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ABSTRACT
Laser-Induced Breakdown Spectroscopy (LIBS) is an analytical technique for classification and

quntification of target materials. It uses different optics, target holder, vacuum chamber and Charge
Coupled Device (CCD)/ICCD camera to take the fingureprint of the target material. When a laser
is focused onto a target material, it emits a plasma radiation that comprises of electrons, neutral and
ionic emission at different time scale.

So, in this project work the literature review supported by NIST spectral analysis is used toquantify
forensic science for the analysis of trace evidences collected from the scene of occurrence was expl
ained using LIBS analytical technique.This work focus on the materials like DNA, alloys of elemen
ts, Gunshoot Residue (GSR), glass, paint, soil, fingerprint, counterfeit currency,variation in the man
ufacture of chemical composition and allows considerable discrimination even with very small

remains emission spectra.

The main parameters of plasmas radiation are electron density and electron temperature from the
quantified spectra in the papers. Then, using this analytical parameter, the NIST spectra are plotted
to show the fingerprints of the materials to be analyzed for forensic purpose. Finally, analytical prob
lem facing for a forensic expert and techniques employed to challenge them and the future perspecti

ves of the technique are presented.

viii



1. INTRODUCTION

1.1. Background of the study
1.1.1. History of Forensic Science and Developments of LIBS Techniques.

Forensic science (Criminalistics) is the admissible application of science to criminal and civil laws
[1] to collect preserve and analyze scientific evidence during the course of an investigation.
It is also expressed as the application of science to matters of law that National and international
security has become a great priority for the safety and assets of people in case of crime prevention
and detection techniques [2]. Scientific criminal investigation involves use of science to identify
and link a person who has done crime with the commited crime or the scene of crime [3].

So, solving crimes using scientific evidence is as old as courtrooms themselves because of the
development of the justice system of one country is related to the history of forensic science [3].
This indicates, the establishments of the first U.S crime laboratory was in LosAgeles by the year
1924, followed by the Federal Bureau of Investigation (FBI) crime lab in 1932, therefore, forensic
application of science remains as a root for a new inventions across disciplines [2]. Particularly in
Ethiopia, the first forensic science laboratory was established at Abadina Police College in 1946
and the Ethiopian Police University College, started posing courses of fingerprint and document
analysis [3].

Multidisciplinary scientific techniques are used for the analysis of physical evidence in an attempt
to exclude an association between a suspect and the scene of a crime. One of these techniques, laser
-induced breakdown spectroscopy (LIBS), is a versatile, low cost adaptation of atomic emission
spectroscopy that has been applied successfully to the forensic evidence analysis [4, 5]. Laser-
induced spark emission can be considered as the precursor of LIBS. The first useful laser-induced
plasma on a sample surface was produced in 1962, two years after the first ruby laser and the first
analytical use of laser-induced plasma for spectrochemical analysis of surface which was reported
in France in 1963, considered as the birth of the LIBS technique [6, 36].The first fast developments
of LIBS as an analytical technique can be traced to the works by Radziemski and Cremers [7-8]
and their co-workers at Los Alamos National Laboratory (LANL). It was also this group at first

coined the acronym LIBS for laser-induced breakdown spectroscopy.



The categories of main physics and its LIBS classification explaining the forensic science are

shown as follow [4].
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Figure 1.1:Sub-fields of Laser-Induced Breakdown Spectroscopy [4].

1.2. Statements of the problem

Laser-Induced Breakdown Spectroscopy (LIBS) is an analytical technique that permits for the
finding of sample elemental composition in the form of gases, liquids and solids [9] and to tell what
elements are present in a sample. It is also called laser-induced plasma spectrometry (LIPS) or laser
spark spectrometry (LSS).This is a total multi-elemental analytical technique based on atomic emiss
ion spectroscopy (AES).
When a pulsed laser is focused to vaporise and ionise a target material and the laser irradiance is
greater than the threshold energy of the material, plasma is formed [10]. The plume can continue

to absorb laser energy becoming further ionized into the state of plasma. Plasma is the fourth state
of matter & is overall neutral, consisting of electrons, ions and neutral species that shows collective
motions, important for its overall physical characteristics, such as displaying electron and ion waves
[10,11]. After being spectrally resolved [12], wavelength of the emission line is used to identify the
existence of the elements, and the background-deducted peak intensity at the selected emission line

is used to quantify the elemental composition of the target.
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Figure 1.2: Atomic emission spectroscopic technique based on elemental analysis of material [10].

