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A B S T R A C T

The disulfur dinitride process for fingermark visualisation was first reported a decade ago, with promising results
obtained for a range of materials including metals. However, the friction sensitive nature of the material and
difficulty of synthesis made routine use difficult. Many of these issues have since been addressed, making
equipment and chemicals available to build an understanding of how the effectiveness of disulfur dinitride
compares to other fingermark visualisation processes currently used on metal surfaces. This enables more in-
formed advice to be given on selection of processes for treatment of metal items, an area of operational interest
that encompasses weapons used in violent crime and the increasing incidence in metal theft. This paper reports a
comparative study into the effectiveness of disulfur dinitride, cyanoacrylate fuming, vacuum metal deposition,
gun blueing and wet powder suspensions on brass, bronze, copper and stainless steel. Experiments were con-
ducted with the surfaces exposed to a range of environments including long term ageing, water/detergent
washing, acetone washing and high temperature exposure. The results indicate that disulfur dinitride is an
effective process for fingermark visualisation on metal surfaces, including those exposed to adverse environ-
ments, and may offer potential improvements over existing processes for those surfaces. Further work, including
pseudo-operational trials, is recommended.

1. Introduction

Chemical techniques for the visualisation of latent fingermarks have
been reported from the mid-1800s [1]. This even pre-dates the in-
troduction of the comparison of fingerprints with crime scene marks as
a means of identifying the perpetrators of crime, and the development
of techniques to visualise fingermarks on the wide range of surfaces that
may be encountered has been a rich area of research from the 1900s
onwards [2,3].

The modern forensic practitioner potentially has access to a com-
prehensive suite of visualisation and imaging processes for the recovery
of fingermarks [4], and the selection of the most appropriate processes
may be tailored according to knowledge of the type of surface that is
present and the environment it has been exposed to. However, the
surfaces that may be encountered during criminal investigations may
change over time for example recent increases in the recycled content
of plastic bags [5] or changes from paper to polymer banknotes [6–8],
and there remain surfaces for which fingermark recovery has always

been problematic (for example leather [9], fabrics [10] and clingfilm
[11]). As a consequence, there is an ongoing requirement to evaluate
techniques that could increase the fingermark yield from ‘problem’
surfaces.

One type of surface for which fingermark recovery appears lower
than may be expected, is metals. Although metals can be regarded as a
‘non-porous’ surface, they differ from other non-porous surfaces in that
most metals and alloys are not chemically inert and chemical interac-
tions can occur between the metal surface and the fingermark deposits
[12–14]. These interactions may prove detrimental or beneficial to
subsequent fingermark recovery. Although many of the processes re-
commended [4] for non-porous surfaces are reasonably effective in
visualising fingermarks on metals, their effectiveness is often less than
their equivalent performance on other non-porous surfaces such as
glass, ceramic and polymers.

Metals are a surface of significant operational interest. In recent
years there has been a rise in the commercial value of metals and a
corresponding increase in the crime of metal theft [15]. There has also
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been a much-publicised increase in violent crimes [16] with a 42% year
on year increase in gun crime leading to 2544 offences recorded in
2016/17, and a 24% increase in knife crime over the same period with
over 4000 offences resulting in injury reported in the Metropolitan
Police area alone. Metal surfaces associated with these crimes include
brass (for fired and unfired cartridge casings) and stainless steel (for
knife blades). Any increase in fingermark recovery from such items will
contribute to the reduction in crimes of this type.

Cartridge casings have been long recognised as a problematic sub-
strate for fingermark recovery, and the reported success rates from fired
cartridges worldwide are very low. A series of studies that attempt to
address this issue have been reported from the 1970s onwards, with
researchers exploring processes for selectively etching metals and
electrodeposition from solution. Nitric acid was proposed as a fuming
process for selective etching [17], and the potential of gun blueing as a
selective electrodeposition process for steel and copper-based alloys
was also recognised [18]. Other researchers have proposed similar
etching and electrodeposition processes both for copper-based alloys
and other metals such as aluminium, including potassium permanga-
nate [19], acidified hydrogen peroxide [20], palladium deposition [21],
aluminium black [22] and cold patination fluid [23].

Comparative studies have also been conducted by different research
groups, looking at these processes singly and in sequence with other
processes such as cyanoacrylate fuming [24–27]. In general, the results
from these studies indicate that palladium deposition and gun blueing
tend to give the best results, and the best sequences include these
processes used in sequence after cyanoacrylate fuming. However, fo-
cused studies into the impact of the firing process into fingermark re-
covery [28] confirm that the high temperatures, abrasion and deposi-
tion of propellant residue all reduce the chances of recovering
fingermarks, and this is in accord with the low operational recovery
rates observed on fired ammunition.

