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Section A

For each question there are four possible answers, A, B, C and D. Choose the one you consider
correct and record your choice in soft pencil on the separate Answer Sheet (OMS).

1 Some isotopes are unstable and undergo nuclear (radioactive) reactions. In one type of
reaction, an unstable nucleus assimilates an electron from an inner orbital of its electron
cloud. The net effect is the conversion of a proton and an electron into a neutron.

Which of the following describes this type of reaction?
A  "MC->1C

B 1111 RN 111Te

C 7"Br— "Br
D

76Kr — 7°Br

2 Sodium hydrogencarbonate can be prepared from sodium sulfate by a three-step process:
NaxSO4(s) + 4C(s) — NaxS(s) + 4CO0(g)
Na,S(s) + CaCOs(s) — CaS(s) + NaxCOas(s)
Na;COs(s) + H20(l) + CO2(g) — 2NaHCOs(s)

What is the mass of sodium hydrogencarbonate that could be formed from 100 kg of the
sodium sulfate, assuming a 90% vyield in each step?

A 106 kg B 96 kg C 86kg D 43kg

3 Which of the following reactions is a redox reaction?
A 2NO2 —» NOq
B 6HCI + As;O3 —» 2AsCls + 3H.0
C SbFs + F; — SbFs
D Cr0O/#* + 20H = 2CrO4# + Hy0
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When 2.6 g of a metal X are added to copper(ll) sulfate solution 4.8 g of copper are obtained.
The relative atomic mass of X is 52. Which one of the following cations of X is produced?

A X# B X3 C XxXZ D X*

20.0 cm?® of 0.02 mol dm=3 bromate(V), BrOs™~, was found to react completely with 80.0 cm? of
0.01 mol dm=3 hydroxylamine, NH,OH. BrOs™ ions are reduced as follows:

BrOsz~ + 6e- + 6H* — Br~ + 3H20
Which of the following could be the half-equation for the oxidation of hydroxylamine?
A NH20H — %2 N2O + 2H* + 72 H20 + 2e-
B NH2OH + H,O — NO;™ + 5H* + 4e-
C NHOH — NO + 3H" + 3e”
D  NH2OH + 2H,0 — NO3™ + 7H* + 6e”

An ion ICl4"~ has a square planar structure as shown below.

_ - N-

What is the value of n?

A 1
B 2
c 3
D 4
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7

8

Which molecule has the largest dipole?

A H\ /F B H C F D CH,
/C:C\ 5 9 5
- ’ s n N o H

Which of the following graphs correctly describes the behaviour of a fixed mass of ideal gas?

A 1/p4 B 1/V4
constant V constant T
> T/K > p/Pa
C v+4 D pur N
constant p
0 » T/ °C > p/Pa

Phosphorus pentachloride reacts with limited amount of water to give a liquid and white fumes
as shown in the equation below.

PCls(s) + H20(I) — POCIs(l) + 2HCI(g)  [1H® = — 640 kJ mol-

The following enthalpy changes are given:
[JH® PCls(s) = - 444 kJ mol
"JH® HCl(g) =-92 kJ mol’
TH® Ha(g) = — 286 kJ mol!

What is the standard enthalpy change of formation of POCI3(l)?

A —-1278kJmol’ B —1186 kJ mol C +94 kJ mol D + 274 kJ mol
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10 Which quantity is not required in the calculation of the lattice energy of calcium hydride,
CaHa,using the Born-Haber cycle?

A first electron affinity of hydrogen

B second electron affinity of hydrogen
C firstionisation energy of calcium
D

second ionisation energy of calcium

11  Compound M, CH3CH=CHCHCICHj3, reacts readily with alcoholic KCN according to the
following equation:

CH3CH=CHCHCICH3 + CN- — CH3CH=CHCH(CN)CH3; + CI-

The following kinetics data were collected:

Which diagram represents the reaction profile for this reaction?

A

Experiment [M] [CNT] Relative
/ mol dm / mol dm™3 Rate
1 0.1 0.1 1
2 0.2 0.1 2
3 0.3 0.3 3

energy

energy
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B
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12

13

14

The radioactive decay of isotopes P and Q follow first-order kinetics.

Isotope P decreases from 1800 counts per minute to 450 counts per minute in six months.
Isotope Q decreases from 5400 counts per minute to 1350 counts per minute in four months.

In a separate experiment, a sample containing a mixture of the two isotopes was left to decay,
and the molar ratio of P : Q was found to be 1 : 1 after six months.

What is the molar ratio of P : Q at the beginning?
A 1:2 B 1:4

C 2:1 D 4:1

X, Y and Z are elements in Period 3 of the Periodic Table. The following statements were
made about the properties of X, Y and Z, and their compounds.

1 The oxide of Z does not dissolve in excess dilute NaOH(aq).

2 When a sample containing equimolar quantities of each oxide is mixed with water, the
solution obtained is highly acidic.

3 Only the chlorides of Y and Z give an acidic solution with water.

Based on the statements above, identify elements X, Y and Z.

X Y z
A Na S Mg
B Mg P Si
C Al S Mg
D Na P Si

Which of the following statements are true?

1 The lattice energy of magnesium oxide is more negative than the lattice energy of
barium oxide.

2 The solubility product of magnesium hydroxide is smaller than that of calcium hydroxide.
3 The reducing power of strontium is weaker than that of barium.

4 Barium nitrate decompose more readily than magnesium nitrate.

A 1,2 and 3 only B 1,3 and4only C 1,2and4only D 2,3 and4only
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15 Astatine (At) is an element in Group 17. Which of the following statements is correct?

16

17

A

B
C
D

Silver astatide reacts with aqueous ammonia to form a soluble complex.
HAt(aq) is a weaker acid than HCI(aq).
Astatine reacts with aqueous iron(ll) sulfate to form iron(lll) ions and astatide.

The enthalpy change of formation of hydrogen astatide is less exothermic than that of
hydrogen chloride.

A sample of 0.300 mol of HBr gas was decomposed in a sealed container at temperature T.
The resulting equilibrium mixture was found to contain 0.015 mol of Bra.

2HBr(g) = Ha(g) + Bra(g) AH is positive

Which of the following statements are true for the reaction?

1
2

O O ©m >

The mole fraction of HBr(g) is 0.27 at equilibrium
The equilibrium constant K. = 3.09 x 103

The K. will increase if reaction is carried out at higher temperature.

1,2and 3

1 and 2 only
2 and 3 only
1 only

Which statement(s) about indicators is always correct?

1

A WN

o 0O ©® »r

The pH working range is greater for indicators with higher pKa values.
The pKa value of an indicator is within its pH working range.
The mid-point of an indicator’s colour change is at pH = 7.

The colour red indicates an acidic solution.

1 and 2 only
2 only

1 and 3 only
3 and 4 only
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19

The compound shown is used as flame retardant.

Br
Br

Br

Br Br
Br

Which statement about this molecule is not correct?

A

B
C
D

The carbon atom ring is planar.
It is immiscible in water.
Its empirical formula is C,H3Br.

The compound reacts with ethanolic sodium hydroxide to form C12H12.

The molecule 24-isopropylcholestane, which has been isolated from a class of sponge, can
serve as a biomarker and has determined the first evolutionary appearances of some species.

Carbon atoms in a molecule are classified as primary, secondary, tertiary or quaternary,
depending on whether they are directly bonded to one, two, three or four other carbon atoms.

How many tertiary carbons and how many chiral carbons are there in this molecule?

o O o >

Tertiary carbons Chiral carbons

9 4
9 8
11 4
11 8
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20  Which forms of isomerism will be shown by the molecule 2,4-dimethylhex-2-ene?
A Enantiomerism only
B Cis-trans isomerism only
C Both enantiomerism and cis-trans isomerism.
D

Neither enantiomerism nor cis-trans isomerism.

21  Oseltamivir is an anti-viral drug that is converted to its active form, GS 4071, in the body after
being administered. Assume that R-O-R is an inert functional group.

HN/LD HN/LD
o) NH, o) NH,
—_—
o~ Yo HO” 0

)

oseltamivir GS 4071

Which of the following statements are correct?
1 The reaction shown above is an elimination reaction.

2 There are three single C-C ¢ bonds formed by sp? - sp? overlap in oseltamir and GS
4071.

3 GS 4071 gives an orange precipitate with 2,4-dinitrophenylhydrazine.

4 When oseltamir is hydrolysed by aqueous HCI, 3 products are obtained
A 1 and 3 only

B 2 and 4 only

C 1, 2 and 3 only

D 4 only
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22

23

10

Compound X has the following properties.
e It causes decolourisation of purple acidified potassium manganate (VII).
o |t gives yellow precipitate with alkaline aqueous iodine.

Which compound could be X?

A 0o 0O B (|)|
1l
H—C—C—CHI, CH;—C—OCH,CH,OH
S O
CH3—C—(|:—CHZI

I
C+u——$——CHCH2CH3

CHa OH

Consider the following four compounds, which are structural isomers of one another.

1 CH2CICHCICOOH
2 CHCI,CHCOOH
3 CH20HCHCICOCI
4 CICH.0COCHCI

Which sequence arranges the aqueous solution of the compounds of the same concentration
in order of increasing pH?

A 4213
B 1234
C 3124
D 3214

9729/01/TJC Prelim/2018 [Turn Over



11

24 Which of the following statements regarding compound T is correct?

25

ShHs
HNH_‘ QH:s OH
AN _{_1;_;— =,
(O)r-C-N~)~CONHCH,CH,COH
H CHa
compound T

1 mol of compound T reacts with 4 mol of ethanoyl chloride.
1 mol of compound T reacts with 3 mol of cold dilute hydrochloric acid.

1 mol compound T reacts with 4 mol of hot dilute NaOH.

O O ©m >

Compound T reacts with excess aqueous bromine to give a product with five bromine
atoms.

What is the correct number of hydrogen atoms incorporated per molecule of compound Y
when it is reacted with each of the following reducing agents?

CHz0H
COOH
HO
CH=CH, \.;:.
Compound Y
Reducing agent Number of hydrogen atoms incorporated per
molecule of Y

1 Hx / Ni 6
2 LiAlH4 in dry ether 8
3 NaBH4 in ethanol 2
A 1 only
B 1 and 2 only
C 1and3only
D 2and3only
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26

27

12

In the presence of dilute alkali, some carbonyl compounds undergo Aldol condensation to
form a conjugated enone compound. For example, ethanal forms but-2-enal according to the
reaction scheme below.

OH OH™
2CH,CH0 ——— CH,CH(OH)CH,CHO — CH,CH=CHCHO

but-2-enal

Which of the following gives the structure of the product formed when propanone undergoes
the same reaction?

A CHsCH.CH=C(CHs)CHO
B (CH3),C=C(CHs)CHO

C  CHsCH;CH=CHCOCHs;
D  (CHs):C=CHCOCHs;

A diagram of a hydrogen/ oxygen fuel cell is shown below.

Flow of Y
_

T load

_

Ha2

Flow of Z
>

Electrode electrolyte Electrode
W X

Which of the following shows the correct identities of W, X, Y and Z7?

W X Y 4
A anode cathode electron H*
B anode cathode electron OH-
C cathode anode electron H*
D cathode anode OH- electron
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28

29

30

13

The zinc/silver oxide cell is used for button cells in watch batteries and is based on the
following half-cells:

Zn%*(aq) + 2e- = Zn(s) E®=-0.76V
Ag20(s) + H20(l) + 26~ = 2Ag(s) + 20H(aq) E®=+0.34V

Which of the following statements are true for the zinc/ silver oxide cell?
1 Zinc is the positive electrode.
2 The AG® of the reaction is -212.3 kJ mol-'.

3 Ecei becomes more positive when small amount of NaOH(s) is added to the Zn?*/Zn

half-cell.
A 1 only
B 1 and 2 only
C 2and3only
D 1,2and 3

The ground state electronic configuration of a transition element is shown.
1522s22p63s23p®3d74s?

What oxidation states for this element are able to occur in its compounds?

1 +2

2 +3
3 +6
A 1,2and3 B 1and2only C 1and3only D 2and3only

When copper(ll) chloride is dissolved in water it gives a blue solution. When this solution is
treated with an excess of concentrated hydrochloric acid it turns yellow.

