
Organic chemistry is the study of carbon-containing 
compounds. Carbon is remarkable in its ability to 
bond in many different ways with other carbon 
atoms, or with atoms of other elements, to form the 
millions of organic compounds known to chemists. 
Historically, organic compounds were associated 
with living things, but these days chemists can 
manufacture organic compounds for a variety 
of uses. What are organic compounds and how 
do chemists keep track of the large number of 
compounds and their uses?

You will examine:

 ■ why carbon forms so many different compounds
 ■ structures of hydrocarbons (alkanes, alkenes, alkynes, 
cyclohexane and benzene)

 ■ structures of organic compounds containing other 
functional groups (alcohols, aldehydes, ketones, 
carboxylic acids, primary amines, primary amides, 
haloalkanes)

 ■ molecular, structural, skeletal and semi-structural 
formulas

 ■ systematic naming of non-cyclic hydrocarbons, 
haloalkanes, primary amines, alcohols (primary, 
secondary, tertiary), carboxylic acids and non-branched 
esters.

CHaPTeR

Crystals of urea. Urea has a unique place in the 
history of chemistry. The first isolation of urea 
crystals from inorganic materials by Friedrich 
Wohler in 1828 was not well received, because 
until then scientists firmly believed in the 
theory of ‘vitalism’. This theory proposed that 
organic chemicals could be produced only by 
living organisms. Like many discoveries, it was 
accidental. He was trying to make ammonium 
cyanate by mixing ammonium chloride with 
silver cyanate. He excitedly wrote to Berzelius: 
‘I must tell you that I can make urea without the 
use of kidneys, either man or dog.’ The theory 
of vitalism had been discredited; gradually more 
and more organic chemicals were artificially 
produced in the laboratory and then, increasingly, 
on a larger scale. Now, millions of organic 
chemicals are involved in industrial processes 
each year. Urea is known to be a waste product 
of many living organisms, and it is the major 
organic component of human urine; it is the end 
product of a series of reactions that break down 
the amino acids that make up proteins.

8 Structures and 
nomenclature of 
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213CHAPTER 8 Structures and nomenclature of organic compounds

Carbon: a unique element
It has been estimated that over four million compounds containing carbon 
and hydrogen (hydrocarbons) have formulas known to chemists. This is 
more than the number of compounds of all the other elements put together. 
Each year, chemists make thousands more new carbon compounds. Why can 
carbon form such an enormous number of compounds? The answer lies in its 
unique structural and bonding properties. 
•	 The electronegativity of carbon is too low for a carbon atom to attract elec-

trons from another element to form a negative ion, and it is too high to 
release electrons to another element to form a positive ion. Instead, it forms 
covalent bonds with many other atoms. 

•	 Carbon has four outershell electrons, which it can share with atoms of H, 
O, N, S, P and the halogens to form strong covalent bonds. In doing so, the 
fully shared octet of electrons is responsible for the relative stability of its 
compounds. 

•	 Because of their small size, carbon atoms can get close enough to form 
strong double and triple bonds with itself, as well as ring structures when its 
ends are joined. The ability of carbon to form strong bonds to itself enables 
it to catenate, meaning that it can form chains and rings of various sizes. 
No element other than silicon has this ability. This is the basis for the many 
stable compounds of carbon. 

•	 The ability of carbon to form four covalent bonds means that a chain of 
carbon atoms can have many different groups attached to it, and this leads 
to a wide diversity of compounds. 
The bond energies in table 8.1 show that carbon forms relatively strong 

bonds with other carbon atoms as well as with atoms of other elements. (Bond 
energy is a measure of the amount of energy needed to break apart 1 mole of 
covalently bonded molecules in the gaseous state.) 

Table 8.1 Comparison of bond energies (kJ mol–1)

Different elements Same elements

H—H 436 C—H 414 N—H 391 O—H 463 C—C 346

H—C 414 C—C 346 N—C 286 O—C 358 C——C 614

H—N 391 C—N 286 N—N 158 O—N 214 Cl—Cl 242

H—O 463 C—O 358 N—O 214 O—O 144 Br—Br 193

H—F 567 C—F 492 N—F 278 O—F 191 I—I 151

H—Cl 431 C—Cl 324 N—Cl 192 O—Cl 206 H—H 436

Organic chemistry
The diversity of carbon compounds is responsible for the diversity of life itself. 
You yourself are a unique individual made up of millions of carbon-containing 
molecules. For a long time, it was thought that only living things could make 
the more complex carbon compounds. The term ‘organic’ means living, and 
organic chemistry was initially the study of carbon compounds in plants and 
animals. As mentioned previously, we now know that many complex carbon 
compounds can also be artificially synthesised in the laboratory. Organic 
chemistry is now usually defined as the branch of chemistry concerned with 
the study of carbon compounds containing C—H bonds, excluding com-
pounds such as cyanides (e.g. HCN), the oxides of carbon (e.g. CO and CO2) 
and carbonates (e.g. CaCO3), which are all inorganic compounds. (In contrast, 
the study of chemistry in living things is called biochemistry.)

C

H H

HH

x x

xx

Outershell electron 
arrangement showing fully 
shared octet of electrons 
in methane. An outer shell 
of eight electrons (an octet) 
confers relative stability within 
carbon compounds.

Organic chemistry is the study of 
carbon-containing compounds 
and their properties.
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The knowledge that carbon forms the basis of the 
molecules of life means that the study of organic chem-
istry is of central importance to the understanding of 
the chemistry and biology of living systems. Knowledge 
of organic chemistry enables chemists to develop and 
manufacture drugs, agricultural chemicals, anaesthetics 
and other chemicals essential to human life processes. 
Other non-biological organic compounds that are impor-
tant to our modern society are polymers, such as plastics 
and nylon, soaps, detergents and dyes.

Organic chemists can organise this vast number of 
compounds into a relatively small number of categ-
ories based on their chemical properties and behaviours 
in chemical reactions. To identify each unique organic 
compound from the millions of compounds, chemists 
use a formal set of nomenclatural rules agreed upon by 
an international committee. Many of the organic sub-
stances that we come across in our everyday lives are 
known to us by their common names, such as aspirin 
instead of 2-acetoxybenzoic acid. When we are sick, 
doctors may prescribe penicillin rather than 6[(5-amino- 
5-carboxyl-1-oxopentyl)amino]-3,3-dimethyl-7-oxopentyl- 
4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid! In  
this chapter, we will look at the structures and 
nomenclature of the organic family groups of alkanes, 
alkenes and alkynes, and how functional groups can be 

added to them to alter the physical and chemical properties of these groups of 
compounds.

Table 8.2 Some examples of natural and synthetic organic compounds

natural compounds

Type of compound Occurrence and use

carbohydrates (sugars and starches)

protein

fats and oils 

hydrocarbons 

enzymes 

vitamins 
 

alkaloids

source of energy found in food

source of compounds for the growth and repair of tissues, e.g. hair and muscles

source of energy found in food and stored (as fats) in the body; used in cooking 
and for making soaps

many found in crude oil and natural gas; used as fuels, e.g. octane compounds 
form a large part of petrol, and methane is a gas used for cooking

complex protein molecules found in plants and animals; catalysis of biochemical 
reactions

complex molecules found in many foods and required in the diet for good 
health, e.g. ascorbic acid (vitamin C) is present in citrus fruits such as oranges

found in a variety of compounds including medicines such as quinine; betel nut 
contains about nine alkaloids

Synthetic compounds

Type of compound Examples

soaps and detergents

antibiotics

polymers

sodium palmitate, C15H31COONa, a soap made from palm oil

penicillin

plastics, which are polymers of different monomers, e.g. polyethene, polystyrene, 
nylon

Organic chemistry provides the basis for many useful 
chemicals.
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215CHAPTER 8 Structures and nomenclature of organic compounds

Hydrocarbons
Hydrocarbons are the simplest organic compounds and are composed solely 
of carbon and hydrogen. They are obtained mainly from crude oil and are 
used as fuels or solvents or in the production of plastics, dyes, pharmaceuti-
cals, explosives and other industrial chemicals. The organic families studied 
in this chapter contain various percentages of carbon and hydrogen atoms; 
they include the alkanes, alkenes and alkynes, which are classified as aliphatic 
compounds, and benzene, which is an aromatic compound. 

ethaneH HC

H

C

H

H H

ethene

H

H

H

H

C C

ethyneC C HH

benzene
C

H H

H H

C
C

C

C
C

H

H

Carbon compounds — the structural arrangement of ethane, ethene, ethyne and 
the benzene ring. Carbon can form a ring structure as well as single or multiple 
bonds with itself.

