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2
A student wants to carry out an experiment to follow the rate of the reaction between
hydrochloric acid and marble chips.

CaCO; + 2HC! — CaCl, + COz + H0

Which diagrams show apparatus that is suitable for this experiment?

2
— measurng hydrochioric
cyfinder acid and
marble chips
60
0

4
hydrachindc v
acid buretle
‘ ){ gas syringe
' hydrochioric
acid and

marble chips marble chips

kY

A 1and2only
B 1and3only
C
D

1

N

hydrochloric
acid and
marbie chips

i(lllll&tl\ll!

1 and 4 only
1,2and 4 -
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A mixture containing equal volumes of two liquids that mix completely bul do nof react
together is placed in the apparatus shown and hezled untl the thermometer first shows a
steady reading.

At which position will there be the highest proportion of the Tquid with the higher boiling
point?

thermomelsr water out

gE ¢ cold water in
B 1% 3

heat

In which pair of particles is:

¢ the sum of their charges equal to zero

s the sum of their masses almost the same as {3 of the mass of an atom of 2C?

one electron and one neutron
one electron and one proton
one neulron and one proton
two neutrons

O WP
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4  An element has two isotopes of relative isotopic masses x and x+2. The diagram shows
the composition of aloms in a sample of the element.

HOOY
O0Ye
Yoeo

What is the relative alomic mass of this element?

x+058
x+1.0
x+15
x+20

o0 m >

5 XandY are both elements, one of which is a non-metal.
1 mole of X is added to 1 mole of Y and they are heated together.
X and Y react compietely to form substance Z.
Substance £ cannot be easily separated to form Xand Y.

Three statementis are given.

1 Y must be the non-metal.
2 XandY formed a compound on heating.
3 Substance Z has the empirical formula XY.

Which statements are correct?
A 1and3

8 1only

C 2and3

D 2only



Which molecude has only four electrons involved in covalent bonds?

L N e T 1 ¢ S

5

A. CI2
B. CO2
C. H2S
D. N2

The melting points and boiling points of four compounds, W, X, Y and Z, are given in the

table.

melting point boiling point
¥ fory
w 63 354
X ~7 59
Y 1728 2230
Z ~183 -89

The four compounds are silicon(IV) oxide, ethane, bromine and a carboxylic acid of

formulsd CieHaz0o.

Which row identifles W, X, Y and 27

BP~307

silicon{IV) oxide ethane bromine carboxylic acid
CreHz02
A W X Z Y
B W Y Z X
Cc Y Z W X
b Y 4 X W
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10

The formula of ammonium metavanadate is NH4VOa. it consists of NH4 ions and VO; ions.

6

\What are the charges on these ions?

NHa fon VO;ion
A 1+ -
8 2+ 2~
c 3+ 3~
D 4+ 4-

\ When a strip of copper is placed in agueous siiver nitrate, a displacement reaction takes

place.

What Is the lonic equation for the reaction which takes place?

A

B
c
D

Ag’ (aq) * Cu (s) — Ag (s) + Cu** (ag) + &
2Ag"* (aq) + Cu (s) — 2Ag (s) + Cu®* (aq)
2AgNOs (aq) + Cu {s) > 2Ag (s} + Cu(NOs){aq)
2Ag (s) + Cu® (aq) - 2Ag’ (ag)+ Cu (s)

Which statement is correct?

if the relative formula mass of hydrated sodium carbonate, NazCOzxH:0, is 286,
then xis 10,
Phosphoric{V) acid, HsPOs, has a relative molecular mass of 50.

The relative atomic mass of a sample of an element with isotapes of masses 20 and
22 can only be equal to 21.

The relative atomic mass of an element is the average mass of atoms of isotopes of
the element compared with the mass of a hydrogen atom.
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7
Two aqueous solutions, Q and R, have the same concentration in mol / drm’ .

Solution G contzins 4.0 g of NaOH in 800 cm@ of solution.
Which solution could be solution R?
[Ac Na, 23, G, 16, H, 1]

0.2 mol of Ca(OH)z in 250 cm? of solution
0.2 mol of HC/ in 100 cm® of solution
0.05 mol of H;S0, in 250 cm® of solution
0.1 mol of KOH in 1000 cm? of solution

o o @ >

The squation for the reaction between magnesium and dilute hydrochloric acid is shown,
Mg + ZHC/ — MgClz + Hz

Which mass of magnesium chloride is formed when 48.0 g of magnesium completely
reacts with excess dilute hydrochloric acid?

238¢g
475649
95.0¢g
190 ¢

o m>»

[Turn Over
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13 Three compounds are listed.

copper(l]) nitrate, Cu(NOs)z
zinc sulfate, ZnS04 ~- |
sodium thiosuifate, Na:S:0s N\

Which row shows the element that is present in the greatest percentage by mass in each
gompound?

