REACTIONS OF FUNCTIONAL GROUPS

Most functional groups undergo typical reactions, many of which are useful in industrial
processes and the manufacturing of a number of products.

Reactions of functional groups can be broadly categorised as follows:

Substitution reactions
Addition reactions
Oxidations

Esterification

Condensation polymerisation

arwnhpE

SUBSTITUTION REACTIONS

As the name suggests, one atom from a saturated molecule is removed and another atom
replaces it. For example, when chlorinated hydrocarbons are formed, one or more hydrogen
atoms are removed from saturated molecule and replaced by chlorine atoms.

Example 1

In the formation of dichloromethane CH.Cl,, a useful solvent, two hydrogen atoms are
removed and replaced by chlorine atoms.

Step 1: First substitution. CH,(y) +Clyg) > CH,Clg) + HCl g
Step 2: Second substitution. CH,Cly) +Cl,,) = CH,Cl,,, + HCl,

The above reactions can occur either by heating the two gases or by exposing them to light
(U/V radiation).

If the reactions are allowed to proceed for a considerable length of time, a mixture of four
different chlorinated hydrocarbons will be found. These include chloromethane and
dichloromethane, as shown above as well as CHCI; (trichloromethane or chloroform) and
CCl, (carbon tetrachloride).

In order to obtain a better picture, let us consider the first two reaction again using structural
formulae.

| Heat \
H—c‘;—H + Cl—Cl ——> H—C—Cl + H—Cl
|
H H
H
\ Heat \

H—C—Cl + Cl—Cl —> H—C—Cl + H—Cl

H Cl
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Example 2

In the formation of ethanol from chloroethane, a chlorine atom is removed and replaced by a
hydroxide group of atoms.

CH3CH ZCI(g) + NaOH(aq) —> CH3CH20H(aq) + NaCI(aq)

Using structural formulae:

‘ I‘_| I‘_i Alkaline pH |"| "4 IT'
Hf(‘:*C‘ifc‘Z*Cl +NaOH —> H—-C—C—C—0OH + Nacl
H H H I‘—| Ii| I‘-|

ADDITION REACTIONS

These occur in unsaturated hydrocarbons such as alkenes where the double bond is broken
and two new atoms are added to the molecule. Addition reactions start with two reactants
but have only one product.

Example 1

Chloroethane can be produced by reacting ethene with hydrogen chloride gas, according to
the following reaction:

H H
H\C /H Catalyst | |
—C + H=C —— H—Cc—cC—cl
H/ “H
H H

Example 2

Ethanol is produced industrially by reacting ethene with steam, according to the following
reaction:

H “ M Solid H,PO, I‘—' "4
H H Catalyst ‘ \

H H
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OXIDATION REACTIONS

Alcohols, such as ethanol can be oxidised either naturally by the action of micro-organisms
(Acetobacter) or by an industrial process to produce ethanoic acid (acetic acid). The natural
oxidation by Acetobacter normally produces what we know as vinegar, which has ethanoic

acid as the main component.

Example 1
If wine is left exposed to the air for a considerable period of time, it is slowly converted into

vinegar by the action of Acetobacter in the presence of oxygen according to the following
reaction:

O, gas
CH,CH,OH .,y — CH,COOH,,,
Enzymes
Or, using structural formulae:
H H
H
Y 0, gas | /O
H *(‘3* (‘Z*O - = H f(‘:— C
Enzymes
H ’ H \O— H

Example 2

Ethanol can be oxidised for the industrial production of ethanoic acid by using permanganate
or dichromate as oxidants under acidic conditions, according to the following reaction:

MnO,
CH3CHZOH(aq) - CH3COOH(aq)
H
Or, using structural formulae:
- H
H—C—C—O - i = H—C—C
I H | AN
H H H O—H
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ESTERIFICATION

Esters are “fruity” and pleasant smelling substances and comprise many flavours and scents
found in natural products such as fruits or artificial products such as confectionery and
perfumes. The “mellowing” effect on bottle-aged wines is also due to the formation of esters.

Esters are produced by the reaction of a carboxylic acid with an alcohol. This can be
represented by the following general reaction:

O 0
V4 . H,SO /
R—C + R—OH > r_c”7 + H,0
AN Moderate Heat N
O—H O0—R

Ester Group

The above is also known as a condensation reaction because water is produced and two
functional groups have reacted.

Example 1

A common ester used both as an atrtificial flavour and a solvent is ethyl ethanoate,
commonly known as ethyl acetate.

The reaction is achieved by heating a mixture of ethanol and ethanoic acid solutions with a
small amount of sulphuric acid, which acts as a catalyst.

The reaction occurs as follows:

CH3COOH(aq) +CH3CHZOH(aq) —> CHBCOOCHZCHg(aq) + HZO(|)

Example 2

The analgesic aspirin is an ester obtained from the reaction of salicylic acid (extracted from
willow tea) with ethanoic acid. The ester formed is acetylsalicylic acid.

The reaction is shown below:

(@]
‘ H H,SO “
OH | //O 2 4 OH
+ H—Cli— C\ + H,0
OH H O— H (o)
PN
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CONDENSATION POLYMERISATION

Condensation reactions (removal of water) can also be used to form polymers from two
different monomers, one containing an alcohol or an amino group and the other a carboxylic
acid group.

Example 1

Polyester is a versatile polymer, which has a variety of uses ranging from coating to textile
fibres.

Polyester is formed from the condensation of ethylene glycol and terephtalic acid according
to the reaction below:

HO 0
// / + HO —CH,—CH,—OH
o) OH
Terephtalic Acid Ethylene Glycol
O
o o chycry 0 IZ + H,0
@] @)

Ester Groups
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