Alkanes
The simplest family of hydrocarbons is the alkanes. Alkane compounds have 
single carbon–carbon bonds. They are said to be saturated organic compounds 
since each carbon atom is bound to the maximum number of four other atoms. 
Being saturated hydrocarbons, they cannot take up any more hydrogen 
atoms, whereas unsaturated hydrocarbons can take up more hydrogen or 
other single atoms (such as Cl) or groups of atoms (such as the —OH group).

(b)

109.5°

(c)

H HC

H

H

(d)

HH

C

H

H

(a)

A methane molecule. (a) and 
(b) are ball-and-stick models 
of methane showing its 
tetrahedral arrangement. The 
bond angles are 109.5 ° each. 
(c) and (d) show two ways of 
representing the structural 
arrangement of methane: a 
simple representation and 
a tetrahedral structural 
arrangement of the molecule. 
Hydrocarbon chains with two 
or more carbon atoms are 
not really straight but zigzag 
because of the bond angles 
of 109.5 °.

The simplest alkane is methane, CH4, which is a colourless gas. The four 
hydrogen atoms in methane are covalently bonded to the carbon atom, and 
methane takes the shape of a regular tetrahedron. The addition of a —CH2 unit 
to methane forms the next alkane member, ethane, CH3CH3 or C2H6 . Addition 

The benzene ring is usually 
drawn as a circle inside a 
hexagon.

C6H6

elesson
Homologous series of alkanes
eles-2477

UNCORRECTED P
AGE P

ROOFS



UniT 4216

of two —CH2 units gives propane, CH3CH2CH3 or C3H8. Alkanes with carbon 
atoms in long chains are known as straight-chain hydrocarbons. Alkanes have 
the structural formula CnH2n + 2, where n is an integer.

A family of carbon compounds that are structurally related and where 
members of the family can be represented by a general formula is called a 
homologous series. Successive members of a homologous series have for-
mulas that differ by CH2. Each is named for the number of carbon atoms in the 
longest chain. The first four alkanes are gases at room temperature.

Table 8.3 The first four members of the alkane homologous series

Alkane

Semi-structural 
(condensed) 

formula Source Uses

methane CH4 natural gas or 
biogas

•	 fuel
•	 synthesis of other 

chemicals

ethane CH3CH3 natural gas •	 manufacture of ethene
•	 refrigerant in 

cryogenic systems

propane CH3CH2CH3 natural gas 
processing or 
petroleum refining

•	 fuel, e.g. in gas 
cylinders for heating

•	 propellant for aerosols

butane CH3CH2CH2CH3 natural gas 
processing or 
petroleum refining

•	 fuel, e.g. cigarette 
lighters and portable 
stoves

•	 synthesis of other 
chemicals

•	 propellant for aerosols

The next four members of the alkane homologous series are:
•	 pentane, C5H12
•	 hexane, C6H14
•	 heptane, C7H16
•	 octane, C8H18.

Alkanes are saturated 
hydrocarbons containing only 
single carbon bonds, C—C. They 
have the general formula CnH2n + 2.

Propane is used to heat the 
air in hot air balloons. Propane 
is a member of the alkane 
homologous series.

elesson
Naming alkanes
eles-2484
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217CHAPTER 8 Structures and nomenclature of organic compounds

Revision questions

1. What is organic chemistry? Give three examples of organic compounds and 
three examples of inorganic compounds.

2. If the bond energy of H—F is 565 kJ mol–1, what is the overall bond energy of 
2 moles of HF?

3. What is the molecular formula of the alkane containing 18 hydrogen atoms?

Formulas
There are many ways that formulas of compounds can be written. Using butane 
as an example, some are listed in table 8.4.

Table 8.4 Different ways of representing butane molecules

Formula Example notes

molecular C4H10 This shows the number and kinds of atoms in a molecule.

empirical C2H5 This shows the simplest whole number ratio of atoms in a molecule.

structural

H

H

H

H
C

HH

CC
C

HH

H

H

or
H

H

CH

H

H

C

H

H

C

H

H

C H

This shows the actual arrangement of atoms in a molecule. As 
molecules become longer, the second example of a structural formula 
tends to be used.

semi-structural 
or condensed

CH3CH2CH2CH3 or 
CH3(CH2)2CH3

These can be written on a single line, with each carbon atom being 
followed by the atoms that are joined to it. Repeated CH2 groups can 
be collected together in brackets with a subscript as shown. 

skeletal There is a carbon atom at each join and at the ends of the line. There 
are enough hydrogen atoms to complete the octet of electrons around 
each carbon atom. This representation is usually used for more 
complex molecules.

3D structural 

H
H

C HC

C

H

H

H

H
C

H

H

H

This shows the 3D arrangement of atoms, with the bonds represented 
as follows:
•	 The continuous line is in the plane of the paper.
•	 The dashed line extends to the back of the paper.
•	 The solid wedge comes out of the plane of the paper.

Branched hydrocarbon chains and isomers
For the first three alkanes — methane, ethane and propane — there is only 
one way of arranging the atoms and that is the straight-chain arrangement. 
There are two ways of arranging the carbon and hydrogen atoms in butane; 
hence there are two structures. One is the straight-chain structure and the 
other is the branched-chain structure.

Each of the two structures of butane satisfies the valence of carbon and 
hydrogen atoms, and each is a neutral and stable molecule. Their chemical 

elesson
Isomers
eles-2478
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and physical properties are similar but not identical. For instance, straight-
chain butane has a boiling point of –1 °C, while the branched chain molecule, 
2-methylpropane, has a boiling point of –12 °C. Butane and 2-methylpropane 
are called structural isomers because they have the same molecular formula 
but different arrangements of atoms.

The number of possible ways of com-
bining the atoms to form isomers increases 
with the number of carbon atoms in the 
molecule. Pentane, C5H12, has three isomers, 
heptane, C7H16, has nine, while decane, 
C10H22, has 75 isomers. For C15H32, there are 
4347 possible isomers and for C40H82, there 
are more than 6 × 1013 possible isomers. 
Isomerism is responsible for the enormous 
number of organic compounds that are 
known. Isomers are discussed in more detail 
in chapter 9.

Sample problem 8.1

Write the structural isomers for molecules with the formula C4H10.

C

H

H

H C

H

H

C

H

H

butane

C

H

H

H C

H

H

H C

H

C

H

C

H H

H

H

2-methylpropane

H

Revision questions

4. Show the molecular, empirical, semi-structural and skeletal structures of 
propane.

5. (a) Draw the structural formulas for the three isomers of C5H12.
(b) Draw skeletal formulas for the three isomers of C5H12.

6. How many isomers are there for hexane? Draw their structural formulas.
7. Why can carbon form such an enormous number of different compounds?

nomenclature: the system for naming organic compounds
Having many different structures for compounds with the same molecular 
formula can cause problems when discussing organic compounds. A system 
for naming each is essential for scientists to be able to identify each isomer. 
Chemists follow the International Union of Pure and Applied Chemistry 
(IUPAC) method of systematically naming the vast number of organic 
compounds. 

