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2

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

1 In an experiment, 25.0 cm?® of 0.02 mol dm of vanadium(II) ions was found to react
with 15.00 cm?® of 0.02 mol dm= of acidified KMnO4. The half equation for the
reduction of MnO4” is:

MnOs~ + 8H* + 5e == Mn%* + 4H,0

What is the final oxidation state of vanadium?

A +3
B +4
C +5
D +6
2 Sulfur dichloride dioxide, SO2Cl2, reacts with water to give a mixture of sulfuric acid

and hydrochloric acid.

How many moles of calcium hydroxide, Ca(OH)., would be needed to neutralise the
solution formed by adding one mole of SO2Cl. to an excess of water?

A

A W N -

B
Cc
D

3 The use of Data Booklet is relevant to this question.
An ion EZ* contains 24 protons.
Which of the following statements about E?* is incorrect?

A The enthalpy change for the reaction E(g) — E?*(g) + 2e is +2243 kJ mol.
B The removal of the two electrons from E to form E?* is from the 4s subshell.
C The angle of deflection of E2* in an electric field is smaller than that of E3*.
D

E2* is isoelectronic with Mn3*
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4 Which of the following statements explain why aluminium chloride, Al>Cls, sublime at
a relatively low temperature?

Intermolecular forces between the AloClg molecules are weak.

2 The dative bonds between Al and Cl atoms are weak.

3 The covalent bonds between Al and Cl atoms are weak.
A 1only

B 1and2only

C 2and3only

D 3only

5 Which of the following diagrams correctly describes the behavior of a fixed mass of an
ideal gas? (T is measured in K)

A B

PV A constantT D A constantT

»
»

Y density

o
v
o

4 constantT T 4 constant p

»
> »

0 vV 0 Y,

6 The enthalpy change of reaction between hydrogen sulfide and oxygen is AH1.

H2S(g) + 7202(g) — H20(g) + S(s) AH¢

What information is not needed to calculate AH¢?

A enthalpy change of vaporisation of H2O(l)
B enthalpy change of formation of H2S(g)
C enthalpy change of formation of HO(l)
D enthalpy change of combustion of S(s)

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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7 Which suggested mechanism is consistent with the experimentally determined rate
equations?

Rate equation Suggested mechanism

A Rate = k[NOJ2[O2] 2NO(g) —> N202(g) (fast)
N202(g) + O2@) —> 2NO2(g) (slow)
B Rate = k[H2][I] Hz(g) — 2H(9) (slow)
2H(g) + 12(9) — 2HI(g) (fast)
C Rate = K[HB][O2] 2HBr(g) + O2(g) — 2HBrO(g) (slow)
HBrO(g) + HBr(g) > H20(g) + Bro(g)  (fast)
2H*(aq) + 2I(aq) — 2HI(a fast
D Rale= RO ZHI((aZ)) + Hzc()z?G)IQ) - 12283; + 2H,0(1) §S|0V\)l)

8 An amount of N2O4 was placed in a closed vessel and allowed to reach equilibrium as
shown below.

N204(g) = 2NO2(g) AH = +57 kJ mol’

Two changes were made to the equilibrium system at t1 and t.

Concentration /mol dm
A

N ——— . ——

NO>

»Time

0 t1
Which are the changes made at t1 and t2?

t1
More NO, was added

B An inert gas was added at constant
volume

Volume of the system was decreased

Volume of the system was increased

© PJC 2018
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to

t2
Temperature was increased

Temperature was decreased

Temperature was increased

Temperature was decreased

[Turn over



9 Water dissociates as shown:
H2O(l) = H*(aq) + OH(aq)

The ionic product of water, Kw, varies with temperature as shown in the graph below.

Kw / mol2dm— 4

10714 |=- "o

25 :I'emperature /°C

Which statements about the above equilibrium system are correct?

1 The pH of water decreases as temperature increases.
The concentrations of H* and OH™ are equal at all temperatures.

The dissociation of water is exothermic.

2 only
3 only
1 and 2 only

oo w >

2 and 3 only

10 The pH range and colour changes for two acid-base indicators are given below:

Indicator | Colour in acidic solution | pH range Colour in basic solution
P Violet 3.0-5.0 red

Q Yellow 57-7.6 blue

Which solution will appear red in P and yellow in Q?

A 0.1 mol dm=3 of HCI

B 0.1 mol dm= of NaOH

C 0.1 mol dm= of CH3CO2H (Ka= 1.8 x 10-® mol dm~3)
D 0.1 mol dm=3 of HX (Ka= 2.5 x 10" mol dm3)

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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11 The solubility product of calcium carbonate, CaCOs, is 4.81 x 10-° mol? dm®. Which of
the following graphs shows how the solubility of CaCOs will vary with pH at constant

temperature?
A solubility B sobilty
pH pH
c solubility D solubiity
pH pH

12  The equilibrium between Ag>CO3, a sparingly soluble salt, and its saturated solution is
as shown below.

Ag2COs3(s) + aq = 2Ag*(aq) + COs%(aq)
Ksp of Ag2CO3 = 8.2 x 102 mol® dm™®
Which one of the following is correct?

Adding NaCl(aq) will cause more Ag>CO3 solid to dissolve.
Upon the addition of sodium carbonate, solubility of Ag2COs increases.

Ksp of Ag2CO3 decreases as AgNO3 solution is added to it.

1 only

1 and 2 only
2 and 3 only
1,2and 3

O o0 w >
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13 Use of the Data Booklet is relevant to this question.
A cell is set up by connecting a Cu?*/Cu half-cell and an acidified Cr,0727/Cr3* half-cell

under standard conditions.
l salt bridge l

copper — T— platinum
N 4
=— [Cr**(aq)]
N = [H*(aq)]
[Cu~(aq)] = [Cr,0;% (aq)]
=1 mol dm?® = 1.0 mol dm3

Which of the following correctly describes the effect on the e.m.f of the cell when the
respective change is made?

change effect on e.m.f of cell
using a larger copper electrode increases
B addition of concentrated H2SO4 decreases
into reduction half-cell
C addition of dilute NaOH into decreases
oxidation half-cell
D addition of water into oxidation increases

half-cell

14 Use of the Data Booklet is relevant to this question.

A student carried out an experiment involving the electrolysis of aqueous copper(II)
sulfate in cell A and aqueous chromium(III) sulfate in cell B.

CellA Cell B

Given that 6.35 g of copper was deposited at electrode X at the end of the experiment,
what is the mass of chromium deposited at electrode Y?

A 087g B 1.74g¢g
C 347g D 104g

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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15 P, Q and R are elements of the third period of the Periodic Table.
The oxide of P is amphoteric, the oxide of Q is basic and oxide of R is acidic.

What is the order of increasing ionic radius?

A

B
Cc
D

RQP
QPR
PRQ
PQR

16 Which of the following statements about Group 2 elements and their compounds

Magnesium hydroxide decomposes on heating to give magnesium oxide and

1 mole of strontium carbonate, on heating over a short period of time,
decomposes to give more carbon dioxide gas than 1 mole of magnesium

Magnesium has a higher melting point than strontium.

is correct?
1
steam.
2
carbonate
3
A 1only
B 1and3only
C 2and3only
D 1,2and3

17 Adding KSCN (aq) to FeNOsz(aq) causes the colour of the solution to change from
yellow to blood red.

Which of the following row correctly shows the number of d-electrons and the energy
gap between the d-orbitals, before and after the reaction?

oo w >

© PJC 2018

number of d-electrons

changes
changes
remains the same

remains the same

energy gap between the d-orbitals

changes
remains the same
changes

remains the same
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18 A reaction scheme involving bromomethane is given below.

Which of the reactions does not take place?

D

CH,OH

A | hot NaOH(aq)

CH3NH,

excess concentrate
NH,, heat in sealed

tube

d CH3Br

CH,CN

B +o -
——— (CH3)4P Br

(CH3)3P

C l HCN, trace amount of NaOH

19 3-ethylpentane can react with bromine in the presence of sunlight to give two
monosubstituted halogenoalkanes:

1-bromo-3-ethylpentane and 3-bromo-3-ethylpentane.

Given the relative rates of abstracting H atoms are:

Type of H atom

primary

secondary

Tertiary

Relative rate of abstraction

1

4

6

What is the expected ratio of 1-bromo-3-ethylpentane to 3-bromo-3-ethylpentane

formed?

A 9 :1

C 3:2
© PJC 2018

9729/01/JC2 Prelim/2018

[Turn over



10

20 Morphine is an effective pain Killer.

“~CH,

<)

HO 0 OH

morphine
Which of the following statements about morphine is correct?

A It contains 10 chiral centers.

B It does not decolourise Brz(aq).

C It turns cold alkaline KMnO4 from purple to colourless.
D

One mole of morphine reacts with excess sodium to give 1 mole of H2 gas.

21  Under suitable conditions, ethene may undergo a reaction with an interhalogen
compound, ICIl. Which of the following shows the structure of the intermediate
formed?

A [CH3CH2]* B [CHsCHIT C [CH2CH:IT* D [CH2CH:CI]*
22  Anhydrous iron(Ill) chloride is made by passing chlorine gas over heated iron.

It can be used as a catalyst in the acylation of benzene, a process called Friedel-
Crafts acylation, to produce carbonyl compounds.

0 0
|| anhydrous FeCl, A
+ C H—}' C\‘ +HC!
- t
o’ TR =

R

The mechanism of the above reaction is similar to that of chlorination of benzene.
Which of the following statements is not correct about the mechanism?

The organic intermediate has a ring with one sp® hybridised carbon.

B The overall order of reaction is 1.
C The mechanism involves RCO™ as an electrophile.
D FeClsis a homogeneous catalyst.

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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23 Some chlorobutanes were separately treated with hot ethanolic sodium hydroxide.
Two of these gave the same hydrocarbon, CsHs.

From which pair of chlorobutanes was this hydrocarbon obtained?

A CH3CH2CH2CH2Cl and CH3CH2CH2CHCI>
B CH3CHCICHCICH3 and CICH2CH2CH2CH2CI
C CH3CH2CH2CH2Cl and CICH2CH2CH2CH2ClI
D CH3CH2CH2CH2Cl and CH3CH2CHCICH3

24  The energy profile for the following reaction is shown below. [D = ?H]

H H
CGH5—(|3—CI + OH —— CGHs—é—OH + CI
b b
energy 4+
X

reactants

products

Reaction pathway ’
Which of the following conclusions can be drawn?
A The product has no effect on the rotation of plane polarised light.
B The rate of reaction can be increased by increasing concentration of OH-.

C The structure of the species at point X is

Ces(

D The structure of the species at point Y is
CeHs
I
HO------ C------ Ci

N\
H D

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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25 Ephedrine is a drug that is widely used in cold and allergy medications.

Ephedrine

Which of the following pairs of reagents consists of one which reacts with ephedrine
and one which does not react with ephedrine?

A CH;CO:H CH3COCI

B HCl(aq) SOClz

C CHsBr NaOH(aq)

D [Ag(NH3).]* 2,4-dinitrophenylhydrazine

26 Ketene (CHZ:C:O) can combine with nucleophiles such as H-O or NH3 to make

ethanoic acid and ethanamide respectively, as shown below.
@]
H,0O
CH,=—C=—0 —» CH;—C——0OH

NH,
CHZZC:O e CH3_C_NH2

Which of the following is the correct nucleophile X for the reaction below?

0 0
CH,=—C=—0 —» CH3—|Cl o) l:| CHs
A HCO.CHs

B CHsCHO

C CH3COCHjs

D CHsCOxH

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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27 Vanillin and cinnamaldehyde are found in natural products and have very pleasant

fragrances.
CHO
CH=CHCHO
OCH;
OH
vanillin cinnamaldehyde

Which of the following reagents could be used to distinguish between the two
compounds? You may assume that the —OCHj3 group in vanillin is inert.

1 Fehling’s solution

2 hot acidified agueous KMnOg4

3 2, 4-dinitrophenylhydrazine
A 1only

B 2only

C 1and2only

D 1,2and3

28 The following is a method of synthesising tartaric acid, a compound found in wine.

X
H H
Y
CO,H CO,H CN CN

Z
HO—C——C—OH <—— HO—C—C—OH

H H H H

Which set of reagents and conditions can be used for the synthesis?

stage X stage Y stage Z
A| cold KMnO4, NaOH(aq) cold HCN, trace KCN(aq) | hot K2Cr.O7, H2SOs(aq)
B| cold KMnO4, NaOH(aq) ethanolic KCN, heat HCl(aq), heat
C| cold KMnOs, H2SO4(aq) ethanolic KCN, heat hot K2Cr207, H2SO4(aq)
D| cold KMnOQO4, H2SO4(aq) cold HCN, trace KCN(aq) HCl(aq), heat

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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29 Compound B can be converted to compound C as shown below.

O
CH,CH,0H /
/.OH e
— K > ¥ — [ I
. I i A\
Compound B Compound C

Which of the following statements regarding the reaction scheme is correct?

A Step I may involve the use of PCls.

B Step I may involve the use of hot acidified KMnOa.
Cc Step III may involve the use of agueous NaOH.
D

Step III may involve the use of hot concentrated H2SO4.

30 Which structure will be present when the amino acid aspartic acid,

H,N CHCO,H
CH,CO,H
is in aqueous solution at pH 107
A + B + _
H3N—C|)H—002H H3N—(|3H—002
CH,CO,H CH,CO,H
C  H,NZCH—CO,H D HN—CH—CO,
3 2 2 2
CH,CO,~ CH,CO,

End of paper

© PJC 2018 9729/01/JC2 Prelim/2018 [Turn over
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Answer all questions in the spaces provided.

1 (a) Water hardness is determined by the concentration of multivalent cations in the
water. Common cations found in hard water include Ca?* and Mg?*. Lime softening
is a type of water treatment where aqueous Na>COs is added to remove Ca?* ion
as CaCO:s is precipitated. These precipitates are then removed by sedimentation
and filtration, where X2+ can be Ca?* and Mg?*.

X?*(aq) + Na2COs(aq) — XCOs(s) + 2Na*(aq)

In the laboratory, 1 cm3® of 0.50 mol dm3 Na,CO; is added to
10 cm? of a raw water sample. What is the minimum concentration of Ca2* in the
original raw water sample, which would cause a white precipitate to be observed?

The value of Ks, for CaCOsis 4.81 x 10 mol? dm®.

[2]

(b) A saturated solution of raw water containing both CaF2 and Ca(OH): has a
pH of 12 at 25°C.

calcium compound numerical value of Ksgp
CaF; 3.2x 10"
Ca(OH)2 6.4 x 1076

(i)  Calculate the concentration of hydroxide ions in the solution.

[1]

@PJC2018 9729/02/JC2 Prelim2018 [Turn over



(ii) Hence, calculate the solubility of CaF2 in the raw water sample. Show your
working clearly.

