Accepted Manuscript

Journal of

ALLOYS
D COMPOUNDS

Rapid synthesis of C-dot@TiO2 core-shell composite labeling agent: Probing of
complex fingerprints recovery in fresh water

H.J. Amith Yadav, B. Eraiah, R.B. Basavaraj, H. Nagabhushana, G.P. Darshan, S.C.

Sharma, B. Daruka Prasad, R. Nithya, S. Shanthi
PII: S0925-8388(17)34447-X

DOI: 10.1016/j.jallcom.2017.12.251
Reference: JALCOM 44337

To appearin:  Journal of Alloys and Compounds

Received Date: 22 September 2017
Revised Date: 9 December 2017
Accepted Date: 22 December 2017

Please cite this article as: H.J. Amith Yadav, B. Eraiah, R.B. Basavaraj, H. Nagabhushana, G.P.
Darshan, S.C. Sharma, B. Daruka Prasad, R. Nithya, S. Shanthi, Rapid synthesis of C-dot@TiO2 core-

shell composite labeling agent: Probing of complex fingerprints recovery in fresh water, Journal of Alloys
and Compounds (2018), doi: 10.1016/j.jallcom.2017.12.251.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.jallcom.2017.12.251

——--------------------------------~

N s e -



Rapid synthesis of C-dot@TiO, core-shell composite labeling agent:
Probing of complex fingerprintsrecovery in fresh water

H.J. Amith Yadav', B. Eraiah’, R.B. Basavaraj? H.Nagabhushana? , G.P. Darshan®,
S.C. Sharma*®, B. Daruka Prasad®, R. Nithya’, S. Shanthi’

!Department of Physics, Bangalore University, Bangal ore -560056, India
*Prof.C.N.R. Rao Center for Advanced Materials, Tumkur University, Tumkur-572103, India
3Department of Physics, Acharya Institute of Graduate Studies, Bangalore- 560 107, India
“Advisor, Avinashilingam Institute for Home Science and Higher Education for Women
University, Coimbatore 641043, India
>Department of Mechanical Engineering, Jain University, Advisor, Jain group of Institutions,
Bangalore 560069, India
®Department of Physics, BMS Institute of Technology and Management, \VVTU-affiliated,
Bangalore 560 064, India

"Department of Civil Engineering, Avinashilingam Institute for Home Science and Higher Education for
Women University, Coimbatore 641043, India

Abstract

A straightforward and facile one-pot synthesis abon dots from pomegranate waste peels was
performed using the hydrothermal carbonizationnegple at a gentle temperature (180 °C). The
carbon dots/Ti@ (C-dot@TiQ) core-shell nanostructures (NSs) are preparedybdyothermal
route. The obtained products are well characterifmd their chemical composition and
morphological features by different spectroscopid &ransmission electron microscopy. The
synthesized C-dot@TiDare characterized by transmission electron micqsc¢TEM),
fluorescence spectrophotometer, UV-Vis absorptipecta as well as Fourier transform
infrared spectroscopy (FTIR). The results reveat the as-prepared C-dots are spherical shape
with an average diameter of 6 pum. Powder dustinthotkis used to visualize latent fingerprints
(LFPs) by staining uncoated and carbon coated MSsgdous porous and non-porous surfaces
under UV light. The optimized powders are also useakcover latent prints submerged in water
on different non-porous dried surfaces includingnahum foil, glass, mica sheet and different
textured marbles. Also, the duration of submersffects the quality of FPs developed; the
longer the duration, the worse the quality is. dtdlear that core-shell NPs display high
sensitivity, reproducibility, selectivity, reliaity, and can obtain the complete three levels of
friction ridge details.

Keywords: Carbon dots; diffuse reflectance spectroscopy; éfmuint; fresh water; lip print.
* Corresponding author: E-mail: bhushanvic@gmaihgbl. Nagabhushana).



1. Introduction

Before the trend in nanoparticle research, manyeatien methods are developed for
visualization of LFPs. However, there still exidsscarcity of sensitivity and selectivity.
Nanoparticles (NPs) are then proposed as a wagckdet these concerns [1-3]. Their small size,
versatility and ability to precisely tune their &ge properties are the main objectives why they
interest so much consideration. The surface madiGo versatility of these materials may lead
to visualize all the types of FP ridge characteduding sweat pores. Their numerous optical
properties can lower detection limits and incretligesensitivity, typically by using luminescent
properties to get rid of background interferencd. date several types of NPs have been used
for fingerprint detection and studied extensiveyyseveral methods [4-8].

