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Quick review for solution thermodynamics
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Free energy Gy = Xajia+ Xgiip Gy = Gy + AGpix
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Ideal solution
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The integral molar Gibbs free energy of ideal solution is

Gl = Xapi + Xpud + RT[Xaln Xp + XgIn Xg]
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Extend to Regular solution

Ideal Regular
AH nix 0 OXaXp
ASmix | —R[XaIn X + XgIn Xp —R[Xaln Xa + XgIn Xg]
AGnix | RT|Xaln Xa + Xgln Xp QXAXB+RT[XAIDXA+XBIDX
AVhix 0 0

Table: Comparsion between Ideal and Regular solution

The integral molar Gibbs free energy of regular solution is

Gye = Xapp + Xpug + RT[XaIn Xa + XgIn Xg| + QXA X5
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Behavior of regular solution
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2nd law of thermodynamics in the Materials science

@ The system evolves to minimize the Gibbs energy of the system.

@ Equilibrium means that chemical potential of every species in every
phase is same under constant T" and p.
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Integral molar quantity and Partial molar quantity

For binary solution, the chemical potential defined by the J/atom is

_ (oG _ (e
= \ana ), "2 \ons ),

where np and ng are numbers of A and B atoms.

,LLA = —_— =
ona e ona e

1
e (22), (55) e (32), (29),
" OXa XB Ina ng 9Xp XA Ina ng
where
n =na+ng
Xp=A xp="B
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Since

<8XA> 1 na n-—na 1-Xa Xp
ng

ona “n on2 n2 n n
(f’XB) _ me_ Xe
oma ) e n2 n

oG, oG,
— G+ X -
Ha ° <0XA)XB <3XB>XA_

Put it back to Eq. 1,

Consistently,

oG, G\ |
=G+ Xa | [ 2222 _ ([ Em
e = Gom + Xa <3XB>XA <<9XA>XB_

Then we can introduce the diffusion potential ua — ug by

a1 (aGm> <aGm)
A _— B pr— _—
OXa Xg 0Xp Xa NIE
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The total derivative is

dG <aam> 0%y (aam> 0Xs (aam> ) (aam>
dXa 0Xa Xg 0Xa 0Xp Xa 0Xa Xg Xa

0Xa 0Xg
Consistently,
Gy, <8Gm> B <8Gm> )
dXg 0Xg Xa 0Xa Xa
therefore,
dG,, dGp,
m— XA—— m— XB——r
uB G AdXA MA G BdXB (3)
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Ia Hp
—RTIn as —RT In apg
HUB
Ua

From Eq.2, therefore, we can verify that the y intersect of tangential line is
the chemical potential of two elements.

G\
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Chemical potential of regular solution

For regular solution,

Gm = Xapa + Xgpg + RT[XaIn Xa + Xgln Xg] + QXaXp
From Eq. 3,

e = Xapp + Xgpg + RT [ Xaln Xa + XgIn Xg] + QXaXg
— Xa|p — pg + RT[In X — In Xg] + QX5 — QXA]
= pg + RTIn Xg + QX3
Consistently,
pa = 3 + Q1 — Xa)* + RTIn X,
e = ug + Q1 — Xg)* + RT'In X
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Chemical equilibrium

For binary A-B system, when a-5 phases are under equilibrium,

HAXR™) = HA(XR) HE(X5) = 1p(Xg©)

where e superscript denotes the equilibrium state. Using Eq. 3, the first
equation can be re-written,

dGe, dG5,
o (e X e B8 Xﬁve XB’
Gm( B ) B dXB Xo‘e Gm( B ) B dXB Xﬁe

When
dGe,|  dGn|  dG
dXB Xg,e - dXB Xg,e - dXB

Proceed to
G _ Ga(X5*) — G (X5")
dXg Xg’e—Xg’e NIE
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The condition is named as the common tangent condition, which means
the system is under the equilibrium, which can be visualized as below:

A

A

/' A

Xg’e XB — nge

On the common tangent line, the chemical potentials of the A, B solutes
are constant, therefore, the activities are constant within two-phase region.
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