The factors that affects the target signal in LIBS process includes; the background noise, stability of
plasma, nonuniformity of plasma, matrix effects, dirt on measurement windows, etc. The variety of
emission from plasma itself is the main background noise of LIBS. It is important to choose the
appropriate delay time and gate width to reduce the effect of the background noise.

The fluctuation of plasma signal is an essential characteristic in LIBS. Use of the intensity ratio and

plasma temperature correction can reduce the fluctuation to some extent [13].

Due to through all most all of previous researches, the performance of LIBS was highly emphasized
at international levels, but not very realistic at Natoinal level mainly in Ethiopia, this project work
give perspective for the coming researchers’ to act on the applications of LIBS for committed crime

investigation and identification specifically in country Ethiopia.
1.3. Objectives

1.3.1. General objective
The main objective of this project work is to review, describe and explain the application of a Nano

second Laser-Induced Breakdown Spectroscopy to Forensic Science and Technology.



1.3.2. Specific objective

Its specific objectives are:-

to describe the spectral lines of Si: Al alloys target at different atmospheric pressure based
of electron density (ne) and electron temperature (Te) from literature.
to review hazardous explosive chemical elements using LIBS analytical technique

to evaluate elemental human DNA using LIBS techniques

1.4. Significance of study
It gives introductory knowledge on forensic science and the role of forensic science
evidence.
It reminds and awakes investigators of justice to appreciate the role of LIBS to forensic
science evidence finding in the criminal investigation.
It shows the gap and initiates concerned organ to enact laws, rules, principles and standards
on forensic science evidence.

It is a step forward for further research on the application of laser to the forensic science.

1.5 Organization of project work

This work is organized in the following chapters. Chapter 1 tells the general historical reviews of
both forensic science and the developments of LIBS techniques, statements of problem study, objec
tives of the study, significance of the study and organizations of the work. Chapter 2 reviews the
descriptions of LIBS, some of its forensic applications, plasma conditions of LIBS, advantage and
drawback of LIBS method and some lists of laser types used in forensic science. Chapter 3 refer to
the materials used and the general principles of LIBS method, experimental setup of LIBS and the
parameters affecting the LIBS signal spectra. Chapter 4 designates result and discussion of the quan
titative parameters of Te and ne. Finally, Chapter 5 calls summary and viewpoints of the whole proje

ct works followed by reference lists as Chapter 6.



2. LITERATURES REVIEW

This chapter includes the fundamentals of LIBS description method and its principle; and the use of
LIBS as an analytical technique. General applications of the LIBS, types of laser used in forensic
sceince, its advantage & drawback and applications of LIBS for how a nanosecond laser applied to

forensic science for crime investigations are also included.

2.1. Description of Laser-Induced Breakdown Spectroscopy
LIBS introduced in the actual court case to analyze evidence for crime investigation techniques.
One example where LIBS used was in Orlando Florida (2011) to the well-publicized capital murder
trial of Casey Anthony [2.14]. In order to escape from parental responsibilities, the young mother
was accused of killing her two-years old daughter using chloroform and duct tape. The defense
team opposed that the child had accidentally drowned and that Anthony had panicked and lied to
authorities on the girl’s disappearance. Weeks after the child went missing witnesses testified that
a strong odor, decaying body, came from the truck of Casey Anthony’s car. As part of the trial, Frye
hearing was held in late March 2011, to establish the validity of the use of LIBS to interview the
carpet from the truck of the car. A scientist from National Laboratory was testifies that a decomposi

tion of a body growths and releases inorganic species.

Likewise, in the 1980s, the opportunity to use the techniques of DNA technologies to identify indivi
duals for forensic and other purposes became apparent [15]. Forensic DNA analysis was first develo
ped by Sir Alec Jeffreys in 1984 [4, 16], who realized that variation in the genetic code could be
used to identify individuals and tell in individuals apart from one another. Alec Jeffreys and his
colleagues was used this method in1985 for the first time in a court case. Using DNA fingerprintin
method to compare the child’s sample to those of the woman and her other children, they confirmed
that they were, in fact, mother and child [2].

