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Contents for previous class

- Single component system

« Gibbs Free Energy as a Function of Temp. & Pressure
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(applies to all coexistence curves)
 Driving force for solidification
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In general, wetting angle = 0 > No superheating required!



Contents for today’s class

CHAPTER 1 & 2

- Binary System

- Gibbs Free Energy in Binary System

Ideal solution and Regular solution

- Chemical potential and Activity



Binary Solutions : binary solid solution/ a fixed pressure of 1 atm

2) Gibbs Free Energy of Binary Solutions

* Composition in mole fraction X,, Xz X, +Xz;=1
1. bring together X, mole of pure A and X; mole of pure B
2. allow the A and B atoms to mix together to make a homogeneous solid solution.
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Gibbs Free Energy of The System

In Step 1

- The molar free energies of pure A and pure B
pure A; G,(T,P)

pure B; G,(T,P)

; X, Xg (mole fraction) Gl = XAGA + XBGB J/mol

|
Free energy Gg
per mole
before

mixing

Gﬂ.

o :
¢ 3

0
A
==) Free energy of mixture



Gibbs Free Energy of The System

In Step 2 G,=G, +4G_., J/mol

Since G,=H,-TS, and G,=H,-TS,
And putting 4AH_ =H,-H, 4S_ =S,-S, |

I's

AGmix = AHmix B TASmix G <

GV

AH . - Heat of Solution i.e. heat absorbed or evolved during step 2

m

AS . o difference in entropy between the mixed and unmixed state.

miXx

=) How can you estimate 4H_.. and A4S

: D
mix mix *



Mixing free energy AG

mix
- Ideal solution

Assumption; AHmm 0: AG — A4 TAS
- A& B_complete solid solution mix 7 Tmix T T mix

(A,B; same crystal structure) wehp AG . =-TAS .. I/mol
mix

mix

- no volume change H = E + PV,

Entropy can be computed from randomness

by Boltzmann equation, i.e.,

S=klnw w : degree of randomness, k: Boltzman constant

—> thermal; vibration ( no volume change )
= Configuration; the # of distinguishable ways of arranging the atoms

S=S,+S

config
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1) Ideal solution

Excess mixing Entropy

AS™ =-R(X,InX , + X, InX,)

AG,, =-TAS | = AG™ =RT(X,InX,+X,InX,)

XB_.'

low T
AGmix

A B

Fig. 1.9 Free energy of mixing for an ideal solution.



1) Ideal solution

Since AH = 0 for ideal solution,

G, =Gy + 4G,

= G=X,G, + X;Gy + RT(X,InX, + X;In X;)

Compare G, tion 4
between high and low Temp. Molar
free energy <
low T
| 0 Xg —
e ol o low 7
bgfqre G A Ggix
g G, 4 + highT
1 s 5 A
Gl AGmix

Fig 1.10 The molar free energy (free energy per mole of solution)
for an 1deal solid solution. A combination of Figs. 1.8 and 1.9.
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e Consider the chemical potential function over a
hypothetical 2D region shown in the figure.

e Particles will tend to move from regions of high
chemical potential (shown as lighter shades in plot) to
regions of low chemical potential (shown as darker
shades in plot). [particles: W — B]

 Various themodynamic properties determine what the
chemical potential is.

For example, consider charged particles in a fluid.

- A concentration gradient in a fluid may promote
movement of particles in one direction, and
-the electric potential gradient may promote
movement of the particles in another.
-The chemical potential would account for both
concentration and electric components and describe a
potential distribution that determines net particle
movement. M



G = H-TS = E+PV-TS 1) Ideal solution
Chemical potential (osiah williard Gibbs)
Definition

If to any homogeneous mass in a state of hydrostatic
stress we suppose an infinitesimal quantity of any
substance to be added, the mass remaining
homogeneous and its entropy and volume remaining
unchanged, the increase of the energy of the mass
divided by the quantity of the substance added is the
“potential” for that substance in the mass considered.

