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ABSTRACT: Through a comparison of fingermark sweat corrosion of a phase brass in both the U.K. and Iraq, we show how samples from Iraq
have improved fingermark corrosion over U.K. samples that require no additional enhancement prior to visualization. Over 50% of Iraqi samples pro-
duced fingermark corrosion with full ridge detail compared with 0% from the U.K. X-ray photoelectron spectroscopy analysis of the fingermark cor-
rosion products showed that Iraqi samples exhibit more dezincification with the Zn:Cu ratio averaging 1:1.82 compared with 1:3.07 for U.K.
samples. Auger spectroscopy showed the presence of both zinc oxide and copper (I) oxide. No copper (II) was observed on the surface of the cor-
roded brass. Opportunities to exploit the optical properties of these thin film oxides to enhance the visualization of fingermark corrosion are consid-
ered, and the potential to use fingermark corrosion of metal as a means of visualizing fingerprints in war zones is discussed.
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When latent fingermarks are deposited on metal surfaces, recent
research has focused on fingermark imaging techniques that exploit
the chemical reaction that can occur between the metal surface and
the fingermark deposit. This reaction, effectively a corrosion of the
metal surface, results in a change to both the chemical and physical
characteristics of the metal surface (1–4). We have shown how
leaving fingermark sweat deposits on planar brass disks in air at
room temperature for several days produced sufficient corrosion of
the metal to enable the fingermark to be imaged even after the resi-
due of the fingermark deposit had been removed (3).

In addition to visualizing fingermark corrosion on spent brass
shell casings (5,6), the corrosive reaction between metal and finger-
mark sweat might also lend itself to visualizing fingermark corro-
sion on other weapons, such as improvised explosive devices
(IEDs), where a dense, ductile metal, such as copper, gives signifi-
cant penetration (7).

In this technical note, we compare the extent of corrosion caused
by fingermark sweat deposited on brass disks in Iraq with results
obtained for sweat deposited in the U.K. We examine first how the
differing climates affect the visualization of the corrosion and the
ability to enhance this visualization (3). X-ray photoelectron spec-
troscopy (XPS) and Auger spectroscopy analyses are then carried

out to determine the fingermark sweat corrosion products, their rel-
ative abundance, and how they vary between U.K. and Iraqi sam-
ples. Although pure brass has not been a material of choice for
IEDs, brass was selected for this comparison as we have shown
previously that it can provide a wide range of visible corrosion
between different donors (3).

Experimental Details

Materials and Method

For these experiments, 40 donors in the U.K. and 40 donors in
Iraq each provided one finger mark sweat deposit onto 1-mm-thick,
25-mm-diameter a phase brass disks (68 Cu-32 Zn by percentage
weight). Prior to fingermark deposition, no cleaning regime was
undertaken as the disks were covered with a protective polymer
film that was removed immediately prior to fingermark deposition.
No artificial stimulation of sweat was employed, such as placing
the hand in a plastic bag (8) or wearing a latex glove prior to depo-
sition (9). All samples were left in direct sunlight at room tempera-
ture (U.K. = 18 € 5�C, Iraq = 32 € 7�C) and relative humidity
(U.K. = 68 € 10%, Iraq = 17 € 6%) for a period of 12 days; this
time period being in keeping with our previous work (3). In this
time period, 97 h of sunshine were recorded in Iraq compared with
37 h in the U.K. After the 12-day period, samples were washed in
a 0.5 L solution of warm water containing a few drops of commer-
cial detergent and rubbed vigorously with a nonabrasive cloth. This
washing regime has been shown to remove effectively the finger-
mark deposit (but not the corrosion) from the surface of the brass
disk (10).

XPS was performed using a VG ESCALab 200d spectrometer
(VG Scienta, Hastings, U.K.), Al K a radiation (1486.6 eV), and a
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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

The fingermark corrosion arising from each deposit was graded
based on the quality of ridge detail that was visualized under natu-
ral daylight without any additional enhancement. For this, the grad-
ing system used previously (3,4) and devised by Bandey (11) was
used and this is reproduced in Table 1.

Figure 1 shows a plot of this grading for both U.K. and Iraqi
samples.

It can be seen clearly from Fig. 1 that over 50% of the samples
from Iraq gave a grade 4 (full ridge development) compared with
0% from the U.K. This difference was made up from all of the
other four groups where, in each group, the number of U.K. sam-
ples was greater than the number of samples from Iraq with group
1 having no samples from Iraq compared with 18 from the U.K. A
chi-square test showed the difference between U.K. and Iraqi sam-
ples for groups 1 and 4 to be statistically significant (p < 0.001;
[12]).

