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Abstract 

Nanocrystalline Tb3+ (1–11mol %) doped YAlO3 phosphors were prepared by 

biocompatible combustion route using Aloe Vera gel as a fuel. The average crystallite 

sizes were estimated using XRD and TEM found to be ~27 nm.  Scanning electron 

micrographs showed mcirolayered superstructurs of various shapes of uniform 

particles. Upon 341 nm excitation, the photoemission profile of YAlO3: Tb3+ exhibit a 

narrow green emission peak at 545 nm due to 5D4�
7F5 transition.  Optical parameters 

such as Judd–Ofelt parameters, radiative transition probabilities, radiative lifetimes, 

branching ratio, stimulated emission cross-section and optical gain were estimated by 

Judd–Ofelt theory. CIE coordinate for the optimized phosphor was                              

(x=0.308, y=0.435) which is very close to NTSC standard value for green emission. 

Further, the correlated color temperature was estimated and found to be ~ 6178 K.  A 

simple, fast, highly sensitive and ecofriendly method for the detection and 

enhancement of fingermarks in various forensic relevant materials was presented. 
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1. Introduction 

In recent years there is a requirement of light emitting devices which are of low cost, 

capable of producing in large amount and efficient light emission ability.  In this 

regard, few different concepts have been used to attain light emitters such as: quantum 

wells [1], quantum dots [2], nanocrystals [3–5], nanowires [6] and thin films [7]. The 

light emitting devices of various spectral range have been used in X- and γ -ray 

detectors [8, 9], large size displays, lasers, amplifiers [10, 11], eco-friendly and 

efficient lamps, scintillators [8, 12, 13] etc. This has been achieved by selecting a 

proper host material and optimized dopants preferably the aluminates and rare earth 

ions respectively.   

 Among the various hosts, yttrium aluminate (YAlO3) has two familiar crystal 

phases: orthorhombic and hexagonal [14]. Till date cubic and hexagonal phases were 

well documented in the literature but not on the orthorhombic phase of YAlO3. The 

rare earth ions (RE3+) characterize with a narrow emission lines in the UV and IR 

range due to their precise electronic configuration.  

              The various processing techniques, which are used for the synthesis of 

YAlO3 nanophosphor, include microwave refluxing, solution combustion, 

hydrothermal, sol–gel, co-precipitation and precursor thermal decomposition method 

etc. [15–17].  In these methods, generally the toxic solvents, harsh chemicals, 

additives and surfactant were used which are not ecofriendly. Hence to overcome 

from the eco-destructive routes, numerous efforts have been devoted towards green 

synthesis of metal-oxide nanoparticles using plant and animal extracts contains 

protein chains, polysaccharides, bacteria, fungi, yeast, viruses etc. [18 - 20]. 

Phytosynthesis was a beneficial and eco-friendly approach to prepare nanoparticles 
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using plant extracts from its root, leaf, stem etc.  In this paper, extracts of Aloe Vera 

(A.V.) plant with botanical name Aloe Vera (L) Burm. f. was used as a fuel to get 

YAlO3:Tb3+nanophosphor. A.V. plant was a juicy plant belongs to the family of 

Liliaceae. A.V. gel contains 75 potentially active constituents: vitamins, enzymes, 

minerals, sugars, salicyclic acids, lignins, saponins, amino acids, alkaloids and 

flavones. The biological units such as polysaccharides, protein chains, enzymes etc. in 

the leaves of A.V. helps in various medical applications such as wound healing, 

antifungal activity, hypoglycemic, anticancer etc. Hence using A.V. plant gel as a bio-

template helps in obtaining complex superstructures (SS) in the micro / nano level 

which has been improved the light emitting capacity than the prepared samples in 

regular route. 

Ridge pattern of each creature in the nature has unique and unalterable; hence 

fingerprint technique in identifying the individual human being is considered as a 

powerful tool.  Latent fingerprints which were generally invisible require a technique 

to enhance its visualization and identification [21–22]. To improve the quality of 

fingerprints visibility, forensic investigators generally use optical equipment and/or 

chemical substances.  But these conventional techniques demands for the better 

adherence of powder particles to fingerprint residues for providing better contrast 

between the fingerprint profile and the background surface [23].  Predicting the 

fingerprint by using powders were unable to develop better patterns on the hard 

surfaces and involves metallic compounds which were hazardous to the users health 

[24]. These problems can be overcome by using luminescent powders consists of 

nanoparticles doped with RE.  The use of nanoparticles helps in better adhesion 

efficiency due to its large surface to volume ratio and RE helps in improved 
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luminescence efficiency.  So using RE based luminescence nanopowders can be used 

as a better labeling agent than the existing once. 

In this paper, A.V. plant gel mediated combustion method was used for the 

synthesis of YAlO3:Tb3+. Here A.V. plant gel acts as a fuel /sacrificial bio-template 

and Tb3+ ions acts as an efficient green emitter in the host of YAlO3 matrix.  

2. Experimental 

2.1 Synthesis 

The chemicals, yttrium nitrate [Y (NO3)3. 4H2O (99.9%)], aluminum nitrate [Al 

(NO3)3 9H2O (99.9%)] and terbium nitrate [Tb (NO3)3 (99.9%] were used as oxidizers 

and A.V. gel extract as a fuel respectively.   A.V. gel was collected from the fresh 

leaves of A.V. plant which is free from disease.  It was collected in the month of 

July/August 2015 from Tumkur University campus located at 13° 20' N, 77° 08' E. 

