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AREA OF STUDY 2
HOW CAN THE VERSATILITY OF NON-METALS BE EXPLAINED?

8 Organic compounds

8.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

8.1.1 Introduction

FIGURE 8.1 Barbeques are fuelled by simple
hydrocarbons.

More compounds of carbon exist than
compounds of all the other elements combined.
Organic chemistry is the study of these
compounds. Historically, scientists thought that
these carbon compounds could only be made by
living organisms — hence the name organic.
Today, however, we know that this is not the
case and we use myriad organic compounds in
everyday life. Some of these are natural, some are
processed from natural materials and some are
totally synthetic.

Some of the most familiar and widely used
organic compounds are also the simplest.
Transport relies heavily on hydrocarbons such
as petrol and diesel, derived from crude oil and
among the simplest of all organic compounds. At home, space heaters and gas barbeques run on either
natural gas or bottled gas, both of which are even simpler hydrocarbons. Solid fuel barbeques often use
products to light them that contain kerosene and paraffin. These are also organic products derived from
crude oil.

This topic introduces how chemists sort this vast catalogue of compounds into meaningful groups or
families. You will learn about the different types of hydrocarbons and use the concept of functional groups
to extend this to alcohols, carboxylic acids and esters. A systematic way of naming compounds based on
their structure will also be introduced. And you will learn about the refining of crude oil and how molecular
formulas may be determined from experimental evidence.

This topic relies of a number of previously used concepts and skills. Among these are covalent molecular
bonding, intermolecular forces and methods for representing molecules introduced in topic 6. The
derivation of empirical formulas from topic 5 will be extended to the calculation of molecular formulas.

8.1.2 What you will learn

KEY KNOWLEDGE
In completing this topic, you will investigate:

• the origin of crude oil and its use as a source of hydrocarbon raw materials
• the grouping of hydrocarbon compounds into families (alkanes, alkenes, alkynes, alcohols, carboxylic acids

and non-branched esters) based upon similarities in their physical and chemical properties, including
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general formulas, their representations (structural formulas, condensed formulas, Lewis structures), naming
according to IUPAC systematic nomenclature (limited to non-cyclic compounds up to C10, and structural
isomers up to C7) and uses based upon properties

• determination of empirical and molecular formulas of organic compounds from percentage composition by
mass and molar mass.

Source: VCE Chemistry Study Design (2016–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Resources

Digital documents Key science skills (doc-30903)

Key terms glossary — Topic 8 (doc-30952)

Practical investigation logbook (doc-30953)

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30954).

8.2 Grouping hydrocarbons into families

KEY CONCEPT
• The grouping of hydrocarbon compounds into families (alkanes, alkenes, alkynes) based upon similarities in

their physical and chemical properties, including general formulas, their representations (structural
formulas, condensed formulas, Lewis structures), naming according to IUPAC systematic nomenclature
(limited to non-cyclic compounds up to C10, and structural isomers up to C7) and uses based upon
properties

8.2.1 What is organic chemistry?
Organic chemistry is the systematic study of the
compounds of carbon, excluding oxides of carbon,
carbonates, carbides and cyanides. These exceptions
plus the compounds of the remaining elements are
considered to be inorganic. Carbon compounds
comprise over 90% of all known chemicals and
are the only elements with properties that make the
development of all living systems possible.

FIGURE 8.2 Buckminsterfullerene, a soccerball-
shaped organic molecule used for research in the
pharmaceutical industry; ‘Buckyballs’ such as
these are produced at the tip of a candle flame,
where C—C bonds form in ring structures.

The main reason for carbon’s unique ability
to form a wide range of chemicals is that
carbon–carbon bonds are strong. Carbon normally
forms four covalent bonds. These strong bonds
form bonds with other non-metals. Carbon can also
chemically bond with itself using single, double or
triple bonds to form long chain-like structures and
even rings.
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FIGURE 8.3 Carbon can form single, double and triple bonds with itself. The simplest compounds of hydrogen
and carbon with carbon–carbon double and triple bonds are ethene and ethyne respectively.

methane ethene ethyne
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8.2.2 Introduction to hydrocarbons
A good place to begin a study of organic chemistry is with hydrocarbons. Hydrocarbons are molecules
made up of only hydrogen and carbon. These are the simplest organic compounds and yet are among the
most useful. Hydrocarbons are found in crude oil, and processing the oil yields many useful products. This
process and the products that are formed are covered in more detail later in this topic.

There are different classes of hydrocarbons, based on the carbon bonding involved. These are indicated in
figure 8.4.

FIGURE 8.4 The classes of hydrocarbons
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Saturated hydrocarbons contain only single carbon–carbon bonds. Unsaturated hydrocarbons contain
double or triple carbon–carbon bonds. In cyclic compounds, the carbon atoms are arranged in a ring.

The simplest hydrocarbon is a carbon atom bonded to four hydrogen atoms. Carbon can form four
equivalent bonds that are 109.5° apart, forming a tetrahedral shape. This molecule is called methane. The
structure of a methane molecule was described in topic 6. Figure 8.5 demonstrates different representations
of methane. Of these, structural formulas (and condensed structural formulas where appropriate) are the
most commonly used representations in organic chemistry.

FIGURE 8.5 Lewis (electron dot) structure, structural formula, shape, and ball-and-stick model of methane
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General properties and uses of hydrocarbons
Compounds containing C—H bonds are generally insoluble in water and do not react with it. They are more
likely to be soluble in non-polar solvents. This is because the electronegativities of carbon and hydrogen
atoms are similar. This means that the C—H bond is nearly non-polar and, because of the symmetry of the
molecule, hydrocarbon molecules are non-polar.

This non-polar nature of hydrocarbons also explains why the boiling point of hydrocarbons increases
with the length of the chain of carbon atoms. Only dispersion forces hold the molecules together, and these
forces increase as the size of the molecules increases. The increase in boiling point with size reflects the
increased dispersion forces between the molecules. Table 8.1 shows this trend in the alkanes. If a molecule
is branched instead of a straight chain, this lowers the boiling point. Branches prevent the molecules from
coming closer together and so the dispersion forces have less effect.

Hydrocarbons are among the most useful substances in today’s society. Alkanes (see section 8.2.3)
are widely used as transport fuels. They burn readily and release a large amount of energy in doing so.
However, as we will see later in this topic, the crude oil from which they are derived is a finite source. Their
use as a fuel also produces carbon dioxide, the levels of which are now building up in the atmosphere.
Alkenes (section 8.2.4) are also important. The smaller alkenes especially, are widely used in the
petrochemical industry as pre-cursors from which many other useful substances are made. They are also
the raw materials for the manufacture of a wide range of plastics (see topic 9). The most useful alkyne
is ethyne (known in everyday use as acetylene), a gas used with oxygen for high temperature cutting and
welding.

8.2.3 Alkanes
The alkanes are a family of hydrocarbons containing only single bonds between the carbon atoms.
Notice how the name of each alkane has the same ending: -ane. This is how alkanes are identified. The
different prefixes, meth-, eth-, prop-, etc., show how many carbon atoms are present in each carbon chain
(see table 8.1). Table 8.2 summarises some common straight chain alkanes and their uses.

TABLE 8.1 Standard
prefixes for indicating
numbers of carbon atoms

Number
of carbon
atoms Prefix

1 meth-

2 eth-

3 prop-

4 but-

5 pent-

6 hex-

7 hept-

8 oct-

9 non-

10 dec-

TABLE 8.2 Common straight chain alkanes

Formula Name Phase
Boiling
point Typical use

CH4 Methane Gas −161.5°C Natural gas

C2H6 Ethane Gas −89°C Refrigerant

C3H8 Propane Gas −42°C Liquid petroleum gas

C4H10 Butane Gas −1°C Manufacture of synthetic rubber

C5H12 Pentane Liquid 36.1°C Solvent

C6H14 Hexane Liquid 68°C Filling for thermometers

C7H16 Heptane Liquid 98°C Testing engine knocking

C8H18 Octane Liquid 125.6°C Automobile petroleum

C9H20 Nonane Liquid 151°C Gasoline

C10H22 Decane Liquid 174.1°C Gasoline

C16H34 Hexadecane Liquid 286.8°C Lubricating oil

C20H42 Icosane Solid 343.1°C Wax candles

C28H58 Octacosane Solid 440°C Tar
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FIGURE 8.6 Structural and molecular formulas of
the first three alkanes
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Any series of organic compounds in which each
successive member differs by CH2 from the previous
one is called a homologous series. Alkanes can be
represented by the general formula CnH2n+2, where n
is the number of carbon atoms in the molecule.

Alkanes are also called saturated hydrocarbons.
This refers to the fact that all the carbon to carbon
bonds are single bonds. This means that, for
a given number of carbons, the maximum number of
hydrogens possible is in each molecule.

A homologous series of organic compounds have the same structure but differ between
members by CH2

Alkanes are saturated hydrocarbons with single bonds between the carbon atoms, they
have the general formula CnH2n+2

SAMPLE PROBLEM 1

Write the formula for the alkane that has 12 carbon atoms per molecule.

Teacher-led videos: SP1 (tlvd-0539)

THINK WRITE

Alkanes have the general formula CnH2n+2.
If 12 carbons are present, n = 12.

The number of hydrogen atoms will be 2n + 2 =
2 × 12 + 2 = 26. This molecule is called dodecane.

C12H26

PRACTICE PROBLEM 1
Write the formula for the alkane that has 16 carbon atoms per molecule.

Reactions of alkanes
Alkanes burn (combust) in a plentiful supply of oxygen to produce carbon dioxide and water. However, if
the supply of oxygen is limited, carbon monoxide or even just carbon may be produced in place of carbon
dioxide. Chemists use chemical equations to summarise chemical reactions. Using methane as an example,
the reactions mentioned may be summarised as follows:

CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)
methane + oxygen → carbon dioxide + water (for plentiful oxygen)

and in a limited supply of oxygen

CH4(g) + 1 1
2 O2(g)→ CO(g) + 2H2O(g)

methane + oxygen → carbon monoxide + water (for limited oxygen)
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or

CH4(g) + O2(g) → C(s) + 2H2O(g)
methane + oxygen → carbon + water (for limited oxygen)

FIGURE 8.7 Methane burning with a limited supply of
oxygen produces a yellow flame.

The effect of these reactions can be seen when
using a Bunsen burner. When the air hole of a
Bunsen burner is open and oxygen is plentiful,
methane burns with a blue flame. When the air
hole is closed, limiting the supply of oxygen, a
yellow flame is produced due to the particles of
carbon produced (figure 8.7).