It has been noted that on copper-based alloys, residual corrosion
may be left on the surface by the interaction between the fingermark
and the metal, and this ‘signature’ may be persistent even when marks
are washed or rubbed away. The first technique to utilise this effect was
the Scanning Kelvin Probe [29,30] where a fine (μm scale) vibrating
gold probe is scanned across the metal surface and a map of Volta
potential is recorded. The corrosion initiated by eccrine constituents,
and the thin insulating layer of sebaceous constituents on the surface
both produce different Volta potentials to the bare metal surface and
enable fingermarks to be visualised.

The same effect was utilised by Bond [13,14,31], who employed
heating to enhance the corrosion signature, followed by electrostatic
powdering (charging the casing and applying a toner powder) to reveal
fingermarks. Although this process was commercialised, it ultimately
proved difficult to reproduce the laboratory results on commercial
equipment. Bond also conducted studies into the corrosion mechanisms
occurring between the fingermark and the metal surface [14] and
proposed that the main reaction was the action of chlorides to produce
metal hydroxides and hydrochloric acid, although a subsequent study
by Wightman and O'Connor [12] indicated this may not be the case and
that other mechanisms, such as reduction of oxides by organic species
in the fingermark, may also be operating.

Another discovery that is thought to utilise this corrosion signature
to visualise fingermarks on brass and copper-based alloys is disulfur
dinitride (S2N2) [32–34]. The traditional process begins by decom-
posing the material tetrasulfur tetranitride (S4N4), to the active and
volatile S2N2 compound, under vacuum, where it is selectively poly-
merised to (SN)x on the fingermark ridges, Fig. 1.

Promising results have been obtained on brass using this process,
and it was also observed that the process continued to visualise marks
on surfaces that had been wiped clean [35].

In contrast to brass and copper-based alloys, there has been less
focus on processes tailored towards the visualisation of fingermarks on
stainless steel surfaces. This is partly because these surfaces are more

chemically inert and existing processes such as cyanoacrylate fuming
are reasonably effective. Increases in knife crime make this surface of
more operational interest however, and there has been some work
undertaken to develop electropolymerisation processes that are effec-
tive on this type of surface [36,37]. S2N2 has also been observed to
develop marks on stainless steel, although the development mode in
this case is predominantly deposition of blue (SN)x on the background
with the ridges remaining paler.

Since the first published papers into the S2N2 process, research has
predominantly focused on making the process more practical and safer
to use by moving away from the utilisation of friction sensitive S4N4 as
well as in reducing processing times to those comparable with cya-
noacrylate treatment. A practical solution utilising a safe to handle
precursor that is rapidly decomposed to S2N2 within the safe confines of
the vacuum chamber has now been developed, and this forms the
emphasis of the current work.

The study reported in this paper is designed to evaluate the effec-
tiveness of S2N2 on a range of operationally significant metal surfaces
(including brass–used for cartridge casings, bronze and copper–-
associated with metal theft, and stainless steel–associated with knife
crime). The performance of S2N2 was compared to a range of existing
processes that can be used on metal surfaces, which are listed below,
together with the rationale for their selection:

• Superglue (cyanoacrylate) fuming–effective on non-porous surfaces,
and also involves visualisation of fingermarks by polymerisation

• Vacuum metal deposition–a process that is known to be highly
sensitive on non-porous surfaces, including those that have been
wetted or exposed to high temperature [38]

• Gun blueing (used on copper-based samples only)–a selective de-
position process optimised for copper-based alloys

• Powder suspensions (used on stainless steel only)–an effective pro-
cess on non-porous surfaces, capable of developing marks on sur-
faces that have been wetted, and found to give good results on
stainless steel but not on copper-based alloys [39]

The objective of the comparative study was to obtain an initial
understanding of the performance of S2N2 relative to existing processes
to inform if and when it could be recommended for fingermark visua-
lisation on metal surfaces. Generating such information is also a re-
quirement for developing validation libraries for any novel process
prior to its acceptance and implementation on operational casework.

2. Methods and materials

2.1. Chemicals

The chemicals used are summarised in Table 1.

2.2. Surfaces

The following metal surfaces were used:

Fig. 1. Reaction mechanism for the formation of (SN)x polymer from S4N4.
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• Bronze (approx. 88% copper and 12% tin)

• Brass (approx. 70% copper and 30% zinc)

• Copper

• Stainless steel (grade 304-iron, with carbon 0.08% max, chromium
18–20%, nickel 8–12%, traces of manganese, phosphorus, sulfur,
silicon, nitrogen)

All metals for this study were purchased from Alloy Sales Ltd.
(Hatfield, Hertfordshire, UK).

Panels were cut to give samples of 100×150mm for fingermark
deposition.

