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3
3 In which pairs of compounds does the first molecule have a smaller bond angle than that in the

second molecule?

1 NF3 CCls

2 H.S H0

3 SFs CS:

A 1,2and 3 B 1and 2 Cc 2and3 D 3only
“ Topic: Chemical Bonding “
" molecule shape bond angle molecule shape Bond angle "
! 1 trigonal o CCls tetrahedral 109° !
" v NFs pyramidal tor "
i 2 92° H.0 bent 105° 1
] v due to central S 1
1 HaS bent atom being less '
! electronegative '
" than O in HzO "
! w SFs | octahedral 90° Cs: finear 180° '

1

“ Answer: A |

— e e o e o e - o n e e M G M e G R M A B W W e e S e e e M ma o

4 The table shows the boailing point of three alcohols.

boiling point / °C
pentan-1-ol 138
2-methylbutan-2-ol 129
2,2-dimethylpropanol 114

What is responsible for the differences in boiling point?

different relative mole

o 0 w >

chain molecules

o e e e e e e e s e e e e e e e S S e e e e e

Topic: Chemical Bonding

Answer: D

cular mass

different number of carbon-carbon bonds

weaker hydrogen bonding between branched chain molecules

more extensive instantaneous dipoles—induced dipoles atiractions between straight

A False; all three alcohols are isomers with the same relative molecular mass

B  False; same number of carbon-carbon bonds in the three isomers

C  False; strength of intermolecutar hydrogen bonding in the straight chain and
branched chain isomers are similar since all three isomers, on average, will
form the same number of hydrogen bonds per molecule (since each molecule
consist of 1 -OH group).

D True; more extensive instantaneous dipoles-induced dipoles attractions
between straight chain molecules (due to larger surface area of contact
between the molecules).

4

Which statements about the behaviour of Group 17 elements from chlorine to iodine are correct?
A The elements become stronger oxidising agents.
eienisidecies

The thermal stability of the hydrogen halides increases.

oo w

The bond energy of H-X bond increases.

Topic: The Periodic Table 1

1
A False; the elements become weaker oxidising agents from chlorine to iodine as 1

there is a lower tendency for X: to reduce to X~.

B True; The volatility of the elements decreases down the group. As the number
of electrons of the halogen molecules Increases, the instantaneous dipoles —
induced dipoles (id-id) forces of attractions between the halogen molecules
increases. Larger amount of energy is required to overcome the stronger id-id
forces of attractions, resulting in higher bollin int and hence lower volatili

C  False; the thermal stablility of the hydrogen halides decreases from H-Cl to H-I
of H-X bond decreases, hence the gase of breaking H-X
bond increases, resuiting in lower thermal stability.

D  False; the bond energy of H-X bond decreases from H-C/ to H-I due to jess
effective overlap of orbitals as the valence orbital used in bonding becomes
bigger and more diffused from chiorine to lodine.

Answer: B

| . R A )

0.10 mol of an oxide of nitrogen (NxOy) is mixed with an excess of hydrogen and passed over
a catalyst at a suitable temperature.

The water produced in this reaction has amass of 7.2 g.

The ammonia produced requires 200 cm? of 1.0 mol dm™ HC! for complete neutralisation.

What is the formula of this oxide of nitrogen?

A N:O B NO c NO.

9720/01 CJC JC2 Preliminary Examination 2025



S S — | R 41!)

5202 uopeujwex3 Aeulunisid Zor Or'D 10/6246

g LJ9MSUyY
y-low 1) 02€— = (28-) +(26-) + 9Z2— ='HV @2USH
‘L uogenba son3 suonenbe g anoqe ay} dn Sujwwng
oW £ 28— = ¥/ 8YE—=HV SONH < O%H % + 20 % + *ON ¢ obeys
i-loW MY 26— = Z/PLl~=HV 20N <~ 20 % + ON Z obejs

oW P 9ZZ—= ¥/ P06—=HV  O%H ¥/9 + ON %0 ¥/S + EHN 1 ebeys
(poyiow [eonRWSYIR) POYIaW SARRUIBYY

o M 0L =
A XBPE— + A X YLL—+ A X V06— = ‘HY
2
O*H e +%0%+*0ON
AX VL~
v Z
%X 8veE- NOM...O«IM+OZ
A X 06— /
O’H +°ONH YHV *OZ +"HN

(me] ,ssoH pue 2j9ko ABieug) sonebisuzy :01do|

Howrizegr  d
Howrygive- 2
Howrry0e~ 4
Howryosyl—- v

¢ 1 uonenba u umoys ssaooud ay) Jo abueyo Adjeyjue ay} sl jeym

i-loW M 8YE—~ = HV EONHY < OPHZ + 20 + 2ON¥ ¢ abejs
20ONZ < %0 + ONZ Zobeys

O%H9 + ONY < 206 + SHNY ) abeys

(oW MY pLL—=HV
oW Y ¥06— = HV

‘usAlb ase
sebejs asay) Jo} sabueyo Adjeyjue pue suoienbae ayy ‘sabejs aaiy) uy susddey ssedoud sy

O%H +fONH ¢ %0Z + ®HN | uojenba

‘umoys sj ssecosd
auy Joy uonjenba |[B18A0 8y} "BIUOWWE JO UOHEPIXO 8U} AQ Aj[euisnpul apew S| PIoe SUNN

9

1
4
t
I
I
I
|
1
1
1
1
i
1
1
1
1
!
i
!
1
t
1
i
i
I
1
|
1
1
1
1
I
1
1
1
1
1
1
i
!
1
a

