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7. 

Which reagent is used to convert 

butanone to butan-2-ol? 

HI in the presence 

of phosphorous 

Water in the 

presence of 

mercuric 
sulphate 

LiAlH4 in the 

presence of ether 

KMnO4 in the 

presence of 

Concentrated 
H2SO4 

8. Which species is not tetrahedral? 𝐶𝐶𝑙4 𝐶𝐻4 𝑁𝐻1+ 
4 

𝐼𝐶𝑙1− 
4 

 
9. 

Number of moles present in 50 

cm
3
 of a 0.0800 moldm

3
 solution 

of sodium carbonate is: 

4 moles 0.4 moles 0.004 moles 0.04 moles 

10. 
What volume will be occupied by 

2 moles of oxygen gas at STP? 
11.2 dm3 22.4 dm3 44.8 dm3 2.24 dm3 

 
11. 

How many orbitals are there in 

total in the first four quantum 

shells of an atom? 

7 10 16 30 

 
12. 

Which element is in the p-block 

and has two unpaired electrons in 

the ground state? 

sodium silicon chlorine aluminium 

13. 
Which  of  these  molecules  is 
polar? 

CO2 BF3 CH4 NH3 

 

 
14. 

Which type of isomerism is 

exhibited by the following pair of 

compounds A and B? 

A: CH₃–O–CH₂–CH₂–CH₃ 
B: CH₃–CH₂–O–CH₂–CH₃ 

 
Chain 

isomerism 

 
Position 

isomerism 

Functional 

group 

isomerism 

 
Metamerism 

15. 
There are 6.02 × 10

23
 atoms in 

0.25 mol of: 
He 𝐻2𝑂 𝐵𝐻3 𝐶𝐻4 

 
16. 

What is the electron arrangement 

of the nitrogen ion in magnesium 

nitride? 

1s² 2s² 1s² 2s² 2p³ 1s² 2s² 2p⁴ 1s² 2s² 2p⁶ 

 
17. 

Which one of the following 

compounds has the same 

empirical formula and molecular 
formula? 

 
𝐶6𝐻12𝑂6 

 
𝐶6𝐻6 

 
𝐶𝐻3𝐶𝑂𝑂𝐻 

 
𝐶𝐻3𝐶𝐻2𝑂𝐻 

 
 
 
 
 

 
18. 

In a series of experiments, the 

initial rate of a reaction was 

measured at different 

concentrations of reactant A (with 

all other conditions constant): 

 

Based on the experimental data, 

what is the correct rate equation 

for the reaction with respect to 

reactant A? 

 
 
 
 

 
Rate = k[A] 

 
 
 
 

 
Rate = k[A]² 

 
 
 
 

 
Rate = k[A]³ 

 
 
 
 

 
Rate = k 

 
19. 

Chlorine reacts with methane in 

the presence of ultraviolet light, 

what happens first in the reaction 
mechanism? 

The Cl–Cl bond is 

split homiletically. 
The Cl–Cl bond is 

split heterolytically. 

The C–H bond is 

split homiletically. 

The C–H bond is 

split heterolytically. 

 
20. 

At higher temperature, the 

Boltzmann distribution curve 

becomes: 

Narrower and 

taller 

Broader and 

flatter 

 
Unchanged 

 
Discontinuous 

 

 
21. 

 
In a reaction pathway diagram, 

activation energy is best 

described as: 

Energy 

difference 

between 

reactants and 
products 

Energy required 

to break bonds of 

products 

Energy barrier 

between reactants 

and transition 
state 

 
Total enthalpy 

change of reaction 
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7. 

Which reagent is used to convert 

butanone to butan-2-ol? 

HI in the presence 

of phosphorous 

Water in the 

presence of 

mercuric 
sulphate 

LiAlH4 in the 

presence of ether 

KMnO4 in the 

presence of 

Concentrated 
H2SO4 

8. Which species is not tetrahedral? 𝐶𝐶𝑙4 𝐶𝐻4 𝑁𝐻1+ 
4 

𝐼𝐶𝑙1− 
4 

 
9. 

