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§ 9-1 Introduction

1. Mixing of real gases:
T+, PiL, b Ideal gas mixture.
2. Condensed phases (Liquid or Solid solution)
® Strong interaction between atoms.
® Solid solubility depends on: 1) atomic size ratio
2) electronegativity
3) €e/a ratio (valence)

8 9-2 Raoult’s Law and Henry's Law

1. PureA liquid (solid)
At temperature T, saturated vapor pressure : p %

Rate of evaporation : r,(A)

Condensation rate : r_ (A) =k p‘,
At equilibrium:r (A) =r . (A) =k p%

2. Pure B liquid or solid: r_ (B)=r_(B)=k p®

3. Liquid + small amount of B
At T, saturated vapor pressure : p,, Psg

Condensationrateof A, B:r_(A)=kp, , r.(B)=k pg

Assumptions:  evaporation of A, B are independent of composition.
i.e. same bond energy: E ,,=E ;3 =E ,; (ideal case)
surface composition = bulk composition
Fraction of surface occupied by A =X ,
Evaporation rate of A:r (A) X,
At equilibrium : r (A) X ,=r.(A)=Kkp,
kpih Xa=kp,

1I;pA=XAp2
tPs =Xghg

P Reaoult 's Law

4. If E 5z 1s more negative, and A (solute) in B (solvent), A is surrounded by B



Pr.(A) - r.(A)
r(A)  r.(A)

re(A) X, =1 (A)=kp,

re(A)X, _kp,

ro(A)  kp;
_I(A) o
A re(A) A pA

Pa=0a Xa P (eq.1)
P Henry'sLaw
Ps=0s Xj Pe (eq.2)

g, 1andindep. of comp. g ,= constant
gg 1andindep. of comp. g = constant

® When X, 1 ;at samepoint, A isnotonly surrounded by B, then
r.(A) varies with composition

g , Isnot aconstant (it depends on composition)

® (eg.1) is obeyed only over an initial range of concentration of A dissolved in B
® (eg.2) isobeyed only over an initial range of concentration of B dissolved in A
dr 1, gz 1 U negativedeviation

® IfE,, islessnegative thenr (A) r_(A)

re(A)
re(A)

=g, 1 U positive deviation.

8 9-3 Activity of acomponent in solution

If the vapor isideal gas, f =p,
_b

Py
Raoult’'s Law

a



{ Pa= Pa »  a=X,
8=Xg p?a ,  ag=Xyg

Raoult'sLaw: a, =X,, g,=1

Henrys Law - p,=0g, X, P% a,=g, X,

Pe=0s X Pg, ag =05 Xg
Henrys Law: a;=g,; X; ¢g,#71

and g, isaconstant, indep. of composition.

§ 9-4 Gibbs-Duhem Equation

Inasolution: (n;+n;+n, +......... )
Q=QUT,Pn,n;,ny ..., ), a constant T, P:
d Q= g_ xdn; +6§1Q_ N | + %0000
Dren. .. n; % T.P...

Q g— , Partial Molar Quantity
r pon,...

dQC= Q dn+Q, dn,+Q, dn+ ............

Q= niQi+n]QJ+
dQ=( Q dn+Q; dn;+........... H( n.dQ +n.dQ. +........... )
n,dQ +ndQ +......=0
fandQ, =0
or | P Gibbs-Duhem Eq.
Tax dQ =0

8 9-5 Gibbs Free Energy of aBinary Solution



2. JLMoIar Gibbs free energy: (G)

Partial molar Gibbs free energy: ( G, ,G; )

dG=( X ,dG, + XgdGy )+(G, d X, +G,d X )
dG=G, dX ,+G, d X
X, +Xg=1 dX,=-dX,

dG=G, dX,-GgdX,=(G,-G;)d X,

dG :G_A'G_B
dx,
dG — —
XBK:XBGA-XBGB (2)

dG

A

(D+(2) G+ Xg =(Xa*+X)G,=G,

— dG
G,=G+(1 X
A ( A) dx,,

— dG
G =G+(1 XB)dX

B

2. DG"(DGM ) :
change in Gibbs Free Energy due to formation of solution

*onemolepurei (p?) P solution(p;)

