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Introduction 

According to Edmond Locard’s exchange paradigm for forensic science, every touch 
leaves a trace. A multiplex combination such as (lipids, sebum, perspiration, and 
pollutants) is produced from the skin of a human which is transferred to the substrate 
when a human figure touches it, resulting in the development of a fingerprint. Ever 
since the late nineteenth century, fingerprints have already been utilized often as 
persuasive and effective evidence for human identification due to the individuality and 
durability of the ridge in the pattern of skin [1, 2]. Latent images of fingerprints (LFPs) 
found at the place where a crime has been committed are regarded as most important 
tangible solid evidence in forensic examination and the criminal justice system (CJS) 
due to the uniqueness and individuality of the pattern of ridges fingerprints [3, 4]. 
They are thus special and essential in solving any criminal case and correctly deter-
mining a suspect’s involvement [5–8]. For the production of cyanoacrylate fuming, 
low-pressure metal installation, fluorescent dyeing, magnetic powder application, 
tiny particulate solution, and LFP powder sprinkling or dusting method, etc., are the 
most known methods [9–11]. Because of this, it is difficult to recover fingerprints 
that are good enough for unequivocal identification, especially when working with 
metallic surfaces [12, 13]. This chapter explains how to create fingerprints on various
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surfaces using polymer nanoparticles. Nanoparticle made of polymers is one of the 
types of nanomaterials that are employed in the development of fingerprints, but there 
is no direct use of nanoparticle made of polymers; the use of polymer nanocrystal is 
the second phase; the initial stage implies the utilization of conjugated nanoparticle 
made polymer for various chemicals. In many ways, fluorescent conjugated polymer 
materials outperform conventional fluorescent materials, such as tiny molecular fluo-
rescent dyes and semi conductive quantum dots. As a result, conjugated polymers 
are frequently employed in bio imaging, sensing, and photoelectric devices [14–16]. 
In comparison to other small molecule fluorophores, conjugated polymers have a 
variety of advantages, such as low toxicity, high emission, great photo bleaching 
resistance, ease of synthesis at a low cost, superior mechanical stability, and process-
ability [17–22]. These nanocrystals were widely used for identification of fingerprint 
because to the high-quality images, improved transparency, with perfect features of 
ridges, improved contrast of background surfaces, stronger selectivity, and result into 
the increased particle sensitivity with stronger selectivity. 

History of Fingerprint Identification 

The history of fingerprint identification as we know it now began in the late nineteenth 
century, and the establishment of identification agencies entrusted with preserving 
correct information on persons classified not by identity but by some physical char-
acteristic. Modern nations were only bureaucratic enough in the nineteenth century 
to assume to keep structured criminal records that reached beyond a particular parish 
or municipality [23]. Fingerprints are formed up of ridges and furrows on the finger’s 
surface, with a central core around which swirls, loops, and arches are curled to guar-
antee that each print is distinct [24]. An arch is formed when grooves enter a finger 
through one side, rise in the center to create an arc, and then escape from another. 
Ridges enter from one side of a finger, bend, and then escape from the same side 
in the loop pattern. Pattern of ridges develops in a circular pattern around a central 
spot on the finger in the whorl pattern. The imperfections known as minutiae, which 
are the distinguishing feature of finger scanning technology, are found in the ridges 
and furrows. Local ridge features that occur at either a ridge bifurcation or a ridge 
terminating are known as minutiae points. The point at which a ridge ends is known 
as the ridge terminating. A bifurcation is a point where a single ridge divides into two. 
Since no two fingers have been demonstrated to be identical, minutiae and patterns 
are extremely significant in fingerprint analysis [25]. As previously stated, fingerprint 
identification is extremely crucial in many sorts of criminal cases since it allows us 
to identify the primary suspect. As previously stated, fingerprints are unique to each 
individual. In the beginning, different old methods were used to develop such finger-
prints, the most common is the powder method, in which several different powders 
are applied in the establishment of fingerprints at the site of crime [26]. However, 
powder methods have a number of flaws, and in order to overcome these flaws, new
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techniques have been developed so that fingerprints as evidence are not contami-
nated [27]. Different sorts of chemicals are used in this innovative process to create 
fingerprints. One of them is the utilization of polymer nanoparticles to make the visu-
alization of latent fingerprints impression; this polymer has a fluorescence property 
that causes fingerprints to become visible when exposed to various substances. 

