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1 A new substance was discovered and a series of experiments were conducted on it.
Which observation suggests that the substance cannot be an element?

It dissolved in water to form a colourless solution.

It had a fixed melting point.

Electrolysis of the molten substance formed two products.
When heated in air, it could form two oxides.

gaow>

2  The gas jar contains compound W which is present in the solid, liquid and gaseoué

states.

4—t— gasecus W

—0_"0_| —liqudw

——
——

: |0 B}——solidw

Which one of the following statements is correct?

Gaseous W molecules move at fixed position.
Energy is released when W changes from gas to liquid.

_ A gaseous W molecule has a lower mass than liquid W molecule.
Energy is released when W changes from solid to fiquid.

cCOoOw >

3 You are given a mixture of methylbenzene and dilute aqueous solution of copper(li)
sulfate. Methylbenzene bolls at 111°C and is insoluble in water. To obtain samples of
methylbenzene and copper(il) sulfate crystals, which two methods would you employ?

, Method 1 Method 2
A using.of a separating funnel evaporation

B fractional distillation _crystalilzation
c simple distiliation - evaporation

D using of a separating funnel crystallization

4 In paper chromatography, which of the following is true of the substances in the

mixure?

A They have the same R, value.

B . They are soluble in the soivent used. -
C They are coloured.

D

They are piaced such that the spot is just below the liquid.
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Deuterium .is an isotope of hydrogen and has the symbol D. Which formula is
incorrect for a deuterium compound?

A ZnOD

B CD3CO.D
C C2D4B 2
D D0

Which one of the following ions has the most shells that coniain electrons?

Be®
sz-
02"
Mmg®

oo0Ow>

An organic molecule has the structural formula:

H
[.

H~—C=C—C—H
|

H
What is the total number of shared pairs of electrons?
A 12
B 10
c 8
D 6

The table gives information about three solid substances, L, M and N.

Test on Resuits
substances. L M N
: o . Non-conductor in
Electrical Ng"?“‘f}f‘%‘“ ' ‘G‘;‘;‘:hmg‘}’;"“’; M1 solid state but
conductivity {olfsis o eoiond | good conducor in
- Iquvl state qu , -slates liquid stat o
Hit with a hammer No change Flattened Shattered
What could these three substances be?
L ' M N
A bromine zinc calcium oxide
B silicon dioxide sodium copper(ﬂ) sulfate
C iodine copper methane
D sodium sulfur “sodium chloride
Methodist Girls’ School Chemistry Paper 1
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Which statement explains why aluminium oxide has a high melting point?

There is a strong force of atfraction between the ions and the delocalized
electrons.

The structure of aluminium oxide is similar o that of: ssixcon(lV) oxide. ‘
Aluminlum atoms and oxygen atoms are )omed !ogether by very strong tnple

" covalent bonds. i

There is a very strong force of attrachon beiween the a!umnmum ions and the
oxide ions. .

1 0 The equation shows the reaction between oxide of the metallic element X and dnlute
sulfuric acid.

XO(aq) + H804(aq) — XS0, (aq) + H:O ()

Which particles dre responsible for the electrical conductivity in X, XO and XSO4?

g0ow>»

X | X0 . —_XSO,
cations electrons electrons
cations and anions anions cations
electrons electrons cations and anions
electrons cations and anions cations and anions

I In moving across Period 3 from Group [ to Group Vi, the elemems

OO B>

1 have oxides whose characteristics change from acldic to basic.
have mass numbers differing by one unit.
3 . show a gradual transition In properties from metallic to non-metalilc
. properties.

3 only

2 only
1and 2
1,2and3

12 Phosphorus and nitrogen are both in Group V of the Periodic Table. Which fons would
be produced when phosphine, PH3, dissolves in water?

OO wW>»

PH,*, OH~
PHy’, OH™
PH,', H*
PHy', H'
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13 Element Y forms the compound Na,YO,. Which prOpeny of the compound shows that
element Y is a transition element?

A Aqueous NazYO.gives a precipitate with aqueous lead(ll) nitrate.

B Aqueous Na,YO. can be produced by reacting an oxide of Y with' aqueous X
sodium hydroxide.

c Acidified agueous N82Y04 oxidises aqueous iron(il) sulfate.
D Aqueous Na,YOu has a yellow colour.

14  Sulfur trioxide decomposes according to the following equation:

280; ~» 280,+0:

What is the total volume of gas produced from the decomposition of 100 cm? of sulfur
trioxide (all volumes of gases being measured at r.t.p.)? :

A 200 cm®
B 100 cm®
¢ 150cm’
D 50 cm®

15 The active component of tobacco, nicotine, found in cigarette smoking is thought to
increase the chances of a person developing lung cancer. The relative molecular mass
of nicotine is 162 and guantitative elemental analysis gave the following percentages

by mass:
Carbon 74.0%
Hydrogen 8.7%
Nitrogen 17.3%

Which of the following is the correct molecular formula for nicotine? K

A CioHuiN2
B CioHigN2
c CsH:N

D CgHioN2

16  Which of the following has the same number of atoms as 6 dm® of chlorine gas at room

temperature and pressure?
A 0.125 g of hydrogen
B 8.5 g of ammonia

c 20 g of argon

D 24 g of magnesium

athodist Girls’ Schaol Chemistry Paper 1 SecutPreliminar_y'Examinatioh 2014
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17 The overall equations {o manufacture three fertilizers (ammonium sulfate, calcium
hydrogen phosphate and ammonium phosphate} are shown below.
Reaction 1: HaSO4 + 2NH; — (NH$.SO4
Reaction 2: 2H;S04 + Cas(POs — Ca(HPOy; + 2CasO,
Reaction 3: 34,804 + Ca;(POd; + BNHz — 2(NHJsPO4 + 3CaSOs

The relative molecular mass, M,, of sulfuric acid and of each fertilizer is shown in the

table.
Name of ‘ -
Compounds HzS0, (NH)2S0, Ca(H:P0.); (NH()sPO,
M, 98- : 132 234 149

In each reaction, 98 tonnes of sulfuric acid was used. Which reactions gave the
greatest and least mass of fertilizer?

