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Paper 1 Multiple Choice 25 September 2025
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Additional materiais: Multiple Choice Answer Sheet
Data Booklet

READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

There are thirty questions in 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 use of the Answer Sheet very carefully.

You are advised to fill in the Answer Sheet as you go along. No additional time will be given

for the transfer of answers once the examination has ended.

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

Use of the Answer Sheet

Ensure you have written your name, class, date and subject on the Answer Sheet.
Shade the last four digits of your centre/index number on the Multiple Choice
Answer Sheet. (s.g. if your centre/index number is 30541234, shade 1234).

Use a 2B pencil fo shade your answers on the Answer Sheet; erase any mistakes
cleanly. Multiple shaded answers to a question will not be accepted.

This document consists of 16 printed pages.

1 Use of the Data Booklet is relevant fo this question.

In an experiment, a sample containing phosphorus and an unknown element A is
vapourised, ionised and passed through an electric field as shown below.

beam of
P*and A*

Pt A"

—T

Given that the extent of deflection for A* is smaller than P*, which could be the identity of

element A?
A sulfur B silicon Cc sodium D nitrogen
Answer: A
Angle of deflection o« |charge|
| mass |

Since the extent of deflection of X* is smaller, this implies that X* has a larger
mass than P*.

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

Which particle contains the largest number of unpaired electrons?

A O B cr c K* D Fe
Answer: D
80: 15225%2p* (2 unpaired electrons)
17CE: 1s%28%2p®3s23p® (0 unpaired electrons)
19K*: 15%25%2pf3523p® (0 unpaired electrons)

26Fe: 1s225?2p°3523p®3d®4s? (4 unpaired electrons)
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6 Which diagram correctly describes the behaviour of a fixed mass of an ideal gas?
A v B
b; P A
constant T constant T
0 v 0 v
c D
P A h;
constant T
constant T
0 <w 0 \'
Answer: C

Option C is correct

b?

constant T

Tampines Meridian Junior College

pV =nRT
p=nRT ()
since nRT is constant

= p =K (), where k is a constant

[Turn over
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Use of the Data Booklet is relevant to this question.

Option A and B is incorrect

since NRT is constant

pv
4

constant T

= pV =k, where k is a constant

Sodium percarbonate, (NazCOa)y(Hz0:), is an oxidising agent used in faundry cleaning
products.

On acidification, 10.0 cm?® of 0.100 mol dm® sodium percarbonate releases 48.0 cm?® of

carbon dioxide at room temperature and pressure.

An identical sample, on titration with 0.0500 mol dm* KMnOs,, requires 24.0 cm? before
the first pink colour appears. 2 moles of KMnO, reacts with 5 moles of H.0s.

What is the ratio of y/x?

A

1
3
Answer: C

(Na2COs)x.y(H202) = xNa;CO3 = xCO»

10.0
INa:C0s = 7555%0-100 =0.001
48.0
=480 o4 =0.002
€02~ 1000
=>Xx=2

M—A_S_‘._Oa = mINON
(Naz2C03)c.y(H202) = yH,02

NKMnO, = \_Mm—ow x0.0500 =0.0012

NH,0p = mxo.oos = 0.003

=>y=3

O Tampines Meridian Junior College
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Answer: B

Rate = k [Co?*)[NH;]3[H.0;}
k= rate
~ {co2+] [NH3)? [H202)

- pd

[x] [x]? {x]
=2

x5

Rate= - (2x)( 2x)(2x) = 3

12 The Michaelis-Menten graph shows how the initial rate of reaction vary as the

concentration of the substrate changes for an enzyme-catalysed reaction.

4
initial rate

{substrate]
Which statement could explain the shape of the graph?

A The enzyme is acting as a limiting reagent and is being used up in the reaction.

Substrate molecules inhibit the enzyme at high concentrations which resuited in a

B constant rate.

The reaction will reach a constant rate when all active sites of the enzyme are
occupied.

D At high substrate concentration, the order of reaction with respect to substrate is 1
Answer: C

Option A (incorrect): Enzyme is a catalyst so it is not been used up in the
reaction.

Option B (incorrect): substrate inhibition does occur in some systems, but that's
not the usual explanation for a plateau in Michaelis-Menten kinetics.

Option C (correct): when all active sites are occupied, the enzyme is saturated,
and increasing [S] further does not increase the rate

Option D (incorrect): Order of reaction at high substrate concentration is 0.

[Turn over
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13 A sample of N-Os was placed in a closed vessel and allowed to reach equilibium as
shown below.
N204(g) B8 2NOx(g) AH® = +57.3 kJ mal!
When the partial pressure of a sample of N2O4 in a closed vessel was investigated, the
following graph was obtained.
:..:Mv
Which row correctly describes the changes applied to the reaction vessel at times
t: and 27
t1 t2
A Volume decreased Temperature increased
B Volume decreased Temperature decreased
Cc Volume increased Temperature increased
D Volume increased Temperature decreased
Answer: A
At ty, there is a sharp increase in partial pressure of N2O4 followed by further increase in
partial pressure of NoO4. With an decrease in volume, it will leads to formation of less
moles of gaseous molecules and thus backward reaction is favoured.
At t,, gradual decrease in partial pressure of N2.Q, implies that the forward reaction is
favoured. Since the forward reaction is given to be endothermic, increase in
temperature will favour the forward endothermic reaction.
14 10.0 cm?® of 8.00 x 10~3mol dm3 HCI(aq) is added to 10.0 cm?® of 6.00 x 10~ mol dm™2
Ba(OH)z2(aq).
What is the pH of the resulting solution?
A 3.0 B 4.7 C 9.6 D 11.3
Answer: D
O Tampines Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry
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13

17 Yanucamide B can be extracted from a marine sponge.

0 NH

1
// o 2 o N— :
O”O\
o 0 4
o
HN

yanucamide B

What is the hybridisation of each of the carbon atoms, C-1 to C-4?

