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Methylamine, CHiNH, is a colourless gas which has a strong odour similar to fish. It
bums in oxygen according to the following equation.

CH:NH; (g) + ?Oz (g) —— COz (g) + NO2 (g) + gHzO )

A sample of 10 cm? of methylamine was burned in 50 cm? of oxygen. The products
were cooled to room temperature and treated with an excess of aqueous sodium
hydroxide.

What would be the final volume of the resultant mixture of gases?

A 175cm? B 20.0cm?® C 275cm® D 37.5cm?®

Answer: A

Suggested Solution:

CHiNHz(g) + ?Oz(g) —— CO2(g) + NO2A(g) + gHzO(()
Initial 10 50 0 0 -
volume
Change in -10 -32.5 +10 +10 -
volume
Final 0 17.5 10 10 -
volume

CO2 and NO: are acidic. Hence, both of them reacted with aqueous NaOH when the
product was passed through a solution of sodium hydroxide.

Final volume = volume of unreacted O2 = 17.5 cm?
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How many atoms are present in 24 cm? of carbon dioxide gas under room conditions?

602 x 10" 3x6.02x 107

A B
10° 10°
3x602x10"
hadlediioaldaldd 3
000 D 3x24x6.02x10?
Answer: B

Suqqgested Solution:
Amount of CO2 = 24
24000

mol

C02 =20 = C; - 3 atoms in one molecule of CO2

24
Amount of atoms = 2 x 3 mol

4000

3
Number of atoms in 24 cm? of COz =3x24x6.02x10"
24000

25.0 cm? of 0.05 mol dm=3 acidified NH«VO3 was reduced by sulfur dioxide to form a

deep-blue solution containing V™ ions.

The V™ ions are then re-oxidised to its original oxidation state by 12.50 cm? of

0.02 mol dm™ acidified KMnOa.

What is the oxidation state of vanadium in the deep-blue solution?

A0 B +3 C +4 D +6
Answer: C

Suggested Solution:
Amount of VOs~used = 0.05 x %= 1.25 x 10~ mol

Amount of V™ formed = 1.25 x 10~ mol

Amount of MnO4~ used = 0.02 x %= 2.50 x 10~* mol

From the calculations, 2.50 x 10~* mol MnO«~ = 1.25 x 10~ mol V™
1 MnOs-=5V™ = Se

MnQOq4 + 8H* + 56 —— Mn?* + 4H:0

1 mol of MnO4~ gains 5 mol of electrons
5 mol of V™ loses 5 mol of electrons to form back VO3~

1 mol of V™ loses 1 mol of electron hence oxidation state increases by 1 unit

from+nin V" to +5in VO~

Hence, the oxidation state of vanadium in V"* of deep-blue solution = +4
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The value of pV is plotted against p at the same temperature for four gases, where
p is the pressure and V is the volume of the gas.

pv 4

Gas 4

Gas 1

Which of the following statements are correct?

1 Al gases deviate most from ideal gas behaviour at high pressures.

2 The intermolecular forces of attraction in Gas 3 is more significant than that in
Gas 2. :

3 Gas1is H20; Gas 2 is HF; Gas 3 is CHaF; Gas 4 is Ne.

A 1only B 1and2only
C 1and3only D 1,2and3
Answer: C (Statement 1 and 3 are correct)

Suggested Solution:

Statement 1: At high pressure, the gas particles come close together, volume
occupied by the gas particles becomes significant as compared to the volume of the
container.

Statement 2: From the sketch, the Gas 2 deviates more from ideal gas behaviour as
compared to Gas 3 hence one can infer that intermolecular forces of attractions
between the gas particles are more significant in Gas 2 compared to Gas 3.

Statement 3: The more significant the intermolecular forces of attractions between
the gas particles, the larger the deviation from ideal gas behaviour.