Each surface was washed and scrubbed with a water-detergent mix,
left to stand in Grade 2 reverse osmosis purified water before being
removed and allowed to dry, then wiped down with ethanol and al-
lowed to dry again before the deposition of fingermarks. This washing
regime was devised to remove both water soluble and water insoluble
contaminants from the surface of the metals, without leaving residues
that could act as preferential corrosion sites.

2.3. Equipment

The equipment used for the S2N2 process in this study was a de-
velopmental system assembled from a combination of bespoke and
commercial off-the-shelf components. This design incorporated ob-
servations on the desirable features of equipment used in previous re-
search [34,35] but on a larger scale. A schematic diagram of the as-
sembly is shown in Fig. 2 below.

The glass vacuum vessel, lid, test tube and a three-way vacuum
stopcock allowed the vessel to be evacuated and vented to atmosphere
and this glassware was manufactured by Soham Scientific. The tem-
perature control to the base plate was provided by two Otamat THP80
Peltier cooler/heater units, and an Edwards 3 vacuum pump was used
to evacuate the vessel.

2.4. Processing

To conduct the S2N2 process the test tube was loaded with pre-
cursor, with approximately 0.65 g being used for each run. Samples
were placed within the vessel which was then sealed and evacuated.
The base of the vessel was then chilled to below room temperature. The
precursor was then heated until it had fully decomposed and orange
S2N2 crystals observed to have formed on the base of the vacuum vessel.
The vessel was then sealed, the cooling units turned off, and the crystals
on the base of the vessel allowed to sublime. When fingermarks were
considered to have developed to a sufficient level the vessel was vented
to atmosphere (typically after 45–90min).

Cyanoacrylate fuming was conducted using an MVC5000 cabinet
(Foster+ Freeman, Evesham, UK) according to the process outlined in
the Fingermark Visualisation Manual [4]. Approximately 2.5 g of Cya-
nobloom was used for each treatment. Developed fingermarks were
dyed using Basic Yellow 40 (BY40) in ethanol [4].

Vacuum metal deposition was conducted using an E910 processing
chamber (West Technology Forensics Ltd., Yate, UK). A maximum of
two runs were conducted using the standard gold/zinc process [4],
followed by a cycle of the silver process [4] if marks were not con-
sidered to be fully developed.

Gun blueing working solutions were prepared by diluting 3mL
Perma Blue® with 97mL of Grade 2 reverse osmosis purified water.
Samples were immersed in the working solution until optimum contrast
was observed between fingermark and background, then removed to a
dish of purified water before rinsing under running tap water and
drying at ambient temperature.

The powder suspensions container was shaken to achieve a paint-
like consistency in the suspension mixture. The sample was first wetted
by running under tap water then powder suspension was painted on
with a soft, pre-wetted, animal hair fingerprint brush. Powder suspen-
sion was left in situ for approximately 15 s and then washed away under
slowly running tap water. Samples were then allowed to dry in air.

A summary of the main features of the processes used is given in
Table 2.

3. Experimental

A series of experiments were conducted to explore different aspects
of the performance of S2N2 in comparison to other processes, including
specificity, sensitivity, effect of ageing and ability to develop finger-
marks on samples exposed to extreme conditions. The experimental
methodology was approved via the internal Ethics process and all do-
nors read and signed consent forms prior to participating in the study.

3.1. Sensitivity

The sensitivity of the processes was investigated using an extended
depletion series. Three different donors who had not washed their
hands for over 30min rubbed their hands together to evenly distribute
secretions and deposited depletion series of 36 consecutive ‘natural’
marks running over both sides of 4 brass samples. Fingermarks were
aged for 2 days before being processed.

3.2. Specificity

A multiple donor study was conducted using 22 different donors
who deposited a single fingermark from a different finger on each of 4
panels of brass, bronze, copper and stainless steel, with hands being
rubbed together after each finger had been used once. Marks were left
to age for 1 week before being processed.

3.3. Effect of fingermark age

Five different donors deposited the 1st, 5th and 10th mark of a 10

Table 1
Chemicals and suppliers used during the study.

Process Chemical

Disulfur dinitride Sulfur‑nitrogen-based reagent (Loughborough
University, UK) in the form of a free-flowing powdera

Cyanoacrylate fuming Cyanobloom (Foster+ Freeman, Evesham, UK)
Gun blueing ‘Perma Blue® Liquid Gun Blue’ (Birchwood-Casey,

Eden Prairie, USA)
Powder suspensions ‘Wet Powder™ Black’ (Kjell Carlsson Innovation,

Sundbyberg, Sweden)
Vacuum metal

deposition
Gold wire, Silver wire (Alfa Aesar, Heysham, UK)
Zinc foil (Sigma Aldrich, Gillingham, UK)

a
now manufactured as DEVELOP™ precursor (Foster+ Freeman, Evesham

UK).

