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Abstract
In the present work, TIEEU** (1 mol%—11 mol%) nano powders (NPs) were prepeia
facile one-pot hydrothermal method by usikgigallocatechin Gallate (EGCG) as bio-
surfactant. The optimized TKEU** (5 mol%) NPscan be used as fluorescent labeliegtag
for visualizing of latent fingerprints (LFPS) onnaus porous and non-porous surfaces. The
obtained results exhibit well defined ridge detavish high sensitivity, selectivity, and low
background hindrance which show greater advantagesmpared to conventional powders.
We demonstrate the viability of high-performancecusity labels thorough excellent
luminescence for practical anti-mimetic applicaioMorphology of the prepared samples
were highly dependent on pH, concentration of theshrfactant, temperature and time
durations. Photoluminescence (PL) emission speainébit intense red emission at ~ 615 nm
due to electric dipole transitionDlp—F,). Photometric (CIE and CCT) results clearly show
the intense warm red emission of the optimized $esnprherefore, this work offers a
superior and universal luminescent label, which lsarapplied to visualize miniature LFPs
particulars for individualization and consequendisplay great prospective in forensic
investigation.
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1. Introduction

Currently, the focus of nanoscience was graduadiliffisg towards the synthesis of organized
hierarchical nanostructures with precise size andps to overcome the drawbacks of
individual nanoparticles in various fields, such aanophotonics, metamaterials, and
biotechnology [1-3]. Owing to their collective bef@ur, the hierarchical nanostructures
exhibit smart functions, including better luminesicgroperties than those of bulk and
individual nanomaterials. Based on these advantagesfocused on the development of
crystal-splitting-induced novel fluorescent hiefacal nanostructures with desirable size and
shape for improved, simultaneous identificationtlatee levels from LFPs imaging by

staining with the synthesized hierarchical struesy#-6].

Fluorescence materials were known for their useoind state lighting, biomedical
labeling and thermometry [7-10]. Despite their wiggplication, these materials were still
researched in latent fingerprint detection of faierscience. Fingerprints (FPs)were one of
the physical evidence to identify personal inforimatwing to permanent information about
each person. Owing to these properties, recoved/ detection of fingerprint was an
important process in forensic science. In particutaveal and identification of invisible
fingerprints (called LFPs) can be a contributiostgpect the crime scene. The fingerprinting
powder which was categorized according to its canm and properties is regular,
metallic and luminescent powders [11-13]. The ragdingerprint powder was combined
with adhesive polymer and dye material. Metalliog&rprint powder was the meshed metal
particle, such as gold, silver. Although the regudad metallic fingerprint powder were
simple and easy to used, both powder has problathstireir low contrast, low sensitivity,
high background interference and high toxicity ['5,

FPswere typically not visible to the naked eye;sthane or several appropriate
physical or chemical techniques were required fetection and visualization, including
powder dusting, fluorescent dye staining, cyandatefiodine fuming, and vacuum metal
deposition, etc. [16-19]. Visualization was possibécause FPs contain a variable mixture of
water, fatty acids, salts, free amino acids, etee Thethods via the interaction with these
components, especially the selective attack oathao acids or fatty residues, provide some
contrast between the surface and fingerprint ridigasling to the enhancement of LFPs [20].
Among various detection techniques, fluorescenaeisiy was a general method for the

detection of LFPs with high sensitivity.



Titanium dioxide (TiQ) creates considerable attention for the reseaochrmunity
due to its chemical and thermal stability, wide daap, and nontoxic nature [21-25]. Its
outstanding properties find many industrial appla@s, namely, cosmetics products,
decorates, and coloring agent in consumable fo?628].In addition, TiQis considered as
novel photoactive material and hence it was useda gshoto catalyst for ecological
conservation, namely degradation of water as wellaa pollutants and production of
sustainable energy (hydrogen generation). The RHifrad TiO, exhibits tremendous
applications as phosphor material. However, theas siill a task for the research community
to improve effective synthesis protocol for thegaeation of well crystalline RE modified
TiO.powders because ionic radii mismatch between degant Tt* site [29, 30].