[2]
(c) Using the following data, construct an energy cycle to calculate the enthalpy change
for the thermal decomposition of calcium carbonate.
CaCOs3(s) > CaO(s) + CO2(g)

AH / kJ mol"!
H*(aq) + OH(aq) — H20(I) ~57 1
CaO(s) + H20(I) — Ca(OH)z (aq) ~63.7
H2S04(aq) + CaCOs(s)— CaSOs (aqg) + Hz0(I) + COx(g) | -151.5

[4]
[Total: 9]
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2 The reaction of ethanal with iodine occurs in the presence of acid catalyst, HCI. .
The reaction is given below.
HCI
I + CH3CHO — CH2ICHO + HI Reaction 1

The table shows the results obtained when the concentrations of I, CHs;CHO and HCI
were varied.

Initial [HCI] | Initial [Iz] | Initial [CHsCHO] Initial rate
Experiment |/ mol dm-3 / mol dm=3 / mol dm=3 / mol dm=3 s
1 0.10 0.20 0.20 1.6 x10°
2 0.10 0.40 0.30 2.4 x 10
3 0.40 0.40 0.20 6.4 x 10
4 0.10 0.20 2.00 1.6 x 10°

(@) (i) Deduce the orders of reaction with respect to I, CH3CHO and HCI.
Hence, determine the rate equation.

[3]

(ii) The half-life of ethanal in experiment 1 was 60 seconds. Predict the
half-life of ethanal in experiments 2 and 3. Explain your answer.

@PJC2018 9729/02/JC2 Prelim2018 [Turn over



(iii) Sketch the graph of concentration of iodine against time for experiment 4.

Experiment

Initial [HCI]
/ mol dm=3

Initial [I2]
/ mol dm=3

Initial [CHsCHO]
/ mol dm=3

Initial rate
/ mol dm=3 s

4

0.10

0.20

2.00

1.6 x10°

[1]

(b) The following mechanisms A and B are proposed for the reaction of

ethanal, iodine and acid catalyst in Reaction 1.

Mechanism A

N slow .
I, + —_— HI + 1
(0]
I , fast o
S o S + +
H C CH3 I —_— H_c_CHZI +H
Mechanism B
+/H
” . fast ”
H—C—CH; +H" —>  H—C—cCH,
A OH
slow | .
H_C_CH3 —_— H_C:CH2 +H
C,)H fast ?
H—C=CH, " 2 —> H—C—CH,I +HI

Which of the above mechanisms best agrees with the experimentally determined
rate equation in (a)(i)? Explain your answer.

.......................................................................................................... [2]
[Total: 8]
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3 Transition metal is "an element whose atom has a partially filled d sub-shell, or which
can give rise to cations with an incompletely filled d sub-shell". Chromium and vanadium,
both transition metals, have found a number of industrial uses due to their toughness
and resistance to heat and corrosion.

The table below shows some information of a Group 2 metal calcium,
vanadium and chromium.
Vanadium Chromium Calcium
Melting point/ °C 1910 1875 843
Atomic radius/ nm 0.135 0.129 0.197
Common Oxidation Number | +2, +3, +4, +5 | +2, +3, +6 +2

The graph below shows the second to fourth ionisation energies for the first row
d block elements scandium to zinc.

8000 1

lonisation 7110

Energy / 7000 { 4" 1E

(a)

@PJC2018

ANNN

5000 1

4000

3390 3350

3250 3280 3238

3000 2720
2380

3% IE

2000 4 1560
1240 1310 1370

2™ IE

1960

17
wslo 1560 1640 S0 1730

1000

0 | } ! - 1 Proton
20 22 24 26 28 30 number

Sc Ti v Cr Mn Fe Co Ni Cu Zn

(i) Although the vanadium atom has more electrons than the calcium atom, the

atomic radius of vanadium is smaller than that of calcium.

Suggest an explanation for this.

........................................................................................................... [2]
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(ii) Explain why the second ionisation energies of transition elements from
Ti to Cu are relatively invariant.

........................................................................................................... [2]
(iii) Explain why the second ionisation energy of chromium is higher than that of
manganese.
........................................................................................................... [2]
(b) (i) State the full electronic configuration of Cr3* ion.
........................................................................................................... [1

(ii) The complex ion [Cr(H20)e]** is green, and it is an octahedral complex.
On the Cartesian axes shown in Fig. 2.1, draw fully-labelled diagrams of the
following:

¢ One of the d orbitals at the lower energy level in an octahedral complex-
Label this diagram 'lower".

¢ One of the d orbitals at the upper energy level in an octahedral complex.
Label this diagram 'upper'.

z z

Fig. 3.1

[2]
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(iii) Suggest which of the two compounds chromium(Ill) oxide, Cr.0s3, and
chromium(IIT) carbonate, Cr2(CO3)s3, would have a more exothermic lattice
energy. Explain your answer.

(iv) The compound KzCrO4 is a green solid. When mixed with dilute H2SOs,
it undergoes disproportionation to yield Cr¥*(aq) and Cr.O7%=(aq) ions.

By writing appropriate half-equations, write an overall balanced equation for
the disproportionation of CrO43~ in acid.

(v) Purification of chromium can be achieved by electro-refining chromium from
an impure chromium anode onto a pure chromium cathode in an electrolytic
cell. How many hours will it take to plate 130 g of chromium onto the cathode
if the current passed through the «cell is held constant at
34.0 A?

Assume the chromium in the electrolytic solution is present as Cr3*.

[2]
@PJC2018 9729/02/JC2 Prelim2018 [Turn over



(c) The reaction between S;Og? ions and I ions is very slow:

S20¢%(aq) + 2I(aq) — 2S04%~(aq) + I2(aq)

If a small amount of aqueous manganese(Il) ions, Mn?*, is added to the mixture,
the rate of reaction increases rapidly.

State the property, typical of transition metals, which allow manganese (II) ions to
behave as a homogeneous catalyst in this reaction.

By considering the data given below, write relevant chemical equations to support
your answer.

Mn3* + e = Mn?*

..................................................................................................................... [3]
[Total:18]
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4 (a) Citric acid is commonly found in citrus fruits such as lemons. Mixtures of citric acid
and its salt, sodium citrate, are often used as “acidity regulators”. These are food
additives that have a buffering action on the pH of foodstuffs.

CsH;04COoH = CsH;04CO2~ + H*
citric acid citrate

Ka of citric acid = 7.4 x 1074 mol dm™3

A typical citric acid / sodium citrate buffer mixture is prepared by mixing
0.100 mol dm-2 citric acid and 0.200 mol dm= sodium citrate in a volume ratio 2:3
respectively. Calculate the pH of the buffer solution.

[2]

(b) The reaction between carboxylic acids and hydrogen peroxides produce

peroxyacids.
O\ o
OH (0] H —
) + o — >—O\ + H,0
R R O—H

The pKa values of four compounds are listed in the table below.

name formula pKa
Water H20 14.0
Hydrogen peroxide H202 11.7
Methanoic acid HCO:2H 3.7
Peroxymethanoic acid HCOsH 71

Suggest an explanation for why
(i) The pKa of H20z is less than that for water

@PJC2018 9729/02/JC2 Prelim2018 [Turn over
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(ii)  the pKa of-HCOsH is more than that for HCO2H

(€) The Baeyer-Villiger oxidation is an organic reaction in which peroxyacids react with
ketones to give esters, as shown in the equation below.

(0]
wo
o7 R
peroxyacid

(0] O
/[k
)J\ R1
Ry~ R Ry Yo

In the following scheme, ketone D (C7H100) undergoes Baeyer-Villiger oxidation in
step 1 to form ester E. Ketone D also decolourises orange aqueous Bra.

F is the only product formed, from treating ester E with hot H2SOas(aq).
Hot acidified KMnO4 oxidises several classes of organic compounds to ketones,

carboxylic acids and carbon dioxide. By this means, the structures of compounds
can be determined. The scheme below shows the oxidation products of F.

RCO,H H,SO,(aq), heat
KetoneD Ester E >
step 1 step 2
P C7H1203
KMnO,(aq),

step 3 1H,50,(aq), heat

G + H
CzH4O4 C4H602

(i) State the type of reaction Ester E undergoes with hot HSO4(aq) in step 2.

Type Of reaCtiON: ... coeii e [1]

@PJC2018 9729/02/JC2 Prelim2018 [Turn over



(ii)

(iif)

(iv)

(v)

@PJC2018
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1 mole H reacted with alkaline aqueous iodine to form 2 moles of CHIs
yellow ppt. Suggest the structure of H.
Give the product of the reaction of H with alkaline aqueous iodine.

Structure of H:

Product:
[2]

G (C3H404) was found to react with Na2COs(aq). Suggest the structure of G.

[1]

From your answer in (ii) and (iii), deduce and suggest the structure of F.

[1]
Hence, suggest the structures of ketone D and ester E.
(2]
[Total: 12]
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5 (a) (i) Oleic acid, CH3(CH2)7;CH=CH(CH.)7CO2H is a fatty acid found in oils and
fats, which has C=C double bond in the cis configuration.

The trans isomer of oleic acid is known as elaidic acid, which is found in
partially hydrogenated vegetable oils.

Draw the skeletal formula for the trans isomer of oleic acid,
CH3(CH2)7CH=CH(CH)7CO2H, which is also known as elaidic acid.

[1]

(i)  Suggest a brief explanation for the differences in melting points between
oleic acid and its trans isomer, elaidic acid.

Compound Mr Melting point / °C

oleic acid 282 4.0
(cis-isomer)

elaidic acid 282 45.0
(trans-isomer)
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(iii) Below outlines a reaction scheme involving oleic acid.

step 2
CH,(CH,),CH=CH(CH,),CO,H ————= CH;(CH,),CH=CH(CH,),CO,CH,CH,

step 1 | Cold KMnO,(aq), step 3| LiAIH,
NaOH(aq) in dry ether
J K + L

Give the reagents and conditions for step 2, and draw the structures of
compounds J, K and L in the boxes provided below.

S D 2. i

[4]
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(b) Avocado oil consists mainly of triesters formed from glycerol
(propane-1,2,3-triol) and long-chain carboxylic acids (fatty acids) as shown by the
general equation.

] o
T PN ol
H_?_OH R? 5 OH | 5 1
1
H_(l:_OH + g —_— H—C|;—O—C—R2 + 3H20
7N
H—(|3—OH R2 o OH H—,C—O—ﬁ—R3
H U H 0
Ry “OH
glycerol fatty acids triester

The major component of avocado oil is triolein, the triester formed from glycerol
and three units of oleic acid (fatty acid).

(i) A student tried to flush his cup with water to wash away the avocado oil,
but was not successful. The student then tried using soap to wash away the
avocado oil in the cup, and was successful.

The following compound, sodium stearate is a typical soap for washing.

N~ S S S S0 NE
C
I
O

By reference to the type of intermolecular forces formed between the soap,
avocado oil and water, explain why sodium stearate is able to wash away
the avocado oil in the cup.
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Below shows the nutrition content of fats, carbohydrates and protein
present in one serving of avocado milkshake.

Mass present in 1 Fuel value/ kJ g
serving of milkshake

Total Fat 3049

Saturated fat (tristearin) 69 42.4
Unsaturated fat (triolein) 24 g X
Trans fat 0g -
Carbohydrates 189 17
Protein 29 17
Dietary Fiber 169 8
Potassium 850 mg -

Fats constitute the bulk of the milkshake, and are metabolised into carbon
dioxide and water when subjected to combustion in a bomb calorimeter.
There are two types of fats in the milkshake, saturated versus unsaturated
fat.

You may assume that the unsaturated fat and saturated fat in the milkshake
are triolein and tristearin respectively.

The combustion of triolein, Cs7H10406, the unsaturated fat is as follows:
Cs7H10406 + 8002 — 57 CO2 + 52 H,O AH®=-35100 kJ mol’

The fuel value of a substance is defined as the heat energy released, when
one gram of the substance undergoes combustion.

Calculate x, the fuel value of triolein, the unsaturated fat, and hence deduce
if triolein or tristearin is a better source of energy (M; of triolein = 884).

[2]
[Total: 10]
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6 Aluminium oxide is frequently used in organic reactions and is also a common
component in cosmetics. It is primarily used in the production of aluminium.

(@) Aluminium oxide reacts with aqueous sodium hydroxide to give a homogeneous
solution. Similarly, aluminium reacts with aqueous sodium hydroxide to give the
same homogeneous solution and a gas that pops with a lighted splint.

(i) Write a balanced equation for the reaction of a piece of aluminium foil when
it is placed into aqueous sodium hydroxide.

(ii)  In reaction (a)(i), a white solid layer was first seen on the aluminium foil
before the homogeneous solution was formed. Identify the solid and write
an equation to explain how the homogeneous solution was formed from the
solid.
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(b) Polyphenols are often reducing agents known as antioxidants.
An example of a polyphenol is chlorogenic acid.

The structure of chlorogenic acid and its reaction scheme is shown below. In the
reaction scheme, compound T, C7HeO3, is formed from compound S and heated
Al,O3. Compound T reacts with neutral aqueous iron(III) chloride to form a violet

solution.
HO
o N _
OH hot dilute H,SO,
+
0 step 1 \ oH
HO (¢} =
OH OH
) . R S
chlorogenic acid OH
OH acidified KMnO,(aq) hot
heat A|203
HoN NH,
- P S
HOOC OH step 3 step 2
HN ol
compound W
U T (CHO,)

(i) Draw the structures of organic compounds S, T and U in the boxes provided
in the scheme above. [3]

(i) Compound U can be converted to compound W in two steps.

Suggest reagents and conditions for steps 2 and 3.

S P 2. e ——— [1]
S D 3. e ———— [1]

@PJC2018 9729/02/JC2 Prelim2018 [Turn over



19

(iii)  If hot dilute sodium hydroxide was used to react with chlorogenic acid, state
the number of moles of NaOH that would be required to react with one mole
of chlorogenic acid.

Number of mol of NaOH: .................... [1

(iv) Compound X shown below is an analog of compound R in the scheme.
When compound X is added to bromine in CCls in the dark, there is a rapid
reaction 2, that decolourises the bromine.

HO

HO
0 O
> Br
reaction 2: \ OH +Br, OH
OH Br OH

X

The product of this reaction 2, exists as a mixture of four stereoisomers.
State the type of isomerism exhibited and draw all the stereocisomers.

[3]
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(c) In a Grignard reaction, the Grignard reagent, RMgBr (alkyl or aryl magnesium
halide), may be added to a carbonyl compound for the formation of an alcohol.

A typical example of the use of a Grignard reagent is the two-step reaction of
C2oHsMgBr with propanone, CH3COCHSs, to form 2-methylbutan-2-ol.