Fig. 2. Schematic diagram of S2N2 processing equipment.
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mark depletion series on each of 4 panels of brass, bronze, copper and
stainless steel, with hands being rubbed together after each finger had
been used once. The other fingermarks in the depletion series were
deposited on a ‘sacrificial’ sheet of paper, Fig. 3. This enabled the effect
of depletions to be evaluated on the small test samples. Fingermarks
were left to age for 1 day, 1 week, 1month and 3months before being
processed.

3.4. Effect of water washing

S2N2 has been previously shown [35] to be capable of developing
marks after samples have been washed with water, and therefore this
experiment explored this in comparison to other processes. The same
procedure and number of donors as outlined for the ageing experiment
above was used. Deposited fingermarks were left on the samples for
10min, 1 h, 1 day and 1week before being washed and scrubbed in a
mixture of water and detergent (Fairy Liquid) using a nylon bristled
brush. They were then rinsed and immersed in purified water before
being dried in air and processed.

3.5. Effect of solvent washing

A solvent wash (acetone) was investigated as a process which may
remove different fingermark constituents to the water/detergent wash
described above. The same procedure and number of donors as outlined
above was used. Fingermarks were left on the samples for 10min, 1 h,
1 day and 1week before acetone was applied to the sample and rubbed
vigorously across the surface with a paper tissue. The samples were
then allowed to dry in air before being processed.

3.6. Effect of heating

The effect of exposure to high temperatures for different periods of
time on fingermark recovery was explored. The same procedure and
number of donors as outlined above was used. Fingermarks were left on
the samples for 1 day before being placed in a Nabertherm LE14/11
furnace at 600 °C for 5min, 15min, 1 h, and 4 h. The samples were then
removed from the furnace and allowed to cool before being processed.

3.7. Grading and imaging

Fingermarks were graded using the 0–4 grading system proposed by
the Home Office [40,41], Table 3.

Visible developed fingermarks were graded using an eye glass andTa
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Fig. 3. Schematic diagram to show order of deposition of marks, enabling the
trends of a depletion series to be observed on a sample of restricted size.
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Table 3
Outline grading scheme used in these studies.

Score Level of detail

0 No evidence of fingermark
1 Weak development; evidence of contact but no ridge detail
2 Limited development; ridge detail present in up to 1/3 of mark but probably cannot be used for identification purposes
3 Strong development; between 1/3 and 2/3 of mark contains ridge detail; identifiable finger mark
4 Very strong development; ridge detail visible in full area of mark; identifiable mark

Fig. 4. Cumulative totals of marks at each grade, combining results of the three
36-mark depletion series on brass developed using different processes.

Fig. 5. Marks 1 and 36 from depletion series on brass developed using: a-b) S2N2, c-d) superglue fuming and Basic Yellow 40 dye, e-f) vacuum metal deposition, and
g-h) gun blueing. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. The number of fingermarks graded 3 or 4 developed by the different
processes used in the multiple donor study.
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the variable lighting conditions provided by room lighting and from
diffuse light from a window. Fluorescent marks were graded from
images taken of the test panels under the conditions summarised below.

Images of the panels were captured using a Sony α77 DSLR fitted
with a Minolta 50mm macro lens mounted on a Kaiser RSI copystand

with white side lights set at 45°. A blue Crimelite 82S
(Foster+ Freeman, Evesham, UK) and Schott glass GG495 camera filter
were used to capture images of fingermarks dyed using BY40. Further
examinations were conducted using a VSC6000 document examination
workstation (Foster+ Freeman, Evesham, UK) which provided addi-
tional lighting modes including co-axial light.

3.8. Microscopy

The microstructure of developed marks was studied using scanning
electron microscopy. Samples were prepared from brass, copper and
stainless steel by cutting 8mm diameter discs from metal sheets using a
hole punch. Fingermarks were laid across each disc and aged for 1 day
before being treated with S2N2. The discs were mounted on aluminium
stubs and placed into a Pemtron PS-230 scanning electron microscope
(SEM). Because of the conductive nature of the substrate, it was not
considered necessary to apply a conductive gold coating to the samples
to prevent charging.

Fig. 7. Examples of how the observed quality of marks can be changed by
different lighting conditions: a) mark developed using S2N2 on bronze, lit with
45° white lights; b), as a), but illuminated under co-axial lighting.
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Fig. 8. Number of fingermarks graded 3 and 4 developed by each of the processes used in the study after ageing for different periods of time on a) brass, b) bronze, c)
copper, and d) stainless steel.
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4. Results and discussion

4.1. Sensitivity

Fig. 4 shows the totals of the grades of each mark in the depletion
series, combining the results of the marks from three donors.

