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Abstract

This article reviews the application of metal-containing nanoparticles and nano-structured
particles to fingermark detection. This area of research is attracting significant interest as
advances in nanoscience are being incorporated into the field of forensic fingermark detection.
Although more research is needed before some of the techniques presented can be implemented
in routine casework, nanotechnology is likely to play a major role in the future to deliver more

selective and more sensitive ways to detect and enhance fingermarks.
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1. Introduction
1.1. Fingermarks

Fingermarks are one of the most useful forms of physical evidence in identification and
generalized proof of identity, despite of the recent growth in the use of DNA. The ridge patterns
are characteristic to each person and immutable as they are formed deep in the skin, universal,
and leave marks on objects handled with bare hands [1].

In general there are three categories of fingermark evidence that may be found at a crime
scene. Visible marks can be formed by contact contaminated with blood, paint, oil, grease, etc.
(positive image) or when material such as dust is removed from the surface by contact (negative
image). Visible fingermarks are generally straightforward to detect. Indented or plastic marks
can be produced through contact with soft surfaces such as putty, candle wax, or wet paint.
Latent marks, which are present but invisible, are the most common form of fingerprint
evidence and the most problematic. The application of optical, physical, or chemical techniques
are required to visualize latent fingermarks [1]. The choice of the technique for fingerprint
development is dependent on the composition of latent fingermarks, on the type of substrate and
on the ability of the technique to be applied in sequence in the context of the case.

The fingermark is a complex mixture of natural secretions of the body (mostly sweat from
different type of glands) and contaminations from the environment [1]. Secretions from three
types of glands, eccrine, apocrine, and sebaceous, may be present in latent fingermarks (see
Table 1). The constituents of the deposit are mostly water (99%) and minor amounts (up to 1%)
of inorganic and organic compounds. Sebaceous glands are associated with hair roots and
located on throughout the body, except on the palms, or soles of the feet. Glycerides, fatty acids

and wax esters are found in the sweat from sebaceous glands.



Table 1. Main Chemical Constituents of the Glandular Secretions [1].

Constituents

Source
Inorganic Organic

Chlorides Amino acids

Metal ions (Na*, K*, Ca2") Proteins

Sulfates Urea

Phosphates Uric acid

Eccrine glands

Amonia Lactic acid

Water (>98%) Sugars
Creatinine
Choline

Iron Proteins

Apocrine glands Water (>98%) Carbohydrates

Sterols

Sebaceous glands

Glycerides (30-40%)
Fatty acid (15-25%)
Wax esters (20-25%)
Squalene (10-12%)
Sterol esters (2-3%)

Sterols(1-3%)

The amount and constituent of individual secretions are variable and individual glandular

secretions also vary. Environmental conditions such as temperature and humidity, exercise,

stress etc affect the rate of production of eccrine sweat. Its composition also varies in relation to




age, sex, medical condition and diet. Eventually these factors influence the quality of developed
fingermarks, along with environmental conditions post-deposition.
1.2. Detection of fingermarks

A variety of techniques have been used to enhance the visibility of latent fingermarks. The
combination of optical methods (absorption, diffuse reflection, luminescence, UV absorption
and reflection) [1-5], physical methods (powdering, small particle reagents, vacuum metal
deposition) [4, 6-10], physical/chemical methods (physical developer, multi-metal deposition,
iodine, cyanoacrylate) [4, 11, 12] and chemical methods (ninhydrin and its analogues, metal
complexation after ninhydrin treatment, DFO, 1,2-indanedione, and genipin) [4, 13-21] allows
for the development of fingermarks deposited on various surfaces.
1.3. Nanoparticles and nano-structured particles

Nanotechnology involves the creation of functional materials, devices and systems using
matter with dimensions on the nanometer length scale (1-100 nanometers), and the exploitation
of properties unique to the nanoscale. One advantage of nanotechnology is the often vastly
increased ratio of surface area to volume present in many nanomaterials compared to the bulk
material. This provides new possibilities in surface-based science including forensic fingermark
detection. A number of other physical phenomena become noticeably more pronounced as the
size of the system decrease. These include, for example, the crystal phase of the material, its
doping properties and interactions with light, and electron transport properties [22].

