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There are numerous types of ﬂuorescent ﬁngermark powders or reagents used with the visualization of
latent ﬁngermarks deposited on multicolored substrate surfaces that can present a contrast problem if
developed with regular ﬁngermark powders. The developed ﬁngermarks can show bright ﬂuorescence
upon exposure to laser, ultraviolet light and other light sources. These kinds of methods share a common
concern, where surfaces and other substrates may ﬂuoresce also. To overcome this concern, we have
developed a phosphor powder which offers a strong afterglow effect which aid in the establishment of
better ﬁngermark detection. With the advent of a phosphor powder no special devices are required and
the results obtained from fresh or a few days aged latent ﬁngermarks left on: non-porous; semi-porous
and also on some porous surfaces have been good. The strong afterglow effect offered by phosphor
powder is also applicable for cyanoacrylate fumed ﬁngermarks. Lift off and photography procedures of
the developed ﬁngermarks are incorporated in this paper.
ß 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Europium doped strontium aluminate phosphors (ESAs) have
shown great promise due to their long afterglow properties.
Compared with sulﬁdes europium doped strontium aluminate
phosphors have shown: excellent photo-resistant; chemical
stability; endurance in storage; no radiation was detected; as
well as robustness in different environmental conditions. The
success of this application has seen a wider acceptance of the use of
these phosphorescent phosphors in many ﬁelds [1–9]. The use of
phosphor materials in forensic applications in latent ﬁngermark
detection however has not previously been fully explored.
For the most part powder dusting continues to be the most
widely used and is without doubt the most convenient method in
the detection of the latent ﬁngermarks at a crime scene. There is a
long list of available ﬁngermark powders, such as: grey powder;
black powder; ﬂuorescence powders; etc. [10,11]. These powders
are usually selected depending on the color of the substrate where
the suspect ﬁngermarks may have been left, i.e. for light color
surfaces, black or other dark colored powders are preferred as
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opposed to dark colored surfaces where grey or light colored
powders are applied. When primary colors do not necessarily
apply and the surface is more colorful then the use of ﬂuorescence
ﬁngermark powders can aid us to observe and photograph using
UV light to eliminate background effects. However, as more and
more substrates and their ﬂuoresce properties evolve, traditional
ﬂuorescent powder methods may not provide us with satisfactory
results and therefore the use of special devices and/or techniques
maybe required to develop the image needed for the detection of
ﬁngermarks, i.e. the time-resolved method as well as the other
modiﬁed methods [12–14].
The use of europium doped strontium aluminate phosphor
powder to eliminate background completely for the purposes of
latent ﬁngermark detection was the main goal of this exploratory
study.
Rare earth europium doped strontium aluminate phosphor was
prepared by hydrothermal method [15–18]. The rare earth doped
phosphor was ground into ﬁne powder as the dusting agent for latent
ﬁngermark detection. This phosphor powder was found to detect unfumed as well as cyanoacrylate fumed ﬁngermarks on various
forensic relevant materials including: metal foil; glass; porcelain; a
plastic bag; paper; raw wood; fabric; etc. The rare earth doped
phosphor powder had the effect of offering strong phosphorescence and an extended afterglow effect. The results suggest that
europium doped strontium aluminate phosphor represents a new
and useful class of phosphor powder for latent ﬁngermark detection.
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Fig. 1. Luminescence excitation and emission spectra of ESA.

2. Materials and methods
2.1. Chemicals
Aluminium oxide, strontium carbonate, barium carbonate, basic magnesium
carbonate, magnesium borate and europium oxide were purchased from the
Sinopharm Chemical Reagent Co. Ltd. (Shanghai, China). All chemicals were of
analytical grade quality and presented a low risk of toxicity during the study.
2.2. Preparation of phosphor powder
The phosphor sample was prepared using the hydrothermal method. In this
study, appropriate oxides and carbonates were used as starting materials. They
were milled into a well-mixed composition and placed in an alumina crucible and
sintered at around 1300 8C for 2–4 h in a mildly reducing atmosphere producing the
desired phosphor material. The required reducing atmosphere was achieved using
N2 vapor containing 20% H2 around the sample. After allowing the europium doped
strontium aluminate phosphor to cool down the sample was ball-ground into ﬁne
powder, and identiﬁed as ESA powder.

