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Which of the following contains the same number of particles as 16 g of oxygen atoms?
A The number of molecules in 24 dm?®of Cl, under room conditions
B The number of ions in 1 dm?® of 1 mol dm= aqueous HCI

C  The number of atoms in 111.6 g of Fe

D  The number of formula units of 29.25 g of NaCl

Ans: A

L =6.02 X 10 mol?

No. of atoms = 16/32 X 2 X L = 1L molecules

A - No. of molecules = 24/24 X 1 X L = L molecules

B —No.ofions=1X1X2=2Lions

C — No. of atoms =111.6/ 55.8 X L = 2L atoms

D — No. of formula unit = 29.25/58.5 X L = 0.5 L formula unit
The first eight ionisation energies of an element Q (in kJ mol™) are as follows:

966, 1950, 2730, 4850, 6020, 12300, 15400, 18900
Which of the following statements about element Q is correct?
A It can form a basic oxide.
B It can form a chloride with the formula QCls,
C It has an even number of protons in its atom.
D It can form a chloride that is trigonal planar in shape.
Ans: B

The increase between the fifth and sixth IE is the largest. Hence, there is 5 valence
electrons. Hence, the formula is QCls.

A 2.0 g sample containing 0.0130 mol of organoboron compound, with the formula
CxHyBO;, was burnt in an excess of oxygen. 4.58 g of CO, and 1.76 g of H.O were
produced. What is the molecular formula of the organoboron compound?

A  CH:BO;

B  CgH/BO:
C CgHisBO:
D CyHisBO
Ans: C

No. of moles of carbon in sample = 4.58/44 = 0.104
No. of moles of H in sample = 1.76/18 x 2 = 0.196
Value of x = 0.104/0.0130= 8

Value of y = 0.196/0.0130= 15

M, of sample = 2/0.0130=154

Value of z = (154-96-15-10.8)/16=2



Molecular formula is CgH1sBOo.
Beams of charged particles travelling at the same speed from different sources are

subjected to an electric field in two different experiments.
In the first experiment, protons are deflected by an angle of +12°. In another experiment

under identical conditions, particle X is deflected by an angle of —4°.

What could be the composition of particle X?

protons neutrons electrons
A 1 2 1
B 3 3 5
C 4 5 1
D 4 5 5
Ans: B

For proton, charge/mass ratio = +1/1 — +12°
Since particle X has angle of deflection —4°,
its charge/mass ratio should be -2/6 = -1/3

Which molecule has the largest overall dipole moment?

A H CH,
N
c—cC
/
H CHg,
B CH,4 Cl
N
c—cC
Cl/ CHj5
C CH,
_/
0——=cC
\
CH;
D o]
_/
oO—
\
Cl
Ans: C

Option A and B have overall net dipole of zero or close to zero
Option D has a net dipole moment but smaller than that of option C.
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Which statements about the lattice structure of the crystalline solid of diamond and ice
are correct?
1 The hybridisation of the oxygen atom in ice and the carbon atom in diamond
are the same.
2 The H-O-H bond angle is 105° while the C-C-C bond angle is 109.5°.

3 The lattice structure are held by strong covalent bonds only.

A 1,2and3

B 2and3only

C 1lonly
D 2only
Ans: C

Option 1. The hybridisation of the oxygen atom in ice and the carbon atom in
diamond are sp?®
Option 2. Both are tetrahedral and hence 109.5°.

Option 3. Ice is held by hydrogen bonding and covalent bond.

The value of % is plotted against p for one mole of each of the two gases, P and Q,

where p is the pressure, V is the volume and T is the temperature of the gas.

Which of the following pairs of gases could be P and Q?

pv ﬂ‘
RT

1.0




B CH,4 CHsCl

C HCI HF
D HBr F,
Ans: D

HBr is polar, with stronger pd-pd and id-id while F is nhon-polar with id-id only, hence

HBr deviates more from ideal gas behaviour.