Jeao uanj]
§202 uoeuiwex3y Areupiield ZOF OrO L0/62.6

v Jiemsuy

(0) s (@)

(v+) 208 (0)
(5'z+)-20vs (9)
Jamsue (9+) *OSH (v)

ul g 30 80

9+ = (p-) — 2+ = 30npoad sy3 u) § Jo SO jeuld

2+ =;"0%S Ul § JO 8)e)s uUopRepPIXO

(-ep S9S0] WO § BUO) _8g SBSO|_,£O?S JO SO | Jey) suesw Siyj
*.8g ueb pipom 39 Jo sajow p ‘9dueH

J02€-92+9)

:aunopys Buiajoaus uonenbe jiey

(xopay) Answolysio)s pue 3dasuos ajol 8yl :aidoy

ik e L e i e

S a *0s 9 2°0'S -] ~OSH v

Luooeal siy) Ui jonpoid BululEjuoo-InyINs JUB)YNSS BY) S| JRYA "PESIPIXO S1_,EO%S ‘ssaooid sty u)

*ssao0.d siU Ul ‘21D ‘BUNOJYD JO SBIOW { BAOWB) O} BIGE S| _,£OS ‘SUOI S)EJNSOIL) JO ojoLl BLQ

*suo} aplojyo o) JI Buonpai Aq sessecord
Bupyaea)q wi0.) aULIOJYD JO SSB0XA UEB BACWAI 0} AlSNpU) 8]IJX8} 8Y) U Pasn S| 8B)jNSoly) WNjpog

P o e e e e e e e e e e e e e e e e e e e G W e e e e e ey

uonjoadsuy BlA peALIep 8q Ued A pue X alaym

= ;oxz:_mESmouooz
jow 0oF'0 = $ = PaJoEa) SPIX0 8Y} 4O [OW 0] °( UBYM PaLLIO) JaJeMm JO Juy
“A0*N 8q ueBoaju jo spixo 8y} 197

Answoysioyg pue jdeauos ejo ayj :o1dog

e G e e e e e T e s M e e M e mm e e MM e e M W R e e e e ww

S

1 1
' OHY + °HNZ € 2H + “O*N) :eauey |
X ¥0 zo 10 fous / syunoury |
1 O%H +tHN < H +“O*N :uopenba psouejequn ,
“ a :tamsuy "
| 02N s} uafionu Jo epIXo adusH
! ooLo ., }
“ = 0070 = A0*N Ul swoje N §o oN "
t "PauLIO) EHN JO JWE = JoW 00Z'0 = 0’} X ol%m = uojjesjjennau Joj paiinbel /) O Wy |
“ 0010 “
1 1
1 1
1 1
1 1
1 1
1 )




BP~290

7

9 A radioactive element has 2 isotopes, G and H, with half-lives of 3 days and 6 days respectively.
An experiment starts with 4 times as many atoms of G as of H.

Given that radioactive decay is a first-order reaction, how long will it be before the number of
atoms of G left equals the number of atoms of H left?

A

12 days B 15 days C 24 days D 48 days

Topic: Kinetics (first order reactions and half-life)

Let the number of atoms of G be 4x and the number of atoms of H be x.

Radioactive decay for G after 12 days (4 half-lives of 3 days):
4x > 2X DX D> X2 >x4

XD x2=2

G goes through 4 half lives (12 days) before it can have the same amount of atoms as H at the

same time.

x/4

Answer: A

1
I
1
1
1
'
1
" Radioactive decay for H after 12 days (2 half-lives of 6 days):
i
'
1
1
b
1
1

10 The kinetics of the reaction between hydrogen peroxide and acidified iodide ions were
investigated.

H20x(ag) + 2H*(aq) + 2I(aq) — Lx(aq) + 2H:O0())

The rate equation was found to be rate = k[H,O2][I']

Which of the following shows the correct labelling of the x-axis for Graph I and y-axis for
Graph I1?

G

raph I Graph II

rate of reaction y

o O w »

\{

x time

x-axis for Graph I y-axis for Graph II

[r] [H=0:]{1]

[H'] (L2}
[H0:][] [H’]
[H205]{H"] .l

9729/01 CJC JC2 Preliminary Examination 2025
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1"

Topic: Kinetics (shapes of graphs )

Graph1: mwﬁm = II%W__E (similar to y=mx graph)

1
I
1
1
1
1
1
1
" involved in the rate equation and thus zero order wrt H*.
]

1

Answer: C

The reaction between HBr and O, is thought to occur via a multi-step mechanism:

HBr + 02 — HO2Br (slow)
HO2Br + HBr — 2HOBr (fast)
HOBr + HBr — Br + H0 (fast)

The overall reaction is 4HBr + O2 — 2Br2 + 2H0.
Which statement is comrect?

A  The overall order of reaction is 3.

B  HO:Bris the only intermediate in the reaction.
C  HOBracts as a catalyst in the reaction.

Graph 1 : gradient of the graph shows that rate is independent of [reactant]. H* is not

- - -

- M e e e e e A S R M Mk B M e M me M mm Gk M R Em R R G e M M AR G G Rm am AR Am e Em e

Topic: Kinetics (reaction mechanism, units of rate constant)
Rate = k[HBr][O:] => overall order of reaction is 2

HO.Br and HOBr are the intermediates in the reaction (they do not appear in the c<o_.n="

equation).

k = rate / [HBr][O2]
units of k = mol dm=s'/ (mol dm)?
= mol™ dm3s™'

_
_
_
_
.
_
_
_
" Iow_._w:o»mnnnnzm»nwz_u:o:.ono:oqm.oa.
_
_
_
_
_
_
" Answer: D

L o o o o a i e e e e Em Em e e AR SR e E e e e G e R M e e e W ew e e e e e e

9729/01 CJC JC2 Preliminary Examination 2025
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15

Which statement about the chemical properties of the oxides in the third period of the Periodic

1

Table is true?