Cc-1 c-2 C-3 C-4

A sp? sp? sp sp?

B sp sp? sp? sp?

C sp? sp? sp? sp?

D sp sp? sp sp?
Answer: B

C-1 (alkyne carbon / =C—H) forms 2 ¢ bonds = sp hybridisation
C-2 (carbony! C atom) forms 3 o bonds = sp? hybridisation

C-3 (C on benzene ring) forms 3 o bonds => sp? hybridisation
C-4 forms 4 ¢ bonds = sp? hybridisation

[Turn over
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18 Which compounds, on heating with ethanolic sodium hydroxide, produce only one
product with molecular formula C7H1o?

C! Ci
1 Q\'

C!
2

Cl

Cl

| m
Ci

A 1and2only B 1and3only C 2and3only D 12and3

Answer: B (1 and 3 only)
H Cly Cl

1 —_— Q only
H Cl
H
2 H > +
Cl
(03]
H
Cl

H H
3 >
only

O Tampines Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry

69G~-d9




Ansnusy) ZH uopeujwex3 Areujuiljald Zor 6202 960D Jojuny uelpLap seufdwe] 0

:@ uondo Joj uoleULLIR JYE PAULIO) SSUBHNIY

HO

X v &

uopeujwa

1y uondo 10} UoeUILUIS JBYE PSLLIO) SIUSYIY

‘aufpol snosnbe eulEjfe UM LOIEPIXO / 188} Wiojopol seofiispun

1ey) dnoib H oy} uieuoo jou seop D pue g suondo
N e |
ﬂ o HO—D—
[+] £ _
HO
v lamsuy
SHO(HOJHOPHO®HOPHD d
HOHO(EHO)HOPHO®HD 2
EHO?HO(HO)OH*HD) d
SHO(HOJHOHOEHD) v

£X punodwiod Jo Ausp: 8L aq PINOO JBUM
AJuo Seus||e OM) ULLOj O) pajelpAyap sq ues e
aupol snoenbe suje)je Yim soeas e

:seobiepun ¥ punodwoo
suopoesl 8y} smoys Bumojio} 8y] "QFHED SI X Punoduiod JO BNULO JENOSIOW 3yl 1T

HOOD D HOOD 10
oseq-ploe
——
FHN HN
(g3
uofRUMOIYD
(s'3)
HOOD uopepixo uoneifny asug-piow
-——— - -~
+SHN +HN EHN ZHN
9

Ansuusyn gz uopeunuexsy Areulisid gor $20g ebajjog Jouny uelpUs ssudwe

J8a0 wany}

g emsuy

UOJES[ENOU < UCHEULIO|UD < Uoljepixo < UolejAxie < uoponpal
UOPESI[EANSU < UONEPIXO ¢ LONBULIOIYD < uohejfy|e <— uojonpai

UORESBAINAU < UOREULIOYD ¢ UDHEPIXO < UORElD||E < uojesliennau

< O O O

UOJESIIEINBU <~ UOREPIXO +— UOHE|A}[E « UOJBULIO||O « UOHES|B4NSU

HOOD. 10

Y4
HN
ZHN

¢aunwejAuayd wouy
PIOE 010ZUB(OIOjLI-G-OUILIE-E asisaLjuAs O) S|GENNS 18O S| $8Jn04 BuIMO|0} SUR JO UIIUM

‘uopsenb siy} 0 JueAsjel S| 1apioog eleq ayj Jo 8sn

‘sponpoud 8y} JO BUO SB PBULIO) S| OO Se 181coul sI Y uoydo

“ZN pue 200 ‘O%H Se yons sjanpoid
ssajuuey o (H*9) suogIesospAy Junqun pue *ON ‘00 Se Yyons sjuejnjjod |nyuiey jo
UOISIBAU0S 8y} dn speeds S3ojyaA JOJOW JO WalsAS 1SNEYXS BLj) Ut JISHBAUCD onkjeles y

v Liemsuy

O%HS8! +2000L «— 206 +*'H¥¢ @

00z <« 0+03¢ 9

IN+00Z ¢<— ONC+00¢ 8
ION+QD ¢« ON+20D0 ¥V

£ ISUIBAUOD JAEIED B UI IN200 JOU S90p uofjoeal Yalum

‘5180 WIOPOW AUEBW JO WIB)SAS JsnEUXe 8y} JO Wed s) JepeAuod ajkjejen

Si

0z

6l

0.§-dd



OH

@ Tampines Meridian Junior College

17

elimination
T NN N

trans isomer

F

cis isomer
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22 A sample of bromoethane was warmed with ethanolic silver nitrate, and a cream
precipitate was observed after about 4 minutes.

Under similar reaction conditions, which of the following compounds will result in
precipitate formation only after 8 minutes?

A chlorobenzene

B chloroethane

[+ iodoethane

D ethanoy! bromide
Answer: B
Chiorobenzene would not release chloride ions as the lone pair of electrons on the
chiorine atom Is delocalized into the benzene ring, resulting in the strengthening of
the carbon-chlorine bond. Hence no precipitation would occur.
lodoethane has a weaker carbon-halogen bond than bromoethane, hence it will
result in nucleophilic substitution more readily and precipitation occurs in less than
4 minutes.
Ethanoyl bromide has the carbonyl bonded to two electronegative atoms O and Br.
This makes the carbonyl C highly electron deficient, and is hence very susceptible
to nucleophilic substitution, releasing Br readily. Hence precipitation will occur in
less than 4 minutes.
Chloroethane has a stronger carbon-halogen bond than bromoethane, hence it will
resuit in nucleophilic substitution les readily and precipitation occurs in more than
4 minutes.

