Homework 9 solutions
Exercise 1

Gold (15g) and Silver (25g) are mixed to form a single-phase ideal solid solution. The molar masses of
gold and silver are 197 g/mol and 108 g/mol, respectively. R=8.314 J/mol K and Avogadro’s number
NA=6.02*10% mol ™.

a) How many moles of solution are there?

The moles of the solid solution

15 25
Nrot = Mgy T Nyg Zﬁ‘i'm

b) What are the mole fractions of Gold and Silver?

The molar fraction of gold

15
Koy = Ngu _ 197
u
The molar fraction of silver 15
5
Xy, = Mag  _ _ 108
g

¢) What is the molar entropy of mixing?
The molar entropy of mixing
Amixs = —R(Xay Inxgy, + x44Inx45) = —8.314 * (0.248 - In 0.248 + 0.752 -
J

mol - K

ApixS = 4.66

d) What is the total entropy of mixing?
The total entropy of mixing
AmixS = —R(ngy Inxay, + ngglInx,,) = —8.314 % (0.0761 * In 0.248 + 0.231 *

J
BmixS = 143

e) What is the molar free energy change at 500°C?
Anixg = RT(xAu Inxgy, + x44In xAg)
= 8.314 % (500 + 273) * (0.248 * In 0.248 + 0.752 *In 0.752)
K]

= —-3.60 —
mol



f)

g)

What are the chemical potentials of Gold and Silver at 500°C, assuming free energies of pure

Gold and Silver are zero?

Amixg = RT(xAu Inxg, + Xag In xAg) = Imix — Gpure = Imix — (.u:mxAu + .u:lngg

Imix = RT(xAu Inxyy, + x44 In xA_g) + (.u:luxAu + #ngAg)

= X (Uhy + RT Inxgy,) + xAg(ng + RT lnxAg) = X4y Gay + XagGag
Therefore,
Gau = Hay = Wiy + RT Inxgy,
Gag = lHag = Mag + RT Inx,,
The chemical potential is the partial molar Gibbs free energy. Since the pure free energies of
Au and Ag are zero, iy, and uy, are zero.

The chemical potential of gold

k
Uay = RT Inxy, = 8.314 % (500 + 273) *In0.248 = _8'96m_:)1
The chemical potential of silver
k
tag = RTInxys = 8314 % (500 + 273) xIn0.752 = _1'83m_(])l

How much will the free energy of the solution change at 500°C if one Gold atom is added?

One gold atom expressed in moles is equal to:

N 1

TN, T 6.02+%10%

Adding of 1 atom to the composition does not influence the molar concentrations, because

1
Ny

(nAu + NLA) - Lo

- ~
(nau + N_A) +ny, Tt Tag

Xau

Gmix = Nay(Uay + RT Inxgy,) + Nag (MZg +RTIn xAg) = Naubau T Naghag

AG = Gmix+1 atom — Gmix



1
AG = (nAu + N_) (Uay + RT Inxyy,) + nyg (yjlg + RT In xAg) — Ny (Uhy + RT Inxyy,)
A

- nAg(/,tZg + RT Inxy,

_ May +RTInx,, 0-896-10°

— -20
N, = 0z.1028 149+ 10

AG




Exercise 2

Imagine an ideal binary mixture at different temperatures (Ti, T, T3 and T4 of an increasing order).
The respective molar Gibbs free energy G vs. Xg diagrams for liquid (L) and vapor (V) phases are
given as:
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a) Given the information, predict the vaporisation temperatures of the two components A and B

At T, Ga(L) = Ga(V) for Xg=1 which means component A has equal chemical potential in vapor
and liquid phase at T, therefore the vaporisation temperature for A is Ty. Similarly, the
vaporisation temperature for B is Ts.

b) For each plot, make a rectangular box along XB and draw which phase(s) are present for all

compositions.
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¢) For temperature T3 and composition XB=0.7, annotate on the plot the chemical potential of
each component at each phase associated with these conditions. For the same conditions apply
the lever rule to find the fractions of the liquid and vapor phases.

As shown below.
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3

Xg = X5+ (1 —fHXy =07

Xp— X5 0.7-06

= = = 0.44
Xt —X7  0825-06

fL

The fraction of solid is therefore fV =1 — fL = 0.56
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