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Highlights

• A new method for visualization of latent fingermarks on thermal paper is

presented.

• The new method is based on chemical treatment with NO  gas.

• The new method is simple, fast, safe, non-destructive and inexpensive.

• This method does not require post-treatment and has a high identification

capacity.

Abstract

A new chemical method for visualization of latent fingermarks on thermal paper, based

on a treatment with nitrogen dioxide (NO ) gas, is presented in this work. The gas is

generated by a reaction between zinc and diluted nitric acid in a closed chamber. This

newly proposed method does not require fingermark’s fixation reagent after the

treatment with NO  i.e. the visualized fingermark remains permanent for more than one

week and without any changes in its quality. The general visualization mechanism is

based on providing acidic conditions in order to induce tautomeric transformation of

the leuco dye’s molecules in the thermal layer, accompanied by a color change of the

papillary lines throughout the whole fingermark. The NO  method provides satisfactory

contrast between the visualized fingermarks and the background surface i.e. thermal

layer. The visualized fingermarks are qualified with high clarity and continuity of the

friction ridges, and clarity of the 2  level characteristics. The proposed method was

evaluated by dactyloscopic comparison of the number of 2  level characteristics and

according to the results it can be exemplified with high identification capacity. The

proposed method is simple, safe, cheap, non-destructive, non-time consuming,

applicable for visualization of aged fingermarks, and potentially applicable under

terrain (field) conditions in real forensic casework.
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Introduction

Thermal paper is a material widely used for printing bills, ATM cash machine slips,

invoices, faxes, medical recipes, public transport tickets, etc. Actually, this material

presents a paper which is one-side coated with a thin layer (known as a thermal layer)

that consists of leuco dyes, developers, sensitizers, stabilizers and solid solvents with a

low melting point in the temperature interval of 45–65 °C [1], [2], [3]. The printing

process on this kind of paper is achieved by applying localized heat on its surface that

leads to a slight melting of the solid solvent (composed of fatty acids, amides, alcohols,

etc.). This allows contact between the components in the thermal layer and chemical

transformations are instantaneously induced [1], [2], [3]. These processes include

reactions between leuco dyes (lactones with chromophore groups in their structures,

such as crystal violet [2]), and color developers that include organic acids based on

phenolic derivates (such as bisphenol A), fatty acids, and other compounds [3], [4], [5].

The thermally initiated net chemical reaction is based on a tautomeric shift mechanism

that includes opening of the lactone ring in the dye’s structure under low acidic

conditions [2], [6], accompanied with a color change. The other two kinds of materials

known as sensitizers and stabilizers are also based on organic compounds and they are

added in the thermal layer in order to increase the coloration effect, and to avoid

reversible discoloration of the dyes, respectively.

The visualization of latent fingermarks on thermal paper is still a challenge in the

common forensic practice. There are many published methods in the literature in this

research field, but not all of them are reliable for application in real casework. The

methods that are applied or known nowadays are classified in different categories. One

of the most informative classifications of 19 methods in seven groups is published by

Fitzi et al. [1], where the methods mentioned there were compared and their

performance was evaluated on randomly collected thermal paper samples. However, the

methods that are known nowadays could be simply divided into two groups i.e. as

chemical and physical methods.

The chemical methods include different variations of chemical treatment during the

process of fingermark’s visualization [1], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16],

[17], [18], [19], [20], [21]. They mainly encompass treatment of the thermal paper with

conventional reagents like ninhydrin, 1,2-indanedione, 1,8-diazafluoren-9-one, and their

derivates dissolved in certain organic solvents [1], [7], [8], [9], [10], [11], [12], [13].

Unfortunately, the excess of some organic solvents could cause overdevelopment i.e.

darkening of the background surface due to partial dissolution of the solid solvent that

causes contact and leads to chemical reactions between the leuco dyes and the

developers in the thermal layer [1], [2], [3]. These processes can enhance a significant

contrast reduction of the visualized fingermarks. In order to overcome this issue, a

variety of substantial modifications were proposed in the literature. These modified

chemical methods include adaptation of their recipes [1], incorporation of additional

pre- or post-treatment [1], [14], [15], usage of so-called ‘‘sandwich’’ procedures [1], [17],

[18], [19], and etc. Besides them, there are chemical methods that involve treatment

with fumes and gases, and thus avoiding any dipping of the thermal paper in organic

solvents. They are based on inducing fast transformation in the leuco dye’s structure

accompanied by color change. These methods encompass fuming with acidic fumes

(such as HCl [22] and CH COOH [23]), alcoholic fumes [23], iodine - I  [6], and amino

aldehydes [24].

The group of physical methods encompass procedures for applying heat using thermal

sources [25], [26]. These methods are based on heat-caused coloration effect due to the

structural transformations in leuco dye’s molecules and thus achieving visualization of

the latent fingermarks.

