




Fundamental constants 

Quantity Symbol Value Power of 10 Units 

Speed of light c 2.997 924 58 108 ms-1 

Elementary charge e 1.602 176 621 10-19 c 

Planck's constant h 6.626 070 040 10-34 Js 

tz = h/2rc 1.054 571 800 10-34 Js 

Boltzmann's constant k 1.380 648 52 10-23 J K-1 

Avogadro's constant NA 6.022 140 857 1023 mol-1 

Gas constant R= NAk 8.314 459 8 J K-1 mol-1 

Faraday's constant F= NAe 9.648 533 289 104 Cmol-1 

Mass 

electron m, 9.109 383 52 10-31 kg 

proton mo 1.672 621 898 10-27 kg 

neutron m, 1.674 927 471 10-27 kg 

atomic mass constant m, 1.660 539 040 10-27 kg 

Vacuum permeability J1D 4rt 10-7 j s2 c -2 m-1 

Vacuum permittivity f{,= 1/J1Dc2 8.854 187 817 10-12 J-1 c 2 m-1 

4rtq, 1.112 650 056 10-10 J-1 c 2 m-1 

Bohr magneton lls = etz/2m, 9.274 009 994 10-24 JT-1 

Nuclear magneton l1tJ = etz/2m0 
5.050 783 699 10-27 J T-1 

Proton magnetic moment /1p 1.410 606 787 10-26 JT-1 

g-Value of electron g, 2.002 319 304 

Magnetogyric ratio 

electron y, =-g,e/2m, -1.001159652 1010 c kg-1 

proton Yo= 2/lp/n 2.675 222 004 108 c kg-1 

Bohr radius a0 = 4rcq,n2/fi'm, 5.291 772 107 10-11 m 

Rydberg constant R~ = m,e'!Bti'cf{} 1.097 373 157 105 cm-1 

hcRje 13.605 692 53 eV 

*The values quoted here were extracted in February 2016 f rom the National Institute of Standards and Technology INISTI website (search term: 
physical constants). 
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Using this book to master physical chemistry 

Organizing the information 

Innovative new structure 

Instead of being organized into chapters, the mate
rial is now presented as short 'Topics', which are col
lected into 15 'Focus' sections. At the beginning of 
each Focus, the relationships between the different 
Topics are discussed, to show you the connections 
between different areas of physical chemistry and 
help you see the bigger picture. Each Topic opens 
with three questions: why is it important? What is 
the key idea? And what do you need to know already 
to understand the material? While the Topics - and 
Focuses- are interconnected, each Topic is also read
able as a stand-alone unit, and can therefore be read 
in any order. 

~ Why do you need to know this 
material? 

Energy is central to almost every explanation in 
chemistry, and is defined in terms of work. This 
Topic also introduces some fundamental defin
itions of the concepts used in thermodynamics. 

~ What is the key idea 7 

One procedure for transferring energy is by 
doing work, the process of moving against an 
opposing force. 

~ What do you need to know already? 

You need to be familiar with the definition of 
work, which is summarized in The chemist's 
toolkit 7, and the perfect gas equation (Topic 
1A). Integration methods are summarized in The 
chemist's toolkit 8. 

The prologue: Energy, temperature, and chemistry 

You should first read this brief introduction to the 
Boltzmann distribution, as it introduces basic con
cepts that are used throughout the text. 

Checklist of key concepts 

The principal concepts introduced in each Topic are 
summarized in a checklist at the end of each one. 

Checklist of key concepts 

0 1 A spectrometer is an instrument that detects the 

characteristics of radiation absorbed, emitted, or 

scattered by atoms and molecules. 

0 2 In emission spectroscopy, an atom or molecule 

undergoes a transition from a state of high energy 

to a state of lower energy, and emits the excess 

energy as a photon. 

0 3 In absorption spectroscopy, the net absorption of 

incident radiation is monitored as the frequency is 

varied. 

Resource section 

Thermodynamic, kinetic, and spectroscopic data 
help you to understand trends in chemical and physi
cal properties and become familiar with the magni
tudes of properties. However, long tables can break 
up the flow of the text and be hard to find, so where 
appropriate they have been collected at the end of 
the book. 

