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An invest igat ion of the in te rac t ion  of var ious  m i n e r a l  acids with acet ic  acid [1-5] is not only of the-  
o re t t ca l  but a lso  of p r a c t i c a l  impor tance  in connection with the abiliby of anhydrous ace t ic  acid  to d i f fe r -  
ent ia te  the s t rength  of acids d i s so lved  in it. A study of the in te rac t ion  of acet ic  and su l fur ic  acids  involves 
a cons ide ra t ion  of the s ta te  and s t r u c t u r e  of these  acids when they a re  mixed.  In [6] it was p roposed  on the 
b a s i s  of the data  of the Raman s p e c t r a  and IR s p e c t r a  that the s t r u c t u r e  of acet ic  acid changes in the fol low- 
ing way when an aqueous solut ion of su l fur ic  acid  is added: 
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Xo L  'o,d 

The authors  apparen t ly  did not take into cons idera t ion  the fact  that water  pa r t i c i pa t e d  in this i n t e r -  
act ion and that, consequently,  instead of the two-component  s y s t e m  H2SO 4 -  CH3COOH , they were  actual ly  
s tudying a s y s t e m  of th ree  components ,  H2SO 4 -  I t20--  CH3COOHo At the same  t ime,  it is known that even 
a sma l l  quantity of wate r  is suff ic ient  for  the d i s soc ia t ion  of su l fur ic  acid accord ing  to the scheme:  

tt~O + H2S04 ---, H30 ~ + HSO4- 

Acet ic  acid  a lso  d i s soc ia t e s  pa r t i a l l y ,  fo rming  the anion [CHaCOOH]-. Thus, in a th ree -componen t  
s y s t e m  the mos t  v a r i e d  types of in te rac t ion  both of ionic and of m o l e c u l a r  fo rms  become poss ib l e .  

In the second p lace ,  it was not shown in this work in what mole  ra t ios  the acids  r e a c t  (i.e.,  whether  

they a r e  monobasie  [CH3COO]H , H[SO4It ] or d ibas ic  H3C 2 , H2[SO4] ). In addition, it s eems  not en t i r e -  
L ",-o2 

ly jus t i f ied  to us to ex t rapola te  the data on the e lec t ron ic  s t r uc tu r e  of the [CO0]- group obtained f rom a ca l -  
cula t ion of benzoic  acid by the Htickel mo lecu l a r  o rb i ta l  method (IIMO) to the e lec t ron ic  s t r uc tu r e  of acet ic  
acid.  We ca lcu la ted  the charges  on the atoms of acet ic  acid  accord ing  to the method of De lRcy  in the neu- 
t r a l  form:  

--9.505 
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*0,041 C-- C 
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The p a r a m e t e r s  for  the ca lcula t ion  were  taken f rom [7]. 

The ca lcula t ion  showed that a subs tan t ia l ly  l a r g e r  negative charge  is concent ra ted  on the oxygen atom 
in the hydroxyl group than on the earbonyl  oxygen. We be l ieve  that the in te rac t ion  of ace t ic  and sulfur ic  
acids  is de t e rmined  chiefly by the charges  on the a toms,  and that there  should p r i m a r i l y  be a protonat ion of 
the hydroxyl  oxygen: 

Ctt~COOIt "t  H-,.S04 ~ [CtIsCOOH2]ttS04 

It may  be a s sumed  that two eases  a r e  poss ib le  here :  a) as a r e s u l t  of protonat ion,  two equivalent OH 
bonds a r i s e ,  which a re  a r r a n g e d  s y m m e t r i c a l l y  with r e s p e c t  to the plane of the molecule ,  which leads to 
the appea rance  of s y m m e t r i c a l  and a n t i s y m m e t r i c a l  valence  v ibra t ions  of the OH group; b) as a r e su l t  of 
protonat ion,  an OIt bond a r i s e s ,  which is ene rge t i ca l ly  c lose  to an [n t e rmoleeu la r  hydrogen bond and 
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Fig .  1. II1 s p e c t r a  of 
m i x t u r e s  of cone. 

t{2SO 4 and g lac ia l  CH 3- 
COOtI at va r ious  mole  
r a t i o s .  

t he r e fo re  does not introduce any s igni f icant  changes into the fo rce  f ie ld of the 
ace t ic  acid molecu le .  Af ter  protonat ton of the hydroxyl oxygen atom, the d i s -  
t r ibut ion  of charges  in the molecu le  of [CHaCOOH2] + is such that the carbonyl  
oxygen becomes  more  negat ive,  and in the p r e s e n c e  of excess  su l fur ic  acid,  
the re  should be a fu r the r  in te rac t ion  with i t .  

E X P E B I M E N T A L  M E T H O D  

It~ s p e c t r o s c o p y  was used  as the method of inves t iga t ing  the mechan i sm 
of the in te rac t ion  of su l fur ic  and ace t ic  ac ids .  The v ib ra t iona l  s p e c t r a  were  
m e a s u r e d  on a UB-10 ins t rument  (Fig.  1). The mix tu re  of acids  was p laced  b e -  
=tween two polyethylene  f i lms  and f ixed in a holder .  Sulfuric ac id  was p laced  in 
the r e f e r e n c e  channel between polyethylene  f i lms to compensa te  for  the s p e c t r a  
of polye thylene  and su l fur ic  acid.  By gradua l ly  inc reas ing  the concent ra t ion  of 
su l fur ic  acid in acet ic  acid,  we succeeded  in de te rmin ing  that unti l  the mole  
r a t io  H2SO 4:CHaCOOH reaches  t :2, no s [gnificant changes a re  obse rved  in the 
s p e c t r u m  of ace t ic  acid  in the region of 1800-1500 c m - t .  * The band at 1715 cm -1, 
a s s igned  to the va lence  v ibra t ions  of the C : O  group in the d i m e r  of ace t ic  acid,  
on the b a s i s  of the ca lcu la t ions  of [8, 9] and the exper imen ta l  data  of [10], shows 
no change in in tensi ty  and is not shif ted.  Beginning with a ra t io  H2SO4:CHaCOOH 
=1:2 up to a ra t io  3:2, there  is a g radua l  d e c r e a s e  in the in tensi ty  of the abso rp -  

