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PART1
Answer ALL questions. Write your answers in the spaces provided.
1. Iodine is a haiogen. It can form potassium iodide and hydrogen iodide.

() Name the relationship between 1271 and 1231.

M owe "LS\T‘[:'YQ,S.

(1 mark)
(b) The electronic arrangement of an iodine atom is 2, 8, xk, 18,y. Whatisx ?
i A
{1 mark)
(c) Draw the electron diagram for potassium iodide, showing ELECTRONS IN THE OUTERMOST
SHELLS only.
<+ A -
RE
A5,
(1 mark)
(d) Suggest why an aqueous solution of hydrogen iodide can conduct electricity.
Thee ove mohile ey (H? (q.L) L CQ@ )
T “Fhe Sh [V\_h‘“’\ .
(1 mark)
(e) In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have
a higher melting point.
Hodregom teide has shmple mmleedar shadfone
Melogley, o e kD treek  ven oo Wealy) Forcs
Plassium  1dhide hay gttt st
k¥ & I 1ews e held LD S't"":j 1 bandg
Mac %M'DD Ove (‘{.,Ql/ln]red ‘t“ ' 5"‘*4 Tawle lnrml; .
(2 marks)

Pefessinem  Tedide  have l«l@er M'fh:j ]M“'t.

Answers written in the margins will not be marked.
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2. The diagram below shows an experimental set-up in which a metal oxide X>O(s) is decomposed upon strong
heating. A silvery metal X and a colourless gas Z are formed.

X20(s) :
L)
heat
(a) State what Z is and suggest a test for it.

Z s S¥Xygen. € rohékts o, S(a\,ﬂ»\j SG)I)nT.

(2 marks)
(b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metal X can be obtained.

(i) Calculate the relative atomic mass of X.
(Relative atomic mass : O = 16.0)

Magg o 0 1w Xoo = 3.028-2.21% =V.2093g

0.9
Nee of e 9T B B e TR R N Y

»

3.028
2w+ 1k = 0.01306b
el TR R Y
.. - ~¢
(ii) Suggest what X is. . Relcfrve aTomic mass
AR 0F
X s silves
(3 marks)
(©) Explain whether the decomposition of X>O(s) is a redox reaction. ,
\/E’,S . O\(?&qTWQM mber O'f 0 Tneeasges ‘Ffum -2
T %o 0w g,
(1 mark)

Answers written in the margins will not be marked.
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3. Antacid is a drug for neutralising stomach acid. A sample of an antacid contains NaHCOs(s) and other
soluble inert substances. 1.52 g of the antacid sample was completely dissolved in deionised water to give a
weakly alkaline solution. The solution was then titrated with 0.644 M HCl(aq) using a suitable indicator.
25.20 cm® of the HCI(aq) was required to reach the end point.

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

NQHCNSLQ + H LGQL) - Nc‘u(ﬁ’?) + Hz“lQ) £ 00, (,5)

(1 mark)

(b) Calculate the percentage by mass of NaHCOs(s) in the antacid sample.
(Relative atomic masses : H=1.0, C=12.0, 0 =16.0, Na = 23.0)

2529
No of e b Hol = Lovo ™ DG4y lQ,DLgllmﬂ\

mde  vetie o Nafteo, o Ml = IE
Noo & pole @ Ny = 0o [410 il

Mess ¢ NaH Cig = 0,{5zlx(7,3f|+llﬂbv<3)
= l-&%&j

(.363

——

ey Ej pcsy  of NQH(‘/\)JLS) : ey vk =897 {\//

(2 marks)

Answers written in the margins will not be marked.
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L
5

afleva

3. (©)

(d)

The pH of the solution at the end point of the titration was found to be between 3 and 4.

@) Suggest a suitable indicator for this titration and state the colour change at the end point.

quﬂf\n\ g omaQ .

Frw« \oe“»u s orenae .

(ii) Suggest an instrument to measure the pH of the solution accurately.

YH SenSer Qm'\r\e,c'(uk ‘fo c{c:(-c\ (stQr.

(3 marks)

State one advantage of taking antacids containing Mg(OH)x(s) over those containing NaHCOs(s).
Arfeads  with  NaH g0 preduces (A (g) which  can

Trkﬁ&k and Vl])k:(' the Stmach .

(1 mark)

Answers written in the margins will not be marked.
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(@

(b)

(©)

detve osvelond
hond T Lomed H  otom W HY dee nd heve o adomif shell efedros.

4. Consider the molecules H,O, BF; and SFs.

H>0 molecules can form H;O" ions.

i) In each of the following boxes, draw the electron diagram (showing ELECTRONS IN
THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation
of a H;O" ion.

1Y ﬂe'%.eb

(ii) Describe the formation of dative covalent bond using H;O™ as an example.
0 ctom HLQ hes 2 (-’WL )’)o.]rs «f Q[QC("W\ -

T s ovterm ot shell.

\BU M&zi’hj 2 e por- odrans om0 ctom 5
H  atom  oftan Sfble eledr Qragemet  of ble ge.

Explain whether the boron atom in a BF3; molecule has an octet structure.

(3 marks)

NU- B\Y‘uvx L\‘(’ow\ ™ BFJ QV‘\D hes 6 szq”w‘“gt Slw” OJLMTV\YHS.

(1 mark)

@) Draw the three-dimensional structure of a SFs molecule.