Nanoparticles are much smaller than most of the particles currently used in fingerprint
detection, which are in the order of 1-10 um in size [23]. Nanoparticles are distinct, non-
aggregated particles with nanometre-size diameters, and nanostructured particles often exist as
aggregates of nanosized particles, which may be up to microns in diameter. Because of the

increasing interest in their use in fingermark detection, we emphasise the difference between



nanoparticles and nanostructured particles, which can have quite different properties such as

surface area and roughness that in turn lead to different chemical and physical properties.



2. Metal Particles

In this section we describe nanoparticles that have been used for fingermark detection that
contain metals in their elemental state. The most common of these are gold nanoparticles, due in
part to the stability of gold towards oxidation. Nanoparticles containing metallic silver are also
reasonably stable however only one example of these has been reported in the context of
fingermark detection. The topic of physical developer (where a thin coating of metallic silver is
deposited from a silver salt solution) is not addressed in detail in this report, the reader is
directed to reference [24] for further discussion.

2.1. Multi-metal deposition

Multi-metal deposition (MMD) is a two-step wet chemical process for the detection of latent
fingerprints combining the principles of small particle reagent (SPR) and of a physical
developer. The first step involves immersing the item in an aqueous gold nanoparticle solution
of pH 2.5-2.8 (the solution pH is critical in this technique, see below). Generally, fingermarks
show poor contrast after this step. In the second step of the procedure, the item is treated with
physical developer to enhance the fingermark contrast. This results in fingermark ridges stained
from light grey to black [1, 4, 25].

It has been proposed that under acidic conditions (low pH), proteins or amino acid-containing
components within a fingermark are protonated and thus carry a positive charge. Negatively
charged gold nanoparticles (negative due to the absorption of stabilising citrate anions) are
deposited preferentially on the fingermark ridges through electrostatic interactions [26, 27]. In
addition, the gold nanoparticle surfaces are hydrophobic [28] while many protein surfaces are
also hydrophobic [29]. Hence the binding of the gold nanoparticles with proteins may be
facilitated by both electrostatic and hydrophobic interactions [25, 28]. It may be expected [25]
that electrostatic interactions dominate at low pH. Choi et al [30] used scanning electron

microscopy to show that gold nanoparticles suspended in an aqueous solution at pH 2.65 and



containing 0.1% Tween 20 (surfactant), bind preferentially to latent fingermark ridges on
nonporous surfaces such as glass, plastic and silicon wafer (see Figure 1). Changing the pH
influences the binding to ridges but leaves valley regions unaffected. A comparison between
SEM images of the fingermark ridge area of samples developed at pH 2.65 and samples
developed with no pH adjustment (~ pH 6) shows significantly more particles are deposited on

the fingermark ridge region of samples at pH 2.65.

Figure 1. SEM image of the ridge-to-valley boundary region of a fingermark treated with gold
nanoparticle solution at pH 2.65, with 0.1% Tween 20 surfactant. Bright dots are individual gold

nanoparticles [30].

Once bound to the fingermark ridges, the gold particles serve as nucleation sites for the
growth of silver particles from the physical developer treatment which acts as an amplification
step [1, 26, 31]. The physical developer solution contains silver (Ag®) ions, and in the presence

of a reducing agent the ions are reduced to silver metal (Ag®) on gold nucleating sites [7].



Consequently, contrast between the fingermarks and the background is significantly enhanced
compared to the gold deposition step.