t ion band at 1715 em -1 and the appearance  of new bands at 1635 and 1570 cm -1, which we ass igned  to the 
s y m m e t r i c a l  and a n t i s y m m e t r i e a l  v ib ra t ions  of the C(OH) 2 group.  At a r a t io  H2SO4:CH3COOH = 3:2, the 
band at 1715 em -1 d i s appea r s  en t i r e ly ,  and fu r the r  addit ion of su l fur ic  acid does not lead to any changes in 
the s p e c t r u m  of acet ic  acid.  

Thus,  it may be imagined that the p r o c e s s  of in te rac t ion  p roceeds  in two s teps .  In the f i r s t  s tep su l -  
fur ic  ac id  behaves  a.s a d ibas ic  a c i d  and combines  with two molecu les  of ace t ic  acid:  
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This  is a l so  conf i rmed  by data  on conduc tomet r ie  [11] and high-f requency t i t r a t ion  [12, 13] of a solut ion of 
su l fur ic  acid  in ace t ic  acid.  Actual ly ,  as long as the two protons  of su l fur ic  acid a rc  added to two molecu les  
of ace t ic  acid,  they are  equivalent .  The r e p l a c e m e n t  of one of the p ro tons  by po ta s s ium during t i t r a t ion  of 
this  solut ion with a solut ion of po t a s s ium ace ta te  in acet ic  acid  leads  to a r ed i s t r ibu t ion  of the e lec t ron  den- 
s i ty  in the su l fur ic  acid  molecu le  and changes the na ture  of the bond of the second pro ton  to ace t ic  acid,  as 
a r e s u l t  of which it is t i t r a t e d  s e p a r a t e l y .  

In the second s tage of the in te rac t ion  there  is a sharp  change in the s t r u c t u r e  of acet ic  acid,  a ccom-  
panied  by a change in the fo rce  f ie ld of the molecule ,  which a lso  leads to the obse rved  s t rong  changes in 
the s p e c t r u m .  
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* Changes in the s p e c t r u m  of ace t ic  acid begin  within the in te rva l  between r a t io s  1:3 and 1:2, but c l o s e r  
to 1:2, which was due to the use  of 95% sul fur ic  acid.  
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As can be seen, the structure obtained has substantial differences in comparison with that cited in [6]. 

To demonstrate the presence of an interaction of H2SO 4 arid CH3COOH even before a 1:2 ratio was 
reached, we measured the viscosity of solutions of H2SO 4 in CH3COOH according to the procedure describe~ 
in [14]. It might be expected that since there is a breakdown of the dimer of acetic acid in the interaction 
of H2SO 4 and CH3COOH , and a polymer structure is formed, the viscosity of the system should increase, 
which was observed experimentally. Measurements indicated that the maximum viscosity corresponds to 
a i:I ratio; when the H2SO 4 content was further increased, the viscosity of the system decreased (which 
agrees with studies citing data on the measurement of the viscosity of systems of mixtures of mineral 
acids with acetic acid [5]). The data obtained can be explained by representing the process of interaction 
of H2SO 4 and CH3COOH in the following way: as was indicated above, at the first stage a structure is formed 
in which the forces binding sulfuric and acetic acids are probably close to hydrogen bonds. At a I:i mole 
ratio of the acids, half the carbonyl groups are protonated; in this case one of the protons of sulfuric acid 
combines with the oxygen of the carbonyl group, while the second proton, remaining free, is capable only 
of forming a hydrogen bond with the earbonyl oxygen. 

I I { { 

This hydrogen bond should c r o s s - l i n k  aggrega tes  of molecules  into a po lymer .  F r o m  the cons ide ra -  
tions cited it is c l ea r  that the opt imum condition for  the fo rmat ion  of a p o l y m e r  s t ruc tu re  is that in which 
the number  of f r ee  protons  of sulfur ic  acid is equal to the number  of carbonyl  oxygens of acet ic  acid, i.e., 
at a 1:1 rat io .  F u r t he r  increas ing  the amount of sulfur ic  acid in the s y s t e m  under  considera t ion reduces  
the total  number  of carbonyl  oxygens par t ic ipa t ing  in the hydrogen bond, and consequently shor tens  the 
p o l y m e r  chain; which finds ref lec t ion in a dec rea se  in the v i scos i ty  of the sy s t em.  ~ 

C O N C L U S I O N S  

1. It was es tab l i shed  by invest igat ions of the Ii~ s p e c t r a  that the react ion  between sulfuric  and acet ic  
acids p roceeds  in two s teps:  at the f i r s t  step the H2SO 4 and CH3COOH molecules  in terac t  in a 1:2 rat io;  at 
the second stage two m o r e  molecules  of H2SO 4 a re  added to the produc t  obtained. 

2. The s to ich iomet r ic  ra t io  of the acids in the final product  is 3:2. 
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* The presence of a small amount of water in the system (0.3 mole II20 per mole of H2SO4) can change 
only the absolute magnitude of the measured viscosity, and cannot distort the general nature of the process. 
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