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» Continuation of ideal gas mixture---Chemical potential and other
thermodynamic functions and their changes during a change of
Thermodynamic parameters of mixing.
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Mixture of ideal gas - Chemical potential of ‘i’ th constituent

If p; be the partial pressure of the ‘i’th constituent in the gas mixture at total
pressure P, then p; = x; P, where x; =mole fraction of the ‘i’th constituent.

sSnp =Inx +InP
Since for a given composition, X; remains constant,

dinp,=dInP
So from equation (e) we have,
de; - =RTdIn p,

Hi (p; atm) p; atm
jdui =RT jdlnpi

Hi(pj=1atm) latm

+RTIpRAM (f)

1atm

In this expression chemical potential of the ‘i’th constituent is expressed in terms
of its partial pressure instead of the total pressure of the mixture. However, at
constant temperature and composition, i amy = Hi(p, am)

Hip, atm) = Hi(p; =1am)

Substituting, p; = x; P in the equation (f) we have
P atm
1latm

Hipam) = Higp, amy = Hip,-1amy T RT In +RTInx, ... (9)




Since the ‘i’th constituent behaves ideally, its state in a mixture at partial pressure
1 atm and temperature T is same as the state of the pure substance at 1 atm and
temperature T. So

— _,,0
’ui(Pi =latm) ~ Hi (P=1atm) ~— Hi

where, #ip, -1amy = Chemical potential of i* th constituent at partial pressurel atm in the mixture

1 (1am = Chemical potential of the pure ‘i’ th constituent at 1 atm

and x’ =standard chemical potential of the pure 'i' th constituent.

Therefore equation (g) can be written as
P atm

1atm
— :ui*(Patm) +RT In Xi ........... (h)

Hipatmy = Hi (pogatm) T RT In +RTInx

where, 4 ..., = chemical potential of the pure 'i* th constituent at P atm
and 4 .y = Chemical potential of the'i' th constituent in the mixture at total pressure P atm

X; being a fraction IS <1, S0 £4p 4y < yi*(Patm) I.e. any gas has the spontaneous
tendency to form a mixture by diffusion since it is associated with Ay, = - ve



Therefore chemical potential of ‘i’ th constituent having mole fraction x; and
partial pressure p; in an ideal gas mixture at total pressure P and temperature T
can be expressed in different ways,

If the standard state is considered as the state of the constituent in the mixture
at a total pressure of 1 atm, then at total pressure P,

P atm
1atm

+ RT In

lui(P atm) = lui(leatm)
If the standard state is considered as the state of the constituent in the mixture

at a partial pressure of 1 atm, then at partial pressure p;,

p, atm
1atm

+ RT In

Hi(p; am) = Hi(p,-1atm)

If the standard state is considered as the state of the pure constituent at pressure
P atm, same as that of the mixture (when mole fraction of the constituent is x; )

Hipamy = Hipam) T RT Inx,



Change in Thermodynamic properties during mixing of ideal gases

Let us consider n; , n, , Ny ....... moles of different ideal gases at temperature T and
pressure P. The gases are allowed to mix at the same temperature and pressure.
After mixing the mole fractions of the constituent gases become respectively, X, , X, ,

Xge.... €fC.

The total free energy before mixing is
Ginitiar = Ml +Mopfdy + Ny + .o

where ta, Hos Hzeeeeeee respectively represent the chemical potentials of the
pure constituents at pressure P and temperature T. If in the mixture the
corresponding chemical potentials be 4, 4,, Us........ etc, then

G finar = Moty + Moty +Nafly + ..

Therefore, AG mixing — G finar — Giniiar =M1 (24 — ﬂl*) +N, (1, — ,U;) +N, (45 — ,U::) +.
=nRTInx +n,RTInX, + n,RTInx +.......

nl r]2 n3
Zni RTInx1+Zni Zni

=XRT Inx +X,RT InX, + X;RT Inx; +...
=RT) xInx

RT Inx, + RTInx +.....

or, (AG /mole) =

mixing



AS

nixing / MOlE = — G(AGmgT/ mole) _ -R> % Inx,

AH iing I Mole = (AG ., / Mole) + (TAS
=RTY x;Inx, —RTY> x;Inx

/mole)

mixing
=0

0
AV ixing / MOlE = a—P(AGmixing /mole)=0 | Since no pressure term in
AG

mixing

Thermodynamic criteria of ideal solution

() AH_ ... =0 , when interaction (intermolecular forces) among same

kind of molecules is equal to that among unlike molecules.

(ii) AVmiXmg =0 , when the molecular sizes of all the constituents of the
solution are same.



Next Class

» Fugacity and fugacity coefficient.



