m _ U EUNOIA JUNIOR COLLEGE
JC2 Preliminary Examination 2025
f — “.w General Certificate of Education Advanced Level 1 Three particles approach an electric field at the same speed. They are deflected as they
3 Higher 2 pass through the electric field.
CHEMISTRY 9729/01
Paper 1 Multipie Choice 19 September 2025
1 hour
Additional Materials:  Multiple Choice Answer Sheset
Data Booklet
READ THESE INSTRUCTIONS FIRST What could be the identities of particles X, Y and Z?
Write in soft pencil.
Do not use staples, paper clips, giue or correction fluid. X Y z
Write your name; civics group and registration number on the Answer Sheet in the spaces provided A 35 37 230, 4
. 307 wClt 11Na
unless this has been done for you.
B | i i H
There are thirty questions on this paper. Answer all questions. For each question there are four
possible answers A, B, C and D. c| Yer pola fiNa
Choose the one you consider correct and record your choice in soft pencil on the separate Answer 7 s 1
Sheet. D aLi* sLi* JH
Read the instructions on the Answer Sheet very carefully. Answer: A
Each correct answer will score one mark. A mark will not be deducted for a wrong answer. Since particles X and Y are deflected to the positive terminal, they are negatively charged.
Any rough warking should be done in this question paper. Since particie Z is deflected to the negative terminal, it is positively charged.

The use of an approved scientific calculator is expected, where appropriate.
Hence, X and Y must be CI- while Z must be Na* (either option A or C is correct).

) Between particles X and Y, the larger angle of deflection of particle X indicates that its
m_.ﬂm:o is larger than that of Y. Hence, particle X should have a smaller mass number

than particle Y since both X and Y have the same charge.

Hence, X is 33C/~ while Y is 33/~

This document consists of 13 printed pages and 3 biank pages.
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5 For afixed mass of an ideal gas, which of the following graphs does not have the same
general shape as the rest?
(p = density of the gas; M = molar mass of gas)
A P against T B pVagainst M
p T
. T .
C pagainstpT D M against V
Answer: B
A: m
PV = PV =1%-RT
nRT = i R
PM = Wxﬂu. PM = pRT
P_R,
p M
. PV
B: PV =nRT = wﬁuih
M
1
PV = mR(—)
i&. oL——SMT
G py-mRT=Pr=Tgr P
M
sxuwﬁumxnnﬁ,
R 0 pT
P=—
il
D:  PV=nRT
= r = L 14
P nR
©EJC 9729/01/J2PE/25 [Turn over

Which option correctly describes the species in terms of its behaviour as a Lewis base
and as an Arrhenius acid?

species Lewis base Arrhenius acid
A HC! no yes
B AH; yes no
c NH3 no no
D o* yes yes
Answer: A

A v: HClis not a Lewis base and is an Arrhenius acid (produces H*/H,0* in water)

B x: AlM; is a Lewis acid (electron-pair acceptor), not a Lewis base; it's also not an
Arrhenius acid.

C x:  NH; is a Lewis base and an Arrhenius base (gives OH™), not an Arrhenius acid.

D x:  O* is a very strong base (Lewis and Arrhenius base), not an acid.

Use of the Data Booklet is refevant to this guestion.

Based on its position in the Periodic Table, which properties will indium, In, be expected
to possess?

1 Inthe vapour state, the chioride dimerises to form In,Cls.

2  Its oxide dissolves in both acids and alkalis.

3 Itsionic salts are typically coloured.

A 1only B 1and2 C 2and3 D 1,2and3

Answer: B

Option 1 v: Group 13 trichlorides (AL Ga, In) are covalent and dimerise to form a general
formula of M,Cl.

Option 2 v: In;03 is amphoteric (reacts with both acid and base).
Option 3 x: In is not a transition metal, hence its salts are usually white.
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9 10

12 When heated, magnesium carbonate decomposes to form carbon dioxide and 13 Caesium-137 undergoes radioactive decay to form barium-137. This decay is a first-order
magnesium oxide. reaction with a haif-life of 30.2 years.
A graphical plot of AG versus T, describing the change of the Gibbs free energy of the How long would it take for the molar proportion of caesium to barium to reach a ratio 1:3
decomposition of magnesium carbonate with respect to temperature, is shown below. from pure caesium-137?
200 ; = A 30.2 years B 60.4years C 90.6 years D 120.8 years
N Answer: B
160 S v Amount of caesium: 100% -> 50% > 25%
N Amount of barium: 0% -> 50% - 75%
Hence, Cs: Ba
25:75
T 120 - I 1:3
S : It takes two half-lives to attain a 1:3 ratio of Cs: Ba.
E X : Total time taken = 2 x 30.2 = 60.4 years
4
P N
< 80
14 The reaction of hydrogen peroxide with iodide ions in an acidic solution can be monitored
- HH - - by an initial rates method.
. N +
40 = : H202(aq) + 2H*(aq) + 2I-(aq) - 2H:0()) + I(aq)
S RA : N . The rate equation was found to be as follows:
0 : rate = k [H20][1]
0 200 400 600 800 1000 1200
TIK What of the following mechanism correctly describes this reaction?
Using the information from the graph, what is the value of AS® for the decomposition A H0:+I — H0 + IO~ (slow)
reaction? 10~ + H* - HIO (fast)
” HIO+H +I" > HO + I, (fast)
A +6.04 x 10?2 J mol-' K- B —6.04 x 102 J mol' K-
B H:0z+I - H0+ IO~ slow]
C  +1.61 x 102J mol' K- D ~1.61 x 102 J mol~* K- _._”ow 10 ~I~o “105 Mamcv
Answer: C 107 +I"+4H* 5> 2H,0 + I (fast)
C 2H'+21- 5 2HI (fast)
Using: AG = AH - TAS, 2HI + H202 - 2H0 + I (slow)

