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ABSTRACT

Drug trafficking and smuggling is an ongoing challenge for law enforcement agencies.
Cocaine smuggling is a high-value pursuit for smugglers and has been attempted using
a variety of concealment methods including the use of bottled liquids, canned milk,
wax and suspensions in cans of beer. In particular, traffickers have used clothing
impregnated with cocaine for smuggling. Handling, transportation or re-packaging of
drugs of abuse and explosives will inevitably leave residual material on the clothing
and other possessions of the involved persons. The nails and skin of the person may
also be contaminated through the handling of these substances.

This research study describes the development of Raman spectroscopic techniques for
the detection of drugs of abuse and explosives on biomaterials of forensic relevance
including undyed natural and synthetic fibres and dyed textile specimens, nail and
skin. Confocal Raman microscopy has been developed and evaluated for the detection
and identification of particulates of several drugs of abuse and explosives on different
substrates. The results show that excellent spectroscopic discrimination can be
achieved between single particles and substrate materials, giving a ubiquitous non-
destructive approach to the analysis of pico-gram quantities of the drugs and
explosives in-situ. Isolating the particle in this way corresponds with an analytical
sensitivity comparable with the most sensitive analytical techniques currently
available e.g. the highly sensitive, yet destructive ionization desorption mass
spectrometry. With the confocal Raman approach, this work demonstrates that
definitive molecular-specific information can be achieved within seconds without
significant interference from the substrate. The potential for the application of this
technique as a rapid preliminary, forensic screening procedure is obvious and

attractive to non-specialist operators as it does not involve prior chemical pretreatment



or detachment of the analyte from the substrate. As a result, evidential materials can

be analysed without compromising their integrity for future investigation.

Also, the applications of benchtop and portable Raman spectroscopy for the in-situ
detection of drugs of abuse in clothing impregnated with the drugs have been
demonstrated. Raman spectra were obtained from a set of undyed natural and
synthetic fibres and dyed textiles impregnated with these drugs. The spectra were
collected using three Raman spectrometers; one benchtop dispersive spectrometer
coupled to a fibre-optic probe and two portable spectrometers. High quality spectra of
the drugs could be acquired in-situ within seconds and without any sample preparation
or alteration of the evidential material. A field-portable Raman spectrometer is a
reliable instrument that can be used by emergency response teams to rapidly identify
unknown samples. This method lends itself well to further development for the in-situ
examination by law enforcement officers of items associated with users, handlers and

suppliers of drugs of abuse in the forensics arena.

In the last section of this study, a portable prototype Raman spectrometer ( DeltaNu

Advantage 1064) equipped with 1064 nm laser excitation has been evaluated for the
analysis of drugs of abuse and explosives. The feasibility of the instrument for the
analysis of the samples both as neat materials and whilst contained in plastic and glass
containers has been investigated. The advantages, disadvantages and the analytical

potential in the forensics arena of this instrument have been discussed.

Key words: Raman spectroscopy; drugs of abuse; explosives; forensics.



List of Publications

Sections of this research work have been published

Papers

1. “ Raman spectroscopic investigation of cocaine hydrochloride on human nail in a
forensic context ” Esam M. A. Ali, Howell G. M. Edwards, Michael D. Hargreaves
and lan J. Scowen, Analytical and Bioanalytical Chemistry , 390 (4),2008, 1159-1166.

2. “ In-situ detection of drugs-of-abuse on clothing using confocal Raman microscopy
” Esam M.A. Ali, Howell G.M. Edwards, Michael D. Hargreaves, lan J. Scowen,
Analytica Chimica Acta ,615, 2008, 63-72.

3. « Detection of explosives on human nail using confocal Raman microscopy ”
Esam M. A. Ali, Howell G. M. Edwards, Michael D. Hargreaves and lan J. Scowen
Journal of Raman Spectroscopy, 40(2), 2009, 144-149.

4. “In-situ detection of single particles of explosive on clothing with confocal Raman
microscopy ” Esam M.A. Ali, Howell G.M. Edwards and lan J. Scowen ,
Talanta , 78 (3), 2009, 1201-1203.

5. “Raman spectroscopy and security applications: the detection of explosives and
precursors on clothing” Esam M. A. Ali, Howell G. M. Edwards and lan J. Scowen
Journal of Raman Spectroscopy, 40(12), 2009, 2009-2014.

6. “In-situ detection of cocaine hydrochloride in clothing impregnated with the drug
using benchtop and portable Raman spectroscopy” Esam M. A. Ali, Howell G. M.
Edwards, Michael D. Hargreaves and lan J. Scowen, Journal of Raman Spectroscopy,
41(9) , 2010, 938-943.