Additionally, Pollutions are mainly due to the presence of hazardous high atomic number elements
such as Pb, As, Hg, Cr, Cd and Be etc. in solid, liquid and gaseous materials [17]. Hazardous and
toxic elements can harm the life in different ways. LIBS have been identified as a laser diagnostics

technique for detection of hazardous and toxic elements in any kind of base material.



2.2. Some Forensic applications of laser-induced breakdown spectroscopy
The applications described in this section represent the review of samples and more sophisticated
sciectific analysis that is required for LIBS to stand up to the Frye and Daubert standards. The Daub
ert standard includes Frye and allows for a more abundant interpretation of what evidence is admiss
ible [5].
A wide variety of analytical methods have been used for separating a sample and determining
whether two or more objects have a common origin beginning from the discovery of laser in 1958
and their advanced revolution in many areas of science and technology. While it is not possible to
list every type of physical evidence that forensic scientists may be asked to analyze, a groups of mat
erials are commonly faced at crime scenes; these include [7, 15-18]: biological samples, documents,
drugs and their synthetic precursors, explosives, fibers, fingerprints, firearms, ammunition and pow
ders associated with the discharge of a firearm, glass, paint, serial numbers and tool marks, soil and

minerals, wood and other vegetative matter [18-19].

Scientists also developed LIBS portable system for the determination of metals in solids that led to
LIBS for use on Mars Rover mission at LANL (Los Alamos national laboratory) in USA in 1981.
This becomes an important development for National Aeronautic Space Administration (NASA).

In order to penetrate the coated Martin surface, LANL developed space qualified portable LIBS
technology for NASA. LIBS instrumentation for space missions to planet surfaces is one of its more
exotic and exciting applications.The current technological developments of lasers, spectrometers

and detectors have made the use of LIBS for space exploration practicable [10,13].

2.3. Laser produced plasma formation

When a nanosecond LIBS use a pulsed laser to remove and excite the sample material, plasma gene
rated with sample elements. When excited state electrons from atoms and ions change from more
energetic states to a less energetic one, they emit photons and the energy of these photons is charact
eristics from the atoms or ions that they came from. Measuring plasma electronic emission spectra
allows one to determine the atoms and ions that compose the plasma. The three rules of LIBS techni
que are (1) the ablation is stoichiometric (plasma has the same composition of the sample when irra
diance exceeds 10° W/cm?), (2) spectral line emission are optically thin (absorption or self-absorpti

on do not occur) and (3) plasma is in Local Thermodynamic Equilibrium



(LTE), at this condition in a small volume and in one instant the plasma follow the thermodynamic
equation [10, 19].

2.3.1. Plasma conditions and LIBS
The excitation electronic temperature, plasma electronic density and ionization temperature are plas
ma conditions of LIBS as an analytical technique and under LTE condition the excited states for
each species in plasma follows the Boltzmann Distribution [19].The integrated intensity of spontane
ous emission (li;) due to detectors features is proportional to Boltzmann distribution and transition

probability (Ajj) from excited state i to j.

FoiAij s EiKT
S ne
u (M)

|ij

Where g; statistical weight /state degenerescence of i upper energy transition/, Ei- the energy of i
upper energy state transition, nS -total density /concentration/ of species, K- Boltzmann constant,

US- partition function of s species in electronic excitation temperature (T) and F- is normalization

constant /depend on experimental setup.
Using natural logarithm of equation (2.1), constructions of Boltzmann plot is allowed.

li
N S B /KT e 2.2)
Aijgj u (M
Electronic excitation temperature (T) of plasma can be determined through angular coefficient and
a linear fit can be made through this method, and the concentration nS of each species can be

calculated from linear coefficient of equation (2.2).

Stark broadening:- occurs in the dense part of the plasma and is mainly due to collisions of electro
ns with atoms and ions in the plasma.There are two main contributions to Stark broadening of a spe

ctral line emitted by an excited atom or ion, namely electron-emitter or ion-emitter collisions.

The resulting shortened excited state lifetimes yield spectrally broadened emission lines. In that
sense, it can be compared to pressure broadening except that here it is the electron and ion densities
rather than simply the gas density which impacts the collision frequency and hence the degree of
broadening. The FWHM of a Stark broadened line is given by [10]:



Where w is electron-impact width parameter, A ionic broadening parameter and B atom and ion
coefficient and Np is the number of particles.The plasma electronic density can be determined using
Stark Broadening when the observer line width (FWHM, AAStark is known.