A branched chain alkane is named using the following rules.
1. Identify and name the longest unbranched carbon chain. (It is helpful to 

highlight this chain.)

Structural isomers have the same 
molecular formula but different 
arrangements of atoms and, 
therefore, different unique names.

Solution:

The International Union of Pure 
and Applied Chemistry is an 
international organisation that 
represents chemists in different 
countries.

Models of butane and 2-methylpropane
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219CHAPTER 8 Structures and nomenclature of organic compounds

2. Number the carbon atoms in the longest unbranched chain, starting with 
the carbon atom at the end nearest the branch.

3. Identify the branching group(s) of atoms, and state the number of the 
carbon atom to which it is attached. Branches are named using -yl. For 
example, a branched group of —CH3 would be named methyl, CH3CH2— 
would be ethyl, CH3CH3CH2— would be propyl, and so on.

4. For molecules with two or more branches of the same type, the branch type 
is named and a prefix (di-, tri-, tetra- etc.) is used to indicate the number of 
branches.

5. Branches are listed in alphabetical order, ignoring the prefix in rule 4, e.g. 
ethyl is written before methyl or dimethyl.

Sample problem 8.2

Use the rules for naming organic compounds to systematically name the 
 following compounds.

CH3 CH2 CH2 CH

CH2

CH3

CH3(a)

CH3 CH CH CH2 CH3

CH3

CH3(b)

6CH3
5CH2

4CH2
3CH

2CH2

1CH3

CH3(a)

Rule 1:  The longest unbranched carbon chain contains 6 carbon atoms, so it is 
a hexane.

Rule 2:  The carbon atoms of the longest unbranched chain are numbered 
from right to left, because the —CH3 branch is closest to the right and 
so it is attached to the lowest numbered carbon atom.

Rule 3:  The branching chain is —CH3, so it is methyl and is attached to carbon 
atom 3.

Therefore, the name of the molecule is 3-methylhexane. Note that the name is 
written without spaces.

(b)

1CH3
2CH 3CH 4CH2

5CH3

CH3

CH3

Rule 1:  The longest unbranched carbon chain contains 5 carbon atoms, so it is 
a pentane.

Rule 2:  The carbon atoms of the longest unbranched chain are numbered 
from left to right, because the branches are closest to the left.

Rule 3:  The branching chains are —CH3, so they are methyls and attached to 
carbon atoms 2 and 3.

Rule 4:  The two branches are both —CH3, so they are named dimethyl.

Therefore, the name of the molecule is 2,3-dimethylpentane.

Solution:
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Revision questions

 8. Name the following compounds.

CH3

CH2

CH3CH

CH3

(a) CH3

CH2 CH3CH2CH3

CH2

CH

(b)

CH3 CH3C

CH3

CH3(c)

 9. Write the semi-structural formulas for the compounds in question 8.
10. (a) What is wrong with the name 3-methylbutane?

(b) What is wrong with the name 3-ethylpropane?

Alkenes
Double bonds between carbon atoms are formed when two hydrogen atoms 
are removed from alkanes. These hydrocarbons are said to be unsaturated. 
Hydrocarbons with one or more carbon–carbon double bonds per mol-
ecule are members of the homologous series called alkenes. The general 
formula for alkenes is CnH2n. The first two members of the alkene series 
are ethene, C2H4, and propene, C3H6. Their structural formulas are shown 
below.

C

ethene

H

H

H

H

C
C

propene

H

H

H

HH

C C H

Ethene is also commonly known as ethylene. It is produced naturally by 
some plants, and it aids in ripening fruit. It can also be produced artificially by 
heating petroleum in the absence of air in a process called cracking. Ethene is 
an important raw product for making many chemicals and plastics.

Table 8.5 Members of the alkene homologous series up to C8

Systematic name Formula Structural formula

ethene C2H4 H2C CH2

prop-1-ene C3H6 H2C CHCH3

but-1-ene C4H8 H2C CHCH2CH3

pent-1-ene C5H10 H2C CH(CH2)2CH3

hex-1-ene C6H12 H2C CH(CH2)3CH3

hept-1-ene C7H14 H2C CH(CH2)4CH3

oct-1-ene C8H16 H2C CH(CH2)5CH3

nomenclature of alkenes
Table 8.5 shows the first seven members of the alkene series. Alkenes are named 
using the same general rules described for alkanes except that the suffix -ene is 
added instead of -ane, and the number of the carbon atom after which the double 
bond is positioned is indicated. The longest unbranched chain must contain the 
double bond, so the molecule CH3CH2CH CHCH3 is named pent-2-ene.

Unit 4

Do more
Systematic naming 
of alkanes and 
alkenes

aOS 1

Topic 2

Concept 2

Digital document 
Experiment 8.1 Constructing models 
of hydrocarbons
doc-18816
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221CHAPTER 8 Structures and nomenclature of organic compounds

•	 The ‘2’ indicates the position of double bond between carbon atoms 2 and 
3 (the lower number is used in the formula, and numbering starts from the 
carbon atom closest to the double bond)

•	 ‘pentene’ indicates that five carbon atoms are present in the unbranched chain. 
Some people prefer to name it 2-pentene. Either way, the number of carbon 
atoms in the chain and the position of the carbon bond are indicated. For con-
sistency, we will use the first naming method.

These tomatoes are the 
same age but the red 
one has been ripened 
using ethene gas.

For example, the molecule CH3C CHCH3
 |
 CH3

 would be butene:

•	 There are four carbon atoms in the longest unbranched chain containing the 
double bond.

•	 Carbon atom 2 is the position of the double bond.
•	 The branching chain is –methyl, CH3, and is branched from carbon atom 2. 
Hence, the full name of this alkene is 2-methylbut-2-ene.

H
H

H
—CC

C

CH
H

H
——

—

—
— — —

H

C

—

—

2-methylbut-2-ene

—

—

H
H

H—— —

1 2 3 4

The alkenes also display structural isomerism. While ethene and propene do 
not display isomerism, there are three isomers for butene. Shown below are the 
structural isomers for pentene. Note that, if there are two double bonds in the 
chain, the compound is called a diene, e.g. buta-1,2-diene or hexa-1,4-diene. 
Note the extra ‘a’ inserted after the prefixes but- and hex-.

H
H

H

H H H

H

pent-1-ene

H H

C C C C C H

(a) H H H H

pent-2-ene

H H

H

H

C C C C C HH

(b)

H
C

H

H

H H

HH

C C C C

H H

H

2-methylbut-1-ene

(c)

H
C

H

H

H

3-methylbut-1-ene

HHH

C C C C

H H

H

(d)

C

H

H

2-methylbut-2-ene

HHH

H

C C C C

H H

HH

(e)

Structural isomers of 
C5H10

Alkenes are unsaturated 
hydrocarbons containing one 
or more carbon double bonds, 
C C. Alkenes with one double 
bond have the general formula 
CnH2n.
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Alkynes
Alkynes are named using the same general rules as for alkanes, but the -ane is 
dropped and replaced with -yne. Alkynes contain a carbon–carbon triple bond 
and have the general formula CnH2n – 2. Examples include ethyne, HCCH, and 
propyne, HCCCH3. Ethyne is used to produce ethane and also in oxyacetylene 
torches for welding to join metals. It can heat objects up to 3000 °C.

Sample problem 8.3

Write the structural formula for 4-ethylhept-2-ene.

