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Ethylamine gas, C;HsNHz, and hydrogen chloride gas, HCY, react together to form a
white solld, ethylamine hydrochloride.

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

-

A B c D

[ ‘4://

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

N

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

glass cover
|
beaker
chromatography
paper solvent
<

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

A aruler

B alocaling agent

C aruler and a locating agent

D neuher a ruler nor a locating agent

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

A ammonia and hydrogen

B  ammonia and hydrogen chloride
c carbon dioxide anltl chlonne

D carbon dioxide and sulfur dioxide
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4 Tha scheme shows a sequence of reactions staring from compound Y

compound Y

- - "

oxcess
HNO,(aq)
+ colourless
solutlon

gas

NaOH(aq)
¥
white precipliate

Insaluble In excess
NaOH({aq)

What could compound Y be?

A aluminium hydrogencarbonate B calcium carbonate
c coppar(ll) catbonate b zinc carbonate

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

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

A Mg+ HCI B AgNQ; + KI
C  NaOH + HC! D NaOH + CuSO,




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

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

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

c Bromina {sotopes have different number of protons

D Bromine contains the two Isotopes in equal proportions.

[y

An ion X* has m nucleons and n electrons

What does tha nucleus of an atom X contaln?

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

Both magnesium oxide, MgO, and aluminlum oxide, Al;Os, are solids at room

temperature of 25 *C

-
The table below shows thelr melting and bolling points

melting point (*C})

bolling point {*C)

MgO

2852

3600

ALO;

2072

2880

Over which temperature rangs wlll both pure compounds conduct electricily?

2072°Clo2852°C
2880 *C to 3600 *C

A 25°Cto2852°C B
[ 2852 *C to 2880 *C D

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

Which statement correctly describes what happens to the particles in the metallc
heating element of an electric ketile when the keltle 1s switched on?

A Electrons move In both directions In the element,

B  Electrons move In ocne direction only In the element.

c Positive lons move In one direction only In tha efement,
4]

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

54
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11

12

In the latice structure of lonlc compounds, coordination number Is the number of
nearest nelghbour lons of opposite charge For instance, In sodlum chlofide, each
Na’ fon Is surrounded by 6 CI” lons and each CI lon Is surmounded by 6 Na® lons
Therefore, coordination number of Na” and Cf" lons is 6.

The table below shows the jons present and the coordination number of the ions in
some ionic compounds

lons present caordination number of
compound formula
cation | anlon cation anlon
sodium chiorlde Na* cr 8 [ Nac!
titanlum(lV) oxide | TI'" o~ 6 3 TiO;
P Q R 4 8 ?

‘What is the formula of compound P?

A QR; B QzR
c Qary D QR

Silicon earblde, SIC, has a structure simllar to diamond, Boron nitride, BN, has a
structure similar to graphite Bronze Is an alloy of copper and tin

Which statements about SIC, BN and bronze are correct?

1 All are bonded covalentty.

2 All have high melting and bolling polnt.

3 All except bronze are soluble In organic solvent.

4 All except slicon carblde conduct electricity when solld
A 1and 2 B 2and3
c 2and 4 D 3and 4

Ona volume of gaseous element X; reacts with an equal volume of gaseous
hydregen to form two volume of a gaseous hydride

What Is the formula for the hydride of X?

A HX B HX;
C  HxX D H2X

101
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14

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

a
'

(@
(eXe)
p=proton -
n = neutren
e = electron
Y z

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

A 11g B i2g
c 239 D 30g

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

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

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

102
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16

17

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

dilule sulfuric acid
CuD > CuSO¢5H:0 -

Mr =80 Mr = 250

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

it Is known that 1 mole of copper(ll) oxide produces 1 mole of hydrated ::opper(ﬂ)
sulfate from the reaction

Which student produced the highast percentage yield of hydrated copper{ll} sulfate?

mass of copper{l) oxida used /g | mass of crystal produced /g
A 40 118
B 80 235
c 1240 350
D 160 465

20 em’ of propyne, CgH,, Is reactad with 500 em® of oxygen,
The equation for the reaction Is shown below.
C;Hy + 40, — 3COz + 2M;0
What is the total volume of gas remaining at the end of the reaction?
{all volumes are maasured at room temperature and prassure)

A 60em® B 100em’
€ 480cm® D S520cm’

Which processes are endothermic?

