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Abstract 

 
A straightforward and facile one-pot synthesis of carbon dots from pomegranate waste peels was 
performed using the hydrothermal carbonization technique at a gentle temperature (180 °C). The 
carbon dots/TiO2 (C-dot@TiO2) core-shell nanostructures (NSs) are prepared by hydrothermal 
route. The obtained products are well characterized for their chemical composition and 
morphological features by different spectroscopic and transmission electron microscopy. The 
synthesized C-dot@TiO2 are characterized by transmission electron microscopy (TEM), 
fluorescence spectrophotometer, UV−Vis absorption spectra as well as Fourier transform 
infrared spectroscopy (FTIR). The results reveal that the as-prepared C-dots are spherical shape 
with an average diameter of 6 µm. Powder dusting method is used to visualize latent fingerprints 
(LFPs) by staining uncoated and carbon coated NSs on various porous and non-porous surfaces 
under UV light. The optimized powders are also used to recover latent prints submerged in water 
on different non-porous dried surfaces including aluminum foil, glass, mica sheet and different 
textured marbles. Also, the duration of submersion affects the quality of FPs developed; the 
longer the duration, the worse the quality is. It is clear that core-shell NPs display high 
sensitivity, reproducibility, selectivity, reliability, and can obtain the complete three levels of 
friction ridge details. 

 
Keywords: Carbon dots; diffuse reflectance spectroscopy; Fingerprint; fresh water; lip print. 
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1. Introduction 
 

Before the trend in nanoparticle research, many detection methods are developed for 

visualization of LFPs. However, there still exists a scarcity of sensitivity and selectivity. 

Nanoparticles (NPs) are then proposed as a way to tackle these concerns [1-3]. Their small size, 

versatility and ability to precisely tune their surface properties are the main objectives why they 

interest so much consideration. The surface modification versatility of these materials may lead 

to visualize all the types of FP ridge characters including sweat pores. Their numerous optical 

properties can lower detection limits and increase the sensitivity, typically by using luminescent 

properties to get rid of background interference. Till date several types of NPs have been used 

for fingerprint detection and studied extensively by several methods [4-8].  

TiO2 NPs are considered to be among the best photo catalytic materials due to their long-

term thermodynamic stability, strong oxidizing power, and relative non-toxicity. The 

nanomaterials often show unique and considerably changed physical, chemical and biological 

properties when compared to their macro scaled counterparts [9-12]. The titanium dioxide and 

copper have been used mostly for the synthesis of stable dispersions of nanoparticles, which are 

useful in areas such as photography, catalysis, biological labeling, photonics, optoelectronics and 

surface-enhanced Raman scattering detection [13]. They have also been recently utilized in many 

applications such as gas sensing, photochromic devices, and solar cells as well as for their role in 

drug delivery, diagnostics, imaging, sensing, gene delivery, artificial implants, and tissue 

engineering [14]. 

 
 In the recent time, carbon dots (C-dots) have become rising star belonging to the 

carbonaceous family and have explored substantial attention in numerous research areas because 

of their benign, abundant and inexpensive nature. C-dots can be a potential candidate emerged as 
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an alternative for the existing traditional semiconductor quantum dots [15].  They also paid much 

attention due to their potential applications in bio-imaging, sensor, optoelectronics, 

photocatalysis, supercapacitors, and so on [16-18]. 

Till date various techniques have been set up for the preparation of C-dots namely, 

thermal oxidation, laser ablation, electrochemical oxidation, hot injection, microwave irradiation 

and pyrolysis [19-21]. These methods have some confinements, for example low item yield, 

absence of size control and the utilization of poisonous chemicals or high temperature for the 

preparation. Thus, there is a critical need to set up new techniques, which are cost- effective, 

environmental friendly and are alternative to the harmful chemical and physical methods.  

 Hydrothermal carbonization could be a powerful strategy because of its basic exploratory 

setup, which stays away from the need of emphatically poisonous chemicals or high temperature. 

Primarily, water is utilized as the response medium for the change of biomass, where the mass as 

well as nano-sized carbon materials are given under gentle exploratory conditions. In the mean 

time an economical source of raw materials are used for the preparation of C-dots. In this regard, 

bio-waste materials can be considered as a viable and potential option feedstock to fossil 

resources for variety of chemicals [22].  

