и

CH; -----C H -— св CH; ----- CH - — CH; CH;

Cl о и Cl CH, OH Cl

H.,1
I 11

CH; — c h  — cH- CH.:-----CH - — CH CH;

Cl Ct H , OH Cl C„H, OU Cl

IV V

(11 OH
/  \

CH.
I I I

C H  — C H 

O U

II

\  I

P a r t  X I :  A c ta  P h y s ,  e t  C hern . S zeged . 11 , 39 (1970)
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I n  earlier p re p a ra tiv e  w o rk , we w ere ab le  to  con firm  th a t  th e  above 
c o m p o u n d s  and  th e ir  a c e ta te s  are converted  m a in ly  in to  o x e tan es in  con
c e n t r a te d  alkaline m ed ia  [2, 3 ]. A ccording to  o u r  m ore  recen t ex p erim en ts  
in  a  0.2  M  aqueous b a r iu m  h y d ro x id e  solu tion , to o , th e  m ain  re a c tio n  is ox e tan e  
fo rm a tio n :

К H П II

C C l
/  \  /

H 2C C H ,

O H

O lf->  
C l 1- '  ^

w h e re  R  represen ts a m e th y l , isopropyl, b u ty l  o r cyc lo h ex y l group .
T h is  d irection  of th e  co n v ersio n  is n o t v a lid  fo r l-ch lo ro -2 -p h en y lp ro p a- 

n o l-3  (V) and  tr im e th y le n e c h lo ro h y d rin  (I). T h e  fo rm a tio n  of tr im e th y le n e  
o x id e  is accom panied b y  th e  fo rm ation  o f a la rg e  a m o u n t of a lly l alcohol 
( a b o u t  3 0% ), while w ith  (V) m ain ly  2 -p h en y la lly l alcohol is fo rm ed  beside 
a s m a lle r  q u a n tity  (20 to  3 0 % ) of 3 -p h en y l-o x acy c lo b u tan e . T hese 1 ,2-elim i
n a t io n s  are  rep resen ted , w i th o u t  details, b y  th e  fo llow ing reac tio n  schem e:

H O
R

C H , > c (0H )O >  
-  C l(-)

R

H O - C H 2- C  =  C H 2

w h e re  R  is a hydrogen  a to m  o r a phenyl group .
В T h e  fo rm ation  o f 3 -m o n o su b s titu te d  o x e ta n e s  m a y  be  ex p la in ed  on th e  

b a s is  o f  th e  following m e c h a n ism  suggested in  o u r  ea rlie r w ork  [1]:

K \  y H

+  O H < "’ -  

OH

R H

c ci, /  \  /
H 2C C IC

o '“ 1

+  IC O

H

C Cl
/  \  V

H C  CH

o ,

+  C l1 1

T h e  k inetic  re su lts  fo r  th e  six m odel su b s ta n c e s  are su m m arized  in 
T a b le  I .  T he ra te  c o n s ta n ts  w ere  ca lcu la ted  in  acco rd an ce  w ith  [1] from  a 
se c o n d  o rd e r ra te  eq u a tio n . B esid e  th e  e x p e rim e n ta l co n d itio n s, th e  ta b le  also 
sh o w s th e  ra te  co n stan ts  (к ), ac tiv a tio n  energ ies (ZlH*), p re -ex p o n en tia l fac 
to rs  (A ) an d  the  a c tiv a tio n  e n tro p ie s  (/IS*).
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T a b le  I

K in e tic  data  fo r  the a lka lin e  h y d ro ly s is  o f  1 ,3 -ch lorohydrins o f  the typ e :

C H ,-C H -C H 2 
I I I

Cl R OH

S ym bol o f  
co m p o u n d

t
°C

C hlo ro h y d rin
cone.
mol/1

[O H -]
g 'q / i

к
1 • m o l-1  • 

• m in -1

A H t
kcal 

. m o l-1

A
1 • m o l-1  ■ 

. m in -1
J S t
e .u .

l 8 0 0 .0 0 9 8 8 0 .0 1 8 1 4 0 .0 2 4

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

9 0 0 .0 1 0 0 9 0 .0 1 7 3 0 0 .0 5 2 2 0 .2

9 5 0 . 0 1 1 4 t 0 .0 1 8 5 5 0 .0 7 3 5 . 6 X 1 0 10 — 1 7 .9

i l 8 0 0 .0 1 0 1 5 0 .0 2 0 6 3 0 .0 1 3

9 5 0 .0 0 9 3 5 0 .0 1 2 5 7 0 .0 5 1

1 2 5 0 .0 0 9 0 7 0 .0 1 3 0 2 0 .4 0 5 2 1 .1 1 . 8 X 1 0 ” — 1 5 .6

1 2 5 0 .0 0 9 2 5 0 .0 1 2 5 7 0 .4 5 4

i n 8 0 0 .0 1 0 5 4 0 .0 2 0 6 3 0 .0 3 0

9 5 0 .0 0 9 3 8 0 .0 1 2 7 3 0 .1 1 1 2 1 .0 3 . 6 X 1 0 " — 1 4 .1

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

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

IV 8 0 0 .0 1 4 1 2 0 .0 1 7 7 5 0 .0 2 2

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

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

9 5 0 .0 1 0 0 3 0 .0 1 6 1 0 0 .0 7 4 2 . 0 X 1 0 ” — 1 5 .4

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

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

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

9 5 0 .0 1 0 0 8 0 .0 1 8 0 6 0 .2 1 9 1 . 9 X 1 0 13 —  6 .3

1 0 0 0 .0 1 0 0 8 0 .0 1 8 3 4 0 .3 4 5

V I 8 0 0 .0 1 0 0 1 0 .0 1 8 1 4 0 .0 3 0

8 5 0 .0 1 0 0 3 0 .0 1 7 4 3 0 .0 4 0

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

9 5 0 .0 1 0 0 2 0 .0 1 8 5 5 0 .0 9 7 9 . 4 X  1 0 10 — 1 6 .9

The experim ental data in the T able are in satisfactory agreem ent with  
a second order rate equation w hich confirm s the va lid ity  of the reaction  m echa
nism  suggested  in Ref. [1] also for chlorohydrins of this typ e. T he proposed  
reaction m echanism  is further supported by the values o f AH^ and AS* 
calcu lated  from the kinetic data.
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Table II

Symbol of 
compound

Boiling point 29
nD

о  (%)

' (°C) mmHg calcd. found

I 65 18 1.4467 37.60 37.18

i l 60 15 1.4460 32.66 32.27

u i 110 3 0 — 40 1.4540 25.96 25.34

IV 125 3 0 — 40 1.4520 23.54 22.96

V 122 8 1.5431 20.75 20.38

VI 130 8 1.4902 20.00 19.77

Table III
C o m p o u n d  (I): CH.,— CH.,— C H ,

I “ Г
Cl OH

80 °C 
a  =  0 .01814  
6 =  0.00988

o. t X к

1 10 0 .00011 0.064
9 35 0 .00030 0.048

3 120 0 .00049 0.024

4 155 0 .00062 0.024

5 235 0 .00093 0.024

6 305 0 .00119 0.024

7 395 0 .00147 0.023

h  - -  0 .024

90 °C
« =  0.01730 
b =  0.01009

io. t  X к

1 30 0 .00035 0.068
2 65 0 .00059 0.054

3 120 0 .00106 0 .055

4 170 0 .00139 0.052

5 220 0 .00179 0.052

6 270 0 .00207 0.052

7 320 (1.00237 0.052

8 365 0.00261 0.051

*s- -  0.052

85 °C
a =  0.01743 
b =  0.01005

No. t X к

l 30 0.00038 0 .074
2 60 0.00050 0 .049

3 120 0.00076 0 .038

4 180 0.00104 0 .036

5 240 0.00142 0 .037

6 300 0.00166 0 .036

7 360 0.00190 0 .034

8 380 0.00201 0 .036

=  0.036

95 °C
a  =  0.01855 
b  =  0.01144

No. t * к

l 30 0.00055 0.091
2 70 0.00114 0 .084

3 120 0.00177 0 .079

4 170 0.00231 0 .077

5 220 0.00284 0 .076

6 250 0.00304 0 .076

7 280 0.00336 0 .074

8 300 0.00361 0 .077

=  0.077
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T ab le  IV

C H 3

C o m p o u n d  (II) :  СН „— C H
I

Cl

C H j
I

O H

80 °C
a  =  0 .02063  
b  =  0 .01015

95 °C
a  =  0 .01257 
b =  0.00935

N o. « X к

1 40 0 .00014 0.017
2 110 0 .00029 0.013

3 180 0 .00042 0.011

4 240 0 .00064 0.013

5 300 0 .00074 0.012

6 360 0 .00088 0.012

7 420 0 .00098 0.012

8 480 0.00113 0.012

3 =  0 .013

125 °C 
я =  0.01301 
b  = 0 .00907

No. t X к

l 43 0 .00169 0.40
2 82 0.00291 0.41

3 114 0.00377 0.43

4 144 0.00411 0.40

5 178 0 .00460 0.39

V s  =  0.41

N o. t j  X к

l 64 0.00049 0 .056
2 183 0.00116 0 .0 5 0

3 245 0.00151 0.051

4 303 0.00183 0.051

5 490 0.00276 0 .0 5 4

6 605 0.00294 0 .015

=  0.051

a  =  
b

125 °C 
0.01257 
0 .00925

N o. > X к

1 20 0.00051 0.23
2 46 0.00182 0.41

3 69 0.00282 0 .48

4 94 0.00337 0 .45

5 119 0.00407 0.48

6 150 0.00488 0 .52

ko_  5 =  0.45
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T ab le  V

C o m p o u n d  (I I I ) :

80 °C
a =  0.02063 
b =  0.01054

N o . t X к

î 45 0.00037 0 .038

2 105 0.00071 0 .033

3 170 0.00106 0.031

4 230 0.00128 0 .028

5 290 0.00167 0 .030

6 350 0.00199 0 .030

h =  0.030

a  =  
b =

125 °C 
0.01862 
0.010024

N o . / X к

1 4 0.00039 0 .524

2 8 0.00100 0 .713

3 12 0.00162 0.825

4 16 0.00223 0 .900

5 20 0.00277 0.941

6 24 0.00328 0 .979

7 28 0.00384 1.042

k 3_8 =  0.955

CH.,— C i l  C H ,
I I I

Cl C H  O H
/  \

C H 3 C H :i

95 °C
a  =  0.01273 
b =  0.09386

.N o , < * к

1 77 0.00094 0 .111

2 124 0.00143 0 .120

3 183 0.00196 0 .109

4 243 0.00249 0 .111

5 306 0.00298 0 .113

6 352 0.00321 0 .1 0 6

_e =  0.111

125 °C 
a  =  0.01813 
b =  0.01002

N o, t X к

1 4 0.00060 0 .8 5 3

2 8 0.00130 0 .985

3 12 0.00199 1 .078

4 16 0.00278 1.221

5 22 0.00343 1 .171

6 25 0.00369 1 .142

7 28 0.00405 1 .166

f c _ 7 =  1.126
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T ab le  V I

C o m p o u n d  (IV ): C H ,
I

- C H — C H ,

Cl
1

C,H9 OH

80 °C 85 °C
a =  0 .01775 a  =  0.01623
b =  0 .01412 b =  0 .01009

No. к No. t X к

î 60 0 .00041 0.025 1 30 0 .00014 0 .027

2 120 0 .00079 0.026 2 75 0.00035 0 .030

3 180 0 .00096 0.021 3 120 0 .00063 0 .034

4 240 0 .0 0 1 2 4 0.021 4 200 0 .00099 0 .032

5 420 0 .00218 0.024 5 280 0 .00135 0 .033

6 625 0.00271 0.021 6 360 0 .00168 0 .032

7 1420 0 .00428 0.016 7 357 0 .00207 0 .033

8 1445 0 .00432 0.016 8 563 0 .00234 0.031

«i _j =  0 .022 кз - =  0.033

90 °C 95 °С
a = 0 .01623 а  = 0.01610
b = 0 .01010 ь = 0.01003

No. t * к No. t * к

î 65 0.00051 0.047 1 70 0.00085 0.078

2 143 0 .00106 0.049 2 140 0 .00148 0.074

3 220 0 .00156 0.049 3 210 0 .00214 0 .075

4 300 0 .00197 0.048 4 240 0 .00229 0.072

5 360 0 .00229 0.048 5 280 0 .00265 0 .074

6 420 0.00261 0.048 6 330 0 .00299 0 .074

7 480 0 .00289 0.048 7 390 0 .00333 0.072

8 545 0 .00326 0.050 8 450 0 .00364 0.071

k i - =  0 .049 V =  0.074
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T ab le  V U
C o m p o u n d  (V): CH.,— C H — C H -

I !
Cl C 6H 5 O H

85 °C
a =  0 .01623 
b =  0 .01004

No. t X к

î 30 0.00039 0 .059
2 75 0.00105 0 .095

3 120 0.00154 0.091

4 170 0.00201 0.087

5 220 0.00253 0.089

6 270 0.00298 0 .089

7 315 0.00336 0 .090

8 360 0 .00369 0 .090

fe2^ 8 =  0.090
90 °C

a =  0 .01623 
b =  0.01002

'ío . t X к

1 40 0.00092 0 .154
2 92 0.00172 0 .134

3 112 0.00201 0.132

4 145 0 .00242 0.128

5 178 0.00278 0 .124

6 210 0.00322 0 .125

7 240 0.00351 0 .126

k,_ =  0 .128
95 °C

a =  0.01806 
b =  0 .01008

No. t X к

î 25 0.00095 0.221
2 50 0.00173 0 .219

3 70 0.00225 0 .214

4 90 0.00281 0 .219

5 110 0.00331 0 .222

6 130 0.00370 0 .210

7 160 0.00431 0.222

8 180 0.00453 0 .217

=  0.219

90 °C
« =  0.01806 
b =  0.01015

No. t I X к

1 30 0.00066 0 .126
2 65 0.00143 0 .134

3 95 0.00199 0 .135

4 121 0.00247 0 .137

5 155 0.00306 0.141

6 190 0.00350 0 .137

7 225 0.00388 0 .134

8 260 0.00444 0 .142

fej_ 8 =  0.137 
100 °C 

a =  0.01834 
b =  0.01008

No. t X к

1 22 0.00135 0 .379

2 43 0.00229 0 .349

3 62 0.00306 0 .349

4 83 0.00378 0 .348

5 101 0.00422 0 .337

6 122 0.00483 0 .343

=  0.345
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T ab le  V III

C o m p o u n d  (V I):

VI

80 °C
a =  0 .01814  
b =  0.01001

No. 1 X к

l 10 0.00009 0 .045

2 35 0.00023 0.035

3 95 0.00047 0.028

4 155 0.00089 0 .033

5 215 0.00107 0 .030

6 275 0.00138 0.031

7 335 0.00159 0 .030

8 395 0.00179 0 .029

k 3 _a =  0.030

90 °C
a =  0.01743 
6 =  0.00997

No. 1 X к

1 40 0.00052 0 .077

2 75 0.00075 0.061

3 130 0.00129 0 .063

4 180 0 .00167 0.062

5 230 0 .00218 0 .066

6 280 0.00254 0 .065

7 330 0.00286 0 .065

8 375 0.00319 0.065

k , H =  0 .065

85 °C
« =  0 .0 1 7 4 3  
b =  0 .01003

No. t X к

l 30 0 .00024 0.046

2 60 0 .00040 0.040

3 120 0.00081 0.041

4 180 0 .00119 0.041

5 240 0 .00135 0.036

6 300 0 .00185 0.041

7 360 0 .00206 0.039

8 380 0 .00218 0.040

* 1  - f =  0 .040

95 °C
a = 0 .01855
b = 0.01002

No. ‘ X к

l 30 0 .0 0 0 5 0 0.092

2 70 0 .00118 0.099

3 120 0 .00196 0.102

4 170 0 .00250 0.102

5 220 0 .00305 0.097

6 250 0 .00334 0.097

7 280 0 .00357 0.095

8 300 0 .0 0 3 7 3 0.094

k , _ s =  0 .097
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I t  cou ld  be ex p ec ted  f ro m  th e  reaction  m ech an ism  suggested  earlie r th a t  
th e  s u b s t i tu e n ts  on th e  c a rb o n  a to m  no t p a r tic ip a tin g  d ire c tly  in  th e  reac tio n  
(in  th e  p re se n t case ca rb o n  a to m  N o. 2) will h av e  no  s ig n if ic a n t in fluence  on 
th e  k in e t ic  pa ram ete rs . I n  th is  series i t  is only  th e  p h e n y l g roup  th a t  causes 
a r a t h e r  m ark ed  change c o m p a re d  to  th e  p a re n t co m p o u n d  an d  th is  m ay  be 
e x p la in e d  b y  a reac tio n  d ire c tio n  differing from  th a t  fo r th e  o th e r m em bers 
o f  th e  se ries. In  th e  case o f  th e  o th e r  substances (cf. T ab le  I ,  e.g. th e  d a ta  for 
95 °C ) th e  k inetic  p a ra m e te rs  v a r y  w ith in  th e  fo llow ing, r a th e r  n a rro w  in te rv a l:

к : 0.05— 0.11 1 • m o l 1 • m in -1 
A H x: 20—21 kcal ■ m o l " 1

A :  6 X 1 0 10—4 X 1 0 11 1 - m o l 1 m i n - 1 
/ I S 31: betw een — 14 a n d  — 18 e.u.

I n  ou r su bsequen t w o rk  on  some o th e r 1 ,3 -ch lo ro h y d rin s  we o b ta in ed  
fa r  m o re  d a ta  w hich, to g e th e r  w ith  th e  d e te rm in a tio n  o f  th e  equ ilib riu m  con
s t a n t  o f  th e  f irs t process a n d  w ith  p roo f of th e  fo rm a tio n  o f  an  in te rm e d ia te  
g a v e  a d eep er insigh t in to  th e  m echan ism  o f th e  re a c tio n .

Experimental

T h e  1 ,3 -c h lo ro h y d rin s  w e re  p r e p a r e d  b y  d e a c e ty la t io n  o f  th e  c o r re sp o n d in g  c h lo ro -  
a c e t a t e s  [2 , 4] in  th e  p re se n c e  o f  m e th a n o l .  T h e  y ie ld  w as a b o u t  9 0 % . T h e  p u r i ty  o f  th e  s t a r t in g  
m a t e r i a l s  w a s  ch eck ed  b y  g a s - l iq u id  c h ro m a to g ra p h y .

T h e  m e th o d s  o f  k in e t ic  m e a s u r e m e n ts  a n d  th e  c a lc u la t io n s  h a v e  b e e n  d e sc rib e d  in  fu ll  
d e ta i l s  in  o u r  e a r lie r  c o m m u n ic a tio n  [1 ] .

E x p e r im e n ta l  d a ta

T h e  fo l lo w in g  sy m b o ls  w ere  u s e d :  
t:  t im e  (m in )
a: i n i t i a l  c o n c e n tra t io n  o f  h y d r o x id e  io n s  [B a (O H ), g eq/1]
b: i n i t i a l  c o n c e n tra t io n  o f  th e  c h lo r o h y d r in  (mol/1)
X : q u a n t i t y  o f  c h lo ro h y d r in  c o n v e r t e d  in  tim e  t (m ol/1)
k :  s e c o n d  o rd e r  r a te  c o n s ta n t  o f  t h e  re a c tio n  (1 • m o l- 1  • m i n 1)
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МОДИФИЦИРОВАННЫХ хлопковых волокон*
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Н И И Т Ц , г .  Т аш кен т , С С С Р )

Поступила: 20 V 1970 г.

Настоящая статья посвящена результатам электронномикроскопических 
исследований поверхности и внутренней фибриллярной структуры хлопковых 
волокон, модифицированных путйм радиационно-химической прививки ряда винило
вых мономеров: акрилонитрила (привес 12,5%), винилпиридина (привес 16%), 
винилиденхлорида (привес 14%), метакриламида (привес 56%), метакриловой 
кислоты (привес 60%) и стирола (привес- 3,4%, 13,4% и 21,5%).

Выявлены особенности структуры, как поверхности, так и фибриллярных 
участков (вторичной стенки) хлопкового волокна в зависимости от природы 
прививаемого к нему мономера и привеса, а также от условий процесса радиа
ционно-химической прививки.

На основе полученных данных предположено, что при проведении процесса 
прививки из паровой фазы и, особенно, если до акта прививки хлопковое волокно не 
подвергнуто каким-либо набухающим обработкам, то в реакции привитой сополи- 
меризации участвуют главным образом те макромолекулы целлюлозы, которые 
расположены на поверхности структурных элементов — микрофибрилл, фибрилл 
и т. д. Если же процесс прививки осуществляется из паровой фазы, но с предвари
тельным набуханием хлопкового волокна, то в реакции привитой сополимериза- 
ции могут участвовать и те макромолекулы целлюлозы, которые расположены 
внутри структурных элементов.

Известно, что в настоящее время в ряде химических лабораторий мира 
найдены эффективные методы модификации свойств полимерных волокон, в 
том числе и целлюлозных. Одним из них является процесс привитой сополи- 
меризации целлюлозы с различными мономерами. Известно также, что для 
этой цели успешно применено радиационное инициирование. Последнее 
получило значительное развитие и в работах нашего института.

Установлено, что в процессе привитой сополимеризации целлюлозы с 
рядом виниловых мономеров происходит улучшение ее многих физико
химических характеристик, например, целлюлозные волокна начинают устой
чиво окрашиваться, приобретают эластичность, повышается их устойчивость 
к действию микроорганизмов, химикатов, температуры и т. д. [1—3].

Следует указать, что с химическим превращением целлюлозы непремен
но происходит и ее структурное превращение, причем последнее может иметь 
место как на молекулярном, так и на надмолекулярном уровне. Подтвержде
нием этого могут служить результаты наших исследований и исследований

* Материал был доложен на Международном симпозиуме по макромолекулярной 
химии, Будапешт, (Венгрия) 25 30 августа 1969 года, доклад 9/02.
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ряда других авторов (4- 11). Показано, что прививка инородных макромо
лекул к целлюллозе существенно изменяет взаимную упаковку целлюлозных 
цепей друг с другом, а это, в свою очередь, приводит к изменению формы и 
размеров структурных элементов (микрофибрилл, фибрилл), а также слоев 
вторичной стенки целлюлозы. В наших работах (4—7) обнаружено изменение 
структуры поперечных и продольных ультратонких срезов хлопкового 
волокна до и после прививки к нему ряда виниловых полимеров. Нужно по
лагать, что проводя тщательные электронномикроскопические исследования, 
с применением комплекса методов препарирования, можно получить необ
ходимые данные, которые позволят судить о механизме прививки синтети
ческих полимеров к целлюлозе на надмолекулярном уровне.

В данной работе нами использованы методы реплик и механического 
диспергирования (в сочетании с ультразвуковым воздействием) для электрон
номикроскопического исследования структуры поверхности радиационно
химически привитых сополимеров целлюлоза с различными виниловыми мо
номерами, как из паровой фазы, так и из раствора.

Объектами исследований были:
1. хлопковые волокна, очищенные от различных спутников целлюлозы 

(пектинов, гемицеллюлоз, жировосковых веществ) известным методом Корея- 
Грея (экстракция щелочью, спиртом и эфиром) исходные волокна;

2. волокна хлопка, очищенные вышеуказанным способом, привитые 
полиакрилонитрилом - ПАН из паровой фазы, привес 12,5%;

3. то же, поли-2-винилпиридином — ПВП из паровой фазы, привес
16%;

4. то же, поливинилиденхлоридом -  ПВДХ из раствора, привес 14%;
5. то же, полиметакриламидом — ПМАА из раствора, привес 56%;
6. то же, полиметакриловой кислотой — ПМАК из раствора, привес

60%;
7. то же, полистиролом — ПС из раствора, нов разных привесах: 3,4%, 

13,4%, 21,5%.
При получении этих образцов использовано гамма-излучение Сое0 с 

целью инициирования реакции привитой сополимеризации целлюлозы 
с виниловыми мономерами при мощности излучения 70 р/сек. Дозы облучения 
были в таких пределах (не более 1 м. рад), при которых целлюлоза не претер
певает существенных изменений. Подробные условия получения вышеука
занных образцов, их физико-химические характеристики, а также способы 
очистки от гомополимеров, образующихся в процессе привитой сополимери
зации виниловых мономеров к целлюлозе, приведены в других работах [1—3].

На рис. 1а, б представлены электронные микрофотографии реплик по
верхности и фрагмент вторичной стенки исходного (непривитого) хлопкового 
волокна. На них видны многочисленные складки на поверхности волокна, их 
расположение, а также исключительно фибриллярный характер вторичной
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стенки хлопка. Видно, что складки на поверхности волокна расположены под 
некоторым углом (рис. 1а). Фибриллярные же образования, являющиеся 
сложными организациями макромолекул целлюлозы расположены внутри 
волокна достаточно плотно и преимущественно параллельно друг к другу, 
образуя слои, т. е. еще более крупные надмолекулярные структуры. На рис. 
16 виден фрагмент фибриллярного слоя.

Р и с . 7. Электронные микрофотографии (ЭМ) исходного (немодифицированного) хлопкового 
волокна (ХВ) (а) реплика поверхности; (б) фрагмент фибриллярной структуры

Нами ранее детально была изучена слоистая структура хлопкового 
волокна по его ультратонким срезам [2]. Ниже рассмотрены изменения в 
структуре поверхности и фибриллярных участков хлопкового волокна при 
прививке к нему того или иного винилового полимера.

На рис. 2а, б, в, г, соответственно, показаны электронномикроскопиче
ские картины поверхностной структуры и фибриллярных участков (фрагмен
тов) вторичной стенки волокон хлопка после прививки ПАН и ПВН. Можно 
отметить, что процесс прививки существенно влияет на картины поверхности и 
фибриллярных структур хлопковой целлюлозы, причем это в значительной 
степени зависит от природы прививаемого полимера. Так, в случае ПАН, в 
частности, на поверхности волокна наблюдаются мельчайшие сферические 
образования, глобулы, расположенные преимущественно вдоль складок
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Р и с . 2 . ЭМ ХВ, модифицированных путем прививки ПАН (привес 12,5%). (а) реплика 
поверхности; (б) фрагмент фибриллярной структуры; ПВП (привес 16%), (в) реплика по

верхности; (г) фрагмент фибриллярной структуры
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(рис. 2а). Это — структурные элементы привитого ПАН. Видно, что прививка 
ПАН не сглаживает складчатой структуры, а наоборот, подчеркивает. Если 
внимательно рассмотреть, то можно заметить, наличие еще более мелких 
образований ПАН, расположенных между складками поверхности волокна. 
Отсюда следует, что прививка шла по всей поверхности, но в местах складок 
— в большей степени; глобулярные частицы ПАН в этих участках значитель
но крупнее (более 1000 À в диаметре).

Прививка ПАН так же сильно влияет на картину фибриллярных обра
зований (вторичной стенки) хлопкового волокна (рис. 26). В отличие от 
исходных волокон в привитых ПАН образцах наблюдаются фибриллярные 
участки с более плотной взаимной упаковкой фибрилл друг относительно 
друга, в результате чего трудно отчетливо судить о форме и размерах отдель
ных фибрилл, будто они склеены друг с другом. Очевидно, что прививка ПАН 
к фибриллярным образованиям целлюлозы способствует более прочному свя
зыванию их друг с другом.

Результаты электронномикроскопических исследований показывают, 
что в случае ПВП обнаруживаются несколько отличные картины. Коли
чество складок поверхности волокна привитого ПВП стало значительно боль
ше, по-видимому, это связано с тем обстоятельством, что в последнем случае 
поверхность волокна покрывается ровным слоем ПВП (глобулярные частицы 
здесь не наблюдаются, что очевидно, не является характерным для данного 
полимера) и, в результате, создаются некоторые напряжения, под действием 
которых образуются новые складки (рис. 2в). Фибриллярная структура во
локна при этом также несколько отличается (рис. 2г). Тонкая структура 
фрагментов вторичной стенки волокна — фибриллярность здесь выражена 
более отчетливо и в этом образце также значительная взаимная упорядочен
ность фибрилл друг относительно друга.

Далее наши исследования показали, что структура поверхности и фиб
риллярных участков хлопкового волокна, привитого ПВДХ, существенно 
отличается от таковых предыдущих модифицированных образцов (рис. За, б). 
Видно, что в этом случае наряду с процессом прививки ПВДХ (она составляет 
14% по отношению к исходному весу волокна) происходит как-бы травление 
волокна, т е. некоторое разрушение его рыхлых участков в процессе привитой 
сополимеризации с винилиденхлоридом. Хотя поверхностные складки волок
на после прививки не исчезают, тем не менее из-за «травления» общая картина 
структуры поверхности волокна сильно изменяется. Нами замечено, что эффект 
травления имеет место и во внутренней части — фибриллярной структуре 
хлопкового волокна. При механическом диспергировании такого препарата 
обнаруживаются фрагменты вторичной стенки волокна с разрушенной фиб
риллярной структурой (рис. 36).

Структура поверхности хлопкового волокна и его внутренние фибрил
лярные участки (вторичная стенка) будут иметь отличный вид при прививке
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таких виниловых полимеров, как ПМАА и ГТМАК, особенно, при больших 
привесах (соответственно 56% и 60%). На рис. 4а, б, в, г приведены результа
ты электронномикроскопических наблюдений их структуры (рис. 4а, — бдля 
привитых ПМАА волокон и рис. 4в, г — для случая ПМАК).

Видно, что в случае прививки ПМАА складчатый характер поверхност
ной структуры хлопкового волокна несколько видоизменяется (рис. 4а). 
При фрагментации обнаруживаются слои с высокой упорядоченностью
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Р и с . 3 . ЭМ ХВ, модифицированного путём прививки ПВДХ (привес 14%). (а) реплика 
поверхности; (б) фрагмент фибриллярной структуры

(рис. 46). Это, по-видимому, обусловлено тем, что благодаря прививке ПМА А 
к целлюлозе увеличиваются силы сцепления структурных элементов (микро
фибрилл, фибрилл) целлюлозы друг с другом, как в случае ПАН.

Несколько иные картины обнаруживаются в случае ПМАК. Хотя склад
чатость поверхностной структуры хлопкового волокна при этом полностью 
сохраняется, но она из-за большой прививки полимера (рис. 4в) имеет более 
гладкий вид. И фибриллярная структура, несмотря на возможность образо
вания довольно больших фибриллярных сдоев (рис. 4г) при фрагментации 
такого волокна имеет отличный вид, по сравнению с таковой привитого 
ПМАА образца, например, отсутствуют бугорки. При ПМАК фибриллы, об
разующие слои вторичной стенки волокна, не имеют сильно натянутых форм.
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Р и с . 4 . ЭМ ХВ, модифицированных путём прививки ПМАА (привес 56%). (а) реплика по
верхности; (б) фрагмент фибриллярной структуры; ПМАК (привес 60%); (в) реплика 

поверхности; (г) фрагмент фибриллярной структуры
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Местами они переходят в соседние участки. Отсюда можно заключить, что 
силы сцепления фибриллярных образований друг с другом, в боковом на
правлении, в случае ПМАК выражены несколько слабее, чем при прививке 
ПМАА.

Вышеприведенные результаты свидетельствуют о том, что структура 
поверхности и фибриллярных участков хлопкового волокна приобретает раз
личный вид в зависимости от типа прививаемого к нему винилового полимера. 
Общим для всех исследованных случаев является, очевидно, то обстоятельство, 
что в процессе радиационно-химической привитой сополимеризации хлопко
вой целлюлозы с виниловыми мономерами, бесспорно, происходит отложение 
синтетического полимера в целлюлозе. Когда этот процесс осуществляется 
из паровой фазы и до акта прививки волокно не подвергается каким-либо 
процессам набухания (в случае ПАН, ПВП), прививка макромолекул к 
целлюлозе осуществляется преимущественно на поверхности структурных 
элементов — микрофибриллах, фибриллах.

Данные, полученные при исследовании привитых образцов целлюлозы с 
ПВДХ, ПММА и ПМАК свидетельствуют о том, что структурные превраще
ния целлюлозы в этих случаях проявляются в наибольшей степени. Как вид
но из полученных электронных микрофотографий, в этих образцах и поверх
ностная структура волокна и его участки с фибриллярной упаковкой (вто
ричная стенка) видоизменяются более отчетливо. Отсюда следует, что в слу
чае прививки из раствора структурные элементы целлюлозы в растворе зна
чительно набухают, следовательно, в реакции привитой сополимеризации 
могут принять участие и те целлюлозные цепи, которые расположены внутри 
структурных элементов, т. к. в последнем случае доступность прививаемого 
реагента значительно больше.

Представляет интерес выявить характер структурных превращений 
хлопковой целлюлозы в зависимости от степени прививки винилового поли
мера. Нами изучены волокна, привитые ПС при различных привесах, а имен
но: 3,4%, 13,4%, 21,5%. На рисунках 5а, б; 7а, б приведены, соответственно, 
электронные микрофотографии поверхности и фибриллярной структуры 
вышеуказанных образцов.

Как видно из электронномикроскопических наблюдений, при привесе 
ПС 3,4% уже заметны изменения в структуре хлопкового волокна. Складки 
исчезают, картина поверхности волокна становится более однородной. Кроме 
того, можно заметить наличие мельчайших сферических образований (гло
бул), расположенных преимущественно на местах складок волокна, которые 
представляют привитой ПС (рис. 5а). Можно предположить, что при привесе 
3,4% ПС покрывает поверхность волокна уже в такой степени, что складчатая 
структура сглажена и возникают структурные образования —- глобулы, 
характерные для ПС. Установлено, что диаметр глобул колеблется от 150 до 
300 Â. При фрагментации (механическом диспергировании) такого препарата
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наблюдается картина фибриллярной структуры целлюлозы (рис. 56), ана
логичная той, которая наблюдалась, обычно, для привитых образцов с 
ПМАА, ПМАК. Отсюда можно заключить, что даже малый привес ПС к цел
люлозе (3,4%) является вполне достаточным, чтобы связывать фибриллы цел
люлозы друг с другом. Благодаря этому обстоятельству и наблюдаются фраг
менты фибриллярной структуры со сплошной упаковкой (рис. 56).

Р и с . 5 . ЭМ ХВ, модифицированного путём прививки ПС, привес 3,4%. (а) реплика по
верхности; (б) фрагмент фибриллярной структуры

С увеличением привеса картина становится все более отличной. Так, 
при привесе ПС 13,4% в местах складок на поверхности волокна наряду с 
глобулярными агрегатами начинают возникать анизодиаметричные частицы 
типа микрофибриллы (рис. 6а). При тщательном рассматривании электрон
номикроскопических картин можно заметить, что некоторые из таких обра
зований состоят из глобул. Но это, по-видимому, не означает, что все фибрил
лярные агрегаты ПС возникли за счет укладки глобул в одну линию, веро
ятно, они могут образовываться и в результате плотной упаковки нескольких 
распрямленных глобулярных агрегатов. Наблюдаемые в последнем случае 
длинные агрегаты имеют форму лент; ширина ленточных структур от 500 до 
1500 Á. Это более отчетливо видно при привесе 21,5%, где поверхностная 
структура волокна состоит исключительно из т. н. „ленточных” структур 
(рис. 7а).
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Р и с . 6 . ЭМ ХВ, модифицированного путём прививки ПС, привес 13,4%. (а) реплика по 
верхности; (б) фрагмент фибриллярной структуры

Р и с . 7. ЭМ ХВ, модифицированного путём прививки ПС, привес 21,5%. (а) реплика по 
верхности; (б) фрагмент фибриллярной структуры
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Результаты проведенных исследований показали, что увеличение при
веса ПС в хлопковой целлюлозе также сильно влияет на характер ее фибрил
ляции (рис. 66, 76). При больших привесах фибрилляция привитой целлюлозы 
значительно ухудшается, это особенно сильно заметно при привесе 21,5% 
(рис. 76), что можно объяснить тем, что прививка ПС к целлюлозе ведет к 
появлению гидрофобных свойств. С увеличением степени прививки препарат 
приобретает все больше и больше гидрофобное свойство, вследствие чего, при 
проведении фрагментации в воде, нам не удалось наблюдать характера фиб
риллярной структуры привитой целлюлозы с ПС, особенно, при наиболь
шем привесе.

Таким образом, электронномикроскопические исследования структуры 
поверхности и фибриллярных участков (вторичной стенки) хлопковых во
локон, модифицированных путём радиационно химической прививки ряда 
виниловых полимеров позволили выявить их структурные особенности. Для 
всех исследованных образцов удалось установить их специфические отличия, 
вызванные природой прививаемого полимера, а также условиями процесса 
прививки (из раствора мономеров и из паровой фазы), на надмолекулярном 
уровне.

Выводы

Результатами электронномикроскопических исследований показано, 
что прививка различных виниловых полимеров к хлопковому волокну по- 
разному влияет на структуру его поверхности и фибриллярных участков.

Установлено, что степень структурных изменений волокна зависит как 
от природы прививаемого полимера и степени прививки, так и от условий 
получения привитого образца - из паровой фазы или из раствора.

Предположено, что при проведении процесса прививки виниловых по
лимеров к хлопковому волокну из паровой фазыи, особенно, в случае малых 
привесов, в реакции привитой сополимеризации участвуют в основном те 
макромолекулы целлюлозы, которые расположены на поверхности структур
ных элементов — микрофибрилл, фибрилл. В случае же, когда процессу 
прививки предшествует набухание хлопковых волокон в растворе мономеров, 
то в реакции могут участвовать и те макромолекулы, которые расположены 
внутри структурных элементов целлюлозы.

На основании полученных экспериментальных данных также можно 
заключить, что если прививка винилового полимера к волокну осуществля
ется в достаточно большой степени, то на поверхности волокна можно за
метить возникнование глобулярных или асимметричных (фибриллярных, лен
точных) структур, характерных привитому полимеру.
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И, наконец, изучая фрагментацию привитого образца, из результатов 
электронномикроскопических наблюдений будет возможно судить о неко
торых физико-химических свойствах модифицированного образца, например, 
о  повышении гидрофобное™ волокон.

1 5 4  УСМ АНОВ и др.:  Э Л Е К Т Р О Н Н О .М И К Р О С К О П И Ч Е С К И Е  И С С Л Е Д О В А Н И Я

SUMMARY

Results are presented of the electron microscopic examination of the surface and inter
nal structure of cotton fibres modified by radiation-chemical grafting of various vinyl mono
mers onto the fibre: acrylonitrile (12.5% increase of weight), vinylpyridine (16%), vinylidene 
chloride (14%), methacrylic acid (60%) and styrene (3.4; 13.4 and 21.5% increase of weight).

The structural features of both the surface and the fibrillar portions (secondary walls) 
of the cotton cellulose were studied as a function of the following factors: the monomer used 
for grafting; the increase in weight; and the conditions of the radiation-chemical treatment.

The results suggest that the grafting process should be carried out by treatment in the 
vapour phase. If the cotton fibre had not been treated in any way causing swelling before 
grafting, graft copolymeryzation involves mainly the macromolecules on the surface of the 
cellulose microfibrils, fibrils, etc. If the process is carried out with solutions of the monomers, 
or by grafting in the gaseous phase but after preliminary swelling, also macromolecules situated 
in the internal structural elements of the cellulose fibre can take part in the graft copolymeri
zation.
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ИССЛЕДОВАНИЕ ВЗАИМОСВЯЗИ СТРУКТУРНЫХ 
И ХИМИЧЕСКИХ ПРЕВРАЩЕНИЙ В ЦЕЛЛЮЛОЗЕ*

К. X. РАЗИКОВ, Э. Д. ТЯГАЙ и X. У. УСМАНОВ

(Н аучно-и сследоват ельски й  и н ст и т ут  хи м и и  и т ехн ологи и  хлопковой  целлюлозы  —
Н И И Т Ц , г . Т аш кент , С С С Р )

Поступила: 20 V 1970 г.

В данной работе тщательно изучен вопрос структурной и химической моди
фикации хлопковой целлюлозы как в отдельности, так и во взаимосвязи друг с 
другом. Чтобы проследить изменения структуры исследуемых препаратов, были 
использованы методы световой и электронной микроскопии.

С целью структурной модификации целлюлозы нами были проведены следую
щие обработки: 18%-ным едким натром, то же с последующей инклюдацией изо- 
амиловым спиртом, смесью глицерин-вода (1 : 1). Наблюдения, проведенные с по
мощью светового микроскопа, показали, что хлопковые волокна различным обра
зом изменяются в форме и размерах под влиянием вышеуказанных обработок. В не
которых случаях исчезает извитость (скрученность) хлопкового волокна и его по
перечное сечение становится почти круглым. В других же случаях скрученность 
сохраняется, но средний диаметр волокна заметно увеличивается. Электронно
микроскопическими наблюдениями как реплик поверхности, так и ультратонких 
срезов установлены два типа изменения структуры волокна — внутрифибриллярноеи 
междуфибриллярное набухание.

Далее эти препараты хлопковой целлюлозы подвергались химическим пре
вращениям — реакция цианэтилирования и радиационно-химической привитой со- 
полимеризации с акрилонитрилом. Были выявлены особенности надмолекулярной 
структуры полученных препаратов-цианэтилированных и привитых полиакрило
нитрилом волокон хлопка. Кроме того, установлено наличие взаимосвязи струк
турных и химических превращений в исследуемых образцах целлюлозы.

В настоящее время большое внимание уделяется процессам переработ
ки природной целлюлозы и получению на её основе материалов с более цен
ными физико-химическими и механическими свойствами. В связи с этим важ
ное значение приобретает вопрос о повышении реакционной активности цел
люлозы в тех или иных реакциях химического превращения.

Известны многочисленные работы |1 6], в которых для химической
модификации целлюлозы используются предварительные активационные 
процессы (обработки аминами, аммиаком, ледяной уксусной кислотой и др.).

Для проявления высокой реакционной способности целлюлозы необ
ходимо общее ослабление межмолекулярного взаимодействия по всей глуби
не структуры, наличие развитой сети тончайших субмикроскопических ка
пилляров, а также большой активной внутренней поверхности, гидроксиль
ные группы которой являются доступными для молекул реакционной среды

* Материал доложен на Международном симпозиуме по Макромолекулярной химии 
Будапешт, 25—30 августа 1969 г. Доклад 10/26.
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[7]. Этого можно добиться путем изменения надмолекулярной структуры 
целлюлозы, т. е. путем структурной модификации.

Для проведения целенаправленной структурной модификации натив
ной целлюлозы необходимо предварительное исследование всех возможных 
типов превращений целлюлозы как в отдельности, так и во взаимосвязи друг 
с другом.

С целью установления взаимосвязи между структурными и химически
ми превращениями в природной целлюлозе хлопковые волокна подвергали 
некоторым активирующим процессам (обработка едким натром, инклюдация 
высшими спиртами, кипячение в смеси глицерина с водой) с последующей 
химической модификацией (цианэтилированием и радиационно-привитой 
сополимеризацией с акрилонитрилом).

Объекты исследования и методика эксперимента

Объектами исследования были:
1. Хлопковая целлюлоза, обработанная 18%-ным раствором едкого 

натра при 0°С в течение 2-х часов;
2. Хлопковая целлюлоза, обработанная едким натром (п. 1) с последу

ющей инклюдацией изоамиловым или гептиловым спиртом;
3. Хлопковая целлюлоза, обработанная смесью глицерин-вода (1 : 1) 

при кипячении, в течение 1 часа;
4. Активированные образцы (п. 1, 2, 3), подвергнутые реакции циан- 

этилирования;
5. Активированные образцы (п. 1, 2, 3), подвергнутые радиационно

привитой сополимеризации с акрилонитрилом из паровой фазы под действием 
у-лучей Со60 при дозе облучения 1 Мрад и мощности 70 р/сек.

Выход продуктов, полученных при химической модификации предвари
тельно активированных целлюлозных образцов, позволяет судить об их реак
ционной активности. В таблице приведены данные по выходу производных 
целлюлозы.

Основными методами исследования были световая и электронная 
микроскопия.

С помощью светового микроскопа МБИ-6 были изучены форма и разме
ры исследуемых волокон, а также их поперечных сечений.

Электронномикроскопические наблюдения проводили с помощью при
боров УЭМВ-100 и «Тесла» при различных прямых электронно-оптических 
увеличениях. Для контрастирования препаратов использовали оттенение 
палладием и хромом.

При электронномикроскопических исследованиях применялись многие 
из существующих способов препарирования (получение ультратонких 
срезов, механическое и гидролитическое диспергирование, метод реплик).
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Таблица 1

В ы ход п рои зводн и х  целлю лозы  после обработ ки

выход производных (%)

Nfi/Na
п/п Исследуемые образцы

содержание азота в циан- 
этилирован- 

ныхпрепаратах

содержание
азотав привитых 

сополимерах

1. Исходная хлопковая целлюлоза 2 , 8 i , 6

2. Хлопковая целлюлоза, обработанная 
18%-ным раствором едкого натра. 5,0 2 , 0

3. Хлопковая целлюлоза, обработанная 
1 0 %-ным раствором едкого натра с по
следующей инклюдацией изоамиловым 
спиртом. 7,5 7,0

4. Хлопковая целлюлоза, обработанная 
смесью глицерин-вода (1 : 1 ) 3,2 3,4

Полученные результаты и их обсуждение

Микроскопические исследования показали, что проведенные нами физи
ко-химические обработки приводят к изменению формы и размеров волокна 
[8]. Одним из характерных признаков изменения хлопкового волокна при 
щелочной обработке является увеличение его диаметра и сокращение длины. 
Кроме того, сплющенная эллиптическая форма поперечного сечения пере
ходит в сферическую. Все эти изменения обусловлены процессом набухания 
целлюлозы в щелочи. Дальнейшая инклюдация изоамиловым спиртом приво
дит к еще большему увеличению диаметра волокна.

После обработки смесью глицерин-вода средний диаметр хлопкового 
волокна заметно увеличивается, однако форма его, по сравнению с исходной, 
не меняется. Все это свидетельствует о том, что механизм небухания волокна в 
этом случае иной.

Электронномикроскопические исследования ультратонких срезов хлоп
кового волокна, обработанного едким натром, показали, что элементы над
молекулярной структуры целлюлозы — микрофибриллы, фибриллы и их слои 

имеют набухший вид. При последующей инклюдации эти изменения про
являются в большей степени.

На рис. 1а, б представлены электронные микрофотографии поперечного 
и продольного ультратонких срезов хлопкового волокна, обработанного едким 
натром с последующей инклюдацией изоамиловым спиртом. Вторичная стенка 
такого образца состоит из плотноупакованных набухших микрофибрилляр- 
ных слоев. Исследования показали, что структурные изменения, вызванные 
щелочной обработкой, не только закрепляются при последующей инклю
дации, но и в некоторой степени углубляются.

Acia Cilim. (BudapestJ 70, 1971



1 5 8 Р А З И К О В  и др . :  И С С Л Е Д О В А Н И Е  В З А И М О С В Я З И

Р и с. 1. ЭМ ультратонких срезов хлопкового волокна, обработанного едким натром с по
следующей инклюдацией изоамиловым спиртом, (а) поперечный срез; (б) продольный срез

Измерения ширины отдельных микрофибрилл дали следующие резуль
таты: если для исходного хлопкового волокна ширина микрофибрилл соста
вляет 100 Â, то для хлопкового волокна, инклюдированного изоамиловым 
спиртом, она порядка 170 Â°.

Видоизменение структуры хлопкового волокна при соответствующих 
обработках было выявлено также при изучении реплик его поверхности и 
диспергированных препаратов [9]. Было установлено, что обработка едким 
натром и последующие процессы инклюдации способствуют набуханию фиб
риллярных элементов целлюлозы, расположенных во всех частях волокна.

Итак, нами было показано, что обработка щелочью, а также последую
щие процессы инклюдации изоамиловым спиртом вызывают внутрифибрил-
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Р и с. 2. ЭМ ультратонких срезов хлопкового волокна после обработки смесью глицерин- 
вода ( 1  : 1 ). (а) поперечный срез; (б) продольный срез

лярное набухание целлюлозы, что хорошо согласуется с ранее произведен
ными рентгенографическими исследованиями [10].

Совершенно иная картина была обнаружена при обработке хлопковой 
целлюлозы смесью глицерин-вода. На рис. 2 а, б приведены характерные 
электронномикроскопические снимки поперечных и продольных срезов этого 
образца. Как видно из снимков, эффекту набухания в этом случае подверга
ются только рыхлые (межслоевые и межфибриллярные) области, вследствие 
чего происходит нарушение слоевой и фибриллярной упаковки.

Размеры индивидуальных микрофибрилл тонкого образца те же, что и у 
необработанного хлопкового волокна [9].
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Изучение реплик с поверхности этого образца показало, что данная об
работка способствует более отчетливому выявлению фибриллярной структу
ры первичной стенки. Это происходит вследствие травления рыхлого слоя 
на поверхности волокна.

Проведенные исследования показали, что молекулы глицерина, в 
отличие от молекул щелочи, не могут проникнуть в плотные участки цел
люлозных микрофибрилл, вследствие чего обработка смесью глицерин-вода 
вызывает межфибриллярное набухание целлюлозы.

Далее структурно-модифицированные препараты (обработанные ед
ким натром, водным раствором глицерина, инклюдированные изоамиловым 
спиртом) подвергали химическим превращениям, а именно, реакциям циан- 
этилирования и радиационно-привитой сополимеризациис акрилонигрилом.

3. а

3 .  б
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Исследования, проведенные с помощью светового микроскопа, показа
ли, что форма и размеры модифицированных волокон зависят как от типа 
химической реакции, так и от характера предварительной обработки [8].

3. г
Р и с. 3 . ЭМ ультратонких поперечных срезов различных цианэтилированных волокон, 
(а) исходного (необработанного) хлопкового волокна; (б) обработанного едким натром; 
(в) обработанного сначала едким натром, затем изоамиловым спиртом; (г) обработанного

смесыо глицерин-вода ( 1 : 1 )
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Электронномикроскопические исследования предварительно активи
рованных и затем цианэтилированных образцов (рис. 3 а, б, в, г) позволили 
выявить специфические особенности их надмолекулярной структуры.

Наблюдаемое расслоение вторичной стенки на срезах исходного циан- 
этилированного волокна (рис. 3 а) является, очевидно, следствием химиче
ского превращения целлюлозы, т. е. замещения гидроксильных групп в мак
ромолекулах целлюлозы на цианэтильные.

Равномерный характер распределения слоев вторичной стенки на по
перечных срезах цианэтилированного волокна свидетельствует о равно
мерном протекании процесса цианэтилирования по всему поперечному сече
нию хлопкового волокна.
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4. В

4. г

Р и с. 4. ЭМ ультратонких продольных срезов различных привитых ПАН волокон хлопка, 
(а) исходного волокна; (б) обработанного едким натром; (в) обработанного едким натром 

и затем изоамиловым спиртом; (г) обработанного смесью глицерин-вода (1 : 1 )

При цианэтилировании предварительно мерсеризованной целлюлозы 
(рис. 36) четко выраженная слоевая картина на её ультратонких срезах не 
наблюдается. Это объясняется тем, что процессу цианэтилирования пред
шествовала щелочная обработка, вызывающая внутрифибриллярное набу
хание целлюлозы.

Эффект внутрифибриллярного набухания приводит к увеличению степе
ни замещения гидроксильных групп на цианэтильные в процессе цианэтили
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рования (содержание азота в исходном цианэтилированном волокне — 2,8%, 
а в предварительно мерсеризованном цианэтилированном волокне — 5%).

В случае цианэтилированных волокон, предварительно инклюдирован- 
ных изо амиловым спиртом (рис. Зв), указанные различия в структуре волокон 
проявляются более отчетливо (содержание азота —7,0%).

Для цианэтилированного хлопкового волокна, предварительно обра
ботанного смесью глицерина-вода, наблюдается разупорядочение элементов 
надмолекулярной структуры, позволяющее судить о характере распределе
ния слоев вторичной стенки (содержание азота —3,2%).

Следует отметить, что поскольку при обработке целлюлозы смесью 
глицерина с водой имеет место лишь межфибриллярное набухание, а тонкая 
структура её микрофибрилл остается незатронутой, то можно предположить, 
что при цианэтилировании такого препарата в реакции участвуют преиму
щественно те макромолекулы, которые расположены на поверхности микро
фибрилл или их агрегатов.

Предварительно активированные цианэтилированные препараты устой
чивы к гидролизу.

На рис. 4а, б, в, г приведены электронные микрофотографии продоль
ных ультратонких срезов радиационно-привитых сополимеров целлюлозы с 
полиакрилонитрилом (ПАН).

Набухание структурных элементов во вторичной стенке исходного 
привитого ПАН хлопкового волокна обусловлено прививкой полиакрило
нитрильных молекул к целлюлозной цепи. Прививка ПАН происходит, 
очевидно, в наиболее доступных участках волокна.

К предварительно активированным хлопковым волокнам прививка 
ПАН идет гораздо интенсивнее, чем к исходной целлюлозе.

Электронномикроскопические исследования привитых ПАН волокон, 
предварительно обработанных едким натром, а также инклюдированных 
изоамиловым спиртом, показали, что на продольных срезах их видны укруп
ненные структурные элементы, плотно упакованные друг относительно 
друга.

Предварительная обаботка целлюлозы едким натром при низкой тем
пературе, а также последующий процесс инкюдации привели к сильному 
набуханию микрофибрилл и их плотных участков. Поэтому прививка в этом 
случае протекает, по-видимому,. как в рыхлых, так и в плотных участках 
структуры целлюлозы.

В случае привитого Г1АН хлопкового волокна, предварительно обра
ботанного смесью глицерин-вода, сохраняется эффект межслоевого и меж
фибриллярного набухания, вызванный предварительной обработкой. В этом 
случае прививка ПАН идет, в основном, к тем целлюлозным цепям, которые 
расположены на поверхности микрофибрилл и их агрегатов. Происходит как 
бы обволакивание микрофибрилл цепочками ПАН.
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Предварительно активированные хлопковые волокна, привитые ПАН, 
устойчивы к кислотному гидролизу, что объясняется, очевидно, экраниру
ющим действием цепей ПАН.

Подобные исследования (структурные и химические превращения) 
были проведены и на гидролизованной целлюлозе, т. е. на её плотных участ
ках. Полученные результаты подтверждают наши высказывания относи
тельно взаимосвязи различных превращений в целлюлозе.

Резюмируя результаты микроскопических и электронномикроскопиче
ских исследований структуры модифицированных хлопковых волокон, можно 
отметить следующее: при том или ином типе химических превращений 
целлюлозы, наряду с модификацией её свойств, происходят изменения и в 
надмолекулярной структуре целлюлозы. Причем характер этих изменений 
зависит как от типа предварительной структурной модификации, так и от 
последующего химического превращения целлюлозы.

Следовательно, структура цианэтилированных и радиационно-хими
чески привитых ПАН волокон хлопка всецело зависит от их первоначальной 
физической структуры. Это свидетельствует о наличии прямой зависимости 
между структурными и химическими превращениями в целлюлозе.

Выводы

1. Комплексом структурных методов исследования показано, что обра
ботка хлопковой целлюлозы щелочью и последующие процессы инклюдации 
приводят к внутрифибриллярному разрыхлению целлюлозы, а обработка 
смесью глицерин-вода (1:1)  — к межфибриллярному разрыхлению.

2. Установлено, что характер структурных изменений при химической 
модификации активированной целлюлозы зависит как от типа предваритель
ной структурной модификации, так и от последующего химического превра
щения целлюлозы.

3. Детально изучена взаимосвязь структурных и химических превра
щений в хлопковой целлюлозе, в том числе и на её плотных участках. Пока
зано, что характер и степень предшествовавших структурных модификаций 
целлюлозы всецело отражаются на надмолекулярной структуре её циан
этилированных и привитых полиакрилонитрилом препаратов.

SUMMARY

The structural and chemical changes occurring in cotton cellulose were studied both 
independently and in correlation with each other. In order to observe the changes in structure, 
light- and electron microscopic methods were used.

Structural modifications were effected by treatment of the cellulose with 18% sodium 
hydroxide solution, isoamyl alcohol, and a mixture of glycerol and water. Examination with 
a light microscope showed that this treatment produced different changes in the cotton fibre 
to a varying degree. In some cases the coiled (twisted) structure of the cotton fibre disappeared 
and its transverse section became almost round. In other cases the twist was retained, but
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there was a noticeable increase in the mean diameter of the fibre. The electronmicroscopic 
observations of ultra-thin cuts confirmed that there were two types of structural changes in 
the fibre: intrafibrillary and interfibrillary swelling.

In other experiments, the cellulose preparations were treated chemically with ethyl 
cyanide followed by radiation graft copolymerization with acrylonitrile. The supermolecular 
structural features of the cyanoethylated and graft-polyacrylonitrile fibres of cotton were 
established. A relationship was found between the structural and chemical changes of the 
cellulose samples investigated.
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In terna tiona l C om pendium  o f  N um erica l Data Projects, X X I I I

295 p. Produced by CODATA, Springer-Verlag, Berlin — Heidelberg — New York, 1969

The studies in chemistry, physics and technology are immensely branching out recently. 
For being conversant at least with one’s own field of research, one needs a lot of time to study 
a tremendous number of reviews and collect systematically the data coming from several 
places. The effort against backwardness takes a considerable time originally devoted to research 
work.

The research work is aided to a great extent by the present Compendium, the material 
of which attempts to answer the following general questions:

What compilations containing critically evaluated data are now available, what centers 
or organizations produce or aid production of such data for publication on a continuing basis, 
what national programs exist for financial support and encouragement of data compilation 
work, and what guidelines are available to compilers of all countries so that their products 
may be compatible.

The Compendium is divided into six chapters:
In the first chapter, the national data programs and the national committees for CO DATA 

are enumerated. In the second, the centers covering a number of areas of science are dis
cussed. The topics of the third chapter:

N u c le a r  p r o p e r t ie s (General nuclear properties, properties of neutrons, properties of 
nucleides, indexes); A to m ic  p r o p e r t ie s  a n d  m o le c u la r  p r o p e r t ie s (Atomic properties including 
spectra, molecular properties including spectra, infrared and microwave spectra, Raman 
spectra, electronic spectra, ultraviolet and visibles, mass spectra, NMR spectra, other atomic 
and molecular projects, indexes to compilations); S o l id  s ta te (Crystallographic, mineralogical, 
electrical and magnetic, and related properties): T h e r m o d y n a m ic  a n d  t r a n s p o r t  p r o p e r t i e s  
(including thermophysical and solution properties, indexes to compilations); C h e m ic a l  k i n e t i c s; 
G a s  C h r o m a to g r a p h ic  D a ta; O p tic a l p r o p e r t ie s (Optical rotatory power: steroids, triterpenes, 
amino acids, alkaloids).

The entries in chapter 3 of the Compendium, which is the most important part, are 
organized under the following headings: 1) Organization, 2) Coverage, 3) Analysis, and 4) Pub
lications. The first heading presents brief information about the organization under which 
the work is done, the second gives facultal information as to the substances covered and their 
states, the properties covered and the range of variables if appropriate, and the period of time 
covered. Under the term “Analysis” an effort is made to present facts and observations that 
reflect the aims of the compiler in evaluating and distributing the results of his work. Under 
“Publications” information is given leading the user to the source of the publication and its 
cost.

In the fourth chapter, the Compendium enumerates those new and secondary centers, 
which have had insufficient time to make their products available to the public. Some of these 
will in due course publish tables of data. Others are concerned, at least initially, in preparing 
complete bibliographies of pertinent papers for various fields. Just to mention the main topics: 
Secondary nuclear data centers, colloid and surface properties, other specialized centers (high 
pressures, radiation chemistry, diffusion in metals and alloys, equilibrium constants of molten 
steel, molecular weights of polymers, electrolyte solutions).

In the fifth chapter there are handbooks enumerated, giving only the necessary data 
without any evaluation. The sixth chapter (physical quantities, units and symbols, basic
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physical constants, nomenclature and related matters) gives the survey of those national and 
international organizations, which play a leading role in the international scientific life concern
ing the topics mentioned in the title. The most important issues are enumerated as well.

The volume is supplemented by detailed author and subject indexes.
We greet the Compendium of ICSU—CODATA with great pleasure and should like to 

call the attention of every library, and research institute of natural sciences to this issue, 
which is indispensable in science and industry alike, and can give significant support to research 
work by its vast amount of information.

We should like to quote the lines from the Foreword written by Frederick D. R o s s i n i , 
President of ICSU—CODATA, which perfectly throw light upon the aim of CODATA and 
the Compendium: “At the time of its establishment in 1966, by the International Council 
of Scientific Unions (ICSU), the Committee on Data for Science and Technology (CODATA) 
was given the basic mission of promoting and encouraging, on a worldwide basis, the production 
and distribution of compendia and other forms of collections of critically selected numerical 
data on substances of interest and importance to science and technology.”

L. L áng

N . A n a n d , J .  S. B i n d r a  and S. R a n g a n a t h a n : A r t in  Organic S yn thesis  

IIolden-Day Inc., San Francisko, London, Amsterdam, 1970

The spiritual similarity between the activity of the creative scientist and artist has been 
the dominant idea of several studies discussing scientific results. Obviously, the same thought 
stimulated the authors of the present work in preparing a survey of the brilliant achievements 
in modern organic chemistry.

Naturally, neither a textbook nor a study, summarizing without omission the results, 
can be written on the ‘art’ of organic chemistry. However, a representative publication, similar 
to an album illustrating the products of a given artistic period can be compiled. This seems to 
have been the leading principle of the authors in the compilation of their material, selected 
from recent decades of organic chemistry.

The limited extent of a book makes inevitable the use of some guiding principle. This is 
shown here in the fact that the 100 examples presented were taken from the domain of the 
synthesis of natural organic substances. This selection is fortunate, because in this way the 
most useful knowledge can be given in a rather concise form. Indeed, this field gives, e.g., 
the most useful thesaurus of examples on the selective conversion of polyfunctional compounds. 
In this respect the book can serve therefore as a source of guiding principles in selecting reaction 
conditions and reagents. Thus, for younger chemists it is a summary of possibilities, whereas 
for those who did active research during the period when organic chemistry achieved its recent 
spectacular successes, it is a summarizing recapitulation of the results of these decades.

The syntheses described in the book represent without exception the highest level in 
organic chemistry, but the intention of the authors to present an interesting material selected 
from a broad field can also be seen. There have been many other achievements in recent de
cades in organic chemistry which deservedly might have been included in this work. However, 
the authors had to make use of their privilege to choose from equals. The book makes very 
useful and thought-provoking reading.

L. TOLDY

S. J .  B a r k e r  and M. B . P r i c e : Polyacetals 

175 pp. Iliffe Books, London, 1970

The polymerization of formaldehyde was first oberved by B u t l e r o v  in 1859. S t a u d i n g e r  
studied the process of polyoxymethylene formation and the properties of the polymer. Never
theless, production on an industrial scale began only in 1956. The reason for this can be ascribed 
to the technical difficulties of the industrial purification of formaldehyde, required for the 
formation of the polymer, and to steps necessary for the stabilization of the polymer formed. 
The book by S. J. B a r k e r  and M. B. P r i c e  gives an excellent survey of the chemistry of 
polyacetals, the principle and technical realization of their preparation and of the mechanical.
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electric and chemical properties of the polymers. In the characterization of the mechanical 
properties, the description of characteristics observed under prolonged load is of particular 
interest. The second part of the book deals with the processing methods of polyacet als, machines 
and tools required for this purpose. Finally, the conditions of efficient use and application are 
discussed, among others, the problems pertinent to the cementing, fastening together, dyeing 
and imprinting of polyacetals, and to the modification of the properties of polyacetals by 
various reinforcing substances. The last chapter of the hook describes the polyacetals of alde
hydes with a higher number of carbon atoms. The book will be very useful to those experts 
who wish to process and use polyacetals. These products are relatively expensive, which makes 
a careful consideration of their technical properties absolutely necessary in their application. 
This is a precondition of their optimum technical and economic application and spreading use. 
The book gives valuable and reliable help in this task.

Gy. H a r d y

A dvances in  M acrom olecular C hem istry , Yol. 2

267 p p .  Edited by Wallace M. P a s i k a . Academie Press, London, New York, 1970

The book comprises five studies on actual problems in macromolecular chemistry and 
physics. The first study (Jett C. A r t h u r , Jr.: Graft Polymerization onto Polysaccharides) 
gives an excellent survey of the methods of graft polymerization, and of the chemical and 
physical characterization and use of the products. The modification of the properties of natural 
fibres on cellulose basis by synthetic methods to suit given technical requirements, attaches 
particular actuality to this method. The second study (13. Ch u : Critical Opalescence and the 
Macromolecule) discusses problems in connection with the light-scattering method used widely 
in the physical investigation of polymers, the phenomenon of the critical opalescence of macro
molecular solutions and its applicability to the structural investigation of polymer solutions 
and macromolecules. Recent technical developments in the examination of the phenomenon 
permit the study of the configuration and dynamic behaviour of liquids and macromolecular 
solutions. Thus, e .g . the diffusion constant of dissolved particles, the translational and rotatio
nal diffusion constants of biomacromolecules, laminar and turbulent flow profiles and the dura
tion of turbulent fluctuations can be determined by means of this method. The third study 
(A . B l u m s t e i n : Polymerization in Preoriented Media) discusses the rules of polymerization 
reactions in preoriented systems and those ordered in one, two and three dimensions. Since 
an extensive review has been published in the first volume of this series on solid phase poly
merization, this study is concerned mainly with processes occurring in liquid-crystalline, mono- 
and multilayer systems. Many new results are to be expected particularly in the field of syn
theses in macromolecular matrices simulating biosynthesis. The fourth study of the volume 
(II. L. F r i s c h  and D. K l e m p n e r : Topological Isomerism and Macromolecules) discusses in 
detail the topological isomerization of macromolecules, the corresponding synthetic methods 
and their interpretation, a problem of actuality with both synthetic and bio-polymers. The last, 
fifth study of the book (M. M. K o t o n : High-Temperature Polymers Containing Cyclic Func
tions) is a systematic description of the methods of preparation of cyclic polymer chains of high 
thermal resistance. The author, Professor M. M. K o t o n , is one of the leading experts in this 
field in the Soviet Union, and is therefore the most qualified interpreter of the results achieved 
in Soviet chemical schools for those who read only English.

G y. H a r d y

Fortschritte der chemischen F orschung. Top ics  in C urren t C hem is try ,  B a n d  14,
H e f t  1

126 Seiten. Inorganic and Analytical Chemistry, Springer-Verlag, Berlin, Heidell erg,
Mew York, 1970

Die beim Springer-Verlag erschienene Reihe begann 1951 und gibt kurze Ubersichte 
meist zusammenfassenden Charakters über neuere Ergebnisse auf verschiedenen Gebieten 
der Chemie (organische Chemie, anorganische Chemie, analytische Chemie, Komplexchemie, 
Radiochemie, Photochemie, Chemie der Naturstoffe, Stereocliemie, Elektrochemie, organische
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Synthesen, neue Methoden in der chemischen Forschung, Spektren und Molekülstruktur usw). 
Das Prinzip der Folge widerspiegelt die bereits verbreitete Erkenntnis, daß die Zeit der um
fangreichen Monographien (umfassenden Charakters) allmählich vergeht und zwar besonders 
auf Wissenschaftsgebieten mit starkem Entwicklungstempo. Wegen des hohen Zeitbedarfs 
für die Bearbeitung der einschlägigen Literatur und für das Schreiben ausführlicher Mono
graphien sowie wegen der längeren Durchlaufszeit in der Druckerei (bei umfangreichen 
Büchern) sind nämlich viele Monographien bereits im Zeitpunkt ihres Erscheinens als veraltet 
zu betrachten. Die vorliegende Bücherfolge ist eine solche, bei der die in kürzeren Perioden 
wiederholte Information, der up-to-date-Charakter gegenüber den immer schwieriger realisier
baren ausführlichen Darlegungen bevorzugt wird.

Heft 1 des 14. Bandes der Reihe enthält drei Arbeiten vom Gebiet der anorganischen 
und analytischen Chemie.

In seiner 43 Seiten umfassenden Arbeit “Localized Molecular Orbitals and Bonding in 
Inorganic Compounds” erörtert H. A. B e n t  die Eigenschaften des Bindungssystems der Mole
küle durch elektrostatische Wechselwirkungen. Sein Grundprinzip ist, daß eine Analogie zwi
schen den ionischen und kovalenten Verbindungen besteht. In den kovalenten Verbindungen 
spielt der aus dem Atomkern und den abschirmenden, jedoch an der Bindung nicht beteiligten 
Elektronen bestehende Atomrumpf die Rolle der Kationen, während die Anionen die “elektri- 
den Ionen” sind, die durch die Sphäre je eines in der äußeren Elektronenhülle befindlichen 
Elektronenpaars charakterisiert werden. Der Autor ordnet jedem Elektronenpaar und jedem 
Atomrumpf je eine negativ bzw. positiv geladene Kugel zu. Seiner Auffassung nach sind die 
hei Kristallen erkannten Zusammenhänge auf analoge Art auf die aus Atomrümpfen und 
elektriden Ionen aufgebauten Moleküle übertragbar, woraus er zu zahlreichen interessanten 
Folgerungen gelangt. Die Nutzbarkeit dieser Konzeption besteht darin, daß qualitative Fest
stellungen bei solchen — hauptsächlich anorganischen chemischen Systemen ermöglicht 
werden, deren quantitative quantenmechanische Behandlung gar nicht in Frage käme.

Es könnte eingewendet werden, daß der auf die lokalisierten Molekülbahnen hinweisende 
Titel nicht mit dem durch den Autor beschriebenen, im wesentlichen elektrostatischen Prinzip 
im Einklang steht.

In der 43 seitigen Übersicht mit dem Titel “Non-Destructive Techniques in Activation 
Analysis” führt W. I). E h m a n  die Entwicklung und Leistungsfähigkeit der zerstörungsfreien 
aktivierungsanalytischen Verfahren vor.

Bei der Behandlung der Nentronenaktivierungsanalyse (14 MeV bzw. thermische Neu
tronen) wird der Leser auch über die Meßtechnik und Meßgenauigkeit informiert. Unter den 
sonstigen aktivierungsanalytischen Verfahren werden die in biologischer Hinsicht wichtige, 
zur Bestimmung von lG0, 14N und 12C besonders geeignete Photoaktivierungsanalyse, die 
Aktivierung mit geladenen Teilchen (Protonen, Deuteronen, Tritonén, Helium(III)-Ionen, 
Alphateilchen), die für die Bestimmung von leichten Elementen angewendet wird und die 
prompte Gammastrahlenanalyse, deren Anwendung die Bestimmung von Radionukliden mit 
äußerst geringer Halbwertszeit ermöglicht, kurz behan-delt.

Die Anwendbarkeit der Verfahren wird mit verschiedenen Beispielen illustriert. Die 
Arbeit ist in erster Reihe für die Informierung von auf diesem Gebiet noch nicht bewanderten 
Fachleuten zu empfehlen.

In der 33 Seiten umfassenden Arbeit von R. B. K i n g  unter dem Titel “Transition Metal 
Organometallic Compounds in the Mass Spectrometer” werden die Ergebnisse der massen- 
spektrometrischen Untersuchung von metallorganischen, hauptsächlich Carbonylverbindungen 
der Übergangsmetalle behandelt, die in vielen Fällen zur Klärung der Struktur führten. 
Es werden reichlich Beispiele angegeben, aus denen hervorgeht, wie aus der bei mehreren 
Verbindungsgruppen durchgeführten systematischen Forschung auf die Struktur gefolgert 
werden konnte. So kann z. B. aus dem Massenspektrum der Metallcarbonylhaloide und der 
Metallcarbonylhydride die Brücken- oder terminale Liganden-Stellung eindeutig bestimmt 
werden. Die Üntersuchung der Mx Clusterionen, die im Spektrum der Metallcarhonyle auftre- 
ten, zeigte, daß die Stärke der Bindung zwischen verschiedenartigen Metallatomen mit zu
nehmendem Unterschied der Elektronegativität dieser Metalle ansteigt. Die Schrift führt die 
Anwendungsmöglichkeit der Massenspektrometrie zur Strukturuntersuchung der Metall
carhonyle in einer auch für Nicht-Spezialisten dieses Gebiets leicht verständlichen Form 
und dennoch anspruchsvoll vor.

Der up-to-date-Charakter aller drei Arbeiten des Bandes wird durch das mit dem Jahr 
1969 abgeschlossenen Literaturverzeichnis demonstriert (der Band erschien im Februar 1970).

Das Niveu der Bearbeitung der drei.Themen ist unterschiedlich. Unter Berücksichtigung 
des Übersichtcharakters, der voneinander völlig unabhängigen Themen und der verschiedenen 
Autoren, scheint dies jedoch unvermeidlich. Es wäre nicht richtig, diese Arbeiten als Abschnitte 
eines Buches zu betrachten und demgemäß einheitliche Ausführung und homogene Anschauung
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zu erwarten. Um eine solche Einheitlichkeit zu erreichen, müßte eine Tätigkeit des Heraus
gebers eingeschaltet werden, die die Durchlaufzeit der Manuskripte wesentlich verlängern 
würde; demgemäß müßte auf den größten Vorteil der Folge, auf seinen up-to-date-Charakter 
verzichtet werden.

B. Cs á k v á r i

A  kém ia  lijabb eredményei (N euere  E rgebn isse  der Chemie)

Herausgegeben von: Béla Cs á k v á r i . Akadémiai Kiadó, Budapest

Beispielen aus dem Ausland folgend, angeregt durch die Abteilung der chemischen 
Wissenschaften der Ungarischen Akademie der Wissenschaften, erschienen vor kurzem die 
ersten drei Bände dieser neuen Kleinmonographiefolge. Mit ihrer Herausgabe soll das Ziel 
verfolgt werden, den Chemikern zusammenfassende Arbeiten über einige engere Fachgebiete 
der Chemie zur Verfügung zu stellen, in denen die erreichten Ergebnisse aufgrund der neuesten 
Literaturangaben behandelt werden. Bekanntlich werden in unseren Tagen deshalb an Stelle 
der Fachbücher vom alten Typ die Monographien und hauptsächlich die sog. Klein
monographien bevorzugt, weil zwischen dem Tempo der Veröffentlichung der wissenschaft
lichen Ergebnisse und dem Erscheinen der diese Ergebnisse zusammenfassend darstellenden 
Fachbüchern sich Asynchronisation eingestellt hatte. Das gestörte Gleichgewicht kann nur so 
hergestellt werden, wenn Bände mit höchstens 2—3 Arbeiten herausgegeben werden, deren 
Verfasser auf dem engen Fachgebiet arbeitende und folglich mit der neuesten Literatur 
vertraute Spezialisten die endgültige Formulierung sozusagen unmittelbar vor der Druck
legung vornehmen und wenn auch der Verlag sein Möglichstes tut, um das Buch schnell er
scheinen zu lassen. Solche Monographien sind außer den Pflegern des engen Fachgebietes — 
auch für die in den Grenzgebieten arbeitenden Fachleute von Interesse. Es ist jedoch fraglich, 
ob Chemiker, die auf anderen Fachgebieten arbeiten, ebenfalls Anspruch auf diese Art von 
Zusammenstellungen erheben; meiner Ansicht nach sind für diese auch heute noch die umfas
senderen, eher Zusammenhänge als Teilergebnisse enthaltenden Bücher von größerer Bedeutung.

Die ersten drei Bände der durch Béla Cs á k v á r i  herausgegebenen neuen Folge in 
Leinen gebundene, gefällige Büchlein enthalten je 2—4 selbständige Arbeiten, deren Um
fang 30 120 Seiten beträgt. Der erste Band beschäftigt sich größtenteils mit anorganischer
Chemie, während der zweite Band analytisch-chemische Aufsätze und der dritte eine organisch
chemische und eine komplexchemische Arbeit enthält.

A  kém ia újabb eredményei (Neuere E rg eb n is se  der Chemie). B a n d  1

Herausgegeben von: Béla Cs á k v á r i . Akadémiai Kiadó, Budapest, 1970* Preis Ft. 23.—

Z oltán  S z a b ó : Ergebnisse der m odernen anorganischen Chemie

Die Vergangenheit und Gegenwart der anorganischen Chemie vergleichend, führt der 
Verfasser aus, daß der Leitfaden dieser heute wiederauflebenden Disziplin die Strukturchemie 
ist, deren Grundlage die elektronische anorganische Chemie bildet. Von diesem Gedanken 
ausgehend werden die auf der Feinverteilung der Elektronen beruhenden periodischen Funktio
nen erwähnt, wonach der Verfasser auf die Elektronegativität übergeht. Die Konzeptionen, 
die zur quantitativen Formulierung des Begriff» führen, werden in großen Zügen behandelt 
und ihr gemeinsamer physikalischer Inhalt wird nachgewiesen. Der Begriff wird auf zusammen
gesetzte Radikale und Ionen ausgedehnt und es wird betont, daß der Wert der Elektronega
tivität im allgemeinen auch vom Oxydationszustand und vom Partner abhängig ist. Auf die 
Anwendung übergehend behandelt der Verfasser die Bindungsenergie, den Bindungsabstand, 
den ionischen Charakter der Bindung und dessen Wirkung auf die Löslichkeit ausführlicher- 
Die Theorie der Ionenpolarisation wird als gute Annäherung von der Seite der ionischen Bin. 
dung her erwähnt. Abschließend wird die Säure — Basen-Theorie kurz charakterisiert.
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Z o l tá n  S z a b ó — K á lm á n  B u r g e r — E n d re  K ő r ö s : Über die Pearsonsche In te r 
preta tion  der Lew isschen Säure— B asen-R eaktionen

In der Einleitung wird darauf hingewiesen, daß die leicht memorierbaren Kegeln, die 
auf der unmittelbaren Systematisierung der Erfahrungen beruhen, wobei von der exakten 
wissenschaftlichen Ableitung Abstand genommen wird, für den praktischen Chemiker recht 
nützlich sind. Da auf dem Gebiete der Reaktionsfähigkeit die Pearsonsche Konzeption trotz 
ihrer Einfachheit als die umfassendste betrachtet werden kann, nahmen die Verfasser mit 
ihrer Themenwahl eine recht dankbare Aufgabe auf sich. Nach einem Überblick über die Vor
geschichte werden die Gesichtspunkte der Pearsonschen Kategorisierung diskutiert. Die Ein
teilung der Lewis-Säuren und Lewis-Basen in die Kategorien ‘hard’ und ‘soft’ ist tabellarisch 
angegeben, wobei die Grenzfälle separat angeführt wurden. Die Regel, daß “hard-Säuren mit 
hard-Basen und soft-Säuren mit soft-Basen stabilere Komplexe bilden bzw. mit höherer 
Geschwindigkeit reagieren”, wird durch zahlreiche Beispiele unterstützt. Die anorganischen 
und organischen Reaktionen werden gesondert behandelt; danach wird auf einige Fragen der 
Stabilität und der Reaktionskinetik eingegangen. Die Bestrebungen, deren Ziel die theoretische 
Fundierung der Pearsonschen Konzeption ist, werden weitgehend erläutert.

P á l  S z a r v a s : N eure Ergebnisse in  der Chemie der anorganischen P olysiiuren

Die zusammenfassende Arbeit von Pál Sz a r v a s  widerspiegelt und betont die Änderung 
in der Methodik und Anschauung, die sich im letzten Jahrzehnt in der Chemie der Polysäuren 
abgespielt hat. Obwohl der Verfasser einige Gesichtspunkte der Aufteilung der Polysäuren 
erwähnt, wobei er die tieferen Zusammenhänge als wichtiger beurteilt, verpflichtet er sich zu 
keinem dieser Gesichtspunkte. Er weist jedoch darauf hin, daß — unabhängig von ihrem Cha
rakter — sowohl unter Metallen als unter Nichtmetallen allein diejenigen Elemente zur Bildung 
von Polysäuren neigen, deren Elektronegativität nicht geringer als 1,6 und nicht höher als 
2,1 ist. Ausführlicher werden die Ergebnisse auf dem Gebiet der Polyborate, Poly phosphate 
und Vanadium-, Molybdän- und Wolframsäuren behandelt. Jener Teil des Aufsatzes, den die 
kritische Bearbeitung charakterisiert, gibt dem Leser einen Eindruck über die Kompliziertheit 
der untersuchten Systeme und beweist die Notwendigkeit und die Vorteile der vielseitigen 
LTntersuchungen. Ein frappantes Beispiel der Schwierigkeiten bei der Klärung der tatsächlichen 
Verhältnisse ist die nur in den letzten Jahren erkannte Tatsache, daß der saure Charakter der 
Ori/zoborsäure nicht auf elektrolytischer Dissoziation, sondern auf der Addition von Hydro- 
xvdionen beruht.

F e re n c  T ö r ö k : Analoge Züge der Schw ingungstheorie von M olekülen
und K rista llen

Die Rolle, die auf die Schwingungstheorie in der Festkörperforschung wartet, ist ebenso 
wichtig wie ihre grundlegende Rolle in der Klärung der Molekülstruktur. Die Abhandlung von 
Ferenc Török führt die Schwierigkeiten der Anwendung auf Kristalle und zeigt den gangbaren 
Weg vor. Der Verfasser geht von der Schwingungstheorie der Moleküle aus, die er als bekannt 
voraussetzt. Er beweist, daß die analoge Determinante für Kristalle unendlicher Ordnung 
und für praktische Berechnungen ungeeignet ist. Dann führt er vor, wie die Schwingunglsgei- 
chungen durch Berücksichtigung der Symmetrien vereinfacht werden können. Er weist auf die 
Unterschiede hin, die zwischen Molekülen und Kristallen hinsichtlich der Auswahlregeln 
vorliegen und führt verschiedene Methoden zur Klassifizierung der Kristallschwingungen an. 
Die Anwendung von polarisiertem Licht, die eine geradezu für Kristalle prädestinierte Methode 
zu sein scheint, wird gesondert behandelt. Zum Abschluß der wertvollen Abhandlung werden 
die Berechnungsprobleme der Kristallspektren dargestellt.
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A  kém ia  újabb eredm ényei (N euere Ergebnisse der Chemie) B an d  2

Ilerausgegeben von: Béla CsÁKVÁRi

László  Erdey—László  Polos: D ie Gravimetrie als Grundlage der chemischen
A n a ly se

In der Einleitung erörtern die Verfasser ausführlich, daß die Gravimetrie wie auch 
der Titel ahnen läßt trotz außerordentlicher Entwicklung der Instrumentation und Auto
matisierung keineswegs restlos ersetzbar ist; sie bleibt nach wie vor die Methode der letzten 
Kontrolle der Etaloné. Ihre Entwicklung wird durch die Ergebnisse bewiesen, die auf dem 
Gebiet der Gravimetrie durch die Vervollkommnung ihrer Verfahren und durch die Klärung 
der Teilvorgänge erreicht wurde. All dies wird durch die Verfasser in einer logischen Kette der 
Zusammenhänge vorgeführt, wobei als Ausgangspunkt die Theorie der übersättigten Lösungen 
dient. In diesem Rahmen wird gezeigt, daß der Charakter der Nukleation in der metastabilen 
und in der labilen Zone verschieden ist. Es wird die Temperatur- und pH-Abhängigkeit der 
Breite der metastabilen Zone behandelt und ihre Bedeutung am Beispiel der Abscheidung von 
Bariumsulfat demonstriert. Anschließend wird die Abhängigkeit des Keimwachstums von der 
Diffusionsgeschwindigkeit und der Absorption sowie der Kossel-Stranskische Mechanismus 
und der Mechanismus des spiralen Kristallwachstums erläutert. Der Mechanismus wird im 
allgemeinen erfolgreich durch Anwendung des Dissolutionsverfahrens untersucht, oft mit 
dem Ausglühen der Niederschläge kombiniert. Der Teil der Abhandlung über die komplexe 
Untersuchung der Niederschläge ist recht wertvoll. Die Vorteile der gemeinsamen Anw endung 
der Differentialthermoanalyse, der Thermogravimetrie und der Dilatometrie werden an Hand 
mehrerer Beispiele vorgeführt. Der Derivatograph ist jedoch keineswegs nur ein Hilfsmittel 
im analytischen Laboratorium, sondern ermöglicht — w ie die angeführten Beispielen zeigen 
auch die unmittelbare Lösung analytischer Probleme.

Ernő P ungor -Á g n es Szász:
N euere E n tw ick lungen  der F lam m enphotom etrie

Als Einführung wird ein kurzer Auszug der Theorie der Flammen gegeben: diesen 
möchte ich als höchst interessanten und knapp gefaßten Beitrag auch jenen Chemikern emp
fehlen, die die Flammenphotometrie weder weiterentwickeln noch anwenden möchten. Aus
führlicher werden die Bildung und die Gleichgewichte der Radikale sow ie die zur Bestimmung 
ihrer Konzentration dienenden Methoden ausgeführt. Auch das Ionisationsgleichgewicht und 
die Elektronenkonzentration der Flammen werden behandelt. Das verständlicherweise kurze 
Kapitel “Entwicklung der Meßtechnik” gibt den Zeitpunkt und die Umstände der Ent
wicklung der drei grundlegenden Meßmethoden, namentlich des Emissions-, Absorptions- und 
Atomfluoreszenzverfahrens an und schildert kurz ihre Verbreitung. Die Orientierung hin
sichtlich der Nachweisgrenzen wird durch eine nützliche Tabelle gefördert. Bezüglich der Emp
findlichkeit geben die Verfasser außer den informativen Angaben eine beachtenswerte Defini
tion. deren Geist sich auch auf die Kapitel “Genauigkeit” und “Auswertung” auswirkt. Die 
Erfahrungen bezüglich der praktischen Ausführung werden kurz aber gut gegliedert mitgeteilt. 
Die knapp zusammengefaßten Kapitel behandeln die Fragen der Lösungsmittelwirkung, der 
Messung extrem hoher Konzentrationen, der Störwirkungen, der Instrumentation, der Licht
quellen, der Flammenzusammensetzung, der Monochromatoren; zwei Kapitel beschäftigen 
sich mit Fragen der Zerstäubung. Bezüglich der Anwendung in der Analyse betrachten die 
Verfasser jenen Umstand als wesentlichste Änderung, daß die Flammenphotometrie sich auch 
zur unmittelbaren Bestimmung von Nichtmetallen als geeignet erwiesen hat.

Wenn man berücksichtigt, wie wirtschaftlich die Verfasser den zur Verfügung gestellten 
Umfang durch kurze und treffende Charakterisierung der Literaturangaben trotz deren großer 
Zahl (1130 Hinweise) ausnützen und wie erfolgreich sie den Leser informieren, darf man wohl 
ruhig behaupten, daß die Arbeit: “Neuere Entwicklungen der Flammenphotometrie” für 
ähnliche Kleinmonographien als Vorbild dienen kann.
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A  ké m ia  újabb eredm ényei (Neuere E rg eb n isse  d e r  Chemie) B a n d  3.
Herausgegehen v o n :  Béla C s á k v á r i

K á l m á n  M e d z i h r a d s z k y : N eueste  Ergebnisse a u f  dem  Gebiet der Synthese
natürlicher P eptide

Die durch ungarische Forscher durchgeführte und vor kurzem mit dem Staatspreis 
gewürdigte Synthese des menschlichen Adrenocorticotrop-Hormons (ACTH) erweckte das 
Interesse breiter Fachkreise für die Synthese natürlicher Peptide. Die sprunghafte Entwicklung, 
die auf diesem Gebiet — ähnlich anderen Zweigen der organischen Chemie — einsetzte, konnte 
vom organischen Chemiker in den heimischen und ausländischen Fachzeitschriften längere 
Zeit hindurch noch verfolgt werden. Die Anzahl der auf diesem Gebiet publizierten Arbeiten 
steigt jedoch neuerdings -— in Übereinstimmung mit der Theorie über die “Informationsexplo- 
sion” — derart steil an, daß nur der auf dem eng genommenen Fachgebiet Arbeitende fähig 
ist, die Ergebnisse überblicken zu können. Es ist erfreulich, daß ein Mitglied der oben erwähnten 
ungarischen Forschergruppe es unternommen hat, die neuesten Ergebnisse der Synthesen 
natürlicher Peptide zusammenfassend zu beschreiben.

Zunächst behandelt der Verfasser die Methoden der Peptid-Syntliese. Nach der kriti
schen Bewertung der verschiedenen Schutzgruppen erörtert er die Verfahren zur Bildung der 
Peptidbindung. Das Merrifieldsche Verfahren und seine neueren Varianten werden ausführlich 
dargelegt, wobei erwähnt wird, daß diese in ihrer gegenwärtigen Form nur einer “mechanisier
ten” Peptidsynthese entsprechen, woraus sich prinzipielle Probleme ergeben.

Der zweite Teil der Abhandlung befaßt sich mit der Synthese natürlicher Polypeptide 
und Proteine. Zuerst werden mit größter Ausführlichkeit die Versuche zur Synthese der Hy
pophysenhormone, des ACTH, des MSH (melanocidstimulierende Hormone), des /?-LPH 
(/LLipotrophormon), der Hinterlappenhormone und der Pankreashormone dargelegt. Im weite
ren werden die neueren Versuche der Synthese der blutdruckregulierenden Hormone, der Poly
peptidhormone des Darmtrakts, der jüngst entdeckten Polypeptidhormone, der Calcitonine, 
des Apoferredoxins und ganz kurz die Herstellung der Polypeptid-Antibiotika behandelt.

Im abschließenden Teil erhält der Leser ein Bild über die bisher größte Leistung auf 
dem Gebiet der Synthese der natürlichen Polypeptide und Proteine, über die erste Enzym
synthese: über die Totalsynthese des Ribonuklease A-Enzyms.

Der Wert der vorzüglich abgefaßten Arbeit wird durch die Hinweise auf zusammen
fassende Mitteilungen und durch das auch die neuesten Ergebnisse enthaltende Literaturver
zeichnis gesteigert.

L ász ló  M arkó— G ábor S p e i e r : S ticksto ff-F ix ieru n g  in  synthetischen System en  
un ter m ilden  Reaktionsbedingungen

Die Abhandlung von László Markó und Gábor Speier berichtet über ein neues, noch 
im Anfangsstadium befindliches, jedoch vor einer großen Zukunft stehendes Gebiet der orga
nischen Komplexchemie. Bekanntlich geht der Vorgang der Umwandlung des elementaren 
Stickstoffs in gebundenen Stickstoff in Mikroorganismen und Pflanzen unter milden Bedin
gungen, im Temperatur- und Druckbereich der Umgebung der Lebewesen (0—40°, 0.8 Atm • 
рдг2) vor sich, während die ILaber-Boschsche Ammoniaksynthese, deren Funktion letzten Endes 
die gleiche ist. nur bei hoher Temperatur (400 —500 °C) und bei hohem Druck (250—1000 Atm.) 
realisierbar ist. Deswegen sind die Ergebnisse der Untersuchungen von Reaktionen zwischen 
nichtbiologischen Systemen und Stickstoff unter milden Bedingungen von äußerstem Interesse.

Im ersten Teil werden die zwischen Stickstoff und metallorganischen Mischkatalysatoren 
verlaufenden Reaktionen diskutiert. Der zweite, umfangreichere Teil befaßt sich mit mo
lekularen Stickstoff enthaltenden Übergangsmetallkomplexen. Es wird eine ausführliche 
Beschreibung der Herstellung solcher Komplexe und ihrer Reaktionen in folgender Gliederung 
gegeben: Reaktionen, in denen Stickstoffmoleküle freigesetzt werden; Reaktionen, in denen 
das Stickstoffmolekül chemisch umgesetzt wird; Substitution und Reaktionen der im Komplex 
gebundenen sonstigen Liganden; katalytische Aktivität der Komplexe. Anschließend werden 
die Faktoren behandelt, die die Stabilität der Übergangsmetall-Stickstoff-Komplexe beein
flussen. Zum Abschluß werden die gemischten Systeme der Stickstoff-Fixierung erörtert.

Die Abhandlung lenkt die Aufmerksamkeit auf ein Gebiet, das auch für Forscher mit 
verhältnismäßig bescheidenen Mitteln zugänglich ist und im Falle von Erfolg eine unabsehbare 
praktische Bedeutung erlangen kann.

G y .  D e á k

A c ta  C h im . ( B udapest)  70, 1971
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A C T A  C H IM IC A

T O M  7 0  —  В Ы П .  1 - 2 .  

РЕЗЮМЕ

Получение и свойства боротрипирролила

П .  С А Р В А Ш ,  Б .  Д Ь Ё Р И  и  Й .  Э М Р И

Были изучены некоторые реакции, приводящие к образованию боротрипирролила. 
Было найдено, что взаимодействие BF3, ВС13 и В2Н„ с K(NC4H4), а также K[BH(NC4H4)3] 
с BF3 и НС1, при соответствующем молярном отношении компонентов, приводит к обра
зованию боротрипирролила.

Для получения и выделения боротрипирролила был разработан пригодный пре
паративный метод.

Химическое поведение боротрипирролила характеризуется следующими реакция
ми: быстро реагирует с водой, метанолом и уксусной кислотой, образуя при этом В(ОН)3, 
В(ОСН3)3 и В20(00ССН3)4, соответственно. С аммиаком и пиридином дает комплексы со
ответствующего состава. С UH, NaH, LiC0H5 и K(NC4FI4) образует стабильные анионные 
комплексы. Однако, в противоположность вышесказанному, реагируя с К(ОСН3) и 
К(ОСвН5), дает K[B(NC4H4)4] и соответствующие сложные эфиры борной кислоты.

Были получены следующие новые соединения: B(NC4H4)3, B(NC4H4)3NHj,
B(NC4H4)3NC5H5, Csf BH(NC4H4)s], K[B(C6H5)(NC4H4)3], а также новым методом был синте
зирован K[B(NC4H4)4],

На основе химических и спектроскопических исследований было установлено, что 
(NBC.,H4)3 является относительно сильной кислотой Льюиса.

Описание с помощью потенциальной теории фазовых переходов
первого рода

Л .  М Е З Е И

Были обсуждены некоторые основные результаты, полученные при рассмотрении 
фазовых переходов с точки зрения статистической термодинамики, а также сделаны не
которые обобщения. В согласии с литературными данными, делались допущения для 
распределения нулевых положений фазовых интегралов, а затем рассматривалось за
ключение, вытекающее из формализма инверсной трансформации Лапласа. После этого 
определялась связь между функциями, характерными для «двухразмерного» электростати
ческого поля, и полем, описываемым «статистическими термодинамическими комплекс
ными потенциалами». При анализе этой связи объяснялся физический смысл формализма, 
предложенного впервые Ли и Янгом. Инверсия использованного хода рассуждений пока
зывает, как возникает из расхождений между строением отдельных фаз, широко распро
страненный в настоящее время математический формализм в обсуждении фазовых пере
ходов.



Радиационная химия систем насыщенных и несасыщенных 
угловодородов, IV

Влияние циклической структуры на радиационно-химический выход водорода 
из углеводородов с пятью-восьмью углеводородными атомами

Г .  Ф Е Л Ь Д И А К  и  Л .  В О Й Н А Р О В И Ч

Определялись величины Чп„ для смесей между алканами с 5—8 атомами углерода 
(н-пентан, н-гексан, и-гептан- н-октан; циклопентан, циклогексан, циклогептан, цикло
октан) и алкенами с одинаковым числом углеродных атомов (1-н-пентен, I-н-гексен, 1-н- 
октен; циклопентен, циклогексен, циклогептен, циклооктен), а также величины Gh2 и с т ы х  
компонентов при температуре 35 ±  3°С и при интегральной дозе 4,4 Мрад. Было установле
но, что напряжение, возникающее вследствие закрытия кольца, а также характерные 
свойства, определяемые строением молекулы сильно влияют на выход водорода в случае 
циклических углеводородов. Величины Gh2 для смесей, содержащих насыщенные линейные 
углеводороды, во всех случаях ниже величин, полученных для смесей насыщенных- 
ненасьпценных углеводоров, содержащих циклический алкан. Наблюдаемое явление 
объяснялось тем, что в случае циклоалканов мономолекулярные процессы, вследствие 
напряженности в кольце, протекают быстрее, чем в случае алифатических алканов, и т. о. 
для протекания бимолекулярных процессов «защиты» остается относительно меньшее 
время.

Колебательные спектры ртутноорганических соединений, VIII

ИК- и раман-спектры аллильных ртутных соединений

я. М И Н К  И Ю . А .  П Е Н Т И Н

Изучались ИК- (3200— 200 см ') и Раман-спектры хлористой и бромистой аллиль- 
ртути в твердой фазе и в растворах.

Проводилось отнесение измеренных полос. Колебательный расчет для галогенидов 
аллильртути проводился для трех конфигураций: цис, промежуточная и транс. Наилучшее 
приближение наблюдалось в случае промежуточной модели.

Силовое поле хлористой и бромистой аллильртути уточнялось с помощью метода 
наименьших квадратов. Были получены следующие значения валентных силовых постоян
ных хлористой и бромистой аллильртути: для СНД — 4,16 и 4,09. 106 см“2 [2, 67 и 2,62 
мдин/А], а для НдХ — 3,01 и 2,87. 106 см"2 [1,93 и 1,84 мдин/А], соответственно. Было про
ведено отнесение полос ИК-спектра жидкой диаллильртути.

Молекулярные колебания и средние квадратичные амплитуды

Средние амплитуды в органических молекулах, содержащих карбонильную
группу

С .  Й .  С И В И Н  и  Б .  В И З И

Сообщение представляет собой обзор средних амплитуд колебаний (I) органических 
молекул с карбонильной группой, полученных на основе электроннодиффракционных 
измерений и сректроскопических расчетов. Приводятся характерные величины средних 
амплитуд колебаний (С =  0) карбонильных групп. В сообщении приводятся также новые 
данные для анализа ацетона методом нормальных координат, а также приводятся расчет
ные величины средних квадратичных амплитуд колебаний атомов и средних амплитуд. 
Помимо этого, здесь могут быть найдены новые данные относительно средних амплитуд 
колебаний трех изотопных производных мономерной муравьиной кислоты.



Гликозиды семейства Solanum, VII

Качественное и препаративное разделение метилированных простых сахаров
М. М. Ш А Б А Н А  и П. Б И Т Е

Был разработан простой и быстрый метод качественного и препаративного разде
ления 2,3,4-три О-метил-Б-рамнозы и 2,3,4,б-тетра-0-метил-0-глюкозы, а также 3,4,6- 
три-0-метил-0-глкжозы и 4,6-ди-0-метил-0-галактозы с помощью тонкослойной и колон
ной хроматографий.

Химические свойства производных 4Н-1,3-бензтиазина, I I I

Гидролиз бромистого 2-фенил-3-этил-6,7-диметокси-4Н-1,3-бензтиазиния
Й. САБО, И. В АРГА, Э. В И Н К Л Е Р  и Е. Б А РТО Ш

При гидролизе бромистого 2-фенил-3-этил-6,7-диметокси-4Н-1,3-бензтиазиния было 
обнаружено, что под влиянием расчетного количества щелочи он превращается через 
гидроокись 2-фенил-3-этил-6,7-диметокси-4Н-1,3-бензтиазиния в 2-фенил-2-гидрокси-3- 
отил-6,7-диметокси-2 3-дигидро-4Н-1,3-бензтиазин, который под влиянием избытка щелочи 
превращается дальше в М-(бензоил)-М-(этил)-4,5-диметокси-2-меркапто-бензиламин. При 
кислом гидролизе бромистого 2-фенил-3-этил-6,7-диметокси-4Н-1,3-бензтиазиния на первой 
ступени образуется бромистый 8-(бензоил)-1Ч-(этил)-4,5-диметокси-2-меркапто-бензил- 
аммоний, который с дальнейшим межмолекулярным переацилированием превращается в 
бромистый Г4-(этил)-4,5-диметокси-2-меркапто-бензил-аммоний и 8,М-(дибензоил)-1Ч-(этил)- 
4,5-диметокси-2-меркапто-бензиламин. Бромистый 8-(бензоил)-1Ч-(этил)-4,5-диметокси-2- 
меркапто-бензил-аммоний превращается под влиянием щелочи за счет внутримолекулярно
го переацилирования в Г'1-(бензоил)-Г'4-(этил)-4,5-диметокси-2-меркапто-бензиламин. S,N- 
ациловая перегруппировка является обратимой, т. к. 1Ч-(бензоил)-1Ч-(этил)-4,5-диметокси- 
2-меркапто-бензиламин, реагируя с кислотой, дает S-бензоиловое производное. С по
мощью этого гидролиза была подтверждена структура бромистого 2-фенил-3-этил-6,7- 
диметокси-4Н-1,3-бензтиазиния и была открыта возможность получения N-этиловых произ
водных 4,5-диметокси-2-меркапто-бензиламина.

Ассоциационная структура 3-гидроксихромонов
П. Ш О Х А Р, Л .  В А Р Г А  и Й. КУСМ АНН

ИК-спектроскопическими исследованиями было доказано, что в твердой фазе 2- 
метил-3-гидроксихромон находится в форме циклического димерного ассоциата, вместо 
хелатной структуры с 5-членным циклом за счет внутримолекулярной водородной связи, 
как полагалось ранее. Спектр ЯМР исключает возможность образования таутомера, и, 
таким образом, расщепление карбонильной полосы в ИК-спектрс даже в растворе является, 
вероятно, результатом резонанса Ферми. Молекулы соответствующего 2-фенил-производ- 
ного (флавонола) находятся в состоянии простого межмолекулярного (не циклического) 
ассоциата.

Получение ОБ-М-метил-ГЧ-пропинил-1-фенил-2-аминопропангидрохлорида 
(Cardison), меченного изотопом С14 и тритием

И. М Е З Ё ,  Б .  Т А Н А Ч .  И. Т Е П Л А Н ,  Л .  Б У Р Ш И Ч  и Й. М АР ТО Н

Из этилацетата-1-C14 синтезировался фенилацетон-2-C14. Из последнего с помощью 
восстанавливающего аминолиза приготовлялся [)[.-М-метил-фенил-изопропиламин-2-С"- 
пропаргилированием которого был получен ОБ-1Ч-метил-К-пропинил-1-фенил-2-амино, 
пропан-2-С"-гидрохлорид (Cardison-2-C14). Различными путями были синтезированы такеж 
Cardison-1-H3 и Cardisnn-2-H:l.



Синтез аналога «Квантрила», содержащего индоло-хинолизидиновое
кольцо

Л . Н О В А К , н. В А Н Г  и Ч . С А Н Т А И

Исходя из соединения I при взаимодействии с полуэфиром калия малоната и по 
следующей реакцией с эфиром акриловой кислоты и гидридом натрия, был приготовлен 
кетоэфир V llb . Реакция последнего с диэтиламином, натрийборогидридом и ангидридом 
уксусной кислоты приводит к образованию аналога «Квантрила», содержащего цикли
ческую систему интоло-хинолизидина (НЪ).

Производные пиперазина, III

Диэтилкарбамильные и ксантеновые производные
Л . Т О Л Д И , Й . ТО Т, Й. Б О Р Ш И  и Ф . А Н Д Р А Ш И

Были синтезированы многочисленные l-R ’-4-Н-пиперазины, а также l-R ’-4-/?-[4- 
( К)-пиперазини л-1 ]-эти л пиперазины и изучалось их влияние на язву желудка.

Было найдено несколько групп соединений, обладающих антиульцерогенным 
действием, среди которых наибольшие преимущества, вследствие хорошего перорального 
рассасывания, имеют 1-(ксантен-9-карбонил)-4-/?-[4-)алкил)-пиперазинил-1]-этилпипер- 
азины. Эти соединения сильно препятствуют возникновению экспериментальных язв, 
образующихся по центральному механизму, и в то же самое время обладают антиколинер- 
гным влиянием. Так в качестве потенциального противоязвенного лекарства, в первую 
очередь, может быть использован 1-(ксантен-9-карбонил)-4-/?-[4-(изобутил)-пиперазинил- 
1 ]-этилпиперазин.

Изучение синтеза 2,4,6-триарил-пирилий-фтороборатов из 
ароматических альдегидов и производных ацетофенона II

Получение пирилий-фтороборатов с помощью катализа
3 . Ч Ю Р Ё Ш , Д Ь . Д Е А К  И  П. Ш А Л Л А И

Были синтезированы некоторые триарил-пирилийфторобораты из бензальдегида и 
ацетофенона, а также их замещенных в кольце производных, в растворе абс. уксусной 
кислоты и в присутствии трехфтористого бора. Максимальный выход был достигнут при 
молярном отношении альдегид : кетон : BF.S =  1 : 2 : 4 ;  выход зависит от природы заме
стителя. Было установлено, что самой медленной ступенью этой трехступенчатой реакции 
является присоединение по Михаэлю ацетофенона к бензилиден-ацетофенону.

Химия 1,3-бифункциональных систем, XII

Изучение кинетки реакций превращения триметиленхлоргидрина и 
его 2-монозамещенных производных в щелочных средах

М. Б А Р Т О К , К- Л А Н Г -Л А К О Ш  и Г . Б О З О К И -Б А Р Т О К

Исследовалась кинетика реакции щелочного гидролиза триметиленхлоргидрина (1), 
а также его некоторых 2-монозамещенных гомологов [2-метил- (II), 2-изопропил- (III), 
2-н-бутил- (IV), 2-фенил- (V) и 2-циклогексил-тргиметиленхлоридринов (VI)]. При изу
ченных условиях в основном образуются соответствующие гомологи оксациклобутана. В 
случае соединения V основным направлением превращения является образование 2-фенил- 
аллилового спирта в результате процесса 1,2-элиминации. На основе экспериментальных 
данных были рассчитаны константы скоростей, энергии активации, энтропии активации, 
а также предэкспоненциальные множители. Данными экспериментальными результатами 
подтверждалась справедливость механизма реакции, предложенного авторами ранее, и 
для данного типа соединений.
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K I N E T I C S  A N D  M E C H A N IS M  
O F  S U B S T IT U T IO N  R E A C T IO N S  

O F C O M P L E X E S ,  X X X V I

F O R M A T IO N  O F  T H E  C J S - [C o B R (e n ) .,( /9 -P IC O L IN E )]2+ A N D  C lS - [C o B R (e n )2- 
(y -P lC O L IN E ) ]2+ C O M P L E X  IO N S  A N D  T H E I R  A Q U A T IO N  IN  A C ID  S O L U T IO N S

J .  Z sA IC Ó , C s .  V Á R H E L Y I and S. B b E O C A  

(F a c u l ty  o f  C h e m is try , B a b e § -B o ly a i U n iv e r s i ty ,  C lu j, R u m a n ia )

R e c e iv e d  J u n e  12, 1970

T h e  s y n th e s e s  o f  c is - [C oB r(en).2(/J -p ic o lin e )]2+ , e is - [C o B r(e n )2(y -p ic o lin e ) ]2+ a n d  
o f  24 n e w  s a l t s  o f  th e s e  io n s a re  r e p o r te d .  T h e  U V , v is ib le  a n d  IR  s p e c tra  a r e  d is c u s se d . 
T h e  a q u a t io n  k in e tic s  o f  th e se  c o m p le x  io n s  a r e  s tu d ie d  in  a c id  so lu tio n s  a n d  a c t iv a t io n  
e n th a lp y  a n d  e n tr o p y  v a lu e s  a re  r e p o r te d .  A n  S jy l  m e c h a n is m  is su g g e s te d . T h e  r e s u l ts  
a re  c o m p a re d  w i th  th e  k in e t ic  b e h a v io u r  o f  t h e  a n a lo g o u s  c h lo ro  d e r iv a t iv e s .  T h e  
in d u c t iv e  e f fe c t  o f  th e  c o o rd in a te d  a m in e  u p o n  th e  re le a s e  o f  th e  h a lid e  io n  is  d is 
cu ssed .

T he n u m b e r  of th e  [C oB r(en)2(am in e )]2 + - ty p e  com plexes is m u ch  sm alle r 
th a n  th a t  o f th e  analogous chloro d e riv a tiv e s . S ev era l com plexes w ith  a ro m a tic  
a n d  a lip h a tic  am in es have  been  described  [1 —4 ]. T h e  syn thesis o f com plexes 
o f  th e  above ty p e , co n ta in in g  p y rid in e  a n d  p y rid in e  de riv a tiv es , h a s  been  
rep o rted  in  o u r p rev ious p a p e r [5].

In  th e  p re se n t p ap e r th e  ß -  an d  y -p ico line  deriv a tiv es  are  d esc rib ed . 
T h e  com position  o f th e  new  com plex  c a tio n s  w as checked b y  iso la tin g  24 
p ro d u c ts  of d o u b le  exchange reac tio n s . T h ese  com plexes are isom eric  co m 
p o u n d s, ow ing to  th e  position  or s tru c tu ra l iso m erism  of th e  lig ands. T h is  is 
w h y  th e  p ro p e rtie s  o f th e ir  sa lts , such as so lu b ility , abso rp tion  sp e c tra , th e r 
m al s ta b ility , e tc . are  v e ry  sim ilar. T he b e h a v io u r  o f th e  com plex ions s tu d ie d  
is very  close also  to  th a t  observed  in  th e  case  o f th e  analogous p y rid in e  d e r iv 
a tiv e  [5]. C o n c e n tra te d  aqueous so lu tions o f  N a N 0 3, N a l, N aC 103, N aC 104 
a n d  N a[B F 4] p re c ip ita te  read ily  soluble c ry s ta llin e  p ro d u c ts  from  th e  aq u eo u s 
so lu tions o f [C oB r(en)2(/?-picoline)] B r2 a n d  [C oB r(en)2(y-picoline)] B r2. T h e  
p ro d u c ts  o f th e  doub le  exchange reac tio n  w ith  p icric  acid, w ith  E rd m a n n ’s 
s a lt  and  especia lly  w ith  R einecke’s sa lt, s im ila rly  to  th o se  described in  R ef. [6], 
a re  sparing ly  so lub le . Com plex acids o f th e  H [C o(d iox im e)2 X 2] ty p e  do  n o t 
p re c ip ita te  th e  com plex  ca tio n s s tu d ied  even  fro m  th e ir  co n cen tra ted  aq u eo u s 
so lu tions.

V  ith  co lourless anions b o th  com plex  c a tio n s  fo rm  red  salts. T h e  a b so rp 
tio n  sp ec tra  o f  th e  n itra te s  in  th e  v isib le  a n d  U V  reg ion  are given in  F ig . 1.

1 Acla Chim. (Budapest) 70, 1971
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T h e  c h a ra c te r is tic  sp e c tra l d a ta  a re  th e  follow ing: 
e is-[C o B r(en )2(ß-picoline)] ( N 0 3)2:

K  (nm ) l°g  e1 Аз (nm ) log e2

530— 540 2.39 370, 2.70
h  ( n m ) l o g  £3

300, 3.65
л 4

250

cis- [C oB r(en )2(y-picoline)] ( N 0 3)2:

(nm )

5 3 0 — 545

log e± À2 (nm ) log e2 A3 (nm ) log e3

2.28 360, 2.80 300, 3.65
A4

240

log Et  

4.57

lo g  e4 

4 .40

F is .  1 . V is ib le  a n d  U V  a b s o r p t io n  s p e c tr a  o f  rC o B r(en )„ (/5 -p ico lin e )l ( N 0 4) 2 ( a )  a n d  o f
[C o B r(e n )2(y -p ic o lin e )]  ( N 0 3) 2 (b)

T h e  I R  sp ec tra  h a v e  been  reco rd ed , to o , one  exam ple  being g iven  in  F ig . 2.
T h e se  sp ec tra  en ab le  u s  to  m ak e  a  choice betw een  th e  cis a n d  trans  

c o n fig u ra tio n s , on th e  basis  o f  th e  C H 2-ro ck in g  frequencies o f th e  co b a lt-  
e th y le n e d ia m in e  rings. T hese frequencies a re  p re sen ted  in  T ab le  I  fo r  th e  
co m p lex es s tu d ie d  in  co m p ariso n  w ith  som e a lk y lam in e  deriv a tiv es  ex am in ed

Acta Chim. ( Budapest) 70, 1971

F ig . 2. I R  s p e c tru m  o f  [C o B r(e u )2(/3 -p ico line)] ( N 0 3) 2
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b y  B a l d w in  [7] a n d  b y  Ch a n  é ta l .  [8]. S ince in  th e  8 7 0 —900 c m '1 reg ion  
tw o rock ing  freq u en c ies  ap p ea r, th e  s tu d ie d  com plexes m u s t be  o f th e  cis 
co n fig u ra tio n . T h e  512 (499) c m -1 an d  462 (466) c m -1 a b so rp tio n  b a n d s , 
w hich  ap p ea r in  th e  case o f [C o(N H 3)6] Cl3, to o , can  be  assigned  p ro b a b ly  to  
th e  C o -N  s tre tc h  w h ich  is co n sis ten t w ith  th e  c o v a le n t c h a ra c te r  o f  th e  C o -N  
b o n d . T he N —H  s tre tc h in g  frequencies (3 2 2 0 —30, 3130 40 c m -1) a re  in 
d ica tiv e  of th e  s tro n g  co v a len t c h a ra c te r  o f th e  C o -N  bond .

T a b l e  I

C l 1,,-roclnng freq u en c ie s ( cm  1 ) in  the  in fra re d  spectra  
o f  som e I  Co (e n )  2X  Y J X  ty p e  com plexes

F o rm u la F re q u e n c y R eference

tra n s - [C oC l(en)2N H 3] (C104)2 888 [7]
cis- [C oC l(en)2N H 3] ( N 0 3)2 90 0 , 893 [7]
trans-  [C o(en)2(N H 3)(H 20 ) [  ( N 0 3)3 888 [7]

cis- [C oC l(en)2(p y r id in e ) ]  ( N 0 3)2 899 , 883 [10]

[C o B r(en )2(/?-p ico line)] ( N 0 3)2 90 0 , 880

[C o B r(en )2(y -p ic o lin e )]  ( N 0 3)2 90 2 , 882

T he a q u a tio n  k in e tic s  o f [C oB r(en)2(am in e )]2 + ty p e  com plexes are 
scarce ly  s tu d ied . T h e  so lvo ly tic  aq u a tio n , i.e. th e  a q u a tio n  in  n e u tra l  so lu tions, 
h as  been s tu d ie d  b y  Ch a n  et al. [8] fo r sev e ra l com plexes w ith  am ine 
(isopropy lam ine , re-propylam ine, a lly lam ine , p ro p -2 -y n y lam in e , e th y lam in e  
an d  m e th y lam in e). S ince u n d e r such co n d itio n s  th e  base  h y d ro ly sis  is n o t 
en tire ly  su p p ressed , th e ir  ex p erim en ta l d a ta  cou ld  n o t le ad  to  re liab le  a c tiv a 
tio n  e n th a lp y  a n d  e n tro p y  values. As show n in  o u r p rev io u s p a p e rs  [5, 9 , 10], 
a hyd ro g en  ion  c o n c e n tra tio n  o f a t  le a s t 10 ~3M  is n eed ed  to  su p p ress  base 
hyd ro lysis . T he a q u a tio n  o f [CoBr(en)2 (p y rid in e )]2+ in  ac id  so lu tions h as  been 
described  in  o u r p rev io u s  p a p e r [5] and  th e  a q u a tio n  ra te  h as  b een  found  to  he 
a b o u t 3 tim es la rg e r  th a n  in  th e  case of th e  analogous ch loro  d e r iv a tiv e . T h is 
re su lt is co n sis ten t w ith  l i te ra tu re  d a ta  concern ing  th e  a q u a tio n  r a te  o f b rom o- 
p en tam in e  an d  ch lo ro p en tam in e  ty p e  com plexes [8, 11— 13]. T h e  a c tiv a tio n  
e n th a lp y  has b een  fo u n d  to  be  less th a n  th a t  fo r  th e  analogous ch loro  d e riv 
a tiv es .

In  th e  p re se n t p a p e r  th e  a q u a tio n  o f th e  [C oB r(en)2(/S-picoline)]2+ an d  
[CoBr(en)2(y -p ico line)]2+ com plex ions h as  b een  s tu d ie d . T he sam e a q u a tio n  
reac tio n  occurs as in  th e  case o f th e  [C oB r(en)2(p y rid in e )]2+ ion  [5], an d  th e  
analogous chloro  d e riv a tiv e s  [9, 10], s tu d ie d  earlie r, viz. th e  h a lid e  ion  is 
rep laced  b y  a w a te r  m olecule in  an  a p p a re n tly  f ir s t  o rd e r reac tio n :

[CoBr(en)2(am in e )]2+ +  H 20  =  [Co(en)2 H 20 (a m in e ) ]3+ +  B r~  (1)

1* Acta Chim. ( Budapest)  70, 19T1
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T h e  su b s titu tio n  o f  B r ion s h as  been  follow ed b y  t i t r a t io n  w ith  a  silver 
n i t r a te  so lu tio n . T he p lo t o f log  C J C  a g a in s t tim e  show ed good l in e a r ity , w h ich  
e n a b le d  u s  to  derive a p p a re n t  f i r s t  o rd e r ra te  c o n s ta n ts . T he in flu en ce  o f  p e r
ch lo ric  ac id  upon  th e  re a c tio n  r a te  h as  been  s tu d ie d . T h is in flu en ce  is th e  sam e 
as in  th e  case of th e  [CoCl(en)2(am in e)]2+ ty p e  com plexes [9 ,10], a n d  of 
[C oB r(en )2(p y rid ine)]2+ [5], i.e. th e  r a te  c o n s ta n t decreases w ith  in c reas in g

PH

F ig .  3. In f lu e n c e  o f  p e r c h lo r ic  a c id  u p o n  th e  r a te  o f  r e a c t io n  ( ] ) .  t —  60 °C , 
a — [C o B r(e n )2(/? -p ico lin e )]2+ , b — [C c B i( e n )2(y -p ic o lin e )]2 +

a c id i ty ,  u n til  [H  + ] reach es th e  v a lu e  o f a b o u t 1 0 _3 M ,  an d  th e n  rem a in s  
p ra c t ic a l ly  c o n s tan t in  sp ite  o f  fu r th e r  increases in  [Н  + ]. T h is effect is illu s
t r a t e d  in  F ig . 3.

T h e  influence o f th e  te m p e ra tu re  has been  s tu d ied  in  o rd e r to  d e te rm in e  
th e  a c tiv a tio n  e n th a lp y  an d  e n tro p y  v a lu es . All th e  k in e tic  ru n s  w ere ca rried  
o u t in  so lu tions w ith  [H  + ] =  1 0 _ 3 lVf and  a t  a c o n s ta n t ionic s tre n g th  of 
P =  0.1 M .  T he p lo t o f log  C J C  a g a in s t tim e  fo r sev era l ru n s  is g iven  in  F ig . 4.

Acta Chim. (Budapest) 70, 1971

F ig . 4. D e te rm in a t io n  o f  t h e  f i r s t  o rd e r  r a te  c o n s ta n ts  o f  r e a c t io n  (1) 
fo r  [C o B r(e n )2(/?-p icoJine)]2 +
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As seen from  th e  figu re  good l in e a r ity  is observed  a t  th e  b e g in n in g  o f  th e  
aq u a tio n  b u t  a t  h ig h er conversion  degrees n e g a tiv e  dev ia tions a p p e a r , in d i
ca tin g  th e  rev e rsib le  c h a ra c te r  o f th e  a q u a tio n  reac tio n , re p o r te d  also  by  
Ch a n  et al. [8] in  th e  case of o th e r  [C oB r(en)2(am ine)]2+ ty p e  com plexes. 
F ro m  th e  slopes o f  th e  s tra ig h t lines, co rre sp o n d in g  to  th e  lin ea r  p o r t io n  o f  the  
log C J C  vs. t cu rv es , f i r s t  o rd er r a te  c o n s ta n ts  h av e  been c a lc u la te d . M ean 
values o f th e se  r a te  c o n s ta n ts  a re  g iven in  T a b le  I I  (kBr).

