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Answers written in the margins will not be marked.

PART 1

Answer ALL questions. Write your answers in the spaces provided.

1. Refer to the following information of phosphorus (P) and chlorine (CI).
P Cl
Atomic number 15 17
Relative atomic mass 31.0 35.5
(a) State the electronic arrangement of a phosphorus atom.

2, 8,5

(1 mark)
(b) All chlorine atoms have the same atomic number. Explain why some chlorine atoms have
different mass numbers. )
Tn v\ ore s OTVFLS a)L chiorine  Which
have olifferon] number of ywuTrons .
(1 mark)
(©) A compound of phosphorus and chlorine has a relative. molecular: mass smaller than 250. It
contains 22.6% of phosphorus by mass.
) Deduce the molecular formula of the compound.
Preswme e 75 1079 of OWV!PW"“’&
P Cl
Mass 2.6 114
Mo L 0.43 218
Roact o ’ >
Mo lega [ty Jormaula > PO,
(i1) Draw the electron diagram for the compound, showing electrons in the outermost shells
only.
(3 marks)

Answers written in the margins will not be marked.
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2.

The set-up of an experiment for studying the movement of ions is shown below.

4V L = | =g,
: 3"
§04)1: ( CN)L

- FQ}T K;Fe(CN)s(aq) [component of rust indicator
consisting of K*(aq) and Fe(CN)s* (aq)]

FeSOy(aq)
filter paper soaked with K,S50,4(aq)

(a) Explain why the filter paper is soaked with K,;SO,(aq) instead of water.

~To Tnerease 75 2lectvical cm pwc-r(v:—cy

(1 mark)
(b) State the colour of FeSO,(aq).
Cirewm
(1 mark)
(c) Explain what would be observed around the middle of the filter paper when the circuit is closed

for a period of time.

F@ Fravels fv The Vy ht v The Mﬁﬂ""‘w
pole vihile Fpen),® fravels To The left to
The prsitive pele. They nest M e wiiddle
tmd yeact To T"”"" n blwe conaplex.
B)W oy Dbéwv%o( n T["ﬂ VVIF”(dLC (2 marks)

(d) The experiment is repeated, but the two poles of the cell have been reversed at the very beginning.
Explain what would be observed around the middle of the filter paper when the circuit is closed

for a period of time.
ohaqu

No  Colowr, will be obsevved N middle .

fs Fo” Yernain ™ it 1eft handﬁe .
aitacted by Hu N@a‘hwe pol,e Fel b
yomin AT Tt _;j nT hmfw( s7d2 Nh[(/h re

e
0sitive: Doty KV ond $0sY trmvel jn oppos!
PW{I{OT‘W bVLT TW/ e qwlwru(’(’ (2 marks)

Answers written in the margins will not be marked.
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3. The diagram below shows an experimental set-up in which the glass wool soaked with octane is heated
occasionally and the broken unglazed porcelain is heated strongly. Some gases are collected in the test
tube over water.

broken unglazed porcelain

boiling tube

delivery tube :
‘ gases
glass wool soaked e o - test tube
with octane M\m 5-
T T P
C— ===
heat occasionally heat strongly |- —=1—— water
(a) Name the type of reaction that occurs in the boiling tube. Suggest one importance of this type of

reaction in industry.
Craok;‘nj . 1 breakoowne Iargor hy Are eavb ong

™mte sSmallexr hﬂckwcmb(m; such a%
Mlengy whivh con be nsed to ke
N\'GtW\, MCT\/L‘ 'PVUMVT/Q, (2 marks)

(b) Explain why, instead of a large piece of unglazed porcelain, broken unglazed porcelain is used in
this experiment.

To Tnerase T8 swrfac avea Lk reas J o

(1 mark)

(c) Suppose that during the experiment, octane changes to ethane gas and propene gas only and they
can be collected in the test tube.- - -

(i) Write the balanced equation for the reaction of changing octane to ethane and propene.

g figad
CgH 18(1) _P_O%‘L) C)/Hé(ﬁ)* 2CyHy (37

Answers written in the margins will not be marked.
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3. (c) (i1) The gases collected in the test tube are shaken thoroughly with a few drops of
Br,(in CH;CCl;) solution.

N State the expected observation.
ey ange 1o
The Solufion changes from prang
) Colvur less.
Br, /HyCCs
2) Draw the structure of the product formed from the reaction between propene
and Br,.
B Br
| I S
H- ¢C—-C—c—H
! )_1_' lll
(3 marks)
(d) When no more gas can be collected, what should be done to end the experiment for safety

consideration ? Explain your answer.

