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Fingerprints are an important kind of material evidence with the key function in personal

identification, which are unique and life-long to everyone. Latent (invisible) fingerprints

are common at the crime scene, needing to be visualized with proper methods in order

to identify sources of the fingerprints in routine forensic practice. Fluorescent imaging

of latent fingerprints has the advantage of high contrast, sensitivity, selectivity, and less

dependency on instruments. Taking the environment and users’ safety into consideration,

organic materials for fluorescent imaging of latent fingerprints are reviewed mainly in

recent 5 years. New strategies of fingerprint reagents and improved performances

established for fingerprint development based on fluorescent organic materials are

discussed in the view of forensic practice. In addition, we briefly highlight current

challenges of recent fluorescent imaging works based on organic materials for the latent

fingerprints development in forensic practice.

Keywords: fluorescent imaging, latent fingerprints development, conjugated oligomer, high contrast, sensitive

imaging, fluorescent organic small molecules

INTRODUCTION

Fingerprints have been one of the most important gold biometric features for personal
identification in the forensic science field for more than 100 years, because of the uniqueness and
lasting consistency over the lifetime. A fingerprint is an impression of the pattern of ridges (raised)
and furrows (recessed) formed when a finger makes contact with a surface. Most fingerprints
are invisible to the naked eye at the crime scene, also known as latent fingerprints (LFPs). LFPs
could be exploited as a potential key evidence in countless cases of serious crime, requiring a
special development process in order to visualize them by the police or other authorities. To
identify individuals with fingerprints, there are three levels of fingerprint recognition. The first-level
features are macro details mainly used for the pattern classification, not distinctive enough to
recognize fingerprint. The second-level features (minutia points) are distinctive and stable, widely
used for distinguishing the uniqueness of fingerprint, while the third-level features (pores and ridge
contours) are the dimension attributes of the ridges to provide more accurate and robust details
for accurate fingerprint recognition. Nowadays, many methods exist as standard methods for the
development of the LFPs on common substrates in routine forensic practice (Ezhilmaran and
Adhiyaman, 2017; Lennard, 2020), but there are still some situations that it is difficult or impossible
to recover LFPs for forensic investigators. The ongoing research is being directed at improved
sensitivity, universality, convenience, and efficiency via the optimization of existing methods or
new approaches, such as spectroscopy, mass spectrometry, immuno-labeling, and nanoparticles

https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://doi.org/10.3389/fchem.2020.594864
http://crossmark.crossref.org/dialog/?doi=10.3389/fchem.2020.594864&domain=pdf&date_stamp=2020-11-09
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mengfinder@mail.ipc.ac.cn
https://doi.org/10.3389/fchem.2020.594864
https://www.frontiersin.org/articles/10.3389/fchem.2020.594864/full


Lian et al. Latent Fingerprint Imaging

based approaches (Nakamura et al., 2015; Zhao et al., 2016;
Figueroa et al., 2017; O’Neill et al., 2018; Kolhatkar et al., 2019;
Bodelón and Pastoriza-Santos, 2020; Li et al., 2020).

As latent fingerprint may exist everywhere at the crime
scene and the visualization technology requires high quality
and speed to identify individuals in forensic sciences, the
visible detection of the LFPs on different surfaces have been
explored through a variety of spectroscopy methods, also called
LFPs imaging, visualization, detection, or developing methods.
The most commonly used procedures for developing LFPs
are powder-dusting and spraying methods in both forensic
practice and research field, and the developed images are
stored as evidences, so colored dusting powders have attracted
much attention from related research community (Cadd et al.,
2015; Friesen, 2015; Huynh and Halámek, 2016). The powder-
dusting method relies on the adherence of powder particles
to the fingerprint deposits, forming patterns of ridges, and
furrows for fingerprint identification. The fingerprint powders
are categorized into metal powders, magnetic powders, and
colored or fluorescent powders. Among them, colored or
fluorescent powders are usually applied after cyanoacrylate
fuming, and most of fluorescent powders are fluorescent organic
small molecules, widely used on different surfaces under light
irradiation for the high contrast with the surface background.
Although organic small molecules are successfully used for LFPs
imaging, fluorescent organic small molecules need to be applied
with other matrix to improve their low biocompatibility, low
water solubility, and toxicity to get better performance of LFP
fluorescent imaging, making this processmore convenient (Sodhi
and Kaur, 2000; Chen et al., 2009; Yuan et al., 2018; Bhagat
et al., 2020). The research of fluorescent materials also has
emerged, showing them to be new agents for developing LFPs,
due to their unique optical and chemical properties with higher
fluorescent intensity, better fluorescence stability, and higher
contrast. Many reports studied widely on heavy metal quantum
dots, rare earth nanoparticles, and noble metal nanoparticles for
fluorescent imaging of LFPs, but their raw materials are limited,
not easy to get, and potentially dangerous to the environment
and users (Liu et al., 2010; Niu et al., 2015; Li et al., 2017;
Bharat et al., 2018; Costa et al., 2020a; Ghubish et al., 2020;
Gouiaa et al., 2020; Kumar et al., 2020; Park et al., 2020).
As a result, researchers now turn back to fluorescent organic
materials and utilize various synthesis strategies and reagent
compositions to seek environmentally friendly, biocompatible,
water-soluble, and low toxic fingerprint developing materials on
various substrates.

