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Visualization of Latent Fingerprint Corrosion
of Brass

ABSTRACT: Visualization of latent fingerprint deposits on metals by enhancing the fingerprint-induced corrosion is now an established tech-
nique. However, the corrosion mechanism itself is less well understood. Here, we describe the apparatus constructed to measure the spatial variation
(DV) in applied potential (V) over the surface of brass disks corroded by latent fingerprint deposits. Measurement of DV for potential of 1400 V has
enabled visualization of fingerprint ridges and characteristics in terms of this potential difference with DV typically of a few volts. This visualization
is consistent with the formation of a Schottky barrier at the brass-corrosion product junction. Measurement of the work function of the corroded brass
of up to 4.87 € 0.03 eV supports previous results that suggested that the corrosion product is composed of p-type copper oxides. A model for the
galvanic corrosion of brass by ionic salts present in fingerprint deposits is proposed that is consistent with these experimental results.
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When latent fingerprints are deposited on metal surfaces such as
brass, common enhancement techniques include powdering, vac-
uum metal deposition, and various chemical treatments, such as
cyanoacrylate fuming, dyeing, and immersion in small particle sus-
pensions (1). All of these techniques require some form of physical
or chemical interaction between the enhancing reagent and the fin-
gerprint deposit, the technique selected depending on the history of
the item being treated, for example, whether it has been exposed to
elevated temperatures, wetted, etc. (2).

Recent research has focussed on noninvasive fingerprint visuali-
zation techniques that do not compromise associative trace evi-
dence that may be present in the fingerprint deposit. Crane et al.
(3) have demonstrated how molecular absorption of infrared
radiation by fatty acid esters present in the fingerprint deposit can
be used to visualize latent fingerprints on a variety of surfaces
including metals. The technique uses Fourier transform infrared
spectroscopic imaging, first reported by Bartick et al. (4). Williams
et al. (5) and Williams and McMurray (6) have demonstrated fin-
gerprint visualization on a variety of metals using a Scanning
Kelvin Microprobe. 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 (u),
the magnitude of this potential difference being affected by finger-
print deposits on the metal surface. Both techniques provide a spa-
tial distribution of the measured parameter (reflected infrared
energy or work function difference) and hence provide a noninva-
sive visualization of the fingerprint.

Williams et al. (5) considered the observed work function differ-
ence to be associated with the presence of ionic salts in the finger-
print deposit that acted as the electrolyte in an electrochemical
reaction between the fingerprint deposit and the metal, resulting in
galvanic corrosion to the metal surface. They reported that rubbing

fingerprint deposits vigorously with a paper tissue several days after
deposition had little effect on work function measurements which
would support their fingerprint visualization resulting primarily
from a reaction between the metal and fingerprint deposit.