Figure 2 shows a comparison between the best U.K. (grade 3)
and Iraq (grade 4) ridge development with no additional
enhancement.

Of the 14 Iraqi samples that failed to give grade 4 ridge develop-
ment, an attempt was made to enhance the visualization of the cor-
rosion using a technique described previously in which a large
electric potential (>1 kV) is applied to the brass sample disk fol-
lowed by the introduction of a fine conducting powder, which
adheres preferentially to areas of corrosion on the sample (3,5,6).
As has been reported previously (3), this technique was able to pro-
duce additional ridge visualization for samples that had been graded
1 or 2; Fig. 3 showing the change from grade 2 to grade 3 for a
sample from Iraq.

It was noted that the majority of samples from Iraq (and all of
those that were graded 3 or 4) displayed visible evidence of surface
oxidation over the entire surface of the disk. Such oxidation has
been observed previously for brass disks that have been subjected
to elevated temperatures >c. 100�C (3). None of the U.K. disks dis-
played similar surface oxidation. It is likely that the increased tem-
perature in Iraq resulted in this oxidation as the favorable specific
heat capacity of brass (13) would enable the brass to achieve a
temperature well above the measured air temperature. The effect
that elevated temperature has on the formation of fingermark corro-
sion products was investigated by conducting XPS and Auger anal-
yses on six sample disks from the highest grouping for both the
U.K. and Iraq (three samples from group 4 for Iraq and three sam-
ples from group 3 for the U.K.). XPS provides a quantitative mea-
sure of the elemental composition, oxidation state, and empirical
formula of elements present in the surface layer (<10 nm) of a thin
film. In addition, Auger transitions within the XPS spectra can give
further information about the surface layer composition (14). While
XPS is used routinely in the analysis of surface oxidation of both

brass and copper (15,16), it has only been used recently to study
the surface effects of fingermark corrosion (17). Each of the six
sample disks subject to XPS was analyzed on an area where the
fingermark sweat deposit had corroded the brass.

Figure 4 shows typical XPS detail spectra of the copper electron
configuration 2p3 ⁄ 2 and 2p1 ⁄ 2 sublevels for both a U.K. and an
Iraqi disk that gave the highest grading (grade 3 for the U.K. and
grade 4 for Iraq).

In Fig. 4, the clear peak at a binding energy of c. 933 eV corre-
sponds to the Cu2p3 ⁄ 2 sublevel and the peak at c. 953 eV corre-
sponds to the Cu2p1 ⁄ 2 sublevel. These binding energies are
characteristic of both metallic copper and copper (I) oxide (18).
The Cu2p3 ⁄ 2 peak was deconvoluted using standard Gaussian ⁄
Lorentzian functions (19) to reveal whether copper (II) oxide was
present as this has a Cu2p3 ⁄ 2 peak at c. 934 eV, that is, very close
to the 933 eV peak. No evidence of copper (II) was found through
this deconvolution and this is reinforced in Fig. 4 by the absence
of a ‘‘shake up’’ satellite peak at a binding energy c. 9 eV higher
than the Cu2p3 ⁄ 2 peak (20). This ‘‘shake up’’ satellite peak for cop-
per (II) arises because of its incomplete 3d electron orbital enabling
a 2p fi 3d charge transfer ‘‘shake up’’ transition. The complete
3d orbital in copper (I) oxide prevents this charge transfer into the
d shell and, hence, there is no ‘‘shake up’’ satellite peak for copper
(I) oxide (21). Such ‘‘shake up’’ satellite peaks are common in first
row d block transition metal compounds (14). Copper metal and
copper (I) cannot be resolved by this deconvolution as their binding
energy separation is too small (c. 0.1 eV). However, they can be
distinguished by their auger [Cu (L3M4,5M4,5)] transitions of 568
and 570 eV, respectively, where L3 represents the core level elec-
tron ejected by the incident X-rays and M4,5 represents the initial
level of both the relaxing electron and the emitted (auger) electron
(21). All six samples gave an auger peak confirming the presence
of copper (I) oxide.

Metallic zinc and Zn (II) oxide are resolved by the position of
their [Zn (L3M4,5M4,5)] auger transitions of 494.7 and 497.8 eV,
respectively (15). All six samples gave an auger peak confirming
the presence of Zn (II) oxide. Based on atomic percentage, the
Zn:Cu ratio was calculated at an average of 1:3.07 for the three
U.K. samples and 1:1.82 for the three Iraqi samples.