Consequently, the mini-review intends to highlight recent
advances of LFP development techniques by using various
fluorescent organic materials mainly in the recent 5 years. The
following sections are categorized into two parts according
to the chemical structures of fluorescent organic materials,
which encompasses fluorescent organic small molecule-
based materials and fluorescent polymer-based materials.
The intention of this mini-review is not to provide an
exhaustive literature survey but to showcase the possibility
to apply for LFP development and the trend of the fluorescent
organic material synthesis and modification strategies, and the

organic materials are now not used alone as the LFP detection
reagents. Finally, the conclusions and future perspectives
section is given to discuss the existing challenges and future
perspectives for fluorescent organic material-based LFP imaging
methods. Without a doubt, this emerging field contains
numerous possibilities, and the further development for
LFP imaging will be further advanced with new types of
organic materials.

FLUORESCENT ORGANIC SMALL
MOLECULE-BASED MATERIALS FOR LFP
IMAGING

Common traditional fluorescent organic small molecules, such as
fluorescein, rhodamine 6G, rhodamine B, brilliant Blue G-250,
curcumin, and benzazole dyes, have already been used as LFP
reagents. However, fluorescent organic small molecules could
only be used on limited situations, due to the low affinity to
fingerprint residues and other physical and chemical properties.
To improve the interaction between organic small molecules
and LFPs, the modified organic small molecules with different
functional groups and various matrices including non-toxic or
low-toxic nanomaterials have been developed as LFP imaging
reagents. The matrix used by fluorescent organic small molecules
for LFP imaging acts as a carrier, bioaffinity improver, and
fluorescence developer (Barros et al., 2017; Brunelle et al.,
2017; Zhang et al., 2017; Alsolmy et al., 2018; Uppal et al.,
2018; Duan et al., 2019). On the other hand, aggregation-
induced emission (AIE) exhibits remarkable bright fluorescence
in aggregate or solid state (Mei et al., 2015; Zhao et al.,
2017; Chen et al., 2018), and AIE-active molecules solely have
been used for LFP bioimaging with high contrast and short
developing time (Li et al., 2012; Xu et al., 2014; Suresh et al.,
2018).

Fluorescent Organic Small Molecules With
Different Matrices for LFP Imaging
Fluorescent organic small molecules for LFP imaging adsorbed
to natural matrices, such as starch and various types of clays
including montmorillonite and diatomite, validated as excellent
LFP powders on various surfaces (Chen et al., 2009; Yuan
et al., 2018; Yadav, 2019). Three synthesized organic small
molecules were made into the formulation of the proposed
fluorescent developers based on starch, reducing any risk of
inherent toxicity. The influence of fingerprint age (up to 30
days) and sequential deposition (6 times) were studied on
porous and non-porous substrates and received satisfying results.
These fluorescent powders were demonstrated to be efficient
and promising for detecting fresh and non-fresh fingerprints
on porous and non-porous substrates. Furthermore, the high
stability of these fluorescent developers allowed for preserving
developed LFPs for a long time without degradation (Barros
et al., 2020). Silica matrices were widely used for fingerprint
development, as these silica-based powders had microsized
structures as well as good adherence to fingerprint residues.
A series of new benzazole fluorescent small molecules were
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synthesized and used successfully for the visualization of LFPs
on the sticky side (Barros and Stefani, 2016), while they could
not develop LFPs on any smooth surfaces with lower amount
of fingerprint residues. Benzazole dyes were made into the
form of microstructured fluorescent powders by a silica matrix,
showing excellent fluorescent images for fingerprint detection on
different types (porous and non-porous) and colors (dark, white,
and multi-colored) of surfaces. Compared with commercially
available black, white, and fluorescent powders (Sirchie R©), the
developedmicrostructured powders showed intense fluorescence
emission in the blue-green region, and a sharp contrast with
the fingerprint residues when exposed to 365 nm UV light,
producing distinct ridge details on all examined surfaces (Barros
and Stefani, 2019).

As silicon nanoparticles (SiNPs) are widely applied in
materials and biomedical fields because of the controllable
size, facile synthesis, ease of functionalization, excellent
biocompatibility, optical transparency, and low toxicity, SiNP
is a good matrix for organic dyes to improve the affinity to
fingerprint residues in recent research (Song and He, 2019;
Zhu et al., 2019; Abu-Thabit and Ratemi, 2020). Fluorescent
SiNPs modified by organic dye Pigment Red 254 were coated
with polyvinylpyrrolidone (PVP) to improve their binding
affinity to LFPs. The modified organic dye powders were
used as a powder-dusting material for effective LFP detection
on representing hydrophilic and hydrophobic substrates,
resulting in a good definition of enhanced detection with
well-defined ridge detail images without background staining
(Kim et al., 2016). Twelve fluorescent organic dyes were labeled
to SiNPs with tunable sizes, tailored hydrophobicity, and low
polydispersity to evaluate the fluorescent performance. Then,
three different organic fluorophore powders were selected to
be systematically investigated. The hydrophilic fluorophore,
butenamine derivative of FITC (WA6), coupled with SiNP
powders was found to be an excellent LFP imaging reagent for
clear detection of LFPs with the typical features of second-level
detail well-defined ridges and tertiary structure sweat pores
of the developed fingerprint (Abdelwahab et al., 2018). A
silicone fluorescent small-molecule prepared non-conjugated
with SiNPs exhibited excellent bright blue-emissive stability in
ultraviolet irradiation and a wide pH range. These fluorescent
powders demonstrated to be an effective LFP powder on a
variety of substrates under a 365-nm UV lamp, such as glass,
wood, stainless steel, and a poly(ethylene) film, resulting in
clear fluorescent images of the ridges and spaces with high
contrast and resolution of all the three levels of LFPs (Zhang
et al., 2019). Considering the safety of the environment
and the operators, a natural dye curcumin and two food
dyes (safranin O and Ponceau 4R red) incorporated with
SiNPs and starch powders were investigated by developing
LFPs under the same situation (Figure 1A). Images of the
developed LFPs under white and UV light with different
qualities of the ridge details after applying four LFP powders
demonstrated that only curcumin retained good contrast after its
application to the fingerprints, and curcumin LFP powders were
demonstrated to be effective on difficult and challenging surfaces
(Rajan et al., 2019).

