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Abstract 

We report the synthesis of Sm3+ doped MoO3 nanostructures (NSs) effectively by 

hydrothermal route using lysine as surfactant. The hexagonal and orthorhombic phases were 

confirmed by means of Powder X-ray diffraction (PXRD) results. The effect of hydrothermal 

reactions, such as reaction temperature, surfactant concentration, pH value on the 

morphology was studied in detail by utilizing scanning electron microscopy (SEM) results. 

Optical properties of the Sm3+ (1- 9 mol %) doped MoO3 were studied by means of diffuse 

reflectance spectroscopy (DRS). The 4f-4f emission bands of Sm3+ ions were observed at 

563, 610, 647 and 698 nm attributed to 4G5/2–
6HJ (J = 5/2, 7/2, 9/2, 11/2) of Sm3+ respectively 

under 405 nm (6H5/2→
4F5/2 + 4M7/2) excitation. Judd–Ofelt theory was utilized to calculate 

the, transition probabilities (AT), radiative lifetime (τrad), branching ratio (β), and asymmetric 

ratio (A21) by using the intensity parameters. The average quantum efficiency and color 

purity values of the prepared samples were found to be ~ 79.61% and 97 % respectively. The 

CIE color coordinates confirmed that the phosphor emits orange-red light, which were quite 

useful for the fabrication of white light emitting diodes. 

 
Keywords: Hydrothermal; Photometric properties; Judd-Ofelt; Photoluminescence. 
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1. Introduction 

Rare earth ions (REI) have been broadly utilized as activators for diverse phosphors. 

Lanthanide ions (Ln3+) exhibit the characteristic intra 4f-4f transitions owing to its sharp 

emission peaks [1]. Further, Trivalent samarium (Sm3+) ionsexhibitnarrow band emissions, 

long lifetimes and large Stokes shifts. The emission intensity and splitting of spectral lines 

provide a valuable data concerning the nearby site symmetry, sizes of cations and properties 

of the chemical bonding [2]. 

In recent years, metal molybdates have attracted much attention owing to their key 

applications in the fields of optic fiber, catalysts, humidity sensor, display devices and solid-

state lasers [3-5]. Due to their excellent band-gap excitation transition-metal oxides exhibit 

superior photochromic properties and find possible applications in the fields of light emitting 

diode, sensors and high-density storage devices [6]. Among numerous transition-metal 

oxides, molybdenum trioxide (MoO3) is considered as one of the outstanding n-type 

semiconductors [7]. Moreover, photochromic properties of MoO3 offer potential applications 

in optical storage systems, display devices, and smart windows due to its great apparent 

coloration efficiency under light excitation [8].In this manner, MoO3 is attracting growing 

attention. 

Till date anumerous methods namely, thermal evaporation, template synthesis, 

chemical synthesis, sputtering and hydrothermal techniques were proposed to tune the 

structure and morphology of the MoO3 product [9-12]. Among the existing synthesis 

techniques, hydrothermal route considered to be an effective and simple procedure to create 

new hierarchical structures with controlled morphology. The hexagonal structure of MoO3 is 

remarkably interesting owing to its one dimensional (1D) tunnel structure, which results in 

predominant superior photo-physical and photo-chemical properties in contrast with other 

MoO3 structures (orthorhombic and monoclinic) [13-15]. 

In the present work, dual phased Sm3+ doped MoO3 structures were prepared by 

simple hydrothermal method using lysine as surfactant. Further, the effect of various reaction 

conditions on the morphology of the product was studied in detail. Photoluminescence 

properties were studied in detail in order to utilize the optimized product in solid state 

lighting applications. 
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2. Experimental 

Simple hydrothermal route has been used to fabricate Sm3+ doped MoO3 nanostructures 

(NSs). In this route all the chemicals were of analytical grade and used without further 

purification. Stoichiometric amounts of Ammonium heptamolybdate [(NH4)6Mo7O24·4H2O; 