OMgBr OH
step | | step lI |
CoHsMgBr + CH3COCH3 —— CH3 — ?— CH ——— CH; — ?— CH; + Mg(OH)Br
Csz C2H5

(i) Draw the structural formula of the Grignard reagent that will react with
propanone to form 2—-methylhexan—2-ol in a similar two—step reaction.  [1]

(ii) To prepare 2—methylhexan—2—ol, the following set-up and procedure was
used.

L — water
out

water —»
in E

RBr in diethyl
ether solution

— magnesium

water bath

Preparation of the Grignard reagent:

1. Several small pieces of Mg was placed in a round-bottomed flask.

2. 9.6 g of an appropriate bromoalkane, RBr, was dissolved in anhydrous
diethyl ether. It is important to exclude water as Grignard reagent
undergoes acid-base reaction with water rapidly to form an alkane,
destroying the Grignard reagent.

3. To initiate the reaction, add just enough RBr/ ether solution from the
dropping funnel to cover the magnesium. Start stirring with a magnetic
stir bar and use a water bath to heat the reaction flask as the RBr/ ether
solution is slowly added dropwise into the metal.

4. The mixture was heated under reflux for about 15 minutes and cooled in
an ice-bath.
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Reaction of Grignard reagent with propanone:

5. Add 1.2 g of anhydrous propanone in the dropping funnel and add
propanone dropwise to the Grignard reagent.

6. Allow the reaction mixture to stand at room temperature for
30 minutes.

7. The mixture was then slowly poured with vigorous stirring into an
ice-cold substance Z in a beaker. Almost immediately, a solid precipitate
is seen.

8. Filter the mixture and collect the ethereal solution in a clean and dry
conical flask.

9. Add anhydrous magnesium sulfate to the ethereal solution, cork the
flask tightly and leave the mixture to stand for a while.

10.Filter and collect the filtrate in a round-bottom flask which is then placed
on a rotary dryer to evaporate all the solvent diethyl ether away.

I. Assuming that 1.9 g of 2—methylhexan—2—ol was prepared using the
procedure, calculate the percentage yield for this synthesis. [2]

I1. During the preparation of the Grignard reagent, anhydrous diethyl ether
was used as the solvent in step 2, as the Grignard reagent can be destroyed
in the presence of water.

Write an equation to show the reaction of the Grignard reagent with water.

III. Identify substance Z in step 7, in the beaker.

IV. Suggest what is removed when anhydrous magnesium sulfate is added
to the ethereal solution in step 9.

[Total: 18]
End of paper
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Answer all questions in the spaces provided.

1 (a) Water hardness is determined by the concentration of multivalent cations in the
water. Common cations found in hard water include Ca?* and Mg?*. Lime softening
is a type of water treatment where aqueous Na>COs is added to remove Ca?* ion
as CaCO:s is precipitated. These precipitates are then removed by sedimentation
and filtration, where X2+ can be Ca?* and Mg?*.

X?*(aq) + Na2COs(aq) — XCOs(s) + 2Na*(aq)

In the laboratory, 1 cm?® of 0.50 mol dm? Na,CO; is added to
10 cm? of a raw water sample. What is the minimum concentration of Ca?* in the
original raw water sample, which would cause a white precipitate to be observed?

The value of Ksp for CaCOzis 4.81 x 10 mol? dm®.

[2]
Ca?*(aq) + COs%(aq) — CaCOs(s)
Let original concentration of Ca?* be y mol dm-3

Upon mixing

[Ca2+]=10x10" Y = 4 9091y mol dm-?
11x10°°

[c0#] = X102x03 - 0,04545 mol dm*
X

Both [Ca?*] and [CO3?] correct
IP = [Ca?*][COs2] = Kep
(0.9091y)(0.04545) = 4.81 x 10
y =1.16 x 107" mol dm™3

(b) A saturated solution of raw water containing both CaF. and Ca(OH), has a
pH of 12 at 25°C.

calcium compound numerical value of Kgp
CaF2 3.2x10™M
Ca(OH)2 6.4 x107°
(i) Calculate the concentration of hydroxide ions in the solution. [1]
pH =12
pOH =2

[OH]=102=1.00 x 102 mol dm~3
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(ii) Hence, calculate the solubility of CaF2 in the raw water sample. Show your
working clearly. [2]
Kep of Ca(OH)2 = [Ca?*Jiota [OH ]2

6.4 X 10° = [Ca?*]ot(1.00 x 1072)?2
[Ca?"]iotal = 0.0640 mol dm2
[Ca?*ow[F T = 3.2 x 10°1"
(0.0640)[F ]2 = 3.2 x 10~

[F] = 2.24 x 10-° mol dm™

Solubility of CaF, = (2.24 x 107°)/2 = 1.12 x 107 mol dm™
[2]

(c¢) Using the following data, construct an energy cycle to calculate the enthalpy change
for the thermal decomposition of calcium carbonate.
CaCOs(s) » CaO(s) + CO2(9)

AH / kJ mol"!
H*(aq) + OH(aq) — H20(1) —57.1
CaO(s) + H20(I) — Ca(OH); (aq) ~63.7
H2504(aq) + CaCOs(s)— CaSOs (aq) + H20(I) + COx(g) | -151.5

AH;
H.0(1) + H2S04(aq) + CaCOs(s)——> CaO(s) + H.0(l) + COx(g) + H2S04(aq)

-63.7

Ca(OH). (aq) + CO2(g) + H2S04(aq)

j 2(-57.1)

CaSO4(aqg) + COz(g) + 2H.0()

-151.5

By Hess’ Law,

AH; = -151.5 —=(2)(-57.1) — (-63.7)

AH; = +26.4 kJ mol!

[Total: 9]
2 The reaction of ethanal with iodine occurs in the presence of acid catalyst, HCI. .
The reaction is given below.
HCI
I + CH3CHO — CH2ICHO + HI Reaction 1

The table shows the results obtained when the concentrations of I, CH;CHO and HCI
were varied.

_ Initial [HCI] Initial [l2] Initial [CH3CHO] Initial rate
Experiment |/ mol dm™3 / mol dm-3 / mol dm-3 / mol dm=3 s~
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1 0.10 0.20 0.20 1.6 x 106
2 0.10 0.40 0.30 2.4 x10°
3 0.40 0.40 0.20 6.4 x 10
4 0.10 0.20 2.00 1.6 x 10°

(@) (i) Deduce the orders of reaction with respect to I, CH3CHO and HCI.
Hence, determine the rate equation.
[3]

Comparing expt 1 and 4

[HCI] and [I2] are kept constant, when [CH3CHOY] is 10 times, initial rate is 10 times.

Hence reaction is first order wrt CH3CHO.

Let rate = k [HCI ™ [I2]" [CH3CHO]

Comparing expt 1 and 2

When (2) (rate), _ 2.4x10° _ k(0.10)" (0.40)"(0.3)
(1)" (rate),  1.6x10°  k(0.10)" (0.20)"(0.2)

n=0

Hence reaction is zero order wrt I2.

Comparing expt 2 and 3
(rate), _ 2.4x10° _ k(0.10)" (0.3)

When @ p "
(rate), 6.4x10°  k(0.40) (0.2)

©)

m =1

Hence reaction is first order wrt HCI.

Hence rate = k [HCI] [CH3CHO]

(ii) The half-life of ethanal in experiment 1 was 60 seconds. Predict the
half-life of ethanal in experiments 2 and 3. Explain your answer.

HCI functions as a catalyst. Hence, [HCI] remains constant in each expt.
Therefore, for each experiment, the reaction becomes a pseudo-first order
reaction.

Rate = k [ethanal] [HCI]

= k* [ethanal] where k* = k [HCI]
For a first order reaction, t12 = In2/k* = In 2/ k [HCI]
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In expt 2, when [HCI] is the same as in expt 1, t12_= 60 s
In_expt 3, when [HCI] is four times compared to expt 1, t12 = 60/4=15s

(iii) Sketch the graph of concentration of iodine against time for experiment 4.

| Initial [HCI] | Initial [Il2] | Initial [CHsCHO] | _ Initial rate
Experiment |/ mol dm= |/ mol dm3 / mol dm3 / mol dm=3 s~

4 0.10 0.20 2.00 1.6 x10°

[12)/ Mol dm3

v

Time /s

[1]

(b) The following mechanisms A and B are proposed for the reaction of
ethanal, iodine and acid catalyst in Reaction 1.

Mechanism A

b + H —» HI + T
S + | .
H—C—CH; *I' —» ¢ cpy +H

Mechanism B

| fast |
H—C—CH; +H" —» H—C—CH,

H
+ OH
ﬁ slow I .
H—C—CHj — H—C—CH, +H
?H fast ﬁ
H—C=CH, *I2 —— H—C—CH,l *+HI

Which of the above mechanisms best agrees with the experimentally determined
rate equation in (a)(i)? Explain your answer.
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Mechanism B

The slow (rate-determining) step involves one molecule of ethanal and colliding with
one molecule of hydrochloric acid.

3 Transition

metal is "an element whose atom has a partially filled d sub-shell, or which

can give rise to cations with an incompletely filled d sub-shell". Chromium and vanadium,
both transition metals, have found a number of industrial uses due to their toughness
and resistance to heat and corrosion.

The table below shows some information of a Group 2 metal calcium,
vanadium and chromium.

Vanadium Chromium Calcium
Melting point/ °C 1910 1875 843
Atomic radius/ nm 0.135 0.129 0.197
Common Oxidation Number | +2, +3, +4, +5 | +2, +3, +6 +2

The graph below shows the second to fourth ionisation energies for the first row
d block elements scandium to zinc.

8000 1

lonisation

Energy / 7000 4

ANNN

5000 1

4000

3000 A

2000

1000

(@) (i)
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" Proton
20 2 24 26 28 30 number

Sc Ti Vv Cr Mn Fe Co Ni Cu Zn

Although the vanadium atom has more electrons than the calcium atom, the
atomic radius of vanadium is smaller than that of calcium.
Suggest an explanation for this.

Atomic radius of vanadium is smaller than that of calcium because vanadium
has higher nuclear charge and the 3d electrons shield the 4s electrons poorly.
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(ii)

(iii)

(b) (i)

(i)

Upper

@PJC2018

These result in a greater effective nuclear charge attraction in Vanadium, for
the valence electrons, than calcium.

Explain why the second ionisation energies of transition elements from
Ti to Cu are relatively invariant.

Effective nuclear charge increase very slightly or almost constant invariant.
There is increase in nuclear charge but shielding effect increases due to
electrons added to the 3d penultimate (inner) shell.

Explain why the second ionisation energy of chromium is higher than that of
manganese.
Cr* = [Ar]3d®, Mn* = [Ar]3d%4s’

The second electron removed from manganese is a 4s—electron while the
second electron removed from chromium is a 3d—electron.

Since a 3d-electron is (is in inner shell) closer to the nucleus and has lower
energy, more energy is required to remove it, causing second ionisation
energy of Cr to be higher than that of Mn.

State the full electronic configuration of Cr3* ion.

152252 2p8 352 3pf 3d3

The complex ion [Cr(H20)e]** is green, and it is an octahedral complex.
On the Cartesian axes shown in Fig. 2.1, draw fully-labelled diagrams of the
following:

¢ One of the d orbitals at the lower energy level in an octahedral complex-
Label this diagram 'lower".
¢ One of the d orbitals at the upper energy level in an octahedral complex.

Label this diagram 'upper’. [2]
4 4
¥ v
¥ X
Fig. 3.1
9729/02/JC2 Prelim2018 [Turn over



Lower

Any of the 3 orbitals (labelled) below

(iif)

(iv)

(v)
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Suggest which of the two compounds chromium(IIl) oxide, Cr.Os3, and
chromium(III) carbonate, Cro(CO3)3, would have a more exothermic lattice
energy. Explain your answer.

All ions have same charges. O% has smaller ionic radius than COsZ, thus
magnitude of lattice energy is bigger, Cr.O3 so more exothermic .

The compound K3zCrO4 is a green solid. When mixed with dilute H2SOa,
it undergoes disproportionation to yield Cr¥*(aq) and Cr.O7>=(aq) ions.

By writing appropriate half-equations, write an overall balanced equation for
the disproportionation of CrO43~ in acid.

(+5) (+3)

CrO4% + 8H* + 26~ — Cr3* + 4H,0

2(+5) 2(+6)
2CrO4% + 2H* — Cr07% + 2e” + H,0
Overall equation: 3CrO4% + 10H* — Cr3* + Cr,07% + 5H,0

Purification of chromium can be achieved by electro-refining chromium from
an impure chromium anode onto a pure chromium cathode in an electrolytic
cell. How many hours will it take to plate 130 g of chromium onto the cathode
if the current passed through the «cell is held constant at
34.0 A?
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Assume the chromium in the electrolytic solution is present as Cr3*.
n(Cr) =130/ 52.0 = 2.50 mol

n(e) = 2.50 x 3 = 7.50 mol

96500 C for 1 mol of e.

No of charges = 96500 x 7.50 = 7.238 x 10°C

(96500 x 7.50) = 34 x t

t=591h

[2]

(c) The reaction between S>0g? ions and I" ions is very slow:

S20g%(aq) + 2I(aq) — 2S04%(aq) + I2(aq)

If a small amount of aqueous manganese(Il) ions, Mn?*, is added to the mixture,
the rate of reaction increases rapidly.

State the property, typical of transition metals, which allow manganese (II) ions to
behave as a homogeneous catalyst in this reaction.

By considering the data given below, write relevant chemical equations to support
your answer.

Mn3* + e = Mn?*

Property: Mn?*, a transition metal ion, can exist as variable oxidation states.

Step 1: Formation of intermediate (Mn?* reacting with S;0s?")
Mn?* = Mn3* + e E®oxd = -1.54V

S208% +2e = SO4% ECred = +2.01V

2Mn?* + S,08* — 2Mn3* + SO4%

ECcell = E®oxd + E®red = +2.01 +-1.54 =+ 0.47V> 0, thus reaction is energetically
feasible.

Step 2: Regeneration of catalyst
Mn3* + e = Mn?* ECrea = +1.54
2= I+ 2e E®oxd = —-0.54 V

21" + 2Mn% — 1, + 2Mn?*

E®ce = E®oxa + E®red = + 1.00V >0, thus reaction is energetically feasible

[Total:18]
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(a)

(b)

10

Citric acid is commonly found in citrus fruits such as lemons.
Mixtures of citric acid and its salt, sodium citrate, are often used as “acidity

regulators”. These are food additives that have a buffering action on the pH of
foodstuffs.

CsH7;04COoH == Cs5H704CO2~ + H+
citric acid citrate

Ka of citric acid = 7.4 x 1074 mol dm™3

A typical citric acid / sodium citrate buffer mixture is prepared by mixing 0.100 mol
dm-3 citric acid and 0.200 mol dm sodium citrate in a volume ratio 2:3 respectively.