1 Cl; — 2CI
2 buming a fossll fue!
3 cbiafning lime (CaC) from Tmestone (CaCOs)
4 reacting hydregen with oxygen
A 1and2 B 1and3
c 2and 4 D 3and4
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19

20

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

A
Energy ! kJ

Reactant

Product

~,

Progress of Reaction
What doas Y represent?

A the enthalpy change for the forward reaction

B the activation energy of the forward reaction

c the aclivation energy for the reverse reaction

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

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

Which statement is correct?

A CH,COOH reacts slower because it has a lower pH than HC!

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

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

A 2NO + Oz — 2NO,

B 4NHy + 502 — 4NO + 6H,0
[ 4ANH; + 6NO — 5N, + 6H0
D

3NQ; + H:O — 2HNO; + NO

9,



21

22

Thres electrolytic cells are setup Each cell uses inert electrodes

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

cell1 concentrated silver chloride solutlon

cell 2 molten sodium lodide

cell 3 dilute nitrc acid solution

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

A 1and2 B 1and3
c 2 only D Jonly

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

+ -

brown gas }

\ ]fj / slivery metal

molten lead(lI) bromide

heat

What happens during this electrolysis?

A lons change to atoms

B Atomns change to lons

Cc Covalent bonds are broken
D New compounds are formed

'

10;
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23

The dissoclation constant {i,) for a base Indicates the extent to which It dissocates
Into lons in'water The higher the dissoclatlon constant (Ky), the higher the strength of
tha base

Generally, compounds from amine homologous serles form weak bases when

dissolved In waler For Instance, when methylamine Is-added to water, it lonises
partially Into methylammonium ion and hydroxide lon as shown in the equation below

CHyNH, (ag) + H:O (} % CH3NHy (aq) + OH (ag)

Tha dissociatlon constant (Ks) and full structural formula for the first four members of
tha amine homologous serles are glven In the table below

amine full strectural formula dlssoclatlon constant (K.)
H H
1
methylamine H— f'_ :" 46x107
H H
H H H
I v |
othylamina W= f_ ;:_ r 45%107
H H H
H H H H
([ I |
propylamine H= f‘ f— ‘]”-‘ ‘I“ 35% 107
H H H R
H H H H H
[ T I I
—¢t— c— ¢— c—~
butylamine H RN Ic r 40x10™
H H H H H

Basad on the data above, which statement Is comect?

A Agqueous mathylamine tumns Universal Indicalor from green fo yellow
B Increasing the length of carbon chaln Increases the strength of the base

c There are more undissoclated maleculas in a solution of butylamline than that
In ethylamine of same concentration.

D Given that the K, of ammonla = 18 x 10'5. there Is a higher concentration of
OH™ fons In ammonfa sofuien than that in propylamine of tha same
concetration

104
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25

26

27

Three oxides are added separately to aqueous barium hydroxide
1 lead(ll) oxide
2 nitrogen monoxide
3 silicon dioxlds

Which oxide(s) react(s) with aqueous barum hydroxide?

A {and 2 B 1and 3
c 2and 3 D 1 only

A colourless solution contalns three different ions, Ag”, Ba®* and an unknown anion,
Y

What s Y?
cr B COaz-
c Noy p sot

Which twa statements Indlicate metal M may have s proton number between 21 to
3ot

1 I conducts eleciricity

2 It forms two coloured sulfates

3 [t forms two basfc oxides with formulae MO and Mz0s.

4 It reacts with stoam to form a metal oxide with formula MO,

A 1and2 B 1and4
c 2and 3 ] 3and4

Which property would all the hydrogen compounds of the Group VIl elements
possess?

A They are covalenk

B They are sollds at room temperature

C  They conduct electricity when moften
D  They form alkaline aqueous solutions

12:



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

29

Identify gas P and solid Q.

P Q
A hydrogen zinc oxide
B hydrogan iron(ll) oxIda
c oxygen sulfur
D oxygen carbon

3.,



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

catbon carbun

GOTE

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

The graph shows how rapidiy hydrogen gas is given off

y

volume of
hydrogen
gas/cm®

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

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

32  Which pollutant gas s preduced by the decomposition of vegetation?

A CHy 8 CO
[ NO D SO

14
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33 Crude ol I3 fractionally distlled In a fractionating column The posifions at which
fractions X and Y are collected ara shown

fractions

SN

crttde oll ==

SHERERR)

f

Which statement is correct?

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

o0 >

X condenses at a lower temperature than Y.

