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1 The simple regular solution model (refresher

AGmiaz = AHmm - TASmim,ideal
=apX1 X2 + RT Y X;In X;

ap parameterizes enthalpy of mixing :
e a9 > 0 : endothermic
e qp < 0 : exothermic

Bonds made and broken.

2 The quasi-chemical model

e Molecules/atoms on a lattice

e add up the total internal energy

U = Nageas + Napeas + Nppeps

1
NTOT = QMZ

N;;j = # of bonds of type ij; M = total # of sites; Z = coordination #

1



e conservation of mass
2MX 4 =2Nas+ Nya
2MXp =2Ngp + Nag

e solve for AU, ./

/ / 1 1
AU, =U — X4 (EMZGAA) —Xp(=Mzepp)
pU?gA pu?gB

1
= Nap(eap — §(€AA +epB))

e in general, N g depends on alloy structure

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

Poa(AB) = X4 Xp + XpXy
=2X,4Xp

1
NAB = §MZ X P,wb(AB)
= MzXsXp

e gathering terms we have

1
[AUnnic = a0 XaXp, ao= Mz(eap — §(€AA +enp))||

~ AH,,, for solid solutions

e Plotting the simple regular model
case ag < 0, exothermic mixing



case ag > 0, endothermic mixing

3 Curvature at AG,,;; and stability of solu-
tions

e For sinmple regular model with ag > 0, curvature changes with temp.



e Consider spontaneous, microscopic composition fluctuations

Q. Will this A-rich cluster spontaneously dissolve or grow 7
Follow the free energy.

e calculate free energy change of spontaneous composition fluctions

4



e system initially uniformly mixed at X,

e spontaneous fluctuation into regions
with composition Xs 1, Xo g

e phase fractions fr, fr determined by
lever rule

— for X27R — X2 = X2 — XQ’L = dX,
it’s simply Fp = fgr = %

e calculate differential change in AG,,;,

dAGmm: = fL : AGmix(XZ,L) + fR : AGmix(XZR)/_ AGmm(XZ)

J/

~
after fluctuation before fluctuation

e can show that % < 0 leads to spontaneously unmixing
2
a.k.a. spinodal decomposition

d2AGm'Lz

e stable mixtures for e
2

>0
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