T a b le  I I

F ir s t  order rate constan ts o f  rea c tio n  ( 1 )  in  acid so lu tions  
f o r  [ C o B r (e n ) f a m i n e ) j î+  ty p e  com plexes ( k BJ ,  

as com pared  w ith  the sam e da ta  fo r  [ C o C l( e n ) 2( a m m e ) ] 2+ com plexes ( h \-\)

A m in e <(°C) * B r-  1 0 -(s ') *C1 ■ 10‘ (» - ’)*

/?-p icoline 45 0.24 —

5 0 0.46 0.13 3 .54

55 0.77 — —

60 1.41 0.41 3 .44

y -p ico lin e 50 0.53 0.15 3.53

55 1.00 - —

60 1.62 0.47 3.45

65 2.80 0.92 3 .04

T he p lo t o f log  к ag a in s t 1 /T  show s good  lin e a r ity , as seen in  F ig .  5. By 
m eans o f th e  le a s t sq u are  m e th o d , th e  fo llow ing  ac tiv a tio n  e n th a lp y  and 
e n tro p y  v a lu es  h a v e  been  ca lcu la ted

[CoB r(en)2(/?-picoline)]2 + : ЛН* =  2 3 .6 ^ 0 .5  kca l/m o le ; ZlS* =  — 5 .5 ^ 1 . 2 e.u. 

[C oB r(en)2(y -p ico line)]2+ AHt =  2 3 .2 ^ 0 .6  kcal/m ole ; zlS* =  6 .4 ^ 1 .5  e.u.

E rro rs  h av e  been ca lcu la ted  in th e  u su a l s ta tis tic a l w ay , on  th e  basis 
o f th e  s ta n d a rd  d ev ia tio n s , using  ta b u la te d  i 085 values.

B y  c o m p arin g  th e  k in e tic  b e h a v io u r  o f  th e  com plexes s tu d ie d  w ith  th a t  
o f th e  analogous ch loro  com plexes, one c a n  see th a t  th e  a q u a tio n  r a t e  o f  th e  
brom o d e riv a tiv e s  is a b o u t 3 tim es la rg e r th a n  th a t  o f th e  ch loro  d e r iv a tiv e s  
(cf. T ab le  I I ) .  T h is is in  ag reem en t w ith  th e  above  m entioned  l i te r a tu r e  d a ta  
concern ing  th e  a q u a tio n  o f brom o- a n d  ch lo ro p en tam in e  ty p e  com plexes
[5. 8, 11— 13].

Acta Chim. ( Budapest)  70, 1971

* ta k e n  f ro m  R e f. [10]
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F ig . 5 . D e te r m in a t io n  o f  th e  a c t i v a t io n  e n th a lp y  a n d  e n t r o p y  o f  re a c tio n  (1) in  a c id  s o lu 
t io n s .  a — [C o B r(en ).,(/§ -p ico lin e)]2+, b — [C o B r(e n ),(y -p ic o lin e ) ]2 +

I t  is  in te re s tin g  to  co m p are  th e  a c t iv a t io n  en thalp ies an d  e n tro p ie s  
w ith  v a lu e s  o b ta in ed  ea rlie r. A ll these  v a lu e s  a re  p resen ted  in  T ab le  I I I ,  
to g e th e r  w ith  th e  pKi,  v a lu e s  o f  th e  c o rre sp o n d in g  am ines [14].

T able  I I I

A c t iv a t io n  param eters o f  rea c tio n  ( 1 )  fo r  [ C o X ( e n ) г( a m in e ) ] г+ typ e  com plexes

A m in e p K b at 25°
AH% (kca l/m ole) A SÍ (e .u .)

X  =  B r X =  Cl X =  B r X =  Cl

p y r id in e 8.57 23.8 2 4 .4 - 5 . 1 — 5.0

/?-p ico lin e 8.26 23.6 2 4 .4 - 5 . 5 —  5 .0

y -p ic o lin e 7 .94 23.2 2 4 .3 - 6 . 4 — 5 .0

b e n z y la m in c 4.63 — 2 4 .2 — 8.6

I t  c a n  be seen t h a t  th e  ac tiv a tio n  e n th a lp y  va lu es  are sm aller fo r  th e  
b ro m o  co m p lex es th a n  fo r th e  correspond ing  ch lo ro  d eriva tives. T h is ca n  be  
e x p la in e d  easily  if  we assum e a n  Sjyl m echan ism  fo r  re a c tio n  (1). In  th is  case o n ly  
b o n d  b re a k in g  is in v o lv ed  in  th e  fo rm atio n  o f  th e  tra n s itio n  s ta te , a n d  so th e  
a c t iv a t io n  en th a lp ies  are  e x p e c te d  to  be in  th e  o rd e r B r <  Cl [8], i.e . th e  
sam e a s  fo r  th e  d issocia tion  energ ies of th e  c o b a l t—halogen  bonds. T h e  a ssu m e d  
S N1 m e c h a n is m  is co n sis ten t a lso  w ith  th e  o b ta in e d  a c tiv a tio n  e n tro p y  v a lu e s . 
I n  a ll t h e  cases s tu d ied  A S i h a s  sm all n e g a tiv e  v a lu e s . Since th e  re lease  o f  th e  
h a lid e  io n  lead s to  an  in c re a se d  electric  ch arg e , i.e. to  stronger h y d ra tio n , th e  
n e g a tiv e  a c tiv a tio n  e n tro p y  v a lu es  are u n d e rs ta n d a b le .

T h  e a c tiv a tio n  e n th a lp ie s  rep o rted  b y  C h a n  et al. [8] c an n o t be  c o m p a re d  
w ith  t h e  p re se n t va lues since th e  co rresp o n d in g  k in e tic  m easu rem en ts  h a v e

Acta Chirtt. ( Budapest) 70, 1971
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been  m ade in n e u tra l  so lu tio n s. U n d e r su ch  co n d itions th e  a p p a re n t  ac tiv a tio n  
e n th a lp ie s  can be m u ch  la rg e r th a n  th e  re a l ones. T h u s, fo r th e  a q u a tio n  of 
[CoCl(en)2(y -p ico line)]2 + w e h av e  fo u n d  AH *  =  26.1 kcal/m ole  in  n e u tra l 
so lu tions [15], w hile in  ac id  so lu tions o n ly  24.3 kcal/m ole [10]. S ince in  n e u tra l 
so lu tions th e  b ase  h y d ro ly sis  is n o t e n tire ly  suppressed , th e  p h y sica l signif
icance o f  th e  a p p a re n t a c tiv a tio n  e n th a lp y  is r a th e r  obscure. Ch a n  et al. [8] 
h av e  found  in  tw o  cases th e  a c tiv a tio n  e n th a lp y  o f th e  b ro m o  com plex  to  be 
sm alle r th a n  t h a t  o f th e  chloro  d e r iv a tiv e , th e  opposite  h a v in g  been  obser
v e d  in  4 o th e r  cases. T hese a u th o rs  a ssu m e  an  S N1 m echan ism  in  th e  fo rm er, 
an d  an  S N2 m ech an ism  in  th e  la t te r  case. W e consider th e  a c tiv a tio n  en 
th a lp y  va lu es  re p o rte d  b y  Ch a n  et al. fo r  b o th  th e  b rom o a n d  chloro  d e riv a 
tiv e s  to  be to o  large  an d  we are  o f th e  o p in io n  th a t  th e  la rg e r  v a lu es  fo r th e  
b rom o  d e riv a tiv e s , as co m p ared  w ith  th e  ch lo ro  com plexes, can  re su lt also from  
th e  su p erp o sitio n  of th e  a q u a tio n  re a c tio n  a n d  of base  h y d ro ly s is , th u s  th e y  
a re  ce rta in ly  n o t  due  to  an  5дг2 m ech an ism .

T h e  p K b v a lu es  o f  th e  am ine  lig an d s  h a v e  been  in c lu d ed  in  T ab le  I I I ,  
in  o rder to  check  on th e  ex istence  o f an  in d u c tiv e  effect o f th e  am ine  m olecule. 
I t  is obv ious t h a t  th e  p K b an d  AH*  v a lu es  v a ry  in  p ara lle l. S ince th e  in c reas
in g  basic  c h a ra c te r  co rresponds to  a dec reasin g  e lec tro n -w ith d raw in g  ch a ra c te r , 
th e  s tro n g e r th e  co o rd in a ted  base, th e  w e a k e r th e  c o b a lt-h a lo g e n  a bond , 
a n d  th e  sm alle r th e  a c tiv a tio n  e n th a lp y  fo r  th e  release o f th e  ha logen  in  an 
S /Д  reac tio n . T h is in d u c tiv e  effect is q u ite  in s ig n if ican t in  th e  case o f th e  chloro 
d e riv a tiv e s , a n d  n o t  exceed ing  th e  e x p e c te d  ex p erim en ta l e rro r , b u t  i t  is m ore 
d e fin ite  in  th e  case o f  th e  b rom o  com plexes. T he h igher se n s itiv ity  o f th e  
C o -B r  b o n d  to w ard s  th is  in d u c tiv e  effect can  be assigned to  i ts  s tro n g e r coval
e n t  c h a ra c te r  re la tiv e  to  th e  C o-C l b o n d .

Experim ental

S y n th e s is  o f  c is - [C o B r (e a )2(ß -p ic » l in e ) ]  (N D 3) 2 ( I )  a n d  e is - [C o B r(e n )2(y -p ic o l in e ) ]  ( N 0 3) 2 ( I I )

42 g  (0.1 m o le )  o f  tr a n s - [C o B r2(e n )2] B r ,  c o m p le te ly  a c id -fre e , a re  d is so lv e d  in  150 m l 
w a te r  a n d  10 g (0 .1 1  m o le )  o f  /З-p ic o lin e  (o r  y -p ic o lin e )  a re  a d d e d  d ro p w ise . T h e  y e llo w -g re e n  
so lu tio n  b e c o m e s  g r a d u a l ly  v io le t - r e d .  A f te r  s t a n d in g  fo r  a b o u t  12 h rs ,  t h e  so lu t io n  is f i l te re d  
a n d  m ix e d  w i th  a  c o n c e n tr a te d  a q u e o u s  s o lu tio n  o f  100 g  N a N 0 3. A f te r  a  s h o r t  t im e  a  b r i l l ia n t ,  
re d d is h -v io le t  p r e c ip i t a te ,  c o n s is t in g  o f  i r r e g u la r  p la te s ,  a p p e a rs .
A f te r  15— 20 m in . t h e  s u b s ta n c e  is  f i l te r e d ,  w a sh e d  w i th  ice  w a te r  a n d  d r ie d  in  a ir .

Y ie ld :  I  4 5 %
I I  6 0 %

F o u n d  (I )  Co 1 2 .2 0 ; N 0 3 2 5 .9 0 %
(I I )  Co 1 2 .3 2 ; N 0 3 2 6 .1 0 % .

C aled . [C oB r(C „H 8N ,)2(C H 3C6H 4N )] ( N 0 3)2 (4 7 5 .9 8 ) : Co 12.38; N 0 3 2 6 .0 5 % .

S y n th e s is  o f  th e  n e w  p ro d u c ts .  25 m l o f  a n  a q u e o u s  so lu tio n , c o n ta in in g  5 m m o le s  
o f  ira n s - [C o B r2(e n )2] B r  a re  t r e a te d  w ith  5 m m o le s  o f  ß -p ic o lin e  (y -p ic o lin e )  in  th e  a b o v e  
d e sc rib e d  m a n n e r ,  th e n  o n e  o f  th e  fo llo w in g  s o lu t io n s  is  a d d e d :  25 m l 2 5 %  so lu t io n  o f  N H 4B r; 
25 m l 2 0 %  so lu t io n  o f  N a l ,  15 m l co n e , so lu t io n  o f  N a B F ,;  25 m l 3 0 %  so lu t io n  o f  H C I0 4;

Acta C h im . (  B u d a p est)  70. 1971
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T ab le  IV

N e w  d er iva t iv e s  o f  the  t y p e  [ C o B r ( e n ) 2( ß - p i c o l i n e ) ]  X 2 a n d  [ C o B r ( e n ) 2( y - p i c o l i n e ) ]  X 2

00to

No. Iso m er X Mol. w eigh t 
calctl.

Y ield
%

A p p earan ce
A nalysis

Calcd. F o u n d

l . P ß r 511.8 40 re d -v io le t p rism s Co 11.51 11.43
B r - 31.23 31.03

2. У B r 511.8 50 re d -v io le t  p rism s Co 11.51 11.36
B r - 31.23 30.94

3. ß I 605.8 55 re d -b ro w n  p rism s Co 9.73 9.52
i 41.90 41.10

4. У I 605.8 63 re d -b ro w n  d e n d r ite s Co 9.73 9.61
I 41.90 42.20

5. ß B F 4 525.6 50 re d -v io le t  r e c ta n g u la r  p rism s Co 11.21 11.14

6. У B F 4 525.6 55 re d -v io le t  re c ta n g u la r  p rism s Co 11.21 11.24

7. ß C104 550.9 60 th ic k ,  r e g u la r  p la te s Co 10.70 10.53
C104 36.10 35.70

8. У C104 550.9 70 re d -v io le t  i r r e g u la r  d e n d r ite s Co 10.70 10.44
C104 36.10 35.24

9. ß 1/2 S A 544.1 30 re d -v io le t  h e x a g o n a l p la te s Co 10.83 10.52
S A 35.31 35.14

10. У 1/2 S A 544.1 25 re d -v io le t  r e c ta n g u la r  p rism s Co 10.83 10.66
S2Os 35.31 35.22
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11. ß 1/2 Cr20 7 568.0 1 70

12. У 1/2 Сг20 , 568.0 80

!

13. ß p ic ra te 808.2 80

14. У p ic ra te 808.2 85

15. ß [C o (N 0 2)4(N H 3)2] 906.1 50

16. У [Co( N 0 2)4(N H 3)2] 906.1 70

17. ß [C r(N  CS)4(a n ilin e )2] 1293.1 90

18. У [C r(N C S)4(a n ilin e )2l 1293.1 92

19. ß [Cr( N  CS)4(/> -to lu id ine)2] 1349.2 90

20. У [C r(N C S)4(p - to lu id in e )2l 1349.2 95

21. ß [C r(N  CS)4(p -a n is id in e )2 j 1381.2 85

22. У [C r(N C S)4(p -a n is id in e )2] 1381.2 88

b ro w n  h e x a g o n a l p la te s Co -f- 2 Cr 28.70 28.40
N 12.33 12.18

b ro w n  rh o m b o h e d ra l  p la te s Co +  2 Cr 28.70 28.29
N 12.33 12.24

y e llo w  p rism s Co 7.29 7.21

y e llo w  need les Co 7.29 7.18

b r i l l ia n t ,  y e llo w -b ro w n Co 19.52 19.45
ir re g u la r  p la te s N 26.28 26.33

ir re g u la r  brow  n  p rism s Co 19.52 19.36
N 26.28 26.02

lig h t re d  m ic ro c ry s ta ls Co +  2 Cr 12.60 12.45
N 18.42 18.60

l ig h t  re d  m ic ro c ry s ta ls Co +  2 Cr 12.60 12.70
N 18.42 18.20

l ig h t  re d -b ro w n  m ic ro c ry s ta ls Co -J- 2 Cr 12.08 11.90
N 17.65 17.36

l ig h t  red -b ro w  n  m ic ro c ry s ta ls Co +  2 Cr 12.08 12.22
N 17.65 17.88

l ig h t  re d -v io le t m ic ro c ry s ta ls Co - f  2 Cr 11.80 11.54
N 17.24 17.01

l ig h t  r e d -v io le t  m ic ro c ry s ta ls Co +  2 Cr 11.80 12.01
N 17.24 17.37
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25 m l  1 0 %  so lu t io n  o f  K 2Cr20 7; 25 m l  c o n c .  so lu tio n  o f  N a 2S20 8; 5 0 0  m l 1 %  so lu tio n  o f  p ic r ic  
a c id ;  5 0 0  m l 1 %  so lu tio n  ( in  1 : 4 e th a n o l - w a te r )  o f  N H 4 [C r(N C S )4 (a n il in e )2]. H 20 ;  500 m l 
1 %  s o lu t io n  (in  1 : 3 e th a n o l - w a te r )  o f  (p - to lu id in e  • H )  [C r(N C S )4(p - to lu id in e )2]; o r  500 m l 
1 %  s o lu t io n  ( in  th e  sam e  e th a n o l—w a t e r  m ix tu re )  o f  (p -a n is id in e  • H )  [C r(N C S )4(p -a n is id in e )2]. 
T h e  p r e c i p i t a t e  is f i l te re d  o f f  a f t e r  s t a n d in g  fo r 20— 30 m in . ,  t h e n  w a s h e d  se v e ra l t im e s  w ith  
w a te r ,  a n d  d r ie d  in a ir .  a t  r o o m  t e m p e r a t u r e  fo r 3— 4 d a y s .

I n  T a b le  IV  a re  g iv en  th e  s y n th e s i s  a n d  an a ly s is  d a ta  f o r  22  n e w  c o m p le x e s  o f  th is  ty p e .

A n a ly s is .  C o b a lt w as d e te r m in e d  c o m p le x o m e tr ic a lly , a f t e r  d e c o m p o s in g  th e  sa m p le  
w i th  s u l f u r ic  a c id  a n d  so m e c r y s ta l s  o f  K N 0 3, in  th e  p re s e n c e  o f  m u r e x id e  as in d ic a to r .  T h e  
s u m  o f  t h e  m e ta ls  w as d e te rm in e d  b y  w e ig h in g  Co30 4 -■ C r20 3, o b ta in e d  a f te r  a  2 h r  h e a t in g  
o f  t h e  c o m p le x  a t  900— 920 °C. S u l f u r  w a s  d e te rm in e d  g r a v im e t r i c a l ly  a s  B a S 0 4.

T h e  a n io n s  B r- , I “ , N C tj a n d  C lO j" w ere  d e te rm in e d  v o lu m e t r ic a l ly .  A  0 .400—rO.600 g 
s a m p le  o f  t h e  co m p le x  s a l t  w a s  d is s o lv e d  in  50 m l w a te r .  T h e  s o lu t io n  w a s  p a sse d  th r o u g h  
a n  io n  e x c h a n g e  co lu m n  (w ith  A m b e r l i t  I R  120, R — H  fo rm ) a n d  t h e  H B r ,  H I ,  H N 0 3 o r  H C 1 0 4 
n  t h e  e lu e n t  t i t r a t e d  w ith  0 .0 5  M  N a O H .

S p e c tr a .  T h e  v is ib le  a n d  U V  s p e c t r a  w ere  o b ta in e d  o n  a  B e c k m a n n  M odel D B  re c o rd in g  
s p e c t r o p h o to m e te r ,  u s in g  a q u e o u s  s o lu t io n s  in  1 cm  cell. T h e  c o n c e n t r a t io n  o f  th e  so lu t io n  
w a s  2 -1 0 “  3 a n d  1 1 0 - 4  M ,  r e s p e c t iv e ly .  T h e  I R  sp e c tru m  w a s  o b t a i n e d  u s in g  a  “ U R -1 0 -C a rl 
Z eiss  J e n a ”  in f ra re d  s p e c t r o p h o to m e te r .  M e a su re m e n ts  w e re  m a d e  in  p o ta s s iu m  b ro m id e  
p e lle ts .

K in e t i c  m e a su re m e n ts . T h e  w e ig h e d  sam ples o f  t h e  c o m p le x e s  w e re  d isso lv ed  a t  th e  
d e s i r e d  t e m p e r a tu r e  in  d is t il le d  w a t e r ,  a n d  th e  a c id ity  a n d  io n ic  s t r e n g th  a d ju s te d  w ith  H C 1 0 4 
a n d  N a N O g  so lu tio n s  (a ll p r e h e a te d  t o  t h e  te m p e ra tu re  o f  t h e  e x p e r im e n t ) .  T h e  l ib e ra t io n  o f  
B r -  io n s  w a s  fo llow ed  b y  p o te n t io m e t r i c  t i t r a t io n .  10 m l s a m p le s  w e re  co o le d  q u ic k ly  to  0 °C, 
20 m l  0 .1  M  H N 0 3 w as a d d e d  (c o o le d  t o  0 °C too) a n d  th e  b r o m id e  io n  w a s  t i t r a te d  w i th  0.01 
M  A g N 0 3 s o lu tio n , u s in g  a  s i lv e r  w ir e  a s  in d ic a to r  e le c tro d e .

A t  e a c h  te m p e ra tu r e  a t  l e a s t  t h r e e  p a ra lle l  ru n s  w e re  m a d e  w i th  d if fe re n t  in i t ia l  c o n 
c e n t r a t i o n s  o f  th e  c o m p le x  io n ,  v a r y i n g  b e tw e e n  3 10 - 3  a n d  6 • 1 0 “ 3 M .
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S E P A R A T I O N  O F  T R A C E  E L E M E N T S  
BY P R E C I P I T A T I O N ,  I X

F U R T H E R  S T U D Y  O F  T H E  S O R P T I O N  O F  U R A N IU M (V I)  IN  C A R B O N A T E  M E D IA

E . U po r  and Gy . N a g y

(M e c se k  O re M in in g  E n te rp r is e , P écs)

R e c e iv e d  J u n e  13, 1970

A s a  s u p p le m e n t  to  e a r l ie r  w o rk ,  a  s tu d y  w a s  m a d e  o f  h o w  th e  p H -d e p e n d e n c e  o f  th e  
so rp tio n  o f  u ra n iu m (V I)  o n  F e ( O H ) 3 in  c a rb o n a te  m e d ia  c h a n g e s  w i th  th e  c o n c e n tr a t io n  
o f  th e  c a rb o n a te .  I t  w as fo u n d  t h a t  a t  lo w  c a r b o n a te  c o n c e n tr a t io n  ( 1 x 1 0 ~ 3 M ) ,  
s o rp tio n  is c o m p le te  b e lo w  p H  11 a n d  th e  c u rv e  is id e n t ic a l  w i th  t h a t  o b ta in e d  in  an  
N a O H  m e d iu m . In  th e  c ase  o f  m a c ro  a m o u n ts  o f  u r a n iu m , h o w e v e r , d e s o rp t io n  a b o v e  
p H  12 in  c a rb o n a te  s o lu tio n  d o e s  n o t  o c c u r. T h e  s lo p e  o f  th e  lo g  [ С 0 3_ ] vs. lo g  D u  
s t r a ig h t  l in e  a t  d i f fe re n t  p H  v a lu e s  is  — (1.0  +  0 .2 ); th is  n e c e s s i ta te s  th e  f u r t h e r  c la r i 
f ic a tio n  o f  th e  d e so rp tio n  m e c h a n is m .

Introduction. Experim ental m ethods

In  ea rlie r com m u n ica tio n s [1— 3] re su lts  w ere re p o rte d  on th e  so rp tio n  
o f  u ran iu m (Y I) on m e ta l h y d ro x id e  an d  o th e r  p re c ip ita te s  in  c a rb o n a te  m edia . 
T h e  roles o f th e  m ost im p o r ta n t  fa c to rs  (pH , c a rb o n a te  c o n c e n tra tio n , te m p e ra 
tu re , etc .) w h ich  affect th e  so rp tio n  w ere d escribed . In  th e  p re se n t p a p e r  we 
w ish  to  re p o rt th e  resu lts  o f som e su p p le m e n ta ry  s tu d ies .

In  ou r ex p erim en ts  th e  F e (O H )3 p re c ip ita te d  from  100 m g o f iro n ( I I I )  
w as used  as ca rrie r. T he v o lu m e  o f  th e  so lu tio n  w as 100 m l. N a H C 0 3 an d  
N aO H  w ere u sed  to  a d ju s t th e  p H . I f  th e  p H  w as m a in ta in e d  a t  a g iven  va lu e  
in  an  ex p e rim en t, th is  w as ach iev ed  w ith  th e  use o f a b u ffe r so lu tio n . A p H  of 
9.2  w as p ro d u ced  w ith  a 0.2 M  H 3B 0 3 -f- 0.1 M  N aO H  so lu tio n , a n d  p H ’s 
o f  10.8 12.2 w ith  0.1 M  g lyc ine  a n d  0.1 M  N aO H  so lu tions m ixed  in  v a rio u s 
ra tio s . T he b u ffe r so lu tion  c a p a c ity  p ro v ed  a d e q u a te  even  in  1 M  N a 2C 0 3. 
T h e  p H  w as m easu red  w ith  a n  L P U -1  p H -m e te r  to  an  accu racy  o f  ^  0.05 
p H  using  an  N N T  glass and  s ilv e r—silver ch lo ride elec trode .

U ran iu m  w as d e te rm in ed  w ith  A rsenazo  I I I ,  p h o to m e tric a lly  o r b y  a 
lum inescence m eth o d . A nalyses w ere carried  o u t a t  tim es on b o th  th e  p rec ip 
i ta te  an d  th e  so lu tion , b u t  in  g en e ra l only  on th e  p h ase  c o n ta in in g  th e  sm aller 
a m o u n t o f u ran iu m .

Variation of uraniuin(V l) sorption with the pH and carbonate concentration

E x p e rim e n ts  w ere ca rr ied  o u t  to  decide how  th e  ap p lied  c a rb o n a te  con
c e n tra tio n  a ffec ts  th e  p H -d ep en d en ce  of th e  so rp tio n . In  F ig . 1 i t  c an  be  seen 
th a t  above a ce rta in  lim it, ch an g es  in  th e  c a rb o n a te  c o n c e n tra tio n  a ffec t th e  
p H -d ep en d en ce  o f th e  so rp tio n  p r im a rily  q u a n tita tiv e ly .
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H o w ev er, i t  can  b e  o b se rv ed  th a t  w ith  th e  decrease o f th e  C 0 3 con
c e n tra t io n  th e  position  o f  th e  m ax im u m  of th e  cu rv e  b e tw een  p H  11 an d  p H  13 
is s h if te d  to  low er v a lu es . T h e  m in im um  v a lu e  o f  so rp tio n  increases w ith  de
c re a s in g  carb o n a te  c o n c e n tra tio n  u n til  f in a lly  th e  cu rv e  becom es id en tica l

F ig .  1. D e p e n d e n c e  o f  th e  s o r p t io n  o f  u ra n iu m (V I)  o n  p H  a t  d i f f e r e n t  c a r b o n a te  c o n c e n tr a 
t io n s  (1 0 0  m g  F e 3 + ; 100 — 5 0 0  /ug u r a n iu m ;  p r e c ip i t a te d  a t  25 °C in  a  v o lu m e  o f  100 m l; 
f i l t e r e d  a f t e r  30 m in u te s ’ s t a n d in g ) .  N a „ C 0 3 c o n c e n tr a t io n :  1. 0 .20  M ; 2. 0 .03  M ;  3. 0 .01  M ;

'  4. 0 .001 M
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F ig . 2 . D e p e n d e n c e  o f  th e  s o r p t io n  o f  m ac ro  a m o u n ts  o f  u r a n iu m  o n  th e  p H  in  N a 2C 0 3 so lu 
t io n  (1 0 0  m g  F e 3 + ; 100 m g  u r a n iu m ;  p re c ip i ta te d  a t  25 °C  in  a  v o lu m e  o f  100 m l w i th  0 .20  M  

N a 2C 0 3; f i l te r e d  a f te r  1 h o u r ’s s ta n d in g )

w ith  t h a t  o b ta in ed  in  an  a lk a li m e ta l h y d ro x id e  so lu tio n  [4]. A ccord ing ly  
below  p H  12 th e  so rp tio n  w ill becom e co m p le te  th ro u g h  th e  decom position  
o f  th e  ca rb o n a to  com plex , w h e reas  a t h ig h er p H  th e  u ra n iu m  goes in to  so lu tion  
as a  co llo id . The change o f  th e  ca rb o n a te  c o n c e n tra tio n  th u s  f in a lly  causes a 
q u a l i ta t iv e  change in  th e  p H -d ep en d en ce  o f th e  so rp tio n . H ow ever, th e  course 
o f  th e  cu rv e  is affected  b y  th e  u ra n iu m  c o n c e n tra tio n  to o . I n  o u r ea rlie r p ap ers  
i t  w as show n th a t  fo r th e  so rp tio n  th e  F re u n d lic h  iso th e rm  is v a lid  in  th e  
re g io n  (p H  =  9 —10) w h e re  th e  so rp tion  is cau sed  b y  th e  h y d ro ly tic  decom po
s itio n  o f  th e  c a rb o n a to u ra n y l com plex. As h as  a lre a d y  been  m en tio n ed , above 
p H  12 th e  so rp tion  is a ffe c te d  b y  th e  h y d ro x id e  ion  c o n c e n tra tio n , a n d  a re 
su lt  o f  th is  is th e  co llo idal d isso lu tion  of u ra n iu m . T h is d isso lu tio n , how ever, 
does n o t  ta k e  place a t  h ig h e r  u ra n iu m  c o n c e n tra tio n s  [4]. T h is is also re flec ted  
b y  th e  p H  curve (F ig . 2) w ith  100 m g o f u ra n iu m  in  a c a rb o n a te  m ed ium , 
w h ich  d iffers q u a lita tiv e ly  fro m  th e  cu rve  fo r an  id en tica l c o n c e n tra tio n  of

Acta Chim. (Budapest) 70, 1971



U PO R , NAGY: SEPARA TIO N  O F TR A C E ELEM ENTS, IX 187

N a2C 0 3 b u t  w ith  100 /ig o f u ran iu m  (F ig . 1, c u rv e  1). Below p H  11.4 th e  h y d ro 
ly tic  so rp tio n  o f [U 0 2(C 0 3)3]4~ is re la tiv e ly  in sig n ifican t, while a t  h ig h e r  pH  
th e  colloidal d isso lu tion  o f u ran iu m  does n o t  occur.

Dependence o f the distribution of uranium  on the carbonate concentration

F ro m  o u r ex p e rim en ta l resu lts  i t  w as possib le  to  d e m o n s tra te  a lin ea r 
re la tio n  b e tw een  th e  ca rb o n a te  c o n c e n tra tio n  a n d  th e  u ran iu m  d is tr ib u tio n  
i f  lo g a rith m ic  v a lu es  are  p lo tte d  fo r each. I n  F ig . 3 can be seen th e  log  [ C 0 3 ] 
vs. log  D u  p lo t a t  fo u r d iffe ren t p H  v a lu es . T h e  slopes of th e  s tra ig h t  lin es  are

F ig . 3. D e p e n d e n c e  o f  th e  d is t r ib u t io n  q u o t ie n t  f o r  u r a n iu m (V l)  so rp tio n  o n  t h e  c a rb o n a te  
c o n c e n tr a t io n  a t  v a r io u s  p H  v a lu e s  (100 m g  F e 3 + ; 500  / /g u ra n iu m ; p r e c ip i t a te d  a t  25 °C 
in  a  v o lu m e  o f  100 m l; f i l te r e d  a f te r  30 m in u te s ’ s ta n d in g ) .  1. p H  =  9 .2 ; 2. p H  =  11.3;

3. p H  =  11 .5 ; 4. p H  =  12.1

— (1 .0 ± 0 .2 ) . T h e  e x p lan a tio n  o f these  v a lu e s  req u ires  fu rth e r  c o n sid e ra tio n s . 
T he in te rp re ta t io n  accep ted  for th e  d e so rp tio n  o f  u ran iu m  is th e  fo rm a tio n  of 
so luble  ca rb o n a to  com plexes an d  th e  h in d ra n c e  o f th e  h y d ro ly tic  d eco m p o si
t io n  o f  th e  com plex . A ccord ing  to  th e  s ta b i l i ty  c o n s ta n t d a ta  a v a ila b le  in  th e  
l i te ra tu re  [5 ,6 ] , how ever, u n d e r th e  e x p e rim e n ta l conditions q u o te d , th e  v a s t 
m a jo r ity  o f th e  [U 0 .,(C 03)3]4~ is to  be  fo u n d  in  solu tion . On th e  b as is  o f  th e  
fo llow ing sch em atic  reac tio n  eq u a tio n :

M - U O ^  +  n C O ;-  U 0 2(C 0 2)’ - 2"(sol) +  M(ppt)

(w here M(ppt) is th e  so rb en t po lym eric  m e ta l h y d rox ide  and  M—U 0 2(ppt) is 
th e  so rbed  u ra n iu m  com plex) th is  w ould  re q u ire  a value o f 3 fo r  th e  slope 
o f th e  s tra ig h t line.

F ro m  th e  re su lts  o b ta in ed , e ith e r  it  m u s t  be assum ed th a t  th e  lo ca l for
m a tio n  o f m o n o u ran y l c a rb o n a te  (U 0 2C 0 3), as th e  com pound w ith  th e  low est
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c a rb o n a te  c o n te n t fo rm ed  in  th e  series of co m p lex es , is suffic ien t fo r th e  d e 
so rp tio n  p rocess (in acco rd an ce  w ith  th e  slope o f  th e  s tra ig h t line), or th e  e x 
p la n a tio n  m u s t  be  so u g h t w ith  a d iffe ren t in i t ia l  co n sidera tion .

D ependence of the extent of sorption on the am ount of adsorbent

E x p lo ra to ry  e x p e rim e n ts  w ere ca rried  o u t  to  fin d  ou t how th e  e x te n t  
of so rp tio n  dep en d s on th e  q u a n ti ty  o f F e (O H )3 ap p lied  as carrier. A s c a n  b e  
seen in  F ig . 4 , th e  lo g a rith m  o f th e  u ra n iu m  d is tr ib u tio n  quo tien t is a l in e a r  
fu n c tio n  o f  th e  lo g a rith m  o f th e  am o u n t of F e (O H )3.

F ig . 4. D e p e n d e n c e  o f  t h e  s o rp t io n  o f  u ra n iu m (V I)  o n  t h e  a m o u n t  o f  F e (O H )3 (5 — 100 m g  
F e 3 + ; 100  ц g  u r a n iu m ;  p r e c ip i t a te d  a t  25 °C in  a  v o lu m e  o f  100 m l; p H  =  1 2 .0 5 ; N a 2C 0 3 

c o n c e n t r a t io n  = 0 . 1  M ;  f i l te r e d  a f te r  30  m in u te s ’ s ta n d in g )

O n th e  basis  o f  m o re  d e ta iled  stud ies, th e s e  re su lts  m ay assist in  th e  d e 
te rm in a tio n  o f th e  m ech an ism  o f so rp tion  a n d  o f  th e  degree of p o ly m eriza tio n  
o f F e (O H )3 [7].
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APPLICATION OF SUPERHEATED BENZENE VAPOUR 
DISTILLATION IN THE SEPARATION OF AMINES*

I .  G y e n e s

P h y s ic a l  C h e m is try  R esearch  L abora tory, C h e m ica l W o rks o f  Gedeon R ic h te r  L td . ,  B u d a p e s t

R e c e iv e d  J u l y  3 , 1970

I t  is  a  p re c o n d i tio n  o f  t h e  s u p e r h e a te d  b e n z e n e  v a p o u r  d is t i l l a t io n  m e th o d  d e 
v e lo p e d  e a r l ie r  [1 — 4] t h a t  th e  r e la t iv e  v o l a t i l i t y  o f  th e  v o la tile  a m in e  m u s t  b e  k n o w n  
fo r  th e  s e p a ra t io n  o f  b in a ry  o r m u lt i c o m p o n e n t  a m in e  m ix tu re s . F o r  t h i s  a  m o d e l 
e x p e r im e n t  is  s u i ta b le ,  b u t  a n  e m p ir ic a l  d is t i l l a t io n  fo rm u la  m a y  a lso  b e  u s e d  th e  te rm s  
in  w h ic h  a re  k n o w n  (e.g. th e  m o le c u la r  w e ig h t  a n d  b o ilin g  p o in t  (°C ) o f  t h e  a m in e ) ,  th e  
o th e r  te rm s  h a v in g  b e en  d e te rm in e d  e m p ir ic a l ly  in  th e  cou rse  o f  a  se r ie s  o f  d is t i l la t io n  
e x p e r im e n ts .  In  th e  in te r e s t  o f  th is ,  134 d i f f e r e n t  a m in e s  w ere  d is t il le d  w i th  s u p e rh e a te d  
b e n z e n e  v a p o u r  a n d  th e  a m o u n t  o f  s u p e r h e a te d  b e n z e n e  v a p o u r  n e e d e d  fo r  th e  d is t i l la 
t io n  (c o n d e n se d  b e n z e n e  e x p re sse d  in  m l =  V )  w a s  d e te rm in e d  a s  w a s  t h e  p r o b a b le  
c o n n e c tio n  o f  th is  w ith  th e  m a te r ia l  p r o p e r t i e s  o f  th e  a m in e s . T h e  s m a l le r  th e  a m o u n t  
o f  b e n z e n e  v a p o u r  n e c e ssa ry  to  d is t i l  o v e r  a n  a m in e , th e  m o re  v o la t i le  is  t h e  a m in e ;  
th e  s e le c te d  e x p re ss io n  1 0 0 0 /F  is s u i ta b le  fo r  j u d g in g  th is .  T h e  v o la t i l i ty  s e q u e n c e  o f  th e  
a m in e s  s tu d ie d  w a s  d e te rm in e d .

T h e s tu d y  o f in te rac tio n s  in  n o n -aq u eo u s  m ed ia  has m ad e  possib le  th e  
e la b o ra tio n  o f  a new  ty p e  o f  a n a ly tic a l m e th o d  of sep a ra tio n . T h is  m e th o d , 
“ su p e rh e a te d  benzene  v a p o u r d is tilla tio n ” , h a s  proved  su itab le  fo r  th e  sep a
ra tio n  u n d e r  w a te r  vapour-free  co n d itio n s o f  vo la tile  and  n o n -v o la tile , b in a ry  
or m u ltic o m p o n e n t am ine m ix tu res . A t th e  end  of th e  o p e ra tio n , th e  n o n 
v o la tile  am ine  m a y  be t i t r a te d  in  a n h y d ro u s  so lven ts w ith  a s ta n d a rd  so lu tio n  
o f p e rch lo ric  acid  o r to luene-p -su lfon ic  ac id  (0 .0 1 —0.005 M ). (F o r th e  re le v a n t 
l i te ra tu re  an d  a  d e ta iled  descrip tio n  o f  th e  an a ly tica l ap p lic a tio n , see R efs. 
[ 1 - 4 ] . )

T h e  o b jec tiv e s  o f  th e  p re sen t w o rk  w ere  th e  following:
1. T he d is tilla tio n  w ith  su p e rh e a te d  benzene v ap o u r o f  a hom ologous 

series o f am ines, an d  th e  d e te rm in a tio n  o f  an  em pirical n u m e ric a l re la tio n  
b e tw een  th e  m a te r ia l co n stan ts  o f  an  a m in e  (e.g. boiling p o in t, m o lecu la r 
w e ig h t, th e  p resence  o f ce rta in  fu n c tio n a l g roups) and  th e  a m o u n t o f  su p e r
h e a te d  benzene v a p o u r  necessary  fo r th e  d is tilla tio n , w hich m ak es  possible 
th e  d e riv a tio n  an d  th e  ap p lica tio n  o f  an  em p irica l d istilla tio n  fo rm u la  in  th e  
c a lc u la tio n  o f  th e  re la tiv e  v o la tility  o f a v o la tile  am ine to  be s e p a ra te d .

2. T he d e te rm in a tio n  of th e  re la tiv e  v o la ti l i ty  sequence o f  th e  am ines 
s tu d ie d .

* E x t r a c t e d  f ro m  th e s is  fo r th e  D . Sc. d e g re e .
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F ig . 1. A p p a r a tu s  fo r  s u p e r h e a te d  b e n z e n e  v a p o u r  d is t i l l a t io n ,  a :  O u tl in e  sc h e m e ; b: f r o n t a l  
v ie w ; c :  h e a te r s  a n d  a u to m a t i c  t e m p e ra tu r e  c o n tro l .  1: T i t r a t i o n  f la s k  in  100 °C w a te r  b a th ;  
2: 185 °C s ilic o n e  o il b a th ;  3: 300 m l sp h e r ic a l f la s k ;  4 , 6 a n d  7 : h e a te r ;  4 c an  be  t i l t e d  t h r o u g h  
a n  a n g le  o f  9 0 °  w i th  th e  a r m  5, a n d  7 c a n  b e  t i l te d  t h r o u g h  a n  a n g le  25° b e h in d  th e  p la n e  
o f  t h e  d ia g ra m  w i th  th e  h e lp  o f  t h e  a rm  8 ; 9: sw itc h  p a n e l ;  10: sp h e r ic a l jo in ts ;  11: in s u l a 
t io n ;  12 : c o n tro l  t h e r m o m e te r ;  13: P t  r e s is ta n c e  fo r  th e  t h e r m o s ta t i c  c o n tro l o f  s u p e r h e a te r  
14 ; 15 : c i r c u i t  d ia g ra m  o f  t h e  a u to m a t ic  c o n tro l;  16: ro u g h  a d ju s tm e n t ;  17: f in e  a d ju s tm e n t ;

18: a ir  g r id
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Experim ental
A n  a p p a r a tu s  w a s  d e s ig n e d  fo r  th e  s e p a ra t io n  o f  v o la t i le  a n d  n o n -v o la t i le  c o m p o n e n ts  

o f  a m in e  m ix tu re s ;  t h i s  w a s  a lso  u se d  fo r  th e  m e a s u r e m e n t  o f  th e  r e la t iv e  v o la t i l i t ie s  o f  th e  
a m in e s  (F ig . 1).

F ig . 2 . Id e a liz e d  c u rv e s  o f  s u p e rh e a te d  b e n z e n e  v a p o u r  d is t i l la t io n .  A : v o la t i le  a m in e ,  e.g. 
h e p ty la m in e ;  B : s l ig h t ly  v o la t i le  a m in e  (n o t  l in e a r ) ,  e .g . t r ie th a n o la m in e ;  C: s l i g h t ly  v o la t i le  
a m in e  ( l in e a r ) ,  e.g . l -p ip e r id in o -2 -m e th y l-3 -p - to lu y l-p ro p a n o n e -3  [3 ]; D : n o n - v o la t i le  a m in e ,

e.g. a t r o p in e  [2]

T ab le  I

T h e  re la tive  vo la tilities o f  som e h igh -bo iling  am ines

1000/ V . w h e re  V  is  t h e  v o lu m e  o f  c o n d e n se d  b e n z e n e  in  m l e q u iv a le n t  to  th e  v o lu m e  
o f  s u p e rh e a te d  b e n ze n e  v a p o u r  n e c e s s a ry  fo r  th e  d is t il la t io n

A m ine b .p . °c 1000I V

d ie th a n o la m in e 272 12

( + ) n ° r e p h e d r in e 270 21

1 ,5 -d im e th y ltro p in e 258 31

( +  )e p h e d r in e 255 34

4 -e th o x y  a n il in e 254 48

N -e th y ld ie th a n o la m in e 251 33

N -m e th y ld ie th a n o la m in e 247 25

2 -m e th y lq u in o lin e 245 50

N - n - b u ty la n i l in e 238 57

4 -m e tl io x y b e n z y  lam in e 237 54

2 ,4 ,6 -tr im e th y la n i l in e 230 62

tro p in e 229 37

5 -a m in o p e n ta n o l 215 111

2 -a m in o p y r id in e 204 128
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A  s o lu t io n  o f  (2 +  5) X 10“  5 g r a m  e q u iv a le n ts  o f  a  m o n o -  o r  b ifu n c t io n a l  a m in e  in  5 m l 
o f  c h lo r o f o r m  w a s  e v a p o ra te d  in  a  t i t r a t i o n  f la s k  im m e rs e d  in  th e  b o ilin g  w a te r  b a th  o f  th e  
a p p a r a t u s ;  t h e  f ilm -lik e  re s id u e  w a s  s u b je c te d  to  s u p e r h e a te d  b e n z e n e  v a p o u r  d is t i l l a t io n .  
T h e  a m in e  re m a in in g  in  th e  f la s k  w a s  d is so lv e d  in  5 m l  o f  c h lo ro fo rm  a n d  t i t r a t e d  w i th  0 .0 1  M  
p e r c h lo r ic  a c id  p re p a re d  w i th  a  1 : 1 m ix tu r e  o f c a r b o n  te t r a c h lo r id e  a n d  a c e tic  a c id ,  u s in g  
o n e  d r o p  o f  0 .1 %  C ry s ta l  V io le t  in d ic a to r  so lu tio n .

Table II

P r im a r y  a lip h a tic  a m in e s

No. Am ine с X к J C X
ml benzene 1000/ V  

rel.
volatil

ityealed.* found

l л -p ro p y la m in e 0.96 0 0 0 0.85 0.7 1430
2 n - b u ty la m in e 1.12 0 0 1 1 1.5 1.8 556

3 is o b u ty la m in e 0.88 0 0 1 I 1.2 1.2 853

4 i - b u ty la m in e 0.50 0 0 1 1 0.45 0.7 1430
5 f i-p e n ty la m in e 1.48 0 0 2 2 3.0 3.6 278

6 r t-h e x y la m in e 1.62 0 0 3 3 4.9 5.4 185

7 f i -h e p ty la m in e 1.77 0 1 4 5 12.1 11.0 91

8 n -o c ty  la m in e 1.90 0 1 5 6 19.5 18.5 54

9 l -a m in o -2 -e th y lh e x a n e 1.62 0 1 5 6 16.6 15.5 64

10 fi-n o  n y  lam in e 1.74 0 1 6 7 26.8 27.0 37

11 fi -d e c y  lam in e 1.81 0 1 7 8 41.7 40.0 25

* C a lc u la te d  w ith  th e  e m p ir ic a l  d is t il la t io n  fo rm u la :  
m l  b en zen e  =  V  =  c X  1.5fx+ ^ C + * )x 0 .9

w h e re  c i s  t h e  sq u a re  o f  th e  q u o t ie n t  o f  th e  m o le c u la r  w e ig h t  a n d  th e  b o ilin g  p o in t  o f  th e  a m in e , 
i i s  t h e  X  v a lu e  o f  th e  b a s is  c o m p o u n d  ( in  th is  case  n -p ro p y la m in e ) ,  dC  is th e  c a rb o n  a to m  n u m b e r  
d i f f e r e n c e ,  a n d  fc is  a  s u p p le m e n ta ry  fa c to r .

Table III

S eco n d a ry  a lip h a tic  a m in e s

N o. A m ine A C
m l b en zen e

1000/ V
ealed. fo u n d

12 N -m e th y l- f i-b u ty la m in e 1.07 0 0 2 2 2.2 2.5 400

13 d i-f i-p ro p y la m in e 1.31 0 0 3 3 4.0 3.9 256

14 d iiso p ro p y la m in e 0.67 0 0 3 3 2.1 2.6 385

15 N -m e th y l-f i-h e x y la m in e 1.45 0 1 4 5 10.0 10.1 99

16 d i-f i-b u ty la m in e 1.50 0 1 5 6 15.4 15.0 67

17 d iis o b u ty la m in e 1.13 0 1 5 6 11.6 12.0 83

18 N -m e th y l-f i-o c ty la m in e 1.66 0 1 6 7 25.6 27.5 36

19 d i-n -p e n ty la m in e 1.66 0 1 7 8 38.2 39.5 25

20 d i-n -h e x y la m in e 1.69 0 1 9 10 87.7 87.0 12

2 1 b is (2 -e th y lh e x y l)a m in e 1.35 0 ? 13 ? * 158,0 6

* I f  X  =  12, th e  c a lc u la te d  v o lu m e  o f  b e n z e n e  is  159 m l.
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Table TV

T e rtia ry  a lip h a tic  a m in es

N o. A m ine c
*

AC X
m l b en zen e  

eu led . Í fo u n d
1 000 /F

2 2 t r ie th y la in in e 0 .78 0 0 3 3 2 .4 2 . 8 357

23 N ,N -d im e  th y  l -n -p e n ty  la in  in<“ 1 .34 0 1 4 5 9 .2 8.0 125

24 tr i-n -p ro p y la m in e 1.10 0 l 6 7 16.9 15.0 67

25 N ,N -d im e th y l-ra -o c ty la m in e 1.44 0 1 7 8 33 .2 34 .0 29

26 tr i-n -b u ty la m in e 1.37 0 1 9 10 70 .9 73.0 14

27 N ,N -d iiso p ro p y le th y la m in e  ' 0 .9 6 0 — 1 5 4 4.4 4.8 208

T h e  b e n z e n e  v a p o u r  fo rm e d  in  th e  b e n z e n e  v a p o u r  g e n e ra to r  p a sse s  t h r o u g h  th e  co il o f  
t h e  s u p e rh e a te r  h e a te d  a t  185 °C, a n d  f lo w s in to  t h e  f la s k  a t  h ig h  sp e e d  t h r o u g h  a  n o zz le  o f  
2 m m  in te r n a l  d ia m e te r .  D e p e n d in g  o n  th e  a m o u n t  o f  b e n ze n e  v a p o u r ,  t h e  v o la t i le  a m in e  
d is t i ls  o v e r  in  p a r t  o r  w i th o u t  re s id u e  a n d  c o n d e n s e s  in  th e  coo ler to g e th e r  w i th  t h e  belnzene. 
T h e  r a te  o f  flo w  o f  th e  s u p e rh e a te d  b e n z e n e  v a p o u r  is  0 .77  1/min.

T h e  d is t i l la t io n  c u rv e s  o f  th e  a m in e s  w e re  so  d r a w n  t h a t  th e  a m o u n t  o f  b e n z e n e  v a p o u r  
w a s  sh o w n  o n  th e  a b sc is sa , e x p re sse d  in  m l o f  b e n z e n e  co n d en sed  (25 +  2 °C ), w h ile  th e  p e r 
c e n ta g e  o f  th e  a m in e  d is t il le d  o v e r  a p p e a re d  o n  th e  o rd in a te .  S e v e ra l ( id e a liz e d )  c h a r a c te r i s t i c  
c u rv e s  a re  i l lu s t r a te d  in  F ig . 2.

E x p e r im e n ta l  d a ta  o f  6— 30 in d iv id u a l  d i s t i l la t io n s  w ere  u se d  fo r  t h e  c o n s t r u c t io n  o f  
th e  d is t i l la t io n  c u rv e  o f  e a c h  a m in e .

134 a m in e s  b e lo n g in g  to  11 c o m p o u n d  g ro u p s  w e re  d is til le d  w ith  s u p e r h e a t e d  b e n z e n e  
v a p o u r  ( th e  ‘‘b a s is  c o m p o u n d s ”  o f  th e  c o m p o u n d  g ro u p s ,  i.e . th e  a m in e  se r ie s ,  a r e  g iv e n  in  
p a r e n th e s e s  b e lo w ): I. P r im a r y ,  s e c o n d a ry  a n d  t e r t i a r y  a lip h a tic  a m in e s  (n -p ro p y la m in e ) .  
II. C y c lo h e x y la m in e  d e r iv a t iv e s  ( c y c lo h e x y la m in e ) .  III. P ip e r id in e  d e r iv a t iv e s  (p ip e r id in e ) .  
IV. M o rp h o lin e  d e r iv a t iv e s  (m o rp h o lin e ) .  V. A n ilin e  d e r iv a tiv e s  (a n ilin e ) . VI. B e n z y la m in e  
d e r iv a t iv e s  (b e n z y la m in e ) .  VII. P h e n y le th y la m in e  d e r iv a tiv e s  (ß -p h e n y le th y la m in e ) .  VIII. 
P y r id in e  a n d  q u in o lin e  d e r iv a tiv e s  (p y r id in e  a n d  q u in o lin e ) .  IX. E th y le n e d ia m in e  d e r iv a tiv e s

Table V

C yclohexy lam ine  a n d  i ts  derivatives.
C yclopen ty la m in e , суclohep ty la m in e  a n d  d icyclohexylam ine

No. Amine AC
ml benzene

1 000 /F
ealed. found

28 c y c lo h e x y la m in e 1.78 3 ’--- 0 3 5.4 6.0 167
29 N -m e th y lc y c lo h e x y la m in c 1.66 3 — l 4 7.6 7.2 139
30 N -e th y lc y c lo h e x y la m in e 1.66 3 — 2 5 11.3 11.2 89
31 N -p ro p y lc y c lo h e x y la m in e 1.70 3 - 3 6 17.4 18.0 18
32 N ,N -d im e th y lc y c lo h e x y la m in e 1.58 3 — 2 5 10.8 10.0 100
33 N ,N -d ie th y lc y c lo h e x y la m in e 1.50 3 - 4 7 23.1 21.5 46

34 c y c lo p e n ty la m in e 1.71 2 — 0 2 3.5 3.2 312
35 c y c lo h e p ty la m in e 2.26 3 — 0 3 6.9 7.0 143
36 d ic y c lo h e x y la m in e 1.86 6 — 0 6 19.0 19.0 53

N o te:  A m in es  N o. 34, 35 a n d  36 m a y  b e  c o n s id e re d  as new  “ b a s is  c o m p o u n d s ” , a n d  a t  
th e  sa m e  t im e  th e  X  v a lu e  o f  d ic y c lo h e x y la m in e  is tw ic e  t h a t  o f  c y c lo h e x y la m in e .

9 * A d a  Chim. (Itudapest) 70, 1971
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Table VI

P ip e r id in e  a n d  its  d e r iva tive s . 
T r o p in e  a n d  1 ,5 -d im e th y ltro p in e

N o . A m ine c X к A C X
m l benzene

1 0 0 0 /К
calcd. found

37 p ip e r id in e 1.69 3 0 — 3 5.1 4.5 222

38 2 -m e th y lp ip e r id in e 1.42 3 0 — 3 4.3 4.3 233

39 4 -m e th y lp ip e r id in e 1.64 3 0 — 3 5.0 5.7 175

40 2 -e th y lp ip e r id in e 1.52 3 0 — 3 4.6 5.0 200

41 4 -n -p ro p y lp ip e r id in e 1.98 3 0 — 3 6.0 6.6 152

42 N -m e th y  lp ip  e r id in e 1.21 3 0 — 3 3.7 3.5 279

43 N -e th y lp ip e r id in e 1.28 3 0 — 3 3.9 4.5 222

44 N -(2 -h y d ro x y e th y l)p ip e r id in e 2.30 3 0 — 3 7.3 7.0 143

45 N -e th y l-3 -a m in o p ip e r id in e 1.90 3 0.5 — 3.5 7.1 7.2 139

46 4 -h y d ro x y p ip e r id in e 4.38 3 0 — 3 13.3 12.8 78

47 2 ,6 -d im e th y lp ip e r id in e 1.23 3 1 — 4 5.6 5.7 175

48 tro p in e 2.66 6 0 — 6 27.3 27.0 37

49 1 ,5 -d im e th y ltro p in e 2.32 6 1 — 7 35.5 32.5 31

N o te :  A m in e  N o . 48 m a y  b e  co n sid e re d  as a  n e w  “ b a s is  c o m p o u n d ” . W ith  re fe re n c e  to  
2 ,6 -d im e th y lp ip e r id in e , 2 ,6 -d im e th y Im o rp h o lin e  a n d  1 ,5 -d im e th y l tro p in e  see T ab le  X IV .

Table VII

M o rp h o lin e  a n d  its d eriva tives*

No. A m ine c * 1 к
1

1
A C

1
X

m l benzene 

calcd. fo u n d
1 0 0 0 /К

50 m o rp h o lin e 2.17 2 0
_

2 4.4 4.2 238

51 2 -m e th y lm o rp h o lin e 1.82 2 0 ._ 2 3.7 3.7 270

52 N -m e th y lm o rp h o lin e 1.33 2 0 l 3 4.0 4.0 250

53 N -e th y lm o rp h o lin e 1.41 2 0 2 4 6.4 6.8 147

54 N - (2 -h y d ro x y e th y l)m o rp  h o lm e 2.76 2 0 2 4 12.6 12.4 81

55 2 ,6 -d im e th y lm o rp h o lin e 1.54 2 1 — 3 4.8 5.0 200

* c f.  T a b le  X V .

a n d  p ro p y le n e d ia m in e  ( re -p ro p y la m in e ) .  X . P ip e ra z in e  d e r iv a t iv e s  (p ip e ra z in e  free  o f  w a te r  o f  
c r y s ta l l iz a t io n ) .  X I . A m in o a lc o h o ls  (o n e  h y d ro x y  g r o u p ,  a m in o e th a n o l) .  T h e  p u r i ty  o f  t h e  
a m in e s  w a s  c h e c k e d  b y  d e te r m in a t io n  o f  th e  b o ilin g  p o in t ,  t i t r a t i o n  in  n o n -a q u e o u s  m e d ia ,  
a n d  a t  t im e s  b y  g a s - c h ro m a to g ra p h y .

T h e  c h a ra c te r i s t ic s  o f  t h e  m e th o d  a re  th e  fo llo w in g :
a )  T h e  d is t i l la t io n  o f  w a te r -v a p o u r - f r e e  b e n z e n e  v a p o u r  s u p e rh e a te d  to  95 °C in to  t h e  

t i t r a t i o n  f la s k  a t  a  sp e e d  o f  a b o u t  4 m /sec .
b)  D u r in g  th e  d is t i l l a t io n  t h e  a m in e s  s e p a ra te  c o r re s p o n d in g  to  t h e i r  re la tiv e  v o la t i l i t ie s .
c )  H ig h -b o ilin g  a m in e s  a lso  b e c o m e  v o la ti le  (T a b le  I ) .
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d )  T h e  le s s  th e  b e n z e n e  v a p o u r  n e c e s s a ry  to  d is t il  o v e r  an  a m in e  ( th e  v o lu m e  o f  th e  
b e n z e n e  c o n d e n s e d  e x p re s s e d  in  m l =  V ) ,  t h e  m o re  v o la ti le  is th e  a m in e . U n d e r  o u r  e x p e r i
m e n ta l  c o n d it io n s ,  t h e  v a lu e  1000/ V  w a s  s e le c te d  fo r  th e  n u m e ric a l d e s c r ip t io n  o f  th e  ‘‘re la tiv e  
v o l a t i l i t y ” . W ith  th e  o b je c t  o f  c o m p a riso n , th o s e  p o in ts  o n  th e  d is t i l la t io n  c u rv e s  o f  th e  in d i
v id u a l  a m in e s  w h e re  t h e  a m in e  d is tils  w ith  9 0 %  e f f ic ie n c y  w ere  t a k e n  a s  t h e  b a s is .  V  is th e  
v o lu m e  m l o f  b e n z e n e  c o n d e n se d  c o r re s p o n d in g  to  th is .  T h e  e x p e r im e n ta l  d a t a  a re  g iv e n  in  
T a b le s  И — X I I I .

Table VIII

A n ilin e  a n d  its  deriva tives

N o. A m in e c 1 , к AC X
m l b en zen e

1000/ V
calcd. fo u n d

56 a n ilin e 3.91 1 0 0 1 5 .3 6.0 167

57 4 -m e th y la n i lin e 3.49 1 0.5 l 2.5 8 .7 8.7 115

58 4 -e th y la n i l in e 3.15 1 0.5 2 3.5 11.7 12.0 83

59 4 -T i-p ro p y lan ilin e 2.79 1 0.5 3 4.5 15 .6 15.5 64

60 2 ,4 -d im e th y la n i l in e 3.01 1 0.5 2 3.5 11.5 9.6 104

61 2 ,4 ,6 - t r im e th y la n i l in e 2,96 1 0.5 3 4.5 16.5 16.2 62

62 4 -m e th o x y a n i l in e 3.95 1 1.75 1 3.75 16.2 16.0 62

63 4 -e th o x y  a n il in e 3.42 1 1.75 2 4.75 21.1 21.0 48

64 N -m e th y la n i l in e 3.25 1 0 L 2 6 .6 7 .4 135

65 N -e th y la n il in e 2.86 1 0 2 3 8.7 10.0 100

66 N -n -p ro p y la n i l in e 2.67 1 0 3 4 12.2 13.0 77

67 N - n - b u th y la n i l in e 2.56 1 0 4 5 17.5 17.6 57

68 N ,N -d im e th y la n i l in e 2 54 1 0 2 3 7.7 7.8 128

69 N ,N -d ie th y la n i l in e 2.14 1 0 4 5 14.6 13.4 75

70 JN ,N -dim e th y  1 -4 -m eth y lan ilin e 2.31 1 0.5 3 4.5 12.9 12.1 83

Table IX

B en zy la m in e  a n d  i ts  deriva tives

No. Amine C X к X
ml benzene

1000IV
calcd. found

71 b e n z y la m in e 2.95 2 0 0 2 6 .0 6 .0 167

72 4 -m e th y lb e n z y la m in e 2.57 2 0.5 1 3.5 9 .5 9 .6 104

73 2 ,4 -d im e th y lb e n z y la m in e 2.61 2 0.5 2 4.5 14.6 13.0 77

74 4 -m e th o x y b e n z y la m in e 3.02 2 1.75 1 4.75 18.7 18.4 54

75 N -m e th y lb e n z y la m in e 2.23 2 0 1 3 6 .8 7.0 143

76 N -e th y lb e n z y  la m in e 2.04 2 0 2 4 9 .3 8.7 115

77 N ,N -d im e ty lb e n z y la m in e 1.88 2 1 2 5 12.9 13.5 74

78 IN ,N -d ie ty lb e n z y la m in e 1.68 2 1 4 7 25 .8 25 .0 40

79 N - iso p ro p y lb e n z y la m in e 2.01 2 — 1 3 4 10.2 9.5 105

80 d ib e n z y  la m in e 2.34 10 — 10 121.5 120 8
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T ab le  X

P h en y le th y la m in e  a n d  i ts  deriva tives. N o re p h e d rin e  a n d  ephedrine

No. Amine e X к zlC X
ml benzene 

calcd. found
1000/К

81 ( i )  a - p h e n y le th y lam in e 2.39 3 3 0 0 7.3 6.8 147

82 /? -p h e n y lc  th y  lam in e 2.62 3 0 0 3 8.0 8.0 125

83 ( ^ z )  2 - a m in o - l-p h e n y lp ro p a n e 2 .24 3 0 1 4 10.2 10.4 96

84 N -m e th y l- /? -p h e n y le th y la m in e 2.28 3 - 0 . 5 1 3.5 8.5 8.3 120

85 (:£  )  2 - m e th y la m in o - l-p h e n y l-  
p r o p a n e 1.85 3 - 0 . 5 2 4.5 10.3 10.0 100

86 1 -p h e n y l-2 -a m in o p ro p a n o l-1  
(n o r e p h e d r in e )

3.19 6.9* 47.0 21

87 l-p h e n y l -2 -m e th y la m in o -  
p r o p a n o l- 1  ( ( + )  e p h ed rin e ) 2 .38 6.4* 29.0 34

* F o u n d  X  v a lu e s ;  th e  X  d if fe re n c e  o f  am in es  N o . 86 a n d  87 is  0.5. Cf. a m in e s  N o . 82 
a n d  84 , a n d  83  a n d  85.

T ab le  X I

P y r id in e  a n d  its  deriva tives. Q u in o lin e , iso q u in o lin e  a n d  m eth y lq u in o lin e

Amine /1C
ml benzene

1000/F
calcd. found

88 p y r id in e 2 .1 6 1 0 0 1 2.9 2.9 345

89 2 - m e th y lp y r id in e 1 .88 1 +  0.25 l 2.25 4.2 4.4 227

90 3 - m e th y lp y r id in e 2 .3 2 1 - 0 . 2 5 l 1.75 4.3 4.5 222

91 4 - m e th y lp y r id in e 2 .2 9 1 - 0 . 2 5 l 1.75 4.2 4.5 222

92 2 -e th y lp y r id in e 1 .90 1 - 0 . 2 5 2 2.75 5.2 5.4 185

93 4 - e th y lp y r id in e 2 .4 0 1 - 0 . 2 5 2 2.75 6.6 6.6 152

94 2 -n -p ro p y lp y r id in e 1 .96 1 - 0 . 2 5 3 3.75 8.1 8.2 122

95 2 - m e th o x y p y r id in e 1 .58 1 - 0 . 2 5 1 1.75 2.9 3.6 278

96 2 -( /? -m e th o x y e th y l) -
p y r id in e 2 .3 5 1 - 0 . 2 5 3 3.75 9.7 10.0 100

97 2 ,4 -d im e th y Ip y r id in e 2 .0 2 1 + 0 .2 5
- 0 . 2 5

2 3 6.1 6.0 167

98 2 ,6 -d im e th y lp y r id in e 1.71 1 + 0 .2 5
- 0 . 2 5

2 3 5.2 5.0 200

99 2 -m e th y l-4 -e th y lp y r id in e 2 .0 8 1 + 0 .2 5
- 0 . 2 5

3 4 9.5 9.1 110

100 2 ,4 ,6 - t r im e th y lp y r id in e 2 .0 4 1 +  0.25 
- 0 . 2 5

3 4 9.3 9.0 111

101 2 - a m in o p y r id in e 4 .6 5 1 +  0.5 0 1.5 7.7 7.8 128

102 2 -a m in o -3 -m e th y lp y r id in e 4 .2 2 1 +  0.5 
- 0 . 2 5

1 2.25 9.5 8.8 114

103 4 -ra -p ro p y lp y r id in e 2.31 1 - 0 . 2 5 3 3.75 9.5 7.5 133

104 q u in o l in e 3 .3 8 4 0 0 4 15.4 15.0 67

105 2 -m e th y lq u in o l in e 2.91 4 0 1 5 19.9 20.0 50

106 is o q u in o lin e 3.51 4 o 0 4 16.0 14.4 69
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Table XII

C om pounds co n ta in in g  tico n itrogen  a tom s p e r  m olecule: 
e th y len ed ia m in e  deriva tives , p ro p y le n e d ia m in e , p ip e ra z in e  a n d  its d eriva tives

N o. A m ine C X к AC X
m l ben zen e

1 0 0 0 /F
ca lcd . fo u n d

107 N ,N ’-d im e th y Ie th y le n e d ia m in e 1.75 0 0.5 - l 1.5 2.9 3.5 286

+ 2

108 N ,N -d im e th y le th y le n e d ia m in e 1.49 0 0.5 - 1 1.5 2.5 2 . 8 357

+ 2

109 (+ ) l ,2 - d ia m in o p r o p a n e 2.61 0 0.5 0 0.5 2.9 2 . 8 357

110 p ip e ra z in e  (a n h y d ro u s ) 2.79 3.5 0 - 3.5 10.4 10.0 100

111 N -m e tliy lp ip e ra z in e 1.78 3.5 0 - 3.5 6 . 6 6 . 2 161

112 N ,N ’-d im e th y lp ip e ra z in e 1.30 3.5 0 — 3.5 4 .8 5.2 192

113 N -n -p ro p y lp ip e ra z in e 1.82 3.5 0 - 3.5 6 . 8 6 . 8 147

114 N -(2 -a m in o e th y l)p ip e ra z in e 2.77 3.5 0 - 3.5 10.3 10.2 98

115 N -(2 -h y d ro x y e th y l)p ip e ra z in e 3.18 8.5* 100 10

* C a lc u la te d  fro m  m l b e n z e n e .

Table XIII

A m in o a lco h o ls

N o. A m ine C X к AC X
m l b en zen e  

ca lcd . ! fo u n d
1000/и

116 e th a n o la m in e 7.94 - 3 0 0 - 3 2.1 2 .0 500

117 3 -a m in o p ro p a n o l- l 6.05 - 3 2 1 0 5.4 5.0 200

118 l-a m in o p ro p a n o l-2 4.38 - 3 1 1 - 1 2.6 2.8 357

119 4 -a m in o b u ta n o l- l 5.31 - 3 2 2 1 7.2 7 .6 132

120 2 -a m in o b u ta n o l- l 3.91 - 3 2 2 1 5.3 5.2 192

121 5 -a m iu o p e n ta n o l- l 4 .34 - 3 2 3 2 8.8 9 .0 111

122 (i) leu e in o l 2.88 - 3 2 4 3 8.8 10.0 100

123 N -m e th y la m in o e th a n o l 4.41 - 3 2 1 0 4.0 3 .4 294

124 N -e th y la m in o e th a n o l 3.15 - 3 2 2 1 4.9 5 .2 192

125 N ,N -d im e th y la m in o e th a n o l 2.24 — 3 3 2 2 4.5 4 .2 238

126 N ,N -d ie th y la m in o e th a n o l 1.91 - 3 3 4 4 8.7 8 .2 122

127 1 -d im e th y la m in o p ro p a n o l-2 1.46 - 3 3 3 3 4 .4 4 .6 217

128 l-d ie th y Ia m in o p ro p a n o l-2 1.53 - 3 3 5 5 10.4 11.6 86

129 ( i )  N ,N -d ie th y lle u c in o l 1.47 - 3 3 8 8 34.0 36 .0 28

130 3 -d im e th y la m in o p ro p a n o l- l 2.70 - 3 1 3 1 3.6 4 .0 250

131 3 -d ie th y la m in o p ro p a n o l- l 2 .08 - 3 1 5 3 6.3 6 .8 147
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Discussion

Tw o w o rk ing  h y p o th e se s  were used  in  th e  fo rm a tio n  o f th e  em pirica l 
d is tilla tio n  fo rm u la . T h e  f i r s t  w as th a t ,  b y  m e a n s  o f  th e  s ta tis tic a l com parison  
o f  th e  d a ta  found  in  th e  d is tilla tio n  o f m a n y  am in es, a re la tio n  m ay  be found  
b e tw een  th e  re la tiv e  v o la t i l i ty  and  c e r ta in  fu n d a m e n ta l p ro p ertie s  o f th e  
am in e  m olecule. T h e re fo re  th e  s tru c tu ra l p ro p e rtie s  o f th e  am ine m olecule 
m u s t he  re flec ted  in  one  te rm  of th e  em p irica l fo rm u la . T he second h y p o th es is  
w as t h a t  th e  re la tiv e  v o la ti l i ty  is an  in h e re n t p ro p e r ty  o f an  am ine w hich 
com es to  th e  su rface  in  th e  given case, e.g. in  co n n ec tio n  w ith  th e  e ffec t o f  a 
s u p e rh e a te d  so lv en t v a p o u r .

T h e  o b je c t  o f  t h e  m o le c u la r  ( s t r u c tu r e )  th e o r y  is t h e  d e te r m in a t io n  o f  e x a c t  c o r re la t io n s  
b e tw e e n  th e  p h y s ic a l  p r o p e r t i e s  o f  a  m a te ria ]  a n d  t h e  in te rm o le c u la r  fo rce s . A t  p r e s e n t  th e  
d e te r m in a t io n  o f  su c h  a  r e la t i o n  is p o ss ib le  o n ly  in  tw o  e x t r e m e  c a se s , w i th  gases a t  lo w  d e n s i ty  
a n d  in  t h e  c ase  o f  so lid  m a te r ia ls  a t  low  te m p e ra tu r e ,  i .e .  in  t h e  re g io n s  o f  c o m p le te  d is o rd e r  
o r  o f  c o m p le te  o rd e r .  I n  t h e  in te r m e d ia te  re g io n , w i th  l iq u id s ,  th e  p ro p e r t ie s  o f  l iq u id s  a re  
a p p lic a b le  o n ly  w ith  ro u g h  a p p ro x im a t io n s  to  th ro w  d i r e c t  l ig h t  o n  th e  fo rce s  a c t in g  b e tw e e n  
m o le c u le s  [5].

S ta tis tic a l co m p ariso n  o f  th e  series o f d is tilla tio n  ex perim en ts led  to  an  
em p irica l d is tilla tio n  fo rm u la  w hich serves th e  sim p lifica tio n  of a n a ly tic a l 
am ine  sep a ra tio n  in  a s tu d y  of b in a ry  or m u ltic o m p o n e n t am ine m ix tu re s  
w here  th e  re la tiv e  v o la t i l i ty  o f th e  vo la tile  am in e  is u n k n o w n . T hus in  th e  case 
o f sim p ler am ines th e  a m o u n t of benzene v a p o u r  n ecessary  to  d istil over th e  
v o la tile  am ine  m a y  b e  p reca lcu la ted . In  th is  case  a m odel ex p e rim en t is u n 
necessary .

U n d e r th e  e x p e rim e n ta l cond itions o f  su p e rh e a te d  benzene v a p o u r  
d is tilla tio n , b y  “ re la tiv e  v o la ti l i ty ”  is u n d e rs to o d  th a t  th a t  am ine is m ore  
v o la tile , fo r th e  d is ti l la tio n  o f (2 ^  5 ) x l 0 -5 g ra m  eq u iv a len ts  of w hich  less 
b en zen e  is n ecessary  (co n d en sed  and  exp ressed  as m l o f benzene a t  25 ^  2 °C ,
i.e. V ).  T h e  em p irica l d is tilla tio n  fo rm ula  is:

V  — c X  1.5XX 0.9

w here  V  is th e  v o lu m e  o f  benzene in  m l, c is th e  sq u a re  of th e  q u o tie n t o f th e  
m o lecu la r w eigh t o f th e  am ine  and its  bo iling  p o in t:  (M .W ./b .p .)2; 1.5 an d  0.9 
are  em p irica l c o n s ta n ts . X  is an  em pirical v a lu e  d ep en d in g  on th e  m o lecu la r 
s tru c tu re .

A ccord ing  to  o u r  s tu d ie s , th e  pow er X  ch an g es from  am ine to  am ine  b u t  
n o t ra n d o m ly ; i t  re f le c ts  period ic  re la tio n sh ip s . T h u s  in  com plete  g en era lity  
th e  fo rm u la  is:

V  =  с х 1 .5 (х+лс+,0х 0 .9

w here  x  is th e  X  v a lu e  o f  th e  basis com pound . T h is la t te r  is m odified  fo r th e  
am ines in c lu d ed  in  th e  basis  com pound g ro u p s b y  th e  difference in  carb o n
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Table XIV

V a ria tio n  o f  the к  fa c to r  a n d  i ts  a p p lica tio n

к  fac to r A p p lic a t io n

- i W ith  N ,N -d i is o p ro p y le th y la m in e  a n d  N -b e n z y liso p ro p y la m in e

- 0 . 5 W ith  N -m e th y l  s u b s t i tu te d  p h e n y le th y la m in e  d e r iv a tiv e s  (see  n o re p h e d r in e  
a n d  c p h e d r in e , T a b le  X )

- 0 . 2 5 W ith  p y r id in e  d e r iv a tiv e s , a lk y l  s u b s t i tu t io n  (e x ce p tio n : 2 -m e th y l  s u b 
s t i tu t io n )

+ 0 .2 5 2 -m e th y l s u b s t i tu t io n  in  p y r id in e  d e r iv a tiv e s

+  0.5 C -a lk y l s u b s t i tu t io n  in  a n ilin e  a n d  b e n z y la m in e  d e r iv a tiv e s ;  w i th  a m in es 
c o n ta in in g  a  seco n d  n itro g e n  a to m  in  th e  m o lecu le ; in  th e  b a s ic  x  v a lu e  
o f  p ip e ra z in e

+  1 W ith  a l ip h a tic  a m in e s  if  C >  4 ; w i th  b e n z y la m in e  d e r iv a tiv e s  in  th e  case 
o f  a  t e r t i a r y  n itro g e n  a to m ;  w i th  2 ,6 -d im e th y lp y r id in e , 2 ,6 -d im e th y l-  
m o rp h o lin e  a n d  1 ,5 -d im e th y l tro p in e ;  in  th e  case o f  l - a m in o p ro p a n o l-2  
a n d  N ,N -d ia lk y l  d e r iv a tiv e s  o f  3 -a m in o p ro p a n o l- l

+  1.75 W ith  m e th o x y  o r  e th o x y  s u b s t i t u te d  a n il in e  a n d  b e n z y la m in e

+  2 W ith  a in in o a lc o h o ls  c o n ta in in g  a  p r im a r y  o r se c o n d a ry  n i t r o g e n  a to m  
(e x c e p t io n : l - a m in o p ro p a n o l-2 )

+  3 W ith  a m in o a lc o h o ls  c o n ta in in g  a  t e r t i a r y  n itro g e n  a to m  (e x c e p tio n s :  1-di- 
e th y la m in o p ro p a n o l-2  a n d  N ,N -d ie th y lle u c in o l)

a to m  n u m b e r (AC), an d  b y  th e  su p p le m e n ta ry  fa c to r  к  c o rre sp o n d in g  to  th e  
n a tu re  o f  th e  fu n c tio n a l g roups. Such fa c to rs  a re  sum m arized  in  T a b le  X IV . 
T h e  use o f  th e  b asic  x , AC an d  th e  к fa c to r  is illu s tra te d  in  T a b le  X V . T he 
X  can  be  c a lc u la te d  from  th e  n u m b er o f  m l o f  benzene found e x p e rim e n ta lly , 
u sin g  th e  ab o v e  fo rm u la . T he sm aller th e  v a lu e  o f  th e  basic x, th e  m o re  v o la tile  
is th e  basis  co m p o u n d . T ab le  X V I il lu s tra te s  th is , show ing th e  b o ilin g  p o in ts  
o f  th e  basis  co m p o u n d s, th e  values of c, th e  v a lu e s  of th e  basic x  ( a n d  th e  a v e r
age d ifference  from  th e  m ean  value), a n d  also  th e  1000/F  v a lu es  ex p ress in g  
th e  re la tiv e  v o la ti l i ty . In  p lace of th e  e x p e rim e n ta lly  found  b a s ic  x  va lues, 
ro u n d e d  n u m b e rs  w ere used  in  th e  em p irica l d is tilla tio n  fo rm u la ; th e se , in  
o rd e r o f th e ir  a p p e a ra n ce  in  T ab le  X V I, a re : 0, 3, 3, 2, 1, 2, 3, 1, 3 .5 , a n d  — 3. 
T he v a lu e  o f th e  b asic  x  o f th e  basis co m p o u n d  w as found e x p e rim e n ta lly :

T h e  e x p e rim e n ta l d a ta  and  th e  fa c to rs  d e riv ed  from  th em  m a k e  i t  pos
sible to  a rra n g e  th e  am ines in  a n u m erica l series accord ing  to  th e ir  v o la tilitie s  
(see fo r ex am p le  T ab le  X V II).
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Table XV

A p p lic a tio n  o f  the basic x  a n d  the к  fa c to r  in  som e basis com pounds  
a n d  in  g ro u p s o f  a m in e s

Basie com pound Basic x

W ith  d e riv a tiv es , do 
ca lc u la tio n s  involve

A C  ? к  fac to r?

n -p ro p y la m in e 0 y e s y es

c y c lo h e x y la m in e 3 y e s no

p ip e r id in e 3 n o n o 1

m o rp h o lin e 2 y e s 2 n o 3

a n il in e 1 y e s y e s4

b e n z y  lam in e 2 y e s y e s5

p h e n y le th y  la m in e 3 y e s y e s8

p y r id in e 1 y e s yes

p ip e ra z in e 3.5 n o no

e th a n o la m in e - 3 y e s yes

1 E x c e p t io n :  N -e th y l-3 -a m in o p ip e r id in e  (к  =  0 .5 , s e c o n d  n itro g e n  a to m  in  th e  m o le c u le )  
a n d  2 ,6 -d im e th y lp ip e r id in e .

2 W i t h  N -a lk y l s u b s ti tu t io n .
3 E x c e p t io n :  2 ,6 -d im e th y lm o rp h o lin e .
4 C -a lk y l  s u b s ti tu t io n .
5 W i t h  C -a lk y l s u b s t i tu t io n  a n d  in  th e  case  o f  a  t e r t i a r y  n itro g e n  a to m .
6 W i t h  N -m e th y l  d e r iv a tiv e s .

Table XVI

D a ta  o f  the il,basis c o m p o u n d s”

B a s is  co m p o u n d b .p . (°C) C Basic X
R e la tiv e  
v o la t i l i ty  

1 0 0 0 /F

n -p ro p y  la m in e 49.5 0 .9 6 0.03 ± 0.29 1430

c y c lo h e x y la m in e 134 1.78 2.97 ± 0.17 167

p ip e r id in e 106.5 1.69 3.05 ± 0.21 2 2 2

m o rp h o lin e 129 2 .17 2.00 ± 0.11 238

a n ilin e 184.4 3.91 1.03 ± 0.21 167

b e n z y la m in e 185.4 2.95 1.93 ± 0.11 167

p h e n y le th y la m in e 197 2 .62 2.95 ± 0.03 125

p y r id in e 115.5 3 .96 1.05 ± 0.17 345

p ip e ra z in e  (a n h y d ro u s ) 145.5 2 .79 3.48 ± 0.12 100

e th a n o la m in e 171 7 .9 4 - 2 . 9 7 ± 0.17 500
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Table XVII

E x a m p le s  f r o m  the relative v o la ti li ty  sequence o f  am ines

A m ine 1000/ V A m ine 1 0 0 0 /Г

n -p ro p y la m in e 1430 N -e th y la n il in e 100

e th a n o la m in e 500 2 -m e th y lq u in o lin e 50

N -m e th y l-n -b u ty la m in e 400 n -d e c y  la m in e 25

N -m e th y la in in o e th a n o l 294 N -(2 -h y d ro x y e th y l)p ip e ra z in e 10

2 -e th y lp ip e r id in e 200

T here  is no  sim ple re la tio n  b e tw een  th e  vo lum es o f benzene n eed ed  to  
d is til over th e  am ines, or th e  re la tiv e  v o la t i l i ty ,  an d  th e  boiling  p o in ts . This 
can  be seen in  F ig . 3. In  general, th e  h ig h e r th e  boiling  p o in t th e  m ore  benzene 
v a p o u r  is n ecessary  fo r th e  d is tilla tio n , b u t  th e re  are  obvious ex cep tio n s  too : 
an iline (N o. 56), ben zy lam in e  (No. 71), /? -p heny le thy lam ine  (No. 82), qu ino line  
(N o. 104), e th a n o la m in e  (No. 116) a n d  l-am in o p ro p an o l-2  (N o. 118). T he 
re la tiv e  v o la tilitie s  o f am ines w ith  a lm o s t id en tica l boiling p o in ts  m a y  be 
d iffe ren t (see T ab le  X V III) .
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F ig . 3. In te rd e p e n d e n c e  o f  th e  b o ilin g  p o in ts  o f  t h e  a m in e s  a n d  th e  a m o u n ts  o f  s u p e r h e a te d  
b e n z e n e  v a p o u r  n e c e s s a ry  fo r  th e ir  d is t il la t io n  ( e x p re s s e d  a s  m l o f  c o n d e n se d  b e n z e n e ) .  See

th e  n u m e ra tio n  in  T a b le s  I I  — X I I I
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Table XVIII

R ela tiv e  vo la tilities o f  a m in e s  w ith  a lm ost id e n tic a l boiling  p o in ts

Amine ь-p. <°C) C 1000/F

3 -a m in o p ro p a n o l- l 185 6.05 200

a n il in e 184.4 3.91 167

b e n z y la in in e 185.4 2.95 167

4 -rc -p ro p y lp y rid in e 184.4 2.31 133

N ,N -d im e th y lb e n z y la m in e 185.5 1.88 74

N -p ro p y lc y  c lo h ex y  la m in e 185 1.70 56

N -m e th y l-n -o c ty la ra in e 185 1.66 36

W ith  am inoalcohols, w h ere  significant, in te rn tolecular b in d in g  fo rces 
m a y  b e  p re su m e d  (in m an y  cases H -b rid g in g  h a s  b een  confirm ed), th e  c v a lu e  
is la rg e . T h is  la t te r  p e rm its  conclusions on th e  a sso c ia tio n  of th e  am ine  m o le 
cules. N e v e rth e le ss , 3 -am in o p ro p an o l-l for e x a m p le  is m ore th a n  six  t im e s  as 
v o la tile  as  N -m eth y lo c ty lam in e  a lth o u g h  th e ir  b o ilin g  po in ts  are id en tica l.

S u p e rh e a te d  benzene v a p o u r  d is tilla tio n  is n o t  s im ilar to  steam  d is t i l la 
t io n ; th e  c h a rac te ris tic s  of th e  la t te r  are g iv en  in  p a ren th eses .

I n  su p e rh e a te d  benzene v a p o u r  d is tilla tio n  th e  so lv en t is in e r t a n d  a p o la r  
(p o la r) , th e  so lven t v ap o u r is su p e rh e a te d  (a t  th e  bo iling  po in t), th e  co m p o u n d  
d is tille d  o v e r dissolves in  th e  so lv en t (it does n o t  d issolve w ell in  w a te r) , th e  
d is tillin g  sy s te m  is a w a te r-v a p o u r-fre e  so lv e n t v a p o u r  w ith  a tu rb u le n t  b e n 
zene v a p o u r  flow  and  w ith  a  t  a m in e -so lv e n t f ilm  (steam  led u n d e r th e  s u r 
face o f  t h e  liq u id ), th e  m o la r ra t io  o f th e  c a r r ie r  v a p o u r  and  th e  c o d is tilla te , 
e.g. in  th e  case of aniline, is 13,600 : 1 (in  th e  case of n itrobenzene  38 : 1).

A  co m p ariso n  of th e  a m o u n t o f benzene v a p o u r  needed  to  d is til o v e r th e  
am in es  a n d  th e  ev ap o ra tio n  e n th a lp y  va lu es  k n o w n  from  th e  l i te ra tu re  [6] 
show s a  r e la tio n  sim ilar to  t h a t  in  F ig . 3 (F ig . 4). I n  th is  case too , e.g. an ilin e  
(N o. 56) o r  l-am in o p ro p an o l-2  (N o. 118), som e v a lu e s  s ta n d  ou t. B o th  f ig u re s  
show  t h a t  th e  am o u n t of b en zen e  v a p o u r n e ed ed  to  d is til over in d iv id u a l 
am in es (log  V  =  log m l of benzene) is only  a p p ro x im a te ly  p ro p o rtio n a l to  th e  
b o ilin g  p o in t  ( CC) or to  th e  A H V an d  k j/m o le  v a lu es . S ign ifican t d e v ia tio n s  
a p p e a r  w h ic h  m ay  be a t t r ib u te d  to  s tru c tu ra l  re la tio n s  (e.g. th e  a b ili ty  o f 
am in o a lco h o ls  to  form  H -b rid g es , an d  th e ir  h ig h  degree of association). D e sp ite  
b o th  t h e  h ig h  boiling p o in t a n d  th e  h igh e n th a lp y  v a lue , l-am in o p ro p an o l-2  
an d  a n ilin e  a re  easily d istilled  w ith  su p e rh e a te d  b en zen e  vap o u r.

A  co n sid e ra tio n  of th e  em pirica l d a ta  in  T ab les  X IV  an d  X V  show s 
th a t  th e  ex p e rim en ta l p o in ts  o f  th e  d is tilla tio n s  lie on a s tra ig h t line (F ig . 5; 
th e  e x p e r im e n ta lly  found  v o lu m e  of benzene w as ta k e n  as basis on th e  absc issa ).
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F ig . 4 . I n te rd e p e n d e n c e  o f  t h e  e v a p o ra t io n  e n th a lp y  v a lu e s  o f  th e  a m in e s  a n d  th e  a m o u n ts  
o f  s u p e rh e a te d  b e n z e n e  v a p o u r  n e c e ssa ry  fo r  th e i r  d i s t i l l a t io n .  See n u m e ra tio n  in  T a b le s

I I - X I I I

U nder th e  e x p e rim e n ta l cond itions o f  su p e rh e a te d  benzene v a p o u r  
d is tilla tio n  th e  b in d in g  forces betw een  th e  am in e  m olecules a sse rt th em se lv es  
by  v a rious m eans b ecau se  th e  rap id ly  flow ing  b en zen e  v ap o u r h in d ers  o r de
creases th e  associa tion  o f am ine  m olecules on  th e  am ine  film  surface w ith  th o se  
in  th e  v a p o u r  space . T h e  am ines th u s  show  th e i r  in h e re n t v o la tilitie s  w hich  
are  n o t in  lin ea r  co n n ec tio n  w ith  th e ir  bo iling  p o in ts . T h is is obvious fo r  th o se  
anom alous liqu ids in  w h ich  H -b ridge  fo rm a tio n  has been  p roved . T h e  p o ss i
b ility  th a t  am ine  m olecules w hich reach  th e  v a p o u r  space from  th e  su rface  
o f th e  liq u id  film  can  re tu rn  to  th e  liqu id  p h ase  in  th e  fo rm  of new  assoc ia tions 
decreases since th e  ra p id ly  m oving , su p e rh e a te d , tu rb u le n t benzene v a p o u r  
h in d ers  i t  in  th is  a n d  d rives i t  tow ards th e  cooler. T h u s  th e  su p e rh ea ted  so lv en t 
v a p o u r  has an  im p o r ta n t  effect in  those cases w h en  s ig n ifican t b in d in g  energies 
are  involved  ow ing to  th e  fo rm a tio n  of m o lecu la r associations (e.g. H -b o n d in g ). 
I t s  effect is m o d e ra te  w h en  th e  in te rm o lecu la r forces are  also w eaker (e.g. th e  
p o la riza tio n  aris in g  fro m  th e  тг-electron sy s te m  o f an  a ro m atic  g roup). S u p e r
h e a te d  benzene v a p o u r  h as  an  in sign ifican t e ffec t w here  th e  in te rn a l b in d in g  
forces are  o f v e ry  low  s tre n g th . In  th is  re sp e c t th e  c va lu e  has p ro v ed  usefu l 
as a re la tiv e  n u m b e r (cf. T ab le  X V I).

T h e  V  va lu es  o b ta in e d  from  th e  em p irica l d is tilla tio n  fo rm u la  (dash ed  
line) an d  th o se  fo u n d  ex p e rim en ta lly  (vo lum e o f benzene) show  good agree-
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V=ml b en z en e

F ig .  5 . C o r re la t io n  o f  th e  a m in e  d is t i l l a t io n  d a t a  w i th  t h e  v a lu e  log  ( e x  1 .5 ^ X  0 .9 ) . T h e  
d a sh e d  l in e  in d ic a te s  th e  th e o r e t i c a l  v o lu m e  o f  b e n z e n e  in  m l

m e n t in  F ig . 5; th is  h as  p ro v e d  to  be  o f u se  in  th e  case of b in a ry  o r  m u lti-  
c o m p o n e n t am ine m ix tu re s  in  th e  p ro g ram m in g  o f d is tilla tio n  e x p e rim e n ts  of 
u n k n o w n  vo la tile  am ines.

T h e  p reco n d itio n s o f th e  an a ly tic a l ap p lic a tio n  of th e  m e th o d  o f su p e r
h e a te d  b en zen e  v a p o u r  d is tilla tio n  are  th e  fo llow ing ([1—4] an d  th is  w ork ); 
« j  in  a  m ix tu re  of tw o  am in es one m u s t be  v o la tile ; b) an  am ine  to  b e  d e te r 
m in e d  v o lu m etric  ally  in  m u ltic o m p o n e n t sy stem s m u st be n o n -v o la tile  o r 
o n ly  s lig h tly  v o la tile ; c)  th e  re la tiv e  v o la ti l i ty  o f  th e  vo la tile  co m p o n e n t m u st 
be k n o w n : from  m odel e x p e rim e n ts , from  ca lcu la tio n s  w ith  th e  em p irica l d is
t i l la t io n  fo rm u la  or w ith  th e  help  o f F ig . 5; d )  th e  am ines should  be  so luble
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in ch loroform  an d  benzene and  th e ir  t i t r a t io n  in  an hydrous m ed ia  sh o u ld  be 
possib le; e )  th e  n o n -v o la tile  am ine  shou ld  n o t  u n d erg o  th e rm al d eco m p o sitio n  
d u rin g  th e  tim e  n ecessa ry  for th e  d is tilla tio n  o f  th e  vo la tile  am ine.

*

T h e  a u th o r  w ish e s  to  t h a n k  M rs. L. D es e ő  a n d  M rs . P .  L antos w ho c a r r ie d  o u t  m a n y  
d is t i l la t io n s ,  M r. G y . H öröm pő  fo r  v a lu a b le  d is c u s s io n s , a n d  M r. G y . Lukács fo r  t h e  c o n s t r u c 
t io n  o f  t h e  a p p a r a tu s .
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VOLTAMMETRIC DETERMINATION 
OF SOME DREGS ESING SILICONE RERBER BASED 

GRAPHITE ELECTRODE

E . P u n g o r , Z s. F e h é r * a n d  G. N a g y *

(D e p a r tm e n t o f  A n a ly tic a l  C h e m is try , U n iv e r s i ty  o f  C h em ica l In d u s tr ie s , V e s z p r é m )

R e c e iv e d  J u l y  20 , 1970

T h e  a u th o r s  r e p o r t  o n  th e  v o l ta m m e t r ic  a s s a y  o f  a  few  b a sic  m a te r i a l s  o f  th e  
p h a r m a c e u t ic a l  in d u s t r y .  T h e  c o n c e n tr a t io n  o f  t h e  so lu t io n s  o f  p h e n o th ia z in e  a n d  d i- 
o x y p h e n y l  d e r iv a tiv e s ,  a m id o p y r in e ,  p h e n a c e t in e ,  e tc .  c o u ld  be  m e a su re d  in  g e n e ra l  
w i th  a n  a c c u ra c y  o f  a few  t e n th s  o f  a p e r  c e n t .  I n  so m e  o f  th e  cases, th e  d e te r m in a t io n  
w a s  c a r r ie d  o u t  in  s u p p o r t in g  e le c t ro ly te s  p r e p a r e d  w i th  n o n a q u e o u s  s o lv e n ts .  T h e  
a u th o r s  sh o w  o n  a  few  e x a m p le s  t h a t  th e  m e th o d  c a n  b e  u se d  fo r  th e  d e te r m in a t io n  o f  
t h e  a c t iv e  c o m p o n e n ts  o f  p h a rm a c e u t ic a l  p r e p a r a t i o n s  a lso  w ith o u t  s e p a ra t io n .

T h e an a ly s is  o f th e  b asic  su b s ta n c e s  o f th e  p h a rm aceu tica l in d u s try ,  
m ean in g  in  th e  m a jo rity  of th e  cases th e  q u a n ti ta t iv e  d e te rm in a tio n  of 
o rganic  su b stan ces  o f h igher m olecu lar w e ig h t, is u n d e rta k e n  m o stly  b y  c lassi
cal m e th o d s . T h e  d e te rm in a tio n  of d rugs p re se n t in  th e  p h a rm a c e u tica l p re p 
a ra tio n s  in  th e  fo rm  of ha lides is p re sc rib ed  in  th e  P h arm aco p o e iae  often  
th ro u g h  th e  d e te rm in a tio n  of th e  a n io n . T h e  d e te rm in a tio n  o f b a se s  co n 
ta in in g  n itro g en  is ca rried  o u t in  m o st cases b y  t i t r a t io n  w ith  p e rc h lo ric  
acid in  n o n aq u eo u s  m ed ia. F o r su p p le m e n tin g  an d  rep lac in g  c lassica l m e th 
ods, in c rea s in g  use is m ade of v a rio u s  in s tru m e n ta l  tech n iq u es. T h u s , fo r 
exam ple , ion -se lec tive  m em b ran e  e lec tro d es can  be  used  d irec tly  or in  c o m b i
n a tio n  w ith  S chön iger’s m e th o d  fo r th e  q u a n t i ta t iv e  d e te rm in a tio n  o f  com 
p o u n d s used  in  th e  form  of halides m e n tio n e d  ab o v e , an d  of drugs c o n ta in in g  
halogens [1, 2].

C lassical p o la ro g rap h y  a t  th e  d ro p p in g  m e rc u ry  electrode is o f te n  u sed  
in  p h a rm a c e u tic a l analysis fo r follow ing v a r io u s  p rocesses and  for th e  q u a l i ty  
co n tro l of p ro d u c ts . H ow ever, th e  d e te rm in a tio n  o f severa l e le c tro a c tiv e  su b 
stances a t  th e  d ro p p in g  m ercu ry  e lec tro d e  is co m p lica ted  by  th e  f a c t  t h a t  
m ercu ry  is d isso lved  a lread y  a t  re la tiv e ly  low  p o sitiv e  po ten tia ls . T h e  po la ro - 
g raph ic  d e te rm in a tio n  of som e co m pounds can  be u n d e rta k e n  a f te r  ch em ica l 
t re a tm e n t, w h ich  con v erts  q u a n tita tiv e ly  th e  co m p o u n d , in ac tiv e  in  th e  n e 
g a tiv e  p o te n tia l  ran g e , in to  a form  red u c ib le  a t  th e  d ro p p in g  m ercu ry  e lec tro d e  
(e.g. [3 10]).

* P e r m a n e n t  p la c e  o f  w o rk : E G Y T  P h a rm a c o c h e m ic a l  W o rk s
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T h e  q u a n ti ta t iv e  an a ly sis  of o rganic  co m p o u n d s , w hich c a n n o t be  d e 
te rm in e d  b y  o x id a tiv e  re a c tio n s  a t  th e  d ro p p in g  m ercu ry  elec trode , is ca rr ied  
o u t m o s t  e x p ed ien tly  b y  m eans of solid e lec tro d es .

B il l o n  [1 1 ,1 2 ] u sed  a P t  e lectrode, K a b a sk a l l ia n  and  McGl o t t e n  [13] 
a gold  e lec tro d e  fo r  th e  d e te rm in a tio n  o f p h e n o th ia z in e . L ugovoy  a n d  R y za - 
nov  [14] d e te rm in ed  a m id o p y rin e , D ey s  [15] m o rp h in e  d e riv a tiv es , b y  m ean s 
o f a P t  m icrod isc  e lec trode .

U sin g  solid e lec tro d es, d ifficu lties a re  en co u n te red  because  o f  possib le  
m e m o ry  p h en o m en a  o f  th e  electrode, ow ing to  th e  fa c t th a t  its  su rface  is n o t 
ren ew ed . In  th e  d e te rm in a tio n  of organic co m p o u n d s , th is  m ay  b e  d u e  to  tw o  
causes. D u rin g  successive po la riza tio n s th e  su rfa c e  of th e  e lec trode  m a y  b e  
c o n ta m in a te d  b y  th e  o x ide  la y e r  form >d, a n d  b y  th e  b ind ing  of th e  re a c tio n  
p ro d u c ts . B o th  fac to rs  re su lt  in  a g rad u a l d ec rea se  of th e  a c tiv ity  o f  th e  elec
tro d e  su rface . T he e rro r caused  b y  th is  c o n ta m in a tio n  can be e lim in a te d  o n ly  
b y  re n ew a l of th e  e lec tro d e  surface. P ro ced u re s  k n o w n  for th e  re g e n e ra tio n  o f  
th e  e lec tro d e  surface co m p lica te  th e  h a n d lin g  o f  th e  electrode a n d  in v o lv e  
possib le  sources o f e rro r . T h is explains w h y  th e  use  of solid e lec trodes in  th e  
an a ly s is  o f  th e  basic  m a te r ia ls  o f p h a rm a c e u tic a l in d u s try  is n o t as w id esp read  
as t h a t  o f  th e  d ro p p in g  m ercu ry  electrode.

P u n g o r  an d  Sz e p e s v a r y  rep o rted  on th e  deve lopm en t o f an  e lec tro d e  
o f n o v e l ty p e , th e  silicone ru b b e r  b ased  g ra p h ite  electrode [16]. T h e y  show ed 
e x p e rim e n ta lly  t h a t  a h ig h ly  accu ra te  o x id a tiv e  d e te rm in a tio n  o f  sev era l 
o rg an ic  com pounds can  be  perfo rm ed  w ith  th is  e lec trode  w ith o u t re g e n e ra tio n  
o f th e  su rface . (The s ta n d a rd  dev ia tio n  o f th e  p e a k  cu rren t va lues is < 0 .2  % .) 
G ood re p ro d u c ib ility , a n d  th e  fa c t th a t  th e  e le c tro d e  does n o t e x h ib it m em o ry  
p h e n o m e n a  w ith  th e  m a jo r ity  of su b stan ces  in v e s tig a te d  so fa r, p e rm it to  
co n c lu d e  th a t  p o la riz a tio n  does n o t give rise  to  processes in  th e  su rface  la y e r, 
w h ich  w o u ld  change th e  a c tiv ity  of th e  e le c tro d e . M em ory p h en o m en a  w ere 
o b se rv ed  on ly  in a few  cases b y  th e  au th o rs  (p h en o l, resorcinol, n a p h th y la m in e ) . 
T hese  p h en o m en a  can  b e  exp la ined  b y  th e  b in d in g  on th e  su rface  o f n o n 
c o n d u c tin g  po lym ers fo rm ed  from  th e  p ro d u c ts  o f  th e  electrode re a c tio n .

T h e  q u a n ti ta t iv e  an a ly sis  o f several b a s ic  su b stan ces  of th e  p h a rm a c e u ti
cal in d u s t ry  has been  a lre a d y  perfo rm ed  w ith  th e  silicone ru b b e r b a se d  g ra p h 
ite  e lec tro d e  [16]. T h e  p re se n t w ork  re p o rts  o n  fu r th e r  resu lts.

D e te rm in a tio n s  ca rr ied  o u t so fa r  co n ce rn ed  th e  m easu ring  o f  co n cen 
t r a t io n  in  aqueous so lu tio n s. H ow ever, th e  f a c t  t h a t  high m o lecu la r e lec tro 
a c tiv e  su b stan ces  are  o fte n  poorly  soluble in  w a te r , lim ited  th e  ap p lic a b ility  
o f th e  m e th o d .

In v e s tig a tio n s  c a rr ie d  o u t in  o th e r  f ie ld s  [17] showed th a t  th e  silicone 
ru b b e r  b a sed  g ra p h ite  e lec tro d e  opera tes w ell a lso  in  various n o n aq u eo u s  sol
v e n ts . I n  som e o f th e  cases, inso far as i t  b e c a m e  necessary , d e te rm in a tio n s  
w ere c a rr ie d  o u t in  su p p o rtin g  e lec tro ly tes p re p a re d  w ith  a nonaq u eo u s so lv en t.
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Experim ental m ethod

S ilico n e  r u b b e r  b a se d  g ra p h ite  e le c tro d e  w a s  u s e d  a s  in d ic a to r  e le c tro d e , a n d  A g /A g C l 
a s  a  re fe re n c e  e le c t ro d e .  I f  d e te rm in a t io n s  a re  m a d e  in  a q u e o u s  so lu tio n s , th e r e  is  n o  n e e d  fo r  
th e  p r e t r e a tm e n t  o f  th e  in d ic a to r  e le c tro d e .  H o w e v e r , w h e n  u s in g  n o n a q u e o u s  s o lv e n ts ,  th e  
in d ic a to r  e le c tro d e  m u s t  b e  so a k e d  b e fo re  th e  m e a s u r e m e n t  fo r  a b o u t  30 m in u te s  in  t h e  g iv e n  
so lv e n t.  In  m o s t  o f  t h e  cases, KC1 in  a  c o n c e n tr a t io n  o f  10“ 1 m o le  w as u se d  a s  s u p p o r t i n g  
e le c tro ly te ,  so t h a t  t h e  s u p p o r t in g  e le c t ro ly te  p r o p e r  s e rv e d  a s  th e  s o lu tio n  p h a s e  o f  th e  
re fe re n c e  e le c tro d e . T h is  p e rm it te d  to  u s e  a b e a k e r  a s  t h e  m e a s u re m e n t  cell.

T h e  v o l ta m m o g ra m s  w ere r e c o rd e d  in  a s t a t i c  s o lu t io n  p o la r iz in g  th e  e le c tro d e  a t  a  r a t e  
o f  2 У /m in  in  th e  p o s i t iv e  d ire c tio n . B e tw e e n  th e  s in g le  r e c o rd in g s ,  th e  s o lu tio n  w a s  s t i r r e d  fo r  
30 sec  w ith  a  m a g n e t ic  s t ir r e r .

A  R a d e lk is z  P o la ro g ra p h  T y p e  O H  101/1 w a s  u s e d  fo r  th e  m e a su re m e n ts .
T h e  r e a g e n ts  u s e d  w ere  o f  a n a ly t ic a l  g ra d e  o r  o f  p h a rm a c o p o e ia l  p u r i ty .

Experim ental results

T he fo rm u la s  of th e  d rugs in v e s tig a te d , th e  su p p o rtin g  e le c tro ly te  u sed  
for th e  d e te rm in a tio n , th e  c o n c e n tra tio n  ra n g e  in v es tig a ted , an d  th e  v a lu e s  
of th e  ha lfw av e  p o te n tia l, a g a in s t th e  s a tu ra te d  calom el e lec trode , a re  show n  
in  T ah ié  I .  F ig s . 1 an d  2 show , b y  w ay  o f ex am p le , th e  ca lib ra tio n  lin e  o f  di- 
e thaz ine  an d  p h en o th iaz in e , re sp ec tiv e ly .

F ig . 1. V o l ta m m e tr ic  c a lib ra tio n  c u r v e  o f d ie th a z in e .  S u p p o r t in g  e le c tro ly te :  10 1 m ole/1
KC1. S e n s i t iv i ty :  2 x l 0 ~ 8 A /m m

F ig . 2. V o l ta m m e tr ic  c a lib ra tio n  c u r v e  o f  p h e n o th ia z in e .  S u p p o r t in g  e le c t ro ly te :  m e th a n o l  
s a tu r a te d  w i th  KC1. S e n s i t iv i ty :  8 x  1 0 -8  A /m m
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N am e o f  th e  d n ig F o rm u la  o f  th e  d ru g S u p p o rtin g  so lu tio n
C o n cen tra tio n  ran g e  

in v es tig a ted  
[mole/1]

C u rren t j 
co n 
s ta n t

Г - ^ - 1
l_mole/lJ

H a lf-p eak
p o ten tia l

(V)

Iso p ré n a lin e
H Q \

H O - < ^  \ - C H - C H 2- N H - C H ( C H 3)2 - HC1 

O H

1 0 -1 m ole/1 KC1 1 0 - 5 — 1 0 -3 583* + 0 .5 4

a -m e th y l-D O P A

H O ^

H O - ^  \ - C H - C H - N H 2 

C H 3 C O O H

10->  m ole/1 KC1 1 0 - ä _ 1 0 - s 547 +  0.60

P h e n o th ia z in e

y \ / S 4 / v

1
H

M e th an o l s a tu ra te d  
w ith  KC1

A c e to n itr ile  s a tu r a te d  
w ith  t é t r a m é th y l 
a m m o n iu m  p e r 
c h lo ra te

l O - t - 1 0 - 3

5 x l 0 - 4- 5 x l 0 - 3

571

1430

+ 0 .6 8

+ 0 .9 5

C h lo rp ro m azin e
У \ / s  \ / \

\ / \ N / \ / ' “ C b  HC1

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

1 0 - 1 mole/1 KC1 
c o n ta in in g  2 %  o f  
HCI

10 ~ 4— 10 — 3 338 + 0 .8 0
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F ren o lo n

/ y s x / v

■ /  -4
C H 2C H 2C H 2- N  N - C H 2C H 20 -  

____ ^O C H 3

- C O - ^ ^ N - O C H a  • 2C2H 5SO.,OH

M e th an o l, s a tu r a te d  
w ith  KCl

1 0 -4  — 1 0 -3 923* +  0.54

D ie th a z in e

y \ / S x / \

■ HCl

% А и А у
1
C H 2- C H 2- N ( C 2H 5)2

1 0 _l mole/1 K C l 1 0 -1 — 1 0 - 3 1140 - 0 . 7 5

T iserc in

C H - C O O H

' \ / 4N / \ / '  C H - C O O H  
1
C H „ - C H - C H 2- N ( C H 3)2

1
C H 3

1 0 _1 m ole/'l K C l 5 x l 0 - 5- 5 x  i o - 3 690 + 0 .6 2

G a s tr ix o u

0

CO -  C H „— C H 2— N (C 2H 5)2
1

У х / у х  C H 3 B r

1 0 -1 mole/1 K C l 1 0 ~ 3— 1 0 ~ 2 727* + 0 .9 5
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T M A P  =  té t r a m é th y la m m o n iu m  p e rc h lo ra te  
D M SO =  d im e th y lsu lfo x id e  
D M F  =  d im e th y lfo rm a m id e

Table I (Continued)

N am e o f  the d ru g F o rm u la  o f  th e  d rug S u p p o rtin g  so lu tion
C on cen tra tio n  ra.ige  

in v es tig a te d  
[m ole/lj

C u rren t
con
s ta n t

[ J Ü - 1[_mole/lJ

H alf-peak
p o ten tia l

(V)

P h e n a c e tin e

o c 2H,

Ö
1

H N — C O — C H a

l  : 1 m ix tu re  o f g la 
c ia l a c e tic  a c id  a n d  
w a te r ,  1 0 -1  m ole/1 
w ith  r e sp e c t  to  KC1

1 0 - 3 — 1 0 -a 537 +  1.35

p -A m in o sa lic y lic
ac id

COO H

A - O H

4 /
1

n h 2

10 : 1 m ix tu re  o f 
m e th a n o l a n d  1 0 _1 
m ole/1 N a O H  s a tu 
r a te d  w ith  t é t r a 
m é th y la m m o n iu m  
p e rc h lo ra te ,  a n d  c o n 
ta in in g  0.5 g/1 o f 
T w e en  20

5 x l 0 ~ 3— 5 x l 0 - 2 182 +  1.15

A m id o p y rin e

C H 34
, N 4  / C H 3 

C t l /  / = - \

0 ^ \ N/ N - C H 3
1
C6H 5

10 -1 m ole/1 KC1

D M SO  s a tu r a te d  w ith  
T M A P

D M F  s a tu r a te d  w ith  
KC1

A c e to n itr ile  s a tu r a te d  
w ith  T M A P

io -4- i o - a 

Ю - t — 1 0 - 3 

I O - 3— 5x IO " 3

1 0 - 3 - 5 Х  I O - 3

360

254

3570

90

+ 0 .4 5  an d  
+ 0 .7  re sp e c 
t iv e ly  
+  0.85

+  1.06 a n d  
+  1.53 re sp e c 
tiv e ly

+ 0 .9 0  a n d  
+  1.25 re sp e c 
tiv e ly
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I t  shou ld  be m en tio n ed  t h a t  on ly  th e  d e te rm in a tio n s  m ark ed  w ith  a s te 
risk s  w ere m ad e  w ith  th e  sam e  e lec tro d e , so th a t  a co m p ariso n  o f  th e  c u rre n t 
c o n s ta n t v a lu es  is ju s tif ie d  o n ly  fo r  th ese  cases.

T hough  o f th e  co m pounds lis te d  in  T ab le  I ,  p -am in o sa licy lic  acid  is v e ry  
sp a rin g ly  so luble  in  w a te r, th e  su rface  o f th e  e lec trode  becom es g ra d u a lly  
c o n ta m in a te d  d u rin g  th e  e lec tro ch em ica l reac tio n  in  aq u eo u s m ed iu m , an d

U IV]
F ig . 3. V o l ta m m o g ra m  o f  a  s o lu t io n  c o n ta in in g  a m id o p y r in e  a n d  p h e n a c e t in e .  S u p p o r t in g  
e le c t ro ly te :  1 : 1 m ix tu re  o f g la c ia l  a c e t ic  a c id  a n d  w a te r ,  c o n ta in in g  1 0 ” 1 m ole/1  o f  KC1. 
A m id o p y r in e  c o n c e n tra t io n :  4 .3 0 X 1 0 -3  m ole/1 P h e n a c e tin e  c o n c e n tr a t io n :  2.52X  1 0 -3

m ole/1. S e n s i t iv i ty :  6 X 10 H Л /m m

becom es in a c tiv e  a fte r  th e  re c o rd in g  o f a few v o ltam m o g ram s. H o w ev er, in  a 
su p p o rtin g  e lec tro ly te  of th e  co m p o sitio n  given in  T ab le  I ,  rep ro d u c ib le  re su lts  
a rc  ob ta in ed .

V o ltam m etry  is su itab le  a lso  fo r th e  analysis  o f severa l p h a rm a c e u tica l 
p re p a ra tio n s . T h e  ta sk  is sim p le  i f  th e  p re p a ra tio n  co n ta in s  on ly  one co m p o n en t 
w hich  p a r tic ip a te s  in th e  e le c tro d e  reac tio n  in  th e  p o te n tia l ran g e  used .

D opegy t ta b le ts , m a n u fa c tu re d  b y  E G Y T , w ere in v e s tig a te d  from  th is  
a sp ec t. I t  w as found  th a t  o n ly  th e  ac tiv e  su b stan ce , a -m e th y l-D O P A  ex h ib its  
v o ltam m etric  a c tiv ity , and  th e  o th e r  com ponen ts h av e  no e ffec t on th e  m ag n i
tu d e  of th e  v o ltam m etric  c u r re n t .  T h u s, th e  ac tiv e  su b stan ce  o f  th e  ta b le t  can  
be d e te rm in ed  d irec tly  in  th e  aq u eo u s so lu tion  w ith o u t p rev io u s sep a ra tio n .

O f th e  ac tiv e  su b stan ces o f  A n tin eu ra lg ica  ta b le ts  (a m id o p y rin e , p h e n 
ace tin e , caffeine) am id o p y rin e  a n d  p h en ace tin e  show  v o lta m m e tr ic  a c tiv ity  
in  th e  po sitiv e  p o ten tia l ran g e  ap p lied .

A ccord ing  to  our in v e s tig a tio n s , in  a 1 : 1 m ix tu re  o f g lacial ace tic  acid 
an d  w a te r, co n ta in in g  10 _1 mole/1 o f KC1, th e  tw o  d rugs can  be m easu red  w ith 
o u t sep a ra tio n  in  th e  p resence  o f  each  o ther.

A m id o p y rin e  gives b o th  in  aq u eo u s so lu tion  and  in  g lacial ace tic  a c id -  
w a te r  m ix tu re  tw o  v o lta m m e tric  w aves. W hen  p h en ace tin e  is ad d ed , th e  h e ig h t 
o f  th e  second w ave increases, to  give th e  cu rve  of th e  sh ap e  show n in  F ig . 3.

I t  shou ld  be m en tio n ed  t h a t  th e  h e ig h t o f th e  second  v o lta m m e tric  
w ave is n o t e q u a l to  th e  sum  o f  th e  m ag n itu d e  o f th e  tw o  w aves, c h a ra c te r is tic
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o f p h e n a c e tin e  and  a m id o p y rin e , re sp ec tiv e ly , a t  th is  c o n c e n tra tio n , b u t  is 
s l ig h tly  larger. This m u s t b e  ta k e n  in to  c o n sid e ra tio n  w hen  p lo ttin g  th e  ca lib 
r a t io n  cu rve .

T h e  am idopyrine  c o n c e n tra tio n  can  be ca lc u la ted  fro m  th e  f irs t  p e a k  of 
th e  v o ltam m o g ram , a n d  k n o w in g  th is  v a lu e , th e  p h e n a c e tin e  co n cen tra tio n  
c a n  b e  d e te rm ined  fro m  th e  ca lib ra tio n  cu rv e  p lo tte d  fo r  p h en ace tin e .

T h e  m ean  erro r o f  th e  p e a k  c u rren t v a lu es , c a lc u la ted  from  th e  v o ltam - 
m o g ra m s recorded  in  a q u e o u s  so lu tions, w as a few  te n th s  o f a p e r c en t (ca lcu la 
te d  fro m  5 v o lta m m o g ra m s); w ith  n o n aq u eo u s so lv en ts , th is  e rro r  w as 
s lig h tly  h igher. F o r e x a m p le , in  th e  case of am id o p y rin e , th e  m ean  e rro r w as
0 .5 %  in  th e  aqueous so lu tio n , 0 .9 %  in  a c e to n itr ile , 0 .6 %  in  d im e th y l fo rm a- 
m id e , a n d  1 .1%  in d im e th y l su lfoxide.
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ASSOCIATION OF PROPIONIC ACID 
IN VAPOUR PHASE

J .  L i s z i

(D e p a r tm e n t o f  P h y s ic a l C h e m is try , U n iv e r s i ty  o f  V eszp ré m , a n d  E lectrochem ica l R esearch  
G roup , H u n g a r ia n  A c a d e m y  o f  S c ie n ce s , V eszp rém )

R e ce iv e d  J u n e  12 , 1970

A  m e th o d  o f  c a lc u la t io n  is p r e s e n te d  fo r  th e  d e te rm in a tio n  o f  t h e  a s so c ia t io n  
e q u il ib r iu m  c o n s ta n t  o f  A - A „ - B  t y p e  m ix tu r e s .  T h is  m e th o d  a llo w s d i r e c t  d e te r m i 
n a t io n  o f  th e  e q u il ib r iu m  v a p o u r  p re s s u re  fo r  th e  m o n o m e ric  c o m p o n e n t .  A s a p p lic a 
t io n  o f  th is  m e th o d ,  t h e  a s so c ia t io n  e q u i l ib r iu m  c o n s ta n t  o f  p ro p io n ic  a c id  r e fe r r in g  
to  th e  v a p o u r  p h a s e  a n d  e x p re sse d  in  p a r t i a l  p re s s u re s  h a s  b e en  d e te rm in e d  a s  a  f u n c 
t io n  o f  tb e  t e m p e ra tu r e .  T b is  f u n c t io n a l  r e la t io n s h ip  h a s  th e  fo llo w in g  fo rm :

1227 7
lg Kp  10.484 J -----——  (Kp  : m m H g-1)

In tro d u c tio n

T h e  nom inal (“ chem ica l” ) com p o sitio n  o f  m ix tu res  c o n ta in in g  assoc ia tive  
c o m p o n e n ts  is d iffe ren t from  th e ir  t ru e  co m position . D ue to  th e  a sso c ia tion , 
th e  m ix tu re  has m ore  co m p o n en ts  th a n  th e  no m in a l ones. L e t us co n sid e r a 
n o m in a lly  b in a ry  m ix tu re  in  w hich o n ly  one com ponen t (e.g. a ca rb o x y lic  
acid) is c ap ab le  o f asso c ia tio n . L e t th e  o th e r  co m ponen t be a n o n p o la r  su b 
s ta n c e  (e.g. ca rbon  te tra c h lo r id e )  u n a b le  o f  self-association , m ixed  asso c ia tio n  
being  also  excluded . N eg lec tin g  th e  p ro d u c ts  o f  association  h igher th a n  d im eric , 
th e  n o m in a lly  b in a ry  m ix tu re  shou ld  he  t r e a te d  as a te rn a ry  m ix tu re  co n sis t
ing  o f  th e  follow ing co m p o n en ts : th e  m o n o m er of th e  a ssoc ia ting  su b stan ce  
(A ) ,  i ts  d im er (A 2), an d  th e  n o n -p o la r su b s ta n c e  (B ) .  T he m o n o m er an d  th e  
d im e r o f th e  a ssoc ia ting  su b stan ce  a re  c o n n e c te d  th ro u g h  th e  fo llow ing  d im e ri
za tio n  eq u ilib riu m :

2A  A., (1)

S uch  m ix tu re s  are  re fe rred  to  in  th e  l i te r a tu r e  as te rn a ry  m ix tu re s  o f  th e  ty p e  
A —A 2—B  [1]. I f  th e  n o n -idea l b e h a v io u r o f  th e  nom ina l m ix tu re  is d u e  solely 
to  asso c ia tio n , th e  te rm  “ id ea lly  a sso c ia ted  m ix tu re ”  is used [1, 2 ].

I n  th is  p a p e r a m e th o d  o f c a lc u la tio n  is p resen ted  b y  w h ich  th e  eq u i
lib riu m  c o n s ta n t o f  a d im eriza tio n  re a c tio n  occurring  in  th e  v a p o u r  phase 
can be  o b ta in ed  from  th e  v a p o u r—liq u id  e q u ilib riu m  d a ta  i f  th e  a sso c ia tio n  
eq u ilib riu m  c o n s ta n t in  th e  liq u id  ph ase  is k n o w n . T he m ethod  to  b e  p re se n te d  
is va lid  fo r ideally  associa ted  A - A 2- B  m ix tu re s . As an ap p lica tio n  o f th e

Acta Chim. (Budapest) 70, 1971



216 LISZI: ASSOCIATION OF P R O P IO N IC  ACID

m e th o d , th e  a sso c ia tio n  eq u ilib riu m  c o n s ta n t fo r v ap o u r-p h ase  p ro p io n ic  ac id  
(ex p ressed  in  p a r t ia l  p ressu res) w ill be ca lcu la ted  as a fu n c tio n  o f th e  te m p e ra 
tu re .