34  Which organlc compound requlres the least oxygen for the complete combustion of
one mole of the compound?

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

35  Which bonds Isfare not present In methanoic acid?

1 c-C

2 c=C

3 CcoO
A land2 B 2and3
c 1 only D 2only

106
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37

38

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

substitutlon reaction

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

A CsHaCla - - B CsHiCls - -

[+ CaHiCly D CaHsCly

Arachidonle acid is one of the most abundant polyunsaturated fatly aclds in the brain,
It has a molecular formula of CyHaCOCH

How many C=C double bonds are present in 1 moleculs of arachidonic acld

A 1 B 2

c 3 D 4

The diagram shows a section of @ polymer

B GHH GHH GHs

Which statement about this polymer 1s comrect?

A Itis a condensatlon polymar.

B It dacolourises aqueous bromine

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

¢
AN
H 1

16."
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40

The ditagram shows the partlal structure of Terylene

olemedol.s

From which pair of monemers is it made?

N R .

Ho— -OH * HO—E—%—E—OH

HO H

+

¢ HO-EI—I—OH + Ho—%—i—ou
P HO—I—D—E—OH * HO—E—%—i—OH

The diagram shows the structure of ethyl ethancate

H o] H

17-.
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CLASS: REGISTER NO.: NAME:

CRESCENT GIRLS’ SCHOOL
SECONDARY FOUR
PRELIMINARY EXAMINATION 2015

- - - -

CHEMISTRY 5073/2
Paper 2 20" August 2015
1 hour 45 minutes

Candidates answer on the Question Paper.

No Addittonal Materials are required.

READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on all the work you hand in.

Write in dark blue or black pen.

You may use a pencil for any diagrams or graphs.

All final answers for calculations are to be rounded off to 3 significant figures.
Do not use staples, paper clips, hightighters, and glue or correction fluid.

Section A (50 Marks)
Answer ALL questions in the spaces provided.

Section B (30 Marks) .

Answer all THREE questions from this section. The last question is in the form of EITHER/OR and
only ONE of the alternatives should be attempted.

Answer ALL questions in the spaces provided,

The number of marks is given in brackets [ ] at the end of each questfon or part question.
A copy of the Periodic Table is printed on page 17.

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

For Examiner's Use

Section A

B6

B7

B8
EITHER/OR

Total ' 8 0

This paper consists of 17 printed pages, including the cover page.
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A1

'
-

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

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

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

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

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

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

Page 2 of 17



Al

A2

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

(c)

(@)

answer,

Arrange the elements W, X, Y, Z in order of increasing proton numbers 21
[Total: 8 marks]

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

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

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

113
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114

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

(e)

(d)

(e)

plotted and shown below,

Volume of
gasfcm?®
A
5004 =—=~-==== =

- »Timels

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

P—— = : TR

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

Explain your answer.

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

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

[Total: 11 marks]
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A3

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

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

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

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

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

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

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

(i) Name a physical process that can be camied out to increase the [1]
concentration of the dilute nitric acid that is obtained at the end of Stage 2.

Page 5 of 17




116

A3 (c) (iii) Explain why tt is important that the product in Step 1 of Stage Two does not  [2]
escape 1nto the atmosphere.

Total: [9 marks]

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

Cefll One: -
.::'-E.:{"
e
Zlnc '% ‘-_:.::: s""ef Nz
S e vy joesss
SIERS efesecp] pEE
e oo e
I AN ! L S Ei v -
Dilute silver nitrate solution Goncentrated potassiom
chlorlda salution with
untversat (ndicator

Both electrodes X and Y are made of graphite.

(a) Identify the positive terminals of both electrochemical cells and write the 3]

equatlons to illustrate the reactions happening at the electrodes. Include state
symbols,

Positive Terminal Half-equation

Cell One

Cell Two

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

Explain your answer with appropriate equation(s). include state symbols.

Page 6 of 17




A4 (b) (i} Suggest a possible reason why the ratio of the volume of the gases may not [1]
be the same as what was expected i (b)(i}

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

Explain your answer.

[Total: 8 marks]

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

Calculate the empirical formula of the compound.

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

What is the molecular formula of the compound J?

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

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

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

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

(iii) Compound J has an isomer. 2]

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

Compound J Isomer of
Compound J

Page 8 of 17




A5

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

Define the term ‘condensation polymerisation’.

- -

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

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

[

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

{Total:14 marks]

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

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

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

it is a very expensive metal.

The flowchart below shows the extraction of fitanium.

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

and collected.

Titanium(IV) chloride from Step 1 is reacted with

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

contains an atmosphere of argon.