TiO2 NPs are considered to be among the best photlytcataaterials due to their long-
term thermodynamic stability, strong oxidizing paoweand relative non-toxicity. The
nanomaterials often show unique and considerabiyhgéd physical, chemical and biological
properties when compared to their macro scaled tequarts [9-12]. The titanium dioxide and
copper have been used mostly for the synthesitabfesdispersions of nanoparticles, which are
useful in areas such as photography, catalysiggdgeal labeling, photonics, optoelectronics and
surface-enhanced Raman scattering detection [1&ly Tiave also been recently utilized in many
applications such as gas sensing, photochromiceégvand solar cells as well as for their role in
drug delivery, diagnostics, imaging, sensing, geladivery, artificial implants, and tissue

engineering [14].

In the recent time, carbon dots (C-dots) have imecaising star belonging to the
carbonaceous family and have explored substanteitaon in numerous research areas because

of their benign, abundant and inexpensive natur@oS can be a potential candidate emerged as



an alternative for the existing traditional semidoctor quantum dots [15]. They also paid much
attention due to their potential applications ino-bhaging, sensor, optoelectronics,
photocatalysis, supercapacitors, and so on [16-18].

Till date various techniques have been set up Her greparation of C-dots namely,
thermal oxidation, laser ablation, electrochemaadtation, hot injection, microwave irradiation
and pyrolysis [19-21]. These methods have someimmemients, for example low item yield,
absence of size control and the utilization of po@is chemicals or high temperature for the
preparation. Thus, there is a critical need tougehew techniques, which are cost- effective,
environmental friendly and are alternative to theniful chemical and physical methods.

Hydrothermal carbonization could be a powerfuhtglgy because of its basic exploratory
setup, which stays away from the need of emphétipaisonous chemicals or high temperature.
Primarily, water is utilized as the response medianthe change of biomass, where the mass as
well as nano-sized carbon materials are given ugdetle exploratory conditions. In the mean
time an economical source of raw materials are tmetthe preparation of C-dots. In this regard,
bio-waste materials can be considered as a viahie potential option feedstock to fossil
resources for variety of chemicals [22].

Pomegranate waste peels are one of the most uitidecinatural resources and most
geographically diverse bio-waste residues on eamld, the huge remnants have never been
challenged to utilize extensively in an effectivearmer. Pomegranate peel extract majorly
contains of anthocyanins, polyphenols, ellagic agdlargonidin 3-glucoside, cyanidin 3-
glucoside, and cyaniding 3, 5-diglucoside [23].

In the present work spherical C-dots are prepatieadsimple one-step carbonization

method, whereby the bio-waste of pomegranate pdedat is processed by the hydrothermal



carbonization at a gentle temperature (180 °C). ddteydration of the pomegranate peel extract
leads to the formation of spherical C-dots witha@proximate diameter of ~ 6 - 10 um. Further,
TiO, layer was coated on the surface of c-dots anaibt@ned C-dot@Ti©@NPs were studied

in detail for the detection of LFPs on various stdiss.

Regardless of the advancements made in DNA pigfilFPs are as yet considered as the
most broadly settled types of scientific proof in&l by the forensic scientists to positively
recognize a person. Criminal offenders have a kggative not to leave any clues at the crime
scene. Some may trust that things recuperated sgbohewill have no measurable esteem;
hence, they endeavor to obliterate these clueossing things into the water. Accordingly, it
has been the worry of legal specialists to inspenfirmations recuperated from various aquatic
conditions. Lawbreakers and law authorization hiaeen stunned by the physical confirmation
that remaining parts protected notwithstandingsien of submersion [24, 25].

Regular fingermarks deposits are made of a blencaobus substances; 99% water and
rest of the part comprises of small traces of aigand inorganic materials. Substrates with non-
porous surface usually do not absorb the moistun@ the surrounding environment. LFPs on
theses non-porous surfaces are more susceptilblarto as the LFP residue accessible on the
outermost surface is more exposed to the surrogretimironmental factors [26].

Numerous examinations exhibited different composi¢h&t may impact on the quality
of created FPs in water including; individual véioa of LFP composition, the nature of surface,
time duration after deposition, ecological facttos example, air course, tidy, dampness, light
exposure, precipitation, temperature, Ultraviotalys and synthesis methods [27]. The
fingerprint composition varies drastically with pegt to the different time durations which in

turn may affect the efficiency of the various depghent techniques. Many authors surveyed



the impact of fresh water on the quality of the eleped LFPs using numerous techniques of
development, they observed that LFPs are stillccbel recovered from the substrates which are
submerged in the fresh water and they do not hajerrdamage impact.

