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A B S T R A C T

Tropolone reacts with amino acids to form adducts that generate contrast on highly fluorescent paper surfaces upon
UV irradiation. Furthermore, the conjugated seven-membered ring of tropolone enables secondary chemical
treatments; demonstrated here using two diazonium salts, 4-methoxybenzenediazonium tetrafluoroborate (4MBD)
and 4-nitrobenzenediazonium tetrafluoroborate (4NBD). These produce yellow and red dyed fingermarks,
respectively. While tropolone treatment is rapid to effect and compatible with ninhydrin in a detection sequence, the
methodology proved less effective than current chemical visualisation treatments. Nevertheless, this work
unambiguously demonstrates the reactivity of tropolone towards fingermark residues and may inspire future
generations of non-benzenoid chemical visualisation treatments.
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Introduction

Tropolone is a conjugated seven-membered cyclic a-hydroxyketone
that is a key structural motif found in many natural products. The
a-hydroxyketo functional group provides a handle for addition reactions,
and can be likened to ninhydrin and its analogues in terms of reactivity
towards amino acids [1]. The structure of tropolone, and its reaction with
the primary amine group of amino acids, is shown below (Fig. 1). This
postulated mechanism is based on previously characterised reactions of
tropolone with ammonia [2], and amino acid analogues [3]. Tropolone is
an interesting candidate for visualising latent fingermarks because it is
less-hazardous than analogous chemical fingermark reagents, despite
having known ecological toxicity to aquatic life, and has a low cost of
purchase from commercial sources [4]. Unlike the ninhydrin family of
reagents, the a-hydroxyketo functional group is conjugated to a non-
benzenoid system, which enables further chemical treatments after the
formation of amino acid adducts. Additionally, tropolone does not possess
amine functionality, meaning it is unlikely to interfere with ninhydrin, or
other amine-sensitive latent fingermark treatments. The UV absorption
characteristics of the tropolone ring system are known, and exhibit two
main features in solution: Two overlapping bands in the range of 270–380
nm, and a charge-transfer band at 230 nm [5]. In the solid-state these
features are less pronounced, with a lmax of ca 355 nm. These absorption
characteristics suggests that adducts of tropolone formed in fingermark

residues would produce optimal contrast when illuminated by UV
radiation on highly emissive surfaces.

A second aspect of this study explores the reactivity of tropolone-
fingermark adducts towards azo coupling reactions that yield azo dyes.
Two azo dyes, formed according to the reaction shown in Fig. 2, are
described by this work. Like tropolone, the two diazonium salts used to
treat fingermarks here are commercially available [6]. The choice of a
methoxy– and nitro–substituted diazonium salt was made to evaluate
the influence of including either an electron-donating or electron-
withdrawing functional group, the latter of which may trigger formation
of a push-pull chromophore, and thus a more intensely-coloured dye. Azo
dye formation using tropolone nucleophiles has been shown previously
using an analogous methodology in other applications [7–9], however
this work represents the first attempt to apply this chemistry in a forensic
context.

This study commenced with an investigation of common paper
substrates (white and coloured A4 copy paper, thermal receipts, recycled
notebook, Post-it1 notes, envelopes) using two average fingermark
donors who each provided a minimum of 20 fingermarks per substrate.
Prior to deposition, the donors had no contact with food or chemicals, and
were required to have not washed their hands or worn gloves in the
preceding hour. Prior to placing fingermarks on a surface, the donors were
instructed to rub the fingerpads of their hands together so as to
homogenise their fingerprint residues. Subsequently fingermarks were
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placed by applying moderate pressure to the target surface, while an
outline of each finger was drawn using a pencil. All chemical treatments
were applied while the print was fresh (i.e. within 8 h of deposition). A
split fingermark approach was used to enable side-by-side comparison of
different treatments, consistent with other studies of this type [10]. It
should be noted that the use of fresh fingermarks, and the limited pool
size of donors and fingermarks falls short of recommendations by the
International Fingerprint Research Group [11]. This decision not to
undertake a full Phase 1 study was based on preliminary assessment of
the results which were determined not to warrant further investment of
time and resources (vide infra). That said, these preliminary works were
performed with scientific rigour, and may hold value for subsequent
studies.

The tropolone working solution was prepared by dissolving tropolone
(0.16 g) in a mixture of toluene (99 mL) and triethylamine (1 mL). Each
paper substrate was initially evaluated by immersion in the working
solution for five minutes, followed by rapid drying (<10 s) using a heat gun
set at 200 �C, with the exception of thermal paper samples, which were air
dried. The rationale behind these solvent and reagent choices was to
complete initial optimisation studies using low-cost, commonly available
materials. If the results had been sufficiently promising, work would have
transitioned to explore safer, less-flammable alternatives, however in
this instance it was deemed unwarranted. Secondary treatments
were performed using either a solution of 4-nitrobenzenediazonium
tetrafluoroborate (4NBD), or 4-methoxybenzenediazonium tetrafluoro-
borate (4MBD). These were made by dissolving 100 mg of the respective
reagent in acetonitrile (100 mL). Both diazonium working solutions, 4NBD
and 4MBD, were applied to tropolone-treated fingermarks by rapidly
dipping (1–2 s) the paper into the freshly-prepared chosen solution,
followed by rapid drying as per the tropolone solution. Fingermarks were
evaluated immediately after each drying step.

