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Figure 19.15 Brønsted plots. (a) Acid catalyzed hydrolysis of ethyl vinyl ether in
H2O at 25◦C. (b) Base catalysis of the decomposition of nitramide in H2O at 15◦C.
Data are from AJ Kresge, HL Chen, Y Chiang, et al., J Am Chem Soc 93, 413 (1971).

where ca is a constant and α > 0. Using the notation pKa = − logKa, the Brøn-
sted law is expressed as logka = −αpKa+ca. The acid dissociation equilib-
rium matters because the rate-limiting step in the reaction R→ P is often the
removal of a proton from the catalyst AH. Base catalysis often follows a similar
linear relationship, but with a slope of opposite sign: logkb = βpKb+cb, where
Kb is the base dissociation constant, β > 0, and cb is a constant. Examples of
acid and base catalysis are given in Figure 19.15. Such observations imply a
linear relationship between the activation energy Ea for the reaction and the
free energy ∆G of acid dissociation:

Ea = a∆G+b, (19.40)

where a and b can be positive or negative constants. Equation (19.40) is the
Brønsted relationship. It is an example of a broader class of linear free energy
relationships in which the logarithm of a rate coefficient is proportional to the
logarithm of an equilibrium constant, as in Equation (19.39) (see Figure 19.16).

Equation (19.38) describes two coupled processes in which the equilibrium
of one (AH→ H++A−) is coupled to the kinetics of the other (R→ P ). In other

Figure 19.16 According to the
Brønsted relation, the activation energy
Ea of a process is a linear function of
∆G, the stability of the product relative
to the reactant. As ∆G becomes more
negative, Ea is reduced (see Figure
19.17).
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