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Abstract

Forensic science deals with crime scene investigation and evidence analysis, which provides physical evidence to address legal
problems. Fingerprint detection and explosive detection are the key research areas explored using dendrimer-based
detection. Dendrimers have a unique structure, size, shape, monodispersed, generation, and surface terminal groups.
Dendrimers are biodegradable and low-toxic. Dendrimer applications are well established in the biomedical and
pharmaceutical fields. Dendrimer applications have been reported in multidisciplinary fields like sensors, environmental,
water purifier, solar cell, cosmetics, catalysis, drug delivery, photo activity, energy harvesting, and forensic science.
Dendrimer-nanocomposites are reported for fingerprint detection, explosive detection, photoluminescence-based optical
sensing. Still, alcohol and narcotics drugs sensing are significant challenges. Dendrimer-nanocomposites can be a suitable

sensor as well as detection techniques.
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1. Introduction

Before early 1978, Before early 1978, polymers were long-
chain conjugated monomers with branching or cross-linking.
Fibers, flexible films, adhesives, resistant paints, efc., are well-
known polymers.[*® Polymer chemistry is historically targeted
at linear and branching polymers.[" In 1978, Fritz Vogtle
proposed a divergent synthesis approach that resulted in the
first "Cascade molecule.') Dendritic polymers are known as
"Dendrimers." Dendrimers have unique physical, chemical
properties and structure therefore they provide a wide range of
potential applications like adhesives and coatings, chemical
sensors, medical diagnostics, drug-delivery systems, high-
performance polymers, catalysts, supramolecular assembly,
separation agents, and many more.l'**? Donald A. Tomalia
discovered the first family of dendrimers in 1985.19 The
dendrimer term originates from two Greek words: ‘dendron’
and ‘meros’. ‘Dendron’ means tree and ‘meros’ means part.
Dendrimers are sometimes referred to as cascade molecule or
hyperbranched polymer. In nanotechnology, dendrimer
synthesis is executed using a bottom-up synthesis approach.
The synthesized dendrons or dendrimers are highly defined
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nanoparticles of 1 to 15 nm in size and versatile surface
functionalization, as shown in Fig. 1.1

The dendrimer's general structure shows a high degree of
molecular uniformity, narrow molecular weight distribution,
specific size and shape, and a highly-functionalized terminal
surface. Dendrimers are highly branched, tree-shaped
molecules with nanometer-scale dimensions, as shown in Fig.
1. Dendrimers are defined by three components: a central core,
an interior dendritic structure (the branches), and an exterior
surface with functional surface groups. The varied
combinations of these components yield different shapes and
sizes with shielded interior cores, which are ideal candidates
for applications in both biological and materials sciences.
While the connected surface groups affect the solubility and
chelation ability, the varied cores impart unique properties to
the cavity size, absorption capacity, and capture-release
characteristics. Its graphical representation is shown in Fig. 2.

Dendrimers are generally prepared using either a divergent
method or a convergent method, as shown in Fig. 3. In the
divergent method of synthesis, a dendrimer is assembled from
a multi-functional core that is extended outward via a series of
reactions, usually a Michael reaction. Each step of the reaction
must be driven to a full completion to prevent mistakes in the
dendrimer, which can cause trailing generations (a few
branches are shorter than the others). Such impurities can
affect the dendrimer's functionality and symmetry but are
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Fig. 2 The general structure of dendrimers.

extremely difficult to purify out because the relative size
difference between perfect and imperfect dendrimers is very
small. In the convergent synthesis method, dendrimers are
constructed from small molecules that end up on the sphere's
surface, and reactions proceed inward, building inward and
subsequently connecting to a core. This method makes it much
less complicated to cast off impurities and shorter branches
alongside the manner so that the very last dendrimer is more
monodisperse. However, dendrimers made in this manner
aren't as large as those made means of divergent methods,
because steric effects along the core are limiting. The double
exponential and mix growth methods are an aggregate of both
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divergent and convergent methods. In this method, a single
starting material is taken, from which two monomers are
prepared using the divergent and convergent methods. Then
those two monomers are reacted together to offer an
orthogonally protected trimer. This protector trimmer can be
used to repeat the growth process. 131416l

Significant applications of dendrimers are drug delivery
and biomedical fields. As mentioned above, areas also have
acute problems that may be solved through this dendrimer or
dendrimers nanocomposites. But dendrimer can be more
applicable and more beneficial for remedying many social
troubles, and it’s a super polymer that facilitates society, as
shown in Fig. 4.

