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Section A — Multiple Choice Questions [20 marks]

Four possible answers (A, B, C, and D) are given for each question. Choose the most appropriate
answer and record your answer in the OMR form provided.

1

Which of the following solutions can be used to distinguish sodium hydroxide solution from
aqueous ammonia?

A copper(ll) chloride solution
B  iron{ll) chloride solution

C  iron(Ill) chloride solution
D zinc sulfate solution

Which of the following reaction which occurs in the blast furnace is an acid-base reaction?

A C+02-2CO,

B CO;+ C > 2C0O

C Ca0 + Si0; = CaSiOs

D Fe03 + 3CO -» 2Fe + 3C0O,

A white powder, B, turns yellow when heated. When the product cools, it turns back to white.
What is B?

A zinc carbonate

B magnesium carbonate
C sodium carbonate

D calcium carbonate

When crude oil is fractionally distilled, which type of compounds is removed from the top of
the fractionating column?

A the compounds with the highest relative molecular mass
B the compounds with the lowest boiling points

C  the compounds that are the most viscous

D  the compounds that are least flammable

Bread can be prepared from a mixture of flour, yeast and sugar. Carbon dioxide produced
from the reaction causes the dough fo rise.

Which of the following could be the main product from this reaction?

A  CH;COOH
B  CHaCH0OH
C  CeH1206

D H0
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6

X, Y and £ are elements in the same period of the Periodic Table. X forms an acidic oxide, Y
forms a basic oxide and Z forms an amphoteric oxide. If X, Y and Z are placed in order of
increasing atomic number, which order is correct?

ooOomr

XY, Z
X ZY
Y. X Z
Y. Z X

Which salt is incorrectly matched with its method of preparation?

coOow»

salt method of preparation
ammonium nitrate titrate aqueous ammonia with dilute nitric acid
barium sulfate mix aqueous barium nitrate and dilute sulfuric acid
iron(I1) nitrate add excess iron(II) oxide with dilute nitric acid
silver chloride add excess silver carbonate to dilute hydrochloric acid

In the graph, curve 1 was obtained by the reaction between 50.0 cm?® of 1.00 mol/dm?
sulfuric acid and excess zinc granules.

volume of
hydrogen gas §
formed fcm3

time /s

Which change would produce curve 27?

A
B
c
D

increase the temperature by 10 °C

add the same mass of zinc powder instead of zinc granules

use 100.0 cm?® of 1.00 mol/dm? suifuric acid instead of 50.0 cm? of 1.00 mol/dm?® sulfuric
acid

use 100 cm® of 0.75 mol/dm?® sulfuric acid instead of 50.0 cm?® of 1.00 mol/dm? sulfuric
acid
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9

10

Aqueous hydrochloric acid was added from a burette to 25.0 cm?® of 1.50 mol/dm® aqueous
sodium hydroxide. The temperature change was measured each time a portion of the acid
was added.

The results of the experiment were plotied on a graph as follows:
\

temperature /°C k

PY

0 ==
total volume of acid added /cm?®

Based on the graph, which of the following statements is true?

A Neutralisation is complete at R.

B  The sample of alkali has fully reacted at Q.

C  The reaction is exothermic from P to @, and becomes endothermic when more acid is
added.

D  The temperature increases from P to Q because more heat is absorbed in breaking of
bonds than in the formation of new bonds.

An impure sample of copper contained a metal below it in the reactivity series. The diagram
shows the apparatus used for refining the sample.

pure copper

inipure
cathode

copper anode

- . agueous copper(ll) sulfate

The loss in mass of the positive electrode was 45 g and the gain in mass of the negative
glectrode was 40 g. What was the percentage purity of this sample of copper?

A 111%
B 125 %
C 850%
D 889%
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11 The table below shows the melting and boiling points of four pure substances. Which
substance is the most volatile liquid at room temperature?

substance melting point / °C boiling point/°C
A -100 -40
B -6 60
C -5 220
D 40 290

12 A giant molecule is made up of a large amount of carbon, mainly containing isotopes '?C and
3C. It was found that the relative atomic mass of the carbon in the molecule is 12.2.

What is the ratio by mass of "C to *C?

