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preface

Philosophy

This is the third Australian edition of a text that has enjoyed significant global success over a number 
of decades. Our original aim in adapting Chemistry: The Central Science for a wider market was 
to ensure that the text remained a central, indispensable learning tool for the student of chemistry. 
In this book we aim to provide a comprehensive coverage of all aspects of chemistry that may 
be used at introductory university level. It will provide students with the depth of knowledge they 
require in their first-year undergraduate curriculum and to arm chemistry academics across Austra
lia with a broad and balanced view of chemistry with which to set their curricula. Throughout the 
text we have maintained a conversational style of explaining information rather than simply stating 
facts. We have found that this style has been highly appreciated by the student.

Organisation and Contents

In this edition the first four chapters give a largely macroscopic overview of chemistry. The basic 
concepts presented—such as atomic structure, the nature of chemical reactions, stoichiometry, 
measurement and quantification and the main types of reaction in aqueous solution—provide a 
necessary background for many of the laboratory experiments usually performed in first year general 
chemistry. 

The following five chapters (Chapters 5–9) focus on the atomic scale, starting with the transformations 
that occur within the nucleus of an atom before moving on to deal with the electronic structure of the 
atom, the consequent effects on the properties of the elements and the basic theories of chemical 
bonding and molecular geometry. Chapters 10 and 11 consider the macroscopic properties of 
the three states of matter—gas, liquid and solid—and the forces which influence their behaviour. A 
more detailed look at solubility and solutions and our interaction with the atmosphere and oceans 
are examined in the next two chapters (Chapters 12 and 13).  All chemical reactions involve energy 
changes and Chapter 14 comprehensively covers the thermodynamic processes operating in all 
chemical reactions.

The next several chapters examine the factors that determine the speed and extent of chemical 
reactions: kinetics (Chapter 15) and equilibria (Chapters 16–18). These are followed by electro
chemistry, which discusses the use of chemical reactions to produce electrical energy and vice 
versa (Chapter 19). Chapters 20 and 21 introduce the chemistry of non-metals, metals and 
coordination compounds. Throughout Chapters 1–21 there are extensive areas of modern chemistry 
that are dealt with broadly. For example, we introduce students to descriptive inorganic chemistry 
by integrating examples throughout the text. You will find pertinent and relevant examples of organic 
and inorganic chemistry woven into all chapters as a means of illustrating principles and applica
tions and the relationship between all areas of chemistry. Some chapters, of course, more directly 
address the properties of elements and their compounds, especially Chapters 7, 20 and 21.

Organic chemistry is central to all living things and Chapters 22–30 lead us on a journey from 
elementary hydrocarbons to elaborate bioorganic molecules. Much of what we discuss is treated 
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from a fundamental level so your transition to tertiary studies in organic chemistry is smooth and 
rapid. We place emphasis on the core reactions observed in organic chemistry and treated many 
cases mechanistically. This fosters a deep understanding of why organic molecules react in the way 
they do thereby giving you an opportunity to understand much more chemistry than is discussed. 
Chapter 22 provides a foundation to our examination of organic chemistry by using hydrocarbons 
to illustrate how we represent and name organic molecules. It goes on to provide an overview of 
the functional groups—the reactive parts of the molecule—on which we build our understanding 
of organic chemistry. The shape of a molecule may be pivotal in determining its reactivity, particularly 
in a biological context, and Chapter 23 leads to an in-depth discussion of stereochemistry. 

The next six chapters cover the fundamental reactions encountered in organic chemistry, at each 
step building to the application of these reaction in a modern world (for example, polymerisation in 
Chapters 24 and 27) and their essential role in the chemistry of life (for example, carbohydrates in 
Chapter 26, fats in Chapter 27, proteins and nucleic acids in Chapter 29). Chapter 28 investigates 
aromatic compounds as a separate class. Here it is important for the student to note the differences 
in reactivity to the alkenes studied in Chapter 24.