What are the formulae of the copper species in the blue and yellow solutions?

Blue Yellow
A CuCl; [CuClaJ>
B CuClz(H20)s4 [CuCle]*
C Cu(OH), CuCly(H20)4
D [Cu(H20)e]?* [CuCl4]*

9729/01/TJC Prelim/2018



2018 TJC JC2 H2 Chemistry Prelim MCQO Solutions

1

1 2 3 4 5 6 7 8 9 10
B C C B C A D D B B
11 12 13 14 15 16 17 18 19 20
C A D A D C B A B A
21 22 23 24 25 26 27 28 29 30
D A C D C D A C B D




PRELIMINARY EXAMINATIONS
HIGHER 2

TEMASEK
JUNIOR COLLEGE

CANDIDATE
NAME

CIVICS /
GROUP

CENTER INDEX
NUMBER NUMBER

CHEMISTRY
9729/02

Paper 2 Structured Questions

Candidates answer on the Question Paper.
Additional Materials: Data Booklet

23 August 2018

2 hours

READ THESE INSTRUCTIONS FIRST

Write your Civics Group, centre number, index number and name on all the work you

hand in.

Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.
Do not use staples, paper clips, glue or correction fluid.

Answer all questions in the spaces provided on the Question

Paper.

The use of an approved scientific calculator is expected, where

appropriate.
A Data Booklet is provided.

At the end of the examination, fasten all your work securely

together.

The number of marks is given in brackets [ ] at the end of each

question or part question.

For Examiner’s Use

/21

/13

/9

/8

/14

O~ WOWN

/10

Total

175

This document consists of 23 printed pages

9729/02/TJC Prelims/2018

[Turn over




(@)

SECTION A
Answer all questions in the spaces provided.

For many compounds, the enthalpy change of formation cannot be calculated directly.
An indirect method based on enthalpy change of combustion can be used.

The enthalpy change of combustion of butan-1-ol can be found by a calorimetry
experiment in which the heat given off during combustion is used to heat a known mass
of water and the temperature change recorded.

thermometer | beaker
=— ]
clamp —
————100 cm? of water
wick —| spirit burner
butan-1-ol

temperature of water before heating = 25.0 °C
temperature of water after heating = 66.1 °C
mass of spirit burner and butan-1-ol before heating = 80.44 g

mass of spirit burner and butan-1-ol after heating = 79.70 g

() Explain the meaning of the term standard enthalpy change of combustion.
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(i) The heat transfer from the spirit burner to water is known to be only 70% efficient.
From the data provided above, determine the enthalpy change of combustion of
butan-1-ol.

(2]

(iii)  The entropy change of combustion of butan-1-ol is -252 J K-' mol-'. Using your
answer in (a)(ii), calculate the Gibb’s free energy for combustion of butan-1-ol at
298 K.

(1]
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(b)

The table below gives some data on four fuel sources: methanol, ethanol, hydrogen and
octane. Octane can serve as a rough approximation of petrol.

molar . o o
name formula mass/ g densﬂ_g/ AHg (29§1K)/ AH¢ (29§1K)/
. gcm kJ mol kd mol
mol-"!
methanol CH3OH 32 0.7932 -726.0 -239.1
ethanol CH3CH,OH 46 0.7892 -1367.3
liquid H> 2 0.0711° -285.8*
hydrogen
octane CH3(CH2)6CH3 114 0.7032 -5470.2 -250.0

2 At 298K and 1 bar pressure
b At 20K and 1 bar pressure

# standard enthalpy change of combustion of hydrogen gas

0] State the value of the standard enthalpy change of formation of hydrogen gas,
Ho.

(i) Calculate the density of gaseous hydrogen at 298 K and 1 bar pressure. Give
your answers in g cm-.

[1]
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(iii)

(iv)

(v)

Write the chemical equation that represents the standard enthalpy change of
combustion of ethanol, including the state symbols.

The standard enthalpy change of combustion of carbon is -393.5 kJ mol-'. Using
this value and the standard enthalpy change of combustion data in the table,
calculate the standard enthalpy change of formation of ethanol.

Show your working clearly in the form of an energy cycle diagram.

[3]

An important property of a fuel, especially when the fuel has to be lifted such as
in aviation, is the energy released on combustion per gram of fuel.

Calculate the enthalpy change of combustion per gram of fuel at 1 bar pressure
and 298K for methanol.

(1]
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(vi)  Another important characteristic of a fuel, especially when there is a fuel tank of
limited size, is the energy released on combustion per cm? of fuel.

Calculate the enthalpy change of combustion per cm? of fuel for octane.

[1]

(vii)  Explain why, given the data in the question, it is not strictly possible to make a
fair comparison of the energy released per cm?® of liquid hydrogen with other
fuels.

(c) Apart from alkanes and alcohols, alkenes are commonly used as fuel. Alkenes can be
synthesised through the Wittig reaction, using halogenoalkane and carbonyl compound
as the reactants in the presence of triphenyl phosphine.

The equation below shows the synthesis of propene using the Wittig reaction.

H30\ H;C
HC=O + CIi—CH;, — HC =— CH,
triphenyl phosphine propene
() Draw the structures of the two cis-trans isomers formed from the reaction of the

following compounds.

CHj
/

HQC\
/c=o + C1—CH,CH,

H,C

[2]
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(i) Draw the structural formula of the organic reactant used to generate
1-methylcyclohexene through the Wittig reaction.

O

1-methylcyclohexene

[1]
Alkenes react readily with interhalogen compound ICI to give halogenalkane. |Cl reacts
faster with alkenes than pure halogens and can be used to detemine the number of
carbon-carbon double bonds present in organic compounds.

(iii)  Suggest why ICI reacts with alkenes faster than the pure halogens, Cl;, Br, and
l5.
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(iv) Name and describe the mechanism of reaction between propene and ICl to give
the major product. In your answer you should show all charges and lone pairs
and show the movement of electrons by curly arrows.

[3]

(v) Draw the pair of enantiomers of the major product from the reaction between
propene and ICI.

[1]
[Total: 21]
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(b)

What do you understand by the Brgnsted—Lowry theory of acids and bases?

| CoHsN  +  H0 2 CoHsNH* + OH- Ke=1.7 x 10° mol dm
Il CsHsO- + CH3CO.H 2 CgHsOH + CH3COs> K:=1.3 x 108 mol dm=

|

For each of the above equilibrium | and II,

(i)

(i)

identify the two acids and the two bases present;

Equilibrium 1. Two acids are

Two bases are

Equilibrium 1l. Two acids are

Twobasesare ... [2]

using the given information, suggest, with reasons, which ion or molecule is the
stronger acid, and which is the stronger base.

Equilibrium I: strongeracid: ............ccoiiiiiiiiiii

strongerbase : ...

Explanation for Equilibrium I:
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10

Equilibrium II: strongeracid: ...,

strongerbase : ...

Explanation for Equilibrium 11

(c) A student adds an excess of aqueous ethanoic acid to solid calcium carbonate.

(i)  Write a full equation for the reaction between ethanoic acid and solid calcium
carbonate.

(i)  Explain why a buffer solution has been formed.

(iii)  With the aid of an equation, explain how this buffer solution controls pH when an
alkali is added.
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(d) A biochemist plans to make up a buffer solution that has a pH of 5.00.

The biochemist adds solid calcium ethanoate to 400 cm?® of 0.200 mol dm ethanoic
acid. He assumes that the volume of the solution remains constant at 400 cm? on
dissolving the calcium ethanoate.

Ka for ethanoic acid =1.75x 105 mol dm=
M; of calcium ethanoate = 158.1

(i)  Calculate the mass of calcium ethanoate that the biochemist needs to dissolve in
the ethanoic acid to prepare this buffer solution.

3]
(i)  When the biochemist prepares the buffer solution, the volume of solution

increases slightly. Suggest whether the pH of the buffer solution would be the
same, greater than, or less than pH = 5. Explain your reasoning.

............................................................................................ [1]
[Total: 13]
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12

3 (a) J,K, L andM are consecutive elements in the same period of the Periodic Table.
The oxide of J is basic, oxide of K is amphoteric, and the oxides of L and M are

acidic. The halides of M can be used to convert alcohols to halogenoalkanes in the
absence of water.

(i)  Identify the elements J, K, L and M.

Jio Ki . L e M:
[1]
(i) State and explain the variation of atomic radius from J to M.
......................................................................................................... (11
(iii) Compare the melting points of L and M and explain your answer.
......................................................................................................... [2]
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(b) Lactones are cyclic esters and are constituents in many natural products used in the flavours
and fragrances industry. They also exhibit antioxidant, antimicrobial and anticancer activity.

Butano-4-lactone can be synthesised from 5-hydroxypentan-2-one via a 2-step route as

shown.
HO(CH,)3;COCHj3 step 1 X step 2 /O
— I o
5-hydroxypentan-2-one O

butano-4-lactone

(i) State the reagents and conditions for steps 1 and 2 and identify the intermediate X
involved.

[3]

(i) Compound Y is a non-cyclic constitutional isomer of butano-4-lactone which exhibits
enantiomerism. Y gives a reddish brown ppt in an alkaline solution of complexed Cu?*(aq)
and can also liberate carbon dioxide gas upon reaction with acidified KMnOs.

Based on the above reactions, identify the functional groups in Y and suggest the
structural formula of Y.

FUuNCtional groUpS IN Y & oo e

Structural formula of Y :

[2]
[Total: 9]
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(@)

14

Air comprises mainly nitrogen and oxygen, with trace quantities of other gases such as
argon, carbon dioxide, and even ammonia.

(i) State two assumptions of the kinetic theory of gases.

(i) A sketch of pVw/RT against p for 1 mole of an ideal gas at 293 K is given below.

ideal gas

On the same axes, show how 1 mole each of carbon dioxide and ammonia will
behave at 293 K. Label your graphs clearly.

[1]
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(iii) Briefly explain your answer to (a)(ii).

9729/02/TJC Prelims/2018 [Turn over



(b)

16

Water gas is a synthesis gas that comprises carbon monoxide and hydrogen. The gas is
made by passing steam over coke:

C(s) + H20(g) = CO(g) + Hz2(g) AH > 0

The system was initially at equilibrium. At time t1, the volume of the reaction vessel was
suddenly reduced and the system allowed to reach equilibrium. Pressure was then
increased by adding argon at constant volume at t;, followed by an increase in
temperature at ts.

Sketch on the axes the graph that should be observed from time = t; to time =t when
equilibrium is re-established once again.

No. of moles of CO

R

> time

= —+ —-----J----

i el

[3]

[Total:8]
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5 Chromium is a steely-grey lustrous metal. The name of this element is derived from the
Greek word "chroma" meaning colour, because many of its compounds are intensely
coloured.

(a) State and explain one difference in physical property between chromium and
calcium.

(b) Chromium reacts with oxygen to form a series of oxides.

One of these oxides, chromium (IV) oxide, CrO., is often used to coat data tapes, due
to its high conductivity and ferromagnetic properties, which provide a good high audio-
frequency response.

When the oxide from a length of tape was dissolved in dilute sulfuric acid, it
disproportionates to give Cr3*(aq) and Cr.O+?(aq). The resulting solution needed
20.0 cm?® of 0.015 mol dm=2 Fe?* solution to reduce the Cr.O7?~ completely to Cr3*.

B6Fe?* + Cr,O7% + 14H* — 6Fe3* + 2Cr3* + TH,0

(i)  Write an equation for the disproportionation of CrO; in acid solution showing how
you arrived at the overall equation.

[2]
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(i)  Use the data to calculate the mass of CrO- in the length of data tape.

[2]

(c) Chromite, FeO.Cr203, is the chief source of chromium. The reaction scheme below
shows the conversion of chromite.

FeQ . Cra0s(s)

excess NaOH(ag)
with continuous flow of air

filtter
filtrate residue
Na,CrO.(aq) Fex0s(s)

l acidification
orange solution A

l S04(g)

green solution B = solutionC
excess

NH(CH2CH2NHz)2

(i)  Identify the chromium containing species present in solution A and in solution B.

