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Section A

For each question there are four possible answers, A, B, C and D. Choose the one you 
consider to be correct.

1 The famous chemist Sir Humphry Davy worked out that the formula of a yellow explosive 
gas was ClO2 by decomposing it completely to form chlorine and oxygen only.

If Davy started with 200 cm3 of ClO2, what volumes of chlorine and oxygen were produced 
at the same temperature and pressure?

volume of chlorine / cm3 volume of oxygen / cm3

A 67 133

B 100 200

C 200 200

D 200 400

2 When dilute acid is added to an aqueous solution containing nitrite ions, NO2
–, gases are 

evolved.

                            2H+(aq) + 2NO2
–(aq) H2O(l) + NO(g) + NO2(g)

Which of the following statements can be deduced from the process? 

A The H+(aq) ion is oxidised by NO2
–(aq) ion.

B The H+(aq) ion acts as a catalyst in the process.

C The NO2
–(aq) ion undergoes disproportionation.

D The NO2
–(aq) ion undergoes neutralisation with H+(aq) ion.      

3 A 2.0 dm3 sample of argon at a pressure of 300 kPa and a 1.0 dm3 sample of helium at a 
pressure of 500 kPa are introduced into a 5.0 dm3 vessel at 20 C. What is the final 
pressure in the vessel when the temperature is increased to 30 C?

A 228 kPa B 330 kPa C 379 kPa D 550 kPa

4 Which of the following species do not have three unpaired electrons?

A Co

B Cr3+

C Sc

D V2+
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5 The successive ionisation energies (I.E.) of an element E are given below. 

1st 2nd 3rd 4th 5th 6th 7th 8th

I.E. / kJ mol–1 1213 3288 5200 7369 9889 13326 70330 83078

What is the likely formula of the compound that is formed when E reacts with Mg?

A MgE B MgE2 C Mg2E D Mg3E2

6 In which pair below does the second species have a larger bond angle than the first?

A SO3
2–, SO4

2– B NO3
–, ClO2

–

C PH3, AsH3 D BrF2
–, HCN

7 Which of the following sets contains one ionic, one macromolecular and one simple 
molecular substance?

A aluminium chloride, diamond and silicon

B aluminium fluoride, aluminium chloride and graphite

C silicon dioxide, silicon and hydrogen chloride 

D silicon dioxide, carbon dioxide and graphite 

8 Consider the following four compounds:

LiF LiI MgF2 SrF2

What is the correct order of their lattice energies placing the one with the lowest numerical 
value first?

A LiF < LiI < MgF2 < SrF2

B LiI < LiF < MgF2 < SrF2

C LiI < LiF < SrF2 < MgF2

D SrF2 < MgF2 < LiI < LiF
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9 Some enthalpy changes of combustion are given below.

Hc / kJ mol–1

H2(g)  +  ½O2(g)  H2O(l) –286
C(s)  +  O2(g)  CO2(g) –394
C2H5OH(l)  +  3O2(g)  2CO2(g)  +  3H2O(l) –1211

What is the enthalpy change of formation of ethanol, C2H5OH(l)?

A –187 kJ mol–1

B –292 kJ mol–1

C –435 kJ mol–1

D –1293 kJ mol–1

10 The reduction of nitrogen monoxide by hydrogen is shown below.

2H2(g)  +  2NO(g) 2H2O(g)  +  N2(g)

A series of experiments was carried out to determine the rate equation for the above 
reaction. 

The results are shown in the table.

experiment initial [H2] / mol dm–

3
initial [NO] / mol dm–3 rate / mol dm–3 s–1

1 0.001 0.006 6.0 x 10–3

2 0.002 0.006 12.0 x 10–3

3 0.006 0.001 1.0 x 10–3

4 0.006 0.002 4.0 x 10–3

Which of the following shows the correct rate equation and units for the rate constant, k, for 
the above reaction?

A rate = k [NO] [H2]2, units of k = mol–2 dm6 s–1

B rate = k [NO] [H2]2, units of k = mol–1 dm3 s–1

C rate = k [NO]2 [H2], units of k = mol–1 dm3 s–1

D rate = k [NO]2 [H2], units of k = mol–2 dm6 s–1
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12 Methylamine, CH3NH2, is a weak base (pKb=3.38 at 25 C). When a sample of 
methylamine is titrated withhydrochloric acid, the following titration graph is obtained. 

CH3NH2 +  HCl CH3NH3
+Cl–

What is the explanation for the change of slope at point P?

A A solution containing CH3NH2 and CH3NH3
+Cl– has been produced.

B More hydroxide ions are produced as the reaction proceeds.

C The base has been completely neutralised by the acid.

D The reaction produces heat.

11 In the reaction between aqueous sodium thiosulfate and dilute acid, the reaction is found 
to be first order with respect to acid at low acid concentration, but zero order with respect 
to acid at high acid concentration.

Which graph represents the experimental results?

A B

C D

P

[acid]

rate0
0

[acid]

rate0
0

[acid]

rate0
0

[acid]

rate0
0
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13 The percentage of ammonia obtainable, if equilibrium was established during the Haber 
process, is plotted against the operating pressure for two temperatures, 400 °C and  
500 °C.

Which diagram correctly represents the two graphs?

A B

pressure/ 103 kPa

% NH3 at
equilibrium 

pressure/ 103 kPa

% NH3 at
equilibrium 

C D

pressure/ 103 kPa

% NH3 at
equilibrium 

pressure/ 103 kPa

% NH3 at
equilibrium 

14 The table below shows some data on two indicators.

indicator approximate pH range of 
colour change

colour change
acid alkali

bromocresol–green 3.8 – 5.5 yellow blue
phenol–red 6.8 – 8.5 yellow red

Which conclusion can be drawn about a solution in which bromocresol–green is blue and 
phenol–red is yellow?

A It is weakly acidic.

B It is neutral.

C It is weakly alkaline.

D It is strongly alkaline.
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15 When the concentration of Ca2+ ions in water is greater than 10–5 mol dm–3, an insoluble 
scum would be formed with soap.

To prevent scum formation, what is the minimum mass of sodium carbonate that should be 
added to 1 dm3 of water? (Ksp of CaCO3 = 5.0 x 10–9 mol2 dm–6)

A 6.4 x 10–3 g B 3.7 x 10–2 g

C 4.2 x 10–2 g D 5.3 x 10–2 g

16 The reaction sequence shows the preparation of 1,1–dichloroethene from ethyne and its 
subsequent polymerisation.

In which step does the hybridisation of carbon atoms change from sp3 to sp2? 

H C C H
+ HCl

A
H2C CHCl

+ Cl2
B

ClH2C CHCl2

+ NaOH

C
in ethanol CH2 CCl2

D

CH2 CCl2 n

17 When heated with chlorine, the hydrocarbon 2,2–dimethylbutane undergoes free–radical 
substitution.

In a propagation step, the free radical X• is formed by the loss of one hydrogen atom.

How many different forms of X• are theoretically possible?

A 1 B 2 C 3 D 4

18 Limonene occurs in oil of lemons and is used to flavour some citrus drinks. The structure 
of limonene is shown below.

limonene

How many optical isomers will be formed when limonene is reacted with cold acidified 
potassium manganate(VII)?  

A 2 B 4 C 16 D 32

CH3CH2 C

CH3

CH3

CH3

+ Cl X + HCl
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19 Linalool is a constituent of lavender oil and has the following structure:

(CH3)2C CHCH2CH2C(OH)CH CH2

CH3

Which of the following statements about linalool is correct?

A Its molecular formula is C10H20O.

B It can exist as three pairs of stereoisomers.

C Its molecule is planar.

D It decolourises aqueous bromine in the dark.

20 An alkene Q, on heating with an excess of concentrated acidified KMnO4, produces 
CH3CO2H and CH3CH2COCH3 only. 

Which of the following alkenes is likely to be Q?

A C C
H

CH3H

CH3CH2CH2
B C C

CH2CH2CH3

CH3

H

H

C C C
H

CH2CH3

CH3

CH3

D C C
H

CH3CH3

CH3CH2
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3
may be correct.

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick 
against the statements that you consider to be correct.)

The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

21 Which of the following statements arecorrect for the complete combustion of an alkene in
excess oxygen?

1 The volume of oxygen required is directly proportional to the number of carbon atoms
in the alkene molecule.

2 The volume of gas produced at 25 oC is the same for an alkane with the same 
number of carbon atoms under similar conditions.

3 At 100oC, the volume of steam produced isalways twice that of carbon dioxide
produced.

22 The concepts of bond energy, bond length and bond polarity are useful when comparing 
the behaviour of similar molecules, e.g. thermal stability.

For example, it could be said that

“Compared with the HCl molecule, the bond …………. of the HBrmolecule is ………. .”

Which pairs of words correctly complete the above sentence?

R S

1 polarity smaller

2 length greater

3 energy greater

R S
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct 

No other combination of statements is used as a correct response.

23 The reaction pathway diagram for a reaction that proceeds viatwo steps is shown below.

Which of the following statements are correct?

1 The enthalpy changes of both stepsare exothermic.

2 The first step is fast while the second step is slow.

3 The activation energies of both steps are about the same.

24 The rate equation for the reaction between X and Yat a temperature of 30 C is 

rate = k[X]2[Y]

The rate constant, k, doubles withevery 10 C rise in temperature. Which of the following 
sets of conditions will allow the reaction to proceed withhalf of its original rate?

concentration of X concentration of Y temperature

1 half doubles 30 C

2 no change doubles 10 C

3 doubles half 20 C

25 Which statements about the properties of a catalyst are correct?

1 A catalyst has no effect on the enthalpy change, H, of the reaction. 

2 A catalyst increases the average kinetic energy of the reacting particles.

3 A catalyst does not alter the mechanism of the reaction.

reaction pathway

energy

www.KiasuExamPaper.com 
10



26 Hydrogen and iodine react in the gas phase andare allowed to reach equilibrium according 
to the following equation.

H2(g)  +  I2(g)  2HI(g) H = –11 kJ mol–1

Which statement about this reaction at equilibrium is correct?

1 The yield of HI is increased by decreasing the pressure.

2 The value of Kc increases as temperature decreases.

3 The mixture will become lighter in colour if HI is removed.

27 Water dissociates as shown.

H2O H+ +  OH–

Given the followingdata at 25 C:

equilibrium concentration / mol dm–3

H+ 10–7

H2O 
18

1000

Which of the following statements regarding pH, pKa and pKw are true?

1 Numerical values of pH <pKw<  pKa.

2 Numerical values of pH, pKa and pKw decrease when temperature increases.

3 pKa = 2(pH) + lg(
18

1000 )

28 An enzyme, found in the stomach, operates at maximum efficiency when in an aqueous 
solution buffered at pH 5. 

Which of the following pairs of solutions when mixed, would give the necessary buffer
solution?

1 Equal volumes of 0.1 moldm–3 CH3CO2H and 0.2 moldm–3 CH3CO2
–K+

2 Equal volumes of 0.1 mol dm–3 NH3 and 0.1 mol dm–3 NH4Cl

3 Equal volumes of 0.2 mol dm–3 NaOH and 0.05 mol dm–3 CH3CO2H
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The responses A to D should be selected on the basis of

A B C D 

1, 2 and 3
are correct

1 and 2
only are correct

2 and 3
only are correct

1 only
is correct

No other combination of statements is used as a correct response.

29 An acidified solution containing 0.10 moldm–3ZnSO4 and 0.10 moldm–3CuSO4is saturated 
with H2S at 15 C. The concentration of S2–(aq) in the solution is then              10–35 moldm–

3. 

The solubility product, Ksp, of ZnSis 10–24 mol2 dm–6 and that of CuSis 10–40 mol2 dm–6 at 
15 C.

Which of the following statements correctly describes what happens in the solution?

1 Only CuS is precipitated.

2 Only ZnS is precipitated.

3 CuS is precipitated followed by ZnS.

30 Which of the following compounds will be produced when ethene is passed into bromine 
water that is mixed with aqueous sodium chloride?

1 BrCH2CH2Br

2 ClCH2CH2Br

3 ClCH2CH2Cl
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H2 Chemistry 9647AJC JC1 Promotional Examinations 2013Paper 1 – 30 marks

Question 
Number Key Question 

Number Key

1 B 16 C
2 C 17 C
3 A 18 C
4 C 19 D
5 A 20 D

6 A 21 B
7 B 22 B
8 C 23 B
9 C 24 B

10 D 25 D

11 D 26 C
12 A 27 A
13 A 28 D
14 A 29 D
15 D 30 B

A 7
B 7
C 8
D 8

7 B 22 B
8 C 23 B
9 C 24 B

10 D 25 D

11 D 2626 CC
12 A 27272722727272727272772727227772727272727277272727272777727277727272722222272722272272772222772777 A
13 A 2828282828282828282828228282882882828282828282828282828282282828282288882822222228222282822228 DD
14 A 2222922292929292222222229229292922222292922222292229222922 DD
15 D 30 B

A 77777777777
B 7777777777777
C 8
DDDDDDDDDDDDDDD 8
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H2 Chemistry 9647 2013JC1 Promo P1Worked Solutions

1 2ClO2(g) Cl2(g) + 2O2(g)

n(ClO2) : n(Cl2) : n(O2)
2 : 1 : 2
200 cm3 100 cm3 200 cm3

B

2 O.N. of N in NO2
– = +3 ; O.N. of N in NO= +2 ; O.N. of N in NO2   = +4

NO2
–(aq) NO(g)

+3 +2

NO2
–(aq) NO2(g)

+3 +4

NO2
–(aq) ion undergoes disproportionation, i.e. it undergoes reduction and oxidation 

simultaneously.

C

3 pV = nRT

T
pV = constant, i.e.

2

22

1

11

T
Vp

T
Vp

A

For Ar:

kPa  124.1p
273)(30
5p

273)(20
2.0300

2

2

For He:

kPa  103.4p
273)(30
5p

273)(20
1.0500

2

2

Final pressure in vessel = 124.1 + 103.4 228 kPa

4 27Co [Ar] 3d7 4s2 3d7

24Cr [Ar] 3d5 4s1
24Cr3+ [Ar] 

3d3
3d3

21Sc [Ar] 3d1 4s2 3d1

23V [Ar] 3d3 4s2
23V2+ [Ar] 

3d3
3d3

C

5 Sharp increase in I.E between 6th and 7th I.E.
7th electron is removed from the next inner quantum shell. 

6 valence electrons
E is in Group VI and formsE2– ion
Likely formula of the compound formed when E reacts with Mg is MgE.

A

reduction

oxidation

aq) NO(g)
+2

aq) NO2(g)
+4

O2
–(aq) ion undergoes disproportionation, i.e. it undererrrrgogogogogogogogogogoogoogogoogogogogogogoogogogogoogoggogogogoggggogooooooooesesesesessesesssssssessssssssssesssss rreeducttionon aand oxid

aneously.

nRT

constant, i.e.
2

22

1

11

T2

Vp 22

T1

Vp 11

:

kPa 24.1
273)))))))))))))(30
5p

273)
2.0 2

For He:

kPa 1001010100010100100103.4ppppppppppppp
273)(30
5p

272727272727272727272727273)33)3)3)3)3))(2(2(2(2(2(22(22(222(2000000000
1.05 00000000000000000000000000

222

2

al pressusususususussssssssusssurererererererereeeeee in vevevevevevevevevevevevevesssssssssssssssssssssssssel = 111111111112424424242442442442424.1 + 111111111103030303030303030303030303.4444444444444 2222222222222222222222222222222 8 kPa

[Ar] 3d7 4s4s4s4s4s4s444444 22222222 3d7

[Ar] 3d5 4s111111111
2222422222 CrCrCrCrCrCrCrrCrCCrCrCr3+3+3+3+3+3+3+3+3+3+3+++ [A[AA[A[A[AA[A[AAA[A[Ar]r]r]r]r]r]r]r]r]rr]r] 

3333333d33333 3
3d3

[Ar] 3d1 4s2 3d1

[Ar] 3d3 4s2
23V2+ [Ar] 

3d3
3d3

reduction

oxidation
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6 SO3
2– ( 107 ); SO4

2– ( 109.5 )
NO3

– ( 120 ); ClO2
– ( 105 )

PH3 ( 107 ); AsH3 (<107 )   

[Note: P is more electronegative than As bonding electrons in P–H bond are drawn more 
towards P more crowding of electron density around P atom more inter–electronic repulsion 
between the electron pairs around the P atom larger bond angle than in AsH3]

BrF2
– (180 ); HCN (180 )

A

7 A : simple molecular, macromolecular, macromolecular
B : ionic, simple molecular, macromolecular
C : macromolecular, macromolecular, simple molecular
D : macromolecular, simple molecular, macromolecular

B

8
rr

qqL.E.

Mg2+ and Sr2+ have a larger ionic charge than Li+

Mg2+ has a smaller ionic radius than Sr2+

F– has a smaller ionic radius than I–

C

9 2C(s) + 3H2(g) + ½O2(g) C2H5OH(l) Hf[C2H5OH(l)]

Hf[C2H5OH(l)] = Hc(reactants) – Hc(products)
= [2(–394) + 3(–286) + 0] – [(–1211)]
= –435 kJ mol–1

C

10 Comparing Expt. 3 and 4, order of reaction w.r.t. NO is 2.
Comparing Expt. 1 and 2, order of reaction w.r.t. H2 is 1.

rate = k [NO]2 [H2]

Units of k = 1-62-
3-23-

-1-3
s dmmol

)dm(mol )dm(mol
s dmmol

D

11 Note that the y–axis is [acid] and x–axis is rate.
From the given information, if rate is plotted against [acid] the graph will be as follows:

D

rate

[acid]0
0

zero order

first order

[acid]

rate0
0

ionic, simple molecular, macromolecular
macromolecular, macromolecular, simple molecular
macromolecular, simple molecular, macromolecular

rr
qq

g2+ and Sr2+rr have a larger ionic charge than Li+

g2+ has a smaller ionic radius than Sr2+rr
– has a smaller ionic radius than I–II

 + 3H2(g) + ½O2(g) CC22222222HHHHHHHHHH55555555555OHOHOHOHOOOHOHOHOOHOH(l((l(((l((l(l((l(( ) HHHHHHHHHf[[[[[[[[[[[CC2H5OHOHOHOHOHOHOHOHOHHHOHOHOHH(l)]

C2H5OH(l)] = Hc(reactananananananananananaants) – HHHHHHHHHHccccccccccc(p(ppp(p(p(pp(pp(p(p(prororororororororororoor dudududududududududududuuctttttttttts)sssssssssss
= [2(–394) +++++ 3((((((((((((–282828282828282828282828286)66  + 0] ]]]]]]]]]] – [(–1121212212121212221 11111111111111 )]
= –435 5 5555 5555555 kJ moooolooooooooo –1–11–1–1––111

paring Expt. 3 and 4,44,4,44,4,4444,44 ooooooooooooordrr ererereeerereerr ooooooooooooofff f reactiononononononononononononon wwwwwwwwwwwww.r.r.r.rr.r.r.r.r.r.rr.t.t.tt.t.t.t.t.tt. NONONONONONONONONONONONONO iiiiiiissssssssssss 2.2.2.2.2.2.2.2.2.222.2
paringggggggggg ExExExExExExExExExExExExpt. ..... 1 and 2, oooooooooooorddddrddddddddderrrrrerrrrrrr offf ffffffffff reactionnnnnnnnnnnn wwwwwwwwwwwww rrr.rrrr.t. HHHHHHHHHHHH2 is 1.

e = k [NO]O]O]OO]O]O]OO]O]O]O]O]222222 [H[[[H[H[H[H[H[HH[H[[ 2]]]]]]]]]

of k = 1-62-
3-23- 23 23 233 23 23 23 233333

--- -1---------333333333333
s dmmol

)ddmd(m(m(mmmmmmmmmmololoolooloolololololl)))))))))))))222222dmm(mol
sssssssssssdmddmdmdmdmdmdmdmdmdmdmdmomomomomomomomomomomomomollllllll

that the y–yy axis is [acid] and x–xx axis is rate.
the given information, if rate is plotted against [acid] the graph will be as follows:
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12 Maximum buffer capacity occurs at point Pwhere equal concentrations of CH3NH2 (weak base) 
and its salt (CH3NH3

+Cl–) have been produced when CH3NH2 is titrated against HCl.A buffer at its 
maximum capacity is most effective in maintaining its pH.