MMD was introduced by Saunders [32] in 1989 for visualizing latent fingermarks on a range
of surfaces including porous and nonporous surfaces, wet surfaces, coloured and non-coloured
surfaces, on adhesive tapes, and metal surfaces [33]. The procedure was subsequently
investigated by Irrausch [34] and Allman et al [26]. Irrausch reported MMD is effective on
plastic, glass, white paper, adhesive tape and expanded polystyrene. In addition, MMD is
superior to conventional physical developer on certain papers. However, on dry surfaces, MMD
is less sensitive than DFO or cyanoacrylate fuming. Allman and co-workers found MMD to be
at least equal and often superior to cyanoacrylate fuming and VMD (vacuum metal deposition)
on plastics/polythenes. Moreover, MMD shows promise in developing fingerprint marks on
non-porous surfaces which had previously had proved difficult (for example, masking tape, beer
bottle labels, and plastic gloves, cling film). Fingermarks in blood may also be enhanced by
MMD [1, 4, 25]. It has been reported that latent fingerprints previously developed on the front
side of photographic paper with cyanoacrylate were enhanced by MMD. Fingermarks were also
developed on the back of the photograph, which had been previously processed with Ninhydrin
[35].

Schnetz and Margot [12] modified MMD, yielding superior results by using smaller gold
particles, an alternative physical developer, and accurate pH control (the MMDII method). An
evaluation of MMD methods by Jones et al [25] found that MMD Il produces superior results
compared with the original MMD formulation in terms of sensitivity and selectivity and it is
effective on a number of problematic semi-porous surfaces. In addition MMD can be
successfully used in sequence after CAF and luminescent staining.

Becue et al [36] proposed a new MMD technique using gold nanoparticles modified with a

cyclodextrin molecular host. Their procedure reduced the number of baths required (see Figure
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2). The gold nanoparticles were functionalized by thiolated cyclodextrin, which could trap a dye
the cavities. Satisfactory results were obtained on three different surfaces without further

enhancement by physical developer.

Rinsing Au-CD-AB25 Rinsing
H:0 pH=2.65 H:0
[Tween 20] = 5ul/ml

Figure 2. Experimental procedure of the MMD method of Becue et al. [36]

2-3 min 5-15 min 2-3 min 10-15min 2-3 min
\ / \ / N\ /
——— ey —— =y ——
Rinsing Colloidal Gold Rinsing Hydroxylamine HCI Rinsing
H0 H:0 Gold chloride H=0

Figure 3. Experimental procedure of the SMD technique [37]

Recently, a single-metal deposition (SMD) technique was proposed by Stauffer et al [37].
SMD replaces the silver developer step with a gold enhancement procedure. The hydroguinone
and hydroquinone/silver acetate baths used in the MMD procedure were replaced with one
single hydroxylamine/gold chloride bath. Gold chloride provides gold(lll) ions and
hydroxylamine is the reducing reagent (Figure 3). Gold colloids deposited on fingermarks serve
as catalysts to the precipitation of metallic gold (Au®) from the hydroxyamine/gold chloride
solution, thus increasing the size of the gold colloids. This principle is based on an electroless
deposition reaction, the same principle behind silver precipitation. The results obtained by SMD
in fingerprint development offer similar results to those obtained using MMD in terms of

sensitivity and selectivity.
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Sametband et al [38] described the application of gold nanoparticles using lipophilic
interactions between fatty acids of fingermarks to develop latent marks. Gold nanoparticles
stabilized with alkanethiols (octadecanethiol, tetradecanethiol, and decanethiol) were prepared
according to the existing literature [39]. They found a relationship between the chain length of
thiol and the developed fingermark quality with longer alkanes yielding clearer fingermarks.

Leggett et al [40] showed the possibility of detecting specific drugs or drug metabolites and
simultaneously identifying an individual. Using gold nanoparticles functionalized with anti-
cotinine, an antibody of cotinine (a metabolite of nicotine), fingermarks could be developed and
it could be determined if the individual was a smoker. In their procedure, the anti-cotinine-
nanoparticle conjugates were pipetted onto fingermarks and incubated. A fluorescent agent was
then introduced and incubated and the fingermarks imaged. High quality fingerprint images
were obtained (Figure 4). They repeated the procedure using anti-cotinine antibodies not
attached to the gold nanoparticles to determine whether the nanoparticles were necessary. The
presence of cotinine was confirmed but only poor quality fingerprints were obtained.
Fingermarks from non-smokers were also developed but the lack of fluorescence indicated that

cotinine was not present and the individual was not a smoker.
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Figure 4. Fluorescence images showing detailed fingerprint information using antibody-
functionalized nanoparticles. The images are taken from the thumb of a male smoker after 40
min sweating and illuminated using an Alexa Fluor 546-tagged secondary antibody fragment.