A e b2 Tk e - -
- - l

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

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

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

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

Page 10 of 17



B6

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

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

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

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

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

Step 2,

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

(1]

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

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

hy titanium 1s expensive [2]

[Total: 12 marks]

121

Page 11 of 17




122

B7

(@)

(b)

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

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

Monobasic acid

Dibasic acid

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

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

Agueous solutions of chlorine and iodine are added separately to two test tubes
each containing a solution of won(lf) iocns. Aqueous sodium hydroxide is then added
to each test tube The results are given in the table below.

Addition of agueous C/; Addition of I,
Aqueous iron(ll) ions Green solution turns Green solution remains
yellow green
After addition of 3 drops Reddish brown Dirty green precipitate is
of aqueous NaOH precipitate Is formed formed
() Name the reddish brown precipitate formed. (11
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State what 1s observed when excess aqueous NaOH is added to the brown 1}
precipitate.

BT  (b) (i)

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

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

{Total: 10 marks]
. EITHER

. B8 Crude oil 1s a raw material which is processed in an oll refinery. Two of the processes

involved in the refinery process are fractional distillation and cracking.

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

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

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

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

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

BS (b
(c)
(d)

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

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

Write a balanced chemical equatton for this reaction.

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

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

vty . W

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

[Total: 8 marks]
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B8 (a)

(a)

(b)

(c)

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

Molecular Enthalpy change
Name Condensed formula formula of combustion
- —_—— - (kJ/ mol)
Ethyne HC=CH C;H> -1380
Propyne HC=C—CH, CsHs - 1466
Butyne HC=CH.CH; C4Hs - 1852
Pentyne HC=C— CHzCHzCHa Cng - 2438

Using the informatton given, deduce the general formula of alkynes

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

EIWnes? Explain your answer.

1

(2]

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

125
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OR
B8 (d} Researchers have been investigating the use of propyne for replacing hydrogen as
a liquid fuel for space craft intended for low Earth orbit. Its major advantage is that,
unlike hydrogen, propyne can be used as a liquid fuel without the need for storage
" at extremely low temperatures.
- (i) Given that the enthalpy change of combustion of hydrogen is —+8 kd/g, [2]

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

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

[Total: 8 marks)

© End of Paper ©
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The Periodic Table of the Elements

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

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

K Ca Sc Ti v Cc | Mn | Fo | Co Ni Cu | Zn | Ga | Ge | As Sa Br Kr
petassium | calclom | scandlum | €tanlgm | vanadium | chromium |mangeness)  lon gobalt | nigkel | oopper zlno mlym |gemmaciem| amsenic | selenlym | bromina | keypion
19 20 2 22 23 24 25 28 @ 28 29 30 H 32 33 34, |3 36

83. 88 89 91 93 05 - 01 § 103 | 106 | 108 | 1912 | 116 | 119 [ 122 | 12 127 13

Rb 8c Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te [ Xe
fubldiun | strontum | ytrium | zirconiym | nicblum molybdenum technetium | ndhenfum | rhodum | palladium | elver | cadmium | Indlom thn anfimony | feludum | lodne | xenan
7 38 3 40 41 42 43 4 45 46 47 48 48 50 51 52 53 54

108 | 197 139 178 18 184 166 190 192 195 97 | 201 204 | 207 209 - - -

Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
caaslum | badum |lanthanum | hefnlum | taolelum | tungsten | thedlum | osminm | Iifum | platiwen | gold | meruny | thalum laad bismuth | poionlum | astative | radon
55 56 Br __* |72 73 74 75 768 77 78 79 80 81 82 83 84 85 86

Fr Ra Ac

franclum | radum | adihlm
87 88 8 1
*68-71 Lanthanold series

$00-103 Actinoid series

140 | 141 144 - 160 | 152 | 167 | 189 | 162 | 165 | 167 | 169 173 175

Ce Pr Nd Pm | Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
aium  (prazeadymivm needymium| promethium| semarum | ewoplum | gadolinbum | tblum (dyspmstum| holmium | erbhm | thulum | yiterblum | lethum
68 58 60 81 £2 63 64 65 g6 o7 £8 g9 70 71
Key| @ a = refativa alomlc mass 232 - 238 - - - - . -
DS g LS O O P - .’ A O . - . 0

" orium  [p| m{ wvraniym | replunivm | plalonium | ame! £y omlum |elnsteinlum| femium nebatum lawrendim
bepaonfeome)number oy fo log  loa  |o4 o5 |es  |o7  |e8 |09 lw0 |04 . |02 |103
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(a)

{b)

{c)
(=)