1. D eterm ination o f the association equilibrium constant 
for A -A .,-B  type ideal mixtures in  the vapour phase

L e t u s  assum e th a t  th e re  is no associa tion  in  th e  m ix tu re , i.e. i t  is co m 
posed  o f  th e  m o n o m eric  a ssoc ia ting  su b s ta n c e  a n d  th e  n on -po la r su b s ta n c e  
on ly . F u r th e r ,  w e assum e th e  m ix tu re  to  be  free  of an y  special m o lecu la r 
in te ra c tio n  re su ltin g  in  non -ideal b eh av io u r o f  th e  b in a ry  m ix tu re . T h is  d e 
fines a  h y p o th e tic  m ix tu re , w h ich  is an  id ea l b in a ry  m ix tu re  of idea l co m p o 
n e n ts  a n d  w h ich  is com posed  o f m onom ers o f th e  associa ting  su b stan ce  a n d  of 
th e  n o n -p o la r  su b s ta n c e . T h is h y p o th e tic  m ix tu re  w ill be used as an  a u x ilia ry  
sy s te m . F o r  th is  m ix tu re  th e  G ib b s -D u h e m  e q u a tio n  can  be w ritte n  as follow s:

x A 3ln p*  +  x B 9ln Р в  =  0 (2)

I n  E q . (2) Xa is th e  n o m in a l m ole f ra c tio n  o f  th e  associating  su b s ta n c e  
in  th e  l iq u id  p h ase , Xb is th e  sam e for th e  n o n -p o la r  com ponen t, р д  a n d  p B 
are  th e  p a r t ia l  p ressu res  of th e  m onom eric  a sso c ia tin g  substance  an d  th e  n o n 
p o la r c o m p o n e n t, re sp ec tiv e ly , in  th e  h y p o th e tic  m ix tu re . (The tw o  la t te r  
q u a n ti t ie s  a re , o f course, h y p o th e tic  p ressu res w ith o u t any  rea l sense.) D a l
to n ’s la w  c a n  be  w r itte n  for th e  h y p o th e tic  co m p o n en ts  as follows:

Pa  =  P* Ул (3)

Рв  =  P* У в  (4 )

w here  p *  is th e  to ta l  p ressu re  o f th e  h y p o th e tic  m ix tu re , y A th e  n o m in a l 
m ole f ra c t io n  o f th e  a ssoc ia ting  co m p o n en t in  th e  v ap o u r p h ase , у в  th e  
n o m in a l m ole fra c tio n  o f th e  n o n -p o la r su b s ta n c e  in  th e  v ap o u r phase . F ro m  
E q s . (2), (3) a n d  (4) th e  follow ing expression  c a n  b e  derived :

d I n p * ] =  y B-  x B ^

. д Ув I t  Уа Ув

A ccord ing  to  our in itia l a ssu m p tio n , E q . (5) ho lds t ru e  only  if  th e  n o m in a l m ix 
tu re  co n sid e red  is an  id ea l m ix tu re  o f n o n -a sso c ia tin g  ideal com ponen ts. I n  th e  
case o f  th e  A —A 2—B  te rn a ry  sy s tem  th e  above co n d itio n  is fu lfilled  o n ly  in  one 
p o in t o f  th e  to ta l  c o n c e n tra tio n  range, n a m e ly  i f  x B —  1. (The a sso c ia tio n  
eq u ilib r iu m  is sh if te d  to w ard s  d issocia tion  as th e  co n cen tra tio n  o f  th e  n o n 
p o la r c o m p o n en ts  is in c reased ; see reac tio n  (1).)
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In  th e  case o f  an  ideal m ix tu re  o f id e a l co m p o n en ts , th e  to ta l  p ressu re  
o f  th e  b in a ry  m ix tu re  is, in  ag reem en t w ith  R a o u lt’s law , a lin ea r fu n c tio n  
o f  th e  mole fra c tio n s  in  th e  liq u id  phase . I n  o rd e r th a t  th is  p ro p e rty  o f th e  
to ta l  p ressure c u rv e  could  he used , i t  is c o n v e n ie n t to  rea rran g e  th e  r ig h t-  
h a n d  side of E q . (5) b y  in tro d u c in g  th e  m ole fra c tio n  o f th e  liq u id  p h ase  in 
s te a d  of th e  v a p o u r  phase:

' 8 l n p *  j 8 In р*  \ 8 y B

. 9  x B J г  \ 8 y B l T \ d x B ] T

E q. (6), s im ila rly  to  E q . (5), is v a lid  fo r  th e  re a l A —A 2—B  m ix tu re  only  
in  th e  po in t w h ere  x b  =  1.

The above co n sid e ra tio n s p e rm it to  d e te rm in e  th e  to ta l  p ressu re  o f  th e  
h y p o th e tic  m ix tu re  as a fu nc tion  of th e  n o m in a l com position . Since E q s . (5) 
a n d  (6) are v a lid  fo r  a rea l m ix tu re  only  a t  Xb —  1, th e  f irs t  s tep  to  be p e rfo rm 
ed is th e  e x tra p o la tio n  o f th e  fu n c tio n

У в  X b  

У  a  *B
Л У в ) ( ? )

8 ln  p * | 1 19 p *  I (8)

9 * я  ) T,Xß = i Р в \ д х в ) т , х в =1

w here  P B s tan d s  fo r  th e  equ ilib rium  v a p o u r  p re ssu re  of th e  n o n -p o la r su b s ta n c e  
re fe rring  to  te m p e ra tu re  T .  E q . (8) gives th e  slope o f th e  to ta l  p ressu re  cu rve  
o f th e  h y p o th e tic  m ix tu re  and  th e  to ta l  p re ssu re  a t  Xb  =  1 since ( p * ) xB=,i =  

=  P ß . The to ta l  p re ssu re  of th e  h y p o th e tic  m ix tu re  is a lin ea r fu n c tio n  o f  th e  
liq u id  phase m o le  frac tio n s . T h u s th e  tw o  l a t t e r  d a ta  u n am b ig u o u sly  d e te r 
m ine  th e  to ta l  p re ssu re  curve o f th e  h y p o th e tic  m ix tu re . (See F ig . 1 w hich  
co n ta in s  the  d a ta  on  th e  p ropionic  acid—carb o n  te tra c h lo r id e  m ix tu re  a t  30 °C.) 
W e have to  p o in t o u t  again  th a t  th e  h y p o th e tic  m ix tu re  has been  d efin ed  as 
an  ideal b in a ry  m ix tu re  free of associa tion . I f  th e re  w ere no associa tion  in  th e  
m ix tu re , th en  th e  p o in t xb =  0 w ould  co rre sp o n d  to  th e  m onom eric associa t-

Acta Chim. ( Budapest) 70, 1971

to  th e  value of Xb =  1, using  ex p e rim en ta l d a ta  fo r xb  a n d y s .  T h u s th e  p a r tia l  
8 In p*\

d e riv a tiv e  ---------- is o b ta in ed . F ro m  th e  ex p erim en ta l va lues o f Xb
, д у в  I t , x b = 1

8 y  g
a n d  у в ,  th e  q u a n t i ty  ------- can  also b e  d e te rm in ed . T h e  p ro d u c t of

.9  X B T , x B = 1
Í91n p*

th e se  tw o q u a n ti t ie s  gives th e  v a lu e  of ----------  • Since we h av e  a p u re
9 х в  T ,X b  =1

n on-po la r su b s ta n c e  a t  Xb =  1, th e  fo llow ing ex p ressio n  can be w ritte n :
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in g  c o m p o n e n t. T hus th e  h y p o th e tic  to ta l  p ressu re  cu rve  (p *) (F ig . 1) in te r 
sec ts  th e  o rd in a te  (Xb =  0) a t  th e  v a lu e  o f th e  equ ilib rium  v a p o u r  p re ssu re  
(jo°) o f  th e  m onom eric a sso c ia tin g  su b s ta n c e  re fe rrin g  to  te m p e ra tu re  T .  T he  
e q u ilib r iu m  v ap o u r p ressu re  o f  th e  m onom eric  associa ting  su b s ta n c e  a t  te m 
p e ra tu re  T  can  also be  c a lc u la te d  from  th e  fo llow ing eq u a tio n

( Э р*  j

l  d x B  } t ,x b = i

n°P b p i - (9)

O n th e  basis of w h a t w as sa id  ab o v e , th e  equ ilib rium  v a p o u r  p re ssu re  
o f th e  m onom eric  a sso c ia tin g  su b s ta n c e  can  be  d e te rm in ed  as a fu n c tio n  of 
te m p e ra tu re  from  v a p o u r—liq u id  e q u ilib riu m  d a ta . A ssum ing an  id ea lly  a sso c ia t
ed m ix tu re  m odel th e  fo llow ing  expression  can  be w ritte n :

P ixi РУг ( 10)

w h ere  p  is th e  to ta l  p re ssu re  o f  th e  m ix tu re  (a m easu red  va lu e), p i  is th e  
e q u ilib r iu m  v ap o u r p ressu re  o f  th e  m onom eric  associa ting  su b s ta n c e  (its 
c a lc u la tio n  has been describ ed  above), a n d  x 1 is th e  m ole frac tio n  o f th e  m o n o 
m er o f  th e  associating  su b s ta n c e  in  th e  liq u id  phase . G iven th e  v a lu e  x x, y l 
c an  b e  ca lc u la ted . On th e  b as is  o f  th e  tru e  com position  of th e  v a p o u r  p h ase , 
th e  a sso c ia tio n  equ ilib rium  c o n s ta n t exp ressed  in  p a r tia l  p ressu res  can  be 
d e te rm in e d :

К p  —
Рг
Pi

У 2
pyi

( 11)

I n  th e  n e x t p a r t  th e  a p p lic a tio n  o f th e  m e th o d  outlined  ab o v e  w ill be 
d e m o n s tra te d  on th e  ex am p le  o f th e  p rop ion ic  ac id -c a rb o n  te tra c h lo r id e  
m ix tu re .

2. A sso c ia tio n  equilib rium  c o n s tan t o f  propionic acid in  the  v ap o u r phase

T h e  ca lcu la tions h a v e  b een  p e rfo rm ed  fo r system s a t fiv e  d iffe re n t te m 
p e ra tu re s . F o r  th e  sake o f  b re v ity , th e  d e ta ile d  ca lcu la tions w ill be p re se n te d  
on ly  fo r  one  te m p e ra tu re , 30 °C , an d  o n ly  th e  in itia l d a ta  an d  th e  r e s u lts  w ill 
be g iv en  fo r  th e  o thers. T h e  v a p o u r- liq u id  eq u ilib riu m  d a ta  a t  30 °C , u se d  in  
th e  c a lc u la tio n s , are co llec ted  in  T ab le  I .  M ore d e ta iled  v a p o u r—liq u id  eq u i
lib riu m  d a ta  for th e  p ro p io n ic  a c id —carb o n  te tra c h lo r id e  m ix tu re  in  th e  e n tire  
c o n c e n tra tio n  range can  be  fo u n d  in  an  ea rlie r p a p e r  [3].
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Table I

V a p o u r—liq u id  eq u ilib r iu m  data  
f o r  the p ro p io n ic  acid—carbon tetrachloride m ix tu re  a t 30 °C

*B УВ p  (m m H g )

0.495 0.975 85

0.512 0.977 81

0.630 0.982 94
0.782 0.993 108

0.927 0.997 116

0.950 0.998 117

1.000 1.000 121

O n th e  basis  o f  T ab le  I  an d  th e  re la tio n sh ip s  d e riv ed  in  th e  prev ious 
sec tion , th e  follow ing va lu es  are o b ta in ed :

Э In p*
=  25.0

3 У в зоз °к, 1
9 Ув =  0.022
3 х в 303 °К, Хд=1

[Э ln p*
=  0.5501

3 * ß зоз °к, хв^1

Y 1 =  67 m m
1 9 л:д J зоз °к, Xß = 1

U sing th e  above re su lts  in  E q . (9) we o b ta in :

Pi — P b  — — ^ — =  121 67 =  54 m m H g
9 х в I t , x b = l

T hus a 30 °C th e  e q u ilib riu m  v a p o u r p ressu re  o f m onom eric  p ropionic  
acid  is a lm ost te n  tim es h ig h e r th a n  th a t  o f p rop ion ic  acid .

To illu s tra te  th e  p ro p o rtio n s  betw een  th e  p ressu res , th e  ex p e rim en ta lly  
d e te rm in ed  to ta l  p ressu re  o f th e  prop ion ic  acid—carb o n  te tra c h lo r id e  m ix tu re  
a t  30°C and  th e  to ta l  p ressu re  o f th e  h y p o th e tic  m ix tu re  used  as an  au x ilia ry  
sy stem  are show n in F ig . 1 as a fu n c tio n  o f th e  n o m in a l m ole fra c tio n  o f carbon  
te tra c h lo rid e . T h e  e x p e rim e n ta l d a ta  show n in  F ig . 1 w ere ta k e n , in  p a r t , 
from  a prev ious p a p e r  [3].

T he m ole fra c tio n  o f m onom eric  prop ion ic  ac id  is x  =  0.033 a t  30 °C 
[3, 4 ] . T he eq u ilib riu m  v a p o u r  p ressu re  of p rop ion ic  ac id  a t  th is  te m p e ra tu re
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is p \  =  6 m m H g [3]. U sing  th e  ab o v e  d a ta  in  E q . (10) th e  m ole fra c tio n  o f 
m o n o m e ric  propionic ac id  in  th e  eq u ilib riu m  v a p o u r  p h ase  a t  30 °C is found  
to  b e  y \  =  0.297. H ence fo r th e  v a lu e  of th e  a ssoc ia tion  eq u ilib riu m  c o n s ta n t 
e x p re sse d  in  p a rtia l p ressu res  w e o b ta in  K p =  1.328.

F ig . 1 . T o ta l  p re ssu re  o f  th e  p ro p io n ic  a c id —c a rb o n  te t r a c h lo r id e  m ix tu r e  a t  30 °C a s  a  fu n c 
t io n  o f  t h e  n o m in a l  m o le  f r a c t io n  o f  c a r b o n  te t r a c h lo r id e ,  p  — e x p e r im e n ta l  d a ta ,  p *  — to ta l  
p r e s s u r e  o f  th e  h y p o th e t ic  m ix tu r e ;  t h e  d o t te d  lin e  re p re s e n ts  th e  id e a l  m ix tu r e  o f  th e  n o m in a l

c o m p o n e n ts

I n  th e  following sec tio n  th e  re su lts  re fe rring  to  40, 50, 60 a n d  70 °C will 
b e  o u tlin e d . The v a p o u r—liq u id  eq u ilib riu m  d a ta  used  in  th e  ca lcu la tio n s  are 
co llec ted  in  Tables I I ,  I I I ,  IV  a n d  V.

T a b le  I I

V a p o u r—liq u id  eq u ilib riu m  data  
fo r  the p ro p io n ic  a c id —carbon tetrachloride m ix tu re  at 40  °C

*B УВ p  (m m H g )

0.552 0.981 147
0.582 0.983 153
0.627 0.986 160
0.681 0.989 175

0.895 0.996 190
0.960 0.998 197
0.967 0.999 199
1.000 1.000 208
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Tabic III

V a p o u r—liq u id  eq u ilib r iu m  da ta  
f o r  the  p ro p io n ic  a c id —carbon tetrachloride m ix tu r e  at 50 °C

*B УВ p  m m H g )

0.505 0.972 213
0.526 0.974 216
0.539 0.975 219
0.550 0.997 221
0.771 0.990 268
0.783 0.992 274
0.892 0.995 293
0.960 0.998 299
1.000 1.000 306

Table IV

V a p o u r—liq u id  eq u ilib r iu m  da ta  
fo r  the p ro p io n ic  a c id —carbon tetrachloride m ix tu r e  at 60 °C

*B УВ p  (m m H g )

0.454 0.956 267
0.476 0.959 274
0.481 0.960 279
0.570 0.972 305
0.813 0.991 376
0.977 0.999 404
1.000 1.000 413

Table V

V apour—liq u id  e q u ilib riu m  da ta  
f o r  the  p ro p io n ic  acid—carbon tetrachloride m ix tu r e  at 70 °C

УВ p  [ m m H g )

0.550 0.968 440
0.625 0.976 478
0.732 0.985 514
0.827 0.992 550
0.880 0.995 570
0.974 0.998 590
1.000 1.000 605
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T h e  d a ta  re fe rrin g  to  v a p o u r  ph ase  a sso c ia tio n  w ere d e te rm in e d  on th e  
b a s is  o f  T ab les I I —V I. T h e  m e th o d  o f ca lcu la tio n  w as described  in  d e ta il for 
th e  m ix tu re  a t  30 °C. T h e  re su lts  are lis te d  in  T ab le  V II . (F o r th e  sak e  o f com 
p le te n e s s , th e  d a ta  re fe rr in g  to  30 °C tv ere also in c lu d ed  in to  T ab le  V II .)

Table VI

M ole fra c tio n s  o f  m onom eric  p ro p io n ic  acid  in  the liq u id  p h a se  
a n d  the  equ ilib rium  v a p o u r  p re ssu re  o f  p ro p io n ic  acid  at various tem p era tu res  [3, 4]

T ( °  K ) x°*1 p \  ( ru m iig )

303.16 0.033 6
313.16 0.043 10
323.16 0.053 18
333.16 0.064 32
343.16 0.079 49

Table VII

C harac teris tic  da ta  on the v a p o u r  p h a se  associa tion  
o f  p ro p io n ic  a c id  as a fu n c t io n  o f  the tem perature

T  (°K ) p i  (m m H g) у Ч K v  (m m H g -1)

303.16 54 0.297 1.328
313.16 71 0.305 0.745
323.16 116 0.342 0.313
333.16 172 0.344 0.173
343.16 248 0.400 0.077

T h e  d a ta  su m m arized  in  T ab le  V I I  are  v a lid  as fa r  as th e  p ro p io n ic  
a c id —carb o n  te tra c h lo r id e  m ix tu re  beh av es lik e  an  A - A 2- B  ty p e  id ea l te rn a ry  
m ix tu re .  A check on th e se  re su lts  is o b ta in e d  b y  p lo ttin g  th e  lo g a r ith m  o f th e  
a sso c ia tio n  equ ilib rium  c o n s ta n t , exp ressed  in  p a r t ia l  p ressu res, a g a in s t th e  
re c ip ro c a l abso lu te  te m p e ra tu re  (F ig . 2). In  th e  F ig u re , th e  d a ta  o b ta in e d  by  
T a y l o r  an d  B ru to n  [5] a n d  MacD o u g a ll  [6] are  show n fo r com parison . 
T a y l o r  an d  B ru to n  h a v e  d e te rm in e d  th e  eq u ilib riu m  c o n s ta n t fro m  P —V—T  
d a ta  w h ereas  MacD o u g a ll  u sed  th e  re su lts  o f v a p o u r  d en sity  m easu rem en ts . 
T h e  co m p ariso n  of th e  v a lu e s  o b ta in e d  b y  d iffe re n t m ethods p e rm its  th e  con
c lu s io n  th a t  th e  p ro p io n ic  a c id -c a rb o n  te tra c h lo r id e  m ix tu re  can  a c tu a lly  
b e  re g a rd e d  as a te rn a ry  m ix tu re  of th e  A —A 2- В  ty p e , i.e. th e  m e th o d  ou tlin ed  
in  th e  f i r s t  p a r t  o f th is  p a p e r  gives re liab le  re su lts . U sing  th e  d a ta  in
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Fig. 2.  The log Kp vs. 1 /T  diagram for propionic acid. О — experimental data o f the present
w o r k ,  •  —  M a c D o u g a l l ’ s  d a t a , ----------- d a t a  o f  B r u t o n  a n d  T a y l o r , -------------- a  l e a s t - s q u a r e s

f it  to the author’s data

T ab le  Y II  we o b ta in e d  th e  fo llow ing expression  fo r th e  te m p e ra tu re  depen 
dence o f th e  a ssoc ia tion  eq u ilib riu m  c o n s ta n t o f p rop ion ic  ac id , re fe rr in g  to 
th e  v a p o u r  phase  an d  ex p ressed  in  p a r t ia l  p ressu res:

3 2 2 7  7
lg K p = _ 10.484 +  —  (K p : m m H g -1)

A n a d v a n ta g e  o f  th is  m e th o d  o f ca lcu la tio n  is t h a t  i t  allow s d ire c t de
te rm in a tio n  o f th e  eq u ilib riu m  v a p o u r  p ressu re  o f th e  m onom eric  sub stan ce . 
A d raw b ack  to  be m e n tio n e d  is th a t  its  ap p lica tio n  is re s tr ic te d  to  ideally  
associa ted  m ix tu res .

S ym bols

A  - m o n o m e r  o f  th e  a s s o c ia t in g  su b s ta n c e ,
A 2 -  d im e r  o f  th e  a s s o c ia t in g  s u b s ta n c e ,
В  —  n o n -p o la r  c o m p o n e n t ,
К  —  a sso c ia tio n  e q u il ib r iu m  c o n s ta n t .  
p  —  p re ssu re ,
V  —  v o lu m e ,
T  —  a b so lu te  t e m p e r a tu r e ,
X  m o le  f ra c t io n  in  t h e  l iq u id  p h a se , 
у — m o le  f ra c tio n  in  t h e  v a p o u r  p h a se .

S u b sc rip ts

1 —  m o n o m e ric  s u b s ta n c e  in  th e  re a l m ix tu re ,
2 —  d im e ric  s u b s ta n c e  in  th e  re a l  m ix tu re ,
A  —  a s so c ia t in g  s u b s ta n c e  in  th e  n o m in a l  m ix tu re ,
В  —  n o n -p o la r  s u b s ta n c e  in  th e  n o m in a l  m ix tu re ,  
p  t h e  in d e x e d  q u a n t i t y  e x p re s s e d  w ith  p a r t i a l  p re s su re s .
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о —  p u re  su b s ta n c e ,
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CHEMISTRY OF FREE RADICALS, VIII
E S K  IN V E S T IG A T IO N  O F

P H E N Y L  N I T R O X I D E -N - S U L F O N A T E  T Y P E  F R E E  R A D IC A L S  

B . L a k a t o s , B . T u r c s á n y i  and F . T ü d ő s

(C en tra l R esea rch  In s ti tu te  fo r  C h e m is try , H u n g a r ia n  A c a d e m y  o f  Sc iences, B u d a p e s t)

R e c e iv e d  J u n e  1 8 , 1970

S im ila r ly  to  iso e le c tro n ic  a ro m a t ic  a ld e h y d e s ,  a ro m a tic  n i t r o s o  c o m p o u n d s  
fo rm  a d d i t i o n  c o m p o u n d s  w i th  b is u lf i te s  a n d  d i th io n i te s .  T h ese  a d d i t io n  p r o d u c t s  can  
b e  o x id iz e d  in to  ra d ic a ls ,  w h o se  E S R  s p e c t r a  a r e  s im ila r  to  th o se  o f  a lk y lp h e n y l  n i tr o x id e  
free  r a d ic a ls .  T h e  d e p e n d e n c e  o n  th e  t e m p e r a t u r e  a n d  sp lv e n t o f  th e  c o u p lin g  c o n s ta n ts  
o f n i t r o g e n  (а /у) su g g e s t th e  fo rm a t io n  o f  p h e n y l  n itro x id e -N -s u lfo n a te  u p o n  th e  a d d i
t io n  o f  b i s u l f i te ,  a n d  th e  fo rm a t io n  o f  p h e n y l  n itro x id e -N -s u lf in a te  in  t h e  r e a c t io n  w ith  
d i th io n i te .

T h e  ч V v a lu e s  sh o w  b o th  in d u c t iv e  a n d  s te r ic  e ffec ts , s im ila r ly  to  a lk y lp h e n y l  
n i tr o x id e  f r e e  ra d ic a ls .

T he fu n c tio n a l groups o f  o rgan ic  n itro so  an d  oxo c o m p o u n d s  show 
considerab le  s tru c tu ra l  s im ila rity . T h e  tw o  g ro u p s are  isoelectron ic, th e  h y b r id 
iza tio n  s ta te  o f  p a r tic ip a tin g  a to m s as w ell as th e  n u m b er o f a- a n d  л -e lec trons 
are id en tica l a n d  th e  p o la riza tio n  p ro p e rtie s  o f  th e  groups are  s im ila r . T hese 
fac ts  offer rea so n a b le  grounds fo r co m p ariso n  betw een  th e  ch em ica l p ro p e rtie s  
of th e  tw o ty p e s  o f com pounds.

I t  can  b e  estab lish ed  th a t  in  c e r ta in  re a c tio n  typ es th e re  is  a  m ark ed  
difference in  th e  b eh av io u r o f th e  tw o  g ro u p s . As regards th e  a d d i t io n  o f  free 
rad ica ls , e.g., th e  n itro so  group is e x tre m e ly  re a c tiv e , while th e  re a c tio n s  be
tw een  th e  oxo g ro u p  and  even th e  m o st re a c tiv e  rad ica ls p ro c e e d  o n ly  v e ry  
slow ly. T h is d ifference  in  b e h a v io u r  m a y  b e  a t tr ib u te d  to  th e  n o n b o n d in g  
elec tron  p a ir  o f  th e  n itrogen  a to m  w hich  a llow s th e  fo rm atio n  o f  e n e rg e tic a lly  
h igh ly  fa v o u ra b le  reaction  p ro d u c ts : n itro x id e  ty p e  free rad ica ls  w ith  a th ree - 
л -electron  s tru c tu re .  W ith  oxo co m p o u n d s , how ever, th e re  is no  p o ss ib ility  
for s ta b iliz a tio n  o f  th e  u n p a ired  e lec tro n . A t  th e  sam e tim e , i t  is a  w ell-know n  
fac t th a t  th e  b e h a v io u r  of n itro so  co m p o u n d s  to w a rd  oxo re a g e n ts  is  s im ila r 
to  th a t  o f a ld eh y d es  and  k e to n es : th e ir  re a c tiv it ie s  are co m p arab le  a n d  th e ir  
reac tions re su lt  in  add itio n  or c o n d e n sa tio n  p ro d u c ts  w ith  analogous s tru c tu re s .

H y d ro su lf ite  ion m ay, e.g., be co n sid e red  as a ty p ica l oxo re a g e n t  w hich  
read ily  gives a d d itio n  p roduc ts w ith  a ld e h y d e s  an d  u n d er su ita b le  s te r ic  con
d itions even w ith  ketones. In  a d d itio n  to  ch em ica l evidence [1], X - r a y  d iffrac 
tion  s tud ies [2] also prove th a t  th e  re a c tio n  leads to  an a -h y d ro x y su lfo n ic  
acid. T h u s w ith  benza ldehyde  th e  re a c tio n  p ro d u c t is th e  sa lt o f  a -h y d ro x y -  
benzylsu lfon ic  ac id  (I).
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N itro so b en zen e  co rre sp o n d in g  to  b e n z a ld e h y d e  also reac ts  w ith  b is u l
f i te  io n . D e ta ile d  k in e tic  m easu rem en ts  show ed t h a t  th e  reaction  is f i r s t  o rd e r  
w ith  r e s p e c t  to  each  r e a c ta n t  a n d  th e  overall r a t e  is  inversely  p ro p o rtio n a l to  
th e  f i r s t  p o w er of th e  h y d ro g e n  ion  c o n c e n tra tio n  [3]. H ow ever, o n ly  seco n d 
a ry  c o n v e rs io n  p ro d u c ts  w ere  iso la ted , w hich  d id  n o t  allow u n eq u iv o ca l d e 
te rm in a t io n  o f th e  s tru c tu re  o f  th e  p rim ary  p ro d u c t .

I n  th e  course o f o u r in v e s tig a tio n s , we h a v e  observed  th a t  th e  o x id a tio n  
o f  a  re a c t io n  m ix tu re  c o n ta in in g  n itro so b en zen e  o r  its  derivatives a n d  a lk a li 
b is u lf i te  g ives re la tiv e ly  s ta b le  p a ram ag n e tic  p ro d u c ts , w hich m ay  b e  c h a ra c 
te r iz e d  as  p h e n y l n itro x id e -N -su lfo n a te  free r a d ic a ls  (III). These rad ica ls  w ere  
fo rm e d  d u r in g  o x id a tio n  o f  th e  p rim ary  a d d it io n  p ro d u c t: p h e n y lh y d ro x y l-  
am in e-N -su lfo n ic  acid (П)

P h — N  — S 0 3— P h  — N - S O 7
I I
ОН о
IT III

T h e  p re se n c e  o f ph en y l n itro x id e -N -su lfo n a te  ra d ic a ls  proves th a t  th e  b isu lf i te  
a d d it io n  to  n itro so  c o m p o u n d s  is en tire ly  a n a lo g o u s  w ith  th e  c o rre sp o n d in g  
re a c tio n  o f  oxo com pounds. I n  ad d itio n , th e  r a d ic a ls  (III) p repared  b y  u s  m a y  
th e m se lv e s  be o f in te re s t  ow ing  to  th e ir  p a r t ic u la r  s tru c tu re  since th e y  re p re s e n t 
a t r a n s i t io n  betw een  th e  w ell-know n organic n i tro x id e  radicals [4a, b , c] an d  
th e  in o rg a n ic  n itro sy ld isu lfo n a te  rad ica l ion ( th e  an io n  of F r e m y ’s sa lt [5a l]).

E xperim en ta l

T h e  p r e p a r a t io n  o f  t h e  n i t r o s o  c o m p o u n d s  fo l lo w e d  t h e  re a c tio n  c o u rse : n i t r o  c o m 
p o u n d  —*- h y d ro x y la m in e  —► n i t ro s o  c o m p o u n d . P u r i f i c a t io n  w a s  c a r r ie d  o u t  b y  s te a m  d i s t i l l a 
t io n  a n d  s u b s e q u e n t  c r y s ta l l iz a t io n  [6 ]. T h e  N ,N -d im e th y l-4 -n i t ro s o -a n i l in e  ( a  “ p u r u m ”  
q u a l i t y  R ie d e l  p ro d u c t)  w a s  r e p e a te d ly  re c ry s ta ll iz e d . P u r i t y  o f  th e  c o m p o u n d s  w a s  c h e c k e d  
by m .p .  m e a s u r e m e n ts  a n d  in f r a r e d  s p e c tr a .  S o lv e n ts  a n d  in o rg a n ic  re a g e n ts  w ere  o f  a n a ly t ic a l  
p u r i t y .

O w in g  to  th e  d if f e r e n t  s o lu b i l i ty  o f  r e a c ta n t s ,  b i s u l f i t e  a d d it io n  w as c a r r ie d  o u t  in  a 
m ix t u r e  o f  s o lv e n ts .  T h e  m e th a n o l ,  d io x a n ,  a c e to n e , o r  d i m e th y l  su lfo x id e  (D M S O ) s o lu t io n s  
o f  t h e  n i t r o s o  c o m p o u n d s  w e re  m ix e d  w ith  th e  a q u e o u s  s o lu t io n  o f  so d iu m  b isu lf ite  c o n ta in in g  
a  p h o s p h a t e  b u f fe r .  T h e  c o n c e n t r a t io n  o f  b o th  th e  n i t r o s o  c o m p o u n d  a n d  so d iu m  b i s u l f i t e  w a s  
2 . 5 X 1 0 “ 2 m ole/1 , th e  r a t io  o f  w a te r  to  th e  o rg a n ic  s o lv e n t  w a s  g e n e ra lly  50 : 50 v o l .% .  T h e  
h y d r o g e n  io n  c o n c e n tr a t io n  o f  t h e  so lu t io n  w as a d ju s te d  so  a s  to  o b ta in  a n  o p t im u m  r a d ic a l  
c o n c e n t r a t io n  ( th e  o p t im u m  p H  v a lu e s  o b ta in e d  b y  t r i a l  a n d  e r ro r  a re  g iv en  in  T a b le  I ) .  T h e  
m ix tu r e s  w e re  a llo w e d  to  r e a c t  f o r  10 m in , th e n  o x id iz e d  b y  s h a k in g  w i th  le a d  ( IV ) o x id e .
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E S R  m e a s u re m e n ts  w e re  c a r r ie d  o u t  w ith  a  J E O L  J E S - P - 1 0  ty p e  X -b a n d  s p e c tro m e te r .  
O w in g  to  th e  h ig h  d ie le c tr ic  c o n s ta n t s  o f  th e  so lv e n ts ,  t h in  g la s s  c a p i l la ry  cells (1 .5  m m  d ia )  
w ere  u se d . T h e  so lu t io n s  w e re  d e o x y g e n a te d  b y  b u b b l in g  p u r e  n i tro g e n  g a s  th r o u g h  th e  c a p i l 
la r ie s .  T h e  d is ta n c e s  b e tw e e n  s p e c tr a l  lin e s  w ere  c o n v e r te d  in to  f ie ld  s t r e n g th  v a lu e s  b y  m e a n s  
o f  t h e  n i t r o x y l  d is u lfo n a te  r a d ic a l  io n  as s ta n d a r d  (ajy =  1 3 .1 3  +  0 .09  0 e  [5g].

On ox id iz ing  th e  re a c tio n  m ix tu re , w e o b ta in e d  o range-red  so lu tio n s . 
T his co lour sugg ested  v isib le  l ig h t abso rp tio n  c h a ra c te r is tic  o f o rganic n itro x id e  
rad ica ls  [7], b u t  since we fa iled  to  iso la te  th e  ra d ic a l p ro d u c ts , these  rad ica ls  
could  n o t be  u n eq u iv o ca lly  id en tified . A cco rd ing ly , o u r in v es tig a tio n s  on  th e  
rad ica l s tru c tu re  w ere also lim ited  to  d ire c t E S R  stu d ies  o f th e  o x id ized  
p ro d u c ts .

F ig . 1. E S R  s p e c tr u m  o f  th e  r a d ic a l  io n  o b ta in e d  in  1 : 1 d io x a n - w a te r  b y  o x id a t io n  o f  th e  
a d d i t io n  p r o d u c t  o f  n i tro s o b e n z e n e  a n d  s o d iu m  h y d ro g e n  su if i te

T he E S R  sp e c tra  o f so lu tio n s co n ta in in g  d isso lv ed  oxygen  show  a b ro a d  
tr ip le t  w ith  an  in te n s i ty  ra tio  o f  1 : 1 : 1, w h ich  in d ic a te s  th e  p resence  o f  a 
h igh  sp in  d e n s ity  n itro g en  a to m  (I =  1). In  c e r ta in  cases (w hen th e  sm all e x 
cess o f su lfite  consum es d isso lved  oxygen) fu r th e r  h y p e rfin e  s tru c tu re  is o b 
served . T he oxygen-free  so lu tio n  [8] a lm ost a lw ay s g av e  w ell-resolved sp e c tra .

T he h y p e rf in e  s tru c tu re  o f  th e  sp ec tra  co u ld  be  un eq u iv o ca lly  re la te d  
to  s tru c tu ra l fac to rs . In  th e  sp ec tru m  of th e  ra d ic a l fo rm ed  from  n itro so b en zen e , 
th e  line g roups b ro u g h t a b o u t b y  th e  n u c lea r sp in  o f  n itro g en  are  sp lit  in to  
q u a d ru p le ts  ( in te n s ity  ra tio  1 : 3 : 3 : 1) an d  tr ip le ts  ( in te n s ity  ra tio  1 : 2 : 1 ) .  
T h is p a t te rn  is c h a ra c te r is tic  o f th e  pheny l g ro u p  lin k ed  to  th e  rad ica l c e n te r . 
T he q u a d ru p le t sp littin g , ch a rac te rized  b y  a h ig h e r co u p ling  c o n s ta n t, m a y  be 
assigned to  a p p ro x im a te ly  e q u iv a le n t ortho an d  p a r a  p ro to n s , w hile th e  t r ip le t  
sp littin g  w ith  low er co u p ling  c o n s ta n ts  m ay  b e  a t t r ib u te d  to  mela  p ro to n s
(Fig- 1)-
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T h e  sp ec tra  of th e  ra d ic a ls  p re p a re d  fro m  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  are m o d ified  in  acco rdance  w ith  th e  s tru c tu ra l d ifferences. 
S u b s t i tu t io n  of chlorine a n d  b ro m in e  in  p ara  o r meta  position  led  to  a decrease 
in  th e  n u m b e r  of lines. T h e  sp lit t in g  b ro u g h t a b o u t b y  th e  s u b s t i tu e n t  w as 
n o t  o b se rv a b le . A f lu o rin e  s u b s titu e n t in  th e  pa ra  p osition , on  th e  o th e r 
h a n d ,  re su lte d  in  s tro n g  d o u b le t sp littin g .

1

10 £ f e

Fig. 2. P a r t  o f  th e  E S R  s p e c tr u m  o f  th e  r a d ic a l  io n  o b ta in e d  in  1 : 1 m e th a n o l - w a te r  b y  
o x id a t io n  o f  th e  a d d i t io n  p r o d u c t  o f  p - n i t r o s o to lu e n e  a n d  so d iu m  h y d ro g e n  s u lf i te

T h e  spec tru m  o f th e  ra d ic a l o b ta in e d  from  p -n itro so to lu e n e  g av e  n ea rly  
e q u a l coup ling  c o n s ta n ts  fo r p ro to n s  in  th e  p -m e th y l group a n d  in  th e  ortho 
p o s i t io n . O n th e  basis o f w ell-reso lved  sp e c tra , we w ere ab le  to  d e te rm in e  
s e p a ra te ly  th e  coupling  c o n s ta n ts  o f p ro to n s  in  v a rio u s po sitio n s (c f . F ig . 2). 
C o n sid e rin g  th e  o rder o f  lines w ith  d iffe re n t in ten s itie s , th e  h ig h er o f  th e  tw o 
n e a r ly  e q u a l values m a y  be ascribed  to  th e  m e th y l p ro to n s.

I n  th e  E S R  sp e c tru m  o f o -n itro so to lu en e , we failed  to  o b se rv e  fu r th e r  
h y p e r f in e  s tru c tu re  in  a d d itio n  to  th e  p r im a ry  sp littin g . N e ith e r  cou ld  we 
o b se rv e  w ell-resolved sp e c tra  of N ,N -d im e th y lam in o -4 -n itro so b en zen e . The 
c o n c e n tra tio n  of rad ica ls  o b ta in e d  from  th e  la t te r  com pound  w as r a th e r  low, 
w h ic h  in d ica ted  th e  fo rm a tio n  of n o n -ra d ic a l o x id a tio n  p ro d u c ts , to o .

T h e  coupling c o n s ta n t va lu es  fo r ra d ic a ls  s tu d ied  in  d e ta il a re  lis ted  in 
T a b le  I .
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Tabic 1

C ou p lin g  c o n sta n ts  o f  p h e n y l n itro x id e -N -su lfo n a te  radicals ( i n  0 e )  
( i n  m eth a n o l-w a ter  m ix tu re  a t 2 5  °C )

R - - N - S O ©
I

О

R pH «N °Ho a H p °H m

h 8.3 1 2 . 2 1 2.38 2.38 0.90
2 -CH3 6 . 1 13.33 — — —
4 -CH3 4.5 12.16 2.47 — 0.90 ап сна — 2 - 7 4

4-F 7.0 12.29 2.49 — 0.91 aF =  5.71
4-C1 6 . 8 11.78 2.47 . — 1 . 0 0

4-Br* 4.5 11.58 2.45 — 0.94
3-Br 4.5 11.60 2.39 2.39 0.87

* S o lv e n t:  d io x a n - w a te r  1 : 1 .

In  th e  case o f th e  ra d ic a l p rep a red  from  n itro sobenzene , we s tu d ie d  th e  
d ep en d en ce  o f th e  co u p ling  c o n s ta n ts  on th e  so lv e n t. T h e  change in  th e  coup ling  
c o n s ta n t va lu es  o f p h en y l p ro to n s  w as fo u n d  to  be  w ith in  th e  lim its  o f  m ea 
su rem en t e rro rs, w hile th e  coup ling  c o n s ta n t o f  th e  n itro g en  a to m  show ed  co n 
s id erab le  changes (T able I I ) .

Table II

C oup ling  c o n sta n ts  o f  p h e n y l  n i tro x id e -N -su lfo n a te  radicals ( in  0 e )  
in  d iffe re n t solvents a t 2 5  °C

Solvent mixture Dielectric
constant flN аПо,р “Ни

m e th a n o l—w a te r 1 : 1 65.5 1 2 . 2 1 2.38 0.90
a c e to n e -w a te r 1 : 1 48.2 12.03 2.42 0.91
d io x a n —w a te r 1 : 1 35.9 11.85 2.41 0.88

d im e th y l  su lfo x id e -w a te r 4 : 6 70.0 11.69 2.36 0.88

Som e o th e r reag en ts  w ith  sim ilar s tru c tu re s  w ere in v es tig a ted  to  e s ta b 
lish  w h e th e r th e ir  re a c tio n  w ith  n itro so b en zen e  lead s  to  p roduc ts easily  oxidiz- 
ab le  to  rad ica ls  as o b serv ed  in  th e  case of b isu lf ite  ad d itio n . W ith  so d iu m  di- 
th io n ite , we o b ta in ed  rad ica ls  in  h igh  c o n c e n tra tio n  w hose E S R  sp e c tru m  w as 
v e ry  s im ila r to  th a t  o f th e  rad ica l form ed fro m  th e  b isu lfite  a d d u c t. T h e  co r
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r e s p o n d in g  coupling c o n s ta n ts  were found  to  b e  a lm o st id en tica l, h o w ever, 
o w in g  to  th e  rep roduc ib le  d ifferences in  th e  n itro g e n  coupling c o n s ta n ts  a t  
d if fe re n t  tem p era tu res , th e  id e n tity  o f th e  tw o  rad ica ls  is q u es tio n ab le  
(T a b le  I I I ) .

T ab le  I I I

N itr o g e n  coupling co n sta n ts  o f  radicals p rep a red  by  the  reaction o f  n itrosobenzene  
w ith  b is u l f i te s  ( A )  and d ith io n ite s  ( B )  (a N , i n 0 e ) ,  in  a  m ix tu re  o f  m ethanol—w ater (1  : 1 )

T e m p e ra tu re
°C A В

25 1 2 .2 1 12.09
0 12.08 11.88

- 2 5 11.77 11.73
— 45 11.74 11.67

T h e  presence of p a ra m a g n e tic  species cou ld  also be d e tec ted  a f te r  o x id iz 
in g  th e  re a c tio n  p ro d u c ts  o f  n itro so b en zen e  w ith  benzenesulfin ic acid ,*  o r  p h o s
p h i te  a n d  h y p o p h o sp h ite  io n s . T he c o n c e n tra tio n  o f  these  rad ica ls  w as , how 
ev e r, n o t  h igh  enough to  o b ta in  w ell-resolved E S R  sp ec tra  w ith  o u r e q u ip 
m e n t ,  th e re fo re , no d e ta ile d  s tu d y  could be  m a d e . I t  has been e s ta b lish e d , on 
th e  o th e r  h an d , th a t  se len ite  ion , w hich is v e ry  s im ila r to  b isu lf ite  io n , fails 
to  p ro d u c e  radicals in  a  m e a su ra b le  a m o u n t.

D iscussion

T h e  rad icals o b ta in e d  in  th e  reac tio n  o f  n itro so b en zen e  w ith  b isu lf ite  
ion  s u g g e s t th e  pheny l n itro x id e -N -su lfo n a te  s t ru c tu re  (III). T his s t ru c tu re  is 
in  a g re e m e n t w ith  b o th  o u r  E S R  resu lts  a n d  th e  chem ical p ro p e rtie s  o f  com 
p o u n d s  w ith  sim ilar s t ru c tu re s .

T h e  p a tte rn s  of E S R  sp e c tra  an d  th e  r e la tiv e  values of th e  in d iv id u a l 
c o u p lin g  co n stan ts  u n e q u iv o c a lly  p o in t to  th e  p h e n y l n itro x id e  s tru c tu re . 
T h is  a s su m p tio n  is d e f in ite ly  confirm ed  b y  th e  fa c t  th a t  th e  coup ling  c o n s ta n ts  
o f  th e  n itro g e n  atom  o f ra d ic a ls  o b ta ined  fro m  d iffe ren t s u b s ti tu te d  n itro so - 
b e n z e n e s  change s tr ic tly  p a ra lle l to  th e  co rre sp o n d in g  coup ling  c o n s ta n ts  o f 
a ro m a tic  n itrox ide  rad ica ls  w ith  w ell-know n a n d  chem ically  verified  s tru c tu re s .

T h e  increased co u p lin g  co n s ta n ts  o f ra d ic a ls  co n ta in in g  an  o rt/io -m ethy l 
s u b s t i tu e n t  on th e  p h e n y l g ro u p , as w ell as th e  com plete  la ck  o f sp li t t in g  
c a u se d  b y  arom atic  p ro to n s  ow ing to  ste ric  h in d ra n c e , is ra th e r  re m a rk a b le .

* N o te  added in  p ro o f. A f te r  se n d in g  th e  p r e s e n t  p a p e r  th e  w o rk  o f  D e  B o e r  et a l. h a d  
b e e n  c o m m u n ic a te d  d e a lin g  w i t h  t h e  E S R  e x a m in a t io n  o f  free  ra d ic a ls  o b ta in e d  b y  th e  
r e a c t i o n  o f  C -n itro so  c o m p o u n d s  w i th  b e n z e n e su lf in ic  a c id  (R e c . T ra v . C h im . 8 9 , 6 9 6  (19 7 0 )).
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T a b le  IV

N itro g en  coupling  co n sta n ts  o f  p h e n y l  n itro x id e  rad ica ls (a N , in  0 e )  a t 2 5  °C

R,
—SO г —C(CHS),CN -  C(CH,)S

R, [4a] [4b]

H 12.21 11.25 12.32

2-C H 3 13.33 13.24 13.37

4 -C H j 12.16 11.29 11.66

4 -F 12.29 11.53 —

4-C1 11.78 10.94 —

4 -B r 11.58* 10.84 11.80

3-B r 11.60 10.87 —

S o lv e n t m e th a n o l—w a te r to lu e n e to lu e n e

* S o lv e n t:  d io x a n —w a te r  1 : 1 .

T his fa c t u n am b ig u o u sly  p ro v es t h a t  th e  rad ica ls  s tu d ied  are  N ,N -d isu b s titu te d  
n itro x id e  d e riv a tiv es  an d  t h a t  th e  s teric  req u irem en ts  of th e  seco n d  su b s ti
tu e n t  a re  sim ilar to  th o se  o f  th e  tert.-b u ty l o r cy an o p ro p y l g ro u p .

T h e  n itro g en  coupling  c o n s ta n ts  o f a ro m a tic  n itro x id e  ra d ic a ls  a re  affec ted  
b y  tw o  fac to rs . One is th e  degree o f  я -e lec tron  delocalization  in  th e  system  
c o n ta in in g  th e  u n p a ired  e lec tro n . I n  case th e  я -electron  sy s te m  o f  th e  N — О 
b o n d  in te ra c ts  w ith  fu r th e r  я -e lec tro n  sy stem s, th e  p ro b a b ility  o f  f in d in g  the  
u n p a ire d  e lec tron  in  th e  v ic in ity  o f  th e  n itro g en  a to m  w ill be  lo w e r th a n  in 
th e  absence  o f such in te ra c tio n , ow ing  to  ste ric  h in d ran ce  o r th e  la c k  o f  ap p ro 
p r ia te  groups. C onsequen tly , th e  coup ling  c o n s ta n t values w ill a lso  b e  low er. 
T h e  o th e r  fac to r  is th e  degree o f p o la riza tio n  o f th e  я -e lec tron  sy s te m  in  th e  
N — О b o n d . M esom eric s tru c tu re s  IV —V c learly  show  th a t  th e  N  —<■ О d rif t 
o f  th e  я -e lec tron  system  re su lts  in  an  increased  sp in  d e n s ity  o n  th e  n itro g en  
a to m :

Ô o e )
I I .

N -«— »■ P. *>
R X _ \ r '  r / ' \ r '

IV  V

T h e  p o la riza tio n  degree  o f th e  N —О b o n d  m ay  be  a f fe c te d  b o th  by 
s tru c tu ra l  fac to rs  an d  th e  e n v iro n m e n t. E le c tro n -w ith d raw in g  s u b s titu e n ts  
increase  th e  co n tr ib u tio n  o f  m esom eric  s tru c tu re  IV, w hich lead s  to  a  decrease 
in  coup ling  co n stan ts . S im ila r changes can be  observed  w ith  th e  ra d ic a ls  u n d e r 
in v e s tig a tio n  (cf. T ab le  I ) , a lth o u g h  th e  coup ling  c o n s ta n ts  p lo t te d  ag a in st 
the  H a m m e tt  su b s ti tu e n t p a ra m e te rs  failed to  give a good lin e a r  dep en d en ce .
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O n e  e x p lan a tio n  for th is  f a c t  m a y  be th a t  th e  so lv a ta t io n  p ro p ertie s  o f th e  
ra d ic a ls  com pared are n o t  q u i te  iden tical.

A ccord ing  to  th e  th e o r y ,  th e  increasing p o la r i ty  o f th e  so lv en t re su lts  
in  a n  increasing  p o la r iz a tio n  o f  th e  N — 0  b o n d , w h ich  leads to  an  increased  
n i t ro g e n  coupling c o n s ta n t. H o w ev er, th e  m acro sco p ic  p o la r ity  ch a rac te ris tic s  
o f  th e  so lv en t m ix tu res  a p p l ie d  (e.g. th e  d ie lec tric  c o n s ta n t [9c]), c a n n o t be 
s im p ly  re la te d  to  th e  m e a s u re d  coupling c o n s ta n ts . T h e  n itro g en  coupling  
c o n s ta n ts  of the  p h en y l n itro x id e -N -su lfo n a te  ra d ic a l  show  a change p ara lle l 
to  th e  dielectric  c o n s ta n t o f  th e  th ree  so lv en t m ix tu re s . T he correspond ing  
v a lu e s  o f  th e  d im eth y l su lfo x id e —w ater m ix tu re , h o w ev er, c an n o t be f i t te d  
in to  th is  sequence (T ab le  I I ) .  T h is  ind icates t h a t  in  each  p a r tic u la r  case, th e  
v a lu e  o f  th e  coupling c o n s ta n t  m ay  also be a ffe c ted  b y  specific  in te rac tio n s .

O n  ex trap o la tio n  f ro m  th e  values o b ta in e d  in  p o la r  so lven t m ix tu re s , 
w e f in d  th a t  w ith o u t e x te rn a l  p o la r effects, th e  n itro g e n  coupling  c o n s ta n ts  
o f  th e  above radicals a re  c lo se  to  th e  co rresp o n d in g  v a lu es  for p h eny lcyano- 
p ro p y l  n itro x id e  rad ica ls  [4 a ] . T h is  suggests t h a t  in  th e  p re se n t case, th e  sulfo 
g ro u p  is a weak e le c tro n -w ith d raw in g  s u b s ti tu e n t  since th e  effect o f h igh 
p o la r i ty  S— 0  bonds is m o s t ly  com pensated  b y  th e  free  e lectric  charge o f th e  
g ro u p . I t  should be n o te d  t h a t  th e  so lubility  o f  th e s e  rad ica ls  in  w a te r  is also 
d u e  to  th e ir  electric c h a rg e .

I n  our experim en ts, th e  fo rm atio n  of p h e n y l n itro x id e -N -su lfo n a te  ra d i
ca ls  o ccu rred  in tw o s te p s . T h e  fo rm ation  o f th e  b isu lf i te  a d d u c t o f n itro so  
c o m p o u n d s  was en tire ly  a n a lo g o u s  to  the  c o rre sp o n d in g  reac tio n  of oxo com 
p o u n d s . In  b o th  cases, th e  n o n b o n d in g  e lec tro n  p a ir  o f th e  b isu lfite  ion  b e 
co m es a tta c h e d  to  th e  low  e le c tro n  density  N  o r C a to m . T h is reac tio n  w ith  a 
n i t ro s o  com pound leads to  a n  N -d isu b s titu ted  h y d ro x y la m in e . T he o x id a tio n  
o f  th e s e  com pounds to  fre e  ra d ic a ls  is a w ell-know n  p rocess w ith  b o th  organic 
a n d  in o rg an ic  su b s ti tu e n ts . S in ce  th e  n itroso  g ro u p  is a considerab ly  s tro n g e r 
e le c tro n  acceptor th a n  th e  o x o  group, its  r e a c t iv i ty  in  th is  reac tio n  is also 
e x tre m e ly  high. This f a c t  is  su p p o rte d  b y  o u r o b se rv a tio n  th a t  th e  reac tio n  
p ro c e e d s  sm oothly also in  a  m ix tu re  of acetone a n d  w a te r  w hile such  reac tio n  
w o u ld  b e  im possible if  th e  re a c tiv itie s  of th e  n itro so  a n d  oxo com pound  w ere 
c o m p a ra b le . References c o n c e rn in g  sim ilar a d d itio n  re a c tio n s  betw een  organic 
n i tro s o  com pounds an d  r e a g e n ts  conta in ing  n o n b o n d in g  elec tron  p a irs , like 
su lf in ic  acids, p h osph ites a n d  hyp o p h o sp h ites , a re  in  fu ll ag reem en t w ith  our 
ow n fin d in g s . F inally , th e  a b o v e  m echanism  o f th e  re a c tio n  is co n sis ten t w ith  
o u r  o b se rv a tio n  th a t  s e le n ite  io n , w hich has no  n u c leo p h ilic  e lec tron  p a ir , is 
in c a p a b le  of such re a c tio n .

T h e  reaction  of d i th io n i te  ions w ith  n itro so  co m pounds is m uch  m ore 
c o m p lic a te d . A ccording to  l i te r a tu r e  d a ta  [10], ra d ic a ls  are  d irec tly  fo rm ed  in 
th i s  re a c tio n . This p h e n o m e n o n  was no t o b serv ed  u n d e r  th e  cond itions o f our 
e x p e rim e n ts . We fo und , h o w e v e r , th a t  su b se q u e n t o x id a tio n  of th e  reac tio n
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m ix tu re  y ie lded  rad ica ls  id e n tic a l w ith  th o se  described  in  [10]. T h e  ESR  
sp e c tra  o f these  co m p o u n d s w ere  very  sim ilar to  th o se  o f p h e n y l n itro x id e- 
N -su lfo n a te  rad ica ls .

R u s s e l  et al. [10] assu m e a redox  re a c tio n  be tw een  n itro so b en zen e  and 
d ith io n ite . T he ex p ec ted  re d u c tio n  p ro d u c t o f  n itro so b en zen e , th e  n itro so 
b en zen e  rad ica l-an io n  o r its  p ro to n a te d  form , th e  p h en y l n itro x id e  ra d ic a l, was, 
h o w ev er, n o t d e tec ted  in  th e  E S R  sp ec tra . T h erefo re , s tru c tu re  VI w as assum ed 
fo r th e  rad ica ls  fo rm ed :

H  -  N  О -  N  -  О •

Pb
I

P h

H - N - O - N  -  t l -

P l i
I

P h

VI

S tru c tu re  VI can n o t be  v e rif ie d  e ith e r e x p e rim en ta lly  or th e o re tic a lly . The 
ra d ic a l m ay  be considered  as an  a d d u c t o f a n itro so b en zen e  m olecu le  an d  a 
p h e n y l n itro x id e  ra d ic a l. I f  th is  a d d u c t w ere a t ru ly  s tab le  fo rm a tio n , the  
a d d itio n  of an o th e r n itro so b en zen e  m olecule w ould  p re su m a b ly  le a d  ag a in  to  
a s ta b le  p ro d u c t. S uch  p o ly m eriza tio n  p h en o m en a  a re , how ever, n o t  know n 
w ith  n itro so  com pounds. F u r th e rm o re , th e  sp ec tru m  described  in  R ef. [10] 
is n o t  observed  in  m ix tu re s  c o n ta in in g  p h e n y lh y d ro x y la m in e  a n d  n itro so 
b en zen e , w here th e  re a c tio n  be tw een  p h en y l n itro x id e  rad ica ls  fo rm ed  a n d  the 
excess of n itro so b en zen e  also  could  have  led  to  s tru c tu re  VI.

In  our opinion, th e  re a c tio n  of n itro sobenzene  w ith  d ith io n ite  m a y  follow 
tw o  p a th w a y s , d ep en d in g  on  th e  ex p erim en ta l co n d itions. D ire c t fo rm atio n  
o f th e  rad ica ls  is due to  th e  ad d itio n  of SO.7 ra d ic a l ions [11] fo rm ed  in  the 
d isso c ia tio n  o f d ith io n ite  ions. T h u s , th e  rad ica ls  d e riv ed  from  p h e n y lh y d ro - 
x y lam ine-N -su lfin ic  ac id  a re  o b ta in e d  (VII):

P h - N  =  0 + S 0 ; -  — P h — N  —S 0 7

I
О

V II

In  th e  o th e r  process, th e  fo llow ing  reac tio n  ta k e s  p lace:

P h — N  =  0  +  S „ 0 = - +  H .,0  — P I1- N - S O 7 +  H S O 7
I
Oil

T h e  p h en y lh y d ro x y lam in e-N -su lfin ic  acid fo rm ed  m ay  he ox id ized  to  rad ica l 
VII. T h e g rea t s im ila rity  b e tw een  th e  s tru c tu re  of rad ica l VII a n d  th a t  of 
p h en y l n itro x id e -N -su lfo n a te  gives an  e x p lan a tio n  for th e  h ig h ly  s im ila r  E S R  
sp e c tra .

*
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INVESTIGATION OF THE REACTION OF CIIROMIUM(IIl) 
AND ETHYLENEDIAMINETETRAACETIC ACID, I

J .  GÉHER-Gl ÜCKLICH and M. T . B e c k

(R esea rc h  In s t i tu te  o f  L ea th er  I n d u s tr y ,  B u d a p es t,
In s t i tu te  o f  P h y s ic a l  C h e m is try , K o ssu th  L a jo s  U n iv e r s ity , Debrecen 1 0 , H u n g a r y )

R e c e iv e d  J u l y  15, 1970

T h e  f a c to r s  in f lu e n c in g  th e  r a te  o f  t h e  c h ro m iu m ( I I I ) -E D T A  r e a c t io n  h a v e  been  
in v e s t ig a te d  b y  a  s p e c tro p h o to m e tr ic  m e th o d .  T h e  r e a c tio n  r a te  w as s tu d ie d  a s  a  fu n c 
t io n  o f  th e  l ig a n d  c o n c e n tr a t io n ;  i t  w a s  fo u n d  t h a t ,  in  c o n tr a s t  to  l i t e r a t u r e  d a t a ,  th e  
r a t e  d o e s  d e p e n d  o n  th e  l ig a n d  c o n c e n tr a t io n .  T h e  in te rd e p e n d e n c e  w a s  i n t e r p r e t e d  b y  
a  re a c tio n  m e c h a n is m  in  w h ic h  th e  r a te - d e te r m in in g  s te p  is th e  e n t r y  o f  t h e  l ig a n d  
f ro m  th e  o u t e r  sp h e re  in to  th e  in n e r  sp h e re .

T h e  e f fe c t  o f  p H  o n  th e  r e a c t io n - r a te  w a s  in v e s tig a te d .  I t  w a s  f o u n d  t h a t  a 
k n o w n  l in e a r  r e la t io n  b e tw e e n  th e  a p p a r e n t  r a t e  c o n s t a n t  a n d  th e  p H  h o ld s  o n ly  b e 
tw e e n  n a r ro w  lim its .  T h e  p H  e f fe c t  h a s  b e e n  e x p la in e d  in  te rm s  o f  s e v e ra l  f a c to r s .  P o s 
s ib le  r e a c t io n  p a th s  th r o u g h o u t  th e  e n ti r e  p H  r a n g e  w ere  c o n s id e re d  a s  a  c o n se q u e n c e  
o f  th e  h y d ro ly s is  o f  th e  c h r o m iu m ( I I I )  io n  a n d  th e  d is so c ia t io n  o f  E D T A . T h e  d if fe re n t  
ty p e s  o f  c h r o m iu m ( I I I ) -E D T A  o u te r - s p h e re  c o m p le x e s  a re  r e p o r te d ,  t o g e th e r  w i th  th e  
p r o b a b i l i ty  o f  th e i r  fo rm a t io n  a n d  th e  ro le  o f  t h e  d if fe re n t  p ro to n a te d  o u te r - s p h e re  
c o m p le x e s  in  t h e  e s ta b l i s h m e n t  o f  th e  c h r o m iu m ( I I I ) - E D T A  r e a c tio n  r a t e .  T h e  e x 
p e r im e n ta l ly  d e te rm in e d  p H  d e p e n d e n c e  o f  t h e  r e a c t io n  r a te  w as a c c o u n te d  f o r  o n  th e  
b a s is  o f  th e o r e t ic a l  c o n s id e ra tio n s .

A s a n  i l lu s t r a t io n  th e  d e te rm in a t io n  o f  t h e  p ro b a b le  re a c tio n  p a th s  a t  a g iv en  
p H  is  p re s e n te d .

Introduction

Since th e  tu rn  o f th e  c en tu ry , th e re  h a v e  b een  m an y  p u b lic a tio n s  on  the  
ch em is try  of c h ro m iu m (III)  com plexes. H o w ev er, in  sp ite  o f th is , o n ly  a_ few 
p ap ers  m ay  be fo u n d  w hich  deal w ith  q u a n t i ta t iv e  aspects.

T h e  g re a t in te re s t  m a y  be a t t r ib u te d , a t  le a s t in  p a r t ,  to  th e  f a c t  th a t  
t r iv a le n t  ch ro m iu m  com pounds p la y  an  im p o r ta n t  role in  le a th e r  p ro d u c tio n  
as ta n n in g  ag en ts . In  th e  te ch n ica l l i te ra tu re  o f  th e  le a th e r  in d u s try  th e  w orks 
pub lished  cover a  v e ry  w ide fie ld  an d  in  m a n y  cases lead  to  th e  so lu tio n  of 
im p o r ta n t  p ra c tic a l p rob lem s. Since, how ever, in  genera l th e y  do n o t  go fu r th e r  
th a n  q u a lita tiv e  s ta te m e n ts , i t  is b a re ly  possib le  to  use th e ir  re su lts  in  sy s te m 
a tic  co o rd in a tio n  ch em is try  research ; th e re fo re  th is  field  of th e  te ch n ica l 
l i te ra tu re  is n o t  considered  here.

T h e  in v e s tig a tio n  o f eq u ilib riu m  an d  k in e tic  problem s o f c h ro m iu m (II I )  
com pounds ra ises m a n y  d ifficu lties w hich  a re  n o t  u n am b iguously  so lu b le  w ith  
th e  a id  o f th e  av a ilab le  ex p erim en ta l d a ta  a n d  th e  conceptions o f th e  re a c tio n  
m echan ism s. E sp ec ia lly  l i t t le  w ork  deals w ith  th e  m echan ism  o f fo rm a tio n  of 
c h ro m iu m (III)  com plexes o r th e  k in e tics  o f  th e i r  fo rm atio n  an d  d ecom position
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re a c tio n s . T h e  m ost co m p le te  such  in v e s tig a tio n  w as pub lished  in  te n  p a p e rs  
b y  H am m  et al. in th e  p e rio d  1951— 63.

I n  th is  series of p ap e rs  H amm  considers in  d e ta il  th e  k inetics o f fo rm a tio n  
o f c o m p lex es  betw een  c h ro m iu m (II I )  and o rg an ic  acid  anions, a n d  also  th e  
r e a c tio n  m echan ism . T he in v e s tig a tio n  inc ludes th e  oxa la te , m a lo n a te , a c e ta te , 
g ly c o la te , la c ta te , p h th a la te , c i tr a te  and  t a r t r a t e  ions [1, 2]. T he s tu d y  o f  th e  
r e a c tio n  o f  ch ro m iu m (III)  w ith  e th y le n e d ia m in e te tra a c e tic  acid  (E D T A ) w as 
p u b lis h e d  in  a sep a ra te  p a p e r  [3].

A cco rd in g  to  H am m , th e  reactions b e tw e e n  c h ro m iu m (III)  an d  o x a la te  
ion  [4 ] , a n d  betw een  c h ro m iu m (II I )  an d  E D T A  ta k e  p lace accord ing  to  a single 
m e c h a n ism . In  th e  f ir s t ,  re la tiv e ly  fa s t s te p  one  o f th e  c a rb o x y la te  g ro u p s 
re p la c e s  one  o f th e  w a te r  m olecu les o f th e  h e x a q u o c h ro m iu m (III )  ion , a n d  an  
in te rm e d ia te ,  B,  is fo rm ed :

[C r(H 20 ) 6]3+ +  H 2 Y 2~ — В (1)

(H a y 2- rep re sen ts  u n d is so c ia te d  E D T A .)
T h is  is followed b y  th e  rev ersib le  re a c tio n :

ß i 2 l ß ' 4 -  H +  (2)

a n d  th e n  b y  th e  ra te -d e te rm in in g  step  in  w h ich  th e  f ir s t  chela te  rin g  is fo rm e d :

В ' C (3)

T h is  m echanism  fo r m ono- an d  d ica rb o x y lic  acids an d  for o x y ac id s  w as 
la t e r  a m e n d e d  by  H amm  h im se lf  [2]. A ccord ing  to  th e  new er h y p o th e s is , th e  
ra te -d e te rm in in g  step  is th e  fo rm atio n  o f a  fiv e -c o o rd in a ted  in te rm e d ia te . 
S ince , h o w ev er, he d id  n o t  a m e n d  th e  conclusions concern ing  th e  c h ro m iu m (III)-  
E D T A  re a c tio n , as a f i r s t  s te p  i t  is n ecessary  to  re -exam ine th ese .

F o r  th e  reac tio n  b e tw e e n  E D T A  a n d  c h ro m iu m (II I )  H amm fo u n d  th e  
fo llo w in g :

1. T h e  ra te  of re a c tio n  depends lin e a r ly  on  th e  co n cen tra tio n  o f  chro- 
m iu m ( I I I ) .

2. T h e  ra te  of re a c tio n  is  in d ep en d en t o f  th e  lig an d  c o n cen tra tio n .
3. T h e  a p p a re n t r a te  c o n s ta n t of th e  re a c tio n  is inverse ly  p ro p o rtio n a l 

to  th e  h y d ro g e n  ion c o n c e n tra tio n  over a co n sid e rab le  p H  range.
I t  is c lear th a t  s ta te m e n t  1 is in  ag reem en t w ith  th e  proposed  m ech an ism ; 

h o w e v e r , th e  ex p e rim en ta l co n d itio n s  used b y  H amm  give rise to  d o u b ts  w ith  
re g a rd  to  th e  co rrec tness o f  s ta te m e n ts  2 a n d  3.

T h e  co n stan cy  of th e  p H  d u rin g  th e  re a c tio n  w as ensu red  b y  th e  u se  o f 
a la rg e , 4 0 — 50-fold, excess o f  th e  ligand . W ith  su ch  an  excess, h o w ev er, th e
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d ependence  of th e  re a c tio n  ra te  on the  ligand  c o n c e n tra tio n  is n a tu ra l ly  no t 
a sce rta in ab le . E v en  th is  a m o u n t is n o t su ffic ien t to  rea lly  ensure a c o n s ta n t 
p H  d u rin g  th e  re a c tio n  a n d  th e re fo re  in s ta te m e n t 3 th e  q u o ted  p H  can  only  
be considered  as th e  in it ia l  v a lu e . T his n ecess ita te s  th e  fu r th e r  co n sid e ra tio n  
th a t  H amm found th e  lin e a r  p H -d ep en d en ce  o f th e  reac tio n  ra te  v a lid  u p  to  
p H  1.6 u n d er th e  above  e x p e rim e n ta l co n d itio n s, a lth o u g h  th e  so lu b ility  of 
E D T A  rap id ly  decreases w ith  decreasing  pH  an d  a t  p H  1.8 reaches such  a low 
m in im u m  v alue  t h a t  i t  is im possib le  to  use i t  in  th e  q u o te d  c o n c e n tra tio n  [5]. 
(T he 40-fold excess m ean s a 0.2 M  ED TA  so lu tion .)

Experimental

T h e  c h ro in iu m ( I I I ) -E D T A  c o m p le x  h a s  a n  a b s o rp t io n  m a x im u m  in  i ts  v is ib le  a b s o rp 
t io n  s p e c tru m  a t  545 n m . S in c e  t h e  o th e r  c o m p o n e n ts  o f  t h e  s y s te m  do  n o t  a b s o rb  a t  th is  
w a v e le n g th  th e  r e a c tio n  m a y  b e  fo llo w e d  s p e c tr o p l io to m e tr ic a l ly .  T h e  m e a s u re m e n ts  w ere  
m a d e  w i th  a  Z eiss Y S U  1 s p e c t r o p h o to m e te r ;  e x tin c tio n s  o f  s o lu tio n s  w ere  m e a s u re d  in  1 cm  
g la s s  cells.

T h e  p H  w as m e a s u re d  w i th  a  R a d io m e te r  P H M  4 d  i n s t r u m e n t ,  u s in g  a  g la s s -c a lo m e l 
e le c tro d e  p a ir.

T h e  r e a c ta n t s  w e re  p la c e d ,  s e p a ra te d  f ro m  e a c h  o th e r ,  in  a  tw o -c o m p a r tm e n t  g lass  
v e sse l a n d  th e  r e a c tio n  w a s  s t a r t e d  b y  sh a k in g  th e  v e sse l. T h e  re a c tio n  t im e  w a s  m e a su re d  
w ith  a  s to p w a tc h .

T h e  re a c tio n  r a te s  w e re  d e te r m in e d  a t  25 4 :0 .1  °C. T h e  t e m p e ra tu r e  w as k e p t  c o n s ta n t  
b y  m e a n s  o f  a H ö p p le r  u l t r a t h e r m o s t a t .

C h ro m iu m (I I I )  p e r c h lo ra te  w a s  p re p a re d  b y  th e  r e d u c t io n  o f  c h ro m iu m (V I)  o x id e  
w ith  h y d ro g e n  p e ro x id e  in  a  p e r c h lo r ic  a c id  m e d iu m . T h e  r e d u c e d  so lu tio n  c o n ta in e d  1 M  
c h r o m iu m ( l l l )  p e r c h lo ra te  a n d  1 M  p e rc h lo r ic  a c id  ( to  p r e v e n t  h y d ro ly s is ) .  A 0 .025  M  s o lu tio n  
w a s  u s e d  fo r  th e  m e a s u re m e n ts .  T h e  c h ro m iu m  c o n te n t  w a s  c h e c k e d  io d o m e tr ic a lly .

A  0.125 M  E D T A -d is o d iu m  s a l t  so lu tio n  w as u s e d  fo r  t h e  m e a su re m e n ts .  T h e  E D T A  
c o n te n t  w a s  d e te rm in e d  w i th  n ic k e l  su lfa te .

A  2.5 M  so d iu m  p e r c h lo r a te  so lu t io n ,  p re p a re d  f ro m  so d iu m  h y d ro x id e  a n d  p e rc h lo r ic  
a c id , w a s  u sed  to  a d ju s t  th e  io n ic  s t r e n g th .

T h e  p H  w as a d ju s te d  w i th  0 .1  M  so d iu m  h y d ro x id e .
T h e  fin a l r e a c tio n  m ix tu r e s  c o n ta in e d  0 .0025  M  c h r o m iu m ( I I I )  p e r c h lo ra te  a n d  1 M  

so d iu m  p e rc h lo ra te .

Calculation o f the apparent rate constant

T h e c h ro m iu m (III)  ion  re a c ts  w ith  E D T A  in  sev era l s tep s; o f  th e se  we 
dea l on ly  w ith  th e  s tu d y  o f  th e  ra te -d e te rm in in g  s te p . R eference [3] gives in 
d e ta il th e  m ethod  o f d e te rm in in g  th e  ra te  c o n s ta n t. T h e  m echan ism  co m p ris
ing  E q s . (1), (2) an d  (3) fo rm s th e  basis o f th e  c a lc u la tio n . T he re a c tio n  ra te  
is g iven  b y  th e  d iffe ren tia l e q u a tio n :

=  к [В']  (4)
dí

T h e  b o u n d a ry  co n d itio n  o f th e  so lu tion  o f th e  e q u a tio n  is th a t  a t  t =  0 
th e  co n cen tra tio n  o f th e  c h e la te d  com plex, C, is zero .
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S in ce  a t  th e  w av e len g th  o f  m e asu rem en t all o f  th e  co m p o n en ts  w ith  th e  
e x c e p tio n  o f  th e  C r(III)-E D T A  com plex  h a v e  neglig ib le a b so rb an ce , th e  ex 
t in c t io n  E  a t  tim e t is g iven  b y :
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E t =  ac b[C], (5)

w h ere  ac is  th e  m olar e x tin c tio n  coeffic ien t o f  C, b is th e  cell le n g th  a n d  [C] 
th e  c o n c e n tra tio n  of th e  c h e la te d  com plex.

T h e  equ ilib rium  c o n s ta n t  o f  reac tio n  (2) is

K  =  - E 1 . [ B '] №

U sin g  these  re la tio n s  (4) becom es:

2.303 lg  E ” E l-
E œ [H  + ] + K  ‘

(7)

w h ere  к  is  th e  tru e  ra te  c o n s ta n t . I f  th e  le f t-h a n d  side is p lo tte d  as a func tion  
o f t im e  (t), we o b ta in  fro m  th e  slope th e  a p p a re n t  ra te  c o n s ta n t:

[H +] +  К

M a n y  m echanism s f i t  th is  m a th e m a tic a l m odel, an d  th e  a p p a re n t  ra te  
c o n s ta n ts  ca lcu la ted  on th is  b as is  m ay  also be  co rrec t i f  th e  m ech an ism  is 
in te r p r e te d  in  a n o th e r w ay .

I n  severa l series o f  5— 7 p ara lle l m easu rem en ts  th e  av e rag e  m ean  erro r 
in  th e  n e g a tiv e  lo g arith m  o f th e  a p p a re n t r a te  c o n s ta n t (p ;/) w as ca lcu la ted ; 
th is  a m o u n te d  to  ^  0.09.

( 8)

E xperim en ta l resu lts

T h e  f irs t  step  in th e  s tu d y  of th e  c h ro m iu m (III)-E D T A  re a c tio n  w as to 
re -e x a m in e  w h e th e r a t  a g iv en  p H  th e  re a c tio n  ra te  is a c tu a lly  in d e p e n d e n t 
o f th e  lig a n d  c o n cen tra tio n . I n  th e  series o f  m easu rem en ts  th e  C r( I I I )  : E D T A  
ra t io  v a r ie d  betw een  1 : 0.5 a n d  1 : 15. T h e  p H  o f th e  so lu tio n  w as a d ju s ted  
to  b e tw e e n  4.4 and  4 .5 . F ig . 1 show s th e  d ep en d en ce  of th e  n e g a tiv e  lo g arith m  
of th e  a p p a re n t ra te  c o n s ta n t  on th e  E D T A  : C r(III)  ra tio . T h e  g ra p h  clearly  
d e m o n s tra te s  th a t  th e  a p p a re n t  r a te  c o n s ta n t is s tro n g ly  d e p e n d e n t on th e  
l ig a n d  c o n c e n tra tio n  if  th e  l a t t e r  is p re se n t on ly  in  a sligh t excess, w hile  w ith  a 
la rg e r  excess a change o f  r a te  c o n s ta n t is scarce ly  p e rcep tib le .
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EDTA/Cr
F ig . 1. p j ,  as a  f u n c t io n  o f  t h e  E D T A  : c h ro m iu m ( II I )  r a t io

T he pH  d ep en d en ce  of th e  re a c tio n  r a te  w as exam ined  in  so lu tio n s  con
ta in in g  C r(II l)  : E D T A  ra tio s o f 1 : 5, 1 : 10 and  1 : 15. Fig. 2 show s p̂ < values 
ca lcu la ted  from  th e  m easu rem en ts  as a fu n c tio n  of pH .

Ph

F ig .  2 . T h e  r e a c tio n  r a t e  as a fu n c tio n  o f  p H .  1. 1 c h ro m iu m  : 5 E D T A ; 2. 1 c h ro m iu m  ;
10 E D T A ; 3 . 1 c h ro m iu m  ; 15 E D T A

Analysis o f the experim ental results

The m echan ism  described b y  E q s . (1), (2) an d  (3) m eans t h a t  th e  re a c tio n  
r a te  of th e  c h ro m iu m (III)-E D T A  re a c tio n  is in d ep en d en t of th e  l ig a n d  con
c e n tra tio n . S ince th is  is d isp roved  b y  th e  ex p erim en ta l d a ta , th e  m ech an ism  
m u s t be reconsidered .

A ccording to  H amm , reac tio n  (1) is fa s t  an d  irreversib le  an d  hen ce  th e re  
can  be  no h 'X T q u o ch ro m iu m (III)  ions p re se n t in th e  system  if  th e re  is an 
excess of E D T A . If , how ever, i t  is p o s tu la te d  th a t  th e  reac tio n  is rev e rs ib le :

[C r(II20 ) e] 3+ +  H 2Y 2-  В  (9)

th e n  th e  a m o u n t o f  В  is n o t in d e p e n d e n t o f th e  am o u n t o f H 2Y 2 Since,
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acco rd in g  to  H am m , th e  re a c tio n -ra te  is d e te rm in e d  b y  th e  chela tio n  s te p  
B '  —* C, a n d  th is  r a te  is g iven  b y  d iffe ren tia l e q u a tio n  (4), th e n  th e  r a te  c a n n o t 
be in d e p e n d e n t o f th e  H 2Y 2~ co n cen tra tio n .

A  fu r th e r  q u e s tio n  is w h e th e r th e  ra te -d e te rm in in g  step  is in d eed  th e  
s tep  o f  ring-c losure . I n  th e  fo rm a tio n  of n ic k e l(II)  m a lo n a te  th e  ra te  is d e te r 
m ined  b y  th e  rin g -c lo su re  accord ing  to  N ic k e l  et al.  [6]. Since, how ever, th e  
re a c tio n  b e tw een  a d iffe re n t m e ta l ion and  a d iffe re n t lig an d  is u n d e r co n sid e r
a tio n , an d  m o reo v er th e  fo rm a tio n  of nickel m a lo n a te  is a considerab ly  fa s te r  
re a c tio n  th a n  th a t  o f  th e  ch ro m iu m (III)-E D T A  co m p lex , i t  is n o t possib le  to  
e x te n d  th e  conclusions re g a rd in g  th e  fo rm er re a c tio n  u n rese rv ed ly  to  th e  la t te r .  
I t  seem s like ly  t h a t  in  th e  ch ro m iu m (III)-E D T A  re a c tio n  th e  e n try  o f th e  l i 
g and  in to  th e  in n e r sp h e re  is a slow er process th a n  ch e la te -rin g  fo rm atio n .

I t  h as  a lread y  b e e n  m en tio n ed  th a t  H amm  et al.  [2] m odified  th e ir  p ro 
posed  m echan ism  in  th e  case o f  ce rta in  lig ands. H o w ev er, th is  m odified  v e rs io n  
is s till q u es tio n ab le  f ro m  m a n y  aspects.

In  o u r op in ion  th e  f i r s t  s tep  is a ra p id  e q u ilib r iu m  reaction :

[C r(H 2O)0] 3+ +  H 2Y 2-  ^  C r(II20 ) eH 2Y + (10)

T h e  p ro d u c t is p ro b a b ly  an  o u te r-sp h ere  ty p e  com plex. (D irec t e x p e ri
m e n ta l p ro o f  of th e  ex is te n c e  of o u te r-sp h e re  ty p e  co b a lt com plexes w ith  
E D T A  w as re c e n tly  fo u n d  [7].)

T h e  su b seq u en t d isso c ia tio n  reac tio n  c a n  p ro ceed  in  tw o w ays b ecau se  
th e  h y d ro g en  ion m a y  d isso c ia te  from  e ith e r th e  a q u o  g roup  or from  th e  H 2Y 2 ~ 
loosely  b o u n d  in  th e  o u te r  sphere :

C r(H 2O)0H Y  +  H + C r(H 2O)0H 2Y + ^  C r(0 H )(H 20 ) 5H 2Y +  H +  (11)

B[ В  B'2

I t  is n o t possib le  to  d is tin g u ish  b e tw een  th e  tw o  reac tio n  p a th s  an d  th e re 
fore th e  reac tio n  is m o re  s im p ly  w ritte n  as E q . (2), B  B '  -|- H  + .

T h is step  has th e  re su lt  th a t  th e  re a c tio n  ra te  depends on th e  p H ; th is  
p o in t w ill be re tu rn e d  to  la te r .

A ccord ing  to  o u r a ssu m p tio n , th e  ra te -d e te rm in in g  step  of th e  ch ro - 
m iu m (III)-E D T A  re a c tio n  is th e  e n try  of th e  E D T A  in to  th e  in n e r sp h e re :

C r(H 20 ) eH Y  C r(H 20 ) 5H Y + H 20  C r(H ,0 )H Y  +  4 H „0  (12a)
К  C[ c

or

Cr (O H ) (H „ 0 )5 I I ,Y  — C r ( 0 H ) ( H 20 ) 4H 2Y  +
К  C' (12b)

+  H 20  C r(H 20 )H Y  +  4 H 20
c
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Since th e se  reac tio n  p a th s  likew ise c a n n o t be d isting u ish ed  th e  reac tio n  
is w r it te n  in  th e  follow ing general fo rm :

к fast
B' c c (13)

w here  C is th e  che la ted  in n e r sphere  com plex . In  th e  c h ro m iu m (III)-E D T A  
com plex  th e  E D T A  acts  as a p e n ta d e n ta te  ligand .

T h e  reac tio n  ra te  is given in th is  case b y  d ifferen tia l e q u a tio n  (4) w hich 
fo rm a lly  co rresponds w ith  th e  H amm e q u a tio n  and  since th e  b o u n d a ry  cond i
tio n  is th e  sam e (C =  0 a t  tim e  t =  0) i ts  so lu tio n  is also id e n tic a l.

O n th e  basis  of th e  m easu red  d a ta  H amm dete rm in ed  fro m  E q . (8) th e  
tru e  r a te  c o n s ta n t к and  th e  e q u ilib riu m  c o n s ta n t К  a t  31.0 °C; how ever, 
th is  ca lcu la tio n  can only be  accep ted  w ith  reserv a tio n . I t  is q u es tio n ab le  
w h e th e r , in  th e  lig h t o f th e  o rd er o f  m a g n itu d e  of th e  m easu red  d a ta ,  i t  is 
th e o re tic a lly  co rrec t to  ca lcu la te  th e  eq u ilib riu m  c o n s ta n t fro m  th e  k inetic  
d a ta .

E q . (8) m ay  be solved fo r К  w ith  th e  use o f tw o va lu es  e ach  o f k '  and  
[H  + ] to  give an  expression :

К  =  (* i[H  Ч г - ^ [ Н + ]2) (14)
К 2

Since th e  e rro r in th e  d e te rm in a tio n  o f  k '  is fa irly  large th e  s c a t te r  o f th e  
p k '  v a lu es  in  o u r m easu rem en ts  w as ^ 0 .0 9 ;  if  we suppose a s c a t te r  o f  only 
10%  in  k '  th e  d ifference in  th e  sm all v a lu es  m ay  easily be n e g a tiv e . I n  view  
of th e  fa c t t h a t  К  is ca lcu la ted  from  th e  q u o tie n t of th e  d iffe ren ces, a sc a tte r  
w ith in  th e  m easu rem en t e rro r can  also g ive a neg a tiv e  va lu e  o f K .

N e ith e r  does a g raph ica l e v a lu a tio n  o f  th e  resu lts  lead  to  th e  d es ired  end. 
I f  E q . (8) is rea rran g ed , we o b ta in

1

k ' k K
[H  + ]

1

к
(15)

in w h ich  th e  rec ip rocal o f th e  a p p a re n t r a te  c o n s ta n t is a lin ea r  fu n c tio n  o f th e  
h y d ro g en  io n  co n cen tra tio n . I f  th e  m easu red  к ' ,  [H  + ] pairs a re  p lo t te d  an d  th e  
s tra ig h t  line is d raw n , th e  in te rc e p t w ill b e  1 /к  and  th e  slope 1 /k K .  H ow ever, 
th is  so lu tio n  h as  th e  sam e u n c e r ta in ty  as th e  ab ove-m en tioned  ca lcu la tio n .

Interpretation o f the pH effect

A ccord ing  to  F ig . 2, th e  d ependence  o f  th e  p/£< on th e  h y d ro g e n  ion  con
c e n tra tio n  o n ly  ap p ro x im ates  lin e a r ity  o v er a narrow  pH  ran g e .

T h e  in te rp re ta tio n  of th e  p H  effect is a v e ry  com plex p ro b le m . A t low 
p H  th e  p o ss ib ility  o f in v es tig a tio n  is re s tr ic te d  b y  th e  v e ry  l im ite d  so lu b ility
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of E D T A . A t h igh  p H , on th e  o th e r  h an d , m e ta s ta b le  h y d ro x o c h ro m iu m (III)  
co m p lex es are  fo rm ed  w h ich  re a d ily  p re c ip ita te  ab o v e  p H  5.

I t  m a y  be p re su m ed  t h a t  th e  lin ear d ep en d en ce  is th e  re s u lta n t  o f  a 
n u m b e r  o f  effects. I n  o rd e r to  exp la in  th ese , th e  sy s te m  m u st be ex am in ed  
m ore  closely .

T h e  re a c ta n ts  m a y  be  in  v a rio u s  h y d ro ly zed  o r ion ic  form s in  th e  so lu tio n  
d e p e n d in g  u p o n  th e  p H . W ith  increasing  p H  th e  c h ro m iu m (II I )  form s h y d ro x o  
co m p lex es ; th e  h e x a q u o c h ro m iu m (III)  ion is in  eq u ilib r iu m  w ith  th ese :

[C r(H 20 ) 6] 3 + —  [C r(0 H )(H 20 ) 5]2+ —  [C r(0 H 2)(H 20 ) 4] +

I I I  I I I
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F ig . 3 . M o le  f r a c t io n s  o f  th e  e h r o m iu m ( I I I )  io n ic  sp e c ie s  a s  a  f u n c t io n  o f  p H . 1. [C r (H 20 ) lj] :! + ; 
2 . [ C r (O H ) (H 20 )5]2 + ; 3. [ C r ( 0 H 2) ( H 20 ) 4]+

T h e  equ ilib rium  c o n s ta n t o f process I  ^  I I  is 10-4 , and  th a t  of I I  ^  I I I  
is 1 0 - 6 . T h e  v a r ia tio n  o f  th e  m ole frac tions o f th e s e  ionic species w ith  p H  is 
sh o w n  in  F ig . 3.

E D T A  is p re se n t in  th e  so lu tio n  in  seven  d iffe re n t ionized form s d e p e n d 
in g  u p o n  th e  p H :

H 6Y 2 + , H 3Y  + , h 4y , h 3y - ,  h 2y 2- ,  H Y 3“ , y 4-

T h e  co rresp o n d in g  e q u ilib riu m  co n stan ts  are  [5, 8 ]:

K t =  1 .2X 10“ 1 J C ,=  2 . 4 x l 0 - 2 K 3 =  l .O x lO “ 2
K 4 =  2.1 X 10~3 K s =  6.9 x l 0 " 7 K 6 =  5.5 X 10-11

T h e  m ole  frac tio n  o f th e  ion ic  species is show n in  F ig . 4.

Acta Chim. (Budapest) 70, 1971



C ÉH EK , B EC K : CHROM IUM (III) A N D  ET H Y L E N  ED IAM INETETRAACETIC A CID, 243

H ence th e re  is th e  p o ss ib ility  o f  21 re a c tio n  p a th s  b e tw een  th e  h y d ro 
ly zed  an d  d issoc ia ted  re a c ta n ts  o v e r  th e  w hole p H  range ; a t  each  p H  n a tu ra lly  
o n ly  a few of th e se  p la y  an im p o r ta n t  ro le a n d  m ake p e rcep tib le  c o n tr ib u tio n s  
to  th e  conversion .

/ 'ig .  4 . M ole f r a c t io n s  o f  E D T A  io n ic  sp e c ie s  a s  a  f u n c t io n  o f  p H . 1. H CY 2 + ; 2. H .Y  + ; 3. H 4Y ;
4. H 3Y - ;  5. H ,Y 2 + ; 6 . H Y 3~

In  T ab le  I  th e  possible c o m b in a tio n s  can  be seen b y  w h ich  th e  th ree  
c h ro m iu m (III)  a n d  th e  seven E D T A  species can  form  an o u te r-sp h e re  ty p e  
com plex . T he fig u res  refer to  how  m a n y  p ro to n s th e re  a re  a lto g e th e r 
in  th e  o u te r-sp h ere  com plexes fo rm e d  from  th e  species in th e  re sp e c tiv e  h o ri
z o n ta l an d  v e rtic a l row s. The p resen ce  o f  a h y d ro x o  group is re g a rd e d  as eq u iv 
a le n t to  th e  loss o f  one p ro ton .

Table 1

H eY*+ h 5y + H«Y H ,Y - H ,Y * + H Y > - Y « -

[C r(H 20 )6]3 + 6 5 4 3 2 l 0
[C r ( 0 H ) ( H 20 ) 6] ,+ 5 4 3 2 1 0 -1
[С г (О Н 2) (Н гО)4] + 4 3 2 1 0 - l - 2

T h e fo rm a tio n  o f some o f th e  possib le  21 ty p es, a lth o u g h  fav o u red  
e le c tro s ta tic a lly  (e.g. C r3+ -)- Y 4~ ), need  n o t  be  ta k e n  in to  c o n s id e ra tio n  be
cau se  th e  co m p o n en ts  are p re se n t in  d iffe ren t p H  regions: C r(H 20 ) j + is p re 
se n t in  in s ig n ifican t c o n cen tra tio n  ab o v e  p H  5, an d  th e  Y 4 ~ likew ise  below  
p H  7. T he re a c tio n  o f ce rta in  ty p e s  (e.g. C r(H 2Oe)3+ -}- H 0Y 2+) is im p ro b ab le  
p u re ly  from  e le c tro s ta tic  reasons.

I t  can be seen in T able I  t h a t  th e  e x te n t  o f p ro to n a tio n  o f  m a n y  com 

Acta Chim. ( Budapest) 70, 1971



2 4 4 C É H E K , BECK: CH RO M IU M (III) AND ETH Y LE N ED IA M IN ET ETR A A C ETIC  ACID, I

p lexes is  th e  sam e; a lth o u g h  th e re  a re  n ine d iffe re n t ionic species in  th e  p H  
ran g e  u se d  (p H  3 .3 —4.7) o n ly  o u te r-sphere  com plexes w ith  3, 2 or 1 p ro to n  
need  h e  considered . F ro m  a  k in e tic  an d  eq u ilib riu m  v iew p o in t th e  id e n tic a lly  
p ro to n a te d  ionic species (e.g. C rH 3Y , C r(O H )H 4Y  a n d  Cr(O H 2)H 5Y ) are  in 
d is tin g u ish a b le . F o r th e  m ole frac tio n s of th e se  ion s we have th e  fo llow ing 
exp ressio n s:

a C rH 3Y —  ̂ 3 1
[Н /Ч 5
E - E '

a C r(O H )H 4Y — К 32
[H  + ]5
E  ■ S '

w here

a C r(H 0 2)H 5Y — K*XYq [H + ]5
E - E '

E  =  [H + ]2 +  I(Cr[ H + ] + K ? K ?

E '  =  [H + ]6 +  К ?  [H + ]5-(- [ H + ]4+ A7K.//-C J  [H +]:i +

+  К ? К ? К ? К ? [  H ]2+  К ? К ? К % К ? К ? [  H +] +

+  К Г Ю ' К ^ К Г К У К ^ -

D u e  to  th e  in d is tin g u ish a b ility  o f th e  th re e  io n ic  species, th e  m ole f ra c 
tio n  o f  t r ip ro to n a te d  ions m a y  he w ritte n  sim p ly  as

*3 — a CrH 3Y Y * C r(O H )H 4 Y  +  a Cr(OH2)H5Y КГ [H ]'
E  ■ E '

S im ila rly  th e  m ole fra c tio n s  of th e  di- and  m o n o p ro to n a te d  com plexes
are:

z ,  =  к:

к *

[Н + 14

Е  ■ Е '  

[Н +] 3 
Е  ■ Е '

S ince eq u ilib riu m  d a ta  fo r  th e  ou te r-sp h ere  com plexes, K*.  K*2 an d  К *, 
are  u n k n o w n , x 1, а 2 an d  х з c a n n o t be ca lcu la ted . T h e  so lu tion  o f th e  p ro b lem  
becom es a  l i t t le  n ea re r i f  th e  v a lu es  of

[H + ]5 [H + ]1 [H + ]3
E  E '  2Y 2 ,; ’ ~E ■ E '

are  c a lc u la te d  a t  d iffe ren t p H ’s, an d  th e ir  lo g a rith m s  p lo tte d  as a fu n c tio n  of 
th e  p H  (F ig . 5). T he p o sitio n s  o f  th e  m ax im a  are  in d e p e n d e n t of th e  u n k n o w n  
c o n s ta n ts ;  on ly  th e ir  m a g n itu d e  depends on th e m .
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W ith  re g a rd  to  these  co n sid e ra tio n s , th e  pH  dependence o f  th e  chro- 
m iu m (III)-E D T A  reac tio n  ra te  ap p ea rs  in  a d iffe ren t ligh t. A cco rd in g  to  
H a m m , th e  re a c tio n  ra te  be tw een  p H  1.65 a n d  4 .45 is inversely  p ro p o r tio n a l 
to  th e  h y d ro g en  ion  co n cen tra tio n  an d  i ts  p H  d ep en d en ce  is a t t r ib u ta b le  solely

F ig . 5. D is t r ib u t io n  o f  o u te r -s p h e re  c o m p le x e s  a s  a  f u n c t io n  o f  p H .  1. T r ip r o to n a te d  o u te r  
sp h e re  c o m p le x ; 2. d ip ro to n a te d  o u te r - s p h e re  c o m p le x ;  3. m o n o p ro to n a te d  o u te r - s p h e r e

complex

to  th e  d issoc ia tion  equ ilib rium  В  ^  B '  -f- H +. I t  has been  seen t h a t  th e  re a c 
tio n  m echan ism  is m uch  m ore in v o lv ed  th a n  p resu p p o sed ; th e  s ta te  o f  p ro to 
n a tio n  of th e  o u te r-sp h e re  com plexes fo rm ed  in  th e  p re -eq u ilib riu m  d ep en d s  
on  th e  pH . I t  is h ig h ly  p robab le  t h a t  th e  o u te r-sp h e re  com plexes w ith  v a rio u s  
degrees o f p ro to n a tio n  becom e in n e r-sp h e re  com plexes a t d iffe re n t ra te s . 
T h e  reac tio n  o f  th e  tr ip ro to n a te d  C rH 3Y  ty p e  com plexes is co n sid e rab ly  slow er 
th a n  th a t  o f th e  d ip ro to n a te d  isom eric  com plexes p re sen t in g re a te r  co n cen 
tra tio n  a t  h ig h e r p H ; the  m o n o p ro to n a te d  C rH Y  ty p e  isom ers re a c t  m ore 
ra p id ly  th a n  th e se . Such an e x p la n a tio n  o f  th e  p H  effect m akes i t  m o re  easy  
to  u n d e rs ta n d  t h a t  th e  dependence  o f th e  re a c tio n  ra te  on th e  h y d ro g e n  ion 
co n cen tra tio n  is lin e a r  in only a n a rro w  ra n g e  o f  p H . I t  m ay be su p p o sed  th a t  
w ith  decreasing  p ro to n a tio n  th e  r a te  does n o t in crease  linearly .

W e shall i l lu s tra te  th e  e s ta b lish m e n t o f th e  p robab le  re a c tio n  p a th  b y  
an  exam ple w ith  th e  aid of F ig . 6 w hich  su m m arizes  the  re la tio n s  a lread y  
described .

I f  th e  e s ta b lish m e n t of th e  p ro b ab le  re a c tio n  p a th  a t  pH  3.3 is req u ired , 
i t  can  be seen from  Fig. 6a th a t  a t th is  p H  th e  h e x a q u o c h ro m iu m (III)  ion 
and  th e  h y d ro x o p e n ta q u o c h ro m iu m (III)  ion  a re  p resen t in co n sid e rab le  
am o u n ts  w hile th e  m ole frac tio n  o f th e  d ih y d ro x o te tra q u o c h ro m iu m (II I )  ion 
m ay  be n eg lec ted . F ig . 6b show s th a t  a t  p H  3.3 th e  mole frac tio n  o f  th e  d i
p ro to n a te d  C rH 2Y  ty p e  com plexes is n e a r  to  th e  m ax im um . F ro m  F ig . 6c it
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m a y  b e  o b se rv ed  th a t  th e  re a c tio n  o f  th e  d ip ro to n a te d  com plexes m ay  be  
rea lized  th ro u g h  th e  C r3+— H 2Y 2 - ,  C r(O H )2+— H :iY  and C r(O H )2+— H 4Y 
ro u te s .

b j

H 6 Y 2- н5г HAY H 3 Y -

I

H 2 Y2 “ ' H Y 3' r » ‘ -

C r 3 , 6 5 А 3 2 1

-

0

С г ( О Н ) 2 ' 5 А 3 2 1 0 - 1

С г ( О Н ) 2 ‘ А 3 2 1 0 - 1 - 2

c)
F ig . 6. E v a lu a t io n  o f  t h e  p ro b a b le  re a c tio n  p a th
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INVESTIGATION OF THE REACTION OF CHROMIUM(III) 
AND ETHYLENEDIAMINETETRAACETIC ACID, II

J. GÉHER-Gl ÜCKLICH and M. T. B e c k

(R esea rch  In s ti tu te  o f  L ea th er  In d u s tr y , B u d a p e s t  ; I n s t i tu te  o f  P h ys ic a l C h em istry , D ebrecen  10 ,
H u n g a r y )

R e c e iv e d  J u l y  1 5 , 1970

T h e  r e a c t io n  b e tw e e n  b in u c le a r  c h r o m iu m ( I I I )  c o m p le x es  a n d  E D T A  h a s  b e en  
e x a m in e d  b y  a  s p e c tro p h o to m e tr ic  m e th o d .  I t  w as fo u n d  t h a t  th e  h y d ro ly s is  o c c u r r in g  
in  d ilu te  a q u e o u s  so lu tio n s  o f  c h r o m iu m ( I I I )  p e r c h lo ra te ,  th e  fo rm a t io n  o f  b i-  a n d  
p o ly n u c le a r  c o m p le x e s , a n d  t h e i r  d e c o m p o s i t io n  w i th  a c id  m a y  b e  fo llo w e d  b y  th e  
c h a n g e  in  r a t e  o f  th e  c h ro m iu m ( I I I ) -E D T A  r e a c t io n .  W ith  th is  m e th o d  o f  m e a s u r e 
m e n t  a  n e w  p o s s ib i l i ty  is o p e n e d  fo r  th e  in v e s t ig a t io n  o f  th e  b e h a v io u r  o f  p o ly n u c le a r  
c o m p le x es .

T h e  r e a c t io n s  o f  m o n o - a n d  b in u c le a r  c o m p le x e s  w ith  E D T A  h a v e  b e e n  c o m 
p a re d ;  i t  w a s  fo u n d  t h a t  th e  b in u c le a r  c o m p le x  r e a c ts  v e ry  m u c h  m o re  s lo w ly , a n d  th e  
p H  d e p e n d e n c e  o f  th e  re a c tio n  r a te ,  e sp e c ia l ly  a t  h ig h e r  ex cesses o f  E D T A , is  m u c h  
sm a lle r  t h a n  t h a t  o f  th e  m o n o n u c le a r  c o m p le x .

In tro d u c tio n

In  boiled  o r aged  so lu tions o f  c h ro m iu m (II I )  sa lts  p o lynuc lear h y d ro ly s is  
p ro d u c ts  are  p re s e n t;  these  re a c t v e ry  slow ly w ith  acid , an d  rem ain  u n c h an g ed  
fo r a long tim e  ev en  in  stro n g ly  acid ic so lu tio n s . T h is w as f irs t  n o te d  by  
B j e r r u m  d u rin g  a s tu d y  of th e  fo rm a tio n  o f  h e x a q u o c h ro m iu m (III)  ch lo ride  
from  d ic h lo ro te tra q u o c h ro m iu m (III)  ch lo rid e  [1— 3].

T he possib le  s tru c tu re s  o f c h ro m iu m (II I )  com pounds w ith  tw o  o r m ore 
nuclei have b een  d e a lt  w ith  b y  m a n y  a u th o rs . In  1931 S t i a s n y  su m m arized  
th e  changes o ccu rrin g  during  th e  bo iling  o f  c h ro m iu m (III)  su lfa te  a n d  ch lo rid e  
so lu tions [4]. H e  assum ed  th a t  d u rin g  th e  bo iling  b in u c lear com plexes w ith  
tw o b ridg ing  h y d ro x o  groups a re  fo rm ed ; as a  re su lt of co n tin u ed  b o ilin g  th e  
h y d ro x o  b rid g es a re  tran sfo rm ed  in to  oxo b rid g es. A re -ex am in a tio n  o f  th is  
p roposed  sim ple p ic tu re  only fo llow ed a b o u t tw e n ty  years  la te r  w hen  H a l l  an d  
E y r i n g  t i t r a te d  c h ro m iu m (III)  sa lts  w ith  h ex am m o n iu m  h e p ta m o ly b d a te ;  
i t  follow ed fro m  th e  am o u n t o f  m o ly b d e n u m  consum ed  p er ch ro m iu m  a to m  
th a t  m an y  ty p e s  o f  bi- or p o ly n u c lea r com plexes m u s t be p resen t to g e th e r  in 
th e  so lu tion  [5].

L a s w i c k  a n d  P l a n e  [6] s e p a ra te d  th re e  m ain  com ponen ts from  a  boiled 
ch ro m iu m (III)  p e rc h lo ra te  so lu tio n  b y  io n -ex ch an g e  c h ro m a to g rap h y :

1. th e  u n c h a n g e d  h e x a q u o c h ro m iu m (III)  ion,
2. a p o ly n u c le a r  b lu ish -g reen  p ro d u c t w hich  was form ed ra p id ly  on 

boiling ; its a m o u n t d id  no t change a f te r  a few  m inu tes,
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3. a  p o ly n u c lear g reen  p ro d u c t w hich  w as form ed m uch m ore slow ly 
th a n  th e  fo rm er.

A r d o n  and  P la n e  [7] estab lish ed  t h a t  a b in u c lea r  com plex  is fo rm ed  
fro m  c h ro m iu m (II)  b y  2 -e lec tro n  oxidizing a g e n ts ; th is  is a hom ogeneous s u b 
s ta n c e  acco rd ing  to  c h ro m a to g rap h ic  s tu d y , a n d  corresponds to  f ra c tio n  2 
o b ta in e d  from  a boiled  so lu tio n  as in  R ef. [6].

I t  h a s  been  estab lish ed  b y  an  io n -ex ch an g e  m e th o d  th a t  th e  su b s ta n c e  
o b ta in e d  b y  th e  o x id a tio n  o f th e  ch ro m iu m (II)  s a lt is a b in u c lea r co m p lex ; 
b e a r in g  in  m ind  th a t  th e  ch a rg e  p e r ch ro m iu m  a to m  is 2, tw o ty p es  o f s tru c tu re  
a re  p o ss ib le :

I  [ ( H 20 ) 5C r— O —C r ( H 20 ) 5] ä+

I I .

H
О

(Н 20 )4С /  ; c r ( H 20 ) 4
4 о /

II

K o laczkow ski a n d  P la n e  [8] e s ta b lish e d  b y  exchange s tu d ies  u sing  
H 2180  t h a t  th e  s tru c tu re  o f th e  b in u c lea r co m p lex  p re se n t in  th e  so lu tio n  
c o rre sp o n d s  to  th e  second fo rm u la . F o r th e  tim e  being  i t  rem ains an  open 
q u e s tio n  w h e th e r th e  reaso n  fo r  th is  is th e  g re a te r  th e rm o d y n am ic  s ta b il i ty  of 
th e  h y d ro x o  b ridged  com plex  or i t  has o n ly  a  k in e tic  origin.

T h e  k inetics and  m ech an ism  of th e  fo rm a tio n  and  decom position  o f  th e  
d io l b rid g e s  w ere s tu d ied  b y  G rant  and  H amm  [9 ,1 0 ] d u rin g  th e  d im eriza tio n  
re a c tio n  o f c is -h y d ro x o d io x a la to a q u o ch ro m iu m (III)  and  th e  d ecom position  
o f te trao x a la to -jiL jU -d ihydroxod ich rom ium ]!!!); th e y  found  th a t  b o th  th e  
fo rm a tio n  an d  decom position  o f th e  diol b rid g es  occur accord ing  to  a d isso c ia 
tio n  m ech am isn .

So fa r  only  th e  fo rm a tio n  and  d eco m p o sitio n  reac tions of th e  b in u c le a r  
a c id o c h ro m iu m (III)  com plexes h av e  been  e x a m in e d ; th e  question  o f h o w  th e  
b in u c le a r  h y d ro x o c h ro m iu m (III)  com plexes r e a c t  w ith  ligands h as  n o t  been  
d e a lt  w ith .

D u r in g  our e x p e rim e n ta l w ork  i t  w as o b se rv ed  th a t  th e  c h ro m iu m (III)  
p e rc h lo ra te  —  E D T A  re a c tio n  is co n sid e rab ly  slow er if  th e  c h ro m iu m (III)  
p e rc h lo ra te  so lu tion  s ta n d s  d ilu te d  for sev e ra l d a y s  before th e  s ta r t in g  o f  th e  
re a c tio n . I t  seem ed lik e ly  t h a t  in  th e  d ilu te  so lu tio n  th e  c h ro m iu m (III)  p e r 
c h lo ra te  h y d ro lyses an d  th e  h y d ro x o  com plexes give rise to  b in u c lear com plexes 
on a g e in g . T hese re a c t m ore  slow ly n o t o n ly  w ith  acids b u t  also w ith  E D T A . 
T o c le a r  u p  th is  ph en o m en o n  we have  ex am in ed  how  m uch th e  re a c tio n  slow s 
dow n a s  a re su lt o f th e  h y d ro ly sis , an d  w h e th e r  th e  slow ing-dow n m a y  also 
be o b se rv e d  w hen th e  d ilu tio n  is n o t acco m p an ied  b y  a change in  p H . A  b i
n u c le a r  com plex  w as p re p a re d  an d  th e  ra te s  o f  re a c tio n  of th e  m ono- a n d  b i
n u c le a r  com plexes w ith  E D T A  w ere co m p ared . F in a lly  th e  E D T A  re a c tio n
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w as followed d u rin g  th e  decom position  o f th e  b in u c lea r  com plex  to  prove 
w h e th e r th e  decom p o sitio n  reac tio n  is a cco m p an ied  b y  an  in crease  in th e  ra te  
o f  th e  ch ro m iu m (III)-E D T A  reac tio n .

E xperim en ta l

T h e  c h r o m iu m ( I I I ) - E D T A  c o m p le x  h a s  a  s h a rp  a b s o rb a n c e  m a x im u m  a t  545 n m ; 
a s  th e  o th e r  c o m p o n e n ts  o f  th e  s y s te m  do  n o t  a b s o rb  a t  th is  w a v e le n g th ,  th e  r e a c tio n  m a y  be  
fo llo w ed  s p e c tro p h o to m e tr ic a lly .  T h e  m e a s u re m e n ts  w e re  m a d e  w ith  a  Z eiss V S U  1 sp e c tro 
p h o to m e te r ;  th e  e x t in c t io n s  o f  so lu tio n s  w e re  m e a s u re d  in  1 c m  g la s s  cells.

T h e  m e a s u re m e n t  c o n d it io n s  w ere  d e sc r ib e d  in  d e ta i l  in  th e  f i r s t  p a p e r  o f  th is  se ries  [11]. 
T h e  re a c tio n  r a te  w a s  d e te rm in e d  a t  25 .0  +  0.1  °C  (H ö p p le r  u l t r a th e r m o s ta t ) .  T h e  p H  o f 
r e a c tio n  m ix tu re s  w a s  m e a s u re d  w ith  a  R a d io m e te r  P H M  4 d  p H - m e te r ,  u s in g  a  g la s s— c a lo m el 
e le c tro d e  p a ir .

T h e  a p p a r e n t  r a t e  c o n s ta n t  o f  th e  r e a c tio n s  w a s  c a lc u la te d  b y  th e  m e th o d  u se d  a lso  
b y  H a m m  [12]. T h is  c a lc u la t io n  w a s  c o n s id e re d  in  d e ta i l  in  R e f. [1 1 ]. a n d  o n ly  th e  e x p ress io n  
se rv in g  as th e  b a s is  o f  t h e  c a lc u la tio n s  is  g iv e n  h e re :

W  1 g ( E „ - : E , 2) - l g
to ---1\

w h e re  Е м is th e  e x t in c t io n  m e a s u re d  fo r  th e  e q u il ib r iu m  so lu t io n ,  a n d  , a n d  a re  th e  
e x tin c tio n s  m e a su re d  a t  t im e s  t, a n d  i2 a f te r  th e  b e g in n in g  o f  th e  r e a c tio n .

C h e m ic a ls

T h e  h o m o g e n e o u s , b in u c le a r  c o m p le x  c o n ta in in g  tw o  d io l b r id g e s  w a s  p re p a re d  as 
in  R e f . [6 ]: c h r o m iu m ( I I I )  p e rc h lo ra te  w a s  re d u c e d  e le c t ro ly tic a l ly  a n d  th e  c h ro m iu m (II )  
p e rc h lo ra te  fo rm e d  o x id iz e d  w i th  a tm o s p h e r ic  o x y g e n . T h e  c h ro m iu m  c o n te n t  o f  th e  r e s u l t 
in g  s o lu tio n  w a s  0 .025  M .

0 .025 M  c h r o m iu m ( I l l )  p e rc h lo ra te  w a s  u se d  a s  a  c o m p a r is o n  s o lu t io n :  th is  w as m a d e  
b y  th e  re d u c t io n  o f  c h ro m iu m (V I)  o x id e  w i th  h y d ro g e n  p e ro x id e  [1 1 ].

A  0.125 M  s o lu t io n  o f  E D T A -d iso d iu m  s a l t  w a s  u se d .
T h e  c o n s ta n t  io n ic  s t r e n g th  w as a d ju s te d  w i th  2.5 M  so d iu m  p e r c h lo r a te :  th is  so lu tio n  

w as p r e p a re d  b y  th e  n e u tr a l i z a t io n  o f  p e rc h lo r ic  ac id .
T h e  p H  w a s a d ju s te d  w ith  0.1 M  s o d iu m  h y d ro x id e  so lu tio n .

E xperim en ta l resu lts

T he effect o f th e  ageing of th e  c h ro m iu m (III)  p e rc h lo ra te  so lu tion  on th e  
ra te  o f the  c h ro m iu m (III)-E D T A  re a c tio n  w as s tu d ie d  in  a so lu tion  w ith  a 
Cr : E D T A  ra tio  o f 1 : 10. T he c o n cen tra tio n  o f  c h ro m iu m (III)  w as 2.5 x l 0 ~ 3 
M , th e  ionic s tre n g th  w as 1.0 (w ith  sod ium  p e rch lo ra te ) an d  th e  p H  w as a d 
ju s te d  to  4 .0— 4.1 w ith  sodium  h y d ro x id e .

T he reac tio n  w as so a rran g ed  th a t  in  one h a lf  of a tw o -co m p artm en t 
reac tio n  vessel, th e  c h ro m iu m (III)  p e rch lo ra te  so lu tio n , th e  so d iu m  perch lo ra te  
so lu tion  and  th e  a m o u n t of w a te r  req u ired  to  m ak e  up  th e  f in a l vo lum e w ere 
allow ed to  s ta n d  b efo re  th e  beg inn ing  of th e  re a c tio n . A fter som e hou rs  or som e 
d ay s th e  c h ro m iu m (III)-E D T A  reac tio n  is p rog ressive ly  slow ed dow n. The 
n eg a tiv e  lo g a rith m s o f th e  a p p a re n t ra te  c o n s ta n ts  (p ^ ) ca lc u la ted  from  the 
m easu rem en ts  a re  show n in Fig. 1 as a fu n c tio n  o f th e  s ta n d in g  p erio d . A ccord-
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in g  to  th e  g raph , a f te r  s ta n d in g  fo r  72 h ours th e  c h ro m iu m (III)  p e rc h lo ra te  
re a c ts  w ith  th e  E D T A  as slow ly  as does an  equal c o n c e n tra tio n  of th e  b in u c le a r  
c h ro m iu m (I I I )  com plex a t  th e  sam e p H .

hours
F ig . 1. E f f e c t  o f  th e  a g e in g  o f  c h r o m iu m ( I I I )  p e rc h lo ra te  s o lu t io n  o n  th e  r a te  o f  th e  c h ro -  

m iu m ( I I I ) - E D T A  r e a c t io n ;  О  b in u c le a r  c o m p le x

T h e  p H  of th e  2.5 X Ю -2  M  ch ro m iu m (III)  p e rc h lo ra te  so lu tio n  w as 2 .0 . 
A fte r  a 7— 8-fold d ilu tio n  as in  th e  above ex p erim en t, th e  p H  becam e  3.77. 
In  o rd e r  to  d em o n stra te  th e  e ffec t of th e  change of p H , th e  reac tio n  w ith  ED TA  
o f a so lu tio n  d ilu ted  w ith  w a te r  w as com pared  w ith  t h a t  o f  a so lu tio n  d ilu te d  
w ith  0 .01  M  perchloric ac id .

T h e  ex perim en ts w ere c a rr ie d  o u t w ith  a 1 Cr : 5 E D T A  ra tio  a n d  an  
ion ic  s t r e n g th  of 1.0. T he p H  o f  th e  so lu tio n  d ilu ted  w ith  w a te r  w as 3.77 an d  
t h a t  o f  th e  ac id -d ilu ted  so lu tio n  2 .37 . T he p H  of b o th  so lu tions w as a d ju s te d  
to  4 .4  w ith  sodium  h y d ro x id e  b e fo re  th e  beg inn ing  o f  th e  c h ro m iu m (III)-E D T A

F ig . 2 . E f f e c t  o f  th e  p H  o f  t h e  d i l u t e d  s o lu t io n  o n  th e  r a te  o f  th e  c h r o m iu m ( I I I ) - E D T A
re a c t io n

I m m e d ia t e ly :  1. d ilu t io n  w ith  p e r c h lo r ic  a c id ;  2. d i lu t io n  w ith  w a te r .  A f te r  2 d a y s  o f  s t a n d in g :  
3. d ilu t io n  w ith  p e r c h lo r ic  a c id :  4. d i lu t io n  w i th  w a te r
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re a c tio n . F ig . 2 show s th e  tim e  vs. e x tin c tio n  g ra p h s  fo r b o th  ty p es  o f so lu tio n  
m easu red  im m e d ia te ly  a fte r  d ilu tio n  an d  a f te r  s ta n d in g  for 2 days. W h ile  
th e  m easured  d a ta  a re  in  ag reem en t in  th e  fre sh ly  p rep a red  so lu tions, th e  
tw o  curves for th e  so lu tions w hich  stood  fo r 2 d ay s  d iffer m ark ed ly  fro m  
e ach  o ther. T he re a c tio n  w ith  E D T A  o f th e  w a te r -d ilu te d  so lu tion  is m u ch  
slow er th a n  th a t  o f  th e  ac id -d ilu ted  so lu tion .

PH

F ig . 3. p^, as a  f u n c t io n  o f  th e  p H  (1 c h ro m iu m  : 5 E D T A ) ;  1. m o n o n u c le a r  c o m p le x ; 2. b i-
n u c le a r  c o m p le x

PH

F ig . 4 . p^, as a f u n c t io n  o f  th e  p H  (1 c h ro m iu m  : 15 E D T A )  1. m o n o n u c le a r  c o m p le x ; 2. b i
n u c le a r  c  im p le x

N ext th e  p H  dependence  o f  th e  c h ro m iu m (III)-E D T A  reac tio n  r a te  
w as s tud ied  in  a so lu tio n  o f th e  p u re  b in u c lea r co m p lex  w ith  Cr : E D T A  ra tio s  
o f 1 : 5, 1 : 10 an d  1 : 15. Solu tions w ith  Cr ; E D T A  ra tio s  of 1 : 5 and  1 : 15 
c o n ta in in g  m o n o n u c lea r com plexes w ere also s tu d ie d . T h e  pfc' va lues fo u n d  in  
th e  1 Cr : 5 E D T A  an d  1 Cr : 15 E D T A  so lu tions are  p lo tte d  in Figs 3 a n d  4 
as a function  o f  th e  p H . In  th e  1 Cr : 5 E D T A  so lu tions th e  tw o cu rv es  
ru n  a lm ost p a ra lle l; th e  m ononuclear com plex  re a c ts  w ith  E D T A  a b o u t
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te n  t im e s  fa s te r  th a n  th e  b in u c lea r co m p lex . T h e  d ifference is even  g re a te r  in  
th e  1 C r : 15 E D T A  so lu tio n s; in  th is  case  th e  p H  increase scarce ly  affec ts  th e  
r a te  o f  th e  b in u c lear com plex  —  E D T A  re a c tio n , w hile th e  r a te  w ith  th e  m o 
n o n u c le a r  com plex ra p id ly  increases w ith  increasin g  p H .

days

F ig .  5 . E f f e c t  o f  th e  d e g r a d a t io n  o f  th e  b in u c le a r  c o m p le x  o n  th e  r a te  o f  th e  c h r o m m m ( I I I ) -  
E D T A  r e a c t io n ;  О  c h r o m r a m ( I I I )  p e rc h lo ra te

F u r th e r  ex p erim en ts  w ere c a rr ie d  o u t  to  prove th a t  d eco m p o sitio n  o f  
th e  b in u c le a r  com plex w ith  ac id  acce le ra te s  th e  reac tio n  w ith  E D T A , w hich 
f in a lly  a t ta in s  th e  r a te  m easu red  in  a  ch ro m iu m (III)  p e rc h lo ra te  so lu tion .

A lth o u g h  i t  is kn o w n  from  th e  l i te r a tu r e  th a t  th e  b in u c le a r  co m p lex  is 
s ta b le  fo r  several d ay s  even  in  s tro n g  ac ids, th e  decom position  c a n n o t be 
e ffe c ted  in  v e ry  s tro n g ly  acid ic so lu tio n  b ecau se  th e  a d ju s tm e n t o f  th e  ionic 
s t r e n g th  w ould lead  to  d ifficu lties. T h e re fo re  th e  b in u c lear co m p lex  so lu tion  
c o n ta in in g  0.025 M  c h ro m iu m (III)  w as m ix ed  in  a 1 : 1 ra tio  w ith  0.5 M  p e r
ch lo ric  ac id . T he m ix tu re  w as allow ed to  s ta n d  a t  room  te m p e ra tu re  fo r 4 
w eek s, b u t  from  tim e  to  tim e  sam ples w ere  ta k e n  o u t an d  th e  re a c tio n  ra te  
w as m easu red  in  a 1 Cr : 5 E D T A  so lu tio n  a t  p H  4.7— 4.8 . F ig . 5 show s 
th e  p k '  va lu es  ca lcu la ted  fro m  th e  m e a su re m e n ts , as a fu n c tio n  o f th e  decom 
p o s itio n  tim e.

T h e  resu lts  su p p o rt th e  a ssu m p tio n  th a t  th e  reac tio n  o f th e  b in u c lea r  
co m p lex  w ith  E D T A  becom es g ra d u a lly  fa s te r  as th e  d ecom position  w ith  acid 
p ro c e e d s . A fte r s ta n d in g  fo r a b o u t 4 w eeks th e  reac tio n  ra te  a t ta in s  t h a t  of th e  
c h ro m iu m (I I I )  p e rc h lo ra te  so lu tio n ; c o n seq u en tly , du ring  th is  t im e  th e  b i
n u c le a r  com plex is co m p le te ly  tra n s fo rm e d  in to  th e  m o n o n u c lea r com plex .

M an y  au th o rs  h a v e  d e a lt w ith  th e  fo rm a tio n  an d  d eco m p o sitio n  o f bi- 
a n d  p o ly n u c lea r  com plexes, b u t  u n til  n o w  i t  has n o t been o b se rv ed  th a t  th e  
b in u c le a r  h y d roxo  com plexes ex h ib it a d ec reased  ten d en cy  to  re a c t  w ith  com 
p le x -fo rm in g  com pounds such  as E D T A .

