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MCQ worked solutions

Q1 {Ans: C)
Option A is incorrect.
(NHq):Fe(SO4); has 5 ions per formula unit = total number of ions = 5 x 2 x 6.02 x 102
K2Cr207 has 3 ions per formula unit =» total number of ions = 3 x 4 x 6.02 x 102
Option B is incorrect.
46
= 23
Number of NO, molecules T4+ (16x2) x 6.02 x 10
14
Number of N2 molecules = x 6.02 x 102
14x2
Option C is correct.
Number of electrons in 1 mol of N, = (7+7)x6.02x 102
Number of electrons in 1 mol of CO = (6 + 8) x 6.02 x 10%
Option D is incorrect.
Let Vi be the molar volume of gas. At the same temperature and pressure,
5
number of atoms in 5 dm?® of O, = o 2 x6.02x 10%
m
number of atoms in 10 dm?® of Ar = mb x 6.02 x 102
m
Q2 (Ans: C)

Let a be the fraction of %*Cu and (1 ~ a) be the fraction of ®Cu in naturally occurring copper.
From the Data Booklet, the relative atomic mass of Cu is 63.5.
63.5=63a+65(1-a)=>a=0.75

Hence, in the sample of bronze,
% composition of®cu _ d 075

% composition of 85cy  88—d 025

d =66

© Raffles institution 2022 9729/01/8/22
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(Ans: A)
mowma& u,__an wmmmx
Number of electrons 10 18 18
Number of neutrons 16 16 16
Number of protons 14 15 16

Statement 1 is correct. The ions have the same number of neutrons.

Statement 2 Is incorrect. As the ions have different number of electrons, their electronic configurations
are different.

Statement 3 is incorrect. The ionic radii increase in the order ¥Si* < 32g2- < 31p3-

The valence electrons of *Si** are found in the n=2 shell while the valence electrons of 3'P3- and 3252~
are found in the n=3 shell. Hence the ionic radius of *Si** is smaller than that of 3'P3- and 3282~

Since 3'P*" and 325" are isoelectronic with the same electronic configuration, their valence electrons
experience the same shielding effect. However, nuclear charge of 'P* is smaller than that of 3252,
Hence, the sffective nuclear charge of 3'P%" is smaller than that of 3232~ and therefore 3'P3- has a
larger ionic radius than 3282,

(Ans: A)
., charge
Angle of deflection o
mass
ions w_rmmu .mO~+ GZ.? 30u+
charge 0.286 0.133 0.267 0.273
mass

Q ("'C*) should be a cation as it is attracted to the negatively charged plate, and its charge/mass ratio
should be between that of the two anions P (Li*) and R ("N*+).

{Ans: A)
Indium is a Group 13 element with 3 valence electrons. Hence, there should be a large jump between

the third and fourth IE as the fourth electron is removed from an inner electronic shell. Hence, option
A is correct.
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5
Q15 (Ans: C
Q13  (Ans: D) ¢ )
. . I - Correct. As there are no addition of any reactant or produict to the system, the mole
Option A is incorrect. The standard enthalpy change of atomisation of chiorine is the energy absorbed o ' 4 A ", "
. itions. The corect Statement 1 | ratio of NH; : CO, should always stay the same at 2 : 1 (following the stoichiometric
Mh.%m:m “:qmma_uﬂ _mﬁcmmmmo.._m Cl atoms is formed from Cilx(g) under standard conditions. The correc rafio of the balanced equation). Since p o n, P, Peoyis also 2 : 1 at b,
1 Incorrect. Since the temperature at ¢ is higher than that at &, the rate of the forward
2Ch(@) — Clg) (and backward) reaction at t s greater than that at b, (Recall that at higher
. . Statement 2 | temperatures, a greater proportion of the reactant molecules have energy greater
Option B is incorrect. The standard ma:m__.a\ change of combustion of a substance is the energy than or equal to the activation energy for reaction. Hence, the frequency of effective
S_mm.m.mn when 1 mole of a.._m substance is completely burnt in excess oxygen under standard collisions increases resulting in an increase in rate of reaction.)
conditions. The correct equation should be Incorrect. By Le Chateliers Principle, a decrease in temperature will favour the
3 backward exothermic reaction and a decrease in volume (or increase in total
H,S(g) + mO»@ > H20(g) + SO2(g) Statement 3 WMMMMM_MV will favour the backward reaction which reduces the number of gas
Note: Hz cannot be the end product of a combustion reaction as it can be combusted to give H,0. Hence at t,, the degree of decomposition of NH:COONH; is smaller than that at ;.
Option C is incorrect. The standard enthalpy change of formation of a substance is the energy change Correct. Decreasing the volume of the vessel will cause the total pressure (and
when 1 mole of the pure substance in a specified state is formed from its constituent elements in their partial pressures of NH; and CO;) to increase. By Le Chatelier's Principle, the
standard states under standard conditions. The correct equation should be equilibrium position will shift left to reduce the number of gas particles and the partial
pressures of NHz and CO, will decrease.
Statement 4
Hz(g) + 202(g) + S(s) — H2S04() Since the equilibrium constant (Ko = (Pnng)(Pooy)) remains unchanged (as
Note: The elements, hydrogen and oxygen, do not exist in the monoatomic form under standard ﬁma.um_,mE_.m is constant) and the Py, : _".vnoN stays the same at 2 : 1, the equilibrium
conditions (i.e. 1 bar and 298 K), partial pressures of NHs and CO; at £, will be the same as that at t.
Option D is correct. The standard enthalpy change of solution of a substance is the energy change Q16 (Ans: C)
when 1 mole of the substance (ionic compound) is completely dissolved in a solvent to form an infinitely
dilute solution (containing aqueous ions) under standard conditions. S0; and SO; are found in both reactions 1 and 2. For the forward reaction of reaction 2 to proceed,
S0s must first be formed from reaction 1.
Q14 (Ans: D)

Comparing the first and third experiments,
When [R] x 3 while keeping [S] constant, initial rate x 3 => rate o R}
Hence, order of reaction with respect to R is 1.