Treated fingermarks were illuminated using a LUMATEC Superlite
S04 portable forensic light source set to either the UVA wavelength range

of 320–400 nm (tropolone), filtered blue light with a maximum
wavelength of 460 nm (4MBD), or filtered green light with a maximum
wavelength of 550 nm (4NBD). The fingermarks were viewed through a
spectral magnifier linked to the light diffuser attachment of the Superlite
light guide. Evaluation of three UV wavelengths: 365 nm, 313 nm and 253
nm, was also performed using a Foster + Freeman VSC4CX video spectral
comparator. Fingermarks were photographed using a Nikon D300 camera
coupled with an AF-S DX Micro NIKKOR 40 mm Lens.

Immersing samples of A4 copy paper in the tropolone working
solution did not visibly stain the paper under white light illumination, and
resulted in only mild quenching of the background fluorescence from the
optical brighteners under UV illumination. Given that tropolone is known
to absorb UV radiation [5], this finding demonstrates that tropolone does
not appreciably accumulate on the paper surface on this timescale (5
min). Performing the same experiment using recycled notebook and
thermal paper that bore a fresh fingermark also did not result in
appreciable background staining under white light, however viewing the
substrates under UV radiation demonstrated that the fingermark
exhibited enhanced contrast (Fig. 3a, b). This demonstrates that
tropolone will preferentially react with amino acid residues on paper
to form a UV absorbing adduct. The effectiveness of tropolone was next
compared to ninhydrin (4.55 g/L in HFE-7100 formulation) prepared
according to Champod et al. [12]. While ninhydrin is likely the least
effective amino acid targeting Category A process for paper [13], it
generates a coloured product, Ruhemann’s purple, that provides a
convenient reference for comparing tropolone’s subsequent dye
molecules. The comparison was done by performing a split print study
using fresh, natural fingermarks placed on copy paper. Given the lack of
visible dye formation, tropolone is ineffective under visible light (Fig. 3c).
Viewing under 365 nm UV radiation, ninhydrin also provided better
contrast, although some ridge details were evident in the tropolone
treatment (Fig. 3d). Of the evaluated paper types, thermal paper
exhibited the best contrast when viewed under 365 nm radiation, which
we postulate is due to this paper being more absorbent, and thus benefits
from greater transfer of fingermark residue upon contact. Increased
residue uptake would equate to a greater concentration of UV-absorbing
adduct upon reaction with tropolone, explaining the observed darker
ridge characteristics.

The feasibility of performing additive chemical transformations after
the tropolone treatment, particularly those that generate azo dye species,
was next investigated. The study initially focussed on the nitro-
functionalised 4NBD reagent given it had greater potential to form a
coloured push-pull chromophore. When 4NBD solution was applied to
tropolone-treated fingermarks on paper, it resulted in the immediate
formation of a red dye, with intensity correlating with areas that
tropolone was localised. The azo dye was compared to ninhydrin in a split
print study (Fig. 4a), wherein comparable colouration of fingermark
ridges was observed, albeit with a high degree of unwanted background
staining. This split print was then stored in the dark to evaluate the

Fig. 1. The proposed mechanism of tropolone (structure inset) reacting with the
amine functionality of a generic amino acid to form a tautomeric product.

Fig. 2. The proposed reaction between a tropolone-amino acid adduct with a diazonium salt to form an azo dye product (inset). This work employs p-methoxy and p-nitro
functionalised diazonium salts as reagents.
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stability of the azo dye with time. After 7 days some loss of ridge
characteristics had occurred, and the paper had yellowed somewhat
(Fig. 4b). After 50 days the entire 4NBD-treated sample had darkened
appreciably, however further decline in the quality of ridge detail was not
observed (Fig. 4c).

A 4MBD solution was next applied to tropolone-treated fingermarks,
resulting in yellow staining of the ridge characteristics that occurred
concurrently with weak background staining of the paper. While the
contrast produced was visible to the naked eye (Fig. 5a), viewing the
4MBD-treated fingermark under UV irradiation improved clarity
(Fig. 5b). This combined treatment of tropolone and 4MBD showed
clearer ridge patterns than those produced by ninhydrin treatment
under 365 nm illumination. As a final experiment, the 4MBD treated
fingermarks were subjected to the ninhydrin working solution, which
resulted in formation of Ruhemann’s purple. This demonstrates that
4MBD could potentially be applied before ninhydrin in a detection
sequence, however the ninhydrin visualisation was somewhat obscured
by the 4MBD background staining (Fig. 5c).