A NaO and MgO can be mixed in water to give an approximately neutral solution.

B
[
D

[

Which one of the following statements about the behaviour of the Group 2 elements from

AlLOj3 is soluble in both KOH and HCL.
S0; is insoluble in water.

SiO; forms a solution of pH 2 when dissolved in water at room temperature.

Option A: False. Na.O and MgO are basic and dissolve in water to give an alkaline
solution (NaOH and Mg(OH).). Moreover, MgO is sparingly soluble only.

Option B: True. ALO; is amphoteric. It reacts with KOH to give Al(OH)” and HC/ to
give AICL, hence AkO; does dissolve in both KOH and HCI.

> ALOs + 6H* — 2AP* + 3H.0; AI(OH)s + 3H* — AP* + 3H.0

» ALO; + 20H™ + 3H,0 —» 2AI(OH)s™; A{(OH)3 + OH™—» AI(OH)s"

Option C: False. SO; dissolves in water to give H280.. $03+ H20 —» H.80«

Option D: False. SiO; giant covalent and hence is insoluble in water, therefore the
pH of solution will be 7.

magnesium to barium is correct?

CoOow>P

They become weaker reducing agents.

The electronegativity increases.

The thermal stability of the metal carbonate increases.

The enthalpy change of hydration of the ions become more exothermic.

9729/01 CJC JC2 Preliminary Examination 2025
[Turn over

16

12

Topic: The Periodic Table
Option A and B: Incorrect. Down the group, due to increasing size and an increase
in shielding effect (due to increasing number of electron shells), the nucleus has
lower attraction for the valence electrons (electronegativity decreases). As a
result, the tendency for the element to lose the valence electrons increases, and
therefore the reducing power increases.

Option C: Correct. Down the group, the size of cation increases, thus charge
density decreases, leading to lower polarising power of the cation. As a resuit,
the CO:* lon is polarised to a smaller extent, C-O bond weakened to a smaller
extent and harder to break. Decomposition of the metal carbonate occurs with
greater difficulty hence thermal stability increases.

Option D: Incorrect. Down the group, the size of cation increases, thus charge
density decreases. The hydration energy of an ion is proportional to the charge
density of the ion. The ion—dipole attractions formed between the ions and water
molecules become increasingly weaker, and thus the hydration energy becomes
less exothermic.

1
1
1
1
1
I
1
1
]
1
1
1
i
1
1
1
]
1
1
1
I
1
1
1
]
1
1
1
I
1
“ Answer: C
1

1

The concentration of carbon dioxide in the blood is regulated by the following equilibria.

CO2 + H,0 = HCOs
HoCO; & HCOs™ + H*

During exercise, the production of lactic acid decreases the pH of blood. Which statements
about these equilibria are correct when this happens?

B 2only C 1and3only D 1,2and3

9728/01 CJC JC2 Preliminary Examination 2025
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20 Ocimenes are a group of isomeric hydrocarbons with a sweet herbal scent and are commonly
used in perfumes. The structure of one of its isomers is shown below.

\F\/\(

B-ocimene

Which statements are correct?

1 B-ocimene has a total of four stereoisomers.

2 p-ocimene reacts with HBr to produce a major product containing two chiral centres.

3 B-ocimene undergoes both electrophilic addition and free radical substitution in the presence
of excess bromine in the dark.

4 B-ocimene reacts with cold dilute alkaline potassium manganate(VII) to produce a major
product with six —OH groups.

A 1and3 B 2and4 C 1,2and3 D 1,2,3and4

Topic: Alkenes

. P
1: Incorrect. Only one C=C can exhibit cis-trans isomerism,
hence total number of stereoisomers in g-ocimene = 2' = 2 stereoisomers.

2: Correct — The major product as shown below has 2 chiral centres.

Br,
Br

*

Br

3: Incorrect. Free radical substitution of bromine requires UV light to react with
p—ocimene.

4: Correct. The product of mild oxidation produces 6—OH groups.

OH OH OH

e e a s At v e e e e e dm Em e e M Mm e vw e e e

Answer: B — similar to 2018/P2/Q3(b(iii)); 2019/P3/Q3(d)(ii); 2013/P3/4(a)
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Methylbenzene reacts with bromine chloride, BrCl, in different ways, depending on the
conditions used. A reaction is carried out using an excess of methylbenzene in the absence of
sunlight and in the presence of an iron-containing catalyst.

What is the main reaction taking place?

A substitution of one bromine atom into the —~CHj3 side—chain
oa:m atom 38 the —CH: side~chain
A RO SROTA P a7

D mcumm»&os of one chiorine %o? m:m. the um:Nmsm m:o

Topic: Arenes
Electrophilic substitution of the benzene ring with the electrophile Br*, being generated
in the presence of an iron-containing catalyst, which then attacks the C atom in the
benzene ring.

are incorrect.

_
_
_
_
_
_
_:muwo:nm&n:::u—_zs_6—5._uwmo:—.cmaa.n:m.:on::o:n_sv_nna.mo.>m:nw "
_
.
Cl* is not the electrophile as it is more electronegative than Br as can he seen from Br—Cl. |
So, D can be ruled out. &+ m."