A

13 N2(g) + 3H2(g) 2NH3(g) H< 0 (exothermic)

By Chatelier’s Principle,
when pressure increases, the position of equilibrium (POE) shifts right to decrease pressure
by producing fewer gas molecules % NH3 at equilibrium increases
when temperature increases, POE shifts left (as backward endothermic reaction is favoured)
to reduce temperature by absorbing the extra heat % NH3 at equilibrium decreases

A

14 yellow blue
bromocresol–green 3.8 – 5.5

yellow red
phenol–red 6.8 – 8.5

pH range of solution :  5.5 – 6.8   weakly acidic

A

15 CaCO3(s) Ca2+(aq) + CO3
2–(aq)

Ionic product = [Ca2+][CO3
2–]

To prevent scum formation, [Ca2+]in water 10–5 mol dm–3

(10–5) x [CO3
2–]in water = 5.0 x 10–9

[CO3
2–]in water     = 5.0 x 10–4 mol dm–3

n(CO3
2–) in 1 dm3 water = 5.0 x 10–4 mol

n(Na2CO3) that should be added = 5.0 x 10–4 mol
mass of Na2CO3 that should be added = 5.0 x 10–4 x 106.0 = 5.3 x 10–2 g

D

16
H C C H

+ HCl

A
H2C CHCl

+ Cl2
B

ClH2C CHCl2

+ NaOH

C
in ethanol CH2 CCl2

D

CH2 CCl2 n

sp sp

sp2 sp2 sp3 sp3 sp2 sp2

sp3 sp3

C

y producing fewer gas molecules % NH3 at equilibrium increases
hen temperature increases, POE shifts left (as backward endothermic reaction is favo

o reduce temperature by absorbing the extra heat % NH3 at equilibriumum ddececreases

yellow blue
mocresol–green 3.8 – 5.5

yellow red
nol–red 6.8 – 8.5

nge of solution :  5.5 – 6.8  weakly acccicccccccccc ddididdddddidddd c

O3(s) Ca2+(aq) + CO3
2–(aq)))))))))))))))))))))

product = [Ca2+][CO3
2–]]]

event scum formrmmrmmrmmmrmrrrr aatatataaaaaaaa ioioioioioioioioioioioon, [CCCaCCCCCCCC 2+22222222222 ]]]]]]]]]]iin iiii watwatwatwatwatwatwatwatwatwatwatwatw ereeeeeeee 10100000000 5–5–555–5– mollllllll dmmdmdmdmdmdmdmdmdmdmdmd –––3––––––––

) x [COOOOOOOOO33333333333
2–]in watwatwatwatatwatwatatwattwatwaater = 5.00 000 0000 0 000 x 1000001 –9

2–]in waterererereererrrrrrrrr     = 5.0 xxxx xxxxxxxxx 101010101010100000––4––––––– mol dmdmdmdmdmdmdmdmdmdmdmdmdm–3–3–3–333–3–3–3–

3
2–) in 1 dddmmmmmmmmmmmmm3333333333 wawwwwwww ter === 5.0 x xx xxxxxxxxxx 1010101010101010100101010–4–4–44–44–4 mommommmommomomommm lllllllllll

2CO3) that shshshshshshshshshshshshs ouououououoououououuuulddddddddddd bbbbbbbbbbbbbee adadadadadaddaaaaaa dedededed d dd dddddd ddd ========= 5555.55555555 0 x 10–4 mol
of Na2CO3 thhhhhhhhatatatatatatatatatatatatat ssssshohohooohohoooohohooululllulluuulddddddddddd bebebebebebebebebebebebe adddddddddd ed = 5.0 x 10–4 x 106.0 = 5.3 x 10–2 g

C H
+ HCl

A
H2C CHCl

+ Cl2
B

ClH2C CHCl2

+ NaOH

C
in ethanol CH2 CCl2

p sp

sp2 sp2 sp3 sp3 sp2 sp2
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17

C

H

H

H

C

H

H

C

CH3

CH3

CH3

The 3 different forms ofX•are: 

CH

H

C

H

H

C

CH3

CH3

CH3

C

H

H

H

C

H

C

CH3

CH3

CH3

C

H

H

H

C

H

H

C

CH2

CH3

CH3

C

18

limonene

cold KMnO4/H+ HO
HO OH

OH

No. of chiral centres in product = 4
No. of optical isomers = 24 = 16

C

19 Its molecular formula is C10H18O
It can exist as one pair of stereoisomers (optical isomers)
Its molecule is non–planar; it’s tetrahedral w.r.t. each sp3 carbon atom
The alkene functional group in linalool undergoes electrophilic addition with aq. Br2 in the dark

D

20
C C

H

CH3H

CH3CH2CH2

C C
CH2CH2CH3

CH3

H

H

C C
H

CH2CH3

CH3

CH3

C C
H

CH3CH3

CH3CH2

D
CH3CH2CH2COOH   +   CH3COOH

CH3COCH2CH2CH3 +   CO2

(CH3)2CO   +   CH3CH2COOH

CH3CH2COCH3 +   CH3COOH

H H CH3 H H CH3 H H CH3

limonene

cold KMnO4/H+ HO
HO OH

OHH

f chiral centres in product = 4
of optical isomers = 24 = 16

s molecular formula is C10H18O
can exist as one pair of stereoisssssssssssomomomomomomomomomomommers (((o(((((((( pticccccccccccccallllllllllll iisomeemememeeeeeemerssrsrsrsrssrsssrsrsssrsrr )
s molecule is non–planar; it’s tettttttttttrarrrrrrrrrrrr hehehheheheheheheheheheedrdrdrdrdrdrdrdrdrdrdrd alaalalaalalalalalaa wwwwwwwwwwwww.rrrrrrr.t....t. eaeaeaeaeaeaeaeaeaaaaachchchchchhchchchchh ssssssssssp3 cacacacacacaacacacacacac rbrbrbrbrbrbrrbrbrbon atomm
he alkene functional grooouooooooooo p p inininininininnnnnnn linalool underrrrgrrrrrrrrr ooooeooooooooo s eleccccccccctrtrtrtrtrtrrtttrrropopopopoppopopopopopoophihihihihhihihihihhihililililiilililiiililic ccccccccccc addition with aq. Br2 in the d

C C
HHHHHHHHHHHHH

CCCHCCCCCCCCCC 3H

CH2CH2

C C
CH2CHCHCHCHCHCHCHCHCHCHHCH222222222222CH3

CH3

C
H

CH CH

CHCHCHCHCHCHCHCHCHCHCHCHCH333333333333CHCHCHCHHCHCHCHCHCHCHCHCH2222222222CHCHCHCHCHCHCHCHCHCHCHCHCH2222222222COCOCOCOCOCOCOCOCOCOCOCOCOOH   +   CH3COOH

CH3COCH2CH2CH3 +   CO2

(CH3)2CO   +   CH3CH2COOH
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21
CnH2n + n

2
3 O2 nCO2+ nH2O

n(CnH2n) : n(C): n(O2)

1   :n    : n
2
3

Volume of O2(g) required is directly proportional to the no. of carbon atoms, n, in the alkene 
molecule (Option 1 is correct).

At 25 C, 

alkene: CnH2n + n
2
3 O2(g) nCO2(g) + nH2O(l)

alkane: CnH2n+2 +
2

13n O2(g) nCO2(g) + (n+ 1)H2O(l)

Volume of gas produced (CO2 only) at 25 C is the same for an alkane with same no. of carbon 
atoms (Option 2 is correct).

At 100 C,

CnH2n + n
2
3 O2 nCO2(g)+ nH2O(g)

Volume of steam produced is the same as that of CO2 produced (Option 3 is incorrect).

B

22 Br is less electronegative than Cl bond polarity of H–Br is smaller (Option 1 is correct) 
Br has a larger atomic radius than Cl bond length of H–Br is greater (Option 2 is correct)
H–Br is a weaker bond than H–Cl bond energy of H–Br is smaller (Option 3 is incorrect)

B

23

H of both steps are exothermic, i.e. < 0 (Option 1 is correct)
EA of first step is lower than that of second step first step is fast; second step is slow (Option
2 is correct; Option 3 is incorrect)

B

reaction pathway

energy
H(step 1)

H(step 2)

EA(step 1)

EA(step 2)

C, 

e: CnH2n + n
2
3 O2(g) + nH2O(l)

e: CnH2n+2 +
2

13n O2(g) + (n+ 1)H2O(l)

lume of gas produced (CO2 only) at 25 C is the same for an aalklkananee wwith ssamame e nono. of ca
s (Option 2 is correct).

0 C,

n + n
2
3 O2 )+

lume of steam produced is the sssassssssss mmmemmmmmmmmm aaaaaaaaaaaassssssssssss thththhththththhtt atatatatataataatatt ooooooooooooof ffffffff COCOCOCOCOCCOCOCOCOCOCOO2 ppprppppppppp oducucuccuccuccucucucucucced (Optitionon 3 is incorrect).

r is less electronegative thahahahahahahhahahahahahan CCCCCCCCCCCCllllllllll boboboboobobobobobobobobondnnnnnnnnnnn  popopopopopopoppoppp lalalalalaaaaaalll rityyy ofofofoofofofofffo HHHHHHHHHHH–––––BrBrBrBrBrBrBrBrBrBrBrBrBr iiiiiiiiiiis ssss ssssmssssssss aller (Option 1 is correct)
r has a larger atomomoomomomomomomomomomo iciciciciiiiic raddddddddiuiiiiiii sss sssssssss ththhhhhhhhhhhaanaanaaaaaaan CCCCCCCCCCCCClllllllllll boboboboboboobond lengnngngngngngngngnggngngth ooofofoofofofoofooo HHHHHHHHHHH–Br is

nH2O(ggggggggggggg))))))))))nCO2(g

nCO2(g)

nCO2(g)

greater (Option 2 is correc
–Br is a weaaaaaaaaaaaaakekekekekekkekekekekeer booooooooooondndndndndddndnddndndnd thaannnnnnnnnnnnn HHHHHHHHHHHH–Cl bobobobobobobobobobobobobondndndndndndndndndndndndnd enenennenenenenenenenenenerererererererereerrgygygygygygygygygygygygygy ofoofofofofofofofofoffo HHHHHHHHHHHH–Br is smaller (Option 3 is incorrect

reaction pathway

y
H(step 1)

H(step 2)

EA(step 1)p 1)E

EA(A(A(A(A(A(AA(AAA(AAAAAAAAAE stepsteptestepstepstepstepepstepstepstepstepe  2(((((( )2
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24 At 30 C,
rate = k [X]2 [Y]

if original [X] = a mol dm–3& original [Y] = b mol dm–3

original rate = ka2 b

when [X] is halved &[Y] doubled, 
new rate = k (a/2)2(2b) = (ka2b)/ 2 rate is halved (Option 1 is correct)

At 10 C,
rate = (k/4)[X]2 [Y]    since kdoubles with every 10 C rise in temperature

when [X] is unchanged &[Y] doubled, 
new rate = (k/4) (a)2(2b) = (ka2b) / 2 rate is halved (Option 2 is correct)

At 20 C,
rate = (k/2)[X]2 [Y]

when [X] is doubled &[Y] halved, 
new rate = (k/2) (2a)2(b/2) = ka2b rate is unchanged (Option 3 is incorrect)

B

25 Catalyst only lowers the activation energy of the reaction (Option 1 is correct)
Increase in temperature increases the average KE of the reacting particles, not catalyst
(Option 2 is incorrect)
Catalyst alters the mechanism of the reaction by providing an alternative reaction pathway of a
lower activation energy (Option 3 is incorrect)

D

26 H2(g)  +  I2(g)  2HI(g)   H = –11 kJ mol–1

violet steamy white

No change in the no. of moles of gaseous reactants and products, hence yield of HI is
unaffected by pressure changes (Option 1 is incorrect)

As temperature decreases, POE shifts right (exothermic reaction is favoured) to release heat.

More product (HI) will be formed. Hence Kc increases since Kc = ]][I[H
[HI]

22

2
.                       (Option

2 is correct)

When HIis removed, POE shifts right to produce more HI  [I2] decreases hence the mixture
will become lighter in colour (Option 3 is correct)

C

27 H2O H+ +  OH– H> 0

pH = –lg [H+] = –lg (10–7) = 7
pKw = –lg Kw = –lg ([H+][OH–]) = –lg (10–7 x 10–7) = 14

Ka = 16
27

2

-
101.8

(1000/18)
)(10

O][H
]][OH[H pKa = –lg (1.8 x 10–16) = 15.7

A

= (k/4)kk [X]2 [Y]    since kdoubleskk with every 10 C rise in temperature

[X] is unchanged &[Y] doubled, 
rate = (k/4) (kk a)2(2b) = (ka2b) / 2 rate is halved (Option 2 is correct)

C,
= (k/2)kk [X]2 [Y]

[X] is doubled &[Y] halved, 
rate = (k/2) (2kk a)a 2(b/2bb ) = ka2b rate is unchangedddddddddddd (O(O(OO(O(O(OOOOOOptptptptpptppppp ioioioioiooooioioioioioioiooiooooioioioiooioioioooioooooooooooooooooooooonnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 33333333333333333333333333333333333333333333333 isisiisisisisissssisisisisisisisississsiiisisisiiiiisssisiissssisisssisisssssiisiii iiiiiiiiiiiiiiiiiiiiiiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnncccccocococococococococococoocococococooccoccccccococccooooococccc rrrrrrrrrrrrrrrrr eceect)t)

atalyst only lowers the activation enenennnenenennennenerererererererereeererrgygygygygygygygygygygygyy ooooooooooof ffffffffff thhththththththththhhhe reactititittitttttttionnnnnnnnnnnnnnn (Option 1 iss cocorrecct)t)
crease in temperature increaseseseseseseesesssssss sssssssssss thhhhheeeeeeeeeee averereererereeereeereragagagggaggggggge KEEEEEEEEEEEEE ooooof the reacctiingng particles, not ca

Option 2 is incorrect)
atalyst alters the mechanananananananananana issssisissssssm mmmmmmmmmmmm of thehhhhhh reactionnnn nnnnnnnnn bbbybbbbbbbbbb  provididididididddididdidd ngngngngngngngngngngngngng aaaaaaaaaaaaannnnnnnnnnnn alternative reaction pathway
wer activation energy (OOOOOOOOOOOptptptptptptptptptptptpttioioioioioioioiioooon 333333333333 is incncncncncncncncnnnnn orororororororororororrrererererererererereereectcctcctcccctcct)))))))))))

 +  I2(g)  2H22H22H2H2H2H22H22HIIIIIIIIIIIII(g(g((((((g((g(( )   HHHHHHHHHHHHH ========== ––––––111111111111111111111 kkkkkkkkkkkkkJJJJJJJJJJJJJ momomomomomomomomomomomoolllllllll–––1111111

steamy white

o changgggggggggggge innnnnnnnnnnnn ttttttttthehehhehehehehehehehehh nnnnnnnnnnnno.oo.o.o.oo.o.o.o.oo. oooooooooofffffffff fff moleeeeeeeeeeeeesssssssssss ofofofofofofofofofofofofof gggggggggggggasasasasasasasasasasasasaseeeeoee us reactants and products, hence yield of 
naffected bbbbbbbbbbbbby prpppppppppp essuurerererererererereerr  chaaaaaaaaangngngngngngngngngngngnggeseseseseeseseesesess (O(O(O(O(OO(OO(O(O(O(O(Optptptptptptptptptpptptptiiiioiiiiiiiii n 1 is incorrect)

s temperaturerererererererererereee dddddddddddddececececececececeeecececrererererereeeeeeeeasasasasasasasasasasassesesesesesesesessssss,,,,,,,,,,, POPOPOPOPOPOPOPOPOPOPOPOPOE shifts right (exothermic reaction is favoured) to release 

ore product (HIIIIIII))))) ))))))) wwwiwwwwwwwwww lllll bbbbbbbbbbbbbeeeeeeeeeeeee ffffofffff rmed. Hence Kc increases since KcK  =
]][I[H

[HI]
22 ][I

2
.            (O

is correct)

When HIis removed POE shifts right to produce more HI [I ] decreases hence the mi
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pH < pKw< pKa (Option 1 is correct)
When temperature increases, POE shifts right (forward endothermic reaction is favoured) to 
absorb the extra heat [H+] , [OH–] , [H2O] 

pH 
 pKa  (Ka )
 pKw (Kw )    (Option 2 is correct)

)
18

1000lg(  2(pH)pK

O][Hlg  ]lg[H 2  

)
O][H
][H( lgK lg

O][H
][H

O][H
]][OH[HK

a

2

2

2

a

2

2

2

-

a

(Option 3 is correct)

28 A mixture of CH3CO2H and CH3CO2
– forms an acidic buffer (pH < 7) (Option 1 is correct)

A mixture of NH3 and NH4
+ forms an alkaline buffer (pH > 7) (Option 2 is incorrect)

When equal volumes of 0.2 mol dm–3 NaOH and 0.05 mol dm–3 CH3CO2H are mixed, the
resulting solution contains the excess NaOH and CH3CO2

– which do not make up a buffer
(Option 3 is incorrect)

D

29 [Zn2+] = [ZnSO4] = 0.10 mol dm–3

[Cu2+] = [CuSO4] = 0.10 mol dm–3

[S2–]in solution = 10–35 mol dm–3

ionic product: [Zn2+][S2–] = (0.10)(10–35) = 1 x 10–36<Ksp of ZnS ZnS is not precipitated
ionic product: [Cu2+][S2–] = (0.10)(10–35) = 1 x 10–36>Ksp of CuS  CuS is precipitated

Only CuS is precipitated (only Option 1 is correct)

D

30

C
H

H
C

H

H

Br

Br

C

H

C

H

H

Br

H

Br

C

H

C

H

H

Br

H

Cl

OR

Br( +) acts as the electrophile for the electrophilic addition of ethene. Hence the possible products 
formed include: BrCH2CH2Br and ClCH2CH2Br (Options 1 & 2)

Note: ClCH2CH2Cl is not formed due to the absence of Cl( +) to act as the electrophile.

B

+

-

)
18

1000lg( 2(pH)K

O][Hlg  ]lg[H 2  

)
O][H
][H(lgK

O][HO][H
K

a

2

2

2

a

22
a

2(pH)

]lg[H2

K (Option 3 is correct)

mixture of CH3CO2H and CH3CO2
– forms an aaaaaaaaaaciccccccccccc dididididididididdddd c bubububbububububuubbuuuuuuuububuuuuuubuuuuubuuuubbubuuuuuuufffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffferererrerererererererererererrerrrereerrereeerereererererer (p(p(p(p(p((p(p(p(p(p(p(p(p(p(p(p(p(p(pp(p(p(p(p(pp(p(p(p(pp(p((p(p((p((pppppppppppp((p(((( HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< 7)7)777)7)7)7)7)77777)7)7777)7)7)777)7)7777777)) (O(Optptioionn 11 isis ccorrect)

mixture of NH3 and NH4
+ forms an alkallllllllllinininininnnninnninneeeeeeeeeeee bufferrrrrrrrrrrr (pHpHpHpHpHpHpHppHpHpHpHp  > 77777777777777777777))))))))))))))))))))))))))))))) (O(O(O(O(O(O(O(O(O(O(O(OOOO(OO(O(OO(O(O(O(O(O(OO(O(OO(OO(O(O(O((O(((OO(O(O((O(((((( ptptptptptptptptptptpp ion 22 isis incororrerecct)

When equal volumes of 0.2 mol dmmmmmmmmmmmmm–3 NaaaaaaaaaaaaOHOHOHOHOHOHOHOHOHOHHOHOH and 000000000000.0000000000000000005 mol dm–3 CHCH3COO22HH are mixed
esulting solution contains the excxcxcxcxcxcxxxxxxx esessesesesesesesesssssssssssss NaNaNaNaNaNaNaNaNaNaNaNN OHOHHOHOHOHOHOHOHOHOHHH aaaaaaaaaaaand CHHHHHHHHHHHHH33333333333333CO2

– whichh dodo not make up a b
Option 3 is incorrect)

= [ZnSO4] = 0.10 mol dddddddddddmmmmmmmmmmmm–333333333

] = [CuSO4] = 0.1010101000101010101010101010 mol dddddddddddddmmmmmmmmmmmm–33333333333

n solution = 10–3333533333333 mol dmddmdmdmddmdmdmddm–3–––––––––

product:tt:t:tt:t:t:tt:t:t:tt:ttt:: [ZnZnZnZnZnZnZnZnZnZnZnZnZn2+][][]][]][][][][][[SSSSSSSSSSSSS2–]]]]]]]]] = (00000000000.1.1.1.1.1.1.1.1.111.110000)000000000 (10000000000–3535535355353535335353 ))))))))))))) = 111111111111 x xxx xx xx xxxx 10111111111111 –36<KspK of ZnS ZnS is not precipitated
product: [[[[[[[[[[CuCCCCCCCC 222+22222222 ][SSSSSSSS2–2–2–222–2–2–2–2 ]]]] ]]]]]] ===== (((0(((((((( .10)0)0)0)0)0)0)0)0)0)0)0)0)(1(1(1((1(1(1(1(1((1(1(10000000000000–35333333333 ) ========= 1 x 10–36>KspK of CuS  CuS is precipitated

ly CuS is precececccecececceccce ipipipipippipipppipppittitittititititititititaaaataaaaaaaa edededededeedededededed (((((((((((((ononononononnnnnnnnlylyylylylylyylylyylyy OOOOOOOOOOOOption 1 is correct)

C
H

H
C

H

C

H

HH C

H

C

H

HHOR
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Section A

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

1 Planning (P) – You should spend no more than 20 minutes on this question.

Discovered in 1785, malic acid, with the formula CH(OH)(CO2H)CH2CO2H, is a naturally occurring 
compound found in many fruits. It is used in many types of food, especially candy intended to be 
very sour or bitter.

