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In the i so top ic  exchange  of hydrogen  in XH bonds  
(X r e p r e s e n t s  an a tom with u n s h a r e d  e l e c t r o n  p a i r s ) ,  
an i m p o r t a n t  r o l e  i s  p l ayed  by  the t r a n s f e r  of p ro tons  
in a cyc l i c  complex  with hydrogen  bonds  [1]. Data  ob -  
ta ined  by the EPR method  show that  the p r o c e s s  i s  
c a t a l y z e d  by a c i d s  and b a s e s ,  and the va lue  of the r a t e  
cons t an t s  for  r e a c t i o n s  involving ions  a r e  highe r by 
s e v e r a l  o r d e r s  of magni tude  than those  for  r e a c t i o n s  
involving n e u t r a l  m o l e c u l e s  [2, 3]. This  l a s t  type of 
r e a c t i o n  i s  m o s t  conven ien t ly  s tud ied  in the ga se ous  
phase  o r  in so lu t ion  in an i n e r t  so lvent .  The use  of 
NMR under  t hese  condi t ions  is  a s s o c i a t e d  with c o n s i d -  
e r a b l e  t echn ica l  d i f f i cu l t i e s ,  and i n f r a r e d  s p e c t r o s -  
copy might  be of c o n s i d e r a b l e  use  in th is  connect ion.  
An a t t e m p t  to use  i n f r a r e d  s p e c t r o s c o p y  to s tudy the 
k ine t i c s  of the i so top ic  exchange  of hydrogen  in the 
hydroxy l  g roup  of a l c o h o l s  and w a t e r  in the g a s e o u s  
phase  [4] was  unsucces s fu l ,  however .  The a u t h o r s  [4] 
could only s t a t e  that  the e q u i l i b r i u m  d i s t r i b u t i o n  of 
the i s o t o p e s  i s  c o m p l e t e  in l e s s  than 20 sec .  

In the p r e s e n t  work ,  we chose  a s  one of the r e a c -  
t ion p a r t n e r s  a thiol ,  RSH. We s tud ied  the exchange  
r e a c t i o n s  of me thane th io l  and 2 - m e t h y l p r o p a n e t h i o l  
with d - m e t h a n o l  in the g a s e o u s  phase  and of d - 2 -  
m e t h y l p r o p a n e t h i o l  with me thano l  and ace t i c  ac id  in 
so lu t ion  in CC14. The r e a c t i o n s  w e r e  c a r r i e d  out in 
g l a s s  a b s o r p t i o n  c e i l s  with L iF  and CaF  2 windows at  
r o o m  t e m p e r a t u r e ,  26 �9 2 ~ C. In the g a s e o u s  phase ,  
the e x p e r i m e n t s  w e r e  c a r r i e d  out a t  a p r e s s u r e  of the 
componen t s  equal  to 2 0 - 8 0  m m  Hg in a ce l l  with a 
length of 19 cm; in the e x p e r i m e n t s  with the so lu t ions ,  
the c o n c e n t r a t i o n s  w e r e  v a r i e d  in the r a n g e s  0 . 0 0 3 -  
0.08 M for  the a lcohol ,  0 .002-0 .004  M for  the ac id ,  
and 0 .003-0 .1  M fo r  the th io l ,  with ce l l  t h i c k n e s s e s  
in the r ange  1 - 5  cm.  The k ine t i c s  of the r e a c t i o n  we re  
m e a s u r e d  f rom the change in the in t ens i ty  of the v(OH) 
and v(OD) abso rp t i on  bands  with t i m e  (see  the  f igure) .  
The e x p e r i m e n t s  we re  c a r r i e d  out with IKS-12 i n s t r u -  
m e n t s  with an L i F  p r i s m  and an OAP-1  r e c e i v e r ,  and 
with a mod i f i ed  IKS-6 i n s t r u m e n t  [5]. 

The f i r s t  e x p e r i m e n t s  showed that  the e q u i l i b r i u m  
d i s t r i b u t i o n  of the i so topes  in the s y s t e m  is  e s t a b l i s h e d  
in 1 -30  min,  so that  the k ine t i c s  of the p r o c e s s  can be 
fo l lowed f a i r l y  a c c u r a t e l y .  The p r o c e s s  obeys  the e x -  
ponent ia l  law 

lOHlt == [OH]~ + ([OH10- [OH]c~)e -rt, 
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A b s o r p t i o n  s p e c t r a  of a m i x t u r e  of CHaSH 
and CDaOD v a p o r  in the r eg ion  of : v(OH) ~ 

3680 cm -1 (a); v(CH) ~ 2950 cm-1; and 
v(OD) ~ 2720 c m  -1 (b): 1) s p e c t r u m  of 
CDaOD vapor ;  2) s p e c t r u m  of a m i x t u r e  
of CDaOD + CHaSH v a p o r  in a s ta te  of 
i so top ic  e q u i l i b r i u m .  P a r t i a l  p r e s s u r e  

of the componen t s  40 m m  Hg. 

where  the e x p e r i m e n t a l l y  m e a s u r e d  va lue  of r is  r e -  
la ted  to the r a t e  of i so top ic  exchange  R by the e x p r e s -  
s ion [6] 

R = - r  t �9 
[OH] fi- [ODI [SHI + [SDI 

This  r e l a t i o n s h i p  i s  c o r r e c t  when the i so tope  effect  i s  
neg lec ted .  The va lues  of r m e a s u r e d  f rom the v(OH) 
and v(OD) bands  d i f fe r  by 15-20%.  