Answer: C “

22 The diagram shows reactions involving butan-2—ol.

1.1, NaOH
1. cold, conc. H,80, OH n:mﬂ
2. H0, heat 2. excess H*
W a— ———— - Y
reagent X
butan-2-ol

Which row correctly identifies the unknown compounds and reagents?

w reagent X Y
A 2-chlorobut-2—-ene PCls butanoic acid
B but-2-ene ethanolic KOH propanoic acid
c 2—chlorobutane butanoic acid
2]

9729/01 CJC JC2 Preliminary Examination 2025
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24 Methanal, HCHO is the simplest aldehyde.

Which statements about methanal is correct?

-

All four atoms in methanal lie in the same plane.

2 The carbon atom in methanal has an oxidation number of 0.
3 Complete combustion of 1 mol of methanal requires 1 mol of oxygen gas.
A 1,2and 3 B 1 and 2 C 2and 3 D 1 only

Topic: Carbonyl Compounds
Methanal is trigonal planar in shape, the central C atom is sp? hybridised.

(+1) H
“c=0 (3 bonded pairs, trigonal planar)
#NH/ (-2)
The O.N. of C = 0 since the O.N. of H is +1 and that of O is —2. The molecule is not charged.,

HCHO + 0, — CO; + H0
1mol 1mol

Answer: A (1, 2, 3 are correct)

25 Aliquid P is sparingly soluble in water. it dissolves readily in cold hydrochloric acid. Evaporation

of this solution yields a crystalline solid.
Which could be P?

A CgHsCOCHs B CeHsCONH: C CgHsNHz D CeHsOH
Topic: Nitrogen compounds “
Liquid P is sparingly soluble in water since it contains the hydrophobic phenyl group, - ,
C¢Hs. P dissolves readily in cold hydrochloric acid, suggesting that it is basic. Only |
phenylamine is basic, and a very soluble ionic salt, CcHsNHs*Cl(aq) is formed as 1
neutralisation takes place. The crystalline solid, CsHsNHs*CI(s) is produced upon !
evaporation of the aqueous solution. “
1

1

1

1

1

The ketone, amide are neutral and phenol is acidic so they do not react with cold HC!.

Answer: C

r—_"__"-__"'--'l
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26 Serotonin is a neurotransmitter molecule.

NH,

HO

serotonin

Which one of the following reagents will not react with serotonin?

A CH;COC!

B Hc!

C NaOH
i

" Topic: Organic Reactions with different functional groups '
1 '
1 CH;COCI reacts with the amines and phenols to give the corresponding amides and i
1 esters. HCI undergoes EA reaction with the alkene; it also reacts with the basic amines !

“ via neutralisation. NaOH reacts with acidic phenol. "

" PCIs does not react with any of the functional groups present in serctonin. in addition, “

1 no reaction with phenol due the partial C—O double bond arising as a result of the |
I overlapping of the p-orbital of the oxygen atom with the = orbitals of the carbon atoms !

" of the benzene ring. So, there is no reaction involving cleavage of C-O bond.

1
1 Answer: D

27 A voltaic cell is set up using the Mg**/Mg and Fe®*/Fe?" half-cells.

Mg*(aq) + 2e~ = Mg(s)
Fe*(aq) + e~ = Fe?*(aq)

E®, Mg2tmg =—2.38 V
E®eedpet = +0.77V

Under standard conditions, the cell e.m.f. would be 3.15 V. However, the voltmeter recorded a
reading of 3.05 V.

What is the best explanation for this lower e.m.f.?

1 a higher concentration of Fe®* was used

57

B | fo jsed

C 1and2only D 1,2and3

9729/01 CJC JC2 Prelfiminary Examination 2025
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By using the standard enthalpy change of formation, AHZ, values given below,
calculate the standard Gibbs free energy change, AG®, in kJ mol™ for the reaction of
AOImv~ZnIm with ZNOA at 298 K.

substance (CH3)2NaHa(1) N2O4(1) CO2(g) H20O(g)

AHZ 1 kJ mol! +48.9 -19.6 -393.5 -241.8

AHP = TAHP(products) — TAHP(reactants)

(c) (i) The chlorides of Period 2 elements behave similarly to chlorides of Period 3 elements.

pH

(i)

Based on your knowledge of chlorides of Period 3 elements, sketch a graph of pH
against the chlorides of lithium to nitrogen. In your sketch, consider the chloride of

carbon is immiscible with water. [3]
A
4
] | ] |
1 1 I 1 -
LiCt BeCl BCI CCl NCI
2 3 4 3

Wirite an equation with state symbols to account for the pH of liquid NC/s when
dissolved in water. Aqueous HNO; and steamy white fumes are formed in the
reaction.

NCI(/) + 2H20(f) > HNOz(aq) + 3HCI(g) 2

9729/02 CJC JC2 Preliminary Examination 2025 [Turn over

(d) Describe and explain how the thermal stability of the hydrogen halides varies down
Group 17. Include an equation for the thermal decomposition reaction in your answer.

Describe:
..»..Hydregen.halides decompose on.heating 1o.give hydrogen gas and.halogens........