Superglue fuming/BY40 and S2N2 continued to develop marks
considered of identifiable quality from the first to the 36th mark in the
series for two out of the three donors and develop the highest combined
totals of marks graded 3 or 4.

Gun blueing undergoes the most rapid fall off in grade quality for
developed marks, however this does not become noticeable until after
the 10th mark in the depletion series and gun blueing is still a rea-
sonably sensitive process until after the 20th depletion. Vacuum metal
deposition is capable of developing marks close to the end of the de-
pletion series, but on average these are graded lower than those de-
veloped using S2N2 and superglue fuming.

The first mark in each depletion series for one donor are illustrated
in Fig. 5, together with an image for the 36th mark where this was
successfully developed.

4.2. Specificity

The number of fingermarks from the 22 different donors that were
graded 3 or 4 is illustrated in Fig. 6.

Nearly all processes are capable to developing marks graded 3 or 4
from at least 50% of the donors on the copper-based alloys, the ex-
ception being gun blueing on copper. None of the processes worked as
well on stainless steel, and gun blueing did not work at all because the
chromium oxide layer on the surface protects the underlying metal
from the gun blueing solution. For this reason carbon-based black
powder suspension was used in place of gun blueing for all subsequent
experiments involving stainless steel.

The results obtained after dyeing superglue fumed marks with BY40
were sometimes inferior to those seen under white light with optimum
viewing angles, partly attributable to background staining by the BY40
dye. Although the cleaning regime used was thought to be rigorous, it
does not always remove residues from the protective polymer films
originally present on the metals and these can sometimes interfere with
visualisation of marks.

In many cases the quality of the developed mark (especially those by
S2N2) could be improved significantly by using some of the more spe-
cialised lighting modes on the VSC6000, such as co-axial light. An ex-
ample of an improvement in the appearance of S2N2 marks under dif-
ferent lighting conditions is shown in Fig. 7.

4.3. Effect of fingermark age

The effect of fingermark age on the quality of the marks enhanced
on each of the four surfaces is illustrated in Fig. 8.

In general, on copper-based metal surfaces nearly all processes de-
veloped 50% or greater of the deposited marks to a high quality across
most of the time scales studied. This is possibly because there are more
chemical interactions that can occur between the fingermark and the
substrate on these materials resulting in more species being present for
visualisation processes to interact with. S2N2 and VMD appear to be
least affected by the age of the mark, with S2N2 in particular developing
nearly all fingermarks to grade 3 or 4 after 3months. In contrast, the
effectiveness of superglue fuming and gun blueing progressively de-
crease over time, which is in accordance with previous observations
that superglue fuming is less effective when marks have dried out [42].
Examples of marks after 1 day and 3months are given in Fig. 9. It can
be seen that the marks aged for 3months tend to be lower in contrast
and less well defined than the equivalent marks aged for 1 day.

The performance of all the processes is reduced on stainless steel,
with S2N2 consistently developing more high quality marks than other

Fig. 9. Marks 1, 5 and 10 in the depletion series developed after 1 day and
3months using a) S2N2 on brass, b) superglue fuming and Basic Yellow 40 on
bronze, c) VMD on brass. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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processes but decreasing in effectiveness as marks age.

4.4. Effect of water washing

The number of fingermarks graded 3 and 4 developed after water
washing is shown in Fig. 10 for each of the four metal surfaces studied.

It can be seen that despite the aggressive nature of the cleaning
method employed, fingermarks may still be developed on each of the
four metals, and all of the visualisation processes used were capable of
developing marks in certain scenarios, Fig. 11. This supports previous
observations of Cohen et al [43] showing fingermarks can be more
resilient than expected to cleaning regimes, although Cohen's work
focused on painted window frames as opposed to untreated metals.

S2N2 is the only process that developed potentially identifiable
marks on every metal for almost every ageing period (the exception
being marks on bronze aged for 1 h before washing). On copper-based
alloys, the effectiveness of S2N2 appears to increase the longer that the
mark remains on the surface. This is consistent with previous results
[35] and also to be expected if (as suggested) S2N2 is targeting areas of
surface corrosion instead of fingermark residue. Although the exact
mechanism of corrosion during the fingermark-surface reaction has not
been conclusively demonstrated [12,14] it seems reasonable that any
interaction will be more pronounced over a longer period of exposure.

Similar trends are seen for some of the other processes used which
may be due to increased interaction between the fingermark and the
surface, as proposed for S2N2, or it may be due to the mark drying out
on the surface, making it more resilient to subsequent application of
water/detergent.

