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Abstract

A series of neodymium ions activated yttrium aluatén nanophosphors of various
concentrations were synthesized by solution conttrushethod using oxalyl dihydrazide as a
fuel. The crystal structure, optical energy gamnihescent properties and Judd-Ofelt analysis
were carried out. The use of the phosphor in levgé enhancing the fingerprints quality was
investigated in detail. The powder X-ray diffracticesults confirmed the orthorhombic phase
for the prepared samples. From diffuse reflectapmtra, estimated energy gap was found to
be in range of 5.38-5.80 eV. The photoemissionileraf YAIOs: Nd®* exhibit a blue emission
upon 364 nm excitation. Further, the prepared nadgewere used for enhancing the quality of
latent fingerprint techniqgue. The present methaab iacile and robust for visualization of
fingerprint with enhanced sensitivity, low glarght and high efficiency on various surfaces.
The demonstrated results on facile detection oféiprints virtually on any surfaces using
YAIO 5:Nd** nanophosphors are versatile tool which hold greamjse for practical applications
on forensic sciences.

Keywords: Nanoparticles; Photoluminescence; Fingerprirensic science; Solution
combustion.



1. Introduction

Recently inorganic nanophosphors doped with vartdualent rare-earth (RE) ions have been
an active area of research due to wide range dfcatipns namely medical diagnostics, solid
state lighting, display, optoelectronic devicespsses, etc., [1-4]. It is well known that the
aluminate based nanopowders (NPs) have been depinya variety of technologies such as
plasma, field emission, and surface conductionteladisplays [5-7]. Among aluminate based
NPs, yttrium aluminate (YAIg) is most extensively produced laser gain hostaavell as a
substrate material for optical components. ThgAlY,03system has three crystalline phases:
Y3Als012, Y4AI09 and YAIG; of which the first two are stable and the lattemetastable.
Among all the phases orthorhombic phase of YA&Rhibit interesting properties such as high
refractive index, better optical transparency, tiner toxic chemicals, fast scintillators, and
ceramic pigments, etc., [8].

Aluminates are prepared by varies techniques naswld state method, sol-gel, etc.,
among them solution combustion synthesis (SCS) iergatile method due to its simple
experimental set-up, molecular level of mixing,Mhdegree of homogeneity, fast, cost effective,
ultra-pure, large surface area etc. For the petjoar of aluminates generally high temperature is
required to obtain the desired phase as resulptbeuct is highly agglomerated and produce
large surface defects. Due to this reasons theuptots unfavorable to use in industry
applications. However in SCS method, the produdtiobd is highly homogenous with less
impurity and higher surface area [8, 9]. Furtheresal experimental parameters can be designed
in SCS method, namely F/O ratio, furnace tempeeatetc. However to the best of our

knowledge use of ODH fuel for the synthesis of YAI®limited.



DNA profiling is characteristics of individual DNAsed in forensic labs to identify individuals.
All unrelated individuals likely to be different thi small set of DNA variations thereby being as
unique to individuals as fingerprints. Even thoutile DNA profiling is most advanced,
fingerprint (FP) recognition tool plays a majoredh the recognition of individuals persons.
Normally to recognize Latent FPs at crime scenggsires an enhancement for picturing and
recognition. The practice of recognition to be usedach case depends on the characteristics of
the FPs and the type of the surface on which theyf@und. Finding an easy and sensitive

method to detect latent FPs effectively in foremgplications is essential [10].

Generally for FP revelation based on chemical categ can be classified into two types:
(1) revelation technique that relies on non-covialateractions such as dusting, gentian violet
staining and small particle reagent. (2) revelatezhnique that involve chemical reactions such
as ninhydrin, DFO (1, 8-diazafluoren-9-one), aridesinitrate. FP dusting is a simple technique
that can be performed with almost any age grouj dses not require specialized equipment

except focused UV light, brush and uniform dustogvder.

