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1 The simple regular solution model (refresher) 

ΔGmix = ΔHmix − T ΔSmix,ideal

generic form 
of a regular 
solution model X 

= a0X1X2 + RT Xi ln Xi 

i 

a0 parameterizes enthalpy of mixing : 

• a0 > 0 : endothermic 

• a0 < 0 : exothermic 

Bonds made and broken. 

2 The quasi-chemical model 

• Molecules/atoms on a lattice 

• add up the total internal energy 

0 
U = NAAeAA + NABeAB + NBBeBB 

1 
NT OT = Mz 

2 
Nij = # of bonds of type ij; M = total # of sites; Z = coordination # 

1 



• conservation of mass 

zMXA = 2NAA + NAA 

zMXB = 2NBB + NAB 

0 • solve for ΔUmix

0 0 1 1 
ΔUmix = U − XA ( MzeAA) −XB ( MzeBB) |2 {z } |2 {z } 

pure A pure B 

1 
= NAB(eAB − (eAA + eBB )) 

2 

• in general, NAB depends on alloy structure 

• if alloy is random - as it should be if entropy of mixing is ideal - then 
we have : 

Pnab(AB) = XAXB + XBXA 

= 2XAXB 

1 
NAB = Mz × Pnab(AB) 

2 
= MzXAXB 

• gathering terms we have 

1 ||ΔUmix = a0XAXB, a0 = Mz(eAB − (eAA + eBB ))|| 
2 

= ΔHmix − P ΔVmix 

≈ ΔHmix for solid solutions 

• Plotting the simple regular model 
case a0 < 0, exothermic mixing 
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case a0 > 0, endothermic mixing 

3 Curvature at ΔGmix and stability of solu-
tions 

• For sinmple regular model with a0 > 0, curvature changes with temp. 

3 



• Consider spontaneous, microscopic composition fluctuations 

Q. Will this Δ-rich cluster spontaneously dissolve or grow ? 
Follow the free energy. 

• calculate free energy change of spontaneous composition fluctions 

4 



• system initially uniformly mixed at X2 

• spontaneous fluctuation into regions 
with composition X2,L, X2,R 

• phase fractions fL, fR determined by 
lever rule 

– for X2,R − X2 = X2 − X2,L = dX, 
it’s simply FL = fR = 

2
1 

• calculate differential change in ΔGmix 

dΔGmix = fL · ΔGmix(X2,L) + fR · ΔGmix(X2,R) − ΔGmix(X2) | {z } | {z } 
after fluctuation before fluctuation 

• can show that d
2ΔGmix < 0 leads to spontaneously unmixing 
dX2

2 

a.k.a. spinodal decomposition 

• stable mixtures for d
2ΔGmix > 0 
dX2

2 
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