Nanotechnology Used in Forensics 

Scientific proof that is evidence detection on weapons, samples related to biology, and 
residues or particles using nanotechnology is a rapidly developing field of forensic 
science that helps law enforcement identify offenders [28–31]. Innovations used in 
forensic are mostly focused on physiology and anatomy in order to collect solid 
evidence toward convicts [32–34]. Therefore, forensic research is growing with 
nanotechnology to collect evidence rapidly at the scene of crime (SOC) and their 
environment and in a criminal court, submit this after laboratory examination [35, 36]. 
As a result, nanotechnology is used to increase nanosensors for acquiring evidence at 
the scene of crime identifying whether or if chemicals, such as natural and explosive 
gases, were marked as evidence from the activity of terrorist which is involved in 
this [37, 38]. Forensic scientists have traditionally used bulk chemicals and micro-
substances to detect evidence, for example explosives, traces, DNA, fingerprint 
impression, and gunshot residues (GSR) [39–41]. Therefore, the utilization of nano-
materials in many applications is gradually replacing conventional methods. This 
chapter discusses the use of nanoparticles in the production of latent fingerprints 
impression for person recognition in forensic investigations, there are many suspects, 
and the best strategy for identifying them is to employ fingerprints [35]. 

Techniques of Preparation and Production 

Polymeric Nanoparticles 

The study of polymer nanoparticles (PNP) has developed quickly over the past few 
decades. It has grown in significance in a number of fields, such as electronics, 
optoelectronic, conducting materials, sensors, biotechnology, pollution prevention, 
and environment management [42–47]. Preformed polymers can be used to create 
PNPs, or you can directly polymerize monomers using classical polymerization or 
poly-reactions [48]. PNP can be manufactured from pre-manufactured polymers 
using techniques such as solvent evaporation, salting-out, dialysis, and supercrit-
ical fluid technology, which includes rapidly expanding a supercritical mixture or 
rapidly expanding a supercritical mixture into a liquid solvent [49, 50]. In contrast the 
production of PNP by direct polymerization of various single units, i.e., monomer
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by using a number of polymerization techniques, like interfacial polymerization, 
surfactant-free emulsion, mini-emulsion, and micro-emulsion [51]. 

Pdots 

The nanoprecipitation technique previously described was used to prepare the Pdots. 
A conjugated polymer weighing 500 mg and PSMA weighing 50 mg were fully 
soluble in 10 mLtr of THF for the manufacture of Pdots. Under intense sonication, 
The polymer/THF combination was quickly diluted into 10 mL of ultrapure water 
with 3 ml of concentrated. From the nitrogen bubbling THF was removed on the hot 
plate. Filtration with a 0.22 m membrane filter allowed for the removal of a minor 
portion of aggregates [52, 53]. 

Preparation of CPDs 

To create CPDs( carbonized polymer dots), a first-step solvothermal process was 
employed. 20 mL of toluene and 0.20 g of p-phenylenediamine (PPD) were placed in 
a Teflon-lined autoclave and cooked for 10 h at 160 °C with a constant temperature in 
drying oven. After the red precipitate was extracted and cooled at room temperature, 
the precipitate at the bottom of the autoclave was carefully collected and repeatedly 
washed with toluene. In order to make it easier to refer to them, CPDs-160, CPDs-180, 
and CPDs210 were given the respective designations [54] (Fig. 10.1). 

Fig. 10.1 Diagrammatic representation for the preparation of polymer nanoparticles by using 
various techniques
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Use of Polymer Particles for Fingerprint Development 

Conjugated Polymer Nanoparticles 

Conjugated polymers (CPs), which are bright materials with exceptional light-
harvesting capabilities and a range of appealing for use in biological and chemical 
detection, cell imaging, and photodynamic treatment, ocular characteristics have 
gained increasing attention [55–59] (Fig. 10.2). 