The dyeing of superglue fumed marks with BY40 does increase the
number visualised. Although this is an expected outcome, this was not
observed in previous parts of the study. It is possible that the samples
used in later stages of the work were more rigorously cleaned resulting
in less residue remaining on the background and correspondingly less
background development. However, it should also be noted that many
of these fluorescent marks are extremely faint and were only found
when reviewing photographs speculatively taken of the treated surface.
Such marks would probably not be detected in operational casework
because there is no visual indicator that a mark is present to be pho-
tographed.

On stainless steel, S2N2 appears considerably more effective than
the other processes although in contrast to results on copper-based al-
loys fewer fingermarks are recovered as the time on the surface before
washing increases. The development mode of S2N2 on stainless steel is
also noticeably different, instead of (SN)x polymer being deposited on
the ridges it is preferentially deposited on the background, giving it a
blueish tinge while the ridges appear a paler colour. Because stainless
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Fig. 10. Number of fingermarks graded 3 and 4 developed by each of the processes used in the study after washing with water/detergent on a) brass, b) bronze, c)
copper, and d) stainless steel.
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steel is a corrosion resistant alloy, it is unlikely that any corrosion in-
teraction is occurring between the fingermark and the metal. This may
explain the lack of development observed with superglue fuming,
which relies on fingermark constituents being present to initiate poly-
merisation, as opposed to processes such as VMD and powder suspen-
sions which are sensitive to changes in the surface properties.

4.5. Effect of acetone washing

The number of fingermarks graded 3 and 4 developed after washing
with acetone and rubbing with a tissue is shown in Fig. 12 for each of
the four metal surfaces studied.

Washing with acetone is a far more aggressive form of cleaning than
scrubbing with water/detergent, but again several marks do survive
this treatment and the recovery rate is not zero.

Similarly to the water wash results, S2N2 appears to give the best
overall performance, with some marks being developed using this
process on all four types of substrate. Carbon-based powder suspension
also appears to be an effective process for marks deposited on stainless
steel, although it has been shown in other studies [39] to perform
poorly on copper-based alloys. Acetone washing has a noticeably det-
rimental impact on the effectiveness of VMD, with very few high quality
marks being developed on any of the metals studied. Examples of marks
developed after the acetone wash are shown in Fig. 13.

Although superglue fuming and dyeing with BY40 does develop
marks after both water/detergent and acetone washing, it should again
be noted that these are significantly fainter than the marks developed
on the aged samples and were not seen by eye during fluorescence
examination.

In common with trends observed for the water washed samples,
there appears to be a general increase in the number of marks visualised
the longer the fingermark remains on the surface prior to being washed
off.

4.6. Effect of heating

Heating was the most damaging of the three processes applied. For
copper and bronze, after an hour of exposure to 600 °C a thin black
oxide layer began to form on the surface and this was much more
pronounced after 4 h. This layer became flaky on cooling and was
brushed from the surface using a soft animal hair brush prior to treat-
ment. The formation of a flaky oxide layer has also been observed in
studies by Wightman et al. [44]. In the case of brass, the surface became
progressively more matt in appearance as heating time increased, but
there was no obvious formation of a surface layer. Stainless steel be-
came more discoloured as heating times increased. On all types of metal
fingermarks were developed to some extent by the action of heat alone,
as observed by Wightman and co-workers [12,44] and shown in Fig. 14.

The quality of these ‘pre-developed’ fingermarks was disregarded
when scoring the samples after treatment, and only marks where it was
considered that the chemical treatment had developed additional ridge
detail or added contrast were ascribed scores. It was not always easy to
make a judgement regarding whether a mark had been actually been
enhanced by the chemical treatment or the ridge detail present had
been developed by the prior action of heat. The results of grading marks
improved by the chemical treatment and discounting heat-developed
marks where the ridge detail had not been changed by processing are
shown in Fig. 15.

In general, after 5min exposure to 600 °C, few additional marks are
visualised on any of the surfaces studied. The most effective processes
in developing additional marks on metals are S2N2 and superglue
fuming, with examples being presented below.

Marks developed on bronze using S2N2 are illustrated in Fig. 16.
After 5min, marks are clearly seen due to differences between de-

position of the (SN)x material on fingermark ridges and on the back-
ground. After 15min, the oxidation of the surface has begun and

Fig. 11. Marks 1,5 and 10 in the depletion series 1 week before water/detergent
washing then developed using a) S2N2 on brass, b) superglue fuming and Basic
Yellow 40 on bronze, c) VMD on bronze, d) gun blueing on copper, and e) black
powder suspension on stainless steel. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this
article.)
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although there is an indication of ridge detail for one of the marks this
has been developed by the action of heat. There are signs of pale blue/
grey deposits on some regions of the surface, but these are no longer
clearly distinguishing the fingermark.

The appearance of marks developed using S2N2 on stainless steel is
different, Fig. 17.

