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ABsTRAcr 

A study of the proton transfer process from nitro-substituted benxoic acids to benzoic 
acid in HzO-DMSO mixtures compared with. the same process in the gaseous. phase is 
presented. A thermodynamic kycle allOws calculation of a transfer process in solvent X 
which refers to a gaseous initial state, i.e. 6w. These thermodynamic quantities have 
been assumed as a measure of “external” solute-solvent interactions. It may be noted 
that- in solution the resonance effect appears in the ortho-anion, while in the gaseous 
phase the resonance is effective for the pcru-compound. A comparison with the chloro- 
isomers’ shows that. the proton transfer process is easier for the nitro-isomers in the gas 
phase while the contrary is true in solution. 

INTRODUCTION 

-The pfoton ban&r .pFocess fFom chlorobenzoic acids to benzoic acid in 
water-dunethylsulfoxide (DMSO) mixtures has recently been compared 
with the tie- process in -the gaseous phase [l]. Using a thermodynamic 
cycle we have calculated, in DMSO-Water mixtures, a proton transfer pro- 
cess which refers to a gaseous initial’thermodynamic state. The thermody- 
namic quantjties (3gpffI) calculated have been assumed as a measure of the 
“external” interactions of. the proton transfer process among molecules, 
anions and solvent. : 

It has also been shown that the respective shapes of the entropic and free 
energy .t&ms .are ver$ close to those of .the previously calculated [2,3] 
entropic reaction ccktants and sub.st#uent constants. The entropic reaction 
constanti, givjng only. zi trend:.of the ‘%x&nal” Solutekolvent interactions, 
were .found: tu :b& chiefly inductive-ixi character. -In contrast, tlie T’GT 
curve gives a m-&sure of the values of the solutiolvent interactions. 

*. ‘ti4+3refq:‘~ worh,‘.the. be&vi&r. of the. nitro be&&c- acids in the same 
&%nsfer proton pro@ has b_een e@mi&d;~ The .effect of these two Sub&i- 
tue&s :cjn ~the,above$nentione& prck+ .e.: quite different.- This is related to 
the, &c+nce,~the great+ si$e_ ai@ tl$ different i&&ive,effe& of the nitro- 
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The following equations have been used [2,3] to illu&ate the kbstitknt 
effect 

(NOz-PhCOOH)x + (PhCOO-)x = (NO,-+hCOO-)x + (PhCOeWx 0). 

where X is the mole f&&ion of the solvent 

- 2 gfiT = ~000 + fF + SE, = PHDH + Psas +fF+6E, 
. 

in eqn. (2) pHoH and psas are defined by the relations 

sA_@ 
PHaH = - 2 . 303RT 

6As0 
ps0s = 2.303R 

while in eqn. (3) PHCTH and psas are defined as 

6AEP 
PH~H = - 2 

. 
303RT - SJ% 

6A9 

Psas = 2.303R -fF 

(2) 

(3) 
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EXPERIMENTAL AND PROCEDURE 

The calorimetric apparatus, preparation of the DMS0-water mixtures, 
and the technique to determine the thermodynamic values for benzoic and 
nitrobenzoic acids have been described [ 4,5]. 

RESULTS AND DISCUSSION 

The thermodynamic cycle used to calculate the “external” interactions 
employs, 23 already shown [ 11, benzoic acid as a reference compound 

NOz--PhCOOHe, + PhCOO& 6uits), NOz-PhCOO&, + PhCOOHe, 

1 SAC3 
-1 

6MS 
A 

6”s 
k 

(6) 

(N02-PhCOOH)x+ (PhCOO-)xB~(NO~+hCOO-)x + (Ph:::H),. 

where GAPi&> is the gas$hase change of._ sbme- thermodynamiti propeities 
(Pi =.G, H, $), for the proton transfer process, and 6APi,,, is the CorreSpogd- 
ing value in solvent X. 

. . :. 