Herein, we report a simple hydrothermal method ywotresize the novel red light
emitting TIO:EW* (1 mol%-11 mol%) NPs using EGCG as surfactant. €ffect of
surfactant concentration, pH, temperature and imactime on the morphology and
photoluminescence was studied in detail. The optchiNPs were used to visualize LFPs on
various porous, and non-porous surfaces. The s$gcaharacters by general dip-pen
technique using the transparent security ink pegpasing optimized NPswere demonstrated.
2. Materials and methods
Novel TiO;EW®** (1 mol%—11 mol%) NPs were fabricated by a facite-pot hydrothermal
route by using EGCG as bio-surfactant. The proaedr preparation of EGCG extraction
was described elsewhere [31]. The stoichiometriantjties of titanium (IV) isopropoxide
Ti[OCH(CHj3);]4, europium(lll) nitrate pentahydrate (Eu(j)@5H,0) and 20 mL ethanol
were placed in a beaker and stirred thoroughly witignetic stirring for ~10 min. Later, 5
and 15 mL of EGCG and ethanol were added to thaltees precursor solution and then
transferred to a 80 mL Teflon-lined autoclave maimd at ~100 °C for 6 h time duration.
The obtained samples were washed with distillecewahd ethanol for several times. The
obtained final sample was further annealed at “6€0fbr ~3 h. The sample preparation was
continual by changing Bl concentration, pH level of the solution, EGCG aartcation,
reaction time duration and temperature. Fig.1 shibvsictorial illustration of extraction of
EGCG, hydrothermal synthesis of Edoped TiQNPs and its applications.

2.2. Instruments used

AShimadzu made powder X-ray diffractometer (PXRDOQ@) with nickel filter was used to
obtain diffraction data to study phase purity anmgistallinity of the samples. Scanning
electron microscopy (SEM, Hitachi 3000) and trarssioin electron microscopy (TEM,

Hitachi H-8100 accelerating voltage up to 200 k\@revused to study the morphology of the



samples. The Raman studies were recorded through Y&/ON Horiba LABRAM-HR-
visible micro Raman system with He-Ne laser (~632#8) as the source. The
photoluminescence (PL) data were recorded usingban JYVONSpectrofluorimeter with
450 W Xenon lamp as an excitation source.

2.3. Visualization of LFPs using optimized TiG:Eu** (5 mol%) NPs

The LFPs on various porous and non-porous surfaegs collected from different donor.
Before pressing against substrate surface, theshahthe donors were thoroughly washed
with the soap and gently wiped across the ridgéterAhat, the fingertip of volunteer was
rubbed over their forehead or nose region, andamhdpressed on the substrates. Then, the
synthesized TIQEU" (5 mol%) NPs were stained on the impressed LFPa byft feather
brush with light brushing action. Finally, the deamed LFPs were photographed under 254
nm UV lamp using DSLR Canon EOS 100D camera withrs lens (SIGMA MACRO, 50
mm, F2.8, EXDG).

3. Results and discussion

3.1. X-ray diffraction analysis

Fig. 2(a)shows the PXRD results of both pure ar@Eu** (1 mol%—-11 mol%) NPs. The
obtained profiles werewell matched to pure anapdsese of TiQ with standard JCPDS card
no.21-1272[32]. No other impurity and Euions peaks were observed in the profiles,
indicating that dopant Bliions were effectively substituted in thé"Tsite in the TiQ host.

In the present work, the valug, between Ti" and Ed" ion was estimated by using the

following relation[33]:

p=R-R (1)

where,Rs and R; ionic radii doped Etf ion (0.1066 nm) and substituted*Tsite (0.074 nm),
respectively. The value &, was estimated and obtained to be ~30%, indicdkiagdopant

Eu®" ions were effectively substituted to*Tsites in TiQ host.

