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Section A
Answer all the questions in this section.

1 (a) Describe the reactions, if any, when separate samples of the oxides NazO, Al,O3 and
P.O1o are added to water. Write equations where appropriate and suggest the pH of
any aqueous solution formed. [4]

NaO hydrolyses/dissolves / is soluble in water to give a colourless solution of
NaOH with pH 13.
Na,O(s) + H.O(l) —» 2NaOH(aq)

Al,Os is insoluble in water and hence pH remains at 7.

P.O10 hydrolyses / dissolves / is soluble in water / reacts with water to give a
colourless solution of HsPO4 with pH 2 (accept 1)
P4010(s) + 6H0(l) — 4H3PO4(aq)

(b) Phosphorus pentachloride, PCls, is a white, moisture-sensitive solid. It is a dangerous
substance as it reacts violently with water.

(i) PCls reacts completely with a large excess of water to form phosphoric acid,
HsPO.. Write a balanced equation for this reaction. State the approximate pH
value of the resulting solution.

[2]

The structural formula of phosphoric acid is shown below.
HO
\ ~°
o™ \
OH

Two molecules of phosphoric acid can undergo a condensation reaction producing
diphosphoric acid, H4sP-O7, and water. The reaction involves an —OH group from each
HsPO. molecule forming an oxygen bridge between the two phosphoric acid units.

(i) Draw the structure of diphosphoric acid.

[1]

(iif) This condensation reaction may continue to give triphosphoric acid, HsP3010, and
tetraphosphoric acid. Give the molecular formula of tetraphosphoric acid.
[1]

(I) PC|5 + 4H,0O = 5HCI + HsPO4
pH =2

OH

O\P//O
\OH
(i) HO
(i)  HeP4Ous
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(c) Phosphorus pentachloride can be used to convert alcohols into chloroalkanes. For
example,

~"SNoH + PCls — _~">c; + POCI3 + HCI/

Phosphoryl chloride, POClIs, is formed as a side-product.

(i) The structure of POClI; is shown below.

(i)

© ACJC2021

ﬁ

pd P\
Cl | Cl
C!

As there are four bond pairs and zero lone pairs on the phosphorus atom, VSEPR
theory predicts that CI-P-CI bond angle is 109.5°. However based on
experimental evidence, the actual bond angle is only 103°. Suggest a reason why
the actual bond angle is smaller than the predicted one.

[1]

Phosphoryl chloride can be synthesised by reacting PCls with ethanedioic acid in
equimolar amounts. Two moles of HCI is formed per mole of PCls, together with
two other gases, one polar, the other non-polar. Identify the polar and the non-
polar gas and write a balanced equation of this reaction.

[3]

(1) The higher electron density of the double bond repels the bond pairs
of the single bonds more and hence the bond angle is smaller than
expected.
or
The P=0 double bond occupies more space than single bonds, hence
forcing the single bonds to be closer to one another, causing the bond
angle to be smaller than the ideal angle.

(ii) Non-polar: CO2 or Oz polar: CO

PCls + H,C,04 = 2HCI + POCI; + CO, + CO
Or PCls + H2C,04 > 2HCI + POCI3 + 2CO + %2 O,

9729/03/Prelim/2021 [Turn over
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(iii) The Vilsmeier-Haack reaction involves the use of phosphoryl chloride and a
substituted amide to produce an aryl aldehyde or aryl ketone. An example of the
Vilsmeier—Haack reaction is shown below.

N, ~
C!/ | h
(0] /N :
Rs\ )L POC/ R3\®)\
N R, ——— > N R, ———
| | stage 2 R4
R, R, ci ITI/ 2
Rs
\N/
R Yo

The mechanism of stage 2 consists of two steps. Using curly arrows and showing
all relevant charges, propose the mechanism for stage 2.
[3]

\N/
—N/ Ta
c W/j@\& _slow ]
R, <)
H N\
R,
cl Ri

fast

N
=1

[Total: 15]

© ACJC2021 9729/03/Prelim/2021 [Turn over



5

2 Magnesium reacts with pure nitrogen to form magnesium nitride, MgsN2, which can be
considered as a possible intermediate in the ‘fixing’ of nitrogen to make ammonia-based
fertilisers.