Answers written in the margins will not be marked.
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4, (c) (ii) Explain whether SFs is a polar molecule.

8F¢ hos  odehedral  Shape.
The YO\WWQI of" S°F beds Con  comcel eoch

sthae o1

SF ¢ I3 Non- |7» Iow . (2 marks)

(d) Explain the following increasing order of the boiling points of the three compounds :

BF; < SF¢ <H;0

o B held by sy hydegen beds Gkl

BFs omd  SF e huld by otk vow dbe Weeb! foces.

b

M‘Vt E’/yw.ﬁ:) B V’e,'v,qv/\ul %a beQ'L _H\L L\Ud"ﬂ‘sqm }3\’"’13‘
Hyo hes Lnbm-(- ”""8 Pmﬂ.

Tl/\b VVWLCCM'W e of BF(‘ 2% lCivﬁe,.. Tha, BF_g
vor ol Ueels! forws  hefueen  SFy melewls  an Stronger

‘h\c‘»" Bf} M e s .

~ A
S hghe- baleg  perit  fhon BF

M sy 1 v b bk fhe vew die Wadl? (G marks)

4‘"’1’4 ‘3 u‘(um,-, SF g " eles

Answers written in the margins will not be marked.
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A~ 200 4 Hy D ZTHR 2T

Cr e 5 Wt 91 3 Gan

5. The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :

Hx(g) Oa(g)
aluminium anode cathode Y
anode A cathode B
unreacted Ha(g) o - = unreacted O(g) } i
and water vapour r
concentrated KOH(aq) concentrated KOH(aq)
hydrogen-oxygen fuel cell aluminium-air cell

(a) What is meant by the term ‘primary cell’ ?

A el Hhat 15 rechovgeable. (1 mark)

(b) For the above hydrogen-oxygen fuel cell,

@) write the half equation for the change that occurs at anode A.
20H () + Holy) D 2Hao(n) ¢ 2e”
(ii) suggest one disadvantage of using this hydrogen-oxygen fuel cell.

(_(./ do?$ hu‘\' YW&%% “kowﬂc chl \,\(:t S.

(2 marks)
©) In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.
@) Write the half equation for the change that occurs at cathode Y.
4e’ v 2H0IR) + 0uly) P 4oH (aq)
(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H(ag) —> Al(OH)s(s) + 3¢~
Write the chemical equation for the overall reaction in the aluminium-air cell.
GR1) + (Hpal0) ¢ 30uty) 2 4AILHY, )
(iii) Suggest how aluminium can be obtained from aluminium oxide.
FY\)\«\ e[cdrolp s1s o mlen olbmdum  exde w<.

(3 marks)

Answers written in the margins will not be marked.
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6. Consider the following chemical equation for the formation of CHsCl from methane and chlorine :

CHa(g) + Clx(g) — CH3Cl(g) + HCI(g)

(a) Name the type of reaction involved.
Sub strtetion. (1 mark)
(b) State the condition needed for the reaction to occur at room temperature.
Sunhait ' (1 mark)
(c) The reaction involves three stages: initiation, propagation and termination. In the initiation stage,

chlorine free radicals (Cl*) are formed from chlorine molecules.

6] With reference to the electronic structure, explain why a chlorine free radical (Cl+) is a
reactive chemical species.

(+ \Mlo hes 1 snfermest  shell  eloctrns.
£ 15 unstable .

(ii) Complete the chemical equations below by filling in a suitable chemical species in each
of the following boxes :

One of the steps in the propagation stage :

Cle + CHy » | HCl | +]| CHye

One of the steps in the termination stage :

CHy* | +| Cl* | 5 cHil

(3 marks)

(d) Explain why CH3Cl is not the only organic product formed in the reaction between methane
and chlorine.

0ther Pv»dws Sweh as  CH,Cl, ) CHCl ave ~fovmad .
(1 mark)

(e) From the hazard warning labels shown below, circle a label that should be displayed on a gas
cylinder containing methane.

® e & &

(1 mark)

Answers written in the margins will not be marked.
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7. An experiment was performed to determine the enthalpy change of neutralisation between Ca(OH)(s) and
HCl(aq). 100.0 cm?® of 1.0 M HCl(aq) was placed in an expanded polystyrene cup. The temperature of the
contents in the cup was measured at half-minute intervals. Right at the third minute, 0.502 g of Ca(OH)(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH)x(s)
A

24.5 EEREEEE i L

24.0
¥
P
g 235 EEEEN RGN
8
joh
g
2

23.0 RN

225 oo 009

A -

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

time / minute

(a) Write a chemical equation for the reaction between Ca(OH),(s) and HCl(aq).

CeLOr), ) +1Hclcﬁ) = Callylag) £ 2H, 0 [9)

(1 mark)
(b) (i) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup. '
The greatest temperature rise = 2.] °C

Answers written in the margins will not be marked.
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7. (b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.

In the experiment, HCIl(aq) is in excess. Calculate the enthalpy change of neutralisation
between Ca(OH).(s) and HCl(aq), in kJ mol™}, under the experimental conditions.

