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Use the following if necessary:

Faraday constant = 96500 Cmol™

Avogadro constant = 6.022 x 10%% mol™

Specific heat capacity (H,O) = 4.18 J g K

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

1)

2)

3)

Which of the following statements is correct about exothermic reactions?

(O The enthalpy change (AH) is positive.
(O The energy of the system is decreased.
(O The heat is taken in from the surrounding.

(O The reactants have less enthalpy than the products.

Which of the following equations represents the standard enthalpy of formation

0
(AHf) of ethyne C2H2(g)7

O 2C ohite) + Harg > CHyg

H_ClI

O CHyg + Clyy ——— CH,Clyg

5

O CHyg + 50,4

@) CaCZ(S) + 2H202(I) _ C2H2(g) + Ca(OH)Z(

2C02(g) + HZO(g)

aq)

Red lead oxide, Pb
PbO in air.

O,, is used in metal priming paints. It can be made by heating

3747

6PbO(s) + Oz(g) — 2Pb,0O, )

Which two enthalpy changes are needed to calculate the enthalpy change for this
reaction?

Enthalpy change of atomisation of Pb and enthalpy change of formation of Pb,0O,.
Enthalpy change of combustion of PbO and enthalpy change of atomisation of Pb.

Enthalpy change of formation of PbO and enthalpy change of atomisation of O,,.

0000

Enthalpy change of formation of PbO and enthalpy change of formation of Pb,O,.

Do not write in this space
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Question 1 continued

4)

S)

6)

Which of the following statements is incorrect about the half - life of a first - order

reaction?

O Itis constant.

(O It depends on the initial reactant concentration.

(O It can be calculated from the reaction rate constant.

(O Itis the time necessary for the reactant concentration to drop to half its original

value.

The initial concentration of a substance is 0.6 mol dm™3, if 50% of it is reacted in 0.5
min, what is the rate of this reaction in mol dm= s71?

O 0.01 O 0.02
O 03 O 1.2

The diagram below shows the concentration change of (H,O,) with time in different
experiments (A, B and C).

S a

=

S E

= 2

=

:E-é

o = A

“ m

[ — - B

o"'."l

o e C
an _

=

Time (S)

Which of the following statements is correct?
The initial [H,0,] in A is higher than in B.
The order of the reaction is zero order.

Hydrogen peroxide H,O, is a product.

0000

The reaction in C is faster than in A.

Do not write in this space
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Question 1 continued

7)

8)

9)

The titration curves below were obtained using different acids and bases, each with
concentration of 0.1 mol dm™
Which curve is produced by adding ammonia to 25 cm?® of hydrochloric acid?

14 14

O o O 1
pH ¢ f, pH ¢

B oda

B
0 | . 1] i . v
1] 10 20 L{i] 40 L] 10 20 30 40
Volame of 0.1 mol dm™® Volume of 0.1 mol dm™

. 3
solution added / cm? solution added / cm

14 14
12 12
o o = -

8 g

pH 6 pH 6
4 4
0 0

[1] [[1] 20 E(l] 40 {0 10 20 kil 40
Volume of 0.1 mol dm* Volume of 0.1 mol dm™

solution added / cm? solution added / cm?

Which of the following would form a buffer solution when equal moles are mixed
together?

(O HCl and NaCl. (O HCN and NaCN.
(@) KNO, and KOH. (@) Na,SO, and NaOH.

What is [NaOH] solution in mol dm™ which has pH = 11.0 at 25 °C ?

O 1.0x10°3 O 1.0x10™"
O 11.0X1073 O 11.0x10M

Do not write in this space
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Question 1 continued

10) Which statement is correct about the electrochemical cell and electrolytic cell?

The reduction occurs at the negative electrode in electrochemical cell.
The anode is positive and the cathode is negative in both cells.

The oxidation occurs at the cathode in the electrolytic cell.

0000

The reduction occurs at the cathode in both cells.

The diagram below shows an electrochemical cell at standard conditions.
Study it to answer questions (11) and (12).

switch <

\/

\.r'oltr.'neter
' | Cu

1i0M 1.0M
Pb?*(aq) Cu?*(aq)

Pb2+(aq) + 2é

I 1

Cu2+(aq) + 26

11) Which changes will occur when the switch is closed?

Pb is oxidised, and electrons flow to the Cu electrode.
Pb is reduced, and electrons flow to the Cu electrode.

Cu is oxidised, and electrons flow to the Pb electrode.

