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PREFACE TO SECOND EDITION

In the 3 years that have passed since the publication of the first edition we
have received significant feedback on the book’s content and style. Happily the
majority of this has been very favourable! Amongst the comments we have read
have been a few suggestions for modifications or additions to the text. We have
taken note of these in preparing this new edition, whilst also incorporating
some changes we ourselves felt would improve the readers understanding. A
number of the more significant changes are outlined below.

As the book is for biologists and the like, and as water is the biological
solvent, we have provided (in Section C) more information about how and why
this solvent is so unique. We now include a section on small inorganic molecules
of biological interest (Section F) which permits us to cover molecular nitrogen
and molecular oxygen, previously not considered except in passing in the
section on metals (Section G). In the first edition nucleic acids and proteins
were mentioned in terms of their building blocks. We have taken the oppor-
tunity with this new edition to include information regarding their respective
roles. In doing this we thought it sensible to consider other biological macro-
molecules, hence we have included a topic covering the composition and
function of lipids (Section K). We have looked again at the section on thermo-
dynamics and have made some modifications to our discussion of Gibb’s free
energy and the statistical definition of entropy. Finally, for completeness we
have included a description of circular dichroism in the section on spectroscopy
(Section Q). CD is a very useful technique in structural biochemistry. We, in
common with a number of reviewers, felt this topic should be presented along-
side the spectroscopic techniques more commonly used by chemists.

For Elizabeth and Abigail, as always!
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PREFACE TO FIRST EDITION

Students of the biological sciences require a good grounding in chemistry if
they are to fully understand key aspects of their courses. Many, but not all,
students choosing to study biology, biochemistry and the like, have studied
chemistry to ‘advanced’ level or equivalent. However, the knowledge gained at
this stage is generally quickly forgotten, does not usually go far enough or it
does not make relevant connections to biological systems. There are of course
numerous excellent texts available which cover in great detail many of the topics
which impinge on the biological sciences. Some of these attempt to set the mate-
rial in a biological context. For the most part students studying chemistry as a
subsidiary subject often find such texts overwhelming. A number of books have
been written on chemistry aimed specifically at biological or life sciences
students, and these are a useful source of reference. However, in general we
have found that these do not cover the material that we require our biological
sciences students to learn. As the number of such students at Leeds is currently

over 400 each year we felt it worthwhile writing this book.

Instant Notes in Chemistry for Biologists aims to cover all aspects of chem-
istry relevant to the biological sciences and is based largely on the contents of
the lecture course given by both chemistry and biochemistry departments at the
University of Leeds. The book is divided into 15 sections containing 52 topics.
Each topic consists of a Key Notes panel with concise statements of the key
points covered. These are expanded on in the main part of the topic which
includes simple and clear black and white figures which may readily be repro-
duced for essays or examinations for example. The key notes are essentially a
revision aid hence the main body of the text is best read first. The ordering of
the topics reflects the fact that some fundamental principles need to be learnt
at the outset. Once the early sections have been digested the later topics may
be dipped into subsequently. The topics are extensively cross-referenced to assist

learning and understanding.

The contents of the book includes aspects of organic, inorganic and phys-
ical chemistry. In some instances the division between these branches of
chemistry is obvious, in others less so. We have endeavored to cover material
in a manner appropriate to the biological sciences and in doing so break down
unnecessary divides. Section A provides an introduction to key features of the
elements, from atomic structure, to the periodic table, through to isotopes:
including natural and synthetic radioisotopes. This leads to Section B and the
description of bonding and molecular shape and how these may be represented
on paper. In Section C the properties of water and phosphoric acid are discussed
in terms of chemistry but as examples of extremely biologically important small
molecules. The vast majority of all other biological molecules are carbon based
and consequently Section D is aimed at explaining why life should have evolved

based on this element.

Section E introduces the concept of isomerism, paying particular attention
to stereoisomerism and the labeling of absolute 3-dimensional structures of

stereoisomers.

In Section F the emphasis shifts from molecules of importance to the

elements, particularly metals of importance in biology.



Proface

A key feature of many biochemical polymers is the network of weak inter-
actions which hold large structures together, such as hydrogen bonds and
hydrophobic interactions. These are discussed in Section G.

In Section H definitions are provided for the various reactive species in
chemical reactions. Mechanisms and factors influencing these are included. This
leads naturally to Section I in which the key properties of functional groups
which frequently occur in biochemistry are discussed. In Section | a similar
approach is adopted in considering a special functional group, the aromatic
ring, This then leads to section K in which the chemical synthesis of biochemical
polymers is described.

Section L covers acid-base properties of aqueous solutions, with a descrip-
tion of buffer solutions and the concept of solubility.

In Section M the fundamentals of thermodynamics are set out. This is a
necessary prelude to Section N in which rates of reaction, enzyme kinetics and
catalysis in general are discussed.

Finally in Section O the principle of quantitization of energy is introduced
together with a description of the electromagnetic spectrum. The information
available from the application of various components of this spectrum; ultra-
violet, infrared and radiowaves is also covered.

This book is not intended to provide an in depth coverage of chemical
concepts, such as books included in the Further Reading list, but rather an
overview of key biochemically relevant material. It will work well with other
books in this series, in particular Instant Notes in Biochemistry.