Pomegranate waste peels are one of the most underutilized natural resources and most 

geographically diverse bio-waste residues on earth, and the huge remnants have never been 

challenged to utilize extensively in an effective manner. Pomegranate peel extract majorly 

contains of anthocyanins, polyphenols, ellagic acid, pelargonidin 3-glucoside, cyanidin 3-

glucoside, and cyaniding 3, 5-diglucoside [23].  

In the present work spherical C-dots are prepared via simple one-step carbonization 

method, whereby the bio-waste of pomegranate peel extract is processed by the hydrothermal 
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carbonization at a gentle temperature (180 °C). The dehydration of the pomegranate peel extract 

leads to the formation of spherical C-dots with an approximate diameter of ~ 6 - 10 µm. Further, 

TiO2 layer was coated on the surface of c-dots and the obtained C-dot@TiO2 NPs were studied 

in detail for the detection of LFPs on various substrates. 

 Regardless of the advancements made in DNA profiling, FPs are as yet considered as the 

most broadly settled types of scientific proof utilized by the forensic scientists to positively 

recognize a person. Criminal offenders have a key objective not to leave any clues at the crime 

scene. Some may trust that things recuperated submerged will have no measurable esteem; 

hence, they endeavor to obliterate these clues by tossing things into the water. Accordingly, it 

has been the worry of legal specialists to inspect confirmations recuperated from various aquatic 

conditions. Lawbreakers and law authorization have been stunned by the physical confirmation 

that remaining parts protected notwithstanding the span of submersion [24, 25]. 

Regular fingermarks deposits are made of a blend of various substances; 99% water and 

rest of the part comprises of small traces of organic and inorganic materials. Substrates with non-

porous surface usually do not absorb the moisture from the surrounding environment. LFPs on 

theses non-porous surfaces are more susceptible to harm as the LFP residue accessible on the 

outermost surface is more exposed to the surrounding environmental factors [26]. 

Numerous examinations exhibited different components that may impact on the quality 

of created FPs in water including; individual variation of LFP composition, the nature of surface, 

time duration after deposition, ecological factors for example, air course, tidy, dampness, light 

exposure,  precipitation, temperature, Ultraviolet rays and synthesis methods [27]. The 

fingerprint composition varies drastically with respect to the different time durations which in 

turn may affect the efficiency of the various development techniques.  Many authors surveyed 
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the impact of fresh water on the quality of the developed LFPs using numerous techniques of 

development, they observed that LFPs are still could be recovered from the substrates which are 

submerged in the fresh water and they do not have major damage impact. 

Lip prints (LPs) convey the extra confirmation to a crime scene that can be important, 

especially in cases missing other proof, like FPs. LPs can be a factor in several kinds of crimes, 

such as when a person has been bound or gagged, prints on a glass that a person drank from, 

prints on a cigarette butt, and prints on a glass/window if they are pressed up against it. All of 

these are probable places where LPs may be found and used in the examination of a crime [28-

30].  

Nevertheless, the use of LPs in crime scene is incomplete due to the reliability of LPs has 

not been decisively recognized in the court of law. Further, LPs are unique and do not alter 

during the life span of an individual [31]. On the other hand, the major distraction to the lips may 

lead to scarring, pathosis and the surgical treatment rendered to correct the pathosis may affect 

the size and shape of the lip, which in turn alter the pattern and morphology of grooves. It has 

also been proposed that dissimilarities in shapes among males and females could help in sex 

determination. Lipstick smears can lead to indirect proof of a connection or contact between a 

victim and a suspect or a suspect and a crime scene. Hence, in addition to the LFPs the LPs are 

also considerably attracted more interest among the forensic scientists. 

Interestingly the precise information of chemical constituents of LFPs is to be known at 

the time a forensic investigator made attempts to its recovery. Generally, ridge patterns on any 

surfaces are due to sweat secretions present in the FPs. Major chemical constituents of FPs 

originating from epidermis, the secretory glands (including three sweat types), intrinsic and 

extrinsic contaminants such as metabolites, drugs, blood, grease, food contaminants, 
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moisturizers, hair care products, etc [32]. Even though, these FPs sources certainly contribute to 

FP residue but they do not give either a comprehensive list or acknowledge probable chemical 

activity over the time between deposition and visualization. Therefore, many chemical reagents 

used for visualization of LFPs are developed on this theoretical model of LFP residue there is a 

motivation to explore further information of the exact chemical composition of LFPs if 

researchers are to develop new and novel reagents. However, during visualization of LFPs, the 

substrate on which FPs is deposited is very significant. Generally substrates are broadly 

classified into two types: porous and non – porous substrates. In the present work, we explored 

C-dot@TiO2 NSs to visualize high resolution LFPs on various porous and non-porous surfaces.  