The procedure to collect and its use during the preparation was according to the 

previous literature reported by Patel et al. [25]. The freshly obtained A.V. gel was 

characterized by their viscosity, optical density and refractive index and found to be 

0.545 ± 0.007 cm2s-1, 1.17 ± 0.04 abs and 1.3323 ± 0.0002 respectively. The metal 

nitrates and A.V. gel were dissolved in double distilled water and then mixed using 

magnetic stirrer for 25 min to get clear solutions.  For the fresh A.V. gel content of            

10 ml, 15 ml, 20 ml, 25 ml and 30 ml, the obtained concentration of active agents 

were 0.0376, 0.0713, 0.138, 0.337 and 0.476 mol.dm-3 respectively estimated based 

on the molecular weights and the contents of  water which is according to the 

stoichiometric method.  The resultant solutions were kept in a pre-heated muffle 

furnace maintained at 400 ± 10 oC for the combustion process which breaks the 

polymeric network and helps in obtaining the pure sample. During the combustion, 
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the flame persists for ~ 1 min and the entire combustion process undergone as a 

smoldering type.  After the completion of the combustion process, the dish was taken 

out of the furnace and the powder was calcined at 1000 oC for 3 h to obtain the 

required phase.  The prepared samples were characterized for their nano/micro regime 

and then optical studies were carried out along with their use to improve the latent 

finger print studies. 

2.2 Characterization 

The phase purity and the crystallites of the nanophosphor were examined by 

powder x-ray diffractometer (Shimadzu) using Cukα (1.541 Ǻ)	radiation. The surface 

morphology of the prepared samples was studied by scanning electron microscopy, 

Hitachi table top – (SEM Model - TM 3000). Hitachi H-8100 (voltage-200 KV, LaB6 

filament) equipped with EDS (Kevex sigma TM Quasar, USA) was used for 

transmission electron microscopy.  The FT-IR studies were performed on a Perkin 

Elmer Spectrometer (Spectrum 1000) with KBr pellets. SL 159 ELICO UV- Vis 

spectrometer was used to study the UV-Vis absorption studies. Jobin Yvon 

Spectroflourimeter Fluorolog-3 equipped with 450W Xenon lamp as an excitation 

source was used for the photoluminescence (PL) studies. 

2.3 Footing for fingerprint technique 

Fresh fingerprints from healthy donors were deposited on different non-porous 

(glass, aluminum foil, polythene bag), semi-porous (knife handle) and porous (freshly 

cut green leaf) surfaces with medium pressure. The fingers of the donor were cleaned 

with soap water and exposed to dry air for 10 min to confirm reliability of the study.  

The prepared fluorescent nano powders were brushed sensibly to make sure about the 
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uniform spread on the latent fingerprint surfaces. Then the surfaces were illuminated 

with UV lamp (4 W, 254 nm) and the images of the fingerprint were photographed 

using a digital camera in situ with a Nikon D3100 digital camera equipped with AF-S 

Nikkor 50 mm f/l.8 G ED lens. 

3. Results and Discussion 

Fig.1 shows the powder X-ray diffraction (PXRD) patterns of the YAlO3:Tb3+                       

(1-11 mol %) nanophosphor. The diffraction peaks were well matched with standard 

JCPDS File no. 70-1677 of orthorhombic phase of YAlO3 with negligible traces of 

Y3Al 5O12 phase [26]. Peak broadening was estimated for all the major peaks to 

determine the average crystallite size (D) using Scherer’s formula: 

θβ
λ

cos

9.0=D
                            

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

 where λ ; the incident wavelength of Cukα - X-ray,	� ; the Bragg’s angle and β; the 

FWHM in radian. The value of D was found to be in the range 20-30 nm tabulated in 

Table.1. 

            The structural information of YAlO3: Tb3+ (7 mol %) sample was analyzed 

precisely by the Rietveld refinement using FULLPROF suit program [27].  In this 

case Pseudo-Voigt function [28] was used to fit the several parameters to the data 

point.  The refined parameters namely occupancy parameter, atomic positional values 

were summarized in Table.2. Better statistical validity was observed between the 

experimental relative intensity (observed XRD intensities) and statistically estimated 

intensity (Fig. 2). Further, the quality of the refined data was checked by estimating 

goodness of Fit (GoF) = χ2= (Rp/Rwp)
2 = 1.06 which suggests that the studied 

phosphor was in highly crystallinity and good refinement. By utilizing the Rietveld 
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refinement parameters, the packing diagram was drawn using Diamond software 

(Inset of Fig. 2.).  

According to the crystal field theory, the acceptable percentage difference the 

ionic radii of doped and host ions must be less than 30 % as estimated using the 

relation. 

m

dm
r R

RR
D

−=
                              

----------- (2) 

where Rm and Rd ; radii of host material and dopant ion.  The Tb3+ ionic radius and 

coordination number were close to that of  Y3+ , hence Tb3+ ions easily replaces Y3+ in 

the YAlO3 host because of Dr which is equal to 1.39 % [29]. 