This ability of latent fingerprint deposits to undergo a chemical
reaction with metal substrates and thereby change the chemical
properties of the metal surface has been known for many years (7).
Recently, we have considered the corrosion of a range of metal ele-
ments and alloys by fingerprint deposits (8,9). We have shown
how leaving fingerprint deposits on brass in air at room tempera-
ture for several days caused sufficient corrosion of the metal to
enable the fingerprint to be visualized even after the residue of the
fingerprint deposit had been removed by cleaning the metal in
warm water to which a few drops of commercial detergent had
been added. This visualization was achieved by employing a novel
technique which required the application of a potential to the brass
(>1 kV) followed by the introduction of a conducting carbon pow-
der (grain size �10 lm) (8). The introduction of the conducting
powder was facilitated by using Cascade Developer (Foster and
Freeman, Evesham, U.K.) which comprised �400 lm spherical
beads that were coated with the conducting powder. By rolling the
spherical beads back and forth across the charged brass surface, the
conducting powder was found to adhere preferentially to the areas
of corrosion on the metal thus enabling the fingerprint to be visual-
ized. The degree of enhancement of the fingerprint varied between
brass samples and we postulated that this was due to both the vari-
able composition of sweat in the fingerprint deposit and the amount
of sweat secreted by individuals (10). In particular, in keeping with
corrosion science (11) and the work of Williams et al. (5), we felt
that the presence of aggressive ions (such as chloride) would
enhance the corrosion of brass by the fingerprint deposit and possi-
bly the degree to which the applied potential and conducting pow-
der would enhance the visualization of the fingerprint.
Subsequently, we have shown corroded parts of the brass to have a
potential lower than that applied to the bulk, typically up to 12 V
for an applied potential of 1400 V. Further, we have discovered
that the junction between the bulk and corroded brass can exhibit
the characteristics of a rectifying metal–semiconductor contact with
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the corroded brass exhibiting the properties of a p-type semicon-
ductor, this semiconductor most likely being copper (I) or copper
(II) oxide (12). This type of rectifying metal–semiconductor contact
requires the work function of the metal (ubrass) to be less than the
semiconductor (us-c) and is commonly known as a Schottky barrier
(13–15). The work function of a solid (u) is defined as the mini-
mum energy required to remove an electron from the Fermi level
energy of the solid (EF) to the vacuum level energy. Figure 1a
shows a schematic representation of an energy level diagram for a
metal (metal ‘‘A’’) and a p-type semiconductor in which the work
function of the metal (ubrass) is less than the semiconductor (us-c).
As this is an energy level diagram, work functions are shown as
energies (multiplied by q, the electronic charge) rather than as
potentials. As ubrass < us-c, the Fermi level energy of the metal
[EF(brass)] is greater than the semiconductor [EF(s-c)]. For the semi-
conductor, the electron valence band (Ev) and conduction band (Ec)
energy levels are also shown. In Fig. 1b, the metal and semicon-
ductor have been brought into contact resulting in electron flow
from the metal to the semiconductor as ubrass < us-c. Electron flow
continues until the Fermi levels in both materials are aligned and
EF(brass) = EF(s-c). The electric field generated by this electron flow
acts to oppose further movement of charge, a situation known as
thermal equilibrium. This electron flow and Fermi level alignment
result in a bending of the semiconductor conduction and valence
bands upwards as shown and a depletion of the concentration of
majority carrier holes in the vicinity of the metal–semiconductor
junction. This majority carrier depletion extends a distance W into
the semiconductor as shown in Fig. 1b. The net result is the crea-
tion of a potential barrier (ub) that must be overcome by the major-
ity carrier holes for a conduction current to flow between the metal
and semiconductor. A positive or negative bias applied to the semi-
conductor (with respect to the metal) has the effect of either lower-
ing or raising the potential barrier, thereby giving rise to a practical
application of a Schottky barrier, namely, a Schottky barrier diode.
Figure 1c shows a schematic representation of a Schottky barrier
diode forward biased in an electrical circuit and formed with a
Schottky barrier between a metal (metal ‘‘A’’) and a p-type semi-
conductor. Electrical contact is made to the other end of the semi-
conductor with a metal (metal ‘‘B’’) that has a work function
greater than the semiconductor, thereby giving rise to an ohmic
contact rather than a rectifying contact.

In this paper, we show how a measurement of the spatial distri-
bution of the variation (DV) in applied potential (V) over the sur-
face of planar brass disks, subject to corrosion by latent fingerprint
deposits, can be used to visualize fingerprint ridge detail. We mea-
sure the spatial distribution of DV for brass disks exhibiting a range
of visible corrosion and relate this to the measured work functions
for both the bulk and corroded brass. We then propose a model for
the corrosion of brass by fingerprint deposits that can account for
the formation of a Schottky barrier and the experimental results
obtained.

Materials

One mm thick, 50 mm diameter brass disks (67% copper and
33% zinc) were sourced from Nobles Engineering (Northampton,
U.K.). Prior to any fingerprint deposition, all disks were washed in
0.5 L of warm water containing a few (three to four) drops of a
commercial detergent (containing both anionic and nonionic surfac-
tants). Following this, all samples were washed in distilled water,
acetone, and then again in distilled water. Finally, each sample was
dried with a paper towel. Fingerprints were deposited by pressing a
finger onto the metal surface for 1–2 sec with a light pressure

sufficient to ensure contact between the finger and metal. While no
attempt was made to regulate the amount of pressure applied by
individuals, this procedure was intended to produce reasonably uni-
form deposition. All fingerprint donors washed their hands with
soap and water 20 min prior to depositing fingerprints and no artifi-
cial stimulation of sweat was employed such as placing the hand in
a plastic bag (16) or wearing a latex glove prior to deposition (17).