A student was given a bottle of malic acid crystals and 1.00 mol dm–3 NaOH(aq). He was asked to 
determine the enthalpy change of reaction, Hr, between malic acid and NaOH as shown below.

CH(OH)(CO2H)CH2CO2H(s) +  2NaOH(aq) CH(OH)(CO2
–Na+)CH2CO2

–Na+(aq)  + 
2H2O(l)

The student was provided with the following:

a thermometer with 0.2 C division
a 200 cm3 Styrofoam cup with a lid
a digital stopwatch
common apparatus found in a school or college laboratory

Dataloggers are not provided.

(a) Given that Hr has an approximate value of –96 kJ mol–1, suggest a suitable mass of malic
acid that the student could use to obtain a temperature change of 8.0 C.

Justify your answer with relevant calculations.

You may assume that 4.18 J is required to raise the temperature of 1.0 cm3 of any solution
by 1 K.
[Mr of malic acid = 134.0]

Hr
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[2]

(b) Write a plan that the student could use to determine the enthalpy change of reaction, Hr,
between malic acid and NaOH(aq).

In your plan you should:

allow for the plotting of a suitable graph to correct for heat transfer with the surroundings
include appropriate apparatus, masses and volumes of reagents, using your answer in
part (a)
draw a well–labelled diagram to show the experimental set–up

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

www.KiasuExamPaper.com 
24



[4]

(c) Sketch a graph that you would expect to obtain in the experiment. Indicate clearly on the
graph the temperature change of the reaction.

[2]
[Total: 8]

2 (a) The van der Waals’ equation as shown below is often used to account for the discrepancies 
between experimental and theoretical behaviour of real gases.

(p + 2

2

V
an )(V – nb) = nRT

p is the actual pressure, V the volume, T the temperature, n the amount of substance (in 
moles), and R the gas constant. The van der Waals’ constants a and b are characteristic of 
the substance and are independent of temperature.

(i) Given that the van der Waals’ constants a and b for sulfur dioxide, SO2, is  
0.687 Pa m6 mol–2 and 5.68 x 10–5 m3 mol–1 respectively, calculate the actual pressure,
p, exerted by 1 mole of SO2 in a 0.5 dm3 container at 25 C.
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(ii) Calculate the pressure exerted by SO2 as described in (a)(i) if it obeys the ideal gas
law.

(iii) Suggest a reason for the discrepancy in the pressures obtained in (a)(i) and (a)(ii).

……………………………………………………………………………………………………...

……………………………………………………………………………………………………...
[3]

(b) The key stage in the manufacture of sulfuric acid is the reaction between sulfur dioxide and
oxygen.

2SO2(g)  +  O2(g) 2SO3(g)

The reaction is carried out at 500 C in a 10.0 dm3 vessel. At the start of the reaction, 
4 moles of SO2 and 2 moles of O2 are introduced into the vessel. When equilibrium is 
established, it is found that 2% of SO2 remains unconverted.

(i) Calculate the equilibrium concentrations of the three gases.

(ii) Hence determine the value of the equilibrium constant, Kc, for this reaction at 500 C.
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(iii) When the same reaction is carried out at 700 C, it is found that 10% of SO2 remains 
unconverted. Deduce whether the reaction is endothermic or exothermic. Explain your 
answer.

……………………………………………………………………………………………………...

……………………………………………………………………………………………………...

……………………………………………………………………………………………………...
[6]

[Total: 9]
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3 (a) Nitrogen monoxide is readily converted into nitrogen dioxide.

2NO(g)  +  O2(g) 2NO2(g)

An investigation was carried out to determine the order of reaction with respect to oxygen.
The following results were obtained.

Experiment 1 2 3 4 5 

Initial rate / atm s–1 1.08 2.16 3.06 3.60 4.14

Initial total pressure / atm 3.10 3.70 4.20 4.50 4.80

Initial partial pressure 
of NO / atm 2.50 2.50 2.50 2.50 2.50

Initial partial pressure 
of O2 / atm

(i) Complete the above table.

(ii) Hence use the data in the table to plot a suitable graph on the grid below to determine
the order of reaction with respect to oxygen.
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(iii) What is the order of reaction with respect to oxygen? Explain your answer with reference
to the shape of the graph obtained in (a)(ii).

……………………………………………………………………………………………………....

……………………………………………………………………………………………………….

(iv) What can be deduced from the gradient of the graph obtained in (a)(ii)? Calculate its
value, and hence the half–life of this reaction.

[8]

(b) With the aid of an appropriate diagram, explain how an increase in temperature increases the
rate of this reaction.

……………………………………………………………………………………………………..............

……………………………………………………………………………………………………..............

……………………………………………………………………………………………………..............

……………………………………………………………………………………………………..............
[3]
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[Total: 11]

4 (a) The enthalpy change of solution, Hsoln, of anhydrous magnesium sulfate can be calculated 
from an energy level diagram involving enthalpy changes of hydration, Hhyd, and lattice 
energy.

lattice energy of MgSO4 = –2959 kJ mol–1

Hhyd of Mg2+ = –1890 kJ mol–1

Hhyd of SO4
2– = –1160 kJ mol–1

(i) Complete the energy level diagram below, labelling all the enthalpy changes involved
and the chemical species at each stage.

(ii) Use the given data and the diagram in (a)(i) to calculate the enthalpy change of solution,
Hsoln, of anhydrous magnesium sulfate.

[3]

MgSO4(aq)

energy

MgSO4(s)

Hsoln
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(b) Data concerning magnesium and other Group II elements of the Periodic Table, at 298 K, are
given in the table below.

Mg Ca Sr Ba

Hhyd of M2+ / kJ mol–1 –1890 –1650 –1480 –1365

Shyd of M2+ / J mol–1 K–1 –293 –238 –222 –188
solubility of sulfate / mol per 100 g water 1.8 x 10–1 4.7 x 10–3 7.1 x 10–5 9.4 x 10–7

When the sulfate has dissolved, the anions and cations are each surrounded by a number of 
water molecules. The formation of these hydrated ions is an exothermic process.

(i) Draw simple diagrams to show how a water molecule can be attached to a magnesium
cation, and to a sulfate anion. Label each diagram clearly to show the type of interaction
involved.

Mg2+ cation SO4
2– anion

(ii) Suggest why Hhyd of M2+ becomes less negative from Mg2+ to Ba2+.

……………………………………………………………………………………………………....

……………………………………………………………………………………………………....

……………………………………………………………………………………………………....

(iii) Use the data above to calculate Ghyd of Ca2+ at 298 K.

(iv) Predict how Ghyd of Ca2+ will change with increasing temperature.

….…………………………………………………………………………………………………...
[6]
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(c) (i) Use the data given in (b) to calculate the solubility, in mol dm–3, of barium sulfate, 
BaSO4 at 298 K.  
[density of water = 1.00 g cm–3]

(ii) Write an expression for the solubility product, Ksp, of BaSO4 and hence use your 
answer obtained in (c)(i) to calculate the value of the Ksp of BaSO4 at 298 K, stating the 
units.

[3]
[Total: 12]

5 (a) Some data concerning particle X, Y and Z are given in the table below.

Particle Electric 
charge

Mass 
number

Number of

protons electrons neutrons

X 0 16 16

Y –1 81 36

Z 70 31 28

(i) Complete the above table.  

(ii) State the electronic configuration of particle Z.

……………………………………………………………………………………………………...

(iii) Draw and label the shapes of the two types of electron orbital found in particle X.
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(iv) In a particular experimental set–up, a beam of particle Y was deflected through an
angle of +2.0 . Assuming an identical set of experimental conditions, determine the
angle of deflection of a beam of Ca2+.

Angle of deflection = ………..
[8]

(b) X reacts with fluorine to form XF2 which reacts readily with more fluorine to give XF4. When
compared with Mg, MgF2 does not react further with more fluorine to give MgF4.
Explain why this is so.

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........

……………………………………………………………………………………………………...........
[2]

[Total: 10]
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Section B

Answer all questions in this section on separate writing paper.

6 (a) A gaseous hydrocarbon A contains 85.7% of carbon by mass. When 10.0 cm3 of A
underwent complete combustion in 80.0 cm3 of oxygen the remaining gases occupied 
60.0 cm3. After shaking these gases with aqueous sodium hydroxide the final volume of gas 
remaining was 20.0 cm3.
(All volumes were measured at room temperature and pressure.)

(i) Determine the empirical and molecular formulae of A.

(ii) A exists as a pair of cis–trans isomers. Draw the structures of the cis–trans isomers of
A, labelling your structures clearly.

[6]

(b) Bromoalkanes can be synthesised from alkanes and bromine via free–radical substitution.

(i) Describe the mechanism of the reaction between ethane and bromine. In your
answer, state the condition of the reaction and label each step in the mechanism
appropriately.

(ii) Free–radical substitution is not a good method to prepare bromoalkanes as
organic by–products can be formed during the reaction.

When an alkane B is allowed to react with bromine in a free–radical substitution
reaction, the following by–product is found in the reaction mixture.

Draw the structural formula of B.

C CH2

CH3

CH3

CH3

C

CH3

H

CH3

by–product
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(iii) During a free–radical substitution reaction, the rate of substitution of each hydrogen
atom by a halogen atom is dependent on the type of hydrogen substituted – primary,
secondary or tertiary.

The table below shows the relative rate of substitution by bromine.

Reaction Type of hydrogen 
substituted Relative rate

RCH3 RCH2Br primary 1 

R2CH2  R2CHBr secondary 7 

R3CH  R3CBr tertiary 21

Bromination of 2–methylpropane produces compounds C and D.

CH

CH3

H3C CH3

C

CH3

H3C
Br

CH3

CH

CH3

H3C CH2

Br

+

2-methylpropane C D

Using the information from the table and by considering the number of hydrogen 
atoms of each type (primary, secondary or tertiary) within 2–methylpropane, predict 
the relative ratio of the two possible products C and D. Explain your answer.

[7]

(c) Bromination of 2–methylbutane yields a pair of stereoisomers in the product mixture.

2-methylbutane
+ Br2 C5H11Br + HBrCH3CH(CH3)CH2CH3

(i) Name the type of stereoisomerism shown and draw the displayed formulae of the
isomers.

(ii) Suggest a physical property in which the pair of stereoisomers are:

I. similar with;
II. different from
each other.

(iii) 2,2–dimethylpropane, a structural isomer of 2–methylbutane, has a much lower
boiling point than 2–methylbutane. Explain why this is so.

[7]
[Total: 20]
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7 (a) Dichlorine monoxide, Cl2O, and chlorine dioxide, ClO2, exist as gases at room temperature. 
Cl2O explodes in high concentrations when exposed to heat or sparks while ClO2 is a 
potent and useful oxidising agent.  

(i) Draw dot–and–cross diagrams to show the bonding in the molecules of Cl2O and
ClO2.

(ii) Suggest a value for the bond angle in each of the above two molecules, giving
reasons for your answer.

[4]

(b) Dichlorine monoxide, Cl2O, reacts with steam in a reaction vessel to produce hypochlorous
acid, HOCl, until equilibrium is established.

Cl2O(g)  +  H2O(g)  2HOCl(g)

The value of the equilibrium constant, Kp, is 0.815 at a temperature T.

(i) If dichlorine monoxide and steam, both at a partial pressure of 0.323 atm, are injected
into a reaction vessel and allowed to reach equilibrium at temperature T, what will be
the equilibrium partial pressure of hypochlorous acid in the vessel?

(ii) Use the appropriate bond energies given below to estimate a value for H for the
above reaction.

Bond Energy / kJ mol–1

Cl–Cl 244
Cl–O 203
H–Cl 431
H–H 436
H–O 460

(iii) State and explain the effect, if any, on the position of this equilibrium of:
increasing the temperature,
decreasing the pressure.

[5]

(c) NeutroPhase®, containing 0.01%, by mass, of hypochlorous acid, HOCl, has been
developed as a potent and safe wound care agent. Hypochlorous acid is known to be a
highly effective antimicrobial solution produced by the human body to fight infection. At
25 oC, the pKa value of hypochlorous acid is 7.46.

(i) State the relationship between the pKa of an acid and its dissociation constant, Ka.

(ii) Write the equation, with state symbols, which represents the dissociation of
hypochlorous acid.

(iii) 10.0 cm3 of hypochlorous acid solution was obtained from a 10 g sample of
NeutroPhase®. Calculate the pH of the hypochlorous acid solution.
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The hypochlorous acid solution in (c)(iii) was titrated against 1.00 x 10–3 mol dm 3 NaOH 
using an indicator. 

(iv) Suggest a suitable indicator for the titration, giving a reason for your choice.

(v) Calculate the volume of NaOH required for complete neutralisation of the
hypochlorous acid solution.

(vi) Using your answers in (c)(iii) and (c)(v), sketch the pH–volume added curve you
would expect to obtain when 25 cm3 of 1.00 x 10–3 mol dm 3 NaOH was added to
10.0 cm3 of hypochlorous acid solution in (c)(iii).

Label clearly the various key points on the curve.

(vii) Indicate clearly, with an “X”, on your curve obtained in (c)(vi) the point at which the
solution formed is most effective in resisting pH changes.

Write appropriate equations to illustrate how this solution resists pH changes.
[11]

[Total: 20]
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H2 Chemistry 9647 2013 JC1 Promo P2 Suggested Solutions

Section A

1 (a) Hr = – 
acidmalic n

releasedheat

–96000 =  – 
acidmalic  n
Tmc

–96000 = – 
acidmalic n

8.0 x 4.18 x 50       

[1]: suitable volume chosen (25 – 100 cm3) 
Note: sodium hydroxide is in excess

acidmalic n = 0.0174 mol
Mass of malic acid = 0.0174  x 134.0 = 2.33 g       

[1] 

[1]

(b) 1. Weigh accurately about 2.00 g of malic acid crystals in a weighing bottle, using 
a weighing balance.

2. Using a 50 or 100 cm3 measuring cylinder, measure 50 cm3 of sodium hydroxide 
solution into a dry 200 cm3 Styrofoam cup. Support the Styrofoam cup in a 250 cm3

beaker.
3. Stir the sodium hydroxide solution using a thermometer.
4. Start the stopwatch. 
5. Record the temperature of the solution in the Styrofoam cup using a thermometer

at 30 s interval until 2.5 min. 
6. At exactly the third minute (accept 1 – 5 min), transfer the malic acid into the 

Styrofoam cup. Do not measure the temperature at this time.
7. Stir the solution gently and record the temperature of the solution at 3.5 min.

Continue to stir and record the temperature at 30 s intervals until the solution 
returns to room temperature / temperature stays constant / for further 3 min.

8. Reweigh the weighing bottle.

[4]

thermometer

lid

Styrofoam cup 

250 cm3 beaker

sodium 
hydroxide & 
malic acid
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Note: sodium hydroxide is in excess

acidmalic n = 0.0174 mol
Mass of malic acid = 0.0174  x 134.0 = 2.33 g       

1. Weigh accurately about 2.00 g of malic acid crystalss ininnn aaaaaaaaaaa weweighiingng bbototttltle, usin
a weighing balance.

2. Using a 50 or 100 cm3 measuring cylindedededededededededeer, mememeemeemeememeeemeeeeemeeemeemeeeeemmeeeeeeeeeeeeeeeeasasasasasaasasasasasasasasasasaasaaasasasaasasasasasaasassasssassssssssaasssasaaaaa urururururururururururururrrururururuuururruruuruurrururuuurrruruuuuururuurru eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 505050505050505050505050505050505050505050050505050500050505505050005050505050550505505505550 cccccccccccccccccccccccccccccccccccccccccccmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm33 ofof ssododiuiumm hydroxid
solution into a dry 200 cm3 Styrofoamamamammamamamamma  cup. SuSuSuSuSuSuSuSuSuSuS ppppppppppp ororrrrrrrrrrrrttttttttttttttttttttttttttttttttttttttttttttt ththththththththththththththththththhththththtththththththththththththtthttthhththhthhhhhthht eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee StSSSSSSSSSStStSStSSSSSSSSSSSStStStSSStStStStStSSttS yrofofoaoamm cuup p inin a 250 cm
beaker.

3. Stir the sodium hydroxide ssssssssssolololoololo utututututututututtu iiiiiiionnnnnnnnnn usinnnnnnnnnnngggggg a aaaaaaaaa therrrrrrrrrmomomomomomomomomooomoooometer.
4. Start the stopwatch. 
5. Record the temperrrrrrrrratttttttattturuuuuuuuuure eeeeeee ofooooooooo  theeeeeeeeee sssssssssolooooooo ututututttututu ioiioioioioioioonnnnnnnnn in tttthehhehhehhhe SSSSSSSSStytytytytytytytytytytyrorororororororroroofofofofofofofofofofof amaaaaaaa  cup using a thermomet

at 30 s interrrrrrrrrvavavavavavavavavavav l lllllll untillllllll 2........5 mimmmmmmmmmm n. 
6. At exaccccctcccc lyyyyyyyyy theeeeeeeeee ththththththththhhhird mimimimimimimimimm nute (a(a(a(a(a(a(a(a(a(a(aa(acccccccccccccccccccccccccepepepepeppepepepeppepept 111111111111 –––––––––– 5 5 5 5 555 5 55555 mmmmimmmmmmmmm n), transfer the malic acid into th

Stttttttttyryryryryryryryryryrofoaoaoaoaoaoaaoo mmmmmmmmmmm cup. DDDDDDDDo oooooooooo noooooooooot memmmmmmmmm asurreeee eeeeeee ththththththththththhe ee eee eeeee tempmpmpmpmpmpmpmpmpmmpeeeratttttttttture at this time.
7. Stiriririrririrrirrrrrrrrr thththththththhhhheeee sosoososososolululululululuuuutitititititititt onoooo ggggggggggeneneneneneneneneee tly ananananananananaanandddddddddd rererereererererererecococococococococococordrrrrrrrrrrrrrrr  the temperature of the solution at 3.5 mi

Conttttttttttiniiiiiiii ueeeeeeeee to stststststststststss irriririrririrrr and rrrrrrrrrrrececececececececece ororororororororororrdddddd thththththththththt e temperature at 30 s intervals until the solutio
returns ssssssssss toooooooooo room tempmpmpmpmpmpmmpmpmpm erererererererererereratatatatatatatataaa ururururururrururureeeeeeeeeee / temperature stays constant / for further 3 min.

8. Reweigh thththththththththhtheeeee eeeee weweweweweweweweweweeiggggghihihihihihihihihiingngngngngngngngngngng bbbbbbbbbottle.

thermometer



(c)

[1]: show extrapolations to the 3rd min
[1]: correctly labelled temperature change of the reaction

[2]

Total: [8]

2 (a) (i)
2

2

V
an

nb)(V
nRTp

23

2

53 )10 x (0.5
(0.687)(1)

)10 x 5.6810 x (0.5
298)(1)(8.31)(

   = 5.588 x 106 – 2.748 x 106 

= 2.84 x 106 Pa

[1]

(ii) Using the ideal gas equation,
p = nRT/V 

   =
)10 x (0.5

298)(1)(8.31)(
3

   = 4.95 x 106 Pa

[1]

(iii) The actual pressure exerted is lower than the pressure calculated from the ideal 
gas equation as significant / strong intermolecular forces of attraction (permanent 
dipole–permanent dipole) exist between SO2 molecules.

[1]

(b) (i)     2SO2(g)     +         O2(g)               2SO3(g)

Initial (mol): 4 2 0
Change 
(mol):

–0.98 x 4 =  
–3.92

–3.92/2 +3.92

Equilibrium 
(mol):

0.08 0.04 3.92

Eqm [  ] (mol 
dm–3)

0.08/10.0     
= 8 x 10–3

0.04/10.0         
= 4 x 10–3

3.92/10.0 = 0.392

[SO2]eqm = 8.00 x 10–3 mol dm–3

[O2]eqm    = 4.00 x 10–3 mol dm–3

[SO3]eqm = 0.392 mol dm–3

[1]
[1]
[1] 

temperature / C

time / min
1 2 3 4 5

T

6
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[1]: show extrapolations to the 3rd min
[1]: correctly labelledtt temperature change of the reaction

(i)
2

2

V
an2

nb)(V
nRTp

23 2222222

2

53 )10 x(0(0(0(0(0(0(00(0(00.5.5.5.5.5.5.55
(00.6.6.6.6.6.6.6.6878787878787878888 )(1)

)10 x 5.6810 3 x (0.5
298)(1)(8.31)(

  = 5.588 x 106 – 2.748 x 1010101010110011066666666

= 2.84 x 106 Pa

(ii) Using the ideal gggagggggg ssssssssss eqeqeqeqeqeqeqeqeqequauuuuuuuu tionnnnnnnnnn,
p = nRT/TTTTTTT VVVV VVVVVVV

   =
)))))))))10x (0(0(0(0(0(0(0(0(00.5

2929292929292929292998)))))))((1(((((((( )))()))))))) 8.31)()()()()()()()()()(
3

   ========== 4.......95 xxxxxxxx 11111111111000000000666666666 PaPPPPPP

(iii) The acacacacacacacacaccctutututuututuututut alalalalaaalalalal pppppprerererererererereresssssssssssssssss ururururururururururu eeeeeeeeee exexexexexexexeexxerted is lower than the pressure calculated from the ide
gas equauauauauauauauauauau tititititittitt ononononononononononn assss isisisiignificant / strong intermolecular forces of attraction (permane
dipole–peeeeeeeeeeermrmrmrmrmrmmrmrmrmrmanananananananananananent dipole) exist between SO2 molecules.