(Volume of the reaction mixture = 100.0 cm?,

density of the reaction mixture = 1.00 g cm™;

specific heat capacity of the reaction mixture =4.2 J g7 K™!;

heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, O = 16.0, Cl = 35.5, Ca =40.1)

0. SL1

Neo b mle o el = e 2
" |N\0lﬂ« Y‘C-‘th o'{ C‘\(/UH)L: HL" = {2

Noo o mwle o Hypo = ()04 x XLZ0.0135¢ m.}

Hest released = lov¥ | x4 % 2.} = P82 )

3R
aHY - - _
0.4 354 =4S 100 dm.| !
=S kdm |
7
(5 marks)
(c) Standard enthalpy changes of neutralisation AH,® for two reactions are given below :
AH? / kJ mol!
Reaction between Ca(OH)(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0
Calculate the standard enthalpy change of the following reaction.
CaO(s) + HoO(1) —> Ca(OH)(s)
CaO e «  Hyupoy — —> ColH), )
"lHCICagL) +2H et &)
AHLE -1t
o
4H n < ‘\S&Qk() ol !
Catly Cog) + 2HGu(0)
Sadord ety change = <13~ (-66) = [27.4 kdmal
(3 marks)
Answers written in the margins will not be marked.
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*8.

Describe and explain the similarities and differences between the chemical principles involved in tin-plating
and galvanising in the rusting prevention of iron-made objects.
' (6 marks)

T\V\’ P)c:'hvue and g lventshing batl. ‘(wvv\& o Pw‘fu'ﬁve; /o\Uu oh
_ ! J hd J

Tran ,L\/L\ML‘ Con PW—VMT Tvin T cafocd  tith

L;a'fev omd 0563301. Forpme 1o of Fe (QZ) 7%71:)‘&(,[‘

—ﬁv\“ﬂaﬁvq 15 Q Coct  of ‘i /'( 11 15 scratehed 0-(’-{/
a5 Fe 1 mee  reodie oo S, Fe o5 el

v m“b\/;\ -{’L\C\v\. SV\' . FWT)UV\ o‘f) FQHCQL) i ,Vwm,.'bw(.
[wn st et o Aestee oo,

Cﬁc'vqnWéka? B < Cocd i Za. P 1t w Sesdtched T,

Z—L\ 5T¥|| O\c\LS as SO«Q»TF?(,?:A, Phﬂ017dw. L 3 e, veeshive

_ﬂ/\c\v\ f'i ; R [ch5 '6/(1,0.('% M e V‘v,qd)b iﬂ’\qb\‘ F( \
F\)rmc“hw u‘( Fe qu/) B 1ubabrfed .

Answers written in the margins will not be marked.
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PART 11

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

9. At a certain temperature, the equilibrium constant K. for the following reaction is 2.25 x 102 mol dm.
PCls(g) = PCly(g) + Cla(g) AH>0
ehd o

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PClz(g) and 0.16 mol of Cl,(g) were initially introduced
in a closed container of a fixed volume of 4.0 dm’, and the system was allowed to attain equilibrium at that
temperature.

(a) i) Calculate the reaction quotient Q. for the system under the initial conditions.

PClty = Daigly + oy (q)
’m‘ha\

0 .3% 0.6 oo (b
Con c%‘f,;t\m / I & %
-3
WN{OQ/L-\ 0.2 :Q‘Ul‘t T 0.0y
a EPclacj)] Cclyes))
— G0 VY
<
= (v (oo
-~ \
0. 21
= 762 xy3 o] JN-Z
(ii) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.
Qe < Ke
Eqrhbru, Posﬁ\m wold sttt fle nefT.
C s C w ole
omgentvda. t P ls Cj\ wld Lrense (4 marks)
(b) Explain whether XK. would increase, decrease or remain unchanged if the temperature of the

equilibrium mixture is increased.

,hc'feasw} +he ‘femytmi% ‘eevwrs the Q,He[fﬂf\o»h)(, Y‘cmf('m,.

The ‘(\Uﬂmd reoctlion 15 endsthemmc .

‘b\|r- W8)To o ® L\Lﬂm"
&%ﬂlﬂ\m‘ P)ﬁh would skt to 1 3 (2 marks)

Kc, Lonld  Tnerense |

Answers written in the margins will not be marked.
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10.

At room conditions, H2O2(aq) would decompose into Oz(g) and H;O(l) very slowly in the absence of
MnOx(s). An experiment was performed as shown in the set-up below :

H;05(aq)

500 cm® measuring cylinder —

RAnARANRRANAAnAN \

sm==t—— MnOx(s) + detergent solution

When 10.0 cm?® of 3.00 M H,02(aq) was mixed with a small amount of MnOx(s) and detergent solution at
room conditions, Ox(g) started to be released rapidly and foam was produced. The MnOa(s) remained
chemically unchanged at the end of the reaction.

(a) Write a chemical equation for the decomposition of H>O»(aq).

Wyolag) LH0 (L) 0,¢9)

(1 mark)
b) Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.
Mtxv\gmse, and TS Compomnds  Com ot as ecfalysls.
Mo, ) Tnaeesey fhe vote ’
re N C'Xu‘,ovnresﬂm- of H’l 9.
(1 mark)
({a remeding OL\LV"\](A“D W\f\gb\g‘v.jul Q‘(’ He end :

M"‘O), 8 » fhe c;(’e‘ljgf N dx,o».\?\s)'h% f Mo,

Answers written in the margins will not be marked.
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10. (c) Upon completion of the reaction, all the H,Oz(aq) was used up. Calculate the theoretical volume
of Ox(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm?)

