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Abstract
In the present communication, various fluxes blendgOs:EL** (5 mol%) nanopowders (NPSs)
were successfully fabricated by solution combustiethod. PXRD pattern confirms body-
centered cubic structure of the prepared samplesrgy band gapE;) of the fabricated products
was estimated and is found to be in the rangeld-3.32 eV. Photoluminescence (PL) emission
spectra exhibit sharp and intense peaks at ~ 529,684, 657, 704 nm correspondsig— 'F;
(3 =0, 1, 2, 3 and 4) transitions of ¥uons. Significance of fluxes for enhancing the PL
emissions is extensively studied. Photometric s&dif the prepared samples are located in pure
red region. Optimized NPs were explored as a neeaking agent for visualization of latent
fingerprints (LFPs) on various surfaces includirggqus, semi-porous and non-porous surfaces
followed by powder dusting technique. Various expents including aging, temperature,
scratching and aquatic fresh water treatment tests performed to evaluate applicability of the
fabricated NPs. Visualized LFPs exhibit well defimedge details including most authenticated
sweat pores are also revealed with high sensitiggectivity, little background hindrance and
less toxicity. Aforementioned results evidence tha method and fabricated NPs can be
considered to be simple, rapid and economical anglige novel sensing platform for LFPs
visualization in prospective forensic applications.
Keywords. Fluxes; Photoluminescence; Latent Fingerprint; &vpores; Forensic applications;
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1. Introduction

Fingerprints have been extensively researched bedhey have unique shapes (whorl, arch and
loop) and do not vary with ages. The fingerprirasdrseveral minutiae such as ridge flow (level
1), core, delta, bifurcation (level 2) and sweatep@level 3) which are different for each
individual. Therefore, fingerprints have been ussdthe effective trace which is an important
evidence for identifying individual information andrime scenes [1-4]. However, latent
fingerprints are required to develop the visual@attechniques because they are invisible or
barely visible to naked eyes. One of the methodslébecting the latent fingerprints is powder
dusting method containing two major powder typeshsas metal and magnetic powders. They
are effective in the development of latent fingens except for some problems. Firstly, they
have the low contrast due to the non-fluorescerickeopowders. Secondly, they have the low
resolution due to their resinous polymer (stardsir, etc.) and colorant components. Lastly,
they are harmful for user health due to their congmts. To settle the problems, the
development of luminescent materials is demandedrdéplacing the metal and magnetic
powders [5-8].

Recently, the application of nanopowders (NPs) besn extended to the accurate
identification of latent fingerprint technology. hiE is because NPs are extremely small,
generally 1000-10000 times smaller than a fingatpidge width, which ensures the excellent
resolution upon detection [9]. The fingerprint cioses one of the regular and powerful
techniques for recognizing people since the ridge farrow patterns of each print are unique
and immutable [10, 11]. There are three differgpes of fingerprint powders: regular, metallic
and luminescent. Regular fingerprint powder cossi$ta resinous polymer and a colorant. It is
impotent to develop latent fingerprint (LFP) on idraging surfaces. Use of metallic compounds
is harmful for user health because of metallic pemabntaining meshed metals with lead, gold
and silver. Although the use of fluorescent nanemails, including quantum dots, carbon dots,
and up conversion nanopatrticles, for improving die&ction limit of LFPs has been attempted,
there are still concerns regarding their low devecefficiency, complicated process involved,
photo bleaching, and toxicity. The visualizationswastricted only level 1 and level 2 ridge
characteristics due to poor fluorescent image tesliwith these nanomaterials [6, 12-14].
Hence, luminescent NPs are highly required to Viseid FPs with superior sensitivity, little
background hindrance, extraordinary efficiencyséegoxicity and stress-free detection. As can
be seen fronTable 1, there is a lack of studies on aging, effect oigerature, abrasion and
preservation of LFPs under aquatic conditions £5,16—-20].