(i)   2SO2(g)     +         O2(g)            2SO3(g)

1 2 3 4 5 6



(ii)
5

3-23-

2

2
2

2

2
3

c 10 x 6.00
)10 x (410 x (8

(0.392
][O][SO

][SOK
)

) mol–1 dm3 
[1]

(iii) Exothermic

When temperature increases (from 500 C to 700 C),
endothermic reaction is favoured  

 since less SO3 is formed when temperature is increased, the position of 
equilibrium has shifted to the left

reverse reaction is endothermic

[1]

[1] 

[Total: 9]

3 (a) (i) pO2 /atm 0.60 1.20 1.70 2.00 2.30 [1]

(ii)

  

[3]

(iii) Order one / first order with respect to oxygen.

Since a straight line graph (through origin) is obtained, rate is directly 
proportional to pO2.

[1]

[1]

(iv)
rate constant for pseudo first order reaction, k = 1.82

0.55)(2.20
1.00)(4.00

[1]

pO2 / atm

4.00

3.00

2.00

1.00

0.00
0.00 0.50 1.00 1.50 2.00

(2.20, 4.00)

(0.55, 1.00)

Initial rate / atm s–1
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(i) pO2 /atm 0.60 1.20 1.70 2.2.0000 2.30

(ii)

4.00

3.00

2.22222222 000000000000000000

1.00

(2.20, 4.0

(0.55, 1.00)

Initial rate / atm s–1



t1/2 = s  0.381
(1.82)

2 ln
[1]

(b)

As shown in the area under the curves, when temperature increases, the average 
kinetic energy of the molecules increases.  

The number of molecules with energy greater than or equal to the activation energy, 
Ea, will increase.

This results in an increase in the frequency of effective collisions. Hence, the rate 
increases.

[1]

[1]

[1]

[Total: 11]

4 (a) (i) [2]

(ii) By Hess’s law,

Hsoln = –LE  +  Hhyd(Mg2+)  +  Hhyd(SO4
2–)

=  –(–2959) +  (–1890)  +  (–1160) 
= –91.0 kJ mol–1 [1]

energy

MgSO4(s)

MgSO4(aq)
Hsoln

Mg2+(g) + SO4
2–(g)

L.E

Hhyd(Mg2+) + Hhyd(SO4
2–)

Represents no. of molecules with energy 
greater than or equal to Ea (T2) 

T2 > T1

Represents no. of molecules with energy 
greater than or equal to Ea (T1)

www.KiasuExamPaper.com 
41

As shown in the area under the curves, when temperature increeasaseses, the averag
kinetic energy of the molecules increases.  

The number of molecules with energy greater than or equalal tto o ththee acctitivavationon eenerg
Ea, will increase.

This results in an increase in the frequency yy y y y yy y yy of efffecececcecccccccccccccccccccccccccccccccccccccccccccccctitititiititititiititiiiiitititititittitititttititititttititttiveveveveveveveveveveveveevevevveveveveeveveveveveveveveveeveveveveveeeevevvveeeeeevveevvvvveeeeveev cccccccccccccccccccccccccccccccccccccolololoolollolloloolololololololololololoololoolololoooooololooooolooloooooo lilillilillilillllllississ oons. HeHencnce,e  the ra
increases.

[T

(i) energy

MgMgMgMgMgMgMgMggMgMgSSSOSSSSSSS 4(s)

MgSO4(aq)
HHHHHHHHHHsolnHH

MgMgMMgMgMgMgMgMgMMMg2+(g(g(g(g(g(g(g(g(( )))))) ++++++++++ SOSOSOSOSOSOSOSOSOSO444444
2–(g(g(g(g(g(g(gggg))))))))))

L.LLLLL EEEEEEEE

Hhyd(Mg2+) + Hhyd(SO4
2–)



(b) (i)

O
H H

Mg2+

  

O
H H

-O SO3
-
  

[3]

Mg2+ cation SO4
2– anion

(ii) Down Group II, ionic radius increases / charge density decreases.     
Ion–dipole interactions become weaker and hence release less energy when 
formed.

[1]

(iii) Ghyd of Ca2+ = Hhyd – T Shyd    
                      = –1650 – (298)( –238/1000)
                      = –1580 kJ mol–1

[1]

(iv) As temperature increases, G becomes less negative / less spontaneous [1]

(c) (i) Solubility in mol dm–3 of BaSO4 = 9.4 x 10–7 / (100/1000) = 9.40 x 10–6 mol dm–3 [1]

(ii) Ksp = [Ba2+][SO4
2–]

Ksp of BaSO4 = (9.4 x 10–6)2 = 8.84 x 10–11 mol2 dm–6

[1]

[1]
[Total: 12]

5 (a)
(i) Particle Electric 

charge
Mass 

number
Number of

protons electrons neutrons
X 0 32 16 16 16
Y –1 81 35 36 46
Z +3 70 31 28 39

[3]

(ii) Z: 1s2 2s2 2p6 3s2 3p6 3d10 [1]

(iii)

s–orbital              p–orbital

[2]

(iv) Particle z/m ratio angle of deflection
Y 1/81 +2.0

Ca2+ 2/40.1 –(81/1)(2/40.1) x 2 = –8.1

[2]

(b) To form MgF4, two more electrons must be removed from Mg2+.
The two electrons must be removed from an inner quantum shell nearer to the 
nucleus which requires too much energy. Hence, MgF2 will not react further with 
fluorine.

(Mg: 1s2 2s2 2p6 3s2; Mg2+: 1s2 2s2 2p6) 

X can expand its octet to form two more X–F bonds.

[1]

[1]

ion–dipole interaction
ion–dipole interaction
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(iii) Ghyd of Ca2 = Hhyd – T Shyd    
                     = –1650 – (298)( –238/1000)
                     = –1580 kJ mol–1

(iv) As temperature increases, G becomes less negative / leessss sspopontntaaneous

(i) Solubility in mol dm–3 of BaSO4 = 9.4 x 10–7 / (100/10000)0) == 99.4.40 x x 1010–66 momoll dm–3

(ii) KspK = [Ba2+][SO4
2–]

KspK of BaSO4 = (9.4 x 10–6)2 = 8.84848484848484848488  x 10––––1111111 mmmommmmmmmm l2222222222222 dmdmdmdmdmdmdmdmdmdmdmdmdmdmmmmdmdmddmdmmdmdmdmdmdmmdmdmdmdmdmdmdmdmdmdmdmdmdmdmddmddmdmmmmmmdmmmmmmmmmmm–6–6–66–66–666–66666666–6–666–66666666–6––66–6–666666

[T

(i) Particle Electric 
chararararararararrrgegegegegegegegegee

MaMaMaMaMaMaMaMaMaMM sssssssssssssssss  
nunununununununununn bmbmbmbmbmbmmbeeeeereeeeee

NuNummber of
prprprprprrprrrp ototototototototottonononononononononnsssssssssss electrons neutr

X 000000000 323232323232323222 1616161616166161666 16 16
Y –11111111111 8111811818188 355355353535353535 36 46
ZZZZZZZZZZZ +3 707070707070707070 31 28 39

(ii) ZZZZZZZZ: 1ssssssssss222222 2s2s2s22s22s2s222 222222222 2p2p2p2p2p2p2p2p2p2p2 6 3s333333333 2 3pppppppppp666666666 3d3d3d3d3d3d3d3d3d3dd1011111111

(iii)

sssssssss–orbital              p–orbital

(iv) Particle z/m ratio angle of deflection



Section B

6 (a) C H
% by mass 85.7 14.3
Ar 12.0 1.0
no. of moles 7.1416 14.3
simplest whole no. ratio 1 2

Empirical formula of A: CH2

[2]

CxHy      + (x + y/4) O2 xCO2    + (y/2) H2O
10 cm3                        60 cm3                     40 cm3

Volume of CO2 produced = 60 – 20 = 40 cm3

Volume of O2 reacted = 80 – 20 = 60 cm3

4x
40
10

x
1

)n(CO
n(A)

2

8y

60
10

4
y4

1
)n(O

n(A)
2

Molecular formula of A: C4H8.

[1]

[1]

C C
CH3

H
CH3

H
C C

H
CH3

CH3

H

cis-isomer trans-isomer

[2]

(b) (i) Condition: high temperature or uv light

Mechanism:

Initiation                        
Br2 2Br

Propagation    
CH3CH3  +  Br 2CH3 + HBr

2CH3  + Br2 BrCH2CH3

Termination            
2 2CH3 CH3CH2CH2CH3
2 Br Br2 

2CH3 + BrCH2CH3 

[1]

[3]
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Volume of CO2 produced  60  20  40 cm
Volume of O2 reacted = 80 – 20 = 60 cm3

4x
40
10

x
1

)n(CO
n(A)

2

8y

60
10

4
y4

1
)n(O

n(A)
2

Molecular formula of A: C4H8.

C C
CH3

H
CH3

H
C CC CC CC CC CC CC CC CC CCC

H
CHCHCHCHCHCHCHCHCHCHCH3333333

CH333333333

HHHHHHH

cissssssssss-i-i--i----- somememememememememeeer trrrrrrrrrrranananananananananansssssssssss-i-i-i-i-i-i-i-i-i-isssosssossomemememememememememm rrrrrrrrr

(i) Coooooooooondnnnnnnn itttttttttttion:n:n:nn:n:n:n:nn hhhhhhhhhhhiggigigigiggiggghhhhhhhhhh tettttt mpppppppppppereeeeeeeeee aaaataaaaaaa urururururururuu eeeeeeeeee ororororororororo uuuuvuuuu  light

Mechananananaananananaanisisisisisisisisisisi m:m:m:m:m:mm:m:m:m:

Initiation            
Br2 2Br

Propagation



(ii) Alkane B:

C H

CH3

CH3

CH3

[1]

(iii) C/D = 2.3 : 1 or 7 : 3 or 21 : 9

Relative rate suggests 21 : 1, but there are 1 tertiary to 9 primary hydrogen atoms,
hence this ratio becomes 21 : 9. 

[1]

[1]

(c) (i) Optical isomerism

C

CH2CH3

CH2Br
H

C

CH2CH3

H CH3
CH2BrCH3

[1]

[2]

(ii) I. Boiling point / melting point / density
II. Optical activity / Direction of rotation of plane–polarised light

[1]
[1]

(iii) 2,2–dimethylpropane is more highly branched, thus it is more compact / spherical
compared to 2–methylbutane.  

As a result, 2,2–dimethylpropane has a smaller surface area for instantaneous 
dipole–induced dipole attractions between molecules to operate. Hence, it has a 
much lower boiling point than 2–methylbutane.

[1]

[1]
[Total: 20]
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C

CH2CH3

CH2Br
H

C

CH2CH3

H CH3
CH2BrCH3

(ii) I. Boiling point / melting point / density
II. Optical activity / Direction of rotation ofofoffofoffofofo planee––––popoppopopopopopopopopopopopopopopoopopopopopopopopopopoopopopopopopoopppopopopppopoppppopppopopppppp lalallalalalalalalalalalalalalaalaaalalalaaalaaalaalaalalaaalaalalaaaaaaaaaaalllaaaarirririririririrriririrrririririrrirrrirriririrrriririririrrrrrr sesesesesesseseseseseseeseseseseseseseeseseseseseseseseseseeseseseeeeesesseeseeseesss ddddddddddddddddddddddddddddddddddddddddddddddddd llil gght

(iii) 2,2–dimethylpropane is more higggggggggghlhlhlhlhlhlhlhlhlhh y yyyyyyyy branchchchchchchccccc edeeeeeeeeee , ththtththhhhhhhhhthhhhthhthhhhhhhhhhhhhhhhhhhhhhhhhhhhhhusususususususususususususususususususususususususususuusuusssusususuusususuususuusuususussusssususuuuusus iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiittttttt ttt tttttttt tttttttt ttttttttt t tt t tt isisisisisisisisisisssi  momoree commpapactct / spher
compared to 2–methylbutane. 

As a result, 2,2–dimethyyyylyyyyyyyyyyyy ppprpppppp opaneeeeeeee haaaaaaaaaaas aaaaaaaaaaa smsmsmsmsmmsmsmsssmmaaaaalaaaaaaa ler surfacee ararea for instantaneo
dipole–induced dipopopopopopopopopole attrtrtrtrtrtrtrtrtrtracaaaaaa titititittit ononononononononnonsssssssssss bebebebebebebebeb twtwttwtwtwtwtwtt eeeeeeeeeeeeeeeeeeennnnnnnnn moleeeeeeeeeeecucucucucucuccucucules to operate. Hence, it ha
much lower boilinnnnnnnng popopoopopopopopopopoinininininiininint than 22222222–meeeeeeeeeththththttttht yyyylyyyy butaneeeeeee.

[T



7 (a) (i)             Cl2O                                                                         ClO2

                                                                                       

                 [1]                                                                            [1]

(ii) Bond angle Reason

Cl2O

Accept
105o < angle < 107.5o

(actual 110.9o) 

central oxygen atom is surrounded by 2 bond 
pairs and 2 lone pairs: the basic angle is 
therefore 109.5

lone pair – lone pair repulsion > lone pair – 
bond pair repulsion > bond pair – bond pair 
repulsion       [1]: reason & bond angle

angle will be reduced to a value much less
than 109.5

ClO2

Accept
Cl–O–Cl < angle < 110o

A single unpaired electron exerts less 
repulsion than a lone pair

bond angle should be greater than that 
for Cl2O        [1]: reason & bond angle

(b) (i)

Kp = 815.0
)x323.0)(x323.0(

)x2( 2
                                                                 

     0.815
x)(0.323

(2x)                     x = 0.1004   

Equilibrium partial pressure of hypochlorous acid = 2 x 0.1004 = 0.201 atm           

Cl2O(g)   +  H2O(g) 2HOCl(g)
Initial pressure / atm 0.323 0.323 0 

Change / atm –x –x +2x
Eqm pressure / atm 0.323 – x 0.323 – x 2x

[1]

[1]

(ii) H = BE(Bonds broken)  – BE(Bonds formed)
= [2(203) + 2(460)] – 2[(203 + 460)]
= 0  kJ mol–1                                                             

[1] with units, ignore any sign

OR
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         [1]                                                                   [1]

(ii) Bond angle Reassono

Cl2O

Accept
105o < angle < 107.5o

(actual 110.9o)

central oxygen atom iiss susurrrrouounded by 2 
pairs and 2 lonee ppaiairsrs: ththe e basic ang
therefore 109.55

lone pair ––––––––– lolooolololoololoololololooololoololololololooloolololooololoooloooooooloooooooooneneneneneneneneneneneneneneneneneneenenenennenenennenennneneneeneenennnennenenneeneennnnnnnnnn ppppppppppppppppppppppppppppppppppppppppppppppppppaaaaaiaiaaaaaaiia rr repuulslsioion n > lone p
bbbobobbobobbb nndnnnnnnnnn pppppppppppppppppppppppaaiaiaiiaiaiaiaiaiaiaiaiaiaiaiaiaiaiiaiaiaiaiaiaiaiaiaiaiiiaiaaiaaaaaaaaaaaaaiir rrrrrr rrrrr rrrr rrrrrr rrrrrr rerererererererererererereererererrerrererererereererreeerererrerereerrereereererrreerrreer pupupupupupupupupupupupupupupupupupupupupupupupuppppupuppupuppuppupuuppppppuppuppupupppuupuuuppp lslslslslslslslslslslslslslslslslslslslslslslslslslslslslsslsllslllsllslsssssssssssioioioioioioioioioioioooiooioiooioioioioioioioioiooioioioioioiooioioooiioooooooioooioooon n nnnnnnnnnnnnnnnnnnnnn >> bobondnd ppaiair r – bond
reppppupupppppp lslslslslslsssssioonnnnnnnnnnnnnnnnnnnnnnnnnn      [[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[111111]1]11]1]1]111]1]]]1]11]1]1]]1]1]1]1]111111111111]11]1]1]1]:::::: reeeeeeeeeeeaasasasasasasaasonoooooooooo  & bbbbbbbbbbbonononononononnoonoonddddddddddd angle

angle wwwwwiwwwww ll be reducecedd to a value much
thththththththththt anaa 1111111109090909099090909909090 .5

ClO2

AcAAAAAAAAA ceptttttttt
Cl–O–––C–––––ll lllllllll << anananananananananana glgggg e <<<<<<<<< 1111111111 0000000o

A singngngngngnggngggleeeleleeleeee uuuuuuuuuuunpaired electron exerts 
repupupupupupupupupp lssssssssioioioioioioioioiooonnnnnnnnnnn ththththththththththaaaanaaaaaaaa  a lone pair

boboboboboboboooondndndndndndndndndd aaaaaaaaaangle should be greater than
fofofofofofofofofofofor rrrrrrrrrr CCCCCCCCClllllllllll2O        [1]:]] reason & bond angle

(i)

Kp = 815.0
)x323.0)(x323.0(

)x2( 2
                                                           

CCCCCCCCCCClllllllllllllllll2222O(g)   +  H2O(g) 2HOCl(g)
Innnnnnnnnnnitial prprprprprprprrresesesesesesesesese sureeeeeeeeee /////////// aaaaaaaaaatmtmtmtmmtmtmmmmm 0.323 0.323 0 

ChChChChChChChChChChanananananananaanana gegegegegegegegegegege /// atmtmtmtmtmttmtmtmtmtm –x –x +2x
Eqm m m m m mmmmm prprprprprprprprprp eeesesesese sususususususususure / atm 0.323 – x 0.323 – x 2x



(iii) Since H = 0 kJ mol–1, the reaction takes place without any heat change / 
does not involve heat absorption or evolution

Increase in temperature has no effect on position of equilibrium.                        [1]

No change in number of reactant and product molecules. 
Decrease in pressure has no effect on position of equilibrium.                             [1]

(c) (i) pKa = –log Ka [1]

(ii) HOCl(aq) H+(aq)  +  ClO–(aq)    

OR                

HOCl(aq) + H2O(l) H3O+(aq)  +  ClO–(aq) [1]

(iii)

n(HOCl) in 10 g sample = mol1090.1mol
5.52

)10
100

01.0(
5                   

[HOCl] = 335 dmmol101.90101.90
10.0
1000                         

Ka =
initial

2

[HOCl]
][H

[HOCl]
]][ClO[H

10–7.46 = 3

2

1090.1
]H[

[H+] = 8.12 10–6 mol dm–3

pH = –log(8.12 x 10–6) = 5.09

[1]

[1]

(iv) Phenolphthalein / Thymol blue                                   
The working pH range of indicator lies within the range of rapid pH changes
at equivalence point.                                                                                                         

[1] with reason

(v) HOCl +  NaOH  NaOCl +  H2O

From part (iii), 
n(HOCl) = 1.90 x 10–5 mol
n(NaOH) = n(HOCl) = 1.90 x 10–5 mol

Volume of NaOH required = 1.90 x 10–5 / 1.00 x 10–3  
                                              = 0.0190 dm3 = 19.0 cm3      [1]
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HOCl(aq) H2O(l) H3O (aq)    ClO (aq)

(iii)

n(HOCl) in 10 g sample = momoll1090.1mol
5.52

)10
100

01.0(
590.1                  

[HOCl] = l 333335 dmmmmmmmmmmmmmmmmol101.90101.90
10.0
1000 5 1.90101.90             

Ka =
inititiatititiatiatittiaii l

2

[HOCl]
][H

[HOCl]
]][ClO[H

10–7.46 = 3

2

1010101010101010101090.1
]H[

[H+] = 8..1212121212221222 10–6666666666 momomomomomomomomm llll ll dmdmdmdmdmdmdmdmdm–3–3–3––––3––3–

pH = –log(88.8.8.8888.8.8 122222222222 x 100000000–6) = 5.09090909090909090099

(iv) PPhehehehehhehehehehenonononnononononon lplppplplplplpppphthththhthhthththtthahahahahahahahahahaleininininnnninin / Thyhyhyhyhyyhyhyhyhyymomomomomomomomomomoolllllllllll blblblblblblblblbllueueueueueueueuueueue                                   
ThTThThThThThThThThT eeeeeee workikikikikikikikikingngngngngnnnnn pppHHHHHHHHHH rarararaararaararar ngngngngngngngngnggge eeeeeeeee oooofoooooo  indicator lies within the range of rapid pH
at eqeeqeqeqeqeqeeqeequuuuiuuuuuuu vaaaaaaaaalelelelelelelelelencncnccncnceeee popoooooooininininninininintttttttt.                                                                                          

[1] wit

(v) HOCl + NNNNNNNNNNNNaOaaOaOaOaOaOaOaa H  NaOCl +  H2O

From part (iii), 
(HOCl) 1 90 10 5 l



(vi) [3]

(vii) Point at maximum buffer capacity: at 9.5 cm3 NaOH, pH at 7.46

HOCl  + OH– ClO–  +  H2O
ClO– + H+ HOCl

[1]

[1]

[Total: 20]

13

2519
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(vi)

(vii) PoPoPoPoPoPPPoPoPoP inttt tttttt attttttttt mamamaamamamamammaxixiixiiiiimmmmmmmummmm m bubububbububuubuffffffffffffffffffererereererereeer cccccccccccapaapapapapapapaapacaaaaaaaaaa ity: at 9.5 cm3 NaOH, pH at 7.46

HOCCCCCCCCCClllllllllll ++++++++ OHOHOHOHOHOHOHOHOHOH– ClO– +  H2O
ClO– ++++++++++ HHHHHHHHHH+ HOCl

[To

13

2519



Section A

Part 1: For each question, there are four possible answers,A, B, C and D. Choose the one
you consider to be correct.