Finally, Chapter 30 stands alone as a reference guide to mass spectrometry, NMR spectroscopy 
and IR spectroscopy. Whether these topics are taught with much emphasis on the technology is up 
to the instructor. What we believe is most important is students’ development at complex problem-
solving, bringing two or more concepts together to draw a logical conclusion. The approach to solving 
molecular structure also confirms their knowledge of the basic principles of organic chemistry, bonding, 
functional groups and drawing structural formulae. Our coverage of organic chemistry gives students a 
unique perspective and challenges the very ‘standard format’ often seen in a first-year text.

Our topic sequence provides a logical progression through chemistry, but we recognise that not 
everyone teaches all the topics in exactly the order we have chosen. We have therefore made 
sure that instructors can make common changes in teaching sequence with no loss in student 
comprehension. In particular, many instructors prefer to introduce gases (Chapter 10) after 
stoichiometry or after thermochemistry rather than with states of matter. The chapter on gases has 
been written to permit this change with no disruption in the flow of material. It is also possible to treat 
the balancing of redox equations (Sections 19.1 and 19.2) earlier, after the introduction of redox 
reactions in Section 4.4. Finally, some instructors like to cover organic chemistry (Chapters 22 to 
30) earlier than its position in this text. Throughout the text we have introduced linkages (indicated 
by the symbol •) to sections in other parts of the book. This allows the reader to quickly find 
relevant material and highlights the integrated nature of chemistry. A glossary of terms provides 
succinct definitions for quick reference and a comprehensive index ensures the extensive information 
contained in this book is easily accessible. 

s Steven Langford	 School of Chemistry
Monash University, Clayton VIC 3800
steven.langford@sci.monash.edu.au

s Dalius Sagatys	 Science and Engineering Faculty
Queensland University of Technology, Brisbane QLD 4001
d.sagatys@qut.edu.au

s Adrian George	 School of Chemistry
University of Sydney, NSW 2006
adrian.george@sydney.edu.au
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guided tour for students

MAKING CONNECTIONS

The 3rd edition of Chemistry: The Central Science includes several 
key features to help you see the bigger picture: to move beyond 
memorisation and have a deeper understanding of the relationships 
between concepts in chemistry.

Making connections across different topics

New enhanced blue links • are featured in the margins and include 
voice balloons which direct you to other relevant sections that will enrich 
your understanding of the current topic. 

Making connections between chemistry and the real world

My World of Chemistry

Chemistry occurs all around us, throughout every day. Recognising the 
importance of chemistry in your daily life can improve your understanding 
of chemical concepts. My World of Chemistry showcases chemistry’s 
connection to world events, scientific discoveries, and medical 
breakthroughs throughout the text.

Making connections visually

Micro to Macro Art

These illustrations offer three parts: a macroscopic image (what you can 
see with your eyes); a molecular image (what the molecules are doing); 
and a symbolic representation (how chemists represent the process with 
symbols and equations).

A new intermediate step has been added, showing where chemistry 
occurs in the problem-solving process.

*NEW* Figure It Out questions and Voice Balloons

Figure It Out questions encourage you to stop and analyse the artwork 
in the text, for conceptual understanding. ‘Voice Balloons’ in selected 
figures help you break down and understand the components of the 
image. 

GLUCOSE MONITORING

Over 1 million Australians (although estimates
vary) have diabetes, and globally the number ap-

proaches 172 million. Diabetes is a metabolic
disorder in which the body either cannot pro-

duce or cannot properly use the hormone
insulin. One signal that a person is diabetic

is that the concentration of glucose in the blood is higher than
normal. Therefore, people who are diabetic need to measure
their blood glucose concentrations regularly. Untreated dia-
betes can cause severe complications such as blindness and
loss of limbs.

