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Nanyang JC J2 Prelim Exam 2024
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Page 1 of 7

Qn | Ans |On | Ans |Qn |Ans | On |Ans | On | Ans | On | Ans
1 B 6 C |11 | A 16 B 21 A 26 C
2 C 7 A |12 D 17 B 22 A 27 D
3 C 8 A |13 D 18 C 23 D 28 C
4 C 9 D [14| B 19 A 24 B 29 A
5 D |10 B [15 D 20 B 25 A 30 B

1 B 3 C

n(ethanol) = 20+46.0 = 0.4347 mol
n(propanoic acid) = 30+74.0 = 0.4054 mol
~.propanoic acid is the limiting reagent

m(ethyl propanoate) = 0.4054x102.0
=41.35¢g
yield of ester = (22+41.35)x100% = 53%

2 C

AlxCy + H20 — gas
gas+ 02 — CO2+ H20

n(CO2) = 0.072+24 = 0.003 mol

n(C) in every mol of gas
= n(C) in every mol of compound A = 0.003
mol

Option A:
n(Al2Cs) = 0.144+90.0 = 0.0016 mol
n(C) in Al2C3 = 3 x 0.0016 = 0.00480 mol

Option B:
n(AlsCs) = 0.144+129.0 = 0.00112 mol
n(C) in AlsC4 =4 x 0.00112 = 0.00447 mol

Option C:
N(AlaC3) = 0.144+144.0 = 0.0010 mol
n(C) in AlsC3 = 3 x 0.0010 = 0.00300 mol

Option D:
n(AlsCs) = 0.144+171.0 = 0.000842 mol
n(C) in AlsCs = 3 x 0.000842 = 0.00253 mol

Zn — Zn?* + 2e-

Mole ratio of Zn : VO2*:
=1:2:2
=%:1:1

. 1 mol of VO2* gained 1 mol of e~
Since ON of V in VO2* = +5,
final ON of Vin Y is +4

Vot + e V4

lon Y is VO?* (ON of V is +4)

4 C
+ X > +p*

The number of subatomic particles (protons
& neutrons) should be balanced.

no. Of no. Of
protons neutrons
N . (32-15)+0
P andp 15+1=16 =17
328
1 16 32-16=16
X 0 1
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5 D
Al: 1s? 252 2p83s? 3p?

Option A is incorrect as electrons are
present in five different energy levels.

Option B is incorrect as there are 7
electrons in p orbitals and 6 electrons in s
orbitals.

Option C is incorrect as the occupied orbital
of lowest energy (1s) is spherical.

6 C

1: bond angle wrt O decreases from 109° in
ice (Olp, 4bp — 2 covalent bonds and 2 H-
bonds: see below) to 105° in water (2bp,

2Ip)

Hydrogen bonds H H
S N
/O\ )O\
H H H H

2: bond angle wrt S increases from <120° in
SO:2 (2bp, 1lp) to 120° in SO3 (3bp, Olp)

3: bond angle wrt C increases from 109° in
RCH(OH)R’ (4bp, Olp) to 120° in ketone
RCOR’ (3bp, Olp)

TH

109°
. C R
H / \R.

R

(@]
//
X
o

120°

4: bond angle wrt Al decreases from 120° in
AICI3 (3bp, Olp) to 109° Al2Cls (4bp, Olp)

Cl

7 A

CCls and CsHi4 are non-polar molecules
that forms only id-id interactions.

For A, CH2Cl2 and (CH3)2CO are polar
molecules that can form pd-pd interactions.

For B and C, stronger pd-pd interactions
are broken and weaker id-id interactions
are formed between non-polar molecule
mixed with a polar molecule hence heat is
taken in.

Similarly for D, strong hydrogen bonds
between CH3CH20H molecules are broken
and only weak id-id interactions are formed
in the mixture.

Hence, A is the best answer where
comparable pd-pd interaction is formed
between two polar molecules.