Sigma Aldrich], formic acid [HCOOH], nitric acid [HNO3] and lysine [C6H14N2O2; Sigma 

Aldrich] were dissolved in 30 mL deionized water with continuous stirring. The obtained 

reaction mixture was then transmitted to a autoclave (50 mL) and heat treatedat 120 oC for 24 

h in hot air oven. And thereafter, the autoclave was allowed to cool at room temperature 

(RT). The final product was thoroughly washed with several times using ethanol and water in 

order to remove the impurities and finally dried at 60 oC for 24 h in vacuum oven. Further, 

morphology of the product was varied with different hydrothermal reaction conditions. The 

schematic diagram for the synthesis MoO3:Sm3+ NSs was shown in Fig. 1. 

2.1 Instruments used 

The X-ray powder diffractometer (Shimadzu made X-ray diffractometer (PXRD-7000) with 

nickel filter and Cu-Kα radiation (λ = 0.15406 nm) is used for phase purity. Morphological 

features were observed by scanning electron microscope (SEM, Model No. Hitachi-7000 

model) and transmission electron microscope (TEM, Model No. Hitachi H-8100 with 

accelerating voltage up to 200 KV). The Jobin-Yvon made Flurolog-3 Spectrofluorimeter 

with 450 W Xenon lamp as an excitation source is used to record photoluminescence (PL) 

data. PerkinElmer (Lambda-35) spectrometer was used to record the diffuse reflectance 

spectroscopic data of the NSs. 

3. Results and discussion 

3.1 PXRD analysis 
The powder X-ray diffraction (PXRD) patterns of MoO3 fabricated via hydrothermal route 

and calcined at 120 oC and 240 °C respectively (Fig. 2(a)). The product calcined at 120 oC 

corresponds to orthorhombic α-MoO3 phase (JCPDS.No.35-0609). However, when the 

product calcined at 240°C corresponds to hexagonal phase of MoO3 (JCPDS.No. 21-0569) 

[16]. PXRD was utilized to calculate the peak broadening with crystallite size and lattice 

strain due to dislocation [17]. The crystallite size of the α-MoO3 and h-MoO3 NSs were 

estimated by the X-ray line broadening using Scherrer’s equation; 
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k
D = ----------- (1) 

 

Where, D; crystallite size, λ; wavelength of the X-rays used (1.54056 Å), k; constant (0.94), 

β; full width at half-maximum, and θ; peak position. The breadth of the Bragg peak is a 

combination of both instrumentas well as sample. To combine these contributions, it is 

essential to collect a diffraction pattern from the line broadening of a standard sample. In the 

present case silicon was used as a standard sample to estimate the instrumental broadening. 

The instrument-corrected broadening [18] β corresponding to the diffraction peak of MoO3 

was estimated using the relations; 
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The estimated values were found to be 40 nm and 26 nm for α-MoO3 and h-MoO3 NSs 

respectively. Further, strain-induced broadening arising from crystal imperfections and 

distortion were related by θβε tan/s≈ . A 1/cosθ dependency in W-H plots does not follow 

tan θ presented in Scherrer’s relation. This modification allows crystallite size as well as 

micro-strainoccurs together. The assorted techniques available in the accompanying expect 

that size and strain widening were added components of the total integral broadness of a 

Bragg peak. 

The distinctive θ dependencies of both methods set on the basis of size and strain 

widening in the examination of W-H (Fig. 2 (b)). By combining the Scherrer’s relation and 

θβε tan/s≈ , which results in [19]; 

Dshkl βββ += --------- (4) 
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Where β; FWHM (rad), θ; Bragg’s angle, λ; wavelength of X-rays, ‘D’; crystallite size and ε; 

the micro strain. The strain and the crystallite size were estimated from the slope and the 
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intercept respectively. The crystallite size and strain values obtained by W-H plots were 

found to be 43 nm, 33 x 10-4 for α -MoO3 and 30 nm, 53 x 10-4 for h-MoO3 phase respectively. 