The diffraction peaks broadening were commonly eated with crystallite size or
the lattice strain present within the sample ohb&cherrer’s relation [34] was utilized to

determine the average crystallite size of the pexp&lPs, as given below:




wherep represents full width at half maxima (FWHM) in raadl A X-ray wavelength (0.1542
nm), € the Bragg’'s angle. The values of the prepared samples were estimatedjigad in
Table 1. Further, the crystallite size and the mistrain present in the NPs were also
calculated using Williamsons-Hall (W-H) plots[35]:

pcosé 1 N £sind

A D A (3)

whereD denotes crystallite siz&; wavelength of Cu K radiation, FWHM of peak, andd
Bragg's diffraction angle. The W-H plot is shownFig. 2(b).The obtained results are given
in Table 1 and it is evident that with increaseEof*ion concentration the crystallite size

decreases and strain increases.

3.2. Morphological analysis

Fig.3 shows SEM images of the hydrothermally sysittesl TiQ:EU** (5 mol%) hierarchical
structures prepared by various concentrations o€&io-surfactant (5—-30 mL). It was
observed that obtained structures were mainly d#ipgron the concentration of EGCG. Fig.
3(a) depicts SEM images of the samples prepardaeipresence of EGCG concentration (5
mL). The obtained result exhibits individual andegular mushroom shaped patrticles.
Further, when the concentration of bio-surfactaGCE concentration was increased to 10—
20 mL, individual particles undergo self-assemiolyan oriented direction to form stem-like
structures (Fig. 3(b—d)). Bio-surfactant EGCG aBothie axial growth of initial structures,
due to its strong chelating and excellent cappeggabilities. In addition, with increasing the
25 and 30 mL EGCG concentration, densification czeuith the formation of uniform self-
organization and surface smooth of stem like stnest giving rise to hierarchical
architectures (Fig. 3(e, f)).

The morphology of the TiEU* (5 mol%) NPs is strongly influenced by varying pH
value of the solution with fixed EGCG concentrati@® mL), as shown in Fig. 4. Initially
the pH level of the reaction solution was 1 anth8,product exhibits uniform and is entirely
composed of dumbbell shaped microstructures (Fi@, 4)). When the pH of the solution
was increased to 5 and 9, the dumbbells shapechguiave a high surface energy and an
affinity to aggregate, thus reducing this energy achieving thermodynamic stability via
self-assembly and formation of hierarchical flovike architecture (Fig. 4(c & d)).

Fig. 5 shows the advancement during formation efarchical flower- like structures
prepared by hydrothermal route with different tinperiod (6-24 h), fixed EGCG



concentration (20 mL) and pH = 3. During the iniséage of 6 and 12 h, the product is
composed of many irregular particles (Fig. 5(a, When the hydrothermal treatment was
extended to 18 h, irregular particles undergo gnowhd oriented attachment to form
flattened flower-like structure. With increasingetlieaction time to 24 h, uniform and
homogeneous flower-like microstructures were olet@i(Fig. 5(d)).

SEM images of the hydrothermally synthesized ;TED®* (5 mol%) hierarchical
structures prepared by various temperatures (1@2CA with fixed EGCG concentration
(20 mL), pH 3 and time duration of 12 h are showrrig. 6. Initially at 100 °C, un-ripened
flower like architecture was observed. The obtaiflesver like hierarchical architecture
formed via self-assembly of 2D nano sheets as ingildlocks. Further, hydrothermal
temperature was maintained at 140 °C, resulted adifimation of the original shape: well
developed micro-flower like structures was observed

Based on the obtained results, a tentative meamaioisthe formation of various NPs
is proposed (Fig. S1). Initially, when the EGCG oemtration is added to the precursor
solution, the EGCG reacts with the*Tand Ed'viastrong chelating interaction and forms
hierarchical NPs. During growth stage, EGCG selebtiadsorbs on the facets of nucleates
and controls their growth in an oriented directidmese oriented subunits have a high
surface energy and a tendency to aggregate, thdiscing this energy and achieving
thermodynamic stability via self-assembly and legdo the hierarchical NPs.