O Tampines Meridian Junior College 2025 JC2 Preliminary E) jon H2 Chemistry
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25 Consider the structure of the following cyclic polypeptide.

[}
HaN
2 N o
H
HN
(o]
HN
NH

HN 128

Q
ZT

HO,

Which one of the following is a product of hydrolysis with hot NaOH(aq)?

0O

NH; NH,
OH NH,
Answer: D

Option A is wrong as amide functional group would undergo basic hydrolysis to
form a carboxylate salt.

Option B is wrong as carboxylic acid group wouid undergo neutralisation to form a
carboxylate salt.

Option C is wrong as no such amino acid would be formed upon hydrolysis of all
amide bonds. Additionally phenol would undergo neutralisation to form phenoxide.

Option D is formed from this amino acid fragment.

[Turn over
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o]
HyN O
z N
H
HN
0]
0, NH HN
0]
NH
H,N PERA
O N
HO. 3
NTN
0 |
L
H
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29

25

Use of the Data Booklet is relevant to this question.

A current of 8 A is passed for 100 minutes through molten aluminium oxide using inert
electrodes.

What is the approximate volume of gas liberated, measured at s.t.p.?

A 28dm? B 3.0 dm? c 8.4 dm?® D 11.2 dm?
Answer: A

20% 5 Oy + 4e
Amount of Oz = (8 x 100 x 60) / (4 x 96500) = 0.124
Volume of 02 =0.124 x 22.7 = 2.8 dm?

Copper is a typical transition element and calcium is an s-block element.

Which property is greater for calcium than for copper?

A density
B meiting point
[ reducing power
D electrical conductivity
Answer: C
Density: Due to its greater nuclear charge, Cu has a higher atomic mass and
smaller atomic volume. Hence, its density is higher than Ca.
Melting point: Metallic bond for Cu is stronger since both 3d and 4s electrons are
delocalised compared to the 4s electrons only for Ca. Hence, more energy is
needed during melting accounting for its higher melting point.
Reducing power:
E°cuzvicu = + 0.34 V while E°cazeica=-2.87 V
The more negative the E° value, the more tendency for the metal to undergo
oxidation (while it reduces others). Ca will have greater reducing power while itself
undergoes oxidation.
OR )
The sum of first and second IE for Cu is higher than that for Ca. It is harder for Cu
to lose 2 e to form Cu? than that for Cu?*. Hence, Cu has a lower reducing power
than Ca.
Electrical conductivity: Cu has higher electrical conductivity since it has a greater
number of delocalised electrons (both 3d and 4s) to conduct electricity compared
to the 4s electrons only for Ca.
[Turn over i
Tampines Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry ,
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30 An experiment was conducted by adding NHa(aq) gradually to CuSOs(aq) in a beaker.
The amounts of three major copper-containing species, [Cu(H;0)s]**, Cu(OH). and
[Cu(NHa)aJ** were determined and plotted against the volume of NHs(aq) added.

S
0.1 -/x A
/ VAN
\ /1
/7
Amount of / Vi \
copper- / / \ .
containing [y / [Cu{NHs)4} T
species in / /
reaction Y
mixture / <¢
mol / /
I /
/ Y
1 /
/! 1 S o Cu(OH).
¥ / S~y
1 /
/P \ [Cu(H20)F"

Vol of NH, added / cm’

Which portion of the graph best represents each of the processes described?

precipitation dissolution complex formation
A Qr Su ar
B PS RQ Su
c Qr RQ su
D PS Su QT
Answer: D

NHa(aq) is a weak base which contains OH-(aq).Cu(OH). will be precipitated according
to the following equation: Cu?(aq) + 20H-(aq) —= Cu(OH)(s). Therefore, Cu?*(aq)
amount will decrease and the Cu(OH)x(s) amount will increase. RQ, would refer to
Cu?*(aq) decreasing. PS would refer to precipitation of Cu(OH)x(s).

Beyond point Q, further addition of NH;(ag) result in formation of the [Cu(NHs)«(H20)]2*
compiex (blue ppt soluble in excess aq. NH; to give dark biue solution according to the
QA Notes). More NH3 added means more complex formed, so QT would refer to
complex formation. The formation of the complex also results in the dissolution of
Cu(OH)z(s) which would be represented by SU.

O Tampines Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry
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The number of marks is given in brackets

[ 1at the end of each question or part Paper 3 /80 /35
question. Paper 4 /55 120
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This document consists of 24 printed pages.

1(a) The graph in Fig. 1.1 shows the atomic radii of some Period 4 metals.

250
200
£
S
= 150
-]
[
©
‘€ 100
e
©
50
0
K Ca Sc Ti v Cr Mn Fe Co Ni
Elements
Fig. 1.1

(i)  With reference to Fig 1.1, explain briefly why the atomic radius of Ca is smaller than

attraction between nucieus and valance electrons than K, and the

valence electrons of Ca are closertothe nucleus. e

(i)  With reference to Fig 1.1, describe and explain why the atomic radii from Cr to Ni are
relatively constant.

From Cr to Ni,

the 4s / valence electrons.
« Effective nuclear charge varies slightly OR Increase in nuclear

4 Atomic radius remains relatively invariant/ relatively constant. -

O.ﬁmaisg Meridian Junior College 202§ JC2 Preliminary Examination H2 Chemistry
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(a)

@ Tampines Meridian Junior College

Adipic acid, HOOC(CH2):COOH, is a flexible food additive used as a gelling aid, firming
and buffering agent and can be found in many foods. It is a dibasic acid that ionises in
2 stages.