The body converts most of the food we eat into glucose.
After digestion, glucose is delivered to cells via the blood.
Cells need glucose to live, and insulin must be present in order
for glucose to enter the cells. Normally, the body adjusts the
concentration of insulin automatically, in concert with the

MY WORLD OF CHEMISTRY
glucose concentration after eating. However, in a diabetic
person, either little or no insulin is produced (Type 1 diabetes)
or insulin is produced but the cells cannot take it up properly
(Type 2 diabetes). The result is that the blood glucose concen-
tration is too high. People normally have a range of 70–120 mg
glucose per litre of blood. A person who has not eaten for 8
hours or more is diagnosed as diabetic if his or her glucose
level is 1260 mg dm-3 or higher.

Glucose meters work by the introduction of blood from a
person, usually by a prick of the finger, onto a small strip of
paper that contains chemicals that react with glucose. Inser-
tion of the strip into a small battery-operated reader gives the
glucose concentration. The mechanism of the readout varies
from one monitor to another—it may be a measurement of a
small electrical current or measurement of light produced in a
chemical reaction. Depending on the reading on any given
day, a diabetic person may need to receive an injection of
insulin or simply stop eating sweets for a while.
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(a) (b)

At end point, purple colour of 
MnO4

� remains because all 
C2O4

2� consumed

The purple colour of MnO4
� 

disappears immediately as 
reaction with C2O4

2� occurs

MnO4
�(aq)

C2O4
2�(aq)

F I G U R E I T  O U T

Which species is reduced in this reaction? Which species is the reducing agent?

« FIGURE 19.2 Titration of an acidic
solution of Na2C2O4 with KMnO4(aq).
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Making connections to problem-solving and critical thinking skills

Analyse/Plan/Solve/Check

This four-step problem-solving method helps you understand what you are 
being asked to solve, to plan how you will solve each problem, to work your way 
through the solution, and to check your answers. This method is introduced in 
Chapter 3 and reinforced throughout the book.

Dual-Column Problem-Solving Strategies

Found in Selected Sample Exercises, these strategies explain the thought 
process involved in each step of a mathematical calculation using a unique 
layout for clarity. They help you develop a conceptual understanding of those 
calculations.

Strategies in Chemistry

Strategies in Chemistry teach ways to analyse information and organise thoughts, 
helping to improve your problem-solving and critical-thinking abilities.

126 CHAPTER 4 Reactions in Aqueous Solution

SAMPLE EXERCISE 4.10 Calculating molar concentrations of ions

What are the molar concentrations of each of the ions present in a 0.025 M aqueous
solution of calcium nitrate?

SOLUTION
Analyse We are given the concentration of the ionic compound used to make the so-
lution and asked to determine the concentrations of the ions in the solution.

Plan We can use the subscripts in the chemical formula of the compound to deter-
mine the relative ion concentrations.

Solve Calcium nitrate is composed of calcium ions (Ca2+) and nitrate ions (NO3
-), so

its chemical formula is Ca(NO3)2. Because there are two NO3
–ions for each Ca2+ ion

in the compound, each mole of Ca(NO3)2 that dissolves dissoci ates into 1 mol of
Ca2+ and 2 mol of NO3

-. Thus, a solution that is 0.025 M in Ca(NO3)2 is 0.025 M in Ca2+

and 2 : 0.025 M = 0.050 M in NO3-.

Check The concentration of NO3
- ions is twice that of Ca2+ ions, as the subscript 2

after the NO3
- in the chemical formula Ca(NO3)2 suggests it should be.

SAMPLE EXERCISE 4.9 Calculating molarity

Calculate the molarity of a solution made by dissolving 23.4 g of sodium sulfate (Na2SO4) in enough 
water to form 125 cm3 of solution.

SOLUTION
Analyse We are given the number of grams of solute 
(23.4 g), its chemical formula (Na2SO4) and the volume of
the solution (125 cm3) and asked to calculate the molarity of
the solution.

