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The Thermodynamics of Latent Fingerprint
Corrosion of Metal Elements and Alloys

ABSTRACT: Redox reactions taking place between the surface of a metal and fingerprint residue have been expressed thermodynamically in
terms of both the Nernst equation for reduction potential and the complexation constant for the formation of complex metal halide ions in aqueous
solution. These expressions are used to explain experimental results for the corrosion of 10 different metal elements by fingerprint residue in air at
room temperature. Corrosion of noble metals, such as silver and gold, supports the proposition that the degree of metal corrosion is enhanced by the
presence of chloride ions in eccrine sweat. Extending the experiments to include 10 metal alloys enabled the construction of a fingerprint corrosion
series for 20 different metals. Fingerprint corrosion on metals alloyed with > ~40% copper was found to display third level fingerprint detail. A com-
parison of both conventional ink on paper and digital (Livescan) fingerprinting techniques with fingerprints deposited on 9 Karat gold alloy has
shown that gold alloy depositions are least susceptible to third level detail obliteration by poor fingerprint capturing techniques.
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The discoloration of a metal surface through exposure to oxidiz-
ing agents is well known, as is the wearing away of metal through
corrosion (1). The ability of some metal elements and alloys to
resist corrosion and the principles of dissimilar metal corrosion
form the basis of metal corrosion theory, which is used in practice
to prevent unwanted corrosion.

When latent fingerprints are deposited on metal surfaces, recent
research has focused on fingerprint visualization techniques that
exploit the chemical reaction that can occur between the metal sur-
face and the fingerprint residue. This reaction, effectively a corro-
sion of the metal surface, results in a change to both the chemical
and physical characteristics of the metal surface. The use of such
techniques requires no physical or chemical development of the fin-
gerprint prior to visualization unlike conventional treatments, such
as powdering, cyanoacrylate fuming, suspension in small particle
reagents (2—4), or electrochemical etching (5-8).

Williams et al. have demonstrated fingerprint visualization on
metals using a Scanning Kelvin Microprobe (9,10). 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 is affected by fingerprint residue corrosion of the metal
surface. By measuring this variation in potential, an image of the
fingerprint has been visualized in terms of potential difference. The
usefulness of this technique was demonstrated by visualizing finger-
prints deposited beneath layers of soot or paint and also on brass
cartridge cases where fingerprints were deposited postfiring.

More recently, we have considered the corrosion of brass, copper,
mild steel, and aluminum substrates by fingerprint residue (11). Heat-
ing the metal to several hundred degrees celsius produced durable
images of fingerprints deposited on brass, copper, and mild steel and
we demonstrated how this might be used to enable fingerprint visual-
ization after the metal had been subject to smoke and soot contami-
nation or spray painting. We also showed how fingerprints deposited
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on brass cartridge cases prefiring could be visualized postfiring by
the application of an electrostatic charge and conducting powder to
the cartridge cases. Similar durable images were found to occur by
leaving fingerprint deposits on metal in air at room temperature for
several days. We highlighted the variation in both the ability of an
individual’s fingerprint residue to corrode metal and the degree of
corrosion on different metals. We postulated, in keeping with corro-
sion science, that this was due to both the variable composition of
eccrine sweat and the amount of sweat secreted by individuals (12).

In this paper, we examine further fingerprint visualization on
metals by conducting experiments with 10 different metal elements
and observing the degree of corrosion caused by fingerprint residue
on each element. We demonstrate how variations in the degree of
corrosion between elements can be explained thermodynamically in
terms of the Nernst equation with calculated values for the standard
reduction potential and complexation constant used to explain the
experimental results.

We then extend the range of metals being examined by includ-
ing 10 different metal alloys and, together with the 10 metal ele-
ments, produce a fingerprint corrosion series that orders these
metals by the ease with which fingerprints can produce durable
corroded images on the metal surface. Finally, we show that the
ease of visualization of fingerprint residue corrosion on metal alloys
is dependent on the alloying elements and demonstrate how the
corrosion can be less susceptible to the obliteration of third level
fingerprint detail than either conventional ink on paper or digital
fingerprinting techniques.

Theory

The following is a summary of reduction potential, its derivation
and how it gives a measure of the tendency for chemical species
present in aqueous solution (such as metal ions or molecules) to
gain electrons (i.e., be reduced). A more detailed discussion of
reduction potential can be found in, for example, Landolt (13) or
Trethewey and Chamberlain (14).

