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1 A bottle of solid magnesium oxide has been contaminated with sodium chlonide crystals
- - How can a pure sample of magnesium oxide be obtamned from this modure? - -
A Add acid to the mndture, filter then evaporate the filtrate
B Add acid to the mixture, filter then collect the residue
C  Add water to the mixture, fitter then evaporate the filtrate
D Add water to the mixture, filter then collect the residue

2 Solid ammonium chlonde decomposes on heating according to the following equation
NHCZ (s) —» NHa (@) + HCI (g)
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PAPER 1 Muitiple Choice
Wednesday 12 August 2015 1 hour (=—damp red himus paper
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Calculator porous plug

Multipta Cholce answer sheet

Soft clean eraser

Soft penl (type 2B recommended) solid ammonium chionde
TIME 1 hour

heat
INSTRUCTIONS TO CANDIDATES Which change would occur to the damp red Iitmus papear in the experiment above?
Do not open ;hls booklatdu;t:I you ;re tol(:hto do s:. hestin the spaces provided A ltremains red
r on the answer she

Wiite and shade your Candidale number o P B It turns blue and is then bleached
There are forty guestions in this paper Answer all questions For each question there are four C K tums blue and remains blue
possible-answers, A, B, Cand D Choose the one you consider correct and record your choice in . D Ittums blue and then tums red

soft pencil on the separate answer sheet

Read very carefully the Instructions on the answer sheet,

3 Which lon has the least number of occupled shells?

A Ca™ B N*
c iy D T
INFORMATION FOR CANDIDATES i C
Each corredt answer will score one mark. A mark will not be deducted for a wrong answer, 4 Which particles are responsible for conducting electricity in metals and for conducting
Any rough working should be done in this bobklet - s electricity in molten fonle compounds?
You may use a calculator .
A copy of the Perlodiz Table Is printed on page 14, Metals Molten fonic compounds
A electrons electrons
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- [ positive ions electrons
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The models and formulae for some molecules are shown below 9

= Aw e

Which of the following is the correct madel for a molecule of the compound formed between

) &%\. 0/1\0 o}‘i\o = 10

A B c D

The electrical properties of four substances W, X, Y and Z are shown below

Substance Electrical Property

w Conducts electricity only in aqueous state
Conducts electncity when molten and in sohd state
Conducts electnicity when molten and in aqueous stale
Does not conduct elecincity under any conditions 11

X
. Y
Z

What could these four substances ba?

w X Y z
A CaCh HC! P Pb
B HCt Pb CaCl: P
c =N CaCl; HCt CaCt
D Pb P Pb HCY
s 12

Which solid does not cortain covalent bonds?

A Gold

B  Graphite

C ce

D  Silicon dioxide

+

Which substance contains the greatest number of molecules in 1 g7

A 0, B NO;
C co D S0,

4

Which one of the following has a mass equal to the mass of one mole of H,0?

A One molecule of water

B 24 dm’ of water

C  Two moles of H; and one mole of O;
D  One mole of steam

20 cm™ of oxygen reacts with 20 cm® of carbon monoxide to form carbon dioxide  What is
the volume of the gases remaining at the end of the reaction? All volume are measured at

roem temperature and pressure -
Oxygen/cm® Carbon monoxide / cm® Carbon dioxide / em®
A 10 0 20
B 10 10 20
[+ 0 20
D 0 40

Two aqueous solutions X and Y are mixed together Which of the following pairs would not

glve a white precipitate?

X Y
A Lead(ll) nitrate Sodium sulfate
B8 Zine nitrate . Sodium carbonate
c Silver nitrate Sodium chlonde
D Magnesium nitrate Sodum sulfate

Which one of the options below shows the best methods used to prepare the following

salts?
Adding excess
Titration Preclpitation carbonate reactants with
acid
A potassium ethanoate silver chlonde Zine sulfate
B ammonium nitrate barium sulfate sodium chionde
C banum carbonate calcium sulfate magnesium chlonde
D copper{ll) sulfate ammonium chloride iron({l!) nitrate




13 Part of the Periodic Table is shown below
The letters are not the symbols of the elements

r

- = =

Which statement about the elements 1s correct?

A Vis more reactive than X

B X has a lower melting point than V,
C  Ylsinthe same Group as X

D  Zis more reactive than W

14 The mam reason farmers do not add caleum hydroxide and ammonwm nitrate fertilizer to

the soif at the same time s because

A the soil would become too alkaline

B the soil would become too acldic

€ calcium hydroxide pre\:r'ents the absorption of fertilizer

D  the fertilizer would lose nitrogen in the form of ammenia gas

16  The diagram shows two sets of reactions used to prepare lead(ll) suifate from lead(ll)
- carbonate

Lead(ll) Add nitne acld
carbonate

h 4

Lead(li) nitrate

Ag;i& agueous
sodium sulfate

Lead(ll) sulfate

Which of the following 1s not a step In the preparation of Jead(ll) sulfate from lead(ll)
carbonate shown in the diagram?

.

A Add lead(ll) carbonate until no more gas Js produced
B  Filter off unreacted lead(|l} carbopate

C  Evaporate the filirate untd lead(ll) nitrate crystallises
D  Collect lead(ll) sulfate by fitiration
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18

19

20

6

Germanium(lV) oxide is an amphotenc oxide Which substance A, B, C or D in the
following table could be germanium(lV) oxide?

reaction with reaction with reaction with
dilute hydrochloric acld water sodium hydroxide
A dissolves nsoluble dissolves
B dissolves inscluble insoluble
c insoluble dissolves insoluble
D nsoluble insolubla drssojves

In an accident at a factory, some hydrochlonc acid was spilt on the floor

Which substance, when added m excess would neutralise the acid without leaving
an alkaline solution?

A Calcium carbonate B Sodium hydroxide

c Agueous ammonia D Magnesium chloride

Which of the following salts gives only a low yield when it 1s made by reacting a metal oxide
with dilule sulfunc acid? -

A Calclum sulfate B Iren(ll) sulfate

[ Copper{ll) sulfate D Zing sulfate

The following sequence shows the steps in the conversion of calclum phosphate,
Caa{POy)2, to phosphorus acid, H,PO,

CE:(POq)z —> F.l — Pqu - H3P03
The respective oxadation numbers of phosphorus in the above sequence are

A +5, 0, +3, 3
B +5 0, +5, 45
C 42, +4, +4, +1
D 41, +4, 43, #1

Sulfur dicxide reacts with aqueous bromine according to the following equation
§0;(g} + Br{aq) + 2H,0()) — H250,(aq) + 2HBr(aq)
Which element has been oxidised?

A bromine B oxygen
[ hydrogen D sulfur
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23

24

Stanless steel 1s an alloy made up of ron with other elements such as nickel and
chromium The diagram below represents the particles in a certain grade of stainless steel,

Nickel
Iron

Chromlum

Which of the following shows the composition (of the number of particles) of the stainless
steel as shown in the diagram?

{ron (%) Nickel (%) Chromium (%)
A 68 18 14
B 72 20 8
Cc 78 12 10
D 80 15 5

When gas Z 1s passed over heated copper(ll) oxide, the products are copper and steam
only Whatis gas Z7?

A Ammenia B Hydrogen

c Carbon monoxide D Methane

Copper(ll) carbonate, calcium carbonate and zinc carbonate decompose when heated The
temperature at which decomposition takes place depends upon the positon of the metal n
the reactivity series

What fs the cormect order for their decomposition?

Highest temperature > L.owest temperature
A Copper(l}) carbonate Zinc carbonate Calcium carbonate
B Calcium carbonate Zinc carbonate Copper{ll) carbonate
[ Calcium carbonate Copper(ll) carbonate Zinc carbonate
D Zinc carbonate Calcium carbonate Copper{ll) carbonale

What 1s the effect of a catalyst on the activation energy and enthalpy change of a reaction?

Activation energy | Enthalpy change

A Decreases Decreases
B No change Decreases
c Decreases No change
D Decreases Increases

25

26

A student set up three different electrochemical cells each containing two of the metals, W,
Y and Z, immersed i an electrolyte The table below shows the voltage and the positive -~
terminat of each electrochenucal cell

Electrochemical Cell Metals Used Voltage /V | Positive Terminal
1 ZandY +160 Y
2 WandY +110 w
3 ~ WandZ +270 w=- -~

Which is the order of decreasing reducing power of the metals W, Y and Z?

A Y>W=>Z B Y>Z>W
c Z>Y>W D W>Z>Y

In the Haber process, the synthesis of ammonta from hydrogen and nitrogen is a reversible
reaction The energy profile of the reaction with or without a catalyst is shown below

y )

Enegy| =¥ b=

Eq

=

Nz (g) + 3 Hz {g)

2 NHa (g)

Progress of reaction

Which of the following statements is correct when describing the energy changes involved
in the reaction?

A The forward catalysed reaction s endothermic

B (E1 — Ez2) is the enthalpy change of the forward reaction

€ Ejis the activation energy for the backward catalysed reaction
D  E;isthe enthalpy change of the backward catalysed reaction




27 The reaction between marble chips and 200 cm® of 0 2 mol/dm® hydrochlonc acid (in
excess} was studied by collecting the carbon dioxide gas released in a burette The .
resulis are shown in the graph below

Total volume of
carbon dioxide
{cm’)

v e e e e P et &

-

b
-
P

LY B SR |

-

8 7

Time [min}

How would the result change Iif the expenment is repeated by using same mass of marble
chips and 200 cm® of 0 4 mol/dm® hydrochlonc acid?

MaxIimum volume of CO; collected

Time at which the maximum volume is

{cm’} first reached (min)
A .V More than 5 minutes
B v Less than § minutes
c 2V More than 5 minutes
D | 2v Less than § minutes

28  Which of the following electrolyfes will incredse in pH when electrolysed using platinum
electrodes?

A

B
c
D

Aguecus copper(ll) sulfate
Concentrated sodium chloride solution
Aqueous calcium nitrate solution
Dulute nitric acd

10

29 Astudent electrolysed a solution using carbon electrodes Two gases were collected as

shown
DC power supply
Which electrolyte was used?
A Diute sutfunc acid B Concentrated hydrochlone acid
c Copper(ll) sulfate D Concentrated potassium iodide

30  AG0cm’sample ofalris trapped In a gas syringe The air 1s slowly passed over heated

zine in a tube until there Is no further change in the volume of air

What is the final volume of air in the gas syringe?

A 40cm’ B 60 cm®
C 48cm’ D 72cm

31 Which of following reactions does not occur in a blast fumace in the extraction of won?

Ca0 + CO; — CaCO,

Ca0 * Si0; — CaS5i0,
CO;+C—2C0O

Fe,0; + 3CO — 2Fe + 3C0,

oo wm >
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32 Which pie-chart represents the ov;mposmon of a galvanised steel roof? 35 Hydrogen gas 1s used in the production of marganne The word equation for the production
. . of marganne is shown below - -
A carbonh B carbon sine vegetable oils + hydrogen gas — marganne

V

| >

[

Which of the following options correctly lists the nature of vegetable oils, the type of reaction

occurring and the catalyst used?

Nature of vegetable ol Type of reaction Catalyst used
- - - - JA saturated compound substitution reaction Iron
B unsaturated compound addition reaction nickel
C carbon D Zine P
carbon c saturated compound addition reaction iwon
D unsaturated compound substitution reaction nickel

36  Acompound X has all of the foltowing properties

« lt1s aliquid at room temperature and atmospheric pressure

« Itdissolves In water.

» itdecolourises acidified pofassium manganate(Vil)

- 33 Usefu! fractions are obtained by the fractional distillation of petroleumn. Which fraction is What could X be?
¥ malched by ils use?
= A ethane B ethanoic acld
fraction use C  ethanol D ethene
A bltumen - for making roads
B lubricating oils aircraft fuel
ul 37 Study the reaction scheme below
i [ paraffin (kerosene) fuel in cars
& " 2 1 1 L
, D petrol {(gasalene) for making waxes and polishes Crotlza CH, CoH:OH CeHOs
- What are reactions I, il and I1i? -
34  Which of the following Is a product formed when ethene is passed through bromine water?
B ~ Reaction ] Reaction [ Reaction Nl
A . o
é:_w.l%:{;ﬁjﬁ'f ! A | Fractional distilation Addition reaction Estenfication
gl Wb (Y7 i
ﬁ-ﬁ,{‘ X oo B Cracking Addition reaction Fermentation
R g0
,-;‘3; g ‘*%:{;:4 C | Fractional distillation | Substitution reaction |  Additron reaction
O 7
T4 "RATL L "
c o ‘%_";m.:.: R D Cracking Addition reaction Oxidation
o,

£

14
2
i ey
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103

102

101
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97

61

50

59
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a = pefativo alomic mass
X w atamlc aymbel

b = profon {stomlc) number g

13 14
38 Which of the following statements is comect? ole i.,g g2 go 2% E,, 39%.,, 59 ga . EE
A Complete combustion of poly(chloroethene) preduces carben dioxide and water only = = = =
— jud
B Inthe ptlymensation of 100 g of chloroethene, 100 g of poly{chloroethens) Is formed > e “‘§ #iag Sﬁgm & "‘ﬁ 2 1
(2]
€  Inthe polymerisation of chloroethene to form poly(chloroathene), there Is no change ] =
in the density = ;'Eog Hof g,gg ;H;,Qg ¥
0|
D  Both poly{chlorcethene) and chlarosthene decolourise aqueous bromine rapidiy. - = — & i
- - " - " 3 '1'_ = n No —
- - ) il zg'hnn. ﬁhggﬁ_mgw §m§
39  The following monemer undergoes Condensation polymensation to produce a palymer X v e . o o .
171 I @ a
He 0 cf = -nguwgzna g_mﬁg 802
Three repeat units of this polymer are shown below a = o 5 Bid F-'rgﬁ £ &Em aF
- ) L)
—o—}-o-{"Fo-{1 g 25t "ag o
What by-product is formed each time a monomer is added to the polymer? 5 g™ g R
u
A Chlonne B Water g 33 é,, g E’;h 523
b ~r
c Hydrogen D  Hydrogen chlonde e
S sz} sz |sxi
23] g iy =
40 Kelvar is a new product which Is a polyamide (aramud) lts structure is E © 8 8% 85 g Sy g
ﬁ* 1? » M
OO § 3| = ses ] 82
1 = - o 3
QD
. e 253 |12 |32
Which fwe molecules could be condensed to form Kelvar? _g Fd e
=
A o B sgée §§§
AN NHy 0 HOOTHE 3-eo0H i
[ P \ b o -
B B0, apd FOBEZ Syebite a>] m2f_[e2
g : ~ P erf o Je
HE 1w e gogH A N
D e T ONF a0 BNOE-¢ -GONAe ea§ 8> B3 ‘
- N a 8
‘ = csé <2 38§a% 53 .
- i
S oo Red .?szﬁmsﬂék 2]
o bl -

X

*58-7T1 Lenthanold sedes
$90-103 Actinold sares

Key

The volume of one mole of any gas 1s 24 dmYat room temperature and pressure (r Lp.)
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10

Section A
Answer all questions in the spaces provided.

The total mark for this section is 50.

A1 The graph below shows the heating curve for a pure compound at room temperature and
pressure._ |
120 1
& .
L 41 u
b @ 90 B
a i P
5
o 60 -
g .
a (1 A
30
Time {minutes)
a  Explain why this compound 1s not water. ' o [."2]
b  Draw the arrangement of paricles in the compound at point A and B. [2]
Point A Point B
¢ State the type of bonding presént in this compound and e>'<p|ain in terms of its
structure why the melting point and boiling point are below 120°C., [3]
[Total : 7]

For
Exanmuner’s
use
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A2 Equal masses of magnesium carbonate were added into three beakers P, Qand R as

shown below

Beaker P

100 cm® of 2 mol/dm®
dilute hydrochloric

acid

Beaker Q

Beaker R

100 cm° of 2 mol/dm®
ditute sulfuric acid

100 cm® of 2 mol/dm®
ethaneic acid

After some time all the magnesium carbonate In the three beakers was reacted
completely leaving behind colourless solutions.

a  Wnte a chemical equafion for the reaction between magnesium carbonate and

ethanoic acid, CH.COOH.

1]

b 200 cm® of gas was collected from beaker P when it is connected to a gas syringe.
Would the gas coliected from each of the other 2 beakers be more than, equal to,

or less than 200 cm?® whén they are connected to gas syringes? 121

i

H

.
4 I
]

~af
(1)

Qand R.

Volume of gas from beaker Q

ii. Volume of gas from beaker R

Arrange the rates of reaction in ascending order for the reactions in beakers P,

1}

Explain the differences in the rates of reaction in the three reactions.’ {3]

= =

[Total : 7]

Examuner's
use

"
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For
4 Examiner's
use

A3  In the combustion engine, nitrogen and oxygen reacts to form nitrogen monoxide as
shown in the equation below: I

N2(9) +O,(g)—~2NO(g) AH=+181kJ

a  Calculate the energy change when 6 dm® of NO is produced at room temperature
and pressure. [2]

b  Complete the energy profile diagram below and label E:Iearly the products,
activatton energy and the enthalpy change. [2]
A
Energy
Nz (g) + Oz (g)
Progress of reaction

¢  Explan in terms of bond breaking and bond forming whether the reachon is
exothermic or endothermic. o 2]

d  State the source of nitrogen for the above reaction? 1]

e  Nitrogen menoxide can be removed in the catalytic converters installed in cars.
Wirite an equation for the reaction of nitrogen monoxide and carben monoxide in the
catalytic converters [1

F In addition to nitrogen monoxide, nitrogen dioxide 1s also produced in the

combustion engines. Which of these two gases is directly responsible for acid rain?
Explain your reasoning. 2]

. [Total : 10]
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A4

in an experiment, chlorine gas was bubbled into aqueous iron(li) sulfate solution to form
solution X This Is followed by adding aqueous sodium hydroxide and a reddish brown.
precipitate Y is produced

The reactions are summarized in the reaction scheme below.

a

FeS0, (aq) Ch (g) > Solution X
l NaOH (aq)
) . ']-%eddish-brown
pptY i
it  Name the precipitate Y. {1
ii  Wnte the ionic equation with state symbols for the precipitation of Y. 121

Solution X 1s thought to contain chloride ions. Describe the qualitative analysis test
to show chlorde 1on is present. 2]

.

The reaction between iron(ll) sulfate and chlorine is a redox reaction. Explain this

in terms of electron transfer. 2] :

#

[Total : 7]

r
AR Y

13

For
Examiner's
use
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A5 A student carried out a series of electrolysis experiments using aqueous copper(!l}
sulfate as shown 1n the diagram below,

ammeter to measure current

copper electrode copper electrode

-——-

aqueous copper({ll) sulfate

He used the same concentration of aqueous copper(li) sulfate each time, but changed
the current that passed through the solution. He consistently performed each electrolysis
for 10 minutes.

The student weighed the negative electrode before and after each experiment and
worked out the mass of copper deposited.

The table shows the results of his experiments.

For
Exammners
use

experiment | time/mins current/ A | mass of copper deposited/ g
A 10 10 0.21
B 10 2.0 040
c 10 3.0 : D.58
b 10 4.0 081
E 10 6.0 1.22
a  Plot a graph of mass of copper deposited against current M
Mass of copper Bz gy LS
deposited /g RRIlRERIeR ceaEiinans 3
12 fEs : F= it EoitEm
1 0 1 H5 ! ﬁ:-‘” :2& :’A— :
1" 110 -E = - £ : if it J‘
0.8 : e SEinaEG
it : it
06 S e
04 BEmEEL A
02 : L+ ,El“iﬁ:{" 3 5 : 3
[a] - la'\ nﬁ= nf: Jq‘n - cnl”“> CUﬂ'enth
d 1. =N L. oS WA A
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Describe the relationship between the mass of the copper deposited and current as
shown by your graph in (a). ul|

The student carried out another experiment by passing a current of 5.0 A through
the solution of copper(ll) sulfate for 5 minutes.

Use the graph from {a) and the information above, predict the mass of copper that
would form in the experiment” {1

With reference to the abéve electrolysis, suggest the modifications made to the
copper electrodes in the industnal purification of impure copper. {1

The student carned out another electrolysis experiment using aqueous stlver nitrate
and silver electrodes. His results are shown in the table below.

. - mass of silver
electrolyte time / mins | current/ A deposited | g
aqueous silver nitrate | 10 40 27

i Wirite a half equation with state symbols for the reaction that occurs at the
negative and positive electrodes respectively. 12]

ii Calculate the humber of moles of copper and the number of males of silver that

were formed when a current of 4.0 A was used for 10 minutes. [2]

iii Compare and comment on the difference between the numbér ‘of moles of
copper formed and the number of moles of silver formed when ‘the same
experimental conditions are used. Suggest an Explana'uon to accounl for the
difference. 2]

[Total : 10]

For
Examiner's
use

15

Anglo-Chinese School {Independent) Prelim Exam 2015 Y4 Express R - < iT!J m over



16

i For
8 . Examiner's
use

A6 The table below shows a homologous series of organic compounds called ether.

Name Number of Structural formula Boiling
carbon atoms point°C
Y
Dimethyl ether 2 H—-(I:—O—(l:—l-l -23.0
H H
- - = T Ii{ I-Ii 1]-l - -
Ethylmethyl ether 3 H—Cl:—(lr—o—(l}—H 7.0
= H H H
ST
Diethyl ether 4 H—{l;—(l}——{)—(lz—c]:—l-l 344
H H H H

a  Suggest two evidences from the structural formulae to show the organic
compounds belong to the same homologous series 2]

b  What s the moléctlar formiula of the ether molecule that contains 5 carbon atoms.

1

¢ i Define isomers [1]

ii Draw the full structural formula of the alcohol which is an isomer of dimethyl
ether.

(1]

ili Describe a suitable chemical reaction to differentiate between the alcohol and
© dimethyl ether. [2]

iv  The alcohol in part (ii) reacts with butanoic acid under surtable conditions to
form a sweet smelling substance. Name and draw the full structural formula of
this sweet smelling compound. [2}

[Total : 9]
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Section B
Answer all three questions from this section ’
The last question is in the form EITHER / OR and only one alternative should be attempted

Tie any extra sheets used loosely to this booklet

B7 Metal X is found in Group Il of the Periodic Table. A student placed 0.50 g of metal X into 2
flask contamning 80 cm® of 1.60 mol/dm® HC! The volume of hydrogen gas was measured
at regular intervals at 25°C The expenment was repeated using 0.50 g of metal X and 50

cm® of 2.00 mol/dm® HCL.

Volume and concentration of HC!

Expenment Mass of Metal X
1 050 g 80 cm®, 1.00 mol/dm®
2 0.50 g 50 cm’, 2.00 malidm?

The results obtained are shown on the following graphs

- Volume of Hp 4

fem®

300 —

Graph 1 : Result from Experiment 1
Graph 2 : Result from Experiment 2

>Time/s

In Expenment 1, which reagent is in excess, metal X or HGI? Explain your answer.{2]
13]

a

Calculate the relative atomic mass of metal X.

¢ Experiment 2 was repeated and an additional 0.1 g of coppér was added during the
reaction. The result is shown in graph 3. State and explain how copper affects the
A

results obtained iri this reaction.

d  Experiment 2 was carned out again but this time an additional 0.1 g of zinc was added
i esult. 2]

dunngj the reaction. The result is shown in graph 4. Explain the resuit. -
[Total : 9]

- - -[Tum over
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B8  Polyacrylamide abbreviated as PAM is a polymer formed from acrylamide monomer.

“H H O H
|1
H—C=C—C—N—H

acrylamide, monomer

it can be synthesized as a simple linear-chain structure or cross-linked. -A polymer is
called a linear polymer (Figure 1) because it consists of a long string of carbon-carbon
bonds

Figure 1 \O_OOO’OOOO_O.O’O'O‘O.O\

O Repeat unit of acrylamide

The cross-linked polymer (Figure 2) uses a cross-linking monomer to criss-cross with
the long chain polymers. Each cross-linking monomer has two carbon-carbon double
bonds that enables it to do so. - .

H H H H
-4 - M- etk

cross-linking monomer

Repeat units of
cross-linking
monomer

The polymers are used in the manufacture of soft contact lenses. More recently, it is used
in aesthetic facial plastic surgery as filler placed beneath the skin.

http /en wilkipedia org/wiki/Polyacrylamide
httpffen witapedia.orgimkiN, N% 27-Methylenebisacrylamide
httpfichemed.chem purdue.edu/genchemAopicreview/bp/ipolymerierms him!
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a [s the monomer acrylamide saturated or unsaturated? Explain with reference to its
structure -2} -

b Using the structural formula of the monomer given,

i draw the structure of the linear polyacrylamide. Your answer must show at least
two repeat units. 21

ii - draw the structure of a segmentotthe cross-linked polymer. Your answer should
include four acrylamide monomers and one cross-jinking monomer. An outline
of the required segment i1s shown below. 2]

Repeat umt of
cross-linking monomer

Repeat from acrylamide

¢ Suggest which polymer, linear or cross-linked would more Iiliqiy be
{i) a fluid and
{ii) a soiid.

Hence, suggest which is used to manufacture contact [enses and which is used as filler
in aesthetic facial surgery? 2]

d Inan addition reaction, 77 g of cross-linking monomer is reacted with excess iodine
molecules,

Calculate the number of moles and the mass of iodine molecules required for complete
addition reaction.
(relative molecular mass of the cross-linking monomer = 154) - [3]

{Total : 11]
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B9 Inthe experiment to find how three gases, ammonia, carbon monoxide and sulfur dicxide,
affect the rate at which metals corrode, strips of four different metals were left in contact
with each gas in moist air.

After two weeks, the appearance of each metal strips was recorded as shown in the table

below.
- Moist ai - Moist air polluted with -7
oist air
Metal alone Ammonia Carbo.n S.ulf.ur
monoxide dioxide
Aluminium Stll shiny Still shiny Still shiny Still shiny
Copper Small patch of Coating of blue- | Small patch of bclgiﬂnfngfl:u e
green sold green solid green solid .
solid
iron Coating of red- | Thin coating of | Coating of red- | Thin coating of
brfown solid red-brown sohd | brown solid red-brown solid
Lead Stillghiny , | Stil shiny. Sl shiny Caating of black

a Name the gas that gives rise to the fastest rate of corrosion and explain why this is so.

b Name and explain which metal is most suitable for storing vinegar.

-

% 1)

(2]

¢ One more set of experiments were carried out using strips of welded iron and zinc.
The welded strips were then exposed to the each of the gases in moist air.

Descnbe and explain the appearance of iron after two weeks.

(3]

d Carbon monoxide and sulfur dioxide are atmospheric pollutants. Describe how they
are introduced into the atmosphere.

(2

e State and explain the changes observed on red litmus paper when placed in a jar
containing ammonia mixed with moist air versus a jar containing dry ammonia. [2]

[Total : 10]
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OR

B9 a Explam the properties of the following underined substances in terms of their bonding
and structures:

i  Graphite is a good conductor of electricity and is also used as a lubricant at high
temperature. [3]

. il Particles of silicon carbide are lammnated to paper to create sandpapers.

{hint; Silicon ts a group IV element just like carbon. Silicon carbide is a
compound that has a structure similar to that of diamond.) 2]

b Reactions of five metals P, Q, R, S and T are given below.

Metals | Reactions
P Does not react with steam but exidizes slowly in air.
Q Explodes in cold water.
R Extracted industrially by reduction with coke. Reacts with steam.
7 S Does not react with oxygen at reom conditions
i T Sinks and reacts with water.
i Amange the metals in descending order of reactivity. 1]
i Identify which metal is calcium and write the equation for its reaction given in the
table above. ; 2]
& iii In an experiment, a strp of metal R is placed in an aqueous nitrate of P. Explain
’ the reaction that would occur. [21
- [Total : 10]

21
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P1
| D |

P2
Al

A3

-u

Melting point and bolling point of the compound are 55°C and 90°c _
respectively But meling pant and boiling point of water are 0°C and
100°G respectively

Point A Pont B
@
O .

Covalent bonding

“The compound has a gimple molecular structure whera the discrete
molgcules are held together by weak mtermolecular forces  These forces
are easily overcome, "

MgCOs, (s) + 2 CH;COOH (aq) —» (CH;CO0):Mg (ag) + H0 (I} + CO;z (g)

Volume of gas from beaker Q:  Equial o 200cm]
Volume of gas from beaker R.  Equal to 200cm

Beaker R, beaker P, beaker Q

Ethanoic acid Is a weak acld and it Is only partially dissoclated to give a
low concantration of hydrogen iens

Dllute hydrochipric acid and dilute sulphuric acid are strona aclds the
dissotiate completely. However, diiute sulphuric acld Is a dibasic acld
and It produges twice the concentration of hydrogen fons compared to
ditute hydrochloric acid which fs a monobaste acld

No of mol of NO = 6/24 = 0 25 mol

Energy givin out = 0 25/2X181 =22.6 kJ

Energ¥ | activaton eng

Nz (g) + O {0} AH = +181kJ

» Progress of reaction

Endothermie. -

The energy taken in to beak the bonds In 1 mole of nitrogen gas and 1
mole of oxygen gas Is greater than tha energy glven out to form the
bonds In 2 moles of nitrogen monoxide gas

ACS(Independent) 2015 Fina! exam Y4 express

Ad

AS

Air
2 NO {g) +2 CO (g) — Nz (g) +2 CO, {5)

Nitrogen dioxide as it is an acldic oxide and could oxidise In atmosphera
and reacts with rainwater to form acid raln  Nitrogen monoxide is a
neutral cxfde,

Iron{lll) hydroxide
Fe™ (aq) + 3 OH (aq).— Fe(OH): (s)

To a sample of solulion X, add ditute nitne acid followed by agueous siver
nitrate A white precipilate will ba formed if chloride fon is present

lronll lon loses an electron to form Iron(Ill) ons, this is exidation

Chlonne gas gains elactrons to form chloride ons, this is reduction
Mass of copper [T
deposited /g F; %'ﬂ

4 i
il

r‘ﬁ“

Mass of copper deposited is directly proportional to tha current applied
0508g
Anode impura copper,  Cathods, a small plece of pure copper

Negative electrode  Ag® (ag) + €' — Ag (s) .
Positive electrede  Ag (s) — Ag*(aq) +¢”

No of mole of sliver = 2 7/108 = 0 025 mo!
No of mole of copper = 0 81/64 = 0 0127 mq!

Number of mole of silver is twica that of copper
(number of mole of copper is half that of silver)
The chargs of copper(ll) fon 15 +2 and the charge of silver jon is +4

Gwiven the same guanlity of electrons, the number of copper{ll 1ons
discharged is half that of silver lons

They have the same general formula, C,Hau0
‘The consecutive members Increases by a —GH;- group of atoms

CgHa0

Isomers are molecules that have the sama molecular formula but different
structural formulas

ACS(Independent) 2015 Final exam Y4 express




i
H-?—(E-O—H
HH
In separate test ubes, add acldified potassium, manganate{Vll) to

samples of ethano! and dimethyl ether and warm  Ethanol decglourlses
the purple solution but not dimethyl ether

WHH o
Ly

Ethyl butancate

B?

HCI s In excess } .
Matal X Is the limiting reagent and in both axpeﬁmems, the samé mass of
metal Is used up and same volume of gas preduced

No of mole of H; gas = 300/24000 = 0 0125 mol

No of mole of X = 0 0125 mol

Relative atomic mass of X = mass/mole
=05/00125=40

Copperis a catalyst
It sgjads up the reaction by providing an allemalive réacilon pathway
which has & lower activation enargy ' )

The dilute hydrochloric acid is in excess  Zlng and magneshun feact

concurrently to produca a higher volume of gas and faster rate than
experiment 2

Unsatureted because of a carbon-carbon doubls bond

— PR
x;‘:{}'l' L 5}
J—p;a;_f{c

2 .

A
,-ru'l R b
hk‘:}%ﬁ e ‘fd .
M *3w-NlEj " 251 '
3 "B‘ 'l fl
n
A
L/

- “

A e - aa

P

E.
~

3

T,

o e o e e

=]
x

EITHER
BY a

OR
B9 a

Flud is more likely to be the Linear polymer
Sokd is more likely to be the Cross-linked polytmer
Filler is Inear polymer and contact lenses are cross-hinked polymer

No of mole of monomer = 77/154 =0 5 mol
No of mole of fedine = 2X0 5 = 1 mole
Mass of lodine = 4X0 5X127 =254 g

Sulphur dioxide s an acidlc oxlde and dissolves in water to form acid

Aluminium It hasa protectve layer of aluminium oxide

Iron remains shiny arey  Zinc provides sacnficial protection forron  Zine
1s more reachive than Iron and loses electrons more easily It corrodes in
place of iron

Carbon monoxide s produced from the incomplete combustion of carbon-
containing substances due to the lack of oxygen

Sulphur dioxide Is produced at the power station when fossil fuel is
bumed

Red litmus furns blue in moist alr and ammonia gas mixture but remains
red in dry ammonia

Ammonia needs to dissolve in water to become an alkall and releases
aqueous hydroede 1ons

In the structure of graphite, each carbon bonds to other carbon atoms
using three of the four valance electrons The non-bonding valance
electrons of tha carbon atoms form the sea of delocalised elettrons that
made graphite a conductor of electricity. .

The carbon atoms are covalently bonded In layers eonsisting of
hexagonal rings. Between the layers are weak forces that can be easily
overcome which make the layers shde over each other easily Graplite
can be used as a Jubneant at high temperatura due to the many strong
covalent bonds between the carbon atoms

Silicon carbide has a glant molecular structure A Jarge number of carbon
and sillcon atoms are all joined together by steonq covalent bonds ina
qaint three-cimensional fattlce structure A lot of energy would be needed
ta break these bonds and the structure Is hard and rigld

QTRPS

T
Ca (s) +2 H;0 (i) —+ Ca{OH)2 (2} + H2 (g)

Displacement reaction
Rs more reactive than P R loses electron more easily than P and it
disptaces P from the aqueous nitrate solution

ACS({independent) 2015 Final exam Y4 axpreds ,
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Name of Candidate ( ) Class Index No .

1

Naturally-occurring bromine has a relative atomic mass of 80 and consists entirely of two Isotopes of
relative atomic masses 79 and 81 A

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

A Brommns contains the two isctopes in equal proportions

B Bromine has different oxidation states

C  Bromne isotopes have different numbers of protons

D Bromine is a gaseous mixture of atoms and molecules at room lemperature

Silicon cartude, SIC, has a shucture similar{o diamond Boron nitnde, BN, has a structure simllar to
graphite Bronze 1s an alloy of copper and tin
Which statements about 5i1C, BN and brenze are comect?

1 All are bonded covalently
2 All except sllicon carblde opnguct glectricity when solid,
3 All have high melting pbints

A 1and2only
B 1and3only
C 2and3only
D 4,2and3

What comreclly descnbes the molecules in very dilute sugar solution at room temperatura?

sugar molacules water molecules

closs fegether, moving at random close togsther, moving gt random

close together, moving at random

closs gether, not maving

A

B | widely separated, moving at random
C | widely separated, moving at random
D

"fwldely separated, not moving widely separated, moving at random

What can be deduced about two gases that have the same relative molecular mass?

A They have the same bolllng ppint

B They have the same number of atoms In pne molecule

C  They have the same rate ¢f diffusior at ropm temperafure and pressure
D  They have lhe\s‘ame solubility In water at room tefnperature

Dne volume of a gaseous elemant Xz combines with an equal voluma of gasedus hydrogen to form

two volumes of a gasepus hydride 3
What is tha formula faof the hydride of X? .

A HX B L HX ,
C HX D S HX - - -

L

) ;

The mass of pne mole of a chiorde formed by a metal Y Is 74,5 g The formula of the
chloride could be o N

A Y c YCl

CHEMISTRYPAPER 2 This paper consisls of 30 prnted pages

B YLl D YCiz

7 The diagram shows the structure of a covalent compound containlng the element hydrogen, H, and
the unknown elements X, Y and Z.

H Y
4

- H—X—X _H.
A 4
H Y—z

To which groups of the Perlodic Table do these three elements, X, Y and Z, belong?

