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ABSTRACT

Fingermarksarebelieved to be unique to each individual and hencegfayotal role

as a form of evidencélowever, despite significant ongoing research into fingermark
recovery techniques, there are still many areas that need to be exploecth the
immense poterai of fingermarks as an effective method of identificatiam attempt
has been made in the present workat@lyseone particular area that has been
overlooked the impact of wetting properties of different surfaces

The aim of the study is to investigahephysical and chemical changes in fingermark
constituents deposited @olymersubstrate®f different water contact angievhen
recovered using the cyanoacrylate fuming technwgtiethe use of camera and FTIR
spectroscopy.The effect ofaging and the environmental conditions on latent
fingermarks was also studied. Meanwhilisualisationof latent fingermark on metal
substratesieveloped usinghe conventional techniquécyanoacrylate fuming and
staining was comparewith thechemical imagesbtainedrom ToFSIMS.

Images fronoptical microscope showed the influence of substrate wetting properties
in the distribution of both types of sweat material (sebaceous and eccrine) which in
turn affected the cyanoacrylaggolymerisation On hydrophilic substrates, the
fingermark was deposited as a continuous film that allowed higher cyanoacrylate
polymerisationwhereas on hydrophobic surfaces an irregularly shaped fingermark

deposit led tdower amount of cyanoacrylaolymerisation

Aging of fingermaks wasshown to benfluenced by the underlying substrate wetting
properties asfingermark constituents decreased more rapidly on hydrophobic
surfaces. The eccrine fingermark aged significantly faster than sebaceous fingermark
due to the more volatile nae of the fingermark constituents. Experimental evidence
showed that both types of marks developed well by producing a clear fingermark
pattern with cyanoacrylate fuming after aged for a week when the marks were not
exposed to environmental conditionscomparison to the marks that were aged for
the same period of timaut exposed to airflow and light.

The chemical images fromTo~SIMS demonstratedan exceptional qualityof

fingermarks (clear ridge definitions and sweat pore positamemetal surfaces for



periods of up to 26 days after depositishen the samples were stored at ambient
conditions whereas conventional techniques showed little to no evidence of

fingermarks being present on the metal surfaces after a few days.
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CHAPTER 1

Introduction

1.1 Motivation

When a finger touches a surface, sweat and other substances present on the skin are
transferred reproducing a complex pattern of ridges on the surface. Very often the
resulting marks are not visible to the naked eye (i.e. they are latent) anthenefkie

be developed using one or more of a variety of techniques before theyaraadysed

and compared to an existing database of fingermarks [1]. There has been significant
research into improvinghe existing detection techniques and development of new

appoaches to successively detect a fingermark.

The success (or lack thereof) of the techniques chosen to develop the marks depend
on the surface / substraten which the marks are deposited and the nature or
composition of the fingermarks. The propertiesha&f substrate influence the transfer

of substances present on the skin and the way in which, the latent fingermark alters
with the time after deposition [2,3]. Obtaining more thorough knowledge of the
interaction between the fingermark and the substrass isnportant step towards
understanding the chemical and physical mechanisms of fingermark deposition and
changes that occur within the fingermark with respetteédime [3].

Due to the sparsity of truly quantitative experimental studies, this workdea
timely investigation on the effect of surface wettability in fingermark deposition and

fingermark development using cyanoacrylate fuming. An understanding of the



mechanisms of surface wettability in fingermark deposition and subsequent effect on
fingermark development with cyanoacrylate fuming technique tivdieforebe of

substantial value in crime scene investigations. The influence of surface wettability in
fingermark alteration since the time of deposition and its impact on cyanoacrylate

polymeisationwas studied.

In addition to the main body of work, an additional study was performed on
fingermark recovery from metal surfaces using conventional techniques and surface
sensitive technique. This line of research arose &onmterest inooking at different

types of surfacess alsoan area of operational interest due to the increasing incidence

in metal theft and the association of metals as weapons used in violent crime.

The aim of this study is tgain a better understanding of the substratttiwg
properties and their impact the fingermark deposition and enhancement prqcess
which would enable researchers and practitioners to develop fingermarks successfully

on any type of surfaces.

1.2 Thesis Outline

Chapter 2: This chapter briefly discusses the history of fingermarks and surveys the
current scientific understanding of the fingermark constituents fangermark
enhancement techniques. The effect of different substrates in the fingermark
deposition and the develm@nt process in forensic research is reviewed.

Chapter 3: The chapter elaborates the different substrates used for fingermark
deposition, fingermark development techniques/anoacrylate fuming process and
staining dyes along with basic principles ofeiéntcharacterisatiotechniques used

in the present study.

Chapter 4: The role of wetting properties of the surface and their influence on the
deposited latent fingermark during the application of a common latent fingermark
development technique (cyamoglate fuming) was studied. The physical and
chemical changes occurred within the fingermark on the different surfaces during the

development of fingermark was observed andlysedising camera observation and



Fourier Transform Infrared (FTIR) spectropgowith Attenuated Total Reflection
(ATR) technique.

Chapter 5: An investigation was carried out to study the effecagihg on latent
fingermarls deposited on different surfaces of varying wetting properties. The
physical and chemical changes of theas#ed fingermarks as a function of time was
observed using optical microsgopandanalysedising ATRFTIR spectroscopy. The
influence ofthe environmental conditions on the deposited latent fingermarks during

agingand the impact on cyanoacrylgtelymerisatiorwas also studied.

Chapter 6: An experimental study afisualisingfingermarls on metal substrates was
carried out. This study compares the use of conventional techrigyasoacrylate
fuming and staining with surface sensitive technidiree-of-flight secondary ion
mass spectroetry(To~SIMS) for fingermarks deposited and agedstainless steel

metal surface.

Chapter 7: In this chapterthe key conclusions from the work are drawn together and

extended work for the future are suggested
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CHAPTER 2

Latent Fingermarks and their

Development

2.1 Introduction

2.1.1Fingermarks

Fingermarks are attributed to the revived traces of material that was left on a surface
at the time of the skin ridges of the fingertips touch the surfac&ifigerprintsare
referredto the friction ridges found on the skin obtained in a controlled fr@ay

known individualsto anothersurface using either ink or digital imaging [2].
Fingermarks played a pivotal role for over 100 years and are still one of the most
importanttypes of identification evidence because fingernsaake easilyecognisible

by forensic investigators and their uniqueness to individuals [3].

The value of fingermarks lies in the fact that the chances of finding two identical marks
areone in 64 bil |l-of-akni radso teahse ye vae o noidmeaneet | ¢ a |
the same fingermark pattern [4]. Besides that, another reason for fingermarks to be
classified as vital and to be used in criminal investigations is the ridge patterns found

on the fingertips are persistent through:i



2.1.2 History of Fingermarks and their Applications to Solving Crimes

The use of friction ridge detail was first used by the Chinese for personal identification
that dates back to the time period of 221 B.C. to 220 A.D. [5]. However, it was not
until thelate 17" century, the first recorded study of friction ridge skin was carried out

by Nehemiah Grew in 1684, who is considered as the fingerprint pioneer. He
published various precise drawings of the different fingerprint patterns portrayed by

theridgesand furrows [6].

About a century and a half later in 1823, JoartasmelistaPurkinje (1787 1869)
published the first thesis that contributed a significant academic investigation of
fingerprints. He is welknown for his discovery of sweat glandsderprint pattern

and the function of ridges, furrovesdpores that are present on the tiginfjers. He
classified different patternsf fingerprintsinto nine main groupwhich include ore

arch, one tent, two types lwiop and five types of whorl as shown in Figure 2.1 [5].

Figure 2. 1: Figure depictsthe nine types ofingerprint patternsgdiscovered by
Purkinje are describedas A- transverse curves,-Bcentral longitudnal stria, C
oblique stria, D oblique sinus, Ealmond, F spiral, G elliptical whorl, H circular

whorl and + double whorlImageis reproduced from The Fingerprint Sourcebook [5].



Less than 40 years later, Sir William Hersc{i8337 1917) carried out a study

looking into the chnges irfriction ridge skin over time by taking his own palm prints

in 1860 and again in 1888 to demonstrate that the fingerprint pattern and ridge detail
remai ned unchanged t e withghe @xemptioa of gene s o n 6 s

additional wrinkle lines due taging[5].

About the same timeDr Henry Faulds (1843 1930) studiedthe permanence of
fingerprint along with his medical students by removing the printed skin taker
fingerprinting process. When the skin had-gewn, he fingerprinted them again,
making an observation of the friction ridge pattern to grow back exactly as the initial
prints. He is known for being the first ot perceive the importance of fingeints

in criminal investigations [5].

In the late 19 century, Sir Francis Galton (1822 1911) administered a broad
investigation into fingerprints that originated from his primary interest in thumb
impressions. His research had further advanced tbevlkdge in fingerprints that

initiated the application of fingerprints as a more effective form of individual
identification. This was mainly due to t
simultaneously contributed to the decrease in common guhretric methods for

crime scene investigations [5,7].

At the beginning of the 20c ent ur y , influenced Fimger Si r G
Prints, Sir Edward Henry (1850 1931) developed a method of classification for
fingerprints knewd.adHitshappHomrcyh $wstreco
based on logical characterization whereby he assigned a value to each of the 10 fingers
based on the fingerprint pattetype Gee Figure 2.1). The values were assigned to

each whorlpatternbasedon which finger it was foundstarting withthe right thumb

and ending with the left little finger [8]n the caseof a finger did not have a whorl

pattern, it was assigned to zero. This classification system allowed for 1024 primary
groupinghadsignificantly reduced the effort necessary to look upaftarge number

of fingerprint recordsHenr yd6s system wharsbyalh orimisauc c e s s

identification records were recommended to be classified based on it.
2.1.3 Current Fingerprint Searching

Fingerprint databases were established in the eaflg@@turywhen forensic science

began to adapt fingerprints as a form of personal identification as a standard procedure.



Fingerprints were taken from every person who basn taken into custody for
accusationor for being reported, or summoned for a crime. These prints were then
stored on a progression of card records that was documented, searched and recovered
manually prior to 1970. This lengthy and inconvenient pr®cef fingerprint
comparison and identification was put to an end by the innovation of Automatic
Fingerprint Recognition (AFR) technology that was used to develop the computer
based database known as National Automated Fingerprint Intelligence System
(NAFIS). Each police force in the UK had the innovation accessible to them by the
year 2001. The technology operates using a special algorithm that chooses a few
characteristics tl et er mi ne t he nearest mat ches be
retained in the databaseith the mark recovered from a crime scene [9]. This
invention allows for a much quicker and straightforward checking between different

fingerprint bureaus across the nation or world.

One such example bureau used by NorthuanBolice is known a3enprints The
nameTenprintsor i gi nates from the process of ac
fingerprints using an ink pad and paper. Northumbria buhne#ds roughly 700,000

sets of fingerprint receives nearly hundreddimdgerprint forms each day to be fed

into the IDENT1 database [10]. In April 2005, IDENT1 replaced NAFIS and is
presently the central national database for all 43 forces in England and Wales and the
Scottish forces to search and compare the fingerpriailsletf offenders within the

UK [11]. The IDENT1 database consists of 8.9 million sets of ten prints of known
individuals, 12 million palm print pairs along with 1.9 million unidentified marks

recovered from crime scenes.

Once a fingerprint examiner mankg the individual characteristics fronfiagermark
scannednto the bureau (after being recovered from scenes of crime), the computer
determines the likely matches frothe chtabase. Toanalyseand comparea
fingerprint examiner will use three criteria as followygae of fingerprint pattern, type

of finger (right or left hand, thumb, etc.) and ridge characteristisafAot long ago,

at least 16 matching characteristics were required in the UK for a positive
identification to be made. However, this is can be overruled as the general decision on
identification lies solely with the fingerprint examiners with no mininqurantitative

matching characteristics required [12].



2.14 Fingermark Deposits

The unique pattern of the friction ridge skin found on the fingertips of humans is
formed duringfoetal stage, roughly four months after conception. As the term
suggests, the existence of the friction ridges is to improve the friction of skin primarily

to aid grip with increased sensory abilitiedleere are no haiollicles presenbn the

fingertips [13]. The scenario of a mark that is left behind upon the contact of friction
ridge skin on any surface is best descri
implies that each contact leaves a piece of evidence Thfindentatiornof the ridge

pattern or fingermark igansferredn as a result of secretion of perspirafi@m the

sweat pores which are located along the friction skin ridges, present on the fingertip

onto the substrate/surface upon tonghi5].
2.15 Fingermark Composition

The composition of fingermarks relies on the nature of sweat. The human body is
comprised of three primary types of sweat glandamely, eccrine, sebaceous and
apocrine [3]. Eccrine sweat glands are all over they/hwith the highest density on

the palms of hand [16]. Eccrine sweat is composed of as much as 99% of water with
less than 1% of the composition made up of both organic and inorganic components
[17]. Sebaceous glands are generally identified in the arabaré enclosed by hair
follicles and they secrete an oily secret
constituents, with most being triglycerides and fatty acids [16]. Apocrine glands can
be found in areas like armpits, genitals, and breast M$6h result of the region in
which the apocrine glands are present, it is unlikely to encounter this type of sweat as
one of the predominant components of a mark, but the existence of this sweat is

important in a crime involving sexual nature [18].

It might be expected that the fingermark composition is made up of predominantly
eccrine sweat due to the location of the sweat glasdsietioned earlier, but in
practicefingertips can have contact with different parts of the body @#ndughthis

way there is a tendency for the fingertip to pick up the sebaceous and apocrine sweat
[3]. The primary components secreted from the three main types of sweat glands are
tabulated in Tale 2.1, yet fingermark composition remains to be complex. The
fingermark composition can be further varied between person to person as the fingertip

is also prone to pick up extrinsic contaminants when it touches or encounters other



surfaces such as foodsidues, cosmetics and perfumes [19]. Additionally, intrinsic
contaminant including metabolites, mediciaesldrugs can also affect the fingermark

composition [19].

Type of sweat gland Inorganic components Organic components
Eccrine Chlorides Amino acids
Ammonia Urea
Phosphate Lactic acids
Sulphate Sugars
Metal ions (Sodium, Creatinine
o N Choe
Manganese) Uric acid
Halide ions (lodide,
Bromide, Fluoride)
Sebaceous - Fatty acids
Glycerides
Sterol
Wax esters
Hydrocarbons
Squalene
Alcohols
Apocrine Iron Proteins
Cholesterol
Carbohydrates

Table 2. 1: The maininorganic and organiconstituents of secretions of thieee

primary types osweat glands (excluding water) [2D].
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Thefingermark composition of an individual varies throughout the day as the amount
of sweat produced differs in accordance with the chamgeseather, physical
activities, emotional response, and diet [3]. Thaligy of enhanced fingermark is
influenced by the age of the donor and the mark since enhanced marks of children in
general, are of poorer quality in comparison to adults mainly because of the chemical
variations in fingermark deposits [22B]. The chemidacomposition of fingermark

can undergo various physical and chemical changes tower after fingermark
deposition. Thegingprocess of fingermark can pursue numerous different pathways
such as drying, degradation, migration, oxidatodevaporationwhich canoccurat
considerably different rates [24]. These processes will rely upon a few variahte
includethe initial composition of fingermark, the underlying substrate on which the
fingermark residue is depositathd exposure to different @nonmental conditions.

A summary of the main factors that could affect the fingermark composition are listed
in Table 2.2.

Variable Examples of variable influencing the fingermark

Sweat glands Eccrine (fingers and palm only have eccrine glan
Sebaceus, Apocrine

Contaminants Anything that is touched since touching is a-tway
process, Pollution

Ambient conditions Temperature, Humidity, Aiflow, Light

Donor factors Time of day/year, Diet, Medication and recreational dru
Gender, Age, Mental anghysical states, Racial origin,
Cleaning regime, Smoker/neamoker

Deposition Pressure, Angle, Movement at the moment of touch

Surface Porosity (porous to neporous ratio), Condition (Wetted
nonwetted), Surface chemistry/physics, Contamination
Temperature

Biological Bacteria; viruses

Table 2. 2: Lists of variables thainfluencethe composition of a fingermark with

exampless adapted from Reference 3
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All areas of the skin, including the fingertips, can accommodate bacteria and viruses,
in which case these microbes can be transferred along with the other chemicals present
on the fingertips to the surface by contact where the growth of these microorganis
may be elevated under suitable conditions [25]. The study made by ldagbéound

a variety of microorganisms existing on the skin which were not only able to grow but
also to form colonies on sebaceous material [26]. This analysis slioatedicobes
(biological variables) can influence the fingermark composition when transferred from
the fingertip to the surface upon contact, whwbuld cultivate to produce an
identifiable fingermark depending on the substrate (e.g. nutrient agar) it veagdou

upon.

2.1.6 Types of Mark

Materials are left in the form of a mark when an object or surface is handled or comes
into contact with fingertips. A patent mark is visible to the unaided eye which is
usually left by paint, dirt, grease, blood or foodstuffs from the hand to a surigoee(F
2.2a)could be photographed without any further treatment. Impresaleagnown

as platic marks (Figure 2.9brefer to the threedimensional indentation of the
fingertip left in the soft matel such as butter, putgndtar. This type ofmark also

does not need processing as it can normally be photographed under special lighting

conditions.

However, the majority of fingermarks deposited are of latent mark type that literally
means hidden or not visible to the naked eye (Figa®. The composition of a latent

mark is dependent on the eccrine sweat that is comprised of 99% water being secreted
from the sweat pores located on the fingertips [5]. Nevertheless, as mentioned
previously there is a tendency for the eccrine sweat to be coatmaiwith sebaceous
sweat[27]. The sebaceous sweat contains main constituents such as triglycerides and
fatty acids attribute to an oily, tacky characteristic of fingermark deposits. Latent
marks require physicand / orchemical enhancement in order wsualisethem

unlike patat or plastidingermarkscan be easily photographed in most cases without
any further treatment.



Figure 2.2: Examples of mark types patentfingermarkthat is visible ¢ the naked
eye upon deposition that does not require any development, b) plastic fingermark on
ablu tack (similar characteristic to puttg)odellingthreedimensional indentation of
the fingertip and c) latent fingermark on a paper that is not visilileetoaked eyes

and requires physical and/or chemical enhancement in ordeutiseit.

2.2 Latent Fingermark Development

Several met hods Nisuglie® baerd d&aopd wirreedd ttoh &
fingermarks wererecognisedto be used as a form of identification. Acquiring
fingermarks is very important as it permits one to go back to view the image for
evaluation and to identify likely matches located in the database (see previous Sections
2.1.27 2.1.3).Crime scene invegiators focus on looking for fingermark evidence

and collecting fingermark including byieans of developing fingermark at the crime
scene For the cases where fingermark development could not be carried out at the
crimescene, the items that areaiar in size or evidence with more essential values
will be taken away from the crime scene to the research fadiliig.decision is also
commonly taken when it is felt that improved contrast can be obtained between the
fingermark and the substratdowever, in the case of huge and heavy items or bulky
surfaces that could have fingermark evidence are encountered, they will be left as they
were found in the initial state at the crime scene. The following section outlines the
approach where a latent §larmark is made visible by employing various

development techniques that include the use of optical, physical, and/or chemical [28].



2.2.1 Latent Fingermark Development Techniques

Optical methods anatilisedto visualiselatent fingermarks using visible light, infrared
(IR) and ultraviolet (UV) regions of the electromagnetic spectiDdevelopment of
latent fingermarks by physical methods involve physical interaction (i.e. physical
adsorption, electrostatic attracticand adherence) with deposits of fingermark.
Chemical methods targatparticulaiconstituent of sweat (see previous Section 2.1.5)
and convert it into acoloured derivative enabling the latent fingermark to be
visualised These techniques can be either useiidelf or in combination to improve

the clarity of developed marks.

The composition and quality of a developed fingermark depend on phases of the
fingermark deposition including pre, mid and post [29]. The factors that influence the
pre-depositionentirdy rely upon the donor conditions (see Table 2.2) and foreign
substances on the fingertips which could have come into contact prior to deposition.
These are extremely hard to account when development choice must be made. Mid
deposition factors correspond the contact dynamics of fingertips with a substrate
and the surface properties of the substrate ootwthie fingermark was depositenito.

The effect on mark quality due to contact conditions (see Table 2.2) will only be
disclosed after the development process. Nevertheless, surface conditions are
generally important in choosing the right development techniques.dBpssition
factors, forexample, exposure to water, surface chemistry, ambient temperature,
surface porosity, and environmental contamination can influencgptitaisationof

development effectiveness.

A systematic approach and a thorough consideration before choosing guecinai
required to attain the best quality of the developed mark since recovery of fingermarks
is a very important process in order to identify the criminal. The process selection of
techniques will change relying upon the type of mark as well as thératebthe
fingermark is deposited on to (see Figures 2.3 and 2.4). The type of substrate plays a
vital role when it comes to choose the right technique as few methods will surely not

work on certain types of surfaces.
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Choosing the right technique for retrieval is of a great consequence because in
most of the situations there will be just a single try to obtain a proper image of the
fingermark where it is not possible for further enhancement once the mark is
developed. Aohotograph of the recovered mark is taken to be uploaded in the database

to search for a match and for future references.
2.2.2 Optical Methods

Optical methods are the first procedures that ought to be considered for detecting and
enhancing fingermark, especially in the case where sequential treatments are being
used. Optical methods can hélised to visualise marks prior to any processing
sequeace due to their nedestructive nature as this method does not have any contact
with the fingermark deposit. Moreover, marks that were developed with either
physical or chemical methods can be further enhanced using a suitable optical method,
which reliesupon the characteristics of the treated mark (@lguror luminescence)
[31,32].

2.2.2.1 Visual examination with white light

Examining visually under white light is the most basimplest optical techniguend
non-destructiveto the fingermark residue and any other forensic evidence. Visible
fingermarks which can be seen sometimes on surfaces that are smooth-pocben

can be photographed because of the reflection or scattering of the white light.
However, it is more likely that only contaminated fingermarks tend to appear visible
when deposited onto porous surfaces. Examining at different angles of illumination
and observation is essential in order to obtain a clear and detailed photograph of the
fingermark particularly for fingermarks found on surfaces that are reflective or
textured. Tis is mainly because these typlesurfaces would need the light source to

be manipulated in order to achieve both the high and low point of illumination that

can significantly influence the contrast and visibility of the fingermarks.
2.2.2.2  Epitaxial white light visual examinatia

Epitaxial simply refers to the arrangement of the apparatus in such a manner is aligned
the same as that of the surface under examination. The design incorpondtis
light source together with eitharsemtsilveredmirror or prism beam splitter thés

being held at 45° to the axis of the imaging system (see Figure 2.5). The illuminating



beam is reflected by the beam splitter downwards to the surface with the observer
viewing the light reflected from the surface after passing through the beararsplitt
Although this technique can be effective in detecting untreated fingermarks on
smooth, shiny and flat surfaces, it is not used extensively.

Observers eye /
A Camera

A

[lluminating Beam\ Semi silvered mirror /
Prism beam splitter

A

‘ Surface under examination ’

Figure 2.5: Schematic displaying the optical path for epitaxial viewing.