The readiness of a metal to participate in a reaction that can lead
to its corrosion can be expressed in terms of the Gibbs free energy
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of reaction (G) and the net change in this energy during a reaction
(AG). For systems in equilibrium, there is no net change in free
energy and, therefore, AG = 0. Spontaneous reactions are associated
with a decrease in the free energy, that is, AG < 0 and values for
AG may be expressed in terms of the activity of species present in
a given reaction. Consider the reaction

OZZUiBi (1)

in which v; represents the stoichiometric coefficient of the spe-

cies B; present in the reaction. By definition, values of v; for

the reaction products are positive and for the reactants negative.
AG can be expressed as

AG = AG" + RT In K (2)

where AG® represents the standard free energy of reaction (under
standard conditions of 298 K and 1 atmosphere), R the universal
gas constant, and T the absolute temperature. K is defined as

k=]]a (3)

where a; represents the activity of the ith component in the
reaction.
For equation (1), AG may also be expressed as Faraday’s Law

AG = —2 F By (4)

in which z is the number of electrons transferred in the reaction,
F the Faraday constant, and E.., the reversible or equilibrium
potential of the reaction in equation (1)

Under standard conditions

AG® = —z FE° (5)

where E° represents the standard potential of the reaction.
Combining equations (2), (4) and (5) yields an expression for
the reversible potential of the reaction

RT
Epev = EO - E In K (6)

Equation (1) may be written as

Z on,iBox,i +ze = Z Ure:d‘iBrE:d‘i (7)

in which v,y ; and v,.q; represent the stoichiometric coefficients of
the oxidized and reduced species By ; and B,.q;, respectively.
Equation (7) represents a cell reaction, made up of two electrode
or half-cell reactions, an oxidation reaction and a reduction reac-
tion. By convention, electrons appear on the left-hand side of the
equation and both v, ; and v,.q, are always positive.
Therefore, for reaction (7), equation (6) may be written as

Ured,i

H ared,i
Vox,i

H aox,i

Equation (8) is known as the Nernst equation and permits the cal-
culation of the potential of the reaction (E,) as a function of activ-
ity (a) and temperature (T). From equation (4) it is clear that, for a
spontaneous reaction, E, > 0.

For practical purposes, the activity (a;) may be replaced by the
concentration (¢;) (15), thus

RT
Ery = E° — i

(8)

= ©)

RT {H ci’éif;i}

0
Eiey=E —— In Vox.i
H Cox,i
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Published values of standard potentials (EO), also known as stan-
dard reduction or half-cell potentials, are, by convention, measured
with respect to the standard hydrogen electrode which is defined as
E’=0. As an example, consider the reaction

Zn"™" +Hy =2H" +Zn E° = -0.76v (10)

By convention, the half-cell reaction for the reduction of Zn** is
written as

Zn*t 42" =7n E’= —0.76v (11)

and the oxidation of molecular hydrogen to solvated protons is
assumed.

Also by convention, the activity of solid substances is taken as
unity and, therefore, the Nernst equation for equation (11) may be
written as

RT 1
E(Zn**/Zn) =-0.76 — ﬁ In |:Czn+—:| (12)

te(l)‘m vanishes to give the measured potential ( E(zy++ /7y ) equal to
E".

In this paper, values of E° have been calculated from thermo-
dynamic data for AG® collated by Bard, Parsons, and Jordan (16)
and the application of Faraday’s Law, equation (5). These calcu-
lated standard reduction potentials and the Nernst equation will be
used to assist in explaining the experimental results obtained.

By setting the ion concentration equal to 1 <rnol, the logarithmic
E

Experimental Details
Materials

Examples of the 10 metal elements and 10 alloys were obtained
in sheet form from a variety of sources within the UK., with
Table 1 showing the elements and alloys used in these experiments,
their source, and the composition of the alloys. Samples were pre-
pared by cutting ~30 mm square pieces from each sheet. The
thickness of the sheet varied between each metal, but was typically
~1 mm other than for gold, which was ~0.1 mm thick, and gold
alloy which was ~0.2 mm thick.

Methods

Prior to any fingerprint deposition, all samples were washed in
0.5 L of warm water containing a few (3—4) drops of a commercial
detergent (containing both anionic and nonionic surfactants). Follow-
ing 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. Whilst no attempt was made to regu-
late the amount of pressure applied by individuals, this procedure
was intended to produce reasonably uniform deposition. All finger-
print donors washed their hands with soap and water 20 min prior to
depositing fingerprints and no artificial stimulation of sweat was
employed, such as placing the hand in a plastic bag (17) or wearing a
latex glove prior to deposition (18). To evenly distribute sweat,
donors rubbed their hands together prior to deposition.