X Y

oo wm >
N A A a
LR I |
A0 a2

8 How could a sample of potassium be obtainad from potassium chlorida, KC1 7

method 1 adding zinc to a solution of KC1
method 2 elsctrolysing an aqueous solution of Gl
method 3 electrolysing molten KCI

A method 1 only
B  methods 1and 2
C methods2and 3
D method 3 only

9. Which diagram repressnts the structure of an alloy?

10. When a volcano erupts, which gag s produced n significant amounts?
A carbon monoxida
B chlorofluorccarbons
C  methane
D sulfur dioxide -

2015 Sec 4 Preliminary Exsmination Chemistry poper2 50732



3 4

11. A concertrated aqueous solution of copper(ll) chlonde is electrolysed using mert electrodes  What s 16 Four oxides are added separately to aqueous sodium hydroxide
the product at the negative electrode? .
1 aluminium oxide
A chlorlne 2 carbon dioxide
B copper 3 copper{ll) oxide
G hydrogen 4 magnesium oxlde
D  oxygen
Which oxides react with aqueous sodlum hydroxide?
12 The energy profile for the forward direction of a reversible reaction Is shown A 1and2only
- - - - - « B 1,3and4only -
! C Z2only
D 3and4only
energy 17 Which Is most likely use of sulfuric acld?
A asableach
B in the manufacture of ammonla
C  inthe manufacture of fertilisers
. D inthe manufacture of battery acid
progress of reaction
Which row comrectly shows both the sign of the activaton eénergy and thé typa of the enthalpy change 18 Which property is common to calcium, potassium and sodium?
for the reverse reaction?
A Theiratoms all have one electron in the outermost shall
h of activath B Thelrions all have elght electrons in their outermost shell
o zr:rg;a O | enthalpy change C  The lons have are sttracted to tha positive electrode
D  They are all deposited at the anode when their motten chloside 1s electrolysed
A negative endothermlc
B negative exothermic 19 Which two statements indicato that metal M may have a proton number between 21 and 307
< positive endothermic 1 It conducts electrictty
2 1t does not react with water
b pasiive awothenmic 3 Itforms two baslc oxides with formulae MO and Mz0a
4 It forms two coloured sulfates
13 Which is an anlon that is present In the solution formed when an excess of dilute hydrochloric acld is
added to talcium carbonate? A fand2 B 1and4
C 2and3 D 3and 4
A Ca® B o c co* D H
14. Which ontc equation describes a redox reaction?? 20 Which substancs, in the glven physical state, is found at the bottom of the blast fumace?
A Agleq)+Cr (ag) — AgCl(s) substance physical state
B 2HYag)+ COs (aq) — COxg) + H20()
¢ HYag) +OH{ag) - Hzgl(l) A | calclum carbonate solid
+Cu® — *taq) + Culs!
D Zoly) +CuT(eq) ~ Zn(aq)+ Culs) B | calcumslicate liquid
45, Carbon and sillcon are both In Group IV of the Periodic Table .
Which statement is correct for both carbon dickide and siicon dloxide? c carbon liquid
A They are acldic oxides ' D iron sold
B  They are readily soluble In water.
¢ They contain onlc bonds
D  They have glant molecular structures.
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21 Gas Z s to be separated from a mixture of gases X, Y and Z by the apparatus shown Iin the diagram

XY, Z p
iz

5

coppe/r(l[) oxide

N .Z-‘-"

aqueous sgdium
hydroxide

For which mixture will thls system work successfully?

X Y Zz
A hydragen carbon dioxida nitrogen
B oxygen hydrogen carben monoxide
C nitrogen oxygen hydrogen
D carbon dioxide nitrogen oxygen

22 Which reacton does notinvelve either axidation or reduction?

A
B
c
D

CHd(g) +20q)
Cuz+{aq) + Zn(s)
CuQ(s) + H280u4(aq)
Zn(s) + H504(aq)

—
-
—
-

COz(g) + 2H:0(g)
Cu(s) + Znz+{aq)
CuS04(aq) + H:0()
ZnS04(aq) + Hilg)

23 In the extraction of iron, ¢arbon monoxide acts as

oQwr

24, Magnesium can be cbtalned by heating magnesium oxida with which slement?

oWl

an oxidising agent
areducing agent.
a catalyst.

an Impurty to fower the melting point of the mixture to conserve energy

calcium
hydrogen

carbon monroxide
carbon

2013 Sec 4 Prehiminary Examination Chemlstry paper 2 50732
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25 The diagram shows the electrolysis of molten lead(ll) bromide using inert electrodes

+ -

silvery metal

molten lead(I) bromide

heat
What happens dunng this electrolysts?

A Afoms echange to lons

B lons change to atoms,

C  Covalent bonds are broken
C  New compounds are formed

26 An alloy of copper and zinc is added to an excess of dilute hydrochlonc acid The resulting mixture is

then filtered Which observations are comrect?

filfrats residue
A | colourless solution none
B | colourlsss solufion rad-brown
c blua solutlen grey
D blue solution none

27 Which palr of compounds could be used in the preparation of calcium sulfate?

calcium carbonate and sodium sulfate .
calclum chloride and ammonium sulfate

calciumn hydroxdde and barfum sulfate

calclum nitrate and laad(}l) sulfate

oom>
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28 The compounds CO{NHz2)2and NH:NOs are used as fertilisers 31 Scrap Iron s often recycled  Which reason for recycling 1s not correct?

The proportlon of nitrogen by mass in CO{NHz)zis 1 that in NH«NGa
that in NH«NO A Itreduces the need to collect the scrap ron
The proportion of nitrogen by mala in CO{NHaJeis 2 atin R It reduces the amount of waste taken to landfill sites

B
Which words correctly complete gaps 1 and 27 C  ltreduces the amount of pollutlon at the site of the ore extraction
D It saves natural resources

1 2
A aqual to equal to 32 A student performs two reactions.
B higher than equalto reaction1 10 gof magnesnurﬂ ribban with excess 2 0 mol / dmaadllute hydrochleric acid
reaction 2 5 g of magnesium powder with excess 3 0 mol / dm” dilute h hi id
¢ | higherthan higher than g gnesium p m’” dilute hydrochlonc aci
In both experiments, the volume of hydrogen produced, V, is measured against time, t, and the
D lower than lower than results plotted graphically Which set of graphs Is correct?
A B
29 Titration of an acld against a base is a method often used In the preparation of salts v v
Which propertles of the acid, the base and the salt are required if this method is to be reaction 2 reacion 4
used?
reaction 1 reacton 2
acld base salt
A Insoluble insoluble Insolutle o N 0 .
B soluble tnscluble Insoluble 0 ¢ 0 't
C solubla soluble insoluble
D soluble soluble soluble c D
v
reaction 1 reachon 1

30 The oxide of an element X increases the rate of decomposition of hydrogen peroxide At the end of reachon 2 7 reaclion? -

the reaction the oxide of X is unchanged
Which detalls are those of X?

0 . ol -
proton numbar | mass number 0 ! 0 t

A 18 40

B 20 40 33 Which information is correct regarding the formation of ethanol by the process of fermentation?

[+ 25 55

substances gas evolved
D 82 207 formented during fermentation
. A carbohydrates carbon dioxide .
B carbohydrales carbon monoxide
c hydrooarbons carbon dioxide
D hydrocarbons carbon monoxide
2015 S 4 Prchminary Exsmination Chenoistry paper 2 50732 2035 Sec d Frel o raiaren () Pl ST
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34 What are the reactions of compounds W, X, Y and Z? 36 Useful fractions are obtained by the fractional distilation of petroleumn

Which fraction is matched by its use?

il

w X Y Z
H H ] IF Il-l H T 'i[ fraction use
c|;=(1: H—C—C—H H—C———C—HR C=C A bitumen fusl in cars
(!:QOH cl:ooH OH COOH COOH COOH cl)H (I)H B lubricating oils for making waxes and polishes
== - - - =l € | paraffin (kerosene) Tor makifig'roads
decolourises hasapH reacts with D | pefrol (gasolena) “alreraft fual
aqusous bromine of less than 7 ?ocfaorggxgrl:c;:tcel;i
A Xand Y W, ¥and ¥ W, X, vandz 37 Which statement, about the compound shawn below, Is correct?
B XandY Xand Z Xand Z '
c Wand Z W, XandY XeandZ H- -0
D Wand 2 XandZ W, XandY

C- -Cii, - -Cly, -~CH,

g

35 Compound X has the molecular formula CaHsO It does not react with ammonia

It does not react with magnesium
It Is formed by oxidation of butano!
It1s propanoic acid.

X can be mada by a fermantation process,
X can be oxidisedto Y
X can react wath Y to form Z and water

oOwmr

To which homologoys senes do X, Y and Z belong?

38 Compounds X and Y are both alkanes. Compound X has a higher bolling point than compound Y

What could be the formulae of compounds X and Y?
X Y z
A alcohols carboxylic aclds esters compound X compound Y
B aloohols esters carboxylic aclds
A CgHss CoHyg
C | carboxylc acids alcshols esters B
D | carboxylicacids esters alochols Cafte CoHap
c CBH18 CBH«;G
. D CoHazo CgH1g
201§ See 4 Prelminary Excmipotion Chemuslry piper 2 S0TM2
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39 Compound Q has the structure shown.

Which structure is an isomef of Q7

I—0=—1I

Ir—0O0—I

r—-0—I

Ir—0—I

H—O0—

I—QO—T
LT—0—0—x
T——O—=T

I—U—T

40 What is the partial structure of the polymer formed by the polymerisation of propene,
CHaCH=CHz2?

B

A

r——T
IT—D—0
LTr—=0—1T

| »
T Q=)

T—0—T
T y— >
et o D

=0

Ir—0—I
L——Q—1I
Lo Qe T
LormlO——TT
Ir—O—3I

LT

L=~{3—T
O==L0—0
=gz
F—i—B

T—~—X

g #

H]n_vl I
H.I,_V|H
H:..,_V|H

H..
T—0—0
TG
T.T
T Qe
-

Ll
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1. The diagram shows part of the Periodic Table. Only some of the elements are shown.

12

H
C|IN|O
Na | Mg Al | Si
K {cCa Fe Cu|Zn
Rb R _
(a) Answer each of the following questions using only those elements shown in the
diagram. Each element may be used once, more than once or not at all,
Give one element which
(i) has a giant molecular structure,
......................................................... . M1
(ii) combines with oxygen to form a gas which contributes to acid rain,
........................................... [1]
(ii)  forms anion of type X" which has only three completely filled shells of
electrons,
.................................................................................................... w1
(iv)  has a chioride of type XCh, whose aqueous solution forms a white
precipitate with aqueous sodium hydroxide but insoluble in excess of NaOH.
..................................................................................................... 1]
by () Arsenic reacts with oxygen to form arsenic(iI) oxide, As203.
Construct a balanced chemical equation for this reaction.
.................................................................. [1]
(ii) Arsenic(Ill} oxide is slightly soluble in water. Arsenous acid, H3AsQ3, a weak
acid is formed.
When 100 cm? of 0.05 mol /dm® of both arsenous acid and hydrochloric acid is
added separately to excess magnesium, will arsenous acid produce more, less
or the same volume of hydrogen compared to hydrochloric acid?
[1]
Will the pH of arsenous acid solution be higher, lower or the same as
hydrochloric acid?
(i)  State the chemical formula of the salt formed from the reaction between arsenous

acid and magnesium.

(1]

31
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Zinc carbonate thermally decomposes to form zinc oxide and carbon dioxide.

ZnCOs(s) > ZnO(s) + COx(g) -

in an experiment, a sample of a certain mass of zinc carbonate is heated in a test-tube using a
bunsen bumer.

The total volume of carbon dioxide formed is measured every 10 seconds. The resuits are
plotted on the graph below.

voluma of
carbon
dioxida
fem®

0 timels

(a) Suggest why the yolume of carbon dioxide does not increase very much when the
zinc carbonate is first heated.

(b)  Using the same flame intensity and the same particle size of lead {i1) carbonate and
calcium carbonate, two separate but same .experiments were carned out.

Experiment (i) the 5ame mass of lead (1)) ¢carbonate is heated.
Experiment (ii) the same number of moles of calcium carbcnate is heated.

On the axes above, draw the graphs you would expect frofa the results of these
experiments and fabel :-

Graph i) for experiment {j) when same mass of lead carbonate is hedled, =~ {1]
Graph (i) for experiment (ii} when same number of moles bf calcuum carbonate is

heated. - . : {1

The structures of sodium chloride and chlorine are shown below.
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sodium chloride chlorine

(@) The melting point of sodium chioride is 801 °C.,
The melting point of chlorine is —101 °C.

(i) Explain, in terms of structure and bonding, the low melfing point of chlerine

-----------------------------------------------------------

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

----------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------

--------------------------------------------------------------------

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

-------------------

(b) State the two electrode half equations when concentrated aqueous sodium chloride is
electrolyzed.

Anode reaction

-------------------------------------------------------------------------------------------------

(c) Chlorine gas reacts with ammonia gas, NHs, to form hydrogen chloride and
nitrogen gas.

Construct a balanced chemical equation with state symbals for this reaction.

The ester, ethyl ethanoate, reacts with hydroxide ions to form ethanoate ions and ethanol, as
shown in the equation below.

33
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CH;COOC:Hs + OH > CH;COO™ + C;Hs0H
ethyl ethanoate ethanoate ions .

(a) The graph shows how the concentration of ethanoate ions, CH;COO™ , changes as the
reaction proceeds.

0.4 ”J

Y

0'3 K| 3 j ‘11

concentration
of CH;COO" )
ions in mol/dm?®

| §
0 1000 2000 3000 4000 5000
time/s

:

)] Use the information in the graph to deduce the mass of ethanoate ions in 200 cm’of
the solution when the reaction is complete.

) mass = vee v g {1
(ii)  Use the information in the graph to calculat the average rate of reaction, in mol/dm’fs,
during the first 300 seconds.
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- -average rate of reaction ........... eoeceo .. Tenenresenens mol/dm®/ s [1]

(b) Below is a molecule of fats found in our bodies and foods are in the form of ‘triglyceride’
molecule, which is a saturated fat.

H B W OH H & N

{ w4 1 & 1 4
.H'____‘g_.@mt’-i.ga;; .a%a‘% ""T':F:""—""I'E

H B H # M

H o H B

emgm’l‘%i 'ﬁii‘*ﬂ
i i
H H 3 B B H

Triglyceride-Satuiatet

Use the example given a;ld draw the display diagram of two products when hydroxide ion, OH",
reacts with this molecule.

——

[2

Analysis of a yellow compound X , which consists of two ions, shows it has the following
composition.

| FEloment T _Percantaggby mass |
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hydrogen 3.40 - -
nitrogen 12.0
oxygen 41.0
vanadium 43.6

(a)  Show that X has the formula H4NOsV.

- [1]

{h) Suggest one physical property of compound X caused only by the presence of vanadium
in the compound.

.......................................................... yo on mememeasssemensss erea sea n sssbssessisssressssiasareseasetees k]|

{¢)  Aqueous sodium hydroxide is added to solid X and the mixture is warmed.
A colourless gas that turns moist red_litmus blue is evolved.
Deduce the formula of each of the two ions present in X.

POSItIVE 10N ....eeerecrenrsionnsassanas I |- [-111//-3 (1) DR [2]

(d)  Anacidified aqueous solution of X reacts with aqueous potassium iodide to form iodine.
State what you caf deduce about the chemical nature of X.

The flow chart shows somé reactions of the compounds of a metal. - B
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metal carhonate A

H,S0,(aq)
colourless gas B blue solution of C
~= - excess NaOH(aq) -~ _  excess Mgi(s)
light blue precipitate D colourless solution of E pink solid F

Identify, by name, each of the substances.

---------------------------------------------------------------

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

F oeeereneeas mrassssres srmessesemssreeossssseeesssessssesesens [6]

7. The diagram shows a simple electrochemical cell.

_®_

positive
electrode negative electrode
diluie J
sulfuric acid _ )

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

Positive electrode Negative electrode - Voltage / V

37

- 11
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silver R +0.10
Copper S +0.48
Copper T +2.70
Copper u +0.78
Silver copper +0.46

(a)

(b)

% (o)

(d)

Use the information in the table to deduce the order of reactivity of the metals silver, copper, R,
5 T,U

MOoStTeactiVe v cececrennsreies  ameveeeeen

----------------------------------------
---------------------------------------
-------------------------------------

feastreactive  woveceerees cccnsrssnsensnenansenns {11

State two metals from the table that will produce the highest volfage when used in the
electrochemicat ¢ell as shown in the diagram.

)] Briefly state a method, to extract aluminium and zinc from its ore, such as aluminium
oxide and zinc oxide respectively.

AULITIIIIUITY 1or e ceeoees vvvesmseeacessss sresesssmssassrasassasmsatsstaasorsesont sadsrresnsssnesatsttisessde sovessansssansssssssrnsnns

{if) When solid copper (i) nitrate s heated, it decomposed to copper () o'xide. nitrogen
dioxide and oxygen.

Wite a chemical equation to represent the thermal decomposifien of copper(ll} nifrate.

Draw the cross and dot diagram of ammonium fluoride in the space below.
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2]
a i Explain why attaching iron with magnesium prevents iren from rusting.

-----------------------------------------------------------------------------------

--------------------------------------------------------

(i) If copper is attached to iron, will iron rust slower, or faster or no difference?
Explain your answer.

2]
{b) Other than cost, state one benefit of recycling of iron.
.................................................................................................................. I
(c) In the manufacture of iron in the blast furnace explain the presence of nitrogen
in the waste gases.
[1]

A student fitrates 20.0 cm?® of a metal hydroxide, M{OH),, of concentration 0.060 mol / dm® with
a strong acid of concentration 0,050 mol / dm>.

It requires 24.0 cm® of acid to neutralise the metal hydroxide.
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(a) Calculate the number of moles of acid in 24.0 cm® of the acid.

rereeermeeneees OGS [1]

(b)  Calculate the number of moles of OH ™ ions in 20.0 cm® of the metal hydroxide.

e, moles 1]

................................................................................................. 1

{d} Explain why barium sulfate should not be prepared by adding sulfuric acid to barium
oxide?

................................................................................. 1]

10.  Silicone fluids are polymers. Pait of the structure of a silicone fluid is shown below.
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The monomer used in making this silicone fluid is a saturated compound. Deduce the structure
of this moncmer,

-~ - _—- =

(a)  Draw the structure of the repeating unit of this polymer

1]

(b) If this is a condensation polymer, draw the monomer of this polymer.

[

SECTION B (30 marks)
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Answer all three question in this section. The last question is in the form of an either/or and
only one of the alternatives should be attempted. .

11.  The table below shows some properties of the Group 0 elements (noble gases).

elément density ic:gq“lﬁiselement boilir;g c;aoint
helium 0.15 —269
neon =~ -~ 1.20 —D46 .
' argon 140 186
kryptan e . 152
xenon — 3.52~ ] 2

e e m A

{a) Destribe the changes in density and boiling point of the elements in group 0 from helium to
xendn.

e [
{b) Exﬁ!ain why noble gaseés are inert and not reactive.
................. teerresseesa een etessesseseasaRsErte Serussas semestessssesesstase ssae sessesssssessee serussssiessessrensessesscacs [1]
(c) Several compounds of the noble gases have been produced in recent years, €.g. fluorides of
xerpn, ‘ )
) ; _Compl’ete the equation for the reaction of xenon(IV} fluoride with water.
............ XeF3 # vereen H20 > i Xe + ,..XeO3 +.7.0; + ..HF [1]
{n)  Predict the pH of the solution after this reaction?
...................... {1}

(d)  Xenon (VI}fluoride, XeF:S, with a m.p. of 49°C and b.p. of 76°C reacts with water toform a
mixture which éontains xenon, xenon(Vl) oxide, XeOs, and hydrogen fluoride, HF and oxygen

gasinsiep 3.
Xenoh hexafuoride, XeFs , hydrolyses to XeOs, stepwise in3 steps, of which only two steps is
shown below.

Step 1 XeFg +H,0 —XeOF; #+2HF -

Step 2 XeOF; #+H,0 — XeOF2 +2HF

{) Determine the oxidation number of the xefion in compound, XeO,F2, fermed in
- step 2.

ceremeeee 11
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(i)  Using the information from reactions in step 1 and step 2, predict the balanced
chemical equation for the reaction in step 3 when XeO,F, hydrolyses furtherwith
water.

1

(m}  Neon is also a noble gas, state one commercial use of neon.

[1]

~w) - Is xenon (Vi}fluoride a covalent or ionic compound? Give a reason for your answer from
the information given above

i2]
12.  Ammonia is manufactured by the Haber process
—_—
(a)  State what does the symbol = means
- 1
The table below shows how the percentage yield of ammonia varies with both temperature and
pressure.
pressure | %yield at % yield at % yield at % yield at
/atmospheres 200°G 300°C 400°C 500°C
30 68 32 11 4
100 81 51 25 10
200 86 63 36 _ 18
300 £8 - 69 40 24
(b) )] Using the information above, describe how, the percentage yield of ammonia
changes with temperature and pressure.
........................................................................................................................................... [1]

-----------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------
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Farmers use chemicals to improve crop yield. Ammonium phosphate, (NH4)sPOy4, is used as a
fertiliser and calcium hydroxide, Ca(OH)s, is used fo reduce the acidity of soils.

The relative formula mass of ammonium phosphate is 149.

{c) Calculate the percentage by mass of nitrogen in ammonium phosphate.

PEICENATE = .ottt % 11
(d)  Afarmer adds ammonium phosphate to a field.
He then adds calcium hydroxide to the field because the solil is very acidic.

0) Calcium hydroxide neutralises acid in soll.
Give an ionic equation for this reaction.

............................................................................................................................ 1
) Adding calcium hydroxide tegether with ammomium phosphate reduces the
“sffectiveness of ammonium phosphate as a fertiliser. Explam.
................................................................................................................................. |
{e) (i) State one man made source of oxides of nitrogen.
..................................................................................................................................... [1]
(in) Use chemical equation/s, to show how the production of oxides of nitrogen
can be reduced in cars.
............................................................................... {2]
(f) State one natural source of methane.
et Sesseeseriesrasasa A Seets MASIELSSALE SRR absssenaarareass ]
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EITHER

13.  The alkanes are a homologous series of hydrocarbons.

(a) Jezicar and Authoree had a discourse on the malecules below.

T H
- T Ly -
A ey
4 b HHHH
Molectile A Molecule B
H H
| I
H-C=C-C-C-H
(.
H H
Molecule C

Jezicar says that both molecule A and B are in the alkane homologous series, But

Authoree believes that molecule A and B are in a different homologous series because they
both do not share the same general fomula.

From the information above,
() suggest a reason, why Jezicar may be right.

--------------------------------------------------------------------------------------------------

........................................................................ S )

(i) State the condition/s for the chemical reaction between an alkane and chlorine

CONAIION/S .. ot e e e e veeenenaee [1]

(Wi}  Interms of bond making and bond breaking state whether the chemical reaction
between an alkane and chlorine is an exothermic or endothermic reaction?

. {11
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(v)  Molecule C behaves just like an unsaturated hydrocarbon. Draw the display diagram of
the product formed when excess bromine is completely reacted with molecule C.

1

(v  Draw a energy profile diagram for the reaction between molecule A and chlorine. Label
the activation energy, enthalpy change and also label the axes.

. .
s

{2)

(b)  Onemole of undecane, C11H24, is cracked to form a mixture containing ¢éne mole of ethene,
one mole of propene and one mole of ancther substance.

State the formula of the other substance.

............................................................................................................................ [1]

()  Butanoic acid, C3H;COOH, reacts with sadium fo form a salt and a gas.
State the name and formiula of the sait.

---------------------------------------------------------------------

(0142110 = R OO 2]
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If Butan 1,4 diol , HOCC2H4COH, display diagram shown below

H HHH

I 1 1
H-0-C-C-C~C-0-H

11 1 1

H HHH

is reacted oompletgly with excess acidified potassium manganate (\7]|)‘ State the display

diagram of the product form in the box below.

[11

47
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OR

14. A series of reactions based on propanoic acid is shown.

CaCO,
CH,CH,COH »| three producis
A
reaction 1 reaction 2
Y = - =
reaction 3
CH,CH,CH,OH | »| CH,CO,CH,CH,CH, )

(a) () When propanoic acid reacts with calcium carbonate, there is effervesoence and
the solution feels warm. Write a balanced chemilcal equation for the reaction
between propanoic acld and calcium carbonate.

(i) State the name of the salt formed in reaction between CH;CH,CGOH and
calcium carbonate,

Lfeeeetemrens SeRAvSRITLRSAE R ARRALE RS S44mRERSE AR SRRR AR 14 SSAERPAEARRSA RIS S 1
(i)  Draw alabelled energy profile diagram for the reaction between CH;CH,COOH
and calcium carbonate.
{2]
by ) Name the type of reaction for the conversion of CH3;CH.CH;OH to
CH,CH,COQOH in reaction 2?
..................................................................................................................................... M

(i) Suggest the name of type of reaction for the conversion of CH;CH,COOH to
CH:CH,CH.0H in reaction 1.

-----------------------------------------------------------------------------------------------------------
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State the name of an alkene and the experimental conditions to convert this alkene to
CH;3;CH,CH,OH.

Name of alkene

Conditions

------------------------------------------

.................................................................................. 2]

49
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(a) McLsi
mu
UL
{iv] Ca/Mg
(b} (i) 4 As+30;-> 2 As5;0,
{ii) Moare, Higher

(i MesfAsCs)z

time for zinc carbonate to decompose

)\l of Wafem®
(]

)

.
2 PR R Y=Y
s Yt

3 (a) ()} Chlorine has a slmple molecular structure mada up of discrete molecules Listle b

molecules, Hence it hias low melting polnt,

{a} (i) Hydrogen chloride Is soluble In water and dissoclates tote form H' and g;- . -. 2l

lons which can conduct electncity
(b) Anode, 2 €T (aq) > O, (g) + 2e-
Cathode 2H’(ag) +2e--> Ha (g)

() 2NH3 (g} + 3 €1 (g) - 6 HC1 (g} + Na {e}

4 fa) {1) When the reaction Is complete, concentration of CHyCOO Is 0.45 mol/dm®

No of mol of ethanoate lonis =0.45 x % =009 mol

Mass of ethanoate lons =0 09x59a531g{35f})

{a) {il) Rate of reaction = 23 = 0.000533 mal/dm®/s (3 s £.)
300

W
H- C- o"l'\ Q
LR
H—f‘!-*O-H H-o-C—C- c-
[ |
H-C-o-H K H
5 {a)
N v
% mass 120 436
Ar 14 51
No_of males 0 857 0 B54
Ratlo 1 1
Formulais HyNOV (shown)

{b) 1t is a coloured compound {yellow)

{c) Positive lon NH,*

Negative fon, VO

{d) it Is an oxidising agent.

6

A. Copper (I} carbonate
B Carbon dioxide

C. Copper (Il} sulfate

D Copper (1) hydroxide

E* Magnesium sulfate
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% S -

+ ¥
Ko ¢ i

F Copper 101a)

C.ty¢ G .
| \

7 {a) {(Most reactive) T> U > § » Copper> R > Silver {Least reactive)

Y Ci— 0
(b) Anode T, Cathode Sitver o sl ' or | !
{c}(1) Alumintum- Electrolysls of molten AlyOy, Zinc - Reduction of 2inc oxide by carbon
Culle /in Gy /w

{e){il) ZCu{NOy); = 2 Cub +0; + 4 NO;

@ + -— 10 (b) C—:-\'\S

I
H-0— si.'—o-H

CJ\-{ 4

8 {a){) Magnesium is more reactive than Iron, hence It loses electrons more readify and will
corrode In place of iron

L3

l 11 8) Both denslty and boifing polnt Increase from He to Ar

it
(i1} Faster Iron Is more reactiva than capper, hence it will lose electrons mere readily to Cu el ,' {b) Noble gases have a fully filted outermost shell, hence they have no tendency to lose
and will rust faster b0 or gain electrans
M - i
{b) ron ts a finite resource and recycling iron will enstire the slower depletion of the non- {é {b) (1) 4 XeFy + 8 K0 -> Dde + 2Xe0y + D7 +16 HF
¥reed
renawable resource & | (I pH +—2;
{c) Air Is pumped Into the blast fumace, which contalns 78% of nitregen which Is not used In . c} )46

the reaction (1) XeQ,F; + Ha0 <> XeOs. 2HF

{111} Fill the bulbs of neon lamps
i {Iv} Simple covalent compound It has a fow melting {49°C) and boiling point {76°C}

9(a) No af moles of acld = 0 050 n% =0,0012 mo)

{b) No of moles of M{OH}2 = 0 060 x --0—= 0 0012 mol

M{OH); < M* + 200" 12 (a) Reversible reaction

No of moles of OH fons = 0 0012 x 2 = 0.0024 mal {b)(i) As pressure Increases from 30 to 300 atm, percentage yleld of ammonia Increases As

temperature Increases fram 200°C to 5C0°C, the percentage yleld of ammonla decreases

Py

{c) Sulfuric acid

AR

Eﬂ Catalyst provides an altemative pathway with [ower activation energy which results In
more particles having energy greater than actlvation energy, thus ncreasing the frequency
of effective collistons and the rate of reaction Thus lesser energy will be required and thus
less cost spent on electricity

{"

(d) H2504 {3q) + BaO (5] <> Ba504 (s) + HC (1)

..-._‘ Tennes

The reaction produces Insoluble BaS0, which will form a layer of coating arcund BaO,
preventing further reacting with H,504 Reactlon will not go to completion

i
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(i} Adding caleium hydroxide to ammonium phosphat;. wili result in a reactlon where

7 PReaction rnarf—ﬁ

-

ammonra gas will be liberated Nitrogen essential for healthy plant growth will be lost in the

form of ammonia gas
the energy released for the bond forming of bonds In chlorine-substituted alkane, hence It Is
H
o
Al =4V
—

{a) (lii} Energy absorbed for the bond breaking of bonds in alkane and chlorine Is more than

{e}r} Exhaust of car englnes/ Burning of fossil fuels in car engines
(3] [} Molecule A and B are saturated hydrocarbons

{d) (i) H* (aq) + OH (aq) > H0 (I
(2NO+2CO-> Na+2C0;
[f) Decay of plants/dead matter
a endothermic reaction

"
(a){v) Bnwy LT

13 Either
{a] {fi} UV light

{a) ()
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Paper 1: Multiple Cholce Questions [40 marks]

1 A sample of nitrogen dioxide gas I1s cooled and the temperature is measufed °
every minute The following graph is obtained
Temperature/°C
> Timel/min
Which describes the arrangement and movement of the particles In the
region C — D7
Arrangement of particles Movement of particles
Closely packed n orderly
A arrangement Vibrate about fixed positions
Closely packed in disorderly
arrangement Moving at high speeds
Closely packed in disorderly
arrangement Moving freely over each other
Mixture of particles closely Some particles are vibrating about
packed in orderly and disorderly fixed positions while some are
arrangement movmg freely over each other
2 At -200°C, a mixture of liquid oxygen, hitrogen and xenon is heated up by

15°C. The beiling points of some gases are glven in the table below,

Gases Boiling point/ €
Nitrogen -196
Xenon -108
Oxygen -183

Which of the substances will be in the liquid state at this higher temperatura?

o0 m »

nitrogen only
Xenon only
a mixture of nitrogen and oxygen
a mixture of xenon and oxygen
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A gaseous mixture of ammonia, oxygen, carbon dioxide and chlonne was
passed through the set-up shown in the diagram below Only one gas was
collected in the gas jar

-

mixture —=
of
gases
acidified aqueous sodium water
potassium fodide hydroxide

Which statement describes a propenly of the gas collected In the gas jar?

A it bleaches moist blus itmus paper

B It forms a white precipitate when bubbled into imewater
[ It relights & glowing splint.

D it turns molst red itmus paper blue

The apparatus can be used to show the diffusion of gases Two beakers
containing gas P were placed over two porous pots containing gases Q and
R respectively The results are shown below.

gasP le—— beaker

gasP l¢—— baaker

— porous pet

Solid samples of ammonum chloride, lead(II) chlonde and sodium chloride
were accidentally mixed together. Which of the following sequences outlines
the best method to obtain the pure dry sample for each substance?

A dissolving, filtraton, sublimation, crystallisation
dissolving, fractional distillation, filtration, evaporation

B
C  sublmation, dissolving, flitration, evaporation
D sublimation, filtration, evaporation, crystallisation

The diagram shows the chromatogram obtained by analysis of a single dye
Three measurements are shown

final posttion of
solvent front

YT r-—— final posttion of dye

| onginal spdt of dye

SrS i RUEEELELLTTRLE .'//

L ongmal level
of solvent

Which expression shows the Ry value of the dye?

p
A 1
. X+y
—Y
B
Xty
What is the correct order of the relative molecular mass of gases P, Q and
R? b4
c
LowestM, ~———— HighestM, X+y+z
A R P Q y
B R Q P D
c Q P R Xty+z
D P Q R
Patie30f 24 Page 4 of 24
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When a salurated solution of copper(]I) sulfate is allowed to cocl from 80'C
to room temperature, crystals separate out from the solutien

The following statements were made about crystallisaton

The concentration of the solution remains the same

The mass of the dissclved copper(ll) sulfate in the solution changes
The mass of the solvent in the solution remains the same.

The solubility of copper()l) solfate decreases as the temperature falls

il

BN =

Which statement(s) isfare correél?

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

D 4 only

Which of the following suﬁg.tances contém delocalised mobile electrons?

.

I Copper

Il Graphite

Il Molten copper(Il) chionde
Iv  Sold copper{ll) chicride

land il

I and

Il only

I Wand IV

oo Wy

e

K

o’
g,

v

9

Which graph shows the solution formed when one male of a weak acid, HX s
dissolved in 1 dm? of water? .

A Concantrafion [melidm™)

2+
Koy
1 bafora dissoiving
14-- B sfter dissclving
B Caonentrafion {molidm?)
.
2]
Koy
O besfora dissolving
1 M after dissolving
HX HX H* X
C Consentration (maldm®)
2
Koy
2] vefore dissalving
1 B ofter dissolving
NN
HX HX H* X
B conrntation (et
2
Koy
7] bufore dissotving
L Il sfter dissolving
HX X H X :
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Phosphine has the formula PH; It has similar properttes to ammonia What
are the 1ons produced when phosphine dissolves in water? )

A PHS H
B PH¢ H'
C PH;",OH'
D PHyOH

A netw indicator has just been produced In the laboratory It changes colours
according to the table below

pH Colour
0-3 Red
4-7 Green
8-14 Dark blue

This indicator would be suitable to distinguish between

A ' aqueous ammonla and sodium hydroxide

B aqueodus sodium chlorde and water

c agqueous sodium nitrate and sedium hydroxide
D dilute hydrochlone acid and dilute sulfunc acid

When excess calcium carbonate pleces are added to dilute hydrochloric acid,
the reaction gradually becomes slower and finally stops

Which statement best explains why the rate of reaction becomes slower?

A An insoluble layer of calcium chloride ts formed on calcium carbonate
B The concentration of hydrochloric actd gradually reduces to zero

c The mass of calcium tarbonate decreases throughout the reaction

D The pleces of calcium carbonate gradually become simaller

13

14

Three substances were added separately to aqueous potassium sulfate and
aqueous potassium carbonate, The three substances were

I aqueous ammaonia
i1 barum nitrate solution
Il dilute hydrochloric acid

Which substance{s) -would give different observations when added.
separately to aqueous potassium sulfate and agueous potassium carbonate?

A L only

B [and I
c It and 1Ml
D Il only

The scheme below shows some reachions of salt Y

+ dilute

+ BaNQa)k
HNO.
Balty : Colourless GQ) .| wnie
solution “| precipitate
+ excess
agueous NH;
\d
White

precipltate
What is salt Y?
A aluminium sulfate
B calcium chloride
Cc lead(II) chloride
D zinc sulfate

Page 7 of 24
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15 When a mxture of ron{Il} sulfate, potassium hydroxide and banum chlonde 1s
stirred with some water, a mixture of green and white solids 1s formed .. 18 A pure compound contains 24 g of carbon, 4 g of hydrogen and 32 g of -
oxygen Whatis the empincal formula of the compound?
What are the identities of the solids?

A CHC

Green solid White solid B CH,0
A jron(Il) chionde barium hydroxide c CH40
B~ ron(ITyhydroxide barmnrsulfate D C.H:.0 - .

-C banum sulfate iron(TI) chlonde i
D potassium chioride banum sulfate
19 50 dm® of sulfur dioxide is reacted with 3.0 dm® of oxygen at room
16 A textbook wrnites ‘Nitnc acid, HNO3, is a strong oxidising agent' temperature and pressure The equatlon for the reaction is given balow.

Wihich of the following cannot be a product of nitric acid [n its reaction with a 250, (g) + Oz (g) ~ 250a (g)

reducing agent?
What 1s the total volume of gas(es) at the end of the reaction?

A N2 (Assume that the reaction goes to completion)
B~ NyOs
c NO A 40dm?
o] NO:2 B 50dm?
¢ 55dm’
17 Zinc oxide I1s produced by heating zin¢ carbonate b 6 0 dm?

