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Synopsis. A ‘“‘thermodynamic” derivation by Jee of a
simple proportionality between the effects of pressure on the
enthalpy change AH and the entropy change AS for a chemi-
cal reaction in solution, is shown to be erroneous.

In a recent paper,? J.-G. Jee has presented a deriva-
tion “from the basic thermodynamic equation(s),” of a
simple proportional relationship between the influ-
ence of pressure on the molar change of enthalpy AH
for a chemical reaction and its corresponding influ-
ence on the molar change of entropy AS.

Jee! began by applying one of the Maxwell relations
to derive the formula

(8H/3p)r=(T—1/a)(dS/dp)T, (1)

where p denotes the pressure and T the absolute
temperature. This is a standard thermodynamic
relation [it is given, for example, by combining
Guggenheim’s? formulae (1.47.4) and (1.48.4)], link-
ing the pressure derivatives of the total enthalpy H and
the total entropy S of a closed homogeneous phase in
the absence of a chemical reaction: a denotes the coef-
ficient of thermal expansion of the phase,

a=(@V/3T),/V, @)

where V is the total volume of the phase.

Jee!) then assumed that a relation similar to Eq. 1
applies to a chemical equilibrium, with H and S being
replaced by AH and AS, denoting changes of enthalpy
and entropy accompanying the reaction. On that
basis, and assuming « to be independent of p, he inte-
grated Eq. 1 to obtain his relation (Eq. 12):

AH®— AH®°=(T—1/a)(AS"—AS°), (3)

where the superscripts ” and ° indicate values at a high
pressure and at atmospheric pressure, respectively. He
took that formula to mean that there is a “‘theoretical”
linear relationship between AH*—AH® and ASP—AS°.

If Jee’s relation were correct, it might be useful.
However, it is not correct.

In dealing with a chemically reacting system we
need to consider, not the total quantities H, S, and V
for the mixture, but the behavior of the correspond-
ing partial molar quantities for the reacting species
and for the products. If, for a particular species J, we
write these as Hj, Sy, and Vj, then a relation analogous
to Eq. 1 holds between the partial molar functions of J
in the form

(0H/3p)r=(T—1/2;)(8S,/9p)r, (4)
where a; is defined® as
Ot;=(6VJ/<9T),,/V;. (5)

Taking the simple case of a chemical reaction
equilibrium,

A2B, (6)

between two species A and B in a homogeneous mix-
ture, we have

AH=Hgpg—Ha (7
and
AS=Sp—Sa, (8)

where AH is the difference between the partial molar
enthalpy (or standard partial molar enthalpy) of the
product and that of the initial species; AS is the corre-
sponding difference of entropy.

Combining Egs. 4, 7, and 8, we obtain

(JAH/dp)r=
(T—1/ap)(dAS/3p)r+ (1/2a—1/a)(@Sa/dp)r,  (9)

and if we make an additional (usually unjustified)
assumption that @ and @ are independent of p, we
can integrate Eq. 9 to obtain

AHP— AH°=
(T—1/ap)(ASP—AS®) + (1/aa—1/ap)(Sh—SR).  (10)

More complex relations apply if more than two species
take part in the reaction.

Unlike the supposed relation (Eq. 3), the correct
formula (Eq. 10) does not represent a simple propor-
tionality between AH*—AH® and ASP—AS°. It would
do so only if additional conditions were met—namely,
either (a) that ag=a,, which is improbable (particu-
larly so for ionic reactions), or (b) that Sa and Ss have
the same functional dependence upon p. These are
both extra-thermodynamic conditions, and the second
resembles El'yanov’s® assumption of a “linear free
energy relation” for the effects of pressure on equili-
brium constants, which enabled him to derive an
expression similar to Eq. 3 '

Criticisms analogous to the above apply also to
Jee’s! supposed enthalpy/volume and entropy/
volume relations.

Finally, when we come to examine Jee's! experi-
mental evidence for linear correlations between AH
and AS, we encounter a difficulty, because it is impos-
sible to reconcile the values of AH, AS, and AV that he
has listed in his Table 2 and plotted in Fig. 1, with the
experimental values of the equilibrium constants K
that he has reported in Table 1. For instance, his listed
values of AV have both the wrong sign and the wrong
magnitude [his formula (Eq. 9) for AV is, in any case,
incorrect® when applied to values of K having volume
concentration units (dm3mol-1)]. Also, the equilib-
rium constants yield values of AH and AS that show
large and random scatter, with no indication whatever
of the smooth trends suggested in Jee’s Table 2.
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Admittedly, they give good linear plots of AH versus
AS, with slopes near the experimental temperature, ca.
300 K; but that is precisely the behavior that would
arise from random errors in the experimental tempera-
ture dependences of the K.
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