SOIULION A oo

SOIULION B & o 2]
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B reacts with excess tri-dentate ligand,diethylenetriamine, NH(CH2CH2NH>),, to
form C.

H _N_CHQGHENHE
CH,CH;NH.,

diethylenetriamine

(i)  What type of reaction occurs when B is converted to C?

................................................................................................ [1]

(iii) Letting the tri-dentate ligand be L, deduce the formula of the complex ion in C.

................................................................................................ [1]

(iv) Explain why B is coloured.
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(d)

20

Ag.CrOs is a brown-red crystalline solid and is a chemical precursor
to modern photography.
The solubility product of Ag2CrO4 is 1.1 x 1072,

(i)  Write an expression for the solubility product, Ks, of Ag2CrOas.

(i) Calculate the solubility of Ag2CrQOy4, in mol dm.

(1]
[Total: 14]
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6 This question is about the chemistry of Group 17 elements and their compounds.

(@) Although halogens and their compounds can be toxic, some are essential for the human
body’s functioning and are used in everyday products such as disinfectants and bleaching
agents.

(i) State and explain how the oxidising power of the halogens vary down the group.

(i)  The halogens can react with each other to form interhalogen compounds such as IBr.

IBr reacts with water in which water is acting as the nucleophile. The equation for the
reaction is as follows.

IBr + H.O - HX + HOY

State the type of reaction taking place and identify X and Y.

TYPE Of FEACHION: ...

[2]
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(b) (i)

22

Strontium chloride, SrCl; is a typical salt which forms neutral aqueous solutions. It
emits a bright red colour in a flame which allows it to be used as a source of redness

in fireworks.

On the incomplete outline below, construct the energy level diagram to calculate the
lattice energy of SrCly(s). Label all enthalpy changes involved and the chemical

species at each stage.

Your diagram should include relevant data from the Data Booklet together with the

following data.

Standard enthalpy change of formation of SrClx(s) —828.9 kJ mol-’
Standard enthalpy change of atomisation of Sr(s) +164.4 kJ mol-’
1st electron affinity of Cl(g) —348.8 kJ mol-'

Energy/ kJ
A

Sr?*(g) + 2ClI(g) + 2e

Sr(g) + 2CI(g)

9729/02/TJC Prelims/2018
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(i)  Using your answer in (b)(i), calculate the AHn of SrCly(s), given the following
data:

Standard enthalpy change of hydration of Sr?*(g) —1446 kJ mol
Standard enthalpy change of hydration of Cl=(g) —378 kJ mol!

[1]

(iii) The standard enthalpy change of solution of CaClx(s) is -87.7 kdmol-.

Explain the difference in the standard enthalpy change of solution of SrClx(s) which
you calculated in (b)(ii) and that of CaClx(s).

[2]
[Total: 10]
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(a)

SECTION A
Answer all questions in the spaces provided.

For many compounds, the enthalpy change of formation cannot be calculated
directly. An indirect method based on enthalpy change of combustion can be used.

The enthalpy change of combustion of butan-1-ol can be found by a calorimetry
experiment in which the heat given off during combustion is used to heat a known
mass of water and the temperature change recorded.

thermometer ) [ beaker
clamp —|
——— 100 cm? of water
wick — | spirit burner
butan-1-ol

=

temperature of water before heating = 25.0 °C
temperature of water after heating = 66.1 °C
mass of spirit burner and butan-1-ol before heating = 80.44 g

mass of spirit burner and butan-1-ol after heating = 79.70 g

(i) Explain the meaning of the term standard enthalpy change of combustion.

e The standard enthalpy change of combustion of a substance, AH®,
is the heat energy evolved when one mole of the substance is
completely burnt in oxygen at 298 K and 1 bar.

[1]

(i) The heat transfer from the spirit burner to water is known to be only 70%
efficient. From the data provided above, determine the enthalpy change of
combustion of butan-1-ol.
mass of butan-1-ol reacted = 80.44 — 79.70 = 0.74 g

No. of moles of butan-1-ol reacted = 0.74 / 74 = 0.0100 mol

amount of heat taken in by water = mcAT

=100 x 4.18 x (66.1 — 25.0)
o =17.2 kJ
Heat provided by butan-1-ol =100 x 17.2 / 70 = 24.6 kJ
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enthalpy change of combustion of butan-1-ol = - 24.6/ 0.0100
. = - 2460 kJ mol™
[2]

(iii)  The entropy change of combustion of butan-1-ol is -252 J K-' mol-'. Using
your answer in (a)(ii), calculate the Gibb’s free energy for combustion of
butan-1-ol at 298 K.

AG = AH - TAS
= -2460 — (298)(-252 x 10%)

e =-2380 kJ mol (allow ecf from (a)(ii))
[1]
(b) The table below gives some data on four fuel sources: methanol, ethanol, hydrogen
and octane. Octane can serve as a rough approximation of petrol.

molar , o o
name formula mass/ g densﬂ_g/ AHc (292_31K)/ AHYf (295_31K)/
mol” gcm kd mol kJ mol
methanol CH3OH 32 0.7932 -726.0 -239.1
ethanol CH3CH20OH 46 0.7892 -1367.3
liquid Ho 2 0.0711b -285.8%
hydrogen
octane CH3(CH)sCHs 114 0.7032 -5470.2 -250.0

a At 298K and 1 bar pressure

b At 20K and 1 bar pressure

# standard enthalpy change of combustion of hydrogen gas

(i) State the value of the standard enthalpy change of formation of hydrogen gas,
Ha.

e 0 kJ mol' (by definition, elements in standard state are reference
zero)
[1]

(i) Calculate the density of gaseous hydrogen at 298 K and 1 bar pressure. Give
your answers in g cm-.

PV = nRT
PV = (m/Mr) RT
PxMr _  10°x2

= — = -3
P= "RT " 8aix29s _208gm

e =8.08x10°gcm?
[1]
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(iii)

(iv)

(v)

(vi)

(vii)

Write the chemical equation that represents the standard enthalpy change of
combustion of ethanol, including the state symbols.
e CH3CH20H (I) + 302(g) — 2C0O2(g) + 3H20(I)

[1]

The standard enthalpy change of combustion of carbon is -393.5 kJ mol-'.
Using this value and the standard enthalpy change of combustion data in the
table, calculate the standard enthalpy change of formation of ethanol.

Show your working clearly in the form of an energy cycle diagram.

AH®
2 C(s) + 3 Ha(g) + 7/2 Ox(g) L, CH:sCH.OH(l) + 3 Ox(g)

2(-393.5) + 3(-285.8) -1367.3

2 CO(g) + 3 H20(l)

e Energy cycle, balanced equations, state symbols
By Hess’ law,
e AH{® -1367.3 = 2(-393.5) + 3(-285.8)
e AH{® =-277.1 kJ mol™
[3]
An important property of a fuel, especially when the fuel has to be lifted such
as in aviation, is the energy released on combustion per gram of fuel.

Calculate the enthalpy change of combustion per gram of fuel at 1 bar
pressure and 298K for methanol.

Enthalpy change of combustion per gram of fuel = -726/32 = -22.7 kJ g'
[1]

Another important characteristic of a fuel, especially when there is a fuel tank
of limited size, is the energy released on combustion per cm? of fuel.

Calculate the enthalpy change of combustion per cm? of fuel for octane.
Enthalpy change of combustion per cm?® of fuel

= -5470.2/ (114/0.703) = -33.7 kJ cm [1]
Explain why, given the data in the question, it is not strictly possible to make
a fair comparison of the energy released per cm? of liquid hydrogen with other

fuels.

Enthalpy change of combustion value for hydrogen is for standard
conditions, and so relates to gaseous hydrogen, not to liquid hydrogen.

Latent heat of vaporisation of hydrogen is not accounted for.

Allow comment about how the value of density of liquid hydrogen is
unsuitable for the calculation of energy per unit volume for gaseous
hydrogen. [1]
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(c) Apart from alkanes and alcohols, alkenes are commonly used as fuel. Alkenes can
be synthesised through the Wittig reaction, using halogenoalkane and carbonyl
compound as the reactants in the presence of triphenyl phosphine.

The equation below shows the synthesis of propene using the Wittig reaction.

H3C, H,C
N N\
HC=0 + CI—CHj, —_— HC =— CH,
triphenyl phosphine propene
(i) Draw the structures of the two cis-trans isomers formed from the reaction of

the following compounds.

CH
Ptk

C=0 + Cl—CH2CH3

[2]

(i) Draw the structural formula of the organic reactant used to generate 1-
methylcyclohexene through the Wittig reaction.

O

1-methylcyclohexene

MO

. Cl

OR

Wm

o}

[1]
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Alkenes react readily with interhalogen compound ICl to give halogenalkane. ICI
reacts faster with alkenes than pure halogens and can be used to detemine the
number of carbon-carbon double bonds present in organic compounds.

(iii)  Suggest why ICI reacts with alkenes faster than the pure halogens, Cl,, Br;
and l.

e The |l —Cl bond has a permanent dipole. Since the iodine side (has a
delta positive charge and) is more attracted to the electron-rich
carbon-carbon double bond.

OR
| — Cl is a stronger electrophile because it has a permanent dipole
and is more attracted to the C=C bond

[1]

(iv) Name and describe the mechanism of reaction between propene and ICI to
give the major product. In your answer you should show all charges and lone
pairs and show the movement of electrons by curly arrows.

e Electrophilic addition

e Step1:
CHs H CHs H
\ / slow | |
cC—cC > H—C—C—H + Cl
/ \ +
H H |
o+ |
I
- C
e Step 2:
CHs H CHs H
fast
i e
l Cl |
:.Cl-

deduct one mark if the minor product is formed through the reaction

[3]
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(a)

(b)

(v) Draw the pair of enantiomers of the major product from the reaction between
propene and ICI.

CHyl ; THz'
| .C?
*ComiH ' H™ /7SN
/ | CH
HC™ g | c 3

mirror

(award full credit if enantiomers of minor product shown)
(1]
[Total: 21]

What do you understand by the Brgnsted—Lowry theory of acids and bases?
Bronsted-Lowry acids are proton donors and bases are proton acceptors. [1]
I CyHsN + HO 2 CyHsNH* + OH- Kc=1.7 x 10°° mol dm-3
Il CeHsO- + CH3COH = CeHsOH + CH3COz K= 1.3 x 108 mol dm=3
For each of the above equilibrium I and Il,
(i) identify the two acids and the two bases present;

Equilibrium I. Two acids are H,O and C,HsNH *

Two bases are CoHsN and OH"
Equilibrium Il. Two acids are CH;CO-H and CeHsOH

Two bases are C¢Hs0"_and CH;COy" [2]
(if) using the given information, suggest, with reasons, which ion or molecule is the
stronger acid, and which is the stronger base.

Equilibrium I: stronger acid: CoHsNH * stronger base : OH-

Explanation for Equilibrium I: Since K. < 1, reaction proceeds to the greater
extent in a direction in which a stronger acid (C-HsNH *) and stronger base
(OH) form a weaker acid and weaker base.

Equilibrium II: stronger acid: CH;CO2H stronger base: CeHs0O"

Explanation for Equilibrium Il:_Since K. > 1, reaction proceeds to the greater
extent in a direction in which a stronger acid (CH3;CO-H ) and stronger base
(CeHs0") form a weaker acid and weaker base.

9729/02/TJC Prelims/2018 [Turn over



(c)

(d)

Note: A stronger acid has a weaker conjugate base ( the acid gives up its
proton more readily because its conjugate base holds it less strongly) [3]

A student adds an excess of aqueous ethanoic acid to solid calcium carbonate.

(i)

(ii)

(iii)

Write a full equation for the reaction between ethanoic acid and solid calcium
carbonate.

2CH;CO,H + CaCO; — (CH3C02)2C3 + CO, + H.0 [1]
Explain why a buffer solution has been formed.

Solution contains CH3COOH and CHsCOO™ or solution contains a weak
acid and its conjugate base. [1]

With the aid of an equation, explain how this buffer solution controls pH when an
alkali is added.

On addition of an alkali, CH;COOH will react with the added alkali resulting
in no significant change in pH.

