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Abstract Authors

Forensic science is the branch dofleghaYadav
science which uses the application of variobesearch Scholar
branches of science such as Biologepartment of Forensic Science
Chemistry, Physics, BiotechnologyGuru Ghasidas Vishwavidyalaya
Anthropology, Genetics, Nanotechnolog\Bilaspur, Chhattisgarh, India
etc. to assist in the examination of variouseghaforensics@gmail.com
types of evidence to prove or disprove
something in front of the court of law. TherRiya Tiwari
are varieties of evidence which are found Btudent
the crime scene such as biological evidend&gpartment of Forensic Science
toxicological evidence, trace evidence, ars@uru Ghasidas Vishwavidyalaya
evidence, etc. which has to be examined by#aspur, Chhattisgarh, India
forensic expert. The evidence found in thriyatiwaril41013@gmail.com
crime scene is present in very limited or trace
amounts hence the forensic expert shoutlessi N. Uikey
ensure to produce accurate results withoAgsistant Professor
damaging or destroying the evidences. Thddepartment of Forensic Science
are various types of presumptive an@uru Ghasidas Vishwavidyalaya
confirmatory tests done to find out th&ilaspur, Chhattisgarh, India
identity of the evidence. Some of these tedtlessiuikey@gmail.com
may damages and destroy the crucial
evidence without producing an accura®r. Ashish Kumar Singh
result. Hence there is a need of such methgdssistant Professor
from which the analysis of evidence become&epartment of Microbiology
easy in the trace amounts and these teR#s University
should produce 100% accurate result. Onelnélia
these modern methods is the use afhish.drug.research@gmail.com
nanotechnology in  forensic  science.
Nanotechnology is the technology whicpr, Ajay Amit
uses various types of nanoparticles in tiagsistant Professor
field of science. Nanotechnology includes thBepartment of Forensic Science
use of various types of Nanoparticles for tf@uru Ghasidas Vishwavidyalaya
analysis of various types of evidence fourBilaspur, Chhattisgarh, India
in the crime scene. The Nanoparticles duedpy2amit@gmail.com
their various fascinating properties such as
very small size, high stability, large surface-
area-to-volume-ratio, interfacial layers,
solvent  affinity, various mechanical
properties, etc. are now-a-days widely in use.
Various researchers are continuously
researching to find out the more beneficial
uses of nanoparticles. This book chapter aims
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to provide an overview of the various uses of
nanoparticles in the analysis and examination
of the forensic evidences with its benefits
over the conventional methods used in
forensic science.
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. INTRODUCTION

Nanoparticles (NPs) are those substances or ralsteriich lie in zero dimension i.e.,
have dimensions less than 100ANPs are interesting due to their various charisties
such as melting point, saturation, electrical amerrhal conductivity, light absorption, and
scattering, these unique properties of NPs makm thery useful materials for research
resulting in their great performances. NPs are oredsin nanometers (nm) and have
diameters ranging from 1nm to 100 The International Organization for Standardizatio
(ISO) defines nanomaterials as “Those particleskwhiave external nanoscale dimension or
internal nanoscale surface structure are refersetNanoparticles®.It has been found that
the size of Gold (Au), Silver (Ag), Platinum (Pgnd Palladium (Pd) can influence the
physiochemical properties such as optical propedfeany substance, e.g., 20- nm gold (Au),
platinum (Pt), silver (Ag), and palladium (Pd). NRave characteristic wine-red colour,
yellowish grey, black and dark black colours, resipely ®. Au-NPs were synthesized with
different sizes and can be further used for bioima§’.NPs are complex molecules and are
composed of three layers: The Surface layer, Thell $diyer, and The Core layer. The
surface layer consists of small molecules, metas,isurfactants, and polymers. The shell
layer has a different chemical composition than@oee. The core is the center and usually
consists of the larger area represented in Fig4.hde various applications in Forensic
Science.
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Figure 1: Diagrammatic Representation of Typical Nanopaeticl

This chapter mainly focuses on the comparativeystf the conventional methods
which are used in forensic science to examine uarigpes of evidence such as biological
evidence, trace evidence, toxicological evidendégerophysical evidence, etc., with the
modern methods which use nanotechnology and thepaaticles in the examination of the
various types of evidence found in any crime scélis are widely used in various fields of
forensic science such as to identify latent priatsalyze various toxicological samples, to

Copyright © 2024 Authors Page$19



Futuristic Trends in Social Sciences
e-ISBN:978-93-5747-397-2
IIP Series, Volume 3, Book 19, Part 2, Chapter 7
NANOPARTICLES AS AN EMERGING TOOL FOR FORENSIC IN\EH IGATION

extract DNA from degraded samples, examine theebrdpcuments, etc. There are various
types of NPs which will be discussed in this chaptdater sections.
II. BRIEF HISTORY OF NANOPARTICLES

Metal nanoparticles are able to colour glass iredmaordinary way. Gold has been
used for a long time to introduce a striking retbaoto glass. One of the finest examples of
such ruby glass is the Lycurgus Cup in the Britbliseum manufactured by Romans in the
fourth century it appears with a green colour iryligl@at, but changes to red, when
illuminated from the inside. An interesting factoal the use of gold nanopatrticles in ruby
glass is that after the Romans the technology wegoften, and was only rediscovered in
Europe in the seventeenth century. Although thi loif gold-based glass and enamel colours
is ascribed to Andreas Cassius, who subsequertgverd the name Purple of Cassius, the
preparation of colloidal gold with a tin compounaddhbeen described several years earlier by
Johann Rudolph Glauber. However, there is no ecelehat Glauber ever applied his
knowledge to the colouring of glass. It was Joh&umckel, who ran a glass factory in
Potsdam between 1679 and 1689, that successfidly the purple precipitate to produce
ruby glass. From a scientific point of view, thenbig step forward in nanoparticle research
was made by Michael Faraday approximately 150 yegs As a matter of fact, his
systematic studies on the interaction of light witetal nanoparticles can be regarded as the
beginning of modern colloid chemistry and the ereapg of Nanoscience and
Nanotechnology. In the year 1857, he presented/bik on ‘Experimental Relations of Gold
(and other Metals) to Light' to the Royal Sociefylondon®. Faraday prepared colloidal
gold dispersions in a two-phase system consistirencagueous solution of gold salt and a
solution of phosphorus in carbon disulfide. Aftestaort reaction time, the bright yellow
colour of the Na [AuCl4] solution turned into a wulcolour characteristic of gold
nanoparticles. The principal motivation to perforesearch on nanoparticles has originated
from the so-called quantum size effect. Metal aachisonducting nanoparticles are just a
few nanometres in diameter, and thus with sizessdrare between single atoms/molecules.
It shows pronounced size- (and also shape) depeetiaironic and optical properties. The
observation of such size effects raised expectatitor the superior performance of
nanomaterials compared to their bulk counterpartsrany applications given the size and
the shape of the particles can be optimized intonal way. Systematic work on the
photocatalytic properties of colloidal Cadmium Suéie nanoparticles (Cds-NPs) resulted in
the description of the quantum size effect at thginning of the 1980s. Brus et al. found that
Cds-NPs crystallites in the size range of a fewonagtres did not have the electronic spectra
of the bulk material, even though they exhibited #ame unit cell and bond length as the
bulk material. These findings opened up a new awedieg possibility to tailor the chemical
and physical properties of a material by contrgllihe crystalline size and shape on a nano-
level rather than altering the composition of thatenials opening up of plethora of new
applicability of these materials. With the advehtexhnologies now it is possible to control
the @glrltg)cle size distribution, shape, and surfaoperties to apply the nanomaterials in novel
way :

[11.CLASSIFICATION OF NPsBASED ON THEIR SIZE
In 2000, the first idea of the classification dP$based on their crystalline form and

chemical composition took pldé8.In 2007, the NPswere classified on the basis eff th
dimensions such as 0D, 1D, 2D and %t This classification depends upon the movement

