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1 Which diagram shows the arrangement of partlcles inside a balloon containing a mixture of
the gases mtrogen and oxygen? :

| key
.8 nitrogen atom

O oxygen atom

2 The conical flask contains compound X which.is present in solid, liquid and gaéeous
- states, ' . ’

Which statement is correct?

A A g_aseous X molecule has a IoWer mass than a liquid X molecule.
Energy is released when X changes from liquid to sqlid; ,
Liquid X is at a higher temperature than solid X.

OO w

Liquid X molecules vibrate about fixed positions.

3 Which diagram represents the arrangement of particles in an alloy?

A B : - Cc D

S ek
SEE 1R
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The apparatus shown is used to distil a dilute solution of ethanol (boiling point: 78°C) in
water.

thermometer water out

fractionating
column

boiling flask

mixture of ethanol
and water

T

heat

Which graph shows a change in concentration of the ethanol in the boiling flask as the
distillation proceeds?

B

concentration

concentration
of ethanol

of ethanol

concentration concentration |
of ethanol of ethanol

time oé fime
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5  The graph shows the melting points (m.p.) of mixtures of lead and tin.

4000 , -400

m?‘of
pure lead

3004 ~300
melting

m.p.of. fnelting
point/°C

puretin  point/°C

200 . 200
100~ 100
0 50 100

% tin in the mixture

The graph shows that any mixture of lead and tin must have a melting point that is

A

B
C
D

above that of tin.

below that of lead.

below that of both lead and tin,
between that of lead and tin.

Natufally—occurvring bromine has a relative atomic mass of 80 and consists entirely of two

isotopes of relative isotopic masses 79 and 81.

What can be deduced about the naturally-occurring bromine from this information only?

A

B
C
D

A
B
C

‘Bromine contains the two isotopes in equal proportions.

Bromine has different oxidation states.

. Bromine isotopes have different number of protons.

Bromine is radioactive.

Which statement about diamond and graphite is correct?

Both diamond and graphite are used as abrasives.
Diamond and graphite have different arrangements of carbon atoms.

The carbon atoms in graphite have a different number of neutrons from those in
diamond.. -

The carbon atoms in both graphite én_d diamond have four covalent bonds.
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The complete combustion of 20 cm® of a gaseous alkane, Y, requires 130 cm® of oxygen.

Both volumes were measured at r.t.p..
What could be the identity of Y?

A butane . C methane
B ethane D propane

1.0 mole of CusFeS3 and 1.0 mole of O3 are allowed to react according to the equation.
2CusFeSs (s) + 702 (g) — 6Cu (s) + 2FeO (s) + 6S0; (g)
Which of the following is true?

A 0.286 mole of CuzFeSs is in excess
B 0.714 mole of CusFeSs is in excess
C 5.0 moles of O; is in excess

D noreagentis in excess

A solution containing lead(Il) ions is added to a solution containing iodide ions. A yellow
precipitate is formed.

What is the equation for the reaction that occurs?

A Pb*+ I — Pbl C Po*+I — Pbl
B Pb*+2I" — Pbl; D Pb*+2I - Pbl,

The diagram shows some of the stages in the manufacture of ammonium sulfate.

nitrogen pipe A pipe D
——p

and % ammonia ammonium
hydrogen sulfate

pipe B sulfur pipe C
sulfur and » dioxideand " sulfuric acid

From which of the connecting pipes would a major leak result in the highest increase in the
pH of the rain?

BP~439
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A colourless solution is known to contain a sodium salt..

Tests We_re carried out to determine t_hé identity of the anion in the solution.

test : : observation
dilute hydrochlonc acid - " : | * no reaction
dilute nitric acid followed by agqueous sxlver nitrate " no precipitate
dilute nitric acid followed by aqueous barium nitrate “no precipitate

WhiCh anion could the solution contain?

carbonate B chloride C nitrate D sulfate

Which equation represents a redox reaction?

A

B
C
D

" 4CUO + CH4 — 4Cu + 2H,0 + CO3

qu + Hy804 — CuSO4 + H.0
CuCO3 — CuO + CO2
CuSO, + 2NaOH —» Cu(OH), + Na»SO4

Dlsproportlonahon is a reactlon in whlch the same element is both oxndlsed and reduced.

Which reactlon is not an example of dlsproportlonatlon'P

A

B
o
D

- 2CuCl — CuClz + Cu

Cl> + 2NaOH — NaCl + NaOC/ + H20
2H202 — 2H:0 + O

2Pb(NO3); — 2PbO + 4NOz + Oz

What is the function of silica, SiO3, in the equation shown below?

A
B

A

B
Cc
D

Ca0 + Si0z — CaSiOs
“abasicoxide - € an acidic oxide
a reducing agent v ‘ ' D an oxidisihg' ageht

Which statement is true for both aluminium and iron?

“ Bdth are transition metals.

Both form amphoteric oxides.
The manufacture of both metals involves the reduction of the metal ions.
They are both normally manufactured by electrolysis.