= ¢ +mx, wherec=AH= 180 kJ mol~! and m = -AS
Sub in values when NQ =0 e ° " D HyOz+I +H" - HO0+HIO (fast)

AH-TAS =0 HIO + I > OH- + I (slow)
AH = TAS OH- + H" - H,0 (fast)
180 x 10° = 1120 (AS)

AS = +1.61 x 10?J mol~' K- Answer: A

A: Mechanism matches overall equation and slow step matches rate equation.

B: Mechanism's slow step matches rate equation but does not match overall equation.
C and D: Mechanism matches overall equation but slow step does not match rate
equation.

Alternatively, the gradient of the line may be calculated to obtain the answer.
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13

17 The graph shows the changes in pH when excess 0.10 mol dm™2 base solution is added

gradually to y cm?® of 0.10 mol dm™2 acid solution.

144

13
12

-
-

pH

_
O_2NLUAEAO~N®DOOC

00 50 100 150 200
volume of 0.10 mol dm= base added / cm3

Which combination could have given these results?

acid base ylcm®
A H:S0. NH; 10
B  H:SO4 NHs 5
C (COOH). KOH 10
D (COOH). KOH 5
Answer: D

From the graph, the pH at equivalence point is more than 7. The conjugate base present
is relatively strong and about to undergo hydrolysis in water. Hence, it can be inferred
that it is a weak-acid, strong-base titration. From the options, the acid must be (COOH),
and the base must be KOH.

From the graph, 10 cm® of KOH is required for complete neutralisation. Since the acid
and base have the same concentration, 5cm® of (COOH); (a dibasic acid that gives out 2
H* per acid molecule) will be required at the start of the titration. Hence, option D is
correct.

© EJC 9729/01/J2PE/25 [Turn over

18 Given the following solubility product, Ksp, which of the following statements is correct?

14

salt Ks
AgzS0, 1.4 x 1075
PbSO. 1.6 x 1078

Pbl, 7.1x10°

A Ali three Ky, values have the same unit.
B PbSOQ, has a lower solubility in pure water than Pbl..
C  Solubility product of Ag2SO4 decreases when added to sulfuric acid.
D When solid Na,SO. is added to a solution containing 0.01 mol dm of Ag*(aq) and
Pb%(aq), Ag2SO; precipitates before PhSO,.
Answer: B
salt Ksp Unit of Ksp Solubility / mol dm-3
AgaSO4 1.4 %10~ mol® dm® 1.52 x 102
PbSO4 1.6 x 108 mol? dm® 1.27 x 104
Pblz 7.1 %10° mol® dm?*® 1.21 x 1073

Thus, A is incorrect while B is correct.

C is incorrect. Solubility product does not change when temperature is held constant.

D is incorrect. Assume 0.0100 mol dm=2 of aqueous metal ions, it will require
For Ag2SQ4, Ksp = [AGTISO2 ]

[SO4#] = 1.4 x 10°% = (0.01)2 = 0.140 mol dm~
For PbSO4, Kep = [P*][SO.* ]

[SO#]=[1.6 x 10 + (0.01)]°5 = 0.00126 mol dm™3

Thus, it will be easier to precipitate PbSO,.
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17

22 Compound Y, CeHio, reacts upon prolonged heating with acidified concentrated KMnOs4

23

fo produce CsHgO4 as the only organic product.

What is the structural formula of Y?

Answer: A

The product CsHsOa with 4 oxygen atoms would highly suggest the presence of two COzH
CO.H

. resulting from the side-chain oxidation of the benzene ring.
CO,H
Hence, Y is expected to have two alkyl “chains” attached to the benzene ring = AorD.
D is Col12, which does not fit the molecular formula of Y.

groups, i.e.,

1.00 g of each of the following compounds was heated with NaOH(aqg), and then dilute
HNO3(aq) and AgNOs(aq) was added.