 Till date no reports are available for the detection of LFPs recovered from the fresh water 

using C-dot@TiO2 prepared via hydrothermal carbonization technique. The aim of the present 

study is to investigate the LFPs developed on various porous and non-porous substrates and their 

micro-structural analysis. In addition to the LFPs detection 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 hydrothermal carbonization process. 

Pomegranate waste peels are collected from a local fruit shop in Tumkur, India. They are first 

washed in water and dried in sunlight, followed by oven-drying at 150 °C for 12 h for 

carbonization. Then, 2 g of the pre-treated Pomegranate waste peels are washed in 60 mL of an 

aqueous 0.1 M H2SO4 solution and rinsed with water, followed by filtering and drying in an oven 

at 150 °C for 6 h. The obtained Pomegranate peels are then mixed with 60 mL of a sodium 

hypochlorite (NaClO) solution, kept at room temperature for 6 h and then washed in water with 

pH of 7. The oxidized Pomegranate peels (in 25 mL of water) are placed in an autoclave by 
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maintaining the temperature 175 °C for 12 h. Further, it is allowed to cool down to room 

temperature and the obtained brown precipitate is washed several times with alcohol to remove 

the un-reacted organic product. The aqueous solution is centrifuged at 7000 rpm for 30 min to 

separate the solvent from the mixture and finally dried at 120 °C for 3 h.  

2.2 Preparation of C-dot@TiO2 nanostructures 

The C-dots@TiO2 is prepared by hydrothermal method: 25 mg of C-dots and 20 mL of ethanol is 

dissolved in 40 mL of ultrapure water. The mixtures is ultrasonic dispersion at room temperature 

for 30 min. Then, 13.2 ml of TBOT is added drop wise into 40 ml of the above solution under 

vigorous stirring for 2 h. After mixing evenly, they were transferred into a 200 mL stainless steel 

autoclave with a Teflon liner. The autoclave is treated at 180 oC for 36 h. After cooling down to 

room temperature. The white precipitate is filtrated and washed with distilled water for several 

times. The obtained black brown powders are dried at 100 ◦C in a vacuum oven for 10 h and then 

ground to fine powders with an agate mortar. The synthesis of C-dot@TiO2 NSs are shown in 

Fig.1 (Step.2). 

2.3 Characterization 

The prepared samples are characterized by using powder X-ray diffractometer (XRD, Shimadzu 

7000) with Cu kα (1.541 Å) radiation, Hitachi table top (Model TM 3000), Hitachi H-8100 (200 

KV), LaB6 filament equipped with EDS (Kevex sigma TM Quasar, USA). Particle size is 

estimated by Hitachi (H-8100) made transmission electron microscope (TEM). The Diffuse 

reflectance (DR) spectroscopy of the samples is recorded on Perkin Elmer (Lambda-35) 

spectrometer. The Fourier transform infrared (FTIR) studies are done by Perkin Elmer 

Spectrometer (Spectrum 1000). Raman studies are performed using He-Ne laser (~ 632.8 nm) as 

the excitation source. 
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3. Results and discussion 
 

The PXRD patterns of the carbon dots, pure TiO2 and carbon coated TiO2 are shown in Fig.2 (a). 

It is noticed from the figure that all the PXRD peaks of TiO2 exclusively in an anatase 

(tetragonal) phase (JCPDS 21-1272) after thermal annealing. The average crystallite size is 

estimated by using Debye – Scherrer’s relation [33].  

One of the drawback of the diffraction pattern is accurate determination of crystal 

structure because of the overlapping of the diffraction peaks. Therefore Rietveld refinement 

analysis is used to create the virtual separation of the overlapped peaks (Fig.2b). The Rietveld 

refinement method is used to estimate the entire powder pattern of the sample with the different 

refinable parameters and to minimize the difference between the observed and calculated pattern 

by least squares method. The lattice parameters are evaluated by performing Rietveld refinement 

using FULLPROF suit program [34]. 