2.2.2.3 Fluorescenocexamination

Fluorescence is a process that implies a material can emit light because of an external
stimulus Fluorescent compounds absorb light of a spectiour of visible light,

which then immediately emits the absorbed energy as light that is usually of a different
colourand longer wavelength. If a light source of an appropriate wavelength is used

to illuminate a fluorescent molecule, it gets excited. The photon absorptiorifeom

shorter wavelength light radiation leads to excitation of electrons that results in the
excited electrons to fall back to the 0g
within nanosecond) by emitting a photon with lower energy, and consequéntly

longer wavelength [33,34].

Most commonly used light spectrum to excite fluorescence are UV light, blue, green
or yellow components of the visible light, resulting in the emission of light in the red,
orange, infrared (IR) or yellow regions. It is vitdo take note that when a light is

illuminated on the surface that is being examimeakt ofit is not absorbed but instead
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is scattered or reflected. Therefore, filters are required to be placed in front of the eye
and/or camera athey can transmit the fluorescence and block the light used for

illuminationto view the fluorescence and to be imaged.

In order to transmit the highest emission of the fluorescent species it is important to
make sure that the illuminag wavelength of light sources correspond as close as
possible to the excitation of the fluorescent species present (if it is known) and be used
with viewing filter that blocks all the illuminating wavelength (see Figure 2.6).
Fluorescence examination fimgermarks can be grouped into two main categories as

follows:

1. Initial examination of untreated or latent fingermarks
2. Imaging of enhanced fingermark thasbeen developed with reagents that

produce fluorescence

2.2.2.3.1 Fluorescence initial examination

Providing fluorescent treatment is basically a -gestructive process, is usually

used in the initial stage of a sequential processing regime (see Figures 2.3 and 2.4).
There are three factors for fingermarks to be revealdrdime of initial examination
although fluorescence of untreated fingermaskssuallyweak. Theforemostreason

for the fingermarks could be detected is due to the possible presetheeiatrinsic
fluorescencecomponentsn the sweatEven though most of the latent fingermarks
constituents cannot fluoresce, three types of amino acids namégjyosine,

phenylalaninendtryptophando fluoresce in the visible light region [34].

Secondly, when untreated fingermarks exhibit enhanced fluorescence it may be more
likely thatthey are contaminated with extrinsic substances such as greases, cosmetics,
industrial chemicals, creams, or evavironmental dust that are fluorescent [33,34].
Final reason corresponds to the underlying surfaces like cardboard or paper, which
display background fluorescence that could enhance the contrast of fingermarks
stained with substances like blood or diytdbsorbing the light and tend to appear

darker incolouragainst the light fluorescing background.
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2.2.2.3.2 Fluorescence 1 enhancement of developed

fingermarks

Fluorescence treatment may likewise be used as a technique for enhancing the contrast
of fingermarks developed with either physical or chemical methods. There are four
main ways to enhance fingermark pdstelopment by the application of
fluorescence examinatiorThe first type refers to the treated fingermark that
fluoresces because of the chemicals present in the dyes to stain the fingermarks itself
is fluorescent, for example, basic violet 3 and acid yellowhis approach will reveal

the weak or invisible fingermarks under normal light. The next type is when the
background surface can fluoresce with the fingermark appearing black by either
absorbing or scattering the incident light. For instance, fingermarks developed on

colouredpaper with ninhydrin are sometimes enhanced in this way [34].
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Another type involves the enhancement of developed fingermark by treating it with
either a secondary reagent or stain before fluorescence examination. In both the cases,
the fingermark is conveed from being amonfluorescent into a mark thétiorescss,

thus enhancing the fingermark in detail. Examples for this type include the use of zinc
salt toning to fluoresce marks developed with ninhydrin [33] and enhancing the marks
treaed with superglue by staining using fluorescent dyes such as Basic Yellow 40 and
Basic Red 14 [33]. The final type corresponds to the applicationredgent for
exampleCrystalViolet (CV), SudanBlack (SB) 1,8diazafluoen9-one (DFO), and

1,2 indandione that can react directly with fingermark constituents to produce a

product that fluoresces [33]. The fluorescent fingermark powders also fall into this

type.

2224 Ultraviolet imaging

Detecting latent fingermarks using shortwave ultraviolet (UV) reflection also referred
to as reflected ultraviolet imaging system (RUVIS), was first proposed by Okhi in
1970 [35]. Nearly 20 years later, usage of reflection techniques comprising of both the
long- and shortwave UV region on various types of surfaces was reported by London
Metropolitan Police. A UVsensitive digital camera that is equipped with both quartz
lens and a source of UV light is the only required apparatus for UV imaging that
enabledo detect traces of fingermarks, impressions left by footwear, and even bite
marks left on the skin. Ultraviolet fluorescence generates contrast between the surface
and the fingermark deposit by either absorbing or reflecting the UV light. For this
reason relying upon both the nature of the surface and the constituents in the
fingermark residue, this technique will result in either by producing light ridges on a
dark background or vice versa. Given that UV imaging is adestructive technique,

the fingemarks that are revealed by UV fluorescence can be further improved with
either physical/chemical methods (see Figure 2.7).
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Long UV
(315 - 400 nm)

White  Long UV Short UV
light (350 nm) (310 nm)
illumination

Figure 2.7: a) Example of a reflected ultraviolet imaging systémn examine
fingermark [36]. b) Latent handmadn the glassvindowwasimaged using visible
monochromelight (left), longwave ultraviolet radiation of 350 nfmiddle), and
shortwave ultraviolet radiation of 310n(nght) [37]. c) Adhesiveside of papebased
packaging tape (masking tape) treated with cyanoacrylate (superglue) fuming and
viewed under white light illuminatior(top) and longwave ufaviolet radiation
(bottom) [38].

2.2.25 Infrared imaging

The potential use of infrared (IR) imaging tesualise fingermarks was first
considered in the 1970s, mostliilising the near IR (NIR) region from 7001100
nm. Generally, latent fingermarks are not revealed by NIR, but it can sisutdise
fingermarks after being developed by different techniques. There are two observation
modes available to acquire a fingermark image, narhéR reflection and NIR

luminescence emission (excitatioocurs under visible light).

In order to inage fingermarks with NIR reflection mode, a light source that emits
within NIR wavelength range, for example, conventional tungsten lamps or NIR light
emitting diodes (NIR LEDS) is required. A filter with a cut off wavelength of 700 nm
should be placed ifront of the camera to only transmit the NIR radiation while
blocking all the reflected visible light. To image fingermark in the NIR luminescence
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emission mode, a NHRensitive camera fitted with a filter similarly as for the NIR
reflection mode is requad. This is to be able to view the transmitted NIR radiation
due to the excitation that occurs when a suitable monochromatic (e.g. laser) visible
band is shone onto the surface containing fingermark.

Later in the year of 2000, Bramble and-workers proved that imaging in the
luminescence mode to be effective for enhancing the developed fingerwigrks
gentian violetwhere luminescence emission was observed in the NIR regé2® (>
nm) when excited at shorter wavelengths of about #0800 nm. This study
demonstrated to be efficient for faint marks on both dark and light surfaces1ja8y.

in 2005, a study was conducted in the NIR reflection mode, using IR filidrisa
NIR-sensitive digital camera to eliminate the background @atburedpatterns from
fingermark images was successfilihey displayed to remove thaulti-coloured
backgrounds from marks that were developed using physical developer (PD), vacuum
metd deposition (VMD),aluminiumpowder, small particle reagent (SPR) and black
powder suspension (BPS) sufficiently [40].

2.2.3  Physical Methods
2.2.3.1 Powders

Powder dusting i®ne of the oldest and most frequently used technigukevelop

latent fingermarks. This physical method depends on adherence of the powder to the
fingermark residue that gives an instant development, defining the ridge pattern.
Though the technique is more reliable and widely used, usebnishto dust he

powder over the substrate can leave destructive effects on the ridge details.
In general, the powders are grouped into four categoriegtiatie

1. Regulari consists of a resinous polymenade up of starch, silica gehdrosin
to provide adhesion with the moisture and oily constituents of the sweat residue
[41]. Theregularpowder alsaonsists otolourantto provide contrast between
the fingermark and the surface [42] it is deposited onto is either made up of
organct derivative or inorganic salEolourantbased on organic formulations, in
general, comprises of organic dye and in order to obtain better results, fluorescent

and laser active dyes are used [43]. A few examples of the regularly used organic



based fingerrark powders include formulations that contain fluorescein and
rhodamine B [44]. The use of inorganic salt based fingermark powders
containngacombinatonrof f erri c oxi de and rosin, |
and titanium dioxide and kaolin [45] reduced over time mainly because of their
potential health hazards and toxicity to the user.

. Luminescenti consists of either natural or synthetic organic nresuvhich can
fluoresce or phosphoresce when illuminated with laser light, ultraviolet (UV)
light and any other light sources H&]. This type of powder is most effective

to visualiselatent marks deposited omaulti-colouredsurface.

. Metallic i consiss of coarse spherically shaped iron particles incorporated with
regular powders. Magnetic powders are also referred to as Magvders due

to theuse ofmagnetic applicator during i@pplication[49]. The iron in the
magnetic powder serves agarrierfor the particles that are nanagnetic by
creating a Obrushoé | ike effect when p
[50,51]. The fine particles of the formulation will adhere to the mark arisheut

the ridge detail when the magnetic applicator is passed over the surface. The
standard Magnaowders were replaced by flake metal powdeas are attracted

to the magnetic powddor a better performance of magnetic applicatdirss
enabled all the magnetic flakes to be lifted with the applicator allowing for more
powder to be available for the fingermark development, unlike stanuzgda
powder thatcontained only 1% of the fine particles that can adhere to the
fingermark residue [50,523]. Metallic powders have proved successful for
fingermark development on plastic or leather substrates and specifically useful
for recovering latent fingermarks osurfaces that are rough or porous, for
examplepolyethenepaper and painted walls [43;558].

. Thermoplastic i consists of photocopier toners or dry inks that can develop

latent fingermarks by fusing to the substrate when exposed to heat [56].
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2.2.3.2 Small Particle Reagent

Small particle reageriSPR)is anotheeffectivephysical methodhat depension fine
particles adheringp the oily components of the sweat, on a wet-porous surface
[57-59]. Originally, molybdenundisulphidewas used, but with time progress fine
titanium dioxide [6662], iron oxide [63] or zinc carbonate [64] particles were used by
suspendingthem in a solution thatontainsa surfactant such as 10% dioctyl
sulfosuccinate, sodium salt in water [65]. SPR carajpplied either by spraying the
solution on the surfacer by submerging the surface entirely in the solution. The
developed fingermark tend to appear as dark or light grey depending on the suspension
particle used. This technique has proven to be efiecin developing latent
fingermarks on various types of surfaces like glass, metal, plastics and adhesive sides
of tape [66].

2.2.3.3 Lifting Tape

Lifting tape is commonly used to lift off the developed fingermark after a powder
application process in the crime scene for further examination [50]. There is an
extensive range of various types of tape that are accessible to lift the powdered
fingermarks from a variety of substrates which also includes human skin [67]. The
procedure blifting tape is the samarrespective of the tape type used. The process
involves pressing down the tape onto the developed mark, ensuring no air bubbles are
present by using a short lengthtbétape The tape is then lifted gradually from the
substrée which is then transferred to a support sheet [68]. Lifting tape is also known
as the adhesive tape is used collectively with various spectroscopic techniques mainly
to analysaf any contaminants, for example, explosives [69] and drug metabolites [68,
70-71] are present within the collected fingermark residue.

2.2.4 Chemical Methods

Chemical methods can be classified into two categories, naimeapour phase
technique and chemical reagents. Both techniques, particularly target one of the
constituents witm the fingermark for development, commonly targeting amino acids
or lipids. Generallyyapourphase techniques have a low effect on the surface that is
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treated with, sdor this reasorthey are usually used at the beginning of a processing
sequence. Meanwh, surfaces treatedith lipid reagents are ithe potential of

getting damaged in most of the cases due to the high staining features of the dyes,
hence these dyes are in general used towards the end of a processing sequence.

2.2.4.1 VapourPhase Techniques
2.24.1.1 Cyanoacrylate Fuming

Among the two techniques thatilise fuming of a substance, the employment of
cyanoacrylate (superglue) is the oldest and most common fuming technique [72].
Cyanoacrylate (CNA) fuming is provea be one of the most efficient processes to
develop fingermarks on most of the Aporous surfaces that have not been wetted.
Latent marks are developed by being exposed to-8thyhnoacrylateszapourin a
confined chamber. White deposits on fingermaidges are formed when the
cyanoacrylate monomer comes in contact with the fingermark residpebmnakerises

[73]. Thepolymeriseddeposits are known gmlycyanoacrylateThepolymerisation

of cyanoacrylate monomer undergoes three definite steps thainidiedion,
propagationand termination. The molecular structure of et2ytyanoacrylatels

displayed in Figure 2.8, is the most routinely used monomer for enhancing fingermark.

H C=N

C=c

H C=0
C|)C2H5

Figure 2.8: The molecular structure of ethicyanoacrylate.

Cyanoacrylate is referred to as an extremely strong electrophile that is attracted by
electrons. According to the terms of the organic synthetic chemistry, the
polymerisatiorreaction of cyanoacrylate needs to be initiated by a transfer of electrons

from anucleophile [74] or anionimitiators such as chloride, carboxylic acidad
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aminesas shown in Figure 2.9. This implies any constituents in a fingermark that
carries a free electron pair will be able to initiatebl/merisatiorof cyanoacrylate.
Theelectron transferred from timeicleophiledenoted as No the CH side goup of

the ethyl cyanoacrylats representedy an arrow.The more reactive double carbon
carbon bond will be broken by leaving a single carbarbon bond which is attached

to thenucleophilg75].

H C=N H C=N H C=N
B L INITIATION . C|j= (': o le (':
H V-0 héoo h G0
6C2H5 (l)C2H5 (l)C2H5

Figure 2.9: Mechanism for the initiation process of ethyR-cyanoacrylate

polymerisatiorby a nucleophile, Nu

That specific step will trigger for the propagation reaction, the next step that enables
for further nucleophilic attack on another monomer of efhgyanoacrylate. The
propagation reaction then continues by theesulting expansion of eth@g
cyanoacrylad monomer units to the carbanion end of the developing chain. It is
necessary to take note that the propagation reaction undergoes a negatively charged

intermediate is displayed in Figure 2.10.

PROPAGATION H C=N H C=N H C=N | H C=N
****** N T T s R
| |
! H C=0 H C=0 HC-0 | HC=0
‘ I | |
OCoHj5 OCpoHs OCzHs5 |, OCaH5

Figure 2.10: Chain propagation step ithe polymerisationprocess of ethy®-

cyanoacrylate after monomers are activveé.




The propagation step of the ettBtcyanoacrylatgpolymerisationwill proceed until

the point when every single available monomer is expended or until the point, the
termination step imrvenes [77]. The duration of the propagation process very much

relies upon the definite length of the polymer. Eventually, at one point, the growth of
the polymer will cease, and tip®lymerisationwill be terminated when a proton is

accepted as display&d Figure 2.11.

'H C=N | H C=N 'H C=N | H C=N
TERMINATION [ I [ [
,,,,,, N (ljf(‘j |C—(I: + HT - c-C Cc-C H
| | | |
H C=0 H C=0 H C=0 H C=0
| | | |
OCaHs |, OCaHs OC2Hs5 |, OC2Hj5

Figure 2.11: Termination step of ethy2-cyanoacrylatepolymerisationreaction

occurs by accepting a proton;.H

Knowing that cyanoacrylageolymerisationis initiatedby a nucleophile, weak bases,

for example, water was thought to be the prominent constituent in fingermark that was
responsible to initiate thpolymerisationprocess. Lewis and eworkers confirmed

the significance of moistureeing present in thfingermark residue prior to fuming.

They observed the development of eccrine and sebaceous marks. Eccrine marks
exhibited poor quality development due to the loss of moisture whereas sebaceous
marks displayed better quality as they tend to retain thetarebetter even though
sebaceous constituents do not contribute by themselves in initiating the cyanoacrylate

polymerisatior78].

However, further investigations exploring individual fingermark components that
could contribute tanitiating the cyanoacrylatpolymerisatiorwere carried out.ewis

et al suggestedn addition to water, fingermartesidue contained multiple bases
which can initiate cyanoacrylapwlymerisationWargackiet al reportedactateand
alanine componentund in eccrine sweaare capable of initiating cyanoacrylate
polymerisationby their carboxylate functionality [79Presence ofalium chloride
(NaCl, salt)in fingermark residue was thought to be essential due to their capability

to absorb water when the relative humidity is elevated above 75% which, in turn,
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initiates the polymerisationreaction [80]. It is a very weknown fact that the
fingermark residue i®f complex naturewhere combinations of the components
present in the fingermark residue contribute for an optipolymerisatiorrather than

justone constituent in isolation.

Post processingf cyanoacrylate fumed marks

At times mark developed by cyanoacrylate fuming can be haxdsiealiseor will be

lacking in contrast, where further enhancement is required. Hence, applying dusting
powders as a positeatment enables bett@sualisationof the developed marks [81].
Especially ormulti-colouredor shiny backgrounds (e.g. metal substrates, cardboard
packaging, and plastic carrier bags), luminescent or fluorescent dyes such as Basic
Yellow 40 (BY40) have been most useful for additional contrast enhancement to
present a clearer imagétbe fingermark [8284]. In the United Kingdom, the number

of marks identified after developdxy cyanoacrylate fming isvery oftenenhanced

with the staining of fluorescent dye, for example, Basic Yellow 40 and Basic Red 14
that is followed with fluorescence examination. The items needed to be dyed are
immersed in the fluorescent dye solution (where fluorescent dye is dissolved in either
solvent (usually ethanol) or water) for approximately 1 minute for solvent dissolved
dye and apmximately 2 minutes for watdrased dye. The item is then rinsed with
water to discard any excess dye. The item is then allowed to dry with a stream of air
at room temperature. For imaging itedyed with BY40, a blue light source emitting

a wavelength ithe range of 420 470 nm with a yellow filter bandpass of excitation
wavelength, 51G 530 nm was uselecauseof its fluorescence in thélue-green

region of the spectrum Sometimes these excitation wavelengths can create high
fluorescence in the background for certain types of the materials, where Basic Red 14
is used as the substitute. In order to image the item dyed with Basic Red 14, a green
light source is required for excitation along with a red filter as its fluorescence in th
orangered region, with generally much lower background fluorescence\appur
phasestaining has been suggested to provide contrast and enhance fingermark
developed using superglue on surfaces that are made up of materials which are
sensitive to solent, for example, oil marker writings and rough surface materials, for

example, unglazed earthenware [86]. The only disadvantage of this method is a mark



can be overdeveloped, where f@ymerisationof cyanoacrylate occurs on both the
ridges and in betven the ridges that reduce the contrast of the developed mark.
However, this can be avoided byonitoring closelyduring the fuming process to
remove the item when the fingermark has developed appropriately.

2.2.4.1.2 lodine Fuming

The second and less commonly used fuming technique is iodine. lodine crystals are
heated up gently to create iodinapourthat is generally purple iolour gets
absorbed by the sebaceous material present in the fingermark residue bygeveali
pale brown developed mark [87]. lodine fuming can be used on an extensive variety
of both porous and neporous surfaces, for example, plastic, paper, glass, and wood.
Despite this technigue being simple and rapid, it has a few disadvantages including
the iodinevapourbeing toxic as well as corrosive, the developed marks rapidly fade
upon standing in the air due to iodine sublimatiothatoom temperature araged

marks are difficult to develof88]. In order to prolong the developedlourof iodine

fumed marks, a few attempts were carried out by chemical fixing using starch, steam
or water [89], benzoflavone reagent [90] and very recently with a brbeised

reagent [87].

2.2.4.2 Chemical Reagents

The most preferred emical reagents to develdingermarks found on porous
surfaces, for example, paper and cardbaaelninhydrin, 1,8diazofluoren9-one

(DFO) and physical developer [91]. These reagents are dfplieither spraying the
respective reagent solution, swabbing the solution onto the substrate or submerging
the substrate in the solution. Applications of these reagents chasgs in colour

where the mark detail is present because of the redmttween the reagents and the
amino acidspresent in the fingermark residue (see Figure 2.12) [35]. It has been
demonstrated that optimal results can be attained at higher temperature and humidity
[35], whereby in later yeaenalogue®f ninhydrin were introduced with the objective

of improving the capabilities in fingermark detection{®8. Ninhydrinanalogues

are reagentsvith a similar structurgo ninhydrin itself, however with different
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functional groupghatreactwith amino acid [35]. 1,2ndandione replaced ninhydrin
and DFO as thefavouredamino acid reagent as it provides the best response in
enhancing fingermarleft on most porous surfaces, particularly on brown paper and
cardboard. Unlike ninhydrin, 15addandione produces a reaction product which can
fluoresce rather than developing an intenséur of developed fingermark. The
developed marks fluoresce strongly when illuminated with a green lighti (560

nm), allowing for beswisualisation93,95].

O 0 )
OH — N
N
on N
H,N -C-R'
0 . o 4
R -
Ninhydrin Amine Ruhemann's purple
(colourless) (dark purple)

Figure 2.12: Schematic diagram displayingp@mical reactiorbetweena primary or
secondary amine anginhydrin which produces thend productof a dark purple

colourreferredasRuhemands purple.

There are several chemical dyes available for enhancing fingermark which depends
upon the interactions between the reagent and the sebaceous components within
fingermark residue. Crystal Violet (CValso identified by other names such as
Gentian Violet and Basic Violet 3, is of purple shade that stains saturated and
unsaturated fat constituents in the sweagitherdissolvinginto or potentially binding

with the lipid components present in dermark. Crystal Violet also is capable of
staining skin cells (epithelial cellghedfrom the fingertips if at allpresent in
fingermark residue. Crystal Violet has a net positive charge and so, are attracted
towards the epithelial callthat are negatively chargedsultingthem to be strongly
stained [96]. Crystal Violet proves particularly useful in improving the quality of
fingermarks developed by cyanoacrylate fuming technique on adhesive surfaces like
Sellotape®[97] and known tdbe effective on noiporous surfacekke plastics and
metals [98,99]. Sudan Black (SB), alternatively known as Solvent Black 3 was

demonstrated to work well for developing marks from surfaces that have been
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contaminated with oils or grease [96,1001]. The dye works well on nguorous
surfacesike glass, metal or plastic surfaces asddo enhance fingermark developed

by cyanoacrylate fuming process [102]. Enhancing fingermark with SB results in a
blue-black colouration due to the transfer of the dye molecules into the fatty

components of thengermark residue.