7. “Rapid in-situ detection of street samples of drugs of abuse on textile substrates
using microRaman spectroscopy” Esam M. A. Ali, Howell G. M. Edwards and lan J.

Scowen, Spectrochimica Acta, under review.


http://www.springerlink.com/content/?Author=Howell+G.+M.+Edwards
http://www.springerlink.com/content/?Author=Michael+D.+Hargreaves

Published Abstracts and Posters

1. Proceedings of the EUROanalysis XIV, 9-14 September 2007, Antwerp,

Belgium

“ Raman Spectroscopic Investigation of Cocaine Hydrochloride on Human Nail in a
Forensic Context” E.M.A.Ali, H.G.M. Edwards, M.D. Hargreaves, 1.J. Scowen
(invited talk)

2. Proceedings of the International Conference on Raman Spectroscopy (ICORS
XXI), 17-22 August 2008, Uxbridge, West London, UK.

“Raman spectroscopy in forensics and security: drugs of abuse and explosives on
clothing” Esam M.A.Ali, Howell G.M. Edwards, Michael D. Hargreaves, lan J.

Scowen (abstract and poster)

“Raman Spectroscopic Investigation of Cocaine Hydrochloride on Human Nail in a
Forensic Context” Esam M.A.Ali, H.G.M. Edwards, M.D. Hargreaves, 1.J. Scowen

(abstract and poster)

3. Proceedings of the GeoRaman 2010, June 28 — July 2, 2010, Sydney, Australia.

“Interrogation of Drugs of Abuse and Explosives in a Forensic Context: Raman
Spectroscopic Applications” Esam M.A.Ali, Howell G.M. Edwards, lan J. Scowen
(invited talk)

“In-situ detection of cocaine hydrochloride in clothing impregnated with the drug
using benchtop and portable Raman spectroscopy” Esam M.A.Ali, Howell G.M.

Edwards, lan J. Scowen (abstract and poster)



List of papers to be submitted for publication

1. The detection of drugs of abuse on human skin using confocal Raman spectroscopy,
Esam M.A.Ali, Howell G.M. Edwards, lan J. Scowen.

2. In-situ detection of single particles of explosive on human skin with confocal

Raman microscopy, Esam M.A.Ali, Howell G.M. Edwards, lan J. Scowen

3. A new portable Raman spectrometer equipped with 1064nm excitation: feasibility
for the identification of drugs of abuse and explosives, Esam M.A.Ali, Howell G.M.

Edwards, lan J. Scowen.

4. In-situ detection of drugs of abuse in clothing impregnated with the drugs using
benchtop and portable Raman spectroscopy, Esam M.A.Ali, Howell G.M. Edwards,

lan J. Scowen.



ACKNOWLEDGEMENT

Without the support, patience and guidance of the following people, this study would
not have been completed. It is to them that | owe my deepest gratitude.

First of all, I am heartily thankful to my supervisor, Howell G.M. Edwards, whose
encouragement, guidance and support from the initial to the final level enabled me to
develop an understanding of the subject. Howell was always there to listen, to give
advice, to meet and talk about my ideas and to proofread and mark up my papers and
chapters. This thesis would not have been possible without his help and guidance. His
wisdom, knowledge and commitment to the highest standards inspired and motivated

me.

Also, I would like to thank my supervisor, Dr lan J. Scowen for the valuable guidance
and advice despite his many other academic and professional commitments. His

willingness to motivate me contributed tremendously to my research project.

I would like to thank the Egyptian Government and Sohag University for providing
me the PhD scholarship. | owe my deepest gratitude to all members of the Egyptian
Educational and Cultural Bureau, Egyptian Embassy in London for sponsoring me on

this course.

I would like to thank Dennis Farwell for his kind assistance and technical support. |
would like to express my thanks to my friend Michael Hargreaves for his cooperation

and support.
Above all, 1 would like to thank my wife Israa Omar for her personal support and

great patience at all times, my beloved mother, brothers and sisters for their endless

love and care.

vi



Abstract

Table of Contents

List of publications

Published Abstracts and Posters

List of papers to be submitted for publication
Acknowledgment

Chapterl
1.1
1.2

Chapter 2
2.1
2.1.1
2.1.2
2.1.2.1
2.1.2.2
2.1.3
2.1.4
2.1.4.1
2.1.4.2
2.1.4.3
2.1.4.4
2.1.4.5
2.1.4.6
2.1.5
2.2
2.2.1
2.2.2