. BP-440
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17  Which oxide is most readily reduced to the metal by heating in a stream of hydrogen?

A calcium oxide C sodium oxide
B iron(Ill) oxide D zinc oxide

18 The diagram compares the amount of carbon in two steels, P and Q.

4

amount of
carbon

Which two diagrams correctly compare the strength and brittleness of P and Q7?

4 1&
A strength britileness
P Q P Q
4 4
B strength brittleness
P Q P Q
F 'y
C strength brittleness
P Q P Q
IP A
D strength brittieness
P Q P Q

BP~441
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20

21

22
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not react with cold water.

When a piece of chromium is placed in lead(II) nitrate solution, crystals of lead appear.

‘What is the order of decreasing reactivity on the three metals Iead calcium and

chromium?

A

B
c
D

Aluminium is often used to make caps for bottles. When thrown away and buried in the

calcium, chromium, lead
calcium, lead, chromium
chromium, calcium, lead
lead, chromium, calcium

soil, the caps do not corrode.

Which of the following explains the observation above?

A

B
c
D

Aluminium does not react with acids.
Aluminium does not react with alkalis.
Aluminium is alloyed with other metals.

~ Aluminium is protected by a layer of oxide.

Which arrangement is used to electroplate copper onto a steel key?

In an electrolysis expenment the same amount of charge deposited 54.0g of silver and

electrolyte (positi\allg (:lj:ctrode) (nega’c(i:\?éhé(:lgitrode)
A aqueous copper(Il) sulfate piece of pure copper steel key |
'B | aqueous copper(Il) sulfate | steel key piece of pure copper
Cc aqueeus su|ftJric acid piece of pure copper steel key
D aqueous sulfuric acid steel key piece of pure copper

8.5g of vanadium.

What is the charge on the vanadium ion?

A

1+ B 2+ Cc 3+ D 4+

BP-442
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A simple cell can be made using two different metals as the electrodes and an aqueous
solution as the electrolyte.

Which statements about simple cells are correct?

1 Agreater voltage is produced using magnesium and silver than using magnesium
and copper.

2  The electrolyte is an aqueous solution that contains both positive and negative ions.
3  The more reactive metal will lose electrons more readily than the less reactive metal.

A 1,2and3 B 1and3only C 1only D 2and3only

Lithium and rubidium are both in Group I of the Periodic Table.
Which statement is correct?

A Lithium atoms and rubidium atoms have the same number of electrons in their outer

shell.
B Lithium atoms are larger than rubidium ions.
C Lithium ions and rubidium ions have the same number of electrons in their outer shell.

D Rubidium ions are larger than rubidium atoms.

Which statement about both the Group I and Group VII elements is correct?

A They conduct electricity when molten.

B They form covalent compounds when bonded to non-metals.

C They exists as diatomic molecules.

D When Group I elements combine with Group VII elements, ionic compounds form.

The table compares the strengths of the bonds for the reactions of Xz + Yz — 2XY.

Which reaction will be most exothermic?

bond in X2 bond in Y3 bond in XY
A strong strong strong
B strong strong weak
Cc weak weak strong
D weak weak weak

BP~443
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It has been suggested that the cars of the future could be powered by fuel cells. One type
of fuel cell uses the chemical reaction between oxygen and hydrogen to. produce
electricity. - _ v

What would be a disadvantage of using this type of fuel cell to power a car?

A A car cannot be powered by electricity.

B The hydrogen tank might split in an accident, leading to an explosion..
C The prodUct of the reaction between oxygen and hydrdgen is toxic.

D The oxygen‘would need to be obtained from air.

Nitrogen dioxide, NO2, is a dark brown gas that decomposes at equilibrium, as shown.

2NO:2 (g) === 2NO (g) + O2 (9)
dark brown colourless

~ The diagram shows a glass flask containing a mixture of the three gases.

The mixture is pale brown.

NO,, ; inlet for gas
NO. O, - "
mixture N

More oxygen'ié formed in the flask.

What colour changé is seen in the flask?

A There is no change.

B It turns colourless.

C It becomes darker brown..
D It becomes paler brown.

In the Haber process, nitrogen and hydrogen react to form ammonia.
N2 (g)+3Hz2(g)=> 2NHs (@) - AH=-92kJ
Which factor increases both the speed of reaction and the amount of ammonia produced?

A addition of a catalyst

B decreasing the temperature
c ihcreasing the pressure

D increasing the temperature

- BP-~444
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30 A sample of clean, dry air is passed over hot copper until all the oxygen in the air reacts
with the copper.
clean dry air
l copper
‘Bﬁ)1;1|‘w| U N O v | Z

31

32

33

_

The volume of air decreases by 30 cm3,

What was the initial volume of the sample of air?

A

60 cm?® B 100cm® C 150 cm®

Why are catalytic converters fitted to car exhausts?

A

B
o
D

to decrease the amount of carbon dioxide emitted
to decrease the amount of nitrogen oxides emitted
to improve energy conservation

to reduce global warming

Dry air is a mixture of gases of which 99% is nitrogen and oxygen.