Stage 1 o o
HO oy == HO +H*
o Kg1= 3.72x 10
0
0
Stage 2
° o)
HO. == © “H
o (o} Kao= 3.89 x 108
S o}

(i} Write an expression for the first acid dissociation constant of adipic acid, Ka1.

k, = [HOLC(CH,).CO, ']
[HO,C(CH,).CO]

(ii) Suggest a reason why the value of Ky is lower than that of K.

1* H* is removed from the acid.

A mixture of adipic acid and its potassium salt can function as a buffer.

(ili) With the aid of a chemical equation, briefly explain how this mixture can act as a buffer
when a small amount of base is added.

The effects of Kaz can be ignored in any buffer action.

When a small amount of OH~ is added:

OH- + HOOC(CH2)sCOOH — HOOC(CHz).COO - + H,0

4 (or OH™+ HzA —» HA- + H,0)

The added OH" is removed as Hz0.

H*] is slightly changed hence pH remains fairly constant.

2025 JC2 Preliminary Examination H2 Chemistry

(iv) Determine the volume of 0.200 mol dm? KOH(aq) that needs to be added to 100 cm?
of 0.200 mol dm adipic acid to form a buffer of pH 4.7.

Let the volume of KOH be v dm? and total buffer volume be vidm?®.

After neutralisation with KOH, the remaining excess acid will form a buffer with the
conjugate base of the salt formed.

No of mol of salt = no of mol of KOH added = 0.200 v
No of mol of remaining acid = 0.200 (0.100 — v}

[saif]
[acid]

0.2v
Ve
0.2(0.1-v)
Ve

pH = -Ig Ka1 + Ig

47=443+1g

0.2y

0.27 = Ig gty = 19 7 P 10272 = 1.862
Ve

(0.1-v) ©.1-v)

v =0.1862 — 1.862v S 2.862v = 0.1862 2]
Volume of KOH added, v = 0.0651dm?

3-hexenedioic acid can be converted to adipic acid and 3-bromohexanedioic acid which serve as
precursors or intermediates for organic synthesis,

(b) (i) Propose a 2-step reaction synthesis to convert 3-hexenedioic acid to D. Show
clearly all reagents and conditions and the structures of intermediates for each step.

(o]
OH
e S
(o}
3-hexenedioic acid
(o]
OH
Io\:/\/\/:\ - .
[o]

HO

steam, conc H 3P0y, high T m/:y
o

D

(@)
OH
o}

o Q
RO =
(o]

N‘n H,80, heat

O

oH

(3]

O Tampines Meridian Junior College
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3(a) Chlorate(v), CIOs, reacts with chloride ions according to the equation as shown below.

2C/Os7(aq) + 2CI(aq) + 4H*(aq) —— Clx(g) + 2Ci0(aq) + 2H.0(})

An experiment was conducted using a mixture in which the concentrations of the reactants
are as follows: 4.80 x 10~ mol dm? of CIO3~, 0.1 mol dm of CI- and 0.4 mol dm™ of H*.

At five-minute intervals, small samples of the reaction mixture were withdrawn, quenched
and placed into the UV-vis spectrometer to record its absorbance value. The absorbance
value corresponds to the concentration of the product CIO,.

The graph of absorbance against time is shown in Fig. 3.1.

absorbance

®

06

0.5

04

0.3

0.2

0.1

0

5 >t~ 15> 20 25 30

8 min 8 min time/ min

Fig. 3.1
Beer-Lambert’s Law states that the absorbance values is directly proportional to the
concentration of absorbing species, ¢, as shown below.

A =gcl

where ¢ is the molar extinction coefficient and / is the path length, which is usually
1.0 cm.

This equation can be used to calculate the absorbance value when maximum
amount of ClO, was formed.

Calculate the concentration of CIO: in the reaction mixture. Show that the maximum
absorbance value of the reaction is 0.600, given that € of ClO, is
1250 mol~*dm®cm-'.

Since there are 4.80 x 10™* mol dm of CIO3~, 0.1 mol dm™ of CF and 0.4 mol dm=3

of H
=>C

Cl0s~ = ClO;

{05~ is the limiting reagent.

i2

[CI0;] = 4.80 x 10~* mol dm
Absorbance value = 1250 x 0.000480 x 1.0 = 0.600 (shown) istry

10

(i) With reference to Fig. 3.1, show that the reaction is first order with respect to C/Os~.
Draw clearly any construction lines on the graph.

Since #y is relatively constant at 8 min, the order of reaction w.r.t CIOs is 1.
At At first t,(60%), absorbance = > x 0.6 = 0.3

At second 1y (75%), absorbance = m x0.6 =045

(iif)  Another experiment was carried out using 2.40 x 10~ mol dm® of C/Os~ while keeping
concentration of C/- and H* the same.

Deduce the halflife of CIOs~ in this experiment.

% would remain constant at 8 min.

For first order reaction, . is_independent of the initial concentration

of reactant.

(b) A series of experiments were carried out to investigate the order of reaction
with respect to H*. The results are shown in Table. 3.2.

Table 3.2
Experiment [CIOT] {cr] [H1 Initial rate
/ mol dm2 /motdm=2 | /moldm= { mol dm—2s-"
1 0.050 0.100 0.300 3.38x 104
2 0.100 0.100 0.100 7.50 x 10°5

()  Using the information in Table. 3.2, determine the order of reaction with respect to H*.

Let rate = £[CIO,"] [CI"F[H'}
Comparing Expt 1 & 2,
rate, k[CIO,"L[CI'H'

3.38x10~ _k(0.050)(0.100)’ (0.300)°
7.50x107° £ (0.100)(0.100)’ (0.100)°

z=2

[2]

Order of reaction w.r.t. H* is 2.

Oﬂmaﬁsmm Meridian Junior College 2025 JC2 Preli y B ination H2 Ch: 8%
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13

4(a) Compounds V and W both have molecular formuia CsH1002, V has 2 chiral centres whereas
W has none.