[relative formula masses, M: Cu(NOz)z, 188; ZnS0s, 161; Naz5:0s, 158]

copper(}) nitrate zinc sulfate sodium thiosulfate
A copper oxygen oxygen
B copper oxygen sulfur
c oxygen zinc sodium
D oxygen zine sulfur

14 Samples of two hydrated compounds are weighed and then dehydrated by heating.
The anhydrous compounds are weighed and the results are shown.

3.97 g FeS0sxH:0 gives 2.17 g anhydrous FeSOa.
2.88 g CaSOsyH:0 gives 2.27 g anhydrous CaSO..

What are the values of x and y?

[M:: FeS0a, 152; CaS0,, 136; H20, 18]

o0 w>
~N N oy X
™ omom N
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8
Aqueous copper(ll) sulfate is electrolysed with copper electrodes.

What is the equation for the reaction occurring at the anode?

Cu » Cu¥+2

Cu®* + 2e — Cu

40H" — Oz + 2H,0 + 4e

2804 + 2H,0 —» 2HpS0¢ + O + 4e”

o o m P

Three statements about fuel cells are given.

1 A hydrogen-oxygen fuel cell requires a continuous input of fuel and oxygen.
2 In a hydrogen-oxygen fuel cell, hydrogen is burned in oxygen to produce
electricity.

3 When a hydrogen-oxygen fuel cell is operating, water is the only chemical product.

Which statements are correct?

A 1, 2andd

B  tand2only
C 1and3only
D 2Zand 3only

Which statements about the energy changes during a chemical reaction are correct?

1 The activation energy, Ea, is the maximum energy the coliiding particles must have
in order to react.

2 During an endothermic reaction, thermal energy is taken in from the surroundings
leading to a decrease in the temperature of the surroundings.

3 The making of chemical bonds is an exothermic process.

A 1,2and3

B 1and2only
C tand3only
D Z2and3only

{Turn Over
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Under certain conditions, nitrogen reacts with oxygen to form NO.
2NAg) + OAg) > 2N20(g)

The reaction pathway diagram is shown.

energy

| 20,(g) + 0,{g) ) +164 kJ/mol

progress of reaction
What is the activation energy of the reverse reaction?

- 447%J / mol
~ 283 kd /mol

+ 141.5 kJ /mol
+ 283 kJ / mol

o O w>
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Two reactions each produce a gaseous product.

The reactions are performed separately using the same conditions of temperature and
pressure.

The volume of gas formed in each experiment is measured over time and the results are
piotted in the graph shown.

At which point is the rate of production of gas the greatest?

) D

volume
of gas

Copper forms a red oxide, Cu:0, and a black oxide, .

sl

-

in the presence of a catalyst, aqueous hydrogen peroxide, H.02, decomposes to form
water.

The black oxide has copperin a ...... 1...... oxidation state than in the red oxide.
in forming water, hydrogen peroxide is .....2...... .

Which words comrectly complete gaps 1 and 27

1 2
A higher reduced
B higher oxidised
c lower reduced
D lower oxidised

{Turn Over
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Universal indicator contains several dyes. The reversible reaction of one dye, IndOH, is
shown.

IndOH(aq) + H'(aq) « Ind*{aq) + H0()
cotour X colour Y

A few drops of Universal indicator solution are added to 50 om?® of water.
A few drops of dilute hydrochloric acid are added to the solution.

Which row describes what happens when the acid is added?

colour of solution |
PH shifts towards
A decreases colour X
B decreases colour Y
c increases colour X
D increases colour Y

Samples of HC! (aq) and HNOs (ag) are tested using Universal indicator paper.

The sample of HCI (aq) has a pH of 4 and the sample of HNOQOs{aqg) has a pH of 2,

Which statement Is carrect?

A HCI(aq)is a weak acid and HNO3(aq) is a strong acid.
B HNOs(aq) has a lower formula mass than HC/(aq).

C  The HNOa{aq) is more concentrated than the HC/ (aq).
D  The HCI(aq) has dissociated more than the HNOs (aq).

Which statement about oxides is correct?

A Al acidic oxides are gases at room temperature.

B Al basic oxides dissolve in water {o give alkalis.

¢ Amphoteric oxides react with acids, alkalis and water.
D  Potassium oxide is a basic oxide,

BP~314
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A student is provided with suitable apparatus, distilled water and the following reagents

solid magnesium hydroxide  solid lead carbonate  dilute nitric acid

aqueous sodium chloride  aqueous sodium sulfate!

(2

Which salts can the student prepare as a pure dry sample?

A
B
c
b

lead nitrate, magnesium nitrate, lead chioride, lead sulfate and magnesium sulfate

lead nitrate, magnesium nitrate, lead chioride and lead sulfate only

lead nifrate, magnesium nitrate and lead chloride only

lead nitrate and magnesium nitrate only

One male of compound X gives two molas of ions in agqueous solution.