I n  th e  d ilu ted  s ta te  c h ro m iu m (II I )  p e rch lo ra te  w hich h as  b een  aged  for 
se v e ra l d ay s  reac ts  m u ch  m ore  slow ly w ith  E D T A  th a n  th e  fre sh ly  p rep a red  
so lu tio n . T his p h enom enon  led  to  th e  id e a  t h a t  th e  “ d a t io n ”  p ro cess  ta k in g  
p lace  d u rin g  s tan d in g , an d  th e  acid  d eco m p o sitio n  of th e  b i- a n d  p o ly n u c lea r  
co m p lex es  m ay  be fo llow ed b y  th e  ch an g e  in  ra te  of th e  c h ro m iu m (III)-E D T A
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re a c tio n . The e x p e c te d  processes m a y  he rep re sen ted  sch em atica lly  as follow s:

m o n o n u c lea r com plexes

acid d eco m position : j h y d ro ly s is  w ith  w a te r:
r a te  increases | ,, r a te  decreases

b in u c le a r  com plexes

In  the  e x p e rim e n ta l section  th is  concep tion  w as v e rified  by  th e  rep o rted  
re su lts . These also  su p p o rted  th e  l i te ra tu re  d a ta  acco rd in g  to  w hich  th e  aged 
or boiled  so lu tions also resist s tro n g  acids for sev e ra l d a y s : only  a fte r  a w eek 
d id  th e  reaction  r a te  o f th e  b in u c le a r  com plex  in  p e rch lo ric  acid so lu tio n  beg in  
to  increase slow ly, an d  nearly  4 w eeks w ere n ecessa ry  fo r th e  r a te  to  a t ta in  
t h a t  o f the  m o n o n u c lea r  com plex .

T he re a c tio n  o f  th e  b in u c le a r  com plex w ith  E D T A  differs also in  o th e r  
re sp ec ts  from  th o se  o f th e  m o n o n u c lea r com plexes. W hile  th e  p H  dependence  
o f th e  reaction  r a te  a t  a sligh t excess of E D T A  is s im ila r to  th a t  o f th e  m o n o 
n u c lea r com plexes, a t  a g rea te r  excess o f E D T A  th e  p H  scarcely  affects th e  
reac tio n  ra te .

I t  is v e ry  p ro b a b le  th a t  th e  b in u c lear com plexes re a c t w ith  E D T A  
accord ing  to  a m echan ism  d iffe ren t th a n  th a t  o f th e  m o n o n u clear com plexes. 
S ince th e  values o f  th e  a p p a re n t r a te  c o n s ta n t w ere ca lcu la ted  on th e  basis  of 
th e  m echanism  fo r th e  reac tio n  o f  th e  m o n o n u c lea r com plexes, th e  d a ta  shou ld  
be considered o n ly  as in d ica tiv e .

The p ro b lem s concerning b in u c le a r  com plexes a re  s till fa r  from  solved. 
T h e  w ork  co m p le ted  so fa r th ro w s lig h t on th e  fa c t  th a t  th e re  are fu n d a m e n ta l 
differences fro m  m ononuclear com plexes. F o llow ing  th e  fo rm a tio n  and  
decom position  re a c tio n s  by  th e  m e th o d  re p o rte d  in  th is  p a p e r  affords a new  
possib ility  for th e  s tu d y  of th e  b in u c le a r  com plexes an d  b rings closer th e  e lu 
c id a tio n  of th e  m ech an ism  and  k in e tic s .
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SYNTHESIS OF SOME l-ASPARTIC 
AND l-GLUTAMIC ACID DERIVATIVES

J. T o m a s z *

( R e tin a l , F a c to ry  o f  L abora tory  C h em ica ls , B u d a p e s t)

R e c e iv e d  J u ly  1, 1970

T h e  s y n th e s is  o f  a - b e n z y l  IV - t-b u ty lo x y c a rb o n y l-L -a sp a r ta te  (Via), a - t -b u ty l  
IV -t-bu t y  lo x y c a rb  о n y l - I .- a s p a r ta te  (IVa) a n d  a - t - b u ty l  IV -t-b u ty lo x y c a rb o n y l-L -g lu ta -  
m a te  (IVb) is d e sc rib e d . I n  a d d i t io n ,  s im p lif ie d  p r e p a r a t io n s  o f  a -b e n z y l  iV -t-b u ty lo x y - 
c a rb o n y l-L -g lu ta m a te  (VIb) a n d  iV -t-b u ty lo x y c a rb o n y l-L -g lu ta m in e  (VIII) a re  r e p o r te d .

a-B en zy l jV -t-b u ty lo x y carb o n y l-L -asp arta te  (V ia), a -f-b u ty l A -t-b u ty l- 
o x y carb o n y l-L -asp arta te  (IVa) an d  a -i-b u ty l iV -t-bu ty loxycarbony l-L -g lu ta- 
m a te  (IVb) w ere sy n th es ized . T hese  com pounds m a y  be  usefu l in te rm e d ia te s  
in th e  syn th esis  of o lig o p ep tid es  co n ta in in g  /З-a sp a r ty l o r y -g lu ta m y l residues, 
re sp ec tiv e ly .

In  ad d itio n , an  im p ro v e d , large-scale  p ro ced u re  w as e la b o ra te d  fo r th e  
sy n th es is  o f iV -t-bu ty loxycarbony l-L -g lu tam ine  (VIII), an d  a -b e n z y l-N-t- 
b u ty lo x y c a rb o n y l-L -g lu ta m ate  (VIb) w as p re p a re d  b y  a sim p ler m e th o d  th a n  
d esc rib ed  earlier [1].

Synthesis of « -t-h u ty l N-t-butyloxycarbonyl-L-aspartate (IV a) 
and a -t-b u ty l N -t-butyloxycarbonyl-L-glutam ate (IVb)**

IVa and IVb w ere p re p a re d  in th e  follow ing w ay :

C O O B u 1 C O O B iC
1

/  N H - C H
1

H ,/P d 1
H C 1 H 2N - C H

1HC1

(C H .,)n (C H „)n

C O O M e C O O M e
n  1
n  2 1 II

C O O B u 1 C O O B u 1

BOC N H - C H
1 N  N aO H

B O C - N H - C H

(C H ,)n (C H 2) n

C O O M e C O O H

II I IV

BOC - N ,---—--->-
p y rid in e

E t3N

* P r e s e n t  a d d re ss : I n s t i t u t e  o f  B io c h e m is try , B io lo g ic a l R e s e a rc h  C e n te r ,  H u n g a r ia n  
A c a d e m y  o f  Sc iences, S z e g ed , H u n g a r y .

** A b b re v ia t io n s  u se d  in  t h i s  p a p e r  c o n fo rm  to  th o se  r e c o m m e n d e d  b y  th e  5 th  E u ro p e a n  
P e p t id e  S y m p o s iu m  [2].
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T h e  a -i-b u ty l co-m ethyl e s te rs  o f th e  a p p ro p r ia te  IV -benzyloxycarbonyl- 
L -am in o  acids (la) an d  (lb) [3, 4 ] w ere h y d ro g e n a te d  in  a b so lu te  m e th an o l in 
th e  p re se n c e  of eq u iv a len t h y d ro g e n  chloride u s in g  10%  p a llad iu m  on charcoal 
as c a ta ly s t  to  give th e  m ix e d  e s te r  h y d roch lo rides l i a  an d  l ib .  A fte r  n e u tra liz a 
t io n  w ith  eq u iv a len t t r ie th y la m in e , Па an d  l ib  w ere a c y la te d  b y  tre a tm e n t 
w ith  i-b u ty lo x y c a rb o n y l az id e  in  p y rid ine  so lu tio n  a t  room  te m p e ra tu re  over 
a p e r io d  o f 72 hrs. to  give a - i -b u ty l  /1-m ethyl iV -i-b u ty lo x y carb o n y l-L -asp arta te  
( I l ia )  as well as a - t-b u ty l y -rn e th y l iV -t-b u ty lo x y carb o n y l-L -g lu tam ate  (Illb ). 
S e le c tiv e  hydro lysis o f I l ia  a n d  I llb  w ith  I N  sod ium  h y d ro x id e  in  acetone 
s o lu tio n  a t  room  te m p e ra tu re  g av e  th e  desired  c ry s ta llin e  IVa a n d  IVb in  overall 
y ie ld s  o f  41 .3%  an d  3 2 .8 % , re sp ec tiv e ly .

A tte m p ts  w ere m ad e  to  o b ta in  Ha an d  l ib  d ire c tly  fro m  th e  re sp ec tiv e  
co -m eth y l esters acco rd in g  to  R o e sk e ’s m e th o d  [5]. I t  w as fo u n d  th a t  
co -m eth y l esters of b o th  a s p a r t ic  an d  g lu tam ic  ac id  gave c lear so lu tions w ith  
is o b u ty le n e  in  d io x an -co n c . su lfu ric  acid m ix tu re  a f te r  a few  d a y s ’ sh ak in g  a t 
ro o m  te m p e ra tu re , b u t  c o n s id e ra b le  reac tio n  o ccu rred  on ly  in  th e  case o f  
y -m e th y l  L -g lu tam ate. H o w e v e r , fo r p re p a ra tiv e  p u rposes, th e  p ro ced u re  is 
u se less  in  th is  case, to o , s ince  th e  otherw ise low  y ie ld  w as d im in ish ed  fu r th e r  
d u r in g  th e  n eu tra liza tio n  o f  th e  reac tio n  m ix tu re , ow ing to  a cy c liza tio n  reac 
tio n  g iv in g  t-b u ty l p y ro g lu ta m a te  [6].

Synthesis of « -b en zy l N-t-butyloxyearbonyl-L-aspartate (V ia )  
and «-benzyl N -t-b u ty l oxycarbonyl-L-glutam ate (VIb)

V ia  and  VIb w ere sy n th e s iz e d  by  t r e a tm e n t  o f th e  co rresp o n d in g  a- 
b e n z y l es te rs  (Va an d  Vb [8]) w ith  t-b u ty lo x y c a rb o n y l azide in  d im e th y l form - 
a m id e  so lu tio n  in  th e  p re se n c e  o f tr ie th y la m in e  a t  ro o m  te m p e ra tu re  acco rd 
in g  to  R ef. [7]. V ia an d  VIb w’cre ob tained  as c ry s ta llin e  free acids in  yields
o f 5 1 .8 %  and 54 .8% , re sp e c tiv e ly .

C O O B Z L C O O B Z1

BOC-N,
H ,N  C H  ----------^2 , DMF, Et3N

1
B O C — N H  C H

1
(C H .)n (C H ,)»

a; n =  1
C O O H C O O H

b; n 2 V VI

VIb was accessible h i th e r to  e ith er from  Vb b y  th e  “ m ag n esiu m  oxide 
p ro c e d u re ”  in  low  y ie ld , or in d ire c tly  from  iV -i-b u ty lo x y carb o n y l L -glutam ic 
a c id  v ia  th e  selective fiss io n  o f  IV -i-bu ty loxycarbony l-L -g lu tam ic  acid  an h y d rid e  
w ith  b en zy l alcohol [1]. Va w as p rep ared  b y  th e  selec tive  d éb en zy la tio n  o f
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d ib en zy l L -a sp arta te  p - to lu e n e su lfo n a te  (VII) accord ing  to  R ef. [8 ]. T o  o b ta in  
VII, a p rocedure  w as a d a p te d  w ith  s lig h t m o d ifica tio n s  w hich h a d  b e e n  elabo
r a te d  fo r th e  sy n th esis  o f the  g lu ta m a te  an a lo g u e  [9].

Synthesis o f N -t-butyloxycarbonyl-L-glutam ine (V III)

T h e  f irs t sy n th es is  of VIII w as e la b o ra te d  by  H ofm ann  et al. [10]. 
T h e  su b stan ce  w as p re p a re d  by  th e  re a c tio n  o f  L -glutam ine w ith  t-b u ty lo x y - 
c a rb o n y l azide in  aq u eo u s d ioxan  c o n ta in in g  eq u iv a len t t r ie th y la m in e  a t 
45— 50 °C, in  24 h rs . w ith  a y ield  o f  5 8 % . H ow ever, th e  u n u s u a lly  ted io u s 
an d  tim e-co n su m in g  iso la tion  p ro ced u re  (e.g. 27 ex trac tio n s d u r in g  a  single 
w o rk -u p ) due to  th e  excellen t w a te r  so lu b ility  o f  VIII, m akes la rg e -sca le  p re p 
a ra tio n s  im possib le.

Sch n a b el  sy n th es ized  th e  su b s ta n c e  w ith  th e  sam e a c y la t in g  agen t 
acco rd in g  to  his “ p H - s ta t  m e th o d ”  (aq u eo u s  d io x an , p H  =  10.3, ro o m  te m 
p e ra tu re , 24 hrs.) in  a y ie ld  of 8 2 % , b u t  h e  d id  n o t describe th e  iso la tio n  and 
p u r if ic a tio n  of th e  p ro d u c t [11].* I t  w as fo u n d  t h a t  w orking u n d e r  S c h n a b e l ’s 
co n d itio n s  b u t  a t  50 °C , th e  reac tio n  t im e  cou ld  be reduced  to  o n e  fo u r th  of 
th a t  described . [ I t  is o u r general o b se rv a tio n  th a t  w orking a t  a so m ew h at 
h ig h e r te m p e ra tu re  (50— 55 °C), b u t  o th e rw ise  u n d e r  Sc h n a b el’s co n d itio n s, 
th e  tim e  of t-b u ty lo x y c a rb o n y la tio n  is re d u c e d  ab o u t 4-fold w ith o u t  any 
ra c e m iz a tio n  of th e  am ino  acids.] O n th e  o th e r  h a n d , upon  d ec rea s in g  th e  pH , 
th e  w a te r  so lu b ility  o f  VIII is s ig n if ic a n tly  red u ced . This re n d e re d  possible 
th e  co m p le te  om ission  o f  H o fm ann ’s c o m p lic a te d  iso lation  p ro c e d u re . A fter 
th e  re a c tio n  h ad  b een  fin ished , th e  p ro d u c t  co u ld  be iso lated  from  th e  s tro n g ly  
ac id ified  (p H  ~  0.5) aqueous d io x an  m ix tu re  b y  a single e x tra c t io n  w ith  
e th y l a c e ta te . VIII w as o b ta in ed  in  a y ie ld  o f  5 9 % , as a c ry s ta llin e  dicyclo- 
h e x y la m in e  salt.

Experim ental

M e ltin g  p o in ts  a re  u n c o r re c te d  a n d  w e re  d e te r m in e d  o n  a T o tto li  a p p a r a tu s  (W . B iich i, 
F la v i l ,  S w itz e r la n d ) . A ll e v a p o ra tio n s  w e re  c a r r i e d  o u t  o n  a  r o ta r y  e v a p o ra to r  ( “ R o t a v a p o r ” , 
W . B i ic h i ,  F la v il ,  S w itz e r la n d )  a t  a b o u t  15 m m  l l g  a n d  a  b a th  te m p e ra tu r e  o f  4 0  °C . B efo re  
m ic ro a n a ly s is ,  th e  s a m p le s  w e re  d ried  in  a  v a c u u m  d e s ic c a to r  o v e r p h o s p h o ru s  p e n to x id e  
a t  ro o m  te m p e ra tu r e .  P y r id in e  w as d r ie d  b y  d is t i l l a t io n  fro m  p h o sp h o ru s  p e n to x id e  a n d  
s to re d  o v e r  c a lc iu m  h y d r id e .  D im e th y l f o rm a m id e  w a s  d is t il le d  fro m  p h o s p h o ru s  p e n to x id e  
u n d e r  r e d u c e d  p re s su re , t - b u ty lo x y c a rb o n y l  a z id e  w a s  p re p a re d  fro m  i - b u ty lo x y c a r b o n y l  
h y d ra z id e  (E G A -C h e m ie  K G .,  S te in h e im ) a c c o rd in g  to  R e f . [14]. T h in - la y e r  c h r o m a to g r a p h y  
w as p e r fo rm e d  on  silica  g e l la y e rs  (K ie se lg e l H R ,  M e rc k )  in  th e  fo llow ing  s o lv e n t  s y s te m s :

a )  c h lo ro fo rm -m e th a n o l-g la c ia l  a c e tic  a c id  (95  : 5 : 3),
b )  n -b u ta n o l—g la c ia l a c e tic  ac id —w a te r  ( 4 : 1 : 1 ) ,

* O th e r  m e th o d s  fo r  th e  p r e p a ra tio n  o f  V I I I  h a v e  b e en  d e sc rib e d  a s  w e ll. T h ese , 
h o w e v e r , d if fe r  fro m  th e  a b o v e  m e n tio n e d  o n e s  in  th e  n a tu r e  o f  th e  a c y la tin g  a g e n t s  a p p lie d :  
e.g. i - b u ty lo x y c a rb o n y l  f lu o r id e  [12] o r  i - b u ty l  2 ,4 ,5 - tr ic l ilo ro p h e n y l c a r b o n a te  [ 1 3 1 a re  
e m p lo y e d  in s te a d  o f  t h e  c o m m o n ly  u se d  i - b u ty lo x y c a r b o n y l  az id e .
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c ) e th y l  a c e ta te - p y r id in e —g la c ia l  a ce tic  a c id —w a te r  (6 0  : 5 : 1.5 : 3).
d )  n - b u ta n o l - p y r id in e —g la c ia l  a c e tic  acid—w a te r  (3 0  : 20 : 6 : 11),
e ) s - b u ta n o l - 3 %  a m m o n iu m  h y d ro x id e  (3 : 1),
f )  e th y l  a c e ta te —p y r id in e —g la c ia l  a c e tic  a c id —w a te r  (20 : 60 : 6 : 11),
g )  b e n z e n e —e th y l a c e ta te —g la c ia l  a c e tic  a c id —w a te r  (2 0  : 20 : 8 : 3),
h )  e th a n o l - w a te r  (7 : 3),
i)  c a r b o n  t e t r a c h lo r id e - e th a n o l  (4 : 1).

S p o ts  w e re  d e te c te d  b y  n in h y d r in  s p r a y  a f te r  p re h e a tin g  f o r  1 5 — 20 m in . a t  120— 130 °C [1 5 ].

a - t-B u ty l  Д- m e th y l  L -a s p a r ta te  h y d ro c h lo r id e  (H a )

l a  (1 6 8 .5  g ; 0.51 m o le )  [3 ] w a s  h y d ro g e n a te d  in  a b s o lu te  m e th a n o l (870 m l)  c o n ta in 
in g  h y d r o g e n  c h lo rid e  (18 g ; 0 .51  m o le )  in  th e  p re se n c e  o f  1 0 %  p a lla d iu m  on  c h a rc o a l  (5 g) 
c a t a l y s t  u n t i l  th e  c a rb o n  d io x id e  e v o lu t io n  ceased  ( a b o u t  1 h r ) .  T h e  c a ta ly s t  w a s  f i l t e r e d  o ff  
a n d  t h e  s o lu t io n  w as e v a p o ra te d .  T h e  re m a in in g  c ry s ta l l in e  s u b s ta n c e  w as m ix e d  w i th  a b s o lu te  
e th e r  (5 0 0  m l) ,  f i l te re d , w a sh e d  w i t h  a b so lu te  e th e r  ( 2 X 2 0 0  m l)  a n d  d ried . 96 g (7 8 % )  of 
w h i te ,  c r y s ta l l in e ,  c h ro m a to g ra p h ic a l ly  h o m o g en e o u s  m a te r ia )  (in  so lv e n ts  a ) , b )  a n d  i)) 
w as o b t a i n e d ;  m .p . 135 .5— 137 °C ; [a]f> + 7 .5 °  (c =  1 .0 , m e th a n o l) .

CqH 17N 0 4 • HC1 (239 .62). C a lcd . C 4 5 .1 1 ; H  7.15; N  5 .84 ;C 1  14 .79 . F o u n d  C 4 5 .0 2 : H  6 .9 5 ; 
N  5 .7 8 :  Cl 1 4 .6 3 % .

a - t-B u ty l  Д- m e th y l  N - t-b u ty lo x y c a rb o n y l-L -a s p a r ta te  ( I l i a )

T r ie th y la m in e  (55 .5  m l; 0 .4  m o le )  w as a d d e d  d ro p w is e  a t  0 °C to  a v ig o ro u s ly  s t i r r e d  
s o lu t io n  o f  l i a  (96  g; 0 .4  m o le )  in  p y r id in e  (620 m l). T h e n  i - b u ty lo x y c a rh o n y l  a z id e  (125  m l; 
0 .88  m o le )  w a s  a d d e d , a n d  th e  r e a c t io n  m ix tu re  w a s  s t i r r e d  a t  ro o m  te m p e ra tu r e  fo r  3 d a y s .  
T h e  p r e c i p i t a t e d  p y r id in e  h y d ro c h lo r id e  w as re m o v e d  b y  f i l t r a t i o n  a n d  w a sh e d  w i th  p y r id in e .  
T h e  c o m b in e d  f i l t r a te  a n d  w a s h in g  w a s  e v a p o ra te d . T h e  o i ly ,  re d d ish -b ro w n  re s id u e  (138  g) 
w a s  d is s o lv e d  in  e th y l  a c e ta te  (1 0 0 0  m l). T h e  e th y l  a c e t a t e  s o lu tio n  w as w a sh e d  w i th  1 0 %  
a q u e o u s  c i t r i c  ac id  (5 X 2 5 0  m l) ,  w a te r  (5 X 250  m l) , t h e n  d r ie d  (N a2S 0 4) a n d  e v a p o r a te d .

T h e  re s id u e  (119 g ; 9 8 % ) b e g a n  to  c ry s ta l 'iz e  a f te r  a  s h o r t  s ta n d in g  a t  ro o m  t e m p e r a tu r e .  
T h e  c r u d e  p r o d u c t  co u ld  b e  u se d  fo r  t h e  n e x t  s tep  w i th o u t  a n y  f u r th e r  p u r if ic a tio n . A n  a l iq u o t  
a f t e r  r e c r y s ta l l i z a t io n  f ro m  a q u e o u s  m e th a n o l w as h o m o g e n e o u s  in  so lv e n ts  a ), h )  a n d  i) a n d  
h a d  a  m .p .  o f  5 6 — 58 °C.

C14H 25N O fi (3 0 3 .3 6 ). C alcd . C 5 5 .4 4 ; H  8 .30 ; N  4 .6 1 : “ a c id o  la b ile  CO„”  [16] 14 .50 . F o u n d  
C 5 5 .3 2 :  H  8 .1 6 : N  4 .68 : “ a c id o - la b i le  CO.,”  1 4 .7 5 % .

a - t-B u ty l  N - t-b u ty lo x y c a rb o n y l-L -a s p a r ta te  (IV a )

1 N  so d iu m  h y d ro x id e  w a s  a d d e d  d ro p w ise  to  a  s o lu t io n  o f  I l i a  (119 g ; 0 .3 9  m o le )  
in  a  m i x t u r e  o f  a c e to n e  (1500  m l)  a n d  w a te r  (250 m l)  a t  ro o m  te m p e ra tu r e ,  u n d e r  s t i r r in g .  
T h e  r a t e  o f  a d d i t io n  o f a lk a li  w a s  c o n tro l le d  so as to  k e e p  t h e  p H  o f th e  so lu tio n  a t  8 .0 — 8 .5 . 
I n  t h e  c o u r s e  o f  a b o u t  2 h rs . 360 m l  1 N  so d iu m  h y d r o x id e  w a s  c o n su m ed . T h e  s o lu t io n  w a s  
e v a p o r a te d  to  a b o u t  800 m l a n d  e x t r a c t e d  w ith  e th e r  ( 3 X 2 0 0  m l) . E th e r  (500 m l) w a s  la y e re d  
a b o v e  t h e  a q u e o u s  p h a se  a n d  th e  p H  w as b ro u g h t  to  2 .5  w i t h  1 N  su lfu ric  a c id  u n d e r  ic e 
c o o lin g  a n d  s t i r r in g .  A f te r  s e p a r a t io n  o f  th e  p h a se s  t h e  a q u e o u s  la y e r  w as e x t r a c t e d  w i th  
e th e r  ( 3 X 2 0 0  m l). T h e  c o m b in e d  e th e r e a l  so lu tio n  w a s  w a s h e d  w ith  w a te r  (3 X 150 m l)  a n d  
d r ie d  ( N a 2S 0 4). T h e  so lu tio n  w a s  e v a p o r a te d  to  a s l ig h t ly  c o lo u re d  solid  w h ic h  w as  c o n ta m i 
n a te d  w i t h  a  t r a c e  o f  IV -i-b u ty lo x y c a rb o n y l-L -a sp a r t ic  a c id  ( in  so lv e n ts  a), b ) a n d  i)) . C ru d e  
y ie ld :  85 g . T h e  m a te r ia l  w a s  d is s o lv e d  in m e th a n o l (6 p a r t s )  a t  ro o m  te m p e ra tu r e .  W a te r  
w as a d d e d  to  th e  f i lte re d  s o lu t io n  u n t i l  in itia l  t u r b id i t y .  (A b o u t  tw ice  th e  v o lu m e  o f  th e  
e m p lo y e d  m e th a n o l  w as n e c e s s a ry .)  A f te r  one d a y ’s s t a n d in g  a t  ro o m  te m p e ra tu r e ,  t h e  c r y s ta l s  
w ere  f i l t e r e d ,  w a sh e d  w ith  a l i t t l e  ic e -c o ld  m e th a n o l- w a te r  ( 1 : 2 )  m ix tu re  a n d  d r ie d . A  se c o n d  
p o r t io n  c o u ld  b e  iso la te d  f ro m  t h e  m o th e r  liq u o r . T h e  c h r o m a to g ra p h ic a lly  h o m o g e n e o u s , 
w h i te ,  c r y s ta l l in e  s u b s ta n c e  w e ig h e d  61 g (5 4 .2 % ); m .p .  106 °C ; [a ]ff  3 0 .0 °  (c =  1 .0 , 
m e th a n o l ) .  T h e  o v e ra ll  y ie ld  b a s e d  o n  l a  w as 4 1 .3 % .

CI3H 93N 0 6 (2 8 9 .3 3 ). C alcd . C 5 3 .9 6 ; H  8 .36 ; N  4 .8 4 : “ a c id o - la b i le  C O ,”  [16] 15 .55 . F o u n d  
С 54Г23: H  8 .2 7 : N  4 .77 ; “ a c id o - la b i le  C O ,”  1 5 .4 7 % .

Acta C.him. (Budapest) 70, 1971



TOMASZ: L-ASPARTIC AND L-GLUTAMIC. A CID  D ERIVATIVES 259

a - t - B u ty l  y - m e th y l L -g lu ta in a te  h y d ro c h lo r id e  (H b )

10%  p a lla d iu m  o n  c h a rc o a l  c a ta ly s t  (8 g )  w a s  a d d e d  to  a so lu tio n  o f  l b  (4 5 0  g ; 1.28 
m o le )  [4 ] in  a b s o lu te  m e th a n o l  c o n ta in in g  h y d ro g e n  c h lo r id e  (4 3 .8  g ; 1.20 m o le ). T h e  su sp e n s io n  
w a s  s h a k e n  in  a  s t r e a m  o f  h y d ro g e n  u n t i l  no  m o re  c a rb o n  d io x id e  co u ld  b e  d e te c t e d  in  th e  
d e p a r t in g  g as ( a b o u t  4 h rs .) .  T h e  c a ta ly s t  w a s  f i l t e r e d  o f f  a n d  th e  so lu tio n  w a s  e v a p o r a te d .  
T h e  o ily  re s id u e  w a s  d is so lv e d  in  a b so lu te  e th e r  (2 0 0 0  m l)  a n d  th e  so lu tio n  w a s  c o o le d  fo r  a 
few  h o u rs . T h e  s e p a ra te d  c ry s ta ls  W3re  c o lle c te d , w a s h e d  w ith  so m e ice -co ld  a b s o lu te  e th e r  
a n d  d r ie d . Y ie ld : 165 g  (5 1 .0 % )  o f  w h ite , c r y s ta l l in e  s u b s ta n c e  c o n ta m in a te d  w i th  a  t r a c e  
o f  y -m e th y l  g lu ta m a te  ( in  so lv e n ts  a ), d )  a n d  f ) ) .  M .p . 132 —136 °C ; [ a ]o  - f-2 0 .0 °  (c =  2 .0 , 
e th a n o l )  ( l i te r a tu r e  v a lu e s :  m .p . 135— 135.5 °C ; [a ]f)  -f-21 .7°  (c =  2 .0 , e th a n o l )  [1 7 ]) . T h e  
m a te r ia l  w as u se d  w i th o u t  f u r th e r  p u r i f ic a t io n  in  t h e  n e x t  s te p .

a - t - B u ty l  y -m e th y l N - t-b iity lo x y c a rb o n y l-L -g lu ta m a te  ( I H b )

T r ie th y la m in e  (57  m l; 0.41 m ole) w as a d d e d  d ro p w ise  to  a  s t i r r e d  s o lu t io n  o f  l i b  
(1 0 5 .5  g ; 0.41 m o le )  in  p y r id in e  (200 m i) a t  0 °C. t - B u ty lo x y c a r b o n y l  a z id e  (8 0  m l;  0 .5 5  m ole) 
w a s  th e n  a d d e d  a n d  th e  r e a c tio n  m ix tu re  w as s t i r r e d  a t  ro o m  te m p e ra tu r e  fo r  3 d a y s .  T h e  
s e p a ra te d  p y r id in e  h y d ro c h lo r id e  w as f i l te re d  w i th  s u c t io n  a n d  w a sh e d  w i th  p y r id in e .  T h e  
c o m b in e d  f i l t r a te  a n d  w a sh in g  w as e v a p o ra te d .  T h e  re m a in in g  r e d d is h -b ro w n  o il (142  g) 
w a s  t a k e n  u p  in  e th y l  a c e ta t e  (800 m l). T h e  e th y l  a c e ta t e  so lu tio n  w as e x t r a c t e d  w i th  10%  
a q u e o u s  c itr ic  a c id  (4 X 2 0 0  m l) , 10%  s a l t  so lu t io n  ( 3 X 2 0 0  m l) , w a te r  ( 1 X 100 m l) ,  t h e n  d r ie d  
(N a 2S 0 4) a n d  e v a p o r a te d .  T h e  so lid  re s id u e  (114  g ; 8 7 .8 % ,) w as u se d  w i th o u t  f u r t h e r  p u r i f ic a 
t io n  in  th e  n e x t  s te p .

A n a l iq u o t  w a s  r e c ry s ta l l iz e d  fro m  m e th a n o l—w a te r  to  g ive  a  c h r o in a to g r a p b ic a l ly  
h o m o g e n e o u s  (in  s o lv e n ts  a ) , c ) a n d  e)), w h ite  s u b s ta n c e  m e l t in g  a t  62 63 .5  °C , [a]*f> — 25.0°
(c =  1.0 , m e th a n o l) .

C 15H.,7N O (; (3 1 7 .3 3 ). C a lc d . C 56 .77 ; H  8 .57 ; N  4 .4 1 ;  “ a c id o - la b ile  C 0 2”  [1 6 ] 1 3 .8 6 . F o u n d  
C 5 6 :5 2 : H  8 .5 4 : N  4 .5 6 ;  “ a c id o - la b ile  C O ,”  13 .99% ,.

a - t - B u ty l  N - t-b u ty lo x y c a rb o n y l-L -g lu ta m a te  (IV b )

1 N  so d iu m  h y d r o x id e  w a s  a d d e d  d ro p w ise  to  a  s t i r r e d  so lu tio n  o f  I H b  (1 1 4  g ; 0 .36  
m o le )  in  a c e to n e  (1 700  m l)  a t  ro o m  te m p e ra tu r e  a n d  s u c h  a  r a te  t h a t  th e  p H  o f  t h e  so lu t io n  
n e v e r  e x c e e d e d  8 .5 . T h e  c o n s u m p tio n  o f  1 N  s o d iu m  h y d ro x id e  w as 364 m l. T h e  so lu t io n  
w a s  e v a p o ra te d  to  a b o u t  800 m l a n d  e x t r a c te d  w i th  e th y l  a c e ta te  (3 X 2 0 0  m l) ,  a n d  e th e r  
1 X 2 0 0  m l). E th e r  (5 0 0  m l)  w a s  la y e re d  a b o v e  t h e  a q u e o u s  p h a se , th e n  th e  p H  w a s  b r o u g h t  
to  2 .5  w ith  1 N  s u lfu r ic  a c id  u n d e r  ice -co o lin g  a n d  s t r i r r in g .  T h e  p h a se s  w e re  s e p a r a t e d  a n d  
th e  a q u e o u s  la y e r  w a s  e x t r a c t e d  w ith  e th e r  (1 X 8 0 0  m l a n d  1 X 4 0 0  m l). T h e  c o m b in e d  e th e r e a l  
so lu t io n  w as w a sh e d  w i th  w a te r  (2 X 3 0 0  m l), d r ie d  (N a ,S O ,,)  a n d  e v a p o ra te d .  T h e  c ry s ta l l in e ,  
c re a m -c o lo u re d  re s id u e ,  w h ic h  w as c o n ta m in a te d  w i th  so m e  iV - i -b u ty lo x y c a rb o n y l-g lu ta m ic  
a c id  ( in  s o lv e n ts  a ), c ) a n d  e)) w eig h ed  99 g. T h e  c ru d e  p r o d u c t  w as d is so lv e d  in  m e th a n o l  
(2 .5  p a r ts )  a t  ro o m  t e m p e r a tu r e .  T h e  so lu tio n  w a s  d e c o lo u r iz e d  w ith  c h a rc o a l  a n d  f i l te r e d .  
W a te r  w as a d d e d  to  s l ig h t  t u r b id i ty  ( a b o u t  th e  s a m e  v o lu m e  w as n e c e ssa ry  a s  t h e  e m p lo y e d  
m e th a n o l) ,  a n d  th e  s o lu t io n  w a s  a llo w ed  to  s ta n d  o v e r n ig h t  a t  ro o m  te m p e ra tu r e .  T h e  s e p a ra te d  
m a s s  o f  c o lo u rle ss  c r y s ta l s  w a s  c o lle c ted  b y  s u c t io n ,  w a s h e d  w ith  so m e ic e -c o ld  m e t h a n o l -  
w a te r  (1 : 1) m ix tu r e  a n d  d r ie d .  A  seco n d  p o r t io n  c o u ld  b e  iso la te d  f ro m  th e  c o m b in e d  m o th e r  
l iq u o r  a n d  w a sh in g s .

Y ie ld : 83 g (7 3 .7 % ,); m .p . 110 114 °C ; [a ]b5 — 3 0 .2 °  (c =  1.0, m e th a n o l) .  T h e  s u b 
s ta n c e  w as c h ro in a to g r a p b ic a l ly  h o m o g en e o u s  in  t h e  a b o v e  m e n tio n e d  th re e  s o lv e n t  sy s te m s .  
T h e  o v e ra ll  y ie ld  b a s e d  o n  lb  w as 3 2 .8 % .
C14H.,ÄN O fi (3 0 3 .3 5 ). C a lc d . C 5 5 .43 ; H  8 .31 ; N  4 .6 2 ;  “ a c id o - la b ile  CO.>”  116] 1 4 .5 0 . F o u n d  
C 5 5 .2 6 : H  8 .3 5 ; N  4 .7 3 : “ a c id o - la b ile  C 0 2”  1 4 .7 7 % .

D ib c n zy l L -a s p a r ta te  p - to lu e n e s u lfo n a te  (V II)

V II w as p r o d u c e d  a c c o rd in g  to  R ef. [9 ], d e s c r ib e d  fo r  th e  p r e p a ra t io n  o f  th e  g lu ta m a te  
a n a lo g u e , b u t  p - to lu e n e s u lfo n ic  a c id  w as u se d  in s te a d  o f  b c n z e n e su lfo n ic  a c id .

A m ix tu r e  o f  L -a s p a r t ic  a c id  (1080 g ; 8 .1  m o le s ) ,  b e n z y l a lco h o l (6 0 0 0  m l)  a n d  
p - to lu e n e s u lfo n ic  a c id  m o n o h y d ra te  (1710 g : 9 .0  m o le s )  w a s  s t i r r e d  fo r  6 h r s .  a t  110 °C in
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a n  o p e n  s ta in le s s  s te e l v e sse l, t h e n  t h e  r e a c tio n  m ix tu r e  w a s  a llo w e d  to  s t a n d  o v e r n ig h t  a t  
r o o m  t e m p e r a t u r e .  T h e  s e p a ra te d  c r y s ta l s  w ere  f i l t e r e d  w i th  s u c tio n , w a sh e d  w i th  e th e r  
(7 000  m l)  a n d  d r ie d .

Y ie ld :  3230  g (8 2 .3 % ); m .p .  1 5 6 — 158 °C  ( l i t e r a tu r e  v a lu e s  155 °C [1 8 ], 1 5 6 — 158 °C  
[19] a n d  1 5 8 — 160 °C  [20, 2 1 ]).

a -B e n z y l  L -a s p a r ta te  (V a )

V a  w a s  o b ta in e d  a c c o rd in g  to  th e  p ro c e d u re  d e s c r ib e d  fo r  th e  s y n th e s is  o f  V b [8]. 
Y ie ld :  6 0 .5 % ;  m .p . 1 7 4 — 176 °C  ( l i te r a tu r e  v a lu e  1 7 4 — 175 °C [22]).

a -B e n z y l N - t-h u ty lo x y c a rb o n y l-L -a s p a r ta te  (V ia )

A  s u s p e n s io n  o f  V a (72 g ; 0 .3 2  m o le )  in  d im e th y l  f o rm a m id e  (600 m .)  c o n ta in in g  t r i -  
e th y l a m i n e  (8 9  m l; 0 .64  m o le )  a n d  i - b u ty lo x y c a r b o n y l  a z id e  (55  m l; 0 .38  m o le ) w a s  s h a k e n  
a t  r o o m  t e m p e r a t u r e  u n t i l  a  c le a r  s o lu t io n  w as o b ta in e d  (2 — 3 d a y s ) .  T h e  so lv e n t w a s  e v a p o 
r a t e d  a n d  ic e -c o ld  w a te r  (550  m l)  w a s  a d d e d  to  t h e  r e s id u e .  A  v isc o u s  y e llo w  o il w a s  
s e t t l e d  o u t .  I t  w a s  d isso lv e d  b y  a d ju s t in g  th e  p H  to  8 .0  w i th  sm a ll p o r t io n s  o f  2 N  s o d iu m  
h y d r o x i d e  u n d e r  ice -co o lin g  a n d  m ix in g .  T h e  y e llo w  s o lu t io n  o b ta in e d  w as e x t r a c t e d  w i th  
e th e r  ( 3 X 2 0 0  m l) . T h e  a q u e o u s  p h a s e  w as c o o led  to  0 °C , o v e r la y e re d  w ith  e th y l  a c e ta t e  
(500  m i)  a n d  th e  p H  w as b r o u g h t  to  3 .0  b y  a d d it io n  o f  2 0 %  a q u e o u s  c itr ic  a c id  u n d e r  s t i r r in g .  
A f te r  t h e  p h a s e s  h a d  s e p a ra te d ,  t h e  a q u e o u s  la y e r  w a s  e x t r a c t e d  w i th  f u r th e r  a m o u n t s  o f  
e th y l  a c e t a t e  (2 X 2 0 0  m l). T h e  c o m b in e d  e th y l  a c e ta t e  s o lu t io n  w as w a sh e d  w i th  1 0 %  s a l t  
s o lu t io n  ( 3 X 1 0 0  m l), d r ie d  (N a 2S 0 4) a n d  e v a p o ra te d .  T h e  re s id u e  w as a so lid  a n d  w e ig h e d  
77 g  ( 7 4 .5 % ) .  T h e  c ru d e  p r o d u c t  w a s  t a k e n  u p  in  tw o  v o lu m e s  o f  m e th a n o l  a t  r o o m  t e m 
p e r a t u r e .  T h e  r e s u l t in g  so lu t io n  w a s  d e c o lo u r iz e d  w i th  c h a rc o a l  a n d  f i l te re d .  W a t e r  w a s  
a d d e d  u n t i l  t h e  so lu tio n  b e c a m e  tu r b id .  (A b o u t  tw o  t h i r d s  o f  th e  e m p lo y e d  m e th a n o l  w e re  
n e c e s s a r y . )  T h e  m ix tu re  w a s  a llo w e d  to  s t a n d  o v e r n ig h t  a t  ro o m  te m p e ra tu r e .  T h e  s e p a ra te d  
c o lo u r le s s  c r y s ta l s  w ere  c o lle c te d , w a s h e d  w ith  so m e ic e -c o ld  m e th a n o l - w a te r  (3 : 2 ) m ix tu r e  
in d  d r i e d .  Y ie ld :  53.5 g (5 1 .8 % ) ;  m .p .  102— 104 °C ; [a]i>  — 2 5 .0 °  (c =  1.0 m e th a n o l) .

T h e  s u b s ta n c e  w as h o m o g e n e o u s  in  so lv e n ts  a ) ,  c ) a n d  g).
: 16H 21N 0 6 (3 2 3 .3 3 ) . C a lcd . C 5 9 .4 3 : H  6 .5 5 ; N  4 .3 3 ; “ a c id o - la b i le  C O ,”  [16] 1 3 .6 1 . F o u n d  
C 5 9 .6 0 ;  II  6 .7 8 ; N  4 .4 2 ; “ a c id o - la b i le  C O ,”  1 3 .8 2 % .

a -B e n z y l N - t -b u ty lo x y c a rb o n y l-L -g lu ta m a te  (V Ib )

V Ib  w a s  p r e p a re d  f ro m  V b [8 ] b y  e x a c t ly  th e  s a m e  p ro c e d u re  as d e s c r ib e d  a b o v e  fo r  
th e  s y n t h e s i s  o f  V ia . Y ie ld :  5 4 .8 % ;  m .p . 9 6 .5 — 99 °C ; [cc] d  — 32 .5° (c =  1 .0 , m e th a n o l )  
( l i t e r a t u r e  v a lu e s :  m .p . 9 3 — 93 .5  °C , 9 2 — 93 °C, [a]b° — 2 9 .2 — 3 0 .2 ° (c =  1.0, m e th a n o l)  [1 ]) . 

F o r  c h r o m a to g r a p h y  s o lv e n ts  a ) , c) a n d  g) w e re  e m p lo y e d .

C n H 23N O e (3 3 7 .3 8 ) . C alcd . C 6 0 .5 2 ; H  6 .87 ; N  4 .1 5 ; “ a c id o - la b ile  C 0 2”  [16] 1 3 .0 4 . F o u n d  
C 6 0 .3 8 ;  H  6 .9 9 ;  N  4 .2 5 ; “ a c id o - la b i le  C 0 2”  1 2 .9 0 % .

N - t -B u ty lo x y c a rb a n y l-L -g lu ta m in e ’ d ic y c lo h e x y la m in e  s a lt  (V II I )

t - B u ty lo x y c a r b o n y l  a z id e  (8 0 0  m i;  5.5 m o le s )  w a s  a d d e d  to  a  su s p e n s io n  o f  
L - g lu ta m in e  (7 3 0  g ; 5.0 m o le s )  in  5 0 %  a q u e o u s  d io x a n  (1 0 0 0  m l) . T h e  m ix tu r e  w a s  w a r m e d  
u p  t o  5 0 — 55 °C  u n d e r  v ig o ro u s  s t i r r in g .  4 N  so d iu m  h y d r o x id e  w as a d d e d  d ro p w ise  to  t h e  
r e a c t i o n  m ix t u r e  a t  su c h  a  r a t e  a s  t o  k e e p  th e  p H  v a lu e  b e tw e e n  1 0 .0 — 10.5 . I n  t h e  c o u rse  
o f  6— 7 h r s .  t h e  c o n s u m p tio n  o f  s o d iu m  h y d ro x id e  w a s  a b o u t  1 0 %  m o re  t h a n  th e  c a lc u la te d  
v a lu e  o f  2 5 0 0  m l. A  c le a r ,  p a le -y e llo w  so lu t io n  w as o b ta in e d .  I t  w a s  coo led  to  0 °C a n d  a c id if ie d  
w i th  c o n c e n t r a t e d  h y d ro c h lo r ic  a c id  to  p H  0 .5 . T h e  s e p a r a t e d  th ic k  oil w a s  im m e d ia te ly  
e x t r a c t e d  w i th  ice -co ld  e th y l  a c e ta t e  (5000  m l)  a n d  t h e  e lh y l  a c e ta te  so lu t io n  w a s  d r ie d  
(N a 2S 0 4). T h e  s o lv e n t  a n d  th e  a z o im id e  d isso lv e d  in  e th y l  a c e ta t e  w ere  d is t il le d  o ff.*

* T h e  c o m p le te  r e m o v a l  o f  a z o im id e  is o f  g r e a t  im p o r t a n c e  s ince  i t  fo rm s  a  w e b  c r y s t a l 
liz in g  d ic y c lo h e x y la m in e  s a l t  r e n d e r in g  th e  p u r i f ic a t io n  o f  t h e  p ro d u c t  m o re  d if f ic u l t .
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T h e  o ily  re s id u e  (1 0 0 0  g) w as t a k e n  u p  in  e th y l  a c e ta te  (2000 m l) . T h e  so lu t io n  w as 
f i l t e r e d  o f f  a n d  m ix e d  w i th  d ic y c lo h e x y la m in e  (1 0 0 0  g ; 5 .0  m o les) in  e th y l  a c e t a t e  (2000 m l) 
a t  0 °C . T h e  m ix tu re  w a s  a llo w e d  to  s t a n d  o v e r n ig h t  a t  ro o m  te m p e ra tu r e .  T h e  p r e c ip i ta te  
w a s  f i l te r e d ,  w a sh e d  w i th  c o ld  e th y l  a c e ta t e  a n d  p e tr o le u m  e th e r ,  a n d  d r ie d .  Y ie ld :  1400 g 
(6 6 .0 % ) ;  m .p .  162— 163 °C .

T h e  c ru d e  p r o d u c t  w a s  d isso lv ed  in  tw o  v o lu m e s  o f  e th a n o l on  a  s t e a m  b a t h .  T o  th e  
f i l te r e d  so lu t io n  p e tr o le u m  e th e r  w as a d d e d  a t  r o o m  te m p e ra tu r e  u n t i l  i t  b e c a m e  tu rb id .  
(A b o u t  4 —6 t im e s  th e  v o lu m e  o f  e m p lo y e d  e th a n o l  w a s  n e c e ssa ry .)  T h e  s o lu t io n  w a s  a llo w ed  
to  s t a n d  o v e rn ig h t  a t  r o o m  te m p e ra tu r e .  T h e  s e p a r a t e d  c ry s ta ls  w ere  f i l te r e d  w i th  su c tio n , 
w a s h e d  w i th  e th a n o l -p e t r o le u m  e th e r  (1 : 1) m ix tu r e ,  th e n  w ith  p e tro le u m  e th e r ,  a n d  d rie d . 
Y ie ld :  1260 g (5 9 .0 % )  o f  w h i te ,  c h ro m a to g ra p h ic a l ly  h o m o g e n e o u s  s u b s ta n c e  ( in  so lv e n ts  a ), 
b )  a n d  h )) ;  m .p . 157 °C ; [oc] d  + 8 .5 °  (c  =  1 .0 , d im e th y l  fo rm a m id e )  ( l i t e r a tu r e  v a lu e s  m .p .  
1 5 8 — 160 °C ; [a]o  + 8 .5  (c =  1.0 d im e th y l  f o rm a m id e )  [11]).

C22H u N 30 6 (4 2 7 .5 9 ). C a lc d . C 61 .80 ; I f  9 .6 7 ;  N  9 .8 3 . F o u n d  C 6 1 .66 ; H  9 .4 8 ; N  9 .7 8 % .

*
T h e  a u th o r  is  in d e b te d  to  th e  M a n a g e m e n t  o f  R E A N A L  F a c to r y  f o r  p e rm is s io n  to  

p u b l is h  th is  w o rk . T h e  m ic ro a n a ly se s  p e r fo rm e d  in  t h e  A n a ly tic a l  L a b o r a to r y  o f  t h e  I n s t i tu te  
o f  O rg a n ic  C h e m is try , L . E ö tv ö s  U n iv e r s i ty  ( H e a d  M rs . H . M e d z i h r a d s z k y - S c i i w e i g e r ) ,  a s  
w ell a s  t h e  v a lu a b le  te c h n ic a l  a s s is ta n c e  o f  M r. T . G á l  a n d  M r. B .  H o r v á t h  a r e  g ra te fu lly  
a c k n o w le d g e d .
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A FURTHER SIMPLIFIED HARDEGGER METHOD 
FOR THE SYNTHESIS OF 2-DEOXY-D-RIBOSE

J .  T o m a s z *

( R e a n a l , F a c to ry  o f  L abora tory  C h e m ica ls , B u d a p e s t)

R e c e iv e d  J u ly  1, 1970

A  s i m p l i f i e d ,  l a r g e - s c a l e  p r o c e d u r e  i s  d e s c r i b e d  f o r  t h e  s y n t h e s i s  o f  2 - d e o x y - D -
r i h o s e  ( и )  s t a r t i n g  f r o m  1 ,2  : 5 , 6 - d i - 0 - i s o p r o p y l i d e n e - 3 - 0 - p - t o l y l s u l f o n y l - a - D - g l u c o s e
(in).

O ne o f  th e  m ost w idely  u sed  sy n th es is  o f  2-deoxy-D -ribose (II) a p p lie d  
on large-scale  is based  on th e  a lkaline d e g ra d a tio n  o f 3 -0 -m eth y lsu lfo n y l-D - 
fflucose (I). T h e  process (e lim in a tio n  an d  h y d ro ly s is ) m ay  be fo rm u la te d  as 
follows [1]:

г- - 1  CHO
CH2OH n CH2OH n I

i он'-> \  0H(-> IV „ 0НС H- r 0HI _H20 H—C-OH

1 ""̂ OH CH2OH
-* II

Ms = CH3—so 2—

In the up-to d ate  procedures [2 — 4] I is prepared in  situ  in the reaction m ixture  
by acid hydrolysis of the easily  accessible 1,2 : 5 ,6 -d i-0 -isop rop ylid en e-3-0 -  
m cthylsulfonyl-a-D -glucose. Subsequent alkaline degradation by d ilute sodium  
hydroxide [2 ,3 ] ,  or by solid sodium  carbonate [4] under controlled pH  values  
(8.6— 8.9) and tem perature (50— 60 °C) g ives 2-deoxy-D-ribose. The product  
is isolated from  the reaction m ixture as its w ell-crystallizable N -phenylglycosyl- 
amine (V) in  a y ield  of about 45% .

3-O -p-tolylsulfonyl-D -glucose (IV) seem s to  be a more econom ical starting  
material for a large-scale synthesis, than I. H ow ever, H a r d eg g e r  and H u w y l e r  
observed th a t when 3-O -p-tolylsulfonyl-D -glucose (IV) is used instead  o f  I, 
the yields are about 50% low er [3]. Contrary to  th is finding, we observed th a t  
a reaction v ia  IV m ay be an equally su itable route for the preparation o f  II 
w ithout any sign ificant decrease in the y ie ld , i f  th e  experim ental cond itions  
are m odified. This is in good agreem ent w ith  th e  observations o f K e n n e r

* P r e s e n t  a d d re s s :  I n s t i t u t e  o f  B io c h e m is try , B io lo g ic a l  R e se a rc h  C e n tre , H u n g a r ia n  
A c a d e m y  o f  S c ie n c e s , S zeged .
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a n d  R ic h a r d s , w ho o b ta in e d  b e tte r  y ie ld s f ro m  IV  th a n  from  I , c a r ry in g  o u t 
th e  s p l i t t in g  w ith  ca lc ium  h y d ro x id e  in  w a te r  [5].

T h e  s ta r tin g  m a te r ia l o f  our p ro c e d u re  is 1,2 : 5 ,6-d i-O -isopropy lidene- 
3 -O -p -to ly lsu lfony l-a-D -g lucose  (III). I l l  is h y d ro ly zed  w ith  fo u r v o lu m es of 
d i lu te  (1 : 10) aqueous hyd ro ch lo ric  ac id  a t  9 0 — 100 °C for 10— 15 m in . A fte r  
n e u tra l iz a t io n  of th e  re su ltin g  so lu tion  w ith  solid  po tassium  c a rb o n a te , th e  
a r is in g  IV  is decom posed  to  I I  b y  t r e a tm e n t  w ith  tw o  equ ivalen ts o f  p o ta ss iu m  
h y d ro g e n  ca rb o n a te  a t  60— 65 °C in th e  co u rse  o f 2 hrs. I I  is iso la ted  fro m  th e  
re a c tio n  m ix tu re  as i ts  N -p h en y lg ly co sy lam in e  (V) in  a yield  o f 4 2 .5 % . T he 
c o n v e rs io n  of V to  I I  is ca rr ied  ou t b y  a m o d ified  S o w d e n ’ s  m e th o d  [ 6 ] .

c1-CJ1X

x C H 3
1 > C <

H C 0 4C H 3 0

T s O - C - H
1

Jl  г  _ J

1
H - C -  0 , C H 3

1 > C <
G IR O T I I 3

I I I

C H O

с н „
K H C 0 3

H  —
1
C -  O i l

»—65 °C, 2h

H -
1

C - O H

C H .O H

dit HCl 
9 0 - 1 0 0  °C , 1 0 '

I I

C H O
I

H - C - O H
I

T s O - C - H
I

H - C - O H

H  -  C O H
I
C H ,O II  J  

IV

C H —N H —C „H 5
I
C H 2

H - C - O H  11
!

H - C - O H
I
C H,  -1

V

I I I  w as p rep a red  from  1,2 : 5 ,6 -d i-O -isopropylidene-a-D -glucose (VI) 
a c c o rd in g  to  th e  l i te ra tu re  [7], while th e  l a t t e r  com pound w as o b ta in e d  b y  a 
m o d if ic a tio n  of L e v e n e ’s procedure  [8].

E x p erim en ta l

A ll m e l t in g  p o in ts  a re  u n c o r re c te d  a n d  w e re  d e te rm in e d  w ith  a  T o t to l i  a p p a r a tu s  
(W . B ü c h i ,  F la v il ,  S ch w e iz). E v a p o ra t io n s  w e re  c a r r i e d  o u t  u n d e r  d im in ish e d  p r e s s u re  a t  a 
b a t h  t e m p e r a t u r e  o f  m a x . 45 °C . D -G lucose , a c e to n e  a n d  a n h y d ro u s  c u p r ic  s u l f a te  w ere  
c o m m e rc ia l  p ro d u c ts .  p -T o ly ls u lfo n y l  c h lo rid e  w a s  p u r i f ie d  in  th e  fo llow ing  w a y : i t s  s a t u r a t e d  
s o lu t io n  in  a c e to n e  w as p o u re d  in to  te n  v o lu m e s  o f  w a te r ,  w i th  s tir r in g . T h e  s e p a r a t e d  m a s s  
o f  c r y s t a l s  w a s  c o lle c ted  b y  f i l t r a t io n  w ith  su c t io n  a n d  d r ie d  a t  ro o m  te m p e ra tu r e  f i r s t  in  a ir ,  
t h e n  u n d e r  re d u c e d  p re s su re  o v e r  p h o s p h o ru s  p e n to x id e .  P y r id in e  w as d is t il le d  f ro m  p h o s p h o 
ru s  p e n to x id e  a n d  s to re d  o v e r  c a lc iu m  h y d r id e . A n il in e  a n d  b e n z a ld e h y d e  w ere  f r e s h ly  d is t i l le d  
b e fo re  u se .

Acta Chim. (Budapest) 70, 1971
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1 ,2  : 5 ,6 -D i-O - is o p ro p y lid e n e -a -D -g lu c o s c  (V I)

V I w a s  p r e p a r e d  b y  a  s l i g h t  m o d i f i c a t i o n  o f  L e v e n e ’ s p r o c e d u r e  [ 8 ] .
A  su sp e n s io n  o f  D -g lucose  (3 .6  k g )  a n d  a n h y d r o u s  c u p r ic  s u lfa te  (9 .0  k g ) in  a c e to n e  

(3 6  1) c o n ta in in g  c o n e , su lfu r ic  ac id  (5 9  m l)  w a s  v ig o ro u s ly  s t i r r e d  a t  40  °C  o v e r  a  p e r io d  
o f  24  h rs . w ith  th e  e x c lu s io n  o f  m o is tu re . T h e  u n c h a n g e d  D -g lucose  a n d  c u p r ic  su lfa te  w ere  
c o lle c te d  b y  s u c tio n , t h o r o u g h ly  w ash ed  w i th  a c e to n e  a n d  th e  c o m b in e d  f i l t r a te  a n d  w a sh in g s  
w e re  d e co lo u riz e d  w i th  c h a rc o a l  (300 g) a t  ro o m  t e m p e r a tu r e .  T h e  c le a r  so lu t io n  w as n e u t r a l 
iz e d  w ith  cone, a q u e o u s  a m m o n iu m  h y d r o x id e ,  a n d  th e  p r e c ip i ta te d  a m m o n iu m  su lfa te  
w a s  f i l te re d  off. A f te r  e v a p o ra t io n  th e  d r ie d ,  c r y s ta l l in e ,  p a le -y e llo w  re s id u e  w e ig h ed  3.15  k g  
( ~ 6 0 % )  a n d  n e e d e d  n o  f u r th e r  p u r i f ic a t io n  fo r  th e  n e x t  s te p ;  m .p .  9 4 — 98 °C  (с /, m .p . 9 5 —  
101 °C  fo r  a  c ru d e  p r o d u c t ,  105 109 °C  [9 ] , 1 0 8 — 110 °C. [4 ], 1 0 9 — 111 °C  [ 10]).

1 ,2  s 5 ,6 -D i-0 - is o p ro p y l id e n e -3 -0 -p - to ly ls u lfo n y l-a -D -g lu c o s e  ( I I I )

I I I  w as p r e p a r e d  f ro m  1,2 : 5 ,6 -d i-O -iso p ro p y lid e n e -a -D -g lu c o se  a t  0 — 10 °C  as d e sc rib e d  
in  t h e  l i te ra tu re  [7 ] . Y ie ld :  9 6 %  (c ru d e  p r o d u c t) ,  m .p .  118 °C ( a f te r  r e c ry s ta l l iz a t io n  fro m  
3 v o lu m e s  o f  m e th a n o l ;  cf. m .p . 120 121 °C  [7 ]).

2 -D e o x y -N -p lie n y l-D -r ib o sy la m in e  (У )

A  su sp en s io n  o f  re c ry s ta ll iz e d  I I I  (1035  g ; 2 .5  m o le s )  w a s  s t i r r e d  fo r  10— 15 m in . on  
a  s te a m  b a th  in  d i lu t e  (1 : 10) a q u e o u s  h y d ro c h lo r ic  a c id  (4000 m l)  w a rm e d  p re v io u s ly  to  
9 0 — 100 °C. T h e  e v o lv in g  a c e to n e  w as c o lle c te d  b y  a  c o n d e n s e r .  A d a rk -b ro w n  so lu tio n  re su lte d  
c o n ta in in g  som e u n d is s o lv e d  re s in -lik e  m a te r ia l .  T h e  m ix tu r e  w a s  im m e d ia te ly  co o led  to  
60 °C  a n d  n e u tr a l iz e d  c a u t io u s ly  w ith  sm a ll p o r t io n s  o f  so lid  p o ta s s iu m  c a rb o n a te  ( a b o u t  
4 0 0 — 450 g w ere  n e c e s s a ry ) .  P o ta ss iu m  h y d ro g e n  c a r b o n a te  (500 g ; 5 .0  m o le s )  w as a d d e d  
a n d  s t i r r in g  w as c o n t in u e d  a t  6 0 — 65 °C  fo r  2 h rs .  T h e  r e a c tio n  m ix tu r e  w a s  coo led  to  ro o m  
te m p e ra tu r e  a n d  n e u t r a l i z e d  w ith  cone, h y d ro c h lo r ic  a c id  ( a b o u t  3 0 0 — 400 m l w ere  n e c e ssa ry ) . 
T h e  so lu tio n  w as e v a p o r a te d  as fa r  as p o ss ib le . T h e  se m i-so lid  re s id u e  w a s  b r o u g h t  o n to  a 
la rg e  B u c b n e r  fu n n e l  b y  se v e ra l p o r t io n s  o f  m e th a n o l  a n d  th e  o ily  p r o d u c t  w a s  e lu te d  fro m  
th e  la rg e  c ry s ta l l in e  m a s s  o f  th e  d if fe re n t  p o ta s s iu m  s a l ts  b y  f u r th e r  p o r t io n s  o f  m e th a n o l.  
( F o r  th e  w hole p ro c e s s  n o t  m o re  th a n  4 1 o f  m e th a n o l  w a s  r e q u ire d .)  T h e  f i l t r a t e  w a s  e v a p o 
r a t e d  a s  ab o v e . T h e  r e s id u e  w as ta k e n  u p  in  m e th a n o l  (1 500  1750 m l) a n d  f i l te re d .  A n ilin e
(2 3 0  m l)  an d  w a te r  ( 2 0 0 -  250 m l) w ere  a d d e d  to  th e  f i l t r a t e  a n d , a f te r  s e e d in g , th e  so lu tio n  
w a s  a llo w e d  to  s t a n d  o v e r n ig h t  in a r e f r ig e r a to r .

T h e  s e p a ra te d  p a le -y e llo w  c ry s ta ls  w e re  c o lle c te d , w a sh e d  su c c e ss iv e ly  w ith  d is til le d  
w a te r  (3 X 5 0 0  m l) , 5 0 %  a q u e o u s  m e th a n o l  ( 1 X 5 0 0  m l) ,  m e th a n o l  (3 X 5 0 0  m l) a n d  e th e r  
( 2 X 5 0 0  m l), th e n  d r i e d  a t  ro o m  t e m p e ra tu r e  u n d e r  d im in ish e d  p re s s u re  o v e r  p h o sp h o ru s  
p e n to x id e .  Y ie ld : 2 4 0  g  (4 2 .5 % ); m .p . 166 °C , w i th  d e c o m p o s it io n  (c f. m .p .  166— 177 °C , 
e.g. [2 , 3, 4 ], fo r c ru d e  p ro d u c ts ) .

2 -D e o x y -D -r ib o se  ( I I )

A  m ix tu re  o f  c r u d e  Y (1200 g; 6 .0  m o le s ) , b e n z o ic  a c id  (120 g), b e n z a ld e h y d e  (1200 m l; 
12 m o le s) an d  d is t i l le d  w a te r  (10 1.) w a s  s h a k e n  a t  ro o m  t e m p e ra tu r e  fo r  24 h rs . in  a w ell- 
s to p p e d  s ta iid e ss  s te e l  r e a c t io n  vessel. B e n z a la n i lid e  s e p a ra te d  as a  d a r k  o ily  la y e r  a n d  w as 
e x t r a c t e d  w ith  e th e r  ( 3 X 3 0 0 0  m l). T h e  a q u e o u s  p h a s e  w a s  e v a p o ra te d  to  a b o u t  h a lf  o f i ts  
v o lu m e , a n d  d e c o lo u r iz e d  b y  s t ir r in g  w i th  c h a rc o a l  (120 g ) fo r  1 h r .  a t  ro o m  te m p e ra tu r e .

T h e  f i l te re d  s o lu t io n  w as e v a p o ra te d  to  a  w e ig h t  o f  720 +  60 g. T h e  r e s u l t in g  v isc o u s , 
c o lo u rle s s  o r p a le -y e llo w  s i ru p  w as d isso lv e d  in  a 1 : 6 m ix tu r e  o f  2 -p ro p a n o l—a c e to n e  (480 m l) 
a t  ro o m  te m p e ra tu r e ,  s e e d e d  a n d  k e p t a t  — 5 °C  o v e r n ig h t .  T h e  c ry s ta ls  w e re  c ru sh e d , c o lle c te d  
b y  su c t io n ,  w a sh e d  w i t h  so m e  ice-co ld  2- p r o p a n o l - a c e to n e  m ix tu re  a n d  d r ie d  in  a  v a c u u m  
d e s ic c a to r  o v e r p h o s p h o r u s  p e n to x id e . A  se c o n d  c ro p  c o u ld  b e  iso la te d  b y  r e p e a te d  w o rk in g -u p  
o f  t h e  c o m b in e d  m o th e r  l iq u o r  a n d  w a sh in g .

Y ie ld : 660 g ( 8 5 % )  o f  2 -d e o x y -D -rib o se  a s  a  m ix tu r e  o f th e  a -  a n d  /? -an o m ers , m .p . 
7 8 — 88 °C, [a] и — 5 9 .1 °  ( a t  e q u il ib r iu m , c =  1 .1 , w a te r ) .  T h e  m .p .  o f  th e  p u re  + a n o m e r  
is 9 5 — 97 °C [3].

T h e  o v e r a l l  y i e l d  f r o m  D - g l u c o s e  i s  1 0 .4 % .
*

T h a n k s  a re  o f f e r e d  to  th e  M a n a g e m e n t o f  R e a n a l  F a c to r y  fo r  p e rm iss io n  to  p u b lish  
th is  w o rk . T h e  v a lu a b le  te c h n ic a l  a s s is ta n c e  o f  M r. T . G á l  is  g r a te fu lly  a c k n o w le d g e d .
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ON THE CRYSTALLIZATION 
OF 2,4,6-TRIBENZOYLOXYPROPIOPHENONE C30H22O7 

FROM SOLLTIONS IN DIFFERENT SOLVENTS

K .  S a s v á r i  a n d  T .  S z e l l

(C e n tra l R esearch  In s t i tu te  f o r  C h e m is try , H u n g a r ia n  A c a d e m y  o f  S c ie n ce s , B u d a p e s t,  
a n d  D e p a rtm e n t o f  A p p l ie d  C h em istry , A .  J ó z s e f  U n iv e r s i ty ,  S zeg ed )

R e c e iv e d  J u ly  3 , 1970

2 ,4 ,6 - t r ib e n z o y lo x y p ro p io p h e n o n e  c ry s ta ls  o b ta in e d  f ro m  s o lu t io n s  in  d if 
f e re n t  so lv e n ts  (m e th a n o l ,  e th a n o l ,  b e n z e n e  a n d  to lu e n e ) ,  a lm o s t  a lw a y s  sh o w  a g ra 
d u a lly  d e c re a s in g  m e l t in g  p o in t .  T h e  c ry s ta ls  c o n ta in  o n e  s o lv e n t  m o le c u le  p e r  one  
m o le c u le  o f  C30H 22O 7 a n d  m o s t  p ro b a b ly  fo rm  c la th r a t e  ty p e  c o m p o u n d s .  C ry s ta ls  
w ith  no  t r a c e  o f  th e  so lv e n t  c o u ld  a lso  b e  o b ta in e d  f ro m  a  so lu t io n  in  e th a n o l .  In  th is  
c a se , h o w e v e r , th e  u n i t  ce ll c o n ta in e d  8 m o lecu le s  o f  C30H 22O 7 i n s te a d  o f  4 a s  w as fo u n d  
fo r  th e  c ry s ta ls  c o n ta in in g  s o lv e n t.

2 ,4 ,6 -T rib en zo y lo x y p ro p io p h en o n e  sam ples p re p a re d  a n d  c ry sta llized  
from  so lu tions o f fou r d iffe ren t so lven ts as described  in  th e  ex p erim en ta l 
p a r t  o f th is  p ap e r, show  a decreasing  m elting  p o in t. Im m e d ia te ly  a f te r  c ry s ta lli
za tio n  th e  m elting  p o in t w as found  to  be a b o u t 85 °C. I f  th e  c ry s ta ls  are k ep t 
in  a ir  a t  room  te m p e ra tu re , d ep en d in g  on th e  so lv en t used , th e  m e ltin g  p o in t 
w ill decrease a t  d iffe ren t ra te s  an d  th e  c ry s ta ls  w ill s im u ltan eo u sly  tu r n  opaque. 
T h is a lte ra tio n  is re la tiv e ly  fa s t  for c ry sta ls  o b ta in ed  from  so lu tio n s in  m e th a 
no l an d  e th an o l in  com parison  w ith  th e  c ry s ta ls  from  th e  o th e r  tw o  so lvents. 
T h e  opaque c ry s ta ls  keep  th e ir  o rig inal m orpho logy  b u t  are  p la s tic  and  can 
easily  be b e n t an d  sm eared . A fte r  a longer period  in  a ir  a t  ro o m  te m p e ra tu re  
even th e ir  m orpho logy  changes an d  a shapeless o p aq u e  m ass rem a in s , th e  
m e ltin g  p o in t o f w hich  is in d e fin ite .

O n c ry s ta lliza tio n  from  an  e thano lic  so lu tio n  i t  w as fo u n d  t h a t  besides 
th e  c ry s ta ls  w ith  th e  b e h av io u r ju s t  described , d ep en d in g  on th e  c ircum stances 
o f c ry s ta lliz a tio n  w hich , how ever, are  n o t y e t co m p le te ly  c la rified , also colour
less tra n s p a re n t  s tu b b y  c ry s ta ls  could  be o b ta in e d , w hich  w ere s ta b le  in  air. 
As can  be estab lish ed  a t  p re se n t i t  is easier to  o b ta in  th e se  s ta b le  c rysta ls  
th a n  m e ta s ta b le  ones, w hich  are  m o stly  o b ta in ed  b y  a s lig h tly  speeded  c ry s ta lli
z a tio n . A t th e  sam e tim e , how ever, on ly  one o f th e  tw o  ty p e s  o f c ry s ta ls  will 
a p p e a r  and  so fa r  we h av e  n o t  o b t lin ed  th e  tw o ty p e s  m ixed . W h en  th e  m e ta 
s ta b le  c rysta ls  w ere k e p t in  th e  so lu tion  and  especially  i f  in  th e  m ean tim e  th e  
so lu tio n  was also d ilu ted , s tab le  c ry s ta ls  could  be fo u n d  in  th e  so lu tio n  a fte r 
a d ay  o r tw o.

In  any  case m e ta s ta b le  c ry s ta ls  can  alw ays be  re ta in e d  fo r an  o p tiona l 
tim e w ith o u t an y  a lte ra tio n  if  th e y  are  k e p t in  th e  s a tu ra te d  v a p o u r  space of
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th e  so lv e n t. F rom  th is  fa c t w e concluded  th a t  in  a ll cases th e  m e ta s ta b le  
c ry s ta ls  co n ta in  in  th e ir  c ry s ta l  la ttic e s  a ce rta in  a m o u n t o f so lv en t m olecules 
a n d  h a v e  a s tab ility  d e p en d in g  on th e  k ind  of so lv en t.

F o r  p re lim in ary  s tu d y  o f  th e  c ry s ta ls  m en tio n ed  ab o v e  an d  to  d e te rm in e  
th e i r  r e a l  com position , th e  c ry s ta ls  h av e  been  in v e s tig a te d  b y  X -ra y  d iffrac
t io n . T o  avo id  a lte ra tio n  o f th e  c ry s ta ls , w hile ta k in g  X -ra y  p h o to g ra p h s , th e  
c ry s ta ls  w ere p u t in  closed c a p illa ry  above a l i t t le  a m o u n t o f th e  so lv en t to  
m a in ta in  sa tu ra tio n  p ressu re . T h e  cell p a ram e te rs  an d  sy m m e try  o f th e  above 
c ry s ta ls  w ere dete rm in ed  f ro m  B u erg er p recession  an d  W eissenberg  X -ra y  
p h o to g ra p h s . The d a ta  are  su m m a riz e d  in  T ab le  I .  F ro m  th e  sy s te m a tic  a b 
sences o f  reflec tions (O kO ) i f  к  =  2ra-|-l an d  (hOl)  i f  h-\-l =  2 n -]- l th e  space 
g ro u p  P 2yjn  could be e s ta b lish e d  fo r all m e ta s ta b le  c ry s ta ls . F ro m  th e  sy s tem 
a tic  ab sen ces of re flec tio n s (OkO)  i f  к =  2 n - \- l  an d  (hO l) i f  l — 2 ra-|-l, th e  
sp a c e  g ro u p  of th e  s tab le  c ry s ta l ,  o b ta in e d  from  th e  so lu tio n  in  e th an o l, p roved  
to  b e  P 2 1/c.

T ab le  I

C r y s ta l  d a ta  o f  2 ,4 ,6 - tr ib e n z o y lo x y p r o p io p h e n o n e  c r y s ta l l i z e d  f r o m  s o lu t io n s  
i n  f o u r  d i f fe r e n t  so lv en ts

T h e  l a s t  tw o  ro w s g iv e  th e  m e a s u re d  an d  c a lc u la te d  w e ig h t r e d u c t io n s  e ffe c te d
b y  h e a t - t r e a tm e n t

SASVÁRI, SZÉLL: 2 ,4 ,6-TR IB E N Z O Y LO X Y PR O PIO PH E N O N E C30H „ O ,

S o lv e n t M eth an o l
E  tha  uol L i^roine*

(m etastab le ) (stab le ) benzene to luene

a (A ) 16 .619 16.841 9 .532 16 .634 16.761

b 8 .586 8.547 26 .005 8.443 8.549

c 2 1 .479 21.493 2 0 .674 21.515 21.229

ß { ° ) 92 .70 92.00 96 .73 93.17 93.42

Z 4 4 8 4 4

V  (Â3) 3058 .17 3091.85 5089.51 3016 .84 3036.42

D m  (g  ■ c m “ 3) 1 .146 1.151 1.293 1.255 1.227

D x  (g  ' c m - 3) 1 .143 1.161 1,290 1.260 1.283

S p a c e  g ro u p P 2 1/ n Р 2х/п P2JC Р У п Р У п
A G %  (m ea s .) 5 .89 8.25 0 13.25 15.26

à G  %  (c a lc .) 6 .09 8.52 0 13.64 15.71

* B o ilin g  ra n g e : 1 0 0 - 1 2 0  °C .

A ll f iv e  m od ifica tions, as can  be  seen in  T a b le  I ,  h a v e  th e  sam e c ry s ta l 
s y m m e try , and  th e  cell d im en sio n s  o f th e  four m e ta s ta b le  c ry s ta ls  show  only 
s l ig h t  differences. T he m e a su re d  d ensities (by  f lo ta t io n  in  aqueous K I  so lu tion , 
a n d  w i th  a p ycnom eter in  w a te r  c o n ta in in g  0 .1 %  o f th e  d e te rg e n t “ u l t r a ” ) 
o f  th e  m e ta s ta b le  c ry s ta ls  c a n  v e ry  well be a p p ro x im a te d  b y  th e  ca lcu la ted  
ones (T ab le  I) if  we ta k e  fo u r  m olecules p er u n i t  cell w ith  th e  com position
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C:!0H 22O7 R , w h ere  R  rep re sen ts  a m olecule o f  th e  so lven t. T h u s  we m ay 
consider it  p ro v ed  t h a t  m e ta s ta b le  c ry sta ls  c o n ta in  in  th e ir  la ttic e s  one m ole
cule o f so lvent p e r m olecule o f 2 ,4 ,6 -trib en zo y lo x y p ro p io p h en o n e . T h e  sam e can 
be s ta te d  on th e  b as is  o f m easu rin g  th e  w eigh t re d u c tio n  up o n  th e rm a l t r e a t 
m e n t. W ell deve loped  c ry s ta ls , p rev io u sly  d ried  in  a ir  a t  room  te m p e ra tu re  for 
a period  of 50 m in , w ere ta k e n  a n d  tre a te d  in  v a c u u m  a t  65 °C fo r a period 
o f 27 hrs. T his th e rm a l t r e a tm e n t  re su lted  in  w e ig h t red u c tio n s  as lis ted  in 
T ab le  I , and co m p ared  w ith  th e  ca lcu la ted  ones. T h e  ag reem en t is sa tis fac to ry  
if  we consider t h a t  som e sligh t w eigh t re d u c tio n , w hich  c an n o t he  avoided , 
w as already  e ffec ted  b y  th e  p rocess of d ry in g  th e  c ry s ta ls .

T he stab le  c ry s ta l  o b ta in e d  from  e th a n o l so lu tio n  h as  a considerab ly  
la rg e r u n it cell th a n  th e  m c ta s ta b le  ones b u t  k eep s th e  sam e sy m m etry . In  
th is  case the  c a lc u la te d  d en sity  eq u a ls  th e  m easu red  one i f  we ta k e  8 m olecules 
o f  2 ,4 ,6 -trib en zo y lo x y p ro p io p h en o n e  to  be  c o n ta in e d  in  th e  u n it  cell w ith o u t 
a n y  trace  of th e  so lv e n t m olecules.

I t  seems p ro b a b le  th a t  fo r m e ta s ta b le  c ry s ta ls  w ith  so lv en t m olecules 
in  th e ir  la ttices , th e  P o w e l l  [1] cond itions m ay  b e  sa tisfied  for th e  fo rm atio n  
o f c la th ra te  ty p e  com pounds. T o  a t ta in  c e r ta in ty , co m p le te  c ry s ta l s tru c tu re  
d e te rm in a tio n  is c o n te m p la te d  fo r  one o f th e  m e ta s ta b le  c ry s ta ls  as w ell as 
for th e  stab le  c ry s ta l. T h is  w ork  is in  progress.

Experim ental

2 ,4 ,6 -trib en zo y lo x y p ro p io p h en o n e  h as  b een  p re p a re d  from  6 m oles of
2 ,4 ,6 -trih y d ro x y p ro p io p h en o n e  disso lved  in  5 m l o f  p y rid in e  b y  g rad u a lly  
ad d in g  20 m oles o f  benzoy lch lo rid e  to  th e  so lu tio n  a t  0 °C. T he so lu tio n  was 
k e p t  fo r one n ig h t in  a  re fr ig e ra to r  below  0 °C, th e n  200 m l o f w a te r  w as added  
an d  th e  m ix tu re  w as s tirre d  fo r a period  o f a b o u t 15 m in . T h e  suspension  was 
e x tra c te d  th ree  tim es  w ith  50 m l d ie th y le th e r  an d  th e  com bined  so lu tio n  w ashed 
th re e  tim es w ith  50 m l w a te r  an d  f in a lly  d ried  (N a2S 0 4). In  th e  en d  th e  e th e r 
w as rem oved b y  d is tilla tio n  in  v acu u m . T he en d  p ro d u c t is 2 ,4 ,6 -tribenzoy l- 
o x y p rop iophenone  C.î0H 22O7 w h ich  is soluble in  m e th a n o l or e th a n o l as well 
as in  m ix tu res  o f  lig ro ine  -f- b en z in e  or lig ro ine  -)- to lu en e  (1 : 3). F ro m  th e  
so lu tions, colourless tra n s p a re n t  c ry s ta ls  can  be  o b ta in e d  w ith  w ell defined 
p lan es and  edges m o s tly  w ith  a sh ap e  of la th s .

A nalysis o f  th e  com pound  d ried  in  v a c u u m , gave C 72.9 a n d  H  4 .6 % . 
(C alcd . C 72.9 an d  I I  4 .5 % ). T he i.r . sp ec tru m  ta k e n  b y  D r. P . So iiá r  [2] is in 
accordance  w ith  th e  tr ib e n z o a te  s tru c tu re .

*

T h e  a u th o rs  w ish  to  e x p re ss  t h e i r  th a n k s  to  M r. Cs. K ertész fo r  h is  v a lu a b le  h e lp  
in  c o lle c tin g  X - ra y  d a t a  a n d  a lso  to  M rs N . Agócs a n d  M rs N . B artók fo r  m e a s u r in g  d e n s itie s .
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S T E R E O C H E M I C A L  S T U D IE S ,  IX *
CYCLIC A M IN O A L C O H O L S  

AN1) R E L A T E D  C O M P O U N D S ,  I I I *
S Y N T H E S IS  O F  S O M E  N -A C Y L A M IN O M E T H Y L C Y C L O P E N T A N E  

A N D  C Y C L O H E X A N E  D E R IV A T IV E S  A N D  R E L A T E D  C O M P O U N D S * *

G . B e r n á t h , E . C s ó k á s i , I . H e v e r , L. G e r a  and K .  K o v á c s

( I n s t i tu te  o f  O rganic  C h e m is try , A .  J ó z s e f  U n iv e r s ity , S zeg ed )

R e c e iv e d  J u l y  5, 1970

T h e  s y n th e s is  o f  so m e  d e r iv a t iv e s  o f  N -a c y la m in o m e th y lc y c lo h e x a n e  ( I — V II). 
o f  cis- a n d  f ru n s -N -a c y la n n n e in e th y lc y c lo h e x a n -2 -o l  (V II I— X IX ), N ,N ’-d iacy l-c is- 
1 ,4 -d ia m in o m e th y lc y c Io h e x a n e  (X X  X X II) , o f  N -a c y la m in o m e th y lc y c lo p e n ty la m in e  
(X X III  X X V I), N -a c y l-e is -2 -a rn in o m e th y lc y c lo p e n ta n o l (X X V II X X X I) , N -acy l- 
e is -2 -h y d ro x y m e th y lc y c lo h e x y la rn in e  (X X X II  X X X IV ), N -a c y la m in o m e th y lc y c lo -  
h ex en e -1  (X X X V — X X X IX ), a n d  N - s u h s t i tu le d  c is -2 -a c e to x y c y c lo h e x a n e c a rb o x a m id e  
(X L — X L III )  is  d e sc rib e d .

Several N -acy la ted  d e riv a tiv e s  o f cis- and  Irares-2-am inom ethylcyclo- 
hex an o l, of cis- an d  ir<m s-2 -hydroxym ethy lcyclohexy lam ine , a n d  o f  related  
com pounds w ith  cy c lo p en tan e  s tru c tu re  [4] h av e  been  p re p a re d  fo r o u r stereo 
chem ical s tud ies on cyclic 1 ,3 -am inoalcohols [1— 3]. Since som e o f th e  am ino- 
alcohols and  th e ir  d e riv a tiv e s  are  know n  to  possess p ro p e rtie s  in te re s tin g  
from  a pharm aco log ical p o in t o f  v iew , i t  seem ed adv isab le  to  s tu d y  th e  p h a r
m acological asp ec ts  o f th ese  com p o u n d s, to o . As we h a d  p re p a re d  a  n u m b er of 
analogous co m pounds earlie r, th is  ad d ed  in cen tiv e  to  such  s tu d ie s  prom ising 
fu r th e r  d a ta  on co rre la tio n s betw een  chem ical s tru c tu re  a n d  physio logical 
effects. Since m a n y  co m pounds w ere cis an d  trans d e r iv a tiv e s  p rep a red  in 
stereospecific  sy n th eses , a com parison  o f  th e  ph arm aco lo g ica l e ffec t o f com 
p o u n d s w ith  d iffe ren t co n fig u ra tio n s  also seem ed to  be feasib le . F u rth e rm o re , 
since analogous co m pounds w ith  cyc lohexane, cy c lo p en tan e , a n d  w ith  bicyclic 
skele ton  o b ta in ed  from  these  co m pounds [5] becam e av a ilab le , p h a rm aco log ica l 
effects could be also  s tu d ie d  as a fu n c tio n  o f  co n fig u ra tio n  an d  c o n fo rm a tio n  [6].

T he p h arm aco log ica l s tu d ie s  h av e  show n [6] th a t ,  am o n g  th e  am ino- 
alcohols m en tio n ed , th e  N -acy l d e riv a tiv e s  o f 2 -am in o m e th y lcy c lo h ex an o l are 
v a lu ab le  p h a rm aco n s  affec ting  th e  c e n tra l nervous sy s tem ; th is  su g g ested  the  
sy n th esis  of som e fu r th e r  analogous com pounds.

I t  is su rp ris in g  th a t  w hile th e  N -a lk y l an d  N -d ia lk y l d e r iv a tiv e s  o f  cyclo

* P a r t  V i l i  ( I I ) :  G . B e r n á t h , K . K o v á c s ,  К . L . L á n g : A c ta  C h iin . A c a d .  Sei. H u n g . 
6 5 , 347 (1970).

** S om e o f  t h e  c o m p o u n d s  d e sc r ib e d  h e re  fo rm  th e  s u b je c t  o f  H u n g .  P a t .  N o . 156 542, 
r e q u e s te d  S e p t.  11, 1967 , b y  G. B e r n á t h ,  К .  K o v á c s ,  E . P á l o s i ,  P . G ö r ö g , L . S z p o r n y  
^ a c c e p te d : J u ly  4 , 1971).

7 Acta Chim. (Budapest) 70, 1971



272 BER N Á TH  e t a l.: STEREOCHEM ICAL S T U D IE S , IX

h ex y lm eth y lam in C  and  o f its  an a lo g u es  su b s titu te d  in  th e  sk e le ton  are sy s te m 
a tic a l ly  a n d  w idely ex p lo red  analgesics, th e  r e la te d  N -acy l com pounds a re  
b u t  r a r e ly  m en tioned . I n  c o n n e c tio n  w ith  stud ies on  analgesics w ith  s tru c tu re s  
s im p le r  th a n  th a t  of m o rp h in e , th e  syn thesis  o f n u m e ro u s  N -a lk y l d e riv a tiv e s  
o f cy c lo h ex y lm e th y lam in e  [7— 11] h as  been w o rk ed  o u t. T he local a n a e s th e tic  
e ffec t o f  re la te d  substances [12— 14] as well as th e ir  e ffec t u p o n  blood  p ressu re  
[15, 16] h a v e  been s tu d ie d . T h o u g h  N -b en zo y lcy c lo h ex y lm eth y lam in e  has 
b een  k n o w n  for a long tim e  [17, 18], no p re p a ra tio n  o f th e  series o f re la te d  
ac id  a m id e s  has been re p o r te d . I t  w as only re c e n tly  [19] t h a t  a few N ,N ’-di- 
s u b s t i tu te d  cy c lo h exane-1 ,4 -b ism ethy lam ine  d e r iv a tiv e s , am ong th e m  acid

()

CH,

( S e e :  T a b le  I)

X X -X X II  

(S e e :  T able II)

К 2

X X III-X X X I

(See: T a b le  I I I )

X X X II-X X X IV

(See: Table l \ )
X X X V -X X X IX  XL—X1.1II

(See: Table \ ) (See: Table \ 11
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Table I

M e ltin g  p o in ts  a n d  analyses o f  ~ii-acylam inom ethylcyclohexane deriva tives  I  X IX

No. R, R. R,
Con

figuration
Formula, 

molecular weight
M.p (°C); 
solvent of 

crystallization

Analvsis (%) 
Calcd./Found

С 1 H 1 N
Note

I H
- ©cv

H -
C « H lsONCI

251.76

1 2 2 .5 -1 2 3

e th a n o l

66.77

67.18

7.23

6.87

и H
- ( 0 ) - O C H -

H -
C is^ iO g N

274.34

1 1 6 - 1 1 6 .5

e th a n o l

72.85

72.90

8.55

8.24

5.66

5.74

Ш H

/O C H 2

- < 5 > - 0 C H ,

4-O C H 3

H
C17H a 0 4N

307.40

1 4 0 - 1 4 1

e th a n o l

66.43

66.70

8.20

7.74

4.55

4.86

a)

IV H

/ N 0 2

- < § >
4 n o 2

c . A A N

307.31

1 6 0 - 1 6 0 .5

e th a n o l

54.71

54.90

5.58

5.71

13.67

14.00

b )

V р н . - ( 0 ) - о с н ,
- < § >

H
337.66

7 9 .5 - 8 0

e th a n o l

78.27

78.44

8.07

7.90

VI - C H 2- ^ Q ^ - O C H 3

cv
H -

C22H 260 2NC1

371.50

88.5
e th a n o l

71.06

71.24

7.00

6.93

v n - c h 2- / Q ^ - o c h 3
- ©

4 ) C H 3

H -
^2зН зз0 5Л

427.53

8 4 - 8 5

e th a n o l

70.23

70.15

7.78

8.11

V III

1

H

/O C H 3

'O C H 3

O H cis
^15^-21^3-^

263.35

9 6 - 9 6 .5  

e th a n o l—w a te r

68.41

68.60

8.04

8.14

c)

IX H

B V

O H cis ^14^18^2^®Г
312.22

1 1 1 - 1 1 1 .5

e th e r

53.86

53.97

5.81

5.64
c)

X H

/O C H 3

чо с н 3

O H cis
C j-II^O jN

323.40

1 5 9 - 1 5 9 .5

e th a n o l

63.14

63.07

7.79

7.59

d )

X I H

C H 3

- © - H - .
C H 3

O H cis
c 18h , 7o , n

289.43

1 2 4 - 1 2 4 .5

b e n ze n e —p e 
tro le u m  e th e r

74.70

74.48

9.40

8.98

X II H ~ ( 0 ) - ® H 3a O H
C14H 210 2N 2C1

284.79

191 59.04 7.43
cis

e th a n o l—e th e r 58.82 7.53

X III O H
^2lIÏ2502N

323.42

1 1 4 - 1 1 5 77.99 7.79
cis

e th a n o l 77.60 7.73

X IV
- , < o >

/O C H 3

- ( O ) - 0 C H >

N 4 ) C H 3

O H cis
c 21h 3Io 6n

413.50

1 6 3 - 1 6 3 .5

e th a n o l

69.70

70.02

7.84

7.82

XV
- C H - - < 0 >

/ N O ,

' N 0 2

O H cis
^ а Н г з ^ б ^ з

413.44

1 4 0 - 1 4 0 .5

e th a n o l

61.02

61.16

5.66

5.91

10.16

10.37

XV I O H
c 21h 25o 2n

323.42

1 6 3 .5 -1 6 4 .5 77.99 7.19 4.33
tra n s

e th a n o l 77.98 7.12 4.59

X V II
- < C ) > - N 0 ’

O H
368.50

1 4 4 - 1 4 4 .5 68.48 6.56 7.60 a)
trans

e th a n o l—w a te r 68.40 6.70 8.01

X V III
- C H = - < 0 >

/ N O ,

'N O ,

O H trans
^21-^23^6^3

413.44

1 6 2 - 1 6 2 .5

e th a n o l

61.02

61.38

5.60

5.72

10.16

10.02

X IX
- C H = - ( 0 )

/O C H 3

- ( Ç ÿ - O C H 3

< O C H 3

O H trans
413.52

7 4 - 7 5

e th a n o l

69.70

69.92

7.84

7.92

a )  W h ite  c ry s ta l  p la te s .
b)  S lig h tly  ye llo w , f in e  c ry s ta l  n eed les w h ic h  fo rm  a  f lu f fy  c lu s te r .
c) V e ry  so lu b le  in  e th a n o l.
d )  W h ite  c ry s ta l  n e ed les  w h ic h  fo rm  a  f lu f fy  c lu s te r .
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am ides were sy n th esized  in  th e  course  o f  s tu d ies  on su b stan ces a ffe c tin g  fa t 
m etabo lism .

In  fo rm er com m u n ica tio n s th e  s tereospecific  syn th eses  o f  cis- and  
tran s-2 -am in o m eth y lcy clo h ex an o l, o f cis- a n d  tr<m s-2-hydroxym ethy lcyclo - 
hex y lam in e  [1— 3], and  of th e  co rresp o n d in g  1 ,3-am inoalcohols w ith  cyclo
p e n ta n e  s tru c tu re  [4] h av e  b een  re p o rte d . T his p a p e r  describes sy n th e se s  of 
som e fu r th e r  acid  am ide d e r iv a tiv e s , an d  o f som e acid  am ides w ith  re la te d  
s tru c tu re , all co n ta in in g  th e  am in o m e th y lcy c lo p en tan e  or am in o in e th y l-  
cyclohexane s tru c tu ra l m o ie ty . T h e  co m pounds syn thesized  are  N -acy lam in o - 
m e th y lcy c lo h ex an es  (I—VII, cf. T a b le  I ) , cis- an d  iran s-N -acy lam in o m e th y l-  
cyclohexan-2-o lcs (VIII—XIX, cf. T ab le  I), d e riv a tiv e s  o f N ,N ’-d iacy l-c is - l,4 -  
d iam in o m eth y lcy c lo h ex an e  (XX—X XII, cf. T ab le  I I ) ,  N -acy lam in o m e th y l- 
cy c lo p en ty lam in e  deriv a tiv es  (X X III XXVI, cf. T ab le  I I I ) ,  N -acyl-c/s-2- 
am in o m eth y lcy c lo p en tan o l d e r iv a tiv e s  (XXVII XXXI, cf. T ab le  I I I ) ,  N -acyl- 
c is-2 -h y d ro x y m eth y lcy c lo h ex y lam in e  d e riv a tiv e s  (XXXII XXXIV, cf.  T ab le
IV ) , N -acy lam inom ethy lcyc lohexene-1  d e riv a tiv e s  (XXXV—X XX IX,cf. T ab le
V ) , and  c is -2 -ace to x y cy c lo h ex an ecarb o x am id es (XL—X LIII, cf. T a b le  V I).

A m ong th e  m any  m e th o d s  [20— 25] av a ilab le  for th e  p re p a ra t io n  of 
am in o m eth y lcy c lo h ex an e , used  in  th e  sy n th es is  o f th e  N -acy lam in o m e th y l- 
cyclohexane d e riv a tiv e s  I— IV, w e selec ted  t h a t  p roposed  b y  M o u s s e r o n  
e t a l .  [26] w ith  som e m o d ifica tio n . T h e  1-cyanocyclohexene [27] w as red u ced  
w ith  sodium  in  a  h o t alcoholic so lu tio n . T h e  am ine  th u s  o b ta in ed , c o n ta in in g  a 
v e ry  sligh t co n ta m in a tio n  o f 1 -am in o m eth y lcy c lo h ex en e  (XXIX), w as h y d ro 
g en a ted  in  th e  presence o f A d a m s’ P t 0 2 c a ta ly s t .  T h e  c a ta ly tic  h y d ro g e n a tio n  
o f  am inom ethy lcyclohexene-1  (L) p re p a re d  b y  lith iu m  a lu m in iu m  h y d rid e  
red u c tio n  [18] o f  1 -cyanocyclohexene p ro v ed  to  be an  even m ore  co n v en ien t 
p a th w a y  to  am in o m eth y lcy c lo h ex an e .

R ed u c tio n  w ith  lith iu m  a lu m in iu m  h y d rid e  o f N -h ex ah y d ro b en zo y l-p - 
m e th o x y b en zy lam in e  (XLIV) o b ta in e d  b y  th e  re a c tio n  o f cy c lo h ex an eca rb o x y - 
lic acid ch lo ride  w ith  p -m e th o x y b e n z y la m in e  y ie lded  N -p -m e th o x y b en zy l- 
am in o m eth y lcy c lo h ex an e  (XLV) w hich  w as u sed  in  th e  p re p a ra t io n  o f  th e  
N -acy l-N -p -m eth o x y b en zy lam i n o m e th y l cyclohexane d e riv a tiv e s  V — VII (cf. 
F ig . 2).

cis: X LV f as-. X l.V Iir
Irans: XLVir I r a n s :  XIJX

7*

F ig. 2

A d a  Chiin. (H u Ja p rd ) 70, 1971
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T h e  s ta rtin g  m a te r ia l  in  th e  p re p a ra tio n  o f  d e riv a tiv e s  V I I I—X II of 
N -acy l-c is-2 -am in o m cth y lcy c lo h ex an o l w as c is-2 -am in o m eth y lcy clo h ex an o l. 
In  o rd e r  to  o b ta in  th is  c o m p o u n d , c is-2 -h y d ro x y cy c lo h ex an ecarb o x am id e  w as 
re d u c e d  w ith  lith iu m  a lu m in iu m  h y d rid e , as d e sc rib ed  earlie r [2]. T h e  N -acy l

T ab le  I I

M e ltin g  p o in ts  a n d  a n a lyses
o f  N ,W -d ia c y l-c is - l ,4 -d ia m in o m e th y lc y c lo h e x a n e  deriva tives  X X — X X II

No.

X X

X X I

X X II

R

/O C H 3

^ - O C H ,

^OCH3

Formula; 
molecular weight

M.p. <°C); 
solvent of 
crystalliza

tion

Analysis (%) 
Calcd./Found

Note
C H

С22Н 2А В Д 2 3 8 - 2 4 0 63.01 5.77 a )

119.36 e th a n o l 63.39 5.74

c 22h 24o 2n 2f 2 2 6 0 - 2 6 1 68.38 6.26 a )

386.45 e th a n o l 68.20 6.10

270 — 273 63.38 7.22 a )

530.63 m e th a n o l 63.33 7.37

a )  M e ltin g  w ith  d e c o m p o s i t io n .

c o m p o u n d s  V III —X I w ere  p re p a re d  by  d irec t a c y la tio n  w ith  th e  a p p ro p ria te  
ac id  ch lo ride  of c is -2 -am in o m eth y lcy c lo h ex an o l. R ed u c tio n  w ith  A d am s’ 
P t 0 2 c a ta ly s t  of N -p -n itro b en zo y l-c is -2 -am in o m eth y lcy c lo h ex an o l [2] y ie lded  
N -p -am in o b en zo y l-c is-2 -am in o m eth y lcy c lo h ex an o l (X II). T h e  S c h o t te n -  
B a u m a n n  acy la tion  o f  cis-  a n d  tm n s-N -b en zy l-2 -am in o m eth y lcy c lo h ex an o l 
(X L V III, X LIX ) a ffo rd ed  th e  deriva tives (X III  — XV an d  XVI — X IX ) of 
N -henzy l-N -acy l-c is- a n d  N -ben zy l-N -acy l-fran s-2 -am in o m eth y lcy c lo h ex an o l. 
T h e  co m p o u n d s X L V III a n d  X L IX  were o b ta in e d  b y  lith iu m  a lum in ium  h y d rid e  
re d u c tio n  o f  cis- an d  íran s-N -b en zy l-2 -h y d ro x y cy c lo h ex an ecarb o x am id es  
(X L V I, X L V II) w hich , in  tu r n ,  w ere p rep ared  b y  a  re a c tio n  of cis- an d  trans-  
(9 -hyd ro x y cy c lo h ex an ecarb o x y lic  acid w ith  b e n z y la m in e  (c f . F ig . 3). The 
acy l d e riv a tiv e s  I —X IX  o b ta in e d  w ith  th e  u s u a l m e th o d s  of acy la tio n  are 
show n in  T ab le  I.

Acta Chim. (Budapest) 709 1971
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Som e N ,N ’-d iacy l-c is -l,4 -d iam in o m e th y lcy c lo h ex an e  d e r iv a tiv e s  (X X  — 
X X II) w ere also p re p a re d  (cf. T a b le  I I ) .  C om m ercially  av a ila b le  (A ldrich) 
c is -l,4 -d iam in o m e th y lcy c lo h ex an e  w as th e  s ta r t in g  m ate ria l in  th e  p re p a ra tio n  
o f  th e se  N -acyl com pounds.

C y an o cy c lo p en tan e  (L III) w as  p re p a re d  from  cy c lo p en ty l b ro m id e , 
a cco rd in g  to  th e  m e th o d  described b y  R o g er s  an d  R oberts [29]. R ed u c tio n  
o f  L II I  w ith  lith iu m  alum in ium  h y d r id e  [18] y ie ld ed  am in o m e th y lcy c lo p en tan e  
(L II)  (cf.  F ig. 4). A  m e th o d  co n sisting  o f  th e  d eg rad a tio n  of c y c lo p e n ty la ce t-  
am id e  [30] and  cy c lo p en ty l acetic  a n h y d r id e  [31] m igh t also be  co n sid e red . 
A c y la tio n  of a m in o m e th y lcy c lo p en tan e  (L II) led  to  de riv a tiv es  X X III  — XXV 
o f N -acy lam in o m eth y lcy c lo p en tan e  (cf. T a b le  I I ) .

I n  an  earlier com m unication  [4] w e h a v e  a lread y  described  th e  re d u c tio n , 
w ith  lith iu m  a lu m in iu m  hydride , o f  c is-2 -h y d ro x y cy c lo p en tan eca rb o x am id e  
le a d in g  to  c is -2 -am in o m eth y lcy c lo p en tan o l, w h ich  is th e  s ta r t in g  m a te r ia l  in  
th e  sy n th esis  o f d e riv a tiv e s  XXVI —X X X I o f N -acy l-c is-2 -am inom ethy lcyclo - 
p e n ta n o l. C is-2 -am in o m eth y lcy c lo p en tan o l th u s  ob ta in ed  could b e  co n v e rte d  
b y  S c h o tte n —B a u m a n n  acy la tion  in to  N -acy l com pounds X X V I —X X X I 
w ith  fa irly  good y ie ld s  (cf. Table I I I ) .

R ed u c tio n , w ith  lith ium  a lu m in iu m  h y d rid e , o f c is -h e x a h y d ro a n th ra n i-  
lic ac id  gave c is -2 -h y d ro x y m c th y lcy c lo h ex y lam in e , th e  acy la tio n  [2] o f  w hich  
p ro d u c e d , w ith  v e ry  good yields, d e r iv a tiv e s  X X X II —XXXIV o f N -acyl-cis- 
2 -h y d ro x y m eth y lcy c lo h ex y lam in e  (show n  in  T ab le  IV).

A cy la tion  [18] o f am in o m eth y lcy c lo h ex en e-1 , p roduced  b y  th e  re d u c 
tio n  w ith  lith iu m  a lu m in iu m  h y d rid e  [27] o f  1-cyanocyclohexene, y ie ld e d  th e  
d e r iv a tiv e s  XXXV — XXXIX of N -acy lam in o m eth y lcy c lo h ex en e-1 . M elting  
p o in ts  an d  an a ly tic a l d a ta  of these a c id  am id es  are  lis ted  in T ab le  V .

A few N -su b s titu te d  d e riv a tiv es  o f  c is -2 -ace to x y cy c lo h ex an ecarb o x am id e  
(X L —X L III) h av e  b een  p repared , to o . T h e  c is -2 -h y d ro x y cy c lo h ex an ecarb o x - 
y lic  ac id  (LIV) w as acy la ted  w ith  a c e ty l ch lo ride  according to  th e  m e th o d  
d esc rib ed  by  P a sc u a l  et al. [28]; th e  c is-2 -ace to x y cy c lo h ex an ecarb o x y lic  
ac id  (LV) th u s  o b ta in e d  w as co n v erted  w ith  th io n y l chloride in to  ac id  ch lo ride  
(X L V I). T re a tm e n t o f  th e  la tte r  w ith  th e  a p p ro p ria te  am ine p ro d u c e d  th e  
N -su b s titu te d  c is-2 -ace to x y cy c lo h ex an ecarb o x am id es (XL —X L III)  (cf. F ig . 4). 
M elting  po in ts an d  analyses of th e se  c o m p o u n d s  are  listed  in T a b le  V I.

Acta Chim. ( Budapest) 70, 1971
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Table III

M eltin g  p o in ts  a n d  analyses o f  N -acylam inom ethy lcyclopen lane  deriva tives  X X II I— X X X I
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Ä

T
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T

E
R

E
O

C
H

E
M

IC
A

L
 S

T
U

D
IE

S
, IX

No. к, H.
M .p. (°C); 
so lv en t o f 

c ry sta lliza tio n

F o rm u la , 
m olecu lar w eight

A nalyses (%) 
C alcd ./F ound

N o te
r
c H N

X X III - ©cv
H 8 8 .5 - 8 9

e th a n o l

C13H 17ONCl

238.74

65.40

65.16

7.18

7.25

5.86

5.64

a )

X X IV

/ N 0 2

- Q
\ n o 2

H 151

e th a n o l

C13H 15O5N 3
295.36

52.88

52.57

5.76

5.30

14.23

13.80

b)

XXV

/O C H 3

-<© )-0CH-
4 ) C H 3

H 148

e th a n o l

C16H 23O4IV

293.22

65.53

65.70

7.85

7.97

4.78

4.80

X X V I

- @ - c'
O il 1 2 5 - 1 2 5 .5

e th a n o l

C13H 160 2NC1

253.70

61.54

61.96

6.36

6.24

X X V II -< o>
B r7

O H 1 0 6 - 1 0 6 .5

e th e r

C13H 160 2N B r

298.20

52.36

52.70

5.41

5.50
c)

X X V III -<0 >- O H 121

e th a n o l

^14^ 19^ 2^
233.30

72.08

71.75

8.21

7.95
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a )  C h lo rin e , ca lcd . 14 .85; fo u n d  1 4 .9 0 % .
b)  S lig h tly  y e llo w  c ry s ta ls .
c )  V e ry  so lu b le  in  e th a n o l.
d )  S p a r in g ly  so lu b le  in  b e n ze n e .

X X IX

/ N 0 2

- < o >
x n o 2

O H 212

e th a n o l

Ci3H 15OeN 3

309.28

50.49

50.17

4.89

4.73

13.58 b)  

13.16

XX X
- < § >

4 ) C H 3

O H 7 6 - 7 6 .5

p e tro le u m  e th e r

Ci4H 190 3N

249.30

67.45

67.16

7.68

7.39

5.56

5.87

X X X I

/O C H 3

- ( 0 ) - o c H -

4 ) C H 3

O H 1 3 5 .5 -1 3 6

e th a n o l

^16^23^5^*
309.34

62.12

62.34

7.49

7.47

4.53 . d )  

4.59
I

B
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X L -X L III

F ig .  4
LVI

T ab ic  IV

M e ltin g  p o in ts  a n d  a n a lyses
o f  N -acyl-c is-2 -hy  d r  o x ym e lh y  Icy clohexy la m in e  d eriva tives  X X X II— X X X IV

N o . R
F o rm u la ; 

m olecu lar w eight
M .p . (°C);
so lv e n t o f 

c ry s ta lliz a tio n

A nalyses (°/, ) 
Cab d . /F o u n d

N o te

C H

X X X II
- ©
B r/

С]а1118О Л В г

312.22

1 4 6 .5 -1 4 7

b e n z e n e —p e tro 
le u m  e th e r

53.86

53.84

5.81

5.92
a )

X X X II I
C14H 180 2N B r

312.22

1 5 6 .5 -1 5 7

b e n z e n e —p e tro 
le u m  e th e r

53.86

54.00

5.81

5.62

X X X IV

C H 3

- < < Э ) - Н нз
С Н 3

c 18h 27o 2n

289.43

1 3 9 .5 -1 4 0

b e n z e n e —p e tro 
le u m  e th e r

74.70

74.39

9 .40

9.35

b )

a )  W h ite  c ry s ta l  p r ism s .
b )  F in e , w h ite  c ry s ta l  ro s e t te s .
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T ab le  V

M e llin g  p o in ts  a n d  a n a lyses
o f  Л  -a ry la m in o m elh y leve loht‘X(‘ne-l derivatives X X X V — X X X IX

No. R Formula; 
molecular weight

M p (°C); 
solvent of 

crystallization

Analyses (%) 
Calcd./Found

Note
C 11

XX XV ( C ) >  я0' ^14^26^3-^2
260.29

1 0 9 - 1 1 0

e th a n o l

64.61

64.32

6.19

6.05

a)

X X X V I - < О ) - 0ш* c15h 18o2n
245.33

1 0 2 - 1 0 2 .5

e th a n o l

73.45

73.48

7.80

7.81
“)

X X X V II

/N 0 2

- < о >
МЧО,

C,4H150 5N3
305.29

1 4 4 .5 — 145

e th a n o l

55.09

55.23

4.95

5.24

b)

X X X V III

. _  с н 3

- < о И
СН3

CleHttON
271.40

9 7 - 9 8

e th a n o l

79.66

79.45

9.28

9.36
“)

X X X IX

/ОСНз

Ю ) - осн>
чо с н 3

^17^23^4^
305.37

1 2 6 - 1 2 6 .5

e th a n o l

66.84

66.80

7.59

7.69
c)

a )  V ery so lu b le  in  e th a n o l.
b )  S lig h tly  y e llo w  c ry s ta ls .
c )  W h ite  c r y s ta l  p o w d e r.

Experimental*

N -IIc x a h y d ro b e n z o y l-p -m e th o x y b e n z y la m in e  (X L IV )

C y c lo h e x a n e c a rb o x y lic  a c id  c h lo r id e  (29.1 g, 0 .2 0  m o le )  w a s  a d d e d  d ro p w ise  to  a b s . 
p y r id in e  (30 m l) u n d e r  s t i r r in g  a t  4 °C , t h e n  p -m e th o x y b e n z y la m in e  (3 2 .4  g , 0 .2 3  m o le )  w as 
a d d e d  d ro p  b y  d ro p  in  15 m in u te s  to  th is  re a c tio n  m ix tu r e .  A f te r  s t i r r in g  a t  ro o m  te m p e ra tu r e  
fo r  a b o u t  15 m in u te s ,  t h e  m ix tu re  w a s  d i lu te d  w ith  w a te r  (40  m l)  a n d  f i l te r e d  o n  a  s in te re d  
g la s s  f i l te r .  T h e  p r e c ip i t a te  w as w a sh e d  w i th  w a te r ,  t h e n  w i th  5 %  h y d ro c h lo r ic  a c id , a n d  
w ith  w a te r  o nce  a g a in .  A f te r  d ry in g , t h e  w h ite  c ry s ta l l in e  s u b s ta n c e  w e ig h e d  40 .5  g (8 1 .9 % )  
a n d  w a s  p u re  e n o u g h  fo r  th e  r e d u c t io n  w i th  l i th iu m  a lu m in iu m  h y d r id e .  A  sm a ll p o r t io n  w as 
c ry s ta l l iz e d  tw ice  f ro m  e th a n o l ;  t h e  p r o d u c t ,  N -h e x a h y d ro b e n z o y l-p -m e th o x y b e n z y la m in e  
(X X X ), h a d  a  m .p . o f  118 °C.

С иН Ц О -Л  (2 4 7 .3 4 ).
C alcd . ‘ C 7 2 .8 4  H  8 .56  N  5 .6 6 ;
F o u n d  C 7 2 .7 5  H  8 .20  N  5 .5 1 % .

* M eltin g  p o in ts ,  d e te rm in e d  o n  a  B o e tiu s  a p p a r a tu s ,  a re  u n c o r re c te d .

Acta Chim. (Budapest) 70, 1971
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Table VI
M elting  p o in ts  a n d  a n a ly se s  o f  N -substitu ted  deriva tives  (X L — X L III)  

o f  c is -2 -acetoxycyclohexanecarboxam ide

N o. ! «_L.
F o rm u la ;
m olecu lar

w eigh t

M .p . (°C); 
so lv en t o f 

c ry s ta lliz a tio n

A n a ly ses  (% ) 
C a lcd ./F o u n d

c  ! H

N ote

X L CH-(Q)-°CHi
C H 3

c 17h 23o 4n

305.38

1 1 9 .5 - 1 2 0

e th e r

66.86

66.47

7.59

7 .34

a )

X U
1

-  C - C H 3
1
C H 3

c 13h 23o 3n

241.33

1 00 -101
e th e r

64.70

64.41

9.60

9 .64

X L D

. C H 3

- C H

C II3

c 12h 21o 3n

228.31

1 4 3 .5 -1 4 4 .5  

e th a n o l—w a te r

63.39

63.23

9.31

9.11

X U I I

____/ O C H 3

C H , C H 2- ( ^ ^ ^ )  O C H 3
c 19h 27o 5n

349.43

105 — 106 

e th a n o l—w a te r

65.31

65.43

7.79

7.90

b)

a )  W h ite ,  f lu ffy  c ry s ta l  m a s s .
b )  V e ry  so lub le  in  e th a n o l .

N -p -m e th o x y b e n z y la m iiio in e th y lc y c lo h e x a n e  (X L V )

I n t o  a l l  th re e -n e c k e d , r o u n d - b o t to m e d  f la s k  f i t t e d  w i th  a  s t i r r e r  a n d  w i th  a  re f lu x  
c o n d e n s e r ,  a b s . e th e r  (500 m l)  a n d  N -h e x a h y d ro b e n z o y l-p -m e th o x y b e n z y la m in e  (3 8 .0  g, 
0 .1 5  m o le )  w e re  g iven . T o  th e  m ix t u r e  l i th iu m  a lu m in iu m  h y d r id e  (1 1 .4  g , 0 .3  m o le )  w as 
a d d e d  in  p o r t io n s  u n d e r  s t i r r in g ,  w h ic h  w a s  c o n tin u e d  fo r 10 h o u rs  u n d e r  s lo w  r e f lu x in g  o f  
t h e  m ix t u r e .  A f te r  s ta n d in g  o v e r n ig h t  a t  ro o m  te m p e ra tu r e  a n d  a n o th e r  10 h o u r s ’ s t i r r in g  
l in d e r  s lo w  r e f lu x  fo llo w ed  b y  s t a n d in g  o v e rn ig h t ,  th e  r e a c t io n  m ix tu r e  w a s  d e c o m p o se d  
in  t h e  u s u a l  w a y  [32]. T h e  e th e r e a l  p h a s e  w a s  d r ie d  o v e r  p o ta s s iu m  h y d r o x id e .  E v a p o r a t io n  
o f  t h e  e t h e r  le f t  N -p -m e th o x y b e n z y la m in o m e th y lc y c lo h e x a n e  (X X X I) (2 5 .1  g , 70 .0  % )  p u re  
e n o u g h  f o r  u s e  in  th e  p r e p a r a t io n  o f  a c id  a m id e s . C o n v e rs io n  o f  a  sm a ll  p o r t io n  in to  t h e  h y d ro 
c h lo r id e  g a v e  a su b s ta n c e  m e l t in g  a t  197 °C.

C 15H ,„O N C l (269 .82).
C a lc d .  C 66.77 H  8 .9 6  N  5 .1 9 ;
F o u n d  C 66.42 H  8 .9 6  N  4 .8 7 % .

N -B e n z y l-e is -2 -h y d ro x y c y c lo h e x a n e c a rb o x a m id e  (X L V I)

I n  a  250 m l r o u n d - b o t to m e d  f l a s k  f i t t e d  w i th  a  c o n d e n s e r ,  c is -2 -h y d ro x y c y c lo h e x a n e -  
c a r b o x y l ic  a c id  (18.0 g, 0 .125  m o le )  [2 , 2 8 ] a n d  b e n z y la m in e  (50  g , 0 .4 6 2  m o le )  w ere  k e p t  
in  a n  o il  b a t h  a t  170 °C fo r  tw o  h o u r s .  A f te r  th is  t h e  e x ce ss  o f  b e n z y la m in e  w a s  re m o v e d  
u n d e r  r e d u c e d  p re ssu re  a n d  th e  r e s id u e  w a s  ta k e n  u p  in  e th a n o l  (30  m l) ,  w h e re f ro m  i t  c ry s ta l 
l iz e d  o n  a d d i t io n  o f w a te r .  F i r s t  a n  o i ly  s u b s ta n c e  s e p a ra te d  w h ic h , o n  f r ic t io n ,  c o n g ea le d  
a s  a  c r y s t a l l in e  m ass  (2 1 .7  g , 7 4 .5 % ) ,  m .p .  87— 88 °C. R e c r y s ta l l iz a t io n  o f  a  s m a ll  p o r t io n  
g a v e  c r y s t a l s  w ith  m .p . 8 9 — 90 °C . A n a ly s e s  w e re  c a r r ie d  o u t  a f te r  d r y in g  o v e r  p h o s p h o ru s  
p e n to x id e .

Acta Chim. (Budapest) 70y 1971
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C ,4H 19OJM (2 3 3 .3 1 ).
C a lcd . C 7 2 .06  H  8 .2 0 ;
F o u n d  C 7 2 .17  H  8 .3 7 % .

N-BenzyI-írans-2-hydroxycyclohexanecarboxainide (XLVII)
T h e  re a c tio n  o f  b e n z y la m in e  w i th  t r a n s -2 -h y d ro x y c y c lo h e x a n e c a rb o x y l ic  a c id  [2 , 2 8 ], 

c a r r ie d  o u t  as w i th  t h e  c is  c o m p o u n d , p ro d u c e d  th e  c o r re s p o n d in g  tra n s  a c id  a m id e  X L V III , 
w i th  a  y ie ld  o f  6 3 — 7 1 % . C ry s ta l  p la te s  (m .p . 142 °C ) w e re  o b ta in e d  f ro m  a q u e o u s  e th a n o l .

C „ H ,sO ,N  (2 3 3 .3 1 ).
C a lcd . C 7 2 .0 6  H  8 .20 ;
F o u n d  C 7 2 .0 4  H  7 .7 6 % .

N-Bcnzyl-cis-2-auiinoniethylcyclohexanol (XLVIII)
JN -B e n z y l-c is -2 -h y d ro x y c y c lo h e x a n e c a rb o x a m id e  (X X X II)  (19 .5  g , 0 .0 9  m o le )  w a s  

re d u c e d  w ith  l i th iu m  a lu m in iu m  h y d r id e  (7 .8  g, 0 .2  m o le )  in  a h s . t e t r a h y d r o f u r a n e  (6 0 0  m l) 
u n d e r  r e f lu x  fo r  10 h o u r s .  A f te r  t h e  d e c o m p o s it io n  o f  e x c e s s  l i th iu m  a lu m in iu m  h y d r id e ,  
t h e  so lu t io n  w as d r ie d  o v e r  so d iu m  s u l f a te  a n d  e v a p o r a te d .  T h e  re s id u e  w a s  c o n v e r te d  in to  
th e  h y d ro c h lo r id e  b y  t h e  a d d it io n  o f  d i lu te  h y d ro c h lo r ic  a c id  (300 m l) . I m p u r i t i e s  w ere  
r e m o v e d  b y  e x tr a c t io n  w i th  3 X 1 0 0  m l e th e r .  T h e  a q u e o u s  p h a s e  w a s  m a d e  a lk a l in e  b y  th e  
a d d i t io n  o f  so d iu m  c a r b o n a te ,  th e n  th e  N -b e n z y l-c is -2 -a m in o m e th y lc y c lo h e x a n o l  w a s  e x tr a c te d  
w i th  e th e r  (3 X 2 0 0  m l) . T h e  e th e r e a l  e x t r a c t  w as d r ie d  o v e r  p o ta s s iu m  h y d ro x id e  a n d  e v a p o 
r a te d .  T h e  re s id u e  (1 5 .6  g , 8 5 % ) w a s  p u r e  e n o u g h  fo r  u s e  in  t h e  p r e p a ra t io n  o f  a c id  a m id e s . 
A  sm a ll  p o r t io n  w a s  d is t i l le d  u n d e r  r e d u c e d  p re s su re  ( b .p .  1 2 8 — 136 °C  a t  1 t o r r ) ,  c o n 
v e r te d  in to  th e  h y d ro c h lo r id e  a n d  a n a ly s e d .  C ry s ta ls  f r o m  a b s .  a c e to n e  h a d  a m .p .  o f  163 
164 °C.

C 14H 220N C 1 (2 5 5 .7 9 ).
C a lcd . C 6 5 .7 4  H  8.67  Cl 13 .87;
F o u n d  C 6 5 .28  H  8 .46  Cl 1 3 .8 5 % .

N-Benzyl-írans-2-aminomethylcyclohexanol (XLIX)

T h is  c o m p o u n d  w a s  p r e p a re d  s im ila r ly  to  th e  c is - i s o m e r ,  w i th  a  y ie ld  o f  71 .3 % . I t s  
h y d ro c h lo r id e ,  c ry s ta l l iz e d  f ro m  a b s . a c e to n e ,  h a d  a  m .p .  o f  1 3 6 .5 — 137 °C.

C MH r O N C l (2 5 5 .7 9 ).
C a lcd . C 6 5 .74  H  8 .67  Cl 13 .87 ;
F o u n d  C 6 5 .67  H  8.51 Cl 1 4 .0 3 % .

Aminomethylcyclohexene-1 (L)
(a )  (cf. [18 ]) L i th iu m  a lu m in iu m  h y d r id e  (16  g , 0 .4 2 3  m o le )  w as ta k e n  u p  in  a b s . e th e r  

(5 0 0  m l)  a n d  s t i r r e d  u n d e r  co o lin g  w i th  s a l t/ ic e  fo r  20 m in .  w h ile  1 -c y a n o c y c lo h e x e n e  (35  g, 
0 .327  m o le )  d isso lv e d  in  a b s .  e th e r  (5 0  m l)  w as a d d e d  d ro p w is e .  C oo ling  a n d  s t i r r in g  w ere  
c o n tin u e d  fo r  f u r th e r  2 h o u r s ,  th e n  th e  r e a c t io n  m ix tu r e  w a s  s u b je c te d  to  th e  u s u a l  t r e a tm e n t  
a n d  th e  p r o d u c t  c o n v e r te d  in to  a  h y d ro c h lo r id e .  R e c r y s ta l l i z e d  tw ic e  f ro m  a n  e th a n o l - e th e r  
m ix tu r e ,  t h e  h y d ro c h lo r id e  o f  a m in o m e th y lc y c lo h e x e n e -1  (3 1 .8  g , 6 5 .9 % )  w as o b ta in e d  [m .p . 
2 4 2 — 250 °C  (d e c o m p .)] .  D u e  to  d e c o m p o s it io n  o f  t h e  s a m p le  e v e n  in  a  c a p i l la r y ,  t h e  m .p . 
c o u ld  n o t  b e  d e te rm in e d  m o re  a c c u ra te ly .

