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ABSTRACT 

A thermodynamic and an electrostatic model related to solvent and substituent effects on 

some organic acids were checked by means of experimental results of p-benzoic acrd 
derivatives in DMSO-water solutions. Only the electrostatic model, as could have been 
expected by virtue of the resonance effect, was found to be consistent with the experimental 
results. 

INTRODUCTION 

In the first part of this work [l] a thermodynamic 
theory related to substituent and solvent effects on 
checked by means of experimental results of the proton 
nz-benzoic acid derivatives in DMSO-water solutions. 

and an electrostatic 

organic acids were 
transfer reactions of 

R-PhCOOH,,, + PhCOO(; = R-PhCOO;;, + PhCOOH,, 

The most important relationships used for this purpose were 

(I) 

bAGa = aArr,,(I + Y) (2) 

where y is a solute-solvent interaction parameter which depends on solvent, 
temperature, pressure and reaction type, and 6 AH, is an “internal” thermo- 
dynamic function 

y=Bq/(l -@ES (3) 

where B is a dimensionless solvent-independent parameter and E, and cS are 
the dielectric constants of a hypothetical and a real solvent, respectively 

px= 1 - B(e, - Ei/~x) 

PX# 1 - B(q -q/q) 
(4) 
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where px and pxa are the reaction constants of a given reaction, in two 
solvents, with dielectric constant e, and cXI. respectively 

where 8, is the isoequilibrium temperature parameter, and & is the “environ- 
mental” parameter. 

Both the models were found to be consistent with the experimental results 
in some mole fraction intervals. Furthermore, the consistency of the experi- 
mental results with the thermodynamic model was related to the absence of 
the resonance effect in the me&z-derivatives. Indeed, the simple isoequi- 
lib&m relationship Is expected to hold true only when the resonance effect 
is very small compared with the field effect [2]. 

The experimental values of the ionization of the pchloro-, p-nitro- and 
p-hydroxy- derivatives in the same DMSO-water solutions may be a good 
starting point for a more profound investigation in this respect. 

EXPERIMENTAL AND PROCEDURE 

The preparation of the DMSO-water solutions and the technique for 
obtaining the thermodynamic values for the benzoic 133 and substituted 
benzoic acids [ic6] have been described previously. 

RESULTS AND DISCUSSION 

As shown previously [7- 101, a thermodynamic cycle allows the calculation 
of a proton transfer process in a solvent s referring to i? gaseous initial state, 
i.e. 6APF4’. These thermodyn amic quantities have been assumed to be a 
measure of the “environmental” solute-solvent interactions. Bearing in mind 
that the 6AG,,,, = ~AHi(g) values of the proton transfer process in the gaseous 
phase represent the “internal” solute-solvent interactions [7-g], the y values 
of the para-derivatives in the whole mole fraction range can be calculated by 
means of eqn. (2). These values are reported in Table 1 and are plotted 
against DMSO mole fraction in Fig. 1. 

As previously shown [l] for the meta-derivatives, the y values of the 
chloro- and nitro-derivatives are similar and tend to decrease as the DMSO 
content increases. Furthermore, the influence of the solvent on the hydroxy- 
derivative can be represented by the large values of the y parameter. This 
may be due to the hydrogen bonding between the hydroxyl group and the 
solvent molecules, and to the resonance effect, the latter occurring mostly in 
tie 0.45-0.55 mole fraction range. 

For the hydroxy-derivative it is also interesting to note that the informa- 



31 

TABLE I 

Values of y for the dissociation of p-chloro-, p-nitro- and p-hydroxybenzoic acid m water- 
DMSO mixtures at 25OC 

XDMSO p-Cl P-NO, p-OH 

0.0 -0.935 
0.1 - 0.866 
0.2 - 0.848 
0.3 -0.854 
0.4 -0.889 
0.5 -0.839 
0.6 -0.839 
0.7 -0.785 
0.8 -0.798 

-0.907 
- 0.886 
- 0.870 
- 0.855 
-0.844 
-0.837 
- 0.823 
- 0.820 
- 0.794 

- 1.130 
- 1.145 
- 1.168 
- 1.233 
-1.185 
- 1.413 
- 1.243 
- 1.263 
- 1.295 
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Fig. 1. Variation of the - y vaIues for p-chioro- (0), p-mtr~- (eP), and p-hydroxybenzoic acid 
(A) as a function of the mole fraction of DMSO at 25°C. 
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T A B L E  2 

Values of p/"( for the mnizatmn of p-chloro- ,  p -mt ro-  and p-hydroxybenzoic acid in 
v, a t e r - D M S O  mixtures at 25°C 

Xt~x4so p-Cl p -NO2 p - O H  

0.0 1.07 1.10 0.88 
0.1 1.40 1.37 1.06 
0.2 1.60 1.56 I. 16 
0 ~ 1 81 I 81 1.26 
0.4 1.85 1.94 i 38 
0.5 2.10 2.10 1.24 
0.6 2.25 2.30 1.52 
0.7 2.62 2.54 1.63 
0.8 3.62 3.64 2.23 

tion obtained from the 3" values is more  useful than that obta ined from the p 
and 0s values. Indeed.  the y values are very close to those [9] of  the TSAS g'-'s 
entropic term and very different from the p~ terms [11]. This  conf irms that 
the o, = 0 . 9 1 o -  0.07 equat ion gives very approximate  values [9,11] only  in 
the 0 .45 -0 .55  mole  fraction range. 

The variation of  the p/'v ratio (see Table  2 and Fig. 2) as a funct ion of  the 
mole  fraction shows  how the same correlation be tween  the p and 3' parame-  
ters can be assumed for the chloro- and nitro-derivatives.  

As  eqn. (2) can also be written [1] as 

o° = [C(1 + (6) 
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Fig. 2. Variation of  the -- O /Y values for p-chloro-  (O ) ,  p-ni t ro-  (O), and p-hydroxybonzoic 
acid (Z~) as a function of the mole fraction of D M S O  at 25°C. 