Fig. 2. Fingermark images detected using ESA powder and ﬂuorescent powder on
colored paper. The images of panels A and B were taken under white light; the
image of panel C was taken under UV light; and the image of panel D was taken in
the dark after a 2 min excitation under long UV light. All the images shown here
appear as Figs. 3–5 which appear as 8-bit green-channel images of 24-bit-color
images [24].

the excitation wavelength from 200 to 500 nm while monitoring the luminescence
emission at a ﬁxed wavelength of 526 nm. For the emission spectra, the excitation
was ﬁxed at 365 nm but with an emission wavelength that varied between 400 and
700 nm.

2.3. The detection of ﬁngermarks using ESA powder

3. Results
A multitude of surface substrates were selected for ﬁngermark experiments. The
earlier tests were conducted on non-porous surfaces such as: aluminum foil; glass;
porcelain; and plastic and were then applied to semi-porous and porous surfaces such
as: leather; fabric; paper; and wood. All the ﬁngermarks were obtained from the same
donor and pressed onto the different substrates. Fingermarks from different donors
were also tested and similar results were obtained. Then an additional set of ‘fresh
ﬁngermarks’ was used to test for ‘aged ﬁngermarking’. In these tests all of the
ﬁngermarks were left in the open air for various periods of time in the laboratory. All
samples were stored at room temperature and all cyanoacrylate fumed ﬁngermarks
tests [11] were performed at the AFC-II cyanoacrylate chamber (Institute of Forensic
Science, Ministry of Public Security, PR China). The application of the Phosphor
powder was carried out using a Squirrel hair brush to dust the ﬁngermarks. The
developed ﬁngermarks were excited under UV400-1 long wavelength (365 nm) UV
Lamp (Institute of Forensic Science, Ministry of Public Security, China) for 2 min. The
developed ﬁngermarks were then imaged within 3 min after removal from the
excitation light. All images were acquired by a 6.1 megapixel Kodak (Easy Share Z650)
digital camera.
2.4. Spectroscopic measurements
Photoluminescence spectra were recorded using a FLUOROLOG-2 luminescence
spectrophotometer (SPEX, USA). The excitation spectra were obtained by scanning

3.1. Luminescence excitation and emission spectra
The excitation and emission spectra were examined. In Fig. 1, a
broad peak was shown at 365 nm in the excitation spectra. Lower
and narrower excitation peaks were detected at 385, 413, 445
and 465 nm. It proved that the phosphor sample was excited
by both visible light and UV light. For the emission spectra the
main emission peak occurred at 526 nm and thus the afterglow
presented as green in the dark.
The broad emission band peaking is attributable to the typical
4f65d1 to 4f7 transitions of Eu2+ [19–23]. The 5d orbits lay the
outside ions and are therefore strongly affected by the environment. Consequently, the positioning of the various associated
energy levels may vary considerably. Thermal vibrations of the
surrounding ions and local vibrations in the lattice structure
may result in luminescence spectra with no sharp lines within a
relatively broad band.
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3.2. A comparison of ﬁngermark detection between phosphorescent
powder and ﬂuorescent powder
Fig. 2 shows the comparison of ESA powder with ﬂuorescent
powder on colored paper. The paper with a mix of color covering
red, white and yellow (panel A) was printed and cut into two parts.
The left part of the print was labeled using ESA powder, while the
right part was labeled with ﬂuorescent powder. Only parts of the
ridges of the paper were shown on both sides under white light
because of the disturbance of the colored background (panel B).
Then the detected paper was observed under UV light (panel C).
The UV light did not help much either because of the background
ﬂuoresce effect, however after all the lights were turned off a very
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good ridge contrast on the left side of the paper, which had
previously been dusted using ESA powder and excited after a 2 min
under long UV light was obtained (panel D). It showed that ESA
powder is more effective than traditional ﬂuorescent powder
because it eliminates unwanted background with its strong
afterglow effect.
3.3. Detection of ﬁngermarks on non-porous substrates by ESA
powder
The ﬁngermarks on different substrates such as: glass;
aluminium foil; porcelain; plastic were tested. The ESA powder
was able to detect the latent ﬁngermarks on all of these non-