Remave the odalivery tube firat beore
remove e heat. Or ogtuorwtse The ¢
W(CH'W h/lm/ suet back and cruck The
hot bvﬂ?w@ twbe.

\

(2 marks)

Answers written in the margins will not be marked.
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4, Consider the molecules CO,, CS, and CH,Br,.

(@

(b)

(c)

For each of the following molecules, draw its three-dimensional structure.

) CS;

(ll) CH2Br2

H
|

C -8
H oy
Br

(2 marks)

I‘(if:r{tify, with explanation, the polar bond(s) in CH,Br,.

ot Ct-’—H{H
l il; o+ C is Mmare .@\.COTYDV\QG&TTN
C \7\(\ Fhan H
S AN Br Gr
H V\» ¢ +— Br .
Br Br 75 rwove —Q\U/’T"’V“"ﬂ”ﬂ'w
‘ﬂ’\ﬂlh ¢ (2 marks)

Suggest why, under room temperature and pressure, CO, is a gas but CS, is a liquid.
Brth (0> andl C52 gre in QTVMFLC rinolecal oy
structuve.  C5» has a GreaTer nwlelar
513 o TWTM 7S S’h/omﬂ-e/r‘ van oler Waal's
Fovte betrveen melemles Than €0, The
¢Hrnnger i fermelene oy f(nuz o ke it
To be o )?avMTO( whodar” yrom TWMPWT""‘Q
ool Pru; ure.

(2 marks)

Answers written in the margins will not be marked.
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5. Polymer B shown below can be used as water absorbing material in diapers. It can be formed from the
polymerisation of compound A.

@) OH
N\ /
\C

H
||
c—cC
||

H

H n
polymer B

(a) Draw the structure of compound A and sta‘s its systematic name. l
o 4

11
H c—0H
] _ | ] _ 'ﬂ{
C=c Z_P)”O.]?"VJ""”“’ Nf

T

(2 marks)
(b) State the type of polymerisation for the formation of B from A.
Additim  prlynecrization
(1 mark)
(c) Suggest why the relative molecular mass of B is expressed using a range of values instead of a

single fixed value.

B ;ﬁb\w h;/fmnyf chaTWSUf rku,wk,5) T4
xact va(zé/t,«la«r Mass Ts not knewn.

(1 mark)
(d) It is known that the reaction of polymer B with NaOH(aq) forms polymer C which can absorb
water better. Draw the structure of C. _
)
|| A
H <0 Na
P
C—c
A
(1 mark)

Answers written in the margins will not be marked.
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Hyog T3 NasM =5 Aoy g 3H

6.

Citric acid is a tribasic acid found in lemon. It is a white solid and soluble in water.

(a) In the structure of citric acid shown below, circle ALL ionisable hydrogen atom(s) making it a
tribasic acid.

(1 mark)

®) A solid sample contained citric acid and other soluble inert substances. 1.65 g of the sample was
dissolved in deionised water and diluted to 250.0 cm® in apparatus X. After that, 25.00 cm’ of the
diluted solution was withdrawn and titrated with 0.123 M NaOH(aq) using phenolphthalein as an
indicator. 18.45 cm® of the NaOH(aq) was required to reach the end point.
(Molar mass of citric acid = 192.0 g)

i) What is apparatus X ?
Vo fumedrTe j’) ws k
(ii) Calculate the percentage by mass of citric acid in the solid sample.
1 \ - S
3T 4+ 30HT —> 1 3Hs0

L s _
ora mwle 7} citvic wid

No-aj nale of NeoH weed © 0.1>3 *0.2848
- 1.1/7”‘(0'3

-3
/Vowj nulg dfaon veagted * > 2TXL0
3
=756 X ;074.,

e ,ﬁ.aoidf@éfmo(‘xlmf’[[‘m LRI Txp ol
, ] 0-08
Perumlage by mess: T 56%107x (92 5 1.2 8¢,
BT B 2% '

L

i

(4 marks)

Answers written in the margins will not be marked.
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6. (c) A few drops of lemon juice are added to sodium hydrogencarbonate powder.

(i) State the expected observation.