A 41
B 1.4
C 3:4
D 31

13  Carbon dioxide reacts with solutions of carbonate ions according to the following equilibrium.
CO2(g) + H0(/) + 0032’(aq) & 2ZHCOs(aq)

How could the composition of the equilibrium mixture be altered to produce more carbon

dioxide gas?

A add water

B add an acid

C add a soluble calcium salt

D add an insoluble calcium salt

14 The labels on three separate boftles of zinc, magnesium and lead powder have dropped off.
Which of the following experiments will best enable a student to identify all three bottles of
metal?

A Heat some metal powder with steam.

B Place some metal powder in dilute nitric acid.

C Place some metal powder in aqueous copper(ll) sulfate.
D Weigh equal size heap of metal powder.

15 60 cm?® of the gaseous oxide of tungsten requires 30 cm® of oxygen for complete
combustion to produce 120 cm? of the gaseous oxide WOo.

What is the molecular formula of the original oxide?
(All volumes are measured at room temperature and pressure.)

WO
W20
W203
WsO

oOwr
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16

17

18

A solution was tested as shown.

moist red litmus

% paper turns blue

add excess
== NaOH(aq) heat
- —— s
solution—+2= green
Nt precipitate
formed

Which ions are likely to be present in the solution?

A Cu? and NH,*
B  Fe® and NOy
C Fe**andCr

D  NH4" and Fe®

An agueous solution of copper(ll) sulfate was electrolysed using graphite electrodes for 45
minutes. 30 minutes into the procedure, the mass of the cathode stopped increasing.
However, oxygen gas was still evolved at the anode.

Which of the following equations represents the reaction that was taking place at the graphite
cathode after 30 minutes?

A C(s) + O2(g) = CO(g)
B  Cu®(aq)+2e - Cu(s)
C 40H(aq) 2 2H0() + Oz(g) + 4
D 2H0() + 2e” > Ha(g) + 20H(aq)

Carbon and silicon are both in Group IV of the Periodic Table. Below are statements about
oxides of carbon and silicon.

1. At room temperature, CO; is a gas and SiOz is a solid.
2. Covalent bonding is weaker in CO; than in SiOa.
3. COz has a simple molecular structure and SiOz has a giant molecular structure.

Which of the following statements is correct?

A Statements 1 and 2 are correct and statement 2 explains statement 1.
B Statements 1 and 2 are correct and statement 2 does not explain statement 1.
C Statements 1 and 3 are correct and statement 3 explains statement 1.
D Statementis 1 and 3 are correct but staiement 3 does not explain statement 1.
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20

Photographers in the early days used the oxidation of magnesium powder to produce flashes
of light in the presence of oxygen from the air. Magnesium reacts according to the equation:

2Mg (s} + Oz (g) = 2MgO (s)

AH = -2400 kJ

How much energy would be released when 0.12 g of magnesium reacts with excess oxygen?

A
B
C
D

1.50 kJ
3.00 kJ
6.00 kJ
12.0 kd

Many properties of an element and its compounds can be predicted from its position in the
Periodic Table. What property cannot be predicted in this way?

Oo0w>

the number of isofopes

the formula of its oxide

its metallic or non-metallic properties

the number of electrons in its valence shell

End of Section A
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Section B (60 Marks)

Answer ALL questions and write your answers in the spaces provided.

B1 (a) State 4 differences in the chemical or physical properties between transition metals
and Group I metals.

{b) Explain why transition metals have good electrical conductivity.
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B2 The diagrams show the set-up of two experiments A and B. Metal Q can be found in Group
11 of the Periodic Table.

(@)

(b)

[y
EI
N voltmeter 1_!> carbon
\) 3 . electrodes
MetalQ _—1 lead :
T P i|__molten
! 3 electrode : lead(IT)
2l bromide
dilute & . %
furic —f=—] F-5fi-
cid — el bubbles of 4
IRpignptetet "~ hydrogen
""""""" -l gas heat
Experiment A Experiment B

One of the above reactions is endothermic. State which reaction is endothermic
and explain your answer,

