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Abstract:

In most fields, including health, imaging, and forensic sciences, nanotechnology is a significant and
potent tool. It is quickly expanding and has potential in a number of areas, including industries,
physical science, and medical care. ZnO nanoparticles has potential in advance forensic science and
aid in crime detection. Advanced art analytical techniques can be used in characterization of ZnO
nanoparticles, such as High-performance liquid chromatography (HPLC), X-ray diffraction
spectroscopy, and SEM. Nanotechnology forensic investigations include questioned documents, in
estimating the time of death and age of blood. Moreover, nanomaterials can be used for forensic
inquiry, such as quantum dots, which can be employed as luminous materials for security features in
official and private documents. Therefore, the purpose of this study was to introduce and explain the

application of ZnO in forensic science as well as the equipment needed to conduct nano-analysis.
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(Smijs, Galli, & van Asten, 2016). The unique
characteristics of nanomaterial aid in the
discovery and gathering of crucial data that
was previously impossible to get. ZnO
nanoparticles can be used in explosives
detection, DNA extraction from fingerprint or
palm print are a few cutting-edge techniques
that make it easier to provide concrete
evidence in a court of law. Therefore, an effort
has been made in this work to highlight the
novel viewpoint or notion of nanotechnology
with its applications in several forensic science
areas, i.e., nano-forensics.

Nanotechnology

Nanoparticles are the cornerstone of nanotech-
nology. Nanoparticles range in size from
1to100nm. Different kinds of nanoparticles,
including inorganic, organic, ceramic, and
carbon-based nanoparticles are important
(Kausar, 2020). The top-down strategy and
bottom-up approach are two methods used to
create the nanoparticles (Ijaz, Gilani, Nazir, &
Bukhari, 2020).

Synthesis of Zinc oxide nanoparticles

The two major kinds of ZnO nanoparticle
synthesis methods are the bottom-up and
top-down approaches. Based on the types of
processes involved, the top-down method can
be split into 2 broad classes, physical and
chemical. Physical Top-down technique
encompasses the standard method of metallur-
gy. The metallurgical synthesis of ZnO
nanoparticles is classified into 2 types. The
first one is the direct process in which any ore
of zinc heated with anthracite for the reduction
of zinc .It is followed by the zinc vapour oxida-
tion. It then leads to the ZnO powder forma-
tion, It is then followed by indirect(-

French)process,where the metallic zinc

melts,then vaporization at approximately
9109¢C to give ZnO nanoparticles takes place
(Jamkhande, Ghule, Bamer, & Kalaskar,
2019).

Mechanochemical (or mechanical attrition)
production of ZnO nanoparticles is one of the
chemical top-down approaches. Figure 3
depicts the usual fabrication process of ZnO
nanoparticles using this process. In this
process, sodium carbonate(Na2CO3) and zinc
chloride(ZnCl12) are ground in enormous ball
mills. Ground (NaCl), a solvent, function is to
provide the reaction media,separating the
resulted reaction mixture.The mixture is then
heated between 170 and 380 degrees Celsius to
obtain powdered ZnO.Although the mechano-
chemical process is a cheap way to create large
amounts of ZnO nanoparticles.It may take
some time to uniformly grind zinc oxide
powder and reduce granules to the necessary

size resulting in extended millingtime (Otis,
Ejgenberg, & Mastai, 2021).

Bottom up approach includes the green synthe-
sis. With the advent of green chemistry and
scientists all over the world are introducing
green synthesis techniques to produce
nanoparticles. This technique of synthesis does
not include the use of chemicals that are toxic,

but rather environmentally beneficial resourc-
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es such as plant parts with biomedical applica-
tions (flowers, leaves, roots, etc.) and microbes
(fungi, algae, bacteria) (Bandeira, Giovanela,
Roesch-Ely, Devine, & da Silva Crespo, 2020).
Unlike the chemical technique, this method of
synthesis also regulates the creation of hazard-
ous byproducts. In addition to being safe, the
advantages of this method over others include
cost-effectiveness and manufacturing of impu-
rity-free nanoparticles (Basnet,Chanu,Saman-
ta,&Chatterjee,2018).

