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Abstract

Background: Fingerprint, though still remains one of the best possible means of individual identification, is often
lost during the recovery process. The successful utilisation of developed fingerprint for identification relies on the
contrast between the ridges and substrate which allows for the minutiae recognition and characterisation.
However, the contrast is difficult to be achieved on challenging or difficult surfaces such as reflective, multicoloured
and patterned materials.

Methodology: Silica nanoparticles (SNP) were synthesised from rice husk using thermochemical treatment and
incorporated with natural dyes. The photoluminescence of the powders was recorded and characterised using field
emission scanning electron microscopy, Fourier-transform infrared spectroscopy, X-ray diffraction analysis and
forensic alternative light source. The effectiveness of three fluorescent variant of the SNP powders and commercial
fluorescent powder (CFP) was investigated by developing latent fingerprints deposited on different multicoloured
substrates.

Results: Spherical fluorescent silica nanoparticles were successfully synthesised from rice husk. Characterisation
studies of coloured silica nanoparticles showed amorphous spherical silica nanoparticle with a mean particle size of
approximately 200 nm. Silica nanoparticle doped with curcumin pigment exhibited strongest fluorescence and
good stability when exposed to heat and aged at room temperature. The efficiency of the coloured silica
nanoparticle was not compromised by the dye doping process as determined using electron microscope and
surface tests on various surfaces.

Conclusion: Findings demonstrated that fluorescent silica powder synthesised from rice husk and curcumin dye
extract exhibited good photoluminescence and hence providing sufficient contrast for the fingerprint analysis on
difficult and challenging surfaces. Additionally, the spherical mono-dispersed nanoparticles enhanced the clarity and
selectivity of the powder.
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Background
Fingerprints are the primary method of personal identifi-
cation in a criminal investigation (Lennard 2014). Never-
theless, fingerprints that are recovered at crime scene
normally require certain development techniques to
acquire visibility to the naked eye (Jasuja et al. 2015). Re-
covering fingerprints on multicoloured, patterned or

otherwise luminescent surfaces remains challenging due
to the lack of contrast observed in fingerprints devel-
oped using traditional powders (Becue et al. 2009).
Black, grey or white powders that are commonly used
for fingerprint dusting do not possess luminescent prop-
erties (Lee and Gaensslen 2012). Various synthetic lumi-
nescent fingerprint dusting powders are commercially
available and proposed in many research articles
(SIRCHIE 2012; Low et al. 2015; Errington et al. 2016).
Nano-technological inventions and innovations have

exhibited significant impact in steering the fingerprint
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developing techniques towards enhanced sensitivity and
selectivity. Targeted development of fingerprint ridges,
luminescent fingerprints and chemical probing are
amongst the enhancements that can be achieved using
nanoparticles (Zhao et al. 2018; Li et al. 2018). The
nanoparticles exploited in fingerprint research include
gold, silver, titanium dioxide, zinc oxide and silica nano-
particles (SNPs) (Becue et al. 2007; Sodhi and Kaur 2017;
Bergeron 2003; Becue et al. 2008; Kim et al. 2016;
Newland et al. 2016; Choi et al. 2007; Choi et al. 2008;
Singh et al. 2013).
Rare earth ion-doped materials have garnered recent

interest in the field of forensic fingerprint development.
Spherical-shaped crystalline calcium molybdate nano-
phosphors was proposed to exhibit high contrast and
low background interference on several tested surfaces.
The particle size of the fabricated nanophosphors varied
in the range of 300 to 500 nm and emitted a red green
fluorescence under ultraviolet (UV) light (Bharat et al.
2017). Utilising nanophosphors with persistent fluores-
cence for a period of time after irradiation with UV light
alleviated the contrast issue resulted by high background
fluorescence (Wang et al. 2017). Various other nanopar-
ticles doped with fluorescent molecules to enhance con-
trast have been proposed in the past (Guzman et al.
2018; Prabakaran and Pillay 2019). Apart from using
highly synthetic compound for latent fingerprint visual-
isation, the use of natural products for similar purpose
was studied in current years. In other instances, natural
fluorescent dye variants such as turmeric powder (Garg
et al. 2011; Gaskell et al. 2013) and anthocyanin (Dorbut
and Benchawattananon 2016) were applied for contrast
enhancement.
Rice husk (RH), an agricultural waste that produced