3Mg + N2 — > MgsN:

Nitrogen is an essential macronutrient needed by all plants to thrive. It is an important
component of many structural, genetic and metabolic compounds in plant cells.

(&) When water is added to MgsN2, a colourless gas which turns moist red litmus paper
blue is produced.

This gas reacts with chlorate(l) ion, CIO~ in a 2:1 mole ratio to form a colourless liquid
A with empirical formula NH.. The reaction of A with sulfuric acid in a 1:1 mole ratio
produces a salt B, O4sN2SHe, which contains one cation and one anion per formula unit.

Explain the role of the nitride ion when water was added to MgsN..
Deduce the structures of compounds A and B.

[3]

The nitride ion is functioning as a (Bronsted) base by accepting protons from water.
A is hydrazine, H.NNH,

B is (H:NNH3)HSO, or NoHe?* SO42

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(b) Another type of ammonia-based fertiliser contains urea, NH,CONH, and has a large
percentage by mass of nitrogen.

The nitrogen content of a urea-containing fertiliser can be determined by boiling a
sample of known mass of the fertiliser with an excess of NaOH(aq), absorbing the gas
evolved in water, and titrating the resulting aqueous solution with hydrochloric acid of
a known concentration.

NH>,CONH>, + 20H™ — 2NHs3 + CO32_

NHs + HCl — NH4Cl

When 0.100 g of this fertiliser was subjected to this procedure, the resulting solution of
ammonia required 15.0 cm? of 0.200 mol dm~3 HCI for complete neutralisation.

(i) Calculate the percentage by mass of nitrogen in the urea-containing fertiliser.

[2]

(i) Hydrogen peroxide-urea (UHP) is a white crystalline solid which dissolves in
water to give free hydrogen peroxide, H,O.. It offers a higher stability and better
controllability than liquid hydrogen peroxide when used as an oxidising agent.
UHP is used by dentists as a teeth-whitening agent.

A molecule of UHP is made up of one molecule each of hydrogen peroxide and
urea held together by hydrogen bonding in a seven-membered ring. Draw a fully
labelled diagram of a molecule of UHP.
[2]
(i) Number of moles of HCI = 3.00 x 102 mol

Number of moles of NH3 = 3.00 x 10~3 mol

Number of moles of NH2CONH2 = % (3.00 x 1079%)
= 1.50 x 1072 mol

Mass of nitrogen in urea = 2(1.50 x 107%) x 14 = 0.0420 g

: . - 0.0420
% of nitrogen in fertiliser = 57557 X100 =42.0%

(ii)

© ACJC2021 9729/03/Prelim/2021 [Turn over



7

(c) Ammonia is used in the synthesis of F from D as shown below.

Cl Cl
step | step Il F
_— —_—
0 conc. NHs, CgH1sN,0CI
heat
Ci Ci NH, NH,
D E

(i) Give the reagents and conditions for step Il and hence suggest the structure of
F.

[2]

(ii) One of the three chlorine atoms in D is inert towards hot concentrated NHs.
Explain why this is so.

[1]

(ili) Suggest a simple chemical test to differentiate between D and E. State the

observations.
[2]
(1) Limited bromoethane/iodoethane/chloroethane, ethanol, heat under
reflux
Cl
O
F
NH, HN

A

(i) There is overlapping of the lone pair of electrons on the chlorine
atom with the = electron cloud of the alkene carbon atoms, resulting
in partial double bond character between the chlorine and its
immediate carbon atoms, which is strong and difficult to break.

(iii) AgNO:s (aqg). White ppt from D, no ppt from E.

[Total: 12]
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3 Calcium ethanedioate (CaC.04) is the primary constituent of the common kidney stones, and is
believed to form due to inappropriate diets.

Napoleon Bonaparte and Napoleon Il were suffering from bladder stones and had severe
symptoms, probably affecting their military decisions. Today, historians still debate over what
might have happened in his Russian campaign in 1812 if Napoleon Bonaparte had not had a
bladder stone. Similarly, the course of European history might have changed if Napoleon Il was
treated with modern surgical techniques during the Franco-Prussian War of 1870.