Number of moles present in 50 

cm
3
 of a 0.0800 moldm

3
 solution 

of sodium carbonate is: 

4 moles 0.4 moles 0.004 moles 0.04 moles 

10. 
What volume will be occupied by 

2 moles of oxygen gas at STP? 
11.2 dm3 22.4 dm3 44.8 dm3 2.24 dm3 

 
11. 

How many orbitals are there in 

total in the first four quantum 

shells of an atom? 

7 10 16 30 

 
12. 

Which element is in the p-block 

and has two unpaired electrons in 

the ground state? 

sodium silicon chlorine aluminium 

13. 
Which  of  these  molecules  is 
polar? 

CO2 BF3 CH4 NH3 

 

 
14. 

Which type of isomerism is 

exhibited by the following pair of 

compounds A and B? 

A: CH₃–O–CH₂–CH₂–CH₃ 
B: CH₃–CH₂–O–CH₂–CH₃ 

 
Chain 

isomerism 

 
Position 

isomerism 

Functional 

group 

isomerism 

 
Metamerism 

15. 
There are 6.02 × 10

23
 atoms in 

0.25 mol of: 
He 𝐻2𝑂 𝐵𝐻3 𝐶𝐻4 

 
16. 

What is the electron arrangement 

of the nitrogen ion in magnesium 

nitride? 

1s² 2s² 1s² 2s² 2p³ 1s² 2s² 2p⁴ 1s² 2s² 2p⁶ 

 
17. 

Which one of the following 

compounds has the same 

empirical formula and molecular 
formula? 

 
𝐶6𝐻12𝑂6 

 
𝐶6𝐻6 

 
𝐶𝐻3𝐶𝑂𝑂𝐻 

 
𝐶𝐻3𝐶𝐻2𝑂𝐻 

 
 
 
 
 

 
18. 

In a series of experiments, the 

initial rate of a reaction was 

measured at different 

concentrations of reactant A (with 

all other conditions constant): 

 

Based on the experimental data, 

what is the correct rate equation 

for the reaction with respect to 

reactant A? 

 
 
 
 

 
Rate = k[A] 

 
 
 
 

 
Rate = k[A]² 

 
 
 
 

 
Rate = k[A]³ 

 
 
 
 

 
Rate = k 

 
19. 

Chlorine reacts with methane in 

the presence of ultraviolet light, 

what happens first in the reaction 
mechanism? 

The Cl–Cl bond is 

split homiletically. 
The Cl–Cl bond is 

split heterolytically. 

The C–H bond is 

split homiletically. 

The C–H bond is 

split heterolytically. 

 
20. 

At higher temperature, the 

Boltzmann distribution curve 

becomes: 

Narrower and 

taller 

Broader and 

flatter 

 
Unchanged 

 
Discontinuous 

 

 
21. 

 
In a reaction pathway diagram, 

activation energy is best 

described as: 

Energy 

difference 

between 

reactants and 
products 

Energy required 

to break bonds of 

products 

Energy barrier 

between reactants 

and transition 
state 

 
Total enthalpy 

change of reaction 
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STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 

 

 

 
STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 
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STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 

 

 

 
STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 
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STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 

 
 

 
STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 
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STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 

 

 

 
STIMULUS/SITUATION/SCENARIO BASED MCQs 

 
 
 
Scenario for MCQ 57 to 60 

A chemist compares the molecules BF₃, NF₃, and NH₃, noting that BF₃ has no 

dipole moment despite having polar B–F bonds, that NF₃ and NH₃ are both 

polar but differ in bond angles and boiling points, and that NH₃ has an 

unusually high boiling point compared to similar-sized molecules, leading 

her to apply VSEPR theory, Valence Bond Theory, orbital hybridization, 

and intermolecular force concepts to explain these observations. 

 
 
 

 
57. 

 
 

 
Why does BF₃ have zero net 

dipole moment despite having 

polar B–F bonds? 

The B–F 

bonds are 

non-polar 

because 

fluorine and 

boron have 

the same 

electronegat 

ivity 

BF₃ is 

trigonal 

planar; the 

three bond 

dipoles are 

symmetrically 

arranged and 

cancel out 

exactly 

 
BF₃ is 

trigonal 

pyramidal 

and dipoles 

cancel due to 

lone pair 

 

 
The bond 

dipoles in BF₃ 

are too weak 

to create a net 

dipole 

 

 
58. 

