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According to the resul ts  of physicochemical  analysis,  ammonium salts exist in solvents of low di- 
e lectr ic  constant as strongly associated ion pairs .  In previous studies [1, 2] the effects of this associat ion 
on the IR spect ra  and NMR spectra  of solutions of t r ia lkylammonium salts have been described.  With for-  
mation of the ion pai rs  of d imers  and of higher aggregates  the u(NH) band is shifted discretely to the high 
frequency region. This shift has been observed when t r ia lkylammonium halides interact  with other mole-  
cules, which possess  a significant dipole moment, the magnitude of the shift increasing with r ise in the di- 
pole moment of the molecule-par tner .  Analysis of the spectroscopic  data suggests  the existence in solution 
of d ipole-d ipole  type complexes [1, 3]. 

In the present  work the interaction of t r ia lkylammonium halides R3NHHa/ (R=CsH17 , C10H21, Hal  =CI, 
Br) with molecules of the proton donors C H~OH, i so-C4HpSH and C HC13 in CC14 solution has been studied. 
The resul ts  of ea r l i e r  studies [4-6], in which the IR spectra  were measured  in the region of the v(OH) and 
u(CH) bands, of solutions of alcohol and ehloroform in the presence  of ammonium salts showed that these 
molecules form hydrogen bonds with the anions of the salts.  Investigation of the effects of these bonds on 
the v (NH) bands of the cation in the ion pairs  provides additional information charac ter iz ing  the in termo-  
lecular  interaction in which the ammonium salts in the solutions participate.  The study was ca r r i ed  out 
in the 1800-2800 cm -1 region on an IKS-12 spec t rometer  with an LiF pr i sm.  

In Fig. 1 are  shown the spect ra  of 0.0075 moles / l i t e r  solutions of t r idecylammonium chloride in CC14 
containing 0.075 and 0.75 moles / l i t e r  alcohol and 0.75 moles / l i t e r  chloroform.  The v (NH) band of the t r i -  
decylammonium chloride solution with two maxima at 2050 and 2300 cm -1 aser ibed to monomeric  and di- 
mer ic  salt molecules [1] noticeably changes its position and shape in the presenee  of proton donor mole-  
eules. The v (NH) band undergoes the la rges t  shift, compared with the shift on formation of a d ipole-dipole  
complex with a molecule of a te t raalkylammonium salt, in the presence  of methanol, which was the most  
active medium of the donors studied. Interaction with chloroform leads to a much smal le r  shift of the v (NH) 
band, compared with the shift caused by formation of the d ipole-dipole  complex with acetonitr i le .  In the 
presence  of 0.05 and 0.5 moles / l i t e r  i so-butylmercaptan the appearance of the u (NH) band hardly changes. 
This could be due not only to a small  shift invalue of the v (NH) band on formation of the SH.. .C1- hydrogen 
bond, but also to a low concentration of the complexes with this bond. Since the dipole moments  of the donor 
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Fig. 1o Spectra of (CloH20~NHC1 , 
0.0075 moles / l i t e r  solution in: 
1) CC14 and in CC14 containing 
2) 0.75 moles / l i ter  CHC13; 3) 
0.075 moles / l i ter  CHaOH, and 
4) 0.75 moles/ l i ter  CH3OH. 

molecules are  not ve ry  large (1.65; 1.2 and 1.4 D for CH3OH , CHCI 3 
and iso-C4HpSH ) and there is no corre la t ion  between the values of 
the frequency shift and the dipole moment of the par tner ,  it can be 
inferred that the observed changes in the spec t rum are  caused, 
mainly, by formation of the X - H . . . H a l  hydrogen bond. The increase  
in the frequency v (N+H...C1-) on formation of the hydrogen bond can 
be explained by a shift in the electron cloud of the anion towards the 
proton donor and by a decrease  in the e lectron density at the N+H. . .  
C1- bond. This results  in a weakening of the N+H.. .C1- bond and to 
an increase  iv the v (NH) frequency. 
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T A B L E  1 

