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AGENDA
1. Equilibrium and Chemical potential
2. Calculating Equilibrium Composition

1. Equilibrium and Chemical potential
Consider a two phase, isolated system:
a B a B
ds' = 11 du ' + L dve | 2 _H ldn=
T T/ T T/ T T/

At Equilibrium, entropy at maximum: dS'=0
Thus, we have:

Thermal Equilibrium: T =T’

Mechanical Equilibrium: P* =P”’

Chemical Equilibrium:  p* =p’
In general:

(1) Entropy is maximized in isolated systems at equilibrium while the
internal energy is minimized.

(2) Enthalpy is minimized in closed, adiabatic systems at constant
pressure at equilibrium.

(3) Helmholtz free energy is minimized in closed, isothermal systems with
rigid walls at equilibrium.

(4) Gibbs free energy is minimized for closed, constant pressure,
isothermal systems at equilibrium

For detailed derivation, please refer to the lecture notes 21.
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Chemical potential:

M= on

0G
—>dG =-SdT +VdP + > zdn,
i JT,Pn i

U ="

dU =TdS —PdV +)_ xdn,

dH =TdS +VdP + )" zdn,

=
dF =-SdT —PdV + > z4dn,

dG =-SdT +VdP +)_ zdn,

l-Ts l’” U=TS-PV +Zi:,uini
F=BC  |H=Ts+Y un
X:Znixi—’ GZZ”M - F=-PV+) un

2. Calculating Equilibrium Composition
Evaluating Chemical Potentials:
For an idea gas mixture:

> dT
s(T,. p,)—s(T, pl)Zij cp(T)T—RIn

(. J

s° (T, )-s° (Ty)

s(T,p):s(T,pref)—RInloL
ref

§i(T,p)=§i°(T)—F_2Inz‘—p
ref
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D nd g =-SdT +VdP

Gibbs-Duhem equation

P2
Py
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So we_have:
H = hi (T)—T§i(T, pi)

=Hﬁrﬂ{§av—ﬁm%ﬁ}

— Ry (T)-Ts2(T) + RT In 2P

ref

g’

=8 +RTIn AL g R m)-Ts°(T)
ref
where g? is the Gibbs function of component ievaluated at temperature T

and a pressure of 1 atm. The P, IS 1 atm.

Equation of Reaction Equilibrium:

Consider a closed system containing five components, A,B,C,D, and E, ata
given temperature and pressure, subject to a single chemical reaction of the

form

V,A+v;B=Vv.C+v,D

The equation of reaction equilibrium is:
Vallp Vg tlg = Ve le +Vp lp

Using =g’ +RTIn YiP 'we can derive the Equilibrium constant K:

ref

AG”°
:—ﬁﬂn[K(T)]

Ve +Vp—Vp—Vp

K(T)=2o | P
AA BB pref
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Where
AG® =V T¢ +VpTp —VaTa — Ve Ts
=Ve (ﬁc _T§CO) +Vp (HD _T§DO) _VA(HA _T§AO) — Vg (HB _T§BO)

= (Vohe +vphy —=v,h, —vghy) =T (V5% +V,S,° —V,5,° — Vg 5,°)
Where h = ﬁfo +Ah

Evaluating enthalpies of a compound

h=hy +[h(T) - h(T,)]

N

EnthETY of Change of enthalpy from
ngpaas '2?25 Temperature T, to T
or ADEE (Tables A23,A23-E or A-21)

Here, we choose T, as 25°C or 298 K. Note the formation enthalpies
forH,,0,,N, and C are 0.

In general, we can employ one of the following methods to calculate Ah

For a solid or liquid: Use Ah =t AT, as we used in HW 10.

For gases:
Method 1: Assume an ideal gas with constant specific heat so thatAh =¢ AT ;

Method 2: Assume an ideal gas and use table.

The energy rate balance for a control volume at steady state neglecting
Kinetic and potential energy effects can be written as:

0=%—%+Zniﬁ(ﬂ)—znﬁem)

cv

where h = ﬁfo +Ah
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