voluminously in all rice-producing countries, consists of
few main components namely cellulose, lignin and silica
(Chen et al. 2013). Copious extraction techniques of SNP
from rice husk with varying degrees of purity and crystal-
linity were reported extensively (Mor et al. 2017; Vaibhav
et al. 2015; Carmona et al. 2013). Techniques such as heat
treatments (Lu and Hsieh 2012), thermochemical treat-
ments (Wang et al. 2012; Ghorbani et al. 2015; Abu et al.
2016) and alkaline extraction followed by acidic precipita-
tion (Hessien et al. 2009; Adam et al. 2011; Noushad et al.
2014) have been attempted, whereby most techniques
produced impure silica, highly agglomerated and nano-
structured SNPs (Li and Zhu 2011). Recently, spherical
mono-dispersed SNP synthesised from rice husk was
demonstrated to have excellent efficiency in developing la-
tent fingerprints on non-porous and semi-porous surfaces
(Rajan et al. 2016). In this study, we have explored for the
first time the use of natural dye pigment doped spherical
SNP synthesised from rice husk to enhance the contrast
between fingerprint ridges and underlying substrates.

Methods
The SNP was synthesised from rice husk using thermo-
chemical treatment. Highly pure rice husk ash was pro-
duced, then followed by alkaline solubilisation and acidic
extraction. RH was soaked for an hour and rinsed with
tap water to remove dirt and soil from milling. RH was
transferred into porcelain crucibles and subjected to heat
on hotplate until RH was semi charred. Semi charred
RH was subjected to acid treatment. Charred husk was
heated at 700 °C for 5 h in furnace until white silica ash
was obtained. Sodium silicate was prepared by dissolving
RH ash in NaOH under continuous stirring at 80 °C for
1 h. Sodium silicate was filtered, solid impurities re-
moved and aged in the hot air oven at 80 °C overnight.
Precipitation of silica nanoparticles was carried out using
acetic acid and acetone (Rajan et al. 2016). White spher-
ical mono-dispersed SNP (~ 200 nm) was obtained after
freeze-drying process. Extraction of natural pigments
was conducted using ethanol to facilitate the process
through complete immersion of organic matter in the
solvent. Curcumin, blue and purple anthocyanin and
carotene pigments were extracted from turmeric, blue
pea flower, purple cabbage and dried red chillies,
respectively. Dried red chillies were subjected to diges-
tion using sodium hydroxide to remove piquancy prior
to pigment extraction (Chen and Wu 2009). All the
extracted pigments were concentrated using rotary evap-
orator. Three synthetic dyes (safranin O, FCF brilliant
blue food dye, Ponceau 4R red food dye) were also
selected for the dye doping of the SNP. Characteristic
pigment absorbance value was determined using Varian
Cary 100 Bio Ultraviolet/Visible Spectrophotometer
(Varian, Australia Ptd. Ltd.). Photoluminescence charac-
teristic of the dyes was recorded under high intensity of
ultraviolet light (350–380 nm).
Coloured SNP powder was produced by suspending the

synthesised white SNP in ethanol until a homogenous
colloid was formed. Concentrated pigment and pre-deter-
mined amount corn starch powder was added to the sus-
pension and vigorously stirred to ensure homogenous
dispersal of pigments. The solvent was evaporated to dry-
ness at room temperature, leaving the coloured SNP. Corn
starch was added to the mixture to increase the colour
intensity of the powder. Different ratios of SNP powder to
corn starch (from 10 to 40%) were tested prior to the
determination of optimal proportion to maintain efficacy
of the original SNP powder and confer uniform colour
distribution. Different ratios of powders were then applied
on fresh fingerprints deposited on a clean glass slide. The
powders were kept in dark bottle and stored in dry
condition.
The morphological structure of the coloured SNP