What is the main constituent of the remaining 1%?

A
B

argon C hydrogen
helium D water vapour

The diagram shows ethanol burning in a sealed jar.

air - — Jar
Y1 ethanol
vy 7YY
The mass of one gas in the jar does not change.
Which gas is this?
A carbon dioxide C oxygen

B nitrogen D water vapour

D 300cmd

BP~445
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34  The diagram shows the fractional distillation of crude oil.

fraction

fﬂ{ffiji“w«»?
fractionating ™ Q

- column .
| - .

— >3

- grude ot —T l 7

Which statement is correct?

A

B
c
D

Each fraction consists of a single compbund. '

_ Fraction P has the highest boiling point.

The highest témperature is at the top of the column.
The naphtha fraction is used as feedstock for the chemical industry.

35 Which property of a liquid ester can be used to check its purity before use as a food

flavouring?
A boiling point C smell
B

colour o ’ D solubility in water

36 Which C'o'mpoundi'is the most viscous and the least flammable?

A

CeH14 B CsHis C  CioHz D Ci2Hos

37 How many of the following structures show an unsaturated 'hydrocarbon molecuie?

o)
. 0O /
O=C=0 . CH,—CH==CH, Il CH,—C,
CH,—C—CH,CH, N

BP-446
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H H H
| [ |
T
H H H

Which of the following is an isomer of propan-1-ol?

A c
H H H H H
| |1
H=—C—G—C==0 C=C—GC—O0H
|1 | | |
H H H H H
B D
H H H H H
| || ||
T e
H H H H H OH

39 The diagram shows a section of a polymer.

T

Which alkene is used to make this polymer?

A CH3;CH=CH:

B CH3;CH2CH=CH:

C CH3CH2CH=CHCH:
D CH3CH=CHCHj

BP-447
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The diagram shows the partial structukes of two different polymers.

Ty o
—T—E—T+>|I<>II<—

V4 z

Which chemical symbols should replace W, X, Yand Z?

| w X Y z
A c N H 0
B| N H 0 c
c o c H N
D o) c N H

“ END OF PAPER

'BP-448
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Section A
Answer all the questions in this section in the spaces provided.

A1 Fig. 1.1 shows part of the Periodic Table.

He

At | Si P S Cl | Ar

Fe | Co Ni Cul| Zn| Ga| Ge | As | Se Br Kr

Fig. 1.1

Answer the following questions using only the elements shown in Fig. 1.1.
Each element can be used once, more than once or not at all.

Write the symbol for
(@) anelementwhichis used as agas in balloons, ... [1
(b) an element which forms an ion of type X3, .. [1

(c) an element which is a catalyst for the production of
ammonia, e [1]

(d) two elements which combine to form a compound that
causes acidyan, ... and .......... 1]

(e) an element which forms ions in aqueous solution which
gives a white precipitate on reaction with acidified silver
nitrate. [11

[Total: 5]
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A2 Chlorophyll is a green pigment foLlnrd in green leaves. ‘Old’ chlorophyll can decompose
into phaeophyﬁn a grey pigment molecule.

A student carrled out a chromatography to compare the extracts of splnach leaves
obtained from two different sources. , ,

Fig. 2.1 shows the results on the chromatogram.

C)

(b)

(c)

-«
-‘ o -
-
g

. . p2om

o o o o o ocm
! TN
chiorophwli xanthophyl phaeophytin extract from extract from
‘ frozen spinach  market spinach

Fig. 2.1

'Using the information in Fig. 2.1, describe the result obtained for the extract from

frozen spinach.

Calculate the Rt value of chiorophyll in the experiment.

R value of chlorophyll ...........ccciennnnene [1]

The student concluded that the spinach bought from the market is fresher than the

“frozen spinach bought from the supermarket.

~ Using the information in Fig. 2.1, explain his reasoning.

[Total: 3] '

' BP-452
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Silicon has three naturally occurring isotopes.
Complete Table 3.1 for two of these isotopes.

Table 3.1
isotope 2g;j 30gj
atomic number 14
number of neutrons 14
nucleon number

(2]

Silicon(IV) chloride is a simple molecular compound and exists as a liquid at room
temperature.

(i) Suggest two physical properties of silicon(IV) chloride, other than solubility.

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

(i) Draw a diagram to show the arrangement of electrons in a molecule of
silicon(IV) chioride. You only need to show outer shell electrons. '

21

BP~453
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(c) Silicon(IV) chloride reacts with water to form silicon(IV) oxide and an acidic product.

Fig. 3.2 shows part of the structure of silicon(IV) oxide.

Key
@ silicon atom
O oxygen atom

Fig.3.2

(i) Construct an equation, including state symbols, for the reaction between
silicon(IV) chloride with water.

(if) A student claims that the physical properties of silicon(IV) oxide is similar to
: that of silicon(IV) chloride. '

Explain, in terms of structure and bonding, why the student’s claim is wrong.

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

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

[Total: 10]
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A4 Methane, ethane and propane are all gases at room temperature.