DGi :Gi (solution) ~ | (pure)_RT Ing_ﬂ

\ DG, =RT Ina



DG, = DGiM = G_i'Gio

\' | DG" =G, -G,° =RTIna

*(n,+ng) aconstantT,P
Before mixing , G,,.=N,G% +n,G2

After mixing, G,,=n,G,+n; G,
DG" =(ny G, +Ng Gg) (NG} +ngGy)
=N, (G, -GR)+ ng (G, -Gy)

DG"=n, DG, +n, DG,

or DG" =RT(n,Inaa+ngInag)
Total onemole: X ,+ X =1

{DGM:XA DG, +X,DG,"

or DGM=RT(X,Inaa+X; Inag)

3. Method of Tangential Intercept ( DG, ,DG,")
Given DG (X,) =) slve DG, ad DG,
— dG
G, =G+(1-X
Q A ( A)dXA
— dG
G, =G+(1-X
B ( B) dXB
- M
\ DG, =oc"+1-x ) 2C" )
ax,
- M
CG, =DGM+(1-XB)dDG e (2)
dx,

Given DG (X;), Fig.9-1



Xa=Xa

¥ Ofo [
f Ly
aGM P
AE"{M J»
r q
J 5

A Xg B

Figure 9.1 The variation , with composition , of the molar Gibbs free energy of formation
of a binary solution

At composition X =X%=op, DG"= pg= uw

Tangent a q, slope=d—:—=—

dX; rq qw
From (2) DG, = pq+(1-Xg)ﬂ: w+qw =+ vw
qw qw

= (uw vw)= uv

= tangentia intercept at X =1

— dDG™ dDG"
F 1) DG, = pg+r(1-X8)—= X9 —
rom (1) A = Pa+(-X3) ax, M > "ax,

pq rqE: (pg+rs)= (or+rs)= o0s
r

= tangential intercept at X , =1, (X;=0)

89-6 Properties of Ideal Solution

1. Ideal solution ( Raoultian Solution)
a; =X, ¢;=1

{

DG"'!=RT(X, InX, +X InX})

M

Jid
DG, =RTInX,

M,id
DG, =RTInXg



2. bv™?=0, DV"'’=0, (V. =V?° )

AGo aaTG 0 —
__ :V’ ? = Vi
MG - G°Ju —
\ euu =(V;-V? )
LLLE S
My
ie eﬂ(:e—DG‘ G =DV "
8 ™ B

\ DV, =0 , ie V =V°

\ DVM9=3 X, DV, M= X, DV, +X,DV, =0

M.id —

3. DH"'¥=0, DH, "=0 (Hi =H})

. . y
o *:911(G/T)L:J - H
e a6, T

gt R
T

e T O comp

é a6 - G ol

el =0 —
\ é T aU —_ Hi - Hi

¢ qr U T?

e (

@ g>,comp

&G, " /T DH

~ T p ) T?
e T g,
Q DG, =RT Ina = RT InX

én(RInX, )u

=0
& T Hou



DH," =0, (Hi =H?)

\ DH"Y =4 XDH " =0
4 {DSM"dz R(X, INX,+XgInX})
DS""“= RInX,

G o én(pc Ju .
Q ¢—= = S ¢ = DS
& b S 4.

QDG"=RTQ X, InX,;=RT(X, INX,+X;InX,)
\ DSYi= R X.InX,= R(X,InX,+X,InX,)
QDSM:é XiD§IM :(XAD§M+XBD§M)

\ DSWMY= RInX . DS"'?= RInX
A B

Notes: (1) DS is indep. of temperature
(2) DS isthe entropy increase due to configurational entropy change
A consider: (N , A aoms + N, B atoms)
(Na+Ng)
N, INg!
=k[In(N, + Ng J- NN, - InN,]
:k[(NA +NB)In(NA +NB)' (NA +NB)]
(N NN, N,) (NgInNy Ng)

