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ABSTRACT: Electrochemical interactions between latent human
fingerprints and metal surfaces in ambient air are investigated using
a scanning Kelvin microprobe. Inorganic salts present in sweat de-
posited at fingerprint ridges locally depassivate the metal surface
producing a Volta potential decrease of greater than 200 mV. Volta
potential patterns may persist for months and prints may be visual-
ized by potential mapping, even when overcoated with a polymer
layer. Because the Volta potential differences are produced by in-
volatile salts they persist when the organic components of the fin-
gerprint residue have been volatilized by heating to 600°C.
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Numerous methods have been described for the development of
latent fingerprints on metal surfaces (1–3). Techniques such as
powder dusting (4), cyanoacrylate fuming (5), and exposure to
ruthenium tetroxide (6) tend to detect one or other of the organic
components (fat, amino acids, or proteins) present in fingerprint
ridge deposits. Conversely, aqueous electroplating solutions (3),
and aqueous redox reagents such as selenous acid (3), ammoniacal
silver nitrate, (7–9) palladium salts (10), gold salts (11), and gun
blueing mixtures (7,9,12), react electrochemically with the metal-
lic surface exposed between ridge deposits. Consequently, it has
been reported that aqueous reagents are most effective when visu-
alizing sebaceous prints and tend to work less well with ecrine
prints due to the substantial water solubility of ecrinic deposits (8).
In this paper we show how latent fingerprints deposited on metal-
lic surfaces may be visualized directly, without development or any
other form of perturbation, by Volta potential mapping using a
scanning Kelvin microprobe (13,14). We propose that the observed
Volta potential patterns arise primarily as a result of electrochemi-
cal interactions (13,14) occurring between the metal surface and
water soluble but nonvolatile, inorganic salts (such as NaCl) pre-
sent in fingerprint deposits. Furthermore, we test this hypothesis by
heating samples to volatilize the organic fraction of the print
residue. We also investigate the possibility of exploiting the purely
potentiometric nature of the scanning Kelvin microprobe to visual-
ize latent prints present beneath intact insulating films such as
paint, oil, or grease. The primary aim of our work was to obtain ad-

ditional insight into the mechanisms by which human fingerprints
interact with metal surfaces. However, the findings obtained sug-
gest that the scanning Kelvin microprobe may itself be suitable for
further investigation as a potential forensic tool when latent prints
are located on a relatively small area of metal surface.

Experimental Details

Materials

Samples of 1 mm thick iron foil, purity 99.5%, were obtained
from Goodfellow metals Ltd. Samples of 1 mm thick brass foil,
37% zinc and 63% copper, were obtained from Advent Research
Materials Ltd. Prior to fingerprint deposition, iron metal samples
were abrasively cleaned and polished using aqueous slurries of 6
�m followed by 1 �m polishing alumina (Buehler Ltd). Cleaned
iron samples were rinsed with distilled water, followed by acetone,
and allowed to dry in air. Brass samples were used as supplied. Fin-
gerprints were deposited using a constant pressure from the right
forefinger after freshly washing the hands with soap and water. Se-
bum rich prints were deposited as above but after rubbing the side
of the nose with the finger tip.

Methods

The scanning Kelvin microprobe apparatus used in this work is
shown schematically in Fig. 1. The vibrating reference probe as-
sembly was mounted in a fixed position above the moving test sam-
ple. The reference probe itself consisted of a 125 �m diameter gold
wire, which was vibrated along the vertical axis using a moving
coil electromechanical actuator. The probe vibration frequency
was 280 Hz and the vibration amplitude was 50 �m peak-to-peak.
Reference probe vibration amplitudes were checked using strobo-
scopic observation in conjunction with a traveling microscope. The
experimental arrangement was such that the tip of the vibrating ref-
erence probe was held at earth potential and positioned 
inside a stainless steel environment chamber, which was also at
earth potential. The electromechanical actuator and vibrator drive
electronics were positioned outside the environment chamber in or-
der to ensure effective electrostatic and magnetic shielding of both
the reference probe and sample. Vibration was conducted to the
probe tip via a 50 mm long glass push rod.

Positioning and scanning of the test sample was carried out us-
ing a micromanipulation stage consisting of three orthogonally ar-
ranged (x,y,z), stepper motor driven, linear bearings (Time and
Precision Ltd.). The probe was held at a constant height of 100 �m
above the sample surface and scanned in a raster of parallel lines
100 �m apart. Kelvin probe measurements were made once every
100 �m to generate a regular array of values. To perform each mea-
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surement the ac current, i(t), generated in the external circuit con-
necting the sample and vibrating probe (see following section), was
amplified and converted into an ac voltage signal, v(t), using a dc
biased transimpedance amplifier circuit. The v(t) signal was de-
tected using a lock-in amplifier (Perkin Elmer model 7260). The dc
output of the lock-in amplifier, vdc, was transmitted to a feedback
system based on an integrator circuit which controlled the dc bias,
E, applied to the sample via the transconductance amplifier so as to
automatically null i(t). The magnitude of the dc bias (equivalent to
�Ekp as defined in the following section) applied via the integrator,
was digitized and logged. Probe scanning and data logging were all
carried out automatically under microcomputer control. All scans
were performed in ambient air (nominal temperature 22°C, R.H
45%).