16
S — (2.4)

2.4. Merits and demerits of laser-induced breakdown spectroscopy
Due to LIBS technique does not need any special preparation of sample, also comparatively simple
to implement and less expensive in relation to other techniques it has a number of advantages. This
method requires only a small volume of material to be tested, has a potential to be used in the field
in real time to overview typical evidence come across in forensic analysis and the rules associated
with introducing such evidence in a court of law [14, 16]. As a result, elements of different samples
that cannot be easily analyzed by other spectroscopic methods are detected and identified by this
useful technique [10, 20-21].

The major drawbacks of the technique are low sensitivity, poor shot-to-shot reproducibility, and
spectral line broadening effects due to plasma-sample interactions. Poor reproducibility is because
of variability in laser power, atmospheric conditions, laser beam shape, spot size and position of the
ablation point (standoff distances). One of the reasons for this is interference between continuum
and line emission which damages the signal-to background ratio (SBR) [14, 22, and 33]. The mecha
nism of avoiding these limitations can be by working in a controlled atmosphere and using time-res

olved spectroscopic measurement methods.

2.5. Types of lasers used in forensic science
Unlike ordinary light, laser light is different because [24], laser light is monochromatic light having
high intensity radiation sources that can cause damage to various parts of the body unless there must
be protection by optical filters.There are several types of laser that performs in forensic science.
Some of them like: Neutral atom lasers, ion lasers, excimer lasers, solid-state lasers and fingerprinti

ng identification laser are examples.



3. METHODS AND MATERIALS USED

This chapter will elaborate on the materials that will be investigated and methods used to process
and analyse the data. It is based on experimental investigation of 1990 report by the Congressional
Office of Technology Assessment discovering of DNA [14] and a 2005 mortar and rocket firing
residues detection of explosive chemicals respectively by using LIBS techniques[25].The plasma
parametres(ne and Te) are used to extract the emission spectra of these forensic examination target
using NIST database.The spectra’s and experimental spectra are compared and analyzed in the
results and discussion part.

3.1. General principles of the LIBS method
The possible detection of terrorist treats using LIBS technique is related to a series of experimental
laboratory having the ability of demonstrating to discriminate and analyze LIBS spectra of explosiv
es and explosive devices. For the LIBS method, a system to deliver the laser light and collect the
plasma light was developed.This system was based on a laser focusing lens to create plasma over a
very narrow area and a light collecting lens that was used to send plasma light to spectrometer throu
gh an optical fiber [10, 21].The system was based on a portable Nd: YAG laser, a spectrometer with
fixed resolution and spectral width, a simple electronic coordination system and the processing and
analysis software. Figure 3.1 shows the schematic of the LIBS on target plasma.

Focusing Lens /plasma

& Collecting Lens

Spectrometer

|w)
(0]
—
[¢°]
(o]
—+
o
=

Figure 3.1: General layout scheme for LIBS [23]



3.1.1. LIBS experimental Setup
Nd: YAG laser with different peak powers in atmosphere on target was used in optical emission

spectroscopy of laser induced plasma, with the following characteristics:

Laser model: Q-switched Nd: YAG laser, Laser peak power: (6- 36) MW, Laser wavelength: (1064)
nm, Repetition rate: (1-10) Hz, Cooling method: inner circulation water cooling, Input Ac power
supply: (220) Volt.

Figure 3.2 Shows a schematic diagram for the LIBS setup. Using light emitted from sample bomba
rded by the pulse laser, the spectrometer analysis was done.The spectrometer with short response
time from UV-NIR was used in the setup to analyze emitted light. The light produced by the ablated
plasma was collected by the optical fiber which was set at angle of 45° to axes of the laser beam to
avoid jumping and then guided to the entrance slit of the spectrometer. The varying pulse energy
laser from 300 to 800 mJ, each spectrum was obtained over a visible spectral range. Finally the outc
omes were analyzed and related withNIST database and estimate the plasma parameters such as

electron density (ne) and electron temperature (Te) at different laser energy [26].

PC f Laser gun

lens e "\

Optical fiber e Ll 10em

\
sample . —_—

Figure 3.2: Laser Induced Plasma Spectroscopy (LIBS) system configuration [26].