(a) State one possible environmental consequence of the presence of methane in the
atmosphere.

(b) Ethane reacts with chlorine in the presence of ultraviolet light to give a number of
different compounds.

A 1.00g sample of one of these compounds contains 0.040g of hydrogen, 0.242g of
carbon and 0.718g of chlorine.

(i) Calculate the empirical formula of this compound.

empirical formula e 2]

(i) The relative molecular mass of the compound is 99.
Deduce the molecular formula of the compound.

(¢) (i) Explain why propane diffuses faster at 100°C than at 60°C.

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

(ii) Explain why diffusion could be used to separate a mixture of methane and
propane.

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

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

[Total: 7]
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A5 Lead is widely used to make lead-acid car batteries.

‘Lead can be extracted from cerrusite, PbCOj3, in a two-stage process.
Stage1  PbCOs; — PbO + CO; |
- Stage 2 - PbO +C —> Pb+ CO

(a) Explain if the reaction from stage 1 is exothermic or endothermic.

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

(c) In the laboratory, two experiments were set up‘using lead metal, as shown in
Fig. 5.1. :

Both experiments were conducted at room temperature of 25°C.

— - —

fa £

© lead metaig lead metal

aqueous
copper(Il)
sulfate

Fig. 5.1

For each experiment, describe what you would observe and how you would test any
gas(es) evolved, if any. Write an equation for any one of the reactions in Fig. 5.1.

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

T T L L R N R R LR LR
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A6 Molten zinc chloride can be electrdlysed using the apparatus as shown in Fig. 6.1.

ll

graphite
cathode

graphite
anode

molten zinc chloride

heat

Fig. 6.1

(a) Explain why zinc chloride conducts electricity when molten, but not when solid.

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

......................................................................................................... [2]
(b) Predict the products of this electrolysis at

the ANOAE, ....iveeerieiiciri e [1]

the Cathode. ......veevveeeereeesreieseree e R ....................... 1]

(¢) When a dilute aqueous solution of zinc chloride is electrolysed, hydroxide ions are
converted to oxygen at the anode.

Write the ionic equation for the reaction that happens at the anode.

(d) Describe a positive test for zinc ions.

BP~457
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‘Solid zinc * chloride absorbs ammonia to . form - tetra-ammine  zinc- chlonde
[Zn(NH3)4]Clz

ZnCl, + 4NH3 — [Zn(NH3)4]Clz

Calculate the maximum yleld in grams, of tetra-ammine zinc chlorlde formed when
3.4g of zinc chloride reacts with excess ammonia.

21

[Total: 9]

BP~458
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A7  This question is about the large scale production of ethanol.”

(a) Ethanol can be made by reacting ethene with steam in the presence of a catalyst.
C2H,4 (g) + H20 (g) ===> C2Hs0H (g)

Fig. 7.1 shows how the percentage yield of sthanol changes as the pressure is
changed at three different temperatures.

90§ Lo 300°C
80
704 :
60 SEe 2nis
Percentage L

yieldof 50 i ginsanecs
ethanol 40 = A i

EXR
bodordd

i3,

400°C

500°C

30 4%
20§
104
G

0 50 100 150 200 250 300
Pressure in atmospheres

Fig. 7.1

Fig. 7.2 shows how the rate of reaction changes as the temperature changes at
three different pressures.

7

80 atmospheres

6

5

Relative 4
rafe of _
reaction 3 : 4

S

2 ' i EERERE ==

40 atmbspheres

1 oot
0 ; i et 20 atmospheres
100 150 200 250 300 350 400

Temperature in °C

Fig. 7.2
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in one process for the reaction of ethene with steam, the conditions are:

e - 300°C
o 65 atmospheres
e acatalyst

Use the information in Fig. 7.1 and 7.2, and relevant chemistry knowledge, justify
why the above three conditions are used.

.........................................................................................................
g
.........................................................................................................
W Me R b e e R e e s E A B N K B AN e A K T e & R e RN B R e R RN KK AN N KN N KBRS E NN R RS E R KN SRR R R AN N NN N BTSRRI AR NN R RN
.........................................................................................................
R R I T N N R R I I R N N R RN R

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

(b) Other than the reaction of ethene with steam, ethanol can also be manufactured on
~ alarge scale by the ferm_entation of sugar.

Compare these two processes of making ethanol, in terms of

» the rate of reaction, ,
e concentration of the ethanol produced,
» the use of finite resources.

.........................................................................................................
---------------------------------------------------------------------------------------------------------

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

[Total: 9]
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Section B
Answer all three questions in this section in the spaces provided.

The last question is in the form of an either/or and only one of the alternatives should be
attempted.

BS Fats and oils are triglycerides formed from the condensation reaction of propane-1,2,3-triol

with long chain carboxylic acids (fatty acids). Each triglyceride is formed from three fatty
acids.

Fig. 8.1 shows the structural formula of a triglyceride likely to be found in peanut oil.