Briefly reported applications of dendrimers are in
pharmaceuticals,[’? forensic science,*?%1 immunoassay and
vaccines,?? MRI contrast imaging,?’-%3 drug delivery,%7]
biochemical assay,®d  supramolecular chemistry,#
electrochemistry,! catalyst, kol sensors, [1547-5
environmental,’+%1 water purifier,%1 solar cell®! and
cosmeticsl®2 efc. Forensic chemistry studies chemicals,
chemical substrate, gases, or trace elements evidence to
identify and analyse using chemical and analytical methods.
Forensic chemistry enhances crime scene investigation, which
provides physical evidence using chemical and analytical
methods to address legal problems. Forensic chemistry deals
with fingerprint detection, explosive detection, gunshot
residue detection, drug abuse, fibre analysis, paint and
coatings examination, glass examinations, fire residues, and
fire debris analysis, as shown in Fig. 5.[63
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2. Fingerprint development

A simple, effective, and sensitive powder for fingerprint
detection is a commonly used approach for evidence
collecting in criminal instances involving rape. Since the late
nineteenth century, the unique patterns of fingerprints have
been used to identify individuals biometrically. Development,
identification, and presentation of the fingerprint are among
the best systems for safety and security of documents, devices
(like phone, laptop, efc.), bank locker, entry control of
workplaces, and forensic application in crime scene
investigation. [

2.1 Traditional methods for fingerprint development
Fingerprints left at crime scenes are one of the tools used to
incriminate or eliminate suspects. The fingerprint can be
classified into three classes: patent prints, plastic prints, and
latent prints. The patent prints are already visible to the naked
eye because of blood, or through blood-covered fingers, or in
ink or dirt. Plastic prints are visible to the naked eye, which
are left on a pliable surface consisting of clay or wax. Both
patent and plastic prints can frequently be recorded using
photography. Latent prints are invisible to the naked eye and
pose more of a problem. Latent prints are left on surfaces due
to the natural oils and sweat secreted from the skin. Though
those stay at the surface, they are not visible except for many
visualization methods, as shown in Fig. 6.

Two methods can perform fingerprint detection, one is the
“physical method” (powder dusting method), and another is
the “chemical method”. The most frequently used method is
the powder dusting method for latent fingerprint development.
Traditional fingerprint powder composition is shown in Table
1.
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Fig. 6 Investigation of fingerprint.

Table 1. Traditional fingerprint powder composition.[®*]

Black fingerprint powder formulas:

Black ferric oxide  50%
Ferric oxide powder Rosin 25%
Lampblack 25%
Manganese 45%
dioxide
Manganese dioxide powder Black ferric oxide ~ 25%
Lampblack 25%
Rosin 5%
Lampblack 60%
Lampblack powder Rosin 25%
Fuller’s earth 15%
White fingerprint powder formulas
Titanium oxide 60%
Titanium oxide powder Talc 20%
Kaolin lenis 20%
Chalk 15%
Chalk-titanium oxide powder Kaolin lenis 15%
Titanium oxide 70%
Gray fingerprint powder formulas
. Chemist gray 80%
Chemist gray powder Aluminum powder 20%
Lead carbonate 80%
Gum Arabic 15%
Lead carbonate powder Aluminum powder 3%
Lampblack 2%

The powder method is the application of a powder using a
camel hair brush or a glass-fibre brush which develops
immediate apparent prints for detecting latent finger-mark
impressions. The ridge pattern is easily defined due to sweat
residue. When it is impossible to develop prints by physical
method, chemical methods like iodine, ninhydrin,
cyanoacrylate (super glue), gentian violet solution - phenol
containing formulation, gentian violet solution - non-phenol
formulation, coumarin 540 dye, ardrox dye, rare earth
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complexes, and many more are used. There are four classes of
dusting powders: regular, luminescent, metallic, and
thermoplastic.[!