3.2. Parameters affecting the signal
To supply a framework developed for LIBS, understanding the physics of LIBS plasma is essential.
The generation and characteristics of the plasma, modifying the spectral emission and performance
of this technique for chemical analysis at the atomic level are affected by many numbers of environ

mental factors. There are of course more sophisticated LIBS devices that we can meet in research
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laboratories working with this technique everywhere in the world [23-26]. Some parameters are

listed as follow:

3.2.1. Laser
Laser is the main apparatus of LIBS mainly used to determine the charectrisctisc of the plasma after
generating the energy that is critical to induce plasma. Nanosecond pulses lasers are the more comm
on for LIBS [30].The nature and characteristics of LIP are strongly affected by laser operating condi

tion, i.e. laser, wavelength (A), pulse duration (1) and energy (E). For given energy and laser-matter

interaction surface, the illumination (radiance) is defined as: A

Elaser: €nergy of a laser pulse, A: laser-matter interaction surface and : laser pulse duration. There

are mechanisms by which physical factors involved in the creation of plasma by laser. These are:

3.2.2. Laser-matter interaction
Laser ablation are created by the processes involving photo-physical in nature in which all first the
photons of the laser radiation are absorbed by the target material. This absorption depends on the
wavelength of the laser and the optical properties of the sample, the energy linked will change the

state of the material, mainly by thermal effect and possible by photochemical effect [21].

3.2.3. Wavelength
LIBS impact can be explained by two points of views; laser-material interaction (energy absorption)
and the properties of plasma (plasma material interaction). In laser matter interaction, wavelength
plays an important role. Light absorption mechanisms often depending on the nature of the material.

3.2.4. Laser pulse duration
The pulse duration is the time characteristics of the laser pulse.The lifetime of the plasma can vary
for example, for nanosecond pulse, the plasma is generated if the irradiation continues. There may
be an additional interaction between the laser beam and the plasma following the laser- matter intera
ction. Certainly, the plasma can be heated by the laser. However for femtosecond pulse, energy is
used only through laser-matter interaction for a short time and before plasma formation. The laser

plasma interaction does not exist in this case.
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3.3. Target
The interaction of laser and the properties of plasma is infuenced by the psycho-chemical character
istics of the target (the sample) and its ambient environment [23]. To understand the interaction of
ambient gas molecules with plasma, there is an effect of atmospheric conditions on the LIBS signal.
The plasma cools quickly by free expansion in the gas if the pressure is beyond the obtimal value.
Conversely, at higher pressure, the energy of the plasma is dissipated at the contact of the ambient
gas by thermal condition and by collision. Finally, the decrease in pressure increases the volume of

the plasma, therefore the decreases in its density.

3.4. Signal collection and analysis
The plasma created by laser ablation is a three-dimensional glowing object, strongly varied and
whose life is limited in time. Know how to collect the radiation it emits is therefore not an obvious

question. It is then a question of analyzing this light using spectrometer and other suitable detector.

3.4.1. Collection system
The focusing of the laser on the target surface is carried out through a set of lenses. The plasma sign
al configuration is collected by a lens, which transmits an image of the plasma at the entrance spectr
ometer with a certain magnification reduction.These lens mounts are very easy to use but cause chro

matic deviations (different focus depending on the wavelength).

3.4.2. Optical fibres
To bring light from the plasma to the spectrometer, optical fibers are integrated in LIBS system and
occasionally transport the laser beam, even though the most common optical fiber in LIBS are fused

silica (with diameters between 50um & 1mm).

3.4.3. Detector
Once the plasma light has been collected, it goes through suitable detection to be able to analyze it.
The spectrometer is a device which spreads the light emitted by the plasma with different models,
and the mostly used in the LIBS is the Czemy-Turner. The detector is selected according to the spec
trometer and its ability with one or more wavelengths. In the case of the simultaneous detection of
several lines, CCDs light sensors (Charge Coupled Device) or CCD camera will be used [24- 26].
The CCD is a device that is used to convert light into electrical charges.
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4. RESULT AND DISCUSSION

Under this chapter, the findings of other Forensics evidence are reviewed and discussed based on
the forensic sample discrimination, searching evidence for criminal cases and differentiating the exp

losive chemicals using Forensic database.