Which compound will produce the largest mass of AgC(s)?

o o
A \__/\/\__/ (M: = 169.0)
ct cl

Cl Ccl
B (M = 147.0)

c Q\/O>Q (M. = 167.0)

D CHsCOC! (M: = 78.5)
Answer: D

B will not react with NaOH(aq). No AgCI will be produced.
A and D will undergo hydrolysis.

e Aforms 1/169 x 2 x 143.3 = 1.70 g of AgCL

e Dforms 1/78.5 x 143.3 = 1.83 g of AgCl

C will undergo nucleophilic substitution. C Forms 1/167 x 2 x 143.3 = 1.72 g of AgCL

©EJC 9729/01/J2PE/25 [Turn over

18
24 Which sets of reagents and conditions can be used to form the organic product
CH3;CH(OH)CH(CH2NH2)CO2H from CH3COCH(CN)CO,H?
1 Ha, nickel catalyst, room temperature
2 LiAlHa, dry ether as solvent, room temperature
3 NaBH,, ethanol as solvent, room temperature
A 1,2and3 B 1and3only C 2only D 1only
Answer: D
There are 3 functional groups which can be reduced in the molecule — ketone, nitrile and
carboxylic acid. The reducing agent can only reduce the ketone and nitrile functional
group to form the desired molecule.
1 v Itis able to reduce ketones and nitrites, but not carboxylic acids.
2 x : |t can reduce all 3 functional groups.
3 x : Itis able to only reduce ketones.
25 Propanone reacts with HCN at a slower rate compared to propanal.
Which statements are correct?
1 In both reactions, the carbonyl carbon reacts with a cyanide jon in the first
step.
2 In propanone, the carbonyl carbon is more nucleophilic which repels the
attacking cyanide ion.
3 Atrace amount of NaClis needed to catalyse the reaction.
A 1and2 B 1only C 2and3 D 3only
Answer: B
Option 1 v: The first step of nucleophilic addition involves nucleophilic attack of CN- at
the electrophilic or electron-deficient carbonyl carbon.
Option 2 x: The carbonyl carbon in propanone is less electrop than that in propanal
due to one additional electron-donating alkyl group, hence less susceptible to nucleaphilic
attack by CN-
Option 3 x: The reaction is catalysed by addition of a trace amount of NaCN, which can
be formed in sifu by adding a trace amount of NaOH (NaOH + HCN — NaCN + H20)
©EJC 9729/01/J2PE/25
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28 Use of the Data Booklet is relevant to this question.

An electrochemical cell is set up using a Zn?*(aq)|Zn(s) half-cell and a MnOj(aq){Mn?*(aq)
hatf-cell in acidic solution.

Which of the following gives a correct effect on the E..i when each of the changes is made
to the corresponding half-cell separately?

22

29 In an experiment, a cell was set up to obtain pure nickel from a nickel-silver alloy.

electrode X electrode Y

change half-cel! effect on Ecen NiSO,(ag)
A addition of water MnOZ(aq)|Mn?*(aq) less positive | X IIoomrroo
B [ addition of Mn(NOs)x(s) MnOj(aq)|Mn?*(aq) no change Which of the following statements is correct?
- 24 -
C addition of Zn(NOs)(s) Zn**(aq)lZn(s) more positive A Electrode Y is the nickek-silver alloy.
D addition of Na2COx(s) Zn*(aq)|Zn(s) no change B The concentration of the electrolyte must be 1 mol dm.
€ The electrolyte may be replaced with sodium sulfate solution.
Answer: A
D The mass of the cathode changes by the same mass as the anode.

A: Adding water to MnO,/Mn?* half-cell will result in the position of equilibrium to shift to
the left as there are more concentration terms and making the E for that half-cell less
positive. This makes Ecell less positive.

B: Increasing [Mn?'] will result in the position of equilibrium to shift to the left for
MnO,~/Mn?** half-celf and making the E for that half-cell less positive. This makes Ece less
positive.

C: More Zn** favours reduction of Zn?*, E of Zn*/Zn half-cell becomes more positive. Ece
becomes less positive.

D: Adding Na2COs to Zn*/Zn half-cell will result in the formation of ZnCQjs(s), resulting in
the position of equilibrium to shift to the left as it only lowers the [Zn2*] and making the E
for that half-cell less positive. This makes Ec.n more positive.

Answer: C

A Electrode X is the nickel-silver alloy as the cathode (electrode Y) will be where the pure
metal is formed.

B The concentration of the electrolyte may not be 1 mof dm since it may not take place
at standard conditions

C The purification will not be affected by the change of electrolyte to Na,SO; since both

Na' and SO4* are not likely to undergo redox reaction based on their standard electrode

potential.

D The mass of the cathode will not change by the same mass as the anode since the

silver at the anode will fall off as sludge.

©EJC 9729/01/J2PE/25 ©EJC 9729/01/J2PE/25
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EUNOIA JUNIOR COLLEGE

—y JC2 Preliminary Examination 2025

I General Certificate of Education Advanced Level
Higher 2

Chemistry Paper 2 Suggested Solutions with Marker's comments

1 Mount lien in East Java is famous for its rare blue flames, visible at night. The
phenomeneon occurs when suifur vapour, from the volcano's cracks bums, producing
bright blue flames and sulfur dioxide. in the cool high-altitude air, some of the vapour
condenses into solid sulfur.

(a)

© EJC

A team of environmental chemists were authorised to collect solid sulfur deposits
near Mount ljen's crater to investigate volcanic activity.

The chemists burnt the sulfur sample and measured the temperature change for a
fixed amount of water placed in a calorimeter. The data from their experiment is
shown in Table 1.1.

Table 1.1
mass of solid sulfur powder burnt /g 0.76
mass of water in beaker /g 150
initial temperature of water /°C 29.8
final temperature of water /°C 39.7

(i) Construct an equation to represent the standard enthalpy change of combustion
of solid sulfur, S.