Forty donors each provided one fingerprint deposit onto different
brass disks, thus giving 40 brass disk samples in total. All samples
were left in air at room temperature (18 € 5�C) for a period of
5 days, this time period being the same as in our previous work (8).
After the 5-day period, samples were washed in a 0.5 L solution of
warm water containing a few drops of the commercial detergent used
to initially clean the disks. The disks were rubbed vigorously with a
nonabrasive cloth to remove all traces of fingerprint deposit.

Methods

Apparatus to measure the spatial distribution of DV over the sur-
face of metal disks has been described previously (12) and is
shown schematically in Fig. 2. A sample brass disk was positioned
horizontally on to a brass plate and held securely by means of an
insulating rigid polymer ring and clamp, the ring being machined
to provide a clearance hole for the brass disk. The potential (V)
was applied to the brass plate which was in good electrical contact
with the sample disk. The probe to sample the potential at the cor-
roded surface of the brass was made from a platinum rod
�0.5 mm diameter, formed into a tip at one end of �10 lm diam-
eter (Cripton Jewellers, Birmingham, U.K.). Such a diameter was
deemed suitable for the measurements to be undertaken as finger-
print deposits on smooth nonporous surfaces have been measured
at widths of up to �100 lm (18), an order of magnitude bigger
than the tip of the probe.

Between measurements, the probe was raised and lowered onto
the surface of the sample brass disk by means of a slow acting
solenoid (1 mm ⁄ sec) and the probe was supported by passing it
through a vertical brass sleeve and machined to provide a clearance
hole for the platinum probe. Contact between the probe and the
sample disk was maintained by the weight of the probe itself. Scan-
ning of the sample in both x and y directions was carried out using
a micromanipulation stage consisting of two orthogonally arranged
linear bearings (Del-Tron Precision Inc., Bethel, CT) placed on
shock absorbers to prevent any mechanical disruption of the contact
between the probe and the sample disk. Electrical output from the
probe was taken via the brass sleeve.

Any difference (DV) between the potential applied to the sample
brass disk (V) and the platinum probe was measured by means of a
differential probe (Elditest, GE 8115, Sefram, St. Etienne, France)
rated to a maximum differential and common mode input voltage
of €1500 V.

Platinum was selected for the probe to ensure an ohmic contact
between the probe and the corroded brass and our previous work
has shown that ubrass < us-c < uPt, where uPt is the work function
of platinum (12). For a p-type semiconductor, an ohmic contact
was obtained at a metal junction when the semiconductor had a
lower work function than the metal, that is, us-c < uPt. The perfor-
mance of this apparatus has been tested previously by measuring
DV against V for a variety of known ohmic resistances (12).

Results

Potential difference for the 40 brass disks subject to the deposi-
tion of fingerprints and subsequent washing as described above was
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FIG. 1—Schematic representation of the energy level diagram for a metal and p-type semiconductor in which the work function of the metal is less than
the work function of the semiconductor. (a) shows that two materials are separated and (b) in contact with a resulting bending of the semiconductor energy
bands. W represents the width of the majority carrier depletion in the semiconductor and qub, the energy of the potential barrier. (c) shows a schematic rep-
resentation of a Schottky barrier diode formed from a metal and p-type semiconductor and forward biased.
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measured using the apparatus shown in Fig. 2 with a potential of
1400 V. This value for V was selected as it was less than the oper-
ating limit of the differential probe. Each scan was carried out
across the surface of the disk at 25 lm intervals through an area in
which the fingerprint was deposited. Twenty-five lm intervals were
chosen as this was greater than the diameter of the tip of the probe
and less than the anticipated width of any corrosion caused by the
fingerprint deposit (18). Of the 40 brass disks only 11 showed any
coherent variation in potential across the surface of the disk. By
coherent we mean linear distances where DV > 0.5 V for at least
three consecutive measurement intervals (a distance of 50 lm).
Spatial variation >0.5 V was above the limit of detection of the
apparatus of �0.3 V (based on the quoted output noise level of the
differential probe and what, in practice, could be measured). These
11 disks also exhibited the presence of a Schottky barrier between
the bulk and corroded brass, the determination of which has been
described previously (12).