Results and Discussion

When the electrical potential of a metallic body is referred to, it
is usually the Galvani, or inner, potential determined by the Fermi
level of electrons within that body which is meant. At distances
�10 �m from the metal surface, potential falls away with increa-
sing distance as determined by the laws of electrostatics. However,
between approximately 0.1 �m and 10 �m from the metal surface
there exists a region where potential is approximately independent
of distance; this is known as the Volta, or outer, potential of the
metal. In vacuum, the Volta potential reflects the extension of elec-
tronic wavefunctions beyond the surface, a tendency related to the
work function of the metal. If the metal is in contact with a solution
of electrolyte, adsorbtion of ions in the electrical double layer also
affects the Volta potential, which corresponds approximately to the
potential at the inner Helmholtz plane (15).

As the name suggests, the scanning Kelvin probe (SKP) tech-
nique is based upon the vibrating capacitor method pioneered by
Lord Kelvin (16), for the measurement of metallic work functions.
The theory underlying Kelvin probe measurements has been de-
scribed in detail elsewhere (13,14) but may be summarized as fol-
lows. The vibrating probe tip and sample surface form the two
plates of a parallel plate capacitor, while the space between them,
typically air or a combination of air-gap and nonconducting mate-
rial, constitutes the dielectric. If a Volta potential difference (�V)
exists between the probe and the sample surface, the periodic
change in capacitance caused by probe vibration, generates an al-

ternating current in the external circuit shown in Fig. 2. The time-
dependent value, i(t), of this current is given by Eq. 1:

i(t) � ��0 A �V{d1� cos(�t)/(d0 	 d1 sin(�t))} (1)

where � is the permitivity of free space, �0 is the dielectric constant
of the inter-electrode medium, A is the effective probe tip area, d1

is the probe vibration amplitude, d0 the mean probe-surface dis-
tance, � the angular frequency of probe vibration, and t is time. The
Kelvin probe measurement is made by current nulling, i.e., a d.c.
bias voltage (E in Fig. 2) is adjusted until �V, and hence the mag-
nitude of i(t), is zero. Under null-current conditions the experimen-
tally measured parameter E(i�0) is equal and opposite to the value
of �V which would exist if the Galvani potentials of the probe and
sample were identical, i.e., if E were zero. It is customary to refer
to the quantity �E(i�0) as the Kelvin probe potential (Ekp). We have
used a gold vibrating probe, so that in our work Ekp is equivalent to
the Volta potential of the sample surface relative to that of gold at
the same Galvani potential.

When measurements are performed on pristine surfaces under
vacuum, Ekp is determined only by the difference in work functions

FIG. 1—Schematic representation of the major components of the scanning Kelvin microprobe apparatus.

FIG. 2—Schematic diagram illustrating the principle of operation of the
Kelvin probe for measuring surface Volta potential differences. Volta po-
tential difference, �V; Kelvin probe current signal, i(t); externally applied
dc bias voltage, E.
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between the probe and test sample surfaces. Scanning Kelvin probe
microscopes, having lateral resolutions of 100 nm or better, have
recently been developed for the study of metal structures and
dopant profiles on semiconductor surfaces (17–19) under high 
vacuum. In contrast to these systems, which are typically used to
image areas of a few microns square, the SKP apparatus described
here to image fingerprints scans much larger areas (up to 5 cm by
5 cm) and has a lateral resolution of ~125 �m. Our apparatus is
based on instrumentation developed to study metallic corrosion oc-
curring under thin films of electrolyte (13,14) and electrolyte
droplets (20).

Any metal surface exposed to moist air will acquire a so-called
humidity layer of adsorbed water molecules, the thickness of which
increases with relative humidity (13,21). If any environmentally
derived electrolyte (ionic salts) are associated with this humidity
layer, Ekp values will tend to deviate from those determined purely
on the basis of work function differences as a result of ionic ad-
sorbtion and electrochemical redox reactions associated with 
corrosion processes occurring at the sample surface. The relation-
ship between Ekp and redox activity has been discussed in detail
elsewhere (13). However, for our purposes the most important
finding is that Ekp measured through an adsorbed electrolyte film
directly reflects the electrochemical open circuit potential, or free
corrosion potential (Ecorr), of the metal surface in relation to that
electrolyte. So that,

Ekp � Ecorr 	 C (2)

where C is a constant determined by the probe material and the po-
tential drop at the electrolyte-air interface (13). For any freely cor-
roding metal, M, the value of Ecorr is determined by the relative fa-
cility of the anodic oxidation process (Eq 3) and the cathodic

reduction process, which under aerobic conditions is typically oxy-
gen reduction (Eq 4).