Greatest Mass Least Mass
A 2 . 1
B 1 3
Cc 2 3
D 3 1

18 The diagram shows some of the stages in the manufacture of an important fertiliser,
ammonium suifate.

A
sulfur | - B
dioxide and — sulfl.mc —re
oxygen [ | acid [~
ammonium
sulfate
— D c 7
i -
nitrogen — ammonia —
.__'.__..___J

From which of the connecling pipes, A ~ D, would a major leak produce the greatest
increase in the pH of rainwater?

Tt Girls' School Chemistry Paper 1 Sec 4 Prelminary Exaniination 2014
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49 The table below gives information about three indicators.

Indlicator Colour at pH 1 PH atcv'v"l;:g\e:o!our Coloz;at pH
thymol blue red 3 yellow
..congo red blue 5 fed.

phenolphthalein colourless 10 red
Which colours would be obtained when each mdicator was added separately to pure
water?

Thymol Blue Congo Red Phenolphthalein

A blue colourless _red -
B yellow red colourless
c yellow blue colourless
D red blue red

20 Which of the following elements form oxides whose aqueous solutions have a pH

21

greater than 7?

1 Copper
2 Iron
3 Zine
4 Calcium

4 only

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

oowp»

in the reaction

2FeClz(aq) + HaS(g) — 2HCl(ag) + S(s) + 2FeCl; (aq)

Which of the following are true?

W N -

Hydrogen sulfide is reduced to hydrochloric acid.
Iron(Ill) ions gain electrons.
The colour of the solution changes from yellow brown to a pale green.

4 Oxidation state of sulfur decreases.

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

cOowpP
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22 Which of the following is an example of a redox reaction?

A ZnCl, + 2NaOH -> Zn(OH), + 2NaCl

B Ca0 + §i02 - CaSiOs

c Mg + ZHCI > MgCh+ Ha

D-  Na,CO;+ 2HCI = 2NaCl + H.0 + CO,

23 The following sequence shows the steps in the conversion of calcium phosphate,
Cay(P0y,),, to phosphorous acid, HaPOs

Cas(PO.)2 — Py — P40 — -HiPO;

The oxidation numbers of phosphorous in this sequence are respectively

A +5, 0, +3, +3 -
B +5, 0, +5, +5

C +1, +4, +3, +1
D +2, +4, +4, +1

24 A crime suspect was thought to have been in a field on which a farmer had recently
sprayed some fertiliser consisting of a potassium sait. o
The forensic scientist obtained the mud from the Suspect’s’ shoe and dissolved it in
water. The mixture was filtered and the filtrate was -heated: with aqueous sodium
hydroxide and a metal in powdered form The result of the reaction is shown in
diagram below:

Damp red litmus

turmns blue
Filtrate +
sodium
hydroxide
Metal powder

What is the fertiliser?

KCl
KNO;3
K-HPO,
K,S0,

TCOw>
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25 The following observations were made when nickel and iron were put separately into
salt solutions of three metals P, Qand R.

Metals Salt solution of P Sait solution of Q Satt soiqtio._n of R
Nickel, Ni Yes, displaced Not displaced Not d:splaced
“lron, Fe' Yes, displaced- Yes, displaced - Not dtSp!aced

What is the correct order in decreasing reactivity of the five metals?

A R.Q, Fe Ni, P
B R, Fe, Q, Ni,P
c R, Fe Ni,Q,P
D P. Nj, Fe, Q,R

26 Metal strips are secured on the outside of the wooden box by means of screws. After a
few weeks of being exposed to the wind and rain, the screws are heavily corroded. but
the metal strips are not.

Metal strip

Metal screw

Which of the following statements best explains the observation?

The metal screw loses electrons less readily than the metal strip.

The metal screw stops oxygen in the air from getting to the metal strip
The metal strip has a protective oxide layer but not the metal screw.
The metal screw is a pure metal and the metal strip is an alloy.

OO0 w>»

27 A metal W is placed between caicium and aluminium in the reactivity series. Which
method can be used to extract W?

Reduction of the oxide of W using aluminium
Reduction of the oxide of W using carbon.
Electrolysis of an aqueous solution of a chloride of W.
Electrolysis of a molten compound of W.

oOm>
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28 Two electrolytic cells, A and B, were set up as shown below. The electrolyte in both
cells is green nickel(ll) sulfate solution of the same concentration. Cell A has two’
nickel electrodes, while Cell B has a nickel cathode and a platinum anode.

nickel

sulfate
solution

A steady current was passed through both cells for some time, and the resulis were
summarised in the table below. . .

Cell Cathode Anode
A 3.0 g of nickel is deposited Nickel dissolves
B Nickel is deposited Oxygen evolved

Which statement about the reactions is true?

1 _ The platinum anode in Cell B decreases in mass by 3.0 g.

The green colour of the nickel(li) sulfate solution in Cell B fades slowly
and eventually disappears.

3 The nickel anode in Cell A gains mass by 3.0 g.

4 The intensity of the green colour of the nickel(ll) sulfate solution in Cell
A remains the same,

A 1 and 3 only
8 2 and 4 only
c 1 and 2 only
D 1,2and 4 only

29 Element X is extracted by electrolysis of a molten compound of elements X and Y. The
electrode reactions are as follows:

Cathode: X" +&" — X Anode; 2YF — Y, +4e”

Which of the foliowing could be the compound?

Magnesium sulfate
Potassium oxide
Sodium chicride
Aluminium chioride

OO0 w>
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30 The diagram represents an experiment in Whlch etectric current is passed through
ditute sodium sulfate solutnon

oxygen M q
—+—— hydrogen

dilute sodium
sulfate solution

platinum
electrodes

Which of the following correctly explains the resutt of the experiment.

1 Oxygen is formed due to the discharge of sulfate ions.

2 The ratio of hydrogen to oxygen atoms in a water molecule is 2:1.
3 Hydroxide ion is discharge in preference to sulfate fon.

4 Sodium is discharged in preference to hydrogen.

1 and 2 only

2 and 3 only

3 and 4 only
1,2,3and4.

coOw»

31 Inthe set-up shown below, metal S is more reactive than metal T.

Metal S Metal T

K Lemon

e U

Which one of the following statements concerning this set-up is comrect?

A Electrons flow from metal T to metal $ in the extemal dI’CUlt
B Oxygen will be liberated at metal T,

] Oxidation occurs at Metal S.

