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

1)  Which of the following statements is incorrect about the state of equilibrium?

(O The amounts of reactants and products stay constant.
(O The rate of forward and backward reactions are the same.
(O The concentrations of reactants and products are always equal.

(O The position of the equilibrium can lie in favour of reactants or products.

2) What is the correct graph that represents the Haber process?

- o A
z z
kS g 2NHs
5 5
o
2NH3(€) NZ(g)+3H2(g)
> >
Reaction pathway Reaction pathway
) A O A
_E 2NHj § Not 3Ha
£ E
5 §
Nagt3Hae)
2NH
M 3(&5 /
> >
Reaction pathway Reaction pathway

Do not write in this space
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Question 1 continued

3) What is the effect of removing some amount of H2(g) from the reaction system of the

following reaction on [CO(g)] and [CH4(9)]?

CO(g) + 3H2(g) S CH4(g) +H,0O
[CO] [CH,]
@) Increases Decreases
O Increases Increases
@) Decreases Decreases
@) Decreases Increases

(9

When calcium carbonate is heated to 800 °C in a closed evacuated vessel, it

decomposes to yield CaO, and COZ(g) as shown below:

CaCO, S CaQ, + COz(g)

AH

>0

CO, builds up pressure within the vessel as shown in the figure below. The pressure

of the gas goes on increasing and finally becomes constant as long as the

temperature remains constant. Study the diagram below to answer question 4.

Vaccum

~ CaCOs
L Ay il ] ==
Furnace

Before heating

Vaccum

N
.

" CaCOs + CaO + CO2

Furnace

After heating

4)  Which of the following conclusions is correct about this reaction after heating?

0000

The reaction system is not at dynamic equilibrium.

The backward reaction is favoured.

Do not write in this space

The reaction will stop although CaCQ; is still present in the mixture.

The reaction system has reached the equilibrium state.
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Question 1 continued

5)

6)

7)

At 200 °C, nitrogen oxide reacts with oxygen to form nitrogen dioxide as follows:

N _ 6 143
2NO(g) + Oz(g) S 2N02(g) Kc =3 x 10°mol'dm

What we can conclude from the three species at equilibrium?
O [NO(g)] 2% [Oz(g)] will be much larger than [Noz(g)] 2

(@8] [NO] 2 % [O,y)] Will be much smaller than [NO,, ] 2
(@) [OZ(g)] will be exactly equal to [NO(g)]

O [O, ] will be exactly twice [NO ]

The following hypothetical reaction is at dynamic equilibrium. If some amounts of
gases (A) and (B) are added to this reaction system, what will happen?

_N
Ag*tBg T Co * Py

More reactants will be formed and the value of KC will remain constant.
More reactants will be formed and the value of KC will be reduced.

More products will be formed and the value of K_will remain constant.

0000

More products will be formed and the value of K_will be increase.

The equilibrium constant for the following reaction is 0.50 at 600 °C.
HCHO,) = Hyg + €Oy

A mixture of HCHO, H.,, and CO is introduced into a flask at 600°C. After a short
time, analysis of some amount of the reaction mixture shows that the concentrations
to be [HCHO(g)] =1.5M, [H2(g)] =0.5M, and [CO(g)] =1.0 M.

Which of the following conclusions is correct about this reaction mixture?

More HCHO(g) needs to be formed to reach equilibrium.
More H2(g) + CO(g) needs to be formed to reach equilibrium.

The reaction mixture has reached equilibrium and Kc equals 0.50

0000

The reaction mixture has reached equilibrium and Kc is less than 0.50

Do not write in this space
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Question 1 continued

Use the following information in the table below to answer question 8, 9, 10 & 11

Acids C,H,0,COOH | CH,COOH | CH,CICOOH | CHCLCOOH

Ka (at 25°C) 8.4x10™ 1.7 x 107 1.3x1073 5.0 x 1072

8) Which property is correct about these acids?

Their pH value is greater than 7.
They dissociate completely in water.

Their solutions turn red litmus paper blue.

0000

They only show their acidic properties when dissolved in water.

9)  Which acid has the weakest conjugate base?

O CH,0,CO0H

O CH,CICOOH,
aq

O CHCI,COOH,,,
O CH,COOH,
aq

) )

) )

10) What is the pH for CH,CICOOH solution with a concentration of 0.8 mol dm3?

O 1.0 O 15
O 20 O 29

11) Which acid can make a best buffer solution?

O CH,COOH O CH,0,CO0H

O CHZCICOOH( O CHCL,COOH
aq (aq

)

) )

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Session Two — Second Semester Academic Year: 2016/2017

Question 1 continued

12)

13)

14)

Which of the following statements is correct about the reaction of a copper bar Cu(s)
with A9N03(aq)?
Sliver ions gain electrons.