..a..Down the group,.as.the.size. of the halogen.atom.increases. ..................
+ The H-X bond length increases and is weaker due to less effective orbital

overiap.
"¢ ""Heénce, the bond energy of H-X decreases, and thermal stability decreases ™
.:...n_gs.ca@mwg? ........................ vt Ceraenaes certatrecaeiaanan. —w_
[Total: 16]

9729/02 CJC JC2 Preliminary Examination 2025
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3 (a) A 2.67 g sample of a Period 3 chloride is heated to 227°C in a sealed flask. At this
temperature, the chioride is a gas of volume 250 cm? and the pressure in the flask is 323
kPa. Using the general gas equation, calculate the M; of the Period 3 chloride. Deduce its
formula. [3]

pV = nRT
323 x 10° x 250 x 107 = n x 8.31 x (227 + 273)
n = 0.01943 mol

n=mass/Mr
0.01943 = 2.67 / Mr
M, =1374

Based on M,, the period 3 chioride is likely to contain 3 Cl.
A, of period 3 element = 137.4 - 355 x 3 =30.9
PClz

(b) Triphenylphosphine (represented as PPhs) is used in a type of reaction known as a Wittig reaction.
In the Wittig reaction, a carbony! compound reacts with a halogenoalkane to form an alkene. The
conversion is shown in the following unbalanced equation.

Ry R H
\_ PPhs N/
C=0 , R;—CHpBr ———>  C=C
\ Strong Base / \
Ry Ra Ra

(i) Draw the structure of the product formed from the Wittig reaction of the following
compounds. [1]

CH,CH3

\

c=—0 Cl——CH,CH,

/

CH,

or

9728/02 CJC JC2 Preliminary Examination 2025 [Turn over

(ii) Predict the structural formula of the product formed when the following compound
undergoes the Wittig reaction. 1]

Br o

(iti) Alkene D can be formed from propanal, CHaCH.CHO via the Wittig reaction.
Propose a 2-step synthesis to form 1-chloropropane, from propanal, for the Wittig reaction

to take place. 2]
PPhy CH,CH; H
CHzCH,CH,C! + CH3CHaCHO ey
strong base
H CH,CH3
alkene D

NaBH, in ethanol, LIA/H, in dry ether
or Hy, Ni catalyst, heat

O—.—QOINOIO —————rttaaranroa S O—.—uﬂ—.—uﬁ—.—nO—.—

PCls or PC/;, heat or SOC/,, heat
OIuOINnINOI ——————————— QIGOINQINON

8729/02 CJC JC2 Preliminary Examination 2025
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Esters are derivatives of carboxylic acids. Simple esters tend to have pleasant, fruity odours
and are widely used as flavours and fragrances. Esterification generally refers to the formation
of esters from alcoho! and carboxylic acids, as shown in Equation 1. This Fischer esterification
mechanism is thought to involve 5 steps.

Equation 1 RCOOH + R;OH == RCOOR; + H:0
Step1: The carboxyl oxygen on the carboxylic acid gains a proton.

5"
|

mOONI +H* Gl
(o]
\ /

Step 2 : Next, the electron-rich oxygen atom of the alcohol attacks the carbon atom
of the carboxylic acid to form a positively-charged tetrahedral intermediate.

Step 3 : This is followed by transferring a proton to the 3&35.\_ oxygen of the
carboxyl group.

Step 4 : Subsequently, water is removed to form the positively charged ester.
Step 5 : The ester is formed when a proton is transferred to the base.

(a) (i) Suggest why protonation in Step 1 is required before nucleophilic attack in Step 2
can oceur.

The protonation activates the carbonyl carbon toward nucleophilic attack. This is

because O would withdraw electrons from C, making it even more partial positive.

(ii) State whether the acid catalyst acts as a homogeneous or heterogenous catalyst
in this reaction. Explain your answer.

__Homogeneous. Both the catalyst and the reactants are in the same phase. The

acid omgm_<mﬁ is also _‘mmozmqwﬂwa at the end of the process.

9729/02 CJC JC2 Preliminary Examination 2025 [Turn over
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(iii) Using the information given, propose the mechanism for Step 2 in the given
boxes below. The structure of the alcohol, R-OH is shown below.

Ry-O-H
Suggest the mechanism for this reaction. Show all charges and relevant lone pairs
and show the movement of electron pairs by using curly arrows. [2]
Step 2:
\I

OH
q |

(iv) Suggest the type of reaction taking place in Step 2
z:o_mov c ma%_o:

............... O et terrt e st r s ensn s snsssenanssersssn s onsessennenn 1]

{b) Organic sulfonic acids, RSO20H, sulfonic acid esters, RSO,0R’, and sulfonyt chiorides,
RS0,CI, show similar chemical propetties to those of carboxylic acids, esters and acyl
chlorides respectively. R and R’ can represent alkyl groups or H atoms.

(o] (o} (o]
L __
— R §—0—R' R—S§—¢CI
| __ __
(o] 0
sulfonic acids sulfonic acid esters sulfonyl chlorides

(i) Based on your answer in (a)(i), explain why the rate of esterification will be faster
when sulfonic acid is used instead of carboxylic acid.

Suifur atom in sulfonic acid is more electrophilic/ electron deficient than the

omao: in carboxylic acid as it is bonded to 1 more electronegative O atom and

_thus is more susceptible to nucleop ili Icohol.

et e et et tese et e d]]

(ii) The sulfonic acid ester D is synthesised from the corresponding sulfonic acid A and
another organic molecule B.

9729/02 CJC JC2 Preliminary Examination 2025
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(iii) Another isomer with molecular formula C7H1402, F contains a chiral centre. Use an
asterisk (*) to mark the chiral centre present on the molecuie of F. [1]

o]

*

0
F

(d) Ethanoyl chloride instead of ethanoic acid may be used to synthesise iscamyl acetate.

(i) Write an equation for the reaction of ethanoyl chloride with water and hence explain
why the solution has a lower pH as compared to ethanoic acid.