Calculate the pH of the buffer solution. [2]
2
[C5H704CO2H] = gx 0.100
= 0.040 mol dm-3

[CsH704CO2Na] = %xO.ZOO

=0.120 mol dm=

H of the buffer = -Ig (7.46 x 104) + |
pH of the buffer g ( X ) 9(0.040

0.120j

=3.60

The reaction between carboxylic acids and hydrogen peroxides produce
peroxyacids.

Q 0
OH O H f—
; + > o >—O\ + H,0
R R O—H

The pKa values of four compounds are listed in the table below.

Name formula pKa
Water H20 14.0
Hydrogen H202 11.7
peroxide

Methanoic acid HCO2H 3.7
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Peroxymethanoic | HCOsH 71
acid

Suggest an explanation for why

(i) The pKa of H2Oz is less than that for water [1]
Lower pKa of H2O2 means H20z is stronger acid than H20.

Stability of anion: H-O-O- > HO-

H-O-O has additional O atom bonded to negatively charged O, this
additional electronegative O helps to disperse the negative charge more
(via inductive effect), stabilising H-O-O relative to HO"

A (i) The pKa of HCOsH is more than that for HCO2H

[2]
Lower pKa of HCO2H means HCO:2H is stronger acid than HCO3H

In HCOy-, the p orbitals of the 3 atoms of —CO-" are all adjacent to each other,
overlap sideways, allowing the delocalisation of the negative charge across
the 3 atoms of —COQO-, thus HCO>" is much more stable than HCOs".

In HCO3", the negative charge cannot be delocalised thus HCO3 is less
stable.

(€) The Baeyer-Villiger oxidation is an organic reaction in which peroxyacids react with

ketones to give esters. o)
HO /“\
o7 R

) peroxyacid

(0]
j /“\ Ri
R, o/

In the following scheme, ketone D (C7H100) undergoes Baeyer-Villiger oxidation in
step 1 to form ester E. Ketone D also decolourises orange aqueous Bra.

F is the only product formed, from treating ester E with hot H2SOas(aq).
Hot acidified KMnO4 oxidises several classes of organic compounds to ketones,

carboxylic acids and carbon dioxide. By this means, the structures of compounds
can be determined. The scheme below shows the oxidation products of F.
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RCO,H H,SO,(aq), heat
KetoneD —  » Ester E > F
step 1 step 2
C,H,,O P P C;H;,0;4

(i)

(ii)

K (iif)

(iv)

@PJC2018

KMnO,(aq),
step 3 |H,s0,(aq), heat

G + H
C,H,0, C,H;0,
State the type of reaction Ester E undergoes with hot H2SO4(aq) in step 2.
Hydrolysis

1 mole H reacted with alkaline aqueous iodine to form 2 moles of CHI;3
yellow ppt. Draw the structure of H.

Give the product of the reaction of H with alkaline aqueous iodine. [2]

@) O
\\ //

/ \
b, CHz  CHj

0 o}

\

.> <\

Product: O O or C204%

G (C3H404) was found to react with Na-COs(aq). Suggest the structure of
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(v)  Hence, suggest the structures of ketone D and ester E.

@)
o I
0]
CHj NN CHj
CHs CHs
D:C,H,,0 E:C.H,,O,

[Total: 12]

5 (a) (i) Oleic acid, CH3(CH2)7CH=CH(CH.)7CO2H is a fatty acid found in oils and
fats, which has C=C double bond in the cis configuration.

The trans isomer of oleic acid is known as elaidic acid, which is found in
partially hydrogenated vegetable oils.

Draw the skeletal formula for the trans isomer of oleic acid,
CH3(CH2)7CH=CH(CH2)7CO2H, which is also known as elaidic acid.

V\/\/\/\/\/\/\/WOH

@)

[1]

(ii)  Suggest a brief explanation for the differences in melting points between
oleic acid and its trans isomer, elaidic acid.

Compound Mr Melting point / °C
oleic acid 282 4.0

(cis-isomer)

elaidic acid 282 45.0
(trans-isomer)

[1]

The trans-double bond isomer of oleic acid, elaidic acid, has a more
symmetrical shape and is thus able to pack more closely together, thus
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more energy to overcome the stronger instantaneous dipole-induced dipole
forces of attraction which cause it to have a higher melting point.

(iii) Below outlines a reaction scheme involving oleic acid.

step 2
CH,(CH,),CH=CH(CH,),CO,H ———= CH;(CH,),CH=CH(CH,),CO,CH,CH;

step1 | Cold KMnOQ,(aq), step 3 | LIAIH,
NaOH(aq) in dry ether
J K + L

Give the reagents and conditions for step 2, and draw the structures of
compounds J, K and L in the boxes provided below.

step 2: CH3CH20H, concentrated H2SO4, heat

J: CH3(CH2)7CH(OH)CH(OH)(CH2)7CO2" Na*
If student wrote CH3(CH2)7CH(OH)CH(OH)(CH2),COO-

K: CHa(CH2);CH=CH(CHa)7CH-OH

L: CHsCH2OH(K and L are inter-changeable)

[4]

(b) Avocado oil consists mainly of ftriesters formed from glycerol

(propane-1,2,3-triol) and long-chain carboxylic acids (fatty acids) as shown by the
general equation.

H ! T
H—(|:—OH Ri oH H_T_O_%_R1
H_(|;_OH + (ﬁ - H—clz—o—g—R2 +  3H,0
H—C|)—OH Ry O\OH H—C—0—C—R,
} I bood
Ry “OH
glycerol fatty acids triester

The major component of avocado oil is triolein, the triester formed from glycerol
and three units of oleic acid (fatty acid).

(i) A student tried to flush his cup with water to wash away the avocado oil,
but was not successful. The student then tried using soap to wash away the

avocado oil in the cup, and was successful.
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The following compound, sodium stearate is a typical soap for washing.

N P N Y 0 Na'
G
Il
@]

By reference to the type of intermolecular forces formed between the soap,
avocado oil and water, explain why sodium stearate is able to wash away
the avocado oil in the cup.

The alkyl group of the soap is non-polar and able to form instantaneous
dipole — induced dipole attraction with the non-polar avocado oil, while the
-COOQO- part of the soap is able to form ion-dipole interaction with water
molecules, these allow the avocado oil to be washed away by the water, in
the presence of the soap.

Below shows the nutrition content of fats, carbohydrates and protein
present in one serving of avocado milkshake.

Mass present in 1 Fuel value/ kJ g
serving of milkshake

Total Fat 30g

Saturated fat (tristearin) 69 42.4
Unsaturated fat (triolein) 24 g X
Trans fat O0g -
Carbohydrates 189 17
Protein 29 17
Dietary Fiber 169 8
Potassium 850 mg -

Fats constitute the bulk of the milkshake, and are metabolised into carbon
dioxide and water when subjected to combustion in a bomb calorimeter.
There are two types of fats in the milkshake, saturated versus unsaturated
fat.

You may assume that the unsaturated fat and saturated fat in the milkshake
are triolein and tristearin respectively.

The combustion of triolein, Cs7H10406, the unsaturated fat is as follows:
Cs7H10406 + 8002 — 57 CO2 + 52 H,O  AH®=-35100 kJ mol’

The fuel value of a substance is defined as the heat energy released, when
one gram of the substance undergoes combustion.
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Calculate x, the fuel value of triolein, the unsaturated fat, and hence deduce
if triolein or tristearin is a better source of energy (M of triolein = 884).

No. of moles of triolein in 1 g = 1/884 = 1.131 x 10~ mol
Fuel value of triolein = 1.131 x 10-® x 35100 = 39.7 kJ g’

 Since less energy is produced per gram,triolein_is a poorer source of
energy than tristearin (42.4 kJ g).

[2]
[Total: 10]

6 Aluminium oxide is frequently used in organic reactions and is also a common
component in cosmetics. It is primarily used in the production of aluminium.

(@) Aluminium oxide reacts with aqueous sodium hydroxide to give a homogeneous
solution. Similarly, aluminium reacts with aqueous sodium hydroxide to give the
same homogeneous solution and a gas that pops with a lighted splint.

(i)

(ii)

@PJC2018

Write a balanced equation for the reaction of a piece of aluminium foil when
it is placed into aqueous sodium hydroxide.

2A/(s) + 2NaOH(agq) + 6H20(/) > 2Na[Al(OH)](aqg) + 3H2(g)

In reaction (a)(i), a white solid layer was first seen on the aluminium foil
before the homogeneous solution was formed. Identify the solid and write
an equation to explain how the homogeneous solution was formed from the
solid. [2]

Solid: Aluminium hydroxide

Al(OH)s(s) + OH(aq) - [Al(OH)4](aq)

or

Al(OH)3(s) + NaOH(aq) = Na[Al(OH)4](aq)
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(b) Polyphenols are often reducing agents known as antioxidants.
An example of a polyphenol is chlorogenic acid.

The structure of chlorogenic acid and its reaction scheme is shown below. In the
reaction scheme, compound T, C7HeO3, is formed from compound S and heated
Al,O3. Compound T reacts with neutral aqueous iron(III) chloride to form a violet

solution.
0 HO
HO ” .
OH hot dilute H,SO,,
0 tep 1 +
step OH
HO (o] =
OH OH
. . R S
chlorogenic acid OH
OH acidified KMnO,(aq) hot
heat A|203
H,N NH,
HOOC OH step 3 step 2
HoN oH
compound W
U T (CHO,)

(i) Draw the structures of organic compounds S, T and U in the boxes provided
in the scheme above. [3]

@PJC2018 9729/02/JC2 Prelim2018 [Turn over



(ii)
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(iv)
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HO OI
HO
hot dilute H,SO, OH
step 1 \ on *
HO OH
OH OH
compound R
chIorogenlc acid OH compound S
acidified KMnO (aq) heated
heat ALO,
H,N NH, COOH COOH
"‘@ OH step3 step2 HOOH /@ or
H,N oH OH HO
compound W ont
compound U compound T (C,H,0,)

Compound U can be converted to compound W in two steps.

Suggest reagents and conditions for steps 2 and 3.

SO 2. [1]
S P B e [1]

Step 2: | dilute HNO3 / HNO3(aq) / HNOs(l) / conc\:entrated HNO3

Step 3: | Sn, concentrated HCI, heat,
followed by controlled addition of NaOH(aq)

If hot dilute sodium hydroxide was used to react with chlorogenic acid, state
the number of moles of NaOH that would be required to react with one mole
of chlorogenic acid. [11

Number of mol of NaOH: 4

Compound X shown below is an analog of compound R in the scheme.
When compound X is added to bromine in CCls in the dark, there is a rapid

reaction 2, that decolourises the bromine.
HO
(0]
reaction 2: \ OH +Br, >
OH
X
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The product of this reaction 2, exists as a mixture of four sterecisomers.
State the type of isomerism exhibited and draw all the stereoisomers.

Enantiomerism

[3]

(c) In a Grignard reaction, the Grignard reagent, RMgBr (alkyl or aryl magnesium
halide), may be added to a carbonyl compound for the formation of an alcohol.

A typical example of the use of a Grignard reagent is the two-step reaction of
C2HsMgBr with propanone, CH3COCHSs, to form 2-methylbutan-2-ol.

OMgBr OH
step | | step li |
CoHsMgBr + CH3COCHz —— CH; — ?— CHz ——— CH3— ?— CHs + Mg(OH)Br
CoHs C2Hs

(i) Draw the structural formula of the Grignard reagent that will react with
propanone to form 2—-methylhexan—2—ol in a similar two—step reaction. [1]

CH3CH2CH2CHoMgBr
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To prepare 2—methylhexan—2-ol, the following set-up and procedure was
used.

E — water
out

water —»
in

RBr in diethyl
ether solution

~ magnesium

water bath

Preparation of the Grignard reagent:

—

Several small pieces of Mg was placed in a round-bottomed flask.

9.6 g of an appropriate bromoalkane, RBr, was dissolved in anhydrous
diethyl ether. It is important to exclude water as Grignard reagent
undergoes acid-base reaction with water rapidly to form an alkane,
destroying the Grignard reagent.

To initiate the reaction, add just enough RBr/ ether solution from the
dropping funnel to cover the magnesium. Start stirring with a magnetic
stir bar and use a water bath to heat the reaction flask as the RBr/ ether
solution is slowly added dropwise into the metal.

The mixture was heated under reflux for about 15 minutes and cooled in
an ice-bath.

Reaction of Grignard reagent with propanone:

5.

6.

7.

8.

9.

Add 1.2 g of anhydrous propanone in the dropping funnel and add
propanone dropwise to the Grignard reagent.

Allow the reaction mixture to stand at room temperature for
30 minutes.

The mixture was then slowly poured with vigorous stirring into an
ice-cold substance Z in a beaker. Almost immediately, a solid precipitate
is seen.

Filter the mixture and collect the ethereal solution in a clean and dry
conical flask.

Add anhydrous magnesium sulfate to the ethereal solution, cork the
flask tightly and leave the mixture to stand for a while.

10.Filter and collect the filtrate in a round-bottom flask which is then placed

I.

on a rotary dryer to evaporate all the solvent diethyl ether away.

Assuming that 1.9 g of 2-methylhexan—2—ol was prepared using the

procedure, calculate the percentage yield for this synthesis. [2]
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n(RBr) =9.6/136.9 = 0.07012 mol (4 s.f)

n(propanone) = 1.2 / 58 = 0.02069 mol (4 s.f) (limiting reagent)
Recognising propanone is limiting reagent = no. of mol of
2—methylhexan—2—ol

n(2—methylhexan—2—ol = 0.02069 x 116 = 2.400g

% vyield = 1.9/2.400 x 100 = 79.2%

I1. During the preparation of the Grignard reagent, anhydrous diethyl ether
was used as the solvent in step 2, as the Grignard reagent can be destroyed
in the presence of water.

Write an equation to show the reaction of the Grignard reagent with water.
RMgBr + HO - RH + MgBr(OH)

III. Identify substance Z in step 7, in the beaker.
Water

IV. Suggest what is removed when anhydrous magnesium sulfate
added to the ethereal solution in step 9.

To remove water from the ethereal solution.

[Total: 18]

End of paper
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Section A
Answer all questions in this section.

1 (a) Steam reforming is an important industrial method for producing hydrogen and
carbon monoxide, from hydrocarbon fuels. This is achieved in a processing
device called a reformer which reacts steam at high temperature with the fuel,
such as methane gas.

CHa(g) + H20(g) == CO(g) + 3H2(g) AH = +210 kJ mol’!
(i) Write an expression of K for the reaction, indicating its units. [2]

(ii) At temperature T, a mixture of gaseous methane, steam and carbon
monoxide were introduced into an evacuated reactor.