D Electrical energy is changed into chemical energy

Aethodist Gints® School Chemistry Paper 1 Sec4 Preliminary Examination 2014 -
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32 When excess calcium carbonate reacts with dilute hydroch!onc acid, the reaction

slows down and finally stops.

Which statement best expiains why this happens?

oOm>

The calcium carbonate is completely used up.

- The calcium carbonate is covered by bubbles of carbon dioxide.
An insoluble layer of calcium chioride is formed.
The hydrochloric acid is completely used up.

33 Graphs X and Y shown below represent the resuits of two experiments‘ demonstrating
the catalytic decomposition of hydrogen peroxide. Assuming that all other conditions
are kept constant, which one of the following is a correct explanation of the results? -

A
_1_ X
volume T
of 4
oxygen |
» time
Experiment X Experiment Y
A 20 cm® of 1.0 molidm® hydrogen | 10 cm® of 2.0 molldm® hydrogen
peroxide was used. peroxide was used.
B 20 c¢m® of 1.0 molldm® hydrogen |5 cm® of 2.0 molidm® hydrogen
peroxide was used. peroxide was used.
C 1.0 g of manganese(lV) oxide was | 0.5 g of manganese(lV) oxide ‘was
used. used. _
D . | The reaction was carried out at 60°C. | The reaction was carried. out at 30°C,

list Girls® School ' Chemistry Paper 1
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34 The following graph shows the changes in the volume of three gases P, Q and R with
time during a chemical reaction. The volumes are all measured at the same
temperature and pressure.

P
'

= ar st b s -

—mmmes L L L L et S TP

Volume of gases Jam?®

X~

_ Time/min
Which equation represents the reaction?

R—-2P+Q )
2P—-+Q+R
2R 3P+ Q
3P+Q-2R

oo w>

35 The energy profile diagram shows how adding a substance E fo a reaction mixture
changes the reaction pathway.

Energy
A

—without E
Reactant

Product

¥ Progress
of reaction

Which change is likely to be observed when E'is add'ed‘ to the reaction mixture?

The speed of the reaction increases.
The speed of the reaction decreases.
The reaction becomes less exothermic.
The reaction becomes more exothermic.

goOow>

Methodist Girls” School Chemistry Paper 1 ~ Sec 4 Preliminary Examination 2014 .



Page 14 of 17
36 The energy leve! diagram for buming hydrogen gas in oxygen to form steam is shown

in the diagram.

4 4H(g) + 20(g)
Energy b

2H(g) *+ O2Ag)

I 21,009

Time
Which of these statements about the reaction is comrect?
A The volume of the reactaqts is equal to the volume of the prgducts.
B The reaction is endothermic as heat energy is taken in.

c Less energy is given out during the making of the O-H bond than is absorbed
during the breaking of H-H and O=0 bonds.

D The enthalpy change of the reaction (AH) has a negative value.

37 The diagram below shows a section of a catalytic converter In the exhaust system of a

car.
Carbon monoxide ~ / s \ /Nm'ogen

Hydrocarbons ——p <—»-Carbon dioxide
Nitrogen oxides -~ ater vapour

Catalytic converter catalysts

Carbon monoxide, hydrocarbons and nitrogen oxides in the exhaust gases are
converted to nitrogen, carbon dioxide and water vapour in the catalytic converter
through a number of processes.

Which processes take place at the converter?

1 . Carbon monoxide reacts with hydrocarbons.

2 Redox reactions occur. -

3 Carbon monoxide reacts with nitrogen oxides.
4 Hydrocarbons react with nitrogen oxides.

A 1 and 2 only
B 2 and 3 only
c 3 and 4 only
D 2, 3and 4 only

ydist Girls' School Chemistry Paper 1 Sec 4 Prefiminary Examinat;od 2014
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38 The structural formulae of compounds (i) and (ii) are shown below :

UG 0

l .

H—C—C=0 H—C—~C—C—H
i .
H H H H
) i

What is the best method to distinguish between (i) and {il)?

A Using potassium hydroxide
B Using bromine water

Cc Using dilute sulfuric acid

D Using sodium carbonate-

39 In an artificial hip joint, bone cement is used to attach the poly(ethene) cup for the joint
to the pelvic girdle. Bone cement is formed by the polymerisation of methyl 2-
methylpropenoate and the process is highly exothermic.

CH;
CH2=("‘..
(|30ch3
methyl z-hethylpropenoate
Which of the following are correct statements about this polymerisation?

1 The repeat unit of the polymer is
CH,
|
~— CHy—~C—

I
CO,CHs

2  Less energy is released in making the C — C bonds than absorbed in
breaking a C = C bond.

3 “The formation of the cement occurs by addition polymerisation.
1 and 2 only.

2 and 3 only.

1 and 3 only.

1, 2and 3.

ooOow>»
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40 The structure of the polymer is shown below.
-CH:-?H-CH:-?H—CHz-?H-
CHj CH; CH;

Which is the molecular formula of the monomer?

A CyHy
B CaHg
c CsHyo
D CaHs.

END OF PAPER
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Section A (50 marks)
Answer all the questions from this section in the spaces provided.

1 Choose from the following elements {o answer the questions below.
Aluminium, Argon, fron, Nickel, Nitrogen, Phosphorus, Sodium
Eacﬁ element can be used once, more thanh once or not at all.

Name the element that

(a)  is used as a catalyst in the hydrogenation of alkenes,
{1

{b) is manufactured by electrolysis,

y)
(c) reacts with oxygen 1o give an acidic oxide,
' M
{d) reacts with chiorine to form a solid that dissolves in water to give a coloured
solution.
)]

2  Chlorine exists as a gas at room temperature and pressure. A sample of chiorine gas
was bubbled into a beaker of aqueous potassium iodide. '

(a) Describe the arrangement and movement of the chiorine molecules.

2]

{b) Describe and explain what- you see when the chlorine was bubbled into the
beaker of aqueous potassium iodide.

(2]

(c)  This reaction is an exothermic reaction. Explain in terms of bond making and
bond breaking why this is so.

12
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3 (a) Zinc sulfide is a commonly-found compouhd which is insoluble in water. State
and explain the difference in electrical conductivity between zinc sulfide and
sulfur dioxide in terms of bonding and structure.

18

{b}  Zinc sulfide is roasted in oxygen and the products are zinc oxide and sulfur
dioxide. Describe how you would test for sulfur dioxide. . '

(2]

(c)  Another purpose of zinc oxide is to remove sulfur dioxide from waste gases in

factories before they are released into the environment. Only one product is
formed. - :

()} Suggest why sulfur dioxide is a pollutant.

