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Section A
Answer all questions in the spaces provided.
The total mark for this section is 60
A1 Carbon dioxkie can be formed by & number of different types of reaction. Suggest the
identities for each of the following:
a  aliquid that bums In excess oxygen to give carbon dioxdde and waler only,
b asolid that burns to give carbon dioxide only.
¢ agas that burms fo give carbon dioxide only.
d a solid that when heated gives carbon dioxide as ane of the two products,
e asolution of a solid that produces carbon dioxide and ethanol with yeast.
f a&soluble compound that reacts with an acid to produce carbon dioxide.
S — R — tFotal 6]
nglo- Chinesa Schos! [Inikspandent] Probm Exam 2017 Y& Frpness [Tum over
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A2 The charl below shows the reaction scheme of an element R.
Element R
Warm with Acid S
v
Green solution |—NOa (aq) followed by Ba(NOs), (aq) White precipitate T |{
a few drops of NaOH (ac)
followad by excess
Dirty green On standing Green precipitale lurns I
g 3 into a rad-brown
precipitate U pitale V
a  Give the formulae of the following substances. [2]
T:
V:
b Write the ionic equation, with state symbaols, for the formation of the precipitate U.
(2]
[ i Acid 8 Is a strong acid, What is a strong acid and name the lon needed for
acidic properties? 2]
il Wiite the equalion for the reaction of element R and acid 8. M
ili Describe how a pure dry sample of green crystals can be prepared from the
reaction belween element R and acid S. (3]
N [Total: 10)
Angho-Chinsse Sohoct [ldapandent) P Exsm 2017 ¥4 Exeass: [Turn over
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A3 A metal cup is electroplated with silver using aqueous silver nitrate as Ihe eleclrolyle.
The anode is a plece of 20.0 g silver and the other electrode Is the metal cup.
a  Explain why a plastic cup Is not suitable for eleciroptaling. [1)
b Explain why the concentration of the electrolyte remains constant throughout the
process, [2]
¢ The cupis plaled wilth 2.7 g of silver and the final mass of the silver anode is
16.9 g. Calculate the percantage purily of the silver anode to 3 significant figures.
2
[Total: 5]
A4 In the Haber process, ammaonia s manufactured by the reaction between nitrogen and
hydrogen. The equation is given below:
Nz{g)+3 Ha (@) === 2NHi(g)
a  Explainin terms of changes in the oxidation states, why this is a redox reaction, |2]
b Name a source of hydrogen for the above reaclion. [1]
¢ Ammonia is moslly made into ammonium sulfale to be sold as feriilizers.
Farmers add (hese ferlilizers to the soll 1o produce a good yield of crops. However,
farmers should not add calcium hydroxide 1o the soll at the same time.
Explain why calcium hydioxide is not used togelher with these fertilizers, 2]
= [Total: 6]
Anglo-Ghinass School (ndapendent) Prabin Exam 2017 Y4 Exjress [Turn over
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A5 The hulls of ships are bullt from stesl. The hull is painted and also have zinc biocks
welded to the hull as shown in the diagra
[OLT
l —
Ship hull made
of steal
" —n e e 2
Zing blocks — & .
—_ -
altaichad to he |0 = €20 0
sl bt
a Steel Iz stronger than pure iron which makes it more suitable for bullding the il of
the ship. Explain why steel Is stronger than iron, (3]
h  Explain how the coal of paint on the bull of the ship reduces rusting, [2]
c 1 State and explain the role of the zine blocks welded to the steel hull. [3]
i State he products whan calcium s ieactad with cold walsr, 1
i Explain why magnesium can be an allemative for zine but calcium is
unsuitable. 11]
I [Total: 10]
Aigdo-Eihierze Bl (habaqranlond) Praflom Exmn 2017 11 Ermaan [TI.II'I'II over
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AB  The structural formulae of three alcohol molecules are given below.

HHHHH H
S I ]
H—C=C—C—C—C—QH H—€—C—
1 |
H O H W H H

Penten| Pentanol

H,_\ /D—H
P Fa N
/ /\

H
/ “\.
Wi
Cyclopentanaol

a  Which of Ihese molecules are isomers? Explain your answer, 2]

b One mole of cyclopentanol undargoes substitution reaction with one mole of
chiorine. Use the structural formulae 1o construct the equation for the reaction.
You should also indicate the conditions needed for the reaction. [

¢ When warmed with a strong oxidizing agent, pentanol can be oxidized. Mame a
suitable oxidizing agent and give the structural formula of the organic product.  [2]

Anglo-Chinsse Sehol (Indepandont] Prelm Exoen 2017 ¥4 Express
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d  Penlenol undergoes addition polymerization. By showing thres repeat units, draw
part of the molecule of poly{pentanol), 121
[Tatal: 8]
AT  In an experiment, small amounts of three melals were added to three aqueous metal
nitrale solutions.
The resulls are shown in the {able.
Aqﬂuangm Aqueous Afueous
nitrat iron{ill) nitrate chromium(lll) nitrate
No Orange solution tums Green solution turns
Zinc reaction | coleuriess and zinc is coated | colourlass and zinc is coated
with a shiny grey solid with a shiny grey solid
Mo No Mo
L reaction reaction reaction
No Orange solution lurns pale NG
Chromium ‘ yellow and chromium is .
reaaon coated wilh a shiny grey solid teaction
a  Amange the three metals in increasing order of reactivity. 2]
b Wiite the lonic equation, with state symbols, for the reaction between zinc and
agqueous chromium(lll) nitrate. 2]
¢ Aluminium metal was added to agueous Iron(ll) nitrate In another experimant,
Suggesi why there is no visible reaction, [2]
[Total. 6]
Ao Chiness Sehool (dapondent) Pralim Exam 2017 Y4 Expiess [Turn over
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Section B
Answer all three questions from this seclion.
The lagt question is in the form EITHER / OR and only one allernalive should be altempled.
Tie any exira sheets used loosely to this booklet.
B8 Five pupils (A to E) burnt different masses of magnesium in alr using the apparatus in
Ihe diagram. lid
cvcilie
imagnesium
tilabon
A graph of the mass of oxygen against {he mass of magnesium s plotied as shown.
0.50 -
B S L —————— L E
5 "
(=] |
g 030 - . E
w 0.20 C ]
A '
@ 010 E
= s
0,00 T T -r t ¥ . 1
0.00 010 0.20 .30 .40 .50 0.60 0.7
Mass of Magnesium (g)
a  Which pupll is most likely 1o have unburnt magnesium In lhe crucible at Ihe end of
the experiment? Explain your answer. [2]
faglo-Chinase Scliool {indapandsal) Frefmn Esam 2017 Y4 Espatcs [Turn over
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b Using data from siudent E, show that the formula of magnesium oxide is MgO.  [2]
¢ Dascribe fn terms of the bonding and structure, why magnesium oxide has a high
melting point of 2800 °C, 2]
d Al containg about four iimas as much nitrogen as oxygen by volume.
i Sugoest why, despitz this, you would not expect much magnesium nitride to
be formed in this axpaiment. 21
i Draw Whe dot and cross diagram 1o show the onding in magnesium nitride,
You anly have to show the oulter electrons. 2]
[Toial: 10]
FuigoChibwnn Sedviol flicapandent] Pralin Exaan 2017 ¥4 Exptnts [Tlll"ﬂ over
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Some margarine is made by hydrogenating carbon-carbon double bonds in vegetable
oils. You can recognize the prasence of this in food because the ingredients list will
include words showing that it contains "hydrogenated oils' or ‘hydrogenaled fats’,

Fatls and oil are similar molecules and they are polyesters with thres ester linkages.
They differ in thelr melting points which are largely determined by the presence of
carbon-carbon doubla bonds in the molecules. The higher the number of carhorn-carbon
double bonds, the lower tha melling point.

Sunflower oil is an example of a polyunsaturated vegetable oll. In a taboratory test,
0.2 mole of the oil is found to react with 180 g of bromine In an acddition reaction,

a  What is unsaturation? [1]

b Calcuiate the number of carbon-carbon double bonds in the sunflower oil, 2]

Sunflower oil is treated wilh hydrogen to form a hydrogenated [al molecule as shown
below:

H 0

S,
H—C—0—0—Ci7Hs

1
H—C—0—C—CyuHus

_':g’ The hydrogenated fat
H—?—{} —CpHn molecule
i

¢ Circle the 3 ester linkages in the hydrogenated fat molecule above. [1]

99Tutors.SG | Page 10
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d  When the hydrogenated fat undergoes a certain treatment with waler, it can be

broken down into four monomers (This reatmeant is the reverse process of
polymerization), The monomers are;

glyceral,
linoleic acid,
slearic acid and
oleic acld.
The formulae of glyceml and linoleic acld are shown below,
i 0
H—C—OH H D—ug Bl
H—C—OH "
i This carboxylic acid is
] linoleic acid
H
This tri-alcohol is
glycerol
i Deduce the formulae of stearic acid and oleic acid. 2]

il Stearic acid Is a salurated monomer In d(i) above. From comparing the
formulae of the acids, it can be deduced that oleic acid contains only one
carbon-carbon double bond.

Deduce the number of carbon-carbon double bonds in linolelc acid. Explain
your reasoning. i2]

il Three fat molecules are given below.

H 8] H 0 H 0

H —ﬂ——{na—‘:iﬂ‘lu H _U—-&"*Cir'".ﬁ H— _D'—&‘—CHH.‘H
. 0O 0O 0

H— —G_g_CﬂH:a H—E—D—g—C-ﬂH}I H-—G—D—*(I'IJ—CHHa.a

8] 0

o]
H -—-0—-—&-— CyrHas H—?—U—E_CﬂHEI H“?—G*S*CHHH
H H H

Fal molecula X Fat molecule Y Fal molecule 2

Arrange them in order of thelr melting points in descending order. 2

[Total: 10}
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B10 Hydrogen peroxide decomposes according 1o the equation:
2 H:0 (aq) —S218YSL Lo 10 () + 0 (g)
The apparatus below was set up to compare the effects of two catalysis on the rale at
which oxygen is evolved from the decomposition of hydrogen peroxide.
i |
: : 1
‘I"
Gas syringe
- Solution of hydrogen peroxide
Catalyst
Two experiments were carrled out with Identical conditions except for the catalyst used.
0.5 g of manganese(lV) oxide was the catalyst used in Experiment 1 and 0.5 g of
copper(ll) oxide in Experiment 2. The graphs oblained is shown below.
Volume of 02 4
3
fem® 420
Graph 1 : Result from Experiment 1
2 Graph 2 : Result from Experiment 2
» Time /s
a Whalis a catalyst? 1]
b Explain whether manganese(lV) oxide or copper(ll) oxide is a beller calalysl for this
reaclion? [1]
Pagle-LHinsee Eohodl (Indapendenl] Frelim Exam W17 ¥4 Exposs [Turn over
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¢ Ineach experiment, the volume of the hydrogen peroxide used was 50 cm?® and the
volume of oxygen gas was collected at room temperature and pressure. Calculale
the concentration of the hydrogen peroxide solution. [2]

d  Pyrogallal absoris oxygern, When the gas In lhe syringe was shalken with suffician!
pyrogallol lo absorh &l the oxygen present, about 40 cm?® of gas remained in the
syringe.

Mame this gas and skate how it managed to gel into the syringe. 2]

e Experimant 1 was repeated two more imes; Experiment 3 and 4, both with only
one condition changed. On the same axes on page 12, sketch and label the
graphs of these axperiments. 12]

The condition changed
Experiment 3 0.7 o manganese(lV) oxide
Experiment 4 25 cm® of hydrogen peroxide solution.

f  The structural formula of hydrogen peroxide Is H-0-0-H. Explain in terms of bond

breaking and forming, why this Is an exothermic reaction, 12]
W RS W e s [Total, 10]
Arighos Crmjese Schil {ind=perdmn) Pyatim Expm 2017 74 Exyienng [Turn over
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The diagram below shows an electrolysis cell that produces hydrogen and oxygen from
water, calhoide anode

—— T v
Y

o

(o]

| )
® ®
(adapied from lilps:Jenergy, gowleere/fusloetsydrogen-produchion-electiolysis (LS. Deparment of Ensrgy)

Elecirolysis is a promising option for hydrogen production from renewable resources.
Hydrogen produced via electrolysis can result in zero greenhouse gas emissions,
depending on the source of the electricity used. Most of the electricily generated today
uses technologlies that aie energy Intensive, because of the amount of fuel required due
to the low efficiency of the electricily generation process. In many countries, today's
power grid Is not deal for providing electricity required for electrolysis.

C
membrane
o

waler

In the electrolysis cell above, the anode and cathode is separated by an eleclrolyte,
linown as a polymer electrolyle membrana (PEM) electrolyzer. This electrolyte is a
solid spacialty plastic malerial.

Al the anode, water undergoes a reaclion 1o form oxygen gas and positively charged
hydrogen ions, at the same time producing electrons. The electrons flow through an
extermal circuit and the hydrogen lons selectively move across the membrane to the
cathode. Al the cathode, hydrogen ions combine with the electrons from the external
circuil to form hydrogen gas.

a  Write down the chemical equations, with state symbols, for the reaction at the
anode and the cathode. 4]

Anode :
Cathode :

b Supgest why loday's power arid s not ideal? M

99Tutors.SG | Page 14
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¢ Give an example of renewable energy options thal will result in virlually zero
greenhouse gas emissions.

d  Name the major greenhouse gas that is produced when fossil fuels are burnt for

aneargy.

Examinars
i

i

]

e The electrolysis is endothermic and the overall equation for the reaction is:
2 Hz0 () — 2 Ha2 (g) + O2 (@) ; endothermic

Draw the energy profile diagram for the reaction and label the activation energy and

lhe enthalpy change.

T

L 3

[Total: 10]

Arigho-Chinwse Schiobl {idspendent} Prafim Exem 2017 Y4 Expains
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A2

A3

Ad

Pentane/ pentene onwards, alcohals or any suitable organic compaouncd
Carbon/ graphite or suitable allotrope of carbon

Carbon monoide

Any metal carbonate bul not those of group | metals

Sugarsal glucose

Sodium carbonate, potassium carbonate, ammonium carbonate

T: BaS0s
Ve Fe{OH)g

Fe?" (aq) + 2 OH (an) —Fe(OH): (s)

A slrong acld dissoclateslionises complelely In waler fo produce
hydrogen jons.

Fe (8) + HaS04 (aq) — FeS0a (aq) + Ha (g)

Add excess iron to warmed dilule sulfuric acid. Filler away excess iron.
of fillrate 1o get a hot saturated

Heat lo evapgrale the solvent
lconcentrated solution. Cool for cryslals lo form. Filler oul crystals and
dry with pieces of fitter paper,

Plastic is not a conduclor and the cup is acling as the calhode which
musl be an glecirical conductor.

from the elecirol discharged lo form silver metal al the

e
cathode, At the same rale, the silver ancde dissolves/ oxidises to formm
shiver ions that enter the elecirolyte, Hence, concentralion is constant.

Mass Inss at silver anode =20-169=23.1g
% purity of silver anode = 2.7/3.1 X 100=867.1 %

Ciddation state of nitrogen decreases from 0 (in M) i -3 (In NHs), this is
raduction,

Oxidation stale of hydrogen increases from O (n Ha) 1o +1 (in MHa), this
Is oxidalion,

Cracking of hydrocarbons / steam reforming
Calchum hydroxide reacts with ammonlum salts to produce ammonia

pas. As agas, it escape from the soll and the fedllizers would lose ils
nilrogen conlent.

ACS(Independeant) 2017 Prelim exam ¥4 express
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Pure Iron consists of iron atoms orderly arranged in layers which slide

bass each other easily.
Sieel is made up of different sized atoms of carbon and jron. The
arderly arrangement is disrupted and the atoms do nol siide easily.

Paint forms a barrier between Iron and ali/ oxyaan and water, the
conditions for rusting

Zinc provides sacrificial proteclion. Zinc is more reactive than iron in the
steel. It joses electrons more easily and corrodes in place of iron.

Calcium hydroxide and hydrogen gas or Ca({OH)z and Ha

Magnesium and calclum are more reactive than iron, But calclum reacts
readily with water instead of acting as a sacrificial metal for iron.

Pentenol and cyclopentanal. They have the same molecular/ chemical
formula bul different structural formulae.

o—H M o—H
UV Rghty \ /

Fd

H M H

™~ Ne 4 cegy Smiat ‘"”‘ < \c'f + H—Cf
¥ £

7 \ J‘\m
W\ T VA

H\c
g

=

Acidified potassium manganate{VI} or potassium dichromate(VI)
HHHH
O
HHHH OH

H H H H H H

| | i | I I
-C—C c—cC Q= —

| I | | | !

H CiHeOH #H CsHsOH H CaHsOH

iren, chromium, zinc
3Zn (s) + 2 Cr** (aq) — 3 Zn™ (aq) + 2 Cr (s)

Aluminium has an Impervious

ACS(Indepandent) 2017 Prelim exam Y4 express
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Mass of oxygen is proporiional to magnesium in the graph. For pupll C,
the mass of oxygen is less than expectad.

i

Using data from pupll E:
Mg O
mass 0.6 O.49
A 24 1B
Mo of moles 0.6/24=0.025 | 0416=0.025
ratio 1 1
Henee lhe formula is MgO
hMagnesium oxide has an jonic slruciure. The positive magnesium lons
and negalive oxide_lons are held togsther by stronq electrostalic forces

of atiractlon in a giant |altice structure. A lot of energy is needed 10 over
these strong forces. Hence, the high melting point.

Nilrogen is unreaclive as the pilrogen-nitrogen triple bond is very sirong.
2+ 3-

3 Mg 2 N

Unsaturation is the presence of a carbon-carbon double boned witich
allows Tor addilion reaction/ addition of atoms Into the molecule.

Mo of moles of Brz = mass [ M of Bra = 160/160 = 1 mal
Ratlo of sunflower oll : Brais 1:5

Since 1 C=C uses up 1 Brz, there are 5 carbon-carbon double bonds
M ol
H —E—O—&«:—-Cme
| T
H—C—0—C-CirHse
I .
H_?_}D_C'E‘C"HH
H Ve :

i i
H—O0—C—CyH3s H—O0—C—CyHs

2 carbon-carbon double bonds.
Linoleic acid has 4 hydrogen aloms less than slearic acid,

XZY

ACS(Independent) 2017 Pralim exam Y4 express
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A calalyst Is a substance thal spesds up a chemical reaction bul
remaing chemically unchanged,

Manganesa{lV) oxide is a beiter catalyst becauss graph 1 has a steaper
gradient and a Tasler speed of reaction.

From the graph, volume of Oz gas = 120 en®

MNo. of mol of Oz = 120424000 = 0.005 mol

Hence, from the equation, no. of mal of Hz20z = 0,005X2 = 0.01 moal
Concentration = 0.01/ 50 X 1000 = 0.200 molfdm?®

The conical flask and the delivery tube has air at the start of the
sxperimant. Alr has 78% nitrogen. The 40cm® gas must be ths
unreaclive nilrogen gas.

Giraph 1 Reaull fom Expenment 1
Syaph 2 @ Result from Experiment 2

=Tlmea [ s

The anergy alken in to break 4 moles of O-H borwds and 2 moles of O-0
bonds Is less than the enargy glven oul 1o make 4 moles of O-H bonds
and 1 mola of O=0 bonds.

Anode: 2 HO(l) — Oafg) + 4 H'(agq) + 4 &
Cathode: 2HY(aq)+2e — Hap)

Greenhouse gas emissions dus fo the buming of fossil fuels/large
amounts of fuel requiredidus 1o the low afficiency of the aleciiioily
generation process,

Wind anergy/ hydroelectic power! nuclear ensrgy.

Carbon dioxide gas.

A

Activatbon enargy

2 Hapy

AH=0
2110 (1)

Oz (1}

Progress of raaction

ACS(Independent) 2017 Prelim exam Y4 axprass
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CANDIDATE NAME:

CLASS: L rd J INDEX NUMBER
CHEMISTRY 5073/01
Paper 1 29 August 2017
1 houir
0845 - 1045 h

Additional Materials:  Multiple Choice Answer Sheat

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

Do not use staples, paper clips, highlighters, glue or correction fluid.

Write your name and register number on the Question Paper and Answer Sheet in the
spaces provided.
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1 The diagram below shows the set-up used to obtain pure water from seawater.

| watar out C
B ——u !
i q ":" ;:-l- '\--:
ISR foo :
A : 7 water in |
. —r—seawater
ot R
4 pure water - — -1 D
LA 1.. _
-Hr*-- ~-Bunsen flame -

At which part of the set-up, A, B, C or D, do the water molecules lose the most
enargy?

2 Titan is the largest moon of Saturn, There is no water on Titan. The average
surface temperature on Titan is -179°C.

Which of the substances in Ihe lable below would form oceans on Titan?

[ substance | melting point/°C | boiling point / °C |
A argon -189 -186
B carbon monoxide -205 -192 B
c methane | 183 -164
D nitrogen -210 -196

3 The table below shows some information about four substances labelled Pta 8

[_:-'.ubslance appearance 1T change Gﬁ;eatlng_ - .
i P | Colourless liquid | boils away, leaving a white residue. |
Q | Colourless gas | burns in oxygen to form water and carbon dioxide only.
R

Yellow snlrd Spfitﬁ up by electricity to fﬂrm a n*belm and a gas.
S ' White solid | bums in air to mrm an cxu:le as the only pmducl

Which of these subsiances P, Q. R and S are compounds?

A PandQenly
B QandRonly
C RandS3Sonly
D C. Rand S only

Freliminary Examination 4E/5N Chemistry 2017 5073/
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4 A student was tasked to separate a mixture containing an organic liquid T and
aqueous sodium bromide.

Properties of organic liquid T were given as follows.
¢ |t is miscible with water.

= |t has a lower density than water.
= |t is yellowish in colour.
e |t boils at 120°C.

Which of the following experimental techniques should the student use to obtain
samples of the organic liquid T and sodium bromide from the mixture?

evaporation to dryness followed by chromatography
fractional distillation followed by evaporation to dryness
separating funnel followed by evaporation to dryness
simple distilation followed by filtration

OO0 m >»

5 The Rrvalues for the coloured dyes,D, E, F and G, in four different solvents are
shown in the table below

[ Rrin different solvents
coloured dyes water ethanol p;-upanﬁne tetrachloromethane
D 0.3 0.9 0.7 0.5
E 0.0 08 0.6 0.2
F 0.5 07 0.6 01
G 0.2 0.6 1 04 0.2

Which solvent could be used to separate all four coloured dyes, D, E, F and G
from a mixture?

A ethanol

B propanone

C tetrachloromethane
D

water

Preliminary Examination 4E/5M Chemistry 2017 50731
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6 An element Z cansists of four isotopes, three of which have isotopic masses of
50, 52 and 54,

The diagram below gives the mass spectrum of the element Z which shows the
relative percentage abundance of three of its isotopes.

relative 4 83.80
percentage
abundance

4 30

N | LA

i L } » lsotopic mass

What is the isotopic mass of the fourth isotope if the relative atomic mass of
element Z is 52.067

A 52 B 53 C 55 D 56

7 Anion of an element, X, has 22 electrons and a nucleon (mass) number of 55.
What is the charge on the ion if the number of neutrons is 307

A 2-
B 2+
c 3
D 3+

8 The proton numbers and nucleon (mass) numbers of elements U and V are
given in the table below.

elernant proton number nucleon number |
v | 6 12
o . . Ao 2]
The relative molecular mass of the compound formed between U and V is
A 44
B 56
cC 76
D 88

Preliminary Examination 4E/5M Chemistry 2017 50731
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9  The structures of three substances J, K and L at room temperature and pressure,
are represented as follows.

3.,0{,3 Sedddd OOOO®
CSD PRIIRE BO660

J K L

Which stalement about the three substances is incorrect?

All threee substances are solids at rcom lemperature and pressure.

All three substances have high melling points.

Substanees, K and L, are elements while substance J is a compound.
Substances. J and L, can conduct elecinaty in the molten state.

o0 >

10 A mixture of magnesium and sand was added to dilute hydrochloric acid in a
beaker as sivown in the diagram below.

& 4
o o &
hydroafiione acid (_,.-'-\__J\Q‘D mixture of sand

and magnesium

Which of the following options indicates comrectly the type of particles present in
the substances?

[ | magnesium sand | dilute demchlonc acid gas Y
LA atoms . molecules f ions | atoms
| B ionsand | atoms ions and molecules molecules ‘
} | H
| electrons |
- = - 1 —— e —— — e .;...I._.._-.___..__ﬂ
ions and l . | |
c atams | 1ons ! molecules !
| electrons . _
-——.I e e e e B
i lons and ; I \
o StBctions molecules ians and molecules molecules |

Preliminary Examination 4E/5N Chemistry 2017 507 3/1
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11 Which of the following is/are suitable method(s) used to test the acid strength of
two acids, hydrochloric acid and ethanoic acid, which are of the same
concentration?

I using a pH meter
Il measuring their electrical conductivity
Il titration using sodium hydroxide solution

A |andll only

B |andlllonly
C Il and Il only
D I ilandll

12 Whch of the following properties show that a certain substance, M, is alkaline?

Addition of dilute hydrochloric acid to aqueous M produces no precipitate.
Agueous M can react with zinc oxide
Aqueous M forms ammonia gas when warmed with ammaonium chloride.

oo >

Agueous M forms a white precipilate with aqueous iron{lll) suifate.

13 Aivin attempled lo prepare some salts by the methods shown in the table below.

——— . e — g maae —

experiment | salt prepared method used
' : Mixing agqueous zinc nitrate and T
l I z‘n " -
eI hydrochloric acid

i sodium nitrate T_"’F““Q aqueous sodium carbonate with
= . nitric acid

1} { calcium suifate M'"'“Q ﬂql—_lEDUS calcium nitrate and

sulfuric acid

|-

Which of the expenment{s) give(s) a good yield?
I only

I1'and Il only

o)
B |andill enly
c
D | llandlll

Preliminary Examinalion 4E5M Chamusiry 2017 5073N
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14 Atitration was conducted by adding NaOH frem a burette to HCl in a conical flask.
The pH of the solution in the flask was recorded during the titration and graph 1

was produced.

A second titration was conducted by adding NaCOH to a different acid, Acid Z. The
pH of the solution in the flask was recorded during the titration and graph 2 was

proeduced.

graph 1

14

pPH  7-

ol

0 10

o

30 40

volume of NaOH added / cm?3

graph 2

s :
(1} 10

20 30 40

volume of NaOH added / e

The table below shows some indicators that could be used to identify the endpoint
of titrations. For the NaOH - HCI ftitration, the appropriate indicator is

bromothymol blue.

| indicator acidic colour m!;afci;':‘gﬂ alkaline colour
| methy! orange red 3.1-44 yellow
methyl red red 44-82 yellow
bromothymol blue yellow 60-76 blue
cresolphtnalein colourless 81-97 red
alizann yellow yellow 10.1-120 red |

Which indicator in the lable is appropriate for the NaOH - Add Z titration?

A alizarin yellow

B  cresolphthalein
C  methyl orange

D methyl red

Preliminary Examination 4E/5MN Chermnistry 2017 507371
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15 A mixture containing aqueous lead(ll) nitrate and nitnc acid, is tested with
Universal indicator and potassium iodide solution separately.

Which set of results would the mixture produce in the lesis?

Universal indicator potassium iodide solution
A o Qfe:er"n_ . yellow precipit;_;ié _
B orange yellow precipitate
C red colouriess solution
D 1 red yellow precipitate

16 Sulfuric acid and potassium hydroxide can react together to form potassium
hydrogensulfale, KHSO4, and water only.

Which of the following amounts of the reactants are required to form potassium
hydrogensulfate?

A

B
Cc
D

equal number of moles of sulfuric add and potassium hydroxide
equal volumes of sulfuric acid and potassium hydroxide
one mole of sulfuric acid and two moles of potassium hydroxide

two moles of sulfuric acid and one mole of potassium hydroxide

17 Elements, X, Y and 2, are all in the same period of the Periodic Table.

Oxides of X reacts wilh both acid and alkali.
Solid Y does not conduct electricity.

Z forms an ionic oxide, ZO.

Which of the following gives the correct order of the elements across the penod?

o0 wmP

X > Y > Z
Y > X > 7
LY —>Y
22y —N%

Preliminary Examination 4E/5N Chemistry 2017 50731
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18 The diagram below shows a set-up used to investigate the relative reactivity of
halogens.
gas T gas U
Clz— — = . water
NaBr powder /T\ AN ki powder

heat heaat

Which of the following would be the correct colours observed for gas T, gas U
and in the water duning the expenment?

! gas T - ga's u | water |
’_A _ “jh-_“_E;;'l__m B reddish-brown mlﬂuﬁgss !

B colouriess violet black !
L c _w“_;;cidish—brnwn i brown | “w_\:'iolet - !
i D reddish-brown viclet brown |

19 In some countries, anhydrous calcium chloride is used as a drying agent to
reduce dampness in houses.

When the anhydrous salt absorbs enough water to form the dihydrate,
€aCk 2H:0, what is the percentage increase in mass for the anhydrous sait?

A 14%
B 24%
c 32%
D 38%

20 If 200 ct of 0.1 mol/dm?® hydrochloric acid were added 1o 1.24 g of copper(ll)
carbonate, which of would be obtained after the reaction?

black sohid and a blue solution
green solid and a blue solution
pink solid and blue solution

O o0 m>»

blue solution anly

Preiminary Examination 4E/5N Chenmistry 2017 50731
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21 Three electrolytic cells are set up using inert electrodes
The electrolytes used are listed below.

Cell 1:  concentrated aqueous rubidium chloride
Cell 2. dilute sulfuric acid
Cell 3: mollen zinc bromide

In which of these cell(s) isfare gases formed at both electrodes?

A Zonly
B 3only
C 1and2only
D 1and3only

22 During the electrolysis of an aqueous solution of a cerium salt, 70 g of cerium
(A, of Ce = 140) is deposited at the cathode by 2 moles of electrons.

What is the formula of the cerium ion?

A Ce

B Ce™
C Ce*
D Ce*

23 Which simple cell set-up would produce the greatest reading on the voltmeter?

A

I
,Ifj i Cu Mg — _ ; :-E. h: e
l:,-.-;_-!.;__ aQusous ﬂ t-—— diztilled water

........ sodium chionda

“h My - ‘.'— Pt
— dikte Il i glucose solution

hwdrochlone agis e T

Frefiminary Examination 4E/SN Chemistry 2017 507311
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24 A diagram of the hydrogen-oxygen fuel cell is shown below.

25

pOrous porous
antde cathode
H fuel — arr (03)
-

Hz0, excess air

[2Hz— 4H* + 4e=| [4H* + O + 48~ — 2 H=0|

Which of the following isfare correct statemeni(s) about the fuel cell?

w o I«

| Electrons flow from the anode to the cathode in the electrolyte.

Il Electricity is used to generate hydrogen and oxygen.

Nl Hydrogen and oxygen undergo redox reactions to generate
electricity.

IV The anode and cathode are the negative and positive electrodes
respectively. '

1 and Il only
I and 1l only

Il and Ill only
il and IV only

A student borrowed a friend’s chemistry notes and copied out the notes wrongly
in the box below.

“The temperature of molecules increases dunng an exothermic reaction
and the products have less energy than their reactants.”

Which of the following should be the correct version of the notes?

A

The temperature of molecules increases during an exothermic reaction.
and the products have more energy than their reactants.

The temperature of molecules deceases during an exothermic reaction,
and the products have less energy than their reactants.

The temperature of the surrounding increases during an exothermic
reaction, and the products have less energy than their reactants.

The temperature of the surrounding decreases during an exothermic
reaction, and the products have more energy than their reactants.

Preliminary Examination 4E/5N Chemistry 2017 5073/1
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In the forward reaction, E decomposes to form F and G while in the backward
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12

E=F+G

reaction, F and G recombine to form E.

4

Energy

100 kJ

F+G

-

Progress of reaction

Which of the following could be inferred from the energy profile diagram?

I; reaction en;r;alpy change / kJ | activation energy / kJ
A | backward +100 60
B backward +40 100
C forward +40 60
D | forward -40 100

27 Which of the following cormrectly explains how a catalyst increases the rate of a
reaction?
effect of catalyst activation energy of reaction
A | increases the kinetic energy dec;rg-aggs
of particles
B | increases the kinelic energ increases
of particles
c | provides an altemalive decreases
reaction pathway
D | provides an alternative increases
reaction pathway

Preliminary Examination 4E/5M Chemistry 2017 5073/1

99Tutors.SG | Page 32




Free Tuition Listing @ 99Tutors.SG
13
28 The formulae for four chloride compounds are given below.
PCk  CRO  CKy  ClO4

Which one of the following shows correctly the oxidation numbers of chlorine in
the above chloride compounds respectively?

i M .
RV ] / B

]

-
i
1
|
b

29 Disproportionation reaction occurs when an element is simultaneously oxidized
and reduced,
Which one of the following named elements does not undergo
disproportionation?

| element equation of reaction
A carbon HiC:0« - HO + CO + CO2
B nitrogen | H20 + 2NO; > gﬁﬂu + HNO:
c sulfur  2FeSO. —» FeOs + SO; + SOs
D tin 2Sn?* — Sn** +Sn

30 The gata gives the concentration (ppb). in paris of poliutant per billion parts of air,
of polluting gases in four different industrial cities.