Alkanes react with chlorine or fluorine in a
reaction called a substitution reaction. In this
type of reaction, one or more of the chlorine
or fluorine atoms take the place of one or more
of the hydrogen atoms. The products of these
reactions are known as haloalkanes. For
example, if chlorine is used and enough is
present, the hydrogen atoms may be substituted in
sequence by chlorine to produce a mixture of CH3Cl, CH2Cl2,CHCl3 and CCl4. The first step in this process
is shown in figure 8.8.

FIGURE 8.8 Methane reacts with chlorine gas under UV light to form chloromethane.
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8.2.4 Alkenes
The alkenes make up a family of hydrocarbons that each contains a double bond between two carbon
atoms.

The structural formulas of the first three alkenes are shown in figure 8.9. Notice that each of the names
ends with -ene. This is the characteristic ending used for the alkenes.

The alkenes have a general formula CnH2n and are another example of a homologous series. The double
bond between the carbon atoms reduces the number of hydrogen atoms in an alkene compared to their
corresponding alkane.

FIGURE 8.9 Structural formulas of the first three alkenes
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Alkenes are hydrocarbons with a double bond between two carbon atoms, they have the
general formula CnH2n

Resources

Video eLesson Homologous series of alkenes (eles-2477)

SAMPLE PROBLEM 2

Write the formula for the alkene that has eight carbon atoms per molecule.

Teacher-led videos: SP2 (tlvd-0540)

THINK WRITE

Alkenes have the general formula CnH2n.
If eight carbons are present, n = 8.

The number of hydrogen atoms will be
2n = 2 × 8 = 16. This molecule is called octene.

C8H16

PRACTICE PROBLEM 2
Write the formula for the alkene that has six carbon atoms per molecule.

Reactions of alkenes
Alkenes undergo combustion reactions with oxygen and, like alkanes, form carbon dioxide and water.

C2H4(g) + 3O2(g) → 2CO2(g) + 2H2O(g)
ethene + oxygen → carbon dioxide + water

However, this reaction has little commercial value. Small alkenes such as ethene are far more valuable to
the chemical industry as raw materials for the manufacture of other chemicals.

Alkenes can undergo addition reactions. In these reactions alkenes react with small molecules such as
hydrogen or a halogen. They can also react with water and hydrogen halides. The small molecule attacks
and breaks one of the double bonds. In the process, the small molecule is split and is added across the site
of the former double bond. With chlorine and water (along with suitable catalysts) the reactions shown in
figure 8.10 take place.

FIGURE 8.10 Alkenes break their double bond when they undergo addition reactions.
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Alkenes can undergo self-addition in which the alkene molecules join together to make long chains called
polymers. This will be discussed in topic 9.

Alkenes (and also alkynes) can be referred to as unsaturated hydrocarbons. This is because they contain
at least one carbon-to-carbon multiple bond. Consequently, for a given number of carbons, fewer than the
maximum number of hydrogen atoms are present per molecule.

8.2.5 Alkynes
Alkynes are hydrocarbons that contain a triple bond between two carbon atoms.

Note that the ending for each of the two alkynes shown in figure 8.11 is -yne. This ending shows that a
triple bond is present in the molecule.

The general formula for the alkynes is CnH2n−2. The alkynes are also another example of a homologous
series.

Alkynes are hydrocarbons with a triple bond between two carbon atoms, they have the
general formula CnH2n–2

FIGURE 8.11 Structural formulas of two alkynes
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Reactions of alkynes
Alkynes can undergo combustion (oxidation) and addition reactions. Like all hydrocarbons, the products of
the combustion reaction are carbon dioxide and water. The equation for the combustion of ethyne in pure
oxygen is:

2C2H2(g)+ 5O2(g) → 4CO2(g)+ 2H2O(g).

FIGURE 8.12 The combustion of ethyne (acetylene)
is used in oxyacetylene welding. The extremely high
temperature generated when ethyne is burned with
pure oxygen can melt metal and allow surfaces to be
welded together.
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CYCLIC HYDROCARBONS
FIGURE 8.13 Structural formulas for (a)
straight chain hexane and (b) cyclic hexane
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The carbon backbone of some hydrocarbons can form a
ring. Such compounds are known as cyclic hydrocarbons
and have the prefix cyclo- before their name.

An important category of the hydrocarbons is the
unsaturated cyclic compounds making up the aromatic
series. The simplest member of this series is benzene,
C6H6. This molecule has been shown to have two
equivalent forms, as shown in figure 8.14 (a) and (b).

Benzene is found naturally in crude oil but is usually
synthesised from other hydrocarbons when used in
making pharmaceuticals.

FIGURE 8.14 Four structural representations of benzene
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FIGURE 8.15 Structural
formula of napthalene

Scientists have shown experimentally that all carbon–carbon double bonds
in benzene are identical and somewhere between single and double bonds
in length and bond strength. The equivalence of the bonds is shown by the
alternative structure shown in figure 8.14 (c). The circle represents the even
distribution of the six electrons around the benzene ring. The six electrons are
said to be delocalised. Figure 8.14 (d) shows a shorthand representation of
benzene.

Given the information provided for benzene, try to work out the molecular
formula for napthalene, represented by the structure in figure 8.15.

8.2.6 Isomers

FIGURE 8.16 The two isomers of C4H10
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Isomers are molecules that have the same molecular formula
but have differences in the way the atoms are joined together
or arranged. Isomerism is very common in organic chemistry
and is one of the main reasons that carbon can form such a
huge range of compounds. As the number of carbons in a
molecule increases, so too does the number of ways that all the
atoms can be joined together. In other words, the number of
isomers increases. One particular type of isomerism is structural
isomerism. Structural isomers have the same molecular
formula but different structural formulas. For example, C4H10 can be drawn in two ways, as shown in
figure 8.16. When describing structures such as these, the terms ‘straight chain’ and ‘branched chain’ are
often used. Straight chain refers to when the carbons are joined in such a way that an unambiguous path
exists from the first carbon atom in the structure to the last. Branched chain, on the other hand, refers to
where a branch occurs at some stage as you progress along the carbon backbone. In figure 8.16, butane
would be described as a straight chain hydrocarbon, whereas methylpropane would be described as a
branched chain hydrocarbon.
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Resources

Video eLesson Isomers (eles-2478)

When considering isomers of hydrocarbons, it is useful to think of carbon atoms attached to the hydrogen
atoms as groups. A methyl group is one carbon attached to three hydrogens, —CH3, and they occur at each
end of a straight chain hydrocarbon. As demonstrated in sample problem 3, changing the position of a
methyl group produces different isomers of the same molecule. Similarly, a group with two carbon
atoms, one attached to two hydrogens and another attached to three hydrogens, —CH2 —CH3, is an ethyl
group. Methyl and ethyl groups are alkyl groups, and they have one less hydrogen than the alkane of the
same name.

Structural isomers have difference names and chemical properties because the molecules have different
shapes. In figure 8.16, for example, the only forces between the molecules of each isomer are dispersion
forces. These would be about the same strength because the isomers are of similar size. However, molecules
of butane can get closer together than can molecules of methyl propane, meaning that its dispersion forces
are slightly more effective. This is reflected in the slightly higher boiling point for butane (−0.5 °C)
compared to methyl propane (−11.7 °C).

SAMPLE PROBLEM 3

Draw three possible isomers for pentane, C5H12.
Teacher-led videos: SP3 (tlvd-0541)

THINK WRITE

1. All structures must link five carbons to 12 hydrogens.
Each hydrogen must only have one bond. Each carbon
must have four bonds.

Start with a straight chain of five C atoms, linked to
the 12 H atoms.
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2. Move one methyl group (one C and three H) to the third
C in the chain. The numbering of the C atoms in the
chain does not matter. The —CH3 group could be
moved to the second C in this case, and the molecule
would be the same.
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3. Move another —CH3 group to the third C atom in the
chain to create the final isomer of pentane.
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PRACTICE PROBLEM 3
Draw three possible isomers for hexane, C6H14.
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8.2.7 Naming hydrocarbons
Over the years, as organic chemistry grew and more and more compounds were either discovered or
synthesised, naming them increasingly became a problem. To solve this problem, the International Union
of Pure and Applied Chemistry (IUPAC) developed a set of rules by which any organic substance could
be named depending on the structure of its molecules. This system is in widespread use today, although
many common substances still retain their ‘old’ or ‘trivial’ names in everyday use. For example, ethyne,
mentioned earlier in this topic, is still called acetylene in everyday use.

Rules for naming hydrocarbons
Rule 1: Determine the longest chain of carbon atoms. This will form the basis of the
name.
Rule 2: Determine which end is nearest to a branch, a double bond or a triple bond.
(A double or triple bond takes precedence over a branch if they are equidistant from
either end of the chain.)
Rule 3: Number the carbon atoms from the end chosen.
Rule 4: Name any branches first with the ending -yl (for example, methane becomes
methyl and ethane becomes ethyl), then the longest chain, and then any single or
double bond.
Rule 5: When two or more branches occur on the same carbon atom, the number of
the carbon atom is indicated for each branch, with the names given in alphabetical
order (ignoring the prefixes described in rule 6).
Rule 6: When two or more identical branches occur on different carbon atoms, the
prefixes di-, tri- and tetra- are used.

TIP: Avoid the following common errors when naming hydrocarbons:
• not identifying the longest chain possible
• not listing the side branches in alphabetical order
• omitting the prefixes di-, tri- and tetra- when they are required.

This system uses a set of standard prefixes by which the number of carbons is indicated. These are
referred to as alkyl prefixes; for example, methyl, ethyl and propyl. Table 8.1 (section 8.2.3) shows these
prefixes for up to ten carbons.

SAMPLE PROBLEM 4

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

CH3 CH CH CH2 CH3

CH3

CH3

Teacher-led videos: SP4 (tlvd-0542)

THINK WRITE

1. The longest unbranched carbon chain contains five
carbon atoms separated by single bonds.

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

CH3 CH CH CH2 CH3

CH3

CH3

1 2 3 4 5

3. The branching chains are —CH3, so they are
methyls and attached to carbon atoms 2 and 3.
The two branches are both —CH3, so they are
named dimethyl.

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

PRACTICE PROBLEM 4
Use the rules for naming organic compounds to systematically name the following compound:

H

H

H
CH3

CH3 CH3

C C CH3CH

SAMPLE PROBLEM 5

Draw the structure for 4-ethyl-2-methylhex-1-ene.
Teacher-led videos: SP5 (tlvd-0543)

THINK WRITE

1. The prefix ‘hex’ indicates the molecule will have
six carbons.

C C C C C C

2. The 1-ene indicates the molecule is an alkene and a
double bond exists between carbons 1 and 2.

C C C C C C

3. Number the carbon chain from the double bond
end.

C
1 2 3 4 5 6

C C C C C

4. 4-ethyl-2-methyl indicates an ethyl group to carbon
number 4 and a methyl group to carbon number 2.
Ensure sufficient hydrogen atoms have been added
to all C atoms.