1

(i)  Write the balanced chemical equation, including state symbols, for the
reaction to remove sulfur dioxide and name the product.

(3

Methodist Girls’ School Chemistry Paper 2 - Sec 4 Preliminary Examination 2014
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4  Two white salts, one soluble and another insoluble in water, were mixed and a series
of tests were carried out according to the reaction scheme given.

Mixture of two:
salts

Excess water
‘added and
mixture filiered

Y

i J

Dilute nitric
acid added

GasE,
which forms

Filtrate of colourless Residue of
solution A white solid B
Sodium l
hydroxide j Acidified
solution silver
+ and wam riitrate
solution
No visible White Colouriess solution D
hange recipltate C
chang precipliate & Sodium
hydroxide
solution
v
White precipitate F,
insoluble in excess

(a)
A

ldentify substances A, B, Dand F.

a white
precipitate
in limewater

B:

D:

F:

]

(b)

Write the ionic equation for the formation of precipitate C.

N

{c)

Wirite the balanced chemical equation for this reaction.

Gas E can react with sodium hydroxide solution to produce a salt and water.

Q)

hodist Girls’ School
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5 25 cm® of 15 molldm® of dilute hydrochloric acid was reacted with 20 cm® of
' 2.0 mol/dm® of aqueous potassium carbonate at room temperature and pressure {o
obtain potassium chioride.

2HCI + K,COa - 2KCl + H,0 + GO,

(a) Discuss the suitability of reacting potassium with dilute hydrochloric acid to
obtain potassium chioride. State the expected observation.

i2]

(b) Draw a ‘dot and cross' diagram of the electronic structure of potassium chloride.
Show only the valence shells.

2]

{c) Suggest and explain how the speed of reaction and volume of carbon leXIde
would be affected should the hydrochioric acid be replaced with 25.0 cm® of
1.5 mol/dm® ethanoic acid.

2]

(d)  Write the chemical equation for another suitable method of obtaining potassium
chloride sait besides the reaction shown above.

]

Methodist Girls' School Chemistry Paper 2 ‘Sec 4 Preliminary Examination 2014~
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6  Ammoniais formed dqring the Haber process by reacting hydrogen with nitrogen.
N2 (g) + 3H; () &= 2NH; (g)

The graph below shows the percentage yield of ammonia formed under different
conditions of temperature and pressure.

Yieldof 4
ammonial %

50 -

450°C

40 ..
30
20 -

10

r — I T » Pressure/ atm
100 200 300 400

(a) Use the graph fo deduce the effect of increasing temperature and pressure on
the yield of ammonia.

. (2

(b) Calculate the volume of ammonia produced from 350 dm® of hydrogen if the
percentage yield of ammonia is 10 %.

. . {2]
(c) Identify the reducing agent. Explain your answer in terms of oxidation state.

eIt ccbesem s testieanen o St At wetPipte Shree e ts bes mmesdamet &
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7  Asimple cell was set up as shown below. The satt bridge allows for the flow of ions so
as to maintain electrical conduction.

Wire

/

Silver electrode

Zinc electrode

Beaker 1 Beaker 2
Silver nitrate Copper(il) .
solution , sulfate solution

(a}  Wirite the half-equations for the reactions that take place at both electrodes.

(2

(b)  State and explain one similarity and one difference in the observations made of
the reactions in Beaker 2 before and after the wires and salt bridge are

removed. .
__~ Zinc electrode
Beaker 2
Coppertil)
sulfate solution
(i) Similarity

M

(i) Difference

@

Methodist Girls' School Chemistry Paper 2 Sec 4 Preliminary Examination 2014
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(c) A battery was added to the setup as shown in the diagram below.

Silver electrode

Zinc electrode

~ Beaker1 Beaker 2
Sitver nitrate Copper(ll)
solution sulfate solution
Wirite th_e half-equations that occur in this setup.
. Silver electrode:
Zinc electrode: 2

8  Underground iron pipelines are used in transporting substances such as natural gas
from place o place. When underground, these iron pipes will rust relatively rapidly.

(a) State the esséﬁtiél conditions needed for the rusting of iron.
(1]

(b) Pieces of magnesium are often attached to underground iron pipes. Explain
how this heips prevent iron from rusting.

2

(c) A sample of a compound of iron is analysed. The sample contains 0.547 g of
potassium, 0.195 g of iron, 0.252 g of carbon and 0.294 g of nitrogen.
Determine the empirical formula of this compound.

2
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Section B (30 marks)
Answer all three questions from this section on the writing papers provided.
The last question is in the form of EITHER/OR and
only one alternative should be attempted.

9 in an experiment, hydrogen gas was passed over equal masses of three heated metal

oxides in identical porcelain boats as shown in the diagram.
ﬂ/ﬂame

d

heat heat heat
Cu® X0 N Y203

porcelain boat

The porcelain boats were weighed 5 minutes into the experiment. After weighing, the
experiment was allowed to continue for another 20 minutes where no further changes
were observed. At the end of the experiment, the heat source was turned off. However,
the hydrogen is kept flowing until the tube is cold.

The table shows some data from this experiment.

at the start of | 5 minutesinto | attheend of

experiment | the experiment | experiment
mass of empty porcelain boat/ g 16.35 B 16.35
Lnoa:‘s;: r?tfs ;?;c;rcélain boat1andits | 45 21,15 91.15
g%i:&e‘;me’ai" boatzandits | 5, 35 22.35 22.35
?oanst: :t; et;rcelain boat 3 and its 22.35 21.20 20.55

(a) Expléin why a flame is necessary at the end of the glass tube.

(b)  Describe the observation seen in porcelain boat 1.
Write a chemical equation for the reaction that had occurred.

M

2]

(c})  Arrange the three metals, Cu, X and Y, in the order of their reactivity from the
most reactive metal to the least reactive metal. With reference to the data given,
explain how you reach this conclusion.

(d}  Suggest a possible metal for X.

)y ()
(m

3
1

Use the data given to calculate the mass of O in Y05 in boat 3. 1

Hence, or otherwise, calculate the relative atomic mass of Y.
From your resuit, identify Y.

- [2)
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10 The reaction scheme below involves several organic substances.