 Pseudo-Voigt function has been used in order to fit the several parameters like  one scale 

factor, one zero shifting, six background, three cell parameters, five shape and width of the 

peaks, one global thermal factor and two asymmetric factors . The refined parameters such as 

occupancy, atomic functional positions for TiO2 are studied. The obtained results are in good 

agreement with the calculated XRD intensity. The refined parameters Rp, Rwp, RBraggs, χ
2 values 

indicates the good fit of the profile. 

 Spectroscopic measurement of diffuse reflectance in UV-Vis spectral range is used for 

the determination of the band gap of powder samples. The DR spectra of bare TiO2 and C-

dots@TiO2 are shown in Fig.2 (c). The spectra are recorded in the range of 200 -1100 nm 

wavelength region at room temperature. It can be seen from the Fig.2 (c) that a strong absorption 

peak for TiO2 is observed in the range of 350 – 400 nm. A sharp decrease in reflectance started at 
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about 415 nm for the un-doped TiO2 samples due to strong absorption. In C-dots@TiO2, the 

absorption edge suffered a gradual blue shift. To determine the energy band gap, Kubelka-Munk 

function is used. The Kubelka–Munk function F (R∞) and band gap energy (νh ) are estimated 

by utilizing the following equations [35]: 

( ) ( )
∞

∞
∞

−=
R

R
RF

2

1 2

-------------------- (1) 

λ
ν 1240=h -------------------- (2) 

where R∞; reflection coefficient of the sample, λ; the absorption wavelength. The energy band 

gap values are evaluated and are summarized in Table.1. The Kubelka-Munk plots for the 

TiO2and C-dots@TiO2 samples used to determine their band gap energy associated with an 

indirect transition (Fig.2d).It can be observed that the indirect band gap increases gradually after 

carbon coating (C-dots@TiO2).The energy band gap (Eg) values of TiO2 and C-dots@TiO2 is 

found to be 3.33 & 3.97eV respectively. The increase in the band gap value indicates the blue 

shift in C-dots@TiO2 nanostructures.  

Raman spectroscopy is a vital technique to study the structural properties of NPs, 

observing the broadening and shifting of Raman modes associated with particle size. According 

to the Heisenberg uncertainty principle, the particle size as well as phonon position is given by 

the relation: 

∆X ∆P ≥ h2/4 --------- (3) 

Where ∆X; particle size, ∆P; phonon momentum distribution, and ħ; reduced Planck’s constant. 

According to the law of conservation of momentum, the particle size reduces, the phonon 

momentum distribution increases within the particle as a result of broadening as well as shifting 
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of the Raman bands. Fig.3a depicts the Raman spectra of TiO2 and C-dot@TiO2 NPs. According 

to group theory analysis, anatase phase of TiO2 contain six Raman-active modes (A1g + 2B1g + 

3Eg). In the present work the Raman spectrum of an anatase TiO2 NPs have six allowed modes 

appeared at 140 (Eg), 194 (Eg), 381 (B1g), 505 (A1g) and 616 cm-1 (Eg). Further, the intensity of 

the Raman modes reduces greatly in carbon doped samples. In order to understand the variations 

in the spectra more clearly,  the position and the full width at half maximum [FWHM] of the 381 

(B1g), 505 (A1g) and 616 cm-1 (Eg) with the addition of carbon doping. In addition to this the 

position of the Raman bands shifts towards higher wavenumbers and their intensities decrease 

drastically. The observation can be attributed to the reduction of particle size. It is well known 

that as the grain size reduces to the nanometer scale, the vibrational properties of materials are 

greatly enhanced. Mainly, a volume contraction occurs within the NPs owing to the size-induced 

radial pressure, which leads to an increase in the force constants because of the decrease in the 

interatomic distances. In vibrational transitions, the wavenumber varies approximately in 

proportion to k1/2, where k is the force constant. Consequently, the Raman bands shift towards a 

higher wavenumber due to the increasing force constants. The unexpected reduction in scattering 

intensity, particularly of the Eg modes (140, 194 and 616 cm-1), may be due to the breakdown of 

long-range translational crystal symmetry caused by the incorporated defects [36]. 