(@) The value of the solubility product of calcium ethanedioate is 2.32 x 10—° at 25 °C.
(i) Write an expression for the solubility product of calcium ethanedioate and state its
units.
[2]
(i) Calculate the solubility of calcium ethanedioate in pure water at 25 °C.
[1]

(iii) Calculate the solubility of calcium ethanedioate in a 0.30 mol dm—2 of calcium nitrate
at 25 °C.
[2]

() Kep(CaC,04) = [Ca?*][C2047]
unit: mol?> dm

(i) Let x be the solubility of CaC;0a,.
X = sqrt(2.32 x 107°) = 4.82 x 107> mol dm3

(iii) Lety be the solubility of CaC,0a..
(y + 0.30)(y) =2.32 x 10°°
X =7.73 x 10™° mol dm™

(b) Calcium ethanedioate decomposes at a higher temperature than magnesium ethandioate.
Explain this difference in their decomposition temperatures.
[2]

Ca?" has the lower polarising power due to its larger ionic radius, hence Mg?#* distorts the
electron cloud of C.04%*~ more significantly.

The covalent bonds in the ethanedioate anion in CaC.04 weakened to the smaller extent.

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(c) Thermogravimetric analysis (TGA) is a technique where the mass of a sample in a controlled

atmosphere is recorded as a function of temperature as the temperature of the sample is
increased.

A sample of lithium pentaborate pentahydrate (LiBsOg.5H.0) was subject to TGA and the
graph obtained is shown below. The relative molecular mass of LiBsOg.5H-0 is 278.9.

100 -

90

Am

80 -

Mass percent / %

70 -

100 200 300 400 500

Temperature / K

(i) Suggest an explanation, supported with relevant calculations, for the loss in mass (Am)
of LiBsOg.5H-20 observed in the graph.

[2]
(ii) The sample of LiBsOg.5H-0 used in (i) was synthesised from Li>O, B>Os; and H-O in

the laboratory. Deduce the molar ratio of Li;O : B»O3. H20O used to produce a pure
sample of LiBsOg.5H0.

[1]
(iif) Aqueous sodium hydroxide can be used to react with B-Os; to determine its actual
amount in the sample.

Given that B,Os; and Al,Os have similar reactions with aqueous sodium hydroxide

under appropriate conditions, write a balanced equation for the reaction between B,O3
and aqueous sodium hydroxide.

[1]

(i) This is likely due to the loss of the five water molecules in LiBsOg.5H>0.

5x18
% mass loss = 27890 x100 = 32.3 % which agrees well with the value obtained

from the graph (= 32.5 %).

(i) Since L BsOs.5H20 = Li;O = 2 B20s = 5H;0,
molar ratio of Li,O : B,O3: H,O=1:5:10

(iii) B203 + 2NaOH + 3H,0 — 2NaB(OH).
or B.O3 + 20H— + 3H,O — 2B(OH)4—

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(d) Lithium peroxide, Li>O, is a white solid.

(i)

(i)

© ACJC2021

LiO; has been used to remove CO; from the atmosphere in spacecraft. It reacts with
carbon dioxide according to the equation shown below. This is a disproportionation
reaction.

2Li,05(s) + 2COx(g) > 2Li:COs(s) + Oa(g)

Explain the term disproportionation with reference to the change in the oxidation
numbers of the appropriate element in the above reaction.
[2]

When a precipitate is formed, AGﬁ,t is given by the following equation.
AGS, = 2.303 RT Ig Ksp
The value of the K, of lithium carbonate is 8.15 x 10— at 298 K.

Use the equation given above to deduce if lithium carbonate is soluble in water at 298
K. Explain your answer.
[2]

(1) The oxygen in lithium peroxide is oxidised and reduced at the same time.
O.s. of O in lithium peroxide = -1
O.s.of Oinoxygen =0
O.s. of O in lithium carbonate = -2

(i) AGﬁ)t =(8.31)(298)(2.303) Ig (8.15 x 10™%) = - 17.6 kJ mol*
As AG of precipitation is negative, precipitation is spontaneous hence lithium
carbonate is not soluble in water.
[Total: 15]
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4 The use of the Data Booklet is relevant for this part.