 Fig. 3(a) shows the SEM micrograph of the YAlO3:Tb3+ (7 mol %)  prepared 

using 10 ml of  A.V. gel; shows the occurrence of tidy SS consists of layered beds 

organized one above the other resembles the group of layered nests. With increase in 

A.V. gel content, the morphology changes from layered assemblies to pointed layered 

assemblies to boat shape assemblies to closed assemblies of microstructures.  Hence 

A.V. content was utilized in wrapping of nanoparticles layers to form micro/nano 

superstructures (SS).  Fig. 3 (b) shows the pointed layered structures oriented to 

various planes resembles the outer layer of jackfruit. Fig. 3(c) & 3(d) shows the 

columnar SS with top layer resembles the boat shape for both 20 ml and 25 ml 

concentrations of A.V. gel.  But the size of the boat-SS found to increase with A.V. 

content from 20 to 25 ml.  After 25 ml concentration, the opened structures again 

wrapped into the closed structures form the bullet like shapes (Fig. 3(e)).  This type of 

shapes were common in dry soil structures formed due to the electrostatic forces that 

attracted the particles to group together and forms the SS of the micro/nanoparticles.  
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To show the similar kind of naturally occurring textures, the photograph of dry soil 

texture was shown in Fig. 3 (f).  SEM study confirms the role of A.V. content strive as 

a sacrificial unit in the formation of SS.  

For different A.V. concentration, the different morphologies obtained were 

because of the formation of the temporary polymeric network at the time of mixing 

which decomposes to an ordered form, when subjected to heat treatment.  At the time 

of heat treatment, the effective heat was distributed in complex manner to break the 

formed polymeric networks.  The rate of crystal growth was faster at low temperature 

and changes gradually with elevated temperatures. The Y3+ and Tb3+ ions gets blended 

with polysaccharide of different kind and protein chains through electrostatic 

interaction with O(-ve) ions.  During stirring process, free amino and carboxylic 

groups interact with the micro/nano-SS results the temporary polymer networks.  The 

functional groups and proteins present in the medium act as capping ligands and 

preventive units to minimize the agglomeration. 

The sugar molecules of A.V. such as galactose, pectin and acetylmanose etc 

are linked into the chains of variable lengths.  The polysaccharide like pectin was 

considered and shown the network of this organic chain along with proteins trap the 

YAlO3:Tb3+ nano-dimension particles and the network acts as a sacrificing element.  

So during the process of combustion, the network disappears leaving behind the 

specific shape and structures of the nanopowder material. The mechanism of the 

network was shown in Fig. 4.   An appropriate model to explain these mechanisms is 

called the “egg box model”.   In which the polysaccharide molecules interact with 

cations to form bridges of two carboxyl groups of galactose / acetylmanose / pectin 

groups of the two different chains which were close to each other. The cations 
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maintain the molecules together and form SS with supportive binding of two or more 

chains of adjacent polysaccharide. The polymeric binding was responsible for the 

aggregation of contents of the gel and shows a coherence effect to obtain the complex 

structures. Further, by changing the interaction of proteins and polysaccharides as 

attractive or repulsive interaction the SS formation can be tuned as surface with 

opened structures or with closed structures as shown in SEM images of Fig. 3.  

To support for the SEM analysis, the YAlO3:Tb3+ (7 mol %) powder was 

characterized by TEM and was shown in Figs. 5 (a and b).  The TEM images clearly 

shows the pointed edges of about 44 nm and the links between the different layers 

were also observed in Fig. 5 b.  The pointed edges and the SS links were marked in 

TEM images of two different resolutions.  The crystallite size of the nanomaterials 

was in good agreement with the PXRD.  Fig. 5(c) shows the EDAX; confirms the 

elements present in the sample and thereby it confirms the purity of the sample; 

however the identified carbon and copper were due to grid used for TEM studies.   

Inset of Fig. 6 shows the diffused reflectance spectra of YAlO3:Tb3+ phosphor 

material recorded in the wavelength region of 200–600 nm using UV-Vis 

spectrometer. The maximum absorption at 252 nm may be due to the transitions 

between the upper levels of valence band to the lower level of conduction band which 

is nothing but the optical energy gap (Eg) [30, 31].  The Eg values were estimated 

using Tauc relation [32]. The estimated direct Eg values were found to be in the range  

5.45–5.59 eV (Fig.8) which is in good agreement with the literature [33]. This signify 

that the allowed direct Eg was responsible for the inter band transitions and it is 

generally depends on the synthesis method and experimental conditions which can 

favor or inhibit the formation of structural defects.  
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The functional group analysis was done by FTIR technique was shown in    

Fig. 7.  The band at 3442 cm-1 can be allocated to vibration mode of chemically 

bonded water molecule. The band at 1510 cm-1 was attributed to the bending mode of 

H–O–H vibrations. Three sharp peaks at 455, 561 and 690 cm-1 were due to the 

stretching mode of the AlO6 octahedral units [34] and were in agreement with PXRD 

patterns. 

Inset of Fig. 8 shows the excitation spectrum of Tb3+ (7 mol %) doped YAlO3 

monitored at 543 nm. A wide excitation band in the range 300–400 nm observed was 

due to the intra-configurationally (f–f) transitions of Tb3+. It can be related to                     

O2− - Tb3+ charge transfer band (CTB) based on the empirical formula [35] 

( ) ( ) ( )[ ] 11 000,30 −− ×−= cmMXcmE optoptct χχ
               

------ (3) 

�opt(X) and �opt (M) ; the opto-electro negativities of the oxygen and metal cation 

respectively. The opto-electro negativity of O2- was variable in different hosts, thus by 

putting �opt (O
2-) = 3.2 and �opt (Tb3+) = 0.95 [36] into Eq. (3), the position of O2-