C C C C C

H

H H

H H

H

HH

C

H

H

H

C

H

HH C HH

C

H

HH

PRACTICE PROBLEM 5
Draw the structure for a molecule of 4-ethyl-2,3,3-trimethylheptene.
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SAMPLE PROBLEM 6

Name the following compound.

H

H HC2H5

CH3

H

H

H

HH

C C

H

C C CCH

H

H

C C H

H

Teacher-led videos: SP6 (tlvd-0544)

THINK WRITE

1. The longest chain has eight
carbons, so the oct name is given.
The double bond is nearest to the
right end, so number accordingly
(starting from the right).
The double bond on the carbon
atom number 2 is represented as
2-ene.

oct-2-ene
8 7 6

C CC C
3

C
2

C
14

C
5

C

2. The upper branch on carbon atom
number 4 contains one carbon
atom, so it is given the name
4-methyl. The lower branch
contains two carbon atoms, so it is
named 4-ethyl.

C2H5

CH3

8 7 6

C CC C
3

C
2

C
14

C
5

C

3. The two branches on carbon atom
number 4 both have the number
indicated and are written
alphabetically as 4-ethyl-4-methyl.

4  -  ethyl  -  4  -  methyl     oct  -  2  - ene

location

of branches
names of

branches

location

of double 

bond

name of

longest

chain

name for

double bond

The name of the compound is 4-ethyl-4-methyloct-2-ene.

PRACTICE PROBLEM 6
Name the following compound.

H

H HH

H

H

CH3 H
H

H

H

C

H

C C C

H

CC C H

Resources

Video eLesson Naming alkanes (eles-2484)
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8.2.8 Representing organic molecules
Organic molecules can be represented using Lewis structures, structural formulas and condensed formulas,
among others.

Lewis structures
Lewis structures (electron dot formulas) were introduced in topic 6. Dashes ( — ) can be used to replace
each pair of bonding electrons but lone pairs are often left as dots. There may or may not be an attempt to
show the actual shape of the molecule.

The following steps outline how to draw a Lewis structure, with figures 8.17 and 8.18 showing how the
Lewis structure may be drawn for water, H2O, and methanal, H2CO.

1. Add up the total number of valence electrons in the molecule.
2. Place the central atom(s) in position. This will usually be the least electronegative atom, or might be

the one with the fewest number of valence electrons. Note that this is only a guide and exceptions to
this can occur.

3. Connect all atoms with single bonds as dashes (—) or as shared electron pairs (•×).
4. Add electron dots to the peripheral atoms as lone pairs to make octets. Remember that hydrogens do

not have lone pairs.
5. Place remaining electrons as lone pairs around the central atom(s).
6. Check for octets around the central atom(s). If they are not present, use multiple bonds and adjust lone

pairs accordingly. Continue until all octets are generated.
7. If after Step 6 electrons are still left over, add them to the central atom, even if this violates the octet

rule. Remember that the octet rule is a guide only and can the broken for atoms in the third period and
beyond.

FIGURE 8.17 Drawing the Lewis structure for water, H2O

After Step 3

(four valence electrons

shown)

Step1

eight valence

electrons (total) HOH

After Step 6

(placement of

remaining four electrons)

orHOH

H

H O

FIGURE 8.18 Drawing the Lewis structure for methanal, H2CO

After Step 3

(six valence electrons

shown)

Step1

12 valence

electrons (total)

After Step 4

(12 electrons shown

but carbon

needs two more)

After Step 6

(lone pairs

adjusted)

O

C

HH

O

C

HH

O

C

HH

Structural formulas
As you saw in topic 6, the structural formula of a substance shows the way the atoms in a molecule are
connected; that is, it shows the bonds. For small molecules, there may be an attempt to show shape although
this is not always necessary. Figure 8.19 shows the structural formulas for propane and ethanol.
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FIGURE 8.19 Structural formulas for (a) propane and (b) ethanol

(a) C3H8 (propane) (b) C2H6O (ethanol)

H

H

C

C C

H

H

H H

H

H

OR

H

HH

H

H

C C

H

HH

C

C C

OR

H

H

H H

H

O

H

HH

H

H

C C

H

H

O

Resources

Video eLesson Molecular representations of butan-1-ol (eles-2485)

Condensed formulas
As the name suggests, a condensed formula (also known as a semi-structural formula), is an abbreviated
form of the structural formula. It is frequently used in organic chemistry, especially as molecules become
larger. A condensed formula avoids the tedious task of showing all bonds and all atoms by grouping sets
of atoms together. It shows an abbreviation of the structural formula, on a single line. For example, ethane,
C2H6, can be represented by the condensed formula CH3CH3. The condensed formula of propane, C3H8, is
CH3CH2CH3. When abbreviating a structural formula to its condensed formula equivalent, go ‘carbon by
carbon’.

FIGURE 8.20 Condensing the full structural formula of propane into the condensed formula

H C

H

H

CH3

H

H

Condensed formula

Full structural formula

C

H

C

H

CH2 CH3

H

Brackets are used:
• to indicate side chains, which are written after the carbon to which they are attached — for example:

3-methylpentane

CH3CH2CH(CH3)CH2CH3

CH3

CH CH2 CH3CH2CH3

• if there are repeating CH2 groups — for example:

H C

H

H H

H

pentane

CH3CH2CH2CH2CH3 or CH3(CH2)3CH3

C

H

C

H

H

H

C

H

C

H

H
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Other formula types
Three other commonly used types of formulas are empirical formulas, molecular formulas, skeletal
formulas and three-dimensional structural formulas.

Empirical formulas were introduced in topic 5. Their extension to molecular formulas is discussed later
in this topic. Skeletal formulas are particularly useful when dealing with large, complicated molecules.
These use lines and vertices to simplify a structural formula. It is assumed that a carbon atom (and enough
hydrogens to satisfy carbon’s valency) is present at each vertex (and also at the ends). Double bonds and
other different types of atoms are specifically shown. These will be encountered further in units 3 and 4.
Three-dimensional structural formulas attempt to show the three dimensional shape using wedges and
dotted lines, as discussed in topic 6.

Table 8.3 shows the different ways a butane molecule can be shown using these different types of
formulas.

TABLE 8.3 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 A carbon atom is present at each join and at the ends
of the line. Enough hydrogen atoms are present to
complete the octet of electrons around each carbon
atom. This representation is usually used for more
complex molecules.

3D structural
Shape diagram

H
H

C
H

C

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.
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8.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Write the formula for the alkane that has 10 carbon atoms per molecule.
2. Write the formula for the alkene that has 13 carbon atoms per molecule.
3. Draw Lewis (electron dot) structures for methane, ethane and ethene.
4. What are the products for the combustion of propane in the following circumstances?

(a) A plentiful supply of air
(b) A limited supply of air

5. State two types of reactions that are undergone by
(a) alkanes.
(b) alkenes.

6. As the molecular size of the alkanes increases, a change occurs from the gaseous phase to the solid
phase. Explain why this happens.

7. Which of the following compounds would you expect to have the higher boiling point? Give reasons for
your answer.
(a)

C

H

H

C

H

H H

C

H

HH

propane, C3H8

(b)

C

H

H

C

H

H H

C

H

H

C

H

HH

butane, C4H10

8. Hexane and 2,3-dimethylbutane both have the formula C6H14. Their boiling points are –95.3 °C and
–128.6 °C. Explain with reference to their structure and bonding why their boiling points are so different.

9. Draw two possible isomers for butane, C4H10.
10. For each of the following compounds labelled (i), (ii) and (iii), complete the following.

(a) How many isomers are there?
(b) Draw the isomers from part a.

i. Pentane, C5H12

ii. Butene, C4H8

iii. Propyne, C3H4

11. Explain the following.
(a) Why are numbers not required to correctly name methylbutane?
(b) Why is the name propan-3-ol incorrect?

12. What is the systematic name for the following compound?

H C

H

H C

C

C

H

C

H

H

C

H

H

C

H

H

H

H

H

H

H

H

C HH

13. Draw the structure for a molecule of 4-ethyl-2,3-dimethylheptane.
14. Bromine can react with both alkanes and alkenes (although the conditions necessary for reaction are

different).
(a) Write the structural formula of a product that is formed when bromine, Br2, reacts with ethane.
(b) Write the structural formula of the product that forms when bromine, Br2, reacts with ethene.
(c) What types of reaction is each of these?
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15. (a) Write structural formulas for the following.
i. Hex-2-ene
ii. Methlpropene
iii. Pent-2-yne

(b) Name each of the following.
i.

H C

H

H

C

C

H

C

H

H

C

H

H

H

H

HH

C HH

C

H

H

C

C

H

C

H

H

H

HH

C HH

ii.

H C

C

H

H

H

H

C

H

H

C

H

H

C

C

H

C HC

H

H

HH
H

HH

(c) Write condensed formulas for each substance from parts a. and b.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

8.3 Functional groups

KEY CONCEPT
• The grouping of hydrocarbon compounds into families (alkanes, alkenes, alkynes) based upon similarities in

their physical and chemical properties, including general formulas, their representations (structural
formulas, condensed formulas, Lewis structures), naming according to IUPAC systematic nomenclature
(limited to non-cyclic compounds up to C10, and structural isomers up to C7) and uses based upon
properties

8.3.1 Functional groups
Chemists use the concept of functional groups to simplify and assist with the classification of organic
compounds. This allows them to reduce the large number of different compounds into more manageable
groups that share common properties. A functional group is the bond, atom or group of atoms that give a
molecule its specific properties, and its name. For example, the functional group of the alkenes is C——C;
the functional group of the alcohols is —OH. The oxygen–hydrogen bond in alcohols and carboxylic acids
gives them significantly different properties from those of hydrocarbons.

8.3.2 Alcohols
Alcohols are carbon chains containing one or more —OH groups. The —OH group is called the ‘hydroxy’
group. Names of alcohols have the ending -ol.
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FIGURE 8.21 The first four alcohols shown as their structural formula and their semi-structural formula. Common
uses are also listed.

O H

H

C C HH

H

H

ethanol –– component

of alcoholic beverages

methanol –– solvent

for varnishes, 

windscreen washer

fluid

H

C

H
H O H

CH3OH CH3CH2OH CH3CH(OH)CH3 CH3CH2CH2CH2OH

propan-2-ol –– rubbing

alcohol, solvent

H

CH

H H
O H

C C H

H
H

butan-1-ol –– solvent,

hydraulic fluid

H

C

H
H

H O C

H

H
H

C C H

H
H

Alcohols are named on the basis of the alkane that they resemble. The -e on the end is dropped and
replaced by –ol; for example, ethanol is the alcohol that resembles ethane. For instances where there is
more than one location to attach the —OH group, the number of the carbon to which it is attached must
be specified. The general formula for an alcohol is CnH2n+1OH.