8 A

Since m.p. of Y is very low and it also has
poor electrical conductivity, it should have a
simple molecular structure = based on
options, Y is SiCls

Since m.p. of X is very high and it also has
good electrical conductivity, it could have a
giant metallic structure or giant molecular
structure (graphite). It could also be giant
ionic structure if the electrical conductivity is
in molten or aqueous state. = based on
options, X is C(graphite)

Since m.p. of of W is very high and it also
has slight electrical conductivity, it should
be silicon (metalloid).

Diamond is unable to conduct electricity as
all 4 valence electrons are used to form
covalent bonds and none are delocalised to
be able to act as charge carriers.
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9 D
mol % H,SO,4 | NaOH | ¥2Na,S0O,4 | H.O
q.0. initial 0.1 0.1 0 0
[LE| o \r*T | change | -0.05 | 0.1 +0.1 [ +0.1
A final 0.05 0 0.1 0.1

g+g- for CaCl = (+1)(-1); g+g- for CaClz and
MgClz = (+2)(-2).

Since lattice energy depends more on
product of ionic charges (g+g-) than on the
sum of ionic radius (r* + r); hence
magnitude of lattice energy of CaCl. and
MgCl: is greater than that of CaCl.

Between CaCl. and MgClz: r* Mg?* < r*
Ca?*. Therefore, r* + - for MgCl2 < CacCl2.
Hence, magnitude of lattice energy of
MgCl: is greater than that of CaCla.

10 B

AHs (CO2): It is energy change when one
mole of CO2(g) is formed from its
constituent elements, carbon and oxygen in
their standard states wunder standard
conditions. C(s) + %2 O2(g) = CO2(g)

Option B is correct as the standard
enthalpy change of combustion of carbon is
the energy change when one mole of
carbon is completely burnt in excess
oxygen under standard conditions. The
chemical equation is the same as AHt(COz).

C(s) + ¥2 O2(g) =2 CO2(g)

Option A is incorrect as it only considers
the bonds formed without considering
bonds broken in carbon and oxygen. (See
formula below).

AH\= 2. BE(bonds broken)->. BE(bonds formed)

Option C is incorrect as the standard state
of carbon is graphite, not diamond.
Graphite is the elemental form with the
lowest energy.

Option D is incorrect as the standard
enthalpy change is measured under
standard conditions of 298 K and 1 bar.

11 A

NaOH is the limiting reagent. Hence, the
number of moles of H20 formed = 0.1 mol

g = mcAT
= (50.0 + 100)(1)(4.18)(29.0 — 20.0)
=5643J

__ 9 _ 5643x10°
n(H,0) 0.1
= -56.4 kJ mol~

12 D

If the temperature of the gas is increased,
average kinetic energy of the particles
increases. The maximum of the curve
becomes lower and moved to the right.

The fraction of molecules that react in the

presence of a catalyst is shown by +

13 D

Rate of a chemical reaction can be
measured by change in concentration of
reactants and products.

14
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Decomposition of NH4CI(g)
NH4Cl(g) = NHs(g) + HCI(g) AH = +314 kJ mol*

!
| \NHz+ HCI

energy
i

\

progress of reaction

Ea refers to the activation energy required
for the reaction to overcome before the
reaction can take place.

Reactant, NH4Cl will have lower energy
level than products, NHs + HCI since AH =
+314 kJ mol
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2NO(g) Clz(g) 2NOCI(g)
Initial 2.32 X 0
Change | -1.77 -0.885 +1.77
Final 0.55 X —0.885 1.77

Ke = [NOCIJ2 / [NOJCl2]

2807 = (1.77/1)2 / (0.55/1)%((X — 0.885)/1)
X — 0.885 = 0.003689

X = 0.08886 = 0.889

17 B

A lower temperature at T2 will favour the
forward exothermic reaction to compensate
for the lost of heat. Hence, 12 will decrease
more. Hence, the equilibrium amount of I»
should be lower than 0.23.