CH3COC! + HoQO — CHaCOoH + HC/ |

OIQOOMI + INO = .O.Iu.n.wom + IuO+

mﬁzm:ov\_ o:_o_.am ::amﬁomm hydrolysis qmma__< S;: Emﬁm_‘ 8 *o:: a m:o:n_< acidic mo_ﬁ_g

of HCL m%m:oa acid only partially dissociate in water to give IwO*. @2

(i) Chloroethanoyl chloride, CH2CICOCI, H, can be obtained from ethanoic acid by
heating it with Cl> and PCls.

H can then be used to produce J, C4H1oNC/, via compound I, as shown in Figure 4.1.

CH3CH,NH
CH,CICOC! qoo:.u"m:_» mSNE_‘mw ! >
H P C4HqoNCI
Figure 4.1
Suggest structures for compounds I and J in Figure 4.1. [2]
1 J

)  State the reagents and conditions to convert I to J.

(
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H © H H
CHCICOC] —aiCHaNH: Qlﬂ_ulmlzlﬂ_ullﬂ_wlx
2 H room temperature _ _ _ _

H W B H
I

diii)
LiAlH, in dry ether

9729/02 CJC JC2 Preliminary Examination 2025
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(iv) Calculate the partial pressure of each gas in the equilibrium mixture at a pressure
of 100 atm and a temperature of 300 °C. Hence, determine K at 300 °C, stating the
units. [2]

ﬁnav + wINAE = 2NHjs(g)
87.4% 12.6%

12.6
Puna= (o :5

vZNH AM X

x 100) atm = 12.6 atm
874 « 100) atm = 21.9 atm

100
874 . 100) atm = 65.6 atm

3
Pz = (G X 3oy

— (Pug)
Ko = Pl
12.62
21.9 x (65.6)°
= 2.57 x10° atm?

[Total: 13]
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Double indicator acid-base titrations can be used to determine the composition of a mixture of
acids in addition to the pH of buffer solutions formed from polyprotic acids.

Maleic acid is a diprotic weak acid, H2A and its structure is as shown below:

(a)

)

CO,H

coM

The table below gives the pKa values of maleic acid at 208 K.

Equation pKa
HA =2 HA™ + H* 1.90 (pKa1)
HA™ 2 AZ + H* 6.20 (pKa2)

Explain why the value of pKaz is higher than that of pKas.
A :_uzo_, pKaz implies it is more difficult to lose (the second) proton due to the

stronger electrostatic force of a betwee

gcharged anlon.and.the proton.......... ettt e s R RN 1]

A double indicator titration was performed to determine the pH of the buffer solution that
was prepared by mixing unknown volumes of NazA and NaHA.

25.0 cm® of the buffer solution was titrated against 0.200 mol dm= HC! using
bromocresol green as an indicator for the first end-point. 16.90 cm? of the titrant was
required for this titration.

An additional titre volume of 19.20 cm?® was required to reach the second end point using
thymol blue as an indicator.

The reaction between A% and H* from HCI occurs in two steps:
H* +A7 5> HA™
H* +HA™ — HA

(i) Calculate the concentration of AZ present in the buffer solution initially.

16.90
1000

[A*] = (3.38 x 10~° x

Amount of A* = (—— x 0.200) = Amount of HC! = 3.38 x 10~ mol

»Nemg.“. )= 0. aum mol dm™

g

9729/02 CJC JC2 Preliminary Examination 2025
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(b)

(c)

3
Ala-Phe: peptide bond
. .OI v o
il e
H——N—C—~C——N+—C—C—0H
P:u::::::. %:»

Table 1.1 shows the pK, values of the different functional groups present in phenylalanine and
alanine. Both amino acids exist mainly as zwitterions at pH 7.0.

(i) State what is meant by the term zwitterion. [1]
Table 1.1
amino acid pKa of a~-carboxyl group pKa of a~-amino group
phenylalanine 1.83 9.13
alanine 2.34 9.87
(i) Draw the predominant species of phenylalanine at pH 1.0. . 11

(iii) Suggest a pH at which the predominant species of alanine has a net negative charge. [1]

no net charge.

The position of substitution in the electrophilic substitution of mono-substituted arenes depends
on the nature of the group already attached to the ring. This selectivity can be explained based
on the stability of the intermediate formed in the first step. Fig. 1.1 shows three isomers P, Q,
R, with the same molecular formula, CsH11NO,, as phenylalanine that can be formed from an
appropriate starting alkylbenzene.

Use this information to predict which isomer in Fig. 1.1 will be formed the least and which isomer
will be formed the most. Explain your reasoning. [3}

9729/03/CJC JC2 Preliminary Examination 2025 [Turn over

CHy CHg

H——C——CH, H=——C——CH,

NO, NO,
—
CH3 2-position H
H——C——CHy

isomer P
CH CHj
e o
——
H NO,

4-position isomerQ

CHs CHy

H——C—CH, H——C~——CH,
H NO, ”
2 NO,
isomer R
Fig. 11

"Il carbucHtion of isorrér Q' the dIKyl group which' 18 dctivating/éléctrori-donating is
‘Unvable o stabilise the carbocation Significantly a8 the positively charged carbon'is ot
“direetly bonded to" HIkyl group; wheteas isoriers’ P ahd R Will be fored @s"major

‘produicts' becanse the activating’ dikyl grotip is Hble 1o stabilize the carbocation as the" "

‘postively Eharged carbon I8 diraty bonted to the 2ikyl group.