In the recent years,the combination of*RBns with flux (chloride salts) emerged as a
successful way to improve the PL intensity andcedficy of the phosphors [21, 22]. Fluxes play
a significant role in the crystal growth and entetite efficiency of luminescence intensity. The
enhanced luminescence can be due to the locahtfidt symmetry breaking around rare-earth
ions [23, 24]. The addition of flux has a greatushce on the ion diffusions in the solid-state
reaction, particle size distribution, growth coraht crystallization process as well as the
formation of target product matrix with good crystéty [25].

Yttrium oxide (Y203) is a phosphor material which showed application$ields viz
white LED phosphors [26], commercial lighting, upreersion materials [27, 28], transparent
ceramics [29], fluorescence sensors, etc. It isxaellent host matrix for rare earth ions due to
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its unique properties such as broad transparenuyer).8—2.0 mm; large band gap 5.8 eV),
high refractive index (>1.9) [30]. Addition of €#irent rare earth ions into,®; nanostructures
helps in further enhancing its emission efficiefi@y]. Eu(lll) acts as a red color activator, the
combination of (¥Os:Eu) leads to red emitting material with commercgplications and
minimal degradation under applied voltages,OY nanostructures have been the focus of
extensive research [32-35].

The present work deals with novebO4EU** (5 mol%) blended with various fluxes
(KCI, NH4CI, NaF and NHF) prepared by solution combustion method. The gnexp samples
were characterized by powder X-ray diffraction (FYRdiffuse reflectance spectra (DRS),
Fourier transform infrared (FTIR) spectra, scannabgctron microscopy (SEM), transmission
electron microscopy (TEM), Raman and photolumineseestudies. The optimized NPs have
been extensively utilized for visualization of LFBs various porous, semi-porous and non-
porous surfaces.
2. Experimental and characterization
2.1 Chemicals
Analar grade of yttrium (Ill) nitrate hexahydrat®(NOs)s-6H,O (Sigma Aldrich, 99%),
europium (lll) nitrate pentahydrate: Eu(A)@5H0 (Sigma Aldrich, 99%), urea: NGONH,
(Sigma Aldrich, 99%); potassium chloride: KCI (SigrAldrich, > 99%); ammonium chloride:
NH,CI (Sigma Aldrich,> 99.5%); sodium fluoride: NaF (Sigma Aldrich,99.5%); ammonium
fluoride: NH;F (Sigma Aldrich> 99.5%) and double distilled water.
2.2 Synthesis of flux blended Y ,03:Eu®* NPs
3.83 g of yttrium nitrate, 0.0428 g of europiumraié and 0.6 g of urea were taken in a 350 mL
Pyrex dish, dissolved in double distilled water ameed homogeneously using magnetic stirrer
for ~ 20-30 min. Then the resultant precursor smhutvas introduced into preheated muffle
furnace maintained at 450 + 0. Within ~ 15-20 min the solution underwent sglfition and
metal nitrates decomposed with smoldering. Theltiagupowder was crushed and calcined at
~700°C for ~ 3 h. Similar procedure was repeated usigpus fluxes KCI, NHCI, NaF and
NH4F (1 wt%). Finally obtained NPs were used forHartcharacterizations.

2.3 Visualization of L FPs using optimized Y ,03:Eu® (5 mol% ):NH.F (1 wt%) NPs

Various non-porous surfaces used in the presedy stiere thoroughly cleaned by alcohol to
ensure no unintended LFPs was deposited. After ttietcleaned fingers of the donar were
pressed against various surfaces including porsesji-porous and non-porous surfaces by
smooth rolling. The bare LFPs were treated witlsHrevater aquatic condition with various
aging and later stained by the optimizedO¥Eu** (5 mol%):NHF (1 wt%)NPs by a soft
feather brush with light brushing action. To evédubFPs development technique the physical
scratch test is carried out by sealing adhesive taptothe developed FPs and then peeling off
from the surface. In addition, effect of temperat(®0, 35, 40, 56C) was also performed on
LFPs stored for ~ 10 min. Finally, the developedPkRvere photographed situ using a 50 mm
f/2.8 G, ED lens Nikon D3100/AF-S digital cameralannormal and 254 nm UV lamp.

