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Preface

This book has been written for university students studying analytical chem-
istry, applied chemistry, forensic chemistry, or other such courses where there
is an element of HPLC within the course curriculum. The aim of the book is
to explain HPLC from a forensic science perspective, and many of the exam-
ples used here are associated with real-life samples that might be expected
within a forensic science laboratory. We have tried to maintain a balance
between practical solutions and the theoretical considerations involved in
HPLC analysis. The book takes the reader on a journey through the world
of HPLG; it is suitable for first-time users as well as those pursuing postgrad-
uate study or in the early stages of their forensic analysis careers.

Many of the applications within forensic science adopt a reverse phase
(RP) HPLC mode of separation in relation to analyses. We have chosen to use
example applications of HPLC based on this particular mode of chromatog-
raphy because it is the most frequently used. We have broken each chapter
down into theoretical considerations with examples where appropriate, a
key point summary, a series of questions where appropriate, and, finally, a
list of books and journal articles that we believe will give further, thorough
insight into each of the topics covered. We have attempted to keep the book
as succinct as possible whilst still providing sufficient information to allow
the reader to develop his or her knowledge at an effective pace.

In Chapter 1, we have included a brief history of HPLC because we
believe that it is important to understand just how far the technique
has advanced in its relatively short lifetime. We hope that this will
inspire others to be innovative and explore a continually advancing
field of study with huge opportunities. We have provided but a snap-
shot in time.

In Chapter 2, we move on to the theory behind the separation process.
Before any judgement on an analysis can be made, it is necessary first
to understand a little bit about the processes taking place. It is only
by doing this that one can begin to understand when things have
gone wrong and can then put them right. Forensic science requires a
rigorous approach to the analysis of evidence, and the consequences
of an error are far reaching. The basic chromatographic processes are
discussed along with the chemistry theory that underpins this.

xiii



Xiv Preface

In Chapter 3, we concentrate on some of the basic requirements that
will help to ensure a successful analysis, such as sample preparation
and mobile phase preparation. We explore some of the limitations
associated with these practical elements of HPLC analysis and pro-
vide information relating to current best practice.

In Chapter 4, we look at the different modes of separation that can
be used in forensic science. We acknowledge that other separation
chemistries do exist; however, these are beyond the scope of this
primer. We have chosen to focus on reverse phase, normal phase,
and ion exchange chromatography because these cover most of the
mainstream applications.

In Chapter 5, we look at modes of detection, again examining those that
we feel are best suited to forensic applications.

In Chapter 6, we move into the world of HPLC method development
and have chosen to focus on RP-HPLC for the reasons given earlier.
This chapter allows us to apply the theory from preceding chapters
to more practical elements of HPLC analysis. It also allows us to
explore in greater detail some of the many factors that need to be
considered and the consequences of the different aspects within this
field of study.

In Chapters 7 and 8, we look at how we ensure that our methodol-
ogy is going to give us a true representation of what is present in
the samples that we are analysing. This requires that the operator
have knowledge of the other systems that are in place to support the
HPLC analysis, such as the processes of validation, qualification, and
estimations of error.

Chapter 9 covers the quality aspects of laboratory operation in general,
and much of this theory can be applied to any analytical method.
Most laboratories will operate with at least some of the elements dis-
cussed in this chapter.

Chapter 10 deals with troubleshooting HPLC systems and analyses. It
is of fundamental importance that any analyst reporting results to
the prosecution services in connection with an alleged offence be
100% sure of the validity of his or her analytical data. Ensuring that
this happens means knowing when something is not right and being
able to put it right. In this chapter, we highlight a series of common
problems that can be encountered in HPLC and provide a number of
possible solutions at each stage.

Chapter 11 looks at some of the applications of HPLC within the field of
forensic science in greater detail. We have covered the most common
areas, but we acknowledge that both HPLC and forensic science are
far-reaching fields of study.
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Introduction to HPLC

Introduction

High performance liquid chromatography is the topic of this primer, but
the starting point for this goes much further back than modern times.
Chromatography is a technique that has a number of forms, such as thin
layer chromatography (TLC), high performance liquid chromatography
(HPLC), and gas liquid chromatography (GLC, although more commonly
known as GC). Each of these forms of chromatography has a variety of uses
in the analytical sciences.

In forensic science, chromatography is used in the analysis of drugs
of abuse, toxicology, fire debris analysis, environmental analysis, and
explosives analysis, to name but a few. To understand each of the chro-
matographic techniques, especially HPLC as the topic of this primer, it is
necessary first to explain what chromatography is and the basic principles
of chromatography.

The History of Chromatography

Chromatography seems to have been around for a long time in its current
state, so it is difficult to believe that the first reported work naming and using
chromatography was just over 100 years ago. Mikhail Semenovich Tswett
(1872-1919) was born in a small town in Italy but grew up in Switzerland with
his father. In later life, he went on to study botany at university in Geneva
and, by 1896, he had completed the work and write-up for his doctoral thesis,
for which he carried out work on the structure of the plant cell, chloroplasts,
and the movement of protoplasm.

In 1896, he moved to Russia to join his father, but Tswett had difficulty
finding the academic position for which he had wished. He accepted a tem-
porary position in a laboratory and completed work for a magisters degree
in order to gain the qualification to apply for academic positions in Russia.
During this research, he started building the foundations to develop chroma-
tography as a technique.

Tswett’s research involved the isolation of chlorophyll from plant mate-
rial. Whilst carrying out his work, he found a difference in polar and non-
polar solvents as to how well the isolation occurred. He concluded that this

1