From the results it was observed that for α -MoO3 and h- MoO3, a small variation in 

crystallite size obtained from both Scherrer’s as well as W-H plots. 

3.2 Morphological analysis 

Fig. 3 (a- d) shows the SEM images of α-MoO3 obtained at different temperatures (120 oC to   

240 oC for 24 h). It was evident from the figure that the temperature greatly affects the 

morphology of the samples. When the temperature was set to 120 and 160 oC, the product 

composed of various uneven sized needles shaped structures. However, when the temperature 

maintained at 180 oC, the product composed of bigger and smaller sized rod-like structures. 

When the temperature was set to 240 oC uneven, agglomerated free smooth rods were 

obtained.  

Further, the effect of lysine concentration on α phase was studied by maintaining the 

temperature at 120 oC for 24 h and shown in Fig. 4(a-f). From the figure it was observed that 

a flaky morphology was obtained for 0.5 and 1 g of lysine (Fig.4a, b). However, when the 

concentration of lysine was maintained at 1.5 and 2 g, these flakes were oriented in a 

particular direction (Fig.4 c, d). When the concentration was maintained at 2.5 and 3 g, the 

oriented flaky type rods assembled together and form clusters (Fig.4e, f). Further, the 

concentration of lysine was also extended on h-phase by maintaining at 240 oC for 24 h 

(Fig.5a-f). From the figure it was observed that flakes as well as rod-like structures were 

obtained for 0.5 and 1 g of lysine (Fig.5a, b). However, 1.5 - 3 g of lysine treated samples 

exhibit individual smooth hexagonal rods (Fig.5c-f). Effect of hydrothermal reaction duration 

on the morphology was studied for optimized conditions at 240 oC and 3 g of lysine (Fig. 6 a-

d). As can be seen from the figure fiber-like structures were obtained for 4 and 8 h (Fig.6a & 

b). However, when the hydrothermal duration was set to 12 h, the product composed of 

combination of fibers as well as rods (Fig.6c). For 16 h time duration, fiber like structures 

was disappeared and form sharp tipped rods and flakes (Fig.6d).  

In the absence of lysine surfactant, the reduction of surface energy leads to the 

anisotropic growth of α-MoO3. In α-MoO3, distorted MoO6 octahedra as interconnect by 

means of co-edges in [001] bearing (c-axis) and co-vertices in the [100] direction (a-axis). 

The connection of the neighboring layers in the b-axis relies upon the weak Van der Waals 

forces. In the event that the MoO3 crystal develops in the [001] direction, the system will 

release more energy [20].  
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The effect of pH (1-9) on h phase MoO3 was studied as shown in Fig.7 (a-d). When 

the pH was set to 1, smooth hexagonal rods with different sizes were obtained (Fig.7a). 

However, when the pH was set to 3, clear hexagonal shaped rods oriented in particular 

direction (Fig.7b). When the pH was set to 5, these hexagonal rods coalesce together with 

multi-directions (Fig.7c).  However, when the pH was maintained at 9, these hexagonal 

shaped rods oriented in all the directions and form Bucky ball-like morphology (Fig.7d). 

Further, the effect of pH on α phase MoO3 was studied and shown in Fig.7 (e-h). When the 

pH was maintained at 1 and 3, agglomerated flake-like structures were obtained (Fig.7 e, f). 

However, when the pH was 5 and 9, agglomerated flakes start separating from each other and 

finally, a smooth tapered end rods were obtained (Fig.7 g, h). 

