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Diploma, Bilingual Private Schools, Chemistry

First Session — Second Semester

Academic Year: 2017/2018

Question 1: Multiple Choice Items

(28 marks)

There are 14 multiple-choice items worth two marks each.

Shade in the bubble ((O) next to the correct answer for each of the following items.

1)

2)

Which of the following conditions are the best for the contact process?
Temperature (°C) | Pressure (kPa) Catalyst

O 900 700 Platinum/ rhodium

(@) 450 103 Vanadium(v) oxide

O 300 150 Platinum/ rhodium

(@) 250 500 Vanadium(v) oxide

In the equilibrium system below:

2803(9) S 2502(9) + Oz(g)

Which of the following statements is correct about the rate of decomposition of

e
SO3(9) at equilibrium?

0000

It is double the rate of formation of Oz(g
It is half the rate of formation of SOZ(g).
It equals the rate of formation of SO3(9

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

Do not write in this space
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Question 1 continued

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

2- + -\ 2—
2CrO; g T 2H @) Cr, 07 a T HZO(I) , AH>0

3) When a solution of Ba(NO,), is added, some of CrOi‘(aq)
BaCrO, . What will be the change in the concentrations of CrOj_(a and Cr,02
) 27 (ag)
a result of adding Ba(NO,), ?

ions are precipitated as

as

[CrO7 )] [Cr,07 )]
(O | Increases then decreases Decreases
(O | Increases then decreases Increases
(O | Decreases then increases Increases
(O | Decreases then increases Decreases

4)  Which of the following changes will increase the precipitating of BaCrO4(S) if more
Ba(NO,), is added?

l.  Adding 2.0M KOH.
Il.  Increasing [CrzOg_(aq)].
lll.  Decreasing the pressure.

IV.  Increasing the temperature.

O landll O landlll
O llandlll O lland IV

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

eq Equilibrium position
O Large Favours products
O Small Favours products
@) Large Favours reactants
O Small Favours reactants

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry

First Session — Second Semester

Academic Year: 2017/2018

Question 1 continued

6)

7)

The reaction shown below is at equilibrium:

N,O, = 2NO, K . =0.133 mol.dm™
g9 eq

27 4(9)

Which of the following expressions represents the concentration of [ NZO4(9)]’?

- N.O _ 0.133 -
[ 2 4(9)] [Noz(g)] [N O
O [N.O F& O N.O
2 4(g) [Noz(g)]z [N,

Consider the following equilibrium system:

CO(g) +CI2(g) S COCIZ(Q)

ag)l =

[NO

= 29)]
274(g)

0.133

2
[INOyg)]
0.133

The graph below shows the partial pressure of COCI, at equilibrium (1) at

temperature (T1) and at equilibrium (2) at temperature (T2).

A

Equilibrium (1)
o
-~
UN /
S Equilibrium (2)
< rium
= quilibriu
Time/ s
Which of the following conclusions is correct?
Temperature The forward reaction Equilibrium constant
O T,>T, Endothermic Kp2 < Kp1
O T,>T, Exothermic Kp2 < Kp'l
O T,<T, Exothermic Kp2 > Kp1
O T,<T, Endothermic Kp2 > Kp1

Do not write in this space
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Question 1 continued

8) Which of the following is a strong acid?

HNO,
HCOOH
HF
C,H,OH

0000

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

It is a weak acid.
It dissociates partially in water.

It accepts protons easily.

0000

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.