FTIR spectra are acquired to determine the ligands on the surface of the CNPs; the results 

are shown in Fig. 3b.Spectra of CNPs displayed many common characteristics. The FTIR peaks 

at 3411 and 1697 cm-1 depicted the stretching vibrations of O-H and C-O; the peaks at 1436 and 

1316 cm-1 related to the asymmetric and symmetric stretching vibrations of NH and C-N, which 

did not exist in raw material. The peaks at 2945 and 1183 cm-1 owed to the stretching vibrations 
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of CH2 and C-C. The presence of carboxylate functional moieties is responsible for creating 

energy traps which make the CNPs highly fluorescent [37]. 

Fig.4 shows the SEM images of spherical carbon and differently coated (I-III) C-

dot@TiO2 nanostructures. The solid spherical shaped uniform carbon spheres with an average 

size of ~ 500 nm. If the uniform surfaced carbon spheres are coated with different layers of TiO2, 

core-shell NSs with various morphologies can be obtained with narrow size distribution, high 

packing densities and low scattering of light is achieved as compared to conventional powder 

particles having large grains and irregular morphology. 

Fig.5 (a-d) shows the TEM images of uncoated carbon dots and C-dot@TiO2 coated (I-

III) NSs respectively. As can be seen from the figure the carbon dots were almost spherical in 

shape with size 2-5 nm (Fig.5a). HRTEM images of carbon dots and C-dot@TiO2 coated (I-III) 

NSs were shown in Fig.5 (e-h). Further, the interplanar distance (d) was estimated and found to 

be  ~0.25 nm (carbon dots ) and 0.28, 0.31 and 0.33 nm for C-dot@TiO2 coated (I-III) 

respectively. In order to confirm the presence of Carbon in the TiO2, energy-dispersive 

spectroscopy was used (Fig.5i) and the corresponding compositions were represented in Table 

(Inset: Fig.5i). The spectra clearly revealed that the respective peak corresponds to O, Ti and C 

composition without any impurity.   

 The practical suitability of C-dot@TiO2 (I-III coat) is tested for LFP technology on 

aluminum foil surface and shown in Fig.6. It can be seen that the LFP visualized by C-dot@TiO2 

(III coat) sample exhibits well defined ridge characters on most of the selected surfaces are 

highly distinct with adequate quality, high fluorescence, and low background interference and a 

clear pattern to the naked eye, with excellent brightness and contrast under normal light. 
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Therefore, core – shell C-dot@TiO2 (III coat) can be explored as an excellent labeling agent for 

visualization of LFPs via powder brushing method in forensic science. 

 Fig.7 shows the LFPs visualized by staining optimized C-dot@TiO2 (III coat) NSs on 

various non-porous magazine covers under normal light by powder dusting method. Usually, FP 

residue is usually absorbed into porous surfaces but remains on the surface of non-porous 

surfaces. The visualized LFPs exhibits clear ridge microstructures with good sensitivity and 

selectivity due to small particle size and better adherence property of the reagent. This 

demonstrated the practicability of prepared NP for visualize LFPs on non-porous surfaces. 

In order to identify the efficiency of the prepared optimized NPs, an overlapped and 

individual FPs have been taken and applied on the fingermarks (Fig.8). It is clearly showed a 

minute type I (cores and deltas) and II (ridge endings and bifurcations) ridge patterns in with and 

without overlapped FPs. Generally FP patterns are categorized in three levels. Level 1 pattern is 

macro which contain cores as well as deltas, which are not distinct sufficient for recognition. 

However, in Level 2 particulars refer to minutiae points namely ridge endings and bifurcations, 

which are clearly distinctive patterns. In level 3 types are well-defined ridges containing sweat 

pores, ridge path deviations, and edge contours, which are extremely vital quantitative data to 

identify precise FP detection. Fig.8 displays three levels of FP ridge patterns in overlapped 

(complex) and single FPs comprising core (level 1), ridge completion(stage II), divergence (stage 

II), island/dot (stage II), scar (stage III), and pore (stage III). The magnified images from 1 to 3 

level details in the FP established by means of dusting method validated its possibility for 

fingerprint detection. 