Using VSEPR theory, what is the 

correct geometry and bond angle 

of NH₃? 

Trigonal 

planar, 120° 

Tetrahedral, 

109.5° 

Trigonal 

pyramidal, 

107° 

 
Bent, 104.5° 

 

 
59. 

Which of the following orbitals 

overlap in the ammonia (NH₃) 

molecule to form the N–H bonds? 

 
p–p 

 
sp²–p 

 
sp³–s 

 
s–s 

 

 
60. 

Which type of intermolecular 

force is mainly responsible for 

the unusually high boiling point 
of NH₃ compared to PH₃? 

London 

dispersion 

forces 

Dipole–

dipole 

interactions 

Hydrogen 

bonding 

van der Waals 

forces only 

 

 
Scenario for MCQ 61 to 64 

A student in a chemistry laboratory prepared different aqueous solutions 

including HCl, NH₄Cl and CH₃COOH. During the experiment, the student 

measured pH values and studied acid-base behavior of different substances. 

 
61. 

In the reaction: 

𝐶𝐻3𝐶𝑂𝑂𝐻 + 𝐻2𝑂 ; 

𝐶𝐻3𝐶𝑂𝑂− + 𝐻3𝑂+ the conjugate 

base of acetic acid is: 

 
H₃O⁺ 

 
H₂O 

 
CH₃COO⁻ 

 
CH₃COOH 

 

62. A 0.001 𝑚𝑜𝑙 𝑑𝑚−3 HCl solution 

has pH equal to: 
1 3 11 7  

 

 
63. 

 
The aqueous solution of NH₄Cl is 

acidic because: 

𝑁𝐻+ 
4 

undergoes 

hydrolysis 

producing 

𝐻3𝑂+ 

 
𝐶𝑙−produces 

𝑂𝐻− 

 
NH₄Cl is 

insoluble 

 
Water acts as 

Lewis acid 

 

 
 

 
64. 

 

 
Which species acts as a Lewis 

base in the formation of 

coordinate bond with 𝐻+? 

 
 

 
BF₃ 

 
 

 
AlCl₃ 

 
 

 
NH₃ 

 
 

 
H⁺ 
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 experimental conditions for both the acid-

catalyzed and alkali-catalyzed hydrolysis of an 

ester 

  
 

 
 

 

If Compound A is ethanoic acid (CH3COOH), draw 

the structural formulas for the starting materials 

Compound B and Compound C. 

Explain why the conversion of Compound B to 

Compound A requires a two-step treatment (base 

followed by acid). 

 

Q7 Define the first electron affinity (EA) and 

Lattice Energy. Why is the electron affinity of 

chlorine more negative than that of fluorine, 

despite fluorine being more electronegative? 

2+2 OR An element X has an electron configuration ending 

in 3s¹. 

Answer the following: 

a) State the group, period, and block of element X. 
b) Explain how its position in the periodic table 

helps in determining its chemical properties. 

3+1 

SECTION C (2x6=12) 

Q8 Using Le Chatelier’s principle, explain how 

operating conditions are used to increase the 

yield in 

(a) The Haber process for the manufacture of 

ammonia. 

(b) The Contact process for the oxidation of 

sulfur dioxide to sulfur trioxide. 

3+3 OR Predict the shapes and bond angles of methane, 

ammonia and water using VSEPR theory, and 

explain the type of hybridization of the central 

atom in each molecule. 

6 

Q9 Silver chromate (Ag₂CrO₄) is a sparingly 

soluble salt. 
(a) Construct the expression for the solubility 

product constant, 𝐾𝑠𝑝, of Ag₂CrO₄ and 

calculate its value if the solubility is 
1.3 × 10−4 mol   

−3
. 

dm 
(b) A solution of Ag₂CrO₄ is prepared in 

0.10 mol dm⁻³ AgNO₃. Calculate the new 

solubility of Ag₂CrO₄ in this solution and 

explain briefly the reason for the decrease 

in solubility. 