.,Thus,thiscan be.mttent 

the right-hand term of eqn. (7) being assumed as the proton transfer, in sol- 
ventX, which refers to a gaseous intial thermodynamic state, so that 3w = 
6apffx. 

Further, according to Hepler et al. [S--S] in eqn. (1) the solvent effects 
can be separated e&the intrinsic molecular effects as 

6APit, = 6Ai?i(g) + SF- _. (8) 

It is assumed that the 6AP,,x, values are the total interactions, and 6APitg) 
and 6A@- are the “internal” and “external” interactions, respectively. 

It is well known: (1,9-11) that for reactions such as those considered here, 
it is possible to assume 6A+,, = 0, so that 6AG,,,, (600 K) = 6AGi<g, (298 
K) w 6Ui<,,- 

6AGi(g) values are available in the literature [lo] and 6AG,(x> values have 
been calculated [3,12]. By including these values in eqn. (8) it is possible to 
calculate 6AGff”. Similarly, 6mx may be calculated. Finally, the entropic 
term 2’ GIc\sff” can be calculated by means of the enthalpic 6q. and free 
energy 6AGf” terms. All thermodynamic values are reported in Tables l-3 
and are plotted against DMSO mole frirction in Figs. l-3. 

As shown in previous works [3,12], the solutesolvent interactions are 
expressed by means of the entropic reaction constants ps. The curves of the 
T S&p term have shapes-very close to those of the reaction constants, and 
give a measure of the values of solute-solvent interactions, while the ps 
curves give only a trend. 

It is interesting to note that the behavior of the nitro-isomers in the gas- 
eous phase is quite different from that which occurs in solution. Indeed, in 
the former phase the (negative) values of the free energy term, related to 
the proton transfer process, decrease according to the sequence p-NO1 > m- 
NO2 > o-fi&. This order can be justified bearing in mind that, in the gaseous 
phase, the intramolecular bond is acid-weakening the o&ho-isomer, while the 
resonance effect. is acid-strengthening the para-isomer. In contrast, in the lat- 
ter phase the unfavorable effect of the “external” thermodynamic terms is 
ordered as: m-NO, > p-NCit > o-NOS. It may be noted that, for the three iso- 
mers, the.enthalpiti term clearly prevails. 

As previously shown 151, in the mixed solvent the. two dH3 groups of 
DMS;i) interfere with the approach of the negative-group of the ortho-anion 
to the dipole.-- This allows the orthoanion to reestablish the resonance 
between the phenyl and. carboxy groups; The effective dipole-dipole inter- 
actions with the DMSQ molecule stabilize the o&ho-anion, thus increasing 
the acid-strengthening-effect. ‘. 

Contrary to .what happens in the gas phase, the resontice effect for the 
pamenion i$ very-poor, so that the.negative charge is mainly-localized on the 
-_-COO: group-and the salvation effect is strongest. Therefore, insolution the 
.resonance effect .appears for ..the ortho+nion $rly,. while in the gaseous phase 
the resonance iseffective for~~;hepcz~-isomer:- .. 

. . : : 
: ; .’ . 



194 
: 

TABLE 1 

Enthelpy, entropy and free energy values for the pro&n transfer process of ortho- 
nitrobanzoic acid in DMSO-wa~~mixtures calculated by assumiug a g&eoti i&i&l 
thermodynamic state (all thermodynamic quantities are given jn kcal mole-‘) . . 

