ANDERSON SERANGOON JUNIOR COLLEGE 3 The table identifies the shape and polarity of four molecules.
2025 JC2 PRELIMINARY EXAMINATION Paper 1 Solutions

Which row is correct?

Sodium azide, NaNs is an explosive used fo inflate airbags in cars when they crash. It consists

e A : s molecule molecular shape polarity
of positive sodium ions and negative azide ions.
A boron trichioride trigonal pyramidal polar
What are the number of electrons in the sodium ion and the azide ion? B nitrogen trichloride trigonal planar non-polar
sodium ion azide ion C sulfur dioxide bent polar
A 10 20 D trichloromethane tetrahedral non-polar
B 10 22 c
Ans:
¢ 12 20 BCls NCi3 S0, CHCI3
D 12 22 -
No.-of bp, Ip on
central atom 3 cv. o Ip 3bp,1lp 2bp,1lp 4bp,01ip
Ans: B . . trigonal bent
Na* (11—1=10) and Ng (7 x 3 + 1 = 22) trigonal planar amidal tetrahedral
Molecular cl N . ﬂ
The graph shows the variation of the first ionisation energy with proton number for some shape W cr” /.;.Q O\mﬂo 0.::0N
elements. The letters used are not the actual symbols for the elements. cr el Cl cr” /ﬂN
p ‘polarity non—polar polar polar polar
4  The element tin exists in two forms, grey tin and white tin.
Some propeities of grey tin and white tin are shown.
first ionisation
energy/kJmoi”! grey tin white tin
boiling point 2543 °C 2533 °C
electricial conductivity none in solid or liquid good in solid and liquid
malleability brittle malleable
Which structural change might take place when grey tin changes to white tin?

proton number

Which statement about the elements is correct? A giant covalent to giant ionic

B  giant covalent to giant metallic
A P and X are in the same period in the Periodic Table. L .
C  giant ionic to giant covalent

B The general increase from Q to X is due to increasing atomic radius. T . .
D  giant ionic to giant metallic

Cc The small decrease from R to S is due to decreased shielding.
D The small decrease from U to V is due to repulsion between paired electrons. Ans: B

White tin-must have giant metallic structure as-it conducts electricity in solid and liquid state and

Ans: D ; . e
A — same Group s B,m_—\mma_m,
B — increasing nuclear charge (and relatively constant shielding effect) Grey tin cannot have glant fonic structure as it:does not conduct electricity when in fiquid state,
C - higher energy level (ns? vs np') thus, it has to be giant covalent structure. w
, 0
2
—
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8  Silane, SiH,, exists as a gas at standard temperature and pressure. Hess' Law can be used to
calculate the average Si—H bond energy in gaseous SiHs. Which information is needed to perform

the calculation?

A AHPematon(SiHa), AHP, (Si), AHP (Hz)
B AH (Si), AP (H), AH®, (SiHs)
C  AHCuomsaton(H), 8H" (Si), AR, (SiHq)
D AH° (Si), AHP, (Hz), AR, (SiHa)
Ans: B
H
_ 4% BE SiH

H—= 8 -H({g) = 8{g) + 4H{g}

[
H
Silane St St
4% AHTL(H)
AH, SiH,

sl (s) + 2H;(g}

9  Group 2 hydroxides undergo thermal decomposition in a similar fashion to Group 2 carbonates.
Barium hydroxide undergoes decomposition as shown in the equation below:
Ba(OH)a(s) — BaO(s) + H20(g) AH>0
Which statements about this reaction are correct?

1  The Gibbs free energy change can be positive or negative depending on the
temperature.

2  The decomposition is spontaneous only at high temperature.

3  The entropy change is negative.

A 1and2only
B 1and3only
C 2and3only
D 1,2and3
Ans: A

AS is expected to be positive since there is formation of gaseous H;0, thus statement 3 is wrong.
AG can be positive or negative depending on the temperature.

For reactions to be spontaneous, AG needs to be negative. As AG = AH - TAS, T has to be high
so that |[TAS| > AH. Thus statement 2 is correct.

9729/01/H2 [Turn over

10 The reaction between NO and Br: is proposed to proceed via the following mechanism:
Step 1: NO + Bra &= NOBr, (fast)
Step 2: NOBr2 + NO —> 2NOBr  (slow)
Which statements are correct?

1 NOBr is a radical.
The rate equation for this reaction is rate = A[Brz][NOJ.

W N

NOBr; is formed at the transition state.

A 1,2and3
B 1and2only
C 2and 3only
D 1only

Ans: B

Statement 1: Correct. There is one unpaired electron on the N atom in the molecule.
Statement 2: Comrect.

From the slow step,.

Rate = {{NOBr][NO] -~ (1)

From step 1, rate of forward reaction = rate of reverse reaction

k{NOJ{Br] = K[NOBrz]

& _ [NOBr,]
k.~ INOIBr,] -
_ INOB,]
K NOJiBr,]

[NOBr] = K{NOJ[Brz] — (2)
- Sub: (2) into (1), Rate = k(K [NO][Br])[NO]
, = K[NOJABrz]
Statement 3: Incorrect. NOBr: is an intermediate as it appears in the reaction mechanism but
does not appear in the overall equation.

9729/01/H2
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13 Lithium reacts with nitrogen at room temperature to form solid LisN.

Three vessels of equal volume are connected by taps 1 and 2 as shown.

evacualed Ni{g) + 3Hy{g) = 2NHy ()
! ? LER

At the start, taps 1 and 2 are closed, the left-hand vessel is evacuated, the middle vessel has
the indicated reaction at equilibrium and the right-hand vessel contains lithium only.