Copyright © 2024 Authors Page719



Futuristic Trends in Social Sciences
e-ISBN:978-93-5747-397-2
IIP Series, Volume 3, Book 19, Part 2, Chapter 7
NANOPARTICLES AS AN EMERGING TOOL FOR FORENSIC IN\EH IGATION

of electrons in each dimension. Some examples o WRh different morphologies are
Nonporous Pd nanoparticles (0D with 20nm in diamété®) Graphene nanosheets (2D)
with 1000nm in diametef®, Ag nanorods (1D) with 100 nm in diamet&, Polyethylene
oxide nanofibers (1D) with 500nm in diametet etc. Other prominentnanoparticles are C60
(Inm), DNA (2nm), UCNP (5-10nm), atoms (0.1nm), Q@uan dots (1-5nm), Au
nanoparticles (10-25nm), Virus (10-150nm), Riboso@®nm), etc 18 The various
classifications of NPs have been illustrated iruFegl.
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Figure 2: Classification of Nanoparticals

Carbon dots and Quantum dots are the most widadg tiges of NPs due to their various
application-friendly characteristics. Some detaflthem are as follows:

1. Carbon Dots: Carbon dots (CDs) are nanoparticles or very snaatigles that lie on zero
dimension and show fluorescence characteriStit<CDs have various properties such as
water solubility, biocompatibility, good conductiyj photochemical stability, low
toxicity,etc.®”. One of the most important application of CDsasyeted drug delivery.
When a fluorescent CDs core is attached with a dnogety, it acts as a drug delivery
tool ®.CDs can be visualized using High-resolution traissian electron microscopy
and atomic force microscop). There are currently two types of CDs: Amorphousebdia
CDs and graphene CD¥.The unique photophysical performance of CDs stéms
their excitation-wavelength-dependent emission tmlivith their enhanced resistance to
photo bleaching. Quantum yield of CDs largely d&se upon their elemental
composition (typically C, H, O, N and, in certaiases, heteroatoms such as S and P),
their surface functionalization, and the suspensmadium. The pronounced quantum
confinement effects have been established for grmpldots, whose cores are composed
of a few monolayer's of nanosized graphene. Simpialative treatments generate
carboxyl and carbonyl groups on the C-dots’ susaamparting dispersibility in polar
media and securing colloidal stability over a pngled period of time. In addition, the
application of a moderate electrochemical field oatuce oxygenated defects as well as

Copyright © 2024 Authors Page 819



Futuristic Trends in Social Sciences
e-ISBN:978-93-5747-397-2
IIP Series, Volume 3, Book 19, Part 2, Chapter 7
NANOPARTICLES AS AN EMERGING TOOL FOR FORENSIC IN\EH IGATION

modify the degree of conjugation of the carbogesoce. Frequently described as the
nontoxic counterparts of quantum dots, C-dots gn¢hesized inexpensively by means of
pyrolysis or hydrothermal processing of abundantina resources such as agro-waste
and biomass, grass, fruit juice, leaves, glucosaatige, eggs, hair fibres, etc.
Alternatively, well-defined C-dots can be produd®dtop-down strategies such as arc
discharge, laser ablation, oxidative and electrolatve treatment of carbon nanotubes,
carbon fibres, activated carbon, exhaust soot)refarinciple, those methods are scalable
and rely on simple synthetic protocols followed btandard purification and size
exclusion treatments such as dialysis, centrifogatind filtration. With respect to C-
dots’ applications, particular emphasis is giventhe development of bioimaging
nanoprobes with improved spatial resolution anduesmy. Some of the applications of
CDs include (i) the development of nano-vehicles delf-targeting drug delivery, (ii)
formulation of photodynamic therapy agents,(iilj@stimicrobial materials, (iv) in the
development of advanced sensors for chemical awtbdical compounds, (v) in
development of technologies for water and soil démmination, (vi) in production of
slow-release fertilizers, (vii) as a constituentpofymer nanocomposites, (viii) as highly
efficient photocatalysts and (ix) as a superiorgneonvertors®.

2. Quantum Dots. Quantum dots (QDs) are those NPs or small-sizeificel
semiconductors that show high fluorescence andised for bioimaging application. The
QDs have a core shell structure i.e., the coreasganic crystalline coated with several
ligands suspended in a colloidal solution. When@f®s are alloyed or coated with any
alloy from its core to the surface, then it showstmnuous fluorescendé”. QDs can be
visualized using a fluorescence microscope as dwshhigher fluorescence than
fluorescent dyes and proteins. The current disea/€Ds are 15-35nm in diameter are
elongated in shape and have limited mobifit} Quantum dots are brightly fluorescent
nanocrystals that have found use across a broadirgspe of biological imaging
applications. When observed individually under aofescence microscope, these
particles show a rapid on-and-off ‘blinking’ of themission, an attribute that is often
detrimental, especially for single-molecule imagiag the molecules being monitored
exhibit frequent loss of signal. In a recent stutiyyas been reported that quantum dots
with an alloyed composition gradient from the ctwéhe surface do not blink but rather
remain continuously ‘on’. This finding is both suging and profound, represents
considerable progress toward the next generatiofluofescent intracellular probes.
Fluorescent dyes and proteins have been invaludableisualizing the dynamics and
interactions of biomolecules within living cells.nfértunately, light emission by these
tags rapidly decays during observation, and thekvirgansity of the emitted light cannot
be readily detected from single molecules. Howesiagle quantum dots are immensely
bright and easily observed using standard fluoreseenicroscopes, and they emit light
hundreds to thousands of times longer than fluer@sdyes and proteins. These two key
characteristics have drawn immense interest inuse of these particles for live-cell
imaging, but the utility of these particles has rbdenited, in part, because current
commercially available quantum dots (i) rapidlynlili (i) hydro-dynamically large, (iii)
multivalent when functionalized with biological necules and (iv) often aggregate inside
cells.

IV.METHODS OF SYNTHESIS OF NPs
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After the discovery of NPs, two approaches wereetiged for the synthesis of NF

The Top-Down approach ttaad Botton-Up approach.

1.

Top-Down Approach: In this methodthe bulk or heavy material is broken down to fc
small sized NPs. This can be done using precisigmeering and lithograph

Ball Milling: John Benjamin developed this method in the yeaD19#iis method i:
based upon the reduct of size of any material with high-energgll milling. In this
method, a bulk powder is used with mebig-sizedballs. Then a high mechanic
energy is applied in the bulk powddue to which smalsizec nanoparticles are
formed®®

Laser Ablation: In this method, various materials are converted nano-sized
particles by using laser luminescence. Maina neodymiun-doped yttrium
aluminium garnet laser is us®?.

lon Sputtering: In this methoc the spatter of a beam of inert gas ids used for the
process ofiaporizatiol of any solid material to form NS,

Bottom-Up Approach- In this method, Ator-by-Atom or moleculésy-molecule builds
up and forms the NP#).

Bulk
substance

LL Top Down

Fine substance

| _

% * NPs

—_—

Clustered form

Bottom Up

Aloms

Figure 3: lllustration of synthesizing approaches nanomateria
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Physical vapor deposition method- In this methbe, materials or the particles get
deposited physically on a surface containing thin &nd build up to form NP$",
Chemical vapor deposition method- In this methdekngical reactions of gaseous
moIe(g:Sl)Jle Containing atoms is performed on the tattga film for the formation of
NPs*“™.

Sol-gel method- This method can be done in two waitber by direct mixing of
preformed colloids metal (oxide) with a sol contagnthe matrix-forming species
followed by gel formation or mixing of metal or naétoxide directly within a pre-
hydrolyzed silica sof®.

Hydrothermal method- In this method, the reactibthe solid material is done with
aqueous solution vapors, under high temperature padsure. This leads to the
formation of the NP§?.

3. Other Synthesis Methods

Solvent Extraction/Evaporation: The organic polymer NPs are fabricated by a
solution in Dichloro-methane which is a solvent|daed by sonication, evaporation,
filtration, and freeze-dryird.

Sdf-Assembly: The fibrous atoms or molecules arrange themseimesarious
82133/33)ical and chemical conditions such as pH, teatpex, and solute concentration

Layer by Layer Deposition: The bilayer membrane platforms are fabricated by
layering of sodium silicate on gold and calcinatisdone in the furnacg®.