Hydrocarbort A
Process X: A
where vaporised A \reacts with chlorine
is-passed over a in fhe presence of -
solid catalyst ultra-violet light
Unsaturafed + | Hydrocarbon .
hydrocarbon C CaHs Compound B:
. CHyCH.CH;CH.CH,CHCI
reacts with steam
under suitable
conditions
Y
Compound E: after exposure to air R Compound F:
_ CyH,OH over a pgrlod of time C,HsCOOH

Answer the following based on the reaction scheme.

(a)

(b)

(¢)

(d)

(e)

gives off a sour smell

Explain what is meant by “unsafurated” hydrocarbon. 1]

Draw the structural formula of hydrocarbon C.

{1

()  Name process X and give a substance that can be used as the solid

catalyst.

{2

(i) Write a balanced chemical equation for process X to show how
unsaturated hydrocarbon G can be formed from hydrocarbon A. 1]

Compound E can also be converted quickly into compound F.in the chemistry

laboratory.

(i) Describe how this can be done and state any observation from the

reaction.

2

(i) Describe a test to show that compound E has indeed been turned into

compound F.

(2

Compound E has two isomers with molecular fommula C3H;OH. Draw the
structural formulae of both isomers. -

i
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11 To rely less heavily on crude ol for fuels, scientists have been exploring different types
of altemative fuels. One of such alternative fuels is bioethanol. A number of countries,
including the United States and Brazil, have been producing ethanol from plants, such
as com or sugar cane, {0 be used as an altemative to petrol. Scientists claim that it is o
more environmentally frisndly to use bioéthanol than petrol because bioethanol is
‘Carbon Neutral’. Furthermore, ethanol bums cleanly with a non-luminous flame.

The diagram below, extracted from a poster, shows the carbon cycle for bioethanol.

THE CARBON CYCLE

crops like corn are finely grounded and separated into thelr
i~ component sugars,

which releases whichcanbeused as  the sugars are fermented
carbon dioxlde an aiternative fuel to produce ethanol

{a) Other than environmental concerns, stjggest two reasons why crude oil should
not be used as fuels. , [2)

(b}  With the help of an equation, describe how ethano! is produced from sugar
solution by fermentation. 2

{c) Based on the carbon cycle, explain why bioethanol is ‘Carbon Neufraf and
therefore more environmentally friendly. 2]

(d) Suggest what is meant by ‘burns cleanly’ as given in the passage above. 1

(e)  Biodiesel is another alternative fuel for motorcars that is similar to bicethanol. it
Is produced from used vegelable oil that can be collected from the food

industries, The used vegetable oil is treated and undergo a chemical process
which tums it into biodiesel.

()] Refer to the diagram above and draw a similar carbon cycle for
biodiesel. 2]

(i)  Biodiesel is also carbon neutral. Suggest another advantage of using -
biodiesel. 1]

Methodist Girls' School Chemistry Paper 2 Sec 4 Preliminary Examination 2014
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Or
14 (@) The structural formulae of butanedioic acid and ethane-1,2-diol are shown
below. '
H H H H
) i 0
\/\c—-—cl:=.é——</. . B—0—C—C—0—H
H—O 0—H " h

(i) State the observations when aqueous bromine is added to butanedioic

acid and ethane-1,2-diol. Draw the structural formula of the product(s)
formed. ’ {3l

(i)  Butanedioic acid and.ethane-1,2-diol can polymerize under suitable
conditions to form a polymer. Draw the polymer showing 2 repeat units.

{2

(i} Is the polymer formed by butanedioic acid and ethane-1,2-diol an

additional polymer or a condensation polymer? Explain. 1]

(b)  Ancther polymer P has the following structrure:
i i A i B A A i

B T A S A SN A S
H CH3 H I=OH CHs H C13=OH CH; H CI2=O

NH; NH; NH;

{I) - Derive the structural formula of the iwo monomers that are used to form
polymer P. (2]

(i)  Explain why polymer P is a sold at room temperature while its
monomers are liquids. ) {2}

- End of Paper -
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Section A (50 marks)
Answer all the questions from this section in the spaces provided.

1 Choose from the following elements to answer the qUestions below.
Aluminium, Argon, Iron, Nickel, Nitrogen, Phosphorus, Sodium
Each element can be used once, more than once. or not at all.
Name the element that .

(a) is used as a catalyst in the hydrogenation of alkenes,

(1]

(b) is manufactured by electrolysis,

{1l

(c) reacts with oxygen to give an acidic oxide,

(1]

(d) reacts with chlorine to form a solid that dissolves in water to give a coloured
» solution.

i

2 Chlorine exists as a gas at room temperature and pressure. A sample of chlorine gas
was bubbled into a beaker of aqueous potassium iodide.

(a) Describe the arrangement and movement of the chlorine molecules.

2]

(b) Describe and explain what you see when the chlorine was bubbled into the
beaker of aqueous potassium iodide. :

2

(c) This reaction is an exothermic reaction. Explain in terms of bond making and
bond breaking why this is so.

2]
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3 (a) Zinc sulfide is a commonly-found compound which is insoluble in water. State
and explain the difference in electrical conductivity between zinc sulfide and
sulfur dioxide in terms of bonding and structure. ‘

3]

(b) Zinc sulfide is roasted in oxygen and the products are zinc oxide and sulfur
dioxide. Describe how you would test for suifur dioxide.

(2]

(c) Another purpose of zinc oxide is to remove sulfur dioxide from waste gases in

factories before they are released into the environment. Only one product is
formed.

(i Suggest why sulfur dioxide is a pollutant.

(1]

(i) Write the balanced chemical equation, including state symbols, for the
reaction to remove sulfur dioxide and name the product.

(3]
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4 Two white salts, one soluble and another insoluble in water, were mixed and a series
of tests were carried out according to the reaction scheme given.

Mixture of two
salts

" Excess water
. added and
mixture filtered

h 4 h 4

Filtrate of colourless Residue of Dilute nitric
solution A white solid B acid added
Sodium
hydroxide  Acidified
solution silver
and warm nitrate
solution
No visible White Colourless solution D GasE,
. which forms
change precipitate C Soditm a white
hydroxide precipitate
solution in limewater
A 4
White precipitate F,

insoluble in excess

(a) Identify substances A, B, D and F.
A:

B
D:
F [4]

(b) Write the ionic equation for the formation of precipitate C.