All samples were left in air at room temperature (18 + 5°C) for
a period of 10 days, this time period being in keeping with our pre-
vious work (11). After the 10-day period, samples were washed in
a solution of warm water containing a few drops of the commercial
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detergent used to initially clean the disks. The disks were rubbed
vigorously with a nonabrasive cloth to remove all traces of finger-
print residue. Each sample was then assessed as to the degree of
corrosion of the metal by the fingerprint residue using the grading
system devised by Bandey (19), which is reproduced in Table 2.

Results and Discussion
Metal Elements

Forty donors provided a fingerprint from a different finger on
each of the 10 metal elements listed in Table 1 above, providing
400 donations in total. A different finger was used for each dona-
tion to ensure that the amount of sweat deposited did not reduce,
as would have happened if the same finger had been used repeat-
edly on different elements. Ten days after the deposition, all sam-
ples were washed as described above and graded according to
Table 2. As was observed in our previous work (11), there was a
range of fingerprint ridge detail development, Fig. 1 showing the
percentage of samples for each element that produced either a
grade 3 or 4 development.

Figure 1 shows the elements in order of increasing standard reduc-
tion potential, that is, the most reactive (least noble) elements are
shown on the left and the least reactive (most noble) elements on the
right. The four most reactive elements (magnesium, aluminum, tita-
nium, and zinc) produced no grade 3 or 4 ridge development. In fact,
none of these elements produced any ridge development and were all
graded at 0. This is in keeping with our previous results for aluminum
(11). While it might be expected that these elements would produce a
corrosive reaction with fingerprint residue, it is well known that their
low reduction potentials (relative to the more noble elements) favor
the growth of passive oxide films on the surface of the metal through
the reduction of oxygen in moist air (20).

If thermodynamically favorable, the reduction of oxygen causes
spontaneous passivation (chemical passivation) of the metal and the
cell potential can be expressed in terms of each of the two half-cell
reactions (the reduction and the oxidation half-cells) as

Erev = Ered + on(melal) >0 (13)

The metal oxidation is represented by Eox (metry Which is
equivalent t0 — (Eeq(metan)- Therefore, rearranging equation (13)
gives

Ered > Ered(metal) (14)

Thus, metals with reduction potentials less than the reduction
potential of the reduction half-cell will tend to passivate sponta-
neously. A passivating potential (E,) can be defined for the
metal anodic reaction, which specifies the potential above
which the metal is considered passivated. Successful spontane-
ous and stable passivation requires E, < Eq (21).

Elements with higher standard reduction potentials produced a
number of grade 3 or 4 ridge detail development and the results
for copper are consistent with our previous work (11). Examples of
full ridge detail development are shown in Fig. 2 for nickel, tin,
copper, silver, and gold, respectively. It is perhaps surprising that
noble elements (silver and gold) produced grade 3 or 4 develop-
ments, both silver and gold producing similar percentages to nickel,
tin, and lead.

An explanation for this behavior lies in the formation of complex
metal ions in the aqueous solution of the fingerprint residue. It is
well known that a metal dissolving in the presence of a suitable
complexing agent will form a complex ion with a decrease in the
reduction potential, that is, the metal ion complex is less noble than
the metal (13). For both silver and gold, the presence of chloride
ions in the fingerprint residue enable complex metal chloride ions
to be formed.

TABLE 1—The elements and alloys used in these experiments their source and the composition of the alloys.

Name Composition

Supplier

Aluminum Impurities <0.001%
Aluminum (alloy) LM6

A casting alloy with the addition of Si(~12%),

Nobles Engineering Solutions, Northampton, U.K.
Dyson Diecasting Ltd, Bletchley, U.K.

<1% of Fe, Mn, Cu, Zn, Ni, Mg, Pb, Sn, Ti

Aluminum (alloy) LM24

A casting alloy with the addition of Si(~8%),

Dyson Diecasting Ltd, Bletchley, U.K.