Table 4.1 shows the observations that occurred when separate samples of V and W were
added to different reagents under specific conditions in fwo separate tests.

Table 4.1
test qmom%m_qmmv ”MQ observations with V observations with W
1 | heat with mixture changes from purple to | no change
acidified colourless
KMnOs4 (aq)
single organic product made that
o forms an orange precipitate
with 2,4-dinitrophenythydrazine
o forms effervescence  with
Na2COs (aq)
2 | heat with pale yellow precipitate forms pale yellow precipitate forms
alkaline l2(aq)

Draw a structure for V and for W.

OH o]

HO
/o

2]

(b) The following flowchart shows reactions of methyicyclopentane.

mﬂmv 1 mﬁmv 2 step 3 step 4
—_— X Y
Br CsHgO

3m§<_o<o_onm:~m:m

() In Step 1, methylcyclopentane is converted into benzene for the production of
gasoline from petroleum. Suggest the type of reaction of Step 1.

Elimination / Oxidation 11

Tampines Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry

14

(ij) Name and describe the mechanism in step 2.

Free radical substitution

initiation:
uvi
\J \) Br it o
(or Heat)
Propagation:

+ Bre ————» O.l + HBr
. +Brg —— + Bre
Br

Termination:

2Bre —— Br,

+ Bre —

<
= — X

P2

T

(iii) Other than the product shown in step 2, three other mono-substituted bromo-atkanes
can also be formed in step 2.

Complete Table 4.2 with

o the structures of the three other bromo-alkanes
* the expected ratio in which the four bromo-alkanes will be formed

Table 4.2
Bromo Br Br.
-alkane Br Br
Ratio 1 3 4 4
[21
Oﬂmiﬁ:wu Meridian Junior College 2025 JC2 Pr y E; ination H2 Chemistry
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Another steroid prednisolone (Mr = 360.4) is a medicine used to treat allergies, blood
disorders and inflammation. However, prolonged use of prednisolone comes with
side-effects like fatigue and mood swings.

OH

HO. OH

prednisolone

Prednisolone tends to be more fat-soluble than water soluble. When a medicine, such as
prednisolone, is not very soluble in blood stream, it will have a low bioavailability, which
gives a low efficiency. Bioavailability is defined as the percentage of the administered drug
that reaches the blood circulation system. To increase the bioavaitability of predinisolone,
it is micronised into a smaller size than a conventional drug particle. On average,
micronized prednisolone has a bioavailability of 86%.

The prescription of prednisolone depends on the severity of the patient's condition and
body weight. The maximum intake of prednisclone each day should not exceed 0.5 mg per
kg of the body weight of the patient. [1 mg = 0.001 g]

A patient who weighs 60kg was put on a prednisolone course for four weeks. He was told
to consume the maximum intake of prednisolone each day for the first week. This is what
his prescription looked like on his medication packaging.

Tampines Meridian Clinic

Prescription:
First Week X tablets each day, taken after breakfast
Second Week 4 tablets each day, taken after breakfast
Third Week 2 tablets each day, taken after breakfast
Fourth Week 1 tablet each day, taken after breakfast

Each tablet contains 5 mg of prednisolone.

Tampines Meridian Junior College 2025 JC2 Preliminary E; jon H2 Ch try

O Tampines Meridian Junior College

18

(i) Based on the information given, show that the number of tablets, X, the patient
ingested each day during the first week is 6.

No. of tablet taken each day during first week = (60 x 0.5)+5=6

{1

(if) Taking into consideration the bioavailability of prednisolone, calculate the total
amount of prednisclone that reaches the blood circulation system of the patient in the
four weeks.

Number of tablets taken during the 4 weeks = (6+4+2+1)x 7 = 91

Amount of prednisolone = [91 x (5 x 10%) + 360.4] x 0.86 = 1.127 x 102 mol

2]

(iii) In theory, if two patients have the same body weight and severity of the same
condition, suggest why the patient who has higher percentage of body fat will require
a higher dosage of prednisoione.

It is because as prednisolone is more fat-soluble, there will be less prednisolone

in the blood circulation system of the patient with higher percentage fat mass
resulting in a decrease of the efficiency of the medication.

(1

(iv) Suggest why micronising a medicine into particles with a smaller size can increase its
bioavailability and lead to higher efficiency.

Micronised particles have a greater surface area allowing the medicine to dissolve
more readily in blood/more extensive interactions with water in the body to get
better dissolved. This enhances absorption.

2025 JC2 Pr inary Examination H2 Chemistry
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The reaction scheme below shows the synthesis of prednisolone in the pharmaceutical
industry.

a OH
0
o 0]
HO OH HO OH
o] °© R
prednisolone
step 1{ Bry
step 3
a 0
O o o
(e}
HO OH step 2 HO. OH
—————— -
Br.
o o]

Br

identify the type of reaction, and suggest the reagents and conditions for each of the steps
2 and 3.

reagents and conditions type of reaction

step 2 ethanolic KOH, heat elimination

step 3 sulfuric acid (aq), heat acidic hydrolysis

2]

[Total: 16]

Tampines Meridian Junior College

2025 JC2 Preliminary Examination H2 Chemistry
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Dimethyl ether, CH;OCHs, is a colourless gas commonly used as a fuel, a spray and a
refrigerant. It can react with carbon dioxide to produce carbon monoxide and hydrogen gas
as shown in the equation below:

CH3OCHs(g) + COx(g) === 3CO(g) + 3Hx(g)  AH = +245 kd mol'

In an experiment, a mixture of CH;OCH; and CO; was introduced into a 2500 dm? sealed
vessel at 600 K and the initial total pressure was 15 atm. The reaction was allowed to reach
dynamic equilibrium.