Fluorescent Molecules With AIE Features
for LFP Imaging
Fluorescent molecules with AIE features are designed for LFP
imaging with high contrast and different colors (Figure 1B),
and the development is mainly in wet methods using different
solutions. AIE-active diphenylpyrimidinone derivative DPPS-1
(Singh et al., 2016) and DPSA (Singh et al., 2018) with excited-
state intramolecular proton transfer (ESIPT) mechanisms in
the H2O/CH3CN mixture showed successful applications in
visualization of LFPs with the first-level and second-level details
on non-porous metal substrates. Acridinediones (ADDPh and
ADDSi) with AIE feature were reported to develop LFPs down
to the second-level details on different non-porous substrates by
a portable wet method in the THF/water mixture for a 2-min
enhancement (Suresh et al., 2018). A novel imidazole derivative
(IMD FTs) was designed to imaging LFPs with the third-level
details (sweat pores) on various porous/semi-porous/non-porous
surfaces under a 365-nm UV light (Ravindra et al., 2019).
The Schiff base derivative of the vitamin B6 cofactor pyridoxal
(L) was applied for LFP imaging in the DMSO/H2O mixture
over a non-porous glass slide (Bhardwaj et al., 2020). A water-
soluble probe TPA-1OHwas used for expedient real-time (within
1min) fluorescent imaging of LFPs. The TPA-1OH aqueous
solution exhibited excellent fluorescence imaging performance
of LFPs under 405 nm light on a variety of substrates, such as
tinfoil, stainless steel, glass, leather, cardboard, wood, ceramics,
plastic, walls, bricks, and paper (Figure 1C). The LFP images
developed by TPA-1OH were evident and intact enough to allow
that the level 1–3 details including nanoscopic details could be
displayed and analyzed (Wang et al., 2020). Small molecules with
AIE features could also be combined with carriers to develop
LFPs using the powder dusting method. A tetraphenylethene
(TPE) derivative with multiple diphenylamine (DPA), TPE-
4DPA, doped with magnetic powders, was successfully applied
for LFP development with the second-level details on various
smooth and porous substrates (Qiu et al., 2018). A new AIE-
active composite salicylaldehyde azine (SAA) and the other
two small molecules mixed with montmorillonite (MMT) were,
respectively, applied for computer-assisted visualization of LFPs,
achieving fluorescent fingerprint images by visualizing the
process of the second-level particulars with high quality on
virtually all the smooth substrates. Gray value analysis and
pattern recognition analysis based on Matlab were conducted
to evaluate the quality of the obtained LFP in comparison with
the reference fingerprint obtained by Finger Reader (Li et al.,
2020). AIE-active organic materials could bring more emission
colors, easy functionalization, and rapid development methods
for LFP imaging.

FLUORESCENT ORGANIC
POLYMER-BASED MATERIALS FOR LFPS
IMAGING

Organic polymer is a kind of emerging materials for fluorescent
imaging, such as conjugated oligomers, polymer dots, and other
various polymeric matrices. Semiconducting polymer dots have
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FIGURE 1 | Fluorescent small molecule structures and fluorescent images of LFPs developed by fluorescent small molecule-based materials. (A) The structures and

fluorescent LFP images of some small molecules incorporated with SiNPs and starch powders. Modified from Rajan et al. (2019), with permission. (B) The structures

of small molecules with AIE features for LFP imaging. (C) Fluorescent LFP images on various surfaces treated by a TPA-1OH aqueous solution. Modified and adapted

with permission from Wang et al. (2020). Copyright (2020) American Chemical Society.

recently been proven as a novel type of ultrabright fluorescent
probes that can be extensively used in analytical detection.
Ninhydrin embedded in the near-infrared fluorescent polymer
dot matrix showed the colorimetric and fluorescent dual-readout
abilities to detect LFPs on both porous and non-porous surfaces.
The developed fingerprints by the dual-readout method clearly
revealed level 1–3 details with high contrast, high selectivity, and
low background interference (Chen et al., 2016).

Fluorescent powders made of a conjugated oligomer with
SiNPs were also applied for LFP imaging. Blue-emissive
conjugated oligomers covalently blending to SiNPs with the
emission quantum yields as high as 62.2% were used as
fingerprint powders on various substrates, such as stainless
steel, glass, plastic (polycarbonate, PC), and yellow tapes.
Fluorescent images of LFPs on different substrates exhibited clear
blue fingerprint patterns under 365-nm UV light, maintaining

sufficiently high resolution and contrast between the ridges and
spaces, as seen in Figure 2 (Zhang S. et al., 2017). Red-emissive
conjugated oligomer with the carrier epoxy-SiNPs allowed clear
imaging of LFPs under 365-nm UV light on different kinds
of surface, such as smooth or rough surface, with or without
background fluorescence, using the powder dusting method. The
introduction of epoxy groups on SiNPs could largely enhance the
affinity toward fingerprints, compared to that with hydroxy or
amino groups. The fluorescent images of LFPs with a clear ridge
pattern and high contrast between ridges and furrows proved
the promising imaging ability for LFPs, giving detailed both the
second-level and third-level features and abundant information
(Yang et al., 2019).

