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Which statement about relative atomic mass is correct?

A ltis the average of the masses of all the isotopes of that element.

B It is the sum of the relative masses of the neutrons and protons in each atom.

C ltis the ratio of the average mass of one atom of an element to the mass of one H

atom.

D It is the ratio of the mass of one mole of atoms of an element to one-twelfth the mass of
one mole of 2C atoms.

The ionisation energies, IE, in kJ mol™, of five elements are given in the table.

element 2" jonisation 3™ ionisation 4" jonisation
energy / kJ mol” energy / kJ mol' | energy / kJ mol”
F 3370 6040 8410
Ne 3950 6150 9290
Na 4560 6940 9540
Mg 1450 7740 10500
Al 1820 2740 11600

Which statement about these ionisation energies is correct?

A The 2™ |E of F is greater than the 3" |E of Al because A/** ions have more outer shell
electrons than F* ions.

B The 3™ IE of all the elements in the table involves the removal of an electron from the
same shell.

Cc The 4% ionisation energy of Na is greater than the 3™ IE of Ne because the nuclear
charge of Na is greater than that of Ne.

D The successive ionisation energies of these elements increase as these electrons are
being taken from the same shell.

3 Why is the molecule of BC/3 planar, whereas the molecule of PH;is pyramidal?

A The boron atom has no d-orbitals available for bonding.
The covalent radius of chlorine is greater than that of hydrogen.
The repulsion between chlorine atoms is greater than that between hydrogen atoms.

o O0Ow

The boron atom in BC/ has six electrons in its valence shell, whereas the phosphorus
atom in PHs has eight.
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4  After an oil spillage at sea, a liquid hydrocarbon layer floats on the surface of the water.
Which statements help to explain this observation?

1 Hydrocarbon molecules are not solvated by water.

2  There are only instantaneous dipole-induced dipole interactions between
hydrocarbon molecules.

3 Hydrogen bonding between water molecules causes water molecules to be
packed closely together.

A 2only B 1and2only
C 2and3only D 1,2and 3

5  Which diagram correctly describes the behavior of a fixed mass of an ideal gas at constant
T (measure in K)?

A 1 B \Y;
—A
p
0 >V 0 > pV
° 3 -
T F
0 » density 0 > p

6 A mixture of the three gases, oxygen, nitrogen and argon, is at a total pressure of 500 kPa.
There is a total of 1.2 moles of gases in the mixture.

If the oxygen gas alone occupied the entire volume of the mixture, it would exert a pressure
of 150 kPa.

At room conditions, the amount of nitrogen gas in the mixture would occupy a volume of
5.76 dmd.

Using the data from above, what is the partial pressure of the argon gas in the mixture?

A 150 kPa B 200 kPa
C 250 kPa D 300 kPa
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7 When agueous ammonia is added to a solution containing hexaaquairon(lll) ions,
[Fe(H20)e]**, a red-brown precipitate is formed which does not dissolve when excess
ammonia is added.

Which of the following states the role of ammonia in this reaction?

Brensted-Lowry base
Ligand
Lewis acid

W N -

Reducing agent

1 only
4 only
1 and 2 only

o0 m»

2 and 3 only

8 Use of the Data Booklet is relevant to this question.
An element M can exist in a few oxidation states.

15.00 cm® of an aqueous solution of 0.100 mol dm= of M™ required 20.00 cm® of
0.0250 mol dm~3 of acidified KzCr207 solution for a complete reaction.

What is the change in oxidation state of M?

A 2 B 3 c 4 D 5

9 A sample of the hydrocarbon CeH: is completely burned in excess dry oxygen and the
gaseous products collected as shown.

gaseous products excess of O,
> M— f,_____._——“""""’
r y - - :)iv- ﬁt 2
P @
anhydrous . concentrated
galcium chioride - |- NaOH(aq)
{to absorb H,0})

The increases in mass of the collecting vessels P and Q are Mr and Mq respectively.
What is the ratio of Ms / Ma?

A 04 B 082 c 1.2 D 24
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10 Use of the Data Booklet is refevant to this question.

A butane burner is used to heat water. The M, of butane is 58.
¢ AH. of butane is 2877 kJ mol-'.
e 250 g of water is heated from 12 °C to 100 °C.

» The bumner transfers 47% of the heat released from the burning fuel to the
water.

Assume that the butane undergoes complete combustion and none of the water evaporates.
What is the minimum mass of butane that must be burnt?

A 0071g B 185g C 3949 D 448g

11 Hydrogen can be made from steam.
H20(g) + C(s) > Hz(g) + CO(g)

The Gibbs free energy change of reaction at two different temperatures are shown.

