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Question 1 (5 points)

For each of the following solutions, propose a structural model in one or two sentences.
(a) 10% HfCly, 90% RbCI (liquid)
(b)  Agg.501Brg 499 (s0lid)
(c) 45% Fe, 50% Mn, 5% C (solid)
(d) 10% GeO, + 90% CaO (liquid)
(e) 90% B,0; + 10% CaO (glass)
(f) 1% PbCl, in NaCl (solid)
(g) 1% PbCl, in NaCl (liquid)
(h) A liquid solution with Xg, = 0.75, Xs = 0.25
(i) Osxygen dissolved in liquid Fe
(G) 80% MgCl,, 20% KCI (liquid)

Question 2 (4 points)

(i) A basic liquid slag contains SiO,, MnO and MnS. Assuming that the species in solution
are Mn2+, 02’, SZand SiO4~ , calculate expressions for the activities of MnO and MnS.
4

State your assumptions.
(ii.) A slag with Xsi0, = 0.25 and Xmno = 0.75 is placed in an atmosphere where Po, = 10

bar and Ps, =5 x 107 bar at 1923 K. Calculate the equilibrium sulfur content of the slag.

Data: MnO(liq) + ¥%Sa(g) = MnS(liq) + 7202(g)
AG® = 82000 Joules at 1923 K

Question 3 (2 points)

AgBr is slightly soluble in water. Addition of a soluble salt with a common ion (such as AgNO3
or NaBr) to the solution decreases the solubility of AgBr. However, addition of a soluble salt
with no common ion (such as NaNO;) generally increases the solubility of AgBr. Give
reasonable explanations for each of these observed effects.

Question 4 (4 points)

For a "regular" solution with several components, the excess molar Gibbs energy is given by:

E -
g :(D12X1X2 +(D13X1X3 +0323}\2X3 +(1)14X1X4 +...
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where the o;; are constants and X; are the mole fractions. Calculate an expression for the partial

property of component 1: giE =RTIny,

Question 5 (2 points)

The binary solution A-B is regular:
g" = a3pXaXp
The binary solution A-C is also regular:
g = axcXaXc
The binary solution B-C is sub-regular: .
g" = XpXc (a%c +opc (X -Xp ))

where aSp , 0%¢c , a3 and ape are constants.

Write an expression for the integral molar excess Gibbs energy (g") of the ternary A-B-C
solution as a function of X , Xp and Xc using the Kohler (symmetric) approximation.

Question 6 (3 points)

At room temperature the solid alloys Ag, Cu, s (that is, at Xsg=Xcy=0.5) are ordered. Almost all

the Cu atoms are surrounded by Ag atoms and almost all the Ag atoms are surrounded by Cu
atoms. That is, there is long-range order and one can define two sublattices: a Cu-sublatice and a
Ag-sublattice. An atom on its own sublattice is indicated by the symbol Cuc, or Agas . At
higher temperatures, a fraction of the Cu atoms can occupy the Ag sublattice and vice-versa. A
Cu atom on the Ag-sublattice and a Ag atom on the Cu-sublattice are designated as Cuag and
Agc, respectively. Above the critical temperature, Tc = 600 K, the alloy becomes completely
disordered. Above this temperature the Cu and Ag atoms are randomly distributed on both sub-
lattices and the long-range order disappears (that is, there is no longer a distinction between the
two sublattices.) The order/disorder transformation at Tc is a second-order transformation (Cp
is discontinuous, but there is no discontinuity in H.)

Let a be the fraction of Ag-sublattice sites occupied by Cu. Clearly, a is also equal to the
fraction of Cu-sublattice sites occupied by Ag. At T=0K, a =0,and whenT>Tc, 0 =1/2.

The energies of the nearest-neighbour pair bonds between an atom on one sublattice and an atom
on the other sublattice are designated:

€CuCu > €AgAg » and €AgCu = ECuAg.

The coordination number is Z.
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(i)
(ii.)

(iii.)

Give equations for the entropy and enthalpy of mixing, As and Ah, as functions of
o (at Xag = Xcu = 0.5) , assuming random mixing on each sublattice.
By setting (GAg/ 8&)—-—0 , derive the following equation:

In iy o)(l—Zoc) where ® = constant.
I-a RT

Sketch the curve of a as a function of (RT/w). Show that Tc = w/2R.
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Question 1 (4 points)

The system LaCls-LaFs is a simple eutectic system with no solubility in the solid phases. The
eutectic temperature is 654°C. Assume a regular term for the enthalpy of mixing:
Ah = ©Xyac1,X1aF, and assume that the entropy of mixing is given by an ideal Temkin ionic

model.