Aggregation-induced enhanced emission-active conjugated
polyelectrolyte was confirmed the ability for LFP imaging with
high resolution on multiple smooth non-porous substrates
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FIGURE 2 | The process and images of LFP development using OF/SiNP powders. (A) The synthesis and LFP development process of the fingerprint reagent

OF/SiNPs; (B) images of developed LFPs on various substrates under room light and 365 nm UV light; (C) fluorescence images of latent fingerprints developed on

yellow tape, and magnified regional images with specific features, including a termination 1, an island 2, a bifurcation 3, and a core 4. Modified and adapted with

permission from Zhang S. et al. (2017). Copyright (2017) American Chemical Society.

without any additional treatment. The LFP development process
was accomplished simply by immersing fingerprint-loaded

substrate into the solution for ∼1min, followed by shaking
off the residual polymer solution and air drying. The images

revealed clearly the third-level details with high selectivity and

high contrast (Malik et al., 2017). A bilayer system based

on conjugated and fluorescent polymers was used for the

LFP development of stainless steel, with the first layer of

polypyrrole or PEDOY electrodeposited onto the surface and
the second layer of a fluorescent Poly(2,2′:5′,2′′-terthiophene)

electrodeposited onto the first layer. This bilayer system could
provide images with high definition of the first-level and

second-level details in both visible and UV light for personal
identification (Costa et al., 2020b).

CONCLUSIONS AND FUTURE
PERSPECTIVES

Given the value of fingerprint evidence in criminal investigations,
the main thrust of this mini-review is to remain focused
on increasing the likelihood of LFP development based on
fluorescent organic materials. Despite traditional LFP powders
and fuming methods as standard processes for the development
of LFPs in forensic practice for years, there has been significant
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research to discover new fluorescent imaging methods that
offer operational advantages. As LFP development is daily work
of crime science investigators and forensic scientists that may
perform everywhere, LFP-developing reagents should be friendly
to the environment and users. Fluorescent organic materials
with various improvers possess excellent biocompatibility, low
or no cytotoxicity, low cost, convenience, and environment
friendliness, showing excellent performance as LFP development
reagents with less dependency on instruments, high contrast,
and room operating temperature in the mentioned research.
As fluorescent organic materials applied for LFP imaging, the
handing of LFPs can be in powder dusting or wet methods, which
are common in standard processes for the development of LFPs
in forensic practice, making the new technology easy to accept,
and promote.

Despite the remarkable applicability and performances of
various fluorescent organic materials, there are still challenges
that need to be addressed. First, most of the research focus on the
application of several LFP substrates. The ideal LFP developing
method should be useful on both porous and non-porous, both
dry and wet surfaces, so more LFP substrates should be discussed
in the comprehensive evaluation of a new method.

The fluorescent imaging of LFPs with low background
has obvious advantages of sensitivity and convenience over
traditional LFP development, achieving LFP images with high
contrast and resolution. Taking the three levels of features
into consideration, most of the research reached the second-
level or third-level precision with the potential of further
practical applications, even validated by the scientific protocol
of the Police Automated Fingerprint Identification System or
computer-assisted evaluation programs. Moreover, smartphones
and a specific designed digital-processing program for imaging
enhancement are applied for the analysis of the LFP imaging
results. In practice, fingerprints from crime scene are always
incomplete or damaged and need more details of third-level
precision to be recognized. Fluorescent imaging methods with
third-level precision or imaging enhancement are of great
practical significance. Meanwhile, the conditions of the research
were ideal, and some reported works talked about aged LFPs,

but overlapped LFPs, immersed LFPs, and DNA-recovered
LFPs were barely mentioned. Finally, antibodies, aptamers, or
molecular imprinting materials combined with QDs or rare
earth nanomaterials were successfully applied for fingerprint
residues in fingerprints, such as illegal drugs and explosives, but
these highly selective reagents have not been combined with
fluorescent organic materials (Lam et al., 2016; Zhao et al., 2016;
Liu et al., 2018a,b; Zhou et al., 2019). Along with new reagents
introduced in the field, the fluorescence quantum yield and
affinity to fingerprint residues of fluorescent organic materials
should be further optimized to improve the contrast of LFP
imaging. On an operational level, there is still a requirement
for more research on rapid, selective, different-colored, and
convenient fluorescent imaging methods for imperfect LFPs with
higher third-level precision on different types of substrates.

Continued research in this field will require expertise in
chemical synthesis, material science, life science, and advanced
spectroscopy, and thus, there is ample room for forensic
science researchers to help improve and extend the key forensic
technique. Active research in this area will continue into the
foreseeable future in order to promote and improve latent
fingerprint development to assist with the efficiency of criminal
investigations and personal identifications.

AUTHOR CONTRIBUTIONS

JL and FM conceived the concept, conducted literature survey,
drafted, and revised the manuscript. All the authors organized
figures and approved it for publication.

FUNDING

This work was supported by the National Key R&D Program of
China (2017YFC0803604), the Fundamental Research Funds for
the Central Universities of People’s Public Security University
of China (2020JKF205), and Medical and Health Science and
Technology Project of Shandong Province (2017WS075)
and The Innovation Project of Shandong Academy of
Medical Sciences.

REFERENCES

Abdelwahab, W. M., Phillips, E., and Patonay, G. (2018). Preparation of

fluorescently labeled silica nanoparticles using an amino acid-catalyzed

seeds regrowth technique: Application to latent fingerprints detection

and hemocompatibility studies. J. Colloid Interface Sci. 512, 801–811.

doi: 10.1016/j.jcis.2017.10.062

Abu-Thabit, N., and Ratemi, E. (2020). Hybrid porous silicon biosensors using

plasmonic and fluorescent nanomaterials: a mini review. Front. Chem. 8:454.

doi: 10.3389/fchem.2020.00454

Alsolmy, E., Abdelwahab, W. M., and Patonay, G. (2018). A comparative study of

fluorescein isothiocyanate-encapsulated silica nanoparticles prepared in seven

different routes for developing fingerprints on non-porous surfaces. J. Fluoresc.