CH;COOH + OH — CH;COO~ + H:0 [1]

A biochemist plans to make up a buffer solution that has a pH of 5.00.

The biochemist adds solid calcium ethanoate to 400 cm?® of 0.200 mol dm ethanoic
acid. He assumes that the volume of the solution remains constant at 400 cm? on
dissolving the calcium ethanoate.

Ka for ethanoic acid =1.75x 10 mol dm™
M: of calcium ethanoate = 158.1

(i)

(ii)

Calculate the mass of calcium ethanoate that the biochemist needs to dissolve in
the ethanoic acid to prepare this buffer solution.

pKa = -log(1.75 x 107°) = 4.57

pH = pKa + log [CH3COO"]/[CH:COOH]

log [CH3COOJ/[CH3;COOH] = pH — pKa = 5 - 4.57 = 0.243
[CH3COO])/[[CH;COOH] = 10%243 =1.75

¢ [CH3CO0O]=1.75 x 0.200 = 0.350

Or from K, = [CH3COO][H*]/[CH3COOH]

¢ no of moles of CH;COO™ in 400 cm® = 0.350 x (400/1000) = 0.140 mol

e mass of (CH;C0OO),Ca = (0.140 + 2) x 158.1 =11.07 or 11.1 g 3]

When the biochemist prepares the buffer solution, the volume of solution
increases slightly. Suggest whether the pH of the buffer solution would be the
same, greater than, or less than your calculated value in (d)(i). Explain your
reasoning.
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pH is the same [/ constant because the ratio / proportion of
[CH:COO-1/[CH3COOH] is the same. [1]

[Total: 13]

3 (a) J, K LandM are consecutive elements in the same period of the Periodic Table.
The oxide of J is basic, oxide of K is amphoteric, and the oxides of L and M are
acidic. The halides of M can be used to convert alcohols to halogenoalkanes in the
absence of water.

(i)

(ii)

(iii)

Identify the elements J, K, L and M.

J: Mg K: Al L: Si M. P

[1]

State and explain the variation of atomic radius from J to M.

e Atomic radius decreases from L to M.
Nuclear charge increases as number of protons increases. Screening
effect remains approximately constant as electrons are added to the
same electronic shell. Hence the electrons are attracted more strongly by
the nucleus.
[1]

Compare the melting points of L and M and explain your answer.

e L (Si) has a higher melting point than M (P) as Si as a giant molecular
structure while P has a simple molecular structure.

¢ Melting L requires a lot of energy to break numerous strong covalent
bonds compared to the weaker intermolecular instantaneous dipole -
induced dipole forces of attraction between phosphorous molecules.

[2]
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(b) Lactones are cyclic esters and are constituents in many natural products used in the
flavours and fragrances industry. They also exhibit antioxidant, antimicrobial and
anticancer activity.

Butano-4-lactone can be synthesised from 5-hydroxypentan-2-one via a 2-step route as

shown.
HO(CH2);COCH3 step 1 X step 2 y °
—’ ' 0
5-hydroxypentan-2-one d

(i)

(ii)

butano-4-lactone

State the reagents and conditions for steps 1 and 2 and identify the intermediate X
involved.

o step 1: alkaline aqueous iodine, heat, followed by acidification with dilute
sulfuric acid

o step 2: concentrated sulfuric acid, heat

e X: HO(CHz)3COzH

(Accept if student gives X: HO(CH2);CO-", then step 2 will be PCls, followed by
heating)

[3]

Compound Y is a non-cyclic constitutional isomer of butano-4-lactone which
exhibits enantiomerism. Y gives a reddish brown ppt in an alkaline solution of
complexed Cu?*(aq) and can also liberate carbon dioxide gas upon reaction with
acidified KMnOs.

Based on the above reactions, identify the functional groups in Y and suggest the
structural formula of Y.

e Aldehyde and terminal alkene
e CH2=CHCH(OH)CHO

(2]
[Total: 9]
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(a)

11

Air comprises mainly nitrogen and oxygen, with trace quantities of other gases such as
argon, carbon dioxide, and even ammonia.

(i) State two assumptions of the kinetic theory of gases.

e The gas consists of particles of negligible volume compared to the volume
of the container it occupies.

e The gas particles exert no attractive forces on each other. [2]

(i) A sketch of pVw/RT against p for 1 mole of an ideal gas at 293 K is given below.

N\

ideal gas

On the same axes, show how 1 mole each of carbon dioxide and ammonia will
behave at 293 K. Label your graphs clearly.

PVmRT
carbon dioxide
ammaonia
ideal gas
0 o *

[Note: graphs don'’t cut/intercept each other]

[1]
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(b)

12

(iii)  Briefly explain your answer to (a)(ii).

e NHs3(g) experiences stronger hydrogen bonding between molecules
compared to the_ weaker instantaneous dipole—induced dipole interactions
between CO., molecules, hence it shows a greater negative deviation than
CO; at low pressure.

e As CO; has a larger molecular size than NH3, the volume taken up by CO-
gas molecules is greater. Hence it shows a greater positive deviation than
NH;. [2]

Water gas is a synthesis gas that comprises carbon monoxide and hydrogen. The gas
is made by passing steam over coke:

C(s) + H20(g) = CO(g) + Hz(g) AH >0

The system was initially at equilibrium. At time t4, the volume of the reaction vessel was
suddenly reduced and the system allowed to reach equilibrium. Pressure was then
increased by adding argon at constant volume at tz, followed by an increase in
temperature at ts.

Sketch on the axes the graph that should be observed from time = t; to time =t when
equilibrium is re-established once again.

No. of moles of CO

_‘___________________

> time

- e —————————

o - - -

t3

iy
—*
N

[3]

[Total:8]
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5 Chromium is a steely-grey lustrous metal. The name of this element is derived from the
Greek word "chroma" meaning colour, because many of its compounds are intensely
coloured.

(a)

(b)

State and explain one difference in physical property between chromium and
calcium. [1

Cr has a higher melting/boiling point than Ca.

Cr has stronger metallic bonds as both the 3d and 4s electrons can be used in
metallic bonding, hence more energy is required to overcome the stronger
metallic bonds. Ca uses only 4s electron for metallic bonding.

Cr has a greater density than Ca.

Cr has a greater atomic mass but its atomic radius is smaller. Hence atomic
volume is smaller. Since density = mass/volume, density of Cr is greater than
Ca.

Chromium reacts with oxygen to form a series of oxides.

One of these oxides, chromium (IV) oxide, CrO., is often used to coat data tapes, due
to its high conductivity and ferromagnetic properties, which provide a good high audio-
frequency response.

When the oxide from a length of tape was dissolved in dilute sulfuric acid, it
disproportionates to give Cré*(aq) and Cr.O+2(aq). The resulting solution needed
20.0 cm?® of 0.015 mol dm=2 Fe?* solution to reduce the Cr.O7>~ completely to Cr3*.

6Fe?* + Cro07* + 14H* — 6Fe® + 2Cr3* + 7H20

(i)  Write an equation for the disproportionation of CrO; in acid solution showing how
you arrived at the overall equation.

CrO; +4H* +e- —» Cr*+2H,0 x4
2CrO, +3H.0 — Cr;0;% +6H* +4e" x1
6CrO; +10H* —»  4Cr®* + Cr.0+* + 5H.0 [2]

(ii) Use the data to calculate the mass of CrO; in the length of data tape.
6CrO; = Cr,0;* = 6Fe?
Amount of Fe?* used = 0.015 x 0.0200 = 3.00 x 10~* mol
¢ Hence amount of CrO; = 3.00 x 10 mol

e Mass of CrO, = 3.00 x 10 x 84.0 = 0.0252 g 2]
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(c)

shows the conversion of chromite.

Chromite, FeO.Cr,0s3, is the chief source of chromium. The reaction scheme below

FeQ.Cr05(3)

excess NaOH(ag)
with continuous flow of air

filter
filtrate residue
Na,CrQ.(aq) Fex0s(s)
acidification
L
orange solution A
S0:(9)
Y
green solution B = solutionC
EXCESS

NH(CH2CHzNHz)z

(i)
B.

Solution A: Cr.0*

Solution B: [Cr(H20)e]**

Identify the chromium containing species present in solution A and in solution

B reacts with excess tri-dentate ligand,diethylenetriamine, NH(CH.CH:NH;),, to

form C.
H—N—=CH,CH;NH,
CH,CH;NH,
diethylenetriamine
(if) What type of reaction occurs when B is converted to C?

¢ Ligand substitution

9729/02/TJC Prelims/2018
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(d)

(iif)

15

Letting the tri-dentate ligand be L, deduce the formula of the complex ion in C.

e [CrL*

(iv) Explain why B is coloured.

Ag2CrOy4 is a brown-red crystalline solid and is a chemical precursor

e The Cr®* ion has partially filled d orbitals.

[1]

e The water ligands cause a splitting of the enerqy of d orbitals into 2

groups with an energy gap, AE, between them. The energy gap, AE,
between the non-degenerate orbitals corresponds to the wavelength of

light in the visible region of the electromagnetic spectrum.
e When a d-electron from lower energy gqroup is promoted to the higher

energy group, radiation in the visible region of the electromagnetic
spectrum corresponding to AE is absorbed. Light energy (green) that is

not absorbed will be seen as the colour of the complex.

to modern photography.

The solubility product of Ag2CrOs is 1.1 x 10712,

(i)

(ii)

Write an expression for the solubility product, Ks, of Ag2CrOa.

* Ks=[Ag']’[ CrO.*]

Calculate the solubility of Ag2CrOa, in mol dm3.

Let the solubility of Ag.CrO4 be x mol dm-
Ag:CrOs(s) <—= 2Ag'(aq)+ CrO.* (aq)
2x X
Ksp = [Ag'][ CrO4?]

1.1 x 1072 = 4x3
x=(1.1x107"2/4 )
= 6.50 x10°

e The solubility of Ag.CrO, is 6.50 x10° mol dm™.

9729/02/TJC Prelims/2018
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6  This question is about the chemistry of Group 17 elements and their compounds.

(a) Although halogens and their compounds can be toxic, some are essential for the
human body’s functioning and are used in everyday products such as disinfectants
and bleaching agents.

(i) State and explain how the oxidising power of the halogens vary down the group.

e oxidising power of the halogens decreases.

e Down the group, E®x x- becomes less positive, there is lower tendency
for X; to be reduced to X" (Or electron affinity of the halogen decreases),
thus oxidising power of halogens decreases from C/; to ..

[2]

(ii) The halogens can react with each other to form interhalogen compounds such
as IBr.

IBr eacts with water in which water is acting as the nucleophile. The equation for
the reaction is as follows.

IBr + H2O > HX + HOY

State the type of reaction taking place and identify X and Y.

e hydrolysis
e Xis bromine while Y is iodine.

[2]

(b) (i) Strontium chloride, SrCl; is a typical salt which forms neutral aqueous solutions.
It emits a bright red colour in a flame which allows it to be used as a source of
redness in fireworks.

On the incomplete outline below, construct the energy level diagram to calculate
the lattice energy of SrCly(s). Label all enthalpy changes involved and the
chemical species at each stage.

Your diagram should include relevant data from the Data Booklet together with
the following data.

Standard enthalpy change of formation of SrCla(s) —828.9 kJ mol™’
Standard enthalpy change of atomisation of Sr(s) +164.4 kJ mol-'
1st electron affinity of Cl(g) —348.8 kJ mol™!
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(ii)

17

Energy/ kJ
{k

Sr?*(g) + 2Cl(g) + 2e-
2(-348.8)

Sr¥*(g) + 2CI(g)

548 +1060

Sr(g) + 2Cl(g)
A
+164.4 + 244

0 Sr(s) + Clx(qg)

-828.9

SrClz(s)v

AH a1t

Using Hess’ Law,

-828.9 = 164.4 + 244 + 548 + 1060 + 2(-348.8) + AHCaxt

e AH% =-2148 kJ mol’

[Energy level diagram:

1m for enthalpy change values and zero for elements
1m for correct relative energy levels and state symbols (not >2 missing]

[3]

Using your answer in (b)(i), calculate the AHn of SrCly(s), given the following

data:

Standard enthalpy change of hydration of Sr?*(g)

—1446 kJ mol-"

Standard enthalpy change of hydration of Cl=(g)

—378 kJ mol!

e AH%gin = 2148 + (-1446) + 2(-378) = -54 kJ mol"
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(iii) The standard enthalpy change of solution of CaClx(s) is -87.7 kdmol.