MDMn	 	 ne� (3)

O2 	 2H2O 	 4e�D 4OH� (4)

It is well known that when a metal surface is covered with an in-
soluble (passive) oxide film, reaction (3) is inhibited and the metal
will exhibit more positive Ecorr values than when the same metal is
actively corroding to a soluble oxidation product (22), as shown
schematically in Fig. 3. Thus, when a single metal surface is 
covered by a thin film of adsorbed electrolyte, regions of that metal
surface covered with a passive oxide film will typically exhibit 
significantly higher Ekp than those where the passive film has bro-
ken down.

Many metals spontaneously develop passive surface films,
which may range from nanometers to several microns in thickness,
when exposed to moist air. However, so-called aggressive ions,
such as chloride (Cl�), tend to break down passive films and acti-
vate metal surfaces through the formation of soluble metal choride
complexes (22). Consequently, the chloride rich inorganic salts
present in the aqueous component of fingerprint secretions will
tend to cause local depassivation of a metal surface in areas where
secretions are deposited. Thus, when a Kelvin microprobe is
scanned over a latent fingerprint, it is to be expected that ridges 
will be disclosed as regions of lower Ekp against the background of
passive metal.

That this is actually the case is clearly illustrated in Fig. 4a,
where a latent fingerprint, freshly deposited on a polished iron sur-
face, has been visualized by mapping Ekp at a resolution of 10 data
points per mm along both x and y axes. The interpolated greyscale

FIG. 3—Evans, potential (E)–log current modulus (i) diagram showing the effect of a passive-active transition on the free corrosion potential (Ecorr) of
a metallic surface. Under free corrosion conditions the Ecorr corresponds to that potential where the anodic and cathodic currents are equal and opposite.
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image, produced from the matrix of Ekp values, has been generated
using commercially available cartography software (Surfer™,
Golden Software). The ridge detail and characteristic right hand
loop pattern of the sample fingerprint are clearly visible and ex-
actly match the photographic image shown in Fig. 4b, which was
obtained using glancing angle illumination. It can been seen from
Fig. 4a that Ekp values in ridge regions may be up to 280 mV lower
than the background. When samples were stored in ambient air 
this Ekp pattern was still clearly detectable one month after the fin-
gerprint was applied. Visual evidence of corrosion could be de-
tected two to three weeks after initially depositing the fingerprint.

Further tests have shown that fingerprints deposited on a range of
other metals, such as copper, aluminum, nickel and titanium and
various alloys including brass, can also be efficiently visualized in
this way.

Since the Kelvin probe measurement is made under null-cur-
rent conditions, Ekp is independent of the dielectric constant of the
medium lying between the vibrating probe and sample surface.
This property has been exploited in work using the SKP tech-
nique as a tool for investigating localized corrosion phenomena
occurring beneath polymer coatings applied to metal substrates
(23–25). It has been shown that electrochemically determined

FIG. 4—(a) The Ekp pattern produced by fingerprint deposited on an iron surface, as imaged by the Scanning Kelvin microprobe using a resolution of
10 points per mm. (b) A photographic image of the same area taken under illumination at a 30° angle of incidence.
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Volta potential differences occurring over the metal surface can
be mapped through a continuous polymer film. The technique
should therefore be capable of detecting a latent fingerprint pat-
tern under similar circumstances. The ability of the SKP to detect
Volta potential distributions associated with fingerprint patterns
overcoated with intact, insulating films was assessed by applying
prints to iron substrates as above and then applying a range of
polymer based coatings. The Ekp pattern shown in Fig. 5a was ob-
tained after spray painting over a freshly deposited fingerprint
with a commercially available clear cellulosic lacquer (plasti-
coat), to give a film thickness of 20 �m. The line plot in Fig. 5b
illustrates the variation of Ekp over a cross section of the finger-
print pattern indicated by the dashed line in Fig. 5a. The sample

was stored in ambient air and the Ekp patterns in Fig. 5 were still
clearly detectable one month after the substrate was overcoated.
Other metal surfaces, including brass and copper, printed then
overcoated with various pigmented and clear paint systems gave
similar results, although application of coatings by brushing led to
some smearing of the Volta potential pattern.