Cu(~3%), Zn(3%), Fe(~1%), <1% of Mg,

Mn, Ni, Pb, Sn, Ti

Brass Yellow brass, Cu(67%), Zn(33%)
Copper Impurities <0.0001%

Gold 24 Karat

Gold (alloy) 9 Karat, Cu(42%), Ag(~17%), Zn(3%).
Lead Impurities <0.001%

Magnesium Impurities <0.001%

Nickel Impurities <0.01%

Nickel (alloy) C263

Nickel silver NS106
Silver

Silver (alloy)

Steel (alloy) 4130

Steel (stainless) 316

A nickel Hastelloy with the addition of Cr(20%),
Co(~19%), Mo(~6%), Ti(~2%), <1% C,
Mn, Fe, Si, Cu, Al

Comprising Cu(63%), Ni(18%), Zn(~18%),
<1% Mn

Impurities <0.01%

Sterling silver Cu(7.5%)

Addition of <1% of various alloying elements,
C, Mn, Al, Si, Cu, Ni, Cr, Mo

An Austenitic steel with the addition of Cr(~17%),
Ni(~10%), Mo(~2%), Mn(~2%),
<1% of C, N, Si, P, Co

Steel EN8 Medium carbon steel, addition of <1% of various
alloying elements, C, Si, Mn, S, P

Tin Impurities <0.01%

Titanium Commercially pure grade 1

Zinc Impurities <0.01%

Nobles Engineering Solutions, Northampton, U.K.
Nobles Engineering Solutions, Northampton, U.K.
Organique Designer Jewellery, Wellingborough, U.K.
Organique Designer Jewellery, Wellingborough, U.K.
British Lead Mills, Welwyn Garden City, U.K.
Super Alloys International Ltd, Milton Keynes, U.K.
Super Alloys International Ltd, Milton Keynes, U.K.
Super Alloys International Ltd, Milton Keynes, U.K.

Knight Strip Metals Ltd, Potters Bar, U.K.
Organique Designer Jewellery, Wellingborough, U.K.
Organique Designer Jewellery, Wellingborough, U.K.

Super Alloys International Ltd, Milton Keynes, U.K.

Super Alloys International Ltd, Milton Keynes, U.K.

Nobles Engineering Solutions, Northampton, U.K.

Blue Hills Tin Streams, St Agnes, U.K.
Super Alloys International Ltd, Milton Keynes, U.K.
Dyson Diecasting Ltd, Bletchley, U.K.




TABLE 2—Gtrading system for determining the quality of ridge detail for
enhanced fingerprints devised by Bandey (19).

Grade Comments
0 No development
1 Absent continuous ridges. All discontinuous or dot like
2 One-third of mark continuous ridges (Remaining no development)
3 Two-thirds of mark continuous ridges (Remaining no development)
4 Full development. Whole fingerprint continuous ridges

Percentage with grade 3 or 4
S

0 0 0 0

Mg2+ Al3+ Ti2+ Zn2+ Ni2+ Sn2+ Pb2+ Cu2+/Cut Agt Au3+/Au+

Least noble Increasing standard reduction potential Most noble

>

FIG. 1—Percentage of each element that produced either a grade 3 or 4
fingerprint ridge detail development. The elements are shown in order of
increasing standard reduction potential (13).

Consider the reaction for gold
4Au+ 8[C17] + 2H,0 + O, = 4[AuCl,]” +4[OH]”  (15)

In the presence of water and dissolved oxygen (constituents
of fingerprint residue) the monovalent gold complex [AuCl,]”
can form. The half-cell reaction

[AuCL]™ + ¢ = Au+2[Cl'] (16)

yields E°.omp = 1.15v, compared with E° = 1.83v for the half-
cell reaction.

Aut +e” = Au (17)

Trivalent gold is generally more stable than monovalent
gold (13) and the equivalent trivalent complex [AuCly]” has
Eomp = 1v.

It must be emphasized at this point that quoted values for E°
and EOcomp are based on ion concentrations of 1 mol and,
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therefore, are indicative only of the trend of reduction potentials
rather than actual values for the reactions being considered.
Nevertheless, the presence of chloride ions in the fingerprint
residue offers an explanation for the experimental observations
with gold.

By applying the Nernst equation to equations (16) and (17), it is
possible to calculate the ratio of the complex ion activity (concen-
tration) to the product of the reactant ion activities (concentrations).
This ratio is known as the complexation constant x (13). For the
complexation reaction

Au' +2 ClI” = [AuCl,]” (18)
K is defined as
A[AuCl,]~
— a“izz (19)
Aut * aCI,

The complexation reaction (16) gives a Nernst equation of

RT 2
= In {—aa } (20)
A[AuCly]|”

and the half-cell reaction (17) gives

RT [ 1 RT  [K-a2
EreszO——ln[ ]:E"——ln[ﬂ] (21)
zF Apyt zF AAuCl,)

As stated above, at equilibrium AG =0 and so re-arranging
equations (20) and (21) yields

E' =E'—— In[y] (22)

Thus, equation (22) gives the complexation constant in terms of
the standard reduction potentials of equations (16) and (17). A stan-
dard temperature of 298 K and calculated values for both EOcomp
(equation 16) and E° (equation 17) gives a value for x of
~10"" mol™2 L2, Thus, in the presence of chloride ions, the con-
centration of complex [AuCl,]™ ions is many orders of magnitude
greater than the concentration of monovalent gold ions leading to a
corresponding reduction in the standard potential and hence gold
behaving less like a noble metal.