Plan We can calculate molarity using Equation 4.33. To do so,
we must convert the grams of solute to moles and the volume
of the solution from millilitres to litres.

obtained by dividing its mass by its molar mass: Moles Na2SO4 =
23.4 g

142 g mol-1 = 0.165 mol

Converting the volume of the solution to litres: Litres solution = a 125
1000 b dm3 = 0.125 dm3

Thus the molarity is MMolarity = 0.165 mol
0.125 dm3 = 1.32 mol

dm3 = 1.32

PRACTICE EXERCISE
Calculate the molarity of a solution made by dissolving 5.00 g of glucose (C6H12O6) in sufficient water to 
form exactly 100 cm3 of solution.
Answer: 0.278 M
(See slso Exercises 4.45, 4.46.)

Solve The number of moles of Na2SO4 is  

Expressing the Concentration of an Electrolyte
When an ionic compound dissolves the relative concentrations of the ions
introduced into the solution depend on the chemical formula of the compound.
For example, a 1.0 M solution of NaCl is 1.0 M in Na+ ions and 1.0 M in Cl- ions.
Similarly, a 1.0 M solution of Na2SO4 is 2.0 M in Na+ ions and 1.0 M in SO4

2- ions.
Thus, the concentration of an electrolyte solution can be specified either in
terms of the compound used to make the solution (1.0 M Na2SO4) or in terms of
the ions that the solution contains (2.0 M Na+ and 1.0 M SO4

2-).
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PRACTICE EXERCISE
Calculate the formula mass of (a) Al(OH)3 and (b) CH3OH.
Answers: (a) 78.0 u, (b) 32.0 u 
(See also Exercises 3.17, 3.18.)

Percentage Composition from Formulae
Occasionally we must calculate the percentage composition of a compound (that
is, the percentage by mass contributed by each element in the substance). For
example, in order to verify the purity of a compound, we may wish to compare
the calculated percentage composition of the substance with that found experi-
mentally. Calculating percentage composition is a straightforward matter if the
chemical formula is known. 

76 CHAPTER 3 Stoichiometry: Calculations with Chemical Formulae and Equations

[3.10]=

number of atoms
of that element

 * atomic mass
of the element

formula mass of the compound
* 100%% Element

learnt earlier.  Recognise that some data may not be given explic-
itly in the problem; you may be expected to know certain quanti-
ties (such as Avogadro’s number) or look them up in tables (such
as atomic masses). Recognise also that your plan may involve
either a single step or a series of steps with intermediate answers.

Step 3: Solve the problem. Use the known information and
suitable equations or relationships to solve for the unknown.
Be careful with significant figures, signs and units.

Step 4: Check the solution. Read the problem again to make
sure you have found all the solutions asked for in the problem.
Does your answer make sense? That is, is the answer outra-
geously large or small or is it in the ballpark? Finally, are the
units and significant figures correct? 

PROBLEM SOLVING

Practice is the key to success in solving problems.
As you practise, you can improve your skills by

following these steps.

Step 1: Analyse the problem. Read the
problem carefully. What is it asking you to

do? What information does it provide you with? List both the
data you are given and the quantity you need to obtain (the
unknown).

Step 2: Develop a plan for solving the problem. Consider a
possible path between the given information and the unknown.
This is usually a formula, an equation or some principle you

STRATEGIES IN CHEMISTRY

(b) If a chemical formula has parenthe-
ses, the subscript outside the paren-
theses is a multiplier for all atoms
inside. Thus for Ca(NO3)2, we have

164.1 u

1 Ca atom = 1(40.1 u) = 40.1 u
2 N atoms = 2(14.0 u) = 28.0 u
6 O atoms = 6(16.0 u) = 96.0 u

SAMPLE EXERCISE 3.6 Calculating percentage composition

Calculate the percentage of carbon, hydrogen and oxygen (by mass) in C12H22O11.

SOLUTION
Analyse We are given a chemical formula which shows the elements and the num-
ber of atoms of each element in the molecule.

Plan We see that Equation 3.10 relates % composition of an element in a molecule to
the number of atoms of each element, the atomic mass of each element and the for-
mula mass of the molecule. The formula mass can be calculated as in Exercise 3.5 and
the atomic masses can be obtained from the periodic table. 