Of the 11 disks that gave a coherent DV, a typical example of
the spatial distribution of DV for full ridge detail visualization is
shown in Fig. 3 (referred to as disk A) as a grayscale contour
image generated from cartography software (Golden Software Inc.,
Golden, CO). The peak value of DV in Fig. 3 was measured at
�10.5 V. The average work function of areas of corroded brass
(us-c) was measured by a Scanning Kelvin Probe for disk A at
4.86 € 0.03 eV (KP Technology, Wick, U.K.).

For comparison, an inked impression of the same finger is
shown in Fig. 4. Although parts of some of the ridge lines evident
in the inked impression were absent from the spatial distribution of
DV, generally the ridge characteristics were represented well in the
DV scan, which displayed consistent values for DV across the cor-
roded area of the disk.

The absence of parts of ridge lines in Fig. 3 is most likely due
to an absence of corrosion at these points on the disk. Also, the
width of each ridge in Fig. 3 appears less than the inked impres-
sion, suggesting that the corrosion does not extend over the full
width of the impressed fingerprint on the brass. For comparison, a
wire frame image of the spatial distribution of DV for disk A is
shown in Fig. 5, which is also generated from the cartography
software.

The disk shown in Fig. 3 displays little visible corrosion and is
therefore enhanced by applying a potential and conducting powder
to the disk as described above (8). The result of this enhancement
is shown in Fig. 6 along with a photograph of the corroded disk
after washing and prior to enhancement.

Other disks that gave coherent DV displayed varying degrees of
visible corrosion. Figure 7 shows the corrosion on a disk (referred
to as disk B) that required no enhancement to aid visualization after
washing. Application of a potential and conducting powder did
result in powder adhering to the areas of corrosion, although little
improvement in visualization was obtained.

Figure 7 shows clearly the corrosion on this disk to be made up
of a series of dots along the ridge lines. Such fingerprint images
are well known (18) and are indicative of sweat secretion from
papillary ridge pores that is insufficient to form continuous lines of
ridges, forming instead ‘‘pools’’ of deposit around the pores (19).
The white box in Fig. 7 shows the approximate area of the spatial
distribution of DV recorded for disk B, which is shown in Fig. 8
with the peak value of DV being �7 V, lower than DV for Fig. 3.
However, the average work function of the corroded brass (us-c)

FIG. 2—Schematic diagram illustrating apparatus constructed to measure
the spatial distribution of DV across the surface of a sample brass disk.
BNC, Bayonet Neill-Concelman

FIG. 3—Grayscale contour image of spatial distribution of )V for disk A
measured at intervals of 25 lm. The peak value of DV is �10.5 V

FIG. 4—Inked impression of the fingerprint from disk A shown in Fig. 3.
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was measured at 4.87 € 0.03 eV, which was the same as disk A
within the error limit of the measurement.

Disks that gave no coherent DV ranged from displaying no visi-
ble corrosion after washing to full ridge detail development, which
was consistent with our previous experiments (8). None of these
disks produced any improvement in ridge detail visualization fol-
lowing the application of a potential and conducting powder and
none exhibited the presence of a Schottky barrier. An example of a
disk displaying full ridge development is shown in Fig. 9 (referred
to as disk C). This disk gave an average corroded brass work func-
tion measurement (us-c) of 4.79 € 0.01 eV less than us-c for disks
A and B, and within the error limit of the measurements same as
the measured value for the bulk brass (ubrass) of 4.77 € 0.02 eV.

Figure 9 shows clearly the clarity of the corroded impression
including third level fingerprint characteristics such as pore
location or poroscopy (20). We have found this clarity previ-
ously on other metal alloys containing a high percentage of cop-
per (9).

FIG. 5—Grayscale wire frame image of spatial distribution of )V for disk
A measured at intervals of 25 lm. The peak value of DV is �10.5 V.

FIG. 6—Fingerprint corrosion on brass disk A after washing and (a)
before and (b) after the application of a potential and conducting powder.