X reacts with ammonium carbonate to give an acidic gas. What is compound X?

A
B
C
D

calclum hydroxide
ethanoic acid
nitric acld

sodium hydroxide

The elements are arranged in groups and periods in the Periodic Table.

Which row is correct?

determined b od d b elements in the Periodic
roup determin i ermin
grove e period det ey Table are arranged by
A | the number of electrons in | the number of occupied | .
increasing proton number
the outer shell shells
B the number of occupied | the number of electrons in .
increasing mass number
shelfis the outer shell
C | the number of electrons in | the number of occupied | .
increasing mass number
the outer shell shells
D the number of occupied | the number of electronsin | .
increasing profon number
shells the outer shell

ffure Over
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27 Element Xis in Group 1.

28

Some statements about element X are given.

« Xis not the least dense element in Group 1.
s X is more reactive than potassium.
¢ X has an A value less than 100.

Which element is X7

A lithium

B sodium
€ rubidium
D  caesium

Three statements about the properties of metals are shown.

1 All metals conduct electricity.

2 Al metals have two electrons in thelr innermost sheil.

3 All metals have high melting points.

Which statements are correct?
A 1,2and3

B 1and2only

C 1and3only

D 2and3only
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P
é&/ Group 1 elements and transition elements are metals.

4
-

Student X suggests that the Group 1 elements are above hydrogen in the reactivity series
but that not all transition elements are above hydrogen.

Student Y suggests that the densities of Group 1 elements ars fower than those of the
transition elements.

Which students are correct?

A bothXandVY
B Xonly

C  Yonly

D neitherXnorY

30 The equations for some of the reactions of metals Q, R and T are shown,

2QNOs(aq) + Cu (8) -> 2Q (s) + Cu(NOs)2 (aq)
R () + TSO4 (aq) — T (8} + RSO« (aq)
T (8) + H2S04 (aq) — TS0«(aq) + Ha{g)

Using the equations, what is the order of reactivity of Q, Rand T?

most reactive . least reactive
A Q T R
B R Q T
194 R T Q
D T R Q

[Turn Over
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31 Zincis used to galvanise iron, which prevents the iron from rusting. Which statements are

32

33\

correct?

1 The layer of zinc forms a barrier betweew the iron and the oxygen and water in the
atmosphere.
Zinc will oxidise before the iron does, even if the layer of zinc is scratched.

3 When iron rusts, atoms of iron gain electrons to form ions.

1,2and 3

4 and 2 only
1 and 3 only
2 and 3 only

o O w >

Some metals and the compounds in their ores are shown.

metal Al Ca Pb Na Fe Mg
compoundinore | Al;Os | CaCO; | PbS | NaCl | Fe:Os | MgCOs

Which type of reaction occurs in the extraction of each of these metals from its ore?

A  decomposition by heat
electrolysis
precipitation

reduction

U O w

What are the main products obtained by the fractional distiltation of liquid air?
A carbon dioxide and oxygen

B carbon dioxide and water vapour

€ nitrogen and oxygen

D nitrogen and water vapour
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34 Three stalements about the carbon cycle are given.

35

1 The carbon cycls regulates the amount of carbon dioxide in the atmosphere.
2 During photosynthesis, carbon dioxide is produced.
3 Combustion of hydrocarbons requires oxygen.

Which staternents are correct?

A 1,2and3

B 1and2only
C 1and3only
D 2and3only

CFC compounds were used as aerosol propellanis The structure of one CFC compound
is shown.

F Cl
b
L
Which element in this compound causes a depletion of ozone in the atmosphere?

carbon
chiorine
fiuorine

o w »

hydrogen
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In the fractional distillation of petroleurn, different fractions are obtained at the top and
bottom of the fractionating column.

Which properties does the fraction obtained at the top of the fractionating column have,
compared with the fraction obtained at the bottom?

1 higher viscosity

2 lower boiling point
3 lower volatility

4 shorter chain length

1and 2
{and 3
2and 4
3end4

o O w >

Compound Q Is a hydrocarbon that has no structural isomers,
Compound Q does not decolourise bromine in the dark.
Which compound is Q?

CsHe ™
CaHs
CaHs
C4H10

g O W »

Alkenes can be produced by the cracking of alkanes, such as decane, CioHzz.

Which equation shows the cracking of decane to produce two different alkenes and at
least one other product

A CigHzz - 2CHq + CoHs + CeHo

B CiHee = Ha + 2CiHs + Cots + CsHha
C  CuHa— 2CHs + CiHio

D CuHz - Ha + 2CH + 2CHs

BP-~320
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1 When ethanol is made from glucose by fermentation, each glucose molecule

produces three molecules of ethanol.

