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UNIVERSITY EXAMINATION FOR THE DEGREE OF BACHELOR OF
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MAIN

COURSE CODE: SCH 101/3111
COURSETITLE: BASIC PHYSICAL CHEMISTRY
EXAM VENUE: LAB3 STREAM: (BEd Science)

DATE: 23/04/14 EXAM SESSION: 2.00 - 4.00 PM

TIME: 2.00 HOURS

I nstructions:

1. Answer ALL Questions in section A and ANY other 2 questions in section B
2. Candidates are advised not to write on the question paper.

3. Candidates must hand in their answer booklets to the invigilator while in
the examination room.
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Constants:

GasConstant, R =8.314 J/mol K,

Na

=0.082057 L .atm/mol.K
=6.022 x 10” molecules/ mol

At room temperature and pressure (RTP), T = 25°C, P = latm

SECTION A (30 Marks)

Question 1
a) Distinguish between each of the following terms;
i.  Solubility and Colligative property (3mks)
ii.  Osmotic pressure equilibrium state (3mks)
iii.  Buffer solution and salts with acidic solutions (3mks)
iv.  Dalton’s law partial pressures and Raoult’s law (3mks)
v. Ratelaw and Reaction order (2mks)
b) Give two assumptions made when considering a gas to be Ideal. (2mks)
c) For thereaction;
CO *+ 3BHyg= CHygt H20( (AHxn< 0)
What is the effect of ?
i.  Increasing the volume of the reaction vessdl (Imark)
ii.  Carrying out the reaction at lower temperature (Imark)
lii.  Introducing an inert gas into the reaction mixture (Imark)
iv.  Introducing a catalyst into the reaction vessel (Imark)
V.  Separating the water by removing the condensed vapour (Imark)

d)

f)

Consider the reaction; 4NOyg + Ozg—2N205y), suppose that, at a particular moment
during the reaction, molecular oxygen is reacting at the rate of 0.024 M/s. Calculate the
rate of formation of N,Os and the rate of depletion of NO..

(3mks)

Using Kinetic Theory, explain the deviation of rea gas behaviour from the Idea gas
behaviour at high prussures. (3mks)

The solubility of nitrogen gas at 25°C and 1 atm is 6.8 x 10-4 mol/L. What is the
concentration (in molarity) of nitrogen dissolved in water under atmospheric conditions?
(The partial pressure of nitrogen gas in the atmosphereis 0.78 atm.) (3mks)
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SCTION B (20 Marks Each)

Question 2

a) Givethe meaning of an acid and a base according to Bronsted-Lowry theory. (2mks)
b) Benzene and toluene form anearly ideal solution. If at 300K the partial pressure of pure
toluene is 32mmHg and that of pure benzeneis 103mmHg.
i.  Compute the vapour pressure of the solution containing 0.6mol fraction of toluene.
(2 mks)

ii.  Caculate the mole fraction of toluene in the vapour for this composition of liquid.
ii. (3 mks)

iv.  Represent this information in a well labelled pressure composition diagram of the

binary mixture of benzene and toluene. (3 mks)
¢) Using Kinetic Theory of gases derive the ideal gas equation. (8mks)
d) The pH of blood must be held very close to 7.40, find the OH" concentrations
corresponding to this pH. (2mks)
Question 3

a) Thereaction of nitric oxide with hydrogen at 1280°C is given by the equation,
2NO() + 2Hzg— Nag) +2H20()

Experiment [NO] (M) [H2] (M) Initial Rate (M/s)
1 5.0x 107 2.0x10° 1.3x 107

2 10.0 x 10°3 20x10°3 5.0x 107

3 10.0 x 10°3 40x 103 10.0 x 10°

From the above data collected at this temperature, determine;

i. theratelaw, (3mks)
ii.  therate constant, and (2mks)

iii. therate of the reaction when [NO] = 12.0 x 10 Mand [H.] = 6.0 x 10° M.
(2mks)

b) Oxygen gas generated by the decomposition of potassium chlorate is collected over water.
The volume of oxygen collected at 24°C and atmospheric pressure of 762 mmHg is 128
mL. Calculate the mass (in grams) of oxygen gas obtained. The pressure of the water
vapor at 24°C is 22.4 mmHg.

(3mks)
c) Given the following equilibrium reaction:
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aA g+ bB(g = cCg + dD(g), show that K, = KC(RT)An (4 mks)

Under what conditionsis K, = K¢, give an example of areaction where K, = K.
(2 mks)
d) A solution is prepared by dissolving 35.0g of haemoglobin, Hb, in enough water to make
up 1L volume. If the osmotic pressure of the solution is found to be 10.00mmHg at 25°C,
calculate the molar mass of haemoglobin. (4 mks)

Question 4

a) Which reactant is limiting when 50.0 g of water is added to 50.0 g of calcium carbide,
CaC,(s)? What mass of acetylene, C,H2(g), is produced, and what mass of excess reactant
will be left? Reaction equation:

CaC, 9 2H20 ) — Ca(OH)2 (ag) + C2Hz2(g)
If 18.5g of C,H, was actually obtained, what was the percentage yield? (4 mks)

b) Calculate the pH of a buffer solution comprising of 0.10M HNO, and 0.15M NaNO:..
Given K, of HNO, = 4.5 x 10

(6mks)
¢) For amixture of 0.00623M of Hy, 0.00414M of I, and 0.0224M HI in 1.0L flask at 430°C;
(Hag + l2g=Hl()
i.  What will be the direction of the reaction at the start of the reaction? ( 3mks)
ii.  Cdculate the equilibrium concentration of Hy, 1, and HI given that K. for this reaction
is54.3 at 430°C. (7 mks)

Question 5

a) Given that 3.50 moles of NH3 occupy 5.20 L at 47°C, calculate the pressure of the gas (in
atm) using the van der Waals equation.(a = 4.17 atm.L%mol?, b = 0.0371 L/mol)

(3 mks)

b) Briefly explain two factors affecting solubility of gases. (4 mks)

c) Ethylene glycol (EG), CH2(OH)CHy(OH), is a common automobile antifreeze. It is water-
soluble and fairly non-volatile (Tp,= 197°C). Caculate the freezing point of a solution
containing 651 g of this substance in 2505 g of water. Ky =1.86°C/m. (3 mks)

d) Calculatethe pH of 0.20M NH,Br salt solution? K, for NH," =5.6 x 10 (6 mks)

e) A flammable gas made up only of carbon and hydrogen is found to effuse through a
porous barrier in 1.50 min. Under the same conditions of temperature and pressure, it
takes an equal volume of bromine vapor 4.73 min to effuse through the same barrier.
Calculate the molar mass of the unknown gas, and suggest what this gas might be.

(4mks)

kkhkhkkkhhkkhhhkkhhhkkhhhkhkhhkhkhhkhkhhkkkkkx*x%x End***************************************
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