1 The successive ionisation energies (kJ mol 1) of two elements are given below:

X 1012 1907 2914 4964 6274 21270 26430 29880 35910

Y 1251 2298 3822 5159 6542 9362 11110 33600 38860

Which of the following statements is correct? 

A The formula of the compound formed between X and Y is X3Y.

B The compound formed between X and Y is covalent.

C Xhas a giant molecular structure.

D Yhas six valence electrons.

2 On decaying, americium–241 emits –particles (4He2+),while strontium–90 emits –
particleswhich can be considered as electrons.

A small amount of americium–241 and strontium–90 are placed in an ionisation 
chamber andthe emitted particles are passed through an electric field.

What would be the path of the emitted particles in an electric field?

–particles –particles

A 3 1

B 4 1

C 1 2

D 1 3

1 

2 

3 
4 

+

–
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3 Sulfur dichloride dioxide, SO2Cl2, reacts with water to give a mixture of sulfuric acid 
and hydrochloric acid. How many moles of ammonia, NH3, would be needed to 
neutralise the solution formed by adding 1 mole of SO2Cl2 to an excess of water? 

A 1 B 2 C 3 D 4

4 The mass percentage of magnesium in a mixture of magnesium chloride and 
magnesium nitrate was found to be 21.25%. What mass of magnesium chloride is 
present in 100 g of the mixture?

A 53.3 g B 46.7 g C 31.5 D 20.3 g

5 The nickel–cadmium rechargeable battery is based on the following overall reaction.
Cd  +  2NiO(OH) +  4H2O Cd(OH)2 +  2Ni(OH)2.H2O 

What is the oxidation number of nickel at the beginning and at the end of the reaction?

Beginning End

A +1.5 +2

B +2 +3

C +3 +2

D +3 +4

6 The mineral tellurite, TeO2 (Mr = 160.0) is often used in the manufacture of optic fibres. 
It was found that 1.01 g of TeO2 in an ore sample required exactly 60 cm3 of 
0.035 moldm–3 acidified K2Cr2O7 for complete reaction. In this reaction, Cr2O7

2–is 
converted into Cr3+. 

What is the oxidation state of Te in the final product? 

A +6 B +5 C +3 D +2
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7 The dye alizarin only sticks fast to cotton when a ‘mordant’ is used. If an aluminium 
compound is used as a mordant under alkaline conditions, aluminium ions become 
bonded to the hydroxyl groups of cotton. Alizarin can bond with the aluminium ions, 
giving the structure below which dyes the cotton red.

OO

O

OH

Al3+

O OHH

Which statement is incorrect? 

A All the carbon atoms in alizarin are sp2 hybridised.

B The four oxygen atoms form coordinate bonds with the aluminium ion.

C In the absence of a mordant, alizarin can bind to cotton via hydrogen bonding.

D There is a decrease in the bond angles about the oxygen atoms of the cotton 
hydroxyl groups upon binding to aluminium ions.

8 The cylinder in a car engine has a volume of 0.500 dm3 when the piston is at the 
bottom of its stroke. At this point the pressure is reduced to 95.0 kPa and the reduced 
pressure causes the fuel/air mixture to move the cylinder. At the top of its stroke, the 
position has compressed the gases to 25 cm3. 

Assuming that the temperature in the cylinder remains constant, what is the pressure of 
the gases (in kPa) when the piston is at the top of its stroke?

A 1900 B 132 C 4.75 D 1.90

alizarin ion 
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9 Which graph correctly describes the behaviour of fixed masses of the ideal gases Iand 
J,where Ihas a higher Mr than J? 

A B 

C D 

10 Barium hydride, BaH2, is an ionic compound. The standard enthalpy changes for the 
following two reactions related to its constituent elements and ions are known. 

Ba(s) Ba2+(g) + 2e–

H2(g) + 2e– 2H–(g)

What additional data is needed to determine the lattice energy of barium hydride?

A The first ionisation energy of hydrogen.

B The standard enthalpy change of atomisation of hydrogen.

C The standard enthalpy change of atomisation of barium.

D The standard enthalpy change of formation of barium hydride.

T 

PV Constant P 

I

J 

T 

PV Constant P 

J 

I

Constant T 

J 

I

PV 

P Constant T 

I

J 

PV 

P 

www.KiasuExamPaper.com 
51



11 Instant ‘hot packs’ are often used by athletes to conveniently treat injuries. One type of 
‘hot packs’ is composed of powdered calcium chloride and water separated by a thin 
plastic membrane. When the pack is squeezed, the membrane breaks and the calcium 
chloride dissolves in water.

CaCl2(s) +   aq CaCl2(aq)

Which line in the table gives the signs of H, S and G for the overall process?

H S G

A + + +

B +

C +

D +

12 2-methylbutane undergoes a free radical substitution reaction with chlorine gas to 
produce four mono-chlorinated products as shown below.

Given also that the order of reactivity of primary, secondary and tertiary hydrogen 
atoms follows a 1:4:5ratio, what is the ratio in which these products are formed? 

W X Y Z

A 6 : 1 : 2 : 3

B 1 : 5 : 4 : 1

C 6 : 5 : 8 : 3

D 7 : 6 : 6 : 4
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13 X reacts with alkaline iodine to produce a yellow precipitate.

X reacts with Tollens’ reagent to produce a silver mirror.

X produces carbon dioxide when heated with acidified KMnO4. 

What is the structure of X?

A 

B 

C 

D 
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14 The structure of cholesterol is shown below.

How many chiral carbons does it contain?

A 7

B 8

C 9

D 10

15 The structure of testosterone is shown below.

Which of the following statements is correct? 

A One mole of testosterone reacts with two moles of bromine.

B One mole of testosterone reacts with excess sodium to produce half a mole of 
hydrogen gas. 

C Testosterone undergoes anelectrophilic addition reaction with hydrogen cyanide.

D A white fume is observed when testosterone reacts with phosphorus trichloride.
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Part 2: For each of the questions in this section, one or more of the 3 numbered 
statements 1 to 3 may be correct. 

Decide whether each of the statements is or is not correct. (You may find it helpful to put a 
tick against the statements which you consider to be correct.) 

The responses A to D should be selected on the basis of

A B C D

1,2 and 3 are 
correct

1 and 2 only
are correct

2 and 3 only 
are correct

1 only is 
correct

No other combination of statements is used as a correct response.

16 In which sequences are the molecules quoted in order of decreasing boiling points?

1 CH3(CH2)3CH3, (CH3)2CHCH2CH3, CH3C(CH3)2CH3

2 CO2,SO2, SiO2,
3 AlBr3, AlCl3, AlF3

17 In which of the following is the bond angle in species I greater than that in speciesII?

I II

1 BCl3 NCl3

2 NO3
– ClO2

–

3 SF6 SF4
2–

18 Given the following energy cycle:

C(s)        +      O2(g) CO2 (g)  

CO(g)  +   ½ O2(g)

Which of the following have the same value as the standard enthalpy change, H1 ? 

1 Hf (CO)   +   Hc (CO)

2 Hc (graphite)  – Hf (CO2)

3 Hc (graphite)  – Hc (CO) 

H1
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19 Chlorophenols are commonly used as pesticides, herbicides and disinfectants. 
Theyare organochloride of phenol that contains one or more covalently bonded 
chlorine atoms. 

For example, 4-chlorophenol can be produced from the reaction between phenol 
and chlorine gas.

Which of the following statement correctly describe the intermediate complex formed 
in the reaction between phenol and chlorine gas? 

1 It contains a sp3hybridised carbon atom.

2 It contains four electrons.

3 It is planar.

20 Which of the following reactions will produce a racemic mixture?

1 

2 

3 
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0

2013 Chemistry H2 Promotional Examination Section A Worked Solutions

Question 1Answer isB
A. The formula of the compound formed

between X&Yis XY3 and NOTX3Y.
B. X is group V element &Y is group VII

element. Therefore compound formed
between X and Y is covalent (both X
and Yshared electrons & achieved
octet structure).

C. X exists as diatomic molecules.
D. Yhas 7 valence electrons.

Question 2Answer isA

Given that -particles (4He2+) and - 
particles (-1e, electrons), –particles will 
be deflected towards the negative plate 
and by a smaller magnitude (due to 
greater mass no.) than –particles 
(towards positive plate).

Question 3Answer isD
SO2Cl2 +  2H2O H2SO4 + 2HCl
1 mol of SO2Cl2 produces 1 mol of 
H2SO4& 2 mol of HCl which ionize to 
give 4 mol of H+. 
H+ NH3,
Thus,4 moles of NH3 is required for 
neutralization.

Question 4Answer is A
Let mass of MgCl2 be x g, 
hence mass of Mg(NO3)2 = (100 – x) g
[(24.3/95.3) x + (24.3/148.3 )(100 – x)]x100
100
= 21.25

0.225x +0.164(100 – x) = 21.25
0.091 x = 4.85
x = 53.3

Question 5Answer isC
Oxidation no. of Ni in NiO(OH), 
x + 2(–2) + (+1) = 0, x = +3

Oxidation no. of Ni in Ni(OH)2.H2O, 
x + 3(–2) + 4(+1) = 0, x = +2

Question 6Answer isA
No. of moles of TeO2 =1.01/160
=6.31 x 10-3mol
No of moles of Cr2O7

2-

=60/1000 x 0.035
=0.0021 mol
3TeO2 2O7

2-

Cr2O7
2- 2Cr3+ 6 e-

3TeO2 2O7
2- 6 e-

TeO2 2e-(ox state of Te in TeO2 is 
+4)
Hence, oxidation state of Te in final
product = +4 + 2 = +6

Question 7Answer isD
There is an increase in the bond angles 
about the oxygen atoms of the cotton 
hydroxyl groups upon binding to 
aluminium ions (1 lone pair & 3 bond 
pairs: larger angle).
An oxygen atom of the cotton hydroxyl 
group without binding to aluminium ion 
has 2 lone pairs & 2 bonding pairs: 
smaller angle).

Question 8Answer isA
P1V1 = P2V2 (Const  temp)
(500 cm3)(95 kPa) = P2 (25 cm3) 
P2 = 1900 kPa

Question 9Answer isC
For options A and B, 
pV = nRT
pV = (m/M)RT = constant

Graph of P against pV should be a
vertical line at a particular value of pV.

For options C and D, 
pV = nRT = (mR/Mr)T /Mr
On keeping T constant, pV 1/Mr

Since the Mr of I is higher, the
gradient of the line is gentler.

Question 10Answer isD
Using Born Haber Cycle:

Ba(s)   +   H2(g)    BaH2 (s)   

Ba2+(g)   +    2H-(g)
Hence Hf

o(BaH2) is needed.

Question 11Answer isC

Hot packs exothermic process, H
negative

Calcium chloride solid dissolves in 
water,ions become mobile, more 
disordered state S is positive

G = H - T S 
Since H is negative and S is positive 
Therefore G is negative.

Question 12Answer isC
To form W, there are 6 possible 
(primary) hydrogen to replace

To form X, there is 1 possible (tertiary) 
hydrogen to replace
To form Y, there are 2 possible 
(secondary) hydrogen to replace

To form Z, there are 3 possible 
(primary) hydrogen to replace

1 2 3 4 5 6 7 8 9 10
B A D A C A D A C D
11 12 13 14 15 16 17 18 19 20
C C D B B D B D B B

Ho
1 H2

o

Hf
o

Hlatt
o
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V element &Y is group VII
herefore compound formed
and Y is covalent (both X
d electrons & achieved
ure).

diatomic molecules.
ence electrons.

g p
and by a smaller magnitude (due to 
greater mass no.) than –particles 
(towards positive plate).

give 4 mol of H+.
H+ NH3,
Thus,4 4 momoleless of NH3 is re
neutraallizationon.

swer is A
gCl2 be x g, 
f Mg(NO3)2 = (100 – x) g
(24.3/148.3 )(100 – x)]x100

(100 – x) = 21.25

Question 5Answer isC
Oxidation no. of Ni in NiO(OH), 
x + 2(–2) + (+1) = 0, x ======= +3+3+3++3+3+++++

Oxidation no. ofofofofofofofofofof NNNNNNNNNNNi iiiiii in Ni(OHOHOHOHOHOHOHOHOHH)))))))2222222222.H2O, 
x + 3(–2))))))))) ++++++++++ 4444444444(+(+(+(+(+(+(+(+(+1)))))))))) = 0000000000, x = +22222222222

QuQuQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ eestionn 66AnAnswswwer isA
NoNoNNNNNNN . of mmololeses oof f TeO2 =1.
=6=6=6=6=6=6=6=6========================== .3.311 xx 1010 3-3momol
NoNo oof f moleless ofof CCr2O7

2-

=6=60//110000 xx 00.0.035
=0=0.000021 momoll
3T3TeOeO2 2O7

2-

CrCr22OO7
2- 2Cr3+ 6 e-

3TeO2 2O7
2- 6 e-

TeO2 2e-(ox state of T
+4)
Hence, oxidation state of 
product = +4 + 2 = +6

swer isD
crease iniiiiiiiiiii tttttttttttheheeheheheheheee bbbbbbbbbononononononononononond anglesesesesesesesesesess 
gen atomsmssssssss oooooofff fffff thhhhhhhhhhheeeeeeeeee cocococococcccoc ttttttttttttttttonononononononononon 
ps upon binnnnnnnnnndidddddddd ngngngngngngngngngg to 
s (1 lone pair rrrrrrrr & & 333333333 boooondnnnnnn  
ngle).
m of the cotton hhhhhhhhhhhydydydydydydydydydydroororororoorororoxxxxyxxxxxx l
binding to aluminiumumumumumumumumummm iiiiiiiionononononononononnon 
rs & 2 bonding pairsssssssss::::::::::
.

QuQQQuQuQQuQuQuestion 8888888888AAAAnAAAAAAA swswswswswswswswswswerrrrrrrrrr iiiiiiiiiissssssssssAAAAAAAAAA
PPPPPPPPP1V1 = PPPPPPPPPP22222222VVVVVVVVVVV2222222222 (C(C(C(C(C(C(C(C(C(CCCConst  temp)
(5000000000000 ccccccccccmmmmmmmmmm3333333333)()()()()()()()()() 9595959595959595959595 kkkkkkkkkkPPPPPPaPPPP ) = P2 (25 cm3)
PPPPPPPPPP222222222 === 191919191919191991900000000000000000 kPa

Question 9Answer isC
For options A and B,
pV = nRT
pV = (m/M)RT = constant

Graph of P against pV
vertical line at a particula

For options C and D, 
pV = nRT = (mR/Mr)T
On keeping T constant,

Since the Mr of If is hig



2-

Hence the ratio of W:X:Y:Z after 
considering the reactivity of the 
different type of hydrogen atoms is

6 x 1: 1 x 5: 2 x 4: 3 x 1
6:      5:        8:       3

Question 13Answer isD
X must be an aldehyde and possibly 
contain a carbon-carbon double bond so 
that carbon dioxide is given off upon 
oxidation.

D upon oxidation produces C2H2O4
which will be further oxidised.

Question 14Answer isB Question 15Answer isB

A. One mole of testosterone reacts
one mole of bromine
B. ROH + Na RO-Na+ + ½ H2
C. The ketone functional group
undergoes an nucleophilic addition
with HCN
D. White fumes is observed when
reacted with PCl5

Question 16Answer is D
1.
CH3(CH2)3CH3 – straight-chain
(CH3)2CHCH2CH3 – less branching
CH3C(CH3)2CH3 – more branching
Boiling point decreases.

2.
CO2– simple molecular structure

(non-polar molecule, id-id,
Bpt: -570C) 

SO2– simple molecular structure
(polar molecule, pd-pd; bpt:-100C) 

SiO2– giant molecular structure
(covalent bond;bpt:22500C) 

Therefore, boiling pointincreases

3.
AlBr3– simple molecular structure with 

larger electron cloud(bpt:2650C)
AlCl3 – simple molecular structure with 

smaller electron cloud(bpt: 
1200C)

AlF3– giant ionic lattice structure
(bpt:12910C)

Question 17Answer is B

species I species II
1: 

2  

3  

Question 18Answer isD

C(s)  +  O2(g)     CO2 (g)   

CO(g)      +       ½ O2(g)

Energy cycle shows option 1 is correct 
but not options 2 and 3.

H f (CO2)   = H f (CO)   +   
Hc (CO)

Question 19Answer isB

1. The carbon atom which the Cl is
attached to has a tetrahedral
arrangement.

2. One pair of pi electrons is being used
to form a bond between benzene
and chlorine

3. The intermediate is not planar as it
contains a sp3hybridised carbon
atom

Question 20Answer is B
1. A nucleophilic addition reaction

resulting in the formation of a chiral
compound. The CN- ion can attack the
planar carbonyl carbon from top and
bottom with equal probability.

2. An electrophilic addition reaction
resulting in the formation of a chiral
compound. The Br- ion can attack the
planar carbon carrying the positive
charge from top and bottom with equal
probability.

3. The product form is not chiral.

B

Cl

Cl Cl

120o

Shape: trigional planar
3 bond pairs, no lone pair

N

Cl
Cl

Cl

Shape: trigional pyramidal
3 bond pairs, 1 lone pair

107o

N

O
-

120o

Shape: trigional planar
3 bond pairs, no lone pair

O

O

Cl

Shape:bent
2 bond pairs, 2 lone pairs

O O105o

S
F F

F F

F

F

90o

90o

Shape: octahedral
6 bond pairs, no lone pair

S
F F

F F
90o

Shape: square planar
4 bond pairs, 2 lone pairs

Hc
o(CO)Hf

o(CO)

H1
o
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2-

p 2 2 4
urther oxidised.

g p
with HCN
D. White fumes is observ
reacteedd wiwithth PPCl5

nswer is D

3 – straight-chain
CH3 – less branching
H3 – more branching
ecreases.

molecular structure
ar molecule, id-id,
C) 

molecular structure
molecule, pd-pd; bpt:-100C)))))))))) 
olecular structure
nt bond;bpt:22555555555500000000000C)C)C)C)C)C)C)C)C)C)C  
ing pointincreeeeaeeeee sssessssss s

moleculaaaaraaraaaaa sssssssssssttttrttttt ucucucucucucucucucuctututttuttuttureeeeeeee wwwwwwwwwwwitititititititth 
lectron clouououououououououd(b(b(b(b(b(b(b(bpt:2222222226565656565656565656550C)C)C)C)C)C)C)C)C)CC
molecular sssssssstrttttttttt ucucucccuccccccture with 
electron clouddddddddddd(b(b(b(b(b(b(bb(b(bptptptptptptptptptpt:::::::::

nic lattice structureeeeeeeeee
10C)

Question 17Answer is B

species I species II
1:

2

3  

QuQuesestitionon 118Answer isD

CCCCCCC(C(CCCCCCCCCC ss)  + OO2(gg))    

CO(gg))      +       ½ O

Energy cycle shows optio
but not options 2 and 3.

H f (CO2)   = H f (CO) 
Hc (CO)

nswer isB

t hi h th Cl i

Question 20Answer is B
1. A nucleophilic addition reaction

B

Cl

Cl Cl

120o

Shape: trigional planaaaaaaaaaar
3 bond pairs, no lone paaaaaaaaaaiiiiir

N

Clllllllll
Clllllllll

CCCCCCCCCCCCCCCCCCCCCCCCCCCCClllllllllllllllllllllllll

Shape: trigggggggggiiiiiiionaaaallllllll pypppppp ramidalllll
3 bond pairrrrrrssssssssss, 1 lllooooooooooooone pair

100000000007o

N

O
-

120o

Shaaaaaaaaapppppppppeee: trigionnnnnnnnaaaaaaaaal ppppppppllllllanarrr
3 bbbbbbbbooooooooooond paaaaaaaaaaaiiiiiiirs, noooooooo lllllllone pppppaiiiirrrrrr

OOOOOOOO

O

CCCCCCCCCCllll

SSSSSSSSSShhhhhhhhaaaaaaaaappppppppeeeeeeeeee:bbbbbbbbbeeeeeeeennnnnnnnnnttttttt
2 boooooooonnnnnnnnnnddddddddd paaaaaaaaaaiiirsssssssss,,,,, 2222222222 llllllllooooooonnnnnnnnneeeeeeeeee ppppppppairs

O OOOOOOOOO10555555555oooooooo

S
F FFFFFFFFFF

F FFFFFFFFFF

FFFFFFFFFF

FFFFFFFFFF

90990909090909099 ooooooooo

o

SSSSSSSSSSShaaaaaaaaaapppppppeeeeeeeeee: occcccccccccttttttttaaaaaaaahhhhhhhedral
66666666 bbbbbbbbbonnnnnnnnnnndddddddddd pppppaaaaaaaairrrrrrrrrrsssss, no lone pair

S
FFFFFFFFFF F

F F
90o

Shape: square planar
4 bond pairs, 2 lone pairs

HHHHHHHHHHHHHHHff
oo(C(CO)O)

H1
o



Section B
Answer all questions. Begin each answer on a separate sheet of paper.

