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16.4 Gibbs function, G

We define the Gibbs function using

G = H − TS. (16.21)

Hence we find that

dG = TdS + V dp − TdS − SdT

= −SdT + V dp, (16.22)

and the natural variables of G are T and p. [Hence we can write G =
G(T, p).]

Having T and p as natural variables is particularly convenient as T
and p are the easiest quantities to manipulate and control for most
experimental systems. In particular, note that if T and p are constant,
dG = 0. Hence G is conserved in any isothermal isobaric process.5 5For example, at a phase transition be-

tween two different phases (call them
phase 1 and phase 2), there is phase
coexistence between the two phases at
the same pressure at the transition tem-
perature. Hence the specific Gibbs
functions (the Gibbs functions per unit
mass) for phase 1 and phase 2 must be
equal at the phase transition. This will
be particularly useful for us in Chap-
ter 28.

The expression in eqn 16.22 allows us to write down expressions for
entropy and volume as follows:

S = −
(

∂G

∂T

)

p

(16.23)

and

V =

(

∂G

∂p

)

T

. (16.24)

We have now defined the four main thermodynamic potentials, which
are useful in much of thermal physics: the internal energy U , the en-
thalpy H, the Helmholtz function F , and the Gibbs function G. Before
proceeding further, we summarize the main equations which we have
used so far.

Function of state Differential Natural First derivatives
variables

Internal energy U dU = TdS − pdV U = U(S, V ) T =
(

∂U
∂S

)

V
, p = −

(

∂U
∂V

)

S

Enthalpy H = U + pV dH = TdS + V dp H = H(S, p) T =
(

∂H
∂S

)

p
, V =

(

∂H
∂p

)

S

Helmholtz function F = U − TS dF = −SdT − pdV F = F (T, V ) S = −
(

∂F
∂T

)

V
, p = −

(

∂F
∂V

)

T

Gibbs function G = H − TS dG = −SdT + V dp G = G(T, p) S = −
(

∂G
∂T

)

p
, V =

(

∂G
∂p

)

T

Note that to derive these equations quickly, all you need to do is
memorize the definitions of H, F and G and the first law in the form
dU = TdS − pdV and the rest can be written down straightforwardly.
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