
Accepted Manuscript

Versatile core-shell SiO2@SrTiO3:Euc+, Li+ nanopowders as fluorescent label
for the visualization of latent fingerprints and anti-counterfeiting applications

A. Sandhyarani, M.K. Kokila, G.P. Darshan, R.B. Basavaraj, B. Daruka Prasad,
S.C. Sharma, T.K.S. Lakshmi, H. Nagabhushana

PII: S1385-8947(17)31041-0
DOI: http://dx.doi.org/10.1016/j.cej.2017.06.093
Reference: CEJ 17174

To appear in: Chemical Engineering Journal

Received Date: 5 April 2017
Revised Date: 11 June 2017
Accepted Date: 17 June 2017

Please cite this article as: A. Sandhyarani, M.K. Kokila, G.P. Darshan, R.B. Basavaraj, B. Daruka Prasad, S.C.
Sharma, T.K.S. Lakshmi, H. Nagabhushana, Versatile core-shell SiO2@SrTiO3:Euc+, Li+ nanopowders as
fluorescent label for the visualization of latent fingerprints and anti-counterfeiting applications, Chemical
Engineering Journal (2017), doi: http://dx.doi.org/10.1016/j.cej.2017.06.093

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.

http://dx.doi.org/10.1016/j.cej.2017.06.093
http://dx.doi.org/10.1016/j.cej.2017.06.093


  

 

 

1

Versatile core-shell SiO2@SrTiO3:Eu
3+

, Li
+
 nanopowders as fluorescent 

label for the visualization of latent fingerprints and anti-counterfeiting 

applications 
 

A. Sandhyarani 
1, 2

, M.K. Kokila
2
, G. P. Darshan

3
, R.B.Basavaraj

4
, B. Daruka Prasad

5
, 

S.C. Sharma
6, 7

, T.K.S. Lakshmi
8
, H. Nagabhushana

4, *
 

 
1
Department of Physics, Govt. Science College, Bengaluru-560 001, India 

2
Department of Physics, Bangalore University, Bangalore – 560 056, India 

3
Department of Physics, Acharya Institute of Graduate Studies, Bangalore 560 107, India 

4Prof. C.N.R. Rao Centre for Advanced Materials, Tumkur University, Tumkur- 572 103, India 
5
Department of Physics, BMS Institute of Technology and Management, VTU-affiliated, Bangalore 

560 064, India 
6
Advisor, Avinashilingam Institute for Home Science and Higher Education for Women University, 

Coimbatore 641043, India  
7Department of Mechanical Engineering, Jain University, Advisor, Jain group of Institutions, 

Bangalore 560069, India 
8
Department of printing technology, Avinashilingam Institute for Home Science and Higher 

Education for Women University, Coimbatore 641043, India 

 
Abstract 

To overcome shortcomings encountered in enhancing the quality of latent finger prints 

(LFPs) by traditional powder dusting method, SiO2@SrTiO3:Eu3+ (1 mol %), Li (1 wt %) 

core–shell nanopowders (NPs) were prepared by using combustion process. LFPs were 

visualized by staining prepared samples on both porous and non-porous surfaces under the 

illumination of UV light of wavelength 254 nm.  These LFPs reveals the detailed 

characteristic features such as lake, hook, island, bifurcation with high sensitivity, better 

selectivity and without background hindrance. SiO2@SrTiO3:EuLi NPs exhibited 

characteristic pure red emission peaks in the range of 530-760 nm which can be assigned to 
5D0→

7FJ (J = 0, 1, 2 and 3) transitions.   By altering the number of coating cycles dim white 

light fluorescent to warm white emitting phosphors could be obtained with the single crystal 

phase.  The spectral intensity parameters and Eu-O ligand behaviors were estimated by means 

of Judd-Ofelt (J-O) theory.  The prepared core-shell SiO2@SrTiO3:Eu3+, Li NPs are explored 

as a fluorescent labeling agent for the visualization of latent fingerprints and anti-

counterfeiting applications.  

Keywords: Core shell; Latent fingerprints; Anti-counterfeiting; Photoluminescence,  

  Judd-Ofelt analysis. 
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1. Introduction 

 Nano research created many advantages in the field of surface-based science due to its 

quantum size effects and increased surface to volume ratio. This offers various possibilities in 

surface modified applications [1-3]. Latent fingerprint (LFP) is unique and utmost 

authoritative confirmation for the identification of persons due to its unique ridge patterns.  