= kS nE Na O @ Ne W
= e gﬁ T g =u
é g Ny +Ng g ° NA+NBIZ(]

\ DS, =kIn

NB

NA
——=X , ——2—=X
Q NA +NB A NA+NB B
\ DSIconf.: k(NA-'-NB)[XAlnxA-'-XBlan] Q(NAN+NB):n
(e}
\ DSIconf.: nNok(XAlnXA+XB|nXB): nR(XA|nXA+XB|nXB)

onemole \ DS_ . = R(X,InX,+X InX,)= DS""



§ 9-7 Nonideal solution

Activity coefficient: g, :%

{ g;=1 , ideal solution
g;*1 , nonideal solution g, 1 : positive deviation
g; 1 : negative deviation

A —M U ) —M
Q eﬂéj—)Di‘T g =—DT'?
¢ -

DG, =RTIna,=RT(In g,+InX,)

daelg_ - dT
Ty T

\ éﬂ(DEM /T!g _
& T/T) o

é(Ring)u  _ _—w
/o =DH,
€ MT) B

Notes: (1) If g = constant (indep. of T), DH, =0

If g(T) DH. 0

(2) T- P Nonideal solution® ided solution(g, ® 1)
(3)A Positive deviation: g, 1

when T-, &9 b g @1, \ g~
el g

v _é(RIng)u

\ DH, =a———4
& T0/T) oo

\  Mixing process is endothermic.
A negative deviation: g, 1



\  Mixing process is exothermic.

a8g o_

(4) A Positive deviation: g, 1, ¢
ed @

endothermic : DH. " >0

i.e. A-B bond energy is less negative
\ E, ., Egs morennegative P clustering

A negative deviation: g, 1 , DH, <O, aéﬁ_
&dT o

A-B bond energy is more negative
P ordering, (formation of compound)

§ 9-8 Applications of Gibbs-Duhem Equation

1. Given agz(Xy), caculatea,
® Inabinary solution, usually only activity of one component is measured , the
other can be calculated.

a X,dQ =0

X ,dDG, " +X,dDG," =0, DG ' =RTIna
\ XadlIna,+ XgdlInag=0

dlna,= % dina,

A
Vona,@xX,)= g %1 Fig . 9-2
na = =aina 1 -
A A Q atXA_le—OgX gr M9
Log ap at Xp = Xpa is given by
the shaded area.
XB
Xa
Xp=Xq =
Xa=1
-leg ag ——>=

log agat X4 = Xp
Figure 9.2 A schematic representation of the variation of log a, with X,/.X, in a binary solution, and
illustration of the application of the Gibbs-Duhem equation to calculation of the activity of compo-
nent 4



28X, 0
Note: (1) X,®1 ~2@¥, a,®1 \ Ina,®0
gXAia

&X, 0
(2 Xz ®0, gX—B§®O,aB®O\InaB® ¥ , Ina,® +¥
A

\ twotalsexistb eror in integrated areaP eliminatetail error by using ?;

Q X, +Xg=1

dX ,+dX ;=0

XAcz<A+XBd;<B:

A B

\ X,dInX,+X,dInX ;=0
Q X,dIna,+XgdIna,=0

X, dIny ,+XgdIny g)+H(X,dInX ,+X;dInX;)=0
\ X, dIny ,+X dIny 5)=0

&, 0
diny , = gx—’*gdlw 8
B

dnrg aXp 39(5 0
=dingg
(7]

g &Xpy Xg=0 XA

\ oy (@ X, )=

X, 0 :
when X ; ® O, g—3i® 0, y s ® constant, Iny ;® congtant, Fig . 9-3.
XAQ

Log ya at Xp = X4 is given by
the shaded area.