ZnCO3 — Zn0O + CO2

What is the percentage yield of zinc oxide if 125 g zinc carbonate produces 75
g of zinc oxude when heated?

75
A EI-’HUD
g1
=—=x100
B 75*1
81
C 125*ﬁx100

75
D 1256 % ria 100

Pana 9 of 24 N o
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20 Two identical flasks, A and B, have been filled up with gases X and Y and

21

they are placed on a balance at rcom temperature and pressure The results .

are shown below

Flask A Flask B

Which of the following statements can bé deduced from the results?

A The molar mass of gas particles in flask A is greater than the molar
mass of gas particles in flask B

B  The molar volume of gas particles in flask A Is grealer than the molar
volume of gas particles in flask B.

C  The number of gas particles in flask A is greater than the number of gas
particles in flask B

D  The number of moles of gas particles in flask A 1s greater than the
number of moles of gas partcles in flask B

The schems shows four stages [ to IV In the conversion of solld candlewax
Cag Hgzinto carbon dioxide and water

| n 1 v

CagHea(s) — CagHezl) — CaoHex{g) — 30CO:(g) — 30CO2A)
+31H0(g)  +31H0()

Which of the following stages are exothermic?

A land il

B {,1and 1l

c jand IV

D ilandlV -

22 The decomposition of hydrogen peroxide:1s camed out under different
conditons in three experiments at room temperature and pressure” A"~

common catalyst used for decompositon reaction 1s manganese(IV) oxde
{MnO2) An equation for the reaction is given below

MnO.
2 HaOx{ag) ———> 2 H,O(i) + O4(g)

Expenment- - Conditions
1 i} Absence of catalyst
2 Presence of MnO; powder
3 Presence of MnOs lumps

Which graph shows how the volume of oxygen gas produced varies with time
in each expenment?

A B
Volume of Oy . Volume of O,
preduced / cm produced / cm®
2
1
2 3 1
Time - > Time
c D
‘Volum‘? of 0, Volume of O,
produced / em® produced / cm®
2,3
1
> Time ’ Time

Paga 11 of 24
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23 The graph shows the consumption of different metals in United States in
2007 It also shows the percentage of metals recycled and mined in order to
meet the consumption levels

US METAL CONSUMPTION (2007}

w jo suoiiudjesar

004 B

,i
Which of the following statements may be true?

A Demand for nickel is higher than for copper

B Less pollution is generated when lead'is recycled compared to when it
1s mined

C Recychng zinc is cheaper than extracting zinc from its ore.

D The mass of magnesium mined is approximat'ely equal to the mass of
iron mined. '

.

24 Equal masses of iron(Il) oxide were heated separately in oxygen and
hydrogen What changes (if any) would yoti expett in the masses of the

ron(H) oxde after heating? . .
Mass after heating in oxyqen | Mass after heating in hgdl:ogen
A decrease ‘ lncrea'se .
B Increase decrease
c Increase Ingrease
D unchanged decrease

25 Gaseous chlorine was passed through the following apparatus The
apparatus was continuously heated and the observations were recorded
below

chleorina gas In ' to pump

- - ‘ e cotton wool plug -

gel beads containing

potassium
blue Ltmus solution

bromide

potassium jodide

Which of the following observations would be made at regions 1, 2 and 37

Reglon 1 Reglon 2 Reglon 3
A red-brown gas black solld violet gas
B red-brown gas violet gas black solid
] yellow-green gas red-brown gas viclet gas
D yellow-green gas violet gas brown gas

26 Rubidium is an elemen't- in Group | of the Perjodic Table The following
statements were made about rubidium

1 Rubtdium conducts electricity only when it is In solid state

2 Rubidium s soft and can be cut easily with a knife

3 Rubidium reacts wath chlonne to form a white compound rubidium
chlondes.

4 Rubldium reacts explosively with water to form an acidic solution

Which statements about rubidium are true?

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

O oW

Page 13 of 24

™. .. o aa . rFaaa



27 Which statement about groups in the Periodic Table i1s correct?

A All groups contain both metals and non-metals
B Atoms of elements in the same group have the same number of
electron shells

c In Group !, reactwty decreases with increasing proton (atomic)
number.
D In Group VII, the meling point of the elements Increases with

increasing proton (atomic) number

28 Which one of the following properties Is true for all metals?

A All metals are good electrical conductors.

B All metals form coloured compounds

~

C*  All metals react with dilute aclds to produce hydrogen

D All metals show vanable oxldation states

29 -The table below shows some propertles of four metals and thelr compounds

.

Action of dilute Effect of hydrogen | Action of metal on
Metal sulfuric acld on on heated metal a solution of the
metal oxide sulfate of J
G hydrogen evolved reduced ™ no reaction
H no reaction reduced - no reaction
I hydrogen evolved . o reaction, J formed
J hydrogen evolved no reaction no reaction

Which of the following shows a descending order of the thermal stability of
the meta!l carbonates?

30 The diagram shows the processes that take place during the productlor-‘l of
ammonia

substance W cracking

fractonal
disbilation

substance X

Whalt are substances W, X and Y? -
w X Y
A air ol ron
B ar oil nickel
Cc ol ar ron
D all ar mckel

31 Methane, sulfur dioxide and carbon dioxide are gases which affect the
atmosphere and the environment

In what ways do these gases affect the environment?

Methane Sulfur dioxide Chlorofluorocarbons
A Global warming Acid rain Ozone layer depletion
B Global warming Ozone layer depletion Acid rain
C | Ozone layer depletion Acld rain Global warming
D | Photochemical smog Global warming Acid rain

Most stable > Least stable
A H G J I .
B H J G . X
[ I J G H
D I H G Jd
Page 15 of 24 Page 16 of 24



32 The diagram shown Is not complete 33 Consider the following chemical cell.

\ -

- 3,
LEE v m Y AL Y

RN RTR LR
Ry e Y
zinc electrode are— ithf N copper electrode
Vi3, é ;,JE, fr.. 1!
e ¥ ir_g_.yl =)
= congentrted - - ‘ ;‘:‘ ; .f e - sodium chlonde solution
hydrochloric acid ) e

graphite Which of the following changes would lead to an ingrease in the voltage of
electrodes the cell?

II | The copper electrode is raplaced with an iron electrode

Il The sodium chlonde solution s replaced with a sugar sclution
What would be shown at X after the solution has been electrolysed for some M The zinc electrode Is replaced with a magnesium electrode

tme?
lonly
LWandll
land Il

1t only

3

= I o N ++ I -

34 In an eleckrolysis experiment, the same amount of charge deposited 540 g
of silverand 14 9 g of tin

What was the charge on the tin 1on?

: A 1+
! B 2+
: Cc 3+
: D 4+

N . - 35 Which row correctly descnibes the electrodes and electrolyte used during the
electroplating of a chromlum bracelet with silver?

Anode Cathods Elactrolyte

. ) A bracelst silver chromium nitrate
B bracelet sfiver siiver nitrate

c silver - bracelet chromium nitrate
D sliver bracelet silver nitrate

Paged7of 24. Parna 18 af 94



36 Fouralkanes, H, I, J and K were extracted from a sample of crude oll.
Some properties of the alkanes are listed below ;

« K is more viscous compared to I
» J burns with a less sooty flame compared to Tand K
» Hisless flammable than K.

What is the order in which the alkanes were collected from the fractional
distillation? - -

Alkane — Alkane
collectad first collected last
A H K 1 J
B J H K 1
[ J I K H
D K H J 1

37 The structure of an organic compound is shown below

H H

N7

C—Ce—=—=C——C

H——0 0—-H

Which one of the following statements is not correct?

A Its aqueous solution reacts with sodium carbonate
It decolourises an aqueous solutfon of bromine,
It turns acidified potassium dichromate(VI) from orange to green

o O m

Itis an unsaturated compound

EEY

¢ wx

38 Compound 1 has a structure shown below.

H—C—H -
anlass
H—'(l.':—' =I[3 H""‘C"‘Q:C
] | 11
H H H H H
4 5
IS
H (—%'“' Homm G =G G
i
HeGomed H H

A 2and3 B 2and5 C 3and4 D 4and$5

Page 19 of 24
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When an alkene reacts with two moles of bramine, the product formed 1s 40 A condensahion polymer 1s made from the two monomers below

T T %
il Ii — -
Bf_ cl: [R— T — T —_— T — Bl' H—O-—-C C—O—H and H/N CHQ""D"CH; N\H

H H Br H Which diagram shows part of the structure of the polymer formed?

This mplies that the onginal gtructure of the alkene 1s

O s} - Q O
H H A I Il It i
! ~—C—%—~C-—T—CH,*EJ—CH,—T—C-—%—-C—-T-—-
A |C=.."C= Cz% H H H
H H
(o] 0 (8] (o]
H H H B H il il li
| [ | -—G-—-%—-C—-I;I—D——lil—c-——%—c-—l;l*
"\ H R 10
H HoH c ——c-—r_'l——c-llu—-cu,—%—cn,—-ri:—-c—[j—c-ri‘l—-
| I } H M
c H —T—T=C— T— H -
H H H ) O H H o )
il [ ([ i
lr D —c—%—c—-?—{j—?—c—%«c-
b Br -—c|:=clz-— C==C|:-—- Br NH,  NH,
H H H :
= End of Paper1 -
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T2

Al

(a)

(b)

Section A (50 marks)
Answer all questions in the spaces provided.

The data in the table below describe two propérties of some substances.

The letters are not the actual symbols of the_elements in the Periodic Table.

Element/ Appearance at room Products of
Compound temperature and burning in oxygen
pressure
A Black solid Carbon dioxide
B Colourless gas Water
(Does pot burn in
C Colourless gas :
oxygen)
D Yel!ovy solid ‘ §glfqr Dloxige
e Carbon Dioxide and
E Colourless liquid S

.o « - water

You may use the letter once, more than once or noné at all to answer the ’
questions below. I "

(i) Which substance is mostly likely to be hydrogen? ...... .....

(ii) Which substance is most likely to be a compound? ... .........

Carbon monoxide is an atmospheric poliutant that may be produced
when substance A burn in oxygen.
What harmful effect does carbon monoxide have on human health?

Page 2 0f12”
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(¢) (i) Gas Cis an element that does not bum in oxygen. Suggest the name of [1]

this substance C.

= (ii) Explain your answer in.{c)(). 11 -

{Total marks: 6]

A2 The diagram shows the electrolysis of three different solutions using inert

electrodes.

@ il ——

- Copper (H.l Concehtrated Silvér hitrate
sulfate solution Sodium: géiﬁifsﬁ_ = .
chlofide EREE
solution

{a) (i) Wirite equations for the reactions that happen at each electrode inCell B |2]
during electrolysis. include state symbals.

S8t puuneunvesnnnnaans

Page 3 of 12
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74

(i) Describe two observations that take place in Cell B. Explain your [4]
observations.

(b) If6.0 dm? of oxygen is hiberated from Cell A at room temperature pressure,
(i) Calculate the increase in mass of the cathodes in Cell A and CellC I3]

(i) What is another observation in Cell A? Explain your observation. [2]

(c) The experiment is repeated and the electrodes in Cell C have been changed  [2]
to silver electrodes. How would you expect the results for this experiment to
differ from the first experiment? Explain your answer.

[Total marks: 13]

Page 4 of 'iJ‘2




A3 A student carried out a sernes of experiments to determine the rate of reaction
between zinc and dilute hydrochloric acid (HC/) by measuring the volume of
gas produced per unif time.

In Expenment 1{conducted at 25 °C), he used 5 g of zinc granules and 30 cm®

of 0.5 mol/dm?3 dilute hydrochlonc acid.
The expenments were repeated two more times, with different variables.

Expériment 2. 5 g ofzmc powder and 30 cm *of 05 molfdm of HC/, 25 °C
Experiment 3:5 g of ziric granules and y cm® of Z mol/dm?® of HC/, 25 °C

The graph below shows the volume of gas produced over ime.

&

«

5 > Experiment 1
@

1«

[e)]

E Expenment 3
5

O

]

>

Time I minutes

(a) * Complete the diagram below with the appropnate apparatus used in the

expenment

Page 50f12
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(b)

(c)
(d)

(e)

Write a balance equiation for the reaction between zinc and dilute hydrochl_bp‘c' Ik
acid.

On the graph above, sketch and label the graph for Experiment 2. - - 1]

Taking reference from the graph above, suggest appropriate values foryand [2]
z

VS e et et e cm®

Z= i . i eriivis vere mOldM®

The student repeated the experiment at 50 °C. Explaln in terms of energy and  [3]
particle collisions how an increase in temperature increases the rate of a
reaction.

[Total marks: 8]
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A4 The table below shows the results of some of the chemical reachions of four
unknown metals.

formed when ¢ gas produced is being passed’
through limewater

Metals Thermal decomposition of metal Reaction of
carbonates metal with "
cold water
A | Greenish-blue solid tums black. White No reaction
precipitate formed when gas produced is A
being passed through limewater . .
B | White solid remains. No gas was produced. | Very vigorous
reaction
C White solid tumns yellow, tums back to white | No reaction
after when cooled. White precipitate formed
when gas produced is being passed through
iméwater . ... . 2
D | White solid remains whlte Whlte prempttate Litﬂe bubbles

forméd on the
surface of the
metal

*

{a) Arrange the metals in ascending order of their chemical feactivity.

" (b} Metal Aand D are placed into two separate beakers of iron(II) sulfate
solution. Describe the observations you will see in each beaker.

———

Page ‘7~of 12
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(c)

(d)

A5

(a)

Pure iron can be extracted using the Blast furnace in the presence of carbon
monoxide,

(1) State the three raw materials needed for the extraction of pure iron using  [2]
the Blast furnace.

- -

(ii) Wnte a balanced equation, with state symbois, for the reaction mentioned [2]
n (c).

Iron oxidises to form iron(I0T) oxide, which is also known as rust.
(i) State the conditions needed for rusting to take place. 1
(i)} Using your knowledge of the reactivity series of metals, describe and . [2]
explain how rusting can be prevented.
- [Total marks: 11]
Hydrazine, NoHa, is used as rocket fuel. The equation for the combustion of

hydrazine is as follows:

NzHa (@) + 02 (g) > 2H0 (@) + N2 (g)  AH =-622 kdimol

Explain, in terms of bond breaking and bond forming, why the above reaction  [3]
is an exothermic reaction.

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

Page 8 of 12




{b} Draw the energy profile diagram, for the reaction between hydrazine and
oxygen. Label clearly, the

- AH of reaction,
- achvation energy, E,,
~ reaclants and products.

-
- -—

(c) Hy{i_razine also undergoes another reaction with fluorine
) NzHas (g) + 2 F2 (9) > 4 HF (g) + N2 (g)
Use the following data to answer the questfion that follows:

Bond Bond Energy (kJ/mol)
- N-N 163
o N-H 390
F-F 158
H-F 565
N=N 945

Calculate the AH for the reaction between ﬁy‘drazine and fluorine.

Page 9of 12
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(d) Hydrogen fluoride is a highly dangerous gas, forming corrosive and
penetrating hydrofluoric acid upon contact with living tissue. The gas can also
cause blindness by rapid destruction of the corneas.

(i) Hydrofluonc acid is a-strong acid.- Define the ferm strong acid. - - [1]

(i) A student claims that hydrofluoric acid conducts electricity, therefore 2]
hydrogen fluoride is an ionic compound. Do you agree with the student?
Explain your reasoning.

XS

[Total marks: 12]

- End of Section A -
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The Periodic Table of the Elements

Group
] [ T v T v I W [ wi 0
e | ¢ 1 X 4
H He
::rdmnen hetium
7 . 9 11 12 14 16 19 20
Li Be B c N ] F Ne
hihium barylliwen boron' carbon nilrogen oxypen flunring nesn
3 4 8 9 10
23 24 27 28 31 32 355 40
Na | Mg i Al | si P s ct | Ar
sodlum |mapheswm aluminium | slicon {ghespherus|  sotfur chtarino argon
1 12 13 14 5 16 17 18
39 40 45 48 51 &2 95 58 59 59 64 65 70 73 75 79 B0 &4
K Ca S¢ Ti v Cr Mn Fa Co Ni Cu Zn Ga Ge As Se Br Kr
potassium | caloum | scandium | tieniuta | vanadium | chromium |mengeness|  iron cabalt nickel coppar 2y galium  |germaniuns| arsenlc | sulenum | bromine keypton
19 20 21 23 24 26 27 28 an 13 32 33 34 ' 135 {36
85 88 B9 91 93 96 - 101 103 106 108 112 115 119 1221 128 127 131
Rb Sr Y zZr Nb Mo Tc Ru Rh | Pd Ag Cq In Sn Sb Te I Xe
rubldivm | strontium | yittium | alrconlum | nioblum [ malytidanu | tethnetium | ruthanium | thodium | pattadium sllver cadmium | i tin antimony | telurum lodine xenon
ar 38 39 40 41 42 m 43 44 45 46 47 48 49 50 51 53 54
133 137 138 1?8 181 184 186 190 192 1985 197 20 204 207 209 - - -
Cs Ba La Hf Ta w Re Os Ir Pt Au Mg T/ Pb Bi Po At Rn
cansium | barium |lanthsnum | hafnlum | fantaum | tngsten | rhenfum | osmum | pigum | platoum gola merctry | matiym lead bismuth | polonfum | astaline radan
5 56 57 |72 73 74 o 75 76 77 78 79 B0 81 82 83 84 85 86
Fr Ra Ac
francluin | radium actinlum
B7 88 8 T .
*58-71 Lanthanoid series N
190~103 Actinbld serles _
140 141 144 - 150 152 157 168 162 165 167 169 173 175
Ce Pr Nd Pm Sm Eu Gd 1b Dy Ho Er Tm Yb Lu
cofum | pressodymbi [nebdymium|promethium]| samasium | curoplum | gadollatuen | terlum  Ndysprosium| hotmum | erblum fhullum | ytterblum | lulalium
58 89 @ 60 B1 62 64 68 67 6B 69 70 71
Key| a a= relative alomlec mass 232 - 238 - - - - - - - - - = -
x X = atomle symbol moTh Pa ln{ r;lpm . f'um Am C{m . ;Blé o uFf| : ilzls! Frln M? | El? , eru
= tium  |pratactnh uranlum | neplunium ulonlum | amancium |  curdom arketlu callfornium |einslelnium] fermium |mendeoleviu]| nabelium |lawrencium
= profon (atemic] nutmber | 9™ Va3 oz (gs e e e (e e e 100 o |102 [103
b

The volume of one mole of any gas Is 24 dm® at room temparature and prassure (r.tp ).
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B6

Section B (30 marks)
Answer all three questions in this section. The last question is in the form of an
either/or and only one of the alternatives should be attempted.

Mass 'spectrometry is an |mportanl technique which can identify the amount and
type of chemicals present in a sample by using a machine called a mass
spectrometer. In general, the two quantiies that can be measured are the
mass/charge ratio (m/z) and the relativ@ abundance of particles in the sample.

Massicharge (m/z) ratio: this is calculated by dividing the mass of an ion by its
charge. E.g. a sodium-23 ion, #*Na*, would have a miz value of 23. Hence, the miz
of an ion with a charge of 1+ is effectwely its relative mass.

Relative abundance: this refers to the percentage of a particular isotope which
occurs in nature. E.g. in a sample of chlorine, the relative abundance of chlorine-35
is 75% and chlorine-37 is 25%.

The steps below show how mass spectrometry is done:

Step 1: lonisation — the sample is vapourised. Energy is then used to knock off one
or more electrons from atoms or molecules in the sample, changing them into
positive ions. If enough energy is supplied, some bonds of molecules are broken
and smaller posmve lOl’]S are formed

- a3

“ a . i a4t g

Step 2: Acceleration — the ions formed from Step 1 are accelerated through the
spectrometer by the use of negatively-charged plates: . T

Step-3: Deflection and detection — the ions are deflected by a magnetic field and
are detected electrically.

Step 4: Mass spectrum — the mass spectrometer records the m/z and relative
abundance of all ions in the form of a histogram, called a mass spectrum.

Figure 1 below shows the mass spectrum of a pure sample of lithium:

Relative abundance (%)

A
96.25+4
Additional information
it is known that all ions analysed in
this sample have a charge of 1+.
3.75+4 I

6 7 > miz

Figure 1: Mass spectrum of a pure sample of lithium
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Figure 2 below shows the mass spectrum of a pure sample of chlorine:

Relative abundance (%)
A
75.0+

2501

Additional information

It 1s known that all ions
analysed n this sample have
a charge of 1+.

35 37

> miz
70 X y

Figure 2: Mass spectrum of a pure sample of chlorine

-—i_

Figure 3 below shows the mass spectrum of a pure sample of an unknown

hydrocarbon:

" Rélative abundance (%)
o A

Additional information

It is known that all ions
analysed in this sample have
a charge of 1+.

> mfz

14 15 26 27 28 29 30 37 38 39 40 41 42 43 44

Figure 3: Mass spectrum of a pure sample of an unknown hydrocarbon

pa_ga 2 AF4AD
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Figure 1
(@

(1i)

Figu::e 2
{b) (i)
(ii)

Explain how the data in Figure 1 shows that there are two isotopes  [2]
of lithium.

Show that the average relative atomic mass of lithium is 6.96 [1]
rounded off to 3 significant figures. Show your working clearly.

Statethevaluesof xandy. ....... ...... oo oo ol L. Ll B (2]

There aré only two known isotopes of chlorine, CI-35 and CL-37. [2]
Use the data in Figure 2 to suggest why there are 3 additional
peaks of 70, x and y on the mass spectrum of chlorine
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Figure 3

{i)

(iii)

A student comments that the unknown hydrocarbon is propane [2]
Explain how the data in Figure 3 shows that this is true.

Suggest the formula of the ion which has a m/z value of 14. [}

Another mass spectrometry analysis was carried out on a sample [2]
of butane. Suggest how the results of the mass spectrum of butane
would differ from that of propane.

[Total marks: 12]
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B7

The table below provides some information on four organic compounds:

Compound | Molecular formula { Decolourises brown | Turns moist blue
aqueous bromine? | litmus paper red?
A CaF4 Yes No
B CsHeOz No Yes
C --|- C3HgO4 Yes - No
D HO,C — CsH4— COsH No Yes
(a) (i) Compound A can be polymerised to make polytetrafluoroethylene, [1]
also known as PTFE.
Draw the structure of PTFE.

(ii)  There are high and low grades of PTFE. [11
Molecules of hlgh-grade PTFE typically have a relative molecular
mass of 1.2 x 10°.

Calculate how many repeat units there are in a typical molecule of
high-grade PTFE. Show your working clearly. ~

(iii) Low-grade PTFE molecules typically have a relative molecular [1]
mass of 1.4 x 10*.

Explain why low-grade PTFE has a lower melting point than high-
grade PTFE.

(iv) Describe and explain a pollution problem caused by getting rid of [2]

substances made of PTFE.
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(b) Compound B can react with another organic compound to form ethyl - -
propanoate,

(i) Draw the structure of the organic compound which can react with B [1]
to form ethyl propanoate.

(i)  Draw the structure of ethyl propanoate. 1]

(ciz Compound C can be polymerised with Compound D. {1
During this polymerisation process, small molecules of water are
eliminated.

" Draw the structure of the polymer formed when G is polymerised with D,
showing 2 repeat units.

[Total marks: 8]
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B8 This question concerns the chemistry of carbon and silicon, elements from Group IV
of the Periodic Table.
The table below provides some information on two different forms of carbon
(allotropes) and silicon:

Substance | Melting point/°C Electrical Uses
conductivity

Carbon Above 3000 Poor Cutting tools,
allotrope A drill bits

Carbon Above 3000 Good Lubricant
allotrope B

Silicon 1414 Good Semiconductors

in electronics

Table 1- Some information on carbon and silicon

(a) Carbon tends to form covalent compounds. [3]
By drawing the dot-and-cross diagram of a carbon compound of your
choice, describe how a covalent bond is formed. You only need to show
valence electrons.

(b) Explain, in terms of bonding, why carbon allotrope A can be used as a [2]
drill bit while carbon allotrope B can be used as a lubricant.
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(¢} Carbon is commonly used as a reducing agent. For example, it can "[1]
reduce zinc oxide to form zinc.
Explain, using oxidation states, how carbon 1s acting as a reducing agent
in the reduction of zinc oxide.

-
- - -— -

{d) Silicon has the structure has shown below: [2]

l.egend:
@ represents a
silicon atom

Figure 4: Structure of silicon

This structure of silicon in Figure 4 above alone is unable to account for
one of its physical properties stated in Table 1.
State this physical property and explain why.

(e) Silicon reacts with oxygen to form silicon dioxide. ’ [2]
Describe one similarity and one difference between the structures of
silicon and silicon dioxide.

[Total marks: 10]
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OR
B8

This question concerns the cﬁemistry of some elements in Group II of the Periodic

Table.

(@) Magnesium is in Group II of the Periodic Table. It tends to form ionic  [3]
compounds.
By drawing the dot-and-cross d|agram of a magnesium compound of
your choice, describe how an ionic bond 1s formed. You only need to
show valence electrons. - -

. \
P L YO B T e

(b) Magnesnum reacts with oxygen to form magnesmm oxide. <o

)

(i)

\
PN L e Sl EN P PR

In terms of bonding, strong electrostatic forces of attraction” exist
i both solid magnesium and solid magnesium oxide, but different
kinds of partlcles are involved.

State these particles.

Both solid magnesium and molten magnesium oxide conduct
electricity differently.

Explain how solid magnesium conducts electricity differently from
molten magnesium oxide.

2]

[11
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(c) Both magnesium and calcium metals are reducing agents.

{d)

[¥

Some chemical reactions show that calcium is a stronger reducing agent

than magnesium.

Write a single, chemical equation to represent one such reaction.

The table below provides some information on some salts of Group I  [3]

elements:

Name of salt Solubility
(maximum grams dissolved in
100 cm® of water at r.t.p)

Magnesium sulfate 35.1
Calcium sulfate 021
Barium sulfate 2.45x10%
Radium sulfate ?

From the information give in the table above, suggest how you would

- End of Section B -

~ prepare a pure, dry sample of radium sulfate. Name the starting
reagents in your answer.

[Total marks: 10}
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2015 Prelim Answers

Paper 1

10

2D 3c 4 A 5C 6B 7C

8A 9A 0C

11¢C

12C _[13D {14D |15B |16B [17A “|18B [19A |20A

21D

22B [23C [24B |25C [26C |27D [28A {29C [30C

31A

32B 33D _[|34D 35D |36C [37B |38B [39C |40A

Paper 2 Sectlon A

ﬁs* £0C ﬁ3

= 0-S0 A0
MMSG% " ;,0510-03 %ﬂ

Marking scheme

Remarks

Sclution will turn from blue to colourless [11
Copper lons are preferentlally discharged
from the solution [1]

Alai

B

E

b

Carbon monoxide binds ireverssbly with
haemogqlobin [1] to form carboxyhaemoblobin
which prevents transportation of oxygen to

the whole body, causing respiratory
difficulty {1]

Reject breathing difficulty

Ci

Any noble gas

Nobla gases is unreactive/full valence
shell/octet or duplet structure {1]

A2al

Cathode: 2H(aq) + 2" < H(g)
Anode 2CI" (aq) > Cb (g) + 2¢”

-1 mark if no stafe symbels

Effervescence of a colourless gas produced
at cathode. [1] Hydrogen Is [ess reactive
than sodlum In the reaclivily serles, therefore,
H* tons is preferentlally discharged [1]
Effervascence of a greenish yellow gas
produced at anode. {1] CI" lons are
preferentially discharged because itis a
concentrated solution [1]

Reject chlotine
lons/chlonde atoms.

Reject hydrogen is
preferentially discharged

(b))

No. 4 o\ o (X
- &é—% -_:5-;%'}«\0\ iy
Gt 420 A Cn

. 080
moss o (= B5x 6%

= 16-09 (]

ECF from A2al
ECF from within question,

L)

(c) Sllver anode will dissolve compared to Comparison must be
seelng effervescence seen at the anode [1] | made
Silver anode Is a reactive electrode compared
fo Inert carbon electrode [1]
A3a Markings must be shown
(b) 2HCl(aq) + Zn(s) = ZnClx(aq) + Hz(g) -1 mark for no state

symbol
No marks for wrongly
balanced equation




{c)

>

gt 2 L)

Volume of gas / em®

Experiment 1

Experiment 3

Time [ minutes

)

Y = 30.0 cm®
Z=0.26 mo/dm®
Or

Y =60 0 cm®

2 =0 125 molidm®

(b)

1m - Shape of the graph
2m - For enthalpy change,
activation energy and
correct reactants and
products. (<1 m ifone or
t%o is missing)

AITow Wrong = wrong

(e)

Increase In temperature, Increases the
kinetic enerqy of the particles [1], more
particles have ensray gqreater or equal to
the activation energy [1], higher frequency

of effactive colllston [1] increase speed of
reaction

Ada

ACDB

Metal A. No visible observation [1}

Metal D: Metal D dissolves/brown sotution
becomes colourless/Grey solld produced (Any
2 for 2 marks)

[(2]0)

Coke, Haematite and Limestone

(i)

Fez04(s) + 3CO(g) = 3CO;(g) + 2Fe(l)

-1 mark if no state symbols

[()10)]
@

Oxygen and water

Relest air

Sacrificial Protection A more reactive metal
like magnesium or zinc can be placed beside
iron [1] It will corrode In place of Iron [1]

Bond energy absorbed to break the bonds
of NH and O3 {1] Is lesser [1] than the

anargy released for the bond formation of
H;0 and Nz [1]

()
imm .mw o3t 300{4)
+158(2)
- 20343 T,‘,J
ey ospd 2SO S
- 3906 K] Dj g
62
W = 20%4 -
& z_n(._,clc M i]
s s s
(it The statement Is false. Hydrogen fluonde 1s

made up of non-metals [1] therefore itis a
covalent compound [1]




Paper 2 Sectlon B

Remarks

I'B6an

Marking scheme
Isotopes have the same number of protons but
different number of neutrons
In Figure 1, there are 2 1ons detected which have
different m/z values of 6 and 7 [1] This indlcates that
fhese 2 lons have different numbers of neutrons [1]

aif)

_[ACCEPT

“particles” in place
of lons

REJECT different
“mass numbers”

bil)

s 3 b H
H-(-C-¢~ 90 C,-C'H

- HH FREE

375100 x 6 + 96 25/100 x 7 = 6.96 (3sf)

No marks if no
working Is shown

bl}

X=T2[1], y=7411

bil)

Chlorine exists as diatomic molscules [1]
There are 3 possible combinations

2 atoms of CI-35

1 atom of CI-35 and 1 atom of CI-37

2 atoms of CI-37 [1]

OWTTE

ci}

The largest m/z value Is 44, which belongs to the lon

formed by the largest molecule This molecule would

be that of the unknown hydrocarbon as it is unbroken
1]

Emgage has a relative molecular mass of 44 [1]

OWTTE

EITHER

cii)

CH;

ciif)

Tha highest m/z value recorded would be 58 [1]
There would be more peaks 11

B7ai)

&

v &l

ACCEPT 2cr
maore repeat unlts

5

Structure Ofck( (7‘ l;{
H-0—- C=C~C— 0~
e

Polymer

{c Cﬁw-o ° -03H*“°);\

ACCEPT 2 or
mora repeat units

8a)

Any approptiate compound

1 mark for correct number of electrons on carbon
atom

1 mark for comract number of elecirons on the other
atom(s)

Explanatlon. the carbon atom and X atom ghare a
palr of electrons to attain a noble gas electronic
configuration [1]

0 marks for fonic
compound

all)

M:of one repeatunit=12x2+19x4 =100
No of repeat units = {1 2 x 10%) / 100 = 12000

aifl)

Low-grade PTFE molacules are smaller, and hence
there are fewer electrons.

There are weaker Intermolecular forcas In low-grads
PTEE which require less hieat to overcome [1]

b)

In allotrope A, every carbon atom [s bonded to 4 other
carbon atoms by strong covalent bonds This makes
the whole structure very hard.

1n allotrope B, every carbon atom Is bopded to 3 other
catbon_atoms In_hexagonal lavers. Little force is
naeded to overcome these weak Intermolaculap
forces of attraction between layers, making B

slippery,

To discuss mark
allocation

c)

Carbon causes the oxidation state of zinc to decrease
from +2 In ZnO to 0 [n Zn, henca reducing zinc oxide

alv)

Substances made of PTFE are non-blodegradable
Ml

If they are disposed by buming, toxic gases ars
released [1] OR If they are disposed by burying,
valuable land space has to be used as fandfills [1]

d)

Good etectrical conductivity [1]

Every catbon atom Is bonded to 4 other carbon
aloms, all valence electrons are used in bonding and
there appears to be no moblle delocallsed electrons
or lons

bt)

Ay
H-C-C- 0~
H H

e)

Similarity. both sllicon and sliicon dioxide have glant
covalant tetrahedral [1] structurss

Difference: the structure of sllicon only Involves silicon
atoms while thera are silicon and o; atoms

present In silicon dloxide [1].




OR
B8

a)

Any appropriate compound \

1 mark for correct number of electrons and charge on
magnesium fon

1 mark for correct number of electrons and charge on
tha cther ion{s)

Explanation the magnesium atom transfers 2 valence
elactrons fo X atom_Both lans attaln noble gas
glectronic configurations [1]

bl}

In solid magnesium, strong electrostatic forces of
attraction exist between positive and negative lons [1]
In solld magneslum oxide, strong electrostatic forces
of attractlon exist betwaen posifive lons and “"sea” of
moblle, delocalised electrons {1]

bif)

Salid magneslum conducts elactricity because of the
*sea” of mohile, delocalised elecirons
Molten magnesium oxlde conducts electnerty because

of mobils ions

o)

Any appropriate reaction, e g displacement reaction
Involving calelum and magneslum

d

Add any soluble radium salt, e g aquecus radlum
nitrate to any solubla sulfate salt, e.g. agueous
sodium sulfate {1]

Fllter the mbdure and keep the residua 1]

Wash residue with distiled water and press dry
between sheets of filter paper [1]
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Ethylamine gas, C;HsNHz, and hydrogen chloride gas, HCY, react together to form a
white solld, ethylamine hydrochloride.

At which position in the tube would a ring of solld white ethylamine hydrochloride
form?

-

A B c D

\&\\\“r
N

[ ‘4:\ //

colton woo! soaked cotton wool soaked
Ih ethylamine solution In hydrochloric acld

Amino acids are colourless and can be separated and jdentified by chromatography
as shown

glass cover
|
beaker
chromatography
paper solvent
<

What additional apparatus and/or chemleal Isfare required to calculate the Ry value of
the amino acids present [n a mixtura?

A aruler

B alocaling agent

C aruler and a locating agent

D neuher a ruler nor a locating agent

tn which pair do nalther of the gases change the colour of moist blue litmus papar?

A ammonia and hydrogen

B  ammonia and hydrogen chloride
c carbon dioxide anltl chlonne

D carbon dioxide and sulfur dioxide

F -

The scheme shows a sequence of reactions starting from compound Y

compound Y

-

ancess
HNO,(aq)

colourfess

ges * solutlon

NaOH({aq)
A
white precipitate

Insoluble in excess
NaOH(aq)

What could compound Y be?

A
c

aluminium hydrogencarbonhate B calcium carbonate

coppar(ll) carbonate

b zinc catbonate

The apparatus shown can be used to find the rate of some chemical reactions

-}
TP e T iR : ﬂ

The rate of which reaction can be followed using this apparatus?

A
c

Mg+ HCi
NaOH + HCI

B AgNO, + KI
D NaOH + CuSO4




Naturally-occuring bromine has a relative atomic mass of 80 and consists entirely of
two 1sotopes of selative atomlc masses 78 and 81

What can ba deduced about naturally-occuring bromine from this Information only?

A~ Bromne s radicactive -
B Bromlne has different oxidabion states

c Bromina {solopes have different number of protons

D Bromine contains the two Isotopes in equal proportions.

[y

An ion X* has m nucleons and n electrons

What does tha nucleus of an atom X contaln?

number of protons number of nautrons
A n-2 m-n
B n-2 m-(n-2}
[+ n+2 m—{n-2)
D n+2 m—(n+2)

Both magnesium oxide, MgO, and aluminlum oxide, AlOs, are solids at room
temperature of 25 *C

-
The table below shows thelr melting and boliling points

melting point (*C})

bolling point {*C)

MgO

2852

3600

ALO;

2072

2880

Over which temperature rangs wlll both pure compounds conduct electricily?