Compound 

CH~OD :[SO -C,HgSD 
(to -2 M)) (5.10"2 M) 

l/2, k, 1/ I "~/2.1 k liters/ 
sec M.seclmm M. see 

R3NHC1 
10 -3, M 

5-10 -3, M 

RaNHBr 
10 -a, M 

5.10 -a, M 

R3NHJ 
10 -a, M 

5.10 -z, M 

2 

6 

10 

3O 

I0,5 

6,3 

5 4,2:10 -2 

10 2,1.10 .2 

11 1,9.10 -e 

~o 700 see 
F ig .  2. K ine t i c  c u r v e s  fo r  the  h y -  
d r o g e n  e x c h a n g e  r e a c t i o n :  1) Oct3N- 
HC1 (10 -3 m o l e / l i t e r ) ;  2 ) O c t 3 N H B r  
(10 -3 m o l e / l i t e r )  + CH3OD ( 1 0 - 3 m o l e /  
l i t e r ) ;  3) Oct3NHJ (10 -3 m o l e / l i t e r ) .  
So lvent  CC14. 

We no ted  tha t  with an e x c e s s  of the p r o t o n  donor  in s o l u -  
t ion  the anion  could  c o m b i n e  with  m o r e  than one donor  m o l e -  
cu le .  Th i s ,  a p p a r e n t l y ,  e x p l a i n s  the d i f f e r e n c e  be tw e e n  the s p e c -  
t r a  of t r i d e c y l a m m o n i u m  c h l o r i d e  with a t en fo ld  and a h u n d r e d -  
fold  e x c e s s  of m e t h a n o l  in CC14. In s o l u t i o n s  of t r i o c t y l a m -  
m o n i u m  c h l o r i d e  in p u r e  CHC13 on d e c r e a s i n g  the s a l t  c o n c e n -  
t r a t i o n  no band  a p p e a r e d  which,  as  in the  c a s e  of so lu t i ons  in 
CC14, cou ld  be a s c r i b e d  to a m o n o m e r  ion p a i r ,  and  i t  was  not  
p o s s i b l e  to o b s e r v e  s p e c t r o s c o p i c a l l y  the d i s s o c i a t i o n  of the  
s a l t  into m o n o m e r  m o l e c u l e s .  The unusua l  f e a t u r e  of c h l o r o -  
f o r m  a s  a s o l v e n t  l i e s  in the  fac t  tha t  f o r m a t i o n  of a h y d r o g e n  
bond of the an ion  of the s a l t  wi th  the  CH group  of the c h l o r o f o r m  
l e a d s  to a sh i f t  of  the  v (NH) band of the  ca t i on  to the  high f r e -  
quency  r e g i o n ,  wi th  a p p r o x i m a t e l y  the  s a m e  v a l u e  as  the  low 
f r e q u e n c y  sh i f t  of the  v (NH) band,  which  a r i s e s  du r ing  d i s s o c i a -  
t ion  of the  d i m e r  s a l t  m o l e c u l e s .  

The s p e c t r a  of t r i a l k y l a m m o n i u m  b r o m i d e  and iod ide  in 
the  p r e s e n c e  of CH3OH , CHCI3, iso-CaHgSH change  in a s i m i l a r  
way .  The sh i f t  of the v (NH) f r e q u e n c y  due to f o r m a t i o n  of a hy -  
d r o g e n  bond  with  the anion  d e c r e a s e s  in the s e r i e s  CI - ,  B r - ,  I -  
c o r r e s p o n d i n g  to the  d e c r e a s e  in p r o t o n - a c c e p t o r  a b i l i t y  of the  
an ions  in the  s e r i e s .  W h e r e a s  the  i n c r e a s e  in the  f r e q u e n c y  of 
the  c h l o r i d e  m o n o m e r  at  2050 c m  -1 fo r  a hundred fo ld  e x c e s s  of 
m e t h a n o l  i s  450 c m  -1, the band  of the b r o m i d e  m o n o m e r  at  2250 
c m  -1 sh i f t s  350 c m  -1 at  a 0.005 m o l e s / l i t e r  s a l t  and 0.5 m o l e s /  
l i t e r  a l c oho l  con ten t  and the band of the  m o n o m e r  iod ide  a t  2450 
c m  -1 sh i f t s  150 c m  -1 at  the  s a m e  c o n c e n t r a t i o n s  of s a l t  and a l -  
coho l .  