The table below shows the initial pressures of the gases before they were
added to the reactor.

Gas Initial pressure / atm
methane, CH4 1.50
steam, H20O 2.50
carbon monoxide, CO 0.70

Given that the percentage dissociation of methane is 20% at equilibrium,
find the K, for the reaction. [2]

(iii) A chemist decided to raise the temperature of the reactor. He suggested
that this would result in a lower yield of the product.

Do you agree with the chemist? Explain your answer. [2]
In order to produce more hydrogen gas, the carbon monoxide gas that is
produced from the steam reforming reaction can further react with steam.
This is known as the “water-gas shift” reaction.
CO(g) + H20(g) — CO2(g) + H2(g) AH;
(iv) Given that the reaction conditions were set at 500°C and 1.5 atm,
determine the maximum volume of hydrogen gas that can be produced

from 5kg of carbon monoxide gas.

State the assumption made in your calculation. [3]
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(v)  Given the following,
enthalpy change of formation of CO(g) / kJ mol-’ -99
enthalpy change of formation of H.O(g) / kd mol'  -245
enthalpy change of formation of CO2(g) / kJ mol! -394

With reference to the above data, calculate the enthalpy change of
reaction of the “water-gas shift” reaction, AH1.

[1]

(b) The hydrogen gas obtained from the steam reforming process in part (a) can be
reacted with nitrogen gas to produce ammonia gas.

This reaction is known as the Haber-Bosch Process, using iron as a catalyst.
N2(g) + 3H2(g) == 2NHs(g)
(i) Predict and explain the sign of AS for the Haber-Bosch reaction. [1]
(ii)  Using your answer in (b)(i), calculate the maximum temperature for the
Haber-Bosch reaction to be spontaneous.

It is known that the numerical value of AS is 198 J K' mol,
and that AH = -92.0 kJ mol". 2]
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(c) The hydrogen gas obtained from steam reforming, and the ammonia gas
obtained from the Haber-Bosch reaction, are the key reagents required for the
reductive amination reaction. Many amines in the pharmaceutical drugs are
synthesised through this reaction.

The diagram, Fig. 1.1, shows the 3 stages involved in reductive amination.

o Stagel OH stage Il NH stage I NH,
/ —_— [ . R / - >
H NH30 R H NH H Ho(@), Ni catalyst R H H
carbonyl Imine amine
group group
Fig. 1.1

During the reaction, a carbonyl group is converted into an amine group via an
intermediate imine.

(i) State the types of reaction occurring in stage I and stage II. [2]

The reaction scheme below, Fig.1.2, shows the production of
a-methylphenethylamine, which involves reductive amination in step 4.

Step 4 in Fig. 1.2 comprises of the 3 stages of reductive amination in Fig. 1.1.

X
step 1 step 2 step 3
@ —_— — compound B —— carbonyl compound C
CH,=CHCH ,ClI
AIClj, heat NH3(9), | step 4
compound A followed by H 5 with Ni

NH,

a-methylphenethylamine

Fig.1.2

(ii) Instep 1, benzene undergoes a reaction with 3-chloroprop-1-ene with the
aid of anhydrous aluminium chloride catalyst. Name and describe the
mechanism for step 1, showing clearly any relevant charges, dipoles or
lone pairs of electrons that are important.

[4]

(iii) Deduce and draw the structure for carbonyl compound C, and suggest the
structure of compound B. [2]
[Total: 21]
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2 This question is on halogen-containing compounds.

(a)

(b)

(c)

(d)

The following experiments are carried out starting from solid aluminium chloride.

water acidic Na2COs(aq)

AICl3(s) — white precipitate D + effervescence

solution

(i) Explain with the aid of balanced equations, why AICI3(s) dissolves to form
an acidic solution. Suggest the pH of the acidic solution. [3]

(i) Identify precipitate D. [1]

When aqueous AgNOs3 is added to separate test-tubes containing aqueous
KCI and KI, the various AgX (X = ClI, I) precipitates were observed.

With the aid of relevant equations, explain why a precipitate of AgCl is soluble in
excess aqueous NHs but a precipitate of Agl is insoluble in excess aqueous NHa.

[3]
The standard redox potential of chlorate (V) ions is given below.
ClO3 + 6H* + 6e = CI- + 3H,0 E®=145V

Predict what you expect to observe, when acidified potassium chlorate (V)
is added separately to each of the following reagents.

State clearly if no reaction occurs. Write a balanced equation for any reaction that
occurs. Explain your answer using E® values from the Data Booklet.

(i) FeSO4 (aq)

(ii)  Acidified KMnOs (aq)
[3]

PCls reacts with hydrazine, N2H4, to give compound E, which has the following
composition by mass: P, 20.5%; N, 9.2%; Cl, 70.3%. The molecule of E contains
an N-N single bond.

Calculate the empirical formula of E, and suggest its molecular formula and the
structure of its molecule, assuming its constituent atoms show their usual valencies.

[2]
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(e) Diethylated HMF is used to synthesize a variety of pharmaceuticals.
The flow-scheme below shows the reactions involving diethylated HMF and
compound G, its precursor. Assume the C-O-C ether group is inert.

/K —>St8p2 compound H
NaOH(aq), OHC 0 CH,Br p

heat
/ compound G
Step 1 Step 3| PBr,, heat
OHC}OQCHZOH })C

CH,Br (0] CH,Br
diethylated HMF

Step 4 l Limited ClI,, uv

Cl

Cl

N\ /\

CHzBr
CHyBr Yo7 “cHer OB O

J and K

(i) When the reaction in step 1 was investigated kinetically, it was found that its
rate was independent of [OH-], but was first order with respect to
[compound G].

Name and describe a mechanism for this reaction, showing curly arrows in
your answer. [3]

You may represent compound G as R-CH2Br.

(ii)  Draw the structure of compound H. [1]
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(iii)

(iv)

(v)
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When the mono-chlorination is carried out in step 4, two possible

monochloroalkanes J and K can be formed.
Cl

Cl

/ A\

CH,Br 0

/ A\

CH,Br
CHzBr O

CHzBr

J and K

Predict the relative proportions of J and K formed.

[1]

When the monochlorinated products of step 4 were analysed, it is found that

the mole ratio of J: K formed was about 97: 3.

Suggest a reason for the difference between this ratio and the one you gave

in (iii ).

[1]

Compounds M and G are both bromine-containing compounds that are

isomers of each other.

O
/ \ N
CH; o Br H o CH,Br
Compound M Compound G
Compare the reactivities of M and G with water. Explain your answer. 2]
[Total:20]
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(@) (i) Use the following data to construct an energy level diagram and hence
calculate the enthalpy change for the hydrogenation of
ethene gas to ethane gas.

AH / kJ mol™’
Enthalpy change of combustion of CH3CHas(l) -1545
Enthalpy change of condensation of CH3zCH3(g) -15
Enthalpy change of combustion of Ha(g) -286
Enthalpy change of combustion of CH2=CHa(g) -1411
[4]
(ii)  Define the term bond energy. [1]

(iii) Using appropriate bond energy values from the Data Booklet alone,
calculate another value for the enthalpy change of the reaction in (a)(i).

[2]

(iv) Suggest a reason for the discrepancy between the enthalpy change for the
hydrogenation of ethene gas to ethane gas calculated in (a)(i) and (a)(iii).

[1]
(b) Hot sulfuric acid, H2SO4is added to ethanol, an alcohol, to produce ethene.

Draw a ‘dot-and-cross’ diagram showing the electrons (outer shell only) in a
H>SO4 molecule.

Use the VSEPR (valence shell electron pair repulsion) theory to predict the bond
angle around sulfur in H2SOa4. [3]

(c) Phosphorous halides such as PXs can act as both Lewis acids or
Lewis bases. PCls is used to convert an alcohol to an alkyl chloride.

. PCl, , heat
OH Cl
The mechanism above involves 2 steps:

e Step 1: The nucleophilic alcohol attacks PCls to form the following
intermediate, along with a Cl~ion:

R Cl
\ + /
/_\ + CI7
H Cl

e Step 2: (slow) CI- ion attacks the electrophilic carbon on the intermediate,
simultaneously the C—O bond breaks heterolytically.

State and explain if PCls acts as a Lewis acid or Lewis base in step 1 of the
mechanism. [1]
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(d) For the following pair of compounds, describe one chemical test which would
enable you to distinguish clearly between them.

State the observations for each compound.

State the type of reaction undergone for the compound that shows a positive test.

Cl 0 O
/
’/ Cl
compound N  compound O 3]

(e) Phenylamine reacts with nitrous acid, HNO2, and hydroéhloric acid at 10°C to form
benzenediazonium chloride, CsHsN2Cl.

This is an important intermediate in the synthesis of aromatic compounds.
It undergoes the Sandmeyer reaction, shown below, in the presence of a
copper(I) catalyst to form aryl nitriles.

NH, N,Cl CN
HNO, heat with CuCN
HCI >
10°C

benzenediazonium aryl
chloride nitrile

Suggest a four-step reaction sequence for the following conversion.
You are to make use of the Sandmeyer reaction in one of the steps.

CH,NH,
NH2 Br. Br

Br [4]
[Total:19]
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Section B
Answer one question from this section.

(@) Vitamin L1, also known as 2-aminobenzoic acid, can be obtained from bovine
liver, and its deficiency has been associated with lactation issues in females.

The diagram below shows how the protonated form of Vitamin L1 acts as a
dibasic acid, which dissociates in two stages:

COOH me =217 COO ™ pK,, =4.85 COO

NH NH; NH,

Protonated form

of Vitamin L1
(i) Calculate the pH of 10 cm? of 0.100 mol dm= of the protonated form of
Vitamin L1. Ignore the effect of pKa2 on the pH of the sample. [1]
(ii) A sample containing 10 cm?3 of 0.100 mol dm® of the protonated form of
Vitamin L1 was titrated with 30 cm?®of 0.100 mol dm of NaOH.
Sketch clearly the titration curve obtained, which should include the
following key points:
e initial pH;
e points where pKa1 and pKa2 occur;
e isoelectric point of Vitamin L1 and its estimated value, given that:
isoelectric point = (pKa1 + pKa2) / 2
[4]
(iii) Define what is meant by a buffer. [1]
(iv) Draw the structures of the two chemical species present in a solution of

@PJC2018

Vitamin L1 at pH 5.00.

Hence, show by means of balanced equations, how this solution regulates
the acidity on addition of H* ions and OH" ions. [3]
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(b) Iron ions can form transition metal complexes with the basic form of the amino
acid, alanine. The formula of the complex formed is Fe(CH3CH(NH2)COO)a.

(i) State the oxidation state of Fe in the transition complex. [1]

(ii) The diagram below shows the incomplete structure of the complex.
Copy the diagram and draw the complete structure of this complex.

:

—> Fe =——

[1]

(c) Thyrotropin-releasing hormone (TRH) is a hormone that is produced by
the hypothalamus in the brain. TRH has been used clinically for the treatment
of the disturbance of consciousness in humans.

TRH is a tripeptide that is made of three amino acids proline, histidine and
pyruglutamic acid, as shown in the diagram below.

proline (pro)

NH,
histidine (his) N \
o)
— g
N1\\/NH

HN _o0

NH  pyruglutamic acid (pyr)
N\
\O
TRH tripeptide

In the questions below, assume that the side chain for histidine (his) is inert.

(i) State the reagents and conditions for TRH to undergo hydrolysis. 1]
(ii) Draw the structures of the amino acids formed when TRH undergoes

hydrolysis using the reagents and conditions stated in (c)(i). [3]
(iii) Explain why amino acids exist as solids with high melting points. [1]

(iv) State the hybridisation state of nitrogen atom labeled N+ in the histidine side
chain of TRH. [1]
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The amino acid histidine has a cyclic imidazole side-chain.

The table below compares the pKp value of N1 nitrogen atom of imidazole
ring, with the pKy values of ethanamide and phenylamine.

Compound Structure pPKb
name
imidazole N/ﬁ 8.8
1\\\\/N H (pKb of N1)
O
ethanamide )k 14.5
NH,
NH,
phenylamine i 9.4

Using the data provided, list the 3 compounds in increasing basicity, and

suggest explanations for their relative basicities. [3]
[Total: 20]
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(@) The scheme below shows the reactions of different compounds of copper.

pink solid
Cuz504 H20 L~ ligands
white solid filter added
CuSOs (ag) —,‘ Complex ion Q
Excess
NaQH(aq) Filter and heat
added residue
strongly
Blue ppt P \ Black solid R and
colourless gas
(@) (i) Suggest the formulae of blue ppt P and black solid R. [2]

(ii)  Write an equation to show how the pink solid and CuSO4 are obtained when
Cu2S0q4 is added to water. [1]

To determine the stoichiometry of the green complex ion Q formed between
aqueous copper (II) sulfate and L~ ligands, the colour intensities of solutions containing
different proportions of the ligand, L-, and Cu?* ion were measured.

The intensity of the green colour is directly proportional to the concentration of the
complex ion. The higher the concentration of the complex, the higher is the colour
intensity. In one such experiment, the results obtained for different volume mixtures of
1.0 x 10-3 mol dm=3 Cu?*(aq) and 1.0 x 10-® mol dm=3 L-(aq) were plotted below.

Fig. 5.1

>
‘»
C
[0]
i=
5
O
©
(&)
(0]
=
T
©
(n'd

0 1 2 3 4 5

Volume of L~ added / cm3
5 4 3 2 1 0

Volume of Cu?* added / cm?®
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(iii)  State the type of reaction that occurs when complex ion Q is formed from
aqueous CuSOs. [1]

(iv) Based on the plotted graph in Fig. 5.1, determine the mole ratio of
Cu?*(aq) to L™ (aq) in the complex Q.

Given that complex Q has an octahedral shape and it retains some water
molecules as ligands, suggest a formula for the complex Q, including its
overall charge. [2]

(b) Explain why complexes of Cu(Il) are coloured whereas complexes of Cu(I) are
colourless. [4]

(c) Chlorine can exist in different oxidation states.

Half-equation E°/V
2CI03 + 12H* + 10e~ = Cl2 + 6H20 +1.47
Cl2 +2e = 2CI +1.36

A Latimer diagram shown below, summarises the standard electrode potential,
E® of different chlorine-containing species in acidic medium. The most highly
oxidised form of the element is on the left, with successively lower oxidation states
to the right. The electrode potentials are shown on the arrows.
+1.47V +1.36 V
Cl

Cl0O37 ——» Clo —— CI

E°(CIOs /CI) T

The standard electrode potential of converting CIO3~ to CI-, E®(CIO3™ /CI") is
NOT the summation of +1.47 V and +1.36 V.