ZnO nanostructures can be created using an
environmentally friendly method. Natural
materials include phytochemicals that serve as
both capping and reducing agents, such as
polyphenols and terpenoids. The polyphenols
(or other phytochemicals) and zinc ions in the
solution of the natural extract combine to
generate Zn+2, which is a compound. Follow-
ing this, zinc is hydrolyzed to produce zinc
hydroxide (Zn(OH)2), and following calcina-
tions, the complex disintegrates, and aid in the
production of ZnO nanostructures (Sana et al.,
2020).

Fig: Green method for ZnO nanoparticles
synthesis

Characterization of ZnO Nanoparticles:
Two important characteristics that may be
considered important are size and structure of
ZnO nanoparticles. Additionally, the particle
sizes, surface characteristics and amount of
agglomeration may be determined. The
common techniques of characterizing ZnO
nanoparticles are UV—visible spectrophotome-
try. Utilizing UV-visible spectrophotometry,
distinctive peaks at different absorptions can
be observed showing formation of metallic
nanoparticles are formed from their respective
metallic salts (Noruzi, 2015). Fourier trans-
form infrared spectroscopy (FTIR) is also an
important characterizing technique which can
effectively analyze the type of the functional
groups and their role during bioreduction. To
learn more about the functional groups
involved for bioreduction, the FTIR spectra of
fabricated nanoparticles and virgin plant
biomass/extract can typically be compared.
(Srinivasan et al., 2019). X-ray diffraction
(XRD) is used to study structural data concern-
ing crystalline metallic nanoparticles. The
powerful X-rays may penetrate into materials
deeply and provide details about their bulk
structure (Patil, Ryu, & Kim, 2018). The
topography and morphology of the nanoparti-
cles may be learned using scanning electron
microscopy.Energy dispersive X-ray spectros-
copy may be used to figure out the elemental
composition of metallic nanoparticles. Each
element has a distinct atomic structure that
results in a distinctive collection of peaks on its
X-ray spectrum. This allows the elements to be
characterized (Thakur et al., 2022).
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Fig : Characterization of ZnO nanoparticles

2. Applications Of ZnO NPs

Fingerprints Analysis

Fingerprints are regarded as crucial evidence at
scene of the crime since they serve as signifi-
cant physical evidence and may be used to
positively identify a suspect. The traditional
techniques for developing fingermarks
occasionally have drawbacks such limited
contrast, low selectivity, strong background
interference, and toxicity. (Kesarwani, Parihar,
Sankhla, & Kumar, 2020). ZnO is a great mate-
rial because of its broad bandgap (3.37 eV),
high excitation binding energy (60 meV),
which allows it to transition at room tempera-
ture, and additional adhesive property, which
facilitates fingerprint residue interaction with
lipids and proteins at ambient temperature. In
the form of nanopowder, ZnO nanoparticles
were employed to generate aged, LFPs on
non-porous surfaces (Deepthi et al., 2018)ZnO

nano-powders (20 nm) have recently been

discovered by Sydney University researchers
to spontaneously glow in UV light when
exposed to moisture, in addition to producing
clear prints. When lit by long-wave UV light,
ZnO nanostructure provides a fine fluorescent
image of the LFPs. A team of researchers
discovered unique ZnO-SiO, nano-powder for
the detection of latent fingerprints on diverse
surfaces. This nanopowder is extremely effec-
tive in visualising the finger ridge in great
detail, which is crucial for criminologists
(Lodha et al., 2016).