Using the optimal visualisation wavelengths (460 nm for 4MBD and
550 nm for 4NBD), the effectiveness of the 4NBD and 4MBD treatments
were next evaluated using several paper types, including Post-it1 notes,
pink copy paper, newspaper, thermal paper, and paper envelopes. A
representative example of each treatment is shown in Fig. 6. Both
diazonium reagents provided evidence of ridge detail on yellow Post-it1

notes (Fig. 6, top left), perhaps surprisingly for 4MBD, given the
anticipated suboptimal yellow-on-yellow contrast. The lack of back-
ground florescence from the Post-it note resulted in very poor

visualisation under 365 nm light (not shown). The pink copy paper
(Fig. 6, top centre) was evaluated as a challenging substrate for the red
4NBD azo dye. Relatively clear visualisation of the ridge characteristics
could be achieved using the 4MBD solution, however the 4NBD working
solution yielded only weakly-contrasting fingermark images. Recycled
notepad paper (Fig. 6, top right) produced one of the clearest
visualisations after 4MBD treatment, and usable ridge detail from the
4NBD treatment. Of the two, the yellow azo dye provided clearer ridge
characteristics. Fingermarks on thermal paper, in this instance Santander
automated teller machine receipts, could be visualised using either 4MBD
or 4NBD (Fig. 6, bottom left). Treatment with the 4MBD working solution
was found to provide less contrast compared to the initial tropolone
treatment, as can be seen when comparing Fig. 3b with Fig. 6. This was
likely due to 4MBD reacting with residual tropolone in the receipt paper,
thereby darkening the background and reducing contrast. The 4NBD
working solution yielded a clearly visible red dye on receipt paper,
however a high degree of background staining was also observed.
Envelope paper yielded good visualisation when treated with 4MBD, but
poor visualisation with the 4NBD treatment (Fig. 6, centre bottom). The
patterned background of this substrate greatly hindered the applicability
of the 4NBD treatment. Finally, newspaper (Fig. 6, bottom right) proved
to be the most challenging substrate for both 4MBD and 4NBD working
solutions. Neither treatment produced interpretable ridge characteristics.
This is possibly due to the high amount of groundwood pulp used in
newspaper production relative to other paper types, which enhances its
opacity and decreases its whiteness, thereby negating contrast generated
by the relatively small quantities of azo dye produced.

Fig. 4. A split fingermark placed on copy paper comparing the ninhydrin working solution to a tropolone-treated print subjected to the 4NBD solution: a) immediately
after application (T = 0 days), b) after aging in the dark (T = 7 days), c) after further aging (T = 50 days).

Fig. 3. a) Fingermark on notebook paper treated with tropolone reagent for 5 min, and illuminated with 365 nm radiation. b) Fingermark on thermal paper using
tropolone working solution and visualised with 365 nm radiation. c) and d) A split fingermark on copy paper, left treated with tropolone reagent, viewed under white light
(c) and 365 nm radiation (d).
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These results demonstrate that tropolone does preferentially react with
fingermark residues, likely the amino acids, on a variety of paper surfaces.
The resulting tropolone adduct contrasts against highly fluorescent optical
brighteners (where present) when illuminated with UVA radiation.
However, the contrast produced does not typically exceed what can be
achieved using other established chemical developers such as ninhydrin.
An interesting and unique finding shown by this work is the ability to
generate azo dyes from tropolone-treated fingermarks by subsequent
reaction with diazonium salts. This strategy relies on the unique chemical
reactivity of the tropolone ring, and thus cannot be effected using any of the
current chemical developers. The two azo dyes demonstrated in this study
produced highdegrees ofbackgroundstainingonpaper substrates, limiting
their practical usefulness as fingermark developers. It is hoped that the
chemical insights outlined in this work lead to new chemical strategies and

reagents that generate improved contrast and are free of the presented
drawbacks. While classed as a negative result, this work complements
recent chemical studies in the field of fingermark visualisation, including
an analogous negative result using 6-(N,N-dimethylamino)fulvene [14],
the successful application of hydrolysed Nile blue A [15], functionalisation
of both ninhydrin and 1,8-diazafluoren-9-one [16], the development of
nanoparticle reagents [17,18], and the growing number of metal [19–22],
and chemical [23,24], vapour‒deposition methodologies.
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Fig. 5. A split fingermark placed on white copy paper comparing a ninhydrin working solution with a tropolone-treated print subsequently treated with 4MBD solution
under: a) visible light, b) 365 nm light, and c) 4MBD-treated fingermarks later treated with ninhydrin working solution.

Fig. 6. Representative examples of fingermarks visualised on various paper types using either the 4MBD, or the 4NBD working solution. Fingermarks treated with 4MBD
were illuminated with 460 nm light, whereas those treated with 4NBD were illuminated with 550 nm light.
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