In which city are limestone buildings under the greatest threat from pollution?

| * ozone sulfur dioxide nifrogen dioxide
A 1 38 ‘ 40 _
- - e == e I__ =
__é_._.__ i . = .“_i__ i
b | 30 s s B

Preliminary Examination 4E/SN Chermistry 2017 50739
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To reduce atmospheric pollution, the following waste gases from a power slation

are passed through wet powdered calcium carbonate.

carbon monoxide carbon dioxide
nitrogen monoxide nitrogen dioxide
sulfur dioxide phosphorus(V) oxide

How many waste gases will not be removed by the wet powdered calcium

carbonate?

A 1 B 2 c 3 D 4

the past, CFC (chlorofluorocarbons) such as CFsCH2C/ were used as aerosol

propellants.
Which element in CFC can cause a depletion of ozone?

A carbon

B chlorine
C  fluorine

D  hydrogen

In the Haber process,

| the hydrogen needed can be obtained from the cracking of petroleum.
i the reaction chamber is pressurized to speed up the reaction.
i the ammonia formed is removed by condensation.

Which of the above options are correct?

A landll only

B landlll only
C Ul and lll only
D I, ltand Il

Nickel is placed between iron and lead in the reactivity senes

Which of the fellowing is true about the reactivity of nickel?

A Nickel can be obtained by moderate heating of nickel carbonate,

B Nickel can displace hydrogen rapidly fram steam.

C  Nickel can be displaced from an aqueous nickel salt by adding iron
D  Nickel cannot displace hydrogen from an acid,

Preliminary Examiration 4E/5M Chemistry 2017 5073/
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35 Element W is a metal thal is more reaclive than aluminium.

Which of the following extraction methods would be the most suitable to produce
element W7

A Electrolyzing concentrated chioride of W.
B  Electrolyzing molien oxide of W.

C  Heating oxide of W with carbon monoxide.
D Heating chioride of W with coke.

36 Approximately 40% of all iron and steel is produced by recyding.
Which of the following are comrect reasons for recycling iron?

1. lron, when obtained by a recycling process, produces less carbon
dioxide than the blast furnace process.

2. Scrap steel contains a higher percentage of iron than iron ore.

3. Scrap metal, if not recycled, would cause environmental problems due
to disposal by landfill.

1 and 2 only
1 and 3 only
2 and 3 only
1.2and 3

o0 WP

37 Which reaction is not a step in the production of iron from haematite in the
blast furnace?

A Carbon is burnt in air to produce carbon diaxide.

B  Carbon is reacted with carbon dioxide to produce carbon monoxide.
C  Iron (lll) oxide is reduced by carbon monoxide to form iron

D  Ironis reacted with limestone to produce slag

38 Which statement about the fractional distillation of petroleum is correct?

A Only one compound is collected from each level of the fractionating

column,
The higher up the fractionating column, the greater is the temperature.

C  The fractions collected at the bottom of the fractionating column are the
most flammable.
D The fractions reaching the top of the fractionating column have the

smallest relative molecular mass.

Preliminary Examination 4E/5M Chemistry 2017 50731
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39 Which formula of alkenes does not change as the number of carbon atoms in
the molecule increases?

A Chemical formula
B  Empirical formula
C  Molecular formula
D  Structural formula

40 Yoghurt contains lactic acid which has the structural formula shown below.

E B
I—{r— I

O——x
O
NN

H

Which statement(s) aboul laclic acid is/are true?

| It can decolourise aqueous bromine in darkness.

1 It can decolourise acidified potassium potassium manganate(Vil).

It can undergo polymerization by itself under suitable conditions.

IV One mole of lactic acid requires two moles of sodium hydroxide for
complete neutralization.

) and Il only
il and Il only
I, i and Il only
LA, and IV

o0 D »

END OF PAPER

Preliminary Examination 4E/SN Chemistry 2017 50731

99Tutors.SG | Page 36



Free Tuition Listing @ 99Tutors.SG

2017 Prelim Chemistry Exam (5073/1)

Paper 1
Answers
1 |C 1 |A ) 21 |C 31 | B
N 2 |C 12 |C 22 |D 32 |B
3 |B 13 |C 23 | A - 33 |D
4 |B 14 | B 24 |\D 34 |C
T A_ 15 | D 25 |C 35 | B
l. & |B 16 | A N 26 (B 3% |D
| 7 |D 17 |C 27 | C 17 | D
_-E— c 18 |D 28 (A 38 D-
_9 B 19 | C 28 |C 39 |B
10 | B 20 |D 30 | A 40 | B

99Tutors.SG | Page 37




Free Tuition Listing @ 99Tutors.SG

ANDERSON SECONDARY SCHOOL
Preliminary Examination 2017
Secondary Four Express and

| —— Five (Normal) Academic

CANDIDATE NAME:

CLASS: / INDEX NUMBER:

CHEMISTRY 5073/02
Paper 2 23 August 2017
1 hour 45 minutes

0800 — 0945h

No Additional Materials are required

READ THESE INSTRUCTIONS FIRST

Write your name, class and index number on all the work you hand in
Write in dark blue or black pen.

You may use a pencil for any diagrams, graphs or rough working.
Do nat use staples, paper clips, highlighters, glue or correction fluid/tape.

Section A
Answer all questions.in the spaces provided.

Section B

Answer all three questions, the last question is in the form either/or.
Answer all guestions.in the spaces provided.

The number of marks is given in brackets [ ] at the end of each question or pari question.
A copy of the Periodic Table is printed on page 23,

The use of an approved scientific calculator is expected, where appropriate.

Section A

B

Section B

Total

This document consists of 23 printed pages and 1 blank page,

99Tutors.SG | Page 38



Free Tuition Listing @ 99Tutors.SG

2
Section A

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

A1 The position of six elements, represented by letters, A, B, C, D, E R P i
the Periodic Table below.

]

Select from the given letters, A to F, the element that best fits the following
characteristics.

The elements, A to F, may be used once, more than once or not atall

(@) An element which contains the smallest number of protons in each atom.

...... (1]
(b) An element which combines with element D to form a very volatile compound.
(1]
{c) Two elements which reacts the most vigorously.
(1]

[Total: 3]

Preliminary Examination 4E Chemistry 2017 5073/2
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A2 The Solvay process is used for the industrial preparation of sodium carbonate, also
known as soda ash. The schematic diagram below shows the four reactions (labelled
as | 1, Il and IV) and the different chemicals involved.

Brine Soda ash

MaCi Na,CO,

intermediate
products

Limeslone Calcium chloride

The process produces many products, some of which are used for further reactions.
Such products are termed as intermediate products. For example, the intermediate
products formed in reaction | are NaHCO3 and NH4C/. Products which are not involved
in further reactions are collected as products.

(a) Complete the table below by giving the chemical formula(e) of the intermediate
product(s), by-product(s) or main product(s).

reaction Intermediate product product |
[ NaHCQ3 and NH4C/ o
I o
1} two intermediate products
v

(2]
(b) Two intermediate products, a pungent gas and a colourless liquid were formed in

reaction Il
Name the two products.

pungentgas: ... ............ colouressliquid: ... [1]

(c) Write an overall chemical equation for the Solvay process.

1]

Preliminary Examination 4E Chemistry 2017 5073/2
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(d) Sodium bicarbonate (NaHCO;), produced in reaction |, is an amphoteric

compound. When dissolved in water, sodium bicarbonate ionizes to form
carbonic acid and hydroxide ion.

NaHCO; + H:Q = Na* + H:C0O; + OH

(i)  What is the nature of an aqueous solution of sodium bicarbonate?
Circle your choice below. (1]
strongly acidic mildly acidic mildly alkaline strongly alkaline

(i) Explain your choice.

v [2]
[Total: 7]

A3 Nitrogen atoms easily react with most elements to form nitrides such boron nitride and
aluminium nitride.

(a) Boron nitride exists in two possible forms, hexagonal boron nitride (h-BN) and
cubic boron nitride (c-BN) as shown below.

O boran atom

@ nitrogen atom

Hexagonal boron nitride Cuble boron nitride

Based on the structures shown, explain the difference in hardness between h-BN
and c-BN.

Preliminary Examination 4E Chemustry 2017 507372
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(b} The melting points of aluminium nitride and another compound, JOs are given
below. J is not the actual chemical symbol of the element

compound melting point (°C)
aluminium nitride (AIN) 2200 |
L JOy 17

(i) Draw a 'dot-and-cross’ diagram to show the bonding in aluminium nitride.
Shows outer electrons only.

[2]
(i) The diagram below shows the bonding found in a molecule of JO,

(I@)

e = elgciron of axygen

Explain in terms of the structures, why the melting points of aluminium nitride
and JO: are different.

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

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

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

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

[Total 8]

Preliminary Examination 4E Chemistry 2017 5073/2
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A4 In the phemicai industry, Haber and Contact processes are BRI TeRURoR
ammonia and sulfuric acid respectively.

(a) In the Haber process, nitrogen reacts with hydrogen to form aminonia in a
reversible reaction.

()  State the optimum conditions of the Haber process.

-1

The graphs below show the percentage yield of the Haber process under different
conditions.

% yield of ammonia

i S . A

T

-
R
: _|_

:
o
g e LB
i
5 :-Nwﬁﬂalm

~ 450 atm

10 E S 350 atm
e i R A 'qf?h'zsnatm
a NS ST O B M I i | R i 1 | !_=_ Tempﬂrélturﬂ‘ [EC}

350 400 450 500 550 600

(ii) Use the graph to predict the percentage yield of ammonia formed at the
optimum conditions given in {a)(i).

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

Preliminary Examination 4E Chemistry 2017 5073/2
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(b) Contact process comprises many stages.

In Stage 2, sulfur dioxide reacts with oxygen to form sulfur trioxide in a reversible
reaclion.

In the converter, sulfur dioxide and oxygen are passed over several beds of
loosely packed porous vanadium oxide catalyst.

The reaction between sulfur dioxide and oxygen is exothermic and is carried out
at an optimum pressure of 1 atm.

A graph showing the percentage conversion of sulfur dioxide into sulfur trioxide
under different temperatures is given below.

1001—

60 \

percentage of SO, converted to SO,

o

| | ]
400 600 800 1000
temperature in °C

(i) Write a balanced chemical equation for the conversion of sulfur dioxide into
sulfur trioxide in Stage 2 of the Contact Process.

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

(i) The optimum temperature for Stage 2 of the Contact process is the same as
that for the Haber process.
Use the graph to predict the percentage conversion of sulfur
trioxide obtained at the optimum temperature.

-

Preliminary Examination 4E Chemistry 2017 50732
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(iii) Using the given information about Stage 2 of Contact process, suggest
explanations for the following conditions.

The optimum temperature is used although it does not obtain the highest

percentage conversion of sulfur trioxide.

1]

Vanadium oxide used is ‘loosely packed'.

]

The converter is not heated to its optimum temperature at the start of the
reaction.

Preliminary Examination 4E Chemistry 2017 5073/2
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A5 Inmetal-plating, a layer of coherent metal coating is used as a protective layer to prevent
the underlying metal from corrosion or rusting. Metal-plating can be achieved via
electrolysis.

The table shows the information about three different electrolytic set-ups that were used
to electroplate either silver or iron with copper.

i Set-up 1 Set-up 2 Set-up 3
||
| | I | R
I ! |
ERLLCT *
electrolytic 4
set-ups | i |
| £ |
: . - hite Irgn
graphite silver copper iron grap
I .
‘ slartrode elactrode elecirode glectrode slectrode electrode
concentrated ageuous concentrated ageuous dilute ageuous
‘ copper(ll) chioride copper(ll) chionde copper{ll) chlonde _
| silver metal plated with iron metal plated with iron metal plated with |
| copper copper copper |
final |
pl'ﬂd uct at | copper copper COpRer

the Wi -

cathode T
Enp e

ionic
equation at |
the anode

ionic
equation at
the

cathode

(a) (i) Complete the table by filling in the missing ionic equation at each anode. [3]

(i} Complete the table by filling in the missing ionic equation at the cathode This
equation is the same for all three set-ups. (1]

Preliminary Examination 4E Chermistry 2017 507312
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(B)  Explain why the protective layer of copper obtained in set-up 3 is inferior 1o that
obtained in set-up 2.

. [2]

(¢) Explain why the 'copper coated' silver obtained in set-up 1 is mare resistant to
corrosion than the ‘copper coated' iron obtained in set-up 2, when scratched or
dented.

. [2]

[Total: 8]

Freliminary Examination 4E Chemistry 2017 5073/2
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A8 The use of catalytic converters, as shown below, can decrease the emission of
pollutant gases from cars.

catalytic converter

iess poliuting

oliutant gases f] i
& Heses ot angine exhausl gases

such as CO and NQ

(a) Name a suitable catalyst used in the converter.

(b) Carbon monoxide and nitrogen monoxide are pollutant gases produced
from the car engines. These pollutant gases can react with one another in a redox
reaction at the catalytic converter to form less polluting exhaust gases.

Explain, in terms of oxygen transfer, why the reaction between carbon monoxide
and nitrogen monoxide at the catalytic converter is a redox reaction,

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

(c) Explain why catalytic converters do not remove all the environmental problems
caused by the exhaust gases.

(2]

Preliminary Examination 4E Chemistry 2017 5073/2
99Tutors.SG | Page 48



Free Tuition Listing @ 99Tutors.SG

12
(d) Petrol contains mainly alkanes. One of them is alkane X.

()  Given the information that alkane X is made up of 84.2% carbon and 15.8%
hydrogen, find the empirical formula of alkane X.

Empirical formula is .o s i 3

(ii) Using the molecular formula of alkane X, write a balanced chemical
equation for the complete combustion of alkane X.

(ifi) Calculate the volume of oxygen gas needed to burn 3 males of alkane X

completely.

[2]

[Total: 11]
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AT A student carried out a series of experiments on five metals P, Q, R, S and T. The results
are shown in the table below. The letters P to T do not represent the actual symbols of

the metals.
Metal -] reaction with steam | reaction with dilute | reaction with water metal oxide
when heated HCI reduced by carbon
when heated
P no B yes = no yes
Q yes yes" yes N no
R yes yes no yes
S yes yes no no
T no no no yes

Note: ‘yes' indicates a reaction took place; ‘no’ indicates no reaction took place.

ta) (i)

most reactive

(ii)

Arrange the five metals in the descending order of reactivity.

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

which you would place the element carbon.

(lil) Suggest a possible identity for metal R.

(b)

[2]

least reactive

In the reactivity order of the five metals as arranged in (a)(i), state the position

1]

(1]

In another experiment, the student placed a piece of brass into dilute sulfuric acid

-

observations were

fing pinkish brown solid

The following
recorded by the student.
-~ dilute suffuric acid
- Effervescence
- brass - Fine pinkish-brown solid formed at

the bottom of the beaker,

Explain the following observations:

Formation of effervescence:

-1

Formation of pinkish-brown solid;...........oviieieiiiiimnii i o

Freliminary Examination 4E Chemistry 2017 50732
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Section B

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.

BB The t]'&l'iﬂiﬂﬂn metals are a block of elements in the centre of the Perindic Table.
Transition metals usually have the following properties:

Some information about the transition metals in Period 4 are shown in the tables below.

Table 1
ey Ela‘mﬂﬂt Sc Tl || U Cr Mn Fg Cﬂ NI EI.,I - 7
densi
igfgmg 299 | 450 | 596 | 720 | 720 | 7.86 | 8.90 | 8.90 | B.82 | 7.14
meltin
Pﬂiﬂt{"g} 1541 | 1660 | 1890 | 1857 | 1244 | 1535 | 1495 | 1455 1083 | 420
Table 2
| element [ Sc | Tj | V| Cr | Mn | Fe | Co |_Nj_| Cu |i Zn l
common +E Ig +E
:f:L::t:gnt +5 +5 +5 +5 +5
occur i: +4 +4 +4 +4 +4 +4 +4 ;
+3 +3 +
comanae| 0 | 3| 5| 3|2 313]2]5 ]

(@) Across Period 4 of the Periodic Table, describe the trend in the number of oxidation
states formed by the transition metals in their compounds.

1]

Preliminary Examination 4E Chemistry 2017 50732
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(b)  Some scientists do not consider two of the metals found in Period 4 as ‘transition

(c)

melals’,

(i)  Name the two metals.

e IO s e R S e [2]

(i)  Using your knowledge about transition elements and the information provided
from Tables 1 and 2, explain your answers in (b)(i).

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

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

3]

Two equations showing the displacement reactions between transition metals in
Period 4 are as follows.

equation 1: Zn + Co(NQs)z 2 Zn(NOs): + Co

equation 2: Co + Ni(NO3)2 = Co{NO:)z + Ni
A student wrote in his notes, ‘the greater the number of oxidation states exhibited
by a metal in its compounds, the higher will be the reactivity of that metal’

Do you agree with the student? Explain your reasoning.

2]

Preliminary Examination 4E Chemistry 2017 5073/2
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(d) Table 3 shows the colours of different compounds formed by vanadium using
different oxidation states.

Table 3
| substance | colour [ oxidation state of vanadium t
V(Hz0)s* green +3
VO' yellow +5
V(H20)6* violet
Vo blue

(i) Study the examples of oxidation states given.
Complete Table 3 by filling in the missing oxidation states.

[1]

(i) Substance X is a compound containing vanadium. When dissolved in water,
substance X forms a yellow solution
When substance Y (a colourless liquid), is added to an aqueous solution of
substance X, a green solution is obtained.

added with subslance Y

0

- o

{colouriess liquid)

- A

solution of substance X reaction mixiure

Two students, John and Sally, attempted to explain the observation.
John: ‘I think substance Y acts as an oxidising agent in the reaction”.

Sally: ‘I think substance Y acts as a reducing agent in the reaction’.

{yeliow)

{green salution)

Which student is correct? Explain your reasoning.

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

Preliminary Examination 4E Chemistry 2017 5073/2
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17

This is a question about the rate of reaction in producing HBr.

Reaction: CgHsNHz + 3Br; = CgHaNHzBrs + 3HBr

The initial rate of this reaction was determined using different concentrations of the
reactants as shown in the following experiments.

= Table 1
concentration of cnncentmtiun-a initial rate of
experiment CsHsNH, Br: reaction
. (mol/dm?) (mol/dm?) (molldm® s)
. 0.001 0.001 0.007
2 0.001 0.002 0.014
4 0.001 0003 0.021
. 4 0.002 0.003 0.084
5 0.003 0.003 0189

FI'GITII the Qata in Table 1, changes in the concentration of each reactant affect the rate of
reaction differently. Knowing how the rate is affected by the concentration of each reactant
will allow us to predict the rate of reaction.

DEPﬂ_nﬁing on how the rate is affected by concentrations of each reactant, we can classify
reactions into the following two types as shown in Table 2.

Table 2

_ _t!!:-e pf reaction

characteristic

First order
reaction with
respect to
reactant A

The rate of re;ctiﬁn is
proportional to the
concentration of A

Exa mple

If you double the concentration of A,
the rate doubles as well. If you
] increase the concentration of A by a
| factor of 4, the rate goes up 4 times

as well.

Second order
reaction with
respect to
reactant A

The-rat; of reaction is

proportional lo the square
of the concentration of A

If you doubled the concentration of

A, the rate would go up 4 times (2°).
If you tripled the concentration of A,
the rate would increase 9 times {33}._

Preliminary Examination 4E Chemistry 2017 50732
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(a)  Using information from Table 1, show why the order of reaction with respect to Br,
is First order.

- [3]

(b) (i) Using information from Table 1, describe how the rate of reaction changes
as the concentration of CgHsNH; changes.

.2
(ii) Hence, determine the order of reaction with respect to CeHsNH2.
- [1]

(c) Determine the rate of reaction when concentration of CsHsNHz is 0.002 mol/dm?*
and concentration of Br, is 0.001 mol/dm?.

L)

(d) Use ideas about collisions between particies to explain the effect of concentration
on the speed of reaction.

(2]

[Total: 9]

Preliminary Examination 4E Chemistry 2017 50732

99Tutors.SG | Page 55



Free Tuition Listing @ 99Tutors.SG

19
EITHER

B10 (a) The table below shows some information about the homologous series of a

class of organic compounds called aldehydes.

na“rne _chemlcal formula E structural formula j
T |
H ;’,FD
thanal |
ethana CH3CHO HeC-C
I\
H H
H H O
T
propanal C:HsCHO H-C-C-C
S
| H H H
— |

(i}  Wrile the chemical formula of the next member of this homologous series.

[1]

(i) Explain why ethanal and propanal belong to the homologous series,
aldehydes.

- 12]

(lii} Propanal is an isomer of another organic compound, Q.
Oraw the structure of this organic compound, Q.

[1]

Prefiminary Examination 4E Chemistry 2017 5073/2
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(b) Polyethylene terephthalate, a type of plastic, is used extensively in th.a
manufacture of plastic botties. The structure of polyethylene terephthalate is
shown below.

{J\ (4]
+@_r,_

Another plastic, polymer X, has the following structure.

I C-Hz' - C-H

Both polyethylene terephthalate and polymer X are polymers. However, they
belong to different types of polymers.

0=

(i)  Explain why they are polymers.

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

(i) Show the structural formulae of the monomers used to form polyethylene
terephthalate in the space below.

(2]

(iii) Explain, with reference to the monomers and the polymerization involved,
why polyethylene lerephthalate and polymer X are different types of
polymers,

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

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

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

[Total: 10]
Preliminary Examination 4E Chemistry 2017 50732
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OR

B10 (a) Beta-carotene, a pigment found in yellow and orange fruits and vegetables
protects the body from free radicals and help to boost the body's immunity system.
The diagram below shows the structure of beta-carotene.

777

Legend : [Z777] represents a hydrocarbon group

(i) Beta-carotene is polyunsaturated.
Explain the term 'polyunsaturated'.

........................................................................... tisisisaezssssl

(i) Describe a test to confirm the presence of unsaturation in beta-carotene

G B Ve A S B A S saassnsssarssees [T}

(iii) Beta-carotene is broken down in the human body to give vitamin A and a by-
product, M. The diagram below shows the structure of vitamin A,

(2]

Prefiminary Examination 4E Chemistry 2017 507312
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(b) Methanoic acid can be praduced by the oxidation of methanol with oxygen i the
presence of bacteria.

() Showing the full structural formulae of the reactants and the products,
construct a balanced equation for the reaction.

[2]

(i) Methanoic acid reacts with sodium hydroxide to form sodium methanoate and
water.

Draw a 'dot-and-cross’ diagram to show the bonding in sedium methanoate.
Show the outer shell electrons only.

(2]

(c) Methanoic acid and vitamin A can combine to form a larger molecule and this
molecule is an example of a polyester.
Do you agree with this statement? Explain your answer.

[Total: 10]
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2b1r Prelim Chemistry Exam {5
Paper 2
Al (@) D
(b) E
(¢) AandE
A2 (a) .
reaction intermediate product main or by-product (i any)
I NaHCOs and NH.C/ -
i - Ca0 and CO2
T hnm immediate products CaCl;
B v CO: NazCOs

(b) ammonia and water

(¢) 2NaCl+ CaCQs - Na:CCs + CaClz

(di) circle 'mildly alkaline'
(diiy Carbonic acid, (& weak ac

99Tutors.SG | Page 60

id), partially ionises 'o form H* ions.




The concentratibFesf iion s @ 89 Twerss3@entration of H* ions. Thus,
the solution is mildly alkaline. (Accept "more OH- than H+ in the solution)

A3 (a) Hexagonal boron nitride (HBN) is soft while cubic boron nitride (CBN) &
vary hard
1. The jayers of atoms in HBN is held by weak van der Waals farces while
the aloms in CBN are held by slrong covalent honds _in tetrahedral

arrangement.
2. When a force is applied, the layers of atoms in HEN can sjide over amoiher

while atoms in CBN cannot slide as the struclure s rigid.

(b) (i)
3+ 3- legend

}( = glectron of Al

= electron of N

(i) JO3 has simple molecular structure while A/N has giant ionic (laltice)
structure

(b) (1) Much less heal or energy is required to overcome the weak
intermolecular / Van der Waals forces between the JO3 moleaules

than the strong electrostatic forces of atiraction between ions in AN.
Thus, JO3 has a low melling point while AN has a very (high) melting
point.

A4 (ai) 450°C, 250 atm and iron as catalyst
(aii) 27 %
(bi) 2802+ Qz — 250

{bii) B5%

(bili) At the optimum temperature, the reaction will be faster/not be loo slow and
hence enable the conversion to be more economical / time or cost effective

/ productive.

‘Loosely’ packed vanadium provides a larger (total) surface area of contact
with or exposed (to the reacting gases/particles) for the catalyst to increase
the rate of reaction further / more effectively.

The (forward) reaction is exothermic. (Must be stated first)
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If heated, the temperature in the converter may exceeds the optimum

temperature (OR may become too_high to favour the decomposition of
sulfur trioxide) (and thus, causes the percentage conversion of sulfur
trioxide to decrease).

OR Hence, the heat liberated by the reaction is sufficient to raise the

temperature to the optimum temperature so heating is not required

OR Heat liberated by the reaction to surroundings raises the temperature and

not heating saves energy.

A5 (ai) anode equation at set-up 1. 2C/ (ag) - Ch (g) + 2e

AB

(ali)

(b)

(c)

(a)
(b)

(c)

(di)

anode equation at set-up 2: Cu (s) - Cu®* (aq) + 2e
anode equalion at set-up 3: 40H" (aq) — 0z (g) + 2Hz20 (/) + 4e
cathode equation. Cu®* (aq) + 2e — Cu (s)

1) The protective layer of copper in set-up 3 is thinner than in set-up 2.
2) The Cu?* ions that were reduced at the cathode in sel-up 3 are nol
replenished by copper anode, unlike that in set-up 2.

(Do not accept one-sided answer, Do not accept "the concentration of Cu®*
in the solution of set-up 3 is more concentrated”)

When the protective layer is scratched, water and oxygen in the air will
enter.

Copper being more reactive than silver, will lose electrons more readily and
will corrode in place of silver. Thus, silver metal is still protected,

Iron is more reactive than copper. Thus, iron will rust (even faster) when the
copper layer 1s scralched

platinum [ thodium

Nitrogen monoxide loses oxygen to carbon monoxide and is reduced to

nitrogen.
Carbon monoxide gains oxygen and is oxidized to carbon dioxide.

Carbon dioxide gas is a yreenhouse gas, and when emitted gxcessively, will
cause global warming.
State any one detailed effect of global warming,
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element C H
number of mole 84.2 158
in 100 g E_?'Glﬁ ~f =158
molar ratio ?.ﬂlﬁ_ 1 15800 2325
7.016 7.016 |
simplest ratio / 4 9 !
multiply by 4 F J
Thus, the empirical formula is CaHs.
(dil) 2CsH1s + 2502 — 16C02 + 18H:0
(diii) Number of mole of oxygen gas needed = 3/2 X 25 = 37.5
(ECF from dii only if the formula of X is that of an alkane)
volume of oxygen gas needed =  37.5 X 24 dm?
= 900 dm? or 900 000 cm
(a) Q,SR,P,T
(aii) between metals S and R (accept below S and above R)
(ail) zinc/iron
(b) Effervescence:
Sulfuric acid reacted with zinc (in brass) to form hydrogen gas.
Pinkish-brown solid: The copper (in brass) is unreactive to the dilute sulfuric

(a)

(bi)

(bii)

(c)

acid and is left behind in the reaction.

Across period 4, the number of oxidation states increases (from Sc) ta Mn,
before decreasing (to Zn).

Scandium and zinc

1) Both Sc and Zn have only one or a fixed oxidation state instead of the
variable oxidation states shown by transition metals.

2) Sc has a low/lower density compared to the rest of the transition-metals
of period 4 which has densities of at least 4 50 a/cm.

3) The melting point of Zn, 420 °C is low/lower than the_high melting points
of transition metals which are *above 1000/ at least1083°C.

(Note: need to compare with transition metals to score)

No. / Disagree.
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(di)

(dlii)

(a)

(b

(bii)
(c)

(d)

Either

Free Tuition Listing @ 99Tutors.SG
For eguation 1, Zn is more reactive than Co as Zn displaces Co from its sall

solution.
Zn exhibits only one oxidation state while Co can have four/many oxidation

stales

T V(H:0)N 2 ]
ij voit | 4 *{

Sally is correct.
Substance Y acts as a reducing agent as it decreases tne oxidation slate of

vanadium.
The oxidation states of vanadium decreases from +5 to +3 in the reaction.

The rate of the reaction doubles when the concentration of Brz doubles.
From experiment 1 and 2, the rate of reaction increases from 0.007 molidm?
s to 0.014 mol/dm® s when the concentration increases from 0.001 mol/dm?
to 0.002 mol/ldm®. (OR expt 1 and 3, rate triples when conc friples with

evidence)

The rate of the reaction increases by 4 times when the concentration of

CsHsNHz doubles.

From experiment 3 and 4, the rate of reaclion increases from 0.021 mol/dm?
s 1o 0.084 mol/dm?® s when the concentration increases from 0.001 mol/dm?
to 0.002 molidm? (OR expt 3 and 5, when concentration triples, rate is 9Xx

faster)

Second order reaction

0.028 molldm3 s

1) Increased concentration increases the_number of particles per unit

volume OR the distances between reacting particles decreases.
This increases the frequency of collisions between particles

2) As a results, the number of effeclive collisions per unit time increases
and the speed of reaction as well,
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B10 (ai) CsH;CHO
(aii) same general formula as aldehydes, CoHzn-1CHO

same functional group as aldehydes , -CHO

(aiii) Draw structure as shown below (any one)

H ©O H H

o |1
H-=C=-C~-C~-H

| | I
H H

(bi) long-chain molecules made up of many repeating units (or many small /
monomer molecules joined together).

(biiy Draw structure as shown below

8]

0
4
H-0 -E\t‘: f{—D-—H H—O0—CH;—CHly—0O—H

{biliy Polymer X is an addition polymer while polyethylene terephthalene is a
condensation polymer.

Monomers of Polymer X contain C=C bonds/unsatureated while monomers
of polyethylene terephthalene have different functional groups.

Monomers of Polymer X add onto one another (at the C=C bonds) without
any loss of material/atoms (reject: molecules) while simple molecules of

water are removed/formed as by-products when monomers react with one
another (at the functional groups).
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OR

B10 (ai) multiple/many carbon-carbon double/C=C bonds

(aii) Add agueous bromine to beta-carotene. The reddish-brown agueous
bromine will turn colourlessibe decolourised immediately/rapidly if beta-

carolene is unsaturated,

(aiii) Breakdown involves the reaction with water,
which results in the addition of hydrogen atom and hydroxyl group at the
carbon-carbon double / C=C bond and the breakage of (carbon-carbon

single) bond with the hydrocarbon group.

(bt} Draw structure as shown below.

H 0
‘ I
H-C~-0-H + 0=0 —+» H-C-0-H + 0O-H
! r
H H
(biiy Draw structure as shown below.
/,J—h\ L
°
{
! © ) ) o
. emend _ee. A
o J ."\": ."' '
fH % cC |"T:; o % x Na
| N e N

Correct that a larger molecule is formed as they have the carboxyl and

hydroxyl aroup to form an ester/ester linkage (with the removal of water

molecules).
Incorrect that a polyester is formed as the product contains only one ester

linkage/group per_molecule (reject: does nol contain many esler groups of
linkages).

(<)
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| There are forty questions on thes paper Answer all queahum For each qmﬂm ihere arg
| four possible answers A, B; € and D

- Choose the one you consider correct and record your -:nmne in soft pencil on the saparate
| Answer Sheet.

PRELIMINARY EXAMINATION 2017
SECONDARY 4

CHEMISTRY 5073/01
Paper 1 Multiple Choice 14 September 2017
1 hour

Additional Materials Muitiple Cholce Answer Sheet

Do not open t!'rls booklet untii you are told to do so.

Write your name class and rﬂgl ster number clearly in the spaces provided at the h:rp c! thna

Read the instructions onthe Answer Sheet very carefully.

Each comect answer will score one mark. A mark will not be deducted for a wrong answer |
Any rough working should be done in this booklet I

- A copy of the Periodic Table is printed on page 18

The use of an approved scientific calculator is expected. where appropnate ‘

This document consisis of 19 prned pages
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2

1 The diagram shows the apparatus used 1o separate hexane (boiling point, 70 “C) and
heptane {boiling paint, 98 °C)

distiliate

heat

Which graph would be oblained if the temperature al point T was plotted against the total
velume of distillate collected?

A ‘I B
100
o) -
temperalure/°C Hﬂ'_j—
704
ot ahahe
of disilete <
c o 5
100 =g 100 -
90 1 - . o 901 ™
temperatuie /°C g . lemperature/°C g4 |
70 ' 70 -
- - — -
tolal volume total volume
of distillate of distillate

20T =elimtifiary Eearm D OHME Seconduty i nem sty 50700
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3

2 Chromatography is used to separate different dyes present in mixture X The
chromatogram of mixture X and individual dyes labelled 1 to 5 is shown below

. Solvent front
]
(] . ®
(]
(] ]
[ ’
X 1 & 3 _+# § starting line

Which dyes are found in X and which dye in X has the smallest R, value?

dyes present in X dye with the smallest R, value
A 1.2,5 4
B 1,23 2
c 1,25 2
D 1,35 1 R

3 An experiment was set up as shown in the diagram below.

——-4+— distilled water

| aqueous
copper(ll) sulfate

s

It was observed that after leaving to stand for several days, the liquid in the jar had the
same colour throughout, This is due to the movement of

A the waler molecules only

B the copper and sulfate ions only.