1

(c) Gas E can react with sodium hydfoxide solution to produce a salt and water.
Write the balanced chemical equation for this reaction.

(1

Sec 4 Preliminary Examination 2014
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5 25 cm® of 1.5 mol/dm® of dilute hydrochloric acid was reacted with 20 cm® of

2.0 mol/dm® of aqueous potassium carbonate at room temperature and pressure to
obtain potassium chiloride. '

2HCI + K,CO3; — 2KCI + H,0 + CO,

(a) Discuss the suitability of reacting potassium with dilute hydrochloric acid to
obtain potassium chloride. State the expected observation.

(2]

(b) Draw a ‘dot and cross’ diagram of the electronic structure of potassium chloride.
Show only the valence shells.

(2]

(c) Suggest and explain how the speed of reaction and volume of carbon dioxide
would be affected should the hydrochloric acid be replaced with 25.0 cm?® of
1.5 mol/dm? ethanoic acid.

121

(d) Write the chemical equation. for another suitable method of obtaining potassium
chloride salt besides the reaction.shown above.

(1l
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6 Ammonia is formed during the Haber process by reacting hydrogen with nitrogen.
N2 (g) + 3H () = 2NH; (g)

The graph below shows the percentage yield of ammonia formed under different
conditions of temperature and pressure.

Yield-of - 4
ammonia/ % 450°C

50 1T

40 L
30 +
20

10 7

» Pressure/ atm

T T T T
100 200 300 400

(a) Use the graph to deduce the effect of increasing temperature and pressure on
the yield of ammonia. ‘

(2]

(b) Calculate the volume of ammonia produced from 350 dm® of hydrogen if the
percentage vield of ammonia is 10 %.

(c) identify the reducing agent. Explain your answer in terms of oxidation state.

[2 -
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7 A simple cell was set up as shown below. The salt brldge allows for the flow of ions so
as to maintain electrical conduction.

Wire

/

Silver electrode

'Zinc electrode

Beaker 1 Beaker 2
Silver nitrate Copper(il)
solUtion sulfate solution

(a) Write the half-equations for the reactions that take place at both electrodes.

[2]

(b) State and explain one similarity and one difference in the observations made of
the reactions in Beaker 2 before and after the wires and salt bridge are

d.
remove ﬂ/ Zinc electrode
Beaker 2
Copper(il)
sulfate solution
(i) Similarity

1]

(i) Difference

2]

Methodist Girls’ School Chemistry Paper 2 Sec 4 Preliminary Examination 2014
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(c) A battery was added to the setup as shown in the diagram below.

/ ||/

Silver electrode i

Zinc electrode

Beaker 1 Beaker 2
Silver nitrate Copper(ll)
solution sulfate solution

Write the half-equations that occur in this setup.
Silver electrode:

Zinc electrode: [2]

8 Underground iron pipelines are used in transporting substances such as natural gas
from place to place. When underground, these iron pipes will rust relatively rapidly.

(a) State the essential conditions needed for the rusting of iron.

M

(b) Pieces of magnesium are often attached to underground iron pipes. Explaln
how this helps prevent iron from rusting.

2]

(c) A sample of a compound of iron is analysed. The sample contains 0.547 g of
potassium, 0.195 g of iron, 0.252 g of carbon and 0.294 g of nitrogen.
Determine the empirical formula of this compound.

[2]
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Section B (30 marks)
Answer all three questions from this section on the writing papers provided.
The last question is in the form of EITHER/OR and
only one alternative should be attempted.

9 In an ei(periment, hydrogen gas was passed over equal masses of three heated metal

oxides in identical porcelain boats as shown in the diagram.
é/ﬂame
/ .

hydrogen
_hydrogen -~ 1 2 3

heat heat heat
Cu0O X0 - Y205

porcelain boat

The porcelain boats were weighed 5 minutes into the experiment. After weighing, the
experiment was allowed to continue for another 20 minutes where no further changes
were observed. At the end of the experiment, the heat source was turned off. However,
the hydrogen is kept flowing until the tube is cold.

The table shows some data from this experiment.

at the start of | 5 minutes into | at the end of
experiment | the experiment experiment

mass of empty porcelain boat / g 16.35 - 16.35

mass of porcelain boat 1 and its

contents / g 22.35 21.15 21.15
gz)a:‘st: r?tfs [;c;rcelain boat 2 and its 2935 2235 02 35
rcrg]stz rﬁfs ;;c;rcelain boat 3 and its 22 35 21.20 00,55
(a) Explain why a flame is necessary at the end of the glass tube. [1]

(b)  Describe the observation seen in porcelain boat 1.
Write a chemical equation for the reaction that had occurred. 2]

(c) Arrange the three metals, Cu, X and Y, in the order of their reactivity from the
most reactive metal to the least reactive metal. With reference to the data given,

explain how you reach this conclusion. [3]

(d)  Suggest a possible metal for X. (1

(e) M Use the data given to calculate the mass of O in Y,03 in boat 3. 1
(ii) Hence, or otherwise, calculate the relative atomic mass of Y.

From your result, identify Y. [2]
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10 The reaction scheme below involves several organic substances.

Hydrocarbon A
Process X: . )
where vaporised A reacts with chlorine
is passed over a in the presence of
solid.catalyst ultra-violet light
Unsaturated '+ | Hydrocarbon )
hydrocarbon C CsHs Compound B:
. CH;CH,CH,CH,CH,CH.CI
reacts with steam
‘funder suitable
conditions
Y 7
Compound E: after exposure to air R Compound F:
C;H,OH over a period of time " C,HsCOOH

gives off a sour smell

Answer the following based on the reaction scheme.

(a) Explain what is meant by “unsaturated” hydrocarbon. [1]
(b) Draw the structural formula of hydrocarbon C. [1]
(c) ] Name process X and give a substance that can be used as the solid

(if)

catalyst. [2]

Write a balanced chemical equation for process X to show how
unsaturated hydrocarbon C can be formed from hydrocarbon A. 11

(d) Compound E can also be converted quickly into compound F in the chemistry
laboratory.