powder was analysed using Quanta FEG 450 field
emission scanning electron microscope (FESEM), FEI
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Czech Republic. The prepared sample were spread on
carbon tape mounted on an aluminium stubs. The stub
mounted samples were sputter coated with gold under
vacuum at 20 mA for 2 min. The samples were observed
and imaged at a ~ 9–10 mm working distance and a 5.00
kV accelerating voltage. The surface chemical bonding
and the functional groups were determined using Tensor
27 Fourier-transform infrared spectrophotometer (FTIR)
by Bruker Corporations, UK. Samples were analysed as
potassium bromide pellets and infrared spectra were
collected within the range of 4000 to 400 cm−1 region in
the transmittance mode.
The efficacy of three fluorescent variant of the SNP

powders and commercial fluorescent powder (CFP) was
determined by developing latent fingerprints on different
multicoloured substrates namely two multicoloured
metal cans, glossy wallpaper, borosilicate measuring
cylinder, plastic multicoloured bottle, patterned porcel-
ain mug, multicoloured plastic bag, multicoloured paper
box, patterned leather and fluorescent paper. These
substrates were selected because they pose greater chal-
lenge in obtaining appropriate contrast between the
developed ridges and the background. However, the se-
lected substrates were limited to smooth and non/semi-
porous surfaces as powder dusting technique only works
best on such materials.
Four donors comprised of two adult males and two

females (aged 20–50 years old) participated in this study.
Individuals who have scars on fingers were excluded.
The numbers of donors were in accordance with guide-
lines as recommended for a phase 1 project (three to five
different donors for proof-of-concept investigation of
novel fingerprint detection methods) by the International
Fingerprint Research Group (IFRG) (2014). The guidelines
however are not meant to be prescriptive as single donor
is acceptable in this type of study (Azman et al. 2018). The
protocol of this study was approved by The Human
Research Ethics Committee of USM and informed con-
sent from the donors was obtained. The donors were
instructed to touch forehead and nose areas to mimic the
natural action of touching such areas. One set of four
groomed full fingerprints (right thumbprints) were gently
deposited on each surface and then left at room
temperature for one hour. The powders were applied
using individual SIRCHIE squirrel hair brush using the
powder dusting technique. Each fingerprint was photo-
graphed using forensic alternative light source (FALS)
under appropriate filters. This study was conducted in
May 2017.

Results and discussion
In comparison to the nanostructured powders available
in the commercial fingerprint dusting powder, the
spherical mono-dispersed SNP exhibited uniform and

selective adhesion to fingerprint ridge residue (Rajan et
al. 2016). The synthesised SNP had a mean particle size
of 200 nm. Nonetheless, the application of SNP powder
is limited to dark backgrounds in order to produce suffi-
cient contrast.
In this study, natural pigments present in plants and

vegetables were extracted using alcohol. Anthocyanins
are water soluble pigments, while the curcumin and
carotene are not soluble in water. Anthocyanins exhib-
ited thermal degradation when exposed to heat source
for a prolonged period. Curcumin and carotene pig-
ments demonstrated thermal stability even when ex-
posed to temperature as high as 90 °C. Hence, solvent
evaporation can be accelerated using heat. The only
drawback using carotene pigment extracted from dried
red chillies was the pungent odour and sticky texture of
the extract. As a result, the texture of the SNP powder
produced using carotene pigment appeared clumping
and possessed strong piquant smell. UV/Visible spectro-
scopic analysis was carried out to determine the max-
imum absorption wavelength (λmax) of the dyes. Figure 1
shows characteristic absorption spectra for curcumin,
anthocyanin purple, anthocyanin blue and carotenoids
which exhibited at 423, 551, 573/617 and 439 nm, re-
spectively. On the other hand, the synthetic dyes safra-
nin O, FCF brilliant blue and Ponceau 4R red displayed
characteristic maximum absorptions at 513 nm, 620/407
nm and 507 nm in agreement with previous reports
(Balaji et al. 2011; Narayana and Divya 2010; Cheriaa et
al. 2012; Bogner et al. 2011; Altιnöz and Toptan 2002).
Curcumin exhibited strongest fluorescence under high
intensity of light source, in comparison to carotenoid
and anthocyanins, while Safranin O had the strongest
fluorescence amongst the synthetic dyes (Fig. 2).
Uneven pigment distribution was observed in the