C  the copper(ll) sulfale molecules only
o

the copper ions, sulfate jons and water molecules.

017 Prabmmary Exam/CCHM S Secondary 4/Chemitog 507301
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4
4 The figure below shows the melting points of mixtures containing different percentages of
metals X and Y.
meiting point / "C malting point / “C
250 4 l 350
¥—_ melling

melting 371 139 point of

point of v-‘;j.‘s,'; L1250 pure¥

pure X

150 1 + 150
1004 + 100
50 4 + 50
0 50 100
% of Y in the mixture
Which statement is true about the melting point of any mixture of metals X and Y7
A It must be above the melting point of pure X,
B It must be below the melting point of pure Y.
C It must be below the melting point of pure X.
D It must be between the melting points of pure X and pure Y
5 In which of the following molecules are all the outer electrons of the atoms involved in

bonding?
A CHa
B NH:
C CO:
D HC/

& The formula of the sulfate of element X is XSO, Which of the following is the comect
formula for a compound formed between X and an oxalate ion, C,04 7

A X(C:Os)
B XG0,

C  XAC204)s
D XC:0O,

2017 Prahmmnary Exam/CCHMSSecondary &/Chamismy507 21
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5

The electronic configuration of 2lement M is 286. M is known o react with element J
which has a shiny appearance and floats on water Which of the following best fits the
compound formed between M and J7

[ -t;pe_af bonding formula of compound forme-d-
A cavalent : a JM;
B covalent J:M
- ionic JM,
o o fanic | JoM

The empirical formula of a compound is C;H.O. Which of the following are possible
molecular formulae for this compound?

1 CHsCHAOH
| CH3CHCOOCH;
i HOCHCHCHCH:0H

A i only

B 1and 111

C 1 and 111

D 1, 1T anc 111

Which statement is true?

Ar has more slecirons than G-,

Fe' has more électons than Fe*"
K has more electrons than K.

A
B Cfhasmoie electron’s than K.
c
D

When a 200 g sample of impure potassium hydrogen carbonate, KHCO: (M, = 100), was
heated under a strong flame, 6.00 dm® of carbon dioxide gas (measured at room
temperature and pressure), was collected. Determine the percenlage purity of the
potassium hydrogen carbonate sample.

2ZKHCO: — K2CDa + H0 + CO4

25%
50%
T5%

100%

o 0O @ P

0% Probeminary ErvamiCOHMSSecondny A et ST WG
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11 The table below shows the results of different experiments conducted on two acids, A1
and A2, of equal concentration.

& tnmpm change when | observation during
e & ?;“;g::g nﬂ: excess acid.was reacted | reaction of acid-with
Sk et SRR wllhiﬂ&un’aﬂumwdm’ 3.0 cm magnesium
Ak o : _ 1 sodium hydroxide / °C strip’ ¢
rapid eﬂewm of
i M“ 1000 +£.9 a colourless gas
A2 70 +6.7 slow bubbling of a
colourless gas

Which of the following deductions can be made about acids A1 and A2?

A

B
Cc
D

A1 is a weak acid while A2 is a strong acid.

A1 is a strong acid while A2 is a weak acid.

Both A1 and A2 are weak acids, except that A1 is a dibasic acid.

Both A1 and A2 are strong acids, except that A2 is a dibasic acid

12 In an expenment, 5 cm® of 2.0 molldm’ aqueous potassium hydroxide was added to
10 em? of 0.5 mol'dm? hydrochloric acid as shown in the diagram below The acid solution
was pre-treated with some Universal Indicator,

Which change, if any, would be observed in the colour of the Universal indicator?

B
Cc
D

Changes from red o blug

Changes from green lo red

Changes from blue to red

13 Which of the following burns in air to form an oxide which, when dissolved in waler, gives
a solution with a pH greater than 77

A

B
C
D

carbon
copper
hydrogen

sodium

2017 Preirvnary Exam TCHRME/Sacondany 450 hametog/B0T 301
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7

The effect of certain conditions on the speed of reaction between excess solid zinc
carbonate and hydrochlonc acid was investigated in expenments 1 and 2.

ZnCO; (s) + 2HCI (aq) - ZnCls (aq) + H:O () + COz (g)

The table below shows the conditions used for the two experiments.
concentration of
experiment temperature / °C acid used / volume of m:id
molidm? used /cm
1 40 400 100
2 T 30 2.50 400

The volume of gas given off was plotted against time. Which graph correctly shows the
results in experiments 1 and 27

A B
ume
C D
M r
wilume of
CO, evolved 1
{dm) i

hime

fme

2017 Prelimmary SxamCCHMSSecondary 4/Chemistey/ 507301
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15 The scheme shows some reactions of a compound Y

compound Y

excess

HNO,(aq)

colouriess
| ‘ Y| solution

NaQOH(aq)

white precipitate
insoluble in excess
MaOH(aq)

What could the compound Y be?

aluminium sulfate
calcium carbonate
copper(ll) carbonate

zinc carbenate

o 0 D »

16 A sludent attempts 10 prepare magnesium chioride using magnesium carbonate and
hydrechionc acid. Which apparatus is / are necessary for this salt preparation method to
help the student finally obtain a pure, dry sample of magnesium chlonde crystals?

i

1 2 3
A 1and3
B 1and 2
C 2and3
D Zonly
2017 Presminary Exam/CCHMS/Secondary 4/Chamistry/507 01
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17 If an element with atomic symbol Q has an oxidation number of -1 in all its compounds,
which of the foliowing cannot be a compound of Q7

| MgQ-
1 KQ
1 KO,

1 and I only
[ and Iil only
I only

I, 1T and il

D O O »

18 Prepanoic acw reacts with magnesium hydroxide to form magnesium propanocate salt and
water as products The incomplete chemical equation is given below.

2CHsCHCOOH + Mg(OH): — ................. + 2H:0
Which of the following gives the comed chemical formula of magnesium propanocate?

MgCOOH
CH:CH2COOMg

CH:CH:Mg:
(CH:CH,CO0)Mg

o 0 o >

19 An expenment s sel up as shown in the diagram.

i. -

ey
|r

carbon — - -~ carbon
electrode X electrode Y
__ concentrated
aquecus

nickel{ll) chloride
Whal occurs. at the carbon electrode X7
A Chigride kons are oxdized and chlonne gas is formed
Chionderions are reduced and chlonne gas Is formed

Hydroxide ions are reduced and oxygen gas is formed

o O @

Hydrogen ons are oxidized and hydrogen gas s formed

2017 Predvminary Exam/CCHMODeeandary 440 hamstny/G07 201
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20  The diagram shows the structure of a compound of silicon and carbon, (SiC),

key
e carbon atom
o silicon atom

Which statement would be true for (SiC), 7

It acts as a lubricant.
It conducts electricity.

It is insoluble in water.

o O D »

it has a low meiting point.

2 A new Chemistry student attempted to make a solution for his expenment by dissolving
some potassium carbonate into a beaker of tap water However, he noticed that the
beaker of waler began to lum cloudy with a suspension of white solids instead.

Which of the following couid be a possible reason for this observation?

A The tap water contained sulfate ions.

B  The tap water was acidic.
C The tap water contained nitrate ions.
o

The tap water contained magnesium ions.

2007 Preimevary ExamiU il HME Secondary 400 he maging 507 L0
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22 The diagram below shows a simple chemical cell.

positive
eleclroda —. negative
electrode
dilute —
sulfuric acid

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

| positive electrode | negative electrode | voltage / V
copper zinc 110
copper X 270
copper Y 078

_Z copper 046

What is the order of the reactivity of the metals?

L -must reactive === —— least reactive
A zne X Fd Y ! copper
B zing Y Z copper
c X zinc Y copper Z
D Y zing X copper L

2017 Prehmenary Exam/CCHMS Secandary 4/Chemmaliy 507301
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23 What is the volume of hydiogen produced at room temperature and pressure when
4.6 g of sodium is reacted with 9 0 g of water?
[1 mol of gas occupies 24 dm” at room temperature and pressure |

2Na (s} + 2H:0 (/) —+ 2NaOH faqg) + H: (g)
1.2 dm?
2 4 dm?

4.8 dm®
12 dm?

O 0 m »

24 The following shows an outline of the Periodic Table

el d ]

]
|
=ik 4
|
)

Which of the elements U, V, W, X and ¥ would react with one another in the ratio of 117

A  UandX
B Uand ¥
Cc Vand Y
D WandX

25 One way in which the corrosion of underground steel tanks can be prevented by sacrificial
protection is shown in the diagram

Which element is most suitable for use as the sacrificial substance?

A carbon

B copper

C iron

D magnesium

27T Prefminary Exam/CCHME Saecondary 4/Chemistry/S07101
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26 The energy diagram below represents the energy changes in a chemical reaction.

enthalpy
in kJ/maol

:“ﬂ -
0 -
reaction pathway

What is the enthalpy change of this reaction?

A +50 kJ

B -50 kJ

C +100 kJ

D =100 kJ

27 In the extraction of won in the biasl furnace, which of the following results in the formation
of a reducing agert?

A C+0,-CO;

B C+C0O:— 2C0O

C  CaCoy - Cal + CO:

D Fez0:+ 3CO -+ 2Fe + 3C0O,

SOV Fretmagny Eurenio S HWS Secantany 0 Rerusteg SETRDI
i Y ' &0
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28 Four iron paper-ciips are exposed o four different conditions in an experiment to study
rusting.
1 2 3 4
. } ' i} ] A
- L r— ol
4~ diry air -~ tap water 4~ bolled tap  -f—tap waler
15°C 15°C water 15 *C 25°C

$~—mdb |&_ paper-cip &— paper-clip El— papar-chp

Which two paper clips will rust after 1 week?

1and 3
B 1anda
C 2and3
D 2andd4

29 The diagram shows an experiment to produce and collect hydrogen gas

-+

waler + inert
absorbent

\ - Nydrogen

What is R?

lead
iron

lead(Il) oxide

o 0 m P>

copper(ll) oxide

R Praleminary Exam COHW S Seangary 4/Chamistrg 5000010

99Tutors.SG | Page 80



Free Tuition Listing @ 99Tutors.SG

15
30 A fixed mass of the carbonates of four metals, J, L, M and R, were placed in a boiling

tube and subjected to high temperatures from a strong Bunsen flame as shown in the
diagram below

melal

carbonate ﬂ

.
Bunsen 5 test tube
flame \ holder

limewater

The time taken for a white precipitate to be observed in the limewater was recorded in the
table shown below. .

carbonate of metal | time taken to observe white precipitate / s
J PR O 20 " =
L : 252
M not observed
R NN | A W

Which of the following statements is true?

Metal J is above metal R in the reactivity series.

Metal L can displace ions of metal M from its salt solution.
Metal M is an unreactive metal,

o 0o @ P

Metal M is more reactive than metals J, Land R

31 Which statement about the properties of ammonia is correct?

A Ithas strong forces of attraction between nitride and hydrogen ions.

B Itreacts with alkalis to form salts.

C  ltis a product of the reaction between ammonium chionde and sodium hydroxide.
D

It turns damp blue litmus paper red, and then bleaches the litmus paper

2017 Preliminary Fram/CCHMSSrcondary 4 Them|singS0T 107
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32 The table below shows the composition of exhaust gases from a car engine

 gas ) % of gas in the exhaust fumes_
gas Y 71
___carbon dioxide 14
watervapour | 13
carbon monoxide 1
hydrocarbons (uncornbusted) 03
I oxides of nitrogen [ 02 .
| sulfur dioxde | < 0.003
What is gas Y7
A ammonia
B  argon
C chlorne
D  nitrogen

a3 Excess chiofine gas can be tested with damp blue litmus paper and by bubbling the gas
through potassium iodide solution.

What colour would the damp blue litmus paper and potassium iodide solution be al the end
of the test with excess chlonne?

litmus paper [ potassium iodide solution
A bleachad / white Drorwn
B bleached / white colouriess
c red brown
D _ re::t N M colouress

34 Consider the two organic compounds shown in the diagram below

H H H O 0 H H H
R I I
H—C—C—C—C—0—H and H—C—0—C—C—C—H
[ |1 |
H H H H H H

Which of the following statements conceming these two compounds are correct?

A They have the same structural formula.
B  They tum damp blue litrmus paper red
c They are both ionic compounds

D  They have different boiling points

2017 Preimmary ExamiCCHMESecondary 4/ Chemising/S07T 401
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35 When 1 moie of hydrocarbon Q reacts with exaclly 5 moles of oxygen gas, it forms
carbon dioxide and water as the only products. What is hydrocarbon Q7

méethane, CHa
ethane, C;Hs

propane, CiHs
butane, CaHqp

o 0 @ »

36 Which row about the oxides S0O-, Si0z, CO» and NO: is comect?

e CO; { NO: | SO; | Si0:
A | are acidic v x * v
B | are solids at room temperature x » x v
C | may be present in air s x v x
D | react with acidified potassium manganate( V1) E x v v

37 When cracked, one mole of compound X, produces one mole of propene and one mole of
hydrogen gas as shown in the chemical equation below

‘What type of compound is X?
A an aluohol

B a.n alkane

€ analkene

‘D acarboxylic acid

X = CiHe + Hz

38  Wine s an alcoholic dnnk It wine is left exposed to air for oo long, reactions can occur,

and the wine turns acidic

This is because the ethanol inwineis . 1 totheacid 2
Which word and formula correctly fills blanks 1 and 27
1 2
(A oxidised T ~ CH,COOH R
B ~ oxidised B CH.CH,;COOH T
c reduced CH,COOH
D ~ reduced Il ~ CHiCH;cOOH

2007 Pretminaty ExamC L AMESecondany & Chrrmsing S0 L0 |
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Which of the following has been prepared by reaction between a carboxylic acid and an
alcohol with the elimination of a water molecule?

A B
oy R
i [
H—C—C—C—0—C—H H—C—C—C—OH
H H H OH H
C D
O H H CH,
H—t—C—C—H HEOH ©
| | !
H H H_Il\]"‘(l:_-""'c_‘OH
H H

Polymer W is shown in the diagram below.

P (R
—-—c—-%’-’;f—c“'rf"‘f“i?"' AT

1

H H:
The following four teans can besed fo deséribe polymers:

I addition polymer

I condensation polymer
i potyamide

IV polyester

Which twa of the above terms are applicable to Polymer W7

A Iand 111
8 land IV
C 11 and 11
D Ifand IV

T Prelvminasy ExamrCo S Sacangany 40 hemistny 5073001
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Section A

Answer all the questions in this section in the spaces provided.

The total mark for this sechon is 50.

Al Use the following clues to complele the crossword puzzie.

(@)
(b)
()
d)
(e)

1 across
2 down
3 down
4 down

5 down

A separation process which depends on the size of solid particles to work.
The most reactive halogen in the Perodic Table,

The catalyst used in the industrial production of ammonia.

Anion thal would undergo reduction in elecirolysis.

The total number of protons and neutrons in the nucleus of an atom is
known asthe cereiireen... DUmMber,

[Total: 5)
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A2  The lable below lists some substances and their melting and boiling points.

subtioce rnaitlﬂg point boiling point

C I1°C

iodine 114 184
lead(11} bromide 370 14
methane -182 =161
bromine -7 58

siicon dicxide 1610 2230

lithium 180 1360

Use the names of the substances in the table 1o answer the following questions.

{a} (i}  Which subsiance sublimes readily when heated?

T

{it}  Which substance Is a hydrocarbon?

D b T TSR

{iif)  Which substance(s) will conduct electricity when molten?

e Ll L L T T T —-—

(iv) Which sibstance(s) react(s) violently with cold water?

e L T T T

(v)  Which{s) substance(s) exist{s) as diatomic molecules?

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

R RS EALEAAS A ssss eSS RS TSRS REES

1)

«{1]

1

weiil1)

(b) Interms of struclure and bonding, explain the difference in the boiling points between

tromine and silicon dioxide.

B L P TP Tep,

B LL L e Lt L T T ST TR

e

e} (i) Lead(ll) bromide is insoluble in waler. Siate two reagents that can be used to

prepare lead(ll) bromide.

reagent A: ..... s RRSTORERIAIA, - 1]

reagent B:

2017 Prediminiary Exam/CTHMS Secondary AChemistrg 507302
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(ii}  Using reagents A and B, descnbe how a pure, dry sample cf lead(ll) bromide may
be oblained

T A R A A

[Total: 12]
A3 When magnesium is bumed in air on earth, a mixture of icnic solids are formed. Twoe main

products can be obtained by the reaction between magnesium and the two abundant gases
present in air,

One of the products formed is magnesium nitride. The chemical reaction for the formation of
magnesium nitride is shown below:

SMQ + Ny = Mgghl;-

(@} () Write a chemical equation for the formation of the second main predudt formed
when magnesium is burned in air

{ii} Draw adot-and-cross diagram of the magnesium ion. Show only the outer electrons.

(1

(b) Magnesium nitride, when added to waler, reacls to form white insoluble magnesium

hydroxide and a pungent, alkaline colourless gas. Describe 2 physical test that can be
used 1o confirm the identity of this gas.

T T A —

R e e R R

——

[Tolal: 4]
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A4 Micke! is an important metal in the material science industry  The extraction and purification of
nickel is known as the Mond Process, which involves converting its ore, nickel oxide, intc pure
nickel. The Mond Process consists of 3 steps as shown in the table below:

‘slep | process description
Reaction of nickel{ll) oxide with hydrogen gas at
1 | extraction 200 "C to give raw nickel solid and steam,

Reaction of the raw nickel with carbon monoxide
at 60"C lo form an intermediate product, nickel
tetracarbonyl, NifCO)4

2 | purification Ni (s) + 4C0 (g) = Ni{CO): (g)

[ Impurities are then separated from the nickel

tetracarbonyl

| Remaining nickel tetracarbonyl is heated lo
L. | 250 'C, which decomposes 1the nickel
3 Decompasition tetracarbonyl fo oblain pure nickel solid,

(a) (i) Suggestthe role of hydrogen gas in step 1 of the process.
b e P S et sz ]
{ii} Construct a chemical equation, with state symbols, for the reaction in step 1.
(b) In a particular batch of nickel extract, 120 000 dm® of carbon monoxide was added in step
2 lo an excess of raw nickel. The gualty officer realized that the volume of nickel

tetracarbanyl vapour obtained was 22 500 dm?.

Calculate the percentage yield of nickel tetracarbonyl in this process. (You may make the
assumplion that at 60 °C and 1 atm pressure, 1 mole of gas occupies a volume of 24 dm? )

(2
(c) Nickel is a transition melal. State one possible property of nickel compounds.

e e R

[Total: 6]
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AS Disproportionation is a reaction by which a substance undergoes oxidation and reduction
simultaneously to give different products. The chemical equation below shows the
disproportionation of hydrogen peroxide into walter and oxygen gas. This is a highly exothesmic
reaction.

2H:03 (ag) = 2H:0 (1) + O2(g) AH = -186 kJfmol

The rate of this disproportionation reaction can be increased by the addition of a manganese(IV)
oxide as a calalyst. Graph 5.1 below shows two graphs (1 and 2) for the disproportionation of
hydrogen peroxide. One had a calalyst added lo the set-up, while the other one did not have
any catalyst added. The volume of hydrogen peroxide used was the same for both experiments.

volume of oxygen gas evolved [ cm?

 graph 2
graph 1
PR BTN e gt
% time/s
Graph 5.1

(a) (i) |dentity the graph thail used a catalyst in the experiment.
(i)  Using Graph 5.1, explain your answer In aff).

B e L L R T T e e P R R P T T

(iii) Using ideas about collision of particles, explain how the catalyst works in this
reaction

B e e T T DT

Z017 Prefminary Exam/CCHMSSecondary 4/ChemistrgS07 102
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(b} (i) Complete the following table with the oxidation states of the elements found within
lhe reactant and products of this reaction. 4
oxidation state | oxidation state
of H of O
hydrogen : A
peroxide
oxygen gas
waler

(i} Hence, expiain why the above reacticn is a disproportionation reaction.

(c) Suggesl why the disproportionation of hydrogen peroxide is too dangerous to be used as
an industrial method to produce oxygen gas.

(d) Sketch an energy profile diagram in the axes below for the disproportionation of hydrogen
peroxide, labelling clearly the reaction enthalpy change (AH) and the activation energy
(Ea).

Energy level

Reaction pathway

(3]
[Total: 15]
2017 Preliminary Exam/CCHMS Secondary &Chemistry/S073/02
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A8  Acrylamide is an important chemical used in the making of paper, dyes and plastics. The
chemical structure of acrylamide is seen in Fig. 6.1 below.
H
i _ A L
H.:"C _C\C/ '\H
0O
Fig. 6.1
(a) When acrylamide reacts with water under the right conditions, it undergoes a reaction

called hydrolysis. One of the two produdts of hydrolysis is acrylic acid. The chemical
structure of acrylic acid 1s shown below in Fig. 6.2

H. M
 C=C( O
l

O
Fig. 6.2

(i)  Suggest the identity of the other product in the hydrolysis of acrylamide
SOOI, | |

(i) Describe a physical test to distinguish between acrylamide and acrylic acid.

e 0 - e et hat i o e o Bt 0 0 0 0 B By B B i

oA S S A T S e S R R R e s s se s )
{iify State the observations when acrylic acd reacts with agueous bromine.

e R R SRR BB EEE R R B R R TR R R 0 B B S o B B B B

B R R R 8 R R 8 ,[11

{lv) Draw the structural formula of the product formed for the reaction in a(iii).

1
2017 Prefiminary ExsmiCCHMSecondary 4/Chemistry/507302
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(b) A synthetic pathway is a flowchart disgram used by organic chemists to plan their
laboratory synthesis (formation) of a desired organic compound from a given staring
malenzl A simple synthetic pathway involving 2 reaction steps can be represented as
shown in Fig. 6.3 below.

Starting | _Reageni(s) [ Interme diata] Reagent(s] [
ctc I

__material A | Caonditians J Condilions _—I-._ﬂ_..
for the for the
reaction reaction
Fig. 6.3

Malonic acid is an important organic acid used as a preservative additive for foods

Acrylic acid can be used as a slarting material in the synthesis of malonic acid. The
reactant required for step 1 has been provided. Complele the 2-step synthetic pathway
below for the synthesis of malonic acid as the larget product C,

Ir/.-"" '“-‘_l‘.l
H, /H Steam [ water
o= OH
H S~ Condition{s):
B, s seasis
Starting materiala:
Acrylic acid
....................................... \ )
Intermediate B
Reagent{s): ..o, TS
Condition(s) ... ...,
O H
i l
HO—C— (|3 —OH
H
Target product C:
Malonic Acid
(3]
[Total: 8]
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Section B
Answer all three guestions in this seclion,

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

E7  Reversibility of reactions
Reacticns can be classified as reversible or irreversible The reversibility of a reaction can
generally be represented by the use of a concentration-time graph, whereby the concentrations
of the reactants and products in a reaction are tracked over time.
In anireversible reaction, the reactants react to form products as such:

Reactant A + Reactant B — Product C + Product D

- ___——————Products

u/ _ K =R
Time/min

Graph 1: Concentration-time graph of an irreversible reaction

Concentration/moldm™

In a reversible reaction, the readanis react to form products as such:

Reactant A + Reactan! B = Product C + Product D

Products

Concentration/moldm”?

b o g —————

.

Time/min
Graph 2: Concentration-time graph of a reversible reaction

L=

Equalibium

Examples of irreversible reactions include that of reactions between reactive metals and mineral
acids, neutralisation reaction between sirong acids and sirong alkalis or decomposition of metal
carbonates inte metal oxides and carbon dipxide

Equally frequent are reversible reactions, such as that between nitrogen and hydrogen to form
ammania as well as esterification between alcohols and carboxylic aclds.

2017 Preliminary Exam/CCHMS/ Secondary &Chemising507302
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Reversible reactions and the Le Chatelier’s Principle

Reversible reactions thal take place in a closed sysiem (ie one that happens In an enclosed
vessel and there is no exchange of matter between the reaction mixture and the surrounding
environment) can eveniually reach a state of dynamic equilibnum. This means that the rate of
the forward reaction (reactanls — products) is the same as the rate of the backward reaction
(products — reaciants),

The Le Chatefier's Principle is a well-known sclentific principke that applies to reversible reactions
occurming in closed systems, such as the Haber Process. It slates that when the system in
dynamic equilibrium is subjected fo a change in conditions [such as temperature, pressure and
concentration), ihe system will respond to counteract the effect of the change so as to re-
establish the stale of equilibrium.

For example, in this reversible reaction: Reactant A + Reactant B = Product C + Product D

Le Chatelier's Principle will apply at dynamic equilibrium. if there is an increase in the
concentration of reactant A:
= position of the equilibrium shifts to the right
+ the rate of the forward reaction increases
(so as to remove the additional reactant A in the sysiem)
equilibrium concentration of the products C and D increases
concentration of reactants A and B decreases

The Haber Process

Nitrogen and hydrogen are used in the manufacturing of industrial ammonia, where nitrogen and
hydrogen reacts in a reversible reaction to form ammonia. The changes in the concentrations of
nitrogen, hydrogen and ammonia with time in a closed system can be represented by a graph
as shown. The forward reaction (formation of ammonia) has an enthalpy change as shown.

Nz (g) + 3Hz (g) = 2ZNH1 (g} AH = -82 kJimol
'y
Concentration of Hy
Concentration of Ny
Concentration of NH, T
0

Graph 3: Concentration-time graph of the Haber Process
The Haber Process is a dassic example of how the Le Chateler's Principle is pul to good

application. The conditions selected for the production of ammonia in the Haber Process were
carefully studied with reference to the Le Chatelier's Principle.

2017 Prefminany Exam/COHMS/Sacondarny 4ChamisingS073/02
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{a) Using Graphs 1 and 2, state and explain one difference between reversible and non-
reversible reactions.

e L T LT T

L L T T T T T T P

R eSS RS SNy, 1.

B R B R AR SRR N N S AR EA RS EEE LR RS e e

(b) Use information given about the Haber Process and Le Chalelier's Principle to answer the
following questicns,

(i) State and explain if the reaction to form ammonia absorbs or releases heat.

T

P ARSI, | |

(i) Stale and explain the effect on the position of the equilibrivm of the reaction between
nitrogen and hydrogen i the reaction was carried out at a lower temperature.

AR R R R e R T R R AT AR R AE AR R

(iif) Hence, siale the effect on the equilibrium concentration of ammonia if the reaction
was carried out al a lower lemperature.

STSRENSTRSIIN | |

D e L L L L LT ——

B e T T T T T T

{(iv) Using your answers from b(i) to biiii}. sketch, on the diagram given, another line
showing only the concentration of ammonia fo illustrate what happens when the
reaction is camied out at a lower temperature. Label your graph P.

4
Concentration of Hy

Concentration of N;

Concentration of NHy
0
(1]

N7 Praliminary Exam/CCHMSSecondary AChemisingS0T 02
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(¢} According lo the Le Chatelier's Principle. using a high pressure in the Haber Process will
favour the forward reaction and result in a higher equilibrium ammonia concentration

(il Explain why, despite knowing this, manufacturers of ammonia still do nol choose o
use very high pressures.

T T T T A S

(i) When the pressure gels too high, gaseous ammonia begins to behave like a liquid.
Describe the changes in the arrangement and movement of the ammonia molecules
when this happens.

[Tolal 10)

2017 Prefiminary ExamiTCHMS Secondary 4/Chamising 507202
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B8  Many bidlogical molecules in the natural world (cells of living things) are polymers. Proteins,
which are important compounds In our body for growth, repair and many other functions for
example, are polymers made of many aming acids bonded together.

Amino acids are molecules with two key functional groups. Each of them consists of an amine
group on one side, and a carboxy! group on the other, which allows them o polymerise into long
chains known as “polypeptides” held essentially by amide linkages. There are currently twenty
known naturally occurring aming acids, three of which are shown below,

SH

I I"I CH; 0

H CH, O N | |
[ R H—N—C—C—OH
H—N—{I;—C—OH I

H
H
Cysteine Alanine
(Cys} (Ala)
CH,
|. :
H HCOH O

L
H—:\f—(l:—c:——OH
H

Threonine
(Thr)

fa} (i) A section of a protein has the sequence —Cys—Ala—Thr—, Draw this section of the
protein using the structures of lhe three amino acids provided

2]

2017 Prelminary Exam/CCHMSSecondary 4/ChemistryfS0T002
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i} Stale the type polymerisation reaction that the amino acids undergo to form the
protein, :

fiii) Explain your answer in afii)

s D)
(iv) Suggest the name of a synthetic polymer that also has amide linkages. '

{b) Alanine (condensed structural formula: HoNCHCH.COOH]) reacts like a usual carboxyhc
acid because of its — COOH (carboxyl) group. For example, it readily undergoes
neutralization with sodium hydrosade lo form a seluble organic salt by the name of "sodium
aminopropanocate” according o the following equalion:

HaNCHCHSCOOH + NaOH — H:NCHCH:COONa + HyO

Alanine also reacts with an alcohol to form an ester whose struciural formula is shown.

A I
|
H—N—(JJ‘——C—O—(iT—(l?—H

H H H

{i} Wrile an ionic equation for the reaction of alanine with aqueous sodium hydroxide.
{ii} Using the information provided, name the ester formed above.

(iii) An isomer of this ester was added to a test tube of aqueous sodium carbonate.
Effervescence of the colourless gas evolved gave a while precipitate when bubbied
into limewater. Draw a possible structure of this isomer.

(1]
[Total: 10]

2017 Prefminary Exam/CCHME/Secondary 4/Chemistny 507102
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Either

BS Instead of carrying many tanks of oxygen and adding to the mass of the submarine which makes
it nefficient to move, naval forces sometimes make use of chemistry to constantly generate
sufficient oxygen for the soldiers in the submarnine o breathe,

One such method is the electrolysis of agueous sodium hydrexide. The diagram below shows the
schematic diagram of a sel-up used for this purpose.

() )
hydmgen.‘xr | —oxygen

|

|
1  agueous
= ]' sodium hydioxide

ﬁowar pack

(a)  State how the composition of the electrolyte changes after the elecirolysis has been
running for some time.

e RS R B B R R B b AR B b

(b)  After some time, the power pack can be replaced by a vollmeter. This set-up, shown below,
then acls like a fuel cell to provide additionai electricity to power the submarine.

£y o
hydrogen O sl
aqueous
" sodium hydroxide
p— f'_-'\ +
v

The left hand electrode in the diagram becomes the negative rod of the cell and the right
hand electrode becomes the positive rod

2047 Prefiminary ExamiCCHMSSecondany 4/Chemising 507302
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(i) State the direction of the electron flow in the exlernal circuit,

(i) Construct an equation to represent the reaction that occurs 2t the negative rod in
this fuel cell,

Other than submarines, cars can also be fitted with an engine powered by a hydrogen fuel
cell or a conventional petrol engine.

One of the advantages of hydrogen fuel cells over the use of petrol in cars is that the only
by-product is waler, making it a clean fuel. A hydrogen fuel cell in operation, however,
can sometimes achieve temperatures that are comparable to the conventional petrol
engine.

(i) Give one environmental disadvantage of using petrol to power car engines.

(i)  Suggest why hydrogen as a fuel (in the fuel cell) may not be that economically viable.

B B 8 B T M 0 B B 0 B 0 0 B B

(iif) Explain why it is possible for nitrogen oxides to be produced in both types of car
engines.

S Bt

............... A A ARl

(iv) Suggest why a catalytic converier, if installed in 2 car that is powered by a hydrogen
fuel cell, will fail to reduce nitrogen oxide levels as compared to that in a car powered
by petrol.

B B N R R 0 B 0 B 0 0 0 0 B B R B Rl o

[Total: 10]
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Or
B9 Aqueous copperfll) sullate is electrolysed as shown in the set-up below.

@

graphite
electrodes —
afqueous —— :':‘:‘.-_' ‘‘‘‘‘ .
capper{ll) —F" """~~~ "~~~ =
sulfate - === j
(a) Write a half equation for the reaction that occurs at the cathode.
(b) Describe and explain any changes thal occur in the electrolyte as the reaction
continues for 2 period of time.
............................ - cesssemsassasssaserssesssasasassse] 3]
(c) Suggest another type of electrodes that can be used to replace these graphite

electrodes without changing the resulls of the experiment.
(d) Two students, A and B made statements about the electrolytic set-up.

Student A: °If we change the eleclrolyle to a highly concentrated solution of
copper(il) sulfate, the results of this experiment will be entirely different.”

Student B: “The concentration of the copper(ll) sulfate electrolyte here does not
affect the resulls of the experiment.”

Which student made the correct statement? Give a reason for your answer.

e B A B R R AR

20T Prekminany Exam/CCHMSESecondary 4/Chemistng/ 50702
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(e} A student investigated the relationship between the mass of copper formed and the total
charge passed through the solution. The graph of the results are seen below.

0.25+
0.20
0.15
mass of copper T
formed/g
0104+ e
0.05 111
A
ﬂ_ 1
0 100 200 300 400 500 600 700 800
charga/
coulombs

(i) Deduce the mass of copper formed when a2 charge of 600 coulombs is passed
through the solution,

TR R casanail ]

{ii) Use information given in the graph to predict the charge needed to form 1 g of copper,
and hence deduce the charge needed to deposit 1 male of copper.