2.2 Dendrimers based fingerprint development:

Currently used fluorescent fingerprint powders have less
selectivity on different surfaces.®l Quantum dots (QDs) are a
powerful and outstanding photoluminescence material for
developing latent fingerprints on nonporous substrates. QDs-
dendrimer nanocomposite can be utilized in both physical and
chemical methods. The results are more elaborative compared
to traditional organic dyes, such as rhodamine 6G." This
nanocomposite could be very useful for fingerprint
development. The dendrimer can offer stability, enhanced
detection, and resolution of the latent fingerprints on several
different non-porous surfaces such as tinfoil, aluminium, glass,
plastic, efc.! Cadmium sulfide (CdS) QD-dendrimer
nanocomposite was synthesized using in-situ reaction with
generation 4.0-NH2 PAMAM dendrimers in methanol.F! In
the CdS/PAMAM dendrimer nanocomposites, PAMAM
dendrimers act as a host. CdS/PAMAM dendrimer
nanocomposites are uniform and well-dispersed with
distinctive optical properties, in which luminescence is
observed at 365 nm. A CdS/PAMAM dendrimer
nanocomposites solution was utilized for detection of latent

fingerprints.®) The detection was carried out using
cyanoacrylate ester fumed on tinfoil.
The dendrimer was replaced with the aid of

mercaptoethanol according to the conventional approach, and
the outcomel® which indicates dendrimer is better than
mercaptoethanol for detection of latent fingerprints, as shown
in Fig. 7.

A dendrimer was functionalised with a different metal, then
nanocomposite was synthesized using an in-situ reaction.[’]
Cadmium selenide CdSe-dendrimer nanocomposite and
functionalised dendrimers had been efficaciously detected
with higher resolution, as shown in Fig. 8.

The fingerprint development using CdSe/PAMAM
dendrimer nanocomposite on tinfoil was compared with Cd*'-
CdSe/PAMAM  dendrimer nanocomposite and ~ Zn?'-
CdSe/PAMAM dendrimer nanocomposite. The results of Cd**
and Zn*" functionalized Nanomaterials shows better
fingerprint visualization, which is represented in Fig. 8. Latent
fingerprints were developed under UV light irradiation at the
wavelength of 365 nm in the dark on the tinfoil surface.l’]
Metal functionalised dendrimer Cd**-CdSe/PAMAM NCs and
Zn*"-CdSe/PAMAM NCs showed more enhanced resolving
ability than CdSe/PAMAM NCs.[™

3. Explosive detection

Explosives are used for military operations and legitimate
mining. Explosive material is highly flammable and is
intended to initiate a fire. Explosive material is either a liquid,
apowder, or a solid. Explosive materials play a significant role
in a bomb blast, explosive/incendiary devices, and improvised
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Fig. 7 CdS nanocomposite developed fingerprint with cyanoacrylate ester-fumed on tinfoil A. without CdS/G4.0 PAMAM
nanocomposite (yellow light filter), B. with CdS/G4.0 PAMAM nanocomposite (yellow light filter), C. with CdS/G4.0 PAMAM
nanocomposite (blue light filter), D. with CdS/mercaptoacetic nanocomposite.”’

explosive devices (IED) used by criminals or terrorists, which
are dangerous to society. Detection of explosive materials
gives essential information for monitoring rail stations,
airports, and terrorist attacks. An explosives detection is vital
to discover landmines and improvised explosive devices
(IEDs) in the military.[?3

SN 5]

. A TR . S \ ",.q‘l'l';
Fig. 8 CdSe/PAMAM dendrimer nanocomposite developed
Fingerprint on tinfoil developed: (a) CdSe/PAMAM dendrimer
nanocomposite (b) Cd*-CdSe/PAMAM dendrimer
nanocomposite (c)Zn**-CdSe/PAMAM dendrimer

nanocomposite.[”