Fig: Finger print analysis by ZnO NPsDNA
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Analysis

The advancement and improvement of DNA
analysis looks to be the most promising use of
nanotechnology. DNA may now be extracted,
amplified, separated, and sequenced more
quickly and conveniently by use of nanotech-
nology. In addition to revealing the physical
characteristics of the owner of the DNA, such
as gender, age, the colour of the hair, eyes, and
skin, among other things. Nanotechnology is
also assisting the detectives in determining the
origin of DNA. It does not matter whether the
DNA lifted from the crime scene came from
saliva, blood skin,s emen, etc. DNA is now
extracted from several biological sources,
including blood, hair, skin, semen, and saliva,
using magnetic nanoparticles. By placing the
sample in a carbon nanotube, it is now also
able to analyse DNA sequence using AFM
(Prasad, Lukose, & Prasad, 2016).

Biosensors

ZnO nanoparticles might be interesting materi-
als for forensic applications as biosensors
might be due to their luminescent characteris-
tics, electrocatalytic activity, and excellent
performance towards latent fingerprints detec-

tion (Naik et al., 2021).

Explosives Detection

Due to several circumstances, detecting explo-
sives is the major problem for law enforcement
authorities worldwide. These factors includes
the various compounds that have a potential to
explode, andthe absence of inexpensive
sensors with simultaneous high selectivity and
sensitivity. In order to defeat explosives-based
terrorism, high sensitivity along with the
ability to reduce the costs of sensor production
and deployment, are essential (Bhatt, Pandey,
&  Mustansar

Tharmavaram, Rawtani,

Hussain, 2020). In addition, various nanosen-
sor devices, including electronic noses,
nano-curcumin based probes, lasing plasmon
nanocavities, nanowire/nanotube, and
nano-mechanical concepts, are used to create
workable technological platforms for trace
explosive detection (Prasad et al., 2016).
Nanotechnology plays a significant role in the
study of nerve agents and trace explosives (To,

Ben-Jaber, & Parkin, 2020).

3. Conclusion

Applications of nanotechnology for the detec-
tion of explosives or dangerous compounds
relates to stability, sampling, and accurate
calibration. The most promising strategy for
the development of  advanced solutions
appears to be the combination of modern nano
sensors with traditional detection
platforms.The review paper makes evident the
possible applications of nanotechnology, such
as fingerprint enhancement, DNA fingerprint-
ing and explosive detection. The different
branches of forensic science ,fingerprint
enhancement, crime scene investigation,
ballistics, and forensic toxicology, will under-
go radical change as a result of this technology.
For a successful transition from the lab to the
real world of tomorrow, it will be important to

take into consideration certain patterns.
4. References

1. Ansari, A. A., Aldajani, K. M., AlHazaa,
A. N., & Albrithen, H. A. (2022). Recent
progress of fluorescent materials for
fingermarks detection in forensic science

and anti-counterfeiting.  Coordination

LGU Int.J. Elect.Crime Investigation 6(1):LGUIJECI MS.ID- 04(2022) 29




ZnO Nanoparticles: Synthesis, Characterization and Applications in Forensics

Chemistry Reviews, 462,214523.

Ballou, S., Houck, M., Siegel, J. A,
Crouse, C. A., Lentini, J. J., & Palenik, S.
(2012). Criminalistics: the bedrock of
forensic science:

science. Forensic

Current issues, future directions, 29-101.

Bandeira, M., Giovanela, M., Roesch-Ely,
M., Devine, D. M., & da Silva Crespo, J.
(2020). Green synthesis of zinc oxide
nanoparticles: A review of the synthesis
methodology and mechanism of forma-

tion. Sustainable Chemistry and Pharma-
¢y, 15,100223.

Basnet, P., Chanu, T. I., Samanta, D., &
Chatterjee, S. (2018). A review on
bio-synthesized zinc oxide nanoparticles
using plant extracts as reductants and
stabilizing agents. Journal of Photochem-
istry and Photobiology B: Biology, 183,
201-221.

Bhatt, P. V., Pandey, G., Tharmavaram,
M., Rawtani, D., & Mustansar Hussain, C.
(2020). Nanotechnology and Taggant
Technology in Forensic Science. Technol-
ogy in Forensic Science: Sampling, Analy-
sis, Data and Regulations, 279-301.