4.1. Determination of Si: Al alloy line spectra’s intensity of arbitrary unit
When high pulse power laser heats the sample,the electrons on the outer shell are emitted. As pulse
stops, the plasma starts to cools down. Excess energy is released when electron moves between two
energy level emitted in the form of element specific light. Light emitted from plasma is recognized
and resulting spectrum distribution plotted as intensity in arbitrary units versus wavelength (nm).
Figure 4.1 shows, emission spectra of laser induced on Si: Al alloy target in atmosphere in spectral
series of 225-640nm. It is clear from this figure that the intensity of the spectral lines increase with
the increase in the laser peak power from 300 to 800 mJ, this can understood as follows: The rise of
laser power leads to the more excited atoms and hence increasing in the height of the spectral line
intensities. The increase in laser power will increase its absorption in the plasma resulting in more
ablation as well as plasma emission.
The extended Si:Al alloy target in spectral lines observed in Al | (237.3124, 257.5393, 309.27099
and 396.152)nm. Through the use of these wavelengths plasma parameters were calculated.
Table.1 Display the calculated electron density (ne) & electron temperature (Te) for Si: Al target at
different laser pulse energies [26].

Laser energy(mJ) | Te(eV) ne(cm)
300 0.833 34.308
400 0.914 33.720
500 1.080 32.480
600 1.157 31.708
700 1.199 26.758
800 1.193 21.023

Table 1: plasma parameters for Si: Al in air with different laser energy
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Figure 4.1: Emission spectra of laser induced on Si: Al alloy target in air with different laser

energies [26]
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Using LIBS in to account when we focus laser energy to the target, plasma is produce with its para

meters 1eV and 10'7/cm. LIBS spectra is one of the fastest analytical technologies available today

to identify and analysis a metal alloys. It trust one second to measure virtually and alloy including

alluminium alloys and is an excellent alloy identification tools. The proportions of the estimated ele

ments from the figure 4.1 are shown in table 2.

Elements

Cr

Ni

Al

Si

Mg

Ca

Fe

Cu

Concentration mass(%)

18.4

8.0

1.14

0.33

7

0.05

0.035

23

22

20.045

Table 2: Estimated elements found in silicon alloys

Based on table 2, spectra lines generated as shown on figure 4.2 and compared with the real given

spectra on figure 4.1. From review literature, the theoretical ways of plasma formation was compute

d through Nd: YAG laser wavelength of different spectrum. Using NIST database (https://physics.ni
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st.gov/Phys RefData/ASD/LIBS/libs-form.html) the spectra of silicon-alloy was indicated.

For figure 4.2: A typical metal examples containing K, Si, Mg, Ca, P and so on, each element emits
many wavelengths leading spectral of thousands of peaks.The wavelengths of lights are collected

through a fiber optic cable and processed by the spectrometer.
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Figure 4.2: Emission spectra of selected elemental alloys target with different laser energies

By using Saha equation, the selection of lines shown in the plot is limited to those having possible
relative intensity in a given wavelength range between (200nm) and (600nm) and also if T. = 1leV,
the calculated ne =1e+17cm for each ionization stage. From the NIST database, the graph plotted
intensity versus wavelength indicating different emission spectral on CCD camera that shows differ
ent radiation intensity values in UV-vis spectral range for silicon alloys.The one with most higher
peak indicates, the higher the temperature applied and the greater the value of intensity.At approxim

ation of 280nm, the peak intensity of this spectra emission corresponds to Mg 1.

From LTE plasma, temperature can be investigated from the relative intensity of lines by equation
(2.2). By plotting intensity versus excited energy, electron temperature (Te) was determined from
the slope of the best linear fit in Boltzmann plot. Figure 4.3 shows the best linear appropriate in

Boltzmann equation for different laser energies.
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Figure 4.3: Boltzman plot for plasma produced on Si:Al alloy target in distilled water with
different laser[26]

Figure 4.3 represents, when line intensity increase, the energy excitation slightly decreased.

This shows the inverse proportionality made & it means that at high temperature the line intensity
converges to one particular point like an electron density. The obtained results show that increases
laser pulse energy,leads to increase in the electron temperature, while the electron density decreased
with it such as in Ref [26].
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Figure 4.4: The variation of (Te) and (ne) versus the laser energy for Si: Al alloy in air [26]

16



Figure 4.4: Based on tablel that indicates; at low laser energy of 300mJ, the electron density is

become greater about (34.308cm %) with respective electron temperature is smaller (0.833eV) and at
high laser energy of 800mJ, its electron density is (21.023cm™®) & the appropriate electron temperat
ure is larger (1.193eV). Generally this indicates, electron density is inversily related with increasing

laser energy and electron temperature is directly related with it.