 

H

CCC

CH2

CH3

HH ——— ———

— H

C

—H— H—

H

—

H

C—

—

H

—

—

H

C—

—

H

—

H

C—

—

H

—

1 2 3 4 5 6 7

Cutting metal with an ethyne 
(acetylene) torch

Revision questions

11. Name these alkenes.
CH2 CH2CH CH3

CH2 CH2CH CH

CH2 CH3C

CH3

(a)

(b)

(c)

12. Write the structural formulas for these alkenes.
(a) hex-2-ene (b) buta-1,2-diene (c) 2,3-dimethylbut-2-ene.

13. What is the general formula for the alkenes? Why are there no alkenes with 
n = 1?

14. Write the structural isomers for the three alkenes for which n = 4.

Alkynes are unsaturated 
hydrocarbons containing one or 
more triple carbon bonds, C  C. 
Alkynes with one triple bond have 
the general formula CnH2n − 2.

Solution:
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223CHAPTER 8 Structures and nomenclature of organic compounds

Carbon rings
Nylon, the synthetic fibre used to make a variety of clothing and ropes, is manu-
factured from chemicals formed from cyclohexane, one of carbon’s many ring 
arrangements. Cyclohexane, C6H12, is a colourless, flammable liquid. The 
cyclohexane molecule has six carbon atoms joined by single bonds. Each 
carbon atom has two hydrogen atoms attached, but the atoms do not lie in a 
flat plane. Cycloalkanes are classified as aliphatic compounds together with the 
unsaturated and saturated compounds discussed so far in this chapter.

Nylon rope

Compounds containing a benzene ring are classified as aromatic com-
pounds. They are described as aromatic because they often have an odour or 
fragrance. The benzene, C6H6, molecule consists of six carbon atoms arranged 
in a ring with one hydrogen atom bonded to each carbon. Originally, it was 
thought that there were alternating single and double carbon–carbon bonds in 
the ring. However, the lack of reactivity, high stability and same bond lengths 
between the carbon atoms did not support this theory. The current description 
of the molecule has the six electrons from the three double bonds shared by 
all of the carbon atoms in the ring. The attraction of the electrons to all of the 
carbon atoms gives the molecule stability. Benzene is a very important com-
pound in organic chemistry. Even though benzene itself is carcinogenic, many 
of the chemicals produced from it are not. In fact, many foods and pharma-
ceuticals, such as paracetamol, contain benzene rings. 

There are various ways of representing the benzene ring, as shown below.

C
HH

H H
C

C
C

C
C

H

H

Cyclohexane is an aliphatic ring 
compound, and benzene is an 
aromatic ring compound.

H H

H H

H
C

H
C

H
C

H

H
C

H
C

H
C

H

Cyclohexane, C6H12
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Functional groups
The alkanes form the simplest homologous series of the hydrocarbons. Their 
names are used as a basis for the systematic naming of other compounds with 
similar carbon skeletons but with a functional group attached. An atom or a 
group of atoms that determines the function (chemical nature) of a  compound 
is called a functional group. A molecule with a functional group attached is 
usually less stable than the carbon backbone to which the functional group 
is attached and therefore more likely to participate in chemical reactions. The 
figure below shows three different functional groups attached to the basic 
carbon skeleton of methane.

H OH

H

H

CH3OH

methanol

CH3Cl

chloromethane

HCOOH

methanoic acid

C H Cl

H

H

C H

O

OH

C

As with the alkanes and alkenes, compounds containing the same func-
tional group form a homologous series (a family with similar properties). The 
fact that the millions of carbon compounds known to chemists can be grouped 
in series helps to make sense of their chemistry. This is because the same 
group of atoms in the same series usually behaves a similar way in all com-
pounds and helps determine the characteristics of compounds in that par-
ticular series. The —OH functional group is known as the hydroxyl group and 
is present in the homologous series of alcohols. The —COOH group is known 
as the carboxyl group and belongs to the series known as carboxylic acids. 
Functional groups are so called because they determine the chemical and 
functional nature of an organic compound. The hydrocarbon backbone of 
these compounds remains relatively unreactive. Table 8.6 shows the common 
functional groups of organic compounds.

Table 8.6 Common functional groups

Group

Formula name Homologous series Method of naming Examples

—O—H hydroxyl alcohol suffix -ol CH3CH2CH2OH, propan-1-ol 
(1-propanol)

 O
—C
 H

aldehyde aldehyde suffix -al CH3CHO, ethanal 
(acetaldehyde)

C  O
carbonyl ketone suffix -one CH3CH2COCH2CH3, 

pentan-3-one (3-pentanone)

 O—H
—C
 O

carboxyl carboxylic acid suffix -oic acid CH3COOH, ethanoic acid 
(acetic acid)

 O—
—C
 O

ester ester as alkyl alkanoate CH3CH2COOCH3,  
methyl propanoate

An atom or a group of atoms in 
a molecule that determines the 
physical and chemical properties 
of that molecule is called a 
functional group.

Different functional groups 
(—OH, —Cl and —COOH) 
attached to the basic carbon 
skeleton of methane

UNCORRECTED P
AGE P

ROOFS



225CHAPTER 8 Structures and nomenclature of organic compounds

O ether ether as alkoxyalkane, or name 
the two groups attached 
to the ether linkage

CH3OCH3, methoxymethane 
or dimethyl ether

 H
—N
 H

amine amine suffix -amine CH3NH2, methanamine
CH3CH2NH2, ethanamine

O

N

H

amide amide suffix -amide CH3CONH2, ethanamide, and 
CH3CH2CONH2, propanamide

—Cl
—Br
—I

chloro
bromo
iodo

haloalkanes prefix chloro- 
prefix bromo- 
prefix iodo-

CH3Cl, chloromethane
CH3CH2Br, bromoethane
ICH2CH2I, 1,2-diiodoethane

Alcohols
Organic hydroxyl compounds containing the —OH group belong to the 
homologous series called alcohols. A study of the properties of the —OH group 
is important to chemists because of the industrial importance of compounds 
containing this functional group, and because of its wide occurrence in bio-
logical molecules. Ethanol is the most common alcohol and it has many uses. 
It is present in beer, wine and spirits. It is used in the preparation of ethanoic 
acid (acetic acid) and for sterilising wounds. Methylated spirits (containing 
95% ethanol) is a very useful solvent and is used in the manufacture of var-
nishes, polishes, inks, glues and paints. Other alcohols that are volatile at low 
temperatures are also good solvents are used in deodorants, colognes and 
after-shave lotions. Glycerol, C3H5(OH)3, is used for making fats and soaps.

Alcohols are classified as primary, secondary and tertiary, based upon the 
number of carbon atoms connected to the carbon atom that is attached to the 
hydroxyl functional group.
•	 Primary (1°): The C—OH is attached to one other carbon atom.
•	 Secondary (2°): The C—OH is attached to two other carbon atoms.
•	 Tertiary (3°): The C—OH is attached to three other carbon atoms.

H3C C

OH

H

H

H3C C

OH

CH3

H

H3C C

OH

CH3

CH3

primary
alcohol

secondary
alcohol

tertiary
alcohol

elesson
Molecular representations of butan-1-ol
eles-2485

Alcohols are characterised by the 
hydroxyl group, —OH.

Structural models for the first 
three alcohols: methanol, 
ethanol and propan-1-ol

Types of alcohols

Table 8.6 (continued )

Group

Formula name Homologous series Method of naming Examples
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nomenclature of alcohols
Alcohols are named by replacing the last -e in the name of the corresponding 
alkane with -ol. Their general formula is R—OH, where R is an alkyl group. The 
first eight alcohols of the homologous series are listed in table 8.7.

Table 8.7 The first eight alkanols. The —OH group is attached to the first carbon 
atom in each case. 