0O
Il
HzC—0—C—(CH2)14CH,

, 1
HG——0— C— (CH2)7CH=CH(CH_);CHs
0
HyC 0= C ~—(CH,);CH=CHCH,CH=CH{CH,) ,CHa

Fig. 8.1

A triglyceride is considered a fat if it is a solid at 25°C, whereas it is considered an oil if it
is a liquid at 25°C. These differences in melting points reflect the differences in the degree
of unsaturation and molar mass of the constituent fatty acids.

One method for checking the unsaturation level in fatty acids is to determine the iodine
number. lodine number is the number of grams of iodine consumed by 100 g of fat or oil.
A higher iodine value indicates a higher degree of unsaturation.

Table 8.2 shows average figures for the percentage fatty acid composition of some
common fats and oils.

Table 8.2
% % polyunsaturated fatty acids
source of fat or % saturgted monouns;atura’ged ‘
oil fat(t'c};ta‘aci;ds fatty E:g% éle|c linoleic acid linolenic acid
(Cr7HssCOOH) (C17H31COOH) | (C17H20COOH)

beef fat 59 38 3 —
coconut oil 90 8 2 —
corn oil 25 26 47 2
cotton seed oil 22 35 43 —
olive oil 15 78 7 —
soybean oil 14 28 50 8
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The polyunsaturated/saturated (P/S) index of a fat or oil is the ratio of polyunsaturated fat
to saturated fat. It is sometimes used to compare the relative health benefits of different
fats and oils in the diet.

The above ipassage is modified from hz‘tos://ZO?ébooks.lardbucket.orq/books/introductiomtmchemiﬁm
general-organic-and-biological/s20-lipids.htmi.

(a) (i) State the chemical linkage which is observed in Fig. 8.1.

(i) Identify the by-product formed for the reaction of propane-1,2,3-triol with three
~ long chain carboxylic acids (fatty acids).

(iii) Draw the structural formulae of two reactants that are used to produce the
triglyceride, as seen in Fig. 8.1.

e reactant 1: propane-1,2,3-triol

o reactant 2: one of the carboxylic acids

(2]

(b) Using the information in Table 8.2, deduce and explain which fat or oil has the
lowest iodine number.
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(c) Although cotton seed oil and corn oil have similar iodine numbers, the melting point
of cotton seed oil is higher than that of corn oil.

Suggest an explanation, in terms of the structure and bonding, in these two oils.

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

R I e T T R R R R AN R R

(d) Linoleic acid is a polyunsat_urated fatty acid with molecular formula of C17H31COOH.

How many double bonds between carbon atoms are present in one molecule of
linoleic acid? Explain your reasoning.

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

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

(e) A P/S value of greater than 1 is considered beneficial for health.

Calculate the P/S index of coconut oil and soybean oil, giving your answers to 3
significant figures.

Hence, determine which oil, coconut oil or soybean oil, is more beneficial for health.

[Total: 13]
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B9 (a) A series of experiments was carried out to compare the rate of reaction of acid with
magnesium under different conditions.

Excess magnesium and 25.0 cm® of acid were used. The conditions for each
experiment are shown in Table 9.1.

Table 9.1
erperiment | P v
A lumps 0.1 mol/dm? HC!
B lumps 0.2 mol/dm?® HC!
Cc lumps 0.1 mol/dm® CH;COOH
D powder 0.2 mol/dm?® HCZ

The gas evolved was collected and its total volume was measured every 30 seconds
for 10 minutes. The results obtained for experiment A and B were plotted in Fig. 9.2.

v-eiumg ofgas/cm®
A
60 b Experiment-B
d e I(
40 P !
A Experiment-Al
’/‘/ L _———
rd ol
| iN'd e
)'
20 'l
A/ o
l/ o
4/
d" o~
/ Ve
4.4 , , ,
A i :
§
...‘? EEN .
] 2 4 6 8 10 time/min

Fig. 9.2

() Sketch on Fig. 9.2 the curve 'that’you would expect for experiment C,
assuming that the reaction ended at the tenth minute. Label this curve as
‘Experiment C’. -

[1
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(i)  Explain, in terms of collisions between reacting particles, why there is a
difference in the initial rate of reaction between experiments B and D.

.................................................................................................
-------------------------------------------------------------------------------------------------

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

(b) The acids from experiments A and C are used in titration experiments with
potassium hydroxide.

In experiment A-2, 0.1 mol/dm?3 of potassium hydroxide was added from a burette to
24.0 cm?® of dilute hydrochloric acid. A pH probe attached to a computer measured
the pH during the titration experiment.

Fig. 9.3 shows the results.

14

§ (=t

pH &

fox

(M mnsnsnan : : A e . volume of KOH / cm?
0 10 90 30 i 50

Fig. 9.3

In experiment C-2, 0.1 mol/dm?® of potassium hydroxide was added from a burette to
24.0 cm?® of dilute ethanoic acid.
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(iii)
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Using the graph in Fig. 9.3, state the pH value of hydrochloric acid used in
experiment A-2. ’
................................................................................................. [1]
The pH value of the ethanoic acid used in experiment C-2 is 4. On the
same axes on Fig. 9.3, sketch the curve you would expect for this 1
experiment. Label this curve as ‘C-2’. [1]
The acids used in experiment A-2 and C-2 have the same concentration.
Explain why they have different pH values.
................................................................................................. [2]

[Total: 7]
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EITHER

B10 This question is about the chemistry of chlorine and some of its compounds.