Determine the number of electrons involved in the conversion of
1 mole of CIOs to 1 mole of CI-.

Hence, given that AG® for the conversion of ClOs;~ to CI- is -150 kJ mol’,
calculate E°(CIO3~/ CI"). [2]
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(d) Use of the Data Booklet is relevant to this question.

X, CsHeOs, is soluble in dilute NaOH. X gives an orange precipitate with
2,4-dinitrophenylhydrazine reagent, and a yellow precipitate with warm alkaline
aqueous iodine. X decolourises aqueous bromine.

When it is reacted with a methanolic solution of NaBH4 it gives Y, CsHgOs.
Catalytic hydrogenation of X gives Z, CsH1003. When Z is reacted with alkaline
aqueous iodine, it gives "O2C(CH2).CO2".

Oxidation of 1 mole of X with hot acidified potassium manganate(VIIl) gives 1 mole
of CH3COCO2H and 2 moles of CO> gas.

Additional optional information: X, Y and Z have a proton (*H) chemical shift value
of 13.0 ppm. (Refer to Data Booklet Section 6: Typical proton (*H) chemical shift
values (0))

Suggest structures for X, Y and Z. Explain your reasoning clearly. [8]
[Total: 20]

End of paper
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1

Section A

Answer all questions in this section.

(@) Steam reforming is an important industrial method for producing hydrogen and
carbon monoxide, from hydrocarbon fuels. This is achieved in a processing device
called a reformer which reacts steam at high temperature with the fuel, such as
methane gas.

(i)

(ii)

(iif)

@PJC2018

CHa(g) + H20(g) == CO(g) + 3H2(g) AH =+210 kJ mol’

Write an expression of K, for the reaction, indicating its units. [2]
_ (Pco)Py, )°
" (Pen, (Puyo)

At temperature T, a mixture of gaseous methane, steam and carbon
monoxide were introduced into an evacuated reactor.

atm?

The table below shows the initial pressures of the gases before they were
added to the reactor.

Gas Initial pressure / atm
methane, CH4 1.50
steam, H>O 2.50
carbon monoxide, CO 0.70

Given that the percentage dissociation of methane is 20% at equilibrium, find

the K, for the reaction. [2]
CH4(g) | +H20(g)=— | CO(9g) + 3Ha(g)
Initial P /atm 1.50 2.50 0.70 0
Change P /atm -0.2(1.5) -0.3 +0.3 +0.9
=-0.3
Egm P /atm 1.20 2.20 1.00 0.90

_ (Po)Py)’

® (Pen )(Pro)

= (1.00)(0.90)°

p = 0.276 atm?
(1.20)(2.20)

A chemist decided to raise the temperature of the reactor. He suggested that
this would result in a lower yield of the product.

Do you agree with the chemist? Explain your answer. [2]
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No. When the temperature is raised, the endothermic reaction is favoured
since it absorbs energy. The position of equilibrium shifts to the right in favour
of the forward reaction, yield of Hz should increase.

In order to produce more hydrogen gas, the carbon monoxide gas that is produced
from the steam reforming reaction can further react with steam.
This is known as the “water-gas shift” reaction.

CO(g) + H20(g) — CO2(g) + H2(g)

(iv) Given that the reaction conditions were set at 500°C and 1.5 atm, determine
the maximum volume of hydrogen gas that can be produced from 5kg of
carbon monoxide gas.

State the assumption made in your calculation. [3]

Amount of CO in 5kg = (5 x 1000)/28 = 178.6 mol = Amount of H> gas

Amount of H2 produced = 178.6 mol

pV=nRT
nRT
V= p

178.6x8.31x (500 +273)
V= T 1 5x1.01x10°

=7.55m?
Assumption: Hydrogen gas is behaving like an ideal gas

(v)  Given the following,
enthalpy change of formation of CO(g) / kJ mol’ -99
enthalpy change of formation of H.O(g) / kJ mol!  -245
enthalpy change of formation of CO2(g) / kJ mol' -394

With reference to the above data, calculate the enthalpy change of reaction
of the “water-gas shift” reaction, AH1. [1]

CO(g) + H20(g) — CO2(g) + Hz(9)

AH; = AH(CO2(g)) —[AH{(CO(g)) + AHH20(g))
= (-394) — (-99 + -245) =-50 kJ mol"
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(b) The hydrogen gas obtained from the steam reforming process in part (a) can be
reacted with nitrogen gas to produce ammonia gas.

This reaction is known as the Haber-Bosch Process, using iron as a catalyst.
N2(g) + 3H2(g) == 2NHs(g)
(i) Predict and explain the sign of AS for the Haber-Bosch reaction. [1]

AS is negative as the there is a decrease in number of moles of gaseous
particles (from 4 mol to 2 mol), hence less disorderliness.

(ii) Using your answer in (b)(i), calculate the maximum temperature for the
Haber-Bosch reaction to be spontaneous.

It is known that the numerical value of AS is 198 J K' mol™,
and that AH =-92.0 kJ mol". [2]

AG = AH-TAS
0=(-92.0) - T (-198/1000)
T = 465K
(c) The hydrogen gas obtained from steam reforming, and the ammonia gas obtained
from the Haber-Bosch reaction, are the key reagents required for the reductive

amination reaction.
Many amines in the pharmaceutical drugs are synthesised through this reaction.

The diagram, Fig. 1.1, shows the 3 stages involved in reductive amination.

o Stagel OH stage 1l NH stage Il NH,
/ —_— [ . R / - >
H NH30 R NH H Ha(g), Ni catalyst R H H
carbonyl Imine amine
group group
Fig. 1.1

During the reaction, a carbonyl group is converted into an amine group via an
intermediate imine.

(i) State the types of reaction occurring in stage I and stage II. [2]
stage I: Nucleophilic addition.
stage II: elimination
The reaction scheme Dbelow, Fig.1.2, shows the production of
a-methylphenethylamine, which involves reductive amination in step 4.

Step 4 in Fig. 1.2 comprises of the 3 stages of reductive amination in Fig. 1.1.
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X
step 1 step 2 step 3
@ —_— —— compound B — carbonyl compound C
CH,=CHCH ,ClI
AIClj, heat NH3(). | step 4
compound A followed by H 5 with Ni

NH,

a-methylphenethylamine

Fig.1.2

(ii) In step 1, benzene undergoes a reaction with 3-chloroprop-1-ene with the
aid of anhydrous aluminium chloride catalyst.

Name and describe the mechanism for step 1, showing clearly any relevant
charges, dipoles or lone pairs of electrons that are important. [4]
Electrophilic Substitution

Step 1: CH2=CHCH2Cl + AIClIs —— AICl4- + CH2=CHCH2"

Step 2:
H ~ CH,CH=CH,

+ slow
CH,=CHCH, ——»
Step 3:
H, CHyCH=CH, CHoCH=CH,

fast

+ ACI, — + AICI, + HCI

(iii) Deduce and draw the structure for carbonyl compound C, and suggest the
structure of compound B. [2]

compounds B:
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OH

compounds C:
O

[Total: 21]
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2  This question is on halogen-containing compounds.

(a)

(b)

(c)

The following experiments are carried out starting from solid aluminium chloride.

water  gcidic  Na2COs(aq)

AICI3(s) —

white precipitate D + effervescence
solution

(i) Explain with the aid of balanced equations, why AICIs(s) dissolves to form
an acidic solution. Suggest the pH of the acidic solution. [3]
AICl3(s) dissolves in water to form [Al(H20)s]**(aq)

e AlICls(s) + 6H20(I) — [Al(H20)6]**(aq) + 3Cl(aq)

A hydrolysis reaction occurs, making the solution acidic.

* [Al(H20)6]**(aq) + H20(1) = [Al(H20)s(OH)]**(aq) + HsO*(aq)

e Since AI** has high charge density, it polarises and weakens the O-H
bond of the water attached to it, causing the O-H bond to break to
release H* (hydrolysis)

e pH=3

(ii)  Identify precipitate D.

[1]

AlI(OH)3

When aqueous AgNOs is added to separate test-tubes containing aqueous

KCI and KI, the various AgX (X = Cl, I) precipitates were observed.

With the aid of relevant equations, explain why a precipitate of AgCl is soluble in

excess aqueous NH3 but a precipitate of Agl is insoluble in excess aqueous NHs.
[3]

Ag+(aq) + X-(aq) = AgX(s) ....(1)

Ag+(aq) + 2NHs(aq) = [Ag(NH3)2]+(aq) ....(2)

When excess NHzsis added (high [NH3]), the position of equilibrium for (2) shifts to the
right to form complex [Ag(NH3)2]+ and [Ag+] decreases, resulting in eqm (1) to
shift left & a decrease in ionic product of AgX .

For AgCl, IP decreases, ionic product becomes smaller than Ksp(AgCl) and the
position of equilibrium (1) to shift to the left and AgCl dissolves completely.

For Agl, although IP decreases, ionic product is still higher than Ksp(Agl) (as Ksp(Agl)
is very small) and thus there is no dissolution of Agl in excess aqueous ammonia.

The standard redox potential of chlorate (V) ions is given below.
ClOs~ + 6H" + 6e = CI- + 3H.0O E®=145V

Predict what you expect to observe, when acidified potassium chlorate (V)
is added separately to each of the following reagents.

State clearly if no reaction occurs. Write a balanced equation for any reaction that
occurs. Explain your answer using E® values from the Data Booklet.
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(i) FeSO4 (aq)

From the eqn given and highly positive E® = 1.45V, ClOs-is easily reduced.
For redox to occur, Fe2* must be oxidised.
Fe?*s== Fe*+e  E®x=-0.77V
E®cen =+1.45 +-0.77 =+0.68V>0 (3 s.f) reaction is energetically feasible
Solution turns yellow (from green).

(ii)  Acidified KMnOs (aq)

MnOs + 8H* + 5e~ > Mn?* + 4H,0

Eered =+ 152\/

MnO4 and ClO3™ both can only be reduced — thus no redox possible and

solution remains purple

[3]

(d) PCIs reacts with hydrazine, N2Hs, to give compound E, which has the following
composition by mass: P, 20.5%; N, 9.2%; Cl, 70.3%. The molecule of E contains

an N-N single bond.

Calculate the empirical formula of E, and suggest its molecular formula and the
structure of its molecule, assuming its constituent atoms show their usual

valencies.
P N Cl
Mass / g 20.5 9.2 70.3
Amt / mol 0.661 0.657 | 1.98
Mole ratio 1 1 3

Empirical formula = PNCI3

Since S contains one N-N single bond, E will contain 2 N atoms.
Molecular formula of E = P2N2Cls and correct structures of E:

cl cl
\ /
N—N
/ \
Cl—P P—cCl
\ /
cl cl or

Cl

CI\

—p

/N\N _P

[2]

Cl

(e) Diethylated HMF is used to synthesize a variety of pharmaceuticals.
The flow-scheme below shows the reactions involving diethylated HMF and

compound G, its precursor. Assume the C-O-C ether group is inert.
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/KCHZ& ﬂ compound H

NaOH(aq), OHC ™o
heat
/ compound G
Step 1 Step 3| PBr,, heat
OM-EOH X

CH,Br O CHaBr
diethylated HMF

Step 4 l Limited Cl,, uv

Cl

Cl

A\ /A

CH B
CHzBr o7 “cHpr  CHBr O

J and K

(i) When the reaction in step 1 was investigated kinetically, it was found that
its rate was independent of [OH], but was first order with respect to
[compound G].

Name and describe a mechanism for this reaction, showing curly arrows in
your answer. [3]

You may represent compound G as R-CH2Br.
Nucleophilic substitution (Sn1)

Students can represent G as R-CH2Br in answer

6_
slo
/ \\ &+ -Br SoW _ 7\ C+/H .
OHC O \/A OHC ‘O N '
compound G H
HO' :/ fast
/ \ C+/H / \ OH
OHC (0] \H OHC (0]
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(i)

(iif)

(iv)

(v)

@PJC2018

10

Draw the structure of compound H. [1

/ \

CH,0H © CHBr

When the mono-chlorination is carried out in step 4, two possible

monochloroalkanes J and K can be formed.
Cl

Cl

1\ /\

CH,Br
CHyBr N0~ “cH,Br  CH2Br O

J and K
Predict the relative proportions of J and K formed. [1]
J 'K
4: 6

OR2: 3
When the monochlorinated products of step 4 were analysed, it is found
that the mole ratio of J: K formed was about 97: 3.

Suggest a reason for the difference between this ratio and the one you
gave in (iv). [1]

C—H

/ A\

CH,B
CHaBr "0 250 is exceptionally stable due to the overlap of p-orbital

between the Carbon with unpaired electron (or resonance stabilised),

and the p-orbitals of the adjacent alkene carbon atoms. This is an allylic
radical. Being highly stable, it is formed in greater amount / faster and leads
to major product.

Compounds M and G are both bromine-containing compounds that are
isomers of each other.

O
/ \ /A
CH3 (@) Br H 0 CHzBr
Compound M Compound G
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Compare the reactivities of M and G with water. Explain your answer.
(2]
e Rate/ ease of hydrolysis: M > G

M, an acyl bromide is most reactive; it undergoes hydrolysis most readily
Reason

e The additional strongly electronegative oxygen atom in acyl bromide M
further increases the partial positive charge on carbon atom (of COBTr)

or make it more delta 6+ positive compared to carbon atom (of C-Br) in
G.

Thus the carbon atom in X is more readily attacked by nucleophile or X
undergoes hydrolysis by water readily to give bromide ions.

[Total:20]
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(@) (i)

(ii)

(iif)

(iv)

@PJC2018

12

Use the following data to construct an energy level diagram and hence
calculate the enthalpy change for the hydrogenation of
ethene gas (CH2=CHz) to ethane gas (CH3CH3).

AH / kJ mol™*
Enthalpy change of combustion of CH3CHas(l) -1545
Enthalpy change of condensation of CH3zCH3(g) -15

Enthalpy change of combustion of Ha(g) -286

Enthalpy change of combustion of CH2=CHa(g) -1411

[4]

Entpalpy change / kdmol”

CH,=CH,(g) + H,(g) + 3.50,(9)

AH hydrogenation ethene

Y CH,CH,(g) + 3.50,(g)
AH condensation ofethane‘ CHSCHS(l) + 3502(9)

AH_ethene

2C0,(g) + 2H,0) * Hy(0) + 050,(0)

AH_ethane
AH_hydrogen

2CO,(g) + 3H,0() y

By Hess’ Law,
Athdrogenation + (— 15) + (— 1545) = (— 141 1) + (— 286)
Athdrogenation = -137 kJ mol’!

Define the term bond energy. [1]

Bond energy is the energy absorbed to break one mole of a covalent bond
between two atoms in the gaseous state.