A note on good practice 

The 'notes on good practice' have been written to 

help you avoid making common mistakes. They 
encourage you to conform to the international lan
guage of science adopted by the International Union 
of Pure and Applied Chemistry (IUPAC). 

A note on good practice Write AU for the change in internal 
energy because it is the difference between the final and init ial 
values. You should not w rite Aq or ll. w because it is meaning
less to refer to a 'd ifference of heat' or a 'difference of work': 
q and ware the quantities of energy transferred as heat and 
work, respectively, that result in the change AU. 



vi USING THIS BOOKTO MASTER PHYSICAL CHEMISTRY 

Getting to grips with the mathematics 

Annotated equations and equation labels 

We have annotated many equations so that you can 
follow how they are developed. A red label takes you 
across the equals sign: it is a reminder of the sub
stitution used, an approximation made, or the terms 
that have been assumed constant. A red annotation is 
a reminder of the significance of an individual term 
in an expression. Many of the equations are also la
belled to highlight their significance. We sometimes 
colour a collection of numbers or symbols to show 
how they carry from one line to the next. 

Justifications 

~ 
n,Rl)fex RTAn 

- ~ =---' 
P, 

Mathematical development is an intrinsic part of 
physical chemistry, and to achieve full understand
ing you need to see how a particular expression is 
derived and if any assumptions have been made. 

Justification 20.1 

Heat transfers at constant pressure 

Consider a system open to the atmosphere so that its pres
sure pis constant and equal to the external pressure p, . From 
eqn 3b 

However, the change in internal energy is given by eqn 1 of 
Topic 2C (t;.U= w + q) with w=-p, t;.V(provided the system 
does no other kind of work). Therefore 

Chemist's toolkits 

The chemist's toolkits provide succinct reminders of 
the mathematical concepts and techniques that you 
will need in order to understand a particular deriva
tion, and appear just where they are likely to be most 
helpful to you. 

The chemist's toolkit 7 Work and energy 

Work, w, is done when a body is moved aga inst an op

posing force. If that force is constant, then the magnitude 

of the work done, I wl. is the product of the magnitude of 

the force, F, and the distance, d, through wh ich the body 

is moved: 

lwi=Fd 
Work done against 
an opposing force 

Mechanica l work is done on a body when it is ra ised 

through a vert ica l distance aga inst the force of gravity. 

Becoming a problem solver 

Brief illustrations 

Brief illustrations are short examples of how to use 
the equations introduced in the text. Each Brief il
lustration is accompanied by a 'self-test' question, 
which you can use to monitor your progress. 

Brief illustration 28.2 Electrical heating 

If a current of 10.0 A from a 12 V supply is passed through 
a heater for 300 s, then the energy supplied as heat to the 
calorimeter is 

l~ J 

q~1 =(10.0A)x(12V)x(300s)=3.6 x 104 AVs =+36kJ 

Self-test 28.3 

For how long must the same current be passed for the en

ergy transferred to reach +100 kJ? 
Answer: 13 min 53 s 



Examples 

In each Example we suggest how to 'Collect your 
thoughts' by organizing the information in a prob
lem and then finding its solution. An accompany
ing simple diagram illustrates the problem-solving 
process. Use the 'self-tests' following each Example 
to check that you have mastered the concepts being 
introduced. 

lail,luHIUt 
Calculating a temperature change from the heat 

capacity 

Suppose a 1.0 kW kettle contains 1.0 kg of water and is turned 
on for 100 s. By how much does the temperature of the water 

change if all the heat is transferred to the water? 

Collect your thoughts You can 
suppose initially that the water is 

~~ not heated so much that it boils, 

but you will have to verify that 
once the calculation has been car- a. ---- ' 

E w ried out. The calculation hinges on ~ I ! 
being able to use the data to cal- ' ' 

Energy supplied 
culate the energy supplied to the as heat 
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Questions at the end of each Focus 

The Exercises allow you to assess your grasp of the 
material that has just been introduced, and are based 
on a specific Topic. Discussion questions are designed 
to help you think about the material conceptually 
before tackling more complex numerical questions. 
Problems are more challenging questions based on 
the material in the Focus. Projects require you to ex
plore specific ideas in more detail. Projects involving 
calculus are indicated by the symbol :t:. 