4.2 . Explosive elemental sample analyses
Explosives are subjected to LIBS based detection and identification [14, 16]. Detection of various
energetic and explosive chemicals are studied by using broad band LIBS system, black power is the
first studied explosive inorganic materials which are typical components like charcoal, potassium
nitrate, calcium sulfate & ammonium nitrate [9,28].
Also, Researchers at the U.S. Army Research Laboratory (ARL) in the Weapons and Materials
Research Directorate (WMRD), have been developing LIBS for a variety of applications since the
early 1990s [14, 25] and regulatory agencies such as the U.S. Environmental Protection Agency
(EPA) and the Nuclear Regulatory Commission (NRC) now work to ensure that companies obey to
these regulations and those who break environmental protection laws are accused in a court.
During World War I, where armies used chlorine, phosgene, and mustard gas, approximately 1.3
million deaths were a direct result of chemical war [29], and Nazi scientists at work during World
War 1l discovered the deadly nerve gases tabun and sarin (fig.4.5), which can kill within minutes
of explosion. An arms control treaty known as the Chemical Weapons Convention(CWC) [30]
came into effect in 1997; the agreement criminals the storing, production, or use of such weapons or
their precursors and is mediated by an intergovernmental organization known as the Organization
for the Prohibition of Chemical Weapons (OPCW).

Tabun

Sarin
Reprintod § .

> n P CREN 201€
94 (a1): 2628

ht € 2016 American
rical Sociaty

Figure 4.5: The deadly nerve gases tabun and sarin, discovered by Nazi scientists during
World War 11 that can kill within minutes of exposure [2].
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Today, environmental forensics included far beyond its early scope of studying chemicals alone.
Working with law enforcement and regulatory authorities, researchers now use varied forensic

approaches to understand threats and improve global security.

In 2005, the LIBS detection of mortar and rocket firing residues was performed [17, 25]. Figure 4.6
shows example of LIBS spectrum from a sample taken on outside of a mortar after 82mm mortar
where mortar is a heavy gun that fires bombs in air.The collection of spectra and the highest correlat
ion coefficient was used to define the identification.The red line denotes the threshold value for

identifying the residue as originating from the mortar.

Recently, nanometer-scale metal particles provide faster energy release and better control over mate
rial properties and we demonstrated the feasibility of a novel approach for studying the chemical rea
ctions between metallic nanoparticles and molecular explosives.This method is based on the produc
tion of nanoparticles in a LIP and the simultaneous observation of the LIBS emission characteristic

of species involved in intermediate chemical reactions of the nanoenergetic material in the plasma.
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Figure 4.6: LIBS spectra of a sample check taken on the outside of a mortar tube after 82mm
fire (top) and the linear correlation coefficients (bottom) for discrimination of the mortar resi
due from other sample types [25].

Using LIBS into consideration when we apply a laser energy to produce an explosive plasma with
plasma parameters of electron density (1e'’/cm®) and electron temperature (1eV), the proportion of
estimated elements from graph 4.6 above are shown in table 3 that are used to construct spectral
line for these elements and compare with the real given spectra on previous figure.
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A description test of emission lines was performed by recording the spectra lines with the CCD
intensifier, and high speed camera. The lines were then compared to the NIST atomic spectra data

to verify close alignment [29].

Elements Na [Ba | Ca Cu | Mg | Ba Ca K O
Concentration mass (%) | 20 |18 |10 5 8 5 15 16 3

Table 3: Estimated elements in bomb explosion

From the computational work, we find formation of spectral lines through Nd: YAG wavelength

of different spectrum. By using NIST database (https://physics.nist.gov) the spectra of explosive

elements are drawn and using Saha equation between UV-visible range, graph plotted on figure 4.7
showing intensity against wavelength. LIBS spectra are quite complex potential of hundreds or even
thousands of lines for each element.The concentration of element is calculated from the intensity of
the spectral peak.Then, an advanced algorithim is used to identify sample type and calculate the

concentration.
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Figure 4.7: Emission spectrum for assessed explosive elements

Figure 4.7 representes, a number of line emission spectra at different wavelengths for explosive
elements. Approximately at 270 nm,the peak intensity of this spectra emission corresponds Mg |1
with high intensity value from the NIST database.The second intensity greater is nearly at 398 nm
that matches to O Il and the third maximum intensity is at around 455 nm wavelength links to Ca I.
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4.3. DNA Evidence crime investigation by using LIBS techniques
According to M. Kellisa et.al. [31], completing the human genome orientation sequence were a revo
lutionary in modern biology.The considerable challenge that remained was to identify and define
the structures of all genes and other useful elements. Despite the pressing need to identify and chara
cterize all functional elements in the human genome, it is important to recognize that there is no uni

versal definition of what constitutes function on what sets the boundaries of an element.