(b)

()

CRESCENT GIRLS’ SCHOOL
SECONDARY FOUR
2015 PRELIMINARY EXAMINATION
CHEMISTRY PAPER 2 - ANSWER SCHEME

Element W - -

W forms an acidic oxide and W 1s a pon-metal which tends to gain electrons

OR
WO; has a Jow_melting polnt and_holling point Indicating it Is a simple covalent
compound which Is usually formed by non-metals

0 + 2-

2

(i) Pocrinon-conductor of electricity
In solid state, the fons are held in fixed positions
No mobille lons or moblla elactrons to conduct electricity

Y. X, Z, W

Ca +2HNO; > Ca(NO3), + Hy

No. of moles of acid = 2o X1.5 = 0 0375 moles

No of moles of Ca = %34: 0 025 moles

0025 moles of Ca requlires 0 05 moles of acld
Hence acld is the limiting reagent.

Number of moles of H, =55:—§ =0 01875 moles

Volume of Hz = 0 01875 x 24= 0 45 dm? or 450 cm®

Calclum Is a reacgtive_metal and hence It can react with water as well to form
aqueous calcium hydroxide and hydrogen gas

Particle slze/ surface_area of M must be the same as the surface area affects the
speed of reaction

The larger the surface area, the larger the area_of contact befween reactant

particles and hence faster the reaction




{d)

()

A3 (@)

(b)

(©

Volume of gasfem?®
A

- — (d) - - -

> Timels

The reaction will be faster initially as suifuric acid Is a dibasic acid and hence the

concentration of H+ lons will be twice/higher than nitric acid, leading to higher
frequency of effectlve colllslons

However, calclum reacts with sulfune acld to form an Insoluble coatlng of calclum
sulfate around calcium and hence the volume of gas formed will not be maximum

EnergyfkJ
A

4 NH; (g)+ 5 02(g) AH=-3052kJ

v
4 NO (g} + 6 H:0 (g)

5 Progress
of reaction

The oxidation state of N of NHy increases from -3 to +2 in NO
The oxidation state of O In O; decreases from 0 to -2 in NO

()  3NOz+H,0 = 2HNOs+ NO .
(i) Distliation

(I  NO;ls an acldic oxide and dissolves In water readily to form acld raln which

corrodes motal structures and IImestone bulldings/ damages erops dus to
low pH of soll

62l



(a)

Positive Terminal Half-equation

Celi One | Stlver v Ag' (@) +e > Agls) Y

Cell Two | X¥ 2CI (8q) > Ch (D) +2e v

) () Equatonl-2CI{aq) > Cha(g)+2e
Bquation2 2H*(aq) +2¢ > H; (g)
OR
2CT {aq) +2H" (ag) > H; (g) + Cla (&)

From the equations, 1Cl; = 2e; 1H2 = 2e. Hence, when 1 mole of Cl; is formed,
2 mole of electrons Is fost and accepted by H* fons to form one mole of H,
Hence, the expected ratlo of H; to Cl formed Is 11

(i)  This is because chlorine 1s more soluble In water than hydrogen/ chlorins Is

very_soluble In water while hydrogen gas Is Insolubls In water The volume
of Cl; collected may be lower than expacted, resulting In a different ratlo

(c} Violet!Purple solution obtained because when
H* and CI' Ions are discharged, the
OH- Tong left behind are at a hlgh coneantration/ the OH lons form a strong alkall

with i lons
34
The solution tumed golourless dye to the bleaching by the CI; gas dissolved In the
solutlon
@ Etement c H Q
% by mass 400 67 533
400 67 3.3
No. of moles S =3333 2. 67 _51_6 =13331
Ratio 1 2 1

The empircal formula is CH;0

(I} Molarmass of CHyO = 12 + 2 + 16 = 30 g/mol
n(CH.0) =90
n=3
Molecular formula — CyHeOa
(b) () 300°C, 60 atm; Phosphoric acld (H,PO4)

(Il COzgas
Carboxyl / -COOH functional group
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(m o H o

I ] /7

H-O —(ID—CI)-C\

~---HH O-H - .
HH o
| | 7

H-C-C-C
H O—-H
O-H

Condensation polymerisaton occurs when monomers combine to form a
polymer with the remova! of small molecules such as waler

()

o g  wu§  gufd  mul
—0—¢-G-G—0—G-G-G—0—G-G-G—0—G-G-C—
HH HH HH HH
(d) (i) Addition polymerisaton
R b H
—G GGG
H COOH H COOH




