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High Resolution Imaging of Latent Fingerprints
by Localized Corrosion on Brass Surfaces

ABSTRACT: The Atomic Force Microscope (AFM) is capable of imaging fingerprint ridges on polished brass substrates at an unprecedented
level of detail. While exposure to elevated humidity at ambient or slightly raised temperatures does not change the image appreciably, subsequent
brief heating in a flame results in complete loss of the sweat deposit and the appearance of pits and trenches. Localized elemental analysis (using
EDAX, coupled with SEM imaging) shows the presence of the constituents of salt in the initial deposits. Together with water and atmospheric oxy-
gen—and with thermal enhancement—these are capable of driving a surface corrosion process. This process is sufficiently localized that it has the
potential to generate a durable negative topographical image of the fingerprint. AFM examination of surface regions between ridges revealed small
deposits (probably microscopic ‘‘spatter’’ of sweat components or transferred particulates) that may ultimately limit the level of ridge detail analysis.
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A recent publication (1) demonstrated the feasibility of acquiring
fingerprints on metallic surfaces subject to heat, as might be experi-
enced by objects in a fire or by a bullet in a firearm. It would
appear that exposure to high temperatures—sufficient to destroy
more fragile forensic evidence—is in fact central to the creation of
an indelible image in the metal surface. The suggestion was that
the image is formed by a localized corrosion-like process that
leaves an etching of the ridge detail in the metal. This phenomenon
has considerable potential application in a wide variety of criminal
investigations, but will only become a reliable method if it is possi-
ble to determine the nature of the processes involved, the types of
metal surface on which it can occur, and the conditions that opti-
mize the development of the image. This study sets out to address
the first of these questions—the answers to which should be the
prerequisites for addressing the remaining issues—for the specific
case of brass substrates, which are relevant to a range of items,
notably bullet casings. This is accomplished using a high resolution
imaging device, the Atomic Force Microscope (AFM), which has
found wide applicability in characterizing diverse metallic (2), poly-
mer (3), and organic (4) surfaces and is now widely exploited in
interfacial science (5–7).

Background

Although the ability of latent fingerprint deposits to undergo a
chemical reaction with metal substrates has been known for many
years (8), it is only recently that this reaction has been exploited to
develop techniques to visualize fingerprint ridges. One advantage
of these techniques is that they are noninvasive, that is, no physical

or chemical development of the fingerprint is required prior to visu-
alization unlike conventional treatments such as powdering, cyano-
acrylate fuming, suspension in small particle reagents (9–11), or
electrochemical etching (12–15). Therefore, such techniques offer
the potential to visualize the fingerprint after the deposit has been
removed from the metal by, for example, washing or rubbing. This
has practical relevance to damage accruing to items prior to evi-
dence collection or as a result of poor handling thereafter.

Williams et al. (16,17) have demonstrated fingerprint visualiza-
tion on a variety of metal surfaces using a Scanning Kelvin Micro-
probe. This technique is based on a measurement of the potential
difference arising between a wire probe and the metal surface due
to differences in their respective work functions, the magnitude of
this potential difference being affected by the fingerprint deposit.
By measuring this variation in magnitude, an image of the finger-
print has been visualized in terms of potential difference. The use-
fulness of this technique was demonstrated by visualizing
fingerprints deposited beneath layers of soot or paint and also on
brass cartridge cases where fingerprints were deposited postfiring.

More recently, one of us considered the effect that fingerprint
deposits had on a range of metal elements and alloys (1,18). Heat-
ing the metal to several hundred degrees Celsius produced durable
images of fingerprints that enabled fingerprint visualization even
after the metal had been subject to smoke and soot contamination
or spray painting. Similarly durable images were found to occur by
leaving fingerprint deposits on metal in air at room temperature for
several days. When the metal substrate consisted of brass, further
work revealed that the junction between the brass and fingerprint
image could exhibit the characteristics of a rectifying metal-semi-
conductor contact with the composition of the fingerprint image
exhibiting the properties of a p-type semiconductor (19). This type
of rectifying metal-semiconductor contact is commonly known as a
Schottky barrier (20–22).

