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Introduction 

Forensic science is the general term used for all of the scientific 
process such as DNA coding, toxicology; serology and ballistics 
used in solving crime cases. A big part of forensic science, includes 
the collection of evidences such as genetic materials, trace 
chemicals, finger prints and other physical evidences. Fingerprint 
recognition has been used to identify suspects and to solve crimes 
for more than centaury and it remains an exceptionally valuable 
tool. Fingerprints left at crime scenes are one of the tools used 
to incriminate or eliminate suspects. It is noteworthy here to 
mention types of finger prints and there are three types 

(i) patent (visible) prints, 

(ii) plastic (impression) prints and 

(iii) latent (invisible) prints. 

Patent and plastic prints are visible to naked eyes and simply 
recorded with photography, sometimes techniques may be 
needed to enhance their visibility. Whereas latent prints pose 
more problems since these prints are made from natural oil or 
sweat, within that there are number of chemical compounds 
like water content, inorganic ions, proteins, amino acids and  

 
lipids. Since sweat is colorless in nature, its deposition on a  
surface also produces colorless impressions, which are called 
latent fingerprints [1]. Water and other volatile components will 
evaporate or degrade quickly, it is the lipids and amino acids 
that allow fingerprint residues to last long enough for collection. 
However, they are not always visible and investigators will often 
rely on chemical technique in order to visualize them. The methods 
used to visualize latent prints are finger print powders [2], 
staining using chemicals like iodine, ninhydrin and cyanoacrylate 
fuming [3], vacuum metal deposition [4] and other techniques 
like dye adsorption on nano particles [5-7] and quantum dots [8]. 
Chemical methods can be used to develop the latent fingerprints 
by converting any particular constituent of sweat into a colored 
derivative. These methods can be used alone or in combination 
with others to enhance the visibility of developed latent prints. 
Most widely used method in forensic analysis for fingerprints 
development is the simple powder dusting method. In this 
technique finely divided powder is applied for detecting the 
latent fingerprints and powder gets mechanically adhered to the 
sweat residue defining the ridge patterns and blown off from 
the furrows. Fingerprint powders are commercially available in 
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variety of compositions and colors. However, powder dusting 
exposes the squad members and inhalation of fingerprint powders 
containing varying amount of certain elements are harmful. Thus, 
it is important to modify powder formulation with cost effective 
and less toxic [9]. Several finger print reagents have been used in 
the detection and these reagents can be classified based on the 
appearance of finger prints after treatment process into three 
types.

(i) Visible finger print reagents such as amino acid 
sensitive reagents like ninhydrin, 1, 8-diazafluoren-9-one (DFO), 
1, 2-indamedione and lipid sensitive reagents like, Oil Red O and 
solvent black 3 which produces colored impression and can be 
seen by naked eyes. 

(ii) Luminescent finger print reagents like Nile red and Nile 
blue are the one which produces fluorescent impression which 
can be seen only upon exposure to a light source. 

(iii) Dual fingerprint reagents like natural pigment Genipin 
produce finger print impressions that are both visible and 
luminescent [10]. 

The chemistry of latent print residue is very complex and 
these compounds form a complex three-dimensional matrix with 
organic and inorganic compounds. The interaction of all of these 
different compounds as they are exposed to a variety of 
environmental conditions over a period of time can produce 
dramatic changes in the physical properties of the latent print. 
Hence, a better understanding of the chemical composition of 
latent print residue and how it changes with time is of very much 
necessary. So that one can make improvements to existing 
reagents and design novel compounds for specialized conditions 
or surfaces. Such data will also assist in better understanding how 
latent print development reagents actually work as well as react 
within the residue. Only then one can develop a methodical 
approach for reagent design that will yield useful new techniques 
in the future for visualizing latent print residues [11]. On the other 
hand, counterfeiting is widely spread in bank note, certificates 
and tax stamps have become one of the serious and social 
threatening problems. For most of the developing countries 
counterfeit currency and documents including medicine with 
incorrect active ingredient or fake formulations has become major 
and serious issue. Hence, anti-counterfeiting technologies are of 
current interest to avoid the forgeries and ensure reliability for 
the genuine documents. For these technologies photo-
fluorochromic compounds are regarded as the fascinating choice 
because of their reversible emission outputs in response to light 
[12,13]. Hence, in this study we focused our interest to review on 
recent development and application of organic compounds for 
detection of latent fingerprints as well as anti-counterfeiting and 
efforts for developing enhanced visualization related works has 
been surveyed. Latent finger prints have been classified into three 