At T2, the rate of reaction will also be slower.
Hence, the gradient of the graph should be
gentler.

15 D

A is wrong as catalyst only increases the
rate of reaction and not the yield of the
reaction.

B is wrong as the reaction is exothermic. An
increase in temperature will favour the
backward endothermic reaction instead to
reduce the added heat. Hence, decreasing
the yield of reaction.

C is wrong as the higher pressure will
favour the reaction that produced a lesser
amount of gaseous particles which is the
forward reaction. Hence the position of
equilibrium will shift to the right to reduce
the total amount of gaseous patrticles.

D is correct as the addition of a catalyst
and/or a high temperature will increase the
rate of reaction.

18 C

Bronsted Lowry acid: donates hydrogen
ions
Lewis acid: accepts a lone pair of electrons

Arrhenius acid: produces hydrogen ions in
aqueous solution

16 B

19 A

Option 1 is correct.

[H]* dissociated from acid 1
=10-4=0.000100 mol dm=3
[HY << [acid 1], acid 1
dissociated.

is partially

[H]* dissociated from acid 2
=101=0.100 mol dm3
[H* = [acid 2], acid 2
dissociated.

is completely

Thus, acid 1 dissociates to a smaller extent
than acid 2. OR

Since initial [acid] is the same and acid 1
has a higher pH i.e. lower [H*], acid 1 must
have dissociated to a smaller extent.

Option 2 is correct.

[H*] in base 1 = 10~ mol dm=3
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[H*] in base 2 = 107 mol dm~3
Thus, base 2 contains a lower [H*] in
solution than base 1 OR

Base 2 has a higher pH hence a lower [H*]
or more basic with higher [OH-]. Since
[H*][OH™] = Ky, it will have lower [H*].

Option 3 is correct.

solution | pH | pOH | [OH] / mol dm~3
basel |11| 3 0.00100
base2 | 13 1 0.100

Base 1 is a weak base while base 2 is a
strong base.

The complete neutralisation of (weak) acid
1 would require same volume of base 1 and
base 2 as a weak acid or weak base would
eventually be fully dissociated to produce
the same amount of H* or OH™ as a strong
acid or strong base as neutralisation is
carried out.

This is because the constant removal of H*
or OH- from the system during
neutralisation to form H20 would drive the
dissociation of a weak acid / weak base to
completion.
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2HX — 2H2 + 2X2
AH = sum BE(bonds
sum BE(bonds formed)

broken) -

For HCI:
2(431) — 436 — 244 = +182 kJ mol~

For HBr:
2(366) — 436 — 193 = +103 kJ mol~*

For HI:

2(299) — 436 — 151 = +11 kJ mol?
The above calculation that
statement 3 is correct.

proves

Statement 4 is incorrect

The boiling points of hydrogen chloride is
lower than that of hydrogen bromide
because id-id forces of attraction between
HCIl molecules are weaker due to smaller
and less polarisable HCI electron cloud.
The H-CI bond is indeed stronger but this is
not the reason for explaining why bpt of HCI
is lower than that of HBr.

20 B

Buffer solution containing the weak acid,
HCOs~ and its conjugate base, COs?".
When small amounts of H* is added,
CO3z* + H* - HCOs~
When small amounts of OH~ is added,
HCOs + OH — H20 + CO3*

21 A

Statement 1 is correct
Chlorine reacts with hydrogen to form HCI
which is a colourless gas

Statement 2 is incorrect

Potassium iodine produces a purple gas
after exidising reducing bromine.

Statement 3 is correct

Use the following formula to calculate the
enthalpy change of decomposition of HX

22 A

Since X and Y are in the same group and
the first ionisation energy of X is greater
than the first ionisation energy of Y, X must
be above Y in the group.

Option B and C are therefore eliminated.

From Qn: X, Y and Z are found in Grp 13,
14 and 15 & Y and Z in Period 3.