TEM image of the optimized TiCEUW** (5 mol%) NPs is shown in Fig. 7(a). A
smooth uniform nano flower-like architectures wabksarved. From HRTEM image,
interplanar spacingdf between lattice planes was measured and foube te0.27 and 0.31
nm for (101) plane of TI@EUW*" (5 mol%) NPs, is shown in Fig. 7(b, c). The SAE@terns
show that the samples were well-crystallized andeve®nsistent with the PXRD analysis
Further, discontinuous ring patterns along withrghgpots indicate the presence of nano-
sized particles (Fig. 7(d)).

3.3. Raman spectroscopic analysis

Fig. S2 shows the Raman spectra of ;TED®" (1 mol%—11 mol%) NPs calcined for 600
for 3 h. The Raman bands observed at ~ Ep 895 A1y, 513.46 Bigy and 639.18 ci
(Eg) are attributed to Raman active modes of anatiaasepof TiQ[36, 37].The small shift in
the highest peak (~142 ¢ may be due to creation of oxygen vacancies cabgethe
charge difference between ¥wand Tf*. The mode at ~142 and 513.46 ¢rwas mainly

ascribed to symmetric stretching vibration and lbegdiibration of O-Ti—O, respectively.



However, mode at 395 cttwas due to the anti-symmetric bending vibratio®efTi—O. No
characteristic peaks of ED; or EuO were observed in the Raman spectra, wHedrlg
establish formation of Blii,O; phase[38].

3.4. Photoluminescence studies

The PL excitation spectrum of THEU*" (5 mol%) NPs recorded at,= 615 nm is shown in
Fig. 8(a). The spectrum consisted of several shagks at ~362, 384, 395, 416, and 462 nm,
which were attributed t8Fy—°Lg, 'Fo—"Da, 'Fo—"L7, 'Fo—"D3, and 'Fy—°D, transitions,
respectively[39]. Fig. 8(b) shows the PL emissipadira of E&" (1 mol%—11 mol%) doped
TiO, NPs recorded by exciting at 395 nm wavelength. §peetra exhibit intense peaks at ~
580, 612, 652 and 703 nm, which were ascribedDig—'Fy; *Do—'F,, *Do—'Fs and
°Dy—'F4transitions of Eti ions, respectively[40]. The intense peaks at 58D&I2 nm were
belong to magnetic dipole and forced electric ddpainsitions, respectively. When the
dopant Edions concentration increases, the luminescencesityeincreases up to 5 mol%
and then diminishes due to concentration quencipingnomena (Inset: Fig. 8(b)). The
concentration quenching may be attributed to deereaf resonant energy transfer rate
between the donor to acceptor ions in the hostéatThe energy transfer mechanism can be

explained using the critical distand®) between the Efiions as given below[41]:

Rc=2[4§<’z} ------------- @

whereX; denotes critical concentration (0.0Z)humber of cation sites in the unit cell (6),
andV volume of the unit cell (13.584 nm). The estimatatle ofR. was found to be 0.952

nm, which was greater than 0.5 nm suggesting tletrultipole—multipole interaction is a
major cause of concentration quenching phenomena.

