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Bronsted Coefficients and Solvent Effects 

By BRIAN G. Cox* and ALAN GIBSON 
(Department of Chemistry, University of Stirling, Stirling, ScotEand) 

Summary It is shown that the use of solvent variation to 
alter the total free-energy change occurring during pro- 
ton-transfer reactions does not lead to normal Bronsted 
/3-values and the implications of this are discussed. 

BR~NSTED p-coefficients relating rates and equilibrium 
constants for proton transfer reactions (equation 1) may in 
principle be obtained either from variations in the nature 

SH + B-+S- + BH (1) 
of B or S (e .g .  by varying substituents), or from variation of 
the medium in which the reaction is carried out.1 The 
latter method of obtaining 18 coefficients does not appear to 
have been tested directly but the equivalence of the two 
methods has been assumed in the interpretation of results 
obtained for proton abstraction by hydroxide ion in mix- 
tures of dimethyl sulphoxide and water.2 In these studies, 
values of ApK(pK,, - pKBH) have been estimated using 
measured H- acidity f~nct ions.~ 

In the course of a study of the effects of changing solvent 
on the rates and kinetic hydrogen isotope effects of proton 
transfer reactions, we have measured rates and pK's for a 
number of substrates SH and catalysts BH in several solvent 
systems. As an example of the results, kinetic and thermo- 
dynamic parameters for reactions between acetate ions and 
several substrates in water-dimethyl sulphoxide and water- 
trifluoroethanol mixtures are presented in the Table. They 
clearly show that there is no simple relationship between 
rates and equilibria, as do additional results for fluoride 
and monochloroacetate ions as catalysts and for reactions 
carried out in acetonitrile-water mixtures. 

For a system to exhibit a normal Bronsted /3 (0 < /3 < l), 
i t  is necessary for the effects of a perturbation on the free 
energy of the system to vary monotonically with the 
extent of reaction. Because of the considerable difference 
in the effect of transferring anions of high charge density 
(capable of stabilization by H-bonding) and larger polaris- 
able anions of low charge density from protic solvents (i.e. 
solvents containing relatively acidic protons) to dipolar 
aprotic solvents,4 solvent variation would not in general be 
expected to lead to normal p values. Thus addition of 
dimethvl suhhoxide to water raises the activitv of the 

acetate (RC0,-) and nitroalkane (RN0,-) anions by a 
similar amount relative to the larger and more polarisable 
transition state anion, leading to large rate increases but 
relatively small changes in ApK. Similarly the more acidic 
trifluoroethanol interacts more strongly with these anions 
than the transition-state anion. 

TABLE 

Rates and equilibria for acetate-catalysed proton transfer 
reactions from carbon acids in solvent mixtures at 25 "C. 

1. M%SO-H,O mixtures. 
dms mol-1 s-1 

Xorga PKSH 

0.00 7.70 
0.20 - 
0-39 11.0 
0.50 12.1 
0.69 - 
0-83 - 
1.00 16*2d 

(i) Me2CHN0,; k,(OAc-) =2-70 x 

~ K H O A C  ApKb log ke/koc 
4.76 3.0 0.00 

- 0.98 
7-1 3.9 1.82 
8.0 4.1 2.30 
- - 3.36 
- - 3-37 

- 

12.0e 4.2 - 
(ii) MeCO.CH(Me)CO,Et; k,(OAc-) = 4.30 x dms mol-l s-l 

0.00 12.4 4-76 7.7 0.00 
0.20 12.3 6.0 6.3 0.99 

- - 1-28 0.28 - 
0.39 12.7 7.1 5.6 1-76 

(iii) CH,CH,NO,; k,(OAc-) = 3.26 x dms mol-l s-l 
0.00 8.8 4.76 4.1 0.00 
0.20 10.2 6.0 4-2 1.14 
0.39 11.7 7-1 4.5 1.96 
1-00 16.4d 12-00 4.4 - 

2. CF,CH,OH-H20 mixtures. MeCH,NO,; k,(OAc-) = 3.26 x 
10-5 dms mol-1 s-1 

0.00 8.8 4.75 4.1 0.00 
- 0.05 0.08 

0.20 10.2 5.8 4.4 - 0.30 
- - 0.41 0.32 - - 

0.50 11.6 7.1 4.4 - 0.60 

- - - 

a Mole fraction of organic component. b pKs= - pK=oac. 
C k e  are catalytic constants in solvent mixtures, measured as 
rates of iodination. e J. M. Kolthoff, M. K. Chantooni, 
and S. Bhowmik, J .  Amer. Chem. SOC., 1968, 90, 23; C. D. Ritchie 
and R. E. Uschold, J .  Amer. Chem. SOC., 1967,89, 1721. Average 

d Ref. 6. 

-I I value. 
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These results also have implications for the interpretation 
of 18 values in water, as the extent to which pK’s of acid 
involved in reactions are determined or modified by solva- 
tion will not in general be reflected in the transition states. 
For example, 1,l-dinitroethane reacts 104-8 times more 
rapidly with OH- than does nitroethane,5 despite a differ- 
ence of only 3.44 pK units in the acidity, leading to a value 
of 18 = 1.4. In dimethyl sulphoxide however, 1,l-dinitro- 
ethane is a stronger acid than nitroethane by 10 pK units6 
This suggests that in water, the considerable rate difference 
reflects the much greater stabilization of the developing 
negative charge by the dinitro-group (as shown by the pK 
difference in dimethyl sulphoxide) but that the overall free 
energy difference between the reactions is reduced by 

considerably higher solvation of the mononitro-anion 
relative to the dinitro-anion. Such an effect might also 
explain the anomalous fl  values obtained for the ionization 
of substituted phenylnitr~alkanes.~ 

It should be noted that the results in the Table refer to 
reaction between a neutral substrate and a negatively 
charged base. Both the kinetic and thermodynamic 
behaviour of systems of different charge type (e .g .  SH + 
B + S- +LBH+) are expected to differ from that observed 
here. 

We thank Professor R. P. Bell for discussion. 
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