2.4 Characterization

The Philips powder X-ray diffractometer (ShimadZ18@) with Ni filtered Cu K radiation was
used to study the powder X-ray diffraction (XRDudies. The Perkin Elmer (Spectrum
RXIFTIR) spectrometer was used to carry out FTIBd&s. Morphological (SEM and TEM)
analysis were carried out by a Hitachi 3000 tabpegcanning electron microscope and a Hitachi
H-8100 accelerating voltage up to 200 KV, ldBament equipped with EDS (Kevex sigma TM
Quasar, USA). The Jobin Yvon Horiba LABRAM-HR-Vigbmicro Raman system was used
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for Raman studies with He-Ne laser (~ 632.8 nnthassource. Diffuse reflectance (DR) spectra
of all the prepared NPs were recorded by PerkinElt(hambda-35) spectrophotometer. PL
studies were performed by a Horiba (JobinYuvongBpeneter having slit width of 5 nm.

3. Results and discussion

PXRD profiles of ¥0s:EU** (5 mol%) and ¥Os:EW®* (5 mol%), M (M=KCI, NaF, NHCI and
NH4F (1 wt%)) NPs, are shown in Fig.S1 (a).Detailestdssion about the crystallite property
was discussed in the supplementary section. Thageerystallite sizes of preparedOg:Eu’*

(5 mol%) and YOsEU** (5 mol%), M (M=KCI, NaF, NHCI and NHF (1 wt%)) NPs were
estimated and found to be 45, 38, 43, 52, 47 amthhGespectively.

Fig. 1 depicts the morphologies 0s0s:Eu®*" (5 mol%) KCI, NaF, NHCI and NHF (1
wt%) blended YOs:EW®* NPs. Irregular shaped particles with large poresewobserved in
Y203:EUW* (5 mol%) NPs (Fig.1(a)). However, KCI and MM blended ¥Os:EU** (5 mol%)
NPs exhibit sponge-like structures with large voidléhereas NaF blended samples exhibit
irregular shaped particles without any porosityh&pal shaped particles with smooth surface
were observed in Nff blended YOs:EU** (5 mol%) NPs (Fig. 1(e)). These results clearly
evidence that the fluoride fluxes in particular ftacilitate to fabricate well defined shaped
particles with high purity and good chemical homugjey owing to rapid evaporation or
decomposition properties of NH flux that lead to fast nucleation.

TEM images of ¥Os:El** (5 mol%) and YOs:Eu** (5 mol%), M (M=KCI, NaF, NHCI
and NHF (1 wt%)) NPs are as shown in Fig. 2(a—e). Wefingel spherical shaped,®s:EU** (5
mol%), NH,F (1 wt%) NPs are also evidenced in TEM resultg.(E{e)). The HRTEM image
and SAED patterns of 305:EL** (5 mol%), NHF (1 wt%) NPs are shown in Fig.2 (f, g). The
inter-planar distance ‘d’ between the planes cpweding to (222) plane is found to be ~ 0.24
nm. The SAED pattern confirms the crystalline natand circles are matched with the (hkl)
planes of the PXRD results.

Fig. 3(a) shows DR spectra (DRS) ofO4:Eu** (5 mol%) NPs with and without the use
fluxes. The spectra exhibit characteristic absorppeaks at 393, 464 and 557 nm attributed to
"Fo—°L¢, °D, and’D; transitions of Eti ions, respectively[36]. Further, Kubelka-Munk t&a
was used to estimate energy band d&p ¢f the prepared samples by analyze the DR spastra
follows:

FR)=ERS @
1240
== 3)

whereR, is reflection coefficient of the samplé,the absorption wavelength, ahdPlanck’s
constant. From the plots (E?(RO)WTIZVGYSUS photon energy (Fig. 3(b)), tikg values of

prepared YOs:EU** (5 mol%), Y.0s:EW** (5 mol%), M (M=KCI, NaF, NHCI and NHF (1
wt%)) NPs were estimated and found to be ~ 3.22,3.16, 3.13 and 3.30 eV respectively. The
variation in theEgvalues is mainly due to creation of sub-structurth wo-doping which may
lead to oxygen vacancies.