Since the mole ratio of SO; and SO is 1 : 1 in reaction 1, let x atm be the initial partial pressures of
S$0; and SO, for reaction 2.

2504(g) 2 250(g) + 0Ox(g)
Comparing the first and second experiments, initial pressure / atm X X 0
When [R] x 2 and [S] x 2, initial rate x 8. change in pressure / atm —-2(0.0275) +2(0.0275) +0.0275
Since the order of reaction with respect to R is 1, rate o [S2. egm pressure / atm x — 2(0.0275) X + 2(0,0275) 0.0275

Hence, order of reaction with respect to S is 2.
The rate equation is: rate = A[R][S]?

Using data from the first experiment,
k=510 x 107 + (0.015 x 0.010?) = 340 mol dm® s™

Since total pressure at equilibrium is 0.836 atm,

mquu + TmON + Vo» = 0.836 atm

x = 2(0.0275) + x + 2(0.0275) + 0.0275 = 0.836
x =0.40425

Pso; = 0.40425 - 2(0.0275) = 0.34925 atm
Pso, = 0.40425 + 2(0.0275) = 0.45925 atm

- (PsoyP(Pog) _ (0.45925)(0.0275)
Ky = Pt (Oaaszoy - 00476 atm
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Q21

Q22

Q23
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9
(Ans: D)
haif-cell of V species VO *VO?* VO V3N
E°/V +1.00 +0.34 -1.20

Since the metal is oxidised, £ = E(species containing V) — ES(M™/M)

To be thermodynamically feasible, £ > 0. Hence, E°(M™/M) need to be less positive or more
negative than E®(species containing V).

As the resultant solution is violet, the final vanadium-containing species is V?*,

Thus, E2(M™/M) must be more negative than
will not further reduce V?* to V.

—0.26 V but less negative than —1.20 so that the metal

half-cell of M™/M
E°/V

Mg*/Mg Ag*/Ag Sn%*/Sn Zn*Zn

-2.38 +0.80 -0.14 ~-0.76

Since E%(Zn**/Zn) is more negative than -0.26 V but less negative than —1.20 V, Zn reduces VO,* to
VO then to V** and finally to V2* = option D is correct.

(Ans: C)

Statement 1 is incorrect. Since S2 consists of [Cr¥e** and absorbs orange-red light strongly,
[CrYs**(aq) cannot be orange in colour as the colour observed is complement of the colour absorbed.

Statement 2 is correct. In §3, [X]u and [Y] mwat are reduced by half compared to S1 and $2. The
concentration of [CrYe]** formed is greater than [CrXG6]*, as can seen by the absorbance peak of

[CrYs* being reduced to a smaller extent in S3. Hence, Y forms the complex with Cr** more readily
and Y forms stronger bond with Cr3*.

Statement 3 is correct. Compared to [CrYsJ*, the absorbance peak of [CrXg** is at a shorter
wavelength with higher energy. Hence, d-orbital splitting is larger in [CrXG]**.

(Ans: C)
An example of a 11 carbon-containing compound with an aldehyde group, a cyclohexene ring and a

straight chain is shown below.
(o}

(C11H450)

Since compound A (C11H140) has 4 fewer H atoms than the above structure, compound A must have
two more C=C bonds = fotal of 2 + 2 = 4 double bonds.

(o]
A possible structure of compound A: A N H

With 4 double bonds in the structure, there should be 4 7t bonds.
9729/01/S122

Q24

Q25

© Raffles Institution 2022

(Ans: D)

Statement 1 is comect. The initiation step involves the homolytic fission of the CI-C/ bond. The
propagation steps can involve the homolytic fission of C-H and C/-C/ bonds.

Statement 2 is correct. Ignoring sterecisomers, th
follows.

e eight possible mono-chlorinated products are as

o of
o o

Statement 3 is correct. In the termination step, two alkyl radicals (sC1oHys) can react together to form

the product (CaoHss) In small quantities. Example:

bod =5

Cars are fitted with catalytic converters to remove three main pollutants (CO, NO, and unbumt

{Ans: C)

hydrocarbons) from exhaust gases. The harmful ga

ses are converted into CO,, N, and H,0.

The following reactions occur in the catalytic converter. Each reaction is a redox reaction.

Reaction

Remarks

2C0(g) + Oz(g)—> 2C0O(g)

Reaction 1 is correct,
e  COis oxidised.
e Ois reduced.

2NO(g) + 2CO(g) — 2C0x(g) + Nx(g)

e COis oxidised.
* NO s reduced.

NOz(g) + 2C0O(g) —> 2CO4(g) + ¥2N2(g)

Reaction 2 is correct.
¢ COis oxidised.
¢ NO: is reduced.