Solutions manual 

The accompanying Solutions Manual [ISBN: 978-
019-879865-1 (UK Edition); 978-019-880225-9 (US 
Edition)] provides full, detailed solutions to the Dis
cussion questions, Exercises, Problems, and Projects. 



Online Resource Centre 

The Online Resource Centre to accompany Elements of Physical Chemistry seventh edition provides a number 
of useful teaching and learning resources for lecturers and students. 

The site can be accessed at: 
www.oxfordtextbooks.co.uklordechem7e/ 

Student resources: 

Impact sections 

The 'Impact' sections show how the principles of 
physical chemistry developed in the book are being 
applied to a selection of modern problems in a vari
ety of disciplines. 

Multiple choice questions 

A bank of auto-marking multiple choice questions, 
with worked-out solutions, is provided for each 
Focus. Make the most of these questions to cement 
your knowledge and use them to draw your attention 
to areas where you need further study. 

Answers to end-of-Focus exercises 

Final numerical answers are provided to the end-of
Focus exercises. 

Password protected resources 
available for registered adopters: 

Figures and Tables of data 

If you wish to use the figures or tables in a lecture you 
may do so without charge (but not for commercial 
purposes without specific permission). Almost all are 
available in Power Point® format. 

Test bank 

A ready-made, electronic testing resource is pro
vided, which is fully customizable and contains feed
back for students. 



Preface 

We want our readers to have an instructive and en
joyable experience. With that guiding principle in 
mind we have developed a new presentation that 
provides flexibility for the instructor and accessibil
ity for the student. 

Gone are chapters. In their place we have Focuses, 
which gather together major areas of physical chem
istry. Gone are chapter sections. In their place we have 
Topics, which describe discrete aspects of the mater
ial in the Focus. The division of a Focus into Topics 
that can, in principle, be re-ordered or simply omitted 
according to the judgement, needs, and inclination 
of the instructor, gives great flexibility when match
ing the text to the course. Of course, we would not 
regard some sequences as appropriate, but we leave 
that judgement to the instructor. For the student, the 
material is broken up into smaller fragments, which 
should help to make the subject more accessible than 
when confronted with a big new subject spread over 
dozens of pages. We provide a succession of hills 
rather than a single mountain range. We also consider 
the use of Topics to reduce a student's apprehension 
when some are omitted by the instructor. 

We are aware that a possible criticism of this ap
proach is the loss of intellectual cohesion. With that 
in mind, each Focus begins with a preamble in which 
the development in the Topics is outlined and their 
interdependence explained. 

On a smaller scale, we have put ourselves into 
what we imagine to be the mind of the student, who 
sometimes cannot see the point of a particular sub
ject. Each Topic opens with the kind of question a 
student is likely to ask: What is the importance of 
this material? We then give a brief (but not exhaus
tive) indication of why it is worth paying attention. 
Then there is the other typical, but often unarticu
lated question: What do we need to know already? 
Here we make suggestions about the material that 
would be useful, and sometimes essential, to know 
while working through the Topic. 

Many of the innovations introduced in earlier edi
tions that users have found useful have been retained, 

sometimes with elaboration. For instance, we are 
fully aware of the fear that mathematics inspires, 
and have added more steps and a different and more 
helpful kind of annotation to the equations. The 
chemist's toolkits, the mathematical tools necessary 
at that point, have been enhanced: they are intended 
to remind the reader of various techniques and con
cepts (including some from introductory chemistry 
and physics). The Worked Examples have been re
developed to help students acquire a systematic ap
proach to setting up the solution by having a section 
called Collect your thoughts in each one. 