For the trivalent gold complexation reaction with chloride
ions

[AuCly]” + 3¢~ = Au+4 ClI- (23)

the equivalent values for E° and EOCOmp are 1.52v and 1v,
respectively, giving a value of k ~10%® mol™ L*,

FIG. 2—Typical full ridge detail development for (a) nickel, (b) tin, (c) copper, (d) silver, and (e) gold. All samples were washed 10 days after fingerprint

deposition.
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Silver will form monovalent chloride complexes similar to gold
and replacing gold with silver in equations (16) and (17) gives
E® = 0.8v, EOComp =048y and k= ~10° mol™> L% The lower
value of k compared with monovalent gold might explain why sil-
ver produced less grade 3 or 4 ridge detail development than gold.
Another possible explanation is the lowering of the chloride ion
concentration through the precipitation of the sparingly soluble salt,
AgCl. Application of the Nernst equation to the half-cell reaction

[AgClL] +e = Ag+2[Cl] (24)

shows that, as the concentration of CI™ reduces, E omp increases
reducing the effect of the complexation.

Other (lower reduction potential) elements considered in this
study will also form metal ion complexes, such as [CuCl,]™, which
has E” = 0.52 v, E’comp = 023 v and x = 10° mol > L. However,
as these elements are less noble than silver or gold, the explanation
for the observed corrosion with fingerprint residue is less dependent
on the formation of metal halide complexes.

Metal Elements—Cleaned Abrasively

We considered next the effect that removing any oxide layer
from the metal would have on corrosion by fingerprint residue.
Forty fresh samples of each of the 10 elements were prepared by
cleaning abrasively with grade 000 steel wool. Each sample was
then washed following the method described above for the initial
samples. The same 40 donors then provided a fingerprint from a
different finger on each of the 10 metal elements providing an
additional 400 donations in total. Ten days after the deposition, all
samples were washed as previously described and graded according
to Table 2. Figure 3 shows the percentage of samples for each ele-
ment that produced either a grade 3 or 4 development.

Figure 3 shows that, with the exception of titanium, those ele-
ments that failed previously to produce any grade 3 or 4 develop-
ment above (magnesium, aluminum, and zinc) produced the
highest percentages after cleaning abrasively. Other elements that
previously produced some grade 3 or 4 development, with the
exception of gold, showed an increase in the percentage after

100 4

Percentage with grade 3 or 4
o
3

10 6 7
; 1 []
0

Mg2+ Al3+ Ti2+ Zn2+ Ni2+ Sn2+ Pb2+ Cu2+/Cut Agt Au3+/Aut

Least noble Increasing standard reduction potential Most noble
>

L

FIG. 3—Percentage of each element cleaned abrasively that produced
either a grade 3 or 4 fingerprint ridge detail development. The elements are
shown in order of increasing standard reduction potential (13).

cleaning abrasively. Ignoring titanium, silver, and gold for the
moment, the increase observed with these other elements can be
explained by spontaneous passivation as described in equations
(13) and (14) above. The half-cell reduction reaction for water and
dissolved oxygen

0, + 2H,0 + 4e~ = 4[OH] (25)

has E° = 0.4 v. Therefore, spontaneous passivation is thermody-
namically favorable for elements with E° < 0.4v. This includes
all of those elements for which an increase in grade 3 or 4
development was observed. Thus, irrespective of the chloride
ion concentration in the fingerprint residue, equation (25) pro-
vides a mechanism for the water content of the residue and dis-
solved oxygen to corrode the metal. For silver and gold,
E° >> 0.4v, which would explain why cleaning abrasively had
little effect on the development for gold. For silver, the small
increase may be due to the formation of a silver chloride com-
plex because, as stated above, EOComp = 0.48v which is ~E° for
the half-cell reduction reaction (25), remembering that these
values for E® are indicative only as they are based on ion con-
centrations of 1 mol.

