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Question 1 — Compulsory [25 Marks]
a) Write short notes on the following
i, Partial molar volume [2]
ii.  Raouit’s Law [3]

b) What is the approximate osmotic pressure of a 0.118 molal and 1.00 g/mL solution

of LiCl at 10.0 °C? The freezing point of this solution is -0.415 °C. [8]

¢) Solid CaCO; degenerates into CaO and CO, at certain conditions, determine if this
reaction will proceed under standard conditions given that AG® of CaCOs, CaO

and CO, are -1128, -603.5 and -137.2 kJ mol-1, respectively. [6]

d) The analysis of gases is done under real or perfect conditions. Derive an

expressions A/G for real gases [6]

Question 2 {25 Marks]

a) Write short notes on the following;

i.  Triple point 2]
ii.  van’t Hoff factor 2]
fii.  Standard chemical potential (4]

b) Show your understanding of colligative properties by using 2 real life examples to

show the use of any two scenarios of your choice. (6]

¢) The vapour pressure of pure acetone is 4.00 x 10° mmHg. A solution is prepared
by dissolving 1.00g of a non-volatile compound sulfanilamide (CslsO2N2S5) in
10.00 g of acetone (CH;COCH;)

i.  Find the vapour pressure of acetone il the solution [71
ii.  Given that the solution is prepared in a 200m! container, what is the

osmotic pressure of the solution at 0°C. [4]




Question 3 {25 Marks]

a)

b)

d)

Write short notes on the following;

i.  Henry’s law (31
il.  Osmotic pressure 31
iii.  Vapour pressure Jowering [3]

Calculate the partial molar volume of pure liquid water when the density is given
by 0,997 glem® at 25°C. By how much would the molar volume change if the
sample is increased by 2g. (4]

What mass of urea CON,I1,, must be added to 450g HO to get a solution with a
vapour pressure of 298 mmHg given that the vapour pressure of pure IO is 31.8

mmMg at this temperature. [4]

Derive the vapor pressure of a pressurized liquid, with an aid of diagrams where

necessary. [8]

Question 4 [25 Marks]

a)

b)

d)

At 286 K, the osmotic pressure of a glucose solution is 9.97 atm. What is the
freezing point depression (given the density of the solution is 1.12 g/mL) given

that Kf = 1.86°C kg/mol ? [10]
Using a rough sketch, show the important components of a phase diagram. 5]

Estimate the vapour pressure of a liquid benzene at 20°C when its normal boiling

point is 80°C at a vapour pressure of is 101kPa, given that Ay,,H1=30,8kJ/mol.
[3]

Explain how Raoults law and Henry’s law are used to specify the chemical

potential of a component of a mixture [5]




Question 5 [25 Marks]

a) Illustrate the schematic temperature dependence of the chemical potential with

temperature for the three phases of a chemical substance [8]
b) Derive the equation for the vapor pressure lowering [4]
c¢) Give brief explanation of the following observations;

i Freezing —point constants are typically larger than boiling point constants

of a solvent,

ii.  There is a difference in the boiling point constants of water and benzene.

[6]
d) Derive that equation of the equilibrium constant for the generic chemical equation

ad(g) + bB(g) — cC(g) + dD(g) [7]

Question 6 [25 Marks]

a) Determine the molecular formula of a compound given that when 7.85 g sample of the
compound having an empirical formula CsH, is dissolved in 301 g of benzene, the
freezing point of the solution is 1.04 °C below that of pure benzene. K is given by 5.12
°C kg/mol [6]

b} For the chemical equation (Question 5d), derive 4 equations for the chemical
potential and use them with Hess’ law to find an equation for A,G (given that

8,G=Ap) [9]

¢) Calculate the difference in slope of the chemical potential against pressure on
either side of (a) the normal freezing point of water and (b} the normal boiling
point of water. Given that the densities of ice and water at 0°C are 0.917 gem™ and
1.00 gem™ and those of water and water vapour at 100°C are 0.958 gem™ and
0.598 gem™, respectively. By how much does the chemical potential of water

exceed that of liquid water at 1.2 atm and 100°C? [10]

The End
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General data and fundamental constants

- Quantity

Speed of light
‘Elementary charge
Faraday constant
Boltzmann constant’
(Gas constant

. Planck constant

Avogadro constant
Atoinic mass unit
Mass
eleciron
proton
, neutron
Vacuum permittivity

Vacuum permeability

Mapneton
Bohr
miclear
gvalne
Bohr radius -

R Fij:u:"stmctmre-i:{jm_taﬁt' .
- Rydberg constant )
Standard acceleration.”

" of free fall

Symbol

iy = ef/2m,

Hyy = el 2, .
e '

© o, =4 i e
ca=pee/2h
Re=me"8n'cs*

E
Gravitational constant . G
--Conversion factors
Teal = 418djoides () 1 erp
eV = "16022X10%7 1 e¥/molecule
Prefixes 1 5 = Bom
femto pico. nane  micro milj
1045

107 10 1p7

Yalue

299792458 X 10'm s ! .
1.602 177 X 107 C
9.6485 X 10" C mol™
1.380 66 X 102 J 1
8.314 51 T X! o)

820578 X 107 di® atrm K rmo)!

6.2364 X 10 L Tor X' mol?
6.626 08 X 10™ 7 5

1.054 57X 107% T 5

© L 6.022 14 X 10% mol”
1.660 54 X 10Y Kg

£ 510939 X107 Kp

1672 62X 109 Kg
167493 X 10V Kg =~ -
B.854 19 X 10 Cr et
L1265 X101 CP !
A X107 T8C

4 X107 T T o

9.274 02 X 10™ 7 T
505079 X 107 51!
2.002 32

5291 77 X 10" m.

- 729735 X 107

109737 X 107m* . .

9.806 65 m g?
6.672 58 X 10" Nm® Kgt

= axwlr
= 96 485'1\’_3'15{01". :

c d k.M €
centi deci  kilo mega giga
L [ VR 1
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