3+3 OR For the formation of potassium fluoride, the 

following data are given: 

 Enthalpy of atomization of K = +89 kJ mol⁻¹ 

 Enthalpy of atomization of F₂ = +79 kJ mol⁻¹ 

 Ionization energy of K = +419 kJ mol⁻¹ 

 Electron affinity of F = −328 kJ mol⁻¹ 

 Enthalpy of formation of KF = −567 kJ mol⁻¹ 

(a) Draw a Born–Haber cycle for KF formation. 

(b) Calculate the lattice energy of KF. 

(c) Explain how ionic size affects lattice energy 

in  KF. 

2+2+ 

2 
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vii. 7

. 

When bromine reacts with 

propene in an organic 

solvent at room 

temperature, what is the 

mechanism by which the 

bromine attacks the 

propene? 

 

Electrophili

c 

substitution 

Electrophili

c addition 

Nucleophili

c addition 

Nucleophilic 

substitution 
    

viii. 8

. 

Which one of the 

following reacts with 

aldehyde to give red 

precipitates of copper(I) 

oxide  

Grignard’s 

Reagent 

Fehlings 

solution 

Tollen’s 

solution 
KMnO4     

ix. 9

. 

Identify termination step in 

free radical substitution 

reaction of methane with 

chlorine.  

    

 

 
 

       

 
 

     

x. 1

0

. 

Predict the geometry of 

XeF4 
Tetrahedral  

Trigonal 

planner 

Square 

planner 
V-shaped     

xi. 1

1

. 

Which electronic 

configuration represents 

the most electronegative 

element?   

ns
2
np

2
 ns

2
np

1
 ns

2
np

4
 ns

2
np

5
     

xii. 1

2

. 

Predict which specie upon 

hydrolysis gives acidic 

solution? 

Na2CO3 NaNO3 Cu(OH)2 AlCl3     

xiii.  Identify the most basic 

amine.          

xiv.  Which one of the 

following is a nucleophile? 
NH4

+
 SO3 NH3 NO2 

1+
     

xv.  
 Identify which reagent is 

used to convert ethanal 

into ethanol? 

KMnO4 Zn/HCl H2SO4 LiAlH4     

xvi.  
Suggest why I2 is solid 

while Br2 is liquid at room 

temperature? 

Due to 

strong  

hydrogen 

bonding in 

I2 

Due to 

stronger 

London 

dispersion 

forces in I2  

Due to 

dipole 

dipole 

force in Br2 

Due to ion 

dipole 

force in Br2 

    

xvii.  
Identify carbonyl 

compound that forms an 

iodoform.  

Propanal   Methanal 3-hexanone    Propanone     
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vii. 7

. 

When bromine reacts with 

propene in an organic 

solvent at room 

temperature, what is the 

mechanism by which the 

bromine attacks the 

propene? 

 

Electrophili

c 

substitution 

Electrophili

c addition 

Nucleophili

c addition 

Nucleophilic 

substitution 
    

viii. 8

. 

Which one of the 

following reacts with 

aldehyde to give red 

precipitates of copper(I) 

oxide  

Grignard’s 

Reagent 

Fehlings 

solution 

Tollen’s 

solution 
KMnO4     

ix. 9

. 

Identify termination step in 

free radical substitution 

reaction of methane with 

chlorine.  

    

 

 
 

       

 
 

     

x. 1

0

. 

Predict the geometry of 

XeF4 
Tetrahedral  

Trigonal 

planner 

Square 

planner 
V-shaped     

xi. 1

1

. 

Which electronic 

configuration represents 

the most electronegative 

element?   

ns
2
np

2
 ns

2
np

1
 ns

2
np

4
 ns

2
np

5
     

xii. 1

2

. 

Predict which specie upon 

hydrolysis gives acidic 

solution? 

Na2CO3 NaNO3 Cu(OH)2 AlCl3     

xiii.  Identify the most basic 

amine.          

xiv.  Which one of the 

following is a nucleophile? 
NH4

+
 SO3 NH3 NO2 

1+
     

xv.  
 Identify which reagent is 

used to convert ethanal 

into ethanol? 