The experimental results for titanium appear anomalous in that
its standard reduction potential would imply a degree of corrosion
equitable with other elements near to it in the reduction table (mag-
nesium, aluminum and zinc). However, it is well known that, if
removed, the passivating oxide layer on titanium immediately
reforms if the metal surface is exposed to moist air, the surface
film thickness quickly reaching ~1 nm (22).

Figure 4 shows typical full development of fingerprint ridge
detail for magnesium, zinc, and aluminum, respectively.

Abrasive cleaning was found to improve the ease with which
fingerprint corrosion could be visualized in some elements when
compared with samples cleaned nonabrasively, Fig. 5 showing a
typical example for lead.

It is worth noting that the ridge detail developed following abra-
sive cleaning of the metal disappeared slowly on lower reduction
potential elements as the metal once again oxidized in air. On
magnesium the developed fingerprints were obliterated completely
several weeks after cleaning.

Metal Alloys

The same 40 donors provided a fingerprint from a different fin-
ger on each of the 10 metal alloys listed in Table 1 above, provid-
ing a further 400 donations in total. Ten days after the deposition,
all samples were washed as described above and graded according
to Table 2, Fig. 6 showing the percentage of samples for each alloy

(@) ), | e

FIG. 4—Tvypical full ridge detail development for (a) magnesium, (b) zinc,
and (c) aluminum. All samples were cleaned abrasively and then washed
10 days after fingerprint deposition.



BOND « THERMODYNAMICS OF FINGERPRINT CORROSION 1349

et S,

<

‘,'- oo ‘___,.
2 %ﬁ-_!b)'-ﬁ e

FIG. 5—Typical full ridge detail development for lead with sample (a)
cleaned nonabrasively and (b) cleaned abrasively. Both samples were
washed 10 days after fingerprint deposition.
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FIG. 6—Percentage of each alloy that produced either a grade 3 or 4
fingerprint ridge detail development. The alloys are shown in order of
increasing free corrosion potential (14).

that produced either a grade 3 or 4 development. In Fig. 6 the
alloys are listed in the order of a galvanic series, recorded at 25°C
in seawater (14). A galvanic series is an experimental ordering of
metals (elements and alloys) based on their free corrosion potential,
which is dependent on environmental conditions, such as tempera-
ture, pressure, and electrolyte and, therefore, the relative position of

(a) (b)

a metal in the series may shift as environmental conditions change.
Equally, a given metal may appear twice in the same series in both
a passivated and active state. Being a kinetic quantity, corrosion
potential is different to reduction potential, which is based on ther-
modynamic properties.

Of the alloys that produced no grade 3 or 4 development, the
aluminum alloys (LM6 and LM24) both contain silicon, which is
well known to give excellent corrosion resistance (23). Stainless
steel (316) and nickel alloy (C263) are both passivated by the addi-
tion of high percentages of chromium, whilst the low alloy steel
(4130) and the medium carbon steel (ENS8) also produced no grade
3 or 4 development.

Of those alloys that did produce some grade 3 or 4 development,
brass gave results in keeping with our previous work (11) and the
corrosion may be due to dezincification, which is well known to
occur in brass containing >15% zinc in the presence of chloride
ions (23). Nickel silver, containing 63% copper, showed grade 3 or
4 development in nearly a quarter of the samples. Silver alloy (con-
taining ~7.5% copper) produced a higher percentage of grade 3 or
4 development than elemental silver (Fig. 1) with, clearly, the addi-
tion of the alloying copper affecting the corrosion. The biggest dif-
ference between grade 3 or 4 development for an element and its
alloy occurred with gold. 9 Karat gold alloy, comprising 62%
alloying elements of mainly copper (42%) and silver (17%), pro-
duced grade 3 or 4 development for 37% of samples. It is well
known that gold-copper alloys can exhibit selective corrosion of
copper (21). Clearly, the inclusion of more reactive (lower reduc-
tion potential) elements, such as copper, provide a suitable environ-
ment for corrosion of alloys by fingerprint residue. Corrosion of
these alloys was found to permit an easier visualization of the fin-
gerprint corrosion through enhanced contrast between the corroded
and un-corroded metal. Such enhanced contrast was noted for all
three alloys containing a large (> ~40%) percentage of copper.
This property of fingerprint corrosion on metal alloys is considered
again later in this paper.

Examples of full ridge detail development for nickel silver, silver
alloy, and gold alloy are shown in Fig. 7.