Calvo, M. E., Castro Smirnov, J. R., &
Miguez, H. (2012). Novel approaches to
flexible visible transparent hybrid films
for ultraviolet protection. Journal of
Polymer Science Part B: Polymer Phys-
ics, 50(14), 945-956.

Chen, S. Z., Tsai, T. L., & Chen, Y. F.
(2012). Forensic application of atomic
force microscopy—Questioned Docu-
ment. Journal of the Chinese Chemical

Society, 59(3), 283-288.

10.

11.

12.

13.

Deepthi, N., Basavaraj, R., Sharma, S,
Revathi, J., Sreenivasa, S., & Nagabhu-
shana, H. (2018). Rapid visualization of
fingerprints on various surfaces using
ZnO superstructures prepared via simple
combustion route. Journal of Science:
Advanced Materials and Devices, 3(1),
18-28.

Doty, K. C., Muro, C. K., & Lednev, I. K.
(2017). Predicting the time of the crime:
Bloodstain aging estimation for up to two
years. Forensic Chemistry, 5, 1-7.

Foo, K., Kashif, M., Tan, S., & Hashim, U.
(2017). An electrochemical DNA biosen-
sor based gold-thiolate conjugation utiliz-
ing ruthenium complex [Ru (dppz) 2
(qtpy)] CI2. Microsystem Technologies,
23(5), 1237-1245.

Hofmann, T., Lowry, G. V., Ghoshal, S.,
Tufenkji, N., Brambilla, D., Dutcher, J. R.,

. . Landry, M. P. (2020). Technology
readiness and overcoming barriers to
nanotechnolo-

sustainably —implement

gy-enabled plant agriculture. Nature

Food, 1(7), 416-425.

ljaz, 1., Gilani, E., Nazir, A., & Bukhari, A.
(2020). Detail review on chemical, physi-
cal and green synthesis, classification,
characterizations and applications of
nanoparticles. Green Chemistry Letters

and Reviews, 13(3), 223-245.

Jamkhande, P. G., Ghule, N. W., Bamer,
A. H., & Kalaskar, M. G. (2019). Metal
nanoparticles synthesis: An overview on
methods of preparation, advantages and
disadvantages, and applications. Journal
of drug delivery science and technology,
53,101174.

LGU Int.J. Elect.Crime Investigation 6(1):LGUIJECI MS.ID- 04(2022)




ZnO Nanoparticles: Synthesis, Characterization and Applications in Forensics

14.

15.

16.

17.

18.

19.

20.

Kausar, A. (2020). Emerging trends in
poly (methyl methacrylate) containing
carbonaceous  reinforcements—Carbon
nanotube, carbon black, and carbon fiber.
Journal of Plastic Film & Sheeting, 36(4),

409-429.

Kesarwani, S., Parihar, K., Sankhla, M. S.,
& Kumar, R. (2020). Nano-forensic: new
perspective and extensive applications in

solving crimes. Latent in applied nanobio-
science, 10(1), 1792-1798.

Kulkarni, N. S., Guererro, Y., Gupta, N.,
Muth, A., & Gupta, V. (2019). Exploring
potential of quantum dots as dual modality
for cancer therapy and diagnosis. Journal

of drug delivery science and technology,
49, 352-364.

Lad, A. N., Pandya, A., & Agrawal, Y.
(2016). Overview of nano-enabled screen-
ing of drug-facilitated crime: a promising
tool in forensic investigation. 7rAC Trends
in Analytical Chemistry, 80, 458-470.

Lodha, A., Pandya, A., & Shukla, R.
(2016). Nanotechnology: an applied and
robust approach for forensic investigation.
Forensic Res Criminol Int J, 2(1), 00044.

Muehlethaler, C., Leona, M., & Lombardi,
J. R. (2016). Review of surface enhanced
Raman scattering applications in forensic
88(1),

science. Analytical Chemistry,

152-169.

Naik, E. 1., Naik, H. B., Swamy, B. K.,
Viswanath, R., Gowda, I. S., Prabhakara,
M., & Chetankumar, K. (2021). Influence
of Cu doping on ZnO nanoparticles for
improved structural, optical, electrochem-
ical properties and their applications in

21.