Nanoparticles of Conjugated Polymer in an Aqua-Colloidal Suspension 

An approach for creating fingerprints using conjugated polymer nanoparticles is 
suggested. Fluorescent poly (p-phenylene vinylene) (PPV) nanocrystals create a 
sustainable colloidal suspension after heat elimination of the polymer precursor (pre-
PPV) in an aqueous system with the aid of a surfactant. The diluted colloidal solution 
may be used for fingerprint impression development by submerging the fingerprint 
sample for a brief moment in time, extracting it, and then rinsing the sample with 
deionized water to remove any extra PPV nanoparticles [60]. In terms of toxicity 
and/or cost, in aqueous solution, PPV nanoparticles have an edge them. Recently, 
multiple publications have appeared describing the use of conjugated polymers (or 
dots) as fingerprint-forming agents with excellent or good results [61–63]. Due to the 
lack of significant components (such as reactant, catalyst, or additive) or advanced 
processes used, the manufacture of colloidal solutions of PPV nanoparticles will be 
less expensive. While prior previous systems needed spraying or brushing techniques 
and the compounds were not reused, the current emerging approach is simpler and 
more affordable because it simply requires an immersive experience procedure; in 
some cases, further post-treatment or transmission steps involving fingerprints were 
required to achieve LFP visualization [60].

Fig. 10.2 Fingerprint development using polymer nanoparticles in aqueous colloidal solution 
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Cyanoacrylate Fuming with Conjugated Polymer Nanoparticles 

A fingerprint development strategy involving the use of PPV nanoparticles (NPs) 
and the cyanoacrylate fuming method. To begin, a series of fluorescent PPV NPs 
with various emission colors are synthesized in aqueous colloidal solution using a 
modified Wessling approach in combination with in-situ self-assembly. A sequence 
of modified PPV precursors (pre-PPV-N) can be obtained in parallel by varying the 
reaction conditions. The simultaneous heat removal and self-assembly of PPV NPs 
with various emission colors occurs in the presence of surfactant, then using colloidal 
PPV NPs solutions, superglue-fumed fingerprints are created on various substrates 
[60]. To begin with, the color-tuning process for nanoparticles is straightforward, 
requiring only a change in the reaction duration of the substituent step and no further 
changes. Second, because the finished products are in aqueous solution, they may be 
used right away, which is good for the environment. Our strategy is, on the whole, 
cost-effective [64, 65]. 

Conjugated Oligomer with Silica Nanoparticles 

Conjugated oligomers, which have a well-defined molecular weight and are less 
complex versions of CPs with the same conjugated backbone, have grown in popu-
larity recently [66–69]. Comparatively speaking, conjugated oligomers are simpler 
to make, purify, and work with than conjugated polymers. Additionally, several 
special fluorescent properties related to the distinctive structure of oligomers show 
promise applications in detecting, imaging, antibacterial agents, drug/gene delivery, 
and controlled release [70–74]. A silane-modified conjugated oligomer was inte-
grated into a silica matrix using a reverse micelle method, producing particles with 
ultra-bright blue fluorescence and quantum yields of up to 97 percent. The NPs were 
dispersed in a variety of solvents and showed little variation over a broad pH and 
temperature range. Silica NPs are widely employed in the materials and biolog-
ical industries due to their controllable size, optical clarity, ease of modification, 
straightforward manufacture, and low toxicity. Conjugated polymers and oligomers 
experience aggregation-induced quenching when they are transformed from solu-
tion to nanoparticle form or a solid film (ACQ) [75]. This effect is assumed to be 
brought on by the aggregation-induced depopulation of excitons. The ACQ problem 
reduces the efficacy of such materials’ emissions and restricts their applications in 
solid states. As evidence that the effects of ACQ were contained within the particles, 
photoluminescence quantum yields of fluorescent NPs with conjugated oligomer 
concentrations as low as 0.025–0.05 mol percent were as high as 97 percent. The 
resulting hybrid NPs could be used as a dusting agent to find latent fingerprints [75].
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Polymer Dots for Latent Fingerprint Detection 