Which action would allow the equilibrium mixture to contain the most ammonia?

Keep both taps 1 and 2 closed.
Open both taps 1 and 2.
Open tap 1 only.

o0 w)>»

Open tap 2 only.
Ans: A

Tap 2 must be closed as Nx(g) can react with Li. This will cause the equilibrium position to shift
left resuiting in lower yield of NHs(g).

Tap 1 must be closed. This is because if tap 1 is open, the total pressure will decrease and the

equilibrium position will shift left to the side with more moles of gas particles resulting in lower
yield of ammonia

9729/01/H2 [Turn over
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18

10

The table below describes some indicators.

- . . . . range of pH for

indicator colour in acid colour in alkali pKa colour change
methyl orange red yellow 3.7 3.2-44
thymol blue yellow blue 8.9 8.0-9.6

For the titration of NaOH(aq) against HCOOH(aq), which row shows the most suitable indicator
and the corresponding colour change?

indicator colour change
A methyl orange red to orange
B methyl orange yellow to orange
Cc thymol biue yellow to green
D thymol blue blue to green
Ans:D

The titration is between a strong base and weak acid: Hence the equivalence point pH>7 as a
basic salt is produced. Thymot blue will be a suitable indicator.
Since NaOH(aq) is in the conical flask, thymol blue will turn from blue to green.

In this question, Q represents an atom of chlorine, bromine or iodine.
Which statement about their atoms, molecules or halide ions is correct?

A Down the Group, permanent dipole—permanent dipole forces between halogen molecules
become stronger.

B The first ionisation energy Q(g) - Q*(g) + e~ decreases.

C  Qqreactivity as oxidising agent increases down the group.
D The enthalpy change of formation of hydrogen halides becomes more exothermic.

Ans: B

Option A should be: Down the Group, instantaneous dipole—induced dipole forces between
halogen molecules become stronger.

Option B is'correct: The first ionisation energy Q(g) ~» Q*(g) + e~ decreases. By referring to Data
Booklet; First IE are CI: 1260 kJ mol' - Br: 1140 kJ mol' I 1010 kJ moi™!

Option C is.incorrect as Qz oxidising strength decreases down the group.

Option D

Y% Hz (g) + %2 Cl(g)> HCI(g), AH:= ¥%(436) + ¥4(244) ~ 431 = - 91 kJ mol*!

Y Ha(g) + %2 Bra(g)> HBr(g),  AHr= %4(436) + 14(193) — 366 = - 52 kJ mol"*

Y2 Hz (g) + 72 12(g)> HI(g);- AHr= 2(436) + ¥%5(151) — 299 = - 5.5 kJ mol!

The enthalpy change of formation of hydrogen halides becomes more endothermic not exothermic

9729/01/H2
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13

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

In the electrolysis of moiten aluminium oxide. 0.27 g of aluminium is liberated when 2904 coulombs
of electricity is passed through molten aluminium oxide.

Which value of Avogadro's constant do these figures give?

A 6.02x10%
B 6.05x10%
¢ 1.82x10%
D 202x10%

Ans: B

The Avogadro’s number (L) is the number of particles in one mole.

In this question, it would be the number of electrons present in 1 mole of electrons.
1 Faraday (F) is the charge on 1 mole of electrons.

1 Faraday (F) = Avogadro’s number (L) x Charge on 1 e~ (e)

In this question, since we must solve for the Avogadro’s number, we cannot use 1 Faraday as
96500C mol~'! (which is obtained when we take Avogadro's number to be 6,02 x 10%3).

How to solve:
n(Al) =0.27g +27.0 = 0.01 mol
n{e") required to deposit 1 mol of Al =0.01 x 3 = 0.03 mol

Using Q = noF,
F=Q +ne= 2904 + 0.03 = 96800
F=Lxe

Taking the value of e from the Data Booklef,
96800 = L x 1.60 x 10-%¢

L =6.05x10%

OR

Use the following 2 formulas:
Ixt

Amt=" ¢ and F=Lxe

Substitute F into the first formula and since Q=Ixt we have
L

Amt= e

mass__ Q

My " nxLxe
027 2904 (n =3, since AP* + 3e > AJ, hence 3 Faradays is required)

27.0 3xLx1.60x10"
Solving, L =6.05x 10%

9729/01/H2 [Turn over

14
10 cm® of an organic substance Z burns completely with exactly 75 em?® of oxygen to produce
50 cm?® of carbon dioxide. Alf the volume are measured at the same temperature and pressure.
Which statements about the organic substance are correct?
1 Zmay be an aicohol.
2 Z may be cycloalkane.
3 Z may decolorise aqueous bromine in the dark

1,2and 3
1 and 2 only
1 and 3 only

=B e B - B ]

3 only
Ans: A
If X is a hydrocarbon,

OxI<+Ax+<\AVO~-,waO~+<\NI»O
10 75 50

x=5,y=10

Z can be alkene which can decolourise bromine in the dark and it can also be cycloalkane.

If X-is an alcohol
CxHyO; + (X + y/4 — 2/2)02 > XCO3 + y/2 H:0
10 75 50

x=5

assuming.x Is pentan-1-ol,
CeH120+15/202 & 5COz + 6H0
10~ 75 50

Thus, Z can be alcohol.

