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The fundamental equations
dU = dqyey, + AWy, = TdS — pdV - applicable to any process since dU is a state function
For irr. Changes, TdS > dq and —pdV > dw, but the sum dq + dw remains the same.

Seems U(S, V) is a natural choice

dU—(aU> d5+<au) dv; (au) —T and (8U> -
~\as), av).“ \es), =0 s P

. . . . . d 9
Since U is a state function, the above equation gives, (—T) = — (—p)
av S as v

dH = dU + d(pV) = TdS — pdV + pdV + Vdp = TdS + Vdp

dH—(aH> dS+(aH> dp; (aH) T and (aH) —v
~\os/, ap) P \as), =" % ).~

. . . . . aT v
Since H is a state function, the above equation gives, (—) = (—)
op/g as D

dA =dU —d(TS) =TdS —pdV — TdS — SAT = —pdV — SdT

dA—(aA) dV+(aA> 4T (aA) —-S and (aA) =
~\av/; ar), “" \ar), = me \av), =P

. . . . . d as
Since A is a state function, the above equation gives, (—p) = ( )
v T

aT v

dG = dH — d(TS) =TdS + Vdp — TdS — SdT = Vdp — SdT

dG_(ac) p +(6G) JT- (c’)G) _ s P (66)
~\op), P \ar), " \or), = e \ap
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Since G is a state function, the above equation gives, (—) = (—)
aT D op/r

=V
T

The equations in blue are the Maxwell relations.

Table 3.5 The Maxwell relations

aT ap
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Some examples
We saw the variation of U as a function of V.

aw = (55), 45+ () eves, (57), = (5), @), + (), = mr=7(5), ~pwhisisa

thermodynamic equation of state.

ap\ _ (3(nRT/V)\ _ nR _TnRT
For an |.G. (E)V = (—6T )V =7 LMy = - p=0
_ nRT _ an? ap\ _ (9(nRT/(v-nb))\ _ nR
For avan der Waals gas, p = el (6T)V = ( r )V =
' _ nRT _ nRT nRT  an®\ an?
Ty T PV \vemb vz )T vz
Focusing on the Gibbs Free Energy
(66) g i (66) v ©
— =- an — = :
T/, ap/, E
Sis always +ve. G dec. as T is increased é
G dec. more if entropy is large. It dec. more for gases than solids

Tempersture, T

Since VV > 0, G always inc. when p is inc., G being more sensitive when the V
is large (i.e. gases)

Gas
G as a function of T "
(66) _ o= G—H g
T/, T _-§
0 Liquid
The equilibrium constant is related to G /T —
Pressure, p
OGN _ _H - ibbs — Hetmholt ti F
a7 p— 72 Gibbs elmholtz equation
a(G/T) _1/0G d(1/T) 1006\ G 1(@Gy G| 1(G-H G _ H Volume Actual
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=
G as a function of p s
A
At constant T, (Z—Z)T =V. Gm(pf) = Gn(p;) + fppif Vndp '< £ >
P Pressure, p Py

For condensed phases V;, is essentially constant. So not much change in G,,
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For gases it does. For an I.G.,

pr

1 12
Gm(ps) = Gm(p:) + RT de = G,,(p;) + RT lnE
Di

Set p; = p° (standard pressure)

Gm(p) = G% +RT ln%

Volume, V

Molar Gibbs energy, G,

[vdp

, i =
Pressure, p —® Pressure, p
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