In latent fingerprint imaging, the Pdots give exceptional sensitivity and reliability. 
For fingerprint identification, there are two basic groups of fingerprint matching 
procedures [76]. The minutiae-based method, which is the most extensively used 
recognition methodology, detects minutiae points first and then maps their rela-
tive arrangement on the finger to match ridge characteristics. Pattern matching, on 
the other hand, examines two photos to determine how similar they are. The spray 
approach may be used to detect LFP using radical fluorescence polymer dots. The 
fluorescence matrix has been altered in this way by mixing two types of polymers 
with ninhydrin [1]. The fluorescent matrix is used for latent fingerprint detection 
and colorimetric measurements on any porous or non-porous substrate [1]. These 
polymer dots are used to enhance the fingerprint ridge’s detail and offer advan-
tages including improved selectivity and low inherent interferences. These types of 
polymer dots have shown great potential as fingerprint detecting agents due to the 
robust interaction in LFP detection that produces clear fingerprint images. These 
polymer dots paved the way for a new forensic science study field focused on the 
detection of LFP [35]. 

Latent Fingerprint Imaging Using Carbonized Polymer Dots 

Carbon-based nanomaterials (CNMs) which are fluorescent, such as graphene 
quantum dots, carbon nanoparticles, and carbon dots (CDs) have gained popularity 
due to the consequence of their exceptional optical characteristics, better stability, 
minimal toxicity, excellent photo-induced e-transfer characteristics, and straightfor-
ward synthetic processes [77–79]. CNMs are useful for many different applications, 
including photocatalysis, light-emitting devices, and bioimaging, among others [80, 
81]. The majority of modern CNMs emit intense blue to green light when stimulated 
by UV(ultraviolet) radiation or light. However, red fluorescent CNMs are extremely 
difficult to make, and the scarcity of red-emitting CNMs greatly limits their use and 
advancement [82]. Researchers have made various attempts to create novel fluores-
cent agents and more efficient techniques for manufacturing LFPs [83]. Recently, 
bright nanoparticles have been effectively used to detect LFPS, in particular rare earth 
fluorescent nanomaterials. It is anticipated that CNMs will be employed to visualize 
LFPS as a sort of economical, extremely luminescent-stable, and environmentally 
beneficial nanomaterial [54].
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Fingerprint Collecting and Development Process 

The same methods were used to prepare regular fingerprint specimens for the devel-
opment of latent fingerprint impression. The contributor should carefully wipe their 
hands before rubbing their hand away from greasy regions of the body such as the 
retro auricular region to avoid leaving fingerprints on the material (the adhesive 
side of the tapes, the aluminum foil, or the cover glass) [60]. With a soft brush, 
the powdered nanoparticles were applied to the imprinted surfaces to collect the 
LFPs produced by various nanoparticles, and the extra powder was removed with a 
moderate air flow [84]. Two different kinds of approaches were needed for the identi-
fication of LFP with nanoparticles. Interactions that are taking place are electrostatic 
and hydrophobic interactions. Because of electrostatic attractions with LFPs, distinct 
functional groups of amine and carboxylic acid are present in sweat pores, patterns 
of end ridges, and residues of fingerprint impression. Additionally, the hydrophobic, 
i.e., repulsion of water mechanism includes the fatty acids of LFPs and the nega-
tive charge of nanomaterial. These kinds of procedures showed high sensitivity and 
higher resolution without the foremost part of interferences in the ridges of LFPs with 
number of nanoparticles [84, 85]. The ability to quickly discern fingerprints under 
UV irradiation enables the identification of the culprit due to the characteristics of 
powdered materials’ emissions. To enhance the detection of latent fingerprints and 
help identify offenders, aluminum foil and carbon-based compounds are frequently 
used [60]. 