(2]

[Total: 10]
End of Paper 2
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Al

(=)

1 across — FILTRATION

(b)

2 down — FLUORINE

(c)

3 down — IRON

(d)

4 down — CATION

(e}

5 down — NUCLEON

A2

ia)

(i)

loding

(i)

Methane

(iii)

Lead(ll) bromide, Ithium

{iv)

Lithium

(v)

ladine, bromine

(b)

« Silicon dioxide has a higher boiling point than bromine [1]

» Silicon dioxide has giant covalent structure, bromine has simple molecular
structure [1]

+ Less enerqgy required to overcome weak infermolecular forces of attraction in
bromine than lo break strong Si-O covalent bonds in silicon dioxide. [1]

{c)

(i)

Reagent A: Lead(ll) nitrate (@any soluble lead(il) sait)
Reagent B: Sodium bromide [@any soluble bromide salt / acid)

(0

+ Add a solution of reagent A to a solution of reagent B in a beaker, shir to mix well. [1]
= Filter 1o oblain lead(ll) bromide precipitale; dry between pieces of filer paper. [1]

A3

(@)

(i)

2Mg + Oz = ZMg0

(i)

= 2+

No penalty for missing key / did nol write atomic symbol in the diagram.

(b)

= Place a piece of damp red litmus paper inlo the gas. [1]
« |f the damp red litmus paper tums blue, the gas is ammaonia gas. [1]

Must identify ammonia gas.
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Ad

{2)

(1

Reducing agent

(it)

NiO (8) + Mz (g) = Ni (s) + H:0 (1)

[1] - comect and balanced equation
1] — comed state symbois {only ewarded f equalion 1s correct)

(b)

Ni + 4CO — Ni(CO}4

No . of moles of CO = 22 = 5000 mol
No.of medes of CO 4 .

Noaf moles of NijCO), 1

No. of moles of Ni{CO)« expecled = “T“-: 1250 mol

Mass of Ni{CO)s expected = 1250 x [59 + 4(12+16)] = 213750 g [1]

No. of moles of Ni(CO)s obtained = = = 937.5 mol

Mass of Ni{CO)s obtained = 937 5 x [58 + 4{12+16)] = 160312.5 [1]

1603125

Fercentage yield = ———— x 100% = 75.0 % {3 s.7.) [1]

213750
OR

. = ; Noof molesof C¥ | Volumeof LD 4
Mole of gas volume ratio ﬂ: gas 2 Noof moles of NI(CC),  Volume of Ni[CO), N 1
Volume of Ni{CO)s expected = 2222

= 30 000 dm? [1)
Hence, % yield = 2222 x 100% = 75.0% (3 5.} [1]

(c)

Nickel compounds are likely 1o be coloured /
Nickel exists in variable oxidation states in s compounds

AL

(2)

(i)

Graph 2

(i)

» Calalysts speed up chemical reactions. |1]
« Graph 2 had a steeper initial gradient, which indicated a higher initial rale compared
1o graph 1. [1]

(i)

« Catalysts provide an alternative pathway with a lower activation energy for the
reaction to occur. [1]

= More reacling particles possess energy that is greater than or equal to the activation
energy. [1]

= Frequency of effective collisions between reacting particles increase, rate of reaction
moreases, [1]

(b)

-

(i

oxidation state | oxidation state
| of H of O

hydrogen
peroxide ¥ -1

oxygen gas

waler +1 -2

[1]—comrect oxidation states of H
[1] - corect oxidation states of O
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(1)

* Hydrogen peroxide is reduced: oxidation stale of oxygen increases from -1 in hydrogen
peroxide to 0 in oxygen gas. [1]

= Hydrogen peroxide is also oxidised: oxidation state of oxygen decreases from -1 in
hydrogen peroxide o -2 in water. [1]

(c)

The reaction is highly excthermic / releases a lot of heat energy. [1]
= DOxygen Is one of the products — high risk of explosion [1]

(&)

Energy

Resction pathway
[1]— Caorrect shape of diagram
[1] - Correct E,
{1] — Comect AH

-1 mark iIf no indication of reactants + pdis

AB

(3)

(i)

Ammonia / Ammenium hydroxide

()

Place a piece of blue litmus paper into 2 sample of both solutions. [1]
The solution that turns the blue ltmus paper red is acrylic acid. [1]

(7i)

Reddish-brown aqueous bromine decolourises rapidly.

& if student does not state initial colour / no merition of ‘rapidly’.

(v)

PR
H—-?—-?-—C—OH

Br Br

(b)

H
|

PN, . Acidified KMnO), (R

H” I “OH * HO—C—~C—C—0H
Hesl [

H H

0—0D

H
;l J00*C, 65 alm
1:':! HyPO, catalyst

H—

g=Ci—xX

[1] — correct condition for addition of steam to alkene
[1] — correct structure of inlermediate alcohol

[1] = correct reagent and condition of axidation

@ any variation in structure as long as il is sound

B7

(a)

In an irreversible reaction, the concentration of the reactant can reach 0, but this is nat the
case in a reversible reaction. [1]

In a reversible reaction, the products can react o regenerate / form back the reactanis. [1]1 ]

(b)

It releases heat, because the reaction is exothermic [1]

The reaction is exothermic. [1]
When the temperalyre is lowered, the position of the equilibrium shifts to the right [1]

This is to release more heal, lo counteract the effect of lowering the temperature [1)
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(lid)

The equilibrium concentration of ammenia becomes higher.

(iv)

3

kR
Concenlrathon of Hy

Concentration of M

Concentratlon of Hd;
i)

Mark for:
= Gentler gradient than original =
= Higher concentration of products than original (regardless of how high)

{c)

(i)

High pressures require large amounts of energy to maintain, which can increase the
cost [1]

(i)

Ammonia molecules change from being very far apart from each other to closely

packed together. [1)
They change from moving randemly in all directions at high speeds to sliding past

gach other throughout the liguid. [1]

B8

(2)

"T’” cH

H CH, O H
|| [
= N— LGN

)

|
r:IJHg {l? }I{ ITCOH O
| [
—C— C—N—C—C—
| i |
H

H H

[1] — correct amide linkage between Cys — Ala (including structure of amino acids)
[1] — correct amide linkage belween Ala — Thr (including structure of aminoa acids)

@ if students did not leave “open bonds” at the edges of the sequence

Condensation polymerisation

(i}

The carboxyl group and amine group reacted to form the amide linkage [1]

In the process, a molecule of water was eliminated [1]

{iv)

Nylon

(b)

(i)

H' (aq) + OH (aq) — H;O ()

[1] = correct jonic equalion
[1] — correct state symbols (award only if equation is comect)

(i)

Eihyl aminopropanoate

(i)

Il-l {i:}h” ]li {|}
! I
H—?ﬁ—(‘——-(]"—{l_‘—[:—ﬂ—H
I
11 M H

@ any reasonable isomer — ook for structural differences and correct ho. of bonds around
C, Hand O

& if not acid

(a)

Concentration of Na* and OH increases; becomes more alkaline | pH increases

(b)

(0]

From the negative rod to the positive rod

(i)

2Hz(g) + 4OH (aq) — 4W,0() + e~

Slate symboles not required
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(c)

(h

Formation of carben dioxide [1]
A greenhouse gas thai can cause global warming, resulting in rising sea levels + meling
ice caps [1] OR

Formation of carbon monoxide due 1o incomplete combustion [1]
Toxic gas that can cause difficulty in breathing and even death [1] OR

Unburnt hydrocarbons may be released due to incomplete combustion [1]
Formation of photochemical smog when present with other polluting gases [1]

(i)

To obtain hydrogen, we require cracking of longer-chain hydrocarbons [1] OR
To obtain hydrogen, electrolysis of water must be carried ouat [1]

Which requires large amount of heat and elecincity that can be very costly [1]

(i)

Al high temperatures, nitrogen reacts with oxygen in air lo form nitrogen cxides [1]
Both types of engines will function at high temperatures [1]

(iv)

In 2 hydrogen fuel cell powered engine, there is absence of carbon monoxide to function |
as a reducing agent in the catalytic converier. OR

For a catalytic converter lo remove NO, the following must happen:

2C0 + 2ND - 2C0O; + N3
However, there is no carbon moxide present in the engine powered by the fuel cell OR

NO is soluble in water present in the fuel cell, and will not reach the catalytic converter
for reaction to occur.

(2)

Cu* (ag) + 2e — Cu (8)

Must have state symbols

(b)

The blue colour becomes less Intense; pH of the solution decreases. [1]
Cu? is discharged at the cathode and OH is discharged at the anode. [1]

H* and SO are the ions left in the solution forming sulfuric acid. [1]

(c}

Platinum

{d)

Even if concentrated copper()l) sulfate is used as the electrolyte, only Cu™" and OH will be
preferentially discharged. [1]

Student B is corect [1)

Award 2" mark only if explanalion is comect.

-| @ any reasonable explanation with reference o electrochemical series and comparing

ease of discharge for the various ions.

(e)

(1)

0.2g

(1

To discharge 0.1 g of copper —+ 300 coulombs (read from graph)
Charge needed to form 1 g of copper

= 300x 10

= 3000 coulombs [1]

Molar mass of copper = 64 g/mol

Hence, charge neaded to form 1 mol copper
= 3000 x 64

|=192000covlombs [1] -

- - = : T
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Hame:

CHEMISTRY

Paper 1 Multiple Choice

CRESCENT GIRLS' SCHOOL
SECONDARY FOUR
PRELIMINARY EXAMINATION 2017

5073101
28 AUGUST 2017
1 hour

READ THESE INSTRUCTIONS FIRST

Do not open this bookiet until you ave told to do so.

Write In sofl pencil.

Do not use staples, paper clips, highlighters, glue or correction flulds.

Write your name, Index number and class on the answer sheet In the spaces provided.

There are forty questions on this paper, Answer all questlons. For each question, there are
four possible answers, A, B, C and D,

Choose tha one you conslder correct and record your choice in soft pencil on the answer

sheel.

Each correct answar will score one mark. & mark will not be deducied for a wrong answer.

Any rough working should be done in this booldel

A copy of the Perlodic Table Is prinled on page 2.

Thia papear conslists of 14 printed pages, including the cover page,
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The following apparalus can be used in the measurement of volumes of liquids:

I 25 ml pipetle
ii: 25 ml beaker
ik 50 mi buretle
IV: 25 ml graduated measuring cylinder

Which of the following shows the correct order of increasing accuracy of these
apparatus?

A LILIV.II B
C LV L (¥}

LV, L T
[

A new subslance was discovered and a series of experimants were conducled on it

Which observalion suggests that the substance cannot be an element?
A It has a sharp melling point.

B When heated in air, it could form two oxides.
C It dissolved In waler lo form a colourless solution.
D Eleclrolysis of the molten substance produced two products.

The table below shows some information about the physical properties of mercury and

athanaol,
Melting point/ °C_[ Bolling point/ °C_| Solubility in water
Mercury -38 367 No
Ethanol ~114 78 Yes

Which of the following can be used lo separate a mercury-ethanol mixture dissolved in

water al room temperalure and pressure?

A distillation B filtration

C  paper chromalography D  separating funnel

3
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Toluene and cyclohexane are twe commeon organic solvenls and they form a
homogenous mixlure when mixed together,

The following graph shows the boiling points of mixtures containing different
percentages of toluene and cyclohexane.
Pamemage of cyclohaxans

W # b W40 E] 0
126 T 1| T ]
i

nsfr
o
1ns
15

] i i |
“”u S (I TR | { R 11

LU0
Paicentage of toluene

y

95
B
RS

Boling paintC

Using information from the graph, which stalement s true?
A The boiling point of pure toluene is 81 °C.
B The boliling point of pure cyclohexane is 110 °C.

C  The boiling point of any cyclohexane and loluene mixture is below that of the
bolling points of pure cyclohexane and pure toluene.

D  The bolling point of any cyclohexane and {oluens mixlure is between the boiling
points of pure cyclohexane and pure toluene.

Which gas(es) has/ have a pungent smell and causes a change in colour when tesled
with moisl red litmus paper?

i Ammonia
ll: Carbon dioxide
iil: Chlorine
IV: Hydrogen
A lonly B landill
c I and & D fland v

A colourless solution T, was lested with aqueous sodium hydroxide. A precipilate was
observed and it was insoluble in excess sodium hydroxide,

Which of the following could be salution T7

A CaClsy B Cus0,
C Fe(NOa) D PD{NOs):

4
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7. X Y and Z are three covalent substances which are found In different states al the
same lemperature and pressure. X is a solid, ¥ is a gas and Z Is a liquid.

Which of the following shows the order of increasing strength of thelr intermolecular

forcesT
A X=<¥=<Z B X=Z<Y
C Y=<Z<X D Z<X<Y

8. Deuterium is an isolope ol hydrogen and has the symbol D.
Which formula is incorrect for a compound of deuterium?

A PbLOD B ND;
c DO D Cbhy

2. Which allolrope of carbon is a non-conductor of elecliicily?

A

40. When healed, lwo moles of X give one mole of oxygen and lwo moles of chlorine,
Whal is the molecular formula of X7

A Clo; ) B CLO
C CLO, D CLO:;

5
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Which nitrogen compound contains the highest percentage by mass of nitrogen?

A NHa: B NH/NO,
C (NH4)2504 D CHaNHs

Sulfur trioxide decomposes according to the following equation:
280, 280,+0,

What is the lolal volume of gas produced from the decomposition of 100 em?® of sulfur
irioxide (all volumes of gases belng measured at r.L.p.)?

A S0cm? B 150 cm’
C 200em? D 300cm®

Which parlicles can be found in a solulion of ethanolc acid, CHy;COOH?

I H*

n: C.O0y
ii: GH;GOD-
Iv: CH3yCOOH

A I and I B I, Mandin
c I, il and IV D Al of the gabove

Electrolysis of different substances were carried out.

Posalilvo —— HMegallve
alentrodn alopirods
Elacirolyta

In one of the electrolysls, element X; was formed al the negative eleclrade.

For which combination of electrolyle and slectrodes can the reaction for the formatlon
of Xz ba represented by the aqualion shown below?

2K 4 26" > Xy
concenlrated sodium chloride solution with inert electrodes
dilute copper(ll) nitrate solution with inert slectrodes
dilute sliver nitrate solution with silver electrodes
maolten iron(Ill) bromide with inert electrodes

L= IR < T - B ]

6
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15. A metal spoon Is to be electroplated with copper In the following set up:

g 1 : l 'melal spoon
Electrode Q ..:.-; :
g electrolyte

What are the conditions required to electroplate the spoon successfully?

Elecirode Ci Spoon connected as Electrolyte
A Iron Anode Copper(ll) chloride
B lron Cathode Copper(ll) hydroxide
C Copper Anode Copper(ll) hydroxide
D Copper Cathode Copper{ll} chloride

16. An electrochemlcal cell was set up as shown below,
flow of slectrons

I I

swatal = E mI‘Ea!
alectrolyla
Which pair of metals would generale the flow of eleclrons as shown in lhe diagram
above?
Metal X Meial Y
A copper zine
i3 iron aluminium
C lead magnesium
D zinc lead
7
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Hydrogen-powered cars use hydrogen fuel to produce electricity fo run the car,

How is the electricity generaled directly in the car?

A

hydrogen Is burnt to form steam

hydrogen lons react with hydroxide lons lo form water

B
C  hydrogen and oxygen react al the eleclrodes o form water
D

water Is decomposed into hydrogen and oxygen at the eleclrodes

_The positions of four elements, A, B, C and D, are shown In the outline of part of the

Perlodic Table. Element X has a high melting point and Is a good conductor of
electricity. It also forms two types of oxides, XO and X0O., which exisls as black solids
at room temperalure and pressure.

Which element is {7

A

Tha tabla balow shows the Information about ihe chlorides of some elemeants In Perlod

3 of the Periodic Table,
Element Formula of main | Bonding present pH of resulting
chloride in chloride solution when
dissolved in
water
Sodium MaCt hietallic T
Magnesium MaCl, Metallic T
Aluminium AICl, Covalent 3
Phosphorous PCly Covalent 2
Sulfur S.Cly Covalent | 2

VWhat will be the bonding prasent in the ehlaride of silicon and the pH valua of the
rasulting solution when the chloride is dissolved in waler?

Bonding present in chloride

pH of resulting solution when
dissolved in water

2 O o >

Covalent
Covalent
Metallic
Metallic

2
4
2

i

a
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20. V., W, X, Y and Z are five consecutive elements In the Periodic Table, The following
graph shows the oxldation states of the five elements plotied against their alomic

21.

22.

numbers.

a

L]

=

o)

[=]

Cxidation state

s

L

v W Y
Atomic nuinbars

What is the atomic number of element Z7
AT "B 10
C 17 D 18

Which reaclion is an example of a radox reaction?
A Ag'+CI = AgCI

B 2850;+0; > 280,

C  H'+OH = HO

D Cud + Hy80, =2 CuS0, + HO

Three test tubes ware arranged as In the diagram below. The tests wera conducted to
determine the reactivily of three metals (zinc, copper and an unknown metal Q).

Each test lube conlained a plece of one metal, hallimmersed In an aqueous solution
cantaining the lons of one of the other two metals. A deposit was formed in all three

fesl tubes.

Ine Zing @
ek lens a"(agiions Cu*fan) lons
What could be the ldentily of metal Q7
A Calcium B Iron C Magnesium D  Silver

9
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23. Metal X reacts rapidly with dilute hydrochloric acid and can be used for the sacrificial

24.

25,

prolection of underwater pipes.
Metal ¥ does not corrada easily and can be used to manufacture jewellery.
Metal Z reacts rapidly with water to form hydrogen.

Which method of extraction of the metals from their ores is most likely to be used?

Electrolysis of molten ore Heating with carbon
A XandY Z
B Xand Z Y
C Y Xand Z
D Z HandyY

During the manufacture of iron, which substance is the main reducing gas in the
middle of the furmace?

A carbon monoxide B carbon dioxide
Cc nitrogen D oxygen

Which process is exolhermic?

melling of lce
B evaporafion of ethanol
C  condensation of water vapour
D  formation of iodine vapour from lodine crystals

10
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The energy profile diagram shows how adding subslance X to a reaction mixture
changes the reaclion pathway.

i

nerpy

Reaction patlway

Which change s likely lo be observed when X is added lo the reaction mixture?
A anincrease in yleld of products oblained

a sharter time laken to complela the reaction

B
C a graaler drop in lemperatures of surroundings
D

a greater increase in lemperature of surroundings

Two reagents wera mixed in a beaker and a chemical reaction took place.

The inass af the beaker and ils conlenls were recorded as lhe reaclion progreseed and
a yraph of the resulls is oblalned.

Mz=ss of beakar
and contants /g

= Time s
Which reaction could not have produced the graph?

A NH;+ HCI - NH4CI

B Mg + 2HCI = MgCL + H;

C NaNO; + NHyCl = NaCl + 2H,0 + N,

b ZnCO; + 2ZHNO; = Zn(NOy)z + COy + HO

11
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50 g of calcium carbonale granules s reacted with aqueous methanoic acld lo produce
carban dioxide.

Which change Is least lilkely to lead to an increase in the rate of formation of carbon
dioxide from the reaclion?

A grinding the calcium carbonate into fine powder
B uslng nitric acld instead of methanoic acid

C  adding more calcium carbonale
D

warming up the acid

The depletion of the ozone layer in lhe upper almosphere reduces the Earlh's nalural
protection from harmful ultraviolet radiation.

Which compound would cause the mosl severe deplelion of the czone layen?
A CCIF B CF;
C CHCIF D CHiF:

Whalt Is the minlmum volume of alr required for the complete combuslion of 46 ¢ of
ethanol?

A 100 dm® B 250 dm®
C 400 dm® D 450 dwm®

Pholochemical smag is an effecl of pollulion seen occuriing In many industrialised
cities.

Which of the following is not responsible for its formation?
A nifrogen dloxide

B azone
C pentane
D sulfur dioxide

12
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When crude oll Is fraclionally distilled, which compounds will leave from the top of the
fractional column?

compounds thal are the least flammable

B compounds that are the most viscous
C  compounds with the highest relative molecular mass
B compounds with the lowesl bolling point

Paraffin (kerosene), one of the fractions oblained from the fractional distillation of crude
oil, Is used as an energy source for various purposes.

In how many of the following can paraffin (kerosene) be used as an energy source?

aircrait air conditioning uniis cars
cooking heavy loriies power slalions
A1 B 2 c 3 D 4

Which statements conceming the process of cracking are correct?

I: Ilis an endothermic process.
Il: It produces alkanes with lower relative molecular mass.

lil: Gaseous producis from cracking can decolourise agueocus
bromine rapidly.

A fand il B landill
C i and il D | Wandll

On complete combustion, one mole of a hydrocarbon X produces two moles of carbon
dioxide and two moles of waler.

Given that hydrocarbon X decolourises brown aqueous bromine rapidly, which is the
molecular formula of hydrocarbon X7

A CiHy B CuHg
B CaHu. D EJHI.

Which bond in a molecule of elhanolc acid is broken when il reacts with magnesium?

A C - H bone B C-=0Cbond
C O - H bond 0D C=0bond

i3
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Which acid would react with ethanol lo glve the esler CyH;CO,CH;7

A butanoic acid B ethanolc acid
c methanoic acid D propanoic acid

The structure of an organic compound is shown below:

H H
| 1 7
HO— (': — (]:HC"\

H H OH

Which statement about the organic compound is incorrect?

A Nl produces ammonla gas when heated with aqueous sodium hydroxide.

It produces carbon dioxide when reacted with sodium carbonate.

B
Cc It decolourises purple acidified potlassium manganate(VIl).
D N undergoes condensation polymerisation by itsalf,

In the polymerisation of sthene to form poly(ethena), which does not change?
A bolling polmnt B emplrical formula

C densily D  molecular mass

Which pair of organic compounds can be reacled fo form a condensation polymer?
A  HOOC—CH—CH—COOH and CHs—CH;—CH;—MNH,

B  HOOC—CH~—CH,—COOH and HN—CH;—CHz—NH,

C  CHy—CH;—CH,—OH and  CHy—CHo—CHo—NH;

P  HO—CH;—CH;—OH and  HaN—CHy—CH—NH,
14
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Do not use staples, paper clips, highlighters, and glue or correction fiuid.
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Answer all guestions in the spaces provided.
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Answer all THREE questions from this section. o
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A copy of the Periodic Table is printed on page 20. Units
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Section A
Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

A1 Thetwo stales of matter, gas and liquid, have both commonalities and differences in terms
of their characleristics.

(a) Complete the table below by choosing the characteristics that are only true for
liquids; only true for gases; or true for both.

Put a tick () in one box in each row.

Characteristic only true for gas | only true for liquid | true for both
Particles are arranged '
disorderly
Particles have high
kinetic energy
Attractive forces between
particles are strong
Diffusion can fake place
in this state [2]

{b) Chlorine exists as gaseous state while bromine exists as liquid state at room
temperature and pressure.

Explain, in terms of bonding and structure, why there is a difference in the physical
state although both are Group Vil elements.

(3]

Page 2 of 20
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Al (c) Potassium is vital in for normal organs funclion in human body and potassium
chioride tablet is commonly used to treal low levels of potassium for patients.
(iy Draw a 'dol-and-cross' diagram to show the bonding in potassium chloride.

Show outer shell electrons only.

(i) The medicine usually comes in a tablet form.

Describe an experiment that can be used lo show that the tablet contains
chioride ions.

State the expected observation from the experiment.

[3]

[Total: 10]
A2  Limescale is the hard, off-white deposit found in ketties, hot-water boilers and ather
electrical appliances. It is unsightly and may impair the operation or damage various
components in these electrical appliances. Limescale is made up of mainly calcium
carbonate;

Limescale can be removed by using descaling agents which contain ethanoic acid or
hydrochloric acid.

(a) Write an equation to show the descaling process using ethanoic acid

)]

Page 3of 20
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(b} Ethanoic acid is a weak acid.

{i} Explain the term weak acid,

1
(if) Explain, in terms of collisions between particles, which descaling agent,
ethanoic acid or hydrochloric acid, would remove the limescale faster,
[3]
(iif) Descaling agents used should not contain sulfuric acid.
Explain why.
[2]
[Total: 7]
The diagram shows a dissection of an elecirical wire.
Wire made of
copper
(a) Copper Is the most common material used to make electrical wire.
Give twe reasons why copper is being used.
= [2]

Page 4 0f 20
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(b) Copper is extracted from its ore, chaicopyrite, CuFeS; in a 2-step reaction.
Copper(l) sulfide formed in Step 1 is further reacted to form copper in Step 2.
[Step1]  2CuFeS; + 2Si0; + 40; > Cu;S + 2FeSiOs + 350,
[Step2] CuS+0;> 2Cu+S0;

(i} State and explain, in terms of electron transfer, which substance is reduced in
Step 2

Support your answer using half ionic equation(s).

{iiy The gaseous by-product is recycled to manufacture sulfuric acid.

Describe a simple test to show thal the gaseous by-product is acidic.

(iii) Explain, other than cosl, why the by-product should be recycled and not
released directly into the environment.

Page 5 of 20
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Al (b)) (iv) Some copper is used lo make brass, which is a mixture of copper and zinc.
Yellow brass is the induslry standard brass commonly used in making musical
instruments. it comprises of 30% zinc and 70% copper.

Draw a diagram to show the arrangement of atoms in brass. Explain why it is
more useful in making musical instruments than pure copper. Label your
diagram.

[3]

[Total: 1)

A4 The diagram below shows the apparatus used for the fractional distillation of petroleum.

.

I i * X

-

]

frio

e

Heated crude ol
R
j =

(a) State the name and one use of the fraction X

[2]

Page 6 of 20 -
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(b) Some motor vehicles use diesel fuel while some use petrol.

Explain why the combustion of diesel produce more soot than petrol.

(c} Both petrol and diesel cars produces carbon monoxide.

Describe a harmful effect of carbon monoxide.

(1

(d) Besides carbon monoxide, nitrogen dioxide is also produced in motor vehicles.
A device is installed in motor vehicles’ exhaust lo remove both gases,

Stale the name of the device and explain, using a single equation, how carbon
moenaxide and nitrogen dioxide is removed in motor vehicles using the device.

N 12
(e) Despite having the device mentioned above, explain why it does not solve all the
poliution problems caused by motor vehicles.
[
[Total:8]
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A5 Alkynes are a homologous series of organic compounds.
Chemical Structural formula ; .
Alkyne Boiling point /
Formuia o
ethyne | CiHg H—C=C—H -84
\
propyne CiHy H—?-—EEG-—H -23
H
butyne -
il
H—C—C—C—C=C—H
Pentyne |  CsHe &R 39
H H H
(a)

Use the information in the 1able to give two pleces of evidence that suggest that the
alkynes are a homologous series.

2]

(b) Give the chemical formula and full structural formula of butyne.

Chemical formula:

Full structural formaa:

[2)
Page 8 of 20
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The first member of the homologous series is ethyne.
Explain why there is no alkyne with a single carbon.

Q]
Ethyne undergoes a similar polymerisation reaction like ethens. The diagram below
shows the structure of polyehtyne.
H H H
C. G C
N2 ~ o
c 7N c” ~ cTN
I I 1
H H H
Give one similarity and one difference between polyethyne and polyethene.
[2
[Total:7]

A6  Fats and prolein are two natural polymers that are essenhbal part of our diets and has a
number of important roles in our body.

The diagrams below show examples of fats and protein molecules:

Protein
H O " HH O H HH O
[ l | | | | R |
*HN—C —C—N—C ~C~N—C —C—N—C —C—N—C —~C—0
| I 1 8 ! i 1 B 1
E2 HKRES0 B wEEo E
Page 9 of 20
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A6 (a} (i) Circle the amide linkage in the diagrams in Page 9. Label it "amide”. 1]
(i)} Circle the ester linkage in the diagrams in Page 9. Label # "ester”. {1
{b) Draw the structures of the monomers that are used to form fats and protein. (3]
Fats:
Protein:

(c) (i) Name a synthetic polymer that has a similar linkage to fats.

iy

(i) State one use for the polymer stated above

[

[Total: T)
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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.

B7 Read the information about the industnial preduction of oxygen.

There are many methods used in the industry to produce oxygen. Production cost, purity
and volume desired are some of the key factors determining the selection criteria. The
production of oxygen using Pressure Swing Adsorbers (PSA) and electrolysis are
simplified in the diagrams below.

Alr in Compressor

Pressure Swing
Adsorbers
(PSA) Oxygen

Air is pressurised in the compressor before passing into
adsorber towers. In the adsorber towers, nitrogen and
oxygen in the air are separated. The substance used in the
adsorber towers needs fo be replaced or regenerated after a
certain volume of air has been separated as it will become
saturated with nitrogen.

Electrolysis

Dilute agueous NaCl is electrolysed to produce oxygen and
hydrogen using graphite electrodes. In theory, the ratio of
hydrogen gas to oxygen gas collected should be 2:1. As
oxygen is more soluble than hydrogen in water thus the ratio
of gases collected will change.

Page 11 of 20
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B7  The table below shows more information about the two methods.

Pressure Swing Adsorbers
(PSA) Electrolysis

Overall energy
censumption
(kWh per m? of 02) 0.5 10
1 m?* = 1000 dm*
Purity of Oz produced <85 %

98.9 % onlybe

[}4 Baﬂ >09.9%
achieved with extremely

high-end device)

By-product . ; Produced hydrogen which
R Impure nitrogen is produced. S B e at oy

(a) Give two disadvantages, other than lower purity, of producing oxygen using PSA.

[2]
(b) Explain why the theoretical volume ratio hydrogen 1o oxygen produced in electrolysis
is2:1.
B [2)
(c) State and explain how would the final volume of the gases collected in electrolysis
change due to the difference in solubility of the gases in water.
[2]

Page 12 0f 20
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B7 (d) Calculate the energy consumption using electrolysis per mole of oxygen gas
produced.

[2]
(e) What happens t0 the concentration of NaCl during the electrolysis?
Explain your reasoning.
[1]
()  The electrolyte used in the electrolysis sel up above needs to be replaced regulary.
Explain why the electrolyte needs to be replaced regularly.
Support your answer with equations explaining the reaction at each electrode.
131
[Total:12]
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Ostwald process is a chemical process for making nitric acid. The raw matenals of Ostwald
process are ammonia, water and oxygen gas. Platinum is used as catalyst for the process.
There are multiple steps in the process, In the first step of the process, ammonia reacts
with oxygen in a reversible reaction to form nitrogen monoxide. It gives 65% yield at the
optimum temperature of 800 'C and pressure of 1 atm. The equation below shows the
reaction between ammonia and oxygen.

4NH (g) + 50, (g) = 4NO (g) + 6H:0(g)  AH =-104 kJimol

The graph below shows the yield of nitrogen monoxide with varying temperature and
pressure.
B
gﬂ.p

701
% yield of NO B0}
5{]..
401 600TC
30+ 800C

201 1000T

Pressure (atm)

(a) State the condilions for the process to obtain ammonia in the industry.

4

(b) (i) Describe the relationship between percentage yield of nitrogen monoxide with
temperature and pressure. (1]

Page 14 of 20
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(b) (i) Use the graph to explain why the optimum temperature and pressure is chosen
for the first step of Ostwald process. 2

(c) Draw an en@rgy profile diagram to show the effect of the catalyst on the first step of
Osiwald process.

Your diagram should show and label
» reactants and products,

« the activation energy for the uncatalysed and catalysed reactions respectively,

« the enthalpy change of reaction.
EnEfg}f J
.
Progress of reaction i [3]

(d) A reaclion is camied out at 800 “C and 2 alm using 1 tonne of ammonia with excess
oxygen.

With reference to the graph, calculate the volume of nitrogen monoxide produced.
(1 tonne =1x 10°g)

[Total:10]
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EITHER
BS  Water soluble laundry bags are made of PVA (polyviny! alcohol).

It is often used in hospital to reduce the hazards associated with storage and cleaning of
contaminated washabie #ems.

The structure of PVA is given below:
—CH;—CH— CH;—CH—CH;~

I |
H H

(a) (i) State the type of polymerisation cccurred to form PVA

[1]

(i)  Draw the structure of the monomer of PVA.

[1]
(b)  The monomer reacts with hydrogen to form ethanol.

Ethanol can be madised to form two other products under different conditions.

M
H=C—C
| Q"o
H H / b
H-C-C-0-H- Roh
[ ]
HH
ethanol Hx“\\& 0
H-C~C,
H O-H
product 2

(i) Suggest a suitable reagent that can be used to oxidise ethanol to form
product2

[
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EITHER
B8 (b} (i) Are product1and2isomers of ethanol?
Explain your reasoning.

2
(iii) Ethanol reacts with product 2 to produce a sweet smelling substance.
Give the name and struciure of the product formed.
MName of the product -
Structure:
2
(iv) State a commercial use of the substance formed in (ifi).
1
[Total:8}

Page 17 of 20

99Tutors.SG | Page 142



OR

Free Tuition Listing @ 99Tutors.SG

B9  The diagram below shows the two methods used to make polyethene.