Systematic name Formula

methanol CH3OH

ethanol CH3CH2OH

propan-l-ol CH3(CH2)2OH

butan-1-ol CH3(CH2)3OH

pentan-1-ol CH3(CH2)4OH

hexan-1-ol CH3(CH2)5OH

heptan-1-ol CH3(CH2)6OH

octan-1-ol CH3(CH2)7OH

The systematic naming of alcohols follows similar rules to those described 
previously for the alkanes.
1. Find the longest chain that has the hydroxyl group attached, and replace the 

last -e in the name of the corresponding alkane with –ol. 
2. Number the carbon atoms in the main chain. Begin at the end nearest the 

hydroxyl group.
3. Indicate which carbon atom is bonded to the hydroxyl group by placing the 

number either at the beginning of the name or before the –ol, e.g. 2-pentanol 
or pentan-2-ol. For consistency, we will use the second option.

Sample problem 8.4

Name the following alcohols.
(a) CH3CH2CHCH3

OH

(b) 

CH3CH3CH2CCH3

CH3

OH

(a) 4CH3
3CH2

2CH1CH3

OH

 This is butan-2-ol, since the —OH group is located on the second carbon 
atom of the longest 4-carbon chain (butan-).

(b) 

5CH3
4CH3

3CH2
2C1CH3

CH3

OH
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 The longest carbon chain has five carbon atoms, making it pentan-. 
The —OH group makes it -ol, hence pentanol. Both the methyl, 
—CH3, and hydroxyl, —OH, groups are at position 2 of the chain. This is 
2-methylpentan-2-ol.

Revision questions

15. (a) What is the general formula for the family of alcohols?
(b) Write the structural formulas for:

   (i) butan-1-ol (ii) pentan-3-ol (iii) C2H5OH (iv) 2-methylpropan-1-ol 
(v) 2,2-dimethylhexan-3-ol  (vi) C7H15OH.

16. Draw the structures of the following alcohols, and explain whether they are 
primary, secondary or tertiary alcohols.
(a) propan-2-ol
(b) 2-methylpropan-1-ol

Aldehydes
Aldehydes have characteristic odours. The familiar smells of vanilla and 
cinnamon are caused by aldehydes. Low-molecular-weight aldehydes, such as 
methanal (formaldehyde) and ethanal, have unpleasant odours; formaldehyde 
was previously used as a preservative but is now suspected to be carcinogenic. 
High-molecular-weight compounds have sweet, pleasant smells and are used 

in perfumes. Other uses of aldehydes 
include solvents and the manufacture of 
plastics, dyes and pharmaceuticals.

Aldehydes contain the —CHO group 
and are named by replacing the last -e 
on the name of the corresponding alkane 
with -al. Propane, for example, becomes 
propanal. 

Aldehydes have the C O bond at the 
end of the carbon chain, at C1. As alde-
hydes are always named from C1, they do 
not need a number in the name to refer-
ence where the functional group is.

Ketones
Ketones are characterised by the presence of a carbonyl group in which the 
carbon atom is bonded to an oxygen atom by a double covalent bond. They 
are named by replacing the last -e in the name of the corresponding alkane 

with -one. Butane, for example, becomes butanone. The position of the C  O 

group differentiates a ketone from an aldehyde. If the C O bond in a com-

pound contains the terminal carbon atom, it is an aldehyde 
 O
—C
 H

. If the  

C O bond is connected to adjacent carbon atoms, it is a ketone.

Aldehydes and ketones are used to 
manufacture perfumes.

Aldehydes contain the 
 O
—C
 H

 

functional group and are named by 
adding the suffix -al.

Ketones contain the C  O 

functional group and are named by 
adding the suffix –one.
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Ketones are used extensively to produce pharmaceuticals, perfumes, 
solvents and polymers. They have important physiological properties 
and are found in medicinal compounds and steroid hormones, including 
cortisone. The most familiar ketone is propanone (acetone), which has 
unlimited solubility in water and is a solvent for many organic compounds. 
It evaporates readily because of its low boiling point, which contributes to its 
usefulness. 

CCH3

CH3CH3

propanone butanone pentan-3-one

O

CCH3

CH2

O

CH3

C

CH2

CH2CH3

O

Carboxylic acids
How are an ant and a pickled onion related? Both contain carboxylic 
acids. An  ant bite stings because it injects methanoic acid (formic acid) 
into your skin. An onion is pickled with ethanoic acid (acetic acid), which 
is present in vinegar. Carboxylic acids are generally weak acids and occur 
widely in nature. Some common examples include citric acid found in citrus 
fruits such as oranges and lemons, malic acid found in apples, and ascorbic 
acid (vitamin C) found in a number of foods. Other carboxylic acids such as 
stearic acid and oleic and palmitic acids are used in the formation of animal 
and vegetable fats. Carboxylic acids are also  used in making soaps and 
polyesters.

The C4 to C8 carboxylic acids have a strong, unpleasant smell and are found 
in cheese, perspiration and rancid butter.

Table 8.8 Some carboxylic acids and their uses

Systematic 
name Formula

non-systematic 
name Occurrence and uses

methanoic 
acid

HCOOH formic acid used by ants as a 
defence mechanism; 
also used in textile 
processing and as a 
grain preservative

ethanoic 
acid

CH3COOH acetic acid found in vinegar; used 
in making artificial 
textiles

propanoic 
acid

CH3CH2COOH propionic acid calcium propanoate 
used as an additive in 
bread manufacture

butanoic 
acid

CH3CH2CH2COOH butyric acid present in human 
sweat; responsible for 
the smell of rancid 
butter

benzoic 
acid

COOH benzoic acid used as a preservative

Examples of ketones

Carboxylic acids are 
characterised by the carboxyl 
functional group. 
 
 
 

H

O

O

C

Unit 4

Do more
Carboxylic acids

aOS 1

Topic 2

Concept 7

Digital document 
Experiment 8.2 Constructing models 
of organic compounds
doc-18817
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Dogs can be trained to find fruit by sniffing out distinctive carboxylic acids, such 
as malic acid, which is found in apples. Sniffer dogs play an important part in 
quarantine procedures to prevent the illegal import and export of fruit.

nomenclature of carboxylic acids
The functional group in carboxylic acids is the carboxyl group, —COOH. 
Carboxylic acids are generally written as RCOOH, where R is a hydrogen 
atom or an alkyl group. Their names are based on the names of the corre-
sponding alkanes with the same number of carbon atoms. The last -e in the 
name of the alkane is replaced by -oic acid in the corresponding carboxylic 
acid. Hence, the carboxylic acid derivative of methane is methanoic acid and 
that of heptane is heptanoic acid. Carboxylic acids are sometimes called alka-
noic acids.

Table 8.9 The first eight compounds of the carboxylic acid homologous series

Systematic name Structural formula

methanoic acid HCOOH

ethanoic acid CH3COOH

propanoic acid CH3CH2COOH

butanoic acid CH3(CH2)2COOH

pentanoic acid CH3(CH2)3COOH

hexanoic acid CH3(CH2)4COOH

heptanoic acid CH3(CH2)5COOH

octanoic acid CH3(CH2)6COOH

Structural models of 
methanoic and ethanoic acids
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Methanoic acid and ethanoic acid are the first two members of the carbox-
ylic acid series and are still often called by their old names, formic acid and 
acetic acid, respectively.

Carboxylic acids are named systematically using the same rules as those for 
the alkanes. Counting must commence with the carbon atom in the carboxyl 
group but it is not necessary to include the ‘1’ in the name of the acid.

CH3

6 5 4 3 2 1
CH2CH

Br

CH2CH2COOH—

For example, the compound above is 4-bromohexanoic acid. The carboxyl group 
is associated with a six-carbon chain, making it hexanoic acid. The Br atom is 
located on the fourth carbon atom of the chain, making it 4-bromohexanoic 
acid.