Gas Predominant type of intermolecular forces of attraction

H20 Hydrogen bonding between HzO molecules
H20 forms 2 hydrogen bonds per molecule

HF Hydrogen bonding between HF molecules
HF forms 1 hydrogen bond per molecule

CHsF Permanent dipole—permanent dipole attractions between CHaF
molecules

Ne Instantaneous dipole-induced dipcie attractions between Ne atoms

Strength of forces of attraction. hydrogen boncing > permanent dipole—permanent
dipole > instantaneous dipole-induced dipole
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Use of the Data Booklet is relevant to this question.
The ion X** contains 28 electrons and 42 neutrons.

Which of the following statements about X** or X2* is correct?

A X2* has less protons than 5°Co?*.

B X** has the same electronic configuration as 58Ni2*,

C X* has the same nucleon number as 75As3*.

D X2* has a lower tendency to form covalent compounds than X**.

Answer: D

Suggested Solution:

Statement A is incorrect.
X** contains 28 + 4 = 32 protons. So X2* also has 32 protons.
$9Co?* has 27 protons.

Statement B is incorrect.

X** contains 28 electrons.

Electronic configuration of X**: [Ar] 3d'°

For Ni?* (26 electrons), Electronic configuration of Ni?*: [Ar] 3d®

Statement C is incorrect.

X** contains 28 + 4 = 32 protons and 42 neutrons.
X** nucleon number =32 + 42 =74

75As?* nucleon number is 75

Statement D is correct.
X2* has a smaller charge density than X** thus it is less able to polarise the anion
charge cloud, thus has less tendency to induce covalent character in its compounds.

The angle of deflection of a beam of f;AIJ'in an electric field is +5.6 °.

What is a possible species that will give an angle of deflection of 4.2 ® when passed
through the same electric field?

A S B IMg® ¢ Zs* D ZCr*
Answer: B

Suggested Solutions

3 ratio for AL = 2 o) 5560
m 27 9

If angle of deflection is 4.2 °, then 3 ratio for unknown species = :—':x%= 0.0833
m R
species oF" 2Mmg> 28 2cr®
a L 0.0526 —2- =0.0833 l =0.0625 -3 =0.0385
m 19 4 2 2
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7 1-chlorobutane can be synthesised by reacting butan-1—ol with thionyl chloride, 8 The melting points of two aluminium halides, A/Xa are given below.
SOCl.
Compound Formula Melting Point/ °C
Aluminium fluoride AlF3 1291
T T T T T T T T Aluminium chioride | AICI 178
H_T_T_T—T—Cl H_T—T_T_T—OH Which pairs of factors provide the reasons to explain for the differences in the melting
ints?
H H H H H H H H points?
1—chlorobutane butan-1-ol 1 charge density of cation
Distillation is perfomed to separate the 1—chlorobutane and the unreacted plile b
butan-1-ol upon completion of the reaction. A distillation set-up is shown below 3 strength of the A/-X bond
where the organic compound with the lower boiling point will distil out first. 4 distortion of electron cloud

Which region indicates an area where there is a higher proportlon of butan-1-ol than

1—chlorobutane? A 1and3only B 1.and4only
o C 2and3only D 2and 4 only
[ N—
[: Answer: D
.*

Suggested Solution:

In both compounds, the cation, AP*is the same -> hence charge density of cation is
Waler out identical.

Wator in AICh AlF3

Onsllaln

AP* has a high charge density hence it
is able to polarise the large C/ anion
electron cloud to such a large extent
that the A/~C/ bonds become covalent.

Even though the charge density of AP*
is high but the small anion F- is not
easily polarisable. Hence, AfFs
remains giant ionic in nature.

Answer: A'
Suqggested Solution:

Concept:
The higher boiling point compound will distil out last hence higher proportion will
remain in the round bottom flask.

Hydrogen bonding between butan—1-ol molecules is stronger than the permanent
dipole—permanent dipole attraction between 1—chlorobutane molecules.