Glucose | | Ethanol | G | CompoundY | B [ Poiyethene

(a)

(b)

(c)

(d)

®
Naphtha

Name for the process use to make ethanol from glucose and state the optimum
conditions for the reaction.

]
State the possible source for the raw material to produce ethanol from glucose and
give the balance chemical reaction for the reaction.

12]
A student carried out an experiment to produce compound Y from ethanal.
Suggest a method for the student to check if compound Y has formed and state the
expected observation.

[2]
Compound Y can also be obtained from naphtha.
Suggest one way in which it can be obtained from naphtha.

1
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OR
BS  (e) State an advantage, other than cost and percentage yield, of obtaining compound Y
from glucose rather than naphtha.
[1]
[Total:8]
End of paper
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Section A
Answer all questicns in this section in the spaces provided.
The total mark for this section is 50.

Al The two states of matter, gas and liquid, have both commonalities and differences in terms
of their characleristics.

(a) Complete the table below by choosing the characteristics that are only true for
liquids; only true for gases; or true for both.

Put a tick (v) in one box in each row.

Characteristic only true forgas | only true for liquid | true for both |
Particles are arranged _
disorderly
Particles have high
kinetic energy
Attractive forces between
particles are strong
Diffusion can take place
in this state (2]

[4¥ -2m; 2-3¥ -im; 1v - 0]

v

(b) Chiorine exists as gaseous state while bromine exists as liquid state at room
temperature and pressure.

Explain why, in terms of bonding and struciure, there s a difference in the physical
state although bath substances are from the same group.

Beth chiorne and bromine has simple molecular structure v and weak

intermolecular forces of attraction ¥ The intermolecular forces of attraction

in bromine is stronger +* than chlorine as bromine has higher molar mass .

Higher energy  is required to overcome the stronger forces of attraction.

Thus, bromine has 2 higher boiling point ¢ and exist as liquid in RTP. [3]

[6¥ -3m: 4 ~5v - 2m; 2 - 3¥ - 1m]

Page 2 0f20

99Tutors.SG | Page 146


PDFescape
Highlight


Free Tuition Listing @ 99Tutors.SG

Al (e} Potassium is vital in for normal organs function in human body and potassium
chloride tablel is commonly used fo treat low levels of potassium for patients.
(i) Drawa'dol-and-cross’ diagram to show the bonding in potassium chioride.

Show outer shell elecirons only.
K
- - = - 2]

[1m forK*; 1m for CI]
(ii) The medicine usually comes in a tablet form.

Describe an experiment that can be used 1o show that the tablet contains
chloride lons,

State the expected observation from the experiment.

Dissolve KC/ tablet in water. [1]

Add HNG, and follow by AgNQ, | PbNO, ! acidified AqNO, | PbNO, [1]

White ppt observed showing the presence of C/ [1)

i3]

[Total: 10]
A2  Limescale is the hard, off-white deposit found i keltles, hot-water boilers and other
electrical appliances. It is unsightly and may impair the operation or damage various
components in these electrical appliances. Limescale is made up of mainly calcium
carbonate.

Limescale can be removed by using descaling agents which contain ethanoic acid or
hydrochloric acid.

(a) Write an equation to show the descaling process using ethanoic acid.

2CH;COOH + CaC0s > Ca{CH,CO0k + €O, + H:0 1]
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(b) Ethanoic acid is a weak acid.

0]

(i)

(iif)

Explain the term weak acid.

Dissocizte partially in water to give a lower concentration of H'. (1]

Explain, in terms of collisions between particles, which descaling agent,
ethaneic acid or hydrochloric acid, would remove the limescale faster.

Hydrachlonc acid should remove the limescale faster as it is a strong acid. [1)

It dissociates completely in water to give a higher concentration of H* [1]

Higher no. of mol. of H' for the same volume, higher frequency of effective

collision thus faster speed of reaction [1] [3]

Descaling agents used should not contain sulfuric acid.
Explain why.

H:S0. reacts with CaCO, lo form calcium sulfate, insoluble in water, [1]

Thus, it will not be removed and remain as ppt in appliances. [1]

2]

[Total: 7]

The diagram shows a dissection of an electrical wire.

Wire made of
copper

(a} Copper is the most common material used 1o make electrical wire

Give two reasons why copper is being used.

Copper is ductile and can be drawn into a thin wire. [1]

Copper is a good conduclor of electricity due to the presence of mobile 2lectrons. [1) 2]
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A3 (b)) Copper is exiracted from its' ore, chalcopyrite, CuFeS; in a 2-step reaction.

Copper(l) sulfide formed in Step 1 is further reacted to form copper in Step 2.

(i

(ii)

(i)

[Step1] 2CuFeS; + 2Si0; + 40; = Cu;S + 2FeSiOs + 350,
[Step2] Cu:S+0; 2Cu+ SO;

Stale and explain, in terms of electron transfer, which substance is reduced in
Step 2. -

Support your answer using half ionic equation(s).

Cu:S is reduced [1]

Cu () +e > Culs)[1]

Cu’ gains electrons to form Cu, Thus, i is reduced, [1]

3]

The gaseous by-product is recycled to manufacture sulfuric acid,
Describe a simple tes! to show that the gaseous by-product is acidic.

Place a moist blue litmus paper at the mouth of a test tube,

The moist blue litmus paper will turn red. 1]

Explain, other than cost, why the by-product should be recycled and not
released directly into the environment.

Sulfur dioxide is acidic,

It will dissolve in rain water to form acid rain[1]. Acid rain destroy building

/ kill aguatic life. [1) [2]
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(b) (iv) Some copperis used to make brass, which is a mixture of copper and zinc.
Yeliow brass is the industry standard brass commonly used in making musical
nstruments. it compnses of 30% zinc and 70% coepper.

Draw a diagram to show the arrangement of aloms in brass. Explainwhy f is
more vseful in making musical instruments than pure copper. Label your

diagram

[1m for labelling and correct ratio of Cu and Zn]

Brass is harder v'than pure copper, Zinc stoms has different sizev' from

copper and disrupted +'the regular amangement in pure copper. The atomsof  [3]

different sizes cannot slide over each other easilyv'.
[47 -2m;2-37 -1m; 1¥ - 0)

[Total: 11]

The diagram below shows the apparatus used for the fractional distillation of petroleum.

. :_‘J_—-:__-_r.'.:.n——_’. x

Y-,

b e

e

l.&'"-\._.h_l!..‘
Heated crude oil
i

(a) State the name and one use of the fraction X

Petroleum gas [1]

For cooking [1) 2]
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A4 (b} Some cars use diesel as fuel while some use petrol,
Explain why the combustion of diesel produce more soot than petrol,

Diesel has a longer carbon chain / number of carbon than petrol. [1]

Thus, the chances of incomplete combustion of diesel is higher producing

more sool [1] 2]

(c) Both petrol and diesel cars produces carbon monoxide.
Describe a hammiul effect of carbon monoxide.

Breathing in CO wili cause respiratory problem | combines with haemoglobin to

form carboxyhaemoglobin and lead to death. [1]

(d) Besides carbon monoxide, nitrogen dioxide is also produced in motor vehicles.
A device is installed in motor vehicles' exhaust 1o remove both gases.

State the name of the device and explain, using a single eguation, how carbon
maonoxide and nitrogen dioxide is removed in molor vehicles using the device,

Catalytic converter. [1]

4C0 + 2NO; 2 4C0O; + N: CO and NO; reacts to form a less harmful products CO;

and No. [1] 2]

(e) Despite having the device mentioned above, explain why it does not solve all the
pollution problems caused by motor vehicles.

CQ: is not removed.

CO: i1s a greenhouse gas that cause global warming, melting ice caps and fiood

in low nse land. 1] 1]

[Total:8]
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A5 Alkynes aie a homologous series of organic compounds.

Chemical Structural formula Boiling point
Alkyne !
Formula b M
ethyne CzH: H—C=C—H - B4
r I
l propyne CaHs H*—?-CEC—H -23
H
. butyne B
T
H—C—C—C—C=C—H
Pentyne CsHs E 39
H H H

(a} Use the information in the table to give two pieces of evidence that suggest that the
alkynes are a homologous series,

Alkynes have the same general formula of CrHzns [1]

Alkynes have the same functional group C=C [1]

3
fb) Give the chemical formula and full structural formula of butyne.
Chemical formula:  CuHa[1]
Full structural formula:
H H
-l ,
» o [2]
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The first member of the homologous series is ethyne.
Explain why there is no alkyne with a single carbon,

The functional group is C=C Thus the minimum number of carbon in a molecule

af alkyne should be 2 [1] i1

Ethyne undergoes a similar polymerisation reaction like ethene. The diagram below
shows the structure of polyehtyne.

=
\?éc\?fﬁcxcfﬁcx
L]
H H H

Give one similarity and one difference between polyethyne and polyethene.

Polyethene is saturated while polyethyne is unsaturated hydrocarbon. [1]

Both polyethyne and polyethene arz hydrocarbons. [1]

[2]

[Total:7]

Fats and protein are two natural polymers that are essential part of our diets and has a

number of important roles in our body.

L)

The diagrams below show examples of fats and protein molecules:

Fats
H
H=C AD F— ester
| 8
| I
H—F—O"'E'— =1
| 4]
I
L -
H ;
amide
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A6 (a) (i) Circle the amide linkage in the diagrams in Page 9. Label it "amide”.
(i) Circie the ester linkage in the diagrams in Page 9. Label it “ester”.
[any of the ester and amide linkage in the molecule with label; 1 m each]

(b) Draw the structures of the monomers thal are used to form fats and protein.
Fats.
H 0
Ht—0—H  HO—C-
0
—0-H + HOLES

0

—0—H o4 =5
H

glycerol fatty acids

Protein:

(c} (i) Name a synthetic polymer that has a similar linkage to fat.

g

[
(1]

(3]

)]

(ii) State one use for the polymer stated above

Clothing / sleeping bag / parachutes

[]
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Section B (30 Marks)
Answer all three queshons in this section.
The tast question is in the form of an either/or and only one of the alternatives should be attempted.

B7  Read the information about the industrial production of oxygen.

There are many methods used in the industry to produce oxygen. Production cost, purity
and volume desired are some of the key factors determining the selection criteria. The
production of oxygen using Pressure Swing Adsorbers (PSA) and electrolysis are
simplified in the diagrams below.

Nitrogen

Airin 4-! Compressor |—»f Adsorber

Towers
Pressure Swing
Adsorbers
(PSA) Oxygen

Alr is pressurised in the compressor before passing into
adsorber towers. In the adsorber towers, nitrogen and
oxygen in the air are separated. The substance used in the
adsorber towers needs to be replaced or regeneraled after a
certain volume of air has been separated as it will become
saturated with nitrogen.

Electrolysis

Dilute aqueous NaCl is electrolysed to produce oxygen and
hydrogen using graphite electrodes. In theory, the ratio of
hydrogen gas to oxygen gas collected to should be 21, As
oxygen is more soluble than hydrogen in water thus the ratio
of gases collected will change.
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B7  Thetable below shows more information about the two methods.

Pressure Swing Adsorbers
El
(PSA) ectrolysis
Overall energy
consumption
(kWh per m® of O;) b2 10
1 m* = 1000 dm®
Punty of O; produced <95 %
(>29.9 % can only be "
achieved with extremely Sl
high-end device)

By-product : : Produced hydrogen which

Impure nitrogen is produced b Tat s fie!

fa) Give two disadvantages, other than lower purity, of producing oxygen using PSA.

(b)

(c)

Nitrogen produced is not usable as it is impure / contaminated . [1]

The adsorbents need 1o be replaced regularly and this may increase the cost

of production. [1]

Explain why the theorefical velume ratio hydrogen to oxygen produced in electrolysis
Is2:1.

2H,0 = 2H; + 0 [1]

Weler is electrolysed to form hydrogen and oxygen. The mole ratio of H-O 1o H: is

1:1 while to Oz is 2.1. [1]

State and explain how would the final volume of the gases collected in electrolysis
change due to the difference in solubility of the gases in water.

The volume of oxygen collected will be lower than expected as it is soluble in

water. [1] The volume of hydrogen collected should be the same as it is not soluble

in water. [1]

Page 12 of 20

99Tutors.SG | Page 156

[2)



Free Tuition Listing @ 99Tutors.SG

B7 (b) Calculate the energy consumption using electrolysis per mole of oxygen gas
produced.

10 kWh of electricity produces 1000 dm? of oxygen

No of mol of O; produced = 1000 / 24
= 41.6666 mol [1]

Energy consumption per mol of O, produced = 10 / 41 6666
- = 0.240 kWh [1] (3sf with unit) 2

{e)} What happens to the concentration of NaC/ during the electrolysis?

Explain your reasoning.

The concentration of NaC/ would increase. Water is being electrolysed to form

gases and thus the solution become more concenlraled. 1
(e} The electrolyte used in the set up above needs lo be replaced regularly.

Explain why the electrolyte needs to be replaced regularly.

Supporl your answer with equations explaining the reaction at each electrode.

Oxygen will not be produced in concentrated NaC/. CI will be selectively

Discharqed / oxidised at the anode for concentrated NaCl. [1]

Anode: 2CI (aq) > Ck (g) + 2¢° [1] Cathode: 2H" (g) + 2e' = Hz (g) [1]

i3]

[Totat:12]
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Ostwald process is a chemical process for making nitric acid. The raw materials of Ostwald
process are ammonia, water and oxygen gas. Platinum is used as catalyst for the process.
There are multiple steps in the process. In the first step of the process, ammonia reacts
with oxygen in a reversible reaction o form nitrogen monoxide. It gives 65 % yield at the
optimum temperature of 800 C and pressure of 1 atm. The equation below shows the
reactions between ammonia and oxygen.

4NHs (g) + 50;(g) = 4NO (g) + 6H.0 (g)  AH =-104 kJ/mol

The graph below shows the yield of nitrogen monoxide with varying lemperature and

pressure.
i
804
704
% yield of NO . 807
50+
40 \ 600C
304 800TC
204 1000TC
10
o1 & § & b5 & "
Pressure (atm)
{a) State the conditions for the process to obtain ammonia in the industry.

(b)

(b)

200 — 250 atm, 400 - 450°C and finely divided iron as calalyst [1]

[
(iy Describe the relationship between percentage yield of nittogen monoxide with
temperature and pressure. [1]
) IEE_Ipwqr_ lhE lemperature gnd pressure, Eh? tl_i:n,_her the yield. [1_]__ S
(i) Use the graph lo explain why the oplimum temperatuse and pressure is chosen
for the first step of Ostwaid process. 21

Low temperature and pressure high yield but slow speed of reaction. [1]

High temperature and pressure low yield and requires high end eguipment. [1]
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{c} Draw an energy profile diagram to show the effect of the catalyst on the first step of
Ostwald process.

Your diagram should show and label
» reactants and products,

« the activation energy for the uncatalysed and catalysed reactions,
= the enthalpy change of reaction.

Energy /kJ

4NHa +502

AH = -104 Kijmol
4ANO + 6H0

L 4

Progress of reaction
v 3]

{d) A reaction is carried out at 800 °C and 2 atm using 1 tonne of ammonia with excess
oxygen.

With reference to the graph, calculate the volume of nitrogen monoxide produced.
(1tonne=1x10%q)

The percentage yield at 800 "C and 2 atm is 50 %
No mal of ammonia=10000001 17
= 58823.53 mol [1]
NH: : NO=1:1
No of mol of NO produced = 58823.53 mol
Volume of NO produced = 58823.53 x 24 x 50 % [1]
=705882 4 am’
=7.06 x 10° dm” (3s.f) [1]

[3]

[Total:10]
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EITHER
B9  Water soluble laundry bags are made of PVA (polyvinyl alcohol).

It is often used in hospital to reduce the hazards associated with storage and cleaning of
contaminated washable items.

The structure of PVA is given below:
-CHgﬂCH—mI;-E}I—CHg-

|
H H

{a) (i) State the type of polymerisation occurred to form PVA.

Type of polymensation:  Addition polymensation M
(i)}  Draw the structure of the monomer of PVA,
H
?.r‘
H
(U]
(b) The monomer reacts with hydrogen to form ethanol.
Ethanol can be oxidised to form two other products under different conditions.
H
et
i v
H-C~C~0-H om |
H H
ethano) H o
H-C-C
H O-H
product 2
()  Sugges! a suitable reagent that can be used to oxidise ethanol to form the
product 2.
Acidified KMnQ,
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(iv)
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Are product 1 and 2 isomers of ethanol?
Explain your reasoning.

They are not isomers of ethanol [1]

Both product 1 and 2 don't have the same molecular formula as ethanal.

Product 1 is C;HaQ and product 2 is C;HiO; while ethanol is C:Hs0. [1] [2)

Ethanol reacts with product 2 to produce a sweet smelling substance.
Give the name and structure of the product form.

Name of the product  Ethyl ethanoate [1)

H
Structure: | /}D H H
H—C—C 1
N |
H O—C—C—H
| 12
State a commercial use of the substance alﬂve. H
Food flavouring / solvent / making perfume 1
[Total:8]
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B9  The diagram below shows the two methods used to make polyethene.

Gucose | B |  Ethanol | B | Compound Y [ BB | Polyethene

(a)

(b)

(c)

(d)

=

Naphtha

Name for the process use 1o meke ethanol from glucose and state the optimum
conditions for the reaction.

Fermentation [1]

Anzerobic candition with 37 C [1] [2]

Stale the possible source for the raw material to produce ethanol from giucose and
give the balance chemical reaction for the reaction.

Sugarcane / fruits / rice [1]

CeH::0: = 2C:H:0H + 200, [1]

(2

A student carried oul an experiment to produce compound Y from ethanol

Suggest a method for the student to check if compound Y has formed and state the
expected observation

Add anueous bromine 1o the campound v [1)

Brown bromine solution tums colourless [1]

(2]

Compound Y can also be obtained from naphtha.
Suggest one way in which it can be obtained from naphtha.

Catalylic {thermal) cracking (1]
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State an advantage, other than cost and percentage yield, of obtaining compound Y
from glucose rather than naphtha.

Glucose is a renewable source thus it is sustainable OR

It helps to conserve the finite natural resource of petroleum [1]
[Total:8)
End of Paper
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2 GBMS({S)Chem/P1/Prelim2017/4E

1 The diagram shows the apparalus used to separate Methylcyclopentane (boiling
point 70°C) and heptane (boiling point 98°C).

Water ouf

fieat

Which graph would be obtained if volume of distillate collected was plotted
against temperature?

A c

Y alume of distiliate Volurme of distiffate

| |
T ™=a

e ] —

-
Tempesalure Temperature

B Jolume of distilate D Volume of distilate

T *

L )

i w3 | :

i {

. | /

| |

e — P S e = — -

Temperature Temoeralure

Which one of the following pairs of gases diffuses al the same speed?

nitrogen and oxygen

nitrogen and carbon monoxide
nitrogen and ammonia
nitrogen and nilrogen dioxide

oo >
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3 GMS(S)/ChenvP 1/Prelim2017/4E

3  Sulfur dioxide gas is over twice as dense as nitrogen gas. A gas jar of sulfur
dioxide was placed on top of a gas jar of nitrogen gas with the open ends
together.

After half an hour, which of these statements would be true?

The top gas jar contained nitrogen gas only.

Some of each gas would have moved into the other gas jar.
The gases would not have mixed.

The bottom gas jar would contain nearly all the sulfur dioxide

ODOm®

4 A stable molecule containing atoms of the elements X, Y and Z has the following
structure:

Which of the following 15 a possible combination of elements?

X Y Z
A Si P Na
B P Si F
c F Si P
D Si P F

5 Which particle has the least number of electrons in its valence shell?

A |

B N*
c Ne
D o*
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The diagram represents an atomn of an isotope X of an element.
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4

GMS(S)/ChenvP1/Prelim2017/4E

represent the particles of the other isolope of the element?

Proton Neutron Electron
A 5 6 5
B 5 5 6
c 6 5 5
D 11 12 11

Which of the following substances contain delocalised electrons?

com>»

| copper
Il graphite

il solid copper (Il) chloride
iV molten copper (1l) chloride

land Il
land IV
il and I
M and v
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5 GMS(SYChem/P1/Prelim201TMHE

Elements P and R react o form compound S which is a liquid at room conditions.
The formuta of S is Pz2R.

If R is a group VI element, P is

sodium
phasphorous
hydrogen
silicon

Com>»

12.0 g of anhydrous magnesium sulfate combines with 12.6 g of water to form
hydrated magnesium sulfate.

Whalt is the formula of hydrated magnesium sulfate?

A MgS04-3H:20
B MgSOw-5H:20
c MgSOe.TH20
D MgSOw9H:0

A hydrocarbon contains 86% carbon and 14% hydrogen by mass.
':u"u'l'nai is the probable molecular formula?

CHa
CaHa
CeHa
CaHa

ooy

Compound X is a white solid. When X is warmed with sodium hydroxide solution,
a gas with pungent smell is liberated. The gas turns moist red litmus paper blue
When a solufion of X is treated with dilute hydrochioric acid, bubbles are seen in
the solution.

What is X maost likely to be?

ammounium sulfate
ammonium carbenate
potassium nitrate

potassium hydrogen carbonale

ocOoOwm>»
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12 The following lests were carried out on a green solid,

13

14

I it produced water when it was genlly heated alone

] It gave a green precipitate when dissolved in water and added to
aqueous ammonia

[ It gave a white precipitate when dissolved in water and added to
silver nitrate solution.

From these lests, identify the green solid.

O0OmD>»

anhydrous copper (il) chioride
hydrated iron (1) chloride
hydrated iron (If) sulfate
hydrated copper (ll) sulfate

Which one of the following reagents gives a precipitate with a solution of Cu?*(aq).
which dissolves in excess reagent?

A NaOH (aq)
B NHa3 (aq)

c AgNOs (aq)
D NaxCOs (aq)

The table below gives information about three indicators.

[ ndicator | courinstrongly | pHatwhich | colour in strongly |
; o acidic solution colour changes alkaline solution
methyl orange red 45 Yellow
bmm,;mu: oo yellow 6.5 Blue
__phenolphthalein colourless | 90 Pink

If equal amounts of indicalors were added to separate samples of pure water,
whal would be the colours of the resulting solutions?

methyl crange
yellow

red

comPp

yellow
yellow

blue
yellow
yellow

blue

bromothylmol blue

phenolphthalein
pink

colouress
colouress
colourtess
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15 Which of the following mixtures produces ammonia when heated?

16

17

18

OCom>»

CHaCOONH« + Ba(OH)z
NH:NQO: + NaCl
NHaNQ: + HCI

NHaNO: + Al

Which of the equation does not represent a redox reaction?

DOowmp»

3Clz(g) + 2Fe (s) — 2FeCls (s)

Ba?' (aq) + SO4* (aq) — BaS0u4 (s)
Fe?* (aqg) + Mg (s) — Fe (s) + Mg®* (ag)
Zn (s) + 2HCI (aqg) — ZnClz (aq) + Hz (q)

in which reaction does chromium undergo a change in oxidation number?

oo

Cr203 + 3H2804 — Cra(S04)3 + 3H20

Cr2(S0a)s + BNaOH —» 2Cr(OH)a + 3NazS0a

KzCr207 + 4H2S04 + 6HCI — Cra(SQ4)3 + K2SO04 + 7Hz0 + 3Cl2
2K2CrQua + HaSO4 — KrzCrz07 + KaS0e + H20

Small portions of aqueous potassium iodide (KI) and acidified polassium
manganate (VIl) (KMNOa4) were separately added to four solutions.

The colour changes are shown in the table below:

soluion |  potassium iodide I potassium manganate
number | . [ .
1 colourless to brown | purple to colourless
2 ~colourless to brown no change |
\ 3 | nochange |_purple to colourless |
4a | nochange |  nochange |

Which solution(s) contained an oxidising agent?

oOom>P

1 only
1and 2
land 3
2and 4
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19  Which of the following diagrams shows the structure of bronze?

C D (‘ %%
o

20 Three metallic oxide powders conlaning metais. R, S and T are heated strongly in

a hard glass tube as shown below. Al the same lime, carbon monoxide gas is
directed through the tube.

oxide of R oxide of S oxide of T

carbon monoxide gas =2 —i:;"E : * ; /E_'

AN N R

heat
Dxide of R glows siightly, oxide of T glows strongly while oxide of S does not
undergo any changes.

Based on these observations, which list shows the descending order of reactivity
(most reactive first) of metal R, Sand T7

A R.S. T
B RS
C S.R.T
D T.S R
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Several properties of metals can be explained by the fact that layers of atoms can
slide over each other.

Which one of the following properties of metals is not explained by this fact?

Metals are malleable.

Metals conduct electricity.

Pure melals are softer than alloys.
Metals are ductile

o0Oo>»

The diagram shows the results of an electrolysis using inert electrodes.

Which of the following could be liquid R?

aqueous silver nitrate

aqueous sodium carbonate
concentrated hydrochloric acid
molten magnesium iodide

ooOoom>»
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23 The diagram below shows a simple electrochemical cell

24 When an aqueous solution containing Fe?* and V™ ions is eiectrolysed, the same
amount of charge produces 16.8 g of ircn and 10.2 g of vanadium.

25

- —_

T 2 b
s s Jon it e
S SR T

What is the value of n m V™ ion?

onomp

The element astatine (At) is beneath odine in Group VI of the Periodic Table.

P Q
A copper magnesium
B zZinc magnesium i
C zing iron
D | copper |  iron |

s WK =

Which one of the Tollowing is a likely property of astatine?

o0 o >P

It can be liberated from a solution of its salt by chionine gas

It conducts electncity in molten state.
it forms a basic oxide
Il displaces iodine from aqueous potassium lodide.
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26 The table below represents 8 elements P, Q, R, S, T, U V and W across Period 2
of the Periodic Table

plalmle]m]w]wv|w]

Which of the following properties is Incorrect?

The chlorides of T have high melting points whereas chlorides of P have

low melting points.
The oxides of T are acidic whereas the oxides of P are alkaline.

P and Q are metals whereas V and W are non-metals,
V atoms are smaller than P atoms.

ooo »

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

A All elements form either positively charged ions or negatively charged ions.
B In Group |, all the elements form covalent compounds with hydregen.

C in Group VI, all the elements form ionic bonds with most metals.

D All groups contain acidic and basic oxides.

28 The process of dissolving potassium iodide in water is endothermic.

Which of the following graphs shows the temperature changes thatl occur when
potassium iodide is stired with water until no further change in temperature is

observed?
temperature(

G \--—rtim:

tEmperiiure TP TR \

temperature” C
1
¢ D |
I " PO .
temperatiune ki temperature I\ / V-
R \f.
Iy
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23  Which one of the following is an endothermic process?

30

3

C(s)+0:2(g) —~ CO:z2(g

HCI (aq) + NaOH (aq) — NaCl (ag) + Hz0 ()
6CO: (g) + 6H:0 (g) — CsH120s{aq) + 602(g)
H20 (g; — H20 ()

DOD >

The combustion of methane is an exothermic process.
CHa (g) + 202 (g) — CO2 (g) + 2H20 (g) AH = - 890 kJ

How much melhane should be used to produce 2670 kJ of heat?

A 48 g
B 64 g
C 96 g
D 120 g

Sodium thiosulfate reacts with hydrochloric acid to form sulfur.
Which sodium thiosulfate solution gives the highest inifial rate of reaction?

4 g of sodium thiosulfate dissolved in 50 cm? of water.

10 g of sodium thiosulfate dissolved in 100 cm?® of water.
20 g of sodium thiosulfate dissolved in 500 cm?® of water.
40 g of sodium thiosulfate dissolved in 2000 cm?® of water.

oOoOm >
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32 A student performs two reactions.
Reaction 1 10 g of magnesium ribbon with excess 2.0 mol/dm® dilute
hydrochicric acid
Reaction 2 5 g of magnesium powder with excess 2.0 mol/dm® dilute
hydrochloric acid

in both experiments, the volume of hydrogen produced, YV, is measured against
time, t, and the resuit plotted graphically.

Which set of graphs is correct?

B B
74
[LE T T e -
ﬂ - -
a t r
o D
" v
reacnen 1 reaction 1
reacton 2 reaction 2
'a - u -
g t 0 t

33 Ammonia is produced industrially by Haber process

Which of the following statement is not true about the Haber process?

A Nitrogen is obtained from air

B High temperature is applied to overcome the activalion energy

Cc A catalyst is added to decrease the enthalpy change of the forward
reaction.

D High pressure is applied 1o Increase the yield of ammonia
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34 Which one of the following pairs of gases are common pollutants of the

35

36

37

atmosphera?

nitrogen and sulfur dioxide
chlorine and hydrogen

carbon dioxide and ammonia
sulfur dioxide and nitrogen dioxide

OCOmD>»

Which one of the following explains why carbon monoxide is poisonous?

A It is oxidised to carbon dioxide in the lungs.
B It is reduced to carbon in the lungs

C It combines with haemoglobin.

D it is iInflammable.

Which one of these pollutant gases in the air is mainly responsible for the
greenhouse effect?

A sulfur dioxide

B carbon dioxide

C carbon monoxide
D nitrogen dioxide

The reaction between the hydrocarbon CxHs and hydrogen can be represented by
the equation:

CaHs () + Hz (@) — CuHa (g)
Which of the following statements about the above reaction is true?

it is a substtution reaction.

UV light is required for the reaction lo take place,
The molecular formula of the hydrocarbon is CaHe
The molecular formula of the hydrocarbon is CaHe.

oOmpP
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38 The diagram shows the fractional distillation of petroleum.

hoealed i
petolgum

Which stalemenis about fraclions X and Y are correct?

X is more X bums with a less X is more viscous
flammable than Y  sooty flame than Y than Y
A Yes No No
B Yes Yes No
C No Yes Yes
D

MNa No Yes

39 The diagram shows the structure of a hydrocarbon X.

H H H H

| | | |
H—C=C—C— —H

| |

H H

Which of the following sitructures are isomers of hydrocarbon X?

S DT O S
| . |
H=C—-C=C—C—H H—? q~g~c-H
H |£| |'_1 H H H
o H
ii H iv \‘C)‘ .
H-‘C'?:C—H “ AN
A . oo C=H
|
H--.‘%—H H M
A (W
B i il
c i, i, v
D i,0 i, v

99Tutors.SG | Page 178



Free Tuition Listing @ 99Tutors.SG

16 GMS(SVCham/P 1/ Prelim2017M4E

40 The structure of the plastic Perspex is shown below.

SRR
COzCH, Ha COzCHy

What is the molecular structure of the monomer from which this plastic is formed?

A
\ /
/ \cozcm
B
\ / CH-
/ \m o
& CHs
\ e /
C/I-i/3 \\CU'.!CHi
- CH; H
S C/
/ \GDECHH
End of Paper
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Section A

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

A1 The diagram shows the nuclei of five different atoms.

key

O neutron

® poon

atom A atom B atom C

(a)  Which atom is most likely to be in Group 07

(b)  Which atom has an atomic number of 37
()  Which atom has a nucleon number of 67
(d)  Which two atoms are Isotopes of the same element?
AT s e U T R S e P s ;]
(e)  Suggest the name of the element in (d).
() Which two atoms lose an electron when they form ions?
[Total: 7]
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A2 The table below shows the concentration of different jons found in a sample of
aqueous industrial waste.

ion concentration (mol/dm?)
[ Ca?* 0.125
W 2.300
K* 0.224
NOs 3.680
Cu 0.450 N

Use the information in the table to answer the following questions.

(@)  Write the chemical formula of a coloured salt that could be obtained from the

sample,
i H
(b) A student wanis to obtain the salt in (a) using the following method.
metal + dilute nitric acid —> saltin (a) + hydrogen
Why is this method not feasible?
........ (1]

(c)  Suggest a modification to the method in (b) to obtain a pure and dry sample of
the salt in (a).

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

. 13}
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(d)

(e)
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Is the sample of aqueous industrial waste acidic, neutral or alkaline?
Explain your answer.

-]

What would be observed when agueous sodium hydroxide is added to a
sample of the aqueous industrial waste until no further change is seen?

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

[Total: 8]

The structures of phosphorus trioxide and diamond are shown below. Phosphorus
trioxide is a covalent compound with a simple molecular structure. Diamond has a
giant molecular structure of carbon atoms.

(a)

(b)

I
P o~
1o | -
/ ""I--..O,--""P c’/Ci-—.}G___-}C C
O.--‘Pﬂh c \G
phosphorus trioxide diamond

Write down the molecular formula of phosphorus trioxide.
1)

Describe how a simple molecular structure differs from a giant molecular
siructure.

.. [2]
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(e) Explain why the melting point of phosphorus trioxide is lower than that of
diamond.

3]

(d)  An oxide was found to have the following composition by mass.

element percentage by mass
phosphorus 43.7
oxygen 56.3

Deduce whether this oxide could be phosphorus trioxide by determining its
empirical formula.

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

[Total: 9]
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Ammonia is manufactured by the Haber Process.

N2 + 3Hz = 2NH3 AH =-924 kJimol

The table below shows how the percentage yield of ammonia at equilibrium
varies with both temperature and pressure.

pressure percentage yield of ammonia at equilibrium
fotm 200 °C 300°C | 400°C 500 °C
40 72 34 13 5
100 81 51 25 10
200 86 63 36 18
300 88 69 40 24

() Describe how the percentage yield of ammonia at equilibrium changes
with temperature.
(1]

(i) Describe how the percentage yield of ammonia at equilibrium changes
with pressure.