1 This question is about carboxylic acids and its applications. 

(a) Butanoic acid is responsible for the rancid odour of sour butter.
(i) The acidity of butanoic acid is compared against phenol and 2-chlorophenol. Arrange

the three compounds in order of increasing acidity. Explain your answer.

CH3CH2CH2CO2H
butanoic acid

OH

phenol

OH

2-chlorophenol

Cl

(ii) Butanoic acid is used in the preparation of various esters. Low-molecular-weight
esters of butanoic acid, such as methyl butanoate, have mostly pleasant aromas or
tastes and are often used as food and perfume additives.
Suggest suitable reagents and conditions to form methyl butanoate from butanoic
acid.

Butanoic acid can be made from pentan-2-one as shown below. In step I, compounds S and 
T are formed. S is subsequently converted to butanoic acid in step II.

CH3CH2CH2CO2H
butanoic acid

CH3CH2CH2

pentan-2-one

C

O

CH3 S   +   T
step I

step II

(iii) Suggest reagents and conditions for steps I and II.

(iv) Predict from this synthesis, the structural formulae of S and T.
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A student prepared a sample of butanoic acid via oxidation of butanal.

(v) Suggest a simple chemical test to detect the presence of residual butanal in the
sample. You should state the reagent and condition, and the observation if butanal is
present in the sample.

Write a balanced equation for the chemical test suggested.

[12] 

(b) Long chain carboxylic acids, often referred to as fatty acids, are important components of
biomolecules known as lipids.

Natural fatty acids may be saturated or unsaturated. Depending on the number of C=C bonds
present (all are in the cis configuration), as well as their respective carbon chain lengths,
these fatty acids have significantly different melting points.

Molecular
Formula Structural Formula Common 

Name
Melting 

Point / °C

C15H29CO2H CH3(CH2)5CH=CH(CH2)7CO2

H 
palmitoleic 

acid 0 

C17H33CO2H CH3(CH2)7CH=CH(CH2)7CO2

H oleic acid 13

C17H35CO2H CH3(CH2)16CO2H stearic acid 69

(i) With reference to the data above, explain the difference in melting points between:

(A) palmitoleic acid and oleic acid
(B) oleic acid and stearic acid

(ii) Oleic acid is insoluble in water but soluble in organic solvents such as ethanol.
Draw a well-labelled diagram to show the type(s) of interactions involved between oleic
acid and ethanol.

[4]
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(c) Fatty acids are generally stored in living organisms in the form of triglycerides.When
triglycerides are hydrolysed with a base in a process known as saponification, long-chain
carboxylate salts are produced. One industrial use of such carboxylate salts is in the
manufacture of soap.

An example of a triglyceride is shown below:

(i) Write a balanced equation for the saponification of glyceryltristearate using sodium
hydroxide.

(ii) When soap molecules come into contact with grease or oil, they surround and isolate
little particles of the grease forming micelles as shown in the diagram below.

This gives an emulsion of soapy grease particles, which can then be easily washed
away with water.

With reference to the diagram above and considering the type(s) of interactions 
between the carboxylate salts in soap with grease and water respectively, explain 
how soaps function in removing grease or oil stains. 

glyceryl tristearate

H2O

H2O

H2O

H2O H2O

H2O

H2O

H2O

www.KiasuExamPaper.com 
61



(iii) Though soap is a generally good cleansing agent, it is not able to remove acidic food 
stains (such as kimchi stains),unlike its detergent counterpart. 

Explain why soap does not function well in the presence of acidic food stains.

[4]

[Total: 20]  
2 (a) Cyclohexane is often used as a non-polar solvent for the chemical industry and also as a 

standard in analytical laboratories. It may be obtained from cyclohexene as shown in 
Reaction Ibelow.

+    H2 (g)(l) (l)

(i) State the type of reaction above.

(ii) Given the following standard enthalpy changes, use an energy cycle to calculate H1 . 

  H / kJ mol-1

Enthalpy change of combustion for cyclohexane 3920

Enthalpy change of combustion for cyclohexene 3754

Enthalpy change of formation for water 286

(iii) Given that the entropy change of Reaction Iis 143 JK-1mol-1. Calculate the G for the 
reaction and predict the spontaneity of the reaction at room conditions.

H1  Reaction I 
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(iv) Cyclohexane may also be obtained from the two reactions below.

+     2H2

cyclohexa-1,4-diene

+     2H2

cyclohexa-1,3-diene

Explain why the value of H2 is approximately twice the value of H1 but the value of 
H3 is less than twice the value of H1 .   

[8]

(b) 1-methylcyclohexene can also be obtained from cyclohexene. 

(i) 1-methylcyclohexene reacts with iodine monochloride, ICl, to give the following product:

I

CH3

Cl

Name and describe, with the aid of equations, the mechanism of the reaction between 1-
methylcyclohexene andICl. 

(ii) State the total number of optical isomers for the product obtained in (b)(i). 

[4]

(c) Compound A, C9H10O, is a useful intermediate in the synthesis of pharmaceuticals and 
organic compounds. A forms an orange precipitate on reaction with 2,4-
dinitrophenylhydrazine. A does not react with Tollens’ reagent and aqueous alkaline iodine. 
On reaction of A with lithium tetrahydridoaluminate(III) in dry ether under room conditions, 
compound B, C9H12O, is formed. Heating B over Al2O3 produces the isomers C and D,
C9H10. 

Suggest structures for compounds A to D and explain the reactions involved.

[8]

[Total: 20]

H2  

H3  

Reaction II 

Reaction III 
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Answers to 2013 JC1 H2 Promotional Examination
Section B:

Answer all questions. Begin each answer on a separate sheet of paper.

1 This question is about carboxylic acids and its applications. 

(a) Butanoic acid is responsible for the rancid odour of sour butter.

(i) The acidity of butanoic acid is compared against phenol and 2-chlorophenol. Arrange 
the three compounds in order of increasing acidity. Explain your answer. 

CH3CH2CH2CO2H
butanoic acid

OH

phenol

OH

2-chlorophenol

Cl

Acid strength is dependent on stability of anion, since
Stability of anion:phenoxide< 2-chlorophenoxide <butanoate
Order of acidity:phenol < 2-chlorophenol <butanoic acid
Butanoic acid is the strongest acid as there is delocalisation of negative 
charge (or electrons) over the two oxygen atoms in the carboxylate ion. The
negative charge is dispersed, stabilizing the anion. Thus, protons leave the 
acid molecules more readily.
2-chlorophenol is a stronger acid than phenol as Cl atom is electron 
withdrawing. The negative charge on the anion is further dispersed by 
delocalization of lone pair of electrons into the benzene ring, thereby 
stabilizing the ion. Thus, protons leave the 2-chlorophenol molecules more 
readily than in phenol. 

(ii) Butanoic acid is used in the preparation of various esters. Low-molecular-weight 
esters of butanoic acid, such as methyl butanoate, have mostly pleasant aromas or 
tastes and are often used as food and perfume additives.
Suggest suitable reagents and conditions to form methyl butanoate from butanoic 
acid.

Reagent: methanol
Condition: concentrated H2SO4, reflux

Butanoic acid can be made from pentan-2-one as shown below. In step I, compounds S and 
T are formed. S is subsequently converted to butanoic acid in step II.

CH3CH2CH2CO2H
butanoic acid

CH3CH2CH2

pentan-2-one

C

O

CH3 S   +   T
step I

step II
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CH3CH2CH2CO2H
butanoic acid

phenol 2-2 chchlolorophpheenol

Cl

Acid strength is dependent on stability of anioioioioioioioioioioion,n,n,n,n,n,n,n,n,n,n, sininininininininnnnce
Stability of anion:phenoxide< 2-chlorophenenenenennenenenennnnnnnnnnnnoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxoxxoxoxoxoxxooxoxoxoxoxxoxoxoxoxoxoxoxoxoxoxoxxxoxxoxxoooxxoxooxoxxxoxxoxxxxxoxxxxxxxxxididididdididididididdiddididididdddddidddddddddiddddididdddddiddddiddddddee eee eeeeeeeeeeeeeeeeeee eee ee ee e <b<b<b<b<b<b<b<b<b<b< utanananananananananananoaoaoaoaoaoaaoaaaatetetetetetetetetetee
Order of acidity:phenol < 2-chlooorororophennnnnnnnnnnnnnololololololololololooololloollololololollollololollollollololooololoolololoolooooooooo <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<bubububububbbbububububububububububububububububbbububbbuubububbubbubbbbuububbubububububbubububububububbbbububbubbbubutatatatatatatatatatatattatatatatatatatatataataataaatataatataatataaaatatataattataaattatattat nononnonnnnonononoonnnnnonnnnnonnnnnnnnnnnnnnnnnnnnnnnnnononnnonnnoonnnnnnnnnn icccccccccc aciiiiiiiiiidddddddddd
Butanoic acid is the strongesttt acccid ddddddddddddddd asasasasasasasassasasasasasasaasasasaasasasassasasaasasasasasaasaasasasaaaasasasasasaasaassasaasasssssssssssssssssss  thththtththththtthhththththththhhththththththhthththththhtthhhhhtthhthhthhthththhhhhhthththhhthhherereereerererererererereeeerererererereereerereerrereereeerrrrerererrereerrreerreeeeeeee eeeeeeeeee eeeee eee e e e eee e iiisissssiiisssssss dededededededededededed llllllolocacacacaaaaaalililililililillliisasasasasasasasasassas ttttttitttt on of 
charge (or electrons) oveeer thththe two oo oxoxoxygennnnnnnnnnnnnnnnn aaaaaaaaaaaaaattttttot msssssssssss innnnnnnnnnn theeeeeeeeee cccccccccccararararararararararra boxylate
negative charge is dddisisispepepersssededed, ,, stabilili izzzing the anioioioioioioioioioioionnnnnnnnnn..... ..... Thususususususususususs, protons l
acid molecules momomom rerere reaeaeadilyyy...
2-chlorophhhenenenol is ss aaa stststrororongngngeree  a icid thththananan phenol as Cl atom is 
withdrawinnnggg. ThThThe neeegagg tiveveve ccharge ononon ttthhehe anion is further dispe
delooocacacalizatttiooon ooof ff lololonenene pppaiaiair ofofof eeelelelectctctrororonnns into the benzene ring, 
stststabbbilii izzzini g thththeee ioioion.n.n. TTThuhh s,, ppprororotototonsnsns llleeae ve the 2-chlorophenol molecul
reeeadilllyyy thththannn innn phenololol...

(ii) BuBuBuBuBuBuBuBuBuBuutanonononononononnonooiciciciciciicccc aciddddddddddd isisisisisissssss useeeeeeeeddddddddd d ininnininininininn tttttttttthehehehehehehehehehheeeeeeee preparation of various esters. Low-molecula
eseeeeeeeee teeeeeeeeeeerssssssss ooooooooffffff fff bububububububbububutatttttttttt noiccccccccc acaacacacacacacacaca idididididiididd, ssssussssss chchchchchchchcccc  as methyl butanoate, have mostly pleasant a
taaaaaaaaaaaststsststststssss eeeseeeeeee  and areeeeeeeee oooooooooftftftftftftfttftftf enenenenenenenenenenen uuuuuuuuusesesesesesesesesesesed as food and perfume additives.
Suggggggggggggesesesesesesesesesesestttt ttttttt sususususususususuitititititititittababababababababababblelelelelelelelelele rrrrrrrrreeeeaeee gents and conditions to form methyl butanoate from
acid.

Reagent: methanol
Condition: concentrated H2SO4, reflux



(iii) Suggest reagents and conditions for steps I and II. 

Step I: Alkaline aqueous iodine, heat
Step II: Dilute HCl, room temperature

(iv) Predict from this synthesis, the structural formulae of S and T.

S:CH3CH2CH2 C

O

O-

T: CHI3

A student prepared a sample of butanoic acid via oxidation of butanal.

(v) Suggest a simple chemical test to detect the presence of residual butanal in the 
sample. You should state the reagent and condition, and the observation if butanal is 
present in the sample. 

Write a balanced equation for the chemical test suggested.

1 mark for reagent and condition, 
1 mark for observation, 
1 mark for equation
Possible answers

Reagent 
and 

condition

Observation Equations

2,4-DNPH, 
room 
temp

Bright 
orange ppt

C H

O

+CH3CH2CH2

H2NNH

NO2

NO2

C NNH

H

+ H2O

CH3CH2CH2

NO2

NO2

Tollens’ 
reagent, 
heat

Silver mirror
C H

O

+  2Ag+ +  3OH- C O

O

+  2Ag +  2H2OCH3CH2CH2 CH3CH2CH2

Fehling’s 
solution, 
heat

Reddish 
brown ppt C H

O

+  2Cu2+ +  5OH- C O

O

+  Cu2O +  3H2OCH3CH2CH2 CH3CH2CH2

Acidic 
KMnO4,
heat

Purple 
KMnO4decol
ourises C H

O

+  [O] C OH

O

CH3CH2CH2 CH3CH2CH2

Acidic 
K2Cr2O7,
heat

Orange 
K2Cr2O7
turns green

[12] 
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A student prepared a sample of butanoic acid via oxidation of butanal.

(v) Suggest a simple chemical test to detect the presence ofof resesididual butan
sample. You should state the reagent and condition, and ththe e obobseservation if b
present in the sample. 

Write a balanced equation for the chemical test sugggggggg esesee tetettt d.d.

1 mark for reagent and condition,
1 mark for observation,
1 mark for equation
Possible answers

Reagent
and 

condition

Observrvrvrvatatationn Eqqqqqqqqqqquauauauauauauauauauauations

2,4-DNNNPHPHPH, 
roooomomom 
teeemmpm

BBBriggghthh  
orararangngnge ppppppttt

C H

O

+CH3CH2CH2

H2NNH

NO2

NO2

C N

H

CH3CH2CH2

Tollennns’s’s’ 
reagent,t,t,
heat

Silver mirror
C H

O

+  2Ag+ +  3OH- C O

O

CH3CH2CH2 CH3CH2CH2

F hli ’ R ddi h O O



(b) Long chain carboxylic acids, often referred to as fatty acids, are important components of
biomolecules known as lipids.

Natural fatty acids may be saturated or unsaturated. Depending on the number of C=C bonds 
present (all are in the cis configuration), as well as their respective carbon chain lengths, 
these fatty acids have significantly different melting points.

Molecular 
Formula Structural Formula

Common 
Name

Melting 
Point / °C

C15H29CO2H CH3(CH2)5CH=CH(CH2)7CO2

H 
palmitoleic 

acid 0 

C17H33CO2H CH3(CH2)7CH=CH(CH2)7CO2

H oleic acid 13

C17H35CO2H CH3(CH2)16CO2H stearic acid 69

(i) With reference to the data above, explain the difference in melting points between: 

(A) palmitoleic acid and oleic acid
(B) oleic acid and stearic acid

Oleic acid has a larger electron cloud due to a higher Mr as compared to 
palmitoleic acid. This gives rise to a greater extent of polarisation, which leads 
to stronger and more extensive van der Waals forces of attraction between oleic 
acid molecules. As more energy is required to overcome the stronger and more 
extensive intermolecular forces of attraction, a higher melting point is 
observed.
The absence of double bonds in stearic acid allows close and uniform packing
of the fatty acid molecules. On the other hand, the presence of a cis-double 
bond in oleic acid introduces a kink (or “bend”) in their shape, which makes 
it more difficult to pack oleic acid molecules so closely together in a uniform 
repeating array. This accounts for a lower melting point as a smaller amount of 
energy is required to overcome the less extensive intermolecular van der 
Waal’s forces of attraction.

(ii) Oleic acid is insoluble in water but soluble in organic solvents such as ethanol.  

Draw a well-labelled diagram to show the type(s) of interactions involved between oleic 
acid and ethanol. 
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C17H33CO2H CH3(CH2)7CH=CH(CH2)7CO2

H oleic acacidid 13

C17H35CO2H CH3(CH2)16CO2H ststeaeariric c acacidid 69

(i) With reference to the data above, explain the difffffffeerererererererrerererererererererererererererereerererererrererererrreeeeeeeeeee eneneneeneneeneneneeneneneeeneneneeneneneneeeneeneeeneneneneenennnnneneeeneeeneeneeeneneneeneee ceccccccecececececececeecccecececeecececeeccccecececcccccccececeec  inn meeltltiningg ppoints bet

(A) palmitoleic acid and oleic aciciciciciciicicicic ddddddd
(B) oleic acid and stearic aaaaaaaaaaciccccc d

Oleic acid has a larger electron cloud due to aaaaaaaaa hhhhhhhhigher Mr as co
palmitoleic acid. ThTTTTT is gives rise to a greatett r exteeeeeeeentnttntntntntntt of polarisation, w
to stronger and more extensive van der Waals forces of attraction bet
acid molecules. As more energy is required to overcome the stronge
extensive intermolecular forces of attraction, a higher melting
observed.
The absence of double bonds in stearic acid allows close and unifor
of the fatty acid moleculel s. On the other hand, the presence of a 
bond in oleic acid introduces a kink (or “bend”) in their shape, wh
it more difficult to pack oleic acid molecules so closely together in
repeating array. This accounts for a lower melting point as a smaller
energy is required to overcome the less extensive intermolecula
Waal’s forces of attraction.

(ii) Oleic acid is insoluble in water but soluble in organic solvents such as ethano



[Note: Need to show 1 H-bond and 1 VDW in diagram]

[4]

(c) Fatty acids are generally stored in living organisms in the form of triglycerides. When 
triglycerides are hydrolysed with a base in a process known as saponification, long-chain 
carboxylate salts are produced. One industrial use of such carboxylate salts is in the 
manufacture of soap.

An example of a triglyceride is shown below:

(i) Write a balanced equation for the saponification of glyceryltristearate using sodium 
hydroxide.

+ 3 NaOH

+   3 Na+

van der 
Waals 

forces of 
attraction

hydrogen 
bonding

- -

-

-

..

..

glyceryltristearate
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[Note: Need to show 1 H-bond and 1 VDW in diagram]

) Fatty acids are generally stored in living organismsss  inii ttttttttttttttttttthe form of trtriglycer
triglycerides are hydrolysed with a base in a prococcccccccccesesesesesesesesesesesesesesesesesessssesseess sss s s ss sss ssss sssssssssssss knknknknknknknknknknknknknknknknknnknknknkknk ooooowowoooooooooooo n as sasapoponification
carboxylate salts are produced. One innnnnnnnnduduuduuududuuuusts riririririr alaaalalalalalalalalallalaalalaaaaaaalaaa uuuuuuuuuuuuuuuuuuuuuuuuuusesesesesesesesesesesesesesesesesesesesesessees ooooooooooooooooooooooooofffffffffff fff f f fff f ff fff f susussussussususussususussususuusussusuch carboxylate salt
manufacture of soap.

An example of a triglyceride iiiiiiiissssss ssss hhhhhhhhhshowowowowowowowowoownnnnnn bebebeebebeeeeeelow:

(i) WrWrWrWrWrWrWrWrWrrititititititttitteeeeeeeeee a bababababababababbalanced equation for the saponification of glyceryltristearate us
hydrrrrrrrroxoxoxoxoxoxoxoxoxoxo ididdidididididii e.

glyceryltristearate



(ii) When soap molecules come into contact with grease or oil, they surround and isolate 
little particles of the grease forming micelles as shown in the diagram below. 

This gives an emulsion of soapy grease particles, which can then be easily washed 
away with water. 

With reference to the diagram above and considering the type(s) of interactions 
between the carboxylate salts in soap with grease and water respectively, explain 
how soaps function in removing grease or oil stains. 

The long non-polar/hydrophobic hydrocarbon chain (the “tail”) of soap can 
interact with grease via van der Waals forces of attraction to form micelles.
The polar/hydrophilic carboxylate anion (the “head”) of soap on the other 
hand is able to form strong ion-dipole interactions with polar water 
molecules (not hydrogen bonding). Soapy grease particles can thus be easily 
washed away with water.
[Note: Max 1 mark if answer just states the type of interactions]

(iii) Though soap is a generally good cleansing agent, it is not able to remove acidic food 
stains (such as kimchi stains), unlike its detergent counterpart.

Explain why soap does not function well in the presence of acidic food stains.