Now, forensic researchers trust on a specific set of short tandem repeat (STR) markers combined
with the arrival of better technologies such as polymerase chain reaction (PCR) and other methods
to analyze DNA samples.With these markers, the chances of two people randomly having all identic

al STR markers in their DNA are vanishingly small.

As a consequence of Roewer writes [16], if a DNA match occurs between an accused individual
and a crime scene mark, the correct courtroom expression would be that the probability of a match

if the crime-scene sample came from some-one other than the suspect is at most one in a billion.

From the literature review of \Wikipedia, almost 99% of mass of the human body is made up of six
elements: O, C, H, N, Ca, and P. Only about 0.85% is composed of another five elements: K, S, Na,
Cl and Mg and all are necessary for life. Emission spectra for the human body elemental samples
were recorded under optimised conditions of the LIBS technique. The proportion of the estimated
elements from the sited literature are shown in table 4 below that is used to develop the line spectra
of intensity against wavelength for elemental body composition.

Table 4: Selected elements found in human body DNA

Elements O C H [N |Ca|P |[K |S |Cl |Mg]|Na
Concentration mass (%) | 65 | 185(95/13.2|15|10|04|03/0.2|0.1 |0.3
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Figure 4.8: The adjustment wavelength spectrum for human body elements

The identification of emission peak also takes into accounts of the wavelength of the peak located,
follows the intensity of the element compare with NIST database and also the most possible elemen
ts that exist in the sample. For example, there are two peaks which corresponded to the excited oxyg
en (O I11).The peaks are located approximately at 398nm and 400nm.The spectra of the samples
show that O 111 at (398nm) has higher intensity than at (400nm) wavelengths.

Thus, unanswered questions related to biological noise, along with differences in the resolution, sen
sitivity, and activity level of the corresponding analyses, helps to explain divergent estimates of the

portion of the human genome encoding functional elements.
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5. SUMMARY AND OUTLOOK

5.1. Summary
Criminalistics is the application of science to criminal and civil laws of admissive evidence during
the course of an investigation. This indicates, establishments of the first U.S crime laboratory was in
LosAgeles by the year 1924, followed by the Federal Bureau of Investigation (FBI) crime lab in the
1932. The general use of forensic investigations to solve crime to make it is impossible to imagine a
world where science and its methods are not available to legal investigations.
The spectral line intensities of the laser induced plasma emission showed a strong dependence on
the ambient conditions. Plasma parameters such as electron temperature, electron density are found,
the emission spectra are generated from online NIST database.The results shows that the values of

Te, Ne Were increased in case of laser-induced plasma in air environment.

LIBS will be very much applicable for detection and identification of hazardous chemical and biolo
gical samples in forensic science. The development and optimization of data analysis techniques req
uires making the system more accurate in identification of organic molecules having similar elemen
tal composition such as explosive and biological samples.

The 1990 report by the congressional Office of Technology Assessment concluded that DNA tests
were both reliable and valid in the forensic context but required a strict set of standards and quality
control measures before they could be widely adopted.

The FBI established guidelines for DNA analysis and ability testing the Combined DNA Index
System (CODIS), which allows the crime laboratories to exchange and compare DNA profiles

electronically, there by linking crimes to each other and to convicted criminals.

5.2. Outlook
Laser-induced breakdown spectroscopy (LIBS) introduced in the actual court cases to analyse

evidence for crime investigation. Because of LIBS is very interested for figure printing scientific
evidence found at scene of crime or in the crime, it is possible to extend to our country Ethiopia.
Specifically, to study the explosive elemental components found in Hashish, experimental authenti
cation of its LIBS emission spectra is very important to control illegal uses of such addictive chemic
als in Ethiopia.
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