(i) Explain what is meant by dynamic equilibrium.

A reversible reaction is at dynamic chemical equilibrium when:

¢ Rate of forward reaction = Rate of backward reaction v’

o the substances are still reacting together although the concentrations of
the reactants and products remain constant. v .

L

(ii) Write an expression for the equilibrium constant, K, stating its units.

¢ = Pl @Y

b _Unxuonzu _Uoon

atm* or Pa*

2

(iii) At equilibrium, the amount of H. was found to be 280 mol. Show that the equilibrium
partial pressure of Hz in the vessel was 5.5 atm.

pV=nRT
Partial pressure of H; at equilibrium = 280x8.31x600 558432 Pa
2500x107
101325 Pa = 1 atm
558432 Pa = % =5.5 atm (shown)
101325 (11
Oﬂmalamm Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry
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Paper 3 Free Response

Candidates answer on the Question Paper.
Additional materials: Data Bookiet
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23 September 2025

2 hours

READ THESE INSTRUCTIONS FIRST

Write your name and Civics Group in the
spaces at the top of the page.

Write in dark blue or black pen.

You may use an HB pencil for any diagrams
or graphs.

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

Answer all questions in the spaces provided
on the Question Paper.

If additional space is required, you should use
the pages at the end of this booklet.
The question number must be clearly shown.

Section A
Answer all questions.

Section B
Answer one question.

A Data Booklet is provided.
The use of an approved scientific calculator is
expected, where appropriate.

The number of marks is given in brackets
[]1at the end of each question or part question.

For Examiner’s Use

Percentage

Paper 1

130

/15

Paper 2

175

130

119

120

3

124

‘Section B |

4

120 |

OR

5

120

Paper 3
Total

180

135

Paper 4

Grand
Total

155

120

/100

This document consists of 30 printed pages and 2 biank pages.

Section A

Answer all the questions in this section.

1 (a) Describe and explain the trend in the thermal stabilities of the Group 2 carbonates. [2]

(@)

Thermal stability of Group 2 carbonates increases down the group.

Down Group 2, size of cations increases, and charge density and
polarising power of the cations decreases.

The cations distort the CO;2~ / anion electron cloud, and weaken C-O
bands to a smaller extent, and hence more energy is required to
decompose the CO3*".

(b) Calcium carbonate is used in flue-gas desulfurisation applications to remove harmful
S0: and NO; emissions from fossil fuels burnt in power stations.

() Draw dot-and-cross diagrams to show the bonding in the molecules of SO, and
NO.. [2
(i) With reference to your answer in (b)(i), explain why the bond angle in SQ; is found
to be 118° while that in NO, is 134°. i2]
(b) (i)
[ 1] xxx [ ) Qoxxxoo
X °
0%Sxso soxNx%o
[ 1) [} [ 1] L
(ii) For SO, as there are 2 bond pairs and 1 lone pair around the central S

atom. Since lone pair—bond pair repulsion > bond pair — bond pair
repulsion. the bond angle is about 118°.

However, in NO,, the repulsion between the unpaired electron (or lone
electron) and a bond pair is weaker compared to the repulsion between a
lone pair and a bond pair. This results in a larger bond angle of 134°.

O Tampines Meridian Junior College

2025 JC2 Preliminary Examination H2 Chemistry
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(f) The industrial manufacture of titanium dioxide involves reacting titanium(IV) chloride,
TiCls, with oxygen gas according to the equation as shown.

TiCl(l) + O2(g) ——> TiOx(s) + 2Ck(g) AHE = — 136 kJ mol*

(i} Define the term bond energy of Ti-Cl bond. [11
(i) Using the AH} value given above and the data in Table 1.1, together with
appropriate data from the Data Booklet, construct a fully labelled energy cycle and

use it to calculate the average bond energy of the Ti-C/ bond in TiCls.

Table 1.1
enthalpy change of vaporisation of TiCls(l) + 41 kJ mot™

standard enthalpy change of formation of TiOxs(s) — 945 kJ mot-

standard enthalpy change of atomisation of Ti(s) + 471 kd mol™

4]

(A () tisthe average energy absorbed when one mole of the Ti~C/ bond is broken
in_the gaseous phase to form Ti and C! gaseous atoms.

(i)
-136
TiCl(l) + Ox(g) ——> TiOx(s) + 2CL(g) .

+44 - 945 .

TiCL(g) + Ox(g) Ti(s) + Ox(g) + 2Ck(g)

4 x BE(Ti-C/) +4T1 + 2(244)
Ti(g) + 4C¥(g) + O2(g)

By Hess' Law,
4 x BE(Ti-Cl) = — 41 —136 — (—945) + (471 + 2(244))
BE(Ti-C/) = + 432 kJ mol™' )

[Total: 19)

[Turn over
2025 JC2 Preliminary Examination H2 Chemistry

Tarnpines Meridian Junior College

2 Chromium is a hard, corrosion-resistant transition metal with variable oxidation states. it is
widely used in energy-efficient and long-lasting redox flow batteries. One example would be
the zinc dichromate battery, also known as the bichromate cell. The reaction at one of the
electrodes is given.

Cr:07% + 14H* + 6e- BB 2Cr3* + 7H.0

The other electrode in this cell is the zinc electrode in the presence of H2S04(aq) as the
electrolyte.

(@) (i) Construct the overall equation for the reaction when 1 mol of Cr,0;% reacts with

zinc. Use relevant data from the Data Booklet to calculate the E2. for this reaction.

(2

(i) Hence, calculate the standard Gibbs free energy change, AG®, of the reaction,

i

(liil} The cathode of the bichromate cell usually operates at pH 3 and 298 K.
The concentration of Cr20/* ions and Cr®* ions are kept at 1 mol dm™.
The Nemst Equation is often used to calculate the electrode potential, E,
generated under non-standard conditions.