Conclusion 

A number of conjugated polymer nanoparticles with different fluorescence colors 
were studied and characterized in an aqueous colloidal solution. It was discovered 
that they were round, nanometer in size, and had the ideal wavelengths for scat-
tering and absorption that can be used as reagents in the creation of fingerprints. The 
fingerprints were produced by “in-situ” fuming of superglue and then stained with 
fluorescent dye. This chapter discusses the many characteristics of fingerprints and 
their production procedures, with a focus on a novel and cost-effective technology 
that employs polymer nanoparticles and Pdots, which may be employed on a variety 
of surfaces at various crime scenes. Polymer nanoparticles have varying fluores-
cence qualities, which can aid in the better viewing of fingerprints and their patterns. 
Polymer nanoparticles are also employed in a variety of chemicals and shapes. It is 
inexpensive and easy to create latent fingerprints by using polymer nanoparticles.



10 Visualization of Latent Fingerprint Using Conjugated Polymer … 165

References 

1. Chen Y-H 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(23):11616–11623 

2. Sankhla MS, Kumar R (2019) Crime Investigating Technique to Development of Invisible 
Fingerprints on Surfaces Using Rock Phosphate Powder. Available at SSRN 3428918 

3. Sankhla MS (2018) Marble Slurry Powder are Using Visualization on Latent Fingerprints on 
Different Surfaces. Available at SSRN 3958673 

4. Kesarwani S et al (2020) Nano-forensic: new perspective and extensive applications in solving 
crimes. Latent in applied nanobioscience 10(1):1792–1798 

5. Faulds H (1880) On the skin-furrows of the hand. Nature 22(574):605–605 
6. Saferstein R (2001) Criminalistics: An introduction to forensic science. Vol. 201. 2001: Prentice 

Hall Upper Saddle River, NJ 
7. Hazarika P, Russell DA (2012) Advances in fingerprint analysis. Angew Chem Int Ed 

51(15):3524–3531 
8. Malik AH, Kalita A, Iyer PK (2017) Development of well-preserved, substrate-versatile latent 

fingerprints by aggregation-induced enhanced emission-active conjugated polyelectrolyte. 
ACS Appl Mater Interfaces 9(42):37501–37508 

9. Sodhi GS, Kaur J (2001) Powder method for detecting latent fingerprints: a review. Forensic 
Sci Int 120(3):172–176 

10. Girelli CM et al (2015) Comparison of practical techniques to develop latent fingermarks on 
fired and unfired cartridge cases. Forensic Sci Int 250:17–26 

11. Costa CV et al (2020) Bilayer systems based on conjugated polymers for fluorescence 
development of latent fingerprints on stainless steel. Synth Met 262:116347 

12. Brown RM, Hillman AR (2012) Electrochromic enhancement of latent fingerprints by poly (3, 
4-ethylenedioxythiophene). Phys Chem Chem Phys 14(24):8653–8661 

13. Sapstead RM, Corden N, Hillman AR (2015) Latent fingerprint enhancement via conducting 
electrochromic copolymer films of pyrrole and 3, 4-ethylenedioxythiophene on stainless steel. 
Electrochim Acta 162:119–128 

14. Liu J et al (2014) Bright Quantum-Dot-Sized Single-Chain Conjugated Polyelectrolyte 
Nanoparticles: Synthesis, Characterization and Application for Specific Extracellular Labeling 
and Imaging. Small 10(15):3110–3118 

15. McQuade DT, Pullen AE, Swager TM (2000) Conjugated polymer-based chemical sensors. 
Chem Rev 100(7):2537–2574 

16. Lee BH et al (2014) Multi-Charged Conjugated Polyelectrolytes as a Versatile Work Function 
Modifier for Organic Electronic Devices. Adv Func Mater 24(8):1100–1108 

17. Wang S et al (2013) A platform for preparation of monodispersed fluorescent conjugated 
polymer microspheres with core-shell structures. Macromol Rapid Commun 34(1):102–108 

18. Chen Y et al (2015) Realization of fluorescence color tuning for poly (p-phenylenevinylene) 
coated microspheres via a heterogeneous catalytic thermal elimination process. Polym Chem 
6(9):1576–1583 

19. Qiu T et al (2015) Preparation of cross-linked, multilayer-coated fluorescent microspheres with 
functional groups on the surface for bioconjugation. ACS Appl Mater Interfaces 7(15):8260– 
8267 