Xq=1 -
T -log yg == T
log ygat X4 = X4 log ygat Xq =1

Figure 9.3 A schematic representation of the variation of log v, with X,/X, in a binary solution, and
illustration of the application of the Gibbs-Duhem equation to calculation of the activity coefficient of
component 4



® The2™ taliseliminated by a -function

. Ing
Define a’° LY

| (1'Xi)2
WhenX;® 1,y ;®1Iny ;® 0and (1-X;)-0 b aj is finite.
\ GWena, b cdculate y ,, a,
Ingg
ag=——>
Q B XA2

\ Ingg=ayzX3i
d Ingg=2a, X ,dX, +X3ida,

&X, 0
\ dIng,= XBid In g,
AQ

X g 0
= g—Bi(ZaB X dX ,+X3dag )
Xa o

= 2X,a,dX, X, X,da,

\oIng, = QY 2XgagdX, § X X dag
agat X,=1

Q ¢d(xy)= ¢yax + ¢xdy
P (XXA0Xg =¢d(XsXaap)- (agd(XsX,)
P Ingi= ¢ 2XgagdX, [¢dXgXaag)-c¢agdX,Xs)l
= ( 2XgagdX, (dXgXas)+(agdX Xs)
= ( 2XgagdX, XgX,agt(agX,dX,+(agX,dX,

\Ing,= ¢ 2XgagdX, XX, agt(agXgdX, (agX,dX,

= XgXpap (J2Xgap-apXg +a X, )dX,
= XgXpap ((2Xg- Xg+X,)azdX,

\ Ing,= XgX,a, (‘5"1a3dXA
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Figure 9.4 Activities in the system iron-copper at 1550 C (From ].P.Morris
and G.R.Zellars , "Vapor Pressure of Liquid Copper and Activities in Liquid
Fe-Cu Alloys," Trans. AIME (1956}, vol. 206 , p.1086)
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XNi
Figure 9.5 Activity coefficients in the system iron-nickel at 1600°C
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XNi

XFQ 4 F
3+
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0
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Figure 9.6  Application of the Gibbs-Duhem equation to determination of the activity of iron in the
system iron-nickel
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0.7 Integrated area is
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Figure 9.7 The variation of «,, with composition in the system iron-nickel

Ex1: FeNi dloy (g<1) T =1600
ay Xy ) ismeasured Fig. 94
gu(X,) canbecaculated Fig. 9.5

X, 0 ,
gii vs log g,  Fig 96
XFeﬂ

ay Xe) Fig. 9.7 caculate g,
1.0 T T T T T T T
08r H?:Ly's H;r::ys .
06k doy (experimental} ]
a = ac, (Gibbs-Duhem) e
0.4} ~
B Raoult's ]
law
0.2
0 I L | | i L ] 1 i
Fe 0.2 0.4 0.6 0.8 Cu
Xcu

Figure 9.8 Activities in the system iron-copper at 1550 C (From I.P_Morris and G.R.
Zellars,"Vapor Pressure of Liquid Copper and Activities in Liquid Fe-Cu Alloys," Trans.
AIME (1956) , vol. 206, p.1086 )



gy (experimental) Yrg (Gibbs-Duhem)

Fe 0.2 0.4 0.6 0.8 Cu
Xcu
Figure 9.9 Activity coefficients in the system iron-copper at 1550°C
g T T T L) T T T ¥- T

Integrated area is
a negative quantity
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log oy
Figure 9.10 Application of the Gibbs-Duhem equation to determination of the activity of iron in the
system iron-copper
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Figure 9.11 The variation of a-., with composition in the system iron-copper



Ex2: FeCuadloy (g.>1) T=1550
ag, Xg) is measured Fig.9.8
o (Xg) can becaculated Fig. 9.9

X, 0 ,
g—mi vs log g,  Fig. 910
Xee a

ag, Xg) Fig.9.11 |caculate g

2. solute B obeysHenry’ sLaw U solvent A obeys Raoult’ s Law
ag =0z Xz, 0g=constant a, =X,
proof: Q a =g X,
\ Inag =Ingg+InX,
\ dlna; =dInX;,
GibbsDuhemeg. d Ina, = (%)oﬂnaB

A

\ dlna,= %d InXg
A
Xg dXg
X, Xg
dX,
Xa
_dX,
= X
=dInX,
\ Ina,=InX ,+c’
a, =cX,
Bu X ,=1 (pure material )
a,=1,c=1
a,=X, (Reoult' s Law)