(i)

(ii)

Describe how this can be done and state any observation from the -
reaction. 2

Describe a test to show that compound E has indeed been turned into
compound F. ‘ [2]

(e) Compound E has two isomers with molecular formula C;H,OH. Draw the
structural formulae of both isomers. 1

Methodist Girls’ School”

Chemistry Paper 2 Sec 4 Preliminary Examination 2014



Page 11 of 13

Either

11 To rely less heavily on crude oil for fuels, scientists have been exploring different types
of alternative fuels. One of such alternative fuels is bioethanol. A number of countries,
including the United States and Brazil, have been producing ethanol from plants, such
as corn or sugar cane, to be used as an alternative to petrol.- Scientists claim that it is
more environmentally friendly to use bioethanol than petrol because bioethanol is
‘Carbon Neutral’. Furthermore, ethanol burns cleanly with a non-luminous flame.

The diagram below, extracted from a poster, shows the carbon cycle for bioethanol.

THE CARBON CYCLE

crops like corn are finely grounded and separated into their
. component sugars,

which releases which can be used as  the sugars are fermented
carbon dioxide an alternative fuel to produce ethanol

(a) Other than environmental concerns, suggest two reasons why crude oil should
not be used as fuels. 2]

(b) With the help of an equation, describe how ethanol is produced from sugar

solution by fermentation. 2]
(c) Based on the carbon cycle, explain why bioethanol is ‘Carbon Neutral and
therefore more environmentally friendly. [2]
(d)  Suggest what is meant by ‘burns cleanly’ as given in the passage above. [1]

(e) Biodiesel is another alternative fuel for motorcars that is similar to bioethanol. It
is produced from used vegetable oil that can be collected from the food

industries. The used vegetable oil is treated and undergo a chemical process
which turns it into biodiesel.

() Refer to the diagram above and draw a similar carbon cycle for
biodiesel. ‘ {2}

(i) Biodiesel is also carbon neutral. Suggest another advantage of using
biodiesel. M
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Or
11 (a) The structural formulae of butanedioic acid and ethane-1,2-diol are shown
below. ‘
o H H o H H
>c——c|=!‘—-c/< ' ‘ H—-o——(’* l’ : O—H
H—0C o—H 1!1 IL

(i) State the observations when aqueous bromine is added to butanedioic
acid and ethane-1,2-diol. Draw the structural formula of the product(s)
formed. 3]

(i)  Butanedioic acid and ethane-1,2-diol can polymerize under suitable
conditions to form a polymer. Draw the polymer showing 2 repeat units.

(2]

(iii) Is the polymer formed by butanedioic acid and ethane-1,2-diol an
additional polymer or a condensation polymer? Explain. 1

(b) Another polymer P has the following structrure:

|
(IZC?CCCCCCCCC

| | R R
H CHH C=OH CHH C=OH CH;H =0
NH, NH, NH,

T gRY Y M gmE H @ mE n

H Derive the structural formula of the two monomers that are used to form
polymer P. 2]

(ii) Explain why polymer P is a solid at room temperature while its
monomers are liquids. [2]

--- End of Paper --—-
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5073 Chemistry Prelim Exam 2014 Paper 2 Section A Answers

1 Choose from the following elements to answer the questions below.

Aluminium, Argon, Iron, Nickel, Nitrogen, Phosphorus, Sodium

Each element can be used once, more than once or not at all.

Name the element that

(a) is used as a catalyst in the hydrogenation of alkenes,

nickel (1
(b) is manufactured by electrolysis,

Aluminium/ sodium [11
(c) reacts with oxygen to give an acidic oxide,

Phosphorus/ nitrogen [1]
(d) reacts with chlorine to form a solid that dissolves in water to give a coloured

solution.
fron/ nickel

(1]

2 Chiorine exists as a gas at room temperature and pressure. A sample of chlorine gas
was bubbled into a beaker of aqueous potassium iodide. :

(a) Describe the arrangement and movement of the chlorine molecules.
Arrangement is disorderly and far apart, [1]
moving randomly at high speeds in all directions. i1l

(b) Describe and explain what you see when the chlorine was bubbled into
the beaker of aqueous potassium iodide.
Colourless potassium iodide solution turned reddish-brown. [l
Chlorine is more reactive than iodine and displaces the iodide ions [1]
from the potassium iodide solution.

(c) This reaction is an exothermic reaction. Expiain in terms of bond
making and bond breaking why this is so.
The amount of energy taken in to break the bonds in chlorine and (11T S;taﬁgf -
potassium iodide is less than the amount of energy given out to [] SP"ﬁ' ‘[Gt
form the bonds in potassium chloride anci_ iodine. ;?%c ants
(minus 1m if specific reactants and products aren’t stated - pro‘ducts
No marks if student writes ‘more than’ rather than ‘less than’)




3 (a) Zincis commonly found in the form of zinc sulfide, a solid which is insoluble in
water. Zinc sulfide is roasted in oxygen and the products are zinc oxide and
sulfur dioxide. State and explain the difference in electrical conductivity
between zinc sulfide and sulfur dioxide in terms of bonding and structure. ‘

Zinc sulfide has a giant ionic lattice structure and sulfur dioxide has a 1]
simple molecular structure.

Zinc sulfide conducts electricity when molten due to the mobile ions/  [1]
ions no longer held in fixed positions.

Sulfur dioxide_ does not conduct electricity in any physical state due to [1
the absence of mobile charged particles. '

(b) Describe how you would test for sulfur dioxide..

Place a piece of filter paper soaked with acidified potassium [1]
dichromate (V1)/ manganate(Vil) solution at the mouth of the test

tube. B

If the orange acidified potassium dichromate (VI) solution turns {11

green, the gas is sulfur dioxide./ If the purple acidified potassium
‘'manganite (VIl) solution turns colourless, the gas is sulfur dioxide.

(c) Another purpose of zinc oxide is to remove sulfur dioxide from waste gases in

factories before they are released into the environment. Only one product is
formed.

()  Suggest why sulfur dioxide is a poliutant.
(Any of the following reasons) 1]

- lrritates the eyes and lungs and causes breathing
- difficulties.

- Reacts with water in the atmosphere to form acid
rain which corrodes building and harms aquatic life
and plants.

(ii) Wirite the balanced chemical equation, including state symbols, for the
reaction to remove sulfur dioxide and name the product.

ZnO (s) + SO, (g) — ZnS0; (s) [2]
(allow 1m for state symbols even if formula of zinc sulfite is

incorrect)

The salt is zinc sulfite. [1]




4  Two white salts, one soluble and another insoluble in water, were mixed and a series
of tests carried out on the mixture as shown below.