Calculate the'regular solution parameter o as well as the composition of the eutectic point.

o = —_
Data: Agfusion (LaCl,) = 54392 — 48.092 T J/mol

(4] _ _ .
AL sion (LaF,) = 020828430 T J/mol

Question 2 (4 points)

An isopleth of the C-Fe-W system is shown in the following figure. This is a diagram of T versus
weight % C at constant weight percent W = 5.0%.

a) Five phase fields (indicated by "?") are not labeled. Put these labels on the diagram.
b) Draw the "Zero Phase Fraction Line" of the bce phase on the diagram.

(Be sure to put your name on the diagram and hand it in with your answer booklet.)

Question 3 (4 points)

A client asks you to "estimate the temperature and composition of the eutectic point in the
ternary system MgCl,-MgF,-LaCly". He gives you the phase diagrams of the three systems
MgCl-MgF,, MgCly-LaCls, MgF,-LaCls . All three of these are simple eutectic phase diagrams
with no solubility in the solid phases.

What model would you use to perform the calculation? What additional data (other than the three
phase diagrams) would you require in order to perform the calculations using this model?

Question 4 (4 points)

The "2-3 spinel" MgTi,0O4 is normal: (Mg2+)(Ti§+))4 . The spinel Mg,TiOj is a "2-4" spinel in
which all the Ti*" ions are found on the octahedral sites:

(Mg2+) (Mg2+Ti4+)O4

a) Propose a model for the spinel solution MgTi;04-Mg,TiO4 and give equations for the
activities of MgTi,04 and Mg, T104 as functions of x, where x is the overall mole fraction of
MgTi,04 and (1-x) is the overall mole fraction of Mg, TiO4.

b) Write an expression for the Gibbs energy G of the solution as a function of composition
using the "Compound Energy Formalism".
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Question 5 (4 points)
Experimental liquidus temperatures for dilute solutions of KCI in liquid PbS are given in the
following table: :

Xkal T(CC)
0.0019 1112.1
0.0031 1111.3
0.0088 ° 1108.2
0.0243 1100.3
0.0333 1095.8

KCl is insoluble in solid PbS. The melting point of PbS is 1113.4°C and its enthalpy of fusion is
36400 Joules/mol.

(i)  For each of the experimental points, calculate v, the number of "new" particles introduced
per mole of KCL

(i)  For very dilute solutions (Xpes = 1.0), KCl dissolves as K" and CI ions. However,v in liquid
Pb**S%, the relative charge of a K ion is (-1) and the relative charge of a Cl ion is (+1).

Therefore, there is a tendency to form pairs (association):
| K* + CI'= (K'CI) pairs
Write an expression for the equilibrium constant K of this reaction as a function of v and of
Xxcr. Calculate K for each experimental point in order to verify the model.
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Question 1 (2 points)

The nitrogen content of liquid Fe in equilibrium at 1600°C with a gas phase in
which Py, = 1.0 bar is 0.045 weight %.

Calculate the nitrogen content of liquid Fe in equilibrium at 1600°C with a gas phase
in which Py, = 10.0 bar, assuming that nitrogen dissolves in the liquid as monatomic N

atoms. State your assumptions.

Question 2 (3 points)

A phase diagram is sketched in Fig. 1. This is an isothermal diagram at 1000 K. The
vertical axis in the partial pressure of Cl, at equilibrium. The horizontal axis is the molar
ratio & = ncy/(n, + nag). That is, for the metallic phases & = Xcy, the mole fraction of Cu,
while for the molten AgCl-CuCl solution, & =Xc,c , the mole fraction of CuCl. The

phase labeled "Ag solid" is a Henrian solution where RTInyg, =18450 J. The phase
labeled "Cu solid" is a Henrian solution where RTInyj,=27780 J. The liquid

AgCl-CuCl solution is ideal. Calculate the partial pressure of Cl,, P": , when all 3

l2
phases are simultaneously in equilibrium at 1000 K, and also calculate the values of £ at
the three equilibrium points A, B and C shown in the figure.