(a) Describe, with the aid of an ionic equation, the reaction of chlorine with aqueous
potassium bromide. Explain why this reaction involves the reduction of chlorine.

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

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

(b) Describe a way to prepare a dry, pure sample of silver chloride, AgC/, from silver
metal. _

Use the following information to help you

silver does not react with dilute hydrochloric acid,

silver reacts with hot concentrated nitric acid to form silver nitrate,
all nitrates are soluble in water,

silver chioride is insoluble in water.

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

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

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

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

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

.........................................................................................................
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The ozone layer in the atmosphere contains ozone, Os.
The ozone absorbs ultraviolet light and breaks down to form oxygen.

ultraviolet light
203 » 302

The ultraviolet light provides the activation energy for the reaction.

Fig. 10.1 shows the energy profile diagram for the above reaction.

= —427 kJ

energy
© |
e i
B

I .

reaction progress———————>
Fig. 10.1

(i) Chlorine atoms, pollutants in the ozone layer, catalyse the reaction that
breaks down ozone and increase its rate.

Sketch the energy profile of the catalysed reaction in Fig. 10.1. [1]

(ii) Explain, in terms of energy and particle collisions, how a catalyst increases the
rate of reaction.

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

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

[Total: 10]

BP~468



BP~469

459
20

OR
B10 (a) Some metal carbonates, when heated, decompose to produce carbon dioxide.

Fig. 10.2 shows the results from an investigation on the rate of decomposition of four
metal carbonates.

100

CuCO3
80

volume of carbon

dioxide/ em? 80 MgCOs
Li2COz
40 CaCOz
20
0 fime/ min

Fig. 10.2

In each experiment, 1.00 g of metal carbonate was heated to the same temperature
using flame of the same intensity. The volume of carbon dioxide produced was
measured at every minute interval.

(i) Suggest why very little carbon dioxide was collected at the start of each
experiment.

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

(i) Using the information in Fig. 10.2, explain why the decomposition of metal
carbonates were not completed at the end of the investigation.

.................................................................................................
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_(iiiy Using only the information in Fig. 10.2, state and explain which metal
carbonate decomposed at the fastest rate.

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

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

(iv) Describe and explain how the volume of carbon dioxide will change with time if
sodium carbonate was used for the experiment.

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

Two samples of a copper ore have been discovered. They contain different amounts
of copper(Il) carbonate but no other carbonate.

When excess dilute acid is mixed with the powdered ore, a gas is produced. The
volume of gas evolved is a measure of the amount of copper(Il) carbonate in the
ore.

Outline an experiment that compares the amounts of copper(Il) carbonate in the two
different ores. You may include a diagram if it helps you to answer the question.

R R R O T N R o N N NN N RN KRN
.........................................................................................................
.........................................................................................................
.........................................................................................................
P T L L L L R R R P R RN
.........................................................................................................

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

[Total: 10]

END OF PAPER
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SECONDARY FOUR CHEMISTRY PRELIM EXAM MARKING SCHEME

PAPER 1 [40 marks]

Secondary Four Express Chemistry
Preliminary Examination 2018 Murking Scheme

1 2 3 4 5 6 7 8 9 10
c B D | C B A B A B D
11 12 13 14 15 16 17 18 19 20
A c A D o o] B A A D
21 22 23 24 25 26 27 28 29 30
A c A A D C B D C c
31 32 33 34 35 36 37 38 39 40
B A B D A D A B B D
PAPER 2 [80 marks]

Section A [50 marks]

Al

(a)

(@)

[Overall of 1 m will be deducted if randsri,mm nevar {ollow ths instruction to write
chemical symbol.} :

(a)

(b)
(c)

(@

(b)

He[] (b) NP/AsM] () Fe[f] (d) S and O/Nand O/ CandO (1]
CI[1] |

Thg extract from frozen SPI@Ch contams xanthaphil; chlorophvll Dhaeophvtln and @

Ri =-§- 0,500 (3.sig. fig:) (1}
The frozen spmach containg the old’ chlorophyll phaeophytin, [1] indicating that it is

- no longer fresh. <. The spinach. bought from the market does not contain the ‘old’

chiorophyll Qhaeoghx_tl

[1 ro for gvery 2 carrect answers; max. of 2m]

: 'i‘sb't»'c;pe 28i 08
atomic number 14 14
humber of neutrons 14 16
hucleon number 28 30

(i) 1 mforany correct answer; max. of 2 m:

- low melting point and boiling point
- poor electrical conductor / cannot conduct electricity /good insulator
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{i) [1 m for showing 1 Si atom with 4 CI

atoms;

1 m for showing correct number of
electrons, including the sharing of
electrons]

