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A B S T R A C T  

Self-association of benzoic, octanoic, and octadecanoic acids 
was studied in solvents with a range of dielectric constants 
between 2.3 and 10. The number-average molecular weights were 
determined by means of vapor pressure measurements and were 
carried out a t  temperatures ranging from 25 to 90°C. It appears 
that, in these solvents of low dielectric constant, carboxylic 
acids a re  present mainly a s  molecular o r  ionic aggregates. 

I N T R O D U C T I O N  

In our work on block polycondensation we have studied the kinetics 
of the reaction of oligomers with epoxy endgroups and oligomers with 

109 1 

Copyright 0 1979 hy Marcel Dekker, Inc Neither thls work nor any part 
may be reproduced or transmitted in any form or by any means, electronic or mechanical. including 
photocopying, microfilming. and recording, or by any information storage and retrieval system, 
without permission in writing from the publisher 

All Rights Reserved 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1092 MADEC AND MARECHAL 

carboxylic endgoups. Under our experimental conditions (solvents of 
low dielectric constant), it appears that the kinetics is largely deter- 
mined by the self-association of the acidic group and i ts  modification 
in the presence of the catalyst. This f i rs t  article is devoted to the 
study of the aggregation of various carboxylic acids. 

sively; in nonpolar solvents the dimerization of carboxylic acids is 
mainly due to hydrogen-bonding according to the scheme (1). 

Self-association of carboxylic acids has been largely studied exten- 

Most of the studies relative to the self-association of carboxylic 
acids in organic solvents with a low dielectric constant have been 
carried out around room temperature (25-37"C), which is the most 
favorable to the existence of the hydrogen bonds involved in dimer D 
[ 1-31. In the present paper the association of carboxylic acids in 
solvents of low dielectric constant was studied a t  temperatures well 
above room temperature with the use of vapor pressure osmometric 
measurements. Other equilibria than (1) have been described. The 
solvents have been chosen for the fact that they cover a range of 
dielectric constants (2.3 < E < 10) which has not been widely 
studied. They form an intermediate group between low dielectric 
constant solvents (benzene, cyclohexane, toluene, for instance) 
[ 4-61 and solvents with dielectric constants above 10, such a s  1,2- 
dichloroethane [ 71. Acid-base reactions in aprotic solvents with 
low dielectric constants a r e  complicated by the formation of ion 
pairs and ionic and molecular aggregates. None of these is basic 
enough to capture the proton of the acid; in these solvents, acid-base 
reactions a re  limited to association reactions involving basic and 
acid solutes: 

B +HA BHA (2)  

Dissolving a carboxylic acid into an organic solvent S amounts to 
considering the equilibria (3) and (4). 

3a 3b 
S +HA (SH*,A-) SH* + A -  (3) 

4a 4b 
S + (HA)2 (SH*,AH*..A') SH' + AH*..A- (4) 
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BLOCK POLYCONDENSATION. I 1093 

Measurements of electrical conductivity of solutions of benzoic, 
octanoic, and octadecanoic acids in xylene, chlorobenzene, and 0- 
dichlorobenzene in the concentration range between 0.01 and 0.5 - M 
allows us to state that the contribution of free ions is negligible 
(A < 0.1 PS). Thus dissociation equilibria (3b) and (4b) can be 
ignored. 

This article i s  the first of a ser ies  relative to basic catalysis in 
the field of polycondensation reactions. The second will be devoted 
to equilibria involving acids and tertiary amines in the same solvents 
and in the same range of temperatures. 

E X P E R I M E N T A L  

S o l v e n t s  

Solvents used were xylene ( E  = 2.3 at 2OoC), chlorobenzene ( E =  
5.71 at  2OoC), and o-dichlorobenzene (E = 9.93 at 25OC). Magnesium 
sulfatedried solvents were distilled through a Hempel column and 
stored over Molecular Sieves. Purity was ascertained by gas 
chromatography. Residual water content, determined by Karl Fischer 
titration, was less than 0.005%. 

S o l u t e s  

Octadecane was distilled under vacuum and cholesterol crystal- 
lized in hot 95% ethanol. Benzoic acid (Prolabo) and cctadecanoic 
acid (Fluka) were chromatographic grades and used without further 
purification; octanoic acid (Merck) was distilled under vacuum. The 
purity of all the acids was followed both by gas chromatography and 
basic titration and was found to be above 99.8%. 

In order to make the plots as clear a s  possible only two standardi- 
zation curves a re  reported in Fig. 1; however the following standards 
were used: pyren (202.26), benzil (210.23), polyoxyethylene (Waters 
standard: M = 790). 

I n s t r u m e n t a t i o n  

Osmometry was carried out by using a Knauer vapor pressure 
osmometer equipped with thermistors for organic solvents. Two 
thermistors have been used: from 25 to 70°C and from 70 to 130°C. 
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FIG. 1. ( D / c ) ~ - ~  - a s  a function of temperature for ( 0 ) benzoic 
acid, ( A  ) octanoic acid, and ( m ) octadecanoic acid in various solvents: 
(A) xylene; (B) chlorobenzene; (C) o-dichlorobenzene. 