3.Given a,(X,), caculae DG"

- M
DG, =DG" +de@L
A

DG, " dX, - DGM dX, +X,dDG" -
X X2 EX,

o:

-l



DG, =RTIna,

x, Ina, dX,

M — N\
DG" =RT X; {) T Eq(2)
B
Ex 1: Fe-Ni alloy a,, measured
X InadX
M — XN Ni Ni
Fe
Ex 2: Fe-Cu aloy
XCu In dX
DG" =RTX, Q" “2ala
Fe )(2
Fe
Fig. 9-12, Fig. 9-13
0
0 2
0.5 py
-20
1.0
Cu-Fa at 1550°C
15
-40 |- -
-2.0 L -
lbga; .25 60 - -
XFa
-3.0 — -
3
=1
-35 s or x
- 3 - =
-4.0 <
-100 |- =
-4.5
e M' o p—
ek ; ; . r aGMid at 1600°C
a - log agy/X%Fg i E
b - lag Xi/(1 - X;)2 L
Ni-Fe at 1600
o e 2[:9 i-Fa at Cc
-140 - o
M
shaded area = (AGT at XFe = 0.5) . o A
2.303 x 8.3144 x 1823x 0.5 . % 28 0.8
Figure 9.12 Illustration of the direct calcula- X
" . i 3 Fe
tion of the integral molar Gibbs free energies L : _ it
of mixing in the systems iron-copper at 1550°C Figure 9.13 The integral molar Gibbs free energies of mixing in the
and iron-nickel at 1600°C systems iron-copper at 1550°C and iron-nickel at 1600°C
Notes:

1.when X.® 0 eé—'”a* Uo v
' | d1- X\

2. For ided solution: a, =X,

\ @aror exists



DG" =RT(1 X)) I xl.)z dX,
=RT(1 X, )E?E'LXX)H n1- X. )H

=RT [Xi In X, +(1- Xi)|n(1' Xi)]

3. Eq.(1) can be used for any extensive properties
DH" =X, )’ idx

DS" _xB(S“ﬁdx
XS _ Xalng,
4. DG =RT XBQ ﬁdXA
when X, ® 0, g ® cond.

In

G

(1' Xi)2

is finite

DG =DGM¢+DG*®, error can be eiminated.

DG"'*=RT(X ,InX ,+ X zInX ;)

§ 9-9 Regular Solution

1. Idea solution  a,=X, DH." =0
—M
g-=1 DS =-RInX,
Nonideal solution { alX, DH. " 10
g1

2. The Simplist Mathematical Form of a nonideal solution is* Regular solution”.



A Definition

—M

1) DS" =D5 """ =-RInX,

2 DH_iM isafunction of composition only. It isindep. of T.

Consider that: Xa -0, Xg—0,then A HY_0
Since A HY isafunction of composition only, A HV (Xg).
A HM = XaXp(o ' +bXg+cXp®+dXg3+.....)
The simplest mathematical form of regular solution isA HY =a " XaXg

RT Ing,=a Xi
JLRTIngA:a'Xg : a’ s constant

From eq(9.61) Ing ,= X,Xga, (;-))(A_laBdXA

If ag isindep. of composition
P Ing .= X Xgag ag(X,-1)
= XaXgagtagXg
=agXg(l X,)

— 2
_aBXB

By definition: af'!‘%

B
\ ag=a,=a

If RTIng ,=a X}

b = a_
RT

i.e. a functionisan inverse function of temperature for the smplest regular
solution

3. Excess Quantity

Q DG, =RT Ina,=RT Ing,+ RT In X

o G=G9+G* (onemole) , DG“=DG"'? + G*



DG =DH" -TDS"

ideal solution : DH™'Y=0, DG''= TDS"'
\ st:DGM DGM,id

=(DH" TDS") ( TDS™'%)

=DH" T(DS" Ds"')
since for aregular solution DS" =psS™'

p G*=DHM
DGM =& XDG, =X, (RTIna,+RTIna,)