AGq=+78 kJ mol™! at 378K
AG2 =-58 kd mol' at 1300K

Which row of the table gives the correct signs of AH and AS for this reaction?

AH AS
A - -
B - +
C + -
D + +
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12 One mol of neon gas at temperature T, was added to another one mol of neon and the
temperature was increased to T..
Which of the following diagrams correctly represents the Bolzmann distribution of molecular
speeds before and after the changes were made?

A & B F 3
Tz T1 Tz
Y y—
[} W o (/2]
cQ c T
23 23
E 2 o9
o0 8— [+]
g E g E
molecular speed molecular speed
C A D A
Tz T4
] k]
g 8 c & T2
o3 __EQ 3
(&
E < Ty c9
a0 8- [+]
CE eE
o [«
molecular speed molecular speed

13 The trends in two physical properties of the elements Na, Mg, A/, Si, P and S are shown in
the following graphs.

1 ! 1 1 1 0 E i I E ¥

H E
Na Mg Al S P S Na Mg Al Si P 8

Graph 1 Graph 2

Which of the following illustrates the correct physical property for the corresponding graphs

above?

Graph 1 Graph 2
A melting point 1%t jonisation energy
B melting point electrical conductivity
c 1%t ionisation energy electrical conductivity
D 1%t jonisation energy melting point
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14 Which of the foliowing statements are comect for a system at dynamic equilibrium?

OO W >

The rate of both forward and backward reaction is the same.
The concentration of reactants is equal to the concentration of products.

The rate constant of forward reaction is equal to the rate constant of the
backward reaction.

1 only

1 and 2 only

1 and 3 only
1,2 and 3 only

15 The graph shows the result of an investigation of the initial rate of hydrolysis of maltose by
the enzyme amylase. In the experiments, the initial concentration of maltose was varied, but
that of amylase was kept constant.

Initial reaction rate
F 3

= [maltose]

Which conclusions can be deduced from these results?

O

When [maltose] is low, the rate is zero order with respect to [maltosel.
When [maltose] is high, the rate is independent of [maltose].
When [maltose] is low, the rate is independent of [amylase].
When [maltose] is high, the rate is first order with respect to [amylase].

16 A saturated solution of Ca(OH): is found to have a pH of 12.3 at 25 °C.
Which of the following statements is incorrect?

A

B
C
D

The pH of the solution would increase when Ca(NO3): is added

The solubility of Ca(OH). would increase when temperature is raised to 35 °C.
The solubility of Ca(OH). will decrease when solid NazO is added.

The Ky of Ca{OH); is 4 x 10 mol® dm®.
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17 Use of the Data Booklet is relevant to this question.
Which of the following solutions would result in a colour change when left to stand in the

atmosphere?

A an acidified solution of tin(II) chloride

B  an acidified solution of cobalt(Il) nitrate

C  asolution of potassium manganate(VII)

D  an acidified solution of vanadium(II) sulfate

18 Adding concentrated HC/(aq) to CuSOs(aq) causes the colour of the solution to change from
blue to green.
Which of the following row correctly shows the number of d-electrons and the energy gap
between the d-orbitals, before and after the reaction?

number of d-electrons energy gap between the d-orbitals
A changes changes
B remains the same changes
C changes remains the same
D remains the same remains the same

19 How many structurally isomeric secondary alcohols are there with the molecular formula
CsHq2:07

A 1 B 2 c 3 D 4

20 When retinol reacts completely with cold alkaline KMnOs, it forms product E. How many
sterecisomers do retinol and E have?

NP N
\OH

retinol
retinol E
A 24 28
B 25 28
c 24 210
D 25 210
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Which of the following options about the structure below is correct?

AN
A CI
O
Number of Number of Number of
sp hybridised C sp? hybridised C sp®hybridised C

A 1 3 8
B 1 3 6
C 0 4 8
D 0 4 6

Which list contains all compounds that are made during the free radical substitution of
chloromethane with chlorine?

A CaHs, CClL, CHCE

B  CH:CCh, CCL, CHCI

C  HC/, CHsCH:CI, CHCL

D CHpCICH2C!, CH2Clz, CHCI3

Which of the following cannot be formed as one of the products, when but-1-ene reacts
with IBr(aq)?

. B

Br I HO I

Which pair of reagents reacts to form a product with a chiral carbon atom?

A CHiCH2CH:C! + NaOH in ethanol
B  (CHs):C=0 + NaBH,
C CHs;CH:CHO + HCN
D  CHsCOC!+ CH3NH:
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25 Heating compound F, C/HiOz, under reflux with an excess of acidified potassium
manganate(VII) produces compound G.
Compound G produces hydrogen gas with sodium metal and forms orange crystals with
2,4-DNPH reagent.
What could F be?