Consistent with generally accepted fact in the field of corrosion
science, Williams et al. (16,17) and Bond (1,19) considered the
degree of visualization of fingerprint deposits left in air at room
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temperature to be associated with the presence of ionic salts in the
deposit. The salt solution (formed from the salt and water in the
deposit) acts as the electrolyte in an electrochemical reaction
between the deposit and the metal, resulting in corrosion to the
metal surface. Further, Bond postulated that variations in the degree
of visualization of fingerprint deposits between individuals was due
to both the variable composition of sweat and the amount of sweat
secreted by different individuals (18).

Objectives

The generation of an etched image of a fingerprint on a metal
surface has unequivocally been demonstrated (1) but the underlying
physical and chemical processes that generate the image are
unknown. The generic objective of this work is to determine the
nature of these processes. Specific goals that follow from this are
identification of the key chemical species, conditions that enhance
(or inhibit) image generation and, via these, the types of metal sur-
face likely to be susceptible to etching in this manner.

Novelty and Significance

Whilst prior work has demonstrated the ability of fingerprint
deposits to produce durable images through corrosion of metal, the
authors can find no research that has attempted to visualize corro-
sion of the metal surface at the nanometer scale. Such work is of
value in order to provide a better understanding of the mechanism
for the reaction between the fingerprint deposit and the metal and
also the effects that the reaction has on the surface of the metal.
In this paper, we show how an AFM may be used to visualize
the reaction products on brass substrates subjected to a variety of
environmental conditions after deposition of a fingerprint. We con-
sider the results obtained in terms of the corrosion mechanism
described above and also indicate the direction for future work in
this area.

Materials and Methods

Imaging Methodology

The dimensions of whole fingerprints (on the order of a centime-
ter) and individual ridges (on the order of hundreds of micrometers)
mean that they can readily be viewed directly or with the aid of
simple optical magnifying devices. However, since the goal of the
present study is to elucidate the origins and nature of highly local-
ized corrosion associated with fingerprint residue on metallic sur-
faces, the requirement is a means of imaging at much higher
resolution, typically 1 lm or less. The technique selected for this
purpose is the AFM (5–7), which has been shown to be capable of
providing topographic images of a wide range of surfaces with ver-
tical and lateral resolutions of <10 nm. For the instrument used in
the present study (see below), this capability was exploited within
a typical lateral footprint (total image size) of 100 lm · 100 lm,
and a maximum travel (vertical range) of 9 lm.

The AFM technique involves holding a finely etched tip (typical
radius of curvature 10 nm; Veeco model RTESP part # MPP-
11100-10; operating frequency 250–350 kHz and spring constant
20–80 N m)1, dependent on conditions) mounted on a sensitive
cantilever in close proximity to the surface of the sample and mea-
suring the interaction force between the tip and sample surface as a
function of lateral position. The distance between the sample sur-
face and the tip is uniquely defined by the interaction force, which
is measured optically and converted into a topographic map (5–7).

Since this interaction is not determined by sample conductivity, the
AFM will image both exposed metal areas of the sample and areas
coated with fingerprint residue. The latter (which are likely to be
electrically insulating) could not be imaged by the closely related
Scanning Tunnelling Microscope (STM) (23–25), which relies on
passage of electrical current between the tip and sample surface.

The instrument used was a Veeco Dimension 3100 Scanning
Probe Microscope (Veeco, Santa Barbara, CA), operated via Nano-
scope version 6.12r1 software (Veeco). The tips were phosphorus-
(n-) doped silicon, with a nominal radius of 10 nm and their
operation was calibrated using silicon wafer standards. Dependent
on whether the tip is very close to, or somewhat further from, the
sample the force may be repulsive or attractive in nature. This
gives rise to three modes of operation—so-called contact, noncon-
tact, and tapping modes—each of which has characteristics suited
to particular types of sample. In contact mode, there is a danger
that soft material (such as the fingerprint residue) may be
deformed, rather than imaged, by the much harder tip; this mode
was therefore not selected. In noncontact mode, there is the possi-
bility for surfaces with strongly varying surface contours that the
tip may ‘‘crash’’ into raised parts of the sample. In the present case,
the system was operated in tapping mode, in which the tip is oscil-
lated (‘‘tapped’’) above the surface, in such a manner as to avoid
physical deformation of the mechanically soft components of the
sample. An optical microscope attached to the AFM was used to
survey the surface at low resolution and to identify individual fea-
tures for higher resolution imaging using the AFM tip; the optical
image could be captured using a digital camera. The AFM data are
presented as false color images, with contour intervals (see legends
to figures) selected according to the feature size.