The structural formula for dichloroethanoic acid is:

Cl C

Cl

COOH

H

Revision questions

17. Draw the structure of propanone (acetone), (CH3)2CO.
18. Which homologous series does this molecule belong to? 

CH3CH2CH2 C CH3

O

19. Draw the structural formulas for butanoic and octanoic acids.
20. Draw the structural formula for:

(a) chloroethanoic acid
(b) dichloroethanoic acid
(c) trichloroethanoic acid.

 Is it possible to have tetrachloroethanoic acid? Explain your answer.
21. Name and draw the structures of the ketones containing five carbon atoms.
22. Draw the structural formulas for:

(a) propanoic acid
(b) 2-methylpropanoic acid.

Esters
When you eat a banana or a pear or remove nail polish with a solvent, the strong 
sweet fruity odour that you smell is that of an ester. In a typical ripe pineapple, 
you will find about 120 mg per kg of the ester ethyl ethanoate, 60 mg of ethanol 
and small amounts of other esters. Ethyl ethanoate (also called ethyl acetate) 
is a volatile liquid with a fruity odour. It is found in a number of tropical fruits. 
Esters are good solvents and are used in paints and lacquers. Ethyl ethanoate is 
used in nail polish remover. A less volatile ester such as butyl ethanoate is used 
in nail polish because its boiling point is higher than that of water, enabling it 
to remain until the water vapour has evaporated (so as not to spoil the gloss). 
Esters are also used in perfumes, cosmetics and artificial flavourings. Another 
use of esters is in the formation of polyester, an artificial fibre.

Animal fats and vegetable oils (such as peanut, coconut and olive oils) are 
esters of carboxylic acids with glycerol. Stearic, oleic and palmitic acids are 
typical carboxylic acids found in natural fatty esters.

Esters are widely used as solvents 
and flavourings and to make fibres.

Esters are characterised by  

the ester link 
 O—
—C
 O

.
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nomenclature of esters
Esters all contain the ester functional group —OCO— and are formed from the 
reaction of a carboxylic acid and an alcohol. The name of an ester is derived 
from the alkyl group of the alcohol, with the suffix -yl, followed by the stem 
from the carboxylic acid with the suffix -oate. Hence, the ester derived from 
methanol and propanoic acid is called methyl propanoate.

CH3CH2COOH + CH3OH ⇌ CH3CH2COOCH3 + H2O
propanoic acid + methanol ⇌ methyl propanoate + water

CH2

O

O

CCH3CH2

CH3

ethyl propanoate

CH2 CH2 CH3

O

O

CH

propyl methanoate

CH3

O

O

CCH3CH2CH2

methyl butanoate

CH2 CH2 CH3

CCH3

O

O

propyl ethanoate

Examples of esters

Sample problem 8.5

(a) Name the ester formed as a result of the reaction between ethanol and 
propanoic acid.

(b) Name the ester that has this structure.

H C

H

C

H
O C

H

H

H

O

(a) The first part of the name is derived from the alcohol, with -anol replaced 
by –yl. The second part comes from the carboxylic acid, in which -oic acid 
becomes –oate. The name is ethyl propanoate.

(b) 

H C

H

C

H
O C

H

H

H

O

Circle the section of the molecule that contains the ester group —OCO—. 
This has two carbon atoms and comes from the carboxylic acid and is there-
fore ethanoate. The remaining part of the molecule has one carbon atom and 
comes from the alcohol and so is methyl. Therefore, the name of the ester is 
methyl ethanoate.

Revision questions

23. Name the ester formed from the reaction between methanol and ethanoic 
acid.

24. Write the semi-structural formula of the ester butyl methanoate.

Solution:

Pineapples contain the ester 
ethyl ethanoate.
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25. Name the following ester.

CH2

O

O

CH

CH3

Amines
Fishy smells and smells associated with decaying animal tissues are due 
to amines such as putrescine, H2NCH2CH2CH2CH2NH2, and cadaverine, 
H2NCH2CH2CH2CH2CH2NH2. The —NH2 group belongs to the homologous 
series called amines. Amines are essential to life and play a part in the for-
mation of amino acids, which are the building blocks of proteins and many 
vitamins.

Table 8.9 shows the first eight compounds of the amine homologous series. 
Primary amines have the structure R—NH2 where R is an alkyl group. Pri-

mary amines are named by replacing the last -e in the name of the corre-
sponding alkane with -amine. For example, CH3NH2 is known as methanamine, 
and CH3CH2NH2 is ethanamine. Using the same rules as those for naming 
organic compounds, the systematic name for CH3CH(NH2)CH2CH2CH3 is 
pentan-2-amine.

Table 8.10 The first eight compounds of the amine homologous series

Systematic name Structural formula

methanamine CH3NH2

ethanamine CH3CH2NH2

propan-1-amine CH3(CH2)2NH2

butan-1-amine CH3(CH2)3NH2

pentan-1-amine CH3(CH2)4NH2

hexan-1-amine CH3(CH2)5NH2

heptan-1-amine CH3(CH2)6NH2

octan-1-amine CH3(CH2)7NH2

An amine has the prefix amino- only when a higher functional group exists 
on the molecule. See page 234 for the hierarchy.

Amino acids, the building units for proteins, are organic acids with an amine 
group attached to a hydrocarbon chain containing an acid group (—COOH). 
The general structure for amino acids is:

H2N C

H

COOH

R

where R is a polar or non-polar group. You will learn more about the signifi-
cance of the amine group in amino acids in chapter 9.

Primary amines have the structure 
R—NH2 and are named by adding 
the suffix –amine: for example, 
methylamine, CH3NH2.

Amines are organic derivatives 
of ammonia, NH3. Plants 
have many of these amines 
as nitrogenous compounds. 
Natural alkaloids extracted 
from plants using organic 
solvents are amines. Cocaine, 
nicotine and natural alkaloids 
are nitrogen heterocycles 
and are well known for their 
potent pharmacological 
activities. A study of alkaloids 
is crucial to understanding 
the biological action of these 
pharmaceutical products 
and their manufacture in the 
pharmaceutical industry.

N-methyl-1-ethylamine

12
CH3CH2 N

CH3

H

N
CO2CH3

OCOPh

cocaine

CH3

N

N

nicotine

CH3
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Many permanent hair 
dyes are derivatives of 
an aromatic amine called 
paraphenylenediamine (PPD), 
which is used particularly 
when brown shades are 
required. The dyeing process 
involves a redox reaction, and 
the colourant may absorb into 
or adsorb to the hair shaft to 
mask the natural colour.

Sample problem 8.6

Name the following amines.
(a) 

CH3CH2CHCH3

NH2

(b) CH3 CH CH2 NH2

CH3

(a) 

CH3CH2CHCH3

NH2

4 3 2 1

The longest alkyl stem is 4 carbon atoms (butane); the amine group is 
attached to the second carbon atom, so the name is butan-2-amine.

(b) CH3 CH CH2 NH2

CH3

3 2 1

The longest alkyl stem is 3 carbon atoms (propane); the methyl group 
is attached to the second carbon atom, so the name is 2-methylpropan- 
1-amine.

Amides
Amides contain the —CONH2 group. The simplest amides 
are methanamide and ethanamide. Ethanamide is a liquid 
at room temperature, but other amides are solid. The high 
melting points for these small amides is due to the formation 
of H bonds with other amide molecules. Amides are used as 
solvents in a variety of pharmaceuticals, including penicillin 
and pain killers, and in the manufacture of nylon and other 
polymers. They are used to colour crayons, pencils and inks. 
Amide linkages are critical in the body as they connect amino 
acids in proteins. They are called peptide bonds when they 
occur in the main chain of a protein. The end product of the 
metabolism of protein is urea, CO(NH2)2, an amide.