Scale bar: 5mm (A), 2mm (B), and 1mm (C). [40].

Zhang et al. [41] recently showed that fingermarks developed using the MMD technique
could be imaged using scanning electrochemical microscopy (SECM) where the silver layer is
re-oxidised by the probe and IrClg® acts as a redox mediator. The images, generated by
amperometric feedback as the sample is scanned by the probe, show excellent detail (Figure 5).
The authors posit that this technique can generate high-contrast images on patterned or textured
surfaces where conventional imaging of treated marks is ineffective. However, before such an
imaging technique could be readily applied on items submitted for examination in routine cases,
the technology would need to improve so that larger areas can be scanned within a much shorter

period of time.
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Figure 5. High-resolution SECM image of a fingermark developed by MMD. From [41].

2.2. Metal nanoparticles as powders

Fingerprint powdering remains the most commonly-used technique for the detection of
fingerprints on non-porous surfaces at the scene. Powdering is relatively simple and
inexpensive, and often satisfactory results may be achieved with a modest amount of training [1,
4]. The technique relies on powder adhering to moisture and oily components in fingermark
ridge deposits. The effectiveness with which the powder adheres to the ridges depends on the
size and shape of the particles; small, fine particles generally adhere more easily than large,
coarse ones [10].

Choi et al [42] reported that gold and silver nanoparticles could be used in powder form to
develop latent fingermarks on non-porous surfaces. It was proposed that oleylamine-stabilized
gold nanoparticles (Figure 6) deposit onto fingerprints due to the lipophilic interaction with the

fatty components in fingerprint ridges.
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Figure 6. Depiction of an oleylamine-stabilized metal nanoparticle (amine to particle ratio not to

scale) [41]

These new powders produced sharp, and more even development of latent fingermarks
without background staining on non-porous surfaces compared to conventional powders (Figure
7). SEM images reveal that fingermarks developed by nanoparticles are concentrated in ridge

areas with only a minor amount in the valleys areas.
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Figure 7. Comparison of Black powder and gold nanopowder on glass. Fresh fingermarks on

glass developed by Black powder (left) and Gold nano-powder (right) [41]

3. Metal oxide Particles

In this section we describe nanostructured particles containing metal oxides that have been
used for fingermark detection. For some time, conventional (micron-sized) metal oxide powders
have been utilized as pigments or colorants, as fluorescent agents, and as fingerprint powders.
Much less work has been reported on the use of nanosized or nanostructured metal oxide

powders in these applications.

3.1. Titanium dioxide particles

Nanocrystalline titanium dioxide (TiOz) has been investigated extensively due to its
interesting optical, electrical, and photocatalytic properties. Several reports on the application of
TiO, particles in latent fingermark development have been published. Saunders used a TiO,
particle suspension to visualize fingermarks on porous and non-porous surfaces [43]. TiO,
particles were reported to act as nucleation sites for the precipitation of silver from physical

developer. The TiO, suspension was prepared from a white latex paint containing 44% TiO; and
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56% Al,OsSi and acidified with aqueous citric acid to pH 3. A TiO, particle suspension
(reported as 21 nm diameter) particle size was also used for comparison. No advantage to using
the nanoparticle suspension over the paint-based formulation was reported although limited
characterization data about the actual particle sizes was presented. Moreover, the TiO,
deposition followed by physical developer on fingerprints did not reveal any improvement over
the regular physical developer technique.