20. Song J et al (2015) Layer-by-layer introduction of poly (phenylenevinylene) onto microspheres 
and probing the influence from the weak/strong polyanion spacer-layers. J Colloid Interface 
Sci 452:190–198 

21. Chen Y et al (2015) Color Tuning of Core-Shell Fluorescent Microspheres by Control-
ling the Conjugation of Poly (p-phenylenevinylene) Backbone. ACS Appl Mater Interfaces 
7(48):26709–26715 

22. Xu X et al (2015) Preparation of fluorescent conjugated polymer fibrous membranes for rapid 
recognition of aromatic solvents. ACS Appl Mater Interfaces 7(14):7759–7766



166 B. Mavry et al.

23. Torpey JC (2001) Documenting Individual Identity. The Development of State Practices since 
the French Revolution 

24. Maltoni D et al (2003) Handbook of fingerprint recognition springer. New York 
25. Lourde M, Khosla D (2010) Fingerprint identification in biometric securitysystems. Interna-

tional Journal of Computer and Electrical Engineering 2(5):852 
26. Aseri V et al (2022) A comparative study on scanned fingerprint after applying lubricants and 

without scanned fingerprint on porous surface;(white paper). Materials Today: Proceedings 
27. Nagar V et al (2022) Latent friction ridge analysis of developed fingerprints after treatment 

with various liquid materials on porous surface. Materials Today: Proceedings 
28. Mathur S, Choudhary B, Vyas C (2016) Effect of disguise on fundamental frequency of voice. 

J Forensic Res 7(327):2 
29. Ahuja PP (2015) A case study on comparison of male and female vowel formants by native 

speakers of Gujarati. Journal of Forensic Research S4:1 
30. Soni SR et al (2015) Impact of the art of living programme on burnout and organizational role 

stress among animal husbandry personnel. Journal of Psychiatry 18(4):1–11 
31. Pooja A, Vyas J (2015) A developmental overview of voice as a steadfast identification 

technique. Journal of Forensic Research 6(3):1 
32. Bischoff, S.J., K.B. DeTIENNE, and B. Quick, Effects of ethics stress on employee burnout 

and fatigue: an empirical investigation. Journal of health and human services administration, 
1999: p. 512–532. 

33. Kshemada, K. and C. Kartha, Forensic sciences and growth of cardiology. Journal of Forensic 
Research, 2013. 5(1). 

34. Verma K, Paul R (2013) Assessment of post mortem interval,(PMI) from forensic entomotoxico-
logical studies of larvae and flies. Entomol Ornithol Herpetol 2(104): p. 2161–0983.1000104. 

35. Prabakaran E, Pillay K (2021) Nanomaterials for latent fingerprint detection: a review. J Market 
Res 12:1856–1885 

36. Ali A, Ten, (2014) real critical iatrogenic errors in clinical toxicology practice. J Pharmacol 
2(3):1033 

37. Gopi S et al (2016) Introduction of nanotechnology in herbal drugs and nutraceutical: a review. 
Journal of Nanomedicine & Biotherapeutic Discovery 6(2):1–8 

38. Trujillo LE et al (2016) Nanotechnology applications for food and bioprocessing industries. 
Biology and Medicine 8(3):1 

39. Menaa F (2015) Genetic engineering and nanotechnology: when science-fiction meets reality. 
Adv Genet Eng 4(2):1000128 

40. Satapathy MK (2015) Shaping safer future nanotechnology through wise worthy scientific 
research. J Bioprocess Biotech 5:243 

41. Khetawat S, Lodha S (2015) Nanotechnology (nanohydroxyapatite crystals): recent advance-
ment in treatment of dentinal hypersensitivity. J Interdiscipl Med Dent Sci 3:181 

42. Schmid, G., Nanoparticles: from theory to application. 2011: John Wiley & Sons. 
43. Geckeler, K.E. and E. Rosenberg, Functional nanomaterials. 2006: American Scientific 

Publishers Valencia. 
44. Naito, M., et al., Nanoparticle technology handbook. 2018: Elsevier. 
45. Geckeler, K.E. and H. Nishide, Advanced nanomaterials. 2009: John Wiley & Sons. 
46. Wang X, Summers CJ, Wang ZL (2004) Large-scale hexagonal-patterned growth of aligned 