Supporting scanning electron microscope (SEM) images were
acquired using a Philips XL30 ESEM with Oxford Instruments
energy dispersive X-ray analysis (EDAX) system.

Sample Preparation and Handling

The brass substrate discs (68% copper ⁄ 32% zinc; diameter
3 cm; thickness 1 mm, from Nobles Engineering, Northampton-
shire, U.K.) are supplied with a plastic film covering one side. Prior
to preparation each disc was labeled, via etching on the exposed
side. The plastic film was peeled off to reveal a virgin surface,
which was washed in commercial detergent and rinsed with ace-
tone to remove any residual matter. Initial imaging of sample 1
(see below) corresponds to a blank disc viewed at this stage. The
discs were then polished to a mirror finish using household
Brasso�, washed with commercial detergent, and rinsed with
acetone. Later imaging of sample 1 (see below) corresponds to a
blank disc viewed at this stage.

All fingerprints were provided by the same donor. Prior to depo-
sition, the donor’s hands were thoroughly washed and dried. The
time allowed for sweat development was in the range 10–20 min
at laboratory temperature (nominally 20�C); sample 2, prepared
under cooler conditions, used additional sweat induction in a latex
glove. After fingerprinting, the samples were treated to selected
humidity and temperature conditions to explore image development
effects, as summarized in Table 1. Sample 2 was subjected to ele-
vated humidity environment at room temperature, by placement in
a sealed vessel also containing a beaker of water; it was removed
after 9 days, washed and imaged. Sample 3 was placed in a similar
sealed humid environment, but after 4 days was removed and
placed (in air) in an oven at 100�C for 4 h; it was then removed,
washed at room temperature, and imaged. Sample 4 was also
placed in a sealed humid environment, but for a period of 8 days,
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then removed and held in a Bunsen burner flame for 75 sec; after
cooling, it was washed with detergent, rinsed with acetone, and
imaged. After washing, each sample was protected from contami-
nation by plastic film and storage in a sealed container. Sample 5
was placed in a sealed vessel also containing a beaker of water and
placed in an oven at 50�C. As described below, this sample was
briefly removed at intervals for imaging, then replaced in the ele-
vated humidity ⁄ elevated temperature environment to allow contin-
ued development.

Results and Discussion

In this section we define the problem and select the parameters
for exploration. Figure 1 shows a photograph of a typical finger-
print deposited on a brass substrate. For visual comparison (to com-
plement the AFM data shown below) of the influence of substrate
surface finish, 50% of the surface was polished and 50% left as
received (unpolished). Ridge features associated with the deposit of
eccrine sweat transferred upon contact between the finger and sam-
ple are clearly visible, although fine detail is not at this resolution.

There are also clear differences in visibility of the ridges on the
two surfaces, a distinction upon which we will focus. Simplisti-
cally, the experimental strategy is to use the AFM to obtain a high
resolution image of (selected regions of) this surface. The high spa-
tial resolution of the AFM makes it sensitive not only to the fine
detail we wish to study but also to the imperfections (e.g., manu-
facturing and handling marks) on the metal surface. The problem is
that the transferred material is not deposited on a perfectly smooth
surface; consequently, any raised or depressed features (deposits or
etched areas) will not be viewed as deviations from a perfectly
smooth surface.

The scope of the problem is demonstrated by Fig. 2, which
shows an AFM image of what might (or might not, at this stage of
the argument) be a feature resulting from a section of ridge detail
deposited on one of the brass discs as received (sample 1, prior to
polishing). The main feature is c. 30 lm wide and c. 600–800 nm
deep (varying along its length). However, there are also a number
of features on the order of 10 lm wide and 100–200 nm deep,
which are present both on the unetched exterior surface and on the
interior surfaces of the putative etch groove. From the perspective
of a fundamental study of the scale and rate of formation of finger-
print-generated etched images, the latter complicate the situation
considerably and make any assignment uncertain. In the context of
unequivocal recognition of ridge features for identification pur-
poses, the outcome would be ambiguous.