28, 1049–1058. doi: 10.1007/s10895-018-2268-6

Barros, H. L., Mileski, T., Dillenburg, C., and Stefani, V. (2017). Fluorescent

benzazole dyes for bloodstain detection and bloody fingermark

enhancement. Forensic Chem. 5, 16–25. doi: 10.1016/j.forc.2017.

05.004

Barros, H. L., and Stefani, V. (2016). A new methodology for the visualization of

latent fingermarks on the sticky side of adhesive tapes using novel fluorescent

dyes. Forensic Sci. Int. 263, 83–91. doi: 10.1016/j.forsciint.2016.03.053

Barros, H. L., and Stefani, V. (2019). Micro-structured fluorescent powders for

detecting latent fingerprints on different types of surfaces. J. Photochem.

Photobiol. A Chem. 368, 137–146. doi: 10.1016/j.jphotochem.2018.09.046

Barros, H. L., Tavares, L., and Stefani, V. (2020). Dye-doped starch microparticles

as a novel fluorescent agent for the visualization of latent fingermarks

on porous and non-porous substrates. Forensic Chem. 20:100264.

doi: 10.1016/j.forc.2020.100264

Bhagat, D. S., Chavan, P. B., Gurnule, W. B., Shejul, S. K., and Suryawanshi, I. V.

(2020). Efficacy of synthesized azo dye for development of latent fingerprints

on Non-porous and wet surfaces. Mater. Today Proc. 29, 1223–1228.

doi: 10.1016/j.matpr.2020.05.480

Bharat, L. K., Nagaraju, G., and Yu, J. S. (2018). Hexadentate ligand-assisted

wet-chemical approach to rare-earth free self-luminescent cocoon-shaped

barium orthovanadate nanoparticles for latent fingerprint visualization. Sensors

Actuators B Chem. 271, 164–173. doi: 10.1016/j.snb.2018.05.088

Frontiers in Chemistry | www.frontiersin.org 6 November 2020 | Volume 8 | Article 594864

https://doi.org/10.1016/j.jcis.2017.10.062
https://doi.org/10.3389/fchem.2020.00454
https://doi.org/10.1007/s10895-018-2268-6
https://doi.org/10.1016/j.forc.2017.05.004
https://doi.org/10.1016/j.forsciint.2016.03.053
https://doi.org/10.1016/j.jphotochem.2018.09.046
https://doi.org/10.1016/j.forc.2020.100264
https://doi.org/10.1016/j.matpr.2020.05.480
https://doi.org/10.1016/j.snb.2018.05.088
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Lian et al. Latent Fingerprint Imaging

Bhardwaj, V., Thangaraj, A., Varddhan, S., Ashok Kumar, S. K., Crisponi,

G., and Sahoo, S. K. (2020). An aggregation-induced emission active

vitamin B6 cofactor derivative: application in pH sensing and detection

of latent fingerprints. Photochem. Photobiol. Sci. 19, 1402–1409.

doi: 10.1039/D0PP00262C

Bodelón, G., and Pastoriza-Santos, I. (2020). Recent progress in surface-enhanced

raman scattering for the detection of chemical contaminants in water. Front.

Chem. 8:478. doi: 10.3389/fchem.2020.00478

Brunelle, E., Le, A. M., Huynh, C., Wingfield, K., Halámková, L.,

Agudelo, J., et al. (2017). Coomassie brilliant blue G-250 dye: an

application for forensic fingerprint analysis. Anal. Chem. 89, 4314–4319.

doi: 10.1021/acs.analchem.7b00510

Cadd, S., Islam, M., Manson, P., and Bleay, S. (2015). Fingerprint

composition and aging: a literature review. Sci. Justice 55, 219–238.

doi: 10.1016/j.scijus.2015.02.004

Chen, M., Chen, R., Shi, Y., Wang, J., Cheng, Y., Li, Y., et al. (2018). Malonitrile-

functionalized tetraphenylpyrazine: aggregation-induced emission, ratiometric

detection of hydrogen sulfide, and mechanochromism. Adv. Funct. Mater. 28,

1704689. doi: 10.1002/adfm.201704689

Chen, Q., Kerk, W. T., Soutar, A. M., and Zeng, X. T. (2009). Application of dye

intercalated bentonite for developing latent fingerprints. Appl. Clay Sci. 44,

156–160. doi: 10.1016/j.clay.2009.01.011

Chen, Y. H., Kuo, S. Y., Tsai, W. K., Ke, C. S., Liao, C. H., Chen, C.

P., et al. (2016). Dual colorimetric and fluorescent imaging of latent

fingerprints on both porous and nonporous surfaces with near-infrared

fluorescent semiconducting polymer dots. Anal. Chem. 88, 11616–11623.

doi: 10.1021/acs.analchem.6b03178

Costa, B. M. F., Freitas, D. V., Sousa, F. L. N., Silva, K. D., Dias, J. M. M., Assis, A.

M. L., et al. (2020a). SATS@CdTe hierarchical structures emitting green to red

colors developed for latent fingerprint applications. Dye. Pigment. 180:108483.

doi: 10.1016/j.dyepig.2020.108483

Costa, C. V., Gama, L. I. L. M., Damasceno, N. O., Assis, A. M. L., Soares, W. M.

G., Silva, R. C., et al. (2020b). Bilayer systems based on conjugated polymers for

fluorescence development of latent fingerprints on stainless steel. Synth. Met.

262:116347. doi: 10.1016/j.synthmet.2020.116347

Duan, C., Zhou, Y., Shan, G. G., Chen, Y., Zhao, W., Yuan, D., et al.