The most frequently available LFPs at crime scenes are usually invisible or fewer visible to 

forensic scientists [4]. There are three different categories of characteristic LFP features were 

(i) normally identified namely pattern (level–I), (ii) minutia points (level-II) and (iii) sweat 

pores (level-III) [5-7].   Among them the second and third level features were highly useful 

for individual identification. Nevertheless, it was highly difficult to establish their ridge 

patterns, particularly the level-III features, which normally need high resolution techniques 

[8]. Additionally, the visualization of LFPs is frequently influenced by various parameters 

namely type of surface, environment and deposition age.  Hence a high-resolution and simple 

procedure for visualization of LFPs was highly essential and has fascinated continuing 

interest for research community [9, 10].  

 Till date lot of techniques namely ninhydrin, iodine fuming, cyanoacrylate fuming and 

etc., were developed and adopted for visualization of LFPs. Conversely, some of these 

established approaches found numerous shortcomings namely less detection sensitivity, large 

background interference, complex operation and extremely harmfulness. Table 1 shows 

various reagents used for visualization of LFPs and their hazardous nature.  

 In order to tackle this issue, an eco-friendly method for developing LFPs with high 

sensitivity is the long-term goal for forensic experts.  Further, already available commercial 

powders were highly agglomerated with micron sized and not uniform in shape.  Such larger 

sized particles with uneven shapes have probability to diminish the affinity between the 
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powders and the LFP residuals. As a substitute to the conventional powders, fluorescent 

nanopowders (NPs) have received much devotion for the detection of LFPs owing to their 

smaller sized particles, huge surface area and large fluorescent intensity [11].  

 Recently, phosphors with uniform spherical core-shell morphology find numerous 

scientific and industrial applications due to their capability to fine tune the properties [12]. 

Two categories of templates were employed namely hard and soft for the fabrication of 

phosphors. Due to its tunable sizes, silica was regularly used in core-shell materials [13]. 

Nano/micron sized spherical SiO2 core / shell can be prepared and widely used in core shell 

structured phosphors. The size of the phosphor particles was well controlled by means of 

silica core as well as number of coating layers. 

 Hence, for the first time we report the use of SiO2@SrTiO3:Eu3+ (1 mol %), Li (1 wt 

%) nanopowders (NPs) as a novel fluorescent labeling agent for visualization of LFPs on 

both porous and non-porous surfaces. Visualized LFPs reveal characteristic features such as 

lake, hook, island, bifurcation etc., with high sensitivity, selectivity and without background 

hindrance.  The general idea of the present study was shown in Fig.1 

2. Experimental 

 The micrometer sized uniform SiO2 spheres were synthesized via well-known Stöber 

method [14]. In a typical synthesis tetraethyl orthosilicate (TEOS, 99 wt %) was added into 

42.4 ml ethanol solution, 5.4 ml double distilled H2O and 29.4 ml NH3·H2O (25–28 wt %) to 

synthesize SiO2 particles. The silica particles were centrifuged and washed several times with 

absolute ethanol and double distilled water. The obtained product was dried at 80 °C for 20 h. 

The core–shell structured SrTiO3:Eu3+ (1mol %), Li (1 wt %) NP was synthesized by the 

combustion method. The stoichiometric quantities of Strontium nitrate: Sr(NO)3H2O (Sigma 

Aldrich 99 %), Europium nitrate: Eu(NO)3(Sigma Aldrich 99 %), Lithium nitrate: LiNO3 
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(AR), Titanium (IV) isopropoxide: Ti[OCH(CH3)2]4 (Sigma Aldrich 97 %), Citric acid: 

[C6H8O7] (Sigma Aldrich 99 %) and Polyethylene glycol:  C2nH4n+2On+1 were dissolved in  

double distilled water. The SiO2 particles obtained from Stöber route was added to the above 

solution and introduced into a pre-heated muffle furnace maintained at 500 oC.  Due to the 

addition of citric acid into the reaction mixture, combustion took place instantaneously and 

forms NPs.   Step by step reaction mechanism for the formation of SrTiO3:Eu3+: Li+ NP on 

the surface of SiO2 core shells was shown in Fig.2.  

 The phase purity of the obtained products were checked by Shimadzu-7000 powder 

X-ray diffractometer with Cu Kα radiation (λ=1.54Å). The microstructure and size of the 

samples were studied using Hitachi Table top scanning electron Microscope (SEM) and JEOL 

2100 transmission electron microscopy (TEM) respectively. The excitation and emission 

spectra were recorded using Horiba Spectroflourimeter with 430 nm xenon excitation.   The 

internal and external QEs based on the direct method and absorbance was measured by using 

the QE-2100 quantum efficiency measurement system from Otsuka Electronics. The 

fluorescence decay curves of Eu3+ were measured by a Horiba Fluorolog FL3-111 

spectrometer with a scintillating xenon lamp.  