‘However, isomer R is likely to' b formaed the riost a8 it does ot have steric hindrancs

BOYWESH the NO3 S AIKY1 GHo0p; TKE TSOME! P o, +++w s reesse s sssaens
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$i0; has a giant molecular structure and is acidig oxide. It reacts readily with bases

to m_<m salts m:a water. [1]

[Total: 21)

2 Halogenoalkanes are often used as refrigerants, propellants for aerosols and for generating foamed
plastics like expanded polystyrene, and intermediates in the synthesis of polyvinyl chioride.

(a) Finkelstein reaction involves the replacement of the halogen atom in a halogenoalkane by an
iodide ion from a solution of sodium iodide dissolved in propanone. This reaction goes almost

to completion and a precipitate of sodium halide is formed as shown below.

RX + Nal

e

RI + NaX

A series of experiments can be carried out to determine the order of reaction with respect to a
halogenoalkane, CsHsBr, and iodide ion. Different concentrations of C4HsBr and sodium iodide

were used, and the following initial rates were obtained in Table 2.1.

Table 2.1
Initial rate /
: -3 -3

Experiment [C4HgBr] / mol dm [NalI] / mol dnmv mol dm-® s

1 0.04 0.60 5.68 x 10°

2 0.02 0.30 1.42x10%

3 0.60 0.60 8.52x10*

() The halogenoalkane, C4HsBr which is used in the above reaction, contains a chiral
carbon. Deduce a structure for the halogenoalkane. 1]
9729/03/CJC JC2 Preliminary Examination 2025 [Turn over

(ii) Use the data in Table 2.1 to deduce the order of reaction with respect to each reactant,
showing how you arrive at your answers. Hence, write a rate equation for the reaction.

{31

(fii)  Using your answer in (a)(i) and (a)(ii), describe a mechanism that is consistent with your
rate equation. Show relevant lone pairs and dipoles and use curly arrows to indicate the
movement of electron pairs. [3}

(i) CH;CH,CH(BrCH,

A.:v Let rate = :OaIem_._xm 14

Comparing expetiments 1 and 3,

ratel wﬁo o\cxﬁo 6)”

................. mmwaa; E
852 x 10 \ 0.6

ratel _ k(0.04)' Ao 6)”
.Emﬁm:..ﬁc..@wwio..u.v\:..........: ......

R TR u‘mmxw...m..nh.p,om.ﬁ.o\m.u‘...:....: ........ e ——
142x10° (0.02){03

................ s e

. Order of reaction w.r.t. iodide = 1
rate = k [C4HsBr][I"]

.ox CH
) m+u 5

I

{b) The hydrolysis of another isomer, 2-bromo-2-methylpropane takes place as follows.
(CH3)sCBr + H20 — (CH3)sCOH + H* + Br-

An experiment was conducted to determine the order of reaction with respect to
2-bromo-2-methylpropane. The following results were obtained for the product, (CHs;)sCOH.

time/ s 19 28 50 70 154
[(CH):COHY mol dm® | 0.0030 | 0.0040 | 0.0060 | 0.0072 | 0.0085

9729/03/CJC JC2 Preliminary Examination 2025
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J K
CO,H O
OH
NO; NO,
L M
O
8]
OH N
NH; H
N (o]
Reaction Type of reaction Deduction
L produces effervescence with | acid-base reaction Carboxylic acid group in L
sodium hydrogen carbonate. reacted with  sodium
hydrogen carbonate.
L contains carboxylic acid
group, —COOH.
Heating compound K under oxidation gain in 1 O, loss of 2 H
reflux with acidified potassium = 1° alcohol in K is
dichromate(V1) gives oxidised to —COOH in M.
compound M, CgH;NO4.
Compound M is treated with tin | reduction —NO: group in M is reduced
and concentrated hydrochloric to ~NHa group in N.
acid, followed careful
neutralisation, compound N,
CsHgNO: is obtained.
1 mole of compound N reacts | Electrophilic N is a phenylamine.
with 2 moles of aqueous | substitution Br is substituted at
bromine. positions 2, 4 or 2, 6 w.rt
the —NH. group
9729/03/CJC JC2 Preliminary Examination 2025 [Turn over

12

Treatment of compound N with | N is first converted to | The —CHCOOH group

anhydrous phosphorus | acyl chloride, by PCls | must be adjacent to the
pentachloride produces | via nucleophilic | -NH, group in N to enable
compound O, CsH/NO. substitution. ring formation/formation of

a cyclic amide
The acyl chloride

formed then
undergoes intra—
molecular

condensation with the
-NH: group to form a
cyclic amide O.

[Total:

9729/03/CJC JC2 Preliminary Examination 2025
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Compound A is not obtained due to presence of the bulky alkyl groups bonded to the

carbonyl C atom; thus preventing the attack by the :CN- nucleophile as a result of steric

The hydroxides of Group 2 vary in their solubilities in water.

hydroxide solubility/ mol dm™3

Mg(OH)z 1.6x 10

Ca(OH)z 25x102

Ba(OH)2 4.1 x10™
(i) Suggest a value for the solubility of strontium hydroxide, Sr(OH).. [11
(i) Calculate the solubility product, K, for Mg(OH)2. )}

(i) Given that the Ks;, for Ba(OH).is 0.276 mol® dm® and using your answer in d(ii), describe
what you would observe if equal volumes of saturated solutions of Mg(OH). and Ba(OH):
were mixed. Explain your answer with appropriate calculations. 2]

(i) 2.0 x10"'mol dm™®

= (1.6 X 107%)(3.2 x 1042 = 1.64 x 10~" mol® dm™®

No ppt of Ba(OH). will be observed.
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(b)(ii) Na is a solid at _603 temperature. Hence o:mq

(c) Describe the reactions, if any, of the oxides Na,O and SOz with water. include the
approximate pH value of any resulting solutions, and write equations for any reactions that
occur. i2]

(d) The manufacture of sulfuric acid involves the reaction between sulfur dioxide and oxygen
gas.
280,(g) + 0x(g) ==2S0s(g)

When an equimolar mixture of SOz and O is passed over a catalyst at an initial pressure of
2 atm, the percentage conversion of SOx(g) is 98%.