Fig. 3. Images of ﬁngermarks detected by ESA powder on different non-porous substrates such as: foil (A); glass (B); porcelain (C); and a plastic bag (D). All of these
experiments were performed using fresh ﬁngermarks. All the images were taken in the dark after the labeled prints were excited under UV light for 2 min.

48

L. Liu et al. / Forensic Science International 183 (2009) 45–49

Fig. 4. Fingermark images detected by ESA powder on different semi-porous and
porous substrates and the ﬁngermarks images taken were of ﬁngermarks placed on
paper (A); fabric (B); wood (C); and leather (D). All of these experiments were
performed using fresh ﬁngermarks. All the images were taken in the dark after the
labeled prints were excited 2 min under long UV light.

Fig. 5. 7-day-aged ﬁngermark images detected using ESA powder. These ‘aged
ﬁngermarks’ were on: glass (A); a plastic bag (B); porcelain (C); and foil (D). All the
images were taken in the dark after the labeled prints were excited under long UV
light for 2 min.

porous surfaces. Fig. 3 shows the labeled ﬁngermark on: foil
(panel A); glass (panel B); porcelain (panel C); and a plastic bag
(panel D).

3.6. Labeling as phosphorescent stain following cyanoacrylate
fuming for the detection of ﬁngermarks

3.4. Detection of ﬁngermarks on semi-porous or porous
substrates by ESA powder
ESA powder is used to detect ﬁngermarks on some semi-porous
and porous surfaces showed reasonable detail including: paper
(panel A); fabric (panel B); wood (panel C); and leather (panel D) as
shown in Fig. 4. All of these experiments were performed using
fresh ﬁngermarks.
3.5. Effect of ﬁngermark aging using ESA powder labeling
Whether or not the ESA powder can be useful for aged
ﬁngermarks was also part of this study. The result showed that
the phosphor powder can successfully detect ﬁngermarks
even though they have been left weeks earlier. Fig. 5 shows
the labeled 7-day-old ﬁngermarks on: glass (panel A); a
plastic bag (panel B); porcelain (panel C); and foil (panel D).
The labeling effectiveness depends largely on the component
of the ﬁngermark residue. During the course of this study
we have also detected some 2-month-aged lipid ﬁngermarks
successfully.

In some cases cyanoacrylate fuming maybe needed to label the
ﬁngermarks. ESA powder can then be used for enhancement
purposes on the fumed ﬁngermarks also shown in Fig. 6 where the
imaged ﬁngermarks using cyanoacrylate fuming only (panel A) and
using ESA powder dusting after cyanoacrylate fuming (panel B)
applied on a plastic board.
3.7. Lifting of the ﬁngermarks developed by ESA powder
ESA powder developed ﬁngermark can be lifted by ﬁngermark
tape and preserved in the evidence bag. The developed ﬁngermarks
can be re-excited as many times as needed because our studies
reveal that there were no obvious differences observed in the
phosphorescence of the labeled ﬁngermarks when re-excited.
4. Discussion
Eu2+ doped strontium aluminate phosphor was successfully
prepared using the hydrothermal method. When ESA was excited
by white or UV light, the luminescent center within the phosphor
captures some energy and transfers it to another luminescent
center. When the excitation light cut off the captured energy was
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followed. Procedurally, DNA investigations would ordinarily take
priority over ﬁngermark detection.
In conclusion, this exploratory study indicates that ESA powder
is a useful ﬁngermark detection powder due to its strong afterglow
effect and other phosphorescence properties, which can be applied
to most porous, semi-porous or non-porous surfaces. It is an easy,
efﬁcient and effective powder dusting method that can eliminate
background substrates with the advent of a squirrel hair brush and
an ordinary camera with no special instruments or light sources
needed.
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