Microbial Synthesis. Some living cells, such aAspergillus fumigatus is used to
produce silver NPs extracellularfy.

Biomass Reactions. Dead oat stalks were incubated with an acidic agsiesolution

of gold ions to produce gold nanorods and NPsTablel shows the various methods
of synthesis of different NPs which are used intipld forensic applications.

Table 2: The synthesis methodologies of various NPs used in multiple applications

S Forensic Synthesis | Salts Solvent | Properties| Remarks Refer
No. | application | method used used ence
To
immobilize
o (eG4 || fumotiona
Protein ... . |HO Distille | Size:10- .
1 e precipitati proteins (152)
purification FeCk-6 |dwater | 20 nm .
on method H.O without
2 affecting
their
property.
To perform
Nucleic . ... | FeSQ-7 I o the
5 acid Precipitati H,0 Distille | Size: readings (153)
. on method d water | 51nm X
analysis FeCl3 which
confirm the
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presence of
DNA.
Hydrother | FeChb-4 | Glucos To identify
3 Pathogen | mal H.O eand | Size: and capture (154)
detection | reaction FeCk:6 | oleic 60nm variety of
method H,0 acid pathogens.
Core size: | It is a rapid
50-20 nm | lateral flow
Commercia| shell immunoass
licit lly structure:2| ay which
4 d available |- - -5 nm does not | (155)
rugs . : :
magnetic thickness | require any
NPs surface sample
roughness| pretreatme
-36.63 nm | nt.
Instant
Anti- High- response tg
counterfeiti | temperatur Size: 30- magnetic
5 |ngand e FeCk DEG : field of (156)
. : 180 nm .
security hydrolysis colloidal
applicationg process nanocrystal
S structure.
To extract
Commercia| the
Arson lly o markers,
6 agent available | FeCOs A_cetonl Size: 66 presentin | (157)
: . trile 70 nm
detection | magnetic the warfare
NPs organic
liquids
. These are
Diameter-
_ 400nm used to
Explosive | Solvotherm| FeCk-6 | Ethylen ' detect the
7 : Shell (158)
detection | al method | H,O e glycol | ., . presence of
thickness- | .~
trinitrophen
15nm ol

V. APPLICATIONS OF NPs

Table 3: Applications of Nanoparticlesand their properties

Nanoparticles(NPs)Type Significance Properties

Inorganic NPs Also known| Drugs and
1. | as ceramics NPs such as | medication, food
gold NPs, mesoporous silicggpackaging, drug

Increases therapeutic
properties of drug, Non-toxic,
hydrophilic, highly stable
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NPs, Quantum dots etc.

delivery, etc.

photocats|ysi
applications etc.

image

Metallic Nanoparticles such nano sensors etc.

as Ti, Cu, Zn, Ag, Au, etc.

Biosensors such as
glucose Nano
sensors, lactate
nano Sensors, urea

used as cutting-
edge materials, Au
NPs coating is use(
in the sampling of
SEM etc.

]

Unique optoelectrica
properties Due to well-know

n
localized surface plasman

resonance (LSPR
Sensitivity, selectivity
linearity, stability, respons
time, and reproducibility.

Micelles, liposomes, nano
emulsions, Biopolymeric
NPs, cubosomes etc.

Used in food
industry

Promotes sensitiv

components in the food from

t
of
iron

degradation, increases
bioavailability

micronutrients  like

promotes the efficacy of food

additives, and increases sh
life of meat.

TiO2 NPs, SiO2 NPs

Dye and paint
industries

Various chemical resistanc

properties, Thermal stability
easy to clean, scratc

resistance, good mechanic
and electrical properties, eta.

Carbon-based NPs such as
fullerene, Carbon nano
tubes etc.

5 efficient gas

Used as fillers,

adsorbents,
environmental
remediation etc.

High specific surface are
high carrier mobility, high
electrical conductivity
flexibility, optical
transparency, etc.

Semiconductor NPs such as

CdSe NPs, CdS NPs, ZnS
NPs, ZnO NPs etc.

Used in optical
devices, photo
optics, electronic
devices, water-
splitting
applications etc.

They possess wide bandgg
and hence show significa
alterations in their propertie
with bandgap tuning.

Lipid-based NPs such as
lipid NPs etc.

Biomedical
applications, drug
carriers and
delivery, RNA
release in cancer

therapy etc.

They are spherical wit
diameters ranging from 1(
1000 nm.
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VI.ADVANTAGES OF NPs OVER CONVENTIONAL METHODS USED IN
FORENSIC SCIENCE

Conventional methods are those methods that & fos a long period of time. The
cyanoacrylate fuming method, silver nitrate methothhydrin method, etc. are various
conventional chemical methods that are used fordénelopment of latent fingerprints.
These chemical methods have various disadvantdfescyanoacrylate method is hazardous
to health and has various security issues. In tlersnitrate method, the fluorescence of
silver decreases over time, similarly,the ninhydmethod shows less contrast and is less
sensitive "8 To overcome this, Nanophosphors are used fordetection of latent
fingerprints. Nanophosphors show an important ptygpef UV radiation-dependent
photoluminescence emission and improved adhesiepepty, due to which it is more
accurate. These nanophosphors can be used in botlispand non-porous surfaces. The
latent prints that are treated with nano phospbarsbe preserved for a longer time as it does
not lose its photoluminescence propé??g

In the cases of extraction of the DNA from the @elgd bones, skeletal remains,
blood, saliva, semen, hair, urine, and other biclgamples small size loci amplification by
polymerase chain reaction is uséd. This DNA extraction method is very complicated,
time-consuming, and involves a lot of steps suctcerstrifugation, precipitation,eté?.
Therefore, magnetic NPs are used for the faster EX#action process. These NPs are
highly rapid, cost-effective, less time-consumiagd havea unique size and various physical
properties*?. The integrated systems of magnetic NPs such pgecd\Ps are developed
which consist of solid phase systems has the adgandf minimum DNA degradation and
maximum DNA yield®®* *)The above-mentioned examples of conventional nasttaye
widely used for the analysis of the evidencebutiaaecurate, time-consuming, hazardous
etc., hence there is a need to initiate the usER¥ based examination of the evidence to
produce accurate and appropriate results. Follosgagions will highlight the applications of
NPs in various fields of Forensic investigations.

VII.APPLICATIONS OF NPsIN FORENSIC SCIENCE

The Application of nanoparticles is increasing tigyday on an exponential manner
in every walk of life. Some important and cruciplplcations of NPs are listed in Table3.
The field of forensic science growing rapidly. HmseE investigations include the
development of new techniques such as NPs badsedidees that helped in investigations.

1. Significance oF NPs in Biological Evidences. In any crime scene, various types of
evidence can be found such as biological evidericase evidences, etc. Therefore, to
identify the suspect and to examine the cause athgdeéhe examination of biological
materials is an important task. In the field of éfmic Science, magnetic NPs got greater
attention as they havea large surface area, supenpgnetic properties, stable physical
properties et&>4")