Normally powdering method (PM) is preferred asianpry evidence for the FP detection
at a crime scene. Generally, the PM method isgoateed into regular, metallic and
luminescent. PM method consists of a resinous peiyior adhesion and a colorant for contrast.
Networked metals such as lead, gold and silveuaesl as powders for the detection of finger
prints. This method is performed in proper ventlatand requires safety equipment’s because
of usage of toxic chemicals and their vapors. &aointhe toxic chemical reagents used in this

method of detection are listed in Table.1.



To overcome all the above limitations recently, iln@scent based nano powders are used
in latent FP detection. The size and shape of the play an important role in strong bonding
efficiency to the FP and these NPs adhere betéer tiacro and micro particles [11]. Therefore,
RE doped luminescent NPs have been explored ageatjab technique in FP development has

provoked the research community.

In the present work, synthesis, morphology and ghatinescence studies of
Nd**:YAIO 3NPs prepared via low temperature solution combnstote. The compounds were
well characterized by PXRD, SEM, TEM, UV-Vis, PliceFurther an attempt has been made to
apply the prepared nanopowders of YAIX®" on various smooth surfaces namely aluminum
foil, chocolate wrapping foil, mobile phone displagreen and surface of a PET bottle. The
prepared samples showed better usability in ba#ntdingermark detection and display device

applications.

2. Experimental

2.1. Synthesis

All the chemicals used are of analytical grade asdd without further purification. The
stoichiometric ratios of yttrium nitrate [Y(NR.4H,O (99.9%)], aluminum nitrate [Al
(NO3)3.9H,0 (99.9%)] and neodymium nitrate [Nd (M@9H,O (99.9%] are used as oxidizers
and dopant to get a desired product of chemicahdita YyNd;.,AlO3. The preparation process
for ODH [CHsN4O,] is explained elsewhere [9]. The oxidizer to fuaio is calculated based
on oxidizers (O) and reducer (F) valences of trectents, keeping O/F ratio as unity [12].
Aqueous solution containing all the above reactarggaken in 300 ml cylindrical petri dish and
is placed in a preheated muffle furnace maintained400 + 5 °C. The reaction mixture

undergoes thermal dehydration and auto-ignites thighliberation of large gases [9]. The flame
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propagates throughout the reaction mixture causiegomposition of the reactants and
subsequent formation of the desired product. Thaidéd product is calcined at 1000 °C for 3 h
and used for further studies.

2.2. Characterization

Powder X-ray diffractometer (XRD, Shimadzu 7000)used to measure phase purity and
crystallinity of NPs using a Cuk(1.54l&) radiation. Scanning electron microscopy (SEM)
(Hitachi table top, Model TM 3000) is used to arzalythe surface morphology. Transmission
electron microscopy (TEM) analysis is performedadditachi H-8100 accelerating voltage up to
200 KV. Diffuse reflectance spectroscopy of thengkes is analyzed by Perkin Elmer I35
The photoluminescence (PL) measurements are pextbon a Jobin Yvon Spectroflourimeter
Fluorolog-3 equipped with 450W Xenon lamp as aritaion source.

2.3. Relevance in FP development

Various smooth surface were chosen for the LatBreperimental studies, includes non-porous
surfaces such as aluminum foil, glass, and plattic Before applying the FPs on few distinct
surfaces, the donor hands were adequately washktham pressed using medium pressure. The
synthesized YAI@Nd**'NPs were used to develop ensuing latent FPs byocalyt applying
powder on various surfaces and excess powder wasvezl by smooth brushing via a typical
powder brush method. By using situ with a Nikon D3100/ AF-S Nikkor 50 mm {/1.8G ED

lens digital camera and a 365 nm UV light, imagedeveloped FPs were photographed.