9729/01/H2
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17

22 Which pair of reagents react together in a redox reaction?

A CHiCHCH; + Brs

B CH3CH2CH20H + concentrated HaPO4
C  CH;COCH; + HCN

D HCO:C:Hs + dilute H:SO4

Ans: A
Option A:
A~
CHsC=C] + Bry ——— CH3CH(BrCH,Br
) H
Oxidation number of carbon: -3 -1 -2 30 -1

Thus, oxidation number of carbon change from -1 to 0 and -2 to -1.
Oxidation number of bromine changes from 0 in Brz to -1 in CH3CH(Br)CH.Br.

Option B:

OIQOINOINOI — OIuOIOIN + Ino
Oxidation number of carbon: -3 -2 -1 3 012
There is no change in oxidation number of the carbon, hydrogen and oxygen.

OH
|
CH3COCH3 + HCN —> o_._wlﬁ_ulo_._w
Option C: CN
Oxidation number of carbon: 3 +2 -3 +2 -3 42 3

There is no change in oxidation number of the carbon, hydrogen, oxygen and nitrogen.

o) (o)

1l Il
Option D: H—C—O—CHyCH3 + dilute H;8O4 ——> H—C—OH + HOCH,CH;
O.NofC: +3 2 -3 +3 -2 -3

There is no change in oxidation number of the carbon, hydrogen and oxygen.

9729/01/H2 [Turn over
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23 Methylcyclopentane can react with chlorine via free radical substitution to produce A and
B as shown below.

cl CH,CI
A B

Given the relative rate of substitution of tertiary and primary hydrogen atoms follows a
5 : 1 ratio.

What is the likely ratio of compound A and B formed?

A 1:15

B 1:3

Cc 3:5

D 5:3

Ans: D

¢l CHCl
1.H each with q,mmo»_<#< of & 3 H each with reactivity of 1
=1x5=§ =3x1=3
vy
U
2
—h
9729/01/H2 o
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26 Which of the following shows the most likely first step in the mechanism of a reaction?

A

N . &
C=C Br—I
SN A
B Br H
QS — =
c . e
5
o %|ﬂwq
CcN- v
D b e
& &
CN-
Ans: D

Option A is incorrect as bromine is more electronegative than iodine.
Option B is incorrect. Br* electrophile is required.

Option C is incorrect. Lone pair of electrons should be on C and not N. No doubt CN-is an ambident
nucleophile, it is not a likely step as N is more electronegative than C and thus will not share its
electrons in a covalent bond. The C being less electronegative than C will share its electrons with
the carbon in C=0 to form a covalent bond.

9729/01/H2 [Turn over
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27 Morphine and codeine are both effective painkillers.

o
N

HO [0 OH
morphine
Which observation will be given by morphine?
1 the decolourisation of liquid bromine
2 the evolution of hydrogen with metallic sodium

3 the formation of green Cr** ions from an acidified solution of Cr207*

3 only

A

B 1and2only
C 2and3only
D

1,2and 3

Ans: D

1. - Presence of C=C, which decolourises orange Brx(aq).
2. . Presence of alcohol, which can react with Na(s) to produce Hz(g).
3. Presence of 2° alcohol, which can be oxidised by Cr,02/H* (reduced to Cr®*)

9729/01/H2
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NAME:

ANDERSON SERANGOON JUNIOR COLLEGE

2025 JC 2 PRELIMINARY EXAMINATION
PAPER 2 SUGGESTED SOLUTIONS

CLASS:25/_

(@) Mild steel is an alloy that contains iron and carbon. A sample of mild steel was analysed,
and four different types of atoms were identified; A, B, C and D. Table 1.1 shows information
about the four types of atoms found in the sample.

(i)

Table 1.1
atom relative mass relative % abundance

A 12.00 0.238

B 13.00 0.012

c 53.94 5.79

D §5.93 93.96

(i) Calculate the relative atomic mass of carbon in this sample to four significant

figures. Show your working. [1]
SO TI00L2 e

x(. +13x0.
" T omsroorn 28l

In an experimental set-up, beams of particles travelling at the same speed from
different sources are subjected to an electric field as shown in Fig. 1.1.

A beam of protons with an angle of deflection of 60° has already been drawn.

F

protons

Fig. 1.1
Under identical conditions, beams of particles '2C?* and *6Fe?* were subjected to the
same electric field.
Calculate the angle of deflection of 2C?* and %®Fe?*particles under the electric field
and sketch the beams of 2C?* and %Fe?* on Fig. 1.1. Label the beams clearly.  [2]

Angle of 2C%* = ._mm. x 60°= +10.0°

Angle of ¥Fe?* = mnm X 60 = #2,14° [1] for both

S6Fe2*
Anom*.

[1] for both beams

9729/02/H2 [Turn over

(b) The compound CeHs has many possible structural isomers. Three suggested structures of
CsHs are shown in Fig. 1.2

Kekulé benzene Dewar benzene Ladenburg benzene

0 77 Jd

Fig. 1.2

(i) Using Fig. 1.2, complete Table 1.2 to predict the number of carbon atoms that have

(v)

sp, sp? and sp?® hybridisation in Kekulé benzene, Dewar benzene and Ladenburg

benzene.

