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Contents for previous class

- Chemical potential

- Gibbs Free Energy in Binary System

Ideal solution

G2 = G1 + ΔGmix J/molG1 = XAGA + XBGB J/mol

(∆Hmix=0) )lnln( BBAA
mix XXXXRTG +=Δ

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

= μA AdG' dn (T, P, nB: constant )

μA :  Chemical potential of A or 
partial morlar free energy of A

⎛ ⎞∂
μ = ⎜ ⎟∂⎝ ⎠ B

A
A T, P, n

G'
n

⎛ ⎞∂
μ = ⎜ ⎟∂⎝ ⎠ A

B
B T, P, n

G'
n

= − + + μ + μA A B BdG' SdT VdP dn dn (for variable T, P)
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CHAPTER 1 & 2

Contents for today’s class

- Chemical potential and Activity

- Gibbs Free Energy in Binary System

- Binary System

Ideal solution and Regular solution

- Equilibrium in Heterogeneous Systems
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Ideal solution : ΔHmix= 0

Quasi-chemical model assumes that heat of mixing, ΔHmix,
is only due to the bond energies between adjacent atoms.

Structure model of a binary solution

Regular Solutions

∆Gmix = ∆Hmix - T∆Smix
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Bond energy          Number of bond

A-A                εAA                                             PAA
B-B                εBB                                             PBB
A-B                εAB                                             PAB

= ε + ε + εAA AA BB BB AB ABE P P P

Δ = ε ε = ε − ε + εmix AB AB AA BB
1H P where ( )
2

Internal energy of the solution 

Regular Solutions
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Δ =mixH 0

Completely random arrangement 

ideal solution

=AB a A B

a

P N zX X bonds per mole
N : Avogadro's number
z : number of bonds per atom

∆Hmix = ΩXAXB where Ω = Nazε

Δ = εmix ABH P

0

Regular Solutions

=ε )(
2
1

BBAAAB εεε +=

↑→< ABP0ε ↓→> ABP0ε

0≈ε

Ω >0 인경우
Regular Solutions
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Regular Solutions

Reference state

Pure metal 000 == BA GG

)lnln( BBAABABBAA XXXXRTXXGXGXG ++Ω++=

G2 = G1 + ΔGmix

∆Gmix = ∆Hmix - T∆Smix

∆Hmix -T∆Smix
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Synthesis of metallic glass composites using phase separation phSynthesis of metallic glass composites using phase separation phenomenonenomenon

TiTi--AlAl--Co, GdCo, Gd--AlAl--Co   Co   
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Phase separation in metallic glasses
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1−= μ + μA A B BG X X Jmol
For 1 mole of the solution (T, P: constant )
G = E+PV-TS

2) regular solution

G = H-TS

ABBABA XXXXXX 22 +=

BBBB

AAAA

XRTXG

XRTXG

ln)1(

ln)1(
2

2

+−Ω+=

+−Ω+=

μ

μ

)lnln( BBAABABBAA XXXXRTXXGXGXG ++Ω++=

)ln)1(()ln)1(( 22
BBBBAAAA XRTXGXXRTXGX +−Ω+++−Ω+=

μ = +

μ = +
A A A

B B B

G RTln X
G RTln X

Correlation between chemical potential and free energy

Ideal solution

복잡해졌네 --;;

Regular solution
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Activity, a : effective concentration for mass action

ideal solution regular solution

μA = GA + RTlnaA μB = GB + RTlnaB

μ = +
μ = +

A A A

B B B

G RTln X
G RTln X

BBBBAAAA XRTXGXRTXG ln)1(ln)1( 22 +−Ω+=+−Ω+= μμ

γ = B
B

B

a
X

2)1()ln( B
B

B X
RTX

a
−

Ω
=
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17Fig. Fig. RaoultRaoult’’ss law and Henrylaw and Henry’’s law applied to actual solutionss law applied to actual solutions
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Contents for today’s class

- Chemical potential and Activity 

- Gibbs Free Energy in Binary System

- Binary System

Ideal solution

Regular solution

mixture/ solution / compound

G2 = G1 + ΔGmix J/molG1 = XAGA + XBGB J/mol

(∆Hmix=0)

)lnln( BBAA
mix XXXXRTG +=Δ

Δ = ε ε = ε − ε + εmix AB AB AA BB
1H P where ( )
2

)lnln( BBAABABBAA XXXXRTXXGXGXG ++Ω++=

⎛ ⎞∂
μ = ⎜ ⎟∂⎝ ⎠ B

A
A T, P, n

G'
n

• μA = GA + RTlnaA


	- Equilibrium in Heterogeneous Systems