Ag(sol) + %Cl,(gas) = AgCl(liq.) AG{ypox =—79910]
Cu(sol) + % Cl,(gas)= CuCl(liq.) AG e =—9184017

Data:

Question 3 (4 points)
The phase diagram of a binary system A-B is sketched in Fig. 2 (not to scale). The

compound A,B is stoichiometric. The solubility of B in liquid A has been measured as
X =0.02 at 1000 K and Xg =0.003 at 700 K as shown in the figure (where Xp = mole
fraction). The melting point of pure A is 500 K (as in the figure). The enthalpy of fusion
of pure A is 5000 J/mol at 500 K. Finally, the Gibbs energy of formation of the compound
A,B has been measured independently:

2A(solid) + B(solid) = A,B(solid) AGS

formation

=—35000 +8.0T J/(mole of A,B)

(i) Assume that the liquid solution is Henrian in the dilute region. Calculate the
Henrian activity coefficient of B, y3 , relative to pure solid B as standard state, at
1000 K and at 700 K.

(ii)  Calculate the eutectic temperature, Tg , and the composition of the eutectic liquid ,
Xp() (see figure), stating your assumptions.
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Question 4 (3 points)

The phase diagram of the AgCIl-KCl system is sketched in Fig. 3. The solubilities
in the terminal solid solutions are negligible. The eutectic temperature has been measured
by thermal analysis as 306°C. The melting points of the pure components have also been
measured and are shown on Fig. 3. Finally, the enthalpies of fusion of AgCl and KCl at
their melting points have been measured and are equal, respectively, to 13 200 J/mol (for
AgCl) and 25 520 J/mol (for KCI).

Assume that the liquid is a strictly regular solution with gE = aXagciXkci » Where a
is a constant.

‘ Calculate the value of the constant a, as well as the composition, Xgcyg) , of the
liquid at the eutectic temperature.

Question 5 (4 points)

Consider a dilute solution of carbon in fcc y-Fe(austenite). The carbon dissolves in
the octahedral interstitial sites. (Note that in an fcc lattice, the number of interstitial sites
is equal to the number of lattice sites.) Assume that the distribution of carbon atoms on
the interstitial sites is random. Assume that the enthalpy of mixing of the dilute solution
varies linearly with the number of carbon atoms in solution. That is:

AB™ = — (X 2 + X b, )= aX.

where Xc and Xg, are the mole fractions, a is a constant, and h**"*", h?, and hj, . are the

molar enthalpies of the solution, pure graphite, and pure y - Fe respectively. Assume that
the excess non-configurational entropy is zero.

(i)  Write an expression for the molar Gibbs energy of the solution, g, as a function of
Xc, Xre,a, T, g5, and g (where g3, and g2 are the molar Gibbs energies of
pure y-Fe and C)

(i)  Using the expression from part (i), derive expressions for the chemical activities of
Fe and C, ag, and ac.

Question 6 (4 poinis)

Consider a ternary solution with components A, B, C. The binary molar integral
excess Gibbs energies of the binary sub-systems are well represented by the following
equations:
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gFAB) =aX, Xy
g?BC) = (bo +b, X, )XBXC

g(ECA) =cXcX,
where X, , Xp ,Xc are the mole fractions and a, b, , b; and c are constants. That is, the
A-B and C-A binary solutions are regular and the B-C binary solution is sub-regular.

(a) Using the Toop/Kohler model with A as the "asymmetric component", write an
expression for gE in the ternary A-B-C solution.
(b) Using the same Toop/Kohler model, derive an expression for the partial molar

excess Gibbs energy of A, g5 , as a function of composition in the ternary solution.
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Question 1 (4 poinis)
' For each of the following solutions, propose a structural model in one or two sentences.
(i) Liquid with 80% MgO, 10% Na,0, 10% SiO; .
(ii) A liquid solution of AICI; and F eCls .
(iii) A solution of oxygen in liquid iron.
(iv) A solution of oxygen in water.
(v) Liquid with 90% SiO, , 5% CaO, 5% MgO
(vi) Liquid with 80 mol % SiOs, 20 mol % NaAlO, .
(vii) Solid solution of FeTi,05 and Ti30:s.
(viii) Solid dilute solution of CaCl, in NaCl (XCaC12 <0.01).

(ix) Liquid solution Xge =0.9, Xs=0.1.

Question 2 (3 points)

The ability of a liquid oxide slag to dissolve sulfur (its "sulfide capacity") is an important
property in the iron and steel industry.