Option A is correct: If Y is Al, Z could be Si
or P. Firstly, melting point of P4 is lower
than that of Al. Secondly, PCls is a white
solid. Thus, Xis B, Yis Aland Zis P.

Both PCIls and AICIs are white solids that
react with water to produce solutions with a
pH of less than 4.

Option D is incorrect. If Y is P, Z could be Al
or Si. Firstly, melting point of Al and Si is
higher than that of P4. Secondly, AIClsis a
yellow-white solid.
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23 D

Cpd In H,O Nature When NaOH is added

Na,O | Dissolves Basic Dissolves in the
to produce aqueous medium to
NaOH produce NaOH

MgO Sparingly Basic Insoluble in the
soluble in aqueous medium
water
hence
white solid
will remain

AlLO; | Insoluble Amphoteric | Reacts with NaOH and
in water hence dissolves

SiO; Insoluble Acidic Insoluble in dilute
in water NaOH and can only

react with
concentrated NaOH

NaCl Soluble in Neutral Soluble in the agueous
water medium

MgCl, | Hydrolysis slightly in White ppt of Mg(OH).

insoluble in excess
NaOH (QA cation test).
White ppt of Al(OH)s
soluble in excess NaOH

water to produce acidic
solution

Hydrolyses completely in
water to produce acidic
solution

Undergoes hydrolysis to
produce insoluble SiO,

A|2C|5

SiCly Undergoes hydrolysis
to produce insoluble

SiO;

Insoluble in dilute
NaOH and can only
react with concentrated
NaOH
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— ((OOCCH(CHs3)COO")Ca + H2

26 C

If Cl is the halogen present in compound D
(same ease of substitution), to get greater
amount of NaX in a given time, compound
D should contain more than one possible Cl
that can substituted.

If there can only be one halogen present in
compound D, the halogen has to be either
Br or I. This is because the C-Br and C-I
bonds are weaker than C-Cl bond. Hence,
the rate of substitution for compound D will
be faster than CH3CH2CI.

24 B

Potassium or rubidium undergoes oxidation
when reacting with water, which undergoes
reduction. Hence potassium or rubidium is
reducing agent while water is oxidising
agent.

Reducing strength / reactivity of Group 1
elements increases down the group. So,
rubidium reacts more vigorously with water
than potassium.

27 D

Compound E has one oxygen and is
unreactive towards mild oxidising agent

= compound E contains tertiary alcohol or
ketone functional group

Since ketone cannot undergo dehydration,
compound E contains tertiary alcohol

Option D is the only alkene that can be
obtained from dehydrating a tertiary alcohol

25 A

Like sodium, calcium metal reduces -OH
group to -O-

A 2CH3COOH + Ca — (CHzCOO)2Ca + H2

B 2CH3CH2CH2COOH + Ca
— (CH3CH2CH2C007)2Ca + H2

C HOOCCH2CH2COOH + 2Ca
—» (OOCCH2CH2C00")Ca + Ha

D HOOCCH(CH3)COOH + 2Ca

28 C H O

Mr of repeating unit: 72.0 —O—C—C—

CH,

no. of monomers = 144 000/ 72.0 = 2000

29 A

Option 1 is incorrect as Bakelite cannot be
recycled. It is a thermosetting polymer as
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the polymer chains are cross-linked
Option 2 is correct.
OH T OH

together via covalent bonds.
C
OENd©®)
H

Option 3 is incorrect as the reactant in step
2 should be methanal, an aldehyde.

I—O—I

30 B
Option A is incorrect as it is a nanomaterial.

Option B is correct as each carbon atom is
bonded to three other carbon atoms and
there are 3 bond pairs and O lone pair
around each carbon atom, giving a trigonal
planar shape (120°).

Option C is incorrect as the valency of each
carbon atom in the lattice is 4 as it forms 3
sigma and 1 pi bonds.

Option D is incorrect as it consists of a
single layer of carbon atoms.
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