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Important Instructions to Students:

1. There are 9 pages. Read the questions and instructions carefully and answer the questions. '

2. You are allowed an extra 10 minutes of reading time (during this time, you are not allowed to write with
pen) and 180 minutes (3 Hours) to complete this paper.

3. Silent, non-programmable calculators are allowed, but not supplied.

4. Write all your answers in the answer booklet provided. If you need extra sheets, please ask the supervisor,
Write your name, course code and student identification number in the answer booklet and in the
attendance sheet. :

5. This paper contains three (3) sections A, B, and C. All questions are compulsory to answer.

6. Write all your answers legibly. Ensure that all question numbers aré properly written before the answer,
The marker has the right to award zero for answers that are not legible.

7. This is a Closed Book Examination, The University views plagiarism, cheating and dishonest practice as
serious offences and if found, offenders are penalized.

Examination Paper Content (Format):

Section | Question | Content | Marks | Suggested Time
A 1-20 Multiple Choice - 20 20 minutes
B 1-5 Short Answer Questions , 50 120 minutes
C 1-3 Long Answer Questions 30 40 minutes
TOTAL : 100 180 Minutes

Reglstered with the Fiji Higher Education Commission as a University under the Higher Education Act 2008,

Reglstration Certificate Number (RGN0020/11)
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SECTION A MULTIPLE CHOICE QUESTIONS 20 MARKS

There are 20 multiple choice questions. All are compulsory. Write the letter of the best answer in your
answer booklet.

L.

According to Baeyer’s strain theory, the instability of small cycloalkanes is mainly due to:
A. Torsional strain only

B. Angle strain due to deviation from ideal bond angles

C. Resonance effects

D. Steric hindrance

Cyclopropane exhibits unusual reactivity because:

A. 1t is aromatic

B. Its C—C bonds are bent (“banana bonds™) and have increased p-character
C. It has no strain

D. It has conjugated double bonds

In a monosubstituted cyclohexane, the substituent is most stable when it is in the:
A. Axial position '

B. Equatorial position

C. Planar position

D. Bridgehead position

The 1,3-diaxial interaction in cyclohexane arises between:

A. Two equatorial hydrogens on adjacent carbons

B. An axial substituent on C1 and axial hydrogens on C3 and C5
C. Substituents on opposite sides of the ring

D. Axial substituent and equatorial substituent on the same carbon

Gauche interaction in butane is:

A. Steric strain when methyl groups are 60° apart
B. Torsional strain between eclipsed hydrogens
C. The most stable conformation

D. Hydrogen bonding interaction

In the chair conformation of cyclohexane, ring inversion (flip):
A. Converts all axial bonds to equatorial and vice versa

B. Leaves all substituents in the same orientation

C. Is impossible at room temperature

D. Destroys the ring structure

The Friedel-Crafts allcylation of benzene is often limited by:
A. Overalkylation and carbocation rearrangements

B. Lack of reactivity of benzene

C. Formation of only meta products

D. Steric hindrance from catalyst
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8. Which of the following is a strong deactivator and meta-directing group in Electrophilic Aromatic

Substitution (EAS)?
A. —CHs

B. -OH

C. -NO:

D. —-OCHs

9. Huckel’s rule for aromaticity requires that a planar ¢yclic molecule must have:
A, 4n m electrons
B. 4n+2 z electrons
C. Any even number of n electrons
D. 2n 7 electrons

10. Cyclooctatetraene (COT) is classified as:
A. Aromatic and planar
B. Antiaromatic and planar
C. Nonaromatic and tub-shaped (nonplanar)
D. Aromatic only when ionized

11. Cyclopentadienyl anion (CsHs") is aromatic because it has:
A. 4 welectrons '
B. 6 melectrons and a planar conjugated system
C. 8 melectrons
D. No delocalization

12. The tropylium ion (C-H7*) is aromatic because it has:
A. 4 7 electrons '
B. 6 = electrons delocalized over 7 atoms
C. 8 melectrons
D. 10 x electrons