In addition, the effect of various reaction parasngtnamely, EGCG concentration,
pH of the precursor solution, heating rate and tooeation on the PL emission was also
studied in detail. No obvious change in the emisgmfile, while variation in the intensity
of the peaks was observed in all the cases. F@).sBows the variation of PL intensity of
TiO.:EU® (5 mol%) with respect to EGCG concentration. Isvabserved that the maximum
emission intensity was observed for 20 mL of EG@Gcentration (Inset: Fig. 8(c)). Hence,
the surfactant EGCG concentration is optimizeddo-l20 mL. Further, the pH value of the
precursor solution and heating rate were variedixigg EGCG concentration to ~ 20 mL
(Fig. 8(d, e)). It was observed from the figurettttee maximum emission intensity was
observed for pH = 3 and 120 for 12 h. Further, effect of hydrothermal reactduration (6



— 24 h) on the PL emission was studied by fixingrojzed experimental conditions (Fig.
8(f)). It was evident from the figure that the esni® intensity was almost 2-fold enhanced
and maximum intensity was observed for 12 h hydnotial reaction.

The luminescence color of the prepared samplesesi@mated by using the emission
intensity and corresponding wavelengths. It wascedtthat the estimated CIE coordinate
values were situated in the red region of the clatanity diagram. Further, correlated color
temperature (CCT) values were also estimated ustawgdard relation described elsewhere
[42]. The corresponding CIE and CCT diagrams avergin (Fig. 9 (a, b)). The average CCT
value for the present phosphor was found to be09 2§ which corresponds to warm LEDs.
3.5. Fingerprint analysis

LFPs residues mainly contain moisture such as steat eccrine glands and oily
constituents namely, grease and oil from sebacegparsds. Thus, powder dusting was
typically physical method that relies on the adsorpcapacity of FP powder to the moistures
and oily constituents [43]. To assure a high cattfar the development of the FPs, both a
high luminescent intensity and a low amount of lgaoknd interference were highly
required. To achieve a high resolution image foretlgpment, the particle size must be in
nano size. To obtain a better selectivity betwemnders and papillary ridges, a uniform size
was required for suitable adsorption capacity [44le novel developing strategy set up by
our use of (5 mol%) NPs as fluorescent powdersstrasghtforward, rapid, and efficient that
it primarily needed a soft feather brush insteathefcommonly used squirrel brush.

3.5.1 Visualization of LFP on porous surfaces

The concept of contrast in LFP visualization me#ms comparison between the
papillary ridges of the fingermark and the backgibof the substrates, similar to a signal to
noise ratio in analytical chemistry. Hence, enhagi¢he signal and lowering the background
noise were suggested as two approaches for enshighg contrast. To prove the high
contrast of the TIQEW* when used for fingermark development, multicoloredgazine
cover was selected as the smooth surface and dtaiitle optimized TiQ:EU** (5 mol%)
NPs via powder staining route (Fig. 10). The resirticated that the substrate surface did
not affect the interaction between BiGu** NPs with the FPs.

3.5.2 Visualization of LFP on non-porous surfaces

Further, to confirm the practical applicability optimized TiQ: EU** (5 mol%) NPs
for LFPs visualization on various non-porous swfatamely, mouse, metallic scale and
scissor were used and are shown in Fig. 11(a—c). &&8éned FPs with three level details

were clearly revealed on all surfaces, indicatimat bptimized sample quite effective for the



visualization of LFPs without any background himdra Therefore, optimized phosphors
can have great potential application for visuai@atFPs.

In LFPs visualization, selectivity refers to theesiic adherence of the developing
reagents to papillary ridges, rather than to tmeofus of the background. The pixel profile of
the images at higher resolution indicated bothréised ridges and the furrows were stained
using optimized NPs (Fig. 11(d)). The papillaryged of this developed FPs appeared to be
fuzzy, showing the low selectivity. By using TEU* (5 mol%) as fluorescent labels, the
FPs exhibited sharp and well-defined papillary eslgalmost without any background stains.
The results revealed that the optimized NPs wezsgmt on the ridges rather than in furrows.
Thus, we could ascribe the high selectivity of oytied powder as a fluorescent label for FPs
visualization due to the uniform particle size.tharmore, it was also worth mentioning that
our method was so quick, efficient and completethiwi 30 s after moderate training.
Therefore, these results confirmed that the ,J#Q** (5 mol%) NPs were a potential and
valuable candidate for the powder dusting methadvisualization of LFPs on various
substrates.

