Extensive functions + Gibbs-Duhem Equation

E(AS,AX)=A4AE(S,X) Alsascaling parameter

E is 15t order homogenous function of S

f (X, X,) is a 15t order homogenous function of Xp wer X,

let 4 = ﬂ,Xi

f (e pty)= AT (X000 X,)

(%} = F 06 %)




for all A

D —

Euler’s theorem for 15t order
homogenous equation



E=E(S, X)

E = (Ej S +(8_Ej X =TS+f.-X < from Euler’s Equation
S ), \oX s

dE =TdS — pdV +Xz.dn.

E=TS-pV+Zun

dE =TdS —SdT — pdV —Vdp +Zzdn. +2n.d s

={SdT -Vdp+Zndu =0 Gibbs-Duhem Equation




G=E-TS+ pV
G=[TS—pV +Zun]-TS+ pV
G=Xun,

for a one-component system

G =un

In general X(T,p,n,,...,Nn,)= inni
i=1

/

extensive ? :
funct partial molar

x's



Intensive functions
are zeroth order functions of extensive variables

e.g, p=p(S.V,n,..,n)=p(AS AV, in,...,An,)

This is true for any A. Let

1
—=n+N,+..+N =n

p=p(S/n,VIn, x,....x, )
p=(S/n, V/n, X, ... X 1, 1= — s =X, )

2+r variables need to establish extensive variable
1+r variables needed to specify an intensive variable