As a more simplistic starting point we therefore examined pol-
ished (optically smooth) surfaces, prepared as described in the

TABLE 1—Summary of sample preparation procedures and conditions.

Sample
Surface

Preparation Sweat Development
Sweat
Type Sample Treatment

1 As received None None Imaged as delivered; polished and re-examined
2 Polished 20 min total, including

10 min inside glove
Eccrine 9 days in sealed container at room temperature ⁄ 100% relative

humidity
3 Polished 20 min, palms rubbed

before deposit
Eccrine 4 days in sealed container at room temperature ⁄ 100% relative

humidity, followed by 3 h in air at 100�C
4 Polished 20 min, palms rubbed

before deposit
Eccrine 8 days in sealed container at room temperature ⁄ 100% relative

humidity, followed by exposure to Bunsen burner flame for
75 sec

5 Polished 30 min Eccrine Sealed container at 50�C ⁄ 100% relative humidity, periodically
removed for imaging

FIG. 1—Photograph of a typical fingerprint on a brass substrate. Prior to
deposition of the fingerprint, the left hand side of the substrate was polished
(see main text for details); the surface finish of the right hand side is as
received.

FIG. 2—AFM image from the unpolished (as received) brass substrate,
sample 1 (prepared as in Table 1). Note different horizontal and vertical
scales and false color vertical representation, as indicated.
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Materials and Methods section. While this is not realistic for the
end application, it does allow unambiguous establishment of
the methodology and definition of its capabilities and limitations.
Figure 3 shows a typical AFM image of the same brass disc
(sample 1) after polishing, from which two things are apparent.
First, the mean surface roughness is decreased to features that are
on the order of 1 lm wide and typically 20 nm deep. Second,
where residual large machining features exist, they are obvious and
unambiguously assignable. Specifically, the combination of charac-
teristics exemplified by the linear scratch in Fig. 3 (approaching
5 lm wide and in excess of 100 nm deep) means that it could not
be confused with the size or shape of the smaller polishing features
or, as will be apparent later, fingerprint ridge detail.

The above observations mean that polished metal substrates pro-
vide surfaces on which ridge detail can be readily imaged not only
at full-ridge resolution, but also at the higher resolution required for
investigation of the ridge-deposit-to-etch feature transition that is at
the heart of the imaging phenomenon. We now proceed to explore
the effects of humidity and temperature, increases in both of which
are generally perceived to accelerate corrosion processes, on the
image generation.

Effect of Humidity on Image Development

In this section we consider the effect of elevated humidity but
nonelevated (ambient) temperature. Figure 4 shows a representative
example of ridge detail on a polished brass sample (sample 2)
maintained at room temperature in a humid environment. Although
the whole print image was somewhat patchy, exploration of the
surface revealed a collection of similar ridges, along with ridge
endings and other features typically associated with fingerprints.
The eccrine sweat-derived deposit is clearly visible as a curved
track c. 25 lm wide and 400 nm high. This feature is approxi-
mately a factor of 4–5 larger (in width and height) than the residual
features on the polished substrate (see Fig. 3).

Interestingly, when the same procedure was employed with
unpolished discs, similar features were visible but their outlines—
and thus estimation of shape and dimension—were complicated by
the slightly (but not dramatically) smaller machining imperfections
on the surface. The common feature—most obviously on the
smooth substrates but also on the rough substrates—was that all of

these were raised features. We did not observe the depressions
(trenches or pits) that would result if corrosion and subsequent
metal loss from the surface had taken place. One possible inference
is that on the timescales employed (which are realistic for many
crime scene investigations) the conditions of elevated humidity pre-
serve the sweat deposit by preventing complete evaporation of the
volatile components, but the ambient temperature does not drive
the corrosion reaction sufficiently rapidly to generate an etched
image in the metal.