RT
E=E°- wF nQ
n is the number of moles of electrons transferred per mole of equation,
R is the molar gas constant,
F is the Faraday constant,
Hoq.u;.“_m

is the reaction quotient, where Q= —-———
? d L0 AT T

Show that the electrode potential, £, at the cathode is +0.916 V. Hence, explain
qualitatively why the E value is less positive than its E® value? [2]

(iv) Suggest, with reasoning, what happens to the cell potential, £°., when the
cathode is diluted with water. 1]

Oﬂmﬂl:mm Meridian Junior College 2025 JC2 Preli y Examination H2 Chemistry
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{b) (i

filled d subsheli.

(i} A transition metal ion has partially-filled d orbitals. in the presence
of ligands, the d orbitals are split into two groups with an energy
gap, AE. This effect is known as d orbital splittin

During d—d transition, the d electrons from the lower ener:
orbitals absorb a certain wavelength of light from the visible
spectrum and gets promoted to a higher energy d orbital.

The colour observed is complementary to the colour absorbed. |~

(b) iii) B: [Cr(OH)s]>

C: Cr.0/* "
D: Hz
(iv)
Cl Cl
InO\\\\:: — ,_,?///OIN INO\\\\S. _ .,,/////O_ )
Cr. .Cr.,
INQ\ _ /o_._~ Ho?” ~ Non,
ct H,0
(trans) (cis)

{v) [Cr(Hz0)e]** = [Cr(H20)s(CH)P* + H*

[Turn over

Tampines Meridian Junlor College 2025 JC2 Preliminary Examination H2 Chemistry
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{c) Acidified KoCr:07 can oxidise both M** and C204? in MC204. One of the products formed
is CO2. 25.00 cm® of 0.0200 mol dm™ acidified KzCrz0 is required to completely oxidise
15.0 cm?® of 0.0500 mol dm-3 MC:0,.
(i) Show that the volume of K.Cr.0- required to oxidise C2042" only is 12.5cm?. [2]

(i) Hence, calculate the oxidation state of M in the final product. 3]

{c) (i) Reduction: Crz0:* + 14H* + 6e~ — 2Cr°* + 7H,0
Oxidation: C204% > 2CO; + 2e~

Oxidation: M2* > ?

Amount of C;0,* = 15/1000 x 0.0500 = 0.00075 mol
Cr207% = 3C,04*
Amount of Cr207* reacted w C2042 = 0.00075 / 3 = 0.00025 mol
Vol of Cr:07* needed = 0.00025/0.0200 = 0.0125 dm?® = 12.5 cm?

(ii) Amount of Cr,O;% reacted with M?*
= (25/1000 x 0.0200) ~ (0.00025) = 0.00025 mol

Amount of M?* = 0.00075 mol

Reduction Oxidation

(e~ gained) (e~ lost)
Species invoived Cr20:2 > Cr®* M2 > ?
Reacting Moles (12.5/1000) (0.02)

= 0.00025 0.00075

Number of moles of
electrons gained or lost 8 y
per mole :
Total number of moles
me_mnqo:m gained or 0.0015 0.00075(y)

0.0015 = 0.00075y
y=2

1 mole of M** loses 2e-

=> Final oxidation state of M = +4

Oﬂmiv\amm Meridian Junior College 2025 JC2 Preliminary Examination H2 Chemistry
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()  Explain why pentane-2,4-dione is a stronger acid as compared to propanone. [2]

Weakly basic enolate ions would aftack the B-carbon of the o,B-unsaturated carbonyl
compound, while strongly basic enolate ions would attack the carbonyl carbon of the
o,B-unsaturated carbonyl compound.

(ii) The reaction between propanone and propenal resulted in the carbony! carbon to
be attacked by the enolate ion, while the reaction between pentane-2,4-dione and
propenal resulted in the B-carbon fo be attacked by the enolate ion.

Using Fig. 3.1 and Table 3.1, explain for the above observations. |

(ii) The enolate ion of propanone reacts with propenal in NaOH(aq) to give
compound F in a nucleophilic addition reaction.

0 OH
F
(0]
Describe the mechanism for this reaction, using 2 as the nucleophile.
Include all relevant lone pairs, dipoles, curly arows and charges. [3]

(a) (i} The lone of pair of electrons on the conjugate base of pentadione can
delocalise across both carbonyl groups OR 0=C--CH—C=0 system.

conjugate base OR enolate ion of pentadione, stabilising the anion.
Hence pentadione has a greater tendency to lose protons and is a stronger
acid as compared to propanone.

(if) The enolate ion of propanone is a stronger base compared to the
enolate ion of pentadione. .
(As propanone is a weaker acid than pentadione, the conjugate base OR
enofate ion formed would result in a stronger base)

@ [Turn over
ﬂmBE:mmEmn&makciowﬁo:omm wemm.\ONN...wn..der.w

(iif)

(b) The structure of propenal can be represented by two different structures as shown in

Fig. 3.3. The indicates that the actual structure of propenal is somewhere
between these two structures, with the potential formation of a carbocation on the
p-~carbon.
o} o
-+
o a
Fig. 3.3

Expilain, by considering the orbitals involved, how delocalisation of electrons occurs in
propenal. 1]
(b)

that the 2p electrons are completely free to move/ delocalise across the O
and C atoms.
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(d) Draw the organic product formed when propenal reacts with
(i)  LiAH4in dry ether

(ij) 24-dinitrophenylhydrazine [2]

S, -

(d) () formed with LiAZH, in dry ether
(i)
H —
NV -
A\
O,N NO,

formed with 2,4-DNPH

(e) Propenal can react with dry hydrogen chloride gas.
(i) State the mechanism and draw the structure of the organic product formed. [2]

(if) By considering the mechanism stated in (e)(i), explain why the product formed
does not rotate plane-polarised light. [2]

(e} (i} Type of reaction: Electrophilic addition

Cl

{ii) In step 2 of the electrophilic addition mechanism, the C- nucleophile attacks the
trigonal planar sp? hybridised C_atom of the carbocation intermediate from

[Turn over
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()  Additionally, propenal can undergo oxidation to form propenoic acid. The structure of
propenoic acid is shown below in Fig. 3.5.