The applicability and reliability of each method is directly connected with several

benchmarks that should be fulfilled and they include sensitivity, simplicity, relatively

low time-consuming, reproducibility, non-destructiveness, cost-effectiveness and

applicability in practice. There is no method that yet fulfills all benchmarks and that is

why there is still an ongoing research for new methods for visualization of latent

fingermarks on thermal paper. Namely, according to the evaluation results published by

Fitzi et al. [1], the best performing method in terms of its sensitivity are the chemical

methods that involve treatment with 1,2-indanedione and ninhydrin-based reagents. On

the others side, these methods are time-consuming (24–48 h [1]) which makes them

inapplicable under terrain conditions. Another example is the I  fuming method which

did not show significant performance in the method evaluation conducted by Fitzi et al.

[1], but on the other side this method is simple, fast and commercially available for

application under terrain conditions [27].

The new method that is proposed in this research includes chemical treatment with

nitrogen dioxide (NO ) gas for visualization of latent fingermarks on thermal paper. This

method belongs to the group of chemical methods that are based on applying fumes

and vapors. The newly proposed method is simple, fast, cheap, non-destructive and

reliable.

Section snippets

Equipment, materials, and reagents

The materials, chemicals and equipment that were used for preparation and

visualization of latent fingermarks on thermal paper by using the novel NO  method,

and the well known I  fuming/benzoflavone and ninhydrin methods (for comparison

and evaluation of the novel method) are listed in Table 1.…

Preparation of thermal paper test samples

The thermal paper samples (from each brand) were carefully cut into small pieces

(~2.5 × 2.5 cm) and ordered on a flat plastic surface with the thermal layer turned

upwards. Two types of latent…

Fingermarks analysis strategy, performance of the NO  method on
fingermarks impressed on different thermal paper brands and
dependence of the identification outcome from the applied mass
when impressing fingermarks

The analysis of the scanned fingermarks that were previously visualized is mainly

focused on the 1  and 2  level characterization. This examination procedure was

carried out in accordance with a determination of several important qualitative and

quantitative parameters such as: a possibility of recognizing the pattern of each

fingermark (arch, loop, and whorl), a clarity and continuity of the friction ridges, an

influence of the applied pressure when impressing the fingermarks on the thermal…

Conclusions

A new chemical method for visualization of latent fingermarks on thermal paper is

described in this paper. The method is based on a NO  gas generation in a closed

chamber by reactions between HNO  and Zn, and treatment of thermal paper samples

with the as-generated gas. The most possible mechanisms that provide visualization are

based on parallel chemical reactions between NO  and sebaceous (lipidic) compounds,

developers, and leuco dyes, thus inducing synergetic acidification that is…

Acknowledgements

The authors acknowledge their gratefulness to the Company SIV Ltd. Ohrid, Republic of

North Macedonia for providing most of the thermal paper samples without which the

present study would not have been possible. The authors are grateful to Mrs. Daniela

Bozhinovska-Marinovska, which was included during the procedure of collecting

fingermarks from the donors and performed the iodine fuming visualization. The

authors are exceptionally grateful to Prof. Dr. Joseph Almog from Casali Center for…

References (36)

M.K. Björnsdotter et al.

Bisphenol A and replacements in thermal paper: a review
Chemosphere (2017)

O.P. Jasuja et al.

Development of latent fingermarks on thermal paper: Preliminary

investigation into use of iodine fuming
Forensic Sci. Int. (2009)

M. Levin-Elad et al.

1,2-Indanedione - A winning ticket for developing fingermarks: A validation

study
Forensic Sci. Int. (2017)

A. Bécue et al.

Detection of fingermarks by colloidal gold, (MMD/SMD)-beyond the pH 3 limit
Forensic Sci. Int. (2012)

J. Cheng et al.

Mammalian wax biosynthesis II: Expression cloning of wax synthase cDNAs

encoding a member of the acyltransferase enzyme family
J. Biol. Chem. (2004)

O.P. Jasuja et al.

Dynamics of latent fingermarks: The effect of physical factors on quality of

ninhydrin developed prints – A preliminary study
Sci. Justice (2009)

S.R. Woodcock et al.

Nitrated fatty acids: synthesis and measurement
Free Radic. Biol. Med. (2013)

T. Fitzi et al.

Fingermark detection on thermal papers: Proposition of an updated

processing sequence
J. Forensic Ident. (2014)

T. Mendum et al.

Concentration of bisphenol A in thermal paper
Green Chem. Lett. Rev. (2011)

S. Biedermann et al.

Transfer of bisphenol A from thermal printer paper to the skin
Anal. Bioanal. Chem. (2010)

View more references

Cited by (3)

Interpol review of fingermarks and other body impressions 2019 – 2022)
2023, Forensic Science International: Synergy

Citation Excerpt :

…Preliminary/Pilot studies – The addition of liquid glue to a NIN solution (0.02–0.05 g/ml) was

claimed to prevent the darkening of thermal papers while allowing NIN to react with fingermarks

[231]. Exposure to nitrogen dioxide fumes, generated in situ by the reaction of nitric acid and zinc,

is presented as a solvent-free method to detect fingermarks on thermal papers [429]. Note: these

preliminary/pilot studies relying on limited sample sets (e.g., one donor, few depositions, sebum-

rich secretions, fresh fingermarks), an overestimation of the reported performances is expected.…

Solvent-free strategies for developing latent fingermarks on paper: a review
2023, Analyst

Using Vacuum Metal Deposition to Detect Latent Fingermarks on Thermal

Paper: A Pseudo-operational Trial
2022, Journal of Forensic Identification

View full text

© 2019 Elsevier B.V. All rights reserved.