Prior experience (1,16–18) suggests that any residual sweat com-
ponents would not survive the washing regime prior to imaging.
We are therefore driven to consider the alternative inference that
this adherent and durable deposit might be an oxide coating result-
ing from oxidation of the metal in a situation (a gas, rather than
solution, environment) where it is unable to leave the surface. In
support of this hypothesis, we (1,18) and others (16,17) have dem-
onstrated previously that exposure to ambient temperature and
humidity for a few days results in sufficient corrosion of these
metal substrates for it to be visible to the naked eye (as a tarnished
appearance) after the washing regime used here, which is sufficient
to remove the initial sweat deposit. Clarification of this issue via
chemical speciation is an important goal for subsequent study.

FIG. 3—AFM image from the brass substrate, sample 1, after polishing
(see Table 1).

a

b

FIG. 4—AFM images from the polished and printed brass sample 2 (see
Table 1). (a) 3D image showing (part of) ridge detail. (b) 1D linescan
across ridge detail, as indicated by green line across center of (a).
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Some pertinent information is provided by the supporting evi-
dence of a lower resolution image showing multiple ridges.
Figure 5a shows an SEM image of a larger part of the print of
Fig. 4. Four ridges are clearly visible (running from top left to bot-
tom right of the figure), as are two pores (one of which is circled
in the image). Comparison of the images and differing lateral scales
of Figs. 4 and 5a show that the feature in Fig. 4 assigned to a ridge
is indeed of the correct size. This comparison also shows the dra-
matic enhancement in image quality and detail accessible with the
AFM, an attribute that we will exploit further.

The observation that corrosion leading to pit ⁄ trench formation
has not occurred demands an answer to the question as to whether
this is because the required chemical agents were not present or
whether the energetics of the system were inadequate. In chemical
terms, the rate of a reaction is given by the product of concentra-
tion(s) and a temperature-dependent rate constant: the question is
which of these is the limiting factor. This distinction is made by
the EDAX spectrum of Fig. 5b, which relates to a spot located as

indicated by the white circle on the image of Fig. 5a. There is
unequivocal evidence to indicate the presence of sodium and chlo-
ride ions, i.e., the constituents of salt, as well as lower levels of cal-
cium secreted in the sweat. It is thus clear that all the required
chemical species are present for corrosion. The conclusion is there-
fore that the reason for the lack of corrosion is insufficient energy
to activate a kinetically rather slow reaction. We therefore now
explore the effect of increased temperature as a source of energy.

Effect of Temperature on Image Development

Since elevated humidity alone did not generate etched images in
the metal substrate, the effect of additional enhancement by
increased temperature was explored. Figure 6 shows an AFM
image of a region of a polished brass sample (sample 3) subjected
to moderate heat (100�C in air) after storage in a humid environ-
ment. On this sample, a number of trenches or pits were seen, with
width varying from 50 to 80 lm and depth 2 lm, and there were
significantly fewer deposits of the sort found in the nonheat-treated
samples (see previous section, Figs. 4 and 5). A lower resolution
photographic image of sample 5 (from the time lapse observations
discussed in detail below) is shown in Fig. 7.

The scale of the features in Fig. 6 is clearly incompatible with
fine polishing marks (see Fig. 3). Their shape and, to a lesser
extent, their scale are also clearly incompatible with the few resid-
ual machining marks not removed by polishing (see the very regu-
lar linear scratch in Fig. 3). Finally, the fact that rather moderate
heat treatment changes the surface features is incompatible with the
brass substrate alone. We are therefore driven to the conclusion that
the combination of elevated humidity and heat has generated the
observed features derived from ridge deposits. However, the extent
of image development is rather limited and by eye the print appears
rather dotted. Pragmatically, the sample falls between two useful
extremes: the heat treatment has driven off sufficient volatile mate-
rial from the initial deposit to make conventional observation
uncertain but it has not sufficiently developed the pits and trenches
to make the corrosion-based image clear.