(¢) (i) SiCl (1) + 2H20 ()) — SIO; (s) + 4HCI (aq)
[1 m for alt correct chemical formulae and balanced equation; 1 m foralf
correct state symbols]

{ii) 1 m for mentioning SiO2 havmg a
_ (whereas SiCl4 has a simple molecular structure)

1 m for any following description related to bonding:

- each silicon-atom is covalently bonded to 4 oxygen atoms: and eadh oxygen'
-atom is covalently bonded to 2 silicon atoms

- the sfrong coevalent bonds in silicon(Iv) oxide are diffic
hence, has a high melting point, unlike silicon(x
van def Waals forces of attraction / weak intet
between the molecules that is easy o gvercome -anel ‘heneeé, h
melting point

causing global warrning

A4 (a) Methan

c
Mass/g 0.242
A N )
No. of | 0242 H
moles: | T3 =0 02016
Ratio .02

Gy |

) Gy
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A5 (a)

(b)

(c)

A8 (a)

(b)

()
(d)

e)

-across to conduct electrlcny [t} -+ There are f

Endothermic [1], because heat is taken in during decomposition [1] to break down
the lead(1I) carbonate into smaller compounds.

Carbon monoxide is a toxic (goxsonous) gas/pollutant

“28ii8 to form a

Reject: CO is an air polfutant / causes éeath { breathing difficully as no sdentific
explanation was given.

Reaction of lead metal with agueous conper(Il} suffate;

Observation: blue copper(Il) sulfate fades (tums colouriess) / Reddish-brown (pink)
deposits seen. [1]

Equation: Pb + CuSO4 — PbSO,4 + Cu {2]

Reaction of lead metal with dilute sulfuric acid

Observation: no visible (observable) change - white deposits on lead metal [1]
Reject : Efferevescence (bubbles) seen. / Hydrogen gas evolved, which
extinguishes the lighted splint with a ‘pop’ sound.

Equation: Pb + H280s — PbS04 + Hj [2] (but reaction will NOT go to completion)

When molten, the strong electrostatic forces of attraction between the oppositely
charded ions, Zn?* and CI, are overcome. ~ |h solid state, the oppositely-charged
ions are held together by the strong electrostatic forces of attraction and can only

vibrate about in fixed position. [1]

In molten state, the iGAS can slide around / mov

state.

at anode: Chiorine gas evolved. (2Ci7(1) — Ciz (g) +2e7) [1]
at cathode: Zinc metal deposited on the cathode. (Zn(}) + 2e” — Zn(s)) [1]
40H(aq) — 2H:0(1) + O2(g) + 4e™ [1]

Test add ageuous sodium hydroxide (agueous ammonia) dropwise, followed by in

excess [1]

Observations: White precipitate, soluble in excess giving a colourless solution {1}
M, of ZnCi, = 65+ 355 + 35.5 =136

No. of moles of ZnCi, = fgg = 0.025 mol. [1]

No. of moles of [Zn{NHs)4]Cl, = 0.025 mol.

M of [Zn(NH3)4]Clz = 65 + 4(14 + 3) + (35.5 x 2) = 204
Marce Af T Zn/NMH NI =NNE 204 = 5 100 (R cia fig ) T43
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A7 (a) Temperature:

A lower (higher) temperature gives a higher (lower) yield
or A higher (lower) temperature glves a hlgher (lower) rate [1]

Press ure!

A higher pressuré gives a higher yield (increase in yield gets less as pressure
increases)

or A higher pressure gives a higher rate (increase in rate increases as pressure
increases) [1] , ,

Catalyst: using a catalyst speeds up the reaction [1]

Compromised conditions:

A higher pressure gives a higher rate and thereby a higher yield but jncreases costs
and/or risk [1]

rate resulting in ver

(b) Formation of ethanol is faster for reaction of ethene with steam/ faster reaction
between ethene and steam (slower for fermentation)

Concentration of ethanol is higher for reaction of ethene with steam (lower for
fermentation) [1]

such as crude oil is used to produce ethene neede_d for the
reaction of ethene with steam while renewable resources such as | shd &l
are used to extract sugar for fermentation [1] -

Section B [30 marks]

B8

(a) (i)‘ Ester linkage [1] (i) water/H,0[1]
(iif)  Structural formula of propane-1,2,3-triol:
H:O—O— H
HC—O—H
H:0-0- H

Structural formula of one of the carboxylic acids:

il I
HO —C —(CHy)14CH3 / HO = C = (CH4)7CH=CH{CH2);CH3 /
O .

I
HG- C —(CH);CH=CHCH CH=CH(CH2CH3 )

(b) Coconut oil [1], as the P&
which is the lowest.

(c) NOTE: Since cofton seed molecules and corn oil molecules have simifar iodine
' numbers, their melting points is not dependent on the degree of unsaturation.