Mixture of two
salts

“Excéess water
added and
mixture filtered

\ 4

A 4

Filtrate of colourless

Residue of

Dilute nitric

so_lution A white solid B acid added
Sodium :
hydroxide Acidified
solution silver
and warm nitrate
solution
No visible White Colourless solution D GasE,
- which forms
change precipitate C Sodium a white
hydroxide precipitate
solution in limewater
A 4
White precipitate F,
insoluble in excess
(a) Identify substances A, B, D and'F.
A — sodium chloride/ potassium chloride/ NaCl/ KCI [
B - calcium carbonate/ CaCO; [1]
D — calcium nitrate/ Ca(NO5); ]
F - calcium hydroxide/ Ca{OH), [1
(b) Write the ionic equation for the formation of precipitate C.
Ag’ (aq) + CI” (aq) — AgCl (s) 11

No marks awarded if state symbols are not given.

(c) Gas E can react with sodium hydroxide solution to produce a salt and water.
Write the balanced chemical equation for this reaction.

2NaCH + COZ — Na2003+ H20

M1




25 cm® of 1.5 mol/dm® of dilute hydrochloric acid was reacted with 20 cm® of
2.0 mol/dm® of aqueous potassium carbonate at room temperature and pressure to
obtain potassium chioride.

2HCI + K,CO3 — 2KCI + H,0 + CO,

(@) Discuss the suitability of reacting potassium with dilute hydrochloric acid to
obtain potassium chloride. State the expected observation.

itis unsuitable as potassium is a very reactive metal and the reaction/
experiment is not safe [1]. :

The reaction will be explosive/ a lot of heat and light evolved. [1]

2

(b) Draw a ‘dot and cross’ diagram of the electronic structure of potassium
chioride. Show only the valence electrons. ,

ol (@] (@

(c) Suggest and explain how the speed of reaction and volume of carbon
dioxide would be affected should the hydrochloric acid be replaced with
25 cm® of 1.5 mol/dm® ethanoic acid.

The speed of reaction will decrease and the volume of carbon dioxide 11
will be the same.

as ethanoic acid is a weak acid and has fewer hydrogen ions per {11
unit volume at any one time,

The volume of carbon dioxide will remain constant as the number of

moles of hydrogen ions for both acids is the same/ both are [
monobasic. ,

(d)  Write the chemical equation for another suitable method of obtaining potassium
chloride salt besides the reaction shown above.

KOH + HCI — KCi + H,O i1




Ammonia is formed during the Haber process by reacting hydrogen with nitrogen.
N2 () + 3H; (g) == 2NH; (g)

The graph below shows the percentage yield of ammonia formed under different
conditions of temperature and pressure.

Yield of 4
ammonia/ % -

50 1

450°C

40 1
30
00 L 600°C

10T

| | ' n » Pressure/ atm

100 200 300 400

(a) Use the graph to'deduce the effect of increasing temperature and pressure on
the yield of ammonia.

Increasing the temperature will decrease the yield of ammonia and 11
increasing the pressure will increase the yield of ammonia. [1]

(b) Calculate the volume of ammonia produce from 350 dm® of hydrogen if the
percentage yield of ammonia is 10 %.

Volume of ammonia produced- =350/3x2x10% [1]
=23.3 dm® [
(c) Identify the reducing agent. Explain your answer in terms of oxidation
state.
The reducing agent is hydrogen. 4 [1

It has caused the oxidation state of nifrogen to decrease from0in  [1]
N, to -3 in NH,.




A simple cell was set up as shown below.

Wire
Silver electrode
Zinc electrode
Salt
bridge
Beaker 1 Beaker 2
Silver nitrate Copper(ll)
solution sulfate solution

(a) Wirite the half-equations for the reactions that take place at both
electrodes.

Silver electrode: Ag® (aq) + e — Ag (s}

(1]

Zinc electrode: Zn(s) — Zn** (aq) * 2e

(1

(b) State and explain one similarity and one difference that will be observed
in Beaker 2 when the wires and salt bridge are removed.

Zinc electrode

Beaker 2
Copper(ll)
sulfate solution

(i) Similarity: Zinc electrode dissolves/ shrinks.

(ii) Differences {choose either one}:

When wire was present, no change to blue colour of solution.
When wire was removed, blue colour of solution fades/ becomes

lighter as copper(il} ions are being displaced from the solution by
the more reactive zinc.

Reddish-brown éoiid.depositeﬁ when wires were removed, not

seen when wires were there as copper{ll) ions are being displaced .

from the solution by the more reactive zinc.




(c) A battery was added to the setup as shown in the diagram below.

Wire Baﬁery

Silver electrode

Zinc electrode

Bealger i ‘B_‘eak‘er 2
Silver nitrate Copper(ll)
solution sulfate solution

Write the half-equations that occur in this setup.
Silver electrode: Ag (s} — Ag’ (aq) + e [1]

Zinc electrode: Cu®" (aq) + 2e — Cu (s) [1]

Note: If state symbols are not written for all the half-equations, only penalise once
throughout the paper. .

8 Underground iron pipelines are used in transporting substances such as natural gas
from place to place. When underground, these iron pipes will rust relatively rapidly.

(a) State the essential conditions needed for the rusting of iron.
Alrl oxygen and water [1]

(b) Pieces of magnesium are often attached to underground iron pipes. Explain
how this helps prevent iron from rusting.

Magnesium is more reactive than iron. [1]

It will undergo sacrificial protection/ corrode in its place/ lose electrons to
iron. (1]




(c)

A sample of a compound of iron is analysed. The sample contains 0.547 g of
potassium, 0.195 g of iron, 0.252 g of carbon and 0.294 g of nltrogen
Determine the empirical formula of this compound.

Simplest mole ratio of Fe, K, C, N

_ 0.195_ 0.547 . 0252 0.294
T 56 0 39 0 12 14
= 0.003482: 0.01403: 0.021: 0.021
_ 0.003482  0.01403 _ 0.021 _ 0.021
" 0.003482 ° 0.003482 " 0.003482 ~ 0.003482
=1:4:6:6

Empirical formula i is FeK,,CeNs

[1] for working, {1] for- gwmg empirical formuia

(2]
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