Table 1.2

CeHs structure sp hybridised | sp? hybridised | sp®hybridised

Kekulé benzene

Dewar benzene

Ladenburg benzene

(21

sp | sp? | sp®
Kekulé benzene o|j6|o0
Dewar benzene 0 4 2
Ladenburg benzene 0 0 6

[1}row 1-and 2 correct; 1] row 3 correct

Dewar benzene contains both ¢ bonds and n bonds.
By reference to the hybridrisation of the carbon atoms and orbital overlap, describe
the covalent bonding in Dewar benzene. [21

o bonds: [1]
+ ..Head-on overlap of the sp? orbital of C with sp? orbital of adjacent C
»: Head-on overlap of sp® orbital of C with sp® orbital of adjacent C
» Head-on overlap of sp? orbital of C with sp® orbital of adjacent C

¢ Head-on overlap of the sp? orbital of C with the s orbital of H
¢ . Head-on overlap of the sp? orbital of C with the s otbital of H

7 bonds: [1]
" »- Side-way overlap of two unhybridised 2p orbital of sp2 C

Suggest why Dewar benzene and Ladenburg benzene are unstable isomers of CgHs.

1
[Total: 8}

Bond strain or ring strain [1]
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(i)

(i)

Using Fig 2.1, the data in Table 2.2, together with data from the Data Booklet, to
calculate the laitice energy of AL,O,(s).

Table 2.2
AHP [ kJ mol™!
1% electron affinity of oxygen, O(g) + e=— O(g) —141
2" glectron affinity of oxygen, O~(g) + e~ — 0%(g) +790
standard enthalpy change of atomisation of Al(s) +326
standard enthalpy change of formation of AL,O,(s) ~1676

12]
AHP = 326 x 2 + 3/2 X 496 + 2(577+1820+2740) + 3 x (~141) + 3x 780 + LE [1]
=-1676
LE = -15293 kJ mol[1]

Explain why the first electron affinity of oxygen is exothermic, but the second electron
affinity is endothermic. [2}
First EA is exothermic as energy is releasad when an electron is attracted to the
neutral oxygen atom by its nucleus. [1]

Second EA is endothermic as energy is required to overcome the repulsion
between the added electron and the negatively charged O~ ion. [1]

9729/02/H2 [Turn over

_

(c) When aluminum reacts with dry chlorine, aluminum chloride, AIC/s, is formed.

M

(i)

(i)

AICI; can undergo dimerisation to form AlLCls.

With the aid of a diagram, name the type of bond formed during dimerisation and
explain why this bond is formed. 2]

Cl Cl Cl
N7 /2\

/ AN
Ci / o_\ Cl [

in forming the Al2Cls dimer, two AI/Cls molecules are joined by dative bonds.
Reason: Al is electron deficient and can accept lone pair of electron from
chlorine forming octet structure [1] name and reason

When AIC/ is dissolved in water, a solution of pH 3.0 is formed.

Explain with the aid of a balanced equation why the solution has a pH of 3.0. {2}
AICI(s) dissolves in water to form hydrated [AI(H20)s]**(aq).

Due to high.charge density of A, it is able to polarise the neighbouring water
molecule; which further breaks the O-H bonds, thereby producing H* in the
solution. Hence, AICI; undergoes hydrolysis in water to form an acidic solution. [1]

[AL(H.0)e]**(aq) = [AI(H0):(OH)}**(aq) + H*(aq) [1]

AICl3 can be used as a catalyst in the reaction of methylbenzene with chlioroethane
to form 4-ethylmethylbenzene.

Describe the mechanism of this reaction. [3]
Electrophilic Substitution

Step 1: CHiCHC!  + AIClz ——» CHsCHy* + AICH™

H  CH,CH, CHzCH,
+ CHCHp* _SOW _fast + H
step 2 step 3
OIw OIu CHs

Step 4: H* + AICls ————» HCI + AIChL
[1] name of mechanism
[1] for correct intermediates (carbocation and H*) and regeneration of catalyst
[1} for correct arrows and charges

[Total: 16]
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{c)} Lactic acid reacts in the presence of hot, concentrated sulfuric acid to form two different (d) Table 3.2 shows the solubility of various calcium saits in water.
compounds, J and K.

Table 3.2
* J has a molecular mass 72.0 g mol™
» Kis a cyclic compound and has a molecular formufa CsHgOx. caleium salt solubility / mol dm= colour
Draw the skeletal formula of J and K. CaCy04 4.8x10°® white
Cas(POa)2 1.6x107 white
CaCrO, 2.7x10? bright yeliow
(iy Write an expression for the solubility product of Cas(PQa4).. [1]
Kap= [Ca™T [POST [1]
J K (i) Calculate the solubility product, Ksp, for Cas(PO4)z, giving its units. 1]
2
_” _ ‘Auv = —ODnJu ﬁ_UOAwl 2
=(3x16x107)*(2x 1.6 x107)?
=1.13 X 10°*2 mol® dm~*® [1] including units
o)
Q 0 (iii) Describe what you would observe if equal volumes of saturated solutions of CaC,0.
/\__/OI 0 and CaCrO4 were mixed. Explain your answer using calculations. 31
(o)
CaC0s — Ca®(aq) + C204(aq)
Egm (mol dm=%) 4.8x10° 4.8 x10°®
J1] K[1]
CaCrOy — Ca’(aq) + CrO4& (aq)
Eqm.(mol dm=*) 2.7x10? 2.7 x 10
When equal volumes of the 2 saturated solutions are mixed, concentration in mol
dm™3 of all ions will be halved:
[Ca?*lom = ¥£(4.8' X 1075+ 2.7 X 102)
. =0.013524 Eh“%%”%%nm of ail ions
[Co04%]) = %(4.8x10°) =2.4 x 10° after mixing
[CrO&] = %(2.7 x 10?) = 0.0135
lonic product of CaCa04 = [Ca?*][C204%7]
= (0.013524) x (2.4 x 10%) = 3.246 x 107
> Keyof CaC204 [1] for correct
IP calculations
lonic product of CaCrQO4 = [Ca®'][CrO4*] for both
: = (0.013524) x (0.0135) = 1.826 x 10™*
< Kspof CaCrO4
Hence, a white precipitate of CaC20, would be observed. [1] ecf based on P
calculation (no calculation no marks)
W
o
2
N
9729/02/H2 [Turn over o
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(a) 4-hydroxybutanal can undergo an esterification reaction with a carboxylic acid. In a
controlled experiment, 4-hydroxybutanai and ethanoic acid were heated under reflux with
a small amount of concentrated sulfuric acid as a catalyst.