The following reaction is thermodynamically feasible only at high temperature.
C(s) + CO2(g) — 2CO(g)

Which row correctly describes the signs of AH and AS for the reaction?

AH AS
A - -
B - +
C + -
D + +
Ans: D
AG = AH -TAS

AS must be positive since there are more moles of gases produced. Since the reaction
is thermodynamically feasible only at high temperature, AH must be positive.
Some AH. values are given below.

Element AH¢ / kJ mol™
H» —-285
C -394

What is the ratio of heat generated by hydrogen to that of carbon if the same mass of
each substance is burned?

A 07 B 1.4 C 34 D 4.3
Ans: D

Let x be the mass burned.

Heat generated from x g of H, = 285x/2 = 142.5
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Heat generated from x g of C = 394x/12 = 32.8

Ratio = 142.5/32.8 = 4.3

Some information about some of the elements of Period 5 of the Periodic Table is

shown.
element Rb Sr In Sn Sb Te I Xe
Electrical high | high high high high Semi- zero zero
conductivity conductor
Boiling 961 | 1650 | 2300 | 2540 | 1650 1260 457 165
point/ K

Which statement about these elements is correct?

A Te exists as a giant metallic structure with electrostatic forces of attraction.

Tel, exists as an ionic compound with strong electrostatic forces of attraction.

B
C There are more elements with metallic structures in Period 5 than in Period 3.
D

Those elements in Period 5 which have a boiling point under 1000 K exist as

simple molecules.

Ans: C

A: Te has a giant covalent structure with strong covalent bonds

B: Tel, exists as a covalent compound as both Te and | are non metals.

D: Rb is a metallic structure

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

in the following graphs.

| 1
Na Mg Al Si

Graph 1

P S

I | | I
Na Mg Al Si

Graph 2

P S

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

graphs above?
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Graph 1 Graph 2

A melting point electrical conductivity
B 1% ionisation energy electrical conductivity
C melting point 1%t ionisation energy
D 1% ionisation energy melting point
Ans: C

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-Si bond. Sgand P, are simple
covalent molecule. As the number of electrons for Sg increases, the id-id increases,

hence, the melting point 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 nucleus and experience additional

shielding from 3s electrons.

Use of the Data Booklet is relevant for this question.

Which of the following statements is correct for Group 2 elements and its compounds?

A Magnesium is kept in oil as it is more reactive while barium is kept in the open.

B  Barium reacts with chlorine more spontaneously than magnesium as it has a
higher reducing power.

C The rate of decomposition is slower for strontium carbonate than barium
carbonate.

D  The volume of CO; produced is the same when the same mass of strontium
carbonate and barium carbonate are decomposed.

Ans: B
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The reducing power of Group 2 elements increases. Hence, Ba reduces chlorine more
spontaneously than Mg (E®cell is more positive = AG® is more negative) . Hence, Ba
is kept in oil instead of Mg as Ba is more reactive. (Option A is incorrect while Option

B is correct).

The rate of decomposition is faster for strontium carbonate as Sr?* has a higher charge
density as its ionic radius is smaller than Ba?*. Hence, it has greater polarising power
to weaken the C-O bond in the CO3?*~ ion. However, if the same mass of BaCO3 and
SrCOs is used, as the M, of BaCOs is greater, the number of moles of BaCOs will be
smaller so that number of moles of CO; produced is less, so lesser volume. (Option C
and D are incorrect).
The reaction of nitrogen oxide and hydrogen involves the following steps:

2NO + H, —> N0 + H,O (slow)