Boiling point of butan-1—ol (117.7 °C) > 1—chlorobutane (78 °C).
Higher proportion of butan—1-ol will be in the round bottom flask.
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Nickel is a by—product formed by a series of changes in which the rate—determining 10
step is the radioactive decay of cobalt-60, a radiation source for cancer treatment.
This radioactive decay is a first—order reaction with a half-life of 5.3 years.

How long would it take for a radiation cartridge of cobalt-60, originally nickel-free, to
contain a molar proportion of cobalt to nickel of 1:7?

A 0.8years B 14.9years
C 15.9years D 37.1years
Answer: C

Suggested Solution:

Let amount of Co in the cartridge be x.
v 1.y 1. 4y 1
} N i, B

X 2 X 2 X 8

Hence, maximum amount of Ni that can be formed in the cartridge = x.
1 1 t
0— 1.x 1, 3x 1, 7:
2 4 8

RAmoun!ofCoattimet_(1): 1 (1):”]:3

Initial amountof Co  \2) _ (1+7) (2

After 3 half-lives, gx of Co would be converted into Ni

= Molar proportion of Co : Ni = 17 after 15.9 years (3 x 5.3 years)

-

12

The reaction between nitrogen monoxide, NO and oxygen, Oz takes place as follows:

-
—_—

(fast)
(slow)

2NO N202
N20z + O2 —> 2NO2

Which of the following statement is correct?

The overall reaction is third order.

The reaction is an elementary reaction

The rate equation is Rate = k [N202] [Oz].

The activation energy of the first step is higher than the second step.

OO0 o >»

Answer: A

Suggested Solution:
Consider by elimination

Option A is correct; the rate equation is based on the slow step should be:
Rate = K{NOJ*[Oz2], overallorder=2+1=3

[N,O.]
[NOF

step:

= [N202] = K[NOP
k[N202][02]

By steady-state approximation of first step, Kz =

Hence from rate—determining second Rate = =

Rate = {NOJ?[O2], where k = k’ x Kc

Option B is incorrect as there are more than 1 step in the reaction, i.e.
non—elementary reaction.

Option C is incorrect; N202z is an intermediate and does not feature in the rate

equation.

Option D is incorrect as the second step is the slow step, which has the higher
activation energy; first step has a lower activation energy.
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A 0.0113 mol sample of ammonium nitrate is introduced into an evacuated vessel
with a volume of 0.83 dm3. The vessel, of constant volume, is heated to a constant
temperature such that the equilibrium below is established.

NH4NO3(s) = NHai(g) + HNOs(g)

Given that the percentage dissociation of ammonium nitrate at equilibrium is 66.8%,
what is the value of the equilibrium constant, K.?

A 570x 105
C 0.0152

Answer: B

Suggested Solutions:
At equilibrium,
[NHs) = [HNO3)

_ 0.0113 ” 66.8

083 100
= 0.00909 mol dm™3

Kc = [NH3)[HNO3)
= (0.00909) (0.00909)
=8.27x1075 mol2 dm™*

B 827x10°
D 0.0183 '

14

12 The key stage in the manufacture of sulfuric acid is the reaction between sulfur
dioxide and oxygen.

2S02(g) + Oz2(9) = 2S0s(g) AH =-197 kJ mol?

Which of the following statements are correct for an increase in temperature?

S W N -

>

The equilibrium constant increases.
The rate constant for the forward reaction increases.
The rate constant for the backward reaction increases.

The activation energy for the forward reaction decreases.

1,2,3and 4 B 2,3 and4only
2 and 3 only D 3only

Answer: C (Statemen.ts 2 and 3 are correct)

Suggested Solutions:

1

Statement 1 is incorrect.

By Le Chatelier's Principle, the equilibrium position shifts left towards the
endothermic reaction to absorb heat when temperature increases.

Hence, there are more reactants and less products present at the new
equilibrium,

Hence, the equilibrium constant decreases.

Statement 2 is correct.

The rate constant for the forward reaction increases as temperature increases.
E,
Arrhenius equation: k = Ae #" ; rate constant of a reaction increases with an

increase in temperature.

Statement 3 is correct.