L)

(iii) Explain how using a catalyst in the Haber Process has an economic
advantage.

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

99Tutors.SG | Page 186



Free Tuition Listing @ 99Tutors.SG
7 GMS(S)/CHEM/P2/PRELIM201 T/4E

(b)  Ammonia is used to manufacture nitric acid by a two-stage process.
Stage 1 Ammonia is converted to nitrogen monoxide.
4NHa(g) + 502(g) = 4NO(g) + 6H20(g)
Stage 2 Nitrogen monoxide is converted to nitric acid.
4NO(g) + 2Hz0(g) + 302(g) - 4HNOs(aq)
(i) Itis possible to find out whether the reaction in Stage 1 has completed by
following the pH changes during the reaction.
Samples of gas are taken from the reaction vessel at regular time inlewa}s
and bubbled through water to form a solution. The pH of each solution is

measured,
Explain why the measured pH changes during the reaction.

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

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

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

(li) Use the equations in the two stages to construct an overall equation for
the conversion of ammonia to nitric acid.

S L1
[Total: 8]
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A5 The manufacture of sulfuric acid is described below.
step 1: Sulfur is burnt in excess air to form sulfur dioxide.
S(s) + Oz(g) = SO:(g)
step 2: Sulfur dioxide reacts with more oxygen to form sulfur trioxide.
2502(g) + O2(g) = 2S0s(g) AH = -196 kJ/mol
step 3: Sulfur trioxide is dissolved in concentrated sulfuric acid to form oleum, HzS207.

H2S0a4(l) + SOa(g) = H2S207(l)

step 4: Oleum can then react safely with water to produce concentrated sulfuric acid.

H28207(1) + H20(1) = 2H2804(1)

(a) s step 3 a redox reaction? Use ideas about oxidation states to explain your
answer,

- [2]

(b)  Explain, in terms of collisions between reacting particles, how a higher pressure
affects the rate of reaction in step 1.

o [2]
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energy / kJ/mol

(i)
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Complete the energy profile diagram below for the year_:tinn of sulfur
dioxide and oxygen to produce sulfur trioxide. The activation energy for
this reaction is 2200 kJ/mol.

Label clearly the reaction enthalpy change and the activation energy.

2502 + Oz

progress of reaction 3]

State the values of the enthalpy change, AH, and the activation energy,
Ea, of the reverse reaction.

Ea= s kJ/mol [2]

[Total: 9]
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AB T.h'E ‘aimosphere contains a large number of gases including oxygen, nitrogen, carbon
dioxide, sulfur dioxide, oxides of nitrogen, methane and chlorofiuorocarbons (CFCs).

(@)  Carbon dioxide, methane and CFCs are greenhouse gases.

(i) State one effect of an increase in the atmospheric concentration of carbon
dioxide and methane.

-[1]
(ii) State one source of methane gas.

1]

(ili) State one other environmental effect of the presence of CFCs in the
atmosphere.

=[]

(b)  The formula of one chlorofiuorocarbon is CFCh. . EC)
Draw a dot-and-cross diagram to show the bonding in a molecule of CFCh.
You only need to show outer shell electrons.

2]
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Oxides of nitrogen are produced during the combustion of petrol (gasoline) in a
car engine.

(i) Describe the chemical reaction that takes place within a car engine to form
nitric oxide, NO,

el 1]

(i) Most of the nitric oxide and other pollutants present in the exhaust gases of
& car are removed in a catalytic converter.

Describe the redox reactions that happen within a catalytic converter.

waf2]

Nitrogen dioxide is one of the causes of acid rain.

Two moles of nitrogen dioxide react with one mole of water to make an
aqueous solution of two acids only.

One of these acids is nitric acid,
Deduce the formula of the other acid.

1]
[Total: 9]

End of Section A
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B7

13

Section B

Class:

. Answer all three questions from this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted.

The total mark for this section is 30.

Alkenes are unsaturated hydrocarbons. They contain one or more carbon-carbon
double bonds. Alkenes can exist as branched or unbranched hydrocarbons. Short-
chain alkenes such as ethene and propene are used as starting materials for making

ethanol and plastics.

Table 1 shows the boiling points of some straight chain alkenes.

Table 1
name formula boiling point / °C
ethene CaHy -104
propene CaHs -47
butene CaHa -6
pentene CsH1p 30
B hexene CeHiz 63 _

Table 2 shows properties of branched isomers of some of the alkenes.

Table 2
number of carbon beiling
atoms in formula point/ °C
molecule
H H
| |
H—C—C=C
branched | l
=T
alkene 1 4 i "
H—E—'H
|
H
H H H H
| | I |
H—C C —C=—0F8
branched i | \ | 20
alkene 2 H H
H— T‘r— H
H
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(@) How is the boiling point of a straight chain alkene affected by branching in
Isomerism?

Use evidence from Table 1 and Table 2 to explain your reasoning.

creren[3]

() X is a gaseous hydrocarbon which can decolourise a solution of bromine and has
a density of 1.75 g/dm? at room temperature and pressure.

(i) Calculate the relative molecular mass of X.

........................... [ OOOON ¢}
(il) Hence, identify X. Explain your reasoning.
.[2]
(c) Both ethene and sthane can react with chlorine to form dichioroethane.
Give two differences between the two reactions.
2]
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(d) Alkynes are hydrocarbons containing carbon-carbon triple bond (C=C). Table 3
shows some properties of the first four members of the alkyne homologous series.

Table 3
alkyne molecular formula boiling point / °C
ethyne CzHz -84
propyne CaHa -23
butyne CaHs 8
pentyne CsHs 40

(i) Draw the full structural formula of the alkyne with 6 carbon atoms.

(1]

(i) Do alkenes or alkynes burn with a smokier flame? Explain your answer.

1)

(e) A Chemistry book has the following line.
~..in general, the higher the relative molecular mass of the
molecule, the higher the melting and boiling points of the
compound due to the higher intermolecular forces of attraction.

Use the data in Table 1 and Table 3 to justify whether the statement is valid.

~.[2]
[Total: 12]
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B8  Zinc reacts with aqueous iodine to form zinc iodide. The following apparatus was used

to measure the rate of the reaction between zinc and aqueous iodine at 25°C.

connected io
electronic balance

5 I3

— 100cm?® of agueous iodine,
thin plate of zinc - 0.1 mol/dm® at 25 °C

| mixture stirred by

\ magnetic stirrer

The mass of the zinc plate was measured every minute until the reaction was
complete.,

Graph 1 shows the results obtained.

Graph 1
A

mass of zinc
plate / g

time / min
(a) Identify the reagent that was used in excess.

)

(b) (i) The experiment was repeated with 100 cm? of 0.05 mol/dm® agueous jodine
and keeping all other conditions the same. On the same axes as Graph 1
above, sketch the curve that would be obtained and label it "Y', [1]
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(i) Explain the shape of the graph obtained in (b){i).

42]

(e) Explain, in terms of collisions between reacting particles, the effect on the speed of
reaction if the experiment was repeated at 15°C with all other conditions kepl
canstant.

..[2]

(d) Describe and explain what would be observed if aqueous chlorine was bubbled
into the resulting zinc iodide solution.

[2]
[Total: 8]
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EITHER
B9  Galvanisation is the process of coating the entire surface of a piece of iron v;ﬁih 'Zi:fi;:
prevent it from rusting. Two common ways of galvanising iron are hot-dip galvanis
and electro-galvanisation,
(a) Hot-dip galvanisation
The piece of iron to be galvanised is dipped into a molten gty ol 2inc ot 9

temperature of around 460°C. The piece of iron is then cooled and e);Eﬂs_S: :rc: tthhg
air. The outermost layer of zinc then reacts with oxygen and carbon giox!

air as follows:
reaction 1: zinc reacts with oxygen to form zinc oxide _
reaction 2: zinc oxide reacts with carbon dioxide to form zinc carbonate

The resulting iron piece is as shown.

outermost layer of zinc carbonate

zinc

piece of iron

(i) Write balanced chemical equations for reaction 1 and reaction 2.

FRACHON 1 ..o seeesesssssmssseeniriitesssamsssssnsssnseseesec (1]

FRACHION 2 . oo oeeeoeeoeieseeesaeereneenssnmen o essasinssessasssenn 1]

(i) Use reaction 2 to explain how zinc oxide acts as a basic oxide.

1]

(b) A student says ‘galvanising a piece of iron is more effective in preventing it from
rusting than painting it.

Do you agree with the student? Explain your reasoning.

2]
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(c) Electro-galvanisation (electroplating an object with zinc)

The piece of iron to be galvanised and a piece of zinc are used as electrodes and
dipped into an electrolyte containing a mixture of aqueous zinc cyanide, Zn(CN)z,
and aqueous sodium hydroxide at room temperature and pressure. An external
electrical power supply is used. Zinc ions are discharged to form zinc atoms, which
are coated onto the piece of iron.

(i) Draw a labelled diagram of the experimental setup for electro-galvanisation.

[2]

(i) What is the formula for the cyanide ion?
1]
(iii) Some processes of electro-galvanisation employ the use of dilute acids in the
electrolyte instead of aqueous sodium hydroxide.

Explain what problem this could pose.

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

(d) Suggest an advantage that electro-galvanisation has over hot-dip galvanisation

1]

[Total: 10]
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OR

B9 Th_e diagram below shows the electrolysis of an agueous solution of potassium sukate
using inert electrodes,

30 em?®
of gas

Inert electrode

aqueous ]
potassium sulfate

(a) Write equations for the reactions that happen at each electrode during the
electrolysis of aqueous potassium sulfate. Include state symbols.

PREANE CRHNOME = < i s e s

ALINE BNOUR ... iuisiiis i s e seess e s se s am b
3

(b) When graphite anode and a very high current are used in this electrolysis, the gas
liberated is a mixture of oxygen, carbon monoxide and carbon dioxide. In tl-uer3
experiment illustrated above, 30 cm? of gas formed above the cathode and 17 cm
of gas formed above the anode.

()  Explain, with the help of two equations, why the oxides of carbon are
produced at the anode.

:[3)

(i) Using the equations in bii), explain why the volume of gas collected at the
anode is larger than expected.

..........................
-------------------------------------------------------------
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(i) The gas at the anode was collected and its volume was reduced to 9 cm?
when shaken with agueous sodium hydroxide.
Deduce the volume of carbon dioxide in the gas mixturé at the anode and
explain the reaction that results in the reduction of volume.

PR 4
{c) An experiment is set up to electroplate a fresh flower with silver,
Suggest why the fresh flower must be coated with carbon particles first.
.......................................................................................................... [1]
[Total: 10]

End of Paper
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Geylang Methodist School (Secondary)
Prelim Exam 2017

Chemistry 5073
aper 2
. Qns _{rjsw?rs__ Marks
Ala B 1
b C 1
I 1C | e 1
d ‘DandE 1
|e carbon 1
_f L AandC i " 2
A2a | Cu(NOs)z 1
b Copper does not react with dilute acids. 1
¢ Add excess copperill] oxide / copper(ll) carbonate with dilute 1
nitric acid and stir.
Filer to remove the excess copper(ll) oxide and collecl
copper(ll) nitrate as the filtrate. 1
Heat copper(ll) nitrate solution unti! it is saturated.
Cool the saturated'salution, 1
Wash the crystals with a little cold water and dry between sheets
of filter paper.
d Acidic. There are H* jons present. 1
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Qns

Answers ! mﬁs

A white precipitate is formed. _
The precipitate is insoluble In excess sodium hydrexide. . 1
OR !

A blue precipitate is formed.
The precipitate is insoluble in excess sodium hydroxide. —L i

g T

| -t

Ada

Pals | 1

A simple molecular structure has small discrete molecules with | 1

weak intermolecular forces while
a giant molecular structure s a lattice of many atoms covalenlly 1

bonded logether.

A small amount of energy is needed to overcome the weak |
intermolecular forces between the molecules in phosphorus | 1
trioxide. '
A very large amount of energy is needed to overcome the strong 1
covalenl bonds between the carbon atoms in the structure of |
diamend.

glement P 0

mass (g) / 43.7 56.3

% by mass

number of moles E;'ilﬂ'd'm 5

3 1
-~ =3.518

=
n\l‘:’"

molar ratio 1.410 _ 3.319_ 25

—

1.410 1410

simplesl ratio 2 5
empirical formula P2Qs 1

Since the empirical formula of phosphorus {rioxide is P20s, not 1
P20s, this oxide cannot be phosphorus trioxide.

Adal(i)

The percentage yield of ammonia decreases with increasing 1

temperature.

| (i)

Percentage yield of ammonfa increases with increasing 1
pressure.

(iil)

Catalyst speeds up the reaction / lowers activation energy.
Catalyst shortens the production time / lowers energy costs

as less energy is used.
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Qns Answers Marks
b(i) Ammonia is an alkaline gas, while oxygen, nifrogen monoxide 1
and water vapour are neutral gases.
Ammonia gas is gradually used up, the pH decreases as the 1
products are neutral.
When pH value remains constant at 7, it indicales that ammonia 1
gas Is used up completely for reaction and left with the neutral
gases.
(i) NH3 + 202 — HNOa + H20 1
ASa No.
The oxidation states of S, O and H remains the same al +6, -2 | Minus 1 mark for
and +1 respectively in both reactants and products. each mistake in
oxidalion states.
b The rate of reaction is faster al higher pressure. The gas 1
molecules are closer together.
There are more molecules per unit volume of the gas and they 1
collide more frequently.
L]
c(l)
energy correct Ea ~ 1m
Ea ¥ 2200 kJ/mol comect AH - i
correct
exothermic graph
______ -1m
progress of reaction
(it) AH = +196 kJ/mol 1
Ea = 2386 kJ/mol 1
A6 a(i) | Global warming/ ice caps melting/ sea level rising 1
(i) One source of methane is rotting vegetation. | 1
(i) CFCs cause ozone depletion. Ll i| 1
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Answers

Marks

Minus 1 mark for
each mistake

)

Reaction of nitrogen with oxygen at high temperature produces
nitric oxide.

@

Nitric oxide is reduced to form nitrogen gas.
Carbon monoxide is oxidised to form carbon dioxide.

d

HNC2z

B7a

Branching in isomerism decreases the boiling point of straight
chain alkenas.

From the data, the boiling paint of straight chain butene (-6 °C) is
higher than the branched butene (-7 °C).

The beiling point of straight chain pentene (30 °C) is also higher
than the branched pentene (20 "C).

b{)

M = density x 24 dm®
=1.75%24
= 42

(i)

X is propene / CaHg

with M of propene = (12x3) + (1x6) = 42.

As X decolourises aqueous bromine, it is unsaturated [ an
alkene with general formula CaHazn.

differences: any two
- substitution in ethane requires UV light whereas addition in

ethene does nol.

- substitution in ethane invalves breaking of C-H bond whereas
addition in ethene involves breaking of C=C bond. .
- substitution in ethane produces many producls whereas;
addition in ethene produces only one product {dichloroethane).
- substitution in ethane produces a by-product (HCI) whereas
addition in ethene does not.

1m — each
difference
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]

Qns Answers Marks
' di) H H
ol il 1
| HG-G-G-G-ome-H
HHHH
(i) Alkynes burn with a smokier flame because they have a higher 1
percentage of carbon compared lo alkenes.
e Although ethyne (M. = 26) has a relative molecular mass smaller 1
' than ethene (M = 28), the boiling point of ethyne is -84 °C
whereas the boiling point of ethene is lower at -104 °C,
The statement is invalid as alkynes have higher boiling points 1
even though they have smaller relative molecular mass.
B&a zinc 1
b(i) | graph 1
l
Y 1
mass of
plate -
ime -
(i) Gradient is less steep as the concentration of iodine is halved, L
resulting in a slower speed of reaction. 3
Half the mass of zinc reacted since only half the number of mole
of the limiting reagent, lodine is present.
6 At 15 °C, lhe zinc atoms and iodine molecules have lower Kinetic 1
energy. Hence, less particles have energy greater or equal to the
activation energy. I
The frequency of effeclive collisions between the zinc atoms and | !
| iodine molecules decreases. Hence, speed of reaction
! decreases .
d The colourless zinc lodide solution will tum brown 1
| Chionne displaces the iodine from zinc iodide solution as ' 1
| chlorine is more reactive than iodine.
L
I 1
—
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Qns Answers Marks _ !
EITHER | reaction 1: 2Z2n + Oz — 2Zn0 1 |
83al) reaction 2: ZnO + CO; — 2nCO; l. 1 !
e i *
(i t reacts with an acidic oxide (carbon dioxide] to form a salt (zinc | i :

carbonate), | !

i ._..’, - _._|

b Yes, galvanising protects the piece of iron from coming into

contact with oxygen and water.

If the protective layer is scratched, the exposed Iron beneath will 1

not rust as zinc is more reactive than iron and will corrode in

place of iron.

if the paint layer is scratched, the exposed iron beneath will start i

to rust when it reacts with oxygen and water.
eli) = N

| correct
electrodes -1m
iron .
Zinc | correct
| electrolyte -1m
Mixture of agueous
zine cyanide and
sodium hydrowde

Iron electrode connected to negative electrode of cell.
(ii) CN- 1
= T
(1) The acids in the electrolyte will react with the zinc and iron 1

pieces. )

Electro-galvanisation is carried out at room temperature and no
heating is neaded.

Hot-dip galvanisation is carried out at 460°C.
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Qns Answers Marks
OR At the cathode : 2 H* (ag) + 2e" - Hz(g) correcl equations
B9(a) . : . ~ 1m each

At the anode : 40H" {aq)=> 2Hz0 () + Oz (g) +4e cotect Siati
symbols = 1m
b(i) Oxygen produced reacts with the carbon electrode to form 1
carbon dioxide, which continues to react with the carbon
electrode to form carbon monoxide.

I C+0:1-C02 1
C+C0:222C0 or 1
2C+ 022 2C0

(ii) 1 mol of oxygen produces 2 mols carbon monoxide. i

(iif) 8 cm? 1
Carbon dioxide, an acidic oxide reacls with the alkall, sodium 1
hydroxide.

c Carbon is a conductor of electricity. 1
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Name: Register Number: Class:

o mm—————— e ———

For Marker's Use_

HEP LR | j

NAN CHIAUHIGHSCHOOL |
PRELIMINARY EXAMINATION 2 2017
SECONDARY FOUR EXPRESS
CHEMISTRY 50731
Paper 1 15 September 2017, Friday
Additional Material - CTAS th

READ THESE INSTRUCTIONS FIRST

Wrie in soft pencil.
Do not use staples, paper clips, highighters, glue or comachon fluid.
Write your name, (dass and register number on the OTAS In the spaces provided

There are forty questions on this paper. Answer all questions. For each question, there
are four possible answers, A, B, Cand D.
Choose the one you consider comect and record your choice in soft pencil on the OTAS.

Read the instructions on the OTAS very carefully.

Each comrect answer will score one mark. A mark will nol be deducled for a wrong answer
Any rough working should be done on this paper.

A copy of the Periodic Table is pnnted on page 17

The use of an approved scientific calculator 1s expected, where appropnate

This document consists of 17 prnted pages including the cover page
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apparatus as shown below

gas mixiure
———

A gaseous mixture of propene, oxygen and sulfur trioxide is passed through the

aqueous sodium

hydroxide

bromine

What is the property of the gas collected?

oOm>»

It tumns damp blue litmus red

It relights with 2 glowing splint.

It extinguishes lighted splint waith a "pop’ sound.
it tums purple acidified potassium manganate(Vil) solution colourless.

Carbonic acid i1s obtained by passing carbon dioxide gas into water. Which of the
following best describes the movement and arrangement of the respective particles at

room temperature?
|  Carbon dioxide Hydrogen ions, Water molecules in the
. | molecules in air carbonate ions in the solution
| solution
| A Quite closely packed, Quite closely packed, Quite closely packed,
moving rapidly and rotate and vibrate about in maving in constan
randomly in all fixed position random mobon
directions
B Far apart, moving in Far apart, moving in Quite closely packed,
constant random motion | constant random motion | slides past each other and
meve freely throughout the
liguwd
i |
Cc Quite closely packed, | Far apar, moving in Quite closely packed,
moving in constant constant random mation | slides past each other and
random maotion l move freely throughout the
‘l i liquid
D —F-é? apart. moving in !. Quite closely packed, Quite closely packed,
| constant random motion | rotate and vibrate about in moving in constant
' | fixed position random maotion
= : b | =
P
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3 The word ‘molecuie’ can be used to describe the structures of the following except for

that of
A diamond
B limestone
C  sugar
L nylon

4 A sample of isotonic drink containing two water- soluble vitamins was analysed during
chromatography with water as a solvent. The following chromatogram (nof drawn to
scale) was obtained.

vitamin Bz

vilamn By

solvent
fromt
A

A

: 3.5cm

27T ocm
Y. X __start line

Isotomc dnnk

Given that the R, value of vitamin B; 1s 0 35, determine the R, value of vitamin B,

A
B
c
D

0.23
0.23cm
0.27
0.27cm

5 The followmng descnbes three separations ol various modures:

1.
2.

Ontain pure ethanol from the fermentation of glucose
Obtain solid sugar from sugar solution
3. Obtain siicon dicade from a mixiure of silicon dioxde and aqueous silver nitrate

Which of the following correctly describes the method used in each separation?

ocoOoD»

1
distillation
distillation

separaling funnel

separating funnel

2 2
evaporation sublimation
crystailisatian fittration
crystaliisation sublimation
evaporation filtration
3
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6 Kryplon has a melting point of -157 “C and a boiling point of -153 °C, and is much fighter

than air

A

The following diagram represants kryplon particies in a sealed container at 0 °C

)
i 2
2= 00
c200
O SAaT
oRog
P

B <oe® ¢

O o e

:_IE' L 02 o
o 0

B 3 &
b o 3 =
) ¥
- G =

2 o B

= Q
o 7 O o

B ——— =

SRESESAR S

7 The diagrams show the structures of two atoms of the elements J and W respectively.

J

©

W

What is the rnass of 1 mole of the compound formed by J and W?

oOowP

119
12g
23¢g
309

4
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B Silicon carbide has a structure that is similar to diamond as shown below

Which of the following sets of properties describes silicon carbide?

[ Physical Properties When strongly heated in oxygen |
: .
good conductor of rigid and .
A icit
extrernely hard does not underge any chemical change
' good conductor of

electricity

~ does not conduct

soft and slippery burns slowly, leaving no solid residue

| oft and sh |

| G electrici soft and slippery decomposes into its elements

1’ p | doesnotconduct rigid and burns slowly, forming a solid residue and
L glectricity extremely hard | a cobouriess gas

9 The formulze of some oxides are shown below

ALOs, CO, Nas0, MgO, SO, ZnO

Whach of the following gives the comredt number of each type of oxide?

ocoom>»

Acidic Amphoteric Neutral Basic
1 2 1 2
2 1 0 3
3 0 0 3
4 0 0 2

10 Which of the following involves the largest number of electrons for complete discharge
dunng elecirolysis?

o0 o>

£ mol of Al”" lons
& mol of OH wons
7 el of O ions

12 mol of K jons

£
.
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11 Ammonia 1= manufaciured by the Haber process. Ny + 3H; = 2NH.
Which of the following is true about the Haber process?

I iron catalyst is used to increase the speed of reaction and yield of ammonia.
il Nitrogen 1s reduced to form ammonia

I Ammonia formed 1s condensed and collected as a liquid

IV The reaction stops after a pencd of time

I and Il only
I and Nl only
it and HI only
I 1t il and IV

o0Om>»

12 One of Mars exploration rovers discovered vanadium jarosite mineral in the
sedimentary rocks on Mars It has the chemical formula NaV,(OH).(SO.),.
What is the oxidation state of vanadium in the minerzi?

A +2
B +3
C -3
D -2

13 A commercial producton of iodine involves the reduction of a salution of iodate(V) ons,
104, with hydrogen sulfite ions, HSO,.

The equation for the reaction may be writien as
XO5 + yHSOy > 2SO° + 1, + 3H™ + H,0

Which of the following shows the correct values of x, y and z respectively?

o0Om>»

oo N M Ix
thORY h Ln e
M B R OLN N

6
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14 During beta decay of an unstable nucleus in an atom, a neutron is decomposed into a
proton with the emission of an electron,

Which of the changes below describes an unstable nucleus undergoing bela decay”?

A

B
C
D

LJ r-‘r _} lfﬁ‘r
= b
1 Na + I NE

ol > i Xe
uKr > VBr

15 A 0.4764g sample of an oxide of iron was reduced by a stream of carbon monoxide.
The mass of iron that remained was 0.3450g. Whalt is the empinical formula of the
oxide of ron?

DOoOP

Fe,O
FeOQ
FesOs
FB;}D..

16  What is the mass of one molecule of water?
Hint. Given that M{H:0)=18.

comp

333x10%g
3.33x10%g
300x10%g
3.00x 10%g

17 ton(lljsulfate is a common nutritional supplement used In treating iron-deficiency
anaemia A 5 00g lablet containing iron(ll)sulfate is dissolved in water and excess
barium chionde solution is added. After mixing, 2 89g of barium sulfate is precipitated
out as white solid What is the percentage of iron(lljsulfate in the lablet?

oOomP»

18 9%
37 7%
42 2%
57 8%

7
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18 A cell was set up by dipping 2 strips of metal, R and S, inlo a hquid Q. This cell is used (o
fight a bulb up in an electrical circuit. Which of the following combination makes the bulb

shine the brightest?
Metal R Metal S Liquid Q
A iron zinc dilute sulfunc acid
B magnesium iron distilled water
[ aluminium lead dilute sulfurnic acid
D copper magnesium distilled water

18  Mohr's salt, is a compound with the formula (NH,):Fe(50,); 6H.0 Aqueous sodium
hydroxide was added o a hot solution of the salt, stirred and left to stand over a penod
of time. Which of the observation would be incorrect?

A green precipitate is formed.

The precipitate dissolves in excess aquecus sodium hydroxide.

A pungent gas which tums moist red litmus paper blue is produced
On standing, the precipitate turns red-brown.

oo >»

20 Which of the following electrolytes will produce gases at both electrodes during
electrolysis with inern electrodes?

concentrated agueous silver chloride
molten sodium fluoride

dilute aqueous polassium iodide
aqueous copper (1) nitrate

oOomo>P

21 Which of the following methods would not produce ammonia?

Heating ammonium chionde with aqueocus calcum hydroxide
Heating ammaonium chioride with aguecus strontium hydroxide.
Heating ammeonium chloride with dilute nitric acid

Heating solid ammonium chloride crysials

onDw>»

a8
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22 The graph shows the optimal yield of ammonia at 200 °C and 250 atm

yield of ammﬂniaT

Va

/

* iime

Which of the following graphs shows a correct companison of the yield of ammenia
produced at temperature of 400 °C and 250 atm?

yield of
ammonia

Id

400°C -

< /20000

A -
time
A
wield cid
ammaonia
o 200°C
/‘ _“_iﬂﬂﬂc
[
Time
c

9

yieid of
ammania

yield of
ammonia

—
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In the graph, curve X represent the resulls of the reaction between 2 0 g of magnesium
ribbon with excess 1.0 mol/dm® of nitric acid 21 room temperature

Total volume of gas
produced/cm’
’ _ X

= - limels

Which of the following changes will produce curve Y7

Using 1.0 g of magnesium ribbon and 2 0 mol/dm™ of nitric acid
Using 2 0 g of magnesium ribbon and 0.5 mol/dm™ of nitric acid
Using 1.0 g of magnesium nobon at 10°C.

Using 4 0 g of powdersd magnesium at room lemperature,

ooOomb>

Bismuth(ill) axychloride is dissolved in corcentrated hydrochlonc acid (o give a clear
solution of bismuth(lll} chionde. Addition of water re-forms the bismuth{lll) cxychlorice
as a white precipitate

BIOCI(s) + 2HCHaq} == BiCh{aq) + H,O(); AH = -132 kJ/mol
The activation energy for the forward raachon is 45 kJ/mol. The attivaticn energy for
the reverse reaction is

A 45 kJmol
B 87 kJ/mol

C -87 kd'mol
D 177 klimol

lcdine reacts with chiorine to form icdine chionde

I, + Ck = 21CI AH = -11kJ

Thne bond energies for I-—1 and CI—C/ a2re 151k)/mol and 242kS'mol respectively. What
15 the bond energy in kdimol for the I—C/ bond?

191 kJimol
202 kdimicl
362 kJimol
404 K Jmal

cOomP

i
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26 The nickel-cadmium rechargeable battery is based on the following overall reaction

Cd .+ 2NIO(OH) + 4H;0 — Cd{OH); + 2Ni(OH); H;0

What 1s the oxidation number of nickel at the beginning and at the end of the reaction?

oOo@»

27

Start

-1.5

+1.5

+2
+3

with dilute nilric acid

Ph ... o, .Ii: Ph _|f.......-. -.'.;'-. Fb _ i i :'
o t‘ Zn —J . _

End

0
+2
+3
+2

The diagrams show pairs of metal strips of equal size placed in beakers Q. R, Sand T

Fe —

After 3 minutes, which of the following is true about concentration of lead(ll) ions
present in the solutions in the beakers?

Highest concentration of Pb*" ions Lowest concentration of Pb*' ions
A R Q
B = 5
C S o)
D s R

28 Information on three melals, X, Y and Z are gwven in the table below,

| Metal | Action of dilute | Action of carbon on | Action of placing the metal
1 acid on the metal the metal oxide l in aqueous iron{ll) nitrate
X | Hydrogenewolved |  Reduced |  No reaclion
"¥ | Woreacton |  Reduced | N reaction
| Z | Hydrogenevolved | Noreacion | lron metal formed

Which of the foliowing piaces the melals in order of decreasing reactivity?

ooOD>P

YZX
ZXY
Y. XZ
XYJZ

11
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29  Which of the following is/are true about the air and atmosphere?

30

M

32

| All air pollutants are acidic in nature.

il Acid rain can be caused by excessive burning of fossil fuels

Hl Nitrous oxide and water vapour contributes to global warming

IV At ground leved, ozone 1s emitted directly from ingustries and the burning of

tossil fuel
A il onty
B fand li
(o4 Handil
D L1 0 and IV

Which of the foliowing is least commonly found in air yet is the most abundant
element in the universe?

Krypton
Nitrogen
Hydrogen
Water vapour

oom>»

Transition melals are often used as catalysts in industnes. Which of the following is not
an example of a transition metal acting as a catalyst?

A rhodium in catalytic converters

B iron in Haber process

C  copper in the electroplating of cutlery
D  nickel in the manufacture of margarine

The diagram below shows a reaction scheme involving solution P
Solubon P Add HNO, (2q)

Colouresa soiution
iMoo effervescente)

pom—
NaOH {aq)
W

White

precpiate

What is the identity of solution P7

aluminium suliate
potassium suliate
iron(ll) nitrate
zinc carbonate

o0OmP

12
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33 The diagram below shows the selup for an expenment.

Gas P GasQ
cotton
wool
sgaked in ===
heat heat (e
NaBiiac) neisn FEC]
118
0§
-1~ Propanone
(organic
solvent)
What are the main colours observed for propancne, water, gases Q and P during the
experiment?
Propanone Water GasQ GasP
A red-brown purple brown yellow-green
B red-brown red-brown purple red-brown
G purple brown purple red-brown
D purple purple red-brown brown

34 Wine is produced ny fermentation of the natural sugars present in grapes Which of the
following equations desciibes fermentation correctly?

coOom>»

CeHOs(l) + 60(g) - 6CO(g) + 6 H,0(g)
CeH1206ll) 2 2C;H:OH(aq) + 2C04(g)
CeH120g(aq) + 60:(g) > 6CO{(g) + & H:0(g)

35 Which statement about fractional distillation of petroleumn is correct?

A

At each fraction in the fractionating column, only one compound is collected
with a fixed boiling point.

As the vapour rises up the column, the temperature increases

The hydrocarbons collected at the botlom of the fractionating column are the
most flammable.

The hydrocarbeons collected at the top of the fractionating colurmn have the
smallest relalive molecular mass

13
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36 Aspinn 1s a commonly used drug to reduce pain The structural formula of aspirin is

shown below
T o
&
C
Hai 7, ~C
j | o
H""C\c’f"c‘o\ i
I C—C—H
H o7 |
H

Which statement about aspirin is incorrect?

It is an unsaturated hydrocarbon.

It contains 3 different functional groups.

it reacts with magnesium metal.

Its agueous solution reacts with potassium carbonate

oOm>»

37  When a mixture of butanol and propanoic acid is allowed to react, what are the
substances found in the final mixture?

Propyl butanoate and water
Butyl propancate and water
Propy! butanoate, water, butanol and propanoic acid
Butyl propanoate, water, butanol and propanoic acid

oOoOm>»

38 The diagram shows the structure of the amino acid, lysine. Lysine supplements have
also been used to prevent eruptions of shingles, a viral infection that causes a painful
rash. '

/c_ _N\.
G
CH,
NH

Which statement about lysine is true?

It forms a polymer wath the same linkage as nylon

It reacts with calcium to form salt and water only.

I readily decolounses acidified potassium manganate (VI solution
It burns in arr to produce carbon dioxide and water only

ocom>»

14
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39 PMMA is the most important commercial polymear of the acrylic class, often used in
glazing applications, Which of the following comectly descnbes the polymer shown?