3.3 Diffuse reflectance (DR) studies 

Fig.8 (a) shows the DR spectra of h-MoO3: Sm3+ (1-9 mol %) NSs were recorded at RT in the 

range of ~ 200-1100 nm. The spectra consist of peaks at ~ 354, 408, 449, 480, 523 and 593 

nm, which were due to the transitions of the 4f electrons of Sm3+ from the ground-state to 
6H5/2 →

4H7/2, 
6H5/2 →

4F7/2, 
6H5/2 →

4G9/2, 
6H5/2 →

4I11/2 and 6H5/2 →
4F3/2 transitions, respectively 

[21]. Further, Kubelka–Munk (K-M) theory was utilized to calculate the energy gap (Eg) of 

the prepared powders. The Kubelka–Munk function F (R∞) and photon energy (νh ) was 

estimated using the relation [22]: 

( ) ( )
∞

∞
∞

−=
R

R
RF

2

1 2

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

λ
ν 1240=h -------------- (7) 

where R∞ and λ; the reflection coefficient and absorption wavelength, respectively. The plots 

of ( )[ ] 2/1νhRF ∞ versus photon energy (νh ) were shown in the Fig. 8 (b). The estimated Eg 

values were found to be 3.19-3.34 eV. These values were in good agreement with the 

reported literature [23]. 

3.4 Photoluminescence studies 

Fig.9 (a, b) shows the excitation and emission spectra of h-MoO3:Sm3+ powders. The PL 

excitation spectra were recorded by maintaining 610 nm emission wavelengths at room 

temperature (Fig.9 a). A series of PLE bands at 365 nm (6H5/2–
4L17/2), 380 nm (6H5/2–

6P5/2), 

409 nm (6H5/2–
4F7/2), 421 nm (6H5/2–

6P5/2), 442 nm (6H5/2–
4P5/2), 466 nm (6H5/2–

4G9/2), and 

483 nm (6H5/2–
4I13/2) were observed. Fig. 9(b) shows the emission spectra upon 409 nm 
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excitation wavelength, consists of the peaks at 563 nm, 610 nm, 647 nm and 698 nm 

corresponds to the transitions 4G5/2–
6HJ (J = 5/2, 7/2, 9/2, 11/2) of Sm3+ respectively [24]. 

Among the peaks, 610 and 563 nm was found to be electric dipole (ED) and magnetic 

dipole (MD) transitions, respectively [25].  Effect of Sm3+ concentration on PL intensity was 

measured and shown in Fig.9(c). From the figure it was noticed that the highest PL intensity 

was recorded for 5 mol% of Sm3+ and thereafter, it decreases due to concentration quenching 

[26]. In the present work, the concentration quenching phenomena arise may be due to the 

energy transfer among dopant Sm3+ ions. The critical distance (Rc) between nearby Sm3+ ions 

using following relation [27].  

3
1

 
N 

c
4X

3V
 2 

c
R














≈

π
---------------- (8) 

where V; unit cell volume (Å), N; total Sm3+ sites per unit cell and Xc; critical concentration. 

For the MoO3: Sm3+system, N = 4, V = 1649(Å)3 and Xc = 0.05. The estimated value of Rc 

was found to be ~ 24.44 Å.  Hence, it was found that the energy transfers between Sm3+ ions 

take place due to electric multipolar interaction. The schematic representation of Blasse’s 

formula was shown in Fig.10. When critical energy distance between Sm3+ ions and MoO3 

was greater than 5 Å; the overlapping between the excitation and emission spectra decreases. 

According to Dexter’s theory, the type of electric multipolar interaction was estimated 

by using the following equation [28]; 

13Q(X) β  1k   
X

1 −




 += ------------------ (9) 

Where X; Sm3+ ion concentration, k and β; constants, Q = 6, 8 and 10 for dipole – dipole, 

dipole – quadrupole and quadrupole – quadrupole interactions. The value of Q was 

determined by plotting log (X) V/s log (I/X) (Fig.9 (d)), which gives a straight line with a 

slope = - 0.86155 and intercept = 7.066. The Q value was close to 3, which indicate exchange 

interaction was the major cause for concentration quenching. The energy level diagram of 

Sm3+ with a cross relaxation mechanism was shown in Fig.9 (e). 