~ Consider a liquid slag solution CaO-SiO, in the basic region (high CaO content,
Xcao > 2/3) which contains a small amount of sulfur in solution. The dissolved sulfur is in the
form of S* ions. Treat the solution as a ternary solution with components CaO-SiO,-CaS (where
Xcas is small and Xcao>2/3 ). Using a simple "complex ion" model, and stating all your
assumptions, write expressions for the activities of CaO and CaS (acao and ac,s ) as functions of
Xca0 5 Xsio, and Xcas -

Write an expression giving the sulfur content Xc,s as a function of the ratio (Xc.0/Xsio, ),
Po, , Ps, and the Gibbs energies of pure Ca0, CaS, O, and S.

Question 3 (3points)

You have obtained optimized binary parameters for binary solutions in the A-B, B-C and
C-A systems using the Bragg-Williams approximation. You then use a geometric technique
(Kohler, Toop or Muggianu) to estimate the Gibbs energy of the A-B-C ternary solution from
these binary parameters. You then compare your calculated (i.e. estimated) values of the partial

excess Gibbs energy of component A(gi =RTIny, ) with experimental values at several

compositions in the ternary solution. You find that the calculated values are slightly less negative
than the experimental values. Therefore you add a negative empirical "ternary parameter”

®X , XzX, (with © <0) to your expression for g" in the ternary solution in order to stabilize
the solution and decrease gi. At ternary compositions where X, is small, you get the desired
effect. However, when X, is relatively large you discover, to your horror and dismay, that gi

. .. . . E .
has become less negative. That is, including the negative excess term has caused g, to increase.

Explain this result clearly by means of a calculation.
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Question 4 _@points)

Liquid salt solutions are usually modeled with a two-sublattice model. Strictly speaking,
this is an approximation because a liquid, lacking long-range-ordering, cannot be said to consist
of more than one sublattice.

(i) Write an equation for the extensive Gibbs energy of a molten salt solution of NaCl and
KCl, in the Bragg-Williams approximation using a two-sublattice model, as a function of
the numbers of moles and mole fractions of NaCl and KCl (nnac1 , nkcr s Xnact » Xk ) and

of the molar Gibbs energies of the pure salts, gy, and gy . Ignore excess Gibbs energy
terms.

(i) Write an equation, using the quasichemical model, for the extensive Gibbs energy of a
solution of Na, K and CI atoms on one sublattice as a function of the numbers of moles of
the atoms (nn, , nx , n¢y ), the numbers of moles and mole fractions of the
nearest-neighbour pairs (Na-Na » INa-Cl > DKK > DK-CI > NCI-CI > INaK ; XNa-Na > XNa-Cl » Xk »

Xxk-c1 > Xcicl » XNaK ) » the molar Gibbs energies gNa , gK and gc1 , and the Gibbs energy

changes Agna-ci and Agg.c; of the pair-exchange reactions:
(Na—Na) + (C1-CD)=2 (Na—-Cl); Agnaci
K-K)+(Cl-Cl)=2(K-Cl); Agkc
(For the pair exchange reaction (Na-Na) + (K-K) = 2 (Na-K), assume that Agna..x = 0.)

(iii) In the limit where Agna-ci1 and Agg.c are extremely negative, and along the stoichiometric
join between NaCl and KCI (that is, where (nn, + ng) = nc; ) show, by making the
appropriate substitutions, that the quasichemical equation of part (ii) reduces exactly to the
two-sublattice Bragg-Williams approximation of part (i).

Question 5 (3points)

The compounds Fe,;SiO4 and Mg,SiO4 with the olivine crystal structure are miscible at all
compositions. There are two distinct crystallographic sites, the "M1" and "M2" sites, which can
be occupied by the Fe*" and Mg®" ions. The sublattice structure of the solution can thus be
written as:

(F 62+Mg2+)M1 (F 62+Mg2+)M2 (S 1) (04)

Note that the M1 and M2 sites have different crystallographic environments. Hence, the
energies of (Mg)™' (Fe)M*(Si) (O4) and (Fe)Ml(Mg)Mz (Si) (Oy) are in general not equal.

Write an expression for the molar Gibbs energy of the Fe;Si04-Mg,O4 solutions using the
Compound Energy Formalism. (The g® excess terms can be ignored.) Define all variables cleatly.

The "formalism parameters" are the Gibbs energies, g7, of the end-members.