0000

It has greater K .
a

11) What is the base/ conjugate acid pair in the following reaction?
HCIO, + H,O0 ———— H,O" + CIO;

H,O/ CIO,

HCIO,/ CIO,

H,0/ H,O"

HCIO,/ H,O"

0000

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2017/2018

Question 1 continued

Use the following information about five hypothetical half cells to answer questions (12),

(13) and (14):

Half cell ES/V
W2*(aq) | W(s) ~-0.13
Y?*(aq) | Y(s) ~1.18
Z*(aq) | Z(s) +0.80
M3*(aq) | M(s) - 0.74
X?*(aq) | X(s) - 0.14

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

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

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

O z O ™
O v O w

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

zZ X M Y
ﬁ i YSO04(aq) ﬁ

Beaker 1 Beaker 2 Beaker 3 Beaker 4
(O Beakers 1 and 2. (O Beakers 3 and 4.
(O Beakers 2 and 4. (O Beakers 1 and 3.

Do not write in this space
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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:

Nyg + 3Hyy == 2NH;,  AH<O

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.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2017/2018

Question 2 continued

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

2+ - 2-
Cu + 4Cl| ) T CuCly (aq)

(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.

O Endothermic
(O Exothermic (Shade in one box)

Explanation:

b. Consider the following equilibrium system in a closed vessel:
NHyg +20,, = 2NOy, +2H,0
What is the effect on the position of the equilibrium if the volume of the reaction

vessel is increased? Explain your answer.

Effect:

Explanation:

Do not write in this space
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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 827°C the Kp of this reaction is
4x 1078,

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

2NO(9) S Nz(g) + Oz(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.

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2017/2018

Question 2 continued

18) The graph below shows the changes in concentrations of H2(g), CH30H(9) and CO(g) in
an equilibrium mixture with time at 25°C. Study it to answer the following questions:

2.200

2000 -

1.800

1.600

1.400 L e s N B
3 3 3 3 3 \ $ 3 3 3 3

1200 it zatsass istags> o isssany \.‘h~

s

Concentration (mol dm™)

%2R 5 38 . 5 S i i i i i i

N

0.200 I[r pHEpHTHTH I ‘ ~.

100 200 300 400 500 600 800

a. Write the chemical equation for this equilibrium system.

b. Write the equilibrium constant K_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?

Do not write in this space
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Question 2 continued

e. When the same reaction is repeated in another experiment with the same
temperature condition (25°C), 1.400 mol dm™ of CO(g) and 1.800 mol dm™ of

H2(g) were in the equilibrium mixture. Calculate the concentration of CH3OH(g).

19) Formic acid (HCOOH) is stronger than acetic acid (CH,COOH) 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 CH,COQO")?
Justify your answer.

Do not write in this space

10
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Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2017/2018

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.

<
Q2

@ = 0.0001 molH"

¢’
“'\__—/"

=
6 6 = 0.0001 mol HA
o @

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?

Do not write in this space

1"
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Question 2 continued >
s
S
21) The graph below shows four curves for the titrations of four different acids with NaOH g
solution (Note: the concentration of each acid and NaOH solution is 0.1 mol.dm™) o
_ =
3.
(72]
(2]
- o
Q
A o
PH - B
| / C
] D

Volume of NaOH (mL)

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?

Do not write in this space

12
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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?

Do not write in this space

13
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Question 2 continued

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

Z X Y
X2+ R . .
(aq) eaction 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?

(i) Write the cell diagram as a short-hand way for this cell?

Do not write in this space

14
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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.

+1.10V

aoeds siy} ul 9314m jou oQ

Copper.
Salt bridge

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

[ End of Examination ]

Do not write in this space
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Distribution of cognitive domains and marks. S et