13. In Electrophilic Aromatic Substitution (EAS), the rate-determining step is:
A. Deprotonation to restore aromaticity ‘
B. Formation of the o-complex (arenium iomn)
C. Electrophile generation
D. Protonation of the aromatic ring

14. The Friedel-Crafts reaction cannot occur on nitrobenzene because:;
A. The nitro group deactivates the ring and binds to Lewis acid catalyst
B. Nitrobenzene is too reactive
C. The nitro group is ortho/para directing
D. Nitro group promotes polymerization
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15. In naphthalene, electrophilic substitution occurs preferentially at:
A. 1-position (a-position)
B. 2-position (B-position)
C. 4-position only
D. Both rings equally

16. Which heterocycle is aromatic and basic, because its lone pair on nitrogen does not participate in the
aromatic 7 system?
A. Pyrrole
B. Furan
C. Pyridine
D. Thiophene

17. Which of the following is antiaromatic?
A, Cyclobutadiene (4 m electrons, planar)
B. Benzene (6 7 -clectrons)
C. Cyclopentadienyl anion (6 7 electrons})
D. Tropylium ion (6 ® electroris)

18. Which reagent is commonly used for nitration of benzene?
A. Ha/Pd
B. HNOs + H2SO4
C. Clz+FeCls
D. Br:only

19. Which substituent is aix ortho/para director and activating?

A. -NO»
B. -Cl

C. -OH
D. —CFs

20. The major product of bromination of benzene using Br. / FeBrs is:
A. Bromobenzene (via EAS) ,
B. Bromocyclohexane (via addition)
C. Bromobenzene plus addition across ring double bonds
D. No reaction

A Sttt T ———
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SECTION B SHORT ANSWER QUESTIONS 50 MARKS

Answer ALL QUESTIONS in this section. Ensure that all mechanisms, diagrams, reactions and
calculations are neatly shown in your answer booklet, Each question is worth 10 marks,

Question 1 [10 Marks]
a) Define alicyclic compound and give two examples, (2 marks)
b) Explain Baeyer’s strain theory of small ring compounds using examples, (3 marks)
¢) Discuss the limitations of Baeyer’s strain theory. _ (2 marks)

d) Explain, using a diagram, why the cis-decalin conformation is less stable than trans-decalin.

(3 marks)
Questibn 2 10 Marks]
a) Differentiate angle strain, torsional strain, and steric strain. (3 marks)

b) Using a diagram, describe the chair conformation of cyclohexane, labelling axial and equatorial
“bonds. (3 marks)

¢) Draw and explain the effect of 1,3-diaxial interactions on the stability of substituted cyclohexanes.
' (2 marks)

d) Explain with a diagram the Gauche butane interaction and how it affects potential energy.

(2 marks)
Question 3 [10 Marks]
a) State Hiickel’s rule for aromaticity. (1 mark)

b) Draw the structure and classify the following as aromatic, antiaromatic, or nonaromatic:
(i) Cyclopropenyl cation
(ii) Cyclopentadienyl anion
(iii) Cyclooctatetraene (3 marks}

¢} Using Frost-Musulin diagram, show the molecular orbital levels for benzene. (1 mark)

d) Draw and explain why cyclooctatetraene (CgHg) adopts a tub conformation instead of being planar,
(2 marks)
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¢) Draw and compare the two possible chair conformations of trans-1,2-dimethylcyclohexane. Indicate
which is more stable and why. Ensure to show you methyl groups and the axial and equatorial bonds
clearly. (3 marks)

aER}

Question 4 : {10 Marks]
a) Write the overall balanced equation for the sulfonation of benzene and name the product,

(2 marks)

b) Draw and label the stepwise mechanism, showing the formation of the electrophile (SOsH") and the
o-complex intermediate. ' (4 marks)