Sectilon B

B7

()

(b)

(c)

()

U]

(i}
(i

U]
]

M
{n
{ni)

w)

U]

(i)

{0}

As titanlum(IV) chioride exists as a liquld at room temperature and pressure and
bolls at 436°C, it has a law melting and bolllng point. Hences, it should exlstas a

slmple_covalent compound, with weak Intarmolecular forces between ifs
moelcules

No Titanium Is a metal and hence usually forms lonle compound with chloring
{a non-metal) but titanlum(lV) chloride is a covalent compound

Since titanlum(lV} chlordde Is a covalent compound, thus it cannot conduct
electriclty at any state since it

deas not have any mobile lons or free moving electrons

TiDz + 2Ck + 2C - TiCly +2C0O
COQ is a polsonous gas as it comblnes with haemogloblin to form a compound
which prevents oxyqen gas from belng transported to the rest of the body/
causes resplratory difficulties

TICls + 2Mg = Ti+ 2MgCl2
Moetal displacement/ radox reactlon
To provide an Inett atmosphera to

prevent magnasium from reacting with afr since it Is a reactive metal
The extraction of titanium requires the use of maganeslum which is a reaclive
metal and requires electrolysis to he extracted

Alternative answar accepted;

The process requires the use of argon which Is obtalned from fractlonal

distli'ation of llquld alr and large amount of fassil fuels Is required in order to
malntaln the high temperature required.

Monobaslc — Hydrochlonc acld/Nitric acld
Dibaslc — Sulfuric acid

The electrical conductmty of the (thbasic acld} will be higher than the (monobasic
acd) because

1 mole of {monobasic acld) dissoclates to glve 2 moles of mobile lons (TH' and
1X) while

1 mole of dibaslc acid dissoclates to giva 3 moles of mobile lons (2H” aad Y2)

Hence, there is higher number of mobils tons present in the dibasfc acid when it
dissoclates

Titrate and




(b)

measure the volume of NaOH required to completely neutralise 25.0 cm® {fixed
volume} of acid A and B

Since both aclds have the same concentration,

the volume of the NaOH required for comp!ste nsutralization of dibaslc acld
=wilkhe twice than that of the monobasic acid as the -

mole ratio betwean NaOH _HCI = 1+1 while male ratio of NaOH - H;50,=2 1

0  Iron{llt) hydroxide
(I) The precipitate Is Insoluble In excess aqugous NaOH

(i) Aqueous chiotine was able to oxtdise Fe?* solution to Fe* selutlon while lodine
was unable to do so
Chlorine Is a stronger oxldlsing agant than foedine
Cl; {aq) + 2Fe® {aq) > 2Fe® {aq} + 20T (ag)

BB EITHER
(a) Differences In belling polnt
{b) (I} Process of breaking down longer hydrocarbons Into smalier hydrocarbons,

(e
{d)

OR

(@

(i) Cracking  helps to break down bigger hydrocarbon fractions
like haptha and bitumen which are

lower In demand (4%} but
exlsts [n higher proportion In crude off {119) Into smaller fractions like patrol
and korosene which are

higher In demand {23%]} but

oxlIsts In lower propartion In cruds ol {4%)
CigHaz > 2CH, + 2C4Hg + bz

{i CHiCH,
() When agueous bromine is added separately lo both compound M and ethene

in the ahsence of light,
etheno will decolourise hrawn aguecus bromine while compound M will not,

CuHznz

€1



{b) The bolling points Increase down the homologous serles

Ag the moleculas get bigger,
the van der waals' forces of aftraction hetween moloculos get stronger/
intereolecular forcas gat stronger

Larger amount of energy required to overcoma thém and hence botling points
Increasa.

{c) The enthalpy change of combustion becomes more negativef Increases as the carbon
chaln Increases down the homologous serles

As the carbon chaln Increases, groater amount of eneray Is refeased to form the
greater no _of moles of products {CO, and H;0} formed

@ ®

{m

1 mol of propyne releases 1466 kJ of energy
1 mo! of propyne > 40 g

fe 40 g of propyne releases 1466 kJ of energy
amount of energy released by 1 g of propyne = 1458 367K

40
Hence, hydrogen has a geeater eheray output
As particles In the liquid state are closely packed tofether, more molecules_of
the fuel can be stored In tha same volume of space when transporied In Hquid

state as compared to gaseous state

OR
Fue) in the gaseous fonm is more explosive than when it Is In its liquid form as
gqaseous particles contalns more kinetic energy than liquid parbcles
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