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Maxwell Relations from G



WORKING WITH GIBBS FREE ENERGY
G=U-TS+PV
differentiate mmy JG = dU - TdS - SdT + PdV + VdP

using dU=TdS - Pdv =y JG = -SdT + VdP

[\

compare with the formal 0G 0G

derivative of G = G(P,T): dG = (B_T) dT + (G_P) dP
P T

Thus E =-S5 and —) =V
01" |, P );



EQUATING KEY CROSS DERIVATIVES

(aG) _v and (GG) _ g
0P
0 equality of mixed
oT partial derivatives
0G
o )-v 8
0P aT
(&) _ S (GG) ( ) James Clérk Maxwell
oT |, dP\ 0T
1 (av) (as)

oT ), \aP

Another of many Maxwell relations



UTILITY OF THE MAXWELL RELATION

aV) (95} From this Maxwell relation we can see how §
9T ), \oP). changes with P given an equation of state

Integrate at constant 7: AS = — constant during

P oV Note that T is held
— | dP
\ Py ( ol ) p integration over P

Get P dependence of S from P-V-T data.

Example: Ideal gas
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ENTROPY OF ETHANE AGAIN

If P, is chosen to be so small that a gas behaves ideally (P > 0),

i P, (dV
AS = S(T,Pz) —Sipo) = —f | —| dP (constant T’
P\ oT
P
" T~ E(féo)[246.45 Jemol™ «K™ at 1 bar (from Q!)]
— Ethane at 400 K For real gases, i.e.,
@) . .
S 220 those having no readily
ol available, analytical
N _ . Y% equation of state, this
= 200 S(T.P) =Sip0 = [ (a—T) apP requires data for how
1% " volume varies with
180 |- temperature over a full
| | . range of pressures
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ENTHALPY DEPENDENCE ON P

Differentiating G=H -TS wrt P : (g—g) = (ﬁ) - T(ﬁ) (isothermal)

JdP 0P
: d
using (ﬂ) = —(ﬁ) and (—G) =V
or ), \oP), P )., oH oV
Maxwell previously ‘ —| =V -1T|—
relation derived oP T ol P
18.0 B
H3_,|17.87kJ * mol” (from Q!)]
T o . , Py For real gases, i.e., those
S 14.00 H(T,P)=Hg_,+ s |V T(a_T) dp having no readily available,
0 d analytical equation of state,
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Jes how volume varies with
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PRESSURE DEPENDENCE OF G

(ﬁ) =V — AG = & VdP  (constant 7)
P

oP ), - integrate
|deal gas example, V=nRT/P

, 1 P
AG = nRTf: FdP = nRTln?2 (constant 7)

1

Compare this to a previous result V. P

_ 2 _ _ 2
for an ideal gas at constant T: AS = nRIn—* = -nRIn P
1 1

As expected, AG = AH -TAS is equal simply to —-TAS
since AH =0 at constant T for an ideal gas