Visualization of LFPs by staining SiO2@SrTiO3:Eu
3+ 

(1 mol %), Li
+
 (1 wt %) NPs  

 Three main categories of porous and non-porous surfaces were identified for 

visualization of LFPs namely with a single background color (glass slide, ceramic floor tiles, 

paper cups, metallic surfaces, coins, goggles), with multiple background colors (marbles with 

composite patterns) and with strong background auto-fluorescence currency notes, debit 

cards and magazines covers). LFPs were collected from the same donor by washing hand 

with soap water and lightly wiped across the forehead. Then fingers were lightly pressed onto 

the various above mentioned surfaces. A dry prepared SiO2@SrTiO3:Eu3+ (1 mol %), Li+ (1 



  

 

 

5

wt %) NP was cautiously deposited onto the different surfaces followed by a light brushing 

action to and fro to eliminate the surplus powder particles. A Nikon digital camera and 254 

nm UV light source was used to photograph the images. The schematic representation to 

show visualization of LFPs on various surfaces including non-porous and porous materials 

using optimized SiO2@SrTiO3:Eu3+ (1 mol %), Li+ (1 wt %) NP was shown in Fig.3. 

3. Results and Discussion 

 Fig.5. shows the PXRD patterns of SiO2 and SiO2@SrTiO3:Eu3+ (1 mol %), Li+ (1 wt 

%) NPs. A characteristic broad peak at  2θ = ~ 22.8° clearly indicates amorphous SiO2 

(JCPDS card No. 29-0085) [15]. The diffraction peaks of SiO2@SrTiO3:Eu3+ (1 mol %), Li+ 

(1 wt %) NPs with single coating layer calcined at 500 oC for 3 h can be well indexed to 

cubic phase of SrTiO3 (JCPDS card No. 35-0734) [16]. The single phase obtained in the 

spectra clearly evident that the Eu3+ ions were effectively replacing the Sr2+ or Ti4+ in the host 

SrTiO3. Further, the strong and sharp diffraction peaks were observed with increase of the 

coating cycles and no additional phase was detected. These results evident further that the 

coated phosphor was highly crystalline on the surface of amorphous silica spheres and also 

the strong chemical stability towards temperature and moisture. Due to the extra coating 

layers of SrTiO3:Eu3+ (1 mol %), Li+ (1wt %) on SiO2 particles the average particles size of 

the SiO2@SrTiO3:Eu3+ (1 mol %), Li+ (1wt %) NPs were slightly larger than that of the pure 

silica particles.  

Initially the citric acid forms chelates with Sr2+, Eu3+, Li+ and (–O–Ti–O–)n and 

subsequently crystalline grains of SrTiO3:Eu3+. Owing to uniform nucleation, the uneven 

crystalline grains will aggregate easily. To circumvent these difficulties, the core-shell silica 

spheres were added into the reaction mixture to endorse heterogeneous nucleation. The SiO2 

particles obtained from Stöber method contained huge amounts of -OH as well as Si–OH 



  

 

 

6

groups on their surface and these groups play a vital role  in bonding the Sr2+, Eu3+ , Li+ and  

(–O–Ti–O–)n to form the SrTiO3:Eu3+, Li+ layers. When the Sr2+, Eu3+, Li+ and (–O–Ti–O–)n  

were adsorbed onto the surface of silica the SrTiO3:Eu3+, Li+  were probable to nucleate at the 

adsorbed locations [17]. This can clarify that why the crystallite size of SrTiO3:Eu3+, Li+ on 

the surface of silica particles is lesser than that of the SrTiO3:Eu3+, Li+ from combustion 

process which was comparable with the PXRD data. 

 Fig.5. shows the SEM and TEM images of SiO2 particles and SiO2@SrTiO3:Eu3+ (1 

mol %), Li+ (1 wt %) NPs.  The SiO2 particles had a uniform spherical shape with smooth 

surface and average particles size was ~130 nm. The pure SrTiO3:Eu3+, Li particles were 

cubic shape. After coating with SrTiO3:Eu3+, Li the silica particles still retained the spherical 

shape, however even after four cycles of coating the surface become smooth. The average 

particle size was somewhat increase to 150 nm when silica nanoparticles were subjected to 

four cycles of coating. TEM images prove that the silica nanoparticles were covered with 

cubic shaped particles (Fig. 6(D)). Therefore, the coated particles had a core–shell structure.  

