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SOLVXNT EFFECTS ON THE IN’TERBCTION OF ISOBUmRIC 

A C I D  WITH DIISOBUTPLAMWE 

G.S.Denisov. Ins t i tu te  of Physics, Leningrad State  Univer- 
s i t y ,  Leningrad B-I64 

G.V.Gusakova, A.L.Smolyansky. Ins t i tu te  of Milk, Wologda 

In  solutions containing active donors and acceptors of 

a proton the existence of not on ly  hydrogen-bonded molecular 

complexes i s  possible but a l s o  of ionic pairs resulting from 

the proton transfer from a donor t o  an acceptor. In general, 

these two types of complexes a re  i n  equilibrium with each 

other, as w e l l  as  with f r ee  molecules AH and B, and with ions 

A- and SH’ : 

A-H + B == A-H...B = A-...H-B+ -L A- + H-B+ 
I I1 111 

If molecules of a solvent act  as donors or (and) acceptors 

of a proton, a l l  these species participate i n  the hydrogen 

bond with the solvent. Equilibrium. I1 w a s  observed spectros- 

copically f o r  solutions o f  c a rbog l i c  acids and amines 

T h i s  paper i s  concerned with the effect of a solvent on the 

position of equilibria I1 and 111 f o r  the isobutyric acid- 

diiaobutylamine system. 

1-3 . 

In the spectrum of the acid in amine (Fig.1) the bands 

are  present of the molecular form of the acid (doublet 3C=O 

1700, I720 cm-’) and of the carbowlate ion ($o.COz I560 cm-’) 

as w e l l  as the band 8% I620 cm-I’ of the didLkylammonium 
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I700 1600 ?CPii 

FIG. I 
Infrared spectra of isobutyric acid solution in dl i so -  
butyl-e, C=0,6 Y,  c e l l  45,7p; 20°,- - - 65OC 

ion. I n  the excess of amine the probability of the existence 

of complexes containing t w o  o r  more molecules of the acid is 

l o w ,  therefore the doublet a t  I710 cm may be at t r ibuted t o  

the molecular isobutyric acid-diisobutylamine complex with 

the hydrogen bond OH...N of composition 1:I. The frequencies 

of doublet components are  the same as i n  the hydrogen-bonded 

complexes of isobutyric acid with piperidine3 and pyridine 

The bands of ionic form belong to  the ionic pa i r  RCO;.H2N+RR, 

since the dissociation into ions in solvents with the low 

dielectr ic  constant does not practically occur. Simultaneous 

esdstence of molecular complex and ionic pa i r  bands and the 

reversible variation of t he i r  intensi ty  with temperature 

(Pig.1) are  the evidence of the equilibrium 

-I 

4 

In comparison with the isobutyric acid-piperidine sgst em3, 

where the constant of this equilibrium at 2OoC is equal t o  
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ISOBUTYRIC A C I D  WITH DIISOBWYLAMINE 

100, in this case the shift of equilibrium II towards the 
ionic pair is not so important, the equilibrium constant 

estimated by the intensities of bands I710 and I560 cm-I 

being about 4 at room temperature. Therefore, the isobutyric 

acid-diisobutylamine system appears to be convenient for the 

investigation o f  the effect of a solvent on equilibrium 11. 

In solvents with high dielectric constants, whose mole- 

cules are capable of forming a hydrogen bond as proton donors 

(D20, CH OH) the titration of an acid by amine is observed. 

In the methanolic solution, for in,stance, the intensity of 

3C=O band I720 cm-', due to the molecules of an acid bonded 

with the molecules of an alcoho1,decreases strictly propor- 

tionally to the amount of diisobutylamine added to the solu- 

tion. At equimolar acid/amine ratio the band entirely disap- 

pears (Fig.2). Simultaneously, the baads%CO; I570 cm-I of 
the acid anion and 8NH; of the dialkylammonium cation appear 

3 

FIG.2 
Infrared spectra of isobutyric acid and diisobutylamine 
solutions in CH30H, cell 45,7p, 
'mine 

= 0,2 M, 
- - ...... 0; 0,I; - - - - 0,2 M, 2OoC. 
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in the spectrum. The same picture is observed in solutions 

in D20 and CD OD; however, the band 8$ is absent because 

of the hydrogen isotopic exchange with the solvent.-In these 

solvents the band >,GO; is shifted by I0 cm" to low frequ- 

encies. Under these conditions almost all of the ionic pairs 

are dissociated, i.e. equilibmum I11 is considerably shifted 

to the right, and the ions C3H7COz and (C4%)$Iig are connec- 

ted with the molecules of a solvent by hydrogen bonds. The 

absence of a band in the region 1680-1720 an-', typical for 

the hydrogen bonded molecular complex, justifies the conclu- 

sion that there are no such complexes in these solvents, and 

equilibrium I1 is completely shifted to the right. 