3.5.3 Visualization of various donor LFPs and ridgeletails using optimized powder

Further, various donors FPs were visualized bynup8d NPs on aluminum foil
surface as shown in Fig. 12. The obtained resalrb} shows four different level 1 details
namely, central pocket whorl, plain whorl, arch &oap, indicating that FPs were unique for
all the individuals. To visualize the LFPs is irctfdo provide the informative properties of
the papillary ridges of the LFPs, and these pi@feaformation can be classified into three
levels. Level 1 provides the pattern informatiorckes, loops, whorls, and compounds) of
LFPs. Level 2 describes the minutia points inclgdicore, bifurcation, delta, bridge,
enclosure, island, short ridge, and hook, and tmamdom combinations endow the
uniqueness and invariability of FPs. In additioevdl 3 refers to the shape, number, and
location of sweat pores, and although they alomaa@tbe used to detect LFPs, they provide
reference information for partial defect or bluteyel 2 of LFPs. As shown in Fig. 13, the
level 1 detail (whorl ridge pattern) and more coeffnsive details of level 2 could be easily
recognized by naked eyes. Furthermore, the levaef@mation (sweat pores) can also be
obtained, which was highly desired for individudenmtification. These excellent optical
behaviors not only were sufficient for individuation but also can be used for exclusion,
which were crucial for forensic investigations hycamventing issues related to sufficient
contrast between the background and FP ridges@rissm multicolored surfaces. Take the

fluorescent images under UV wavelength for examiple,ridge pattern details of LFPs on



aluminum foil surface could be clearly identifiedy bbare eyes, which would provide

sufficient evidence for individual identificatiosde in Fig. 13).

Non-destructive methods for collecting evidence ensignificant in the field of
forensics. Due to the geometry of the substrates;destructive imagining of FPs on bent
surfaces remains challenging. The powder dustinthamdewas used for visualizing and
recording FP arrays on non-porous curved surfanekjding soft drink can, stainless steel
spoon, spray bottleandbar code on chemical bdiite14). Clear FP patterns were visualized
without further processing to enhance the contrasveen the FP area and background.

4. Conclusions

In summary, a facile synthesis of BiGu** (1 mol%—11 mol%)NPs were designed via a one-

pot hydrothermal route. The morphological resutisvs that the resultant powders possess

various hierarchical structures as a function dfedent reaction parameters. Furthermore,
well-defined papillary ridges with enhanced corttraggher sensitivity, and better selectivity
when compared with conventional developing methedggest that the optimized sample
was explored as a novel labeling agent for visaibn of LFPs. The spectra exhibit intense
peaks at ~ 580, 612, 652 and 703 nm, which arébastto®Do—'Fo; *Do—'F>, >Do—'F5 and
°Do—'Fatransitions of E& ions, respectively. The Raman spectra show bandsld® ),

395 A1y, 513.46 B1y) and 639.18 cat (Eg) attributed to Raman active modes of anatase

phase of Ti@. OptimizedTiQ:Eu** (5 mol%) NPs are quite useful in advanced forensic

applications.
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Fig.1. Schematic illustration for the hydrothermghthesis of TIQEU" NPs.
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Application



—

(a) TiO,:Ev** (b)E -
11 mol% e " llmol%
° o =
9 mol% 9 = 9 mol%
"]
7 mol% ‘l N =
| mol% MA

5 mol%

3 mol%

-~ £ =& P - )
s &2 & gZaes MA
1 mol% Ac 2 S LS8 BES s -° o
*
l JCPDS card No. 84-1286 * " 1 mol%
L) v

T ulv |I1_'—|'.'|+'— T |* T T T T
50 60 70 8

0 06 08 10 12 14 16 18 20
20/(%) 4sing

Intensity (a.u.)
Beoso
<
¢
5
[=]
S

Fig. 2 PXRD patterns (a) and W-H plots (b) of FiE*" (1 mol%—11 mol%) NPs.