e Separation of Biomolecules and Cells. Magnetic NPs play a vital role is the
separation of nucleic acids, proteins and cells tu@&s magnetic separation and
diversity of surface modification properties.
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» Nucleic Acids: DNA plays a vital role in the investigation prgseand the
establishment of the evidence with the suspect.ettemarkers analysis such as
short tandem repeats, single nucleotide polymonphisnd insertion-deletion
polymorphism can be used to identify the suspeat ased for the suspect
individualization “®. The phenol-chloroform is a conventional metho@dudy
forensic experts to extract the DNA from the calfumembrane. This method is a
very time-consuming method and involves proceskedrcubation, centrifugation,
and a lot of chemical preparation. The Chelex reésianother method of DNA
extraction in which resins of styrene divinyl beneeopolymers is used containing
paired iminodiacetate ions which chelate metal .idiiss method involves heating
at a high temperature due to which single stramé4 is yielded, hence it can’t be
used to perform downstream process such as RFLBr{@en fragment length
polymorphism) and PCR (polymerase chain reactiam) loe performed onl{#°.
Hence, as compared to these conventional methbdsMagnetic Solid Phase
Extraction (MSPE) of the DNA is widely used to edr DNA sample from the
biological evidence. The MSPE does not use anic toxemicals as compared to
phenol-chloroform extraction and simplifies the géenpreparation proceduf&.
MSPE is performed without doing centrifugation whiceduces the risk of
contamination while separating the DNA. In MSPEe #ilica-based materials are
selected as the solid phase or the shell layer lassithe property to distribute the
charge in all over its surface area. As the pureasis negatively charged, it does
not absorb the DNA due to electrostatic repulsidance, to enhance the affinity
between the silica layer and the DNA molecule, o@sichaotropic agents such as
GuHCI and NaClGare added into the solid phase consisting of silféaThe DNA
strand will stick to the solid phase and all theéeotunnecessary products were
removed by washing with ethanol. Then elution of D¢ done in a low ionic
strength buffer. To increase the effectivenesshisf inethod, mesoporous silica is
developed into the magnetic pore to increase tlseraton capacity of the DNA.
The mesoporous silica contains ordered pore amd-high specific pore volume
that allows the uniform and effective binding o thNA ®2) The chaotropic agents
also have some disadvantages, like it has the itgp@ac degenerate the DNA
fragments. Hence, to avoid the use of chaotropentsy amino groups are added
into the mesoporous silica magnetic NPs which tesal much higher and more
efficient DNA binding capability>®. The mesoporous silica-coated magnetic NPs
havean equilibrium adsorption time of 10 hoursdscab DNA®?. Some positively
charged polymers such as polyaniline, polyanilihgesan, and polyethyleneimine
have been used to shorten the equilibrium adsarpiine of the DNA®>¢5") An
experiment shows that the polyaniline-modifiedFe0O; magnetic NPs shows an
equilibrium adsorption time of only 10mirf’. Some magnetic NPs have also been
developed which have high adsorption capacity dmattsequilibrium adsorption
time to produce high-yield DNA from various biologl samples®®. It is also
found that MSPE can also extract DNA from decomgosamples such as
waterlogged bones in drowning ca$8% samples which is found in PCR inhibitor
containing substrate like blood in soil with hungicid ®°" etc. Hence it can be
concluded that MSPE can be used in various forelasioratories to extract the
DNA from various types of biological samples fouatch crime scene.
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» Mixture of Céll: In cases of sexual assault such as rape, thegimalosample
which is collected will be a mixture of the femae&/aginal secretion and the male’s
semen. The semen is found ata low level as comgaréte vaginal secretion. In
order to perform the genotyping of the semen santb&following three steps are
done.(i) Separation of sperm cells from the mixwirepithelial cells of vagina and
semen before extraction, (ii) Selection of genetiarker during PCR, and (iii)
Analysis of result after DNA typing from the sampleo separate the sperm cells
from the vaginal epithelial cells, Magnetic ActigdtCell Sorting (MACS) based on
MPSE is used. In an experiment, Anslinger et alupted the angiotensin-
converting enzyme (ACE) antibodies with MagneticsN#® using the Pan Mouse
lgG antibody as a coupling brid§®. These monoclonal antibodies show high anti-
sperm specificity towards ACE, hence it can be ueexkparate the sperm from the
mixture. This method is only suitable for enoughamfity of sperm containing
flagella which have the presence of ACE. This @ga problem as the older
vaginal swabs usually lack flagella. Therefore,etial stated that magnetic NPs
coupled with antibodies against motile sperm dorcaintaining protein 3
(MOSPD3) can efficiently extract the DNA from thpesm cells (older with no
flagella) as it is found that MOSPD3 is most abumida sperm head and net&.

To make this process more efficient, Zhao et alatantly immobilized anti-sperm
adhesion molecule 1 (SPAM1) onto Magnetic NPs. SBAMhich is a
hyaluronidase presented on the head of sp&fimin the case of gang rape, a
mixture of semen is found having various spermscéience individualization will

be a difficult task. Xu et al. utilized Magnetic Ni®und, A-kinase anchor protein 3
(AKAP3) antibodies to extract different sperm cgltesent in the vaginal fluid. He
then used ABO blood-type antigen antibodies basedflowv cytometry to extract
sperm cells of individual malé®®. This sorting strategy based on ABO has also a
limitation that the sperm cells from the same secyeABO can'’t be isolated.

» Diatoms: Diatom is a widely occurring algae found in wabedies, are the cells of
great interest in forensic science. Diatoms arel useases of drowning, mainly to
find out the antemortem or postmortem death. Thireai.e., antemortem or
postmortem can be found out from the diatoms pteisethe cadaveric tissues of
the corpsé®®. The cell wall and frustule of the diatom is mageof silica which
shows a high DNA binding property in the presenéelmotropic agents. In a
recent experiment@DNA-coated Magnetic NPs were applied as sorbents to
separate diatoms from foreign impurities comingrfrmoutine acid digested tissue
©%. The presence of diatoms can be visually seeneimricroscope.

e Examination of Creatininein Urine: Creatinine is a metabolic biproduct of kidney
which acts as an indicator for renal functions. Theatinine is produced continuously
in the kidney and is excreted into the urine bymgoulus®®. The levels of creatinine
in indicated by glomerular filtration rate (GFR)dathe normal GFR range is 90-120
mL /min. Patients of kidney related disease hav® @&nhge of 15ml /mif®”. The
creatinine level of the urine sample can help ugtowith the creatinine level of the
suspect by measuring the quantity of creatiningioda conventional methods such
as Jaffe’s color test for creatinine, high-perfonee liquid chromatography (HPLC),
liquid chromatography-tandem mass spectrometry U8~MS), enzymatic-based
sensing, and nonenzymatic electro-chemical-basesirggare used for the detection
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of creatinine. In Jaffe’s test, oxidation reacttakes place in the presence of picric
acid, which forms a coloured compound of creatinmerate. LC-MS/ MS uses
stable isotope dilution to detect the presence refatmine. These conventional
methods are time consuming and is not efficientacwlrate. In some cases, sodium
dodecyl sulphate was added to remove the bilirfioim the urine sample to remove
the interferencé®. To overcome these, the nonenzymatic electroctemiethods
are used. polyethyleneimine with phosphor tungsticc multilayer modified
electrode is used which shows much more accurstit fier the creatinin€).

Examination of Blood Samples: Blood is the most common and crucial biological
evidence found at any crime scene and the anabydidood stains found in any crime
scene is a great source of information for therfsieexaminer§®. The prime role after
finding any stain at any crime scene is to confih@ stain as blood. This requires some
physical examination followed by presumptive teS§sme presumptive tests of blood
include Kastle Mayer test, Tetramethyl Benzidinst tetc. These are the colour tests
which is based upon the oxidation reaction catalygehe heme molecule. These tests
usehazardous chemicals. At almost every crime scivestigator get very limited
amount of blood hence, Investigator have to relgrughose techniques which requires
very less amount of sample and is non-destrucéigkrtique. Apart that, technique should
be more specific, rapid, highly sensitive, alongthwiportable, and easy-to-use
instrumentation.

For the identification of human body fluids (mainbhood) present in trace
amount at any crime scene in dried form, a recesilyeloped very effective technique
used is Surface enhanced Raman spectroscopy (SEHRSyhich Au and Ag
nanostructured substrates excitation done at 785nrRecently, developed SERS
confirmatory identification technique can detea tiried blood upto 105 times dilution
by using Au-NPs substrates. The SERS spectral taasbe observed within a minute
due to the presence of heme prosthetic group ahdleenoglobin protein by this method.
In this process, acetic acid is used as it haslil¢y to denature the haemoglobin and it
allows the heme moiety to absorb into the metafaser efficiently. There will be a
completely different spectra if we will use Ag ifape of Au metal as the charge transfer
characters will change upon change in the &al

To differentiation between the menstrual blood vilile peripheral blood is a
cumbersome and challenging on evidence analysis.CHm be overcome by SERS using
Au NPs substrates, which will give different typé spectra lines for menstrual and
peripheral blood. This can be examined by obsertliegspectral lines and compare it
with the statistical data to achieve a successasisification'”.

e Examination of Uric Acid in Blood Serum and Urine: Uric Acid (UA) is an
important biomolecule which is produced as a resfufiinal product of degradation of
purines nucleotides, which is found in blood semmd urineé’?. The amount of UA
is the marker for various diseases such as hypermira, renal disease, gout etc.
There are various methods for the examination of Bdch as fluorescence
spectroscopy, capillary electrophoresis, high perémce liquid chromatography and
bienzymatic colorimetry. These methods are higklyusate and sensitive but also has
various drawbacks. They require various types ahmlex equipment’'s, sample
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preparation, and takes very long time for the aialyrhe cost of these equipment is
very high and cannot be used for on-site analysis.