Figures 8.21 and 8.22 show further examples of how alcohols are named.

FIGURE 8.22 The structural and semi-structural formulas of the isomers of pentanol, C5H12O

H C

H H

HO

C

H

H

C

H

H

C HC

H

H

H

C

O

H

H C

H

H

H

H

C

H

H

C

H

H

C H

H

C

O

H

H C

H

H

H H

H

C

H

H

C HC

H

H

pentan-1-ol pentan-2-ol pentan-3-ol

CH3CH2CH2CH2CH2OH CH3CH(OH)CH2CH2CH3 CH3CH2CH(OH)CH2CH3

Alcohols contain the hydroxy functional group, —OH. They have the general formula
CnH2n+1OH.

Properties, reactions and uses of alcohols

FIGURE 8.23 Smaller
alcohols are soluble
in water due to
hydrogen bonds that
form between the
alcohol and water
molecules.

H

H

H

H
H

C

O

O

H

H
H

CO

H

H

In the smaller alcohols, the hydrogen bonding between the alcohol molecules is
stronger than the dispersion forces between hydrocarbon molecules in alkanes,
alkenes and alkynes. This results in higher boiling points than the corresponding
alkane or alkene. More energy is need to separate methanol molecules than
methane molecules.

In addition, the boiling points of alcohols increase with size because the non-
polar portion of the molecule increases; this diminishes the effect of hydrogen
bonding but increases the influence of the dispersion forces.

Smaller alcohols are soluble in water; hydrogen bonds form between the water
molecules and the alcohol molecules (figure 8.23). Solubility decreases with
increasing size due to the increasing non-polar section of the alcohol molecules
(figure 8.24).
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FIGURE 8.24 Larger alcohols become less and less soluble in water due to the increasing influence of the
non-polar hydrocarbon portion of the molecule (shaded). Octan-1-ol is not soluble in water.

H

H

H C

C

H
H OH

H

H

H

H

H

H

H

H

H

C

H

HH

C
C C

C
C

Alcohols undergo combustion reactions in air to produce carbon dioxide and water. Smaller alcohols
such as methanol and ethanol are increasingly being used as fuels. Much research is currently occurring on
developing efficient ways to produce ethanol from plant materials in a renewable manner (making so called
bioethanol), in order to decrease our dependence on fossil fuels. Many service stations now sell ‘E10’ — a
blend of petrol and up to 10% ethanol.

Using ethanol as an example, the combustion of alcohols may be summarised as follows.

CH3CH2OH(l) + 3O2(g) → 2CO2(g) + 3H2O(g)
ethanol + oxygen → carbon dioxide + water

Note that ethanol is shown using its semi-structural formula rather than its molecular formula. This is a
common practice in organic chemistry.

FIGURE 8.25 Many service stations now sell a blend
of petrol and ethanol.

Ethanol is also used as a solvent (it is widely
used and sold as methylated spirits, which is
ethanol with a small amount of methanol added)
and is present in many products such as perfumes
and cosmetics, where a fast rate of evaporation is
desirable. It is the type of alcohol in alcoholic
drinks. Other commonly used alcohols are
methanol which, besides its use as a fuel, is used
to make a number of other important chemicals.
Also widely used is propan-2-ol (often referred
to by its alternative name, isopropanol). This is
used as a skin disinfectant and to dissolve oil.
It is frequently used to sterilise the skin prior to
injections and surgical procedures, and is also
used as ‘rubbing alcohol’. Its rapid evaporation
rate makes it an ideal choice in these situations.

Alcohols also react with carboxylic acids to produce esters. These are discussed below.

SAMPLE PROBLEM 7

Consider the following alcohols: ethanol, butan-1-ol and decan-1-ol.
a. Which would have the highest boiling point?
b. Which would be the most soluble in water?

Teacher-led video: SP7 (tlvd-0545)
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THINK WRITE

a. All alcohols have hydrogen bonding and dispersion
forces between their molecules. The larger alcohols
will have stronger dispersion forces between their
molecules and, therefore, the higher boiling points.

Decan-1-ol is the largest molecule from those
given.

Decan-1-ol will have the highest
boiling point.

b. As the hydrocarbon component of the alcohol
increases, alcohols become less soluble in water
due to the increasing non-polar nature that results.
Hence, the molecule with the smallest hydrocarbon
component will be the most soluble. This is
ethanol.

Ethanol is the most soluble in water.

PRACTICE PROBLEM 7
Consider the following alcohols: propan-1-ol, octan-1-ol and pentan-1-ol.
a. Which would have the highest boiling point?
b. Which would be the most soluble in water?

SAMPLE PROBLEM 8

a. Name the following molecule.

H C C

H

H

C

H

H

C

C

H

H

H

C H

H

O

H

H

HH

b. Write the condensed structural formula for this molecule.

Teacher-led video: SP8 (tlvd-0546)

THINK WRITE

a. 1. Examine the molecule to find the longest carbon
chain and number the chain to give the functional
group (—OH) the smallest number.

The molecule has five carbons in its longest
chain, with the —OH attached to carbon number 2.

1

CH

H

H

H

H

C

H

H

H

H

H

O

H

H

HH

5

C
4

C
3

C
2

C

This gives pentan-2-ol.

2. Identify any other hydrocarbon groups on the chain.
A methyl group is also attached to carbon
number 3, this is denoted by 3-methyl.

3. Write the name of the compound. 3-methylpentan-2-ol
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b. Go carbon -by -carbon along the longest chain,
abbreviating the structural formula by grouping the
atoms together. Show branches in brackets after the
carbon they are attached to.

CH3CH(OH)CH(CH3)CH2CH3

PRACTICE PROBLEM 8
a. Name the following molecule.

C

H

H

H

H

C

H

C

H

H

H

H

H

HH

H C C C

O

H

b. Write the condensed structural formula for this molecule.

8.3.3 Carboxylic acids

FIGURE 8.26 Painful bee and ant stings
contain methanoic acid, HCOOH.

Carboxylic acids are another homologous series. These
compounds contain the functional group —COOH at the
end of a chain. The —COOH group is called the carboxyl
group. When naming a carboxylic acid, add the ending -oic
acid to the alkyl prefix. Remember to count the carbon atom
in the —COOH group. For example, methane becomes
methanoic acid. Figure 8.27 shows the structure and names
of two further carboxylic acids.

Remember: when identifying and numbering the longest
chain in a carboxylic acid, always start with the –COOH
group. The C in this will always be number 1 in the
sequence.

Carboxylic acids have the general formula CnH2n+1COOH.

FIGURE 8.27 The structural and semi-structural formulas for two carboxylic acids

H
O

O

C C

H

H

H

ethanoic acid (acetic acid)

CH3COOH

O H

H
O

C C

H

H

C

H

H

C

H

H

CH3CH2CH2COOH

butanoic acid

Carboxylic acids are a homologous series that contain the carboxyl functional group,
—COOH. They have the general formula CnH2n+1COOH.
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Properties, uses and reactions of carboxylic acids
As their name suggests, carboxylic acids show typical acid properties. They are weak acids and some,
such as ascorbic and citric acids, are present in foods. Familiar reactions include their reaction with bases
to form a salt plus water, and their reaction with reactive metals (such as magnesium) to produce a salt
plus hydrogen gas. They also react with carbonates, making a salt, carbon dioxide and water. Acid–base
behaviour is examined in more detail in unit 2.

Carboxylic acids show trends similar to alcohols with respect to their boiling points and solubility. Their
relatively high boiling points are due to the hydrogen bonding that is present; the hydrogen bonding forms
due to the —OH component of the —COOH group. Their decreasing solubility is due to the increasing
influence of the non-polar hydrocarbon component as their molecules become larger.

TABLE 8.4 Sources and uses of some common organic acids

Name Sources and uses

Methanoic acid (formic acid) Responsible for sensation caused by nettle, bee and ant stings; used in
medicine, food preservation and textile industry

Ethanoic acid (acetic acid) Main component of vinegar; used as a solvent; salts of the acid used in
insecticides and fungicides

Propanoic acid (propionic acid) Used as an antifungal agent in the baking industry and in ointments (either
in salt or acid form)

Butanoic acid (butyric acid) Odour-causing component of rancid butter, rotten socks and body odour

2-hydroxybenzoic acid (salicylic acid) Used as a food preservative

2-acetoxybenzoic acid
(acetylsalicylic acid, aspirin)

Used for relief of fever, pain and rheumatic conditions

Note: Common names are given in brackets

Carboxylic acids also react with alcohols to make the important class of compounds called esters.

SAMPLE PROBLEM 9

a. Name the following carboxylic acid.
H

H

C

H

H

H

HH

H C C C

H
O

O

C

H

b. Write the condensed formula for this compound.
Teacher-led video: SP9 (tlvd-0547)

THINK WRITE

a. 1. Carboxylic acids are always numbered from the COOH end.
Examine the molecule to find the longest carbon chain,
numbering from the C in the COOH.

The longest chain is four carbons (counting the C in the
COOH).

H

H

C

H

H

H

HH

H

H
O

O

C

H

4

C
3

C
2

C
1

This is a butanoic acid.
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2. Identify any other hydrocarbon groups on the chain. A methyl
is attached to carbon number 3 (this is denoted by 3-methyl).
Write the name of the compound.

3-methylbutanoic acid

b. Go carbon by carbon, abbreviating the structural formula by
grouping the atoms together. Put side groups in brackets.

The standard abbreviation for the carboxyl group is
—COOH.

CH3CH(CH3)CH2COOH

PRACTICE PROBLEM 9
a. Name the following carboxylic acid.

H

H

C

H

H

H

HH

H
O

O

C

H

C C

H

H

CCH

b. Write the condensed formula for this compound.

8.3.4 Esters
Esters are formed when an alcohol reacts with a carboxylic acid. Esters are a group of compounds that give
the pleasant ‘fruity’ smell to various fruits, and synthetic esters are often used as an additive to create this
pleasant smell. This is called a condensation or esterification reaction. Concentrated sulfuric acid is used to
link the alcohol and carboxylic acid together by removing a water molecule.

H

HH

H
O

+

O

C H

H

ethanoic

acid
methanol methyl ethanoate + water

COHCH

H

H
O

O

CCH

H

H

H + H2OC
H2SO4(l)

carboxylic acid + alcohol

CH3COOH(l) + CH3OH(l)

ethanoic acid + methanol

H2SO4

H2SO4

H2SO4

ester + water

CH3 COOCH3(l) + H2O(l)

methyl ethanoate + water

As can be seen from the preceding example, the functional group for an ester can be represented as

OC

O
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FIGURE 8.28 Naming methyl
ethanoate

The part considered

derived from the

organic acid is

named ethanoate

The alkyl part

of the alcohol

named methyl

CH3 CH3

O

O

Full name of ester: methyl ethanoate

C

This is abbreviated to COO when writing condensed formulas.
When naming an ester, the alcohol (alkyl part) name is given first,

followed by the acid part. For example, the alcohol methanol becomes
methyl. The -oic ending of the acid is replaced with -oate. (For example,
the carboxylic acid called ethanoic acid becomes ethanoate.) So,
methanol reacting with ethanoic acid forms the ester methyl ethanoate.