Propose a set of "model parameters" which have physical significance. Explain this
physical significance. Relate the formalism parameters to these model parameters and to the
Gibbs energies of the pure real components. If the only available experimental information were
the Gibbs energies of pure Fe,Si04 and Mg,SiO, , how would you estimate the formalism
parameters?
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Question 6 (3points)

Write an expression for the molar Gibbs energy of a ternary liquid solution A-B-C using
the Bragg-Williams and Kohler approximations when the excess Gibbs energies of the binary

liquid solutions are given by: g& =gk =0 and gi_B =X, X,

Show clearly by a calculation that, if ® is sufficiently negative, a miscibility gap will
appear, centered on the join between the equimolar "A;,B1»" composition and pure C as shown
in the figure.
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Question 1 (4 points)

The system LaCl;-LaF; is a simple eutectic system with no solubility in the solid phases.
The eutectic temperature is 654°C. Assume a regular term for the enthalpy of mixing:

Ah = ©Xp,c1;X1ar, and assume that the entropy of mixing is given by an ideal Temkin
ionic model.

Calculate the regular solution parameter ® as well as the composition of the eutectic
point. -

Ag P sion(Lacy,) = 54392 — 48.092 T J/mol
Data: 3

AZP sion(Lar,) = 50208 —28.430 T J/mol
Question 2 (4 points)

- (i) A liquid slag contains 10 mol % SiO,, 88 mol % Na,O and 2 mol % Na,S. Calculate
approximate expressions for the activities of Na,O and Na,S. State all your
assumptions clearly. N

(i) A slag of composition 10 mol % SiO,, 90 mol % Na,O is equilibrated at 1923 K
with an atmosphere in which Po, = 10" bar and PSz = 107 bar. Calculate the sulfur

content of the slag.

sia Na,O(lig)+1S,(g) = Na,S(lig)+21 0, (g)
' AG® = —43016 Joules at 1923 K

Question 3.(4 points)

For each of the following solutions, propose a structural model in one or two sentences.
(& 10% HfCls , 90% RbCI (liquid)
(b) Agyso,Bry 499 (solid)
(c) 45% Fe, 50% Mn, 5% C (solid)
(d) 10% GeO, + 90% CaO (liquid)
(e) 90% By03 + 10% CaO (glass)
(f) 1% PbCl, in NaCl (solid)
(g) 1% PbCl, in NaCl (liquid)
(h) A liquid solution with Xg. = 0.75, Xs = 0.25
(1) Oxygen dissolved in liquid Fe
G) 80% MgCl,, 20% KCI (liquid)
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Question 4 (4 points)

For a solution of components A-B, a one-sublattice quasichemical model is written as
follows:

g=Xuga +Xpep
T- _ ] X X X
~R(XaInX,+XplnXp)-B21 X, 1nﬁ+XBB 1nXL;23B +X,pln ZX:;B
+ ZX 5p 04
That is, Z, = Zy = Z = constant, and © is a constant independent of T and composition.

(i) If ®<<0, show that the enthalpy of mixing has a "V-shape" consisting of two nearly
straight lines, and that the entropy of mixing has an "m-shape" with a minimum at
Xp=Xpg=Y%.

(i) For what value of Z will the entropy of mixing be equal to zero at X,= Xp = %2 when
® = - oo ? Explain why this is not the case for other values of Z.

Question 5 (4 points)
The molten salt solution (Li, Rb)(F, Cl) is modelled by the equation:

g= (YLiYF gLiF +YLiYc1 &Licl + YRbYF 8RbF + YRbYCI g(}){bCI)
+RT(y i Iny; + yrp Inygp +yeInyp +yo Inye) [1]

— YLiYRb YEYCI (AGGXCha“ge)z / ZRT

where the y; are site fractions. That is, second-nearest-neighbour (binary) terms are
assumed to be negligible, and short-range-ordering is approximated by the final term. The
phase diagram along the LiF-RbCl stable diagonal is sketched in the accompanying
figure.

Derive an equation giving the critical temperature T as a function of AG™"®€ | 7, and
XRbCl: where XRbCl =NRrpc1 / (anCl + nLiF) is the mole fraction of RbCl in the LiF-RbCl
pseudobinary system. Firstly, derive this equation ignoring the final term in Equation

[ 1]. Then derive the equation including this final term.