M e a s u r e m e n t  T e c h n i q u e s  
The experiments consist in measuring the equilibrium differential 

resistance set up between the two thermistors by a drop of solution 
and a drop of solvent hanging on them. The differential resistance is 
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recorded on a Wheatstone bridge. If we define D a s  the deviation, 
the number-average molecular weight &in i s  related to D by 

where c i s  the concentration (g of solute/kg of solvent) and K a con- 
stant obtained by using a standard (st). 

The parameters influencing the determination have been examined by 
various authors [ 8- lo]. According to Morris [ lo], the vapor pressure 
of the solute must be less than 0.2 Torr at the temperature of the 
determination; consequently, the temperatures have been kept below 
the following limits for various solutes octadecane, 90°C; cholesterol, 
> 150°C; benzoic acid, 75°C; octanoic acid, 70°C; octadecanoic 
acid, 148°C. 

After hanging a drop of solution on the thermistor, the voltage 
unbalance is recorded a s  a function of time, and, according to the 
authors quoted above, the linear region i s  extrapolated back to the 
time when solution i s  added (t = 0). D is the difference between the 
baseline and the intersection of the extrapolated line with t = 0, 
existing due to the difference in solution and solvent vapor pressures. 

Solutions were prepared by weight; c was in the range 0.005 g 
< c < 0.5 M. - 

R E S U L T S  AND DISCUSSION 

The values of ( D / C ) ~ = ~  relative to the standards and benzoic, 
octanoic and octadecanoic acids a r e  plotted against temperature in 
Fig. 1; from these curves the values of Mn in various solvents and 
at  various temperatures can be obtained for benzoic, octanoic, and 
octcdecanoic acids. 

ing temperature (Figs. 2A and 2B) but stays at  about the molecular 
- weight of the dimer. However, when the solvent is o-dichlorobenzene, 
Mn increases greatly when the temperature i s  above 50°C. This 
proves that associated species above the dimer a r e  present in-the 
solution. When the temperature is below 50"C, the values of Mn 
depend to a very small degree on the solvent. 

M of benzoic and octanoic acids increases slightly with increas- n 
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FIG. 2. Variations of the number-average molecular weight (Mn) 
with respect to the temperature for (A) benzoic acid, (B) octanoic 
acid, and (C) octadecanoic acid in various solvents: ( ) xylene; 
( A ) chlorobenzene; ( rn ) o-dichlorobenzene. 

- 
M for octadecanoic acid decreases slowly with increasing tem- 

perature (Fig. 2C) and stays between the values for dimer and mono- 
mer. The tendency towards association is wider in o-dichlorobenzene 
than in other solvents and in xylene than in chlorobenzene. 

It is clear that equilibrium (1) is not sufficient to explain the 
observations, and especially the fact that for benzoic and octanoic 

n 
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BLOCK POLYCONDENSATION. I 1097 

acids Mn increases with temperature and that the highest molecular 
weights a re  obtained in the most polar solvent. As  a consequence, it 
is reasonable to admit that other equilibria than (1) can exist; they 
involve associations of ions. The equilibria, which can be reasonably 
considered for RCOOH, with R aliphatic or aromatic, a r e  reported 
in Eqs. (5). It appears that monomer (M) and dimer (D) participate 

R J  (5 )  

in dissociation equilibria into ion pairs (2a and 3a) and in association 
equilibria between ion pairs and M (2b, 3b, 2c, 3c). Associations a re  
patently not favored in the case of octadecanoic acid. However for all 
the acids we studied the strongest associations a re  observed in 
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1098 MADEC AND MARECHAL 

odichlorobenzene owing to its higher dielectric constant which is 
favorable to equilibria (2a) and (3a). In the same way, associations 
with an intermediate strength could be expected in chlorobenzene; 
however it can be seen (Fig. 2C) that, in the case of octadecanoic 
acid, the contribution of associated species is more important in 
xylene than in chlorobenzene. In fact, both polarizability and the 
electron-donating power of chlorobenzene are below those of xylene, 
and solvation of the ion pair i s  less  efficient in the first  solvent than 
in the second. On the other hand, in the case of o-dichlorobenzene, 
the influence of the dielectric constant prevails over the solvation. 

In conclusion, it can be said that in low dielectric constant solvents 
carboxylic acids a r e  mainly present as molecular o r  ionic aggregates. 
This means that in the case of aprotic solvents with a low solvating 
power towards anion A- the solvating agent is HA; consequently the 
main species a re  (A-,H' ) Z  and (H ',AHA- ), which is in agreement 
with a number-average molecular weight around that of the dimer 
in the case of benzoic and octanoic acids. 

Moreover it appears that differential vapor pressure measure- 
ments a r e  particularly suitable for this kind of study, since they 
provide the number-average molecular weights of the species 
present in the solution and consequently their degree of association. 
Moreover, contrary to other methods (cryoscopy, ebulliometry) 
they allow us to work in a large temperature range. 
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