If Volta potential differences are induced by inorganic salts, the
SKP should allow print visualization in situations were finger-
printed surfaces have been subjected to elevated temperatures,
causing volatilization of the organic component of the residue.
We used a Gleeble electric welding simulation apparatus (26,27)
to heat print-bearing 1 mm thick sheet brass samples through a
preprogrammed temperature-time profile by passing large tran-

FIG. 5—(a) The Ekp pattern produced by fingerprint deposited on an iron surface and overcoated using a spray applied cellulosic lacquer of 20 �m
thickness. (b) A plot of Ekp versus distance along the broken line in 4(a) showing the characteristic Volta potential profile across the ridges of a latent print.
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sient dc currents controlled by temperature feedback. A heating
rate of 200°C/s was used to attain target temperatures between
400 and 600°C in room air. Samples were then allowed to cool
naturally in air (exponential cooling with a half life of 3 s). Fig-
ure 6 shows typical data, obtained from four day old sebum-rich
prints visualized by SKP a) before and b) after heating to 600°C.
It is evident from Fig. 6b that the fingerprint pattern is clearly vi-
sualized by Ekp mapping even after heating. Since the organic
substances contained in the fingerprint are likely to have been

vaporized at 600°C, the observation that patterns remain de-
tectable is consistent with the hypothesis that the Volta potential
changes detected by the Kelvin probe are produced by nonvolatile
salt deposits.

Although all the experiments outlined here were performed on
planar samples, many real samples would obviously be nonplanar.
Nonplanar samples can also be scanned provided the surface pro-
file is known and used to control probe position. Surface profiling
may be carried out using conventional mechanical or optical meth-

FIG. 6—A comparison of Ekp patterns produced by a sebum rich fingerprint deposited on brass before (a) and after (b) being subjected to a rapid heat-
ing-cooling cycle employing a peak temperature of 600°C.
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ods. However, recent work (28) has demonstrated that surface pro-
filing is possible using the SKP itself by exploiting the fact that
harmonic distortion in the Kelvin probe current [i(t) in Eq (1)] is
dependent on probe to sample distance. Similarly, real samples
may exhibit irregular surface textures and contamination by pre-
existing organic and/or inorganic films. Preliminary studies carried
out by ourselves suggest that surface texture is not necessarily
problematic provided the texture does not, of itself, produce a
spreading (blurring) of the print deposit. However, the develop-
ment of Volta potential differences may be suppressed by preexist-
ing surface contamination if this prevents access of fingerprint salt
deposits to the metal surface.

Rubbing freshly deposited fingerprints with a dry cloth may pro-
duce smearing of the resulting Volta potential variations or prevent
their appearance altogether. However, once patterns of surface 
depassivation are well established (typically after several days)
rubbing with a dry cloth has relatively little effect. Water or polar
organic solvents tend to be more injurious and can destroy Volta
potential patterns by redistributing salt deposits and inducing more
general depassivation of the metal surface.

Conclusions

We have demonstrated that on metallic surfaces, such as iron or
brass, the electrolytes present in latent fingerprint ridge
deposits induce localized Volta potential variations that may be vi-
sualized directly using a scanning Kelvin microprobe (SKP). The
observed Volta potential variations probably result from electro-
chemical depassivation of the metal surface by chloride ions and
may persist for periods greater than one month when the metal is in
contact with room air. They also persist when metal (brass) sur-
faces are heated to 600°C implying that the electrolytes concerned
are primarily comprised of nonvolatile inorganic salts (such as
NaCl). Once developed, Volta potential patterns are substantially
unaffected by organic contamination superimposed by, for exam-
ple, spray painting. However, contamination of the metal surface
prior to print deposition may interfere with the development of
Volta potential patterns if contaminants prevent print residue elec-
trolytes from contacting the metal surface.

Further work will obviously be necessary to determine whether
the above findings are primarily of theoretical interest or whether
the SKP is capable of being developed as a practical forensic tool.
Nevertheless, the SKP possesses features which suggest that it is
worthy of further investigation. The SKP is completely nonper-
turbing and does not require exposure of the print to radiation, vac-
uum or any other destructive agency, which could prove advanta-
geous in situations where the fingerprint must be preserved for
future extraction of genetic materials. Furthermore, because the
Volta potential changes detected by SKP are primarily induced by
nonvolatile inorganic salts it may be possible able to detect prints
in instances where the organic components of the residue are
scanty or have been lost as a result of exposure to high tempera-
tures. Finally, because the SKP measurement is purely potentio-
metric it may be possible to visualize fingerprints which have be-
come overcoated or contaminated with insulating films such as
paint, oil or grease.

Regardless of whether the SKP itself proves to be of practical
usefulness it is to be hoped that the findings presented here
will contribute to the physico-chemical understanding of finger-
print deposits and facilitate the rational design of reagents
and techniques for forensic fingerprint visualization on metallic
surfaces.
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