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! READ THESE INSTRUCTIONS FIRST
| Write your name, class and register number in the spaces provided at the top of this page.
Section A

! Answer all the questions.
| Write your answers in the spaces provided.

| Section B

Answer three questions. Question B9 and B10 are compulsory. Choose one question from B11.
Write your answers in the spaces provided.

INFORMATION FOR CANDIDATES
The number of marks is given in brackets [ ] at the end of each question or part question.

You may use an approved calculator.

A copy of the Periodic Table is printed on the last page.
! Section A

! Section B

TOTAL

Trus question paper consists of 17 printed pages, including the cover page

&
SECTION A
A er all the qi i in the sp provided.

A1 Choose from the following list of ions to answer the questions below. Each substance can
be used once, more than once or not at all.

hydroxide copper (I1) carbonate iron (1)
nitrate ammonium hydrogen iodide
Choose one ion from the list above which [5]

(a) s responsible for the alkaline properties of an alkali.

(b) formsa biue precipitate when added to aqueous sodium hydroxide.
(c)  when added to acid forms a gas.

(d)  when added to alkali forms a gas.

(e)  forms a brown solution when added to aqueous chlorine.

A2 The diagram below shows the structure of an atom. The electrons are missing.

(a) Complete the table below about the three particles found in this atom. [2]
Name of Relative mass of Relative charge
Particle particle the particle on the particle
(] 1
° 1 +1
x electron -1
(b)  Complete the diagram to show the arrangement of the electrons in the atom. [1]

(c)  Write the chemical symbol of this element in the form }X showing clearly the nucleon
number and proton number, (1
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i i rid today.
A3 The following information is given for the chiorides of some elements in Period 2. The A4 The table gives some data about three fuels that are currently used in the wo Y.
elements are labelled W, X, Y and Z.

Fuel Gas formed on burning ]
I Carbon dioxide | Sulfur dioxide [ Water vapour
Element | Formula of Melting Boiling Patrol ) |
chloride point 1°C point /1°C Diesel v I | v /
- o 1418 Coa A T A S A
X XCt 790 1407
Y YCh -80 138 : faiaai iesel. 2
Z 2Cla -70 58 a)  Explain why coal is said to be a bad fuel compared to petrol and diese! [2]
(a) Arrange the elements W, X, Y and Z in order of increasing atomic number. [1]
(b) Describe the movement and arrangement of the particles of YC/2 at -50 °C. [2)
i : . ’ b The diagram shows the energy profile diagram for the formation of sulfur trioxide from sulfur
(c) Explain how and why the melting points of XC/ and ZCle are different. [3 (b) dioxidle %nd oxygen. This reagt)i!oel isa revegrsible reaction. 2]
2 Energy /K |
¥ 800.
600,
| 250;+ 02
400)
280,
200,
(d) Draw the dot and cross diagram of WC/2 showing all electrons. [2] |
Time
0

() State the activation energy of the reaction and label Ea on the graph.

(i State_ the enthalpy change of the backward reaction.

—_——

o,
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(c)

AS

(a)

Some information on other type of fuels used is shown in the table below.

[ Name Formula Physical Enthalpy change of

| state atrtp | comb 1kJ

- e at per100 g

{ Ethanol | C2HsOH Liquid -2972

[j—opane CiHs Gas | - 5045
(i) Caiculate the amount of energy given out when 2.5 mol of ethanol is burnt. [2]
(ii) Describe one advantage of using ethanol as a fuel compared to propane. 1]

The table below shows the percentage of nitrogen and carbon monoxide present in air and
in the exhaust fumes of a car without and with a catalytic converter

Percentage by volume

Exhaust fumes of car
Gas Air Without catalytic converter With catalytic converter
N2 78 76 7 s
Co_ ! 0 0.2 0

In the catalytic converter, the following reactions take place.

Reaction 1: 2NO (g) — N2(g) + O2(9)
Reaction 2. 2CO (g) + Oz2(g) — 2C02(9)

i i i i the percentage of nitrogen
Using the information given, account for the difference betv.veen i
in airg and in the exhaust fumes of a car without a calalytic converter, and the difference

petween the percentage of nitrogen in the exhaust of a car with and without a catal[ygr;

converter

V)

(i) Write the overall chemical equation for the reaction that takes place in the catalytic
converter. {1]

(1i) Explain using oxidation states, why CO is acting as the reducing agent in the ovirall
reaction.