3.1 Traditional methods for explosive detection

The initial requirement of explosive detection is to detect a
wide range of explosive materials such as conventional
explosive substances, including 2,4,6-trinitrotoluene (TNT)
and chemicals used in IEDs, including ammonium nitrate. The
improvement of the latest techniques can enhance result
quality, and/or reduce time and cost. Currently used analytical
approaches of evaluation for explosive examination are listed
below:  thin-layer = chromatography (TLC), liquid
chromatography (LC), gas chromatography (GC), ion
chromatography (IC), capillary electrophoresis (CE), gas
chromatography-mass  spectrometry  (GC-MS), liquid
chromatography-mass spectrometry (LC-MS), inductively

© Engineered Science Publisher LLC 2022

coupled plasma mass spectrometry (ICP-MS), scanning
electron  microscopy/energy  dispersive  spectroscopy
(SEM/EDX), X-ray fluorescence (XRF), powder X-ray
diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), and Raman spectroscopy for identifying intact
explosives and their post-blast residues. 3!

3.2. Explosive detection using dendrimers

Dendrimers are highly branched supramolecular nano
polymers. A dendrimer is an appropriate nanostructure for
sensing applications. Dendrimers have physical properties,
including size, shape, monodispersed, generation, and surface
terminal groups, enhancing sensing ability of analyte.
Chemical explosive detection could be very crucial in public
security, military operations, and environmental monitoring.
The dendrimers are monodispersed in nature, so a few light-
emitting dendrimers can act as nano-optical chemo-sensor.!**!
The working principle of nano optical chemo-sensor is
fluorescence quenching study. Fluorescence quenching is the
study of a decrease in fluorescence quantum yield using
fluorescence spectroscopy.’9 The quantum yield of a
dendrimer was calculated using fluorescence lifetimes and
different concentrations of a quencher where nitro compounds
act as a quencher.

A few dendrimers have excellent fluorescence properties
for the detection of explosives using fluorescence quenching
study. The nitrated analytes significantly focus on chemical
explosives detection, including trinitrotoluene (TNT), 2,4-
dinitrotoluene (DNT), and the plastic explosives taggant 2,3-
dimethyl-2,3-dinitrobutane (DMNB). The fluorescence
quenching is technique to analyse explosives using dendrimer.
The photoluminescence quantum yield (PLQY) is reported for
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various dendrimer-based nanostructures as listed in Table 2.

Table 2. PLQY of various dendrimer-based nanostructures.

Sr. .
n(ﬁ Dendrimer based nanostructures PLQY
Spirobifluorene core carbazole
1 pirepitiu . 65 £301%
dendrimers G1 solution
Spirobifluorene core carbazole
2 pITOBI _ 21 +200
dendrimers G2 solution was
3 Splroblflgorene core car_bazole 18 42041
dendrimers G3 solution
4 Poly(dendrimer)s M1 34 +3[4
5 Poly(dendrimer)s P1 28 +302
6 Poly(dendrimer)s M2 79 +8[4
7 Poly(dendrimer)s P2 65 +712
8 Poly(dendrimer)s M3 17 +212
9 Poly(dendrimer)s P3 17 +202
10 Carbazole-bhased dendrimers G1 29 2%
11 Carbazole-based dendrimers G2 25 +29%0]
12 Carbazole-based dendrimers G3 13 £1%!°!
13 Dendrimer 3 67 27%l8
Bifluorene-cored dendrimers (R1
14 i dendrimers (R1) 0.81 +0.011¢!
(solution)
Bifluorene-cored dendrimers (R1
15 . (RD) 0.83 #0.06[%
(film)
Bifluorene-cored dendrimers (R2
16 T dendrimers (R2) 0.85 0,016
(solution)
Bifluorene-cored dendrimers (R2
17 i . ! R2) 0.71 #+0.05[9
(film)
bazole based dendri R1
18 carbazole base _en rimer (R1) 19 +10
(solution)
19  carbazole based dendrimer (R1) (film) 27 +60
bazole based dendri R2
20 carbazole base _en rimer (R2) 15 +10
(solution)
21 carbazole based dendrimer (R2) (film) 25 +60
22 spirobifluorene (SBF) dendrimer G1 0.65 #+0.01[4
23 spirobifluorene (SBF) dendrimer G2 0.29 +0.014
24 spirobifluorene (SBF) dendrimer G3 0.16 +0.011
25 fluorene (FL) dendrimer G1 0.57 +0.014
26 fluorene (FL) dendrimer G2 0.20 0.014
27 fluorene (FL) dendrimer G3 0.19 +0.014
28 tribiphenylamine 0.55 +0.034
N triarylami d thioph
29 riary amme_core iophene 0.60 0,031
dendrimer G1
N triarylami ithioph
30 triarylamine cored bithiophene 0.10 40,0111