In acidic food stains, the long-chain carboxylate anion end (the “head’) in 
soap will react with H+ ions to form insoluble fatty acid molecules. This 
inhibits the formation of micelles to dissolve the acidic food stains.
OR
The H+ ions present in acidic food stains protonate the long-chain 
carboxylate anion end (the “head”) in soap to give a carboxyl group which 
is unable to form ion-dipole interactions with water molecules.
[Note: CH3(CH2)16COO–Na+ (aq) + H+ (aq)   CH3(CH2)16COOH(s) + Na+

(aq)][4]

H2O

H2O

H2O

H2O H2O

H2O

H2O

H2O
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With reference to thhhhhhhhhheeeeeeee e didididididididididdiagagagagagagaggagagrarrrrrrr mmmmmmmmmmm abovvvvvvvvvve eeee and considering the type(s) of
between the carboxoxoxoxoxoxoxoxooooo yyyylyyyyy ateeeeeee saltttttttss sssssssss ininininininininn soaaaaaaaaaappppppp with grease and water respectiv
how soaps functionnnnnnnnnn innnnnnnnn rerereerereereremomomomomomomomomovivvvvvvv ngngngngngngngnngng gggggggggrerererererererreeasasasasasasasasasa ee or ooooooooooiiillililililillli  stains. 

Thhe e longg nononn-popolaar/r/hyhydrdroophoobibicc hyhydrdroocarbon chain (the “tail”) o
inteteraract wwitthh grgreaeasee via vaan n deder r WaWaals forces of attraction to form m
The popolar/r/hyhydrophihililicc cacarbrboxoxylylatate anion (the “head”) of soap on
hand is s abable too foforrm strong ion-dipole interactions with p
momolelecuc leless (notot hhydydrorogegen bonding). Soapy grease particles can thu
washshed awaway y wiwithth wwater.
[NNotote:e: MaMax x 11 mamark if answer just states the type of interactions]

(iii) Thhhhhhhhhhhouououououououououuoughghghghgggggg ssssssssssoaoaoooooooo p is a generally good cleansing agent, it is not able to remove
stainsnsnsnsnsnsnsnnss ((((((((((ssssussss ch as kimchi stains), unlike its detergent counterpart.

Explain why soap does not function well in the presence of acidic food sta

H2O

H2OH2O



[Total: 20]

2 (a) Cyclohexane is often used as a non-polar solvent for the chemical industry and also as a 
standard in analytical laboratories. It may be obtained from cyclohexene as shown in Reaction 
Ibelow.

+    H2 (g)(l) (l)

(i) State the type of reaction above.

Reduction

(ii) Given the following standard enthalpy changes, use an energy cycle to calculate H1 . 

  H / kJ mol-1

Enthalpy change of combustion for cyclohexane 3920

Enthalpy change of combustion for cyclohexene 3754

Enthalpy change of formation for water 286

+    H2 (g)(l) (l)

6CO2(g) + 6H2O(l) 
( correct cycle)

H1 = 3754 286  ( 3920)
= 120 kJ mol-1

(iii) Given that the entropy change of Reaction I is 143 JK-1mol-1. Calculate the G for the 
reaction and predict the spontaneity of the reaction at room conditions.

G = H1  T S
        = 120 (298)( 143 x 10 3)  = 77.4 kJ mol-1
The reaction is spontaneous. 

H1

+ 9 O2 (g)       3754 286 3920      + 9 O2 (g)

H1 Reaction I
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(i) State the type of reaction above.

Reduction

(ii) Given the following standard enthalpy changes, use an enenerergygy ccyycle to calcu

 HH / / kkJk  mol-1

Enthalpy change of combusttttttttttioioioioioiiii nnnnnnnnnnn foooooooooooooooooooorr rrrrrrrrrrrrrrrrrrrr rrrrr cycycycycyccycycyycycyccycycycycycycycycycyccycycyycycycycycycycycyycycycycycyyycycyycyccccyyyyyyclclclclclcclclclclclclclcclclclclclcccclclclcclcclcclccccccccccccllccccccccc ohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohohoohohohohohohhoohhoooohohhoho exexexexexexexexexexexexexexexexexexexexexexexexexexexexexxxexeeexeeexeexxexxxxanananaananananananaananananananannnananananananananananaannananaanananananaanananaannaanaannnnneeeeeeeeeeeeeeeeeeeeeeeeee 33920

Enthalpy change ofofofofofoofof comomommommmmmmmbubbubububububbbubustion fofofofofofofofoforrrrrrrrrrrrrrr cyclohexenee 3754

Enthalpy changngnngngngngngnnngn e ee eeeeeeee ofofofofofofofof ffffffffforororororororooo mamamamamamamamamatittitittittitit ononoooooooo fffffffffororoororororoor wwwwwwwwwwaterererererrerrererrr 286

+++++++++  HHHHHHHHHHHHHHH2 (g)(((((((((((llllllllll)))))))))) (l)
H1

+ 9 O2 (g)      3754 286 3920      + 9 O2 (g)



(mark awarded based on the outcome of G calculated)

(iv) Cyclohexane may also be obtained from the two reactions below.

+     2H2

cyclohexa-1,4-diene

+     2H2

cyclohexa-1,3-diene

Explain why the value of H2 is approximately twice the value of H1 but the value of 
H3 is less than twice the value of H1 .    

[8]

Since there are two C=C bonds in cyclohexa 1,4 diene, energy given out in 
hydrogenating it is twice that given out in hydrogenating cyclohexene which has 
only one C=C bond.

Energy given out in hydrogenating cyclohexa 1,3 diene is less than twice of 
that given out in hydrogenating cyclohexene because cyclohexa 1,3 diene is 
stabilised by delocalisation of pi electrons over 4 carbon bonds (alternate double 
bonds).

(b) 1-methylcyclohexene can also be obtained from cyclohexene. 

(i) 1-methylcyclohexene reacts with iodine monochloride, ICl, to give the following product:

I

CH3

Cl

Name and describe, with the aid of equations, the mechanism of the reaction between 
1-methylcyclohexene andICl. 

Electrophilic addition

H2

H3

Reaction II

Reaction III
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+     2H2

cyclohexa-1,3-diene

Explain why the value of H2 is approximately twiicece tthehe vvaluee oof f HH11 but t
H3 is less than twice the value of H1 .     

Since there are two C=C bonds in cycycycycyccccccycccccccccccccccccccccccccccclololololollolololololololololololololololoololololololoolololooloololoooooolloolollolololollolllooloooooololoooooooheheheheheheheheheheheheheheheheheheheheheheheheheheeheheheheheheheeheheeheheheeheheheeheeheheeeheheeehehehhhhehhehhehhhhhh xxxxxxxxxxxxaxaxaxaxaxaxaxxxaxaxaxaxxxaxaxxxxxaxxxxaxx 1,,,,,,,,,444444444 didddddddd ene,e,e,e,e,e,e,ee  enenenenenenenene ergy gi
hydrogenating it is twice that given out in hydrddddddddddd ogennnnnnnnatattttttattiiiiiniiiii g cycycycycycycycycyc clccccccc ohexene 
only one C=C bond.

Energy given out in hydrogenating cycccc clohexa 1,,,,,1,1,333333333 diene is less tha
that given out in hydrogenating cyclohexene because cyclohexa 1,
stabilised by delocalisation of pi electrons over 4 carbon bonds (altern
bonds).

) 1-methyllllllllcycycycycycycycyccyc clohohhhhhhhhhhexxxxxxxxxxene eeeeee e caaaaaaaaannnnnnnnnn alsooooooooooo bbbbbbbbbbe eee eeeeeee obobobobobobobobobobtaaaaaaaaaaainininininnnnnnnedededededededededeed fffffffffffrororoorororororoommmmmmmmmm cyclohexene. 

(i))) 1----------mememememememememmmethylcyclclclcclclclclcc ohhhhhohohhhohohexexexexexexexxexeeeeneeeeeee e reeeeeeeeeacacacacacacacacactststststststststststs wwwwwwwwwwwith iodine monochloride, ICl, to give the following

I

CH3

Cl

Name and describe, with the aid of equations, the mechanism of the reaction be
1 th l l h dICl

H3HH Reaction II



CH3

I

Cl

CH3

I

+   Cl:-
+

CH3

I

+   Cl:-
+

I

CH3

Cl
fast

slow

for showing curly arrows and partial charges
for the correct slow/fast step and intermediates

(ii) State the total number of optical isomers for the product obtained in (b)(i). 

 4 [4]

(c) Compound A, C9H10O, is a useful intermediate in the synthesis of pharmaceuticals and 
organic compounds. A forms an orange precipitate on reaction with 2,4-
dinitrophenylhydrazine. A does not react with Tollens’ reagent and aqueous alkaline iodine. 
On reaction of A with lithium tetrahydridoaluminate(III) in dry ether under room conditions, 
compound B, C9H12O, is formed. Heating B over Al2O3 produces the isomers C and D, C9H10. 

Suggest structures for compounds A to D and explain the reactions involved.

A has high C:H ratio, hence benzene ring is present.

A is a carbonyl compound as it forms an orange precipitate with 2,4-DNPH.
A is a ketone since it does not react withTollens’ reagent. 

A does not contain          as it does not react with aqueous 
alkaline iodine.

B is a secondary alcohol as it is formed from the reduction of A (a ketone).

On heating B over Al2O3, dehydration/elimination of B (an alcohol) occurs to form
an alkene. 

C and D are cis-trans isomers of the alkene, C9H10. 

+

-

C CH3

O

or C

H

OH

CH3
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CH3

I

+   Cl:-
+

I

CH3

Cl
fast

for showing curly arrows and partial chahahaahaaahaaaahaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaargrgrrgrgrgggrgrgrgrgrgrgrgrgrgrggrggrgrrgggrgrgrgrgrgrggrgrgrggrrrrrrgrrgrgrrggggrggggrgggggrggggggggggeseseseseseesesesesesesseseseseeseeseseseeeesssseseessesesesesesesesesesesesessesesesessseeesssseeee
for the correct slow/fast step and interererrerrrrererrererrrmemememememememememememmememememememememememememememememememememememmemememmemememeemememememememeemememeememeeememmmmmeeemmemeeemmemmmm dididddidddddidididdididididddidididididdidididididdidididdidiididididididdddddddddddddddddddddddd atatatatatatataatatatatatatatatatatatatattaatatatatatatatatatttataatattataatttattataataaaaaaaaaaaaaaaaaatateseseseseseseseseseseseseseseseseseseseeesesesesesesesesesesessesesesseesesseessssssssesessessessssesssse

(ii) State the total number of ff f fff opopopopopopopopopoptititttititititit caaaaaaaaaaal isisississsssomers fofofofofofoofoooor rrrrrrrrrrrr the productt obbttaineded iin (b)(i).

 4

) Compound A, C9HHHHHHHHHH10O,OO,O,O,O,OO,O,O,O iiiiiiiisss ssssssss a ususususususususuu efefefefefefefefefululululululululuu iinnntnnnnnnnn ermememememememememem diddddddddd atatatatatattatatattee e e ee e eee ininiinininininn tttttttttthe synthesis of pharmace
organic cococococccc mpmpmpmpmpmpmpmpmpmpmpouooooo nddddddddds. AAAAAAAAAA fofofofofofofofofofoorms anananananananananan oooooooooraaaaaaaaaannngnnnnnn e precipitate on reaction 
dinitrophhhhehhhhh nnnynnnnnn lhydydydydydydydydydydydrarararararaaaaaazineneeeeeee. AAAAAAAAAA doesssssssss nnnnnnnnnnototototototototototo rreaeaeaeaeaeaeaeaeaaeactctctctctctctctctctct wwwwwwwwwwwititititititititiithhhhhhhhhhh Tollens’ reagent and aqueous alka
Onnnnnnnnnnnnn rrrrrrrrrrreaccctccccccc ioooooooooon of AAAAAAAAAA wwwiwwwwwwww thhhhhhhhhh litiiiiiiiiii hium teteteteteteteteeeetrttrtrtrtrtrtrttrahahahahahahahahahaahydddddddddrirriririririir dodododododdodddd aluminate(III) in dry ether under room
compmpmpmpmmpmmmmpmmpmpmmmmmm ouououououououououououndddddddd BBBBBBBBBB, CCCCCCCC9H12222222222OOOO,OOOOOOO  is foooooooooormrmrmrmrmrmrmrmrmrmededededededededdd. HeHeHeHeHeHeHeHeHeHHeeeeeeeeating B over Al2O3 produces the isomers C an

Suggeseseseseseseseesst stssssssss ructurrres fororororororororro cccccccccccomomomomomomommomoompopopopopopopopopopopoununnnnnnnds A to D and explain the reactions involved.

A has high C:H ratio, hence benzene ring is present.

A is a carbonyl compound as it forms an orange precipitate with 2,4-DNPH
A is a ketone since it does not react withTollens’ reagent.



A is   B is 

C and D are    and  

[Total 11 , maximum 8]

[8]

[Total: 20]

C
O

CH2CH3 C CH2CH3H

OH

C C
H H

CH3

C C
H CH3

H
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[T[T[T[T[T[T[T[Total 11 , m



Section C (Structured Questions)

Answer allthe 5 structured questions in the spaces provided on the question paper.

1 Planning (P)
(a)
  

FA 1 contains 10.0 g dm-3 of one of the dibasic acids A – Cshown in the table below:

Acid Structural formula Mr Concentration /mol dm-3 

A HO2C(CH2)4CH(Cl)CO2H 194.5 0.0514

B HO2C(CH2)3COCH2CO2H 174 0.0575             

C HO2C(CH2)2CH=CHCH2CO2H 158 0.0633

You are required to identify the dibasic acid present in FA 1by determining its Mr. 

(i) Insert the missing data in the table above.

(ii) A standard solution of aqueous potassium hydroxide solution is prepared using solid 

potassium hydroxide pellets so that it can be titrated against FA 1. Suggest an 

appropriate concentration of the standard aqueous solution of potassium hydroxide 

solution to be prepared. Explain your answer.

FA 1 2 KOH
In a titration, for high accuracy the volume of titre = volume of pipetted volume

Thus, [KOH] =  2 x[FA 1]
[KOH] ranges from  0.1028 to 0.1266 mol dm-3

An appropriate [KOH] = 0.10 mol dm-3 orchoose any other value 0.10 to 0.15 mol dm-3

(not 0.20 mol dm-3 as titre volume is too low).
(iii) Outline, step by step, how you would prepare 250 cm3 of an aqueous solution of 

potassium hydroxide with exactly the concentration you have suggested in (a)(ii)and 

finally the titration against FA 1. 

Preparation of KOH Solution

To prepare 250 cm3 standard solution of KOH of 0.10 mol dm-3, about 0.025 mol
= 1.40 g of solid KOH must be used.
1. Weigh accurately about 1.40 g of KOHinto a dry weighing bottle. 
2. Pour the weighed solid into a clean small beaker. Rinse the weighing bottle with 
deionized water and pour the washings into the beaker. Dissolve the solid in the 
beaker.
3. Transfer the solution and all washings into a 250 cm3 volumetric flask. Top up the 
solution with distilled water to the 250 cm3 mark. Stopper and shake well to obtain a 
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B HO2C(CH2)3COCH2CO2H 174 0.0575             

C HO2C(CH2)2CH=CHCH2CO2H 158 0.06666666666333333

You are required to identify the dibasic acid present in FAAAAAAAA 11111bybyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy dededddddddd tterminininingg ititss s Mr.

(i) Insert the missing data in the table abovovovvovovvovovovove.

(ii) A standard solution of aqueous potassssissssssss ummmmmmmmm hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhydydydyddydydydydydydydydydydydydydydyydydydydydydydydydydydydyydyddyddydydydydydydddydydydydyddddddddddrorororoooroorororororororororororororororrorrororororororororrrrrrorrororooroorooxixxixxixixixixixixixixixixixxixixixixixixixixixixxxxxxixxxxxixxxixxxxx dededededededededededededededdedededededededededdeddedededeedededededdededeededeeedeededeeedd ssssssssssssololllututioionn isis pprereppared us

potassium hydroxide pellets sosoosooooooo ttttttttttthahhhhhh t it ccccccccananannannnnnnnnnnnnnn be titratedd aaggainstst FFA 1. Sug

appropriate concentrattttttttioioioioioioioiiii nnnnnnnnnn offfffffff tttttttttthhhehhhh sssssssssstaaaaaaaaaandnnnnnnn ard d d d d dddd aaaaaqaaaaaaaaaaaa ueous solulutiioon of potassium h

solution to be prrrrrrrepepepepepepepepeppared. ExExEEExEEE plplplplplplppppp aiaiaiaiaiaiaiaaia nnnnnnnnnnn yoyoyoyoyyyyoyyy uuuruuuuuuu aaaaaaaaaansnsnsnsnsnsnssnswwwweww r.

FA 1 2 KOH
In a titration, for high accuracy the volume of titre = volume of pipetted volume

Thus, [KOH] =  2 x[FA 1]
[K[[[ OH] ranges from  0.1028 to 00000.1266 mol dm-3

An appropriate [KOH] = 0.10 mol dm-3 orchoose any other value 0.10 to 0.15 m
(not 0.20 mol dm-3 as titre volume is too low).
(iii) Outlinininininininininnee,e,e,e,e,e,ee,e, steteeeeeteetetetep pppp pp ppp by step, how you would prepare 250 cm3 of an aqueous so

potassiuiuiuiuiuuuuuuuum hydroxide with exactly the concentration you have suggested in (
finally the titration against FA 1. 



homogenous solution.
Titration Procedure

1.Pipette 25.0 cm3 of FA 1 solution into a 250 ml conical flask. Add 5 drops of thymol 
blue. (or 1-2 drops of phenolphthalein )
2. Titrate FA 1 against the standard KOH solution until a colour change from yellow to 
green is obtained ( or colorless to pink for phenolphthalein).
3.Repeat the titration until consistent results (within +/- 0.10 cm3) are obtained.    [4m] 
* Allow solution in burette and conical flask to be reversed;colour change of 
indicatormust be changed accordingly.
(iv) 25.0 cm3 of FA 1 solution required v cm3 of cmol dm-3 KOH solution prepared in(a)(iii).

Outline how you would process the results to determine the Mrof the acid present in  
10.0 g dm-3FA 1solution.

FA 1 2 KOH
No of moles of KOH used = cv  x 10-3mol
No of moles of FA 1 in 25.0 cm3 =  ½  (cv  x 10-3) mol

Concentration of FA 1 =  [ ½ (cv  x 10-3 ) /0.025 ] = cv/50  mol dm-3

              10/Mr of acid    =  cv/50

Mr of acid =  500
cv

[ 8 + 1 bonus]

[8]

(b) FA 2 is a solution containing 1 mol dm-3 of either acid C,HO2C(CH2)2CH=CHCH2CO2Hor 

acid D, CH3(CH2)3CO2H. In an attempt to identify the acid present in FA 2, a student 

decided to mix different volumes of FA 2 and aqueous KOH in two separate experiments. 

The temperature rise for each experiment was measured.

(i) Given the concentration of aqueous KOH used in the experiments is 1 mol dm-3,

complete the following table.

Experiment Vol of KOH / cm3 Vol of FA 2 / cm3 Temperature rise / oC 

1 25 50 T1

2 50 25 T2

2m
Note: 1. The same total volume of reaction mixture in both experiments. 
          2. Volume of base in one experiment is doubled the other base volume.
              Similarly the same applies for the acid.

(ii) Explain how the student can make use of the data collected in (b)(i) to identify the acid 
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(iv) 25.0 cm3 of FA 1 solution required v cm3 of cmol dm-3 KOH solution prepared 

Outline how you would process the results to determine thee MMrofof tthe acid pr
10.0 g dm-3FA 1solution.

FA 1 2 KOH
No of moles of KOH used = cv  x 10-3mol
No of moles of FA 1 in 25.0 cm3 =  ½  (cv  x 10-3) mmmmomomomomomomoomoooomommomomomommomomomomomomommmmomomomomomomoommoooomoomommommmomommoomooollllllllllllllllllllllllllllllll

Concentration of FA 1 =  [ ½ (cv  x 10-3 ) /0.02522525252525255555552555252555555555555555555 ]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]] ================================================= ccccccccccccccccccccccccccccccccccv/v/v/v/v/v/v/v/v/v/v/v/v/v/v/v/v/v/v/v/vv//v///v/v//v///v/v//v/v/v//v/v/v/v/v/v/vvvvvvvvv//vvv/vv/vvvv 505055055505505555050505050005050505050505050505050505505005050000050050550555555550055050550000050  momommmmommm llllllll dddddddmd 3-3-3-3-3-3--3

             10/Mr of acid    =  cv/50

Mr of acid =  500
cv

[ 8 + 1 bonus]

FA 2 is aaaaaaaaaaa sssssssssolutututututututututututiooooooooonnnnnnnnnn cooooooooontntntntntntntntaiaiaiaiaiaiaiaiaininininininininnnn nggggg 1111111111 mmmmmmmmmmmolooloololoooll dmmmmmmmmmmm-333333333 ofofofofofofofofofof eeeeeeeititittittthhhehhhhhhh r acid C,HO2C(CH2)2CH=CHCH2

acidddddddddd D, CHHHHHHHHHH3(CH22222222222))))))3COCOCOCOCOCOCOCOCOOC 2HH.HHHHHHHH  In annnnnnnnn aaaaaaaaaatttttttttttttttttttttememememeemememee ptptptptptptptptptptp ttttttto idddddddddddentify the acid present in FA 2, a

deciiiiiiiidedededdedededddddddddd ddddddddddd toooooooooo mmmmmmixixixixixixixixxx ddddddddiffeeeeeerererererererererereentnnnn  vololololololololollolumumumumumumumumumumu esesesesesesesesesss ooooooooooofffff ffffff FA 2 and aqueous KOH in two separate expe

The tempmpmpmpmpmpmpmmpm eereeeeeeee ature riseeeeeeeeee ffffffffffororororororororororor eeeeeeeeeeacacacacacaccacacacchhh h hh hh h h h exeee periment was measured.