OH 0. fe)
IO/\/\/O + \_/ _ J\ NN+ HO
(0]

The following information was recorded from the experiment at 298 K.
initial amount of 4-hydroxybutanal: 0.500 mol

initial amount of ethanoic acid: 0.400 mot

total volume of solution: 2.00 dm?

at equilibrium, 60% of 4-hydroxybutanal has reacted

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

Use your expression to caiculate the value of K: for this reaction, [3]
IO/\/> + \OrI - DJ\O/>>O + H0
° 0
Initial (mol) 0.50 0.40 0 0
Change 60 - -0.30 +0.30 +0.30
(mol) Aso %0.50 = 0.30)
Egm (mol) 0.20 0.10 0.30 0.30
Conc 0.20 0.10 0.30 0.30
ABO_ Q_‘:luv lan“O._.O |NI"O.OM .lNl.”OHM q"OHM
Working for correct concentration [1]
K [ester][H,0] -

o~ [4-hydroxybutanal][ethanoic acid]

(0.15)(0.15)

K=0050.10)

=4.5[1]

(ii) Aqueous potassium hydroxide was added to the equilibrium mixture at 208 K.
Suggest how the position of equilibrium might change and if the K. will be affected.

[2]
KOH undergoes acid-base reaction with CHzCOOH.

Adding KOH(aq) resuits in a decrease in [CH3COOH]. Position of equilibrium of
esterification reaction will shift left to increase the [CH;COOH]. [1]

K. will not change as it is temperature dependent. [1]

9728/02/H2 [Turn over

(b) 4-hydroxybutanal can form a cyclic hemiacetal in the presence of an acid catalyst as shown

in Fig. 4.1.
o . O _oH
H
IO/\/\:/I _— H
4-hydroxybutanal cyclic hemiacetal
Fig. 4.1
(i) The mechanism for the reaction in Fig. 4.1 is shown in Table 4.1.
Draw four curly arrows to complete the mechanism shown in Table 4.1. 2]
Table 4.1
Step 1:
The aldehyde is v . H
protonated by the o o
acid catalyst to form HO. /\/F + HY — IO/\/F
a non-cyclic H H
intermediate.
Step 2: H H
Nucleophilic attack o N n_u OH
by the alcohol to —
form a cyclic I@ Q
intermediate. H H
Step 3: *_._
Deprotonation of the *O. OH O OH .
cyclic intermediate to > + H
form the product. H H
.n.v\}» I+ +°\I
HO —~ HO _
Step 1: /\/\:/I /\/x/—._
. H r
% 4
| _— 9 OH
:w/\//./\L/_._ Q:
Step 2:
H
A/\+ 0, OH

Step 3: R _oH . H
H H

[1]: 1 curly arrow in step 1 and 3 each [11: 2 curly arrows in step 2
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(a) Volatile Organic Compounds (VOCs) are a group of organic chemicals that easily vaporise (iii) Propanone, CHsCOCH;, undergoes a similar reaction to that shown for stages 1 to

at room temperature. They are released by a wide range of products and processes, both 3in Table 5.1.
indoors and outdoors. Complete Table 5.2 by adding the equations to represent stage 1 and 3.
Some VOCs can contribute to the formation of secondary pollutants like ozone and have Table 5.2

adverse health effects. They are usually released from sources like vehicle exhaust, paint

and solvents. stage description of stage equation
In the presence of sunlight, photochemical reaction is triggered between nitrogen oxides
(NO and NO2) and VOCs. The five stages of the reaction between formaldehyde, one of photolysis of CH;COCHj; to
the common VOCs, with NO in the presence of sunlight leading to the formation of ozone, | 1 generate two radicals,
03, are described in Table 5.1. CHsCOe being one of them
Table 5.1
Ox
stage description of stage equation oxidation of CHzCOe radical 0. Te) J\
2 to form peroxyacetyl radical /.\ ¥ 2 O/O
1 *photolysis of formaldehyde HCHO — eH + oCHO *
oxidation of NO(g) by
2 oxidation of formyl radical oCHO + Oz — CO + oHO; 3 peroxyacetyl! radical to form
brown gas
3 oxidation of NO(g) oHO2 + NO — NO; + #OH . 7]
Stage 1: CH3;COCH; — oCHs + CH:COe  [1]
4 photolysis of NO2(g) Stage 2:© CHaCOe + Oz — CHaC(O)OO0s (FYI not required)
Stage 3: . CHiC(0)O0e + NO — CHsC(0)Oe + NO2  [1]
) {brown gas)
5 formation of O3(g)
Or
* photolysis is the decomposition of a molecule by the action of light.
Stage 1:
After stage 3, NO:is photolysed by sunlight to generate NO and O atoms. The O atom 0 o
formed then reacts with the oxygen gas in the air to form ozone. ~ + oCHy
() Explain why the hydrogen atom produced in step 1 is described as a free radical. [1]
An hydrogen atom has one unpaired electron making them highly reactive. [1] Stage 2: CH3COe + 02 — CH;C(O)O0s (FYI not required)
(if) Complete Table 5.1 by adding the two equations to represent stages 4 and 5.  [1] Stage 3:
O
NO:—NO+ 0O (not necessary to put hv) J\
0 +0,— 03 Two equations [1] o + NO