Cotton seed oil (molecules) have higher molar mass / relative molecular mass than
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(d)

()

B9 (a)

(b)

com oil {molecules) [1]. More enerdy is needed to overcome the stronger
intermolecular forces / Van der Waals' forces of attraction beiween the molecules.
[1] or Corn oil (molecules) have lower molar mass / relative molecular mass than
cotton seed oil (molecules). Lesser energy is needed to overcome the lesser
intermolecular forces / Van der Waals’ forces of attraction between the molecules.

Reject: the phrase ‘bonds’ in replacement of ‘forces’, ‘break’ in replacement of
‘overcome’, and ‘atoms’ in replacement of ‘molecules’

Since general fomula of carboxylic acid is CnHan.1 COOH, &
18 carbon atoms should have a molecular formula of Ci7H5s

Since ~ rege ‘ ' bon
double bond in each molecule each moleculs of linolsic acid (C17H31COOH) W|ll
contain fwo carbon-carbon double bonds. {1]

P/S of coconut oil = == 0.0222 (3 sig. fig.) [1]

50+

P/S of soybean oil = =4.14 (3 sig. fig.) [1]

Soybean oil [1] is more beneﬂaal for health than coconut oil.

(i) [1m for correct curve drawn, such than shallower gradient and same volume
of gas collected as compared to Experiment A}

(ii) Powdered magnesium was. used in Experiment D, indicating that more surface
area is exposed for more collisions [ 1] to occur. Hence. initial rate of reaction
is higher {1} than that of Experiment B. :

or Magesium |umps was used in Experime’n't B, indicating that lesser surface
area is exposed for |esser collisions to occur. Hence, initial rate of reaction is
lower than that of Experiment D.

iy pH1.1{4

(i) {1 w tor smdar curve to A-2, except for an initial pH value of 4 (same
vohane of KOH used & same height at the end of the reaction)]

(iiiy In experiment A, hydrochloric acid, a sfrong acid, ionises/dissociates
completely to produce a lot of hydrogen ions, while in experiment C, ethanoic
acid, a weak acid, |on|sesfd|ssoc1ates partially to produce litfle hydrogen ions.

[1]

1 m for fipl
of the following:
- Ethanoic acid has a lower concentration of hydrogen ions and therefore has

a higher pH value.
- Hydrochloric acid has a higher concentration of hydrogen ions and therefore

has a lower pH value.

s, with any one

BP~477



Seng Kamg Secondary Schoot _ 468 Secondary Four Express Chemistry
Depcwtment of Science : Preliminary Examination 2018 Marking Schéme
EITHER

B10 (a) Chlorine is more reactive than bromine, and hence d lsglaces bromine from
potassium bromld e (its salt solution). [1]

Reject: chemicél equation

Chlorine is reduced due fo a decrease in its oxidation state from Q to -1,

o chlorine is reduced due o a gain in electrons.

{(b) Step:

1)

2)

3)

8)

5)
© @
(i)

Add exEéss silver metal to the hot concentrated nitric acid to form aqueous
silver nitrate. [1j

Filter to collect the aqueous silver nitrate as filtrate / to remove the unreacted
silver as residue.

Add agueous silver nitrate to sodium chloride (or any soluble chlorlde salt) to
produce the white precipitate of silver chloride. [1]

Filter to collect the silver chloride as the residue. [1]

(optional) Wash the residue with deionised water and dry between filter
papers.

{1 m for showing a lower Ex but with same height for energy level of
rpactants and products]

The catalyst provides a lower activation energy, whereby more colliding
particles possess energy equal o or greater than the activation enerdy. [1]

The number of effective collisions increases, leading to higher rate of formation
of product particles. [1]
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OR

B10 (a) (i) Energy was still being absorbed to pyercome the activation energy / most

(b)

(i)

(iii)

(iv)

Step:
1) Measure 50g

2) Measure 25.0cm3 of 0.1 mol/ dm3 dilute hydrochloric  acid (or BhY. Approphate

F‘a;:lctant particles have insufficient activation ehergy 1o undergo decomposition.
Accept: litlle or not enough energy for decomposition

Reject: ‘break’ in replacement of ‘overcome’

Volume .of carbon dioxide has not reached a constant / is still increasing at the
end of 5 minutes. [1]

Accept: CO; was still being produced

Copper{ilj carbonatef CuCOs [1]

Highest volume of carbon dioxide produced per unit time f most carbon dioxide
produced throughout the experiment. [1]

qde will be collected as time pass / volume of carbon dioxide
remalns zero / volume of carbon dioxide collected will be a horizontal / straight
line. [1]

Sodium carbonate is stable to heat / does not decompose upoh heatina / verv
1 / hard to decompose sodium carbonate / sodium carbonate is thermally

0g (or any reasonable mass) of one of the copper ore using an
electronic balance and transfer into a conical flask. [1]

d¢id) using a pipette (or use a measunng cylinder/burette to measure volume
of any other acid). [1}

3) Setup the apparatus as shown. I

gas syringe

P,f-retort stand

conicat flask

1

4y Record the final volume of carbon dioxide gas produced.
5) Repeat step 1 to 4 for the other copper ore. -

The ore that gives out more gas contains more copper(Il) carbonate. [1]
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