(ii) Calculate the enthalpy change of combustion of solid sulfur, S, based on their

experiment.
“ _q_-6207.3
A T oTE
q =-meaT ! 321
=-150x4.18x(39.7-29.8) | = -262176 J mol*
=-6207.3 J " = -262 kJ mol"* 2]

9729/02/J2Prelim/25
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2
(iif) During volcanic activity, many sulfur-containing gases such as hydrogen suifide,
HzS, and sulfur dioxide, SO,, are released. In the atmosphere, H.S can oxidise
to form SO;, and subsequently sulfur trioxide, SO;, may be formed.
H2S(g) + 3/2 Ox(g) — SOz(g) + H0(}) AH; = ~562 kJ mol-!
Use the data given in Table 1.2 to calculate the enthalpy change of combustion
of solid sulfur, S.

Table 1.2
compound AH:/ kJ mol™’
H2S(q) 206
H20()) —285.8

S(s) + 02(g) — SO2(g) represents AH{SO;) and also represents AH:(S)
AH: = [AH(SO») + (—285.8)] — (—20.6)]

—562 = [AH(SO) + (—285.8)] — (-20.6)]

AH{S07) = —296.8 kJ mol™’

AH{S02) = AH(SO2) = =207 kJ mot™!

2

(iv) Comment on the difference in values for the enthapy change of combustion of
solid sulfur determined in (a)(ii) and (a)(iii).

experiment was not 100% efficient

Gl

fur sample from the volcano was

not

e 11

(v) With reference to a relevant chemical equation, explain how the release of
sulfur-containing gases during volcanic activity can have a negative impact on
the environment.

S0 + Ha0 — H,S0,

SO;

solves in water to result in the formation of acid rain that can lead to soil

degradation/destruction of crops and farmiands / corrision of buildings or

structures / water acidification that harms marinelife. .~ [2]
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2 Group 17 elements form a range of oxoacids with different oxidation states, such as

HCIOs4.

(a} (i) HCIO« has two central atoms; one chlorine atom and one oxygen atom.
In addition, the H atom is bonded to a O atom. Draw the dot-and-cross diagram

of HCIO,.
X X

x @8 xx
MOM“ONQXOXQI
X 8 XX

w

X9 X

(1

(li) Use VSEPR to describe and explain the shape and bond angle about central Cl
and O atom in HCIOx4.

About both O and CI atoms have 4 electron pairs. To minimise repulsion, the

(b) With reference to your answer in (a)(i), explain why HFO4 does not exist?
Fluorine does not have energetically available and accessible d orbitals for

OXPANSION.OFOCEBL ...ttt et e
Or F is too small to accommodate 4 oxygen atoms around it

Qr E is tao slectronegative to. denate its.electron pair for dative honding..... [1]

{c) The Latimer diagram of some chiorine species in acidic solution is given in Fig. 2.1.

+1.64V +1.36 V
Hoc! cl cr
+1 0 -1
Fig 2.1

In Latimer diagram, oxidation numbers decrease from left to right and the numerical
values of E£° of two adjacent species in volts. For example, the diagram shows that
E®(HOCIChL)is +1.64 V.

© EJC 9729/J2Prelim/25 [Turn Over
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(i) Write a half-equation for the conversion of one mole of HOC! to one mole of CI-
in acidic solution at 298 K.

HOClaq) + H" (aq) + 2e” - CI| + H20 1P

(i) Hess’ Law is applicable to AG® in the same manner as AH®.
With reference to the Data Booklet and Fig. 2.1, calculate AG® for the conversion
of one mole HOC! to one mole of CF in acidic solution.
AG®(HOCICH)

HOCaq) + H* (aq) + 2¢- » Cl(aq) + H:O()

AG®(HOCICL) ] AG®(CL|CH)
or MOES + e + H0())

HOCHaq) + H* (aq) + &~ —» woime +HO()  AGS(HOCICE)
moﬂe +H,0(D) + & — CHag) + H0() AGS(CLICE)
2GS(HOCICE)

HOCKaq) + H* (aq) + 26~ » CH(aq) + H20()

HOCHaq) + H* (ag) + & — Woﬂme +HO() EP=+164V

AG®(HOCICL) = —nFE® = -1 x F x (+1.64) = -1.64F J mol*'
Woﬁe +H0() + & — Clag) + H:0() E®=+1.36V
AG®(CLICL) = ~nFE® = 1 x F x (+1.36) = =1.36F J mol'
AGP(HOCIGL)) = AG®(HOCICH) + AG®(CLICH)
= ~1.64F - 1.36F = ~3.00F

= -289500
= ~290 kJ mol-’ 31

(iii) Hence, calculate the standard electrode potential for the HOCICF half-cell.
AG” (HOCICI') _3.00F

E-(Hocycr)= — =—F =*1.50V

)

9729/02/J2Prelim/25
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9
3 (a) State whether trichloroethanoic acid or ethanoic acid, is the stronger acid. Explain
your answer.
T

13s.3.C1 substituents

electron-withdrawing. which_helps. fo. disperse_the_ negative. charge on.the

D

gative charge . .on. the

e 2]

(b} Phenyl ethanoate is often used as a solvent and as the building block for the synthesis
of other chemicals.