Julie Fisher, John Arnold

To Elizabeth and Abigail
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Section A - The elements

A1 THE PERIODIC TABLE

Key Notes

Atomic structitre ! The atom consists of a nucleus containing protons and neutrons and is

Quantum mechanics ] The idea that electrons resided in specific allowed energy states proved very

surrounded by electrons. Electrons are located in specific energy shells and
discrete packets, or quanta, of energy are required for electrons to move from
one shell to another. The number of protons found at the nucleus is defined as
the atomic number.

j The electrons which surround the nucleus of an atom occupy regions of space

useful in explaining some physical observations. However, why electrons
should be distributed in this way was not explained until the principle of
wave-particle duality was developed. The wave-like behavior of electrons is
termed quantum mechanics.

7 J Properties such as valency (number of electrons in the outer shell), and

referred to as orbitals, or subshells. The size of the nucleus and the number of
electrons determines the shape and overall energy of a particular orbital. These
orbitals are labeled 1s, 2s, 2p, 3p, 4d, 5f, etc. The letter refers to the shape of the
orbital, the number to the shell location.

Related topics

electronegativity (electron-withdrawing or attracting power) of the elements
vary in a regular manner according to atomic number. The periodicity of these
properties is reflected in the arrangement of rows and columns in the periodic
table.

Electron configuration (A2) Molecular orbitals (B1)
Isotopes (A3) The early transition metals (G1)

Atomic structure

At the turn of the 18th century, the generally held view of the atom was that put
forward by John Dalton. His atomic theory had as its basis that atoms were
indestructible. It was not until around the turn of the 19th century that this was
shown to be incorrect. Atoms are actually comprised of subatomic particles
known as neutrons, protons, and electrons. The bulk of the mass of the atom is
made up of the mass of the neutrons and protons, each given an atomic mass of
1, the mass of the electron being negligible. The neutron has no charge whereas the
proton has a single positive charge and the electron a single negative charge:
Hence, the (neutral) atom has the same number of electrons as protons. As the
number of protons does not vary for a particular element (see Topic A3) the num-
ber of protons is the atomic number . It was not until the end of the 19th century
that the organization of these particles with respect to each other was determined.
Experiments involving bombarding metal films with the subatomic particles emit-
ted by various radioisotopes (see Topic A3) revealed that the atom had a core or
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Quarnitum
mechanics

Atomic orbitals

Periodicity

nucleus where the bulk of its mass was housed; the neutrons, protons and elec-
trons must therefore occupy space surrounding the nucleus.

In 1913 the Danish physicist Niels Bohr postulated that electrons were not sim-
ply free to circulate around the nucleus but instead that they must occupy specific
allowed energy states; referred to as energy levels or shells. Discrete packets of
energy, or quanta (see Topic Q1), are expelled or absorbed to move an electron
from one principal shell to another. There is a maximum number of electrons that
can occupy each shell (see Table 1)

Table 1. Electron occupancy of principal shells

Low energy » High energy

Energy shell 1 2 3 4 5
Electron capacity 2 8 18 32 32
Number orbitals s s, p(x3) s, p(x3), d(x5)

Bohr’s model of the atom was highly successful, especially in predicting the emis-
sion spectrum of the hydrogen atom. However, it provided no underlying reason
as to just why electrons should be layered in shells within atoms. The answer came
from wave-particle duality. During the early part of the 20th century, a number of
experimental observations were made in which electrons behaved as if they were
classical particles, whilst on other occasions they acted as if they were waves. The
wave-like character of electrons was evident, for example, in the patterns formed
by beams of electrons passing through crystals. This mixture of characteristics has
caused philosophical problems ever since, as it became evident during the 1920s
that sub-atomic matter had a strange, fuzzy existence; Einstein was not satisfied
by this, but was unable to devise a more satisfactory description. In general, a
particle can be described by a wave, the amplitude (or strictly, the amplitude®) of
which is related to the probability of finding the particle at a given position. The
wave-like behavior is termed quantum mechanics, or sometimes wave mechan-
ics. The wave is a mathematical function, often called the wave function. This
function strongly depends on the physical forces acting on the particle, usually
these are electrostatic influences of nuclei and/or electrons. So, when a negatively
charged electron is associated with a postively charged proton (as in the hydrogen
atom), the electrostatic attraction between the two causes only certain electron
wave functions to be allowable. These gave rise to atomic orbitals, which are
grouped in shells, just as in the Bohr model.

Within each electron shell there are subshells. These subshells have a degree of
‘fine structure’, in that there are specific locations within the subshell where there
is a higher probability of finding an electron than in other regions. These regions
are referred to as atomic orbitals. These orbitals have unique shapes and can hold
two electrons provided these electrons are spinning in opposite directions (see
Topic A2). The shapes of the orbitals are specified by the letters ‘s’, ‘p’,‘d’,and ‘¥
etc., and are shown in Fig. 1.

Different energy levels have different numbers of these orbitals as shown in
Table 1.

Mendeleev in the mid-1800s noted that various properties of the elements seem to
go through cycles as atomic number is increased. The boiling points, for example,
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Fig. 1. Shapes of some of the atomic orbitals. There are three ‘p’ orbitals in the x,y,z
directions and five ‘d’ orbitals in each shell where these appear. Orbitals show boundaries
within which 95% probabiility of finding electron.

do not increase with atomic number but go through peaks and troughs (see
Fig. 2).

The energy required to remove an electron (the ionization energy) followed a
similar trend (see Fig. 3)

Also it was noted that the number of bonds that an element could form with
another element varied with atomic number (see Topic B2 and Tuable 2).

An atom of an element with atomic number 3, 11 or 19, is able to combine with
one atom of some other element, and is thus referred to as monovalent. Those
with atomic numbers 5 and 13 are able to form three bonds and are referred to as
being trivalent elements, and so on. It should be noted that elements with atomic
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Fig. 2. Variation of boiling point with atomic number.