CjH jjNCI (1 4 7 .6 5 ).
C alcd . C 5 6 .85  H  9 .55 ;
F o u n d  C 56 .58  H  9 .4 3 % .

Preparation of the N-acyl derivatives (I— XXXIX)
T h e  s l ig h tly  m o d if ie d  m e th o d  o f  Schotten a n d  B aum ann  [33] w a s u se d  fo r  th e  p r e p 

a r a t io n  o f  th e  a c id  a m id e s  l is te d  in  T a b le s  I — V , f r o m  th e  c o rre sp o n d in g  a m in e s  o r  a m in o - 
a lc o h o ls . T h e  g e n e ra l  m e th o d  w a s  a s  fo llow s.

A  so lu tio n  ( in  8 — 12 m l o f  b e n z e n e )  o f  th e  a m in e  o r  a m in o a lc o h o l (0 .03  m o le )  is  coo led  
w ith  ic e -w a te r  u n d e r  s t i r r in g .  A  so lu t io n  ( in  5 — 10 m l o f  b e n z e n e )  o f  th e  a ro m a tic  a c id  c h lo r id e  
(0 .0 3 5  m o le )  a n d  0 .05  m o la r  s o lu tio n  o f  so d iu m  h y d r o x id e  a r e  s im u lta n e o u s ly  a d d e d  o v e r  
10 to  15 m in .,  a lw a y s  k e e p in g  th e  m ix tu r e  a lk a lin e . T h is  a d d i t io n  c o m p le te d ,  t h e  re a c tio n  
m ix tu r e  is  s t i r r e d  fo r  a n o th e r  15 to  25 m in .  P e t ro le u m  e th e r  ( 3 0 — 50 m l)  is t h e n  a d d e d  a n d  
th e  m ix tu r e  a llo w e d  to  s t a n d  a t  ro o m  te m p e ra tu r e  o r  u n d e r  c o o lin g . T h e  w h ite  c r y s ta l s  s e p a 
r a t e d  a re  c o lle c ted  b y  f i l t r a t i o n ,  w a sh e d  re p e a te d ly  w i th  p e t r o le u m  e th e r  a n d  d r ie d .  R e c r y s ta l 
l iz a tio n  to  c o n s ta n t  m e l t in g  p o in t  is  c a r r ie d  o u t  in  t h e  s o lv e n t  m e n t io n e d .  Y ie ld s  b e tw e e n  
65 a n d  9 2 % .

Acta Chim. ( Budapest) 70, JS7/
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N-p-MethoxybenzyI-cis-2-acetoxycycIohexaneearboxamiile (X L)

C is -2 -h y d ro x y c y c lo h e x a n e c a rb o x y lic  a c id  (LIY) (3 0  g , 0 .021 m o le ) in  e th e r  (75 m !) 
w a s  r e f l u x e d  fo r  3 h o u rs  w i th  a c e ty l  c h lo r id e  (15 m l) . E t h e r  a n d  e x cess a c e ty l  c h lo r id e  w ere  
r e m o v e d  b y  d is t il la t io n . T h e  r e s id u e ,  c ru d e  c is -2 -a c e to x y c y c lo h e x a n e c a rb o x y I ic  a c id  (LV), 
w a s  b o i le d  u n d e r  r e f lu x  fo r  o n e  h o u r  w i th  f re s h ly  d is t i l le d  th io n y l  c h lo r id e  (1 0  m l) . A fte r  
r e m o v in g  t h e  excess th io n y l  c h lo r id e  b y  d is t i l la t io n ,  t h e  c is -2-a c e to x y c y c lo h e x a n e c a rb o x y l ic  
a c id  c h lo r id e  (LVI) w as ta k e n  u p  in  a b s . e th e r  (100 m l) . T o  th e  m ix tu re  p - m e th o x y b e n z y la m in e  
(6 g ,  0 .0 4 4  m o le )  in  a b s . e th e r  (1 0  m l)  w a s  a d d e d  d ro p w ise  u n d e r  co o lin g . T h e  p r e c ip i t a te  
w a s  c o l l e c te d  o n  a  g lass  f i l t e r  a n d  th o r o u g h ly  w a sh e d  w i th  w a te r  to  re m o v e  a ll  th e  p -m e th o x y -  
b e n z y la m in e  h y d ro c h lo r id e . T h e  w a s h e d  p r o d u c t  w a s  r e c ry s ta l l iz e d  f ro m  e th e r .  Y ie ld  4.3 g 
( 6 7 . 6 4 )  o f  a  w h ite  f lu f fy  c r y s ta l  m a s s  t h a t  h a d  a  s h a rp  m .p .  o f  1 19 .5— 120 °C . F o r  t h e  a n a ly s is  
e f.  T a b le  V I .
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M. P r e t t r e  e t B . C l a u d e l : Elém ents de Cinétique C him ique  

E d . G o rd o n  a n d  B re a c h ,  P a r is ,  L o n d o n , N ew  Y o rk  1969 .

Ce t e x t e  é lé m e n ta ire  r é u n i t  l ’i n f o r m a t io n  fo n d a m e n ta le  s u r  la  c in é t iq u e  c h im iq u e , 
d ’h a b i tu d e  d isp e rsé e  d a n s  d e s  c o u rs  d i f f é r e n ts ,  d a n s  u n e  r e p ré s e n ta t io n  c o h é r e n te  e t  sy s té 
m a t iq u e .

L a  p re m iè re  p a r t i e  d e  l ’o u v ra g e  e s t  d iv is é e  e n  s e p t  c h a p i t re s .  L e  t i t r e  « G é n é ra lité s  e t 
R é a c tio n s  S p o n ta n é e s»  n o u s  p a r a i t  d i s c u ta b le ,  c a r  les  « R é a c tio n s  C a ta ly sé e s»  d e  la  seconde 
p a r t i e  s o n t  d e  p lu s ie u rs  p o in ts  d e  v u e  p a s  m o in s  sp o n ta n é e s .  A p rè s  u n  t r a i t e m e n t  d e s  d é fin i
t io n s  fo n d a m e n ta le s  e t  l ’in f lu e n c e  d e  la  c o n c e n t r a t io n  s u r  la  v i te s s e  d e  r é a c t io n ,  la  m a tiè re  
e s t  d ’a b o rd  g ro u p é e  se lo n  les  m o d e s  d ’a c t iv a t io n :  th e rm iq u e  e t  p a r  r a y o n n e m e n t ,  e n  su ite  
se lo n  le  d e g ré  d e  c o m p le x ité e  d e s  r é a c t io n s ,  a b o u t i s s a n t  a u x  r é a c tio n s  e n  c h a in e .  L es  c inq  
c h a p i t r e s  d e  la  se c o n d e  p a r t i e  t r a i t e n t  le s  g é n é ra li té s  d e  la  c a ta ly s e ,  la  c a t a ly s e  h o m o g èn e , 
l ’a d s o rp t io n  s u r  les su r fa c e s  so lid es  e t  f in a le m e n t ,  th é o r ie  e t  p r a t iq u e  d e  la  c a t a ly s e  h é té ro g è n e  
o u  d e  c o n ta c te .

L e  t e x t e  t r è s  lu c id e  e t  lo g iq u e  a v e c  d e s  e x e rc ic e s  à  la  f in  d e  c h a q u e  c h a p i t r e  p e u t-  
ê t r e  re c o m m e n d é  a  t o u t  é tu d i a n t  d e  c o u rs  s u p é r ie u r ,  v o u la n t  a q u é r i r  u n e  f o n d a t io n  solide 
d a n s  ce d o m a in e .

L a  ty p o g ra p h ie  e t  les  f ig u re s  d e  l ’o u v ra g e  s o n t  d ’u n e  t r è s  b o n n e  q u a l i t é e .

I .  T e l c s

G. K l o p m a n  and  B. O ’L e a r y : A ll-va lence electrons S C F  calcu la tions. (F o rt
s c h r i t te  d er C hem ischen F o rsch u n g ), T opics in  C urren t C h e m is try , B an d  15,

H e ft 4 . S ep t. 1970.

S p rin g e r-V e rla g , B e r l in ,  H e id e lb e rg , N ew  Y o rk .

T h e  d e v e lo p m e n t  o f  q u a n tu m  c h e m is t r y  p ro g re s se s  in  tw o  d ire c tio n s . O n e  is r e p re s e n te d  
b y  th e  ab in it io  c a lc u la tio n  m e th o d  in  w h ic h  n o  e x p e r im e n ta l  d a ta  o th e r  t h a n  t h e  n u c le a r  
c h a rg e  a n d  th e  n u m b e r  o f  e le c tro n s  a re  t a k e n  in to  a c c o u n t  a n d  a ll th e  e le c t r o n s  o f  th e  sy s te m  
a re  c o n s id e re d . T h e  o th e r  d ire c tio n  k n o w n  a s  se m ie m p ir ic a l  m e th o d s  is  c h a r a c te r i z e d  b y  
v a r io u s  s im p lify in g  a s s u m p tio n s :  e.g ., o n ly  t h e  e le c tro n s  o f  th e  v a le n c e  sh e ll  a r e  t a k e n  in to  
a c c o u n t,  c e r ta in  ty p e s  o f  in te g ra ls  a re  t a k e n  e q u a l  to  z e ro , a n d  a  n u m b e r  o f  e m p ir ic a l  p a r a 
m e te rs  a re  u se d  in  th e  c a lc u la tio n s .

R e se a rc h  is ju s t i f ie d  in  b o th  d i r e c tio n s .  T h e  ab in it io  c a lc u la tio n s  a re  o f  g r e a t  im p o r ta n c e  
b e c a u se  s t a r t i n g  w ith  a  m in im u m  a m o u n t  o f  in fo rm a t io n  th e y  y ie ld  r e l i a b le  q u a n t i t a t i v e  
r e s u l ts  o n  th e  s y s te m s  s tu d ie d .  U n f o r tu n a t e ly ,  e x a c t  c a lc u la tio n s  c a n n o t  b e  p e r fo rm e d  on 
s y s te m s  c o n ta in in g  m o re  t h a n  100 e le c t ro n s  e v e n  if  th e  m o s t  a d v a n c e d  c o m p u te r  te c h n iq u e s  
a re  u se d . T h e  s e m ie m p ir ic a l  m e th o d s  c a n  b e  a p p l ie d  to  su c h  m a n y - e le c tr o n  s y s te m s ,  b u t  
th e  r e s u l ts  sh o u ld  a lw a y s  b e  v ie w e d  w i th  c r i t ic is m  a n d  c o n c lu s io n s  sh o u ld  b e  d r a w n  w ith  
c a re , k e e p in g  in  m in d  th e  n e g le c tio n s .

K l o p m a n  a n d  O ’L e a r y  s u m m a r iz e  t h e  th e o r y ,  f ie ld  o f  a p p lic a t io n  a n d  th e  re su lts  
o f  se m ie m p ir ic a l  m e th o d s  d e v e lo p e d  in  t h e  c o u rs e  o f  th e  la s t  6 y e a rs . I n  th e  m e th o d s  d e sc rib e d , 
a ll v a le n c e  e le c tro n s  a re  ta k e n  in to  a c c o u n t ,  i.e . in  c o n t r a s t  to  e a r l ie r  s e m ie m p ir ic a l  m e th o d s  
(e.g . t h e  H iic k e l m e th o d ) ,  th e  <7 a n d  n  b o n d  sy s te m s  a re  t r e a te d  to g e th e r .
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T h e  th e o re tic a l  b a s is  o f  t h e  m e th o d s  is d e r iv e d  in  t h i s  r e v ie w  f ro m  th e  m o s t  g e n e ra lly  
u s e d  ab in it io  m e th o d , t h e  H a r t r e e — Е о с к  a p p ro a c h . T h e  a u th o r s  g iv e  a n  a c c o u n t  o f  th e  
i n te g r a l s  o f  th e  H a r t r e e — F o c k  m e th o d  n e g le c te d  in  t h e  v a r io u s  se m ie m p ir ic a l c a lc u la 
t io n s .  T h e  in d iv id u a l  m e th o d s  d e r iv e  th e i r  n a m e s f ro m  t h e  i n i t i a l s  o f  E n g lish  w o rd s  r e p re s e n t 
in g  t h e  in te g ra ls  n e g le c te d .

T h e  fo llow ing  m e th o d s  a r e  t r e a t e d  in  th e  re v ie w :
C N D O : c o m p le te  n e g le c t o f  d i f f e r e n t i a l  ov e rlap  ( P o p l e — S a n t r y — S e g a l , 1965);
I N D O :  i n t e r m e d i a t e  n e g l e c t  o f  d i f f e r e n t i a l  o v e r l a p  ( P o p l e — B e v e r i d g e — D o b o s h ,  1 967); 
M IN D O : m o d i f i e d  i n t e r m e d i a t e  n e g l e c t  o f  d i f f e r e n t i a l  o v e r l a p  ( B a i r d — D e w a r , 1969): 
E M Z D O : e x c h a n g e  m o d i f i e d  z e r o  d i f f e r e n t i a l  o v e r l a p  ( D i x o n ,  1967);
P N D O :  p a r t i a l  n e g l e c t  o f  d i f f e r e n t i a l  o v e r l a p  ( D e w a r — K l o p m a n ,  1967).

A f te r  th e  n a m e  o f  t h e  m e t h o d ,  th e  a u th o rs  a n d  t h e  y e a r  o f  p u b l ic a tio n  a re  sh o w n  
in  p a r e n th e s e s .

I n  a  lo n g e r c h a p te r  o f  t h e  r e v ie w , th e  a u th o rs  d e s c r ib e  t h e  e m p ir ic a l  p a r a m e te r s  t h a t  
c a n  b e  u s e d  to  c a lc u la te  s o m e  o f  t h e  in te g ra ls  w h ic h  h a v e  n o t  b e e n  n e g le c te d . A t  t h e  e n d  
o f  t h i s  c h a p te r  th e  r e a d e r  f i n d s  a  v e r y  i l lu s tra tiv e  a n d  u s e f u l  t a b le  su m m a r iz in g  n o t  o n ly  
t h e  m e th o d  o f  d e te rm in in g  t h e  in te g r a l s  b u t  also i n d ic a t in g  th e  ty p e  o f  c o m p o u n d s  (e.g . 
h y d r o c a r b o n s ,  h e te r o a r o m a tic  c o m p o u n d s ,  e tc .) , to  w h ic h  t h e  m e th o d  in  q u e s tio n  c a n  b e  
a p p l ie d  m o s t  e x p e d ie n tly  t o  a c h ie v e  a  g iv en  o b je c tiv e  (e .g . d e te r m in a t io n  o f  c h a rg e  d e n s i tie s ,  
s p in  d e n s i t ie s ,  h e a ts  o f  f o r m a t io n ,  e tc .)

I n  th e  la s t  c h a p te r  t h e  a u t h o r s  g iv e  an  a c c o u n t o f  t h e  r e s u l t s  o b ta in e d  b y  th e  m e th o d s  
in  c a lc u la t in g  io n iz a tio n  p o t e n t i a l s ,  h e a t s  o f  fo rm a tio n , d ip o le  m o m e n ts ,  u l t r a v io le t  s p e c tr a ,  
a n d  N M R  a n d  E S R  p a r a m e te r s .

T h e  re a d e r  is a s su m e d  to  b e  f a m i l ia r  w ith  so m e l in e a r  a lg e b r a  a n d  q u a n tu m  c h e m is try .  
T h e  s ty le  is  c o m p re h e n s iv e  a n d  lu c id .  S ince  th e  a p p l ic a t io n  o f  t h e  m e th o d s  d e sc r ib e d  d o es 
n o t  r e q u i r e  e x tr a  h ig h -sp e e d  c o m p u te r s ,  n u m e ro u s  p u b l ic a t i o n s  h a v e  a p p e a re d  in  th is  fie ld  
d u r in g  t h e  l a s t  y e a rs . T h e re fo re  t h i s  re v ie w  is u se fu l n o t  o n ly  f o r  th o s e  in te n d in g  to  p e r fo rm  
q u a n tu m -c h e m ic a l  c a lc u la t io n s ,  b u t  a lso  fo r  sp ec ia lis ts  w h o  w is h  to  fo llow  th e  p e r t in e n t  l i t e r a 
t u r e  a n d  o b ta in  in fo rm a t io n  a b o u t  t h e  a p p lic a tio n s  a n d  r e l i a b i l i t y  o f  th e s e  m e th o d s .

F. T örök

F . T a m á s  and  I . P á l : Phase E quilibria, S p a tia l D iagram s  (P hase D iag ram s, 
T h e ir  In te rp re ta tio n  a n d  A n a g ly p h  R e p re se n ta tio n ) , p p . 234 - j-  80 h ico lou r

insets.
A k a d é m ia i  K ia d ó , B u d a p e s t ,  1 9 7 0 .

T h e  b o o k  is a  k in d  o f  t e x t b o o k  o r p ra c tic a l  g u id e ,  r e s p e c t iv e ly ,  w i th  th e  d o u b le  a im  
o f  a c q u a in t in g  th e  r e a d e r  w i t h  a  g r e a t  v a r ie ty  o f  d i f f e r e n t  t y p e s  o f  p h a se  d ia g ra m s  a n d  o f  
e n a b l in g  h im  to  r e a d  th e  in f o r m a t io n  to  b e  d e riv e d  f ro m  t h e m .  I t s  sco p e  is l im ite d  in s o fa r  
a s  i t  d e a ls  o n ly  w ith  th e  d i a g r a m m a t i c  re p re s e n ta t io n  o f  m e l t in g  a n d  c ry s ta l l iz a t io n  p ro c e sse s  
a t  c o n s t a n t  p re ssu re , t h o u g h  i t  h a s  to  b e  a d m it te d  t h a t  t h e s e  c o n s t i tu te  a  p r e p o n d e r a n t  a n d  
m o s t  d iv e rs if ie d  p a r t  o f  p h a s e  d ia g r a m s  o f  p ra c t ic a l  i n t e r e s t .

T h e  m a in  a n d  o u t s t a n d in g  m e r i t  o f  th is  b o o k  a s  c o m p a r e d  w i th  o th e r  e x is tin g  t e x t 
b o o k s  d e a l in g  w ith  p h a se  d ia g r a m s  is  th e  a n a g ly p h  r e p r e s e n t a t i o n  u se d  fo r  v isu a liz in g  s p a t ia l  
r e la t io n s ,  p a ra lle l  w i th  t h e  u s u a l  tw o -d im e n s io n a l p r o j e c t io n s  o r  se q u e n c e s  o f  i s o th e rm a l  
s e c t io n s ,  re sp e c tiv e ly . A n a g ly p h s  a r e  p la n a r  d ia g ra m s  d r a w n  in  tw o  c o m p le m e n ta ry  c o lo u rs  
so t h a t ,  w h e n  v iew ed  t h r o u g h  a  b ic o lo u r  sp ec tac le  th e  f ig u r e s  s p r in g  in to  p e r sp e c tiv e  m a k in g  
t h u s  t h e  s p a t ia l  d is t r ib u t io n s  o f  t h e  re g io n s  b e lo n g in g  t o  t h e  d i f f e r e n t  p h a se s  im m e d ia te ly  
o s te n s ib le  to g e th e r  w ith  t h e  s u r f a c e s  a n d  in te r s e c t in g  l in e s  s e p a ra t in g  th e m ; th is  k in d  o f  
r e p r e s e n ta t i o n  is su p e r io r  e v e n  to  m o s t  re a l sp a tia l  m o d e ls  b e c a u s e  th e  a n a g ly p h s  a p p e a r  
c o m p le te ly  t r a n s p a r e n t  so t h a t  a l l  d e ta i ls  in  th e ir  in te r io r  b e c o m e  c le a r ly  v is ib le ; id e n t i f ic a t io n  
o f  t h e  s lo p e s  o f  lin es a n d  s u r f a c e s  is  g re a tly  a id e d  b y  i n c o r p o r a t io n  o f  is o th e rm a l  lin e s  a t  
r e g u la r  in te rv a ls  in  th e  a n a g ly p h s  o f  te rn a ry  sy s te m s . T h e  b o o k  is e q u ip p e d  w i th  e ig h ty  
a n a g ly p h s  in  fo rm  o f  in s e ts ,  a l l  o f  w h ic h  a re  c o n s tru c te d  w i t h  t h e  u tm o s t  c a re  a n d  p re c is io n , 
a n  a c h ie v e m e n t  to  b e  e s p e c ia l ly  e s te e m e d .

T h e  t e x t  is d iv id e d  i n to  f o u r  m a in  p a r ts .  P a r t  1 is  a  s h o r t  s u rv e y  (10  p a g e s  a l to g e th e r )  
o f  t h e  p r in c ip le s  u n d e r ly in g  p h a s e  e q u i l ib r ia  a n d  th e i r  r e p r e s e n t a t i o n .  S o m e  o f  th e s e  p r in c ip le s  
a r e  p r e s e n te d  in  a s o m e w h a t  p e r f u n c to r y  a n d  n o t  q u i te  e x a c t  w a y .  T h u s , th e  d e f in i t io n  o f 
e q u i l ib r iu m  fro m  th e  th e o r e t i c a l  o r  th e rm o d y n a m ic  a s p e c t  a s  “ th e  s ta g e  in  a n y  re v e rs ib le  
p ro c e s s  w h e n  no  u se fu l e n e r g y  p a s s e s  f ro m  o r in to  th e  s y s te m ”  is  a n y th in g  b u t  e x a c t ;  t h e  d is-
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t in c t io n  to  b e  m a d e  b e tw e e n  e x te n s iv e  a n d  in te n s iv e  v a r ia b le s ,  a n d  th e  f a c t  t h a t  o n ly  th e  
l a t t e r  h a v e  to  b e  c o n s id e re d  in  c o n n e c t io n  w i th  th e  p h a s e  r u le ,  is  n o t  m e n t io n e d  ( th e  t e x t  
s im p ly  s ta te s  t h a t  o n ly  th e  e ffe c ts  o f  c o n c e n tra t io n s  a n d  o f  t e m p e r a tu r e  w ill b e  d isc u sse d ) ; 
th e  u se  o f  t h e  te r m s  “ h e a t in g ”  a n d  “ c o o lin g ” , in  c o n n e c tio n  w i th  is o th e rm a l  m e l t in g  a n d  
c ry s ta l l iz a t io n  m a y  b e  so m e w h a t m is le a d in g ,  “ u p ta k e ”  a n d  “ lo ss o f  h e a t ”  w o u ld  b e  m o re  
c o r re c t ,  o r  e v e n  b e t t e r  “ in c re a se ”  a n d  “ d e c re a se  in  e n th a lp y ” , r e s p e c t iv e ly ,  w i th  a  v ie w  t h a t  
l a t e r  th e  a u th o r  sp e a k s  o f  s ta te s  o f  m a x im u m  a n d  m in im u m  e n th a lp y ,  a t  t h e  re s p e c t iv e  
e n d  p o in ts  o f  a n  is o th e rm a l t r a n s f o r m a t io n .  In c o n s is te n c ie s  o f  th e s e  k in d s  w ill b e  p ro b a b ly  
o v e rc o m e , h o w e v e r ,  b y  a t t e n t iv e  s t u d e n t s  w i th o u t  se rio u s  d if f ic u ltie s ,  a n d  o n  th e  w h o le , 
t h e  su rv e y  o f  p a r t  1 g ives a  s o u n d  f o u n d a t io n  fo r  th e  fo llo w in g  o n e s , w h ic h  a r e  a r ra n g e d  
a c c o rd in g  to  t h e  v e r y  c le a r c la s s if ic a t io n  o f  sy s te m s  g iv e n  in  th is  p a r t .

P a r t  2 (61  p a g es )  d e a ls  q u i te  e x h a u s t iv e ly  w i th  s im p le  a n d  c o m p le x  b i n a r y  s y s te m s  
( in te r m e d ia te  c o m p o u n d  fo rm a t io n ) ,  w i th  d if fe re n t  d e g ree s  o f  m is c ib i l i ty  in  t h e  so lid  a n d /o r  
th e  l iq u id  p h a s e s .  E u te c t ic  a n d  p e r i t e c t i c  i n v a r ia n t  p o in ts  a s  w e ll a s  th e  b e h a v io u r  o f  m o n o - 
t e c t ic  a n d  s y n te c t i c  sy s te m s  a re  e x p la in e d  v e ry  c le a r ly . S p a t ia l  r e p re s e n ta t io n  b e in g  s u p e r 
f lu o u s  in  c o n n e c tio n  w ith  b in a ry  s y s te m s  w h e n  e ffe c ts  o f  p re s s u re  c h a n g e s  a r e  l e f t  o u t  of 
a c c o u n t,  th e  u s u a l  p la n a r  d ia g ra m s  a r e  o n ly  u se d  in  th is  p a r t ,  w i th  th e  e x c e p t io n  o f  § 38, 
in  w h ic h  a  p o ss ib le  t r a n s it io n  f r o m  e u te c t ic  to  p e r i te c t ic  b e h a v io u r  e f fe c te d  b y  p re s su re  
v a r ia t io n  is e x e m p lif ie d  on a  h y p o th e t i c a l  s y s te m  ( i t  h a s  to  b e  n o te d ,  h o w e v e r , t h a t  t h e  cho ice  
o f  th is  s y s te m  m a y  n o t  be  v e ry  f o r t u n a t e ,  b e c a u se  th e r e  a p p e a r s  a  d e p re s s io n  o f  t h e  m e lt in g  
p o in ts  w ith  in c re a s in g  p re ssu re  w h ic h  is a  r a th e r  e x c e p tio n a l  b e h a v io u r ) .  I t  is  a  v e r y  v a lu a b le  
f e a tu r e  o f  th e  t r e a tm e n t  in  th is  p a r t  t h a t  i t  d isc u sse s  a  se rie s  o f  a c tu a l  s y s te m s  a n d  t h a t ,  
o n  th e  o th e r  h a n d ,  th e  u se  o f  th e  l e v e r  r u le  fo r  c a lc u la tin g  p h a s e  p r o p o r t io n s  is  d e m o n s t r a te d  
b y  m a n y  a c tu a l  n u m e r ic a l  e x a m p le s . T h e  le v e r  ru le  ( a n d  m o re  g e n e ra lly ,  th e  c e n t e r  o f  g r a v i ty  
p r in c ip le )  is  in t ro d u c e d ,  h o w e v e r , q u a s i - a x io m a t ic a lly ,  a n d  in  th e  o p in io n  o f  t h e  re fe re e , 
m o tiv a tio n  b y  m a te r ia l  b a la n c e  c o n s id e r a t io n s  w o u ld  h a v e  b e e n  e x p e d ie n t .  P a r t  2 in c lu d e s  
a lso  a  s e c tio n  o n  th e  e v a lu a t io n  o f  p h a s e  d ia g ra m s  in  c e r ta in  c a se s  o f  n o n -e q u i l ib r iu m , a n d  
th is  is  v e ry  s a t is f a c to ry ,  w ith  v ie w  a t  t h e  f a c t  t h a t  t r u e  e q u il ib r iu m  c r y s ta l l iz a t io n  d o e s  n o t  
g e n e ra lly  o c c u r  in  p ra c tic e . A n  in te r e s t in g  m e th o d  fo r  m a k in g  c a lc u la t io n s ,  e v o lv e d  b y  one  
o f  th e  a u th o r s ,  f o r  th e  case  w h e n  o n e  h ig h  m e lt in g  so lid  c o m p o n e n t  is  p r e s e n t  in  e x c e s s  o v e r  
th e  e q u il ib r iu m  c o m p o s iii  m , is d is c u s s e d  in  a n  in s t ru c t iv e  w a y .

P a r t  3 (1 1 2  p a g es) is d e v o te d  to  t h e  d isc u ss io n  o f  t e r n a r y  sy s te m s ,  c la s s if ie d  in  a  v e ry  
c le a r  w a y  a c c o rd in g  to  th e  n a tu r e  o f  t h e  b in a ry  su b s y s te m s  in v o lv e d  in  th e m . I t  is  h e re  t h a t  
th e  a n a g ly p h  re p re s e n ta t io n  p ro v e s  e x t r e m e ly  u se fu l fo r  a  b e t t e r  u n d e r s ta n d in g  o f  t h e  u su a l  
p la n a r  d ia g ra m s  ( iso th e rm a l s e c tio n s  a n d  p ro je c tio n s  o n to  t h e  b a s e  t r ia n g le ,  r e s p e c t iv e ly ) ,  
a  c o p io u s  a n d  a t  th e  sam e t im e  ju d ic io u s  se le c tio n  o f  w h ic h  is in c lu d e d  in to  t h e  t e x t .  T h e  
v e rb a l  e x p la n a t io n s  g iv en  in  th e  t e x t  b e in g  also  r e m a r k a b ly  lu c id ,  i t  m a y  b e  s t a t e d  t h a t  
th is  p a r t  o f  t h e  b o o k  w ill b e  m o s t  h e lp f u l  to  a n y o n e  w h o  w ish e s  to  b e c o m e  f a m i l ia r  w i th  th e  
u se  o f  p h a se  d ia g ra m s  w h ic h  do  n o t  r e p re s e n t  j u s t  o n ly  t h e  s im p le s t  sy s te m s  o c c u r r in g  in  
r e a l i ty .  P a r t  3 e n d s  w ith  a  v e r y  i n s t r u c t iv e  d isc u ss io n  o f  n o n -e q u il ib r iu m  c ry s ty l l iz a t io n  
e x e m p lif ie d  b y  th e  sy s te m  K 20 — A120 3— S i0 2 (p o rc e la in ) .

P a r t  4 d e a ls  s h o r t ly  (20 p a g e s  a l to g e th e r )  w ith  q u a te r n a r y  sy s te m s ,  f i r s t  w i th  so -c a lled  
re c ip ro c a l s y s te m s  (fo u r sa l ts ,  a n y  p a i r  o f  th e m  h a v in g  e i th e r  a  c o m m o n  c a t io n  o r  a n io n , 
re sp e c t iv e ly ) ,  t h e n  w ith  t r u e  q u a t e r n a r y  sy s te m s . T h e  sp a c e  a l lo t te d  to  th is  p a r t  d o e s  n o t  
a llo w  m o re  t h a n  a  m o re  o r less s k e t c h y  t r e a tm e n t  o f  th e  s u b je c t ,  so  t h a t  t h e  r e a d e r  m a y  
g e t  o n ly  a  g lim p se  in to  th e  w a y s  in  w h ic h  q u a te r n a r y  sy s te m s  h a v e  to  b e  d is c u s s e d .  I t  is 
n e v e r th e le s s  sh o w n  t h a t  th e  a n a g ly p h  re p re s e n ta t io n  in  th r e e  d im e n s io n s  is  a s  u s e fu l  in  th is  
c a se  a s  th e  tw o -d im e n s io n a l  d ia g r a m s  in  c o n n e c tio n  w i th  t e r n a r y  sy s te m s .

T h e  b o o k  w ill be  o f  g re a t  v a lu e  to  a n y o n e  w ho w ish e s  to  g e t  n o t  o n ly  a c q u a in t e d  w ith  
p h a s e  d ia g ra m s  b u t  also  v e rse d  in  t h e i r  u se . T h e  e x c e lle n t  g e t-u p ,  e a s y  le g ib i l i ty ,  l u c id i ty  o f 
th e  d ia g ra m s  a n d  c a re fu l e x e c u tio n  o f  t h e  b ic o lo u r  in se ts  w ill a ll  c o n t r ib u te  to  t h i s  e n d .

G .  S c h a y

J .  K o r y t a , I .  D v o r a k  an d  Y . B o h a c k o v a : Electrochem istry , p p . 339 +  index .

M e th u e n  e t  Co. L td . ,  L o n d o n , 1970.

P e rso n s  a c t iv e  in  th e  m o s t  v a r ie d  b ra n c h e s  o f  sc ien c e , e x p e r t s  w o rk in g  in  t h e  m o s t  
d iv e rs e  f ie ld s  o f  in d u s t ry  a re  c o n f ro n te d  w ith  e le c tro c h e m ic a l  p h e n o m e n a ,  a n d  u t i l iz e  th e  
law s  o f  e le c tro c h e m is try  in  t h e i r  d a y - to - d a y  a c t iv i ty .  T h e re fo re ,  w o rk s  d e a l in g  w i th  th is  
f ie ld  o f  sc ien ce  a r e  o f  g re a t  im p o r ta n c e .

.icta Chirn. (Budapest) 70, 1971
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T h e  b o o k  o f  K o h y t a , D v o r a k  a n d  B o h á c k o v á  g iv e s  a  s h o r t  b u t  a lm o s t  c o m p le te  
s u r v e y  o f  th e o re tic a l  e le c t r o c h e m is t r y .  O w ing  to  i t s  l im i te d  e x te n t ,  so m e  p ro b le m s  c a n  b e  
d is c u s s e d  o n ly  v e ry  b r ie f ly ,  b u t  t h e  l is t  o f  re fe re n c e s  a t  t h e  e n d  o f  e a c h  c h a p te r ,  c o m p ris in g  
m a i n l y  g e n e ra l  p a p e rs  a n d  m o n o g r a p h s ,  p a r t ly  f i l ls  t h i s  g a p .  T h e  s u b d iv is io n , th e  s t r u c 
t u r e  o f  th e  b o o k  is lu c id , a lm o s t  sy m m e tr ic a l.  O f  i t s  f o u r  c h a p te r s  t h e  f i r s t  tw o  d e a l  w ith  
e le c t r o ly te  so lu tio n s  (h o m o g e n e o u s  e le c tro c h e m ic a l s y s te m s ) ,  w h ile  th e  t h i r d  a n d  fo u r th  
c h a p t e r s  d iscu ss  h e te ro g e n e o u s  e le c tro c h e m ic a l  s y s te m s . T h e  f i r s t  c h a p te r  t r e a t s  th e  e q u il ib r ia  
in  e le c t r o ly te  so lu tio n s , t h e  s e c o n d  th e  t r a n s p o r t  p ro c e s s e s  o c c u r r in g  in  e le c tro ly te  so lu tio n s , 
t h e  t h i r d  th e  e q u ilib r ia  in  h e te r o g e n e o u s  e le c tro c h e m ic a l  s y s te m s ,  a n d  th e  f o u r th  is  c o n c e rn e d  
w i t h  p ro c e ss e s  in  th e  l a t t e r  s y s te m s  (e le c tro d e  p ro c e sse s ) .

A c c o rd in g ly , th e  f i r s t  c h a p t e r  o f  th e  b o o k  d e a ls  w i th  th e  s t r u c tu r e  o f  e le c tro ly te  so lu 
t io n s ,  t h e  D e b y e — H iic k e l  t h e o r y  o f  s tro n g  e le c t ro ly te s ,  t h e  c la s s ic a l  th e o r y  o f  e le c tro ly tic  
d is s o c ia t io n  a n d  e q u il ib r ia ,  a n d  w i th  th e  a c id -b a s e  th e o r ie s .

I n  th e  second  c h a p t e r  ( “ T r a n s p o r t  P h e n o m e n a  in  E le c t r o ly te  S o lu t io n s ” ) p h e n o m e n a  
p r o d u c e d  b y  th e  p a ssa g e  o f  e le c t r i c  c u r re n t  th r o u g h  e le c t ro ly te  s o lu t io n s  a re  d isc u sse d  b y  
t h e  a u th o r s ,  w ith  a  p a r t i c u l a r  v ie w  to  th e  d iffu s io n  o f  e le c t ro ly te s ,  t h e  m e th o d s  fo r  m e a su r in g  
t h e  d if fu s io n  co e ff ic ie n t, a n d  p r o b le m s  o f  c o n v e c tiv e  d if fu s io n .  W ith in  th e  sc o p e  o f  th e  l a t t e r ,  
c o n v e c t iv e  d iffu sio n  o n  t h e  r o t a t i n g  d isk  a n d  o n  a n  in c r e a s in g  sp h e re  ( d ro p p in g  m e rc u ry  
e le c t r o d e )  a re  d e sc rib e d .

T h e  th ird  c h a p te r  t r e a t s  e q u il ib r ia  e s ta b l is h e d  a t  t h e  p h a s e  b o u n d a r ie s  o f  e le c tro 
c h e m ic a l  sy s te m s . I n  a d d i t i o n  to  m e ta l-e le c tro ly te  e q u i l ib r ia ,  p ro b le m s  c o n c e rn in g  m e m b ra n e  
e q u i l ib r ia ,  g lass e le c tro d e s  a n d  p o te n t io m e tr ic  m e th o d s  a re  d isc u sse d . T h e  s t r u c tu r e  o f  
e le c t r i c a l  d o u b le  la y e rs ,  i m p o r t a n t  f ro m  th e  v ie w p o in t  o f  e le c tro d e  p ro c e ss e s  is  a lso  t r e a te d .

T h e  fo u r th  c h a p te r  is  c o n c e rn e d  w ith  th e  k in e t i c s  o f  e le c tro d e  p ro c e sse s . A m o n g  
o th e r s ,  t h e  a u th o rs  s u c c e e d e d  in  g iv in g  a sh o r t  a n d  lu c id  s u m m a r y  o f  t r a n s f e r  a n d  c o n c e n t
r a t i o n  (d if fu s io n )  p o la r iz a t io n s ,  a n d  o f  th e  m o s t  im p o r t a n t  e x p e r im e n ta l  m e th o d s  in  e le c tro 
c h e m ic a l  k in e tic s .  F in a l ly ,  a  fe w  im p o r t a n t  e le c tro d e  p ro c e s s e s  a re  d e s c r ib e d .

T h e  h o o k  o f  K o r y t a ,  D v o r a k  a n d  B o h á c k o v á ,  w r i t te n  in  a  m o d e rn  c o n c e p t,  is  a  
v a lu a b le  c o n tr ib u t io n  to  t h e  l i t e r a t u r e  on  e le c t ro c h e m is t ry .  I t  w ill f a c i l i t a t e  s tu d e n ts  a n d  
e x p e r t s  in te re s te d  in  a n d  u s in g  e le c tro c h e m is try  to  g e t  a c q u a in te d  w i th  t h e  fu n d a m e n ta l  
t h e o r y  o f  m o d e rn  e le c t r o c h e m is t r y .

L. K iss

A  eta Chim. ( Budapest) 70, 1971
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А СТЛ  C H IM IC A
Т О М  7 0  —  В Ы П .  3

Р Е З Ю М Е

Кинетика и механизм реакций замещения в комплексах, XXXVI. 
Образование комплексных ионов 1,2-[Со(еп)2 Вг/?-пиколин]+2 

и 1>2-[Со(еп)2Вг у-пиколин]+2 и их активация в кислотных растворах
Ж Й .А К О ,  Ч .  В А Р Х Е И  и  Ш . В Л Е О К А

Приводится синтез 1,2-[Со(еп)2Вг/3-пиколин]+2, 1,2-[Со(еп)2Вгу-пиколин]+2 и их 
24 новых солей. Были сняты и обсуждаются УФ, видимые и ИК-спектры. Изучалась 
кинетика активации этих комплексов в кислотных растворах. Были определены энтальпии 
и энтропии активации. Полагалось, что реакция протекает по механизму SN1. Результаты 
сравнивались с кинетическим поведением аналогичных хлоропроизводных. Обсуждается 
индуктивное влияние координированного амина на диссоциацию галогена.

О некоторых вопросах осадительного разделения следов элементов, IX. 
Дальнейше изучение сорбции ypana(VI) в карбонатных средах.

Э . У П О Р  и  Д ь .  Н А Д Ь

С целью дополнения предшествующих исследований исследовалось изменение 
зависимости сорбции урана(У1) на Fe(OH)3 от pH в карбонатных средах с изменением 
концентрации карбоната. Было установлено, что при низкой концентрации карбоната 
(1 • 10_3М) в интервале pH ниже 11 сорбция является полной и кривая сорбции идентична 
кривой, полученной в среде NaOH. В случае же макроколичеств урана и в карбонатной 
среде десорбция не наблюдалась при величинах pH выше 12. Тангенс угла наклона за
висимости log[C03]~2 — log Du при различных pH равен 1,0 +  0,2; это делает необходи
мым дальнейшее выяснение механизма десорбции.

Использование перегонки с перегретым бензольным паром 
для разделения аминов

И . Д Ь Е Н Е Ш

Необходимым условием для разделения бинарных и многокомпонентных смесей 
аминов с помощью метода перегонки с перегретым бензольным паром, разработанного авто
ром ранее, является знание относительной летучести аминов. Для этой цели может быть 
проведен опыт на модели, но может быть также использованоэкспериментальное уравнение 
дистилляции, некоторые члены которого известны (напр., молекулярный вес, температура 
кипения амина), а остальные члены на основе ряда исследований определяются эмпири
чески. С этой целью 134 различных амина подвергались перегонке с перегретым бензоль
ным паром, и были определены количества перегретого бензольного пара, необходимого 
для перегонки (в виде количества сконденсированного бензола, в мл) —V —, а также веро
ятная связь этой величины с характеристиками амина. Чем меньше требуется бензольного 
пара, тем летучее амин; характеристикой может служить выражение V/1.1000. Был уста
новлен ряд летучести аминов.



Вольтамметрическое определение некоторых фармаконов 
на графитных электродах на основе силиконовой резины

Э . П У Н Г О Р ,  Ж .  Ф Е Х Е Р  и  Г .  Н А Д Ь

Описывается вольтамметрическое определение некоторых основных веществ про
мышленности лекарственных препаратов. Концентрации растворов производных фено- 
тиазина, производных диоксифенила, амидазофена, фенацетина и др. были определены, как 
правило, с точностью до некторых десятых процента. Для некоторых веществ определение 
проводилось в неводных растворах. На нескольких примерах демонстрируется примени
мость метода для определения содержания эффективных веществ в лекарственных пре
паратах и без предварительного разделения.

Ассоциация пропионовой кислоты в паровой фазе

я. лиси

Приводится расчетный метод определения равновесных констант ассоциации, от
носящихся к паровой фазе, для смесей типа А -А ,— В. Метод позволяет непосредственно 
определить равновесное давление пара мономерного вещества. Для иллюстрации метода 
определялась равновесная константа ассоциации, выраженная с помощью парциальных 
давлений, в зависимости от температуры для случая паровой фазы пропионовой кислоты. 
Согласно полученным результатам:

3227,7 ,
lg K p =  — 1 0 ,4 8 4  +  — ——  | К р : т о р р - '

Химия свободных радикалов, VIII.
Изучение N-сульфофенил-окиси азота методом ЭПР

Б .  Л А К А Т О Ш ,  Б .  Т У Р Ч А Н И  и  Ф .  Т Ю Д Ё Ш

Ароматические нитрозосоединения подобно изоэлектронным ароматическим аль
дегидам образуют аддукты с бисульфитом и дитионитом. Эти продукты присоединения 
могут быть окислены в радикалы, ЭПР спектры которых подобны спектрам радикалов 
алкил-феннл-окиси азота.

На основе зависимости константы расщепления на азоте (а^) от температуры и 
растворителя в случае бисульфитного присоединения полагалось образование радикала 
N-сульфо-фенил-окисп азота, а в случае дитионита — N-сульфин-фенил-окиси азота В 
случае их производных наблюдались как индуктивный, так и стерический эффекты, по
добно радикалам типа алкил-фенил-окись азота.

Изучение реакции хрома(Ш ) с этилендиаминтетрауксусной
кислотой, I

Ю . Г Е Х Е Р - Г Л К Ж Л И Х  и  М . Б Е К

Изучались факторы, оказывающие влияние на скорость реакции хрома(Ш) с 
этилендиаминтетрауксусной кислотой (ЭДТУ). Измерения проводились с помощью спек
трофотометрического метода.

Была исследована скорость реакции в зависимости от концентрации лиганда и было 
установлено, что в отличие от литературных данных, константа скорости зависит от кон
центрации лиганда. Найденная зависимость объяснялась на основе такого механизма, 
согласно которому ступенью, лимитирующей скорость, является переход лиганда из 
внешней координационной сферы во внутреннюю.



Изучалось влияние pH на скорость реакции. Было установлено, что принятая до 
сих пор линейной зависимость кажущейся константы скорости от pH. .является справед
ливой лишь в очень узком интервале. Влияние pH объяснялось суммой многих факторов. 
Принимались во внимание все пути реакций, возможные по целому диапазону pH вслед
ствие гидролиза иона хрома(111) и диссоциации ЭДТУ. Приводятся различные типы комп
лексов хром(11 !)-ЭДТУ по внешней сфере, вероятности их образования р влияние комплек
сов типа внешней сферы с различной степенью протонирования на величину скорости реак
ции хрома(Ш) с ЭДТУ. Зависимость скорости реакции от pH, найденная эксперимен
тально, объяснялась на основе теоретических соображений.

На примере приводилось определение различных вероятных путей реакций для 
одного заданного значения pH.

Изучение реакции хрома(Ш) с этилендиаминтетрауксусной
кислотой, II

Ю . Г Е Х Е Р - Г Л Ю К Л И Х  и  М . Б Е К

Рассматривалась реакция двухядерных комплексов-хрома(111) с этилендиаминтет
рауксусной кислотой (ЭДТЬ ). За реакцией следили спектрофотометрически.

Было установлено, что в случае перхлората хромрДП) о гидролизе, протекающем в 
разбавленных водных растворах, об образовании двух-н многоядерных: комплексно й об 
их разложении под влиянием кислоты можно судить по изменению скорости реакции 
хрома(111) с ЭДТУ. Данный метод открывает новые возможности для изучения поведения 
многоядерных комплексов.

Сравнивалась реакция одно- и двухядерных комплексов с ЭДТУ и было установлено, 
что двухядерные комплексы реагируют значительно медленнее, и зависимость скор.остц 
реакции от pH — особенно в области значительных избытков ЭДТУ —, намного меньше1, 
нежели в случае одноядерных комплексов.

Синтез некоторых производных L-аспарагиновой и 
L-глутаминовой кислот

Й . Т О М А С

Описывается синтез ос-бензилового эфира 1\-трет-бутилоксикарбоиил-1.-аспараги- 
новой кислоты (V/u). a-m/jem-бутилового эфира 1Ч-/лре/л-бутилоксикарбонил-Б-аспараги- 
новой кислоты (/Vu) и a-mpem-бутилового эфира N-mpem-бутилоксик арбонил-Б-глутами- 
новой кислоты (/Vft) Помимо этого, приводится упрощенный синтез a-бензилового эфира 
1Ч-трет-бутилоксикарбонил-Ь-глутаминовой кислоты ( ¥ ‘Н>) и N - mpem-бу тил ок с и к а р - 
бонил-L-глутамина (VIIIV

Дальнейшее упрощение метода Хардеггера для синтеза 2-деокси-О-рибозы

Й . Т О М А С

Описывается упрошенный метод синтеза в больших масштабах- 2-део.кси-0-рибозы 
(II) из 1,2 : 5,6-ди-0-изопропилиден-3-0-л-толилсульфонн№«-0-.глюкозы (111).



О кристаллизации 2,4,6-трибензоилокси-пропиофенона 
С30Н22О7 из растворов в различных растворителях

К .  Ш А Ш В А Р И  и  T .  С Е Л Ь

Кристаллы 2,4,6-трибензоилокси-пропиофенона, полученные из растворов с различ
ными растворителями (метанол, этанол, бензол и толуол) почти всегда дают уменьшаю
щиеся постепенно температуры плавления. Кристаллы содержат одну молекулу раствори
теля на одну молекулу Сз0Н22О, и, по всей вероятности, образуют соединения клафрат- 
ного типа. Кристаллы без следов растворителя могут быть также получены из этанола. В 
этом случае, однако, элементарная ячейка содержит 8 молекул С30Н22О, вместо 4, как было 
найдено для кристаллов, содержащих растворитель.

Стереохимические исследования, X.
Циклические аминоспирты и их аналоги, IV. Синтез некоторых 
производных N-ацил-аминометил-циклопентана, -циклогексана и

их аналогов

Г . Б Е Р Н А Т ,  Э . Ч О К А Ш И ,  И . Х Е В Е Р ,  Л .  Г Е Р А  и  К .  К О В А Ч

Приводится синтез следующих соединений: некоторых производных N-ацил- 
аминометилциклогексана (I—VII), некоторых 2-замещенных производных цис- и т ран с-  
N-ацил-аминометилциклогексана (V III—XIX), некоторых производных М,1М’-диацил- 
г/ис-1,4-диаминометил-циклогексана (XX—XXII), некоторых производных N-ацил-ами- 
нометил-циклопентиламина (X X III —XXVI), некоторых производных N-amn-í/i;c-2- 
аминометил-циклопентанола (XXVI —XXXIV), некоторых 1Ч-ацил-цис-2-гидроксиметил- 
циклогексиламинов (X X X II— XXXIV), некоторых 1М-ацил-аминометил-циклогексенов-1 
(XXXV— XXXIX), а также некоторых N-замещенных производных амида О-ацетил-г/ис-2- 
гидроксициклогексан-карбоновой кислоты (XL—XLIII).
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IN V E S T IG A T IO N  O F  T H E  P A R T IA L  CA TA L Y TIC  
O X ID A T IO N  O F  M E T H A N E , I

CONVERSION RATES IN A SINGLE-GRAIN REACTOR

K. Huszár, Gy. Rácz and Gy. Székely

(D e p a r tm e n t o f  P h y s ic a l C h e m is try , T ech n ica l U n iv e rs ity , B u d a p e s t)

Received March 25, 1970

In a reactor containing a single nickel catalyst grain on a ceramic carrier, the 
rate of the partial oxidation of methane has been measured in a methane-air mixture 
containing 25% of methane, in the temperature range from 760 to 900 °C. For the char
acterization of the reaction the conversion rate of the reactants and the rate of forma
tion of the products is given in units of cm3 (25 °C) min-1.

The conversion rate of oxygen depends only very slightly on the temperature, 
and the conversion rate of oxygen changes proportionally to the concentration of oxy
gen within the stable range of operation of the catalyst. The principal products of the 
reaction were hydrogen, carbon monoxide and water vapour even at low' conversions 
of the feed mixture. This kind of partial oxidation of methane is assisted by nickel only 
in the reduced state. The observed phenomena lead to the conclusion that, owing to 
the hindering effect of diffusion in the gas phase, the oxygen concentration is practically 
zero on the surface of the catalyst.

T h e p a r tia l c a ta ly tic  o x id a tio n  o f  m e th a n e  y ield ing  h y d ro g en  a n d  carbon  
m o n o x id e  as p rin c ip a l p ro d u c ts , has been  s tu d ied  b y  severa l a u th o rs  [1— 5]. 
F ro m  th e  k inetic  p o in t o f  view , th ese  in v es tig a tio n s  b ro u g h t no  re su lts  because 
th e  reac tio n  ra te  could  n o t be m easu red . A few p re lim in a ry  in v e s tig a tio n s  
in d ic a te d  th a t  th e  u su a l re a c to r  ty p e , co n ta in in g  a bed  o f g ra n u la r  c a ta ly s t, 
is  n o t  su itab le  for m easu ring  th e  o x id a tio n  ra te  of m e th an e , th e re fo re  we used 
a  re a c to r  con ta in in g  a single c a ta ly s t  g ra in . S ingle-grain  re a c to rs  h a v e  been 
describ ed  by  o th e r in v es tig a to rs  fo r th e  s tu d y  of rap id  reac tio n s . F o r  exam ple 
W u r z b a c h e r  [7] m easu red  th e  o x id a tio n  ra te  o f hydrogen  over a s ilver c a ta 
ly s t ,  an d  Otani an d  Smith [6] th e  o x id a tio n  ra te  of ca rb o n  m o n o x id e  over a 
n ick e l—oxide a lum ina  c a ta ly s t.

Description o f the reactor

The reactor is made of quartz, and has a length of 32 cm. The inner diameter of the 
lower part of the reactor is 17 mm, that of the upper part 8 mm. The part of the thinner tube 
bent at right angle protruding from the reactor, serves as condenser (Fig. 1). The ground insert 
fitted into the bottom of the wider tube carries the gas inlet tube and one or two thermometer 
sleeves of 1—1.5 mm diameter, which reach deep into the wider quartz tube. One of the thermo
meter sleeves is centered by braces, and the catalyst grain is fastened to the tip of this sleeve. 
In the middle 15 cm section of the oven used, the temperature was constant within 5 °C in the 
region of 700 °C. The reactor was arranged in the oven so that the catalyst grain reached into 
the top part of the zone of constant temperature. A hole was bored at this height into the oven, 
which permitted the measurement of the temperature also with a pyrometer.
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ГЯ?

thermocouples

F i g .  l a . Schematic diagram of the single
grain reactor

F ig .  l b . Temperature distribution along the 
reactor. Symbols: x measured with the
thermometer passing through the grain; О 
measured with the thermometer alongside 

the grain

F eed in g

The reagents were taken from gas cylinders. Methane was purified by washing with a 
concentrated alkali solution and by adsorption on active carbon. The principal contaminant 
of purified methane was nitrogen, the concentration of which was less than 1%. Air and nitro
gen, the latter used in certain cases as additive, were not purified. The gas flow rates were 
measured by means of a wet gasometer. Gas flow rates given in the experimental part refer to 
room temperature, the gas being saturated with water vapour. The gas mixture was dried with 
silica gel after mixing, and dry gas was fed into the reactor.

A n a ly s is  o f  th e  p ro d u c t  g a s

The outflow rate of the product gas was measured with a wet gasometer. Samples of 
the product gas were dried over calcium chloride, and analyzed by chromatography. Two 
chromatographs were used: one was a Polish instrument with a heat conductivity cell and a 
1 meter column packed with a molecular sieve (Molfilit 50 X). Hydrogen was determined in 
this column, using argon as carrier gas. The remaining components — carbon dioxide, carbon 
monoxide, methane, nitrogen and oxygen — were analyzed by a chromatograph designed 
in our laboratory [8]. It was a two-column system with hydrogen as carrier gas. After separat
ing carbon dioxide on a 3 m column packed with hexamethyl-triphosphamid (HTP) or a 50 cm 
column packed with Porapak Q, the carbon dioxide was removed and the remaining compo
nents were separated on Molfilit 50 X at 77 °C. Details of the procedure have been given ear
lier [8].
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A n a ly s is  w as m a d e  b y  m e a su r in g  t h e  p e a k  h e ig h t  o f  th e  c h ro m a to g ra p h ic  w a v e s . W ith  
t h e  e x c e p tio n  o f  h y d ro g e n ,  th e  c h an g e  in  p e a k  h e ig h t  w a s  p ro p o r t io n a l  to  t h e  c o n c e n t r a t io n  
o f  t h e  c o m p o n e n t.

Conversion ra te s . C alculations

F o r the  c h a rac te riza tio n  o f  th e  c a ta ly s ts , th e  volum es o f m e th a n e  and  
o x y g en  con v erted  in  u n it  tim e are  g iv en  (in u n its  o f cm :i/m in). T hese c h a ra c te r is 
t ic  v a lu es  will he  called  conversion ra te s . T he conversion ra te s  o f  th e  p ro d u c ts  
a re  o b ta in ed  b y  m u ltip ly in g  th e  p ro d u c t flow  ra te  by  th e  co rresp o n d in g  con
c e n tra tio n s . T he sym bo l of th e  co n v ersio n  ra te  o f com ponen t i is u,-; th e  con
v e rs io n  ra tes  o f th e  rea c ta n ts  a re  n eg a tiv e .

W e will av o id  using  the  exp ressio n  reac tio n  ra te , as no u n ifo rm  e q u a tio n  
(eq u a tio n s) of re a c tio n  was fo u n d , so th a t  th e  conversion ra te s  m easu red  
c a n n o t be assigned  to  equations o f  reac tio n .

C alcu lations w ere m ade w ith  co m p u te r  M IN S K  22. T he in p u t  d a ta  w ere 
th e  gas ra te s , ch ro m ato g rap h ic  p e a k  h e ig h ts  an d  ca lib ra tio n  d a ta  o f th e  c h ro m a 
to g ra p h . The c o m p u te r  ca lcu la ted  th e  conversion  ra te s  o f co m p o n en ts  d e te r 
m in e d  ch ro m ato g rap h ica lly , gave th e  s c a tte r  o f th e  re su lts , and  d isca rd ed  a u to 
m a tic a lly  the  re su lts  inco m p atib le  w ith  th e  m ass balance . (F o r th e  d e ta ils  o f 
ca lcu la tio n s, see R ef. [9].)

C atalyst

The p re p a ra tio n  of a c a ta ly s t  fo r m e th an e  decom position  does n o t 
cau se  any  d ifficu lties. The im p re g n a tio n  o f an y  porous ceram ics w ith  nickel 
n i t r a te  so lu tion , a n d  th e  su b se q u e n t decom position  of th e  n i t r a te  a t  500 °C, 
y ie ld s  a c a ta ly s t, w hich  is su itab le  fo r th e  decom position  o f m e th a n e  a t  a b o u t 
700— 800 °C.

On the  o th e r  h an d , it  is d iff ic u lt to  p rep are  a c a ta ly s t th a t  w ould  be for 
y e a rs  efficient u n d e r  in d u stria l co n d itio n s . T he differences b e tw een  c a ta ly s ts  
w ith  various basic  co n stitu en ts  ca n  be qu ick ly  show n even b y  th e  m o st u n p re 
te n tio u s  c o m p ara tiv e  te s t [10].

The ac tive  su b stan ce  of th e  c a ta ly s t  is a lw ays n ickel, how ever, th e  v a rio u s 
c a ta ly s ts  differ w ith  respect to  th e  ceram ic ca rrie r an d  ad d itiv e s  ap p lied  
s im u ltan eo u sly  w ith  nickel.

T his w ork deals w ith  c a ta ly s ts  on a lum in ium  silicate basis (m u llite ), for 
w h ich  th e  ca rr ie r  substance  has b een  m a n u fac tu red  by  th e  P o rce la in  F a c to ry  
o f  B udapest.*  C a ta ly s ts  m ade w ith  th is  c a rrie r p roved  sa tis fa c to ry  w h en  used 
in  in d u str ia l re a c to rs  [10]. The c a ta ly s t  c a rrie r is porous ceram ics, c o n ta in in g

* T h e  s u b s ta n c e  is e sse n tia lly  th e  s a m e  a s  th e  c a r r ie r  ca lled  R É B O  29 b y  B a r s i  et a l. [14].
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b esid es  ab o u t 80 %  o f m u llite , sm all am o u n ts  o f  a -a lu m in a , silicium  dioxide 
a n d  a  v itreous p h ase . T h e  ap p a re n t d e n s ity  o f  th e  ca rrie r is 1.75 g /cm 3, its  
p o re  vo lum e 0.35 c m 3/g , a n d  its  surface m easu red  b y  th e  B E T  m eth o d  1.3 m 2/g. 
F ro m  th is  sub stan ce , 15 m m  long cylinders, 5 .5— 6 m m  in d iam eter, h av e  been  
p re p a re d  for th e  e x p e rim e n ts .

T h e  carrier w as im p re g n a te d  w ith  n ick e l n i t r a te  so lu tions o f various 
c o n cen tra tio n s , d e p en d in g  on  th e  desired n ick e l c o n te n t. A fte r im p reg n a tio n , 
th e  g ra in s were d ried  a t  60 °C for 24 hours, a n d  th e  n ickel n itra te  w as sub se
q u e n t ly  decom posed a t  350 ° €  by  h ea tin g  w ith  a ir  fo r 30 m in. T he c a ta ly s t 
fo rm e d  w as greyish  b la c k . T h e  nickel oxide c o n te n t  w as d e te rm in ed  b y  ch em i
c a l analysis and  b y  d e r iv a to g ra p h y  [11]. D e te rm in a tio n s  b y  th e  tw o  m eth o d s 
w ere  generally  in  good ag reem en t (Table I). T h e  c a ta ly s ts  undergo  red u c tio n

T ab le  I

C a ta ly s t
N o.

N icke l surface 
m 2/g

N icke l c o n te n t ,  m g  N i/g  c a rrie r  
m e th o d  o f  d e te rm in a tio n

ch em ical th e rm a l

an a ly s is

l 0.09 10 12

2 0.16 25 25

3 0.23 46 50

4 0.22 63 56

5 0.45 96 101

6 0.44 221 161

a t  750 °C in  th e  m e th a n e —oxygen  m ix tu re  a n d  s ta r t  th e  p a r tia l o x id a tio n . 
A f te r  10—20 m in o f o p e ra tio n , th e  a c tiv ity  o f  th e  c a ta ly s ts  becom es c o n s ta n t. 
U n d e r  th e  ex p e rim en ta l co n d itio n s used, a la s t in g  a n d  irreversib le  change in  
a c t iv i ty  w as observed  o n ly  i f  th e  ca ta ly s t h as  b een  oxid ized  a t  ab o u t 900 °C. 
In  th is  case reac tio n  s ta r te d  again only  a f te r  re d u c tio n  w ith  m e th an e  or 
h y d ro g e n , and  th e  a c t iv i ty  w as generally  (b u t n o t  rep roduc ib ly ) low er th a n  
b e fo re  ox idation . T h e  n ick e l surface of th e  fre sh  c a ta ly s t  w as d e te rm in ed  b y  
h y d ro g e n  chem iso rp tion  [1 5 ]. T he p roperties o f  th e  c a ta ly s ts  are sum m arized  
in  T ab le  I.

R eaction  tem p era tu re

T he beginning o f  th e  conversion  of th e  gas b low n on th e  c a ta ly s t grain  
w as  in d ica ted  b y  th e  in c rea se  in  tem p e ra tu re  o f  th e  g ra in . In  one of th e  ex p e ri
m e n ts , th e  ca ta ly s t g ra in  w as com pletely  b o red  th ro u g h , and  th e  te m p e ra tu re
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d is tr ib u tio n  w as m easu red  along th e  ax is o f th e  gra in  and  in  th e  v ic in ity  o f  th e  
g ra in  (F ig . lb )  in  a 25%  m e th a n e -a ir  m ix tu re  a t  a to ta l  flow  r a te  o f  2400 
c m 3/m in . Ow ing to  th e  h igh  gas velo c ity , th e  te m p e ra tu re  w as n o t  c o n s ta n t 
in  th e  re a c to r , increasing  before th e  g ra in  b y  5— 10 °C p er cm . A fte r  th e  g ra in , 
th e  te m p e ra tu re  o f th e  gas increased  su d d en ly , due  to  m ix ing  o f  th e  h o t  p ro d 
u c t  gas an d  th e  gas flow ing  a t  a g re a te r  d is ta n c e  from  th e  g ra in . T h e  av erag e  
te m p e ra tu re  o f th e  grain  c an n o t be c a lc u la ted  from  th e  te m p e ra tu re  d is tr ib u 
tio n  cu rv e  m easu red  w ith  th e  th e rm o co u p le  because su d d en  te m p e ra tu re  
increases a t  th e  g ra in —gas b o u n d a ry  are  m ask ed  b y  th e  th e rm a l c o n d u c tiv ity  
o f  th e  th e rm o m e te r  sleeve an d  th e  w ires.

T h e  surface te m p e ra tu re  of th e  g ra in  h as  been m easu red  b y  m ean s o f  a 
p y ro m e te r . T h e  end  o f th e  g ra in  on th e  gas s tre a m  side h ad  a  te m p e ra tu re  b y  
a b o u t 30 °C h ig h er th a n  th e  o th e r end . T h e  average  te m p e ra tu re  m easu red  
w ith  th e  p y ro m e te r  w as th e  sam e as th e  h ig h e s t te m p e ra tu re  m e a su re d  w ith  
th e  th e rm o co u p le  inside th e  g rain . In  th e  e x p e rim e n ts  described in  th e  follow ing, 
te m p e ra tu re s  w ere m easured  w ith  a th e rm o co u p le  reach ing  to  th e  c e n te r  o f  
th e  g ra in .

Empty reactor

A bove 500 °C, th e  reac tio n  o f  m e th a n e  w ith  oxygen can p ro ceed  in  th e  
hom ogeneous p h ase  or on th e  w all o f  th e  reac to r . I f  a 2 5%  m e th a n e —air 
m ix tu re  is fed in to  th e  q u a r tz  re a c to r  a t  a  r a te  o f 2300 cm 3/m in , ab o v e  700 °C, 
fo rm ald eh y d e  is found  in  th e  p ro d u c t. A t 710 °C, th e  c o n cen tra tio n  o f  fo rm a l
d eh y d e  is 0.6, a t  800 °C 1.7 an d  a t 850 °C 1.6 mg/1. T he o th e r p ro d u c ts  o f th e  
hom ogeneous reac tio n , hyd ro g en  an d  ca rb o n  m onoxide can be d e te c te d  from  
a b o u t 900 °C (T able I I ) .  T h e  reac tio n  m ix tu re  begins to  bu rn  a t  980 °C, an d  all 
th e  oxygen  is consum ed in  th e  reac tio n  u n d e r  fo rm atio n  of su b s ta n tia l  q u an ti-

Т аЫ е I I

C om position  o f  the p ro d u c t gas o f  the e m p ty  reactor at a fe e d  rate o f  2 3 0 0  cm 3/m in *

M axim um  tem p era - 
tu r e  m easu red  in  

th e  re a c to r,
°C

V ol. %

H, CO co2

930 0.6 1.3 0
960 1.3 2.7 0.1
980 2.9 5.7 0 . 2

1130 2 0 . 2 15.5 1.3

* N o te : P r o d u c t  c o m p o s itio n  d e p e n d s  o n  th e  l if e -h is to ry  o f  th e  r e a c to r .  D a ta  g iv en  
w ere  m e a s u re d  in  a  q u a r tz  r e a c to r  u se d  fo r  a lo n g  t im e .
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tie s  o f  soo t and  ace ty len e . I t  is in te re s tin g  th a t  in  th e  hom ogeneous reac tio n  
m e th a n e  is decom posed  m a in ly  in to  ca rb o n  m o n o x id e  and  h y d ro g en . T h is 
o b se rv a tio n  is in  acco rd  w ith  th e  find ings o f  B u r g o y n é  and  H ir sc h  [12].

T h e  fin d in g s d iscussed  so fa r  concern ing  th e  hom ogeneous re a c tio n  are  
n o t  v a lid  fo r th e  zone a f te r  th e  c a ta ly s t g ra in  in  th e  reac to r , because th e  c a ta 
ly tic  re a c tio n  changes th e  com position  of th e  gas m ix tu re . H ow ever, th e  e x te n t  
o f  th e  hom ogeneous re a c tio n  possib ly  o ccu rrin g  in  th e  zone a fte r  th e  c a ta ly s t  
g ra in  w ill depend  on th e  vo lu m e o f th is  zone. W e h a v e  m ade a series o f  e x p e ri
m e n ts , w h ere  th e  p o sitio n  o f  th e  c a ta ly s t g ra in  w as varied . The s itu a tio n  w as 
c h a ra c te r iz e d  b y  th e  d is ta n c e  b e tw een  th e  n a rro w  p a r t  o f th e  re a c to r  a n d  th e  
to p  o f  th e  c a ta ly s t  g ra in . T h e  re su lts  are lis te d  in  T ab le  I I I .  N o tw ith s ta n d in g  
th e  f a c t  t h a t  th e  hom ogeneous reac tio n  zone w as increased  b y  a fa c to r  o f 
th re e , th e  changes in  conv ersio n  ra te  did n o t exceed  th e  ex p erim en ta l e rro r, 
w h ich  in d ic a te s  t h a t  th e  conversion  o b serv ed  p roceeds in  th e  im m e d ia te  
v ic in ity  o f  th e  c a ta ly s t  g ra in .
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T ab le  I I I

F ee d : 2 5 %  m e th a n e-a ir  m ix tu r e  
F e e d  r a te :  2200 c m 3/m in . G ra in  t e m p e ra tu r e :  935 ±  5 °C

P o s itio n  o f  th e  g ra in  
cm

C o n v ers io n  r a te  
cm 3/ m in

R a te  o f  fo rm a tio n  
cm 3/m in

M eth an e O xygen
C arb o n

m o n o x id e
C arbon
dioxide H y d ro g e n

l 104 97 84 21 140

3 102 96 82 20 136

5 106 105 85 21 128

7 106 102 84 22 132

S ta n d ,  d e v . 5 6 5 3 7

Effect of the gas rate

T h e  sing le-g ra in  re a c to r  fu rn ishes v a lu a b le  k in e tic  d a ta , i f  th e  degree 
o f  c o n v e rs io n  o f th e  gas m ix tu re  is low . F o r th is , h ig h  gas velocities a re  re q u ire d . 
In  th is  case , th e  com po sitio n  o f the feed can  be assigned  unequ ivocally  to  th e  
re a c tio n  r a te  observed .

T h e  v a r ia tio n  o f  th e  conversion  ra te  as a fu n c tio n  o f gas velo c ity  is show n 
in  F ig  2 . T h e  conversion  ra te  increases slig h tly  w ith  increasing  gas v e lo c ity , 
to  an  e x te n t  co rresp o n d in g  a p p ro x im a te ly  to  th e  ch an g e  in  average c o n c e n tra 
tio n  o f  th e  reag en ts , due  to  th e  decreasing  degree o f  conversion . T he ra tio  o f  th e  
c o n su m p tio n  o f th e  re a g e n ts  w as in  each case close to  u n ity  (vchJ vOí —  1),
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in d ic a tin g  th a t  th e  reac tio n  m echan ism  is n o t  in flu en ced  b y  th e  gas v e lo c ity . 
T h e  s ta n d a rd  d e v ia tio n  o f th e  conversion  ra te  o f  m e th a n e  is 10 cm 3/m in , th a t  
o f  oxygen 12 cm 3/m in  a t  th e  h ig h es t gas v e lo c ity . T h e  e rro r  is n ea rly  p ro p o r
tio n a l to  th e  gas v e lo c ity . (L im its o f e rro r a re  in d ic a te d  in F ig . 2.)

F ig .  2 . V a r ia t io n  o f  t h e  c o n v e rs io n  r a te s  o f  m e th a n e  a n d  o x y g e n  a s  a  f u n c tio n  o f  th e  fe e d  r a te .  
S y m b o ls :  •  o x y g e n ; x  m e th a n e ;  Д h y d ro g e n

Owing to  th e  s lig h t change in  conversion  ra te s , th e  gas velo c ity  can  be 
selec ted  a t  will. O u r ex perim en ts w ere ca rr ied  o u t  a t  a gas v e loc ity  o f 2400 
c m 3/m in.

F ig . 3. C o n v e rs io n  r a t e  o f  o x y g e n  o v e r  fo u r  c a t a ly s t s .  C a ta ly s t  N o . S y m b o ls : 3: x ;
4; O ; 5: Д ;  6: •
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V ariation o f the reaction rate over catalysts o f various nickel content w ith the
temperature

T h e  u p p e r lim it o f th e  te m p e ra tu re  ran g e  of th e  in v es tig a tio n  is g iven  b y  
th e  ig n itio n  of th e  reac tio n  m ix tu re , th e  low er lim it b y  th e  e x tin c tio n  o f th e  
c a ta ly t ic  reac tio n . W ith  th e  c a ta ly s ts  u sed , ex tin c tio n  m ay  occur below  760 °C, 
th e re fo re  th e  m easu rem en ts w ere ca rried  o u t above 760 °C.

F ig . 4 . C o n v e rs io n  r a te  o f  m e th a n e  o v e r  fo u r  c a ta ly s ts .  C a ta ly s t  N o . S y m b o ls :  3: x ;  4 : СУ-,
5: Д ;  6: •

F ig . 5 . C o n v e rs io n  ra te s  o f  th e  p r o d u c ts  o v e r  fo u r  c a ta ly s ts .  C a ta ly s t  N o . S y m b o ls :  3: X;
4 : O ;  5: Д ;  6 : ®
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R esu lts  are  show n in  F igs 3 —7. T he feed ra te  w as 2400 ^  50 cm 3/m in , 
an d  th e  m ix tu re  co n ta in ed  25 ^  0.5 v/v %  of m e th a n e . O ver c a ta ly s t  sam ples 
No. 3— 6, th e  conversion  ra te s  w ere th e  sam e w ith in  e x p e rim e n ta l e rro rs,

F ig . 6. C o n v ers io n  r a te  o f  o x y g e n  o v e r  c a ta ly s t  N o. 1. S y m b o ls :  x  m e a su re d  a t  d e c re a s in g  t e m 
p e r a tu r e ,  X m e a su re d  a t  in c re a s in g  t e m p e ra tu r e

F ig .  7. C o n v e rs io n  r a te  o f  m e th a n e  o v e r  c a ta ly s t  N o . 1. S y m b o ls :  О  in  th e  d i r e c tio n  o f  d e c re a s 
in g  t e m p e ra tu r e s ,  •  in  th e  d ire c tio n  o f  in c re a s in g  te m p e ra tu r e s

an d  w ere th e re fo re  p lo tte d  on th e  sam e figures (F igs 3, 4 , 5). As com pared  
to  th e  o th e r c a ta ly s ts , th e  conversion  ra te  w as low er w ith  c a ta ly s t  N o. 1. I t  
increased  m ore s teep ly  w ith  te m p e ra tu re , an d  th e  change e x h ib ite d  h yste resis , 
h ig h er ra te s  b e ing  m easu red  w ith  decreasing , th a n  w ith  in c reasin g  te m p e ra 
tu re s  (Figs 6, 7). T h e  b eh av io u r o f c a ta ly s t  N o. 2 re p re se n te d  a tra n s itio n  
betw een  c a ta ly s ts  N o. 1 and  3. O w ing to  th e ir  non-specific  c h a ra c te r , these  
d a ta  are  o m itte d .
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D ependence o f th e  reac tio n  ra te  on  com position  
a t  890 °C

A t a m e th an e  c o n c e n tra tio n  o f  25 v/v %  th e  c o n c e n tra tio n  o f  oxygen  was 
v a r ie d . T h e  resu lts  show n in  F ig . 8 w ere o b ta in ed  w ith  c a ta ly s t  g ra in  N o. 4, a t 
a to ta l  gas ra te  o f 2400 c m 3/m in .

F ig . 8 .  V a r ia t io n  o f  th e  c o n v e rs io n  r a t e  o f  o x y g e n  a n d  m e th a n e  as a  f u n c t io n  o f  o x y g e n  c o n 
c e n t r a t i o n .  S y m b o ls : •  — 0 2 in  th e  d i r e c t io n  o f  d e c re a s in g  c o n c e n tr a t io n s ;  H—  C H 4 in  th e  d ire c 
t io n  o f  d e c re a s in g  c o n c e n tr a t io n s ;  О — 0 2 in  th e  d ire c tio n  o f  in c re a s in g c o n  c e n t r a t io n s ;  x — C H 4 

in  t h e  d i r e c t io n  o f  in c re a s in g  c o n c e n tr a t io n s

T h e  conversion ra te s  o f  b o th  m e th a n e  an d  oxygen  w ere d ep e n d e n t on 
o x y g en  co n cen tra tio n . T he s ta b le  reg ion  o f o p e ra tio n  w as re la tiv e ly  narro w ; 
below  an  oxygen c o n c e n tra tio n  o f a b o u t 10 v/v % , ca rb o n  w as d ep o sited  on th e  
c a ta ly s t  g ra in , and  above an  oxygen  co n c e n tra tio n  of a b o u t 20 v/v  % , th e  
a c t iv i ty  o f th e  c a ta ly s t d im in ish ed , due p ro b a b ly  to  th e  o x id a tio n  o f n ickel. 
A bo v e  25 v/v °/0 oxygen  c o n c e n tra tio n , th e  m e th a n e  decom p o sitio n  sto p p ed .

T h e  conversion ra te  o f o x ygen  w as in d e p e n d e n t of th e  life h is to ry , and  
u p  to  a b o u t 20 v/v °/0 w as p ro p o rtio n a l to  th e  oxygen  c o n c e n tra tio n . I f  th e  
e x p e r im e n t was s ta r te d  w ith  a m ix tu re  co n ta in in g  6.7 v/v  %  o f oxygen , and  
th e  c o n c e n tra tio n  o f oxygen  w as su b seq u en tly  in creased , th e  conversion  ra te  
o f  m e th a n e  w as h ig h er th a n  in  th e  case w hen  th e  c o n c e n tra tio n  o f oxygen  was 
g ra d u a lly  decreased  from  an  in it ia l  v a lu e  o f 22.8 v/v  % .

T h e  effect o f ch an g in g  th e  m e th a n e  co n c e n tra tio n  w as in v e s tig a te d  on a 
gas m ix tu re  co n ta in in g  11 v/v  %  o f oxygen. I t  w as fo u n d  (F ig . 9) th a t  th e  
c a ta ly s t  is in ac tiv e  in  a gas c o n ta in in g  less th a n  a b o u t 10 v/v  %  o f m e th an e . 
O n in c re a s in g  th e  m e th a n e  c o n te n t, th e  conversion  ra te s  o f b o th  oxygen  and  
m e th a n e  changed  to w a rd s  a  lim itin g  value.
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F ig . 9. V a r ia t io n  o f  th e  co n v ersio n  r a t e  o f  m e th a n e  a n d  o x y g e n  as a  fu n c tio n  o f  th e  c o n c e n t r a 
t io n  o f  m e th a n e .  S y m b o ls : #  m e th a n e ;  О  ox y g en

F ig . 10 . R a te  o f  f o r m a t io n  o f th e  p r o d u c ts  a s  a  f u n c t io n  o f  m e th a n e  c o n c e n tr a t io n .  S y m b o ls :  
X h y d ro g e n ; О  c a r b o n  m o n o x id e ;  Д c a rb o n  d io x id e

P ro b a b ly  so o t fo rm ation  w o u ld  beg in  a t  a  suffic ien tly  h igh  m e th a n e  
c o n c e n tra tio n , w h ich , how ever, h as  n o t been  a t ta in e d  in th is  e x p e rim e n ta l 
series. T he ra te s  o f  p ro d u c t fo rm a tio n  a re  show n in  Fig. 10.

E v a lu a tio n  of th e  resu lts

T h e  e x p e rim e n ta l resu lts p e rm it to  conclude  th a t  th e  reac tio n  r a te  is 
d e te rm in ed  b y  th e  diffusion o f oxy g en  th ro u g h  th e  gas film  su rro u n d in g  th e  
c a ta ly s t  grain.
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T h is  is su p p o rted  b y  th e  following f in d in g s :
1. M ass tra n sp o r t  in  heterogeneous c a ta ly t ic  reac tio n s  is due to  d iffu sion  

th ro u g h  th e  gas film  su rro u n d in g  th e  grain, a n d  th ro u g h  th e  pores. T h e  a p p a r 
e n t  a c tiv a tio n  energy  o f  a  su rface  reaction  is in  g en e ra l decreased b y  d iffu sio n , 
po re  d iffusion  decreasin g  i t  b y  abo u t 50% , an d  gas film  diffusion to  a b o u t 
5— 6 k ca l. The sligh t te m p e ra tu re  dependence o f  th e  conversion ra te  o f  oxy g en  
o b se rv ed  betw een  760 a n d  900 °C ind ica tes t h a t  th e  ra te  is d e te rm in e d  b y  
d iffu sion  across th e  gas film .

2. T h e  nickel su rfa c e  o f  the  fresh c a ta ly s ts  increases w ith  th e  n ick e l 
c o n te n t , w hereas th e  c a ta ly t ic  ac tiv ity  e x h ib ite d  a lim iting  value fro m  th e  
th ird  m em b er of th e  se ries. A ssum ing th a t  th e  n ick e l surface does n o t sh rin k  
w hile  in  use or sh rin k in g  does no t affect th e  c a ta ly t ic  a c tiv ity , th e  p h e n o m e 
n o n  o b se rv ed  is in d ic a tiv e  o f  th e  ra te  d e te rm in in g  ro le  of gas film  d iffusion .

3. D uring  o p e ra tio n , th e  nickel c a ta ly s t  m u s t  be in th e  red u ced  s ta te . 
P r e t t r e  e t al. [2] a c t iv a te d  th e  c a ta ly s t b e fo re  use by  red u c tio n . P e t e r s  
a n d  K a p p e l m a c h e r  [13] p ro v ed  th a t  th e  c a ta ly s t  rem ains in  th e  red u ced  
s ta te  a lso  during  o p e ra tio n . I t  is know n t h a t  m e ta llic  nickel can  be ox id ized  
a t  h ig h  te m p e ra tu re s  w ith  m olecular o x y g en . S hou ld  th e  c a ta ly s t  n e v e r
th e le ss  rem ain  in th e  re d u c e d  s ta te  d u rin g  o p e ra tio n , i t  becom es inaccessib le  
fo r m o lecu la r oxygen , o r  shou ld  it  be accessib le , th e  oxide form ed is im m e d i
a te ly  reduced  b y  m e th a n e . W hen  th e  re a c tio n  r a te  d im inishes a t  low  te m p e ra 
tu re s , o r th e  oxygen c o n te n t  of th e  gas m ix tu re  increases so th a t  th e  c a ta ly s t  
becom es accessible fo r  o x y g en , th e  nickel is o x id ized  an d  th e  reaction  s to p s . A c
co rd in g  to  th e  e x p e rim e n ts  show n in Figs 8 a n d  9, th e  ox idation  of th e  c a ta ly s t  
occu rs w hen  th e  c o n c e n tra tio n  of oxygen is a b o u t  th e  sam e as th a t  o f m e th a n e .

4. The ra te -d e te rm in in g  role of oxygen  d iffu sion  is also co n s is ten t w ith  
th e  f in d in g  th a t  th e  con v ersio n  ra te  of o x y g en  is p rop o rtio n a l to  th e  oxygen  
c o n c e n tra tio n .

T h e  sing le-g rain  m e th o d  was su itab le  fo r  c la rify in g  the  in itia l s te p  of th e  
con v ersio n  of m e th a n e —oxygen  m ix tu res. I n  th e  s ta r tin g  m ix tu re , th e  c a ta ly s t  
g ra in  can  rem ain  a n d  fu n c tio n  in  th e  re d u c e d  s ta te ,  because d u rin g  d iffusion  
across th e  gas film  th e  co n cen tra tio n  o f o x y g e n  decreases p ra c tic a lly  to  zero 
b efo re  i t  reaches th e  su rface  of the  c a ta ly s t.

Besides gas f i lm  d iffusion , th e  c a ta ly s t  c a n  be ‘p ro te c te d ’ fro m  oxygen  
also b y  pore d iffu sion . T h is  is supported  b y  th e  re su lts  o b ta ined  w ith  c a ta ly s ts  
N o . 1 an d  2. In d e e d , o x y g en  consum ption  re m a in s  below th e  lim itin g  d iffusion  
ra te  in  th is  case, a n d  chan g es re la tiv e ly  s te e p ly  w ith  tem p era tu re . T h e  p ro te c 
tiv e  ac tion  of th e  p o re s  could  n o t be v e r if ie d  a t  tem p era tu res  s u b s ta n tia lly  
lo w er th a n  760 °C: a n d  we d id  no t fin d  t h a t  c a ta ly s ts  w ith  h igh n ick e l c o n te n t 
o p e ra te d  p e rm a n e n tly  below  th e  lim itin g  d iffu s io n  ra te . This m ay  be due p r i
m a rily  to  th e rm a l e ffec ts . The ra tio  o f th e  conv ersio n  ra te s  of m e th a n e  an d  
o x y g en  decreases w ith  te m p e ra tu re , so t h a t  a t  low er tem p era tu res  th e  re a c tio n
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becom es m ore ex o th e rm ic  and , co n se q u e n tly , th e  te m p e ra tu re  difference 
be tw een  th e  c a ta ly s t  an d  th e  gas s tre a m  w ill be  g rea te r th a n  a t  h ig h e r  te m p e ra 
tu re s  (before e x tin c tio n , it  am oun ts to  a b o u t 300 °C). I t  seems t h a t  th e  decrease 
in  reac tio n  ra te  m ak es th e  h ea t tra n s fe r  co n d itio n s  of the  c a ta ly s t g ra in  u n stab le  
below  760 °C, a n d  ex tin c tio n  arises from  th e  fa c t th a t  ra te  o f h e a t  conduction  
becom es h ig h er th a n  th a t  of h ea t ev o lu tio n .

T h e  te m p e ra tu re  o f ex tin c tio n  is s tro n g ly  dep en d en t on th e  n a tu re  of th e  
c a ta ly s t. A ccord ing  to  a p lan t m e th o d , th e  c a ta ly s t  is te s ted  b y  s to p p in g  th e  
h e a tin g  o f th e  c a ta ly s t  bed, and  b y  m e a su rin g  th e  tim e of e x tin c tio n  w ith  a 
cold re a c ta n t  feed  [10]. T he ex tin c tio n  te m p e ra tu re  of our c a ta ly s ts  is re la tiv e ly  
h igh , so th a t  th e  c a ta ly s t  canno t fu n c tio n  in  a single-grain re a c to r  w ith  a cold 
feed , an d  th e  gas m u s t be p reh ea ted  to  a t  le a s t 400— 450 °C fo r th e  c a ta ly s t 
g ra in  to  fu n c tio n .

I t  w as observed  in  the  reac to r  o f  th e  G as W orks of Ó b u d a  t h a t  in  the  
case o f a cold gas feed th e  th e rm o m ete r  o f  th e  c a ta ly s t bed in d ic a te d  a  te m p e r
a tu re  v a ry in g  b e tw een  100 and  800 °C. W hen  th e  gas was p re h e a te d , th is 
v a r ia tio n  o f  te m p e ra tu re  ceased.

A period ic  f lu c tu a tio n  of c a ta ly s t te m p e ra tu re  has been o b se rv e d  re p e a t
ed ly  also b y  us befo re  th e  ex tinc tion  o f  th e  reac tio n .

T he s im ila rity  o f th e  te m p e ra tu re s  re le v a n t to  stab le  o p e ra tio n  in the  
case o f th e  in d u s tr ia l an d  single-grain re a c to rs  perm its  to  co n sid er th e  resu lts  
o b ta in e d  for th e  in itia l s tep  of th e  re a c tio n  in  th e  single-grain re a c to r  v a lid  also 
fo r th e  in d u s tr ia l reac to r .
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INVESTIGATION OF THE PARTIAL CATALYTIC 
OXIDATION OF METHANE, II

T H E  R A T E  O F  O X Y G E N  D IF F U S IO N

G y . R á c z  a n d  G y . S z é k e l y  

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

R e c e iv e d  M a rc h  25 , 1970

T h e  c o n v e rs io n  r a t e  o f  o x y g e n  h a s  b e e n  m e a s u re d  o n  a  s in g le  s p h e r ic a l  c a ta ly s t  
g ra in  in  a m ix tu re  c o n ta in in g  2 5 %  o f  m e th a n e  a n d  7 5 %  o f  a ir  a t  d i f f e r e n t  fe e d  ra te s .  
I n  e a c h  case, th e  r a t e  o f  o x y g e n  c o n v e rs io n  w a s  fo u n d  to  b e  h ig h e r  t h a n  th e  l im itin g  
r a te  o f  d iffu s io n  t h a t  c a n  b e  c a lc u la te d  f ro m  d a t a  in  th e  l i te r a tu r e .  T h is  d if fe re n c e  can  
b e  e x p la in e d  b y  th e  a s s u m p t io n  t h a t  th e  c o n v e rs io n  o f  th e  r e a c ta n t s  is  n o t  r e s t r ic te d  
to  th e  su rfa ce  o f  t h e  c a t a ly s t ,  b u t  ta k e s  p la c e  a lso  in  th e  la y e r  s u r ro u n d in g  th e  c a ta ly s t .  
I t  c o u ld  b e  p ro v e d  b y  o th e r  e x p e r im e n ts  t h a t  t h e  h o m o g e n e o u s  r e a c tio n  is n o t  e x te n d e d  
to  th e  flo w in g  m e d iu m , b u t  o c cu rs  o n ly  in  th e  v ic in i ty  o f  th e  c a ta ly s t  s u r fa c e .

T he ra te  of he te ro g en eo u s reactions g en era lly  increases w ith  te m p e ra tu re . 
T h is  increase  is lim ited  b y  th e  fac t th a t  th e  c o n cen tra tio n  o f th e  r e a c ta n ts  de
creases a t  th e  site o f th e  reac tio n s , th e  su rface , because th e y  can  be  rep laced  
on ly  a t  a fin ite  ra te  b y  d iffusion  from  th e  b u lk  o f th e  gas p h ase . In  s te a d y  
s ta te , th e  ra te  of d iffu sion  is equal to  th e  r a te  o f th e  surface re a c tio n . This 
cond itio n  determ ines th e  co n cen tra tio n  o f th e  re a c ta n ts  in  th e  v ic in ity  o f  the  
surface. W ith  increasing  te m p e ra tu re , th e  ra te s  o f reac tio n  and  d iffusion  increase 
sim u ltan eo u sly . A t th e  sam e tim e  th e  surface c o n cen tra tio n  of th e  re a c ta n ts  de
creases an d  a t high te m p e ra tu re s , th e  c o n cen tra tio n  o f th e  r e a c ta n t  p re se n t 
in substo ich iom etric  q u a n ti t ie s  approaches zero in  th e  case o f a sm o o th  su rface . 
T h e  lim itin g  value o f th e  reac tio n  ra te  belong ing  to  zero surface c o n c e n tra tio n  
is called th e  diffusion co n tro lled  lim iting  ra te .

In  p rincip le , th e  r a te  o f heterogeneous reac tio n s  p roceed ing  in  porous 
su b stan ces  can n o t a t ta in  th e  d iffusion co n tro lled  ra te , because th e  re a c ta n ts  
m u st p e n e tra te  to  a c e r ta in  d e p th  in to  th e  pores to  fin d  an  ac tive  su rface  and , 
th e re fo re , th e  co n cen tra tio n  o f th e  re a c ta n ts  c a n n o t decrease to  zero  on  th e  
envelop ing  surface of th e  po rous body . I f  th e  p a th - le n g th  of d iffusion  is in  th e  
o rd e r of m illim eters an d  th e  pore  size in th e  o rd e r o f  m icrom eters, th e  lim itin g  
ra te  o f d iffusion  in th e  v ic in ity  o f a porous solid c a n n o t differ a p p re c ia b ly  from  
th a t  p e r tin e n t to  th e  case o f  th e  sm ooth  su rface .

A t such te m p e ra tu re s , w here th e  ra te  o f  th e  heterogeneous c a ta ly t ic  
reac tio n  approaches th e  lim itin g  ra te  of d iffusion, i t  is to  be ex p ec ted  in  m a n y  
cases th a t  th e  re a c ta n ts  u n d erg o  reac tion  also in  th e  hom ogeneous p h a se . I f  th e
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d ire c tio n  o f the  hom ogeneous reac tio n  is d iffe re n t fro m  th a t  o f th e  h e te ro 
gen eo u s reac tio n , th e  c o m p o s itio n  of th e  p ro d u c t p e rm its  conclusions on th e  
h o m o g en eo u s  reaction . I f  th e  p ro d u c t com position  is n o t  ind ica tiv e  o f a h o m o 
g en eo u s reac tio n , se p a ra tio n  o f  th e  tw o kinds o f  re a c tio n s  can be a t te m p te d  by  
th e  te c h n iq u e s  cu s to m ary  in  hom ogeneous re a c tio n  k in e tics , i.e. b y  v a ry in g  
th e  r a t io  o f the  hom ogeneous space and the  h e te ro g en eo u s  surface. H ow ever, 
th e  o ccu rren ce  of th e  h o m o g en eo u s  reaction  m ay  re q u ire  th e  presence of a h e te r 
o g en eo u s  surface, ta k in g  p la c e  only  in  the v ic in ity  o f  th e  la t te r  in  th e  d iffusion  
la y e r . I n  such cases, th e  p re se n c e  of th e  hom ogeneous reac tio n  can be d e te c te d  
b y  sa m p lin g  w ith  a m ic ro p ro b e . R ibaud  and  V a l e n t in e  [1] b u rn ed  a h y d ro 
gen—a ir  m ix tu re , o rig in a lly  a t  room  te m p e ra tu re , on a p reh ea ted  p la tin u m  
su rfa c e . T h ey  have show n t h a t  a t  tem p era tu res  h ig h e r  th a n  700 °C, h y d ro g en  
does n o t  reach  th e  su rface  o f  p la tin u m , b u t i ts  c o n c e n tra tio n  decreases to  zero 
a lr e a d y  a t  a certa in  d is ta n c e  fro m  the  surface. H e re  a re la tiv e ly  sim ple e x p la n a 
t io n  c a n  be given for th e  hom ogeneous reaction  o f  h y d ro g en . U pon  ap p ro ach in g  
th e  h e a te d  sheet, th e  te m p e ra tu re  increases, a n d  th u s  th e  cond itions becom e 
in c re a s in g ly  favourab le  fo r  th e  hom ogeneous re a c tio n . T he reac tio n  o f h y d ro g en  
o c c u rre d  alw ays in t h a t  zone  in  w hich the  te m p e ra tu re  a tta in e d  a b o u t 700 °C. 
W e k n o w  also from  o th e r  so u rces  th a t  the ig n itio n  te m p e ra tu re  o f a ir  c o n ta in in g  
a few  p e r  cents of h y d ro g e n  is in th e  v ic in ity  o f  700 °C [2].

T h e  in v estiga tion  o f  th e  diffusion lay e r w ith  a m icroprobe invo lves g rea t 
e x p e rim e n ta l d ifficu lties a n d  i t  is doubtfu l w h e th e r  th e  gas com position  rem ain s 
u n c h a n g e d  during sa m p lin g  since secondary  re a c tio n s  m ay  ta k e  p lace . The 
p o ss ib le  role of ra p id  h o m ogeneous reactions in  hom ogeneous—heterogeneous 
m e c h a n ism s  can be e v a lu a te d  b y  a simple m e th o d , viz.  th e  reac tio n  ra te  m eas
u re d  shou ld  be co m p ared  w ith  th e  lim iting  r a te  o f  diffusion ca lcu la ted  fo r th e  
g iv e n  heterogeneous su rfa c e . I f  th e  reac tion  r a te  is h igher th a n  th e  lim itin g  
r a t e  o f  diffusion, th e  p re sen ce  of a hom ogeneous reac tio n  is un eq u iv o ca lly  
e s ta b lish e d .

T h e  ca ta ly tic  re a c tio n  o f  m ethane w ith  a ir  is v e ry  fast, so t h a t  P et e r s  
et al. [3] could n o t fo rce  a b reak th ro u g h  o f o x y g en  in  th e ir  la b o ra to ry  reac to r 
b e c a u se  oxygen re a c te d  co m p le te ly  even a t a re s id en ce  tim e  as sh o rt as 4 X 10 3s. 
P e t e r s  et al. have c o n c lu d e d  from  th is f in d in g  t h a t  th e  reac tio n  is p ro b a b ly  
p a r t ly  hom ogeneous, a lth o u g h  th ey  h av e  o ffe red  no d irec t ex p e rim en ta l 
p ro o f .

H ougen  an d  W a t s o n  [4] describe a m e th o d  for th e  ca lcu la tio n  o f th e  
l im it in g  ra te  of d iffu sio n  in  a g ranu lar c a ta ly s t  b e d . B y  m eans o f th is  m ethod  
w e  ca lcu la ted  th a t  in  th e  ex p erim en ts  re p o rte d  b y  P et e r s  et al. a residence  tim e 
o f  a b o u t 2 x l 0 ~ 3 s w o u ld  h a v e  been su ffic ien t fo r  th e  reac tio n  o f 9 9 %  o f th e  
o x y g en  in troduced , i f  th e  reac tio n  ra te  h a d  b een  equal to  th e  lim itin g  ra te  of 
d iffu sio n . Thus, w ith o u t  d o u b tin g  th e  lik e lih o o d  o f a hom ogeneous reac tio n  
b e tw e e n  m ethane a n d  a ir , i t  can be e s tab lish ed  th a t  a h igh re a c tio n  ra te , as
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found in  th e  ex p erim en t c ited , is n o t su ffic ie n t p ro o f for a hom ogeneous 
reaction .

In  th e  f i r s t  p a r t  of th is  w ork  [5] we h a v e  concluded  from  th e  c h a ra c te r is 
tic  p ro p ertie s  o f  m ethane p a r t ia l  o x id a tio n  t h a t  d iffusion  p lays a decisive  role 
in  th e  re a c tio n . W e checked th is  find ing  b y  th e  ca lcu la tio n  of th e  d iffu sion  ra te . 
T he m eth o d  o f  H o u g e n  a n d  W a t s o n  m e n tio n e d  above can n o t be u sed  because  
i t  does n o t a p p ly  to  a single c a ta ly s t  g ra in .

Com ponent tra n s fe r  to  an d  fro m  a  single grain  
in  flow ing  gas

The r a te  o f  com ponen t tra n s fe r  is in flu e n c e d  p rim arily  b y  th e  c o n c e n tra 
tio n  d ifference o f  th e  d iffusing  co m ponen t b e tw een  th e  flow ing gas a n d  th e  
surface of th e  g ra in . All th e  o th e r  effects a re  expressed  in  th e  re la tio n sh ip  
betw een th e  r a te  an d  the  co n cen tra tio n s  b y  a single co m ponen t tra n s fe r  coeffi
cient. Thus th e  defin ition  e q u a tio n  of th e  c o m p o n e n t tra n sfe r  co effic ien t is:

k A = iV,

f ( * A ,  * a )
( 1 )

T he fu nc tion  f  sh o u ld  be such  as to  m ake th e  co m p o n en t tra n sfe r  co effic ien t 
in d ep en d en t o f  th e  co n cen tra tio n  o f th e  d iffu sin g  com ponen t. U n fo rtu n a te ly , 
th e  com position  influences th e  co m p o n en t tr a n s fe r  coefficien t also in d ire c tly , 
th ro u g h  th e  p h y s ic a l p ro p ertie s  o f th e  gas m ix tu re , so th a t  th e  fo rm  o f  th e  
fu nc tion  can b e  estab lished  o n ly  b y  th e o re tic a l considerations (cf. la te r ) .

The c o m p o n e n t tra n sfe r  coeffic ien t d ep en d s  on m an y  fac to rs . A  re la 
tionsh ip  of p ra c tic a l  use will b e  o b ta in ed  i f  th e  v a ria b le s  are tak en  in to  co n sid 
e ra tio n  in th e  fo rm  o f d im ensionless p a ra m e te rs  t h a t  can  be deduced  fro m  th e  
general d iffe ren tia l equations p e r tin e n t to  th e  phenom enon .

The N u sse lt n u m b er expresses th e  c o m p o n e n t tra n s fe r  coeffic ien t in  a 
dim ensionless fo rm , being a fu n c tio n  of th e  p a th - le n g th  o f diffusion

У  C h arac te ris tic  d im ension  o f  th e  grain  

P a th - le n g th  o f  d iffu sio n
( 2 )

O n th e  o ther h a n d , th e  p a th - le n g th  o f d iffusion  is a fu n c tio n  of th e  p ro p e rtie s  
o f  th e  flow ing gas, w hich  can be  g iven by  th e  R ey n o ld s  n u m b er

R e  =  l l â . (3)
V
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and  b y  th e  S ch m id t n u m b er

Sc =  —  (4)
D

E v e n tu a lly , th e  resu lts  of co m p o n en t tra n s fe r  m easu rem en ts  can  be ex p ressed  
b y  th e  fu n c tio n

N u  =  g(Re, Sc)  (5)

T h e  fo rm  a n d  co n stan ts  o f th is  fu n c tio n  are d e te rm in ed  b y  th e  sh ap e  o f  th e  
g ra in .

W e searched  th e  l i te ra tu re  for co m p o n e n t tra n sfe r  ra te  m e a su re m e n ts  
w ith  w h ic h  o u r own re su lts  cou ld  be c o m p ared .

F ro m  th e  v iew po in t o f co m p o n en t tra n s fe r , th e  m ost ex ten s iv e ly  in v e s 
t ig a te d  sh a p e  is th e  sphere. T h is is due to  th e  fa c t th a t  spherica l g ra in s  or 
d ro p le ts , w h ich  can be reg a rd ed  as in d e p e n d e n t, single partic les are  in v o lv e d  in 
m a n y  ch em ica l opera tio n s. A ccord ing  to  R efs  [6, 7], th e  e x p e rim e n ts  o f 
R ajvz a n d  Marsh a ll  [8] can  be  considered  re liab le . These au th o rs  m easu red  
th e  e v a p o ra tio n  ra te  o f pu re  liq u id  d rops in  a ir , an d  sum m arized  th e ir  re su lts  in 
th e  fo llow ing  eq u a tio n :

N u  = 2.0 +  0.6 R e1'2 S c 1'3 (6)

T h is  e q u a tio n  was reg a rd ed  as th e  basis o f  com parison . Since o u r ea rlie r 
s in g le -g ra in  experim en ts  h a d  been  ca rried  o u t  on a cylindrical g ra in  [5], th e y  
h a d  to  b e  rep ea ted  w ith  a spherica l g rain .

I n  th e  ev a lu a tio n  of th e  ex p e rim en ta l re su lts , we h ad  to  c la rify  th e  fo llow 
in g  p ro b le m s th a t  arose in  th e  ca lcu la tio n  o f  th e  above d im ensionless p a ra m 
e te rs  fo r  a he terogeneous reac tio n .

(1) C alcu la tion  o f  th e  co m p o n en t t r a n s fe r  coefficient;
(2) In te rp re ta t io n  o f th e  p h y sica l q u a n ti t ie s  involved  in  R e ;
(3) E ffec t of th e  te m p e ra tu re  d ifference  betw een  th e  g ra in  a n d  th e  gas 

s t r e a m  on th e  co m p o n en t tra n s fe r  ra te .

Description of the experiments

S p h e re s  w ere  g ro u n d  f ro m  th e  n ic k e l c a t a ly s t  o n  c e ra m ic s  c a r r ie r .  T h e  s p h e re s  w e re  f ix e d  
o n  t h e  t i p  o f  a  th in  q u a r tz  th e rm o e le m e n t  s le ev e , a n d  in tro d u c e d  in to  a n  e m p ty  q u a r t z  tu b e  
w i t h  a  d ia m e te r  o f  17 m m . T h e  t u b e  w as h e a te d  in  a n  o v e n  to  750 °C, a n d  a  m ix tu r e  o f  2 5 %  
m e t h a n e  a n d  7 5 %  a ir  w a s  p a s se d  th r o u g h  th e  t u b e .  T h e  o x y g e n  c o n te n t  o f  t h e  p r o d u c t  w as 
d e te r m in e d  b y  g as c h ro m a to g ra p h y .  I n  o u r  e x p e r im e n ts  th e  g ra in  size a n d  th e  f lo w  r a te  o f  
t h e  g a s  w e re  v a r ie d .  C a ta ly s t  g ra in s  w ith  0 .5 0 ; 0 .7 8  a n d  0 .90  cm  in  d ia m e te r  h a v e  b e e n  s tu d ie d .  
A s t h e  s a m e  c o n c lu s io n s  c o u ld  b e  d ra w n  f ro m  th e  r e s u l t s  o f  a ll th re e  se r ie s , n u m e r ic a l  v a lu e s  
w il l  b e  g iv e n  h e re  o n ly  fo r  o n e  se rie s  o f  e x p e r im e n ts  (T a b le  I) . T e m p e ra tu r e s  w e re  m e a s u re d  
w i th  a  s t a n d a r d  P t - P t R h  th e rm o c o u p le  in  th e  m id d le  o f  th e  g ra in . T h e  g a s  v o lu m e  re fe rs  
to  25 °C  a n d  1 a tm .
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Table I

Variation o f  the conversion rate o f  oxygen as a fu n c tio n  o f  the gas rate

Diameter of the catalyst grain: 0.78 cm

Catalyst
temperature

°C
Gas-flow rate 

cm3/min
Conversion 

rate of oxygen 
cm3/min

Error of 
conversion rate 

cm3/min
Average mole 

fraction of 
oxygen

fco, X 10е
mole cm- * s-1

875 1388 88 0.127 265

876 1360 84 0.127 251

875 1374 87 0.127 260

865 2620 75 0.140 206

864 2624 80 ± 6 0.140 218

865 2623 78 0.141 212
859 2616 80 0.141 217

860 1862 77 0.132 221
865 1866 78 0.132 225

872 960 87 0.110 299

876 960 91 0.109 315

860 3926 65 0 .154 164

859 3886 69 +  10 0 .154 172

858 3920 68 0.155 169

858 2934 67 0.150 172

860 2890 69 + 7 0.149 179

Calculation o f the com ponent transfer coefficient and Nu

T he form  o f fu n c tio n  correspond ing  to  E q . (1) can  be d e riv ed  from  th e  
S te fan  — M axwell eq u a tio n s . A ccord ingly , in  a m ix tu re  o f К  com p o n en ts  th e  
re la tio n sh ip  betw een  th e  co n cen tra tio n  g ra d ie n t o f  co m p o n en t A  a n d  th e  d iffu 
sion ra te s  is:

=  j v  ( * a N ,  -  X ,N A ) (7 )
dz i= J c u Ai

(sum m atio n  m u s t be ca rried  o u t w ith  re sp ec t to  all th e  co m p o n en ts); here  
c is th e  to ta l  c o n c e n tra tio n , and  D Ai is th e  d iffusion  coeffic ien t o f th e  
m ix tu re  of A  an d  i. E q . (7) becom es con sid erab ly  sim plified  i f  a m ean  diffusion 
coeffic ien t is w ritte n  in s te a d  o f th e  D Ai v a lu es . A ccord ing  to  H o u g e n  and  
W a t s o n  [4], th e  m ean  diffusion  coefficien t o f co m p o n en t A  is:

ö a (1 —  x A) =  2 ? X íD A i (8 )
i=B

2* Ada Chim. ( Budapest) 70, 1971



306 R Á C Z , S Z É K E L Y : P A R T IA L  C A T A L Y T IC  O X ID A T IO N  O F  M E T H A N E , I I

T h e re la tio n sh ip  betw een  th e  N i  v a lu es  is given b y  th e  su rface  reac tio n . In  o u r 
case th e  s to ich io m etry  o f th e  su rface  reac tio n  c an n o t be  expressed  b y  a  sim ple 
e q u a tio n . H ow ever, acco rd ing  to  ex p e rim en ta l d a ta  p u b lish ed  in  o u r p rev io u s 
c o m m u n ic a tio n  [5], th e  fo llow ing  e q u a tio n  is a p p ro x im a te ly  v a lid  in  th e  
te m p e ra tu re  range be tw een  850 a n d  900 °C:

C H 4 +  0 2 =  CO +  H 2 +  H 20  (9)

I f  th is  re a c tio n  proceeds on th e  c a ta ly s t ,  th e  diffusion ra te s  are  in te r re la te d  in  
th e  su rro u n d in g  gas la y e r  as

iV c o =  iVH2=  N Hi0 =  N CHt =  N 0l (10)

C o n sid erin g  E qs (8) an d  (10), E q . (7) can be w r it te n  in  th e  fo llow ing fo rm :

D o> ■ c ~ ^ =  N 0 2 ( l  +  x 0i)_ (11)
dz

T h e  in te g ra l  of th is  e q u a tio n  g ives th e  form  of th e  fu n c tio n  in  q u estio n . I n te 
g ra tio n  is perfo rm ed  fo r th e  s im p le s t m odel: th e  d iffusion  lay e r is p la n a r  w ith  
a  tic k n e s s  o f  <5, th e  m ole fra c tio n  o f oxygen a t  th e  gas-side b o u n d a ry  o f  th e  
la y e r  is %ог, and  a t th e  su rface  x q ,.

In te g ra tio n  gives:

c D 0 ,   N 0, — . /19\
------л----------— Г П Г >  = f c ° 2 ^

d In 02
1 +  * о г

T h is  e q u a tio n  can be re a rra n g e d  to  in d ica te  th e  m ode o f  ca lcu la tio n  o f N u :

N u  =  —  =  - ^ î -  (13)
-5 c.D0t

C alculation o f th e  p h ysica l properties of th e  gas m ix tu re

T h e  diffusion co e ffic ien t o f tw o -co m p o n en t m ix tu re s  h as  b een  ca lcu la ted  
b y  th e  form ula o f G i l l i l a n d  [4]:

T3/2 / I 1
D ab =  0 .0043  -------- ■=■-------—  / -----------1--------- - (14)

í W  +  n /3)21 MA mb

D a ta  u sed  for th e  c a lc u la tio n  are  sum m arized  in  T ab le  I I .
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T ab le  I I

D a ta  u se d  f o r  th e  c a lc u la tio n  o f  d i f f u s io n  c o e ff ic ie n ts

Substance Ml Vi

o 2 32 25.6
n 2 28 31.2
c h 4 16 29.6
CO 28 30.7
H 20 18 18.9
Ho 2 14.3

T he average  d iffusion  coeffic ien ts o f oxygen  an d  m e th an e  w ere  ca lcu la ted  
from  E q . (8). In  acco rdance  w ith  reac tio n  (9) an d  u n d e r  th e  a s su m p tio n  th a t  
th e  m ole frac tio n  o f  oxygen is zero on th e  su rface  o f th e  c a ta ly s t, th e  calcu la tions 
w ere  carried  ou t w ith  th e  fo llow ing average  m ole frac tio n s in  th e  diffusion 
lay e r:

*o2 =  *co =  * h 2o  =  * h 2 =  0.072; 

x CHt =  0 .160; x Ns =  0.552.

T h e  average m o lecu lar m ass of th e  diffusion lay e r is 23.7. T he re su lts  o f th e  
ca lcu la tio n s are sum m arized  in  T ab le  I I I .

T ab le  I I I

P h y s ic a l  p ro p e r tie s  o f  th e  g a s  f i l m  s u r r o u n d in g  th e  c a ta ly s t

T e m p e ra tu re
К

p 10‘
poise

D CH,
cm 2 • s~ l

Do,
c m 2 • s _1

e x  io3
g • c m - 3 S'C H , Sco,

900 326 1.12 1.02 0.322 0.88 0.99
1000 350 1.31 1.20 0.289 0.92 1 .0 1

1100 369 1.51 1.38 0.263 0.93 1.03
1200 398 1.73 1.57 0.241 0.95 1.06

T he viscosities of th e  d iffusion  lay e r an d  th e  flow ing  gas h a v e  been 
ca lc u la ted  b y  th e  m e th o d  o f W a t s o n  and  U y e h a r a  [4] (T able I I I ) ,  w h ich  is 
b a sed  on th e  th eo rem  o f co rrespond ing  s ta te s . T h e  e rro r  in  c a lc u la tin g  th e  
v isco s ity  of gas m ix tu re s  co n ta in in g  h y d ro g en  is e s tim a ted  to  be a b o u t 10% .

Acta Chim, ( Budapest)  7Q, 1971
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C alcu la tion  of Nu

A cco rd in g  to  our a s su m p tio n  [5], in th e  te m p e ra tu re  range  betw een  760 
an d  900  °C  th e  ra te -d e te rm in in g  process is th e  d iffu sion  o f oxygen . In  o th e r  
w o rd s, th e  surface c o n c e n tra tio n  o f  oxygen is zero . T h is  assu m p tio n  p e rm its  to  
c a lc u la te  th e  com ponent t r a n s f e r  coefficient o f o x y g en  b y  su b s titu tin g  zero in  
E q . (12) fo r  th e  surface m ole fra c tio n  of o x y g en . T h e  m ole frac tio n  in  th e  
gas p h a s e  is replaced b y  th e  a rith m e tic  m ean  v a lu e  o f th e  m ole frac tio n s 
m e a s u re d  in  th e  feed an d  in  th e  p ro d u c t gas.

F ro m  th e  ex p e rim en ta l conversion  ra te  o f  o x y g en  (T able  I ,  C olum n 3), 
th e  a v e ra g e  diffusion ra te  re fe r re d  to  u n it surface h as  been  ca lcu la ted  w ith  th e  
fo llo w in g  fo rm ula :

co n v e rs io n  ra te  of o x y g en  m ol
iVn, — -------------------- -----------------------------------  (15)

60 .24500 grain su rfa c e  cm 2 s

I n to  expression (13) o f  N u ,  th e  following c o n s ta n ts  re fe rrin g  to  th e  m ean  
v a lu e  (1080 °K ) of th e  a v e ra g e  gas te m p e ra tu re  a n d  th e  average  c a ta ly s t  
te m p e r a tu r e  (Table I ,  C o lum n  1) have been in se r te d :

c - 1 .1 3 X 1 0 “ 5 m ol • c m “ 3; d =  0.78 cm ; £>o2 =  1-35 c m 2 • s “ 1.

T h e  N u  va lues ca lcu la ted  fro m  th e  average re su lts  o f  m easu rem en ts  ca rried  o u t 
a t  th e  sam e  gas velocity  a re  show n  in  Colum n 2 o f  T ab le  IY ; th e  e rro r o f N u  
a r is in g  fro m  errors in  th e  m easu rem en t of th e  conversion  ra te  are  lis ted  in 
C o lu m n  3.

T abic IV

S u m m a ry  o f  data

Gas ra te Nu E rro r  
of Nu

Re
cm3/min max. min.

1370 13.3 0.8 54 27
2620 10.9 0.9 104 52
1870 11.3 0.7 72 36
960 15.7 0.7 38 19

3900 8.6 1.3 154 77
2910 9.0 1 .0 114 57

D iam eter of the  g ra in : 0.78 cm

Schm idt n u m b er

A s can be seen fro m  T a b le  I I I ,  th e  Sc  v a lu e s  re la tiv e  to  oxygen  are 
a p p ro x im a te ly  equal to  u n i ty  w ith in  th e  e x p e rim e n ta l e rro r.

Acta -Chim. (Budapest) 70, 1971
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R eynolds n u m b er

In  th e  ev a lu a tio n  o f th e  ex p e rim en t, th e  ca lcu la tion  o f th e  R e y n o ld s  n u m 
ber, Re, p re sen ted  the  m ost p ro b lem s since R a n z  and  M a r s h a l l  [8] d e te rm in ed  
th e  co m p o n en t tran sfe r coeffic ien t in  a m ed ium  w hich could  be considered  
in fin ite . T h is w as easily done in  th e ir  case because th e y  m easu red  th e  a m o u n t 
e v a p o ra tin g  from  a liqu id  d ro p , a n d  rep len ish ed  th e  liqu id  from  a m ic ro b u re tte . 
T h e  e rro r  o f  th is  m ethod  is in d e p e n d e n t o f  th e  m ag n itu d e  o f  th e  gas vo lum e. 
T h e  above au th o rs  s u b s ti tu te d  in to  th e  Re  fo rm ula  th e  flow  ra te  o f  th e  gas, 
flow ing  p lug like  and  u n d is tu rb e d , a t  a la rg e  d istance  from  th e  g ra in .

S uch  a w ell-defined s itu a tio n  c a n n o t be  c rea ted  in s tu d y in g  th e  re la tio n 
ship  b e tw een  a heterogeneous re a c tio n  an d  diffusion because th e  deg ree  of 
conversion  o f  th e  gas m ix tu re  h as  to  be m easu red , and  th e  gas : c a ta ly s t  ra tio  
can n o t be increased  a rb itra r ily . T he p ro b lem  is to  e s tim a te  t h a t  gas r a te  a t 
w hich  an  ex ten siv e  gas flow  sh o u ld  be  m oved  (le t us call th is  th e  e q u iv a le n t ra te ) 
to  p ro d u ce  th e  sam e co m p o n en t tra n s fe r  r a te  on th e  c a ta ly s t p la c e d  in to  th e  
said  gas s tre a m  as th a t  in  th e  g iven  n a rro w  reac to r.

I f  we w ould  cu t ou t fro m  a m ed ium  o f v e ry  g rea t e x te n t, m o v in g  a t  th e  
e q u iv a len t r a te  in p luglike flow , an  im a g in a ry  cross-section co rre sp o n d in g  to  
t h a t  o f th e  re a c to r , th e  av e rag e  flow  ra te  w ould  be h igher in  th is  c ross-sec tion  
th a n  in th e  a n n u la r  cross-section  o f  th e  a c tu a l reac to r, because f r ic tio n  along 
th e  w alls o f  th e  ac tu a l re a c to r  slows dow n th e  gas.

O w ing to  th is  effect, th e  e s tim a tio n  o f th e  eq u iv a len t r a te  is r a th e r  
u n c e rta in . In  th e  calcu lation  o f  Re,  th e  average  flow  ra te  in th e  space  betw een  
th e  grain  an d  th e  reac to r w all w as ta k e n  as th e  low er lim it o f u n c e r ta in ty  o f  th e  
e q u iv a len t ra te , and  th e  d o u b le  o f  th is  ra te  as th e  u p p er lim it.

A fu r th e r  u n c e rta in ty  in  th e  d e te rm in a tio n  of th e  velo c ity  a rises  fro m  th e  
fa c t th a t  n a tu ra l  convection , due  to  te m p e ra tu re  an d  d e n s ity  d iffe rences, 
occurs besides forced flow. A ccord ing  to  K r i s c h e r  and  L o o s  [7], th e  velo 
c ity  of free convection  flow  is

dg
T SM °

M ST°
(16)

w here  th e  su p e rsc rip t s refers to  p ro p e rtie s  v a lid  a t  th e  surface o f  th e  g ra in , an d  
th e  su p e rsc rip t о to  those v a lid  a t  g rea t d istan ces  from  th e  g rain . I f  th e  d irec tio n  
o f  th e  n a tu ra l  convection  flow  is th e  sam e as th a t  o f forced flow , th e  tw o  
velocities h a v e  to  be added . U p o n  su b s titu tin g  in to  E q . (15) M °  =  25 .6 ; 
M s — 22.1; T s =  1130 and  T° =  1010 K , one o b ta in s  v =  15 cm  • s - 1 . T his 
v a lue  is a b o u t one h a lf of th e  e rro r  o f th e  eq u iv a len t gas velocity  a t  th e  low est 
gas-flow  ra te  (960 cm 3 • m in -1 ), an d  ab o u t one te n th  o f th e  e r ro r  a t  th e  
h ighest ra te , th erefo re  we d id  n o t  ta k e  i t  in to  considera tion .

A cta  Chim . (B u d a p e s t)  70 , 1971
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E v a lu a tio n  of th e  re su lts

T h e  resu lts  o f c a lc u la tio n s  are sum m arized  in  T ab le  IV . The d a ta  w ere 
also  p lo tte d  on a d ia g ra m  (F ig . 1) w ith  N u  v a lu e s  on th e  o rd in a te  an d  log 
R e  S c 2 3 values on th e  ab sc issa . The func tion  d e te rm in e d  b y  Ranz an d  Mar
s h a l l  (E q . 6) is also p lo t te d  on  th e  d iagram . D a ta  m e a su re d  a t  th e  h ig h est gas

F i g .  1 . Graphical representation of the results of component transfer measurements plotted 
as the relationship of dimensionless parameters

v e lo c itie s  agree w ith in  ex p e rim en ta l e rro rs w ith  th e  d a ta  pub lished  in  th e  
l i te ra tu re ,  w hereas a t  lo w er velocities a sy s te m a tic  d ev ia tio n  occurs. I n  th e  
e x tre m e  case, th e  N u  n u m b e r  de te rm ined  b y  u s  is tw o  to  th ree  tim e s  th e  
ca lc u la ted  value, i.e. th e  reac tio n  ra te  o f  o x y g en  is 2— 3 tim es h ig h er th a n  
w o u ld  be possible in  a p u re  surface reac tio n .

T he resu lts  o f ca lc u la tio n s  on d iffusion  c a n  be  exp la ined  solely b y  th e  
f a c t  th a t  besides a h e te ro g en eo u s  reaction  (o ccu rrin g  on th e  surface) th e re  is also 
a hom ogeneous re a c tio n .

