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Lever Rule

@ Suppose that we have N moles of a binary solution with overall
composition (23, zg)-
@ A homogeneous solution separates into two solutions, a solution with

N° moles and composition (24,2§), and the other with N* moles
and composition (mﬁ,xg).

@ By mass conservation,
Np = 23N = 24 N® + 24 N®
Ng = 23N = 2§ N* 4+ 2 N°
@ Define the fractions of o and 3 phases in the two-phase mixture as

Ne NB
N N

(e

¥
NE

Kunok (KHU) Thermodynamics October 31, 2024 4/19



Lever Rule

@ Therefore, we have

2h = 250 +2h? 2l = 2fe® + 2hf
it can be rewritten by

B o

_ o _ o
o = Tg — Tpg (pﬁ _Ig—Ip
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Chemical Potential Change of Solution Formation from Pure

Components

@ The chemical potential change for the formation of a homogeneous
solution from pure components at the same temperature is given by

n
§ : o
AM(‘TAlvazv T ,.Z'An) = M(xA17xA27 T 7xAn) - xAilu’Ai
=1
and

n
Ap; = RT Ina; Ap = RTZQUZ- In a;
i=1
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Chemical Potential Change of Solution Formation from Pure

Components

e For binary A-B system,
zaA + 2B — zaAxgB

then
Ap = xpAApa + vApLB

Apg
App Ap

X
A B B NIE
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Chemical Potential Change of Solution Formation from Pure

Components

@ The relation can be rewritten by

OA
Ap = aaApp+agApug = App+ g (Apg — Apa) = Apa+ag D :
therefore, oA
App = Ap—xp—H— 5 K
B
Consistently,
OA
Apg = Ap—xpo—— 5 a
A
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Chemical Potential Change for Adding Pure Components

into a Solution

@ Consider a process of adding a small quantity of pure A into a large
amount of solution with composition, g, the chemical potential
change of element A is

Apa = pa (x%) — pp = RTInap

consistently,
Apg = pe(zg) — pg = RT'Inag
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Chemical Potential Change for Adding Pure Components

into a Solution

@ The change of chemical potential (Apu) is
p (xg) — p°(28) = [OUAMA (zg) + xBMB(ﬂU%)} - [xAMX + xBM%}
= A [MA (z8) — HR} +B {MB(ﬂJ%) - M%}

= RT [wA lnaA(accé) + wglnag(xcé)}

KA Hp
u(xg) N
. us(xg)
palxp) L. .

aE ' (xg ) = xapg(xp) + xppp(xp)

A xp B NI
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Driving Force for Precipitation in a Solution

@ The chemical potential of a small amount of solution with

composition 2, zb,- -+, z} in a large amount of solution with
composition z{*, x5, - -+, z]" is given by

n
ACAEDIEATIC S
i=1
for A-B binary solution,

(i, ) = ol yun (e 2) + s (2 o)
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Driving Force for Precipitation in a Solution

@ For the homogeneous solution, the chemical potential at composition
(2,2} is visualized by open circle and that of precipitate is
represented by a solid circle. The difference between two values are
driving force D for the precipitation process.
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Chemical Potential of a Two-phase Mixture

@ The chemical potential of two-phase state is
uP(ag) = o (2g) u® + ¢ () 1

which means that the solution is favorable comparing to the two-phase
mixture (dotted line). In mathematical form,

pP(xg) > p(p)
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Chemical Potential of a Two-phase Mixture

@ When the chemical potential-composition plot is given by below: it
means that the solution is unfavorable comparing to the two-phase
mixture (dotted line). In mathematical form,

pP(zg) < p(wg)

@ The most stable state is two-phase mixture of pure A and B.

A #(3’5103) A
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Chemical Potential of a Two-phase Mixture

o If the plot is double-well shape, we have
pP(2g) < p(zg) < u’(xs)

o The most stable state is two-phase mixture of state of z& and zf,
represented by two green solid circles.
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