
Do you know your  functional groups?
 in pictures
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Use this poster to help you revise the different functional groups

Carboxylic acids
Carboxylic acids are molecules containing 
the carboxyl group (–COOH).

They are easily deprotonated to form 
carboxylate ions (–COO–), where the 
negative charge is stabilised by resonance. 
This is where the negative charge on the ion 
is spread between the two oxygen atoms.
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Two carboxylic acids can be combined 
to produce an acid anhydride, with the 
elimination of water.
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Aldehydes and ketones
Aldehydes and ketones contain a carbonyl 
group:
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Aldehyde Ketone

The polar bond is what makes these 
compounds reactive:

C O
δ+ δ–

The carbonyl carbon carries a partial 
positive charge (δ+) because the adjacent 
oxygen draws electron density towards 
itself. These compounds readily undergo 
nucleophilic addition at the δ+ carbon atom 
to form a variety of useful products. 

The R-groups push electron density onto 
the δ+ carbon, stabilising the partial charge. 
Since an aldehyde has fewer R-groups than 
a ketone, the δ+ carbonyl carbon is not 
stabilised as much, meaning that aldehydes 
are more reactive than ketones.

Halogenoalkanes and halogenoalkenes
Halogenoalkanes and halogenoalkenes have one or more halogen atoms attached to a 
hydrocarbon chain.

      

Halogenoalkane Halogenoalkene

In the diagrams above ‘X’ may denote any of the halogens: fluorine, chlorine, bromine or 
iodine. Halogens are more electronegative than carbon, making the carbon–halogen bond 
polar.

Halogenoalkanes tend to undergo substitution reactions, with a nucleophile attacking the 
δ+ carbon and the halide ion being lost.

Esters
Esters contain a carbonyl (C=O) attached to 
two variable groups (–R and –OR’).

Esters are commonly made from the 
reaction between alcohols and carboxylic 
acids, using an acid catalyst. Sulfuric acid is 
a common catalyst for esterification. Esters 
can also be made by reacting alcohols with 
acid anhydrides or acyl chlorides.

Aspirin, the commonly used painkiller, 
is an ester produced from salicylic acid (a 
naturally occurring carboxylic acid) and 
ethanoic anhydride.

Esters smell sweet, making them 
responsible for the scent of many 
fruits and flowers. Examples include 
2-methylpropyl ethanoate in raspberries, 
ethyl 2-methylbutyrate in apples and 
3-methylbutyl ethanoate in bananas.

Ethers
Ethers contain two alkyl groups (–R and –R’) connected by an oxygen atom.

      

Ethoxyethane

Ethers are only slightly polar, making their intermolecular forces weak. 
Hence, lighter ethers tend to be volatile (they easily evaporate). They are also 
highly flammable and prone to forming explosive peroxides if left in storage.

Several compounds containing the ether functional group have been used as 
anaesthetics for surgery in the past. However, patients would regularly wake 
up during the operation and so ethers are no longer used for anaesthesia.

Alcohols
Alcohols contain a hydroxyl group (–OH) 
attached directly to a carbon chain, e.g. 
HOCH3 (methanol) or HOC2H5 (ethanol).

Like water, alcohols are polar because 
of the polarised O–H bond. However, 
alcohols are not easily deprotonated like 
carboxylic acids, because the resulting ion 
is unstable.

Primary and secondary alcohols can be 
oxidised to give other useful molecules, 
such as aldehydes, ketones and carboxylic 
acids. Many alcohols can be dehydrated to 
form an alkene, with the loss of water.

Alkenes
Alkenes contain one or more carbon–
carbon double bonds.

      

The four electrons in the double bond of 
ethene give the region between the two 
carbon atoms a high density of negative 
charge. Electrophiles will be attracted to 
this negatively charged region, and tend 
to undergo electrophilic additions, leading 
to the loss of the carbon–carbon double 
bond.

The difference between unsaturated 
and saturated compounds is the number 
of carbon–carbon double bonds within 
them. Saturated molecules have no 
alkene functional groups but unsaturated 
compounds contain one or more C=C 
double bonds.

Amines and amides
Amines contain an –NH2, –NH or –N group. Amides also contain an –NH2, –NH, or –N group, 
but an adjacent carbonyl group causes a change in reactivity.

      

Primary amine Secondary amide

The lone pair of electrons on the nitrogen atom causes amines to act as Lewis bases. The 
lone pair also allows amines to act as nucleophiles in some chemical reactions.

Amines and amides can be used to make synthetic polymers, such as nylon. Proteins 
(polypeptides) also contain amide functional groups as peptide bonds.

A peptide
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