A (CHs):C(OH)CH2CH.CH.CHO B HO CH,OH
HO CH;
HO OH
c D
CHs CH,OH

26 Methyl phenylacetate has a strong odour similar to honey. It is used in the flavour industry
and in perfumes to impart honey scents.

The following pathway shows the synthesis of methyl phenylacetate via a 2-step pathway.

step 1 step 2
<C:>>—CH2COCH3 —_— CH,CO,H — > CH,CO,CH3
methyl
phenylacetate

Which reagents can be used for step 1 and step 27

step 1 step 2
A acidified KMnO, CHaOH, concentrated H2S04
B Hz50.4(aq) CH2COOH, concentrated HzSOa
C NaOH (aq), Iz CH30H, concentrated H2S04
D acidified K2Cr207 CH3COOH, concentrated H2SO4
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27 1 mol of an ester (CHsCO2CH3) and 1 mol of an amide (CH;CONHCH;) underwent base
hydrolysis separately and the initial rate of reaction was measured. It was found that the
ester undergoes hydrolysis approximately three times faster than the amide.

The slow step of the base hydrolysis of the ester and amide is the same and shown below.

r | ?

CHaC + on- =, CH,C—OCH;
OCH, OH
Vs | (|)_

CHaC + OH" =2 » GHuC—NHCH,
NHCHS Oh

Which statements help to explain the faster rate of base hydrolysis of the ester?

1 Oxygen is more electronegative than nitrogen.

2 The lone pair of electrons on the nitrogen atom in the amide interacts more with
the carbonyl group.

3 There are two lone pairs of electrons on the oxygen atom in the ester and only
one lone pair of electrons on the nitrogen atom in the amide.

1,2and 3
1 and 2 only

1 and 3 only
2 and 3 only

oW >

28 Compound W is a cyclic oligopeptide.

HO 0 NH

How many amide linkages exist in compound W?

A 5 B 6 c 7 D 8
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29 An octapeptide was analysed in the chemistry laboratory by treating it with enzymes. The
following fragments were obtained after the partial hydrolysis that is catalysed by the
enzymes.

ser-arg-pro
cys-pro
pro-ser
pro-ala-phe-gly

Which of the following is the correct sequence of the octapeptide?

A ser-arg-pro-ala-phe-gly-cys-pro
pro-ser-arg-pro-ala-phe-gly-cys
cys-pro-ser-arg-pro-ala-phe-gly
cys-pro-ala-phe-gly-ser-arg-pro

oo w

30 Aluminium is extracted from its ore by electrolysis.

———

Graphite
electrode X

Graphite

electrode Y ™\ - Molten aluminium oxide

Steel tank
Moiten aluminium collected

Which of the following statements is correct?

1 Oxygen gas is produced.

2 Aluminum ions migrate to electrode X.

3 Electrons move from electrode X to electrode Y via the external circuit.
A 1and2only B 1and3only
C 2and3only D 1only
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CeHi2 + 902 — BCO; + 6H:0
Since 6C0O;z = 6H.0 = 1CeH12,
n(CO:) furmed = n(H,0) formed = x mol
M, _ massofH,0 _ (x}x180

M = = 0.4
M, massofCO, {x)x44.0

10

Energy absorbed by water = 250 x 4.18 x (100 — 12) x 10~
=91.96 kd

Energy evolved by combustion of butane = 91.96 » Wm% =195.6 kJ

m(butane}
58

m{butane) = 3.944 = 3.94 g

185.6 = 2877 %

11

H0(g) + C{s) — Ha(g} + CO(g)
AS > 0 as there is an increase in disorderliness from 1 to 2 mo! of gas particles.

AG=AH-TAS If AH <0, AG < 0 at all temperatures.

However, A+ becomes more negative as temperature increases; hence

AG = AH -T AS
+ve_ +ve

[

-ve
When temperature increases, -TAS becomes more negative.
At high enough temperatures, AG < 0 since |-TAS] > |AH].
Reaction is spontaneaus at high enough temperatures when temperature increases

12

With the addition of another mole of gas, the area under the graph increases. When the
temperature increased, the Maxwell Boltzmann graph peak will be shifted to the right.

13

Graph 1:

The melting point increases from Na to Al as the metallic bonding is stronger. Si has the
Highest melting point as it is a giant covalent lattice which requires the largest amount of
energy to overcome the strong network of Si-5i bond. Sg and Py are simple covalent
molecule. As the number of electrons far Ss increases, the id-id increases, hence, the
melting peint increases.