A student suggested removing CO by passing the gas through calcium carbonate. State with
a reason whether this suggestion will work.

AB(a) A series of experiments was set up as shown in the diagram below. The metal strips are in

excess.
meat
o
CaNO, ), (sa) [ Moy, ()
CUrO,), (34}
(i) Construct an ionic equation for any one of the beakers that has a reaction. 1]
(i)  Describe two observations made for beaker D. (2]

o
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(iii)  Inbeaker C, the copper strip

X f volume of gas
Explai s was replaced with aluminium. No reaction was observed. (b)  The gas evolved in flask A was recorded every 30 seconds and a graph 0 g
xplain why aluminium does not react. (1] produced against time was plotted as shown below.
Volume of
o

(b) Brassis an a s [s] Xtu zinc and cf W t idofad agram, expla
r lloy containing a mixture of nc and co r.
Y ppe! th the aid of a '

[3] Fask A

ame.

Sketch on the same graph above, the rate curve obtained for flask B and flask C each. Label
your graphs clearly. (2]

(c)  In another similar experiment, the magnesium ribbons were replaced with tr_we same mass of
magnesium powder. Explain, in terms of collisions between particles how this affects the rate
of reaction. [2]

A7 A student carried out a few experiments to investigate the effect of concentration on the
reaction between acids and magnesium metal. A 15.0 cm length of magnesium ribbon was
adaed to each of the following flasks. At the end of the experiment, small bits of magnesium
ribbon were found to be left in each flask.

Flask A: 100.0 cm? of 0.1 mol/dm? hydrochloric acid

Flask B: 100.0 cm® of 0.1 mol/dm?® sulfuric acid &8  The diagram below shows an electrolytic cell A and a simple cell B.

Flask C: 100.0 cm? of 0.1 mol/dm? ethanoic acid

(a) Comparing flask A and B, explain which flask contains the lower concentration of hydrogen
ions. [3] — —_—

T | s |
Copper(ll) suttate ‘
solution Copper(11) sutate
solution

a)  Write the ionic equation, with

state symbols, for the reactions that take place at [2]
(1) the anode in cell A

(i) the positive electrode in cell B:
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SECTION B

b)  Descrive one common observation that would be seen in both cells. 1] : .
Answer all three questions in the spaces provided.

B9  Extraction of magnesium

Magnesium is found in nature as the ore, dolomite, MgCO3+CaCOs. Dolomite contains 75%

i{ ion th i s
(c)  Describe one observation that would only be seen in the electrolyte of cell B but notin cell A. magnesium carbonale.

Explain your answer.
To extract magnesium from its ore, the following steps in an industrial extraction process are
employed, as shown in the diagram below.

decompose wasie
coiomite ——— MgO*Ca0 gases

FeSi alloy, I
Al203,
added

hot

furnace

slag ﬁ

Mg
collected

Mg(l)

: 1750 °C
3 molten mixture
Step 1: Decomposition
The dolomite ore is first decomposed to produce a mixture of magnesium and calcium oxides:
MgCO3+CaCO0s (s) — MgO+CaO (s) + 2C0O2(g)
Step 2: Reduction
The oxides prepared in Step 1 are then mixed with an alloy of iron and silicon, f ili
¢ > ’ , ferrosilicon
(FeSi), and loaded into the furnace. In this furnace, reduction of the i i
place but not calcium oxice. Ml
2MgO (s) + Si(s) —> SiOz(s) + 2Mg (g)
Small amounts of aluminium oxide may also be added to decrease the meltini i
il : oi
slag..'_The reaction is cgmed out at 1750 °C and under very low pressure. guf')idlo;‘rt c(;:svsllz
conditions, the magnesium is produced as a gas, which is then condensed in a coolin
chamber, and collected as metal blocks. The magnesium obtained has a 95% purity. 9
Step 3: Removal of impurities

The molten slag formed is calcium silicate and is removed from the molten magnesium.