A 25°Cto2852°C

[ 2852 *C to 2880 *C

B
D

2072°Clo 2852 °C
2880 *C to 3600 *C

The structure of metals conslsts of positive lons in a "sea of electrons’,

Which statement comrectly describes what happens to the parlicles in the metallc

heating element of an electric ketile when the keltle 1s switched on?

A Electrons move In both directions In the element,

B Electrons move In one direction only In the element.

c Positive lons move In one direction only In tha efement,
2]

Electtons move In one direction and positive lons move in the opposita

direction in the element.

10

11

12

In the latice structure of lonlc compounds, coordination number [s the number of
nearest nelghbour lons of opposite charge For Instance, In sodlum chloride, each
Na’ fon Is surrounded by 6 €I lons and each CF jon s surrounded by 6 Na® lons
Therefore, coordination number of Na* and CI" Ions is 6.

The table below shows the jons present and the coordinaton number of the fons in
some ionic compounds

ions present coordination number of
compound formula
cation | anlon cation anlon
sodium chloride Na* cr [} [} Nac!
titanlum(IV) oxide | 11 or 6 3 TIO;
P Q R 4 8 ?

What is the formula of compound P?

A QR; B Qz;R
c Qry D QR

Silicon carbide, SIC, has a structure simllar to diamond, Boron nltride, BN, has &
structure similar to graphite Bronze Is an atloy of copper and tin

Which statoments about SIC, BN and bronze are correct?

1 All ara bonded covalently.

2 All have high melting and bolling polnt.

3 All except bronze are soluble In organic solvent.

4 All except sllicon carbfde conduct electricity when sofid
A 1and 2 B Z2and 3
c 2and 4 o] 3and 4

One volume of pasecus element X; reacts with an equal volume of gaseous
hydregen to form two volume of a gaseous hydrdde

What Is the formula for the hydride of X?

A HX B HX;
C  HX: D HaX




13

14

The dlagram shows the stuctures of the atoms of elements ¥ and Z.

a
'

(@
(eXe)
p=praton ="
@ n = neutren
e = electron
Y z

Elements Y and Z react to form a compound
What is the mass of one mole of this compound?

A 11g B i2g
c 239 D 30g

An aqual number of moles of two chemical compounds, R and §, are given
The chemlcal formulae of these two substances, R and S, are shawn below
R NaAJSi0,
S CaAlSk0,
Which statements are Incorrect?

1 R and S contaln the same number of molas of oxygen
2 Both R and S have the same percentage by mass of oxygen.
The percentage by mass of eluminium in S Is twice the percentage by

3
mass of aluminlum in R
A 1and2 B Tand3
[ 2and 3 D 1,2and 3

15

16

17

Four students prepared hydrated copper(ll) sutfate by adding an excess of dilute
sulfuric acld to copper(l) oxide Each student used a different mass of copper{ll)
oxide

dilule sulfuric acid
Cu0 > CuS0.5H0 -

Mr =80 Mr = 250

After the copper(ll}) sulfate had crystalised, the students drled and weighed the
crystals

it Is known that 1 mole of copper(ll) oxide preduces 1 mole of hydrated éopper(ﬂ)
sulfate from the reaction

Which student produced the highest percentaga yield of hydrated copper{ll} sulfate?

mass of copper{|l) oxida used /g | mass of crystal produced /g
A 40 115
B 80 235
c 120 350
D 160 466

20 em” of propyne, C3H,, Is reactad with 500 em® of oxygen.
The equation for the reaction Is shown below.
C3Hy + 40 — 3C0; + 2H,0
What is the total volume of gas remamning at the end of the reaction?
{all volumes are maasured at room temperature and pressure)

A 6o0cm’ B 100em’
Cc 480 ¢m” D 520 cm®

Which processes are endothermic?

1 Gl — 2CI
2 buming a fossil fue!
3 obtalning lime (CaO) from Timestone (CaCOs)
4 reacting hydrogen with oxygen
A 1and2 B 1and3

C 2and4 D 3and4

S~
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19

20

The change in energy during a reaction 1s represented In the following energy profile
diagram

A
Energy ! kJ

Reactant

Product

~,

Progress of Reaction
What doas Y represent?

A the enthalpy change for the forward reaction

B the activation energy of the forward reaction

c the aclivation energy for the reverse reaction

D the energy released to form the bonds In the products for the reverse reaction

‘Solutens of hydrochloric acld, HC! and ethanoic acld, CHyCOOH, of the same
concentration react completely with 5 0 g of calclum carbonate, CaC0,, in separate
containers

Which statement is correct?

A CHLCOOH reacts slower because it has a lower pH than HC!

B A smaller volume of CO, is produced with CHaCOOH than with HC!
c A greater volume of CO; is produced with CHyCOOH than with HC!
D The same volume of CO; Is produced with both CHyCOOH and HC?

In which reaction does a single nirogen atom have the greatest change In oxidation
number?

A 2NO + Oz — 2NO;
B 4NH; + 50, — 4NO + BH;0
C  4NHy + BNO — 5Ny + 6H,0
D 3NO,; + H:0 — 2HNO; + NO

21

22

Thres electrolytic cells are setup Each cell uses inert electrodes

The electrolytes used for each cell ara shown In the table below

cell1 concentrated silver chloride solutlon

cell 2 molten sodium lodide

cell 3 dilute nitrc acid solution

In which of these cells is a gas formead at both olecirodes?

A 1and2 B 1and3
c 2 only D Jonly

The diagram shows the electrolysis of molten lead(il) bromide using inert electrodes

+ -

s—

\ ]f / slivery metal

molten lead(ll) bromide

heat

What happens during this electrolysis?

A lons change to atoms

B Atomns change to lons

Cc Covalent bonds are broken
D New compounds are formed

'

. n .



The dissoclation consiant {i) for & base Indicates the extent to which It dissocates 24  Three oxides are added separately to aqueous barium hydroxide
Into lons in water The higher the dissoclatlon constant (Kp), the higher the strength of

the base 1 lead(ll) oxide
Generally, compotunds from amlne homologous serfes form weak bases when 2 nitrogen monoxide
dissolved In waler For Instance, when methylamine Is-added to water, it lonises - - - - .
partially [nto methylammonium lon and hydroxide fon as shown In the equation below 3 sllicon dloxide
CHaNH, (aq) + H:0 ()} 5 CHuNHy' (aq) + OH (ag) Which oxide(s) react(s) with aqueous barum hydroxide?
The dissociation constant (Ks) and fulf structural formula for the first four members of A tfand2 B 1and3
the amine homologous serles are glven In the table below c 2and 3 D 1 only
amine full structural formula dissociatlon constant (Ky)
HoH 25 A colourless solution contalns three different ions, Agh, Ba?* and an unknown anion,
1 Y
methylamine H—C— N 46x10"
4 1 Whatls Y?
H H
A ©or B CO&
H ® H
r v | ¢ NOs p soXr
ethylamina H= f_ lc— rlu 45% 107
HoR ) 26  Which two statements Indlcate metal M may have a proton number between 21 lo
B W A H 307
. L L l L 1 It conducts elsctricity
I = s 35x10™
propylamine L1 11 2 |t forms two coloured sulfates
H H H H
a It forms two baslc oxides with formulae MO and M2Os.
H H H H H
| S T I I 4 It reacts with stoam o form a metal oxide with formuta MyO4
— c — J— Q— ——
butylamine H I f Ic f r 40x10™ A tand2 B 1and4
H H H H H c 2and 3 D 3and4
Based on the data above, which statement Is comect? 27 Which property would all the hydrogen compounds of the Group VI elements
possess?
A Aqueous methylamine tums Universal Indicator frem green to yellow
A They are covalent.
B Increasing the length of carbon chaln Increases the strength of the base
C There are more undissoclated maleculss in a solution of butylamine than that B They are soflds at room temperature
In ethylamine of same concentration. € Thay conduct electricity when moften
D Given that the K, of ammonia = 1 8 x 105, there Is a higher concentration of D  They form alkalne aqueous solutions

OH™ fons In ammonfa sofulion than that in propylamine of the same
concetration

e

12:



28 Which dlagram correctly lllustrates how iron Is preventad from rusting by sacrificial
protection?

0,+H0

magneslium

Iran

29 In the apparatus shown, gas P is passed over solid @ No visible reacton occurs

Q
L \ s
p A EZ4
——
heat
Identify gas P and solid Q.
P Q
A hydrogen zinc oxide
B hydrogan iron(ll) oxIda
c oxygen sulfur
D oxygen carbon

30  Which chart could represent the composition of a galvanised roof?

fro catbon carhun

Jolvivl

21 Three different metals, X, Y and Z, are each added to an excess of dilute hydrochloric
acld

The graph shows how rapidly hydrogen gas is given off

]

volume of
hydrogen
gas/cm®

0 time /s
Identify metal X, Y and Z.

X Y z
A Fe Cu Ca
B Ca Fa Cu
c Mg Pb Ag
D Mg Ag Pb

32  Which pollutant gas Is produced by the decompositlon of vegetation?

A CHy 8 CO
C NO D SO;

1T ,



33

35

Crude ol Is fractionally distliled In a fractionating column The positions at which
fractions X and Y are collected ara shown

fractions i

T

crttde oll ==

SHERERR)

f

Which statement is correct?

X hes a higher bolling point than Y.
X has a longer chaln molecules than Y
The temperature increases up the column

o0 >

X condenses at a lower temperature than Y.

Which organic compound requires the least oxygen for the complete combuistion of
one mole of the compound?

A CaHp B CHg
c C3H;OH D CyH;COOH

Which bonds Is/are not present In methanoic acid?

1 c-C

2 c=C

3 CcoO
A land2 B 2and3d
c 1 only D 2only

P

36

37

38

With the presence of UV light, 1 mole of propane reacts with 3 moles of chiorine In a
substitutlon reaction

What 1s the formula of the organic product in this reaction?

A CaH3Cla _ - B CaHiCls - -
c CsH(Cly D CiHsCh

Arachidonle acid is one of the most abundant polyunsaturated fatly aclds in the brain,
It has a molecular formula of CyHaCOCH
How many C=C double bonds are present in 1 moleculs of arachidonic acld

A 1 B 2
c 3 D 4

The diagram shows a section of @ polymer

TP P
RERERSS

Which statement about this polymer 1s comrect?

A Itis a condensatlon polymar.

B It dacolourises aqueous bromine

c Both the polymer and Its menomers have the same emplrical formula,
D The structural formula of Its monomer Is

¢
AN
H 1

16



39  The diagram shows the partial structure of Terylene

From which pair of monemers is it made?

N R .

+

® HO— |OH +
¢ Ho—{_—_l—j:r—on +
P HO—I—D—E—OH *

40  ‘The diagram shows the structure of ethyl ethanoate

—o—— .

HO H
HO—E—%—E—OH
HO—%—LOH

ot Lo

4y
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only ONE of the alternatives should be attempted.

Answer ALL questions in the spaces provided,

The number of marks is given in brackets [ ] at the end of each questfon or part question.
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A1

'
-

Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

The following information is given for the oxides of some elements in Period 3.

The elements are labelled as W, X, Y and Z. - -
Element | Formula | Melting | Boiling Behaviour of Reaction of
of oxide | point/°C | point/°C | oxide with water oXide with
hydrochloric
, acid
W WO, -72 -10 Dissolves in water No reaction
to form a solution
that tums blue
Iitmus paper red
X X0 2852 3600 insoluble in water | Reacts with acid
Y Y20 1132 1950 Dissolves in water | Reacts with acid
; to form a solution Lo
I thattumsred -| . . . 7.
litmus paper blue
4 Z:03 2072 2977 Insoluble in water | Reacts with acid
SR e waa ot -

Use the information from the table to answer the following questions. T s

(a) Which element has the highest tendency to gain‘electrons? Explain your answer. 2]

(b) () Draw a'dot and cross’ diagram to show the bonding in Y>0. (21
Show the valence electrons only.
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Al

A2

(b) (i) Predict the electrical conductivity of Y20 in the solid state. Explain your [2]

(c)

(@)

answer,

Arrange the elements W, X, Y, Z in order of increasing proton numbers 2]
[Total: 8 marks]

Dunng a chemistry experiment, a student added 1.00 g of calcium metal to [3]

25.0 cm® of 1.50 mol/dm® of nitric acid. The gas evolved from the reaction was
collected and measured over fixed intervals untll the reaction is completed.

Calcuiate the total volume of gas expected to be collected at the end of the
reaction.

113
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A2 (b} Atthe end of the experiment, a graph of volume of gas collected against time.was

(e)

(d)

(e)

plotted and shown below,

Volume of
gasfcm?®
A
5004 =—=~-==== =

- »Timels

Suggest a reason for the difference between the actual volume of gas obtained and  [1]
the theoretical volume calculated in (a).

Y5 cee - : R

The student intends to repeat the experiment using sulfuric acid. Other than mass, [2]
suggest one other important factor regarding the metal reagent that needs to be
kept constant in order to ensure that a fair second experiment was conducted.

Explain your answer.

Given that the volume and concentration of acid and mass of calcium metal used [2]
for the second experiment is kept the same as the first experiment, sketch the
expected graph on the same axes and label the graph as {(d).

Explain the shape of your graph in (d). . 3]

[Total: 11 marks)
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A3

The Ostwald Process is a chemical process for manufacturing nifric acid, HNO;. It is
done via two stages.

The chemcal equation below tllustrates the redox reaction that occurs in Stage One,
Stage One: 4NH; (g) + 502 (g) — 4NO (g) + 6H,0 (g) AH =-905.2 kJ

(a) Draw an energy profile€ diagram for the reaction above, indicating the enthalpy = [3]
change and activation energy clearly.

(b). In terms of oxidatton states, explain why the reaction In Stage One is a redox [2]
reaction.

Stage Two consists of two steps.
Step 1: 2 NO (g) + Oz (g) — 2 NOz (g)

In Step 2, NO, produced In Step 1 is absorbed by water readily to form dilute nitric acid
as well as nitrogen monoxide, which 1s recycled to be used in Step 1.

(¢) (i) Wnteabalanced chemical equation to show the reaction in Step 2. 11

(i) Name a physical process that can be camied out to increase the [1]
concentration of the dilute nitric acid that is obtained at the end of Stage 2.
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A3 (c) (iii) Explain why tt is important that the product in Step 1 of Stage Two does not  [2]
escape 1nto the atmosphere.

Total: [9 marks]

A4  The diagram below shows an experimental set-up of two electrochemical cells

Cell One e
.::'-E.:{"

Zinc '% T Sitver :':i*'
] e N S
S e s

S A
S * ’ & [ ¥ : -
Dilute silver nitrate solution Goncentrated potassiom
chlorlda sclution with
untversat (ndicator

Both electrodes X and Y are made of graphite.

(a) Identify the positive terminals of both electrochemical cells and write the 3]
equatlons to illustrate the reactions happening at the electrodes. Include state
symbols,

Positive Terminal Half-equation

Cell One

Cell Two

(b} () Whatis the expected ratio of the volume of the gases obtained at electrodes  [2]
X and Y?

Explain your answer with appropriate equation(s). include state symbols.
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A4 (b) (i} Suggest a possible reason why the ratio of the volume of the gases may not [1]
be the same as what was expected i (b)(i}

{c) What Is the colour observed in the electrolyte of Cell Two when the crrcut has  §2]
been switched on for a period of time?

Explain your answer.

[Total: 8 marks]

A5 (@ (i) An organic compound J contains 40.0% of carbon, 53.3% of oxygen and [3]
6.7% of hydrogen.

Calculate the empirical formula of the compound.

(ii) The relative molecular mass of the compound is 90. ] [2}

What is the molecular formula of the compound J?

it
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A5 (b) The diagram below shows some information related to compound J.

Reactlon ll:
mﬁmmﬁse
Compound.| Na:COz asR
Reaction I: Limewafer
H:0 (g)
1;1 l’ll ,—9 Whits precipitate
c=C-C
H  O-H
Campound G

() Reaction | is known as a hydration reaction. State the conditions required [1]
for the reaction to take place.

- Cad ! . L 1

(i) Identify Gas R and the functional group present in compound J that allows [2]
Reaction 1l to occur.

(iii) Compound J has an isomer. 2]

Using the information in (a) and the diagram above, deduce and draw the full
structural formutae of compound J and its isomer

Compound J Isomer of
Compound J
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A5

(e} () One of the isomers of compound J can undergo condensation [1]
polymerisation.

Define the term ‘condensation polymerisation’.

- -

(i) Draw the structure of the polymer formed when compound J undergoes [1]
condensation polymerisation. Show at least two repeating units.

(d) () Whattype of polymerisation can compound G undergo? [1]1

[

(i) Draw the structure of the polymer of compound G. Show at least two 1
repeating units.

{Total:14 marks]

119
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. - Section B (30 Marks)
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted

B6 Read the information below about titanium and answer the questions.

Titanium is a metal that is higher than carbon in the reactivity series. However, it 1s not -
extracted by electroty5|s It is extracted from rutle, which contains 50% titanium(IV)
oxide Although titanium is the 10™ most common occurring element in the Earth's crust,

it is a very expensive metal.

The flowchart below shows the extraction of fitanium.

Titanium(lV) oxide (TiO,) i1s reacted with chlorine and
Step 1: coke at 1000 °C to produce titanium(iV) chlonde (TiCls)
and carbon monoxide Titanium({lV) chloride is cooled

and collected.

Titanium(IV) chloride from Step 1 is reacted with

Step 2: magnesium at a temperature of 1100°C in a sealed
reactor for 3 days to obtain ttanum. The sealed reactor

contains an atmosphere of argon.

[N Tl e "I -
- s -

The reactor is allowed to cool.
Step 3: The reactor is opened and the titanium is separated
from the other product, magnesium chlonde.

(a) Titanium(lV) chloride that is produced in Step 1 existsas a colourless liquid at room
temperature and pressure and boils at 136°C.

() Based on the information given, deduce the structure and bonding presentin  [2]
titanium(lV) chloride. Explain your answer.

(a) (i) What is unusual about the bonding present in fitanium(lV) chloride? Briefly [1]
explain your answer.
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B6

(@) (i) Hence, suggest a possible reason why electrolysis of titanium(IV) chloride is  [2]
not used as a method to extract ttanium.

(b) (i) Write a balanced chemical equation to show the reaction that took place in [1]

Step 1 to convert titanium(IV) oxide to titanium(IV) chloride.

(ii) State an health effect of the product(s) produced in this reaction. 11

{¢) (i) Write a balanced chemical equation to show the reaction that took place in [1]

Step 2,

) (ii) Name the type of reaction that has occurred.

(1]

=(lif) Suggesta reason why an argon atmosphere Is necessary in this process [1]

(iv) Based on the information given above, deduce w,
despite its abundance in the Farth's crust.

hy titanium 1s expensive [2]

[Total: 12 marks]

121
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B7

(@)

(b)

You are given two 10 mol/dm®. of strong acids A and B, which have different
basicity. One 1s monobasic while the other is dibasic

(i) Give an example of a moncbasic acid and dibasic acid. (1]

Monobasic acid

Dibasic acid

(i) Usmng your answer in (a)(i) as example, state and explain the difference in [2]
electrical conductivity, if any, between monobasic and dibasic acids

{iii) Using your answer in (a)}{l} as example, brefly describe and explain an [3]
expenment to distinguish two given samples of a monobasic and dibasic acid
using a solution of 1.0 mol/dm® of aqueous NaOH.

Aqueous solutions of chlorine and iodine are added separately to two test tubes

each containing a solution of won(ll) iocns. Aqueous sodium hydroxide is then added
to each test tube The results are given in the table below.

Addition of agueous C/; Addition of I,

Aqueous iron(ll) ions

Green solution turns

Green solutton remains

yellow green
After addition of 3 drops Reddish brown Dirty green precipitate is
of aqueous NaOH precipitate Is formed formed

() Name the reddish brown precipitate formed.

{1l
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B7 (b) (i) State what is observed when excess aqueous NaOH is added to the brown 1]
precipitate.

(iif) Based on the table of results above, compare the oxidising powers of chlorine (2]
and iodine.

Include appropriate Ionic equation(s), with state symbols, in your explanation.

{Total: 10 marks]

. EITHER

. B8 Crude oil 1s a raw material which is processed in an oll refinery. Two of the processes
involved in the refinery process are fractional distillation and cracking.

The table below shows the percentage by mass of different fractions in crude oil and the
demand for each fraction expressed as a percentage.

Number of carbon Percentage in Percent_a ge needed by
Fraction atoms per molecule crude oil (%) the ofl refinery to
supply demand (%)

Petroleum gases 1-4 4 1M
Petrol 5-9 11 22
Kerosene 10-14 12 20
Diesel oil 14-20 18 15
h:)?tit:‘:: Over 20 23 4

(a) State the physical property that is used to separate crude oll by fractional [1]
distilation ) '

(b) (i) Define the term ‘cracking’. [11

1£5
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EITHER

BS  (b)
(c)
(d)

(i) Using the nformation from the table, explain how cracking helps an ol [2]
refinery match the supply of pefrol with the demand of petrol.

The hydrocarbon CisHs, can be cracked to form 2 moles of ethene, 2 moles of [1]
propene and one other hydrocarbon.

Write a balanced chemical equatton for this reaction.

Ethene can be reacted with hydrogen to give a saturated compound M.

(i) Drawthe structyral formula of saturated compound M formed. 11

vty . W

(i) Describe a.chemical test that can be used to distinguish between ethene and [21
compound M.

[Total: 8 marks]
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OR
B8 (a)

(a)

(b)

(c)

The table shows some information about a homologous series of carbon
compounds called alkynes

Molecular Enthalpy change
Name Condensed formula formula of combustion
- —_—— - (kJ/ mol)
Ethyne HC=CH C.H: -1380
Propyne HC=C—CH, CsHs - 1466
Butyne HC=CH.CH; CyHs - 1852
Pentyne HC=C—CH,CH,CH; CsHa - 2438

Using the informatton given, deduce the general formula of alkynes

How will the boiling points of alkynes vary down the homologous series?
Explain your answer.

EIWnes? Explain your answer.

1

(2]

rWhat general trend can be observed in the enthalpy changes of combustion of [2]

125

Page 15 of 17



126

OR
B8 (d} Researchers have been investigating the use of propyne for replacing hydrogen as
a liquid fuel for space craft intended for low Earth orbit. Its major advantage is that,
unlike hydrogen, propyne can be used as a liquid fuel without the need for storage
" at extremely low temperatures.
- (i) Given that the enthalpy change bf combustion of hydrogen is —+8 kd/g, [2]

which fuel, hydrogen or propyne, gives a greater energy output per gram of
fuel used? Show your workings clearly.

(i) Suggest a reason thy it is necessary fot the space craft to store a}ld usea [1]
fuel in its hquid state instead of its gaseous form.

[Total: 8 marks)

© End of Paper ©
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The Periodic Table of the Elements

Group
IR [ W v | v [ v | W 0
1 4
H He
hydroger* hefium
1 2
7 9 11 12 14 16 19 20
Li Be B C N 0 F Ne
Ehlum | berylium baren | caon | niimgen | axygen | fluorne neen
3 4 ] ] 7 B ) 10
23 24 27 28 31 2 358 40
Na Mg Al 8i P S ci Ar
sodiym  [magnesium aluminfom | sfcon |phosphorus| sulfur | chiorine | argon
11 12 13 14 15 16 17 18

39 40 45 48 51 52 55 56 59 69 84 65 70 7 75 79 80 84

K Ca Sc Ti v Cc | Mn | Fo | Co Ni Cu | Zn | Ga | Ge | As Sa Br Kr
poiassium | calclom | scandlum | €tanlgm | vanadium | chromium |mangeness)  lon gobalt | nigkel | oopper zlno mlym |gemmaciem| amsenic | selenlym | bromina | keypion
19 20 2 22 23 24 25 28 @ 28 29 30 H 32 33 34, |3 36

85- 88 89 91 93 96 - ™M 103 106 108 | 112 115 119 122 12 127 1

Rb 8c Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te [ Xe
awldlzn | stontum | yitrum | ziconiym | nloblum  molybdenyw technetium| nthenlum | rhodum | palladum | slver | cadmium | Indlum thn anfimony | feludum | lodne | xenan
7 | 38 3 40 41 42 43 4 45 46 47 48 48 50 51 52 53 54
138 17 139 178 181 184 166 180 192 195 187 M 204 207 208 - - -

Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caaslum | badum |lanthanum | hefnlum | tantelum | tungsten | thedlum | csminm | Iifum | platiwen | gold | merumy | thalum laad bismuth | poionlum | astative | radon

55 56 r__* (72 73 74 75 78 4 18 79 80 81 82 83 84 85 86

Fr Ra Ac

franclum | radum | adihlm
87 88 8 1
*68-71 Lanthanold series

$90-103 Actinoid series

140 141 144 - 160 1582 167 189 162 165 167 169 173 175
Ce Pr Nd Pm | Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
carum  (pressodymium ngedymbum| promathium| samarum | ewoplum | gadolintuom | tablum  [dyspmstum| halmium | erbhm | thulum | yiterblum | lethum
58 58 60 81 £2 63 64 i g6 o7 68 69 70 fit
Key| & | a=relatve alomlomass 232 - 238 - - - - - -
X | ooomoomiel | ooten prtscson] wasin | s | s | st | oo | et ssconon st teon peniain] sepan [
” arium sm| wraniym | neplunfum | plukoniuen | ame cul omlum |elnsteinium| fermium nobelum [lawrendum
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(a)

{b)

{c)
(=)

(b)

()

CRESCENT GIRLS’ SCHOOL
SECONDARY FOUR
2015 PRELIMINARY EXAMINATION
CHEMISTRY PAPER 2 - ANSWER SCHEME

Element W - -

W forms an acidic oxide and W 1s a pon-metal which tends to gain electrons

OR
WO; has a Jow_melting polnt and_holling point Indicating it Is a simple covalent
compound which Is usually formed by non-metals

0 + 2-

2

(i) Pocrinon-conductor of electricity
In solid state, the fons are held in fixed positions
No mobille lons or moblla elactrons to conduct electricity

Y. X, Z, W

Ca +2HNO; > Ca(NO3), + Hy

No. of moles of acid = 2o X1.5 = 0 0375 moles

No of moles of Ca = %34: 0 025 moles

0025 moles of Ca requlires 0 05 moles of acld

Hence acld is the limiting reagent.

Number of moles of H; =55:—§ =0 01875 moles

Volume of Hz = 0 01875 x 24= 0 45 dm? or 450 cm®

Calclum Is a reacgtive_metal and hence It can react with water as well to form
aqueous calcium hydroxide and hydrogen gas

Particle slze/ surface_area of M must be the same as the surface area affects the
speed of reaction

The larger the surface area, the larger the area_of contact befween reactant

particles and hence faster the reaction

{d)

(e)

A3 (a)

(b)

{c)

Volume of gasfom®
A

- — (d) - -

> Timels
The reaction will be faster initially as sulfurlc acid Is a dibasic acid and henco the
concentration of H+ jans will be twice/higher than nitrlic acid, leading to higher

frequency of effective collislons

However, calcium reacts with sulfune acld to form an Inseoluble coatlng of calgium
sulfate around calcium and hence the volume of gas formed will not be maximum

EnergyiiJ
A

4 NH, (9) + 5 0:2(g) AH=-3052kJ

L]
4 NO (g) + 6 Hz0 (g)

% Progress
of reaction

The oxidatlon state of N of NH; increases from -3 to +2 in NO
The oxidation state of O In O decreases from 0 to -2 in NO

@  3NO; +H,D-> 2HNO; + NO .
(i)  Distilation

()  NOzls an acldic oxide and dissolves In water readily to form acld raln which

corrodes motal structures and lfmestone bulldings! damages crops dus to
low pH of soll




(a) {m

Positive Terminal Half-aquatlon l?' I'l'l O
£
Cell One | Stlver v Ag (D +e > Agls) ¥ H-O -C-C-C
| [ \
= - - ~e T H H O - H - -
Cell Two | Xv' 2CI (aq) > Cle () +2e v
: HH o
) () Equatonl-2CI{aq) > Cha(g)+2e | | /7
Bquation2 2H*(aq) +2¢ > H; (g) H-C-C-C
OR. ] \
2CT (aq) +2H* (ag) > Ha (g) + Cha (2) H O-H
From the equations, 1Cl; = 2e; 1H2 = 2e. Henca, when 1 mole of Cl; is formed, O-H

2 mole of electrons Is fost and accepted by H* fons to form one mole of H,
Hence, the expected ratlo of H; to Cl; formed Is 11
(&) (I} Condensation polymerisation occurs when mcnomers combine to form a

(i)  This is because chlorine 1s more soluble In water than hydrogen/ chlorins Is polymer with the removal of small molecules such as water

very_soluble In water while hydrogen gas Is Insolubls In water The volume

of Cl; collected may be lower than expected, resulting In a different ratlo {in o o 0
(e} VioletiPurple solution oblained because when HE we i 'fl_ﬁ g-g-"'
* and CI' lons are discharged, the —O0—G-G~ —O—Q-Q-C—O—ﬁ-a Q—O_ﬁ v G
OH- Tong left behind are at a hlgh coneantration/ the OH lons form a strong alkall HH H R
with i lons
68 (d) () Addtion polymerisaton
The solution tumed golourless dye to the bleaching by the CI; gas dissolved In the
solutlon ) H H H H
a Etement [+ H Q | ] | |
% by mass 360 67 533 —C-C——-(l.‘»—flz—"‘
No. of moles | 222 67 533 1 1
— =3.333 =67 |T==aam H COOH H COOH
Ratio 1 2 1

The empircal formula is CH;0

(I} Molarmass of CHyO = 12 + 2 + 16 = 30 g/mol
n(CH.0) =90
n=3
Molecular formula — CyHeOa
(b) () 300°C, 60 atm; Phosphoric acld (H,PO4)

(Il COzgas
Carboxyl / -COOH functional group
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M
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(i)

{0}

As titanlum(IV) chioride exists as a liquld at room temperature and pressure and
bolls at 436°C, it has a law melting and bolllng point. Hences, it should exlstas a

slmple_covalent compound, with weak Intarmolecular forces between ifs
moelcules

No Titanium Is a metal and hence usually forms lonle compound with chloring
{a non-metal) but titanlum(lV) chloride is a covalent compound

Since titanlum(lV} chlordde Is a covalent compound, thus it cannot conduct
electriclty at any state sinca it
deas not have any mobile lons or free moving electrons

TiDz + 2Ck + 2C - TiCly +2C0O
COQ is a polsonous gas as it comblnes with haemogloblin to form a compound
which prevents oxyqen gas from belng transported to the rest of the body/
causes resplratory difficulties

TICls + 2Mg = Ti+ 2MgCl2
Moetal displacement/ radox reactlon
To provide an Inett atmosphera to

prevent magnasium from reacting with afr since it Is a reactive metal
The extraction of titanium requires the use of maganeslum which is a reaclive
metal and requires electrolysis to he extracted

Alternative answar accepted;

The process requires the use of argon which Is obtalned from fractlonal

distli'ation of llquld alr and large amount of fassil fuels Is required in order to
malntaln the high temperature required.

Monobaslc — Hydrochlonc acld/Nitric acld
Dibaslc — Sulfuric acid

The electrical conductmty of the (thbasic acld} will be higher than the (monobasic
acd) because

1 mole of {monobasic acld) dissoclates to glve 2 moles of mobile lons (TH' and
1X) while

1 mole of dibaslc acid dissoclates to giva 3 moles of mobile lons (2H” aad Y2)

Hence, there is higher number of mobils tons present in the dibasfc acid when it
dissoclates

Titrate and

B8

B8

measure the volume of NaOH required to completely neutralise 25.0 cm?® {fixed
volume} of acid A and B

Since both aclds have the same concentration,

the volume of the NaOH required for comp!ste nsutralization of dihaslc acld
=wilkhe twice than that of the monobasic acid as the -

mole ratio betwean NaOH HCI = 1+1 while mole ratio of NaOH - H;S0,= 2 1

() () lron{llf) hydroxide
(I) The precipitate Is Insoluble In excess aqugous NaOH

(i) Aqueous chiotine was able to oxtdise Fe?* solution to Fo* selution while lodine
was unable to do so

Chlorine Is a stronger oxldlsing agant than foedine
Cl; {aq) + 2Fe® {aq) > 2Fe™ (aq} +2CI"(a

EITHER
(a) Differences In belling polnt

{b) () Process of breaking down longer hydrocarbons Into smaller hydrocarbons,

(i) Cracking  helps to break down bigger hydrocarbon fractions
ltke naptha and bitumen which are
lower In demand (4%} but

exists [n higher proportlon in crude oll
and korosene which are
higher In demand {23%]} but

oxlIsts In lower propartion In cruds ol {4%)
(e} CisHaz = 2CH, + 2C3Hg + CgHiz

%) Into smaller fractions like patrol

{d} ()} CHiCHs
() When agueous bromine is added separately to both compound M and ethene

in the ahsence of light,
etheno will decolourise hrawn aguecus bromine while compound M will not,

OR

(8) anZn-!




{b) The bolling points Increase down the homologous series

Ag the moleculas get bigger,

the van der waals' forces of aftraction hetween moloculos get stronger/
intereolecular forcas gat stronger . -

Larger_amount of energy required to overcome thém and hence boiling points
Increasa.

{c) The enthalpy change of combustion becomes more negativel Increases as the carbon
chaln Increases down the homologous serles

As the carbon chaln Increases, groater amount of eneray Is refeased to form the
greater no _of moles of products {CO, and H;0} formed

@ O

{m

1 mol of propyne releases 1466 kJ of energy
1 mo! of propyne > 40 g

fe 40 g of propyne releases 1466 kJ of energy
amount of energy released by 1 g of propyne = 1458 367K

40
Hence, hydrogen has a geeater eheray output

As particles In the liquid state are closely_packed tofether, more molecules_of
the fuel can be stored In tha same volume of space when transporied In Hquld

state as compared to gaseous state

OR
Fue) in the gaseous fonm is more explosive than when it Is In its liquid form as
gqaseous particles contalns more kinetic energy than liquid parbclas
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1

There are two unilabellad bottles, ons of which is hydrochlotic acid and the ather is sulfurlc-
acid. To distnguish the two acids, a student adds agueous sodium hydroxide to each of
the acids.

Glven that the concentration of the solutions used are the sams, which of the following
apparatus would not be necessary In this Investigation?

A beaker B measunng cylinder

Q stop watch . D thermometer

2 Thafoliowing diagram shows a method to collect a sample of gas Y

L~

Y

2{___concentrated
suifurdc acid

Wiich of the following information can be deduced about gas Y7

1 Y is alkalina.
2 Y s vary soluble In water
3 Y Is less densa than air

1,2and 3

1and2

3 only

None of the ebhove

oax>

3 Which sat of results Ts cortect when the reagent is added to a solutfon containing both

won(fl) sulfate and sodum nirate?
reagent result
A [ aqueots barjum chionde green precipitate seen seftled at the bottom of the
| test tube
B [ aqueous barium chionde while precipitate seen
C | aqueous sodium hydroxide | gas tumed moist red litmws blue when warmed
D | aquecus sodium hydroxide | dark green solution seen In excess reagent

“This paper conslsts of 14 printed pages Incluing the cover page.
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4 A mdute containing equal volumes of two fiquids Is placed in the apparatus shown and”
heated until ths thermometer first shows a constant reading

At which posliion will there be the highest proportion of tha llquid with the higher boiling
point?

8§  Aqueous lead(fl) nitrate and equeous potasslum bromide are added toa dish contalning
water, as shown

precipitate

aquaous lead(ll} nitrate queoys potassium bromide

i

A precipttate forms aftera few minutes
Wihch of the Tollowing statements expliams the phenomenon?

Particles coliitle, diffuse and then react
Particles colfide, react and then diffuse
Parficles diffuse, collida and then react.
Parlicles diffuse, react and then collide.

oO0@P

GESS 4EX Chemisty 507341 Prelim 2 2015 OHH R

8 The lsctope cobait-60 Is used to destroy cancer cells i the human body.

Which of the following statements about an atom of cobalt-60 are correct?

1 It contains 33 neutrons.

2 Its nucleus has 27 positiva charges

3 1t has a different number of neutrons from some aloms of cobalt.
A {and 2 - - B 1and 3
c 2and 3 D All of the above

7  The diagram shows the molecule propyl methanoate

e iy
H-C —O—?—?—? —H
HHH
What 15 the tatal number of electrons thal are not involved In the bonding i the molecule?
A B B 12
c 20 D 28

8  \Which of the followsng solid has both lonle and covalent bonds?

ammonium sulfate
oding

siicon dicdde
steel

DO

9  The two statements are about chlorine The slatements may or may not be correct. They
may or fay not ba linked
stalement1  Chlorine has waak covalent bonds m its simple molecular structure
statement 2 Chicrine Is soluble in water

\What 1s correct about these two statements?