Ceh(g) + (x + {)02(g) —> xCOx(g) + LH:0(g)

Reaction 3 is correct.
e CiHyis oxidised.
e Ois reduced. L

Reaction 4 is incorrect as both hydrocarbons and ca
do not react together in the catalytic converter.
9729/01/8/22

rbon monoxide needs to be oxidised. Hence, they
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1 2
n — Hc)(iii)  Method 1: Oxidation number method Methed 2: Half-equation method
2022 RI H2 Chemistry Prelim Paper 2 Suggested Solutions Oxidation number of Iinl, =0 Half equation from I to I-:
1(a) 65 1 3 Oxidation number of I in IO~ = +5 L+2e - 2IF (1)
Amount of iodine reacted = 2700 X3 %3 1.432 x 10 mol Oxidation number of IinI- =-1
Half equation from I, to 105~
Mass of iodine = 1.432 x 10 x 126.9 x 2 = 0.363 q 1 mol of I atom loses 5 mol of e~ to I+ 120H — 2105 + 6H20 + 10e- (2)
form 1 mol of IO5~. ]
1(b)(i) oints increase from HC/ to HBr to HI as the size of electron dloud for 1 mol of I atom gains 1 mol of e~ to Balancing equation (1) and (2):
olarisation increases, resulting in stronger instantaneous dipale-induced dipole form 1 mol of I~. 8OH" + 3L - 105 + SI- + 3H,0
(id-id) interactions, and hence requiring more energy to overcome. s
nce
The boiling point decreases from HF to HCI (or HE has the hi hest boilin :n_v.m.ﬁ e~ lost = no. of e~ gained
due to the presence of stronger hydrogen bonding between HF molecuies which mole ratio of 105~ : - = 1:5
requires more energy to overcome.
1(b)ii) Down Group 17, the valence orbital of the halogen atom becomes increasingly SOH" + 3l — JO5~ + 51" + 3H,0
diffuse and the orbital overlap between the halogen and h drogen atoms becomes 1))
less_effective / electronegativity difference between the halogen and hydrogen OH
decreases, resulting in a decrease in bond polarity. O/_ \O
Hence, the H-X bond strength decreases from HC! to HBr to HI and the thermal O/M 70
stability decreases from HC! to HBr to HI 4
HC /% P~y cH
1(0)0) [\, CHCHy
- H CH,
intermediate B
1(d)(ii) The Co—H bond in ethanal is stronger than that in glycol A.
The 2sp? orbital of C,, in ethanal has higher s character and is less diffuse than the
2sp® orbital of C, in glycol A. Hence, the 2sp? orbital of C, in ethanal has a more
effective overlap with the 1s orbital of H leading to a stronger bond.
t(c)(ii) In IOy~ there are 3 bond pairs and 1 lone pair of electrons around the central I
atom. To minimise electronic repulsion between the bond pairs and lone pair (d)(iii) o bond formed between the
electrons, the shape about the I atom is trigonal amidal. 2sp? hybrid orbitals of Csand O
As the lone pair-bond pair repulsion is greater than the bond pairbond pat ey
repuision, the bond angle is 107°.
= bond formed between the
unhybridised 2p orbitals of C, and O
© Raffies Institution 2022 9729/02/5/22
© Raffles institution 2022 9729/02/8122
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2(b)i

2(b)(iv)

© Raffles institution 2022
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5
2(b)(v)
[NOC/ / mol dm™3
0.05 T T
0.04 Tt —HE : expt 1
B et Farssabetaadhtgs
0.03 {HHt T
: I 2(b)(vi)
i -0:0200); 1 1.2
0.02 § —
i LA
g xexpt 2
H e i
0.01 R 5 ,
0 : _Trm B o P ;i H
50 100, (150 200 250, 300
1412, =1358 time/s 2"ty=135s 2(c)(i)
2(c)(ii)
2(c)(iii)
0.0350— 0 3
al rate of reaction for experiment 1 = =0 - 3.04 x 107 mol dm™3 5!
0.0200—0 3 o
initial rate of reaction for experiment 2 = 70-0 = 7.41 x 1075 mol dm™ s~
__._fm_ rate of expt 1 - 3.04 x ._o|m = 4.10 = 4 (to nearest integer)
initial rate of expt 2 7.41 x 10
2(c)(iv)
Comparing experiments 1 and 2, when {NO,] x 2, rate x 4.
= rate oc [NO2P,
=> reaction is second order with respect to NO,.
Final [NOCI} = 0.0500 mol dm™ 2(c)v)
3(a)i)

© Raffles Institution 2022

9729/02/S/22

For experiment 1, final [NOC/] = 0.05 mol dm™.

1% ty, = time taken for [HC] to decrease from 0.05 mol dm= to 0.025 mol dm™3
= time taken for [NOC/] to increase from 0 mal dm to 0.025 mol dm™
=135s

2™ ty, = time taken for [HC/] to decrease from 0.025 mol dm™ to 0.0125 mol dm™3
= time taken for [NOC/] to increase from 0.025 mol dm= to 0.0375 mol dm=
=>135s

Since NO; is in large excess, rate = KTHC]] where k' = INO, 2.

OR

Since NQ; is in large excess, the overall reaction is pseudo first-order with respect
fo HCI. Hence ty is independent of [HC.

As initial [NO.] of experiment 3 is the same as that of experiment 2, t,; would remain
the same at 540 s even though [HC] is different.

N204 + CH2CH, — O2NCH;CH:NO;

Addition reaction

The N2Os molecules diffuse to the surface of the Pt catalyst and they become
adsorbed onto the active sites of the Pt surface.

The adsorption weakens the covalent bonds in the N204 molecules and lowers the
activation ener:

Once the NO; molecules are formed, they desorb from the surface and diffuse away
from the Pt catalyst, freeing up the active sites for adsorbing ather N2O4 molecules.