To overcome these drawbacks, electrochemical sgnisinused for the
analysis of UA. The electrochemical sensing is $&njnexpensive, fast, highly
sensitive and suitable technique for on-site maimiep">"®. Various types of non-
enzymatic sensors are also developed that usesugdsipes of transitional metal NPs
such as Pd, Pt and Au as the catalytic matefidlsThese NPs have large surface
area, shows good conductivity and stability, haweals dimensional size and
excellent catalytic propertie€®. To increase the electrocatalytic performance and
sensitivity of sensors, the AuUNPs are used in tmalination with carbon NPs, such
as mesoporous carb8.

2. Significance of NPs in Explosive Evidences. Terrorism and mass destruction in the
society creates a feeling of terror in the citizehsny nation. The act of terrorism takes
place by using various kinds of explosives. In sooases, very less amount of
unexploded explosive or the contaminated samgieuisd. In these type of cases, use of
nanotechnology for the identification traces of lesjve materials can be dor®.
According to Pandya and Shukla 2018, Turmeric exdhcurcumin nanopartickdmsed,
which are highly selective, and ultrasensitive feszent probe is used to detect
Trinitrotoluene (TNT) up to 1nm level in aqueoususion. As these nanomaterials have
high surface area-to-volume ratio, these can bd tseletect the presence the traces of
explosive materials, explosive materials in vagoum etc.

To achieve this, nanomaterials-based sensors ack assthey are of low cost,
highlIsensitivity, low Iconsumption of power, and advanced stability. keséhtypes of
sensors, various nanomaterials and nanodevicesasuchnobots, electronic noses, nano-
mechanical devices, nanofabricated structures,tnbas, and nanowires are widely used.
The nano sensors can detect Research DepartmelosiggfRDX), TNT, DNT (2,4-
dinitrotoluene), Pentaerythritol tetranitrate (PBTAmMmonium nitrate and High Melting
Explosives (HMX). In 2014, Ma et al. states that,some cases, for the detection of
DNT, single-crystalline semiconductor CdS nano shakre used on a silver surface. The
detection of explosives can also be achieved byfaSer enhanced Raman
spectroscopy/scattering (SERS) using gold NPs mtbstvhich provides strong and
specific binding of molecules with the surface. Migoaromatic explosives shows great
affinity with gold NPs as the nitro group forms th&lentate chelate with the oxygen
atoms present in its surface. Hence, SERS is usedh& detection of nitroaromatic
explosives in the vapor forfiY. Triacetotriperoxide (TATP) is an explosive thatKs
nitro group, but can be detected using gold NPgaiiable temperatureé). The silver-
based NPs reduced on silica films can also be fasd¢tle detection of TNT, PETN, RDX
and TNB®. Luminescence based detection of the explosivetanbe is another method
for the detection of explosive found in any crincerse. This technique offers very highly
efficient detection of the explosive material undiew or zero background with high
power source. This test is usually performed t@ctethe presence of TNT and DNT. In
these techniques, the explosives are manufactuoethioing reporters’ dye or any
fluorescent dye, which has the highly luminescemroperty, but these dyes have various
drawback such as limited quantum vyield, high tdyjcstability and labelling efficiency.
To overcome these, use of NPs such as non-mettd| arel metal oxide NPs, QDs, NPs
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based on carbon, lanthanide doping and fluorestgst metal organic frameworks etc
has been initiated for the detection of exploéf\‘}é The figure 3 shows application of
NPs in explosive detection.

3. Significance of NPs in Arson Evidences: The Fire debris detection and analysis are
composite tasks in arson cases. This is a chalignggsk due to the very high
temperatures and high destruction caused due ¢m.af$is arson can be caused due to
presence of various accelerants like petrol, digsebsene, etc. These accelerators can be
found in the crime scene in the form of vapor, ésaon floor, door, roof, etc., or in any
container found at the crime scene. These firadves can be analyzed using passive
absorption and concentration of the vapors on dahrcand analysis by gas
chromatography.

The use of SERS for the characterization of gasamother ignitable liquids in
arson has been widely seé€¥. SERS is also used for the analysis of polycyatamatic
hydrocarbons (PAH$®. Besides that, is the use of cutting-edge narsedanalytical
tools for the process of detecting the arson agsmisoving to be very helpful in Forensic
investigations. The arson or the warfare agentsdaided in to two types based upon
their action in human body. These are Chemical avarbgents (CWA) and biological
warfare agents (BWA¥". Singh et al. gave a method to identify CWA usinagnetic
dispersive solid phase extraction (MDSPE) followey gas chromatography mass
spectroscopy analysf®. In this method, Iron Oxide (F®s) @ Poly (meth-acrylic acid-
co-ethylene glycol Di methacrylate) resin (Fe203@yRMAA-co-EGDMA)) is used as
a sorbent. This method is useful for offsite exation of CWA. In addition to this a
method has been developed by which Magnetic NP®xpmeEse mimetic based
colorimetric method®. R. Khak-Sarinejad suggested (Silicon Oxide)tli@,$nagnetic
NPs based biosensors can be used for the deteftible organophosphorus compounds
used as nerve agents (NA) and CWA Another method implies the use of Star-shaped
AgFeO2@Au/Ag NPs based SERS substrate which is fasetie detection of paraoxon
ethyl, which is a CWA molecul@®. Pal et al. gave a method of identification of BW#A
which he suggested the use of electrically actiw&)(magnetic NPs. This magnetically
active NPs work as a direct charge transfer biagetessdetecBacillus anthracis Sterne
endospore§?.

4. Significance of NPs In Gun Shot Residues. Gunshot residues (GSR) are those
particulate matter or residues that are found asbth productof firing. The GSR is a
residual discharge from a firearm and plays a vitdd¢ as evidence in investigations.
These GSRs can be organic or inorganic which caretavered from the hands of the
suspect, clothes, near the wound, in the crimeeseénn The GSR examination mainly
focuses on the quantitative detection of the hewmetals i.e., barium, lead, antimony etc.
and characterization is done which is carried gutising Scanning Electron Microscopy
(SEM) with Energy Dispersive Spectroscopy (EDS) SEM/EDS™ . There are various
conventional methods for the analysis of GSR wiéchases upon the detection of the
presence of nitrites and nitrates in the GSR. Tleseentional methods are not accurate
and is time consuming. Hence, NPs such as goldd¥®sised for the analysis of GSR
more accurately®. The ultra-sensitive nano sensors play an impbrtate in the
detection of the GSR as it exhibits the propertyigh surfaceareato-volume ratio and
guantum confinement. These ultra-sensitive nans@srcan sense up to micrograms of
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the samplé®). A recent development of electrochemical sensaset on the chemical
alteration of electrodes using Nobel atom partisiesh as platinum (Pt), gold (Au), silver
(Ag) and palladium (Pd) on the nano and microstalel is done. These atom increases
the active surface area and the electrocatalytapesties of the electrod€®. The
catalytic property of the palladium can also bea@ased by synthesizing the Pd in carbon
nanotubes, graphene and carbon microspheres. Tlhei@aOxide (CaO) NPs are also
used in the examination of GSR to determine whethershooting is done with the
intention to kill the person or is done as an ddetf-defence. The GSR analysis involves
the rearrangement of the GSR particles using HigfsoRition Scanning Electron
Microscopy (HR-SEM) image‘é’g). To determine the presence of chemicals in GSR X-
ray spectrometer in conjunction with a scanningted® microscope is used.