Both statements are comect and statement 1 explains statement 2.

Both statements are comect but statement 1 does not explaln statement 2
Statement 2 s comect but statement 1 1s incomrect.

Both statements are incomrect.

QOm>
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10 On<colision, alrbags m cars inflate rapidly due fo the preducton of nitrogen
The nitrogen is fermed In two steps as shown below

Step 1: 2NaNy — 2Na+3N;
Step 2t 10Na + 2KNO3 — K0 + 5Na,0 + N2

How many moles of nitrogen gas are produced from 1 mole of sodium azide, NaNs?

- A 1 5 moles -8B - 18moles
G 2.0 moles D 40moles

i1 Dimufrogen tefracxde, NyOy, 15 a polsonous gas, It can be disposed of safely by reaction
with sodium hydroxide

MN204lg) + 2NaOH(ag) — NaNOs(ag) + NaNOx(aq) + HzO)

What is the minlmurm volume of 0 5 molidm® sediurn hydroxide needed to disposeof 184 g
of dinitrogen tetraoxide?

A soem® B Bdem
c 12500 cm’ D 50000cm’

12 Brineis a Seturated soluion of sodium chloride In the electrolysis of brine, the products are
chiorine, hydrogen and sodium hydroxide

What is the maximum yield of each of these products when 58 & kg of sodium chlonde are
electrolysed as bring?

vield of chlorina/ kg | yield of hydrogen / kg | Yield of sodfm iy droxide /
. 365 7 40
B 355 05 80
5 775 i P
D 1778 Q5 80

13 Conslder the following reacfion for which the heat of maction is given
ZN05 (8) — 4Nz () + 605 (g} AH = -23 k)imof
Which of the foliowing statements about the reaction is not correct?
For each mole of 205 (s) reacted, 11 5 kJ of heat is released.
Far 2 moles of N2 (9) produced, 11 5 kJ of heat Is released

The energy of NzO5 I$ less than that of tha products.
The ensrgy involved In bond forming is greater than that of bond breaking

oQm>

14 The two statements are about electrolysls of concentrated aquecus potassium nitrate~
using graphite electrodas The statements may or may not be correct. They may or may
not balinked

statement1  The solution around anode tumed litmus red during electrolysis
statement2  Hydroxide lens are discharged at the anoda during electrolysis
Which Is comgct about the two statements? - L.

A Both statements are comrect and statement 1 explains statement 2

2 Both statements are corect but stalement 2 does not exgplain statement 1
D

Statement 2 Is comect but statement 1 is incorrect.
Both statements are incomect

15 in the extraction of alummum by alectrolysls using grephite electrodes, molien aluminium
oxide 13 dissolved in melten cryclite which is a sodium salt

statement1  Aluminium is deposifed at the negative electrode -
statement 2  Aluminfum ton is less reactiva than sodium fon

Tha statements may or may not be correct. They may or may not be hnked

Which Is correct about the two statementa?

Both statements are correct and statement 1 explains statement 2.

Both statements are correct but sfaternent 2 does not explaln statement 1

Statement 1 1s correct but statement 2 is Incorrect.
Both statements are incorrect.

oOom>»

16 When a hot glass rod is placed In a gas Jar of hydrogen Iodide, the hydrogen lodide
decomposes immediately

Which of the following statements abott this reaction are corract?
1 Hydrogen iodlde has reactad with cxygen n the air
2 The hol rod provides the activation enengy
3 One of the products Is a dark purple vapour,

A {and2 B 1land3
C 2and 3 D Allof the above

GESS 4EX Chemistry 5073H Preflim 2 2076 OHH
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17 Which of the foflowing processes Isfare descnbed correctly?
21 Which reagent, when mixed and heated with ammonium sulfale, liberates ammeonla?

1 Burning of coke requares energy to stard the reaction and hence is endothermic.
2 Freezing of waler is endothermic as the temperature of the suroundings 15 oold A aqueous bromine B acdified potassium manganate(VID)
3 Reachon between sodium and water relasas heat to the sunoundings and hence C concenrated suffuric acld D hmewater
Is excthermic.
-~ A Zonly B 4and3 !
c 2and3 g i, 2andd ° -~ 22 -The equation explaws the colour change that occurs when agueous polassium hydroxide
is added to aquecus potassium dichfomate(Vi) untll no further change Is seen
KaCraQ7 + 2KOH — 2iGCr0, + HO
18 Yeastls an enzyme which catalyses the fermentaiion of sugar to ethano! orange yellow
Which of the following statements ks true for this reaction? What happens to the axidation state of tha chromium and the pH of the reacfion mixiure?
A The amount at yeast present is unchanged in the reaction oxidation state of chromium pH of mixture
B Tha presenca of yeast Intreases the final amount of ethano! produced A decreases decreases
[+ Yeast changes the enengy of the reactanis and products B decreases Increases
[a] Yeas! operates effeciively at extreme low temperatures, C remains the same decreases
D remains tne sams INCTeases
19 A plece of magnesium strip dissolved completely in 20 cm® of a dilute suifiric acld solution
and tha volume of hydrogen evolved was recarded at regular ime infervals J;\nother piace 23 Tho graph shows how the pH changes In a reaction between an acid and an alkal
of magneslum strip of the same surface area and mass was added fo 40 cm” of the same
sclutlon of dilute sulfuric acld. 14
Howwill the Inilial rate of reaction and the fotal volume of hydrogen evolved in the second pH
- experiment differ from those in the first experiment?
Inigal rate of reaction total volome of hydrogen evolved 7
A increase morease
B Increase no changs
[+ no chenge ne change
D no change Increase z
. 0 .
1 Acld Is added to a fixed amount of alkali,
20 A household bleach contains sedium chiorate(l), NaCI0, as its acive Ingredient. When 2 Only salt and water are present at Z part of the greph.
sodium chlorate(l) ls sfimed Into excess agueous hydrogen peroxide, the rezction that 3 Neutralisaion oceurs atabout pH 7

occurs fs representad by the following squation
NaClOfad) + H0y(aq) —» NaCHaq) + Oq(g) + H0(0)
A 4and2 B 1 and 3
Which of the following can be deduced from the reacflon? c zand3 D All of the above

Which of the above statements could be deduced from the graph?

1 Hydrogen peroxide acis as a reducing agent In this reaction
2 Ths final solution gives a precipitate with acldified silver nitrafe
3 The final solutfon bleaches fiimus.

A 1 only 2 3only
¢ tand2 D all of the above

(GESS 4EX Chamistry 50731 Prellm 2 2015 OHH
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24

25

28

Some reactions of a substance, R, are shown i the diagram - -

1_anc » effervescence

substance R MMI&._MM&Q@I&L_.» effervescence
3. iron(Il) oxide

» pale green solution
What 1s substance R? - -

A aqueoys ammaonia B ethancic acid
c potasswm dichromale(VT) D steam

A mixiure of the oxides of two slemants of the third petied Is dissolved In water The sofution
Is approximately nattral

What could bs the constituents of the mixtura?

AlOz and MgO
CQO; and S0;
NazO and MgOQ
Na,0O and 50,

DOwR

Which two processas are Involved In the preparation of zinc sulfate crystals from dilute
sulfuric acid and zinc oxdde?

A neutralisation and filtration
B reuwrafisadion and axidation
c precipitation and filttralion
D precipitation and cadation

Aqueous ethylamine has simllar properties ss aqueous ammonla. Which of the following Ia
trug about aquesus ethyfamine?

It forms 2 gas with difute sulfuric acld,

It forms whie fumes with hydrogen chloride

it forms a colourless solution when added to aqueous aluminium nlirale.

It forms blue precipitate with aqueous copper{IT) chioride when added in éxcess

oW

Whuch Information about an elsment ¢an be used to predict its chemical properties?

A colour of lts compound
B density

c melting point

D

pusition n the Perlodic Table

28

30

31

32

10

Which of the {ollowing substances would produce effervescence when added to aqueous
magneslum chloride?

copper
iodine
sodium
zine

oow»

An element M 15 a grey solid at room femperature and presswe It form an oxide of
formula, MO, {melts at 1630°C and boils at 1800°C) It also farms a chilonde of formula,
MCly (melts at -37°C and boils al 114°C)

These suggest that thls elementMisa. .1 anditschiondels .. 2

Which words comectly fill in the blanks 1 and 27

1 2
A metal covalent
B metal lonic
[+ non-metal covalent
4] non-metal jonic

Group Il nitrates undargo thermal decomposition according o tha fellowing equatian.
2X{NOa)z = 2X0 + 4NO; + Oy

Which Group I nitrate requwes the highest temperaiurs to bang about s themnal
decomposition?

barium nitrate
calclum witrate
magnesium nitrate
strontium nitrate

S9ae>

Diute sulfuric acld Is added to a mixiure of excess copper, magnesium and lsad i a
beaker The beaker is 1eft for about 10 minutes and its contents are then filiered.

VWhat does the filtrate contamn?

A copper(ll) sulfate, lead({ll) sulfate, magnesium suifate,
B copper(l} sulfate, magneslum suifata

c lead(ll} sulfale, magnesium sulfale

D magnesium sulfate

GESS 4EX, Chemisty 5073M Prefim 2 2015 OHH
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33  |n which industrial process Is the presence of water not essential?

A electrelykc punfication of copper

B manufaciure of ethano! from ethens

[ manufaciure of ethano! by fermentation
D manufaciure of iron in the Blast Fumace

-

34 Powdered carbon and powdered copper are separately heated as showrt
rhon

,
Al —p 1L p v B
£, R i e e

! .

heat

pper

- £

ar 24 - X,
774 .h, e 7

heat
What observations would ba seen when each of the substances Is heated over a period of
tima?
carbon copper
v A iess black solid formed more biack solid formed
B more black solld formed more reddish-brown solid formed
[+ less black solld remalned more black solid formed
[1] mora black sclid remained more reddish-brown solid formed

35 Which gas s present in the exhaust fumes of a car enging in a much greater amount than
any other gas?

A carbon dioxide B carbon monoxide
C nitrogen %] water vapour

38 The hydrocarbon CrHss can be cracked
Which compound Is the laast likely to be produced in this reaction?

A Gl B GHp
¢ Cub» D CrHu

12

37 Thefollowing substanctes are some organic compounds
1 ethanal
2 ethancle acld
3 mathyl methanoate

Which of the above substances has 1 hava the same empirical formufa CH;O7

A 1,2and 3 - B 1and3 o .
] 2and3 D 2 only

38 Which of the following compounds can be obtained from propens in a single reacton?

1 CH3BrCHBICH,
2 ~—CHLCH— Iy

CH,
3 CHaCH;CHOH
A fand2 B 1and 3
C 2and3 D Al of the above

30 Malle acld occurs 1n apples.
[8]]

H= G _— CHzCOzH

COH
mallc acld

Which of the follawing substances could react with malic acld?

1 adidified agueous potassium fodide
2 copper(Il) carbonate
3 aqueotts sodium hydroxide

B 4and3

P 1anc2 All of the above

c 2and3 D

GESS 4EX Chemlsty 507311 Prelim 2 2015 OHH
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13

PHB is a condensation polymer

{1and2
2and3

organisms Tha struclure of this polymer 15 as shown below
1
2
3

Which of the following staternents are tnie about PHB?

A
c
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2
Section A (50 marks)

Answer all the guestions In the spaces provided.

A1 The diagram shows part of the Periodic Table.

He

C N 0 -F- Ne

s Cl Ar

Br.| Kr

Answer the following questions using only the elements shown in the diagram.
Each element may be used once, more than once or riot at all.

(@

{b}

{c)

(d)

{e)

)

{c}!

Which element has 2 electrons only?

Which element has a giant covalent struchire?

Which element(s) form(s) oxides that often result in acid rain? -

Which element hag diatomic molecules?
Which element gains electrons most readily?
Which element has one oxidation number only?

Which element can form a compound of formula MgX?

1

1

- (13

[1]

M

_ i

2]

[Total: 7]

= . .Y L RIE]
) P} oAbl S R 0| B )
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A2  Nuclear fusion nvolves two atoms joining to make a heavier alom which releases a.lot of -
energy n the process.

The Sun and other stars use nuclear fusion io release energy The elements that make up
the Sun and the stars are mainly:

« 1hose that undergo nuclear fusion and
» those that are made from nuclear fusion

The sequence of nuclear fusion reactions in a star is complex. Below is oné nuclear fusion
reaction that could ake place in the Sun and the stars.

°
Atom A \
. %

o Atom €

Atlom B

{a) From the above diagram, what are the two elements mainly present in the Sun and the
stars? Explam your answer.

it b — -

b e m— . oo — ——— —

P &

(b} Whatis the name given for aloms A and B?

; . e e e (1]

{c} Explain why atom G is heavier than atom A.

s EmAtrE—— Am———— & mib ek Mt e s —— - f——a t—

———— ———— i .. A B — ———et ey i & S b

— - ——— R _ A

[Total: 6]
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A3 Since 1975, the cars have been installed wiit catalytic converters fo converi harmful
poliutants info less harmful emissions before leaving the car exhaust pipe. Most of the cars
are powered by burning petrol which Is a mixture of hydrocarbons in the car engine. As a

result, the pollutanis are malnly carbon monoxide, oxides of nitrogen and unburnt
hydrocarbons.

car engine cae e

&
cataiytic converter

{a} Which poliutant is least fikely 1o be produced when the petrol is just ignited in a cofd
car engine? Explain your answer,

2
(b) Recent innovation in the automobile induskry includes the use of gold to improve the
efficiency of oxidation process in catalytic converters.
RS Jen! o T ¢ - -
(i) - Why does the use of gold improve the efficiency of the catalytic converter?
1]
iy The catalylic converter contains a very smail amount of gold.
Do you expect the amount of gold to change after the catalytic converter is used
for a few years?
Explain your answer,
SO, U
[Total: 4)
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A4 John Newlands was one of the first chemists who attempted to classify elemenis in a
systematic way based on atomic weight. In 1866 he suggested that there was a’repeating
paitemn of elements with similar properties every eighth element
Part of Newlands' Periodic Table using his symbols is shown below.

H F Cl | Comii

Li Na K Cu

Gl | Mg | Ca | zn

Bo Al Cr Y

c Si Ti In

N P Mn As

0 S Fe Se

(a) Describe a trend that Is observed In both Newiands’s Periodic Table and the Modem
Periodic Table that we use foday.

{b) - The symbols Gi and Bo have been changed in the Modern Periodic Table. State the
current symbals used for Gl and Bo.

Gt

e e e e e ¢ — 4 S Yl feme T S —— ——

Bo

(¢} Describe one similarity and two differences between the Newland's Petiodic Table and
the Modem Periodic Table,

PR, P T ———

— e e W— - -

—— e % mE mew ————

|

(2]

&

[Fotal: 6]
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A5 Hydrogen has many industrial uses. One possible way o manufaciure hydrogen involves
the reaction betwesn methane and steam.

CHq(g) + H20(g) — CO(g) + 3Hx(g)
The diagram shows the energy profile diagram for this reaction.

A

enery \ CO(q) + 3Hx{g)

CHa{g} + H0(a)

Y

progress of reaction

(@) Whatis one industrial use of hydrogen?

[1]
(b} What do the arrows, X and Y, represent in the diagram?
. LB -
[
{e} A student wrote the following staterment
in ihe reaciion beiween methane and sieam, the energy for hond forming Is sinailer
than the energy for bond breaking.
Do you agree with the student? Explain your answer.
e . _[
{Total: 6]

~

D

= - (AR LTS~ (L]
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AB Hydrogen peroxide is a colourless liquid. An aqueotss sofution of hydrogen peroxide reacis
with the fodide ions in acidified potassium iodide to form water and iodine. 0T

H20,(a0q) + 2H'(an) + 2 (ag) — 2H:0() + L(aq)

(@) () Wiuchsubstance s the reducing agent in this reaction? Explain your answer.

_——— - —— i 8 et e A Ee e mem e r—

¥, -

— R |

(1}  Describe the observation when this reaction is complete.

—— —. - Y]

(b} . An mnvestigation on the effect of concentration of potassium iodide and dilite sulfuric
acid on the speed of reaction occuring between hydrogen peroxide and acidified
potassium jodide is carried out.

The table shows how the speed of this reaction changes when different concentrations
of same volume of polassium fodide and dilute suffuric acid are used.

experiment concenfration of conceptration of . | speed of reaction
potassium fodide in | difute sulfuric acid tn in mol/dm’s
molldm?® molfdm’®
1 d 0.1 0.1 0.00017
2 0.2 .. 04 0.00034
3 0.1 0.2 0.00017
4 0.3 0.1 0.00051
5 0.1 0.3 0.00017

(Y  Describe the measurement that has to be taken during the investigation in order
. to calculate the speed of reaction.

— . rtem o - ————— o ——

e —— e e et — M
(i) State two key conditions, other than no catalyst is used, that have to be held

constant during the investigation.

e N |
{iii} Using the information in the table, describe how concentration of the following

reagenis affects the speed of reaction.

potassium iodide

[
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sulfuric acid

S e [1)

[Total: 8]
A7 Both stronfium and sulfur form chlondes of the formula XCl. The table below compares
. some of their properies. . - —
strontium chloride sulfur dichlotide
appeararica white crystals red fiquid
melting point/ °C 874 , -120 i
boiling point/ °C 1250 59 I
condyctivily of liquid good poor " :
solubiiity in water dissolves to form a neutral reacts with water and form the
solution following:
s two different sulfur-containing
substances
+ one acidic compound that
fonises in waler according to
) the following equation:
HA{aq) — H'(aq) + A(aq)

(a) Explain why sulfur dichloride is fikely io be a liquld at room femperature.
(1]

(b} Strontium 1s a metal and sulfur is a non-metal..Explain why both form chlorides of the
- formula XCL.

wi —

2

{c) Deduce the name of the acidic solution formed when sulfur dichloride reacts with water.

1

—— e mr— e mme = -_— - —_—— —

(d} Explain the difference n electrical oondu0t1v1ty of hqwd strontlum chlonde and hquid
sulfur dichloride in terms of bonding and sitructure,

- em ok mLmERE et —a & —mm—. e - - - —_— - e ——— ———.

- —— e mAm e et ermae = m e rra re s —_— _——— e—

————— e A e ————— e ey E——— S — ——

4]

bk

[Total: 8}

e — et g B —— A9 Gt Emm A e . ——— o ot ——
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A8 Nylon and protein are macromolecules with amide finkages.

Nylon, a synthetic polymer, has the following structure.

I i
—c— C——-til-— ,——ti:——c-—VA——c——ri:-— —N-—
H H H H
Nylon
Protein, a natural macromolecule, has thig following structure - -
—— o c—n—fEEo—

l [ | 1 |

H ¢ H Q H Q
Protein

{a) Describe two differences between riylon and protein.

——— e — a2 .

2

(b (O Draw one repeating unit of nylon.
Repeating unit of nylon

It
(i)  Draw twe monomers of profein.
Monomers of protein
1
i
[Total: 5]
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Sectlon B (30 marks)
Answer ail three questions. The last question is in the form eithetjor.
Write your answers in the spaces provided.

B9 Iron is produced in the biast fumace using the ore haemalite, Iron(lll) oxide (melting point

1566°C), as one of the raw materials,
Titanfum is produced from the ore rutile, fitantum dioxide (melting point 1843°C}, which cannot

be reduced by coke and hence requires a different method of exitraction.

iron

Titanium

Haematite Is reacted with coke
at 1500°C in a fumace 1

Rutile is reacted with chiorine at
1000°C to produce titanium{IV)

produce molten cast iron. chloride.

Cast iron contains iron, about Titanium(IV) chioride is cooled
4% carban and some Impurites and collected,

such as silicon and phosphorus.

v

Tianium(IV) chloride is reacted
with magnesium at 1100°C in a

sealed reactor for 3 days.
Oxygen is blown into maiten The sealed reactor contains an
cast jron and molten recycled atmosphere of argon.
- fron at 1600°C in a furnace to
produce low-carhion steel, 4
Low-carbon steel contains iran The reactor is allowed 16 cool.
and about 0.1% carbon. The reactor is opened and the
: ttanium is separated from the
other product, magnesium
e chioride,

Titaniur reactors produce about 1 tonne of the metal per day.
lfon blast fumaces produce about 20 000 tonnes of the metal per hour.

(a) Explan why the production of low-carbon steel uses oxygen but the production of
titanium requires ‘an atmosphere of argon’.

(3]

) The melting point of iron(fIl) oxide is higher than the temperature in the blast fumace.
Explain wity iron(IIf) oxide could remain in moiten state in the blast fumace.

)
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{c)  Otherthan blowing oxygen into molten cast iron, lime {caldum oxide} is also added in
the same fumace during the production of low-carbon steel. - ..

Explain the purpose of the addition of lime m the furnace.

— e N |}

{d) Thereis less fitanium than ron in the Earth's crust, A
~ Other than fitanium's scarcity, explain why fitaniurfF-costs much more than iron.

—_— e = —  r——— 8 b g —

L

{e)  Explain why water Is used to wash titanium at the last stage.

M

()  Suggest the position of ttanium in the Reachvity Series of Metals,
Explain your answer.

——— — - - —_— — e — ey e g

e bkt P e = T WE—n—— b § - - — . —— d—

{3
{Total: 12]
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B10 A student investigated the efectrolysis of sodium chloride solution.
The diagram below shows the results of the electrolysis.

gasA-—--m m——hydrogen gas

sodium chicride solution

() Explain why hydrogen gas is produced at the negative elecirode.

. i
(b) Explan why gas A cannot be oxygen. Support your answer with relevant equations.
—— {4]
{c} Descube g tesl fo verify the identity of gas A.
2
[Toial: 8]
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EITHER

B11 Alcohols are a homologous series of organic compounds.
This homologous series of compounds typically undergoes oxidation.

Using propanol as an example, the reaction scheme of oxidation of alcohol is shown n the

box below.
partially oxidised
- - CHiCHCH,OH ———— CHyCH.CHO ——————  final product
propanol propanal

The propanol is first partially oxidised to an intermediate, propanal, which is then quickly
oxidised to the final product.

(8) Such oxidation of alcoho! can be achieved by reacting the alcohol using one chemical in
the laboratory.

(i} Name the chemical that can be used to oxdise propanotl as shown in the gbove
reaction scheme.

—_ — e e -- 1

() Describe how the chemical in {a){(i) would be used to indicate whether the
reaction is complete.

(b} Name the final product in the above reaction scheme.

- et

e e [

{¢) Butanol undergoes similar oxidation process as prapanol.

Name and draw the full struciurat formula of the infermediate formed When butanol is
partially oxidised.

@

155
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{d} The table shows the formulae and names of two compounds.

Compound Formula fName
1 CH;CH,CHO propanal
2 CH;COCH; propanone

A student said:

“I think compound 1 and 2 are fiom the same homologous serfes because their
relalive molecular mass is the samea.”

Comment on the student’s stafement.

— - (3
{Tolal: 10]
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OR

Bi1 Cooking ofls contain polyunsaturated fats, which are healthier than polysaturated fat;:.
A scientist wanted to find the amount of polyunsaturated fats in cooking oils.

The scienfist tested four cooking oils, ¥, W, X, Y and Z. The volume of ol and the
conceniration of bromine water used are the same for each fest.

The results are shown below. )
Number of drops of bromine water reacted
Cooking cil
Test 1 Test2 Test3

v 12 13 15

w 28 . 18 28

X 18 19 18

Y 4 5 3

Z 15 14 16

(a) What is meant by the term ‘pofyunsaturated?

e e e — 1
{b) What type of reaction has occurred between polyunsaturated fats and bromine water?
———n i
{c} Describe how bromine water is used to obtain the results in the table.
e . (3]
{d) Which one of the resulls in the table should be tested again? Explain your answer,
— 2
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16

(e) The cooking ot V is claimed to have more polyunsaturated fats than other cooking
oils.

Do you agree with the claim? Explain your answer.

. — e s e t— —

- 3]

[Total: 10]

wen

Ll

4"

ENDOFPAPER 7 . -
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‘The Periodic Table of the Elements

2l

. Group
! | m | | T T A I/ 0
1 4
H He
Hydrogen Hellum
1 2
7 2 1 12 14 18 18 20
Li Be B c N Q F Ne
[NIHEY Berylllum Borea Canten Mitrogen Oxyfian Fruing Nean
3 4 ] & 7 8 ) 10
23 24 ar 28 N 32 368 40
Na Mg Al 1] P 8 Gt Ar
Scdiim | Mognetun Alymbatum Siicon | Phosphotut Bullur Chionog Arglan
1% 12 13 14 15 16 17 48
a9 40 45 48 61 62 55 65 a9 68 64 &5 [ 73 75 79 80 84
K Ca Sc Ti v Cr Mn Fe Co NI Cu Zn Ga Ge As' Se Br Kr
Poiastlym |  Colgium Segndivm | Thankem | Venodm { Clromum | Mangansso lron Cobat Nigket Cappat Zno Gallutl | Germantum | Atsonie? Solenlyth Bwormng Knmton
19 20 21 22 23 24 28 26 27 28 28 30 31 32 33 34 a5 36
85 88 1] 91 3 08 "M 103 108 108 112 115 119 122 128 127 181
Rh Sr Y b § Nb Mo Te Ru Rh Pd Aq G In Sn Sb Te l Xe
RuAdium | Sineativny Fishum Zicorlum [ Woblum  |Mofybdenwing Taechnstum | Ruhenlvm | Rhodlen { Paliediom Silvat Cadmium Ingium Tin Anlimony | Tohuwum foding Konon
7 as 39 40 44 42 A3 44 46 46 A7 48 40 144 81 82 52 )
133 137 13& 178 181 fa4 188 180 62 165 197 201 204 207 200
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po At Rn
[ B Lant Hahuwn Tentatum | -Tungslan { Ahenhm Qamim tocduin Piatpum God Masoury Thatttum Lead Slsmuth Poloalum Aslatine Radon
66 ~ |56 57 Tz ke T4 75 76 77 78 70 80 81 82 83 B84 BS 86
228 227
Fr Ra Ao
Feancum Racium atlicium
B7 86 &9 +
*68.71 Lenthanold serisa
190-102 Actinpld seties
140 141 144 150 152 167 i58 162 1656 16?; 169 173 178
Ce Pr Nd Prn Sm Eu Gd To Dy Ho Ery Tm ¥h Lu
Cadom  {Prewnodymient Noodymilvm | Pronetiium | S Evrepl Qedolinlum | Tatiem | Dysprostumd  Hofavum Erblum Thullum yirbhum | Lutotium
58 59 60 81 62 83 64 66 86 67 68 o L 70 Al
2 a = rateliva atomic mase 232 235
% i olom! ol Th Pa u Np Fu Am Cm Bk Ct Es Fm Md No Lr
Key x olamlo gymb Thoduym  |Pretastnlum| Urmurs | Nepluntum | Ploiontien | Amelolum | Curlume Barigium | Colliomium § Einstalnum | Formiunt  [Mundatovium]  NoloTum Lawmr\lcmrn
b b= profon {slomta} aumbar | gp o1 82 03 4 85 88 97 28 09 100 101 102 103

Tha volums of ons mole of any gas is 24 dm?® = room lemperature and prassure (r.tp.)
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Paper2
Qn Answer Marles | Remarks -

Ala He [Accept name of the element] 1

b [+ [Accept name of the element] 1

[ SandN [Accept name of the element} 1 Ignore O { oxygen

d FICIfBriQIN [Accept neme of the efement, molecular 1

- - formula) .

e F [Accept nama of the element, molecular fomula] 1 Rejest spelling emor

f Any one of the nobla gases e 9 Ne [Accept name of the 1 Wiany students do not
element] understand the

meaning of ‘element
has only one oxidation
- | state’

g o/3 {Accept name of the element] 1

AZa | Hydrogen and Helium [t mark each] 2 | Some students have
Atoms A AND B have 1 proton while afom € has 2 protons. i | difficulty understanding

the context and apply
thelr atomic structure
I knowdedge to it

b Isotopes 1 | Students thought it's fo
name the element
rather than referring to
the particles which are
atoms.

G Atem C has 2 protons and 1 neutron while atom A has only 1 1 | Many students did not
proton T - think ¢f negligible mass
The mass of electrons Is neqllgibla f electrons are toc light to of gleclrons which
coninbuta significantly to the mass of an afom 1 shows thay could not

interpret the context
glven.

A3a | Oxides of nltrogen 1 Many thought CO and
‘The femperature Is low and hence pifragen and oxygen In 1 unbumt hydrocarbons
the alr ara [ess llkelyfunlikely to combinefroact and form which are not accepled
axides of nitrogen ! bacausa these would

mre likely to be
produced rather less.
bf Geld is a befter catalyst than other metals In speading up the 1 | Students need to
reactiopfoxidation in the catalytic converter urderstand the
meaning of lmprove
efficlancy of axidation
whuch implies that
there are cataiysts In
tha catalytic converter
already but am more
efficient with gold

bil o, catalyst { gold remalns chemleally unchanged/ is not 1 L
usad up at the end of the reaction. -

Ada |« Elements are acranged in order of incteasing atomic |

b Gl-Be
Bo-B
c Stmilanty
+ Some elements such as F and € with the sama number - N
of valencefouter electrons are grouped together
[Accept: acomect link bafween any fwo pamed elements
and samo group/column)]
Differences:
+ Metals and non-melals are in the same period ! row In
_J Newland's Perlodlc Table but metals are placed in separate
- “groups such as Transiton Metals from non-mefals nthe .
Modem Perlodic Table
« Elements with tha same number of valencs electrons such
as F and Cl are aranged In horizontal rows In Newland's
Perlodic Table instead of vertical columns In the Modemn
Perlodic Table
+ No nobla gases / only group | to VIl elements and transition
metais
ASa | Tomanufacture ammonia [Accept use in Haber Procass] Industrial s defined as
large scale as well as
Accept: conversion of vegetabls olls to marparine common In dally [ife.
P Henea fued cell is not
accepled
b X. activation energy / minimum enengy to start the reaction
Y enthalpy change / energy change
[ [No marks for responss te agreo / palially agree / partlally Soms students still
disagree / disagree with the stalemeni] confuse with direction
of energy change for
From the diagram, enerqy of the reactants are Jower than bond braaking and
enerqy of the products / eneray of products are higher than bond forming
enerqy of tha reactants f enemy change Is positive
‘Therefore reactlon is endothermie.
Less enerqy aivan out for bond forming than enerqy taken
n for bond hreaking / More ensray taken In for bond
reaking & | lval L1 d
A6al | I/ [odide lon / adldifled potassium lodide / acldifled K] Many tend to explain a
veducing agent as ona
H;0; Is reduced as the oxidation number of O Tn H,0; that cxidises iself
decreases from =1 In H,0;t0-2In H0 rather than cne that
reduces others
OR
Hz0; Is reducad as §t 19s6s oxyaen and form H;0
all Solution turned (from coloutiess to) brown
bl Record tha time taken at the instant when the solufion just Many slmply descnbed
turned b rolyuvt 1 for a cross to be ohscured ma taken for complete
reaction withaut
dascnblng how ona

could ses reaction is
reglly complete




bl

+ same femperature
« agueous hydrogen peroxide / HyOz has fo beinexcess/

same number of moles

bill From experiment 1, 2 and 4, as the concentration of Many did not use the
potassium lodide increases, the spead of reaction information by ating
Incroases the expenments that
enabla them to make
From experiment 1, 3 and §, as the concentration of suifurlc the conclusion for the
acld Increases, the s of reactlon remains constant / the Impact of each
speed of reaction is not affected by (concentration of} solution

sulfuric acld

-~

ATa

The melting point, of sulfur chiorida is below / lower than
rogm tempetature AND bolling point Is abave {higherthan
room temperature.

Stronflum has 2 valence alectrons and henca loses two
vatence efectrons to chlorns.

Bulfur hag 6 valence electrons and henge shares two
vatence electrons with chiorine

(1] mark awarded if students onfy mention stronfum loses 2
elactrons and sulfur shams/gains 2 elecirens

Hydrochloric acd

Liquid/molten strontium chloride is an tonlc compound which
has a giant lonle crystal lattice that has been hroken down {
elactrostatic attraction Is overcome and hence there are i)
into mobile tong [1].

Liquid sulfur chloride has a simple melecular structitra [1]
consists of oaly motecutes [1]

ABa

1. Nylon has only fwo monomers but protein has 3
monomess [ at least 3 monomers / many monomers

2, In mylon, ons monomer has two COOH and the other
monomer has two NH, but in proteln, each monomer has
one COOH and ope NH,

OR
In nylon, one monomer is a dicarboxylic acld and the

otheris a dlamine but In proteln, all
monomers are amino agids

bl

Nylon repeating unit

P
__C_///_C_T | _,i,_

H H

bii Proteln monomers — Any two of the following Many drew the
' monomers with
eliminated aloms
s B e on 77 e L
1] O H O
g
H O
BSa | Oxygen is peeded to react with { oxidised cachon to reduce Students need fo be
carbon content and produce low-carbon steel. taught how {o read in
between the lines of
(To produce fitantumy, anon Is used to create an unteactive / the question. In this
Ipert atmosphere case, there are 3
as any gxygen would ro alr would oxldise questions *
megneslum / titealum. explaln why use Oz In
low C steed,
axplain why use argon
InTI,
explain why cannot use
Qi
b The presenca of Impurifies such as sificon dioxide / sand Many did not refer to
fower the melting polnt of Iron(llh exida and hence Tron{lit} the context and ate the
oxide could melt at lower temperatures impuritles.
Accept: Impurities such as sllicon and phosphorus
OR  The energy reteased from the combustion of -
carbon/coka resufts In more heat / higher temperature [n the
blast furnaca for the Iron(lll) oxida to melt.
[ To react with acidlc Impuritles such as slifeon dioxide and Many did notdescnbe
remove them as molfen slag addicwhich hastobe
emphasized as Ca0
can only remove stich
Impunties and not any
other types
d There are morg stages to manufactura titanlum less efficlent/ Students must pick out
more energy are needed the relevant data that
best supportwhy Tils
In cne day, blast fumnace could produce (24 x 20000 =) more expensive
480000 tonnes of metal while the geactors could only producs
7 tonne of metal and hence the rate of production Is slower.
{student must extract the data on the quantities of metal
produced fo support the production rate is slower]
Blast fumace uses cokelcarbon which i3 abundant and
cheaper thap magnesium / Magnestum used In reactoris
meore expensive than cokefcarbon because it Is exracted by
elactrolysls
e To remove soluble magnestum chlorde from fitantm
f Titantum fs below magnesium AND above zine in the Many students cannot
reactvity senes see why Ti must be

we 7n and nat just

Magnes{ur could displace titanlum from titanium{IV)

Fe




chioride and hence magnestim 1S mere reactve than titanium

Titanlum dioxide cannot be raduced by coks but von(li
oxide can be reduced by coke.

Therefore, titanium is mare reactiva as it forms mere stable
compound than ror.

Compound 1 and 2 ara [somars

Thay hava the same molecular formula / same type and
number of each atom and hence relafive molecular mass is
the same.

However, their functionat groups are not the same and hence
they do pot come from the same homologous sarjes

OR
Bl1a

A polymer / macromolecule with many €=G { carhon-carbon
double {covalent) bonds

Addilion
Reject: Addtion polymerisation

Add bromlne (water) dropwise f drop by drop to the fats
Count the number of drops
Until bromine (water) remaln feddish brown,

Jest 2 foreft W
Resulf Is not consistent with test 4 and 3/ Is anomalous
[Reject: does not fit pafternfrend)

both need to be correct TAllow Ws, 18]

Reject answer that
says Wonly asit
implles all threo tests
of W have to be tested
again Instead of cne
test

No [No marks]
The greater the number of drops of bromina (water) used.