The respective differently coated nanoparticles fingerprints were observed in Fig. 7. 

 In order to fix the person involving in a crime, matching of minutiae points and pores 

were highly essential. Consequently, high-resolution LFPs with complete features were 

necessary for detection [18].   Figure 8  displays three levels of LFP ridge patterns comprising 

core (level 1), ridge ending (level 2), bifurcation (level 2), island/dot (level 2), scar (level 3), 

and pore (level 3). The magnified images from 1 to 3 level details in the FP established by 

means of dusting method validated its possibility for fingerprint detection.  

 To explain the background interference of the obtained sample on LFP detection, 

various porous materials were selected such as various types of paper, including train tickets, 

printing papers, magazine covers, and note papers (Fig. 9).  LFP images on non-porous 
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materials such as stapler, spatula and punch pad as shown in Figure 10.  The fingerprint 

images on the surface of paper cup, goggle and highlighter pen were also detected and shown 

in Fig. 11 and Fig. 12 respectively.  To validate the usage of the fluorescent samples for the 

LFPs detection in forensic sciences, we conducted a series of experiments after the FPs had 

been aged for several periods of time. The detection sensitivity diminishes slowly with 

extended aging of the FPs, owing to the steady evaporation of the LFP. Conversely, the LFPs 

aged for up to 4 months could quiet are established a clear ridge a pattern, demonstrating that 

the sensitivity in the fluorescent phosphors based technique was high enough for aged LFPs 

development (Figure 13) and also in Table 2 [19 – 22]. 

 To define the efficiency of red emitting phosphor for the development of LFPs on 

glass, conventionally used staining powders including Fe2O3, TiO2 and commercial available 

fluorescent powder were used as a control (Figure 13).  It was established that the magnetic 

as well as TiO2 powders were not entirely develop the LFPs on glass. When the UV 

irradiation was incident to the LFPs stained by the customary fluorescent powders, the ridge 

patterns could not be clearly determined (Figure 14A - C). Nonetheless, when UV source was 

used to illuminate the FPs stained by fluorescent powder, the minutiae ridges of the FPs were 

clearly shown with sharp edges (Figure 14: A-1, A-2), displaying that the present powder can 

be used as an effective powder for the development of LFPs due to their enhanced strong red 

emission. 

 It was further evaluated the applicability of fluorescence based phosphor for detection 

of LFPs in genuine samples. Figure 15 (A, B) shows the LFPs detection on a piece of 

currency paper printed in blue ink. Although the blue ink might certainly interfere with the 

detection of LFPs, the high resolution and high contrast of the ridge particulars could still be 

clearly recognized. The same results could also be seen on credit card and coin                     
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(Figure 15 C-F). The results confirmed that fluorescence based assay can be useful to a 

diversity of surfaces with complex backgrounds and will have an extensive usage in Forensic 

sciences. 

For the past few decades, anti-counterfeiting has gained considerable attention due to 

extensive forgeries in variety of documents such as security of currency, tickets, certificates, 

cheque, trademarks, invoices etc. Fluorescent phosphors based anti-counterfeiting methods 

have significant consideration among all the existing methods and have developed necessary 

in this field by virtue of their great concealment properties.   Here, SiO2@SrTiO3:Eu3+ (1 mol 

%), Li (1 wt %)  NPs were integrated into a transparent PVA gold media to achieve UV 

exposed photo-luminescent anti-counterfeiting ink which exhibit a red color under ultraviolet 

light irradiation. This type of ink was appropriate for many printing modes namely dip pen 

writing, screen printing, gravure printing/letterpress printing, etc. Fig. 16 shows the digital 

photographs of the dip pen writing under natural as well as UV light irradiation. These 

pictures were fairly sharp and clear under 254 nm UV source, however, the images taken 

under white light was not clear under visible light (Figure 16: A1- D1). To authenticate the 

long-standing durability, we stored the writable images in a closed environment under 

bacterial atmosphere for 2 months. It was evident from Figure 16: A2- D2, the fluorescent 

properties of sample can retain for more than 2 months without substantial variations. 

Experimental data discussed were clearly evident for anti-counterfeit applications of prepared 

samples. 