Generated by , an expert-curated

chemistry database.

Show 7 more substances

Latent fingermark detection using

functionalised silicon oxide nanoparticles…

Optimisation and comparison with

cyanoacrylate fuming

Forensic Science International, Volume 315, 2020, Arti…

Po Lun Timothy Lee, …, Sébastien Moret

Preparation, characterization, and

application of a lipophilic coated exfoliat…

Egyptian blue for near-infrared

luminescent latent fingermark detection

Forensic Chemistry, Volume 18, 2020, Article 100208

Sorour Shahbazi, …, Simon W. Lewis

Detection of latent fingermarks and cells on

paper

Forensic Science International, Volume 309, 2020, Art…

Alicia Khuu, …, Claude Roux

Show 3 more articles

About ScienceDirect Remote access Shopping cart Advertise Contact and support Terms and conditions Privacy policy

Cookies are used by this site. Cookie Settings
All content on this site: Copyright © 2024 Elsevier B.V., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open

access content, the Creative Commons licensing terms apply.

Article preview

Abstract

Introduction

Section snippets

References (36)

Cited by (3)

a b c a

Share Cite

2

2

2

2

nd

nd

3 2

2

2

2

2

2

st nd

2

3

2

Substances (13)

Recommended articles

Article Metrics

Citations

Citation Indexes: 3

Captures

Readers: 32

Social Media

Shares, Likes & Comments: 11

View details

Purchase PDF Patient AccessAccess through your institution

My Account Sign inJournals & Books Search…

https://www.sciencedirect.com/journal/forensic-chemistry
https://www.sciencedirect.com/journal/forensic-chemistry
https://www.sciencedirect.com/journal/forensic-chemistry/vol/17/suppl/C
https://www.sciencedirect.com/journal/forensic-chemistry/vol/17/suppl/C
https://doi.org/10.1016/j.forc.2019.100196
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=S2468170919300931&orderBeanReset=true
https://www.sciencedirect.com/science/article/pii/S2468170921000187/pdfft?md5=160e353d8b4d8ab2f976683d1d7c2d6e&pid=1-s2.0-S2468170921000187-main.pdf
https://www.sciencedirect.com/science/article/pii/S2468170920300084/pdfft?md5=935ee8c73a7eb4bf556279949bf356ec&pid=1-s2.0-S2468170920300084-main.pdf
https://www.sciencedirect.com/science/article/pii/S2468170921000187
https://www.sciencedirect.com/science/article/pii/S2468170920300084
https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure
https://www.sciencedirect.com/science/article/pii/S0045653517307725
https://www.sciencedirect.com/science/article/pii/S0379073809003296
https://www.sciencedirect.com/science/article/pii/S0379073816305370
https://www.sciencedirect.com/science/article/pii/S0379073811005597
https://www.sciencedirect.com/science/article/pii/S0021925820730528
https://www.sciencedirect.com/science/article/pii/S1355030608001044
https://www.sciencedirect.com/science/article/pii/S0891584912018242
https://www.sciencedirect.com/science/article/pii/S2589871X22000894
https://doi.org/10.1039/d3an01112g
http://www.scopus.com/scopus/inward/record.url?partnerID=10&rel=3.0.0&view=basic&eid=2-s2.0-85139785725&md5=dc54d036dce9c6c45668e7ef253309c
https://www.sciencedirect.com/science/article/pii/S2468170919300931
https://www.sciencedirect.com/topics/medicine-and-dentistry/therapeutic-procedure
https://ars.els-cdn.com/content/image/1-s2.0-S2468170919300931-ga1_lrg.jpg
https://ars.els-cdn.com/content/image/1-s2.0-S2468170919300931-ga1.jpg
https://www.reaxys.com/?pendo=-Bp7H6KseLNepmnxYNE0hJGAeaI
https://www.sciencedirect.com/science/article/pii/S0379073820303042
https://www.sciencedirect.com/science/article/pii/S2468170919301055
https://www.sciencedirect.com/science/article/pii/S0379073820300475
https://www.elsevier.com/
https://www.elsevier.com/solutions/sciencedirect
https://www.sciencedirect.com/user/institution/login?targetURL=%2Fscience%2Farticle%2Fpii%2FS2468170919300931
https://sd-cart.elsevier.com/?
http://elsmediakits.com/
https://service.elsevier.com/app/contact/supporthub/sciencedirect/
https://www.elsevier.com/legal/elsevier-website-terms-and-conditions
https://www.elsevier.com/legal/privacy-policy
https://www.relx.com/
https://www.sciencedirect.com/getaccess/pii/S2468170919300931/purchase
https://www.elsevier.com/open-science/science-and-society/access-for-healthcare-and-patients
https://www.sciencedirect.com/
https://www.sciencedirect.com/search