Gibbs noted also that for the purposes of this definition,
any chemical element or combination of elements in
given proportions may be considered a substance,
whether capable or not of existing by itself as a
homogeneous body. Chemical potential is also referred
to as “partial molar Gibbs energy”. 10



G = H-TS = E+PV-TS 1) Ideal solution
Chemical potential

The increase of the total free energy of the system by the increase
of very small quantity of A, dn,, will be proportional to dn,.

l T
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1) Ideal solution

G = H-TS = E+PV-TS

Chemical potential

The increase of the total free energy of the
system by the increase of very small quantity
of A, dn,, will be proportional to dn,.

dG' =p,dn, (T,P, ng: constant)

lLa - Chemical potential of A or _ oG’ _ oG’
i Ha Hg 5
partial morlar free energy of A on, _— g ). . .

For A-B binary solution,  dG'=p,dn, +pgdng

For variable T and P

14

dG'=-SdT +VdP + pu,dn, +p.dng



1) Ideal solution

Correlation between chemical potential and free energy

For 1 mole of the solution (T, P: constant)

G=p, X, +pu X, Jmol™

dG
dGZMAdXA—I—MBdXB G:(“B_dijA"‘HBXB
B
dG ) 4G
dx. = Hg — U, —MBXA_KXA"'HBXB

dG

dG — lVLB o dX XA
i =he g B

Hp dx, B



1) Ideal solution
Correlation between chemical potential and free energy
For 1 mole of the solution (T, P: constant)

G=p, X, +ugXg Jmol™

Molar ‘
free energy

G
dG 4 dG
Mo =Mg ——— y ? e =G+ X,
dX, "a : dXg
|
A Xg B
Fig 1.11 The relationship between the free energy curve for a 6

solution and the chemical potentials of the components.



Correlation between chemical potential and free energy
For 1 mole of the solution (T, P: constant ) 1) 1deal solution

G=p, X, +ugXg Jmol™

n, =G+ dG X,
d B
Mg =G+ = (1-X53)
dXg
_dG
Ha = Hp dx,
dG
A KA = s = (Xt Xo) dX g

Xa — X Xg = DA-DC-CB
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Chemical potential 1) Ideal solution
G=X,G,+X;G; +RT( X, InX, + X;In X,)
=(G,+RTInX,)X,+(G; +RT In X)X,

s =G, +RTInX,| &
Hg = Gy +RTIN X,

Gy

—Rfln){h'{

.
.
.
---
.
.
.
.t

Ma A Xq —B B

Fig. 1.12 The relationship between the free energy curve and

. . . . 18
chemical potentials for an 1deal solution.



Regular Solutions

Ideal solution : AH_..=0 4G, = AH i - TAS
Quasi-chemical model assumes that heat of mixing, AH .,
Is only due to the bond energies between adjacent atoms.

Structure model of a binary solution

19



Reqgular Solutions

Bond energy Number of bond
A'A SAA PAA
B‘B SBB PBB
A‘B SAB PAB

Internal energy of the solution
E=Puean +Papgrs + Pag€as

Before mixing After mixing

MIX
__+

1
AH_ . =P,ze (wheree=c¢,; - E(EAA T Epp )o




Regular Solutions

Completely random arrangement

1
¢=0 d gABZE(gAA_l_gBB)
AH_ . =0 ideal solution
P.s =N,zX,X; bonds per mole 4 AN
N, : Avogadro's number aHmix | S\ 7
per mol ~
z: number of bonds per atom " 7
:)\/ > S
S
e<0->P, T e>0>P, 4 ,"/ N
\\
e~0 - AHmix = Fagt X
A Xp —— 8

AH .. = QX, Xz where Q =N_ze

Q>0 2 3=

Re g u | ar S O | u t | ons Fig. 1.14 The vanation of AH_ ;. with composition for a regular solution.
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