............................................................................................................. [2]
(i) Write the half equations for the reactions that occur at both electrodes in
experiment A,
O C o atina .+ + et - - - SRR - 2 2 RGP « » » SRR« « « » TR Y 1 « PRI «  ++ AR o
[2]
Cathodest.... . RGS...RES...BRGS ... RPES.... RGE....RGE.... BG5S ...
(ii) Using your answers from part (b){i), state and explain which metal is more
reactive in set-up A.
............................................................................................................. [2]
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(c) Given that the battery in experiment B is replaced by the set-up in experiment A,
and 250 cm® of hydrogen gas was produced at the lead electrode,

() calculate the number of moles of electrons that was used to produce the
hydrogen gas,

[1]

(i) hence, calculate the gain in mass of the cathode in set-up B. [1]

10
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B3 Antioxidants, such as vitamin C and E are widely used in the industry,

(a) Vitamin E, Cz9Hs002, is often added to fat-containing foods to prevent spoilage. A
brand of peanut oil contains 12.9 mg of vitamin E per 20 cm®.

Calculate the concentration in mol/dm?® of vitamin E in cocking oil.

(b) Vitamin C, CsHsOs, commonly known as ascorbic acid, can be found in
supplements and prevents deficiencies in the immune system. The amount of
vitamin C can be determined by the reaction with triiodide ions, Is”. The products of
this reaction are dehydroascorbic acid, CsHsOs and iodide ions, I'. The half equation
for the conversion of ascorbic acid to dehydroascorbic acid is shown below.

H
R_\C/O\C’/’:'O \ /O\ —;}0

\ / = \ / +2H" + 2¢

C=——=C C=0
HO/ \OH 0/ \0

ascorbic acid dehydroascorbic acid

H H

where Rrepresents ——C—C——H

|

OH CH

(i) Construct the half equation for the conversion of triiodide to iodide ions.

(ii) Construct a balanced equation for the reaction of vitamin C with triiodide
ions.

[ [Turn Over]
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(iii)  State the oxidising agent. Explain your answer, in terms of oxidation state.

............................................................................................................. (2]
(iv)  Suggest a chemical test to distinguish between ascorbic acid and
dehydroascorbic acid.
............................................................................................................. [2]
(c) Sodium ascorbate, CeHyOsNa, is widely used in oral supplements, It is prepared by
reacting ascorbic acid with sodium bicarbonate.
(i) Calculate the percentage by mass of sodium in sodium ascorbate.
[1]
(ii) The melting point of ascorbic acid is 190 °C. Explain why it is unusually high.
............................................................................................................. [2]
(ii)  Given that sodium ascorbate is soluble in water, identify its structure and
bonding.
............................................................................................................. [2]

12
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B4 The volume of sulfur dioxide in air can be determined by bubbling a sampie of air through
sodium hydroxide solution, according to the equation below.

SO2(g) + 2NaOH(aq) > NazS0s(aq) + H.0())

The concentration of the unreacted sodium hydroxide can be determined by titration
against a standard solution of hydrochloric acid.

1000 dm® of air was bubbled through 200 cm® of 1.00 mol/dm® solution of sodium
hydroxide. The resulting solution was diluted to 1000 cm?® with distilled water and 25.0 cm®
of this solution was neutralized by 20.0 cm?® of 0.100 mol/dm?® hydrochloric acid.

(a) Calculate the total number of moles of unreacted sodium hydroxide.

[2]

{b) Calculate the number of moles of sulfur dioxide in 1000 dm?® of air.
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(c) Calculate the percentage by volume of sulfur dioxide in the air at room temperature
and pressure.

[2]

(d) Suggest a key source of error in this experiment.

14
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B5 An unknown pale blue solution A contains three cations and one anion. The following

laboratory tests were conducted on A.

pale blue
solution furns
pale blue excess colourless,
solution A aqueous | mixture of blue
NaOH and white ppt
excess forged
reagent R
I gen’qe
warming
deep blue
solution
no gas
dilute HC! Devarda’s alloy,
warm
i
mixture of y
blue and
! pungent gas
white ppt that turns
moist red
litrmus blue

(a) Identify reagent R.

(b) Name the pungent gas produced.

{c) |dentify all the ions present in A.

15
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B6 The table below shows the pH values of some acidic compounds with a concentration of
0.500 mol/dm?.

(@)

(b)

name pH
sodium dihydrogen
3.8
phosphate
ethanoic acid 2.5
nitric acid 0.3

A toilet cleaning liquid contains the acid salt, sodium dihydrogen phosphaie,
NaHzPO..