Metal Alloys—Cleaned Abrasively

In a similar fashion to the metal elements, the 10 metal alloys were
cleaned abrasively and washed to remove any oxide layer from the
metal surface. It was noticed that the grade of steel wool used (000)
did not appear to effectively remove the chromium oxide layer from
the passivated stainless steel (316) and nickel alloy (C263) and

(c)

FIG. 7—Typical full ridge detail development for (a) nickel silver, (b) silver alloy, and (c) gold alloy. All samples were washed 10 days after fingerprint

deposition.
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FIG. 8—Percentage of each alloy cleaned abrasively that produced either
a grade 3 or 4 fingerprint ridge detail development. The alloys are shown
in order of increasing free corrosion potential (14).

therefore a coarser grade of steel wool (grade 0) was used on these
two alloys. A further set of 400 fingerprint deposits were then taken
from the same 40 donors. Ten days after the deposition, all samples
were washed as described above and graded according to Table 2,
Fig. 8 showing the grade 3 or 4 results.

From Fig. 8, the most notable change in the percentage of grade
3 or 4 development compared with Fig. 6 (alloys cleaned nonabra-
sively) occurred for brass and nickel silver with changes from 11%
to 60% and 22% to 55%, respectively. Clearly, the removal of the
oxide layer on the surface of these alloys permits greater corrosion
by the fingerprint residue whereas for both silver and gold alloys,
the abrasive cleaning produced no increase in grade 3 or 4 develop-
ment. The aluminum, steel, and nickel alloys all produced non zero
results with the aluminum alloys giving grade 3 for 4 development
in ~25% of samples despite the inclusion of silicon in these cast-
ing alloys. The steel and nickel alloys produced lower results
(<10%) although similar results for all three steel alloys would sug-
gest that effective removal of the passivating layer from stainless
steel (316) had been achieved by the coarser steel wool.

Figure 9 shows typical full ridge detail development for alloys that
produced nonzero grade 3 or 4 development after abrasive cleaning.

In a similar fashion to Figs. 5 and 10 shows the improved visu-
alization of fingerprint corrosion on brass resulting from abrasive
cleaning of the alloy.

Fingerprint Corrosion Series

We now present in Table 3 results from the above experimental
data as a fingerprint corrosion series for the 10 elements and 10
alloys, both cleaned abrasively and nonabrasively. The metals are
shown in order of increasing fingerprint corrosion (from top to bot-
tom) and the diamond shape in each row indicates the percentage
of grade 3 or 4 development for that metal.

Fingerprint Visualization on Metal Alloys

We noted above that the fingerprint corrosion of alloys contain-
ing a large percentage of copper (brass, gold alloy, and nickel sil-
ver) was visualized easily through enhanced contrast between the
corroded and noncorroded alloy. This effect was found to be most
noticeable on gold alloy, through selective corrosion of the copper
(21), where it was observed that the contrast permitted fine detail
and third level fingerprint characteristics to be observed. Third level
fingerprint characteristics include small shapes on the ridge (edg-
eoscopy), ridge width and relative pore location (poroscopy), col-
lectively known as ridgeology (24). If such a level of fine detail is
required for a fingerprint comparison, the fingerprints of a suspect
would be taken either conventionally as inked impressions on paper
or digitally by the donor placing their hand on a glass platen
through which their fingerprints would be captured electronically
and then printed, a technique known as Livescan. Satisfactory
results require the correct pressure to be exerted on the donor’s fin-
ger whilst the former method also requires an appropriate amount
of ink to be used, so as not to obliterate the fine detail. It occurred
to us that taking a donor’s fingerprints on gold alloy might consis-
tently produce a more defined pattern of third level characteristics
than either of the above mentioned methods. To test this, we took
an additional sample of fingerprints from 40 donors by the conven-
tional inking method, Livescan and on gold alloy. This produced
120 fingerprints in total, 40 by each of the three capture methods.
The fingerprints of each donor (ink, Livescan and gold alloy) were
taken by a different operator, trained to take fingerprint impres-
sions. We found that third level detail on conventional inked
impressions was easily, and frequently, obliterated by over or under
inking or by too little or too much pressure being exerted on the
donor’s finger. Such pressure variation by the operator also readily
obliterated this detail with Livescan impressions. After 10 days, the
40 gold alloy depositions were washed in the usual manner prior to
assessment. Fourteen samples gave a grade 3 or 4 development, all
of which displayed third level detail. For eight of the 14 samples,
the gold alloy fingerprint displayed more third level detail than the
inked or Livescan equivalent, Fig. 11 showing a typical example.
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FIG. 9—Typical full ridge detail development for (a) aluminum alloy (LM6), (b) aluminum alloy (LM24), (c) steel (ENS8), (d) stainless steel (316), and (e)
nickel alloy (C263). All samples were cleaned abrasively and then washed 10 days after fingerprint deposition.
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FIG. 10—Typical full ridge detail development for brass with sample (a)
cleaned nonabrasively and (b) cleaned abrasively. Both samples were
washed 10 days after fingerprint deposition.