Fig.3.SEM micrographs of TiCEW®* (5 mol%) NPs prepared by various concentrations of
EGCG bio-surfactant. (a) 5 mL; (b) 10 mL; (c) 15 ;nGd) 20 mL; (e) 25 mL; (f) 30 mL
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Fig.4. SEM images of Ti@EW" (5 mol%) NPs prepared by different pH values & th
solution 1 (a), 3 (b), 5 (c) and 9 (d) with fixeGEG concentration (20 mL)



Fig.5. SEM images of TIiQEU** (5 mol%) NPs prepared by different time period @)y 12
h (b), 18 h (c) and 24 h (d) with fixed EGCG cortcation (20 mL) and pH =3.



ACCEPTED MANUSCRIPT

Fig.6. SEM images of TIiQEU** (5 mol%) NPs prepared by various temperatured@d°C
(a), 120°C (b) and 140 °C (c) with fixed EGCG concentrat{@d mL), pH 3 and time
duration of 12 h.
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Fig. 7 TEM (a), HRTEM (b), and SAED (d) patterns Bif0,:EL®" (5 mol%) NPs and
enlarged view of HRTEM (c)
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Fig.8 (a) PLE spectrum of THEU (5 mol%) NPs, (b) emission spectra of FiEu* (1
mol%—-11 mol%) NPs and (c—f) emission spectra of gdasnprepared by various
experimental conditions. Inset: variation of PLeimsity with EG" concentration,
EGCG concentration, pH, time duration and readionperature.
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Fig. 9 CIE (a) and CCT (b) diagrams of optimizeohpbes.



FPs on porous surfaces

Fig.10. Visualized FPs by staining optimized T#E.** (5 mol%) NPs on porous surfaces of
(a) aluminum foil surface, (b) plastic sheet, (ggazine cover under 254 nm UV
light.



FPs on non-porous surfaces
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Fig.11 FPs visualized by using optimized F#Ex** (5 mol%) NPs on various non-porous
surfaces mouse (a), metallic scale (b), scissoai(d) pixel profile (d) showing the
fluctuation of red value with ridges and furrowseowa few papillary ridges indicated
by rectangle box shown in Fig. 3(b).

FPs of different donors

Fig.12. LFPs collected from various donors and aliged by staining TIQEU** (5 mol%)
NPs under 254 nm UV light followed by simple powdessting technique.



Fingerprint ridge characteristics
Level: 1
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Level: II

Fig.13. Visualized FPs using optimized NPs on ahumi foil surface showing various ridge
details including level 1-3 under 254 nm UV light.

FPs on curved surfaces

(b)

Fig.14. Visualized FPs on most neglected curvefbses soft drink can (a), stainless steel
spoon (b), spray bottle (c) and bar code (d) omota bottle under 254 nm UV light.



Table.1. Estimated crystallite size and strain values of £l mol%—-11 mol%) doped TiO

NPs.
Eu* Crystallite size (nm) Strain
(mol %) Scherrer's  W-H a8 (x107%
1 32 38 1.03
3 30 41 1.12
5 29 32 1.14
7 26 30 1.26
9 25 24 1.35
11 21 20 1.47
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Eu®* doped TiQ NPs were fabricated by hydrothermal route usin€B@s a biosurfactant.
The optimized NPs could be used as authenticabiointd visualization of latent fingerprints.
The visualized fingerprints revealing clearly thed-level details (ridges, bifurcations and
pores) with high selectivity, high contrast andbazkground interference.



Research Highlights

1. Eu** doped TiO, NPs were fabricated by hydrothermal route using EGCG as a bio-
surfactant.

2. The optimized NPs could be used as authentication tool to visuaization of latent
fingerprints.

3. The visualized fingerprints revealing clearly the third-level details (ridges, bifurcations
and pores) with high selectivity, high contrast and no background interference.