9729/02/H2 [Turn over
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1
ANDERSON SERANGOON JUNIOR COLLEGE
2025 JC 2 PRELIMINARY EXAMINATION PAPER 3 SOLUTIONS

Section A
Transition elements have characteristic physical and chemical properties.
(i) Explain what is meant by the term transition element. 1

A transition element is a d block element that can form one or more stable ions with partially filled
d subshells. [1}

(ii) Explain why the melting point and density of nickel is higher than that of caicium.
3
¢ [A] In Ni; both the 3d and 4s electrons are available for metallic bonds since %h
energy level difference between the 3d-and 4s orbitals is small.
Lo InCa, o=_< two 3s o_mQ_.o:m m_.m available for metailic bonding.
e [B)The: mam*mq number of 3d and 4s no_onm__mma electrons available for metallic
- co:a_:m in Ni results [AorB-1m].
«. in'stronger electrostatic attraction between the cations and the ‘sea’ of delocalised
'electrons; More energy is required to. overcome the stronger metallic bonds in
transition elements as.compared to Ca. [1m]

. z_ has smatler atomic radii and higher atomic mass compared to Ca.

o Also, Ni has more closely packed [1m]. structure due to their stronger metailic
boniding.

« .. Thus, transition elements are denser than Ca.

(i) A solution containing the [Ni(H20)s]** complex ion is green.

When 1,2-diaminoethane, en, H:NCH:CH2NH, is added, the colour of the solufion
changes to purple. This is due to the formation of the [Ni(en)2(H20)2]** compiex ion.

Explain why the fwo solutions are coloured, and why the colours are different. [3]

In the presence of the ligands, the partially filied 3d orbitals of Ni?* are gplit into two levels
,<<_=_ a m_.zm__ :mEK mmm. >m (d Q‘g& splitting).-

.‘<<:¢= a ma m_mond: mcmo_.cm energy from'the <_m_c_m light region corresponding to AE, this
-electron is promoted from: the d orbital of a lower energy level to a d orbital of a higher
-eneray level (d~d transition).

.;_;.mm_ oo_o:,_,, observed is.the complementary of the colour absorbed.

The colours are different as different ligands split the partially filled 3d orbitals to different
‘extents with different AE. Red'is absorbed for [Ni(Hz0)e 2* complex and yellow is absorbed
for mz_ﬁmzvme._»oEe complex.

N presence of ligand; _um:_m__< filled 3d—orbital for Fe?*(aq); small energy gap
_: d=d transition explanation; colour is the complement of the colour m_umo_dmu
E a_mo_.m_,; igands, different AE

9729/03/H2

2

(i)} [Ni(en)2(H20)z]2* complex ion can exist in three different forms where the ions differ in the
spatial arrangement of the ligands around the central metal ion.

Fig. 1.1 shows one of the isomers.

N 2+

H0. | NH,
Ni.

| ™SOH
z\z_..N 2

Fig. 1.1

Draw another isomer and state the type of isomerism. 2]

9729/03/H2
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(i)

(i)

5
The standard electrode potential of the half-cell A is +0.25 V.

An electrochemical cell was set up using half-cefl A and a [Cu(NHs)4J**/Cu half cell.
Use data from the Data Booklet to calculate the E° cell for this cell

[Ru(H0%J* + e = [Ru(H,0)sP*
[CU(NHs)J>*+ 2e = Co + 4NH;

+0.25V (Ereq)
~0.05 V (Eoxd)

Bl = 0.25— (= 0.05) =+0.30 V.[1]

Write the overall equation for the reaction that occurs in the cell in (d)(ii).

)

Using the £°%.1 you have calculated in (d)(ii), calculate a value of AG® for the cell reaction

represented by your overall equation.
[RI: [Ru(H20)el** + & — [Ru(Hz0)ef?*
BH" Cu + 4NH;. — [Cu(NH3)2* + 20
Cu+ az_..m.,+ NHW:AIN,O,E? — [Cu(NHa)J?* + 2[Ru(H20)e]?* [1]

AG® = —NFE i

,,..:,m no. o_,“.o_,mcad:m exchanged in the overall balanced equation is 2. Hence, n=2.

AG® =~2x 96500 x (+0.300) = =57900.J mol-! or =57.9 kJ mol~* [1]

(2]

[Total: 19]

9729/03/H2

6
2 (a) The reactivity of three nitrogen-containing compounds with aqueous bromine is shown in the
Table 2.1.
Table 2.1
NO, NHCOCH; NHz
nitrobenzene acetanilide phenylamine
reactivity with Bra(aq) N mono-substitution | tri-substitution of
no reaction N N
at room temperature of benzene ring benzene ring
(i) Explain the difference in the reactivity of the three compounds with Bra(ag). [3]

[

(iv) Phenylamine can react with hydrochloric acid to form phenylammonium chloride.
Given the pKp of phenytamine at 25 °C is 9.38, calculate the pH of the resultant mixture
when 25 cm? of 0.25 mol dm~2 phenylamine is titrated with 25 cm?® of 0.25 mol dm™3 of
hydrochloric acid. [2]

9729/03/H2
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9

@ O Describe and explain the trend in the thermal stability of HCI, HBr and HI. 2]

Down the group q_,o:_ CitoI

4 vo__._”m 3_, E
(li) Explain why the volatility of Group 17 hydrides decreases from HC/, HBr and HI. [2]

I<n_dmm: :m_Emm, :m<m,m.3n—m molecular structures

. _.m..mo_. na,o:.: of energy is required to overcome the stronger instantaneous dipole—
induced dipole attractions between the hydrogen halide molecules.