FIG. 7—Fingerprint corrosion on brass disk (disk B) that gave a peak
value of DV of �7 V. The white box shows the approximate area of the
spatial distribution of DV shown in Fig. 8.

FIG. 8—Grayscale contour image of spatial distribution of DV for disk B
measured at intervals of 25 lm. The peak value of DV is �7 V.

FIG. 9—Fingerprint corrosion on brass disk (disk C) that gave no coher-
ent DV and did not exhibit the characteristics of a Schottky barrier.
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Discussion

We now relate these results to the model for the galvanic corro-
sion of metal by fingerprint deposits proposed by Williams et al.
(5,6) and in our previous work (8,12). In this model, both elec-
trodes (anode and cathode) are formed on the metal surface beneath
the fingerprint deposit and the electrical circuit is completed by
electron flow through the metal. Such an electrochemical cell obeys
mixed-potential theory and consists of both oxidation and reduction
half-cell reactions with no net accumulation of charge, that is, the
rate of oxidation equals the rate of reduction (21).

First, we consider the scenario where there is little or no ionic
salt present in the fingerprint deposit which, for an eccrine deposit,
would therefore consist mainly of water (10). If thermodynamically
favorable, each fingerprint ridge in the deposit gives rise to a differ-
ential aeration corrosion cell, so called because of the time-depen-
dent spatial variation of oxygen in the cell (22). Figure 10a shows
a schematic representation of a cross-section through a corrosion
cell formed from a ridge in the fingerprint deposit, immediately
after deposition, onto a metal M.

The cathodic reaction for such a cell (22) is given by

O2 þ 2H2Oþ 4e� Ð 4OH� E0 ¼ 0:4eV ð1Þ

where E0 is the standard reduction potential of the half-cell
reaction shown (21,23). The general half-cell anodic reaction
for metal M is (22)

MÐ Mzþ þ ze� ð2Þ

For the reaction to be thermodynamically favorable the cell
potential which is the sum of the oxidation potential of the anode
and the reduction potential of the cathode must be >0 (9,21). For
brass

ZnÐ Zn2þ þ 2e� ð3Þ

CuÐ Cu2þ þ 2e� ð4Þ

and
Cu2þ þ e� Ð Cuþ ð5Þ

are thermodynamically favorable (11).
Initially, these reactions (Eqs [1] and [2]) can occur over the

whole brass surface that is covered by ridges of the deposit (21),
leading to the formation of metal hydroxides that tend to passivate
the surface of the brass (11,24). This is a scenario consistent with
the results for disk C in that a uniform discoloration of the metal
occurred coincident with the lines of ridges of the fingerprint. As
zinc is more electropositive than copper (a lower value of E0), it
might be expected that the passivating layer produced would con-
sist mainly of zinc hydroxide or dehydrated as zinc oxide. How-
ever, the corroded brass work function measurement (us-c) for disk
C of 4.79 € 0.01 eV was greater than measured values for a thin
film of zinc oxide of 4.47 eV (25) and was consistent with the
measured value for the bulk brass of 4.77 € 0.02 eV. Therefore, it
may be that a combination of metal hydroxides and oxides is pro-
duced, contributing to the overall measured work function of the
corroded brass. As disk C did not produce either a Schottky barrier
or coherent DV, clearly, a more complex reaction was required
between the fingerprint deposit and brass in order for these to
occur.

Consider now the scenario in which the fingerprint deposit is
rich in ionic salts. The above model holds until the cathodic reac-
tion (Eq. [1]) leads to an oxygen concentration gradient in the
ridges of the deposit as oxygen from the air diffuses into the edge
of the ridges more readily than into the center. Eventually, the cen-
ter of each ridge deposit can no longer support the reaction of Eq.
(1) and the cathodic reaction moves to the periphery of the ridge
deposits, separating the anode and cathode, with an anode forming
at the oxygen-depleted center of the ridge deposit. To prevent an
accumulation of charge and to obey mixed-potential theory (21),
the smaller surface area of the anode (with respect to the cathode)
increases the positive current density at the anode which attracts
negative ions from the ionic salts (such as chloride) forming a
metal chloride of the general form

Mzþ þ zCl� Ð MClz ð6Þ

As the ionic salts are secreted from ridge pores in the center of
each ridge, the chloride ions will also have a concentration gradient
with the highest concentration, initially, at the center of the ridge
deposit, coincident with the anode. Thus, the chloride ions are con-
centrated in the correct location to be attracted to the metal ions.
This formation of the anode at the center of each ridge deposit
may explain why the width of each corrosion ridge in Fig. 3
appears less than the inked impression, Fig. 4.

