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Question 1: Multiple Choice Items� (28 marks)

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

1)	 Which of the following conditions are the best for the contact process?

2)	 In the equilibrium system below:

2SO3(g) 2SO2(g) + O2(g)

Which of the following statements is correct about the rate of decomposition of 
SO3(g) at equilibrium?

	 It is double the rate of formation of O2(g).

	 It is half the rate of formation of SO2(g).

	 It equals the rate of formation of SO3(g).

	 It is double the rate of formation of SO3(g).

Temperature (°C) Pressure (kPa) Catalyst

900 700 Platinum/ rhodium

450 103 Vanadium(v) oxide

300 150 Platinum/ rhodium

250 500 Vanadium(v) oxide
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Question 1 continued

Consider the following equilibrium system to answer questions 3 and 4:

2CrO4
2–

(aq) + 2H+
(aq)      Cr2O7

2–
(aq) + H2O( l ) ,   ∆H > 0

3)	 When a solution of Ba(NO3)2 is added, some of CrO4
2–

(aq) ions are precipitated as 

BaCrO4(s). What will be the change in the concentrations of CrO4
2–

(aq) and Cr2O7
2–

(aq) as 

a result of adding Ba(NO3)2 ?

4)	 Which of the following changes will increase the precipitating of BaCrO4(s) if more 
Ba(NO3)2 is added?

I.	 Adding 2.0M KOH.

II.	 Increasing [Cr2O7
2–

(aq)].

III.	 Decreasing the pressure.

IV.	 Increasing the temperature.

	 I and II			   	 I and III

	 II and III			   	 II and IV

5)	 Certain conditions provide less than 10% yield of NH3 in Haber process at 
equilibrium. Which of the following options describes this equilibrium?

[ CrO4
2–

(aq) ] [ Cr2O7
2–

(aq) ]

Increases then decreases Decreases

Increases then decreases Increases

Decreases then increases Increases

Decreases then increases Decreases

Keq Equilibrium position

Large Favours products

Small Favours products

Large Favours reactants

Small Favours reactants
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Question 1 continued

6) The reaction shown below is at equilibrium:

N2O4(g)      2NO2(g)  Keq = 0.133 mol.dm–3

Which of the following expressions represents the concentration of [ N2O4(g) ]?

7) Consider the following equilibrium system:

CO(g)  + Cl2(g)      COCl2(g)

The graph below shows the partial pressure of COCl2 at equilibrium (1) at 
temperature (T1) and at equilibrium (2) at temperature (T2).

Which of the following conclusions is correct?

[ N2O4(g) ] = 
0.133

[ NO2(g) ]
[ N2O4(g) ] = 

[ NO2(g) ]

0.133

[ N2O4(g) ] = 0.133

[ NO2(g) ]
2 [ N2O4(g) ] = 

[ NO2(g) ]
2

0.133

Temperature The forward reaction Equilibrium constant

T2 > T1 Endothermic Kp2 < Kp1

T2 > T1 Exothermic Kp2 < Kp1

T2 < T1 Exothermic Kp2 > Kp1

T2 < T1 Endothermic Kp2 > Kp1
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Question 1 continued

8)	 Which of the following is a strong acid?

	 HNO3

	 HCOOH

	 HF

	 C6H5OH

9)	 Which of the following properties is correct about a solution with concentration of 
0.1 mol dm–3 and pH = 8.0?

	 It is a weak acid.

	 It dissociates partially in water.

	 It accepts protons easily.

	 It turns blue litmus paper to red.

10)	 Two clear solutions of equal concentrations are placed in two separate beakers. 
The first solution has a pH of 4.0, and the pH of the second solution is unknown. 
When the two solutions are mixed, the resulting pH is 5.0

Which of the following conclusions about the second solution is correct?

	 It has a higher concentration of OH–.

	 It is more acidic than the first solution.

	 Its pH is lower than 5.0.

	 It has greater Ka.

11)	 What is the base/ conjugate acid pair in the following reaction?

HClO4 + H2O    H3O+ + ClO4
–

	 H2O/ ClO4
–

	 HClO4/ ClO4
–

	 H2O/ H3O+

	 HClO4/ H3O+
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Question 1 continued

Use the following information about fi ve hypothetical half cells to answer questions (12),
(13) and (14): 

Half cell E0/ V

W2+(aq) | W(s) – 0.13

Y2+(aq) | Y(s) – 1.18

Z+(aq) | Z(s) + 0.80

M3+(aq) | M(s) – 0.74

X2+(aq) | X(s) – 0.14

12) Which two metals would construct an electrochemical cell with the lowest 
electromotive force (E0 Cell)? 

 W(s) and X(s)    Y(s) and Z(s)

 Y(s) and M(s)    W(s) and Z(s)

13) Which metal has the strongest tendency to liberate hydrogen gas from an acid?

 Z    M

 Y    W

14) In which of the following beakers no reactions take place?

 Beakers 1 and 2.    Beakers 3 and 4.