(i) Giveennnnnnnnnnn tttttttttheheehehehehehehehhe ccccononononononononononcecececececececececeentntntntntntntntntntntrararararararaararr ttitititiitition of aqueous KOH used in the experiments is 1 mol dm

completetetetetetetetetete tttttheheeheeheheheheee ffffffffffoloooooooo lowing table.

Experiment Vol of KOH / cm3 Vol of FA 2 / cm3 Temperature rise



present in FA 2.

If T1 =  T2 ,the monobasicacid,D is present.

In both experiments the same amount of water will be formed, 
releasing the same amount of heat (temperature rise).

If T1 =  ½ T2 ,the dibasicacid, C is present.

Experiment 1 will result in half the amount of water formed, releasing  inhalf the 
amount of heat evolved (temperature rise). 
OR 

A dibasic acid reacts with aq KOH in 1:2 mole ratio
Experiment 1 will result in half the amount of water formed (0.025 mol of water 
formed in experiment 1 but 0.05 mol in experiment 2), releasing half the amount 
of heat evolved (temperature rise).

Amonobasic acid reacts with aq KOH in 1:1 mole ratio.

In both experiments, same amount of water will be formed (0.025 mol of water is 
formed), releasing same amount of energy( temperature rise). 

2m
[4]

[Total: 12]

2 (a) Acrylamide is a compound that is found in fried foods such as French fries and potato chips
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Experiment 1 will result in half the amount of water formed (0.025 mol of
formed in experiment 1 but 0.05 mol in experiment 2), releleleleeeeeasasasasasasasasasinininininininininngg ggggggg half the a
of heat evolved (d temperature rise(( ).e)

Amonobasic acid reacts with aq KOH in 1:1 mollllleee e ee ee e e rararararararararr tititititititiitioo.oooooo

In both experiments, same amount of water willllllllllllllllll llllll bebebebebebebebebebbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb ffffffffffffffffffffffffffffffffffffffffffffforororororororrroooooooooooooooooooooooooooooooooooooooo mmmmemmmmm d (0(0(0(0(0(0(0(0(0(0.0.0.0.0.0.0.0.0002525252525252525 mol of 
formed), releasing same amount of energggggyyyyyyyyyyyyyyyyyyy((((((((((((((((((((((((((((((((((((((((((((((((((((yyyyyyyyyyyyyyyyyyyyyyyyyyyyy teteteteteeteteteteteteteteteteteeteetettetetetetetetetetetetetetetetetettetettettetteteteeeeeeeeeeeeteetempmpmpmpmpmmpmpmpmpmpmpmmpmpmpmpmpmpmpmpmpmpmmmpmpmpmpmpmpmmpmmpmmppmpmppmpmpmpmmpmpmpmppmmmpmmmmmpmmmperereerereereerererererererererererererrerererererererererereeerererrereeerererrererrrreeerrrereeee atatatatatataaaaatattttataaaataatatataataaattatataatatataatataaaaaaaatataattttttaattattttaatttatturururuuururururururuuu e riseeeeeeeee)))))))).))  eeeeeeee)

[T



and beverages such as prune juice. There is growing concern on the occurrence of 
acrylamide in food as it is believed to be carcinogenic.

(i) Acrylamide contains 50.7% by mass of carbon, 7.0% by mass of hydrogen, 19.8% by 
mass of nitrogen and the rest is made up of oxygen. Given that the relative molecular 
mass of acrylamide is 71.0, determine the molecular formula of acrylamide.

  
  
  
  
  

   

1 mark for working

Let the molecular formula of acrylamide be C3nH5nNnOn. 
  

Mr of acrylamide = n (3 × 12.0 + 5 × 1.0 + 14.0 + 16.0) = 71.0   
      

1   
Hence, the molecular formula of acrylamide is C3H5NO.

C H N O
% by mass 50.7 7.0 19.8 100-50.7-7-19.8 

= 22.5
Ar 12 1 14 16

No of moles 4.225 7 1.414 1.406
Ratio 3 5 1 1

(ii) Some studies have shown that a person can safely ingest acrylamideup to 0.25 mg per
kg body weight in a day without any observed adverse effects to his nervous system. 
In an experiment, it was found that 1 kg of prune juice contains 1.20 × 10 7mol of 
acrylamide. Calculate the maximum volume of prune juice a 60 kg man can drink per 
day. You may assume that the prune juice has the same density as water.

Max mass of acrylamide theman can take in per day = 0.25 × 10 3 × 60 
        = 0.0150 g
  

Mass of acrylamide in 1 kg of prune juice = 1.2 × 10 7 × 71.0 
= 8.52 × 10 6 g per kg of prune juice
  
Max mass of prune juice the man can drink per day = 0.0150 ÷ (8.520 × 10 6) 
       = 1760 kg (3 sf)

Max vol of prune juice the man can drink per day = 1760 ÷ 1 
= 1760 dm3 (3 sf)

[5]

(b) A container holds a gaseous mixture of nitrogen and propane.  The pressure in the container
at 200 °C is 4.5 atm.  At 40 °C, the propane completely condenses and the pressure drops 
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1 mark for working

Let the molecular formula of acrylamide be C3nH5nNnOn.
 

Mr of acrylamide = n (3 × 12.0 + 5 × 1.0 + 14.0 + 16.6.6.6.6.6.6.6.6 0)0)0)0)0)0)0)0)0)0 ======== 7177777777 .00000000   

1  
Hence, the molecular formula of acrylamidedeedededeeeeeeeeeeee iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiss ssss sssssss s sssssss s ss s ssssssssssss CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC3333333333333333333333333333HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH55555555555555555555555555555555555555NOONONONNONONONONONONNNONONNNNNNNNNNNNNNONNNNNNNNNNNNNNNNNNN .

(ii) Some studies have shown that aaaaaaaaaaa ppppppppersonnnnnnnnn caaaaaaaaaaan saaaaaaaaaaaafefefefefefefefeeeeeefefeffefefeeefefefefefefefefefefeeeeeeeffefeeeefffefeeeeeelylylylylylylylylyylyyylyylylylyylylyylylyyylylylylylylylllylylyllllyyylylyyylyyyyyylyyyyyy iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiingngngngngngngngnngnnn esst acacrylamimidedeup to 0.2
kg body weight in a day withoutttt t t tttt ananananananaannny obseeeeeeeeeervvvvvvvvvvvvvvvedeeeeeeeeeeeee  adverse eeffffecects tto o hhis nervous
In an experiment, it wasasasasasasasasasas ffffffffffouououououououououundndndndndndndndndd thtthththththttht atatatatatatatatata  1 kg ooofoffofooffofffof prune juiccee ccontains 1.20 × 10
acrylamide. Calculate tttttttttttttttttheeeeeeeee maxxxxxximimmimmmimiii umumumumumumummumm vvvvvvvoloooololooloolo umumumumumumumumummu ee e eeeeeeeeee of pppppppppppppprune juiicece a 60 kg man can 
day. You may asssssssssssssssssume ththththththththththataaaaaa  ththththththththhtt eeeeeeeeee prprprprprprprprprununununununununununu e jujujujujujujuuuuiccicccccciceeee ee has thththththththththe same density as water.

Max mass of acrylamide theman can take in per day = 0.25 × 10 3 × 60
        = 0.0150 g
 

Mass of acrylamide in 1 kg of prune juice = 1.2 × 10 7 × 71.0 
= 8.52 × 10 6 g per kg of pruneeee juice
 
Max mass of prune juice the man can drink per day = 0.0150 ÷ (8.520 × 10
     = 1760 kg (3 sf)

Max vol of prune juice the man can drink per day = 1760 ÷ 1 
= 1760 dm3 (3 sf)



to 1.5 atm.  Calculate the mole fraction of nitrogen in the original gaseous mixture.

Let the no. of moles of nitrogen and propane be n1 and n2 respectively.  Since R and
volume of container V are constant,
P = nR
T       V

At 200 °C,   4.5 = (n1 + n2) R/V =  9.513 x 10 3 -------(1) 
473

At 40°C, 1.5  = n1R/V=  6.437 x 10 3             -------(2) 
233

(2)/(1), 
                mole fraction of nitrogen =    n1         =   6.437 x 10 3 = 0.677(3 sf)

    n1+n29.513 x 10 3

Alternative method: 

P/nT= R/V = constant
( P/nT)initial =    ( P/nT)final

4.5   =       1.5    
473(n1 + n2)          233(n1) 

n1/( n1 + n2)  =  0.677

[3]
[Total: 8]
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    n1+n29.513 x 10 3

Alternative method:

P/nT= R/V = constant
( P/nT)initial =    ( P/nT)final

4.5   =       1.5   
473(n1 + n2)          233(n1) 

n1/( n1 + n2)  =  0.677



3 This question is on the chemistry of Group III elements and their compounds.

(a) Aluminium chloride, AlCl3, is used as a halogen carrier in the chlorination of benzene to 
generate the electrophile, Cl+.

AlCl3 +   Cl2AlCl4
– + Cl+

(i) Give the name of the type of bond present in AlCl4
–. Explain how this bond is formed.

Dative bond/ Co-ordinate bond

Explanation: Al atom has a vacant orbital in its valence shell (or AlCl3 is 
electron deficient) so it can accept a lone pair of electrons from Cl-, achieving 
the octet structure.

(ii) Draw the dot-and-cross diagram forthe AlCl4
– ion. Statethe shape of the ion and the 

bond angle present.

Species Dot-and-cross diagram Shape and bond angle

AlCl4
–

Shape: Tetrahedral

Bond angle: 109.5o

[1 m for each correct dot-and-cross diagram and 1m for each correct name of shape 
and bond angle]

(iii) Like aluminium, phosphorus also formsa trichloride, PCl3.State the shape of the 
molecule and explain whether the molecule is polar or non-polar.

l3: Trigonal pyramidal
l3 is polar as the P–Clbond is polar and the net dipole moment is non-zero.

[6]

(b) Although boron and gallium are from Group III of the Periodic Table, their fluorine 
compounds, BF3and GaF3have very different physical properties.

(i) Given that the melting point of BF3 is –126.8 oC and that of GaF3 is 800 oC, account 
for the difference in their melting points.

3 has a simple molecular structure with weak van der Waals’ forces 
between its molecules. 

3 has a giant ionic structure with strong ionic bonds between its 
oppositely charged ions. More energy is required to overcome the strong ionic 
bonds, thus a much higher melting point is observed for GaF3.

ll2222222222222222222222AAAAAAAAAAAAAAAAAAAAAAAAAAA

x
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Explanation: AlAA atom has a vacant orbital in its valence shell (or
electron deficient) so it can accept a lone pair of electrons from Cl-ll , a
the octet structure.

(ii) Draw the dot-and-cross diagram forthe AlCl4
– ion. Statetethehe shshapape of the ion

bond angle present.

Species Dot-and-crosssssssssssssssssss diagraaaaammmmmmmmmmmmmmmmmmmmmmmmm ShSSS ape and bond ang

AlCl4
–

ShShSSSS ape:e:e:e:e:e: TTTTTTetrahedra

BBBBBBond angle: 109.5

[11111 mmmmmmmmm for eachchchchchchccccch cccccccccororororoorororoorrerererererererererr ct ddddddotoototototoot-ananaanananananaandddddddddd-cross diagram and 1m for each correct name
anaaaaaaaa ddddddddddd bobobobobobobobbbondndndndndndndndndnd aaaaaaaaaanggngngngngngngngleleleleleleleleel ]

(iii) Liiiiiiikekekekekekekekekek  aluuuuuuuumimmmmm niumumumumumuumum, phphphphphphphphphphoosososososoooso phorus also formsa trichloride, PCl3.State the shap
moleleleleleeleleeecucucucucucucucucucuulelelelelell aaaaaaaaaandnndndndndndndndnd eeeeeeeeexpxpxpxpxpxpxpxpxpxpxplalalalaaaaaalaain whether the molecule is polar or non-polar.

l3: Trigonal pyramidal
l3 is polar as the P–Clbond is polar and the net dipole moment is no

xxxxxxxxxxxx



(ii) State the electronic configuration of Ga3+.

3+: 1s22s22p63s23p63d10

(iii) Explain whyGa3+ has a larger ionic radius than Ge4+.

4+and Ga3+are isoelectronic (same screening effect) but the nuclear charge 
of Ge4+is larger than that of Ga3+as Ge4+has more protons, hence electrons are 
more strongly attracted in Ge4+.

[4]
[Total: 10]
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4 (a) Ammonium chloride can be used in cold packs to treat minor injuries such as sprains. 

An experiment was carried out to determine the enthalpy change of solution of ammonium 
chloride in water. The initial temperature of 50 cm3 of water was recorded every 30 
seconds for 1.5 minutes. At exactly 2 minutes, 9.20 g of solid ammonium chloride was 
added to the water and the temperature of the resultant solution was monitored at various 
time intervals. The following graph was obtained.

 

time of mixing of reactants 

(i) With reference to ammonium chloride, definestandard enthalpy change of solution.

The standard enthalpy change of solution of ammonium chloride is the 
enthalpy change when one mole of ammonium chloride is completely 
dissolved in a solvent to form an infinitely dilute solution at 298 K and 1 
atm.

(ii) Calculate the enthalpy change of solution of ammonium chloride based on the data 
from the above experiment.

Specific heat capacity of water = 4.2 J g 1 K 1

[4]

Extrapolate from the graph to get minimum temperature  = 10 C 

Amount of heat absorbed  = 50 4.2 (20 - 10)  1000 = 2.10 kJ 

Min temp = 10 oC
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tiiiiimemememememememememee ooooooffff fffff mimmmmmimmm xing of reactants

(i) Withththththththtthth refefefefefefefefefefereeeeeeeeee ennnncececececececececee tttttto ammonium chloride, definestandard enthalpy change of s

Thhee standard enthalpy change of solution of ammonium chlorid
enthalpy change when one mole of ammonium chloride is com
dissolved in a solvent to form an infinitely dilute solution at 298

Min temp = 10 oC



no of moles of ammonium nitrate = 9.2/53.5 = 0.172 mol

Hsoln =  + 2.10 / 0.172
=  + 12.2 kJmol-1 (to 3 sf)

(b) The following data relate to the energy changes which occur when lithium chlorideand 
ammonium chloride dissolve in water.

Lithium
chloride

Ammonium
chloride

Hydration energy of cation / kJ mol 1 519 290

Lattice energy / kJ mol 1 846 669

Enthalpy change of solution / kJ mol 1 37 x 

(i) Calculate the enthalpy change of hydration of Cl- ion.

Hsoln= –Lattice Energy Hhyd
For LiCl: –37 = 846 + (– Hhyd(Cl-)

Hhyd(Cl-) = –364 kJ mol–1

(ii) Using the data above and your answer in b(i), calculate x,the enthalpy change of 
solution of NH4Cl.

For NH4Cl: x = 669 – 290 –364 = +15 kJ mol–1

(iii) Compare your answer in (b)(ii) and (a)(ii) and suggest one possible reason for any 
difference.  

The enthalpy change of solution of ammonium chloride calculated in (a)(ii) 
is less endothermic than that in (b)(ii)

Possible reasons:
The temperature readings may not be accurate as the thermometer may not 
be sensitive enough OR
There is little or no stirring, hence the temperature of the solution is not 
homogeneous OR
Specific heat capacity of water varies with temperature
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Lattice energy / kJ mol 1 846

Enthalpy change of solution / kJ mol 1 3737

(i) Calculate the enthalpy change of hydration of Cl-ll ion.

Hsoln= –Lattice Energy Hhyd
For LiCl: –37 = 846 + (– Hhyd(Cl-)

Hhyd(Cl-) = –364 kJ mol–1

(ii) Using the data above ananananananannnandddddddddd yoyoyoyoyoyoyooyoyooururururururrr answeeeeer rrrrrrrrr innninnnnnnnnnnnnn b(i), calcuulaatee x,thhee eenthalpy ch
solution of NH4Cl.

For NH4Cl: x = 669 – 290 –364 = +15 kJ mol–1

(iii) CoCoCooCoCoCoCooCoC mmmpmmmmmm aaaraaaaaaaa eeeeeeeeeee yoyyyyy uuururuuuuu ansnsnsnsnsnsnsnsnssnsweeeeeerrrrr rrrrr inninnnininninn (bb(b(b(b(b(b(b(b(b( ))))))))))(i(((((((( i))))i)i)i))))) ananananananananaaa dddddddddd (a(a(a(a(a(a(a(a(a)()()()()()()()()()((iiiiiiii) and suggest one possible reason
ddddidddddd ffffffffffffffffffferencececececececececce.  

The enthalpy change ofoff solution of ammonium chloride calculated 
is less endothermic than that in (b)(ii)

Possible reasons:
The temperature readings may not be accurate as the thermometer 
be sensitive enough OR
There is little or no stirring, hence the temperature of the solutio
homogeneous OR



(iv) Using your answer from (b)(ii) and the following information,

f/ kJ mol–1

NH4
+ (aq) –132.8

Cl–(aq) –167.4

Construct an energy cycle to determine the standard enthalpy change of formation 
of solid ammonium chloride. 

f(NH4Cl)  +  15  =  (-132.8)  +  (-167.4)
f(NH4Cl) = - 315.2 kJ mol-1

[1m for correct energy cycle] [7]

[Total: 11]

NH4Cl(s) NH4
+(aq) +   Cl-(aq)

½ N2(g) +  2H2(g)  +  ½ Cl2(g) 

(-132.8) + (-167.4)Ho
f= ?

+15
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(iv) Using your answer from (b)(ii) and the following information,

f/ kJkJ mool––1

NH4
+ (aq) ––131322.88

Cl–ll (aq) –16167.44

Construct an energy cycle to deteteteteteteteeteettermineee ththhthththhhhthhthththhthhhhhhhthththththhhhththththhthhhhhhhhhheeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ststststststststststststststststststststststststststststsststsststtststsststsstsstsss ananananananananananananananananananannananananananannanannananannanannnanananannaaa dadddddddddaddaddddddaddddddaddddddadaddadaddadadaddadadddddddddadddddad rddrr  entthahalplpy y chc ange o
of solid ammonium chloride.

f(NH4Cl)  +  15  =  ll (-132.8)  +  (-167.4)
f(NH4Cl) = l - 315.22 kJ mol-1

[1m for correct energy cycle]

NH4Cl(s)l NHNHNHNHNHNHNHNHHN 4
+(aq))) +   Cl-ll (aq)

½ N2(g) +  2H2(g)  +  ½ Cl2ll (g) 

(-132.8) + (-16Ho
f= ?

+15



5 Divinylbenzene is an extremely versatile cross-linking agent that also improves polymer 
properties. As a result, it has been used to manufacture adhesives, plastics, ceramics and ion 
exchange resins.

Industrially, it is manufactured by the thermal dehydrogenation of diethylbenzene. In the 
laboratory, divinylbenzene could be produced via the reaction scheme shown below.

(a) (i) Suggest reagents and conditions for the following steps:

Step 1: HCl (g), rt

Step 2: NaOH(aq), heat under reflux

Step 3: Cr2O7
2- / H+, heat 

Step 5: LiAlH4 dry ether &rt
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(i) Suggest reagents and conditions for the following steps:



(ii) Suggest structural formulae for the following compounds:

X: Y:

[6]

(b) In Step 4, the electrophile in the reaction is as shown below.

(i) Explain the meaning of the term electrophile.
It is an electron pair acceptor.

(ii) Describe, with the aid of equations, the mechanism of the reaction between the 
electrophile and phenylethanone.

[3]
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In Step 4, the electrophile in the reaction is as shown below.

(i) Explain the meaning of the term eleeeeeeeee ectroppppppppppphihiihiiiiiiilelelelelelelelelee.
It is an electron pair acceptor.

(ii) Describe, with the aid ooooooooooooffff fffffffff eeeeqeeeeee uatittitititiitions, tttttttttheeeeheheheheee mececececececececcecechahhahahahaahahahahhhhh nism of thee reeaaction between the
electrophile and ppppppphenyleeeeeeeeeethhhthhhthhhhhananananannnananannonononononononononne.ee.ee.e.e.e.ee..



(c) Divinylbenzene has two other positional isomers. Draw their structural formulae. 

[2]
[Total: 11]
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