5. Significance of NPsin Analysisof Toxicological Evidences

* Examination of Illicit Drugs: lllicit drugs or prohibited drugs, especially natice
are a wide area of concern for forensic examinargha@se drugs are exported,
imported, or used without any legal permission. @hegs trafficking has increased at
an alarming rate hence, its examination is an itapbrand challenging task. There
are various color tests which are used for theimneary examination of drugs such
as Scott Test for Cocaine, Marque’s test for HexpiDilli kopenoys test for
barbiturates etc. These color tests are not accarat some color tests produces same
color for two different drugs. The confirmatory tesre based upon the instrumental
examinations which requires a lot of time and cooapéd instrumentation setup, the
use of magnetic NPs can overcome these drawbackgngrove or to modify the
detection technique of drugs, Sanli et al. has ldpeel a biosensor coated with
antibody functionalized magnetic NPs to detect theesence of synthetic
cannabinoids in the Urine sample. In this methduge iron oxide NPs are
manufactured by co precipitation method, and thée tmino groups are
functionalized by using 8ber's method. Then the immobilization of the
functionalizes magnetic NPs is done by monoclonét&2 antibody. This biosensor
works on the principle of differential pulse voltaratry technique with a potential
range from — 0.4 to +0.8 Volt. This method is widaked to detect the concentration
of cocaine in the urine. The pulse signals of thesdnsor will increase gradually
upon increase in the amount of cocaine in the saniliring the autopsy, the blood
sample should be collected and analysis of drudgisanhblood sample should be done
as in most of the cases, the drug is administergdvienously i.e., via the veins. In
some cases, such as chronic arson poisoning, thedmaples can give the best results
hence these should also be preserved. To idertdypresence of drugs in these
biological samples, Boojaria et al. uses saline ifreztimagnetic NPs to detect the
presence of morphine (mainly in hair sample). lis tihethod, he first removed the
contamination by treating the hair sample with tiobmethane and methanol
solvent. Then he divided and cut the hair in prafierension. In the final stage he
used methanol solvent for the digestion of the kample. The main principle of this
test is to perform the quantitative analysis of therphine by using magnetic NPs
based solid state extraction in association witiuiti chromatography technique
coupled with diode array detection. This methoo alstects the trace amount of drug
in the sample and quantify the morphitfé
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Shiri et al. gave another method of examination guantification in which
the magnetic NPs are used as efficient adsorbengsttact different drugs such as
Fenoprofen calcium (FPC), methocarbamol (MTC), almpam (CZP), and
ibuprofen (IFB) in magnetic dispersive solid-phasdraction (MDSPE). In this
method, the synthesized magnetic NPs were spreathset solution containing the
drug sample and later the magnetic NPs were sephiaging external magnetic
fields. The magnetic NPs were eluted using methandl the elution was analysed
using High-performance liquid chromatography (HPLQ)is technique will quantify
the drugs in human serum and uriff&%)

Another method involves the use of functionalizeBsNsuch as Graphene
oxide, CNT electrode$®? Au Nanoprobe§%) etc.which can differentiate very less
quantities of any drug as they show high electrezaiductivity and sensitivit{**?.
Semiconductor NPs and QDs have also been useddlutinescence-based detection
of the drugs as they are very stable and exhibatgtuorescence properties.

» Examination of Clinical Medicines. Clinical medicines or drugs are those medicines
which are used for various clinical purposes arg¢hmedicines are not prohibited by
the government. These medicines are also widelysai as people get addicted to it
as it gives them relief and pleasure. The high ges# these medicines can also be
fatal; hence a particular dose of each medicinebe®n decided before its launch.
These medicines have been misused by various \Bayse medicines are remade as
they are quite expensive. So various chemicalsadded which mimics the property
of that medicine but that medicine fails the autlo#ly and purity test and can be
highly dangerous. These types of medicines areibetrlly. Studies found that these
medicines are very prone to Hypotension and Synddpace, the detection of these
types of drugs will be a necessary task. To perftrentask, Magnetic NPs can be
widely used. These magnetic NPs have various ajgiec properties such as
dispersibility, large surface area, surface tunigtefc.

Botulinum neurotoxin (BoNT) is a type of toxin, which is dsas a clinical
medicine in BOTOX® and Dysport® cosmettt®). The overdose of these medicines
will cause a severe illness known as Botulism. Tedt the amount of these
medicines i.e., BONT types A, B, and E in blood|o®ret al. Multiplex lateral flow
(LF) assay'®. In this method, Magnetic NPs-antibody (AB) corgjtayis used. This
assay is based on the sandwich mechanism of l|dtevalin which the sample is
loaded into sample well and migration of the samplkes place according to the
capillary action. Due to the capillary action themgple comes in contact with the
magnetic NPs-AB conjugate. If the target antigeh ne present in the sample, then
the antigen will bind with NPs-AB conjugate and wap the AB present on the test
line. These testing are done in LF test strips.r@fage 3 test strips for A, B and E
type 1. The magnetic NPs can facilitate the quantitatieeection of abuse clinical
drugs. Hence magnetic NPs should be used in tleasar drug detection.

6. Significance of NPsin Questioned Document Examination: Questioned documents are
those documents whose authenticity is under questifront of law. The examination of
the gquestioned document is an important task feraihestioned document examiner to
prove its authenticity for judicial purposes.Advadc techniques such as
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fluorescent/optical inks, security fibres, and plagites have also been developed to
prevent counterfeiting®. These methods are although accurate at some tavestill
compromised to prevent losses and counterfeitimg ghosphorous used in fluorescent
techniqgues have a disadvantage i.e., its size delirease rapidly while the process
undergoes. Hence it will affect its luminescencepprty. Therefore, these methods are
not much effective and it reduces the securityuieagefficiency*°®. To overcome the
limitations, Photonic crystals (PC) are develoféd. The PC are the periodic dielectric
structure which forms the photon energy band andwal the propagation of
Electromagnetic waves having specific frequertty*® The magnetic PCs show
photonic properties which are produced due to thbezsiment of magnetic NPs in the
building block§'*®. Ge et al. prepared polyacrylate-capped supergayaetic magnetite
(Fe304) colloidal nanocrystal clusters (CNCs) witimeable stop bands covering the
entire visible spectrum having rapid and fully nesiele optical response within 200 Ms
after application of the magnetic fieftt®. Further Kim et al. worked on ma netically
tuneable and lithographically fixable PC to prodsteictural color printind**®. This
method shows the use of a single M-ink containingaesembly of super magnetic CNC
in the polymer synthesized from poly (ethylene glydiacrylate (PEG-DA) and 2,2-
dimethoxy-2-phenyl acetophenone as a photo initikdoproduce a variety of multi-
coloured structural patterns. These M-ink can bedus currency notes, control the
forgery of sensitive documents, and produce a ward art materials with unique
patterns. Another counterfeiting ink has also béeweloped which uses spirogyra into
copolymer latex nanoparticles chemically based oethgi methacrylate and butyl
acrylate by the method of semi-continuous mini esiompolymerization. By this a high
security, invisible ink has been created which banused in the important documents
such as passports, certificates as well as in batés as anticounterfeiting ink. When
these documents are exposed under UV radiation sth@v photochromism i.e., changes
its colour from colourless to purple and shows ftedrescencé™®.For the detection of
inks is based upon Surface Assisted Laser Desaffinzation Mass Spectroscopy
(SALDI-MS) in which carbon NPs, Metallic NPs, anidicoen NPs have been utilized.
This helps in the detection of inks and visible slyen bank notes and question
documents. It also helps in the identification i strokes for tracing forgery and other
alterations™*®. Another microscopy technique is atomic force wscopy which is also
used for the identification of the sequence of gieakes, amplitude and phase change of
ink on paper, ink crossing efc¢”).