Show that including the final term always lowers T¢. Explain in words why this is so.
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Question 1 (4 points)

An equilibrium diagram is sketched in the accompanying figure. The diagram is isothermal at
T=1000 K. The vertical axis is the equilibrium chlorine pressure while the horizontal axis is the molar
metal ratio:

£=nc,/(ny, +1n¢,). That is, for the metallic phases, &=X¢,, and for the AgCl-CuCl phase,
€ = Xcyci - The metallic phases are Henrian solutions with RT lny»ﬁ:g =18450 J/mol in the "Ag solid"
phase and RTIny$ Ag = 27780 J/mol in the "Cu solid" phase. The hquld salt solution is ideal. Calculate
the pressure PC12 when the three phases are at equilibrium at 1000 K. Calculate also the three

equilibrium compositions & of the three phases at points A, B and C.

Data: Ag(s) ++Cl, = AgCl(liq) AGTooox ==7991017]
Cu(s) + 1 Cl, = CuCl(liq) AGTopox =—918407

Question 2 (4 points)

In a binary system A-B, the excess Gibbs energy is observed to pass through a minimum value g=. at

a composition X p(min) Where Xp(min) #0-5 . In order to reproduce the observed values of gElin and

X B(min)> @ tWo-parameter model is required. Two possible models are:

(i) A sub-regular solution model; (ii) a regular solution model with equivalent fractions (that is,
with Z, #Zp).

(a) Write out fully the equations for the molar Gibbs energy for both models (i) and (ii).

(b) Suppose that, in each model, parameters are chosen so as to reproduce the experimental

point at gﬁin at XB(min). Although both models reproduce this one point, the curves of g° versus

Xp (O <Xp< 1) at other compositions will be different in the two models. Discuss this difference

with the aid of a sketch, particularly as regards the resultant partial Gibbs energies. How might
you decide which-model to use for a given system? )

Question 3 (4 points)
For a solution of components A-B, the following equation is proposed for the molar Gibbs energy:

g= (XAg‘A + XBg%)

K un Xg X,
4RTIX,InX, + Xy InX, ]4RT| X, , In=4A . X 1nZBB X In B
( A A B B) ( AA XA BB XZB AB 2XAXBJ

+X 50, 2 + X, X0,
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If , =0(and o; #0), then this is just the modified quasichemical model (with Z = 2). If o; =0 (and
®, #0), then this is just a regular solution (Bragg-Williams) model. The physical interpretation of this

equation is that o, represents the nearest-neighbour interactions, while ®, represents the longer-range
interactions.

(a) Calculate the numerical value of g at X,=Xg=0.5 at T = 1000 K for the following three cases:
(i) o,=0, o,=-20kJ/mol

(i) ,=0, o, =-20kJ/mol
(i)  o; =-10kJ/mol,, ®, =-10kJ/mol

(b) Des§cribe in words and/or with a sketch how the shapes of the curves of g versus Xp (0 <Xp < 1)
differ in these three cases. (A calculation is not required.)

Question 4 (4 points: 0.4 point for each correct reply and - 0.2 point for each incorrect reply)

The limiting slope of the liquidus curve at X, =1 when a solute B is dissolved in a solvent A is given
by the equation:

dX
(‘zﬁﬂg] =~ Ahg Gon(a) ATf?xsion(A) )2 v
XA =1

(assuming no solubility of B in solid A), where v is the number of "foreign" independent "particles"
introduced per mole of B.

What values of v will be observed for the following (liquid) solvent/solute pairs:

solvent solute

(a) " Fe Ny
(b) H,0 N,
(© NaCl CaBr,
(d) NaCl CaCl,
©) CaO Si0,
® : Si0, ' CaO

- (g) SlOz Na,O
(h) Si0O, NaAlO,
(1) FeS ' S,

G Cay8i04 Na,O
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Question 5 (4 points)

In ordered CuzAu alloys, the Au atoms occupy the corners of the cubic unit cell while the Cu atoms
occupy the centers of the faces. As the temperature is increased, substitutional disordering occurs
progressively, with Cu atoms occupying Au positions and vice-versa until, above a critical temperature
T., the alloy becomes completely disordered with Au and Cu atoms distributed randomly over the sites
of a face-centered-cubic lattice.

Write an equation for the molar Gibbs energy of stoichiometric CuzAu using the Compound Energy
Formalism. Ignore short-range-ordering and second-nearest-neighbour interactions. Your equation
should contain an ordering parametero, and end-member Gibbs energies. Show the relationship
between the end-member Gibbs energies (the "formalism parameters") and "model parameters" which
have physical significance. Show how to calculate o as a function of temperature, and show how to
calculate T..