Lip prints (LPs) convey the extra confirmation t@r@me scene that can be important,
especially in cases missing other proof, like RF%s can be a factor in several kinds of crimes,
such as when a person has been bound or gaggets pni a glass that a person drank from,
prints on a cigarette butt, and prints on a glassfow if they are pressed up against it. All of
these are probable places where LPs may be fouhdised in the examination of a crime [28-

30].

Nevertheless, the use of LPs in crime scene ignpbete due to the reliability of LPs has
not been decisively recognized in the court of I&urther, LPs are unique and do not alter
during the life span of an individual [31]. On tbéher hand, the major distraction to the lips may
lead to scarring, pathosis and the surgical treatmendered to correct the pathosis may affect
the size and shape of the lip, which in turn alkter pattern and morphology of grooves. It has
also been proposed that dissimilarities in shapesng males and females could help in sex
determination. Lipstick smears can lead to indiggctof of a connection or contact between a
victim and a suspect or a suspect and a crime seteee, in addition to the LFPs the LPs are

also considerably attracted more interest amongpttemsic scientists.

Interestingly the precise information of chemicahstituents of LFPs is to be known at
the time a forensic investigator made attemptsstadcovery. Generally, ridge patterns on any
surfaces are due to sweat secretions present ifrRise Major chemical constituents of FPs
originating from epidermis, the secretory glandscl(iding three sweat types), intrinsic and

extrinsic contaminants such as metabolites, drugeod, grease, food contaminants,



moisturizers, hair care products, etc [32]. Evesutih, these FPs sources certainly contribute to
FP residue but they do not give either a compretherst or acknowledge probable chemical
activity over the time between deposition and Vigation. Therefore, many chemical reagents
used for visualization of LFPs are developed oa theoretical model of LFP residue there is a
motivation to explore further information of the aet chemical composition of LFPs if
researchers are to develop new and novel reagéavgever, during visualization of LFPs, the
substrate on which FPs is deposited is very sipniti. Generally substrates are broadly
classified into two types: porous and non — porsuisstrates. In the present work, we explored
C-dot@TiQ NSs to visualize high resolution LFPs on varioasops and non-porous surfaces.

Till date no reports are available for the detaciof LFPs recovered from the fresh water
using C-dot@TiQprepared via hydrothermal carbonization techniguee aim of the present
study is to investigate the LFPs developed on varfmrous and non-porous substrates and their
micro-structural analysis. In addition to the LFdgection the LPs are also investigated under
normal light.

2. Experimental
2.1 Hydrothermal Carbonization of pomegranate peel extract

Fig.1. shows the formation of carbon spheres by rdth@érmal carbonization process.
Pomegranate waste peels are collected from a fagalshop in Tumkur, India. They are first
washed in water and dried in sunlight, followed d&yen-drying at 150 °C for 12 h for
carbonization. Then, 2 g of the pre-treated Ponmegeawaste peels are washed in 60 mL of an
aqueous 0.1 M k50O, solution and rinsed with water, followed by filtegi and drying in an oven
at 150 °C for 6 h. The obtained Pomegranate peeldheen mixed with 60 mL of a sodium
hypochlorite (NaCIO) solution, kept at room tempera for 6 h and then washed in water with

pH of 7. The oxidized Pomegranate peels (in 25 rhlwater) are placed in an autoclave by



maintaining the temperature 175 °C for 12 h. Furtlieis allowed to cool down to room
temperature and the obtained brown precipitateashed several times with alcohol to remove
the un-reacted organic product. The aqueous saligi@entrifuged at 7000 rpm for 30 min to
separate the solvent from the mixture and finatlgalat 120 °C for 3 h.

2.2 Preparation of C-dot@Ti0O, nanostructures

The C-dots@TiQis prepared by hydrothermal method: 25 mg of G-@oid 20 mL of ethanol is
dissolved in 40 mL of ultrapure water. The mixtuiesltrasonic dispersion at room temperature
for 30 min. Then, 13.2 ml of TBOT is added drop evisto 40 ml of the above solution under
vigorous stirring for 2 h. After mixing evenly, thevere transferred into a 200 mL stainless steel
autoclave with a Teflon liner. The autoclave isaiteel at 186GC for 36 h. After cooling down to
room temperature. The white precipitate is filtdatend washed with distilled water for several
times. The obtained black brown powders are driedd@’C in a vacuum oven for 10 h and then
ground to fine powders with an agate mortar. Thatl®sis of C-dot@Ti@NSs are shown in
Fig.1 (Step.2).