2 When ethanoic acid is made from ethanol, the ethanol acts as an oxidising agent.

Which row about these statements is correct?

staternent 1

statement 2

v
4

X

o O W >

x

An ester is formed from a carboxylic acid and an alcohol,

key
v =frie
x = false

How does the number of carbon, hydrogen and oxygen atoms In an ester differ from the
total number of these atoms in the carboxylic acid and alcohol from which the ester is

formed?
carbon atoms hydrogen atoms oxygen atoms
A fewer fewer fewer
B8 fewer same fewer
c same fewer fewer
D same same same

[Turn Over
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Section A
Answer all questions in the spaces provided.

Fig. 1.1 shows the structures of seven substances, A, B, C, D, E, F ardl G.

A B c
H )ﬂ T
C=( H—GI o
/N H7 [
E F
| N
H—é~O~H | M
| ] H
H

Fig. 1.1
{a) Answer the following questions using only the structures in Fig. 1.1.
Each structure may be used once, more than once or not at all.
State the structure-that represents:
() acompound thatis the main constituent of natural gas
1]

(i)  the monomer used to produce poly(ethene)

..... et p e s s en s seseseg s essnsensenssesnsanas oeses [1]

(i) agiant.covalent struchure

TR T L LR L R e AL R T SRER LI 2N [1]
{iv) -a compound that has a high melting point

{v) awaste gas from digestion in .animals

AP PR ANAI AR RS CARI NS S RO NP PSS 0h BRSNS KFT WL PRS VI I REAED 0y SV S0 NI 0 ERAD A AR EANAL RN e B [11
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{(vi}  a solid at room temperature that conducts electricity when dissclved in water.

L]
(b} Draw the dot-and-cross diagram for structure B.
Show the outer electron shells only.
(1]
{Total: 7]

[Turn Over
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Aluminium carbide, AlCs, reacts with water to form methane, CHs, and alumirium
hydroxide.

{a) Construct a balanced chemicel equation for this reaction.

.................................... U IOIORY i

(b} Methane is a saturated hydrocarbon.

()  Explain why methane is a saturated hydrocarbon,

.. 2}
{if)  Methane reacts with chlorine in the presence of ultraviolet light.
State the formulae of two products of this reaction.
............................ and ... 2]

(¢) The equation for the complete combustion of methane is shown.

CHy + 20, -> COz + 2H0

This reaction is exothermic.

()  Explain, using ideas about bond breaking and bond making, why this reaction
is exothermic.

.......................................................................................................
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(i) Complete the reaction pathway diagram in Fig. 2.1 for the complete combustion
of methane.
Labef the:
+ reaclants
« producls

enthalpy change of the reaction, 4H
activation energy, Ea.

energy

¥

progress of reaction

Fig. 2.1
(3]

[Total: 11}

[Turn Over
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Nitrogen(V) oxide decomposes on heating to form nitrogen(1V) gxide and oxygen.
2N0s(g) > 4NO2A(g) + Oog)

{8) The table shows how the rate of reaction varies with the concentration of N2Os.

concentration of N,Os{0) rate
in mol/dm® in mol/dm>/s

3.2 8.39

186 3.16

0.8 1.83

()  Describe how the rate of this reaction changes with the concentration of NzOs.

e {11
(i)  Explain your answer to (a){i} in terms of collision theory.
.................................................................................................... ]
(i) Describe and explain the effect of increasing the temperature on the rate of this
reaction.
.................................................................................................... [

{(b) Sulfur dioxide is an atmospheric pollutant,

()  Describe one source of the sulfur dioxide in the atmosphere.

e ]
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The oxidation of sulfur dioxide to sulfur trioxide in the atmosphere is catalysed
by nitrogen(iv) oxide.

S0z + NOz - SOy + NO
NO + %0y = NGO,

Nitrogen(IV) oxide speeds up the rate of reaction. Which other property of a
catalyst is shown by these equations?

, y B 11

[Total: 7]

[Turn Over
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When concentrated hydrochioric acid is electrolysed, gases are produced at the slectrodes.

The incomplete apparatus is shown.

@ ®

(if)

(i)

concentrated
hydrochioric acid
+ -
power
supply
Complete the diagram by:
« labelling the anode and cathode
o showing how the gases are collected. 2

Predict the products of this electrg!ysis at the:

positive electrode ... e,

negative lectrode ... 2
Graphite (carbon) electrodes are used in this electrolysis.

Suggest one other element that can be used as an electrode and give areason,
other than that it can conduct electricity.

element......cco s e irenen

FEASOM .. vevveemenssoe srasis ms ses a8s2er by ch s eue se ren e b1 sab st mebssn e
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(6)  Aqueous chlorine reacts with aqueous sodium iodide.

Using a balanced chemical equation for the reaction, explain why chiorine is more
reactive than iodine.

................................................................................................................

[Turn Over
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Molybdenum is a transition element which is used to make steel that is extremely hard.

1t exhibits variable oxidation states and can be manufactured by heating together
molybdenum(iV) oxide, MoOz, and aluminium.