H CH, H CHy H CHa
| ] i | | |
—C — € = ==  =— L —  —
] | i | [ |
H COOCH; H COOCH; H COOGH:
H CHs
|
A Condensation H-0-C-C-0-H
[
H CODCH,
H CH;
|
2] Addition C=C
I
H COOCH;
H CH.
|
C Condensation cC=C
||
H COOCH;
H CH;
[
D Addition H-C-C-H
P
H COOCH,
15
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40 Which of the following compounds are isomers of each other?

H H

I I H H H H {H H HH
H-C~C-H o Lo )
L H-C=C-C-C-H H”?"C-C~?~H
H-C-C-H bl
" j H H H H
H H
I ] i
H = H
H H H I I !
S [ H-C=C=C-=H H-C-H
H-C=C-C-H | H H
i H (I
H-C—H H-C-H H-C=C-C-H
[ |
- M H
v v Vi
A Il Il and V only
B |, Il and Il only
C I I and Vonly
D  Allof the above
16
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Answers to 2017 Prelim 2 Chemistry Papers 1 & 2

Pager
‘1 [B[9[A |17 B[25[B 33[C
"2 [ B |10/ A |18/ C |26 D ii 34 C |
3/B|(11|C|19|/B 27| A 35D
4 C 12| B 2o|c 28 B (36| A
5 B|13| A|[21/C |29/ C [37|D
6 | B 14/C |22 B | 30| C 38 A
7 D 15| D23 A 31| C 39| B
8 D16 D [24| D (32 A '||“ 40 | C
| |
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Mame: Register Number: Class:

For Marker's Usa

Ha-¢ M

NAN CHIAU HIGH SCHOOL

PRELIMINARY EXAMINATION 2 2017
SECONDARY FOUR EXPRESS

CHEMISTRY 6507312
Paper 2 13 September 2017, Wednesday

Th 46 min

INSTRUCTIONS TO CANDIDATES

Wirile your name; register number and class in the spaces provided on [he question paper.
Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

Do not use staples, paper cips, highlighters, glue or correction fuld,

Section A: Structured Questions [50 marks]
Answer all questions. Write your answers in the spaces provided on the question paper. All
workings musl ba shown clearly.

Section B: Data-based and Free-response Queslions [30 marks]

Answer all three questions in this seclion. The lasl question is in the form of an eitherfor
and only one of the allermalives should be attempted. Write your answers in the spaces
provided on the question paper. All workings must be shown clearly.

The number of marks is given in liackels [ ] al the end of each question or part question,
The total marks for Lhis paper js 80,

A copy of the Periodic Table is printed on page 19,
The use of an approved scientific calculalor is expecled, where appropriate.

This document mrﬁﬁts of 19 printed pages including the cover page.
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Section A - Structured Questions (50m)

Answer all questions in the spaces provided.

A1, The position of six elements from Period 1 to 4 of the Periodic Table is represented
by lelters A, B, C, D, E and F as shown below.
1D F
C E
A | T 1T T®7 T T 1]
Select from the given letters, A to F, the element that best fits the following
characteristics. They can be used once, more than once, or not at all. [5]
a) An element which combines with element E to form a very volatile compound,
b) An element which contains the smallest number of protons in each atom.
c) An alement which i monatomic.
o) An element which Is used as a calalysl in chemical reaclions.
e) An element which is the strongest reducing agent.
AZ. A sample of black ink contains a mixlure of red, blue and yellow dyes. The solvent

used lo separate the dyes in the black ink is a mixlure of ethanol and water.
The Ry values of the coloured dyes with different percentages of ethanol is as shown:

1.0 ‘1-'

= gl
R R e
SEUESERY i <
0.8 I ] i1 B S ——Blue
9 | B
06T g = Yellow
9 !
0.4 - =i ho?
A ™
02 < I-f] L
-'J

4

i

3

| L% }
Lo | f g B

0 ZID 4'0 60 Eh 161} Percentage of ethanol
Percentage of water 100 80 60 40 20 0
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State the R, value of blue dye on the chromatogram when the solvent is a mixiure of
42 cm* of ethanol and 150 em® of water. (1

Using data from the graph, explain why a pure solvent of either water or ethanol is
not suitable for the separation of the black ink using paper chromatography. 2]

Damien conducled a chramatography on the black ik using a certain mixiure of
ethanol and waler as solvent. He concluded that his black ink is pure. Using dala
from the graph, explain why Damien could be wreng. 2]

Since its discovery in 2003, graphene has been a hot topic in chemisiry and
materials science research. Graphene is a single layer of graphite and its properlies
include:

Y e S AT
high electrical conductivity, s e H"I“::t‘hh“lﬂi._‘“‘f:]l
200 times stronger than steel, oAt RN b g RS
thin and lightweight, i 2 L -«{-
transparent, and "':« : b . ke ‘Ef .1 :
high thermal conductivity. /¥ Ul (Y
; { " =
L. . . '
i terms of bonding and struclure, explainwhy  © ¢ %S
graphene is sirong, [
graphene is a good conductor of electricity. 21
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State and explain why a sheet of graphite which has a large number of carbon
layers would not be suitable for a touchscreen display on a handphaone. (2]

Some fruit drinks claim io be high in antioxidants such as vitamin C, CgHyOy. The
vitamin C conlent in a fruil drink can be determined by titraling it with iodine.

The redox reaction which takes place is shown:
CsHaOs(aq) + 1(aq) — CoHsOs(an) + 2H (aq) + 21" (aq)

Suggest if I; I1s an oxidiging or reducing agent. State the colour change abserved
during the titration. [2]

Some students carried out an inwstigaﬂan of fruit drfnks to delermine their vitamin C
content. An average of 25.4 cm’ of 0.00125 molfdm” ﬂf iodine solution was required
for the complete tiration of the vitamin € in 2 20.0 em® sampTe of fruit drink.

Calculate the mass, in grams, of vitamin C in the 1 dm” carton of fruit drink. [

The recommendead daily consumption for Vitamin C 13 0.0600g per day.
Calculale the mass of Vilamin C provided by 200 cm® of the drink in (b). Hence state
whether this drink meets the recommended daily allowance for Vitamin C. {2
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The diagram shows the set-up of an electrolysis experiment.

IRERRER

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

E Ay in =
Silver nitrate Copper(ll) sulfate
solution solution

W and X are copper eleclrodes, while Y and Z are silver eleclrodes.

Give Lhe formulae of all the lens present in (i) sitver nitrate and (ji) copper(ll) suifale

solution. 2]
Which two electrodes would Increase in mass? (1]
Write the haif equations for each electrode in your answer (bi). [2]

Which electrode would increase ils mass al a faster rate? Give a reason for your
answer, 2]

o
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An aqueous solution of ammonium nitrite, NHaNO., decomposes when heated
gently.

NH.NO(aq) = Na(g) + 2H,0())

Describe how you could show that agueous ammonium nitrite contains ammonium

ione. 2]

A sample of 25.0 cm” of 0.500 mol/dm® aqueous ammonium nitrite is heated.

Calculate the volume of nitrogen formed, measured at room temperature and
pressure, (]

A cold pack, used to treat sporting injuries, contains a bag of waler inside a larger
bag of finely powdered ammonium nitrate, NH,NO,,

Squeezing the pack causes the bag of waler 1o break and the NH.NO, to dissolve.
as shown below.

NHsNO; (s) — NH,NO; (ag) AH = +25 kNmol

From the equation, state and explain if the dissolving process is exolhermic or
endothermic, (1]
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NH:NO; (s) — NHNO; (ad) AH = +25 kJ/mol

The activation energy for the above reaction is 35 kJ/maol.

On the graph below, complele the energy profile diagram showing the changes that
occur in chemical energy as the NHyNO; powder dissolves.

Label the aclivation energy, E,, and the enthalpy change, AH. (3]

b = - -

e e I e e e e e R

o w8

o ——— . — T —— T — -

Progress of reaclion
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AT. Theioding clock reaction was discovered by Hans Heinrich Landolt and is mainly
usad to demonstrate speed of reaction.
In the experiment, the solutions used are hydrogen peroxide, H20a, potassium
lodicle, K1, Ihiosulfate solution, S0 and starch to test the presence of lodine, 1.
The reaction occurs in two stages:

Stage 1: The hydrogen peroxide, H,O4 reacls with the iodide jons in polassium
iodide in acidic conditions.

Hs05 + 21" + 2H" — 2H:0 + 1,

Stage 2: The iodine produced is then absorbed by reaction with @ fixed amount of
thiosulfale ions.

25.0:7 + L —— 5,07 +2I

As soon as all the thiosulfate is used up, free lodine remains in solution and reacls
with the starch lo give a dark blue solulion.

The time for the blue colour to appear can be recorded.
4 experiments were carried oul with differing concentrations of H.0» and thiosulfate

solulion. How quickly the blue colour appears is a good measuremenl of how fast the
reaction takes place.

Expt | Concentration of H;0» Concentration of Time taken for blue
ncldn®y S;05° colour to appear
({ molldm?) ) (s)
| 0.020 0.030 2,00
2 0.040 0.030 =1 0.50
3 0.030 0.040 = .76
<4 0.040 0,060 0.25

a) What is the relationship batween the concentrations of the reactants and the rate of
reaction? Justify your answer using the results in the table, stating clearly the
sxperimantal data you are using. (3}
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Explain Lhe effect of concenlralion on the rate of reaction in lerms of collisions
belween parlicles. (2]

Predict the time laken for blue colour 10 appear if the experiment was conducted
using 0.040 mol/dm® of H,0, and 0,120 molidm® of S,0., [1]

Using oxidation states, state and explain which element is oxidised in Stage 2. [2]
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Succinic acid, CH;(COOH);, is a natural antibiotic and is a weal acid.
The structure of succinic acid Is as shown.

i1
HO—C ? {I'_ C—OH
H H
Explain what it means by the term 'weak acid'. [1]
Succinic acid Is also a dibasic acid.
Write an equation to show how a weak dibasic acid will behave. [1]

Succinic acid can form a polymer with ethane-1,2-diol. The structure is as shown.

H

'
H O ? C 0 H
H

l
H

Name lhe type of polymerisation which would take place between succinic acid and
ethane-1,2-diol. [1)

Draw the structural formuia of the polymer formed between succinic acid and elhane-
1,2-diol. [2]

10
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Section B: Data-based and Free-response Questions [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 allernalives should be attempted. All working must be shown clearly.

B1a) The graph below shows the electronegativity of the Group VIl elements.

i)

ili)

Electronegativity Is a measure of the tendency of an alom to altract electrons.
ILis usually measured on the Pauling scale, on which the most electronegative
alement (fluorine) Is given an electronegativity of 4.0.

Group VIl elements gain electrons to form ions of negative chame.
Electronagativity of the Group Vil elements

& e T i i -
a5 . el i
q.-
254
2.4 -SSR | R .
15}
14
05 - SRS SR | SRR .

0 ioie * dione * bromine " lodine

From the information given above, describe and explain the trend of reaclivity of the
halogens on going down the group. 2]

Describe what is sesn when chlorine gas Is passed through polassium bromide

solution. [1]
Wiite an lonic equation with state symbols for the reaction in (aii) . 2]
11
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1b)  The following experiments were conducted to determine the order of reaclivity of four
metals, copper, P, @ and R. In the first experiment, the oxides of the four metals
ware healed in the absence of axyaen. The results are shown in the table below.

Metal oxide Cud P-0 Qo RO
Observation No reaction Silvery-grey Na reaction No reaction
solid deposits
observed

In the second experiment, copper, P, Q and R are added separately to copper(ll)
sulfate =olution. The observations are shown in the diagram below.

Cu i P
& |
I | Copper(lt) ’ Copper(ll)
T sulfate ; sulfale
L, | solution - - solution
Beaker 1 Beakar 2
Mo obsarvalion Mo obsarvation
[ A !
Q f— R

| Q
d:? | C-:;Fper{ilj cé? Copperfll)
= sulfate il sulfate
‘. J solullon Q| solution
Beaker 3 Haaker 4

Browin solids Dubblas of gas, and

formed Brown sollds formead
i) For the reaction belween Q and copper(ll) sulfale solulion, give another observalion
that should be secen. Explain the observation. [2]

i) Explain the formation of bubbles in the reaclion between R and copper(ll) sulfale

solution. (21
i) Arrange the four metals in increasing order of reactivity. (1]
12
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B2  Cthanol is the most common alcohol and Is an important drug and solvent in the
chemical industry,
In some countries, ethanol is used as a substitute for petrol, This ethanol is produced
by fermentation of glucose, oblained from sugarcane, using yeast Enzymes.
During the fermentation process, glucose is first converled into pyruvate, The
pyruvate is then converted to elhanol in a lwo-step process.
CH,COCOO]] Step | CHLCHO Step 2 CHL,CHLOH
pVIUvate R P othanal - cthanol
R
o,
Step 1 is calalysed by an enzyme. Enzymes are proteins that can act as calalysls
because they have specific shapes.
a) Why does (he rale of reaclion decrease when the temperature is raised above a
cerlain value? (1]
b) Wiy is Step 2 described as a reduction reaction? (1]
c) Describe one advantage of the formalion of ethanol from alucose. [1]
) Ethanal undergoes complete combustion. Wrile Ihe balanced chemical equation for

this reaction, [1]

13
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The table below shows the bond energies of some bonds:

Type of bond Bond energy (kJimol)
C-C 346
C=_C 602
C~0 358
C=0 789
C=H 411
O~H 459
0-0 142
0=0 494
H=H 432
a) Use the table of bond energies above to calculate the amount of heat produced

(in kJ) when ethanol undergoes complete combustion reaction represented by

equation in d).

3]

1) The 3 tables show the boiling points of isomers of 3 different alcohols.

Table 1: Isomers of C,H;0H

Alcohol Bolling point / "C
CHUTLCICH O 118
CH, 108
Cl T,t;]‘i ICH OH
(IH 68

1

CHCHLOHCH,

14
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Table 2: Isomers of CsHyOH

Alcohol Boiling point / °C
CHLCH CH CILCHOH 137
CH, 128
I
CHLCH CHCH O
O 119
I
CHOHLCHCHCH,
01 101
1
CHEILCCT,
|
CH,

Table 3: Isomers of CyH:OH

Aleohol Boiling point / °C
CHLCTLCHCTLCTLCTTO 159
CH, 149

|
CHOH,CHCHCH,OH

(§11] 124

|
CHLHL,CHCCTH,
|

CH,
i) Using informalion from the tables, describe one way in which differences in the
structures affact boiling point of isomeric alcohols. 2]
if) Predict a baoiling point for hexan-2-ol. M
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B3 Either

Galvanisation Is the process of coating the entire surface of a piece of iron with zinc
lo prevent it from rusting. The information below shows two common ways of
galvanising iron — hot-dip galvanisation and electro-galvanisation.

ot dip galvanisation
The piece of Iron is dipped into molten zinc at 460°C. The piece of coated iron Is then
cooled and exposed o air. The outermost layer of zinc then reacts with oxygen and
carbon dioxide in air in the following reactions:

Reaction 1: Zinc reacts with oxygen to form zinc oxide,
2Zn + 0y = 2Zn0

Reaction 2: Zinc oxide then reacts wilh carbon dioxide to form zine carbonale.
Zn0 + COs = ZnCO4

The rasulting Iron piece will appear as follows:

Outermost layer of ZnCO;4

zing

Irem

The piece of iron to be galvanized and a plece of zinc are used as electrodes and
dipped into an electrolyle containing a mixture of aqueous zinc cyanide, Zn{CN), and
aqueous sodium hydroxide.

Zine cyanide is highly toxic and must be handled with care.

An exlernal electrical supply is used.
Zinc ions are discharged to form zine atoms, which are coated onto the plece of iron.

ol f galvanisatio
Hot dip galvanised iron ___Electro-galvanised iron
Layer of zinc is coarse and thick _Layer of zinc is smooth and thin
Used to make alloy sheels for roofs Used to malke bolls and nuls
Done at high temperature of 460°C Done at room temperaturs
a) In het dip galvanisation, explain how zinc oxide displays basic properlies in
reaction 2. &l

L6
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i)
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If 12.5g of zinc carbonate were found on a piece of hot dip galvanised iron, calculate
the mass of zinc which reacted to form this mass of zinc carbonate. 3]

Draw a clearly-labelled diagram of the experimental set-up used in electro-
galvanisation. Your diagram should include the baltery and zinc and iron electrodes.

[2]

From the information above, compare one advantage and disadvanlage of eleciro-
galvanisalion over hol-dip galvanisation. 4

Some older processes of electro-galvanisation use dilute acid in the eleclolyte
Instead of aqueous sodium hydroxide.

Explain why dilute acid is used as the electrolyte. (1]
Suggesl whal problem this could cause. [1]
17
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B3 OR

The struclure of retinol, a common form of vitamin A, is shown below.

H;C/\' Hy /:-l;l ™ u G H): H
- = ~ H
H.,A ‘l! H H H 1
H b Retinol
{Vitamin A)
a) Wirile the empirical formulae of retinol. 1

Empirical formula

b) Retinol undergoes oxidation reaction to produce an organic compound which can
react with sodium carbonate. Suggest the name of the organic producl formed and
stale the reactant required for this reaction. [2]

c) Name 2 functional groups that can be found in retinol, [2]

d) Describe what will be observed when relinol reacls with aqueous bromine. Explain
your answer, [2]

e) Retinol can react with hydrogen gas in the presence of nicke! catalyst to give a
saturaled compound. Calculate the minimum volume of hydrogen gas, measured at
room lemperature and pressure, required to convert 2.86g of retinol into the
saturated compound. [3]

18
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Answaors to 2017 Prelim 2 Chemistry Papers 1 & 2
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Paper 1
1 | B9 | A |17 | B |26 B |33 C
2| B|10|A|18|C|26|D[34]|C
3| B|11|C 19| B (27| A [ 35| D
4 | C |12 | B 20| C [ 28| B | 36| A
5 | B|13|A|21|C |29 C 37| D
6 | B|14|C|22|B|30|C |38 A
7| D15 D|[23| A |31|C |39 B
8| D16 | D |24 | D [32| A|40]| C
Paper 2
Section A~ Structured Questions (50im)
No. [Answer Matks
S = - ;ﬂﬂggﬂun
) D 1
& F 1
d B 1
e) A 1
A2. | Rforblue dyeis 0.6 3
ig When pure water is used as solvent, the Byvalus of vellowdyeis 0. When |1
pure ethanol is used as solvenl, the Byvalue of red dye is 0.
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This Indicates that the dye is insoluble In pure waler and pure elhanol.

==

Damizn used a mixture with 80% ethanol and 20% water
At 80% sthanol, 2

[S

A3.

Graphene has giant molecular / covalent struclure

where carbon aloms are bonded by strong covalent bords.

Jme

b)

Each‘ carbon atom of graphene uses 3 g-ul of 4 valence elecirons for
bonding. '

Hence there are free moving electrons to conductor
elecircity.

I=| |=

1=

c)

There are cular fo

weak [nlermolecular forces of altraction belween layers,
fience, the screen will be sofl andfor slippery / may be bent / easily broken
{ not hard enough

OR

Too many layers
will cause the screen to be gpague / cannol see through / not transparent

Dot accepted answers:
s 1oo many layers hence resulling in the screen being too thick / too
insensitive
= mers mention of carbon layers can easily slide across one ancther
withoul specifying property of why "this sliding” is not sultable

o e

=

Iz is & gxidizing agent.
The colour change is brown (o colourless [ decolourises.

==

==

b)

(0.00125) (25.4) / conc (20.0) = /1
Cone = 0.00159 mol/dm®

0-00168 x 176 = 0-279 gidm”
Hence mass is 0,.279q

or

(0.00125) (0.0254)= 0.00003175mol
0.00003175 x 176 = 0.00559g
0.00558 x (1000/20) = 0.279g

==

it

f= |

c)

0.279/ 1000 * 200 = 0.0558g (ecf from b))
Mo it doesn'l meet the RDA for vitamin C.

ECF:
1m for use of value from {b) x (1000/200)
1m for stating does not meet RDA

==

(=

AB
a) )

ii)

Ag’,NOy  H', OH

W', OH , Cu®, S0t

99Tutors.SG | Page 245




Free Tuition Listing @ 99Tutors.SG

bi)

Zand X

=9

i)

Z:Ag' +e > Ag
X:Cu* +2e 3 Cu

X and Z electrodas no need 1o be mentioned, marks given if corrert half
equalions was written

1=

(=

il

£ (sliver electrode / cathode) will increase in mass faster.

For 1 mole of electrons, mass of silver increases (108g)_more {han coppsr
(32q).

OR

For 2 moles of elecirons, mass of silver increases (216g)_more than
copper (6B4g).

OR

For the same rmoles of electrons, mass of silver increases more than
COpper.

OR

In the same duration of time, less electrons required by silver lons to form
silver atom compared to copper ions 1o form copper aloms.

OR

Each silver lon needs only 1 electron 1o form each silver atom compared fo
each copper ion needs 2 electrons to form each copper atom.

rejected:
silver ions need only 1 electron to form silver deposit / atom whereas
copper ions need 2 slactrons 1o form copper deposit [ atom

==

1=

AB
a)

Warming with NaOH.
Ammonia gas formed tums molst red litmus paper blue.

b)

=

o

No. of moles of NH,NO, = 0.500 x 25.0/1000
= 0.0125 mol

MNo. of males of N = 0.0125 mol
Volume of N; = 0.04125 x 24 = 0.300 dm’ (to 3 5.5 with unit)

|

==

ci)

Endothermic because enthalpy Eﬁénge is positive.

=

i)

1 mark for correct endothermic graph and NH;NOs (s) and (ac)
1 mark for labelling Ea and corect energy levels {95
1 mark for labelling AH and correcl energy levels (85)

ii)
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Energy
g5
NH4NO3 (aq)
85 R
activation AH = + 25kJ /mol
B o ™
— energy ()

Progress ol reaclion

AT as the concentration of reactants increases, rale of reaclion Increases 1
a)
Comparing Expls 1.2 OR 24 1i
as the i ( H,0, increases, while concentration of
5,0," remain constant, the fime taken for the blue colour lo appear 1
decrgases, OR
as the concentration of reactants, 5.0, increases, while concentration of
H.0- remain constant, the fima taken for the blue colour to appear
decreases.
b The higher the eoncantration, the greater the number of particles per 1
u ;
Reject: lons or molecules; per unit mass/area
1
Hanes = fec 18, leading 1o an increase In the rale of
reaction.
Accept successiul collisions
c) 0.125s 1
d) Oxiclation stale of sulfur Increases from 42 in .0 1o +2.5 in 5,057, 1
Sulfur is exidisad. h |
a) Aweak acid fil seoclales | lonlsas in water lo produces lesser 1
concentration of H' lons
Reject; delonise
B) | CH(CODH): = CiHJ(CO) + 2H' o 1
Accept: C4H,0. Instead of CH(CO0)."
ci) Caondensation polymerisation 1
Accept Condensation
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= 5(411) + 346 + 358 + 458 + 3(484) = 4700 kJ

i 1 mark for repeating unit ; 1 mark for [}, or ... -2000-....
i
0O H H o H
[ |
T Irr—7"rr™
H H M H
L i
~1m i H0 is drawn
Section B: Data-based and Free-response Questions [30 marks]
B1 When the electronegalivily decreases on going down the group, the | 1
an) reaclivily decreases,
This is because lie tendency of an atom 1o attract elecirons 1
tecreaseas,
1 mark deducted if student describes trend up the group.
ii) The ¢olouless polassium bromide solulion tums red-brown y &
i) | Clfg) + 2Br(aq) = 2CT(aq) + Bry(aq) or Bra{) 2
1 mark for equation, 1 mark for 5.5, (only il equation correct)
bi) The blue solution lums colourless / decolourise / fades . y 8
Or the blue solution lurms green {assuming iron)
0 is more reaclive than copper, and hence will displace copper from | 1
the solution,
(Copper lons nol accapted)
i} R reacts with waler in the solution 1
o produce hydirogen gas, 1
i | P.Cu QR 1
B2
a) The enzymes are denatured/ yeast diediyeast enzymes denatured. | 1
not acceplad - enzymes died/yeast enzymes died
b) | Hydiogen has been gained by ethanal, o 1
Or
Oxidation sl I om -1 in ethanal {0 -2 in
elhanol
&) Glucose can be oblained from sugarcane and is a fenewable source 1
of fuel.
d) CaHgOH # 30, - 2C0; + 3H.0 1
e)
Enargy absorbed for bond breaking 1
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Energy released for bond forming = 4{799) + 6(469) = 5950k
AH = +4700 + (-5950) = -1250kJ

amount of heat produced = 1250 kJ
Or

AH = 5(411) + 246 + 368 + 459 + 3(494) - 4(799) - 6(459) = -1250kJ

| =

Jte

Straighl chained molecules,
Migher bolling poinl

or
hydroxyl being on an end carbon,
a higher boiling point

or
more branched the (isomeric) alcohol,
the lower the boiling point

or
Inclusion of methyl group,
lowers the bailing point

(both struclural fealure and effect must be correct)

| s

[

==

Predicled boiling point to be 121 - 149 degree celsius.

Jun

Carbon digxide is an acidic oxide / acidic gas, and thus zinc oxide
reacts with it as a base.

Accept acidic compound
Reject: acidic acid/ neulralisalion

=

b}

No. of moles of ZnCO3 = 12.5/ (65 + 12 + 16x3) = 0.100 mol
Mo. of moles of Z2n = 0.100 mol

Mass of Zn= 65 x 0.1 mol = 6.50q {3s.

= = |=

c)

1 mark for labelling anode and cathode correctly
1 mark for correct diagram sel-up

Zine cyanide +
NaOH

A i Sl

0 marks - wrong set up

[ &
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d) Advantage of electro- Disadvantage of hot dip 1 mark for
galvanisation: galvanisation comparison
Can be done at room- Daone at high temperature, more
temperature, require less energy, | energy Is required to maintaln it,
lower cosl higher cost
Layer of zinc Is thinner and can Layer of zinc is thicker and can
be used to coal smallar objecls only be used for bigger cbjects
Disadvantage of electro- Advantage of hot dip 1 mark for
galvanisation: galvanisation comparison
The electrolyte, zinc cyanide is The reactants are non-toxic,
poisonous, may pose health saferto handle;
threat if not handled
carefully.
Other possible answers:
hot dip — galvanisation | more malleable
eleclro- galvanisation: slronger
Reject : reasons of more appealing aesthetically.
Note: comparison must be made.
&i) Acids contain free-moving / mobile jons i
i} Hydrogen jens or acid may react with the iron and zine / metals / i
elecirodes deposiied at the cathode. Lesser zinc lo be coated.
or
Hydrogen ions may be selectively discharged af cathode to form
hydragen gas. Hence, slow down electro-galvanisation process,
B3
OR Empirical formula_CagHaO 1
a) Accepl: CaghlxwOH
b} retinoic acid. 1
Reject: retanoic/retinic acid
acidified polassium manganate (VI acidified KMnO./ oxyaen / 1
atmospheric oxygen/ oxygen in air
Accept: acidified polassium dichromate (V1) or acidified K:Cr-0;
) carbon-carbon double bhon 1
and hydroxyl group i
Reject: Alkens/alcohol/carbon=carbon double bond/ C-C double
bond/ O-H/ hydroxylic/ carbon double bonds

-1m 1 if both name and formula given

Note: functional group is nol homologous series or family of organic
compound. Also, question asked for "Name"

d) Red-brown bromine decolourisas 1
Accept: Reddish-brown/ brown
Relinol is unsaturated! contains C=C bands which can be broken 1

and bromine aloms added,
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Reject: carbon=carbon double bond/ C-C double bond/ carbon
double bonds

e)

1 mol of retinol reacts with 5 moles of hydrogen gas.

No. of moles of retinol = 2.86g / (20x12 + 30 + 16} = 0.0100mol
Mo of moles of hydrogen gas = 0.0100 » § = 0.0500 mol
Volume of H, required = 0.500 x 24 = 1,20 dm®

Note: no ecf is given, as moles are calculated with molar mass (by
molecular formula not empirical formula)

=2t |
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! Class ’ Index Number | Name

PRESBYTERIAN HIGH SCHOOL

CHEMISTRY 50731
Paper 1 Muiltiple Choice

14 September 2017 Thursday 1 hour

PRESEYTERIAN HIGH SCHOOL FRESBYTERIAN HIGH SCHOOL PRESEYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL
PRESEYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL
PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL
FRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL PRESBYTERIAN HIGH SCHOOL FRESBYTERIAN HIGH SCHOOL

2017 SECONDARY FOUR EXPRESS
PRELIMINARY EXAMINATION

INSTRUCTIONS TO CANDIDATES:
DO NOT OPEN THIS QUESTION PAPER UNTIL YOU ARE TOLD TO DO SO.

Write in soft pencil.
Do not use staples, paper clips, highlighters, glue or correction fluid.
Write your name, class and register number on the Answer Sheet in the spaces provided.

There are forty questions on this paper. Answer all questions. For each question there are
four possible answers, A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separale
Answer Sheet,

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.

A copy of the Periodic Table is printed on page 20.

This guestion paper consists of 20 printed pages (including this cover page) and 0 blank page
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2

1 Food dyes, 1 and 2 are known to contain one or more of the three substances
X, Y and Z. Two chromatograms are developed; one used water as the solvent,
and the other used ethanol. The results are shown in the diagram below.

solvent front =

start line —>

- L J ® L J
[ ]
[ ] -
a a L ] @
[ ] &
)
a L J
] L ]
] L 2
T 2 XY Z T 2XY 2
in water in ethanol

Which of the following statement(s) is/are correct?

Il
I

A
B
C
D

Substance Z is likely to be pure.

< solvent front

< startline

The component in Z is more soluble in water than in ethanol.
There is a component in sample 1 that is insoluble in water but soluble

in ethanol

| only
Il only
| and Ill enly
Il and 11l only

Lead(II) sulfate is soluble in hot water, but not in cold water. Lead(ll) sulfate
boils off at 2670 °C while sodium sulfate boils at 1430 °C.

Which method is most suitable for obtaining a pure, dry sample of lead(IT)
sulfate from a hot solution of lead(1I) suifate and sodium sulfate?

ocOom>»

Cool the mixture, filter and collect the residue.
Cool the mixture, filter and evaporate the filtrate.
Heat the mixture gently and collect the substance which boils off,

Heat the mixture gently and collect the substance which is left in the boiling

flask.
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3 The diagram below shows a cooling curve of carbon disulfide.

temperature / °C
A
-47 k___-,
' 1
. :\
L] I
L ]
12 beonswan B s ol fraE N
] I i I
L) I I I
1 i i I
' i ' i
i 1 1 !
1 1 i 1
] I 1 I
: i i I
ty ty t2 ta L time/min

Which of the following statements is incorrect?

From t, to ty, the particles are moving further apart.

The freezing point of carbon disulfide is -112 °C.

The particles are in a disorderly arrangement at-73 °C.

The parlicles can only vibrate about their fixed positions after t,.

ooOoo»r

4 A beam of particles containing electrons is passed through charged plates.
Which path shows how the electrons move through the plates?

positive plate A

> B
C

negative plate D

5 A sample of a white crystalline substance is heated in the absence of oxygen.
it melts sharply at 120 °C, but on further heating, smoky fumes and a black
solid are produced.

From this information, we can conclude that the white crystalline substance is

a compound which decomposed to form simpler substances.
a compound which undergoes combustion to form two products.
a mixture of two pure substances.

an element which undergoes combustion to form two products,
[Turn Over

oOm>P
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4

The table shows the number of protons, neutrons and electrons in particles S,
T, Uand V.

particle S T f U v
proton 10 17 20 18
neutron 10 18 20 22
electron 10 18 18 18

Which of the following pairs of particles combine to form an lonic solid?

A SandT
B SandU
C TandU
D TandV

The figure below shows a molecule of an herbicide called 2,4,5-T which is
often used for weed control. How many pairs of shared electrons are present in
one molecule of the herbicide?

Ci
|
He .S« Cl
Ne” Ve
tl.l I
C
N
GJ/ Wl Ny
|
OCH:COOH
A 12
B 15
C 23
D 30

Silicon carbide, SiC, has a structure similar to diamond. Boron nitride, BN, has
a structure similar to graphite. Bronze is an alloy of copper and tin.

Which statements about silicon carbide, boron nitride and bronze are correct?
I All are bonded covalently.
Il All except silicon carbide conduct electricity when solid.

Il All have high melting points.

A 1and Il only

B | and lll anly
C Iland Il only
D L llandlll

[Turn Over
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5

The diagram shows the arrangement of ions in an ienic crystal.

@ positive ion

@ negative ion

Which compound cannot have this arrangement of its ions?

A
B
C
D

copper(ll) sulfate
iron(ll) chloride
magnesium oxide
zinc carbonate

Aerials in portable radios are made of a mixture of oxides of calcium and iron
known as ‘ferrite’. It contains 18.5% of calcium and 51.9% of iron by mass.

Calculate the empirical formula of ‘ferrite’.

A
B
Cc
D
A

CaFe ED
CaFe;04
CasFe0;
Ca zF’Ez'U;

mixture of 10 cm® of oxygen and 50 cm® of hydrogen is sparked

continuously.