 The PL excitation and emission spectra of SrTiO3:Eu3+ (1mol %), SrTiO3:Eu3+ (1 mol 

%), Li+ (1wt %) and SiO2@SrTiO3:Eu3+ (1 mol %), Li (1wt %) phosphors were studied under 

395 nm excitation and shown in Figure 17 (a, b). The PLE spectra consist of broad charge 

transfer (CT) band at 240-355 nm was ascribed to Eu3+→ O2-.  Further, the sharp peaks at 

~361 nm, 381 nm and 393 nm were corresponds to the f-f transitions of 7F0 → 5D4, 
7F0 →

5L7) 
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(7F0 → 5L6), respectively [23]. Further, it was observed that the CT bands in SiO2 coated 

phosphors were shifted towards higher wavelength when compared to without coated 

phosphor.  In addition to this the intensity peaks for 395 nm enhances with the coating cycles. 

The higher wavelength shift was related with the electronic structure of SrTiO3:Eu3+ shells on 

SiO2 core shells. The intense excitation peak at 393 nm was well matched with the output 

wavelength of NUV (350-400 nm) chip in pc-WLED [24].  Hence SiO2@SrTiO3:Eu3+(1 mol 

%),Li (1wt %) phosphor could be highly useful for red emitting LED’s.  Further the increased 

wavelength affects the energy band gap to decrease, this indicates that the overall stability of 

the core-shell increased and the material becomes the red shift semiconducting type.   

The emission spectra (Figure 17b) composed of intense peaks of Eu3+ ions at 591 nm 

(5D0→
7F1), 612 nm (5D0 → 7F2), 646 nm (5D0 → 7F3), 696 nm (5D0→

7F4). Among these 

transitions, the orange–red emission peak at 612 nm was electric dipole transition and 591 nm 

peaks correspond to magnetic dipole (5D0→
7F1) which depends largely on the local symmetry 

of the Eu3+ ion [25]. It was evident that PL intensity was increasing almost one fold in Li 

doped and 2 folds in SiO2 coated phosphors when compared to uncoated ones. The coating 

cycles play a vital role in enhancing the PL intensity of the phosphor (Figure 17 c, d). The PL 

intensity was increase with phosphor coating. The growth of the PL intensity was ascribed to 

the increase of the shell thickness on the SiO2 cores which was due to large quantity of 

emitting ions (Eu3+) per core-shell phosphors.  As anticipated that external coating may be 

effective in order to increase the thermal stability of any phosphors. Hence to explain the 

essential mechanism, the coated and non-coated phosphors were calcined at 800 oC and 

shown in Figure 17 (b & c).  It was evident that after calcination, the emission intensity found 

to be lower, but the rate of declining was different. The integrated emission intensity was ~ 

94% for the phosphor coated four cycles on SiO2 cores shells and 78 % for the non-coated 

phosphors.  The effect of Li ions on PLE was checked under NUV excitation wavelength and 
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found that emission intensity of the SiO2@SrTiO3:Eu3+(1 mol %),Li (1wt %)NPs was higher 

than that of SiO2@SrTiO3:Eu3+(1 mol %). Here,Li ions can be act as charge compensator, 

leading to the improved luminescence of Eu3+ in SrTiO3.Phosphors coated on core-shells 

have wide range of applications including solid state lighting, sensors, fuel cells, catalysts etc. 

Further, core-shell phosphors will reduce the cost and can be prepared in large quantity. 

Therefore applying numerous phosphor coatings to the silica core shells can engineered the 

numerous structures and can develop fascinating applications.  

Judd–Ofelt (J-O) intensity parameters Ωt (t= 2, 4, 6) were used to determine influence 

of the spectroscopic environment of the dopant ions and the site symmetry of dopant 

inSrTiO3host [25]. From J-O intensity parameters, radiative properties namely radiative 

transition probability (AT), radiative life time (τrad), branching ratio (βR), asymmetric ratio 

(A21) and stimulated emission cross-section (σe) of Eu3+and Li ions in SrTiO3:Eu3 host were 

estimated. These parameters were estimated by the procedures explained elsewhere [26]. The 

measured branching ratio values for SrTiO3:Eu3+:Li nanophosphor was found to be 0. 99 ≥ 

0.50 and was potential for stimulated emission, which can emit laser radiation more 

effectively and suitable for red emitting display devices. The calculated values of emission 

cross sections were estimated given in Table 3. 

