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Optical Enhancement of Fingerprint Deposits
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ABSTRACT: The reflection of visible light from a-phase brass subject to surface oxidation in air at elevated temperatures is investigated. X-ray
photoelectron and auger electron spectroscopy confirm that covered areas of brass (not exposed to air) display dezincification but an absence of sig-
nificant surface oxidation, confirming a differential oxidation mechanism. Visualization of differential oxidation is shown to be enhanced by selective
digital mapping of colors reflected from the surface of the brass using Adobe� Photoshop�. Enhancement is optimal when the brass is heated to
�250�C with areas of oxidation having a mirror-like appearance. The use of this enhancement method to produce a faithful image of fingerprint
ridge characteristics is demonstrated on brass shell casings where fingerprints were deposited prefiring.
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Recent research has shown how fingerprint patterns deposited as
sweat on brass shell casings can be visualized as a result of an
electrochemical reaction between the sweat deposit and brass (1–5).
This reaction can lead to the formation of a rectifying Schottky bar-
rier contact between p-type copper (I) oxide or n-type zinc oxide
corrosion formed on the surface of the brass and the brass substrate
(6,7). When this occurs, a potential (V) applied to the brass has
been shown to vary exponentially with that measured on an area of
fingerprint sweat corrosion, with a potential difference (DV) of up
to �10 V for V = 1400 V (6). With DV of this magnitude, a fine
carbon powder (particle size � 10 lm) introduced to the brass has
been found to adhere preferentially to areas of corrosion, thus
enabling the fingerprint to be visualized (4,5). Such visualization
has been achieved even after the sweat deposit has been removed
from the brass (8).

Lately, Wightman, and O’Connor (9) have investigated the visu-
alization of fingerprints deposited on planar brass, aluminum, and
stainless steel disks that were heated subsequently to temperatures
between 200 and 900�C. They confirmed results from earlier work
related to fingerprint visualization on heated metals (4) with, fre-
quently, no additional enhancement (such as that described above)
being necessary to visualize the fingerprint ridge characteristics.
They postulated that visualization occurred owing to differential
oxidation; that is, the fingerprint sweat acted as a barrier to oxida-
tion on those parts of the metal surface covered by the sweat.
Wightman and O’Connor (9) believed that visualization was
enhanced by interference colors resulting from a thin oxide film on
the metal surface not covered by the sweat. Enhancement through
optical interference has been observed previously for fingerprints
deposited on brass disks in Iraq (10), where the increased air

temperature (relative to the U.K.) resulted in a zinc oxide layer that
produced optical interference as the viewing angle of the disk was
adjusted in natural daylight. The thickness (t) of this zinc oxide
film was found to be 70 nm £ t £ 80 nm, which is consistent with
values reported for zinc oxide formed during the electrochemical
corrosion of a-phase brass in an aqueous saline solution (11).

Optical interference and differential oxidation present noninva-
sive methods of visualizing fingerprint deposits and fingerprint cor-
rosion on metal, which can have benefits over techniques that
require physical or chemical interaction with the fingerprint or sub-
strate (12–15).

In this technical note, we examine how the visualization of
differential oxidation on heated a-phase brass can be enhanced by
digital mapping of colors reflected from the surface of the brass. We
identify the temperature to which the brass needs to be heated to
achieve an optimum enhancement in visualization by this method
and examine the surface composition of areas subject to differential
oxidation using X-ray photoelectron (XPS) and auger electron spec-
troscopy (AES). Digital mapping of colors is then applied to brass
disks subject to fingerprint deposition and subsequent heating and
finally to brass shell casings where fingerprints were deposited prefir-
ing. Digital color mapping is shown to produce a faithful image of
the fingerprint ridge characteristics on brass shell casings.

Experimental Details

Materials and Method

Initially, differential oxidation was explored by heating 1-mm-
thick, 25-mm-diameter a-phase brass disks (68Cu–32Zn by
percentage weight) onto which another brass disk had been partially
overlaid. The additional (overlaying) brass disk provided an area
that prevented oxygen from the air reaching the disk surface but
which would reach the same temperature as the disk during heat-
ing. Disks were heated to a temperature (T) of between 50 and
600�C in 50�C intervals. Each disk was held over a Bunsen flame
until the required temperature had been reached (typically a few
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minutes). Each disk was then allowed to cool in air. The tempera-
ture was measured by means of a K-type thermocouple placed in
contact with the disk (Hanna Instruments, Leighton Buzzard, U.K.).
The experiments were then repeated with a fingerprint deposit
replacing the overlaying disk, five donors each providing a finger-
print for each temperature which gave 60 samples in total (12 tem-
peratures · five donors). Fingerprints were deposited by pressing a
finger onto the brass surface for 1–2 sec with a light pressure suffi-
cient to ensure contact between the finger and brass. 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 arti-
ficial stimulation of sweat was employed such as placing the hand
in a plastic bag (16) or wearing a latex glove prior to deposition
(14).