KMnO4 Zn/HCl H2SO4 LiAlH4     

xvi.  
Suggest why I2 is solid 

while Br2 is liquid at room 

temperature? 

Due to 

strong  

hydrogen 

bonding in 

I2 

Due to 

stronger 

London 

dispersion 

forces in I2  

Due to 

dipole 

dipole 

force in Br2 

Due to ion 

dipole 

force in Br2 

    

xvii.  
Identify carbonyl 

compound that forms an 

iodoform.  

Propanal   Methanal 3-hexanone    Propanone     
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(ix) 

How 

can you distinguish the above 

compounds A and B from each other? 

Give a chemical test? 

1.5+ 

1.5 

 

OR Describe the preparation methods 

of diethyl amine, (C2H5)2NH using  

a. nucleophilic substitution 

reactions  
b.  reduction of nitro compounds 

1.5+ 

1.5 

(x) A naturally occurring sample of cerium 

contains only four isotopes. 
 

 

136
Ce having isotopic mass of 135.91 

and %age abundance 0.185%,  
138

Ce having isotopic mass of 137.91 

and %age abundance of 0.25%, 
 

140
Ce having isotopic mass of 139.91 

and %age abundance of 88.45%.   

The relative atomic mass of the Ce is 

140.116. 

Use these data to calculate the relative 

isotopic mass of the fourth isotope in 

this sample of cerium. 

1+2 OR Lead(II) chloride is sparingly 

soluble in water.  Solubility of lead 

(II) chloride at 25   is 0.5 gdm
-3

. 

Calculate Ksp of lead(II) chloride 

at 25     

1.5+ 

1.5 

 

(xi) For 6f orbital, give allowed values of 

following quantum numbers.  

i. Principal quantum number 

ii. Azimuthal quantum number 

iii. Magnetic quantum number  

1+1+1 OR Define the following with at least 

one equation in each case.   

a. Standard enthalpy of atomization   

         
b. Standard enthalpy of Lattice  

            

1.5+ 

1.5 

(xii) Define electronegativity. Explain the 

trend of electronegativity down the 

group of the periodic table.   

1+2 OR Calculate volume of 4.5g of H2 at 

STP by using mole-volume 

relationship. 

03 

 

(xiii) What is meant by vapour pressure? 

Following is a table of the vapour 

pressure of water, ethanol and pentane. 

Liquid Vapour 

Pressure 

Water (H2O) 2.44 

Ethanol 

(C2H5OH) 

5.83 

Pentane (C5H10) 59.9 

Explain these variations in vapour 

pressure. 

1+2 OR Calculate pH of a buffer solution 

containing 0.11M HCOOH and 

0.11M HCOONa. pKa of 

methanoic acid at 25   is 3.76. 

1+2 

 

     

  

First Annual 2025 | Section A Q3 | 1 mark

First Annual 2025 | Section A Q4 | 1 mark

First Annual 2025 | Section A Q9 | 1 mark

First Annual 2025 | Section B Q2(iii) | 3 marks

First Annual 2025 | Section B Q2(iv) OR | 3 marks

First Annual 2025 | Section B Q2(iv) | 3 marks



Apollo | original FBISE source crops | 6

First Annual 2025 | Section B Q2(xiii) | 3 marks

First Annual 2025 | Section C Q4 | 6 marks

Second Annual 2025 | Section A Q3 | 1 mark

Second Annual 2025 | Section A Q4 | 1 mark

Second Annual 2025 | Section A Q8 | 1 mark

Second Annual 2025 | Section B Q2(iii) OR | 3 marks

Second Annual 2025 | Section B Q2(iv) | 3 marks

Second Annual 2025 | Section B Q2(v) | 3 marks

Second Annual 2025 | Section B Q2(vi) OR | 3 marks

Second Annual 2025 | Section C Q6 | 6 marks



Apollo | original FBISE source crops | 7

First Annual 2026 | Section B Q2(ii) | 3 marks

First Annual 2026 | Section B Q2(viii) OR | 3 marks

First Annual 2026 | Section B Q2(ix) | 3 marks

First Annual 2026 | Section C Q4 | 6 marks