Chapter 3
3.1

3.1.1

3.1.2
3121
3122
3.1.3
3.13.1

Introduction
Aims and objectives
Thesis Structure

Drugs of Abuse and Explosives
Drugs of Abuse

Definition

Drug legislation in the UK

The Misuse of Drugs Act

The Misuse of Drugs Regulations
Drug Dependence

Drugs of abuse

Amphetamines

Cocaine

Opioids

Benzodiazepines

Cannabis
Gamma-hydroxybutyric acid
Cutting agents

Explosives

Plastic explosives

Polymer Bonded Explosives

Forensic Analysis of Drugs of Abuse and Explosives
Forensic Analysis of Drugs of Abuse

Physical Examination
Screening tests

Presumptive (colour) tests
Thin Layer Chromatography
Confirmatory tests
Chromatography

vii

© 00 00 N O O 0o b

el il il el e
o ~N OO WN R

19
19
19
19
20
21
21



3.13.11
3.13.1.2
3.1.3.13
3.13.14
3.1.3.2
3.1.3.3
3.1.34
3.134.1
3.1.3.4.2
3.1.3.4.3
3.13.4.4
3.2

3.2.1
3211
3.2.1.2
3.2.1.3
3214
3.2.2
3221
3222
3.2.2.3
3224

Chapter 4

4.1
411
4.2
421
4.2.2
4.2.3
4231
4.2.4
4241
4.2.5
4.3

4.4

4.5

45.1

Gas Chromatography-Mass Spectrometry
High Performance Liquid Chromatography
Liquid Chromatography-Mass spectrometry (LC-MS)
HPLC-FTIR

Mass Spectrometry

X-ray powder diffraction

Spectroscopy

NMR Spectroscopy

UV/Visible Spectroscopy

Infrared Spectroscopy

Terahertz Spectroscopy

Forensic Analysis of Explosives

Bulk Detection Methods

X-ray techniques

Neutron and gamma ray techniques
Nuclear quadrupole resonance (NQR)
Terahertz spectroscopy

Trace Detection Methods

lon Mobility Spectrometry (IMS)

Mass Spectrometric techniques

Canines

Electronic noses (Microsensors)

Principles, Theory and Instrumentation of Raman

Spectroscopy

Vibrational spectroscopy

Molecular vibrations

Theory of the Raman Effect

The classical theory of the Raman Effect

The Quantum theory of Raman scattering

Fluorescence emission

Fluorescence quenching methods

Raman cross section

Magnitude of Raman cross section

Raman scattering intensity

Infrared spectroscopy

Selection rules of Raman and IR spectroscopy
Characteristic wavenumbers of Raman-active molecular
vibrations

Effects of adjacent groups on vibrational wavenumbers

viii

23
24
25
25
26
27
28
29
30
31
32
32
33
33
34
35
35
36
36
37
38
38

39
39
42
42
45
48
50
52
53
55
56
57
58

59



4.6 Raman versus Infrared spectroscopy 62

4.7 Instrumentations 63
4.7.1 Dispersive Raman spectrometers 63
4.7.1.1 Raman microscopy 68
4.7.1.2 Fibre-optic Raman spectroscopy 71
4.7.2 Fourier-transform Raman spectrometer 72
4.7.3 Dispersive versus non-dispersive Raman spectrometers 74

Chapter 5 Raman Spectroscopic Analysis of Drugs of Abuse and

Explosives
5.1 Advantages of Raman spectroscopy in forensic science 77
5.2 Applications of Fourier Transform Raman Spectroscopy 78
521 Analysis of drugs of abuse 78
522 Analysis of Explosives 79
5.3 Applications of Raman Microspectroscopy 80
5.3.1 Analysis of drugs of abuse 80
5.3.2 Analysis of Explosives 82
5.4 Applications of Fibre-optic Raman spectroscopy 83
54.1 Analysis of drugs of abuse 83
54.2 Analysis of Explosives 83
55 Applications of Surface enhanced Raman spectroscopy (SERS) 85
5.6 Applications of Spatially Offset Raman Spectroscopy (SORS) 86
5.7 Applications of Raman spectroscopy and chemometric 87

methods
5.8 Raman spectroscopy combined with other analytical techniques 88

Chapter 6 Detection of Drugs of Abuse and Explosives on Human Nail
Using Raman Spectroscopy

