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When investigating d ipo le -d ipo le  interact ions the major i ty  of investigations pay most  attention to the 
influence of the mean field of molecules  in solution on the pa rame te r s  of a band of a given osci l la tor  [1-3]. 
The resul t s  of studies in which fine s t ruc ture  detected in the v (C =O) band of the IR spec t rum of cer ta in  
ketches and which have been explained, in par t icular ,  by the presence  of an equilibrium between monomeric  
molecules  and molecules  associa ted  by a d ipo le -d ipo le  mechanism, a re  apparently unreliable [4]. In the 
present  communicat ion the interaction of molecules  containing a carbonyl  group with molecules  possess ing 
a large dipole moment has been investigated by IR spectroscopy.  Solutions of earbonyl  compounds in CC14 
were  studied in the presence  of te t raa lkylammonium halides and in aeetonitr i le  in cer ta in  cases .  To reduce 
e r r o r s  linked with a tmospher ic  absorpt ion the work was conducted at a point in a diffraction spec t romete r  
with a small  amount of diffuse light [5], the monechromator  of which was dried with phosphoric anhydride. 

In Fig. 1, (a) r epresen t s  the IR absorpt ion spec t rum in the v (C = O) region of acetophenone in a solution 
containing (CsHi~)4NI. It is seen that on introducing a salt molecule ( ~ ~ 10 to 12 13) into the solution, the 
v (C =O) band at 1692 em -i acquires  doublet s t ruc ture ;  a new band appeared on the low frequency side at 
1688 c m - i , t h e  intensity of which grew with increasing salt  concentrat ion.  In spite of the small  size of the 
shift (N4 cm -1) the fact that the displacement  of the band is distinct does not ra ise  doubt since there  are  
no absorpt ion bands due to a tmospher ic  water  in the range 1696-1685 em -1. As was recorded  in [4] the 
cause of the appearance of the apparent  splitting of the v(C =O) band is included in p rec i se ly  this. An in- 
c r e a s e  in solution t empera tu re  leads to a weakening of the 1688 em -1 band and a strengthening of the 1692 
c m  -1 band; theseehanges  with t empera tu re  are  revers ib le .  This indicates the presence  in solution of an 
equil ibrium between two types of aeetophenone molecule viz.,  f ree  and bonded with salt molecules.  In the 
presence  of dioxan or  t r ie thylamine a d iscre te  band shift is not observed  which indicates the absence of 
interact ions of a d o n o r - a c c e p t o r  bill. 

The dist inct  displacement  of the ~ (C =O) band on interaction with sal ts  was also observed for y - 
butyrophenone, benzophenone (Fig. 1, b), and methyl vinyl ketone. In all c a se s  the shift to lower frequency 
amounted to 4-6 cm-i~ A s imi la r  picture was observed  on the band at 1688 cm- i  for dimethylforrnamide 
(Fig. lb) ,  and the lower frequency on forming a complex with Bu4NBr amounted to 8 cm-1. A distinct shift 
of the v(C = O) band of dirnethylformamide also a rose  on interaction with acetonitr i le  which indicates the 
formation of a complex of an e lec t ros ta t ic  type. A distinct shift has been observed previously  on the v(C --- 
N) band of acetoni tr i le  [6] and the v(P= O)band of phosphine oxide [7] on interaction with sal ts .  

In the presence  of ammonium sal ts  the v (C =O) band of aliphatic k-etches (acetone, methyl ethyl ketone, 
diethyl ketone, and cyclohexanone) is displaced to lower frequency by approximately 4 cm -i and its half- 
width is increased.  The frequency of the band in e s t e r s  (ethyl formate,  benzyl acetate,  and dioctyl phthalate) 
is reduced by 1-2 cm-i ;  the increase  in half width is also less  than in ketches. It is interest ing that the 
band p a r a m e t e r s  of (CH3)3CCOCH(CH~) 2 a re  unchanged in the presence  of salt which is seemingly caused by 
sterle hindrance towards  the interaetiom Clear ly  the s t ructure  expressed  for the band in es te r s  and 
ketones was not observed; therefore ,  there is no basis  for explaining the picture obtained as the manifes ta-  
tion of an equilibrium between molecules  which a re  free or  interacting w~th salt. 

Analysis  of the data obtained showed that the maximum size of band shift on interaction with salts, 
which reg i s t e r  in the spec t rum as a splitting of this band, are  observed for compounds inwhichthe frequency 
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Fig. 1. IR spec t ra  of solutions (0.02 M) in CC14: a) ace to-  
phenone 1) without additions, 2) and 3) with added 0.02 and 
0.2 M (CsHI~)4NI respect ive ly ;  b) benzophenone 1) without 
additions, 2) and 3) with added 0.5 M (C4Hg)4NBr at t e m p e r a -  
t u re s  of 47 and 16~ respect ively;  e) d imethylformamide 1) 
without additions, 2) and 3) with added 0.3 and 1.0 M aceto-  
n i t r i le  respect ively .  

of v (C =O) l ies  re la t ive ly  low, i .e. ,  in the range 1660-1700 cm -1. The p resence  of delocalizat ion of the 
e lec t rons  of the C =O bond (resonance effect) is a cha rac t e r i s t i c  of these  compounds and this leads to an 

increase  in the polar i ty  of the C =O bond in compar i son  with aliphatic ketones,  for  example.  For  molecules  
in which v (C =O) l ies  higher at 1780-1810 cm -1 (acetyl chlor ide,  methyl t r i f luorace ta te ,  significant changes 
were  not observed  in the f requency and shape of the ~ (C =O) band in the p resence  of salt. The high f r e -  
quency of ~ (C =O) in these compounds re f lec t s  the lowering of the polar i ty  of the C =O bond due to the in- 
ductive effect  and the field effect.  In e s t e r s  the increase  in bond polar i ty  due to the resonance  effect  is 
compensated  by the inductive effect of the e s t e r  oxygen which also apparent ly  causes  the in termediate  
c h a r a c t e r  of the observed  spec t ra l  picture .  We r e c o r d  that the shift of ~ (C =O) has a tendency to inc rease  
with the growth of the dipole moment  of the compounds being investigated. All compounds showed no sign 
of associa t ion with dioxane or  t r ie thylamine.  

The resu l t s  of the presen t  study, and also of  the studies in [6-8], show that or iented van der  Waals 
in teract ions  of dipolar molecules  may lead to the format ion  of molecular  complexes ,  the d issoc ia t ion  energy  
of which significantly inc reases  the size of kT even at t e m p e r a t u r e s  of the o rde r  of 300~ These  data 
supplement the exist ing concept of van der  Waals molecules  (see rev iew [9]) and demonst ra te  the convention 
of the spec t ra l  c r i t e r i on  (distinct or  smooth shift of frequency),  f requent ly  used for  the identification of 
in teract ion type.  
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