A more extreme form of heat treatment, exposure to an open
Bunsen burner flame (c. 300�C for 75 sec; sample 4), generated
images of the type illustrated in Fig. 8. This sample showed only

a

b

FIG. 5—(a) SEM image of sample 2, showing multiple ridges, one of
which was imaged in part in Fig. 4. (b) EDAX elemental scan of the part
of sample 2 represented by the circled region in (a). Beam energy set
to 10 keV to remove contributions of copper and zinc (from the brass
substrate). Annotations indicate elemental assignment of peaks.

FIG. 6—AFM image from the polished and printed brass sample 3, after
heat treatment in air at 100�C.
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small residual amounts of deposited material and had pronounced
pits. In the image shown, one can see a small raised area adjacent
to the pit. The diameter of the pit is 50 lm and the depth c. 2 lm,
as for the 100�C treated sample, but the pit definition is much
sharper.

Another image from the same sample is shown in Fig. 9. This is
a particularly well-defined example of a trench, which we propose
is the result of local corrosion beneath a section of ridge deposit.
The flat baseline, representing the pristine polished substrate, can
be seen to either side of the trench. The characteristic dimensions
associated with the trench of Fig. 9 and the pit of Fig. 8 (which
are commensurate with the dimensions of fingerprint ridge detail)

mean that they cannot be confused with the substrate polishing
marks or residual machining marks of the bare substrate in Fig. 3.

Image Development

The features seen in Figs. 4 and 9 (and replicate observations)
essentially represent the start and end of the image development
process. It is clear that enhancement by humidity and temperature
elevation are required, but images of the sample of Fig. 9 give no
indication of whether the forcing conditions employed are barely
adequate or far in excess of what is required to generate the image.
With a view to practical application of the method, there is consid-
erable interest in understanding the temporal evolution of the
etched image. For cases involving objects in a fire, this would be
relevant to decisions about searching for items upon which images
might be expected to be developed (1). For cases of objects not
subject to heat but upon which there might be latent fingerprints
that could be deliberately developed by application of humidity and
heat, this would be critical to optimization of conditions for devel-
oping the image. Finally, it would be relevant for discarded objects
at scenes not identified until some time after the crime.

We therefore attempted to observe the development of a section
of ridge detail by time lapse imaging of the sample. Figure 10
shows a sequence of images of the same area of a brass surface
(sample 5) on which one can see a section of a ridge deposit. This
sample was exposed to a humid environment (saturated water
vapor) at moderately elevated temperature (50�C, to give a conve-
nient rate of change) and removed at periodic intervals for observa-
tion. Feature locations were reproducibly identified by the
placement of a scratched cross-hair on the surface (as seen in the
registration marks on the low resolution photograph in Fig. 7),
some distance from the area investigated; the positioning system of
the AFM allowed sample translation to repeatedly observe the same
area. In the image shown in Fig. 10, the primary feature is a
deposit (corresponding to a ridge) that progressively decreases in
height and flattens on a timescale of days. One can also see the
presence of a depression surrounding the deposit. While not at this
stage proof, this and similar images suggest that the formation of
etch trenches and pits does not initially take place beneath the ridge

FIG. 7—Photograph of whole fingerprint for sample 5. The horizontal
and vertical lines are registration marks used to locate the AFM tip for
repetitive examination of the same area of the surface (as in Fig. 10).

FIG. 8—AFM image from a part of the polished and printed brass sample
4 (after heat treatment in a Bunsen burner flame) showing a pit (at front
corner of image) created by corrosion of the surface.

FIG. 9—AFM image from a part of the polished and printed brass sample
4 (after heat treatment in a Bunsen burner flame) showing a trench created
by corrosion of the surface.
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deposits, but rather around them. A chemical explanation for this
would be that corrosion requires water, salt, and oxygen to be
available, and that all these agents are only present at the metal ⁄
deposit ⁄air three-phase boundary. Beneath the deposit there is
insufficient oxygen to drive corrosion and beyond the deposit the
availability of water ⁄ salt is minimal. Pursuit of this hypothesis will
be the subject of future study.

