Introduction to Physical Chemistry — Lecture 7 Supplement: Computing Cp — Cy, For
Any Material

Earlier in the course, we showed that, for an ideal gas, If we regard V as a function of T and P, then,
Cp — Cy = nR, or equivalently, that Cp — Cyy = R. We
can use the Maxwell relations to compute the general oV oV
expression for Cp — Cy . dV = (+=)pdT + (== )rdP
Beginning with a process at constant volume, so dV = or op
0, the First Law reads, dU = 6Q = CydT = TdS, so = Vadl' = VkdP (8)
that,
oS Therefore
Cyv =T(=— 1 ’
v=T(35)v (1)
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Now, we have, dH = (Cy + V% + Va(T% — )T - VH(T% ——)ap
dH =TdS +VdP 2 2
@) = (CV+V% +TV% —V%)dT—V(Ta—l)dP
If we regard S as a function of T" and V, then, o2
oy Py = (Cy + TV?)dT —V(Ta-1)dP (9)
dS = (=) )vdT + (==)rdV 3
(G2 vdT + (50 3)
If we regard P as a function of T and V, then, and so,
dP = (Fm)vdl + (5r)rdV (4) Cr = (Gz)p=Cv + TV% (10)
From Lecture 7, we have, which gives, finally,
oP oS o 2
Ty = (22 = 2 @
G v = Gy =4 ®) Cp—Cv=T1TV-— (11)
and
P oV 1 or equivalently,
(W)T = 1/(67P)T = v (6)
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Putting everything together gives, Cp—Cy =Cpum—Cyy = TV% = TVm% (12)
as OP oS oP
dH = (T(afT)v + V(ﬁ)v)dT + (T(W)T + V(w)T)dV

o o 1 For an ideal gas, a = 1/T, k = 1/P, so Cp—Cy =
(Cy + V;)dT + (T; — ;)dV (1)PV /T = R.



