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Question 1

(a)  Write the ground state electron configuration of the following elements.

(i) Carbon (2 marks)
() Nitrogen (2 marks)
(k) Oxygen (2 marks)
(1) Sulfur (2 marks)

(b)  With the aid of appropriate illustrations, explain the following terms and concepts
in relation to chemical bonds:

@) Lewis concept of the chemical bond (3 marks)
(ii)  The molecular orbital theory (VSEPR) of chemical bonding (3 marks)
(iii)  The hybridization of atomic orbital, in chemical. (3 marks)

(iv) Write a complete Lewis structure and the corresponding equivalent

resonance structure for each of the following chemical species.

(@)  The chlorate ion (ClO3") (2 marks)
(b)  Isocyanic acid (OCNH) (2 marks)
(¢)  Nitrylchloride (NO2Cl) (2 marks)
(d)  Methyl nitrite CH3NO, (2 marks)

Question 2

a) Briefly describe the structure and bonding characteristics in BF3 molecule in
terms of the following:

i) Lewis model (4 marks)
ii) Valence Shell Electron pair repulsion theory (VSEPR) (4 marks)
iii)  Orbital hybridization (5 marks)

b) On the basis of the Valence Shell Electron pair Repulsion Theory of bonding,
predict and draw the shape of the following molecules: '

i) Methyl Cation CH;" (4 marks)
ii) Phosphorous trichloride PCl3 (4 marks)
iii)  The Carbonate ion COs* ( 4 marks)



Question 3

a) Briefly explain the following terms and concepts and give suitable examples in
each case to illustrate your answers.

i) Meso form (2 marks)
i) Racemic mixture (2 marks)
iii)  Diastereoisomerism (2 marks)
iv)  Optical activity (2 marks)

b) The following sequence of reactions describes a synthesis of 2-hydroxy butanoic
acid (2) through cyanohydrin compound (1). The sequence is an efficient method
for generating a chiral centre in the molecule. Study the sequence and answer the

following questions.
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Synthesis scheme for 2-hydroxy butanoic acid (2)

i) In what sterochemical form is the 2-hydroxy butanoic acid product

(2 marks)
ii) Why is the product 2 obtained in the form identified above?

(2 marks)

iii)  Write a three dimensional structure and the equivalent Fisher projection
formula of (R) — 2 — hydroxy butanoic acid. (4 marks)

c) Specify the configuration as (R) and (S) in each stereogenic centre in the
following molecules: (9 marks)
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Question 4

a)

b)

ii.

‘The structure of tartaric acid, an important compourd in the history of

stereochemistry is HOOC — CH(OH) — CH(OH) - COOH

i) State the number of all the possible stereoisomers of tartaric acid, and
draw the Fisher projection structure of each stereoisomer. (8 marks)

ii) There are two naturally occurring forms of tartaric acid that are both
optically inactive. Name the forms. (4 marks)

Enantiomerically pure amines such as pure (S) — 1 — phenylpropylamine are often
used to resolve racemic forms of acidic compounds such as () lactic acid II.

H
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Briefly describe how (S) — 1 — phenylpropylamine (I) may be used to resolve the
racemic form of lactic acid (IT) into enantiomerically pure acids.
(10 marks)

In the resolution of lactic acid using (S) — 1 — phenylpropylamine as the resolving
agent, the compound obtained by re-crystallization of the mixture of
diastereomeric salts is (S) — 1 — phenylpropylammonium (R) lactate. Name the
other component of the mixture that (being more soluble) remains in solution in
the re-crystallization solvent. (3 marks)



Question §

a)

b)

(i)

(iif)

Briefly explain the following terms. Give an appropriate example in each case to
illustrate your answers

i) Chemical reaction (4 marks)
ii) Reaction profile (4 marks)
ii)  ReactionMechanism (4 marks)

Heating 2-methylcyclohexanol (1) in phosphoric acid (H3POg4) is known to
convert compound (1) into two isomeric products A and B (see reaction below)

Write the correct structures for A and B. (4 marks)

Write a suitable mechanism for the conversion of 2-methylcyclohexanol to the
isomeric products A and B.

Write the sequence of reactions that describe a possible synthesis of cyclohexene
in a laboratory using cyclohexanol, sodium metal and methanol among other
reactions. '
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Question 6

a) Using suitable examples give an outline of one general laboratory method for
preparing:

i) Alkylhalides (CH3CH,),CHCH,X
ii) Alkylamine (CH3; CH; CH; NH;)
b) Write the sequence of reactions and show the products when:

i) Aqueous solution of sodium nitrite (NaNO,) is acidified with dilute

hydrochloric acid. (4 marks)
ii)  Butylamine is treated with acidified solution of sodium nitrite in water.
(5 marks)

iii) Iso propylamine (0CH3 CH (CH3) NH; reacts with acidified solution of
sodium nitrite at 0~C. (4 marks)