2.2.5  Analytical Techniques

The common circumstance with all techniques depicted earlier demonstrates that
when a mark was found on surfaces with backgrounds of either damktoicoloured

it will be very difficult to visualisethe mark due to the lack in contrast betwtemm

or cannot be made visibldn recent years, there have been some fascinating
approaches to deal with this circumstance by implementing analytical techniques.
These techniques are used/isualisefingermarls by operating in the imaging mode
that can map the chemical informatiasilected from both the fingermark residue and
the surface. These techniques can alsoutdesed to get additional contextual
information from fingermarks developed using other enhancement techniques.
Therefore, these techniques could contribute towardseeflogal contextual
information to an investigationhitough the distributiof chemicalspresent within

the fingermark residue and surfacelepositionsuch as, if at all a person has handled
drugs [103] orexplosives [104] as well as the order of fingermark deposition and
printed text [105].

2.2.5.1 Attenuated total reflection Fourier transform infrared

spectroscopy (ATRFTIR Spectroscopy)

ATR-FTIR spectroscopy is a vibrational spectrosctgghnique whiclrelies upon
absorption otheinfrared (IR) radiation that is totally internally reflected in the ATR
mode. This enables the IR to interact with the molecular species present in the
compound being studied hence providing the informatadout the molecular
structure characterisscWhen the technique is combined with microscopy (usually

referred to as microscopic IR spectroscopy) it provides both chemical information and



physicalvisualisation allowing to generate an image of the fingermark ridge detail

without requiring any reagents to enhance it [106].

The fingermark can be identified using FTIR spectroscopy regardless of the
backgrounctolourand visual contrast witbubstrateis because the technique images
fingermarks byutilising the different functional groups of the molecular constituents
present in the fingermark residue [107]. Thus, this-in@asive technique easily
overcomes the trouble in finding fingermarkspdsited on surfaces with their
backgrounds made up of either writing or images, for example, drink cans and
banknotes [108]. This technique requires no additional sample treatment after
collection as fingermarks can either dalysedirectly with the subtrate[109] or

after lifting the fingermark from a surface [110].

The technique also allows chemical changes that occur within the fingermark residue
to be studiedver time by monitoring changes in the intensitycégad band [106,111].
Fingermarks that are developed, for example, with cyanoacrylate fuming technique
can also be used to image using this technique [Th&].drawback of this technique

is that it cannot identifyndividual constituers within fingermark residue, as the

spectrum provides the information of functional groups within a compound [25].

2.2.5.2 Time of flight secondary ion mass spectnmetry (ToF-
SIMS)

ToFRSIMS is a masspectrometry techniqueapable ofgenerating chemical images

of the fingermarks by mapping the presence of both the endogenous and exogenous
constituents The chemical image of a fingermark is produced by scanning an
energetic (usuallin keV-MeV) ion beam across the sample surface while measuring
the molecular species that are ejected from the surface at each point. This is
particularly valuable in constructing the distribution maps of a variety of both the
inorganic and organic constgntspresent in the fingermark which includes sodium,

potassium, squalene and fatty acids [113].

ToRSIMS is capable of further enhancintpe fingermarks developed with the
conventional enhancement technique, for example, cyanoacrylate fuming and wet

powders [99]. It can also determine the order of fingermark deposition and ink by



concentrating the ion beam at a single point while gathering molecular atfomof

the point over time as the ion beam etching further into the surface [105,114]. This
technique iswondestructive to the fingermarks as it can be repeatedly used to image
fingermarks wibhout compromising their quality under the high vacuum imaging
conditions [115]. ToFSIMS isvery surface sensitive as it could go down up-@© 1
monolayers with a high lateral resolution of a few tens of nanometres depending on
the ion dose aha finely focused ion beam [116This techniquelsohas the best
resoldion in an order of submicron [113]. However, it requires the area that is of
interest to be cut small enough from a large item in order to fit inside the imaging
chamber of the ToiSIMS instrument, that will be destructive to the evidence item
obtained fom a crime scene. Another drawback is that this equipment is still very
muchspecialisednd is not gnerally accessible [117

2.2.5.3 Matrix -assisted laser desorptionionisation-mass
spectrometry (MALDI -MS)

The additional chemical imaging technique includes MAINDB. This technique
employsa matrix to aid in desorption and ionization procedure of laser desorption
ionisationthat improves the output of the analyte ions. With the increase in analyte
ion output, tandem MS can be carried out to give structural informaifothe
molecule of interest [116 Fingermarks are imaged MALDI -MS by creating 2D
molecular images and choosing known to be abundant fingermark components such
as fatty acids, choleswrand diacylglycerolsto provide a physical image dhe
fingermark ridge detail [1]8Moreover, chemical information of what an individual
has ingested such as, caffeine or dealt with, for instance, drugs, condom lulandants
toiletries can also be tdined [118120. MALDI -MS is a nordestructive technique

and particularly suitable for detecting large molecules, including triacylgly¢arol

major component of human skin oilg)ecies commonly found in fingermarks [121

2.3 Substrate Effects

The6surfaced or al so known as toptayskbuger at e 6

effect on formation/generation of the reproduction of fingermark ridge pattern that had
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contactwith the substrate [122There are two vital resulthat can emerge fromeh
interaction between the fingertip and substrate at the point of deposition, namely
positive marks and negative marks, in addition to the most common types of marks
encountered in crimanvestigation describedin subsection 2.2.6. The most
commonly foundingermarks in a crime scene are positive marks, where the residue
is transferred onto the substrate from the fingertips. However, there are also
possibilities for the less common negative marks to be found in the cases when the
fingertip picks up dusthie presence of additives or contaminant on the surface, in this
manner will end up leaving a negative impression of fingermark ridge detail in the

material tkat remains on the substrate [123 124

The initial interaction between the fingertips and suriafleencesthe type of mark

that is formed, while the interaction that occurs between the fingermark components
and the substrate after deposition determines if the mark continues to remain and is
possible for enhancement. Thus, the properties of the substrateparéaim as they
influence the fingermark deposition amifect the fingermark once it has been
transferred onto the substrate. The composition of fingermark, the environment the
substrate and the mark are exposed to after deposition, and nature of tiatesthies

mark has been deposited onto plays an important role in choosing the right technique
that will probably be the most effective in enhancing the fingermark. The interaction
of fingermark, environmerdndsubstrate can be described by the concepivknas

60Triangle of ]JInteractiondé [ 3,125

The surface properties that play a significant role by interacting with both the
fingermark composition and environment are porosity of the surface and surface
chemistry Porosity ofasurface is divided into tke main categories including porous,
semiporous and nop or ou s . Table 2.3 lists the suhb
their respective interactions between fingermark constituents with example substrates
encountered in daily life as well as techniqussdito develop the marks deposited

onto each type of substrates.

Other important substrate properties that influence the interaction which occurs when
a fingertip touches @hyssxal properiesand surface t he s
chemistry. Wettabilityof a substrate is one of the physical propertiesittiatence

the fingermark deposition onto a substrate. The affinity of a substrate species for water



(hydrophobic or hydrophilic) for most ngyorous substrates, determines how a
fingermark spreads a®® the surface (e.g. either it forms droplets or,rimt) does

not penetrate it [196

Fingermark

Composition

Surface Environment

Enhancement Process

Figure 2.13: Schemati c representati on contep

adapted from Referen¢8].

After fingermark deposition, the reactivitf substrate determines if ampemical
reaction isexpectedto happen either at the surface or fingermark interface. The
situation described is for a specific kind of metal substrates that can chemically react
with the constituents that are present in the fingermark residue that leads to either
etching or corrasn of the metal substrates [127

The degree of differences in chemical properties of the fingermark residue and the
substrate affects the assessment @ technique adequacy since fingermark
enhancement relies upon the interaction/reaction with chemical targets in the mark as
well as the substrate it is deposited onto. As described in earlier subsections, the type
of the surface the fingermark is deposited onto p&ysvotal role in selecting the

most effective enhancement process.
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Substrate The interaction between Examples
Porosity fingermarks and the surface

Porous 1 Rapid absorption ofater soluble Paper,
fingermark residue componen cardboard,
(amino acids, ureandchlorides) wood
following deposition
1 Penetration depth reliesipon:
level of porosity and the overal
size of everycomponentse.g.
amino acids that are genera
bigger in size than urea molecul
will penetrate lesser into th

surface
Semki 1 Surfaces that falls in the middle Varnished
porous porous and noporous wood,
1 Absorbs water soluble waxed

constituents at a much mo surfaces,
slower rate than porous substra glossy

1 Lipid-solubleresidue will remain Papers
on the surface at a longer peri
of time than on a porous surfaci

Non- { Does not absorbany of the Glass,
porous component present in tk metal,
fingermark residue plastics

1 Fingermark will remain as
complete emulsion (both wat
and lipid soluble components) ¢
the substrate surface

Techniques
used to develop
the marks

Ninhydrin /
Amino acid
treatment

Developed with
procedures
recommended
for both porous
and norporous
substrates

Cyanoacrylate
(CNA) fuming,
staining with
dyes, powdel
dusting ad
vacuum meta
deposition
(VMD)

Table 2.3: Summary of the interaction between fingermarks and different types of

substratés porosity with the techniques used to develop the latent markseon th

respectivesubstrate[16,29



2.3.1 Interaction between substrate, environment and

fingermark

After fingermark deposition, time plays a very important role in what manner the
environment would influence the fingermark atie substrateThis is because
fingermarks encountered in a crireeene are seldom freshly deposited fingermarks,
instead, they could be expected to be left in a span of few days up to several years
before investigatedybcrime scene investigators [12&nowing an estimated time

and environmental exposure conditions bafth fingermark and the substrate, is
therefore beneficial to the investigation in choosing the most suitable sequence of

fingermark enhancement techniques.

In general, the indoor environment is regarded as more protected from the harsh
environmental contdons and controlled, however, there are possibilities for the
substrates and fingermarks getting exposed to other types of settings including air
flow, heat, humidity, airborne substanaesd light. Indoor environments can affect
substrates with fingermarks as they are exposed to the movement of air flow across
them (by a fan and air conditioningconsequentlyhe fingermark constituents get
dried off. In addition to that, moving air can taimdust particles including fragments

of fibers from textiles paper productsskin cellsthat wereshedoff could end up
attaching to the fingermarkn certain circumstancet)ese particlewill be favoured

by fingermark enhancement techniques ahidld the reagents fronmteractingwith
thefingermark constituentd29]. The effect of exposure to airflow and indirect light
during the aging process on the enhancement of sebaceous fingermarks was explored
by Wargackiet al. They found that quality dhe sebaceousarksleft to agedropped
drastically as a function dime for marksthatwere placedunder light and air flow

when developed by the cyanoacrylate fuming meth86][1

In the UK, outdoortemperaturesre well within the limits of 122°C ac®rding to
statistics [131 while indoor temperatures amorecontroled with the use oheating

and cooling system3hese low temperatures will not cause any changes in fingermark
residue aonly when the temperaturese elevated changes occurring iboth the
fingermark constituents and substress be observedGome of the effects that may

be observen fingermark constituents at high temperatures inceigmoration of

volatile constituents, accelerationtiredrying of fingermark residue and osftion of
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some constituents, while substrates can be deformed, burneakidised This is

supported by Johnstagt al6 sbservation that certainly at temperatures 25°C and

35°C thereareno changes observed within the fingermark constituents up to §,hour
however,if the fingermarks were to be left longer at these temperatures taempor
degradation was observesing FTIR microspectroscod{32]. In a similar way,
changes in the substratebs physical stat

temperaures.

The relative humidity of air corresponds to th#do of watervapourpresent in the air

to the amount of waterapourcould be present at a specific temperatiitgs can
influencethe rate of evaporation of water if any was present in the fingermark or the
surface. In the indoor environment, changes in relative humidity can occur by reducing
the temperature of abyy air conditioning or increasing the temperature of air with
central heating. Fingermarks absorbing water from the ambient air when relative
humidity is high were studied by Merket al. who concluded that the speed of the
aging process is much slowat higher relative humidity [133Moisture absorption

from the air by nofporous surfaces, such as nylon polymers are possible due to their
hygroscopic naturean significantly affect the fingermark compositishen expoed

to high humidity.

Light exposure has been identified to affect fingermark composition and more rapidly
when exposed to ultraviolet radiation, from sunlight [19]. Considering most of the
ultraviolet radiation from sunlights blocked by thetandard windw glass blocks
surfaces indoors are lepsone to be affected by the ultraviolet radiatiBlowever,
specific components in the fingermark residue tend to degrade faster when exposed to
indoorlight. This observation is supported by investigatioadm by Archeret al.

where the sebaceous component, particularly fatty acids in fingermark residue
displayed a rapid I@svhen stored under light [1B4Theimpactof being exposed to

light on the enhancement of both sebaceous and eccrine latent fingermarks over time
via powder development was studied by De Alcafagsoulet al. [135]. In their

study, theyobserveda range of visual degradation both type of sweatafter aweek

of fingermarkdeposition.



2.4 Importance of Substrate Wettability in Fingermark

Deposition and Development

It should be apparent from the discussion in section 2.3diyadsition oflatent
fingermarls and success in detectintpe fingermarksare greatlyinfluencedby the

nature of the underlyingubstratehe marksveredepositednto. Therefore, we might
expectthahs ub st r at ebd s pr o p effedtiverses®r perfoimancefn f | u e n
conventionalfingermark development techniqué&hilst experimental work in this

field is relatively sparse, some studies have been perfornsedjtest that substrates

do indeed influence deposition and influence thiciency of fingermark
development.The dficiency of fingermark development is also attributed to the
substantial variability in latent fingermarks [136] as the quality and number of
developed fingermarks by the same donor on the same substrate differs significantly
[137] leading to the complexity of s@iing fingermarks.

Scrutonet al. showed thathe distribution of material withira fingermarkdeposit
dependson thecomposition of fingeanark residue and nature of thelsstrateit is
transferred onto btaking either the form of continuous pools of miteor by large
irregularly shaped islands of material [17]. They observed a continuous film of
sebaceous deposit on substrates of contact angle less than 70° while eccrine sweat
formed droplets on substrateeither low or high surface energy.

Joneset al. showed that understanding the nature of ghbstratels important in
determining the optimum fingermark development bywan metal deposition
(VMD) [138]. VMD comprisestwo-stage vacuum processhere gold metal is
evaporated and depositidlowed bya similar process with the zinc metéhe gold
particlessituatedbetween the fingermark ridgestasnucleationsites for thanetal,

zinc. They observed that the structure and thickness of the gold film is a critical factor
in determining ether additional gold depositi@ontinues toact asthe nucleation

sites omot. The results indicated that difference in polymer struabfitew-density
polyethylene (LDPEwith high-density polyethylene (HDPE) affext formation of

the gold film structure whereby gold clusters on LDPE are larger and more spread out
leading to no gold clustets serveasbindingsites for zinc, anthereforeresulted in

no zinc deposibn onthis suface
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While the effects of surf@&cchemistry have been briefly investigated, no studies have
yet been published indicating how the surface wettability might affect the
development of latent fingermark. Recent reports have expressed concern at the very
limited state of knowledge concernitige degree of surface interactiassociated

with surface wettability (i.ehydrophilicity or hydrophobicitythat isdefined by water
contact angle measurement of the surfacé][12

Interactions between fingermark and surface wettability currently represent a
relatively unknown result ithe developmenbf fingermarls. In chapter 4, we focus
systematically on elucidating the role played by surface wettability in developing
latent fingermark via cyanoacrylate fuming method.

41



References

1. Wolstenholme, R., Bradshaw, R., Clench, M. R., & Francese, S. (2009). Study
of latent fingermarks by mati&ssisted laser desorpti@iiisation mass
spectrometry imaging of endogenous lipidapid Communications in Mass
Spectrometry: An International Journal Devoted to the Rapid Dissemination
of UpfoZheMMinute Research in Mass Spectromg®§(19), 30313039.

2. Emerson, B., Gidden, J., Lay Jr, J. O., & Durham, B. (2011). Laser
desorption/iorgation timébflight mass spectrometry of triacylglycerols and
other components in fingermark sampl&surnal of forensic sciencegs6(2),
381-389.

3. Sears, V. G, Bleay, S. M., Bandey, H. L., & Bowman, V. J. (2012). A
methodology fofinger markresearchScience & Justiceb2(3), 145160.

4. Neumann, C. (2012). Fingerprints at the cifpeene: Statistically certain, or
probable?. Significance, 9(1),-2b.

5. Barnes J.G. (2011). Chapter: History. The Fingerprint Sourcebook, US

Dept. of JusticeOffice of Justice Programs, National Institute of Justice,
Washington, DCpp. 1771 1-22.



10.

11.

12.

13.

14.

15.

16.

17.

Gaensslen, R. E., Ramotowski, R., & Lee, H. C. (2001). Chapter 1: History
and Development of Fingerprintingdvances in fingerprint technologgRC

press pp. 14.

Stigler, S. M. (1995). Galton and identification by
fingerprints.Genetics140(3), 857.

Henry Classification Systeminternational Biometric Group 2003, New
York.

White, P. (Ed.). (2010Crime Scene toCourt: The Essentials ofForensic
Science RoyalSociety ofChemistry, pp. 156.

Northumbria Police, Crime Scene Investigation,

https://www.northumbria.police.uk/about _us/ceinscene_investigation/fing

erprint_bureau/ten_printgAccessed on'6August 2018).

Homeland Security, https://www.homelandsecuriy
technology.com/projects/identiutomatedingerprintsystemnorthrop

grummanuk/ (Accessed on'6August 2018).

Jackson, A. R., & Jackson, J. M. (200@9rensicScience Pearson Education,

pp. 86.

Hicklin, R. A. (2015). Anatmy of Friction Ridge SkinEncyclopedia of
Biometrics 14-19.

Horswell, J. (Ed.). (2004 he practice of crime scene investigati@RC
Press, pp. 46.

Olsen, R. D. (1972). The chemical composition of palmar sweajerprint
and IdentificatiorMagazine 53(10), 323.

Girod, A., Ramotowski, R., & Weyermann, C. (201Zomposition of
fingermark residue: a qualitative and quantitative revieovensic science
international 223(1-3), 1624.

Scruton, B., Robins, B. W., & Blott, B. H. (1979he deposition of fingerprint
films. Journal of Physics D: Applied Physj&6), 714.


https://www.northumbria.police.uk/about_us/crime_scene_investigation/fingerprint_bureau/ten_prints/
https://www.northumbria.police.uk/about_us/crime_scene_investigation/fingerprint_bureau/ten_prints/
https://www.homelandsecurity-technology.com/projects/ident1-automated-fingerprint-system-northrop-grumman-uk/
https://www.homelandsecurity-technology.com/projects/ident1-automated-fingerprint-system-northrop-grumman-uk/
https://www.homelandsecurity-technology.com/projects/ident1-automated-fingerprint-system-northrop-grumman-uk/

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Ramotowski, R. S. (2001 ompositionof latent print residueéAdvances in

fingerprint technology?2, pp.63-104.

Cadd, S., Islam, M., Manson, P., & Bleay, S. (20F#)gerprint composition

and aging: a literature revieBcience & Justicebx(4), 219238.

Knowles, A. M. (1978). Aspects of physicochemical methods for the detection

of latent fingerprintsJournal of Physics E: Scientific Instrumerit4(8), 713.

Buchanan, M. V., Asano, K., & Bohanon, A. (1997, February). Chemical

characterization of fingerprints from adults and childrerdrensic Evidence

Analysis and Crime Scene Investigat{dol. 2941, pp. 896). International

Society for Optics and Photasi.

Antoine, K. M., Mortazavi, S., Miller, A. D., & Miller, L. M. (2010). Chemical

di fferences are
function of time Journal of Forensic Sciencgsy(2), 513518.

observed i

n

chil

Bohanan, A. M. (1998). Latés from prepubescent children versiestents

from adults.Journal of Forensic Identificatiqt8(5), 570.

dr end

Weyermann, C., & Ribaux, O. (2012). Situating forensic traces in
time. Science & Justice2(2), 6875.

Bleay, S. M., Croxton, R. S., &e Puit, M. (2018)3. Chemicalcomposition

of fingermarks Fingerprint

Development

Application. John Wiley & Sons, pp. 45.

Techniques:

Theory and

Harper, D. R., Clare, C. M., Heaps, C. D., Brennan, J., & Hussain, J. (1987).

A  bacteriological

technica

for

the

development

fingerprints.Forensic Science Internationd3(3), 209214.

of

latent

Croxton, R. S., Baron, M. G., Butler, D., Kent, T., & Sears, V. G. (2010).
Variation in amino acid and lipid composition of latent fingerpriRtsrensic
Sciencdnternational 1991-3), 93102.

Bumbrah, G. S., Sharma, R. M., & Jasuja, O. P. (20&E6)erging latent

fingerprint technologies: a revieResearch and Reports in Forensic Medical

Science6, 39-50.

44



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Yamashita, B., & French, M. (201 hapter 7Latentprint developmeniThe
Fingerprint Sourcebook, US Dept. of Justice, Office of Justice Programs,
National Institute of Justice, Washington, Dip. 7.17.67.

Kent, T.(2016).Section 2: Chemistry and Visualization (Sequential Treatment
and Enhancementforensic FingerprintsAcademic Press, pp. 41.

Bleay, S. M., Croxton, R. S., & De Puit, M. (2018).Optical detection and
enhancement techniqudsingerprint Development Techniques: Theory and
Application John Wiley & Sons, pp. 11144.

Lennard, C.(2001, October). The detection and enhancement of latent
fingerprints. In13th INTERPOL Forensic Science Symposium, Lyon,
France(pp. 1619). US Department of Justice.

Bleay, S. M., Sears, V. G., Bandey. L., Gibson, A. P., Bowman, V. J.,
Downham, R., Fitzgerald, L., Ciuksza, T., Ramadan& &elway, C. (2012).
Finger mark examination techniques withinscope of 1ISO 17025 (2.2
Fluorescence examinatiomjingerprint Source Book, Home Office Centre for
Applied Science and Technology (CA$P)1825.

Kent, T. (2016).Section 2: Chemistry and Visualization (Visualization or
development of Crime Scene FingerprinE)rensic FingerprintsAcademic

Press, pp. 457.

Lennard, C. J., Champod, C.akgot, P, & Stoilovic, M. (2004. Chapter 4:
Fingermark detection and Enhancemdtingerprints and other ridge skin

impressionsCRCpress pp. 112132.

Horiba Products, SceneScope RUVIS UHD System,
https://www.horiba.com/en en/products/detail/action/show/Product/scenesco
peruvis-uhd-system1839/(Accessed o6 August 2018).

Richards,A., & Partner, O. P. (2010). Reflected ultraviolet imaging for
forensics application®©nline] http://www. uvcorder.

com/pdf/Reflected_UV_Imaging_for_Forensics_V2. pdf

King, R. S., Davis, L. W., & Skros, D. A. (2018). The Use of Longwave
Reflected UV Imging for the Enhancement of Cyanoacrylate Developed

45


https://www.horiba.com/en_en/products/detail/action/show/Product/scenescope-ruvis-uhd-system-1839/
https://www.horiba.com/en_en/products/detail/action/show/Product/scenescope-ruvis-uhd-system-1839/

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Fingermarks; a Simple, Safe and Effective Imaging Teotensic Science

International

Bramble, S. K., Cantu, A. A., Ramotowski, R. S., & Brennan, J. S. (2000).

Deep red to near infrared (NIRporescence on gentian violeeated latent

prints.Journal of Forensic Identificatigrb0(1), 3349.