 Beakers 2 and 4.    Beakers 1 and 3.
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Extended Questions� (42 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)	 The production of ammonia by Haber process involves the following equilibrium 
system:

N2(g) + 3H2(g)      2NH3(g)        ∆H < 0

The table below indicates the percentages of ammonia in the equilibrium mixtures at 
various temperatures:

Temperature °C % Ammonia in the equilibrium

200 98

350 80

400 51

a.	 What is the catalyst used in this process?

b.	 Explain why the lower temperature results in a higher percentage of ammonia in 
the equilibrium mixtures.

c.	 Explain why a temperature of 400°C is used in Haber process rather than a lower 
temperature.
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Question 2 continued

16)	 a.	 The reaction between copper (II) ions and chloride ions is as follows:

Cu2+
(aq) + 4Cl–(aq) CuCl4

2–
(aq)

blue yellow

The equilibrium mixture appears blue when it placed in an ice bath.

Is the backward reaction endothermic or exothermic? Explain your answer.

	 Endothermic

	 Exothermic	 (Shade in one box)

Explanation: 

b.	 Consider the following equilibrium system in a closed vessel:

N2H4(g) + 2O2(g)      2NO(g) + 2H2O(g)

What is the effect on the position of the equilibrium if the volume of the reaction 
vessel is increased? Explain your answer.

Effect: 

Explanation: 
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Question 2 continued

17)	 During a thunderstorm, lightning enables nitrogen to react with oxygen to form 
nitrogen monoxide in a reversible reaction. At 827ºC the Kp of this reaction is 
4 × 10–8.

a.	 Calculate the value of Kp for the following reaction at 827ºC.

2NO(g)    N2(g) + O2(g)

b.	 What will happen to the value of Kp of formation of NO(g) at the high 
temperatures generated by a flash of lightning? Explain your answer.
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Question 2 continued

18) The graph below shows the changes in concentrations of H2(g), CH3OH(g) and CO(g) in 
an equilibrium mixture with time at 25ºC. Study it to answer the following questions:

a. Write the chemical equation for this equilibrium system.

b. Write the equilibrium constant Kc expression for this reaction.

c. At what time the reaction reaches equilibrium?

d. What is the action that causes the concentration changes at 500 seconds?
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Question 2 continued

e.	 When the same reaction is repeated in another experiment with the same 
temperature condition (25ºC), 1.400 mol dm–3 of CO(g) and 1.800 mol dm–3 of 
H2(g) were in the equilibrium mixture. Calculate the concentration of CH3OH(g).

19)	 Formic acid (HCOOH) is stronger than acetic acid (CH3COOH) with equal 
concentrations at 25°C and its conjugate base is HCOO–. Use this information to 
answer the following questions.

a.	 What is meant by conjugate base?

b.	 Write the dissociation equation for formic acid.

c.	 Which one has more tendency to accept protons (HCOO– or CH3COO–)? 
Justify your answer.



Diploma, Bilingual Private Schools,  Chemistry First Session – Second Semester Academic Year: 2017/2018

D
o

 no
t w

rite in this sp
ace

11

Do not write in this space

Question 2 continued

20)	 HA is a weak acid added to water to make a solution of 1.0 L. It dissociated as shown 
in the diagram below (only H+ and HA are shown). Study the diagram to answer the 
following questions.

a.	 Explain why weak acids produce less H+ ions than strong acids.

b.	 Calculate the Ka of this acid.

c.	 What species could be added to this solution to make a buffer?
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Question 2 continued

21)	 The graph below shows four curves for the titrations of four different acids with NaOH 
solution (Note: the concentration of each acid and NaOH solution is 0.1 mol.dm–3)

a.	 What is meant by equivalence point?

b.	 Which titration curve represents the titration of strong acid with NaOH? Explain 
your answer.

c.	 In which titration curve the acid used has the smallest Ka value?

A

B

C

D
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Question 2 continued

22)	 The following diagram shows the reaction of (Fe) with water to form rust.

Study it to answer the questions below:

a.	 What is the oxidizing agent in this reaction?

b.	 Write the oxidation half reaction that takes place in the beaker.

c.	 What are the conditions required for rusting to take place?

d.	 Write the chemical formula of the complex compound of the rust formed on iron.

e.	 Why crystals of zinc are bolted onto the bin made of Iron?

Fe

H2O
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Question 2 continued

23)	 Study the table below to answer the following questions:

Z X Y

X2+
(aq) Reaction Reaction

Y+
(aq) Reaction No reaction

Z3+
(aq) No reaction No reaction

a.	 Arrange the standard electrodes X, Y and Z according to their strength as 
reducing agents from the weakest to the strongest.

 ,  ,

(Weakest) (Strongest)

b.	 For the electrochemical cell setup between (Z) and (X) half cells.

(i)	 Write the balanced equation for the overall cell reaction?

(ii)	 Write the cell diagram as a short-hand way for this cell?
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Question 2 continued

24) The following diagram shows an electrochemical cell setup between copper electrode 
and zinc electrode. Study it then answer the following question.

What is the direction of electron fl ow through the wire in this cell?
Explain your answer.

[ End of Examination ]
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