{(a) Construct the equation for this reaction.

(b) ()  Complete the table to show the oxidation states of molybdenum and aluminium.

oxidation state in oxidation state in
element
reactants products
molybdenum
aluminium
{2
{ii)  Interms of oxidation states, explain why this is a redox reaction.
.................................................................................................. 2

(e} Suggest which metal, molybdenum or aluminium, is less reactive. Explain your
answer,

i)

BP-332
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(d) Molybdenum has a melting point of 2620 G,

{i) With the help of a labelled diagram, describe the type of bonding that is present
in molybdenum.

.......................................................................................................

(i}  Suggestwhy molybdenum has a much higher melting point than aluminium.

[Turn Over
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Calcium hydroxide is often added to acidic soil to increase its pH for healthy plant growth.

Fertilisers containing nitrogen, phosphorus, and potassium which are primary nutrients for

healthy plant growth are often added as well,

Table 6.1 shows some commonly used fertilisers.

Table 6.1
fertiliser formuta
ammonium nitrate
sodium phosphate Na3POq
Ca(NO3)2
potassium sulfate K280,

(a) Complete Table 6.1 by filling in the missing information.

(b)

(i)

Write an ionic equation for the reaction between calcium hydroxide and the

excess acid in the soil.

B aANSEr e E TNy s N e KRRy

and hydrogen.

LRI LR IR

it contains 46.7% nitrogen, 6.7% hydrogen and "% carbon.

Caloulate the empirical formula of urea.

Cran ss

(2l

.M

A common fertiliser, urea, contains the elements carbon, oxygen, nitrogen,

18]

BP-~334
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{c} Two farmers discovered that they have & plot of land that lacks nudrlents and 8 loo
acidic for any healthy plant growth.

They wanted to add calcium hydroxide together with @ fettifiser fo the plot of land af
the same fime.

Farmer 1. Ammonium nitrate should be added fogether with calcium hydroxide o
provide nitrogen for healthy plant growth.

Farmer 2: Calcium nifrate should be added together with calcium hydroxide fo provide
nitrogen for healthy plant growth.

Which farmer is correct? Explain your reasoning.

..............................................................................................................

..............................................................................................................
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2
7 Ammonia is produced "corixmercia#& via the catalytic reaction of nitrogen and hydrogen at .
high temperature and pressure.

Fig. 7.1 shows the graph of the reaction.

Y
100 f He

80

percentage composition /%

the relationship betwsen temperature and

‘‘‘‘‘ >
{b) Suggest why the percentage composition of hyd and ni
when by jshigh hydmgm nﬁrcgenkxcmases
| in
{c) Sketch on Fig. 1.1 the ex ted graph for the percentage yield of ammonia ata
higher pressure for the stated temperatures. Label your graph as (), ()
{d) Interms of colision theory, describe how increasing the pressure affects
rate of production of ammonia. 10 s e
b
I




(e)

15

Ammonia can be used to freat industrial waste gases containing nitroger oxides.

The equation shows how the freatment converts nitrogen monoxide to nitrogen and
water,

6NO + 4NH; — BN; + 8H,0

(i}  Use the equation provided, state the effect on the composition of the gases

released into the atmosphere when an insufficient amount of ammonia was
added to nitragen monoxide.

............ et et 1]

()  Describe how nitrogen monoxide affects the environment,

.....................................................................................................

[Total: 10]

[Turn Over
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Fossil Fuels

Fossil fuels like crude oil are known to be non-renewable and are limited in-supply. They are
still used as fuels because getting energy from their combustion is still considered an
economical and convenient method. To ensure that the supply of crude oil lasts longer for
our use, we need to conserve crude oil.

Alternative Energy Source - Biogas

Biogas is a renewable fuel that is produced when organic matter, such as food or animal
waste, is broken down by bacteria in the absence of oxygen. Biogas, that can be derived
from cow dung from farms, contains biomethane.

Table 8.1 shows a typical composition of biogas.

Table 8.1
compound formuta percentage by volume additional information
biomethane CHa 50 - 80 colouriess, odourless
carbon dioxide CO; 15-50 colourless, odouriess
nitrogen Nz 0-10 colouriess, odourless
hydrogen suifide H:S 0-1 colourless, pungent, toxic

The biogas produced on the farm contains traces of hydrogen sulfide. To prolong the lifespan
of the metal machinery parts, hydrogen sulfide must be removed from the biogas, otherwise
when it is combusted, it produces sulfur dioxide and sulfuric acid.

Buming biomethane releases greenhouse gases like carbon dioxide but allowing cow dung
to degrade naturally also releases methane, Converting cow dung info biomethane te be
used as biofuel instead of letting it degrade naturally is found to cut down greenhouse gases
by 4%. This is because methane has a much greater global-warming power than carbon
dioxide. To reduce the carbon impact, that source of destructive pollution must be
transformed into a cleaner fuel. Most of the biomethane produced at the farm can be used to
generate sufficient electricity to power several homes. The remaining is then used as fertiliser
on the farm, allowing for a reduction in the use of synthetic fertilisers made from fossil fusls.