AN

OH

propenoic acid
Fig. 3.5

() A student suggested the use of hot acidified KMnO,4 to oxidise propenal to
propenoic acid. However, it was observed that no organic compound was produced.
Suggest a balanced equation for the reaction that occurred.

Use [0} to represent the oxidising agent in the reaction. [1]
(i) Hence, state a suitable reagent and condition that could be used for the conversion
of propenal to propenoic acid. 1
0@
(o]
/ + 7[0] ———> 3CO,; *+ 2H,0
H

(When using H*/KMnOq, both vigorous oxidation of a terminal alkene and oxidation
of aldehyde occurred, leading to the formation of CO,, H,O and ethanedioic acid.
Ethanedioic acid would then undergo further oxidation to form CO; and H,0.)

[Total: 21)
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Down the group from Cl to I,

. Extent of orbital overlap between H and X atoms decreases. :
. Bond length of H-X increases. I
. Bond strength of H-X decreases.

*

[Turn over
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(b) The Strecker synthesis is a method used to produce amino acids through the reaction
of an aldehyde with ammonia and hydrogen cyanide. The amino acid, leucine, can be
synthesised using this approach, as illustrated in Fig. 4.1.

0 Tampines Meridian Junior College

NH,
NHs NH
N >
step 1 OH step 2
HCN ﬁ step 3
(o}
Y
OI —-—————
step 4 CgH1aNy
leucine
Fig. 4.1
Suggest the type of reaction occurring in steps 1 and 2. [2]
Draw the structure of compound Y. 1]
State the reagents and conditions for step 4. [1]

Asparagine, a non-essential amino acid, is crucial for protein synthesis and
various metabolic processes.

O

OH

N IN N Im
asparagine

Asparagine can be prepared from aldehyde Z via the Strecker synthesis.
Suggest the structure for aldehyde Z. [1]

Explain the difference in basicity of the two nitrogen-containing functional groups
present in asparagine. [2]
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. [H]ICN]
K =31
@ K [HCN]
—o20 _ 1073[CN"]
1078 = — 05

[CN~] =3.15 x 10 8moldm™3
(i) Kep = [ZN¥*YCN2 moP dm®

(i) For precipitation to occur, ionic product > Kgp

[Zn*][3.15 x 10°F >3.0x107®

[Zn?*] = 3.02 x 10 mol dm™

Alternative answers

[Zn*][2.50 x 10°] >3.0x107®

{Zn*] = 4.80 x 10® mol dm?

(¢} (iv) Zn(CN)2 = Zn* + 2CN- —- (1)

Addition of strong acid, HC/, will cause H* to react with CN- to form HCN. Hence,
[CN] decreases.

By LCP, the equilibrium position (1) will shift to the right to increase [CN1.
Hence, solubility of Zn(CN), increases.

[Total: 20]
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§ (a) The acid-base behaviour of aluminium oxide, A%;Os, shows similarities to that of sodium

oxide, NaxO, on one hand, and sulfur trioxide, SO3, on the ather.

(i) Describe what these similarities are and write equations for all reactions you
choose to illustrate your answer. 3}

(ii) Explain why beryllium oxide, BeO, exhibits similar acid-base properties as ALO3.
(i

(a) () MgOis a basic oxide and Al,Os is an amphoteric oxide, hence, both reacts with
acids.

Na,O + 2HC! > 2NaCl + H)O
ALQOs; + 6HCI-> 2AICL + 3H0

SOsis an acidic oxide and Al,O; is an amphoteric oxide, hence, both reacts with
bases.

8O3 + 2NaOH > NaxS0; + H:0
AlLO; + 2NaOH + 3H.O -> 2NaA/{(QH),

(i) Both Be** and AP jons have high/similar charge density, and able to polarize
O?* anlon electron cloud/ induces a partial covalent character.

(b) Electroplating uses electrolysis to deposit a layer of metal onto a surface. Nicke! plating
is widely employed to plate coins, enhancing their durability and resistance to corrosion.
In this process, the electrolyte used is a solution of nickel(Il) suifate.

(i) Draw a iabelled diagram of the electrolysis cell used to plate coins with nickel.
Include details of cathode, anode, electrolyte and the direction of electron flow.

{2

(i) A constant cumrent is passed through the cell for 6.5 min and 77 mg of Ni is being
plated onto the coin. Calculate the current used. [2]

(fii) in another similar sef-up, the concentration of the NiSO, solution is doubled while

all other conditions remain the same. Explain the effect, if any, on the mass of
nickel deposited on the coin. 1
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{c) (i)

OH OH

[Turn over
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(d) Compound P has the molecular formula, C7H1cOs and contains a 6-membered ring.
P gives effervescence with Na2CO;. P does not produce an orange precipitate with
2,4-DNPH. On treatment with Hx(g) and platinum catalyst, compound Q was formed.
1 mole of P reacts exactly with 4 moles of PCIs to give compound R.

P also decolourises hot acidified potassium manganate(VH) solution to give a single
compound S. The structure of compound 8 is shown below.

o O o}

HO' OH
o (0] (o]
compound $

Suggest the structures for for P, Q and R, and expiain the reactions involved.
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