Esters are formed when an alcohol reacts with a
carboxylic acid. They form an homologous series that
contains the functional group, —COO.

SAMPLE PROBLEM 10

Name the esters produced from the following alcohols and carboxylic acids and write their
molecular formula.
a. Propanoic acid and ethanol
b. Methanoic acid and ethanol
c. Ethanoic acid and methanol
d. Which two esters from those listed are isomers?

Teacher-led video: SP10 (tlvd-0548)

THINK WRITE

a. 1. When naming an ester, state the alcohol part first,
and then the carboxylic acid part. Change ending
to –oate.

This means ethanol becomes ethyl and
propanoic acid becomes propanoate.

The ester produced is ethyl propanoate.

2. Determine the condensed formula of ethyl
propanoate by writing the condensed formulas of
the reaction between propanoic acid and ethanol.

CH3CH2COOH + CH3CH2OH →
CH3CH2COOCH2CH3 + H2O

3. Write the molecular formula of ethyl propanoate. C5H10O2

b. 1. When naming an ester, state the alcohol part first,
and then the carboxylic acid part. Change ending
to –oate.

This means ethanol becomes ethyl and
methanoic acid becomes methanoate.

The ester produced is ethyl methanoate.

Determine the condensed formula of ethyl
methanoate by writing the condensed formulas of
the reaction between methanoic acid and ethanol.

HCOOH + CH3CH2OH →
HCOOCH2CH3 + H2O

Write the molecular formula of ethyl
methanoate.

C3H6O2

c. 1. When naming an ester, state the alcohol part first,
then the carboxylic acid part. Change ending to
–oate.

This means methanol becomes methyl and
ethanoic acid becomes ethanoate.

The ester produced is methyl ethanoate.
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2. Determine the condensed formula of methyl
ethanoate by writing the condensed formulas of
the reaction between ethanoic acid and methanol.

CH 3COOH + CH3OH →
CH3COOCH3 + H2O

3. Write the molecular formula of methyl ethanoate. C3H6O2

d. Isomers have the same molecular formula. Of those listed, (b) ethyl methanoate and
(c) methyl ethanoate are isomers. Molecular
formula is C3H6O2.

PRACTICE PROBLEM 10
Name the esters produced from the following alcohols and carboxylic acids and write their molecular
formula.
a. Propanoic acid and methanol
b. Methanoic acid and propan-1-ol
c. Ethanoic acid and ethanol
d. Which esters from those listed are isomers?

Properties, uses and reactions of esters
Esters have relatively low boiling points because the intermolecular attraction is dipole–dipole (and
dispersion forces) instead of the hydrogen bonding that occurs in carboxylic acids. Table 8.5 demonstrates
this for a similarly sized ester and carboxylic acid.

TABLE 8.5 Ester and carboxylic acid boiling points

Name Molecular formula Condensed formula Type Boiling point (°C)

Ethyl ethanoate C4H8O2 CH3COOCH2CH3 Ester 77.1

Butanoic acid C4H8O2 CH3CH2CH2COOH Carboxylic acid 164

Although esters cannot form hydrogen bonds with themselves, they can with water. This leads to the
same solubility trend that is observed for alcohols and carboxylic acids. Smaller esters are soluble but, as
the number of carbons increases, they become less and less soluble (see table 8.6).

TABLE 8.6 The trend in ester solubility with increasing molecular size.

Name Formula Solubility in water (g/100 g)

Ethyl methanoate HCOOCH2CH3 10.5

Ethyl ethanoate CH3COOCH2CH3 8.8

Ethyl propanoate CH3CH2COOCH2CH3 1.7

The formation of an ester can be reversed by heating the ester with a dilute acid such as sulfuric acid or a
dilute base such as sodium hydroxide. This is called hydrolysis. As expected, this regenerates the original
alcohol and carboxylic acid.
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Esters are important biologically. The important class of biomolecules called lipids (which includes
oils and fats) are esters formed between an alcohol called glycerol and long chain carboxylic acids (often
referred to as fatty acids).

TABLE 8.7 Some esters and their uses

Name Common name Uses

Methyl salicylate Liniment (treatment for sprains and bruises)

Ethyl ethanoate Ethyl acetate Nail polish remover, glue

Ethyl butanoate Ethyl butyrate Banana flavouring

Propyl ethanoate Propyl acetate Pear flavouring

Ethyl hexanoate Pineapple flavouring

Acetylsalicylic acid Aspirin Pain relief, blood thinner

Esters are also becoming popular as a fuel, where they are being used to make biodiesel. In this
production, naturally occurring plant and animal esters (oils and fats) are reacted with methanol in a
reaction where one type of ester is transformed into another to make a fuel that can be used in place of
diesel. This is examined in unit 3.

Resources

Digital documents Experiment 8.1 Properties of carboxylic acids (doc-30849)

Experiment 8.2 Formation of esters (doc-30850)

Teacher-led videos Experiment 8.1 Properties of carboxylic acids (tlvd-0624)

Experiment 8.2 Formation of esters (tlvd-0625)

8.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Write the formula for an alcohol that contains seven carbon atoms in its molecules.
2. Write the formula for a carboxylic acid that contains six carbon atoms in its molecules.
3. Give a definition of a functional group. Give two examples.
4. (a) Name the following molecule.

H C

H

H

C

C C

H

H

H

H

H

H

O

H

(b) Write the condensed structural formula for this molecule.
(c) Explain why a number is not required to indicate the CH3 group in the name from part a, but is required

to indicate the —OH group.
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5. (a) Name the following carboxylic acid.

H C

H

H

C

C

H

H

H

H C

C C

H

H

H

H

H

H

O

C

H

O

(b) Write the condensed formula for this compound.
6. (a) What is a homologous series?

(b) Explain why alcohols are an example of a homologous series. Support your answer with some
appropriate formulas.

(c) Explain why carboxylic acids are an example of a homologous series. Support your answer with some
appropriate formulas.

(d) Explain why alkanes are an example of a homologous series. Support your answer with some
appropriate formulas.

7. Write molecular, structural and condensed formulas for the following.
(a) Butan-1-ol
(b) Butan-2-ol

8. Write molecular, structural and condensed formulas for the following.
(a) Ethanoic acid
(b) Propanoic acid
(c) Butanoic acid

9. (a) Name the esters produced from the following alcohols and carboxylic acids.
i. Butanoic acid and methanol
ii. Propanoic acid and ethanol
iii. Methanoic acid and methanol

(b) Which esters from (i) to (iii) are isomers? What is their molecular formula?
10. Draw the structural formula for nonanoic acid and write its condensed formula.
11. Draw the structural formula for ethyl pentanoate and write its condensed formula.
12. Pentanoic acid and ethyl propanoate both have the formula C5H10O2. Their boiling points are 185 °C and

99 °C respectively.
With reference to their structures and bonding, explain why this difference occurs.

13. Name the alcohol and carboxylic acid used to make the following.
(a) Propyl ethanoate
(b) Ethyl propanoate
(c) Pentyl decanoate

14. Methyl ethanoate is heated with dilute sulfuric acid and a reaction takes place. What are the products of
this reaction?

15. Glycerol, C3H8O3, is an important naturally occurring alcohol that is present in our bodies. It contains three
hydroxy groups per molecule. Each hydroxy group is attached to a separate carbon atom. Also important
in our bodies are long chain carboxylic acids called fatty acids. These react with glycerol to make esters
that are commonly called oils or fats. One example of such a fatty acid is stearic acid, C18H36O2.
(a) Write the condensed formula for glycerol.
(b) Write the condensed formula for stearic acid.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.
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8.4 The origin and use of crude oil

KEY CONCEPT
• The origin of crude oil and its use as a source of hydrocarbon raw materials

8.4.1 Formation
Crude oil is also known as petroleum. The word ‘petroleum’ is derived from two Latin words, petro
meaning ‘rock’ and oleum meaning ‘oil’. So it is literally ‘rockoil’. It was given this name because it was
originally found seeping through rocks to the Earth’s surface. Petroleum takes many thousands of years to
form. Millions of years ago, warm seas covered much of the area that is now land. These areas contained
plant and animal life that died, fell to the sea floor and became covered with sediment. Increased pressure
and temperature over a long period of time caused these substances to change into petroleum. Later,
movements of the Earth’s crust pushed these deposits closer to the surface and trapped pockets of natural
gas, crude oil and salt water.

Hydrocarbons are found in crude oil, and processing the oil yields many useful products. The
hydrocarbons described so far in this topic are largely synthesised or produced from fossil fuels. Fossil
fuels also form the major part of our fuel resources. As the name suggests, they are derived from the fossil
remains of living organisms, which have been altered by heat and pressure.

8.4.2 Refining
The process of obtaining useful products from crude oil is called refining. It is carried out on a large scale
in complexes called oil refineries. At the time of writing, Australia has operating oil refineries in Victoria,
Queensland, South Australia and Western Australia. Oil refining involves several processes. However, two
of the most important are fractional distillation (also known as fractionating) and cracking.

Fractional distillation
Many mixtures of liquids, including crude oil, may be separated into its components, called fractions, using
the process known as fractional distillation. This process is used to separate one liquid from a mixture
of liquids with different boiling temperatures. In industry, this process is used on a large scale to separate
crude oil into a number of fractions based on boiling temperatures. This is the first stage of refining. It
represents a ‘rough sorting out’ of the thousands of different compounds that are in the crude oil.

In this process, hot crude oil (which is essentially a very complicated mixture of alkanes) enters the base
of the fractionating tower and almost all of it is immediately vaporised. The small portion that remains
liquid (due to the high boiling temperature caused by its large molecules) is removed from the base to make
products such as bitumen for roads. As the vapours rise up the tower, they cool and re-liquefy at different
heights depending on their boiling (or condensation) temperatures. The lighter fractions have the smallest

TABLE 8.8 Products from the fractional distillation of crude oil

Product Number of carbon atoms Boiling point (°C) Use

Gas 1−4 <40 Bottled gas, plastics, chemicals

Petrol 4−12 40−75 Fuel for vehicles, chemicals

Kerosene 9−16 150−240 Jet fuel, chemicals

Diesel oil 15−25 220−250 Fuel

Lubrication oil 20−70 250−350 Lubricants, waxes

Bitumen residue >70 >350 Road surfaces
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molecules and, therefore, the lowest condensation temperatures; they are collected near the top of the tower.
Moving down the tower, the fractions collected become ‘heavier’; that is, they contain larger and larger
molecules. Special arrangements inside the tower called bubble caps let vapours rise while allowing any
condensed liquids to be collected on special trays.