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

delta, loop and whorl which are not distinct for recognition. However, in Level 2 details refer to 
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minutiae ridge details namely bifurcation, cross over, lake, hook, short ridge, island and etc. 

which are clearly distinctive patterns. In level 3 types are well-defined ridges containing sweat 

pores, ridge path deviations and edge contours, which are considered as extremely vital 

quantitative data to identify individuals. In the present study the level 2 and level 3 FPs are 

studied in detail. Close inspection of fingertips reveals that they contain permanent, immutable 

and unique pores that are distributed on the ridges. The detailed sweat pore identification of 

individuals is attempted by park et al. [38]. The studies that show that 20–40 pores are most 

sufficient to create patterns that are required for a human’s identity. Regrettably, the 

visualization of such sweat pores has been considered as most neglected part due rapid, reliable 

and affordable visualization reagents have not been developed. Although many efforts has been 

attempted to visualize sweat pores, but they requires expensive and complicated experimental 

procedures and are unable to distinguishing sweat-secreting active pores. But in the present 

work, we visualized LFPs by staining optimized C-dot@TiO2 (III coat) NSs under normal light 

on textured marbles and aluminum foil surface exhibits level 3 ridge patterns, level 1 and level 2 

(bifurcation, eye, delta, enclosure, bridge, ridge ending, and crossover) details is shown in Fig.9. 

Well defined ridge microstructures could be clearly observed without background hindrance or 

color disruption under normal light, leading to exceptional contrast for visualized FP 

development. The results evident that the all the FP details from levels I to III are detected and 

validated their possibility in forensic analysis. 

 All the LFPs are visualized, assessed and scored according to FP quality assessment scale 

(Table 1). Score 4 and 5 demonstrates excellent visibility (Type I and II). Score 3 demonstrates 

poor visibility of ridge features are partly visualized. Score 2 demonstrates bad visibility with no 

clear friction ridges. Score 1 demonstrates blur with no print is visible. 
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 In order to visualize the effect of water salinity (fresh water) on LFPs developed by the 

powder dusting method on the various porous and non-porous  substrates, it is better to leave the 

surface 2 h to dry before applying the optimized C-dot@TiO2 (III coat) NSs. The present study 

revealed that; successful recovery of good and very good quality of latent FPs is possible 

following submersion in different aquatic environments. In crime scenes, it’s unlikely that 

fingerprint processing and enhancement takes place immediately after deposition especially in 

underwater crime scene. Therefore, FPs are examined at different intervals; 1 and 7 days. 

Micro structural analysis of LFPs 

Fig.10 shows the developed FPs visualized under scanning electron microscope (SEM). It can be 

observed from the figure that various ridge details of level II and level III are clearly detected 

under SEM. The FPs with level I ridge details namely, bifurcation, ridge ending, bridge, small 

ridge, Island, dot, cross-over etc. are clearly detected with high resolution images. The level III 

FPs consists of sweat pores can also be observed with the help of SEM micrograph. 

 In the present work, the visualized ridge features of LFPs diminish for longer durations (7 

days) of immersion in fresh water (Fig.11). However, some of the ridge features of good 

visibility (score 4) are still detected at 7th day. This result further evident that the practical 

importance of the powder dusting method and different porous and non-porous substrates. The 

quality of ridge features developed on various substrates with duration can be explained in the 

light of the fact that; FP composition changes through various chemical, biological and physical 

processes. Some of the chemical constituents are lost via several processes namely degradation, 

metabolism, migration, oxidation, polymerization etc. 

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

these changes depends on the changes on lipid components such as fatty acids, wax, esters, 
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triglycerides, cholesterol and squalene within FPs, as these tend to decrease significantly in 

concentration over time [39]. In addition, water, bottom mud, sands, length of the submersion 

and other factors can also affects the LFPs to fade faster. Similarly, several authors confirmed 

the possibility of recovering FPs deposited on glass slides immersed in river, sea, tap, or distilled 

water. They found a decrease in LFPs visualization with increasing the duration of immersion. In 

the present study, the FPs immersed for 1 and 7 days are on average of good to very good 

visibility (Type I and III).  

 The present study also demonstrated that, the highest percentage of good and very good 

quality (score 4, 5) of FPs is detected by powder dusting technique. In contrast, other methods, 

powder dusting is the best method for development of FPs of various surfaces immersed in 

stagnant water during different time intervals. LFPs developed on some of the porous and non-

porous surfaces are found to have the highest mean visibility score after submersion in fresh 

water for 1 and 7 days. Mean visibility score of prints developed showed significant decline after 

7 days of submersion. Prints submerged in fresh water showed significantly higher mean 

visibility score using various substrate surfaces including aluminum foil, glass, mica sheet and 

different textured marbles with various time intervals. 

