59-240 Physical Chemistry - Question Set #18 - Lecture 18 - v2.0 - Nov. 27, 2018

Assigned questions for Lecture 18 are listed below. Questions from 18.06 onwards involve a
mixture of concepts from L18 and L19. The questions occur in the following editions of
“Physical Chemistry” by P.W. Atkins:
11th edition

10th edition

9th edition

8th edition

Note: The letter “P” in front of a number indicates that the question is in the “Problem” category
as opposed to the “Exercise” category in Atkins’ books. Updates are highlighted in yellow.
Question 18.01
5B.10

5B.10

5.22

6.1

Same questions in all editions.
5B.10(a) At 90 °C, the vapour pressure of methylbenzene is 53.3 kPa and that of 1,2dimethylbenzene is 20.0 kPa. What is the composition of a liquid mixture that boils at 90 °C
when the pressure is 0.50 atm? What is the composition of the vapour produced?
5B.10(b) At 90 °C, the vapour pressure of 1,2-dimethylbenzene is 20 kPa and that of 1,3dimethylbenzene is 18 kPa What is the composition of a liquid mixture that boils at 90 °C when
the pressure is 19 kPa? What is the composition of the vapour produced?
Question 18.02
5B.11

5B.11

5.23

6.2

Same questions in all editions.
5B.11(a) The vapour pressure of pure liquid A at 300 K is 76.7 kPa and that of pure liquid B is
52.0 kPa. These two compounds form ideal liquid and gaseous mixtures. Consider the
equilibrium composition of a mixture in which the mole fraction of A in the vapour is 0.350.
Calculate the total pressure of the vapour and the composition of the liquid mixture.
5B.11(b) The vapour pressure of pure liquid A at 293 K is 68.8 kPa and that of pure liquid B is
82.1 kPa. These two compounds form ideal liquid and gaseous mixtures. Consider the
equilibrium composition of a mixture in which the mole fraction of A in the vapour is 0.612.
Calculate the total pressure of the vapour and the composition of the liquid mixture.
Question 18.03
5B.12

5B.12

5.24

6.3

Same questions in all editions.
5B.12(a) It is found that the boiling point of a binary solution of A and B with xA = 0.6589 is 88
°C. At this temperature the vapour pressures of pure A and B are 127.6 kPa and 50.60 kPa,
respectively. (i) Is this solution ideal? (ii) What is the initial composition of the vapour above the
solution?
5B.12(b) It is found that the boiling point of a binary solution of A and B with xA = 0.4217 is 96
°C. At this temperature the vapour pressures of pure A and B are 110.1 kPa and 76.5 kPa,
respectively. (i) Is this solution ideal? (ii) What is the initial composition of the vapour above the
solution?
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Question 18.04
P5C.2, P5C.3

5B.13

5.25

6.4

Same questions in all editions.
P5C.2 Dibromoethene (DE, at 358 K) and dibromopropene (DP, at 358 K) form a nearly ideal
solution. If xDE = 0.60, what is (i) ptotal when the system is all liquid, (ii) the composition of the
vapour when the system is still almost all liquid.
P5C.3 Benzene and toluene form nearly ideal solutions. Consider an equimolar solution of
benzene and toluene. At 20 °C the vapour pressures of pure benzene and toluene are 9.9 kPa and
2.9 kPa, respectively. The solution is boiled by reducing the external pressure below the vapour
pressure. Calculate (i) the pressure when boiling begins, (ii) the composition of each component
in the vapour, and (iii) the vapour pressure when only a few drops of liquid remain. Assume that
the rate of vaporization is low enough for the temperature to remain constant at 20 °C.
Question 18.05* - DO NOT DO THIS PROBLEM
n/a

n/a

n/a

6.7a

Missing from 9th Ed. onward.
Blue CuSO4·5H2O crystals release their water of hydration when heated. How many phases and
components are present in an otherwise empty heated container?
Question 18.06*
n/a

n/a

n/a

DQ6.3

Missing from 9th Ed. onward.
Draw phase diagrams for the following types of systems. Label the regions and intersections of
the diagrams, stating what materials (possibly compounds or azeotropes) are present and whether
they are solid, liquid, or gas. (A) One-component, pressure-temperature diagram, liquid density
greater than that of solid. (B) Two-component, temperature-composition, solid-liquid diagram,
one compound AB formed that melts congruently, negligible solid-solid solubility.
Question 18.07
D5C.1 (c below)

DQ5C.1

DQ5.7

DQ6.4

Same questions in 10th Ed and earlier. (a) and (b) removed from 11th Ed. See notes, text book,
and sketches below for examples of these diagrams (L19). Part (c) is now D5C.1, see below.
5C.1 Draw phase diagrams for the following types of systems. Label the regions of the diagrams,
stating what materials (possibly compounds or azeotropes) are present and whether they are solid
liquid or gas:
(a) two–component, temperature–composition, solid–liquid diagram, one compound AB formed
that melts congruently, negligible solid–solid solubility;
(b) two-component, temperature–composition, solid–liquid diagram, one compound of formula
AB2 that melts incongruently, negligible solid-solid solubility;
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(c) two-component, constant temperature–composition, liquid–vapour diagram, formation of an
azeotrope at xB = 0.333, complete miscibility.
Question 18.08*
n/a

n/a

n/a

DQ6.5

Missing from 9th Ed. onward.
Label the regions of the phase diagram in Fig. 6.37 (does not appear in later editions, see
below). State what substances (if compounds give their formulas) exist in each region. Label
each substance in each region as solid, liquid, or gas.
Question 18.09*
n/a

n/a

n/a

DQ6.6

Missing from 9th Ed. onward.
Label the regions of the phase diagram in Fig. 6.38 (does not appear in later editions, see
below). State what substances (if compounds give their formulas) exist in each region. Label
each substance in each region as solid, liquid, or gas.
Question 18.10*
n/a

5C.2

5.27

6.9

Same questions in all editions.
5C.2(a) Methylethyl ether (A) and diborane, B2H6 (B), form a compound which melts
congruently at 133 K. The system exhibits two eutectics, one at 25 mol per cent B and 123 K and
a second at 90 mol per cent B and 104 K. The melting points of pure A and B are 131 K and 110
K, respectively. Sketch the phase diagram for this system. Assume negligible solid–solid
solubility.
5C.2(b) 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.
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Answer 18.05*
n/a

n/a

n/a

6.7

n/a

DQ6.3

Missing from 9th Ed. onward.

!
Answer 18.06*
n/a

n/a

Missing from 9th Ed. onward.
See Figs. 6.1(a) and (b) below.

!

!
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Answer 18.08*
n/a

n/a

DQ6.5

n/a

DQ6.6

Missing from 9th Ed. onward.

Answer 18.09*
n/a
Missing from 9th Ed. onward.
For DQ6.5 and DQ6.6:
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Extra stuff:
DQ6.4
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DQ6.6 (8th Ed.)
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6.9 (8th) - (Question 18.10)
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