N20 +Hz - N2+ H0  (fast)
Which of the following statements is incorrect based on the information above?
A Aredox reaction occurs in the slow step.
B Itis a second order reaction with respect to [NO].
C  The units of the rate constant is mol=dm® s
D N0 is not present in the overall equation.
Ans: C
Option A — correct. The N decreases its oxidation state from +2 in NO to +1 in N2O in
the slow step while H in H increases its oxidation state from 0 in H, to +1 in water.
Hence, a redox reaction occur in the slow step.
Option B — correct. Following the slow step, rate = kiNOJ?[H2]
Option C — incorrect. Following the slow step, rate = K[NOJ?[H]
Hence units of k should be mol?dm® s
Option D — N2QO is the intermediate and would be cancelled out and hence, would not
appear in the overall equation.
An autocatalytic reaction is a reaction in which one of the products catalyses the
reaction.
Which curve would be obtained if the rate of an autocatalytic reaction is plotted

against time?



rate rate
0 =
% tme 0 time
¢ A 2 A
rate rate
0 = 0 -
0 time 0 time
Ans: D

Rate is increases at the beginning due to production of catalyst, but decreases
as concentration of reactants decrease as reaction progresses.
15 Ammonia can be synthesised directly using a mixture of hydrogen gas and nitrogen

gas in a reversible reaction as shown:
3H2(g) + N2(g) = 2NHs(9)

Which one of the following describes the change in yield of ammonia at equilibrium
as pressure increases?

A Yield 4 B Yield 4

»

Pressure

Pressure
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C Yield 4 D Yield 4

»

»

Pressure Pressure

Ans: C

When pressure increases, POE shifts to RHS to favour less number of moles of NH3

to remove the pressure. Hence, the yield increases.

Which of the following mixtures are Brgnsted-Lowry acid and its conjugate base pair?
1 HO0 and OH-

2 H.PO4 and HP042_

3 NaH and Na

A 1,2and3only
B 1and2only

C 2and3only

D 2only

Ans: B

A Brgnsted Lowry acid, HA is a proton donor. It donates its proton to be a conjugate
base A".

Hence,

Option 1: correct

Option 2: correct

Option 3: not an acid-base reaction since oxidation number of Na decrease from +1
to 0.

Solutions E, F, G and H contain a strong monobasic acid, a weak monobasic acid HX,
a strong base and a salt of HX, but not necessarily in the same order. The

concentration and pH at 25 °C for each solution are shown below.

Solution Concentration /mol dm=3 pH
E 1.0 4.0
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F 1.0 9.4
G 0.01 12.0
H 0.01 2.0

Which one of the following produces an acidic buffer?

A Mixing 10 cm® of E and 50 cm? of G

B Mixing 10 cm® of E and 50 cm?® of H

C  Mixing 10 cm?® of F and 1 dm?® of H

D  Mixing 10 cm® of Fand 1 dm® of G

Ans: A

A buffer is made up of a weak acid/ basic salt or weak base/ acidic salt

Solution Concentration /mol dm?3 pH Type
E 1.0 4.0 Weak acid
F 1.0 9.4 Weak base
G 0.01 12.0 Strong Base
H 0.01 2.0 Strong Acid

A: Excess weak acid + strong base =» weak acid/ basic salt (acidic buffer)

B: Excess weak acid + weak base =» weak acid/ salt of weak acid and base (not buffer)
C: Weak base + excess strong acid = strong acid/ acidic salt = acidic solution

D: Weak base + strong base =» basic solution

How many tertiary alcohols have the molecular formula C¢H140?

A 1
B 2
c 3
D 4
Ans: C

Oxidation of an alkene W gives a diol; further oxidation gives a diketone.

Which one of the following could be W?

COC



C —
D
Ans: C

HO OH

20 Use of the Data Booklet is relevant for this question.
Which of the following temperatures and positions of substitution (relative to the
substituent) is most suitable for E, F, G to form mono-nitrated products?
E F G



CI X

A > 55°C > 55°C > 55°C

2 or 4 - directing 2 or 4 - directing 2 or 4 - directing
B > 55°C > 55°C > 55°C

2 or 4 - directing 3 - directing 2 or 4 - directing
C <55°C > 55°C >55°C

2 or 4 - directing 2 or 4 - directing 3 - directing
D <55°C > 55°C >55°C

2 or 4 - directing 3 - directing 3 - directing
Ans: C

E has an electron-donating —ethyl group that activates the ring, hence less harsh
condition is required and it is 2 or 4- directing.