Co)rur)ess 3@5 Vo Jwedl -

(ii) Write the ionic equation for the reaction involved.
-r
+ — 3Nea, +
3 Hca‘(,-; 3Ne HOD Y 3 g

3 002( ;’- 3H10(£)

J

(2 marks)

Answers written in the margins will not be marked.
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7. The enthalpy change of formation of MgCO;(s) can be obtained using an indirect method. Firstly, the
enthalpy change for the reaction of MgCOs(s) with H,SO4(aq), and that of Mg(s) with H,SO4(aq) are
respectively determined experimentally. After that, the enthalpy change of formation of MgCO;(s) can be
obtained through calculation with given enthalpy changes of formation of CO,(g) and H,0O(l).

(a) According to definition, under which condition could the ‘heat change’ of a reaction be regarded
as the ‘enthalpy change’ ? ’

Under  yrom TWPmTuN and dlnmospheric
PMSMN‘ (1 mark)

(b) Explain why, instead of a direct method, an indirect method is used to obtain the enthalpy change
of formation of MgCOs(s).

Chwrge 0
(FeaT contust of $olid 7s obiffient to

e asuve.
(1 mark)

(c) In order to determine experimentally the enthalpy change for the reaction of MgCO;(s) with
H,S0,(aq), an accurate mass of MgCOjs(s) was firstly allowed to react with excess H,SO4(aq) in a
polystyrene foam cup. The maximum rise in temperature of the mixture was then found. After
calculation, the enthalpy change for the reaction can be obtained.

i) Suggest one possible error for the above experimental procedure.

There pnay be lwat l0ss o .5!/”’7’0%”’(!\!/\75-

(ii) Explain whether the enthalpy change for the reaction of CaCOs(s) with H,;SO4(aq) can
be obtained using a similar experimental procedure.

No. Cagos Tornud s Tsolwble and
Will coaT om Twe S\AY‘fmx To p revemt

‘f’\mYT her ven cﬁm/\ . (2 marks)

Answers written in the margins will not be marked.
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(d)

Using the information given below, calculate the standard enthalpy change of formation of
MgCOs(s).

Standard enthalpy change for the reaction of MgCO;(s) with H,SO4(aq) = =-50kJ mol™

Standard enthalpy change for the reaction of Mg(s) with HZSO4(21<1T =467 kJ mol™
Standard enthalpy change of formation of CO,(g) = -394 kJ mol™
Standard enthalpy change of formation of H,O(l) =286 kJ mol™'

Mg + C *30., — Mqglhs

+50 K] mel?

I\W—r%'FM—-% Mgov, */Ijxf?i&j
Mg+ Habtg —> Mgdva 1B ~4iligea
C+ 0, =20, -394 K mol”
Bstdo, — B ~234 mr

A 25D 447394 - 28
= _lvﬁ:]/ )?JW,-’”

(3 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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8. Consider the experimental set-up shown below :

— i
P Cot

carbon electrode X ) carbon electrode Y

biay =
B
%x;rz(s) '

light bulb

heat
(a) In the above experiment, the bulb lights up when the SrBr,(s) beco@ .
(Atomic number of Sr = 38)
(1) State the observation at carbon electrode X.

Brown colour obsevwved.

(ii) Write a half equation for the change that occurs at carbon electrode Y.

> —_
SyT 4 27 —™ Sr
(2 marks)

(b) Explain why the experiment should be performed in a fume cupboard.

Bromine 2wlved Ts Toxtc.
(1 mark)

(c) ~  Zinc-carbon cells are used in the above experiment. The equation below shows the reaction that
occurs in the zinc-carbon cells when the bulb lights up.

2MnO,(s) + 2NH,Cl(aq) + Zn(s) — MnyO;(s) + 2NHs(aq) + H,O(l) + ZnCl,y(aq)

@) Deduce, in terms of change in oxidation number, the oxidising agent in a zinc-carbon
cell.

Mno.. The oxtdation nwmbewf
Mn decreased from+4 1o t3.

(ii) Write a half equation for the change that occurs at the cathode in a zinc-carbon cell.

2 NHa T+ >& —2NH, + Ha

(3 marks)

Answers written in the margins will not be marked.
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*9.