Solve Using Equation 3.10 and the periodic table to obtain atomic masses, we have

%C =
(12)(12.0 u)

342.0 u
* 100% = 42.1%
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The entries in Table 3.2 for N and N2 point out the importance of stating the
chemical form of a substance exactly when we use the mole concept. Suppose
you read that 1 mol of nitrogen is produced in a particular reaction. You might
interpret this statement to mean 1 mol of nitrogen atoms (14.0 g). Unless other-
wise stated, however, what is probably meant is 1 mol of nitrogen molecules,
N2 (28.0 g), because N2 is the usual chemical form of the element. To avoid
ambiguity, it is important to state explicitly the chemical form being discussed.
Using the chemical formula N2 avoids ambiguity.

SAMPLE EXERCISE 3.9 Calculating molar mass

What is the molar mass of glucose, C6H12O6?

SOLUTION
Analyse We are given a molecular formula which gives us the types of atoms and
their number in the molecule.

Plan The molar mass of any substance is numerically equal to its formula mass
which will have units of u, whereas the molar mass will have units of g mol-1. We
proceed as in Sample Exercise 3.5.

Solve Our first step is to determine the formula mass of glucose.

Because glucose has a formula mass of 180.0 u, one mole of this substance has a mass
of 180.0 g. In other words, C6H12O6 has a molar mass of 180.0 g mol-1.

Check The magnitude of our answer seems reasonable, and g mol-1 is the appropri-
ate unit for the molar mass.

Comment Glucose is sometimes called dextrose. Also known as blood sugar, glu-
cose is found widely in nature, occurring, for example, in honey and fruits. Other
types of sugars used as food are converted into glucose in the stomach or liver before
they are used by the body as energy sources. Because glucose requires no conversion,
it is often given intravenously to patients who need immediate nourishment. 

PRACTICE EXERCISE
Calculate the molar mass of Ca(NO3)2.
Answer: 164.1 g mol-1

(See also Exercise 3.27.)

6 C atoms = 6(12.0 u) = 72.0 u
12 H atoms = 12(1.0 u) = 12.0 u
6 O atoms = 6(16.0 u) = 96.0 u

180.0 u

GLUCOSE MONITORING

Over 1 million Australians (although estimates
vary) have diabetes, and globally the number ap-

proaches 172 million. Diabetes is a metabolic
disorder in which the body either cannot pro-

duce or cannot properly use the hormone
insulin. One signal that a person is diabet-

ic is that the concentration of glucose in the blood is higher
than normal. Therefore, people who are diabetic need to
measure their blood glucose concentrations regularly. Un-
treated diabetes can cause severe complications such as blind-
ness and loss of limbs.

The body converts most of the food we eat into glucose.
After digestion, glucose is delivered to cells via the blood.
Cells need glucose to live, and insulin must be present in
order for glucose to enter the cells. Normally, the body adjusts
the concentration of insulin automatically, in concert with the
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glucose concentration after eating. However, in a diabetic
person, either little or no insulin is produced (Type 1 diabetes)
or insulin is produced but the cells cannot take it up properly
(Type 2 diabetes). The result is that the blood glucose concen-
tration is too high. People normally have a range of 70–120 mg
glucose per decilitre (ddm3) of blood. A person who has not
eaten for 8 hours or more is diagnosed as diabetic if his or her
glucose level is 126 mg ddm-3 or higher.

Glucose meters work by the introduction of blood from a
person, usually by a prick of the finger, onto a small strip of
paper that contains chemicals that react with glucose. Inser-
tion of the strip into a small battery-operated reader gives the
glucose concentration. The mechanism of the readout varies
from one monitor to another—it may be a measurement of a
small electrical current or measurement of light produced in a
chemical reaction. Depending on the reading on any given
day, a diabetic person may need to receive an injection of
insulin or simply stop eating sweets for a while.
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