FTIR spectra of YOs:EU®" (5 mol%) and YOs:EU** (5 mol%), M (M=KCI, NaF, NHCI
and NHF (1 wt%)) NPs were recorded and the results aosvshin Fig. 3(c). The strong



absorption peak centered at ~ 568 tim owing to Y—O lattice vibration. The peaks a863
and 1075, 1403, 1563 cwere due to C-O bond bending and stretching vidmatespectively.
The observed peaks are due to carbon contents pakXorption from the ambient atmosphere.
The broad absorption band at ~ 3542 toorresponds to O-H stretching vibrations[37].

Fig. 3(d) displays Raman spectra ofO¢:EU®* (5 mol%) NPs prepared with and without
fluxes. The spectra exhibit several peaks recoraledl 132, 164, 195, 318, 333, 378, 468, 603,
705 and 741 ci. The intense peaks centered at ~ 378 and 705 ane associated to
characteristic of cubic structure and dopant*Bons Y,O; host matrix. The existence of these
peaks in NPs with and without fluxes indicates thatcubic phase has been retained on doping.
The intensity of these peaks related to with fleixound to be enhanced[38].

Fig. 4(a) shows the PL excitation spectra oOYEW" (5 mol%) and YOsEU" (5
mol%), M (M=KCI, NaF, NHCI and NHF (1 wt%)) NPs under 612 nm emission wavelength.
The excitation spectra of the prepared samplesb@éxmioad intense peak at ultraviolet region
(225-300 min) owing to ® to EU* charge transfer band (CTB) attributed to the ebedt
transition from the 2p orbital of Oto the empty 4f orbital of Efiions. The zero phonon line
spectra are shown in Fig. 4(b). The existence 0B Gpecifies covalent nature of Eu—-O bond.
The remaining peaks observed in the spectra arelynattributed to f-f transitions of El
activator. PL emission spectra 060%:EU** (5 mol%) and ¥Os:EW** (5 mol%), M (M=KClI,
NaF, NH,CI and NHF (1 wt%)) NPs excited at 396 nm wavelength arevshim Fig. 4(c). The
spectra exhibit sharp and intense peaks at ~ 599, 614, 657, 704 nm wavelengths
corresponding t8Dy—'F; (J = 0, 1, 2, 3 and 4) transitions of Euons. The’Dy—'F; and°Dg
—F, transitions are due to magnetic and electric @igMD and ED) transitions of Eliions,
respectively[39]. Moreover, MD transition may notpénd on host lattice symmetry, while
hypersensitive ED transition mainly depends on liest lattice. In our present work, ED
transition (614 nm) is predominant as compared B tk&nsition (592 nm) due to the effective
substitution of EB ions in Y,O; sites without inversion center and lower symmaifythe
crystal field.

Asymmetry ratio (A;) between the peaks at ~ 614 and 592 nm was estinbgtthe area

under the peaks, as follows [40]:
620

[ Adl
A&l :Z%%— """" (4)

[Ad

580
where, subscript “1” and “2” denote transitions®0 —'F; and°Do —'F,, respectively. The
maximum value of\;; is observed in YOs:EU** (5 mol%), NHF (1 wt%) NPs, which suggest
an enhancement in red color. The variation of Renisity with fluoride fluxes was investigated
in detail, as shown in Fig.4 (d).The enhanced Rénsity (approximately 3-fold) is observed for
Y03 EW (5 mol%), NHF (1 wt%) NPs, which may due to crystal field gpiiy and crystal
symmetry distortion (Fig.4 (d)).

