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

How many molecules are present in 1 cm?® of methane gas under room temperature and

pressure’?

6.02 x 102 g 6.02x 10°3
24000 22400
22400 5 24000

6.02 x 10 6.02 x 10

2 When 20 cm® of a gaseous hydrocarbon was completely burnt in 130 cm?® of oxygen in
an enclosed vessel, the volume of gas remaining after the reaction was 100 cm?. This
volume was decreased to 40 cm? under the same conditions when the resulting mixture
was passed through aqueous sodium hydroxide. All gas volumes are measured at room
temperature and pressure.

What is the formula of the hydrocarbon?

A CzH: B CsHs C GCsHs D CsHio

3 What do the ions 02~ and °F have in common?

A They have more electrons than neutrons.
B  They have 10 neutrons in their nuclei.
C They have an outer electronic configuration of 3s? 3p®.
D They contain the same number of nucleons in their nuclei.
4 In beta—minus decay, a neutron in the nucleus of an atom is converted into a proton and

a beta particle (electron). This increases the atomic number by 1 while the mass number
remains unchanged.

Thorium-234, 233Th, undergoes beta—minus decay. What is the resulting species after

the decay process?

A ZAc B ZiPa’ C %iPa D 23%Th
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5 Water has a higher boiling point than hydrogen fluoride.

What is the major reason for this?

A The O-H bond in water is stronger than the F—H bond in hydrogen fluoride.
B A water molecule contains more electrons than a hydrogen fluoride molecule.

C On average, there are more hydrogen bonds between water molecules than there
are between hydrogen fluoride molecules.

D A hydrogen fluoride molecule is more polar than a water molecule.

6 The diagram shows the structure of part of a crystal of ice.
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Which statement is correct?

The open structure of ice causes ice to be denser than water.
The hydrogen bonds are stronger than the O—H covalent bonds.
Two electrons from each oxygen are involved in forming hydrogen bonds.

Each oxygen atom is tetrahedrally bonded to four hydrogen atoms through covalent
or hydrogen bonds.

O 0O w >
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7 Compound E, C3H:Cly, is non-cyclic.
Which statements are correct for E and all its non-cyclic isomers?
1 There are 6 ¢ and 2 © bonds present.
2 The optically active isomers each contain a chiral carbon.

3 There is a total of five non-cyclic isomers, including stereoisomers.

A land?2 B land3 C 2and3 D 1only

8 Which graph is correct for a fixed mass of an ideal gas?

A B
A A
p p
0 »T/°C 0 > pV
constant V constant T
C D
V A E A
T
0 > p 0 > P
constant T constant V

9 Which row correctly describes the general trends from sodium to chlorine across
Period 3 of the Periodic Table?

atomic radius electronegativity 1% ionisation energy
A increases decreases decreases
B decreases increases decreases
C decreases increases increases
D increases increases increases
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10 Elements L and M are in Period 3 of the Periodic Table.

The oxide of L dissolves sparingly in water. The pH of the solution of the chloride of L is
higher than that of the chloride of M.

Which row correctly shows the identities of L and M?

L M
A Mg Al
B Mg Na
C Na Si
D Na S

11 Which property of X; increases down the group for X = CI, Br or I?

volatility
bond length
bond energy

0O o >

oxidising power

12 The standard enthalpy change of the following reaction, AH,°, can be calculated using
the data in the table.

AH®
2NO(g) + O2(g) —> N204(g)

equation AH® [ kJ mol?

1 1

5 N2(g) + > 02(g) —> NO(g) +91

1

> N2(g) + O2(g) — NO2(9) +34

2NO2(g) — N204(09) -58

What is the value of AH,®?
A -172 kJ mol? B -115 kJ mol? C -56 kJ mol? D -1kJmol?
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13  Hydrochloric acid can react with sodium and sodium oxide to give different products.