Three unlabelled reagent bottles each contains one of the white solids listed below :

ZnSO, MgSO, MgSO0,-7H,O
—

Outline how you would carry out tests to distinguish these three solids.
(6 marks)

PmDarc three bvllmsl 1&«&‘% Jmm‘grﬁw ‘Thm 4o licls
nte -mz/m ruvu‘[:rvelw:ﬁvww The ’bwhvm fube
With & o(!;]\\/u/‘y ‘wae ouvw{ me\VWT L 'hz another
+ot{ tube With Omhvome C/O’DDMLTPMM ho\t@ ;
ingide. Apply hea te e $olTd Wil colourless
],qswd 15 ovdprrgled ovit- Only MjS@ TH 0 will
qive_out wWaler Whith fumng ITW, ahhv/atww

PPy Lﬁ)éw\phau —ﬁ/ow' white To blue wprt
NaTMO\.

M?du the mr{n’ammg g valfo{éé, S o -__,,n
Dissolve Thew Tn sporum hwcwa?(/{z 89 ln 1.
Both of Taatm WII|_gjive_1ihTts DNC/\p?[hT,(, Add
ix‘f/% SoATumn h\ﬁo&WXto(x évlu‘bum o them,

SoluTion (/m‘rmmmg Zimc w;lyl\a”reocfésolw ol

that svlvtivu nunst be gma(ZTL) sMDhm While
the  soluvim omTMV"VIﬂ WImﬁYILSWLWI il st‘” have the

jmrerfr F ftate.,

Answers written in the margins will not be marked.
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PART I
Answer ALL questions. Write your answers in the spaces provided.

10. In an experiment, 2.0 mol of SO,(g) and 2.0 mol of O,(g) are allowed to react in a closed container
maintained at 950 K. The chemical equation for the reaction is shown below :

280,(g) + Ox(g) = 2805(g)

When the reaction attains dynamic equilibriu

(a) What is meant by the term ‘dynamic equilibrium’ ?

Tie Toww\ro( reacfTm Yele berorues uym’
t twe backnard vearrm vute

(1 mark)
(b) At 950 K, the equilibrium constant K, for the above reaction is 8§78 dm® mol™. Calculate the
volume of the container.
)'SOL + 0, = 7/‘503
Iiitial o)
2 2
™o le ]
>>' . 27( :'l -
change =X - - TN )
x > 0-

E;:]@ 0‘7’ : L l~‘ l. 8

N E H's} 0. >
i A, - Sl
- BE VAN o B

e - — 7 (3 marks)
L anh o gddy
TV IS A __j
T S-S R
VAR o i - U
TR T - g <

Answers written in the margins will not be marked.
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10. (© If the above equilibrium mixture is subjected to each of the following changes, will the number of
moles of SO;(g) obtained increase, decrease or remain unchanged ? Explain your answer in each

case.
(1) increasing the temperature
No-of moles of SO vhTatwed dlecredss.
Bs tne Frnvard reaction s exoThermic,
ortng ?th TewperaTipre Skt eqpettbringm
ostt i o the left.
(ii) adding a suitable catalyst

" Remain wwcl/vaw?eo{. Ca‘falys-t has Vo
et m the 0 of el of 803 procuwol.

(2 marks)

Answers written in the margins will not be marked.
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1. Under certain conditions, a pink compound X reacts with NaOH(aq) to give a colourless product. Three
trials of an -experiment were conducted to study the kinetics of the reaction. Firstly, three NaOH(aq)
solutions were prepared by mixing different volumes of 2.0 M NaOH(aq) and H,O(1) at 25°C. After that,
one drop of X was added to each of them and the time needed for the pink colour to disappear was
recorded. The relevant data is shown below :

Volume of Volume of Time needed for the
2.0 M NaOH(aq) used / cm’ H,0(l) used / cm® pink colour to disappear / s
Trial 1 5.0 0 61
Trial 2 4.0 1.0 76
Trial 3 3.0 2.0 101
(a) Why is it necessary to make the total volume of the reaction mixtures the same for the trials ?

So that the cmeenltion can be
OLSZ/TQ/Y)’VHYL@d otlve,c'bl\/ b\{ e Voluhae ”f
NatH odded. (1 mark)

(b) Given that at 25°C, [H'(aq)] [OH (aq)] = 1.0 x 107" mol* dm™, calculate the pH of the
NaOH(aq) solution prepared in Trial 2.

Hs. 0 = H + OH
[(H'] and [0 ] share cqul e

o x ™

Xip -1y
3 5 X0

Trere are [H'] 2 &x107% M riaer

T

Mter NaoM 75 pdded,

-5
RPN o (A (A -
= .;7 . : lxlo"3 57‘{0

)xno’?