dendrimer G1

The fluorescent spirobifluorene core carbazole dendrimers
are analysed as chemo-sensor for nitroaromatic explosives
detection with a series of nitrated analytes, including the 2,4,6-
trinitrotoluene (TNT), 2,4-dinitrotoluene (DNT) and the
plastic explosives taggant 2,3-dimethyl-2,3- dinitrobutane
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(DMNB) using fluorescence quenching. The fluorescent
spirobifluorene core carbazole dendrimers structures are
represented in Fig. 9.

G3

Fig. 9 Spirobifluorene core carbazole dendrimers.[¢4

Poly dendrimers are luminescent organic semiconductor
materials. The poly dendrimers can provide photophysical
properties, high thermal stability, glass transition temperature,
and sensing of the desired analytes. The poly dendrimers D1,
D2, and D3 structures are represented in Fig. 10.[

Dendrimer films may detect fast nitrated vapor at 4 ppb
concentration, including that of DNT. Fluorescence quenching
responses were achieved within 10 s.! The dendrimers have
an excellent capacity to absorb analyte. Different dendrimer
generations were showing different sensitivities to the analyte.
It can detect sub-saturation levels of DMNB, DNT, and pNT
(full name). Carbazole-based dendrimers structures are
represented in Fig. 11.0]

Light-emitting dendrimers thin films not having
fluorescence quenching property. The detection of explosive
vapors and taggants was selectively carried out using a
combination of quartz crystal microbalance, neutron
reflectometry, and photophysical measurements.®! It was not
based on diffusion kinetics. The nitro-group contained
explosive vapors can be detected using standoff detection.
Dendrimer structures are represented in Fig. 12.[8

© Engineered Science Publisher LLC 2022
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Fig. 10 Poly dendrimers D1, D2 and D3.1!

Fig. 11 Carbazole-based dendrimers.!

The carbazole- and bifluorene-cored dendrimers with first shown increased sensitivity towards the nitro-aliphatic tagging
generation biphenyl-based dendrons are used for explosive agent DMNB. Dendrimers structures are represented in Fig.
sensing. Both bifluorene and carbazole dendrimers have 13.[
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Fig. 12 Dendrimer.®

(o,

Fig. 13 Bifluorene-cored dendrimers(A), Carbazole cored dendrimer(B).[*
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Fig. 14 Spirobifluorene (SBF) dendrimer, Fluorene (FL) dendrimer.

The fluorene or spirobifluorene core carbazole dendrimers
are analysed for the detection of nitro-aromatic and nitro-
aliphatic explosives. The fluorene surface groups are excellent
sensing materials for the detection of nitrated explosives by
fluorescence quenching. The physical properties of the
dendrimer were analysed using steady-state absorption and
photoluminescence. The first-generation dendrimers have

single chromophores with good photoluminescence properties.

