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Representation of Chemical Composition

@ The composition is

N17N27"' aNiv"' 7Nn

for each component 1,2,3,--- ,n then the mole fraction z; is
N; N;
T — )
' Z?:l N N

where N is the total number of moles of an n-component materials.
Subsequently,
n n
in =1 Z d.%'i =0
i=1 i=1
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Representation of Chemical Composition

@ The concentration ¢; is

N;
C; = V
where V is the total volume of the solution and we have
(&
Ty =— —
c
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Multicomponent Solution

@ The fundamental equation is
dU =TdS — pdV + p1dNy + padNa + - - - ppdNy,

the chemical potential is

s = ( ou >
' ON; S,V,N;zi

dG = —SdT + Vdp + p1dNy + podNo + - - - i dNy

@ In other way,

the chemical potential is

s = < 0G )
! IN; TN,
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Multicomponent Solution

@ Since
G=U-TS+pV =pN =N+ paNo+ - pinNy

the chemical potential of a homogeneous multicomponent system is

G
M:N:9:U—TS‘HW=M1!E1+M2w2+---+un:ﬂn

and
dp = —sdT' + vdp + prdzy + podxs + - - - + ppday,

@ The chemical potential of each individual component is
dui = —SidT + Uidp

where s; and v; are the molar entropy and volume of component 1. |
A J
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Chemical Potential of a Mixture of Pure Components

@ The chemical potential of a mixture of pure components is
lu’o(Tapv xl) = JILU,C{(T,p) + :I“2/“1’C2>(T7p) + "Bnﬂ%(T,p)

where 17 (T, p) is the chemical potential of pure component i.

@ For example, for a binary mixture of pure A and pure B, chemical
potential of mixture is

p (T, p,x8) = zapa(T, p) + zeug(T,p)
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Chemical Potential of a Multicomponent Solution

e At given pressure, the chemical potential ; of a component i in a
solution is expressed by

wi(Tyx;) = pi (T) + RT Ina; (T, x;)

where a; is the activity of component .

@ The activity can be decomposed into
i = Ti%i
where ~; is the activity coefficient. For ideal solution v; = 1, which

means that an activity is a mole fraction.
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Chemical Potential of a Multicomponent Solution

@ For homogeneous binary solution and their components are A and B,

w(zg) = zapa(ze) + reus(zr)

where
pua = pa(T) + RT Inap

pg = pg(T) + RTInag

@ The chemical potential of a solution is

w(T, x;) szul (T, z;)

it is
n
w(T, ;) Zﬂleh )+ RTZSL‘Z' Ina;(T, z;)
i=1 NE
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Obtaining Chemical Potentials of Components from

Chemical Potential of Solution

@ The chemical potential of the solution is at given temperature and

pressure is
n n
p= Zﬂﬂi —dp = Zuidl“i
i=1 i=1
e Since > x; =1,
n
>
=1
therefore,

M= i + Z l‘j Mz
J=1,j#i
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Obtaining Chemical Potentials of Components from

Chemical Potential of Solution

o We have

zn:d.%'i:() dl‘i:— Z d.%'j
i=1 j

0
(J) = MKy = M
L) j#i

then we have
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Obtaining Chemical Potentials of Components from

Chemical Potential of Solution

@ Therefore,
= + Z w51 M"_M“L‘ZAIJ'EJTJ-
J=1j#i J=1,j#i

then

n 6,“
Hi = = Z ﬂfjaixj
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Obtaining Chemical Potentials of Components from

Chemical Potential of Solution

1 .
/ KB
u(xg) = (1 — xg)ua(xg) + xgpp(xs)
U {xé)
Ha (xé)
pxg) = (1 — xp)pa(xp) + xpus(xp)
A Xp B
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Obtaining Chemical Potentials of Components from

Chemical Potential of Solution

@ For binary solution, the chemical potential of the solution is

p(re) = zapa(re) + zeus(zs) = (1 — zg)ua(zB) + rBpB(7B)

— MA(Q?B) + g (MB(mB) - NA(wB))
then

du(zg) = pa(ws)dza + pe(ze)des = (us(zs) — pa(zs))drs
o At zg = 1z,

ou(zx
) = ua) — b (ualab) — poleb) = () — 7y )
g
o At zp = T,
Iy o / / / / o / / 8M($A)
pe(Th) = p(wa) — Th (ﬂB(ffA) - MA(:EA)) = p(rp) — DA
Kunok (KHU)
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Gibbs-Duhem Equation for Multicomponent Systems

@ The differential form of Gibbs free energy is
dG = —SdT + Vdp + p1dNy + padNo + - - - + ppd N,

Since
G=—-ST+Vp+ puiNi+ paNo+ -+ + pin Ny,

therefore, we reach the Gibbs-Duhem equation for multicomponent
system,

—TdS + pdV + Nidpy + Nodpg + -+ - + Npduy, =0
e At a given S and V/, for a binary solution,
Nldul + Ngd,ug =0

divide into NV,
x1dp1 + xodps =0 NE
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Gibbs-Duhem Equation for Multicomponent Systems

@ When the chemical potential is given by activity, we have
z1dIna; + zodlnags =0

x1dIn~vy; + xodlnyy =0

with fact that
r1dInzy + x9dlnxg =0
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