I)H = ’,Uﬁ EH-,]
FH - q’, (3 marks)

(c) Based on the information provided, deduce one factor which affects the rate of this reaction.

ConcnTralion of NaoH. When o highat
cme. vf MabH TS wsed , The Trme required

For tne fovmafiom of colourless pn ot
L

(2 marks)

Answers written in the margins will not be marked.

Answers written in the margins will not be marked.
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1L

12.

(d) Detection of colour change using naked eye is not accurate enough. Suggest an instrumental
method that can be used to more accurately detect the colour change.

Co ]WTWtY:j‘
(1 mark)

Outline a synthetic route, with no more than three steps, to accomplish the following conversion. For each
step, give the reagent(s), reaction conditions (as appropriate) and structure of the organic product.

OH
NH, 0 o
—
0]

OH

OH o .
/l\/\/NH} o NM,{" /J\/\/O‘LVa“ NH;
OH o

4 OH B o

o™ Ne* H NSOH T
/'\/\/ a4 — N + N“T

OH 0 o

refx "

(3 marks)

Answers written in the margins will not be marked.
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13. The structure of acetophenone is shown below :

dﬁ

Heating a mixture of ;ge_tgﬂlﬁ@e and NaBH, in methanol solvent under reflux can give two isomeric
compounds P and Q. P and Q have the same meltmg point and same solubility in methanol.

(a) Draw a labelled diagram of the set-up for heating the mixture under reflux.

wo\'(l/«__)

™

(2 marks)

(b) Suggest another reagent that can also react with acetophenone in a suitable solvent to give P and

Q.

Li AlHg 7n o(mf 2t

(1 mark)
(©) What kind of isomers are P and Q ?
Nat v nurs
(1 mark)
(d) State one different physical property between P and Q.
Tm turns the Fa lavimeTer In opprsite
o(/IP‘CoT[MS' (1 mark)
(e) Suggest a chemical test to show how acetophenone and P can be distinguished.
BdA 2,4-din “h’v Nmnl hyokmy‘m
heno g
aTop
on y A can g Ve aN o‘YmmO e Pvem,) Ttele
INhile ,.P) hoas e veaciiom with 1.
(2 marks)

Answers written in the margins will not be marked.
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*14.

Arrange sodium, aluminium, silicon and sulphur in decreasing order of electrical conductivity at room
conditions, and explain your answer in terms of bonding and sfructure.

Al > Na >S > St

(5 marks)

Brih  aduvintwm omd Sp i g¥ist in

At ot VVUZTMI[L sthnenve. . Pr‘hmas Qe Tmmersed

T a Sea U'f elecTrom’ Pylmmmmm has Thret

de lpolied veluTWm While $odinm ouly has

e . Vm‘fm Alwmintem can cmnmdm

,bbw‘[vrmw better than Sodiwn. ’

SW'yhur.exueTs M $Tneple nwlzwlny sTruefure and

Sflrom Xty th QTWWT crvalist shincTre. Brth

U‘f Hum  have no Aefowls 3@0( 2letTRVIS v uebile

e o copdut .Z\,u/Trwrw They cow omly cmAunot

W&Trrcrw In TheTr Moltedd $tute. B UY)ly pea k

ven dur le’ fww QX 75T beTweeem SM/IPI/IM

rwilenrle) Tt ﬁ’ecwwe fovtr eregy 1o nastten

swipnuy While tie covalentt bomd betwenn

Stliem _alon requrive Naove Urorgrn Lo break.

g
Twwfm, svulPlAWf has o lmgl/uw epce o camduct

iy,
J

END OF SECTION B

END OF PAPER

Answers written in the margins will not be marked.
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INSTRUCTIONS

(1)  After the announcement of the start of the examination, you
should first write your Candidate Number in the space provided
on Page 1 and stick barcode labels in the spaces provided on
Pages 1 and 3.

(2) Start each question (not part of a question) on a new page. Put
‘X’ in the corresponding question number box on each page to
indicate the appropriate question number (see the example
below).

(3)  Write on both sides using each line. Do not write in the margins.
Answers written in the margins will not be marked.

(4)  Graph paper and supplementary answer sheets will be supplied
on request. Write your Candidate Number, mark the question
number box and stick a barcode label on each sheet, and fasten
them with string INSIDE this book.

(5) No exira time will be given to candidates for sticking on the
barcode labels or filling in the question number boxes after the
‘Time is up’ announcement.
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