Biomethane produced from cow dung is a biofuel with high performance and high purity.
Obtaining biomethane from cow dung starts right on the farm, where cow dung s collected
and put into an on-site biodigester. A biodigester is a sealed container where the bacteria
breaks down cow dung info biomethane and fertiliser through a natural process. The
biomethane then spins a power generator to produce electricity. The fertiliser produced from
the biodigester can also be readily used by farmers.

BP-338
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Fg. 8.1 shows the process of obtaining biomethane.

o,

Alternative Energy Source - Metal Powders

Using tiny metal particles to power external-combustion engines is novel. Unlike the internal-
combustion engines used in petrol-powered cars, external-combustion engines use heat
from an outside source to drive an engine. For decades, the idea of burning metal powders
has been used in fireworks and in rocket propellants, such as the sofid-fuel booster rockets
of space shuttles.

biomethane

r—-——-—-b

T slectricty
powrer genarator
ﬁ ~

blodigaster fertlisar

heat / slsctriclty
Fig. 8.1

The potential for metal powders fo be used as a recyclable fuel in a wide range of applications
has been largely overlooked by scientists. When metal powders are burned, they react with
air to form a non-toxic solid oxide product that can be easily collected for recycling, unlike the
carbon dioxide emission produced from the burning of fossil fuels that escape into the
atmosphere. lron could be the primary candidate for this purpose as millions of fonnes of iron
powders are already produced annually for the chemical and electronic industries. However,
more research needs to be done fo avoid carbon dioxide emissions associated with
traditional iron production using coal. While not perfected and commercialised yet, the use of
low-cost metallic fuels, like iron powder, is a worthy alternative to petrol and diesel fuels.

(@) ()  Farmers can easily detect when levels of hydrogen sulfide in the biogas
increase.

Explain why this is so.

(i}  Explain why hydrogen sulfide must be removed from the biogas.

......................................................................................................

...............................................................................................

[Turn Over
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(b} Buming biomethane from cow dung also produces greenhouse gases.

However, many people still think that it is worth using cow dung to generate electricity
on the farms.

Use the information provided to suggest environmental and economical reasons

why many people think so.
.@gﬂm.q“ P relavesmkissietrITesTeRR RN AR LS . {5]
{¢) lron powder burns in air to form iron{ilf) oxide, which can be easily collected and then
converted back to iron.
()  Suggesta reactantto convert iron(llf) oxide back to iron.
. [1]3

(i)  Use the information provided to explain why iron powder is considered a
recyclable fuel as compared to fossil fuels.

F D R LR A A R L L TR T L R R L S

M

[Total: 10]
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Section B

Answer one question from this section, -

The table shows some properties of five esters.

name structure relative | melting point | boiling point /
molecular °C °C
mass
methyl CH:COOCH; 74 -98 57
ethanoate
ethyt CH;COOCH;CHs 88 ~84 7
ethanoate
propyl CH3sCOOCHCH:CHs 102 ~05 102
ethanoate
butyt CHsCOOCHALHCHCHs 116 ~78 126
ethanoate
pentyl CHsCOOCH;CHCHCHCHs 130 -71 148
ethanoate

(@) These esters are part of a homologous series.

Using the data given, state two characteristics of a homologous series.

(b) The next member of the homologous series is hexyl ethanoate.

Explain why it is more difficult to predict the melting point than the boiling point of

hexyl ethanoate,

................................................................................................................

I e T o e PO

[Turn Over
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{€) At 25°C, ethyl ethanoate is a fiquid,

Explain how the data in the table shows this.

(d) ) Methyl ethanoate can be made from an organic acid and compound Y.

Draw the structures of the two compounds from which methyl ethanocate is
made.

organic acid compound Y

(2

(i  Hence, caiculate the maximum mass of methyl ethanoate that can be made
from 1.20 g of organic acid and excess compound Y,

2

[Total: 10]
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10 Food packaging used in industries produces a lot of waste which includes both glass and
plastic.

{a} One of the plastics that is commonly used in food packaging is polypropene which
is formed by addition polymerisation.

] Complete the equation by drawing the structure of polypropene.

HG A
\
C=C ——b
/N
H H

(1
(i)  With the aid of an equation, calculate the percentage yield of carbon

dioxide if 4800 dm? of carbon dioxide is released when 4.2 kg of propene
is burnt.

(6) Propene and cyclopropane are isomers.

H
H H
HSC\ / \C\ /H
/ \ C H
H M H/ I
H
propene cyclopropane

(i) Suggest how the structures of propene and cyclopropane show that they are
isomers.

.......................................................................................................

[Turn Over
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(i)  Describe a chemical test that can distinguish propene from cyclopropane.