0000

Cu is reduced, and electrons flow to the Pb electrode.

12) What is the standard electromotive force E?e” for this cell?

O -021V O +0.21V
O -047V O +047V

Do not write in this space
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Question 1 continued

The shown apparatus is used for the electrolysis of water. Tubes are initially filled with
an aqueous solution of H,SO,. Study it to answer questions (13) and (14).

;' t VOLTAMETER

gas B\ ~gas A
—
00
u e -
D[] dilute
0 -
0 = sulfuric
o DEI'J acid
nﬂl:l i
fil=— il platinum
lectrodes
. Batter_-,r
dc supply

13) What is the gas A produced from the electrolysis of water?

O so, O so,
O o, O H,

14) What is the mass ratio of gas A to gas B produced in the tubes?

Gas A Gas B
O 1 2
O 1 4
(@) 1 8
O 1 16

Do not write in this space



Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2018/2019

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. Some powdered NH4NO3 (2.5 g) was dissolved in 50.0g of water in a simple
expanded polystyrene calorimeter. The temperature fell by 10.1°C.
(Mr: NH,NO, = 80.0 g mol™)

(i) Define the enthalpy change of solution AH__.

(ii) Calculate the enthalpy change of solution of ammonium nitrate in kJ mol™ unit.

b. Explain why the standard enthalpy of neutralisation of equal volume of strong
acid by strong base such as aqueous sodium hydroxide is always close to
~57.6 kJ mol™

Do not write in this space
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Question 2 continued

16) Consider the following reaction and information below:

Hz(g) + Brz(g) _— > 2HBr(g)

Bond H—H H—Br

Br—Br

energy (kJ mol™") +436 +366

+193

a. Explain what is meant by Br—Br bond enthalpy?

b. Write the symbol for the H—Br bond enthalpy.

c. Calculate AH for the formation of HBr(g).

d. Draw labelled energy level diagram for the reaction above.

4

Do not write in this space
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Question 2 continued

2CH,CHO
(aq

OH’,.

(aq)

> CH,CH(OH)CH,CHO, _

17) a. Ethanal, CH,CHO dimerises in dilute alkaline solution according to the equation.

)

The following data were obtained in series of experiments on the rate of reaction
between ethanal and hydroxide ion at a constant temperature.

Experiment number [OH]/mol dm™ [CH3CHO]/mo| dm=3| Relative rate
1 0.01 0.147 1
2 0.02 0.15 2
3 0.01 0.30 2

(i) Show how the data in the table can be used to deduce that the reaction is
first-order with respect to OH~

(ii) Deduce the order with respect to CH,CHO and the overall reaction order.

Do not write in this space
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Question 2 continued

b. Ethyl chloride decomposes into ethylene and hydrochloric acid in a first-order
reaction that has a half-life of 120 hours at 650°C.

Calculate the rate constant for the reaction under these conditions in s~

unit.

18) The reaction between (X) and (Y) was studied:

XgtYg — XY

By doing two experiments at the same temperature , it is found that rate = k[X][Y]

Use the rate equation and the table below to answer the following questions:

Experiment [X]/ mol dm™3 [Y]/ mol dm™3 Rate / mol dm™= s~
1 0.100 0.005 1.35 x10”7
2 0.200 ? 5.4 x10~7

a. What is meant by half-life of a reaction?

b. State two factors, which can affect the rate of a reaction?

Do not write in this space
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Question 2 continued

c. Calculate [Y]in experiment 2.

aoeds siy3 ul 931um J0u oq

19 a. Study the following titration graph and answer the questions below:

14 -

0 24 68 101214 16 18
Volume of alkali / t:m3

(i) Choose the best indicator for this titration from the table below?

Indicator Range
Methyl orange 3.2-4.4
Phenolphthalein 8.2-10.0

(i) In which point the number of moles of the base is larger than number of
moles of acid?

O A O B O C

(choose the correct answer)

Do not write in this space
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Question 2 continued

b. The solubility product constant, KSIO , of Iron (III) hydroxide, Fe(OH)B, at 25°C is
6.0 x 10738 mol* dm™"2.

(i) Write the solubility product constant, Ksp, expression for Fe(OH),.

(i) Calculate the solubility of Fe(OH), at 25°C.

(iii) What happens to solubility of Fe(OH)3 when adding a solution containing
OH._ ?
(aq)
O Increases (O Decreases (O Does not change

(choose the correct answer)

20) A buffer solution has a volume of 1.00 L and contains 0.20 mol of acetic acid
(CH3COOH) and 0.10 mol of sodium acetate (CH3COONa).
(K, for CH,COOH = 1.8 x 10™)

a. What is meant by a buffer solution?

