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Use the following if necessary:
Faraday constant = 96500 Cmol–1 
Avogadro constant = 6.022 × 1023 mol–1 
Specific heat capacity (H2O) = 4.18 J g–1 K–1 
Attachments: periodic table and table of standard electrode potentials

Question 1: Multiple Choice Items� (14 marks)

There are 14 multiple-choice items worth one marks each. 
Shade in the bubble (   ) next to the correct answer for each of the following items.

1)	 Which of these diagrams represents an endothermic reaction?

2)	 What is the standard enthalpy change of reaction for the following reaction? 

Zn(s) + Cu2+
(aq)  Zn2+

(aq) + Cu(s)

(∆H0
f for Cu2+ = +64.4 kJ mol–1 ,  ∆H0

f for Zn2+ = –152.4 kJ mol–1)

	 216.8 kJ released per mol	 	 88 kJ released per mol

	 88 kJ absorded per mol	 	 216.8 kJ absorbed per mol
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Question 1 continued

3)	 The table below shows results of heating two pieces of the same metal (A) and (B). 
They gained the same amount of heat. Use the information to calculate the mass of 
metal (B) in grams.

Metal A B

Temperature before heating (ºC) 22.5 16.5

Temperature after heating (ºC) 35 44.2

Mass (g) 54.6 ?

	 15.6			   	 24.6

	 27.7			   	 69.8

4)	 Which of the following rate-concentration graphs represents the first order reaction?
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Question 1 continued

5)	 Given the following data for this reaction:

2NO(g) + O2(g)  2NO2(g)

Experiment 
number

[NO] / mol dm-3 [O2] / mol dm-3 Rate / mol dm-3 s-1

1 1.0 1.0 4

2 2.0 1.0 16.0

3 2.0 3.0 48.0

What is the rate equation for the reaction?

	 Rate = k[NO] [O2]			  	 Rate = k[NO]2[O2]

	 Rate = k[NO]2[O2]2		  	 Rate = k[NO] [O2]2

6)	 The decomposition of carbon disulfide (CS2) to carbon monosulfide (CS) and sulfur, is 
a first order reaction with  k = 2.8 x 10-7 s-1 at 1000ºC.

CS2(s)  CS(s) + S(s)

What is the half-life (in seconds) of this reaction at 1000ºC?

	 2.5 x 106			   	 4.7 x 10-6

	 3.8 x 105			   	 6.1 x 104

7)	 What is the type of titration represented  
by the pH curve opposite?

	 Strong acid added to strong alkali

	 Strong acid added to weak alkali

	 Weak acid added to strong alkali

	 Weak acid added to weak alkali
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Question 1 continued

8)	 Which of the following mixture can act as a buffer solution?

	 HCl(aq) + KCl(aq)			   	 HF(aq) + KF(aq)

	 NH4Br(aq) + NaI(aq)		  	 NaOH(aq) + NaBr(aq)

Use the following information to answer question (9):

Acids  
(all acids are at the same 

concentrations 0.1 mol dm-3)
Ka at 25ºC (mol dm–3) 

C6H5COOH 6.3 x 10–5

HCN 4.9 x 10–10

HF 7.2 x 10–4

HCOOH 1.6 x 10–4

9)	 What is the correct order of these acids according to their strength from the weakest 
to the strongest? 

	 HCN < C6H5COOH < HCOOH < HF

	 HCN < C6H5COOH < HF < HCOOH

	 HF < HCOOH < C6H5COOH < HCN

	 HCOOH < HF < C6H5COOH < HCN

10)	 Which of the following cells contains  very reactive chemicals and must be treated 
carefully?

	 Fuel cell			   	 Lithium cell

	 Nickel-hydride cell		  	 Lead-acid cell
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Question 1 continued

11)	 Consider the following metals:

K(s)  ,  Mg(s)  ,  Zn(s)

Which of the following oxidising agents can oxidise only one of the above metals?

	 Li+(aq)			   	 Na+
(aq)

	 Al3+
(aq)			   	 Fe2+

(aq)

12)	 In an electrolysis cell, if a mixture of MgBr2(aq) and CuBr2(aq) is electrolysed. Which of 
the following substances is deposited at the cathode?

	 Mg(s)			   	 Mg2+
(aq)

	 Cu(s)			   	 Cu2+
(aq)

Study the electrochemical cell represented below to answer questions (13 and 14)

13)	 Which of the following metals represents the electrode (X)?

	 Mg(s)			   	 Zn(s)

	 Cu(s)			   	 Fe(s)

14)	 If the electrode (X) is replaced by copper electrode. Which of the following changes 
will occur?

	 The value of Eɵ cell will decrease.

	 The mass of the copper electrode will increase.

	 The Na+ ions will migrate to the aluminum half-cell.

	 The flow of electrons will reverse to the aluminum electrode.
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Question 2: Extended Questions� (56 marks)

Write your answer for each of the following questions in the space provided. 
Be sure to show all your work, including the correct units where applicable.