 The CIE (Commission Internationale de I’Eclairage) chromaticity coordinates and 

CCT (correlate colour Temperature) [27] of SrTiO3:Eu3+, SrTiO3:Eu3+, Li, 

SiO2@SrTiO3:Eu3+(1 mol %),Li (1wt %) phosphors were calculated using PLE spectra and 

obtained values were summarized in Table 4 and  CIE and CCT  diagrams are shown in 

Figure 17 (e, f). With increasing the SrTiO3:Eu3+, Li coating cycles on the SiO2 particles, the 

CIE chromaticity coordinates (x, y) shifted from orange-red (0.488, 0.295) to deep red 

(0.653, 0.339) which was close to the standard of National Television Standards Committee 

(0.67, 0.33). Based on the values of CCT, the color quality of light was determined and the 
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lesser the CCT values were necessary for efficient display devices [28]. The CCT of the core 

shell phosphors were estimated using McCamy empirical formula, CCT = -449n3 + 3525n2 - 

6823n + 5520.33 where n = x-xe/y-ye; inverse slope of the line and xeand ye values are 0.332 

and 0.186. Among all the combinations, the CIE and CCT of SiO2@SrTiO3:Eu3+(1 mol %),Li 

(1wt %)phosphors lies in x = 0.5491, y = 0.4150 with 3921 K indicates the phosphor lies in 

the light white fluorescent point in standard illuminants [29]. In addition, without addition of 

core-shells the phosphors shows cool white fluorescence. These results specify that by 

altering the number of coating cycle’s it is able to tune white fluorescent to warm white 

emitting phosphors and it could be able to obtained in single crystal phase. 

Figure 18 displays the decay profiles of un-coated SrTiO3:Eu3+, SrTiO3:Eu3+, Li and 

SrTiO3: Eu3+, Li coated SiO2 phosphors upon excitation wavelength of 395 nm. As can be 

seen from figure, the decay profiles of SiO2 coated phosphors have similar trend with the 

non-coated SiO2 phosphors. This phenomena was further established that the structure remain 

same even after SiO2 coating. However, the decay time was found to merely faster in SiO2 

coated phosphors than that of without coated.   This mainly attributed to presence of deeper 

trap densities in SiO2 coated phosphors related to uncoated ones [30]. Further, SiO2 acts as a 

shielding layer that hinders the diffusion of oxygen ions into the phosphors thus decreasing 

thermal degradation and improving thermal stability. 

To understand luminescence decay performance the decay data was fitted with 

different decay relations. It was establish that curves follow dual types of exponential decays 

for without and with SiO2 coated phosphors respectively in the SrTiO3 host (i) bi-exponential 

decay (ii) tri exponential decay. 

2
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1)( ττ
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where I1 and I2 are intensities at different times and their corresponding lifetimes τ1 and τ2. 
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The average lifetime in case of tri-exponential decay can be estimated by using the following 

equation: 

2211

2
22

2
11

ττ

ττ
τ

II

II
avg

+

+
=

 

                                     -------- (2) 

 

3

1

3
2

1

2

1

1
1)( τττ

−−−

++= eIeIeItI                                 -------- (3) 

The average lifetime in case of tri-exponential decay can be estimated by using the following 

equation: 

332211

2
33

2
22

2
11

τττ

τττ
τ

III

III
avg

++

++
=

                                                 

------------ (4) 

where I1, I2 and I3 are the intensities oat different times and their corresponding lifetimes τ1, τ2 

and τ3 respectively. 

Quantum efficiency (QE) of the optimized samples was estimated using the relation as 

reported elsewhere [31 -33]: 

ca

ac

LL

EE

absorbedPhotonsofNumber

emittedPhotonsofNumber
QE

−

−
==                          ……(5) 

where, EC ; the integrated luminescence of the phosphor caused by direct excitation, Ea ; the 

integrated luminescence from the empty integrating sphere (blank, without sample), La; the 

integrated excitation profile from the empty integrating sphere, Lc; the integrated excitation 

profile when the sample is directly excited by the incident beam. In the present case, the 

estimated value of QE was found to be  ~ 91.23 % for SiO2@SrTiO3:Eu3+ (1 mol %), Li+ (1 

wt %) NPs, suggest the high QE of the prepared sample. 
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Conclusions  