Do not write in this space
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Question 2 continued

b. Calculate the pH of this buffer solution.

aoeds siy3 ul 931um J0u oq

c. Describe how this buffer solution minimises the effect of addition of a small

amount of strong acid, H“(Laq).

21) The electrochemical cell below consists of (Ag) half-cell and unknown half-cell
represented by (M) at standard conditions. The reading on the voltmeter is +1.25 V.

Study the diagram and answer the following questions.

125V

Mg voltmeter

N

Ag(s)

S

1.00 mol dm? 1.00 mol dm?
M(NO3)saq) at 25°C AgNOjaq) at 25°C

Do not write in this space

12



aoeds siy} ul 9314m jou oQ

Diploma, Bilingual Private Schools, Chemistry First Session — Second Semester Academic Year: 2018/2019

Question 2 continued

a. What is the name of the apparatus labelled (X)?

b. Write the half-cell oxidation and reduction reactions that occur in this cell.

The half-cell oxidation reaction:

The half-cell reduction reaction:

c. Write the cell diagram as a short hand way to represent the reactions that occur in
this cell.

d. If the standard electrode potential (EeN) in volts for (Ag /Ag( )is + 0.80V,
calculate the standard electrode potential (EeN) of the unknown electrode
represented by (M). Show your calculations.

e. (i) What would be the direction of electron flow through the wire when
(MZ(;'q)/ M(s)) half-cell is replaced with standard hydrogen electrode?

(i) What are the three conditions needed for the hydrogen half-cell to function at
standard conditions?

Do not write in this space
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Question 2 continued

22) a. A currentis passed through Ga(NOB)3 solution for 1.5 hours, and after this time
period the mass of metal produced was 6.5 g. What is the current in amperes that
is required to produce this amount of gallium? [M (Ga) = 69.72 g mol™'].

b. The following grid shows some types of common fuel cells and batteries.
Study it to answer the questions below.

A Fuel cell B NiMH cell C Nickle-Cadmium cell
D Lead-acid cell E Lithium cell

In the spaces provided, write the correct symbol for the following statements:

(i) It has lead plates dipping into moderated concentrated sulphuric acid. ()
(i) It converts hydrogen and oxygen into water. ()
(iii) It is light and produces a large voltage. ()

(iv) Its negative electrode made of a metal that can absorb hydrogen to make a
hydride. ()

c. A student said: You can keep a solution containing (Ag“(Laq) ions ) in a container
made of copper metal. Do you agree or disagree. Explain your answer using E°
values and equation.

[ End of Examination ]

Do not write in this space
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Values of E® for some half reactions

Half cell E® /V

Litag / Lig) -3.03

K* o) / Kes 2.9

Na+(aq) / Na(s) -2.71
Mg2+(aq) / Mg(s) -2.37
Al gy / Al -1.66
Zn2+(aq) / Zn(s) -0.76
F62+(aq) / FG(S) -0.44

H+(aq) / % Hz(g), Pt 0.00
Cu2+(aq) / CU(S) +0.34

% Iz(aq) / I'(aq) , Pt +0.54
Fe’* ) / Fe* g , Pt +0.77
Ag¥aq) | Ages) +0.80
%Brz(aq) / Briag) , Pt +1.09
%Oz(g) , Pt + 2H"(aq) / H2Oq +1.23
%Clz(aq) / Cl(aq) , Pt +1.36
Au3+(aq) / AU(S) +1.50
MIlO4'(aq) + 8H+(aq) / Mn2+(aq) , Pt +1.51
%Fz(aq) / F'(aq) , Pt +2.87

Do not write in this space
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2l.a Electrochemistry 382\ RS Ing ‘i)? 26
\».‘_,] C g? (\\?' 4
21.b Electrochemistry | 385 \_’\i‘ﬁ%f 9.2g
21.¢0 Electrochemistry | 384-386 | Applying 9.2e
21d Electrochemistry 386 Applying 9.2d
21.e(1) Electrochemistry | 382-383 | Reasoning | "9.2b,ei
2]1.e(ii) Electrochemistry | 381-385 | Knowing 9.2b
22.a Electrochemistry | 390-391 | Applying 9.1¢c
22.b Electrochemistry | 393-394 | Knowing 9.3a
23.a Electrochemistry | 388-389 | Applying | 9.2i,h
23.b Electrochemistry | 386-387 | Reasoning | 9.2e
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Question ONE TOTAL MARKS: 14 -W’*‘) 53 ,o)/w,@ 25
There are 14 multiple-choice items. Each correct answer 1s»w0rth ONEL / rk.
s 2t Nl
Item : Y
No. Correct option

1 | The energy of the system is decreased.