The chromaticity co-ordinates of the prepared dasnwere estimated as per regulations
of the Commission Internationale de | ‘EclairagdE){41]. The CIE chromaticity diagram of
prepared samples are shown in Fig. 4(e). Fromighued, it is evident that the CIE co-ordinates
are located in the pure red region. Correlated rctdmperature (CCT) can be estimated by
Planckian locus, which is only a small portion loé t, y) chromaticity diagram and there exist
many operating points outside the Planckian lofuke co ordinates of a light source do not fall



on the Planckian locus, the CCT was used to déffieecolor temperature of a light source. CCT
is calculated by transforming thg, {/) coordinates of the light source ta,(\o) by using the
equations.

w=— - (5)
- 2x+12y+3
Ve % (6)
—-2X+12y+3
CCT (x, y) =— 449n° + 3525n% — 682330+ 552033---------- 7)

where,n = (x — 0.3320)/ — 0.1858). By determining the temperature of tlesest point of the
Planckian locus to the light source on thg ) uniform chromaticity diagram is shown in Fig.
4(f). The lamps with a CCT value below 3200 K aseally considered as “warm” light sources,
while those with a CCT above 4000 K are consideasd“cool” in appearance [42]. The
estimated CCT values of the prepared samples weetdd in range between ~ 2000 — 3000 K
(Fig. 4(f)). In addition, color purity of the optired sample is calculated using the following
formulal43]:

2 2
o) ey

2
\/()%_)ﬂ)z-'-(yd_yi) ............... (8)
where (X, Y,) and (X;,Y,) are the coordinates of a sample point and dorhinavelength

color purity=

respectively and X , y;) are the coordinates of the illuminate point. Tdwotor purity of the

optimized samples was calculated and found to 88%.

In order to explore the effectiveness of the prepazamples, the LFPs are visualized by
staining Y,05:EU** (5 mol%) NPs prepared with and without fluxes ¢asg and aluminium foil
surface under 254 nm UV light (Figs. 5 & 6). Frdme figures, it is clear that a high quality well
defined ridge details (level | — Ill) are visualizafter stained by NHF assisted YOs;:EU®* (5
mol%) NPs as compared to the other samples. Iteaciell that the optimized,@sEU** (5
mol%), NH,F NPs is explored as a labeling marker for furtbtrdies. In addition, the
selectivity of the optimized sample for visualipatiof LFPs, conventionally used J&g and
TiO, staining powders were used as control. It is etideat FeO; and TiQ powders could not
be able to visualize LFPs on aluminium foil (Fig.However, LFPs visualized by staining
optimized sample clearly revealed friction ridgeghwwell defined sharp edges under both
normal and UV 254 nm light. The obtained resulsoakeveal optimized X5:EW** (5 mol%),
NH4F NPs can be used as an efficient labeling agentiémtification of individuals due to their
enhanced luminosity and nano-regime (Fig.7).

Further, a series of experiments were performedefaaluation of the optimized NPs for
visualization of LFPs on non-porous surfaces sueckpatula, highlighter, glass, coin, compact
disc and goggle under normal and UV 254 nm ligig.S2, Fig.S3 and their explanation in the
supplementary section give the effectiveness of thiethod on various surfaces and the
visualization of level Il ridges. Generally, th@rpus surfaces, namely paper, cardboard and
wood, are rapid absorptive of LFPs residues aftepodition. Water-soluble chemical
constituents of LFPs such as amino acids, ureachlutides are absorbed within few seconds
and as water evaporates constituents are stayessutface for longer period. To boost practical
advantages of the optimized samples, LFPs werelam@ on complicated and high color
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background porous playing cards and crushed alumirfoil surface under UV 254 nm light
(Fig.8). The visualized FPs exhibits well definddge characteristics without background
hindrance, indicating the sensitivity of the preggarsample for effective identification of
individuals during crime spot investigation.