Using appropriate bond energy values from the Data Booklet alone,
calculate another value for the enthalpy change of the reaction in (a)(i).

AH = YB.E.(reactants) — YB.E.(products)
= B.E.(C=C) + 4B.E.(C-H) + B.E.(H-H) — [ 6B.E.(C-H) + B.E.(C-C) ]
= (+610) + 4(+410) — [ (+350) + 6(+410) = — 124 kJ mol™"
[2]

Suggest a reason for the discrepancy between the enthalpy change for the
hydrogenation of ethene gas to ethane gas you calculated in (a)(i) and

(a)(iii).
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[1]
The bond energy values given in the Data Booklet are average values.
(b) Hot sulfuric acid, H2SO4is added to ethanol, to produce ethene.

Draw a ‘dot-and-cross’ diagram showing the electrons (outer shell only) in a
H2S04 molecule.

Use the VSEPR (valence shell electron pair repulsion) theory to predict the bond
angle around sulfur in H2SOa4. [3]

According to VSEPR, order of repulsion is given by: Lone pair — lone pair electrons
> Lone pair — bond pair electrons > Bond pair — bond pair electrons

e The S atom has 4 bond pairs of electrons, no lone pair of electrons

e The bond angle is 109.5°

(c) Phosphorous halides such as PXs can function as both Lewis acids or
Lewis bases. PCl3 is used to convert an alcohol to an alkyl chloride.

R PCI, , heat
—_\ —_—
R—

OH Cl

The mechanism of the above reaction involves two steps:
e Step 1: The nucleophilic alcohol attacks PCls to form the following
intermediate, along with a chloride ion:

R—\ /CI
/ - \ + CI
Cl

e Step 2: (slow step) the chloride ion attacks the electrophilic carbon on the
intermediate, at the same time the C—O bond breaks heterolytically.

(i) State and explain if PCl3 acts as a Lewis acid or Lewis base in step 1 of the
mechanism. [1]

PCls is a Lewis acid because it accepted lone pair of electrons.

(d) For the following pairs of compounds, describe one chemical test which would
enable you to distinguish clearly between them.

State the observations for each compound.

State the type of reaction undergone for the compound that shows a positive test.
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Cl

compound N compound O

Distinguishing test: Add Tollens’ reagent, warm

Observations: Silver mirror for N, no silver mirror for O

Type of reaction: Oxidation

OR

Distinguishing test: Add AgNOs(aq), r.t.p

Observations: White ppt for O, no white ppt for N

Type of reaction: Nucleophilic acyl substitution [3]

(e) Phenylamine reacts with nitrous acid, HNO>, and hydrochloric acid at 10°C to form
benzenediazonium chloride, CsHsN2Cl.

This is an important intermediate in the synthesis of aromatic compounds.
It undergoes the Sandmeyer reaction, shown below, in the presence of a
copper(I) catalyst to form aryl nitriles.

NH, N,Cl CN
HNO, heat with CuCN
HCI
10°C
benzenediazonium aryl
chloride nitrile

Suggest a four-step reaction sequence for the following conversion.
You are to make use of the Sandmeyer reaction in one of the steps.

CH,NH,

Br [4]
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N,Cl

CN
HS' heat with CuZ Br Br
10 C where Zis Cl, Br,CN
Brz(aq
Br

LiAIH, in dry ether at room temperature
or H,, Ni, heat

CHoNH,
Br. Br

Br

[Total:19]
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Section B
Answer one question from this section.

(@) Vitamin L1, also known as 2-aminobenzoic acid, can be obtained from bovine
liver, and its deficiency has been associated with lactation issues in females.

The diagram below shows how the protonated form of Vitamin L1 acts as a
dibasic acid, which dissociates in two stages:

COOH me =217 COO ™ pK,, =4.85 COO
NH; NH; NH,

Protonated form
of Vitamin L1

(i) Calculate the pH of 10 cm® of 0.100 mol dm of the protonated form of
Vitamin L1. Ignore the effect of pKa2 on the pH of the sample. [1]

Given pKa1 = 2.17

Ka1 = 107217

Ka1 = [H*]?/ (0.100)
[H*] = 0.02600 moldm-3
pH=1.59

(ii) A sample containing 10 cm?® of 0.100 mol dm of the protonated form of
Vitamin L1 was titrated with 30 cm?of 0.100 mol dm= of NaOH.

Sketch clearly the titration curve obtained, which should include the
following key points:

e initial pH;
e points where pKa1 and pKa2 occur;
e isoelectric point of Vitamin L1 and its estimated value, given that:
isoelectric point = (pKa1 + pKa2) / 2
[4]
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pKaz

electric point

.‘ | | I +—> Volume of NaOH(aq) /
5 10 15 20 30 cm?3

Correct shape of graph with correct axes

Correct locations of pKat and pKa2

Correct initial pH AND correct equivalence volumes

Credit for show pH tapering off at about 12-13 at about 30 cm?®
value of pH at isoelectric point

isoelectric point = (pKa1 + pKa2) / 2 = (2.17+4.85)/2 = 3.51

(iii) Define what is meant by a buffer. [1]
A buffer resists change to pH when small amount of acid or base is added
to it and upon dilution.

(iv) Draw the structures of the two chemical species present in a solution of
Vitamin L1 at pH 5.00.

Hence, show by means of balanced equations, how this solution regulates
the acidity on addition of H" ions and OH" ions. [3]

©:COO' @Ecoo'
NH; NH,
When a small amount of acid is added,
CoO COOH

+ H+ e

+ +
NH3 NH,

When a small amount of base is added,

COO coo”
+ OH —> + H,0
NH3

NH»
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(b) Iron ions can form transition metal complexes with the basic form of the amino
acid, alanine. The formula of the complex formed is Fe(CH3CH(NH2)COO)a.

(i) State the oxidation state of Fe in the transition complex. [1]
+2

Since the charge of each CH3CH2(NH2)COO" is -1, iron has to be +2 for the
complex to be electrically neutral as given.

(ii) The diagram below shows the incomplete structure of the complex.
Copy the diagram and draw the complete structure of this complex.

;

—> Fe =—

!

[1]

NH,

° l

O: —>» Fe =—:0

T 0

HoN

(¢) Thyrotropin-releasing hormone (TRH) is a hormone that is produced by
the hypothalamus in the brain. TRH has been used clinically for the treatment
of the disturbance of consciousness in humans.

TRH is a tripeptide that is made of three amino acids proline, histidine and
pyruglutamic acid, as shown in the diagram below.

@PJC2018 9729/03/JC2 Prelim2018 [Turn over



19

proline (pro)

NH,
histidine (his) N \
o)
P \O
N1\\/NH

HN.__0

NH  pyruglutamic acid (pyr)

o
TRH tripeptide

In the questions below, assume that the side chain for histidine (his) is inert.

(i) State the reagents and conditions for TRH to undergo hydrolysis. [1]
H2SO4(aq), heat
OR
NaOH(aq), heat

(ii) Draw the structures of the amino acids formed when TRH undergoes

hydrolysis using the reagents and conditions stated in (c)(i). [3]
Products of acidic hydrolysis:
: \
NH; o OH
OH N /N\+
N\ NH NH H H 0
]

pyroglutamic acid (pyr) histidine (his) proline (pro)

*accept products of alkaline hydrolysis, if the candidate indicated that in

(©)).
(iii) Explain why amino acids exist as solids with high melting points. [1]

Amino acids can exist as zwitterions, with strong ionic bonds/electrostatic
forces of attractions between oppositely charged ions.

(iv) State the hybridisation state of nitrogen atom labeled N1in TRH. [1]

nitrogen atom 1: sp?
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The amino acid histidine has a cyclic imidazole side-chain.

The table below compares the pKp value of N1 nitrogen atom of imidazole
ring, with the pKy values of ethanamide and phenylamine.

Compound Structure pPKb
name
——
imidazole N/\\ 8.8
'\ -NH (PKb of N1)
O
ethanamide )k 14.5
NH,
NH,
phenylamine i 9.4

Using the data provided, list the 3 compounds in increasing basicity, and
suggest explanations for their relative basicities. [3]
Basicity increases from:

NH,

O /§\
N4
)kNHk N -NH

@)

ANHZ is neutral as the lone pair of electrons on N is delocalised into

C=0. Hence, the lone pair of electrons on the N atom is not available for
protonation.

/=
NiC _NH

is more basic than as the p orbital of nitrogen lies
perpendicular to the plane of the C=N bond, hence, the lone pair of
electrons are not delocalized and are readily available for protonation,
compared to the lone pair of electrons on N atom in phenylamine which is
delocalized into the benzene ring and not so readily available.

A

NH,

[Total: 20]
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5 (a) The scheme below shows the reactions of different compounds of copper.

s soha["flr
%,‘ Complex ion Q
Excess
NaQH(aq) Filter and heat
added residue
strongly
| Blue ppt P \ Black solid R and
colourless gas
(@) (i) Suggest the formulae of blue ppt P and black solid R. [2]
P: Cu(OH)2
R: CuO
(ii)  Write an equation to show how the pink solid and CuSO4 are obtained when
CuzSO0q is added to water. [1]

Cu2S0s4 (s) — CuSOas(aq) + Cu(s)
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To determine the stoichiometry of the green complex ion Q formed between
aqueous copper (II) sulfate and L~ ligands, the colour intensities of solutions containing
different proportions of the ligand, L-, and Cu?* ion were measured.

The intensity of the green colour is directly proportional to the concentration of the
complex ion. The higher the concentration of the complex, the higher is the colour
intensity. In one such experiment, the results obtained for different volume mixtures of
1.0 x 1073 mol dm~ Cu?*(aq) and 1.0 x 103 mol dm=3 L~(aq) were plotted below.

Relative colour intensity

(iii)

(iv)

@PJC2018

Fig. 5.1
0 1 2 3 4 5
Volume of L~ added / cm?3
5 4 3 2 1 0
Volume of Cu?* added / cm?
State the type of reaction that occurs when complex ion Q is formed from

aqueous CuSOa. [1]
Ligand exchange

Based on the plotted graph in Fig. 5.1, determine the mole ratio of
Cu?*(aq) to L™ (aq) in the complex Q.

Given that complex Q has an octahedral shape and it retains some water
molecules as ligands, suggest a formula for the complex Q, including its

overall charge. [2]
Mole ratio of Cu?*(aq) to L- (aq)
in the complex Q: 1:4
[Cu(H20)2(L)s*
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(b) Explain why complexes of Cu(Il) are coloured whereas complexes of Cu(I) are
colourless. [4]

Cu(l) has fully filled 3 d-orbitals (3d'). Hence, d-to-d electron transition cannot
occur, and no visible light is absorbed, which accounts for it being colourless and
Cu(II) has partially filled 3d-orbitals

e In presence of ligands,

e the originally degenerate 3d orbitals split into 2 sets of different energy levels,
separated

e by a small energy gap (AE).

e AE corresponds to the energy of visible light.

¢ An electron from the lower energy d orbital absorbs a specific wavelength of
visible light and

e is promoted to a half-filled, higher energy 3d orbital. d-to-d transition can take
place and

e colour observed is complementary to the colour absorbed.

(c) Chlorine can exist in different oxidation states.

Half-equation E°/V
2CI03 + 12H* + 10e” = Clo + 6H.O  +1.47
Clo + 2e- =2 2CI- +1.36

A Latimer diagram shown below, summarises the standard electrode potential,
E® of different chlorine-containing species in acidic medium. The most highly
oxidised form of the element is on the left, with successively lower oxidation states
to the right. The electrode potentials are shown on the arrows.

+1.47V +1.36 V
Cl

Cl0O57 —» Clo —— CI

E°(ClOs~/CIH) T

The standard electrode potential of converting ClO3~ to CI-, E®(CIO3™ /CI") is
NOT the summation of +1.47 V and +1.36 V.

Determine the number of electrons involved in the conversion of
1 mole of ClO3s~to 1 mole of CI-.

Hence, given that AG® for the conversion of ClIOs;~ to CI- is -150 kJ mol™’,
calculate E°(CIOs~/ CI"). [2]

No of electrons involved = 6 (+5 to -1)
AG® = —nFE®
-150 000 = —(6)(96500) E®

° =+0.259V
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(d) Use of the Data Booklet is relevant to this question.

X, CsHeOs, is soluble in dilute NaOH. X gives an orange precipitate with
2,4-dinitrophenylhydrazine reagent, and a yellow precipitate with warm alkaline
aqueous iodine. X decolourises aqueous bromine.

When it is reacted with a methanolic solution of NaBH4 it gives Y, CsHgOs.
Catalytic hydrogenation of X gives Z, CsH1003. When Z is reacted with alkaline
aqueous iodine, it gives "O2C(CH2).CO2".

Oxidation of 1 mole of X with hot acidified potassium manganate(VIIl) gives 1 mole
of CH3COCO2H and 2 moles of CO> gas.

Additional optional information: X, Y and Z have a proton (*H) chemical shift value
of 13.0 ppm. (Refer to Data Booklet Section 6: Typical proton (*H) chemical shift
values (9))

Suggest structures for X, Y and Z. Explain your reasoning clearly. [8]
e Xis a carboxylic acid which undergoes acid base with NaOH.
e Xis aketone or aldehyde compound as it undergoes condensation reaction
with 2,4-dinitrophenylhydrazine to form an orange ppt.

e X undergoes oxidation with warm alkaline aqueous iodine to form a yellow
ppt, CHIz. X has CH3CO- structure.

o Xis an alkene as it undergoes electrophilic addition with Bro.

e Ketone or aldehyde group in X is reduced by NaBH4 to give Y as no. of H
atoms increases by 2.

e Both alkene and ketone group in X are reduced by hydrogen to give Z as
no. of H atoms increases by 4.

e Z contains CH3CH(OH)- structure (not CH3CO-) as it undergoes oxidation
by alkaline aqueous iodine to give “O2C(CH2).CO5".

X is CHsCOCH=CHCO:H
Y is CHsCH(OH)CH=CHCO:H
Z is CH3CH(OH)CH2CH,CO,H

[Total: 20]
End of paper
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FA 1 is an aqueous solution prepared by mixing equal volumes of y mol dm3
hydrochloric acid, HCI, and y mol dm- of sulfuric acid, H2SOa.

FA 2 is 2.00 mol dm- sodium hydroxide, NaOH.

Take care as aqueous solutions of sodium hydroxide are corrosive.

When an alkali is run into an acid, an exothermic reaction takes place and the
temperature of the mixture increases until the end-point is reached. If alkali is added
beyond the end-point, the temperature will decrease as no further reaction takes place

and the alkali is at a lower temperature than the mixture.

You are to follow the neutralisation of the acids in FA 1 by measuring the temperature
as known volumes of FA 2 are added.

(a)

Fill the burette to 0.00 cm?® with FA 2. Place the Styrofoam cup in a 250 cm?® beaker
to provide support for the cup.