FIGURE 8.29 A fractionating tower showing oil products and their uses
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SAMPLE PROBLEM 11

During the fractional distillation of crude oil, explain why the molecules for wax are collected
from a lower level than the molecules for diesel.

Teacher-led video: SP11 (tlvd-0549)

THINK WRITE

Recall the following:
• Only dispersion forces are present between the

hydrocarbons in crude oil.
• Increasing molecular size causes the strength of

dispersion forces to increase and, hence, boiling
temperatures as well.

• Temperature decreases as vapours rise up the
distillation column.

The molecules making up wax are larger
than those making up diesel fuel. Because
dispersion forces are the only
intermolecular attraction between all these
molecules, a stronger force of attraction
will exist between wax molecules
compared to diesel molecules. Wax will,
therefore, have the higher boiling point
(also higher condensation point) and so
will be collected lower in the column.

PRACTICE PROBLEM 11
Explain why the molecules for bottled gas are collected from a higher level during the fractional
distillation of crude oil than the molecules for petrol.

CRACKING TO PRODUCE DIESEL FUEL

FIGURE 8.30 A number of different fractions can be
obtained from crude oil. Unfortunately, demand does
not equal the output of the various fractions.
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We need far more diesel fuel than the amount
obtained from the fractional distillation of
Australian crude oil. This process also produces
far more kerosene than we need.

In order to obtain more diesel and other
smaller molecules, a process has been
developed whereby some of the excess larger
hydrocarbons are broken into smaller ones —
the ones that, generally speaking, are more
useful. This process is called ‘cracking’. This can
be done in two main ways. The first uses high
temperatures and is termed thermal cracking.
The second uses a catalyst at much lower
temperatures to produce the same effect. This
is called catalytic cracking. Both methods have
their own advantages and disadvantages, and
both are used at a number of locations around
Australia.

An important by-product of cracking is the
industrially important class of hydrocarbons
called alkenes — the raw materials of the plastics industry.

An example of cracking is the breakdown of decane (a large hydrocarbon) into octane (used in motor fuel) and
ethene (used for the manufacture of plastic).
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FIGURE 8.31 One possible way in which decane could crack. It could also crack at other points to produce
different molecules.
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8.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Describe how crude oil (petroleum) is formed.
2. Explain why the molecules for petrol are collected from a higher level during the fractional distillation of

crude oil than the molecules for kerosene.
3. What property of the lighter fractions of crude oil makes them burn more easily than the heavier ones?
4. Viscosity refers to how well a liquid flows; honey is described as a viscous liquid. Why do you think the

fractions that are recovered lower in the fractional distillation tower have increasing viscosity?
5. Write a chemical equation to show one way in which dodecane, C12H26, could crack when subjected to

catalytic cracking. Compare your answers with others in the class. Who is correct?

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

8.5 Determining the empirical and molecular formulas
of organic compounds

KEY CONCEPT
• Determination of empirical and molecular formulas of organic compounds

8.5.1 Empirical formulas
In topic 5, we saw how to calculate the empirical formula of an ionic compound. The empirical formula of a
molecular compound can be calculated the same way.

Recall the steps involved in finding an empirical formula:
1. Write down the symbols of the elements present.
2. Assume that the mass of the sample is 100 g and all percentages become grams.
3. Convert masses to moles.
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4. Find the simplest ratio of the atoms by dividing all numbers of moles by the smallest number of moles.
5. If necessary, multiply by a factor to convert all numbers to whole numbers.

SAMPLE PROBLEM 12

A hydrocarbon is burnt in excess oxygen to produce 2.64 g of carbon dioxide and 1.26 g of water.
Calculate its empirical formula.

Teacher-led video: SP12 (tlvd-0550)

THINK WRITE

1. Hydrocarbons burn in
excess oxygen to produce
carbon dioxide and water.
We can use the given mass
of the products to determine
the mass of the carbon and
the hydrogen in the
reactants. All the carbon
ends up in CO2; all the
hydrogen ends up in H2O.

Follow the steps listed
in section 8.5.1 to find the
empirical formula.

2. Step 1: The empirical
formula will contain C
and H.

Step 2: To determine the
mass of carbon in 2.64 g
CO2, find the mass ratio of
C in CO2 and multiply by
total mass of CO2.

To determine the mass
of hydrogen in 1.26 g
H2O, find the mass ratio of
H in H2O and multiply by
total mass of H2O.

Step 3: Convert masses to
moles of each

Step 4: Find simplest ratio
by dividing all numbers of
moles by the smallest
number of moles.

Step 5: Convert to whole
numbers

Step 1 Symbols C H

Step 2 Masses
m(C) =

(
12.0
44.0

)
× 2.64

= 0.720 g

m(H) =
(

2.0
18.0

)
× 1.26

= 0.140 g

Step 3 Moles

n(C) = m

M

= 0.720

12.0
= 0.0600 mol

n(H) = m

M

= 0.140

1.0
= 0.140 mol

Step 4 Simplest
ratio

0.0600

0.0600
= 1

0.140

0.0600
= 2.33

Step 5

Convert
to

whole
numbers

1 × 3 = 3 2.33 × 3 = 7

3. Write the empirical
formula

C3H7
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PRACTICE PROBLEM 12
A compound containing carbon, hydrogen and oxygen is found to contain 0.120 g of carbon, 0.025 g
of hydrogen and 0.080 g of oxygen. Calculate its empirical formula.

8.5.2 Molecular formulas
The molecular formula of a compound represents the actual composition of a compound that is made up of
molecules.

A molecular formula may be the same as its experimentally determined empirical formula or be a whole-
number multiple of it. The molecular formula of a compound may be determined from its empirical formula
only if its molar mass is also known.

Molecular formula of a compound:

molecular formula = n × (empirical formula)
where n represents a whole number.

Although compounds may have the same empirical formula, compounds with different molecular
formulas may have very different structures and, as a result, very different properties. Consider the
empirical formula CH2O. Methanal, also known as formaldehyde, has the molecular formula CH2O, with a
boiling point of –21 °C. It is commonly used as a preservative of biological samples and in the manufacture
of pressed wood products. A multiple of two of the same empirical formula gives ethanoic acid, C2H4O2,
also known as acetic acid, but commonly recognised as vinegar. It has a boiling point of 117 °C. A multiple
of six of the same empirical formula gives a variety of compounds, including many of simple sugars, such
as glucose, which can have a ring or straight chain structure. A comparison of empirical formulas and
molecular formulas of some organic molecules can be found in table 8.9.

TABLE 8.9 Comparison of empirical and molecular formulas

Name of molecule
Empirical formula (simplest
ratio of atoms in molecule)

Molecular formula (actual
number of atoms in molecule)

Ethyne (acetylene) CH C2H2

Benzene CH C6H6

Formaldehyde CH2O CH2O

Ethanoic acid (acetic acid) CH2O C2H4O2

Glucose CH2O C6H12O6

SAMPLE PROBLEM 13

Benzene has the empirical formula CH and its molar mass is 78 g mol–1. Find the molecular
formula.

Teacher-led video: SP13 (tlvd-0551)
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THINK WRITE

Determine the empirical formula mass. If the molar
mass is 78.0 g mol−1, its relative molecular mass
(the sum of the relative atomic masses according to
the molecular formula) is also 78.0. If the empirical
formula is written as CxHy, then the molecular
formula is (CxHy)n, where x, y and n are whole
numbers. The value of n may be determined by
comparing the relative molecular mass and the
empirical formula mass.

The empirical formula is CH.
M(empirical) = Ar (C) + Ar (H)

= 12.0 + 1.0
= 13.0

M(actual)
M(empirical)

= 78.0
13.0

ratio = 6

∴ molecular formula = 6 × empirical formula
= 6 × CH

= C6H6

PRACTICE PROBLEM 13
Calculate the molecular formula of the hydrocarbon from Sample problem 12, given that its molar
mass is 86 g mol–1.

SAMPLE PROBLEM 14

A compound with the properties of an acid is analysed and found to contain 40.0% carbon, 6.7%
hydrogen and 53.3% oxygen. It is found to have a molar mass of 60 g mol–1.
a. Calculate its empirical formula.
b. Use its empirical formula to determine its molecular formula.
c. Write the structural and condensed formulas for this compound.

Teacher-led video: SP14 (tlvd-0552)

THINK WRITE

a. 1. To determine the empirical
formula, follow the steps
outlined in section 8.5.1.

Step 1: The compound
contains C, H and O.

Step 2: Convert percentages
to g by assuming a 100 g
sample.

Step 3: Convert masses to
moles of each by using the
formula n = m

M
.

TIP: The formula can be
found in Table 3 of the
VCE Chemistry Data book.

Step 4: Find the simplest
ratio of the atoms.

Step 1 Symbol C H O

Step 2 Mass 40 g 6.7 g 53.3 g

Step 3 Moles
40

12.0
= 3.33

6.7
1.0

= 6.7 53.3
16.0

= 3.33

Step 4 Simplest ratio
3.3
3.3

= 1
6.7
3.3

= 2
3.3
3.3

= 1

1 2 1
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2. Write the empirical
formula

Empirical formula is CH2O

b. 1. Calculate the molar mass
that the empirical formula,
CH2O, predicts.

M(empirical formula) = C + 2 × H + O
= 12.0 + (1.0 × 2) + 16.0
= 30 g mol−1

2. Compare the mass of the
empirical formula to given
molar mass and find the
ratio between the two to
obtain molecular formula.

M(actual) = 60 g mol–1

M(actual)
M(empirical formula)

= 60

30
Ratio = 2

∴ M(actual) = 2 × M(empirical formula)

3. Write the molecular
formula.

Molecular formula = 2 × CH2O = C2H4O2

c. Given the compound has
the properties of an acid,
draw out a structure
containing carboxylic acid
functional group
(—COOH) and add
remaining atoms. Write
condensed formula.

H
O

O

C C

H

H

H

CH3COOH

PRACTICE PROBLEM 14
A compound with the properties of an acid is analysed and found to contain 26.1% carbon,
4.3% hydrogen and 69.6% oxygen. It is found to have a molar mass of 46 g mol–1.
a. Calculate its empirical formula.
b. Use its empirical formula to determine its molecular formula.
c. Write the structural and condensed formulas for this compound.

8.5.3 Summary of formula types
It may now be seen that a molecular substance can have many different types of formula. Each of these
different types shows different amounts of information in different ways. Which type is chosen will depend
on the information that is being conveyed. Tables 8.3 and 8.9 show the different types of formulas that may
be written for a molecular compound.