A quinhydrone half-cell comprises a platinum electrode immersed in a solution which is
prepared by dissolving a mixture of quinone and hydroquinone in acid.

o OH
O OH
quinone hydroquinone

The standard reduction potential, E®, of the quinone-hydroquinone system is +0.70 V.

An electrochemical cell, which consists of a standard quinone-hydroquinone half-cell and a
standard Ag*/Ag half-cell, was set up.

O,
salt bridge
Ag Pt guinone(aq),
. | hydroquinone(aq)
Ag*(ag)—— | and H*(aq)
Half-cell 1 Half-cell 2

(@ (i) Write the half-equations of the reactions which occur at the cathode and anode.
[2]
Cathode: Ag* + e 2> Ag
Anode: hydroquinone - quinone + 2H" + 2e”

(i) State the reading on the voltmeter, when the above electrochemical cell is set

up.
[1]
0.80-0.70=+0.10V

(iif) Calculate the standard Gibbs’ free energy change of this electrochemical cell.
[2]
n=2
-2(96500)(0.10) = - 19.3 kJ mol*?

(iv) Some agueous ammonia was added in excess to the Ag*/Ag half-cell. Predict the
effect of this change on the reading on the voltmeter. You are to include the
structural formula of the complex formed in your answer.

[4]

Ag(NH3)2+

o As the Ag(NHs),* complex forms, [Ag*] decreases, leading to a lower
tendency for Ag* to be reduced.

o Ecy decreases.

e Reading on voltmeter decreases.

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(b) Blattellaquinone is a sex pheromone of the German cockroach. It is secreted by
females to attract male cockroaches.

The molecular formula of blattellaquinone is C12H1404. As the suffix suggests, it is a
guinone derivative.

On reaction with lithium aluminium hydride in dry ether, 3-methylbutan-1-ol and Q
(molecular formula C7H1003) are formed.

Using the structures on page 14, deduce the structures of blattellaquinone and Q.

[ L PN

the two possible structures of
blattellaquinone

[2]

OH

OH

OH

(c) For alkenes to be useful starting materials for synthesis of organic chemicals, it is
important to synthesise alkenes with the carbon-carbon double bonds at specific
positions with no ambiguity.

In 1954, a German chemist Georg Wittig reported a method of synthesising alkenes
from ketones and aldehydes using a reagent known as triphenyl phosphonium ylide,
PhsP=CRR’, which is also known as the Wittig reagent. The phenyl group is abbreviated

as ‘Ph’.
R R" Rl
/ \ + PhyP=0
c=o0 ¥ PhsP=C - = 3
|/ m
R' R"l R R

triphenyl phosphonium ylide

Wittig reagents can be produced by the reaction of alkyl halides with triphenylphosphine
in the following two-step processes.

Ru R“ va
step | | step Il
CHX + Php —> PhsP*-CH  ———>  PhyP=C
R'” R"' Rlll

triphenyl phosphonium ylide

(i) Identify the types of reaction in steps | and II. [2]
Nucleophilic substitution and
elimination (respectively)

© ACJC2021 9729/03/Prelim/2021 [Turn over


https://en.wikipedia.org/wiki/Sex_pheromone
https://en.wikipedia.org/wiki/German_cockroach

13

(i) The conversion of hex-3-ene to 3,4-diethylhexa-2,4-diene involves three steps.
Steps | and Il are oxidation reactions. A Wittig reagent is used in one of the steps.

\ Step | Step Il
\/\/\ - C >

hex-3-ene

Step llI

3,4-diethylhexa-2,4-diene

Deduce the structures of the intermediates C and D and the Wittig reagent
involved. (3]

/ﬁjH\/ /\H)C]\/
OH C 0 D

/_—PPh3

Wittig reagent
(iii) State the number of stereoisomers 3,4-diethylhexa-2,4-diene exists in. [1]
3

(iv) Draw the skeletal formula of the constitutional isomer of hex-3-ene in which all
the carbon atoms are sp® hybridised, and forms only one mono-chlorinated
product on reaction with limited chlorine in the presence of ultraviolet light.