3.4. Judd-Ofelt (J-O) analysis 

Emission spectrum has been used for the analysis of J-O intensity parameters. The radiative 

emission rates between 4G5/2 and 6HJ(J=5/2, 7/2, 9/2, 11/2) is given by the relation [29, 30]; 
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where, I0−J; integrated emission intensities, hν0-J; photon energies of  transitions 4G5/2→
6HJ 

(J=5/2, 7/2, 9/2, 11/2). Further, 4G5/2→
6H5/2 corresponds to magnetic dipole (MD) which is 

independent of crystal field as a result of emission rate/oscillator strength/transition line 

intensity (A0-1) is a constant (50 s−1) for Sm3+ ions. The electric dipole (ED) transition 

between the excited (J’=0) and lower states (J=5/2, 7/2) is given by the relation [31]; 

26

5/2
4

4,2

2234

0 HG
9

)2(

)12(3

64
〉〈Ω+

+
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=
− J

J
J U

nn

Jh
A λ

λ
λ

νπ

-------- (11)
 

 

The reduced matrix elements value corresponds to the transitions of J=5/2 and 7/2 

were found to be 0.0032454 and 0.0023518 respectively. The JO parameters (Ω2 and Ω4) for 

different Sm3+ concentrations were estimated by solving the equations 10 and 11. 

The other properties namely, AT (radiative transition probabilities), βmeas and βcalc 

(branching ratios), τrad (radiative lifetime) and asymmetric ratios equivalent to J’=0 and J=5/2 

and 7/2 were given by the relations; 

 

           -------- (12) 
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The obtained results were tabulated in Table 2. The estimated branching ratio were found to 

be in the range 0.99≥0.50.  The obtained results further validates that the optimized material 

can effectively utilized in solid state lightening applications. From the table a variation in JO 

parameters were observed and follow the Ω2>Ω4 trend. Further, the JO value was found to be 

higher for 5 mol% Sm3+ doped samples which indicate that the influence of the crystal field is 

 ( ) MDED
I

rad AAJJA +=→

 ( ) ( )JJAJJA I
rad

I
T →∑=→

 ( )
( )JJA

JJA
I

T

I
rad

calc →
→

=β

 

∫
∫

∑
=

λλλ

λλλ
β

dI

dI

JJJ

JJ
calc

I

I

)(

)(

 

( )JJA I
T

rad →
= 1τ

 

∫
∫=

λ

λ

dI

dI
ratioAsymmetric

MD

ED



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

more, as a result the transition 4G5/2→
6H7/2 is found to be greater when compared to 

4G5/2→
6H5/2. 

Further, the lack of inversion symmetry of Sm3+ was confirmed by estimating the 

value of asymmetric ratio (Table 2).Since the probability of non-radiative transitions was 

much weaker as a result small variation in branching ratios between the calculated and 

measured values were observed. The average radiative lifetimes of the samples were 

estimated and found to be ∼ 4.55 ms. The quantum efficiency (η) is estimated based on the 

relation [32, 33];   

T

R

NRR

R

A

A

AA

A
=

+
=η    --------- (18) 

The estimated values were listed in Table.2. Quantum efficiency (QE) is one of the important 

parameter in order to access the quality of the prepared phosphor for solid state lightening 

applications. The QE for MoO3:Sm3+ (1-9 mol %) nanophosphors was estimated by utilizing 

the relations described by De Mello and Palsson [34, 35]. Both the experimental and 

theoretical values were in comparisons with each other.The estimated experimental QE 

values were tabulated in the Table.1. As can be seen from the table it was evident that the 

highest QE (79.90 %) was observed for5 mol % Sm3+ doped MoO3NSs indicating that the 

present sample was quite suitable for the display devices. 