3. Results and discussion
The powder X-ray diffraction patterns (PXRD) of Y®d:Nd** (1-11 mol %) NPs are shown in
Fig. 1. All the PXRD peaks of the samples at ()0(11 1), (20 0), (1 2 1), (2 2 0) are well

matched with JCPDS card No. 70-1677 of orthorhorpbiase of YAIQ with small traces of



impurity peaks at2= 29.50° and 30.82° corresponds #\NO;, phase [8]. The PXRD lines are
broadened due to the smaller crystallite size. dberage crystallite size is determined using

Scherrer's formulaD = 094/8cos6é , where D ; the average crystallite size,;X-ray

wavelengthg ; the Bragg angle angt the FWHM in radian. The averad@evalues for all the
doped samples are estimated and tabulated in 2able
According to the crystal field theory, the accegabercentage difference in the ionic radii of

doped and host ions must be less than 30 %. Theptadide percentage difference was estimated
using the relatiorD, =(R, - R,)/R, whereRnand Ry ; radii of host and dopant ions.  The

estimated value db;, is found to be- 8.1 %. Due to close radius of both™and Y** ions, it is
assumed that dopant Ribns would replace the*ions in YAIO; host [14].

The SEM images of YAIONd®* (3 & 11 mol %) NPs are shown in Fig. 2(a, b). The
product shows dumbbell in shape and crystallites fased together to form agglomerated
particles. TEM studies are carried out for the Y&IRd®" (3 & 11mol %) samples (Fig. 3(a, b)).
It is evident that the crystallites are in dumbbeith average size ~ 44 nm which is in well
agreement with the values obtained in PXRD studieise HRTEM (Fig. 3(c)) showed the well

resolved lattice fringes with an estimated intemplaspacing of 0.243 nm.

The diffused reflectance spectra (DRS) of Ndoped YAIQ (1-11 mol %) NPs were as

shown in Fig. S1. The spectra exhibits major pedks275, 360, 529, 586, 680,742 and 806 nm

due to the transitions of the 4f electrons of *Ndrom the ground-state'lo;to’Fs,,
Dyt Dsjzt 11112, K1zt Griot Gz, *Geizt*Grra, “Friat*Sarz, *Fsit Hore and*Faprespectively [15,
16]. The intense light reflectance observed in t#gion indicates that these materials are

suitable in near-UV excited LED phosphors. The bgafd energy (§ of all the samples are



determined by using Kubelka—Munk function. The slof[F(Rm)hv]”Zversus photon energy

hv are shown in Fig. 4. The Kubelka—Munk function EXRand photon energy v ) is

calculated by using the relations [17, 18]:

S
F(R,)= R (1)
1240
hv == NG (2)

where R,; reflection coefficient of the sampl@; the absorption wavelength. The measured
band gap energies are tabulated in a table.1.vahation in the Eare mainly attributed to the

degree of structural order and disorder in théckaftl4].

Excitation spectra (Fig. 6 inset) from 300 to 468 specify the chance of effective
excitation of Nd in the &—-Nd** charge transfer band (CT) maxima at 364 nm. Tleetroence
of this band is a result of“Oions in the structure. The energy of © Nd** CT could be

estimated using the following equation given bygéasen [19].

Eor =[¥(L)-x(M)l3x10*) e 3)
where Er denotes the position of the CT band in tny(L) and y(M) are the opto-
electronegativities of the 0and Nd* cations respectively. Foi(O) = 3.2 andy(Nd*") = 1.14
the calculated CT position should be 61,800 crithe measured position of CT bands in the
excitation spectra of NPs is ~ 364 nm.

Upon 364 nm excitation (Fig. 5), the emission seekhibit a series of emission peaks at 495,
596, 613 and 645 nm corresponds to the transitoh$Gen, —*lop, *Gspt’Grr — e,
?Hy1192 and *Hep, —*lgs» respectively [20]. Generally, the doping conceirathas a

significant effect on the NPs performance. The ddpace of the blue emissiol £364 nm) on



the Nd* doping concentratiorx) in the YAIO;:Nd®* (1-11 mol %) NPs are shown in Fig.6. PL
intensity increased with increase in Ndoncentration up to 3mol % and afterwards querghin
starts. Initially, the PL intensity increases @hdn decreases due to smaller radius ot e
compared to Y ions but at higher intensity the charge imbalamaal$ to cross relaxation and
on radiative transitions causes concentration duagd21].