Explain the difference in the standard enthalpy change of solution of SrClx(s)
which you calculated in (b)(ii) and that of CaClx(s).

AHso = -(-Lattice Energies) + (-AHnyq) = |L.E.| - | AHnyq |
LE o 199
re+r

IAthd I oC @

e Cationic radius of Sr?* ion is larger than Ca?*, therefore the decrease
in | AHn,q | of Sr?*is larger than the decrease in |L.E.].
e AH, is expected to be more endothermic for SrClx(s).

(2]
[Total: 10]
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(@)

(i)

(i)

(b)

Section A
Answer all the questions in this section.

There are several stages in the industrial production of methanol from methane.

The first stage involves a gaseous equilibrium between the reactants (methane and
steam), and some gaseous products. Figures 1.1 and 1.2 show the percentage
conversion of methane into the gaseous products under different conditions at
equilibrium.

100+ 100
Percentage 801 Percentage 80
conversion g0 conversion B804
of methane of methane
at constant 407 at constant 1
pressure  2q. temperature 2(-
0 Y . , 0 r . . .
600 700 800 900 1000 2000 3000 4000 5000

[}
Temperature / °C Pressure / kPa

Figure 1.1 Figure 1.2

Use the information from the graphs above to deduce the sign of the
¢ enthalpy change, AH and
¢ entropy change, AS

for the first stage industrial conversion reaction of methane and steam into the
gaseous products. [2]

The optimum temperature for the industrial conversion of methane and steam into the
gaseous products is between 780-880°C.

Explain why this is so. [2]

The equation shows the final stage in the production of methanol.
CO(g) + 2Hg) == CHsOH(g)

3.12 moles of carbon monoxide and 5.23 moles of hydrogen were placed in a sealed
container. An equilibrium was established at 600 K and the total amount of gaseous
molecules was found to be 7.63 moles. The total pressure was 630 kPa.

Calculate the equilibrium constant, Ko, for this reaction at 600 K and state its units. [3]
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(c) Carbon monoxide also reacts with steam.
CO(g) + H0(g) == COzg) + H(9)
At 1100 °C, K. = 1.00

In an experiment, 1 mole of carbon monoxide was mixed with 1 mole of steam, 2 moles
of carbon dioxide and 2 moles of hydrogen.

Deduce, with reasons, the direction in which the reaction will shift to reach equilibrium.

[2]

(d) The compound responsible for the hot taste of chilli peppers is capsaicin. Its molecular
structure can be deduced by the following reaction scheme.

capsaicin, CygH7NO4
boil with H"

' v

NH; * C, CigH1502

HO heat with concentrated

OCH; acidified KMnOy4
D, CgH1004 E, C4HgO3
A
reaction 1 Treaetimn 2
(CH3)>CHCH,OH
F, CgHzM2
A heat with KCN

Br(CHz)4Br

Capsaicin reacts with sodium metal and compounds C, D and E react with Na>COs(aq).

() Suggest the reagents and conditions for reactions 1 and 2. [2]

(i)  Draw the structural formulae for the compounds C, D, E, F and capsaicin in the
above reaction scheme. [5]
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(e) O

NH
o™ o™, O
and

X Y Z
X, Y and Z are nitrogen containing compounds. State and explain the relative basicities of

these 3 compounds. [3]
[Total:19]
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This question is about nitrogen compounds and their roles in organic synthesis.

Azide is the anion with the formula Ns-. Azide is used as a chemical preservative in hospitals
and laboratories.

The azide ion in sodium azide (NaNs) can be oxidised by iodine to form nitrogen gas. To
determine the amount of sodium azide in an impure sample, the azide present is first reacted
with excess iodine.
The amount of unreacted iodine is then titrated with standard sodium thiosulfate solution:

Ir + 2820327 -2+ 840627

0.120 g of an impure sample of sodium azide was dissolved in water. The mixture was reacted
with 25.0 cm? of 0.050 mol dm™2 of aqueous iodine. The excess iodine was found to require
23.10 cm? of 0.040 mol dm= aqueous sodium thiosulfate for reaction.

(@ (i) Write the equation for the azide ion reacting with iodine. [1]

(i)  Calculate the percentage purity of sodium azide in the sample. [3]

(b) A student drew 4 structures A to D of the linear azide ion in Fig 2.1. His teacher
commented one of the structures drawn was incorrect. Determine which is the incorrect
structure, explaining your answer. [1]

[:E—NENI ) — :’:]:‘».]:]:]: -4—; |:,'\]='r\_{:]:|'(_' [F.EN_:\@_

A B C D
Fig. 24

(c) Azides, being very versatile, can play important roles in organic reactions. An azide ion is
called a pseudohalide because it has some properties which are similar to those of
chloride ions. As such organic azides, RNs have similar chemical properties as
chloroalkanes.

One organic reaction scheme, involving sodium azide to form amines is shown in Fig 2.2.

NalN,
ROH ——» RNy ———» RCN —— = RCH:NH:z
Reaction I Reaction I Reaction IIT
Fig. 2.2
(i) Identify the role of azide ion in Reaction I. 1]
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(d)

The 3-stage synthesis of compound E from compound B, makes use of the reaction
scheme shown in Fig. 2.2.

H:z0H

CH: Nals CH2CHzMNHz
— C — = D ——
Reaction | Reaction Il Feaction 1l

B E
(i)  Suggest structures for intermediates C and D, and reagents and conditions for
reactions Il and llI. [3]

(iif) State the type of reaction that occur during reaction lIl. [1]

A reaction scheme involving compound B is shown in Fig.2.3.

CH20H COOH ¢ COOH

B F

Fig. 2.3

(iv) Suggest the reagents and conditions for the conversion of B to F and for F to G.

[2]

(v) Describe and explain how the acidity of G would compare to that of F. [2]

Hydrogen azide, HN3 has a boiling point of 37°C and ammonia, NH3; has a boiling point
of -33°C.

(i) Suggest a reason for the higher boiling point of hydrogen azide compared to
ammonia. [1]

(i)  Explain why hydrogen azide is highly soluble in water. [1]
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(e) Nitride is a compound of nitrogen where nitrogen has a oxidation state of -3. Nitrides are
a large class of compounds with a wide range of properties and applications.

(i)  State the electronic configuration of the nitride ion, N3 [1]

(i) When a beam of nitride ions, N>* was passed through an electric field, it deflected

63° towards the positive plate. Under identical conditions, a beam of azide ions, N3

was passed through the electric field. Determine the angle of deflection of the azide
ion beam. (1]

[Total: 18]
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Oxalic acid is an organic compound with the formula H,C»Os. This colourless solid is a
dicarboxylic acid. In terms of acid strength, it is about 3,000 times stronger than ethanoic acid.
Its conjugate base, known as oxalate (C20427), is a reducing agent as well as a bidentate ligand
for metal cations.

Oxalic acid dissociates in water according to the following equations.

I HOOC-COOH + H,O —— HOOC-COO + H30* Ka1= 5.6 x 102 mol dm-®
I HOOC-COO + H,O ——— -O0C-COO + H30* Kaz = 5.4 x 10°mol dm-?
(@ (i) Explain why the value of Ka1 is larger than Kao. [1]

(i)  Write expressions for acid dissociation constants for equation | and Il above. [1]

(b) A 25 cm? sample of oxalic acid of concentration 0.100 mol dm was titrated with sodium
hydroxide of concentration 0.100 mol dm-3.

The titration curve for the above titration was given below.

pH
A

K

25 50 Vol of NaOH/cm3

(i) State the major organic species present at points X and Y. In your answer, include
the equation for the reaction that occurred to produce each of these two species.

(2]
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(c)

(d)

(i) It has been proven that the [H3O*] at the first equivalent point, X, is given by the

expression,
[HsO*] = K aK o
Use the given expression to determine the pH value at point X. [1]

(iii) Calculate the pH value at the second equivalent point, Y, given that the [OH] can
be assumed to be entirely due to the hydrolysis of the organic species at Y. [2]

Oxalate ions, C204%, are toxic to the human body. If sufficient amounts are ingested and
released into the bloodstream, the high concentration of oxalate ions would cause the
precipitation of calcium oxalate in the urine, which can accumulate into painful kidney
stones.

Assuming that the body excretes an average of 250 mg of calcium ions per litre of urine,
what is the minimum concentration of oxalate ions needed to precipitate calcium oxalate
in the urine?

Numerical value of solubility product of calcium oxalate, CaC,04 = 2.7 x 1079, [2]

Oxalate ions, C,04%, is also able to combine chemically with certain metals commonly
found in the human body. It is able to bond chemically, behaving as a bidentate ligand,
to transition elements, such as iron to form a complex ion.

[Fe(H20)e]>* + 3 C204% [Fe(C204)3] + 6H,0 Kstab = 5.00 x 10¢

(i)  What do you understand by the term bidentate ligand. [1]

(i) Suggest a reason why the stability constant, Ksp of the above is greater than 1.

[1]

(iii) Draw the structure of the complex ion, [Fe(C204)s] *.Hence suggest the shape for
this complex. [2]
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(€)

10

Oxalic acid was one of the products formed when an aromatic organic compound, A, with
molecular formula C1oH100O2 undergoes oxidation with acidified manganate(VIl) to form
another organic product, B, with the molecular formula CgHgO.. No other organic
compound was formed in the oxidation. Compound B reacts readily with 2 moles of
Bry(aq) to form compound E, CsHsO2Br.. Compounds A and B are both soluble in NaOH
and both A and B reacts with 2,4-dinitrophenylhydrazine. Compound A reacts with
acidified dichromate to give an acid, C, C1oH1003. Compound C reacts with SOCI, to form
a sweet-smelling compound D, C1oHgO5.

Suggest structures for A, B, C, D and E and explain the reactions described. [10]

[Total: 23]

Turn over for Section B
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Section B
Answer one question from this section.

(a) Explain, with reference to relevant E° values, the industrial process of the electrolytic
purification of a copper alloy consisting of nickel and silver impurities. [4]

(b) Electrochemical machining is a method used to cut small holes or cavities in metals such
as nickel.

The diagram below illustrates the process. The tool (electrode 1) and nickel (electrode 2)
are connected to a power supply. The electrodes are in contact with an electrolyte,
NaCl(aq), which is being circulated using a pump. Some nickel is then removed by an
electrochemical process when the power supply is switched on.

pump for circulating
the electrolyte

NaCl(aq)

(electrolyte)

nickel
NacCl(aq)
(electrode 2) (electrolyte)

(i) State the polarity of each electrode. Write equation for the reaction occurring at
each electrode. [2]

(i)  As the process takes place, a green solid is observed in the electrolyte. Suggest
the identity of the solid. [1]

(c) Magnesium is a Group 2 element that occurs naturally only in combination with other
elements. It is the third most abundant element present in seawater, after sodium and
chlorine.

(1) Describe and explain, using E° values, the relative reactivity of Group 2 elements
as reducing agents. [2]

9729/03/TJC Prelims/2018 [Turn over



12

In China, magnesium is produced by electrolysis of molten magnesium chloride.
Anhydrous magnesium chloride is fed continuously into electrolytic cells which are hot
enough to melt it. Magnesium is produced at the cathode.

(ii)  Determine the mass of magnesium produced when a current of 40.0 A was passed
through one such electrolytic cell for 10 hours. [2]

The magnesium chloride raw material needed for the electrolysis is obtained from
seawater or magnesium chloride-rich brine.

If seawater is used, it is first treated to produce magnesium hydroxide which is then

converted to the oxide. The oxide is then heated with carbon in a stream of chlorine at a
high temperature as shown in the equation below.

2MgO +C+2Cl, > 2MgCI2 + CO,

(iii)  Identify the oxidising and reducing agents in the above reaction. [1]

On the other hand, if magnesium chloride-rich brine is used, the solution is treated to
remove impurities and concentrated by removing water. Dehydration has to be carried out
in the presence of hydrogen chloride gas to avoid the reaction of magnesium chloride with
water.