In a study, nitrogen-doped CDs (N-CDs) has excelteermal 100 degrees
Celsius and no loss in its fluorescence and phaldgy performance, shows illumination
in UV and visible region, has high quantum yield. &the fluorescence property of the N-
CDs will gradually increase upon an increase inperature. The N-CDs are widely used
as an invisible ink for imprinting the secret infaation in any document to prevent it
from counterfeiting™'®. For the purpose of visualization of these CDariy document,
Polyvinyl alcohol (PVA) is used. The N-CDs/PVA coleyp composite film gives a bright
blue fluorescence when observed under UV radia#dso, it shows 90% transmittance
in the visible region. Fernandes et. al demongdrtte use of carbogenically coated silica
NPs (C-SiQ) for the purpose of nano tagging to mark and anitba&te products. The C-
SiO, is used for the process for solvent evaporationwimich the C-SiQ aggregates
spontaneously and generates nonduplicable photoksoént motives. When tagging
with C-SiG, will be done in any document, it will show highgtlee of fluorescence when
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observed under UV light!®. Under the examination of the questioned documtéet,
foremost important task is the analysis of ink pren the questioned document. There
are mainly three pen ink groups i.e., Fountain penish use water based liquid ink, Ball
point pen which use viscous oil-based inks and dRdiall pens or gel pens which use
water-based liquid or gel ink. On the other haratjous types of printer inks include
Toner based printers, Liquid inkjet printers, Sohé# printers, Dye sublimation printers,
Inkless printers, etc. For the analysis of inkgjouss types of chromatography methods
such as Thin Layer Chromatography and various spgipic methods are used. These
methods are destructive methods, which damagedottienent and are not accurate. The
analysis of ink in the questioned document is dan&vo phases, (i)determining the age
of the document by performing dating of the ink) {ne analysis of ink composition to
identify the ink or compare the ink and its strak&s the ink contains various volatile
compounds i.e., solvents, which are volatile irurawill start evaporating after applied.
Other components such as dyes, resins etc. witl dggomposing and polymerizing and
the strokes becomes harder over ti#®. Nanotechnology and NPs plays an important
role in the dating of the document and the exanunaif the age of ink. Various types of
NPs are used in the ink formation, mainly in théoants or the pigments of the ink,
which helps in the identification and the age dateation of the ink. The examination of
ink is mainly based on chromatographic examinationthe ink consisting the NPs can’t
be determined by chromatography. Hence to estithat@ge of the ink containing NPs,
SEM-EDX is the most reliable technique for the analysis**Y. Besides the commonly
used security features such as watermarks, fluenescks, security fibres, optical inks,
holograms etc. various NPs such as ;Ji@aCQ and BaSQ@ various QDs and
fluorescent NPs are commonly used in the form léré and pigments in the papers.
These can also use in the estimation of age ofltdtseiment depending upon the time
when they introduced??.

For the determination of ink strokes, Atomic Fokéieroscopy (AFM) works at
nanoscale level to analyse the interconnectionthadtrossing over of inks by scanning
the strokes. The AFM is designed to use the fofcelements between the cantilever
probe and the surface of the sample and then me#sershape of the surfacé®. The
AFM can determine the chronological order of thiatpng of ink on the surface, without
any damage. The AFM technique uses Diamond NPlewetifor the process of nano
indentation in which pressure is applied and theliess of the surface is measured,
hence the area and the depth of the ink deposgi@xamined. The AFM produces 3D
images of the examined surface. To identify anyllohforgery and alteration, scientists
have developed Solvent free gold NPs assisted LBld@proach to detect the image of
dyes and inks. SALDI-MS i.e., surface assisted rlagesorption/ionization- mass
spectroscopy can also be used with the help ofljreztebon, and silicon nanostructures
for the Questioned document examinatidf’. To detect the counterfeiting, various
barcodes are used which are used to label, trackaathenticate goods or packages but
these barcodes are facing increasing challengégiof falsified, altered and damaged.
These barcodes face various limitations such asigdlydamage, the size of materials
which are added to form the barcode etc. To oveectimase challenges, nano barcodes
are used as they have intelligent properties apticaions“". In a recent study, Kim et
al. describes about the NPs based barcode whichatepevia SERS'. The Ag
deposited F®3; NPs were salinized to form Ag- & Raman markers. Ag- F@s
barcodes can be formed to prevent counterfeitind) ikicit activities. Another type of
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barcode utilizes CoFe/Au nano barcodes which arfericiaed using one bath
electrodepositioft*®).

Other modern technique such as surface plasmonagrse (SPR) methods and
fluorometric methods which involves the use of fescent NPs and QDs for the
detection of the counterfeit materi&l&>. Various types of lanthanides doped luminescent
NPs, semiconductors, CDs and QDs are used to peodargous types of security inks
which are used in the documefifs.

7. Nano-Sensors asnd Nano-Trackers Used n Forensic I nviestigation: Nano-trackers are
the devices which are incorporated into the goadgems to prevent it from being stolen.
These nano-trackers generates nano codes due ¢b whiecame possible to track the
evidences The nano-sensors uses carbon, graphde,besed QDs due to their unique
optoelectronic property, less toxicity and availiépifor preparation®®”. The commonly
used nano-sensor which is made up of novel Mn d@uedl QDs, mainly helps in the
detection of Cocaine and its derivatives from dhaid and serum®®®. Detection of
various poisons like Hydrogen sulfide can be dosiagicarbon QDs sensors, Cyanide
ions using graphene QDs sens8fS™3Y) various volatile poisons such as methanol,
ethanol, acetone, formaldehyde etc. can be detestiead CdTe QDs sensors Ammonia
gas can also be detected using PbS QDs angriEifin-tube$®?. Another method is the
use of peptide based physical taggants which isipaly marked into the object. These
taggants will get transferred into the suspectegeabband upon analysis shows
fluorescence. These taggants can also be recofreradhe criminal or the person who is
involved in the crime who comes in contact with thggant articlé®*?. Nano-taggants
are also used in the detection of explosive substgmsuch and dynamite, PETN, etc.
These taggants are isotropic tagggants which isapeepfor the unique identification of
the isotopes of various explosiVé¥’. Nano-trackers now-a-days are kept inside the body
of the prisoner, so that if he will try to escapeerforms any kind of illegal activity after
release from jail, then the policemen are ablestepkan eye upon the crimin&i&,

8. Use of NPsin Fingerprint Identification: Fingerprints (FPs) are the prints produced by
the surface of the fingers on any surface whiche®m contact with it. FPs are the most
commonly found trace evidence in the crime scenilwban become crucial evidence
for the identification and individualization of theriminal. FPs are formed by the
accumulation of salt and amino acids which areasad via the sweat pores. Analysis of
these FPs becomes a vital task in the crime scerestigation. FPs can be found on
either porous or non-porous surface. Porous suifadades paper, cardboard, sponge
etc. and non-porous surface includes wood, tilesr,dvall etc. FPs can be of two types
i.e., Latent prints, which cannot be seen by nakges and patent prints which can be
visualized by naked eyé&$®). Hence visualization of latent prints becomesfficdit task
for the forensic examiners. There are various cotiweal methods for visualization of
the FPs such as lodine fuming method, Ninhydrinho@t super glue fuming method,
and various other physical developer methods. &tent prints can also be visualized by
some physical methods such as applying variousstygepowders such as charcoal
powder, metallic powder etc. The basis of thesenited reactions is the adherence of the
powder and other chemicals upon the FPs but theserials have their own drawbacks.
The major drawback is the visibility of the FPs alhidecreases when the time passes.
Also, the size of the granules of powders are bigugh that it cannot stick properly to
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the FPs ad the surface and the prints looks sanmkeabackground. Other risk is the
contamination of the latent prints with the powdéf. Hence decipherment of the FPs
becomes a difficult task. To overcome all thesevbieecks, various types of NPs are used
for the visualization of latent FPs. These NPsvary small in size, higher surface area,
highly sensitive and gives a great contrast with [itent prints. The small size of these
NPs has a great advantage as it can bind with theteridges present in the FPs and can
produce a clear, superior image of the ridge detalbng with the sweat pores as
compared to the conventional methods used for st@n of the FP§3®). At the end of
the year 1980s, Saunders used gold (Au) NPs fovitumlization of latent FP$*. The

Au NPs are inert and the FPs developed by Au NR$esstored for longer duratiéi®.
The Au NPs have also an advantage over the comwahtichemical methods. The
chemical methods fail to visualize those types B fn which the salt and amino acid
content are present in very less amount, hence tNegar Reversed Fingerprinting is
done using the Au NPs. In this method, the reaatimurs between the ridges of the FPs
(and not on the ridges of the FPs), which is dopeising Au NPs followed by silver
precipitation**?. The Au NPs are suspended in petroleum ether,haditheres to the
surface of the sweat residues through hydrophattéraction. Upon development using
silver precipitation, a dark impression of ridgeadle is produced which is clearly visible
through naked eyed'*?. Other NPs such as cadmium selenide/ zinc sulphide
nanoparticles (CdSe/ZnS NPs) are also used fod#tection of latent prints in non-
porous surface. These NPs gives fluorescence Wwhdeadiation.