levels based on the ridges. Level 1 & 2 ridge details can be easily 
counterfeited with minimal information whereas level 3 ridge 
details provide more information. Hence, in search of visualization 
of level 3 details Ravindra et al. [14] developed novel fluorescent 
imidazole derivatives for probing the sweat pores and anti-
counterfeiting applications. The results revealed that 2-(1-(3, 
5-bis (trifluoromethyl) phenyl)-4,5-diphenyl-1H-imidazol-2yl) 
phenol Figure 1 exhibit excellent efficiency, sensitivity, selectivity, 
low background hindrance and less toxicity [14]. Bloodstains are 
an important type of physical evidence encountered in criminal 
cases, such as murders, assaults, rapes, abortion and so on. The 
detection and examination of these marks are important to the 
reconstruction of the crime scene and linking a criminal or the 
victim to the crime scene. Hence, based on the above fact Barros et 
al. [15] synthesized fluorescent benzazole dyes Figure 2 for blood 
stain detection and bloody finger mark enhancement. Results 
revealed that these dyes were successfully applied for detecting 
blood stains and latent bloody fingermarks on different type and 
colored surfaces [15]. The use adhesive tape for immobilize 
victims (or) building an explosive device is an important physical 
evidence for identifying criminals. For the non-adhesive side of 
the tapes, detection and visualization of the fingermarks are 
relatively easy and it can be done by using Black, metallic, 
fluorescent or colored powders and cyanoacrylate fuming usually 
produces good results. However, for the adhesive side, many 
problems arise due to the difficult nature of the surface and for 
detection crystal violet or gentian violet is currently used but 
these dyes pose problems. Hence for this purpose Barros et al. 
[15]. synthesized fluorescent benzazole dyes Figure 3. Result of 
this study revealed that they showed high efficiency in the 
detection of latent fingermarks in short duration of time [16]. In 
search of enhancement of visualization of the latent finger prints 
on various surfaces Xiaodong Jin et al. [17] synthesized tetra 
phenyl ethane Figure 4 based dyes [17] the approach do not need 
expensive or hazardous reagents. In search of dual luminescent 
finger print reagents on porous surfaces and to establish 
relationship between chemical structure reagent and its influence 
on efficiency, Alsomy et al. [18] investigated two new 
benzophenoxazine derivatives Figure 5a & b. Results of this 
investigation revealed that highly hydrophobic derivatives acts as 
dual finger print reagents whereas derivative with low 
hydrophobicity act as weak luminescent finger prints [18]. 
Dusting (or) powder technique is the oldest method of fingerprint 
development and is used exclusively on non-porous surfaces. 
However, powder formulations are amenable to modifications to 
suit the circumstances. Thus, it is possible to prepare powders 
which are cost effective and non toxic in a wide array of color, size 
and composition. Hence, considering above fact Rosa et al. [19] 
synthesized new class of thio carbamoylpyrazole derivatives 
Figure 6 as non luminescent latent finger mark developers and 
compared the results with standard white powder [19]. Huang et 
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al. [20] prepared a series of novel BN tetraphene derivatives via a 
series of electrophilic bromination and palladium-catalyzed 
cross-coupling reactions and explored these derivatives for their 
latent finger prints on different substances. Result demonstrated 
that the derivative Figure 7 act as organic luminescent materials 
in latent fingerprint imaging [20]. Srinivas et al. [21] synthesized 
various azomethine Zinc (II) complexes Figure 8a-c of bis 
(salicylidene) cyclohexyl-1,2 –diamino organic ligands and latent 
fingerprint detection study revealed that powder compounds 
showed good adhesion and finger ridges details were clear 
without any background staining. The finger marks developed 
were compared with standard black and white powder on various 
surfaces [21]. In search of new porous latent fingerprint materials 
Kapilkumar et al. [22] prepared a very interesting coronenediimide 
Figure 9 derivative [22]. In search of cost effective and less toxic 
powders for the dusting technique Sreenivasa et al. [23] prepared 
1, 4-disubstituted-1, 2, 3-triazoles. The results of finger print 
application revealed that the compound Figure 10 emerged as 
latent fingerprint material with good adhesive property [23]. In 
search of luminescent latent fingerprint materials for non-porous 
surfaces for enhanced visualization Suresh et al. [24] prepared 
two new derivatives of acridinediones Figure 11a & b. The result 
showed that these derivatives possesses enhanced visualization 
on a non-porous surface using simple hand held UV lamp and 
mobile camera, the primary and secondary level of information in 
the LFMs were easily decoded by this rapid, cheap, eco and user 
friendly method. Due to severe problems faced in powder dusting 
method Sreenivasa et al. [25] prepared benzyl and sulfonyl 
derivatives of N-(2, 6-dimethylphenyl)-2-(piperazin-1-yl) 
acetamides. Fingerprint application revealed that the compound 
Figure 12 emerged as better latent fingerprint substance 
compared to other derivatives. In search derivatives which lift the 
fingerprints on the porous surfaces Singh et al. [26] synthesized 
diphenylpyrimidinone-salicylideneamine derivatives Figure 13a-
c and reported that with derivatives Figure 13a & b fingerprint 
lifting occurs on the porous surface and cannot lift the fingerprints 
on smooth and non-porous surfaces. The derivative also 
demonstrated real application in visualization of latent 
fingerprints on fresh as well as 24hour old fingerprints 
information up to second level were identified. In search of highly 
sensitive latent fingerprints with negligible interference and 
practical applicability on any surfaces Malik et al. [27] developed 
a well preserved and substrate versatile active conjugated 
polyelectrolyte Figure 14. From this conjugated polyelectrolyte 
enhanced latent fingerprints can be developed by simply dipping 
or spraying on fingerprint substrate without any interference 
including blood and even harsh external abrasions [27]. Keeping 
view on development of porous polymers for rapid fluorescence 
imaging of latent fingerprints Wang et al. [28] synthesized a series 
of covalent organic polymers Figure 15a-e with colorful 
fluorescence. Results showed that these derivatives have 