(iv) Describe and explain the reaction of magnesium chloride with water. Write equation
where appropriate. [2]
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Grignard reagents can be formed from the reaction of magnesium metal with an alkyl or
aryl bromide as shown below.

R-Br + Mg - RMgBr where R represent an alkyl or aryl group

The following reaction scheme shows some reactions involving the Grignard reagent,
CH3CH>MgBr. The Grignard reagent produces the carbanion, :CH>CHs, as the reacting

species.
TH
c
e | ScH,
CH,CHs
A 0
Reaction 1 f"’ﬂ“‘x
H CH,
OH
Reaction 4 |
Reaction 2 - C
X - GHiGHMgBr © EHSGHZGHE/ | \\"GHG
Co, H
2. H*
(v)  Suggest the type(s) of reaction that occur in reaction 1 and hence explain why the

(vi)

(vii)

product mixture obtained is optically inactive. [3]

Reaction 2 occurs in a similar manner to reaction 1. Suggest the structural formula
of compound X. [1

Reaction 3 occurs in two stages.

Stage 1 is a bimolecular nucleophilic substitution reaction.
Stage 2 is a protonation.

Draw the mechanism for stage 1. [2]

[Total: 20]

9729/03/TJC Prelims/2018 [Turn over



5

14

This question is about the chemistry of iron-containing compounds.

(@)

Iron is the cheapest and one of the most abundant of all metals, comprising nearly 5.6%
of the earth's crust and nearly the earth’s entire core. It exists in a wide range of oxidation
states and undergo redox reactions readily.

) By means of a fully labelled diagram, describe how the standard electrode potential
of the Fe3*/Fe?* system can be measured. Indicate the direction of electron flow.

[3]

In Experiment 1, when aqueous iron(lll) sulfate is boiled with an excess of potassium
cyanide, an orange-red solution is obtained. The solution remains orange-red on addition
of aqueous potassium iodide.

In Experiment 2, when aqueous iron(lll) sulfate is added to aqueous potassium iodide, a
brown solution is obtained.

(i) State the type of reaction that occurred in each experiment. Write a balanced
equation for any reaction that occurred. [3]

(iii)  With reference to relevant E° values, explain the observation in Experiment 1 upon
addition of aqueous potassium iodide. [1]

The colour spectrum of the visible region of the electromagnetic spectrum is as shown:

Wavelength/nm 400 430 480 560 590 630 750

Violet ' blue ' green yellow ' orange  red

Iron(ll) ions form an intense red complex with 2,2'-bipyridine (bipy) according to the
following equation:

3bipy + Fe?* = [Fe(bipy)s]**
O~
\
Y \ /
2,2'-bipyridine

The presence of ligands in complexes causes a splitting of the energy of d orbitals into
two groups with an energy gap, AE, between them.

(iv)  Given that aqueous iron(ll) ion is green in colour, state and explain which ligand,
water or 2,2'-bipyridine, results in a larger AE. [2]

(v) Draw a labelled diagram of one of the d orbitals at the higher energy level in
[Fe(bipy)sJ*. (1]
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(b)

15

In the laboratory, iron(ll) ions function as a catalyst for the reaction of iodide with hydrogen

peroxide.

In an experiment to investigate the kinetics of the reaction, hydrogen peroxide is added
to a solution of potassium iodide in the absence of the iron(ll) catalyst at 25 °C, and the
iodide ions are oxidised according to the equation:

2l-(aq) + H202(aq) + 2H*(ag) —> lz(aq) + 2H20())

The following data was obtained.

ot Initial [I7]/ | Initial [H,05] /|  Initial [H*] / Initial rate of
P mol dm-3 mol dm3 mol dm-3 reaction /
moldm= s

1 0.01 0.01 0.0005 1.15x 10
2 0.01 0.02 0.0005 2.30x 106
3 0.02 0.01 0.0005 2.30x 10
4 0.01 0.01 0.001 1.15x 106

) Use the data above to deduce the order of reaction with respect to each of the
reagents, showing how you arrive at your answers. Hence, write the rate equation

for the above reaction.

[3]

(i)  Calculate a value for the rate constant. Include units in your answer. [1]

(iii)  Explain, with the aid of a suitable diagram, why the rate of decomposition of

hydrogen peroxide is expected to proceed faster at 35 °C.
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16

Some protein-built enzymes form complexes with the metal ions at their active site. An
example is catalase, which is an enzyme in the liver that breaks down harmful hydrogen
peroxide into oxygen and water. It contains four iron-containing heme groups that allow
the enzyme to react with the hydrogen peroxide.

The decomposition of hydrogen peroxide solution to form water and oxygen gas is as
shown:

2H,0x(aq) —21135€ | o1,0(1) + O4(g)

0] What do you understand by the term enzyme? [1]

(i) A series of experiments were carried out to study the effect of hydrogen peroxide
concentration on the rate of reaction, by using different concentrations of hydrogen
peroxide at 25 °C. The following graph was obtained.

rate of reaction

0 [H202]
Account for the shape of the graph. [3]

[Total: 20]

9729/03/TJC Prelims/2018



TEMASEK

JUNIOR COLLEGE

CHEMISTRY 9729/03
Paper 3 Free Response 14" September 2018
2 hours

Candidates answer on separate paper.

Additional Materials: Answer Paper
Data Booklet

READ THESE INSTRUCTIONS FIRST

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

You may use a HB pencil for any diagrams or graphs.

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

Section A
Answer all questions.

Section B
Answer one question.

The use of an approved scientific calculator is expected, where appropriate.
A Data Booklet is provided.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

This document consists of 16 printed pages.

9729/03/TJC Prelims/2018 [Turn over



(a)

(i)

(ii)

(b)

Section A
Answer all the questions in this section.

There are several stages in the industrial production of methanol from methane.

The first stage involves a gaseous equilibrium between the reactants (methane and
steam), and some gaseous products. Figures 1.1 and 1.2 show the percentage
conversion of methane into the gaseous products under different conditions at
equilibrium.

100+ 100+
Percentage 80+ Percentage 80-
conversion §0- conversion 60
of methane of methane
at constant 40- at constant 40
pressure (. temperature Q-
0 L L ¥ c ] L T L)
600 700 800 800 1000 2000 3000 4000 5000

[
Temperature / °C Pressure | kPa

Figure 1.1 Figure 1.2

Use the information from the graphs above to deduce the sign of the

¢ enthalpy change, AH and

e entropy change, AS

for the first stage industrial conversion reaction of methane and steam into the gaseous
products. [2]
¢ the enthalpy change, AH

As temperature increases from 600 °C to 880 °C, % conversion of methane
increases. This indicates that the forward reaction is favoured as it absorbs energy.
Hence, forward reaction is endothermic, AH is positive.

e entropy change, AS

As pressure increases from 1000 kPa to 5000 kPa, % conversion of methane
decreases. Forward reaction is not favoured and this indicates that the number of
moles of gaseous products particles is more than the gaseous reactants particles.
Hence, AS for the forward reaction is positive.

The optimum temperature for the industrial conversion of methane and steam into the
gaseous products is between 780-880°C.

Explain why this is so. [2]

e Lower than 780 °C, rate of reaction is slow / % conversion is low, hence not cost
effective.

e Higher than 880 °C, results in high energy costs / expensive & also after a certain
temperature, yield does not increase significantly. Therefore, there is no gain in
using a higher temperature.

The equation shows the final stage in the production of methanol.
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CO(g) + 2Hx(g) == CH30H(9g)
3.12 moles of carbon monoxide and 5.23 moles of hydrogen were placed in a sealed
container. An equilibrium was established at 600 K and the total amount of gaseous
molecules was found to be 7.63 moles. The total pressure was 630 kPa.
Calculate the equilibrium constant, K,, for this reaction at 600 K and state its units. [3]

Let the amount of CH;0H produced be x mol

CO(9) + 2H2(9) =  CH3OH(g)

Initial/mol 3.12 5.23 -
Change/mol -X -2x +X
Equilibrium/mol 3.12-x 5.23-2x X

Total moles of gas = (3.12-x) + (5.23-2x) + x =7.63

x=0.36
no. of moles of CO = 2.76; no. of moles of H, = 4.51; no of moles of CH;OH = 0.36
P(co) = (2.76/7.63) x 630 = 228 kPa
Pn2) = (4.51/7.63) x 630 = 372 kPa
P(cH3on) = (0.36/7.63) x 630 = 29.7 kPa

p(CHzDH)
P ™ plcoyx p(Hy)2

_ 297
P = oan(37212
228x(372}° = 9.41 x 107 kPa?

e No. of moles of CO, H, & CH;0OH
e Partial pressures of CO; H, & CH3;0H
e Correct substitution & value for K, correct units
(c) Carbon monoxide also reacts with steam.
CO(g) + H20(g) == COz(g) + Hz(9)
At 1100 °C, K. = 1.00

In an experiment, 1 mole of carbon monoxide was mixed with 1 mole of steam, 2 moles
of carbon dioxide and 2 moles of hydrogen.

Deduce, with reasons, the direction in which the reaction will shift to reach equilibrium.

[2]
s the quotient / Q:

[COz][H:] = 2x2 =4, which is larger than K.
[CO][H20] 1x1

Or K. = 1, the concentrations of products must be equal to concentrations of the
reactants at equilibrium

Or Kc =1, [CO,][H.] = [CO][H.0O] at equilibrium

) { [CO:] & [H2] need to decrease and [CO] & [H20] need to increase
So position of equilibrium shifts to the left.
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(d) The compound responsible for the hot taste of chilli peppers is capsaicin. Its molecular
structure can be deduced by the following reaction scheme.

capsaicin, CygH;7NO;

boil with H*
NH; * C, CigH1502

HO heat with concentrated

OCH; acidified KMnOy4

D, CeHi1004 E, C4Hg0O5

A
reaction 1 reaction 2
(CH3)>CHCH,0OH
F, CgHaM2
heat with KCN

Br(CHa)4Br

Capsaicin reacts with sodium metal and compounds C, D and E react with Na,COs(aq).

(i) Suggest the reagents and conditions for reactions 1 and 2. [2]

e Reaction 1: Aqueous HCI or H.SOg4, heat
¢ Reaction 2: KMnO, or K2Cr207 & dilute H2SO4(aq), heat under reflux

(ii) Draw the structural formulae for the compounds C, D, E, F and capsaicin in the
above reaction scheme. [5]

OCHjs
OH

)Ci?’?\/\/\ H
HsC c”

X
e Capsaicin: 0

CHs OCH;

O
g
Q
o

Hs

(@)

NH,

[Do not accept : ]

9729/03/TJC Prelims/2018 [Turn over



(e)

CHs

(@)
g
Q
@)
T

Hs

(@)

e Cis

OH
H
OWc’O

e Dis O
CHs
H3C)\’//O
e Eis OH
e Fis: CN(CH2),CN NC/\/\/CN
@]
@NHZ NF ik
and
A B c

A, B and C nitrogen containing compounds. State and explain the relative basicities of
these 3 compounds. [3]

Basic strength: B<C<A
¢ A is a stronger base than B & C as the benzyl group, ©/ being electron-releasing

in nature, increases the electron density on nitrogen atom. The lone pair of
electrons on N is more available for dative bonding to a proton.

¢ The lone pair of electrons on the nitrogen atom of C can be delocalised into the
benzene ring, making it less available for dative bonding to a proton. Thus C is a
weaker base than A.

¢ B is an amide which is neutral because the lone pair electrons on N is delocalised
0

R—(
over O-C-N, i.e: NH2 (resonance structure), & hence it is not available for
donation to a proton.

[Total:19]
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This question is about nitrogen compounds and their roles in organic synthesis.

Azide is the anion with the formula Ns-. Azide is used as a chemical preservative in hospitals
and laboratories.

The azide ion in sodium azide (NaNs) can be oxidised by iodine to form nitrogen gas. To
determine the amount of sodium azide in an impure sample, the azide present is first reacted
with excess iodine.

