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The volume change of a chemical reaction is usually
determined by measurements of the equilibrium constant at
different pressures. This can be a tedious process for
coupled equilibria, requiring a large amount of data over a
wide pressure range. In this communication we suggest a
procedure for determining reaction volumes which has certain
advantages over the standard approach, The method consists
of determining the equilibrium constants of a system at a

single pressure, usually atmospheric pressure, and then

measuring the signal change (light absorbance, conductivity,
etc.) as a function of reactant concentrations for a small

perturbation from the initial pressure. The small perturba-

tion condition allows use of linear equations which can be
derived by simple inspection of the reaction scheme and
solved with linear regression analysis. This method can be
used for the quantitative analysis of overall amplitudes

observed in pressure-jump relaxation experiments.



It can be shown (1-3) that for small pressure-induced
perturbations of equilibrium concentrations, the change in
absorbance of a reaction solution is in general given by the

following relationa’b
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where R 1is the number of reaction steps, the b are

af
related in a simple way to elementary volume changes and

extinction coefficient changes of elementary steps,

by = Be AV (2)
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and‘the Xij are fuhctions of stoichiometric coefficients
and equilibrium concentrations at atmospheric preséure.
Expressions for the Xij of eq. 1 are easily deriﬁed
by the following procedure:
1. Number the reaction steps 1, 2 ... R, and the
- chemical components 1, 2 ... N.
2. Construct an RxR symmetrical matrix g whose
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elements are given by
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where Via is the stoichiometric coefficient of species i in
reaction a (coefficients are assumed positive for products
and negative for reactants), and Ci is the molar equilibrium
concentration of species i at atmospheric pressure.
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3. Evaluate the inverse matrix g ~. The elements of g_1
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are the X.. of eq. 1.
1]
We may consider eq. 1 a linear regression equation in which
the experimental A" is the dependent variable, the X.. are

1)
independent variables and the b are regression coefficients

af
which can be determined with a least-squares analysis. The
reaction volumes are then calculated from the baB and the
extinction coefficient changes using eqs. 2 and 3. It is
assumed that the extinction coefficient differences are
independent of pressure,
As an illustration of the method we shall consider the

competitive binding of two inhibitors for the active site of

an enzyme:
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In the general case where no restrictions are placed on
extinction coefficient changes or reaction volumes, a pressure-
induced shift in equilibrium concentrations will result in an

absorbance change described by the following relation,
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AA- = bygXyy * byoXy, * by X,, (5)

where the constant terms are



bll = AE:lAVl R b22 = AEZAVZ
(6)
b12 = AslAVZ + AEZAVI
and the Xij are the elements of g_l, where
g11 = 1/E + 1/D + 1/ED
8,7 = V/E + 1/1 + 1/E1 (N
g12 = 1/E

In the limiting case where only D and ED absorb
significantly at the chosen wavelength, the binding of I to
.E does not in itself give rise to a signal change. Nevertheless,
due to coupling between the two equilibria, the pressure-induced
absorbance change is stili a function of AV,, as seen by

setting AE2 = 0 1in eq. 5. The final result is
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The reaction volumes for this system can be determined
conveniently by carrying out a titration in which AA* is
measured following each addition of inhibitor I to an
equilibrium mixture of E and D. A simulated titration
curve is given in Fig. 1.

| Fitting experimental absorbance changes to eq. 8 with a
two-parameter least-squares program will yield the products
AelAvl and AslAVZ. Since Ae; can be determined independently,
values for both volume changes can be obtained from a single

titration,
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For more complex coupled equilibria, generation of the
inverse matrix by either algebraic or numerical methods will
still allow use of linear regression analysis to find all the
reaction volumes. Even with several coupled equilibria, it is,
only necessary to perform one relatively simple titration

experiment at high pressure to calculate all the volume changes.



Footnotes

a) The "small perturbation” condition is éefined by

the relation
éKi/Ki = —(AVi/RT) 6P < 0.1
where Ki are elementary equilibrium constants.

b) AA* is the absorbance change normalized with
respect to temperature and the pressure change.
The general form of equation 1 is
independent of the forcing function
(temperaturé, pressure, etc.) and the
detection systemn.

AA" = (RT/SP) AA
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