ZnO nanorods for nano-optoelectronics and nanosensor arrays. Nano Lett 4(3):423–426 
47. Jang J, Oh JH (2002) Novel crystalline supramolecular assemblies of amorphous polypyrrole 

nanoparticles through surfactant templating. Chem Commun 19:2200–2201 
48. Geckeler K, Stirn J (1993) Polyreaktionen—Mechanismen, Systematik. Relevanz. Naturwis-

senschaften 80(11):487–500 
49. Brahim S, Narinesingh D, Guiseppi-Elie A (2001) Amperometric determination of cholesterol 

in serum using a biosensor of cholesterol oxidase contained within a polypyrrole–hydrogel 
membrane. Anal Chim Acta 448(1–2):27–36 

50. Zhang Q, Chuang KT (2001) Adsorption of organic pollutants from effluents of a Kraft pulp 
mill on activated carbon and polymer resin. Adv Environ Res 5(3):251–258



10 Visualization of Latent Fingerprint Using Conjugated Polymer … 167

51. Rao JP, Geckeler KE (2011) Polymer nanoparticles: Preparation techniques and size-control 
parameters. Prog Polym Sci 36(7):887–913 

52. Wu C et al (2008) Multicolor conjugated polymer dots for biological fluorescence imaging. 
ACS Nano 2(11):2415–2423 

53. Chen H et al (2015) Covalent patterning and rapid visualization of latent fingerprints with 
photo-cross-linkable semiconductor polymer dots. ACS Appl Mater Interfaces 7(26):14477– 
14484 

54. Li F et al (2018) One-step solvothermal synthesis of red emissive carbonized polymer dots for 
latent fingerprint imaging. Opt Mater 86:79–86 

55. Burroughes, J.H., et al., Light-emitting diodes based on conjugated polymers. nature, 1990. 
347(6293): p. 539–541. 

56. Fan C, Plaxco KW, Heeger AJ (2002) High-efficiency fluorescence quenching of conjugated 
polymers by proteins. J Am Chem Soc 124(20):5642–5643 

57. Liu B, Bazan GC (2004) Interpolyelectrolyte complexes of conjugated copolymers and DNA: 
platforms for multicolor biosensors. J Am Chem Soc 126(7):1942–1943 

58. Zhu C et al (2012) Water-soluble conjugated polymers for imaging, diagnosis, and therapy. 
Chem Rev 112(8):4687–4735 

59. Lv F et al (2016) Recent advances in conjugated polymer materials for disease diagnosis. Small 
12(6):696–705 

60. Chen H et al (2017) Fluorescence development of latent fingerprint with conjugated polymer 
nanoparticles in aqueous colloidal solution. ACS Appl Mater Interfaces 9(5):4908–4915 

61. Lee J, Lee CW, Kim J-M (2016) A magnetically responsive polydiacetylene precursor for latent 
fingerprint analysis. ACS Appl Mater Interfaces 8(9):6245–6251 

62. De Grazia A et al (2012) Diacetylene copolymers for fingermark development. Forensic Sci 
Int 216(1–3):189–197 

63. Kim B-I, AfsaráUddin M, YoungáWoo H (2015) Surfactant chemistry for fluorescence 
imaging of latent fingerprints using conjugated polyelectrolyte nanoparticles. Chem Commun 
51(71):13634–13637 

64. Menzel ER et al (2000) Photoluminescent semiconductor nanocrystals for fingerprint detection. 
Journal of Forensic Science 45(3):545–551 

65. Maynard P et al (2009) Near infrared imaging for the improved detection of fingermarks on 
difficult surfaces. Aust J Forensic Sci 41(1):43–62 

66. Koizumi Y et al (2006) Self-condensed nanoparticles of oligofluorenes with water-soluble side 
chains. J Am Chem Soc 128(28):9036–9037 

67. Xu X, Liu R, Li L (2015) Nanoparticles made of π-conjugated compounds targeted for chemical 
and biological applications. Chem Commun 51(94):16733–16749 