2.3 Characterization
The prepared samples are characterized by usinggyod+ray diffractometer (XRD, Shimadzu

7000) with Cu k (1.541 A) radiation, Hitachi table top (Model TNd@), Hitachi H-8100 (200
KV), LaBs filament equipped with EDS (Kevex sigma TM QuaddB6A). Particle size is
estimated by Hitachi (H-8100) made transmissiorcted@ microscope (TEM). The Diffuse
reflectance (DR) spectroscopy of the samples iordecdd on Perkin Elmer (Lambda-35)
spectrometer. The Fourier transform infrared (FTiRudies are done by Perkin Elmer
Spectrometer (Spectrum 1000). Raman studies aferped using He-Ne laser (~ 632.8 nm) as

the excitation source.



3. Resultsand discussion

The PXRD patterns of the carbon dots, pure,Bi@l carbon coated Ti@re shown irFig.2 (a).

It is noticed from the figure that all the PXRD fgesaof TiO, exclusively in an anatase
(tetragonal) phase (JCPDS 21-1272) after thermakaing. The average crystallite size is
estimated by using Debye — Scherrer’s relation.[33]

One of the drawback of the diffraction pattern tcwrate determination of crystal
structure because of the overlapping of the diffoac peaks. Therefore Rietveld refinement
analysis is used to create the virtual separatfaime overlapped peak&i@.2b). The Rietveld
refinement method is used to estimate the entivedpo pattern of the sample with the different
refinable parameters and to minimize the differemesveen the observed and calculated pattern
by least squares method. The lattice parametemsvataated by performing Rietveld refinement

usingFULLPROF suit program [34].

Pseudo-Voigt function has been used in orderttind several parameters like one scale
factor, one zero shifting, six background, threé parameters, five shape and width of the
peaks, one global thermal factor and two asymméactors . The refined parameters such as
occupancy, atomic functional positions for Ti@e studied. The obtained results are in good
agreement with the calculated XRD intensity. THinesl parameters R Rup, Raraggs 1 Values

indicates the good fit of the profile.

Spectroscopic measurement of diffuse reflectancd\i-Vis spectral range is used for
the determination of the band gap of powder samplae DR spectra of bare TiGnd C-
dots@TiQ are shown inFig.2 (c). The spectra are recorded in the range of 200 -0
wavelength region at room temperature. It can ea §®m the~ig.2 (c) that a strong absorption

peak for TiQ is observed in the range of 350 — 400 nm. A sbhagpease in reflectance started at



about 415 nm for the un-doped TiGamples due to strong absorption. In C-dots@Tie
absorption edge suffered a gradual blue shift. 8terthine the energy band gap, Kubelka-Munk
function is used. The Kubelka—Munk function F JRnd band gap energyh¢) are estimated

by utilizing the following equations [35]:

F(R.)= (1;;2") -------------------- ®
1240
WG (2)

where R,; reflection coefficient of the samplg; the absorption wavelength. The energy band
gap values are evaluated and are summarizetiable.1l. The Kubelka-Munk plots for the
TiO,and C-dots@Ti@samples used to determine their band gap energycias=d with an
indirect transitionFig.2d).It can be observed that the indirect band gap as@® gradually after
carbon coating (C-dots@T#DThe energy band gap (Eg) values of J@hd C-dots@TiQis
found to be 3.33 & 3.97eV respectively. The inceeasthe band gap value indicates the blue

shift in C-dots@TiQ nanostructures.

Raman spectroscopy is a vital technique to study dtructural properties of NPs,
observing the broadening and shifting of Raman ma@dsociated with particle size. According
to the Heisenberg uncertainty principle, the pletgize as well as phonon position is given by
the relation:

/)| | p— (3)
WhereAX; particle size AP; phonon momentum distribution, amdreduced Planck’s constant.
According to the law of conservation of momentutme tparticle size reduces, the phonon

momentum distribution increases within the partadea result of broadening as well as shifting



of the Raman bandBig.3a depicts the Raman spectra of Tiéhd C-dot@Ti@NPs. According