[NOJ] = /K, [N20,] OR K.% [N2O4J%

rate = k[NOJ[CH.CH]
rate = K[N204)*[CH.CH;] where K = k, K%

Upon heating with NaOH, the amide in the side chain of glutamine was hydrolysed
to form -CHCH,COO-. Upon acidification, the —CH,CH.COO- undergoes
protonation to form ~CH,CH,COOH which is the side chain of glutamic acid.

9729/02/8/22
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4(a)(i)

4(a)(ii)
A(a)(ii)

4(a)(iv)

Since the proportion of G to F increases with temperature, the forward reaction is
favoured by an increase in temperature. As increase in tem erature favours the
endothermic reaction which absorbs heat, the forward reaction is endothermic and

hence y is a positive value.

1s225%2p%3523p834d°

In F (a square planar complex), the four ligands approach Ni2* (the central metal
ion) along the x and y axes.
Since 3d, orbital has its lobes along the x and axes, anhy electron in the

orbital would be repelled most greatly by the lone pair of electrons in the
ligands, causing wnx»,m orbital to have the highest energy.

[ Jadeye

energy .
level

V[ 1V]

square planar tetrahedral

© Raffles Institution 2022 9729/02/8/22

Ha)(v)

4(a)(vi)

4(b)(i)

4(b)(ii)
4(b)(iii)

4(b)(iv)

10

InF and G, the 3d orbitals are split differently, causing the ener
higher and lower energy levels to be different.

required to promote an electron from the lower ener
d orbital corresponds to different wavelengths of light.

The different colours observed of F and G are the complement of the colour
absorbed.

L, .Gl
i
PhaP” pph,

H has two large PPhs groups which are close to each other. This results in great
repuision / steric strain between the two arou s, causing H to be less stable than
F. Hence, G is converted to the more stable F rather than H.

X" must have a large non-polar/ hydrophobic portion to enable CuX; to interact well
with oil rather than with water.

Concentration of CuXz(oil) at equilibrium = 0.045 mol dm™2

[CuXa(oil)J[H* (aq)]?
[Cu*(aq)i[HX(oil)]?

K=

(0.045)(1073)?

.Nu
2 e a0 207

[Cu*(aq)] at equilibrium = 5.36 x 105 mol dm-3

Initiat amount of Cu? in 2.0 dm® = eqm amt of Cu?(aq) + eqm amt of CuXy(oil)
={(2x5.36 x 1075 + (1 x 0.045) mol
= 0.0451 mol

egm amount in oil

r extracted =
Percentage of copper extracted prrTa——

0.045 100% = 99.8 %
0.0451 © VA =220 %

Cu?* can be released from the CuX, molecules in the oil solution by adding H,SO,
to increase [H*(aq)]. This shifts the position of equilibrium in equation 4.2 to the left,
converting CuXz(oil) to Cu*(aq).

© Raflies Institution 2022 9729/02/S/22
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2022 Rl H2 Chemistry Prelim Paper 3 — Suggested Solutions

Section A
@) 0010 2
[CO ) =—357 70 = 5.00 x 10~ mol dm=
1000
As maximum amount of AgCI have been precipitated without precipitating Ag,COs,
the solution is saturated with Ag-COs;. Hence,
fonic product = K;,(Ag2COs)
[Ag*T3(5.00 x 10-%) = 8.1 x 10-12
[Ag*] = 4.025 x 10-5 mol dm~?
As the solution is also saturated with AgCl,
[AG*IICE Tremaining = (4.025 x 10~%)[CEremaining = 2.0 x 10~
HOWHB.:!:__G =4.97 x 10-% mol dm=2
1(a)(ii) 0.010 x 20
Initial [CF] in mixture = 9+00 = 5.00 x 10~ mol dm™3
1000
Percentage of CI- precipitated
5.00 x 10°3) - (4.97 x 1078
= G000 -@O7X10T) | 4000
5.00 x 10
=99.9%
This is an effective method.

1(b)(i) Co-ordination number is the pumber of nearest neighbouring jons that surrounds an
ion of opposite charge.

1(b)ii)  As the Ba?* ion is larger than the Ca?* ion, the Ba® ion is_able to accommodate a

reater number of chioride ions surrounding it.

1(b)iii)  Theions in CaCl are less tightly packed in the lattice structure. Hence, less energy
is required to overcome the weaker electrostatic forces of attraction between Ca?*
and CFions.

OR

Due to its smaller size/radius, Ca®* has a higher charge density and polarising power
than Ba?*. As such, CaCL has a greater covalent character than BaCk, resulting in
an unexpectedly lower melting point than that of BaCb.

1(c)(i) As the process occurs readily {or is spontaneous , AG is negative. Since there is a
decrease in the number of ways the water particles can be arran ed, AS is negative.
AG =AH - TAS. Since -TAS is positive, AH; must be negative.

© Raffles institution 2022 9729/03/S/22

1{c)ii) The lattice energy (LE) of calcium chioride is the energy released when 1 mole of
solid CaCl is formed from Ca?'(q) and Ci*(g) at 1 bar and 298 K.