The PL emission spectra of YAYNd** NPs are further used to calculate Judd—Ofelt
(J-O) intensity parameters. From the emission spetihe measured line strengths {3 are
determined by using Eq. (4). The J-O parameferand Q4 are obtained using least-squares

fitting approach between the,Qsand the §,.

64I—|4 342 1
A= 3.hc|:/3e 4r|goXJ§GQJ<1D0‘U(J)‘3F4>2

The J-O parameterf andQ,), YAIOs:Nd®* (1-11 mol %) NPs are tabulated in Table 3. The
value ofQ, varied with change of Nid concentration show&,is mainly sensitive to the ligand
environment (short range effect) afd] is associated to the long-range effect. The ingpadrt
radiative properties such as transition probabsit{A, ), radiative lifetime ¢,) and branching

ratios (8;) of the excited states of Nicare calculated by using J-O parameters. ThdoA a

transitionJ — J'is calculated from by an equation [22].

A )= 64rr'v’e’ [n(n2 +2)2

3@ |
“3n(23+1)] 9 St S’““} ®)

The radiative lifetime £;) of an excited state is given by




B is a critical parameter for the laser designer bseait characterizes the possibility of

attaining stimulated emission on any specific tittorss and also used to calculate the relative

intensities of all emission transitions are givgn b

N\ — AT(‘J - ‘]’) _________________________
ﬁR(J,J)—ZAT(J D Y

It is known that a transition having;of > 0.50 can emit laser radiation more effectivelyeTh
measureds, of 0.99 for Nd* doped YAIQ suggests its suitability for color displaying dms.
All the obtained parameters for the Xidbns in YAIO; host are listed in Table 3.

The CIE chromaticity diagram of YAKNd®* is shown in Fig.7 and the corresponding
coordinates are tabulated in the Table 4. All tberdinates are well located within the blue
region as a result the YAKNd®* NPs are promising materials for the productioraxfficial
blue light which is similar to the natural blueHigowing to its better spectral overlap in white
LEDs and in solid state display applications. Ferrtborrelated color temperature (CCT) is also
calculated by transforming the (x, y) coordinatdsti® light source to ' ,V') by using
following equations and by determining the tempe®mtof the closest point of the Planckian

locus to the light source on th&)(,V') uniform chromaticity diagram (Fig.8) and Tabl§28,

24].
S — ®)
—-2x+12y+3
T ©)

—-2x+12y+3



The chemical composition of Latent FP residue

Firstly, understanding the chemical compositiorFBf residue is very crucial. Basically
the chemical constituents are responsible for BRlue can be classified into two types based on
originate from endogenous and exogenous sourceateW#r you have touched might transfer
chemical residue on to your volar pads that could ep in your latent FPs. For example,
cooking oil from that donut you ate for breakfasil wrobably be present in your FPs until you
wash it off. Then residues from the soap you usedvash your hands may be a chemical
constituent of your latent FPs. In fact, residwafipersonal care products is often found in latent
FPs [25, 26].

