
Homework 8

1. The following temperature/composition data were obtained for a mixture of
octane (O) and methylbenzene (M) at 760 Torr, where x is the mole fraction in
the liquid and y the mole fraction in the vapor in equilibrium.

θ/°C 110.9 112.0 114.0 115.8 117.3 119.0 121.1 123.0
xM 0.908 0.795 0.615 0.527 0.408 0.300 0.203 0.097
yM 0.923 0.836 0.698 0.624 0.527 0.410 0.297 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 vapor in equilibrium with the liquid of composition (a) xM = 0.250 and (b)
xO = 0.250?

2. Methane (melting point 91 K) and tetrafluoromethane (melting point 89 K)
do not form solid solutions with each other, and as liquids they are only
partially miscible). The upper critical temperature of the liquid mixture is 94 K
at x(CF4) = 0.43 and the eutectic temperature is 84 K at x(CF4) = 0.88. At 86 K,
the phase in equilibrium with the tetrafluoromethane-rich solution changes from
solid methane to a methane-rich liquid. At that temperature, the two liquid
solutions that are in mutual equilibrium have the compositions x(CF4) = 0.10
and x(CF4) = 0.80. Sketch the phase diagram.

3. Two liquids, A and B, show partial miscibility below 52.4°C. The critical
concentration at the upper critical temperature is x = 0.459, where x is the
mole fraction of A. At 40.0°C the two solutions at equilibrium have x = 0.22
and x = 0.60, respectively, and at 42.5°C the mole fractions are 0.24 and
0.48. Sketch the phase diagram. Describe the phase changes that occur when
B is added to a fixed amount of A at (a) 48°C, (b) 52.4°C.

4. Sketch the phase diagram of the system NH3/N2H4 given that the two
substances do not form a compound with each other, that NH3 freezes at -78°C
and N2H4 freezes at +2°C, and that a eutectic is formed when the mole fraction
of N2H4 is 0.07 and that the eutectic melts at -80°C.

5. Figure 5.2 shows the phase diagram for two partially miscible liquids, which
can be taken to be that for water (A) and 2-methyl-1-propanol (B). Describe
what will be observed when a mixture of composition xB = 0.8 is heated, at each



stage giving the number, composition, and relative amounts of the phases
present.

6. Indicate on the phase diagram in Fig. 5.4 the feature that denotes incongruent
melting. What is the composition of the eutectic mixture and at what
temperature does it melt?

7. Sketch the cooling curves for the isopleths a and b in Fig. 5.4.

8. Consider the phase diagram in Fig. 5.6, which represents a solid-liquid
equilibrium. Label all the regions of the diagram according to the chemical
species that exist in that region and their phases. Indicate the number of species
and phases present at the points labeled b, d, e, f, g, and k. Sketch cooling
curves for compositions xB = 0.16, 0.23, 0.57, 0.67, and 0.84.