(iif)  Predict the colour of the solutions that would be observed when the following pairs of
solution are mixed. Give equations for any reactions that occurs.
s Bry(aq) and KI(aq)

* Ix(aq) and KBr(aq) 2l
‘Equation colour of solution
Bra+ NH. - nw_.. +L v brown v’
I> +2Br-—>no 393.0: v brownv’
1 Ordidn’t write equations for
this reaction

&3 2730

9729/03/H2

10
(b) Swn1and Sn2 are two different mechanisms for the nucleophilic substitution of halogenoalkanes.

(i) Draw a mechanism for the reaction between 2-bromobutane and OH" via Sy1. Show
relevant lone um_a of electrons, dipoles and use curly arrows to indicate the movement
(21

(i)  Wirite the rate equation for the reaction in (b)(i).
Suggest if the value of the rate constant, k, will change when concentration of
2-bromobutane is doubled. [2]

9729/03/H2
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(iii)

(iv)

13

Explain why it is necessary to add nitric acid in step 2. [1

To react with excess acid and prevent the formation of ppt between Ag* and OH:,
affecting the results. {1} )

Hz gas with platinum can be used to reduce C=C bond in an alkene and C=0 bond in an
aldehyde.

Explain why the C=C bond in an alkene is weaker than the C=0 bond in an aldehyde. [2]

¢ ‘oxygen is more electronegative than carbon- creating a polar C=0O bond which
increases. the electrostatic attraction between atoms, making the bond stronger. [1]

+ - The C=C bond in propene is non-polar.and lacks the additional electrostatic attraction
between atoms due to partial'charges. [1]

9729/03/H2
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3 (d) Keviar is a lightweight and strong material, used to make tyres and builetproof vests. Its
structure is given below.
0

Iz

Kevlar
Upon undergoing hydrolysis, two monomers A and B are formed.

monomer A CgHsN2
monomer B CsHsO4
() Draw the structures of A and B. [11

—COOH

[1] for both

2

not-for B.

?: Kevlar can withstand a large amount of pulling force before breaking. Explain why Kevlar
has such propert 1]

-and . instantaneous: dipole-instantaneous dipole
rgy.to.overcome thus leading to

[Totat: 23]

9729/03/H2

il

Gl¢-dd




ZH/E0/62L6

4| "M 862 1& .SV pue
sV JO 8njeA ay) ajejnojeo ‘{n)(q) wouy lamsue InoA Buisn 2y U] 1Y — = ,9V ey} UaAlD) (i)

I . . 86 e anjeA 2y ay) sjenoed (i)

(3] ‘W00 8L} JO %2 GE SUIBJUOD aInXiw wnuglinba ey jewy moys (1)

‘o2 TG+ Sayoeal
3 un sebueys uonejol [eopdo oY) ‘pUB)S O] POMO|E S WO JBYYS Jo uolnjos snoanbe ue J|

oW PR 0LZ- = HV (be)asoon|B-g ==(be)ssoon|b-0
‘uonnjos snoanbe ui sjsixa winuqyinba Guimoyio} auL

*o0°6 L+ J0 uoyejol feando ue sey yoym
uuoj-g sy} pue gl L+ JO Uonejos jeondo ue sey uLo-P BY] "SuLo} oM Uy sisixe asooniB-g  (q)

9l

THIE0/6TL6

} §ON ul.9jbue puoq tebie| e

- WOJE N U} punoJe SIEd uoiooje ey} usamieq Losindal djuciosje~isjul aiolll
woje N punoie Aysuap uoiioa|e Jo BuipmoIo sious e

WOTE N SU} SpIemo) 810l UMEID S| puoq 79-N Ul suonoeje buipuoq e

‘90UdH “d UBY) BAReEbauGcjos[ 910w SI N

{1] uopeueidxy

[1] “(c001) 54 ueyy 1967€] s} {-£04) FTON JO jbUE puog

fel %10 pue £7ON usemeq sejbue puoq ut
souBIaYIp 8y} Uiejdxe pue Joipaid 'sjuswele G| dnoig) JO SIPUOYD Yjog dJe §10d pue SION

(1S jo suwe} uy uoneue|dxe jdasoe)
1] ‘1S 9jjun Jeyem wolj suoijos|e Jo Jied euo] U} 8jepowiodoe

[11 ‘ssinosjow Jsjem ey Jo Uoeoidde oy STSPUIY YoIUM SWOYE [7) abie| elj} 0f eAlgel
WIoJe O 9} 10 9215 O[S Lonw! 8y Jo sneoeq Jejem uj sisAjoipAy ofiapun jou seop 700D

[2) 's30p 10IS INg Jajem up ssAjoIpAy Jou seop 113D Aym ureidxg sjuswle | dnoio
O SOPLIO|YORIS) Y1Og oJ8 '7DIS ‘OpLIojYSENS) UoTljS puB ‘*1O0 ‘apuoiyoele) uogqie)d