(2019). Bright solid-state red-emissive BODIPYs: facile synthesis and their

high-contrast mechanochromic properties. J. Mater. Chem. C 7, 3471–3478.

doi: 10.1039/C8TC06421K

Ezhilmaran, D., and Adhiyaman, M. (2017). A review study on latent

fingerprint recognition techniques. J. Inf. Optim. Sci. 38, 501–516.

doi: 10.1080/02522667.2016.1224468

Figueroa, B., Chen, Y., Berry, K., Francis, A., and Fu, D. (2017). Label-free chemical

imaging of latent fingerprints with stimulated raman scattering microscopy.

Anal. Chem. 89, 4468–4473. doi: 10.1021/acs.analchem.6b04213

Friesen, J. B. (2015). Activities designed for fingerprint dusting and the

chemical revelation of latent fingerprints. J. Chem. Educ. 92, 505–508.

doi: 10.1021/ed500406v

Ghubish, Z., Saif, M., Hafez, H., Mahmoud, H., Kamal, R., and El-Kemary,

M. (2020). Novel red photoluminescence sensor based on Europium ion

doped calcium hydroxy stannate CaSn(OH)6:Eu+3 for latent fingerprint

detection. J. Mol. Struct. 1207:127840. doi: 10.1016/j.molstruc.2020.

127840

Gouiaa, M., Bennour, I., Rzouga Haddada, L., Toncelli, A., Xu, J., Mbarek,

A., et al. (2020). Spectroscopic characterization of Er,Yb:Y2Ti2O7 phosphor

for latent fingerprint detection. Phys. B Condens. Matter 582:412009.

doi: 10.1016/j.physb.2020.412009

Huynh, C., and Halámek, J. (2016). Trends in fingerprint analysis. TrAC Trends

Anal. Chem. 82, 328–336. doi: 10.1016/j.trac.2016.06.003

Kim, Y. J., Jung, H. S., Lim, J., Ryu, S. J., and Lee, J. K. (2016). Rapid imaging

of latent fingerprints using biocompatible fluorescent silica nanoparticles.

Langmuir 32, 8077–8083. doi: 10.1021/acs.langmuir.6b01977

Kolhatkar, G., Parisien, C., Ruediger, A., and Muehlethaler, C. (2019). Latent

fingermark imaging by single-metal deposition of gold nanoparticles

and surface enhanced raman spectroscopy. Front. Chem. 7:440.

doi: 10.3389/fchem.2019.00440

Kumar, K. N., Vijayalakshmi, L., Hwang, P., Wadhwani, A. D., and Choi, J. (2020).

Bright red-luminescence of Eu3+ion-activated La10W22O81 microphosphors

for noncytotoxic latent fingerprint imaging. J. Alloys Compd. 840:155589.

doi: 10.1016/j.jallcom.2020.155589

Lam, R., Hofstetter, O., Lennard, C., Roux, C., and Spindler, X. (2016).

Evaluation of multi-target immunogenic reagents for the detection of latent

and body fluid-contaminated fingermarks. Forensic Sci. Int. 264, 168–175.

doi: 10.1016/j.forsciint.2016.04.014

Lennard, C. (2020). Fingermark detection and identification: current research

efforts. Aust. J. Forensic Sci. 52, 125–145. doi: 10.1080/00450618.2018.1474948

Li, J., Jiao, Z., Zhang, P., Wan, X., Song, C., Guo, Z., et al. (2020). Development

of AIEgen–montmorillonite nanocomposite powders for computer-assisted

visualization of latent fingermarks. Mater. Chem. Front. 4, 2131–2136.

doi: 10.1039/D0QM00059K

Li, Y., Xu, C., Shu, C., Hou, X., and Wu, P. (2017). Simultaneous extraction of

level 2 and level 3 characteristics from latent fingerprints imaged with quantum

dots for improved fingerprint analysis. Chinese Chem. Lett. 28, 1961–1964.

doi: 10.1016/j.cclet.2017.04.027

Li, Y., Xu, L., and Su, B. (2012). Aggregation induced emission for the recognition

of latent fingerprints.Chem. Commun. 48, 4109–4111. doi: 10.1039/c2cc30553d

Liu, C. M., Zhang, L. Y., Li, L., Li, B. Y., Wang, C. G., and Wang, T. T. (2018a).

Specific detection of latent human blood fingerprints using antibody modified

NaYF4: Yb, Er, Gd fluorescent upconversion nanorods. Dye. Pigment. 149,

822–829. doi: 10.1016/j.dyepig.2017.11.050

Liu, J., Shi, Z., Yu, Y., Yang, R., and Zuo, S. (2010). Water-soluble multicolored

fluorescent CdTe quantum dots: synthesis and application for fingerprint

developing. J. Colloid Interface Sci. 342, 278–282. doi: 10.1016/j.jcis.2009.10.061

Liu, X., Li, X., Lu, Y., Cao, J., and Li, F. (2018b). A split aptamer-based

imaging solution for the visualization of latent fingerprints. Anal. Methods 10,

2281–2286. doi: 10.1039/C8AY00538A

Malik, A. H., Kalita, A., and Iyer, P. K. (2017). Development of well-preserved,

substrate-versatile latent fingerprints by aggregation-induced enhanced

emission-active conjugated polyelectrolyte. ACS Appl. Mater. Interfaces 9,

37501–37508. doi: 10.1021/acsami.7b13390

Mei, J., Leung, N. L. C., Kwok, R. T. K., Lam, J. W. Y., and Tang, B. Z. (2015).

Aggregation-induced emission: together we shine, united we soar! Chem. Rev.

115, 11718–11940. doi: 10.1021/acs.chemrev.5b00263

Nakamura, A., Okuda, H., Nagaoka, T., Akiba, N., Kurosawa, K., Kuroki, K., et al.