 Like FPs, lip prints are also unique, individual characteristics, they are allowed as 

evidence in criminalistics, and they may be found on surfaces (glass, coffee cup, cigarette butts 

etc.). Latent lip print established on glass slide using the optimized C-dot@TiO2 (III coat) NSs 

under normal light and labeled, as shown in Fig.12. As can be seen from figure it is found that 

lip print patterns not simply comprise of one type alone, but appeared as a mixture of varying 

types as is also the case in a earlier study showed by Tsuchihashi [40].  The human lips are 

divided into six different portions namely, upper left, upper middle, upper right, lower left, lower 
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middle and lower right respectively. The lip prints consist of six different types namely: Type –I 

consist of horizontal with other grooves, Type-II consist of complete vertical, Type-III consist of 

incomplete bifurcation, Type-IV consist of X or comma form, Type-V consist of  complete 

branched and Type-VI consist of bifurcation. All the six types of grooves (Type I to VI) are 

clearly observed due to the smaller and uniform sized NSs. 

 From the above-mentioned findings, it is noteworthy that the data obtained in this study 

are quite promising as it indicates the uniqueness and permanence of lip prints. Besides, the 

procedure of lip print analysis is very simple and inexpensive. Therefore, it may be 

recommended that the lip prints can be used as a reliable aid to human identification in the field 

of forensic science. 

Conclusions 

A novel one-pot synthesis of carbon dots from pomegranate waste peels was performed using the 

hydrothermal carbonization technique. The results reveal that the as-prepared C-dots are 

spherical shape with an average diameter of 6 µm. Powder dusting method is used to visualize 

latent fingerprints (LFPs) by staining uncoated and carbon coated NSs on various porous and 

non-porous surfaces under UV light. The present study concluded that it is possible to recover 

latent prints submerged in water on different non-porous dried surfaces including aluminum foil, 

glass, mica sheet and different textured marbles with the best visualization method using 

optimized C-dot@TiO2 (III coat) NSs in fresh water. Also, the duration of submersion affects the 

quality of FPs developed; the longer the duration, the worse the quality is. This study showed 

that any piece of evidence recovered from underwater should be tested for prints, no matter the 

amount of time spent beneath the surface. Further it explores a new possibility in the use of 

composite fluorescent core shells in visualization of complicated and overlapped LFPs available 

in crime scenes. The procedure adopted was simple and displays superior performance with more 

efficiency (because fingerprint development procedure was superficial and fast and could be 

finished in approximately 30 s for trained investigators), high sensitivity (because of lower 
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background hindrance and sweat pores can be observed owing to the small particle size) and 

lesser toxicity. 
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Figure Captions: 
 

Fig.1 Schematic illustration for the formation of C-dots from the hydrothermal treatment of 
pomegranate waste peels and C-dot@TiO2 nanostructures. 

Fig.2 (a) PXRD patterns of carbon dots, TiO2 and C-dot@TiO2, (b) Rietveld refinement (Inset: 
Packing diagram) TiO2, (c) diffuse reflectance spectra and (d) energy band gap plots of 
TiO2 and C-dot@TiO2 nanostructures. 

Fig.3 (a) Raman spectra and (b) FTIR spectra of TiO2 and C-dot@TiO2 NSs. 
Fig.4 SEM micrographs of carbon spheres and C-dot@TiO2 (coat I-III) NSs. 
Fig.5 (a - d) TEM images, (e – h) magnified TEM, (i – l)   HRTEM image, (m – p) SAED 

patterns of carbon dots, C-dot@TiO2 (coat – I), C-dot@TiO2 (coat – II) and C-dot@TiO2 
(coat – III) NSs respectively. (q) EDS spectra of C-dot@TiO2 (coat – III) NSs. 

Fig.6 Fingerprint development on aluminum foil surface using, carbon dots, TiO2, C-dot@TiO2 
(coat-I), C-dot@TiO2 (coat-II) and C-dot@TiO2 (coat-III) respectively. 

Fig.7 FPs developed on different non-porous magazine covers by optimized C-dot@TiO2 (III 
coat) NSs. 

