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Exercises and problems

mponent, temperature-composition, solid-liquid diagram, one

(©) two-co!
{ompound of formula AB that melts incongruently, negligible solid-solid

solubilitys
{9 bwo-component, constant temperature-composition, liquid-vapou

{ingtam, formation of an azeotrope at x,=0.333, complete miscibilty

Exercises

- c1(a) The following temperature-composition data were obtained fo
- mixture of octane (0) and methylbenzene (M) at 1.00 atrm, where x o
“he mole fraction in the liquid and y the mole fraction i the vapour at

equilibrium.

gec 1109 1120 1140 1158 1173 1190 1201 1230
i 0908 0795 0615 0527 0408 0300 0203 0097
L 0923 0836 0698 0624 0527 0410 0297 0.164

The boiling points are 110.6°C and 125.6°C for M and O, respectively.

Plot the temperature-composition diagram for the mixture. What is the
composition of the vapour in equilibrium with the liquid of composition

(i) 1 =0-250 and (ii) %o =0.250?

5¢.1(b) The following temperature-composition data were obtained for a
mixture of two liquids A and B at 1,00 atm, where x is the mole fraction in the
Jiguid and y the mole fraction in the vapour at equilibrium.

aC 125 130 135 140 145 150
L. 091 0.65 0.45 030 0.18 0.098
7 0.99 091 0.7 0.61 0.45 0.25

The boiling points are 124°C for A and 155°C for B. Plot the temperature/
composition diagram for the mixture. What i the composition of the vapour
jibrium with the liquid of composition (i) x,=0.50 and (if) x=0.33%

in equil
5c.2(a) Methylethyl ether (A) and diborane, B,H, (B), form a compound
which melts congruently at 133K. The system exhibits two eutectics, one at
25mol per cent B and 123K and a second at 90 mol per cent Band 104K.
The melting points of pure A and B are 131K and 110K, respectively. Sketch

the phase diagram for this system. Assume negligible solid-solid solubiliy.

5C.2(b) Sketch the phase diagram of the system NH,/N,H, given that the two
substances do not form a compound with each other, that NH; freezes at
_78°C and N,H, freezes at +2°C, and that a eutectic is formed when the mole
fraction of N,H, is 0.07 and that the eutectic melts at —80°C.

5C.3(a) Figure 5.2 shows the phase diagram for two partially ‘miscible liquids,
which can be taken to be that for water (4) and 2-methyl-1-propanol (B).
Describe what will be observed when a mixture of composition x;=0.8 is
composition, and relative amounts of

heated, at each stage giving the number,
the phases present.

Temperature, T

0.8

0.4 0.6
Mole fraction of B, X,

0.2

miscible liquids.

Figure 5.2 The phase diagram for two. partially

5C.2 What molecular features determine whether a mixture of two liquids will
show high- and low-boiling azeotropic behaviour?

53 What factors determine the number of theoretical plates required to
achieve a desired degree of separation in fractional distillation?

5C.3(b) Refer to Fig. 5.2 again. Describe what will be observed when a
mixture of composition x,=0.3 is heated, at each stage giving the number,
composition, and relative amounts of the phases present.

5C.4(a) Indicate on the phase diagram in Fig. 5.3 the feature that denotes
incongruent melting. What is the composition of the eutectic mixture and at

what temperature does it melt?
b
-
. .
0.4 0.6 0.8 1

Mole fraction of B, x,

500

Temperature, 8°C

Figure 5.3 The phase diagram referred to in Exercise 5C.4(a)

5C.4(b) Indicate on the phase diagram in Fig. 5.4 the feature that denotes
incongruent melting. What are the compositions of any eutectic mixtures and

at what temperatures do they melt?

Temperature, T

Mol fraction of B, X,

Figure 5.4 The phase diagram referred to in Exercise SC.A().

5¢.5(a) Sketch the cooling curves for the isopleths a and b in Fig. 5.3.
5.5(b) Sketch the cooling curves for the isopleths a and b in Fig. 5.4.
lubility of Ag in Sn.

5.6(a) Use the phase diagram in Fig. 5.3 to state (i) the ol
ii) the solubility of

at 800°C and (ii) the solubility of Ag,Sn in Ag at 460°
Ag,Sn in Agat 300°C.

5C.6(b) Use the phase diagram in Fig. 53 to state
500°C and (ii) the solubility of B in A at 390°C,

at 300°C.

(i) the solubility of B in A at
(iii) the solubility of AB, in B

ows the experimentally determined phase diagrams for

5¢.7(a) Figure 5.5 she
£ hexane and heptane. (i) Label the regions of the

the nearly ideal solution of