DG" =RT(X ,InX 4+ X zIn X )+RT(X 4Ing 4+ X zIng )
Q DGM=RT(X ,InX .+ X zInX})
\ G*=RT(X ,Ing ,+XzIng ;)

\ S=X, G, +X G,

For the smplest regular solution: ag=a,=a
P Ing ,=a X2, Ing,=a X2
P G*=RT(X,a Xz +Xza X2)

= aRTX,Xz= a X,X,

For the simplest regular solution:
G*=DH"=a RT X, Xg=a = X, X,
G*=DH" isindep. of T

a-[G XS 9
T %o

= S==0

at afixed composition

G, =RT, Ing,,=RT,Ing,.,=a X2

—lngA(TZ) = L
INggr, T,

Notes: (1) For the simplest regular solution
G*=DH"=a RT X, Xgz=a X X,
\ aTisindep. of T
@ If DHY=bX X5, G®=b X, X, blb



p DS' * ps™'
P Nonregular

eg. (1) Au-Cu, 1550K {e = 24060 X o, X,

DH" is asymmertric b S*1 0

(2) Ai-Ag, 1350K { DHY= 20590 X , X 4,

G* isasymmertric P S*1 0

§ 9-10 Statistical (Quasi-chemical) Modéd of
Solution

Physical significance of aregular solution
Assumptions: V, =V°=Vv2=V_, DV"=0
\

Energy of solution U sum of interatomic bond energies.
Congder: ( N, A aoms+ N, B aoms)

N,+Nz;=N, (1 mole)
P X,= N, -Na X—NB

N,+N, N, ° N

(o] (o]

E= PaaEan + PagEgs + PagEss
E.n, Egs, Eag arebond energies of A-A ,B-B, A-B,

respectively.

P.as Psg, Py are bond numbers of A-A ,B-B,A-B, respectively.

N,Z=P,z+2P,,
1 . 1
PAA:E(NAZ-PAB)' S|m||ar|y PBBZE(NBZ-PAB)
1 1 1
\ E= E NAZEAA+EZNBEBB+PAB[EAB-E(EAA+EBB)]
Forpure N, Aaoms: N,Z=2P,,
Pure N, B atoms: ZNg =2F,

Before mixing : EOZ% NAZEAA+%ZNB Egs

1
DE™ =E- E, :PAB[EAB-E(EAA-'-EBB)]

Q DHY=DE"+PDV“=DE" (DV"=0)



1
\ DH" =DE" = AB[EAB-E(EAA-'-EBB)]
For solutions which exhibit relatively small deviations from ideal behavior,
ie | DH"| £ RT

\ mixing of atoms can be assumed to be random
P,s can be calculated .
Consider two neighboring lattice sites a b

b occupied by B
Probability that {a occupied by B and
b occupied by A } Xg X,
\  Probability that a neighboring pair of sites containsA-B pairis2X, Xg

Probability that a occupied by A and
{ Fxxe

\ (number of A-B bonds)=( number of neighboring pair of sites)x( Probability
of A-B pair)

\ PAB:(%ZNO)X (X, Xg)=2ZN, X, Xg

ie. DHM:ZNO Xa XB[EAB-%(EAA-'-EBB)]

define WOZNO[EAB-%(EAA+EBB)]

P DHY=WX, X,
Since random mixing is assumed, statistical model U regular solution model
\ DHY=G*=WX, X;=RTa X, X,

bla=| ie @=W

“RT

—w dDH™
DH, =DH+(1-X,)——
Q A (1-Xa) ax .,
WX, Xg+X g W(Xg-X,)=WX 2

smilaly, DH,' =WX2
Q Mixingisrandom \ (DS, = RInX,

DS, = RInX,

\ DG, "=DH," TDS,"