 The SiO2@SrTiO3:Eu3+ (1 mol %), Li (1 wt %) phosphors with a core–shell structures 

have been effectively fabricated by a solution based combustion route. The obtained core–

shell particles display a uniform spherical morphology with narrow size distribution as well 

as good dispersion. From SEM and TEM analysis the SrTiO3:Eu3+, Li+ NPs were successfully 

coated on SiO2 core shell particles, which can be further confirmed by PXRD. The CIE 

chromaticity coordinates of SiO2@ SrTiO3:Eu3+ (1 mol %): Li+ (1 wt %) NPs change from 

orange-red to the deep red with increase up to 4 coating cycles.  The PL intensity can be 

tuned by controlling the coating number and a 2 fold enhancement in PL intensity was 

observed after 4 cycles of coating.   The integrated emission intensity was ~ 94% for the 

phosphor coated four cycles on SiO2 cores shells and 78 % for the non-coated phosphors. The 

core–shell phosphors achieved in combustion method was effective and can be preparing 

several other rare earth doped phosphors with cost effective and uniform morphology.   Core–

shell phosphors obtained have several potential applications including displays, fingerprint 

detection anti-counterfeiting etc. SiO2 coated phosphors acts as a shielding layer that hinders 

the diffusion of oxygen ions into the phosphors thus decreasing thermal degradation and 

improving thermal stability. By altering the number of coating cycles lite white fluorescent to 

warm white emitting phosphors could be obtained in single phase. 
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Fig.1. General idea of the present study. 

 
  



  

 

Fig.2.Step by step reaction mechanism for the formation of SrTiO3:Eu3+: Li+ NP on the surface of 
SiO2 core shells. 

 

 

 

 

 

 

 

 

 



  

 

 

 

Fig.3. Pictorial representation of visualization of LFPs on various surfaces including non-porous and 
porous materials using optimized SiO2@SrTiO3:Eu

3+ 
(1 mol %), Li

+
 (1 wt %) NP.  

 

  



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. PXRD patterns of SiO2, SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1 wt %) and SrTiO3:Eu3+ (1 mol 
%):Li+ (1 wt %) NPs. 
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Fig.5. SEM, TEM & HRTEM images of (A-C) SiO2 and (D-F) SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1 
wt %) NP.  

 



  

 

Fig.6. LFPs visualized by staining SrTiO3:Eu3+: (1 mol %): Li+ (1 wt %) NPs coated on the surface of 
SiO2 core shells with different coat (1-6). 

 

  



  

 

Fig.7. Various ridge details of LFPs visualized using optimized SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1 
wt %) NPs on glass surface under UV 254 nm. 

  



  

 
 
Fig.8. LFPs visualized by staining SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1wt %) NP by powder dusting 

method on porous surfaces. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 
 

 

 
 

Fig.9. LFPs visualized by staining SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1wt %) NP on various non-
porous surfaces. 

 

  



  

 

 

Fig.10. LFPs visualized by powder dusting method by staining SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1wt 
%) NPs on the surface (A) paper cup and (B) goggle under 254 nm. 

 

 

 

 

 

 

 

 

 



  
 

Fig.11. LFPs visualized by staining SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1wt %) NP on the surface of 
various highlighters under 254 nm. 

 

 

 

Fig.12. LFPs aged on the surface of aluminum foil for various periods of time, stained by 
SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1 wt %) NP under UV 254 nm: (a) 1 day, (b) 1 week, (c) 
3 weeks. 

 
 
 
 
 
 
  



  

 
 
Fig.13. LFPs on the surface of glass stained by (A-1 & A-2) SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1 wt 

%) NP under normal and UV 254 nm light, (B) TiO2 powder and (C) magnetic iron oxide 
powder under normal light.  

 
  



  

 
 

 
 

Fig.14. LFPs stained by SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1 wt %) on (A & B) currency paper, (C & 
D) credit card and (E & F) coin under 254 nm. 



  

 
Fig.15. LFPs visualized by optimized SiO2@SrTiO3:Eu3+ (1 mol %):Li+ (1 wt %) NP stored for ~ 2 

months at room temperature. 
 

 
 

Fig.16. LFPs visualized by optimized SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1 wt %) NP by maintain 
different temperature (a) 27 °C, (b) 35 °C and 38 °C. 
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Fig.17. Anti-counterfeiting labels painted with SiO2@SrTiO3:Eu3+ (1 mol %): Li+ (1 wt %) NP ink 
under (A1−D1) visible light and (A2−D2) UV 254 nm light.  

 
  



  

 

 
Fig.18 (a) PL excitation spectrum, (b) emission spectra under 395 nm excitation, (c) emission spectra 

of SrTiO3:Eu3+: (1 mol %): Li+ (1 wt %) NPs coated on the surface of SiO2 core shells with 
different coat (1-6), (d) variation of PL intensity with respective to SrTiO3 concentration & 
number of coating cycles, (e) CIE and (f) CCT diagram of SiO2@SrTiO3:Eu3+ (1 mol %):Li+ 
(1 wt %) with different coat. 