Nu. 5{ il 5{ HZDL = T\:ﬁ“ x 3 S VX 03“«5‘

MA\Q_, TOT\o u‘f H"LoL : 0, = 21‘

Ns. \Te W\J\L ‘ue Ly = ‘_;E‘ = 0y th‘

V‘“‘V\wu./ A’ 0-,,(,0) releesed = 24 ol T . 3b dhg//

(2 marks)
(d) In the experiment, the time taken for the foam to rise from the mark at 100 cm?® to the mark at

200 cm’ of the measuring cylinder was 18 seconds, while the time taken for the foam to rise from
the mark at 200 cm® to the mark at 300 cm® was 63 seconds. Explain these results.

L ATow |
€ « vete of  reade (,-(%’-)

v

KOT(L Ge Md'\\,». “pmh (\)Uchz ‘(’a 200 0m3 2y S\ru{tt, \"L\c»\

'{V\Sw\ 200 G o 90 L. Rdtz. of reechia.  olecrenses.
&5

As e vead N

S i V‘Qc\cTw»\ os\:hnw:.)) wafr{(’h\« sf H_Lol Cq,[)

deeveoses . Moleedlss e, less  close  amd  crvuded ‘fojc‘ﬂ\gp

Number  of  aslhinong deoveers. Nambe, o etledve

Co l ‘ IS ole e ases, un v'f M‘:r}"\ CA”/(/"C“}Q& (2 marks)

Answers written in the margins will not be marked.
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11. Compounds P, Q and R are structural isomers having the molecular formula of CsH;20. Their structures are

shown below :

CH3 (':H:; (|:H3

CH;CH,CCHj, CH3CH2CH2?H CH3(|?CH20H
OH CH
oH ’ ’\ redunct
P Q R4
(a) Give the systematic name of P.
\) { - d\VV\e'('L\D\\PVw‘)q“- (- o\
. (1 mark)

(b) Heating Q with acidified K,Cr,07(aq) under reflux will give an organic product.

(1) Draw a labelled diagram to show the set-up for this reaction.

h = \»I(‘:hiw'
vt

T 1 | Candensee

L)

O omd
0c1drfled KeCr, 090aq)

§rom ATEY
heot
(i1) State the expected observation for this reaction.

Ove fabt/r becomes Fioe li\\jerS»

(iii) Write the structural formula of the organic product.

(4 marks)

Answers written in the margins will not be marked.
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11. ©) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be
prepared from the reduction of W. ‘

@) Suggest the structural formula of W.

ety

(ii) Suggest a reducing agent required for the reaction.

. LAl H"k [ ether
2.4 (Q‘L)
(2 marks)

(d) Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural formula of S.

H=C-c-c- -y

H o H H

(1 mark)

Answers written in the margins will not be marked.
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12. 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.

HO

Cene -
50

/\/\/OH—*—*\/\

M, 7 7,

(3 marks)

Answers written in the margins will not be marked.
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Ho o\

*13.

Describe the acid-base properties of the products formed (if any) when the following oxides are added to
water separately. Chemical equations are NOT required.

Na,O MgO AlLO; Cl,O
(5 marks)

NC\,/O and Mé() Onc bo,sl(, 'h W(::fe,r‘, "H'\CJ Sha b9 IPN}KvT)tS'

Tl’\e:) dselve  Ho  gne  llalve  Neting) and  MeltHo) repedfiely.

All (73 15 QM?L\:(’(‘M](. Huuww y 7-6 ofves lﬂu‘( 6%\)(»,\ CL':\J, &do(- bC\SC,

P/U?Q\:f)%s = Wu-(—'l ~.

C\J— 0 % Qc)l/h( . ,(f\ LJG"('QF, 7f, J,ﬁoug O\(,)(!‘l(, ,va;reerS, /t

o()mlm 1. Qive a0 dic Hocl (az).

END OF SECTION B
END OF PAPER

Answers written in the margins will not be marked.
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PARTI

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

1.

Iodine is a halogen. It can form potassium iodide and hydrogen iodide.

(@

(®)

(c)

(@

(e)

Name the relationship between *271 and *231.

The ot e ‘toees
) (1 mark)

The electronic arrangement of an iodine atom is 2, 8, x, 18, y. What is x ?
= d

(1 mark)

Draw the electron diagram for potassium jodide, showing ELECTRONS IN THE OUTERMOST
SHELLS only.

(e [\

(1 mafk)

Suggest why an aqueous solution of hydrogen iodide can conduct electricity.
As e 4\6V‘9W$ 90‘“1109‘ (',gm'fog'wv}
we Wile i s
(1 mark)

In terms of bonding and structure, explain whether potassium iodide or hydrogen iodide would have

a higher melting poin
k‘ VCV\‘J

fotagsinua ‘odkide iC O‘ﬂ“f

fhasm I

l«'chVv vty ,n:v-‘- Tt LlJo‘wJu.

tewle (trwnine

vt “

odidle s ${weple meoletw e stvuvton s T Tomle youd
hetwetn 15 e = (L G5 showmger flam e ven et
el oot e atets 5 RE P 7]
s peeded ek T cvnie bw“v ~ k1l _thrag
~ev\w‘m needed ts  suvevevnr b Ve dor
4 H\
Loal > ‘F"’W} e Twees H1 o e . (2 marks)
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2. The diagram below shows an experimental set-up in which a metal oxide X,O(s) is decomposed upon strong
heating. A silvery metal X and a colourless gas Z are formed.