to group theory analysis, anatase phase ob Twhtain six Raman-active modes,; 4 2By +
3Ey). In the present work the Raman spectrum of amaaraliQ NPs have six allowed modes
appeared at 140 ¢F 194 (g), 381 (Bg), 505 (Ag) and 616 cm (Eg). Further, the intensity of
the Raman modes reduces greatly in carbon dopeplasnin order to understand the variations
in the spectra more clearly, the position andftiievidth at half maximum [FWHM] of the 381
(B1g), 505 (A and 616 cril (Ey) with the addition of carbon doping. In additiam this the
position of the Raman bands shifts towards high@vemumbers and their intensities decrease
drastically. The observation can be attributedhis reduction of particle size. It is well known
that as the grain size reduces to the nanometés, sha vibrational properties of materials are
greatly enhanced. Mainly, a volume contraction egeuthin the NPs owing to the size-induced
radial pressure, which leads to an increase irfdfee constants because of the decrease in the
interatomic distances. In vibrational transitiothe wavenumber varies approximately in
proportion to k;, where k is the force constant. ConsequentlyRaman bands shift towards a
higher wavenumber due to the increasing force emtst The unexpected reduction in scattering
intensity, particularly of the Eg modes (140, 194l £16 crif), may be due to the breakdown of
long-range translational crystal symmetry causethbyincorporated defects [36].

FTIR spectra are acquired to determine the ligamdthe surface of the CNPs; the results
are shown irFig. 3b.Spectra of CNPs displayed many common charact=isihe FTIR peaks
at 3411 and 1697 cindepicted the stretching vibrations of O-H and CH@; peaks at 1436 and
1316 cn' related to the asymmetric and symmetric stretckibgations of NH and C-N, which

did not exist in raw material. The peaks at 294& &h83 crit owed to the stretching vibrations



of CH, and C-C. The presence of carboxylate functionaleties is responsible for creating
energy traps which make the CNPs highly fluoresf®sit

Fig.4 shows the SEM images of spherical carbon and rdiffey coated (I-1ll) C-
dot@TiQ, nanostructures. The solid spherical shaped unifoarbon spheres with an average
size of ~ 500 nm. If the uniform surfaced carbohesps are coated with different layers of FiO
core-shell NSs with various morphologies can beaiokd with narrow size distribution, high
packing densities and low scattering of light ifiaged as compared to conventional powder

particles having large grains and irregular morpgyl

Fig.5 (a-d) shows the TEM images of uncoated carbon dots addt@TiO, coated (I-
II) NSs respectively. As can be seen from theriggthe carbon dots were almost spherical in
shape with size 2-5 niffrig.5a). HRTEM images otarbon dotand C-dot@TiQ coated (I-111)
NSswere shown irFig.5 (e-h). Further, the interplanar distance (d) was esgthaind found to
be ~0.25 nm (carbon dots ) and 0.28, 0.31 and @:/83for C-dot@TiQ coated (I-l)
respectively. In order to confirm the presence afrdn in the Ti@ energy-dispersive
spectroscopy was us€Hlig.5i) and the corresponding compositions were repregantdable
(Inset: Fig.51). The spectra clearly revealed that the respepi@ak corresponds to O, Ti and C

composition without any impurity.

The practical suitability of C-dot@TiI-1ll coat) is tested for LFP technology on
aluminum foil surface and shownkig.6. It can be seen that the LFP visualized by C-dot@TiO
(Il coat) sample exhibits well defined ridge chass on most of the selected surfaces are
highly distinct with adequate quality, high fluocesice, and low background interference and a

clear pattern to the naked eye, with excellent Hingss and contrast under normal light.



Therefore, core — shell C-dot@TiQIlI coat) can be explored as an excellent labetiggnt for
visualization of LFPs via powder brushing methodairensic science.

Fig.7 shows the LFPs visualized by staining optimizedd@@TiQ, (Ill coat) NSs on
various non-porous magazine covers under normat by powder dusting method. Usually, FP
residue is usually absorbed into porous surfacdsrémains on the surface of non-porous
surfaces. The visualized LFPs exhibits clear ridgerostructures with good sensitivity and
selectivity due to small particle size and bettehexence property of the reagent. This
demonstrated the practicability of prepared NPv/fsnalize LFPs on non-porous surfaces.

In order to identify the efficiency of the preparegdtimized NPs, an overlapped and
individual FPs have been taken and applied on itftgefmarks [£ig.8). It is clearly showed a
minute type | (cores and deltas) and Il (ridge egsiand bifurcations) ridge patterns in with and
without overlapped FPs. Generally FP patterns ategorized in three levels. Level 1 pattern is
macro which contain cores as well as deltas, whiehnot distinct sufficient for recognition.
However, in Level 2 particulars refer to minutia@ns namely ridge endings and bifurcations,
which are clearly distinctive patterns. In levetypes are well-defined ridges containing sweat
pores, ridge path deviations, and edge contourg;hwdre extremely vital quantitative data to
identify precise FP detectioig.8 displays three levels of FP ridge patterns in apmped
(complex) and single FPs comprising core (levetitige completion(stage Il), divergence (stage
I), island/dot (stage II), scar (stage lll), anore (stage 1ll). The magnified images from 1 to 3
level details in the FP established by means otimyiamethod validated its possibility for

fingerprint detection.