22.

23.

24.

25.

26.

27.

efficient detection of latent fingerprints.
Chemical Data Collections, 33, 100671.

Noruzi, M. (2015). Biosynthesis of gold
nanoparticles using plant extracts. Biopro-

cess and biosystems engineering, 38(1),
1-14.

Oh, J.-M., Park, D.-H., & Choy, J.-H.
(2011). Integrated bio-inorganic hybrid
systems for nano-forensics. Chemical
Society Reviews, 40(2), 583-595.

Otis, G., Ejgenberg, M., & Mastai, Y.
(2021).
synthesis of ZnO nanoparticles by
high-energy ball milling of &-Zn (OH) 2
crystals. Nanomaterials, 11(1), 238.

Solvent-free mechanochemical

Pandya, A., & Shukla, R. K. (2018). New
perspective of nanotechnology: role in
preventive forensic. Egyptian Journal of
Forensic Sciences, 8(1), 1-11.

Patil, S. A., Ryu, C.-H., & Kim, H.-S.
(2018). Synthesis and characterization of
copper nanoparticles (Cu-Nps) using
rongalite as reducing agent and photonic
sintering of Cu-Nps ink for printed
electronics. International Journal of
Precision Engineering and Manufactur-

ing-Green Technology, 5(2), 239-245.

Prasad, V., Lukose, S., & Prasad, L.
(2016). Emerging forensic applications of
nanotechnology. Int J Eng Allied Sci, 2,
1-8.

Puebla-Hellmann, G., Venkatesan, K.,
Mayor, M., & Lortscher, E. (2018). Metal-
lic nanoparticle contacts for high-yield,
ambient-stable molecular-monolayer
devices. Nature, 559(7713), 232-235.

LGU Int.J. Elect.Crime Investigation 6(1):LGUIJECI MS.ID- 04(2022) 31




ZnO Nanoparticles: Synthesis, Characterization and Applications in Forensics

28.

29.

30.

31.

32.

33.

24.

Sana, S. S., Kumbhakar, D. V., Pasha, A.,
Pawar, S. C., Grace, A. N., Singh, R. P, . .
. Peng, W. (2020). Crotalaria verrucosa
leaf extract mediated synthesis of zinc
oxide nanoparticles: assessment of antimi-
crobial and anticancer activity. Molecules,
25(21), 4896.

Smijs, T., Galli, F., & van Asten, A.
(2016). Forensic potential of atomic force
microscopy. Forensic  Chemistry, 2,

93-104.

Srinivasan, M.,  Venkatesan, M.,
Arumugam, V., Natesan, G., Saravanan,
N., Murugesan, S., . . . Pugazhendhi, A.
(2019). Green synthesis and characteriza-
tion of titanium dioxide nanoparticles
(TiO2 NPs) using Sesbania grandiflora
and evaluation of toxicity in zebrafish
embryos. Process Biochemistry, 80,
197-202.

Srividya, B. (2016). Nanotechnology in
forensics and its application in forensic
investigation. Res. Rev. J. Pharm. Nano-
technol, 4(2), 1-7.

Thakur, P., Thakur, S., Kumari, P., Shandi-
lya, M., Sharma, S., Poczai, P., . . . Sayyed,
R. (2022). Nano-insecticide: synthesis,
characterization, and evaluation of insecti-
cidal activity of ZnO NPs against Spodop-
tera litura and Macrosiphum euphorbiae.
Applied Nanoscience, 1-16.

To, K. C., Ben-Jaber, S., & Parkin, 1. P.
(2020). Recent developments in the field
of explosive trace detection. ACS Nano,
14(9), 10804-10833.

Yeow, N., Tabor, R. F., & Garnier, G.
(2017). Atomic force microscopy: From

red blood cells to immunohaematology.
Advances in Colloid and Interface
Science, 249, 149-162.

32

LGU Int.J. Elect.Crime Investigation 6(1):LGUIJECI MS.ID- 04(2022)