For the 5-min exposure time, there is preferential deposition of
material on the stainless steel which reveals the fingermark as paler
ridges against a dark background. Although the same mode of devel-
opment is observed for 15min exposure, the fingermark ridges appear
to have diffused across the surface, possibly associated with melting
and flow of some of the constituents at the high temperatures.
Wightman and O'Connor [12] also observed a colour change of a
stainless steel surface to yellow-brown after exposure to equivalent
conditions of> 5min at 600 °C and attributed this to formation of an
interference film. Although this surface had become slightly more
yellow after initial exposure in this experiment, significant darkening to
the brown colour observed in Fig. 17 only occurred after additional
exposure to S2N2.

The diffusion of fingermarks is also observed for marks developed
using superglue fuming on copper-based alloys, Fig. 18.

After 5min exposure fingermarks are still enhanced, but are very

faint, and the ridge detail in one of the fingermarks is beginning to
become diffuse. After 15min, significant diffusion has occurred and
only the outline of the fingermark can still be determined.

On stainless steel, diffusion of the marks is more rapid, with only
featureless marks being observed after 5min, Fig. 19. After 15min
exposure there is no evidence of any fingermarks but after 1 h ‘negative
marks’ are detected, with a ‘halo’ of material (possible diffused fin-
germark constituents) being stained by BY40 surrounding dark ridges.
After 4 h exposure no marks are developed. This change in behaviour
may be representative of a progressive interaction between fingermark
constituents and the metal surface at elevated temperature.

4.7. Microscopy

The SEM analysis of the samples showed differences in the way the
(SN)x polymer had formed on the surface, and this could be related to
the appearance of the developed marks. The microstructures observed
for each of the three metal surfaces are illustrated in Fig. 20, Fig. 21,
Fig. 22.

On the brass surface, Fig. 20, the low magnification image reveals
fingermark ridges as regions where a higher density of larger structures
has been deposited. At higher magnifications it appears that there is a
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Fig. 12. Number of fingermarks graded 3 and 4 developed by each of the processes used in the study after washing with acetone on a) brass, b) bronze, c) copper, and
d) stainless steel.

S.M. Bleay, et al. Science & Justice 59 (2019) 606–621

615



general deposition of a surface layer with a spherical, pebble-like fea-
tures, and the structure of the larger elongated features can be better
seen.

On copper, Fig. 21, the difference between the ridges and the
background is more significant. Although there is still the general de-
position of a surface layer containing fine spherical features, the fea-
tures that grow on the ridges are far greater in size and appear to be
agglomerations of the elongated structures seen on the brass surface.

On stainless steel, Fig. 22, it is difficult to distinguish the ridges from
the background. However, the deposition is different in that there is no
general deposition of (SN)x across the entire surface, the granular
structure of the original surface being plainly visible. Instead, there is a
sparser deposition of elongated structures, thought to be (SN)x and
responsible for the blueish tinge imparted to the stainless steel surface
after treatment.

It has not yet been possible to identify what may be initiating the
selective formation of the different structures that allow the fingermark
ridges to be distinguished from the background on the brass and copper
surfaces.

Overall, fingermarks were detected to varying degrees using all vi-
sualisation processes on surfaces where deliberate attempts had been

made to wash them away. Possible explanations as to why each of the
processes continue to develop marks are discussed below.

Cyanoacrylate fuming is a polymerisation process, and several fin-
germark constituents (e.g. lactic acid, alanine, weak bases such as
water) can initiate polymerisation [45,46]. The salts present can re-
absorb moisture from high humidity environments, providing water as
a weak base that can initiate the process. It has been proposed that salts
also contribute to corrosion of the surface in copper-based alloys. If the
salts are removed by a washing action the surface may still have some
surface oxides or hydroxides present along the fingermark ridges, which
may provide an alternative source of initiation for cyanoacrylate
polymerisation. SEM/EPMA [44,47] and ToF-SIMS [48] on similar
surfaces both indicate that oxygen content is higher in the regions of the
ridges, which could support this theory.

Gun blueing is a masking process, where fingermark deposits form a
protective barrier over the surface and prevent selenium interacting
with the copper (and zinc) present to form selenium compounds [3]. It
is expected to be more effective when marks are sebaceous in nature
[23]. It is possible that the oxygen-rich regions present where finger-
marks have initiated corrosion are providing a masking function after
fingermark constituents themselves have been removed, albeit less