SBF and FL dendrimers structures are represented in Fig. 14.14
The tribiphenylamine dendrimers have a triphenylamine
central core, a phenyl branching unit with thiophene and
bithiophene, and dodecyl surface functional groups. N
triarylamine cored thiophene and N triarylamine cored

bithiophene dendrimers have excellent affinity for nitro-
aromatic and nitro-aliphatic analytes with a relatively high
proportion of static quenching. This also can detect DMNB.
Tribiphenylamine dendrimers structures are represented in Fig.
15.04

4. Discussion

In summary, A dendrimer is a nanosized super polymer due to
structural uniqueness and physical properties such as high
surface area, self-assembly, defined void space, solubility, and
monodispersity. Stability is a big challenge for many
nanomaterials. Dendrimers provide good material stability
that improves their overall application performance. The

Fig. 15 Tribiphenylamine dendrimers.™

© Engineered Science Publisher LLC 2022
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increasing number of generations in synthesized dendrimers
can improve the sensor qualities, such as selectivity,
affectability, and water solvency. In forensic science, few
dendrimer and dendrimer nanocomposites were shown
acceptable qualities instead of traditional method. In addition,
dendrimers can make simple and less tedious tests.

Fluorescent dendrimers are an emerging class of organic
semiconductor polymer that can detect trace nitro-based
explosives and taggants. The dendrimers can be a rapid and
reliable detection method for nitro-based explosives. These
methods are playing an important role in military operations
and to provide domestic and international security, such as
airport security and checkpoints. The optical properties of
dendrimers are better than other types of nanomaterials with
respect to forensic chemistry application.

Dendrimers are synthesized using either a divergent
method or a convergent method. The organic synthesis can be
planned according to a central core moiety, a chain of
monomer and surface functional group.? The dendrimer was
purified by size exclusion chromatography (SEC) method.
The SEC method was commonly used to purify dendrimer
depending on the size and polydispersity of polymers.
Dendrimer’s characterization has been elaborated with
techniques such as FTIR, electrospray ionization mass
spectrometry  (ESI-MS), MALDI-TOF-MS, NMR,
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC) analysis. 55

4.1 Future scope

Dendrimers have a wide scope in forensic science fields like
forensic  pathology and  histochemistry, chemistry,
biochemistry and toxicology, biology, serology, and
odontology. Dendrimers are reported for many scientific
investigations and analysis like heavy metals sensing*7:526667]
chemical sensing,%! quenching®®-%1 with nitromethane and
C reactive protein in human serum. Dendrimer
nanocomposites with CdS,B™1 CdSe,[l and ZnXE are
indicating an application in fingerprint detection.
CdS/dendrimer can also additionally act as optical sensors,
microelectronic devices, and luminescent biological probes to
use fabrication.[®! Dendrimer-quantum dots nanocomposites
are a pioneer of advanced cutting-edge optical sensing.

4.2 Strength

A dendrimer is an easy and handy tool to provide various
problem solutions in forensic science, food science,
agriculture, and cosmetics, efc. Most of the studies of
dendrimers are based on biomedical application. Dendrimer
can contribute to various scientific field, which is helpful to
society.

4.3 Limitation

Nowadays biggest challenge in forensic science is
implementing the newer technologies and standards into the
laboratory. New technology has been shown to decrease time,

10 | Eng. Sci., 2022, 20, 1-13

save money and facilitate resolving cases quicker than
traditional forensic science practices. However, validation is
expensive and time-consuming. This creates a struggle
between processing cases in a timely manner and staying up-
to-date with current technology.

5. Conclusions

This article's objective is to examine the dendrimer application
in crime scene investigation and evidence analysis, which can
enhance the quality of the forensic investigation. Dendrimer
nanocomposites are less toxic, which diminishes the negative
impact on the examiner and climate. Dendrimer-based
fingerprint detection is an excellent fluorescent nanomaterial
for latent fingerprinting. DMNB is difficult to detect using
fluorescence quenching due to its low electron affinity and
diffusion. Finally, based on the literature review, the light-
emitting dendrimer is a breakthrough technology for detecting
explosives with very sensitivity to DMNB, a taggant added to
commercial plastic explosives. Henceforward alcohol,
narcotics, and drugs sensing are significant difficulties. The
synthesis of new dendritic molecules at nano-sized offers an
extraordinary occasion to build up another application in the
forensic field. Additionally, it can broaden its wide range of
applications in multidisciplinary.
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