Sliver ions act as reducing agent.

Copper bar mass increases.

0000

Copper metal is being reduced.

Consider a voltaic cell which is made from the two half-cells below:
+ - o —
Ayt € —> Ag, E°/V = +0.80 V

Cd** ., +2e ——Cd E°/V = -0.40 V
a) (s)

Which of the following combinations is correct about this cell under standard
conditions?

The anode E /v
O Ag 0.40
@) Ag 1.20
O Cd 0.40
@) Cd 1.20

According to the standard reduction potentials below:

Au3+( +3e — » Au E'/V=150V
aq) (s)
+ ° _
Ag .y te€ —>Ag, E°/V=0.80V
Cu?*,, +26 —Cu E/V=034V
o) (s)

What is the ( E°/V) value of a substance that can only oxidize copper metal?

O Lessthan 0.34 V. (O Between 0.34 and 0.80 V.
(O Between 0.80 and 1.50 V. (O Greater than 1.50 V.

Do not write in this space
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Question 2: Extended Answers (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 graph below shows the change in the concentration of gases X2(g)' Y2(g) and XY(g)
with time in a closed system until equilibrium has been reached. Then, the
temperature of the equilibrium system is decreased at time (50 s). Use the graph to

aoeds siy3 ul 931um J0u oq

answer the following questions.

ST | A A S S S S S NN N
! 1
= ~—— Y T T T
= i e e S o i e
= I R | X,
=4 v
= N [ e d . ‘
I I 1 I i
—_ —_——————— 1 —_ e e e ] Y2
= ! ] 1 [ 1 1 i
s o]
g. ______ _%_If::{_.___i____}____: XY
: ? L i
2 b - |
______ (I —_— I 1
MRE-ANN M T N A :
——— e e ey
i [ 1
i i A R WA W SRS W W
T

10 20 30 40 S0 60 70 80 90 100

Time (seconds)

a. State the definition of the following:

(i) Le Chatelier's principle.

(ii) Reversible reaction.

b. Write the balanced chemical equation for this reaction.

Do not write in this space
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Question 2 continued

c. State two factors that will not affect the position of equilibrium for this reaction.

d. At which range(s) of time(s), the mixture is not at equilibrium?
(0-30) , (30-50) , (50-70) or (70-100) / [Choose the correct range(s)].

e. Which will predominate in the equilibrium mixture (reactants, products or neither)
after time (50 s)?.

16) The following reaction is at equilibrium at 27 °C and its Kc = 2

_ N\
A2 ) + B(g) S A(g) + AB(g)

(9

The diagram below shows the equilibrium mixture of this reaction in a vessel

containing (A) molecules, (Az) molecules and (AB) molecules. (B) molecules are
missing.
o0 €O
® o9
L9 g
- n

® =1 mole ofgas A
@O = 1 mole of gas AB

@® = 1 mole of gas A,

a. How many moles of (B) molecules should be shown in the diagram when the
system is at equilibrium?

Do not write in this space
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Question 2 continued

b. Which are favoured (reactants or products) at equilibrium? Explain your answer.

c. If a catalyst is added, what do you expect will happen to the amounts of reactants
and products? Explain your answer.

d. When the temperature of the reaction system is increased to 227 °C a new
equilibrium mixture is obtained as shown in the diagram below.

o0 €O
O. B
@ O

Is the forward reaction endothermic or exothermic? Explain your answer

Do not write in this space
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Diploma, Bilingual Private Schools, Chemistry Session Two — Second Semester Academic Year: 2016/2017

Question 2 continued

17) Acids and bases are found in the human body and they have many functions.

a. What is the name of the acid that is found in our stomach?

b. Explain why AI(OH), is a suitable treatment for the increase of the acidity of
stomach ?

c. Complete the following reactions:

Ca S +

(i) HNO3(aq)+ ©

(ii) Na2CO3 e T HZSO4(aq) — + +

d. Explain why H,5O,, cannot react with sodium carbonate powder?

Do not write in this space
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Question 2 continued

18) The following table shows the change in pH for the titration of 0.15 mol dm™ of

unknown base ( BOH ) against 0.15 mol dm of unknown acid (HA ).

Volume of the acid
added/cm?

10

20

30

40

48

50

51

60

70

pH

13

12.8

12.6

12.4

12.2

11

8.5

6.2

4.2

a. Draw the pH curve for this titration using the values from the above table by

plotting the results on the following grid.

14
13
12
11
10

PH o

u 5 10

b. Predict the type of this titration in terms of acid /base strength.

15

20

Volume of unknown acid added (cm?)