X,0(s)
L)
heat
(a) State what Z is and suggest a test for it.

€ s oRyyen
pdd J[ouiuj sl&'{iut wmte fube Wit ov”“ta )
, e qlow Splivt  Felifhts .
(b) When 3.028 g of X,0(s) is completely decomposed, 2.819 g of metal X can be obtained.

(2 marks)

(i) Calculate the relative atomic mass of X.
(Relative atomic mass : O = 16.0)
, - 3
No. vl 0¥Yger mitw LSceped = 3.008- 2.3
gl 4 o p ”

. 0.0(3] me],

Ug.«ré mol eﬂ X ,N{»'L ' c,m’;.u.‘l ¢ 0.0l X2

2 0.0 262 wo |
velatlve  ado o waksC = 2819 £ 5 400

2 |o% J
(ii) Suggest what X is.

X v Silver
(3 marks)

© Explain whether the decomposition of X>0O(s) is a redox reaction.

Nes  Simw X' iens e redund  amd (4

oyidatia wo , C "‘-"’7-') 3(""" 1 1o ©, ~ Lile Ob- iovs
Gne oridived MJ- vty oxidetin we. ‘h"j"'\ {Mm

-2 4, 6. (1 mark)

Answers written in the margins will not be marked.
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3. Antacid is a drug for neutralising stomach acid. A sample of an antacid contains NaHCOj3(s) and other
soluble inert substances. 1.52 g of the antacid sample was completely dissolved in deionised water to give a
weakly alkaline solution. The solution was then titrated with 0.644 M HCl(aq) using a suitable indicator.
25.20 cm? of the HCl(aq) was required to reach the end point.

(a) Write the chemical equation for the reaction between NaHCOs(s) and HCl(aq).

Nadtos + Rel =2 nacl * Lo, +Hs0

(1 mark)
(b) Calculate the percentage by mass of NaHCOs(s) in the antacid sample.
(Relative atomic masses : H= 1.0, C=12.0, O = 16.0, Na = 23.0)
. X R
Vo. g{ weol 16 HU vaz»‘w«‘{ © 0.64%~ oo
- 0.0(bVv Wmel
by . 4) weol ’( Mot Cvy rw‘t""’(* 0.0ol6r wu
, tore 0‘0(‘1"((1;*\{-\11(‘\(5) P
("’VHV‘ .‘J "j et I - — K (oo /b
R
. 84.57
(2 marks)

Answers written in the margins will not be marked.
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(c) The pH of the solution at the end point of the titration was found to be between 3 and 4.

@ Suggest a suitable indicator for this titration and state the colour change at the end point.

W,[tldy‘ oyau—(j}

Tie Colour 4:1\/\JWXe 'f\/bw JJ‘HOH o mﬂat

Q‘. “tlt O,V\.Af ?v\y\tl

(ii) Suggest an instrument to measure the pH of the solution accurately.

rH {{w, or u—l‘““ o‘,“f‘\ Iojjtr

(3 marks)

tate one advantage of taking antacids containing Mg 2(s) over those containing Na 3(8).
d S d f taki id ining Mg(OH)(s) hy ining NaHCO3s(s)
e M)(N‘”\. reaets  LYiM ftonrach aid ’ ‘{

Ao e e | rnlw \7,,; 1.5_ Cor Lut NavHC()j

0‘045, bhich ‘M.] be anh{o-fc.btc ‘{"' F“t;’"f :

(1 mark)

Answers written in the margins will not be marked.
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4, Consider the molecules H,O, BF3 and SFe.
(a) H:0 molecules can form H;0" ions.
@) In each of the following boxes, draw the electron diagram (showing ELECTRONS IN

THE OUTERMOST SHELLS only) for a suitable chemical species to show the formation
of a H;O"ion. ’

\'\;i?‘-k\d‘ + ({\._\ }4 —_— G@E
G

(i) Describe the formation of dative covalent bond using H;O" as an example.
Dative  (ovalent vond s "?MMJ Y an  atown
\)‘\l"&\ ,9“\-( F‘:’ e[Mfﬂ\n} (;_S. akjﬁtu\ ontein, i~ H.0
moleeales)  fonatewy 15 fone pur Hectams Ao
Atom 44 Town with VoL sunrl ¢ite I :{}
clecdron  Glaell (.. vaCeml $11e e HT (omt)
‘}owcwj Aative  qovefent b (3 marks)
(b) Explain whether the boron atom in a BF; molecule has an octet structure.
Mo Ginwg  tluv o Ota'-':) 6 outtrmaant
Shett glesd s ta Levsa ateee 0 BFL paofendds ,
khich 0y pet stable setet gt r‘
g <lee onlemmos 1 t(tc’fvw- S - (1 mark)
(c) 6 Draw the three-dimensional structure of a SFs molecule.