Serial | Question | | - Mark Unit AN Page 4 Cognit.ive Outp
No number domain ut
1 1 1 2 Equilibrium mixture 361 Knowing 4
2 1 2 2 Equilibrium mixture 357 Applying 2
3 1 3 2 Equilibrium mixture 358 Applying 3
4 1 4 2 Equilibrium mixture | 359-360 | Reasoning | 3
5 1 5 2 Equilibrium constant 363 Knowing 3
6 1 6 ) Equilibrium constant 368 Applying 1
7 1 7 2 Equilibrium constant | 370,375 | Reasoning 5
8 1 8 2 Acid/base equilibria 388 Knowing 1
9 1 9 2 Acid/base equilibria 392 Applying 5
10 1 10 2 Acid/base vequilibria 388 Reasoning 4
11 1 11 2 Acid/base equilibria Applying 3
12 1 12 ) Electrode Potentials 412 Applying 5ii
13 1 13 0 Electrode Potentials 411 Applying 6
14 1 14 2 Electrode Potentials 411 Reasoning | 5i
15 2 15.a 1 Equilibrium mixture 363 Knowing 4
16 2 15.b 1 Equilibrium mixture 363 Knowing 4
17 2 15.c 1 Equilibrium mixture 363 Knowing 4
18 2 16.a 2 Equilibrium mixture 360 Qfaps lg;l?fé 3
19 2 16.b 2 Equilibrium mixture 359 Applying/ 3
20 2 17.a 1 Equilibrium constant | 368,376 Knowing 2,6
21 2 17.b 1 Equilibrium constant | 375,376 | Knowing | 5,6
22 2 18.a 1 Equilibrium constant 365 Applying 1
23 2 18.b 1 Equilibrium constant 368 Applying 1
24 2 18.c 1 Equilibrium mixture 357 Applying 3
25 2 18.d 1 Equilibrium mixture 358 Applying 3
26 ) 18.e 5 Equilibrium constant | 373 375 | Applying/ 4
? Reasoning
27 2 19.a 1 Acid/base equilibria 382 Knowing 3
28 2 19.b 1 Acid/base equilibria 384 Knowing 6
29 2 19.c 2 Acid/base equilibria 384 Applying 2
30 2 20.a 1 Acid/base equilibria 384 Knowing 2
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|/ Reasoning

31 2 20.b 3 Acid/base equ111br1a 4 6
32 2 20.c 1 Acid/base equili brla_ 3927, / Applying 9
33 2 2l.a 1 Acid/base equilibria | *389° | Knowing 7
34 2 21.b 2 Acid/base equilibria | 391 Applying 7
35 2 21.c 1 Acid/base equilibria 391 Applying 7
36 ) 29 a 1 Electrode Potentials 413 Knowing 7
37 ) 77 b 1 Electrode Potentials 413 Knowing 7
38 27 ¢ 1 Electrode Potentials 413 Knowing 7
39 2 22.d 1 Electrode Potentials 413 Knowing 7
40 2 22.e 1 Electrode Potentials | 414 Knowing 8
4l g 73.a 1Y% Electrode Potentials | 411 Reasoning | 51
42 23 bi 2 Electrode Potentials | 408 Applying 6
43 o) 73 b 1 Electrode Potentials 409 Applying 3
44 ) 24 1% Electrode Potentials 408 Knowing 2
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Question One N (28Marks)

There are 14 multiple-choice items. Each correct answer is worth TWO marks.

Item Correct option
1 b 450 103 Vanadium(v) oxide
2 c It equals the rate of formation of SOj3).
3 d Decreases then increases ~ Decreases
4 a [and I
5 d Small Favours reactants
6 d 2
[NO,,]
9 INOul = 5733
7 b T2 >TI Exothermic Kp2< Kyl
8 a HNO:3
9 b It dissociates partially in water.
10 a It has a higher concentration of OH™
11 c H,O/ H3O*
12 a W(s) , X(s)
13 c Y
14 d Beaker 1 and 3.
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Part | Section

The answer

15

a

Iron catalyst or Iron catalyst with traces of other metal
oxides.

b

The forward reaction is exothermic, giving out heat. So if
the temperature is decreased the forward reaction is
favoured, as this will raise the temperature. Therefore, at
low temperature, the equilibrium mixture will have more
NHs.

The rate of the reaction will be slower and the cost will be
higher if a lower temperature is used.

16

The backward reaction is exothermic. (1 mark)
When the system is cooled, it appears blue because the
concentration of Cu?*(,q) ions increases.