Wade [44] found that micron-sized TiO, particles gave good results developing latent
fingermarks on dark, non-porous surfaces where it could be used as a white fingerprint powder
or a white small particle reagent. The TiO; particles were used in a solution or as a paste. It gave
excellent results when used as a substitute for sticky-side powder on both sides of the tape.
Bergeron [45] showed that TiO, particles in methanol could enhance the visualisation of bloody
prints on non-porous and some semi-porous surfaces. The method of application was a two-step
spray method first using TiO, in a methanol carrier and then rinsing with pure methanol. The
developed ridge details on non-porous surfaces were excellent showing tertiary level detail.
There were no observable differences between aged (> one-month-old) and fresh bloody prints.
For porous surfaces, the results were poor producing a faint outline of the finger or no result.
Water can be substituted for methanol although there are some disadvantages such as less
contrast and significantly increased processing times. Schiemer et al found that titanium dioxide
powder suspended in a surfactant solution was the best technique for development of latent
fingermarks on the adhesive side of black electrical tape [46]

Polimeni et al [47] and Cucé et al [48] reported that suspended TiO, particles developed
latent fingermarks on wet surfaces. Polimeni and co-workers demonstrated that the quality of
developed fingermarks depends on the way the surface has been touched and on the time of the
contact. The fingermarks on a dust covered plastic bottle were revealed with TiO, suspended in

detergent solution after washing with distilled water. Williams et al [49] described how TiO,
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could be applied in a paste form with a brush, sprayed on as a solution, or evidence could be
submerged in the reagent itself to develop prints on both sides of dark coloured electrical tapes
and duct tapes. Recently Choi et al [50] investigated a new, highly fluorescent dye synthesised

using oleylamine combined with a perylene dianhydride compound (see Figure 8).

0 0 0 0
D =0,

0 0 + HNR R—N N—R

0 Q D ) 0 O

WhereR = H,C

Figure 8. Synthesis of new perylene diimide compound. [49]

The dye was adsorbed onto titanium dioxide nanoparticles for use as a fingerprint detection
powder (Figure 9). The new fluorescent powder was applied to latent fingermarks deposited
onto different non-porous surfaces and compared with commercial fluorescent powders.
Compared with current magnetic fluorescent powders, the new powder was slightly weaker in
fluorescence intensity but produced significantly less background development.  The
nanoparticles developed latent marks with more detail and contrast than conventional-sized

powders.
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Figure 9. Fresh fingermarks on glass developed with; (left) perylene dye/TiO2 nanoparticles
(Degussa brand), and (right) perylene dye/ TiO2 powder in reflection mode under white light

illumination. [49]

3.2. Zinc oxide particles

Zinc oxide was evaluated as a fluorescent pigment for the detection of fingermarks on non-
porous surfaces by Choi et al. [51]. The zinc oxide powders were applied to fresh and aged
fingermarks deposited on non-porous surfaces such as glass, polyethylene and aluminium foil.
Nanostructured zinc oxide was found to produce clear fluorescent impressions of the latent
fingermarks when illuminated with long-wave UV light (Figure 10). Doping of the zinc oxide
powders with lithium did not significantly enhance the fluorescence of the developed

fingermarks.
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Figure 10. Ten-day-old fingermark on glass developed with nanostructured ZnO using the

powder and brush technique. lllumination 350 nm, detection 570 nm long pass filter [51].

3.3. Iron oxide particles

Haque et al [52] proposed the suspension of iron oxide black powder on non-porous surfaces.
The obtained results showed better sensitivity, clarity and contrast than conventional SPR
reagents regardless of the age of the prints.
3.4. Europium oxide particles

The rare earth metal europium has a narrow emission band and a long excited-state lifetime
(50-100 ps), while most organic fluorescent compounds have broad emission bands and 10-20
ns excited-state lifetimes. These spectral properties can be used to eliminate the background
fluorescence of troublesome surfaces in fingerprint detection. Menzel introduced europium to
latent fingerprint detection in 1990, treating Ruhemann’s Purple and its 5-methoxy- and benzo-
analogues with EuCl3-6H,0 [53]. A number of subsequent studies using europium applied to

fingerprint development have been reported [54-58]. Figure 11 shows an example of
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fingermarks developed with cyanoacrylate fuming followed by staining with a Europium

compound.