FIG. 10—Schematic representation of a section through a fingerprint
ridge deposit onto the surface of a metal M. (a) shows the deposit immedi-
ately after deposition, (b) shows the corrosion reaction enhanced by the
presence of chloride ions, (c) shows the layers of corrosion product after
completion of the corrosion process.
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Hydrolysis of the metal chloride by water present in the finger-
print ridge deposit gives

MClz þ zH2OÐ M(OH)zþ zHCl ð7Þ

HClÐ Hþ þ Cl� ð8Þ

The formation of hydrochloric acid has the effect of reducing
the pH at the anode and increasing the rate of reaction of Eq. (2)
(23). A schematic representation of this is shown in Fig. 10b.

Clearly, this reaction will be limited by the availability of the
solution (the water from the fingerprint deposit) to transport the
electrolyte which will evaporate eventually stopping the movement
of ions and hence the corrosion process. The concentration of ions
within the solution will increase as the solution evaporates and this
will affect the transport process of the ions (26).

We now suggest this removal of metal ions through the presence
of ionic salts as an explanation for the formation of the Schottky
barrier. It is well known that brass composed of 15% or more zinc
is subject to the selective leaching of zinc from the brass (dezincifi-
cation), this increasing as the percentage of zinc increases (24) and
as the concentration of chloride ions increases (11) as zinc is more
electropositive than copper. Thus, it would be reasonable to expect
a fingerprint deposit rich in ionic salts to leach zinc from the brass
leaving a layer of zinc-depleted brass (i.e., copper) that was avail-
able for oxidation via the hydroxyl ions (OH)) produced at the
cathode with copper (II) hydroxide dehydrating readily to form
black copper (II) oxide (27). This would result in the formation of
a layer of p-type copper oxide above a layer of zinc-depleted brass
that, itself, would lie above the bulk brass. Pchelnikov et al. (28)
have shown that when brass is immersed in a sodium chloride solu-
tion, zinc is initially dissolved preferentially into solution followed
by the dissolution of both zinc and copper. Pchelnikov et al. found
that above a certain concentration of copper ions in solution, the
copper redeposited onto the metal surface producing a copper-
enriched layer. Figure 10c shows these layers schematically with
the leached zinc precipitating as zinc hydroxide or dehydrated as
zinc oxide in the area around the anode in accordance with Eq. (7).
In this model, the Schottky barrier would comprise of a zinc-
depleted brass–copper oxide junction.

Measurements of us-c for disks A and B of 4.86 € 0.03 and
4.87 € 0.03 eV, respectively, are consistent with the corroded brass
being composed of copper oxides as both copper (I) and copper (II)
oxide behave as p-type semiconductors (29) and have measured
work functions of �4.76 eV [copper (I) oxide] and �5.3 eV [cop-
per (II) oxide] (30). The measured value for n-type zinc oxide was
lower at 4.47 eV (25).

Dissolution of metal in the presence of fingerprint deposits
has also been observed in relation to the gripping of firearms.
Avissar et al. (31) noted that components of sweat such as chlo-
ride ions influenced the degree of iron oxide dissolution from
firearms onto the hand when gripped with a moistened (sweat
rich) hand. While Avissar et al. did not discuss the mechanism
for this dissolution, galvanic corrosion similar to that described
here is likely.

This model requires the presence of ionic salts in fingerprint
deposits and further work is in hand to correlate the composition of
eccrine sweat with the formation of a Schottky barrier to test the
validity of the model. Quantification of the characteristics of the
Schottky barrier is also being undertaken.

We have commented previously on the relative ease with which
fingerprint corrosion of brass can form a rectifying metal–

semiconductor contact (12) and the model proposed here for the
corrosion of brass and oxide formation is not dissimilar to methods
employed in the manufacturer of commercial Schottky barrier
diodes such as electrochemical anodization (14).
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