6.1 Introduction 90
6.2 Experimental 91
6.2.1 Samples 91
6.2.2 Raman spectroscopy 92
6.3 Results and Discussion 94
6.3.1 Detection of pure drugs of abuse on human nail 94
6.3.2 Detection of seized drugs of abuse on human nail 100
6.3.3 Detection of drugs of abuse under nail varnish 102
6.3.4 Detection of explosives on human nail 105
6.3.5 Detection of explosives under nail varnish 111

6.3.6 Raman mapping 115



Chapter 7

7.1

7.2
7.2.1
7.2.2
7.3
7.3.1
7.3.11
7.3.1.2
7.3.1.3
7.3.2
7.3.2.1
7.3.2.2
7.3.2.3
7.3.3
7.3.3.1
7.3.3.2
7.3.3.3

Chapter 8

8.1
8.2
8.2.1
8.2.2
8.3

In-situ detection of drugs-of-abuse and explosives on
clothing using confocal Raman microscopy

Introduction

Experimental

Samples

Raman spectroscopy

Results and Discussion

Detection of pure drugs of abuse on clothing

Drugs on undyed natural fibres

Drugs on undyed synthetic fibres

Drugs on dyed textiles

Detection of seized drugs of abuse on clothing

Detection of seized drugs of abuse on undyed natural fibres
Detection of seized drugs of abuse on undyed synthetic fibres
Detection of seized drugs of abuse on dyed textiles
Detection of explosives and explosive precursors on clothing
Explosives on undyed natural fibres

Explosives on undyed synthetic fibres

Explosives on dyed textiles

In situ detection of drugs of abuse in clothing impregnated

120
122
122
122
123
123
123
128
132
135
135
138
139
141
141
144
145

with the drugs using benchtop and portable Raman spectroscopy

Introduction

Experimental

Samples

Spectroscopic instrumentation

Results and Discussion

Cocaine hydrochloride—impregnated clothing

Cocaine hydrochloride—impregnated undyed natural fibres
Cocaine hydrochloride—impregnated undyed synthetic fibres
Cocaine hydrochloride—impregnated dyed textiles
MDMA-impregnated clothing

MDMA-impregnated undyed natural fibres
MDMA-impregnated undyed synthetic fibres
MDMA-impregnated dyed textiles

Amphetamine sulphate—impregnated clothing
Amphetamine sulphate—impregnated undyed natural fibres
Amphetamine sulphate—impregnated undyed synthetic fibres
Amphetamine sulphate—impregnated dyed textiles

Data comparison and library searching

149
150
150
151
153
153
153
156
157
159
159
161
161
163
163
165
165
167



Chapter 9

9.1
9.2
9.21
9.2.2.
9.3
9.3.1
9.3.2
9.3.3

Chapter 10

10.1
10.2
10.2.1
10.2.2
10.3
10.3.1
10.3.2
10.3.3
10.3.4
10.3.4.1
10.3.4.2

10.3.4.3
10.3.4.4
10.3.5
10.3.6

10.3.7

10.3.7.1

Detection of drugs of abuse and explosives on skin using
confocal Raman spectroscopy

Introduction

Experimental

Samples

Raman spectroscopy

Results and Discussion

Detection of pure drugs of abuse on human skin

Detection of street drugs of abuse on human skin

Detection of explosives on human skin

A new portable Raman spectrometer equipped with 1064
nm excitation: feasibility for the identification of drugs of
abuse and explosives

Introduction

Experimental

Samples

Raman spectroscopic instrumentation

Results and Discussion

Analysis of pure samples of drugs of abuse

Analysis of seized samples of drugs of abuse

Analysis of samples of drugs of abuse inside plastic bags
Analysis of samples of drugs of abuse inside glass containers
Analysis of samples of drugs of abuse inside clear glass vials
Analysis of samples of drugs of abuse inside green-coloured
vials

Analysis of samples of drugs of abuse inside amber yellow
vials

Analysis of samples of drugs of abuse inside brown containers
Analysis of explosives and explosive precursors

Analysis of explosives and explosive precursors inside plastic
bags

Analysis of explosives and explosive precursors inside glass
containers

Analysis of explosives and explosive precursors inside clear
glass vials

Xi

170
170
170
170
171
171
175
178

183
186
186
187
189
189
193
197
200
200
200

200

202

204

206

209

209



10.3.7.2

10.3.7.3

10.3.8

Chapter 11

References

Analysis of explosives and explosive precursors inside green
vials

Analysis of explosives and explosive precursors inside brown
containers

Analysis of drugs of abuse and explosives inside opaque
polymer containers

Conclusions and Future Work

Xii

211

211

213

217

220