(be)1oHs + (be)*OdH « (NO°HY + (s)70d
uojenba yym [1] ‘1 HU so uopnjos djpioe
AjBuoss e wuio) 0} 1ejem Ui (SISAICIPAY STIOIODIA) SISAJOIPAY 8je[duod seobiepun $10d

(be),H + (be),I(HO)*OH)BN] = (be).[*(0*H)BN]

-(be)_192 + (be).AXOH)BW] < (JOHS + (8)706W

; , uopenbs-yym:[1] TOHS jo
co_uz_omo_v_umbzm__mw::Eof_ogm\s,:_m_m_Evfs_.mv:m:o_«m‘_v:mool_mvc: NNOmS_

, (be)sD + (be),eN « (8)10eN :uojespAH
_”E.\.Imps..co_u:_om_m.z:mcmctouotm«m;:_co_«mbucwwoB_u_.SNOmZ

[l -asjeudosdde aieym suonenba ajum pue ‘suopnios Bupinsal ey; jo Hd sy} 3sebbng
‘SJUSWIB|S 934U} 8s8U) JO SaPUOJYD
oy} Jo sajdwes ojesedes 0) pappe S| JOJEM USUM BAI9SGO PInom hok jeym equossq

1)

(

)

‘€ polad Wwoyy syuswiaje aie snosydsoyd pue wnissubew ‘wnipog (1)

g uoljoeg

S)

(e)

91¢-dd



17 18

(c) The Corey-House reaction is an organic reaction that involves the reaction of a (d) Compound T, CsH1204, is a neutral, sweet-smelling liquid. It does not give any orange precipitate
lithium dialkyl cuprate, R.Culi, with a halogenoalkane, R'X, to form a new alkane, an with 2,4-DNPH. One mole of compound T decolourised one mole of liquid Bra.
organocopper compound and a lithium halide. .
Samples of compound T are reacted separately with
The reaction is as shown. .
« hot aqueous KOH to form organic compound V, C;HgO, and salt W, C404H:Ka.

R:Culi + RX — R-R’ + RCu+ LiX « hot acidic KMnO4 to form U, C2H4Q, as the only organic product
{(X=0ClI,Brorl) . . . . L
Compound V gives a yellow precipitate with alkaline aqueous iodine.
(i) Suggest the lithium dialkyl cuprate and a secondary halogenoalkane to form

CHsCH(CH3)CH2CH2CHs. Suggest possible structures for T, U, V and W. For each reaction, state the type of reaction
[1] described and explain what the information tells you about the functional group present in each
compound. [7
__._ L
Oleam|x AOIGOINOINvNOCE
CHa [1] for both structures
_ OR
"
XlﬂI.OINOINOIw AOIuWO:P_
CHs
Thinking process:
H
!
OIwrn_"IOINIOIN,OIu
Given Chs , as stafed by question, you need a secondary

halogenoalkane, the only way to get is by “cutting” the structure as shown.

e
Oxu,a_m.woxnlozn,oxu Omumn_uIOIMIOIN,Oxu tion.«, no o,m_dv,o,zﬁ,,oo:._vo::n 8
CHy or CH, all other sites will result in primary on .E,wm:nm ,Q alkene v/
halogenoalkane. i
(ii) Suggest the type of reaction for the Corey—House reaction. 1}

Nucleophilic m:amﬁ:»,_o: 1]

[Total: 20]
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R, S and T are oxides of Period 3 elements which are solids at room temperature.

R, S, and T are added to excess cold water, HC/(aq) and NaOH(aq) separately at room
temperature. Table 5.1 shows the observation and reactions.

Table 5.1
Observation on addition to water Reaction with Reaction with
HCl(aq) NaOH(aq)
R White solid did not dissolve. Reacts to form Reacts to form
salt. complex ions.
S Some white solid remain Reacts to form No reaction.
undissolved. salt.
T All white solid dissolved. No sait formed. Reacts to form salt.

Using Table 5.1, identify R, S and T. State the pH of the solution when each of the oxide is added

to water. [3]
Observations [ Reaction Reaction pH of Identity of sample
on addition with HCI | with NaOH | solution
of sample to
water

R | White solid Reacts to | Reacts o 7v Al Oa v
did not form salt. form
dissolve at complex
all. ions.

S | Some white | Reacts fo No 10v Mgo v
solid remain form salt. reaction.
undissolved.

T | All of the No salt Reacts to 2v P40 v
white solid formed. form sait.
dissolved.

6 v = [3] 4t05v D [2] 2t03v > [1] 0to 1 v <> No marks
9729/03/H2
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(d) The evaporation of one mole of pure water has a standard entropy change of AS® = +110 J mol™'
at298 K.

(i) Given that the standard enthalpy change for the evaporation of one mole of pure water,
AH®= +41,0 kJ mol™, calculate the AG® in kd mol™ at 298 K. ]

+8.22 kb mol' [1

(ii) State the AG of water at 373 K and sketich a clearly {abelled graph of AG, on the y-axis,
against temperature measured in Kelvin, on the x-axis, to show how AG changes for the
evaporation process when temperature increases from 298 Kto 373 K. {1
K i AG =0 kJ mol-" as an equilibrium is established between liquid

9B Ko 378K) 1 o g ,
(i) Comment on the gradient of your graph and explain how temperature affects the
spontaneity of the evaporation process. [2]

9729/03/H2
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