Finally, 40 brass 9-mm pistol cartridges were washed in distilled
water followed by a wash in acetone and finally another wash in
distilled water prior to drying with a paper towel. Each cartridge
was handled by one of the 40 donors to leave one or more finger-
prints on the cartridges. The cartridges were then loaded into maga-
zines, which were inserted into a pistol and discharged. When
fired, each cartridge was automatically ejected from the magazine.
Digital color mapping was performed using Adobe� Photoshop�

CS4, version 11.0 (17).
XPS/AES was performed using a VG ESCALab 200d spectrom-

eter (VG Scienta, Hastings, U.K.), Al K a radiation (1486.6 eV),
and a hemispherical analyzer. Individual high-resolution spectra
were taken at a pass energy of 50 eV and an energy step of
0.05 eV.

Results and Discussion

Overlaid disks showed varying visibility of the area beneath the
overlay, which depended on the temperature reached by the disk.
For disks, where T > 300�C, the area of overlay was clearly visible.
For T < 300�C, disks were photographed in natural daylight and
the resulting image analyzed with the Hue ⁄ Saturation dialog box in
Adobe� Photoshop�. Specifically, the overlaid and nonoverlaid
areas on each disk were color deconvoluted using the red, green,
and blue (R/G/B) color model (17). With 32-bit mapping, the
R/G/B contributions to the reflected light showed little variation
between the two areas for 50�C £ T £ 200�C. The largest variation
occurred for T = 250�C, where (on a scale of 0–1) R ⁄G ⁄ B was
0.83:0.86:0.83 and 0.82:0.8:0.34 for the nonoverlaid and overlaid
areas, respectively. Thus (with T = 250�C), the blue contribution
was less for the overlaid area. This is what might be expected as
the overlaid area would (through differential oxidation) exhibit less
oxidation and therefore retain more of the natural yellow appear-
ance of metallic brass with red and green giving the reflected yel-
low color (9,17). The nonoverlaid area appeared to have a mirror-
like finish with a white appearance when viewed obliquely. Again,
this white appearance would be expected as the R ⁄ G ⁄B values
were similar. Oxidized brass with this appearance was also
observed by Wightman and O’Connor (9), which they referred to
as the brass ‘‘turning silver.’’ Wightman and O’Connor also found
a decline in fingerprint visualization between 200 and 280�C (9).

XPS/AES analyses of both overlaid and nonoverlaid areas of
each disk are shown in Table 1. It can be seen that the Zn ⁄ Cu ratio
is similar for both areas demonstrating that heating the brass causes
a movement of zinc toward the surface of the metal irrespective of
whether it is able to be oxidized at the surface. This migration has
been observed previously for heated a-phase brass (18), and it is

well known that dezincification (the loss of zinc) is accelerated as
temperature increases (19). Metallic zinc and copper were present
on the surface of the overlaid area at higher temperatures than on
the nonoverlaid area and, while oxides of both elements were pres-
ent in both areas, AES showed the concentration of zinc and cop-
per atoms to be much greater than the concentration of ions in the
overlaid area. This, therefore, confirms the differential oxidation
mechanism proposed by Wightman and O’Connor (9).

To seek to improve the visualization of the overlaid area, the
yellow part of the spectrum was color mapped on the T = 250�C
disk. As the Hue values in Adobe� Photoshop� are based on a
360� color spectrum or ‘‘wheel’’ (Fig. 1), mapping was undertaken
for 45�£ h £75� where h is the color wheel angle (Fig. 1). It was
found that optimum enhancement in visualization of the overlaid
area occurred for a change of h of )60�, that is, mapping to the
red part of the spectrum. Figure 2 shows the overlaid disk heated
to 250�C, before and after mapping, the dashed line showing the
location of the overlaying disk, which has been removed. It can be
seen that there has been some creeping of oxidation under the over-
laying disk, which, clearly, would be a problem if this were to
occur when seeking to enhance and identify fingerprint ridge char-
acteristics by mapping. This is considered later.