The rate constant for the backward reaction increases as temperature increases.
E,
-—

Arrhenius equation: k = Ae *" ; rate constant of a reaction increases with an

increase in temperature.

Statement 4 is incorrect.
The activation energy for the forward reaction do not change with temperature
(activation energy only decreases when catalyst is introduced).
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13 The dihydrogen phosphate ion, HzPO4~ can act as a base or an acid. 14 Values for the ionic product of water, Kw, at two different temperatures are given

below.
HPO: + HCOs == HiPOs + HCOs  Ke<1
HPOr + HCOs™ == HPO: + HCOs Tomperatiire [°C | K/ mol” drort
10 2.50x 105
25 1.00x 10

The conjugate of H.PO4~ is . and HsPOs is a stronger acid than
What is correct for pure water at 10 °C?

A acid; HPO4Z; H2COs
B acid; HiPO4; HCO3~
c " 3 . A pH=7 B pH>7
base; HPO4*~ HPO C [H']=2.90 x 10¢mol dm~ D [H']>[OH]

D base; HPO4?-; H2COa

Answer: B
Answer: D

Suggested Solution:
Suggested Solution:
The conjugate acid of H2PO4- is HiPOsa. At10°C, Kw = [H'] [OH] =2.90 x 10~®

[H*] =[OH] =(2.90 x 10-'5) = 5.39 x 108 mol dm=. Statement C is incorrect.

The conjugate base of H2PO4~ is HPO42-.
Since K. < 1 for first equilibrium, backward reaction is favoured and HaPOu is stronger pH=-lg (0.539 x 1077) = 7.27; Statement B is correct and Statement A is
acid than H2COs. incorrect.
H20 == H*+ OH-
For pure water, [H*] = [OH-]; Statement D is incorrect.
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15 A mixture is made by mixing equal volumes of a solution of H2SO« (aq) of pH 2
and of a solution of HC/ (aq) of pH 3.

What is the pH of the resulting solution?
A 167 B 1.96 C 226 D 250

Answer: C

Suggested Solution

Equal volumes of each solution mixed <» [H*] contributed by each acid is halved.
-2

[H*] in H2SO4= % = 0.005 mol dm™

2
[H*]in HC/ = %- = 0.0005 mol dm=

Total [H*] = 0.005 + 0.0005 = 0.0055 mol dm=3

pH = -Ig 0.0055 = 2.26

18

16 The values of the solubility products at 25 °C of three metal sulfides are tabulated

below.
Compound Value of solubility product
CuS 8.5x 1045
Ag2S 1.6 x 1049
Bi2Ss 1.1x1073

The dissolution process of these metal sulfides is endothermic.

Which statements about the metal sulfides are correct?

1 The value of the solubility products of the metal sulfides increases with
temperature.

2 The value of the solubility products of the metal sulfides decreases when there is
a common ion effect as the solubility decreases.

3 The molar solubility of the metal sulfides decreases in the following order:
CuS > Ag2S > BizSa.

4 The molar solubility of the metal sulfides increases when pH decreases.

A 1and2only B 1and 4 only
C 2and 3only D 3 and4only
Answer: B (Statement 1 and 4 are correct)

Suggested Solution:

Statement 1 is correct since when temperature increases, forward endothermic
dissolution reaction is favoured, the equilibrium concentrations of ions increases and
hence Ksp value increases.

Statement 2 is wrong since Ksp value is only temperature-dependent.

Statement 3 is wrong as solubility decreases in the order of Bi2Ss > Ag2S > CuS.
ForCuS:85x10*5=s.s=s? = 5=922x 10-2* mol dm-?
For Ag:S: 1.6 x 10° = (2s)2.s = 4s® = 5=3.42 x 10~ mol dm-?
For Bi2Sa: 1.1 x 107 = (2s)%(3s)* = 108s*® = s=1.00 x 10-'* mol dm-?

Statement 4 is correct.