F has an electron-withdrawing —chlorine group which deactivates the ring, hence
harsher condition is required but it is 2 or 4-directing.

G has an electron-withdrawing —COH which deactivates the ring, hence harsher
condition is required but it is 3-directing

An electrolytic cell is set up for the purification of a mass of impure copper as shown.

impure Cu pure Cu

|_| |_| [Cu?*(ag)] = 1 mol dm~3

The sample of impure Cu is known to contain nickel and silver as minor impurities.

Which of the following factors, when used in a larger quantity, results in more pure

copper deposit on the cathode?

A concentration of Cu?* electrolyte
B  mass of impure Cu

C temperature



D current

Ans: D
Using the equations Q=It
where n = amount of Cu deposited, z = 2 for Cu?* + 2e — Cu

The amount of charge supplied will affect the amount of Cu deposited. The amount of
charge, Q, is affected by current used and the length of time for which the current is run.

22 Use of the Data Booklet is relevant to this question.
Hydrazine (N2H4) can be used to reduce metal ions to their elemental forms in the

treatment of wastewater. An important half-equation involving hydrazine is shown.

N2 + 4H20 + 4e~ = 40H™ + N2H4 E°=-117V

Which of the following ions cannot be removed from wastewater by hydrazine?

A  Pb* B Co® C Sn?* D \VZal
Ans: D

If the ions cannot be removed by N2H4 implies there is no reaction = Ece <0
E® of V?*/V =-1.20 V
N2H4 will undergo oxidation while the other ions will undergo reduction.

Ecell = Ecathode — Eanode

=-1.2-(-1.17)

=—0.03 V (not feasible)

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

The following electrochemical cell was set up at 25 °C

solution containing

94 F= solution containin
[Brz] = [Br]= 1 mol dm= ¥

- — [MnO47]=[Mn?*]=[H"]

- — =1 mol dm™

Pt electrode Pt electrode

Which of the following statements are true?
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1 When silver nitrate crystals are added to the Br2/Br~ half cell, Ecen becomes
more positive.
2 The AG°of the above reaction is — 434 kJ mol™.

3 Addition of water to the MnO4/Mn?* half-cell has no effect on the Ece of the

cell.
A 1lonly
B 2only

C 1and2only
D 2and3only

Ans: B
Option 1: False; When silver nitrate crystals are added to the Br./Br~ half cell,
Ag* reacts with Br-

—— 2Br-

Br, + 2e
[Br~] decreases, POE shifts right and Eanode iS more positive. Hence Ecai becomes less
positive.
Option 2: True; AG® = —nFE®, where n = 10 electrons transferred
AG® = — (10) x 96500 x (+0.45)
=—434 kI mol* (3 s.f.)

Option 3: False; Addition of water to the MnOs/Mn#/H* will decrease the
concentration of all the ions. POE shifts (left) to the side with more ions to increase
the concentration, Ecahode MOre negative. Ecer more negative.
An organic molecule has

¢ the composition, by mass, C, 40%; H, 6.7%; O, 53.3%,

¢ the ability to rotate plane polarised light,

What is the smallest number of carbon atoms this molecule can have?

A 1 B 2 C 3 D 4
Ans: B

Element C H O

% mass 40 6.7 53.3

Amt 3.33 6.7 3.33

Ratio 1 2 1

Empirical Formula is CHO.
Consider Molecular Formula (MF) in increasing number of carbon atoms.



EF is CH20:
MF is C,H402:

AN
H—(|3—(|3—OH

A cyclic structure can give a chiral carbon. H H

25 The following industrial reaction involves benzene and methylpropene.

conc H3PO4
+ —_—

250 'C

Which of the following intermediate is likely formed in this reaction.