TABLE 8.9 Comparison of formula types for three different organic compounds.

Name
Empirical
formula

Molecular
formula

Electron dot
(Lewis) structure Structural formula

Condensed
formula

Methane CH4 CH4

H

H

HH C

H

C HH

H

CH4

230 Jacaranda Chemistry 1 VCE Units 1 & 2 Second Edition

UNCORRECTED PAGE PROOFS



“c08OrganicCompounds_print” — 2019/8/2 — 8:34 — page 231 — #37

Name
Empirical
formula

Molecular
formula

Electron dot
(Lewis) structure Structural formula

Condensed
formula

Ethane CH3 C2H6

H

H

H C

H

H

HC H

H

C

H

H

C

H

H CH3CH3

Butanoic
acid

C2H4O C4H8O2

H

H

H C

H

H

C

H

H

C

O

H

C

O

H

H
O

O

C

H

H

H

CCC

H

H

H
CH3CH2CH2COOH

8.5 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.

1. Which of the following formulas are empirical formulas?
(a) CH4

(b) CH4O
(c) C2H3

(d) C2H6

(e) C2H6O
(f) C2H2

(g) C3H4O2

(h) C3H8O
(i) C4H6O2

2. Explain why the molecular formula of an alcohol that contains only one hydroxy group in its molecules is
always also its empirical formula.

3. Ethane-1,2-diol (ethylene glycol) is used in antifreeze. It has the empirical formula CH3O and its molar mass
is 62 g mol–1. Calculate its molecular formula.

4. Calculate the molecular formulas for the compounds labelled a. to g. from the information in the following
table.

Compound Empirical formula Molar mass (g mol–1)

a. C5H12 72

b. C3H5 82

c. C3H4 80

d. CH2 84

e. CH2 140

f. CH2O 180

g. CH2Cl 99

5. Nicotine, the main active chemical in tobacco, has the empirical formula C5H7N and a relative molecular
mass of 162.0. Determine the molecular formula of nicotine.

6. Caffeine is a stimulant that is found naturally in coffee, tea and chocolate. Analysis of caffeine shows that it
contains 49.5% carbon, 28.9% nitrogen, 16.5% oxygen and 5.1% hydrogen by mass. Determine the
molecular formula of caffeine given that its molar mass is 194.2 g mol−1.
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7. The compound methyl butanoate smells like apples. Its percentage composition is 58.8% C, 9.8% H and
31.3% O. If its molar mass is 102.0 g mol−1, what is its molecular formula?

8. The taste of sour milk is due to lactic acid. The percentage composition of lactic acid by mass is 40.00%
carbon, 6.71% hydrogen and 53.29% oxygen, and the molar mass is 90.0 g mol−1. Find the empirical
formula and molecular formula of lactic acid.

9. A compound contains 12.8% carbon and 2.13% hydrogen, the rest being bromine. The relative molecular
mass of the compound is 188.0. Calculate the empirical formula and the molecular formula of the
compound.

10. An ester that is used in making nail polish remover is manufactured using ethanol. It has the following
composition: 54.5% carbon, 9.15% hydrogen and 36.3% oxygen. Its molar mass is 88.0 g mol–1. Calculate
the empirical formula and molecular formula of the ester and draw its structure.

11. A 5.00 g sample of a hydrocarbon contains 0.908 g of hydrogen. Its molar mass is 44.0 g mol−1.
(a) Find its molecular formula.
(b) Draw its structure.
(c) State the homologous series to which it belongs.

12. The combustion of a certain hydrocarbon in excess oxygen yields 0.341 g of carbon dioxide and 0.134 g of
water. Its molar mass is discovered to be 70 g mol–1.
Calculate its molecular formula.

13. Analysis of a certain compound reveals that it contains only carbon, hydrogen and oxygen.
(a) State two homologous series that this compound might belong to.
(b) Describe a simple test which might differentiate between the answers from part a.
(c) The complete combustion of 6.998 g of this compound yielded 9.636 g of carbon dioxide and 7.866 g

of water.
Calculate its empirical formula.

(d) In a further experiment, its molar mass was found to be 32 g mol–1.
Calculate its molecular formula.

14. A compound has the empirical formula C2H4O. When magnesium is added to it, hydrogen gas is evolved in
a 1:1 ratio of compound to hydrogen.
Name this compound and write its structural formula.

To answer practice exam questions online and to receive immediate feedback and sample responses for every
question go to your learnON title at www.jacplus.com.au.

studyON: Practice exam questions

Fully worked solutions and sample responses are available in your digital formats.

8.6 Review
8.6.1 Summary
Grouping hydrocarbons into families

• Organic chemistry is the study of the compounds of carbon. The oxides of carbon, carbonates, carbides
and cyanides, and compounds of the remaining elements, are considered to be inorganic substances.

• Carbon in organic compounds always forms four covalent bonds.
• Hydrocarbons are organic compounds made up of only carbon and hydrogen atoms. Dispersion forces

are involved in intermolecular bonding in hydrocarbons. This means that boiling temperatures are low.
Hydrocarbon molecules are non-polar so they are insoluble in water.

• Saturated hydrocarbons contain only single bonds; unsaturated hydrocarbons contain double or triple
bonds.

• Alkanes are hydrocarbons containing only single bonds between carbon atoms. Alkanes can undergo
oxidation (combustion) and substitution reactions. They burn in a plentiful supply of oxygen to
produce carbon dioxide and water.

• Haloalkanes contain one or more halogen atoms.
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• Alkenes are hydrocarbons containing one double bond between two carbon atoms. Alkenes can
undergo combustion, addition and polymerisation reactions. These reactions involve, respectively,
reacting with oxygen to form carbon dioxide and water; reacting with hydrogen (or the halogens) so
that the double bond between the two carbon atoms is broken; and forming long chains called
polymers as a result of alkene molecules joining together.

• Alkynes are hydrocarbons containing one triple bond between two carbon atoms. Alkynes can undergo
combustion and addition reactions.

• In a homologous series, successive members differ by a —CH2— group.
• Isomers of a compound have the same molecular formula but different structural formulas.
• Every organic compound can be named according to its structure using a set of rules devised by the

IUPAC. However, many compounds have older names that are still in common use.
• Condensed formulas (also called semi-structural formulas) are often used in organic chemistry to

denote the composition and structure of organic molecules. Lewis structures (electron dot diagrams)
can also be used but are not as common.

Functional groups

• Isomers of a compound have the same molecular formula but different structural formulas.
• A functional group is the bond, atom or group of atoms that gives a group of molecules its specific

properties.
• Alcohols contain one or more hydroxy (—OH) groups. Due to the presence of hydrogen bonding,

alcohols have a higher boiling temperature than the corresponding alkane. Smaller alcohols are soluble
in water.

• Carboxylic acids contain a carboxyl (—COOH) group at the end of a chain. Due to the presence of
hydrogen bonding, carboxylic acids have a higher boiling temperature than the corresponding alkane.
Smaller carboxylic acids are soluble in water.

• Esters form when alcohols react with carboxylic acids. Esters are named by changing the name of the
alcohol to the alkyl form and replacing the ending of the name of the carboxylic acid with -oate. For
example, the ester formed from propanol and ethanoic acid is propyl ethanoate.

The origin and use of crude oil

• Crude oil is formed from the remains of small marine organisms that existed millions of years ago.
These died and sank to the bottom where they became covered with sediment. Increased temperature
and pressure over a long time turned these remains into crude oil.

• The three main groups of fossil fuels are natural gas, petroleum and coal.
• Hydrocarbons are obtained from petroleum (crude oil).
• Petroleum is separated using fractional distillation. Fractional distillation separates components

according to boiling points. In a fractionating tower, components with lower boiling points are drawn
up closer to the top.

Determining the empirical and molecular formulas of organic compounds

• The empirical formula of a compound is the simplest whole number ratio of atoms that are present.
• The molecular formula of a compound may be determined from its empirical formula and its molar

mass. The molecular formula will always be some whole number (including one) times the empirical
formula.

• An empirical formula (and molecular formula if appropriate) uses either experimentally determined
elemental masses or percentages as the basis for its calculation.

Resources

To access key concept summaries and practice exam questions download and print the studyON: Revision and practice
exam question booklet (doc-30950).
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8.6.2 Key terms

addition reaction a reaction in which one molecule bonds covalently with another molecule without losing any
other atoms

alcohol compound containing at least one hydroxy (—OH) group.
alkane a simple, saturated binary compound of carbon and hydrogen atoms with single bonds between the

carbon atoms; the general formula for all members of this homologous series is CnH2n+2

alkene a hydrocarbon that contains one carbon–carbon double bond
alkyne a hydrocarbon that contains one carbon–carbon triple bond
carboxylic acid compound containing at least one carboxy (—COOH) group
catalytic cracking the use of a catalyst to break bonds in long molecules to produce shorter molecules
condensed formula formula derived from the structural formula that shows the atoms present in a structure

carbon by carbon and is written on a single line; also called a semi-structural formula
crude oil naturally occurring mixture of compounds that are mainly hydrocarbons; also known as petroleum
cyclic compound compound containing a ring structure, such as benzene
double bond strong bond between two atoms formed by two pairs of electrons that are shared by the two nuclei
empirical formula formula that shows the simplest numerical ratio in which atoms are combined
ester organic compound formed from a condensation reaction between an alcohol and a carboxylic acid
fractional distillation method of separating the components of a liquid mixture that depends on the ease of

vaporisation of the components
functional group group of atoms attached to or part of a hydrocarbon chain that influence the physical and

chemical properties of the molecule
haloalkane compound containing a halogen and an alkane
homologous series series of organic compounds with the same structure but in which the formula of one

molecule differs from the next by a —CH2 group
hydrocarbon compound containing only carbon and hydrogen
hydrolysis reaction involving the addition of water
Lewis structure structure that shows how outer shell electrons are arranged in a molecule; also known as

electron dot structure
molecular formula actual number of atoms of each element in a molecule of a substance
organic chemistry the study of carbon-containing compounds and their properties
polymer large molecule formed by the joining together of many smaller molecules.
saturated hydrocarbon compound composed of carbon and hydrogen and containing only single covalent bonds
single bond bond formed by one pair of electrons shared between two atoms
skeletal formula structural representation where a molecule is represented by vertices; carbons and hydrogens

are assumed to be at each vertex and at the ends unless otherwise indicated.
structural formula diagrammatic representation of a molecule showing every bond
structural isomers compounds that have the same molecular formula but different arrangements for the atoms

in that formula.
substitution reaction reaction in which an atom (or group of atoms) is removed and replaced by a different atom

(or group of atoms)
thermal cracking the use of heat to break bonds in long molecules to produce shorter molecules
triple bond strong bond between two atoms formed by three pairs of electrons that are shared by the two nuclei
unsaturated hydrocarbon compound containing carbon and hydrogen but possessing one or more double or

triple bonds

Resources

Digital document Key terms glossary — Topic 8 (doc-30952)
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8.6.3 Practical work and experiments

Experiment 8.1
Properties of carboxylic acids

Aim: To examine a range of properties of carboxylic acids.