(i) Explain why sodium dihydrogen phosphate is both an acid and a salt.

(ii) Sodium dihydrogen phosphate can be made by reacting sodium hydroxide
with phosphoric acid, HsPOas.

Write a balanced chemical equation for the formation of sodium dihydrogen
phosphate.

............................................................................................................. [1
Describe a chemical test to show that nitric acid is a strong acid but ethanoic acid

is a weak acid.

State the variables you would keep constant, measurements you would make and
results you would expect.

16
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B7

Gas 8 has a molecular formula of NOC/. Upon partial decomposition at room temperature
and pressure, it establishes a chemical equilibrium along with the products, nitrogen

monoxide gas and chlorine gas.

(a) Draw the dot-and-cross diagram of gas 8.

(b) Calculate the enthalpy change for the decomposition of 1 mol of compound S.

bond bond energy
(kJ/mol)

Ci-Cl 240

N-C/ 310

N-O 201

N=0 607

0-C!/ 203

(c) Predict how the equilibrium will shift if the temperature is decreased. Justify your

answer,

fTurn Over]
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B8 Hydrolysis of halogenoalkanes

Halogenoalkanes can react with aqueous sodium hydroxide upon warming to produce
alcohols and the respective hydrogen halides. This is known as a hydrolysis reaction.

For example, CHaBr(ag) + NaOH({aq) > CHsOH(aq) + HBr(aq)

(a) A dibromoalkane, W (Mr = 188), is warmed with excess aqueous NaOH to produce
a diol, X, which is an organic compound that contains two hydroxyl functional
groups. The diol is then oxidized fully to a dicarboxylic acid, Y. Under suitable
conditions, X and Y can react to form polymer, Z. Draw the full structurai formulae
of W, X, Y and one repeating unit of Z in the boxes helow.

[4]

18
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(b)

Rate Equation

The rate equation provides information on how the rate of a reaction depends on
the concentration of all the reactants.

Consider the reaction: xA + yB - products
where x and y are the stoichiometric coefficients and A and B are the reactants.
The rate equation can be expressed as:
Rate = k[A]"[B]"

where k is the rate constant,

m is the order of reaction with respect to reactant A,

n is the order of reaction with respect to reactant B,

[ ] represents the concentration of the reactants.
Order of reaction
The way in which the rate of reaction is related to the concentration of each reactant

{e.g. Q) can be categorized into the following types, governed by different order of
reaction.

type of order of | characteristic inference
reaction reaction
zero order with 0 rate o [Q]" If the concentration of Q is
respect to Q changed, the rate remains
unaffected.
first order with 1 rate o< [Q] If the concentration of Q is
respect to Q doubled, the rate would also

double. If the concentration of Q
is increased by a factor of 4, the
rate will also increase by 4

times.
second order 2 rate « [Q If the concentration of Q is
with respect to doubled, the rate would increase
Q by 4 times (22). If the

concenftration of Q is tripled, the
rate would increase by 9 times
(3%).

Overall Order of a Reaction

The overall order of a reaction is the sum of the orders of reaction of all the
reactants.

For example, if the rate equation for a reaction is
Rate = k[A]™[B]"

The overall order of the reaction is (m + n).

19 fTurn Over]
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The results of an investigation into the kinetics of the hydrolysis of bromomethane
are given below:

experiment | [CH:Br]/ [NaOH] / initial rate of reaction
number mol dm™ mol dm™ / mol dm™ s
1 0.10 0.20 0.001
2 0.20 0.10 0.001
3 0.20 0.20 0.002
4 (.30 0.20 0.003
(i) State the relationship between the concentration of bromomethane and the

(i)

(iii)

(iv)

(v)

initial rate of reaction.

Experiments ............ and ............ show that

Hence, find the order of reaction with respect to bromomethane.

order of the reaction with respect to bromomethane = ............

Given that the order of reaction with respect to aqueous sodium hydroxide
is 1, state the overall order of the reaction.

Overall order of the reaction=............

Write an overall rate equation for the reaction.

Determine the value for the rate constant, Kk, in your rate equation in part

(b){iv).

Value for rate constant, K= ....c.oocvvinenennnnn, mol'dm?3s™

End of Paper
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