The amount of unreacted iodine is then titrated with standard sodium thiosulfate solution:

lo + 25,052~ — 2|~ + S4062

0.120 g of an impure sample of sodium azide was dissolved in water. The mixture was reacted
with 25.0 cm? of 0.050 mol dm2 of aqueous iodine. The excess iodine was found to require
23.10 cm? of 0.040 mol dm™2 aqueous sodium thiosulfate for reaction.

(@) (i) Write the equation for the azide ion reacting with iodine. [1]
2N;” — 3N, + 2e (x1)
2 + 2e > 2I" (x1)

e 2N3 + |, —» 3N, + 2I-

(ii) Calculate the percentage purity of sodium azide in the sample. [3]
_ 23.10 - 4
No. of moles of Na;S,0; = 0 x0.040 =9.24 x 10 mol
-4
¢ No. of moles of |, reacted with Na;S,0; = % = 4.62 x 10 mol

No. of moles of |, reacted with NaN3

= ﬂxo_oso -4.62%x10% = 7.88 x 10* mol
1000

2NaNs:=1;

e Mass of NaN;=2x7.88x10*x (23 +14x3)=0.102 g

e Percentage purity of NaN; = %x 100 =854%

(b) A student drew 4 structures A to D of the linear azide ion in Fig 2.1. His teacher
commented one of the structures drawn was incorrect. Determine which is the incorrect
structure, explaining your answer. [1]

ik =

o] o el i i

A B C D
Fig, 24

e Structure C is incorrect as it will be bent shape wrt to the central N atom
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(c)

Azides, being very versatile, can play important roles in organic reactions. An azide ion is
called a pseudohalide because it has some properties which are similar to those of
chloride ions. As such organic azides, RNs have similar chemical properties as
chloroalkanes.

One organic reaction scheme, involving sodium azide to form amines is shown in Fig 2.2.

NB.N3
ROH ——— = RN; ———» RCN ——» RCH:INH:z
Reaction I Reaction II Reaction IIT
Fig. 2.2
(i) Identify the role of azide ion in Reaction I. [1]
Nucleophile

The 3-stage synthesis of compound E from compound B, makes use of the reaction
scheme shown in Fig. 2.2.

Hz2OH

CH:z NaNa CHzCHzMNHz
— C — = D —_—
Reaction | Reaction Il Feaction 1l

B E

(ii) Suggest structures for intermediates C and D, and reagents and conditions for

reactions Il and IlII. [3]
©/C Hz2Na : CH2CN
o (03 D

e Reaction lI: ethanolic KCN, heat

e Reaction lll: LiAlH4, dry ether as solvent, room temperature.
(iii) State the type of reaction that occur during reaction Ill. 1

e Reduction
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(d)

(e)

A reaction scheme involving compound B is shown in Fig.2.3.

CH20H COOH Ci COOH

B F

Fig. 2.3

(iv) Suggest the reagents and conditions for the conversion of B to F and for F to G.

[2]

e B to F: acidified KMnOy4, heat
e F to G: Cl; gas, anhydrous AICI; catalyst, room temperature

(v) Describe and explain how the acidity of G would compare to that of F. [2]

e G is a stronger acid than F.

e CI| being an electronegative atom helps to disperse the negative
charge of the anion formed, making it more stable than the anion of F.

Hydrogen azide, HN3; has a boiling point of 37°C and ammonia, NH3; has a boiling point
of -33°C.

(i) Suggest a reason for the higher boiling point of hydrogen azide compared to
ammonia. [1]

Both compounds have simple molecular structure and hydrogen bonds exist
between molecules. However, HNs; has a larger electron cloud than NHs, which
is more easily polarized, this leads to stronger and more extensive
instantaneous-dipole _induced-dipole attractions, more energy is needed to
overcome the id-id attractions, hence HNs has a higher boiling point than NHs.

(ii) Explain why hydrogen azide is highly soluble in water. [1]

Hydrogen bonds formed between HN; and water molecules releases
sufficient enerqy to overcome the hydrogen bonds between HNs; molecules
and hydrogen bonds between water molecules.

Nitride is a compound of nitrogen where nitrogen has a oxidation state of -3. Nitrides are
a large class of compounds with a wide range of properties and applications.

(i)  State the electronic configuration of the nitride ion, N*-. [1]

1s22s22p°®
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(i) When a beam of nitride ions, N3 was passed through an electric field, it deflected

63° towards the positive plate. Under identical conditions, a beam of azide ions, N3

was passed through the electric field. Determine the angle of deflection of the azide
ion beam. [1]

Angle of deflection, 6 o q/m
6m/q = constant

eazidemazide/qazide = enitridemnitridelqnitride
Oazide X 42 - 63 x14
1 3
eazide = 7°

[Total: 18]

Oxalic acid is an organic compound with the formula H,C,Os. This colourless solid is a
dicarboxylic acid. In terms of acid strength, it is about 3,000 times stronger than ethanoic acid.
Its conjugate base, known as oxalate (C20427), is a reducing agent as well as a bidentate ligand
for metal cations.

Oxalic acid dissociates in water according to the following equations.

I  HOOC-COOH + H, O —— HOOC-COO + H30* Ka1= 5.6 x 102 mol dm-®
Il HOOC-COO + H,O —— -O0C-COO" + H30* Kaz = 5.4 x 10-° mol dm-3
(@) (i) Explain why the value of Ka1 is larger than Kao. [1]

*The first deprotonation of oxalic acid forms a mono-anion which is stabilised
by hydrogen bonding, hence dissociation lies much on the right.

or HOOC-COOH is a stronger acid than HOOC-COO, as it is more difficult to
remove H* from HOOC-COOQO:, a negative ion.

(if) Write expressions for acid dissociation constants for equation I and Il above. [1]

_ [H,0*][HOOC-COO"] k., =IH30"][700C - CO0"]
= =
[HOOC — COOH] [HOOC - COO™]

o Kan
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(b) A 25 cm? sample of oxalic acid of concentration 0.100 mol dm was titrated with sodium
hydroxide of concentration 0.100 mol dm3.

The titration curve for the above titration was given below.

/

A

2 50 Vol of NaOH/cm3

(i) State the major organic species present at points X and Y. In your answer, include
the equation for the reaction that occurred to produce each of these two species.

[2]

e Major organic species are HO,C-CO,~ and “0.C-CO;™ respectively. The two
equations are shown below.

¢ HOOC-COOH + OH" — HOOC-COO" + H;0 step 1
HOOC-COO" + OH — "00C-COO" + H.0 step 2
(if) It has been proven that the [H30"] at the first equivalent point, X, is given by the
expression,
[H3O*]1 = K 4K,
Use the given expression to determine the pH value at point X. [1]

[H:0*] = v5.6x102x5.4x10° = 1.74 x 10

e pH =2.76
(iii) Calculate the pH value at the second equivalent point, Y, given that the [OH] can
be assumed to be entirely due to the hydrolysis of the organic species at Y. [2]
‘00C-COO" + H,O —— HOOC-COO" + OH"
¢ [[O0OC-COO] = 25/1000 x 0.1 +(25+50)/1000 = 0.0333 mol dm
K., = [OH][HOOC-COO] _ [OH™]?
b2 = -
[TOOC-COO7] [TOOC-COO7]
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(c)

(d)

11

K
Kpz=—" = 10" + 54x10°= 1.85x 10"
Ka2
[OH"]?
1.85x 10" = ——
0.0333
[OH] = 2.48 x 10 mol dm= , pOH =5.61
e pH=8.39

K
OR [OH]= & thc where Ky =K_W = 10" + 5.4x10°= 1.85x 107

a2

[OH] =+ (1.85 x 10°°x 0.0333) = 2.48 x 10 mol dm™, pOH =5.61
e pH=8.39

Oxalate ions, C204%, are toxic to the human body. If sufficient amounts are ingested and
released into the bloodstream, the high concentration of oxalate ions would cause the
precipitation of calcium oxalate in the urine, which can accumulate into painful kidney
stones.

Assuming that the body excretes an average of 250 mg of calcium ions per litre of urine,
what is the minimum concentration of oxalate ions needed to precipitate calcium oxalate
in the urine?

Numerical value of solubility product of calcium oxalate, CaC,04= 2.7 x 10-°. [2]

e conc of Ca?* in urine = (250 x 10~%/40.1) / 1 mol dm® = 6.23 x 10~ mol dm
e Minimum concentration of oxalate = 2.7 x 10°/6.23 x 103=4.33 x 10" mol dm™3
Oxalate ions, C,04%, is also able to combine chemically with certain metals commonly

found in the human body. It is able to bond chemically, behaving as a bidentate ligand,
to transition elements, such as iron to form a complex ion.

[Fe(H20)e]** + 3 C204% [Fe(C204)s] + 6H,0 Kstab = 5.00 x 10¢

(i) What do you understand by the term bidentate ligand. [1]

¢ Bidentate ligand is a ligand which can form two dative bonds with the
central metal atom or ion.

(i) Suggest a reason why the stability constant, Kstap Of the above is greater than 1.
[1]
e Bidentate or polydentate ligands, bind more strongly with multiple dative
bonds and hence form more stable complexes than Fe(H20)e3*.
OR

Complexes involving bidentate or polydentate ligands are more likely to be
formed due to an increase in entropy as there is an increase in the number
of particles.

(iii) Draw the structure of the complex ion, [Fe(C204)s] *.Hence suggest the shape for
this complex. [2]
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(e)

12

0 —

0
o HC':*

b
O?;D\_Afék/
oeﬁw“’fﬁ\q

0. ,fc““*o

C
Il

o

e Shape: octahedral

Oxalic acid was one of the products formed when an aromatic organic compound, A, with
molecular formula C10H1002 undergoes oxidation with acidified manganate(VIIl) to form
another organic product, B, with the molecular formula CsHsO2. No other organic
compound was formed in the oxidation. Compound B reacts readily with 2 moles of
Brz(aq) to form compound E, CsHsO2Br.. Compounds A and B are both soluble in NaOH
and both A and B reacts with 2,4-dinitrophenylhydrazine. Compound A reacts with
acidified dichromate to give an acid, C, C1H1003. Compound C reacts with SOCI; to form
a sweet-smelling compound D, C1oHgO2.

Suggest structures for A, B, C, D and E and explain the reactions described. [10]
[Total: 23]

Explanation:

e A, CioH1002 undergoes oxidation with acidified KMnO; to form H:C:04 and
B, CsHsO2. Thus A has a carbon-carbon double bond in the side chain substituent
of the benzene ring.

¢ A and B are both soluble in NaOH = A and B are both acidic forming soluble salts
in the acid-base reaction with NaOH. Hence, A and B is either a carboxylic acid or

phenol

¢ B reacts with 2 moles of Brz(aq) = Electrophilic substitution has taken place and
B is a phenol with another substituent either at 2- or 4- position wrt the phenolic
group

¢ A and B reacts with 2,4-DNPH = Condensation reaction has taken place and both
A and B contain the carbonyl functional group.

¢ A is oxidised by acidified dichromate to form a carboxylic acid, C = A has an
aldehyde group.

e C reacts with SOCI; to form an acid chloride with then reacts with phenol to form
a cyclic ester, D. Nucleophilic substitution followed by condensation reaction have
taken place.
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Compound A: Compound C:
HO
’ H y HO
‘cC=c HO
g \ C—C=C
CH3 @) (‘:HS
Compound B: Compound D:
HO
@)
\\C/O
Oo=C \
| H—Cy
CHs, C‘)
CHs
Compound E:
HO Br
CHs,
Br

eeeee for structures A, B, C, D and E

11 points max 10

Turn over for Section B
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(a)

(b)

14

Section B
Answer one question from this section.

Explain, with reference to relevant E° values, the industrial process of the electrolytic
purification of a copper alloy consisting of nickel and silver impurities. [4]

Cu?* + 2¢¢ ¥ Cu E° = +0.34 V
Ni2* + 20 ~— Ni E° = —0.25V
Ag* + e = Ag E° = +0.80 V

e Anode (Oxidation): Cu(s) — Cu?*(aq) + 2e~
The impure copper is made the anode. Over time, the anode dissolves.

e Cathode (Reduction): Cu?*(aq) + 2e~ — Cu(s) [pure copper]

The electrolyte is made of copper(ll) sulfate solution. At the cathode, copper
ions are discharged and deposited on the pure copper cathode.

e Silver has more positive E° value than E°_ 2. . . It will not undergo oxidation at the
crude Cu anode and will dislodge from the anode (since there is no substrate
support) and fall off as anode mud.