coloured SNP produced without the addition of starch.
This was presumably due to lack of pigment adherence
directly to the surface of the SNP, which was then
greatly improved by adding starch as a pigment binding
agent. Starch was reported to work in conjunction with
the anionic polymer to form hydrogen bonds and
thereby provided optimal pigment dispersion (Patel et al.
2012). The ratio of starch to SNP was thoroughly
investigated as not to compromise the clarity of the fin-
gerprint developed using the spherical nanoparticle
while conferring luminescent property to the particles.
Figure 3 shows the fresh fingerprints developed using
different ratios of SNP to starch. It was evident that 9:1
ratio preserved selectivity that also retained sufficient
contrast. Curcumin has showed greater stability in terms
of shelf life as compared to the other pigments.
Curcumin-doped powder had the strongest photolu-

minescence in comparison to the other powders. Pow-
ders doped with Safranin O and Ponceau 4R showed
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weak photoluminescence under high intensity of UV
light. In addition, pigment degradation was observed in
the powders doped with anthocyanins and carotenoids,
while curcumin-doped powder remained stable for more
than a year of shelf life. Three powders, which exhibited
photoluminescence, were further characterised using
FESEM and FTIR spectroscopy. Figure 4 depicts the
coloured powder observed under white and UV light,
as well as the fingerprints developed using these pow-
ders viewed under FALS. Photoluminescence study
under UV light showed good luminescence intensity

of the powders except for white SNP powder. How-
ever, the intensity significantly decreased when the
powder was applied to fingerprint. Only curcumin-
doped SNP powder retained good contrast after its
application to the fingerprints.

Fluorescent SNP powder variants characterization
Morphological analysis of the powders, shown in Fig. 5a–
d, illustrates no significant difference between white and
coloured SNP. Both observation signified that the efficacy
of the original white powder, in terms of selectivity and

Fig. 1 UV-Visible absorbance spectra of a natural and b synthetic dyes

Fig. 2 Photoluminescence of dye pigments under different light sources a–g white light and h–n UV light
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sensitivity, remained as previously reported (Rajan et
al. 2016). Spherical, mono-dispersed SNP with a mean
particle size of 200 nm were observed in these micro-
graphs of white and coloured powders. The morph-
ology of the commercial luminescent yellow powder
is depicted in Fig. 5e, whereby large blocks of several

micrometre-sized particles can be observed. It has
been emphasised in several literature that an effective
fingerprint dusting powder should have characteristic
such as small-sized and spherical, in order to eluci-
date a better resolution of the developed fingerprint
(Sodhi and Kaur 2008; Moret et al. 2014). Figure 6

Fig. 3 Fingerprints developed (e–h) with pink SNP powders formulated with different amount of starch a 9 to 1, b 8 to 2, c 7 to 3 and d 6 to 4
parts of SNP powder to starch ratio

Fig. 4 White and fluorescent variants of SNP powders under white light a white b yellow c pink d red and viewed under blue light (420-470 nm)
and orange filter e white f yellow g pink h red and fingerprints developed using i white j yellow k pink l red powders
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shows infrared (IR) spectra obtained from the samples
which presented the typical absorption peak of silica.
The peaks at 1095, 796 and 472 cm−1 correspond to
the asymmetric and symmetric stretching as well as
bending of the siloxane (Si-O-Si) bond. IR spectra of
white and coloured SNP has showed minimal inter-
spectra variances, indicating little or no change have
taken place in the powder formulation after addition
of corn starch and colour pigments.

Application of fluorescent variant of SNP powder for
fingerprint development
The effectiveness of fingerprint developing powders can
be evaluated from two aspects, namely clarity and
contrast. Higher clarity can be achieved by selective par-
ticle adherence on the fingerprint ridge residue. In other
words, fingerprints developed possess the highest simi-
larities between the original ridge deposit and developed
ridges. In addition, higher contrast is obtained by enhan-
cing the fingerprint ridges and relatively diminishing the