Bleay, S. M., & Kent, T. (2005). The use of infied filters to remove

background patterns in fingerprint imagikgngerprint Whorld 31(122),

225238.

Sodhi, G. S., & Kaur, J. (2001). Powder method for detecting latent

fingerprints: a reviewk-orensic science internationdl2Q(3), 172176.

Olsen, R. D. (1978)5cott's fingerprint mechanic€.C. Thomas.

Menzel, E. R. (180). Fingerprint detectionwith lasers New York: M.

Dekker,(pp. 4578).

Kerr, F. M., Haque, F., & Westland, A. D. (1988prganic BasedPowders

for Fingerpr.i

nt

Det ect i Gamadiam isoci&ynal o t h

Forensic Science Journdl6(3), 146142.

Goode, GC., & Morris, J.R. (1983).Latent fingerprints:A review of their

origin, compositionand methods for detectiomrAtomic Weapons Research

Establishment, Aldermaston.

Choi, M. J., Smoother, T., Martin, A. A., McDonagh, A. M., Maynard, P. J.,
Lennard, C., & RouxC. (2007). Fluorescent TiO2 powders prepared using a

new perylene diimide

dye:

Applications

in

latent

detectionForensic Science Internationdl732-3), 154160.

Sodhi, G. S., &Kaur, J. (2000). Organic Fingerprint Powders Based on

Fluorescent Phloxine B Dy®efenceScience Journab0(2), 213.

Choi, M. J., McBean, K. E., Ng, P. H. R., McDonagh, A. M., Maynard, P. J.,

fingermark

Lennard, C., & Roux, C. (2008). An evaluation of nanostmactzinc oxide

as a fluorescent powder for fingerprint detectitournal of Materials

Science43(2), 732737.

4¢

S



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Choi, M. J., Smoother, T., Martin, A. A., McDonagh, A. M., Maynard, P. J.,
Lennard, C., & Roux, C. (2007). Fluorescent TiO2 powders prepanegl as
new perylene diimide dye: Applications in latent fingermark
detectionForensic Science Internationd732-3), 154160.

Wilshire, B. (1996). Advances in fingerprint detecti@mdeavouy20(1), 12
15.

MacDonell, H. L. (1961). Bristleless brushievelopment of latent
fingerprints.ldent. News11(3), 7-15.

James, J. D., Pounds, C. A., & Wilshire, B. (1991). Flake metal powders for
revealing latent fingerprintdournal of Forensic Scienc86(5), 13681375.

James, J. D., Pounds, C. A., Wilshire, B. (1991). Production and
characterisation of flake metal powders for fingerprint detecRomder
Metallurgy, 34(1), 3944.

James, J. D., Pounds, C. A., & Wilshire, B. (1993). Magnetic flake powders
for fingerprint developmentlournal of Forasic Science38(2), 39:401.

Seah, L. K., Dinish, U. S., Phang, W. F., Chao, Z. X., & Murukeshan, V. M.
(2005). Fluorescence optimisation and lifetime studies of fingerprints treated
with magnetic powderg:orensic science internationdl52(2-3), 249257.
Gaensslen, R. E., Ramotowski, R., & Lee, H. C. (2001). Chdptdethods

of Latent Fingerprint Developmemdvances in fingerprint technolog8gRC

press pp. 113.

Pounds, C. A., & Jones, R. J. (1981). The use of powder suspensions for
developinglatent fingerprintsHome Office Central Research Establishment
(HOCRE), Aldermaston, England

Jasuja, O. P., Singh, G. D., & Sodhi, G. S. (2008). Small particle reagents:
development of fluorescent variangcience & Justicet8(3), 141145,

Sodhi, G.S., & Kaur, J. (2012). A novel fluorescent small particle reagent for
detecting latent fingerprints on wet nporous itemsEgyptian Journal of
Forensic Science®(2), 4547.



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Polimeni, G., Foti, B. F., Saravo, L., & De Fulvio, G. (2004). A novel apjroac
to identify the presence of fingerprints on wet surfaEesensic science
international 146, S45S46.

Cuce, P., Polimeni, G., Lazzaro, A. P., & De Fulvio, G. (208#)all particle
reagents technique can help to point out wet latent fingerpFiotsnsic

science internationall46, S7-S8.

Reynolds, A. J., Jones, B. J., Sears, V., & Bowman, V. (2008). -slzade
analysis of titanium dioxide fingerpriatevelopment powders. lfournal of
Physics: Conference Seri@gol. 126, No. 1, p. 012069). IOPublishing.

Haque, F., Westland, A. D., Milligan, J., & Kerr, F. M. (1989kmall particle
(iron oxide) suspension for detection of latent fingerprints on smooth
surfacesForensic Science Internationad1(1-2), 7382.

Rohatgi, R., & Kapoor, A. K. (2I6). Development of latent fingerprints on
wet nonporous surfaces with SPR based on basic fuchsinEdysmtian
Journal of Forensic Science®(2), 179184.

Bleay, S. M., Croxton, R. S., & De Puit, M. (20182. Liquid phase selective
deposition techniges. Fingerprint Development Techniques: Theory and
Application John Wiley & Sons, pp. 32830.

Bumbrah, G. S. (2016). Small particle reagent (SPR) method for detection of
latent fingermarks: A reviewegyptian Journal of Forensic Sciencé#),
328332.

Trapecar, M. (2009). Lifting techniques for finger marks on human skin
previous enhancement by Swedish Black po@d&r preliminary
study.Science & Justicel4), 292295.

West, M. J., & Went, M. J. (2008). The spectroscopic detection of exogeno
material in fingerprints after development with powders and recovery with

adhesive liftersForensic Science Internationdl74(1), 1-5.

Rowell, F., Seviour, J., Lim, A. Y., Elumbarifplazar, C. G., Loke, J., & Ma,

J. (2012). Detection of nitrorganc and peroxide explosives in latent

4¢€



70.

71.

72.

73.

74.

75.

76.

77.

fingermarks by DARTand SALDITOFmass spectrometrizorensic Science
International 221(1-3), 8491.

West, M. J., & Went, M. J. (2009). The spectroscopic detection of drugs of
abuse in fingerprints after developmenithvpowders and recovery with
adhesive liftersSpectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy’1(5), 19841988.

Rowell, F., Hudson, K., & Seviour, J. (2009). Detection of drugs and their
metabolites in dusted latent fingermarks by mass
spectrometryAnalyst 134(4), 70:707.

Chesher, B. K., St one, J . M. |, & Rowe,

1000 alternate light source to produce fluorescence in cyanoaerylate
developed latent fingerprints stained with biological stains ameheercial
fabric dyesForensic science internationd7(2), 163168.

Czekanski, P., Fasola, M., & Allison, J. (2006). A mechanistic model for the
superglue fuming of latent fingerprintdournal of forensic sciencgsl(6),
13231328.

Mankidy, P. J., Ragopalan, R., & Foley, H. C. (2008hfluence of initiators
on the growth of poly (ethyl -2yanoacrylate) nanofiberBolymer 49(9),
22352242.

Coover, H. W. , Drei fus, D. W. , &
adhesives. Iidandbook of adhesivépp. 463477). Springer, Boston, MA,
pp. 466.

Day, J. S., Edwards, H. G., Dobrowski, S. A., & Voice, A. M. (2004). The
detection of drugs of abuse in fingerprints using Raman spectroscopy II:
cyanoacrylatdumed fingerprintsSpectrochimica Acta Part AMolecular

and Biomolecular Spectroscq®0(8-9), 17251730.

Duffy, C., Zetterlund, P. B., & Aldabbagh, F. (201Brdical polymerization
of alkyl 2-cyanoacrylatedMolecules23(2), 465.



78.

79.

80.

81.

82.

83.

84.

85.

86.

Lewis, L. A., Smithwick, R. W., Devault, G. L., Bolinger, B.,l&wis, S. A.

(2001).Processes involved in the development of latent fingerprints using the

cyanoacrylate fuming methodournal of Forensic Sciencé6(2), 241246.

Wargacki, S. P., Lewis, L. A., & Dadmun, M. D. (2007). Understanding the
chemistry of te development of latent fingerprints by superglue

fuming. Journal of forensic sciencegs2(5), 10571062.

Farrugia, K. J., Fraser, J., Friel, L., Adams, D., Attisiohtalto, N., & Deacon,

P. (2015). A comparison between atmospheric/humidity and vacuum

cyanoacrylate  fuming of latent fingermarksorensic  science

international 257, 54-70.

Liu, L., Zhang, Z., Zhang, L., & Zhai, Y. (2009)he effectiveness of strong

afterglow phosphor powder in the detection of fingermdfksensic Science

International 183(1-3), 4549.

Farrugia, K. J., Fraser, J., Calder, N., & Deacon, P. (2@s&udeOperational

Trials of Lumicyano Solution and Lumicyano Powder for the Detection of

Latent Fingermarks on Various Substratesirnal of Forensic

Identification 64(6).

Farrugia, K. J., Deacon, P., & Fraser, J. (20E4y.al uat i on

cyanoacrylate fuming process for the development of latent fingermarks on

of

plastic carrier bags by means of @seudo operationakcomparative

trial. Science & Justiceb4(2), 126132.

Dominick, A. J., & Laing, K. (2011). A comparison of six fingerprint

enhancement techniques for the recovery of latent fingerprints from unfired

cartridge casedournal of Forensic Identificatiqré1(2), 155165.

Bleay, S. M., Croxton, R. S., & De PuiM. (2018). 7. Vapour phase

techniques. Fingerprint Development Techniques: Theory and Application.

John Wiley & Sons, pal59-171.

Takatsu, M., Shimoda, O., & Teranishi, H. (2012). Vapbase Staining of

Cyanoacrylaté&~umed Latent Fingerprints Using

Dimethylaminobenzaldehyddournal of forensic sciencegs7(2), 515520.

5C

Zp

L umi



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Jasuja, O. P., Kaur, A., & Kumar, P. (201Ejxing latent fingermarks
developed by iodine fuming: A new methdehrensic science
international 223(1-3), e47e52.

Jasuja, O. P., &5ingh, G. (2009)Development of latent fingermarks on
thermal paper: Preliminary investigation inteeof iodine fuming.Forensic
Science Internationall921-3), ellel6.

Almog, J., Sasson, Y., & Anati, A. (1979). Chemical reagents for the
developmenbf latent fingerprints. Il: controlled addition of water vapor to
iodine fumed a solution to the aging probledournal of Forensic
Science24(2), 431436.

Haque, F., Westland, A., & Kerr, F. M. (1982 improved nordestructive
method for detectionfdatent fingerprints on documents with iodifige &

benzoflavoneForensic Science Internation&l(1), 79-83.

Bowman, V. (2004). Manual of fingerprint development technigu®$

edition Sandridge: Home Office Police Scientific Development Branch

Conn, C., Ramsay, G., Roux, C., & Lennard, C. (2001). The effect of metal
salt treatment on the photoluminescence of Bfe@ted fingerprintdorensic
science internationall16(2-3), 117123.

Berdejo, S., Rowe, M., & Bond, J. W. (2012). Latent Fingekrbavelopment
on a Range of Porous Substrates Using Ninhydrin Andldg€omparison
with Ninhydrin and 1, #iazofluorenJournal of forensic sciencgs7(2),
509514.

Hansen, D. B., & Joullié, M. M. (2005Jhe development of novel ninhydrin
analoguesChemical Society Review34(5), 408417.

Bicknell, D. E., & Ramotowski, R. S. (2008). Use of an optimizedZ, 2
indanedione process for the development of latent pdatsnal of Forensic
Sciencesb3(5), 11081116.

Bleay, S. M., Croxton, R. S., ®e Puit, M. (2018).11. Lipid reagents
Fingerprint Development Techniques: Theory and Application. John Wiley &
Sons, pp283-295

51



97.

98.

99.

100.

101.

102.

103.

104.

105.

Wilson, H. D. (2010). RAY dye stain versus gentian violet and alternate
powder for development of latent prints on theemie side ofape Journal
of Forensic Identification60(5), 510.

Kobus, H. J., Warrener, R. N., & Stoilovic, M. (1983wo simple staining
procedures which improve the contrast and ridge detail of fingerprints
devel oped wi t h A S u p eester).F@énsie G¢iemoea n o a c
International 23(2-3), 233240.

Bailey, M. J., Ismail, M., Bleay, S., Bright, N., Elad, M. L., Cohen, Y., Geller,
B., Everson, D., Costa, C., Webb, R.P. & Watts, J. F. (2013). Enhanced
imaging of developed fingerprints using mas spectrometry
imaging.Analyst 13821), 62466250.

Cadd, S. J., Bleay, S. M., & Sears, V. G. (2013). Evaluation of the solvent
black 3 fingermark enhancement reagent: padtirestigation of the
optimum formulation and application paramet&sience &Justice 53(2),
131-143.

Gaskell, C., Bleay, S. M., Willson, H., & Park, S. (2013). The Enhancement
of Fingermarks on Greaseontaminated, Nonporous Surfaces: A
Comparative Assessment of Processes for Light and Dark Sudacesal of
Forensic ldentifiation, 63(3), 286.

Tilstone, W. J., Savage, K. A., & Clark, L. A. (200Bprensic science: An
encyclopedia of history, methods, and technigd&C-CLIO, pp. 151.

Groeneveld, G., De Puit, M., Bleay, S., Bradshaw, R., & Francese, S. (2015).
Detection ananapping of illicit drugs and their metabolites in fingermarks by
MALDI MS and compatibility with forensic techniqueScientific reports5,
11716.

Mou, Y., & Rabalais, J. W. (2009Retection and identification of explosive
particles in fingerprints usg attenuated total reflecti@gfourier transform

infrared spectromicroscopyournal of forensic sciencgs4(4), 846850.

Attard-Montalto, N., Ojeda, J. J., Reynolds, A., Ismail, M., Bailey, M.,
Doodkorte, L.de Puit, M. & Jones, B. J. (2014). Deternnig the chronology

5z



106.

107.

108.

109.

110.

111.

112.

113.

of deposition of natural fingermarks and inks on paper using secondary ion
mass spectrometrjnalyst 13918), 46414653.

Ricci, C., Phiriyavityopas, P., Curum, N., Chan, K. A., Jickells, S., & Kazarian,
S. G. (2007). Chemical imagingf latent fingerprint residuespplied
spectroscopy61(5), 514522.

Worley, C. G., Wiltshire, S. S., Miller, T. C., Havrilla, G. J., & Majidi, V.
(2006). Detection of visible and latent fingerprints using nzctay

fluorescence elemental imagintpumal of forensic science51(1), 5763.

Tahtouh, M., Despland, P., Shimmon, R., Kalman, J. R., & Reedy, B. J. (2007).
The application of infrared chemical imaging to the detection and
enhancement of latent fingerprints: method optimization and further
findings.Journal of forensic sciencegs2(5), 10891096.

Crane, N. J., Bartick, E. G., Perlman, R. S., & Huffman, S. (2007). Infrared
spectroscopic imaging for noninvasive detection of latent fingerpdotsnal
of forensic science$2(1), 4853.

Ricci, C., & Kazarian, S. G. (2010 ollection and detection of latent
fingermarks contaminated with cosmetics on nonporous and porous
surfacesSurface and Interface Analysis: An International Journal devoted to
the development and application of techniqtarsthe analysis of surfaces,
interfacesandthin films 42(5), 386392.

Girod, A., Xiao, L., Reedy, B., Roux, C., & Weyermann, C. (2015).
Fingermark initial composition and aging using Fourier transform infrared
mi c r o s -ETR).yoregnsc scienceternational 254, 185196.

Tahtouh, M., Kalman, J. R., Roux, C., Lennard, C., & Reedy, B. J. (2005). The
detection and enhancement of latent fingermarks using infrared chemical
imaging.Journal of Forensic Sciencg0(1), JFS2004213.

Bailey, M. J., Bight, N. J., Croxton, R. S., Francese, S., Ferguson, L. S.,
Hinder, S., Jickells, S., Jones, B.J., Jones, B.N., Kazarian, S.G. & Ojeda, J. J.
(2012). Chemical characterization of latent fingerprints by muaissisted

laser desorption ionization, tird-flight secondary ion mass spectrometry,



114.

115.

116.

117.

118.

119.

120.

mega electron volt secondary mass spectrometry, gas chromatography/mass
spectrometry, Xay photoelectron spectroscopy, and attenuated total
reflection Fourier transform infrared spectroscopic imaging: an

intercompaison. Analyticalchemistry 84(20), 85148523.

Bright, N. J., Webb, R. P., Bleay, S., Hinder, S., Ward, N. I., Watts, J. F.,
Kirkby, K.J. & Bailey, M. J. (2012). Determination of the deposition order of
overlapping latent fingerprints and inks using secondary ion mass
spectrometryAnalytical chemistry 84(9), 40834087.

Thandauthapani, T. D., Reeve, A. J., Long, A. S., Turner, I. J., 8Shab.
(2018). Exposing latent fingermarks on problematic metal surfaces using time

of flight secondary ion mass spectroscopgience & Justiceb8(6), 405414,

Wei, Q., Zhang, M., Ogorevc, B., & Zhang, X. (2018gcent advances in the
chemical imagig of human fingermarks (a reviewAnalyst 141(22), 6172
6189.

Bleay, S. M., Croxton, R. S., & De Puit, M. (2018)5. Miscellaneous
processes: lifting and specialist imaging-ingerprint Development

Techniques: Theory and Application. John Wiley & Sqps,41-416.

Wolstenholme, R., Bradshaw, R., Clench, M. R., & Francese, S. (2009). Study
of latent fingermarks by mati&ssisted laser desorpti@iisation mass
spectrometry imaging of endogenous lipidapid Communications in Mass
Spectrometry: An bernational Journal Devoted to the Rapid Dissemination
of UpfoZhefMinute Research in Mass Spectromg®§(19), 30313039.

Bradshaw, R., Wolstenholme, R., Blackledge, R. D., Clench, M. R., Ferguson,
L. S, & Francese, S. (2011). A novel mafssisted laser
desorptionibnisationmass spectrometry imaging based methodology for the
identification of sexual assault suspe&apid Communications in Mass
Spectrometry25(3), 415422.

Ferguson, L., Bradshaw, R., Wolstenholme, R., Clench, M., & Francese, S.
(2011). Twestep matrix application for the enhancement and imaging of latent
fingermarks Analyticalchemistry 83(14), 55855591.

54



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

O'neill, K. C., & Lee, Y. J. (2018). Effect of Aging and Surface Interactions
on the Diffusion of Endogenous Compound&atent Fingerprints Studied by
Mass Spectrometry Imagingournal of forensic scienceg83(3), 708713.

Bleay, S. M., Croxton, R. S., & De Puit, M. (2018. Formation of
fingermarks Fingerprint Development Techniques: Theory and Application.
John Wiley& Sons, pp11-33.

Lennard, C. J., Champod, C., Margot, P., & Stoilovic, M. (2004). Chapter 4:
Fingermark detection and Enhancement. Fingerprints and other ridge skin

impressions. CR@ress pp. 08111

Jones, N., Mansour, D., Stoiloyid., Lennard, C., & Roux, C. (200I}he
influence of polymer type, print donor and age on the quality of fingerprints
developed on plastic substrates using vacuum metal depoBiti@nsic
science internationall24(2-3), 167177.

Rosa, R., GiovanardR., Bozza, A., Veronesi, P., & Leonelli, C. (2017).
Electrochemical impedance spectroscopy: A deeper and quantitative insight
into the fingermarks physical modifications over tifRerensic science
international 273 144152.

Scruton B., Robins, B. W., & Blott, B. H. (1975 he deposition of fingerprint
films. Journal of Physics D: Applied Physj&6), 714.

Bond, J. W. (2008). The thermodynamics of latent fingerprint corrosion of

metal elements and alloydournal of forensic sences53(6), 13441352.

Johnston A. (2018). The Temporal Degradation of lllicit Contaminants in
Latent Fingermarks Using Fourier Transform Infrared Spectroscopic

Imaging Journal of Forensic Research(&), 1-6.

Bleay, S. M., Croxton, R. S., Re Puit, M. (2018)4. Ageingof fingermarks.
Fingerprint Development Techniques: Theory and Application. John Wiley &
sSons, pp. 697.

Wargacki, S. P., Lewis, L. A., & Dadmun, M. D. (2008). Enhancing the quality
of aged latent fingerprints developed Ispperglue fuming: loss and
replenishment of initiatodournal of Forensic Sciencegs3(5), 11381144.

St



131.

132.

133.

134.

135.

136.

137.

138.

Statistica, Monthly average daily temperatures in the United Kingdom (UK)
from 2013 to 2018 (in degree Celsius)
https://www.statista.com/statistics/322658/monidmeragedaily-

temperaturein-the-unitedkingdomuk/ (Assessed on ¥80ctober 2018).

Johnston, A., & Rogers, K. (2017)he effect of moderate temperatures on

latent fingerprint chemistryAppliedspectroscopy71(9), 21022110.

Merkel, R., Gruhn, S., Dittmann, J., Vielhauer, C., & Brautigam, A. (2012).
On noninvasive 2D and 3D Chromatic White Light image sensors for age
determination of latent fingerprintSorensic Science Internation&22(1-3),
52-70.

Archer, N. E., Charles, Y., Elliott, J. A., & Jickells, S. (2005). Changes in the
lipid composition of latent fingerprint residue with time after deposition on a

surfae. Forensic Science Internationdl54(2-3), 224239.

De Alcaraztossoul, J., Mestres Patris, C., Barrot Feixat, C., McGarr, L.,
Brandelli, D., Stow, K., & Gené Badia, M. (2016). Latent fingermark aging
patterns (part 1): minutiae count as one indicatbdegradationJournal of
forensic science$1(2), 322333.

Ulery, B. T., Hicklin, R. A., Buscaglia, J., & Roberts, M. A. (2011).
Accuracy and reliability of forensic latent fingerprint decisidhiceedings
of the National Academy of SciencE3819), 77337738.

Chadwick, S., Moret, S., Jayashanka, N., Lennard, C., Spindler, X., & Roux,
C. (2018). Investigation of some of the factors influencing fingermark

detectionForensic science internation289, 381-389.

Jones, N., Stoilovic, M., Lennar&;., & Roux, C. (2001). Vacuum metal
deposition: factors affecting normal and reverse development of latent
fingerprints on polyethylene substratEsrensic science international 151-

2), 7388.

5€


https://www.statista.com/statistics/322658/monthly-average-daily-temperatures-in-the-united-kingdom-uk/
https://www.statista.com/statistics/322658/monthly-average-daily-temperatures-in-the-united-kingdom-uk/

CHAPTER 3

Experimental Techniques

In this chapter sample preparation including sample cleaning and fingermark
deposition are discussetlhe basic principles behind the methods used during this
study arghen discussed followed by the experiments that were carried out using these

techniques.

3.1 Fingermark Donors

Fingemark samples were taken fronene female donor for the experiment
investigating the effect of wetting properties on fingermark development while the
experiment conducted to investig#te enhancemendf fingermark residue deposited
onthemetalsubstrate were taken from si¥ferent donorsThe donors varied in age
(20 7 49 years old), gender and ethnicityingemarks were taken aslosely as

possible within the time framé&0:00ami 5:00pm.