Graph 2:

Across the period, nuclear charge Increases while the increase in shielding effect is
insignificant as electrons are added to the same shell. The effective nuclear charge
increases, hence, the 1% ionisation energy increases. However, the first ionisation energy
for Al is lower than expected because less energy is needed to remove the 3p electron
which is further away from nucteus and experience additional shielding from 3s electrons.

14 1 only
When a system is at a state of dynamic equillbrium,

- the concentration of all reactants and products remains constant and an equilibrium
mixture is obtained.

+ the rate of forward reaction = the rate of the backward reaction.

« Equilibrium can only be achieved in a closed system, where there is no loss or gain
of substances to and from the surroundings.

15 When [maltose] s very low as compared to [enyzme], many smpty active sites of the
enzyme molecules avallable for binding so the reaction Is approximately 1* order w.r.t.
maltose.

As [maltose] increases more actlve sites of enzymes are occupied by maltose
molecules so reaction is no longer 1* order w.r.t mal

saturated) so any further increase in [COg] will not increase the rate. Hence, the reaction
becomes zero order w.r.t maitose.

16 Ca(QH): (s) = Ca®* (aq) + 20H—(aq) ... (1)

%A INCORRECT. When common ion Ca?* is added, [Ca¥] increases, hence POE In (1)
shifts to the left, [OH-] decreases, hence pH increases
vB CORRECT. Increasing temperature increases solubility of solids
v CORRECT. When Na:O is added into the solution, NaOH Is formed. When common
ion OH- is added, [OH] increases, hence POE in (1) shifts to the left, solubility of
Ca(0OH)z decreases.
¥'D CORRECT. [OH]= 107 =0.0200 mol dm?
[Ca?*] = 0.0100 mol dm™®
Ksp = [Ca?*|[OH] = 0.01 x 0.022 = 4 x 10¢ mot® dm®

17 Q2 + 4H" + de = 2H,0 Eo = +1.23V
0z + 2Hz0 + 4e = 40H- E® = +0.40V
Sn** + 2e = 5n?* E° = +0.15V
Co™ + e 2 CO* E®* = +1.89V
MnQy + BH* + 5e = Mn® + 4H,0 E°=+1.52V
Vo eV Fe = -0.26V

A INCORRECT. Sn will not show any colour change even though there is a reaction
between 25n2* + O, + 4H* — 2H0 + 28n** (E%.n = +1.08Y > 0) as Snions have no
calour

*B INCORRECT. E%au = +1.23 — 1.89 < 0, not energelically feasible
xC INCORRECT. No reaction as both will undergo reduction reactions.

¥D CORRECT E% = +1.23 — (-0.26) > 0; energetically feasible 4V + 02 + 4H' >
NI»O + 3
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HO CH, HO GHy

acidified KMnO4

reflux
_—

«5 F  CHOH G COpH

H: produced with Na
no orange crystals with 2,4-DNPH
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Step 1: positive idoform test as it involves the removall of 1 -CHa group. Cannot perform
strong oxidation otherwise benzoic acid will be formed.

Step 2: Nucleophilic acyl substitution (formation of ester)
CH30H,

conc Ha80,
CH,CO;H _—— CHZCO,CH;,

27

{1 and 2 only)

o 0
| fast Vs
OIwmIOOIw > OIwn/ + OImO\
OH OH
o 0

] fast 4
CHaC—NHCH; —— CH,C + CH3NH

o on
v1: Since Q is more elactronegative, Q of CHsO™ can bear the negative charge better than
N of CHaNH".

v'2: The orbital of N is closer in size to that of C and hence, the overlap of orbitais between
the C of C=0 and N is mare effective than that between C of C=0 and O.

%3: Only one lone pair can be delocalised into the adjacent C=0. Hence, the number of
lone pair on O does not affect the rate of hydrolysis.

28 Identlfy the alpha-carbons in the backbone of the oligopeptide (In *). You can then easlly

identify the amide linkages in compound W (circled below).

* alpha carbon
20 cis-pro
pro-ser
ser-arg-pro
pro-ala-phe-gly

cys-pro-ser-arg-pro-ala-phe-gly

30 1 and 3 only

Option 1 is correct.

Electrode X is the positive 2lectrode i.e. the anode, anlons (i.e. O*) migrate here and
oxidation takes place. O Is oxidised to Oz(g).

Option 2 is incorrect.

Electrode Y is the negative electrode i.e. the cathode, cations (i.e. AP*) migrate here and
reduction takes place.

Option 3 is correct

Electrons move from negative terminal of the battery to electrode Y, and electrode X to
the positive terminal of the battery. Thus, electrons move from electrode X to electrode Y.