Answers written in the margins will not be marked.
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4. (c) (ii) Explain whether SFs is a polar molecule.
No Siww elew ‘(\M“—Jb\ 5P heud ¢ r~l«», dhe
9’0»\”“{:1“-1 avvirefe ot "6 6 S$-F bLouds Jead o

Fo.(a.’.tics Cowe e out (_le\. o'U"U‘. S' fome 2

n. net Fo(q,n-lv a~d SF. ¢ Moh’f\)[” molente
(2 marks)
(d) Explain the following increasing order of the boiling points of the three compounds :
BF3; < SFs <H,0

= ke hydwggn . londs baTwedts HaO wag]penlas
J ] ot S

uf—os

Tt A e e adds ferus  kelwtin SR pmoleraly
an the  venn der ‘\)MI" ,fwu, lrednaas ﬂf:} .lﬁdi/ftw(ﬂl}_

More W"’J‘? S heeded  fo  outecpue AL L\JJ-—-T«.
bend  pLotueee H,0  mulenales  fhaw  2ren ) need eof
fo  uerion  en e Waals forces botwate BE)
P, melewles (9 Hs9 has l'lfgl"‘/' Loi_“-«/ })0?»\1, tho -
$Ce Q"T‘l k;_

.

weol comlt ‘
. g]:o v l«m$ A (A»J4. Mslocs(uv site thes ISFJ o

o[twlfr
el

So .t(A’ Vo q(w U‘-&',S 'J;""s ("1“’1"‘ ;‘{—" ale ol

ont /4/74_,. Ttrom it Uetin /!iv‘ U(ﬂ’:‘ +MJ batvan

{’7l:} pv\o(h-«l~<5‘ l"\.,.,c {m‘*]w} 11 oneeded fo  crer o
v Ao wrals ome e SF sl T

“‘U’Lul LE Al Vom  oles WMI [

e enery 1 (3 marks)

'\Fom.‘ LQTV\,QL\ ,;‘-3 VHD("’ it -&S, SO &Fb L,’S [‘\‘fw"
val."’] lpa-ﬂ'( thna (;(:}‘
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5.

The following hydrogen-oxygen fuel cell and aluminium-air cell are primary cells. Their simplified
structures are shown below :

unreacted Hx(g) :
and water vapour

(a)

(b)

(©

Hz(g)

anode A

Oa(2)

aluminium anode —+ cathode Y

cathode B
air

= unreacted Ox(g)
concentrated KOH(aq) B concentrated KOH(aq)

hydrogen-oxygen fuel cell aluminium-air cell

What is meant by the term ‘primary cell’ ?
C(«l( Tb\kt y (av\vot LO ('L‘M'J"”d . (1 mark)
For the above hydrogen-oxygen fuel cell,

6)] write the half equation for the change that occurs at anode A.

o ¥ 10T = aH0 « 2

(ii) suggest one disadvantage of using this hydrogen-oxygen fuel cell.

&K P-thslve .

LUJHJ*“— a.‘\jalq,a ‘(;v\"‘ (,4.“ '\}
(2 marks)

In the above aluminium-air cell, oxygen in air reacts with water to form hydroxide ions at
cathode Y.

@) Write the half equation for the change that occurs at cathode Y.

oo * 9, 1RO 7 Lot”
(ii) The half equation for the change that occurs at the aluminium anode is as follows :
Al(s) + 30H(aq) —> AI(OH)s(s) + 3e~

Write the chemical equation for the overall reaction in the aluminium-air cell.

Zoo v 6Nz 4Bl = 4 a4 (oHy

(1ii) Suggest how aluminium can be obtained from aluminium oxide, \\;;J\;
.‘:“\
e X
obte at  (afuede d% Vele Aty
Lo (3 marks)
Qi ‘Ikv»lo{ aluminiatn  orLAC:

Answers written in the margins will not be marked.
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6. Consider the following chemical equation for the formation of CH;C! from methane and chlorine :
CHu(g) + Cla(g) — CH3Cl(g) + HCI(g)

(a) Name the type of reaction involved.

;h") S{‘(".V\'L-(wn WL‘(,'!.._

(1 mark)
(b) State the condition needed for the reaction to occur at room temperature.
V\V\Jel' MV li&“\* - (1 mark)
(c) The reaction involves three stages: initiation, propagation and termination. In the initiation stage,
chlorine free radicals (Cl¢) are formed from chlorine molecules.
6)) With reference to the electronic structure, explain why a chlorine free radical (Cl+) is a
reactive chemical species.
A; hloviem -}.nte \rw"«ml has om u«?/»-.hw{
e ctrom .
(ii) Complete the chemical equations below by filling in a suitable chemical species in each
of the following boxes :
One of the steps in the propagation stage :
Cle + CHa > | (Hy» |+| Hel
One of the steéps in the termination stage :
CHy | +]| ¢t* | » cmal
(3 marks)
(d) Explain why CH3Cl is not the only organic product formed in the reaction between methane

d chlorine. fue
(V] >
Vhs tonlav i~ ﬁ% ) Chfsvint vadial Lo~ a\lsg m'ttML chemicnds

covtoing  metus
WVYZM o5 YW oty  thom R 7o) -t-‘r. (Hiel s 7£w~

WM'U.{/Z/"* ﬂeds

(e) "~ From the hazard warning labels shown below, circle a label that should be displayed on a gas
cylinder containing methane.

v e = %

ollws rhfv'{w’ts A—J’. ) CH\v(IlL . (1 mark)

(1 mark)

Answers written in the margins will not be marked.
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7. An experiment was performed to determine the enthalpy change of neutralisation between Ca(OH)(s) and

HCl(ag). 100.0 cm® of 1.0 M ) was placed in an expanded polystyrene cup. The temperature of the

contents in the cup was measured at half-minute intervals. Right at the third minute, 0.502 g of Ca(OH)(s)
was added to the cup with thorough stirring. The recordings of temperature are shown in the graph below :