Further, the semi-porous surface lies in betweerptirous and non-porous surfaces. We
encountered most neglected semi-porous surfacésasugarious fruits and vegetables namely,
brinjal, capsicum, cucumber, green apple, watermalad papaya visualized under normal and
254 nm UV (Fig.S4).The details of ridge observatiomere discussed in the supplementary
section.Generally conditions which affect the vigadion of LFPs include nature of surface,
time elapsed since deposition, environmental fact@ir circulation, dust, humidity, light
exposure, precipitation, temperature, ultraviolays) enhancement techniques, etc. Further,
chemical constituents of LFPs considerably change do surface reactions, diverse
decomposition, and oxidative mechanisms. In gendral LFPs compositions can be classified
as: (i) the initial composition, at deposition cheah constituents present in fingertip is
transferred to the surface and (i) the aged coitipns containing the existing initial
constituents and degradation products [44, 45]ttke Fesearch has been required to identify the
changes between the initial and aged compositindsate of change with time. Hence, a series
of aging tests have been performed on various &sfancluding glass slide and cup, highlighter,
compact disc, aluminium foil and playing card und&f 254 nm light. As shown in Fig. 9, the
visualization sensitivity gradually decreased wptiolonged aging of the FPs. In addition, LFPs
aged upto 30 d could also visualize with well defirridge edges, signifies the sensitivity of the
prepared sample.LFPs on glass surface storedfettedif temperatures stained by optimized NPs
were discussed in the supplementary section.Intiaddiaquatic tests were also carried out by
treating bare LFPs with fresh water upto 7 d. Theults evidence that the duration of
submersion in fresh water would not affect FPsiguédr even longer duration (7 d) (Fig. 10).
This could be of practical importance during exaation of such evidences.Further, a series of
physical scratch tests were performed on varioutases and we investigated the effect of
external abrasions which can destroy LFPs as disdus the supplementary section (Fig.S6).

4. Conclusions

In summary, ¥YOs:EU®* (5 mol%) NPs prepared using various fluxes showasned PL
emission compared to without fluxes. Nano regimes veanfirmed by TEM and PXRD
characterization results. NHflux blended NPs show the highest PL intensitpagthe used
fluxes. These samples can be used effectively asval colorimetric sensing assay for the
visualization of LFPs on various complicated andjleeted surfaces. The calculated CIE
coordinates for the optimized samples are founoket@0.65, 0.35) under NUV excitation, which
are close to the coordinates of NTSC standardddrcolor. The visualized LFPs exhibits high
efficiency and high sensitivity due to rapid deysteent procedure and without any background
interference. The duration of submersion in fregttewwould not affect LFPs quality even for
longer duration. The scratched LFPs also exhietrcland well defined ridge details. The
prepared NPs can be a potential candidate for WakdDforensic applications.
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Fig.2 (a-e) TEM images of 0s:EL®" (5 mol%) NPs without and with fluxes; (f) HRTEMdn
(g) SAED patterns of Y0s:EU** (5 mol%), NHCI (1 wt%) NPs.
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Fig.3 (a) DR spectra, (b) energy band gap plots,FIdR spectra and (d) Raman spectra of
Y05 EU* (5 mol%) NPs without and with fluxes.

12



@ i
] A
=y
g
: ) :
g 22 424 426 428 430 432 434 436
W.FJ § o W:velengtsho/n; R
KCl .
NH,C1
NaF
NH,F ..
M A A v T T T 1
250 275 300 325 350 375 400 425 200 225 250 275 300 325 350 375 400 425 450
Wavelength / nm Wavelength / nm
© A_=396 nm @ °

16] 2 nm/1599 nm

) —
Q0 <« PL intensity (a.u.)
g
PL intensity (a.u.)
0\
&

’ 7 & L] L] L]
i Without flux KCI  NHCl ~ NaF  NHF
Wavelength / nm

7’ 7
550 575

A =396 nm
CCT=1972K

Fig.4 (a) Excitation spectra, (b) zero phonon spect (c) emission spectra of,@s:EU** (5
mol%) with and without various fluxes, (d) PL ing#ty and asymmetric ratio versus
various fluxes and (e, f) CIE and CCT diagrams e®¥EU** (5 mol%) without and

with different fluxes.