considerable stability and tunable color (ranging from blue to 
green, pale yellow, bright yellow and red) along with combined 
advantage of fluorescence recognition and the powder dusting 
method in LFPs imaging. The latent fingerprint images with 2nd 
and 3rd level information were obtained by spraying COP probe 
within 5 seconds [28]. In search of new anti-counterfeiting 
application Yuan et al. [29] prepared multicolour 9, 9’-dianthryl 
sulfoxide dyes Figure 16a-c that undergoes photochemical 
extrusion of a sulfoxide moiety with emission of red, blue and 
green color. This emissivefeature has specific Commission 
International de l’eclairage (CIE) coordinates that can be used for 
authentication [29]. In search of high performance anti-counterfeit 
photo-fluorochromicmaterials with high security reliability, fast 
response and ease of operation under mild conditions Zhao Gao et 
al. [30] synthesized anthracene endo peroxide Figure 17 photo 
switching with dual mode anti-counterfeiting pattern in response 
to the orthogonal stimuli was achieved [30]. In search solid state 
organic photoswitches with reversible luminescence modulation 
property for anti-counterfeiting Qingkai et al. [31] constructed an 
efficient solid state photo switch based on a spiropyran 
functionalised distyryl anthracene derivative Figure 18 that 
exhibits the reversible luminescene modulation ability and 
reported that it can be applicable as both anti-counterfeiting inks 
as well as super resolution imaging agents [31]. With intention of 
developing conventional probes with simple, facile, non toxic, 
water soluble and applicability on multi substrates Wang et al. 
[32] developed a water soluble probe TPA-1OH Figure 19 and 
used for in situ visualization of latent fingerprints on variety of 
surfaces. From the results of the study it was concluded that the 
LFPs developed by soaking or spraying were intact enough to 
allow that level 1-3 information were easily analysed [32]. With 
intention of developing the room temperature phosphorescence 
(RTP) materials as an anti-counterfeiting Xiong et al. [32] prepared 
a series of N-allylquinolinium based salts Figure 20a-c and 
successfully they identified a pure organic RTP material Figure 
20a with reversible photoluminescence behaviour and a notable 
anti-counterfeiting property [33]. In search of novel molecules for 
application in theualization of latent finger prints Singh et al. [34] 
prepared water soluble hydroxyl quinoline-tryptophan conjugate 
Figure 21 and demonstrated to have aggregation Induced 
Emission (AIE) phenomenon in water with application in the 
latent fingerprints [34]. 

Conclusion

In the present literature survey, we have made an attempt to 
investigate the recent developments and application of organic 
compounds for detection of latent fingerprints as well as anti-
counterfeiting materials and efforts for developing enhanced 
visualization of latent fingerprints (LFPs) using organic 
compounds has been taken up and concisely works published 
between 2016 and till date has been presented here.
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Figure 1: Imidazole derivatives

Figure 2: Benzazole derivatives.

Figure 3: Benzazole derivatives

Figure 4: Tetra phenyl ethane

Figure 5a: Benzo phenoxazine derivatives.

Figure 5b: Benzo phenoxazine derivatives.

Figure 6: Thiocabamoyl pyrazole derivatives

Figure 7: BN tetraphene derivatives
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Figure 8a: Azomethine Zinc complex

Figure 8b:Azomethine Zinc complex

Figure 8c: Azomethine Zinc complex

Figure 9: Coronene diimides

Figure10: 1, 2, 3-triazole derivatives

Figure 11a: Derivatives of acridinediones.

Figure 11b: Derivatives of acridinediones.

Figure 12: Sulfonyl derivative
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Figure 13a: Diphenyl pyrimidinone-salicylidene amine derivative

Figure 13b: Diphenyl pyrimidinone-salicylidene amine derivative

Figure 13c: Diphenyl pyrimidinone salicylideneamine derivative

Figure 14: Conjugated polyelectrolyte.

Figure 15a: Covalent organic polymers

Figure 15b: Covalent organic polymers

Figure 15c: Covalent organic polymers

Figure 15d: Covalent organic polymers
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Figure 15e: Covalent organic polymer

Figure 16a: 9, 9-dianthryl sulfoxide dyes

Figure 16b: 9, 9-dianthryl sulfoxide dyes

Figure16c: 9, 9-dianthryl sulfoxide dyes

Figure 17: Anthracene endo peroxide derivative

Figure 18: Spiropyran functionalized distyryl anthracence 
derivative.

Figure 19: TPA-1OH probe

Figure20a: N-allylquinolinium salt
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Figure 20b: N-allylquinolinium salt

Figure 20c: N-allylquinolinium salt

Figure 21: Hydroxyquinoline-tryptophan conjugate
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