(2015). Portable hyperspectral imager with continuous wave green laser for

identification and detection of untreated latent fingerprints on walls. Forensic

Sci. Int. 254, 100–105. doi: 10.1016/j.forsciint.2015.06.031

Niu, P., Liu, B., Li, Y., Wang, Q., Dong, A., Hou, H., et al. (2015).

CdTe@SiO2/Ag nanocomposites as antibacterial fluorescent markers

for enhanced latent fingerprint detection. Dye. Pigment. 119, 1–11.

doi: 10.1016/j.dyepig.2015.03.018

O’Neill, K. C., Hinners, P., and Lee, Y. J. (2018). Chemical Imaging

of Cyanoacrylate-Fumed Fingerprints by Matrix-assisted Laser

Desorption/Ionization Mass Spectrometry Imaging,. J. Forensic Sci. 63,

1854–1857. doi: 10.1111/1556-4029.13773

Park, J. Y., Chung, J. W., Park, S. J., and Yang, H. K. (2020). Versatile fluorescent

CaGdAlO4:Eu
3+ red phosphor for latent fingerprints detection. J. Alloys

Compd. 824:153994. doi: 10.1016/j.jallcom.2020.153994

Qiu, Z., Hao, B., Gu, X., Wang, Z., Xie, N., Lam, J. W. Y., et al. (2018). A general

powder dusting method for latent fingerprint development based on AIEgens.

Sci. China Chem. 61, 966–970. doi: 10.1007/s11426-018-9280-1

Rajan, R., Zakaria, Y., Shamsuddin, S., and Nik Hassan, N. F. (2019).

Fluorescent variant of silica nanoparticle powder synthesised from rice

husk for latent fingerprint development. Egypt. J. Forensic Sci. 9:50.

doi: 10.1186/s41935-019-0155-1

Ravindra, M. K., Mahadevan, K. M., Basavaraj, R. B., Darshan, G. P., Sharma, S. C.,

Raju, M. S., et al. (2019). New design of highly sensitive AIE based fluorescent

imidazole derivatives: probing of sweat pores and anti-counterfeiting

applications.Mater. Sci. Eng. C 101, 564–574. doi: 10.1016/j.msec.2019.03.089

Singh, H., Sharma, R., Bhargava, G., Kumar, S., and Singh, P. (2018). AIE+ ESIPT

based red fluorescent aggregates for visualization of latent fingerprints. New J.

Chem. 42, 12900–12907. doi: 10.1039/C8NJ02646G

Singh, P., Singh, H., Sharma, R., Bhargava, G., and Kumar, S. (2016).

Diphenylpyrimidinone–salicylideneamine – new ESIPT based AIEgens with

applications in latent fingerprinting. J. Mater. Chem. C 4, 11180–11189.

doi: 10.1039/C6TC03701A

Frontiers in Chemistry | www.frontiersin.org 7 November 2020 | Volume 8 | Article 594864

https://doi.org/10.1039/D0PP00262C
https://doi.org/10.3389/fchem.2020.00478
https://doi.org/10.1021/acs.analchem.7b00510
https://doi.org/10.1016/j.scijus.2015.02.004
https://doi.org/10.1002/adfm.201704689
https://doi.org/10.1016/j.clay.2009.01.011
https://doi.org/10.1021/acs.analchem.6b03178
https://doi.org/10.1016/j.dyepig.2020.108483
https://doi.org/10.1016/j.synthmet.2020.116347
https://doi.org/10.1039/C8TC06421K
https://doi.org/10.1080/02522667.2016.1224468
https://doi.org/10.1021/acs.analchem.6b04213
https://doi.org/10.1021/ed500406v
https://doi.org/10.1016/j.molstruc.2020.127840
https://doi.org/10.1016/j.physb.2020.412009
https://doi.org/10.1016/j.trac.2016.06.003
https://doi.org/10.1021/acs.langmuir.6b01977
https://doi.org/10.3389/fchem.2019.00440
https://doi.org/10.1016/j.jallcom.2020.155589
https://doi.org/10.1016/j.forsciint.2016.04.014
https://doi.org/10.1080/00450618.2018.1474948
https://doi.org/10.1039/D0QM00059K
https://doi.org/10.1016/j.cclet.2017.04.027
https://doi.org/10.1039/c2cc30553d
https://doi.org/10.1016/j.dyepig.2017.11.050
https://doi.org/10.1016/j.jcis.2009.10.061
https://doi.org/10.1039/C8AY00538A
https://doi.org/10.1021/acsami.7b13390
https://doi.org/10.1021/acs.chemrev.5b00263
https://doi.org/10.1016/j.forsciint.2015.06.031
https://doi.org/10.1016/j.dyepig.2015.03.018
https://doi.org/10.1111/1556-4029.13773
https://doi.org/10.1016/j.jallcom.2020.153994
https://doi.org/10.1007/s11426-018-9280-1
https://doi.org/10.1186/s41935-019-0155-1
https://doi.org/10.1016/j.msec.2019.03.089
https://doi.org/10.1039/C8NJ02646G
https://doi.org/10.1039/C6TC03701A
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles


Lian et al. Latent Fingerprint Imaging

Sodhi, G. S., and Kaur, J. (2000). Organic fingerprint powders based on fluorescent

phloxine B dye. Def. Sci. J. 50, 213–215. doi: 10.14429/dsj.50.3431

Song, B., and He, Y. (2019). Fluorescent silicon nanomaterials: from

synthesis to functionalization and application. Nano Today 26, 149–163.