While the overwhelming majority of fingerprint identifications
are made using second level detail (ridge characteristics), the depo-
sition of fingerprints on metal alloys offers an alternative means of
capturing third level detail when required for a fingerprint
comparison.

Conclusions

This current study has investigated further fingerprint corrosion
of metals by broadening the range of metals examined to include
10 metal elements and 10 metal alloys. Elements and alloys were
prepared by both abrasive and nonabrasive cleaning, the former
intended to remove any passivating coating present on the metal
surface.

Likely oxidation/reduction reactions taking place between the 10
different elements and fingerprint residue have been considered in
terms of both the reduction potential of the elements and the degree
of corrosion observed. By applying the Nernst equation, calculated
values for the standard reduction potential (E%) and complexation
constant (x) have been used to provide a thermodynamic explana-
tion for the experimental results. The corrosion of noble metals,
such as silver and gold, has been presented as further evidence to
support our previous studies, which found that metal corrosion is
enhanced by the presence of aggressive ions (such as chloride) in
eccrine sweat.

Also, this work has highlighted again the variation in both the
amount and composition of eccrine sweat secreted by different
donors and, although not pursued in this study, is still a subject for
further investigation, not least because the concentration of aggres-
sive ions, such as chloride, would appear to be crucial for the
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TABLE 3—Fingerprint corrosion series for the 10 elements and alloys.

Increasing percentage of grade 3 or 4 development

0% 20% 40% 60% 80%
IAluminium .
|Aluminium Alloy (LM6)
IAluminium Alloy (LM24)

IV

*

*

ium .
Nickel Alloy (C263) +
Steel (ENS) *
Steel Alloy (4130) +
L4

*

¢+

.

+

Steel Stainless (316)
Titanium
Titanium
[Zinc
ickel Alloy (C263)
Silver *
[Silver 3
Tin .
Gold *
Gold 3
ISteel Alloy (4130) .
ickel *
ILead *
\Steel (ENS) *
\Steel Stainless (316) ¢
Brass *
ICopper .
Silver (Alloy) 3
Aluminium Alloy (LM24) *
ickel Silver .
Aluminium Alloy (LM6) .
[Silver (Alloy) .
Gold Alloy *
Gold Alloy *
Copper ¢
ickel Silver L3
|Brass .
ILead *
Nickel *
\Zinc *
A Tuminium +
Tin .
V. ; .

Names shown in normal font indicate nonabrasive cleaning of the metal
whilst italics indicate abrasive cleaning.

success of fingerprint enhancement techniques that require corro-
sion of the metal surface.

Experiments on 10 different metal alloys (also cleaned abrasively
and nonabrasively) permitted the construction of a fingerprint corro-
sion series for both the elements and alloys.

Observed results for the alloys revealed that elements alloyed
with > ~40% copper produced the highest degree of alloy corro-
sion by fingerprint residue and these alloys produced an image of
the fingerprint that included third level fingerprint detail, such as
pores, and their relative location. This property was found to be

FIG. 11—Typical example of a fingerprint from the same donor and taken by the same operator by (a) livescan, (b) ink on paper, and (c) sweat deposit on

gold alloy. Sample (c) was left for 10 days after deposition before assessment.



1352 JOURNAL OF FORENSIC SCIENCES

most acute on 9 Karat gold alloy and a comparison with both con-
ventional inked and digital (Livescan) fingerprints showed that fin-
gerprints deposited on gold alloy were least susceptible to the
obliteration of third level detail. Whilst examination of third level
detail is not the most common means of fingerprint comparison, it
can prove useful if present in both the known exemplar and
unknown prints. We feel that this property of gold alloy is worthy
of further experimentation.

Work is currently being undertaken to further investigate both
the physical and chemical changes taking place at the surface of a
metal as a result of fingerprint residue corrosion. Work is also
underway to measure anion and cation concentrations in eccrine
sweat, their variation between individuals and how this affects
metal corrosion by fingerprint residue.
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