Generally FPs patterns are categorized into thifesreht levels. Level 1 pattern exhibits

delta, loop and whorl which are not distinct focagnition. However, in Level 2 details refer to



minutiae ridge details namely bifurcation, crosemvake, hook, short ridge, island and etc.
which are clearly distinctive patterns. In levetypes are well-defined ridges containing sweat
pores, ridge path deviations and edge contourschwlaire considered as extremely vital
guantitative data to identify individuals. In theepent study the level 2 and level 3 FPs are
studied in detail. Close inspection of fingertigyveals that they contain permanent, immutable
and unique pores that are distributed on the ridgbe detailed sweat pore identification of
individuals is attempted by park et al. [38]. Thadses that show that 20—-40 pores are most
sufficient to create patterns that are required #&rhuman’s identity. Regrettably, the
visualization of such sweat pores has been corexides most neglected part due rapid, reliable
and affordable visualization reagents have not loex@loped. Although many efforts has been
attempted to visualize sweat pores, but they requaxpensive and complicated experimental
procedures and are unable to distinguishing swexaesng active pores. But in the present
work, we visualized LFPs by staining optimized G@diO; (Il coat) NSs under normal light
on textured marbles and aluminum foil surface eixfilevel 3 ridge patterns, level 1 and level 2
(bifurcation, eye, delta, enclosure, bridge, ridgeling, and crossover) details is showikig.9.
Well defined ridge microstructures could be cleatserved without background hindrance or
color disruption under normal light, leading to emtional contrast for visualized FP
development. The results evident that the all tRedEtails from levels | to Il are detected and
validated their possibility in forensic analysis.

All the LFPs are visualized, assessed and sca@ut@ding to FP quality assessment scale
(Table 1). Score 4 and 5 demonstrates excelleiltig (Type | and I). Score 3 demonstrates
poor visibility of ridge features are partly visizald. Score 2 demonstrates bad visibility with no

clear friction ridges. Score 1 demonstrates blahwb print is visible.



In order to visualize the effect of water salinjfyesh water) on LFPs developed by the
powder dusting method on the various porous andpooous substrates, it is better to leave the
surface 2 h to dry before applying the optimizedd@@TiO, (11l coat) NSs. The present study
revealed that; successful recovery of good and geryd quality of latent FPs is possible
following submersion in different aquatic enviromm® In crime scenes, it's unlikely that
fingerprint processing and enhancement takes praceediately after deposition especially in
underwater crime scene. Therefore, FPs are exarairgifferent intervals; 1 and 7 days.

Micro structural analysis of L FPs

Fig.10 shows the developed FPs visualized under scaniestf@ microscope (SEM). It can be
observed from the figure that various ridge detaflsevel 1l and level Il are clearly detected
under SEM. The FPs with level | ridge details nameifurcation, ridge ending, bridge, small
ridge, Island, dot, cross-over etc. are clearledeid with high resolution images. The level I
FPs consists of sweat pores can also be obsertledh&ihelp of SEM micrograph.

In the present work, the visualized ridge featwfelsFPs diminish for longer durations (7
days) of immersion in fresh wateFi¢.11). However, some of the ridge features of good
visibility (score 4) are still detected af” May. This result further evident that the pradtica
importance of the powder dusting method and diffeporous and non-porous substrates. The
quality of ridge features developed on various sabss with duration can be explained in the
light of the fact that; FP composition changes tigio various chemical, biological and physical
processes. Some of the chemical constituents atevie several processes namely degradation,
metabolism, migration, oxidation, polymerization.et

The longer aging periods may results in largeraggtion of FP components. Generally

these changes depends on the changes on lipid oemigosuch as fatty acids, wax, esters,



triglycerides, cholesterol and squalene within F&s,these tend to decrease significantly in
concentration over time [39]. In addition, wateottbm mud, sands, length of the submersion
and other factors can also affects the LFPs to faster. Similarly, several authors confirmed

the possibility of recovering FPs deposited ongklgles immersed in river, sea, tap, or distilled
water. They found a decrease in LFPs visualizatiith increasing the duration of immersion. In

the present study, the FPs immersed for 1 and 8 day on average of good to very good
visibility (Type I and III).

