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QUESTION 1 (44 marks}

1.1 Describe the phase rule.




University of Fort Hare, Department of Chemistry, Alice Campus
January 2019 Supp Examination Session, PAC 324 Physical Chemistry 3

1.2 Ammonium carbonate decomposes when heated.

State with reason how many components and phases are present when the ammonium carbonate is
heated in an otherwise empty container?

Now suppose that additional ammonia is also present. State with reason, how many components and
phases are now present (5)
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1.3 Thephase diagram in Fig. 1 is that for water (A) and 2-methyl-1-propancl (B). It is the case of a system with
limited solubility in liquid state. A mixture of composition xs =0.80 is heated following the isopleth “a,d”.
Describe, what will be observed in each of the four marked points on the isopleths, giving the number,
composition, and relative amounts of the phases present (10)

Temperatura, T
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1.4 Calculate the melting point of ice under a pressure of 50 bar given that the melting point at 1 bar is 0°C.
Assume that the density of ice under these conditions is 0.92 g/mL and the density of liquid water is 1.00
g/mL. The molar enthalpy of fusion of water is 6.01 kJ/mol. {6)
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1.5 Calculate the pressure that must be applied to melt ice at -10 °C. Take the molar volumes of ice and liquid
water to be 19.7 em3.mol” and 18.0 cm3.mol", respectively, and AHgs =+6.008 kJ.mol . (5)
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Label the regions of the phase diagram in Fig. 1 above
State what substances exist in each region. Mark each phase in each region as solid, liquid, or gas.

Mark the eutectic point on the diagram. What is the composition of the eutectic mixture and at what
temperature does it melt? (8)
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1.7 Discuss the fractional distillation.
i.  Briefly explain the meaning of the term “theoretical plates” as refers to distiflation.
ii. What factors determine the number of theoretical plates required to achieve a desired degree of
separation in fractional distillation? (8)

10
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Question 2 (18 marks)

2.1 Thevapour pressures of two pure liquids, M and N, at 300 Kis 76.7 kPa and 520 atm, respectively. The
two liquids are mixed to form an ideal solution in equilibrium with its vapour. Given that the mole fraction of

M inthe vapour is 0.350, find:
i. The composition of the liquid mixture, and

ii. The total vapour pressure. Show all working clearly.
iii.  The mixture described above is distilled. What will be composition of the first drop of distillate
collected? 9

12
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2.2 Eugenol, the active ingredient in cloves, has a formula, CsoM1202. What is the boiling point of a solution
containing 0.154 g of this compound dissolved in 11.3 g of benzene? (K, = 2.53 °C m™ and boiling point of
benzene = 80.1 °C) 4

14
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2.3 Calculate the vapour pressure of a solution made by dissolving 82.4 g of Urea (NH2(CO)NHz), {(molar mass
of 60.06 g mol') in 212 mL of water at 35°C (vapour pressure of water @ 35°C = 42.18 mmHg). Caiculate
the vapour-pressure lowering. (6)

15




University of Fort Hare, Department of Chemistry, Alice Campus
January 2019 Supp Examination Session, PAC 324 Physical Chemistry 3

Question 3 (38 marks})

3.1 A monolayer of N, molecules (effective area 0.165 nm?) is adsorbed on the surface of 1. 00 g of an Fe/Al2Os3,
catalyst at 77 K, the boiling peint of liquid nitrogen. Upon warming up, when desorbed, the nitrogen occupies
2 .86 cm? at 0°C and 760 Torr. Determine the surface area of the catalyst (6)

16
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3.2 The adsorption of benzene vapour on graphite at 25 °C closely follows the Langmuir isotherm, and at a
pressure of 0.30 Torr, the fraction of surface covered is 0.050. The area occupied by a benzene molecule
on the surface, assuming that it lies flat, is 0.30 nm?.

a) Write down an equation of the Langmiur adsorption isotherm
b) List two assumptions on which the Langmuir adsorption model is based
c) At what pressure of benzene vapour will the surface be half-covered?
d) Calculate the specific area (m?) of the graphite sample if 2.0 g of it has adsorbed 1.0 mmol of
benzene to cover the surface completely with a monolayer. [R = 0.0821 dm?® atm K! mol? and 1 atm = 760
Torr) (8)

17
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3.3 The density of liquid mercury at 273 Kis 13.6 g.cm and the surface tension is 0.47 N/m, If the contact angle
is 140°, calculate the capillary depression in a tube of 1 mm diameter (6)

19
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3.4 The adsorption of solutes on solids from liquids often follows a Freundlich isotherm. Graphically check the
applicability of this isotherm to the following data for adsorption of acetic acid on charcoal at 25°C, and find
the values of the parameters ¢y and c..

[Acid]/M 0.05 0.10 0.50 1.0 1.5
W./g 0.04 0.06 0.12 0.16 0.19
[Wa= mass adsorbed per unit mass of charcoal] (14)

20
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3.5 The values of Y. and Ys. are 27.5 N.m'! and 8.5 N.m"' respectively for octanol and water at 20 °C, where
Ysa is 9.5 N.m-'. With the aid of a calculation determine whether or not octanol will spread on a water surface.

(4)

22
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