(i) One method of its production involves phenol with an appropriate acid chloride
via a two-step process. Identify the reactant required for each step.

step 1: NaOH(ag), room temperature

step 2: ethanoyi chloride, CH,COCI, room temperature

{2

(ii) Give two reasons why phenol does not react with carboxylic acids to form esters.

ak nucleophile. The lone pair ol

rendering the acid to be a weak electrophile, hence there i ion... 2]

Another method of production involves phenols reacting with a class of compounds known
as acid anhydrides. Ethanoic anhydride, (CH3CO).0, is an example of a common
commercially available acid anhydride.

BN

ethanoic anhydride

Acid anhydrides undergo similar reactions to acid chlorides, and are easier and safer to
handle in organic synthesis.

©EJC 9729/J2Prelim/25 [Turn Over

10
(c) (i) Write a balanced chemical equation for the formation of phenyl ethanoate using

phenol and ethanoic anhydride.
(o}

OH o\__/
0 o
\=/ \=/ * —_ + CH;CO,H
0

(ii) Suggest why acid anhydrides are generally less reactive than acid chlorides
towards nucleophiles.

[

The lone pair of electrons on the C-O—C oxygen of acid anhydrides is more

is held in a 2p orbital while the lone pair in Cl is held in a 3p orbital. Hence, the

tksesses e et s et or e e ee et res et es e eee et eeres st eeoet s R ]

acyl carbon is less electrophilic/reactive.

(d) Ris formed when an acid anhydride 8, C14H1003, reacts with CHzNH..

R is a neutral compound and has the molecular formula CsHeNO. R reacts with
hot H2804(aq) to produce P and CHaNH,.

P is not very soluble in water, but dissolves after reacting with an excess of
NaCOs(aq).

(i) Name the type of reaction occurring when R reacts with hot aqueous sulfuric acid.

Hydrolysis or nucleophilic (acyl) substitution. . e (1

(i) P has the molecular formula C7Hs0,. P can be formed when methylbenzene
reacts with acidifiled potassium manganate(VII).

Draw the structure of P.
COOH

1

(ili) Write the equation for the reaction of P with an excess of NazCOs(aq).

2CHsCOOH + NapCO;s > 2CeHCOONa +

-

©EJC 9729/02/J2Prelim/25
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13 14
(b) Industrial wastewater containing Cu®* jons must be treated before it can be safe for (d) A sampie of the industrial wastewater was found to be pale blue in colour due to
discharge to a sanitary sewer for further treatment. The allowable limit of Cu?* in the contamination by Cu?* ions.
discharge is 1 mg per litre. ’
(i) Explain why the solution contaminated with Cu?* is blue in colour.
(i) Calculate the concentration of Cu?* ions in the wastewater when zinc(lI)
hydroxide starts to precipitate.

When Zn(OH). starts to precipitate,
pH = 6.74, [OH] = 5.495 x 10~® mol dm-?

lower energy d_orbital absorb light ener:

Let the concentration of Cu?* be y mol dm=
(V) 5495 x 10°8P =22 x 10
¥=7.29 x 106 mol dm™2

{2
colour is observed, .[3]
(i) The industrial wastewater is treated at pH 6.74. Using your answer in (b)(i),
deduce if the wastewater is safe for discharge to sanitary sewage for further (if} A student took a sample of the solution and added excess concentrated
treatment? hydrochloric acid. State the type of reaction and describe any observations.
Construct a balanced equation for the reaction.
Allowable limit of Cu?* = 1mg/L =1 x 10-* g dm=?
= 1.575 x 10~ mol dm™ The blue copper(Il) solution will urn green. . S S R
Yes, it is safe as the aflowable limit is larger than [Cu?*] present in the discharge Ligand exchange reaction has. accumed.due. fo_high. concentration. of GL.

at pH 6.74.

water ligand. in the hexaaquacopper(Il) complex.

M

2-

[Cu(H 0]’

(c¢) There may be difficulty in removing AZ* ion from the wastewater when excess sodium
hydroxide solution is added. [total: 14}

Explain, with the aid of suitable equation(s), why this is so.

APF* + 30H- - AIOH),

precipitate AP ions in the form. of AQH).....

AYOH); +OH- [] [AYOR)I- memme—meneemeee (1) [1] @Ccept ireversible reaction

However, when excess NaOH is added, concentration of OH- increases, thus

® EJC 9729/J2Prelim/25 [Turn Over , ©EJC 9729/02/J2Prelim/25
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ATP hydrolysis breaks a high-energy P~O bond, releasing energy and forming ADP and
HPOZ, and is reversible under suitable conditions in reaction 1. The biochemical standard
condition (as annotated by the superscript of ®) applies here where concentrations of all
species are defined to be at 1 mol dm™ at pH 7.0, at 37 °C.

o} A_u@o n.voo n_voom
reaction1 R~ /ﬂ\ /__u_\ /__u_.\ (aq) + 2H,0())
O O o
ATP 0® oo
PNyl \o 2 .
R” P @57 HPO,“(aq) + H30%(aq)
NH 1 ._
2 (o] o]
v ADP
o
where R = F/z N o e AG®'=-30.5 kd mol™
AH®' = 20,5 kJ moi™
OHOH

(b) The mechanism of the hydrolysis of ATP proceeds via the following stages:

1. Similar to nucleophilic addition, a nucleophilic attack of water on a phosphorus
atom of the terminal phosphate unit while breaking the P=0 = bond, forming
intermediate 1.