 
 
 



  

 
 
 
 

 
 
Fig.19. Decay curves of (1) SrTiO3:Eu3+ (2) SrTiO3:Eu3+, Li (1 wt %) (3) SiO2@ SrTiO3:Eu3+, Li (1 

wt %) NPs. 
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Table 1: Hazards of various reagents used for LFPs detection. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Indicates the stability and aging of prepared NPs with the commercial dusting powders. 
 

Sl.No Chemicals Hazards 
1 Ninhydrin solution Flammable. Harmful vapours. Skin and eye irritant. 

2 DFO (1,8-diazafluoren-
9-one) 
solution 

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

3 Silver nitrate solution Oxidizer. May be harmful if inhaled. Respiratory 
and digestive tract irritant. May cause skin and eye 
burns, argyria, a blue-gray discoloration of the 
skin, eyes, and mucous membranes. 

4 Cyano acrylate glue Respiratory tract, eye and skin irritant. Bonds skin 
rapidly and strongly. May cause skin burns. 

5 Iodine crystals Oxidizer. May be harmful if inhaled, ingested, or 
contacted by skin or eyes. Respiratory irritation. 
May be corrosive to skin and eyes. 

6 Gentian violet solution May be absorbed through the skin. Respiratory, 
digestive, skin and eye area will get aggravation. 
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Sl. 
No. 

Powder type Glass 
surface 

White 
Ceramic 

Black 
marble 

Aluminium 
foil 

Coin References 

1 TiO2 powder A-grade C-grade A-grade C-grade C-grade [19] 
 

2 Iodine Vapour A-grade A-grade C-grade C-grade C-grade [20] 
3 Cyanoacrylate glue 

vapour 
A-grade C-grade A-grade C-grade C-grade  [21] 

4 Fluorescence starch 
powder 

A-grade A-grade A-grade A-grade B-grade [22] 

5 SiO2@SrTiO3:Eu3+:Li 
core-shell nanopowder 

A-grade A-grade A-grade A-grade B-grade Present 
work 
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Table 3: Judd-Ofelt intensity parameters (Ω2 & Ω4), radiative transition probability (AT), calculated 

radiative (τrad) lifetime, branching ratio (βR), asymmetric ratio (A21) and stimulated emission 
cross section (σe)  of prepared samples (λexi = 395 nm). 

 

Compound  J – O 

intensity 

parameters 

(××××10
-20

 cm
2
) 

ΩΩΩΩ2               ΩΩΩΩ4       

 

AT 

(s
-1

) 

 

ττττrad 

(ms) 

 

βR 

 

A21 

 

σe(x10
-30

 

cm
2
) 

SrTiO3:Eu3+ 2.78 0.84 68.12 16.21 0.99 1.94 0.18 

SrTiO3:Eu3+:Li+ 2.42 0.87 61.23 18.23 0.98 1.68 0.16 

SiO2@SrTiO3:Eu3+:Li+ 2.33 0.88 60.18 19.22 0.97 1.65 0.15 
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Table 4: CIE and CCT values of prepared NPs.  

 
Compound          CIE CCT 

 (K) 

 

    x      y U
1
 V

1
  

SrTiO3:Eu3+ (1 mol %) 0.5253 0.4466 0.3183 0.4872 4352  

SrTiO3:Eu3+ (1 mol %): Li+ (1 wt %) 0.5404 0.4334 0.3284 0.4976 4321  

SiO2@SrTiO3:Eu3+:Li+ (I coat) 0.5491 0.4150 0.3184 0.4877 3921  

SiO2@SrTiO3:Eu3+:Li+ (II coat) 0.5644 0.3944 0.3286 0.4975 3788  

SiO2@SrTiO3:Eu3+ :Li+ (III coat) 0.5849 0.3711 0.2085 0.4773 3815  

SiO2@SrTiO3:Eu3+:Li+ (IV coat) 0.5812 0.3723 0.2081 0.4754 3811  
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Research highlights 

 

� Core–shell SiO2@SrTiO3:Eu3+:Li+ nanopowders were prepared by easy way. 

� Increased coating of shell tuned the emission from orange-red to the deep red.  

� The PL intensity was increased two folds in coated phosphors than non-coated. 

� Samples were efficient to use in Forensic and anti-counterfeiting applications. 
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