Solution:

Amides are used to colour 
crayons.
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Haloalkanes
Alkanes can undergo substitution reactions by replacing one of their hydrogen 
atoms with a halogen atom to form a haloalkane. As shown in table 8.11, the prefix 
chloro- is used to systematically name the members of the chloroalkane homolo-
gous series. The first member of the chloroalkane series is chloromethane. 
It is also known as methyl chloride and is used as a refrigerant and as a local 
anaesthetic.

In a similar fashion, the prefixes fluoro-, bromo- and iodo- are used for 
fluorine, bromine and iodine respectively.

Table 8.11 The first eight compounds of the chloroalkane homologous series

Systematic name Structural formula

chloromethane CH3Cl

1-chloroethane CH3CH2Cl

1-chloropropane CH3(CH2)2Cl

1-chlorobutane CH3(CH2)3Cl

1-chloropentane CH3(CH2)4Cl

1-chlorohexane CH3(CH2)5Cl

1-chloroheptane CH3(CH2)6Cl

1-chlorooctane CH3(CH2)7Cl

Revision questions

26. Name these structures.
CH2 CH2CH CCl3(a)

CH3 CH2CH C Cl

CH3

(b)

27. Name the following amines.
(a) CH3 CH CH3

NH2

(b) CH3CH2CH2CH2NH2

28. Draw the structural formulas for:
(a) pentan-3-amine
(b) 2-methylpropan-2-amine
(c) 2,2-dimethylhexan-3-amine.

29. Draw the structural formulas for chloromethane, dichloromethane, trichloro-
methane and tetrachloromethane.

Compounds containing more than one 
functional group
Compounds of this type are classified by the principal group (the main func-
tional group) that is highest on the following priority scale:

carboxylic acid > ester > aldehyde > ketone > alcohol > amine > 
alkyne = alkene > alkane

Unit 4

Do more
Systematic naming 
of organic molecules

aOS 1

Topic 2

Concept 10
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The parent name is derived from the principal group. 
•	 The numbering system used is that for the principal group.
•	 An alcohol is regarded as a hydroxyl side group, an amine as an amino side 

group and a ketone as a carbonyl side group.
•	 A compound containing both alcohol and aldehyde functional groups is 

named as an aldehyde with a hydroxyl side group. 
•	 A compound containing an alcohol, a ketone and an acid is named as an 

acid with hydroxyl and carbonyl side groups. 

Sample problem 8.7

(a) Name the following molecule.

H3C CH C

OH
OH

O

(b) Name the following compound.
 HOCH2CH2CH2NH2

(a) This molecule has a hydroxyl group and a carboxyl group. The car-
boxyl group has priority, and the longest carbon chain that contains this 
functional group has three carbon atoms. It is, therefore, a substituted pro-
panoic acid. The hydroxyl group is attached to the second carbon atom 
counting from the carboxyl group (principal group), and so the name is 
2-hydroxypropanoic acid.

(b) The alcohol group has priority, and there are three carbon atoms, so it is 
propanol. The amino group is attached to the furthest carbon atom from 
the —OH. Therefore, the name is 3-aminopropan-1-ol.

Revision questions

30. Write the semi-structural formula for 4-aminopentan-1-ol.
31. Give the systematic names of the following compounds.

(a) 

H3CCH CH2 COOH

CH2CH3

(b) 

H3C CH CH2 NH2

OH

Solution:
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Chapter review

Summary
 ■ Organic chemistry is the study of the compounds 

of carbon. This does not include the inorganic 
compounds of cyanides, carbonates and oxides of 
carbon.

 ■ Carbon can form many different compounds due to 
its ability to create four covalent bonds with itself or 
other elements.

 ■ In the methane molecule, a carbon atom can form 
covalent bonds with four other atoms. The resulting 
shape is tetrahedral, resulting in bond angles 
of 109.5°.

 ■ Hydrocarbons are organic compounds consisting of 
carbon and hydrogen atoms only.

 ■ A functional group is an atom or a group of atoms 
that confers a distinct set of chemical and physical 
characteristics on an organic compound. 

 ■ A homologous series is a group of organic chemical 
compounds that have a similar structure and whose 
structures differ only by the number of CH2 units in 
the main carbon chain. They are compounds con-
taining the same functional group and have similar 
properties.

 ■ The alkanes, alkenes and alkynes are hydrocarbons 
and form homologous series with general formulas 
of CnH2n + 2, CnH2n and CnH2n – 2, respectively.

 ■ Saturated hydrocarbons have only single C—C cova-
lent bonds.

 ■ Alkanes are saturated hydrocarbons. Alkenes and 
alkynes are unsaturated hydrocarbons with double 
and triple carbon bonds, respectively.

 ■ Carbon compounds with the same molecular for-
mulas but different structural arrangements are 
called structural isomers.

 ■ Rules for naming organic compounds:
 – Identify and name the longest unbranched carbon 

chain containing the principal functional group. (It 
is helpful to highlight this chain.)

 – If more than one functional group is present, 
the order of decreasing priority in determining 
the suffix is carboxylic acid > ester > aldehyde > 
ketone > alcohol > amine > alkyne = alkene > 
alkane.

 – Number the carbon atoms in the longest 
unbranched chain, starting with the carbon atom 
nearest the functional group or branch (if an 
alkane).

 – Identify the branching group(s) of atoms, and 
state the number of the carbon atom to which 
it is attached. Branches are named using -yl. 

For example, a branched group of —CH3 would 
be named methyl, CH3CH2— would be ethyl, 
CH3CH3CH2— would be propyl and so on. These 
go before the name of the longest chain.

 – For molecules with two or more branches of the 
same type, the branch type is named and a prefix 
(di-, tri-, tetra- etc.) is used to indicate the number 
of branches.

 – Branches are listed in alphabetical order, ignoring 
the prefix in the previous rule. Ethyl is written 
before methyl or dimethyl.

Note: Adjacent numbers in a name are separated by 
a comma. Numbers are separated from words by a 
hyphen.

 ■ Carbon compounds in the form of rings, such as ben-
zene, belong to a group called aromatic compounds.

 ■ Alcohols have the functional group —OH (hydroxyl 
group) and are named using the suffix -ol.

 ■ Aldehydes have the functional group —CHO (alde-
hyde group) and are named using the suffix -al.

 ■ Ketones have the functional group —CO— (carbonyl 
group) and are named using the suffix -one.

 ■ Carboxylic acids have the functional group —COOH 
(carboxyl group) and are named using the suffix -oic 
followed by acid.

 ■ Primary amines have the functional group —NH2 
(amino group) and are named using the suffix 
-amine.

 ■ Amides have the functional group —CONH2 (amide 
group) 

 ■ Haloalkanes have the functional group —X (where 
X = F, Cl, Br or I) and are named using the prefix 
-fluoro, -chloro, -bromo or -iodo.

Multiple choice questions
 1. The name of the organic compound shown is:

CH3 CH3CH CH

CH2

CH3

CH3

a 2-methyl-3-ethylbutane
b 1,2-dimethylpentane
C 2,3-dimethylheptane
D 2,3-dimethylpentane.
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 2. Which of the following does not apply to  
alkanes?
a They have the general formula CnH2n.
b They contain C and H.
C Each has at least one C—C bond.
D They are saturated hydrocarbons.

 3. Which of the following compounds is not regarded 
as an organic compound?
a C5H10
b H2CO3
C C2H5OH
D ClCH3

 4. Which of the following compounds is correctly 
classified as a tertiary alcohol?
a 3-methylbutan-1-ol
b 2-methylbutan-1-ol
C 3-methylbutan-2-ol
D 2-methylbutan-2-ol

 5. Which of the following apply to alkenes?
a They are saturated hydrocarbons.
b They have the formula CnH2n.
C Each has a saturated covalent bond.
D They contain C, H and O.