3.2 Types of Fingermark Deposits

Two kinds of fingemrmarkdeposits were used in the study is stated of the specific type
in the results when necessafetwo fingemarktypes were eccrine and sebaceous
deposited following the protocol based on UK Home Office internal guidelir2p [1
Prior to fingemark deposition, thelonorswashedheir hands thoroughly with soap,

57



rinsed with wateand dried witha papertowel to remove excess sebaceous material
and any contaminants that may presenth@skin. To obtaina sebaceousark the
fingertips were rubbedround thehinandnoseregion. An even spread of perspiration
was achieved bgubbing the fingertips togetheefore fingermark were deposited on

the substrateT o obtainan eccringorint, powder freeanitrile gloves (VWR)wereworn
immediately after washing the harfds 30 minutes.However, the gloves were worn

for longer times (~ 1 hour) to generate sufficient eccrine sweat at colder times of the
year [1].

Fingemarkswere depositedn the substrates by applicationaoihaximumforce of

2N for acontactduration of 2 seconds before the finger was remoVecensure the
force was maintained at a constant 2N throughout the deposition process in all
experiments, it was measured by placinggtbstrate®n a weighing scaleModel

CS 5000E, Ohaus Corporation) during the deposition proddssir sutsequent
developmentwas carried out over a wide time period following their deposition,
betweernl5 minutes 14 days.

3.3 Substrates

Severaltypesof substratevere usedn this study. Initial work was carried out on
polymer substratesf varying water contact angle that wesjgin coated onto glass
microscope slides and zinc selenide (ZnSe) crystal for analysis usinthéo#imera
and FTIR measurements respectivéfprk was therextended oo studysomemetal

substratesf viable forensic value.

Glass microscopslidesof 76 x 24 mm and 1 mm thickness (Thermo Scientific),
Figure 3.1awere cleanegbrior to fingermark deposition by placing them in a beaker
of methanoland oni cat i nges.Aof unlthwaesal dobicatiom was
then performed in a beaker of distilletionisedvater to remové@mpurities from the
surface ofglass microscopslides The glass microscopslides weredried using

nitrogen air beforéeingspin coated withpolymersolution.

Zinc selenidecrystalof 72 x 10 mm and 6 mm thickness (GS1118pecay, Figure

3.1b,was cleaned with a piece of lens tissue using acetone, tolueffi@ahdwith
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methanol before it waspin coatedwith the polymer solution.List of polymers used

in this study along with their measured water contact aarghkabulated in Table 3.1.

ﬂ) b)

- 3

Figure 3. 1: Photographs of a) glass microscope slide and b) zinc selenide crystal that

wereused to spircoat polymer solution of varying water contact angle.

Polymer Measured Water Contact
Angle (Degrees)

Polystyrene treatl with oxygen plasméPS 15.0° £ 6.6°
Plasma)

Polyvinyl Acetate (PVA) 60.2 +13°
Polyethylene / Cling Film (PE) 65.9°+ 4.8°
Poly (methyl methacrylate) (PMMA) 74.2° £2.3°
Polystyrene (PS) 86.0° +2.4°
Polydimethylsiloxane (PDMS) 101.3° £ 3.5°
Poly (t-butyl methacrylate) (PtBMA) 102.8° £ 1.6°

Table 3.1: Table above lists the types pblymers that were used to study in this
research with the measured water contact angléncertaintywas calculated using
the standard error of the mean values obtained for the measured water contact angle

(n = 10)on the same polymer surface.

Metal substrates dftainless steel, brassidaluminiumof approximately 30 mm in
diameter and 1 mm thick, Figure 3\ere cleaned by placing them in a beaker of
methanol and sonicating for 15 minutes. A further 15 minutes of sonication was then

performel in a beaker of distilledjeionisedwater to removeavater solubleor polar
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contaminants from the metal surfaces. The metal disks werecth@yto be deposited

with fingermarks

Figure 3. 2: Photographs of)astainlesssteel b) brass and aeluminiummetal disks
that were used to deposit fingermark.

3.4 Storage Conditions of Fingermark Deposits

If not otherwise stategholymer substrates westored under ambient conditions (kept
in open box)on the bench in the laboratoryatemperature of 20.24 26.5 + 0.5°C
andrelative humidityof 38.87 44.9 + 1% after the fingermark deposit was made till

the subsequertevelopment was carriealt overa time period of - 7 days.

The metal disks wereattached tothe glass microscope slidegost fingemmark
deposition using double sided adhesive tabs (Leit Adhesive Carbon Tabs 12mm, Agar
Scientific) andplacedin a closed microscope slide boxamtemperature22°C and
relative humidityof 40+/1 %, ready for further treatment and analysis.

3.5 Spin Coater

A spin coater Figure 3.3was used to produce thin unifoifitms of polymer (listed

in Table 3.1pn which the fingenarks were deposited.olymersolution was pipetted
coveringthe entire substrate, which was then rotated. Duspipning the solution
spreads and the solvent present in the solution evaporates rapidly producing a uniform
thin layer film of polymer on the substrate. All the polymers were spin coatad at
speed of ~ 280 rpm for about 1 minute. The thickness of the polymer film depends

on viscosityof solution(dependent upothe molecular weight and cosratration of
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the polymer)as well as the speed used for spinning. The fdpiscoatedon both the
glass microscopslides and zinc selenide crystaére then annealed in the oven at
ambient pressure at 120° C for ~ 45 minutes to remove any residual stresses and
trapped solvent.

Central turntable

Spincoater

Figure 3. 3: Photo shows the spooater used in this experiment. The substrate that is
to be coated is positioned in the central turntable and it isamgdthce by suction of

vacuum pump.

3.6 Plasma Cleaner

In this study, a wide range of polymer substrates of varying water contact euegée
required in order to study the effect of polymer wetting properties in fingermark
development. However, it must be noted that polymers have quite high water contact
angle (not less tm50°), where polyvinyl alcohol polymer with the lowest water
contact angle is of 51° [3]. Therefordapma treatment was used in this study to
acquirea polymer substrate witha low water contact angle by alteririge surface
energy of the polystyrene paner.

A plasma cleanefModel 1020 Fischioné that generatea high frequencyplasma
with a gas mixture of 25% oxygen and 75% arg@s usedn this study Plasma is
anionisedgas consisting of electrons and ions. Whegasunder sufficiently low

presure is subjected to a high frequency oscillating electromagnetic field of 13.56
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MHz, the accelerated free electrons gain kinetic energy in excess of tienigation
threshold in the neutral gas species. Collisions of these electrons with the gasitral
molecules lead to furtheonisation and forming plasma][4A simple schematic of

plasma process is shown in Figuré. 3.

Process gas in

Vacuum reaction chamber

Excited gas species:
- Tons O Glow discharge, O
- Electrons Short wave and

long wave UV /@

®
Chemically
modified molecules

O

Polystyrene coated glass slide

'

RF ]

Source T Ground
Process gas out

Electrode

Figure 3.4: Figure demonstrates the reaction between oxygen plasma and the surface
of polystyrene polymer resulting in formation of high energy surface of the

polystyrene.

Plasma cleaning involves the mechanical removal of surface contaminants by
energetic electron and ion bombardmeiith sufficient energy to break dowthe

weak covalent bonds in polymeric contaminants. Surface contaminants undergo
repetitive chain scission until their molecular weight is sufficiently low for them to
boil away in the vacuum. This affects only the contaminant layers and the outermost
moleculardayers of the substrate material. Inert gasften used for this purpose as it

is chemically inert and get ionised easirgon was selected as it has a smaller
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ionisation energy and greater ionisation efficiency, enhancing plasma creation

compare toother inert carriersy.

Plasma cleaning also involves the creation of surface chemical functional gsigs
plasma gases such as oxygen, hydrogen, nitrogen and ammonia which dissociate and
react with the surface. An oxygen plasma is highly effeativeemoving organic
(hydrocarbon) in the polymer and repathose surface polymer groups with highly
reactive chemical groups such as carbonyl, carboxylhgddoxyl from the plasma

gas [3. This alters the chemical activity and characteristics of tmase, such as

wetting and adhesion of the substrate.

Polystyrene was chosen since this surface displayed low hydrophobic recovery as even
after 7 days the water contact angle was sl below 20° andalsobecause this
substrate demonstrataevatercontact angle as low as 15° after plasma treatriéet.
polymer surfacevhenexposed to oxygen plasma became more hydrophilic due to the
high energy surface groups formed on it. This is a result of, energy transfer from the
reactive oxygen plasma spectesthe surface groups of the polymer creating high

wettability polymer surfaced].

3.7 Simple Contact Angle Measurements

The water contact anglef all the polymer films was measured using simple

equipment setup as displayed in Figui® 3.

Screen
Water
Carlnlera Dl{)*plet Polymer
coated substrate
<~ Levelled Light
Stage Source

Figure 3.5: Equipment setup from th&deview for contact angle measurements of

different polymersurfaces spin coated on a microscopic glass slide.



The measurement was made to obtain the exact water contact angle of the polymers
that were used in thudy This is important as the aim of the research is to study the
effect of the polymer wetting properties in fingermark development using

cyanoacrylate fuming technique.

The polymer coated substrate was kept on a levelled stage in front of the ddreera.

a 270uL water droplet was dropped usiagmicropipette(Gi | sonE Pl PETMA
Cl assi c,BilsthiFRe6019nall thepolymersurfaces (see Table 3.1) used in

this study.A uniform, diffuse light sourcéLLOYTRON Flexi Desk Lamp Black,

Model L958BK)was placed behind the drop througlpiece of white papdo geta

clear droplet image. An example of a water droplet image on a polymer substrate
obtained from th setup is shown in Figure@.

Figure 3. 6. Image of a water droplet gpolydimethylsiloxane RDMS) polymer
surface taken using the above setupas then analysed manually using a protractor.

The water contact angle on the PDMS surface, referrdradiagram is 101.3°.

3.8 Atomic Force Microscope

The atomic force miciszope (AFM) was invented by Gerd Binnig, Calvin Quate and

Christoph Gerber in 1985 [7]. Along with other scanning probe techniques, AFM
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provides a relatively simple way of imagitige surfaces with features that are well
below the diffraction limitwhich arenot visible using optical microscopy. The AFM
consists of a sharp tip attached at the end of a cantilever, a laser, a position sensitive
photodiode and a pieszanner. The AFM cantilever can be scanned horizontally and
vertically by piezemotors, usuldy made from silicon or silicon nitride, sometimes

with a coating of aluminium, although other specialised coatings are sometimes used.

Interactions between a tip and the surface result in a deflection of the cantilever. This
deflection is caugk by the force between the tip and the surface. Measuring the

deflection of a cantilever of known stiffness allows the force between the tip and

sample to be extracted using Hookeds | aw.
o &
Q = 3.1
Yo 3.1)

Wheret he def | ect inmpplied fqguge, F, @ determined byathe spring
constant, k, of the cantilevekn image is formedymapping the interaction between

the tip andhesample laterally across the surface.

When the tip approaches the sample surface, interactions with the substrate lead to
attractive or repulsive forces depending upon thesaimple separation. The
interaction between two atoms can be modelled by the Letdnaes potential, given

by equatiorB.2.

ol TR:I’— I— (3.2)
Where r is the separation, 0 is the sepal
maximum attractive potential. At tpur f ace separations | ar ¢

attractive Van der Waals interactions predominate, which arise from the coulombic
attraction of induced dipoles. This leads to an attractive force, modelled by the second
term in equation 3.2At small separations, thferce arises predominantly from short
range Van der Waals repulsive interactions. When two atoms are brought increasingly
close together there is a large energetic cost as the orbitals start to overlap. This arises
from the Pauli exclusion principlevhich states that no two electrons can share the
same state. As the two atomic nuclei approach the same point, half of thenslet

the system would have to go into orbitals with an energy higher than the ground state.

This energetic penalty is modelled by a repulsi¢é term in equation 3.2. The
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deflection of a cantilever due tbeinteractions with a substrate is showrFigure
3.7.

2 I ) | g | ' |
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Figure 3.7: The Lennarelones potential is used to model the potential between two
at oms. For separations, r that are smal/l
and is deflected away from the surface. For separations greatefithan t he t i p

experiences an attractive force and deflects towards the surface.

In AFM, the position of the tip is controlled very precisely with naneoereisolution

using az-piezo motor. A piezanotor is a stack of piezoelectric crystals (usually
ceramic)which undergo a deformation related to the voltage applied across the
crystals. The electric field induces polarisation which distorts the unit cell of the
crystal by causing small change in the dimensions of the unit cell and a small
contraction or extesion of the whole crystal [9]. By incrementing the voltage applied,
the piezo motor can be used to carefully and accurately move the tip to the desired

position.

In order to measure thepography of a sample, the tip is scanned along the surface in
a raser pattern. The tip sample interaction can be monitored by measuring the
deflection of the cantilever arising from the forces between the tip and sarhple.
AFM technique measures the deflection of the cantilever by focusing a laser beam

onto the back athe cantilever. The reflected light from the laser beam is collected by
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a position sensitive photodiode which hagjuadrants [10]. The bending of the
cantilever can be measured precisely with the help of position sensitive photodiode.
The cantilever defles according to the atomic force variations between the tip and
the sample and thereby the photodetector measures the deflection. The created image

is a topographical illustration of the sample is shown in Figure 3.8.

0.32 ym

0.13 um

Position Sensitive Laser
Photodiode |

\ T — Ple%? Feedback
» Controller
YCantilever
<«
1
J

XY Piezoscanner

Figure 3. 8. Schematic of an atomiforce microscope (AFM). A laser beam is
reflected off the back of a cantilever onto a position sensitive photodiode. Changes in
the deflection of the cantilever by the surfdipeinteraction resudtin a change in the
different voltages measured in each quadrant of the photodiode. Feedback controller
takes this input and applies an appropriate voltage ta-fiezo motor to keep the
cantilever at a constant distance from the surface. The tip & s&stnned across the
surface by moving the sample relative to the tip usingxthpiezo scanner. The
measurement of the voltages applied to the gieana be used to construct an image

of the sample.



3.8.1 AFM Imaging Modes
Contact Mode

In contact mode AFM, the tip and surface maintain constant contact. Taatpve

above the surface with a specific height or under a constant force. When the spring
constant of the cantilever is less than that of the surface, the cantilever bends away
from the surface due to the repulsive force on tharttpwherthe height of the sample
increases, the cantilever deflect upwards due to the increased repulsive force. Analysis
of the resultant deviation of the laser beam from the centre of the photediables

the deflection of the cantilever to be measured. A feedback voltage is then applied to
the z-piezo motor (see Figure 3.8) to increase the height of the cantilever and restore
the original amount of deflection. In this way the tip is kept at ataohdistance from

the surface. By measuring changes in the voltage applied #pibeo motor using

this method, it is possible to produce the image of the sample surface.

Contact mode enables the surface topography of the samples to be measured more
quickly and often with greater resolution than in other imaging modes but has some
disadvantages which make it unsuitable for certain types of samples. In contact mode

the sample and tip are always in contact, thesaimple interactiomaylead toblunt

tip and damage weakly bound mol ecTthisar | ay
contact mode is only used for small scans of molecular monolayers when high
resolution scans of substrate surfaces are needed, where damage is limited to a very

small area of th sample or very hard surfaces.

TappingMode

Consideringhe limitations outlined aboyeontact mode is not particularly useful for
scanning fingermark residue or the film thickness on ZnSe crystal because soft matter
such as this is susceptible to damag far more suitable mode of operation for the
AFM is known as tapping mode also known as AC mode ofcootact mode. The

laser is aligned on the back of the cantilever just as it thémontact mode. In tapping
mode, the tip is driven eresonanceising a piezo crystal located in the cantilever
holder. When the cantilever is far from the surface, the piezo oscillates the cantilever

over a range of frequencies at the free air amplitude. As the tip of the cantilever is
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lowered into contact with the dace, the surface interacts with the tip. The repulsive
forces between the sample and tip results in a reduction in the measured amplitude of
oscillation of the cantilever. When a sufficient reduction in amplitude is detected,
indicating contact with thesurface, feedback electronics stop the tip from being
lowered any further as the amplitude of the cantilever is used as the feedback

parameter.

An image is collected using the same principle as in contact mode but keeping the
amplitude of oscillation, raer than the deflection of the cantilever constant. Feedback
electronics adjust the voltage applied to zqmezo to compensate for the changes in
height of the surface. Point by point, line by line an image is built up of the sample

surface.

Figure 3.9: Example AFM image of an eccrine fingermark residue on glass
microscope slide that was spinated with polyvinyl acetate (PVA) polymer solution
(20 20t m).The image is collected in tapping mode by raster scanning the tip across

the surface.

In this studytapping modevasused to acquire all the AFM images as it is far less
destructive tahe samplesasthe tip is only in contact with the surface for a small
percentage of each oscillatiofihe reduced interaction between the tip and sample
does not affect thenolecular layersturdily during scanning and the degradation in
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the tip will not occur as quickly. In this work, images were acquired under ambient
conditions using the Asylum Research MBP (Asylum ResearchAtomic Force
Microscopes, 8nta Barbara, CA), operated via version 13.16.99 software (Asylum
Research). The tips used were made of antimorydoped silicon from Bruker
(Bruker model RTESPA part MPPL12310; operating frequency 30380 kHz and
spring constant 20 80 Nni).

3.9 Cyanoacrylate Fuming

Fingermark residue on polymer and metal substrates were developed with
cyanoacrylate (CNA) fuming. CNA fuming was carried out slightly different between

the polymer and metal substrates to suit the objective of each study.

Chapter 4 and 5 study the chemical and physical changes that occurs in fingermark
residue due to CNA fuming. Chapter 4 involves fresh fingermarks and chapter 5
focuses onaging of fingermarks (I 7 days) deposited on polymer surfaces of

different wettabity.

The mlymer sirfacesdeposited witteither sebaceous or eccrifiegemrmark residue

were enhanced with CNA fuming in a fuming cell. The fuming cell is fitted in with a
beaker of saturated sodium chloride (NaCl) solution with a heating element. The sal
solution was used to increase the humidity in the cell to approximately + 0%,

in order to achieve the best condition for the fuming process. The humidity was
measured using a humidity sensor (BCR1, DLP Design) prior to the fuming
process. Thedating element was used to heat up the superglue to 60°C, evaporating
the superglue by creating a concentration of gaseous cyanoacsglateigure 3.10

The exposure of cyanoacrylate evaporation by heating coupled with optimum
humidity from saturated dadolution were enough to trigger the reaction, producing a

perfect setting for fingenarkdevelopment11].
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Beaker with salt
solution
{ SiET
Fuming
Cell
Heater connected
with
thermocouple
An example of Black spray coated Aluminium as
developed fingerprint dark background (the polymer coated
glass slide with fingermark
will be placed on this)

Figure 3.10: The fuming cell contained a beaker of concentrated sodium chloride
(NaCl) solutionand a heating element. The NaCl solution ¥easicrease humidity
level to about 60%vhile the heating elemenvas usedo heat up the superglue to
60°C. This was to ensure that the fingarkdeveloped well. The black spray coated
aluminium was used as a background below the polymer coated mumgtass
slides with fingemarkdeposit, to provide a good contrast as the white polymerisation

of the superglue occurs on the fingerkresidue.

Chapter 6 involves the aging (128 days) of fingermarks on metal substrates. The
fingermarks were deveped using techniques that are employed by East Midlands
Special Operations Uriit Forensic Sciences (EMSQOEES) and other police forensics
laboratories across the UK when trying to develop fingermarks opous metal
substrates. Theyanoacrylate fumingvasthencarried out at the EMSOBS forensics
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lab using a superglue fuming cabinet (MVC5000 Mason Vactron, Foster and
Freemanjo obtain the same result as for any other metal objects found in crime scenes
that would be treated similarlfhe relative hmidity in the fuming chamber was set

and maintained at 780 % throughout the fuming cycle. 3.5g cyanoacrylate
(superglue) was heated to 120°C and allowed to fowapeurinside the fuming
cabinet chamber once the desired humidity is established. Sangle®xposed to

the cyanoacrylat@apourfor a total of 15 minutes, the cabinet whgn purged to
remove all traces of theapourand halt the fuming process. All the samples were
fumed simultaneously in the same chamber to ensure that all were exposesdical

fuming conditions.

3.10 Other Enhancement Techniques

Even though cyanoacrylate fuming is an excellent method, the eacranks
developed on the metal substratieslackin contrast therefore difficult teisualise
[12]. In order tovisualisethe fingemark themarkdeveloped using cyanoacrylate was
enhancedy sequential stainingf dyes,basic yellow 40BY40), crystal violet CV)
andsudan black$B) is described below.

This sequence was chosen because these are the most pigpalasdion techniques

used by UK police forensic labs when developing fingermarks on metal surfaces
obtained from a crime scene. Th&ining procedure and the photographs of the
samples acquired betweeach staining proceduweere carried out at the University

of Derby:.

Basic Yellow 40 (BY40)

BY40 of 2% w/v in ethanol was applied to the fumed metal disks by laying them flat
and soaking in the dye for five secormgore rinsing in water and drying in a stream
of air at room temperatur@he disks were then ptagraphed using a Nikon D7200
digital camera with yellow filter (75mm x 75mm No.12, Kodak Wratten gelatin filter,
excitation wavelength: 510530 nm) under blue light illumination with CrimeLite 2
(Foster and Freeman) light source emitting wavelengthiseimange 420 470 nm

(Crimelite 2, Foster and Freeman).



Crystal Violet(CV)

Once all the samples were photographed, the samples were immersed in CV (0.03%
w/v in 1:50 ethanol/water mixture) for five minutes. The metal substrates were rinsed,
dried andhen photographed using the same camera but under white light illumination

(Crimelite 2, Foster and Freeman, wavelength rangé Z00 nm) without any filters.

Sudan BlacKkSB

The metal substrates were then finally immersed in SB (1% w2iliethanolater
mixture) dye for five minutesThe metal substrates were rinsed with water and
photographed using the same camera under the similar illumination, as used for

photographing the metal substrates after CV dye application without any filters.

3.11 Camera Measurements

Camera measurements were used in this study to observe the physical changes that
occurs in fingemark residue during the cyanoacrylate fuming process. Figure 3.1
depicts the apparatus set up in such, the fuming process would becdaptareamera

(Manta G125B, Allied Vision Technologies)The photographs that appear in this
thesis are the original raw images, unless otherwise stated in their respective figure
legends that image has been altered for the purpose of extracting firlgermar
brightness.

Figure 3.12 displays examples of photographs that were obtained during the
development of latent fingermark with cyanoacrylate fuming techniqine &iming

time t = 0 minuts, 20 minutes and 35 minute The development of the mark in the
fuming cell were captured by the camera is as shown in the apparatus set up in Figure
3.11.



. Ring of
Fuming LED light

Cell

Glass Lid

Figure 3.11: Cyanoacrylate fuming set up for camera measurements. A ring of LED

light was used to provide an even illuntioa while the camera took images

throughout the fuming process.