What is the maximum theoretical decrease in volume at room temperature and
pressure?

oOmor

10 cm
15 cm’
20 em?®
30 cm®

3
3

[Turn Over
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6

In a pathology laboratory, a sample of urine containing 0.120 g of urea,
NH,CONH: (M, = 60) was treated with an excess of nitrous acid. The urea
reacted according to the following equation:

NHzCONH; + 2HNO; = CO; + 2N; +3H;0

The gas produced was passed through aqueous sodium hydroxide and the
final volume measured.

What was the final volume of gas left behind at room temperature and
pressure?

A 96cm’
B 14.4cm’
C 48.0cm’
D 96.0cm®

In an experiment, 4.0 cm® of 1.0 mol/dm® of aqueous copper(ll) sulfate was
mixed with 8.0 cm® of 1.0 mol/dm® of agueous sodium carbonate. The equation
for the reaction is as shown below.

CuS0O,4 + Na,C0O3 =2 Na;S04 + CuCOs
What did the reaction vessel contain when the reaction was completed?

A a blue solution only

B a green precipitate and a blue solution

C a green precipitate and a colourless solution
D a white precipitate and a blue solution

Astatine is a member of the halogen family. It has a proton number greater
than the other halogens. Which of the following statements is true for astatine?

It has the lowest melting point.

It is a coloured liquid at room temperature.

It is the halogen with the weakest oxidising power.
It is the most reactive halogen.

oOomw>»

[Turn Over

99Tutors.SG | Page 257



Free Tuition Listing @ 99Tutors.SG
T

15 The chart below shows how a property of the elements Na to C/ varies with
proton number.
property

.

14 15 16 17

proton number

11 12 13

What is the property?

A the masses of their atoms

B the number of isotopes present

C the oxidation states of particles formed
D the oxidising power of the element

16 The table shows the properties of some elements, W, X, Y and Z in Period 3.

w X Y F 3
appearance silvery grey | yellow solid silvery grey | yellow green I|
at room solid solid gas
temperature
reaction with extremely no reaction no reaction | slow reaction
cold water violent

reaction
nature of reacts with reacts with reacts with reacts with
oxide acids bases acids and bases
bases

Which of the following shows the arrangement of these elements in the
Periodic Table in increasing order of group number, from the smallest to the
largest?

DOw>
NXZE=S
X:

[Tum Over
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17 Which of the following is/are suitable methods to test the strength of both

18

19

hydrochloric acid and ethanoic acid of the same cancentration?

I
I
i

A
B
C
D

measuring their electrical conductivity
titration using sodium hydroxide solution

using a pH meter

| and Il

| and Il

Il only

I, Iland 1N

A mixture of silicon and magnesium was added to a beaker of excess dilute
nitric acid as shown in the diagram. At the end of the reaction, the mixture was

filtered to obtain the silicon as the residue.

dilute nitric acid —

'\

o ©

— 0 O o

C—T1—gasyY

{

—H
o

o

. mixture of silicon
and magnesium

Which of the following options indicates correctly the type of particles present

in the substances shown in the diagram?

magnesium | silicon dilute nitric acid | gas Y
i ]
A atoms molecules iens atoms
B ions and atoms ions and molecules
electrons molecules
C ions and molecules ions and molecules
electrons molecules
D ions and atoms ions molecules
electrons

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

onom>»

calcium carbonate and sodium sulfate

calcium chloride and ammonium sulfate

calcium hydroxide and barium sulfate

calcium nitrate and lead(ll) sulfate
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9

20 The graph represents the change in pH as 25.0 em® of 0.1 mol/dm® of alkaline

21

solution is titrated against 0.1 mol/dm*® of an acidic solution.

14

12

10 I~

Bn—r
pH ~

equivalence

point

I
‘ R
1

Which of the following acid-alkali pairs could this graph represent?

sodium hydroxide

alkali acid
A agueous ammaonia ethanoic acid
B agueous ammonia hydrochloric acid
C sodium hydroxide ethanoic acid
D

hydrochloric acid

volume of acid / cm®

When heated, solid X gives off a gas. When this gas is bubbled through
limewater, a white precipitate is formed. The residue after heating solid X
reacts with dilute acid and also with aqueous alkali.

What is X?

aluminium oxide
calcium hydroxide
magnesium carbonate
zinc carbonate

oOom>P
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22 The table shows the results of adding pieces of zinc metal in salt solutions of

23

24

metal P, Q and R.
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10

salt solution of metal

initial mass of zinc / g

final mass of zinc after
15 minutes / g

P
Q
R

6.0
6.0
6.0

0.0
8.0
4.5

Which of the following shows the correct arrangement of metals in decreasing

reactivity?

A P, R, zinc, Q
B Q@ zinc,P,R
C Q zinc,R P
D R,P,zinc, Q

The solid carbonate of three metals W, X and Y are heated.

carbonate of metal

result

W
X
Y

carbon dioxide produced; solid turns from green to black
carbon dioxide produced; solid does not change colour

carbon dioxide not produced;
colour

solid does not change

Which of the following statements are correct?

1 Metal W could be used as a catalyst.
2 Metal Y is a stronger reducing agent than metal X.
3  Only the carbonates of W and X produce carbon dioxide when added to

dilute nitric acid.

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

Scrap iron is often recycled. Which reason for recycling Is incorrect?

oOm>»
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It reduces the amount of pollution at the site of the ore extraction.
It reduces the amount of waste taken to landfill sites.

It reduces the need to collect the scrap iron.
It saves natural resources.
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25 lron filings are wrapped in a damp cloth and left to rust in the apparatus as
shown below. Where will be the water level after rusting has completed?

iron filings in
damp cloth

graduated
tube

¥

-

water |evel
at the Start gt

26 The diagram shows a method of protecting iron in an underground steel pipe
from rusting.

ground surface

|_—(+) power source (—)\

\

raphite
ganzde ( Steel pipe U

Which statement best explains how this method works?

A Electrons are flowing to graphite anode to prevent iron in steel from

oxidising.
Electrons are flowing to iron in steel to prevent the oxidation of iron in steel.

The iron in steel loses electrons to graphite as it is more reactive.
The iron in steel undergoes oxidation as it is more reactive.

oOom

[Turn Over
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27 Disproportionation reactions occur when an element is simultaneously oxidised
and reduced. The oxidation number of the element will change to b-::th a higher
value and a lower value respectively.

Which of the following named elements does not undergo disproportionation?

element equation of reaction
A carbon H2C204 <2 H,0 + CO + CO;
B chlorine 3CIO" = CIOy + 2Cr
Cc nitrogen Hz0 + 2NO; < HNO3 + HNO;
D sulfur 2FeS0O, = Fe,0; + SO, + SO,

28 In which of the following reaction does Fe** (aq) act as a reducing agent?

A Fe* (aq) + Mg (s) > Fe (s) + Mg*" (aq)

B 4Fe® (aqg) + SO5> (aq) + BH" (ag) > 4Fe® (ag) + S (s) + 3H,0 ()
C Fe*" (aq) + 20H (aq) = Fe(OH); (s)

D Fe(s) + 2H+ (ag) > Fe® (ag) + Hz (g)

29 Three electrolytic cells are set up as shown below. In all the cells, only carbon
electrodes are used and the electrolytes are aqueous solutions of silver nitrate,
copper{ll) sulfate and aluminium nitrate respectively.

aqueous aluminium
nitrate

aqueous
copper(ll) sulfate

aqueous silver
nitrate

Which of the following correctly gives the masses of metals deposited at the
cathode of each cell if 0.5 mole of electrons flows through the circuit?

99Tutors.SG | Page 263

mass of silver / g mass of copper/g | mass of aluminium /g
A 54 | 32 13.5
B 54 16 0
Cc 54 64 40.5
D 54 16 45
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30 The diagram shows the apparatus used to electroplate a metal ring with nickel.

metal ring nickel electrode

L— aqueous nickel(ll)
nitrate (electrolyte)

The experiment did not work.
Which change is needed in the experiment to make it work?

Add solid nickel(ll) nitrate to the electrolyte.

Increases the temperature of the electrolyte.

Replace the nickel electrode with a platinum electrode.
Reverse the connection to the battery.

comP

31 Five pieces of unknown metals P, Q, R, S and T were tested using the
apparatus shown below.

metal under test

The results were recorded in the table below.

| metal voltage / V
i ' P 117
| Q 0.65
R -0.50
S 0.00
T -0.77
Which of the following arrangements shows the metals in order of decreasing
reactivity?
A PQSRT
B QPTS R
C RSQTP
D T,$R QP

[Turn Over
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32 The reaction in the Haber process is represented as

33

Nz (g) + 3H: (g) = 2NHs (9) AH =-92 kJ

Which of the following statements about the Haber process is incorrect?

oO0Om>»

92 kJ of heat is given off when 2 moles of ammonia are formed.

Iron catalyst does not affect the enthalpy change.

The process is carried out at a high pressure of 250 atm.

When 2 moles of nitrogen and 6 moles of hydrogen are used, 4 moles of
ammonia are collected.

In the conversion of compound P into compound R, it was found that the
reaction proceeded by way of compound Q. The following graph shows the
energy profile diagram for the reactions.

energy
&
step1: P2 Q
step2. Q2R
Q
R
P
>

progress of reaction

What can be deduced from the diagram?

o O oPp

Both steps are endothermic.

Step 1 is harder to take place than step 2 because more energy is needed
for bond breaking.

Step 2 involves breaking of stronger bonds than step 1 because Q is at
higher energy level.

The overall reaction to convert P to R is exothermic.

[Turn Over
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34 A student performed three experiments to produce hydrogen gas using excess
zinc carbonate and dilute sulfuric acid at 30 °C.

experiment | zinc carbonate dilute sulfuric acid
particle size volume / em® concentration / moldm™
1 powdered 20 1.00
lumps 40 0.50
3 lumps 10 1.00

Three graphs were plotted for the volume of hydrogen produced against time.

volume of
hydrogen / cm®

'S

P

= time/s

Which graph best represents each of the three experiments?

experiment 1 experiment 2 experiment 3
A X Y z
B Y X Z
Cc 2 £ Z X
D Z X Y

[Turn Over
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35 The table below shows some data about the composition of the mixtures of

36

exhaust gases from two cars, one fitted with a catalytic converter and one
without.

% by volume of | % by velume of | % by volume of
nitrogen carbon dioxide water vapour
monoxide
car without 67.60 12.00 11.00
catalytic
converter
car with catalytic 23.60 32.35 41.10
converter

Which statement does not explain the above data?

The percentage of carbon dioxide increases as unbumt hydrocarbons
undergo complete combustion in the catalytic converter.

The percentage of nitrogen monoxide decreases as it is oxidised to form
harmless nitrates, carbon dioxide and water in the catalytic converter.

The percentage of nitrogen monoxide decreases as it is reduced to form
nitrogen in the catalytic converter.

The percentage of water vapour increases as unburnt hydrocarbons
undergo complete combustion in the catalytic converter.

o O o >

An ester is made by reacting alcohol P with a carboxylic acid Q. Alcohol P can
be oxidised to form Q by warming with acidified potassium manganate(Vil),
under reflux.

What might be the structural formula for the ester made?

CH300CH3
CHaCOOCH:CH3
CHsCH;COOCH;CH3
CHaCHzCH;COOCH;CHj,

oOom>»

[Turn Over

99Tutors.SG | Page 267



Free Tuition Listing @ 99Tutors.SG

17

37 The diagram below represents the process of fractional distillation of crude oil.

fractionating

column | [

1'_|

|

]
]

[
[

]
]
J‘r

3

)

L__JE_|L_£

L—II—H_[
i

=

crude oil

'

=2

furnace —=____

1

m

'

| =

Which statement about the fractional distillation of crude oil is incorrect?

coOom>»

A pure compound is obtained at each level of the column.
The fraction collected at the bottom of the column is the least flammable.
The fraction collected at the top of the column has the lowest melting point.

The molecules reaching the top of the column have the smallest relative
molecular masses.

38 Aspirin as a drug is commonly used as a general painkiller. The full structural
formula of aspirin is shown below.

i
0. 0
H
Ho 7 | 3
chcfoxcﬁ g
H | I

Which statement about aspirin is incorrect?

A

B
Cc
D

It can undergo substitution reaction with chlorine under UV light.
It is formed from an organic acid and an alcohol.

It turns acidified potassium manganate(Vll) solution from purple to
colourless,

Its aqueous solution reacts with sodium hydroxide.
[Turn Over
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39 Propene reacts with hydrogen bromide to form two products.

H H r
\ |
C=C—C—H + HBr
/ ||
H H H
propene

Which of the following alkenes does not form two products on reaction with
hydrogen bromide?

A H H H
H
N I
C=C—C—C—H
i |
H H
B H H
MO T
.
H H H H
C H H H H
b
~ 11 |
C=C—C—C—0C—H
W | ] ]
H H H
° ] |
H—C|-—(Z:C*-'—‘C+"—'-C——H
1
H H H H H

[Turn Over
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40 Polyhydroxyalkanoates are biodegradable plastics. The structure of one type
of these plastics is shown below.

CH; H ©
|
O—e—C—C—-
H H
Which of the following molecules could be its monomer?
A CHy H O
-
-

B CH;y H ©
h—o—t—d &y
T

c CHy H O
WP . S
o
. CH, H O
W -
‘oA

END OF PAPER
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The Periodic Table of the Elements
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2017 SECONDARY FOUR EXPRESS
PRELIMINARY EXAMINATION

INSTRUCTIONS TO CANDIDATES

Write your class, register number and name on all the work you hand in.
Write in dark blue or black pen.
Do not use correction fluid.

Section A
Answer all guestions.
Write your answers in the spaces provided on the question paper

Section B
Answer all questions.

Wrile your answers in the spaces provided on the question paper

You are advised to spend no longer than one hour on Section A and no
longer than 45 minutes on Seclion B.

Al the end of lhe examination, submit Section A and B separalely

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

A copy of the Periodic Table is printed on page 23.

For Examiner's Use

Section A

Section B

Total

This question paper consisls of 22 printed pages (Including this cover page) and 2 blank pages.
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SECTION A (50 marks)

Answer all questions in this section in the spaces provided.

1 Table 1.1 gives the composition of three particles.

(a)

(b)

Table 1.1
particle number of number of number of
protons electrons neutrons
A 15 15 16
B 15 18 16
c 15 15 17

Using the Information from Table 1.1, explain why

(i)  particle Ais an atom;

(ii) A, Band C are all parlicles of the same slement;

(iiiy  particles A and C are isotopes of the same element.

Is element A, a metal or a non-melal? Give a reason for your answer.

(1]

(]

2]

[1]
[Total: §]

2 Chlorine exists as a gas at room temperalure and pressure. A sample of chlorine gas is
bubbled into a beaker of agueous potassium iodide.

(a)

Describe the movement of the chlorine molecules.
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(b) Describe and explain what you would see when the chlorine is bubbled into the
beaker of agueous potassium iodide.

(2]

(¢) The following apparatus can be used to measure the rate of diffusion of a gas.

constant R aas i uk i bl o LA Wil i
ressure me oil, gas
papp"“ / 7 e escapes through

gas syringe gas small hole in foil

The following results were obtlained.

gas temperature { °C rate of diffusion in
cm? / min
oxygen 25 0.88
chlorine 25 0.63

Explain why oxygen gas diffuses faster than chlorine gas.

[2]
[Total: 5]

[Turn Over
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3 An autocatalytic reaction is one where the reaction is catalysed by one of its products.
An example of an autocatalytic reaction is the reaction between acidified potassium
manganate(VIl) and oxalic acid, H2C204. The ionic equation Is as follows:
2MnOq (aq) + BH* (aq) + 5H2C204 (aq) = 2Mn?* (aq) + 8H20 (/) + 10C0z (g)
In this reaction, Mn?* ions act as the catalyst.

Fig. 3.1 shows the changes in concentration of oxalic acid over time when excess
acidified potassium manganate{VIl) solution is reacted with 1.0 mol/dm? of oxalic acid.

1.0
0.9 1
0.8 -
0.7
06 -
05
0.4 -
0.3 -
02 1
0.1 -
0.0

concentration in
molfdm?®

0 10 20 30 40 50 60 70 &0 80 100
time /s
Fig. 3.1

(a) Explain how, in terms of aclivation energy and colliding particles, a calalysl
speeds up the rate of reaction.

(3]
(b) Explain why, in terms of colliding particles,

(i) the rate of reaction increases in the first 50 seconds;

(2]

[Turn Over
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(i)  the rate of reaction decreases after 50 seconds.

2]

(c) Explain, in terms of oxidation states, why the reaction between acidified
potassium manganate(VIl) and oxalic acid is a redox reaction.

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

[2]
(d) State how one can tell that the reaction has completed.
[1]
[Total: 10]
4 An experiment on electrolysis is carried out using the apparatus shown in Fig. 4.1.
Fowsar Supply
carbon electrode Y carbon electrode X
— gasW
canceniraled
copper{ll) chloride
solution
Fig. 4.1
A small volume of gas W is evolved at electrode X and Is collected over water.
[Turn Over
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(a) (i) Is electrode Y the cathode or anode? Explain your answer.

(2]

(i)} What will be the colour change in the electrolyte after electrolysis is carried
out for scme time?

Ml

(iii)  State and explain two differences that you will see if electrode X is now
replaced by a piece of copper metal and the solution is replaced with dilute
copper(ll) chloride solution.

[4]
(b) (i) Describe a test for gas W and state the observations.

[1]

(i)  Explain whether the displacement of water is a suitable method to collect

gas W.

(1]

[Total: 9]
[Turn Over
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5 Excess hydrochloric acid is added to powdered zinc. The hydrogen evolved is collected
and its volume is measured every 20 seconds.

The experiment is repeated at the same temperature using the same number of moles
of powdered magnesium and aluminium,

Fig. 5.1 shows the volume of hydrogen produced from each metal against time.

M melal B
volume of metal A
hydrogen / em?®
metal C
time /s
Fig. 5.1

(a) Identify metal B and explain the shape of the graph for metal B.

3]

(b) Identify metals A and C.
(1]

[Turn Over
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(¢) Use your understanding of number of moles of particles to explain why metals A

and C produce the same volume of hydrogen but metal B produces a larger
volume.

[2]
[Total: 6]
6 The alkanes are a homologous series of hydrocarbons.

(a) Student 1 and 2 had a discourse on the molecules below.

H H
L]
i
I e
H HHHH
molecule A molecule B

Student 1 says that both molecules A and B are in the same homologous series
while Student 2 believes that molecules A and B are in a different homologous
series,

From the information above,

(i) Suggest with a reason which of the two students is correcl.

(1

(ii) State the condition(s) for the chemical reaction between an alkane and
chlorine to take place.

(1]

[Turn Over
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In terms of bond breaking and bond forming, state whether the chemical

reaction betwean an alkane and chlorine is an exothermic or endothermic
reaction.

(2]

Draw an energy profile diagram for the reaction between molecule A and
chlorine. Label the aclivation energy, enthalpy change and label the axes.

[2]

One mole of undecane, Ci1Hzq, is cracked to form a mixture containing one
mole of ethene, one mole of propene and one mole of molecule R.

Slate the formula of molecule R.

(11

Draw a branched isomer of molecule R.

[1]

[Turn Over
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(iii) ‘Carbon-neutral’ fuels are fuels that do not result in a change of carbon
dioxide in the atmosphere.

Unlike obtaining ethanol through hydration of ethene, only obtaining
ethanol through fermentation is considered as 'carbon-neutral'.

Explain why obtaining ethanol through fermentation is considered as
‘carbon-neutral’,

[2]
[Total: 10]

7 Air bags are used to protect passengers in a car during an accident. When the crash
sensor detects an impact, it causes a mixture of chemicals to be heated to a high
temperature. Reactions take place which produce nitrogen gas. The nitrogen fills the
air bag.

air bag
mixture of
Ghemiﬂals air hag s'{:::gr
crash
sensor

i as
before crash after crash nitrogen g

(a) The mixture of chemicals contains sodium azide (NaNa), which decomposes on
heating to form sodium and nitrogen.

2NaNa = 2Na + 3N;

An air bag contains 130 g of sodium azide. When the sodium azide decomposes,
60 dm® of nitrogen gas is obtained at room temperature and pressure.

[Turn Over
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Calculate the percentage yield of nitrogen from the decomposition of sodium
azide.

(3]

{b) The sodium produced when sodium azide decomposes is dangerous.
The mixture of chemicals in the air bag contains potassium nitrate and silicon
dioxide which help to make the sodium safe. Sodium reacts with potassium nitrate
to produce sodium oxide, potassium oxide and nitrogen.
Write the equation for the reaction between sodium and potassium nitrate.

(11

(c) The silicon dioxide reacts with sodium oxide and potassium oxide to form
silicates.

Suggest why sodium oxide and potassium oxide are dangerous in contact with
the skin.

(1]
[Total: 5]

END OF SECTION A

[Turn Over
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CHEMISTRY PRELIMINARY EXAMINATION 2017 (SEC 4 EXPRESS)

Class Index Number | Name

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,

Read the passage below, which explains the chemistry of how certain foods 'rise’
during cooking.

Many food products such as bread, sponge cakes and buns have a honeycomb
structure which contains many bubbles. During cooking, these bubbles are formed by
a gas and the mixture 'rises’. In some cases, the gas is air which is whipped into the
mixture before cooking and expands during cooking. In other cases, the gas is carbon
dioxide,

The most common chemical to do this is sodium hydrogen carbonate, NaHCOs.
Sodium hydrogen carbonate is found in both baking soda and baking powder,

Baking soda consists of only sodium hydrogen carbonate. When it is heated, it forms
carbon dioxide gas according to the equation:

2NaHCOs (s) = Naz2C0s (s) + COz (g) + H20 ()

Since the material is relatively cheap, it seems to be an excellent agent to praduce
carbon dioxide. The above chemical equation, however, also illustrates the
disadvantages of baking soda, When used on its own, only half the available carbon
dioxide Is released and more seriously, the sodium carbonate produced gives the
baked product a slightly bitter and 'soapy’ tasle. To overcome this problem, baking
soda is usually mixed with some honey.

Baking powder consists of a mixture of sodium hydrogen carbonate and a weak acid
such as potassium hydrogen tartrate (cream of tartar). The formula of this acid Is:

H
HO C COOH
HO c COOK
H

[Turn Over
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Potassium hydrogen tartrate is a solid which means that it is possiole to mix it with
sodium hydrogen carbonate without the two reacting. The reaction is:

H H
HO ——C——COOH HO——C ——CO0ONa
+ NaHCQa-= + COz + H0
HO —C——CO00K HO—— C——CO0K
H H

One problem with the use of potassium hydrogen tartrate is that it is very soluble in
water. As soon as it becomes wet, it dissolves and reacts. This risks all the gas
escaping while the cake mix Is still in liquid form and before it goes into the oven.

(a) Using kinetic particle theory, explain how air which has been whipped into the
mixture makes the dish ‘rise’ upon cooking.

(2]
(b) Predict the pH value of sodium carbonate when it is dissolved in water.

(1]

(c) The average pH of honey is 3.9. Explain how the addition of honey to baking
soda makes the cake taste better.

[2]

[Turn Over
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(d) Besides taste, explain why most bakers prefer to use baking powder instead of
baking soda when they are baking cakes.

[2]

(e) Potassium hydrogen tartrate can be made from the reaction of potassium
hydroxide with tartaric acid. Draw the structural formula of tartaric acid.

[1]
(f) The following instruction is found on a bottle of baking powder.

Store in a dry place.

Explain why this instruction is important,

(2]

[Turn Over
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(g) Both potassium hydrogen tartrate and hydrochloric acid react with sodium
hydrogen carbonate to produce a sall, carbon dioxide and water,

However, the rate of reaction is faster in the reaction between hydrochloric acid
and sodium hydrogen carbonate.

Explain the differences in the rate of reaction for the reaction between

hydrochloric acid and sodium hydrogen carbonate as compared to potassium
hydrogen tartrate and sodium hydrogen carbonate.,

(2]

[Total: 12]
Table 9.1 shows some properties of the noble gases.
Table 9.1
element electronic relative density / melting boiling
configuration | atomic mass gdm-3 point/°C point/°C

helium 2 4 0.17 -272 -269

neon 2.8 20 0.83 -249 -248
argon 288 40 1.67 -189 -186
krypton 2.8.188 84 3.50 -157 -152
xenon | 2.8.18.18.8 131 -112 -105

(a) Using information from Table 9.1, suggest why noble gases are unreactive.

(2]

[Turn Over
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(b) Complete Table 8.1 by calculating the density of xenon at room temperature and
pressure.

[2]

(c) All Group 0 elements are gases at room temperature and pressure. State how
the information from the table supports this.

(1]

(d) Xenon has been found to form a compound xenon difluoride, XeFz, which has a
melting point of 128 °C. Using ideas of bonding and structure, explain the
melting point of xenon difluoride.

3]
[Total: 8]

[Turn Over
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10 EITHER

Esters are compounds which give fruits their flavours. They also provide the scent in
flowers.

(a) The ester, CHa(CHz)2CO2CHa, contributes to the aroma of apples.

(b)

(i) Draw the structure of the two slarting materials needed to produce this
ester.

2]

(if)  State the catalyst required for esterification to take place.

(1]

(iii)  Apart from their uses as artificial food flavourings, state one major
commercial use of esters.

(1]

Leal alcohol is 3 compound that exists as a colourless oily liquid. It has an
Intense grassy-green odour of freshly cut green grass and leaves. It is produced

in small amounts by most plants and it acts as an attractant to many predalory
Insects.

The structure of leaf alcohol is as follows:

HO  _~CHz H

™ Se=c

I'I/ ™~

CH,—CH,

[Turn Over
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Leaf alcohol was reacted to form a product which increased the M- value
by 18 units.

Suggest a structure for this product and deduce the type of reaction that
took place.

structure of product

(1]

type of reaction
(1]

Describe a chemical test to distinguish between leaf alcohol and the
product formed in b(i).

(2]

Draw two repeal units of the polymer formed when l|eaf alcohol
undergoes polymerisation.

(2]
[Total: 10]

[Turn Over
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OR

Fumaric acid is a colourless solid which can be extracted from plants.

HOOC\ /H
et
H COOH

(a) (i) Describe a chemical test that can be used to confirm that fumaric acid is
an unsaturated compound.

(1]

(if)  Draw the product formed between the chemical stated in a(i) and fumaric
acid.

(1]
(b) A solution of fumaric acid is titrated against aqueous sodium hydroxide.

(i) Construct a chemical equation for the reaction between fumaric acid and
sodium hydroxide.

(1]

[Turn Over
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(i)  18.0 em® of 0.200 mol/dm?® sodium hydroxide solution is required to
neutralise 60.0 cm? of fumaric acid solution.

Calculate the concentration, in mol/dm?, of fumaric acid solution.

[2]

(c) Draw the structural formula of the polymer which is made when fumaric acid
reacls with ethane-1,2-diol, HO(CHz)20H. Name the linkage formed.

structural formula of palymer

[1]

name of linkage

[1]

[Turn Over
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(d) Draw the structural formula of the polymer formed when fumaric acid undergoes
polymerisation.

(1]

(e) Polymers are widely used today.

(i) State a problem caused by disposal of polymers.

(1]

(i)  Despite the disadvantages, new polymers are made instead of recycling
existing ones. Explain why.

[1]
[Total: 10]
END OF PAPER
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PRESBYTERIAN HIGH SCHOOL
SCIENCE DEPARTMENT

Marking Scheme
Subject; Chemisiry Exam; Prelim Exams
Year : 2017
Level Sec 4 Express
Qn | Section A (50 marks) Scoring Points Sub- | Total
total
1ali) Same number of protons and electrons 1
(i} | Same number of protons / same prolon number / same atomic number 1
11} | Same number of protons / same prolon number / same atomic number; 1
Different number of neutrons / different nucleon or mass number 1
5
b Non-metal because it gains 3 electrons (o form a negative ion / itis in 1
Group V
Note: need bath non-metal and reason for one mark
In (a)i, most students stated the correct answer. However, there
are stludents who mentioned that atom consists of protons,
electrons and neutrons with no mention of the need for the charge
of an atom to be neutral.
Part ali and iii are better answered
' Part (b) was a challenging question for the students as they wrote
| Group V as 5, hence no credit was awarded.
Students also did not mentioned the need to gain electrons to |
form anion, rather just wrote that the non-metal element forms an
anion, hence no credit awarded,
| 2a | Move randomly a! high speeds in all directions [ 1
| i
Badly answered as there was missing answer such as speedor |
the direction of mation.
5
b Colourless (polassium jodide) solution turns brown, | 1
Chlorine is mare reactive than iodine, displaces iodide ions from i
polassium lodide solulion
| Many students gained partial credit. Most did not mentioned
colourless solution turns brown but wrote brown solution fermed.
There are students who wrote that iodine crystals are formed.
The answer tend to be incomplete as students failed to mention
the displacement reaction.
There are answers that focused on oxidation and reduction, not
answering to the question.
c oxygen gas has a smaller M, (32) than chlarine gas (71); 1
oxygen gas diffuse / move fasler 1
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| Students who are familiar with diffusion did well,

3a

bi)

(i)

| colourless as answer.

Catalysl provides an alternalive pathway of a lower aclivation energy,
More reacling particles have energy equal or greater than E,;
Increases number of effeclive collislons

There are students who do not know that catalyst do not take part
in the chemical reaction. Most students have the misconception
that catalyst lowered the activation energy which is not true as
catalyst offers an alternative pathway with lowered Ea.

There are also quite a number of students who wrote that the
reacting particles have more knietic energy for reaction due to
catalyst hence reaction occurred faster. Students needs to better
differantiate the difference between Ea and kinetic energy of
particles

In first 50 s, concentration of Mn*" increases;
More Mn*' icns per unit volume of selution, results jncrease in number
of effective collisions

After 50 s, concentration of oxalic acid decreases;

Less oxalic acid particles per unit volume, decreases in number of
effeclive collisions

Part b(l) and {ii) are poorly answered. For part b(i), the students did
not recognised that this question focused on the catalyst that are
formed as reaction proceeded.

There Is a tendency for students to write answer for part (i) that
the reactants are used up hence reaction decrease without
mentioning which reactants are used up. There is a need to
emphaise that per unit volume is an Important concept in speed of
reaction

potassium manganate(Vil] is reduced as the oxidallon slate of Mn
decreases from +7 in MnOxs to +2 in Mn®;

oxalic acid is oxidisad as oxidation state of C increases from +3in
H:C20. to +4 in CO3

Able students gained full credit. There is a concern that partial
credit Is not gained for potassium manganate (VIl), a substance
that most students are familiar, the os given for MnOq are wrong.
There are instances that maganese ion was given negative
charged.

Mo mare effervescence produced / no bubbles of gas observed
Reject: solution turn from purple to colourless

There are students who wrote that the solution turn from purple to

10
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dali) Y is cathode; 1
Cl are discharged at X, thus Cu®* ions are discharged and reduced at Y 1 9
i) Solution turns from blue to colurless 1
{iif) Copper anode becomes smaller; 1
Copper anode lonises and oxidise 1o form Cu™ jons 1
' Solution remains blue; 1
For every Cu™ ian that Is reduced al cathode, one Cu atom from anode 1
lonises and oxidise at anode
Poorly answered as students did not read the question carefully.
The question asked for what was observed during the electrolysis,
there are responses that mentioned the discharged of copper ions
but they did not menitoned the decrease in size fo the electrode or
the answer was on the cathode Y.
A number of responses mentioned that the solution becomes
diluted and not concentrated leading to gases such as oxygen and
hydrogen being formed.
The explanation for the soultion remaining blue tends to be
incompleted.
Bl ' Gas W turns mois! blue litmus paper red and bleaches it 1
Students did not gained credit as they missed out the word “damp
; litmus" or "moist litmus". There are also students who used red
I litmus paper.
| (i) No because gas W is soluble in water 1
Students are not familiar with gas collection methods, quite a
‘ number mentioned that gas W, chlorine Is insoluble in water,
| 5a Metal B is aluminium; 1 |
| Reaction s slower at the start / gradient is less steep as the aluminium |
| oxide is reacting with the acid first; 1
Reaction is faster / gradient gets steeper as the oxide layeris ramoved, B
exposes the aluminium which then reacts wilh the acid 1
Most students have difficulities explaining why the reaction for
| aluminium is slower at the start. The students forgot abiout the
 insoluble layer that existed on aluminium. Most explanations given
involves the charge of the metals to relate to the valume of
hydrogen given off,
b Metal A is magnesium, metal C is zinc 1
c Far both magnesium and zine, 1 mole of metal produces 1 mole of Hs. 1
thus same volume of gas produced:
For aluminium, 1 mole of metal produces 1.5 moles of Hs, hence higher 1
volume of gas produced
281+ BHC) = ZAICH + 3H,
| Zn+2HCi 5 ZnCh + Ha - ]
[Turn Over
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Mg + 2HC/ = MgCl: + H:

Part C was not well answered as students did not use mole to
explain, this was stated in the question.

Gall)

(i)

(iii)

(Iv)

bi)

(i)

(iii)

Student 2 is correct as the molecules do not have the same general
formula and same functional group

Students need to differentiate between molecular formula,
structural formula and general formula to do well.

UV light
There are students who do not know about UV light, instead
radiation or ray was used.

There are quite a number of students who combined UV light with
other condtions (meant for other experiments).

Endothermic reaction as more energy is abscrbed In breaking C-Cl and
C-H bonds;
than energy released in forming C-Cl and H-