1(c)(iii
(e)iti) enthalpy
4
Ca%(g) + Ch(qg) + 2e-
y
2 x AH®(CH(g)) = 2(—242)
+590 + 1150 ! Ca*(g) + 2CHg)
or 1%IE + 2" |E of Ca
Ca(g) + Ck(g)
A
+177 or AHaem®(Ca(s))
0 Ca(s) + Ch(g) -, LE(CaCk)
~796 or AH®(CaCly(s))
CaClz(s) i
+177 + 590 + 1150 + 2(-242) + LE(CaCl) = -796
LE(CaCr) = =2230 kJ mol~'
1(d) AICls exists as simple covalent molecules but dissolves in water to form [Al{H20))**
ions.
AICI(s) + 6H20() — [AH:0)e]**(aq) + 3CH(aq)
In [AI(H20)s]*, the high charge density of AP* polarises and weakens the O~H bond
of the water molecules, allowing the complex ion to undergo hydrolysis to form HsO".
A weakly acidic solution of pH 3 results.
[AI(Hz0)el*"(aq) + H20(l) = [A(H20)s(OH)[?*(aq) + HsO*(aq)
PCls exists as simple covalent molecules, which hydrolyses in water as the
low-lying d-orbitals of the central P atom accepts a lone pair of electrons from H,0.
The reaction produces HC! as a product which dissolves in water to form a strongly
acidic solution of pH 2.
PCis(s) + 4H;0()) — HsPOu(aq) + 5HC/(aq)
© Raffles Institution 2022 9729/03/S/22
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5
3(a)(i) From the Data Booklet, Ecathoss = +0.40 V and E%nou = 0.00 V.
CH,0, o7 CO, Hz0 = - =+
amount / mol 0.001 0.008 0.006 0.005 Hence, Ecer = Ecatode = E%mose = +0.40 V.

mole ratio 1 8 6 5 3(a)ii) O2+2H,0+de"=240H  (a)

6 2H +2e =2 H, (b)
X =
Y2 5, hence y = 10 At the cathode, CO, removes OH" formed, causing a decrease in [OH7]. The
2 y z z osition of equilibrium for reaction (a) shifts to the right and this causes Eanode to be
X + it 6+25- 3= 8, hencez=1 more positive.

At the anode, the CO3* which migrates from the cathode removes H* formed,

Molecular formula for K is CsH1O.
i causing a decrease in [H*]. The position of equilibrium for reaction (b) shifts to the

2(e)(iii Evidence / Information Deduction / Explanation left and this causes Eunese to be more negative.
i t with 2,4-DNPH | Condensation with 2,4-DNPH but no . - .
c_acmuwwmmnowﬂﬂﬂomﬂwmﬁﬁioq with oxidation with Tollens’ reagent. Hence, Ecai of the EDCS is more positive than that of the hydrogen-fuel cell in (a).
! i bonyl compound but not an

Tollens”reagent. MLMNV\MMH. oy com 3(a)(iii} The higher the CO, concentration, the more positive the £,y and the current
K is a ketone. increases. Since I = n.F/t, the amount of electrons transferred per second increases

When K is heated with acidified Strong oxidation and hence increases the rate of removal of CO,.

KMnOs, L and propanone are formed. X
K is an alkene that contains =C(CHs), 3(b)i)  From the Data Bookiet, - N
group. If a typical hydrogen-oxygen fuel cell operates under acidic conditions:

When L is heated with aqueous I, in
dilute NaOH followed by acidification,
M and a yellow ppt are formed.

Oxidation and acid-base reaction

L has 3 C atoms and contains
[o}
Il

—C—CH, group.
Yellow ppt is CHI;.

M contains a -COOH group.

© Raffles Institution 2022

When M is heated with acidified Oxidation
KMnOy4, the only product form is a gas
that gives a white precipitate with Gas is CO,.
limewater.
(o} o]
2 HO
A OH OH
o] o]
K L M
9729/03/5/22

cathode reaction: 02(g) + 4H*(aq) + 4e~ — 2H,0()
anode reaction: Ha(g) —> 2H*(aq) + 2e-

EPcathode = +1.23 V and EP040 = 0.00 V
Hence, E%q = +1.23 - 0.00 = +1.23 V

If a typical hydrogen-oxygen fuel cell operates under alkaline conditions:
cathode reaction: O2(g) + 2H0(l) + 4~ ——> 40H-(aq)
anode reaction: Hz(g) + 20H(aq) — 2H.0(l) + 2~

Eathnode = +0.40 V and F®noqe = —0.83 V
Hence, E% = +0.40- (-0.83) = +1.23 V

Under acidic conditions, there will not be any OH- ions at the cathode to react with
and to convert atmospheric CO, to CO4%. Hence, the CO; in air cannot be captured
by the EDCS.

Under alkaline conditions, there will not be any H* ions at the anode to convert COs2
ions back to CO, to be removed into a separate storage.

Hence, a typical hydrogen-oxygen fuel cell cannot be used in the EDCS.

© Raffles Institution 2022 9729/03/S/22
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9
4(c)(i) o}
4(c)(ii) step 1: ethanolic KOH, heat (under refiux)
I:
step 2: KMnOa(aq), H2SO04(aq), heat (under reflux)
4(c)(iii) step 1:
H
o (0]
(0]
step 2:
H
mw@\\/z
+ H*
4(d)(i) Acidic hydrolysis and oxidation
4(d)(ii) KMnO4(aq), H2SO4(aq), heat OR K2Cr207(ag), H2S04(aq), heat
4(e)(i) ._; 0
. N OH
¥ Ho
(o]
4(e)(ii) High dilution or low concentration of reactant
4A(F)(i) A catalytic amount of H* is not sufficient as H* is consumed stoichiometrically in
step 6 to protonate the NH3 hydrolysis product,
4(f)(ii In conjugate acid X, the lone pair of electrons on the N atom interacts with the
& electron cloud of the adjacent C=0 bond and is delocalised, hence dispersing the
ositive charge on the O atom and stabilising X.
In conjugate acid Y, there is no continuous side-on overlap of p orbitals and hence
Y is not resonance stabilised.
4(f)(iii) 180 o
and
\_ﬁOI \=/ ;OT_
© Raffles institution 2022 9729/03/S/22

S(a)(i)
5(a)ii

5(b)(i)

5(b)(i)

10

Cyclohexanone and compound P are constitutional (or structural) isomers.