�Tb3+ CTB can be calculated to be 160 nm. For Tb3+ ions, when one electron was 

promoted from ground state (4f8) to  excited state (4f75d1), it gives the transitions such 

as spin-allowed (SA) (7FJ �
7DJ) and spin-forbidden (SF) (7FJ �

9DJ) corresponds to 

stronger intensity with higher energies and the weaker intensity with lower energies 

respectively. The calculated energies corresponds to SA and SF transitions can be 

evaluated according to Eq. (4) [37] 

( ) ( ) TbEADcmYAlOTbE ∆+−= −1
3 340,49,                     ------- (4) 

where ( )3,YAlOTbE ; the f–d energy difference of the Tb3+ doped ions in the YAlO3 

host with the so-called crystal field depression D(A). The energy of the allowed f–d 
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transitions of Tb3+ embedded in the YAlO3 matrix was considered as 13,200 ± 920 

cm-1 (SA) and 6300 ± 900 cm-1 (SF) and with this the estimated E values of (YAlO3),             

(Tb3+, YAlO3) were 46,003 ± 920 cm-1 and 39,103 ± 900 cm-1 respectively.  The 

longer wavelength transitions related to 7F6 ground state to the excited levels of the 

4F8 configuration. The maximum peaks at 369 and 379 nm were attributed to the 

transitions 7F6�(5G6, 
5G5, 

5G9) and 7F6�(5D3, 
5L10) based on the energy level 

schemes of Tb3+ ions [38, 39]. 

The emission spectra shown in Fig.8 consists of a group of typical               

5D3,4�
7FJ (J = 3, 4, 5 and 6) transitions of Tb3+ upon 341 nm excitation, among which 

the 5D4�
7F5 transition at 545 nm was major corresponds to the bright green light 

emission. The green emission for wavelength above 490 nm corresponds to the 

transition 5D4�
7Fj and the blue emission for wavelength below 490 nm corresponds 

to the transition 5D3�
7Fj.  Due to the significance of the cross relaxation from the 

5D3→5D4, the intensity of the blue emission peak at 463 nm was much weaker than 

that of the green emission peaks at 493, 545 and 591 nm [40]. The cross relaxation 

can be further enhanced by increasing the ion concentration leading to a strong 

emission of 5D4�
7Fj transition [41, 42]. The corresponding transitions for all the 

emission bands were listed in Table 3.   

  The emission intensity of Tb3+ as a function of its doping concentration in the 

host is as shown in Fig.9.  PL intensity increased with increase in Tb3+ concentration 

up to 7 mol % and afterwards quenching starts.  Initially, the PL intensity increases 

and then decreases due to comparably but slightly bigger radius of Tb3+ (106.3 pm) as 

compared to Y3+ (104 pm) ions.  At higher intensity the charge imbalance leads to 

cross relaxation and on radiative transitions causes concentration quenching [43]. 
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With increase in the concentration of Tb3+ ions, the distance between the activator 

ions decreases which leads to the non-radioactive energy transfer among Tb3+ ions 

[44]. In this context, the critical distance (Rc) can be estimated from the following 

equation [45]: 

3

1

4

3
2 









ΠΧ
≈

N

V
R

c
c

                                       
--------- (5) 

where V; the volume of the unit cell,	�c; the critical concentration of Tb3+ ions and      

N; the number of sites in the unit cell.   Presently, V; 204.10 Å3, �c; about 0.07 and    

N;4, resulting in the critical distance of about 11.16 Å. Generally, the resonant 

energy-transfer is directed by multipolar and exchange interactions.  In this study, the 

energy transfer among Tb3+ (1-11 mol %) ions with YAlO3 phosphor does not occur 

but there is a charge transfer mechanism. Hence the process of energy transfer should 

be electric multipole interaction. Another important parameter was the asymmetric 

ratio (A21) [46, 47] which gives a measure of the degree of distortion from inversion 

symmetry of the local environment surrounding the Tb3+ ions in the host matrix.  

( )
( )∫

∫
→

→
=

λ

λ

dFDI

dFDI
A

6
7

4
5

1

5
7

4
5

2

21

                                

---------- (6)

 

where I1 and I2; intensity of magnetic dipole transition at 493 nm and electric dipole 

transition at 545 nm respectively.  The values of intensity ratios (A21) for YAlO3:Tb3+ 

increases with the increase in Tb3+concentration (Fig. 9). Van Uitert [48 - 50] stated 

that the intensity of multi- polar interaction can be resolute based on the change in the 

emission intensity from the emitting level that has multipolar interaction. The 

emission intensity (I) per activator ion follows the equation;  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

13 

 

( )
1

31
−






 +=
Q

K
I χβ
χ                            

---------- (7) 

Where  χ ; the activator concentration, Q ; a constant of multi- polar interaction and 

equals 6, 8, or 10 and less than 6 for dipole-dipole; dipole-quadrupole or quadrupole-

quadrupole interactions and charge transfer mechanism respectively, and K and β are 

constants under the same excitation condition for the given host crystal. 

χ
χ

log
3
Q

A
I

Log −=
                            

----------- (8) 

where ( )βloglog −= kA .  The curve of log I/χ v/s. log χ in YAlO3:Tb3+ phosphor 

was shown in Fig. 10. The figure clearly shows that the relation between log I/χ and 

logχ was approximately linear and the slope was about -0.869. The Q value calculated 

based on the linear fitting using Eq. (8) was ~ 2.607, which was less than 6. This 

finding indicates that the charge transfer mechanism was dominant as explained in 

earlier paragraphs.  