¢) Explain how the reaction is reversible and how temperature affects sulfonation vs. desulfonation,

(2 marks)
d) Identify the electrophile and the catalyst used in this reaction. (2 marks)
Question 5 [10 Marks]
a) Draw the nitration mechanism of toluene, showing all major resonance structures of the o-complex
that lead to ortho and para substitution. (4 marks)

CHy

b) Explain why the —CHs group activates the ring and directs substitution to the ortho and para
positions. Support your answer with resonance or inductive effects. (2 marks)

¢} Predict the major product of bromination of nitrobenzene, stating the directing effect of the nitro
group and showing where substitution occurs. (3 marks)

d) Identify one meta-directing and one ortho/para-directing group from your examples above.
' (1 mark)
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SECTION C

LONG ANSWER QUESTION

30 MARKS

Answer ALL QUESTIONS in this section. Ensure that all mechanisms, diagrams, reactions and
calculations are neatly shown in your answer booklet. Each question is worth 10 marks.

Question 1

[10 Marks]

A stadent decided to test her knowledge on the mechanisms of nucleophilic addition to Carbonyl
Compounds. Deduce the outcomes of the questions given below.

a)} Draw the full stepwise mechanism showing addition of HCN to acetone (CH;COCHz) using curly
arrows, Show proton transfers and resonance forms.

1
C
1 HsC”™ CHj

b) Name the intermediate and the nucleophile formed.

Question 2

(8 marks)

(2 marks)

[10 Marks]

A student conducted hydrolysis of ethyl acetate (CHaCOOCHzCHa), an ester, to observe the acid and base
catalysed reactions. She obtained the following results:

| Time Talen for

Reaction pH Change Observation
Condition - Change
Acid {HCL, 1 M) Slight decrease Slight acetic acid smell, slow 8 mins
(acid formation) reaction '
Base (NaOH, 1 M) | Increase (acetate | Ethanol smell, faster reaction 2 mins
formation) '
a) State the functional group of esters. (1 mark)

b) Why is the reaction faster in base reaction condition than in the acid reaction condition?

(1 mark)

¢) What is the difference between acid-catalysed and base-catalysed hydrolysis of esters?

- d) Write balanced equations for both the reactions.

(i) Acid
(ii) Base

e) Name the process of base-catalysed hydrolysis reactions?

(1 mark)

(2 marks)

(1 mark)
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f) State two ways in which you can monitor the progress of a hydrolysis reaction. (1 mark)

g) Why is base-catalysed hydrolysis irreversible? (1 mark)
h) Show the mechanism of carboxylate anion in the base-catalysed reaction. (2 marks)
Question 3 [10 Marks]

A student investigated and compared the solubility, density, and relative reactivity of chlorobenzene and
bromobenzene to understand the relation of these properties to their molecular structures. She obtained the
following results.

Compound Solubility in Solubility in Solubility in | Density relative to | Reactivity
Water Ethanol Hexane Water :
Chlorobenzene | Insoluble Partially soluble | Soluble Floats (p~ 1.11 Unreactive
g/ml)
Bromobenzene | Insoluble Partially soluble | Soluble Sinks (p =~ 1.49 Unreactive
g/ml)

a) What type of intermolecular forces are present in halogenafed aromatic compounds?
' {1 mark)

b) Why are Chlorobenzene and Bromobenzene insoluble in water but soluble in Hexane?
(2 marks)

c) What accounts for the difference in the density between Bromobenzene and Chlorobenzene?
' (1 mark)

d) Differentiate between aryl halides and alkyl halides? - | _ (1 mark)

¢) Explain why aryl halides are much less reactive toward nucleophilic substitution compared to alkyl
halides. (1 mark)

f) Draw the respective resonance structures for Chlorobenzene and Bromobenzene showing how the
halogen atom interacts with the benzene ring.

(i) Chlorobenzene (2 marks)

(ii) Bromobenzene (2 marks)
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THE END
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