2. The negative charge of the oxygen atom in intermediate 1 is then conferred to
reforming of the n-bond in the P=0O while another P-O bond involving
the phosphorus atom of the terminal phosphate unit is cleaved to form
intermediate 2 and ADP.

3. Another water molecule abstracts a proton from intermediate 2.

(i} Suggest why a water molecule is a nucleophile,

©EJC 9729/02/J2Prelim/25

18

(if) Complete Fig. 5.3 to suggest the mechanism for this reaction for stages 1 and 2
only. Show the displayed structure of intermediate 2, relevant dipoles, relevant

lone pairs of electrons and the movement of electrons by using curly arrows. {3]

PN A /oa_v\ BN \o@ _Av 0°
R /_\ /_\ /__\j /! R R
__ __ .ﬂ / mﬁmmm._ m __ \ CH
o] o} Os- H /
ATP intermediate 1 H
stage 2
o 90 :/O\ H
H0 _ _ % [ o®
ADP + HzO" + HPQO,Z R / A / \ + ~
stage 3 _ _ : P
I
>_u_u
intermediate 2
Fig. 5.3

(c) Calculate the entropy change of reaction, AS®', at 37 °C and comment on the sign of
AS® obtained.

AG® = AH® — TAS®
AS® = (-20.5 — (=30.5)) + (37+273) = +0.0322 kJ mol""'

©EJC 9729/02/J2Prelim/25
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{ii) ATP can form several complexes with magnesium ions such as the [MgATP]>-

complex. The [MgATP]* complex serves as the substrate for ATPase, the
enzyme that catalyses reaction 1.

The rate of reaction 1 using a fixed amount of ATPase is investigated.
Experiments are performed using different concentrations of [MgATP}? complex
(substrate) and the rate of each reaction is measured.

Sketch a graph to describe the relationship between the rate of the reaction and
substrate concentration, using a fixed amount of ATPase enzyme, in this
reaction. Explain your reasoning.

rate

0 ¥ [substrate]

Hence reaction becomes zero order w.r.t. substrate.

[Total: 18]

9729/02/J2Prelim/25

€€6~dg




v€G-dd



JC2 Preliminary Examination 2025

f — General Certificate of Education Advanced Level
A Higher 2

— U EUNOIA JUNIOR COLLEGE

Chemistry Paper 3 Suggested Solutions with Marker's comments

Section A
Answer all the questions in this section.

Indirect calorimetry is used to estimate energy expenditure in humans by measuring the difference
in oxygen concentration between inhaled and exhaled air. During aerobic respiration at 37 °C,
glucose, CsH120g, is oxidised to carbon dioxide and water while producing energy as shown in
reaction 1 below.

reaction 1 CsH1206(s) + 602(g) — 6CO(g) + 6H0() AH® = -2818 kJ moi™

(a) (i) It is assumed that there are negligible intermolecular forces of attraction between gas
particles in an ideal gas.

State two other basic assumptions of kinetic theory as applied to an ideal gas. 2]
(li) Air contains about 21% oxygen, by volume. Exhaled air contains 14% oxygen.
At complete rest, a typical adult exchanges approximately 500 cm3 of air per breath at a rate

of 12 times per minute at a temperature of 37 °C at 1 atmospheric pressure.

By assuming oxygen to be an ideal gas, calculate the volume of oxygen gas consumed per
minute. Hence, determine amount of oxygen gas used per minute. [3]

(iii) Assuming that the oxygen inhaled is used for respiration directly, use relevant information

in reaction 1 and your answer in (a)(ii), calculate the approximate amount of energy
released per minute. [1]

() The gas particles are in constant, random motion,

there are perfectly elastic collisions between gas

(ii) volume of O, consumed per minute = (21 ~ Amv: 00 x 500 cmd x 12
=420cm®=4.20 x 10 m?
pV=nRT
(101325)(4.20 x 10™*) = n(8.31)(37 + 273)
n=0.0165 mol = 1,65 x 102 mol

(iif) From equation 1, total of 6 mol of O, releases 2818 kJ of energy
Amt of energy released per minute = (2818 + 6) x 0.0165 = 7.7495 kJ
=7.75kJ
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K: = [B-glucose] / [a-glucose] (i} _The equilibrium position shifts to the leit in order to favour the endothermic reaction to
=yl (1-y) absorb excess heat.
=0.63/(1-0.63)
=171 effectively complete or equilibrium position lies mostly on the right since AG®is highly

negative implying that the forward reaction is thermodynamically spontaneous.

forward and reverse reactions are increased to the same extent.

It only enables the equilibrium (i.e. the final rotation) to be established at an earlier
time.