The present study also demonstrated that, theesigiercentage of good and very good
quality (score 4, 5) of FPs is detected by powdestidg technique. In contrast, other methods,
powder dusting is the best method for developménERs of various surfaces immersed in
stagnant water during different time intervals. EFfeveloped on some of the porous and non-
porous surfaces are found to have the highest mis#nility score after submersion in fresh
water for 1 and 7 days. Mean visibility score ahfs developed showed significant decline after
7 days of submersion. Prints submerged in fresherwashowed significantly higher mean
visibility score using various substrate surfageduding aluminum foil, glass, mica sheet and
different textured marbles with various time int&s:

Like FPs, lip prints are also unique, individudlatacteristics, they are allowed as
evidence in criminalistics, and they may be foundsarfaces (glass, coffee cup, cigarette butts
etc.). Latent lip print established on glass slideng the optimized C-dot@ Tl coat) NSs
under normal light and labeled, as showrkig.12. As can be seen from figureis found that
lip print patterns not simply comprise of one tygdene, but appeared as a mixture of varying
types as is also the case in a earlier study shdwed@isuchihashi [40]. The human lips are

divided into six different portions namely, uppeft] upper middle, upper right, lower left, lower



middle and lower right respectively. The lip pritensist of six different types namely: Type —I
consist of horizontal with other grooves, Type-dhsist of complete vertical, Type-IIl consist of
incomplete bifurcation, Type-IV consist of X or cora form, Type-V consist of complete
branched and Type-VI consist of bifurcation. AletBix types of grooves (Type | to VI) are
clearly observed due to the smaller and uniforracsidSs.

From the above-mentioned findings, it is notewypittiat the data obtained in this study
are quite promising as it indicates the uniquersess permanence of lip prints. Besides, the
procedure of lip print analysis is very simple aimkexpensive. Therefore, it may be
recommended that the lip prints can be used akableeaid to human identification in the field

of forensic science.

Conclusions

A novel one-pot synthesis of carbon dots from pamegte waste peels was performed using the
hydrothermal carbonization technique. The resudiseal that the as-prepared C-dots are
spherical shape with an average diameter of 6 JowdEr dusting method is used to visualize
latent fingerprints (LFPS) by staining uncoated aadoon coated NSs on various porous and
non-porous surfaces under UV light. The preserdystwoncluded that it is possible to recover
latent prints submerged in water on different nomps dried surfaces including aluminum foil,
glass, mica sheet and different textured marbleth whe best visualization method using
optimized C-dot@TiQ(lll coat) NSs in fresh water. Also, the duratidrsabmersion affects the
quality of FPs developed; the longer the duratibe, worse the quality is. This study showed
that any piece of evidence recovered from undemsteuld be tested for prints, no matter the
amount of time spent beneath the surface. Furthexplores a new possibility in the use of
composite fluorescent core shells in visualizatbrcomplicated and overlapped LFPs available
in crime scenes. The procedure adopted was simgleliaplays superior performance with more
efficiency (because fingerprint development procedwas superficial and fast and could be

finished in approximately 30 s for trained inveatws), high sensitivity (because of lower



background hindrance and sweat pores can be olbsewiag to the small particle size) and
lesser toxicity.
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Figure Captions:

Fig.1 Schematic illustration for the formation of C-ddtem the hydrothermal treatment of
pomegranate waste peels and C-dot@Ti@nhostructures.

Fig.2 (a) PXRD patterns of carbon dots, piénd C-dot@Ti@ (b) Rietveld refinement (Inset:
Packing diagram) Tig) (c) diffuse reflectance spectra and (d) energydbgap plots of
TiO, and C-dot@Ti@nanostructures.

Fig.3 (a) Raman spectra and (b) FTIR spectra of, B C-dot@TiO2 NSs.

Fig.4 SEM micrographs of carbon spheres and C-dot@TiO2t (elll) NSs.

Fig.5 (a - d) TEM images, (e — h) magnified TEM, (i — IHRTEM image, (m — p) SAED
patterns of carbon dots, C-dot@7Ti(@oat — 1), C-dot@Ti@(coat — II) and C-dot@Ti©
(coat — Ill) NSs respectively. (q) EDS spectra el@@TiO, (coat — 11l) NSs.

Fig.6 Fingerprint development on aluminum foil surfasgng, carbon dots, Ti) C-dot@TiO2
(coat-1), C-dot@TiQ (coat-Il) and C-dot@Tig(coat-IIl) respectively.

Fig.7 FPs developed on different non-porous magazinersoly optimized C-dot@ TiXll!
coat) NSs.

Fig.8 Complex and single FPs developed on glass sudaitey optimized C-dot@Tiglll
coat) NSs showing 1 to 3 levels of fingerprint edietails.