Given the unprecedented level of detail seen in the images
above, it is interesting to ask how much of the exceptional spatial
resolution of the AFM can be exploited in this context. Figure 11
shows an AFM image of a region not dominated by ridge detail.
There are a number of small deposits, best described as depressed
hemispheres typically 5–10 lm in diameter and 0.5–1 lm in
height; note that the deliberately selected different lateral and verti-
cal length scales in the AFM image alter the superficial visual per-
ception. Comparison of the line scans (not shown) that in one case
intercept and in another case avoid these features show that they
can be clearly resolved on the comparatively flat polished brass
surface. These features are not representative of generally acknowl-
edged fingerprint features. However, their presence after—but
absence before—placement of the fingerprint on the surface signals
that they represent transfer of material from finger to metal. We
attribute them to small-scale spatter associated with the delivery of
the fingerprint onto the surface. One might reasonably anticipate
that they would be capable of generating smaller scale corrosion
pits on the surface, whose presence would complicate image analy-
sis in much the same way that was true of surface roughness

present on the unpolished metal surfaces. Given their association
with the formation of the fingerprint, there is no obvious way to
avoid the presence of these small features; ultimately they may
limit image interpretation.

a

c d

b

FIG. 10—AFM images from the polished and printed brass sample 5. The images are of the same region, identified by calibrated horizontal (x,y) transla-
tion of the AFM tip from registration lines of the type shown in Fig. 7. Time elapsed from fingerprint deposition and placement into a humid environment at
50�C (see Table 1): a: 4 days; b: 7 days; c: 8 days; d: 11 days.

FIG. 11—AFM image from polished and printed brass sample 5 after
2 days in a humid environment at 50�C (see Table 1). The area shown is
one not containing ridge detail, complementary to Fig. 10.
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Conclusions

The AFM is capable of imaging fingerprint ridges at an unprece-
dented level of detail. Individual features—ridges, ridge endings,
pores—and their fine structure are directly observable via topo-
graphical images of the material transferred from finger to (brass)
substrate. On a typical machined brass surface, the feature size of
the ridges (tens of micrometers) is slightly larger than that of
machining marks (c. 10 lm), such that the ridges are visible but
determination of their detailed shape and characterization are not
trivial. On polished surfaces, where the substrate feature size is
decreased to c. 1 lm, visualization of the ridge detail is signifi-
cantly enhanced. Elemental analysis (using EDAX, coupled with
SEM imaging) at a lateral spatial resolution comparable with the
width of the ridges shows the presence of sodium and chlorine spe-
cies, i.e., the constituents of salt.

Leaving the sample at ambient temperature at high humidity
does not change the image appreciably. It is likely that there is
some evaporative loss of volatile components of the sweat deposit
and some gain of surface material through oxidation (tarnishing) of
the metal, but functionally the appearance of the ridge detail does
not change significantly. Mild heating (at 100�C) in air almost cer-
tainly increases the rates of both these processes, but does not
change the topographical image greatly. In sharp contrast, brief
heating of the sample in a flame (typical temperature 300�C) dra-
matically changes the image: instead of raised features representing
the deposited ridge detail, one observes a series of depressions.
These pits and trenches are believed to result from the (thermally
enhanced) corrosion process between what is effectively a salt solu-
tion and the brass. This process is sufficiently localized that it has
the potential to generate a negative topographical image of the
fingerprint.

AFM examination of surface regions between ridges revealed
small, approximately circular, deposits that were not present on
the unprinted substrates. These are most likely either microscopic
‘‘spatter’’ of sweat components or are associated with transfer of
particulates from the finger. When they are clearly between
ridges, these do not interfere with the surface analysis. However,
if their surface population were to be very high and their loca-
tions were adjacent to the ridges, it is possible that they might
limit the level of analysis of ridge detail using the present
methodology.

Having demonstrated here the concept, the details of the corro-
sion process are a topic for future study. However, we speculate
that if the requirement is the presence of water and salt (from the
ridge deposit) and oxygen (from the ambient atmosphere) this
would lead to the process initially taking place at the three-phase
boundary between the metal, deposit, and air, i.e., along the periph-
ery of the ridges. The AFM is capable of following the temporal
evolution of this process, which will prove to be important for the
optimization of conditions for generation of a faithful and durable
image of the initial fingerprint deposit.
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