0 minutes 20 minutes 35 minutes

Figure 3.122 Examples of photographs of latent fingermark deposited on polymer
coated glass microscope slides that were developed with cyanoacrylate fuming
technigue. The photographs were taken at different times of fuming process starting

with thetime t at a) O mintes, b) 20 minutsand c¢) 35 minute
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3.12 Fourier Transform Infrared Spectroscopy

3.12.1 Introduction

Fourier Transform Infrared spectroscopy (RY is a method ofprobing chemical
structure of material by studying molecular vibrationgey moleculehasa specific
number and arrangement of bonds and &aeing their own characteristitbrational
frequencies [3]. Whenbroadbandnfrared radiation is passed through the samniple,

is partially absorbednd excites the various vibrations within the d&n

The infrared spectrum of a sample is recorded with a spectromlei@t examines
the transmitted light of an infrared beamed to illuminate the sample. Each molecule
in the sample absorbs photons of certain energies, characteristiatforalecule are
then revealed in the IR spectrum as adelined and reproducible absorption bands.
For a given frequency of IR radiation striking the sample, the bhsoe (A)of
incident radiation is defined through equation 3.3.

0

0 a ¢ Oy (3.3)

Wherelo is the initial beam intensity andis the beam intensity once it has passed

through the sample.

3.12.2 The Michelson Interferometer

To understand the operation of an FTIR it is necessary to start with the basic

Michelson Interferometer.

TheMichelson Interferometer consists of a light beam (Infrared source), beam splitter
(BS), stationary mirror () and moving mirror (M). The Infrared (IR) radiation
emitted from the point source passes through a beam splitter. As the name implies, the
beamsplitter splits half of the beam to the fixed mirror and the remaining half to the
moving mirror (see Figure 3L Half of the wave that is reflected fromiN& then
transmitted through the BS, where it recombines with the reflected half of the wave
retuming from Mx[14]. Hence, the combined electric fiell+) associated with the

reflected infrared beasican be expressed in the form of:



F FQ FQ (34)
where
Eo = amplitude of thencidentinfrared beam
¥ ang=ul ar frequency of the infrared bean

%0 = phase difference between the two beams after being reflected from the stationary

mirror and the moving mirror

a) Stationary Mirror, (M,) b) Stationary Mirror, (M,)
s

Light Light
Source Source
Beam L Beam” < P
Splitter Recombined Moving Splitter ? Recombined Moving
Beam . Mirror, Bcam. Mirror,
(Constructive (M) > (Destructive (M,)
Interference) — Interference) X
Detector Detector

Figure 3.13. The schematic diagram of Michelson Interferometer showing the
changes in thiterference pattern of the light source that passes through the detector.
The a) constructive and b) destructive interference pattern depends on the position of

the moving mirror.

When these beams recombine at the beam splitter they can interferacatoesy or
destructively depending on the change in relative path length of the two beams.
Distance from beam splitter toiMnd M differs byoptical pathengthdifference U

of win the two paths, anfl is the angle of interfering beams to the beam splitter.

Resultingphase difference can be deduced as in equatibhn (3.

% —1  Q — coAl-P (35)

Whereby the value for was derived as:
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w= denotes thgath differencdrom a point on BS to Mand M along the optical
axes respectively with factor of 2 appearing as the result of the waves traveling to
the mirrors and back again to the BS

—= light incident on interferometenirrorsat an angl e of d = 0A t

k = wavenumber—

The superimposecombined infrared beam intensitythat reaches the detector can
then be written aslp:

O symEE FOF Q" Q% (36)
C I C IF (:)é Y60 (37)

It must be notedhat the intensity and electric field of the electromagnetic wave are

related by equation (3.8).

Yol he)

® O (38)

Where | is the intensity of the infrared beang,j<the electric field of the infrared
beam. The two physical constants in this equation are the permittivity of free space,
i and the speed of lighé) Given that botloandi are physical constants, equation

(3.8) can then be written as in equat{@rD).

Yol he)

0 (3.9)
Hence, equation (3.7) can then be rewritten in terms of intensity as in equation (3.10).

"0 Op W& %o (3.10)

Op wéW (3.1

Where [ is the combined electric field associated with reflected infrared beams,

ﬁ| is a complex conjugate gf andlo is intensity of the infrared beam.



As one mirror is moved, a repeatedly cosine pattern variation in intensity can be
observed. In FTIR the emission from infrared source isrmastochromatic, but it has

a broadband spectral distribution over a wide wavenumber range. The intensity of the
infrared source is denoted by I(k), to indicate that is a function of different
wavenumbers, KTh e t ot al i ntensi ty)danhkzdeduceddy h e s

adding all the intensities for different values of k:

) YE p AT EH AE (312

) )E AE YEAT B AE (3.13

The first term in equation (B0) is the constant level in the absence of modulation,
and the second term the power spectrum of the sourcalled the interferogram
which depends on theéland contains all the information on the spectrum. Hence, only
the modulated part of the interégram, F{) could then be expressed in the form of

equation (3L4). Now I(k) = 0 fork < 0, so second term may be written as:

&) YEAT® AE (3.14)

Interferogram, F() is the Fourier cosine transform of I(k). So, the invdfearier
cosine transform of kj can be deduced as I(k) according to the theory of Fourier

transforms.

) E & AT B A (3.15)

I(k) and F{) are a Fourier transform pair indicating the relationship between the
intensity as a function of path differencedathe intensity as a function of
wavenumber. This is important to the interpretation of FTIR data because it enables
one to convert between the path difference and wavenumber dependence. Hence, the
absorption spectrum of the infrared radiation (interesty function of wavenumber)

is computable from the inverse Fourier transform of the observed interferogram
(intensity as a function of path difference) in the Michelson interferometer. An

interferogram has information about every infrared frequehaycomes from the
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source because this signal is made up of every data point as a function of the moving
mirror position. This means that as the interferogram is measured, all frequencies are
being measured simultaneously with a single detector. This interé@nog the one

that undergoes Fourier transformation in the computer to produce the final spectrum

[16].

3.12.3 Resolution

Resolution is the smallest difference in frequency or wavelength between two
absorbance peaks that can be separated by thedpEtirometer. Experimentally, a
complete interferogram that is infiniés indicated by equation(3.14) can never be
recorded. The movable mirror only has a finite range of motion, and this puts a
limit on the resolution obtainable with the spectrometer.To account for the finite
distance moved by the mirror, equation (3.12) must be multiplied by a

rectangular functonD@U) def i ned as:
(0} p AIO0 7 0 (3.16)

01 m Al Ggs 0 (3.17)

where:z L is the minimum path difference the moving mirror could move while L is
the maximum path difference the moving mirror could move. Then, equatid) (3.1

now reads as

) E $1&1ATH A (3.18)

The Fourier transforn(F.T) of the product of the two functions could be obtained

using the convolution theorem stated below:
BY$ ) 2&) BYS$ ) TAY &)

$0Qz2)7Q



where D(k) is the Fourier Transform offD@ndl(k) is the Fourietransform of F().

The convolution theorem indicates that the effect of a limited path length upon the
computed intensity as a function of wavenumber is simply equal to the Fourier
transform of the finite path length interferometer multiplied by the Fotraesform

of the rectangular function [17].

The Fourier transform of the rectangular functiorm, )0¢ given by equation (39):

~ o

$ E $1ATH A (3.19)
AT H A (3.20)
. OEQD
qL a0 (3.21)
¢ O E TQA (3.22)

Combining this result with equation (3)1and the convolution theorem gives an
expression for the intensity as a function of wavenuntBé):

'R $N0z)0Q cOOETOAz &1 AiT® A (323

The wavenumber resolution dk is defined by the relation dk = 1/L, then the
wavenumber resolution of 1,2, and 4 toould be obtained by setting the value of L

with 1,0.5 and 0.25 cm respectively. Increased resolution means a better ability to
detect peakshat are close together. However, it could not be done much only by
resolution. In order to obtain best spectrum possibke signal to noise ratio should

be minimised. This can be done by increasing the number of scans being averaged
because the sign&bd noise ratio increases as the square root of the number of scans

being signal averaged§].
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3.124 The FTIR system

The FTIR used in this study (FTS40 Pro) has the same Michelson Interferometer
principles with a slightly different set up. It uges beams which are HeliwNeon
(He-Ne) laser of wavelength 633nm aadnid-IR radiation (Silicon Carbide also
known as Globar) source, that are passed through a Michelson Interferometer (see
Figure 314). The interferometer contains one mirror that isveby an air piston.

This changes the relative path length between the different arms of the interferometer
TheHe-Ne laser is used to measure the positiothefnirror and hence calculate the

path difference as a function of time. This is ddmerecoding the sinusoidally
varying intensity pattern at photodiode withe time. Since the laser i
monochromatic light source (single wavelength/frequency)t h  wav.,dleengt h,
path difference can be related with the varying intensity patternobmting the
maxima with time If 1 “¥ the time between maxinamdt is the total time elapsed

then the path difference, x can be calculated by equatiod)(3.Bis method, for
determining the path difference between two arms of the interferometer, enables a very

precise measurement of the mirror position.
W =0 — 3.24
28 % (329

The second beamwhich uses a broad spectral rariesource (head ceramic of
Silicon Carbide, SiCis passed througtihe sample and it is this beam fravhich the

interferogram is recorded.
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Stationary Mirror, M1 Detector

Interferometer
Figure 3.14: A schematic diagram of the FTIR used in this study consists of two
beams within the spectrometer. The laser béeed line) is passed through the
Michelson interferometer, hence measuring the resulting intensity of the interference
pattern at thgohotodiode. The IR light source (black line) producing a continuous
spectrum in the mid IR region is passed through threesaterferometer and then the

sample before being recorded at the detector.

3.12.5 Collecting Spectra

The atoms and molecules in the fingark residue are bonded chemically can be
modelled as two atoms attached to each other by a massless spring. Considering the
diatomic molecule as a simple harmonic oscillator, the vibrational frequédean

be written as in equation &b).

_Q (3.25)

0 ﬂ
C
where k is the force constant determined by the strength of the bond (spring constant)
while p is the effective mass of the two atoms in the bond —— with m; and

m as the atomic masses. When the IR beam is directed through the sample, the

molecules in sample absorb the IR radiation of the frequency that is equal to the



frequency of vibration of the molecules, which then modifies the IR radiation giving

rise to an akorption spectrum (see Figurd 3. In IR spectroscopy the frequency is
expressed in ter md &Oofwhenea v e-n. iHembee aqsation 3

(3.25) can then be written as:

L (3.29)
C

The intensity of any peak is related to the concentration ahtilecules that absorb
thelR radiation[19,20].
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Figure 3.15: Figuredisplayssix infrared absorption spectod sebaceous fingerark
residuethat were depositeah six different polymers with water contact angle varying
from 15° to 102.8°.The list of polymers along with their water contact angle can be
found in Table 3.1, Section 3.3.



An example of a FTIR spectrum of sebaceous fingermark residue on the siendiffer
wetting substrates is represented in Figure 3.15, including the contribution from any
ambient water (two irregular groups of lines at about 3608 ama about 1600 cf)

present in the FTIR cell [21] and carbon dioxide (doublet at 2368) ¢a2]. A
complete functional groups corresponding to eccrine and sebaceous compounds found
in fresh latent fingermark residue is tabulated in Table @l&agter 4,sub-section

4.3.1).

3.12.6 Sample Accessory: Attenuated Total Reflectance (ATR) cell

The sampling tdmique used in the experiments was Attenuated Total Reflectance
(ATR). The IR beam entering an optical medium which is transparent in the infrared
region and has a high refractive index will undergo total internal reflection when the
angle of incidence dhe interface between the sample and crystal is greater than the
critical angle. The optical medium used in this study was Zinc Selenide (ZnSe) crystal
with a refractive index of 2.4€r ZnSe/air mediunthat enables the total internal
reflectanceo occur when the incident light is greater than the critical angle of ZnSe.
When the IR beam irradiates the polymers used in this study plus thenfarger
residue with refractive index of about 1.401.59 after passing through the ZnSe
crystal, the critica  a ngfor eZnSel is about 40°2B]. A series of pictures
demonstrating the process when the total internal reftebappens is illustrated in
Figure 316.

The incident light refracts through and reflects from the interface depending on the
incidenceangl e wi th r es pe ccatan ioterface ef two different ¢ a | a
mediums with refractive indices of and n. Hence, there are incident, refracted and
reflected waves whereby the incident and reflected waves are in the first medium while

therefracted (transmitted) wave is in the second medium.

For angles of i nci de nthee abkeencidemt, refrdcted aod i t i C
reflected waves as illustrated in Figurd@.However, when the angle of incidence
exceeds the critical anglenly the incident and reflected waves remain. The refracted

wave is transformed into evanescent waA4.
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=9(° less than the critical 1is equal to the greater than the
angle. Refraction critical angle. The critical angle. Total
occurs. light is refracted internal relection

along the boundary. occurs.

Figure 3.16: Figure above shows how the light travels from a dense to less dense
medium depending on the angle of incidence of the light. a) Skiwavsnothing
happens to the light when the angle of incidence is90As the angle of incidence

is reduced from 90 refraction occurs till the angle of incidence is less than the critical
a n g L with a weak reflection. c) The light is refractedradahe boundary between

the two mediums when the angle of incidence is equal to the critical angle with a
strong reflection. d) Exhibits the total internal reflection back into the medium when
the angle of incidence is greater than the critical angleamigtwanescent wave formed

at the second medium.

To understand the formatioof evanescence wave betténe propagation of the

electric field in the refracted wave in medium 2 can be written as:

0P 0 B (3.27)

Where
‘@ = amplitude of the refracted wave is in medium 2-ghrection

‘@ =amplitude of theelectric field vector at position z in medium 2
k2; = wavenumber component in medium 2 aloraxis

z = position along the waveds directd.i

on



¥ = angular frequency
t = time at which the wave is described

The wavenumbek: points in the direction of wave propagation in medium 2 and has

a magnitude thas given by:

w1 (3.28

_ =wavelength of infrared beam air, ¢ = refractive index ofecond medium,

_ =wavelength of infrared beam medium 2

Therefore, the wave vector component aloraxis can be calculated as:

Q0 @AIS it p 108 (3.29
d> = angle of refraction
buuOEF —OE+ ——using Snell és |l aw and defin
the wavevector then can be rewritten as:
- (. OE+ (3.30
@ P FEL

whered; = angle of incidencandd; = critical angle

When total internal reflection occurs —, "Q is a complex quantity:
. L. OE+ (3.3)
@ Tt FEr P

Therefore when equation3.31) is substituted in equatio.@7) the propagation of
the refracted wave along theaxis will then be:
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This expression shows that the evanescent wave (exponential decay) penetrates to the
second medium but the amplitude decreases rapidly with depth.

While the propagation wavadong xaxis is:

0P O BO (333

0 ? OEF+ —OE+ (3.39

The electric field of the evanescent wave penetrates a certain distance into the sample

known as penetration depth is illustrated in Figul&.3.

Polymer + sevanescent
0 Fingermark, iwave
X (ny<my) A [d,

ZnSe crystal,
1

Figure 3.17: Schematic picture of attenuated total reflection (ATR) occurring in ZnSe
crystal, producing an evanescent wave within the polymer and rinagkresidue

deposited region.pdis the depth of penetration of the evanescent wave.

This is defined athedepth at which the amplitude of the evanescent wave attenuates
by a factor of e in the z direction (see equati@23.The evanescent wave travelling
in the x direction(see equation 34) can interact with and be absorbed by the

molecules in the second medium which are in the vicinity of the interfadbe
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experiments described here, this evanescent wave was used to obtain information
aboutthefingemark residue@epositedn surfaces of different types of polymers (see
Figure3.18. The penetration depthy defined as the distance required for the electric

field amplitude ¢ fall to 1/e of its value at the surfaisgiven as:

0 = (3.35)
» €
c¢'e i Qe =
where
> = wavelength of infrared source
d = angle of incidence of the infrared

n. = refractive index of the ZnSe

nz = refractive index of the sample

Fingermark Residue

/\C//Q//\Q >—»Polymer film
ZnSe crystal
Infrared Beam (enter) Infrared Beam (exit)

Figure 3.18. Schematic representation of infrared beam undergoes multiple internal
reflection effect in attenuated total reflectance before reaching the detector. It also
demonstrates the experimental setup in #tigly with fingemark residue being
deposited on a thin layer of polymer film that is fully in contact with ZnSe crystal.

3.12.7 FTIR Measurements

This section relates on the use of FTIR as a part of this study in taking measurements.

FTIR technique wasauipled with the cyanoacrylate fuming method to quantify the
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changes in the chemical composition of fingarkresidue during the cyanoacrylate
fuming procesdlt is important to note that the fuming process was modstethat it
could be carried out ingimilar way for both the camera and FTIR measurements, in
order to draw a direct celationbetween these two method$ie setup modification
implementedor the CNA fumingto take place in the FTIR is illustrated in Figure
3.19.

Removable Plastic

Window (for access) FTIR Cell Lid

ZnSe crytal (coated with
Heater
polymer and fingermark

resdiue deposition)

Glass Lid

Concentrated
Salt

Solution

.....

Beaker with water

Damped Paper Towel

Figure 3.19: Cyanoacrylate fuming set up in FTIR cell. Damped paper towel was
included besides the concentrated salt solution in order to maintain humidity in the
FTIR cell at 60% throughout the fuming process and a heater to heat up the superglue
at 60°C. This is duéo the dry air purge connected to the FTIR cell that ensures to

keep water vapour at a constant low level in the cell.

Onceset upwas readyas shown in Figure 3.19, the background scan of Zm&al
with the polymer coating was collected before fingermark residue was smeared on the
polymer. Later, a five drops of superglue were dropped on the heater and the

environmental chambewxas closed with a glass lid. At last, the FTIR cell lid was
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closed and the kinetics scan was initiated. The absorbance spectra were collected at
every 300 seconds (i.e. 5 minutes) by averaging 265 scans. By following the height of

a peak in the absorbance spectra as a function of time using the FTIR technique, it is
possible to measure the amount of superglue deposited on the fingermark igsidue

discussed in greater detail@hnapter 4.

3.13 Time-of-Flight Secondary lon Mass Specimetry
(ToF-SIMS)

Time-of-flight secondary ion mass spectretry (ToOFSIMS) is a robust and
extensively usetechnique for surface chemical analyj&5]. ToF-SIMS is usefufor
the identification of different chemical speciea surfacesand has an elemental
detection limit ranging from 1 part per million sensitivity for somaenules tgarts
per billion sensitivity for some chemical elements [26[oFSIMS is extremely
surface sensitive, asaanacquire molecular compositionformationof the sample

surface to a depth of 1 to 2 nmdtatic SIMS mode.

3.13.1 Fundamental Principles of To~SIMS

ToFRSIMS is a technique based on bombardment of an energetic (keV) primary ion
beam on the sample surface in an ditigh vacuum (UHV) environmen¥henthe
energetic ions impinge upon the surfaow|ecules in the surface layer auhjected

to collision. These collisions produce a number of charged atoms, neutral species,
molecules and molecular fragments that are ejected from the surfacejetrex
species are known as secondary ions and the ejgrtioass iseferredas sputring.

The emitted secondary ions which can be either positively or negatively charged, are
extracted to the mass analyser using a static electric field in the extractor and identified
basedon theirm/zratio in mass speameter, as shown in Figure 3.20
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Figure 3.20: Figure representthe interaction of impact ion with the surface. High
energy primary ions hit the target surfaoel causes seriesf collision betweerthe

atoms (collision cascade) tifetargetleadingto ejection of one or more atoms from

the target surface. This desorptioh atoms or ions from the target surfaég,a
consequence of primary ion bombarding, is known as ion sputtering. The secondary
analyte ions are then extracted by the immersion(lxtsactor)and sent to the mass

spectrometer.

Traditionally, SIMS employs atomic primary ions such a$,@a’, Cs’, and Ad with
the impact energy lie within the range of about0.30 keV[25]. However, these
atomic primary ions, implant deep into the target surface causing massiserfaite

damage (i.e. displaced atoms), while only a small amount of material is sputtered.
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Thus over the last decade, there has been a significant reskeatcsed on the
implementation of cluster ion sources such as fulleres® Grge gaseous argon
clusters, As", Bin" andSFK" as primary ions in SIMS [27]. Cluster primary ions, on
the other hand deposit their energy closer to the surface (i.e. lovetrgigm into the
sample) and form a large impact crater resulting in a higher amount of material
sputtered with minimal sample degradation. This allows the sputter removal of the

material layeiby-layer without comprehensive builgp of damage or mixing2B].

Furthermore, higher deposition of energy near the surface results in the desorption of
larger molecules species that contain higher mass chemical infornigtisrtheory
is supported by an examplerablecular dynamics simulatipof both thecluste ion
(Ceo) impactand atomic primary ion (Gaimpact on an Ag (111) surface whiih

represented in FigureZL thatwas reproducetfom Postawaet al [29].

Figure 3.21 show that upon impact at 15keV the cluster iggi,dBsociates into 60
constituents carbon atoms and each carbon atom carrying energy of 250 eV that
creates their own cascade of moving particles. So, these atoms will deposit energy
very close to the target surface, resulting in the amount of materiaérguliby a

single ion impact increases while reducing the damage caused.

Meanwhile, when the same 15keV ‘Gaomic beam strikes the surface, it penetrates
deep into the target sample (i.e. implantation of primary ions), depositing the energy
many monolayes below the target sample. This causessulace atoms relocation

(i.e. mixing) and less amount of material is sputtered per impact.



Figure 3.21: Figure represents molecular dynamics simulation of an atomic primary
ion beam (Gg and cluster ionprimary beam (") both of 15 keV energy hit on an
AG (11 1) surface at normal incidence. At the time of 29 ps the atomic beaimsGa
penetrated many monolayers of the sample while the clusterGesisnanaged to
sputter more material from the targample at that time. Figure is reproduced from
Reference9.



3.13.2Instrumentation

A secondary ion mass spectrometanpases(1) aprimary ion guri to generag the
primary ion beam(2) aprimary ion columri to accelerat and focus the beam onto

the sample(3) high vacuum sample chambeto hold the sample and the secondary

ion extractor with analyser len§t) amass analysdr to separat the ionsbased on

their masgo-charge ratio, and (5) a detectdihe schematicidgram of ToFSIMS
instrument used in this study with pulsed primary ion beam and single stage reflectron

analyser design is presented in Figure 3.22.

Primary lon Gun

In ToF-SIMS, aliquid metalion gun (LMIG), which has docused ion beam (<50

nm), is canmonlyused as the primary ion sounsich can achieveulses of a few
hundred picosecond§heion sourcesrechosenfrom the following 3 typesGa, Au,

and Bi, wrereGa ion beams are all monomers, while Au andrBicluster ion sources

The metal is heated under a nozzle in a high extraction field, causing a needle shaped

tip to be formed and field ionisation produces the primary ions.

In general, the pulsed primary ion beam is accelerated by aroun8®RV, with a
typical pulse widthof 25 ns. It is then combined with electromagnetic bunching
techniques, to further compress the primary ion pulse length so that it arrives at the

sample within ~ 1 ns3[].