[1]

[Total: 18]
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Section B
Answer one question from this section.

5 Copper was the first metal to be worked by man, along with gold and meteoritic iron. This is
because these metals were among the few that can be found in a relatively pure form in
nature.

(&) Write the electronic configuration of the outermost shell of Cu®.

[1]
(b) An example of a copper-containing enzyme is superoxide dismutase (SOD).

It aids in the disproportionation of the strongly oxidising superoxide ion, O, to oxygen
and hydrogen peroxide, thereby protecting the body from harm.

SOD
207 +2H" — > 02+ Hx0»

The activity of SOD hinges on the active site Cu?* ion which can be reduced to Cu*.

By referring to the following E® data, suggest a mechanism for the catalysis of the
disproportionation of O, by SOD.

E®/ V

O,+e — Oy -0.33

O, + e + 2H" — H,0O; +0.89
SOD-Cu?* + e~ — SOD-Cu* +0.42

You may represent the oxidised and reduced forms of the enzyme as SOD-Cu?* and
SOD-Cu*.
[3]
(a) 3d° or 3s23pt3d*°

(b) Step 1: SOD-Cu? + O3~ — O, + SOD-Cu*
E®cen = +0.42 — (—0.33) = +0.75V (> 0, hence feasible)

Step 2: SOD-Cu*+ Oy + 2H" — H,0, + SOD-Cu?*
E®cen = +0.89 — (+0.42) = +0.47V (> 0, hence feasible)

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(c) Another copper—containing enzyme is tyrosinase which catalyses the oxidation of
phenols to quinones. X and Y are two intermediate species in the catalytic cycle of
tyrosinase. The conversion of X to Y involves an electrophilic substitution mechanism.

¢

O . -y
O, phenol  His< | -0 _His  electrophilic
_— Cu _—>

i ~
tyrosinase | >cul — J Ly
d His™~ |\O/| \His substitution His™ |\O/|

His His His T His
1 " v
'l
1,2-benzoquinone,
a quinone
0 @]

(i) Experiments were conducted using different phenol substrates and the relative
rates of reactions are shown below.

F
phenol
substrate
HO HO
| 1]
relative rate 7.9 0.02

Account for the different relative rates of reactions.

[2]

(i) In the phenol substrate Il below, the hydrogen atoms on the phenyl ring are

replaced with deuterium (D = 21H). The bond dissociation energy of the C-D bond
is greater than that of the C—H bond.

D D

Predict and explain how the relative rate of reaction for substrate Il would
compare to that of substrate I.

[1]

© ACJC2021 9729/03/Prelim/2021 [Turn over
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® The relative rate of reaction is lower for substrate 1l due to the presence
of the electron-withdrawing fluorine which causes benzene ring to be
less susceptible towards electrophilic attack as it is less electron rich
OR
phenoxide ion to bind less strongly to Cu?* centre in X as the electron
density on oxygen is decreased.

(i) relative rate of reaction for substrate Il will be same to that for substrate

|. The breakage of the C—H (or C—D) bond adjacent to the OH group is
in the fast step of the mechanism. Hence, the strength of this bond does
not affect the rate of reaction.

(d) The quinone product from (c) can undergo the following reaction.

stage 1 J stage 2
- I
molecular formula CgHgO, (COCI),

o} O

(i) Suggest the structural formulae of J and K, given that 2,4-dinitrophenylhydrazine
can distinguish between the quinone starting material and K.

[2]

(i) Suggest, in no more than three steps, how butanedioic acid can be obtained from
1,4-dimethylcyclohexa-1,3-diene.

1,4-dimethylcyclohexa-1,3-diene

You are to include the structural formula(e) of all the intermediate(s).

o o
OH C[ I
o o
J
OH K

(ii) Step 1: KMnOs4 (aq), H2SO4 (aq), heat with reflux
Intermediate after step 1: hexan-2,5-dione

[3]
(i)

Step 2: iodine, KOH(aq), warm (till 60 °C) (followed by acidification)

© ACJC2021 9729/03/Prelim/2021 [Turn over
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(e) Fehling’s solution can be prepared by mixing copper(ll) sulfate and aqueous potassium
sodium tartrate with aqueous sodium hydroxide.