AH, 1
2NaCl(aq) + Hz(g) + 502(9)

v

2Na(s) + 2HCl(aq) + %Oz(g)

AH AH

2 4

AH

Na,O(s) + 2HCl(aq) 2NaCl(aq) + H20(1)

v

Which statement is correct?

AH1 + AH; is always positive.
AHs + AH4 is always positive.

AHs; — AH4 — AH; is always negative.

(O @ R ve S

AH2 + AHs — AH; is always negative.

14  The following reaction is catalysed by an enzyme.
CHsCHO + 2[H] — CH3sCHOH

The graph shows how the rate of the reaction varies with [CH3sCHO].

» [CHsCHO]

oO+—————- ——— —__

Which statement is correct when [CH3CHO] = ¢?

There are no more enzyme active sites available.

The order of reaction with respect to [CH3;CHO] is 1.

As more CH3;CH,OH is produced, the reaction slows down.
All the CH3zCHO has been used up and the reaction stops.

o0 W >r
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15 X(g) is placed in a sealed vessel and allowed to reach equilibrium at constant
temperature.

X(9) = Y(9)

Under the same conditions, which statements are correct?

Given that X and Y behave as ideal gases, K. = K.
E—I at equilibrium is the same if Y(Q) is used initially instead of X(g).

3 Adding more X(g) causes the partial pressures of both gases to be higher at the
new equilibrium.

A 1 2and3 B 1and?2only C 1and3only D 2and3only

16 20.0 cm® of 0.100 mol dm~2 of dilute nitric acid was titrated against 0.100 mol dm™ of
agueous ammonia.

Which volume of agueous ammonia is required to produce a buffer with maximum
buffering capacity?

A 10.0cm? B 20.0cm? C 30.0cm?d D 40.0cm?

17 A 1.00 mol dm™ solution of CHsCOO~ was prepared at 50 °C.
Ka for ethanoic acid = 1.63 x 10> mol dm™2 and pKw = 13.3 at 50 °C.

What is the pH of this solution at 50 °C?

A 4.26 B 9.04 C 9.39 D 9.74

18 Which substance will cause the formation of a precipitate when added to a saturated
solution of magnesium carbonate?

A NaCl(s)
B H0O()

C KiCOs(s)
D HCI(aq)
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19 Use of the Data Booklet is relevant to this question.

Which row gives the standard cell potential on the voltmeter and the correct direction of
electron flow in the connecting wire?

/V\
O/
T=298 K
F G
salt
bridge
[Fe3*(aq)] [Cr20727(aq)]
= [Fe2*(aq)] —— —T =I[Cr¥*(aq)]
=1 mol dm-3 = [H*(aq)]
=1 mol dm=3
E®cen / V direction of flow
A +0.56 FtoG
B +0.56 GtoF
C -0.56 FtoG
D -0.56 GtoF

20 The process of coating aluminium objects with an inert layer via electrolysis is called
anodising. The set-up used for anodising aluminium is shown.

|
II
J_'__ graphite
aluminium E
objectto be —] o
anodised -
inert layer formed [H2S0.] = 1.0 mol dm-3

Which statement is correct?

The mass of the cathode increases.
Water is preferentially reduced to form oxygen gas at the anode.
Water is preferentially reduced to form hydrogen gas at the cathode.

0O o >

The gas formed at the anode reacts to form an inert layer on the object to be
anodised.
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21  Which statement is correct about the properties of both potassium and copper?

A Both elements have similar density.

B Both elements can form compounds that are white in colour.

C Both elements form stable compounds with the metal having an oxidation state
of +2.

D Both elements use electrons from two subshells for metallic bonding.

22 The Mn-salen complex protects cells from oxidative damage and improves the
mitochondrial function of neurons.

[\

—N N—
AN
M
0] 0]
C!

Which statements regarding the Mn-salen metal complex are correct?
1 The shape about Mn is octahedral.
2 Mn has an oxidation number of +3 in the complex.