The primary ion pulse comprised of several hundred primary ions has the capacity
sputter secondary ions from the sample. The primary ion pulse provides the start signal
asthe timet = O for the timeof-flight measurement of the secondary ions. The
secondary ions generated at the target surface are extracted into tbefligted mass

analyser via the extractor.

94



Ion Mirror (Reflectron)

I
a)
\ Spectral Analysis
/ @ Detector

\Transport Optics
(Analyser Lens)

Pulsing

Ion Gu%
1 Ny
7

Focusing

N\

Raster Extractor
Electron Imaging
Target Flood
Gun

Figure 3.22 A schematic view of a TGBIMS 1V instrument used in this study. The

ion gun generates energetic pulsed primary ion beam that bombards the target surface,
sputtering secondary ions up to two uppernmosholayers of the target surfac].

The secondary ions are extracted by the extractor which then all are accelerated to the
same nominal kinetic energy towards ion mirror. The ion mirror compensates the
small differences in the initial energy of the sedary ions and reflect the ions into

field free region before reaching the detector. The schematic represents the options for
surface and bulk analysis of solid samples by (a) obtaining mass spectrometric analysis
of surface by measuring the time of tleesndary ions arrive at the detector for each
primary ion pulse, and (b) imaging of the lateral distribution of secondary ions.
Electron flood gun neutralises any charging created to the target surface during the
bombardment of the primary ion beam.



Secondary ions are then accelerated in a static field via an electric potential difference,
V and all ions acquire the same kinetic energy. If the ions travel affesdddistance,

D to the detector, their flight time is given by:

. O
° 3 O_cé( o (3.36)

where m is the mass oftheianj s t he i onés velocity, z
the ion and e is théundamental chargeThe distance between the potentials is

typically about 0.5 cm and the length of flight path, D can range between 15 cm and
8 m [32]. Acceleration voltages range between 3 kV and 30 kV and the flight time

amounts 100 e€s dur i ng ca beacondeded @h/zlayn al ysi s .

(3.37)

However, in reality the secondary ions are not all emitted with the same energy but
with a more or less broad energy distribution. Hence, secondary ions with a small
spread of initial kinetic energyf several eV for the ions of the same mass will lead to

a broadening of the peaks. To reduce the effects of a spread in initial kinetic energy, a
high extraction voltage of typicall2000 V for positive secondary ions and +2000 V

for secondary ions igpplied and a reflectron that consists of a single stage ion mirror
is used, see Figure 3.23 [33]. A reflectron is a{sosirce compensation method for
energy inhomogeneity and consists of a retarding electric field that reverses the
direction of the ionslons with a higher kinetic energy will have a larger penetration
depth so their travel distance also incregaed different ions of the same mass arrive

at the detector with improved tirfecus.A full mass spectrum is obtained for each
primary ion pule by measuring the arrival times of the secondary ions at the detector
and summed over many pulses (typically 1Q0").
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Figure 3.23. Schematic of the ion optics of a T&MS with onestage ion mirror.
The potentials are visualised along the aptical axis. Figure is reproduced from

Reference &.

Electron Gun

When the primary iorbeambombards the surfacelong with the emission of
secondry ions, an excess of electremission occurs as well which causes positive
charging of dielectric samples (change in surface potential). Consequkeatbgcal
extraction voltage is altered, and the measurements is interrupted. Thus, electron flood
gun is necessary as a charge camspéon for insulating samples during analysis. This

is to neutralise the positive charging by delivering a beam of low energy (~20 eV)

electrons during the mass separation to the sample surface [35].

Analysis Mode

For this study purpose, TeBFIMS technique was used to attain surface spsctpy

and surface imaging. TeGIMS images are obtained by rastering a fine focused
primary ion beam across the sample and collecting mass resolved secondary ion
images (chemical maps, i.e. full mass spectrurartszl) at each pixel. Thesulting

image resolution reliegpon the primary ion beam focus and the availability of signal.
Afterward, ion images are reconstructed by showing the intensity of specific ions per
pixel. The ion images visualise the distrilautiof components at the surface. Low
secondary ion yields limit the ion intensity and therefore the contrast of the ion images.
Cluster ions are generated by the liquid metal ion gun (LMIG), can readily achieve a

typical focus of about 3 5t m with a bunbed pulse width of 1 ns in high mass



resolution mode. However, the beam focus can be improved to approximately 100 nm

by employing longer primary ion pulses and compromising on the mass resolution of

the spectrum [36].

Time-of-flight secondary ion mass sgmetry (ToOFSIMS) was used in Chapter 6

to visualise latent fingermaslon stainless steel.
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CHAPTER 4

Latent Fingermarks on Surfaces of

Different Wetting Properties

4.1 Introduction

In this chapterthe influence of the surface wetting properties on the deposited latent
fingermark during the application of latent fingermark development techngjue
discussed. The study is demonstrated on polymer substrates, chosen in view of their
widespread use in common everyday life objects (cling film, plastic bags,
polyethylene cups) of forensic relevance, onto which is developed through
cyanoacriate fuming [12]. Cyanoacrylatéduming was selected based brbeinga

widely used forensic tool for the development of latent marks ofpooous surfaces

by police forensic labs, but more significantly this technique can be easily carried out
in the lab by using siple set up as described in detaiCinapter 3, section 3.9.

The polymerisation of cyanoacrylate omtbngermark causes physical and chemical
changes in fingermark appearance and chemical structure. The physical changes
experienced by fingermark deptesi on surfaces with different vea contact angle
during the cyanoacrylateming process waanalysedising camera observation. The
chemical changes that occwithin fingermark residue during the fuming process
wereobtained using Fourier Transfolmfrared (FTIR) spectroscopy with Attenuated
Total Reflection (ATR) technique.
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4.2 Experimental

4.2.1 Polymer Solution Preparation

The glass microscope slides had bggin coatedvith 2 wt % solutionsof polymers,
including polystyrene (M = 350K Da, Sigma Aldrich), poly {tutyl methacrylate)

(Mw = 977K Da, Polymer Sourcepoly (vinyl acetate) (M = 500K Da, Sigma
Aldrich), and poly(methyl methacrylate) (M= 350K Da, Sigma Aldrich). All the
polymers were dissolved in toluene, spin coated (spin speed 2500 rpm) and then
annealed at ~ 120°C for 45 minutes to remove residual solmearder to prepare the
polydimethylsiloxane (Sylgard TM 184 Silicone Elastorké, Dowsil) polymer, the
elastomer and curing agent were mikethel0:lratio. It was also spin coated at 2500

rpm before annealed for ~ 24 hours at a temperature of ~ 120°C.

Zinc SelenidgZnSe) crystal $pecay had beerspin coatedwith the same polymers

but of 1 wt % solution, and the polydimethylsiloxane (PDMS) was dissolved to 10
parts of toluene to make it less viscous. Lower weight percentage polymer solutions
and further diluted PDMS was used the FTIR technique in order to produce a
thinner uniform polymer layeas the evanescent wave penetrates only up to a specific
number of microns into the sampf&ince the typical refractive index of ZnSe crystal

is 2.40 and typical values for polymers usethis study range from 1.401.55, the

penetration depth of the evanescent wave

Thewavelength range of infrared source used in this studyisog3@3 t o 10 em w

determined through the wavenumber in the FTgBcsra obtained, using the formula:
-where k is the wavenumber. Note that

3000cmtand at (&) of 10 & m, -lishhe rangaof specwamb e r ,
used to determine the change in chemical structure of fingesmaduking
cyanoacrylate polymerisatiotsing Equation 3.3 in Chapter 3, section 3.12, an
exampleof thecalculation carried out tdeterminethe penetration depthp & shown

below. Substituting the values foa wavelength of infrared sourcéhe angle of

infrared incidence antherefractive index of both ZnSe and polymer substiatie

Equation3.3 gives
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the penetration depth diie evanescent wave in the sample film consisting of a layer

of polymer film and fingermark residue. It should also be noted thia¢atavelength,

=3.33 em t he peinsetfroautn do nt od ebpet h@ vaBidd e m u
the refractive index in Equation 4.1. Hence, thinner polymer film alldwsher

penetration of evanescent wave into the fingermark residue for the range of

wavenumbers that are used to work in this study.

An additional polymer surface thaias used apart the polymers mentioned earlier in

the study of latentmask s &écl i ng fil mo. | townwtalbe ac hos er
problematic surfacevasbecause it has importance in forensics due to its numerous

illicit uses including drug wraps as well as used for wrapping explosives [3]. The
6cling filmé is manufactured from eithe

commonly polyethylene (PE) polymers

Cling film (Safe Wrap)used in this studis of PEbase surfacevas confirmedrom

the composition of the cling filly means of FTIRneasurementsSince thesurface

of cling film was used fresh from the roll and was chedkeloe free of fingermarks,
this surface did not requien additional cleaning process and it was used as it is. The
cling film was secured to the microscopic glass sides by deinglesidedtape at the

edges to make sure it was tightly attached.

Additionally, cling film was studied using camera observations only for two reasons,
mainly due tahethickness of the clinglm that is of~ 0.021mm(~ 21f m) which is

too thick forthe evanescent wave to be able to pass through into the fingermark residue
and secondly the cling film could not be attached on Zinc Selenide (ZnSe) crystal

without ruining the ZnSe crystal.

The list ofpolymers used along with their corresponding measured water contact angle
are tabulated in Table 4.1 below. is important to note that the polymers are
sometimes referretb as hydrophilic or hydrophobic polymer surfalsedbstratesn

this thesis.The term hydrophiliand hydrophobic refers to the surfaggh water
contact angle less and greater tB@fArespectively.The reason for the water droplet

to spread more dmydrophilic surfaces because this surface halsigh surface energy
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that creates a stromgtractive foce to pull the water droplet down, causitig spread
out. Meanwhile, the hydrophobic daceshavelow surface energy meaning the water
can keep its droplet shape betisrthere is not enough force from the surface to pull

the water droplet down.

Polymer Measured Literature Refractive
Water Contact = Water Contact
Index, n [6]
Angle Angle
(Degrees) (Degrees) [4]
Polystyrene treat with 15.0° £ 6.6° 5°-50° [5] 1.49
oxygen plasmé@PS Plasma)
Polyvinyl Acetate (PVA) 60.2 +13° 60.6° 1.47
Polyethylene / Cling Film 65.9° + 4.8° 96° 1.517 1.55
(PE)
Poly (methyl methacrylate)  74.2° £ 2.3° 70.9° 1.47
(PMMA)
Polystyrene (PS) 86.0° £ 2.4° 87.4° 1.49
Polydimethylsiloxane 101.3°+3.5° 107.2° 1.40 [7]
(PDMS)
Poly (-butyl methacrylate) | 102.8° + 1.6° 108.1° 1.46
(PtBMA)

Table 4. 1: Table above lists the types of polymersedin this study with the
measured water contact angle and their respective literature water contact angle. The
refractive index, of each polymer has beercluded to study its influence in the
penetration depth of evanescent wave during FTIR measurement. Water contact angle

measurement has been explained taitien Chapter 3, section 3.7.
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4.22 Fourier Transform Infrared Spectroscopy

FTIR spectroscopy measurements were collected using a Varian FTS40 Pro
spectrometer equipped with Resolutions Pro 4.0 software. Emaaraged
spectrum was collected using a spectral resolutionasfr4while the time between

the collections of the averaged spectra is 15 seconds. Spectral subtraction was
performedon the infrared spectra obtained for eccrine fingermark deposits. A
spectrum of water vapour (see Figure 4.1 (b)) was used to subtract the high content of
water vapour absorbance in the eccrine fingermark deposits due to the 60% level
humidity from the N&I salt solution that was kept in the fuming chamber to ensure

optimum level fothe cyanoacrylate fuming process

The spectral subtraction was not needed for sebaceous fingermark degemiise of

the much stronger intensity of tipeaks (see Figure 4.2) compared with the water
vapour, and therefore was not affected due to the high level of humidity in the FTIR
fuming chamber. The intensity afpeak in an absorbance spectraamresponds to

the amount of material begrdepositedThe reason for the much weaker intensity of

the peaks for eccrine mark is presumably due to the eccrine mark residue composition
that is made upf mainly dilute aqueous solution. This aqueous solution contains less
than 1% of dissolved solids in which the concentration of the composition can vary
due to many factors such as sweating rate, the temperatilveséin, age, seasonal

changes and consumptiongait by an individual [8].

The baseline of the spectra tilted for both type of fingermark deposition over the course
of the experiments (typically ~ 7 hours) due to variations in the intensity of the infrared
(IR) light source used in the spectromefghis tilting was corrected by subtracting a
linear baseline which was calculated using the flat regions of the spectra in the ranges
of 1900i 2250 cm' and 2260 2800 cmt' for sebaceous rich marks while 900000

cmit and 2000 2100 cm' for eccrine meks. Both the baselinend water vapour
corrections were performed similarly on all the collected IR spegtrigh were then
analysed in the same manner throughout this study

An example of water vapour subtraction and baseline correctioactoine mark

spectraareshown in Figure 4.1.

10¢



b)

Absorbance (arb. unit)

it)

Absorbance (arb. un

Absorbance (arb. unit)

Eccrine fingermark residue + water vapour
0.15 -
0.1

0.05

0

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

0.125 - Water vapour

0.1
0.075 -
0.05 3
0.025
04 e ,

' T — |
4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm™)

0.173 Eccrine fingermark residue after correction
0.08 4

0.06
0.04 4

0 4

: T 1
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 4. 1. Figure depicts a) the raw spectra of eccrine mark residue deposited on
oxygen plasma treated polystyrene (PS Plasma), with high water vapour content
within the regons of 2000 1300 cm' and 4000 3400 cmt, b) Water vapour spectra
obtained on PS plasma surface represents the water vapour present in the same region
as found in g)c) Represents spectra of eccrine mark residue after the baseline

correction and water vapour minimisation using Matlab code.
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Figure 4.2 shows an example of how the spectral baseline correction was performed
to set the baseline at 0 and correct the tilReddectra of sebaceous fingermark residue

after cyanoacrylate fuming using the Matlab program.

1.5 -
] ———  Original spectra
1.25 4
— ’ ———  After baseline correction
g 1.0 - The flat line used to
: ] correct the baseline
= ]
= 4
Qo
= i
S ]
5 051
B .
< i
0.25 -
0¥
I e L
3000 2500 2000 1500 1000

Wavenumber (cm™)
Figure 4.2: An example of IR spectrum of sebaceous fingermark depasitedhen
fumed on PtBMApolymer with the baseline corrected to be flat using the software

written in Matlab.

Prior to experiments, oncénSe crystal was spicoated withthe polymer solution

and then annealddr t = 45 minutegsit was left to cool down for about 10 minutes
before fitting it in the Attenuated Total Reflection (ATR) cell. A background spectrum
of the ZnSecrystal with the coated polymer was collected before depositing
fingermark on the polymer surface. Then, five drops of superglue (RS Components,
ethyl2- cyanoacrylate) were dropped on the heater prior to closing the environmental
chamber using a glasslliThe FTIR cell cover was closed and the kinetics scan was
initiated immediately for spectra collection. Spectvare collected witha time

resolution of 300 seconds (5 minutes) by averaging 265 scans. All the spectra were
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then ratioed to the spectruabtained from both the ZnSe crystal and the polymer

substrate.

Data collection of cyanoacrylate polymerisation on bare polymer substrate without
fingermark deposition was also carried out by setting up the FTIR cell exactly as
shown in Figure 3.18 in Chger 3, subsection 3.12.7. The spectra of cyanoacrylate
polymerisation on the bare polymer substrates were extractesinmlar way as for

with fingermark deposition using the same number of scans and spectral resolution.

4.2 3 Camera Measurements

For the camera measurements, once the cyanoacrylate fuming setup is prepared as
shown in Chapter 3, section 3.11, the depositiora ihgermark ona polymer
substrate coated on glass microscope slide was carriedlmrithe cyanoacrylate

fuming processwas started by dropping five drops of superglue on the heater.
Immediately aftavards images of the latent fingermark developed via cyanoacrylate
fuming were captured using a Mar@ai 125 (Allied Vision technologies) camera.

The camera was controlleding a writtenpython script to take seveliahages within

a set timdrame and stotthem in a directory set by the user.

In this study, images were taken every minute up to 338tasnThis was performed

to examinghedifferences irphysical changéngermark developmerie. brightness
due to the white deposition of the superglue polymerisation on therfiageresidue)
that occurre@nfingermarkresiduedeposited on substrates with varying water contact
angle from the captured imagesCapturing the image of finganark during
enhancemenhas great importance; it is thesrages thatallow to measue the
differences that arise during the fuming process for the same type ofnieter
residue on different surfaceg measuring the change in brightness of an image with

respect tdumingtime.
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4.2 4 Thickness of Polymer Films

Sincethe intensity of electric field of the evanescent wave decays exponentially as a
function of distance, the IR spectra that are obtained using this technique are extremely
sensitive to material that is close to the interface. Hence, it is important totkaow
thickness of polymer films that were spin coated on ZnSe crystal. The thickness of the
polymer filmwas measured using the tapping mode as described in Chapter 3, section
3.8. The polymers were spaoated and annealed in the same way as wasanedti

for the fingermark deposition experiment. After the annealing process, the polymer
coated ZnSe crystal was left to cool down before a scvesmade on the deposited

polymer film using a scalpel.

Figure 4.3 a) displays an exampletioé image obtariedusingAFM, measuring the

area ofa scratch. Analysis of height fields from Figure 4.3 a) was done using
Gwyddion Version 2.51 a modular program. Using this program, the thickness of each
of the polymer film used in this study was obtained as showiguré-4.3 b). The list

of the polymers along with their respective thickness on ZnSe crystal is tabulated in
Table 4.2.

20 pm : X [pum]

Figure 4. 3: (a) AFM image taken of a scratch made on polyvinyl acetate (PVA)
polymer that was spin coated onto ZnSe crystal. The blue line represented with number
1 is the region used tmeasurethe thickness of the polymer. (b) Using Gwyddion
software, the measured thickness whtained using two horizontal lines as shown,

giving a total thickness of 0.168m.
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Polymer Measured Thickness of
Polymer Film (mm)

Polystyrene treatl with oxygen plasméS 0.065 = 0.004
Plasma)

Polyvinyl Acetate (PVA) 0.182 + 0.021
Polyethylene / Cling Film (PE) 21.111 +2.437
Poly (methyl methacrylate) (PMMA) 0.172 + 0.035
Polystyrene (PS) 0.135+0.018
Polydimethylsiloxane (PDMS) 0.240 + 0.040
Poly ¢-butyl methacrylate) (PtBMA) 0.223 + 0.027

Table 4.2: Table represents the measured thickness of the polymer film used in this
study. The thickness of all the polymer films are thinner than the evanescent
penetration depth,pdexcept for clingfilm as mentioned earlieis too thick to be
studied using FTIRATR technique.

4.25 Optical Microscopy

Optical microscopys used to viewsampleson a larger scale than possible with the
naked eyeln this study, an Olympus BX5dptical microscopevas used to obtain a
detailed view of fingermark deposition on substrates of different wetting properties.
The microscopeusestransmittedvisible light to illuminate the fingermark with an
eyepiece of 50 times magnificatitmview thesample The microscope was connected

to a computer and was operated using Irage Plus, Copyright 1992004 Media

Cybernetics.Inc.
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4.3 FTIR Measurements of Cyanoacrylate Polymerisation on

Latent Fingermarks

This sectiondemonstrateshe extracton of informationfrom the FTIR spectrdo
analyse the chemical changes the fingermark functional groups during

cyanoacrylate polymerisation for the tiypes of sweat, sebaceous audrine.

4.3.1 Sebaceous Deposits

Figure 4.4 shows an example of a typical FTIR spectrum of the sebaceous rich
fingermark residue that was obtained using the attenuated total reflectance technique.
The spectravasdivided into two mostnformative regionsn the ranges of 1000

1850 cm' (zone 1) and 27003100 cm! (zone 2) for analysis purposes.

Sebaceous matergalare indicated by @&, C-H», and CGHs bands with high
absorbance at the wavenumber of 2953, 2922, 2853, 1464,6®dri3 These bands
correspond to the presence of fatty acids and wax esters. Besides that, C=0 stretches
were also observed at 1744 and 1653',c68+O-C stretches at 1146 cihand GC-C
stretches at 1117 and 1016 trThese peaks represent saturastérs and thus leads

to the verification of the presence of lipid compounds.

A few functional groups of lipid such as©@C stretch, GC-O stretch, EN streth

and Ch asymmetric bend were not observed due to the complex nature of fingermark
constituents and variations among individudlse main functional groups identified

in all fresh sebaceous fingermark have been numbered with their corresponding
vibration in Figure 4.4. Thpeak assignmeiind the most likelprigin of its secretion

are tabulated in Table 4.3.
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Figure 4. 4: Figure displays an example BTIR spectrum of sebaceous fingermark

deposited on PtBMAsurface with their corresponding vibrational bands. Two

different colours were used to number the peaks along with their vibrational bands to

display the two most informative regionsfIR spectra in this present study. The

peak assignment correspondiogboth eccrine and sebaceous compounds identified

in theFTIR spectra are tabulated in Table 4.3 with their respective number along with
the most likely origin of its secretion.
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Peaks Wavenumber Vibration Lipid/Protein

(cm™)

Assignment

Secretion

3281

3150- 3600

1 3003

2 2953

3 292

4 2833

5 1744

6 1653

1537

7 1464

Ni H stretch Protein
(2° amide)

Large water
peak

Asymmetric Fatty acids, lipids
=C-Hs3
stretch

CiHz Wax esters or fatty acid:
stretch

Ci H stretch Lipid
(1° carbon)

Ci H stretch Lipid
(2° carbon)

C=0 stretch Phosphopid
(saturated
ester)

C=0 (2° Protein
amide)

Major: NiH Protein
in-plane
bend

. Protein
(2° amide)
Minor: Ci N
stretch
CHs Lipid
asymmetric . .

Lipid

bend P
CH>
symmetric
bend

Eccrine[9,10,11]

[9]

Sebaceoufl?]

Sebaceouf9]

Sebaceous
[9,11,13

Sebaceous
[9,1113]

Sebaceous

[9,10,11]

Eccrineg[9,10,11]

Eccrine[9]

Sebaceous
[9,10,11]
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10

11

1411

1379

1368

1258

1250- 1253
1246

1233/
(1200:1250)
1160

1146

1117

1096
1090- 1096

1051

CHs
asymmetric
bend

CHs
symmetric
bend

CHs
symmetric
stretch

C-H
twisting

C-O stretch

C-C-O
stretch

(asymmetric
bend

Ci N stretch
(2° amide)

CiCiO
stretch
(saturated
ester)

C-O-C

stretch
OiCiC
stretch

(saturated
ester)

C-N stretch

C-N stretch,
C-H bend
OiCiC
stretch

(saturated
ester)

Lipid

Lipid

Phosphbpid

Lipid

Amino acid side chain

Esters

Protein

Lipid

Glycogen

Lipid

Lipid

Amino acid

Lipid

Sebaceouf9]

Sebaceous
[9,10,11]

Sebaceoufl4]

Sebaceoufl2]

Eccrine[15]
Sebaceouf9]

Eccrine
[9,10,11,12]

Sebaceoufl0,11]

Sebaceoufl?]

