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e Marks allocated to questions vary

e Show all necessary workings
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e Conversions: 1 atm =101 325 Pa = 760 mmHg = 760 torr
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e Periodic Table below
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Section A - Multiple choice [15 Marks]
Select your answer by circling the letter corresponding to the correct option with

permanent ink.
1. Ideal gas behaviour for a gas is mostly likely to be observed under conditions

High temperature and low pressure.
Low temperature and high pressure.
Low temperature and low pressure.

Standard temperature and pressure.

cowm>e

2. Consider the following equilibrium:
2NO (g) + Brz2(g) + energy = 2NOBr(g)

What effect will addition of an inert gas at constant pressure have on the
equilibrium?

A. No effect

B. Equilibrium will shift to the right
C. Equilibrium will shift to the left
D

. Qc and Kc will be equal

3. A weather balloon is heated from room temperature to 58 °C. As a result, the
gas inside the balloon increases in volume. Which gas law explains this
phenomenon?

A. Boyle’s law.

B. Charles law.

C. Combined gas law.
D. Avogadro’s law.

4. The Aufbau Principle states that...?

only two electrons can occupy an orbital

electrons enter the lowest available energy level

electrons remain unpaired if possible

orbitals are regions in space where one is likely to find an electron

oOwp

5. If the reaction quotient, Q, is greater than Kp, then
A. The chemical system has reached equilibrium.
B. The temperature must be increased for the reaction to proceed in the
forward direction.
C. The reaction will proceed in the direction that results in fewer gas phases.
D. The reaction will proceed to the left until equilibrium is established.
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6. What is the equilibrium constant expression for the following chemical
reaction?
Ca(OH)2 (s) = Ca?* (aq) + 20H" (aq)

A. K= [Ca**][OH]

B. K= [Ca?*][0OH"]?
__|ca?*][oH"]
C K= [Ca(OH)],
_ [ca?t]|[oH™]?
D. K= [Ca(OH)],

7. Given the following reaction, identify the spectator ions.

2AgNOs + BaClz — Ba(NOs)2 + 2AgCl
A) Baand ClI

B) Ag and ClI

C) Ag* and NOs"

D) Ba?* and NOs-

8. Which statement about the four quantum numbers that describe electrons in
atoms is NOT correct?
A. n = principal quantum number,n=1, 2, 3, .....
B. ¢ = angular momentum (azimuthal) quantum number, £ =1, 2, 3, ..., (n+1)
C. m, = magnetic quantum number, ml = (+¢, .... , 0, .... , - ¥)
D. ms = spin quantum number, ms = +% or -%

9. Which of the following sets of quantum numbers is NOT allowed?
A.n=1¢=0,my,=0,ms=+%
B.n=2,£=0,my,=0,ms=+%
C.n=2,¢=1my,=1ms=-%

D.n=3, =3, my=-3, ms=-%

10.To which of the following elements does the outer electronic configuration
ns?np® corresponds?
A. S
B. Cr
C. Br
D. As

11.How many different principal quantum numbers can be found in the electronic
configuration of nickel?
2
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12.The spin quantum number is the result of ...
A. Aufbau principle.
B. Pauli Exclusion Principle.
C. Heisenberg uncertainty principle.
D. MendeleeV’s principle.

13.Resonance structures differ by .......
A. Number and placement of electrons.
B. Placement of atoms only.
C. Placement of electrons only.
D. Number of atoms.

14.Three-resonance form can be drawn for the molecule N2O. Which resonance
form is likely closest to resembling the structure of this molecule?
. N=EN-O
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15.Which of the following ions are arranged correctly in their order of decreasing
atomic size.
A. Li>N>C>F
B. Si>Mg > CI> Na
C. Mg>Cl>Na>Si
D. Na>AlI>P > Ar