Figure 11. Fingermarks developed with cyanoacrylate fuming followed by treatment with

Europium chelate. Illumination at 350 nm, detection at 610 nm [56].

Menzel et al [59] also reported the development of fingermarks using amine-functionalized
europium oxide nanoparticles that target the carboxylic acid functionalities of fingermark
constituents. The reagent was applied using the SPR technique with an incubation process
followed by photoluminescence detection. A time-resolved technique was utilized to

successfully suppress background fluorescence.
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4. Metal Sulfide Particles

In this section we describe particles containing metal sulfides that have been used for
fingermark detection. The majority of work has focussed on molybdenum and cadmium
sulfides.

4.1 Molybdenum disulfide

Small particle reagent (SPR) is a suspension of fine particles in detergent solution and may
be regarded as a wet powdering technique. Molybdenum disulfide (MoS,) particles have been
used in SPR where upon application they adhere to the fatty constituents of latent fingermarks to
form a grey deposit. SPR can be used on range of surfaces including porous or non-porous,
adhesive surfaces, and it is especially useful on wet or dusty surfaces [1, 4]. The developed
fingermarks can be photographed and lifted in a conventional manner after drying. SPR is
generally applied by immersion or spraying; the immersion application method is a reasonably
sensitive process but is more effective on fresh fingerprints than older ones. Spray application
has been reported to be considerably less effective [60].

SPR was first reported by Morris and Wells in 1979 (according to [4]). Goode and Morris
subsequently described a detailed procedure and formulation in 1983 [6]. Frank and Almog [61]
proposed that a white SPR formulation based on zinc carbonate powder for dark surfaces.
Springer and Bergman [62] reported fluorescent SPR where an ethanolic solution of the dye
Basic Yellow 40 (BY40) was added to the SPR stock solution. Excitation at 450 nm and
emission at 550 nm was used to visualise fingermarks treated with BY40 SPR on dark or multi-
coloured background. Zamir et al [63] reported DNA analysis could be conducted after SPR
processing of bloody fingermarks.

4.2. Cadmium sulfide nanocrystals
Cadmium sulphide (CdS) nanocrystals and nanocomposites have been investigated for

fingermark detection. CdS nanocrystals capped with dioctyl sulfosuccinate in heptane or a
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mixture of hexanes developed fingerprints on a soft drink can and aluminium foil previously
fumed with cyanoacrylate ester [64]. Examination under an Ar-laser operating in the near UV
revealed amply intense luminescence. Unfumed fingerprints on metal, glass, and plastics could
not be developed because heptane and hexane tended to obliterate ridge details. On black
electrical tape, unfumed fingerprints were developed using a heptane nanocrystal solution [64].
Fluorescent CdS-dendrimer nanocomposites have also been investigated. Menzel et al
examined the suitability of dendrimers (molecules with branched tree-like structures) as
fingerprint reagents using the commercially available Starburst Generation 4 dendrimer, which
contains terminal amine groups [65]. The amine groups can react with carboxylic acids found in
fingermark deposits and preferential dendrimer attachment to fingermarks was reported. It was
not determined if chemical bonding or adherence by physical processes were responsible for the
attachment. CdS-dendrimer nanocomposites were prepared by adding solutions of cadmium
nitrate and sodium sulphide to a dendrimer solution. Luminescence was blue-green regardless of
CdS concentration but luminescent intensity increased with CdS concentration. Fingermarks on
aluminium foil, polyethylene (fumed) and paper were developed. In methanolic solution,
cyanoacrylate ester fumed fingermarks developed readily however unfumed fingermarks tended
to dissolve away. Fingermarks on paper (unfumed) were not detected due to indiscriminate
deposition of the nanocomposites. Such long immersion times suggest that a chemical reaction
between the amino functionality of the dendrimer and the carboxylic acid groups of the
fingermark deposit, or with the cyanoacrylate ester functionality rather than a physical
adsorption process.
CdS nanocomposites with a carboxylate terminal-functionalised dendrimer were studied
[66]. The carboxylate functional groups can react with amino acids or proteins found in
fingermark residue. A successful sequence involved a 1:9 methanol:water solution of the