(d) Oxygen used in respiration binds to haemoglobin in red blood cells, which can undergo ligand
exchange with water in tissues to regulate oxygen delivery. Both deoxyhaemoglobin and
oxyhaemoglobin contain iron atoms in the +2 oxidation state. The oxygen-containing ligand is
Hz0 in deoxyhaemoglobin, Hb, and O in oxyhaemoglobin, Hb(Oz)s.

One molecule of deoxyhaemoglobin, Hb, can bind with four molecules of oxygen, as shown in

equilibrium 1.
equilibrium 1 Hb(aq) + 402(aq) 0 Hb(O2)(aq) AH® = -630.9 kJ mol™*
AG® = -160.7 kJ mol™"
(i) State Lo Chatelier's Principle. [1]

(i) During the initial stage of vigorous exercise, rapid muscle contractions generate heat that
spreads through the body, raising core temperature.

Using Le Chatelier's Principle, explain how the initial increase in temperature affects
equilibrium 1. [1]

(i) Suggest how the magnitude of K. for equilibrium 1 is likely to be and explain its significance.
[2]

(iv) Carbon monoxide, CO, can bind to haemoglobin at the same binding site as oxygen.
Explain why CO is poisonous. 2]
[Total: 20]

(I} Le Chatelier's principle states that if a system in equilibrium is subjected to a chan
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(ifli) Comparing experiment 1 and 2,
When [CH,8"] increases to 1.5 times, while keeping [CH;BrCH,OH] constant, the relative rate
increases to 1.5 times.

Order of reaction with respect to CH;S~ is one.
Let rate equation be rate = K[CH3S-][BrCH.CH,OH]*
Comparing experiment 1 and 3,

2.67 _ k(0.200)'(0.200)°

= b=1
150  k(0.150)(0.150)
Order of reaction with respect to BrCH.CH,OH is one.
(iv) rate = CH3S-)[BrCH>CH,OH]
(v) Sn2 Nucleophilic substitution
i
CH,0H CH,O0H CH,OH
O By | = CHS—C. + Br
CH,S! I%oﬂmﬂ CH;S mo, Br 3 3 r
H

(c) Sodium methoxide, CH;ONa, can also be used to synthesis 2-hydroxyethyl methyl sulfide from
2-bromoethanol. The rate of reaction was found to be slower than when sodium methanethiol,
CH3SNa, is used.

By considering the strength of the nucleophile, suggest why the rate of reaction is slower when
using sodium methoxide. 11

The O atom on the methoxide anion has a stronger electronegativity as compared to the S

atom on the methyl thiclate. Hence, the lone pair of electrons is less available, making it a

weaker nucleophile, resulting in a slower rate of reaction.

10

(d) The rate of reaction for the synthesis increases when the temperature is increased. With the
aid of a clearly labelled Maxwell-Boltzmann distribution curve, explain this observation. [3]

number 47,
{/ fraction)

N represents total number (/ fraction) of particles with
%
of particles

energy greater than or equal to £, at temperature T,

m represents total number (/ fraction) of particles with
N energy greater than or equal to E, at temperature T,

A energy

of the particles increases, and this results
in an increase in frequency of collisions. In additon, the number
/ fraction) of particles with ener:

equal to or greater than E, increases. Both factors result
in frequency of effective coliision increases, and the rate constant increases, hence the rate

of reaction increases.

(e) Another series of experiments were done to study the difference in the rates of nucleophilic
substitution for the following compounds using methyl thiolate.

cl Br. I
/\/OI /.\/OI /\/OI

2-chloroethanol 2-bromoethano} 2-jodoethanol

Deduce the order of increasing rate of reaction of the following compounds. Explain your
answer. [2]
[Total: 20]

2-chloroethano! < 2-bromoethanol < 2-iodoethanol
Down the group, the C-X bond strength decreases due to the decreasing effective overlal
of the halogen orbitals with the C orbitals. Thus, the bond becomes easier to break.
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(b) (i) State the type of reaction in step 1-1.

|

(i} State the type of bond between the alkene and Co in intermediate A and suggest how it is

formed.

2

(iii) State the shapes of intermediate B and intermediate € about Co. [1}

(iv) Given that the Co in intermediate C is in the +3 oxidation state. State its full electronic

configuration.
(i) ligand exchange reaction

{1

(i) Dative / coordinate bond formed then alkene donates its pair of x electrons to the Co

(iili) intermediate B : trigonal bipyramidal
Intermediate C : octahedral
(iv) 1s? 282 2p® 352 3p° 3d®

(c) The linear and branched product arises in step 1-2 as the addition of Co—H across the C=C

double bond can occur in two ways as shown in Fig. 3.3.

H
1
R' 2
& PRy
. +co -~ 0¢ o_oloo
R’ _ﬂ co
J.alla PR3 intermediate B
2 | O R'
co / H 2 1
+CO — .._:_Ummw
oc o_oloo
co

intermediate B’

Fig. 3.3

—_—

(o]
== Jl.
H 38

linear

H o}

|.v 1
2 R
branched

(i) Based on your understanding of the mechanism of electrophilic addition, explain why
intermediate B is formed preferentially over intermediate B'. [2]

(i) Phosphine ligand, PRs, with different R groups gives different linear : branched product
ratio. State and explain one characteristic of the alkyl group, R, which will further favour

formation of intermediate B.