........
.............................................................................................

(¢) The glass waste from food packaging can be melted at high temperatures and then
made into new objects.

()  Using the movement of particles, describe the changes in movement and
arrangement of the particles when melting occurs.

........................................................

-2
(i)  Glass waste contains SiOz.

In terms of structure and bonding, explain why this melting takes place at high
temperatures.

.......................................................................................................

12

[Total: 10]
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2025 Montfort Secondary School S4 G3 Chem Prelim Answer Key

PAPER 1
Q1 Q2 Q3 Q4 Q5
D D B A C
Q6 Q7 Qs Q9 Q10
c D A B A
Q1 Q12 Q13 Q14 Q15
C D D D A
Q16 Q17 Q18 Q19 Q20
c D D A A
Q21 Q22 Q23 Q24 Q25
B c D B C
Q26 Q27 Q28 Q29 Q30
A C B A C
Q31 Q32 Q33 Q34 Q35
B D C C B
Q36 Q37 Q38 Q39 Q4o
C B D D C
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PAPER 2
, Q | ANSWER ~TWark | QEMAR
1ai Cc 1
1aii | A 1
1aiii | D 1
taiv | G 1
lav_| C 1
lavi | G 1
1b bonding pair of electrons between C/ and H 1
6 non-bonding electrons on chiorine atom and no extra electrons
on the H atom(s) (1)
2a ALC, + 12H,0 — 4AJ(OH), + 3CH, 2
formula for aluminium hydroxide as product (1)
balanced equation (1)
2bi contains only carbon and hydrogen 2
contains single bonds only
2bii | Any two from: 2
HCI (1)
CH.CI (1)
CH.CI, (1)
CHCI; (1)
CCL (1)
2ci bond breaking endothermic AND bond making exothermic / energy 2
absorbed to break bonds in CH4 & O2 AND energy released on
making bonds in CO2 & H20 (1)
more energy released than absorbed (1)
2cii 3
%
L+ 3% f! i&?é
o ’%%
om0
froigant of pRElion
M1 products to right of reactants AND reactant level above product
level (1)
M2 enthalpy change shown as downward arrow AND labelled as
enthalpy change or A H (1)
M3 activation energy drawn to maximum of energy hump with an
upward arrow AND labelled (1)
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3ai

Rate doubles as concentration doubles (or reverse argument) (1)

3aii

Particles closer together / more particles in a given volume (or
reverse argument) (1)

Higher frequency of effective collision / more effective collisions
per second (or reverse argument) (1)

3aiii

Increasing temperature increases rate (no marks)

Particles move faster / particles have greater kinetic energy (1)
Number of particles with energy greater than the activation energy
is increased / higher frequency of effective collisions / more
effective

collisions per second (1)

3bi

Burning fossil fuels / burning named fossil fuel / volcanoes (1)

3bii

It is reformed / it is not used up / it is unchanged at the end of the
reaction (1)

4ai

anode (on left) and cathode (on right) correctly labelled (1)
test tubes / measuring cylinders over each electrode with open
ends dipping into the electrolyte (1)

4aii

positive electrode: chlorine / CL, (1)
negative electrode: hydrogen / H, (1)

4aiii

platinum (no marks)
inert / unreactive

4b

CL + 2Nal — I, + 2NaCl (1)

chlorine has displaced iodine in sodium iodide
/ chlorine has taken the place of iodine in sodium iodide (1)

b5a

3MoO, + 4Al — 2Al,03 + 3Mo (1)

-—

5bi

oxidation state in | oxidation state in

element reactants products

0 (1 for correct
row)

+3 (1 for correct
row)

molybdenum +4

aluminium 0

5bii

molybdenum(lV) oxide has been reduced as the oxidation state of
molybdenum has decreased from +4 in MoO, to 0 in Mo. (1)

aluminium has been oxidised as the oxidation state has increased
from 0 in Al to +3 in Al,O;. (1)

Since oxidation and reduction occur simultaneously, this is a redox
reaction. (no mark)

5c

molybdenum is less reactive (no mark)
as it has been displaced from its oxide / molybdenum(IV) oxide has
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been reduced by alumnium (1)