30

35

40

55

60

65

70 75

10

Do not write in this space
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Question 2 continued

c. Calculate[ OH Jat pH= 12.6 at 25 °C. Show all your calculations.

d. Which indicator :( phenol red with range (6.8-8.4) or methyl orange with range
(3.2-4.4) is suitable for this titration? Explain your answer.

19) Calculate the Ka value for Nitrous acid (HNO2 (@) ) solution with a concentration of

1.5 x 102 mol dm™ , if the pH of the solution is 2.6 . Show all your calculations

Do not write in this space

1
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Question 2 continued

20) The diagram below shows one method used for protecting iron objects from
corrosion. Study it then answer the following questions.

wh danhahd 4 bt WRY VPV
underground Metal
Iron pipe L~ rod

a. What is the name of this method?

b. Why magnesium rod is used in this method?

c. Explain another method used for protecting iron objects from corrosion?

Do not write in this space
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Question 2 continued

21) Table 1 below shows standard electrode potentials (E9/V) for six half cells. Use it to
answer the following questions.

a.

Half cell E%/v
24+ . _
NI, | Nig, 0.26
Cu2+( Cu +034
aq) (s)
Cd2+( Cd -0.40
aq) (s)
+
Ag" | Agy +0.80
2+ -
Mg (aq)|Mg(s) 2.37
3+ -
AP | AL 1.66

In an experiment to determine the relative strengths of oxidizing agents, each

metal (cadmium, aluminum and nickel) was separately placed into two solutions,

each containing a cation of the other two metals. Table 2 below shows some

results of two such combinations.

2+ 3+ 2+
Cd™ AT o NI
Cd(s) no reaction (|||)
Al (i) reaction
Ni(s) no reaction (||)

Complete table 2 by writing reaction or no reaction.

(i)

(ii)

(iii)

Do not write in this space
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Question 2 continued

b. Which metal(s) in table 1 will reduce Ag* to Ag but will not reduce Ni** to Ni?

c. Which of the above metal(s) can be used to prevent oxidation of cadmium metal?

aoeds siy3 ul 931um J0u oq

Explain your answer.

d. The opposite diagram shows
an electrochemical cell setup
between (Cu) electrode and (Mg)
electrode.
Study it then answer the following
questions.

1.0 mol dm‘3 Mg2+(aq) 1.0 mol dm'3 Cu2+(aq)

(i) Write the cell diagram as a short-hand way to represent the reaction that
occurs in this cell?

(i) If (Mg) half-cell is replaced with (Ni) half-cell, will the direction of electrons
flow be changed? Explain your answer.

[ End of Examination ]

Do not write in this space
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TOTAL MARKS: 70
Question One (28 Marks)

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

Item Correct option
1 The concentrations of reactants and products are always equal.
A
>
gy
2 £ PNt 3Hyy
=
i
v —
Reaction pathway
3 Increases Decreases

4 The reaction system has reached equilibrium state.

5 [NO(g)]2 X [Oz(g)]Will be much smaller than [ NOz(g)]z.

6 More products will be formed and the value of K. will remain constant.

7 More Hy) + COg) needs to be formed to reach equilibrium.

They only shows their acidic properties when dissolved in water .

8
9 CHCLCOOH
10 1.5

1o | Silver ions gain electrons.

13 Cd 1.20

14 between 0.34 and 0.80 V
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Part | Section Answer \\\\\ o 24 f// Mark
BB
i.The position of equilibrium shifts to try to canicel out any
" changes introduced. (I mark) Smarks
ii.Change (reaction) which can go forward or backward (7
mark)
Xogt Yo = 2XY
-(% mark for Balancing ).
15 b. - (1 mark for both reactants and products and they should be | 2 marks
both correct to get the mark
- (% mark for showing the reversible arrows)
.. Catalyst (1 mark) ~marks
Pressure (1 mark)
(0-30)
d. (50-70) 2marks
(Each correct range from the above 1 mark is given).
e. Reactants. Imark
Part | Section Answer Mark
a. 2 moles | mark
Products (1 mark)
Because the value of Kc > 1
Or because the value of Kc is more than or greater than 1
Or because the number of moles (or concentration or amount or
b. 2marks
number of molecules) of products are greater than of reactants.
(I mark)
16
The amounts of reactants and products would not change
(Imark)
- Because the catalyst does not affect the position of
equilibrium
c. - Because both forward and backward reactions are speeded up | 2 marks

with the same rate.
- Because with catalyst the time it takes for the state of
equilibrium to be reached will be quicker , but the amounts of

reactants and products presents would not change
For Any answer from above mark is given (1 mark)

2
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Exothermic (1 mark)
Because Kc value has decreased when temperature was
d. increased (%2 mark), this means that the position of equilibrium | 2 marks
shifts to left, reverse direction, as temperature increases )the
equilibrium mixture contains less of the products and more
reactants compared to the original mixture. (/2 mark)

a | HCI or hydrochloric acid.