Addition of Ca(OH)(s)
A
245 R Rm==s =
= .Y o] =

24.0
1%
°
é 23.5
5y
a,
g
3

23.0

225 081019

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
time / minute
(a) Write a chemical equation for the reaction between Ca(OH)(s) and HCl(aq).
CQ{OHN + LH W =2 (alle « WHeo
(1 mark)
(b) @) By SKETCHING on the graph above, estimate the greatest temperature rise of the contents
in the cup.
The greatest temperature rise = 1! °C

Answers written in the margins will not be marked.
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7. (b) (ii) It is given that the enthalpy change of neutralisation is the enthalpy change when solutions
of an acid and an alkali react together to produce one mole of water.
In the experiment, HCl(ag)}-is-in-exeess. Calculate the enthalpy change of neutralisation
between Ca(OH),(s) and HCl(aq), in kJ mol™!, under the experimental conditions.
(Volume of the reaction mixture = 100.0 cm?;
density of the reaction mixture = 1.00 g cm™3;
specific heat capacity of the reaction mixture =4.2 J g K;
heat capacity of the expanded polystyrene cup : negligible)
(Relative atomic masses : H= 1.0, 0 =16.0, C1=35.5, Ca=40.1)
E’M“J‘SV) relesd = (YY) ((oo)(_l~)7 ().
= 2 g
'“"*Mdpj b“\ﬂ"lt .( y\.w\tro"& Falin =
o . [P ™
e 2 [ _tsm ,
(4ot + (b Lav ) Tt
T30 AF et 4o
b2 %G&l\‘osl U\,\-o‘,v"
(5 marks)
(©) Standard enthalpy changes of neutralisation AH® for two reactions are given below :
AH® /[ kJ mol™?
Reaction between Ca(OH),(s) and HCl(aq) -58.6
Reaction between CaO(s) and HCl(aq) -186.0
Calculate the standard enthalpy change of the following reaction.
CaO(s) + HO(1) - Ca(OH)a(s)
-186 - (-¢8.6)
= L . S % SN R
(3 marks)
Answers written in the margins will not be marked.
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*8. Describe and explain the similarities and differences between the chemical principles involved in tin-plating
and galvanising in the rusting prevention of iron-made objects.
(6 marks)
- Rusting o rem s due 1o oxidation of ivow whtn i
d [ 74
ot T (Qufa.c’f with 0¥y and weltr,
M)
- RBath t"“-’,’“tig\f ardd 1o.lvaw'5".,\1 e frUU%f Y fmw
! J v J !
fetling  pastesk oxidized and fhan  rus Tleof .
v ‘
- Tt  Tin- plating % lanT«Ts frow by  prventiag i
| J ol J
‘me Conhof/cv\( o 0*,77(» and  air  uspw 11 ple
[}
Whon  tha ple\‘bu\, ls o[dwaa;//,cdt tiu'platimj Lon
nv }.m.{ty prafc«-‘{; the ivou bat btc/?—fh't-cs
i1 et
'fl/\.( rwst:lh-’ 4 1Y|9V| . A\ ‘/Qqu \"' ,“,, s L
.. v uo\~ als v
- é’)o\'\/&v\l$l\4 n, eels  ivewn W G ‘“ oy
( 6 y
On 0¥%$ﬁﬁnr- chwcu«f agent 15 give ouf
Y e 1
'Cl'f(.frm) 15\( lrpw s pVe"*"'{ {VPH— 1t iuy
J
pcidivd by o7 €49 L, pate v e T fuen f b
v Y
f,,o.,‘ IS ,QK/JOS&»L to 1{~e 0\,“" 1he Qluc [Mef,\[
1
Lo JHiU et oS o ppdwctng  Apeut sk That

The

yV‘o"(\%t {0

&Hv{

o

J 7
[as ted .

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

9. At a certain temperature, the equilibrium constant X; for the following reaction is 2.25 x 1072 mol dm=.

In an experiment, 0.84 mol of PCls(g), 0.16 mol of PCli(g) and 0.16 mol of Cly(g) were initially introduced
in a closed container of a fixed volume 0f 4.0 dm?, and the system was allowed to attain equilibrium at that

temperature.
(a) @) Calculate the reaction quotient Q. for the system under the initial conditions.
C (/\ v ] ( [’)(,l’s 1
Q. -
trels )
o.16 0.6
) ("= ( =)
> T
o 8¢
[ = )
2 Tk o3l Y
(ii) Explain whether the concentration of PCls(g) would increase or decrease just after the
reaction started.
As Qe < ¥ , e Trative o( |>(,|,_ ow o
OA wWneey o
(4 marks)
(b) Explain whether K. would increase, decrease or remain unchanged if the temperature of the

PART I

———

PCls(g) = PCly(g) + Clx(g) AH>0

equilibrium mixture is increased.

As +l 'F“'WG«!J r<aovtiva ’(/V»J" '“;MM'LB’ lnertar A

[ ‘f&mrmw woew\ (-cmi -ty vt i~ k « .