5 | 2Cgraphite) + Ha(g) —» CoHi(g)

3 | Enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4.

4 | It depends on the initial reactant concentration.

5 [0.01

6 | The reaction in C is faster than in A.

14
12
10

pH . f
7 »

2 —
0 | Y , )
O 1o 20 30 40

s

S

Volume of 0.1 mol dm™
solution added / cm?

g HCN and NaCN.
3

9 1.0X 10
10 The reduction occurs at the cathode, in both cells.
0 Pb is oxidised, and electrons flow to the Cu electrode.

+0.
12 047V
13 | He

Gas A Gas B

14 1 2
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Item 15 Total marks 6

item

answer

15

a(i)

It is the enthalpy change when one mole of the substance is
dissolved in water.

a(ii)

q = mcAT
q = (50g) x (4.18JgTK1)x (10.1K)
=211 x10°J = 2.11kJ (1 mark)

Amount in moles of NH4NOsdissolved = 2.5g = 0.03mol
80.0gmol!
(1 mark)

Solution of 0.03mol of NH4NOsrequired 2.11kJ
Solution of 1.00mol of NH4NO3 would require  2.11 kJ
0.03
= 70.3kJ
The process is endothermic, so AHg, = +70.3kJ mol? (1 mark)

(another answer: if the student might use the mass as (50 + 2.5 =
52.5 g):
q=2.216kJ, AHsi = +73.88 kJ mol™’)

- All strong acids are completely ionised in solution (1 mark) and
give 1 mole of water (1 mark).

or

- The ionic equation representing the enthalpy of neutralisation of
any strong acid by a strong base is

H o + OH —> H)On AH° =-57.6 kI mol! (2 mark)
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Item 16 Total marks 7 ; ._\’«’E‘i’(:'i!ﬁ;?ﬁa (J ,4"
item answer 2" P marks
16 |a The energy required to break one mole of Br—DBr bonds in gas 1
phase.
b E(H—Br) 1
c AH = enthalpy of bonds broken — enthalpy of bonds formed 3
(1 mark)
AH = (E(H—H) + E( Br—Br )) 2E(H—Br)
AH = (+436 + 193 ) — ( 2x366) (1 mark)
AH=-103 kJ (1 mark)
d 1 Hxo +Br2o R 2
Energy
energy AH
2HBr
or Reaction >
Hig +Br2 g
5
&
Or Reaction Pathway

1 mark for drawing the diagram and 1 mark for writing labels

General Education Diploma, Bilingual Private Schools, Semester Two, First Session, Chemistry, 2018/2019.
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Item 17 Total marks 5 // . \

item

C-‘—“"‘QQJ 5~_’/_ﬁ~/_ﬁ/ b

Fasdl U D3| VN v Y

answer

17

a(i)

In experiments, 1 and 2 [OH'] has doubled and thé\rate c of reaction Tk /l

has doubled so the reaction is first order with respe H@P Ll/‘/\;/

SIED)
Another answer: The student can show mathematical
expression and calculation

a(ii)

In experiments 1 and 3 the concentration of ethanal has doubled
and the rate of reaction has doubled. so the reaction is first order for
ethanal.

In experiment 2 and 3 both concentration has changed (1 mark)

Overall the reaction is_second order and the rate equation is:
Or: Rate = k[CH3;CHO][OH] (1 mark)

0.693 (1 mark)

k=
tl/2

k=—285_ _ 1 6x105 (1 mark)
4.3x10°

1)
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Item 18 Total marks 5 \\&_ ;MA\;L f/
item answer ~——— marks
18 | a The half-life of a reaction is the time taken for the concentration of a 1
reactant to decrease to half its initial value.
b The following factors affect the rate of a reaction: [ only two] 2
{ concentration or pressure — temperature — catalysts — state of
division — nature of the solvent — light }
c 2

From experiment 1:
“R=k[X][Y]
rate  135x1077
~ K= XY] - 0n©00s 0.27 X 103 mol' dm?s! 1 mark
From experiment 2:
wrate =k [X] [ Y]
% 54X 107 =(0.27X 107 (0.2) [Y]
=~ [Y]= 0.01 mol dm? 1 mark