dendrimer with a stoichiometric amount of diimide and heating at 60 °C over night + CdS
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incorporation + fingerprint immersion was reported. Fingermark development was very faint
without heating. The developed fingerprint luminescence is orange.

As discussed by Sodhi and Kaur, some fingerprint powders may pose a health threat [10].
Cadmium is especially problematic as its toxicity is combined with a half-life in the human
body of ~30 years [67, 68]. Thus, the application of these methods in routine casework requires

consideration of occupational health and safety issues.

5. Other Metal-containing Particles
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Figure 12. Structure of encapsulated and functionalized CdSe nanocrystal. Re-drawn from [4].

CdSe nanocrystals can be capped with zinc sulfide to reduce aggregation of the nanocrystals
and also to serve as a site for attachment of conjugating organic ligands for labelling purposes
(Figure 12). ZnS-capped CdSe nanocrystals can be covalently bound to amino acid components
of fingermark residue. Development with carboxylate-functionalized nanoparticles has been

reported [4]. At room temperature, 24 hrs immersions in a water solution containing in 1uM of
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CdSe/ZnS/carboxylate functionalized nanocrystals and in 8 uM of 1-(3-dimethlaminopropyl)-3-
ethylcarbodiimide hydrochloride revealed luminescent fingerprints. The utilized nanocrystals
produced luminescence with excitation from the ultraviolet to the red, which gives greater
flexibility in terms of the excitation light source. Sharp red luminescence was shown at 635nm
(red-emitting nanocrystals).

Latent fingermarks have been developed using fluorescent CdSe/ZnS stabilized by
octadecaneamine [38] where fingermarks deposited on silicon wafers or paper were immersed in
a petroleum ether solution of CdSe/ZnS. Detailed fluorescent prints were obtained on the silicon
wafer specimens (Figure 13) but fingermarks were not observed on paper due to heavy

background fluorescence under UV illumination.

Figure 13. Optical microscope image taken in UV mode of CdSe/ZnS-NPs adsorbed

preferentially on fingermark ridges on a silicon surface [38].

6. Conclusion
It is generally accepted that only a subset of all the latent fingermarks present on an exhibit

are actually detected. In other words, in routine casework, a non-negligible number of latent
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fingermarks probably remain undetected, and consequently cannot be exploited during the
investigation. This explains why the demand for improved reagents for fingerprint development
has continued in forensic science over the years. Unfortunately, many of the developments are
incremental and focus on a small number of techniques. Champod et al. [1] highlighted that
“any significant improvements in detection sensitivity using chemical reagents is likely to
require a completely different approach that, as yet, has not been identified”. In this context,
nanotechnology has proved to be a promising area of research.

In the broad scientific arena, applications of nanotechnology seem to be only limited by
human imagination. In particular, it is generally considered that nanotechnology may lead to the
development of new materials and reagents with superior characteristics to conventional ones.
Nanotechnology provides new opportunities in surface-based science. Because latent fingermark
detection can be broadly seen as surface-based phenomena, it is obvious that nanotechnology is
a prime candidate to become the ‘completely different approach’ mentioned above.

This article reviewed the current status of nanotechnology-based techniques applied to the
detection of latent fingermarks. In particular, this review focused on the applications and
limitations of techniques relying on metal-containing nanoparticles and nano-structured
particles. Some of these methods are yet not sufficiently mature for routine implementation in
casework. Further attention and research are required for future improvement and development

of nanotechnology-based fingermark detection methods.
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