13



5 mm-Without flux

Fig.5. LFPs developed on the glass surface stdipeptimized ¥Os:EU** (5 mol%) NPs with
and without various fluxes.

Fig.6. LFPs visualized on aluminium foil surfaceusing optimized ¥Os:EU** (5 mol%) NPs
without and with various fluxes.
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Fig.8. Visualized LFPs by using optimized NPs oriaugs porous surfaces under UV 254 nm
light.

15



|_Glasscup | Glassslide

Highlighter

o
2
©
]
Q
©
Q
£
o
o

Playing card | Aluminum foil

Fig.9. Aged LFPs recovery on non-porous and posofgces stained by optimized NPs under
UV 254 nm light followed by powder dusting techrequ
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Fig.10. LFPs recovery using optimized NPs on th#@wua non-porous surfaces treated with
fresh water.
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Table.1l. Comparison of FP results obtained in the predentysvith those of reported data.

Host M ethod of Typesof surfacesused  FP detection Abrasion  Aquatic
Synthesis for detection aging temperature test treatment
NaYF,:Yb,Er Solvothermal  Ceramic tile, marble, Type | and Il -
(180 °C/24 h) glass
(non-porous)
note papers, Chinese
paper money, and plastic
plates (porous)
Y 4,Zr 301:Eu™* Solvothermal  Aluminum foil, plastic Type | and Il -
(1000°C/5 h)  tube (porous)
glass, compact disk,
stainless steel (non-
porous)
YVO,:Eu, Hydrothermal Plastic cards, aluminum Type |l and Il -
LaPO,:CeTh (180°C/24 h)  alloys sheets, printing
papers (porous)
ceramic tiles, marbles,
painted wood, and floor
(non-porous)
Fluor escent Stcber method Glass (non-porous) Type | and Il -
SiO, NPs
(PPV) NPs Modified Adhesive tape (porous) Type | and Il -
Wessling
(80 °C/ 3h)
Fluorescent Suzuki Printing paper and Type |, Il and -
semiconducting  coupling colored paper [l
polymer dots reaction (porous)
(100 °C /48 h) glass, aluminum fail,
plastic bag, and acrylic
sheet
(non-porous)
AUNCs@MMT  One-pot Weighing paper, Type |, Il and -
microwave adhesive [l
35°Cunder tape (porous)
vacuum binder clips, slide glass,
condition transparent
tweezers and porcelain
enamel (non-porous)
ESM-CaSNPs Reverse Foil and plastic Type | and Il -
microemulsion substrates (porous)
tile and glass (non-
porous)
Y,05:Eu®, M* Combustion  Porous Type I, Il 1-30 3 Cycles 7d
(M*=Li,Na,K) (700°C/3 h) d immersion
Non-porous Type I, 11, 11l
Semi-porous Type |, I
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Fluxes blended YO5:Eu** NPswere prepared by facile solution combustion
route.

Optimized samples exhibitedas novel sensing aganthie visualization of
LFPs.

NH4F flux blended NPs showed the highest PL intenaityong the used
fluxes.

Y0 EU* NPs with NHF flux was suitable for forensic and LED’s
applications.
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The sharp and intense diffraction profiles of threpared samples were well matched to
body-centered cubic structure with space group &8 planes are good agreement with
standard JCPDS file No. 41-1105. No obvious imgyptaks are observed which confirms
the formation of single phase compound. A smalkpsft at D of ~ 29 corresponding to
(440) plane is observed due to induced fluxes theo host YOs:EU** (5 mol%) (Fig.S1
(b)).The crystallite size of the prepared sampkesalculated using following Scherrer’s
relation [S1];

D=094/pBcoss 1)

where, A ; wavelength of the X-ray$ ; the full- width at half maximum (FWHM) an@l ;
angle of diffraction.