doi: 10.1016/j.nantod.2019.03.005

Suresh, R., Thiyagarajan, S. K., and Ramamurthy, P. (2018). An AIE based

fluorescent probe for digital lifting of latent fingerprint marks down tominutiae

level. Sensors Actuators B Chem. 258, 184–192. doi: 10.1016/j.snb.2017.11.051

Uppal, J. S., Li, X. F., and Le, X. C. (2018). Visualization of fingerprints made

easy with dye solution on cellulose membrane. Sci. China Chem. 61, 375–376.

doi: 10.1007/s11426-018-9213-x

Wang, Y. L., Li, C., Qu, H. Q., Fan, C., Zhao, P. J., Tian, R., et al. (2020). Real-time

fluorescence in situ visualization of latent fingerprints exceeding level 3 details

based on aggregation-induced emission. J. Am. Chem. Soc. 142, 7497–7505.

doi: 10.1021/jacs.0c00124

Xu, L., Li, Y., Li, S., Hu, R., Qin, A., Tang, B. Z., et al. (2014). Enhancing the

visualization of latent fingerprints by aggregation induced emission of siloles.

Analyst 139, 2332–2335. doi: 10.1039/C3AN02367B

Yadav, P. K. (2019). Development of fingerprints on thermal papers—a review.

Egypt. J. Forensic Sci. 9, 47. doi: 10.1186/s41935-019-0152-4

Yang, Y., Liu, R., Cui, Q., Xu, W., Peng, R., Wang, J., et al. (2019).

Red-emissive conjugated oligomer/silica hybrid nanoparticles with high

affinity and application for latent fingerprint detection. Colloids Surfaces

A Physicochem. Eng. Asp. 565, 118–130.. doi: 10.1016/j.colsurfa.2019.

01.009

Yuan, C., Li, M., Wang, M., and Zhang, L. (2018). Cationic dye-diatomite

composites: Novel dusting powders for developing latent fingerprints. Dye.

Pigment. 153, 18–25. doi: 10.1016/j.dyepig.2018.01.055

Zhang, H., You, J., Nie, C., Wang, J., Dong, X., Guan, R., et al. (2019).

Non-conjugated organosilicone fluorescent nanoparticles for latent

fingerprint detection. J. Lumin. 215:116582. doi: 10.1016/j.jlumin.2019.

116582

Zhang, M., Ou, Y., Du, X., Li, X., Huang, H., Wen, Y., et al. (2017).

Systematic study of dye loaded small mesoporous silica nanoparticles for

detecting latent fingerprints on various substrates. J. Porous Mater. 24, 13–20.

doi: 10.1007/s10934-016-0231-y

Zhang, S., Liu, R., Cui, Q., Yang, Y., Cao, Q., Xu, W., et al. (2017). Ultrabright

fluorescent silica nanoparticles embedded with conjugated oligomers and their

application in latent fingerprint detection. ACS Appl. Mater. Interfaces 9,

44134–44145. doi: 10.1021/acsami.7b15612

Zhao, J., Zhang, K., Li, Y., Ji, J., and Liu, B. (2016). High-resolution and universal

visualization of latent fingerprints based on aptamer-functionalized core–shell

nanoparticles with embedded sers reporters. ACS Appl. Mater. Interfaces 8,

14389–14395. doi: 10.1021/acsami.6b03352

Zhao, Z., Nie, H., Ge, C., Cai, Y., Xiong, Y., Qi, J., et al. (2017). Furan is superior

to thiophene: a furan-cored AIEgen with remarkable chromism and OLED

Performance. Adv. Sci. 4, 1–8. doi: 10.1002/advs.201700005

Zhou, Y. Y., Du, Y. M., Bian, X. J., and Yan, J. (2019). Preparation of aptamer-

functionalized Au@pNTP@SiO2 core-shell surface-enhanced raman scattering

probes for raman imaging study of adhesive tape transferred-latent fingerprints.

Chinese J. Anal. Chem. 47, 998–1005. doi: 10.1016/S1872-2040(19)6

1171-0

Zhu, B., Tang, M., Yu, L., Qu, Y., Chai, F., Chen, L., et al. (2019). Silicon

nanoparticles: fluorescent, colorimetric and gel membrane multiple detection

of Cu2+ and Mn2+ as well as rapid visualization of latent fingerprints. Anal.

Methods 11, 3570–3577. doi: 10.1039/C9AY01011D

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Lian, Meng, Wang and Zhang. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Chemistry | www.frontiersin.org 8 November 2020 | Volume 8 | Article 594864

https://doi.org/10.14429/dsj.50.3431
https://doi.org/10.1016/j.nantod.2019.03.005
https://doi.org/10.1016/j.snb.2017.11.051
https://doi.org/10.1007/s11426-018-9213-x
https://doi.org/10.1021/jacs.0c00124
https://doi.org/10.1039/C3AN02367B
https://doi.org/10.1186/s41935-019-0152-4
https://doi.org/10.1016/j.colsurfa.2019.01.009
https://doi.org/10.1016/j.dyepig.2018.01.055
https://doi.org/10.1016/j.jlumin.2019.116582
https://doi.org/10.1007/s10934-016-0231-y
https://doi.org/10.1021/acsami.7b15612
https://doi.org/10.1021/acsami.6b03352
https://doi.org/10.1002/advs.201700005
https://doi.org/10.1016/S1872-2040(19)61171-0
https://doi.org/10.1039/C9AY01011D
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry#articles

	Recent Trends in Fluorescent Organic Materials for Latent Fingerprint Imaging
	Introduction
	Fluorescent Organic Small Molecule-Based Materials for LFP Imaging
	Fluorescent Organic Small Molecules With Different Matrices for LFP Imaging
	Fluorescent Molecules With AIE Features for LFP Imaging

	Fluorescent Organic Polymer-Based Materials For LFPs Imaging
	Conclusions and Future Perspectives
	Author Contributions
	Funding
	References