Endogenous sources may be more predictable bwg cmonplexes. What we would call
sweat and/or body oil comes from 4 different typeglands: eccrine, apocrine, apoeccrine, and
sebaceous. Each gland secretes slightly differéaidbof chemical components. Generally,
eccrine glands secrete classic sweat, an aquedusosoof electrolytes and hydrophilic
compounds such as urea [27]. The other three gkauatste lipophilic fatty and waxy substances
such as squalene and cholesterol [28, 29]. Cosestiurepresenting nearly all of the common
chemical classifications can be detected in swedtlatent FPs: alcohols, phenols, aldehydes,
ketones, esters, hydrocarbons, amines, amidespoaagids, and carboxylic acids [30—-32]. In
fact, a particular mix of chemicals may be as imtmalistic for a particular person as a FP. A
thorough chemical analysis of FP residues may ege@al if the person habitually inhales or
ingests certain chemical substances [33, 34].ddtitian, it is quite likely, that the composition
of latent FPs change as a person ages [35]. tBRenesidue composed primarily of lipids such
as squalene, fatty acids, and cholesterol adheradarge number of substances. The NPs must

adhere to the FPs and not to the surface nearlfyRbés the requirement [36, 37].
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Mechanism of latent FP development by using YAI@ Nd**NPs.

The strategy of latent-FP detection by using thé"Ntbped YAIQ NPs under room
conditions is illustrated in Fig. S2. The prepapedvder is then applied to different surfaces by
spreading, due sweat and fat in the finger printkrnesidue group the rapid physical adsorption
of the YAIOs: Nd®* NPs onto the ridges produced on the substrate., Thersubstrate is excited
in a UV chamber at 365 nm to visualize the lateémddrmarks by a digital camera. The present
method is convenient and easy to detect latent R#thout any complex or costly
instrumentation compared to the reported literaf88e- 42].

FP detection using YAIQ: Nd**NPs

The mechanisms of this strategy for FP detectionanslyzed and the different
nanomaterials used for develop latent FPs werdatdalin a Table 5. When a FP was deposited
on the surface, 99% of the moisture quickly evajsrdy leaving behind sodium chloride,
potassium chloride and other inorganic materiald &w traces of amino acids, organic
components, polysaccharides and proteins.

Fig.9 shows luminescence images of FPs where tieerifige details with better contrast
can be observed which helps in easy identificatibmdividuals. Because of this benefit, FPs
developed with YAIG: Nd**NPs provided high quality images that show welbhesd ridge
patterns that meet the requirements for individdexhtification for forensic purposes.

The FP developed on the aluminum foil and yellowsesd chocolate wrapping sheet,
there is an interference of background color witheo regular/ordinary developing powder
(Fig.10 a & b). Fig.10 (c & d) shows the FPs deped with YAIQ;: Nd®* NPs on stainless steel

knife edge and steel lock under UV light exposuearty evident for the fine ridge details with

11



better contrast. Further, similar procedure ispaeid to analyze the ridge patterns on the mobile
phone display screen and PET bottle surfaces {Big. & f).

FP patterns are studied for the different ageimipgds to demonstrate the suitability of
the prepared NPs. Fig. 11 shows the detectivatsatysgradually diminished with aging or
stability of adherences of the dusting powder angtrface. It is apparent that the latent FPs
aged up to one month clearly shows ridges, indigatiat the sensitivity of the NPs.

The fresh FP deposited on glass plate exposedfépatit illuminations with a labeling of
FPs under 254 nm, 365 nm (Fig. S4). The presenttseindicate that the optimized NPs reveal
the whole FPs with better contrast. Further, thec@dure is novel and rapid; an investigator
needs to apply NPs immediately followed by imagihg FPs. In addition the developed FPs

can be preserved for an extended time without ¢piirir phosphorescence capability.

4. Conclusions

Dusting powder method was used for the detectioatént FP using YAIQNd®* NPs
synthesized by SCS method. The average crystailitewas found to be in the range 30 - 32
nm. The crystallites were agglomerated with poroasire helps in better adhesion of NPs on
various substrates. Theg #alues estimated from DRS were found to be inréinge 5.39 - 5.79
eV. The calculated CIE values correspond to bluerc@he developed FP procedure was a
facile with high sensitivity, low background, higkfficiency and good adherence on
porous/semi-porous/nonporous, multicolored surfagegh helps in developing latent FPs in

forensic applications.
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Table Captions:

Table.1: Hazards Associated with the some Readdsésl for the Chemical Revelation of
FP Residues

Table.2: Estimated crystallite size and opticargneap () values of YAIQ:Nd**NPs.