Add i t i ona l  i n f o r m a t i o n  about  the i n t e r a c t i o n  b e t w e e n  p r o t o n  
d o n o r s  and a m m o n i u m  s a l t s  in so lu t i on  i s  p r o v i d e d  by  the r e s u l t s  
of  a s tudy  of the r a t e  of  exchange  of the  h y d r o g e n  of the N H g r o u p  
of the  s a l t  and the  OH o r  SH g roup  of the donor .  The k i n e t i c s  
of the  r e a c t i o n s  

Rs NHHal + CHsOD .-> R3NDHal + CH3OH, 

R3NHHal + iso-C4HgSD -<2 R3NDHal -~ iso-C4HgSH 

w e r e  fo l lowed  in CC14 s o l u t i o n  by the change  in the  i n t e n s i t y  of the  v(NH) band  of the  s a l t  a f t e r  a d d i t i o n  to 
a s o l u t i o n  of a d e u t e r i u m  donor .  The  e x p e r i m e n t 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 l l s  wi th  C a F  2 and 
L i F  windows .  In F ig .  2 a r e  d e p i c t e d  the  k i n e t i c  c u r v e s  fo r  h y d r o g e n  exchange  of the  t r i a l k y l a m m o n i u m  
h a l i d e s  wi th  D - m e t h a n o l .  Along the a b s c i s s a  i s  p lo t t e d  the  funct ion l - F =  ( D t - D ~ o ) / ( D o - D ~ ) ,  w h e r e  Do, Dr, 
19oo a r e  the  op t i c a l  d e n s i t i e s  of the  v (NH) band  a t  the  i n i t i a l  m o m e n t  of t i m e ,  a t  t i m e  t, and a f t e r  an e q u i l i -  
b r i u m  d i s t r i b u t i o n  of i s o t o p e s  h a s  b e e n  e s t a b l i s h e d .  The p r o c e s s  obeys  the  e x p o n e n t i a l  l aw  

[NH]~ = [NH]:o + ([NH ]0 - -  [NH]~) e -'~ , 

and  the e x p e r i m e n t a l l y  m e a s u r e d  v a l u e  of r i s  c o n n e c t e d  wi th  the  r a t e  of i s o t o p i c  exchange  by  the r a t i o  

( 1 1 /- '  
R = r  [ N H I + [ N D ]  + [ O H I + [ O D l J  

which  i s  c o r r e c t  if  the  i s o t o p e  e f f ec t  i s  n e g l e c t e d .  

F r o m  F ig .  2 i t  fo l lows  tha t  the  r a t e  of h y d r o g e n  exchange  be tween  m e t h a n o l  and t r i a l k y l a m m o n i u m  
h a l i d e s  i s  a m a x i m u m  fo r  the c h l o r i d e  which  i s  d e c r e a s e d  f o r  the b r o m i d e  and is  s t i l l  l e s s  fo r  the iod ide .  
Exchange  with  m e r c a p t a n  p r o c e e d e d  a t  a r a t e  a p p r o x i m a t e l y  two o r d e r s  of m a g n i t u d e  s l o w e r  than  with  m e t h -  
anol ,  in a g r e e m e n t  wi th  the  l o w e r  s t a b i l i t y  of the  h y d r o g e n  bond f o r m e d  by the s u l f h y d r y l  g roup  c o m p a r e d  
with  the  h y d r o x y l  g roup  [7]. The r a t e  of exchange  with m e r c a p t a n ,  a s  fo r  m e t h a n o l ,  f e l l  f r o m  the c h l o r i d e ,  
to the  b r o m i d e ,  to the  i od ide .  In T a b l e  1 v a l u e s  a r e  g iven  fo r  the h a l f - e x c h a n g e  p e r i o d  and the r e a c t i o n  r a t e  
c o n s t a n t s  c a l c u l a t e d  a s s u m i n g  the p r o c e s s  to be b i m o l e c u l a r .  
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The facts  descr ibed  above indicate that the ra te  of isotopic exchange of hydrogen between the mole -  
cu l e -pa r t ne r s  is de te rmined  by the special  f ea tu res  of the i r  e lec t ron shell  s t ruc ture ,  which play a funda- 
mental  role in the hydrogen bond format ion .  

The work was c a r r i e d  out under the guidance of V. M. Chulanovskii .  
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