Fig.9 FPs developed on different textured marbles aandhiaum foil surface by optimized C-
dot@TiQ, (11l coat) NSs showing various ridge detalils.

Fig.10 Fingerprint ridge details visualized under scanrelggtron microscope.

Fig.11 Developed FPs using optimized C-dot@7{l coat) NSs on various substrate surfaces:
aluminum foil, glass, mica sheet and textured nesrblefore and after submersion in fresh
water for 7 days.

Fig.12 Lip print developed using the optimized C-dot@7 (@ coat) NSs under normal light,
and their identification traits are labeled.

Table Captions:

Table.l Fingerprint development scores using optimizedo@&TiO, (11l coat) NSs prepared
via powder dusting method on aluminum foil, glassca sheet and different textured marble
surfaces submerged in fresh water at 1, 2 and & dagrvals according to FPs quality
assessment scale.



Table.1 Fingerprint development scores using optimized C-dot@TiOx(l11 coat) NSs prepared via
powder dusting method on aluminum foil, glass, mica sheet and different textured marble
surfaces submerged in fresh water at 1 and 7 days intervals according to FPs quality assessment
scale.

C- Time No. of Scores
dot@TiO, (days) deposite
d marks

5(very good) 4 (good) 3(poor) 2 (bad) 1 (blur/no)

N % N % N % N % N %
0

1 10 10 100 0 O O O O 0O O
Aluminum 7 10 8 80 2 20 0 0 O 0 O
foil
1 10 10 100 0 O O O O 0O O 0
Glass 7 10 7 70 O 0 2 20 1 10 O 0
1 10 10 100 0 O O O O 0O O 0
Micasheet 7 10 6 60 3 30 1 10 O 0O O 0
1 10 10 100 0 O O O O 0O O 0
Marbles 7 10 9 90 1 10 0 0 O 0 O 0




-Stcp:l Formation of Carbon spheres by hydrothermal method
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Fig.1. Schematic illustration for the formatlon of C-détsm the hydrothermal treatment of
pomegranate waste peels and C-dot@Ti@nhostructures.
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Fig.2(a) PXRD patterns of carbon dots, iend C@TiQ, (b) Rietveld refinement (Inset:
Packing diagram) Tig) (c) diffuse reflectance spectra and (d) energydlgap plots of
TiOzand C@TIiQ nanostructures.
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Fig.3 (a) Raman spectra and (b) FTIR spectra of, Bitd C@TiQ NSs.
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Fig.4 SEM micrographs of carbon spheres and C@TaOat I-111) NSs.
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Fig.5 (a - d) TEM images, (e — h) HRTEM image of carldots, C-dot@TiQ@ (coat — 1), C-
dot@TiQ, (coat — 1) and C-dot@Tig(coat — I1l) NSs (i) EDS spectrum of C-dot@Bi@oat —
[l) NSs.



Carbon NPs

c@rio, (1)

Fig.6 Fingerprint development on aluminum foil surfacengscarbon dots, TiQ C@TIO,
(coat-1), C@TIQ (coat-Il) and C@TiQ(coat-1ll) respectively.




Latent fingerprints of C@TiO, (lll) on Non-porous magazine covers
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Fig.7 FPs developed on different non-porous magazinersdsy optimized C-dot@TiO
(1l coat) NSs.



Ridge patterns of single and complex fingerprints
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Fig.8 Complex and single FPs developed on glass surfsing optimized
C-dot@TiQ (11l coat) NSs showing 1 to 3 levels of fingerpriidge details.
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Fig.9 FPs developed on different textured marbles amchialum foil surface by optimized
C-dot@TiQ (Il coat) NSs showing various ridge details.
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Fig.10 Fingerprint ridge details visualized under scanrélegtron microscope.
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Fig.11 Developed FPs using optimized C-dot@7 (@ coat) NSs on various substrate surfaces:
aluminum foil, glass, mica sheet and textured negrtlefore and after submersion in fresh water
for one and seven days.



1. Horlzontal W|th others 2. Complete vertical
3. Incomplete Bifurcation 4. X or Comma form
5. Complete branched 6. Bifurcation
UL/UM/UR: Upper Left/Middle/Right
LL/LM/LR: Lower Left/Middle/Right

Fig.12 Lip print developed using the optimized C-dot@7{ coat) NSs under normal light,
and their identification traits are labeled.



Resear ch highlights

. C-dots are preapred via hydrothermal carbonization of pomogranate peel
extract.

. LFPsarevisualized using C-dot@TiO, core-shell composites on various porous
and non-porous surfaces.

. Powder dusting method is used to visualize the L FPs submerged in water.