* Nickel has less positive E° value than E° 2. . . Since oxidation occurs at the anode,

it will be oxidised together with copper. However, Ni>* will not be reduced at the
pure copper cathode as its E° value is less positive than E°_ 2. . Only Cu® ions

will be reduced.

Electrochemical machining is a method used to cut small holes or cavities in metals such
as nickel.

The diagram below illustrates the process. The tool (electrode 1) and nickel (electrode 2)
are connected to a power supply. The electrodes are in contact with an electrolyte,
NaCl(aq), which is being circulated using a pump. Some nickel is then removed by an
electrochemical process when the power supply is switched on.

pump for circulating
the electrolyte

NaCl(aq)

(electrolyte)

nickel
NacCl(aq)
(electrode 2) (electrolyte)

(i) State the polarity of each electrode. Write equation for the reaction occurring at
each electrode. [2]
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(c)
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e Electrode 1: Negative (cathode), 2H.0 + 2e > H, + 20H"
e Electrode 2: Positive (anode), Ni > Ni?* + 2e

(ii)  As the process takes place, a green solid is observed in the electrolyte. Suggest
the identity of the solid. [1]

o Ni(OH).

Magnesium is a Group 2 element that occurs naturally only in combination with other
elements. It is the third most abundant element present in seawater, after sodium and
chlorine.

(i) Describe and explain, using E° values, the relative reactivity of Group 2 elements
as reducing agents. [2]

e Group 2 elements have large negative E® values which become more negative
down the Group.

e The more negative the E° value, the stronger the reducing power of the
element.

In China, magnesium is produced by electrolysis of molten magnesium chloride.
Anhydrous magnesium chloride is fed continuously into electrolytic cells which are hot
enough to melt it. Magnesium is produced at the cathode.

(i) Determine the mass of magnesium produced when a current of 40.0 A was passed
through one such electrolytic cell for 10 hours. [2]

eQ=Ixt=40x10 x 60 x 60 = 1440000 C
No. of moles of electrons transferred = 1440000 / 96500 = 14.9 mol
eMass of Mg=14.9/2x24.3=181¢g

The magnesium chloride raw material needed for the electrolysis is obtained from
seawater or magnesium chloride-rich brine.

If seawater is used, it is first treated to produce magnesium hydroxide which is then
converted to the oxide. The oxide is then heated with carbon in a stream of chlorine at a
high temperature as shown in the equation below.

2MgO +C+2Clb> 2MgCI2 + CO,

(iii)  Identify the oxdising and reducing agents in the above reaction. [1]

oxidising agent: Cl,
reducing agent: C
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On the other hand, if magnesium chloride-rich brine is used, the solution is treated to
remove impurities and concentrated by removing water. Dehydration has to be carried out
in the presence of hydrogen chloride gas to avoid the reaction of magnesium chloride with
water.

(iv) Describe and explain the reaction of magnesium chloride with water. Write equation
where appropriate. [2]

o [Mg(H20)e]**(aq) < [Mg(H20)sOH]*(aq) + H*(aq)

e Mg? has a high charge density hence a high polarising power. It draws
electrons away from its surrounding water molecules and weakens the
O-H bond. It is easier for a H" ion to leave the water molecule. So the
resulting solution is slightly acidic.

Grignard reagents can be formed from the reaction of magnesium metal with an alkyl or
aryl bromide as shown below.

R-Br + Mg - RMgBr where R represent an alkyl or aryl group
The following reaction scheme shows some reactions involving the Grignard reagent,

CH3CH>MgBr. The Grignard reagent produces the carbanion, :CH>CHs, as the reacting
species.

TH
C
|-|"’fl|h\"“‘r.:|-|3
CH,CHs
A 0
Reaction 1 /“'c“‘x
H CHj
OH
Reaction 4 |
Reaction 2 - C
X - GHiGHMgBr © CHSCHECH2/|R\GH3
GDZ H
2. H*

(v)  Suggest the type(s) of reaction that occur in reaction 1 and hence explain why the
product mixture obtained is optically inactive. [3]

Nucleophilic addition (and protonation/acidic hydrolysis)

e CHs;CH:MgBr can attack the trigonal planar carbonyl carbon either from the
top of the plane or the bottom of the plane with equal probability.

e This leads to the formation of 2 mirror images which are non-
superimposable. Since equal amount of each enantiomer is formed, an
optically inactive (racemic) mixture is obtained.
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(vi) Reaction 2 occurs in a similar manner to reaction 1. Suggest the structural formula
of compound X. [1

L] CH3CH2COOH
(vii) Reaction 3 occurs in two stages.

Stage 1 is a bimolecular nucleophilic substitution reaction.
Stage 2 is a protonation.

Draw the mechanism for stage 1.

h_ -
i ! ]
R ) — - C

o+ CHSCHECHE“"/ | H\"CHE
L CH3CH, H
:CH,CH;
[2]
[Total: 20]

This question is about the chemistry of iron-containing compounds.

(@) Iron is the cheapest and one of the most abundant of all metals, comprising nearly 5.6%
of the earth's crust and nearly the earth’s entire core. It exists in a wide range of oxidation
states and undergo redox reactions readily.

(i) By means of a fully labelled diagram, describe how the standard electrode potential
of the Fe®*/Fe?* system can be measured. Indicate the direction of electron flow.

[3]

High-resistance
Voltmeter

(<)

Hz(g) at Tbar

and 298 K Salt bridge

Pt electrode

1 mol dm of Fe?*(aq)
and
1 mol dm-3 of Fe®*(aq)

1 mol dm3 Pt electrode

of H*(aq)

[1]—e flow [1] — voltmeter, salt bridge + Pt electrodes

[1] - Fe3**/Fe?* electrolyte, hydrogen gas inlet & standard conditions
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In Experiment 1, when aqueous iron(lll) sulfate is boiled with an excess of potassium
cyanide, an orange-red solution is obtained. The solution remains orange-red on addition
of aqueous potassium iodide.

In Experiment 2, when aqueous iron(lll) sulfate is added to aqueous potassium iodide, a
brown solution is obtained.

(ii) State the type of reaction that occurred in each experiment. Write a balanced
equation for any reaction that occurred. [3]
{ Experiment 1: Ligand substitution
[ J
Experiment 2: Redox
e Expt 1: [Fe(H20)¢]** + 6CN- = [Fe(CN)e]* + 6H20

e Expt 2: 2Fe® + 2| - —> 2Fe?* + 1,

(iii) With reference to relevant E® values, explain the observation in Experiment 1 upon
addition of aqueous potassium iodide. 11
The orange-red solution is due to the presence of the complex ion [Fe(CN)e]*".

o E®coi=+0.36 —(+0.54) = -0.18 V< 0, hence [Fe(CN)s]*~ will not be able to
oxidise |~ and the solution remains orange-red.

Fe(CN)e®> + e = Fe(CN)e* E®=+0.36 V
l,+2e = 2I° E°=+054V

The colour spectrum of the visible region of the electromagnetic spectrum is as shown:

Wavelength/nm 400 430 480 560 590 630 750

Violet I blue I green I yellow I orange I red

Iron(ll) ions form an intense red complex with 2,2'-bipyridine (bipy) according to the
following equation:

3bipy + Fe?* = [Fe(bipy)s]**

O~
\

Y \ /
2,2'-bipyridine

The presence of ligands in complexes causes a splitting of the energy of d orbitals into
two groups with an energy gap, AE, between them.

(iv) Given that aqueous iron(ll) ion is green in colour, state and explain which ligand,
water or 2,2'-bipyridine, results in a larger AE. [2]

e 2,2'-bipyridine results in a larger AE

e [Fe(bipy)s]?** absorbs green light, which has a higher_energy/shorter
wavelength than the red light absorbed by [Fe(H20)s]?*, which correlates
to a larger d orbital splitting.
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(v) Draw a labelled diagram of one of the d orbitals at the higher energy level in

[Fe(bipy)s]**. (1]
z Z
y A y
¥ x
de2.,2 d;2
or

Note: The orbitals drawn should be clearly labelled e.g. dxzy2, dz2
(b) Inthelaboratory, iron(ll) ions function as a catalyst for the reaction of iodide with hydrogen
peroxide.

In an experiment to investigate the kinetics of the reaction, hydrogen peroxide is added
to a solution of potassium iodide in the absence of the iron(ll) catalyst at 25 °C, and the
iodide ions are oxidised according to the equation:

2l-(aq) + H202(aq) + 2H*(aq) —> lzx(aq) + 2H20())

The following data was obtained.

ot | Mitial[7]/ |initial [H,0,] /| Initial [H"] / Initial rate of
P mol dm™ mol dm™ mol dm™ reaction /
moldm s’
1 0.01 0.01 0.0005 1.15x 10
2 0.01 0.02 0.0005 230 x 10
3 0.02 0.01 0.0005 2.30 x 10
4 0.01 0.01 0.001 1.15x 10%

(i) Use the data above to deduce the order of reaction with respect to each of the
reagents, showing how you arrive at your answers. Hence, write the rate equation
for the above reaction. [3]
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(iii)

20

Let the rate equation be: Rate = k[I*[H.O.]'[H*J*
From experiments 1 and 4,

When [I7] and [H20:] are constant and [H*] is increased by 2 times, initial
rate remains unchanged.

Therefore, the order of reaction with respect to H* is 0.

From experiments 1 and 2, -
Working
1.15 =k (0.01)Y ------- (1) (2m):
2.30 = k (0.02)Y -------- (2) On solving, y =1 3 points —2m
2 points — 1m
Therefore, the order of reaction with respect to H.0: is 1. 1 point — Om
From experiments 1 and 3,
Rate egn
1.15 =k (0.01)Y ------- (1) (1m)
2.30 = k (0.02)Y -===---- (2) On solving, x =1
Therefore, the order of reaction with respect to I is 1.
e Rate = k[|][H.0:]
Calculate a value for the rate constant. Include units in your answer. [1

Rate = k[l ][H20:]
Using Expt 1 data,

1.15x107°

—_—= -1 31 H
(0.01)(0.01) 0.0115 mol'dm°s™" (units must be correct)

Rate constant, k =

Explain, with the aid of a suitable diagram, why the rate of decomposition of
hydrogen peroxide is expected to proceed faster at 35 °C. [2]

Proportion of
molecules = Proportion of molecules
4 with E > Ea at 25°C
25°C

Il Proportion of molecules

. S o
350C with E > E, at 35°C

N Y s
Ea Kinetic
energy

e well labelled diagram
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At higher temperature, average kinetic energy of molecules increases and
the proportion of molecules with E > E, increases.

Hence frequency of effective collisions increases and rate of reaction
increases.

Some protein-built enzymes form complexes with the metal ions at their active site. An
example is catalase, which is an enzyme in the liver that breaks down harmful hydrogen
peroxide into oxygen and water. It contains four iron-containing heme groups that allow
the enzyme to react with the hydrogen peroxide.

The decomposition of hydrogen peroxide solution to form water and oxygen gas is as
shown:

2H,0z(aq) —22118%e , 51H,0(1) + Oa(g)
(i)  What do you understand by the term enzyme? [1]

e Enzymes are highly specific in the type of reaction(s) which they catalyse,
which no other enzymes will catalyse.

(ii) A series of experiments were carried out to study the effect of hydrogen peroxide
concentration on the rate of reaction, by using different concentrations of hydrogen
peroxide at 25 °C. The following graph was obtained.

rate of reaction

0 [H202]

Account for the shape of the graph. [3]

e At low [H20;], rate of reaction is directly proportional to [H,0-] since active
sites are not fully occupied. Hence reaction is first order.

e As [H20;] increases, the rate increases to a lesser extent and is no longer
proportional to [H.0-] since more active sites are occupied. Hence reaction
is mixed order.

e With further increase in [H20:], rate becomes constant as the enzyme is
saturated. Hence reaction is zero order.

[Total: 20]
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