When pH decreases (i.e. concentration of H* increases), concentration of S-
decreases since the H* will react with S~ to form H2S molecule. Hence, the
equilibrium position of the solubility equilibria of the metal sulfides will shift nght
resulting in more solid dissolving.
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17 Cyanopropyne has the following structure: 18 How many constitutional and cis-trans isomers are there for dichloropropene,
CiH«CR?
CHiC=CCN
A 5 B 6 c 7 D 8
Which statements about the molecule are correct?
Answer: C
1 There are 6 sigma bonds and 2 pi bonds. d Soluti
t olution:
2 Allthe carbon atoms lie in the same plane. shggeste
3 Only two of the carbon atoms are sp hybridised. The 7 constitutional and cis-trans isomers are:
4 One of the terminal carbon atoms has a tetrahedral geometry. Ha ! Ha H 3 I
A 1and 2only B 2and 3only X
C 2and4only D 3anddonly H cI ci c =
3 1,1dichloropropene cis-1,2-dichloropropene trans-1,2-dichloropropene
Answer: C (Statement 2 and 4 are correct) .
HCl HCl [ HCI
Suggested Solution:
; - _ S—
H ¢ .
l / (] H H H H Cl
H_T_g,zsp— sp= 2,3-dichloropropene 2Z-1,3-dichloropropene E-1,3-dichloropropene
H
HCL
The bond between C and N is a triple bond.
Statement 1 is wrong since there are 7 ¢ and 4 = bonds. - % ¥
Statement 2 is comect as the C atoms are arranged in a linear fashion; 3,3-dichloropropene

C=C carbons are sp hybridised (linear).
Statement 3 is wrong. There are 3 carbon atoms which are sp hybridised.

Statement 4 is correct. Only the CHs carbon atom is sp® hybridised and hence
tetrahedral.
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19 Limonene is an oil formed in the peel of citrus fruits.

CHg
N\
CH,
limonene

When limonene reacts with excess cold dilute KMnO4, how many more chiral centres
than limonene does the product possess?

A 2 B 3 C 4 D 5
Answer: B

Suggested Solution:

The 3 additional chiral centres, C* in the oxidation product are as shown:
H3C\ GHs
C* +')>—C*-CH,

HO™ e |
HO™ OH OH

20

22

Which two-stage process will give the greatest yield of CHz(Br)CH(Br)CH2CH1?

A CHiCH(Br)CHzCHs ethanolic KOH, heat Bry in organic solvent
B CH;=CHCH:CHs e, __lmiled Bo. heat
C  CHiCH=CHCHs Pt . By (0). wvight

D CHsCH2CH2CH:0H cone: 0, TE Bry in organic solvent
Answer: D

Suggested Solution:

A: 2-bromobutane undergoes elimination with ethanolic KOH to form two products,
but-2—ene (major product) and but-1-ene (minor). To get the desired product
1,2-dibror*"*~ne in high yield, but-1-ene must be obtained in high yield in Step 1
before re but-1-ene with Br2 in organic solvent. Hence, synthetic pathway A is
not ideal.

B: but-1—ene undergoes electrophilic addition to form 2-bromobutane (major
product) and 1-bromobutane (minor product). In stage 2, the free radical substitution
reaction yields many different products. Hence, the yield of 1,2-dibrombutane will not
be ideal.

C: but-2-ene undergoes reduction with Hz (g) to form butane. In stage 2, butane
undergoes free radical substitution to form many different products. Hence, the yield
of 1,2-dibrombutane will not be ideal.

D: butan-1-ol undergoes elimination with conc. H2SO4 to form but-1-ene.
In stage 2, but-1-ene undergoes electrophilic addition to form 1,2-dibromobutane,
producing 1,2-dibrombutane in high yield,

END OF SECTION A
‘Qni| 1 {220 103 |4 5 | 6 7 8 { 9 | 10
Ans | A B C C D B A D Cc A
Qn | 11 | 12 13 14 | 15 16 | 17.| 18 19 | 20
Ans C D B C | B C C B D
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