The condensed structural formula of D—erythose is HOCH,CH(OH)CH(OH)CHO.

State what would be observed when a few drops of Fehling’s solution is introduced to
D-erythose solution. Write the balanced equation between Fehling’s solution and
D—erythose, showing the structure of the organic product.

[3]

Brick-red/Red/Reddish-brown precipitate

HOCH,CH(OH)CH(OH)CHO + 2Cu?* + 50H" >
Cuz0 + 3H,0 + HOCH,CH(OH)CH(OH)COO"

structure of the carboxylate product

(f)  When fluorine gas is passed over a heated mixture of potassium chloride and copper(ll)
chloride, a pale green solid, J, containing only potassium, copper and fluorine is formed.

When 1.00 g of J was reacted with water, 20.4 cm?® of oxygen (measured at 293 K and
1 atm) were evolved and a blue acidic solution was formed. The resulting solution was
divided into two equal parts. Titration of one part with 0.100 mol dm~3 NaOH required
17.00 cm? for neutralisation. The other part was electrolysed and 0.108 g of copper
metal was deposited at the cathode.

(i) Calculate the number of moles of oxygen molecules, copper(ll) ions and

hydrogen ions formed in the reaction with water.
[3]

(i) The oxidation state of copper in J is +3. Assuming that 1 mol of J contains 1 mol
of copper atoms, deduce its relative formula mass and hence its formula.
[2]

(1) No. of moles of O, = 20.4 + 24000 = 8.50 x 10™
No. of moles of H* = (0.1 x 0.017) x 2 =3.40 x 1073
No. of moles of Cu?* = (0.108 + 63.5) x 2 = 3.40 x 1073

(i) No. of moles of J = 3.40 x 1073
Relative formula mass of J = 1 =+ (3.40 x 1073) = 294.0
Formula of J: KsCuFs

[Total: 20]
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6 Iron is one of the most abundant element found on earth. It comprises about 5.6% of the
earth's crust and almost all of the earth's core. It is also commonly found in both humans and

plants.

@ O

Iron exists in many oxidation states.

An oxoanion of iron has the formula FeO,*. In acidic conditions, FeOs* is a
strong oxidising agent and is reduced to Fe®**. In an experiment, a 30 cm?® of
0.200 mol dm= of FeO,*~ completely oxidised 30 cm?® of 0.600 mol dm~3 of Fe?*
to Fe*'. Determine the value of x.

[3]

()  ne=n(Fe?)=1.80 X 10?2
change in o.s. of Fe in oxyanion = (1.80 X 102) / (0.60 X 102) = 3 [1]
initial 0.s. of Fe in oxyanion=3+3=+6
x=4

The most common oxidation states of iron are +2 and +3. Both iron(ll) and iron(l1l) ions
form complexes with H,O and CN-.

(ii)

(iii)

(iv)

© ACJC2021

Draw a fully labelled diagram to describe how the standard reduction potential of
the Fe(CN)s*"/Fe(CN)s* half-cell can be measured using a standard hydrogen
electrode.

3]

By quoting relevant data from the Data Booklet, explain why aqueous iron(lll)
iodide does not exist while aqueous iron(l11) chloride exists.

[2]

In the presence of iron(lll) chloride, phenol does not undergo Friedel-Crafts
alkylation with halogenoalkanes. This is because the phenol reacts with iron(l11)
chloride in an acid-base reaction to form a neutral compound. Suggest the
displayed formula of this product.

[1]

(ii)

[Fe(CN)s*]
E [Fe(CN),;," ]
=1moldm?

9729/03/Prelim/2021
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i)y 1. +2 = 2 E® = +0.54V
2Fe®* + 26 = 2Fe? E®=+0.77V
2Fe®* + 21 - l, + 2Fe*

Ecel® = +0.77 — (+0.54) = +0.23 V > 0, reaction is spontaneous hence
aqueous iron(lll) iodide does not exist.