Sf more polyunsatyrated { unsaturated fats in the cooldng

_w_v and X haye mors polyunsaturated f unsatursted fats than

[Accept: W has the most unsaturated fats]
[lgnore Z has more unsaturated fats]

V has much more polyunsaturated ! unsaturated fats than Y
only

Many students simply
concfuded V does not
have mofe
polyunsaturatad fats
than other cooking olls
which is rejected as it
impllesthat V has less
polyunsaturated fats
than'¥

B70 | Bothlydrogen tons /0 AND sodium ions [ Na” in sodium
chlorids solution are attracted /ynigrate to the negative
electrode [ are in the solution.
Hydrogen fons { H* are mora preferentially discharged [
_ -| reduced than sodium fons / Na® and hence hydrogen gas Is
produced at the negative electrods. ™
b At anoda / posiive electrode 2CI{aq) — CL{g) + 2¢” This guestion cannot
ba Just merely proving
The volume gas A ls tha same as the volume of iydroge why the gas s not
The concentratlon of ghloride jons f CI 1s higher then oxygen because based
Dydroxida lons  OH on the context given,
Therefore chloride fons / CI” are discharded { oxldised il @“ﬁ‘;‘ﬁ;‘ggs
nstead of hydroxide lons / O at the anode nstead of Just proving
ILis not
c a5 A would turn mosst blue litmus red and then bleach it! Reject the whole
bleach molst red jiftmus paper answer i the fest and
And hence It Is chlorine. observation are wrong
as this would contradict
wath the identity of the
' as
Either
Btal | Acldified aqueous potassium dichromate(Vi) { potassium
manganate(Vil
all Add acidified aqueous potassium dichromatef\i} { potassium This question is meant
manganate(\Vil} dropwise / drop by drop o propanol, o tost student’s’
procedural knawledge
If potassium dichromate(VT) tuim from orangs fo green / rather than content
otassiod managrate(Vil) turp from purple to cofourless knowledge Many
‘with every drop, reaction Ts not compiete, stodonts explalned
instead of describing
It potasstum dichromate(Yl) remalns orange { potasshinm the steps taken o
mapaanate(VID rematns purple f not decolourised, reaction obtaln results which
1s complete, showlack of
understanding In
question stem
b proparioic acid
c Butanal
R0

H-G-6-G-C

HH H
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1 Oxygen was prepared from hydrogen peroxide and collected as shown in the diagram
2H0, > 2H0 + O,

axygen

5 e —g—wat
Commaes) [N ator

manganese(IV) oxide

The first few tubes of gas were refected becausa the gas was contaminated by
A hydrogen
B hydrogen peroxide.
C nitrogen.
D water vapour

2 Which of the following s the best method of obtalning pure water from ink?
A chromatography

B distilatton

C filtraton

D freezing
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3 The diagrams show mixtures of chemlcals that react to produce gases
In which reaction will the lifmus paper change colour?

A

damp blue
litmus paper

difute
hydrochlotic acid

anc

c

damp blue
fitmus paper

aqueous sodium
hydraxide

ammonfum chloride

dampred  _
litmus paper

dilute
hydrochloric actd

sodium carbonate

D

damp red
[itmus paper

aqueous sodium
hydraxide

T
e bt
S .

=
o+

sodium nifrate and
aluminium

4 Which statement about the numbers of parficles In atoms is correct?
Apart from hydrogen, most atoms contain

A mora electrons than protons.

B more neutrons than protons.
C more protons than electrons
D more protons than neutrons.

-

4

5 In one molecule of carbon dioxide, CO3, what Is the total number of elecfrons present and
how many are involved in bonding between the carbon and oxygen atoms?

total number of electrons electrons invelved in bonding
A " 18 4 i
B 16 8
c 22 4
D 22 8

6 The symbols and electronic structures for some elements are shown below.
sllicon, S1(2,8,4) oxygen, O (2,6) hydrogen, H (1)
fluonne, F (2,7) nitrogen, N (2,5)

Which formula Is correct for a compound containing siicon?
A SigF B SiH, C SiNg D Siz0

7 The formula of an oxide of uranium s UOa.
What Is the formula of the correspondlng chloride? -

A UCh B UCl C UCr D ULCf

8 Elements X and Y combine to form the gas XYz

What are X and Y?
X Y
A | caleum chlorine
B | carbon hydrogsn
C | carbon oxygen
D | hydrogen | oxygen

9 An 8 g sample of oxygen atoms contalns the same number of atoms as 16 g of element X,
What is the relative atomic mass, A, of X?

A4 B8 c16 D 32
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10 Which of the samples below has the greatest mass?
A 60x10% molecules of hydrogen
B 5 0 mol of neon atoms
€ 12 x10* atoms of siiver ==

D 17x1ozgof|ron

11 An electrical circuit is set up using copper wire

I
ll
/Oopper wire

v

Which process takes place in the copper wire?

A Electrons move along the wire to the negative terminal, positive ions stay in position

B Electrons move along the wire ta the positiva terminal, positive lons move to the negative
terminal

C Electrons move along the wire to the positive ferminal, positive ions stay In position

D Negatlve lons move along the wire to the pasitive terminal, posillve lons move to the

negative termlnal,

12 A substance Q conducts electriclty both when solid and molten
What s Q7

an alloy

a hydrocarbon

a metal oxide

a salt

ooOomP

s .
13 The diagram shows the electrolysis of concentrated aqueous sodium chlonde.

concentrated
aqueous sodium
chleride and litmus

What is the colour of the Iitmus at each electrode after five minutes?

colour atanode | colour at cathode
A bltey red
B red blue
c red colouress
D colowrless blue

14 In which of the following reaction Is sulfur dioxide acting as an oxidizing agent 7

A SOz +2H,0 + Cly — H280, + 2HC!
B SO, +2NaOH ~» Na;S03 + H,0

C 250+ 0, — 250,

D SO+ 2H,S —» 2H,0 +38

15 Substance X liberates lodine from aqueous potassium lodide and decolourises acidified
gqueous potassium manganate(Vll),
How Is the behaviour of X described?

A as an oxidising agent only

B as a reducing agent only

C asan oxidising agent and a reducing agent

D as nelther an oxidising agent nor a reducing agent
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16 Which graph shows the effect of increasing temperature on the rate of reaction of
calcium carbonate with dilute hydrochloric acid?

A - . B
ralg rate
ol > ok -
0 temperalure ¢ temperature
c D
rate rate
- 0! -
0 temperature o temperature

17 Sulfuric acld (HzS04) and nitric acid (HNO;3) are both strong aclds.
Ethanolc acld (CHaCOOH) Is a weak acld

2000 em® solutions of 0.10 M concendration of each of these three acids were separately
titrated with a 0.10 M solution of sodium hydroxide (NaOH)
In order to react completely

A all three acids would require the sama volume of NaOH
B CHiCOOH and HNO; would require the same volume of NaOH but H2S0; would

requlre more.
C HNO; would require more NaOH than CH3COOH but less than H280a.

D H2S04 and HNO3 would require the same volume of NaOH but CH3COOH would

require less }

8

18 A 25 cm® sample of dilute sulfuric acld contains 0 025 moles of the acld
What is the concentration of hydrogen jons In the solution?

A 200 mol / dm®
B 100mol/dm®==~ - - -
€ 050 mol/dm®

D 025mol/dm’

19 Titratlon of an acid against a base s a method often used in the preparation of salts
Which properties of the acid, the base and the sait are required if this method Is to be

used?

acid base salt
A mscluble nsoluble insoluble
B soluble insoluble insoluble
c soluble soluble insoluble
D soluble soluble soluble

20 One mole of compound X gives threa moles of lons in agueous solution
X reacts with ammonsum carbonate to give an acidic gas
What is compound X?

A calclum hydroxide

B ethanolc acid

C sodwm hydroxide

D sulfunc acd




21 The graph below shows the change in pH of a reaction solution during a ttration of

0.10 M NaOH with 0 10 M CH;CCOH

9

Titratien of 2¢ 00 mL 0,10 M NaOH with 0 10 M CHyCOOH

14

12

10 \

8
[-]
4
2

o . . .
[} 5 10 15 20
wvolrme CH;COCOH (mL)

25 30 35

A suitable Indicator for the titration and the colour change observed is

indicator colour change observed
A methyl orangs red to yellow
B methyl orange yellow to red
Cc phenolpmthalem colourless to pink
D phenolphthalein pink to colourless

22 Which statement about the Perlodic Table is correct?

A The colour of the elements becomes darker down Group Vi

B The melting point of the elements increasas down Group |

C The reactivity of the elements increases down Group VIl

D The reactivity of the elements decreases down Group |

23 Element X Is a solid at room temperature
It needs one electron per atorn to gan the electronic structure of a noble gas
It 1s the least reactive element in its group

What 1s the element X?

A At B Cs CF

D Li

The table shows the rasults

10

24 The resuilts of three halogen displacement experiments are shown.

halide solution
expenment | halogen added
. X Y- z
Xy - Y, displaced | Z, displaced
2 Y, no reaction - no reaction
) Z, no reaction | Y, displaced -

What are halogens X, Y and Z7

X Y Z
A Br c I
B Br 1 Ct
c Cl Br I
D Ci 1 Br

25 Rubldiumn is In Group ! of the Periodic Table.

What are properttes of rubidium chloride?

o | ot |
A RbCI 70 Insoluble
B RbCt 700 soluble
c RbCI, 70 soluble
D RbCI; 700 nsoluble
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26 The carbonate of metal X Is a white solid It decomposes whan heated. 30 Which method can be used to obtaln ammonia from ammonium sulfate?

Carboen dloxide and a yellow solld oxide are formed

What Is metal X7 A Heating it with an acid

B Heating it with an alkali

s

A copper . X
B ion =T C -Heating it with an oxidising agent .- -
C lead D Healing it with a reducing agent

D sodium

31 Vegetable matter is blodegradable
Which gas is released into the atmosphere when vegetable matter biodegrades?

27 Iron pipes corrode rapldly when exposed to sea water
Which metal, when attached to the iron, would not offer protection against corrosion? A carbon monoxide

B methane
C nitrogen dioxide
D sulfur dioxide

A aluminium
B copper
C magnesium

D zinc
32 Samples of four different substances are added to separate valumes of water
28 Threa types of steel have different properties The temperature changes are measured.
steal 1 easily shaped For which substance does an exothermic reaction occur?
steel 2.brittle
steel 3 resistant to corrosion
What are the names of thesse three types of steel? substance added temperature change
steel 1 steal 2 steal 3 A ammonium chlonde decrease
L2}
A | nighcarbon mild stalnless B athanol non
Cc ice decrease
B high carbon stalnless mild
D sodium increase
C mild high carbon stanless
D mild stanless high catbon

29 Which oxide Is most readily reduced to the metal by heating In a stream of hydrogen?

A calcium oxlde
B lead(ll) oxide
C sodum oxide
D zinc oxide
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33 A sludent investigated the reaction of different vegetable oils with hydrogen

100 cm® of hydrogen was passed through 1 g samples of vegetable oils containing a
suitable catalyst.

The volume of hydrogen remalning after each reaction was recorded

volume of hydrogen
remalning/cm

100
v g
63

0

vegetable ail

[/ B > B - |

Which vegetable oils are unsaturated?
A Ponly
B QandRoenly
C Q,RandSonly
D Sonly

34 A compound associated with the smell or flavour of raspbemes has the structure

1.1
NN,
H l H

To syntheslse this compound In the labaratory you would react
A butanol and methanoic acld.
B methanol and butanoic acld,
C methanol and propanofc acid.
D propancl and methanaole acid

14

35 A large polyethene molecule is found to have a relative molecular mass of 4 0 % 1 o,
The number of carbon atoms 1n this molecule would be closest to

A 1500

B 2900° ==
C 3300

D 18x10%

36 Methanae, CHys, tha first member of the alkane homologous serles, has a bolling point
of -161°C
Which molecular formula and boiling paint could be correct for another alkane?

molecular formula | boding point/°C
A C;H,y -88
B CaHs —~185
c CiHg ~69
D Calls —-42

37 A factory manufactures poly(ethene)
Which raw material will the factory need?

A bitumen
B methane
C methanol
D naphtha

38 Under certain conditions 1 mole of ethane reacts with 2 moles of chlorine In a
substitution reactlon
What s the formula of the organic product in this reaction?

A CaHsCi B C2HsCh C CalaCly D CHxCh
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39 The displayed formulae of two compounds are shown

H
0
| #/ W

H-—?—C _I__H
H o i

<.

What are the simllarities and differences between the two compounds?

stmilarlles differences
A molecular farmulae reacons
B molecular formulas relative molecular masses
c struciures molecular formulae
D sfruciures relative molecular masses

16

40 A compound known in industry as "MTBE' Is used as an additive in ‘lead-free’ petrol.
The structural formula of MTBE s shown

H

I
H H—C—H H
P D PN

I
H H—cI:—-H H

H
Which compound Is an isomer of "MTBE'?

A B
B T
H—G—G—0—G—O~H H—C—C—G—0—G—H
ol L] |
H H H 0o H H H H H
c D
[ Pl
H—(I3—H H—(II—(Ii—O—(l:—H
| 11 g
H—'C—(I.'?—(l.';-—O—H H |!|

’ H H
H—C—H
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A1

2

Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 50.

- -
_— .-

The d;agram shows the structures of five compounds, A, B, C, D and E,
containing carbon.

A B c D E
ct H\ H H H o H
O0=—C=—0 ‘13 C=C ([3 H—CG—C—0—H
~ P /\ AU
ci cln ct H H H I!I H H H

Answer these questions using the letters A, B, C, D or E.
Each compound can be used once, more than once or not at all.

Which one of these compounds”

[ A N }%“1;‘* fL; v

(a) can change the colour of aqueous bromine 1]
LN N R A L ' Ay tor, s TV P S e

(b) is a product of respiration - - P 1)

(c) is the main constituent of natural gas 1

(d) is a product of substitution reaction 1

(e) is a liquid at room temperature and pressure [1]

[Total : 5]

For
Exammer's
Use
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A2 (a) The Kinetic Theory explains the properties of solids, liquids and gases in
terms of the movement of particles.
Liquids and gases both take up the shape of the container but a gas always
fills the container. Explain this, using the ideas of the Kinetic Theory.

liquid gas

.7 fills container

does not fill container
but has shape of bottom
of container

(3]

(b) The following apparatus can be used to measure the rate of diffusion of a

gas.
I
TP T T EIT T
rJ:I metal foil,
; F gas escapes
/ through small
hiole in fol
constant gas
pressure gas
applied syringe

(i) What measurements would need to be taken to calculate the rate of
diffusion of a gas?

[2].

For
Examiner's
Use

il
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A2

4"

(ii) Which gas, carbon dioxide or suifur dioxide, would diffuse faster?
Explain your choice.

(2]

(c)A20 cm® sample of butyne, C4Hg, is burnt in 150 cm® of oxygen.
2C Hg(g) + 110,(g) — 8C0,(g) + 6H,0()

What is the fotal volume of gases left at the end of the reaction? [3]

[Total : 10]

For
Examiner's
Use




A3 Insoluble salts are made by precipitation.

(a) A preparation of the insoluble salt calcium fluoride is descrnibed below.

To 15 cm® of aqueous calcium chloride, 30 cm® of aqueous sodium fluoride is
added. ~ - —- -

The concentration of both solutions is 1.00 mol/dm®. The mixture is filtered

and the precipitate washed with distilled water. Finally, the precipitate is
heated in an oven.

(i) Write the ionic equation (including state symbols) for the reaction.

(2]

(ii) Why is the volume of sodium fluoride solution double that of the
calcium chloride solution?

(1

(iif) Why is the precipitate washed with distiled water?

(1]

(iv) Why is the solid heated?

(1]

For
Examiner's
Use

179
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A3

6

(b) The formulae of insoluble compounds can be found by precipitation reactions.
2.0 cm® of aqueous sodium phosphate, Na3POy was added to 12.0 cm® of
an aqueous solution of the nitrate of metal M.
The concentration of both solutions was 1.00 mol/dm?.
When the precipitate had settled, its height was measured. -

solution
precipitate of
the phosphate
of metal M b height of
f precipitate

The experiment was repeated using different volumes of the phosphate
solution. The results are shown on the following graph.

164

12
height of
precipiiate 8+
fom

4 -

0 T T T T T ™
0 2 4 8 8 10 12 14

volume of phosphate solufion/cm®

—

What is the formula of the phosphate of metal M? Explain your reasoning.

[3

[Total : 8]

For
Examiner's
Use




7

A4 Ethylamine, CH3~CH2-NHy, is a base which has similar properties to ammonia.
(a) In aqueous ethylamine, there is the following reaction :
CH;=CH,-NH, + H,0 = CH,-CH,-NH;* + OH~ - -
Given aqueous solutions of ethylamine and sodium hydroxide, describe how

you could show that ethylamine is a weak base like ammonia and not a strong
base like sodium hydroxide.

[31

(b) Ethylamine, like ammonia, reacts with acids fo form saits.
CHCH-NH, + HC! —» CH-CHNH.CI
ethylammonium chloride

Suggest how you could displace ethylamine from the salt, ethylammonium
chloride,

[1]

{c) Explain the chemistry of the following reaction:

When aqueous ethylamine is added to aqueous iron(lll} chloride, a red-brown
precipitate is formed.

[2]

[Total : 6]

For
Examuner's
Use

181
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A5 The reactivity series shows the metals in order of reactivity.

(a) The reactivity senies can be established using displacement reactions.

8

A piece of zinc is added to aqueous lead(ll) nitrate. The zinc becomes coated
with a black deposit of lead. . :

Zn + Pb* —» Zn®* + Pb

Zinc is more reactive than lead.

The reactivity series can be written as a list of ionic equations.

Zn
Fe
Pb
Cu
Ag

(i) Explain why the positive ions are likely to be oxidants (oxidising agents).

L
e

+

R/

I + 2e
Fe? + 2e
Pb? + Ze
Cu? + 2Ze

Agt + e

(ii) Deduce which ion in the list above is the best oxidant (oxidising agent):

poe e -

(iii) Which ion(s) in the list can oxidise lead metal?

(]

s

[

For
Examiner's
Use
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(b) A reactivity series can also be established by measuring the voltage of simple

9

cells. The diagram shows a simple cell.

ftmeter
/_/vo )

Y

cadmium
electrode

copper
elechrode

in the table below.

Results from cells using the metals tin, cadmium, zinc and copper are given

cell electr ode 1 elfzctrode 2 voltage /volis
positive electrode | negative electrode
1 copper cadmium .74
. copper fin 048
3 copper zinc 1.10

Write the four metals in order of increasing reacfivity and explain how you
used the data in the table to determine this order.

[3]

[Total : 6]

For

Examiner's
Use

183
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AB

An electrolytic process known as electro-refining is the final stage in producing
highly purified copper. In a small-scale trial, a lump of impure copper is used as
one electrode and a small plate of pure copper is used as the other electrode.
The electrolyte is a mixture of agueous sulfuric acid and copper(!l) sulfate.

polarity

10

DC gowerglq)ply

¥

(a) Indicate in the box labelled ‘polarity’ on the diagram above the polarity of the
impure copper. e[ectrode by puttlng elther + or -

In a trial experiment, the electrodes were wetghed before and after

electrolysis.

- -

The results are provided in the followmg table.

— pure copper plae

“

Mass of lump of Mass of

impure copper pure copper
Before electrolysis 10.30 kg 1.55kg
After electrolysis 0.855 kg 2.80 kg

(b) On the basis of these results

(i} calculate the percentage purity of the lump of impure copper;

For
Examiner's
Use
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AB (i) state one factor that may affect the accuracy of these results.

~ - - (M

(c) Lumps of impure copper typically contain impunties such as silver, gold,
cobalt, nickel and zinc. Cobalt, nickel and zinc are oxidised from the copper
lump and exist as ions in the electrolyte. Silver and gold are not oxidised and
form part of an insoluble sludge at the base of the cell.

Why is it important that silver and gold are not present as cations in the
electrolyte?

[1]

[Total : 6]

189
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Use
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12

A7 There are two types of polymerisation - addition and condensation.

(a) Describe the difference between them.

(b) Poly(dichloroethene) is used to package food.
The.structural formula of dichloroethene is shown below.

H Cl
N/
C=—
/ N\
Cl

Draw the structure of poly(dichloroethene) showing two repeat units.

2]

[2]

For
Exammner's
Use
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13
A7  (c) The polymer known as PVA is used in paints and adhesives. o e
Its structure is shown below. Use

—CH,~—CH—CH,—CH—
OOCCH,  QOCCH,

Deduce the structural formula of its monomer.

{1
(d) A condensation polymer can be made from the following monomers.
HOOC(CH,),COOH and H,N(CH,).NH,
(i) Draw the structure of this polymer showing two repeat units. 2]

(if) Describe the pollution problems caused by non-bicdegradable polymers.

[2]

[Total: 9]
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3
Section B
Answer the questions in this section in the spaces provided.
Answer three questions from this section.

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

The total mark for %is section is 30.

B8 (a) Enzymes are biological catalysts. They are used both in research laboratories
and in industry. Enzymes called proteases can hydrolyse proteins to amino
acids. The amino acids can be separated and identified by chromatography.
A drop that contains a mixture of four amino acids was applied to a thin layer

chromatography plate. The plate was placed in solvent G and the following
chromatogram was obtained.

B C

"""""""""""" solvent front: solvent G

f

|
application

A

The Ryvalues for each of the amino acids in solvent G are provided in"table

below. ’
amino acid Rt (solvent G)
alanine 0.51 ;
arginine 0.;16
threonine v {40.:5»1. e
tyros;ine : 0.68
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B8

4
(i) Name the amino acid that corresponds to spot 1.

[1]

(ii) What factor determines the different Ry values of the different amino acids?

2
-

(1]

(iii) Explain why the chromatogram must be exposed to a locating agent before
Rvalues can be measured.

ay

(iv) Measuring Ry values on a chromatogram is one way of identifying amino
acids. Suggest another.

1

(v) The plate was dried, rotated through 90° in an anticlockwise direction and
then placed in solvent F,

The Ryvalues for each of the amlno acids in solvent F'are prowded in table
below. .-

amino acid Rr (solvent F)
alanine 0.21
arginine 0.21

threonine 0.34
tyrosine 0.43

The following chromatogram was obtained.

solvent front:
C solvent G D
B
---+: ------------------------------------- solvent fronf: solvent F
:
r
i
[}
]
L}
: *
4 [
' v ]
'
" ¥4—1— application
i point of drop
B A

chromatogram I
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5
B8 Circle the spot on chromatogram |l that represents alanine. {11 g;mme,,s
Use
Explain, in terms of the data provided, why only three spots are present in
chromatogram | while four spots are present in chromatogram I
. [2]

(b) The enzyme called zymase catalyses the anaerobic respiration of glucose
during fermentation which can be carried out in the apparatus drawn below.
After a few days the reaction stops. It has produced a 12% aqueous solution
of ethanol.

allows carbon
dioxide fo escape
but prevents air entering

aqueous glucose
and yeast
(i} Complete the equation.
CeH120s — + (1]
(if) Suggest a reason why the reaction stops after a few days.
[1]
(iii) Why is it essential that there is no oxygen in the flask?
(1l

. [Total : 10} |
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1

N 6
B9 (a) The rate of the reaction between iron and aqueous bromine can be
investigated using the apparatus shown below.

/attached to stirrer

- - " -

C‘)\ piece of metal rotates

piece of metal (iron)

solufion of bromine

A piece of iron was weighed and placed in the apparatus. It was removed at
regular intervals and the clock was paused: The piece of iron was washed,
dried, weighed and replaced. The clock was restarted.

This was continued until the solution was colourless.

"The mass of iron was plotted agalnst tlmebThe graph shows the results
obtained.

mass of
iron
0 0 »-
ime (iron was in
solution of bremine)

(i) Suggest an explanation for the shape of the graph.

2]
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B9 (ii) Predict the shape of the graph if a similar piece of iron (same mass) with a
much rougher surface had been used. Explain your answer.

[2]

(iif) Describe how you could find out if the rate of this reaction depended on the
speed of stirring.

3]

(b) !ron is extracted from its ore (haematite) in a blast furnace.
Using chemical equations, describe the essential reactions taking place
in the blast fumace which results in the production of iron.
- - - : “ [31

. [Total; 10
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EITHER

B10 {(a) A‘QwikCure’ pack, used to freat sporting injuries, contains a bag of water
inside a larger bag of finely powdered ammonium nitrate, NHsNOaj.
- - Squeezing the pack causes the bag of water to break and the NH;NO; to

dissolve.
The change of energy that occurs can be used to treat an injury.
NH4NO;3 (s) — NH4NO; (aq) AH = +25 kJ/mol

(i) State and explain if the dissolving process is exothermic or endothermic.

[2]

(ii) Suppose the activation energy of the reverse change is 35 kJ/mol.
Explain the meaning of the term ‘activation energy’.

(1

(iii) On the graph below, sketch an energy profile diagram showing the changes
that occur in chemical energy as the NHsNO; powder dissolves. [3]

A
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EITHER

B10 (b) Sodium reacts with nitrogen to form a compound called sodium nitride.
The chemical formula of sodium nitride is NayN.

A sample of sodium in a porcelain boat was heated in a combustion tube while
nitrogen gas was passed over it.

The following masses were recorded.

Mass of porcelain boat when empty L =14, 54 g
Mass of porce!a:n boat + sodlum =15.13 g
Mass of porcelain boat + sodiurn Ritride = 15.19'g

(i) Determine the empirical formula of sodium nitride. [3]

(if) Write an equation for the formation of sodium nitride.

w

_ —— )

. [Total : 10]
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B10 (a) In 1894, the sc1entlst W. Ramsay, carried out the following experiments
starting with 100 cm® of air. -

The 100 cm® of air were passed through solution X to remove fraces of
acidic gases. Then the air was bubbled through concentrated sulfuric acid to
remove water vapour. The remaining gases were treated wrl.’n excess of

hot copper and the volume decreased from almost 100 cm’® to 80 cm’.
The gases that did not react with hot copper were heated with magnesium.

1 em® of gas Y remained and a white solid Z was formed. Solid Z reacted
with water to form only magnesium hydroxide and ammonia.

(i) Name the ion, in solution X, which reacts with the acidic gases.

(1

(i) Give the formula of solid Z.

(1]

(iii) Gas Y has a density of 1.66 g/dm° at r.tp.
Calculate the mass of 1 mole of gas Y and hence identify the gas.

(1

(iv) Most gases are identified by a chemical test.
Why must gas Y be identified using a physical property?

[1]




OR

11

B10 (b) The table shows some properties of gases in dry air.

-Gas In dry air Densityin  [~Melting paint | Boiling point | Percentage
kg/m? in°c in °C (%) in air
Nitrogen 1.2506 -210 ~196 78.08
Oxygen 1.4260 ~219 -183 20.95
Carhon dioxide 1.977 -57 -57 0.033
Helium 0.1785 =272 269 0.00052
Neon 0.8999 —24% —246 0.0019
Argon 1.7837 -189 -186 0.934
Krypton 3.74 -157 153 0.00011
Xenon 5.86 =112 -108 0.0000087

In 1895, Lord Rayleigh isolated nitrogen from dry air by removing the other
known gases, oxygen and carbon dioxide.
He then discovered that nitrogen from dry air had a different density to pure
nitrogen produced from chemical reactions.

He concluded that nitrogen extracted from dry air was mixed with another gas.

The density of nitrogen extracted from dry air was higher than the dénsity of

pure nitrogen.

Use the information above to explain why.

2]
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12 -
OR

B10 (c) Minimising air pollution is essential for health and for the environment.

(i) Low sulfur fuels are being introduced. Ordinary diesel contains 500 ppm of _ |

sulfur but low sulfur diesel contains less than 50 ppm.
Why is this an advantage to the environment?

2

(ii) Catalytic converters reduce pollution from motor vehicles, as shown in the
following diagram.

axdes of nlhog;a;n % — . \ess Frarfil aase
carbon monaxide ——» — tesst hamhergases -
unburnt hydrocatbons ™| % — o atmospnera

, ,
.o

1

catalysts rhodium,
platinum, palladium

Rhodium catalyses the decomposition of the oxides of nitrogen.
2NO — Ny + O3
Two other pollutants are carbon monoxide and unburnt hydrocarbons.

How are they converted into less harmful substances?

(2]

[Total : 10]
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The Periodic Table of the Elements

Group
1] ] 1l [ L m T w | Vv VI [ It 0
1 4
H . He
Hydrogan Helium
1 2
7 9 11 12 14 16 19 20
Li Be B c N 0 F Ne
Lithiuin Beryllium Boron Carban Nitrogen Oxygen Fluorine Nean
3 4 5 ] 7 8 9 10
23 24 27 28 3 32 355 40
Na| | Mg Al | si P s ot | Ar
Sodiujn | Megnesium Aluminiem Sllicon | Phosphorus |  Sulphur Chiarlne Argon
11 12 13 14 16 16 17 18
a8 40 45 48 51 52 55 56 58 50 64 85 70 73 76 79 80 84
K Ca Sc Ti Vv Cr Mn Fe Co Ni cu Zn Ga Ge As Se Br Kr
Potassim Calkium Scandium Titanlum Vanadium | Chromium | Manpanesa tron Cobalt Nicke! Copper 2Znc Gallum | Germanium |  Arsenic Selenium Bromine Kryplon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 a6
85 88 89 91 93 26 101 103 106 108 112 115 119 122 128 127 131
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te I Xe
Rubldiym | Strontlum Yilrium Zlreonlum Nioblum Molybdenum | Technotium | Ruthenlum | Rhodium | Palladium Silver Cadmivm Indium Tin Antimony | Tellurium loding Xenon
37 38 38 40 41 42 43 44 45 48 47 48 49 60 61 62 53 64
133 137 139 178 181 184 186 190 182 195 197 201 204 207 209
Cs| Ba La Hf Ta w Re Os Ir Pt Au Hg Ti Pb 8i Po At Rn
Caeshim Bafium | Lanthanum | Hafalum | Tantalum | Tungsten | Rhenlum Qamium dium Platinum Gold Marcury Thallum Lead Bismuth | potonium | Astaline Radon
55 - |56 57 - *72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
226 227
Fr Ra Ac
Francim Radlum actinlum
87 88 a9 +
*58-71 Lanthanoid serles
190-103 Actinold serles
140 141 144 160 162 157 159 162 1685 167 169 173 175
Cs Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Cadum  |P dymium| Negdymk Promethlum | Semadum | Eurcplum | Gadolinlum | Tertlum | Dysprosium | Holmlum Erbium Thufium Yiterblum Lutatium
58 59 60 61 62 63 64 65 66 67 68 69 70 71
? | oceeesomemens | T Pu | am | cm | Bk | o | Bs | Fm | Md | No | Lr
Key X X = atomlo symbol Thordum | Protactinfum| Uranium Naplu?ﬂum Plutcnlum | Amdavicium Curlum Berkefium | Cellfomnium | Elnsteinium | Fermi fendelev Nobellum { Lewrenclum
b = protan (atomle) number |gp 91 o2 a3 84 05 96 a7 98 ] 100 101 102 103

The volume of one mole of any gas is 24dm® at room temperature and pressure (rtp)

€l
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measure electrical conductivity using clrcult with battery and bulb/ammeter;
bulb Is less bright/ammeter shows lower reading for ethylamine

Paper 1 .
1) Ccl2y B [3) DJ4) B|5 D{6 B|7} B8 Cl9 D |10) C
11) C|12) A |43) D [14) D I15) C [16) D J17) B |18) A 119y D |20) D
21) D [22) A [23) A |24) D |25) B [26) C |27) B |28) C |29) B |30) B
31) B [32) D |33) C [34) D |35 B (36) D j37) D |38) B [39) A |40) C
Paper 2 Sectlon A
Q no Answer
1 @aCc (A (D  ({d)B  (e)E
2(a) | Inhquid, the particles are close together;
the strong forces of attraction betwean the particles do not aflow them to move
apart. They can move in the volume of the liquid to take up the shape of the
container.
In gas, the forces are much weaker and the particles can move In all directions /
freely to fill the contalner
(0)(i) | Measure the yolume of gas lsft n the gas syringe (or volume of gas that escapes) at

{n

regular intervals of time

Carbon dloxide,
It has lower relative molecular mass / molar mass / mass

(b) | Add agusous sodwm/potassiur/calcium hydroxide, wann
(c) | Aqueous ethylamine has hydroxide ions which react with aquecus iron(ll1} ions
to form insoluble iron(ll}) hydroxide
5(a)(i} | They can accept or gain electrons (from another substance) to form atoms
() | silver ien (Agh)
(ui) | silver fon and copper(ll) lon (Ag* and Cu**)
(b) [ copper, tin, cadmlum, zinc,
copper s the least reactive metal as it s always the positive electroda,
zinc Is the most reactive since the voltage is the highest, followed by cadmium, then
tin or
the bigger the difference in reactivity between the metals, the bigger the voltage
6(@) |+

(e)()

Decrease in mass of impure electrode = 10 30 kg — 0 855 kg = 9.445 kg
Increase In mass of pure electrode = mass of pure copper
" =980kg—1.65kg=8.25kg
% purity = (8 25/9 445) x 100 = 87,3 (to 3 sig fig)

(©

From tha equation,

2 moles of C4Hg react with 11 moles of Oz

Since both are gases at rip, applying Avogadro's Law,

2 volumes of C4Hg react with 11 volumes of O to form 8 volumes of CO;
Thus 20 cm® of C4Hs react with 110 cm”® of O to farm 80 cm® of COz
Volume of gases left

= 40 em° of excess O» + B0 cm® of carbon dioxide = 120 em®

(i)

electrodes not properly dried before welghlng /
not all the copper produced at the pure copper plate sticks to the copper plate

(o)

Silver and gold lons (when present in higher concentration than copper(ll) ions)
could be selectively charged to form silver and gold which is deposited at the pure
copper plate

7(a)

Any TWO
Addition polymerisation produces only one product, the polymer, but condensation
polymarisation produces the polymer and a by product such as water

The total mass of the monomers is the same as that of the addition palymer while
the total mass of the monomers Is greater than that of the condensation polymer as
the process eliminates a simple molecule such as water,

In addition polymerisation, each monomer has a carbon-carban double bond while
in condonsation polymensation, each menomer has a functional group at each end,

{b)

H Cl HC
[ S
-C-C-C-C-
[ S
H Cl HGC

3(a)i} | ca** (aq) + 2F (aq) — CaFa (s)

(il) | Mole ratio of ©* (or NaF) ; Ca** (or CaClz)1s 2 1
Or 2 moles of NaF react with 1 mole of CaCl,

{iil)_| To remove sodium chferide or sedium flugride or calcium chlonde solution

{iv) | To dry (precipitate) or to remove water or to evaporate water

(0) | Ma(POg)2;
From the graph, 8 em® of sodium phosphate totally react with 12 cm® of nitrate of M
Since both solutions have same concentration,
2 moles of sodium phosphate react totally with 3 moles of nitrate of M
4(a) | Using equal volume and concentration of bath solutlons,

add a few drops of Universal indicator /pH sensor/ pH meter;
indicator in ethylamine shows bluefindigo while that in sodium hydroxlde shows
violet / sthylamine has a lower pH

(c)

or
Using equal volumse and concentration of both solutions,

H H
Cc=C
\
H QOCCH-




(@)

0- - -0 H ---H O- - OH - H
I ol (T no1 1
- C —(CHy)g ~ G —N ~ (CHp)g = N— C — (CHa)s — C = N— {CHplg = N~

()

Any TWO from.

-causes litter / land pofiution if not properly disposed

-incomplete combustion produces polsonous carbon monoxide
-complete combustion produces carbon dioxide a greenhouse gas
~combustlon produces other named polsonous gas

Carbon dioxide reacts with more coke to form carbon monoxide; CO2 + C — 2CO
Carbon monoxide reduces [iron{lll} oxide in] haematite to fron;

Fe,03 + 3CO — 2Fa + 3C0,

_ 10
Either
(a){i)

Endothermic, - - - -
The enthalpy change 1s positive which means heat 1s absorbed from thie surrounding
dunng the process

Paper 2

Sectlon B

Qno

Answer

8(a)(i)

tyrosine

(i)

Difference In solubility of the amino acids in the solvent used

qiity

The spots are colourless,
localing agent reacts with the spots 1o form coloured substances

(v)

Datermine the metting point andfer boiling pomnt

]

sodvetd fromt:
¢ xiwd D

L ]

L]
e C) .
of e~ epylication.
Arddﬂfdrw

‘B
In chromatogram |, which used solvent G, alarune and threonine appeared at the
same spotfwere not separated since both had the same Ryvalue (0 51) which
means they have the same solublity In solvent G

In chromatogram I, which used solvent F, alanine and threonlne had different Ry
values and were thus separated.

{ii)

The minimum energy that particles must possess in order to collide effectively

any

leading to a reaction

RL)

g
N
A

R EER K
P

w
=

]

I
=3

o

(b))

CgHy20g  — 2C;HgOH + 2COq

(b))

Sodlum (Na) Nitrogen (N)
Mass {g) 1513-1484=029 1519-15 13 = 0.06
Molar mass (g) 23 14

No of mole 029/23 =0 0126 0 06/14 =0 00429
Mole ratio 3 1

The emplrical formula is NagN

()

yoast Is ‘killed"/polsoned’ /enzyms s denatured by ethanol

(i)

Oxygen will oxidise ethanol to ethanclc acid or oxygen Is absent to ensure
anaeroblc respiration of glucose occurs so as to form ethanol

()]

6Na + Ny — ZNagN

100R
(a)()

Hydroxide (jon)

9(a)(i}

Rate at which mass of iron decreases becomes lower / gradient decreases
because concentration of aqusous bromine decreases;

Mass of iron stops decreasing / gradient becomes zero

because all the aqueous bromine Is used up

()]

MasN2

(i)

Molar mass = 1.66g x 24 = 39 B4g or 39 8g (to 3 sigig)
Gas Y Is argonf Ar

()

The inltial rate / gradient Is greater because of bigger surface area /more fron
particles exposed; final mass of Iron Is the same because the same mass ofironis
reacted with aguecus bromine . .