C o m p a r i s o n  of the r e s u l t s  obta ined with publ i shed  
da ta  [4] shows that  in the ga se ous  phase  an exchange 
r e a c t i o n  of the type 

ROH L R SH*--* ROH* + RSH 

t akes  p lace  m o r e  s lowly  than the exchange  of hydrogen  
be tween hydroxy l  g roups .  Thus,  a t  a methanol  p r e s -  
su r e  of 80 m m  Hg and a me thane th io l  p r e s s u r e  of 40 
m m  Hg, the r a t e  of i so top ic  exchange ,  m e a s u r e d  f r o m  
the v(OH) and v (OD)bands ,  has  the va lues  10.5 and 
9 . 5 - 1 0  -G m o l e / l . s e c  r e s p e c t i v e l y  (ha l f -exchange  t ime  
150 see) .  

A c c o r d i n g  to s p e c t r o s c o p i c  da ta  [7, 8], th io ls  f o r m  
w e a k e r  hydrogen  bonds  with e i t h e r  the hydrogen  a tom 
o r  the suffur  a tom,  when c o m p a r e d  with hydroxy l  
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compounds  of ana logous  s t r u c t u r e ,  even  though the 
th io l s  a r e  s t r o n g e r  a c i d s .  F r o m  this  i t  fo l lows that  
the r a t e  of i so top ic  exchange  depends  p r i m a r i l y  on 
those  f e a t u r e s  of the s t r u c t u r e  of the e l e c t r o n  c louds  
of the m o l e c u l e  p a r t n e r s  which d e t e r m i n e  the p r o t o n -  
donat ing  and p r o t o n - a c c e p t i n g  power  of the exchanging  
g r o u p s  in hydrogen  bond f o r m a t i o n .  

M e a s u r e m e n t  of the r a t e  of exchange  of me thano l  
and a c e t i c  a c id  with d - 2 - m e t h y l p r o p a n e t h i o l  in CC14 
so lu t ion  shows that  the exchange with the ac id  i s  f a s t e r  
by a l m o s t  two o r d e r s  of magni tude  than that  fo r  the 
a lcohol .  The a v e r a g e  va lue s  of the r a t e  cons t an t s ,  
c a l c u l a t e d  on the a s s u m p t i o n  that  the p r o c e s s  i s  b i -  
m o l e c u l a r ,  a r e  3.5 �9 10 -2 and 2.5 / / m o l e  ~ sec  fo r  the 
m e t h a n o l - 2 - m e t h y l p r o p a n e t h i o l  and ace t i c  a e i d - 2 -  
m e t h y l p r o p a n e t h i o l  s y s t e m s ,  r e s p e c t i v e l y .  The m a r k e d  
i n c r e a s e  in the r a t e  of i so top ic  exchange  on going 
f r o m  me thano l  to ace t i c  ac id  a g r e e s  with the i n -  
c r e a s e  in the p r o t o n - d o n a t i n g  power  of the OH group,  
and p r o v i d e s  f u r t h e r  ev idence  in suppo r t  of the s u g -  
ge s t i on  that  the e l e m e n t a r y  ac t  of i so top ic  exchange  
i s  the s i m u l t a n e o u s  t r a n s f e r  of p ro tons  in a cyc l i c  
complex  with hyd rogen  bonds .  

The k ine t i c s  of i so top ic  exchange  be tween methano l  
and 2 - m e t h y l p r o p a n e t h i o l  w e r e  a l s o  m e a s u r e d  in the 
g a s e o u s  phase~ It was  found that a p p r o x i m a t e l y  equal  
r a t e s  of exchange  a r e  o b s e r v e d  at  c o n c e n t r a t i o n s  of 
the componen t s  in the ga seous  phase  which a r e  s m a l l e r  
by f a c t o r s  of 5 - 1 0  than those  in so lu t ion ,  i . e . ,  e x -  
change  t akes  p lace  m o r e  s lowly  in so lu t ion  than in 
the g a s e o u s  phase .  This  r e s u l t  can be unde r s tood  on 
the b a s i s  of pub l i shed  da ta  [9], a c c o r d i n g  to which,  
i n c r e a s e  in the e n e r g y  of the r e a c t i o n  of h y d r o x y l -  

conta in ing  m o l e c u l e s  with a so lvent  l eads  to an in -  
c r e a s e  in the l i f e t ime  of the pro ton  be tween  the two 
a c t s  of exchange .  On going f r o m  the ga se ous  phase  
to the so lu t ion  in CCIt,  the e n e r g y  of the p r o t o n - d o n a -  
t ing m o l e c u l e s  i s  l owered  by a c o n s i d e r a b l e  amount  
[10], and th is  a p p a r e n t l y  exp la in s  the d e c r e a s e  in the 
r a t e  of i so top ic  exchange  of hydrogen .  

The a u tho r s  thank V. M. Chulanovski i  for  his  con-  
s tan t  i n t e r e s t .  
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