To know the consequence of chemical environment on luminescent properties of 

Tb3+, J-O theory [51, 52] was utilized and estimated the J-O intensity parameters. In 

the case of Tb3+, it was possible to determine the Ωλ (λ=2, 4, 6) parameters from the 

emission spectra. The measured line strengths   Smes (J→ J ′ ) and calculated                   

Scal (J→ J ′ ) of the selected energy bands were estimated from Eqs. 9 and 10 

respectively [53, 54]: 

 

( ) ( ) exc

eff

effC
mes

n

n
JJS Γ

+
=′→ 22 2

9
λ

                         …..(9)

 

( ) 2
)( JUJJJS t

tcal ′Φ′ΦΩ=′→ ∑             ------ (10) 
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where J and J ′ ; the initial and final state angular momentum quantum numbers.  C; 

the proportional constant that includes the calibration factor for the optical detecting 

system and neff; effective refractive index of the sample obtained from the quantity of 

nanoparticles which were occupied in the total matrix of the compound (neff = 1.915), 

λ; mean wavelength of the excitation band and Γexc; the integrated excitation intensity 

for each band from the initial state to the final state. In Eq. 10, the values of reduced 

matrix elements of the unit tensor JUJ t ′Φ′Φ )( were adopted as reported in the 

literature [55],  <||�(�)||> were the doubly reduced matrix elements of rank t (t = 2,4,6) 

between states characterized by the quantum numbers (S, L, J) and ( )JLS ′′′ ,, . The 

parameters Ω2,  Ω4, and Ω6 were evaluated using the equation as mentioned in Eqs. 

11. 

 )0003.0(16
3

)0023.0(16
3

,
)0032.0(16

3
23

06060
623

04040
423

02020
2 ζπ

ελ
ζπ

ελ
ζπ

ελ
e

Ah
and

e

Ah

e

Ah −−−−−− =Ω=Ω=Ω
         …….(11) 

Where λ ; the wavelength corresponds to the 2nd, 4th and 6th major emission peaks of 

the PL spectra and A; values were evaluated according to Eqs. 6 and 13 which was 

explained in the consecutive pages. ζ is the parameter obtained from neff.  The bracket 

quantity in the denominator represents the matrix elements of the transitions as 

reported in the literature [56 - 58].  
 

The values of the J-O parameters for the prepared samples were tabulated in 

Table 4. In general, the parameter Ω2 was related to the covalency and/or structural 

changes in the vicinity of the Tb3+ ion (short-range effect) and Ω4 was related to the 

long-range effects. Ω6 showed very small quantity which was due to the possibility of 

the stable state.  For long-lived metastable excited states this method is not suitable 
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but evaluated parameters were presented in the Table.4.  The error involved in the 

estimation of J-O intensity parameters were measured according to the literature by 

standard deviation method was showed the goodness of the J-O parameters fitting 

[59].  The values of the J–O parameters were useful to calculate the spectroscopic 

quality factor X = Ω2/Ω4 which helps in calculating the stimulated emission for the 

laser active medium.  The spectroscopic quality factor of Tb3+:YAlO3 was 6.35 and 

larger than of other host listed in Table.5, hence it is a promising material for efficient 

laser action [60]. The radiative transition probabilities (AT), lifetime (τrad) and 

transition branch ratios (β) were important dynamic parameters for trivalent rare earth 

ions. The τrad for an excited state (J) was calculated by Eq.12. 

( )∑ ′−
=

JJArad

1τ
                                            

------ (12) 

where the sum is taken over all final lower-lying states J ′ . The AT for the transitions 

determined by using Eq. (13) and reported in Table 5. 

( ) ( )
( ) ( )JJS
nn

Jh

e
JJA calc ′−+

+
∏=′−

9

2

123

64
22

3

24

λ                 
------- (13) 

 According to Eq. (12), the τrad of the 5D4 level is determined to be ~ 17.1 ms.  

The experimental τrad was found to decrease slightly with increase of Tb3+ ions 

content.  It was known that a transition having β of ≥ 0.50 can emit laser radiation 

more effectively. The measured β of 0.99 for the 5D4�
7F5 transition of 7 mol % Tb3+ 

doped YAlO3 suggests its suitability for green color displaying devices and to some 

laser devices. The effective emission cross-section (σE) was estimated according to 

Eq. 14. 
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( )JJA
cn edE ′→′′=

2

2

8π
λσ

                                    
--------- (14) 

In Tb3+:YAlO3 phosphor, σE was calculated and listed in Table 5. Such nature 

of long τr and σE section in Tb3+:YAlO3 is favored for generating low threshold and 

high efficient lasers. Therefore these materials were suitable as a laser material. 

                The Commission International De I-Eclairage (CIE) 1931 chromaticity co-

ordinates for YAlO3: Tb3+ (7 mol %) phosphors were calculated for the optimized 

Tb3+ ion concentration in PL spectra. The CIE values estimated using PL spectra were 

shown in Fig. 11. It was detected that the CIE co-ordinates (x = 0.30889, y = 0.43592) 

was in green region and nearly same as the National Television System Committee 

(NTSC) standard values. The correlated color temperature (CCT) was estimated by 

Planckian locus indicates the existence of numerous operating points outside the 

Planckian locus. If the coordinates of a light source falls outside the Planckian locus 

and the CCT in the range of 6178 K using U′= 0.16229 and V ′  = 0.51532 (Fig.12).  