Digital document: doc-30849

Teacher-led video: tlvd-0624

Experiment 8.2
Formation of esters

Aim: To prepare and name a number of different esters

Digital document: doc-30850

Teacher-led video: tlvd-0625

8.6 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

8.6 Exercise 1: Multiple choice questions
1. Which of the following is not the formula of an alkane?

A. C4H10

B. C7H16

C. C11H22

D. C14H30

2. Which of the following is the formula for an alcohol?
A. CH3CH2CH2COOH
B. CH3CH2CH2OH
C. CH3CH2CH2COH
D. CH3CH2CH2CH3

3. Which of the following is the formula for a carboxylic acid?
A. CH3CH2CH2COH
B. CH3CH2CH2OH
C. CH3CH2CH2COOH
D. CH3CH2CH2CH3

4. In which of the following groups are all the compounds members of the same homologous series?
A. CH4; C2H4; C3H4

B. CH3OH; CH3CH2OH; CH3CH2CH2OH
C. CH4; CH3OH; HCOOH
D. CH3OCH3; CH3CH2OH; C2H5OH
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5. Which one or more of the following statements is not correct?
A. A functional group remains unchanged in most chemical reactions.
B. A functional group is common to all members of the particular homologous series.
C. A functional group may be regarded as being responsible for a characteristic set of chemical

reactions for a given homologous series.
D. A functional group varies from member to member by —CH2.

6. What is an alkyl group?
A. A strongly basic group in an organic molecule
B. A group of organic compounds related to the alkanes
C. A group equivalent to an alkane molecule less one hydrogen atom
D. A group of organic compounds with the general formula CnH2n+2

7. What is the process of changing large hydrocarbon molecules into smaller hydrocarbon molecules
called?
A. Distillation
B. Polymerisation
C. Cracking
D. Esterification

8. Which of the following statements best describes a saturated compound?
A. A saturated compound, when used as a solvent, does not dissolve any more solute at a particular

temperature.
B. A saturated compound contains carbon and hydrogen atoms only.
C. A saturated compound has only single carbon–carbon bonds.
D. A saturated compound does not react with chlorine.

9. Which one or more of the following compounds is saturated?
A. H2C = CH2

B. HC ≡ CH
C.

H2C

H2C

C

H2

CH2

CH

C

D. CH3CH2CH3

10. The structure that is not an isomer of C8H18 is:
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11. Which of the following condensed formulas is an incorrect representation of the molecules shown in
question 10?
A. CH3C(CH3)2CH2CH2CH2CH3

B. CH3(CH2)6CH3

C. CH3CH(CH3)CH(CH3)CH(CH3)CH3

D. CH3CH2CHCH2(CH3)CH2CH2CH2CH3

12. What is 2-methylbutan-2-ol an isomer of?
A. Butan-2-ol
B. Pentanoic acid
C. Pentan-1-ol
D. 2, 3-dimethyl-butan-2-ol

13. Which organic compound in the following group has the highest boiling point?
A. Acetylene (ethyne)
B. Ethane
C. 1,1,1-trichloroethane
D. Ethan-2-ol

14. An organic compound has the following structure.

CH2 CHCH3 CH CH3

CH3CH2CH3

What is the name of the compound?
A. 2-ethyl-3-methylpentane
B. Octane
C. 3,4-dimethylhexane
D. 3-methyl-4-ethylpentane

15. An organic compound has the following structure.

CH CH

CH2 CH3CH2

CH3CH2

CH3

CH C

What is the name of this compound?
A. 3-methyl-4-ethylhept-1-yne
B. Decyne
C. 4-ethyl-3-methylhept-1-ene
D. 3-methyl-4-propylhex-1-ene

8.6 Exercise 2: Short answer questions
1. a. What is meant by the term ‘hydrocarbon’?

b. Give the names and formulas of three hydrocarbons each containing three carbon atoms.
2. Explain why the compounds methene and methyne do not exist.
3. a. How are alkanes ‘produced’?

b. What are the major uses of alkanes?
4. Define the term ‘isomer’. Illustrate your answer with the isomers of pentane and butene.
5. a. Distinguish between saturated and unsaturated hydrocarbons.

b. Which is more reactive?
6. Write a formula for each of the following.

a. An alkane with 22 carbon atoms
b. An alkene with 17 carbon atoms
c. An alkyne with 13 carbon atoms
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7. The alkanols form a homologous series. What does this mean?
8. Briefly explain the meanings of the following terms. Use examples in your answers.

a. Substitution reactions
b. Addition reactions
c. Functional group
d. Fractional distillation
e. Catalytic cracking

9. Name the esters formed from the following reactions.
a. Methanol and butanoic acid
b. propan-1-ol and propanoic acid
c. Ethanol and methanoic acid

10. Write formulas for the following esters.
a. Ethyl butanoate
b. Propyl ethanoate
c. Butyl propanoate

11. A molecular compound contains four carbon atoms. Write a condensed formula for the compound if it
is the following.
a. An alkene
b. An alcohol
c. A carboxylic acid
d. An ester

12. Write condensed (semi-structural) formulas for each of the following.
a. CH3

CH3

CC C C C C C H

H

H

H

H

H

HH

H

H

H

H

b.

CC CH C C H

H

H

HH

HH

c.

C C CH

H

H

HH

HH C C H

CH3
H

HH

C

H

C

H

d.

C C CH

H

H

CH3H

HCH3

C C

H

H
H

e.

CH3 CH CH3CH

CH3

CH3

f.

CH3 CH CH3CH2CH

C2H5

C3H7
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13. Name the following organic compounds.
(Note: the longest continuous chain may not be written in a straight line.)
a. CH2CH3 CH

CH3

CH3

b. CH3 CH CH3CH2

CH2

CH3

c. CH2 CHCH2 CH3CH2

CH3 CH2

CH3

d.

CH3 CCH2 CH3

CH2

CH3

CH2

CH3

e.

CH2CH3 CH2 CH3CH

CH3

CH

CH3

f.

CCH3 CH2

CH3

CH3

C CH3

CH3

CH3

14. Draw structural formulas for the following.
a. 2-methylheptane
b. 2, 3-dimethylbut-2-ene
c. Pent-2-yne
d. 2, 6-dimethylhept-3-ene
e. Oct-3-ene
f. 4-ethyl-3-methylhex-2-ene
g. 3, 4-diethyl-3-methylhexane
h. 3-ethyl-4,5-dipropyloctane

15. Jock isolated the following compound and named it 2-ethyl-2, 4-dimethylhexane. Lillian said that the
compound was incorrectly named. Explain why Lillian is right and give the correct name for the
compound.

CCH3 CH2CH2 CH2CH3

CH2

CH3

CH3

16. Draw structural formulas for the following compounds.
a. The paint remover dichloromethane
b. The water repellent used in Scotchgard, 1, 1, 1-trichloroethane

17. Use a labelled diagram of a methanol molecule and a water molecule to explain why methanol is
soluble in water.
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18. An alcohol containing only the elements carbon, hydrogen and oxygen was shown by analysis to
contain 60.0% carbon and 13.3% hydrogen. Its molar mass is 60.0 g mol−1. Identify the alcohol and
draw possible structures.

19. In a chemical laboratory, the labels have fallen off bottles of two colourless liquids stored close together
in the flammable liquids section.

In an effort to identify them, the following data was obtained through experiment.
Both react with ethanoic acid to produce pleasant smelling products.
Both have the same elemental analysis: carbon (60%), hydrogen (13.3%) and oxygen (26.7%).
Both have a molar mass of 60 g mol–1.
They have different boiling points.

a. Calculate the empirical formulas of the two liquids.
b. Calculate the molecular formulas of both liquids.
c. To what class of organic compounds do these two liquids belong? Explain.
d. From your answer to parts b and c, draw and name all the possible structural formulas.
e. How would you use the experimental information given to distinguish between the possibilities that

have been identified in part d?

8.6 Exercise 3: Exam practice questions
Question 1 (6 marks)
a. In terms of bonding, explain why heavier hydrocarbons such as diesel oil (those with a high number of

carbon atoms) have higher boiling temperatures than lighter hydrocarbons such as propane (those with
fewer carbon atoms). 2 marks

b. In terms of bonding, explain why lighter hydrocarbons such as petrol are more flammable than heavier
ones such as paraffin wax. 2 marks

c. Propane and ethanol contain molecules that are nearly the same size. Explain why ethanol is a liquid at
room temperature and propane is a gas. 2 marks

Question 2 (5 marks)
Analysis of a certain compound containing carbon, hydrogen and oxygen revealed that it contained 40%
carbon and 6.7% hydrogen.
a. Calculate the empirical formula of the compound. 2 marks
b. Calculate its molecular formula given that its molar mass is 60g mol–1. 1 mark
c. Draw a possible structural formula for this compound. 2 marks
Question 3 (5 marks)
An organic compound has the following formula.

CH CH

CH2 CH2CH2

CH2 CH3CH2CH3

CH3

CH2

C

O

O H

a. What is the name of the homologous series to which this compound belongs? 1 mark
b. Name this compound, using IUPAC nomeclature. 2 marks
c. Draw the structure of one isomer of this compound. 2 marks
Question 4 (4 marks)
If a mixture of lubricating oil, diesel oil, petrol, paraffin and kerosene were placed in a fractional distillation
apparatus, answer the following.
a. Which fraction would be collected first? 1 mark
b. Which would have the lowest boiling temperature? 1 mark
c. Which would have the highest boiling temperature? 1 mark
d. What could be done if the fractions collected were found to still be mixtures? 1 mark
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Question 5 (11 marks)
Analysis of a certain compound reveals that it contains only carbon, hydrogen and oxygen.
a. A small amount of crushed calcium carbonate is added to a sample of the compound. A gas is observed

to form. Name the homologous series to which this compound belongs. 2 marks
b. If you had not done the test described in part a, name two other homologous series that this compound

might belong to. 2 marks
c. A 9.217 g sample of this compound was combusted to yield 19.873 g of carbon dioxide and 8.127 g of

water. Complete the following.
i. Calculate the mass of carbon in the compound. 1 mark
ii. Calculate the mass of hydrogen in the compound. 1 mark
iii. Calculate the mass of oxygen in the compound. 1 mark

d. From your findings, calculate the compound’s empirical formula. 2 marks
e. In a further experiment, the compund’s molar mass was found to be 102 g mol-1. Calculate its molecular

formula. 2 marks

8.6 Exercise 6: studyON Topic Test
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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