The assessment and quantification of color is referred to as colorimetry or the ‘science 

of color’ [36]. The emission intensities have been characterized by using the CIE 1931 

chromaticity diagram. Fig. 11 (a) illustrates the CIE (International Commission 

onIllumination) chromaticity diagram of MoO3:Sm3+ phosphors for different Sm3+ 

concentrations. CIE parameters such as color coordinates (x, y) and Correlated color 

temperature (CCT) were calculated to characterize the color emission (Fig. 11 (b)). From the 

chromaticity diagram, it can be seenthat the color coordinates traversed a narrow range in 

orange red upon increasing concentration. Observed CIE coordinates were in orange red 

emission. According to National Television Standard Committee (NTSC) system, the ideal 

red chromaticity is (0.67, 0.33). The quality of the light source is inspected in terms of the 

correlated color temperature (CCT) which illustrates the temperature of a closest Plankian 

black-body radiation to the operating point on the CIE chromaticity diagram [37]. The 

average CCT (1815 K) for MoO3:Sm3+ has been obtained under 395 nm excitation 

wavelength. Generally, CCT value greater than 5000 K indicates the coldwhite light used for 

commercial lighting purpose and lower than 5000 K indicates the warm white light used for 
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home appliances [38].So, the prepared phosphors were suitable for ideal orange red emission 

for home appliances. The values of the CIE parameters for thedifferent doped phosphors were 

summarized in Table 2. 

Normally, the light sources can be characterized by their dominant wavelength and 

color purity of the emitted color. Furthermore, the color purity (CP) of a dominant color is the 

weight average of the (x, y) coordinate relative to the coordinate of the dominant wavelength 

and the coordinate of the CIE white illumination [39]. In this case a single monochromatic 

dominant wavelength corresponds to 610 nm to the CIE coordinate. The CP was estimated 

based on the well-known relation [40]; 

 ------------- (20) 

Where xs= 0.572, ys = 0.427 were the color coordinate of the light source,  xi= 0.3333, 

yi=0.3333, were the CIE white illuminant and xd= 0.67, yd = 0.33 were the chromaticity 

coordinate corresponding to the dominant wavelength (610 nm) point. By substituting all the 

values in eqn. 20, finally the average CP was obtained for MoO3:Sm3+ is found to be ~97%. 

The estimated values were tabulated in Table 2. The results indicate that color purity was 

high in prepared phosphors and ideal orange red chromaticity with high color purity and 

therefore has promising applications in solid-state lighting and display devices [41]. 

4. Conclusions 

Hexagonal and orthorhombic phase of MoO3 NSs were prepared by simple hydrothermal 

route. The surface morphology of the product was highly dependent on reaction temperature, 

time and lysine concentration. At 240 oC h- MoO3 phase was noticed. The energy band gap 

values were found to increase with dopant concentration. The emission spectra exhibit a 

series of peaks at 563 nm, 610 nm, 647 nm and 698 nm corresponds to the transitions 4G5/2–
6HJ (J = 5/2, 7/2, 9/2, 11/2) of Sm3+ respectively.  The PL emission intensity was found to 

enhance upto 5 mol % of Sm3+ ions and thereafter it decreases. The JO intensity parameters 

(Ω2>Ω4) confirms the covalency between the metal and ligands as well as the asymmetry 

around Sm3+ ions. The photometric results indicate that the phosphor emit orange-red light 

which was quite useful for the production of artificial white light for display device 

applications. 
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Figures: 

 

 

Fig. 1.Schematic diagram of synthesis of MoO3, its structure and morphological behavior. 
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Fig.2. (a) PXRD patterns of un-doped MoO3. (b) W-H patterns of un-doped MoO3. (c) 
Crystal structures of α- MoO3 and (d) h- MoO3. 
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Fig.3. SEM images ofα-MoO3 with different temperatures. 
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Fig.4. SEM images of α- MoO3 at 120 oC with different concentrations of lysine (a) 0.5 g, (b) 
1 g, (c) 1.5 g, (d) 2 g, (e) 2.5 g, (f) 3 g. 
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Fig.5. SEM images of h- MoO3 at 240 oC with different concentrations of lysine (a) 0.5 g, (b) 
1 g, (c) 1.5 g, (d) 2 g, (e) 2.5 g, (f) 3 g. 
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Fig.6. SEM images of 3 g lysine treated samples at different time durations (a) 4 h, (b) 8 h, 
(c) 12 h, (d) 16 h at 240 oC. 
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Fig.7. SEM images of α- MoO3 and h- MoO3with different pH values. 
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Fig.8. (a) diffuse reflectance spectra and (b) band gap plots of Sm3+ doped MoO3NSs. 
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Fig.9. (a) Excitation spectrum, (b) emission spectra, (c) variation of PL intensity with Sm3+ 