2]

)

(i)

14

Since the Co-H bond is polarised with Co carrying the partial positive charge and H carrying the
partial negative charge, during addition of the Co—H across the C=C, the pair of C=C & electrons
will preferentially attack the electrophilic Co_atom leading to a more stable seconda
carbocation at carbon 1 than a primary carbocation at carbon 2 and H:~, which then combine
to give intermediate B.

A sterically bulky R group will further favour formation of intermediate B.

This is because a bulky PRs will render intermediate B’ more unstable / less stable compared to

intermediate B due fo steric repulsion between PRz and R'. or

The bulky PRs will render electrophilic attack of the Co(CO)2(PR3) fragment faster at carbon 2
compared to carbon 1 due to steric hindrance by R’ at carbon 1

The Friedel-Crafts formylation of benzene using carbon monoxide can be achieved by the
Gatterman-Koch reaction in which CO(g) and HC(g) are used in-sifu with a Lewis acid catalyst such
as AlCh.

HCl

AlC
. O b H

Assuming that CO(g) and HC(g) reacts in the presence of AICk as shown.
CO + HCI + AICl O *CHO + ALCL

(d) Describe the mechanism for the Friedel-Crafts formylation of benzene to give benzaldehyde.
Show the displayed structure of the electrophile, the structure of the intermediate and the
movement of electron pairs by using curly arrows.

(31
[Total: 20}

Electrophilic substitution

n_w Oﬂo
@\H/,Q Slow,
|
H
CHO
_ fast CHO
H +AlCy + HCl+ AlCl
Section B
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{c) Vanillin, a common flavor and fragrance ingredient, can be converted into vanillic acid by a two-

step laboratory synthesis.

CHO CH(OH)CN CH(OH)COOH
step 1 step 2
OCH3 OCHj3 OCH3
OH OH OH
vanillin vanillic acid
(i) State the reagent and conditions used in step 1. 1
(i) State the type of reaction that occurs in step 1 and 2. [2]

(iif) Draw the mechanism of the reaction in step 1. Show clearly all charges and the
ntermediate formed and use curly arrows to indicate the movement of electron pairs.

(3]
(i) HCN, trace amount of NaCN/NaOH, cold
(ii) Step 1: nucleophilic addition
Step 2: acidic hydrolysis

) NaCN - Na*+CN-

-0 (o
&+
H - low H
//hYazwbl. ON
HO HO
OCH; OCH;
w\/ OH
H A fast H _
CN + n mZ —_— CN + “CN
HO HO
OCH; OCHj3

18

(d) Hexagonal boron nitride, h-BN, consist of planar sheets of alternate boron and nitrogen atoms,

similar in arangement to the carbon atoms in graphite. Its softness and sheen make powdered
h-BN widely used in cosmetics.

(i) h-BN is often referred to as “white-graphite’. With reference to chemical bonding and
structure, explain why both h-BN and graphite have a soft and slippery feel. 2]

(i) Explain, with reference to electronegativity, why h-BN does not conduct electricity readily,
whereas graphite does. 2]

(i) Both are giant covalent structure, with strong covalent bonds found within the

layer/plane. In both h-BN and graphite, the atoms are in trigonal plEreiel?8hgements.
Each plane/sheet are held by weak instantaneous dipole-induced dipole interactions.

Hence the layers can slide over each other easily.

(ii) In both compounds, since the C, B and B atoms are sp? hybridised each with a
unhybridised p orbital that can overlap sideway to give a delocalised = electron cloud.

For graphite, each carbon atom has one lone electron that can move freely through

the structure, enabling electrical conduction.
In h-BN, lone pair of electrons are more localised on more electronegative nitrogen
atom, and so there are no free electrons to carry charge, making it an electiical insulator.
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(d) Rank the following compounds in order of increasing basicity and explain your
reasoning.

phenylamine, methylamine, ethanamide [4]

Phenylamine and ethanamide are less basic than CHsNH; as the p orbitals of N overlap with
the = electron cloud of benzene and the C=0 groups respectively.

For ethanamide, the lone pair of electrons on N atom is delocalized into the = electron cloud

of the C=0 bond, thus this lone pair of electrons is not available for donation to a proton, hence
it is neutral.

For phenylamine, the lone pair of electrons on N atom is delocalized into the & electron

atom for donation to a proton. CHsNH, has an electron donating alkyl group so the lone pair

on N is more available for donation to H*. Hence, it is the most basic.

22

(e) The structures of two amino acids, glutamine and aspartic acid are given below.

H H
| |
INZIA_VIOOOI InzlmIOOOI
CH2CH,CONH, CH,COOH
glutamine aspartic acid

() Suggest a simple chemical test to distinguish between giutamine and aspartic acid.

[2

(i} The three pK, values associated with aspartic acid are 1.99, 3.90 and 9.90.

Draw the structures of the predominant species of aspartic acid at
e pH3
e pH8

o pH 11 3]
[Total: 20]

(i) Add NaOH(agq) to the separate samples and heat them in water bath.

H
_
(i) pH3: :uzf_ulooo-
CH,COOH
Y
pHS8: :wzﬁmlooox
CH,CO0~
i
pH11: Imzln_uloool
CH,C00"
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