Experiments with a fingerprint deposit replacing the overlaying
disk gave similar results with all five disks heated to T = 250�C
producing the most improved visualization; Fig. 3 showing a typi-
cal disk for T = 250�C before and after color mapping of
45�£ h £75� by a change of h of )60�. Here, there is no obvious
creep of oxidation into areas of disk covered by the fingerprint
sweat deposit (as was observed in Fig. 2), and it is likely that the
fingerprint sweat provides a better seal to the surface of the brass
than an overlaying disk. It is known that sebum-rich fingerprints,
containing fatty acids and sterols, are adsorbed from solution onto
metals to form closely packed monolayers (20).

Of the 40 discharged shell casings, six showed signs of finger-
print ridges and, for four of these, the ridge detail appeared in an

TABLE 1—X-ray photoelectron ⁄ auger electron spectroscopy analysis of
nonoverlaid and overlaid areas of heated a-phase brass disks.

Disk
Temperature
(�C)

Nonoverlaid Area Overlaid Area

Zn ⁄ Cu
Zn
Present as

Cu
Present as Zn ⁄ Cu

Zn
Present as

Cu
Present as

50 1:3.12 Zn and
ZnO

Cu and
Cu2O

1:2.2 Zn Cu

100 1:2.1 Zn and
ZnO

Cu and
Cu2O

1:2.2 Zn Cu

150 1:2.1 ZnO Cu and
Cu2O

1:2.1 Zn Cu

200 1:1.7 ZnO Cu2O 1:1.8 Zn and
ZnO

Cu

250 1:1.6 ZnO Cu2O 1:1.6 Zn and
ZnO

Cu and
Cu2O

300 1:1.2 ZnO Cu2O and
CuO

1:1.3 Zn and
ZnO

Cu and
Cu2O

350 1:1.1 ZnO Cu2O and
CuO

1:1.1 Zn and
ZnO

Cu and
Cu2O

400 1:1.2 ZnO Cu2O and
CuO

1:1.1 Zn and
ZnO

Cu and
Cu2O

450 1:0.9 ZnO CuO 1:0.9 Zn and
ZnO

Cu and
Cu2O

500 1:0.9 ZnO CuO 1:0.8 Zn and
ZnO

Cu and
Cu2O

550 1:0.8 ZnO CuO 1:0.8 Zn and
ZnO

Cu and
Cu2O

600 1:0.8 ZnO CuO 1:0.8 Zn and
ZnO

Cu and
Cu2O
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area that manifested the mirror-like appearance described earlier.
Observing fingerprints for this number of discharged shell casings
are consistent with previous work (3,4), and the relatively low suc-
cess rate is thought to be associated with heat and friction damage
(3,4). All six casings were photographed in natural daylight and the
color mapping referred to previously applied. The four casings dis-
playing the mirror-like appearance all showed an improvement in
fingerprint ridge visibility; Fig. 4 showing a typical example. It can
be seen from Fig. 4 that the fingerprint covers an area that runs
along the length of the casing. It has been proposed previously that
recovered fingerprints on discharged shell casings are located

generally toward the flat base of the casing where mechanical fric-
tion by the pistol ejection mechanism is less (3). However, this is
not so here. Consistent with the fingerprints deposited on planar
disks, there is no evidence of oxidation creeping into areas of disk
covered by the fingerprint sweat deposit. The inset in Fig. 4 is of
an inked impression of the fingerprint which a registered expert
confirmed the commonality of ridge characteristics between the
color-mapped image and inked impression.

Conclusion

Through XPS ⁄AES surface analyses of areas of a-phase brass
subject to elevated temperatures, it is confirmed the differential oxi-
dation mechanism proposed by Wightman and O’Connor (9). Fur-
ther, it is shown how the visibility of this differential oxidation can
be enhanced by selective digital color mapping of the yellow part
of the visible spectrum. The enhancement obtained is optimal when
the brass is heated to �250�C with areas of oxidation having a
mirror-like appearance. The use of this enhancement method to
produce a faithful image of fingerprint ridge characteristics has
been demonstrated on brass shell casings. The success of this tech-
nique would seem to depend critically on the degree of oxidation
of areas not covered by the fingerprint sweat deposit and the thick-
ness of the resulting zinc oxide thin film.
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FIG. 1—360� color spectrum or wheel.
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FIG. 2—Brass disk heated to T = 250�C. The overlaying disk (removed)
lay to the right of the dashed line. (a) Shows the disk before and (b) after
digital color mapping.
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FIG. 3—Fingerprint deposited on a brass disk heated subsequently to
T = 250�C. (a) Shows the disk before and (b) after digital color mapping.

FIG. 4—Fingerprint deposited on a brass shell casing prefiring shown
postfiring. (a) Shows the casing before and (b) after digital color mapping.
Inset: an inked impression of the fingerprint.
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