The question  a rises , w h a t connection  e x is ts  b e tw een  th is  hom ogeneous 
re a c tio n  and  th e  h e te ro g en eo u s  reaction . A c lo ser connection  can be assum ed  
b e tw een  th e  tw o re a c tio n s  i f  th e  hom ogeneous one proceeds only  in  th e  v ic in ity  
o f  th e  surface. A lo o ser con n ec tio n  is to  be e x p e c te d  be tw een  th e  hom ogeneous 
a n d  th e  he terogeneous re a c tio n s  if  the  h o m ogeneous reac tio n  ex tends o v er th e  
w hole  reacto r. To e lu c id a te  th is  problem , we re p e a te d  th e  experim en ts in  w hich  
th e  position  of th e  g ra in  w as varied  (for th e  d e sc rip tio n  of th e  ex p e rim en t cf.
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R ef. [5]). U nder th e  conditions o f th is  e x p e rim e n t th e  m easu red  r a te  o f  oxygen 
conversion  was a b o u t tw ice as h ig h  as th e  ca lcu la ted  lim iting  r a te  o f  diffusion, 
an d  th e  ra te  o f oxy g en  consum ption  w as in d ep en d en t of th e  p o s itio n  o f the  
g ra in . T h is m eans t h a t  th e  p re d o m in a n t p a r t  o f  th e  hom ogeneous re a c tio n  tak es  
p lace w ith in  a few  m illim eters from  th e  g ra in  surface.

A t th e  te m p e ra tu re  and gas v e lo c ity  used , th e  gas feed  does undergo  
reac tio n  w ith o u t a c a ta ly s t in th e  ho m o g en eo u s phase. I t  is th e re fo re  to  he 
assum ed  th a t  th e  hom ogeneous re a c tio n  o b serv ed  in connection  w ith  th e  h e te r
ogeneous reac tio n  w as in itia ted  b y  th e  c a ta ly s t .

N otations a n d  d im ensions

A ,  B  n o ta t io n  o f  th e  se le c te d  c o m p o n e n t 
c t o t a l  c o n c e n tr a t io n  (m o l • cm -3 )
d  g ra in  d ia m e te r  (c m )
D  d if fu s io n  c o e f f ic ie n t  (c m 2 s-1)
g  g r a v i t a t io n a l  a c c e le ra t io n  (cm  s-2 )
1 g e n e ra l  n o ta t io n  o f  th e  c o m p o n e n t
k i  c o m p o n e n t  t r a n s f e r  c o effic ie n t (m o l c m -2  s -1 )
К  n u m b e r  o f  c o m p o n e n ts
M j  m o le c u la r  m a s s  (g  m o l-1)
N /  d if fu s io n  r a te  (m o l c m -2  s-1)
N u  N u s s e lt  n u m b e r
R e  R e y n o ld s  n u m b e r
S c  S c h m id t  n u m b e r
T  a b s o lu te  t e m p e r a tu r e  (K )
V j m o le c u la r  v o lu m e  fo r  th e  c a lc u la tio n  o f  t h e  d if fu s io n  c o n s ta n t
V g a s  v e lo c ity
2 d is ta n c e
X/ m o le  f r a c t io n
ô th ic k n e s s  o f  th e  d if fu s io n  la y e r  (c m )
H d y n a m ic  v is c o s i ty  ( g / c n r  1 s-1)
V k in e m a tic  v is c o s i ty  ( c m 2 s-1)
Q d e n s i ty
о v a lu e  a t  th e  e x te r n a l  b o u n d a ry  o f  t h e  g a s  f i lm
s v a lu e  a t  th e  e n v e lo p in g  su rface  o f  t h e  c a t a l y s t  g ra in
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S T U D Y  ON T H E  P A S S IV A T IO N  O F  I R O N  
I N  W A T E R  A C ETIC  A C ID  M I X T U R E

L. K is s , D o  N g o c  L i e n  a n d  M. L. V a r s á n y i

(D e p a r tm e n ts  o f  P h y s ic a l  C h em is try  a n d  R a d io lo g y , L .  E ötvös U n iv e r s ity , B u d a p e s t)

R e c e iv e d  M a y  8, 1970

T h e  a n o d ic  b e h a v io u r  o f  iro n  w a s  s tu d ie d  b y  a  p o te n t io s ta t i c  m e th o d  in  so d iu m  
a c e ta te ,  p e rc h lo r ic  a c id  a n d  so d iu m  p e rc h lo ra te  so lu t io n s  p r e p a re d  e i th e r  w i th  a n h y 
d ro u s  a c e tic  a c id  o r  a c e tic  a c id - w a te r  m ix tu re s .  I n  so d iu m  a c e ta te  s o lu tio n s  p a s s iv a tio n  
is o b se rv e d  o n ly  in  th e  p re se n c e  o f  w a te r .  H o w e v e r ,  in  so lu tio n s  o f  p e rc h lo r ic  a c id  a n d  
i ts  so d iu m  s a l t  p a s s iv a tio n  o c cu rs  o n ly  in  a n h y d r o u s  m e d ia . T h is  p h e n o m e n o n  c a n  be  
e x p la in e d  b y  th e  d if fe re n t  p ro p e r t ie s  o f  io n  p a ir s  fo rm e d  in  th e  so lu tio n s .

In  a p rev io u s  p a p e r  [1] we rep o rted  o u r s tu d y  on th e  anodic  d isso lu tio n  
o f  a c tiv a te d  iro n  in  an h y d ro u s acetic  ac id . I t  has been  estab lish ed , am ong  
o th e rs , th a t  u n d e r  th e  cond itions s tu d ied  th e  r a te  o f th e  anodic  d isso lu tio n  of 
iro n  increases w ith  increasing  a ce ta te  ion  c o n c e n tra tio n . T h is p a p e r d eals  w ith  
th e  p ass iv a tio n  o f iro n  in  an h y d ro u s ace tic  acid  an d  in  w a te r -a c e tic  acid 
m ix tu re s . W a te r  is know n to  p lay  an im p o r ta n t  ro le in  th e  p a ss iv a tio n  of 
m e ta ls . T his fa c t  w as em phasized  b y  severa l a u th o rs  [2 —9] an d  w as con firm ed  
b y  som e e x p e rim e n ts  re la tin g  to  th e  p a ss iv a tio n  o f m eta ls  in  n o n -aq u eo u s 
so lv en ts  [6— 9]. I n  th e  l a t te r  s tud ies th e  absence  o f  passiv a tio n  has been e s ta b 
lished  on th e  b as is  o f  p o te n tio s ta tic  curves in  an h y d ro u s  so lven ts. T h e  a p p e a r
ance  an d  d e v e lo p m en t o f p assiv a tio n  a re  s ig n ifican tly  affected  b y  anions 
p re se n t in  th e  so lu tio n  [4, 6, 10— 12] a n d  d e fo rm atio n s in  th e  m e ta ls  [13].

So fa r, th e  p a ss iv a tio n  of iron  in  ace tic  acid  so lu tions h as  n o t  been 
s tu d ie d  in  d e ta il. A sh o rt reference to  such  in v es tig a tio n s  can be fo u n d  in  a 
re c e n t p a p e r b y  H e it z  [14].

E xperim en ta l

T h e  p o te n t io s t a t i c  c u r r e n t - p o te n t ia l  c u rv e s  w e re  o b ta in e d  u s in g  a  T y p e  1P-41Ü B  po- 
t e n t io s t a t .  T h e  p o te n t i a l  s e t  b y  th e  p o t e n t io s t a t  w a s  c h e c k e d  b y  a  R a d e lk is z  T y p e  O P  205 
p re c is io n  p H - T i t r im e te r .  T h e  p o te n t ia l  w a s  u s u a l ly  c h a n g e d  in  s te p s  o f  50 o r  100 m V  a n d  a f te r  
a  w a i t in g  p e r io d  o f  3 m in  th e  v a lu e  o f  th e  c u r r e n t  a c ro ss  t h e  e le c tro d e s  w a s  r e a d .  U s u a l ly  no  
c h a n g e  in  th e  c u r r e n t  a c ro ss  th e  e le c tro d e s  w as o b s e rv e d  a f te r  th is  p e r io d . T h e  e le c tro d e  p o te n 
t ia l s  g iv e n  b e lo w  ((p) r e fe r  to  th e  s a tu r a t e d  a q u e o u s  c a lo m e l e le c tro d e . S in ce  i t  w a s  th e  f o rm  o f 
th e  p o te n t io s ta t i c  c u rv e s  t h a t  s e rv e d  a s  a  b a s is  o f  o u r  c o n c lu s io n s , th e  d if fu s io n  p o te n t i a l s  
c o u ld  b e  n e g le c te d .

T h e  m e a s u re m e n ts  w e re  p e r fo rm e d  in  v e sse ls  d e s c r ib e d  e a r l ie r  [1 , 15 ]. T h e  q u a l i t y  o f 
iro n  a n d  o th e r  c h e m ic a ls  a s  w ell as th e  m e th o d  o f  p r e p a r in g  th e  e x p e r im e n ta l  m a te r ia ls  w ere  
s im ila r  to  th o se  d e s c r ib e d  in  a  p re v io u s  p a p e r  [1].
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R esu lts  an d  d iscussion

T h e  p o te n tio s ta tic  (p vs. lg  i cu rves (i is th e  c u rre n t d ensity ) d e te rm in e d  
fo r an  iro n  electrode im m ersed  in to  a w a te r—ace tic  acid  m ix tu re  c o n ta in in g  0.5 M  
so d iu m  a c e ta te  are show n in F ig . 1. I t  can  he  seen th a t  th e  iro n  e lec tro d e  is 
p a s s iv a te d  in  all cases ex cep t in  th e  so lu tion  p re p a re d  w ith  an h y d ro u s  ace tic  
ac id .

W ith  increasing  th e  ace tic  acid  c o n te n t o f  th e  so lu tion  th e  ra te  o f d isso lu 
tio n  m e a s u re d  in  the  passive  reg io n  is in c reased . T he ra te  o f anodic  d isso lu tio n

f  [ m V ]

F ig .  1 . P o t e n t io s t a t i c  p o la r iz a t io n  c u rv e s  
fo r  i r o n  e le c tro d e s  im m e rse d  i n to  a  0.5 M  
C H g C O O N a  so lu tio n . C o m p o s itio n  o f  th e  
s o lv e n t :  1 — a n h y d ro u s  a c e tic  a c id ,  2 — 9 0 %  
a c e t i c  a c id  +  1 0 %  w a te r ,  3 — 5 0 %  a c e tic  

a c id  -f- 5 0 %  w a te r ,  4 — 1 0 0 %  w a te r

F ig . 2 . P o te n t io s ta t i c  p o la r iz a t io n  c u rv e s  
r e c o rd e d  b y  sw ee p in g  th e  p o t e n t i a l  in  p o s i
t iv e  ( д )  a n d  ( + )  o p p o s ite  d ire c tio n s  i n  a  
0 .5  M  C H 3C O O N a so lu tio n . S o lv e n ts :  
1 -  9 0 %  C H 3C O O H  +  1 0 %  H „ 0 ,  2 -  5 0 %  

C H 3C O O H  +  5 0 %  H 20

in  th e  a c tiv e  s ta te  a t  su ff ic ien tly  p ositive  p o te n tia ls  is, how ever, increased  
u p o n  in c re a s in g  th e  w a te r  c o n te n t (a t  th e  ex am in ed  com positions o f  so lu tio n s). 
T h e  c u rv e s  show n in F ig . 1 w ere  o b ta in ed  b y  passin g  from  n eg a tiv e  to  p o sitiv e  
e le c tro d e  p o ten tia ls . U pon v a ry in g  th e  p o te n tia l  in  th e  opposite  d ire c tio n , 
h y s te re s is  is observed in  th e  cases re p re se n te d  b y  curves 2 an d  3 show n in  
F ig . 2.

I n  F ig . 3 the  p o te n tio s ta tic  cu rves o b ta in e d  in  a 0.15 M  sod ium  a c e ta te  
s o lu tio n  a re  shown. T he sh ap e  o f th e  cu rves depends upon  th e  w a te r  c o n te n t 
s im ila r ly  to  th e  cases show n in  F ig . 1.

F ro m  th e  e x p re rim e n ta l re su lts  th e  conclusion  can  be d raw n  th a t  th e  
p a s s iv a tio n  o f iron in  ace tic  acid  so lu tion  o f sod ium  a c e ta te  is o b serv ed  only  
in  th e  p resence  of w a te r, in  ag re e m e n t w ith  th e  re su lts  o f o th e r  a u th o rs  [6 —9] 
r e la t in g  to  non-aqueous so lu tio n s.
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In  Fig. 4 a re  show n the  p o te n tio s ta t ic  cu rves o b ta in ed  fo r iro n  im m ersed  
in  an h y d ro u s a n d  aqueous ace tic  ac id  so lu tio n s con ta in ing  0.5 M  H C 104. I t  
c a n  be seen th a t ,  in  co n trast to  l i te r a tu r e  d a ta  referring  to  n o n -aq u eo u s  so lven ts

F ig .  3. P o te n t io s ta t i c  p o la r iz a tio n  c u rv e s  r e c o rd e d  in  a  0 .15  M  s o d iu m  a c e ta t e  s o lu t io n .  S o l
v e n t s :  1 — a n h y d ro u s  a c e tic  ac id , 2 — 9 6 .7 %  C H 3C O O H  -f- 3 .3 %  H .,0 ,  3 — 9 0 %  C H 3C O O H

+  1 0 %  H „ 0

f  CmV]
F ig . 4 . P o te n t io s ta t i c  p o la r iz a t io n  c u rv e s  r e c o rd e d  in  a  0 .5  M  p e rc h lo ric  a c id  s o lu t io n .  C o m p o 
s i t io n  o f  th e  so lv e n t:  1 — a n h y d ro u s  a c e t i c  a c id ,  2 — 9 8 %  C H 3C O O H  -j 2 %  H 20 ,  3 — 90 %

C H 3C O O H  +  1 0 %  H 20

as w ell as our re su lts  on sodium  a c e ta te  so lu tio n s, th e  shape o f th e  p o te n tio s ta t ic  
c u rv e  o b ta in ed  in  anhydrous so lu tio n  in d ic a te s  passiv a tio n , w h e reas  the  
p resence  of w a te r  e lim inates p a ss iv a tio n , i.e. iron  can n o t be p a s s iv a te d . In  th e  
reg io n  co rrespond ing  to  the  d isso lu tio n  o f  a c tiv a te d  iron  th e  r a te  o f  anod ic  
d isso lu tio n  in creases  w ith  in c reasin g  w a te r  co n cen tra tio n  in  a g re e m e n t w ith  
th e  d a ta  re p o rte d  in  a previous p a p e r  [1].

P o te n tio s ta t ic  po lariza tion  cu rv es  o f  s im ila r shape can be o b ta in e d  by  
c h a n g in g  th e  c o n c e n tra tio n  of p e rch lo ric  ac id  in th e  range o f 0 .1— 0.5 M .
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T h e  p o te n tio s ta tic  cu rv es  ob ta in ed  in 0.2 M  so d iu m  p erch lo ra te  so lu tio n s  
p rep a red  w ith  acetic  ac id  a re  show n in F ig . 5. T h u s  a sligh t p a ss iv a tio n  is 
o bserved  in  an h y d ro u s  m ed ia  as th e  p o te n tia l b ecom es positive . This p a ss iv a 
tio n  is, how ever, e lim in a te d  b y  add ing  2%  o f w a te r .

T o  s tu d y  th e  b e h a v io u r  o f th e  iron  e lec tro d e  im m ersed  in to  a so lu tio n  
c o n ta in in g  sodium  a c e ta te , perch lo ric  acid a n d  its  sod iu m  sa lt, th e  e ffec t o f  
s tir r in g  th e  p o la riza tio n  cu rves w as exam ined  u s in g  a  ro ta r in g  disc e lec tro d e . 
I t  w as fo u n d  in  th e se  e x p e rim e n ts  th a t  th e  sp eed  o f  ro ta tio n  p rac tica lly  does

F ig .  5.  P o t e n t io s t a t i c  p o la r iz a t io n  c u rv e s  re c o rd e d  in  a  0 .2  M  N a C 1 0 4 so lu tio n . S o lv e n ts :  
1 — a n h y d r o u s  a c e t ic  a c id , 2 — 9 8 %  C H 3C O O H  2 %  H 20

n o t a ffec t th e  sh ap e  o f  th e  p o te n tio s ta tic  cu rv es . I f  perch lo ric  acid or sod ium  
p e rc h lo ra te  is u sed , th e  sh ap e  o f th e  p o te n tio s ta t ic  curve does n o t ch an g e  
w ith  th e  speed  of ro ta t io n  o f  th e  electrode in  th e  a c tiv e  region; in  th e  p ass iv e  
reg ion , how ever, th e  c u r re n t  in te n s ity  increases s ig n if ican tly  and  no  c u r re n t 
d e n s ity  d ro p , c h a ra c te r is tic  o f  p assiva tion , can  b e  o b se rv ed  w hen th e  p o te n tia l  
becom es p o sitive . T h is  p h en o m en o n  can be seen in  F ig . 6, w here p o te n tio s ta tic  
cu rv es  a re  show n reco rd ed  a t  v a rious rpm  v a lu es  o f  a disc e lectrode im m ersed  
in to  a 0.2 M  H C 104 so lu tio n .

O n th e  basis  o f  th e se  re su lts  th e  fo llow ing  can  be  estab lished : in  th e  
f i r s t  case (C H 3C O O N a so lu tio n ) th e  p ass iv a tio n , o ccu rrin g  w hen w a te r  is a d d ed  
to  th e  so lu tio n , is p ro b a b ly  caused  b y  an oxide la y e r  fo rm ed  on th e  iron  su rface ; 
th e  d isso lu tio n  o f th is  la y e r  is in d ep en d en t o f th e  h y d ro d y n am ic  co n d itio n s . 
H ow ever, in th e  second  case (anh y d ro u s so lu tio n  o f  perch lo ric  acid an d  its  so d i
u m  sa lt) , p a ss iv a tio n  is due  to  th e  accum ulation  a n d  slow  rem oval of th e  p ro d u c t 
o f d isso lu tio n  a t  th e  e lec tro d e  surface as w ell as to  th e  low ra te  a t  w h ich  th e  
c o m p o n e n t p ro m o tin g  d isso lu tio n  (e.g., a c e ta te  ions) arrives upon  th e  su rface . 
In  th is  case th e  s itu a tio n  is s im ilar to  th e  d isso lu tio n  o f iron  in aqueous N aC l
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so lu tions, ap p ly in g  h igh c u rre n t den sities , w h ere  th e  ap p earan ce  o f  p a ss iv a tio n  
is co n tro lled  b y  convective  diffusion [16, 17].

As fo r th e  role of w a te r , i t  increases th e  r a te  o f d isso lu tion  in  th e  ac tiv e  
s ta te  in  all cases. This e ffec t can  p ro b a b ly  be  exp la ined  b y  th e  a d so rp tio n  o f  
w ate r on  th e  surface and  b y  its  c o n tr ib u tio n  to  th e  fo rm atio n  of th e  so lv a te  shell 
p ro m o tin g  anod ic  d isso lu tio n . O n th e  o th e r  h a n d , w a te r  increases th e  con
c e n tra tio n  o f  ace ta te  ions in  th e  so lu tio n s, as h as  been show n in  an  earlie r 
paper [1]. T h is process increases th e  r a te  o f  a c tiv e  d isso lu tion . In  so lu tio n s  con-

F ig . 6. K f fe c t  o f  sp eed  o f  r o t a t i o n  o f  th e  e le c tro d e  o n  th e  sh a p e  o f th e  p o t e n t io s t a t i c  c u rv e  
re c o rd e d  o n  0 .2  M  H C 1 0 4 so lu t io n  p r e p a re d  w i th  a n h y d r o u s  a c e tic  a c id . T h e  rp m  o f  t h e  r o ta t in g  

d isc  e le c tro d e :  1 — / =  0 m in -1 , 2 — f =  230  m i n -1 , 3 — / =  1320 m i n -1

ta in ing  p e rch lo ric  acid a n d  sodium  p e rc h lo ra te  a sim ilar effect p re v a ils  a t  
p o ten tia ls  co rrespond ing  to  p a ss iv a tio n ; h o w ev er, it  is p ro b a b ly  com bined  
w ith  th e  in c reased  so lub ility  o f  th e  p ro d u c t o f  ano d ic  d isso lu tion  u p o n  th e  a d d i
tion  of w a te r . T h is a ssu m p tio n  is su p p o rte d  b y  th e  s ign ifican t in c rea se  in  th e  
so lub ility  o f  iro n (II)  a c e ta te  in  th e  presence  o f  w a te r . T hus, acco rd in g  to  our 
p re lim in ary  m easu rem en ts th e  so lu b ility  o f  iro n (II)  a ce ta te  in  an h y d ro u s  
acetic ac id  co n ta in in g  0.5 M  HCIO,, is 0.46 g/100 m l, w hereas in  a  m ix tu re  o f 
90%  acetic  ac id  -)- 10%  w a te r , 0.5 M H C 1 0 4 a d d e d , th e  so lub ility  is 3.5 g/100 ml. 
A sim ilar in crease  of so lu b ility  upon  th e  a d d itio n  o f w a te r  is o b se rv e d  in 
sodium  a c e ta te  so lu tions.

T he re su lts  o b ta ined  in  these  ex p e rim en ts  a re  p ro b ab ly  a ffe c ted  b y  th e  
difference b e tw een  th e  c h a ra c te r  o f in te ra c tio n  o f  w a te r an d  th e  d isso lv ed  
com ponen ts in  th e  tw o so lu tions. In  th e  f ir s t  case [(C H 3COOH)2N a + C H ^C O O ^] 
com plexes (ion  pairs) are p ro b a b ly  p re sen t in  th e  so lu tion . T he a d d itio n  o f  w a te r  
to  th e  so lu tio n  does n o t d e s tro y  these  com plexes. In  an h y d ro u s  p e rch lo ric  acid 
solu tions [(C H 3C 0 0 H )2H  + C104_ ] com plexes are  p resen t. W hen w a te r  is ad d e d
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to  th e  so lu tio n  th e  fo llow ing re a c tio n  m ay  ta k e  p lace  [1], since th e  p ro to n  is 
m o re  s tro n g ly  b o u n d ed  b y  w a te r  th a n  i t  is in  th e  com plex ,

[(C H 3C 0 0 H )2H  + C104“ ] +  H 20  s=s (C H 3C O O H )2 +  (Н 30 + С Ю Г ).

In  th is  case th e  ion p a ir  c o n ta in s  h y d ro x o n iu m  io n , w hich m akes p a ss iv a 
tio n  im p o ss ib le . H ow ever, in  sod ium  a c e ta te  so lu tio n s, a t  ce rta in  p o te n tia ls , 
th e  w a te r  ad so rb ed  on th e  e lec tro d e  surface p e rm its  th e  fo rm atio n  o f  a p ro 
te c t iv e  la y e r  w hose ra te  o f d isso lu tio n  is in d e p e n d e n t of th e  h y d ro d y n a m ic  
c o n d itio n s .

F ro m  th e  resu lts  r e p o r te d  above an d  in  o u r  prev ious p a p e r  [1], th e  
co n c lu s io n  can  be d raw n  th a t  th e  anodic  d isso lu tio n  o f  iron  tak es  p lace  b y  an  
e le c tro ch em ica l m echan ism , in  ag reem en t w ith  H e it z ’s assu m p tio n  [14].

H o w ev e r, ou r re su lts  a p p e a r  to  be a t  v a r ia n c e  w ith  th e  re m a rk  o f  th e  
a b o v e  a u th o r  accord ing  to  w h ich  th e  p a ss iv a tio n  o bserved  in  m o n o carb o x y lic  
ac id s is d u e  to  a M e(C arb)n p ro te c tiv e  la y e r. O u r view  is su p p o rted  b y  th e  
e x p e r im e n ta l fa c t th a t  in  so d iu m  ace ta te  so lu tions p a ss iv a tio n  can be  o b serv ed  
o n ly  in  th e  presence o f w a te r  (see F igs 1, 2).
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POLYMERIZATION OF ACRYLAMIDE 
WITH THE REDOX SYSTEM K2S,08-ASC0RBIC ACID 
IN AQUEOUS SOLUTION AT ROOM TEMPERATURE*

I .  G ÉCZY** and H .  I .  N A S R * * *

(T e x ti le  R esearch  In s t i tu te ,  B u d a p e s t)

R e c e iv e d  M ay  20, 1970

A c ry la m id e  w as p o ly m e r iz e d  in  a q u e o u s  s o lu tio n  a t  r o o m  te m p e ra tu r e  w ith  th e  
re d o x  s y s te m  p o ta s s iu m  p e r s u l f a te - a s c o rb ic  a c id . T h e  k in e t ic a l  c o u rse  o f  p o ly m e r iz a 
t io n  w as fo llo w e d  io d o m e tr ic a l ly .  T h e  e f fe c t  o f  m o n o m e r  a n d  in i t i a t o r  c o n c e n tra t io n s  
o n  th e  r a te  o f  th e  re a c tio n  w a s  s tu d ie d  a n d  a  k in e t ic a l  e q u a t io n  fo r  th e  o v e r-a ll  r a te  w as 
e s ta b lish e d . T h e  ro le  o f  th e  s o lv e n t  as a  c h a in  t r a n s f e r  a g e n t  w a s  a lso  in v e s tig a te d .

F in a l ly ,  t h e  d e p e n d e n c e  o f  th e  n u m b e r  a v e ra g e  d e g re e  o f  p o ly m e r iz a tio n  on  th e  
in i t ia l  m o n o m e r  c o n c e n tr a t io n  a s  w ell as th e  i n i t i a t o r - a c t iv a t o r  c o n c e n tr a t io n  a n d  t e m 
p e ra tu r e  w e re  d e te rm in e d .

R ecen tly  p o ly ac ry lam id e  h a s  found  use in  m an y  fie ld s , e.g. as a floccu lan t 
or sizing agen t. T herefo re  p o ly m eriza tio n  s tu d ies  on ac ry lam id e  m onom er are 
o f  g re a t im p o rtan ce .

T he aim  o f o u r  in v es tig a tio n  was to  po lym erize  ac ry la m id e  in  aqueous 
so lu tio n  w ith  red o x  system s a t  room  te m p e ra tu re . P re lim in a ry  s tud ies w ere 
m ad e  to  find  red o x  system s w h ich  are effective a t  room  te m p e ra tu re . T ab le  I  
i l lu s tra te s  such re d o x  system s.

T ab le  I

R edox  sy stem s effective at 25 °C
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* P re s e n te d  a t  t h e  IU P A C  I n t e r n a t io n a l  S y m p o s iu m  o n  M a c ro m o le c u la r  C h e m is try  
B u d a p e s t ,  2 7 th  A u g u s t ,  1969 . (C f. K in e t ic s  a n d  M e c h a n ism  o f  P o ly re a c t io n s  5 /1 2 .)

** P re s e n t  a d d re s s :  C e n tra l  R e s e a rc h  L a b o r a to r y  fo r  C o lo u r is tic s , B u d a p e s t ,  H u n g a ry .
*** P re s e n t  a d d re s s :  N a t io n a l  R e s e a rc h  C e n tre , C a iro , U A R .
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A ll th e s e  system s successfu lly  in i t ia te d  th e  p o ly m e riz a tio n  a t  room  te rn  - 
p e ra tu re .

T h e  re d o x  system  p o ta ss iu m  p e rsu lfa te -a sco rb ic  ac id  p ro v e d  to  be th e  
m o s t e ffe c tiv e , therefore  i t  w as su b je c te d  to  deta iled  k in e tic a l in v estig a tio n s. 
T h e  k in e t ic  course of p o ly m e riz a tio n  w as followed io d o m e trica lly . F ig . 1 show s 
th e  in s ta n ta n e o u s  m onom er c o n c e n tra tio n  a t  tim e  t  as a fu n c tio n  o f th e  
d if fe re n t p o w ers  of th e  m o n o m er co n cen tra tio n .

t [sec. to'2]
F ig . 1 . K in e t i c a l  co u rse  o f  th e  p o ly m e r iz a t io n  o f  a c ry la m id e . [M 0] =  2 .8 1 6  m ole/1 ; [ K 2S 20 8] =  

1 .5  X 1 0 -2  m ole/1; [a sc o rb ic  a c id ]  =  1 X 1 0 -2  m ole/1; p H  =  4 .5 ;  t e m p .  =  25 °C

A s can  be seen in  F ig . 1, a lin ea r  re la tio n sh ip  ex is ts  on ly  a t  [iVf] 1' 2, 
th e re fo re

[ M ] ~ 4 »  =  k1t +  e (I)
w h ere  k x =  th e  slope

c =  the  in te rcep t o f  th e  s tra ig h t line.
B y  d iffe re n tia tin g  we get:

_ d[M]  = 2 f c i [ M ] 3 /2 (2)
dt

T h e  dependence o f th e  r a te  o f  po lym eriza tion  on th e  c o n c e n tra tio n  o f th e  
re d o x  sy s tem  is show n in T a b le  I I  and  in  Fig. 2. T h e  ra te  o f po lym eriza tio n  
h as  h a lf-o rd e r  dependence on  th e  co n cen tra tio n  o f th e  red o x  system .

T h e  value of th e  o v e r-a ll r a te  co n stan t p ro v ed  to  he fa irly  c o n s ta n t, 
К  =  0 .15 +  0.04 1/mole.sec.

A c ta  Chirn. ( Budapest) 70 .1971



GftCZY, NASR: PO LYM ERIZATION  OF ACRYLAMIDE 321

T a b le  I I

D ependence o f  the rate o f  p o lym er iza tio n  on the concen tra tion  o f  the redox sy s te m  ascorbic
acid

([M 0] =  1-408 m o le /l; p H  =  4 .5 ; te m p . =  25 °C)

[I]  X 103 m o le /l T im e , m in . R a te , % m in .
К

1 • m ole  - 1 • sec ~ 1

3.06 15 2.46 0.19

6.16 15 3.15 0 .1 4

12.3 10 3.82 0.11

24.5 10 4.58 0.16

F ig . 2 . I n i t i a l  r a te  o f  p o ly m e r iz a tio n  o f  a c ry la m id e  a s  a  f u n c tio n  o f  th e  s q u a r e  r o o t  o f  th e  co n 
c e n t r a t io n  o f  th e  i n i t i a t o r  s y s te m . [M 0] =  1 .408 m o le /l; p H  =  4 .5 ; t e m p .  =  25 °C

These resu lts  can  be exp la ined  assum ing  th a t  a s te a d y  s ta te  cond ition  
ex is ts , as follows:

v i = k , [ I ] [ M ] (3)

vp =  k p[ R - ] [ M ]  (4)

V, =  k, [ R -Y  (5)

w h ere  k t, k p, k t are  th e  ra te  c o n s ta n ts  fo r th e  in itia tio n , p ro p a g a tio n  and  
te rm in a tio n , resp ec tiv e ly .

U n d er s ta tio n a ry -s ta te  co n d itions, th e  ra te  o f in itia tio n  e q u a ls  th a t  of 
th e  te rm in a tio n , i.e.:

V ,  =  V ,

k , [ I ] [ M ] =  k,  [ K ] 2

[ R '] 2 =  r [ i ]  [ Щk t

[« • ]  = - Ц / ] ° - 5[М ]0-5 (<>)
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B y  s u b s ti tu t in g  the v a lu e  o f  [_R-] ob ta ined  from  E q . (6) in to  E q. (4) we g e t:

«V =  «V =  -  =  К  i f  A .  [ J ] 0-5[ M ] 15 (7 )
(It КI

I t  c an  be concluded t h a t  in  th e  p o ly m eriza tio n  o f  ac ry lam ide  in  aqueous 
s o lu tio n  in itia te d  b y  p o ta s s iu m  p e rsu lfa te -asco rb ic  ac id , th e  m onom er p a r 
t ic ip a te s  in th e  in itia tio n , a n d  te rm in a tio n  tak es  p la c e  b e tw een  tw o grow ing 
ra d ic a ls .

T h e  num ber av erag e  m o lecu la r w eights ( M n) o f th e  po lym ers w ere 
d e te rm in e d  in  order to  in v e s tig a te  th e ir  d ep en d en ce  on th e  in itia l m onom er 
a n d  in i t ia to r  co n cen tra tio n s  as  w ell as the  te m p e ra tu re .

V iscosity  m easu rem en ts  w ere  carried  o u t in  liV  sod ium  n itra te  so lu tio n  
a t  30 °C , according to  E q . (8) [1]

M a f c  -  6.8 X IO“* Щ .ее (8)

T a b le  I I I  shows th e  p e r t in e n t  d a ta  an d  F ig . 3 rep resen ts  th e  re la tio n  
b e tw e e n  th e  in itia l m o n o m e r co n cen tra tio n  a n d  n u m b e r  average m olecu lar 
w e ig h ts  o f  th e  re su ltin g  p o ly m e rs ; i t  can be seen t h a t  a p ro p o rtio n a lity  ex is ts  
b e tw e e n  th em  hav ing  a  f i r s t  o rd er dependence. T h is  is in  good ag reem en t 
w i th  R o d r ig u e z’s s ta te m e n ts  concerning p e rsu lfa te —m etab isu lf ite  and  p e rsu l
f a te - th io s u lfa te  redox  sy s te m s  [2, 3].

T able  I I I

T h e  nu m b er average m o lecu lar w e ig h t o f  po lyacry lam ide  ( M n) versus the in it ia l  m onom er
concentration  [ \ 7 0 1

( [ / ]  =  6 .1 6  X 1 0 - 3 mole/1; p H  =  4 .5 ; t e m p .  =  25 °C)

[M 0] mole/1 Mn x  10 6 Pn 1  x i o - s
r  n

[S ]/[M ] mole/1

0.704 0 .3 8 8 547 1 .83 78.8

1.408 0 .6 8 9 970 1.03 39.4

2.112 0 .8 0 9 1140 0 .8 8 26.3

2.816 1 .427 2010 0 .4 9 19.7'

T h e chain tra n s fe r  to  th e  so lvent was d e te rm in e d  accord ing  to  Mayo  [4]:

P  о [M ]
( 9)
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LM0] mole /I
F ig . 3. T h e  n u m b e r  a v e ra g e  m o le c u la r  w e ig h t o f  p o ly a c ry la m id e  (M n) p lo t t e d  a g a in s t  th e  in i t ia l  

m o n o m e r c o n c e n tr a t io n  [M 0]. [ J ]  — 6 .16  X 10 ~ 3 m ole/1 ; p H  =  4 5 ; t e m p .  =  25 °C

w here -= -  is th e  rec ip ro ca l value of th e  n u m b e r average  degree o f  po lym eriza- 
* о

tio n  in  th e  absence o f  a tra n s fe r  agen t, an d  Cs is th e  tra n s fe r  c o n s ta n t to  th e
, 1

so lven t, [S] be ing  th e  co n cen tra tio n  of th e  so lv en t. T he values o f  Cs an d  -g — 

w ere ca lcu la ted  on th e  basis  of T able I I I  an d  F ig .4 , b y  th e  m ean  v a lu e  m e th o d .

IS ]

LMo]
1 - 5  -5
n-=22 10 Cs = 2.06 10 
Ho

F ig . 4. E f fe c t  o f  c h a in  t r a n s f e r  o f  w a te r  o n  th e  m o le c u la r  w e ig h t o f  p o ly a c ry la m id e .

[ / ]  =  6 .1 6 X 1 0 - 3 m ole/1; - i -  =  0 .0 2 2 X  1 0 “ 2, Cs =  2 .0 4 X 1 0 - 5 
* 0

Acta  ('.him. (H u tla p esl)  70, 1971



324 GÉCZY, NASR: PO L Y M ER IZ A T IO N  O F ACRYLAM IDE

1
Cs w as fo u n d  to  be equal to  2 .04  X  10 5, w hereas w as 2.2 X  10 4, a n d  hence 
_  •* о
P 0 =  4 .5 4 5 , w hich value re p re se n ts  th e  m ax im u m  th e o re tic a l degree o f  p o ly 
m e r iz a tio n  th a t  can he a t ta in e d  in  th e  absence of a tra n s fe r  ag en t u n d e r  th e  
g iven  e x p e rim e n ta l co n d itions. T h is  va lu e  co rresponds to  th e  n u m b e r av erag e  
m o le c u la r  w eigh t M n =  322 .695 .

T h e  effect of in it ia to r  c o n c e n tra tio n  on th e  m o lecu la r w eigh t o f p o ly 
a c ry la m id e  form ed in th e  p re sen ce  o f redox  system s h as  been re p o r te d  b y  
d if fe re n t a u th o rs  to  be o f a co m p lex  con tro v ersia l n a tu re  [2, 3, 5, 6 ], th e re fo re  
th is  q u e s tio n  was in v e s tig a te d  in  d e ta il in  th e  p re se n t w ork.

T h e  dependence o f th e  n u m b e r  average m o lecu la r w eigh t o f p o ly a c ry l
am id e  o n  th e  p e rsu lfa te -a sco rb ic  acid  c o n cen tra tio n  is given in  T ab le  IY  and  
F ig . 5.

T a b le  IV

D ependence o f  the n u m b e r  average m olecular w eight o f  po lya cry la m id e  
on the p e rsu lfa te -a sc o rb ic  a c id  concentration

([M 0] =  1 .408  m ole/1; p H  -  4 .5 ; te m p . =  25 °C)

У Й Я л д х ю -* Mnx 10-* Pn 4 -  Xio3
p

2.17 1.85 2610 0.38

4.36 1.75 2469 0.40

8.73 0.69 970 1.03

17.46 0.69 970 1.03

T h e  re la tion  betw een  th e  m o lecu la r w eigh t an d  th e  c o n c e n tra tio n  o f 
p o ta s s iu m  persu lfa te—asco rb ic  ac id  is inverse ly  p ro p o rtio n a l, i . e .  th e  p lo ttin g  
o f  th e  rec ip ro ca l m olecular w e ig h t an d  n u m b e r av erag e  degree o f  p o ly m eriza 
tio n  a g a in s t  th e  square  ro o t o f  th e  in i t ia to r - a c t iv a to r  c o n c e n tra tio n  gives a 
s t r a ig h t  line*.

I t s  in te rc e p t is a n d  th e  slope \ 2 k ik t jkp, w here  k tr is th e  r a te  c o n s ta n t
fo r  th e  ch a in  tran sfe r; th u s  th e  above m en tio n ed  te rm s  can  be e s tim a te d . The 
fo rm e r v a lu e  was found  to  b e  1.78 X  10-4 , w hile th e  la t te r  equals 6.51 X  10- 2 , 
b o th  ca lc u la ted  by  th e  m e a n  v a lu e  m eth o d . T h e  in te rc e p t also rep resen ts  
1 /P 0 a n d  hence th e  th e o re tic a l n u m b e r average  m o lecu la r w eig h t (M n) th a t  
c a n  b e  reach ed  equals 3 .9 X 1 0 s. T h is v a lu e  is in  good ag reem en t w ith  t h a t  o f  
th e  c h a in  tra n sfe r  to  th e  so lv e n t.

* T h e  m a th e m a tic a l  r e la t i o n s h ip  is  a s  fo llow s:

А _ = Ьц+ У 2kj к/ V[Tf
P n  k p k p ' \ M 0]
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F ig . 5. R e c ip ro c a l  o f  t h e  n u m b e r  a v e ra g e  d e g re e  o f  p o ly m e r iz a tio n  í^=—I a g a in s t
I P n J tMol

T he effect o f te m p e ra tu re  on th e  m o lecu la r w eight was ex am in ed  w ith in  
th e  range 25 to  60 °C , as show n in  T ab le  У  a n d  F ig . 6. (In  th e  ex p e rim en ts  th e  
possib le n e tw o rk  reac tio n s  w ere n eg lec ted .)

T a b le  V

T he effect o f  tem pera ture  on the m o lecu lar w eigh t o f  the resu ltin g  p o lym er  
( [M „ ] =  1 .408 m ole/1; [ / ]  =  6 .1 6 X  1 0 -3  m ole/1; p H  =  4 .5 )

T e m p era 
tu re ,  °C l / T x  103, M n x  io-®

25 3.35 0.69

35 3 .24 0.59

50 3.09 0.29

60 3.00 0.06

F ig .  6. E f fe c t  o f  t e m p e r a tu r e  o n  th e  m o le c u la r  w e ig h t  ( M n). [JVf0] =  1 .408  m ole/1 ;
[ / ]  =  6 .1 6 X  1 0 - 3 m o le /1 ; p H  =  4.5
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In  one  o f  his papers [2] on acry lam ide  p o ly m eriza tio n  in itia te d  b y  p e r 
su lfa te —m e ta b isu lf ite , R o d r i g u e z  s ta te d  th a t  th e  te m p e ra tu re  h ad  no  e ffec t 
on th e  m o lecu la r w eight, w h ereas  in  one o f h is o th e r  p u b lica tio n s [3] w h ere  
p e rs u lfa te —th io su lfa te  red o x  sy s te m  w as used , re su lts  d iffe ren t from  th e  fo rm e r 
one w e re  o b ta in ed . In  our in v e s tig a tio n s  as in d ica ted  in  F ig . 6, th e  m o lecu la r 
w e ig h t is  in v e rse ly  p ro p o rtio n a l to  th e  te m p e ra tu re  in  a system  in it ia te d  b y  
p o ta s s iu m  p e rsu lfa te -asco rb ic  ac id . A p lo t o f th e  n u m b e r average m o lecu la r 
w e ig h ts  a g a in s t th e  rec ip rocal a b so lu te  te m p e ra tu re s  gives a s tra ig h t line .

F in a l ly  endeavours w ere m a d e  to  e s tim a te  th e  r a te  o f in itia tio n  o f  th e  
p o ly m e riz a tio n  under c o n sid e ra tio n .

I n  p rin c ip le , th e  v e lo c ity  o f  in itia tio n  o f a free rad ica l p o ly m eriza tio n  
can  b e  o b ta in e d  from  stu d ies  o f  th e  over-all ra te  o f th e  po lym eriza tio n  a n d  
n u m b e r  av e rag e  m olecular w e ig h t of th e  re su ltin g  p o ly m er [7]. T he fo llow ing  
tw o  e q u a tio n s  can be ap p lied :

«V =  - ^ Р ~ = к р}[^-[М]  (10)
dt k,

a n d

1 _  ( M i n i t ) 112 , К  U )

p n k p[M ]  1 k p

I n  th e  cases w here c h a in  tra n s fe r  to  th e  m onom er can be co n sid e red  
n eg lig ib le , e lim ination  of k p[ M ]/k ] i2 from  E q s  (10) a n d  (11) gives th e  following- 
re la t io n  [7 ]:

~ ~  =  vimt 12)

T ab le  V I

Change o f  the ra te  o f  in it ia tio n  w ith  the m onom er concentration  
( [ / ]  =  6.1ÓX 1 0 -3  m ole/1 ; p H  =  4 .5 ; te m p . =  25 °C)

[M„],
mole/1

vbr vinit X 10° mole/1.sec% min mole/1.sec X 10*

0.704 2.32 2.72 547 0.5

1.408 3.82 8.96 970 0.9

2.112 6.84 24,0 1140 2.1

2.816 9.74 45.9 2010 2.3
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T ab le  V II

C hange o f  the rate o f  in i t ia t io n  w ith  the concen tra tion  o f  the redox sy stem  
( [M 0] =  1 .408 m ole/1; p H  =  4 .5 ; te m p . =  25 °C)

mmole/1 хЮ3
vbr

Pn 0|mt X 10* mole/1.sec%/min mole/1.sec x 104

1.54 2.46 5.76 2610 0.21

3.08 3.15 7.38 2469 0.3

6.16 3.82 8.96 970 0.9

12.32 4.58 10.75 970 1.1

F ig .  7. C hange o f  t h e  r a te  o f  i n i t i a t i o n  w ith  
th e  m o n o m e r c o n c e n tr a t io n .  [ / ]  =  6 .1 6 X 1 0 -3  

m ole/1; p H  =  4 .5 ; te m p . =  25 °C

F ig . 8. C h a n g e  o f  th e  r a te  o f  i n i t i a t io n  w ith  
th e  c o n c e n tr a t io n  o f  th e  re d o x  sy s te m ' 
[M 0] =  1 .408  m ole/1 ; p H  =  4 .5 ; te m p . =  25°C

A ssum ing t h a t  chain  tra n s fe r  to  th e  m o n o m er is neglig ib le (w hich is 
th e  m ost general case), th e  r a te  o f in itia tio n  can  be d e te rm in ed  from  E q . (12). 
T ab les  V I and  V I I  as well as F ig s  7 and  8 show  th e  o b ta in e d  d a ta  from  w hich 
i t  can  be seen th a t  th e  ra te  o f  in itia tio n  is p ro p o rtio n a l to  th e  in itia l m onom er 
an d  in itia to r  co n cen tra tio n  as a consequence o f E q . (3). I t  am p ly  su p p o rts  th e  
fa c t th a t  th e  m o n o m er is also ta k in g  p a r t  in  th e  in itia tio n  step .
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M Ö S S B A U E R  STU DY O F  F R O Z E N  F E R R I C  
P E R C H L O R A T E  S O L U T IO N S  AT D I F F E R E N T  pH

I .  D É zsi,*  V. D . G o r o b c h e n k o ,** M. K o m o r ,*** I. I. L u k a s h e v i c h ,** 
A. V ÉR TES*** a n d  K . F . TSITSKISHVILI**

/ * C e n tra l R esearch In s t i tu te  f o r  P h y s ic s , B u d a p e s t,  ** K u rc h a to v  A to m ic  E n e r g y  In s t i tu te ,  
M oscow , U S S R  a n d  *** L . E ö tvö s U n iv e r s ity , B u d a p e s t)

R e c e iv e d  J u n e  12, 1970

M ö ssb a u e r  m e a s u re m e n ts  h a v e  b e e n  p e r fo rm e d  o n  f ro z e n  f e r r ic  p e rc h lo ra te  
s o lu tio n s  d o w n  to  2 .8  ° K . T h e  p re se n c e  o f  d if f e r e n t  ty p e s  o f  io n s  a s  a  fu n c t io n  o f  p H  
w a s  o b se rv e d . T h e  h y d ro ly s is  w a s  fo u n d  to  b e  e n h a n c e d  b y  p r e h e a t in g  th e  so lu tio n  
b e fo re  free z in g . T h e  m a g n e t ic  s t r u c tu r e s  o f  th e  p o ly m e r ic  io n s  a r e  in f e r r e d  f ro m  th e  
M ö ssb a u e r  d a t a  a n d  th e  r e s u l ts  a re  c o m p a re d  w i th  th o se  o b ta in e d  b y  o th e r  a u th o rs  
f ro m  s p e c tro p h o to m e tr ic  a n d  m a g n e t ic  s u s c e p t ib i l i ty  m e a s u re m e n ts .

Acta Chimica Academiae Scientiarum Hungaricae, Tomus 70 (4), pp. 329 — 341 (1971)

Introduction

T h e hydro lysis  o f F e ( I I I )  ions has been  ex ten s iv e ly  s tu d ie d . S im u lta 
n eo u sly  w ith  th e  p H  dependence, a decrease in  th e  m ag n e tic  su sc e p tib ility  of 
th e  fe rric  p e rch lo ra te  so lu tions could be o bserved  [1 ,2 ,3 ] . T h e  fo rm a tio n  of 
d im e ric  F e^ O H )^ ' ions p rio r to  com plete  h y d ro ly sis  o f  th e  so lu tio n s was 
in fe rre d  from  p o te n tio m e tr ic  d a ta  b y  H ed strö m  [4]. T h e decrease  in  the  
m a g n e tic  m o m en t fro m  5.8 to  3.8 BM  (B ohr m ag n e to n ) p e r  F e ( I I I )  ion, 
o b se rv e d  in  m ag n e tic  su sc e p tib ility  m easu rem en ts  on so lu tio n s a t  h ig h  pH , 
w as a t t r ib u te d  b y  M u lay  an d  Selw o o d  [5] to  th e  d iam ag n e tic  s tru c tu re  of 
th e  d im eric  ions. T he fo rm a tio n  o f d im eric  ions d u rin g  th e  h y d ro ly s is  o f  F e (I I I )  
ions w as recen tly  con firm ed  b y  th e  th o ro u g h  in v es tig a tio n s  o f Sch u g a r  et al. [6]. 
I n  so lu tio n s a t  h igh  va lu es  o f  p H , po lym eric  ions co n ta in in g  m ore  th a n  2000 
ferric  ions p er m olecule w ere d e tec ted  b y  Spir o  et al. [7].

I n  earlie r in v es tig a tio n s  on th e  M össbauer effect in  frozen  fe rric  p e rch lo 
ra te  so lu tio n s a t  d iffe ren t p H  v a lu es , ferric  ions w ith  d iffe ren t s tru c tu re s  have 
been  id e n tif ie d  [8, 9, 10]. I t  seem ed of in te re s t  to  co n tin u e  th e  s tu d y  o f these 
so lu tio n s  in  w ider ran g es o f  p H  an d  te m p e ra tu re . T ho u g h  th e  s t ru c tu re  of the  
frozen  so lu tions h as  n o t  y e t  b een  fu lly  es tab lish ed , i t  w as th o u g h t to  be useful 
to  f in d  a co rre la tion  b e tw een  th e  M össbauer d a ta  in  frozen so lu tio n s and the 
d a ta  on  ionic s tru c tu re  o b ta in e d  in  th e  liq u id  p h ase  b y  o th e r  m e th o d s .

E xperim en ta l

F o r  th e  e x p e r im e n ts ,  m e ta ll ic  iro n  e n r ic h e d  to  8 0 %  in  5,F e , a n d  r e a g e n t  g ra d e  M erck  
c h e m ic a ls  w e re  u se d . T h e  s to c k  so lu t io n  o f  F e (C 1 0 ,)3 w a s  p r e p a re d  b y  th e  d is s o lu t io n  o f  m e ta ll ic  
r o n  in  h o t  3 5 %  p e rc h lo r ic  a c id  a n d  e v a p o ra tio n  u n t i l  o n s e t  o f  c ry s ta l l iz a t io n .  T h e  s to c k  so lu -
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t io n  w a s  d i lu te d  w ith  d is t il le d  w a te r .  I n  a d d it io n  to  0 .04  M  F e (C 1 0 4)3 +  3 M  N aC 1 0 4 so lu tio n »  
d e s c r ib e d  in  R e f. [5 ], 0 .04  M  F e (C lQ 4)3 so lu tio n s  w ere  a lso  p r e p a r e d ,  w h ic h  c o n ta in e d  N aC IO , 
a s  a  r e s u l t  o f  p H  a d ju s tm e n t .  T h e  p H  w a s  a d ju s te d  b y  th e  a d d i t io n  o f  p e rc h lo r ic  a c id  o r  so 
d iu m  b ic a r b o n a te ,  to  a n  a c c u ra c y  o f  + 0 .0 2  p H  u n i ts  b y  R a d e lk is  ty p e  T i t r i - p H - m e te r .  T h e  
s p e c t r o p h o to m e t r ic  c u rv e s  w e re  t a k e n  o n  a  U n ic a m  S P  700 s p e c tr o p h o to m e te r ,  u s in g  a n  o p t ic a l  
p a t h  l e n g t h  o f  0.05 m m .

T h e  M ö ssb a u e r s p e c tra  w e re  d e te rm in e d  w ith  a  s p e c tr o m e te r  o p e ra te d  in  ‘t im e  rn o d e ’ 
a n d  w i t h  57Co r a d ia t io n  so u rc e  d i f f u s e d  in  P d .  T h e  M ö s sb a u e r  e q u ip m e n t  w a s  c a l ib ra te d  w ith  
n a t u r a l  i r o n  a n d  57F e 20 3. Z ero  v e lo c i ty  w a s  e v a lu a te d  f ro m  t h e  t a b u l a te d  d a ta  o f  M u i r  et a l .  
[1 1 ] . I n  t h e  lo w  te m p e ra tu r e  m e a s u r e m e n ts ,  a  H e  c r y o s ta t  w a s  u s e d  w h ic h  g e n e ra te d  2 .8  ° K  
b y  r e d u c e d  p re ssu re  o v e r  l iq u id  h e liu m .

R esults

T h e  experim en ta l so lu tio n s  w ere firs t used  fo r rep ro d u c in g  th e  sp e c tro 
p h o to m e tr ic  experim en ts o f  M utA Y  and  Selw o o d  [5]. T h e M össbauer sp e c tra  
w e re  s tu d ie d  on so lu tions w ith  a NaC104 c o n c e n tra tio n  m u ch  low er th a n  3 M  
s in ce  in  frozen solutions th e  low  re la tiv e  co n c e n tra tio n  of o th e r  th a n  F e  ions is  
p re fe ra b le  for M össbauer ex p e rim en ts . T he o p tic a l ab so rp tio n  sp ec tra  are 
sh o w n  in  Figs l a —b. I t  is a p p a re n t  th a t  th e ir  sh ap e  is n o t  sensitive  to  th e  
v a r ia t io n  of th e  NaC104 c o n c e n tra tio n . Two a b so rp tio n  p eak s are  observed , 
th e  f i r s t  a t  240 nm  in th e  pFI ra n g e  from  0.0 to  1.8 a n d  th e  second a t  335 n m , 
a p p e a r in g  a t  pH  j> 1 w ith  in c rea s in g  in te n s ity  a t  th e  expense o f th e  240 nm

F ig .  1 . V a r ia t io n  o f s p e c t r o p h o to m e t r ic  c u rv es  w i th  t h e  p H  o f  so lu t io n s  a) in  3 M  N a C IO , ,  
b )  <g 3 M  N a C IO 4 in  fe rr ic  p e r c h lo r a te  so lu t io n
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F ia . 2 . V a r ia t io n  o f  M ö ssb a u e r  s p e c tr a  w i th  t e m p e r a tu r e  in  so lu tio n s  a t  d i f f e r e n t  v a lu e s  o f th e
p H . a )  p H  =  0 .40
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p e a k  as th e  p H  increases. T h e  f i r s t  peak  was assigned  b y  M u l a y  and S e l w o o i > 

to  th e  F e (H 20)ß+ ion, th e  seco n d  to  the  [Fe2(O H )2 ■ 8 H „ 0 ]4+ dim eric ion.

T able  I

M ö ssb a u er  param eters as a f u n c t io n  o f  the p H  a n d  te m p e ra tu re  in  fro ze n  solu tions

S a m p le 2.85 4.5 10 ! 20 4 0  77 T °K

p H  0 .4 0 575 577 575 571 571 H  kO e

p H  =  1 .45

571 565 H  kO e

0.39

1.59

0 .34

1.59 2s  m m /sec

p H  =  2 .2 0
494 491 479 H  kO e

0.64 0.73 2s  m m /sec

p H  =  2 .35
497 487 490 487 487 474 H  kO e

0.53 0.53 0 .71 0.71 2  e  m m / s e c

H  =  v a lu e s  o f  in te rn a l  m a g n e t ic  f ie ld  c a lcu la te d  f ro m  t h e  tw o  e x tre m e  lines. 
E r r o r :  A H  =  i  5 kO e
2e =  v a lu e s  o f th e  q u a d ru p o le  s p l i t t in g  c a lcu la te d  f ro m  t h e  tw o  c e n tra l  lines. 
E r r o r :  A 2s =  i  0 .05  m m /se c .
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T he M össbauer sp e c tra  w ere tak en  on so lu tio n s o f p H  a d ju s ted  successively  
to  0.40; 1.40; 1.45; 2 .20 ; 2.35. T he liqu id  sam p les  w ere f irs t cooled dow n, in 
ab o u t 3 m in , to  77 °K  in  a c ry o s ta t filled w ith  liq u id  n itro g en , th en  to  4.8 °K  b y  
th e  a d d itio n  o f liq u id  helium . T he te m p e ra tu re  w as increased  b y  g ra d u a l 
h ea tin g  o f th e  sam ples. T h e  M össbauer p a tte rn s  as a func tion  of te m p e ra tu re  
are  to  be seen in  F igs 2 a— b — c— d. T he M össbauer p a ram e te rs  m easu red  as a 
fu n c tio n  o f p H  an d  te m p e ra tu re  are su m m arized  in  T ab le  I.

A cta  Chim . ( B u dapest)  70, 1971
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F i g .  2 d . pH = 2.35

In  o rd er to  ta k e  a c c o u n t of th e  te m p e ra tu re  dependence o f  h y d ro ly sis , 
so m e  sam ples were h e a te d  in  th e  liq u id  p h ase  up  to  60 °C an d  k e p t  a t  th is  
te m p e ra tu re  for v a rious p e rio d s before freezing . T h e  M össbauer s p e c tra  tak en  
u n d e r  th e se  conditions a re  show n in  F igs 3 an d  4. T he effect o f p re h e a tin g  is 
a p p a r e n t  in  Fig. 4 from  th e  in crease  in  th e  a rea  below  th e  m ag n e tica lly  sp lit  lines 
a f te r  lo n g er periods o f p re h e a tin g . T he tim e  b eh av io r of th e  p H  d ep en d en ce  of 
h y d ro ly s is  was s tu d ied  b y  ta k in g  th e  M össbauer sp ec tru m  of th e  sam e  sam ple,

Acta Chim. (Budapest) 70, 1971
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F ig . 3. M ö ssb a u e r s p e c tr a  o f  f ro z e n  so lu tio n s  w ith  p H  =  1 .40 . a )  w i th o u t  p r e h e a t in g ,  b )  s o lu tio n  
p r e h e a te d  a t  60 °C fo r  45 m in  b e fo re  fre e z in g

f i r s t  im m ed ia te ly  a f te r  th e  p H  a d ju s tm e n t, th e n  a fte r  its  s ta n d in g  fo r 26 days 
a t  room  te m p e ra tu re  (F igs 5a and  5b).

D iscussion
Isom er shift

In  th e  p resence o f m ag n e tic  sp littin g  i t  is ra th e r  d ifficu lt, som etim es 
even im possib le , to  id e n tify  th e  q u ad ru p o le  sp littin g  in  th e  com plex  sp ec tra  
a n d  th u s  to  e v a lu a te  th e  isom er sh ift. F ro m  th e  cen tra l, m ag n e tica lly  u n sp lit 
p a r t  o f th e  sp e c tra  th e  isom er sh if t could be e v a lu a te d  as ö =  0.2 to  0.4 m m /sec. 
T h is  range  o f <5 is th e  sam e as th a t  o b serv ed  for h igh -sp in  ferric  ions and 
in d ica tes  a 3 d 5 e lec tro n  con fig u ra tio n  in  th e se  ions [12].

Quadrupole sp litting

T he F e 3+ ion has an  S -ty p e  g round s ta te ,  th u s  th e  q u ad ru p o le  sp littin g  
c a n  be a t tr ib u te d  to  th e  asy m m etric  charge d is tr ib u tio n  due to  th e  n e ig h b o u r
in g  a tom s.
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F ig . 4 . E f f e c t  o f  p re h e a tin g  a t  60 °C  o n  th e  M iissb a u e r s p e c tr u m  m e a su re d  a t  77 ° K  in  a  so lu 
t io n  w i t h  p H  =  2.20. a) w i th o u t  p r e h e a t in g .  T im e  o f  p r e h e a t in g  b ) 45 m in ; c) 2 h ; d )  s p e c tr u m  c

m e a s u r e d  a f te r  20 d a y s

A s a function  of so lu tio n  p H  th e  p resence o f d iffe ren t ionic s tru c tu re s , 
like  F e ( H 20 )e+ , [Fe(H 20 ) 50 H ] 2+ [F e(H 20 ) 4(0 H )2] + and  th e  d im eric  (and 
p o ly m e ric )  [(H 20 )4 F e -(0 H )2-F e (H 20 ) 4]4 + can be ex p ec ted  [5]. The m easu red  
s p e c tra  w ere  analyzed in  te rm s  o f assignm en t to  th e se  ions o f d iffe ren t s tru c 
tu re s . I n  th e  sam ple w ith  p H  0.4, th e  h ig h ly  com plex  sp ec tru m  does no t 
e x h ib i t  a n y  sp litting  in  th e  c e n tra l  line (th e  b ro ad en in g  can be a t t r ib u te d  to
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v e l o c i t y  m m / s e c

F ig .  5. M ö s sb a u e r  s p e c tru m  o f a s o lu t io n  o f  p H  =  2 .3 5 , m e a su re d  a t  77 ° K  a )  im m e d ia te ly  
a f te r  p H  a d ju s tm e n t ;  b )  a f te r  s t a n d in g  fo r  26 d ay s

h y p e rf in e  re la x a tio n  effects). T h is is c o n s is te n t w ith  the  presence o f  F e (H 20)ß 
ions w ith  an o c tah ed ra l f irs t-n e ig h b o u r  co n fig u ra tio n , and  c o n se q u e n tly , 
w ith o u t e lec tric  fie ld  grad ien t. In  th e  sam p le  w ith  pH  1.45, th e  q u a d ru p o le  
sp littin g  e x h ib ite d  by  the  c e n tra l p a r t  o f th e  sp ec tra  produces tw o  se ts  o f 
lines (F ig . 2b). T h e  tw o values o f  th e  q u a d ru p o le  sp littin g , d iffering  b y  a fa c to r  
o f 4, suggest th e  s im ultaneous p resence  o f  tw o  ty p e s  o f ferric ions. T b e ir  fo rm a 
tio n  could  be ex p la in ed  in several w ays. O ne o f  th em  m ight be th e  p resen ce  of 
tw o s tru c tu ra lly  d iffe ren t phases o f  th e  so lu tio n  d u rin g  freezing. T h e  d iffe re n t 
en v iro n m en ts  o f  ferric  ions could p ro d u ce  e lec tric  field g rad ien ts  le a d in g  to  
d iffe ren t q u a d ru p o le  sp littings. A lte rn a tiv e ly , ions of d ifferen t s tru c tu re s  
m ig h t be fo rm ed  a n d  hom ogeneously  d is tr ib u te d  in the so lu tion . N e ith e r  o f 
these  m echan ism s can  be defin ite ly  co n firm ed  b y  th e  M össbauer m e a su re m e n t 
u n d e r  th e  given cond itio n s. I t  seem s, h o w ever, h ig h ly  probable th a t  th e  e lec tric  
field  g ra d ie n t is g enera ted  p rim a rily  b y  th e  f i r s t  neighbours an d  t h a t  th e  
d iffe ren t v a lues o f  th e  field g rad ien t can  be a t t r ib u te d  to  the  a p p e a ra n c e  o f  th e
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O H  io n  in  th e  f i r s t  c o -o rd in a tio n  sphere o f th e  fe rr ic  ion. I t  is th e  n e g a tiv e  
c h a rg e  o f  th e  O H -  io n  t h a t  is th o u g h t to  be m a in ly  responsib le  for th e  ch an g e  
in  th e  fie ld  g rad ien t. A s e s tim a te d  in  [4], a b o u t 9 0 %  o f th e  ions is s till in  th e  
F e (H 20)ß  r form  a t  p H  1.40 to  1.45 while th e  r e s t  h a s  th e  above d im eric  s t ru c 
tu r e .  T h is  10%  c a n n o t cau se  a g rea t change in  th e  M össbauer sp e c tru m . T h e  
e s tim a te  from  m ag n etic  su sc e p tib ility  d a ta  [5] g ives 8 0 %  of F e(H 20 )%  a n d  20 %  
o f d im eric  ions. In  th is  case , how ever, i t  is n o t  im p o ss ib le  th a t  th e  80 %  in c lu d es 
a re la tiv e ly  high c o n c e n tra tio n  of [F e(H 20 ) 50 H ] 2+ and  [F e(H 20 ) 4( 0 H ) 2] + 
ions w h ich  c o n tr ib u te  to  th e  m agnetic su sc e p tib il i ty  in  the  sam e m easu re  
as th e  F e (H 20 )%  ions. T h ese  th ree  typ es of ions w ill be considered in  th e  a n a 
ly sis  o f  th e  observed  q u a d ru p o le  sp litting . In  th e  case of 57Fe th e  q u a d ru -  
po le  sp littin g  2e can  b e  exp ressed  as [13]

2e e- Qq
1/2

w h ere  Q is th e  q u a d ru p o le  m o m en t of th e  n u c le u s , e is th e  electronic ch arg e , 
q is th e  fie ld  g ra d ie n t a n d  r] is the  a sy m m etry  p a ra m e te r .

e

w ith  V 2Z given as in  [14]

v „ =  y z i З 2 7

r;

Zj is th e  co -o rd ina te  o f  th e  Z ,- th  charge, r, is th e  ra d iu s  vec to r of th e  i- th  charge . 
W ith  th is  fo rm ula , i t  is p ossib le  to  ev a lu a te  th e  q u a d ru p o le  sp littin g  i f  e.g. th e  
O H -  g roup  is r e g a rd e d  as a p o in t charge in  th e  f i r s t  co -o rd ination  sp h ere . F o r 
a rea so n a b le  d is ta n c e  o f  2.2 Â betw een th e  fe rr ic  io n  and  its f ir s t  n e ig h b o u rs , 
w ith  Q =  0.28 b a rn  [1 3 ]. a n d  th e  S te rn h e im er f a c to r  (1 —y j )  =  9.14 [15], th e  
p re d ic te d  values o f  2e  a re  0.8  m m /sec fo r one O H ~  group in  th e  o c ta h e d ro n , 
1.6  m m /sec  for tw o  O H -  g roups in opposite  v e r tic e s  o f th e  o c tahed ron , a n d  0.8 
m m /sec  fo r tw o O H “  g ro u p s  in  ad jacen t p o s itio n s , r] is zero in  every  case. T h e  
v a lu e s  differ only b y  a f a c to r  of 2, th u s  a f a c to r  o f  4 can n o t he acco u n ted  fo r b y  
th is  s im ple p ic tu re .

T h e  m easu red  2e —  0 .66 m m /sec (see F ig s  2c a n d  2d) can be a t t r ib u te d  to  
th e  d im eric  (or p o ly m eric ) m olecules p re sen t. T h is  v a lu e  of 2e agrees w ith  t h a t  
m e a su re d  for p re c ip i ta te d  ferric h y d ro x id e  gels. C onsequently , th e  m ic ro 
s t ru c tu re  of p o lym eric  ions does n o t seem to  c h a n g e  app reciab ly  u p o n  c o ag u la 
tio n .
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M agnetic sp litting

T he in te rn a l m ag n e tic  fie ld  e v a lu a te d  from  th e  tw o ex trem e  lines was 
fo u n d  to  be 580 kO e in  th e  solidified so lu tio n  o f  p H  0.40, co n ta in in g  m onom eric 
ions. B o th  th e  sh ap e  o f  th e  sp ec tru m  a n d  th e  v alue  of th e  in te rn a l m agnetic  
fie ld  agree w ith  th o se  o b ta in e d  in  th e  M össbauer effect m easu rem en t p erfo rm ed  
b y  N o z i k  and  K a p l a n  [16] on FeCl3 so lu tio n s  of low p H . T h e  h y p erfin e  
sp littin g  can be a t t r ib u te d  to  th e  increase  in  th e  sp in-sp in  re la x a tio n  tim e  a t 
low  co n cen tra tio n s  o f  th e  p a ram ag n e tic  co m p o n e n t [17]. U n d e r th e  ac tio n  of 
th e  c ry s ta l  fie ld , th e  eS5 2 s ta te  m ay  sp lit in to  th re e  K ra m e r d o u b le ts  c h a ra c 
te riz e d  b y  S z =  i  5 /2 , ^  3/2 and  ^  1/2. In  th is  case th e  tw o o u te r  lines in  the  
m easu red  sp ec tra  (F ig . 2a) w ould re flec t th e  h y p erfin e  in te ra c tio n  o f  th e  S z =  
5/2 s ta te ,  th e  lines 2 a n d  5 th a t  o f ^  3/2, w hile  th e  cen tra l com plex  p a r t  o f  th e  
sp ec tru m  could  be cau sed  sim u ltan eo u sly  b y  all th ree  s ta te s . T h e  tw o  o u te r  
lines re flec tin g  th e  in te rn a l  m agnetic  fie ld  o f  580 kO e ap p ea r even fo r sam ples 
w ith  h ig h er p H  (p H  =  1.40 and  1.45 in  F ig s  3a an d  2b). T his is c o n s is ten t w ith  
ea rlie r o b se rv a tio n s  in d ic a tin g  th a t  m onom eric  ions are p resen t a t  h ig h e r pH  
v a lu es , too . A t p H  ]> 2 th e  sp ec tra  h av e  an  en tire ly  d ifferen t h y p e rfin e  s tru c 
tu re . T h e  v a lu e  o f in te rn a l m agnetic  fie ld  decreases to  480 kO e a n d , th o u g h  
s lig h tly , i t  varies w ith  th e  te m p e ra tu re  w ith in  th e  covered ra n g e . As th e  
te m p e ra tu re  rises, th e  in te n s ity  of th e  c e n tra l  p a ram ag n e tic  lines g rad u a lly  
increases. T h is p h en o m en o n  is very  s im ila r to  th a t  observed  in  th e  M össbauer 
sp e c tra  o f very  f in e -g ra in ed  su p e rp a ram ag n e tic  F e,,03 [18] and  fe rric  ox y h y - 
d ro x id e  [19] sam ples. S uch  sm all ferric  o x y h y d ro x id e  partic les  m a y  h a v e  been 
p re se n t in th e  e x p e rim e n ta l so lu tions a t  h igh  p H  values. This sugg ests  t h a t  no t 
only  d im eric  b u t  p o ly m eric  m olecules, c o n ta in in g  a large n u m b e r of fe rric  ions, 
do ex is t.

T h e  spin values o f  th e  ferric ions in th e  po lym eric  m olecule can  be e s ti
m a te d  from  th e  m a g n e tic  hy p erfin e  s tru c tu re  o f th e  M össbauer sp e c tru m . T he 
ca lcu la tio n s of W atso n  an d  F reem a n  [20] show  th a t  in  th e  case o f a 3 #  
e lec tron  co n fig u ra tio n  th e  e lectron  spin, S  =  1/2, corresponds to  an  in te rn a l 
m ag n e tic  field  o f 125 kO e. This w ould give S  >  3/2 for th e  m easu red  480 kO e. 
T he sp in  values of th e  po lym eric  m olecules obv io u sly  can n o t be in fe rred  from  
th e  p re sen t m easu rem en ts , b u t  it is reaso n ab le  to  assum e th a t  a fra c tio n  o f  th e  
d-electron  spins o f th e  fe rric  ions have  a n ti-p a ra lle l o rien ta tio n  in  th e  p o ly m eric  
m olecules. T he o rie n ta tio n  is affected by  th e  v a r ia tio n  o f chain  le n g th , too.

E ffec t o f  heating before freezing

T h e p reh ea tin g  o f  so lu tion  leads to  ap p rec iab le  changes in  th e  M össbauer 
sp ec tra . L ines ap p ea rin g  n o rm ally  only  a t  h ig h er p H  values (sam ple  w ith  
p H  =  1.40, Fig. 3) could  be de tec ted . T he in te n s i ty  ra tio  of m ag n e tica lly  sp lit
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a n d  u n s p l i t  hyperfine  lines in  sam ples w ith p H  =  2 an d  above, increases as a 
re s u lt  o f  p reh ea tin g . T he re la tiv e  in ten s ity  o f th e  m agnetica lly  sp lit lines d id  
n o t  c h a n g e  even a fte r k eep in g  th e  sam ple fo r a long  tim e  a t  room  te m p e ra tu re  
(F ig . 4 ). T h e  1 : 1 in te n s ity  ra t io  o b ta in ed  on p re h e a tin g  could be o b se rv ed  
ev en  a t  77 °K , i.e. a t a te m p e ra tu re  w here, as a ru le , no m agnetic  sp li t t in g  
a p p e a rs  in  th e  sp ec tra  ta k e n  im m ed ia te ly  a f te r  th e  a d ju s tm e n t of p H . T h is  
f a c t  su g g e s ts  th a t  th e  m ag n e tic  s tru c tu re  c a n n o t be a t tr ib u te d  exclusively  to  
th e  in c re a se d  leng th  of th e  p o ly m eric  chains, b u t  m ay  be in fluenced  also b y  
m a g n e tic  o rdering  w ith  in c rea s in g  te m p e ra tu re .

I t  h a s  been show n by  O o stek h o u t  [21] t h a t  th e  m agnetic  s tru c tu re  o f 
th e  p o ly m e ric  ions m ay  ch an g e  w ith  th e  s ta n d in g  tim e  of th e  so lu tion . I t  w as 
o b se rv e d  b y  th is  a u th o r  t h a t  th e  a lm o st n o rm a l p a ram ag n e tic  su sc e p tib ility  
m e a s u re d  on rap id ly  p re c ip ita te d  ferric  h y d ro x id e  a t  te m p e ra tu re s  from  80 °K  
to  300 ° K  becom es v e ry  low  if  th e  so lu tion  is le f t s tan d in g  for a long tim e  a t  
ro o m  te m p e ra tu re  before p re c ip ita tio n  of th e  fe rric  h y d ro x id e . This o b se rv a tio n  
is fu lly  confirm ed  b y  our d a ta  discussed above.

C onclusions

I t  rem ain s to  be seen to  w h a t e x te n t th e  ionic equ ilib rium  is m o d ified  
d u r in g  th e  freezing of ferric  p e rch lo ra te  so lu tio n s a t  d ifferen t p H  v a lu es . In  
a d d i t io n  to  th e  th e rm a l effec t, th e  local v a r ia tio n s  in  solu te c o n c e n tra tio n  
d u r in g  th e  re la tiv e ly  slow  cooling  m ay  also be  im p o r ta n t.

T h e  experim en ts describ ed  above show  t h a t  th e  M össbauer d a ta  re f le c t 
th e  p H -d c p e n d e n t fo rm a tio n  o f ions w ith  d iffe ren t s tru c tu re s  in  ferric  p e rc h lo 
r a te  so lu tio n s , as observed  e a rlie r  b y  o th e r m e th o d s . I t  w as also o b serv ed  th a t  
h y d ro ly s is  is enhanced  a t  h ig h e r  te m p e ra tu re s . T h e  sm aller d istance  b e tw een  
th e  fe rr ic  ions in  th e  p o ly m eric  chains seem s to  lead  to  m agnetic  exchange  
in te ra c t io n s .  The decrease in  th e  m agnetic  m o m e n t p er ion  can be a t t r ib u te d  
p r im a r i ly  to  th e  ordering  of sp ins. F u r th e r  in fo rm a tio n  ab o u t th e  n a tu re  o f  th e  
in tra m o le c u la r  m agnetic  in te ra c tio n s  could  be  o b ta in ed  from  th e  s tu d y  of 
e x c h a n g e  in te rac tio n s in  ch a in s  o f re s tr ic te d  (specifically , dim eric) le n g th .
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ÉTUDE DES PROPRIÉTÉS CHIMIQUES ET 
ÉLECTROCHIMIQUES DES IINDICATEURS 

D’OXYDORÉDUCTION FONCTIONNANT EN 
MILIEUX NON-AQUEUX, I

GÉNÉRALITÉS ET CAS DE LA PERSANTINE

L . L a d á n y i

( In s titu t de Chim ie A norganique et A naly tique  de Г U niversité  L . Eötvös, B u d a p es t)

Reçu le 10 juillet 1970

L’oxydation électrochimique de la Persantine dans l’acétonitrile neutre non- 
tamponné se fait en deux étapes monoélectroniques parfaitement reversibles 
(P  R  + • -j- e; R  + • ^  Q + + +  e. R  + ' et Q + + mono et dications sont des espèces oxy
dées stables; P  est le produit de départ).

Les différences d’absorptions de P  et R  + ' permettent d’utiliser ce système oxy- 
doréducteur rapide comme indicateur d’oxydo-réduction dans le milieu décrit.

A la base de ce modèle, chaque système oxydoréducteur à deux électrons, s’oxy
dant (ou se réduisant) en deux étapes monoélectroniques et ayant

(1) des propriétés électrochimiques semblables à celles de la Persantine
(2) des couleurs visiblement différentes pour la forme réduite (ou oxydée) et le

radical
(3) une stabilité suffisante pour l’espèce oxydée (ou réduite) à un électron 

peut être considéré, comme indicateur d’oxydoréduction réversible dans le milieu étudié.
Des systèmes ayant de telles propriétés ont été déjà décrits. Parmi eux, on peut 

citer les familles de bases suivantes:
Phénothiazine, 5,10-dihydro-Phénazine, N ,N ,N /,N'-Tétraméthylbenzidine, 2,2'- 

Dipyridile, 4,4'-Dipyridile, Benzoxazole, Benzthiazole et Benzdithiole.

Acta Chimica Academiae Scientiarum Hungaricae,  Tomus 70 (4), pp. 343 354 (1971)

In troduction

L ’ap p lica tio n  a n a ly tiq u e  des titra g e s  d ’oxy d o réd u c tio n  en m ilieu  n o n -a q u 
eu x  a d é b u té  il y  a quelque  v in g t ans e t il est encore difficile de p ré v o ir  le rôle 
e t  l ’im p o rtan ce  de telles m é th o d es dans l’aven ir. T o u jou rs est-il, q u e  l ’e x p lo ita 
tio n  des possib ilités th éo riq u es  offertes p a r les so lvan ts n ’a é té  ju s q u ’ici 
réa lisée , que dans le cas des réac tio n s acides—bases e t en conséquence , on p e u t 
s’a t te n d re  à un dév e lo p p em en t considérab le  de l ’ox y d im étrie  en m ilieu  non- 
a q u e u x  [1].

U n a u tre  fa it, v e n a n t à l ’ap p u i de c e tte  c o n s ta ta tio n , c’est l ’ex is ten ce  des 
do m ain es d ’é lec tro ac tiv ité  trè s  é ten d u s  de quelques so lv an ts  a p ro tiq u e s  
(A ce to n itrile , N itro m étlian e , D im éth y lfo rm am id e , e tc .). D ans l ’a c é to n itr ile  
p .e ., les réac tions é lec troch im iques p e u v e n t s’effec tu er e n tre  +  2,2 e t — 3,5 
v o lts  (p a r  ra p p o r t à l ’é lec trode  de référence A g /A g + 10 2M ) su r  l’é lec trode  
to u rn a n te  de p la tin e  poli e t les lim ita tio n s  p a r  le m ilieu so n t dues à l’o x y d a tio n  
e t  à la  réd u c tio n  de l ’é lec tro ly te  de base (LiCIO,) e t non pas a u  so lv a n t lu i-
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m êm e [2] (a u tre m e n t d it ,  d a n s  le so lv an t e x e m p t de LiC104 on p e u t a ller vers 
les m ilieu x  encore p lu s  o x y d a n ts  ou plus ré d u c te u rs ) .

P o u r  in d iq u er le p o in t éq u iv a len t des t i tra g e s  de ce genre, on u tilise  
s u r to u t  des m éthodes é lec tro ch im iq u es (telles que  la  p o ten tio m é trie , l ’am péro- 
m é tr ie )  e t  parfo is seu lem en t des in d ica teu rs  colorés d ’oxydoréd u c tio n .

Cela s’explique p a r  le fa it, que les in d ic a te u rs  de ce ty p e , fo n c tio n n a n t 
d an s  les so lvan ts son t p e u  n o m b reu x . Le q u in a liza rin e  [ 3 | (1 ,2 ,5 ,8 -te trah y d ro x y - 
a n th ra q u in o n e )  e t la  N N ’-bis (p .p ’-d im eth o x y )-d ip h en y lam in e  [4] o n t é té  les 
p re m ie rs  u tilisés dan s l ’acide acétique . R ao e t M u r th y  [5] on t m o n tré , que 
d a n s  l ’acé to n itrile , le F e rro in e  et la  D ip h én y lam in e  fo n c tio n n en t reversih le- 
m e n t;  le v irage du  Y e rt de J a n u s  e t celui du  R ouge de M éthyl, b ien  q u ’ils 
s’u t i l is e n t  dans c e rta in s  cas, est irreversib le ; en fin  la  P h én o sa fran in e  e t le 
R o u g e  N e u tre  ne p e u v e n t ê tre  appliqués du  to u t .

K ra u sz  e t E n d r o i-H avas [6] on t réc e m m e n t récom m endé quelques 
n o u v e a u x  in d ica teu rs  d an s la  fam ille de base  de l ’a m in o an th raq u in o n e , 
fo n c tio n n a n t dans l ’ac ide  acé tiq u e . Ils son t reversib les.

S ignalons, que le m écan ism e de v irage  de to u s  ces in d ica teu rs  n ’est pas 
d isc u té  d an s ces tr a v a u x .

D an s  un  p récéd en t m ém oire  [7], (L e ttre  à la  R édac tion ) en d éc riv an t 
u n  n o u v e l in d ica teu r d ’o x y d o réd u c tio n  rev e rsib le  (la  P e rsan tin e ), nous nous 
so m m es proposé d ’é tu d ie r  sy s té m a tiq u e m e n t les m écanism es de v irage  des 
in d ic a te u rs  colorés d ’ox y d o réd u c tio n . L a p ré se n te  é tu d e  se com pose de la  
d e sc rip tio n  détaillée  de nos tr a v a u x  re la tifs  à la  P e rsa n tin e  e t a p o u r b u t  de 
t i r e r  que lques conclusions générales, v a lab le s  p o u r  u n  groupe p a rtic u lie r  des 
in d ic a te u rs  d ’o x y d o réd u c tio n .

Cas de la Persantine
1. Oxydation chim ique de la Persantine dans l ’eau

^CH2—CH2—OH 

^ C H 2— CH2—OH

Persantine
(Dipiperidino-4,8-pyrimido-5,4 D-pyrimidine-diyl, -2,6-diimino- 2,2/2//2"'-tetraéthanol.)

L a  P e rsan tin e  s’o x y d e  d an s  l’eau  en m ilieu  acide sous l ’ac tion  d ’o x y d a n ts  
ch im iq u es  tels que le b ro m a te  et le p e rm a n g a n a te  de p o tassiu m  p a r  p e rte  de
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d e u x  électrons [8]. A u cours de c e t te  o x y d a tio n  un com posé ro u g e  se form e 
in te rm é d ia ire m en t, d o n t la  durée  de v ie  n ’est que de que lques secondes. A la 
b a se  de ce tte  ré a c tio n , la  P e rsa n tin e  p e u t  ê tre  u tilisée com m e in d ic a te u r  d ’oxy- 
d o réd u c tio n  en B ro m o ato m étrie  e t  en  F e rric io an o m étrie , bien q u e  son v irage  ne 
so it p a r  reversib le  [9].

N ous av o n s décidé d ’é tu d ie r  c e tte  o x y d a tio n  en m ilieu a p ro tiq u e , afin 
de  préciser la  n a tu re  du  p ro d u it in te rm é d ia ire  e t le m écan ism e d u  virage.

2. L ’oxydation é lec tro ch im iq u e  de la P e rsan tin e  
dan s l’acé to n itrile

L ’o x y d a tio n  é lectroch im ique de la  P e rsa n tin e  a é té  é tu d ié e  au  sein de 
l ’acé to n itrile  so igneusem ent d é sh y d ra té  (C h 2o <C Ю 3M ). L e so lv a n t a été 
re n d u  c o n d u c teu r p a r  du p e rch lo ra te  de L ith iu m  10 ’M  e t les p o te n tie ls  sont 
rép é rés  p ar r a p p o r t  à l ’électrode de  co m p ara isonA g/A g+ 1 0 ' 2 M  fo n c tio n n a n t 
d a n s  l’acé to n itrile  [10]. L’é lec tro d e  in d ica trice  est l ’é lec trode  to u rn a n te  à 
d isq u e  de p la tin e  poli.

a)  L a  courbe voltampérométrique de la Persantine

On c o n s ta te , que dans le m ilieu  p récéd em m en t défin i, la  P e rsan tin e  
p ré sen te  deux  v ag u es d ’ox y d a tio n  à u n e  é lec trode  de p la tin e  po li (fig . 1, courbe 
1). Les p o ten tie ls  de dem i-vague E l2  I  e t E l 2 I I ,  se s itu e n t re sp e c tiv e m en t à

F ig . 1. Modification de la courbe intensité—potentiel au cours de l’oxydation à potentiel con
trôlé sur la première vague. Concentration en Persantine: 4.10 * M ; Courbe 1 : Persantine seule 
en  solution; Courbe 2: 1/2 (env.) de la Persantine est oxydée en jR+>; Courbe 3: Toute la Persan

tine est oxydée en R  + •
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-f-0 ,220  e t  -j-0,470 У  p a r  r a p p o r t  à l ’é lectrode de référence . L a h a u te u r  des 
p a lie rs  e s t rep ro d u c tib le  à m ie u x  que 1%  e t l ’on c o n s ta te , que les d eux  v ag u es  
o n t  sen sib lem en t la  m êm e h a u te u r .

L e  c ritè re  de L e v ic h  [11] nous a perm is de v é r if ie r , que les co u ran ts  lim its  
des v a g u e s  sont con trô lés p a r  la  seule diffusion.

P o u r  les deux  v ag u es , les courbes re p ré s e n ta n t le  p o ten tie l en fo n c tio n  
d u  lo g a rith m e  du  r a p p o r t  i / imax 'i son t des d ro ite s  de  p en te  0,060 e t 0,059 
V /u n ité  lo g a rith m iq u e  re sp e c tiv e m e n t; ré su lta t, que  la isse  penser, que l’échange 
d ’é le c tro n  co rresp o n d an t e s t u n e  réaction  rap id e . Ces ré su lta ts  in d iq u en t, que  
la  P e rs a n tin e  est o x y d ée  à l ’électrode en d e u x  é ta p e s  qui co rresp o n d en t 
ch a c u n e  au  d ép a rt d ’u n  é le c tro n , ce que t r a d u i t  le sch ém a  su iv an t:

P -------> R * - +  e R + - -------> < ? + + + e

l ,' re é ta p e  2ème é ta p e

d an s  leq u e l P  rep résen te  la  P e rsa n tin e , R  + ‘ le p ro d u i t  oxydé in te rm éd ia ire  e t  
Q ++ le p ro d u it le p lu s o x y d é .

b)  O xyda tion  à potentiel contrôlé sur la prem ière vague

I l  e s t possible de ré a lise r  de façon sélective e t q u a n ti ta t iv e  la  tra n s fo rm a 
tio n  p a r  electro lyse de P  en  f i  + '. I l  su ffit p o u r cela d ’ap p liq u e r à une é lec trode  
de p la t in e  de grande su rface  u n  p o ten tie l com pris  e n tre  E 12 I  e t Е г 2 I I ,  p a r  
ex em p le  -(-300 mV p a r  r a p p o r t  à l ’électrode de ré fe ren ce  (fig. 1).

O n consta te  donc, q u e  la  courbe se dép lace  p a ra llè lem en t à l ’axe des 
in te n s ité s  sans sub ir de d é fo rm a tio n  appréciab le. Ceci signifie, que la  tra n s fo r 
m a tio n  en  rad ica l ca tio n  r é s u l ta n t  du d ép a rt d ’u n  é lec tro n  est p ra tiq u e m e n t la  
seu le  ré a c tio n  se p ro d u is a n t dan s l ’opéra tion .

O n observe en e ffe t au  dessous de l’axe des p o te n tie ls  la  courbe de ré d u c 
tio n  de ce rad ica l ca tio n  en  P e rsa n tin e  (courbe 3). L a  p o sitio n  re la tiv e  de c e tte  
co u rb e  e t  de celle qui c o rre sp o n d  à l ’ox y d a tio n  d u  p ro d u it  de d ép a rt non  encore 
tra n s fo rm é  m ontre , que  ce ra d ic a l se réd u it au  p o te n tie l  auquel, p réc isém en t 
s’o x y d a it  le p ro d u it de d é p a r t .  L ’ensem ble P/.R + - c o n s titu e  donc u n  systèm e 
o x y d o ré d u c tc u r  rap id e  [8].

D ès la  fe rm etu re  de c irc u it  d ’électrolyse, la  so lu tio n  de P e rsan tin e  p r im i
t iv e m e n t v e rte  et f lu o re sc e n te  d ev ien t plus foncée e t  n ’ém et plus de lu m iè re . 
A p rès  quelques m in u te s , elle v ire  au  v io let e t à m esu re  que  l’ox y d a tio n  s’effec
tu e , la  co lo ration  v io le tte  de la  so lu tion  s’in te n s if ie .

L orsque  to u te  la  P e rs a n tin e  est oxydée en  R  + ', le co u ran t d ’élec tro lyse  
te n d  v e rs  zéro (fig. 1, co u rb e  3). La cou lom étrie  à p o te n tie l contrô lé  in d iq u e  
en m êm e tem ps, que le n o m b re  d ’électrons m is en je u  égale à 1. (R é su lta ts  de 
q u e lq u e s  expériences: n =  0 ,94 , n =  0,96.)

A c ta  C h im . ( B udapest) 70. 1Q71



LADÁNYI: IN D IC A TEU R S D 'O X YD O RÉD UCTION 347

с)  O xydation à potentiel contrôlé sur la deuxièm e vague

O n p e u t p o u rsu iv re  l ’o x y d a tio n  é lec tro ch im iq u e  au second s ta d e , c ’est 
à d ire tra n sfo rm e r R  +’ en Q ++ en im p o sa n t c e tte  fois à l’é lec tro d e  de p la tin e  
de g ran d e  su rface  u n  p o te n tie l su p é rieu r à E l 2 I I  (-(-600 mV p a r  r a p p o r t  à 
l ’é lec trode  de référence). L a  so lu tio n  d e v ie n t de p lus en p lus foncée e t  les 
courbes in ten s ité -p o ten tie ls  so n t m odifiées com m e le m on tre  le fig u re  2.

F ig . 2. M o d if ic a tio n  d e s  co u rb es  v o l ta m p é r o m é t r iq u e s  a u  c o u rs  de  l ’o x y d a t io n  à p o te n t ie l  
c o n trô lé  s u r  la  d e u x iè m e  v a g u e . C o u rb e  1: P  s e u l  e n  so lu t io n ;  C o u rb e  2: P  e s t  e n tiè re m e n t  
o x id é e  e n  R +-; C o u rb e  3 : Q + + seu l e n  so lu t io n ;  C o u rb e  4 : R é d u c t io n  c o m p lè te  d e  Q + + e n  R  + ' 

(à  -j- 0 ,3 0 0  V o lt) ;  C o u rb e  5: R  + • e s t  r é d u i t  en  P  (à 0 ,00  V o lt)

Ces ré su lta ts  s’in te rp rè te n t b ien  de la  façon  su iv an te : R  +' p e u t  aussi bien 
ê tre  oxydé en p e rd a n t  un second  é lec tro n  (courbe 3) po u r d o n n e r  Ç + + ou 
ré d u it  en c a p ta n t  u n  électron p o u r  rég én érer P . Q + + à son to u r, e s t  su scep tib le  
d ’ê tre  ré d u it en  R  + % (courbe 4) pu is  en P  (cou rbe  5). Les d eux  sy s tèm es P /R  + ' 
e t R  + 'IQ + + so n t rap ides [12].

L a  co u lo m étrie  effectuée au  cours de l ’électro lyse su r la  deux ièm e 
v ag u e  confirm e l ’échange d ’u n  seul é lec tro n .

Si l ’a c é to n i t r i le  n ’e s t  p a s  a s se z  d é s h y d r a té  ( С ц 2д  >  5 • 10 - : i M /L ) R  + ' p e u t  se d é c o m 
p o s e r  e t  d a n s  ce  c a s - là ,  u n e  n o u v e lle  v a g u e ,  r e la t iv e  à  l’o x y d a tio n  d u  p r o d u i t  d e  d é c o m p o s it io n  
se  p r é s e n te  v e r s  - ) -0 ,6 0 V , a u x  d é p e n s  d e s  v a g u e s  p ré c é d e m m e n t  d é c r i te s  =  0 ,65  V ).

A fin  d ’a p p r o fo n d i r  ce p h é n o m è n e ,  n o u s  a v o n s  la issé  é v o lu e r  la so lu t io n  d u  ra d ic a l  
R  + % l ’a y a n t  o b te n u  d e  la  P e r s a n t in e  p a r  o x y d a t io n  à  p o te n t ie l  c o n trô lé .

A p rè s  48 h e u re s ,  la  so lu t io n  p r im i t iv e m e n t  ro u g e -v io la c é e  d e v ie n t  j a u n e ,  s a n s  q u e  sa 
f lu o re s c e n c e  a i t  é té  r é ta b l i e .  L e  p o te n t i e l  d e  d e m i v a g u e  d u  c o m p o sé  a in s i fo rm é  e s t  v o is in  
d e  0 ,65  V . I l  s ’a g i t  v r a is e m b la b le m e n t  d ’u n e  r é a c t io n  d ’o x y d o ré d u c tio n  d u  r a d ic a l  R  + • su r  
l ’e a u  ré s id u e lle  [1 3 ], d o n t  le b i la n  g lo b a l s ’é c r i t

2R+ +  H 20  — 2PH+ +  1/2 O. (
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C e tte  h y p o th è s e  e s t  en  a c c o rd  a v e c  le f a i t ,  q u e  le  p r o d u i t  d e  d é c o m p o s itio n  e t  la  P e r s a n -  
t in e  sa l if ié e  (C j_j+ =  Cp) s’o x y d e n t  a u  m ê m e  p o te n t ie l  ( E l ji  =  0 ,6 5  V o lt ;  v o ir  e n c o re  p lu s  lo in ) .

d) A c t io n  d ’un  acide for t  sur l ’oxydation électrochimique de la Persantine

L o rs  de l ’ad d itio n  progressive  de l ’acide p e rch lo riq u e  à la  so lu tio n  de 
P e rs a n tin e  d an s l’acé to n itrile , on p e u t o b se rv e r la  m od ifica tion  des co u rb es 
in te n s ité -p o te n tie l  com m e l’in d iq u e  la  fig u re  3.

F ig . 3. A c t io n  d e  l ’a c id ité  d e  la  s o lu t io n  s u r  les  v a g u e s  d ’o x y d a t io n  de  la  P e r s a n t in e .  C o n c e n 
t r a t i o n  e n  P e r s a n t in e :  7 ,5  • 1 0 -4  M .  C o u rb e  1: P e r s a n t in e  se u le  e n  s o lu tio n ;  C o u rb e  2: C j-jciOî  =  
=  2,5 • 1 0 ~ 4; C o u rb e  3: Cf-jcio* =  5 • 1 0 ~4; C o u rb e  4 : C h Cjq4 =  7,5 • 10 ~4; C o u rb e  5: С цсю * r _

=  1,5 • 1 0 - 3

D a n s  le cas des courbes 1, 2, e t 3, la  P e rsa n tin e  est en excès p a r  r a p p o r t  à 
l ’acide a jo u té  e t  l ’ox y d a tio n  de la  base  non  p ro to n n é e  reste  inchangée , ta n d is  
que la  P e rs a n tin e  salifiée s’oxyde à u n  p o te n tie l su p é rieu r à celui q u i, co rres
po n d  à l ’o x y d a tio n  de P  en E  + \D a n s  le cas de la  co u rb e  4 , il n ’y  a p lus de base  
non  p ro to n n é e  e t  si on au g m en te  encore l ’ac id ité , l ’o x y d a tio n  s’effec tuera  d ire c te 
m en t à d e u x  é lec trons (courbe 5).

e)  A c t io n  d ’une base forte sur l’oxydation électrochimique de la Persantine

E n  m ilieu  basiq u e  (d ip h én y lg u an id in e ), la  p rem iè re  vague v o lta m p é ro - 
m é tr iq u e  re s te  inchangée . L a  seconde vague n ’a p p a ra î t ,  que lo rsque la  v ite sse  
de b a la y a g e  d u  p o te n tie l est assez g rande (20 m V /s). D ans le cas c o n tra ire  (2 
m V /s), l ’in te n s ité  d éc ro ît b ru sq u e m e n t, dès que  la  seconde vague com m ence 
à s’a m o rc e r. I l  p a ra ît  v ra isem b lab le , q u ’u n  p ro d u it  d ’ox y d a tio n  in so lub le  
p ro v e n a n t de la  d ip h én y lg u an id in e  se dépose à la  su rface de l ’é lec tro d e  e t 
em pêche la  ré a c tio n  é lec troch im ique  de se p o u rsu iv re .
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f )  Oxydation à in tensité  imposée

Le p o te n tie l no rm al a p p a re n t d u  sy s tèm e  R  + 'IQ + + é ta n t trè s  su p é rie u r  
au  po ten tie l n o rm a l du  systèm e P /R  + ' (le p o te n tie l de dem i-vague d ’u n  sy s
tèm e  o x y d o ré d u c te u r rap id e  p e u t ê tre  assim ilé  au  p o ten tie l no rm al a p p a re n t  
de ce systèm e [8]), la  réac tion  ch im ique  P  Q ++ — 2R  + 1 do it a v o ir  lieu 
chaque fois, q u e  P  e t Q ++ son t en p résence . Si c e tte  réaction  ch im iq u e  es t 
in s ta n ta n é e , on p o u rra  effec tuer un  t i t ra g e  co u lo m étriq u e  à in ten s ité  c o n s ta n te  
com m e B adoz-L a m b lin g  e t St o jk o v iÖ l ’o n t d é c rit dans le cas de la  
P h én o tiaz in e  [14].

F ig . 4. T it r a g e  c o u lo m é tr iq u e  d e  la  P e r s a n t in e  à  i n te n s i t é  c o n s ta n te .  D é te rm in a t io n  d u  p o in t  
é q u iv a le n t  p a r  a m p é r o m é tr ie  a v e c  d e u x  é le c tro d e s  in d ic a tr ic e s .  E a — E c — 50 m V . C o n c e n t r a 
t io n  en  P: 5,7 • 1 0 -4  M  (1 1 ,4 0  m g P /4 0  m l C H .,C N ). I n t e n s i t é :  3 ,0 0  m A ; D u ré e  d e  l ’é le c tro ly s e :  

t e m p s  c a lc u lé : 726 ,60  sec ., te m p s  m e s u ré :  720 ,12  sec

A u cours d u  titra g e , on réalise l ’o x y d a tio n  d ’une solu tion  de P e r s a n 
tin e  avec une in te n s ité  i 0 in férieure  à l’in te n s ité  lim ite  de la  prem ière v a g u  e t 
on o b tien t le ra d ic a l jR + • avec 100%  de re n d e m e n t so it p a r l a  réac tio n  d ire c te

P  e -+ R + - (1)

so it p a r  l ’ensem ble  des réactions

R  • e r  ()+ + (2)

Q++ +  P  =  2 R  + - 

P  e =  R  ' • (3)

L orsque la  d e rn iè re  trace  de P e rsa n tin e  a d isp a ru , la  réac tion  R  + ' —*■ Q + + 
e n ’est plus accom pagnée de la  réac tio n  ch im iq u e  (3) e t le p ro d u it le  p lu s  

oxydé (Q++) a p p a ra î t  dans la  so lu tion . Le t i t r a g e  est te rm in é ; la  q u a n t i té  
d ’électric ité  Q =  i nt consom m ée p e n d a n t la d u rée  t de l’électro lyse p e rm e t de
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d é te rm in e r  la  q u a n tité  de P e rsa n tin e  de la  so lu tio n . On p e u t in d iq u e r  le p o in t 
é q u iv a le n t  p a r  les m éth o d es é lec tro ch im iq u es in d ica trices  c lassiques (p o te n tio -  
m é tr ie  e t  am p éro m étrie ).

N o u s avons rep ré sen té  su r  la  fig u re  4 la  co u rb e  de t i tra g e  a m p é ro m é tr iq u e  
de la  P e rsa n tin e .

Ce t i t r a g e  lu i-m êm e a u n  in té rê t  p ra t iq u e , m ais du  p o in t de v u e  de l ’u t i l i 
sa tio n  de la  P e rsa n tin e  com m e in d ic a te u r  d ’o x y d o réd u c tio n , c’es t la  ré a c tio n  
c h im iq u e  P  -j- Q ++ =  2R  + ', qu i e s t trè s  im p o r ta n te  (voir encore p lu s  lo in ).

3. R ésonance param agnétique électronique

L ’o b te n tio n  d ’un  sp ec tre  de ré so n an ce  p a ram ag n é tiq u e  é lec tro n iq u e  au 
co u rs  de  l ’o x y d a tio n  de la  P e rsa n tin e  su r la  p rem iè re  vague de sa co u rb e  in te n 
s i té - p o te n t ie l  (fig. 5) e s t chose facile à co n d itio n  d ’u tilise r une  cellule d ’électro - 
yse d a n s  laq u e lle  l’a n o ly te  circule d an s  la  c a v ité  réso n n an te  du  sp e c tro m è tre  
15] s o u s  l ’ac tio n  d ’u n  c o u ra n t d ’azo te  p u r , q u i es t égalem ent d estin é  à désoxy- 
[éner la  so lu tion .

F ig .  5 . D é r iv é e  d u  sp e c tre  e x p é r im e n ta le  d e  R . P .  E .  d u  r a d ic a l  c a t io n  o b te n u  p a r  o x y d a t io n  
é le c tro c h im iq u e  d e  la  P e r s a n t in e  a u  se in  de  l ’a c é to n i t r ile

L e sp ec tre  o b te n u  confirm e la  n a tu r e  rad ica la ire  du  p ro d u it R + % b ien  
q u ’a u c u n e  s tru c tu re  h y p erfin e  n ’a p u  ê tre  décélée en d ép it de d iverses m o d ifi
c a tio n s  des co n d itions o p éra to ires . Cela e s t sans dou te  la  conséquence  du  
c o u p lag e  de l’é lec tron  non  ap p arié  avec u n  tré s  g rand  nom bre  de p ro to n s .

4. Spectroscopic d’absorption ultraviolette et visible

Les d ifférences d ’a b so rp tio n s  des p ro d u its  d ’o x y d a tio n  p e rm e tte n t  de 
su iv re  l ’é lectro lyse p a r  sp ec tro p h o to m é trie . L es courbes ob ten u s so n t p ré sen té s  
à  la  f ig u re  6.
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Le faisceau  de courbes p résen te  d eu x  p o in ts  isobestiques b ien  défin ies 
(a u x  42300 e t 31000 c m -1) en c o n firm a n t q u ’il s’ag it de d eu x  tra n sfo rm a tio n s  
sim ples.

F ig .  6. D é fo rm a tio n  d u  s p e c tre  d ’a b s o rp t io n  u l t r a v io le t t e  e t  v is ib le  d ’u n e  so lu t io n  d e  la  P e r-  
s a n t in e  3,1 • 10 M  d a n s  l ’a c é to n i t r ile  0 .1  M  e n  L iC IO ,, a u  c o u rs  d e  l ’o x y d a t io n  à  -j- 0 ,3 0 0 , 
p u is  à  +  0,600 V . C o u rb e  1: P e r s a n t in e  ( P )  se u le  e n  s o lu t io n ;  C o u rb e  2 : R a d ic a l  (Я  + -) se u l en  

s o lu t io n ;  C o u rb e  3: C a tio n  d iv a le n t  (Q ++)  se u l e n  so lu t io n

5. U tilisation  de la Persantine com m e indicateur 
d’oxydoréduction reversible dans l’acétonitrile

Com pte te n u  des valeurs re sp ec tiv es  des p o ten tie ls  n o rm a u x  de la  
P e rsa n tin e  e t d u  coup le  C u(I)/C u(II), d an s l ’acé to n itrile  [11], il e s t possible 
d ’u tilise r  la P e rsa n tin e  com m e in d ic a te u r  coloré p o u r les t i tra g e s  réd o x  p a r 
le  cu iv re  cu iv rique . L a  m éthode s’ap p liq u e  a u  dosage, d éc rit p a r  a illeu rs, de la  
th io ü rée  p ar la  p e rc h lo ra te  cu iv rique  dan s l ’acé to n itrile  [16], d o n t le b ilan  
g lo b a l s’écrit

N H  N H  N H t
Il II I

2 C u 2* +  2 C - S H  ---------» C - S - S - C  +  2 C u ‘
I I II

N H 2 N H j  N H

N o s e x p é r ie n c e s  p ré lim in a ire s  o n t  m o n tr é ,  q u e  5 m l d e  la  s o lu tio n  d e  P e r s a n t in e  de  
4  • 10-6  M  (e n v .)  d a n s  l ’a c é to n i t r i le ,  e n  y  a jo u t a n t  0 ,01  m l (e n v .)  d ’u n e  so lu t io n  d e  C u ( I I )  
d e  0 ,0 5  M  d a n s  l ’a c é to n i t r i l e  v ire  a u  v io le t  e t  la  so lu t io n  r é s u l t a n t  d e  c e t te  o p é ra t io n  re v ire  
a u  j a u n e  a p rès  a v o ir  a jo u t é  u n e  g o u t te  (0 ,01  m l e n v .)  d e  la  s o lu tio n  d e  th io ü ré e  d e  0 ,05  M  d a n s  
l ’a c é to n i t r i le .

Ces v irag e s  p e u v e n t  ê t r e  e ffe c tu é s  p lu s ie u r s  fo is  a v e c  la  m êm e  so lu t io n  d e  P e r s a n t in e .
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L es ré su lta ts  de q u e lq u es t i t ra g e s  son t rassem blés dan s le ta b le a u  su iv a n t :

T a b le a u  1

T itrage  vo lum étrique de la  th ioürée  p a r  le c u iv r e ( I I )  d a n s  Vaceton itr ile  
I n d ic a te u r :  0,05 m l s o lu t io n  d e  P e r s a n t in e  4 x  10-3 M  d a n s  l ’a c é to n i t r ile

Solution  d e  th io ü ré e  
0,051 M

S o lu tio n  t i t ré e  de  p e rc h lo ra te  
cu iv riq u e  
0,089 M

E r re u r
à  doser 

(ml) C onsom m ée
(m i)

T h é o riq u e m en t
éq u iv a le n te

(en  % )

1,00 0,580 +  L2
0,560 0.573 -2 ,3
0,580 +  1,2

3,00 1,700 -0 ,6
1,720 1,719 ±0,0
1,730 +0,6

6,00 3,45 +0,3
3,45 3,438 +0,3
3,43 - 0 ,3

10,00 5,75 +  0,3
5,72 5,730 - 0 ,2
5,74 +0,1

D iscussion

L es p rop rié tés ch im iq u es  e t é lec troch im iques de la  P e rsa n tin e  m e tte n t  
en  év id en ce  le m écanism e e t  la  rév ers ib ilité  de son v irage .

L a  P ersan tin e  possède  en  m ilieu  n e u tre  e t basiq u e  deux  p o te n tie ls  de 
v ira g e  ( E l  — E 12 l  e t E 2 —  E y z  I I ) ,  co rre sp o n d an t re sp ec tiv em en t a u x  p o te n 
tie ls  n o rm a u x  a p p a ren ts  des systèm es P /R  + ' e t R  + ' /Q + +.

L a  couleur de R  + M e t celle de Ç ++ ne  p o u v a n t ê tre  d ifférenciées à l ’œil 
n u , p ra tiq u e m e n t un  seul v ira g e  es t à considérer au  p o te n tie l E \.  L ’éq u ilib re  
c i-dessous

P  +  Ç+ + ------ ^ 2 R+-

. / AE°
—  selo n  le chap itre  f  —  é ta n t  trè s  déplacé à d ro ite  log K  =  ^ =  4,0 ,

les d e u x  systèm es o x y d o ré d u c te u r  P jR  +• e t R  + ' /Q ++ ne  p e u v e n t co ex is te r. 
A u tr e m e n t  d it, le seul v irag e  s ’effec tue  en effe t au  vo isinage de E \ .  Si la  co u leu r 
de Q ++ é ta it  v isib lem en t d iffé ren te  de celle de R  + ", un  deuxièm e v irage  p o u r
r a i t  s’effec tuer à E%.

Acta Chim. (Budapest) 70, 1971
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Les titra g e s  d ’o x y d o réd u c tio n  réalisés dan s les so lv a n ts  n ’ex igen t pas en 
général l’ac id ifica tion  du  m ilieu  [17], car les ré d u c te u rs  à d o ser so n t susceptib les 
d ’ê tre  oxydés m êm e en m ilieu  n e u tre . C’est p o u rq u o i n o u s  n ’avons pas tracé  la 
fo n c tio n  £ [ — p H  e t nous nous som m es co n ten tés  de la  d e sc rip tio n  q u a lita tiv e  
d u  co m p o rtem en t de l ’in d ic a te u r  en m ilieu acide (vo ir le c h a p itre  e).

C onclusions générales

A la base des expériences p récédem m ent d éc rite s , ch aq u e  systèm e 
o x y d o réd u c teu r à d eu x  é lec tro n s, s’o x y d a n t (se ré d u isa n t)  en deux  é tape  
m onoélec tron ique  e t a y a n t:

1° des p ro p rié té s  é lec troch im iques sem blab les à celles de la  P e rsan tin e ,
2° des couleurs v is ib lem en t d ifféren tes p o u r la  fo rm e ré d u ite  (ou oxydée) 

e t  le rad ical,
3° une s ta b ilité  su ffisan te  p o u r l’espèce oxydée  (ou  ré d u ite )  à u n  électron 

p e u t ê tre  considéré com m e in d ic a te u r  d ’o x y d o réd u c tio n  rév e rs ib le  en m ilieu 
o rgan ique .

S’il en est a insi, co n n a issan t les p ro p rié tés  ch im iq u es e t  électrochim iques 
d ’un  systèm e o x y d o ré d u c te u r quelconque, on p e u t p ré v o ir  la  possib ilité  de 
son ap p lica tion  év en tu e lle , ainsi que la  rév ers ib ilité  d u  v irag e , en l’u tilisan t 
com m e in d ic a te u r d ’ox y d o réd u c tio n .

Des systèm es a y a n t  de te lles p rop rié tés o n t é té  d é jà  d éc rits . P a rm i eux on 
p e u t c ite r  la P h én o th iaz in e  e t  quelques-uns de ses dérivés [18], ainsi que ceux 
de la  5 ,1 0 -d ih y d ro -P h én az in e  [19] e t la N ,N ,N ’,N ’-té tra m é th y lb e n z id in e  [20]. 
I ls  p eu v en t ê tre  considérés com m e in d ica teu rs  d ’o x y d o ré d u c tio n  réversible 
en m ilieu ap ro tiq u e .

P a rtie  expérim entale

1. É le c tro c h im ie

L e m o n ta g e  é le c tro c h im iq u e  e t  la  p u r i f ic a t io n  d u  s o lv a n t  o n t  é té  d é jà  d é c r i t  p a r  a illeu rs  
[2 1 ], a in s i q u e  le d is p o s i t if  [15] p e r m e t t a n t  d e  p r é p a re r  a u  se in  d e  la  c a v i té  ré s o n n a n te  d ’u n  
p e c t ro in è t r e  u n  ra d ic a l ,  d o n t  o n  v e u t  e n re g is t r e r  le sp e c tre  d e  R P E .

2 . S p e c tro p h o to n ié tr ie . R é so n a n c e  p a ra m a g n é t iq u e  é le c tro n iq u e

L e s p e c tro p h o to m è tr e  e n re g is t r e u r  U N IC A M  S P  700 a  é té  u t i l is é .  L e s  s p e c tre s  de  R P E  
o n t  é té  o b te n u s  à  l ’a id e  d ’u n  s p e c tro m è tr e  V A R IA N  V -4502 .
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3. R é a c t i f s

A c e to n i t r i l e ,  D ip h e n y lg u a n id in e ,  T h io ü ré e  p ro  a n a ly s i  (P R O L A B O )  P e rc h lo ra te  de 
L i t h i u m  a n h y d r e  (F re d e r ic k  S m i th  С о .) o n t  é té  u til isé s . L ’é c h a n t i l lo n  d e  P e r s a n t in e  n o u s  a 
é té  a im a b le m e n t  fo u rn i p a r  la  “ S o c ié té  B o e h r in g e r  u n d  S o h n ”  ( In g e lh e im  a m  R h e in ,  A lle 
m a g n e  F é d é r a le ) .  N o u s lu i a d re s s o n s  n o s  t r è s  s in cères  re m e rc ie m e n ts .  N o u s  re m e rc io n s  égale- 
m e n t s  M M . G .  C a u q u i s  e t  M .  G e n i é s  ( L a b o r a to i r e  de  C him ie  O rg a n iq u e  P h y s iq u e  I I  d u  C E A  
d e  G r e n o b le )  p o u r  le t r a c e r  d e s  s p e c t r e s  d e  R . P .  E . ,  a in s i q u e  M m e J .  B a d o z - L a m b l i n g ,  M M .  
G é r a r d  F a u v e l o t  e t  J e a n -C la u d e  M a r c h o n  (L a b o ra to ire  d e  C h im ie  A n a ly t iq u e  d e  l ’E S P C I  
d e  P a r i s )  p o u r  l ’in té rê t ,  q u ’ils  o n t  p o r t é  à  ce t r a v a il .
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N E W  N I T R O C H A L C O N E S ,  XI
C O N T R IB U T IO N  T O  T H E  S T E R E O C H E M IS T R Y  O F  S O M E  

N IT R O H Y D R O X Y C H A L C O N E S

P . So h á r , T. Sz e l l * and T . D u d á s*

(R esea rc h  In s t i tu te  f o r  P h a rm a ceu tica l C h e m is try , B u d a p e s t  a n d  * D e p a r tm e n t o f  A p p l ie d  
C h e m istry , A .  J ó z s e f  U n iv e r s i ty ,  Szeged)

R e c e iv e d  O c to b e r  2 0 , 1970

I t  h a s  b e e n  e s ta b lish e d  b y  I R  a n d  N M R  sp e c tro sc o p ic  in v e s t ig a t io n  o f  so m e 
n i tr o h y d ro x y c h a lc o n e s  p r e p a re d  u n d e r  v a r io u s  re a c tio n  c o n d it io n s  t h a t ,  re g a rd le s s  o f  
th e  s y n th e t i c  c o n d it io n s , s te re o c h e m ic a lly  h o m o g e n e o u s  Irans  iso m e rs  a r e  fo rm e d  in
a ll cases.

In tro d u c tio n

T he cis-trans  isom eriza tion  o f  chalcones is d ea lt w ith  e x te n s iv e ly  in  the  
l i te ra tu re  b u t  re la tiv e ly  few s ta te m e n ts  can  be generalized.

L utz et al. [1— 5], I k ed a  [6— 8] a n d  o th e rs  [9— 12] h a v e  re p o r te d  th a t ,  
u p o n  ir ra d ia tio n  w ith  su n lig h t or a m e rc u ry  v ap o u r lam p , cha lcones undergo  
iso m eriza tio n  lead in g  to  a p h o to -eq u ilib riu m . The cis isom er w as in  m ost 
cases p re d o m in a n t. T he fo rm a tio n  o f  th e  la t te r  w as also fa v o u re d  b y  cooling 
w ith  d ry  ice w hile  on h ea tin g  th e  trans isom er w as form ed. M iq u e l  fo u n d  th a t  
th e  trans  isom er c ry sta llized  from  d ilu te  so lu tio n s while th e  cis iso m er c ry s ta l
lized  from  c o n c e n tra te d  so lu tions, an d  ir ra d ia tio n  w as w ith o u t e ffec t [13]. 
A ccord ing  to  o th e r  au th o rs  [14], i t  w as th e  cis isom er th a t  c ry s ta lliz e d  from  
d ilu te  so lu tions.

N o y c e  et al. ca rried  o u t cis to  trans  isom eriza tion  in  aq u eo u s  d ioxan  
w ith  su lfu ric  ac id  an d  s tu d ied  th e  m ech an ism  o f isom eriza tion  [15— 18]. T he 
a u th o rs  h av e  es tab lish ed  th a t  th e  r a te  o f  th e  reac tio n  occurring  via  th e  oxon ium  
s a lt  v aries w ith  th e  acid c o n c e n tra tio n  a n d  depends on th e  s u b s titu e n ts . 
G enera lly , th e  cis m od ifica tions m e lt a t  low er te m p e ra tu re s  a re  w eak e r bases 
an d  less re a c tiv e .

R e la tiv e ly  l i t t le  is know n a b o u t th e  in fluence  o f sy n th e tic  co n d itio n s  on 
th e  s te re o c h e m is try  o f th e  chalcones fo rm ed . T he hydro lysis o f  4 ,7 -d ih y d ro x y - 
fla v y liu m  sa lts  in  acidic m ed ia  y ields c is-chalcones while in  a lk a lin e  m ed ia  [19] 
c is - tra n s  m ix tu re s  are o b ta in ed . In  th e  sy n th es is  o f 4 -n itroc lia lcone ca rr ied  o u t

P a r t  I X :  S z é l l ,  T . a n d  S o h á r ,  I . :  C a n a d . ,  J .  C hem . 47 , 1254 (1969)
P a r t  X :  S z é l l , T . a n d  S o h á r ,  I . :  A c ta  C h im . A c a d . Sei. H u n g . 6 2 , 429  (1 9 6 9 )
* P r e s e n t  a d d re s s :  U n ite d  N a t io n s  I n t e r n a t i o n a l  S choo l, 418 E a s t  5 4 th  S t r e e t ,  N ew  

Y o rk ,  N . Y . 10 0 0 2 2 , U S A .
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in  th e  p resen ce  o f p o ta ss iu m  a lkox ides, th e  Irans iso m er is form ed [20]. T r a k - 
roo a n d  M ukhedicar  [21— 22] p rep a red  severa l cis  an d  trans n itro h y d ro x y - 
ehalcones a n d  fo u n d  on th e  basis o f th e ir  in f ra re d  sp ec tra  th a t  an  i n t r a 
m o lecu la r h y d ro g en  b o n d  fo rm s betw een  th e  2 '-h y d ro x y l an d  th e  ca rb o n y l 
g roup  o f  th e  trans  isom ers, w hile  in  th e  cis isom ers in tram o lecu la r  a sso c ia 
tio n  occu rs b e tw een  th e  2 '-h y d ro x y l and  З '-n itro  g roups.

I n  th e  p re se n t w o rk  sev era l n itro h y d ro x y c h a lc o n es  w ere in v e s tig a te d  
w h ich  w ere  p re p a re d  b y  v a rio u s  procedures to  s tu d y  th e  in fluence  of th e  co n d i
tio n s  o f  sy n th es is  on th e  s te reo ch em is try  o f  th e  cha lcones o b ta in ed . As co n 
d en sin g  a g e n ts , aqueous e th an o lic  sodium  h y d ro x id e , d ry  hyd ro g en  chloride an d  
a lu m in iu m  ch lo ride w ere em ployed . The m eltin g  p o in ts  of th e  chalcones 
o b ta in e d  b y  a n y  o f th e se  m e th o d s  w ere p ra c tic a lly  id e n tic a l. B y  spectroscop ic  
e x a m in a tio n  o f th e se  co m p o u n d s, i t  w as e s tab lish ed  t h a t  trans isom ers w ere 
o b ta in e d  w ith  all o f th e  m e th o d s  used  regard less o f w h e th e r  or n o t th e  chalcones 
w ere re c ry s ta lliz ed . C oncern ing  th e  action  o f a n h y d ro u s  a lum in ium  ch lo ride , 
o u r re su lts  a re  n o t in  lin e  w ith  th e ,o b se rv a tio n  o f D ip p y  et al. w ho h av e  fo u n d  
th a t  tro n s-ch a lco n e  a n d  íraras-2-chlorocinnam ic ac id  can  be converted  in to  th e  
cis iso m ers  w ith  a lu m in iu m  ch lo ride  [23].

I t  is w o rth  m e n tio n in g  th a t  from  th e  s tu d ie d  chalcones, th e  isom eric  
f la v a n o n e s  [24, 25] can  on ly  be  p rep ared  w ith  som e d ifficu lty .

Spectroscopic stud ies

T h e  s tru c tu re  a n d  ra t io  o f  cis an d  trans  iso m ers  in  th e  p ro d u c t o b ta in e d  
v ia  d iffe re n t reac tio n  p a th s  w e re  d e te rm in ed  b y  I R  a n d  N M R  spectroscopy .

6 5

4 2 ' 3 ' 4 ' 5 '

l a H O H I I H NO
lb H H n o 2 O H H
Ic O M e H n o 2 O H H
Id Cl H N O , O H H

A s th e  sam ples p re p a re d  in  th ree  d iffe re n t w ay s —  in  th e  cases o f  all 
th e  cha lco n es ( l a —Id ) s tu d ie d  —  gave id e n tic a l I R  an d  N M R  sp ec tra , th e  
above p ro b lem  w as re d u c e d  to  th e  questio n  w h e th e r  th ese  stereochem ically  
u n ifo rm  p ro d u c ts  w ere cis o r trans  isom ers.
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I R  spectra

T he assum ed  s tru c tu re s  h av e  been  con firm ed  b y  th e  I R  sp e c tra . The 
c h a ra c te r is tic  b a n d s  o f th e  fu n c tio n a l g roups ap p e a r a t  th e  e x p e c te d  frequencies 
(T ab le  I).