68. Kaeser A, Schenning AP (2010) Fluorescent nanoparticles based on self-assembled π-
conjugated systems. Adv Mater 22(28):2985–2997 

69. Schill J, Schenning AP, Brunsveld L (2015) Self-Assembled Fluorescent Nanoparticles from π-
Conjugated Small Molecules: En Route to Biological Applications. Macromol Rapid Commun 
36(14):1306–1321 

70. Wang X et al (2013) Conjugated oligomer-based fluorescent nanoparticles as functional 
nanocarriers for nucleic acids delivery. ACS Appl Mater Interfaces 5(12):5700–5708 

71. Parthasarathy A et al (2013) Photophysics and light-activated biocidal activity of visible-light-
absorbing conjugated oligomers. ACS Appl Mater Interfaces 5(11):4516–4520 

72. Pennakalathil J et al (2014) Red emitting, cucurbituril-capped, pH-responsive conju-
gated oligomer-based nanoparticles for drug delivery and cellular imaging. Biomacromol 
15(9):3366–3374 

73. Miao Q et al (2016) Semiconducting oligomer nanoparticles as an activatable photoacoustic 
probe with amplified brightness for in vivo imaging of pH. Adv Mater 28(19):3662–3668 

74. Fan Y et al (2014) Water-soluble triscyclometalated organoiridium complex: phosphorescent 
nanoparticle formation, nonlinear optics, and application for cell imaging. ACS Appl Mater 
Interfaces 6(5):3122–3131



168 B. Mavry et al.

75. Zhang S et al (2017) Ultrabright fluorescent silica nanoparticles embedded with conjugated 
oligomers and their application in latent fingerprint detection. ACS Appl Mater Interfaces 
9(50):44134–44145 

76. Malik AH et al (2020) Advances in conjugated polymers for visualization of latent fingerprints: 
a critical perspective. New J Chem 44(45):19423–19439 

77. Wang R et al (2017) Recent progress in carbon quantum dots: synthesis, properties and 
applications in photocatalysis. Journal of Materials Chemistry A 5(8):3717–3734 

78. Fan Y et al (2016) Efficient and stable red emissive carbon nanoparticles with a hollow sphere 
structure for white light-emitting diodes. ACS Appl Mater Interfaces 8(46):31863–31870 

79. Yang G et al (2018) Exploring the emissive states of heteroatom-doped graphene quantum dots. 
The Journal of Physical Chemistry C 122(11):6483–6492 

80. Wang W-J et al (2015) Polyhedral oligomeric silsesquioxane functionalized carbon dots for 
cell imaging. ACS Appl Mater Interfaces 7(30):16609–16616 

81. Tang Z et al (2017) Amino nitrogen quantum dots-based nanoprobe for fluorescence detection 
and imaging of cysteine in biological samples. Anal Chem 89(7):4238–4245 

82. Duarah R, Karak N (2017) Facile and ultrafast green approach to synthesize biobased lumi-
nescent reduced carbon nanodot: an efficient photocatalyst. ACS Sustainable Chemistry & 
Engineering 5(10):9454–9466 

83. Wu ZL, Liu ZX, Yuan YH (2017) Carbon dots: materials, synthesis, properties and approaches 
to long-wavelength and multicolor emission. J Mater Chem B 5(21):3794–3809 

84. Yang Y et al (2019) Red-emissive conjugated oligomer/silica hybrid nanoparticles with high 
affinity and application for latent fingerprint detection. Colloids Surf A 565:118–130 

85. Swati G et al (2018) Chemistry of extracting high-contrast invisible fingerprints from trans-
parent and colored substrates using a novel phosphorescent label. Anal Methods 10(3):308–313


	10 Visualization of Latent Fingerprint Using Conjugated Polymer Nanoparticles
	Introduction
	History of Fingerprint Identification
	Nanotechnology Used in Forensics
	Techniques of Preparation and Production
	Polymeric Nanoparticles
	Pdots

	Use of Polymer Particles for Fingerprint Development
	Conjugated Polymer Nanoparticles
	Polymer Dots for Latent Fingerprint Detection

	Fingerprint Collecting and Development Process
	Conclusion
	References