Some of the Toolkits replace the Foundations sec
tion of earlier editions. We consider that appropriate, 
as the reminder is there at the point of use rather than 
as a probably forgotten prelude. In its place we have 
a Prologue which establishes, with a very light touch, 
three important concepts that pervade the whole of 
chemistry: energy, temperature, and the Boltzmann 
distribution. With that material in mind, much of 
physical chemistry falls into place. We do not see the 
Prologue as a Topic in its own right, but more as a 
window for viewing much of what follows (where all 
three concepts are elaborated). 

As always in the preparation of a new edition we 
have relied heavily on advice from users throughout 
the world, our numerous translators into other lan
guages, and colleagues who have given their time in 
the reviewing process. For this edition we have col
lected comments from student panels, and we are 
very grateful to them for putting us so closely in 
touch with their attitudes, difficulties, and needs. 
We would particularly like to thank David Smith, 
of Bristol University, for the care with which he re
viewed the drafts and his extensive work on the end
of-chapter Exercises, which he reviewed in detail and 
augmented where he felt it appropriate. 

Our publishers have, as always, been a pleasure to 
work with, and supportive throughout. 

PWA 
JdeP 
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Energy, temperature, and chemistry 
The concept of energy occurs throughout chemistry. 
Some reactions release energy; others absorb it. Bond 
formation is accompanied by a lowering of energy; 
bond breaking requires energy. Almost every struc
ture and almost every reaction can be discussed in 
terms of energy, and the precise meaning of the term 
and its role will emerge in the course of this text. 

One very important feature of energy that should be 
kept in mind at all times is that, except in certain cases, 
the energy of an object (specifically an atom or mol
ecule) cannot have an arbitrary value. That is, energy is 
quantized, restricted to certain values. The separation 
between these 'energy levels' depends on the type of 
motion responsible for the energy and on the charac
teristics of the object, such as its mass. The first illustra
tion summarizes the relative sizes of the characteristic 
energy separations for four types of molecular mo
tion: 'translation' refers to the motion through space 
of a molecule in a large container, 'rotation' is motion 
around an axis through the molecule, 'vibration' is a 
periodic distortion of the molecule (for example, the 
stretching of bonds or bending of bond angle), and 
'electronic' denotes the energies of electrons in the mol
ecule. (Only the relative sizes of the energy separations 
are shown, the text will develop their actual sizes.) 
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The energy level separat ions typ ical of trans lat ional, rota
t iona l, vibrationa l, and elect ron ic motion . Only the re lat ive 
sizes of the energy separations are shown . 

In a typical sample of matter, the atoms or mol
ecules occupy these levels, with most molecules in the 
lower energy states and progressively fewer at higher 
energies. The states are populated in accord with the 
'Boltzmann distribution', which gives the popula-

tion, N 1, of any state of the system regardless of its 
origin (whatever the substance and whether it is due 
to translation, rotation, vibration, or any other mode 
of motion) in terms of the energy of the state, e1, and 
the absolute temperature, T: 

In this expression, k is a fundamental constant now 
called Boltzmann's constant (it is listed inside the 
front cover). The second illustration shows two typi
cal consequences of this expression, the red bars in
dicating the relative population of each state, one at 
low temperature, the other at high temperature. The 
Boltzmann distribution clarifies the meaning of'tem
perature', for it is seen to be the single parameter that 
governs the spread of populations over the available 
energy states. 
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The Boltzmann distribut ion of populations for a system 
at two temperatu res. (a) At low temperatures, most mol
ecu les are in states of low energy. (b) At high temperatures, 
some molecules can popu late states of high energy. 



2 ENERGY, TEMPERATURE, AND CHEMISTRY 

As can be seen from the second illustration, at 
low temperature, most molecules are in states of low 
energy. This feature is hugely important for chemis
try, as it means that few molecules have enough en
ergy to change by breaking bonds and forming new 
compounds: at low temperatures matter survives 
unchanged. However, at high temperatures some 

molecules have such high energy that they can under
go change. This feature is also hugely important for 
chemistry, for it enables chemical reaction. Thus, 
the Boltzmann distribution underlies the two major 
aspects of chemistry: the persistence of structure and 
the possibility of change. Its consequences will be 
seen throughout this text. 