Use the measuring cylinder to place 50.0 cm? of FA 1 into the cup and record the
steady temperature of the acid in Table 1.1 on page 3.

Read through the following instructions before starting the experiment.
Record all temperatures in Table 1.1 on page 3.

Run 3.00 cm?® of FA 2 from the burette into the cup, stir the solution with the
thermometer and record the maximum temperature.

Immediately run a further 3.00 cm? of FA 2 from the burette into the cup, stir and
record the maximum temperature as before.

Continue the addition of FA 2, in 3.00 cm? portions, until 48.00 cm? of solution have
been run from the burette.
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Table 1.1
Volume of | Total Temperature /°C | At (tx — to) / | Total
FA 2 added | volume of °C volume x At
/ cm?3 solution in /..
cup / cm?®

0.00 50.0 | to 30.4 0.0 0.0

3.00 53.0 |13 31.9

6.00 56.0 | ts 33.3

9.00 59.0 | to 34.5

12.00 62.0 | t12 35.6

15.00 65.0 | t15 36.6

18.00 68.0 | t1s 37.7

21.00 71.0 | to 38.4

24.00 74.0 | toa 37.8

27.00 77.0 | to7 37.2

30.00 80.0 | t30 36.8

33.00 83.0 | t33 36.4

36.00 86.0 | t36 36.0

39.00 89.0 | t39 35.6

42.00 92.0 | a2 35.2

45.00 95.0 | us 34.9

48.00 98.0 | s 34.6
[3]
Complete the table by calculating At and (total volume x At) for each measurement.
Determine the units for the final column.
Units for (total volume x At): ..., [1]
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(b) | Plot (total volume x At) against the volume of FA 2 added.
Draw two straight lines of best-fit through the plotted points to find the end-point for
the titration.

[4]

(c) | Read from the graph the end-point of the titration: ...... 20.80.......... cm?

[3]

(d) | (i) Calculate the amount of FA 2 used to reach the end-point of the titration.

nNaOH = 20.80 / 1000 x 2.00 = 0.0416 mol
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amount of FA 2 for end-point=...................oll. [1]
(ii) | Calculate the concentration, in mol dm, of the hydrogen ions in FA 1. [1]
[H*] = 0.0416 / 0.050 = 0.832 mol dm™3
concentration of H*  inFA1=........................... [1]
(iii) | Equal volumes of y mol dm= H2SO4 and y mol dm2 HCI were mixed to

produce FA 1. Use your answer to (d)(ii) to calculate the value of y.

3y/2 = 0.832
y = 0.555 mol dm-3

(e)

When At was plotted against the volume of FA 2 added, the following graph is
obtained. Explain why the shape of this graph differs from that in (b).

Graph of At vs volume of FA 2 added

At

volume of FA 2 added

The heat evolved from the neutralization is spread over an increasing volume of
solution, leading to a smaller At, hence curved lines are obtained instead.
[1]

(f)

In the experiment you have performed, determine whether using a measuring
cylinder or a burette to measure each 3.00 cm? portion will be more accurate.

Show calculations to justify your answer.

% error of measuring cylinder =0.5/3 x 100 = +/- 16.7%
% error of burette =2 x 0.05/ 3 x 100 = +/- 3.34%

The burette would be a better apparatus as it has a smaller percentage error.

[5]

(9)

Plan
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The reaction between an acid and a metal hydroxide is exothermic.

The experimental procedure used in 1(a) is known as a thermometric titration
where the equivalence-point of a neutralisation reaction can be determined without
the use of an indicator. This process can also be used to calculate the basicity of
an acid.

A modification of the thermometric titration can be done by performing several
experiments in which varied volumes of acid and base are mixed together, keeping
the total volume constant. The highest temperature for each experiment is then
recorded.

The data obtained can then be used to plot a graph of At against volume of NaOH
used to determine the basicity of an acid.

Using the informaton above, plan an investigation to determine the basicity of an
unknown acid HnA of concentration 2.00 mol dm (where n =1 or 2).

You may assume that you are provided with
e 2.00 mol dm= sodium hydroxide, NaOH
e the equipment normally found in a school or college laboratory.

In your plan you should include brief details of
¢ the volumes of reactants that you would use,
e the apparatus that you would use
e the procedure that you would follow and the measurements that you would
take,
e how you would determine the basicity of the unknown acid, H»A via
sketches of the graphs you would expect to obtain.

1. Fill up one 50 cm? burette with the unknown acid, and another burette with
2.00 mol dm NaOH.

2. Using a burette, measure 10.00 cm? of acid into a Styrofoam cup labelled
acid. Place the cup inside a second styrofoam cup which is placed in a
250 cm? beaker to support it.

3. Using another burette, measure out 50.00 cm?® of NaOH into another
styrofoam cup labelled FA 2.

4. Record the initial temperature of acid solution, and record the initial
temperature of NaOH solution separately with a thermometer of 0.2 °C
interval.

5. Add the NaOH(aq) from the cup containing NaOH, into the Styrofoam cup
containing the acid and cover with a plastic lid.

6. Stir gently the mixture with the thermometer and record the highest
temperature reached

7. Wash the cups and dry them carefully with paper.
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8. Repeat steps 1 to 6 for 15, 30, 40 and 50 cm? of acid and varying volumes
of NaOH(aq) to make the total volume of mixture constant at 60 cm3.
9. Sketch a graph of At vs volume of NaOH used.
If HA,
AT/°C A
ATmax
30 volume of NaOH added
If H2A,
AT/°C A
AT jax
40 volume of NaOH added
[6]
[Total: 26]
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2 | Determination of the rate equation for the reaction between peroxodisulfate ions
and iodide ions.

FA 3 is 0.200 mol dm aqueous ammonium peroxodisulfate, (NH4)2S20s.
FA 4 is an aqueous solution of 1:1 mixture of 0.300 mol dm-3aqueous potassium iodide,
KI and 0.00800 mol dm- aqueous sodium thiosulfate, Na>S20s.

If potassium iodide and ammonium peroxodisulfate are mixed in the presence of starch
and sodium thiosulfate, the iodine liberated reacts with the thiosulfate ions until they are
all used up.

S,08% + 2 — Io + 2S04%
Ib + 25,032 — 2I" + S406%

When no thiosulfate ions are left, any iodine formed reacts with starch and the dark
blue colour of the starch-iodine complex appears. The time taken for the dark blue
colour to appear with a constant quantity of sodium thiosulfate present depends on the
rate of formation of iodine

You are required to carry out a total of four experiments at different concentration of
peroxodisulfate ions and note the time taken, t, for the solutions to turn dark blue.

The end-point of the reaction is the first appearance of a dark blue colour.

You need to swirl the reaction mixture well as insufficient swirling will lead to a dark blue
colour appearing before the true end-point is reached. Keep to the same number of
swirls in each experiment.

Prepare a table in the space provided on page 10 in which to record, for each
experiment:

e volume of FA 3

e volume of deionised water

e values of t

e calculated values of 1/t

Note: As the volume of FA 4 is constant for each experiment, you do not need to record
its volume in your table.

You are advised to read the procedure and to prepare a table for your results before
starting the practical work.

(a) | Procedure | |

Experiment 1

1. Fill the burette labelled FA 3 with FA 3.

2. Run 20.00 cm3 of FA 3 into a 100 cm?3 beaker.

3. Using a 25 cm?® measuring cylinder, measure out 20 cm? of FA 4 and add
10 drops of starch solution.
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4. Add the contents of the measuring cylinder to the beaker and start the
stopwatch when half of the contents has been added.

5. Swirl the mixture and place the beaker on a white tile.

6. Stop the stopwatch as soon as the dark blue colour appears. Record the
time, t, to the nearest second.

7. Wash both the measuring cylinder and the beaker with water and wipe dry.

Experiment 2

1. Run 10.00 cm?3 of FA 3 into a 100 cm3 beaker.

2. Using a 25 cm? measuring cylinder, measure out 10 cm? of deionised water
into the beaker containing FA 3.

3. Using another 25 cm?® measuring cylinder, measure out 20 cm?® of FA 4 and
add 10 drops of starch solution.

4. Add the contents of the measuring cylinder to the beaker and start the
stopwatch when half of the contents has been added.

5. Swirl the mixture and place the beaker on a white tile.

6. Stop the stopwatch as soon as the dark blue colour appears. Record the
time, t, to the nearest second.

7. Wash both the measuring cylinder and the beaker with water and wipe dry.

Experiment 3 — 4

Perform two additional experiments using different volume of the peroxodisulfate
solution and the deionised water. Note that the combined volume of FA 3 and
deionised water must always be 20 cm?®. Do not use a volume of FA 3 that is less
than 6 cm?3.

(b)

In the series of experiments where the total volume of the mixture is kept constant
and the same end-point (appearance of dark blue colour) is timed at different
concentrations of peroxodisulfate solution,

e [S208?%] oc VEas used
1
e ratea —
t
Record the results of your four experiments below.

Table of results
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Experiment Volume of \éz:z::se;f t/s 1t
P FA3/ cm3 3 s
water/ cm

1 20.00 0.0 23

2 10.00 10.0 49

3 17.00 3.0 27

4 13.00 7.0 31

5 7.00 13.0 71

[5]

(c)

Using the results in your table, deduce the order of the reaction with respect to the
peroxodisulfate ions. Explain clearly how you arrived at your answer.

Orderis 1.

Comparing expt 1 and 2,
Halve [S20s%], time is doubled

[1]

(d)

(i)

Based on experiments 1 — 4, indicate, with reasoning, which experiment is
most likely to have the largest error in the time measured.

The time measured for experiment 1 is the shortest and hence have the
greatest percentage error.

(1]

(i)

Instead of washing the beaker as required before performing the next
experiment, a student simply just poured away the reaction mixture. There
were some left over reaction mixture in the beaker when he performed the
subsequent experiment. State and explain what will happen to the time, t.

The excess Iz left in the flask will react with the S203?" in the new
experiment. As there is lesser S203% for the new experiment, less Iz is
reacted. Given that the rate of reaction is the same, the time taken to
produce the 12 will be shorter and hence observe the blue colour faster.

[2]

(e)

(i)

Explain why a fixed amount of sodium thiosulfate is required.
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To ensure an equal amount of iodine is reacted before the solution
turns dark blue in each experiment.
[1]

(ii) | If the concentration of sodium thiosulfate used in FA 4 is changed to
0.0160 mol dm3, state and explain the effect on the time taken to reach the
end-point?

Longer time required to reach end-point.

There is a larger amount of sodium thiosulfate, so it will take more time
to produce enough iodine to reach the end point.
[1]

(f)

Two other experiments were carried out to determine the order of reaction with
respect to iodide ions and the following results were obtained.

volume of volume

Experiment | (NH4)2S20s of KI/ volume of volume of time /

H>O / cm?® | Na2S,03/ cm? )

/ cm3 cm?
5 50 40 0 10 40
6 50 20 20 10 82

From the data given above, state the order of reaction with respect to KI. Explain
clearly how you arrived at your answer.

Order of reaction =1

Since total volume of reaction mixture is kept constant,
e [Kl]ex Vki used

. 1
Also since rate a 1

AND
¢ when the volume of KI is doubled, the time taken for the iodine to appear

is halved. Rate of reaction is directly proportional to [KI].
OR

e Vi xt=constant

[1]

(9)

Write the rate equation for the reaction between peroxodisulfate ions and iodide
ions.

Rate = k[S2082[I]
[1]

[Total: 13]
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3 | FA 5 contains Ni?* and one other cation and one anion.

In all tests, the reagents should be added gradually until no further change is observed
after shaking with each addition.
Record your observations and the deductions you make from them in the spaces
provided
Your answers should include

¢ Details of colour changes and precipitates formed

e The names of gases evolved and details of the test used to identify each one.

You should indicate clearly at what stage in a test, an observation occurs
No additional or confirmatory tests for ions present should be attempted

Test Observations
(i) Test the FA 5 solution with | pH is 3
Universal Indicator paper.

(ii) To 2 cm depth of FA 5 in | green ppt

a test tube, add aqueous | Effervescence seen , gas forms white ppt when
sodium carbonate until no | passes through limewater

further change is observed.

(iii) To 3 cm depth of FA 5 in | Green ppt insoluble in excess aqueous sodium
a boiling tube, add aqueous | hydroxide

sodium hydroxide until no
further change is observed.

Filter the mixture and collect
the filtrate, label it FA 6.
(light) Green residue and Colourless filtrate
State the colour of the
residue and filtrate.

Divide FA 6 into two portions
in two separate test tubes for
use in (iv) and (v).

(iv) To 2 cm depth of FA 6 in | No effervescence / no gas evolved

a test-tube, add dilute nitric | (Thin cloudy) White ppt appears which is soluble in
acid, drop by drop, until no | excess nitric acid

further change is observed.

(v) To 2 cm depth of FA 6 | White ppt forms
add aqueous silver nitrate.

Add an excess of dilute | soluble in excess aqueous ammonia
agueous ammonia.

[5]
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Conclusion

(a)

Consider your observations in (ii). Suggest an explanation for the evolution of gas
observed. Write an equation, including state symbols in your answer.

FA 5 contains an acidic salt which undergoes hydrolysis to produce H".
The H* would react with carbonate to produce CO>
2H*(aq) + COs%(aq) = CO2(g) + H20(l)

[2]

(b)

Consider your observations in (v). Suggest an explanation for the observations in
terms of the chemistry involved.

CI- reacts with AgNO3 to form white ppt of AgCI or show equation
With NH3s(aq), complex [Ag(NH3).]* is formed or show equation .
This reduces [Ag]

and shifts the equilibrium: AgCI(s) == Ag*(aq) + CI~ (aq)

to the right OR ionic product becomes lower than Ksp,

so AgCl solid dissolves.

[2]

(c)

(i) | FA 5 contains the cations: Ni>* and AI**

(1]

(ii) | FA 5 contains the anion: CI-

[1]

(d)

Plan

FA 7 is a solution that contains Fe?* and Al®** ions

Plan a sequence of steps by which the two ions could be separated so that each
ion is present in a separate precipitate. For each of the steps, you are to specify

the location of the ions and their formulae.

You are also required to specify the amount (dropwise or excess) of reagents that
you add.

You may assume that the usual bench reagents and apparatus are available for
use.

1. Add excess NaOH (aq) to the mixture.
Carry out filtration to separate the insoluble ppt / Fe(OH)2 from the
solution
Residue: Fe(OH):z (s)
Filtrate: AI(OH)4™ (aq)

2. To the filtrate[1], Add HCI dropwise
3. Carry out filtration to separate the insoluble ppt/Al(OH)s(s) from the

solution
Residue: Al(OH)s3
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[5]

[Total: 16]
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