concentration, (d) Relation between log(x) and log (I/x) in Sm3+ doped MoO3 
nanophosphors.(e) energy level diagram of Eu3+ ions. 
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Fig.10. Schematic representation energy transfer and concentration quenching. 
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Fig.11 (a) CIE and (f) CCT diagrams of MoO3:Sm3+ NSs. 
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Table.1. Judd-Ofelt intensity parameters (Ω2, Ω4), radiative transition probability (AT), calculated radiative (τrad) lifetime, branching ratio (βR), 
asymmetric ratio (A21) and quantum efficiency (η) of MoO3: Sm3+NSs. 

Sm3+ 

con. 
(mol %) 

Judd-Ofelt intensity 
parameters 
(××××10-20 cm-1) 

Transitions AED 

(S
-1

) 
AMD 

(S
-1

) 
Arad = AED+ 

AMD 

 

βmeas βcalc ττττrad 

(ms) 
 

Asymme
tric ratio 

AT 
(s-1) 

η 
(%)  

ηexp 
(%) 

ΩΩΩΩ2 ΩΩΩΩ4  
1 2.31 1.32 

4G5/2 → 6H5/2 - 50 50 0.218 0.216 4.37 2.35 228 79.72 78.23 
  4G5/2 → 6H7/2 117.90 - 117.90 0.516 0.512      

  4G5/2 → 6H9/2 60.57 - 60.57 0.265 0.270      
3 2.37 1.37 4G5/2 → 6H5/2 - 50 50 0.250 0.245 4.01 2.97 199 79.58 79.45 

  4G5/2 → 6H7/2 98.82 - 98.82 0.495 0.491      

  4G5/2 → 6H9/2 50.77 - 50.77 0.254 0.250      
5 2.48 1.48 4G5/2 → 6H5/2 - 50 50 0.244 0.248 4.88 2.04  79.26 79.11 

  4G5/2 → 6H7/2 102.16 - 102.16 0.499 0.495   204   
  4G5/2 → 6H9/2 52.48 - 52.48 0.256 0.250      

7 2.37 1.36 4G5/2 → 6H5/2 - 50 50 0.229 0.230 4.58 2.22  79.61 78.45 
  4G5/2 → 6H7/2 111.03 - 111.03 0.509 0.510   218   
  4G5/2 → 6H9/2 57.04 - 57.04 0.261 0.265      

9 
 
 

2.24 1.25 4G5/2 → 6H5/2 - 50 50 0.245 0.240 4.91 2.03 203 79.90 79.85 
  4G5/2 → 6H7/2 101.50 - 101.50 0.498 0.490      
  4G5/2 → 6H9/2 52.15 - 52.15 0.256 0.251      
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Table.2. Photometric characteristics of MoO3: Sm3+ (1- 9 mol %)NSs. 
 

Sm3+ 
mol% 

       CIE Coordinates           CCT values CCT 
(K) 

CP % 
x y u' v'  

1 0.568 0.430 0.3777 0.4320 1823 96.3 
3 0.573 0.426 0.3324 0.4932 1759 97.8 
5 0.572 0.427 0.3509 0.459 1984 96.3 
7 0.575 0.423 0.3335 0.4773 1749 98.8 
9 0.573 0.425 0.3606 0.4635 2123 98.4 
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Research highlights 

• MoO3: Sm3+ prepared using hydrothermal method. 

• Heirarchical SEM were analyzed. 

• PL and photometric studies were carried out. 


