Exercise

5C.1(b) Add the boiling point of A to the table at x5 = y4 = | and the boiling point of B at xg = yg =
0. Plot the boiling temperatures against liquid mole fractions and the same boiling
temperatures against vapour mole fractions on the same plot.
The phase diagram is shown in Figure 5C.1. The phase boundary curves are polynomial fits
to the data points.
Figure 5C.1
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(i) Find x, = 0.50 on the lower curve and draw a horizontal tie line to the upper curve. The
mole fraction at that point is [y, = 0.82]
(ii) Find x5, = 0.67 (i.e., xz = 0.33) on the lower curve and draw a horizontal tie line to the
upper curve. The mole fraction at that point is fy, = 0.91 (i.e., yg = 0.09)|
5C.6(b) Refer to Figure 5C.5. Dotted horizontal lines have been drawn at the relevant temperatures.
Figure 5C.5
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(i) At 500°C, the phase diagram shows a single liquid phase at all compositions, so
soluble in A in all proportions].

(i) At 390°C, solid B exists in equilibrium with a liquid whose composition is circled and
labeled x, on Figure 5.11. That composition is x5 = x; =(0.63|.

(iii) At point x,, two phases coexist: solid AB, and a liquid mixture of A and B with mole
fraction xg = x, = 0.41. Although the liquid does not contain any AB, units, we can think of
the liquid as a mixture of dissociated AB; in A. Call the amount (moles) of the compound 7,
and that of free A n, Thus, the amount of A (regardless of whether free or in the
compound) 1s

Na=n,+tng,
and the amount of B 1s
ng = 2n. .

The mole fraction of B 1s

2 2
N _ an, _ <h,

= —=
n,+n, (n +n)+2n n +3n

X, =X, =
Rearrange this relationship, collecting terms in 7. on one side and 7, on the other:
X2 = 1(2-3x,) .
The mole ratio of compound to free A is given by
n X, 0.41

e — = — =10.53].
n 2-3x 2-3x041

5E.1(b) Let A =water and B = solute.
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5E.2(b) From eqn 1A.8 (partial pressures) and y, we can compute the partial pressures:

Y S
"4 p,+p, 1013kPa

So  p,=101.3kPax0314=31.8kPa
and pp=101.3 kPa—31.8 kPa=69.5 kPa

a.=F2 [sp2)- 3L8KPa _10736] and o = Fe=823KPa_ 1555

=0314

N 73.0 kPa op, 921kPa
0.436 a, 0.755

v, = s [5EA]=—— _[1.98] and y,=—= -~ _[0.967]

A x, PEA=0220" 757 70780
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Problem

5C.2  (a) The phase diagram 1s shown 1n Figure 5C.10.

Figure 5C.10
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(b) We need not interpolate data, for 296.0 K 1s a temperature for which we have experimental
data. The mole fraction of N, N-dimethylacetamide in the heptane-rich phase (call the point o,
at the left of the tie line) is 0.168 and in the acetamide-rich phase (f3, at right) 0.804. The
proportions of the two phases are in an inverse ratio of the distance their mole fractions are
from the composition point in question, according to the lever rule. That is

n/n, =111 =(0.804-0.750)/ (0.750 - 0.168) = [0.093

The smooth curve through the data crosses x = 0.750 at 302.5 K|, the temperature at which the
heptane-rich phase will vanish.



Ina,

¢=-"2lna, =- @)
'YB : r
Therefore. d¢ = - Lima L, + % Ina,dr
r re :
and  dlna, = Lina,dr—rdg. (b)
r

Now the Gibbs—Duhem equation [SA.12a]. implies
xadps +xpds =0.

Since u= ;f' +RTIna.
xadlnay+xygdinag=0.

X dl
Therefore dlna, = —\—Ad]n a, = _dma,

.TE r

=—Lina, dr+dg [from (b)]
o

= %d}’+dg§ [from (a)]=¢ dInr+dg

Subtract d In » from both sides, to obtain

din’® = (p-1ydinr+dg=L"Vdr+ a4,
» ,

7
Integrate both sides of the equality from pure A (where » = 0) to an arbitrary composition:

jdm(:—?:j@dwjdgﬁ

The lower limit of the left-hand integral is:

[a) (y.x,)
1m11nl(:—? = limn| 758 | _limn(y,x,) = In1=0.

r—0 r—=0 ro)

leaving the desired expression

n _ |4 40)+ jg[#l dr
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