10
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(a)

(b)

(c)

(d)

(e)

Calculate the maximum mass of ma i
ikt ooog) gnesium that can be produced from 112 tonnes of

(4]

What can you infer about the reiative rea

: v ctivities of magnesium, calcium and silicon from the
extraction process? Explain your answer

: (3]

Suggest how the aluminium oxice added helps to lower the melting point of the slag. [1
9

Explain with reason one advantage of using a FeSi alloy with a higher proportion of Si. [2)

Otner than calcium oxide, silicon dioxide and calcium silicate, suggest another impurity that

could be present in the molten magnesium. [1)
Explain how slag (calcium silicate) is formed during the extraction process. [1]
1

cinmatare At alertrrity A6 they DOTN exist

B10 Some information about Group | and Group VII elements are given in the table below.

()

(b)

(d)

Electronegativity is a measure of the ability of an atom to attract an electron. The greater the
electronegativity value of an atom, the greater is its ability to attract electrons.

Element | Atomic Radius / pm | _Electronegativity !
Lithium | 152 ] !
Group | Sodium | 185
Potassium_| 227
Chiorine | 99 3.16
Group VI Bromine | 115 2.96
[ logine | 156 1 2.66 ]
Predict the trend in the electronegativity of the Group | elements down the group. (1)

“Group VIl elements become poorer oxidizing agents down the group.”

Suggest how the trend in the atomic radius of the Group VIl elements supports this
statement. (2]

Aitheugh Group | and transition elements are metals, they have different physical properties.

Describe one similarity and one difference in the physical properties of Group | and transition
metals, [2]

When chlorine gas is passed int
to orange-red. When the orange red solution is heate
leavmg_ a yellow solution A reddish bdrown prec:pl‘&;'
hydroxide is added to this yellow solution e

0 aqueous iron (11) bromide, the colour of the solution changes

. it gives off a reddish-brown gas,
e is formed when aqueous sodium
(i) Identity the reddish brown gas ang the yellow solution

- 1
Reddish brown gas s

:\

Yellow solution

12
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— T ]

ac

(i) Explain how the orange red solution and the yellow solution is formed.

| CLASS: | |

[2] (c)

EITHER

B11 The diagram shows a simple electrochemical cell.

elecuoce A lectrode B

dilute suliuric acid

(d)

{e)

The voltages produced by different combinations of metal electrodes are shown in the table

below.
| "Experiment | _Electrode A_[ Electrode B [ Voltage I V
i 1 copper | zinc | 1.10
2 copper. tin 0.48
| 3 copper magnesium 2.70
[ 4 copper iron 0.78
| 5 copper | metal P -0.46

(a) For experiments 1-4. which electrode, A or B, is the negative electrode? Explain your

answer.

(b)  Use the information in the ta
magnesium, tin and zinc. Explain your answer.

ble to deduce the order of reaclivity of the metals copper, iron,
(2]

oWl

ctiv e in your
(i)  Whatcanyou infer about the reactivity of matal p compared to copper? Explai y{ 111}

answer.

(i) Hence, suggest a possible identity of metal P. [1]

When a student used calcium as electrode B, after some time, he noticed white precipitate
forming in the electrolyte. Explain the observation.

With reference to the particles present in each structure, describe how the metal electrodes
and dilute sulfuric acid are able to conduct electricity. [2]

14
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OR

B11

(a)

(b)

(c)

Growing demand for alternative forms of energy that are clean and efficient has led to the
rising popularity of commercial fuel cell vehicles powered by hydrogen.

A typical fuel cell found in hydrogen powered cars is shown below. The overall chemical
equation for the reaction in the fuel cell is given below:

2H2 + Oz — 2H20

using only information from the diagram, deduce the ionic half equations that occur at each
electrode. State symbols are not required {2]

Cathode: &

Anode

A student claimed that “Hydrogen is only as clean as the fuel source used to produce it."
Explain what the student meant. [2]

A hydrogen fuel cell car can travel 199 km per kg of hydrogen. If the volume of hydrogen
available in the gas tank is 60000 dm?, what distance can the car travel? [2])

(d)

Hydrogen is also used as a raw material in the Haber process. In the Haber pr 0935’;‘5-
ammonia gas is produced. The following graph shows the amount of ammonia present in the
equilibrium mixture under different conditions of temperature and pressure.