Hence the prepared samples may be useful for the fabrication of artificial white light 

as green component in white LEDs and display devices. 

3.1 Fingerprint detection using YAlO3:Tb3+ (7 mol %) nano-phosphor 

The optimized YAlO3:Tb3+ (7 mol %) nanophosphor was tested for being used in 

latent fingerprint sensor on smooth non porous surfaces/ semi porous/ porous 

surfaces. Fig.13 shows the fresh finger print images developed by YAlO3: Tb3+ 

nanophosphor from glass, knife handle, freshly cut green leaf, polythene sheet and 

aluminium foil. Owing to the nano-sized phosphor they exhibit better adhesion for 

finger mark ridges. It was noticed that the detailed finger print images from different 

non porous surfaces excited under UV light (254 nm) showed the green color images 
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from fingerprint were intense and clear.  This indicates that the smooth finger print 

images with detailed ridge pattern can be captured in a better way using the prepared 

samples. 

Further, due to SS of nanoscale can interact with the amino acid such as 

sebum-rich fingerprint acts as a dusting powder to locate and visualize fingerprints in 

a better way even if the prints were faint [60]. Since the green light is in the middle of 

the visible range, so under UV light excitation, the fingerprint deposited on objects 

can be readily viewed effectively without the influence of background colors. The 

semi-porous knife handle and porous surface of freshly cut leaf represent one of the 

difficult, but commonly encountered substrate for recovering latent fingerprints. The 

obtained nanophosphor appears to be capable to identify the finger prints with 

reasonable details. A clear distinguish between fingerprint ridges and background also 

visible. 

3.2 Comparison of fingermark images acquired with different illuminations 

  From the excitation spectrum and emission spectrum, it is observed that most 

of the nanophosphors fingermark reagents could only be used under a certain 

illumination. The development of the latent fingermarks with the natural color; the 

only way utilized was on light color substrates or dark color substrates.  These above 

unique conditions significantly reduced scope of their application. Whether or not one 

fingermark reagent could be applied under different excitation illuminations was 

explored in this part.  Fig. 14 shows the fresh fingermark deposited on glass plate 

under different illuminations. High-quality labeling of fingermarks could be obtained 

under 254 nm UV, 365 nm near UV and white light. As a simple fingermark reagent, 

YAlO3:Tb3+ (7 mol %) nanophosphor suspension could help to give good fingermark 
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images under different conditions. The above results indicate that the optimized 

YAlO3: Tb3+ (7 mol %) nanophosphor is useful as fingerprint labeling agents due to 

intense photoluminescence. 

4. Conclusions 

For the first time A.V. gel assisted green emitting YAlO3:Tb3+ (1– 11mol %) 

nanophosphors were prepared by sacrificial bio-mediated combustion method. 

Different shaped SS with porous and pointed edges of micro/nanoscale were observed 

from SEM studies. TEM micrograph confirms the nanosize of the crystallites in the 

range 25–35 nm.  The materials were showed the insulating nature with the Eg value 

varies from 5.45–5.59 eV.  The phosphor exhibits emission spectra with most intense 

emission of Tb3+ assigned for the transition (5D4�
7F5) at 545 nm. Intensity and the 

radiative parameters were justified by J-O analysis. Based on the long radiative life 

time which is the direct evidence for stimulated emission, the materials may find 

applications in lasing action.  The estimated CIE chromaticity co-ordinates (x, y) were 

very close to NTSC standard value of green colour emission and corresponding CCT 

was found to be 6178 K for the prepared samples. Hence, the YAlO3:Tb3+ (7 mol %) 

SS material may be a promising material optical display as well as latent fingerprint 

detection applications. 
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Table captions: 

Table 1: Estimated crystallite and optical energy gap values of YAlO3:Tb3+ 

nanophosphor. 

Table 2: Rietveld refined structural parameters for YAlO3:Tb3+(7 mol %). 

Table 3: Characteristic transitions of the emission bands observed in YAlO3:Tb3+ 

nanophosphor. 

Table4:Judd-Ofelt intensity parameters (Ω2, Ω4), Emission peak wavelengths (λp in 
nm),radiative transition probability (AT), calculated radiative (τrad) 
lifetime, branching ratio (β), stimulated emission cross-sections (σe) and 
optical gain (σe × τ) of YAlO3: Tb3+compounds (λex = 341 nm). 

 
Table 5: J–O intensity parameters (ΩλX 10-20 cm2) for Tb3+ ions in different hosts. 

Table.6: Method of preparation, formation temperature and morphology of the 
product obtained in YAlO3 nanophosphors. 
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Figure captions: 

Fig.1. PXRD patterns of (1–11 mol %) Tb3+ doped YAlO3nanophosphor. 

Fig.2. Rietveld refinement of YAlO3:Tb3+ (7 mol %) nanophosphor.(Inset Packing 

diagram of   YAlO3:Tb3+ (7 mol%) nanophosphor.) 

Fig.3. SEM micrographs of YAlO3: Tb3+ (7 mol %) with various concentrations of 

A.V. gel (a) 10 ml (b) 15 ml (c)20 ml (d) 25 ml (e) 30 ml and (f) naturally 

occurring dry soil photograph. 

Fig.4. The network of the pectin polysaccharide along with the trapped YAlO3:Tb3+ 

particles which resembles the concepts of egg model. 