Ece® = +0.77 — (+1.36) = -0.59 V < 0, reaction is non-spontaneous hence
aqueous iron(lll) chloride is stable and hence exists.

(iv)
CI\Fe P
~

Cl \O/H
or

cl_o_-C

Fe
a”
H
@O/

© ACJC2021 9729/03/Prelim/2021
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Write a balanced equation of the reaction between SiCls and water.

(1]
(i)  SiCls+ 2H,0 > SiO; + 4HCI

Trimethylsilyl chloride, (CH3)sSiCl, is closely related to SiCl.. It is a colourless liquid that
is stable in the absence of water.

It reacts with water according to the following equation.

(i)

(iii)

(iv)

2(CHz)sSICl + H20 = 2HCI + (CHz3)3Si-O-Si(CHa)z

The above reaction is slower than the reaction in (i). Give two reasons for the
difference in reaction rates.
[2]

(i) Reason 1: The Si-Cl bond is stronger in trimethylsilyl chloride than in
silicon tetrachloride due to the electron-donating nature of methyl groups.

Reason 2: The steric bulk of the chlorine atom is smaller than that of the
methyl group hence the reaction in (i) a smaller activation energy.

The bond energy of the Si-C bond is commonly quoted as + 318 kJ mol™.
Using additional data from the Data Booklet, calculate the enthalpy change of the
above reaction.

[2]

()  AH = 2BE(Si-Cl) + 2BE(O-H) — 2BE(H-CI) — 2BE(Si-0)
= 2(359 + 460 — 431 — 460)
=- 144 kJ mol*

The calculated value in (iii) is different from the experimentally determined value.
Give a reason for the difference.
[1]

(i) At least one of the species (like water and trimethylsilyl chloride) is/are not
gaseous; we deliberately ignored the heat(s) of vaporisation in the
calculations.

One of the hydrated forms of iron(l11) chloride has a molecular formula of FeCls.6H20.

Heating hydrated iron(l1l) chloride does not yield anhydrous iron(l11) chloride. Instead,
the solid decomposes on heating.

(v)

© ACJC2021

Anhydrous iron(lll) chloride can be obtained by reacting hydrated iron(lll)
chloride with trimethylsilyl chloride. Write a balanced equation of this reaction.

(1]
(i)  FeCls.6H.0 + 12(CH3)sSiCl = 12HCI + FeCls + 6(CHs)sSiOSi(CHs)s
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(c) British astronomer and photographer John Hershel used iron-based reagents to obtain

(i)

(ii)

© ACJC2021

a blue pigment (known as Turnbull’s Blue) to develop the blue printing technique in
1842. Now, blue printing can be easily carried out using the photochemical redox
chemistry of potassium iron(lll) ethanedioate.

The molecular formula of potassium iron(l1l) ethanedioate is KsFe(C20a)s. Its relative
formula mass is 437.1.

To confirm the molecular formula, 0.250 g of potassium iron(lll) ethanedioate sample
was added to 25 cm? of 4.00 mol dm? H,SO.. After heating this solution, it was titrated
with 0.0196 mol dm= KMnOx till the light pink colour was obtained. The titration reading
was x cm?,

After this titration, an excess of zinc powder was added to the same flask that led to
effervescence in the solution. When the effervescence subsided, the solution was boiled

for fifteen minutes. The flask was cooled to room temperature and was titrated with the
same KMnO4 solution. The titration reading was 5.10 cm?®.

(i)  Find the value of x.

[3]

(i)  The anionic complex exists as a pair of enantiomers, as shown below.

— - 3- — 1 3-

State the structural feature of the complex which is responsible for such a
phenomenon.
[1]

Second titration:
ne = n(Fe?*) represented by 5.10 cm?,

First titration (involves oxidation of C>04%)
No. of moles of e for a mole of C,04% is 2.

Amt of e for all the C,04? to be oxidised is represented by 3 X 2(5.10) = 30.60 cm?®

X = 30.60 cm?®

The absence of an internal mirror plane/internal plane of symmetry
Or They are non-superimposable mirror images of each other.
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Additional answer space

If you use the following pages to complete the answer to any question, the question number must
be clearly shown.
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