A B
+
C D
+
Ans: A

HsPO. is used as a strong acid catalyst in the Electrophilic addition of HO to propene.
oA
H* A

Once the strong electrophile (a carbocation) is formed, it will undergo ES with the
benzene.

26 Which are the products formed when compound X reacts with the following reducing

agents?



HO

O

compound X

Ho, Pt LiA/H4 in dry ether

HO HO

HO HO

OH
OH

HO HO T >
OH




HO

OH

HO

OH

Ans: C

LiAlH4 in dry ether — reduces RCOOH, Ketone only
H. — reduces alkene and Ketone only

Reducing Agent Alkene Carbonyl Carboxylic Acid
H>/Ni Reduced to alkane | Reduced to alcohol No rxn
LiAIH4 No rxn Reduced to alcohol | Reduced to alcohol
NaBH, No rxn Reduced to alcohol

NoO rxn




27 Compound Y reacts with hot alkaline aqueous manganate(VII).

0]
0]
Br 0]
O
Compound Y
Which structure represents the organic product formed?
A - B
o O
Br O— |
Y\O—
O

o~
- HO
© +2C0%  +
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Benzylamine has the formula CsHsCH2NH- and is a common precursor in organic
synthesis.

Which statements about benzylamine is correct?

A It can only be formed by the reduction of C¢HsCN by LiAlH..

B It reacts with CH3CO2H to form C¢HsCH2NHCOCH:.

C ltis formed by the reaction between CsHsNO> and tin in concentrated HCI.

D It reacts with excess CH3CH2Cl under heat to form the compound, C13H22NCI.

Ans: D

Option A: R-CN can be reduced by H2/Pt heat or LiAlH4 in dry ether. Benzylamine
can also be formed via nucleophilic substitution of CsHsCH>CI with ammonia.

Option B: N in CsHsCH2NH- uses its lone pair to accept H* from CH3;COOH (acid base
reaction instead of nucleophilic acyl substitution (condensation)). Hence (CH;COO")
(CeHsCH2NH3)* is formed instead of CeHsCH.NHCOCHSs;. Amines do not form amides
with carboxylic acids, unless the process is catalysed by a suitable enzyme! To form
amides from amines, acyl chlorides are required.

Option C: CsHsNO will be reduced to C¢HsNH» which is isolated as C¢HsNHsCl due
to acidic medium. But even if neutralised to give the amine, it is still not benzylamine
as it is short of one carbon atom.

Option D: Correct answer. A quaternary ammonium salt is formed when CsHsCH2NH>
reacts with excess CHsCHCI.

Chiral bromoalkanes can undergo nucleophilic substitution with ethanolic KCN. The
reaction mechanism is either Sy1 or Sn2.

Which statements are incorrect?

1 Inversion of configuration occurs in Sy2 mechanism.
2 KCN is involved in the rate determining step of Sn1.

3 Racemisation can occur in Sy1 mechanism.

4  The hydrolysis of primary bromoalkanes take place in Sy1 mechanism
because there is very little steric hindrance bewteen the nucleophile and
the bromoalkanes.

A land2only

B 2and4only
C 2and3only

D 1and3only
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Ans: B
Option 1: True. There is an inversion of configuration in the product since the Nu

attacks from the back of the C-X bond.

Option 2: False. Only halogenoalknes is involved in the slow step of Sy1.

Option 3: True. The Nu can attack the planer carbocation from either side with equal
probability, hence a racemic mixture is form.

Option 4: False. Primary halogenoalkane will favour Sy2 mechanism due to little
steric hinderance.

Phenyl propanoate undergoes acid hydrolysis in the presence of a solution containing
D,*®0.
Which of the following products are formed?

1 CHsCHCO*0D

2
Orte
3
@—00180D

A 1lonly

B 1and2only

C 1land3only

D 1,2and3only

Ans: A

O 18 H+
+D,0 —
0™ “CH,CH,

phenyl propanoate

@)
+ 18

2 1