Compound Q is more stable than pentane-2,4-dione because:

» the Hatom of the ~OH group can form intramolecular hydrogen bond with the
O atom of the nearby carbony! group.

» there is resonance stabilisation / delocalisation of lone pair of electrons on the
O atom of -OH group with the x electron cloud of the C=C and C=0 groups.

The carbon atoms in the C=C bond are sp? hybridised, each with an unhybridised
p orbital containing one electron. The p orbital of the adjacent O atom can overla
continuously side-on with the p orbitals of the sp? carbon atoms, resulting in
delocalisation of the negative charge on the O atom into the C=C bond. Hence, R
is resonance stabilised.

continuous side-on
overiap of p orbitals

AN

m

sp?C

o
H

+ B = + BH*
base conjugate
cyclohexanone R acid

Unlike conjugate acids of I and 11, the pKa of the conjugate acids of IIT and IV are
higher than the pK. of cyclohexanone. This means that the conjugate acids of M1
and IV are weaker acids than cyclohexanone. Hence, the equilibrium position of
the acid-base reaction of IIT and IV with cyclohexanone lie further right compared
to that of I and I with cyclohexanone.

Compared to IV, Il is more suitable as the presence of bulky alkvl groups in 11
revents It from acting as a nucleophile to react with the carbonyl group in
cyclohexanone, resulting in the formation of side/addition product.

Hence, III is the most suitable base to deprotonate cyclohexanone to form R.

@ Raffles Institution 2022 9729/03/S/22
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2022 RI H2 Chemistry Prelim Paper 4 — Suggested Solutions

1(a)

1(b)(i)

{b)(ii)

{e)(i)

Tinitia Thnal t 1/t Tave Tx Tk
Bxt) joc | soc | ys | ust oM | sl S K
1 304 306 | 136 | 0.00735 -2.13 30.5 304 0.00329
2 62.4 §0.0 22 0.0455 -1.34 56.2 329 0.00304
3 39.2 36.0 72 0.0139 -1.86 376 311 0.00322
4 48.2 40.8 45 0.0222 -1.65 44.5 318 0.00315
Ig (1/6) 0.00334 T/ K
100 g Sens e D ammm
0.002001110.0d300t 10043301 -0-00326:-10.60456+ -0 34D 350
-1.20 .
S
-1.40
160 F :
£ :

-1.80 N

2.60

-2.20

-2.26

-2.40

-2.60

-2.80

t=3x60=180s
Ig (1/) = Ig (1/180) = -2.26

From the graph, 1/7x = 0.00334 K™
Tave = 26.4 °C

Mole ratio of MnO4~ : D-glucose :e"=1:2.5:5
Hence, mole ratio of D-glucose : e" = 1: 2

1 mol of D-giucose loses 2 mol of e~.

-

(c)(in)

(@)

{a)(ii

2(a)fi)

2(a)(ii)

Structure of P:

Og-OH
H—C—OH
HO—G—H
H—C—OH
H—C—OH
EHa0H

Since 1 mol of D-glucose loses 2 mol of e~ and only one carbon atom in each glucose
molecule is oxidised, the oxidation state of this carbon must have increased by 2. Hence,
the aldehyde group of D-glucose is oxidised to carboxylic acid as the oxidation state of
carbon increases from +1 in aldehyde to +3 in carboxviic acid.

2(:0.05)+(+0.5)+(20.5)
60

Maximum total percentage uncertainty = ( ) x 100% = £1.83%

Although Tave was calculated, the difference between Tinta @nd Trna Was quite significant,
especially for experiments conducted at temperatures above room temperature. This in
turn resulted In inaccuracy in the measurement of the temperature of the
reaction/measurement of the time required for the reaction to complete at Tove.

A modification to the experimental procedure would be to use a water bath maintained
at a fixed temperature for each ex eriment, to equilibrate the reactants at the same fixed
temperature before starting the reaction, and to ensure that the temperature of the
reaction mixture stayed constant throughout the reaction.

OR

turned_colourless_may be
inconsistent/vary_across different_experiments, hence resulting in inaccuracy in_the
measurement of the time required for the reaction to complete at Taye.

A modification to the experimental procedure would be to use a colorimeter to monitor
the absorbance of the reaction mixture, and stopping the stopwatch only when there was
no more absorbance (i.e. reaction mixture had turned colourless).

Mass of capped weighing bottle and FA 4 / g 9.135
Mass of capped weighing bottle after emptying FAd/g 56.211
Mass of FA 4 used / g 3.924
Titration number 1 2
Final burette reading / cm? 19.90 39.80
Initial burette reading / cm? 0.00 19.90
Volume of FA 1 used / cm3 19.90 19.90
Values used v v

Average volume of FA 1 used = (19.90 + 19.90) / 2 = 19.90 cm3

2.
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3(b)(iv)

3(c)

3(civ)
3(e)vi)

3(c)(vii

functional group evidence
In test (b)(ii), FA 6 gives a silver mirror with Tollens’
FA 6 aldehyde reagent.
In test (b)(i), FA 7 did not decolourise purple acidified
KMnO,.
FA7 ketone In test (b)(iii), FA 7 gave yeliow ppt, CHI, with alkaline
aq iodine.
test observations

(i) Test solution FA 8 with
Universal Indicator paper.