3 The complex contains a monodentate ligand and a tetradentate ligand.

A 2only B 3only C land?2 D 2and3

23  Which statements correctly identify the features of the following compound?

Br
Br
1 ltis planar.
2 It exists as enantiomers.
3 It exists as cis-trans isomers.
A lonly B 2only C land3 D 2and3
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24  Use of the Data Booklet is relevant to this question.

The reaction between phenylammonium chloride and ethanoyl chloride proceeds via
several stages with two intermediates.

NH3"CI~
3 Q ACls
+ —» products
Cl

What could be the intermediates formed to produce the major product for this reaction?

NH3*CI~

and O

\co

NH5*CI~

and O

\o

NH3*CI~

O

QR

C | d
)+ an o

NH3+Cl_

D) and
B @)

© Raffles Institution 2024 9729/01/S/24 [Turn Over



11
25 P reacts with chlorine in the presence of ultraviolet light to produce only four
monochlorinated compounds, excluding stereocisomers.

Q, one of the monochlorinated compounds, reacts with hot ethanolic KOH to produce R
as a major product.

What are the possible structures of P, Q and R?

structure of P structure of Q structure of R
. |
Cl/
Cl/ i
2 :
C/
X
3 | |
OO O OO
Cl/
A 1land 2only B 2and3only C 1and3only D 1,3and4
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26  What could be the identity of compound T?

OH K2Cr207(aq)
H2S04(aq)
» organic compound T
OH heat wllth. |m.med|ate
distillation
A B
(0] (@)
HO
\[HJ\OH YJ\OH
O (@]
C D
WOH O
(@] H

27  Which row shows the correct reagents and conditions for this synthesis?

@ step 1 step 2 step 3 @/NHCOCHs
> U \Y

step 1 step 2 step 3
A Br,, FeBrs excess NHs, heat CHsCOCI
in sealed tube
B conc. HNOg, LiAIH, CHsCOCI
H2SO4, heat
C conc. HNOg, Sn, HCI CH3COOH,
H>S0O4, heat conc. H,SO4, heat
D conc. HNO3, Sn, HCI CHsCOCI
HZSO4, heat
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28 Which reagents and conditions would allow these two compounds to be distinguished
from each other?

(0]
@
(0]
1 2,4-DNPH
2 Tollens’ reagent, heat
3 Fehling’s reagent, heat
4  KMnOg4, H2SO4, heat
A land?2 B 2and3 C 2and4 D 3and4

29 Jis an organic compound with the formula CsH1102N.

It reacts with excess HCl(aq) to form a mixture containing the compound with the formula
CsH1202NCI.

Upon heating this mixture, a product with the formula C¢H1403sNCI is formed.

What could be the identity of J?

A B
OH O
CN
NH
OH OH
C D
O i
O HN (@]
NH; )\)\
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30 Trypsin is an enzyme that hydrolyses proteins into smaller peptides and amino acids. It
specifically hydrolyses the peptide bond on the carboxyl side of a residue that contains
a positively charged group.

For example, the pentapeptide L produces only two compounds M and N. This is
because the —(CH)s—NH: group on the side chain is basic and can be protonated to a
—(CH>)4—NHs" group.

NH _NH,

T

NH,
NH
0 0
NH NH
HoN NH NH ~COOH
0 o)
OH

L

COOH

NH _NH,
NH,
NH
0
0
NH voRN NH “COOH
H,N NH COOH
o
OH
COOH
M N
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Which tetrapeptide would give 3 different products when hydrolysed by trypsin?

NH _NH,

Tr/ NH,
NH
o)
A NH NH _COOH
H,N NH
o) o)
COOH
OH
o) NH,
NH,
o)
B NH NH _COOH
H,N NH
o) o)
COOH

OH

NH _NH, NH,

0
O:jg__\\_—\
Z
T
o
o
o

NH NH _COOH
HoN NH
COOH NH;
o} NH, ‘H/
NH
0
D NH NH _COOH
H,N NH
o}

COOH \{:l\v/
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