I t  is w o rth  m en tio n in g  th a t  th e  rC =  0  an d  vC = C  b an d s  h a v e  th e  low est 
w av en u m b er in  com pound  la  since a c o n tin u o u sly  co n ju g a ted , in tra m o le c u la r  
h y d ro g en  bo n d  sy stem  (six -m em bered  ch e la te  ring) is form ed (II) w ith  th e  p a r 

tic ip a tio n  of th e  2 '-h y d ro x y l g roup . In  th e  case of th e  o th e r th re e  co m p o u n d s 
th e  v C = 0  freq u en cy  changes d ep en d in g  on th e  electron  w ith d ra w a l b y  the 
s u b s ti tu e n t  in  p o sitio n  4 a n d  increases in  th e  order: Ic , Id , lb .

T he s tre tc h in g  freq u en cy  b a n d  o f th e  2 '-h y d ro x y l g roup  is ex trem e ly  
d iffuse  as a consequence o f  its  ch e la tio n  w ith  th e  carbony l g roup  a n d , th e re fo re , 
c a n n o t be id e n tif ie d  in  th e  sp ec tru m  [26— 29]. T he 4 '-h y d ro x y l g ro u p  p ro d u ced  
easily  id en tified  j>OH an d  y O H  b a n d s  [26— 30] in  th e  case o f  c o m p o u n d s  lb , 
Ic  a n d  Id  as a re su lt o f  th e  w eak  in tra m o le c u la r  hydrogen  b o n d  fo rm e d  w ith  
th e  3 '-n itro  g roup .

In  th e  case o f  o lefin , th e  cis a n d  trans  isom ers can  be d is tin g u ish e d  by  
m ean s o f th e  o u t-o f-p lan e  C H  d efo rm a tio n  v ib ra tio n  —  i.e. y ( =  C H )] b an d s 
w h ich  a p p ea r in  th e  ran g e  b e tw een  1000 a n d  675 cm -1  w ith  v a r ia b le  in te n s ity .

In  th e  case o f  trans isom ers, th e  ap p ea ran ce  o f a v e ry  in te n se  y (= C H )  
b a n d  w as ex p ec ted  in  th e  IR  sp e c tru m  be tw een  980 and  960 cm - 1 . T h e  in te n s ity  
o f  th is  b a n d  is m ed iu m  w ith  cis isom ers; i t  ap p ears  genera lly  in  th e  in te rv a l 
o f  730 to  675 c m “ 1 an d  is o ften  sp lit. T h e  freq u en cy , how ever, c an  in c rea se  up 
to  820 c m “ 1 [28, 31].

Since th e  scissoring d e fo rm a tio n  v ib ra tio n  (ßsN 0 2) b a n d  o f  th e  n itro  
g ro u p s an d  th e  ou t-o f-p lan e  sk e le ta l a n d  C H  d efo rm atio n  v ib ra tio n  (уСдгСдг and  
уС дгН , re spec tive ly ) b an d s  o f th e  a ro m a tic  rings are  also in  th is  reg io n  [28, 31, 
32], th is  c ircu m stan ce  m u s t be ta k e n  in to  co nsidera tion  in  th e  a s s ig n m e n t of 
b a n d s  a p p ea rin g  betw een  1000 a n d  675 c m “ 1.

A fte r  a ss ig n m en t o f  th e  /3SN 0 2, уС дгН , an d  уСдгСдг b a n d s  (T ab le  I), 
m ore  in ten se  b a n d s  th a t  w ere n o t y e t  assigned  in  th e  frequency  reg io n  o f  900 to  
675 c m -1  rem ain ed  o n ly  a t  th e  w a v en u m b ers  show n in  th e  la s t  co lu m n  of
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T a b le

C h a ra c ter is tic  I R  frequencies ( c m ~ l )  
B a n d  in te n s it ie s  are  in d ic a te d  a s  fo llo w s: v s  =  v e ry  s t ro n g ,

rOH band vC=0
band

vC=C
olefinic band С̂агОаг bands l-asNO,

band
»»NO,
band

Methoxy
bands

l a
u n id e n tif ia b le 1650 1600 1485 1350 _

1580

lb
$240 1675 1630 1605 1540 1350 —

* 1580

Ic
3270 1660 1630 1595 1520 1355 2840

1260

Id
3285 1670 1630 1605 1540 1350 —

1500

* A p p e a rs  as a  s h o u ld e r  o n  t h e  820 c m * 1 b a n d .

T a b le  I .  T herefore i t  a p p e a re d  obvious th a t  th e se  b a n d s  o rig inated  from  C H  
v ib ra t io n s  of olefinic p ro to n s . On th e  basis o f  th e  ex p erim en ta l freq u en cy  
v a lu e s  th e y  m ay  on ly  be  d u e  to  th e  Irans s tru c tu re .  Since som e w eak  b an d s  
a re  p re se n t in  th e  s p e c tra  (F ig . 1) betw een  790 a n d  690 c m " 1, w hich lie in  th e  
w a v e n u m b e r region e x p e c te d  fo r cis isom ers, th e i r  a lte rn a tiv e  assig n m en t 
(as e.g. уСдгН bands) is also  possible.

T herefo re , th e  h o m o g en eo u s fo rm atio n  o f  th e  trans  isom er is s tro n g ly  
in d ic a te d  b y  th e  IR  sp e c tra .

N M R  spectra

T h e  analysis o f th e  60 M Hz NM R s p e c tra  is com plica ted  b y  th e  fa c t 
t h a t  th e  signals of o lefin ic  a n d  a rom atic  r in g  p ro to n s  ap p ear in  th e  sam e 
fre q u e n c y  range an d  o v e rlap  w ith  each o th e r. A n o th e r  p rob lem  arises fro m  th e  
low  so lub ilities  of th e  su b s ta n c e s ; th e  N M R s p e c tra  cou ld  be recorded  o n ly  in  
d eu te ro -d im e th y l su lfox ide  so lu tions.

I n  com pounds l a —Id , th e re  are th ree  d iffe re n t sp in -system s.
1. T he tw o o lefin ic  p ro to n s  give, as e x p e c te d , an  A R -type  sp ec tru m ; th e  

s ig n a l o f  th e  h y d ro g en  in  а -position  to  th e  c a rb o n y l appears a t th e  low er 
v a lu e  [33, 34]. The id e n tif ic a tio n  of th is  p a r t  o f  th e  sp ec tru m  or a t  le a s t o f  one 
o f  i ts  b a n d  pairs is n e c e ssa ry  fo r deciding b e tw een  th e  cis and  trans isom ers. 
A cco rd in g  to  th e  l i te ra tu re ,  th e  J®]]] coupling c o n s ta n ts  fo r cis 1 ,2 -d isu b s titu ted
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o f  the chalcones investiga ted
s =  s tro n g , m  =  m e d iu m , w  =  w e a k , v w  =  v e ry  w eak

уС\гН band УСАгСАг band
/3,NOs
band

W=CH)
olefinic
band

1,2,4-tri- p-di- mono- yOH band
substitution

880 m  

840 m

— 740 s 715 S 860 m 7 5 0 - 6 5 0 980 m

870 w 

825 w

— 765 s 695 s 840 m 7 5 0 - 6 5 0 1010 s

880 vw  

810 m

825 v s — — 845 w 7 5 0 - 6 5 0 970 m

880 w

825*

820 v s — — 845 w 750 650 980 s

o lefins are in th e  reg ion  o f 5 to  14 H z, w hile tho se  o f th e  trans  isom ers are 
u su a lly  betw een  11 an d  19 H z [35— 37].

2. The p ro to n s  o f  th e  1 ,2 ,4 - tr isu b s titu te d  a ro m a tic  r in g  g ive an  A B X  
ty p e  spectrum  as th e  chem ical sh ift (ŐX) o f th e  6 '-p ro to n  in  co m p o u n d  la  and 
th e  2 '-p ro to n  in  co m p o u n d s  l b — Id is, ow ing to  th e  presence  o f  s tro n g ly  electron- 
w ith d raw in g  s u b s ti tu e n ts  in  a d jacen t positions, s ig n if ican tly  g rea te r  th a n  
th o se  o f th e  o th e r  tw o  rin g  p ro to n s. T he ex p ec ted  v a lu e  o f  th e  coup ling  con
s ta n ts  for y rth0 s  J AB; Г ‘Ш =  J bx  and  J pa,a ^  J AX [36, 38. 39] are:

y r t h °  =  7  1 0  H z ;  j meta =  2 _ 3  H /  a n ( j  j para <  l  j j z

A ccording to  th is  sy m bo l system , th e  re la tio n sh ip  <5A <  ÓB is va lid  for 
a ll fo u r com pounds as th e  3 '-p ro to n  in  l a  an d  th e  5 '-p ro to n  in  l b —Id  (m arked  
w ith  A) —  being  in  p a ra  positio n  to  th e  X -p ro to n s  (th e  6 '-p ro to n  in  la  an d  the 
2 '-p ro to n  in lb — Id) — are a d ja c e n t to  a h y d ro x y l g ro u p , w h ich  causes a 
sm a lle r  p a ra m a g n e tic  sh if t th a n  th e  n itro  (la ) o r th e  c a rb o n y l su b s titu e n ts  
( lb — Id) a d ja c e n t to  th e  В hydrogens (th e  4 '-H  in  la  an d  th e  6 '-H  in  lb  Id).

T he В p a r t  o f  th e  A B X  sp ec tru m  can  be easily  d is tin g u ish ed  from  th e  
A B  spec trum  o f th e  o lefin ic  p ro to n s, as b o th  m ax im a  o f th e  В d o u b le t should 
show  a sp littin g  o f  2 — 3 H z due to  th e  J BX =  coup ling . T h e  sm all J AX =  
jpara gp]jt t jn g js 0 fte n  in sig n ifican t. T his is w o rth  m en tio n in g , since b y  confus
in g  th e  form ally  id e n tic  A p a r t  of th e  olefin  AB sp e c tru m  w ith  t h a t  o f  the
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1100 10 0 0  9 0 0  8 0 0  700 6 5 0  6 0 0  550
__ ______________________ ___________ ___________ ___________ ___________ I__________

1100 Ю00 900  800  700 650  6 0 0  550
rm-1

b)

1100 1 0 0 0  9 0 0  8 0 0  700  650  6 0 0  550 1100 1000 9 0 0  8 0 0  7 0 0  6 5 0  6 0 0  550 
cm4

c) d )

F ig .  1 . I R  s p e c t r a  o f  c o m p o u n d s  l a  — Id  in  t h e  ra n g e  o f  1100 — 600  c m -1  in  K B r  p e lle ts  (2 -fo ld  
sc a le  e x p a n s io n  is tw ice  b e lo w  700  c m - 1 ), a ) 5 '-N i t ro -2 '- h y d ro x y -c h a lc o n e  ( la ) ;  b ) 3 '- N i t r o - 4 '-  
h y d r o x y - c h a lc o n e  (lb); c) 3 '-N i t ro -4 '- h y d ro x y -4 -m e th o x y c h a lc o n e  ( Ic ) ;  d )  3 '- N i t r o - 4 '- h y d ro x y -

4 -c h lo rc h a lc o n e  (Id)
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A B X  sp ec tru m  o f th e  rin g  p ro to n s we m a y  com e to  th e  erroneous conclusion  
th a t  th e  o lefinic p ro to n s  are  in  cis re la tio n . T h e  ortho coupling  c o n s ta n t rem ain s 
n a tu ra lly  in  th e  o rd e r o f m ag n itu d e  o f th e  cis o lefin  p ro to n s  (see th e  d a ta  above).

3. T he a ro m a tic  rin g  a tta c h e d  to  th e  /9-carbon a to m  gives in  th e  case of 
la  an d  lb  an  A B B 'X X ' ty p e  (m o n o su b s titu te d  ring ) an d  in  th e  case o f  Ic  and  
Id an  A A 'B B ' ty p e  m u ltip le t. T he fo rm er is v e ry  co m plica ted  and  a sy m m etric . 
T h e  l a t te r  m a y  also be m islead ing  because th e  fo u r m ost in ten se  signals  o f  th e  
A A 'B B ' sp ec tru m  give a pseudo AB sp ec tru m . T h is signal sy stem , how ever, 
can  be easily  recogn ized  because of th e  a t ta c h e d  w eaker signals.

To il lu s tra te  th is , tw o en larged  p a r ts  o f  th e  sp ec tru m  o f co m p o u n d  lb  
a re  show n in  F ig . 2, c o n ta in in g  th e  signals o f  th e  2 '-  an d  6 '-p ro to n s  o f  th e  ring  
a d ja c e n t to  th e  c a rb o n y l group an d  th e  signal o f  th e  /9-olefinic p ro to n , re sp ec 
tiv e ly  (i.e. th e  B X  p a r t  o f  th e  A B X  sp e c tru m  a n d  th e  В p a r t  o f th e  A B  spec
tru m , re sp ec tiv e ly ), fu rth e rm o re  th e  en larged  B B ' p a r t  of th e  A A 'B B ' sp e c tru m  
o f com p o u n d  Ic show ing  th e  signals o f th e  a ro m a tic  p ro to n s  o f th e  r in g  a tta c h e d  
to  th e  /3-carbon a to m  (F ig . 2).

In  th e  60 M H z sp ec tra  (F ig. 3) th e  signals  o f th e  a ro m atic  a n d  olefin ic 
p ro to n s  ov erlap , fo rm in g  a charac terless  a b so rp tio n  m ax im u m  from  w h ich  only  
th e  signals o f th e  В an d  X  p ro to n s sep a ra te  in  th e  reg ion  o f th e  h ig h er ő va lues, 
since th e y  are  p a r t  o f th e  A B X  sp ec tru m  belong ing  to  th e  p ro to n s  o f  th e  
a ro m a tic  rin g  a tta c h e d  to  th e  ca rb o n y l g roup . T h e  signal o f th e  В p ro to n  is h a lf  
o f  an  AB sp e c tru m  an d  consists of tw o  lines o f  d iffe ren t in ten s itie s  sp li t  in to  
d o u b le ts ; th e  signal o f  th e  X  p ro to n  is a m ore  in ten se  d oub le t. C o n seq u en tly , 
th e  60 M H z sp e c tra  are  n o t su itab le  fo r so lv ing  th e  s tru c tu ra l p ro b lem  of 
th e  c is - tra n s  isom ers as th e  signals o f th e  o lefin ic  p ro to n s  can n o t be id en tif ied .

F o r  th is  reaso n  we to o k  th e  90 M Hz s p e c tra  o f these  com pounds (F ig . 4). 
T he h ig h e r freq u en cy  is ad v an tag eo u s  n o t o n ly  because  o f th e  b e t te r  re so lu tio n  
b u t  b ecau se  low er co n cen tra tio n s  are  su ffic ien t fo r o b ta in in g  sp ec tra  o f  good 
q u a lity . T h is fa c t en ab led  us to  ta k e  th e  sp e c tra  in  CDC13 so lu tion  in s te a d  of 
(C D 3)2SO.

U n d e r th e se  reco rd in g  cond itions th e  re so lu tio n  p e rm itte d  th e  a ss ig n a tio n  
o f all lines (ex cep t in  th e  case o f la  an d  lb  th e  signals of th e  m o n o su b s titu te d  
a ro m a tic  rin g  p ro to n s) . T h e  frequency  an d  th e  assig n a tio n  o f th e  sp e c tra l lines 
are  show n in  T ab le  I I ,  th e  co rrespond ing  chem ical sh ifts  an d  coupling  c o n s ta n ts  
a re  lis ted  in  T ab le  I I I .  T he frequency  v a lu es  w ere de te rm in ed  from  sp e c tra  
reco rd ed  w ith  an  ex p an d ed  tim e  scale ( X  5) (see F ig . 2) for th e  sake o f  h ig h er 
accu racy .

I t  can  be  seen fro m  T ab le  I I I  th a t  th e  v a lu e  o f  J a b '" is a lw ays be tw een  
15.0 an d  15.3 H z. A ccord ing  to  th e  l i te ra tu re  c ite d  above, an d  to  th e  p a ra m e te rs  
o f  som e re la te d  co m pounds w ith  know n s tru c tu re s  [33, 40], th e  v a lu e  o f  15 
H z fo r th e  co u p ling  c o n s ta n t p roves, in  a g re e m e n t w ith  th e  IR  d a ta ,  th a t  
co m p o u n d s l a — Id are  all s tereochem ically  hom ogeneous trans isom ers.
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b) C)

F ig . 2 . P a r t s  o f  th e  90 M H z p r o to n  re so n a n c e  s p e c tr a  e x p a n d e d  5-fo ld , a ) T h e  B X  f r a g m e n t  
o f  t h e  A B X  s p e c tru m  o f  t h e  a r o m a t ic  r in g  p ro to n s  a d ja c e n t  to  th e  c a rb o n y l  g ro u p  in  c o m 
p o u n d  l b :  t h e  d o u b le t  re fe rs  to  t h e  H - 2 ' p ro to n s  (X )  a n d  t h e  q u a r te t  to  th e  H - 6 ' p ro to n s  (B ). 
b )  T h e  В  p a r t  o f  th e  A B  s p e c tr u m  w i th  th e  s ig n a l  o f  t h e  ß  p r o to n ,  o r ig in a t in g  f ro m  th e  o le f in ic  
h y d r o g e n s  o f  c o m p o u n d  lb .  c ) T h e  B B ' p a r t  o f  th e  A A 'B B ' s p e c tru m  o f th e  a ro m a t ic  p ro to n s  

a t t a c h e d  to  th e  ß  c a rb o n  a to m  in  c o m p o u n d  Ic

F ro m  Table I I I  som e o th e r  in te re s tin g  conclusions can  be  d raw n . T he 
fo rm a tio n  o f th e  ch ela te  r in g  in  l a  causes an  in c rease  in  th e  chem ical sh if t o f  
(5H„ őH p, <Ш4 and  <Ш6 b y  0.35, 0.18, 0.09 an d  0.08 p pm , re sp e c tiv e ly , as 
c o m p a re d  to  th e  o th e r m odel substances h a v in g  ra th e r  c o n s ta n t p a ra m e te rs .
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Hz Hz

540 480 420 540 480 420

8 ppm S ppm

Hz
540 480 420

Hz
540 480 420

F ig .  3. T h e  60 M H z  p r o to n  re so n a n c e  s p e c tra  o f  c o m p o u n d s  l a —Id in  d e u te r o - d im e th y l  su lf
oxide s o lu tio n  in  th e  ra n g e  o f  <5 =  6.5 — 9.0 p p m . a )  5 '-N i t ro -2 '-h y d ro x y -c h a lc o n e  ( l a ) ;  b) 3 '-  
N i t ro -4 '- h y d ro x y -c h a lc o n e  ( lb ) , c) 3 '-N i t ro -4 '-h y d ro x y -4 -m e th o x y c h a lc o n e  ( Ic ) .  d )  3 '-N i t ro -4 '-

h y d ro x y -4 -c h lo ro c h a lc o n e  (Id )
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9 8 7

9 8 7
5 ppm

F ig . 4 . 9 0  M H z  p ro to n  re so n a n c e  s p e c t r a  o f  c o m p o u n d s  la  —Id in  d e u te ro c h lo ro fo rm  s o lu t io n  
in  t h e  r a n g e  o f  ô =  6.5 — 9.0 p p m . a )  5 /-N i t ro -2 /-h y d ro x y c h a lc o n e  (la), b) S '-N it ro -d '- h y d ro x y -  
c h a lc o n e  (lb), c) 3 '-N i t ro -4 '- h y d ro x y -4 -m e th o x y c h a lc o n e  (Ic ) . d ) 3 '- N i t r o - 4 '- h y d ro x y - 4 -

c h lo ro c h a lc o n e  (Id)
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T a b le  I I

Param eters o f  the 90 M H z  p ro ton  resonance spectra  o f  chalcone deriva tives*  l a —Id

Olefin Aromatic ring adjacent to the carbonyl Aromatic ring attached 
to the /9-carbon 

atomJ°0 AHa MIß J.-V a' 0H3, 0H4. All,.

I a 15.3 7.71 8.04 9.1 2.7 7.16 8.40 8.93

Js a' •W AH,. AH,. 0H2. J*3** ÔH3** AH,**

lb 15.0 7 ,3 5 -7 .4 0 7.90 8.6 2.2 7.30 8.30 8.83 — — —

I c 15.3 7.40 7.83 8.7 2.2 7.38 8.30 8.78 8.7 6.95 7.62
I d 15.3 7.31 7.84 8.7 2.2 7.34 8.34 8.90 8.7 7.41 7.61

* T h e  c o u p lin g  c o n s ta n ts  a re  g iv en  in  H z , th e  c h e m ic a l sh if ts  in  p p m  u n i ts .
** T hese  v a lu e s  w ere  o b ta in e d  b y  a p p ro x im a t in g  th e  A A 'B B ' sp e c tru m  a s  a n  A B  sp e c tru m . 

J , 3 =  J 56 <5H3 =  <5H3 a n d  á l l 2 =  <5H6

T h is  can  be ex p la in ed  b y  th e  p a ra m a g n e tic  sh if t caused b y  th e  a ro m a tic  ring  
c u rre n ts  in  th e  ch e la te  ring , th e  in flu en ce  o f  w hich is co m p en sa ted  in  th e  case 
o f  th e  4 ' an d  6 ' a ro m a tic  p ro to n s an d  even  overcom pensated  a t  H -3 ' ( th e  ô value 
is decreased  b y  0.18 ppm ) by  th e  e lec tro n  flood  runn ing  fro m  th e  ca rb o n y l 
o x y g en  tow ards th e  h y d ro x y l g roup . A t th e  sam e tim e th is  e le c tro n  flood 
in c reases  th e  p a ra m a g n e tic  sh ift o f th e  a  a n d  to  some e x te n t ev en  t h a t  o f th e  
ß  p ro to n s .

T he re la tiv e ly  h ig h er value o f th e  J 3'4' an d  J 4-e- coupling  c o n s ta n ts  can 
also be exp la ined  b y  th e  increased  e lec tro n  d en sity  in th e  a ro m a tic  rin g . The 
ch an g e  o f th e  chem ical sh ift o f th e  H -3  an d  H -5 p ro tons (d ep en d in g  on th e  
s u b s ti tu e n t  in  p o sitio n  4) to w ard s h ig h e r va lu es  in th e  case o f  th e  m e th o x y  
g ro u p , an d  to w ard s  th e  low er values in  th e  case o f chloro s u b s ti tu t io n  can  be 
e a s ily  recognized.

Experim ental*

1. A lk a lin e  c o n d e n s a tio n

T h e  a p p r o p r ia te  n i t r o h y d ro x y a c e to p h e n o n e  (2 m m o les) w as m ix e d  w i th  o n e  o r  tw o  
d r o p s  o f  e th a n o l,  d is so lv e d  in  35 m l o f  1 iV N a O I I  a t  78 °C, th e n  a s a tu r a t e d  w a rm  e th a n o l ic  
s o lu t io n  o f  b e n z a ld e h y d e  (9 m m o le s) o r b e n z a ld e h y d e  d e r iv a tiv e  (3 m m o le s)  w a s  a d d e d  to  
th e  m ix tu r e  w hile  s h a k e n .  A f te r  a few  m in u te s ,  th e  so d iu m  sa lt  o f th e  c h a lc o n e  b e g a n  to  p re 
c ip i t a te .  T h e  m ix tu re  w a s  th e n  sh a k e n  fo r a n o th e r  15 m in  a n d  se t as id e  fo r  o n e  d a y .  N e x t  d a y  
th e  so d iu m  sa lt  w as f i l te r e d ,  m ix e d  w ith  15 m l o f  2 N  I IC l a n d  t r i tu r a te d  fo r  20 m in  o n  a  w a te r

* M eltin g  p o in ts  a re  u n c o rre c te d .
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Table III

F requenc ies a n d  a ss ig n a tio n  o f  the 90 M H z  spectra  o f  chalcone com pounds  l a —Id  
T h e  f re q u e n c y  v a lu e s  a re  re fe r re d  to  th e  c h lo ro fo rm  s ig n a l  (654.3 H z)

A ss ig n a tio n Com pound
A ssig n a 

tio n C om pound T y p e  o f th e  sp e c tru m

la Ib le Id

H s,
807.6

804.9

761.8

H 2,
796.2

794.0

754.6

795.8 

793.6

754.8

794 .8

7 9 2 .6

753 .7

X -p a r t  o f  th e  A B X  
sp e c tru m

В -p a r t  o f th e  A B X

H 4,
759.1

752.7

750.0

H , .
752 .4

745.8

743.6

752.6

746.1

743.9

751.5

745 .0

742 .8

sp e c tru m

Щ
735.3

720.0

719.0

704.0

717.6

702.3

714 .3

6 99 .0

В -p a r t  o f th e  A B  
sp e c tru m

H a

699.0

683.7

670.0

667.0

?

672.3

657.0

679.5

6 6 4 .2

A -p a r t o f th e  A B  
sp e c tru m

H 3,
646.5

637.4
H 5,

660.0

(6 5 1 .2 )’

659.7

651.0

6 6 0 .0

(651 .3 )*

A -p a r t o f th e  A B X  
sp e c tru m

H 2 , H 6 692.7

684.0

6 9 0 .0

681 .3

В -p a r t  o f th e  
A A 'B B ' 
sp e c tru m ”

H 3 . H 6 631.0

622.3

6 7 0 .8

662.1

A -p a r t  o f  th e  
A A 'B B '
s p e c tru m ”

* C a lc u la te d  v a lu e  b a s e d  o n  th e  sp li tt in g  o f H 2, a n d  H 6, as th is  s ig n a l o v e rla p s  w i th  th e  
( l ig h t  iso to p e )  c o n ta m in a tio n  o f  t h e  ch lo ro fo rm  so lv e n t.

** A A 'B B ' sp e c tru m  a p p r o x im a te d  as an  A B  s p e c tru m

b a th .  A f te r  co o lin g , th e  c h a lc o n e  w a s  f i l te re d ,  w a sh e d  tw ic e  w i th  2 m l o f  e th a n o l a n d  r e c r y s t a l 
liz e d *  a f t e r  d ry in g  if  n e c e s sa ry . T h e  m e lt in g  p o in ts  w e re  a s  fo llo w s ( l i te ra tu re  d a ta  a re  g iv e n  
in  p a r e n th e s e s ) :

5 /- N i t ro -2 ,- h y d ro x y c h a lc o n e :  183— 5 °C (1 8 3  °C) [25]
3 /- N i t r o -4 '- h y d ro x y c h a lc o n e :  161— 2 °C (1 6 0 — 1 °C) [41]
3 /- N i t ro -4 ,-h y d ro x y -4 -m e th o x y c h a lc o n e :  151— 2 °C (1 5 1  °C) [42]
3 /- N i t ro -4 /-h y d ro x y -4 -c h lo ro c h a lc o n e :  185— 6 °C (1 8 3 — 4 °C) [43]

2. C ondensa tion  by m eans o f d ry  hydrogen  chloride

A n  e th a n o lic  s o lu tio n  s a t u r a t e d  a t  0 °C w as p r e p a r e d  f ro m  th e  a p p ro p r ia te  n i t r o h y d r o x y -  
a c e to p h e n o n e  (2 m m o le s)  a n d  th e  b e n z a ld e h y d e  d e r iv a t iv e  (2 m m o le s) . G aseo u s h y d r o g e n  
c h lo r id e  w a s  b u b b le d  in to  t h e  s o lu t io n  m a in ta in e d  a t  0 °C w i th  ice , fo r  h a lf  a n  h o u r . T h e  m ix tu r e

* F ro m  e th y l  a c e ta te .
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w a s  se t  a s id e  fo r  o n e  d a y  a t  ro o m  t e m p e r a tu r e  a n d  th e n  d i lu te d  to  tw ic e  i ts  v o lu m e  w i th  w a te r . 
T h e  p r e c ip ita te d  c h a lc o n e  w a s  f i l te r e d ,  w a sh e d  tw ice  w ith  2 m l o f  e th a n o l  a n d  re c ry s ta ll iz e d  
a f te r  d ry in g  i f  n e c e s s a ry .  M e ltin g  p o in ts  w e re  a s  fo llo w s:

5 '-N i t ro -2 '- h y d ro x y c h a lc o n e :  183 °C
3 '- N i t r o - 4 /-h y d ro x y c h a lc o n e :  1 6 3 — 4.5  °C
3 '- N i t r o - 4 '- h y d ro x y -4 -m e th o x y c h a lc o n e :  151— 2 °C*
3 '-N itro -4 '- h y d ro x y -4 -c h lo ro c h a le o n e :  186— 7 °C

3. C ondensation in  th e  p resence  of a lu m in iu m  chloride

T h e  a p p r o p r ia te  n i t r o h y d ro x y a c e to p h e n o n e  (3 m m o le s)  b e n z a ld e h y d e  d e r iv a tiv e  (3 
m m o le s)  a n d  a lu m in iu m  c h lo r id e  (6 m m o le s )  w e re  h o m o g e n iz e d  a n d  h e ld  in  a  s e m i-m o lte n  
s t a t e  fo r  h a lf  a n  h o u r  a t  120 °C o n  a n  o il b a th .  A f te r  co o lin g , th e  so lid if ie d  p r o d u c t  w a s  d e co m 
p o se d  w ith  a  m ix tu r e  o f  4 m l o f  ic e d  w a te r  a n d  1 m l o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id . A fte r  
b e in g  a llo w ed  to  s t a n d  fo r  s e v e ra l  h o u rs ,  t h e  c h a lc o n e  w a s  f i l te r e d ,  w a s h e d  th r e e  t im e s  w ith  
5 m l o f  w a te r ,  tw ic e  w i th  2 m l o f  e th a n o l  a n d  re c ry s ta ll iz e d  a f te r  d ry in g  i f  n e c e s sa ry .

M e ltin g  p o in ts :

5 '-N i t ro -2 '- h y d ro x y c h a lc o n e :  183— 4 °C*
3 '- N i t r o - 4 '- h y d ro x y c h a lc o u e :  162— 3 °C
3 '- N itro -4 '- l iy d ro x y -4 -e h lo ro c h a lc o n e :  184— 7 °C

I R  s p e c tra  w e re  r e c o rd e d  o n  a  M o d e l Z E IS S  U R -1 0  ( J e n a )  d o u b le  b e a m  s p e c tro m e te r  
in  K B r  p e lle ts .  N M R  s p e c tr a  w e re  t a k e n  o n  a  T y p e  JN M -C -6 0  ( J E O L )  in s t r u m e n t  (60 M H z) 
in  d e u te ro -d im e th y l  su lfo x id e  so lu t io n  u s in g  s o d iu m -2 ,2 -d im e th y l-2 - s ilo p e n ta n e s u lfo n a te  
(D S S ) a n d  te t r a m e th y l s i l a n e  (T M S ) re s p e c t iv e ly ,  as in te r n a l  s t a n d a r d s .  T h e  m e a s u re m e n ts  a t  
90 M H z h a v e  b e e n  c a r r ie d  o u t  in  d e u te ro c h lo ro fo rm  u s in g  th e  “ S P E K T R O S P I N ”  in s t r u m e n t  
o f  th e  R h e in isc h e  F r ie d r ic h  W ilh e lm  U n iv e r s i ty ,  B o n n .

*

T h e  a u th o r s  w ish  to  e x p re s s  t h e i r  th a n k s  to  th e  M in is t ry  o f  E d u c a t io n  ( B u d a p e s t)  fo r 
f in a n c ia l  s u p p o r t  o f  th is  w o rk  a n d  o n e  o f  th e m  (P .  S o h á r )  to  t h e  H e in r ic h  H e r tz  F o u n d a t io n  
fo r  th e  fe llo w sh ip  g r a n te d  a n d  to  P ro fe s s o r  D r . G ü n th e r  S n a t z k e  ( I n s t i t u t e  o f  O rg a n ic  C hem is
t r y ,  B o n n  U n iv e r s i ty )  a s  w e ll a s  to  M rs . M ik ló s C s e j k  a n d  M rs . C sa b a  M é h e s f a l v i  (R e se a rc h  
I n s t i t u t e  fo r  P h a r m a c e u t ic a l  C h e m is try ,  B u d a p e s t)  fo r  th e  h e lp  g iv e n  in  r e c o rd in g  th e  s p e c tra .
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ON THE MECHANISM OF BENZENE HYDROGENATION 
ON METAL CATALYSTS

( P R E L I M I N A R Y  C O M M U N I C A T I O N )

Y u . I. D e r b e n t s e v ,* Z. P a a l  a n d  P . T é t é n y i

( In s t i tu te  o f  Iso topes o f  the H u n g a r ia n  A c a d e m y  o f  S c ien ces)

R e ce iv e d  J u n e  30 , 1971

C ata ly tic  h y d ro g e n a tio n  of benzene belongs to  those  w ell-know n h e te r 
ogeneous processes th e  m echanism s o f w h ich  h av e  n o t y e t  been  c leared  up  
in  every  d e ta il [1]. B a l a n d i n ’s m u ltip le t th e o ry  [2] p red ic ts  a s e x te t  h y d ro 
gen a tio n  in th e  p resence  o f m eta l c a ta ly s ts , w ith o u t u n s a tu ra te d  in te rm e d ia te s . 
T he recen t o b se rv a tio n  o f cycloolefins am o n g  th e  p ro d u c ts  o f b en zen e  h y d ro 
g en a tio n  on m eta ls  b o th  in liqu id  [3 — 5] a n d  gas phase [6, 7 ], how ever, led 
to  th e  assu m p tio n  o f a stepw ise h y d ro g e n a tio n  m echan ism  via  cycloolefins. 
T h e  v e ry  sm all a m o u n t o f cycloolefins fo u n d  w as exp la ined  in  te rm s  o f  cycloole
fins being  h y d ro g e n a te d  m ore rap id ly  th a n  deso rbed  from  th e  c a ta ly s t  surface 
[3 — 5, 8]. T he lack  o f  u n am biguous an d  co n v in c in g  ev idence co ncern ing  th e  
m echan ism  o f benzene  h y d ro g en a tio n  p ro m p te d  us to  in v es tig a te  th is  p rob lem  
b y  m eans of ra d io a c tiv e  trace rs .

T he e x p e rim en ta l m e th o d  involved  re a c tin g  a m ix tu re  o f th e  rad io a c tiv e  
s ta r t in g  m ate ria l an d  an  in ac tiv e  form  o f th e  supposed  in te rm e d ia te  [9 ,1 0 ,1 1 ] . 
In  o rd er to  avo id  t h a t  th e  rap id  h y d ro g e n a tio n  an d  slow d e so rp tio n  o f cyclo
hexene should  cause e rro rs  in th e  specific ra d io a c tiv ity  o f cyclohcxene in  th e  
gas p h ase , in ac tiv e  cyclohexad iene  w as a d d e d  to  th e  ra d io a c tiv e  benzene , 
cycloliexene being  th u s  form ed in th e  course o f th e  reac tio n  on th e  c a ta ly s t 
su rface . The specific  ra d io a c tiv ity  of cyc lohexene, there fo re , m u s t be  id en tica l 
in  th e  gas phase an d  on th e  surface, regard less o f  th e  fac t th a t  p a r t  o f it  rem ains 
on th e  surface an d  re a c ts  w ith o u t d e so rp tio n .

M easu rem en ts w ere carried  ou t in a p u lse -ty p e  m ic ro reac to r described  
in  R ef. [10]. P u re  m e ta l pow ders w ere u sed  as c a ta ly s ts . F ra c tio n s  co rre 
sp o n d in g  to  in d iv id u a l p eak s  on th e  ch ro m a to g ra m  w ere m easu red  b y  a T ri-C a rb  
sc in tilla tio n  sp ec tro m e te r .

T he effect o f p e a k  ta ilin g  was checked  b y  a special e x p e rim e n t, in  w hich  
n a rro w  frac tio n s w ere co llected  in such  a w ay  th a t  m ore th a n  one fra c tio n

* P e rm a n e n t  a d d re ss :  
U S S R , M oscow .

Z e lin sk y  In s t i tu te  o f O rg a n ic  C h e m is try , A c a d e m y  o f  S c ien ces ,
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sh o u ld  co rre sp o n d  to  one c o m p o n e n t. T he re su lt o f th is  ex p erim en t is show n 
in  F ig . 1. I t  is obvious t h a t  b o th  cyclohexene a n d  cyclohexad iene c o n ta in  
som e ra d io a c tiv i ty , in d ic a tin g  t h a t  stepw ise h y d ro g e n a tio n  a c tu a lly  ta k e s  
p lace . T h e  correction  due to  th e  ta ilin g  o f th e  cyclohexane p eak  w as less

F ig .  1 . T y p ic a l  c h ro m a to g ra m  o f  a  h y d ro g e n a t io n  r u n  (m ix tu re  o f  b e n z e n e -u C a n d  c y c lo h e x a 
d ie n e )  a n d  t h e  a b so lu te  r a d io a c t iv i t ie s  o f  n a r ro w  f ra c tio n s . (T h e  p la c e s  o f  f r a c tio n  c h a n g e s  a re  
sh o w n  b y  s m a ll  de flec tio n s o n  th e  c h ro m a to g ra m .)  C a ta ly s t :  1 .7  m g  o f  P t ;  t  =  190 °C ; 3 f tl  o f  1 : 1 

m ix t u r e ,  P ( H 2) =  60 m l/m in . R a d io a c t iv i ty  p e a k s  a re  c o r re c te d  fo r  th e  b a c k g ro u n d

t h a n  5 %  o f th e  to ta l ra d io a c t iv i ty  o f th e  fo rm e r w h ich  m ay , how ever, b e  n o t 
n e g lig ib le  com pared  w ith  th e  to ta l  ra d io a c tiv ity  o f cyclohexene. T h u s , th e  
q u a n t i t a t iv e  com parison o f  sp ec ific  ra d io a c tiv itie s  m u st he p e rfo rm ed  w ith  
g r e a t  ca re .

D a ta  from  ty p ica l ru n s  o b ta in e d  in th e  p resence  o f a p la tin u m  c a ta ly s t  
a re  l i s te d  in  Table I. C y c lo h ex ad ien e  su ffered  a lm o st to ta l  conversion , be ing  
p a r t l y  h y d ro g en a ted , an d  p a r t ly  d eh y d ro g e n a te d  to  benzene. T his la t t e r  f ra c 
t io n  c a u s e d  th e  specific r a d io a c t iv i ty  of b en zen e  to  decrease. T he deg ree  of 
b e n z e n e  conversion is sh o w n  b y  th e  a m o u n t o f ra d io a c tiv ity  tr a n s fe r re d  to  
o th e r  co m pounds (cf. th e  r %  v a lu es). C learly , b o th  th e  cyclohexene a n d  cyclo-
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h e x a d ie n e  w ere rad io ac tiv e . O n th e  o th e r  h a n d , even if  n o t c o rre c ted  fo r  tailings 
th e  specific  ra d io a c tiv itie s  o f  th e  u n s a tu ra te d  species are  d e f in ite ly  lower 
th a n  t h a t  o f cyclohexane w hich , in  tu r n ,  ind ica tes th a t  b o th  s tep w ise  and  
“ d ire c t”  h y d ro g en a tio n  o f benzene do a c tu a lly  tak e  place.

Table I

H ydrogena tion  o f  m ix tu res  o f  b enzene-u C a n d  inactive cyclohexadiene  

C a ta ly s t :  1.7 m g  o f  P t ;  C a r r ie r  g a s :  H 2 P u lses: 3 p i  o f  e a c h

No. •c
V (H ;)

ml/nun Sample
Composition Specific radioactivity* (яр. r.)

c . H „ C .H 10 C .H . C.H, C .H „ C.H„ C,H, C.H.

I S ta r t in g » % — — 44.1 55.9
m ix tu re r7 o — — 0 100 — — 0 1.79

I 192 85.5 P ro d u c t » % 26.2 5.6 3.8 64.4
r % 4.1 0.5 0.25 95.1 0.156 0 .093 0 .066 1.48

и S ta r t in g U>% ___ 0.2 37.7 62.1
m ix tu re r% — 0 0 100 — 0 0 1.61

h 190 73.2 P r o d u c t U>% 26 .4 5.3 2.0 64.4
ro/ r / 0 4.9 0.8 0.25 94.0 0.186 0 .1 5 4 0 .125 1.42

h i S ta r t in g «-% ___ 0.5 43.5 66.0
m ix tu re r % — — 0 100 — 0 — 1.52

h i 197 87.2 P ro d u c t » % 17.0 8.1 2.8 72.1
r% 1.2 0.45 0.15 98.2 0.073 0 .056 0 .057 1.36

* N o t  c o r re c te d  fo r  ta i l in g

te % : p r o d u c t  c o m p o s itio n  in  %  (w /w ):
r % :  d is t r ib u t io n  o f  r a d io a c t iv i ty  o v e r  in d iv id u a l  f ra c tio n s  in  %  o f th e  t o t a l  r a d io a c t iv i ty  

o f  a ll  f r a c t io n s ;
sp . r.:  sp ec ific  r a d io a c t iv ity  o f  th e  f r a c t io n s  in  a rb i t r a ry  u n i ts  (sp . r . =  r % /w % )

In  o rd e r to  o b ta in  a m ore g enera l p ic tu re , several ex p e rim en ts  h a v e  been 
c a rrie d  o u t in  th e  presence o f  v a rio u s m e ta ls  as ca ta ly sts , using  a p ro p o rtio n a l 
gas-flow  c o u n te r  as th e  ra d io a c tiv ity  d e te c to r . T able I I  show s som e ty p ic a l 
re su lts  o b ta in e d  a t  d iffe ren t conversions. M ore deta iled  d a ta  a n d  th e ir  possib le 
e x p la n a tio n  will be re p o rte d  in a fo rth c o m in g  paper.
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T ab le  11

H y d ro g e n a tio n  o f  m ix tu res  o f  b e n ze n e -u C and  inactive cyc lo h exa d ien e  on d ifferen t m etal ca ta lysts

C a r r ie r  g a s : 60 m l/m in  H 2; P u ls e :  3 /Л  o f  h y d ro c a rb o n  m ix tu r e  (4 2 — 4 8 %  o f C6H 8 5 8 — 5 2 %
o f C6H G); t =  185 ±  5 °C

C a ta ly s t

C om position Spec ific  ra d io a c tiv ity

C .H „ С .Н .0 C .H , C .H , C .H 12 CeH l0 C .H ,

500 m g  o f  R e <0% 86.1 0.7 — 13.2 — — —

r% 81 .7 1.0 - 17.3 0.95 1.43 1.31

7 .7  m g  o f  N i w % 42 .6 4.0 — 53 .4

r% 21 .3 0.7 - 78 .4 0.50 0.175 1.46

8 .9  m g  o f  P d w % 16.2 26.0 — 57 .8

r% 1.5 0.1 - 0 8 .4 0 .093 0.004 1.70

6 6  m g  o f  I r w % 21 .8 18.2 5.1 54.9

r% 0 .33 0.11 - 9 9 .56 0.015 0.006 1.82

*

T h e  a u th o rs  a re  i n d e b te d  to  D r .  T . S z a r v a s  fo r  k in d ly  p e r fo rm in g  th e  r a d io a c t iv ity  m e a s 
u r e m e n ts .
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C O N V E R S IO N  O F  R E T R O - D E H Y D R O C A R O T E N E  
IN TO  I S O Z E A X A N T H I N  A N D  I S O Z E A X A N T H I N  

E P O X I D E S  W I T H  P E R P H T H A L I C  A C ID

J .  S z a b o l c s  a n d  G y . T ó t h

( C hem ica l In s t i tu te  o f  the M e d ic a l U n iv ers ity , P écs)

R e c e iv e d  J a n u a r y  16, 1970

T h e  c o n v e rs io n  o f  re /ro -d e h y d ro c a ro te n e  in to  is o z e a x a n th in  b y  p e r p h th a l i c  ac id , 
a n d  th e  fo rm a t io n  o f  th r e e  h i th e r to  u n k n o w n  s te re o iso m e rs  o f  i s o z e a x a n th in  m o n o 
e p o x id e  a r e  r e p o r te d .  T h is  ty p e  o f  h y d r o x y la t io n  m a y  p ro v id e  a  s u i t a b le  m e th o d  fo r  
p re p a r in g  h y d r o x y la te d  c a ro te n o id s  f ro m  re tro -d e h y d ro c a ro te n o id s .

Iso z e a x a n th in  (4 ,4 '-d ih y d ro x y -/J-caro ten e) w as f ir s t  sy n th e tiz e d  by  
I s l e r  [1] el al. in  1956. T h en  severa l p ap ers  [2— 7] w ere p u b lish ed  a b o u t th e  
p re p a ra tio n  o f  iso zeax an th in  an d  its  d e riv a tiv e s , b u t  on ly  in  1966 w as its  
occurrence in  n a tu re  re p o rte d  (m arin e  isopod Idothea granulosa) by  
L e e  [ 8 ] .

D uring  an  in v es tig a tio n  in to  th e  ep o x id a tio n  o f re tro -caro ten o id s  i t  was 
o bserved  in  o u r la b o ra to ry  th a t  re tro -dehydrocaro tene  (I) gave iso zeax an th in  
(III) [m .p. 136 °C; Amax(hexane) 478 an d  450 in//; 1(L 3x £ max 121.6 a n d  135.6; 
tmax (CHClj) 3618 c m -1 ] w hen  i t  w as su b je c te d  to  ep o x id a tio n  w ith  p e rp h th a lic  
ac id , an d  th e  p ro d u c ts  w ere h y d ro ly sed . A t th e  sam e tim e  3 m onoepox ide  
d e riv a tiv e s  o f iso zeax an th in  (V) n am ely  iso zeax an th in  m onoepox ide  A , В and 
C w ere also iso la ted  in c ry s ta llin e  form .

I t  is assum ed  th a t  f ir s t  an  a , co-addition tak es  p lace, t h a t  is 1 m ol of 
p e rp h th a lic  ac id  reac ts  w ith  th e  ch ro m o p h o re  of re fro -d eh y d ro caro ten e  (I) a t  
ca rb o n  atom s 4 an d  4 ',  y ie ld in g  th e  m o n o este r d e riv a tiv e  o f iso z e a x a n th in  (II). 
T h is  is follow ed b y  a n o rm a l ep o x id a tio n  process w hich fu rn ish es  th e  isoze
a x a n th in  m onoepox ide d e riv a tiv e s  (IV).

As is show n in  F ig . 1 th e  lig h t a b so rp tio n  p ro p ertie s  o f  iso zeax an th in  
m onoepoxides a re  v e ry  s im ila r (th e  d ifference in  £max va lu es  m ig h t be  due to  
th e  om ission o f rec ry s ta lliz a tio n ), an d  none o f th em  has a e is-p eak . A lthough  
n o t  ch a ra c te ris tic , th e  IR -sp e c tra  are  n o t a t  varian ce  w ith  s tru c tu re s  VI, VII 
a n d  V. B y io d ine-isom eriza tion  th e  co m pounds give cis isom ers w ith  ab so rp tio n  
a t  low er w av e len g th s , h u t  th e y  c a n n o t be  isom erized in to  each  o th e r . All 
th re e  iso zeax an th in  m onoepox ides re a c t w ith  acid re su ltin g  in  th e ir  fu ran o id  
d e riv a tiv e s  w ith  th e  sam e a b so rp tio n  m ax im a  [Amax(CeHe) 465 a n d  437 m /t].
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C onsidering  th a t  iso z e a x a n th in  (III) p ro d u ced  w ith  p e rp h th a lic  acid  w as 
c e r ta in ly  a  m ix tu re  o f th e  racem ic  and  m eso fo rm s, w h ich  can  all give cis- an d  
trcm s-m onoepoxides,the fo rm a tio n  of m ore th a n  one iso zeax an th in  m onoepoxide

m fd
F ig . 1 . M o la r  e x tin c tio n  c u rv e s  o f  is o z e a x a n th in  m o n o e p o x id e s  in  b e n z e n e . I s o z e a x a n th in
m o n o e p o x id e  A -------(Amax 488 , 4 5 9 , a n d  339 m /и): i s o z e a x a n th in  m o n o e p o x id e  В --------  (Amax

4 8 9 , 4 5 9  a n d  339 m /t) ;  i s o z e a x a n th in  m o n o e p o x id e  C . . . (Amax 48 9 , 458 a n d  339 rafi)

(VI, V II) is n o t su rp ris in g . T h is  is in  good ag reem en t w ith , an d  lends su p p o rt to , 
th e  re su lts  of an  earlier e x p e rim e n t [9] in  w hich  w e succeeded  in  sep a ra tin g  th e  
cis a n d  trans  m onoepox ides o f  zeax an th in  an d  lu te in , an d  w hich  show ed th a t  
th e  isom ers only d iffered  in  th e  s te reo ch em istry  o f  th e  epoxide ring  in  re la tio n  
to  th e  C-3 h y d ro x y l g roup .

S im ilarly , w hen  iso z e a x a n th in  d iace ta te  w as su b je c te d  to  ep o x id a tio n  
w ith  p e rp h th a lic  acid , th e  stereo isom ers o f iso z e a x a n th in  m onoepoxides w ere 
also  o b ta in ed .
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E xperim en ta l

T h e  p ro c e d u re s  a n d  m e th o d s  u se d  h e re  h a v e  b e e n  s u m m a r iz e d  e lsew h ere  [10]. R etro- 
d e h y d r o c a r o te n e  w as p r e p a re d  f r o m  /З-c a ro te n e  a c c o rd in g  to  K arrer  e t  al. [11].

Epoxidation of retro-dehydrocarotene with perphthalic acid

2 7 0  m g  o f r e iro -d e h y d ro c a ro te n e  (in  p o r t io n s  o f  90 m g )  in  1 1 o f  a b s . e th e r  w a s  a llo w e d  
to  s t a n d  in  th e  p re sen ce  o f  p e r p h th a l i c  a c id  (140 m g ) a t  r o o m  t e m p e r a tu r e  in  d a rk n e s s  fo r  13 
h r s .  I t  w a s  th e n  t r a n s fe r re d  to  a  s e p a r a to r y  fu n n e l, w a sh e d  th o r o u g h ly  w i th  w a te r  a n d  a n  
a q u e o u s  so d iu m  h y d ro g e n  c a r b o n a te  so lu t io n ,  a n d  d r ie d  o v e r  a n h y d r o u s  N a 2S 0 4. T h is  e th e r e a l  
s o l u t io n  w a s  h y d ro ly se d  w ith  80 m l  o f  3 0 %  K O H  m e th a n o l  a t  r o o m  te m p e ra tu r e  fo r  5 h rs . 
O n  c o m p le t io n  o f  th e  h y d ro ly s is ,  t h e  so lu t io n  w as t r a n s f e r r e d  to  a  s e p a ra to r y  fu n n e l  to  re m o v e  
t h e  m e th a n o l i c  la y e r  f ro m  w h ic h  t h e  p ig m e n ts  w ere  e x t r a c te d  w i th  e th e r .  T h e n  th e  tw o  e th e re a l  
s o lu t io n s  w e re  co m b in ed , w a sh e d  w i t h  w a te r  u n t i l  a lk a li  free  a n d  d r ie d  o v e r  a n h y d ro u s  N a 2S 0 4; 
f i n a l l y ,  t h e  e th e r  w as e v a p o r a te d .  T h e  re s id u e  w as s u b je c te d  to  c h r o m a to g r a p h y  on  c a lc iu m  
c a r b o n a t e  f ro m  b e n ze n e  a n d  p e t r o l e u m  e th e r  (50— 60 °C).

Zone Pigment ДШах in benzene

1 5 m m  lem on 

1 m m  —

1 m m  yellow  

10 m m  —

u n id e n t i f ie d

u n id e n t i f ie d

485 454

2 20 m m  oclire is o z e a x a n th in  m o n o e p o x id e  A 490 457
3 10 m m  ochre 

5 m m  —

is o z e a x a n th in  m o n o e p o x id e  В 489 458

4 15 m m  ochre 

20 m m  —

iso z e a x a n th in  m o n o e p o x id e  C 489 458

5 15 m m  yellow  

5 m m  —

is o z e a x a n th in 497 462

6 4 m m  d iffuse y e llo w u n id e n t i f ie d 488 457

T h e  p ig m e n ts  w ere  e lu t e d  w i t h  m e th a n o l,  t r a n s f e r r e d  to  a  s e p a ra to r y  fu n n e l ,  d i lu te d  
w i t h  b e n z e n e ,  w ash ed  w ith  w a te r ,  d r i e d  o v e r  a n h y d ro u s  N a 2S 0 4, a n d  e v a p o r a te d  u n d e r  r e d u c e d  
p r e s s u r e  fo r  c ry s ta l l iz a tio n .

Isozeaxanthin (Zone 5) w a s  c ry s ta l l iz e d  f ro m  a  m ix tu r e  (2 : 1) o f  e th y l  a c e ta te  a n d  p e 
t r o l e u m  e th e r  (50— 60 °C); t h e  lo n g ,  r e d d is h  n e ed les  (24 m g ) m e l te d  a t  136 °C. A f te r  r e c ry s ta l l i 
z a t i o n ,  18 m g  o f  i s o z e a x a n th in  w a s  o b ta in e d ;  m . p . 137 °C.
C4oH 5g°2  (568 .89 ). C alcd. C 8 4 .4 5 ;  H  9 .93 . F o u n d  C 8 4 .1 0 ; H  1 0 .3 9 % .

Isozeaxanthin monoepoxide A (Z one 2)

C ry s ta ll iz a tio n  f ro m  w a r m  m e th a n o l  y ie ld e d  7.5 m g  o f  y e llo w , t i n y  c ry s ta ls ;  m . p . 168 °C. 
R e la t i v e  p o la r i ty  v a lu e  1 .96 . T h e  v is ib le  a n d  U Y  s p e c tra  a r e  g iv e n  in  F ig . 1.
С -и А б О з  (584 .89). C alcd . C 8 2 .1 4 ;  H  9 .65 . F o u n d  C 8 2 .2 5 ; H  9 .8 2 % .

Isozeaxanthin monoepoxide В (Z one 3)

6 .8  m g  o f  ye llow  p la te s  w e re  o b ta in e d  fro m  m e th a n o l;  m . p . 158 °C. T h e  r e la t iv e  p o la r i ty  
v a lu e  o f  iso z e a x a n th in  m o n o e p o x id e  В  is 1.96. T h e  v is ib le  a n d  U V  s p e c tr a  a re  p r e s e n te d  in  
Fig. 1.
C 10H 56O 3 (584 .89 ). C alcd . C 8 2 .1 4 ;  H  9 .65 . F o u n d  C 8 2 .1 8 ; H  9 .8 5 % .
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Isozeaxanthin monocpoxide C (Zone 4)

C ry s ta lliz e d  f ro m  w a rm  m e th a n o l  in  lo n g , y e llo w  n e e d le s  (1 .2  m g ) ;  m .p . 160 °C. T h e  
r e la t iv e  p o la r i ty  v a lu e  o f  is o z e a x a n th in  m o n o e p o x id e  C is 1 .97 . I t s  v is ib le  a n d  U V  s p e c tra  a re  
sh o w n  in  F ig . 1.

I t  sh o u ld  b e  n o te d  t h a t  i s o z e a x a n th in  e p o x id e  A , В  a n d  C (R /.-0 .4 2 )  s e p a ra te d  re a d ily  
f ro m  is o z e a x a n th in  ( R 0. 55)  b u t  n o t  f ro m  e a c h  o th e r  w h e n  s u b je c te d  to  th in - la y e r  c h ro m a to 
g ra p h y .  (A lu m in iu m  o x id e  G ; 1 5 %  a c e to n e  in  b e n z e n e .)

Isomerization of isozeaxanthin monoepoxides by iodine

( a )  Iso ze a x a n th in  m o n o ep o x id e  A .  2 m g  o f  is o z e a x a n th in  m o n o e p o x id e  A  w a s d isso lv ed  
in  20 m l o f  b e n z e n e  a n d  a llo w e d  to  s t a n d  in  th e  p re se n c e  o f  0 .0 2  m g  o f  io d in e  a t  ro o m  te m p e ra 
t u r e  fo r  30 m in . T h e  so lu t io n  w a s  w a sh e d  w ith  a q u e o u s  so d iu m  th io s u l f a te  so lu t io n  a n d  w a te r ,  
a n d  d r ie d  o v e r  a n h y d r o u s  N a 2SO ,. I t  w a s  th e n  c h r o m a to g ra p h e d  o n  c a lc iu m  c a rb o n a te  fro m  
b e n z e n e -p e tro le u m  e th e r  (1 : 1). A f te r  e lu t io n  e tc .,  th e  p ig m e n ts  w e re  id e n t i f ie d  b y  th e ir  a b 
s o r p t io n  m a x im a , a n d  b y  m ix e d  c h ro m a to g ra p h y  w i th  a u th e n t ic  s a m p le s .

Zone P ig m en t Лт а х  in  benzene

10 m m  ochre cis iso m e r 485 453

5 m m  lig h t  o ch re cis iso m er 484  453

45  m m  ochre iso z e a x a n th in  in o n o ep o x id e  A 490 458

(b )  I so ze a x a n th in  m o n o ep o x id e  B .  2 m g  o f  is o z e a x a n th in  m o n o e p o x id e  В  w as t r e a te d  
w i th  io d in e  as d e s c r ib e d  fo r  is o z e a x a n th in  m o n o e p o x id e  A.

Zone P ig m en t ^max in benzene

1 0 m m ochre I c is  iso m er 484 453
8 m m lig h t o ch re 1 cis iso m er 485 454

45 m m ochre 1 is o z e a x a n th in  m o n o ep o x id e  В 490 458

( c )  Iso ze a x a n th in  m o n o ep o x id e  С. 1 m g  o f  is o z e a x a n th in  m o n o e p o x id e  C w as iso m erized  
w i th  io d in e  as d e sc r ib e d  a b o v e .

Zone P ig m en t Л тах  benzene

5 m m  o chre cis  iso m er 486 453

2 m m  lig h t  o c h re c is  iso m er 486 454

10 m m  ochre iso z e a x a n th in  m o n o ep o x id e  C 491 458
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Epoxidation of isozeaxanthin diacetate

10  m g  o f  iso z e a x a n th in  d i a c e t a te  in  30 m l o f  ab s. e th e r  w a s  e p o x id iz e d  w i th  5 m g  o f  
p e r p h th a l i c  a c id  a t  room  t e m p e r a tu r e  in  d a r k n e s s  fo r  15 h rs . O n  c o m p le tio n  o f  t h e  e p o x id a t io n  
( fo llo w e d  b y  t . l .c . )  th e  e th e re a l  s o lu t io n  w a s  w a sh e d  w ith  5 %  N a H C 0 3 a n d  w a te r ,  d r ie d  o v e r  
a n h y d r o u s  N a 2S 0 4, a n d  h y d ro ly z e d  w i t h  7 m l  o f  3 0 %  K O H  m e th a n o l  a t  ro o m  te m p e ra tu r e  fo r  
6 h r s .  A f t e r  t h e  u su a l  p ro c e d u re s  t h e  p r o d u c t s  w ere  s e p a ra te d  o n  a  c a lc iu m  c a r b o n a te  c o lu m n  
f r o m  a  m ix t u r e  (3 : 2) o f  b e n z e n e  a n d  p e tr o le u m  e th e r  (5 0 — 60 °C).

Zone P ig m en t Amax in  benzene

1 6 m m  lem on is o z e a x a n th in  d ifu ran o id e 436 (d iffu se )

2 4  m m  lem on is o z e a x a n th in  d ifu ra n o id e 436

3 15 m m  ochre i s o z e a x a n th in  m o n o ep o x id e  A 489 457

4 10 m m  ochre i s o z e a x a n th in  m o n o ep o x id e  В 489 457

5 12  m m  ochre i s o z e a x a n th in  m o n o ep o x id e  C 488 456

6 3 m m  p a le  yellow u n id e n t i f ie d 486 456

Z o n e s  1, 2 a n d  3 w ere  id e n t i f ie d  b y  th e i r  a b s o rp t io n  s p e c tr a ,  p a r t i t io n  b e tw e e n  9 0 %  
m e th a n o l  a n d  p e tro le u m  e th e r ,  К j :  v a lu e s ,  a n d  th e i r  fu ra n o id  t e s ts .

*

T h e  a u th o r s  a re  in d e b te d  t o  t h e  M in is t ry  o f  H e a l th  fo r  f in a n c ia l  s u p p o r t .  T h e y  a lso  
w ish  to  t h a n k  M rs. M. Steiler  a n d  M r. L . T ímár fo r  sk ilfu l te c h n ic a l  a s s is ta n c e .
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THE ACID HYDROLYSIS OF INULIN*

J .  S z e j t l i ,** R. D . H e n r i q u e s  and M. C a s t i n e i r a

{ E sc u c la  de B io q u im ic a -F a rm a c e u tic a , U n iv e r s id a d  de L a  H a b a n a , L a  H a b a n a , C u b a )  

R e c e iv e d  A p ril  20 , 1970; in  r e v is e d  f o rm  N o v e m b e r  5, 1970

T h e  a c id  h y d ro ly s is  o f  th e  /3-1,2 g ly c o s id ic  b o n d s  b e tw e e n  th e  D - f ru c to fu ra n o s e  
u n i t s  o f  in u l in  is  e x tre m e ly  ra p id ,  b u t  c a n n o t  b e  c h a ra c te r iz e d  b y  a  s in g le  r a t e  c o n s ta n t ,  
s in ce  in  t h e  in i t i a l  p h a s e  th e  h y d ro ly s is  is  s lo w e r  th a n  in  th e  f in a l  p h a s e .  I n  t h e  f in a l 
p h a s e ,  w h e n  th e  D P  is less t h a n  4 , th e  r a t e  o f  h y d ro ly s is  o f  in u lin  is  h ig h e r ,  w h e re a s  
in  th e  in i t i a l  p h a s e  i t  is lo w er t h a n  t h a t  o f  su c ro se .

I n  a ll  p r o b a b i l i ty ,  th e  f i r s t  s te p  o f  t h e  h y d ro ly s is  o f  th e  f u r a n o s id e  l in k a g e s  is 
p ro to n a t io n  o f  th e  o x y g e n  in  th e  fu ra n o s id e  r in g ,  fo llo w ed  b y  h e te ro ly s is  o f  t h e  l in k a g e  
b y  th e  f o r m a t io n  o f  a  t e r t i a r y  c a tio n . T h e  v a lu e  o f  th e  e n tro p y  o f  a c t iv a t io n  sh o w s  t h a t  
th e  r e a c t io n  is o f  ty p e  А - l .  T h is  m e c h a n is m  is  s im ila r  to  th e  h y d ro ly s is  m e c h a n is m  o f 
su c ro se  a n d  ra ff in o s e .

In troduction

In u lin  is a po ly sacch arid e , b u ilt  o f  D -fructo fu ranose  u n its  c o n n e c te d  b y  
£-1 ,2  g lycosid ic b o n d s. T he presence o f 1 .5— 7 %  of D-glucose in  i ts  en z y m a tic  
h y d ro ly z a te  sugg ests  t h a t  th e  m olecule, w h ic h  is a chain  consisting  o f  a p p ro x i
m a te ly  35 D -fruc to fu ranoside  residues, is c o m p le te d  a t  th e  red u c in g  e n d  o f  the  
c h a in  b y  a D-glucose u n it, b o u n d  b y  a  lin k a g e  o f th e  sucrose ty p e  [1— 5]. 
A b ib lio g ra p h y  on  fru c tan es  an d  d ifru c to -a n h y d rid es  p rio r to  1946 h as  been 
com piled  b y  M c D o n a l d  [17].

A ccord ing  to  severa l au th o rs  [6— 9 ], d u r in g  th e  acid h y d ro ly s is  o f  inu lin  
th e  f ir s t  o rd e r r a te  c o n s ta n t d e te rm in ed  a t  th e  o u tse t (5—15%  h y d ro ly sis) 
in c reases  to  2— 6 tim es its  orig inal v a lu e  u n t i l  reach ing  a m a x im u m ; th e n  it  
beg ins to  d ecrease.

T h e  half-life  [7] o f inu lins o f vario u s o rig in , as de term ined  b y  m e a su re m e n t 
o f  th e  red u c in g  pow er in  1.0 N  su lfuric ac id  a t  20 °C, lies betw een  370 a n d  390 
m in u te s  [10], w hile  u n d e r  sim ilar co n d itio n s  290 m inu tes were o n ly  n ecessary  
fo r  a 50 %  h y d ro ly s is  o f sucrose.

D a ta  h a v e  been  p u b lished  in  th e  l i te r a tu r e  for th e  hydro lysis o f  in u lin  by 
ion -exchange re s in s  [11, 12], fo r th e  s e p a ra tio n  o f  th e  in te rm ed ia ry  p ro d u c ts  of

* T h e  p r e s e n t  p a p e r  is a  p a r t  o f  a  se ries ; t h e  p r e v io u s  p a r t  h a s  b e e n  p u b l i s h e d  in  A c ta  
C h im . A c a d . Sei. H u n g . ,  66 , 213 (1970).

** P r e s e n t  a d d re s s :  C h in o in  P h a r m a c e u t ic a l  a n d  C h e m ic a l W o rk s  L td . ,  B u d a p e s t .
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p a r t ia l  h y d ro ly s is  b y  p a p e r  ch ro m a to g ra p h y  [1 3 ], as well as for th e  seco n d ary  
re a c tio n s  [14].

O n  th e  o th e r  h an d , sy s te m a tic  in v e s tig a tio n s  o f  th e  hydro lysis o f  in u lin  
have  sc a rc e ly  been  rep o rted . T h e  pub lished  d a ta  a re  in co n g ru en t, e.g. th e  v a lu e s  
of th e  a c t iv a tio n  energy  (28.4 kcal/m ole [9], 29 .4  kcal/m ole [15], a n d  25 .4  
k ca l/m o le ; th is  la t te r  can  be ca lc u la ted  from  th e  d a ta  pub lished  in  R ef. [6]) a re  
n o t a d e q u a te  to  d raw  conclusions for th e  m e c h a n ism  of hydro lysis. A lso  th e

min
F ig . 1. L o g a r i th m ic  h y d ro ly s is  c u rv e s

v a lu e  o f  g  ( =  Æ og  fe/ApH) show s an  im p ro b a b le  v a r ia tio n , betw een  0 .89 a n d  
1.64 [6, 9 ] . O n ly  a single v a lu e  is know n fo r th e  e n tro p y  of a c tiv a tio n  ( + 1 3 .4  
e .u .), b u t  th is  is ca lcu la ted  fro m  a v alue  of E a [15] w h ich , if  co rrec t, a llow s th e  
co n c lu sio n  t h a t  th e  m olecu lar m ech an ism  of h y d ro ly s is  o f inu lin  differs fro m  th e  
p ro b a b le  m ech an ism  of th e  h y d ro ly s is  o f sucrose .

T h e  o b je c t o f th e  p re se n t p a p e r  has b e e n  th e  d e te rm in a tio n  o f  re liab le  
v a lu es  o f  k , E a an d z lS  + , an d  to  d raw  conclusions fo r  th e  m echanism  of h y d ro ly s is  
o f in u lin , w ith  special re g a rd  to  th e  a p p lic a b ility  o f  th e  hypo thesis  p u b lish e d  
in  o u r  p re v io u s  p a p e r [16] fo r th e  hyd ro lysis  o f  sucrose and  raffinose .

E xperim en ta l

2 5 0  m g  o f  d r y  in u lin  (M e rc k ; [a]],0 =  — 40°, c =  2 .5 , in  w a te r )  w as d is so lv e d  in  25 m l  
o f  d i s t i l l e d  w a t e r  a n d  w a rm e d  a t  60 °C fo r  a  few  m in u te s  to  e n s u re  c o m p le te  d is so lu tio n . A f t e r  
a d ju s tm e n t  t o  t h e  t e m p e ra tu r e  o f  h y d ro ly s is ,  25 m l o f  a n  a c id  o f  a p p ro p r ia te  c o n c e n t r a t io n  
a n d  o f  t h e  s a m e  te m p e ra tu r e  w a s  a d d e d ,  m ix e d , a n d  a t  r e g u la r  in te rv a ls  2 m l s a m p le s  w e re  
w i th d r a w n  f r o m  th e  so lu tio n  k e p t  in  a n  u l t r a th e r m o s ta t .  T h e  sa m p le  w as a d d e d  to  2 m l o f  a
1.2 o r  0 .1 2  N  L iO H  so lu tio n  a n d  0 .5  m l o f  th e  r e s u l t in g  s o lu t io n  w as u se d  fo r  p o la r o g r a p h ic  
d e te r m i n a t i o n  o f  t h e  r e d u c in g  p o w e r , in  a  s im ila r  w a y  a s  p u b l is h e d  in  o u r  p re v io u s  p a p e r  [1 6 ] 
d e a l in g  w i t h  t h e  a c id  h y d ro ly s is  o f  r a f f in o s e  a n d  su c ro s e .

Acta Chim. ( Budapest) 70, 1971



SZ E JT L I et al.: ACID H YD RO LY SIS OF IN U L IN 381

As i t  is seen  in  F ig .  1, th e  v a lu e  o f  log -------  a s  a  f u n c t io n  o f  th e  r e a c t io n  t im e  sh o w s

tw o  se c tio n s  (p  is t h e  r a t i o  o f  th e  a c tu a l  v a lu e  o f  re d u c in g  p o w e r  to  th e  e x p e r im e n ta l ly  a t t a i n 
a b le  m a x im a l v a lu e ) .  E x t r a p o la t in g  th e  se c o n d  se c tio n , t h e  v a lu e  o f  к  c a n  b e  d e te rm in e d ,  w h ic h  
is c h a ra c te r is t ic  o f  t h e  s p l i t t in g  o f  th e  te rm in a l  l in k a g e s . T h e  c o n s ta n t  w h ic h  c h a ra c te r iz e s  
t h e  sp l i t t in g  o f n o n - te r m in a l  lin k a g e s  is d e s ig n a te d  b y  k r . T h e  p lo t t in g  o f  v a lu e s  o f  th e  c o n s ta n t  
c a lc u la te d  fro m  v a r io u s ,  e x p e r im e n ta l ly  d e te rm in e d  p o in ts  a s  a fu n c tio n  o f  h y d ro ly s is  r e p re 
s e n ts  a n o th e r  m e th o d  o f  e x tr a p o la t io n .  T h is  ty p e  o f  e x t r a p o la t io n  is i l lu s t r a te d  in  F ig . 2. E v i 
d e n t ly ,  a f te r  h a v in g  r e a c h e d  1 00%  h y d ro ly s is ,o n ly  d if ru c to s e  c a n  b e  h y d ro ly z e d ,  th e re fo re  th is  
e x tr a p o la t io n  g iv es  d i r e c t ly  th e  v a lu e  o f  k .

A s i t  is seen  in  F ig .  1, th e re  is a c o n s id e ra b le  d is c re p a n c y  b e tw e e n  th e  v a lu e s  d e te rm in e d  
b y  p o la ro g ra p h y  a n d  b y  th e  p h o to m e tr ic  m e th o d ;  h o w e v e r , th e s e  к  v a lu e s  a re  w ith in  th e  l im its  
o f  e x p e r im e n ta l  e r ro r s .  T h e  p o la ro g ra p h ic  m e th o d  is m o re  se le c tiv e , i t  is su p p o s e d  t h a t  o n ly  
f r u c to s e  is m e a su re d , w h ile  th e  p h o to m e tr ic  m e th o d  d e te rm in e s  a ll r e d u c in g  g ro u p s . A s a 
c o n se q u e n c e , th e  p o la r o g r a p h ic  c u rv e s  r e a c h  th e  sa m e  v a lu e s  l a t e r  th a n  th e  p h o to m e tr ic  c u rv e s , 
b u t  th e  d iffe ren ce  is o n ly  in  th e  d u ra tio n  o f  th e  f i r s t  s ta g e .  T h u s  o n  th e  b a s is  o f  F ig . 1, in  th e  
m a jo r i ty  o f th e  e x p e r im e n ts ,  th e  sam e к  v a lu e  c a n  b e  c a lc u la te d  b y  b o th  m e th o d s ,  w h ile  th e r e  
r e m a in s  som e d i s c r e p a n c y  b e tw e e n  th e  v a lu e s  e x t r a p o la te d  o n  th e  b a s is  o f  F ig . 2. T h e  r a te  
c o n s ta n t s  in T a b le  1 r e p r e s e n t  a v e ra g e s  o f  fo u r  d a ta .

T ab le  I

R ate constants a n d  entropies o f  ac tiva tio n

t, °c [HC1] Л’ p H *
к • 103
min-1 log fcr** zJS+ e.u.

Determined by 
f =  photo

metry, p = 
polarography

30.0 0.101 1.044 2.1 -1 .5 7 8 8.30 p
2.2 -1 .5 5 8 8.39 f

•10.0 1.044 -0 .095 115 — 1.040 7.99 p
115 — 1.040 7.99 f

0.104 1.044 8.4 0.976 8.29 i*
8.9 -0 .9 5 0 8.40 f

0.0104 2.018 0.72 -1 .0 2 0 8.08 p

0.74 -1.009 8.14 -f
50.0 0.104 1.044 27.0 -0 .4 6 9 8.46 p

31.9 -0 .3 9 6 8.79 f

0.0104 2.018 2.5 -0.480 8.41 p
3.0 0.400 8.78 f

60.0 0.104 1.044 95.0 +  0.078 8.06 p
100.0 +  0.100 8.16 f

0.0104 2.018 7.5 -0 .0 0 3 7.69 p
8.1 +  0.003 7.72 f

0.00104 2.991 0.67 -0 .0 1 6 7.63 p
0.84 +  0.082 8.08 f

a v e r a g e : 8.13

* c a lcu la te d  p H  (see  R ef. [16])
** =  log k r =  lo g  к  I- g  • p H
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T h e  v a lu e s  o f  k n w e re  n o t  c a lc u la te d ,  b e c a u se  t h e  a p p lie d  e x p e r im e n ta l  t e c h n iq u e  is  
n o t  s u i t a b l e  f o r  t h e i r  d e te rm in a tio n  w i t h  a d e q u a te  p re c is io n . T h e  v a lu e s  o f  k n a re ,  o n  t h e  a v e r 
a g e , o n l y  1 /2 — l / 6 t h  o f  k ,  d e p e n d in g  o n  th e  e x p e r im e n ta l  c o n d it io n s  a n d  m a in ly  o n  t h e  o rig in  
o f  t h e  i n u l in .

F ig .  2.  In c re a se  o f  th e  r a t e  c o n s ta n t  w i th  th e  p ro g re s s  o f  h y d ro ly s is

I n f lu e n c e  o f  t h e  a c id  c o n c e n tra t io n

F ig .  3 i l lu s t r a te s  th e  d e p e n d e n c e  o f  lo g  к  o n  t h e  p H .  T a b le  I I  c o n ta in s  t h e  g  v a lu e s . I n  
t h i s  s e n s e  t h e  b e h a v io u r  o f  in u lin  is  s im ila r  to  t h a t  o f  o th e r  n e u t r a l  g ly c o s id e s ; th e  r a t e  c o n s ta n t  
o f  i t s  h y d r o ly s i s  is a  s lig h tly  e x p o n e n t ia l  f u n c t io n  o f  th e  a c id i ty .

F i g .  3 .  V a r ia t io n  o f  lo g  к  w i t h  p H F ig .  4. L o g  к  a s  a  f u n c t io n  o f  t h e  r e c ip ro c a l  
v a lu e  o f  a b s o lu te  t e m p e r a tu r e

In f lu e n c e  o f  te m p e ra tu r e

T h e  c o rre la tio n  o f lo g  к  a n d  1 /X  is i l l u s t r a te d  in  F ig . 4 . A s i t  is  sh o w n , t h e  p o in ts  p lo t te d  
a t  b o t h  a c id  c o n c e n tra t io n s  r e s u l t  in  s t r a ig h t  l in e s , t h u s  th e  v a lu e  o f  E a w i th in  t h e  in v e s t ig a te d  
t e m p e r a t u r e  ra n g e  does n o t  sh o w  a n y  r e m a r k a b le  v a r ia t io n .  F o r  t h e  E„  a n d  d  v a lu e s ,  see 
T a b le  I I I .
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T a b le  I I

V alues o f  g

t, °c H C l N ran g e g
D ete rm in e d  by  

p  =  p o la- 
ro g ra p h y , f = 

p h o to m e try

40.0 0.104 -1 .0 4 0.997 p
0.966 f

0.0104 -0 .104 1.094 p
1.110 f

50.0 0.0104 -0 .104 1.061 p
1.053 f

60.0 0.0104 -0 .104 1.132 p
1.121 f

0.00104-0.0104 1.078 p
1.011 f

a v e r a g e : 1.062

g  =  A  log к /A  p H

T ab le  I I I

D eterm in a tio n  o f  E a a n d  d

[H C i] N t, °c Ea k c a l/m ole d
D ete rm in e d  b y  

p  =  p o la- 
ro g ra p h y , f = 

p h o to m e try

0.104 30-40 26.006 17.277 p
26.366 17.485 f

40 -50 23.477 15.409 p
26.653 16.952 f

50 -60 26.955 17.757 p
24.441 16.131 f

0.0104 4 0 -5 0 25.005 16.432 p
28.200 18.671 f

50-60 23.514 15.413 p

A v e r a g e : 25.513 16.725

E n

d

2.303 • R

A  log  к  
A  103/ T

A  log к 
A  10 3/ T

■ -  lo8 *ri
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R esu lts  anil discussion

T h e  к  v a lue  of in u lin  h y d ro ly s is  can  be ca lc u la ted  from  th e  fo llow ing 
e q u a tio n :

log к =  1.062 • p H  +  16.725 —  0.4343 • 25513/1.987 • T

T he c o m p le te  hydro lysis o f  in u lin  cou ld  be described  as a re su lt o f tw o s im u l
ta n e o u s  reac tio n s , b u t  fo r th a t  i t  w ou ld  be n ecessary  to  know  th e  v a lu e  o f k n in  
each  case .

F ro m  th e  ex p erim en ta l d a ta  i t  can  be e stab lish ed  th a t  th e  f ir s t  s tag e  —  in 
w h ich  к  s te ad ily  increases —  la s ts  u n til  20 or 25 %  o f th e  h y d ro lysis  has o ccu r

red . A t  h ig h er th a n  25 %  h y d ro ly s is , i.e. w hen D P ^ 4 ,  к  rem ains p ra c tic a lly  
c o n s ta n t .

I n  th e  acid hy d ro ly sis  o f  in u lin  tw o p rob lem s will arise: th e  sp lit t in g  
m e c h a n ism  o f /3-1,2 lin k ag es, a n d  th e  fa c t th a t  w ith  th e  progress o f h y d ro ly s is  
th e  r a te  c o n s ta n t keeps in c reas in g . T he sp littin g  o f  k e to fu ran o sid es  d iffers n o t 
on ly  f ro m  th e  sp littin g  o f a ld o p y ran o sid es , b u t  also from  th a t  o f a ldo fu ra- 
n o s id e s ; th e  ch a rac te ris tic  d ifferences are show n in  T ab le  IV . O n th e  o th e r  
h a n d , th e  difference b e tw een  th e  velocities of th e  acid  h y d ro lysis  o f k e to fu ra n o 
sides a n d  k e to p y ran o sid es  is m u c h  sm aller th a n  in  th e  case o f aldosides. In  th e  
case o f  ke tosides th is  is o b v io u sly  ex p la ined  b y  th e  fo rm a tio n  o f a te r t ia r y  
c a rb o n iu m  cation  as a re su lt o f  th e  sp littin g  of th e  g lycosid ic  linkage . T he v a lu es  
o f th e  a c tiv a tio n  energy  o f fu ran o sid es  an d  p y ran o sid es  are  also s im ila r [18] an d  
s u b s ta n tia l ly  low er th a n  in  th e  case o f a ldopy ran o sid es; also th is  fa c t sugg ests  
t h a t  th e  sp littin g  m echan ism s o f  k e to p y ran o sid es  an d  ke to fu ran o sid es  are  sim ilar.

T h e  ra p id  hyd ro lysis  o f  a ldo fu ranosides ap p ea rs  to  be ex p la in ab le  b y  A-2 
m e c h a n ism . This conclusion is b a sed  on th e  fa c t t h a t  th e ir  en tro p ies  o f  a c tiv a 
tio n  a re  neg a tiv e  [19]. In  th is  case i t  is conceivable  t h a t  th e  fu ran o sid e  ring , 
e x is tin g  in  an  alm ost p la n a r  fo rm , w ill have  a tra n s it io n  s ta te  in  w hich  b o th  
g ro u p s  are  sim u ltan eo u sly  p re se n t:  th e  leav ing  g roup  an d  th e  incom ing  g roup  
(F ig . 5) t h a t  is to  say , th e  ra te -d e te rm in in g  s tep  o f th e  reac tio n  will be th e  
b im o le c u la r  a tta c k  o f th e  e n te r in g  group [20].

I n  th e  case o f in u lin , a n d  in  general, in  ketog lycosides, th e  glycosidic 
c a rb o n  a to m  is so “ cro w d ed ”  t h a t  th e  above m ech an ism  is n o t conceivab le; th e  
v a lu e s  o f  ac tiv a tio n  e n tro p y  do n o t in d ica te  such  a m echan ism . T herefo re  th e  
s p li t t in g  m echanism  o f th e  /3-1,2 linkages of inu lin  is, in  all p ro b a b ility , id en tica l 
w ith  th e  sp littin g  m echan ism  o f sucrose an d  ra ffin o se  [16]. T he c h a ra c te r is tic  
f e a tu re s  (see T able У) are  v e ry  sim ilar.

T h is  m echanism  consists  o f th e  follow ing s tep s  (see F ig . 6):
(a) th e  ring-oxygen  (a) o r th e  b ridge-oxygen  (b) is p ro to n a te d ;
(b) th e  fu ra n o sy l-o x y g e n  linkage  is sp lit as a re su lt o f th e  fo rm a tio n  o f a 

t e r t i a r y  carbon ium  ca tio n  ( c —e or g);
(c) th e  te r t ia ry  ca tio n  causes th e  he te ro ly sis  o f a w a te r m olecule (AT
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T a b le  IV

C haracteristics o f  the acid  h y d ro ly s is  o f  a ldo- a n d  keto-furanosides a n d  -p y ra n o s id e s

h o . w / " V
R in g о w \ У

aldopyranoside a ld o fu ran o s id e keto p y ran o sid e k e to fu ra n o s id e

C h an g e  o f  r in g  
c o n fo rm a tio n

yes no yes no

E n tr o p y  o f  a c t iv a t io n p o sitiv e n e g a tiv e p o sitiv e p o s i t iv e

T h e  r a te  d e te rm in in g  
s te p m o n o m o le cu la r b im o le c u la r m o n o m o lecu la r m o n o m o le c u la r

O rd e r  o f  m a g n i tu d e  o f  
k n  100 °C m in -1 1 0 —- 10° 10‘ 10 '

T h e  c a rb o n iu m  c a t io n se c o n d ary se c o n d a ry te r t ia ry t e r t i a r y

E x a m p le

R e f.

Me-/?-D-glu-
c o p y ra n o s id e

[24]

E t- /? -n -g a la c to -
fu ra n o s id e

[25]

M e-/?-D -fructo-
p y ra n o s id e

[18]

su c ro se

[ i 6 |

In  th e  case o f sucrose and  ra ffin o se , i t  h as  been proved  b y  se v e ra l a rg u 
m en ts  th a t  fru c to se , an d  n o t glucose is th e  m o ie ty  w hich de te rm in es th e  s ta b il
i ty  of th e  b o n d  an d , in  general, th e  c h a ra c te r is tic s  o f h y d ro ly sis . T h e  d a ta  
o b ta in e d  in th e  h y d ro lysis  of in u lin  p ro v e  th is  hypo thesis u n a m b ig u o u s ly : 
in  th is  case glucose c an n o t p lay  a n y  ro le , w hile  th e  ch arac teris tics  o f  th e  h y d ro 
lysis  are  p ra c tic a lly  th e  sam e as in  th e  case o f  sucrose and  raffinose .

T he av a ilab le  d a ta  do n o t a llow  to  decide  unam biguously  w h e th e r  th e  
p ro to n a tio n  o f th e  ring-oxygen o r th e  b rid g e-o x y g en  plays th e  d ec is iv e  role 
(see F ig . 6). I t  seem s probab le  th a t  oxygen  a to m s can he p ro to n a te d , b u t  th e  
p ro to n a te d  form s lead  to  th e  sp littin g  o f th e  b o n d s  w ith  d ifferen t p ro b a b ilitie s . 
T h e  fa c t th a t  th e  oxygen  atom s o f th e  rin g  a n d  th e  bridge are c o m p e tin g  fo r th e
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T able  У

Characteristic da ta  o f  the  a c id  hydrolysis o f  su cro se , ra ff in o s e  and  in u lin

Sucrose R a ff in o s e In u lin

k n  100 °c 56.36 48.75 71.40
E a, k c a l/m o le 25.54 25.89 25.55
A S +, e .u . +  8.07 +  8.34 +8.13

S 1.038 1 .033 1.062
d 16.82 16.95 16.72

p ro to n , is proved b y  th e  h y d ro ly s is  o f th io p y ra n o s id e s . 1 -T hiopyranosidcs are 
m u c h  m ore stab le  th a n  O -pyranosides, b ecau se  th e  S atom  has less basic  
c h a ra c te r  th a n  ox y g en . H o w ew er, 5 -th io p y ran o sid es  are  hydro lyzed  a p p ro x i
m a te ly  10 to  20 tim es m o re  ra p id ly  th a n  p y ra n o s id e s  [22] as in  th is  case th e re  
is n o  rin g  oxygen w h ich  w o u ld  draw  aw ay one p a r t  o f  th e  p ro tons av a ilab le  fo r 
th e  oxygen-bridge.

In  th e  case o f p y ra n o s id e s  th e  fo rm atio n  o f  a te r t ia r y  carbonium  c a tio n  by  
d ia x ia l  e lim ination  is n o t  possib le : hydro lysis  c a n  o n ly  occur b y  p ro to n a tio n  
o f  th e  bridge-oxygen . H o w e w e r, in th e  case o f  k e to s id e s  th e  velocity  o f  h y d ro 
ly s is  is g rea ter b y  a p p ro x im a te ly  th ree  o rd e rs  o f  m agn itu d e  th a n  in  th e  
case  o f  a ldopyranosides, a n d  from  th is d iax ia l e lim in a tio n  [21] and , in d ire c tly  
a d o m in a n t role o f th e  p ro to n a tio n  of th e  r in g -o x y g e n  can be concluded . T he 
acy c lic  d—-/m e c h a n ism  is im probab le ; th e re  is n o  ex p erim en ta l p ro o f fo r  th e  
ex is ten ce  of such a case .

T he increase o f  th e  r a te  constan t d u rin g  h y d ro lv s is , i.e. th e  d ep en d en ce  

o f  к  on D P  m ay  be  c a u se d  b y  th ree  fac to rs :
(a) inductive  e ffec t
(b) co n fo rm atio n a l e ffec t
(c) e lec tro sta tic  sh ie ld in g  effect (im p ed in g  th e  p ro to n a tio n ).
T he existence o f  a n  in d u c tiv e  effect is p o ss ib le , b u t  its tra n sfe r  a long  th e  

c h a in  seems to  be im p ro b a b le . In  the  case o f  a n  e ffec t of th is  ty p e , i t  shou ld  
a ffe c t each o x y g en -b rid g e  equally  causing id e n tic a l  changes in th e  e lec tro n ic  
d e n s ity .

T he o b se rv a tio n  t h a t  a t  higher th a n  2 0 —2 5 %  hydro lysis (a p p ro x im a te ly  

D P ^ i  4) the  ra te  c o n s ta n t  does no t change a n y  m o re , suggests th a t  n o t  o n ly  th e  
red u c in g  or n o n -red u c in g  te rm in a l groups a re  h y d ro ly zed  m ore ra p id ly  th a n  
th e  non -te rm ina l b o n d s  b u t ,  in  general, th e  h y d ro ly s is  o f th e  larger m olecules 
is a slower process.

In  the  case o f  a m y lo se  and  the  hom ologues o f  m altose, as well as cellu lose 
a n d  hom ologues o f ce llo b io se , the re s tric tio n  o f  th e  conform ation  change o f  th e
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F ig . 6. P o s s ib le  p a th w a y s  o f  th e  h y d ro ly s is

Acta C him . (B u d a p e s t)  70, 1971



388 S Z E JT L I e t a l.: ACID HYDROLYSIS O F IN U L IN

p y ra n o se  r in g  seem s to  e x p la in  th e  fa c t th a t  th e  n o n -red u c in g  te rm in a l g roup  
is sp li t  m o re  rap id ly  th a n  th e  red u c in g  one o r, in  g en era l, n o n -te rm in a l l in k 
ages [23].

T h e  fu ran o sid  rin g  is a lm o s t p lan a r; th e  fo rm a tio n  o f a te r t ia ry  c a rb o 
n iu m  c a tio n  requ ires n e ith e r  a p ro fo u n d  co n fo rm a tio n a l change , n o r a re o r ie n ta 
tio n  o f  th e  rem ain ing  p a r ts  o f th e  chain  m olecule. T h u s  in  th is  case th e  increase  
o f к  c a n n o t  be exp la ined  b y  a co n fo rm atio n a l effec t. T h is  p ropounds th e  q u es
tio n  w h e th e r  th e  increase  o f  к is co rrec tly  a t t r ib u te d  to  a con fo rm ational effect 
in  th e  case  o f am ylose a n d  th e  hom ologues o f  m a lto se , as well as in  th e  case o f 
cellu lose  a n d  th e  hom ologues o f  cellobiose.

A s w e have  p u b lish ed  [16], in  raffinose th e  s p li t t in g  o f th e  glucosyl—fruc- 
to s y l  b o n d  is slow er b y  a b o u t 1 9%  th a n  in sucrose. T h is  m a y  be accoun ted  p ro 
b a b ly  b y  th e  fa c t th a t  a p a r t  o f  th e  b ridge-oxygens b e tw e e n  glucose an d  g a lac 
to se  a re  also p ro to n a te d , d e p riv in g  one p a r t  o f th e  ring-oxygens from  th e ir  
p ro to n s , o r e le c tro s ta tic a lly  p re v e n tin g  th e ir  p ro to n a tio n . P resu m ab ly  a s im ila r 
m e c h a n ism  causes th e  slow er sp littin g  of th e  n o n - te rm in a l bonds in  in u lin .

S c ru tin iz in g  th e  p ro p e rtie s  o f th e  aqueous so lu tio n s  o f inu lin  (v iscosity  
a n d  so lu b ility )  i t  can  be  a sc e r ta in ed  th a t  in u lin  does n o t  fo rm  ex ten d ed  ch a in s  
b u t  r a th e r  ran d o m  coils. W ith in  th e  la tte r , th e  p ro to n a te d  p a r ts  e lec tro s ta tic a lly  
p re v e n t  th e  fix a tio n  o f new  p ro to n s , w hile th is  e ffec t is m uch w eaker in  th e  
v ic in i ty  o f  th e  te rm in a l g ro u p s.
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THE SYNTHESIS OF 1,2-DIISOBETOXYBENZENE
( S H O R T  C O M M U N I C A T I O N )

J .  E g r i , J .  H a l m o s  a n d  J .  R á k ó c z i

( U n ited  P h a rm a c eu tica l W o rk s , B u d a p e s t)

R e c e iv e d  O c to b e r  14 , 1970

1 ,2 -d iiso b u to x y b e n z e n e  c an  b e  p r e p a r e d  in  h ig h  y ie ld s  b y  th e  a lk y l a t i o n  o f  p y ro -  
c a te c h o l w i th  i s o b u ty l  a ry ls u lfo n a te s ,  e.g . i s o b u ty l  b e n z e n e su lfo n a te . T h e  p r o d u c t  is 
v e ry  p u re  a n d  c a n  b e  n i t r a te d  to  l ,2 -d i is o b u to x y -4 -n i t ro b e n z e n e  in  s a t i s f a c to r y  y ie ld .

T he d ia lk y l e thers of p y ro ca tech o l a re  in te rm ed ia tes  in  th e  p re p a ra tio n  
of 3 ,4 -d ia lk o x y an ilin es , w hich la t te r  a re  th e  s ta r tin g  m ate ria ls  o f  qu ino line  
d e r iv a tiv e s  o f g re a t th e ra p e u tic a l im p o rtan ce .

In  th is  p a p e r, ou r experiences o b ta in e d  in  evolving an eco n o m ica l process 
su ita b le  for th e  in d u s tr ia l p ro d u c tio n  o f 1 ,2 -d iisobu toxybenzene (p y ro ca tech o l 
d iiso b u ty l e th e r)  are  rep o rted .

In  th e  l i te ra tu re , severa l m e th o d s a re  g iven  for the  p re p a ra tio n  o f  pheno l 
e th e rs  [1, 13, 14]. A lkyl halides are  v e ry  o fte n  used  for th e  a lk y la tio n  o f  p y ro 
ca techo l. T he use o f s tra ig h t-ch a in  alky l h a lid es  up  to  four ca rb o n  a to m s  gives 
th e  d ie th e rs  [2] in  h igh y ields, w hile in  a lk y la tio n s  w ith  b ran ch ed  c h a in  alkyl 
ha lid es  th e  y ields are s ig n ifican tly  low er. E th e rif ic a tio n  of p y ro c a te c h o l w ith  
iso p ro p y l b ro m id e  an d  iso b u ty l b rom ide gives th e  p roduc t in  y ie ld s  o f  47 and  
3 3 % , re sp ec tiv e ly  [3, 4, 5, 6, 7]. In  th e  p re se n t w ork, th e  possib ilities o f  p re p a r
ing  1 ,2 -d iisobu toxybenzene  in h igh y ield  w ere in v estiga ted .

E therifica tion  w ith  isobutyl bromide

T h e a lk y la tio n  o f p y ro ca tech o l w ith  iso b u ty l brom ide w as s tu d ie d  in 
d iffe ren t so lv en ts . U n sa tis fac to ry  re su lts  w ere o b ta ined  in these  e x p e rim e n ts . 
T h is  fa c t is d e m o n s tra te d  b y  som e exam ples show n in T ab le  I.

In  a lkaline  m ed ium , th e  e th e rif ic a tio n  o f  py rocatecho l is a c c o m p a n ied  by  
th e  s im u lta n e o u s  decom position  o f iso b u ty l b rom ide :

R esults an d  d iscussion

C H , - C H - C H ,  Br C H j-C  CH2

CH3 (1)
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T able  I

In flu e n ce  o f  the so lv en t , tem perature a n d  p re ssu re  o n  the a lky la tion  
o f  pyroca techo l w ith  iso b u ty l b rom ide

S o lv e n t
R eaction

tem p era tu re ,
°C

P re s s u re ,
a tm .

Y ield of 
1,2-d iisobutoxy- 

benzene %

A q u eo u s e th a n o l 90 — 32

A q u eo u s e th a n o l 90 — 34*

A bs. d io x a n 100 — 12

A bs. i s o b u ta n o l 120 2 22

A bs. e th a n o l 150 2 — 2.5 33

* In  th e  p resen ce  o f  2 g o f  so d iu m  to lu e n e -p -s u lfo n a te

A  s im ila r  p h enom enon  w as observed  b y  O l s o n  et al. [8] in th e  a lk y la tio n  o f 
p h e n o l w ith  isop ropy l b ro m id e .

In  th e  reac tio n  o f  p y ro ca tech o l and is o b u ty l b ro m id e , th e  f irs t s tep  is th e  
fo rm a tio n  o f 2 -iso b u to x y p h en o l:

R e a c tio n  (2) is re la tiv e ly  ra p id , tak ing  p lace  w ith in  2— 3 hours. 
T h e  n e x t s tep  is th e  fo rm atio n  of 1 ,2 -d iiso b u to x y b en zen e :

о - с н 2
O :

C H 3

C H - C H ,
+  C H 3 - C H - C H „ - B r

I
C H ,

+  B r - (3)

R e a c tio n  (3) proceeds co n sid e rab ly  slower th a n  re a c tio n  (2); th is is p ro b a b ly  
d u e  to  steric  h in d ra n c e .
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T hus i t  can  be seen th a t  th e  reac tio n  o f p y ro ca tech o l a n d  isobu ty l 
b ro m id e  invo lves tw o  co m p e titiv e  reac tio n s  in  th e  presence  o f  a lk a li hydrox ide . 
O ne o f th em  —  th e  fo rm a tio n  of iso b u ten e  —  is re la tiv e ly  ra p id , w hile th e  
fo rm atio n  of th e  d ie th e r , w hich is th e  desired  com pound , is slow- T herefore  a 
b e t te r  m ethod  o f e th e r if ic a tio n  w as req u ired .

E therification  w ith  isobu tyl arylsulfonate

W hen an  iso b u ty l a ry lsu lfo n a te , e.g. iso b u ty l p -to lu e n e su lfo n a te  or 
iso b u ty l b en zen esu lfo n a te  is used  as th e  a lk y la tin g  a g en t in s te a d  o f isobu ty l 
b ro m id e , th e  u n d e s ira b le  side-reac tions are  p ra c tic a lly  e lim in a te d . E ven  
w ith  a sm all excess o f  ary lsu lfon ic  es te r, i f  a su ffic ien tly  long  re a c tio n  period  is 
ap p lied , 1 ,2 -d iiso b u to x y b en zen e  is o b ta in e d  in  sa tis fa c to ry  y ie ld s  (8 0 % , based 
on  p y ro ca tech o l). T h e  y ie ld  can be increased  to  8 5%  b y  reco v erin g  2 -isobu toxy- 
p h en o l from  th e  m o th e r  liq u o r a fte r  th e  se p a ra tio n  o f 1 ,2 -d iisobu toxybenzene  
a n d  b y  com p le tin g  i ts  a lk y la tio n , to g e th e r  w ith  th e  p y ro ca tech o l in  th e  n ex t 
e x p e rim e n t.

A rylsu lfon ic  e s te rs  can  be p re p a re d  from  ary lsu lfo n y l ch lo rides and 
iso b u ta n o l in  th e  p resen ce  of a p ro p er ac id -b in d in g  ag en t (e.g. p y rid in e  [9]), 
tr ie th y la m in e  or so d iu m  c a rb o n a te  [10], in  h igh  y ie lds. In  o u r case, th e  e th er 
w as syn th esized  acco rd in g  to  th e  p rocedure  g iven b y  P a g e  a n d  C l i n t o n  [11], 
u n d e r  so m ew h at m o d ified  reac tio n  co n d itio n s. T he 1 ,2 -d iisobu toxybenzene 
o b ta in e d  was v e ry  p u re  a n d  could  be n i t r a te d  w ith  cone, n itr ic  ac id  in  glacial 
ace tic  acid  in  h ig h  y ie ld  (87% ).

W hen th e  m o th e r  liq u o r o b ta in ed  a f te r  th e  se p a ra tio n  o f  1 ,2 -d iiso b u to x y 
b en zen e  is c o n c e n tra te d , p o ta ss iu m  a ry lsu lfo n a te  can  be reco v ered . T h is  can be 
c o n v e r te d  to  th e  s ta r t in g  m a te ria l, a ry lsu lfo n y l ch lo ride , in  a re a c tio n  w ith  
ch lo rosu lfon ic  ac id  [12], in  y ields h ig h er th a n  90% .

Experimental

P  re p a ra tio n  o f  iso b u ty l  b e n z e n e s u lfo n a te

(A ) 158 g (2 .0  m o le s )  o f  a n h y d ro u s  p y r id in e  w a s  a d d e d  d ro p w ise  d u r in g  3 h rs .  to  a 
m ix tu r e  o f  176.6 g (1 .0  m o le )  o f  b e n z e n e s u lfo n y l c h lo r id e  (c o n ta in in g  9 4 %  a c id  c h lo r id e )  a n d  
8 9  g  (1 .2  m o le ) o f  i s o b u ta n o l  ( te c h n ic a l  g ra d e ) ,  u n d e r  c o n tin u o u s  s t i r r in g  a t  5 °C. T h e  s t ir r in g  
w a s  c o n t in u e d  fo r  a n o th e r  h o u r  a t  5 °C. T h e n  th e  r e a c t io n  m ix tu r e  w a s  m ix e d  w i th  500 m l 
o f  1 8 %  HC1, t h e  e s te r  w a s  e x t r a c t e d  w i th  3 X 1 0 0  m l o f  b e n z e n e , a n d  th e  c o m b in e d  b e n ze n e  
p h a s e s  w e re  w a sh e d  w i th  w a te r  to  n e u t r a l  r e a c t io n .  T h e  b e n z e n e  so lu t io n  w a s  d r ie d  o v e r  a n 
h y d r o u s  m a g n e s iu m  s u l f a te ,  e v a p o r a te d ,  a n d  th e  p r o d u c t  w a s  f r a c t io n a te d  a t  r e d u c e d  p re ssu re  
(1 m m  H g ) . T h e  m a in  f r a c t io n  w a s  c o lle c te d  b e tw e e n  110.5  a n d  112 °C. 182 g (9 1 % )  o f  iso b u ty l  
b e n z e n e s u lfo n a te  w a s  o b ta in e d ,  nj,0 =  1 .4998.

(B )  A  su s p e n s io n  o f  8 5 .0  g  (0 .8  m o le )  o f  a n h y d ro u s  so d iu m  c a r b o n a te  in  111 .2  g (1.5 
m o le )  o f  i s o b u ta n o l  ( te c h n ic a l  g ra d e )  w a s  h e a te d  to  g e n tle  r e f lu x  o n  a n  o il b a t h  u n d e r  c o n tin 
u o u s  s t i r r in g ,  a n d  1 7 6 .6  g  (1 .0  m o le )  o f  9 4 %  b e n z e n e s u lfo n y l c h lo r id e  w a s  a d d e d  d ro p w ise  to

t  h e  m ix tu re  d u r in g  30 m in .  T h e  m ix tu re  w a s  s t i r r e d  a n d  f u r th e r  r e f lu x e d  f o r  3 h r s . ,  t h e n  coo led
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to  20 °C . 3 0 0  m l o f  w a te r  w a s  a d d e d ,  a n d  th e  m ix tu re  w a s  s t i r r e d  u n t i l  th e  in o rg a n ic  s a l t s  
d is so lv e d . T h e  e s te r  p ro d u c e d  w a s  e x t r a c t e d  w i th  З Х Ю 0  m l o f  b e n z e n e ,  th e  c o m b in e d  b e n z e n e  
s o lu t io n s  w e re  w a sh e d  w ith  w a te r  to  n e u t r a l  re a c tio n ,  d r ie d  o v e r  m a g n e s iu m  s u lf a te  a n d  e v a 
p o r a te d .  145 g (7 2 .5 % )  o f  e v a p o r a t io n  re s id u e  w a s  o b ta in e d ,  w h ic h  w a s  s u i ta b le  fo r  t h e  
a lk y la t io n  o f  p y ro c a te c h o l w i th o u t  f r a c t io n a t io n .

P r e p a r a t io n  o f  1 ,2 -d iiso b u to x y b e n z e n e  w ith  iso b u ty l b e n z e n e s u lfo n a te

110  g  (1 .0  m o le) o f  p y ro c a te c h o l  ( te c h n ic a l  g ra d e )  w a s  d is so lv e d  in  290  g e th a n o l .  A  so 
lu t i o n  o f  84 g (1 .5  m oie) o f  p o ta s s iu m  h y d ro x id e  in  140 m l o f  w a te r  w a s  a d d e d  u n d e r  c o n t in 
u o u s  s t i r r i n g ,  th e  m ix tu re  w a s  h e a t e d  to  r e f lu x  on  a n  o il b a th  a n d  224 .7  g (1 .0 5  m o le )  o f  iso 
b u t y l  b e n z e n e s u lfo n a te  w as a d d e d  b y  d ro p s  in  30 m in . u n d e r  g e n tle  r e f lu x .  T h e  m ix tu r e  w a s  
r e f lu x e d  fo r  3 h rs . ,  a n d  a  s o lu t io n  o f  84  g (1 .5  m o le) p o ta s s iu m  h y d r o x id e  in  140 m l w a te r  a n d  
2 2 4 .7  g  (1 .0 5  m o le ) o f  i s o b u ty l  b e n z e n e s u lfo n a te  (in  30 m in . ,  u n d e r  g e n tle  r e f lu x )  w e re  a g a in  
a d d e d .  T h e  r e a c tio n  m ix tu re  w a s  f u r t h e r  re f lu x e d  fo r  18 h r s . ,  th e n  c o o le d  to  20— 25 °C. T h e  
d i e th e r  p r o d u c e d  w as e x t r a c te d  w i th  3 X  300 m l o f  b e n z e n e , t h e  c o m b in e d  b e n z e n e  s o lu tio n s  
w e re  d r i e d  o v e r  m a g n e s iu m  s u l f a te ,  e v a p o r a te d  a n d  f r a c t io n a te d  in  v a c u u m  (5 m m  H g ). T h e  m a in  
f r a c t io n  w a s  c o lle c te d  b e tw e e n  128 a n d  131 °C. 178 g (8 0 % )  o f  1 ,2 -d iis o b u to x y b e n z e n e  w a s  
o b ta in e d ,  w h ic h  so lid ified  o n  s t a n d in g  fo r  a  few  h o u rs , m .p .  2 8 — 29 °C, nj,0 =  1 .4830 .

T h e  a q u e o u s  m o th e r  l iq u o r  o f  t h e  b e n z e n e  e x tr a c t io n  w a s  a c id if ie d  to  p H  4— 5 w ith  
c o n e . H C 1, e x t r a c te d  w i th  3 X 5 0  m l o f  b e n z e n e , a n d  th e  c o m b in e d  b e n z e n e  s o lu tio n s  w ere  
d r ie d  o v e r  m a g n e s iu m  s u lfa te ,  e v a p o r a te d  a n d  f r a c t io n a te d  u n d e r  r e d u c e d  p re s s u re  (9 m m  H g ) .  
T h e  m a in  f r a c t io n  w as c o lle c te d  b e tw e e n  109 a n d  112 °C. 8 .4  g  o f  2 - i s o b u to x y p h e n o l  w a s  o b 
t a in e d ,  m .p .  4 8 — 49 °C.
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A STUDY OF DYNAMIC FOAMS

Gy . S a s v á r i  f , F. H i t e s  and T. B l i c k l e

(R esea rch  In s t i tu te  f o r  T ech n ica l C hem istry , H u n g a r ia n  A ca d e m y  o f  S c ie n ce s , V e s zp ré m )  

R e c e iv e d  D e c e m b e r  10, 1969; in  r e v is e d  fo rm  N o v e m b e r  20, 1970

A  s t u d y  is  f i r s t  m a d e  o f  th e  e le m e n ta r y  p h y s ic a l  p ro cesses  o f  b u b b le  fo rm a tio n , 
a n d  th is  is  fo llo w e d  b y  a n  a n a ly s is  o f  th e  fo a m  s ta te .  T h e  p r im a ry  fo a m  is fo rm e d  b y  
b u b b le s , t h e  s iz e  a n d  r a te  o f  a s c e n t o f  w h ic h  a re  d e te rm in e d  b y  th e  p h y s ic a l  p ro p e r t ie s  
o f  th e  l iq u id  a n d  th e  c o n s ta n ts  o f  th e  a p p a r a tu s .

T h e  t e r m  s e c o n d a ry  fo am  is a p p lie d  to  t h a t  fo a m  in  w h ic h  th e  c o n tin u o u s  p h a se  
is  no  lo n g e r  t h e  l iq u id  b u t  th e  p r im a ry  fo a m  i ts e lf ,  a n d  in  w h ic h  th e  m u c h  la rg e r  sec
o n d a ry  b u b b le s  a sc e n d .

B a s e d  o n  th is  c o n s id e ra tio n , fo rm u la e  a r e  g iv e n  fo r  th e  c a lc u la tio n  o f  th e  fo rm a l 
p ro p e r t ie s  o f  d y n a m ic  foam s.

T h e  e x p e r im e n ta l  m e th o d  a n d  r e s u l ts  a re  r e p o r te d ,  a n d  th e  l a t t e r  c o m p a re d  
w ith  th e  c a lc u la te d  re s u l ts .  A s re g a rd s  m o s t  p a r a m e te r s  th e  a g re e m e n t  is s u rp r is in g ly  
g o o d ; o n ly  in  t h e  c ase  o f  th e  v isc o s ity  th e r e  w a s  a c o n s id e ra b le  d if fe re n c e .

T he m e th o d  o f dynam ic  foam  fo rm a tio n  is su itab le  for th e  in ten s if ica tio n  
o f  p rocesses b e tw een  a liqu id  and  a gas. B y  dynam ic  foam  is u n d ers to o d  
a  liq u id —gas sy s te m  o f foam -like s tru c tu re  w h ich  is form ed if  gas is forced  u n d er 
p ressu re  th ro u g h  th e  openings in th e  b o tto m  p la te  in to  a liq u id  co lum n . A t 
f ir s t ,  depend ing  on th e  am o u n t o f gas forced  th ro u g h  per u n it su rface  in  u n it 
tim e , only  b u b b le s  pass up , b u t th e n  w ith  th e  increase o f th e  a m o u n t th e  
s tru c tu re  is o b ta in e d  w hich  is called a d y n am ic  foam . T he nam e o f th is  s tru c tu re  
is derived  from  th e  fa c t th a t  in c o n tra s t to  stab le  foam s th e  c h a ra c te r is tic  
foam -like s ta te  is lo s t a t  once if  th e  passage  o f  gas is d iscon tinued .

All ty p e s  o f  tra n s fe r  processes b e tw een  th e  liqu id  an d  th e  gas in  the  
d y n am ic  foam  s ta te  (inc lud ing  co ndensa tion  a n d  evap o ra tio n ) are  s ig n ifican tly  
acce lera ted  b ecau se  a v e ry  large in te rn a l su rface  is form ed w hich is c o n s ta n tly  
renew ed, while th e  re la tiv e  ra te  difference b e tw een  th e  gas an d  th e  liq u id  is also 
v e ry  g rea t.

Processes w ith  d y n am ic  foam  fo rm a tio n  are  sp read ing  m ore an d  m ore in 
th e  chem ical in d u s try  an d  recen tly  in a d d itio n  to  tra n sfe r  o p e ra tio n s  th e y  
h av e  been used  fo r  liq u id -liq u id  reac tio n s, c ry s ta lliz a tio n  an d  o th e r  te ch n o lo g 
ica lly  im p o r ta n t a im s. T h e  th eo re tica l basis o f  th e  b eh av io u r of d y n am ic  foam s 
has so fa r  no t b een  derived  from  an ex ac t h y d ro d y n a m ic  m odel an d  th e  possi
b ility  o f th is  is v e ry  s ligh t. The au th o rs  w ho h a v e  d ea lt w ith  th e  p ro p e rtie s  of 
d y n am ic  foam s u n ti l  now  have for th e  m o s t p a r t  estab lished  em p irica l an d
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c r ite r ia l  e q u a tio n s  to  c h a ra c te r iz e  th e  b e h av io u r o f d y n am ic  foam s. I t  is w ell 
k n o w n  t h a t  such  re la tions a re  cap ab le  of a good ap p ro x im a tio n  o f th e  t ru e  
s i tu a t io n  o n ly  in  a n arro w  ra n g e  o f c h a ra c te ris tic s  o f th e  m a te ria l a n d  th e  
a p p a r a tu s .  T h ere  have been  a u th o rs  w ho a t te m p te d  to  em ploy  ex ac t e q u a tio n s  
of th e o r e t ic a l  h y d ro d y n am ics, b u t  usab le  re la tio n s  w ere n o t o b ta ined .

I n  th is  p ap er an  a t te m p t  is m ade to  a p p ly  a tra n s itio n a l m e th o d  o f  
t r e a tm e n t  in  w hich, a lth o u g h  th e  classical e q u a tio n s  o f h y d ro d y n am ics are  
n o t u s e d , p h y sica lly  accu ra te  re la tio n s  are a rr iv ed  a t  from  some a ssu m p tio n s  
c o n c e rn in g  th e  s tru c tu re  of th e  d y n am ic  foam . I t  tu rn s  o u t from  a co m p ariso n  
of m a n y  m easu rem en ts  an d  ca lcu la tio n s , also g iven  in  th is  w ork, th a t  w ith  a  
few  e x c e p tio n s  th e  ag reem en t is good in  th e  ran g e  o f  m easu rem en ts b e tw een  
th e  th e o r e t ic a l  values o b ta in e d  from  th is  w o rk in g  hyp o th esis  an d  th e  a c tu a l 
e x p e r im e n ta l  resu lts.

T h e  w o rk  com prises e sse n tia lly  tw o p a r t ia l ly  in d ep en d en t p h en o m e n a . 
As h a s  a lre a d y  been m en tio n ed , i f  gas is passed  th ro u g h  a liqu id  co lum n, th e n , 
d e p e n d in g  on th e  gas ra te , tw o  s ig n ifican tly  d iffe re n t s tru c tu re s  arise. A t low  
ra te s  t h e  gas passes th ro u g h  in  th e  form  of in d e p e n d e n t bubb les, an d  a t  h ig h  
gas r a te s  a  dynam ic  foam  is fo rm ed . The reg u la ritie s  o f th e  tw o s tru c tu re s  
d iffe r a n d  th e  tran s itio n a l s ta te  b e tw een  th e  tw o  is th eo re tica lly  d iff ic u lt to  
co n ce iv e . I t  is certa in , h o w ev er, t h a t  w hen th e  in d e p e n d e n tly  m oving  b u b b le s  
a re  p r e s e n t  in  such n u m b er t h a t  th e  liqu id  la y e r  se p a ra tin g  th em  is red u ced  to  a 
f ilm , t h e n  a n y  fu rth e r  in crease  o f  th e  gas r a te  m u s t involve th e  b re a k in g  o f  
th e se  f i lm s . T hus, if  th e  p ro p o rtio n  o f bub b les  ap p ro ach es th e  s tru c tu re  o f  a 
sp h e r ic a l m ass  in  a reg u la r s p a tia l  a rra n g e m en t, th e n  th e  bubb le  s ta te  is 
t e r m in a te d  an d  th e  fu r th e r  in c rea se  of th e  r a te  leads to  th e  d y n am ic  foam  
s ta te .  O u r  w ork ing  h y p o th es is  does n o t give an  a d e q u a te  ex p lan a tio n  o f  th is  
t r a n s i t io n a l  s ta te .

A n  ex am in a tio n  of th e  l i te r a tu r e  show s th a t  th e  physics of d y n am ic  fo am s 
has b e e n  d e a lt  w ith  p rim a rily  b y  Sov iet re sea rch  w orkers. Some of th e m  used  
th e ir  m e a su re m e n ts  to  e s ta b lish  em pirical re la tio n s  to  describe th e  d y n a m ic  
fo am  s ta te ,  o thers described  i t  in  th e  form  o f c r ite r ia l equ a tio n s b y  th e  m e th o d  
of d im e n s io n a l analysis or w ith  th e  help  of th e  N a v ie r-S to k e s  equ a tio n s [1— 12]. 
U s y u k i n  a n d  A x elrod  [1] g av e  th e  p ressu re  d ro p  in  th e  foam  co lum n b y  a 
s u ita b le  m od ifica tio n  o f th e  B ern o u lli eq u a tio n . O f th e  im p o r ta n t p a ra m e te rs  
th e y  c o n s id e re d  th e  su rface  te n s io n  and  th e  s ta t ic  p ressu re , b u t  n o t  th e  
v is c o s ity . L ikew ise se ttin g  o u t  from  th e  B ern o u lli eq u a tio n , Mo lo k a n o v  [3] 
c a lc u la te d  th e  a p p a ra tu s  re s is ta n c e  in  a foam  co lum n  of th e  d r ip -th ro u g h  ty p e . 
P o z in  et al. [10] fo rm u la ted  th e  dependence  o f  th e  foam  colum n h e ig h t a n d  th e  
re s is ta n c e  on  th e  op era tio n a l p a ra m e te rs  in  gen era l functio n a lities . C o rrec tly , 
th e  l in e a r  gas ra te  was fo u n d  to  be th e  d e te rm in in g  p a ram e te r.

M u k h l e n o v  [11, 13] s e t  o u t from  th e  N a v ie r-S to k e s  eq u a tio n s  an d  
h a v e  fo u n d  th a t  the  c h a ra c te r is tic  p a ra m e te rs  o f  th e  dynam ic  foam  a re  in 
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v o lv ed  in  th e  ap p lied  b o u n d a ry  co n d itio n s. A c rite ria l eq u a tio n  in  a s ta tio n a ry  
s ta te  w as given fo r th e  fo am  h e ig h t an d  th e  flow  resistance .

Theoretical considerations

T he p rin c ip le  of an a p p a ra tu s  c o n ta in in g  th e  d y n am ic  foam  is show n in 
F ig . 1. T he ra p id  gas s tream  in tro d u c e d  a t  th e  b o tto m  o f th e  co lum n  causes 
ex ce llen t m ix ing  an d  a large in te rn a l su rface , an d  hence th e  in te ra c tio n  b e tw een  
th e  gas an d  th e  liqu id  is v e ry  in ten se .

T h e  gas e n te rin g  v ia  th e  open ing  a passes in to  th e  liqu id  la y e r  c th ro u g h  th e  
p e rfo ra te d  su p p o rt b and  form s a d y n am ic  foam . T he vo lum e o f  th e  foam  is 
su b s ta n tia lly  g rea te r  th a n  th a t  o f  th e  s ta tic  liq u id . Since th e  d ia m e te r  D  of 
th e  cy lind rica l vessel is c o n s ta n t, th e  ra tio  of th e  vo lum es is id e n tic a l w ith  
th e  ra tio  o f th e  foam  colum n h e ig h t L  an d  th e  s ta tic  liqu id  co lum n h e ig h t L 0.

The p r im a ry  fo a m
i

L et us f irs t  consider th e  fo rm a tio n  of th e  in d iv id u a l b u b b le s  on th e  
su p p o r t. An opening  in  th e  su p p o r t is selected  w ith  d iam e te r ô. T h e  gas forcing  
its  w ay  th ro u g h  th is  form s a b lis te r  above th e  su p p o rt; th is  rem a in s  in  c o n ta c t 
w ith  th e  gas space below  th e  s u p p o r t th ro u g h  th e  opening  u n t i l  i t  b reak s 
aw ay  from  th e  su p p o rt an d  rises in  th e  fo rm  of a b u b b le . D irec tly  a f te r  th is  th e  
fo rm a tio n  o f th e  second bubb le  b eg ins an d  th e  process is c o n tin u o u sly  re p e a te d . 
T h e  b u b b le  d iam e te r  a t  w hich th e  u p w ard  force on th e  b u b b le  is ex ac tly  
e q u a l to  th e  adhesive  force h o ld in g  th e  bu b b le  to  th e  opening or to  th e  su p p o rt, 
w h ich  is p ro p o rtio n a l to  th e  su rface  ten sio n  o f th e  liqu id , is called  th e  c ritica l 
d ia m e te r . T he c ritica l bubb le  d ia m e te r  d 0 can be ca lcu la ted  b y  se tt in g  o u t 
from  th e  fo rm atio n  m echan ism  show n in Fig. 2.
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F ig . 2 depicts th e  e n v iro n m e n t of a su p p o rt o p en in g ; th e  edge of th e  hole is 
ro u n d e d  o ff and  so th e  ad h esiv e  edge o f th e  b u b b le  can  slide on to  th e  surface 
o f  th e  su p p o rt. The fo rm in g  bu b b le  assum es th e  fo rm  o f a hem isphere  because 
th e n  th e  vo lum e to  su rface  ra tio  is a m ax im u m . I f  th e  surface ten sio n  o f th e  
l iq u id  is cr, th en  th e  ad h esiv e  force P  can be  ex p ressed  as:

P  =  ad0n (1)

I f  th e  d en sity  of th e  gas, w h ich  is ab o u t th ree  o rd e rs  o f m ag n itu d e  less th a n  th a t  
o f  th e  liq u id , is n eg lec ted , th e n  th e  u p w ard  force F  can  be described  by  th e  
fo llow ing  re la tion :

F = & - y  ( 2)
12

S ince  expressions (1) a n d  (2) are id en tica l, th e  c ritic a l bu b b le  d iam e te r d 0 is:

(3)

I t  is necessary  to  d ea l se p a ra te ly  w ith  su p p o rts  c o n ta in in g  few er b u t  la rg e r 
o p en in g s; here th e  b u b b le s  fo rm ing  s im u ltan eo u sly  a t  tw o  a d ja c e n t su p p o rt 
o p en in g s a tta in  a size co rrespond ing  to  th e  c ritic a l d iam e te r  d 0 before th e ir  
b a se  circles reach  one a n o th e r  and  hence closely  fill u p  th e  cross-section . In  th is  
case  th e n , if  th e  ra te  o f  p assag e  of th e  gas is in c reased , th e  d iam ete r o f a p rim ary  
b u b b le  can  increase to  w hich is th e  d is tan ce  b e tw een  th e  cen tres of th e  
a d ja c e n t  holes. In  su ch  a su p p o rt th e  c ritica l d ia m e te r  d 0 can  be rep laced  b y  th e  
d is ta n c e  d^.

