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We discuss the calculation of local concentration fluctuations, at constant volume and temperature, for an open,
non-interacting, chemically-reactive fluid. One conclusion is that even for ideal mixtures, fluctuations cannot be cal-
culated using a grand-canonical theory if the open volume element constitutes a non-negligible part of the total sys-
tem. It is also shown that the calculation of equilibrium fluctuations for interac.ing molecules is, in general, not
given by the ordinary grand-canonical result. There does exist a coupling between reaction progress fluctuations and

concentration fluctuations due to migration.

In this paper we discuss static concentration fluc-
tuations occurring in open chemically reactive fluids
at equilibrium. Intuitively, one might expect concen-

tration fluctuations to arise from either of two sources.

Reactant particles can diffuse into or out of an open
volume element, thereby altering the local concentra-
tions. In addition, fluctuations in the progress variable
of a chemical reaction can affect local concentrations.
A question which naturally arises is: how can one in-
corporate both diffusion and progress variable fluc-
tuations into a calculation of local-concentration fluc-
tuations? Although the present letter does not answer
this question, it does show that previously obtained
answers are not generally correct.

It should be noted that our goal here is not to in-
vestigate the time decay of concentration fluctuations
but rather to study static fluctuations in an open sys-
tem which is in equilibrium with a finite enclosing
volume. Keizer [1] has given a very interssting
stochastic treatment of the dynamics of fluctuations
for an isomerization reaction in a closed system in the
thermodynamic limit (V¥ = ). The reader should
consult Keizer’s article for several other references to
this interesting question.

Let us begin by considering a closed vessel of
(constant) volume ¥, which is isolated from its sur-
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roundings. We assume that the reversible chemical re-
action

VA trA,t ot A =0 ()
has reached equilibrium within the vessel, and we
designate the equilibrium concentrations of the reac-
tants by {CP; i=1,2,...5}. The instantaneous value

of the total concentration of reactant i is given in
terms of the progress variable® £ as

C=Cl+ut. )

The stoichiometric coefficients v; are positive for
products and negative for reactants. The probability
of fluctuations in the progress variable, at constant
volume and energy (E), can be expressed in terms of
the entropy change accompanying the fluctuation [2]

exp (k™' [S(5,E, V)-S(0.E, V)]}

Jexo (k=1 (S(&,E, V) -S(0,E, V)]

Because fluctuations are small, except near critical
points, the entropy change appearing in eq. (3) can be
accurately approximated as [2]:

S(5.E,V) - SO,2,V) = }@%S/082); ) (oo 8- (9

(3

PE) =

T Notice that one can define a progress variable only for a
closed system.
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