Table.3: J-O intensity parameter@,( Q4), Emission peak wavelength&,i6 nm), radiative
transition probability Ay), calculated radiative lifetimgty) and branching
ratio (3g) of YAIO3: Nd®* compoundsi¢y = 364 nm).

Table.4: The values of x, y coordinates and CCTAKYAIO3: Nd**(1-11mol %) NPs

Table.5: Different nanomaterials used for develipnt FPs by different authors.
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Figure captions:
Fig.1. PXRD patterns of (1-11 mol %) Naloped YAIQNPs.
Fig.2. (a—b).SEM micrographs of YAKNd®* (3 and11 mol %) NPs.

Fig.3. (a—b).TEM micrographs of YAKNd®* (3 and11 mol %) NPs, (c) HRTEM image of
YAIO;:Nd** (5mol %).

Fig.4. Energy band gaps of (1-11 mol %)*Ndoped YAIQNPs.

Fig.5. Emission spectrum of YAKNd®* (1-11mol %) athex= 364 nm. Inset PL excitation
spectra of YAI@Nd** (3 mol %) NPs recorded at RT.

Fig.6. Effect of Nd*concentration on the 596 nm emission peaks in GAIRs.
Fig.7. CIE diagram of YAI@QNd®** (1-11 mol %) NPs.
Fig.8. CCT diagram of YAI@ Nd**(1-11 mol%) NPs.

Fig.9. Latent FPs of different persons stained BO5:Nd**(3mol%)NPs and imaged on the
surface of glass.

Fig.10. FPs developed with prepared NP on (a) alumifoil (b) Chocolate wrapping foil (c)
surface of knife handle (d) steel lock (e) mobilepe display screen and (f) surface of a
PET bottle.

Fig.11. Latent FP aged on the surface of glassvlmous periods of time, stained by

YAIQ:Nd** (3 mol%) NP and finally detected by 365 nm UV tigiadiation (a)1 day,
(b) 10 days, (c) 30 days.
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Tablel. Hazards connected with the some reagergsl ftg the chemical revelation of FP

residues

SI.No Chemicals

Hazards

1 Ninhydrin solution

2 DFO (1,8-diazafluoren-

9-one) solution

3 Silver nitrate solution
4 Cyanoacrylate glue

5 lodine crystals

6 Gentian violet solution

Flammable. Harmful vapors.1s&nd eye irritant.

Flammable. If inhaled it may be quit dangerous. May
be absorbed through the skin. Respiratory and
digestive region irritant. May cause skin andeye
irritation.

Oxidizer. May be harmitiinhaled. Respiratory and
digestive tract irritant. May cause skin and eyenby
argyria, a blue-gray discoloration of the skin, ye
and mucous membranes.

Respiratory tract, eye and gkitant. Bonds skin
rapidly and strongly. May cause skin burns.

Oxidizer. May be harmful if inbd| ingested, or
contacted by skin or eyes. Respiratory irritatibtay
be corrosive to skin and eyes.

May be absorbed throudie tskin. Respiratory,
digestive, skin and eye area will getaggravation.
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Table 2: Estimated crystallite size and opticargneap () values of YAIQ:Nd**NPs.

Crystallite size(nm)  Crystallite size(nm)  Optical Energy gap,
YAIO 5:Nd** (mol %)

[D-S approach] [W-H plots] Eq (eV)
1 30 49 5.38
3 31 53 5.52
5 32 35 5.57
7 30 48 5.64
9 31 58 5.70
11 30 65 5.80
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Table.3: J-O intensity parameteiQ,( Q.), Emission peak wavelengthg, (n nm), radiative
transition probability &), calculated radiative lifetimergq and branching rati3g) of YAIOs3:

Nd®** compoundsig, = 364 nm).