(i) Add about 1 cm depth of
FA 8 to a test-tube. Then
add 1 cm depth of dilute
nitric acid.

To this test-tube, add about
1 cm depth of aqueous
barium nitrate slowly, with
shaking, until no further
change is seen.

Universal indicator turns dark biue. pH is 12.

Solution FA 8 turns from dark blue to light
blue. No effervescence.

White ppt formed in light biue solution.

(iii) | Place the filter funnel
containing FA 9 into a clean
test-tube,

Using a 10 cm® measuring | The residue turned from red/brown to red-
cylinder, carefully add 2.0 brown/dark brown/black .

cm?® of dilute sulfuric acid to
the filter funnel. The filtrate
will collect in the test-tube.

The residue is FA 10.
The filtrate is FA 11.

(iv) | Add 1 cm depth of FA 11 to
a test-tube.

Red-brown/dark brown/black residue.
Blue filtrate.

Add aqueous ammonia
slowly, with shaking, unti!
no further change is seen.

Blue ppt formed, soluble in excess NHs(ag) to
form a dark blue solution.

Cu?*
Oxidation state of element X: +1
Type of reaction: Disproportionation

S04* is present. In test (c)(ii), FA 8 reacted with Ba(NOs): in the presence of HNOs(aq)
to form white ppt of BaSO4.

4(a)i)

4(a)(ii)

Let Vreut cm® be the volume of barium hydroxide and (100 - View) cm® be the volume of
hydrochloric acid used at which stoichiometric amount of barium hydroxide and
hydrochloric acid react.

Assuming [Ba(OH)] = 0.080 mol dm=,

mole ratio of HC/ : Ba(OH), =2 : 1
n(HCI) = 2 x n(Ba(OH),)

100 - <=m5 - <_._m5
1000 x0.200=2 x 1000 x 0.080

20 — 0.2Vhewt = 0.16Vyout
0.36Vheut = 20
Vrheut = 55.6 cm?®

Procedure

1. Using a 100 cm® measuring cylinder, transfer 10.0 cm? of Ba(OH); into a clean and
dry Styrofoam cup supported in a 250 cm?® beaker.

2. Use a thermometer to measure and record the steady initial temperature of
Ba(OH),.

3. Using another 100 cm? measuring cylinder, measure 90.0 cm?® of 0.200 mol dm=3
HCI. Ensure that both Ba(OH); and HC! have the same initial temperature.

4. Add HCI from the measuring cylinder into the Styrofoam cup containing Ba(OH).
and cover the Styrofoam cup with a lid. Use the thermometer to stir the mixture
gently. Measure and record the highest temperature of the mixture.

5. Empty, wash and carefully dry the Styrofoam cup.

6. Repeat steps 1 to 5 using volumes of HC! and Ba(OH)z in the table below so that
the total volume of the mixture is 100 cm?.

7. Record all measurements of volume, highest temperature after mixing and
temperature change, AT, in the table below.

volume of | volume of initial highest
Ba(OH). HC! temperature of | temperature >aﬂ
/ cm® /cm® | Ba(OM)2/°C_| after mixing/°C | /°C
10 90
20 80
30 70
40 60
50 50
60 40
65 35
70 30
75 25
80 20

-6~
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Additional Materials: Multiple Choice Answer Sheet
Data Booklet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

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

Write your name, class, centre number and index number on the Answer Sheet in the spaces
provided.

There are thirty questions on this paper. Answer all questions. For each question there are four
possible answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separate Answer
Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark, A mark will not be deducted for a wrong answer.
Any rough working shoulid be done in this booklet.
The use of an approved scientific calculator is expected, where appropriate.

This document consists of 16 printed pages.

River Valley High School 9728/01/PRELIMS/22
2022 Prefiminary Examination _”.—.E'z over

1 Which particle has more protons than electrons and more protons than neutrons?
(D =iH)

A NOz* B NDzH C NDH- D NDsH*

2 Which particle would, on gaining an electron, have a half-filied subshell?

A v B N C Set D T

3 The first six ionisation energies (LE.) of a Period 3 element, M, in kJ mol-' are
shown.

1st 2nd 3rd 4th 5th pth

LE./ kd mol-! 1012 1907 2914 4964 6274 21267

Which equations show the formation of the chioride of M?

A

1T M+2Chk—> MCh
2 2M+3Chk - 2MCh
3 2M+5Ck - 2MCIs

land3only B 2and3only € 1 only D 2only

4 The boiling point of water (100 °C) is greater than that of HF (20 °C).
Which statement is a correct explanation of this?

A
B

The H20 molecute has a larger net dipole moment than the HF molecule.

Each hydrogen bond formed between H20 molecules is stronger than that
formed between HF molecules.

There are more electrons in a H20 molecule than there are in a HF molecule,
so the instantaneous dipole-induced dipole interactions are stronger in H20.

On average, there are two hydrogen bonds between H20 molecules
compared to one hydrogen bond between HF molecules.

River Valley High School 9729/01/PRELIMS/22
2022 Preliminary Examination
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River Valley High School

_ 2022 Preliminary Examination

Hydrogen peroxide is thermodynamically unstable and decomposes over time to
form water and oxygen gas.