Sebaceouf9]

Sebaceoufl4]
Eccrine[15]

Sebaceouf9]
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12 1016 OiciC Glycogen Sebaceoufl3]
stretch
(saturated
ester)

1012- 1018  C-C stretch, Amino acid Eccrine[15]
C-H bend

Table 4. 3: Functional groupgorresponding to eccrine and sebaceous compounds
found in fresh latent fingermark residue with their correspondingp&toscopy
signals. The observable peaks that were identfiiech Figure 44 are numbered
accordinglyin the table.

The infrared spectra in Figure 4.4 depicts the fingermark residue to be a complex
composition that is made up of amino acids, fatty acigsddj urea, proteins,
glycerides mixed together with inorganic constituents such as chlorides, phosphates,
sulphates and ammonia [18]he cyanoacrylate polymerisation occurs anionically,
thus constituents like chloride, moisture, carboxylic acids and esm@an act as
nucleophilic initiators to trigger theyanoacrylatgpolymerisation mechanism [17].

Considering the importance of understanding the reaction that occurs between the
latent mark residue and superglue, a FTIR spectrum (see Figure 4.5) giehglis

fumes attachetb thebare surface of ZnSe crystal spwated with PVA (without any
fingermark deposition) was collected. Additionally, Figure 4.5 disptpexctra of
freshly deposited fingermark residue apectra of the same mark after being exposed

to the cyanoacrylate vapour. The peaks in fingermark residue spectra were numbered
exactly as in Figure 4.4 faasier comparison with the changes observed in the peaks

after the cyanoacrylate fuming process.
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Figure 4. 5: Figure displays thd=TIR spectrum offreshly deposited sebaceous
fingermarkresidue on PtBMA surface (@inute in green The fingermark residue

was then exposed to the cyanoacrylate fymgsresented iblue was taken at the
120" minuteof the fuming process.hered spectr@orrespondo the polymerisation

of cyanoacrylate vapouat the 128 minuteon bare PVA polymer that was spin coated
ontotheZnSe crystalThe same vibrational bang&licated in Figure 4.@ere shown

again to observe the changeshe spectra during the cyanoacrylate fuming process.
Additional arrows with colours of orange, purple and grey each represents formation

of new peak after the cyanoacrylate fuming process.

All the vibrational peak absorbance vawathin the wavenumber range of 1000
1800 cm! increased after the fuming procesish formationof new peaksTwo new
peaks emergd at wavenumber 1443 ch(pointed with gey arrow) next to peak
numbered 7 with a much higher absorbance and the other at 16 Bainted with

purple arrow) were observed at the time of fuming. The formation of these new peaks



i.e. new absorbance peaks or shoulders were produced as aofeshdinges that
occurred due tthecyanoacrylate polymerisation process on to the fingermark residue

compound [18].

Peals numbered 8, 9, and 11 showed a significant amount of increase as these peaks
became more distinct after the exposure of cyanoderyégpoour A new small peak

emerged at wavenumber 2237 tfpointed with an orange arrow) aftére fuming
process started in between the two zones
found in the ethyl2-cyanoacrylate chemical structure was alsseobed by both
Tahtouhetal. and Edwardet al [19,20].

On the other hand, the absorbance value of all vibrational peaks that lie within the
wavenumber range of 2708100cm! decreased upon fuming proce€hangein

peak height inthe infrared spectraauld be due tceither changeoccurredin the

amount of material presentcnangge n t he bondds orientation.
that reduction in peak intensities had occurred due to the changes linothed 6 s
orientationas the cyanoacrylate vapour polymerises on to the fingermark residue,

since reduction of material is not possible vifith increasing amount of cyanoacrylate
polymerisationas a functiorof the fuming time [21]. It is important to note thahe

shoulder oberved at wavenumber 3003 ¢in the fingermark residueadincreased,

but this shoulder got shifted to a higher frequency after cyanoacrylate fuming started

indicatesthe reduced strength in the hydrogen bond

The chemical changes occurred in the spectra at the different times of cyanoacrylate
fuming process can be seen clearly from Figurehé.peaks corresponding teHC
twisting and C=0 stretch vibration shows the most prominent changes occurred due
to thepolymerisation of cyanoacrylate on the sebaceous fingermark residue. This is
evident from Figure 4.6 as these peaksorption had increased owefactor of 4in
comparison to other vibration peaks intensity during the fuming process. To elucidate
the change that ocmed in vibrational peak intensity during the fuming process by
means of the surface wetting properties the fingermark residue was deposttez on,

C=0 stretch vibration peak at wavenumber 1744 aras chosen fdiurther analysis

120



Peaks that increased most prominently
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Figure 4. 6. Figure shows &TIR spectrum of cyanoacrylate polymerisation on
sebaceous fingermardkeposited on PtBMApolymer surface. The IR spectra were
taken at 5 different times from the start of fuming process (0 minute), 10 minutes, 25

minutes, 50 minutes and the end of fuming process (333 minutes).

The changes occurred in the peak height due to cyanoacrylategfwas analysed

using the Matlab program that allows the user to choose a peak from the infrared
spectra. The written program then extracts the peak height (absorbance value) for the
chosen peak. In this studie value of the peak height at wavenunib&t4 cmt was
extracted from all the spectra obtainedsstored in an array that were then used to
produce a graph of peak height (absorbance) as a function of fuming time (see Figure
4.7). The plot will be referretb as kinetics plot hesdter, allows to determine the
deposition rate of cyanoacrylate polymerisation onto sebaceous fingermark residue
from the steepness of the slope. The steep kinetics curve of both polymer surfaces with
water contact angle of 15.0° and 60.2° in Figure #dicatesa rapid rate of
cyanoacrylate polymerisation on the sebaceous fingermark residue deposited on these

hydrophilic surfaces has led to a maximum increase in the absorbance for the peak at
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1744 cm' of the C=0O stretch functional group. Meanwhile, the slowest rate of
cyanoacrylate polymerisation was on the fingermark residue that was deposited on the
polymer surface of water contact angle 101a8°it demonstrates rmoderate slope

with smaller kinetic curvewhich also exhibits the least change in absorbance value.
Data points produced in any given plots throughout this chapter are the averaged
values from five fingermarks. The uncertainty for the data points were calculated by

using the standard error of the mean values.

Polymer Water
Contact Angle
+ 0=15.0°
+ 0=60.2°
+ 0=74.2°
+ 8=86.0°
+ 0=101.3°
+ 6=102.8°

Change in Peak Height /
Change in Absorbance (arb. units)
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Figure 4. 7: Figure depicts the kinetics of the peak due to C=0 stretch at 1744 cm
during the cyanoacrylate fuming pr@seon sebaceous rich fingermamsidue

deposited on polymer surfaces of water contact angle varying from 15° to 102.8°.

Besides the steepness of the slope, the kinetics plot provided three impiectastof
information on cyanoacrylate polymerisation on fingermark residue when deposited
on polymer substrates of varying water contact angle when examined in detail (see
Figure 4.8). This information includes the time taken for the cyanoacrylate to fully
polymerse into fingermark residue, was extracted from the kinetics plot at the point

when it starts to saturate (i.e. flatten out), is known as saturation time.
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Acquiring the maximum value of absorbance (the absorbance value obtained when the
kinetic plot saturkes) from the kinetics plot indicates cyanoacrylate polymerisation

depend®n t he underlying substrateds wetting

Finally, the kinetics plotllows to quantify the amount of cyanoacrylateposited

onto the fingermark residue by stdatting the final absorbance value (maximum
height of the peak after cyanoacrylate polymerisation) with the initial absorbance
value (corresponds to the initial fingermark matenahich also referred tasthe
change in absorbandégure 4.8shows in detail how these informatioergextracted

from the kinetics plot obtained in Figure 4.7.
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Figure 4. 8: Figure show$iow the saturation value, saturation time and difference in
absorbance values were obtained from the kinetics plot shown in Figur€hé.7.
kinetic plot corresponds to cyanoacrylate polymerisation onto sebaceous fingermark
residue deposited ontthe polyme surface of water contact angle, 11®. The
saturation value from the kinetics plo0937+ 0.065, thesaturation time i91+ 4.7

minutes and the amount of cyanoacrylate polymerise®23& 0.039
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The trend of saturation value, saturation tiarg] change in absorbance are discussed
in detail in section 4.5.1 along with the camera measurements for acdmetation

between both the techniques.

4.3.2 Eccrine Deposits

Eccrine mark residue was generated using the methods mentiori&dhjpter 3,
section 3.6.1. The main vibrational bands identified in eccrine fingermark residue via
FTIR spectra are included in Table 4.3. For eccrine mark siuely TIR spectra were
collected every 60 seconds up to 385 minukekarge pealcorresponding tovater

could be observed from Figure 4.9tl¢ time t = 0 minutes at wavenumber 3600

3150 cmt, with the GH, C-H. and GHs peaks in the region of 31002700 cmt

correspondo thesebaceous residue component.

The reason for theebaceougeaks could be observed in a predominantly eccrine mark
IS because of the stratum cornewBtratum corneum refers to the outermost layer of
the epidermis that is composed of dead, keiffdted cells consisting of cholesterol,
free fattyacids, wax esters, phospholipaisd squalendélowever these peaks showed
weaker absorbance ofR in comparisonto the sebaceous mark residue which
contaired all the lipid constituents mentioned above in much abundamoe the

fingertips were rubbed around the chin and nose region prior to fingedeaokition

[8].

Figure 4.9 presents tHe€TIR spectra at different times of cyanoacrylate fuming onto
eccrine fingermark. ThETIR spectra athetimet = 0 minute corresponds to eccrine
fingermark residue at the time of deposition, depicts much snpedbies (i.e. lower
absorbance value) indicating of approximately 191% percentage difference between
the amount of eccrine material deposited in comparison to the sebaceous fingermark

residue.

Figure 4.9 displays similar trends as was observed for sebaceous residue fumed on
PtBMA surface shown in Figure 4.5, where the region in zone 18D000 cmt
increased whil¢heregion in zone 31002700 cm! decreased witcreasinguming
time. Similaly, the shoulder observed at 3003 tincreasd, as well as shiftingp a

higher frequency after cyanoacrylate fuming process started. This observation
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displays the consistency of cyanoacrylate polymerisation between the two types of
fingermark residuelhe broad water peak reduced33@owithin the first 10 minutes,
proves that water is rapidly lost from the mark residue by evaporation [8]. As the
region of 3100 2700 cm! was mainly due to the presence of dead skin cells, further
analysis was carrieclbin the region of 1800 1000 cm' as the peaks in this region

mostly corresponded to eccrine constituents such as amino acids, ammonia and urea

[8].
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Figure 4. 9: Figure pontays FTIR spectra of eccrine markesidue collected at
different times of fuming process on oxygen plasma treated polystyrene (PS Plasma)
surface. Theincreasan the peakheightfor peaks within the range of 18001000
cmitisdue to the fuming procesan be observetlearly. In the study of eccrine mark

peak at wavenumber 1250 ¢nmarked with a pink arrow was choséor further
analysig(1250cm! i 1256cm?) (see Table 4.3).

For eccrine fingermark studies; @ stretch vibration peak at wavenumber 1256 cm
was chosen for further analysis to distinguish the differences in cyanoacrylate
polymerisation on eccrine residue when deposited on polymer substrates of varying

water contact angle. The written Matlab program prompts the user to choose a peak.
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Once the ger has chosen the peak, the program extracts the peak height (absorbance
value) of the chosen peak by storing the values in an array that was then used to
produce a graph similar to Figure 4.8 by plotting peak height (absorbance) as a

function of cyanoagiate fuming time.

Kinetic plot for the peak at wavenumber 1250 ¢nis presented in Figure 4.10. The
FTIR data for eccrine mark deposits were then analysadimilar wayas how the

data for sebaceous deposits were analysed
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Figure 4. 10: Figureshows the kinetic plot corresponditathe pealof C-O stretch
functional group at wavenumber of 1250 “trduring the cyanoacrylate fuming
processon predominantly eccrinBngermark residue deposited onto polymer surface
of water contact angld,5.¢°. The saturation valuebtainedfrom the kinetics plot is
0.0312 £ 0.0022 the saturation time is80 £ 5.5 minutes and the amount of

cyanoacrylate polymerised i90263+ 0.0016.

The trend of saturation value, saturation time, and change in absorbance are discussed
in detail in section 4.2.along with the camera measuremdntsa direct corelation

between both the techniques.
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4.4Camera Measurements of Cyanoacrylate Polymerisation

on Latent Fingermarks

This section elaborates the analysis of the images obtained from developed
fingermaks to understand the role of cyanoacrylptdymerisation inthe physical

changes for the twtypes of sweat, sebaceous and eccrine.

4.4.1 Sebaceous Deposits

White polymer residue was accumulated on the ridges of the fingermark when
fingermark deposits were exposed to the cyanoacrylate fume, hence making it visible
to the naked eydhis is possible due to the scattering of light from the white polymer
growth of cyanoacrylate fume with the fingermark components. Therefore, the camera
measurements were carried out to investigate the chamgeb occurred in the
intensity of the freshly deposited sebaceous fingermark during the fuming process.

A python script was written to control the camecgake a number of images within
a set of time frame and store them in a directory set by the uskis Biudy, images
were taken every minutg to333 minutes, to study the time when theing process
starts to saturate i.e. no more changes observed in terims lfightness intensity
in thedeveloped fingermark imageigure 4.11shows the image &t was taken at the

beginningand at theend of the fuming proces® show the development of the

fingermarks

Figure 4. 11: An example of fresh sebaceous fingermark depositéidedimet = 0
minutes and fumed on PtBMA surfaadter333 minutes.
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All the images were analysed in the same exact way to quantify the differences in
cyanoacrylate polymerisation on fingermark deposibed polymer substrates of
varying water contact angle. Tlsequence of analysing the developed fingermark
images using a written Matlab code is described step by step in detail below:

1. In the series of images captured during the fuming process, the fiagé im
was selected to extragptst the fingermark regionas the exact area where a
fingermark was deposited can be observed clearly from thederedlloped
fingermark (see Figure 4.13 a)).

2. A mask was applied on the last imggaage taken at time t = 333 minutes)
to define the region of interest (i.e. fingermark region). The binary mask made
up of values 0 and 1 designates the pixels within the fingermark region to a
value of 1 and all the pixels outside this region to O, gdimg an output as

shown in Figure 4.12 below.

Figure 4.12: Figure displays the image in Figure 4.13 a) converted to a binary image
with values 0 and 1 after the application of mask.

3. The image was then thresholdgdce the application of mask had assigned
all the pixels in the fingermark region to the value of 1 (including the furrows
of fingermark). The function dhethreshold is to turn the pixel intensity value
below the standard value inputted by the usé. ta this study the threshold
condition was set to the pixel intensity to be greater tharmhich means
that any pixel with intensity less than 0.4 was set to O while the pixel intensity
with intensity greater than 0.4 was set to 1. This turns thganmaFigure 4.12

to look as the image displayed in Figure 4.13 b) where all the iegion
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(including the furrows of fingermarks) except the fingermark ridges were set

9) d
- 0
f) g)
- - - -
—

Figure 4.13: A schematic diagram describing the analysing procesy#d images

to O (i.e. appears black).

multiply

—_

threshold + mask

a)

threshold + mask +
inverted

of boththe fingermark antlare polymer surfadge. without fingermark Fingermark
region was analysed by selecting the final imigen the series of images captured
during the fumingprocess representedapwhich, wasthen masked antthresholed
resulting in an output image as showb). Theimage in b)was themmultiplied with
all the other images in the sequence whigrghows an example tife resultingmage
of ¢) taken athetimet = 0 minute after multiplied with b). Thisasdone similarly
for bare polymer surfacexcept that the image inwapsalso invertedpart from being

masked and thresholded

It should be noted that the image obtained from the camera ibib{rBeaningeach

pixel can haventensity valuan the range betweehand255 whereminimumvalue

0 corresponds to black atide maximum valu@55 corresponds to white, while the
intensity values in between these two numbers corresponds tceniffenades of
grey).However, when the image is masked and threshdldedixel intensity is now

in terms of O to 1, for example if the pixel intensity in the original image was equal to

150, the pixel intensity in the binary image now will be equal to 0.5859.

4. The binary image was used as a mask by multiplying it withhallother
images in the sequence. For an example, the original imagken athe
time, t = 0 minute shown in Figure 4.13 c) was multiplied with the mask in
Figure 4.13 b) gives out Figure 4.13 d) as the resulting infagare 4.13 d)
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displays white for the pixel values that are greater than 0.4 in Figure 4.13 c¢)
while the rest of the fingermark region appears to be black.

5. The sum ofthe intensity of all pixels from Figure 4.13 d) (for each of the
fumed fingermark images in the sequence) was divided by area of the
fingermark region to give the average intensity of pixels in fingermark region,

was then stored in an array. An example of obtaining the average intensity of

pixels inthe fingermark region isf®own with the aid of a diagram in Figure
4.14.

x: Sum of the pixels with intensity > 0.5 = 115 669

y: Area of fingermark region enclosed = 388803
(blue oval)

Average Intensity of Pixels _ x =0.298
. . =y~
in Fingermark Region

Figure 4. 14 Figure a) displays the sebaceous fingermark develahgthg
cyanoacrylate fuming timat thetime t = 20 minutes. Figure b) is thesultanimage

of a) after multiplied with the mask in Figure 4.13 b). When all the pixels with intensity
value greater than 0.4 is added for the imag@ ihdives a value of 115 669he area

of the fingermark region in this case is equal to 388803, was acquirtatiby the

area of the mask shown in Figure 4.12 (the white region enclosed by an ellipse).
Hence, to determine the average intensity of the pixels within the fingermark region,
the sum of pixels with intensity greater than 0.4 was divided by the aresmeddy

the fingermak resulted in a value of 0.298

It is important to note that the finger contact area varied in the study deap#geing
takento make sure the fingermark deposition was as consistent as possible by using
the same finger with a constant force of 2N (measured by placing all the glass
microscope slide coated with polymer solution on a zeroed weighing scale during each
fingermark deposition The contact area tie finger will affect the value obtained

for the sum of the pixel intensity as larger contact area would have more pixels with
intensity greater than 0.4 leading to a higher value for the sum of the pixel intensity in
comparison tahe smaller contact area. Henbg dividing sum of the pixel intensity

with the area enclosed by fingermagxpressed athe average intensity of pixels
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allowed for a direct comparison of fingermark development on the polymer surfaces

of different wetting properties.

6. By plotting the average intensity of pixels in fingermark region as a function

of fuming time generates a kineflot as shown in Figure 4.15.

The amount of cyanoacrylate attachéal the bare polymer surfae due to
cyanoacrylate fuming was analyseda very similar wayexcept thathe image in

Figure 4.13a) wasalso inverted in addition to the application of mask and threshold.
Image (a) was inverted to make the fingermark ridges black and everything else to be
white as shown in Figure 4.13 e). In this case, image (e) was used as a mask to multiply
with all the dher images in the sequence. For an example, fingerimade atthe

time t = 0 minutalisplayed inFigure 413f) was multiplied with (e) producingigure

4.13 g) agheresultingimage of the multiplication between images (e) and (f).

As mentioned in &p 6, plotting the average intensity of pixelsthe fingermark
region as a function of fuming time gives a kinetic plot that is similar to the one
obtained in FTIR measurements is shown in Figure 4.15. The kinetic plot was then
analysed in the same manty acquiring three importapieces oinformation such

as saturation time, saturation value and difference in brightness. Saturation time and
saturation value represethie time and value when the cyanoacrylate polymerisation
starts to saturat@.e. when no further changes observed in the brightness of the
developed fingermark, the flat region in the kinetic pl®he dfference in brightness

was obtained simply by subtracting the initial average intensity of all pixels in the
fingermark region from the maximum average intensity of all pixels attained from the
fuming process. Thehangein the average intensity of all y&ls determines the
amount of cyanoacrylate polymerisedtorthe fingermark residue.
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Figure 4. 15: Figure portrays thaverageintensity of all pixels in thdingermark
region as a function adyanoacrylate fumingme. The kinetics graphorresponds to
cyanoacrylate polymerisatiari sebaceous fingermark residuetbapolymer surface
of water contact angle, 102.8he saturation valuérom the kinetics plot is 0.337 £
0.035, the saturation time is 78 £ 5.7 otigs and thelifference thabccurred in the

brightnessiftensity) of thefingermark is 0.162 + 0.054.

4.4.2 Eccrine Deposits

Camera analysis for eccrimeark deposis wasdone similarly as described in Figure
4.13. In this study,images were collected up tioe 385" minute to be analyseahd

the threshold value was set to 0.3 rather than 0.4 as the intensity of the developed
eccrine mark deposits were of approximaté6fo lower than the intensity of the
developed sebaceous mark depogis.example of kinetics plot foeccrinemark
developedwith cyanoacrylate fumings displayed in Figure 4.16 along with the
fingermark images taken at different times during the fumingge®
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Figure 4. 16: Figure represents theserageantensityof all pixelsin the fingermark

region as a function ofyanoacrylate fumingime for eccrinemark deposited on
polymer surface of water contact angle 15inset images of the eccrine mark
developed at different times of fuming process were included to show the increase in
the average intensity of pixels ithe fingermark region due to cyanoacrylate
polymerisation. The saturation value from the kinetics plot is 0.1875 £ 0.0293, the
saturation time is 87 £ 3.7 minutes and diféerence thabccurred in thdrightness
(intensity of the fingermark is 0.0675 + 00%3 was obtained in a similar way as

described in Figure 4.15.

4.5 Discussionof Latent Fingermarks based onFTIR and

Camera Measurements

4 5.1 SebaceoudMarks

Examples ofsebaceous fingermark deposited on polymers of varying water contact
angle are shown in Figure 4.IThe microscopic observation indicated that there is a

mediating factor between the naturetlod substrate and the distribution of material

within therelatively thin film of fingermark deposit
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Figure 4. 17: Figure shows freshlgleposited sebaceous fingermark polymer
substratesf water contact angle a) 15,®) 60.2, c) 65.9, d) 101.3, and e) 102.8

The images were obtained from Olympus BX51 optical microscope using an eyepiece
of 50 times magnificationThe fingermark deposited orsurfaces withdifferent
wetting properties displaydifferent characteristg; where the thin monolayer
fingermark reside onhydrophilic substrates depicted a continuous film while the
same type dfingermark deposited on hydrophobic substrates showed large irregularly

shaped islands of materidll the images are of the same scale bar, 0.2 mm.

Whensebaceous fingermaskeredeposited on hydrophilic polymer substratesy
form acontinuous pool of materiavhile the same type of deposit on hydrophobic
polymer substrates favoured to takelagge irregularly shaped islands of material.
This observation accounts for tlaelsorption of the sebaceous material on to the

polymer substrates during contact of the fin@amsidering the relatively low surface
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