1 mark

b | Because it is a weak base, so it reduces the acidity in the stomach.

Or it gets rid of the excess acid. 1 mark

cd |2HNO3@aq) +Casy =  Ca(NOs)2aq + Hag 1 mark
To get the mark all products should be correct.
Balancing is unnecessary.

c.ii | Na2COs aq) + H2SO4aq) = NazSO4aq) + CO2 + H20()

To get the mark all products should be correct. 1 mark

d | Because it only shows its acidic properties when dissolved in water

or because it is present in its molecular form when it is a pure liquid. 1 mark




18

v 5 10 15 20 25 30 35 40 45 50 55 60

Volume of unknown acid solution added(cm?)

I mark for the vertical section, ¥> mark for the upper and’: mark lower part of the curve.

65

70 75

b Weak acid / strong base titration 1 mark
c pH=-log [H" (aq)] 2 marks
12.6= -log [H" (aq)] (Y2 mark)
[H* @] = 2.5 x 107 mol dm™ (Y2 mark)
Ky =[H'ag)] [OH ag)]
10" mol?> dm™® =[2.5 x 103 ] [ OH (4q) ] (¥ mark)
[ OH (zg ] = 0.040 mol dm™ (Y2 mark)
d phenol red . (1 mark ) 2 marks
- Because its range lies on the vertical section of the pH
curve or near the sudden change of pH.
Or
- it changes color near the end point of titration or near
equivalence point (1 mark )




part | section | We know % AT ALY 7
pH= -log [H'g)] e
19 [H* ap] = 0.0025 mol dm™ or 2.5 x 10 mol dm® (% mark)
(1.5x102 -x) X X
X=2.5x 107 mol dm? (V2 mark)
[ HNOy@g ] = 1.5x 102 -2.5x 103 =1.25x 102 mol dm?
[ HNOy(aq ] = 1.25 x 102 mol dm™ (Y4 mark)
[H"ag] =x=2.5x 107 mol dm?
[NOx@gp ] =x=2.5x 103 mol dm?
Ka = [H"ag)] [NO2 (ag) ] / [ HNOogag) ]
Ka=[2.5x103][2.5x103]/1.25x 102 (%2 mark)
Ka=5.0x10" (%2 mark)
If students neglects the amount of x for [ HNOx(q) ] , marks
are given .
Answer Mark
q | Sacrificial protection. 1 mark
- Because magnesium (Mgs)) is more reactive than iron (Fe)). So it
corrodes (oxidized) in preference to iron.
- Because magnesium (Mgs)) is higher up the iron (Fe()) in the
electrochemical series.
b - Because iron is less reactive than magnesium. 1 mark
20 - Because the standard electrode reduction potential of magnesium
is lower than the standard electrode potential of iron.
- Because magnesium is a stronger reducing agent than iron.
(For any answer from above mark is given or has the same meaning mark is
given)
Galvanisation: the iron or steel is dipped into molten metal that is
c more reactive than iron such as zinc, So it will corrodes (oxidized) 1 mark
in preference to the iron.
a.d | Reaction V2 mark
adl | N\ reaction Y% mark
51 adli | Reaction V% mark
Copper (Cu)
b 1 mark
5
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Magnesium (Mgs)) and aluminium (Al)) (7% mark each) e
explaination ( 1 mark)
- Because magnesium (Mgs)) and aluminium (Al)) are more™
reactive than cadmium (Cd)).

So they corrode (oxidized) in preference to cadmium.

- Because magnesium arl aluminium are higher up the cadmium in
the electrochemical series.

- Because cadmium is less reactive than magnesium and aluminium.
- Because the standard electrode reduction potentials of magnesium
and aluminium are lower than the standard electrode of cadmium.

- Because magnesium and aluminium are a stronger reducing agent

than cadmium.
(For any answer from above mark is given or has the same meaning mark is
given)
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No change in the direction of electron flow. (1 mark)

Explanation: (1 mark)

- Because the standard electrode reduction potentials of magnesium
and nickel are lower than the standard electrode of copper.

- Because magnesium (Mgs)) and nickel (Ni)) are more reactive
than copper (Cugs). So are corrodes (oxidized) in preference to
copper.

- Because magnesium and nickel are higher up the copper in the
electrochemical series.

- Because copper is less reactive than magnesium and nickel.

- Because magnesium and nickel are a stronger reducing agent than
copper.

- Because (Cu®*(ag) is a stronger oxidising agent than(Mg**()) and

(Ni*).

(For any answer from above mark is given or has the same meaning mark is

given)
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This is the end of the Marking Guide