J-0O intensity Emission
Nd®* conc. parametersx10%° cnr) peak
(mol%) Q, Q. wavelength -1 Trad (MS) Br
X in NM At (s7)
P
1 2.87 501 596.98 52.18 19.16 0.99
3 3.27 7.76 597.01 59.46 16.81 0.99
5 3.13 6.92 597.01 56.89 17.57 0.99
7 3.10 6.77 596 56.42 17.72 0.99
9 3.37 8.01 597.01 61.35 16.29 0.99
11 3.49 8.34 596 63.43 15.76 0.99
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Table 4: The values of CIE (x, y) coordinates a@GK) of YAIOs: Nd** (1-11mol %) NPs

Nd>* Concentration X Y CCT (K)
(mol %)
1 0.1867 0.2585 6178
3 0.1819 0.2502 6177
5 0.1820 0.2514 6176
7 0.1900 0.2719 6180
9 0.1904 0.2738 6174
11 0.1866 0.2665 6172
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Table 5: Different nanomaterials used for develBg By different authors.

Synthesis Emission
SI.No Sample ) References

technique Color

1 NaYF:Yb,Er Solvothermal Green Meng Wang et al. [36]
method

2 NaYF4:Yb,Er/Ce Hydrothermal Green Han-Han Xie et al.[37]
method

3 StAl14,0z5 EF*,DYy**  Combustion Blue—Green Vishal Sharma et al.[38]
method shade

4 ZnO Solvothermal Green Mi Jung Choi et al[39]
method

5 CdSe Hydrothermal Blue Yuan Feng Wang et al
method [40]

6 EUV*:Y,Ti,0;/ SO, Sol-gel method  Red M. Saif et al [41]

7 EU* :Y,Zr,0//Si0, Sol-gel method  Red M. Saif [11]
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Fig.1. PXRD patterns of (1-11 mol %) Ndloped YAIQNPs.
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Fig. 2(a-b).SEM micrographs of YAKNd®* (3 and11 mol %) NPs.
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Fig. 3(a-b).TEM micrographs of YAIENA®* (3 and11 mol %) NPs, (c)
HRTEM image of YAI@QNd** (5mol %)
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Fig.4.Energy band gaps of Ri@l—11 mol %) doped YAIGNPs.
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Fig.5. Emission spectrum of YAKNd®* (1-11mol %) athex= 364 nm. Inset PL excitation
spectra of YAIQ:Nd** (3mol %) NPs recorded at RT.
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Fig.6. Effect of Nd"concentration on the 596 nm emission peaks in GNIFS.
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Fig.7. CIE diagram of YAI@Nd** (1-11 mol %) NPs.
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Fig.8. CCT diagram of optimized YAKNd** @ 3 mol %
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Fig.9. Latent FPs of different persons stained ByO%:Nd**(3mol%) NPs and imaged on the
surface of glass.
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Aluminum Foil Chocolate Foil

Knife Edge Steel Lock

Mobile Screen Pet bottle

Fig.10.FPs developed byYAKNd**(3mol%) NP photographed under 365 nm UV light on an
(a) aluminum foil (b) Chocolate wrapping foil (a)réace of knife handle (d) steel lock
(e) mobile phone display screen and (f) surface BET bottle.
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Fig.11. Latent FPs aged on the surface of glassvéwious periods of time, stained by
YAIO 5:Nd** (3 mol%) and finally detected by 365 nm UV lightediation (a)1 day, (b)
10 days, (c) 30 days.
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Resear ch Highlights:

> YAIO3zNd* nanopowders were used for the rapid visualization of |atent fingerprint.

» Average crystallite sizeisfound to bein the range 30 - 32 nm from both TEM & PXRD.
» Blue emission nanophosphor powder material with CCT on the Planckian locus.

> Prepared materiadls showed better adherence on porous/nonporous and multicolored

surfaces.