 6. The functional groups and suffixes for naming 
alcohols and carboxylic acids are respectively:
a OH, COOH, -oate, -ol
b COOH, OH, -ol, -oic
C OH, COOH, -ol, -oic 
D OH, COOH, -ol, -oate.

 7. Two structural isomers with the same molecular 
formula as butanol are:

a 

C

H

H

H C

H

H

C

H

H

C

H

H

C

H

OH

H

b 

C

H

H

H C

H

H

C

CH3

H

C

H

H

OH

C 

C

H

H

H C

H

H

C

H

C

H

H

OHOH

D 

C

H

H

H C

OH

OH

C

H

C

H

H

HH

e 

C

H

OH

H C

CH3

H

C

CH3

H

H

F 

C

H

H

H C

H

CH3

C

H

C

H

OH

HH

G 

C

H

H

H C

H CH2

OH

C H

HH

H 

C

H

H

H C

OH

CH3

C H

H

H

 8. The systematic name of the compound 
CH3(CH2)5COOH is:
a hexanoic acid
b heptanoic acid
C hexanol
D heptanol.

 9. The structural arrangement of 
2,2-dimethylbutan-1-ol is:

a 

C

H

H

H C

H

C

CH3CH3

H

C

H

OH

H

b 

C

H H

H

H C

H

C

CH3

CH3

C

H

OH

H

C 

C

H H

H

HO C

H

C

CH3

CH3

C

H

H

H

D 

C

H H

H C OH

CH3CH3

 10. Cycloalkanes have the same molecular  
formula as:
a alkanes
b alkenes

C alkynes
D benzene.

 11. Which group of compounds does benzene 
belong to?
a Alkanes
b Alkenes

C Alkynes
D Aromatics

 12. In the IUPAC nomenclature system, the name of 
which of the following would end in -al?
a An alcohol 
b An aldehyde 

C An alkane 
D A ketone

UNCORRECTED P
AGE P

ROOFS



238 UniT 4

 13. The correct name for HCHO is:
a methanal
b methaldehyde

C ethanal
D methanone.

 14. The ester with the formula CH3COOC2H5 is made 
from:
a ethanol and methanoate
b ethanol and methanoic acid
C ethanol and ethanoate
D ethanol and ethanoic acid.

 15. This compound is:

O

CH3

CH3

H3C

a an ester
b an aldehyde

C a ketone
D a carboxylic acid.

 16. Which type of compound does not contain a 
carbonyl group? 
a Ester
b Aldehyde

C Alcohol 
D Ketone

 17. The common name for the compound 
CH3CH2CH2NH2 is:
a propanamine
b propylamide

C aminobutane
D propanamide.

 18. The IUPAC name for the compound 
(CH3)2CHCH2CH(NH2)CH3 is:
a 2-methylpentanamine
b 4-methylpentan-2-amine
C 2-methyl-4-pentanamine
D 4-methyl-2-pentanamine.

 19. Which two functional groups are never found at 
the end of a carbon chain?
a Alcohol and aldehyde
b Ester and aldehyde
C Ketone and acid
D Ester and ketone

Review questions
 1. Define the following terms.

(a) Hydrocarbon
(b) Homologous series
(c) Saturated hydrocarbon 
(d) Unsaturated hydrocarbon
(e) Structural isomer

 2. Define the terms ‘alkane’ and ‘alkene’, and 
describe their similarities and differences.

 3. Name the following organic compounds.

(a) CH3CH2CH CHCH3

(b) CH2 CHCl

(c) CF2Cl2

(d) CH3CH2OH

(e) 

CH3

CH3

CH3

CH3C

(f) CH3(CH2)3CHCH3

OH

(g) CHCl2CHBr2

 4. Write structural formulas for all alkenes with 
the molecular formula C5H10, and name the 
compounds. How many are there?

 5. In what way do functional groups help the study of 
the vast number of organic compounds?

 6. The following structural formulas represent only 
three different substances. Some of the formulas 
are equivalent to others. Which formulas are 
equivalent to which?

(a) 

C

H

H

H C

H

H

C

H

H

C

H

C

H

H H

C

H

H H

(b) 

(c) CH3CH2CH2CH2CH2CH3

(d) 

C

H

H

H HC

H

H

C

H

H H

H

C

C

H

C

H H

H

H

C

H

(e) 

(f ) CH3(CH2)5CH3

(g) CH3CH2CH2CHCH2CH3

CH3

(h) 

C

H

H

H C

H

HCH H

CH

C

H

H

H

CH H

HCHH

UNCORRECTED P
AGE P

ROOFS



CHAPTER 8 Structures and nomenclature of organic compounds 239

 7. What are the molecular formula and name of this 
compound?

H

H

H

H
CC

CC

C

HH
H

H

H

H

 8. Draw the skeletal formula for the compound 
CH3CH2CH(CH3)CH(CH3)2.

 9. Name this compound. 

CH3

BrBr

 10. Draw the structures of cyclohexane and  
benzene. What are their similarities and 
differences?

 11. Write the structural formulas for the following 
compounds.
(a) 2-methylpentan-3-ol
(b) butan-2-ol
(c) 2,2-dimethylbutan-1-ol
(d) 2,3-dimethylpentan-2-ol
(e) pentanoic acid
(f) 2-methylpropanoic acid
(g) butanoic acid
(h) pentanal
(i) 2-chloropropan-1-amine
(j) butyl methanoate
(k) butanone
(l) 2-pentyne

 12. Draw and name the four isomers for the 
compound with molecular formula C4H9OH.

 13. Name the following compounds.
(a) 

CH3(CH2)4C

O

OH

(b) 

CH3CH2 C CH2OH

CH3

CH3

(c) 

Cl C

Cl

Cl

CH OH

OH

(d) CH3(CH2)5CHCH3

OH

(e) CH2CH2OH

Br

(f) CH3CHCOOH

CH3

(g) CH3CH2COOCH3

(h) CH3COO(CH2)4CH3

(i) 

C

Cl

H

H C

Cl

H

H

(j) 

C

H

H

H C

Cl

H

Cl

(k) 
H

H

NC

H

H

H C

H

H

(l) 

H C

H

H

C

H

N

C

H

H

H

HH
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exam practice questions

In a chemistry examination, you will be required to answer a number of  
multiple choice and extended response questions.

Multiple choice questions
1. The number of isomers with the formula C4H8O2 that are carboxylic acids is:

a 1

b 2

C 3

D 4. 1 mark

2. Which of the following is the systematic name for the molecule below?

  CH3CH2CH2CHClCH2CH3

a 3-chlorohexane

b 4-chlorohexane

C 3-chloroheptane

D 4-chloroheptane 1 mark

3. The structural formula for pentyl ethanoate (banana flavouring) is:

a CH3(CH2)4COOCH3

b HCOOCH2CH2CH2CH2CH3

C CH3COO(CH2)4CH3

D CH3CH2CH2CH2CH2COOCH2CH3. 1 mark

4. Which is the correct name for: 

H C

H

H

C

H

H

H

H

C

H C

H

HC

O

a pentan-3-al

b pentan-3-one

C 2-methyl-1-butanal

D 2-methylbutanal 1 mark

Extended response questions
1. Draw and name the isomers of C2H3Cl3. 4 marks

2. Sketch the structural formulas and then write the semi-structural formulas for:

(a) 2-methylbutanoic acid 2 marks

(b) 2-ethylpentan-2-ol 2 marks

(c) 3-heptyne 2 marks

(d) 2-methylbutanamine 2 marks

(e) 1,2-dichloropentane. 2 marks

Sit VCaa exam
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