(iv)

Argon [s & noble gasfhas completely filled valence shells and is chemically
unreactive or inert

(b)

Nitrogen from dry air contained argon/krypton/xenon;
argon/kryptonfxenon have denslty higher than that of nitrogen

()

Repeat the experiment using same mass of iron and same volume and
concentration of agueous bromine but by increasing/decreasing the speed of
stiming/not strring the Iron plecs; measure the mass of iron pleca at regular time
intervals; calculate the rate of reaction / gradient and compare

()i}

Combustion of low sulfur diesel would releass less sulfur dioxide Into the
atmosphers, less acid rain would be formed which means less corrosion to
limestone buildings andfor metal structures

{b)

Coke |s heated in alr to form carbon dloxlde; C + Oy — COp

(i)

Carbon monoxide would be converted into carbon dioxide;
unburnt hydrocarbans (reacted with oxygen) are converted to carbon dioxide and

water (vapour)
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Two experimental set-ups used to demonstrate diffusion of gases are shown in the
diagram below The gas in each porous tube [s nitrogen (M, is 28)

In experiment 1, tho gas intraduced Inlo the beaker is carbon monoxida (M, is 28) while
in axperiment 2, the gas Is argon (A, Is 40)

carbon monoxide =
gas '11

Boaker——

porous tubo
contalning
nilrogan gas

Exparimant 1 Experiment 2

What changes, if any, to the water levels at P and Q would you expect to see in both
expenments?

Experiment 1 Experiment 2
P and Q remain at the same level Pisata higherlevelthanQ '
P and Q remain at the same leval Qls at a higher lavel than P

P Is at a higher level than Q P Is at a higher level than Q

o|0|m| >

Qs at a higher lave! than P

P is at a higher level than Q

Threo separations are listed below

1 Obtalning ethano! from alcoholic drink.

2 QObtaining ammonium chloride from a mixture of ammonium chloride and
sodium chloride,

3 Obtalning solld copper(ll) sulfate from aqueous copper(ll) sulfate,

Which technlques would ba Involved in separation 1, 2 and 3 respectively?

1 2 3
A fractional distillation sublimation crystallisation
B fractional distillation sublimation flitration
c distillation crystallisation evaporation
D distillation crystallisation filtration

Mathodlst Glis' Schiool Chemistry Paper 1

Sec 4 Prefiminary Examination 2016

Page 3of 10
3  Which quantity Is the same for 1 mole of ethane and 1 mole of ethene?
A mass
B number of molecules
c number of atoms
D number offons _ o - —— -
4 Toluens and cyclohexane are two common organic solvents and they form a
homogenous mixture when mixed together
The following graph shows the bolling points of mixturos contalning different
percantages of toluene and cyclochexane
a;
&
A
Which of the following best describas the belling point of any mixiure of foluens and
cyclohexane as shown by the graph?
A The bolling polnt Is below that of toluena,
B The bolling point s higher than that of cyclohexana
[+ Tha boiling paint Is below that of both toluene and cyclohexana,
D The bolling pointis batween that of toluene and cyclohexane.
Methodst Girle’ Schaol Chemlistry Paper 1 Sac 4 Pralminary Exemination 2015
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5§ A beam of particlas contalna neutrons, n, prolons, p, and electrons, @ The beam Is 7  The formulae of the fons of some alements ara shown below
passed between charged plates a Tomulag
P> o* cr Na*  ca®

Which diagram shows how the particles ate affected by the plates?
! Which of the following stalements about these ions Is comect?

- . A B - .
e ! ~A All have full outer shell - -
|+ve e p B All have the same number of electron shells
- p > < & C Al have the same numbar of neutrons in their nuclel
- o T——n e n D Al have more electrons than protons
]-—-ve
c D 8  Four substances have the following electrical propertles
a
VD
Jﬁa —I_ P Substance Property
R > / n
> —_— n \ B w Does not conduct under any conditions
[ve P [~ve ° X Conducts only in aqueous sclubion
Y Conducts In both the molten and solld states
z Conducts in both moltan and aqueous states
6  Graphane, an allotrope of carbon has a simllar structure to graphite, except that, it has
one hydrogen atom attached to each carbon as shown In the dlagram What are thesa four substances?
w X Y ¥4
A HCt $§. .. ..KC In
B HCI Kt ]
c S HCI Zn KCl |
D S KCl HCI Zn

(O hydrogen atom
9 ‘The diagram shows the structural formuta of the covalent molecule hydrazine, N2H,

. carbon atom H H
N/
Which sat of properties will graphane hava? /N_N\
1 Itls hard. ’ H H
2 It has a glant molecular structure Conslder all the elecirons In a molecule of hydrazme
3 It conducts electrdcity In the solld stale,
Which statement Is true of the number of electrons In the moleculs?
A--——1and2 - -
B~ "Mand3 -~ - Total number of electrons | Total number of electrons not
c 2and 3 Involved In bonding involved In bonding
D 1,2and 3 A 5 4
B 5 8
c 10 4
D 10 8

= Methodist Girts' Schacl Chemistry Paper 1 Sec 4 Preliminary Examination 2015 Methodist Glds' School Chemlstry Paper 1 Sec 4 Preliminary Examination 2015
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Page 6 of 18

Compound X consists of a lattica of positive lons of metal Y and negative ions of
non-metal Z,

Each positive ion is surrounded by eight negative lons and each negative ion Is
surrounded by four positive lons

Which of the following shows the formufas of the 1ons present and oompmind Xr

lons present Formula
A Y,z YoZ
B Y*z YZ
c z v Y
D bl ZY,

Which reaction takes place n the blast furnace?

A 3Fe + 4H;0 — Fe;0, +4H;

B Si0; + CaD — CaSIiO;

c 8i0; + 2NaOH — Na;SlOa + H0
D FeCr,04 + 4C —» Fe + 2Cr + 4CQO

Dinitrogen {efroxide, N2O, Is a poisonous gas It can be disposed of safely by reaction
with sodium hydroxide [n the experiment, the concentration of aqueous sodium
hydroxide used Is 1 5 mol/dm®,

N204 (g) + 2NaOH (aq) — NaNO; (aq) + NaNO, (aq) + H,0 (1)

Which of the foflowing Is the least volume of aqueous sodium hydroxide requlired fo
dispose of 300 cm® of N;O, at room temperatura and prassure?

A 10 em®
B 20 em®
c 120 em®
D 240 ear’

13

4

15

Page 7 of 19

The dissociation constant for an acld Indicates the extent to which it dissociates Into
lons The higher the dissoclation constant, the stronger the acid

The dissoclation constant for some aclds are given below along with two possibly
correct statements

Acid Dissoclation Constant
Msthanoic acid, HCOH 180x 10
Ethanoic acld, CH;C0O,H 175x% 10%
Propancic acld, CH;CH,COH 134x10%
Chloroethanolc acid, Cl CH,COH 140x 107
Statement 1 Increasing the length of the carben chain makes the acid stronger

Statemant 2 Replacing a hydrogen by a chlorine In ethanoic acld makes the acld
stronger

Based on the data above, which of the above two statements are correct?

Statement 1 and 2
Statement 1 only
Statement 2 only
Neither statement

cowm>»

Which pair of reagents is most suitable in preparing the following salts?

Salt Reagents
A magneslum sulfate magnesium nitrato + sodlum sulfate
B ammonlurn nitrate aqueous ammonia + nitrlc acid
c lead (|1} chloride lead (II) oxida + hydrochloric acld
D sodlum chloride sodium + hydrochlorls acid

A student performed a number of tests on an aqueous sofutlon of fead{ll) nitrate,

Which test must be repeated because the student's observation was incorroct?

Test Observation
Add aquecus zinc sulfate Awhite precipitate was formed
Add aquecus barium chloride No precipitate was formed

Add agueous scdium hydroxide A white precipltate was formed

Add aqueous sodium hydroxide and A gas was evolvad that tumed malst
alumintum foll, then heat red litmus paper blue

O |O|lw|>

Methodist Girds' Schoo!

Chemistry Paper 1

Sac 4 Praliminary Examination 2015

Methedist Girds' Schogl

Chemistry Panar 4

Qon 2 Dealieainane Evaminatisn 2015
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During an experment, 10 cm® of 10 moldm® sodium hydroxide, NaOH, is gradually
Iatzclled to 10 cm® of 20 molidm® suliurle acid, H;S0,, contalning methyl orange
ndicator

.- ~{=4 - 10 cm® of 1 0 molidm®
g sodium hydroxide
[
10 cm® of 2 0 mol/idm®

m sulfuric acld, H2S0,,

containing methy! eranga
Which change occurs In the mixtura?

A The conceniration of the OH' lotis Increases
B The mathyl orange changes colour

c A precipitate is formed

D More water molecules are formed

To reduce atmospheric pollution, the waste gases from a coal-burning power station
are paszed through a wet suspenston of powdered calclum carbonate

Which waste gas will NOT ba removed by powdered calcium carbonate?

carbon monoxide, CO
nitrogen dioxlde, NO2
sulfur dioxide, SO,
phosphorus{V) oxide, P05

o0Om>

Page 8 of 19
18 Equallons for reactions of iron and iron compounds are shown !

Fe +2HCl — FeCl, + H;

2FsCl, + Cl; = 2FeCly

FeSO, + Mg — Fo + MgSC,

FeS0, + 2NaOH — Fe(OH)z + NasS0,- ~ -~

LN

How many of these are redox reactions?

1

oOom>

2
3
4

20 Wasts gases from a car engine ara passed through a catalytic converter to remove the
pollutant gases

One of pollutant gases is nifrogen monowde The equation below shows how it Is
removed
2C0 +2ZNO - N; +2C0;

Which statement about the reaction is Incorrect?

The oxidation state of carbon changes from +2 to +4
The oxidation stafe of nitragen changes from +2 fo 0
The oxidation state of oxygen Is unchanged

The oxidation state of oxygen changes from -2 lo -4

DOW>

21 The table shows the reaciions of each of the mstals A, B, C and D with separate
salutions containing lons of the other metals

Which metal forms an oxlde that is most easily reduced by heating with carbon?

18  An aqueous solution of a salt, X, is placed In a tast-tube and sodium hydroxide solution
is gradually added The helght of the precipitate in the test-tube Is plotted agalnst the Solutlon of
volume of sodium hydroxide added Metal A mtrate B nitrate C nitrate D nitrate
A ; ; reaction no reaction no reaction
Helght of B no reaction 55 5 no reaction no reaction
prectpitate c reacton reaction o reaction
D reaction reaction [ nareaction '
[ » Volume of sodium hydroxide
solution added
Which cation is found In X?
A aluminfum fon
B ammonium lon
[ copper{ll) ion
1] Iron(tl) fon
_~ Mathodist Girds’ School Chemistry Paper 1 Seac 4 Prellminary Examlnation 2015 Methodist Gids' Schaol M Chemistry Paper 1 Sec 4 Prefiminary Examination 2015
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Thae following gases can be found in the blast fumace that used to extract [ron

1 Carbon monoxide
2 Carbon dloxide
3 Nitrogen

Which of the above gases can ;Je both a reactant and a waste gas?

1 only

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

oom>»

The positions of four elements ara shown in the outline of part of the Perodic Table

Element X has a high melting point and is a good conducfor of elechicity |t forms
chlorides XCl, and XCl;

Which element is X7

W, X, Y and Z are metals When various mixiures of one of the metals Is heated with a
metal oxide, the following results were obtained

() oxide of Z+W —» cxide of W+ 2Z
(i) o:ddp of X + W — no reaction
() oxdeofZ+Y —soxideofY+Z
(v) oxide of W+ Y — no reaction

Which of the following arrangements shows the metals W, X, Y and Z in order of
Increasing reactivity?

o0ow>
N s < X
<X X<
=2<=2=
XNNN

25

26
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Matal M forms a chicrida MCI; M is betwaen copper and sllver in the reactivity series

If & concentrated aqueous solution of MCI; s electrolysed, which reactions will eccur at
the cathode and the anode?

- Cathode(negative electrode) Anode(posibve elsetrode)
A M 42" M 2CT- Cly + 2¢"
B M? +26" > M 40H > 2H,0 + O, + 4¢
c 2H" + 28" — H, 20> Cl; + 207
D 2H" + 20—+ H; 40H = 2H;0 + 03 + 4¢

In the diagram, each cell contalns an aqueous solution of a single salt and all four
eloctrodes are platinum

Electrodes Q and S Increase In mass dunng the electrolysis but no gas 1s given off at Q
orS

Iy
=t

aqueous
‘solution

coll 1 cell 2

If the Increase in mass of @ Is greater than the Increase in mass of § In the same
duration of time, which statement must be true?

A The loss of mass of electroda P Is less than the loss of mass of electrode R.

B The current passing through call 1 i3 greater than the current passing through
cell 2

[ Tha catlon of the solution In call 1 Is different from the cation of the solution in
cell 2

D The catlon in cell 1 is the sama as In cell 2 bul the solution In cell 1 Is more
concantrated than in celf 2

Mathodlst Glrls’ School

Chemistry Paper 1
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D CizHze (g) — CaHis {9) +2C:Hi (9)
27 Gaseous phosphorus pentachloride, PCls, can be decomposed Into gaseous
phosphorus trichloride and chiorine by heating 30 In each of throe experlments, a halogen was added to separate solutions contalning
Tens of one of the other two halogens Tha table shows the results
PClg (g} = PCh(g) +Clz(g)

Solution of halid
Ths table below gives the bond energles . . -- _ | Experimont | Halogen addad a
Bond Bond energy (kJ/mol) u v- w
Reaction
P-CI (In both chlondes) 330 1 U, No reaction oCoUrE
CI-Ct 240 2 V. Reaction ; Reaction
2 occurs i occurs
What s the enthalpy change of tha decompasition of phosphorus pentachloride? 3 W, No reaction ‘ No reaction ;
A +80 kJ
B -90 kJ
¢ +420 kJ What were the halogens U, V and W?
D -420 kJ T v W
A Bra C‘z Iz
28 The diagram shows the energy profils for the decomposition of X to form products, Y
and Z, B Bl'z Iz CIz
XY+ 2Z c Clz Brz I
4 D Ch I Brz
2 31 Petrol and diesel are two commaon fuels used by cars and buses respectively The
E combustion of these fuels produces air pollutants
o The following table shaws the mass of pollutants found In the exhaust fume when 1%kg
of each fuel is bumt
> Pollutant Patrolig Dleselfg
Progresa of reactlon carbon monoxide 14 10
Which statement Is correct? oxides of nitrogen 0 60
sulfur dioxide i 4
A The overall enthalpy change is +60kJ
b 15 20
The reaction Is exothermic unbumnt hydrocarbons

B
€ The value of 160kJ would decrease In the presence of a catalyst. Which of the following statements can be Inferred using the data In the table?
D The value of 100kJ would decrease In the presence of a catalyst.
A Petrol contributes more towards the formation of acid raln
' B The lemperaturs In petro! engine Is lower than that In diesel engine
20 Cracking of hydrocarbons Is done to obtain smaller moleculas c All the pollutants listed In the table can be removed by Instaliing a catalytic
converter
D

Which of the following cracking react! rried t th
g g reactions carrled out at the samo temperature and Unbuemt hydrocarbons are produced by complete combustion of tha fuels

pressure will produce the largest valumes of products from one mole of hydracarbon?

A CgHu () —3CHs (g) + Hz ()
B CsHa(g) — 2CsHs (@) + C2H2 (o)
€ CuHz (9) — CiHig (9) + CyHa (9)

— Methodist Glrls' School Chemlstry Paper 1 Sac 4 Preliminary Examination 2016 Mohodis Girfs’ Schodl Chamisty Paper 1 Sec 4 Preliminary Examination 2015
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32 The volume of oxygen produced as hydrogen peroxide decomposes was measured
over time

In the first expenment, 100 cm® of 10 molidm® of hydrogen peroxide was used A
graph, labelled X, was obtalned, as shown in the diagram below

Volume of oxygenfom?

i
X {100 ¢’ of 1 0 moldm? of H,0,)

- Time/min

0

The experiment was repeated twice with changes In the condltlons and graphs Y and Z
were obtalned,

Which of the following set of changes could possibly produce the results illustrated by
grephs ¥ and Z?

Graph Y Graph Z
A 60 cm® of 1 5 maldm® of HO; 180 cra® of 0 6 mol/dm? of H;0,
B 100 cm® of 1.5 molidm® of H,O; 50 cm® of 0 5 mol/dm® of H,0;
c 50 cm?® of 2 0 molfdm® of H,0, 100 cm® of 0.1 moldm?® of H;0;
D 100 cm® of 2 0 moVdm?® of H,O; 50 cm® of 0 5 mol/dm® of H,0;

33 Which change would incraase the spead of the reaction between 1 mol of two gases?

A A decreasa In surface area of the catalyst

B A decraease in temperature

c A decrease In the volume of the reaction flask
v} A decrease in the prassure of the gases

34

a5

Page 150f 10

Tha reactivity of Group |] metals follows a similar trend to that of Group | metals

Four Group Il metals, P, Q, R and S were tested in an electric cell as shown In the
diagram below

- - - - =

®

metal
teste!

filter paper soaked
In aqueocus sodium
chlorde

_,copper sheet
1

The voltage produced is recorded and shown in the following table

Motal Voltage/V
P 02
Q o8
R 06
8 04

The four metals tested were magnesium, calclum, strontium and barium
What Is a possibla identity of metal R?

magnesium
calclum
strontium
barium

oo0ow>

Which statements are trua about alkenes?

1 Thelr general formula Is CqHz,
2  They are saturated
3  They react with halogens

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

oOw>
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38 What are tha reactions of compounds W, X, Y and Z?

w X Y Z
H H H H H H H H
[ f [ 1- - | [ | |
] S D R A S
COCH COOH OH COOH COOH COOH OH OH
decolourises aguecus hes & pH of less than 7 condensation
bromine polymerisation
A Xand¥Y WandY W, X, YandZ
B Xand¥ WandY X, Yand Z
[ WandZ W, XandY X,YandZ
D Wand Z W,XandY W, X, YandZ

37 Engine ol Is used to lubricate the car englne Certain palymers are added to engine ofl
to Improva its viscosity

A porllon of the chaln of ona such polymer Is shown below
—CH;CH(CH2CH,CH,)CH;CH{CH, CH.CH,)CH;CH{CH:CH.CH,)~
A maoleculs of this polymer contains 40 carbon atoms

How many molecules of monomer are required to form one moleculs of this polymer?

A 4
B 5
c 8
D 10

g Methodist Glrds' Schoo! - Chemistry Paper 1

Set 4 Praliminary Examination 2015
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38 Thae structures of five monomers are shown below

1 o 2 o
hS [:I 4
__H_?—D_OH HO/ C\OH N .
3 /0 a 4 5
T S G LU

Which palr of monemers will form a palyamide with the following structure?

o Q

Al il

1and 2
2and 3
2and S
4and 5

Do

3% The table shows the composition of four different brands of crude oil namely Arablan
Heavy, Arabian Light, Iraman Heavy and North Sea

When each brand of crude ofl undergoes fractional distillation, the percentage of each
fraction collected s listed in the table below

Crudeoll | Arablan Heavy | Arablan Light Iranian Heavy North Sea
Fractlo % 1% % 1%
petrol 18 21 21 23
) kerosene 115 13 13 15
diesel 18 20 20 24
naphtha 62.5 46 46 3

Which typa of crude ol is best for the use in moter vehicle industry?

A Arablan Heavy
B Arabian Light
c Iranian Heavy
D North Sea

Methodlst Glrs' School Chemistry Papf;r 1 Sec 4 Preliminary Examination 2015
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40  Esters are formed when an alcohol reacts with a carboxyllc acid

Which ester would be formed using the carboxylic acld and alcohol shown?

H H
o H—t—h )
H H o H
W, |
TS A
H H CH H H
carbowylto acid alehot
A B
H H
H — H—'(!:'—H
7 T T B
H—C—C—C—0—C—C—C—H H—C e D G e G H
SERERN 1 RN
H 3? H H H H Q H H H
H —I H —H
o T
c D
H H

Methodist Glris' School Chemlstry Paper % ' Sec 4 Preliminary Examlination 2015
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Section A (50 marks)

Answer all the questions in the spaces provided.

A1 Choose from the following compounds to answer the questions below.
BaS0,
FeCl;
CO,
CuCO,
CaCoOz
CF4Cl
MgSO,
NaCl
ZnS0,
Each compound can be used once, more than once or not at all.
State the compound which

(a) is responsible for ozone depletion,

(1]
(b) is prepared by titration method,
[1]
{c) is aninsoluble green solid,
(1]
{(d) isaproductof feﬁnéntatioq,
o i ) o)

(e) in aqueous state will: react with aqueous barium chloride fo_give a white
precipitate. SRR - TS s

(1

Methodist Gils’ School > < ~.~ » - - -7+~ - Chemistry - - .= Sec 4 Preliminary Examination 2015
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A2 The structures of sodium chloride and chlorine are shown below.

(@)

(b)

(c)

sodium chloride chlorine

The melting point of sodium chionde is 801°C.
The melfing point of chlorine is —=101°C.

Explain in terms of bonding and structure, why the melting point of chlorine is so
low. *

(21

Explain why molten sodium chloride conducts electricity but solid sodium
chlonde does not.

.

The reactions occumng at the electrodes when moiten sodium chloride is
elecirolysed are shown below.

Negative electrode Na* + e — Na
Positive electrode 2CF - Cl, + 2¢

With reference to both equations, explain why this electrolysis involves both
oxidation and reduction.

2]

T -

Methodist Girls’ School i Chemistry -~ Sec4 Prelin_ﬁniary Examination 2015 -
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A3 Zinc can be exiracted from zinc blende, ZnS, or from calamine, ZnCO,, in a two-stage
process

Stage 1 2Zn§ + 30, - 2Zn0 + 2&‘-,02

{a)

{b)

(c)

Extraction from zinc blende Extraction from calamine

h 4 Y

ZnC0; —» Zn0 + CO,

~N, /7

Stage 2 Zn0+C = Zn + CO

Explain why the gas from stage 2 must be removed for the safety of the
workers.

f1]

Explain why the reactions in the fwo-stage process cannot be used to extract
sodium from sodium carbonate, NayCO,.

(2]

Industrial processes release large amounts of sulfur dioxide and carbon dioxide
into the atmosphere.

(N State a natural source of sulfur dioxide.

(1]

(i  Carbon dioxide contributes to global warming.

Descnibe one environmental consequence of an increase in global
warming.

i1

21/
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I Page 4 of 22-
{d) The zinc obtained in stage 2 has to be purified further for more useful purposes. '
One of the most common uses for zinc is as an anti-corrosion agent.

Explain why zinc 1s able to act as an anti-corrosion agent in galvanized steel
lamp posts.

—
- - -

[2]
i
'(e)  The most abundant and stable zinc isotope is ®Zn
' State the number of protons and neutrons in this isotope of zinc.
Number of protons
Number or neutrons . _ . . . [1]

- * - N . H

v

Methodist Gids*-School  -- - -~ Chemistry * -~ Sec 4 Preliminary Examination 2015
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A4  Sulfamic acid, SO;NH;, Is a weak acid used to remove Iimescale, deposited calcium
carbonate, from kettles

{a)  Explain the meaning of the term weak acid.

UN

(b)  The pH of an aqueous solutron of sulfamic acid can be determined using a pH
meter.

Descnbe another way of estimating the pH of a solution of sulfamic acid.

[1]

() A 0.105 g sample of sulfamic acid is dissolved in some water. This sulfamic
acid solution requires 10.8 cm® of 0.100 mol/dm® potassium hydroxide for
complete neufralisation.

Calculate the number of moles of sulfamic acid that react with one mole of
potassium hydroxide

&
(d)  Aqueous sulfamic acid reacts with magnesiumn to form magnesium sulfamate,
Mg(SO;NH,),.
(i) White an equation for this reaction.
[1]

Methodist Girls' Schoo , .0 " = " Chemisty ... ° " ° ~ “"Séc4 Prehminary Examination 2015
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(i)

Limescale contains calcium carbonate

Describe, with the aid of an eguation, what is ocbserved when aqueous
sulfamic acid reacts with calcium carbonate

[2]

A5 Ammonia is a compound of hydrogen and nitrogen with a formula of NHy. It is a

colourless gas with a pungent smell. The formation of ammonia is made by reacting
nitrogen and hydrogen in a reversible reaction as shown in the equation below.

NAg) + 3H(g) 2NH,(g)

{(a) Thereactionto produoé ammonia can be demonstrated in the science
laboratory by the method:shown in the d|agram below: -. O
i 3 \‘ Lo x* M7 .
750m® of hydrogen iron wool - %SC"? ‘?f,rilt‘rogen
gas syringe HEAT STRONGLY gas syringe
The mixture of nitrogen and hydrogen is passed backwards and forwards over
the hot iron wool untii there is no further reaction
(i) Explain why air must not be present in the above reaction
(1]
(ii)

Assuming only 15% of the nitrogen and hydrogen react fo produce

ammonia, calculate the volume of ammorua produced at room
temperature and pressure,

(2

Methodist Gids' School
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{(b) In industries, ammonia is manufactured in the Haber Process The table below
shows the percentage vield of ammonia at different femperature and pressures.

Percentage yield of ammonia at equilibrium
Temperature/°C
N 200 atm 300 atm 400 atm
- 350 24 ~T40 48
450 20 23 30
550 10 12 15

(i) State how the increase in pressure affects the percentage yield of
ammonia at equihbnum.

(1]

(i)  Suggest one advantage and one disadvantage of using 450°C rather
than 350°C as the working temperature

4.

(iii) Explain why the use of expensive metals as catalyst does not increase
the cost of production of ammonia in the Haber Process.

(1]

221
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A6 Hydrogen peroxide, H,O,, Is a covalent compound. Hydrogen peroxide decomposes to
form water and oxygen according to the equation:

2H0: () — 2H.O() + 02(g)

(a) The decomposition of hydrogen peroxide involves a change from the liquid
state to the gaseous state - -

Describe the difference in both the movement and arrangement of particles in a
liquid and in a gas.

Movement:

‘Arrangement:

A,

(b) Complete the ‘dot and cross' diagram to show the bonding present in hydrogen
peroxide, H20,, using the legend stated. -

(o0

x : electrons of oxygen afoms

Key

@: electrons of hydrogen atoms

(2]

Methodist Girls*School - ot Cﬁemtstrr - Sec4 Preliminary Examination 2015
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{c) Hydrogen peroxide can act as an oxidising agent or a reducing agent.

Deduce the nature of hydrogen peroxide in each test descnbed.

" Nature of hydrogen
Test - QObservation peroxide -
hydrogen peroxideis | .
sulfate yeliow

hydrogen peroxide is

added to acidified purple solution turns

pofassium colourless
manganate (VII)
(2

AT The following energy profile diagram shows the differences in amount of energy
associated with the combustion of glucose, CgH20g, during cellular respiration to
produce carbon dioxide and water.

Energy
A
__________ A
181 kd/mol
CeH120g+ 60,
> 2997 kJfmol .
6CO+ 6H,0
Progress of reaction g
(@) Calculate the enthalpy change, AH, of the reaction.
[11

- -~ 3% Py Py

Methodist Girls’ School .- ... .7 . 7 © Chemistry ~., "~ ' 7 Sec4 Prelminary Examination 2015
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: i.(b) Explain whether this reaction is endothermic or exothermic in tems of bond
' breaking and bond forming.

{c) Calculate the energy released per gram of glucose.

{2]

Methodist Girls* School s . Chemistry * ) Sec4 Preliminary Examination 2018
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A8 Crude ol 1s a raw material which is processed in an oll refinery. Two of the processes
used are fractional distillation and cracking.

The table below shows the percentage of the supply and demand of each fraction in

crude oil.
] Number of carbon Percentag_e of Percentage of
Fraction atoms per supply in demand in crude oil
molecule crude oil
Petroleum gases 1-4 4% 11%
Petrol (gasoiine) 5-9 11% 22%
Kerosene 10-14 12% 20%
Diesel oil 14-20 18% 15%
Waxes and
bitumen Over 20 23% 4%

(a) State the physical property which i1s used to separate crude ol by fractional
distillation.

i,

{(b)  Use the information from the table to

(i) identfy the fractions that would undergo cracking to meet the demand
for petrol.

[

{(ii}  explain your choice in (i)

[1]

Fot s dam, [ N - . =N - .
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(c) Heptane, an alkane with 7 carbon atoms, can be cracked into smaller
molecules under high temperatures and a catalyst.

A large volume of heptane was subjected to cracking and the main product was
methane. Gas B which has a relative molecular mass of 28 was also isolated in
the product mixture and was found fo be unsaturated.

()] Wirite an equation to show the cracking process.

[11

(iiy Descnbe a chemical test that can be used to distinguish between
methane and gas B

Methodist Girls' School Chemistry ~ ) Sec 4 Preliminary Examihatlon 2015
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Section B (30 marks)

Answer all three questions in this section.

227

The last question is in the form of EITHER/OR and only one alternative should be attempted.

B9 Aqueous chlorine dioxide, a yellow solution, reacts with an alkali according to the
fallowing eguation* -~

- - T

2CI0; (aq) + 20H" (ag) — CIO5™ (aq) + CiO,™ (aq) + HO (1)

yellow

colourless

A student carried out different expenments to investigate the rate of reaction using
different concentrations of aqueous chlonne dioxide and alkali. In each experiment,
she measured how quickly the colour of aqueous chlorine dioxide disappeared.

The table showed the results obtained with diffening concentrations of aqueous chlorine
dioxide and alkali used in each experiment.

Experiment | Concentration of | Concentration of Rate of
ClO, ! moldm® OH~/ molidm® disappearance of ClQ,
1 mollglm’s
1 0.020 0.030 0.00276
2 0.040 0030 0.01104
3 0.020 0.060 0.00552
4 -0.040 0.060 0.02208
5 0.040 0.090 0.03312
6 0.120 0.030 0 09936

The reaction of aqueous chlonne dioxide with alkall is interesting because it is an
example of a disproporfionation reaction. Disproportionation happens when the
oxtdation state of the same element both increases and decreases in the reaction.

(@)  Descnbe the trend in the rate of reaction with respect to the concentration of the
reagents used,

Explain and justify your answer using the results In the table, stating clearly the
experiment number you are using for. each reagent. -

- e

[3]

Methodist Girls’ School. .
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(b)

(c)

(d)

(e)

Page 14 of 22

Using Collisions Theory, explain the trend stated in (a).

2,

Two students have different opinion about the data.

Student 1: | think that the rate of reaction depends on the concentration of
aqueous chlorine dioxide fo a greater extent.

Student 2: [ think that the rate of reaction depends on the concentration of
alkali to a greater extent.

Who "do you agree with? Explaln your answer usmg results from the table.
State which  experiment fwimber you are using, and show clearly how you
amved atyouranswer. ' - - -

u‘r -~

-on

(2]

Predict the rate of the disappearance of ClO, |f the experiment was conducted
using 0.040 mol/dm? of CIO, and 0.120 mol/dm® of OH".

[]

Use the idea about oxidation state to explain why the reaction of chlorine
dioxide with an alkali is a disproporhonation reaction.

.- [2]

Methodist Girls’ School e Chemistry - Sec 4 Preliminary Examination 2015
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[Total- 10]

B10 Electrolysis can be used to remove unwanted hair. The customer holds a metal bar
which acts as a positive elecirode. A needie, which acts as the negative electrode, 1s

held by the operator.

-—-

st B P

(@)

s

chloride.

The solution around the fip of the needle is very dilute agueous sodium

needle 1s made of platinium
very dilute aqueous
sodium chloride
ety / e -
(i) Explain‘Why very dilute aquequs sodium chloride is used instead of pure
’ water‘- s ey N > f» VRS 4
Tt wEIE SR T T %

SRR UL CA S T e R

AR £

s - e
gt eivare Ol

16 2 of all the:lons present:jn, very dilute aqueous sodium
loride,du s

ring this electiolysishunes, e

S LTI L T SR L= e
a b R e L SR - ,k;‘f’_t?""éi
[ F be A, =4 3 dyabinge N g
v i T, FEELR - r - e,
s S S e B e AR W RN ot B el [1]
. -
o - 3 B T, R -
k)
- 8w LT eloen T s s R Tt kel 1t o oa= o i
$F mremte 4 b= W m e

ML bt et g e o
- Peger P

Meth
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(iii)  During electrolysts, a small amount of gas is formed at the surface of the
skin.

-

Name the gas formed and wnte a half equation for the formation of gas.

H -

e

'1]“
LN

(iv) Dunng e!er.:troly5|s hydrogen gas is also formed at the tip of the
negat:vely tharged” need[e The formation’ of gas caused the pH of the
remalnmg solut:on to change

Explain why. the formatlon of the gas caused the pH of the remarning
solution to change. P Vaer U ”: h

Y - ¥ --v'

L 4 - R
.&r_h Bk

- - e
By e e‘—""” .

4 iy
FE (2]
{b)  Dunng the hair removal by electrolysis, the metal bar held by the customer acts
as an electrode.
Two different expenments are sef up by a student to electroplate the metal bar
used with silver to improve its appearance.
+ -
cathode gmjgrem cathode
anode -metal bar to be Lmetal bar to be
carbon rod plated plated
aqueous silver "
— aqueous silver
oxygen gas Ag?qm(:téq) - nitrate
Experiment 1 Experiment 2 AgNO(aq)

At the beginning of each experiment, a sample of the electrolyte, aqueous silver
nitrate, is removed and placed in a test-tube, A few drops of aqueous sodium
chloride are then added to the sample of electrolyte.

1)} Describe what the student sees in the test tube.

----------------- TTT LY PP P T P TR Y
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- - (i)  After some time, it is observed that when no more silver is being - - -
deposited on the metal bar in expenment 1, more silver is still being
deposited on the metal bar in expenment 2.

Suggest a reason for this observation. Predict what the student will see
if aqueous sodlum chloride is added to the electrolyte in experiment 1.

(31

[Total: 10]
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PMMA is a member of a family of polymers known as acrylics [t is a clear
plastic and is often used as a shatterproof replacement for glass. It is formed
from a single monomer, methyl methacrylate, that has the following structure:

0
I

HsC \C/C\O /CHa
Il

] State the actual name of PMMA.

1]

(i)  Draw the structure of PMMA with 3 repeat units.

(i)  Name the reaction that is used to form PMMA.

(2]

(1]

Wethodist GIfls' Schodl : " Chemisty ~ -
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(b) PLGA is another polymer which is used in manufacturing staples for closing
surgical wounds. PLGA 1s synthesized by means of polymerisation of two
different monomers, lactic acid and glycolic acid. Lactic acid and glycolic acid
can be found in food.

-
- - — -

0 fHsQ 9 CH O HQ
- | lt I . {! _C___C—OH
—0—CH—C—0—CH—C—Q=CHy—C—0—CH—C-  HO—
PLGA glycolic acid
(i) Stats the type of polymer the PLGA 15 classified as.

(1]

(ii)  State the funchonal groups in the monomers that react io form PLGA.

(]

(il  Drawthe full structural formula of lactic acid.

(1]

{iv) Name the reaction and draw the full structural formula of the molecule
formed when glycolic acid is left in the air for a long period of time.

Full structural formula

[2]

{v) Name one advantage of using PLGA.
1]

[Total: 10}
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OR

B11 Perfumes usually contain three groups of compounds called the top'note, the middle
note and the end nofe

(a) Top notes consist of small, light molecules that evaporate quickly. An example

of a top note compound is stycallyl acetate as shown below: - - -
CHs O
[ 1]
@—({:-0 —C—CH; topnote
H

(i) With reference {o the strucfure of the compound, explain why it is fikely
to have a pleasant smell.

(11

(iiy Draw the structural formula of the alcoho! and carboxyhc acid used fo
make styrallyl acetate,

- , 1

(2
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(b) The middle note compounds form vapours less rapidly than the top note
compounds. A typical compound of the middle note 1s 2-phenylethanol. The
structure of 2-phenylethanol is shown below:

i @— CH;~CH;—0H middle note

(i) Descnbe a chemical test which would distinguish between the top note
and the middle note compounds

(2]

(i) Name and draw the full structural formula of the molecule formed in
the posttive test in (i}

Full structural formula

21
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The end note compound of a perfume has a long lasting odour which stays with
the user. An example of an end note compound I1s shown below.