It can be deduced that when the temperature is decreased,
the system will undergo a net backward reaction so as to
raise the temperature.

Thus, the backward reaction should be an exothermic
reaction. (1 mark)

The position of equilibrium shifts to the right (products).

(1 mark)
Decreasing the pressure by increasing the volume, the
position of equilibrium shifts to try to increase the pressure.
It moves to the right, to the side with the more moles of gas
molecules. (1 mark)

17

1 1 .
K=—-= = 25x 10

K 4x10°

K, increases. (Y2 mark)

The forward reaction is endothermic as the temperature
increases the position of the equilibrium will shift to the
right, thereby reducing the temperature. The new
equilibrium mixture will contain more of the products, and
less reactants, than the original mixture. (Y2 mark)

18

CH30Hg = COg + 2Hzp

* Balancing is unnecessary.

2
K = [CO(g)] {H2(g)]
°  [CH,OH

(g)]

300 s
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2
_ [CO(g)] [HZ(g)]
°  [CH,0H

(g)]

(0.800) (1.500)?
Keay=
(0.200)

=9.00 mol*>dm®
1l mark 1 mark

1 mark

At constant temperature K ;=K ,

(1.400) (1.800)>

[CH,0H,,]

=9.00 1 mark

[CH,0H,] = 0.504 mol dm™ 1 mark

19

The associated base of an acid.

Or the substance formed by the donation of proton of an
acid.

* To get the mark all components should be correct.

CH3;COO~ (1 mark)

Because HCOO ™ is a base coming from stronger acid, so it
is weaker as a proton acceptor. (1 mark)

Or:

CH3COO" is a base coming from the weaker acid, so it is
stronger as a proton acceptor.
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e AP

20

un dissociated acid molecules. i
- Tt dissociates partially producing less H" ions compared
to strong acids.

- Its K, is smaller than of strong acid.

* Any answer from the above mark is given.

- When weak acid molecules split up, the H" ions and <+
negative ions in solution join up again to form the original _|*///

K, = [H][AT)/[HA] (%)
[H]=[A7]=2 x0.0001/1.0 L
=0.0002 mol.dm= (1)

[HA] =5 % 0.0001/1.0 L
= 0.0005 mol.dm™ )
K. = (0.0002)%0.0005
=8 x 107 mol.dm™ (%)

Any salt of HA that has the ions (A").

21

The point where the concentration of the indicator equals
the concentration of its conjugate base.

Or The point at which acid and base neutralize each other.
* Any answer of the above mark is given.

D (1 mark)

Because as shown in the diagram, the curve (D) starts from
the lowest pH and hence the strongest acid.

Or it has the largest sudden change in pH at end point.

Or it has the largest vertical section at end point. (1 mark)
* Any answer of the above mark is given.

A
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-Or Because Zn is anode and Cu is cathode.

- Because Zn is oxidized or Cu**(qq) is reduced.

-Or Because E° of Zn?*/Zn is lower than of Cu®/Cu.
* Any other correct answer with reference to E° or
strength of reducing or oxidising agents mark is given.

(1 mark)

Part | Section The answer The
mark
22 q. | Oxygen Or O 1
1
b Fes) — > Fe®(uqt 2e
c Oxygen Or Oy or Air, Water Or H2O, 1
) % mark % mark
d. Fe(OH)3(S) Or F6203.XH20 1
e To protect iron from rusting 1
" | Or to galvanise iron to protect it from rusting.
Part Section The answer The mark
a 1%
23 X, Y, Z
( weakest ) ( strongest)
% mark for each metal in its correct order
b. i 22(5) + 3X2+(aq) —_—p 2Z3+(aq) + 3X(s) 2
* | mark for correct components and 1 mark for
balancing.
b.ii Z(S) | Z3+(aq) X2+(aq) | X(s) 1
Part Section The answer The
mark
From Zn electrode to Cu electrode. (Y2 mark) 1%
24

This is the end of the Marking Guide