5di metallic bonding (1) 2
structure drawn to show cations in a ‘sea’ of delocalised electrons.
(1)
5dii | stronger electrostatic forces of attraction (1) due to higher number | 1
of electrons and protons present in Mo.
6a fertiliser formula 2
ammonium nitrate NH,NO; (1)
sodium phosphate Na,PO,
calcium nitrate (1) Ca(NOs),
potassium sulfate K.SO,
6bi H*+ OH > H.O (1) 1
6bii N H C 0 3
100 -
:;gg 467 67 20 (46.7+6.7+20)
= 26.6 (1)
no.of |46.71446.714| 6.716.71 20122012 26.61626.616
moles /
mol (1) | = 3.33571 =6.7 = 1.66667 = 1.6625
3. 3357 11.88216.71.66256 | 1.666671.66251.|1.66251.66251.
simplest [~ o5 ) .71.6625 666671.6625 66251.6625
ratio
=201 =4.03 =1.00 =1.00
empirical
formula N:H.CO (1)
6¢ farmer 2 is correct. (no marks) 3
the nitrate ions from calcium nitrate provides the nitrogen content
for healthy plant growth. (1)
ammonium nitrate will react with calcium hydroxide to form
ammonia gas (1) ;
which will escape from the soil and causes a loss in the nitrogen
content (1) required for healthy plant growth
7a at 150 °C, 60 % of ammonia is formed. at 400 °C, 20 % of | 2
ammonia is formed. / any correct evidence data from Fig. 7.1 (1)
as the temperature increases, the percentage of ammonia formed
decreases. (1)
7b at high temperature, the ammonia decomposes to form hydrogen | 1
and nitrogen. (1)
7c @)
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7d when the pressure of gaseous reactants increases, there are more
reacting particles per unit volume. (1)
this increases the frequency of collision and hence increases the
frequency of effective collision (1) between the reacting particles
and
thus, the rate of reaction increases. (1)

Tei there will be unreacted or more or excess nitrogen monoxide
released into the atmosphere together with less nitrogen and water
vapour/steam produced (1)

7eii | NO will react with air/oxygen to form NO, which reacts with
moisture and air (or water and oxygen) to form nitric acid (1)
which reacts/dissolves in water; to form acid rain which corrodes
limestone buildings/kills aquatic life (1) OWTTE;

8ai has a pungent smell (1)

8aii | when hydrogen sulfide is combusted, it produces sulfur dioxide
and sulfuric acid; which will corrode the metal machinery parts. Q)
hydrogen sulfide is toxic (1)

8b environmental: (any three)

* if cow dung is not used, the cow dung will also degrade
naturally to release methane which is a greenhouse gas;

e converting cow dung into biomethane to be used as biofuel
instead of letting it degrade naturally cuts down greenhouse
gases by 4%. this is because methane has a much greater
global-warming power than carbon dioxide;

e conserves use of the limited/non-renewable fossil
fuels/crude oil or

 the fertiliser made on the farm can reduce the synthetic
fertilisers made from fossil fuels/ crude oil;

BP~351




economical: (any two)

o cow dung is produced and/or collected directly on the farm
or on-site and biodigester is on-site so farmers save on
transportation costs and/or time; (reject easy to use)

e also cuts costs on using fossil fuels/crude oil for electricity;

e biomethane is a biofuel with high performance and high
purity;

o the fertiliser produced from the biodigester can be readily
used by farmers, saving costs from purchasing synthetic
fertilisers;

8ci carbon or hydrogen or carbon monoxide
8cii | iron(lll) oxide is a solid product which can be collected more easily
for recycling than the gaseous (or escaped) product, carbon
dioxide, produced from the burning fossil fuels, which easily
escapes into the atmosphere.
9a they have the (any 1 for 1 mark)
« same general formula of CnH2n+2COO where n is 22
- same functional group of COO
« Mr between successive members differ by 14 / molecular
formula between successive members differ by a ~-CH2
9b the melting point increases then decreases (no clear trend) (1)
but the boiling point increases as the molecular size / Mr increases
Q)
9¢c The melting point is below 25 °C and (1)
the boiling point is above 25 °C (1)
OR
25 °C is between (1) its melting and boiling point (1)
odi
H
o )
Y H-—C—OH
Ho O—H z
H
organic acid compound Y
(1) correct structural formula of organic acid
(1) correct structural formula of compound Y
9dii | no. of moles of acid = 1.20 g/ 60

= 0.02 mol
no. of moles of methyl ethanoate = 0.02 mol (1)

mass of methyl ethanoate = 0.02 x 74
=1.48 g (1)

BP-352



10ai

R g
:
b

n

10aii

203H5 + 902 - GCOZ + 6H20

no. of moles of propene = (4.2x1000)/42
= 100 mol

volume of carbon dioxide produced = 3 x 100 x 24
= 7200 dm3 (1)

percentage yield = 4800/7200 x 100%
=66.7 % (1)

ECF allowed for incorrectly balanced equation

10bi

both have the molecular formula C;H; but
the arrangement of atoms is different (needs to explain the
difference fully in their own words) (1)

10bii

reagent: Br, (aq) (1)

reddish brown bromine decolourises when added to propene but
remains unchanged when added to cyclopropane (1)

10ci

movement: from vibrate about fixed position to move throughout
the liquid (1)

arrangement: from very close, orderly arrangement to close but
disorderly arrangement (1)

10cii

has a giant molecular structure and strong covalent bonds
between atoms. (1)

a lot of energy is needed to overcome the bonds. (1)
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