Fig. 13. Fingermarks aged for 1 week before washing with acetone, then developed using a) S2N2 on bronze, b) superglue fuming and Basic Yellow 40 on brass, c)
black powder suspension on stainless steel. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 14. Fingermarks developed on brass by exposure to temperatures of 600 °C for 15min, prior to any visualisation process being applied.
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effectively than sebaceous sweat.
Vacuum metal deposition discriminates fingermarks from the metal

background because of differences in nucleation and growth rate of
metal clusters on the surface [3]. This may be affected by surface en-
ergy, surface topography and the chemistry of species on the surface.
VMD is sensitive enough to detect monolayers of fats on surfaces and
this may explain why it performs poorly after the acetone wash.
Acetone will readily dissolve the fat layer to leave a clean, more

uniform surface. VMD therefore either gave no development at all on
the acetone washed regions, or a uniform, featureless zinc coating.
VMD may still develop fingermarks after water washing because the
surface has been locally modified by interaction with the fingermark
and still can produce differences in growth rate. Similar effects have
been observed for development of marks originally deposited in blood
on ceramic tiles and then exposed to high temperatures that burn the
blood constituents away [49].
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Fig. 15. Number of ‘value added’ fingermarks graded 3 and 4 developed by each of the processes used in the study after heating to 600 °C for different periods of time
on a) brass, b) bronze, c) copper, and d) stainless steel.

Fig. 16. Fingermarks on bronze after exposure to 600 °C for a) 5min, and b) 15min, followed by treatment with S2N2.
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It has not been conclusively established how powder suspension
develops fingermarks but it has been proposed that an electrical in-
teraction contributes to particle deposition. It is therefore possible that
residual surface charges associated with localised corrosion may assist

with particle adhesion, but this would not explain the results obtained
on stainless steel where corrosion is unlikely to occur.

The mechanism of fingermark development by S2N2 has not yet
been explored in detail but it is possible that both fingermark deposits

Fig. 17. Fingermarks on stainless steel after exposure to 600 °C for a) 5min, and b) 15min, followed by treatment with S2N2.

Fig. 18. Fingermarks on bronze after exposure to 600 °C for a) 5 min, b) 15min.

Fig. 19. Fingermarks on stainless steel after exposure to 600 °C for a) 5 min, and b) 1 h, followed by treatment with superglue fuming and BY40.

Fig. 20. Microstructure of a fingermark developed using S2N2 on a brass surface, a) x100, and b) x2500.
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and localised corrosion caused by fingermarks on the surface can act as
preferential sites for (SN)x deposition. This should be the subject of
future research activity.

Not all of the mechanisms described above are equally effective
and/or sensitive to small traces of chemicals or corrosion on the sur-
face, so some processes are more effective than others on washed sur-
faces. Results indicate that the longer the time the fingermark is left on
the surface, the more likely that some record of the fingermark will be
developed after washing. This supports the theory that corrosion sig-
natures can be important on metal surfaces and the longer that corro-
sion is allowed to occur the greater the likelihood of developing the
fingermark.

5. Conclusions

S2N2 has been found to be an effective process for the visualisation
of fingermarks on the range of metal surfaces studied. Of the processes
investigated in this comparison, S2N2 was the most consistent in vi-
sualising marks across the range of exposure conditions investigated.

Notable features of the S2N2 process include

• Ability to develop an identifiable fingermark on brass to at least the
36th mark in a depletion series (i.e. high sensitivity)

• Ability to develop high quality fingermarks from a wide range of
donors

• Ability to develop fingermarks up to 3months old across the range
of metals tested

• Ability to develop fingermarks on surfaces exposed to adverse

conditions including water/detergent washing, acetone washing and
exposure to extremely high temperatures

• There is potential to increase the number of high quality finger-
marks visualised by the use of alternative lighting methods such as
co-axial illumination

All of the other processes included in the study were also capable of
visualising fingermarks on surfaces exposed to adverse conditions, and
this was more common than anticipated at the beginning of the study.
Observations made include:

• The effectiveness of superglue fuming drops off more quickly with
age of the mark than other processes

• Many of the marks developed using superglue fuming followed by
dyeing with BY40 were not visible by eye, either using white light or
fluorescence examination. The fact that they are detected by the
imaging system implies that superglue may actually develop more
marks than are currently being marked up

• Vacuum metal deposition appears to be most detrimentally affected
by acetone washing

The results from this initial study indicate that S2N2 may offer op-
erational benefits over existing processes in several scenarios where
metal surfaces are encountered. However, it will be necessary to revisit
some of these experiments to demonstrate that the results obtained in
this study using developmental equipment and processing protocols can
be replicated using the commercially available processing chambers
now available (RECOVER®-Foster+ Freeman, Evesham, UK). Further

Fig. 21. Microstructure of a fingermark developed using S2N2 on a copper surface, a) x411, and b) x1400.

Fig. 22. Microstructure of a fingermark developed using S2N2 on a stainless steel surface a) x123, and b) x867.
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work to build validation libraries of experimental data for the S2N2

process should also extend these studies to substrates representative of
casework, such as cartridge casings and knives, and to metal surfaces
that have been subjected to weathering prior to deposition of finger-
marks.
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