6AEg4= T &iSf- 

0 6.03 7.92. 1.89 
0.1 6.34 3.36 2.22 
0.2 6.48 8.46 1.98 
0.3 6.46 10.86 4.40 
0.4 6.34 11.85 5.51 
0.5 6.17 15.89 9.72 
0.6 6.01 13.06 7.06 
0.7 5.83 12.02 6.19 
0.8 5.68 12.21 6.53 

TABLE 2 

Enthalpy, entropy and free energy values for the proton transfer process of metu-nitro- 
benzoic acid in DMSO-water mixtures calculated by assuming a gaseous initial thermo- 
dynamic state (all thermodynamic quantities are given in kcal mole-l) 

XDMSO GAGf4x GAHp T6ASf- 

0 8.01 9.34 1.33 
0.1 7.78 10.62 2.84 
0.2 7.53 14.46 6.93 
0.3 7.40 17.46 10.06 
0.4 7.20 21.19 13.99 
0.5 7.04 21.72 14.68 
0.6 6.90 22.22 15.32 
0.7 6.75 16.64 9.89 
0.8 6.67 15.43 8.76 

TABLE 3 
. 

Enthalpy, entropy and free energy values for the proton transfer process of pam-nitro- 
benzoic acid in DMSU-water mixtures calculated by assuming a gaseous initial thermo- 
dynamic state (all thermodynamic quantities are given in kcal moleM1) 

0 10.07 11.43 1.36 
0.1 9.83 11.27 1.44 
0.2 9.66 11.40 1.74 
0.3 9.49 15.88 6.39 
0.4 9.37 15.82 6.45 
0.5 9.29 14.28 6.99 
0.6 9.14 15.73 6.59 
0.7 8.99 16.98 7.99 
0.8 8.81 20.93 12.12 . . 

. . 
.- 
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Fig. 1:. Thermodynamic quantities for the proton transfer process of o&o-nitrobenzoid 
acid in DMSO-water solutions; obtained by assuming a gaseous state as reference. 

.. .: ,: .. : 

Fii. 3. ~titiodyh~c qq&&ties for the ‘pro& tknsfer process of rm&ni~be~iL 
a@ in DMSCGwater:solutio~, obtained by assuming a g~us:st+e.~ refer&&i.: _ :_ : :... 

,. ‘: .- ‘. _ ,, _ .I .,. 
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Fig. 3. Thermodynamic quantities for the proton transfer process of para-nitrobenzoic 
acid in DMSG-water solutions, obtained by assuming a gaseous state as reference. . 

In solution the metacompound shows the greatest unfavorable effect to 
proton transfer. This can be related to the drastic desolvation of the meta- 
anion with respect to para- and ortho-anions. 

In the gaseous phase the proton transfer process is easier for the nitro- 
than for the chloro-isomers, while in solution the contrary is true. Indeed, in 
the gas phase the inductive effect of the nitro-group is stronger than that of 
the chloro-group. Consequently, in the liquid phase the nitroanions are 
more desolvated than tho chloro-anions. Furthermore,. the ortho-anion 
exhibits a steric inhibition of solvation on the carboxylate group. ., 

REFERENCE6 

1 M.G. Bonicelli, G. Ceccaroni and F. Rodante, Thermochim. Acta, 52 (1982) 45. 
2 F. Rodante, Thermochim. Acta, 31(1979) 221. 
3 F. Rodante, Thermochim. Acta, 34 (1979) 377. 
4 F. Rodante, F. Rallo and P. Fiordiponti, Thermochim. Acta, 9 (1974) 269. 
5 F. Rodante, Thermochim. Acta, 32 (1979) 293. 
6 L.G. Hepler and W.F. U’Hara, J. Phys. Chem., 65 (1961) 811. 
7 L.G. Hepler, Can. J. Chem., 49 (1971) 2809. 



. - 197 

8. T. Mat+ and-L.G. Hepler, Can.- J. Chem., 64 (1977) 1296. 
9 R. .Yamdagni. T.?. M-on +d P. Kerbale, J. Am. Chem. Sot., 96 ($974) 4035. 

10 T.B. &lcMahon ana P. Kerbale, J. Am.. Cheni- Sot., 99 (1977) 222. 
11 J.B. Cumniing and P. Kerbale, Can. J. Chem., 56 (1978) -1; 
12 F; Rodante, Theqnochim. Acta, 34 (1979) 29. 