Fig.5.TEM images (a-c) of (1, 7 and 11 mol %), (d) EDAX (7 mol %); table shows 

element with atomic weight % of Tb3+ doped YAlO3nanophosphor. 

Fig.6. Energy band gaps of (1–11 mol %) Tb3+ doped YAlO3nanophosphors. Inset 

Uv–Vis absorption spectra of (1-11 mol %) Tb3+ doped YAlO3. 

Fig.7. FTIR spectra of YAlO3: Tb3+ (1-11 mol %) nanophosphors. 

Fig.8. PL emission spectra of YAlO3:Tb3+ (1–11mol %) nanophosphors recorded at 

RT. Inset Excitation spectrum of YAlO3:Tb3+ (3 mol %) at λemi= 543nm  

Fig.9. Effect of Tb3+concentration on the 341 nm emission and Variation of 

asymmetric ratio with Tb3+concentration in YAlO3nanophosphors 
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Fig.10. Relation between log(x) and log (I/x) in YAlO3: Tb3+ (1–11 mol %) 

nanophosphors. 

Fig.11. CIE diagram of YAlO3: Tb3+ (7mol %) nanophosphors. The inset figures (a & 

b) are the photographs of the phosphors (YAlO3:Tb3+ (7 mol %)) under 

visible light and 254 nm UV lamp radiation. 

Fig.12. CCT diagram of YAlO3: Tb3+ (7 mol %) nanophosphor. 

Fig.13. Finger print images developed by YAlO3: Tb3+nanophosphor from glass, knife 
handle, freshly cut green leaf and polythene sheet 

Fig.14. Fingermark deposited on glass and stained by YAlO3: Tb3+ under different 
illuminations 
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Table 1: Estimated crystallite size and optical energy gap (Eg) values of YAlO3:Tb3+   

                     nanophosphor. 

YAlO 3: Tb3+ 
Crystallite size(nm) 

[D-S approach] 

Energy gap (eV) 

1 28 5.45 

3 27 5.48 

5 27 5.50 

7 26 5.53 

9 25 5.55 

11 24 5.59 
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Table 2: Rietveld refined structural parameters for YAlO3:Tb3+ (7 mol %). 

Atoms Oxidation 

state 

Positional Parameters Occupancy 

x y z 

Y +3 -0.010 0.0524 0.2531 1.0977 

Al +3 0.5000 0.0000 0.0000 1.9904 

O1 -2 0.0719 0.4793 0.2500 1.7294 

O2 -2 0.7891 0.2192 -0.040 3.5255 

Crystal system: Orthorhombic, Lattice parameter, a = 5.1774 (1) (Å), b = 5.3224 (4) 

(Å), c = 7.3665 (4) (Å), Cell volume = 202.99 (3) (Å3), Space group = Pbnm,  

RFactors= 5.10, RBragg= 5.03, χ2= 1.06, RP= 4.44, RWP = 6.21, RExp = 6.02. 
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Table 3: Characteristic transitions of the emission bands observed in   

              YAlO3:Tb3+nanophosphor. 

Ion  Transition λ (nm) 

Tb3+ Emission 

5D3�
7F3 463 

5D4�
7F6 493 

5D4�
7F5 545 

5D4�
7F4 591 
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Table 4. Judd-Ofelt intensity parameters (Ω2, Ω4), Emission peak wavelengths (λp in 

nm), radiative transition probability (AT), calculated radiative (τrad) lifetime, 
branching ratio (β), stimulated emission cross-sections (σe) and optical gain 
(σe × τ) of YAlO3: Tb3+ compounds (λex = 341 nm). 

 
 Tb3+ 
conc. 
(mol%) 

J–O intensity parameters  
   (×10-20cm2) 
Ω2                    Ω4            Ω6 

 
rms∆S  
(×10-

20cm2) 
 

 
 
Transitions 

Emissi
on peak 
wavele
ngth λp 
(nm) 

 
 

AT 
(s-1) 

 
 

τrad  

(ms) 

 
 
β 

 
σe X 10

-22 
cm2 

 
(σe 
×τ) X 

10
-23 

 
1 

 
6.08 

 
0.97    

 

0.032 
 

0.432 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

493 
559 
588 

 
54.6 

 

 
18.29 

 

 
0.9 

 
6.26 
 

 
1.144 

 
3 

 
6.23 

 
1.05 

 

0.033 

 

0.347 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

493 
543 
590 

 
56.0 

 

 
17.84 

 

 
0.9 

 
6.09 

 
1.08 

 
5 

 
6.26 

 
1.04 

 

0.033 
 

0.332 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

493 
544 
590 

 
56.2 

 

 
17.77 

 

 
0.9 

 
6.11 

 
1.085 

 
7 

 
6.68 

 
0.97 

 

0.032 
 

0.214 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

492 
544 
590 

 
60.0 

 

 
16.65 

 

 
0.9 

 
6.52 

 
1.085 

 
9 

 
6.68 

 
1.0 

 

0.033 

 

0.224 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

493 
543 
591 

 
60.0 

 

 
16.64 

 

 
0.9 

 
6.53 

 
1.086 

 
11 

 
6.56 

 
1.02 

 

0.033 

 

0.247 

5D4 → 7F6 
5D4 → 7F5 
5D4 → 7F4 

492 
544 
590 

 
58.9 

 

 
16.95 

 

 
0.9 

 
6.40 

 
1.084 
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Table 5. J–O intensity parameters (Ωλ x 10-20 cm2) for Tb3+ ions in different hosts. 

