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The Various Roles of The Solvents in Chemical Reactions;
Theoretical and Thermodynamic Approaches

Yasuhiko Kondo*

There are some very striking similarities between equilibrium and kinetics of reactions,
including temperature effects, salt effects, and rate-equilibrium relationships. Transition
state theory provides a basis for understanding these similarities. The various roles of the
solvents in chemical reactions have been made clear by extending the theory.

Sometimes the reaction in solution indicates a quite complex behavior. A thermo-
dynamic approach which includes a splitting of the change in activation parameters into
contributions from the initial and the transition states, is invaluable for a detailed understand-
ing of molecular processes in solution. Recent works by the author have been presented as

an example.
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Fig. 1. Plot of log k for the maleic anhydride and
1,3-butadiene reaction against solubility
parameter & . (25°C)
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Fig. 2. Plot of log k for the trimethylamine and

p-nitrobenzylchloride reaction against the
Kirkwood function (¢ ~1)/(2¢ +1). (25°C).
O, aprotic solvents; @ , protic solvents.
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Fig. 3. The Bronsted plot. p, g, statistical factors.

Fig. 4. Gibbs energy vs. reaction coordinate
profile.
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Fig. 5. Incidence of a proton on parabolic barrier.
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Fig. 6. Arrhenius plot for the proton-transfer (k™)
and deuteron-transfer (k) reactions in
toluene, reproduced from ref. 25 by per-
mission of the authors.
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Fig. 7. Electrostatic model of a coupling motion.
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Table 1. Tunnelling correction and barrier parameters in various solvents (25°C)2®)

Cyclohexene Mesitylene Tetrahydrofuran Dichloromethane Acetonitrile
@y 130 77 392 345 3.05
Ey/k] mol ™! 46.2 410 19.0 20.3 245
2 b/nm 0.0820 0.0796 0.0782 0.0786 00794
my/a. m o 1.00 1.00 117 1.24 1.27
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constituents.
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Table 2. Solvent activity coefficients for typical anions and cations3®

Ion MeCN PC MeOH H,O DMA NMePy DMSO HMPT
K* 0.0 — 0.2 —32 —42 — —42 —47
Ph,As* 0.0 —05 0.1 —12 —18 -01 —20
Cl- 0.0 —01 —44 —64 18 15 06 30
Br- 0.0 05 —23 -39 20 15 0.2 34

PC, Propyrene carbonate; DMA, N,N-dimethylacetamide;
NMePy, N-methyl-2-pyrrolidone; DMSO, Dimethyl sulfoxide;

HMPT, Hexamethylphosphoric triamide
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