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INSTRUCTIONS:

* The paper consists of two sections.
e Section A is compulsory (30 marks).
* Answer any two questions from section B (each 20 marks).

SECTION A (COMPULSORY) (30 MARKS)

QUESTION ONE (30 MARKS)
a) Briefly explain the following terms
1) Carboxylic acid derivatives (1 mark)
(i1) Functional groups (1 mark)
b) Identify and name the functional groups present in the following molecules
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(6 marks)
c) Provide the IUPAC names for each of the following compounds
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(6 marks)
e) Draw the following molecules, based on their [UPAC name:
1) 2-hydroxy-5,5-dimethylheptanedioic acid
(i1) Methyl ethanoate
(ii1) Acetamide
@iv) Nitroaniline
v) Phenylethanal (10 marks)
f) Given a primary, secondary, and a tertiary amine, describe a chemical test that one can use
in the laboratory to distinguish the three. (2 marks)
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g) Aldehydes and ketones possess two sites where reactions can take place and therefore can
undergo two types of reactions. With illustration, describe the two reactions. (4 marks)

SECTION B (ATTEMPT ANY TWO QUESTIONS)

QUESTION TWO (20 MARKS)
a) Complete the following reactions and provide the name for the resulting product(s).
(1) CH;CH,COOH + NaOH >

(i)  CH;CH,CH,COOH + CH;0H

0]
H+
OCHCH3 + H,0 =————=
(iif)

CH,

CI'O3

(IV) CH3CHCH20H H30+

KMnOy, heat
v) >
(10 marks)
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b) Soap is made through base hydrolysis of fatty acid, a process called saponification.

(i) Complete the reaction below by showing all the products formed.

ﬁ
H,C—O0——C—R,
ﬁ +  NaOH
%
HC O C Re H,0, heat
ﬁ
H,C——O0——C—R;
(4 marks)
(i1) Describe the mechanism of soap action in removal of grease. (6 marks)
QUESTION THREE (20 MARKS)
a) Esters are synthesized through esterification, which can either be a ‘direct esterification’
or ‘indirect esterification’. Using examples describe the two processes. (4 marks)
b) The reaction between an ester and a Grignard reaction is one of the routes applied to

synthesize alcohols. In the reaction below, use curvy arrows to indicate the mechanism
resulting in the formation of an alcohol.

CH;MgBr
H,O

CH;CH,COOCH; +

(5 marks)

c) List four physical properties of esters (4 marks)
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d)

€)

Condensation polymerization has come in handy in synthesis of polymers, which have
found application in various ways. One of the most important polymer is polyethylene
terephthalate commonly known as PET. Identify the starting materials in the synthesis of
PET. (4 marks)

Carboxylic acids have higher boiling points compared to ketones, aldehydes and alcohols
of similar molar mass. Discuss why this is so. (3 marks)

QUESTION FOUR (20 MARKS)

a)

b)

c)

For the compounds shown below, identify them as either primary (1¢), secondary (2°) or
tertiary amines (3°).

CH,NH,
(1) (ii)
N
H
CHj
N
\\\CH3

NH;
(111) (iv) /\/\/

(4 marks)

Explain why short chain amines are soluble in water while long chain amines are only
sparingly soluble in water. (2 marks)

Complete the reactions below to show the products formed and their names. Identify the
one which is a direct amidification and the indirect procedure.
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Catalyst, reflux

3 NaOH
(i) CH,COCl + CH3NH, ——————

[6 marks]
Clearly illustrate the structural difference between the following
(1) Thiols and alcohols
(i1) Thioesters and Esters
(1i1) Thiocarbonyls and carbonyls (6 marks)

Describe a simple chemical procedure that can be used in the laboratory to identify
carboxylic acids. (2 marks)

QUESTION FIVE (20 MARKS)

a)

Enols are easily converted to more stable keto forms through a process called
tautomerization. In the reaction shown below, use curvy arrows to show the mechanism
for acid catalysed enol-keto tautomerism.

H;0"

c—¢C

H4C CH,

(5 marks)
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b)

d)

€)

Describe a chemical identification procedure that is used to distinguish between a ketone
and an aldehyde. Be careful to indicate the chemical reaction involved. (5 marks)

Breifly expain the following terms as used in spectroscopy
(i) Spectroscopy
(1) Fingerprint region (2 marks)

The figure shown below is an infrared (IR) spectrum for butanoic acid. Indicate the
stretching frequencies for OH and CO (carbonyl) group.

Ahsorhance f %9

1]

=04
CH,CH,CH,CO,H

100 T T T T T T T

4000 Joon 2500 2000 1500 1000 00

Wavenunhers fcm'l
(4 marks)

Quinones belong to the family of antioxidants which are useful in the body. Describe how
antioxidants work to render them useful in the body. (2 marks)

Carboxylic acids are described as highly polar. Using any carboxylic acid, illustrate this
phenomenon. (2 marks)
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