H202(I) - H20(l) + %02(g)
The following data are provided:
02(g) + 2H2(g) —» 2H20()
O2(g) + Ha(g) — H202(1)

AH1 = —572 kd mol*; AS1 = =325 J mol-' K-
AHz =188 kJ mol~'; ASz = -225 J mol~! K-

What is the value of AG, in kJ mol", for the decomposition of hydrogen peroxide
at 25 °C?

A -79 B -100 c -117 D -354

The enthalpy change of reaction between calcium and water is measured in the
laboratory and found to be x kJ mol-!.

Ca(s) + 2H20(l) —» Ca(OH)z(aq) + Hz(g)
What information is needed to calculate the value of x?

AH = x kJ mot~!

1 enthalpy change of neutralisation of calcium hydroxide
2 enthalpy change of reaction of calcium with acid
3 enthalpy change of formation of water

A 1,2and3 B t1and2only € 1and3only D 2 and 3 only

When 10 cm?® of a hydrocarbon was burnt in 100 cm3 of excess oxygen, the volume
of residual gas mixture contracted by 20 cm3 after passing through a solution of
aqueous sodium hydroxide. The remaining volume of gas was just sufficient to
completely burn exactly 30 cm? of the same hydrocarbon.

All gas volumes were measured at room temperature and pressure.
What is the formula of the hydrocarbon?

A C2H2 B CzHi C  CzHa D CaHs

9729/01/PRELIMS/22
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River Valley High Schoot
2022 Preliminary Examination

50:0 cm?® of a 0.10 mol dm~2 metallic salt solution was found to react exactly with
25.0 cm?® 0f 0.10 mol dm™3 aqueous sodium sulfite. In this reaction, the sulfite ion is
oxidised as follows:

S0s*(aq) + H20()) - SO«2(aq) + 2H*(aq) + 2¢
The oxidation state of metal in the salt solution is +3. What is the oxidation state of
metal in the product?

A +1 B +2 C +4 D +5

Ethyl ethanoate undergoes acid-catalysed hydrolysis where the concentration of
acid in the solution remains constant.

I+
CH3aCO2CH2CHa + H20 ———— CH3COzH + CH3CHzOH
The rate equation is found to be
rate = k [CHaCO2CH2CHs] [H*]

In experiment 1, the half-life was found to be 31 minutes when 0.2 mol dm=3 of HC/
was reacted with 0.2 mol dm=3 of ethyi ethanoate.

In experiment 2, 0.1 mol dm= of HCI was reacted with 0.2 mol dm-3 of ethyl
ethanoate.

How long does it take for the concentration of ethyi ethanoate in experiment 2 to
fall to 0.05 mol dm-3?

A  31min B 62 min C 93 min D 124 min

The reaction between NO and Hz is thought to involve the following mechanism:

2NO = N>02 (fast)
N202 + Hz — N20 + H20 (slow)
N20 + Hz —> N2 + H20 (fast)

Which of the following conclusions can be drawn from this information?
A N20acts as a catalyst.

B  The overall order of reaction is 3.

C  The order of reaction with respect to Hz is 2.

D

The rate is independent of the concentration of NO.

9729/01/PRELIMS/22
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A  2only

Which conditions are necessary when an electrode potential is measured using a
standard hydrogen electrode as the reference electrode?

1 the use of hydrogen gas at 1 bar

2 measurement of e.m.f when the current delivered by the cell is effectively
zero

3 apH of 1.0 for the solution at the hydrogen electrode
A tand2only B 1 and3only € 2and3only D 1,2and3

B-carotene is a red-orange pigment found in carrots.

B-carotene

B-carotene reacts with hot, acidified KMnOa.
Which statements are correct?

1 Two organic products are obtained.
2 Allorganic products react with warm aqueous alkaline iodine.
3 Some of the products are isomeric.

B 3only C 1and2only D 1,2and3

9729/01/PRELIMS/22
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Equal amounts of compound W, X, Y and Z are heated separately with excess

ethanolic silver nitrate for the same duration. Any precipitate formed is filtered,
dried and weighed.

What are the possible masses of the precipitates obtained for each
halogen-containing compound?

CHsCH2COC/ CsHsC! (CHs)sCCl (CHa3)sCBr
w X Y Z
mass of precipitate/ g l*
w X Y 4
A 1434 0 1.256 1.388
B 1.434 0 1.256 1.723
C 1.723 0 1.434 1.256
D 1.434 1.434 1.434 1.878
9729/01/PRELIMS/22
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Compound Y is formed from the partial hydrolysis of a biomolecule.

OH

wzﬁozwvo: m_._N
Ha;NCHCONHCHCONHCHCONHCHCOOH

_ _
CH,COOH CH,CONH,

Compound Y
Which of the following statements is incorrect?

A Two moles of Brz are needed for complete reaction with one mole of
compound Y.

B Two moles of Na2COs3 are needed for complete reaction with one mole of
compound Y.

C  Prolonged heating of compound Y with dilute NaOH liberates an alkaline gas.

D Prolonged heating of compound Y with dilute NaOH produces three
carbon-containing products.

9729/01/PRELIMS/22
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27  The set-up below is commonly used in the synthesis of organic compounds in the

laboratory.

ﬁ.( water

condenser —, out

. —

—
water in N

reaction mixture

anti-bumping

(:
granules _»

1
heat

Which reaction requires the above set-up for synthesis?

A CHsCHzNH2 + CH3COC! — CHsCONHCH:CHs + HC!
B CH3COC! + H20 — CHsCOOH + HC/
OOIuOINOI+~OHIVOIuOIO+INO
U

CHyCONHz + NaOH — CHsCOONa + NH;3

9728/01/PRELIMS/22
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