(CHz):r
. /TN - -
H-— I C=0 endnote
H—-C

N

(CHz)7

{0 Explain why the end note compound is descnbed as unsaturated,

(1]

(if)  The end note compound undergoes hydrogr-;ﬁanjon reaction.

State the conditions that are essential for the hydrogenation reaction,

L. T

(iiiy lodine reacts with unsaturated compounds. The iodine value is a
measure of how unsaturated a compound is. It 1s based on the
mass, in g, of iodine that reacts with 100 g of the compound.

The relative molecular mass of the end note compound is 250.

Calculate the iodine value for the end note compound.

[1]

[Total: 10]
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(b)

(e)

(@

{b)

{c))
{c)(i)

METHODIST GIRLS’ SCHOOL
SECONDARY FOUR PRELIM EXAMINATION (2015)

Answar Scheme
Sectlon A
1 {a) CFRCl - -
() NaCl
(6) CuCO;
(d) CO,
{e)  Zn50,/MgSO,
2 (a) Chlorlne has a simple molscular structure exlsts as moleculas

Thera are weak intermolecular forces of attraction between the chlorine
molecules henca liftte energy 1s needed to overcome these forces, thus
ther melting point of chlonne is low.

Molten sodium chlorlde has mobile lons but the ons in solid sodium
chiloride are held In fixed positions, hence it cannot move to conduct
electricity

Sodlum [ons galn electrons to form sodium [t is reduced

Chlerlde ions lose electrons to form chlorine, it Is oxIdised

or

The oxidation state of sodium increases from +1 In sodiumto Oin
sodium

The oxidation state of chlorine decreasas from -1 in chloride ion to 0 in
chlorine

CO s polsonous as It co b b
colls to form ¢a iob! which pravents transport of oxygen to
other parts of the body

Stage 1. Sodium carbonaié cannot be decomposed by heat as Itis a
very stable compound

Stage .2 Sodium oxde &nnot be reduced {o by wrbo;'l Hoaclioty is

'needed to break the strong lonic bopds between sodlum lons and oxide
ons

OR ., , . .
C:]‘Lbo‘n is not reactive enough to break.the strong lonlc bonds i sodium
oxlde

Volcanlc eruptions
Flooding of low-lying areas as sea lavel rise dus to melting lce caps
OR

Exlrema changes ln global climate The rlse In temperature will cause

-

5T e UBSENS, 7
ylelda!food shbﬂﬁgasldmught -

()

(@)

(a)

()

()

(dX1)

(am

(a))

(a)(ii)

m))

(L)

(b))

Zinc s mote reacfiva thar iren in the steet
Zinc loses electrons more easlly than iron, thus it will carrode
prefarantially and protect iran

Number of protons = 30

Number of neutrons = 35

A waeak acld is a substance that when dissolves In water lonfses partially
to glve hydrogen fons

Use universal indlcator

Idea that the different colours indicate different pH values / match eolour
agalnst a colour chart

(Allow thls mark even for an incorrect indlcator)

No of moles of sulfamlc acid =0 105/07 ={ 001082

Mo of moles of KOH =10 8/1000x 0 1 =0 00108

Thus, 1 mole of sulfamic acid reacts with 1 mole of KOH

Mg + 2S0;NHa—~ Mg(SO:NHz)2+ Ha

CaCOs+ 250sNHa— Ca(SO:NH2)2+ Hz0 + CO2 .
Bubbles of gas formed when sulfamic ecld reacts with calcium
carbonate

Hydrogen burns in alr to releass a lot of heat energyf Oxygen In the alr
will react with the heated iron to form Iron oxide

Volume of NH; formed If 100% converslon = 26 x 2 = 50cm’®

if only 15% converted, volume of NH, formed = 50 x 16/100 = 7 5cm®

As prossure Increases, the % yield of ammonla Increases

Advantage higher temperature, the rate of reaction will Increaseffaster
Disadvantage: lower % vield of ammonla.
Only a small amount Is needed / can be recycled/ catelyst remained

unchanged at the end of the reaction, hence can be recovered if used
as catalyst.

=y

—-_ -k

-
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(8) Movement: The particles In the liguld move and slide in and throughout
each other while the particles In the gas mova randomly and at high

speed In all direction

Arrangement: The particles in the liquid are closely packed but aranged
in a disprdery manner £ irregular arrangement The particles [n the gas

are far apart.

1m for correct covalent bond between Hand O
1m for correct correctly shown valence electron In ©

()
Naturs of
Tast Obsarvatlon hydrogen
peroxide
hydrogen peroxide Oxi
Is added toTron(ly | 9} groen Salution dising agent
sulfate ¥
hydrogen peroxide
Is added to purplo solution tums | Reducing agent
acidified potassium colourless
manganate (V1)

{a)  Enthalpy change of reaction = 2897 ~ 181 = — 2816 kd/mal
Students need to give the negative sign, fo be awarded the 1m
(b)  Excthenmic,

More enargy Is releassd to make the bonds In water and carbon dioxide

than energy faken In to break the bands In glucose and oxygen

() 1 mols contalns 180g of glucose (which contains 2816 kJ energy)
1 g of glucose contains (2816/180) = 15 6kJ of energy

0

(a) Boiling polnt.
(b)) dissel oll, waxes and bitumen

(b)) Lower in demand compared to percentags of supply Hence the excass
can be used for cracking-to form petrol - -

(e)i) Cihie — CHy+3CH,

{I)  Bubble the gages separately Into agueous bromine / bromina solution
Gas B lums feddish-brown aqueous bromine colourless whereas
agueous bromine remalned reddish-brown whan methane was bubbled
Into It.

-k




Answer Scheme for Section B

B9 ({(a)

(b)

{c)

{d)

(o)

B10 (a)

As the concentration of the reagent Increases, the rate of reaction also
Increases

Comparing experiment 2, 4 and 5, while keeping the concentration of
aqueous chlorine dioxide the same, as the concentration of aqueous
sodium hydroxide/fhydroxide lon increases, the rate of disappearance of
aqueous chlorine dioxide also increases.

-Companng experiment 1, 2 and 6, whils keeping the concentration of

aqueous sodum hydroxide fhydroxide lon the same, as the concentration
of aqueous chlonne dioxlde increases, the rate of disappearance of
aqueous chlorine dioxide also increases

1m for stating the genaral trend
1m for comparing the correct experimant
1m fot mentlon that keeplng concentration of the other reagent the same

When the concentration of agueous chtorine dioxide or hydroxde 1ons 1
Inereases, the number of agueous chistine digxide particles or hydroxide

fons per unit volums increasss or the number of moles of agueous

chlofine dioxide particles or hydroxide ions per uni volume increases.

This causes an increass n the frequency of effective collislons, hence, 1
the rate of reaction also increases.

en the conee on of aque
chiol dioxidae Is doublad/twlce, of dlsa creased b

times,

Comparlng experme d4or{1and3 an the co tratio
agueous sodium hydroxide roxide lon Is doubled/twlce, rata of
disappearance ed by 2 timas/ Isdoubledfiwice

Hence, | agreed with student {

OR

Comparing experiment 2 and 5, when the concentration of aqueous
chlorine dloxide [s thrice, rate of disappearanca Increased by 9 times

Comparing experiment 2 and 6, when the concenlration of aguecus
sodium hydroxide /hydroxide ion Is thrice, rate of disappearance
Increased by 3 times

Hence, [ agreed with student 1. '

1m for stating 2 palrs of experlment number.,
1m for the working

Rate of disappearancs

= using expt 4 (0 040 modm® of CI0, and D.060 melém? of OH')

multlply by 2

=002208x2

=0 04416 mol/ dm’ s 1

The oxldation state of chlofine Increased from +4 in ClO, to +5 n CIOy’, 1
The oxidatlon state of ghicrine decreased from +4.1n Cl0; {0 +3 in C[Oz, 1

LI T SRR B

[Total,10]
1

0 ll;[tg aauepus sodium shlorda conln mobil lons OR Pure

(I H,OH,Na*, Cr 1
(2!l correct: award 1 mark)
(i) Thegasls oxygen, 1
40H (aq) = 2H,0()) + O:{g) +e" 1
(iv) s more and more hydroge s ferentally discharged to 1
form hydrogen gas, concentration of hydrogen jons decreasas
OR
the remaining solubion is sodium hydroxide
Hance, tha the solutio
1
() ()  White procipitate Is observed 1
() Inexperment 1, all elect 1
discharged, In experlment 2 the sﬂverln the anode wxll cogﬂnu
0 O; disea d form silver lons o fnto the solution, The 1
siiver fons will continue to be discharged at the cathode®
No whita precipitate formed! Mo \_rl§1p]e change when aqueous
sodium chloride is added 1
OR
* Silver In the’ annda in experiment 2 will oxldise to form silver Ions
* which'go Into the solutlon (1m)
In experiment 1, the silver lans that dischargad on the metal bar
come from the sllver nitrata solution only In experiment 2, whila 1
mole'of sliver lons Is discharged, 1 mola of sliver lons 'will be
replenished in the solution (1m) - .
No white”précipitate” formed/ No visible change when agueous
sodium chloride Is added {1m)
[Total:10]
EITHER
B11 (a) (1) Polymethyimsthacrylate 1
m 2
CH: 'il CHy |.l.| FH:
— !
ﬁ—LO—CHa E_ LO—CH: I;_t:t-o—(?H;
5 4
{ly  Addition polymerisaion 1
() () PLGAIsacondensation polymer. 1
_{n} Tho-oRom nal L |

groups (Buf.h comact award 4 m)



iy

|I{ ] 1
p
H-O—E—E—O-H

{v)  oxidafion 1
1
|
H-O0=C—C—0-H
(v) PLGAls biodegrable 1
[Totat 10]
OR
Bi1 (a) ()  Thecompound consists of a funcliona! group named ester 1
[{U] Alcohol
T 1
el
H
Carboxylic acld
s
1l 1
HO —C ~CHsy
(b)Y (i) dd acidified po nganate(Vil) soluflon to each sample 1
of top note compound and middle note compound
If the acidified potassium manganatefVID) sclution tumead from
urple to colourless, the sample [s middie not
If the acldified potassium manganatef\l) solution remalned
purple, the samptle Is top note,
OR
Add acldifled potassium dichromate(V1) solution to each sample, If
tha solution tumed from orange to green, the sample |s middle
note or if the solution remalned grzen, the sample Is top note,
1m for fest, 1 m for the cbservation
{i—2-phenylehanow-acia 1

2

(e)

0
(m
(i

O

P
Uahe
H

The end note conslsts of carbon-carbon doubla bond
Temperature of 200°C and the catalyst used is nickel

1 mol of end nota reacts with 1 mol of lodlne
No of mole of end note
_100
250
No of mole of lodine =04
Mass of lodina
=0 4x2x127
=102
lodine valua is 102,

-

1
[Tetal 10]




Name Reglster Numbsr: Class 1 Thetable below shows a list of elements and tha symbals for thelr atoms,

element symbol for atom
For Marker's Use hydrogen e
- = - - oxygen. .- o .. -
. , krypton )
\ﬁ { & # % Which diagram best shows the arrangament of a mixture of hydrogen, steam

and krypton gas In a balloon?
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1 hour

Candidates answer on tha OTAS

INSTRUCTIONS TO CANDIDATES
Whte your name, register number and class on the OTAS in the spaces provided and

also in this question booklet.
2 The sun-it side of the planet Mercury has a temperature of 427°C. The dark or

There are forty questions In this paper Answer all quastlons, For each questlon, there night slde of the planet has a temperatura of -180°C, Which substance may be
are four posslbla answers, A, B, C and D Choose the one you consider correct and 4 found on one side of Mercury as a liquid and on ths other side as a solld?
record your cholce In soft pencll on the OTAS

Read very carefully the fnstl‘ucﬂons on tha OTAS.

INEORMATION FOR CANDIDATES

Each comect answetwlll 5core ane mark. A mark will not bs deducted for a Wrong answer
Any rough working should ba done on the question paper

The use of an approved sclen‘lfﬂc mlcuiator is expected where appropriate.

A copy of the Periodic Tabls [s printed on page 13,

substance melting polnt°C bolling polnt°c
Satter: Mr Tien Chea Wal A oxygen -219 -183
B  phosphorus 44 280
This paper consists of 13 printed pages Including the coverpage. C ethane -183 -87
D sulfur 115 445




The experimental set-up shown balow Is used to collect the gaseous product of
the reaction between iron fllings and dilule hydrochlorc acld

gas Jar

concentrated stlfuric
acid

Which of the following statements about the experimental set-up is Incorrect?

A Concentrafed sulfurlc acld acts as the drylng agent.

B  The gas Jar Is inverted to collect a gas that Is of low densily.

C  The fron filings can be replaced with magnesium to produce the same
gas,

D ItIs not necassary to ensura that the end of the thistle funnel Is immersed
In the hydrochloric acld

Which of the following mixtures would be best separated using fractional
distlllation?

A butane and water

B butanol and water

C  athyl ethancate and water
D  barlum carbenate and water

You are asked to separate a suspension of siiver chloride In a solutlon of
potasslum chloride and ammonium chloride so as to obtain all threa
substances To do this, the following processes can be used: evaporation,
filtratlon and sublimation. In which order should you carry out these processes?

A sublimation, filtratfon, evaporation
B  sublimation, evaporation, filtration
C fitration, evaporation, sublimation
D fitration, sublimation, evaporation

10

The formulas of two substances are glven as Co{NO2)zand Co(NQa); Which
statement is true?

A Thetwo substances are mixtures of cobalt, nitrogen and oxygen.
B  The elements are different in the two substances

C Both substances are compounds

D The percentage of cobalt Is the same in both substances

In an experiment, a solid X Is found to melt at 121 ¢, the same temperature as
the meslting point of benzoic acid To check the Identity of the solld, some ofitis
mixed with pure solld benzolc acld, The melting point of the mixture is found to

be 115°C. From thls, it can be deduced that XIs

A ambdure.

B a pure compound

C  notbenzolc acid.

D  Impure benzoic acld

An lon of element X has 22 electrons and a mass number of 55 What Is the
charge on the lon if the number of neutrons Is 307

A 2

B -2

C +3 -
D -3

Selenium Is a chemical element with symba! I3Se. It was discovered in 1817 and
has an electronic configuration 2 8 18.6 What is the electronic configuration of
the sefenida lon?

A 28

B 2848
C 28.188
D 28182

Which one of the following Is a compound consisting of small molecules?

A natural gas
B [ithium

€  heptane

D diamond




1

12

13

A mbdure of silicon and magnesium was added to a beaker of excess dliute
hydrochloric acld as shown in the diagram below At the end of the reaction,
the mixture was filtered to obtain the siicon as reslduse,

- ™ - P
0o
dilute o 0? o} ———bubblesofgas ¥
hydrochloric acld ——s—-—1-> o o
T ey it s an
magnesium

Which of the following options indicates comrectly the type of particles present
in the substances shown in the diagram?

magnesium slilcon dilute gasY
hydrochloric acid

A lons and atoms lons and molacules molecules
electrons .

B atoms molecules ions atoms

c ions and molecules lens and molecules molecules
electrons

D 1ons and atoms ions molecules
elecirons

The electronle structures of elements X and Y are

X.2818.1882

Y.286

What are the likely fommula and type of bonds In the compound of X and Y7

formula bonds

A XYz lonic

B Xy covalent

C Xy lonic

D XYa covalent

Haw many oxygen atoms doss 62 5g of hydrated copper(ll) sulfate,
CuS0, 5Hz0, contain?

A 600X108
B 750X10%
¢ 1.35X10%
D 540X10%

14

15

16

17

18

Tritlum s an Isotope of hydrogen with the symbol §T It reacts with oxygen to
form a liquid called trtiated water, T-0

What is the mass of trittated water produced when 3g of tritium reacts with 16g
of oxygen?

A 9

B 1ig
c 2
D 44g

7 15g of hydrated sodium carbonate (NazCQ3 nH;0) were freated with excess
nitric acid o produce 600 cm’® of carbon dioxide measured at room conditions
Calculate the value of n

A 4
B &
cC B8
D 10

If 249 of sulfur trloxide (SOa) contains x atoms, how many atoms {in terms of
x) are thare in 2.4dm?® of carbon dioxide {CO;), measured at rtp.?

A 0.25x
B 033
C 0.50x
D 100x

There are two aclds, hydrochloric acid and ethanolc acld, of the same
concentration (both 1 08mol/dm®) Which of the following isfare sultable
methods to tast thelr strength?

{ using a pH meter
i measuring their electrical conductivity
m titration using sodium hydroxide solution

A llonly
B landll
C  landlll
D LilandIll

Which exide can react with hydrochloric acld as well as with Iithium hydroxide?

calclum oxide
Iron(llf) oxide
lead(il) oxide
sulfur dioxide

(=Rl B
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20

21

22

A mixture of magnesium bromlde and magnesium sulfite s known to contain 3
moles of magresium lons and 4 moles of bromida lons How many molss of
sulfite lons are prasent?

A 1 - -
B 2
c 3
D 4

Tartaric acld is a dibasle acld and its salts are used in food The molecular
formula of tartaric acld is HgC4Os
What are the possible formulas of the salts formed by tartaric acld?

A KoH4C4Qs and N(HaC.;Oe)a
B FeHac405 and LizHsCyOs

[ o] BaH4C40gand LIHsC4Og

D  NaHsC40s and NazHsC4Os

When solutions of lead(ll) nitrate and potassium iodide are mixed, lsad(ll) lodide
Is precipitated The equation for the reaction Is as follows
Pb{NO3); + 2KI ——>Pbl, + 2KNO3

- = - - e
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Different volumes of1.0 mol!dm aqusous potasstum Iodlde {P)are added to the
same volume of 0.5 mol/dm? aqueous ead{ll) nitrate (L) In each of five test-tubes
as shown above, When the precipitate settles, 1t s found that the amount of
precipltate

A are the same In all five test-tubes

B Increase stepwise from tube 1 to tube 5

c Increase from tube 1 to fube 2, but are the sama In tubes 2 to 5.
D Increase from tube 1 to tube 3, but are the same Intubes 310 5

Disproportionation reactlons occur when an etement [s simultaneousty
oxidised and reduced. The oxldation number of the element will change to

beth a higher valua and a lower value respectively.

Which of the following named elements does not undergo disproportionation?

element  aquatlon of reaction

carbon HzCa04 — > H20+ CO + CO2
chlorine  3CI0° ——>Cl0s + 2CT

nitrogen  H20 + 2NO; ——>HNOs+ HNOg
sulfur 2FeS0s— Fex03+ 502+ 803

oOom)

o -~
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24

25

26

In which of the following reactions doss Fe?*(aq) act as a reducing agent?

Fe™(aq) + Mg(s) ——> Fa(s) + Mg*(aq)
4Fa“(aq) + S0:*aq) + 6H*(aq) —> 4Fe™(aq) + 5(s) + 3H0()
Fe*{aq} + 20Haq) —>Fe[0H)z(s) _

Fe(s) + 2H*(ag) —> Fe?*(aq) + Ha(g) T

o0Om>

Metal X is placed between zinc and iron in the reachvity senes Which
prediction can ba made about metal X?

A Metal X displaces magnesium from an aqueous solution of a magneslum
salt.

B Metal X reacts with dilute hydrochlorlc acld to produce oxygen

C  Metal X forms a hydroxide which Is Insoluble in water.

D Metal Xis extracted from its oras by electrolysis.

The table shows the results of adding welghed pieces of zinc metal in sait
solutions of metal P, Q and R

final mass of zine after
15 minutes/g

salt solution of metal Inltlal mass of zinc/g

P 60 00
Q 60 60
R 60 45

Which of the following shows the correct amangement of metals in decreasing
reactivity?

A P,R,zinc,Q
B R,P,zinc,Q
c Q,zng PR
D Q,znc,R,P

In an experiment, 6 moles of magnesium ions were discharged In the
electrolysis of molten magnesium chioride Which amount of metal would be
discharged by the same amount of electricity in the following experiments?

A 3 r;'loles of copper{ll} lons In the electrolysis of aqueous copper(ll)
sulfate

8 moles of zinc lons in the electrolysls of aqueous zinc chloride,

12 moles of calclum lons in the electrolys!s of molten calclum fluoride.
12 moles of lithium lons In the electrolysls of molten lithium bromide

oom
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Cadmium Is a metal used to make rechargeable batteries. The punfication of
cadmium by electrolysis is shown below. Cadmium and zlne form fons with the
same electrc charge

- +

pura — Impure cadmium (cadmium
cadmium < With some zIne Impusity)

.

T aqueous cadmium lons
and zinG NS

The following results were obtained from an investigation of this process
mass of pure cadmium mass of impure
electrode/g cadmium electrode/g

at start of electrolysis 140 860

| at end of electrolysls 700 260

.The percentage of zinc In the impure cadmium is

A 667%
B 163%
C 233%
D 833%

Carbon and sllicon are In the same group of the Perlodic Table Which of the
following formulas Is incorrect?

A CaSi0;
B SlHy

C SiCh

D HSICly

Astatine (At) Is a member of the halogen famlly, It has a proton number
greater than the other halogens It Is expacted that astatine

A Is acoloured liquid at room temperature

B  Isthe halogen with tho weakest oxldizing power
C  has the lowest melting point.

D s the most reactive halogen

30
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32

33

Study the foliowing equation®
CgHip —— CsHiz +C3Hg  AH = +110kJ

Which of the following statements {s correct?

A Iltis a substitution reaction

B The heat of combuston s 110kJ per mole of octane
C  The cracking process takes In heat energy.

D  The bond breaking process Is exathermic

Methana reacts very slowly with air at room temperature But if a transition
metal T Is added to the methane-alr mixture, the methana Ignites The addition
of T

| reduces the activation energy.

i Increases the AH.

n increases the rate of reaction

v reduces the energy of the reactants

A landllonly

B lland lll only

C landlll only

D  all of the above

Which of the following conditions will cause the highest rate of reactlon
between the dilute acids and zinc?

A 10gof zinc lumps and 50 cm® of 1molfdm® HCI

B 10g of 2inc powder and 50 cm® of 1moldm? HC!

C  10g of zinc lumps and 50 cm® of 0 Smoldm® H2S0,
D  10g of zinc powder and 256 cm® of 1moldim® H;S04

Potassium chlorate solution decornposes according to the equation shown:
2KCIOs(aq) — > 2KCl{aq) + 30:(p)

If 50cm”® of water Is added to the potassium chlorate salution before the
reaction begins, what effect will it have on the rate of the reaction and the
volume of oxygen produced?

A Both the rate of reaction and the volume of oxygen produced will
decrease,

B  Tha rate of reaction will Increase but the volume of oxygen produced will
decrease

€ The rate of reaction will decrease but the volume of oxygen produced will
remaln unchanged

D The rate of reaction will remaln unchanged but the volume of oxygen
producad will decrease,

10
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37

38

Which fertilizer provides the most nitrogen per kg?

A NHJNO;

B NaNO;

C  {NH)PO4 - - .-
D (NH:S0s

Alr samples collected from the Central Expressway tunnels were analysed
Which of the following substances ara Iikely to be present in the alr samples?

] CO

Il CgH1s
Il NOy
IV CzHq

A landil

B landilf

c Lftandlll

D LibMand IV

When a mixture X consisting of CsHsz, CrHye, CroHzz and CygHae undergoes
fractlonal distillation, the fraction that Is collected at the highest In the column
is richer In

A CsHaz

B C7H1s.
C  CyHz
D CigHas

What is the total number of stralght chaln and branched chaln Isomers for the
organic molecule pentene?

A 3
B 4
cC &
D 6

Which of the followIng statements about the alkyne serles of hydrocarbons,
CrHznz (N22) is true?

A The hydrocarhons are saturated.

B  The relatlve molecular masses of successive members In the serles
differ by 12.

C The bolling point of alkyne decreases as n Increases

D  Alkynes decolourise aqueous bromine raplidly.

39

40

Aspirn is one of the most widaly used pain relievers in the world 1t has the
structure as shown

From the structure, we can deduce that aspinn

will tum phenolphthalein pink.

reacts with ethanolc acid to form an ester

will produca carbon dloxide when reacted with a carbonate.
Is an unsaturated hydrocarbon

oOm>

Part of a polymer Is shown below Which palr of alkenes was used as
monomers?

S0 e N S W G A
—C—€—C—C—C—C—C—C—
A N
HH HHHH H

athene and propens
propene and but-1-ene
ethene and but-1-ene
propene and but-2-ane

oowm

n
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A1

Section A: Structured Questions [60m]
Answer all questions in this section in the spaces provided.

Carbon has fifteen known 1sotopes ranging from carbon-8 to carbon-22.

a) Explain what is meant by isotopes. 1
b) Complete the table below with the comrect number of subatomic particles. (]
Number of Number of Number of
Isotope
protons electrons neutrons
8
6C
1% c
145
6C

c} Carbon-14 is formed in the upper layers of the atmosphere where a free moving nifrogen
atom collides with a very energetic neutron in the reaction below, giving off a particle from
its nucleus.

“N+pn — “C +Particle X

1) Name pariicle X. 1]

u) Name another particle that is formed in the upper layers of the atmosphere which i1s
responsible for the destruction of the ozone layer. [1]

d) Due to carbon’s special electronic configuration, it is able to form a wide variety of
compounds, both organic and inorganic, with many other elements.

1) When carbon reacts with oxygen, an inorganic compound, carbon dioxide is formed.
Draw a dot-and-cross diagram for carbon dioxide, showing only the valence electrons.

2]




[¥

if) When methane undergoes substtution reaction with chiorine, dichloromethane 1s formed
as one of the organic products. Draw a dot-and-cross diagram for dichloromethane,

showing only the valence electrons. 2

A2 ronis extracted from haematite ore industnally in a blast fumace as shown below.

¥asie gases

Haematite +

+

frebrck ning

ay—wn
- '-‘___,--"" u:___._
1 []: M

I L B

a) Fill in the blanks in the diagram above [4]

b) Wnte a bafanced chemical equation with state symbols for the reduction of haematite by the
gases in the blast fumace. 2]

¢) Assuming a yield of 65%, calculate the mass of ircn that can be extracted from 10 tonnes of
haematite ore. [1 fonne = 1000 kg] i2]

£3J9
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d) Due to contamination of the ore with sulfur, sulfur dioxide is often formed and released into
the atmosphere with the waste gases

1) Suggest one harmful effect on the environment by releasing large amount of sulfur
dioxide into the atmosphere. 1]

i) Name a process that can remove sulfur dioxide from the waste gases and wnte the
chemical equation for the reachon. 2]

m) Name one other possible air poliutant that can be present in the waste gases. M

e) Vibranium is a fictonal metal that is used to make Captain America's shield. An excerpt
below explains how vibranium makes the shield almost indestructible.
“Vibranium has the unique property to absorb alf vibrations as well as kinetic
energy directed at it. The energy absorbed is stored within the bonds
between the molecules that make up the substance .. Using the shield
made of vibranium alloy, Captain America is able to cut through other metals .”

i) State the wrong concept from the bolded sentence in the excerpt above and explain
why 1t is incorrect. 2]

i) Draw a well-labelled diagram of the likely structure of Vibranium. B |
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ii) Name an alloy that can also be used for the same function as Vibranium as mentioned
in the excerpt. k)l

A3 Beaverina sets up the following circuit using different metals as electrodes in an investigation.

\ _
\/

Wires C D

— -

AN
Beaker X \ Beaker Y

Ditute copper (ll)
sulfate solution

a) Suggest which beaker is functioning as the simple cell in the set-up above. (1]
b) Draw arrows on both wires to show the flow of electrons in the circuit above, (1
¢) Complete the table below to predict the observations made. [4]
Location Observations
Electrode A
Electrode B
Electrolyfe tix| =7
Electrolyte in Y

d) Write the equation for the reaction occumnng at electrode B. [1]

- - - - —~ v

e} Predict ong changs to the observation mads at eféctrode A; If any, When thé Zind électrode
is replaced by a magnesium electrode. f1]
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A4  Sodium sulfite (Na,;SOs) is often added to preserve food. The amount of sodium sulfite in a piece
of meat can be determined through a series of tests shown below.

Step 1: Boil the meat with hydrochloric acid to form sodium chloride, water and sulfur dioxide.
Step 2: Collect gas produced and bubble it through 100 cm’® of water to dissolve sulfur dioxide.
Step 3: Titrate the solution obtained against iodine according fo the following reaction. -

50, (aq) + 2H,0 () + 12 (aq) —> 4H" (aq) + SO~ (aq) + 2I' (aq)

a) Wnte a balanced chemical equation for the reaction in Step 1. [11

b)

Describe a chemical test to determine if there is any sulfur dioxide present after the gas has
been bubbled through water in Step 2. 2]

It was noted that 12.00 cm® of 0.0250 mol/dm® of iodine was required for complete reaction in
the titration. IO T "o 4 -

i) Calculate the volume of SO, produced in Step 2. 2]

i) Explain, using oxidation states, why the fitration in Step 3 involves'a redox reaction. [2]
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A5 Phase diagram 1s a chart which shows the physical states of a substance at various temperature
and pressure. The chart is divided into regions where the substance exists as a solid, liquid or
gas.

The bolded lines in the diagram that separate the regions are known as phase boundaries, where
the substance changes from one state to another. Shown below is a phase diagram of carbon
dioxide and some of its physical states at various pressure and temperature.

!
73—->..-~--———r~—v—-—-=—:s—-'-.-r—--—-

I
c el
= ¢ f
g Solid : {
£ F
2 ;
0 525 [
[
F
- 2
1 L
E
0. |- i

-2732 -15.7 -56.6 31.1

Temperature {°C}
Pressure /atm Temperature /°C Physical state

1.0 30.0 Gas

5.0 -70.0 Sold

70 0.0 Liquid

a) Carbon dioxide is being stored under a pressure of 1 atm. Suggest the temperature that it
should be kept at such that it is in a solid state.

!

b} Name the physical process that occurs along the phase boundary from point Ato point B. [1]
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c) Using the idea of kinetic particle theory, state what happens to the arangement and
movement of the particles of carbon dioxide when it is heated from point C to D under
constant pressure [2]

P
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Section B: Essay Question [30m]

Answer all three questions in this section. The last question is in the form of an either/or
and only one of the alternatives should be affempted.

Begin each question on a fresh page with its question number clearly written.

Although solids of fonic compounds are generally known to be soluble in water, some ionic solids
such as calcium hydroxide or silver sulfate are only sparingly soluble (soluble to a small extent) in
water,

The solubility of fonic compounds depends on two factlors,
s The forces of attractiqn behmegn the vyater molt?cules ‘and the ions of the sohd.
» The forces of attraction between the cations and anions of the soi_id.

Fig 1: Dissolving of icnic compound in water

The solubility of spanngly soluble jonic compounds can be estimated from its solubility product,
Ksp, which is a constant value that is only affected by temperature. The higher the K, value, the
more soluble the compound will be.

The table below shows the K, values of some common ionic compounds.

Compound Chemical Formula | K, (mol/dm®) at 25°C
Barium sulfate BaSO, 1.0x10°
Calclum carbonate CaCO,3 5.0x10°
Calcium sulfate CaS0, - 2.0x 10
Silver chloride AgCl 2.0x10™
Table 1

Predicting precipitation

The K, value can be used to predict whether precipitation of a certain compound will occur when
two solutions are mixed together. The tonic product of the concentration of cations and anions
present in the mixed solution is compared to the K, value. For instance,

BaSO; == Ba¥ + S0,

lonic product = (Concentration of Ba® ions in solution) x (Concentration of SO in solution)

299

Scenario Outcome
lonic product = K, No precipitation. Solution is just saturated.
lonic product < K., No precipitation. Solution is not saturated.
lonic product > Ky Precipitation is observed. Solution is already saturated.
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a) Using information from above, explain why sodium chloride is very soluble in water while

silver chloride is only sparingly soluble. [2]
b) Predict the relationship between temperature and K, value of an ionic compound. 11
c) State the least soluble compound found in table 1. 1]

d) Suggest the name of another ionic compound not present in table 1 that has a very low
Ksp value (1]

g) Michelle plans to add equal volume of 0.01 mol/dm®of calcium nitrate solution to 0.0025
mol/dm? of sodium sulfate solution to precipitate out calcium sulfate salt as shown in the
diagram below.

0.01 mol/dm* 0.0025 mol/dm’
Calcium nitrate / Sodium sulfate

)

A
{ [’
-y

v

v

-

R ERE AN

z

(‘ .

Mixed solution

Determine, by calculation of ionic product in the mixed solution, and with reference to table
1 and 2, if precipitation of any compound wll occur. (3]

f) Without further addition of any reagent, suggest two ways of increasing the amount of solid
precipitated out from a salurated solution. 2]

10
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B7) Perspex, also known as acrylic, is a transparent thermoplastic that is made from the
polymerisation of a monomer, methyl methacrylate.

The process below shows part of the production process of methyl methacrylate.

O0H R tA COOCH;
. N T
CHj Cone, H;50, CH;
Heat Methyl methacrylate
a) Name reagent A. (11
b) State the type of polymerisation that methyl methacrylate undergoes and the chemical
name of perspex. [2]
c) Draw two repeating units in the polymer perspex. [2]
d) Aqueous bromine solution is added to perspex.
i) State the observation made. [1
n) State one conclusion, based on the observation in part di), about perspex. 2]

e) Another type of transparent thermoplastic, polycarbonates, is used to make spectacle lens
due fo its high strength and ability to block UV light.

Polycarbonate is formed by condensation polymensation where sniall molecules of HCI are
removed as the polymerisation takes place. The fwo monomers of polycarbonates are shown

below.
i '
Il
G o' e
BPA Phosgene
Draw the structure of polycarbonate. [2]

f) State one difference between the polymerisation process of perspex and polycarbonate other
than the elimination of small molecules in polycarbonate. [1]

11
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EITHER

B8) The table shows the arrangement of elements made by John Newlands in 1886.

ROW
1 |H F e |cCo Br |
J 2 tu Na |K Cu Rb l_ .
3 |8 |Mg |Ca |Zn s
4 |B Al Cr Y
5 |C Si T in
6 |N P Ma |As
7 ]0 8 Fe Sc

The elements are arranged in vertical column according to their relative atomic masses.
State how the elements are arranged in the modern Penodic Table, 1

Based on the arrangement, determine the first three elements in the last column, List the
elements in the order from the top to the boftom. 1
With reference to the elements in the second horizontal row,

i) State which element is wrongly placed -and what the néw classification of that element
inmodem Periodic Table? .., .. ... e o (1

« il) Explain your answer In part cl) usirig the chemica1 reaction-of the'elements wuth water

d)

Write a suitable chemical equation to support your answer. 3]

The graph below shows the melting point of the elements in the second column of Newlands
table with the exclusion of fluorine.

Bt

.
Y
e
L

i) Explain why melting point increases from sodium to aluminium in the graph. {2]

i) Even though silicon, phosphorus and sulfur are all covalent substances, silicon’s
melting point is far apart from that of phosphorus and sulfur. Explain why thisis so.  [2]

12
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B8) In the past 60 years, scienfists have discovered that a chemical reaction between a naturally
occurring chemical called luciferin, together with oxygen, calcium or magnesium, is responsible
for the glowing of fireflies. The structural formula of a molecuie of luciferin 1s shown below.

H” T\ //C\C,S H

S-- c/
I 1 C"‘C/ o
cC 7

/
, o od

Fig 2: Structurol formulo of Luerferin

a) State the molecular formula of Luciferin. 1]
b) Calculate the percentage by mass of sulfur in a molecule of Luciferin. (1

c) Asenes of chemical tests are performed on a sample of Luciferin.
(1) Suggest the observations for each of the test.
Test 1: Addibon of acidified potassium dichromate (V).
Test 2. Addihon of aqueous sodium hydrogen carbonate. [2]

(i1} Draw the full structurat formula of the organic product formed in test 1. 1

d) ltis often thought that the production of light by fireflies occurs via the following pathway
catalysed by an enzyme luciferase.

Luciferase
Lucifenn +0; ——>  Oxylucifenn + CO; + Light

(i) State, with reasons, whether the oxidation of Luciferin is an exothermic or endothermic

reaction. (1
{n) Define what is meant by an enzyme. 1
(iii) Draw a well-labelled energy profile diagram for the oxidation of Luciferin, clearly

showing the pathways for the catalysed and rion-catalysed reactions, [3]

. ~~End of paper-- .

© What in the word isn't Chemistrv? Q)

£Zbd
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