() Calculate the equilibrium partial pressure of each of the three gases. 2

(i) Write the expression for the equilibrium constant, K, for this reaction. Use your answer

in (d)(i) to calculate the value of K; for this reaction including its units. [2)
280:; 02 = 280;
Initial pressure / atm 1 1 0
Change in pressure / atm -0.98x1 — % (0.98) +0.98
Equilibrium pressure / atm 0.0200 0.510 +0.980
?mou\N
K=
NEE\N ®o,)
__ (ogeo?
Kp= (0.510)(0.0200) 4107
= 4710 atm™
9729/03/CJC JC2 Preliminary Examination 2025 [Turn over
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(iii)  Some sulfur dioxide gas was added to the existing equilibrium system to increase the
partial pressure of SO to y atm at constant temperature. The system was then
allowed to establish a new equilibrium. The partial pressure of SO; was found to be
1.50 atm at this new equilibrium.

Calculate the value of y in atm. [2]
280; 02 = 280s
Initial pressure / atm y 0.510 0.980
Change in pressure / atm -0.520 - % (0.520) + 0.520
Equilibrium pressure / atm y-0.520 0.250 1.50

Since temperature remains constant, K, remains contant,

K= 2% = 4707

NEE\ (Poy)
_ (150)% _
Ky = (0250)(y—-0.520)2 4707
y = 0.5637
=0.564

(e) Explain why benzene has a tendency to undergo substitution reactions rather than addition
reactions. U]

character.

--Benzene undergo ‘substitution reactions under- suitable conditions-because- such:

reactions retains its resonance-stabilised ring system

9729/03/CJC JC2 Preliminary Examination 2025
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(b)

Gold is an unreactive metal that can only be oxidised under specific conditions. Some
relevant half-equations and their standard electrode potentials are given.

half-equation E®Iv
1 Au*(aq) + 3e” = Au(s) +1.50
2 [AUCL](ag) + 3¢~ = Au(s) + 4Cl(aq) +1.00
3 NOs(aq) + 4H*(aq) + 3e~ = NO(g) + 2H20()) +0.96

(i) Draw afully labelled diagram of the experimental set-up used to measure the standard

cell potentiai, E®.a, of Aut*(aq)/Au(s) and HNOs(aq)/NO(g). Include all necessary
chemicals. [2}

(i) Gold can be only oxidised by a mixture of concentrated hydrochloric acid and
concentrated nitric acid, known as aqua regia.

Using the half—equations 2 and 3, construct a balanced equation for the reaction and
explain why it would be expected that this redox reaction would not occur if it is carried
out under standard conditions. 2]

(iii) In fact, gold dissolves when the concentration of hydrochloric acid is 12 mol dm-3 and
the concentration of nitric acid is 16 mol dm=.

State and explain what effect the use of concentrated hydrochloric acid and

concentrated nitric acid in aqua regia have on the electrode potential, £ values, of
half-equations 2 and 3 respectively and thus the overall Eceti. 2]

9729/03/CJC JC2 Preliminary Examination 2025 [Turn over
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U] High resistance Voltmeter

Au(s) <—NO gas at 25°C, 1 bar

1 mol dm™ H*(aq), 1 mol dm™
NOs(aq) or 1 mo! dm~> HNOa(aq)

platinum electrode

1 mol dm™ Au®*(aq)

EScell = 0.96 — 1.00 = - 0.04 V Since Ecell is nogative, reaction does not occur

equilibrium 3 to the right, Eunosaqynog) more positive

to the left, E [AuCL]- (aq)/Au(s) less positive or more negative

New E..u becomes more positive and hence gold dissolves

An impure sample of BaCz0s, of mass 0.500 g, is added to 50.0 em?® of 0.020 mol dm
acidified MnO4- (aq), which is in excess. A redox reaction occurs and all the BaCz0, reacts.
The resulting solution, containing unreacted acidified MnOs is then titrated with
0.050 mol dm Fe?(aq).

The end-point is reached when 26.80 cm? of 0.050 mol dm Fe?"(ag) has been added.
C204% = 2C0, + 2
MnO4~ + 8H* + 5~ = Mn?* + 4H,0
Fe?* < Fe¥ + e
Calculate the percentage by mass of BaCz04 in the 0.500 g impure sample. Show your
working. [Mr: BaC204, 225.3]
initial moles of MnO,~ = 0.0200 x 50/1000 = 1.00 x 10~ Bl

moles of MnO,~ (reacted with Fe**) =1.34x 10°/5=2.68 x 10

moles MnOs" reacted with BaC20,= 1.00 x 10° - 2,68 x 10~ =7.32x 10™*

mass of BaC20,=226.3x1.83x10°=0.412¢g

% Purity of BaC204 = 100 x 0.412/0.50 = 82.5%

9729/03/CJC JC2 Pretiminary Examination 2025
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||MOV’ZIN

Compound F

Step 1
Step 3

Compound F

Step 2

Fig. 5.2

Step 1
Step 3

(CH3)oCHBr, anhydrous FeBr;
D > E
Step 2

ZON ZON
Fig. 5.2

[Total: 20)

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