(2 marks)

Answers written in the margins will not be marked.
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10. At room conditions, H>O2(aq) would decompose into Ox(g) and H,O(1) very slowly in the absence of
MnOx(s). An experimént was performed as shown in the set-up below

H,0:(aq)

500 cm® measuring cylinder —

AnnAnnnAnnnnAnn \

i—— MnOx(s) + detergent solution

When 10.0 cm? of 3.00 M H,O»(aq) was mixed with a small amount of MnOx(s) and detergent solution at
room conditions, O(g) started to be released rapidly and foam was produced. The MnOx(s) remained
chemically unchanged at the end of the reaction.

(a) Write a chemical equation for the decomposition of H202(aq).

M 0n 2 0, + VAo

(1 mark)

b) Explain how manganese illustrates a characteristic of transition metals according to the results of
this experiment.

]""hb‘d«‘w‘* wnetad WO to-h("{l., l;yorov""]’
}.3' Hiter addifis '( [\1“0'(\)].' Hi0v |, 4tu

Yeote I{ np\ymd‘tzow ’B. ‘0 v j ®s ",\"ﬂb‘ 5 Cove (l mark)
%wru‘vn‘J {e yu"'_ 16 -\‘u-w.u'tlﬂ\- rg Dy }o;

vt M-V Cs)

Answers written in the margins will not be marked.
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10. (c) Upon completion of the reaction, all the HZOi(aq) was used up. Calculate the theoretical volume
of Ox(g) released at room conditions.
(Molar volume of gas at room conditions = 24 dm?)

{ ©

W.9~ UB wael J(‘ H-;U\. G.A‘L'LJ: ;"

{o00O

= 0.0% Mol
N\.’h '& w~ol ub Ve Nll‘ﬂr‘i‘ 9. 0} -2'7, ¢ G‘O‘KWL('

Tl,\_l,w"t"""& volunwma 36 0y melesad

G.ot5 « 14y > 4.406 dna?

(2 marks)

(d) In the experiment, the time taken for the foam to rise from the mark at 100 cm® to the mark at
200 cm® of the measuring cylinder was 18 Seconds, while the time taken for the foam to rise from
the mark at 200 cm® to the mark at 300 cm® was 63 seconds. Explain these results.

‘,{““‘thw ?ﬂbftdi fnw mare ot

‘v
Ay Y St ré res ot v [ from l“’t““;

He Yo

wa o le ad Lo \W)), a & lvno(o(é or el "

e reactiton ({,‘,* owle Al Wora T T

O~ onle st oo ')t Loneentratio. o HvO o

s . —
W ‘749"""'5%\)‘ a(uu o Auow-/,? sit? ,,6 HM)\..

12N} .
Hy() L at o~ w'{‘ ‘g 4\) t m.le ‘z JC“’“'I"’Sc tivia JICUNG.C;C @ .

T veatin oy fon (2 marks)
Taam  tunt «b ¢fart

"( e ety

Answers written in the margins will not be marked.
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11. Compounds P, Q and R are structural isomers having the molecular formula of CsH;20. Their structures are
shown below :

g g
CH;CH,CCH; CH3CH2CH2(IIH CH3(|?CH20H
OH OH CH,
P Q R
(a) Give the systematic name of P.

1= weiyl butanm- 2-°!
» (1 mark)

(b) Heating Q with acidified K2Cr;O7(aq) under reflux will give an organic product.

@) Draw a labelled diagram to show the set-up for this reaction.

(eXer o~ (/OV\&A'MAI .

owt ’ /

e S \NO\{QV (e

pistie “K (§ ] dzvu)l
(LL(/VLO‘l H"4

TN

N
\»>

Leak \X“”

(ii) State the expected observation for this reaction.

Tt Gotutim  watelet  Somsy

’Q\""‘ \yr’w\&‘( 1. av""""" .

(iii) Write the structural formula of the organic product.

)

BN

(4 marks)

Answers written in the margins will not be marked.
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11. (c) W is an organic compound containing five carbon atoms. Under suitable conditions, R can be

prepared from the reduction of W.

@) Suggest the structural formula of W.

1

b
(ii) Suggest a reducing agent required for the reaction.
LiAlHy .
(2 marks)
(d) Compound S is an optically active secondary alcohol. It is also a structural isomer of compounds
P, Q and R. Write the structural formula of S.
oM
N
oy
(1 mark)

Answers written in the margins will not be marked.
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12. 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.

HO

/\/\/OH——>\/\

towts Hadow teg) A

Ho o Yt'

(3 marks)

Answers written in the margins will not be marked.
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*13.

Describe the acid-base properties of the products formed (if any) when the following oxides are added to
(waté%‘separately. Chemical equations are NOT required.

Na20 MgO A1203 Cle
(5 marks)

= Ry M40 and B0y 0wt lagibuble 1w Heler,
J
o Preducts ot ormn e MTO e or AUy ane
! d
aolo{ul 1o N&ften_

- As Nazy s added 1, Nh'ter, it ]Co«wuj Sod Tnas

L‘Wotvo\rie&, 5o(u-6?«o-,~l"i/"L X3 ot pllol]l  opmd  Lorn
J

"“V"’l""’qo Vle”‘**“lf!‘\'ﬁ““ T A .
- AS (1,0 (s mo(o{:(z( 15 werle- R4 fou-‘) ht”;o chlovi,
7 //

mz&{‘ vhich s av  acid aud (ua whdtrao
4 v

n tutralisgtion  oethn 44{&0»(1 .

END OF SECTION B
END OF PAPER
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