Thus, the Iraqi samples analyzed by XPS all showed the pres-
ence of more zinc (in the form of zinc oxide) on the surface of the
corroded brass than the U.K. samples. Such variation in the Zn:Cu

TABLE 1—Grading system for determining the quality of ridge detail for
enhanced fingerprints devised by Bandey (11).

Grade Comments

0 No development.
1 No continuous ridges. All discontinuous or dotty.
2 One-third of mark continuous ridges. (Rest no development, dotty.)
3 Two-thirds of mark continuous ridges. (Rest no development, dotty.)
4 Full development. Whole mark continuous ridges.
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FIG. 1—Comparison of grading for fingerprint corrosion from 40 finger-
prints deposited on brass disks in both the U.K. and Iraq.
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ratio on fingermark sweat corroded brass has been observed previ-
ously with U.K. samples from different donors (17). Surface con-
centrations of zinc greater than those expected for uncorroded brass

(Zn:Cu = 1:2.2) are indicative of dezincification of the brass (22).
This dezincification would increase during electrochemical corro-
sion of brass at elevated temperatures (22). The ease with which
fingermark corrosion could be visualized on Iraqi samples without
enhancement (compared with U.K. samples) is clearly an optical
effect that is likely to be a combination of the extended light source
(natural daylight) and the presence of the zinc oxide thin film on
the surface of the corroded brass. As the viewing angle was found
to affect significantly the ease of visualization, it is not unreason-
able that the thin film of zinc oxide corrosion is producing optical
interference. Indeed, the variation in color observed on the surface
of the sample disks is most likely due to optical interference from
the extended light source. Taking the refractive index of a thin film
of zinc oxide to be 2 (23) and a range of viewing angles between
10� and 80�, the film thickness (t) for peak perceptive efficiency of
the human eye (550 nm; [24]) equates to 70 nm £ t £ 80 nm. This
range of t is consistent with values reported for zinc oxide formed
during the electrochemical corrosion of a phase brass in an aqueous
saline solution (15).

Exploiting the optical properties of the corrosion products may
enable enhanced visualization of fingermark ridge detail as thin
films of zinc oxide are strongly absorbing at wavelengths
< c. 400 nm (23,25). In addition, copper (I) oxide is strongly
absorbing at wavelengths below 600 nm (26). Recently, Izaki et al.
have shown that copper (I) oxide ⁄zinc oxide junctions are absorb-
ing at wavelengths below c. 500 nm (27).

FIG. 2—Fingerprint corrosion ridge detail for typical samples graded: (a) three from the U.K. and (b) four from Iraq.

FIG. 3—Improved fingerprint corrosion visualization for a grade 2 sample from Iraq following the application of an electric potential ()400 V) and con-
ducting powder to the sample.

FIG. 4—Typical X-ray photoelectron spectroscopy detail spectra of the
Cu2p3 ⁄ 2 and Cu2p1 ⁄ 2 peaks for both a U.K. (grade 3) and Iraqi (grade 4)
disk.
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As well as optical absorption, both copper (I) oxide and zinc
oxide are luminescent and offer the possibility of fingermark ridge
detail visualization through photoluminescence. Beucher et al. used
this technique to characterize the oxidation state of copper on oxi-
dized a phase brass (28) and produced a luminescence model for
both copper (I) oxide and zinc oxide. Beucher et al. (28) also
employed Fourier transform infrared spectroscopy to detect vibra-
tional modes in both oxides, and both of these techniques offer
possibilities to enhance the visualization of fingermark corrosion of
brass.

Conclusion

Through a comparison of fingermark sweat corrosion of a phase
brass in both the U.K. and Iraq, we have shown how samples from
Iraq produce an increase in the degree of visible fingermark corro-
sion that requires no additional enhancement. This increase is
because of enhanced dezincification of the brass as a result of the
electrochemical reaction between the brass and fingermark sweat
taking place at elevated temperatures.

These results invite further work not only to exploit the optical
properties of the corrosion products to improve visualization of the
fingermark corrosion but also to expand the study to examine disk
samples from the various climatic regions ⁄ seasonal changes in both
Iraq and Afghanistan. Additionally, the placement of fingermarks
by test subjects on actual pieces of IED material from Afghanistan
would be valuable to assist with the identification of persons in the
various regions where IEDs are employed.
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