visibility substrate containing the fingerprint. An optimal
fingerprint developing powder would produce developed
fingerprint with high clarity and contrast. Figure 7 ex-
hibits the fingerprints developed using fluorescent vari-
ants of the SNP powder and the CFP on multiple
surfaces. CFP exhibited the highest contrast on most of
the surfaces tested except for fluorescent paper, while
yellow SNP powder possessed slightly lower fluorescence
intensity. Red and pink SNP displayed poor contrast in
comparison to CFP and yellow SNP powders. However,
over powdering was observed in the fingerprints devel-
oped using the CFP. All powder performed poorly on
the patterned leather surface owing to its uneven surface
texture.
It was evident that CFP offered an enhanced contrast

with the reduced clarity of fingerprint ridges as illus-
trated in Fig. 8a. This was thought due to the fact that
commercial powder particles had inconsistent size and
shapes. In comparison, the yellow SNP powder offered
both good clarity and contrast of fingerprints (Fig. 8b)

Fig. 5 SEM micrographs of a white, b yellow, c red, d pink SNP powders and e CFP

Fig. 6 IR absorbance spectra of SNP powder variants
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developed on non- and semi-porous surfaces in favour of
the mono-dispersed spherical-shaped powder particles.
The toxicity of the powder is also another important

aspect when considering new powder formulation for a
regular application. Natural dye-doped SNP synthesised
from rice husk would exhibit very minimal hazard for
the users. The sizes of particles range in between 200
and 400 nm and thus, can be effectively filtered by the
use of face masks. Comparatively, the commercial lumi-
nescent yellow powder contains Saturn yellow AX pig-
ment and lycopodium. Material safety data sheet of this

powder indicates that the powder is harmful upon pro-
longed exposure through inhalation and skin contact.
This powder is also expensive as compared to regular
black or white powders.
A considerable amount of literature has been pub-

lished with regards to conferring luminescent property
to fingerprint dusting powder. Various dyes and powders
have been tested and proposed for such purpose and our
study was proven to be concurrent with previous re-
search (Liu et al. 2008). Despite primary particle size of
~ 100 to 500 nm was employed, very minimal

Fig. 7 Fingerprints developed using fluorescent variant of SNP powder and CFP on multiple surfaces a glossy paper box, b plastic bottle, c
measuring cylinder, d wallpaper, e metal can, f porcelain cup, g metal can, h patterned leather, i plastic bag and j fluorescent paper

Fig. 8 Fingerprints developed using a yellow SNP powder and b CFP
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aggregation was observed throughout the powder parti-
cles’ microscopic examination. This had increased the
quality of the fingerprints developed.
It is noted that most of the researches focused on con-

ferring luminescent property to the nanoparticles via
synthetic dyes that are toxic in nature (Vujanovic et al.
2012). Many of the dyes cannot be released into the
water circulation for fear that it may cause toxic effects
and cannot be removed during water purification
process (Gombert et al. 2017). The dyes used in this re-
search were food dyes and natural extracts from plants
albeit two synthetic dyes were also explored. However,
only the yellow SNP powder dye doped using curcumin
pigments extracted from turmeric was selected for fin-
gerprint dusting application since it has exhibited the
highest photoluminescence and stability. Similar findings
were also reported by another study conducted to evalu-
ate the efficacy of natural food colouring powder and
festival colour powders for the development of finger-
prints (Harish et al. 2011). In another instance, curcumin
has also been applied as a wet particle suspension which
produced similar shortcomings. The use of organic dye
and SNP powder produced from RH overcomes both
shortcomings of using a pure organic pigment powder
because SNP alone was found to be highly specific to
fingerprint ridges and it also retained the photolumines-
cence property of the curcumin dye. SNP particles act as
a carrier for the dye molecules, simultaneously increas-
ing the contrast through photoluminescence and provid-
ing good quality of the ridge details.

Conclusion
In summary, fluorescent variant of the spherical mono-dis-
persed SNP powder was successfully produced in this
research by incorporating curcumin pigment extracted
from turmeric. The fluorescent SNP powder exhibited a
good contrast for fingerprint ridge enhancement without
contributing to excess background fluorescence. Utilisation
of spherical SNP synthesised from rice husk with lumines-
cence conferred using natural pigment reduced the risk of
toxicity to users. In addition, this powder has also enhanced
the contrast and clarity of the developed fingerprint as ef-
fective as commercially available fluorescent powders.
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