Fig.8 Complex and single FPs developed on glass surface using optimized C-dot@TiO2 (III 
coat) NSs showing 1 to 3 levels of fingerprint ridge details. 

Fig.9 FPs developed on different textured marbles and aluminum foil surface by optimized C-
dot@TiO2 (III coat) NSs showing various ridge details. 

Fig.10 Fingerprint ridge details visualized under scanning electron microscope. 
Fig.11 Developed FPs using optimized C-dot@TiO2 (III coat) NSs on various substrate surfaces: 

aluminum foil, glass, mica sheet and textured marbles before and after submersion in fresh 
water for 7 days. 

Fig.12 Lip print developed using the optimized C-dot@TiO2 (III coat) NSs under normal light, 
and their identification traits are labeled. 

 
 
Table Captions: 
 
Table.1 Fingerprint development scores using optimized C-dot@TiO2 (III coat) NSs prepared 
via powder dusting method on aluminum foil, glass, mica sheet and different textured marble 
surfaces submerged in fresh water at 1, 2 and 7 days intervals according to FPs quality 
assessment scale. 
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Table.1 Fingerprint development scores using optimized C-dot@TiO2(III 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-
dot@TiO2 

Time 
(days) 

No. of 
deposite
d marks 

Scores 

   5 (very good) 4 (good) 3 (poor) 2 (bad) 1 (blur/no) 
   N % N % N % N % N % 
 1 10 10 100 0 0 0 0 0 0 0 0 
Aluminum 
foil 

7 10 8 80 2 20 0 0 0 0 0 0 

 1 10 10 100 0 0 0 0 0 0 0 0 
Glass 7 10 7 70 0 0 2 20 1 10 0 0 
 1 10 10 100 0 0 0 0 0 0 0 0 
Mica sheet 7 10 6 60 3 30 1 10 0 0 0 0 
 1 10 10 100 0 0 0 0 0 0 0 0 
Marbles 7 10 9 90 1 10 0 0 0 0 0 0 
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Fig.1. Schematic illustration for the formation of C-dots from the hydrothermal treatment of 

pomegranate waste peels and C-dot@TiO2 nanostructures.  
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Fig.2(a) PXRD patterns of carbon dots, TiO2 and C@TiO2, (b) Rietveld refinement (Inset: 
Packing diagram) TiO2, (c) diffuse reflectance spectra and (d) energy band gap plots of 

TiO2and C@TiO2 nanostructures. 
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Fig.3 (a) Raman spectra and (b) FTIR spectra of TiO2 and C@TiO2 NSs. 
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Fig.4 SEM micrographs of carbon spheres and C@TiO2 (coat I-III) NSs. 
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Fig.5 (a - d) TEM images, (e – h) HRTEM image of carbon dots, C-dot@TiO2 (coat – I), C-
dot@TiO2 (coat – II) and C-dot@TiO2 (coat – III) NSs (i) EDS spectrum of C-dot@TiO2 (coat – 

III) NSs. 
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Fig.6 Fingerprint development on aluminum foil surface using, carbon dots, TiO2, C@TiO2 

(coat-I), C@TiO2 (coat-II) and C@TiO2 (coat-III) respectively. 
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Fig.7 FPs developed on different non-porous magazine covers by optimized C-dot@TiO2 

(III coat) NSs. 
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Fig.8 Complex and single FPs developed on glass surface using optimized 

C-dot@TiO2 (III coat) NSs showing 1 to 3 levels of fingerprint ridge details. 
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Fig.9 FPs developed on different textured marbles and aluminum foil surface by optimized 
C-dot@TiO2 (III coat) NSs showing various ridge details. 
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Fig.10 Fingerprint ridge details visualized under scanning electron microscope. 
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Fig.11 Developed FPs using optimized C-dot@TiO2 (III coat) NSs on various substrate surfaces: 
aluminum foil, glass, mica sheet and textured marbles before and after submersion in fresh water 
for one and seven days. 
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Fig.12 Lip print developed using the optimized C-dot@TiO2 (III coat) NSs under normal light, 

and their identification traits are labeled. 
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Research highlights 
 
 

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

extract. 

2. LFPs are visualized using C-dot@TiO2 core-shell composites on various porous 

and non-porous surfaces. 

3. Powder dusting method is used to visualize the LFPs submerged in water. 

 