Another NPs such as Si NPs are also used for thelamment of latent FPs.
These NPs are functionalized using organosilanédscanjugated by fluorescent dyes,
which gives best result in development of lateimtpi**®. With the further advancement
in the nanotechnology, QDs are also highlightedtieir special optical properties for the
development latent FPs. Mainly used QDs are Cadnsuiphide, cadmium telluride and
cadmium selenide. This cadmium based QDs are uged the conventional powder
methods, but later, it is found out that these QiDs toxic in nature. Hence, in the
replacement of this Cadmium based QDs, Zinc QDsuseel and it is proven to be less
toxic and more reliabl&*?. In a study, Wang et al. utilized magnetic NPsl&ent FPs
detection. The researchers used iron oxide maghN&& which are fabricated using co
precipitation method and then coated with siliche§e NPs are then combined with
CdTe QDs for better results and visualization.

The researchers took FPs on various surface angbarenh the visualization
power of the conventional powders with the magnkifts. The combined magnetic NPs
shows good magnetic as well as fluorescence proper to the presence of iron oxide
magnetic NPs. These NPs can visualize clear, padimaged as well as damaged FPs
with detailed feature§*®. In another research, Huang et al. uses a sirdacept of
combining the magnetic and fluorescent propertiefNBs to detect latent prints. He
combined platinum nanoclusters (negatively chargedih FeO, magnetic NPs
(positively charged) which is synthesized from @Gthione, which is a reducing and
protective agent and Polyethyleneimine which is adification agent. The combined
particle is then named as Fe304@GSH-Pt Nanoclusteesshell microsphere powder.
When this powder is brushed upon the latent prnted coloured fluorescence is
observed under the excitation of 465nm wavelengtie main principle behind this
powder detection is based on two aspects, firshaselectrostatic adsorption of J&r
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with grease, sweat and other compounds and sesdhd amino acid present in the FPs
based on the empty orbital structure of GSH-Pt olarsters**®. This powder has more
potential than other powders and can show goodasintut the demerit of this powder
is that this cannot be used in the case of oldigridence to overcome this challenge,
Chen et al. synthesized surface-modified MNPs. Hpared F¢, superparamagnetic
NPs which are coated with polyethyleneimine. THeE&Fe304 NPs gives better results
and it overcomes the challenge as it can also fasejed FPs. Hence, PEI-Fe304 NPs is
highly reliable and recommendable NPs which camde in future for the purpose of
FPs detectiod**”. Further, other methods are developed to detecipthesence of old
latent FPs. One of the methods include formatiomagnetic NPs which are prepared by
coating GSH-Au nanoclusters NPs over Fe304-PEI tdRxibtain a core-shell structure,
which was called Fe304@GSH-Au Nanoclusters. Thobrigjue has the same principle
as Fe304@GSH-Pt Nanoclusters but it is more reliabd can visualize latent prints up
to 21 days on various surfaceé®). In the case of bloodied FPs, QDs are functiorelliz
with up conversion NPs made from lanthanide doped earth metals such as NaYF4:
Yb, Er, up conversion nanomaterials. These NPs shgivong fluorescence and is less
toxic 9. Song K et al. has explained a method for thectiete of latent prints on the
multicoloured surface. He used poly (styrene-altemsa anhydride)-b-polystyrene
(PSMA-b-PS) functionalized gold NPs and done catetric imaging and photo acoustic
imaging of the latent FP¥?. Besides the various types of NPs, CDs are aldelywiused

in the development of latent FPs due to their lyighiorescence property. Fernandes et al
in his research shows that when 0.7 wt. % of CDsadsrporated into silica matrix, then
it shows highly detailed and colour tuneable ridgaracteristics. These CDs are prepared
by thermal treatment of citric acid monohydrate atithnolamine, followed by dialysis
against watef**Y. An instrumental method is also developed for isialization of
latent FPs. This method is known as micro-X-raypifescence method. This method has
several advantages and the major advantage isthigtmethod is non-destructive.
Another advantage is that adulterations and eraves reduced as spot detection is
possible in this method*®®. The below mentioned TABLE 4 shows the various
applications and properties of NPs in the fieldFofensic science.

Table 4: Application of NPsin Forensic Science !9

S Branches of Forensic
' forensic Uses of NPs o Properties
No. . significance
science
1. | Forensic Magnetic NPs Separation of Non-toxic, easy separation,
biology and| such as iron oxidenucleic acidg time consuming process,
serology NPs, mesoporoussuch as DNA requires no sample
silica-based NPs. | and RNA. processing etc.
aDNA-coated To separatg¢ aDNA-coated Magnetic NP5
Magnetic NPs diatoms. shows high silica binding

property in the presence pf
chaotropic agents.

polyethyleneimingl To detect the Shows more accurate results
with phosphor presence of than Jaffe’s colour test.
tungstic-acid creatinine in
multilayer urine.
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modified electrode

Au and Ag-NPs Examination| Unique optical properties.
of blood

Electrochemical | Examination | Large surface area, shows

sensors made upof uric acid in| good conductivity  and

of Pd, Pt and Au blood serum stability, have small

NPs. Au NPs areand urine. dimensional size and

also used in excellent catalytic properties

combination with

Carbon based

NPs.

2. | Forensic Nano-sensors, Detection of| low cost, highisensitivity,
Chemistry semiconductor explosive low I consumption of power,

CdS nano slabs,materials. advanced stability),

Au NPs, CDs etc. fluorescence properties etc.

FeO; @ Poly| Detection off FeOsresins acts as sorbent]

(meth-acrylic arson

acid-co-ethylene | materials.

glycol Di

methacrylate)

resin, SiQ-

magnetic NPs

based biosensofs

etc.

3. | Forensic Au NPs based Examination | Ultra-sensitive, high
Ballistics nano-sensors, of Gun Shot surfacelareatol lvolume
carbon nanot Residue ratio and quantum
tubes, CaO NPs(GSR) confinement.

etc.

4. | Forensic Iron oxide NPs] Examination | Can detect drugs in trage
Toxicology various magnetic of illicit | levels.

NPs, drugs.

functionalized

NPs such as

Graphene oxide,

CNT electrodes

Au  Nanoprobes

etc.

Magnetic NPs. Examination Dispersibility, large surface
of clinical | area, surface tunability etc.
medicines

5. | Forensic Photonic crystals Used for| PC allows the propagation of
Documents | (PC), guestion Electromagnetic waves
examination | superparamagneticdocuments | having specific frequency.

magnetite (FgD,) | analysis

colloidal
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nanocrystal
clusters (CNCs)
Copolymer latex Anti- Photochromism, excellent
nanoparticles counterfeiting| thermal and photostability
chemically based Ink, invisible| performance, shows
on methyl| ink illumination in UV and
methacrylate and visible region, has high
butyl acrylate; guantum vyield
Nitrogen  doped
CDs
Counterfeiting| Ag deposited To detect| Shows high saturation
detection FeOs; NPs, Co, counterfeit magnetization.
Fe/Au nano goods  andg
barcodes. other
products.

7. | Fingerprinting]l Au NPs, Si NPs, Detection off Adherence and fluorescence
QDs, latent properties, can detect very
Fe304@GSH-Pt | fingerprints. | trace number of prints etc.
Nanoclusters core
shell microsphere
powder.
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