=WX 2+RT InX ,
B DG, =RTIna, = RT Ing, +RT InX,
p RT Ing, =WX?2
b IngA:R—V_\:_ X2=a X2, similaly IngB:R—V_VI_ X2=a X2
Note: (1) Idea solution ,
DH"=0,i.e W=0, EAB:%(EAA+EBB)
(2) Negative deviation
DH"<0,ie. W<O0, | Eu |>%(EAA+EBB), g,<1
(3) Positive deviation
DH">0,ie W>0, | E, |<%(EAA+EBB), g,>1
(4) HenrysLaw : X, ®1 X, ®0

W W
Ing, ® Ing, == O g, =ef

(5) when | E,s | issignificantly greater or less than % | Eqn+Egs

P |W | increases

P Random mixing cannot be assumed.
P Applicability of statistical model decreases.
(6) Equilibrium configuration of a solution at constant T, P U G=G ;,
QG=H TS \ G, ,U H_ ,adS, .,

At | Ep |>%| Em*Egs | (Negative deviation)

W<0, DHM<0, H<O
HminU PAB® (PAB)max

ie. |W | incresses P P, increases (ordering)

A If S® S, completely random mixing
T increases P (TS) - P G
\ G®G,,, iscompromised between W and T
\ when T isnot too highand Wis appreciably negative
p P,s> P, (random)
P Assumption of random mixing is not valid



A Foragiven W:T - b more nearly random mixing

Foragiven T: |W |~ P more nearly random mixing

A only when DH™=0, random configuration is the equilibrium
i.e. DG"=DG" ., (random)

A AtcondantT,as |W |- P DG ., moves far away from random

if DH“<0,DG ™ ® ordered

if DHY>0, DG Y  ® clustered

AAtconstant |W |, asT- b |TDSM|-

P DG . moves toward center (random)

§ 9-11 Subregular Solution

A Simplest regular solution :
W= ':%:ZNO [ EAB-% (Epp+Eqs )]=constant
and G =DH"=a X, X, =WX X,
\ parabolic function , symmetric about X, =X;=0.5
A Subregular Solution
G*=DH" =(atb X5) X , X 4
constants a, b have no physical meaning, they are parameters adjusted to fit
equation to experimentally measured data
eg. AgAu a T=1350 K
data fitting a= 11320J , b=1940J
A Non-regular Solution
G* isafunctionof X, T
DHY isaso afunctionof X, T
DS 1 DSY'! (S*1 ()

eg. G*=(a,+b, X5) X, X, 19
e tg

\ SS= 66[6)69 (ao+boxB)XAxB

m 5 t

DHY=G*+T S°=(a, +b, X)X X4



EX1. CuAusolid solution at T=600°C =873 K

Solution is regular with G*=28280X,, X, J

For pure Cu and Au

Inpg, (atm)= 40920 0.86 In T+21.67
Inp3, (&m)= @ 0.306 In T+10.81

caculate p, ad p,, over CrAusolid solutionat X ,=0.6, T=873 K

Sol: QRegular solution \ W= 28280J
W W
lngCu:ﬁXf\u’ IngAu:ﬁXZCU

\' 05 =0536 , g,,=0.246
\- ag, =gq, X =0.322

{ Ay, = Oay X,,=0.098

By definition:

aalop_cu
Pa,

a (o] pAU
Au 0
Au

a T=873 K p2,=3.35x10 **atm
pg,=1.52x10 " atm
\ P, =1.08 %10 **atm

P, =1.50x 10 *atm

EX2. GaCd Liquid solution at T=700K
Regular solution , X, =0.5 ag, =0.79

DH,,, ,=270,000 Jmole ~ Zg, =11

evap,Ga

DH =100,000 Jmole  Z.,=8

evap,Cd

Cdculate Eg, o=



W
lngGa:ﬁxéd

\ W=10795 Jmole

1
W:ZNO[EGa-Cd E(EGa-Ga-'_ECd-Od)]

Q liquid Ga: DH, e, € z

Z
m

Ga (o] Ga- Ga

Nl NI

liquid Cd : DH, s € Z,

zZ

o) ECd-Od

\ Egoca= 815x10°% J
Eopoy= 415x10°% J
Assume : Ga-Cd liquid z:% (Zo+2Z0y)=95

\ Egiq= 596x10°2 J