3 

A qualitatively different appearance have the spectra of 

isobutyric acid-diisobutylamine system in the solvents whose 

molecules can act o n l y  as proton acceptors in bydmgen bond 

(Fig.3). In dioxane ( € =  2) and acetonitrile ( €  = 361, besi- 
des the ionic bands hC0; I560 cm" and 6N$ I620 cm-', 

1700 /coo 3 CM-' 
BIG. 3 

Infrared spectra o f  isobutyric acid and diisobutylamine 
both 0,6 M in I dioxane, 6*.*.-ooacetonitri- 
le, - - - - -  dimethyl sulfoxide, 20 C, cell 45'7~. 
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ISOBLiTYRIC A C I D  WITH DIISOBUTYLAMINE 

there i s  the doublet PC=O 1700, I720 cm” of isobutyric acid 

molecules making up a molecular complex with amine, as well 

as  the band 1736 cm” belonging t o  the C=O group of  the acid 

sharing hydzogen bonds with the molecules of the solvent. In 

dimethyl sulfoxide (€= 49) the bancis 3CO of molecular comple- 

xes of an acid with amine and d t h  a solvent are not observed 

separately (the frequency of the complex of an acid with di- 

methyl sulfoldde i s  lower than that of an acid bonded with 

dioxane and acetoni t r i le  due t o  the higher electronodonating 

power of the proton accepting group S=O) but the intensi ty  

of the ionic pair  bands I620 and I560 cm-I is lower than in 

the case of dioxane and acetoni t r i le  solutions. With the 

increase of temperature the intensi ty  of SCO bands in  these 

solvents increases on account of the bands of ionic form. 

The presence of theaCO band of the acid-amine molecular 

complex i n  the spectrum of dioxane and acetoni t r i le  solutions 

and, probably, also in that of a dimethyl sulfOxj.de solution 

means that a ser ies  of equilibria 11, I11 i n  these solvents 

i s  conspicuously shif ted t o  the l e f t  as compared to  methanol 

and water solutions. The data obtained lead us t o  believe 

that stoichiometric proton transfer from isobutyric acid t o  

diisobutylamine accompanied by the ionic pai r  dissociation, 

resu l t s  f r o m  the proton donating a b i l i t y  of its molecules in 

hydrogen bond forming rather than f r o m  the high value of the 

dielectr ic  constant o f  the solvent. 

Most strikingly the influence of the hydrogen bond of 

the molecules of a solvent with the acid-amine complex on 

equilibrium I1 is i l l u s t r a t ed  by Fig.4, which shows the 
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1 I 1 I 

1700 K O 0  3CK4 

FIG.4 
Infrared spectra of isobutyric acid and diisobutylamine 
solutions both O,5 M in CC14 containing 1,0 M alcohol: 
- .-.-.- no alcohol;. ...... CH30H; 
ethanol; - - - - - phenol. 

P-chloro- 

spectra of isobutyric acid-diisobutylamine system in the 

presence of methanol,)-chloroethanol,  and phenol. F r o m  the- 

se spectra one can see that with the increase of protono- 

donating power of the alcohol added, the intensity of ionic 
f o r m  bands 320; and 8NHz increases, whereas the intensity of 

the doublet k k 0  1700, I720 cm-I characteristic of the 
cular complex a c i d d e  decreases. The W h e n c e  of alcohol 

on the proton transfer can be explained by the fact of form- 

ing the hydrogen bond between its OH group and the CO group 

in the acid-amine molecular complex. T h i s  results in the 

shift of the electron cloud of the carboxylic group toward8 

the OH group of alcohol, and the OH ... N bond in the acid- 
amine complex getting stronger, the proton more readily 

mole- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOBlJTYRIC A C I D  WITH DIISOBUTYLAMINE 

t ransfers  t o  the amine molecule. The addi t ional  gain in 

energy i n  the process 

"'0 - R 

i s  provided by the hydrogen bond OH...O becoming stronger 

af ter  the ionic  p a i r  formation owing t o  the increase in the  

electron density on the oxygen atom - acceptor of a proton. 

Comparing the solut ions of  an ac id  i n  amine (Fig.1) and 

the solut ion of  t h e i r  equimolar miirture i n  CC14 (Fig.4) one 

can see that in tens i ty  of the doublet 3C=O increases. T h i s  

i s  due t o  the appearence of some complexes o f  ionic  type con- 

taining two acid molecules i n  which the terminal group C=O 

of  the second molecule possesses the band coinciding with 

the $C=O band o f  the  molecular acid-amine complex A l -  

though the possible existence of the complex 2:1 can not be 

absolutely neglected in such solvents as dioxane, aceto - 
n i t r i l e ,  dimethyl sulfoldde, still  the s imi la r i ty  of the  

spectra of the equimolar mixture solut ions i n  CC14 and, 

a f t e r  excluding the3CO band of  an ac id  bonded with the so l -  

vent, i n  dioxane and a c e t o n i t r i l e  Inakes us  believe that i n  

these solvents the posit ion of equilibrium I1 does not  con- 

siderably differ. 
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