Sample ΩΩΩΩ2 ΩΩΩΩ4 X=ΩΩΩΩ2/ΩΩΩΩ4 Trend 

YAlO3: Tb3+ 
[Present work] 

 

6.41 1.008 6.35 Ω2 > Ω4 

AlO3 [50] 8.74 2.26 3.86 Ω2 > Ω4 

YVO4 [52] 1.40 4.80 0.29 Ω2 < Ω4 

LiYF4 [53] 1.65 2.15 0.76 Ω2 < Ω4 
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Table.6. Method of preparation, formation temperature and morphology of the 
product obtained in YAlO3 nanophosphors. 

Material Method of 
preparation 

Formation 
temperature 

Morphology of 
the product 

Reference 

YAlO3:Eu3+ Solution 
combustion 
method  

1000 °C Cracks and 
porous network 

Sang Do Han 
et al. [61] 

YAlO3:Eu3+ Co-
precipitation 

1200 °C Cobblestone like 
morphology 

Fang Miao et 
al. [62] 

YAlO3 Molten salt 
method 

400 °C Spindle-like 
particles 

Zhensen Liu 
et al. [63] 
 

YAlO3:Mn Sol–gel 
method 

1700 °C Facet and 
compact 
morphology 

M. Baran et 
al. [64] 

YAlO3 Pechini route 130 °C Irregular 
predominantly 
agglomerated 
grains 

 
Ramya 
Hariharan et 
al. [65] 
 
 

YAlO3:Eu3+ Solvothermal 
method 

1100 °C Polygon type 
morphology 
 

Haeyoung 
Choi [66] 

YAlO3 Polymeric 
precursor 
method  

1000 °C Large aggregates 
like morphology 

J.F. Carvalho 
et al. [67] 

 
YAlO3:Dy3+ 

Sol–gel 
combustion 
method. 

900 °C irregular shape Yuexia Ji et 
al. [68] 

Gd3+–Pr3+ 
codoped 
YAlO3 

 Solid state 
reaction 
method 

1400 °C             - Yuhei 
Shimizu et al. 
[69] 

 
YAlO3:Tb3+ 

Solution 
combustion 
method 

 
1000 °C 

 

 
Superstructures 

 
Present work 
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Fig.1. PXRD patterns of (1 –11 mol %) Tb3+ doped YAlO3nanophosphor  

with 10 ml of A.V. gel. 
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Fig. 2.Rietveld refinement of YAlO3:Tb3+ (7 mol %) nanophosphor. (Inset Packing 

diagram of YAlO3:Tb3+) 
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Fig.3. SEM micrographs of YAlO3: Tb3+ (7 mol %) with various concentrations of 
A.V. gel (a) 10 ml (b) 15 ml (c)20 ml (d) 25 ml (e) 30 ml and (f) naturally 

occurring dry soil photograph. 
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Fig.4. The network of the pectin polysaccharide along with the trapped YAlO3:Tb3+ 
particles which resembles the concepts of egg model. 
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Fig.5. TEM images (a and b) of (7 mol % of Tb3+ ions), (c) EDAX (7 mol %); table 
shows elements with atomic weight % of Tb3+ doped YAlO3nanophosphor. 

c 
K 

(cnt) 

 
Element Weight % Atomic % 

O K 3.84 12.89 
Al K 11.02 21.91 
Cu K 57.29 48.39 
Y L 27.85 16.81 

Totals 100.00  
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Fig.6. Energy band gaps of (1–11 mol %) Tb3+ doped YAlO3 nanophosphors. 
Inset UV-Vis absorption spectra of (1-11 mol %) Tb3+ doped YAlO3. 
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Fig.7. FTIR spectra of YAlO3:Tb3+ (1-11 mol %) nanophosphors. 
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Fig.8. PL emission spectra of YAlO3:Tb3+ (1–11mol %) nanophosphors recorded at 
RT. Inset Excitation spectrum of YAlO3:Tb3+ (3 mol %) at λemi= 543 nm. 
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Fig.9. Effect of Tb3+concentration on the 341 nm emission and variation of 
asymmetric ratio with Tb3+concentration in YAlO3nanophosphors. 
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Fig.10. Relation between log(x) and log (I/x) in YAlO3:Tb3+ (1–11mol %) 
nanophosphors. 
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Fig.11. CIE diagram of YAlO3:Tb3+ (7 mol %) nanophosphor. The inset figures (a b) 
are the photographs of the phosphors (YAlO3:Tb3+ (7 mol %)) under visible 

light and 254 nm UV lamp radiation. 
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Fig.12. CCT diagram of YAlO3: Tb3+ (7 mol %) nanophosphor 
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Fig.13. Finger print images developed (a) by YAlO3: Tb3+nanophosphor from glass, 
knife handle, freshly cut green leaf, polythene sheet, aluminum foil and (b) the FPs on 

glass and aluminum foil without the YAlO3: Tb3+nanophosphor. 
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Fig.14. Fingermark deposited on glass and stained by YAlO3: Tb3+under different 
illuminations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

51 

 

 

 

 

 

Graphical Abstract 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Highlights  

� Doped YAlO3 phosphors were obtained by green combustion route using Aloe Vera gel. 

� Photoemission profile of YAlO3: Tb3+ exhibit a narrow green emission peak at 545 nm. 

� Detection and enhancement of fingermarks on various forensic relevant materials.  

� Nanolayered superstructurs with prismatic, columnar and platy type were observed. 