Section B

Show all necessary working on the spaces provided

Question 1 [19 Marks]

a. Nitrogen dioxide exists in equilibrium with nitric oxide and oxygen
2NO2 (g) = 2NO (g) + 02 (9)
Write the expression for Kc and Kp for the equilibrium. [2]



b. Kc at a particular temperature for the reaction in (a) is 0.11 molL. Calculate
Kc at the same temperature for the equilibria (i) and (ii) [2]
i. NO2(g) = NO (g) + %02 (g) Ke1

i. 2NO (g) + O2 (g) = 2NO2 (g) Kez

c. At a different temperature, 0.2 mol of NO2 are placed into a 2.0 L flask and
dissociates into NO and O2. At equilibrium, the concentration of NO is 0.04
mol.Lt. Calculate Ke. [6]



d. Consider the equilibrium; 2NO (g) + Cl2 (g) = 2NOCI (g) A H° = -77.0 kJ.
How will the amount of Cl2 (g) at equilibrium be affected by the following?

I. Addition of NO (g). [1]
il. Increasing the temperature of the reaction mixture. [1]
iii. Adding a catalyst. [1]

e. Lead(ll) arsenate, Pb3(AsOa)2, has been used as an insecticide and its
solubility is only 3.0 X 107> g/L at 298 K.

I Write the expression for Ksp at equilibrium. [1]

. What is its solubility expressed in mol-L1? [2]

iii. What is the solubility product constant of lead (ll) arsenate? [3]



Question 2 [16 Marks]

a. At constant temperature, 10.0 L N2(g) at 0.983 atm is compressed to
2.88 L. What is the final pressure of N2? [2]

b. The volume of a gas-filled balloon is 30.0 L at 313 K and 153 kPa.
What would the volume be at STP? [3]

c. What volume of Oz (g), measured at 27.2 °C and 735 mmHg, will be
produced by decomposition of 5.22 g KCIOs (s)? The other product is
KCI (s). [6]



d. A chemist obtained 12.1 mg of a hydrocarbon gas (containing only C
and H atoms) in a glass bulb of volume 255 mL, at 25 °C and a
pressure of 20.0 torr. Find the relative molecular mass of the gas and
suggest a suitable molecular formula. [5]

Question 3 [16 marks]

a) In the following reaction, the oxidizing agent and the reducing agent. [2]
2KMnO4 + 5H2C204 + 3H2S04 — 10CO2 + K2SO4 + 2MnSO4 + 8H20

b) For each of the following reactions, identify the process of oxidation and
reduction, deduce the half equations with electrons and so balance the redox
reaction using half-reaction method.

i Cl> + NaBr — NaCl + Br2 [4]



il. Balance the following redox reaction that occurs in acidic solution.
MnO4 + SO2 — SO4? + Mn?* [6]

iii. Manganese dioxide with potassium iodide and sulphuric acid.
MnO2 (s) + Kl (ag) = Mn?* (aq) + I2 (aq) [4]



Question 4 [16 marks]

a) The principal quantum number is given the symbol n. It can take positive integer
(whole number) values fromn =1, 2 ... =,

Fill in the table below, which concerns the other quantum numbers found in an atom.

[9]

Quantum Name Values What does it tell us

Number possible about?

n Principal quantum | 1,2, ...« The energy level or shell.

number Its size

I

mi

Ms
b) Provide the spectroscopic and noble gas electronic configurations for Zn. [2]
c) How many orbitals are allowed for n = 3? [1]

d) Which of the following electron configurations are possible? Explain why the others
are not. [4]
i. 1s22s22p’
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i. 1522s22p®3s33d’

il. 1s22s22p°

iv. 1s22s%2p®3s23d®

Question 5 [14 marks]

a. For the following molecules or ions, draw electron-dot diagrams and Lewis
structures (showing any lone pairs on the central atom, and any formal
charges) [4 each]

i. H2S

il BI‘F5
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HCO,~

CO5%~

b. Does any of the structures in question 5.(a) exhibit resonance? If yes,
draw the equivalent resonance structures.

12
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Question 6 [4 marks]

This question is a continuation of question 5. Answer either 6a or 6b. Only
one of them will be marked.

a. State the shapes of each of the structure in 5a. [4]
H2S HCO,~
BrFs CO3%"
OR
b. Draw electron-dot diagrams and Lewis structures (showing any lone pairs
on the central atom, and any formal charges) for the CIOs'. [4]
The End
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