| 1]
percentageof 3900 |
:hn:monlo In ® - ’;
equitibrium w0 K
mixture 5 ol

PPt
A1
iz .
0 50 100 150 200 250 300 350 400

(i) State the source of hydrogen and nitrogen used in the Haber process. 1]

Hydrogen:

Nitrogen :

(i) What is the effect of increasing the pressure on the percentage of ammonia in the
equilibrium mixture? (1]

(li)  Suggest one advantage and one disadvantage of using 450°C rather than 350°C as
the working temperature for the manufacture of ammonia. [:2:)

16
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The Periodic Table of Elements

CGroup i L
SOOI SO S - ) Vi 0
T - T o J v I v | —
i 1 He
i 2 tebum
hydrogen “
e ! =
= L Y 1 T € 7 8 ] 0
3 I ¢ proton (atomic) numrbes = N o F Ne
L: Be atomic symbol B C Sacane” 15 resn
s, bentur rame Iewren cabon nioger ©xppen "I,; 20
7 9 relative atomic mass n 12 L) 36 s =
i 5] 12 14 15 16 17 18
Ne Vo Al Si P s Ci Ar
0d.m mapesnm aurichm | gikco |pwaptaen [ aviiv hiove; o
2 24 27 [ | = 22 354 40
19 20 | 2 23 24 25 26 27 23 29 30 31 iz 23 34 35 36
K 55 Sc Ti v Cr Mn Fe Co Ni Cu 2n Ga Ge As € Bi Kr
POtOAG coiem candum (L woadur | cwonun o »ngunese won ccbat nicke copper e pelum | peimenr anene el um teomne krypion
) 40 <5 8 | 51} ss 85 6 59 59 64 55 70 K 75, 79 |80 o 8|
37 34 3 ) a1 T4z a3 a4 45 46 <7 48 ac 5C 51 sz 2 ;o
Rb St Y 2 Nb Mo Tc Ru Rh Pd Ag Cd In Sn 5 Te 1 Xe
uxd.m | srontam WMirun Teooiam | rihier  droltdenry echediun tsbereur | thodium 4 pal adum tivor codrvur nzem tn Bntmon, l'"-_" " vire Janzn
(33 88 89 N 23 % | - 101 103 106 08 112 15 1e 122 1ze | 127 131_
88 56 72 rE] 74 75 76 77 7 79 80 81 52 &2 ot at &6
Cs Be Ht Ta W Re Os Ir Pt Au Hg T Pb Bi P> Al Rn
crenm bonur 1 hatum Tastalum | hngatan themier smun Infurny platoury R e cury kT ko0 Iomu” polonum asta‘ma atn
133 137, W78 iB1 164 18€ 190 192 195 | 197 207 204 207 20¢ - - =
€7 88 |89-03| 4ne 105 106 7 108 109 110 11 152 114 1€
Fi Ra | &troe: Rt Db Sg ) Hs At Ds Ra Cn F! Lv
tranchum [ uretuonr | dubnium Jtesborzam| botviur heszum m demuln 0an o [ ur ferov v Noermon_m,
lznthanoids 57 58 50 5C 1 62 62 64 A5 8 | 67 1T o (3 70 7T
. La Ce Pr Nd Pm &m Ey cd Tb Dy Ho Er Tm Yd Ly
i lovthanum | omam Iy meodrl.m [pTmetiam| sananen | surconim wdekm  crom | Cyaproswm| homium erbiam Budiam yi=tun wetum |
.. 139 140 ¢1 124 - 150 162 157 159 163 5 | 187 | 189 13 175 !
actinoids 09 0 91 92z 2 ga 06 97 98 9y 19 o 1C2 163
Ac Th Pa v} Np " om B c Es Fm M No T
H 2ctmum wzg'zur pmsg:-m u;;\:rl neot fua b Nekcn e SN bokoum | caltornium |ensteitkm | ferminm e ddeniion| nobwturn | ewrencium
: = ) o = o= = = = ot - - =

The volume of one mole of any gas is 24 ¢m® al room tempera

wie 8na prezsine fr.im)
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