(a) NHF (b) NH,F
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Fig.S1 (a) PXRD patterns of,®s:Eu’* (5 mol%) NPs with different fluxes, (b) magnified
image of a plane (440).

As shown in Fig.S2, detailed ridge characteristiesnely level | - lll are clearly
revealed on spatula, highlighter and glass undtgr bormal and UV 254 nm light. While the
LFPs on the compact disc and goggle restricte@é\wel |1 and 2 details due to background
hindrance. Moreover, it is noteworthy that the LFERseloped on rough surfaced coin can
also provided clear friction edges, demonstrathrag bur optimized NPs is highly efficient,
versatile and can be applied to visualize LFPsidoally all non-porous surfaces. However,
in order to demonstrate the robustness of optimszadple for practical use, individual LFPs
are visualized under both normal and UV 254 nmtlmgh glass surface, as shown in Fig.S3.



Well defined three levels of FP ridge details nameifurcation, island, crossover, whorl,
small ridge, eye, bridge, specialty and sweat p@es®l Ill) are clearly visualized under dual
illumination.

Fingerprints on various non-porous substrates in white and UV light

Pg :
| .

Fig.S2. Visualized LFPs using NPs on various noreps surfaces under white and UV 254
nm light.



(a, a,) Bi-furcation (d, d,) Scar (g, 8,) Hook
(b, b,) Island (e, ;) Small ridge (h, h,) Eye
(c, c,) Ridge end (f, f,) Specialty (i, i;) Sweat pores

Fig.S3. Various ridge details of individual FPsgdass surface under normal and UV 254 nm
light.

These fruits and vegetables subjected to deteivoratwhich depends on
environmental and storage conditions (e.g., temipexaand humidity) [S2]. As can be seen
from the (Fig.12 (a’ & d’)) it is evident that th®injal and green apple exhibit well defined
ridges owing to its smooth and longer shelf lifertRer, the visualized LFPs on capsicum,
cucumber and watermelon are restricted to levatd H details due to high background
hindrance. LFPs visualized on papaya exhibit intistridge details due to the uneven
surfaces (Fig.S4 (f)). The present results clealiynonstrated that the sensitivity of the
prepared sample is high enough for visualizatioh s on various neglected semi-porous
surfaces.



FPs on vegetables surface in white and UV light FPs on fruits surface in white and UV light

Green apple

Fig.S4. LFPs visualized by the optimized NPs onoues neglected vegetables and fruits
surfaces.

Conversely, bare LFPs are maintained at variougpeeatures for ~ 10 min and
afterwards stained by optimized NPs exhibits shaei defined ridge characteristics and
reveals level 1 and level 2 details upto®85(Fig.S5) under UV 254 nm light.However, faint
FP patterns were observed, when temperature wasases to 40C. Further, when the
temperature was increased to %I) the ridge patterns were completely disappeatsdtd
evaporation of biogenic constituents of LFPs. Thamed result signifies the excellent
reproducibility of the prepared sample.



Fingerprints stored at different temperatures

35°C

Fig.S5. LFPs on glass surface stored at diffeemnperatures stained by optimized NPs.

Series of physical scratch test is performed omouarsurfaces including television
remote, compact disc, granite and spatula befodeadter abrasion under 254 nm light to
investigate external abrasions which can destrdys fFig.S6). The obtained results indicate
that the visualized LFPs using prepared samplebéshclear ridge details even after Ili
scratch. These results validate the optimized Niésp@wder dusting method is versatile and
novel sensing colorimetric array for visualizat@inLFPs for forensic analysis.
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Fig.S6. Visualization of LFPs before and after gitrdest using optimized NPs on various
non-surfaces under normal and UV 254 nm light.
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