15)	 a.	 Draw a labeled energy level diagram for the reaction below

S(s) + O2(g)  SO2(g)            ∆Hɵ  = –297 kJ mol-1

energy

b.	 Ethanol, C2H5OH, is used for example as a solvent and as a fuel by combustion. 
Study the standard energy cycle below then answer the following questions:

(i)	 Define the term standard enthalpy change of combustion.
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Question 2 continued

(ii)	 Calculate the standard enthalpy change (∆H) in the energy cycle above. 
[Given:  ∆H Өc  (C2H4(g)) =  –1411 kJ mol–1 ,  ∆H Өc  (C2H5OH(l) ) =  –1367 kJ mol–1]

16)	 a.	 Explain what is meant by the average O-H bond enthalpy?

b.	 Write a balanced equation to show the breakdown of water vapour (H2O(g)) into 
atoms (show the states and ∆H in the equation).
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Question 2 continued

c.	 A student carried out an experiment to determine ∆HӨ
c for methanol, CH3OH, 

using the apparatus below and obtained the following results.

Mass of water in calorimeter 150 g

Mass of methanol and burner 
at start

520.48 g

Mass of methanol and burner 
at end

519.53 g

Temperature of water at start 22ºC

Temperature of water at end 37ºC

(i)	 Is the combustion of methanol an endothermic or exothermic process? 
Explain your answer.

(ii)	 Calculate the standard enthalpy change of combustion of methanol, ∆HӨ
c , in 

kJ mol–1.

Mr (CH3OH) = 32 g mol-1.
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Question 2 continued

(iii)	What will happen to the value of enthalpy change of combustion if the 
student burns two moles of methanol?

(choose the correct answer)DecreasesIncreases

17)	 a.	 What it meant by half-life?

b.	 Explain why the half- life of first order reaction is independent of the initial 
concentration of reactant?

18)	 An investigation of decomposition of compound C at a fixed temperature was carried 
out. The following results were obtained.

Experiment 
number

Initial concentration of C 
(mol.dm–3)

Initial rate (mol.dm–3s–1)

1 0.0194 1.01 x 10–3

2 0.0404 1.99 x 10–3

3 0.0590 3.04 x 10–3

4 0.0806 3.95 x 10–3

5 0.1178 6.04 x 10–3
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Question 2 continued
The graph of initial rate against concentration is plotted as shown below.

a.	 Use the graph to find the order of reaction with respect to C.

b.	 Write the equation of the rate constant.

c.	 Calculate the rate constant, giving its unit.
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Question 2 continued

19)	 a.	 A sample of tomatoes has a pH of 4.35 at 25 ºC. Calculate the concentration of 
H3O+

(aq).

b.	 One buffer in the blood is the hydrogen carbonate/carbonic acid system.

H2CO3(aq)  HCO–
3

Explain how the pH of the blood is maintained at pH 7.4 when H+ ion is added or 
removed and how this system work as buffer solution in your body.

Write equations to explain your answer.
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Question 2 continued

c.	 (i)	 The solubility product of zinc sulphide (ZnS) is  1.0 x 10–24 mol2 dm–6 at 25 ºC.

Calculate the solubility of ZnS in mol dm–3 at 25 ºC.

(ii)	 Explain why the units quoted for Ksp are  mol2 dm–6.
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Question 2 continued

20)	 The following graph shows the pH curve for the titration of hydrochloric acid (HCl) 
solution with 25 cm3 of potassium hydroxide (KOH) solution. Study the graph to 
answer the questions below.

a.	 What is the value of pH at equivalence point for this titration?

b.	 What is the volume of potassium hydroxide, KOH, required to neutralise the acid?

c.	 Calculate [OH–] at pH = 12.
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Question 2 continued

d.	 Explain why the phenolphthalein is a suitable indicator for this titration.

21)	 The electrochemical cell below consists of a hydrogen half-cell and a magnesium half-
cell at standard conditions. The reading on the voltmeter is +2.37 V.

 

a.	 What are the three conditions needed for the hydrogen half-cell to function at 
standard conditions?

b.	 What is the name of the apparatus labelled (X). 
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Question 2 continued

c.	 Is magnesium the anode or cathode in the cell above? Explain your answer. 

d.	 Write the balanced net overall cell reaction that takes place in this cell.

e.	 Calculate the standard reduction potential of the magnesium half-cell. Show all 
your calculations.



Diploma, Bilingual Private Schools,  Chemistry Second Session – Second Semester Academic Year: 2018/2019
D

o
 no

t w
rite in this sp

ace

16

Do not write in this space

Question 2 continued

22)	 The table below shows six half cells, study it then answer the following questions.

Half cell

Fe 2+
(aq) + 2e–    Fe(s)

H+
(aq) + e–   1

2
 H2(g)

Ni 2+
(aq) + 2e–    Ni(s)

Cu 2+
(aq) + 2e–    Cu(s)

Mg 2+
(aq)  + 2e–    Mg(s)

Ag+
(aq) + e–    Ag(s)

a.	 Write the balanced overall equation when ( Ag+
(aq) | Ag(s) ) half-cell is connected 

with ( Ni 2+
(aq) | Ni(s) ) half-cell? 

b.	 What will happen to the mass of (Cu) electrode when ( Cu 2+
(aq) | Cu(s) ) half-cell is 

connected with ( Mg 2+
(aq) | Mg(s) ) half-cell? 

c.	 Calculate ( Eɵcell ) for the following reaction: 

Mg 2+
(aq) + Ni(s)      Mg(s) + Ni 2+

(aq)
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Question 2 continued

23)	 a.	 Write the half equation for the reaction occurring at each electrode during 
electrolysis of molten sodium iodide.

Anode half equation Cathode half equation

b.	 An electric current of 0.50A was passed through concentrated aqueous solution 
of sulphuric acid H2SO4(aq) and electrolysed for 30.0min.

How many coulombs of charge were passed during the experiment?

[ End of the Examination ]
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