'Y
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N K‘}I”\’ = K‘.:J/:TP.
Item 19 Total marks 6 e v
item answer marks
19 | a(i) | Phenolphthalein 1
a(ii) | C 1
i 3
b() K,, = [Fe‘”}[OH —] 1
b(ii) % 93 2
K = |F H
s [ ¢ }[O } (% mark )
6 x107%® = 27 x*
-38
x=of| A0 517 x10710 :|
27 ( % mark )
o [Fe®] =217 x107"" mol dm
One mole of Fe(OH), dissolves to give one mole of Fe 3* jons, so the
solubility of Fe(OH), is 2.17 x1071° mol dm 3 (1 mark)
b(iii) | Decreases 1

V'Y
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Item 20 Total marks 7 \\ 3TE o
item answer \\C—{L;» Qb)‘ (~//| marks
20 | a One whose pH remains nearly constant on the addition of sm 2
quantities of acid or base.
Each underlined answer is worth 1 mark
b [ CH;COOH | =020 mol dm™ , [ CH;COONa | =0.10 mol dm > 3
K, x| CH;COOH |
H' |= 2 1 Kk
] [cH,C00 ] (Jf mark)
-5
[H*} ~ BRI "% 020 _ 3 oo™ ol dm™ (1 mark)
0.10
pH=—log10[H+:| (% mark )
pH = —log, (3.6x10 =)= 444 (1 mark)
Or
pH = pK, + log ([base or salt] / [acid]) (% mark )
pK.=-log (-1.8 x 107) = 4.74 (1 mark)
pH =4.74 + 10g(0.1/0.2) (1 mark)
pH =443 (% mark )
c - The extra H( 0 ions react with CH3COO(' )ions (1 mark) and the 2
equilibrium moves to the left to remove the added H (1 mark).
- The H(aq) ions react with CH3COO(aq) ions (1 mark) to form the weak
acid CH3COOH, .(1 mark)
- The equilibrium moves to the left (1 mark) to prevent the effect of
adding strong acid, H(:q).(l mark)
- The equilibrium moves to the left
( o+ CH;COO( , —» CH;COOH,)
Any answer from above mark is given. (2 marks)

V¢
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Item 21 Total marks 13 \\\u e

Y

item

answer \\\“U! .J) Lz

marks

21

Salt bridge.

1

Half-cell oxidation reaction : M(s) — M(:;) +2e”

(% mark) (% mark) (% mark)

half-cell reduction reaction : Ag(;’q) te” — Ag

(% mark ) (% mark ) (% mark )

3

M

(s) (aq)' Zaq)| A%(s)

(1 mark) (1 mark)

0 0
Ecell E

0
right - hand half-cell — E " left- hand half-cell
(1 mark)

0 0 0
Ecell E (A )_E (M)

125 = 0.80 — E° (1 mark)

(M)

E® == 045V (1 mark)

m Eeccll = Eoxidation = Ereduction (1 mark)
1.25 = 0.80 o= onidation (1 mark)
Ereduction = -0.45V (1 mark)

The following formulae could be used:
Eeccll = Ecathode — Eanode (I ma rk)

el

- From standard hydrogen electrode to Ag electrode.

- From M to Ag

- From left to right

- The direction of elections will be the same (unchanged)
Any answer from above mark is given. (1 mark)

eil

Pressure: 1.00atm,

Temperature: 298 K (25 °C)
[H*]=1.00 mol dm?.

Each condition is worth 1 mark

\o
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Item 22 Total marks 7
item | answer marks
22 | a m I Xt _ 3
w072 LF Orn (It) / (zF) (1 mark)
6.5 I X 1.5 X60 X60
= (1 mark)
69.72 3 X96500
I=50A (1 mark)
b 1. D 2
in. A
1. E
iv. B
Each answer ( 1/ mark )
¢ | Disagree, (1 mark) 2

- Because Ag'(aq) reacts with Cu(s).
- Using E® values:
E ° =E° (Ag"/ Ag) - E® (Cu?** / Cu)
=+0.80 - (+0.34) =+0.46 V
- The reaction is feasible between Ag’(,q and Cugs:
AglagtCusy —> Age+Cu’ @
- Ag'aq) is strong oxidising agent.
- Cug) is more reactive (or strong reducing agent or displaces Ag'(aq))

cell

Any answer from above mark is given. (1 mark)

This is the end of the Marking Guide

11