U sing o th e r d a ta  fo r th e  su p p o rt, th e  d is ta n c e  d 0 can  be given as:

w 'here b is th e  d ia m e te r  o f an  in d iv idua l open in g  an d  e0 is th e  free cross-section  
o f  th e  su pport.
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T h a t  m a te r ia l is called  p r im a ry  d y n am ic  foam  in  w h ich  th e  ascending 
bub b les  h av e  av e rag e  d iam ete rs  d 0 an d  d'0 an d  co m p le te ly  fill th e  available 
vo lum e.

W e shall ex am in e  n e x t th e  gas fra c tio n  1 — x 0 o f th e  p r im a ry  dynam ic 
foam  an d  th e  lin e a r  gas ra te  u 0 re fe rrin g  to  th e  free c ross-sec tion  a t  w hich th is 
can  be achieved .

T h e  gas frac tio n  o f th e  foam  is d e te rm in ed  b y  th e  r a te  o f  a scen t и  of the  
p r im a ry  b u b b les  an d  th e  gas ra te  u 0 accord ing  to  th e  fo llow ing  equa tion :

M 0 i r \u =  -----------  (5)
1 — *o

T he ra te  of a scen t o f th e  p rim a ry  b u b b le , how ever, can  also  be  de te rm ined  
from  th e  B ernou lli eq u a tio n :

(6 )

w here c0 is a flow  res is tan ce  fac to r  o f th e  liq u id  to w ard s th e  a scen d in g  bubble .
F ro m  E q s  (5) a n d  (6) th e  gas p ro p o rtio n  of th e  p r im a ry  foam  can be 

ca lcu la ted :

( ? )

L e t us consider th e  b u b b les  ascend ing  in  th e  p rim ary  foam  as a  m ass  o f spheres 
o f cub ic  sp a tia l a rra n g e m en t. Such a m ass o f spheres fills  a b o u t h a lf  o f the  
av a ilab le  vo lum e. S uch  a pack ed  a rra n g e m en t of th e  b u b b le s , h ow ever, is no t 
conceivab le  because  th is  w ould  m ean  th e  d irec t c o n ta c t o f  th e  gas in  th e  
b u b b les . F o r th is  reaso n  th e  gas fra c tio n  o f  th e  p rim ary  fo am , in  ag reem ent 
w ith  th e  p e r tin e n t d a ta ,  is alw ays less th a n  0.4. I f  th is  v a lu e  o f  th e  gas frac tion  
is s u b s ti tu te d  in to  (7) w ith  a su itab le  choice o f th e  re s is ta n c e  fa c to r  c0, th en  
th e  v a lu e  o f u 0 is fo u n d  to  be less th a n  0.2 m /s.

In  p rac tice , 5— 10 tim es h ig h er lin e a r  gas ra te s  a re  u se d  in  dynam ic 
foam  a p p a ra tu se s  an d  th e  gas frac tio n  o f th e  foam  reaches 0 .7 — 0.8.

The secondary fo a m

A  foam  is te rm e d  secondary  i f  th e  lin e a r  ra te  v 0 o f th e  fo rced -in  gas is 
g re a te r  th a n  th e  m ax im u m  lin ea r gas r a te  u 0 re la tin g  to  th e  p r im a ry  foam . I t  
follow s from  th is  th a t :

1 — X  >  1 —  * 0 an d  V >  и
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O ur w o rk in g  hypo thesis fo r th e  f u r th e r  calcu lations is t h a t  th e  tw o phases in  
th e  s e c o n d a ry  foam  s ta te  a re  n o t  th e  gas and th e  p u re  liq u id  as in  th e  p rim ary  
foam , b u t  the gas and the fo a m  itself.

A s re g a rd s  th is  a s su m p tio n , E q s  (3) and  (4) w h ich  ex p ress  th e  c ritica l 
b u b b le  d ia m e te r  m ust be s u ita b ly  m odified . L et us co n sid e r E q . (3) va lid  in  
th e  fo rm :

d (H)

H ere  d  is  th e  critical b u b b le  d ia m e te r  o f th e  seco n d ary  fo am , a ' is th e  f ic tiv e  
‘su rfa c e  te n s io n ’ of th e  foam , a n d  y '  is its  density .

I f  i t  is assum ed th a t  th e  p r im a ry  bubbles a re  a rra n g e d  in a sq u a re  
p la n a r  co n fig u ra tio n  on th e  g re a t  circle of th e  se c o n d a ry  bu b b les , th e n  th e  
n u m b e r  N  of p rim ary  b u b b le s  acco m m o d ated  on th e  su rface  of th e  g re a t 
c irc le  is :

4d»

T h e  a d h e s iv e  force P  in th e  se c o n d a ry  foam  is ca lcu la ted  from  th e  above e q u a 
tio n s  a n d  from  (1):

P  =  d а 'л  =  — П- d 0n a  (10)

F ro m  th is  equation  th e  ‘su rfa c e  te n s io n ’ of th e  se c o n d a ry  foam  is:

a =
dn  

4 dn
( И )

I f  th e  l iq u id  fraction  o f th e  fo a m  is x , th en  its  d e n s ity  y ' is tr iv ia lly  y  ■ x.
S u b s titu tin g  th e  ab o v e  y '  a n d  (11) in to  exp ression  (8) an d  rea rran g in g  for 

th e  c r i t ic a l  bubble d iam e te r  o f  th e  secondary  foam , th e  fo llow ing expression  is 
o b ta in e d  :

d =
Ъпа
d0yx

( 12)

I f  d 0 o f  (3) is su b s titu te d  in to  expression  (12), th e n :

d =
л  3 a 

2x 1 у
( 13)
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I f  d 0 o f (4) is used  in s te a d , th en :

d =  о , (14)
yd X

W e m ention  here w h a t decides th e  a lte rn a tiv e  use o f (13) a n d  (14). I f

th e n  (13) m ust be u sed , w hereas if

(15)

(16)

th e n  (14) is th e  p ro p e r  expression .
T h e  d iam eter d  o f  a b u b b le  ascend ing  in  th e  seco n d a ry  foam  w as also 

d e te rm in ed  from  th e  r a te  o f  ascen t to  be:

3 c ____ 1_

4 g  (1 — x )~
(17)

S im ila rly  to  the  co n s id e ra tio n s  app lied  for th e  p rim a ry  fo am , th e  aim  here is 
th e  expression of th e  gas frac tio n  o f th e  lin ea r  gas r a te  v 0. F o r  th is  th e  r ig h t 
h a n d  sides of (12) a n d  (17) are m ade equal; a f te r  re a rra n g e m e n t we h ave:

------------= 4 —£--------  (18)
( l - ж ) 2 cv% d0y

E q u a tio n  (18) is a p p ro x im a te ly  va lid  because we h av e  n eg lec ted  th a t  p a r t  o f 
th e  gas flow  w hich co n sis ts  o f th e  flow  o f p rim a ry  b u b b les  a lw ays p resen t. 
T h is neg lec t is ju s tif ie d  because  i t  is know n from  experience  th a t  th e  to ta l  
vo lum e o f the  p r im a ry  b u b b le s  in th e  dynam ic  foam  s ta te  is a v e ry  sm all 
fra c tio n  o f  the  to ta l  v o lu m e  o f th e  secondary  bubb les.

In  add ition , E q . (18) is only  fo rm al because if  th e  re s is tan ce  fac to r c 
dep en d s on th e  R e n u m b e r, th e n  it  also co n ta in s  th e  d ia m e te r  d  an d  th e  ra te  
o f  a scen t v.

Derivation o f equations suitable for practical calculations

E q u a tio n  (18) w as s till u n su itab le  fo r a c tu a l ca lcu la tio n  because th e  
genera l resistance fa c to r  c w hich  ap p ears  in it co n ta in s  b o th  th e  liq u id  frac tio n  
an d  th e  ra te  v0.
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W e n o w  tu rn  to  th e  use o f  a  d e fin ite  resistance  fa c to r , an d  se t o u t from  
th e  fo llo w in g  s tru c tu re  re m in isc e n t o f  th e  A llen fa c to r:

c =  a / v ;
vd

(19)

T h e  k in e tic  v iscosity  v' o f th e  se c o n d a ry  foam  is d efin ed  b y :

v r =  XV -f- (1— x) vg (20)

F o r e a s ie r  h an d lin g , how ever, w e w o rk  w ith  an in te g ra l av e rag e , a n d  in s tead  
o f (20) w e use:

v' =  ßv  (21)

w here
xa

ß
1

X* X ,
x  AL (1 x)

V
dx (22)

R e w ritin g  (19) according to  th is ,  w e o b ta in :

c — a
ß v ( l— x)

Vftd
(23)

L e t  us s u b s ti tu te  th e  re s is ta n c e  fa c to r  accord ing  to  (23) in to  (17) expressing  
th e  b u b b le  d iam eter:

3 a  

4g ,

2/3
ßv

1/3

1 x
(24)

B y  p u t t i n g  (14) and  (24) e q u a l w e o b ta in  th e  liq u id  fra c tio n  x  an d  th e  gas 
f r a c t io n  1 — x:

к

v0+ k
(«); 1 * = — h {b)v0+ k

H ere

a n d  in  th e  la tte r

a n d

к  =

A =  ^ -

Í4g
За

2/3 !

3 a

У

6 aA =  — У
Ô у  V

(,ßVJ1/3

if  (15) ho lds 

if  (16) ho lds

(25)

(26)

(27)

(28)

A c ta  C h im . ( B udapest)  70, 1971



403SASVÀRI e t al.: STUDY O F DYNAMIC FOAMS

T h e exp ressions (25), how ever, s till do n o t inc lude  th e  w all c o rrec tio n ; n e ith e r 
do th e y  ta k e  in to  acco u n t th a t  in  th e  low est an d  u p p erm o st la y e rs  o f  th e  real 
foam  colum n th e  derived  re la tio n s do n o t ho ld  and  because o f  th is  th e  gas 
frac tio n  also d ep en d s on th e  h e ig h t L 0 o f  th e  s ta tic  liqu id  co lum n .

Consideration o f  the effect o f  the fo a m  colum n height

I f  gas is fo rced  th ro u g h  a th in  liq u id  la y e r, th en  th e  re s u lt  can  only be 
reg a rd ed  as fo am  if  its  h e igh t is g re a te r  th a n  2 bubb le  d ia m e te rs ; acco rd ing ,to  
th e  above th is  l a t te r  is de te rm in ed  b y  th e  gas ra te , th e  m a te r ia l p ro p ertie s  of 
th e  liq u id , a n d  th e  geom etry  o f th e  su p p o rt. I f  th e  h e igh t o f  th e  liq u id  lay e r is 
less th a n  th is , th e n  i t  co n ta in s p ra c tic a lly  no  enclosed an d  ascen d in g  bubb les on 
w h ich  th e  e n tire  m odel is based . I f  th e  la y e r  h e ig h t is less th a n  d , th e n  only 
b u b b le s  w hich  are  ju s t  fo rm ing  or are  a lread y  b u rs tin g  can  e x is t in  i t  and  th e  
gas spaces below  an d  above th e  foam  are  in  d irec t co n tac t. S u ch  a d egenera te  
fo am  is e sse n tia lly  no m ore th a n  a th ic k e n e d  su p p o rt; an d  so w e m u s t include 
th e  m easu red  h e ig h t o f th e  foam  lay e r, th e  anom alous low er la y e r  am o u n tin g  
to  a b o u t d, an d  also th e  foam ing  o u t a t  th e  to p  o f th e  lay e r; b ecau se  o f  th is  th e  
a c tu a l ex p ansion  o f th e  lay e r is la rg e r th a n  th a t  given b y  (25). W e p roceed  b y  
m u ltip ly in g  exp ression  (25a) for th e  liq u id  p ro p o rtio n  b y  a f a c to r  (sm aller 
th a n  u n ity )  : . . . . . . . . .

/1  =
L

L+td
(29)

A ccord ing  to  (11), (26) an d  (27):

/1  = (30)

T h a t  is, f x is in d e p e n d e n t of th e  ex p an sio n  o f th e  layer. T ak in g  th is  co rrection  
in to  acco u n t, e q u a tio n  (25a) becom es:

w hile (25b) becom es:

X  =
w k

v0+ k

1
v0+ ( l - w ) k  =  A  

v0+ k

(31)

(32)

Consideration o f  the w all effect

W ith  th e  decrease  of th e  d ia m e te r  o f th e  a p p a ra tu s  an d  w ith  th e  increase 
o f th e  v isco sity  o f  th e  liqu id , th e  re la tiv e  th ickness o f  th e  b o u n d a ry  lay er 
ad h e rin g  to  th e  w all o f  th e  vessel increases; its  free m ovem en t is im p ed ed  and
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hence i t  k eep s  th e  ascending  b u b b le s  a t  a d is tan ce  fro m  itself. A ccord ing  to  
th e  p e r t in e n t  th eo ry , th e  ra tio  o f  th e  lam in a r b o u n d a ry  lay e r an d  th e  tu b e  
d ia m e te r  is inverse ly  p ro p o rtio n a l to  th e  square  ro o t o f  th e  Re n um ber:

(33)

S u b s t i tu t in g  accord ing  to  (21) a n d  (26), (33) becom es:

ßvx

kD
(34)

T h e  b o u n d a ry  layer o f th ick n ess  & is bubb le-free  p u re  liqu id , and hence  th e  
gas f r a c t io n  expressed  b y  (32) m u s t be m u ltip lied  b y  a fac to r

/ 2 =  1
ßvx
kD

(35)

L e t u s  d e n o te  th e  r ig h t h a n d  side  of (32) b y  A ,  w hen  th e  m odified gas p ro p o r
tio n  is :

1 (30)

T h e  re m o d if ie d  and  f in a l gas p ro p o rtio n  can be ex p ressed  exp lic itly  from  (36):

w h ere

(pA 12
(1 A ) (37)

(38)

(37) is th e  f in a l eq u a tio n  o f th e  ca lcu lation . T h is co n ta in s  every  im p o r ta n t  
p a r a m e te r  affecting  th e  b e h a v io u r  of th e  foam  la y e r  an d  also th e  lay e r h e ig h t 
a n d  w a ll co rrec tions. I t  w ill be  used  for th e  d e sc rip tio n  of our ex p e rim en ta l 
re su lts . W ith  a know ledge o f  th e  gas frac tio n  i t  is also possible to  ca lcu la te  
th e  a v e ra g e  bubb le  rad iu s  f ro m  (13) and  (14), a n d  fro m  th is  in tu rn  th e  specific  
in te r n a l  su rface  of th e  foam  can  be de te rm in ed .
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3. Experim ental method

T h e  a p p a r a tu s e s  sh o w n  in  F ig . 3 w e re  a s se m b le d  fo r th e  h y d r o d y n a m ic  s tu d y  o f  th e  
fo a m  c o lu m n .

T h e  a p p a r a tu s e s  w ere  s e t  u p  f ro m  fo a m  c o lu m n  u n i ts  p ro v id e d  w i th  th r e e  s tu d s  an d  
s u p p o r te d  b y  p la s t ic  c la m p s ; th e  in te r n a l  d ia m e te r  D  w as 4.9 cm  a n d  th e  l e n g th  20 cm .

T h e  v o lu m e  f lo w  r a te  o f  th e  g a s  V  w a s  m e a su re d  w ith  a r o ta m e te r .
T h e  d if fe re n c e  in  th e  l iq u id  c o lu m n  o f  a n  in c lin e d  tu b e  m ic r o m a n o m e te r  f ille d  w ith  a l

c o h o l w as r e a d  o f f  to  d e te rm in e  th e  r e s is ta n c e  o f  th e  d ry  p la te .

а . A p p a r a tu s  fo r  th e  s tu d y  o f  c ro ss-f lo w  
fo a m  c o lu m n

1. M e te r  ( a ir )
2. F o a m  c o lu m n  b o d y  w ith  cm  sca le
3 . M a n o m e te r  fo r  m e a s u re m e n t  o f  fo a m  

re s is ta n c e
4 . P e r fo r a te d  p la te
3. S c re e n in g  c lo th
б . M a n o m e te r

. 3

b. A p p a ra tu s  fo r  th e  s t u d y  o f  re v e rse -f lo w  
fo a m  co lu m n

1. M e te r  (a ir)
2. L iq u id  feed e r
3. M e te r  (liq u id )
4. F o a m  c o lu m n  b o d y  w i th  c m  sca le
5. M a n o m e te r  fo r  m e a s u r e m e n t  o f  fo a m  r e 

s is ta n c e
6. P e r fo ra te d  p la te
7. M a n o m e te r

T h e  a m o u n t  o f  liq u id  in  th e  fo a m  s t a te  w a s  d e te rm in e d  b y  m e a s u r e m e n t  w i th  a  g ra d u 
a te d  c y lin d e r.

T h e  fo a m  h e ig h t  w as d e te rm in e d  v is u a lly  in  a ll cases u s in g  th e  c m  sc a le  o n  th e  a p p a ra tu s .
C o m p re sse d  a ir  f ro m  th e  n e tw o rk  w a s  u se d  a s  th e  flo w in g  g a s ;  t h e  l in e a r  r a te  o f  th is  

c a lc u la te d  fo r  c o m p le te  c ro ss -s e c tio n  w a s  v a r ie d  b e tw e e n  0.2 a n d  1.6 m /s  in  10 s te p s .  In  ev ery  
c a se  th re e  p a ra l le l  m e a s u re m e n ts  w ere  m a d e .

T h e  d a ta  fo r  th e  p e r fo ra te d  s u p p o r ts  c a n  b e  fo u n d  in T a b le  I .
T h e  re s is ta n c e  o f  th e  fo a m  la y e r  a n d  th e  g as v o lu m e  p r o p o r t io n  w e re  s tu d ie d  in  th e  

fo llo w in g  c ases :
1. E x p e r im e n ts  w ere  c a r r ie d  o u t  u s in g  V  =  100 c m 1 2 3 4 * б. w a te r  w ith  p la te s  2 /1 — 14 -5 /10 — 14 

a n d  3 / 3 - 1 1 — 3 / 3 - 1 6 .
2. W ith  V  - 20 200 c m 3 w a te r ,  th e  a m o u n t  o f  w a te r  w as c h a n g e d  in  10 s te p s ;  p la te

3 /3  — 14 w as u se d .
3. E x p e r im e n ts  w ere  c a r r ie d  o u t  w i th  p la te s  5/1 1 4 ,5 /1 0  1 4 ,2 /1  14 a n d  2/10 —14

u s in g  40 , 60 a n d  200 c m 3 w a te r .

A c la C him . (B u d a p e s t )  70, 1971



406 SASV ÁRI e t a l.: STUDY OF DYNAMIC FOAM S

T ab le  I

Plate у (cm) d (cm) n m (cm) щ (%)

2 / 1 - 1 4 0 .1 0

2 / 2 - 1 4 0 .2 0

2 / 3 - 1 4 0 .3 2 0.20 88 0 .4 0 14.71

2 / 6 - 1 4 0 .6 6

2 / 8 - 1 4 0 .8 4

2 / 1 0 - 1 4 1 .09

3 / 1 - 1 4 0 .1 0

3 / 2 - 1 4 0 .2 0

3 / 3 - 1 4 0 .32 0.30 39 0 .6 5 14.67

3 / 6 - 1 4 0 .6 6

3 / 8 - 1 4 0 .8 4

3 / 1 0 - 1 4 1.09

4 / 1 - 1 4 0 .1 0

4 / 2 - 1 4 0 .2 0

4 / 3 - 1 4 0 .3 2 0.40 22 0 .8 0 14.71

4 / 6 - 1 4 0 .66

4 / 8 - 1 4 0 .8 4

4 / 1 0 - 1 4 1.09

5 / 1 - 1 4 0 .1 0

5 / 2 - 1 4 0 .2 0

5 / 3 - 1 4 0 .3 2 0.50 14 1 .00 14.63

5 /6 — 14 0 .6 6

5 / 8 - 1 4 0 .8 4

5 / 1 0 - 1 4 1.09

3 / 3 - 1 1 0.37

3 / 3 - 2 2 0 .3 0

3 / 3 - 3 2 0 .5 0

3 / 3 - 4 2 0 .8 0

3 / 3 - 5 0 .32 0.30 2 1 .30 0.75

3 / 3 - 6 2 2 .3 0

3 / 3 - 7 2 3 .3 0

3 / 3 - 8 2 0 .6 0

3 / 3 - 9 2 0 .7 0

3 / 3 - 1 0 2 1.00

3 / 3 - 1 1 12 1.20 4.51

3 / 3 - 1 2 20 1.00 7.51

3 / 3 - 1 3 0 .32 0.30 30 0 .75 11.22

3 / 3 - 1 5 50 0 .55 18.70

3 / 3 - 1 6 60 0 .4 5 22.44
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4 . W ith  p la te  3/3 — 14, th e  e ffe c ts  o f  th e  v isc o s ity  a n d  d e n s i ty  o f  t h e  l iq u id  w e re  s tu d ie d  
o n  th e  re s is ta n c e  o f  th e  fo a m  la y e r  a n d  th e  g a s  v o lu m e  f ra c t io n .

5. T h e  e ffe c ts  e x e r te d  o n  th e  r e s is ta n c e  o f  th e  fo a m  la y e r  a n d  th e  g a s  v o lu m e  f ra c tio n  
b y  th e  su rfa c e  te n s io n  o f  t h e  l iq u id  w e re  s tu d ie d  w ith  p la te s  3 /3 — 11, 3 /3  — 12, 3 /3 — 13, 3 /3 — 14, 
3 /3 — 15 a n d  3 / 3 - 1 6 .

6. T h e  fo a m  la y e r  r e s is ta n c e  a n d  th e  g as v o lu m e  f r a c t io n  w e re  s tu d ie d  w i th  th e  p la te  
3 /3 — 14 u s in g  10 d i f f e r e n t  c o n c e n tr a t io n s  o f  H 2SO.,.

T h e  c h a ra c te r i s t ic  d a t a  o f  th e  so lu t io n s  u se d  a re  g iv e n  in  T a b le  I I .

Table I I

L iq u id '  <%) y (kp/m1) V  (cP ) ar (d y n /cm )

W a te r 1000 1.10 73

G ly c e r in e -w a te r 10 1022 1.31
m ix tu re 20 1047 1.77

30 1073 2.50

40 1099 3.75

50 1126 6.05

60 1154 10.96

T h e le n  so lu tio n 1200

1400

1600

1800

2000

E th a n o l -w a te r  m ix tu re 2 994 1.2 63

6 988 1.4 53

14 977 1.8 43

30 954 2.7 33

96 801 1.3 23

S u lfu ric  a c id - w a te r 10 1070 1.12 73.5
m ix tu re 20 1140 1.38 74.3

30 1220 1.82 75.5

40 1300 2.48 76.6

50 1400 3.58 77.0

60 1500 5.52 76.1

70 1610 9.65 74.1

80 1730 23.20 71.4

90 1810 23.10 63.2

96 1840 23.90 56.8

T h e  a v e ra g e  b u b b le  d ia m e te r  a n d  th e  sp e c if ic  su rfa c e  o f  t h e  fo a m  c a lc u la te d  fro m  (37) 
u s in g  (13) a n d  (14) a re  sh o w n  in  F ig s  4 a n d  5, r e s p e c tiv e ly , a s  f u n c t io n s  o f  t h e  l in e a r  g as r a te
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Study of the agreem ent with the experim ental data

T h e  resu lts  o b ta in e d  w ith  th e  equations d e riv ed  above  w hich were 
s u ita b le  fo r p rac tica l ca lcu la tio n s  w ere com pared  w ith  e x p e rim e n ta l d a ta .

vo
F ig .  4 . A v e ra g e  b u b b le  d ia m e te r  a n d  sp e c if ic  su rfa ce  o f  fo a m  c a lc u la te d  f ro m  E q s  (37) a n d  (13)

vs. l in e a r  gas r a te

vo
F ig .  5. A v e ra g e  b u b b le  d ia m e te r  a n d  sp e c if ic  su rfa ce  o f  f o a m  c a lc u la te d  f ro m  E q s  (37) a n d  (14)

vs. l in e a r  g a s  r a te .  V a r ia b le  v0

T h e  agreem ent of th e  m easu red  (ind iv idua l po in ts) a n d  ca lcu la ted  (con tinuous 
cu rv e ) gas frac tio n  values as a fu n c tio n  of th e  lin e a r  r a te  v 0 o f  th e  gas is show n

Acta Chirn. (Budapest) 70, 1971



SASVÁRI et al.: STUDY O F DYNAMIC FOAMS 409

i n  F ig . 6, as a fu n c tio n  of th e  opening  d ia m e te r  in  Fig. 7, as a fu n c tio n  o f the  
o p e n in g  frac tio n  o f  th e  p e rfo ra ted  s u p p o r t in  F ig . 8, as a fu n c tio n  o f the

vo
F ig .  6 . Gas fraction of foam v s . linear rate of forced-in gas. Variable v 0

2 3 Д 5
6 П 0 '3:)

F ig .  7 . Gas fraction of foam vs. opening diameter. Variable <5
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su rfa c e  te n s io n  of th e  liq u id  in  F ig . 9, as a fu n c tio n  o f  th e  liqu id  vo lum e in  F ig . 
10, a n d  as a fu nc tion  o f th e  v isco s ity  of th e  l iq u id  in  F ig . 11.

0  3.74 748 11.2214.6718.7 22.44 
£ f 7.

1.3 2 3 3.3 4.3 5.3 6.3 7.4 
б  И 0 '4 ]

F ig .  8 . G a s  f r a c t io n  o f  fo a m  vs. f r a c t io n  o f  F ig . 9 . G a s  f r a c t io n  o f  fo a m  vs. s u r f a c e  
o p e n in g s . V a r ia b le  £j te n s io n .  V a r ia b le  a

F ig . 10. G a s  f r a c t i o n  o f  fo a m  vs. v o lu m e  o f  l iq u id .  V a r ia b le  V

F ig s  10 and  11 show  t h a t  corrections (29) a n d  (33) should  be  im p ro v ed . 
T h e  ex is ten ce  of th e  m a x im u m  in Fig. 11 follow s from  (37) and  here  th e re  is a 
n e e d  fo r  fu r th e r  ex p e rim en ts .
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F ig . 11. G as f r a c t io n  o f  fo a m  vs. d y n a m ic  v is c o s ity . V a r ia b le  rj

L IS T  O F  S Y M B O L S

Л d e n s i ty  o f  p r im a r y  fo a m  (k p /'m 3) 
y '  d e n s i ty  o f  s e c o n d a ry  fo a m  (k p /m 3)
Уе g a s  d e n s i ty  ( k p /m 3)
A p c a p i l la ry  d e p re s s io n  ( k p /m 3)
ô  o p e n in g  d ia m e te r  (m )
e s u r fa c e  f r a c t io n  r e m a in in g  free
e 0 s u p p o r t  f r e e  c ro s s -s e c tio n  f ra c tio n
Ej f r a c t io n  o f  o p e n in g s
Ç  fo rm a l  r e s is ta n c e  o f  s u p p o r t
& b o u n d a ry  l a y e r  th ic k n e s s  (m )
V k in e m a tic  v is c o s i ty  ( m 2/s)
a  l iq u id  s u r fa c e  t e n s io n  (k p /m )
a '  f ic t iv e  ‘s u r fa c e  t e n s io n ’ o f  s e c o n d a ry  fo a m  (k p /m )  
c  g e n e ra l  r e s is ta n c e  f a c to r
c 0 l iq u id  f lo w  r e s is ta n c e  f a c to r  ( to w a rd s  th e  a s c e n d in g  b u b b le s )  
d  s e c o n d a ry  fo a m  c r i t ic a l  b u b b le  d ia m e te r  (m )
d 0 b u b b le  d ia m e te r  (m )
d'0 d is ta n c e  b e tw e e n  c e n t r e s  o f  a d ja c e n t  h o le s  (m ) 
p  h y d r o s ta t i c  p r e s s u re  ( k p /m 2)
p ’ d y n a m ic  p r e s s u re  o f  g a s  p a s s in g  th r o u g h  o p e n in g  
и  r a te  o f  a s c e n t  o f  p r im a r y  b u b b le  (m /s)
u 0 l in e a r  g as r a t e  r e fe r r in g  to  f re e  a p p a r a tu s  c ro s s - s e c tio n  (m /s)
V r a te  o f  a s c e n t  o f  b u b b le  in  se c o n d a ry  fo a m  (m /s )
v 0 l in e a r  r a te  o f  fo rc e d - in  g a s  (m /s)
Vj l in e a r  r a t e  o f  w a te r  f lo w  (m /s)
X  l iq u id  f r a c t io n  o f  f o a m
D  a p p a r a tu s  d i a m e te r  (m )
F  l i f t in g  fo rc e  (k p )
L  fo a m  c o lu m n  h e ig h t  (m )
L 0 s t a t i c  l iq u id  c o lu m n  h e ig h t  (m )
P  a d h e s iv e  fo rc e  (k p )
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RECENSIONES

I . G y e n e s : Titra tionen  in  nichtw äßrigen M edien  

701 p p . A k a d é m ia i  K ia d ó ,  B u d a p e s t ,  1970

T h e  id e a  t h a t  r e a c tio n s  o c c u r  n o t  o n ly  in  a q u e o u s  m e d ia , is fo r c h e m is ts  n o w a d a y s  n o t  
a s  s t r a n g e  a s  i t  w a s  so m e  d e c a d e s  ag o . N e v e r th e le s s ,  t h e  s p re a d in g  o f  th is  n e w  v ie w p o in t  a n d  
o f  th e  p r a c t ic a l  p o s s ib il it ie s  g iv e n  b y  i t  h a s  n o t  b e en  a s  q u ic k  a s  i t  w o u ld  b e  d e s ira b le  a n d  r e a s o n 
a b le . T h e  e ffe c t o f  th e  in e r t ia  p r in c ip le  is  re f le c te d  a lso  in  th is  f ie ld  o f  d e v e lo p m e n t  o f  c h e m is t ry .  
I f  w e s c ru t in iz e  th e  a c tu a l  g ro u n d s  o f  th is  e f fe c t,  w e c a n  m a k e  so m e v e ry  im p o r t a n t  s t a te m e n t s ,  
w h ic h  m a y  a lso  g iv e  h e lp  a s  a  d ia g n o s is  —  to  th e  s e t t in g  o f  f u r th e r  ta s k s .

“ T h e  p ro p e r t ie s  o f  e le c tr ic a lly  c o n d u c t in g  s y s te m s ”  b y  K r a u s  w as p u b l is h e d  in  1922 , 
“ E le k tro c h e m ie  n ic h tw ä ß r ig e r  L ö su n g e n ”  b y  W a ld e n  in  1924, b o o k s  w h ic h  o p e n e d  a  n e w  e p o c h  
in  th e  c h e m is t ry  o f  n o n -a q u e o u s  m e d ia ;  h o w e v e r , t h e  t im e  e la p se d  since  t h e n  h a s  n o t  b e e n  
e n o u g h  to  c la r ify  th e  th e o re tic a l  f u n d a m e n ta ls  o f  th is  n e w  fie ld . T h e  b o o k  b y  I .  G y e n e s  p u b 
lish e d  n o w  o n  t i t r a t i o n s  in  n o n -a q u e o u s  m e d ia  s t i l l  s u rv e y s  th is  f ie ld  so t h a t  so m e  im p o r t a n t  
p a r a m e te r s ,  su c h  a s  so lu b i li ty ,  a re  n o t  q u a n t i t a t i v e ly  e la b o ra te d ,  w h ic h  is a  s t r ik in g  p r o o f  
fo r  th e  e f fe c tiv e n e s s  o f  th e  in e r t ia  p r in c ip le  p o in te d  o u t  a b o v e .

T h e  a u th o r  r e g a rd s  h is  b o o k  a s  a  f u n d a m e n ta l ly  r e -w r it te n  a n d  s u p p le m e n te d  e d it io n  
o f  h is  1 0 -y e a r-o ld  H u n g a r ia n  a n d  3 -y e a r-o ld  E n g lis h  p u b l ic a tio n s . T h e  b o o k  p u b l is h e d  in  
E n g lis h  w a s  a n  e n la rg e m e n t  o f  th e  H u n g a r ia n  v e r s io n  to  su c h  a n  e x te n t  t h a t  t h e  E n g lis h  
e d it io n  c a n  b e  c o n s id e re d  a  h a n d b o o k  a s  c o m p a re d  w i th  th e  l a b o ra to ry  m a n u a l  in  H u n 
g a r ia n .  T h e  G e rm a n  issu e  e x p a n d e d  s t i l l  f u r th e r  t h i s  c h a r a c te r  in  i ts  c o n te n ts ,  u p - t o - d a t e 
n e ss  a n d  t r e a tm e n t .  T o  th e  fo u r  n e w  c h a p te r s  o f  t h e  E n g lish  e d it io n  (“ P h o to m e t r i c  e n d 
p o in t” , “ R e d o x  t i t r a t i o n  in  n o n -a q u e o u s  m e d ia ” , “ T i t r a t i o n s  w ith  c o m p le x  f o r m a t io n  in  n o n -  
a q u e o u s  m e d ia ”  a n d  “ T h e  d e te rm in a tio n  o f  th e  a lk o x y l  g ro u p , c a rb a m ic  a c id  e s te r s ,  s u b s t i 
t u t e d  p h o s p h in e s  a n d  o rg a n o s ilic o n  c o m p o u n d s ” ) s t i l l  f u r th e r  c h a p te r s  h a v e  b e e n  a d d e d  in  
th e  G e rm a n  b o o k  e n h a n c in g  i ts  v a lu e  to  a n  e x te n t  w h ic h  c a n  h a rd ly  b e  o v e r e s t im a te d .  I n  th e  
te c h n ic a l  p a r t  th e  fo llo w in g  c h a p te r s  a re  n e w : “ K o n d u k to m e tr i s c h e  E n d p u n k ta n z e ig e ” , “ O sz il
lo m e tr is c h e  E n d p u n k ta n z e ig e ” , “ D iffe re n tie l le  p o la ro g ra p h is c h e  T i t r a t io n  u n d  d e a d - s to p  M e
th o d e ” , “ C o u lo m e tr is c h e  T i t r a t io n e n ”  a n d  “ E n th a lp im e tr i s c h e  E n d p u n k ta n z e ig e ” . F ro m  
a m o n g  th e  n e w  c h a p te r s  o f  th e  p r a c t ic a l  p a r t  I  sh o u ld  lik e  to  p o in t  o u t  th e  fo llo w in g : “ B e 
s t im m u n g  v o n  V e rb in d u n g e n ,  d ie  a lk o h o lisc h e  H y d ro x y lg ru p p e n  e n th a l te n ” , w h e re  a  n e w  
lin e  is  t h e  c a ta ly t ic  a c c e le ra t io n  o f  th e  p ro c e sse s  a p p l ie d  in  a n a ly s is .

A lm o s t a ll  c h a p te r s  a re  so m e w h a t e x te n d e d .  T h e  th e o re tic a l  p r in c ip le s  a r e  t r e a t e d  in  
g r e a te r  d e ta i l ,  m o re  e x a c tly ,  a n d  a s s e r t in g  b ro a d e r  v ie w p o in ts .  T h e  a u th o r  i l lu s t r a te s  t h e  t h e o 
r e t ic a l  s t a te m e n ts  w i th  a  n u m b e r  o f  v e ry  u se fu l  e x a m p le s .  I n  th e  p ra c t ic a l  p a r t  a  g r e a t  m a n y  
m e th o d s  a re  g iv e n  w i th  fu ll  d e sc r ip tio n s  o f  th e  p ro c e d u re s  a n d  w ith  d e ta i le d  s k e tc h e s  o f  th e  
e q u ip m e n t  to  be  a p p lie d . T h e  p re s c r ip t io n s  a re  d e ta i le d  a n d  v e ry  a c c u ra te , a lso  in c lu d in g  h in t s  
w h ic h  a re  u s u a l ly  m iss in g  in  s im ila r  a n a ly t ic a l  h a n d b o o k s .

T h e  u se  o f  th e  b o o k  is g re a t ly  e n h a n c e d  b y  a  c o m p re h e n s iv e  d isc u ss io n  o f  th e  th e o r e t i c a l  
p o s s ib il it ie s  o f  th e  n e w  fie ld , e n a b lin g  th e  c h e m is t  to  t a k e  u p  a  p o s itio n  a lso  in  c a se s  w h ic h  
a re  n o t  t r e a te d  in  th e  b o o k . T h e  t a b u la te d  c o m p ila t io n s  a re  d e m o n s tra t iv e  a n d  i n s t r u c t iv e ,  
b e c a u se  th e y  c o n ta in  th e  m o s t  im p o r ta n t  d a ta .  T h e  r e a d e r  h a s  d e f in ite ly  th e  im p re s s io n  t h a t  
th e  a u th o r  h a s  n e v e r  fo rg o t te n  h is  t a s k  t h a t  h e  m u s t  o v e rc o m e  a fa ir ly  g r e a t  r e lu c ta n c e  w ith  
h is  b d o k . I n  d o in g  th is ,  h e  is e sp e c ia lly  su c c e ss fu l in  th e  in tr o d u c to r y  c h a p te r s ,  in  d is c u s s in g  
th e  c o m p e t i t io n  b e tw e e n  so lv e n t  a n d  so lu te . T h e  p r in c ip le  o f  c o m p e tit io n  is —  in  m y  o p in io n  —  
a f u n d a m e n ta l  c o m p o n e n t  o f  m o d e rn  c h e m ic a l  th in k in g ,  b u t  is  p e rh a p s  n o w h e re  so  in d is p e n 
sa b le  a s  in  th e  c a se  o f  r e a c tio n s  o c c u rr in g  in  s o lu tio n s . F o r  th e  sa m e  re a so n  th e  c h a p t e r  “ Z u 
sa m m e n h ä n g e  z w isc h en  A c id itä t ,  B a s iz i tä t  u n d  M o le k ü ls t r u k tu r ”  is a lso  v e ry  i n te r e s t in g .

T h e  b o o k  l is ts  1330 l i t e r a tu r e  re fe re n c e s , w h ic h  a r e  b y  432 m o re  t h a n  th o s e  g iv e n  in  th e  
F n g l i s h  v e rs io n , c o v e r in g  th e  l i t e r a tu r e  u p  to  1967.
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T h e  boo k  is co m p lem en ted  b y  a rea lly  in te re s tin g  c ita tio n -  an d  a u th o r in d ex . F ir s t  
th e  l i te r a tu re  re fe ren ces a re  lis ted  in  a lp h ab e tic  sequence w ith  in creas in g  num bers. In  th e  a u th o r  
in d ex  th e  co rresp o n d in g  p ag e-n u m b ers  are given. T h is is co m p le ted  w ith  a su b jec t in d ex  w hich  
g ives a f i r s t  class o r ie n ta tio n  an d  in fo rm a tio n  a b o u t th e  a b u n d a n t  co n ten ts  o f th e  book .

T h e  ty p o g ra p h ic a l p re se n ta tio n  is still b e tte r  th a n  t h a t  o f th e  E ng lish  book , th o u g h  
a few  re p ro d u c tio n s  a re  n o t  p e rfe c tly  clear.

T h e  new  boo k  b y  I .  G y e n e s  rep re sen ts  a v a lu ab le  f u r th e r  c o n trib u tio n  to  th e  c h em is try  
o f  n o n -a q u eo u s  so lv en ts , a n d  will su re ly  be o f g re a t h e lp  to  th o se  who are dealing  w ith  th is  
field .

Z . G . S z a b ó

In ternational C om pendium  o f  Num erical Data Projects. P roduced  by  CO D A TA

295 p p . S p rin g er-V erlag , B erlin  -H e id e lb e rg —New* Y o rk , 1969

T h e  s tu d ies  in  ch em istry , p h y sics an d  tech n o lo g y  a re  in  a process o f im m ensely  b ra n c h 
in g  o u t. F o r  being  c o n v e rsa n t a t  le a s t w ith  one’s ow n f ie ld  o f  re sea rch , one needs a  lo t  o f  tim e  
to  s tu d y  a trem en d o u s  n u m b e r  o f review s an d  collect sy s te m a tic a lly  th e  d a ta  com ing fro m  th e  
m o st d iffe re n t sources. T h e  e ffo rt ag a in s t b ack w ard n ess ta k e s  a  considerable tim e  o rig in a lly  
d e v o te d  to  re sea rch  w ork . R esearch  is aided to  a g re a t e x te n t  b y  th e  p re sen t C om pendium , th e  
m a te r ia l  o f w h ich  a t te m p ts  to  an sw er th e  follow ing g en era l q u estions:

W h a t  co m p ila tio n s c o n ta in in g  c ritica lly  e v a lu a te d  d a ta  a re  now  availab le; w h a t  cen te rs  
o r o rg a n iz a tio n s  p ro d u ce  or a id  p ro d u c tio n  o f such d a ta  fo r p u b lic a tio n  on a co n tin u in g  basis; 
w h a t  n a tio n a l p ro g ram s e x is t fo r fin an c ia l su p p o rt a n d  e n co u rag em en t o f d a ta  co m p ila tio n ; 
a n d  w h a t  gu idelines a re  av a ilab le  to  com pilers o f all c o u n trie s  so th a t  th e ir  p ro d u c ts  m a y  be 
co m p a tib le .

T h e  C om pend ium  is d iv id ed  in to  six c h ap te rs : In  th e  f i r s t  ch ap te r  th e  n a tio n a l d a ta  
p ro g ram s a n d  tb e  n a tio n a l  co m m ittees  for CODATA are  e n u m e ra te d . In  th e  second one  th e  
c en te rs  covering  a  n u m b e r  o f  a reas o f science are d iscussed . T h e  top ics o f th e  th ird  c h a p te r  are: 
N u c le a r  p ro p e r tie s  (G en era l n u c lea r p ro p erties , p ro p e rtie s  o f  n e u tro n s , p rop erties  o f n u c lid es, 
in d ex es), A to m ic  p ro p e r tie s  a n d  m o lecu lar p ro p erties  (A to m ic  p ro p e rtie s  includ ing  sp e c tra , m o 
lec u la r  p ro p e rtie s  in c lu d in g  sp e c tra , in frared  and m ic ro w av e  sp e c tra , R am an  sp ec tra , e le c tro 
n ic  sp e c tra , m ass sp e c tra , N M R  sp ec tra , o th e r  a to m ic  a n d  m o lecu la r p ro jec ts , indexes to  com 
p ila tio n s ) , S o lid  s ta te  (C ry sta llo g rap h ic , m ineralog ica l, e lec tr ica l an d  m agnetic , a n d  re la te d  
p ro p e rtie s ) , T h e rm o d y n a m ic  a n d  tra n sp o r t p ro p erties  ( in c lu d in g  therm o p h y sica l a n d  so lu tio n  
p ro p e rtie s , in d ex es to  co m p ila tio n s), C hem ical k in e tic s ,  G as C hrom atographic  D a ta , O p tica l 
p ro p e r tie s  (O p tica l ro ta to r y  pow er: stero ids, tr ite rp e n e s , am in o  acids, alkaloids).

T h e  en tr ie s  in  C h a p te r  3 o f th e  C om pendium , w h ich  is th e  m ost im p o r ta n t p a r t ,  are 
a rra n g e d  u n d e r  th e  follow ing head ings:

1. O rg an iza tio n , 2. C overage, 3. A nalysis a n d  4. P u b lica tio n s .
T h e  f ir s t  h ead in g  p re sen ts  b rie f  in fo rm atio n  a b o u t  th e  o rgan ization  u n d e r w h ich  th e  

w o rk  is do n e , th e  second  g ives fa c tu a l in fo rm atio n  as to  th e  su b s tan ces  covered an d  th e ir  s ta te s , 
th e  p ro p e rtie s  co vered  a n d  th e  ran g e  of v ariab les if  a p p ro p ria te ,  a n d  th e  period  of tim e  covered . 
U n d e r  th e  te rm  “ A n a ly sis”  a n  e ffo rt is m ade to  p re se n t fa c ts  a n d  observations t h a t  re fle c t th e  
a im s o f th e  co m piler in  e v a lu a tin g  an d  d is tr ib u tin g  th e  re su lts  o f his w ork. U n d e r “ P u b lic a 
tio n s”  in fo rm a tio n  is g iv en  lead in g  th e  u se r to  th e  sou rce  o f  th e  pu b lica tio n  an d  its  co st.

I n  th e  fo u r th  c h a p te r  th e  C om pendium  lis ts  th o se  n ew  a n d  secondary  cen te rs , w h ich  
h a v e  h a d  in su ffic ien t tim e  to  m ak e  th e ir  p ro d u c ts  a v a ilab le  to  th e  public . Some o f th e se  will 
i n  d u e  course  p u b lish  ta b le s  o f d a ta . O thers are c o n ce rn ed , a t  lea s t in itia lly , w ith  p re p a rin g  
co m p le te  b ib lio g rap h ie s  o f  p e r tin e n t  pap ers  for v a r io u s  fie ld s . T he m ain  top ics: S eco n d ary  
n u c le a r  d a ta  cen te rs , co llo id  and  su rface  p ro p erties , o th e r  specia lized  cen ters (h igh  p ressu re , 
r a d ia tio n  ch em istry , d iffu sio n  in  m eta ls  an d  a lloys, eq u ilib riu m  co n stan ts  in  m o lte n  s teel, 
m o lecu la r  w e ig h ts o f p o ly m ers, e lec tro ly te  so lu tions).

I n  th e  f if th  c h a p te r  h a n d b o o k s are  lis ted , g iv in g  o n ly  th e  necessary  d a ta  w ith o u t  an y  
e v a lu a tio n . T he s ix th  c h a p te r  (p h y sical q u an titie s , u n i ts  a n d  sym bols, basic p h y sical c o n s ta n ts , 
n o m en c la tu re  a n d  re la te d  m a tte rs )  gives a survey  o f n a tio n a l  an d  in te rn a tio n a l o rg an iza tio n s 
w h ich  p la y  a lead in g  ro le  in  in te rn a tio n a l  sc ien tific  life  re la te d  to  th e  top ics m en tio n ed  in  th e  
t it le . T h e  m o st im p o r ta n t  issues a re  en u m era ted  as w ell.

T h e  v o lu m e is su p p lied  b y  a  d e ta iled  a u th o r  a n d  su b je c t  index . W e w elcom e th e  Com 
p e n d iu m  o f  IC SU -C O D A T A  w ith  deep sa tis fac tio n  a n d  sh o u ld  like  to  call th e  a t te n tio n  of 
e v e ry  l ib ra ry , re sea rc h  in s t i tu te  o f  n a tu ra l  sciences to  th is  issu e  w hich  is ind ispensab le  in  seien-
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t i f ic  a n d  in d u s tr ia l  l in e s  a lik e , a n d  c a n  g iv e  v a lu a b le  su p p o r t  to  r e s e a rc h  w o rk  b y  i ts  v a s t  
n u m b e r  o f  d a ta .

W e sh o u ld  lik e  to  q u o te  th e  lin e s  f ro m  th e  in tro d u c t io n  w r i t te n  b y  F r e d e r ic k  D . R o ssin i, 
p r e s id e n t  o f  1C S U -C O D A T A , w h ic h  m a k e s  th e  a im  o f  th e  C O D A T A  a n d  t h e  C o m p e n d iu m  
p e r fe c tly  c le a r: “ A t  th e  t im e  o f  i ts  e s ta b l i s h m e n t  in  1966, b y  th e  I n t e r n a t io n a l  C o u n c il o f  Sci
e n ti f ic  U n io n s  (IC S U ), th e  C o m m itte e  o n  D a ta  fo r  S c ien ces  a n d  T e c h n o lo g y  (C O D A T A ) w as 
g iv e n  th e  b a s ic  m iss io n  o f  p ro m o tin g  a n d  e n c o u ra g in g ,  o n  a w o rld w id e  b a s is ,  th e  p ro d u c tio n  
a n d  d is t r ib u t io n  o f  c o m p e n d ia  a n d  o th e r  fo rm s  o f  c o lle c tio n s  o f  c r i t ic a l ly  s e le c te d  n u m e r ic a l  
d a ta  on  su b s ta n c e s  o f  in te r e s t  a n d  im p o r ta n c e  to  sc ien ce  an d  te c h n o lo g y .”

L . L á n g

J . K o r y t a , I. D v o r a k  an d  У. B o h á c k o v á : Electrochem istry  

339 p p .  -f- in d e x . M e th u e n  a n d  Co. L td . ,  L o n d o n  1970

P e rso n s  a c tiv e  in  th e  m o s t  v a r ie d  b r a n c h e s  o f  sc ience, e x p e r ts  w o rk in g  in  th e  m o st 
d iv e rs e  f ie ld s  o f  in d u s t r y  a re  c o n f ro n te d  w ith  e le c tro c h e m ic a l  p h e n o m e n a , a n d  u t i l iz e  th e  law s 
o f  e le c tro c h e m is try  in  t h e i r  e v e ry d a y  a c t iv i ty .  T h e re fo re , w o rk s d e a lin g  w i th  t h i s  f ie ld  o f 
sc ie n c e  a re  o f  g r e a t  im p o r ta n c e .

T h e  b o o k  o f  K o r y t a ,  D v o r a k  a n d  B o h á c k o v á  gives a  s h o r t  b u t  a lm o s t  c o m p le te  
s u rv e y  o f  th e o re tic a l  e le c tro c h e m is try .  O w in g  to  i t s  l im ite d  e x te n t ,  so m e  p ro b le m s  c a n  be 
d isc u sse d  o n ly  v e ry  b r ie f ly ,  b u t  th e  l is t  o f  re fe re n c e s  a t  th e  e n d  o f  e a c h  c h a p te r ,  co m 
p r is in g  m a in ly  g e n e ra l  p a p e rs  a n d  m o n o g ra p h s ,  p a r t ly  fills  th is  g a p . T h e  su b d iv is io n , 
th e  s t r u c tu r e  o f  th e  b o o k  is lu c id , a lm o s t  s y m m e tr ic a l .  O f i ts  fo u r c h a p te r s  t h e  f i r s t  tw o  d eal 
w i th  e le c tro ly te  so lu tio n s  (h o m o g e n e o u s  e le c tro c h e m ic a l  sy s te m s), w h ile  th e  t h i r d  a n d  fo u r th  
c h a p te r s  d iscu ss  h e te ro g e n e o u s  e le c tro c h e m ic a l  sy s te m s .  T h e  f i r s t  c h a p te r  t r e a t s  t h e  e q u il ib r ia  
in  e le c tro ly te  so lu tio n s , th e  se c o n d  th e  t r a n s p o r t  p ro c e sse s  o c cu rrin g  in  e le c t r o ly te  so lu tio n s , 
th e  t h i r d  e q u il ib r ia  in  h e te ro g e n e o u s  e le c tro c h e m ic a l  sy s te m s , a n d  th e  f o u r th  is  c o n c e rn e d  w ith  
p ro c e sse s  in  th e  l a t t e r  sy s te m s  (e le c tro d e  p ro c esses ) .

A c c o rd in g ly , th e  f i r s t  c h a p te r  o f  th e  b o o k  d e a ls  w ith  th e  s t r u c tu r e  o f  e le c t r o ly te  so lu 
t io n s ,  th e  D e b y e — H iic k e l th e o ry  o f  s t ro n g  e le c tro ly te s ,  th e  c lassical th e o ry  o f  e le c t ro ly t ic  d is
so c ia t io n  a n d  e q u il ib r ia ,  a n d  w ith  th e  a c id -b a s e  th e o r ie s .

I n  th e  seco n d  c h a p te r  (“ T ra n s p o r t  P h e n o m e n a  in  E le c tro ly te  S o lu t io n s ” ) p h e n o m e n a  
p ro d u c e d  b y  th e  p a ssa g e  o f  e le c tr ic  c u r r e n t  th r o u g h  e le c tro ly te  so lu tio n s  a re  d is c u s s e d  w ith  a 
p a r t i c u l a r  v iew  to  th e  d if fu s io n  o f  e le c tro ly te s ,  th e  m e th o d s  fo r m e a su r in g  th e  d if fu s io n  coef
f ic ie n t ,  a n d  p ro b le m s o f  c o n v e c tiv e  d iffu s io n . W ith in  th e  scope o f  th e  l a t t e r ,  c o n v e c tiv e  
d if fu s io n  on  th e  r o ta t in g  d isk  a n d  on a n  in c re a s in g  sp h e re  (d ro p p in g  m e rc u ry  e le c tro d e )  are  
d e sc r ib e d .

T h e  th ird  c h a p te r  o f  th e  b o o k  t r e a ts  e q u il ib r ia  e s ta b lish e d  a t  th e  p h a s e  b o u n d a r ie s  o f  
e le c tro c h e m ic a l  sy s te m s . In  a d d it io n  to  m e ta l- e le c tro ly te  e q u ilib r ia , p ro b le m s  c o n c e rn in g  
m e m b ra n e  e q u il ib r ia ,  g lass  e le c tro d e s  a n d  p o te n t io m e t r i c  m e th o d s  a re  d is c u s se d . T h e  s t r u c tu r e  
o f  e le c tr ic a l  d o u b le  la y e rs ,  im p o r ta n t  fro m  th e  v ie w p o in t  o f  e le c tro d e  p ro c e sse s  is  a lso  t r e a te d .

T h e  fo u r th  c h a p te r  o f  th e  b o o k  is c o n c e rn e d  w ith  th e  k in e tic s  o f  e le c t r o d e  p ro cesses . 
A m o n g  o th e r s ,  th e  a u th o r s  su c c e e d e d  in  g iv in g  a  s h o r t  a n d  lu c id  su m m a ry  o f  t r a n s f e r  a n d  co n 
c e n t r a t io n  (d iffu s io n ) p o la r iz a t io n s ,  a n d  o f  th e  m o s t  im p o r ta n t  e x p e r im e n ta l  m e th o d s  in  e le c tro 
c h e m ic a l k in e tic s . F in a lly ,  a  few  im p o r ta n t  e le c tro d e  p ro cesses a re  d e sc rib e d .

T h e  b o o k  o f  K o r y t a ,  D v o r a k  a n d  B o h á c k o v á , w r i t te n  in a m o d e rn  c o n c e p t ,  is a v a l
u a b le  c o n tr ib u t io n  to  th e  l i t e r a tu r e  o n  e le c tro c h e m is try .  I t  will f a c i l i ta te  fo r  s tu d e n t s  a n d  
e x p e r ts  in te re s te d  in  a n d  u s in g  e le c tro c h e m is try  to  g e t  a c q u a in te d  w ith  th e  f u n d a m e n ta l  th e o ry  
o f  m o d e rn  e le c tro c h e m is try .

L. Kiss

Carbohydrate Chem istry. F o r ts c h r it te  d er chem ischen F o rsc h u n g , T opics 
in C u rren t C hem istry , B a n d  14, H eft 4

S p r in g e r  V e rla g , B e r l i n -  H e id e lb e rg  N ew  Y o rk , 1970

D a s 210 S e ite n  u m fa s se n d e  H e f t  e n th ä l t  se c h s  A u fsä tz e  ü b e r  K o h le n h y d r a tc h e m ie ,  
g e sc h r ie b e n  v o n  h e rv o rra g e n d e n  W is se n sc h a f t le rn  a u f  d iesem  G eb ie t. D ie se  b e r ic h te n  ü b e r  
n e u e s te  E rg e b n iss e  in  g ru n d le g e n d e n  T h e m e n k re is e n ,  in  d e n e n  a u c h  g e g e n w ä r t ig  in te n s iv e  
F o rs c h u n g s a rb e it  g e le is te t  w ird .
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1. J .  S. Brimacombe: S o m e  R e c e n t  N e ig h b o u r in g -G ro u p  P a r t ic ip a t io n  a n d  R e a r r a n g e 
m e n t  R e a c t io n s  o f  C a r b o h y d ra te s .

D ie  W irk u n g  d e r  b e n a c h b a r t e n  G ru p p e n  i s t  im  V e r la u f  u n d  in  d e r  S te re o c h e m ie  d e r  
S u b s t i tu t io n s r e a k t io n e n  v o n  K o h le n h y d r a t e n  v o n  g r ö ß te r  B e d e u tu n g .  D ie  T e iln a h m e  v o n  S a u e r
s to f f - ,  sc h w e fe l-  u n d  s t i c k s to f f h a l t ig e n  fu n k tio n e lle n  G ru p p e n  a n  d e n  v e rsc h ie d e n e n  R e a k t io 
n e n  w i r d  e in z e ln  b e h a n d e lt .  Ü b e r  d ie  n e u e n  R in g v e re n g u n g s re a k t io n e n  d e r  Z u c k e r w ird  in  
e in e m  b e s o n d e re n  A b s c h n i t t  b e r ic h te t .

I n  e in e m  U m fa n g  v o n  n u r  20 S e i te n  e n th ä l t  d e r  A u f s a tz  —  k u r z  u n d  g e d rä n g t g e f a ß t  —  
e in  s e h r  re ic h e s  M a te r ia l ,  m i t  v e r h ä l tn is m ä ß ig  v ie l  (1 2 1 )  F o rm e ln  u n d  60 L i t e r a t u r 
a n g a b e n .

D e r  R e z e n se n t m ö c h te  s ic h  e in e  e inzige  k r i t is c h e  B e m e rk u n g  e r la u b e n : es f e h le n  d ie  
z u s a m m e n fa s s e n d e n  A u s w e r tu n g e n  a m  E n d e  d e r  e in z e ln e n  A b s ä tz e ,  so d a ß  es d em  L e se r  ü b e r 
la s s e n  i s t ,  S c h lu ß fo lg e ru n g e n  z u  z ie h e n .

2. R .  J . F e r r ie r : N e u e re  B e fu n d e  ü b e r  d ie  S y n th e s e  v o n  O -G ly co sid en .
D e r  A u fs a tz  b e f a ß t  s ic h  m i t  fo lg en d e n  F ra g e n :  A lk o h o ly s e  d e r  Z u ck e r, G ly c o sy lie -  

r u n g  m i t  G ly c o sy lh a lo id e n  so w ie  m i t  a n d e re n  Z u c k e r d e r iv a te n  (O r th o e s te r ,  1 ,2 -O x az o lin e , 
G ly c o s y le s te r ,  1 ,2 -A n h y d r id e , u n g e s ä t t i g te  Z u c k e rd e r iv a te ) ,  P ro b le m e  d e r  T ra n s g ly c o s y -  
l i e r u n g  u n d  A n o m é r is a tio n . A b s c h l ie ß e n d  w ird  d ie  S y n th e s e  d e r  w ic h tig s te n  G ly c o s id e n -  
t y p e n  z u sa m m e n fa s s e n d  b e h a n d e l t .  D ie  n e u e s te n  M e th o d e n  w e rd e n  ü b e r  40 S e i te n ,  m it  
3 5  F o r m e ln  u n d  112 ü b e rw ie g e n d  n e u e n  L i te r a tu r a n g a b e n  a n  H a n d  in te re s s a n te r  B e isp ie le  
a n g e f ü h r t .

3. H . Simon u n d  A. K r a u s : M e c h an is tisch e  U n te r s u c h u n g e n  ü b e r  G ly c o sy la m in e , 
Z u c k e rh y d ra z o n e ,  A m a d o r i-U m la g e ru n g s p ro d u k te  u n d  O s a z o n e .

D e r  A u fsa tz  l ie fe r t  e in e n  a u s g e z e ic h n e te n  Ü b e rb l ic k  ü b e r  d a s  b e z e ic h n e te  T h e m a . D ie  
B i ld u n g ,  d ie  S t r u k tu r ,  d ie  v e r s c h ie d e n e n  U m s e tz u n g s re a k tio n e n ,  d ie  M u ta ro ta t io n ,  d ie  H y 
d r o ly s e ,  d ie  T ra n s g ly c o sy lie ru n g  u n d  d ie  A m ad o ri- u n d  H e y n s -U m la g e ru n g  d e r  S tic k s to ffg ly c o -  
s id e  so w ie  d ie  E l im in ie ru n g s re a k t io n e n  d e r  Z u c k e rh y d ra z o n e ,  d ie  Z u c k e rfo rm a z a n e  u n d  d ie  
B i ld u n g ,  S t r u k tu r  u n d  R e a k t io n e n  d e r  O sazone w e rd e n  a u s f ü h r l ic h  b e h a n d e lt .

D e r  A u fsa tz  b e f a ß t  s ic h  h a u p ts ä c h l ic h  m it  d e r  F r a g e  d e r  R e a k tio n s m e c h a n is m e n :  
d ie  f r ü h e r e n  u n d  n e u e re n  E r g e b n is s e  w e rd e n  k r i t i s c h  b e h a n d e l t  u n d  es w erd en  v ie le  o ffen e  
P r o b le m e  a u f  G ru n d  e ig e n e r  V e rsu c h se rg e b n is s e  g e d e u te t .  D e r  40  S e i te n  u m fa sse n d e  A u fs a tz  
i s t  in fo lg e  des re ich en  u n d  h e r v o r r a g e n d e n  F o rm e lm a te r ia ls  u n d  d e r  h o h e n  Z ah l (141) d e r  L i 
t e r a tu r h in w e is e  a u f  O r ig in a la r b e i te n  b e so n d e rs  w e r tv o ll .

4. H. P aulsen, H. B e h r e  u n d  C. P. H er o ld : A c y lo x o n iu m -Io n e n u m la g e ru n g e n  in  
-der K o h le n h y d ra tc h e m ie .

D ie se  se h r in te r e s s a n te  u n d  a k tu e l le  Z u sa m m e n fa s s u n g  g l ie d e r t  s ich  a u f  fo lg en d e  W e ise :
E s  w ird  e in  a llg e m e in e r  Ü b e rb l ic k  ü b e r  d ie  A c y lo x o n iu m s a lz e  d e r  1,2- u n d  1 ,3 -D io le  

g e g e b e n .  E s  w e rd en  d ie  U m la g e ru n g s re a k t io n e n  d e r  A c y lo x o n iu m -K a tio n e n  bei P o ly o le n  u n d  
M o n o s a c c h a r id e n ,  d ie  U m la g e ru n g  d e r  P o ly e s te r  u n d  M o n o s a c c h a r id e s te r  in  f lü ss ig e m  F lu o r 
w a s s e r s to f f  u n d  die U m la g e ru n g  d e r  C y c lite  in E s s ig sä u re -S c h w e fe ls ä u re  bzw . die U m la g e ru n g  
d e r  S a c c h a r id e  in  L e w is -S ä u re n  b e h a n d e l t .

D e r  53 S e ite n  u m fa s s e n d e  A u f s a tz ,  e in sch ließ lic h  251 F o r m e ln  u n d  72 L i te r a tu r a n g a b e n ,  
i s t  k l a r  u n d  ü b e rs ic h tl ic h  g e s c h r ie b e n .

5. M . Cerny u n d  J . St a n e k : 1 ,6 -A n h y d ro a ld o h e x o p y ra n o s e n -D a rs te l lu n g ,  E ig e n s c h a f 
t e n  u n d  V e rw e n d u n g  f ü r  S y n th e s e n .

D e r  A u fsa tz  b e h a n d e l t  d ie  B i ld u n g  u n d  H e r s te l lu n g  v o n  1 ,6 -A n h y d ro a ld o h e x o p y ra n o -  
s e n  u n d  d ie  a llg e m e in e n  E ig e n s c h a f te n  u n d  R e a k t io n e n  d ie s e r  V e rb in d u n g e n  m it b e so n d e re r  
R ü c k s i c h t  a u f  ih re  A n w e n d u n g  f ü r  S y n th e se n .

D ie  E p o x v d e r iv a te  d e r  1 ,6 -A n h y d ro a ld o h e x o p y ra n o s e n  u n d  d ie  G ly c o sa n -A n a lo g e n  
w e r d e n  g e so n d e r t  b e h a n d e lt .

D ie  L i te r a tu r a n g a b e n  (2 8 0  H in w e ise  a u f  O r ig in a la rb e i te n )  s in d  b e so n d e rs  re ic h  u n d  g u t  
b r a u c h b a r .  D e r A u fsa tz  u m f a ß t  3 0  S e iten .

6. F . W . L ich t en th a l er : B ra n c h e d -C h a in  A m in o s u g a rs  a n d  A m in o cy c lan o ls  v ia  D i- 
a ld e h y d e -N it ro a lk a n e  C y c lis a t io n .

A u c h  d iese r A u fs a tz  g ib t  e in e n  g u te n  Ü b e rb lic k  d e s  b e z e ic h n e te n  G ebietes .
N a c h  e in e r  in te r e s s a n te n  E in le i tu n g  w ird  d ie  C h e m ie  u n d  S te re o c h e m ie  d e r  C y c lis ie ru n g  

m i t  N i t r o ä th a n  u n d  C y c lis ie ru n g  m i t  2 -N itro ä th a n o l,  A t h y ln i t r o a c e ta t  u n d  z a h lre ic h e n  V e r 
b in d u n g e n  v o m  T y p  N i t r o m e th y le n  b e h a n d e lt .

A b sc h lie ß e n d  w ird  e in e  v o rz ü g lic h e  Z u s a m m e n fa s s u n g  g e g e b e n , w orin  d e r  V e rfa s se r  
a u f  d ie  p h a rm a k o lo g is c h e  B e d e u tu n g  d iese r le ic h t z u g ä n g l ic h e n  n e u e n  N itro -  u n d  A m in o d e -  
r i v a t e  h in w e is t.

D e r  v e rh ä l tn is m ä ß ig  k u r z e  A u fs a tz  (21 S e ite n , m i t  110 F o rm e ln  u n d  62 L i t e r a tu r h in 
w e is e n )  l ie fe r t  e inen  i n te r e s s a n te n  u n d  n ü tz lic h e n  Ü b e rb l ic k  ü b e r  d a s  b e h a n d e lte  G e b ie t .

Acta Chim. (Budapest) 70, 1971
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D a s v o rlie g e n d e  H e f t  d e r  R e ih e  s c h lie ß t  s ic h  g le ic h ra n g ig  a n  d ie  v o ra n g e g a n g e n e n  w e r t 
v o lle n  V e rö f fe n tl ic h u n g e n  d e r  R e ih e  a n  u n d  is t  f ü r  F a c h le u te  u n d  F o rs c h e r  a u f  d e m  G e b ie t 
d e r  K o h le n h y d ra tc h e m ie  n ic h t  n u r  ä u ß e r s t  n ü tz l ic h ,  s o n d e rn  g e ra d e z u  u n e n tb e h r l ic h .

R .  B o g n á r

W. G u t m a n n  a n d  E . H e n g g e : A llgem eine und  anorganische Chemie 
362 S e ite n . V e rlag  C h em ie  G m b H , W e in h e im , 1971

A ls B e g rü n d u n g  ih r e r  A rb e i t  h e b e n  d ie  V e rfa s se r  im  V o rw o r t  h e rv o r ,  d a ß  e in e  g ro ß e  
A n z a h l v o n  d e u ts c h s p ra c h ig e n  L e h rb ü c h e rn  d e r  a n o rg a n is c h e n  C h e m ie  fü r  fo r tg e s c h r i t te n e  
S tu d ie re n d e  v o r l ie g t ,  w o g eg en  es a n  m o d e rn e n  u n d  ih re m  U m fa n g  n a c h  ü b e rs ic h t l ic h e n  L e h r
b ü c h e rn  f ü r  G ru n d s tu d ie n  d e r  a llg e m e in e n  u n d  a n o rg a n is c h e n  C h em ie  m a n g e l t .  D a z u  k ö n n te  
n o c h  h in z u g e fü g t w e rd e n , d a ß  d e r  M an g e l a n  d e ra r t ig e n  L e h rb ü c h e rn  e in e  W e lte rs c h e in u n g  
is t ,  u n d  d a ß  d ies  g e ra d e  f ü r  d ie  ih r  S tu d iu m  b e g in n e n d e n  S tu d e n te n ,  f ü r  d e n  G r u n d u n te r r i c h t  
d e r  C h em ie  a n  H o c h sc h u le n  u n d  U n iv e r s i tä te n  e in e  ä u ß e r s t  n a c h te i l ig e  L a g e  sc h a ff t .

D ie b e sc h le u n ig te  E n tw ic k lu n g  d e r  K e n n tn is s e ,  d a s  V o rd r in g e n  d e r  p h y s ik a lis c h -c h e m i
sc h e n  A n sc h a u u n g sw e ise  in  d e r  a n o rg a n is c h e n  C h e m ie , d ie  fo r t s c h re i te n d e  u n d  ä u ß e r s t  w ic h 
tig e  in d u s tr ie l le  A n w e n d u n g  d e r  b e so n d e re n  m e c h a n is c h e n , e le k tr is c h e n  u n d  m a g n e tis c h e n  
E ig e n sc h a f te n  d e r  F e s tk ö r p e r  sow ie  d ie  F o rs c h u n g  n e u e r  W e rk s to f fe  b e n ö t ig t  e in e  th e o re tis c h e  
F u n d ie ru n g  d e r  a n o rg a n is c h e n  C h em ie  in  b re ite re m  S p e k t ru m  a ls  f r ü h e r ,  u n d  z w a r  b e re i ts  
a u f  d e r  S tu d ie n s tu fe  d e r  A n fä n g e r . M an  k ö n n te  a u c h  so fo rm u lie re n ,  d a ß  d ie  s tü rm is c h e  E n t 
w ic k lu n g  d e r  a n o rg a n is c h e n  C h e m ie  n o tw e n d ig e rw e is e  e in e  U m g e s ta l tu n g  d e r  T h e m a t ik  d e r  
a llg e m e in e n  C h em ie  z u r  F o lg e  h a t .  D ies w ird  d u rc h  d a s  v o r l ie g e n d e  B u c h  g u t  i l lu s t r ie r t .  E s  
w ird  k la r  e r s ic h tl ic h , d a ß  e in e  D if fe re n z ie ru n g  z w isch en  d e r  T h e m a t ik  d e r  a llg e m e in e n  C hem ie  
u n d  d e n  a n o rg a n is c h -c h e m is c h e n  F u n d a m e n ta lk e n n tn is s e n  im m e r  w e n ig e r  m ö g lic h  is t.

Im  e r s te n  A b s c h n i t t  b e h a n d e l t  d a s  B u c h  —  n e b e n  d e n  z u r  th e o re t i s c h e n  F u n d ie ru n g  
d e r  a n o rg a n is c h e n  C h em ie  u n b e d in g t  b e n ö tig te n  m in im a le n  p h y s ik a lis c h -c h e m is c h e n  K e n n t 
n is se n  —  g rö ß te n te i ls  d a s  G ru n d p ro b le m  d e r  S t ru k tu rc h e m ie ,  n ä m lic h  d ie  E ig e n s c h a f te n  d e r  
c h e m isc h e n  B in d u n g . D ie  A n sc h a u u n g sw e ise  d ie se r  B e h a n d lu n g  w id e rs p ie g e lt  t r e u  d ie  E r 
g e b n is se  d e r  Q u a n te n c h e m ie  u n d  d e r  m o d e rn e n  S tru k tu r fo r s c h u n g .  D ie  V e rfa s se r  b e to n e n  in  
d ie sem  A b s c h n i t t ,  w ie  a u s  d e n  K e n n tn is s e n  ü b e r  d ie  S t r u k t u r  d e r  S to ffe  a u f  d ie  S to ffe ig e n 
s c h a f te n  g e fo lg e r t w ird  u n d  a llg e m e in e  S c h lü sse  u n d  Z u s a m m e n h ä n g e  f e s tg e s te l l t  w e rd e n . 
D iese  w e rd e n  d a n n  in  d e r  a u s fü h r l ic h e n  B e h a n d lu n g  d e r  a n o rg a n is c h e n  C h e m ie  ( im  z w e iten  
u n d  d r i t t e n  A b s c h n i t t)  r e ic h lic h  i l lu s t r ie r t .  E in  b e so n d e rs  h e rv o rz u h e b e n d e r  w e r tv o lle r  Z ug  
d es B u c h e s  b e s te h t  in  d e r  so rg fä ltig e n  S e le k tio n  d e s  K e n n tn is m a te r ia ls  d e r  a n o rg a n is c h e n  
C h em ie : d e m z u fo lg e  e r h ä l t  d e r  L e se r  e in  u m fa s se n d e s  u n d  m o d e rn e s  B ild  ü b e r  d ie  Z u sa m m e n 
h ä n g e  d e r  E le m e n te  u n d  V e rb in d u n g e n .

E in e  k u rz e  Ü b e rs ic h t  d e s  I n h a l t s  so ll d e m  L e se r  d ie se r  R e z e n s io n  d ie  Ü b e rp rü fu n g  d es 
W e r tu r te i ls  e r le ic h te rn .  E in e  E in le i tu n g  v o n  w e n ig en  S e ite n  b e f a ß t  s ic h  m i t  d e m  Z u sa m m e n 
h a n g  z w isch en  d e r  C h em ie  u n d  d e n  ü b r ig e n  Z w eig en  d e r  N a tu rw is s e n s c h a f t ,  m i t  d e r  h is to r i 
sc h e n  E n tw ic k lu n g  d e r  B e g riffe  S to f f  u n d  A to m . E in  U n te r k a p i te l  v o n  e tw a  25 S e i te n  b e h a n d e lt  
d ie  A to m s t r u k tu r  u n d  d a s  p e r io d is c h e  S y s te m , u n d  z w a r  in  F o rm  d a te n m ä ß ig e r  M itte ilu n g , 
o h n e  d ie  m e in e r  M e in u n g  n a c h  h ä u f ig  s tö r e n d  w irk e n d e  —  h is to r is c h e  E n tw ic k lu n g  d a r z u 
s te lle n . D e r  L eser e r h ä l t  in  d ie se m  A b s c h n i t t  e in  z w a r  n u r  q u a l i t a t iv e s ,  je d o c h  m o d e rn e s  B ild  
ü b e r  d ie  A to m s t r u k tu r .  Im  U n te r k a p i te l  ü b e r  d ie  c h e m isc h e  R e a k t io n  w e rd e n  d ie  B e g riffe  
r e la t iv e  A to m m a ss e , M o le k u la rm a ss e , F o rm e lg e w ic h t,  S tö c h io m e tr ie ,  R e a k t io n s e n th a lp ie  
u n d  B in d u n g s s tä rk e ,  R e a k t io n s g e s c h w in d ig k e it  u n d  c h e m isc h e s  G le ic h g e w ic h t k u rz  (in  in s 
g e s a m t e tw a  15 S e ite n )  b e h a n d e l t .  Im  U n te r k a p i te l  ü b e r  d ie  c h e m isc h e  B in d u n g  (30  S e ite n )  
w e rd e n  d ie  Io n e n b in d u n g , d e r  Io n e n ra d iu s ,  d ie  Io n is a tio n se n e rg ie , d ie  E le k t r o n e n a f f in i t ä t ,  d ie 
k o v a le n te  B in d u n g , d ie  M o le k ü lo rb ita le ,  d a s  W a s se rs to f fm o le k ü l,  d a s  h y p o th e t i s c h e  H e liu m - 
m o le k ü l,  d a s  F lu o rm o le k ü l,  d a s  H F -M o le k ü l,  d e r  k o v a le n te  R a d iu s ,  d ie  H y b r id is a t io n  u n d  d ie  
S te re o c h e m ie  d e r  M o le k ü le ,d ie  л -B in d u n g , d ie  M o le k ü lo rb ita le  d es N 2 u n d  d e s  0 2, d ie  E le k t r o 
n e g a t iv i t ä t ,  d e r  D ip o lc h a ra k te r  d e s  M o lek ü ls , d ie  M e h rz e n t r e n b in d u n g , d ie  T h e o r ie  d e r  m e ta l 
lis c h e n  B in d u n g , d ie  T y p e n  d e r  H a lb le i te r  b e h a n d e lt .  D a s  T h e m a  d e s  fo lg e n d e n  U n tc rk a p i te ls  
(40  S e ite n )  is t  d e r  S to f fz u s ta n d .  H ie r  w e rd e n  d ie  P h a s e n re g e l ,  d e r  G as- u n d  F lü s s ig k e i ts z u 
s ta n d .  d ie  Z u s ta n d s g le ic h u n g e n , d ie  G a sg e m isch e , L ö su n g e n  u n d  T e n s io n s a b n a h m e , d ie  G e
se tz e  d e r  v e r d ü n n te n  L ö su n g e n , d ie  D e s t i l la t io n ,  sow ie  d ie  K e n n z e ic h e n  d e s  F e s tz u s ta n d e s :  
d ie  K r i s ta l l s t r u k tu r ,  d ie  G it te re n e rg ie ,  d ie  M a d e lu n g sc h e  K o n s ta n te ,  d a s  Z u s ta n d s d ia g ra m m , 
L e g ie ru n g e n , re a le  K r is ta l le ,  d e r  a m o rp h e  Z u s ta n d  u n d  d e r  k o llo id e  Z u s ta n d  b e h a n d e lt .  D e r  
I n h a l t  d es U n te rk a p i te ls  ü b e r  E le k t r o ly te  (23 S e ite n )  b e h a n d e l t  d ie  e le k tro ly t is c h e  D isso z ia tio n

9 * Ada Chim. ( Budapest) 70, 1971
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d e r  L ö s u n g s m it te l ,  I o n e n p a a re ,  L ö s l ic h k e it  u n d  L ö s l ic h k e its p ro d u k t ,  S ä u re -R a s e n -F u n k t io n ,  
P u f f e r lö s u n g e n ,  I n d ik a to r e n ,  S ä u r e -B a s e n - T i t r a t io n ,  n ic h tw ä ß r ig e  L ö s u n g s m itte l ,  I o n e n a u s 
t a u s c h e r .  D e r  n ä c h s te  T eil (15  S e i te n )  b e f a ß t  s ich  m it  d e r  O x y d a t io n s z a h l,  d en  R e d o x r e a k t io 
n e n ,  d e r  E le k tro ly s e ,  d em  E le k t r o d e n p o te n t ia l ,  d em  K o n z e n t r a t io n s e le m e n t ,  d e m  R e d o x p o te n 
t i a l ,  u n d  d e n  D is p r o p o r t io n ie ru n g s re a k t io n e n .  D a n n  w e rd e n  (in  5 S e ite n )  d ie  m a g n e tis c h e n  
E ig e n s c h a f te n  d e r  S to ffe  b e h a n d e l t .  E n d l ic h  w ird  d e r  e r s te  A b s c h n i t t  m i t  d e m  U n te r k a p i te l  
ü b e r  d ie  G ru n d la g e n  d e r  K o o rd in a tio n s c h e m ie  (13 S e ite n )  a b g e sc h lo sse n : D o n o r -A k z e p to r -  
K o m p le x ,  C h e la t ,  N o m e n k la tu r  d e r  K o m p le x e ,  S te re o iso m e rie , K o o rd in a tio n s c h e m ie  d e r  L ö 
s u n g e n ,  H y b r id is a t io n  in  K o m p le x e n ,  L ig a n d e n fe ld th e o r ie ,  o k ta e d r is c h e  u n d  te t r a e d r is c h e  
K o m p le x e .

I m  z w e ite n  A b s c h n i t t  (105 S e i te n )  w e rd e n  d ie  s- u n d  p - E le m e n te  u n d  ih re  V e rb in d u n g e n ,  
im  d r i t t e n  A b s c h n i t t  (85 S e ite n )  d ie  d -  u n d / - E le m e n te  u n d  ih re  V e rb in d u n g e n  b e h a n d e l t .  D iese  
A b s c h n i t t e  s in d  d u rc h  k n a p p e n ,  s u m m a r is c h e n  S til,  d u rc h  ta b e l la r is c h e  Z u sa m m e n fa s s u n g e n  
d e r  p h y s ik a l i s c h e n  u n d  c h e m isc h e n  E ig e n s c h a f te n ,  d u rc h  A n w e n d u n g  d e r  S t ru k tu r k e n n tn i s s e  
u n d  d e r  E ig e n s c h a f ts fu n k t io n e n  u n d  d u rc h  d ie  k r i tis c h e  A u sw a h l d e s  T a ts a c h e n m a te r ia ls  g e 
k e n n z e ic h n e t ;  d u rc h  ih re  M o d e rn h e i t  u n d  Ü b e rs ic h t l ic h k e it  b ie te n  sie d e m  L e s e r  m e h r , a ls 
m a n c h e  L e h rb ü c h e r  d e r  a n o rg a n is c h e n  C h e m ie  m it  m e h rfa c h e m  U m fa n g .

I m  V o rw o r t  b e to n e n  d ie  V e r fa s s e r ,  d a ß  d as B u c h  in  e r s te r  R e ih e  n ic h t  f ü r  d ie  S e lb s t
b i ld u n g  g e d a c h t  is t ,  s o n d e rn  e in  H i l f s m i t t e l  z u r  Z u sa m m e n fa s s u n g  ih r e r  V o r t r ä g e  ü b e r  a llg e 
m e in e  u n d  a n o rg a n isc h e  C h em ie  d a r s t e l l t .  D e r  R e z e n se n t i s t  d e r  M e in u n g , d a ß  d ie ses  L e h rb u c h  
n i c h t  n u r  z u  d e n  e in le ite n d e n  S tu d ie n  d e r  C h e m ik e r , C h e m ie le h re r  u n d  C h e m ie in g e n ie u re  e in e  
ä u ß e r s t  w e r tv o lle  H ilfe  le i s te t ,  s o n d e rn  a u c h  in  d e n  C h e m ie s tu d ie n  a n d e re r  F a c h r ic h tu n g e n :  
P h y s ik e r ,  B io lo g e n , G e o lo g en  u n d  v e r s c h ie d e n a r t ig e n  In g e n ie u r s tu d e n te n  e rfo lg re ic h  v e r 
w e n d e t  w e rd e n  k ö n n te .

W ir  b e g rü ß e n  d a s  B u c h  v o n  V . G u t m a n n  u n d  E . H e n g g e  w eil se in e  A u ffa ssu n g  e in e n  
A u s w e g  a u s  d e m  G ew irr d e r  in fo lg e  ih re s  U m fa n g s  la n g s a m  u n b r a u c h b a r  w e rd e n d e n  L e h r-  
u n d  F a c h b ü c h e r  ze ig t. A u c h  a u ß e r h a lb  d e s  d e u ts c h e n  S p ra c h g e b ie ts  w ird  d a s  B u c h  s ic h e r lic h  
h o h e s  I n t e r e s s e  a n reg e n  u n d  e in e  f r u c h tb a r e  W irk u n g  a u sü b e n .

B . C s á k v á r i

M . M o s e r : G r i n d i n g  to o ls  w i t h  c e r a m i c  b o n d i n g

147 p p .  A k a d é m ia i  K ia d ó , B u d a p e s t ,  1971

T h e  se lec tio n  o f th e  th e m e  o f  t h i s  w o rk ,  w h ic h  a p p e a re d  a s  t h e  1 1 th  v o lu m e  o f  th e  v a l 
u a b le  s e r ie s  S ilic a te  C h e m is try  M o n o g ra p h s ,  is  f o r tu n a te  a n d  o f  c u r r e n t  in te r e s t .  S u rfa c e  w o rk 
in g  b y  g r in d in g  f in d s  in c re a s in g  a p p l ic a t io n  in  m o d e rn  m e c h a n ic a l  e n g in e e r in g  te c h n o lo g y , 
o f te n  r e p la c in g  tu rn in g ,  c u t t in g ,  p la n in g ,  s c ra p in g . T h e  th e o r y  o f  c la s s ic a l c u t t i n g  h a s  b e e n  
d e v e lo p e d  d u r in g  th e  p a s t  d e c a d e s , w h e re a s  th e  th e  o ry o f  g r in d in g  is s t i l l  in  t h e  d e v e lo p m e n ta l  
s t a g e ,  a n d  e v e n  w h a t  is k n o w n  is n o t  r e a d i ly  a v a ila b le . I t  is c h a r a c te r i s t i c  t h a t  t h e  b ib lio g ra p h y  
o f  t h e  b o o k ,  c o m p ris in g  100 re fe re n c e s ,  d o e s  n o t  c ite  a n y  re v ie w , a n d  c o u ld  n o t  h a v e  d o n e  so 
e v e n  i f  i t  w a n te d .

T h e  h is to r ic a l  su rv e y  a n d  a  b r i e f  g e n e ra l  c h a ra c te r iz a t io n  o f  g r in d in g  to o ls  a re  fo llo w ed  
b y  a  v e r y  d e ta i le d  d isc u ss io n  o f  c o r u n d u m  g ra in s  (w e a r, m ic ro  t e x tu r e ,  c h e m ic a l  a n d  m in e ra lo g ic a l  
s t r u c t u r e ,  te s t in g ) ,  a n d  b y  a  s h o r te r  d e s c r ip t io n  o f  c a r b o ru n d u m  a n d  a  fe w  g r a n u la r  su b s ta n c e s  
r e c e n t l y  in tro d u c e d .

C e ra m ic  b in d in g  m a te r ia ls ,  t h e i r  t e s t in g ,  b r id g e s  o f  b in d in g  m a te r ia ls ,  a n d  th e  p h a se  
b o u n d a r y  p ro p e r t ie s  o f  g r in d in g  g r a in - b in d e r - a i r  p o re  a re  t r e a te d  e x te n s iv e ly .

T h e  c h a p te r  on  th e  q u a l i f i c a t io n  o f  g r in d in g  to o ls  is  o f  p r a c t ic a l  im p o r ta n c e .
T h e  l a s t  c h a p te r  su m m a r iz e s  k n o w le d g e , y e t  in  d e v e lo p m e n t ,  o n  th e  c h e m is t ry  o f  g r in d 

in g .
T h e  p r in c ip a l  m e r i t  o f  th e  m o n o g r a p h  is i t s  p io n e e r in g  c h a r a c te r .  O n  th e  b a s is  o f  th e  

s c a t t e r e d  s u b je c ts  to  b e  fo u n d  in  t h e  l i t e r a tu r e ,  i t  fo rm s  a  c o m p re h e n s iv e  e n t i t y  o f  lo g ic a l 
s t r u c t u r e ,  w h ic h  in c lu d e s  a lso  t h e  a u t h o r ’s o w n  te s t in g  r e s u l ts .  T h e  m o d e  o f  d isc u ss io n  is lu c id , 
t h e  f i g u r e s  a re  o f  good q u a l i ty  a n d  w e ll s e le c te d . T h e  d e s c r ip t io n  o f  r e s u l ts  o b ta in e d  w i th  n o v e l 
m e th o d s  o f  te s t in g  (m ic ro p ro b e , a c o u s t ic  m e th o d s )  is  n o te w o r th y .

I n  s u m m a ry ,  th e  m o n o g r a p h  w ill b e  p ro f i ta b le  to  b o th  p ro d u c e rs  a n d  u se rs  o f  g r in d in g  
to o ls ,  t h a t  is  to  sa y  to  c e ra m ic  e x p e r t s  a n d  to  m e c h a n ic a l  e n g in e e rs .

В .  В е к е

Acta Chim. (Budapest) 70, 1971
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Изучение парциального каталитического окисления метана, I

Скорости превращений в однозернистом реакторе
к. ХУСАР, Д Ь . РАЦ и Д Ь .  СЕКЕЙ

Были измерены скорости парциального окисления метана в 25%-ной метано — 
воздушной смеси в реакторе, содержащем единственное зерно катализатора никеля на 
керамическом носителе, при 760— 900°С. Для характеризации реакции приводятся ско
рости превращения реагентов и образования продуктов в единицах см3 (25°С)- мин-1. 
Было установлено, что скорость превращения кислорода лишь весьма слабо зависит от 
температуры, но изменяется пропорционально концентрации кислорода в области стабиль
ного действия катализатора. Основными продуктами реакции были водород, окись углерода 
и водяной пар, даже и в случае небольших степеней превращения подаваемой смеси. Та
кое парциальное окисление метана катализуется лишь никелем в восстановленном состоя
нии. На основе наблюдаемых явлений было сделано заключение о том, что вследствие 
торможения диффузией в газовой фазе, концентрация кислорода на поверхности катализато
ра практически равна нулю.

Изучение парциального каталитического окисления метана, II

Измерение и расчет скорости передачи компонента
Д Ь . РАЦ и Д Ь . СЕКЕЙ

На единственном шарообразном зерне катализатора была измерена скорость пре
вращения кислорода в смеси 25%-ов метана с 75%-ами воздуха при различных скоростях 
подачи смеси. Скорость превращения кислорода во всех случаях превышает диффузионное 
предельное значение, рассчитанное на основе литературных данных. Это расхождение 
может быть объяснено, полагая, что превращение реагентов протекает не только на поверх
ности катализатора, но и в газовой оболочке вокруг катализатора. С помощью других 
исследований было доказано, что гомогенная реакция не распространяется на среду в 
потоке, а остается вблизи поверхности катализатора.

Изучение пассивирования железа в смеси уксусной кислоты с водой
Л. к и ш ,  Д О  Н Г О К  Л И Е Н  и Л .  М. ВА Р Ш А Н И

С помощью потенциостатического метода было изучено анодное растворение 
железа в растворах ацетата натрия, хлорной кислоты и перхлората натрия, приготовлен
ных в безводной уксусной кислоте и в смеси уксусной кислоты с водой. Определено, что в 
растворах ацетата натрия в присутствии воды возникает пассивирование железа, но в 
отсутствие воды в растворе - пассивирование не обнаруживается. В растворах хлорной



кислоты и перхлората натрия получается противоположная картина: в безводной среде 
возникает пассивирование, а в присутствии воды оно не имеет места. Это явление наверно 
объясняется различными свойствами ионных пар, образующихся в этих растворах.

Полимеризация акриламида в водных средах с восстановительно
окислительной системой K2S208—аскорбиновая кислота при 

комнатной температуре
И .  Г Е Ц И  и  М . И .  Н А С Р

Акриламид полимеризовался в водных средах с помощью восстановительно
окислительной системы персульфат калия—аскорбиновая кислота при комнатной тем
пературе. Кинетику полимеризации исследовали йодометрическим способом. Изучалось 
влияние концентраций инициатора и мономера на скорость реакции и определялось 
кинетическое уравнение для общей скорости полимеризации. Изучалось также влияние 
растворителей как передатчиков цепи.

Наконец, определялась зависимость среднечисленной степени полимеризации от 
начальной концентрации мономера, концентрации инициатора-активатора и от темпера
туры.

Изучение замороженных растворов перхлората железа(Ш) 
при различных pH с помощью метода Мёссбауэра

И .  Д Е Ж И ,  В . Д .  Г О Р О Б Ч Е Н К О ,  М . К О М О Р ,  И . И .  Л У К А Ш Е В И Ч ,  А . В Е Р Т Е Ш  и
К .  Ф .  Ц И Ц К И Ш В И Л И

Измерение эффекта Мёссбауэра в замороженных растворах перхлората железа(Ш ) 
проводилось вплоть до 2,8°К. Наблюдалось присутствие различных ионов как функция 
pH. Было найдено, что гидролиз усиливается при предварительном нагревании перед 
замораживанием. Магнитные структуры полимерных ионов выводились из данных спек
тров Мёссбауэра и результаты сравнивались с заключениями, полученными другими авто
рами на основе спектрофотометрических измерений и измерений магнитной восприимчи
вости.

Изучение химических и электрохимических свойств 
редоксииндикаторов, применяемых в неводных средах

Л .  Л А Д А Н Ь И

Электрохимическое окисление Персантина (дипиперидино-4,8-пирамидо-5,4-D- 
пирамидиндиил-2,6-диимино-2,2', 2 " ,  2"'-тетраэтанола) в ацетонитриле и нейтральной 
среде, в отсутствии буфера протекает в двух последующих обратимых одноэлектронных 
процессах (Р í í  R + ‘ + е, R +- ;± Q++ + е), где R+- и Q++ — стабильные окисленные 
формы моно- и дикатиона, соответственно, а Р — исходное вещество.

Разница в абсорбционных спектрах Р и R+' позволяет использование Р в качестве 
редокси-индикатора в вышеупомянутых средах.

На основе модели Персантина, каждая редокси-система, которая окисляется (или 
восстанавливается) через последовательные одноэлектронные ступени и для которой

1. электрохимические свойства подобны модели Персантина;
2. восстановленная (или окисленная) форма, а также радикал наглядно различа

ются по цвету и



3. одноэлектронная окисленная (или восстановленная) форма сравнительно стабиль
на

может быть рассмотрена в качестве обратимого редоксииндикатора в соответствующих 
средах.

В литературе упоминается пелый ряд таких систем. Среди них следует отметить: 
фенотиазин, 5,10-дигидрофеназин, Г4,М,М'М'-тетраметилбензидин, 2,2'-дипиридил, 4,4'- 
днпиридил, бензоксазол, бензтиазол и бенздитиол, а также их некоторые производные.

Новые нитрохалконы, XI

К вопросу о стереохимии некоторых нитрогидрокси-халконов
П . Ш О Х А Р ,  Т .  С Е Л Л  и  т. Д У Д А Ш

С помощью ИК и ЯМР спектроскопии халконов, приготовленных различными путя
ми, было установлено, что независимо от условий приготовления в случае всех моделей 
образуются стереоодначные транс-изомеры.

Превращение ретродегидро каротина в изозеаксантин и эпоксиды
изозеаксантина

Й . С А Б О Л Ь Ч  и  Д Ь .  Т О Т

Описывается превращение ретродегидрокаротина под влиянием перфталевой 
кислоты в изозеаксантин и три, неизвестных до настоящего времени эпоксида изозеаксан
тина. Исходя из ретродегидрокаротиноидовгидроксилирование такого типаможет служить 
подходящим методом для получения каротиноидов, содержащих гидроксильную группу.

Кислый гидролиз инулина
Й . С Е Й Т Л И ,  Р .  Д .  Х Е Н Р И К Е З  и  М . К А С Т И Н Е И Р А

Кислый гидролизß - \ ,2-гликозидных связей между D-фруктофуранозиднымизвень
ями инулина является необыкновенно быстрым. Его нельзя характеризовать единствен
ной константой скорости, т. к. гидролиз в начальной стадии протекает медленнее, чем в 
конечной стадии. В конечной стадии, когда средняя степень полимеризации около 4, 
скорость гидролиза больше, а в начальной стадии меньше скоростей, наблюдаемых в слу
чае сахарозы при тех же самых условиях.

Первой ступенью гидролиза фуранозидной связи, по всей вероятности, является про
тонирование кислорода фуранозидного кольца, а второй ступенью является гетеролиз 
связи с образованием четвертичного карбонийного катиона. Величина энтропии актива
ции указывает на то, что реакция относится к типу А—1. Механизм гидролиза инулина 
подобен механизму гидролиза сахарозы и рафинозы.

Исследование получения 1,2-диизобутоксибензола
Й . Э Г Р И ,  Й .  Х А Л М О Ш  и  Й . Р А К О Ц И

С помощью изобутиловых эфиров арилсульфоновых кислот, например, изобутило- 
вого эфира бензолсульфокислоты, может быть получен с хорошим выходом 1,2-диизобу- 
токсибензол. Получаемый продукт является весьма чистым и нитрируется с хорошим 
выходом до 1,2-диизобутокси-4-нитробензола.



Исследование динамических пен
Д Ь .  Ш А Ш В А Р И ,  Ф .  Х И Т Е Ш  и  Т .  Б Л И К Л Е

Вначале изучается элементарный физический процесс образования пузырьков, а 
затем приводится анализ пенного состояния. Различаются два типа пен. Первоначальную 
пену образуют первичные пузырьки, размеры которых и вместе с этим скорость подъема 
определяются физическими свойствами жидкости и параметрами установки.

Вторичной пеной называется такая пена, в которой исходной фазой является уже 
не сама жидкость, а первоначальная пена, в которую поднимаются вторичные пузырьки 
с гораздо большими размерами.

На основе этих представлений приводятся уравнения для расчета формирующих 
свойств динамических пен.

Во второй части сообщения приводятся метод и результаты измерений, которые 
сравниваются с расчетными данными. Согласование в случае большинства параметров 
удивительно хорошее, лишь учет вязкости вызывает значительные расхождения.



ATLAS OF
THERMOANALYTICAL

CURVES
(TG-, DTG-, DDTA-Curves measured simultaneously)

Edited by G. Liptay

The present volume which is part of a series published continually contains a 
collection of exposures made by a derivatograph of inorganic, organic, synthe
tic organic materials, minerals, rocks, carbons, etc. o f various origin. Two 
exposures were made in each case — because of certain analytical circumstances 
influencing the material under investigation — in order to provide a wide

scale of informatory data.

In English • 13 +  50 pages • Loose-leaf cloth binders • 17x25 cm • Cloth

A co-edition — distributed in the socialist countries by KULTURA. Budapest, in all 
other countries by HEYDEN AND SON LTD., London

AKADÉMIAI KIADÓ

Publishing House of the Hungarian Academy of Sciences 
Budapest



Printed in Hungary

A k ia d á s é r t  fele l az A kadém ia i K ia d ó  ig a z g a tó ja  M űszaki szerk esz tő : V árh e ly i T a m á s
A k é z ira t n y o m d á b a  é rk e z e tt :  1971. V II .  20. — T e rje d e le m : 12 (A /5) ív , 76 á b ra

71.72123 A kadém iai N yom da, Budapest — Felelős vezető: B ernât György



The Acta Chimica publish papers on chemistry in English, German, French and 
Russian.

The Acta Chimica appear in volumes consisting of four parts of varying size, 4 volumes 
being published a year.

Manuscripts should be addressed to

A c ta  C h im ica
B u d a p e s t 1 1 2 /9 1  M űegye tem

Correspondence with the editors should be sent to the same address.
The rate of subscription is $ 16.00 a volume.
Orders may be placed with “K u l tú r a” Foreign Trade Company for Books and News

papers (Budapest I., F6 utca 32. Account No. 43-790-057-181) or with representatives abroad.

Les Acta Chimica paraissent en français, allemand, anglais et russe et publient des 
mémoires du domaine des sciences chimiques.

Les Acta Chimica sont publiés sous forme de fascicules. Quatre fascicules seront réunis 
en un volume (4 volumes par an).

On est prié d’envoyer les manuscrits destinés à la rédaction à l’adresse suivante:

A c ta  C h im ic a
B u d a p e s t 1 12 /91  M űegye tem

Toute correspondance doit être envoyée à cette même adresse.
Le prix de l’abonnement est de $ 16.00 par volume.
On peut s’abonner à l’Entreprise pour le Commerce Extérieur de Livres et Journaux 

tK u l tú r a » (Budapest I., F5 utca 32. Compte-courant No. 43-790-057-181) ou à l’étranger chez 
tous les représentants ou dépositaires.

iA c ta  C h im ica»  издают трактаты из области химической науки на русском, фран
цузском, английском и немецком языках.

eA c ta  C h im ic a » выходят отдельными выпусками разного объема 4 выпуска состав
ляют один том. 4 тома публикуются в год.

Предназначенные для публикации рукописи следует направлять по адресу:
A c ta  C h im ica

B u d a p e s t 112 /91  M űegye tem

По этому же адресу направлять всякую корреспонденцию для редакции.
Подписная цена — $ 16.00 за том.
Заказы принимает предприятие по внешней торговле книг и газет t K u l t û r a > 

(Budapest !.. F6 utca 32. Текущий счет № 43-790-057-181) или его заграничные представи
тельства и уполномоченные.



Reviews of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

ALBANIA
Drejtorija Qändrone e Pärhapjes 
dhe Propagandimit tä Librit 
Kruga Konferenca e Päzes 
Tirana

AUSTRALIA 
A. Keesing 
Box 4886, GPO
Sydney

USTRIA 
GLOBUS 
Höchstädtplatz 3 
A-/200 Wien XX

BELGIUM
Office International de Librairie
30, Avenue Marnix
Bruxelles 5
Du Monde Entier
5, Place St. Jean
Bruxelles

BULGARIA
HEMUS
11 pi Slaveikov 
Sofia

CANADA
Pannónia Books 
2, Spadina Road 
Toronto 4, Ont.

CHINA
Waiwen Shudian
Peking
P. O. B. 88

CZECHOSLOVAKIA
Artia
Ve Smeckách 30 
Praha 2
PoStovní Novinová Sluzba 
Dovoz tisku 
Vinohradská 46 
Praha 2
Mad’arská Kultúra 
Václavské nám. 2 
Praha I
S LOVART A. G.
Gorkého
Bratislava

DENMARK
Ejnar Munksgaard 
Nörregade 6 
Copenhagen

FINLAND
Akateeminen Kirjakauppa
Keskuskatu 2
Helsinki

FRANCE
Office Internationa de Documentation
et Librairie
48, rue Gay-Lussac
Paris 5

GERMAN DEMOCRATIC REPUBLIC 
Deutscher Buch-Export und Import 
Leninstraße 16 
Leipzig 701 
Zeitungsvertriebsamt 
Fruchtstraße 3 — 4 
1004 Berlin

GERMAN FEDERAL REPUBLIC 
Kunst und Wissen 
Erich Bieber 
Postfach 46 
7 Stuttgart S.

GREAT BRITAIN
Blackwell’s Periodicals 
Oxenford House 
Magdalen Street 
Oxford
Collet’s Subscription Import
Department
Dennington Estate
We/lingsborough. Northants.
Robert Maxwell and Co. Ltd.
4—5 Fitzroy Square 
London W. I

HOLLAND
Swetz and Zeitlinger 
Keizersgrächt 471 —487 
Amsterdam C.
Martinus Nijhof 
Lange Voorhout 9 
The Hague

INDIA
Hind Book House 
66 Babar Road 
New Delhi I

ITALY
Santo Vanasia 
Via M. Macchi 71 
Milano
Libreria Commissionaria Sansoni
Via La Marmora 45
Firenze
Techna
Via Cesi 16.
40135 Bologna

JAPAN
Kinokuniya Book-Store Co. Ltd. 
826 Tsunohazu 1-chôme 
Shinjuku-ku 
Tokyo
Maruzen and Co. Ltd.
P. O. Box 605 
Tokyo-Central

KOREA
Chulpanmul
Phenjan

NORWAY
Tanum-Cammermeyer 
Karl Johansgt 41 —43 
Oslo I

POLAND
RUCH
ul. Wronia 23 
Warszawa

ROUMANIA
Cartimex
Str. Aristide Briand 14—18 
Bucurefti

SOVIET UNION
Mezhdunarodnaya Kniga 
Moscow G —200

SWEDEN
Almquist and Wiksell 
Gamla Brogatan 26 
S - I0 I  20 Stockholm

USA
F. W. Faxon Co. Inc.
15 Southwest Park 
Westwood Mass. 02090 
Stechert Hafner Inc.
31. East 10th Street 
New York, N. Y. 10003

VIETNAM 
Xunhasaba 
19, Tran Quoc Toan 
Hanoi

YUGOSLAVIA
Forum
Vojvode MiSiáa broj 1 
Novi Sad
Jugoslovenska Knjiga 
Terazije 27 
Beograd

30. X I I .  1971 I n d e x :  26 .007


	1-2. szám����������������
	INORGANIC AND ANALYTICAL CHEMISTRY�����������������������������������������
	Szarvas P.–Győri B.–Emri J.: Preparation and Properties of Tripyrrolylborane�����������������������������������������������������������������������������������

	PHYSICAL CHEMISTRY�������������������������
	Mezey L.: Description of First Order Phase Transformations by Potential Theory�������������������������������������������������������������������������������������
	Földiák G.–Wojnárovits L.: Radiation Chemistry of Saturated-Unsaturated Hydrocarbon Systems, IV.�������������������������������������������������������������������������������������������������������
	Mink J.–Pentin, Yu.: Vibrational Spectra of Organomercury Compounds, VIlI.���������������������������������������������������������������������������������
	Cyvin, S. J.–Vizi B.: Molecular Vibrations and Mean Square Amplitudes, IV.���������������������������������������������������������������������������������

	ORGANIC CHEMISTRY������������������������
	Shabana, M. Marruan–Bite Pál: Solanum Glycosides, VII.�������������������������������������������������������������
	Szabó J.–Varga I.–Vinkler E.–Barthos É.: Chemistry of 4H-l,3-Benzothiazine Derivatives, III.���������������������������������������������������������������������������������������������������
	Sohár P.–Vargha L.–Kuszmann J.: Association Structure of 3-Hydroxy-Chromones�����������������������������������������������������������������������������������
	Mező I.–Tanács B.–Teplán L.–Bursics L.–Márton J.: Preparation of DL-N-Methyl-N-Propargyl-1-Phenyl-2-Aminopropane Hydrochloride (Cardison) Labelled with Carbon-14 and Tritium������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Novák L.–Bang, Ng.–Szántay Cs.: Synthesis of an Analogue of "Quantril" Containing Indolo-QuinoIizidine Ring������������������������������������������������������������������������������������������������������������������
	Szejtli J.–Henriques, R. D.–Castiňeira, M.: The Acid Hydrolysis of Melibiose�����������������������������������������������������������������������������������
	Toldy L.–Tóth I.–Borsi J.–Andrási F.: .: Piperazinderivative, III.�������������������������������������������������������������������������
	Csűrös Z.–Deák Gy.–Sallay P.: .: Preparation of 2,4,6-Tri-Arylpyrylium Fluoroborates from Aromatic Aldehydes and Acetophenone Derivatives, II.�����������������������������������������������������������������������������������������������������������������������������������������������������
	Farkas M.–Tamás J.–Deák Gy.: Hydrolysis of Acetylcholine Studied by a Quantum Chemical Method, II.���������������������������������������������������������������������������������������������������������
	Bartók M.–Láng-Lakos K.–Bozóki-Bartók G.: The Chemistry of 1,3-Bifunctional Systems, XII.������������������������������������������������������������������������������������������������
	Usmanov, Kh. U.–Razikov, K. X.–Isamuhamedova, I. I.: Electronmicroscopic Investigation of the Surface and Fibrillary Structure of Modified Cotton Fibres���������������������������������������������������������������������������������������������������������������������������������������������������������������
	Rezikov, Kh. K.–Tyagay, E. D.–Usmanov, Kh. U.: Corollation of Structural and Chemical Changes in Cotton Cellulose������������������������������������������������������������������������������������������������������������������������

	RECENSIONES������������������
	Láng L.: International Compendium of Numerical Data Projects, XXIII��������������������������������������������������������������������������
	Toldy L.: N. Anand–J. S. Bindra–S. Ranganathan: Art in Organic Synthesis�������������������������������������������������������������������������������
	Hardy Gy.: S. J. Barker–M. B. Price: Polyacetals�������������������������������������������������������
	Hardy Gy.: Wallace M. Pasika: Advances in Macromolecular Chemistry, Vol. 2.����������������������������������������������������������������������������������
	Csákvári B.: Fortschritte der chemischen Forschung. Band 14, Heft 1.���������������������������������������������������������������������������
	Csákvári B.: A kémia újabb eredményei (Neuere Ergebnisse der Chemie). Band 1.;Band 2.��������������������������������������������������������������������������������������������
	Csákvári B.–Kőrös Endre: Zoltán Szabó–Kálmán Burger–Kőrös Endre:Über die Pearsinsche Interpretation der Lewisschen Säure-Basen-Reaktionen������������������������������������������������������������������������������������������������������������������������������������������������
	Csákvári B.: Pál Szarvas: Neure Ergebnisse in der Chemie der anorganischen Polysäuren��������������������������������������������������������������������������������������������
	Csákvári B.: Ferenc Török : Analoge Züge  der Schwingungstheorie von Molekülen und Kristallen����������������������������������������������������������������������������������������������������
	Csákvári Béla: László László–László Pólos: Die Gravimetric als Grundlage der chemischen Analyse������������������������������������������������������������������������������������������������������
	Csákvári Béla: Pungor Ernő–Szász Ágnes: Neuere Entwincklugen der Flammenphotometrie������������������������������������������������������������������������������������������
	Csákvári Béla: Medzihradszky Kálmán: Neueste Ergebnisse auf dem Gebiet der Synthese natürlicher Peptide��������������������������������������������������������������������������������������������������������������
	Deák Gy.: László Markó-Gábor Speier: Stickstoff-Fisierung in synthetischen Systemen unter milden Reaktionsbedingungen����������������������������������������������������������������������������������������������������������������������������


	3. szám��������������
	INORGANIC AND ANALYTICAL CHEMISTRY�����������������������������������������
	Zsakó J.–Várhelyi Cs.–Bleoca, S.: Kinetics and Mechanism of Substitution Reactions of Complexes, XXXVI.��������������������������������������������������������������������������������������������������������������
	Upor E.–Nagy Gy.: Separation of Trace Elements by Precipitation, IX.���������������������������������������������������������������������������
	Gyenes I.: Application of Superheated Benzene Vapour Distillation in the Separation of Amines����������������������������������������������������������������������������������������������������
	Pungor Ernő–Fehér Zs.–Nagy G.: Voltammetric Determination of Some Drugs Using Silicone Rubber Based Graphite Electrode�����������������������������������������������������������������������������������������������������������������������������

	PHYSICAL CHEMISTRY�������������������������
	Liszi J.: Association of Propionic Acid in Vapour Phase��������������������������������������������������������������
	Kakatos B.–Turcsányi B.–Tüdős F.: Chemistry of Free Radicals, VIlI.��������������������������������������������������������������������������
	Géherné Glücklich Judit–Beck M. T.: Investigation of the Reaction of Chromium(lIl) and Ethylenediaminetetraacetic Acid, I.���������������������������������������������������������������������������������������������������������������������������������
	Géherné Glücklich Judit–Beck M. T.: Investigation of the Reaction of Chromium(lIl) and Ethylenediaminetetraacetic Acid, II.����������������������������������������������������������������������������������������������������������������������������������

	ORGANIC CHEMISTRY������������������������
	Tomasz J.: Synthesis of Some L-Aspartic and L-Glutamic Acid Derivatives������������������������������������������������������������������������������
	Tomasz J.: A Further Simplified Hardegger Method for the Synthesis of 2-Deoxy-D-Ribose���������������������������������������������������������������������������������������������
	Sasvári K.–Széll T.: On the Crystallization of 2,4,6-tribenzoyloxypropiophenone C30H22O7 from Solutions in Different Solvents������������������������������������������������������������������������������������������������������������������������������������
	Bernáth G.–Csókási E.–Hevér I.–Gera L.–Kovács K.: Stereochemical Studies, IX. Cyclic Aminoalcohols and Related Compounds, III.�������������������������������������������������������������������������������������������������������������������������������������

	RECENSIONES������������������
	Telcs I.: M. Prettre–B. Claudel: Eléments dr Cinétique Chimique����������������������������������������������������������������������
	Török F.: G. Klopman–B. O'leary: All-valence electrons SCF calculations������������������������������������������������������������������������������
	Schay Géza: F. Tamás–I. Pál: Phase Equilibria, Spatial Diagrams����������������������������������������������������������������������
	Kiss L.: J. Koryta–I. Dvořák–V. Boháčková: Electrochemistry������������������������������������������������������������������


	4. szám��������������
	PHYSICAL CHEMISTRY�������������������������
	Huszár K.–Rácz Gy.–Székely Gy.: Investigation of the Partial Catalytic Oxidation of Methane, I.������������������������������������������������������������������������������������������������������
	Rácz Gy.–Székely Gy.: Investigation of the Partial Catalytic Oxidation of Methane, II.���������������������������������������������������������������������������������������������
	Kiss L.–Lien, Do Ngoc–L. Varsányi Magda: Study on the Passivation of Iron in Water-Acetic Acid Mixture�������������������������������������������������������������������������������������������������������������
	Géczy I.–Nasr, H. I.: Polymerization of Acrylamide with the Redox System K2S2O8-Ascorbic Acid in Aqueous Solution at Room Temperature��������������������������������������������������������������������������������������������������������������������������������������������
	Dézsi I.–Gorobchenko, V. D.–Komor M.–Lukashevich, I. I.–Vértes A.–Tsitskishvili, K. F.: Mössbauer Study of Frozen Ferric Perchlorate Solutions at Different pH���������������������������������������������������������������������������������������������������������������������������������������������������������������������
	Ladányi L.: Étude des propriétés chimiques et électrochimiques des indicateurs d'oxydoréduction fonctionnant en milieux non-aqueux,I.��������������������������������������������������������������������������������������������������������������������������������������������
	Sohár P.–Széll T.–Dudás T.: New Nitrochalcones, XI.����������������������������������������������������������
	Derbentsev, Yu. I.–Paál Z.–Tétényi P.: On the Mechanism of Benzene Hydrogenation on Metal Catalysts����������������������������������������������������������������������������������������������������������

	ORGANIC CHEMISTRY������������������������
	Szabolcs J.–Tóth Gy.: Conversion of Retro-dehydrocarotene into Isozeaxanthin and Isozeaxanthin Epoxides with Perphthalic Acid������������������������������������������������������������������������������������������������������������������������������������
	Szejtli J.–Henriques, R. D.–Castiňeira, M.: The Acid Hydrolysis of Inulin��������������������������������������������������������������������������������
	Egri J.–Halmos J.–Rákóczi J.: The Synthesis of 1,2-Diisobutoxybenzene����������������������������������������������������������������������������

	CHEMICAL TECHNOLOGY��������������������������
	Sasvári K.–Hites F.–Blickle T.: A Study of Dynamic Foams���������������������������������������������������������������

	RECENSIONES������������������
	Szabó Z. G.: I. Gyenes: Titrationen in nichtwäsrigen Medien������������������������������������������������������������������
	Láng L.: International Compendium of Numerical Data Projects. Produced by CODATA���������������������������������������������������������������������������������������
	Kiss L.: J. Koryta–I. Dvořák–V. Boháčková: Electrochemistry������������������������������������������������������������������
	Bognár Rezső: Carbohydrate Chemistry. Fortschritte der chemischen Forschung. Topics in Current Chemistry, Band 14, Heft 4.���������������������������������������������������������������������������������������������������������������������������������
	Csákvári B.: W. Guttmann–E. Hengge: Allgemeine und anorganische Chemie�����������������������������������������������������������������������������
	Beke B.: M. Moser: Grinding tools with ceremicbonding������������������������������������������������������������


	Oldalszámok������������������
	_1���������
	_2���������
	_3���������
	_4���������
	_5���������
	_6���������
	_7���������
	_8���������
	1��������
	2��������
	3��������
	4��������
	5��������
	6��������
	7��������
	8��������
	9��������
	10���������
	11���������
	12���������
	13���������
	14���������
	15���������
	16���������
	17���������
	18���������
	19���������
	20���������
	21���������
	22���������
	23���������
	24���������
	25���������
	26���������
	27���������
	28���������
	29���������
	30���������
	31���������
	32���������
	33���������
	34���������
	35���������
	36���������
	37���������
	38���������
	39���������
	40���������
	41���������
	42���������
	43���������
	44���������
	45���������
	46���������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������
	57���������
	58���������
	59���������
	60���������
	61���������
	62���������
	63���������
	64���������
	65���������
	66���������
	67���������
	68���������
	69���������
	70���������
	71���������
	72���������
	73���������
	74���������
	75���������
	76���������
	77���������
	78���������
	79���������
	80���������
	81���������
	82���������
	83���������
	84���������
	85���������
	86���������
	87���������
	88���������
	89���������
	90���������
	91���������
	92���������
	93���������
	94���������
	95���������
	96���������
	97���������
	98���������
	99���������
	100����������
	101����������
	102����������
	103����������
	104����������
	105����������
	106����������
	107����������
	108����������
	109����������
	110����������
	111����������
	112����������
	113����������
	114����������
	115����������
	116����������
	117����������
	118����������
	119����������
	120����������
	121����������
	122����������
	123����������
	124����������
	125����������
	126����������
	127����������
	128����������
	129����������
	130����������
	131����������
	132����������
	133����������
	134����������
	135����������
	136����������
	137����������
	138����������
	139����������
	140����������
	141����������
	142����������
	143����������
	144����������
	145����������
	146����������
	147����������
	148����������
	149����������
	150����������
	151����������
	152����������
	153����������
	154����������
	155����������
	156����������
	157����������
	158����������
	159����������
	160����������
	161����������
	162����������
	163����������
	164����������
	165����������
	166����������
	167����������
	168����������
	169����������
	170����������
	171����������
	172����������
	173����������
	174����������
	174_1������������
	174_2������������
	174_3������������
	174_4������������
	174_5������������
	174_6������������
	174_7������������
	174_8������������
	174_9������������
	174_10�������������
	175����������
	176����������
	177����������
	178����������
	179����������
	180����������
	181����������
	182����������
	183����������
	184����������
	185����������
	186����������
	187����������
	188����������
	189����������
	190����������
	191����������
	192����������
	193����������
	194����������
	195����������
	196����������
	197����������
	198����������
	199����������
	200����������
	201����������
	202����������
	203����������
	204����������
	205����������
	206����������
	207����������
	208����������
	209����������
	210����������
	211����������
	212����������
	213����������
	214����������
	215����������
	216����������
	217����������
	218����������
	219����������
	220����������
	221����������
	222����������
	223����������
	224����������
	225����������
	226����������
	227����������
	228����������
	229����������
	230����������
	231����������
	232����������
	233����������
	234����������
	235����������
	236����������
	237����������
	238����������
	239����������
	240����������
	241����������
	242����������
	243����������
	244����������
	245����������
	246����������
	247����������
	248����������
	249����������
	250����������
	251����������
	252����������
	253����������
	254����������
	255����������
	256����������
	257����������
	258����������
	259����������
	260����������
	261����������
	262����������
	263����������
	264����������
	265����������
	266����������
	267����������
	268����������
	269����������
	270����������
	271����������
	272����������
	272_1������������
	272_2������������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	286_1������������
	286_2������������
	286_3������������
	286_4������������
	286_5������������
	286_6������������
	286_7������������
	286_8������������
	286_9������������
	286_10�������������
	286_11�������������
	286_12�������������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������
	300����������
	301����������
	302����������
	303����������
	304����������
	305����������
	306����������
	307����������
	308����������
	309����������
	310����������
	311����������
	312����������
	313����������
	314����������
	315����������
	316����������
	317����������
	318����������
	319����������
	320����������
	321����������
	322����������
	323����������
	324����������
	325����������
	326����������
	327����������
	328����������
	329����������
	330����������
	331����������
	332����������
	333����������
	334����������
	335����������
	336����������
	337����������
	338����������
	339����������
	340����������
	341����������
	342����������
	343����������
	344����������
	345����������
	346����������
	347����������
	348����������
	349����������
	350����������
	351����������
	352����������
	353����������
	354����������
	355����������
	356����������
	357����������
	358����������
	359����������
	360����������
	361����������
	362����������
	363����������
	364����������
	365����������
	366����������
	367����������
	368����������
	369����������
	370����������
	371����������
	372����������
	373����������
	374����������
	375����������
	376����������
	377����������
	378����������
	379����������
	380����������
	381����������
	382����������
	383����������
	384����������
	385����������
	386����������
	387����������
	388����������
	389����������
	390����������
	391����������
	392����������
	393����������
	394����������
	395����������
	396����������
	397����������
	398����������
	399����������
	400����������
	401����������
	402����������
	403����������
	404����������
	405����������
	406����������
	407����������
	408����������
	409����������
	410����������
	411����������
	412����������
	413����������
	414����������
	415����������
	416����������
	417����������
	418����������
	419����������
	420����������
	421����������
	422����������
	423����������
	424����������
	425����������
	426����������
	439����������
	440����������


