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Zinc molybdates (ZnMoO4) phosphors activated with different samarium (Sm3+) amounts (0.5, 1.0, 1.5 and 2.0 mol%) were synthesised 

using a low temperature initiated citrate gel combustion process. The crystal structure of ZnMoO4:Sm3+ phosphors were analysed by XRD 

and their size was determined to be approximately 20 nm by the Scherrer equation. The FTIR spectral studies confirmed the presence of 

the distinct functional groups in the prepared phosphors. When the n-UV was excited to 402 nm, four emission maxima (PL) were detected 

at 567, 602, 649 and 708 nm. These were linked to the Sm3+ ion transitions: 4G5/2→6H5/2 (yellow), 6H7/2 (orange), 6H9/2 (reddish orange) 

and 6H11/2 (red). Dexter and Shulman’s theory studied the multipolar interaction that causes photoluminescence (PL) quenching via dipole-

dipole type interaction in the present ZnMoO4:Sm3+ phosphors. The double-exponential function was used to fit the decay curves of the 

prepared phosphors and their lifetimes were found to be 1.23, 1.19, 1.11 and 1.09 ms. The colorimetric characteristics, which span the 

values (x, y) of 0.60 and 0.40, the colour purity of 96% and the colour temperatures below 2000 K, indicate that the fluorescent materials 

ZnMoO4:Sm3+ have great potential for use in light-emitting diodes (warm-LEDs). 
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INTRODUCTION 

 The upgrade of optical communications and the develop-

ment of integrated electronics require a new category of 

luminescent materials, which have been effectively used for 

light emitting devices (LEDs) [1-4]. As a result, the era of 

modern lighting technology can be composed of a white-LED 

with blue LED and yellow emitting phosphor. However, the 

technique of producing white light through various LEDs 

elevates production costs and low colour rendition due to the 

absence of red-emitting elements. In this regard, researchers 

have synthesised several phosphor materials activated with 

Sm3+ ions as a solution to existing red-emission limitations. 

In view of that, Ba2La2ZnW2O12:Sm3+ [5], ZnAl2O4:Sm3+ [6], 

LiCaBO3:Sm3+ [3], KYBO:Sm3+ [7] and LiCa3ZnV3O12:Sm3+ 

[4] have been widely investigated for reddish-orange emitting 

LED applications. Similarly, new phosphors activated with 

Sm3+ ions still need to be explored to overcome the deficiency 

of red components through excitation of UV/blue wavelengths. 
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 Among the different oxide based inorganic phosphors, 

molybdates (MoO4) have been ideal properties such as high 

solubility of RE3+, near ultraviolet absorption, wideband blue 

emission, high thermal and chemical stability [8,9]. Four O2– 

ions with approximately tetrahedral symmetry surround the 

core Mo metal ion, making (MoO4)2– a very stable host element 

for rare-earth (RE3+) activators [10,11]. Further, the absorbed 

energy of MoO4
2– is transferred to the RE3+ activators, since 

the Mo–O bond has a broad and strong absorption band in the 

near ultraviolet (n-UV) range [9]. In this study, zinc moly-

bdate (ZnMoO4) by doping of Sm3+ activator was selected as 

a host material. When doped with Sm3+ ions, the wolframite-

type of ZnMoO4 with triclinic structure has high ability to 

improve the efficiency of lasers, optoelectronic devices, electro-

chemical and catalysis, scintillator [9,11-14]. Among different 

RE3+ ions, Sm3+ ion provides reddish-orange emission due to 
4G5/2→6H11/2,9/2,7/2,5/2 (J = 11, 9, 7 and 5) transitions [15-18]. 

Also, the n-UV absorption (403 nm) of Sm3+ ions compatible 

with blue-emitting InGaN and GaN chips and thus the present 
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Sm3+ activated ZnMoO4 phosphor can be used for the reali-

sation of w-LED fabrication [8,19]. Due to the small ionic 

radius of Zn2+ (0.90 Å), the Zn2+ can easily occupy interstitial 

sites and affect the crystal field around the Sm3+ ion (1.079 

Å) by rising the asymmetry [8]. Therefore, the incorporation 

of the Zn2+ transition metal into MoO4 can improve the 

emission properties of the Sm3+ ion [8,20]. 

 The goal of this study is to synthesize ZnMoO4, which 

emits a reddish orange colour and contains various amounts 

of Sm3+ ions, using a simple, low-temperature method of 

citrate gel combustion process. A study on the structural and 

spectral characteristics of the current ZnMoO4:Sm3+ phosp-

hors was conducted using functional group analysis Fourier 

transform in infrared (FT-IR), X-ray diffraction (XRD) and 

excitation, emission and decay curves. Dexter & Schulman’s 

theory was used to explain the multipolar interaction in rela-

tion to the photoluminescence (PL) breakdown of the phos-

phors ZnMoO4:Sm3+. An analysis of the implementation and 

characteristics of the white LEDs was conducted, considering 

their colour correction temperature (CCT), colour purity (CP) 

and colour coordinates (x, y). 

EXPERIMENTAL 

 Phosphors Zn(1–x)MoO4:xSm3+ were synthesised using 

a modified combustion process in citrate gel in various Sm3+ 

ion proportions (x = 0.5, 1.0, 1.5 and 2.0 mol%). The first 

materials used were highly pure (99.99%) chemical compo-

unds such as ZnO (quality A.R.), C6H8O7 (citric acid), Sm2O3 

and (NH4)6Mo7O24·4H2O, which were obtained from Sigma- 

Aldrich. In a conventional experiment, ZnMoO4 was synthe-

sised by dissolving standard amounts of each carbonate and 

oxide in 1 M conc. HNO3. Nitrate precursors and electrical 

acid were mixed in a 1:2 molar ratio and the mixture was then 

dissolved in water. Citric acid serves as the monomer, facili-

tating the formation of a transparent complex gel after a drying 

period of 2 h in a furnace set at 75 ºC. The gel was then placed 

in a quartz container and heated to 900 ºC. Initially, the citrate 

complex produces a black, porous material that expands to 

nearly ten times the volume of the original gel, which subse-

quently decomposes, releasing H2O and CO2 vapours. A white 

huge mass of ZnMoO4:Sm3+ nanophosphor was obtained after 

15 min and could be easily crushed into an ultra-fine powder 

suitable for optical characterization. This method enables the 

efficient production of nanofiber particles with well-controlled 

sizes, with yields reaching around 90%. 

 Characterization: An X-ray Seifert diffractometer oper-

ating with CuK radiation ( = 1.5406 Å) was used to analyze 

the crystal structure of ZnMoO4:Sm3+. This device operates in 

a range of 20º to 60º (2) at 40 kV and 30 mA. The FT-IR 

spectra were obtained using a Thermo Nicolet IR200 spectro-

photometer. The photoluminescence excitation (PLE), photo-

luminescence (PL) and decline curves were obtained using a 

Jobin YVON Fluorolog-3 spectrofluorometer built on an arc 

lamp to xenon. 

RESULTS AND DISCUSSION 

 XRD studies: The XRD patterns for ZnMoO4 phosphors 

activated with 1.0 mol% Sm3+ and ZnMoO4 phosphors are 

shown in Fig. 1. The diffraction peaks of samples location 

matches the appropriate positions shown in the JCPDS card 

No. 35-0765 and indicates the triclinic structure with space 

group P1, no. 2. The mean crystallite size of prepared phos-

phors can be calculated using the Scherrer’s equation [3,21]: 

  
2

0.98
D

cos


=
 

hkl   (1)  

 By substituting the XRD data of different peaks in eqn. 1, 

it was found that the average crystallite size of the ZnMoO4: 

Sm3+ phosphors was approximately 20 nm. The discoveries 

show that all of the produced ZnMoO4 phosphors are phase-

dependent and that the activator ion Sm3+ had no discernible 

effect on the crystal structure of the synthesised phosphorus. 

 

 
Fig. 1.  XRD patterns of ZnMoO4 phosphors activated with and without 

Sm3+ ions 

 

 FTIR spectral studies: Fig. 2 shows the FTIR spectra 

of ZnMoO4 activated with various Sm3+ concentrations as 

well as those of ZnMoO4 without dosage. The FTIR spectra of 

ZnMoO4 phosphors show no significant shift in peak positions 

with increasing Sm3+ content. This suggests that the host lattice 

does not undergo any structural alterations in response to 

varying Sm3+ amounts. From Fig. 2, the Zn–O–Mo bending 

and stretching vibrational modes are mainly exhibited in the 

region 1000-700 cm–1 [22,23]. The band cantered at 864 cm–1 

is assigned to the stretching and bending vibrations of Mo–O 

[23,24]. The O-H stretching and H–O–H bending vibrations 

are appeared at 3425 cm–1 and 1631 cm–1, respectively [25]. 

 PLE and PL spectral studies: As shown in Fig. 3, the 

PLE spectra of ZnMoO4 activated with various Sm3+ doses 

(0.5, 1.0, 1.5 and 2.0 mol%) were analysed in the range of 350 

to 570 nm, with an emission fixed at 602 nm. The ZnMoO4: 

Sm3+ phosphors exhibited several PLE exhibits peaks in 344, 

362, 375, 402, 418, 440, 475, 500, 528 and 561 nm due to the 

transition of levels from the 6H5/2 to the subsequent levels. The  
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Fig. 2. FTIR spectra of ZnMoO4 phosphors having varying amount of Sm3+ 

 

 
Fig. 3.  PLE spectra of ZnMoO4 phosphors activated with various Sm3+ 

amounts 

 

levels are as follows: 4D7/2+4H9/2; 4D3/2; 4D1/2+6P7/2; 6P3/2; 6P5/2; 
4G9/2; 4I11/2; 4G7/2; 4F7/2; and 4G5/2. In addition to the previously 

reported PLE peaks [26], a prominent excitation peak at 402 

nm corresponding to the 6H5/2→4F7/2 transition was observed 

in the PLE spectrum of the ZnMoO4:Sm3+ phosphor. 

 Fig. 4 portrays the PL spectra of theZnMoO4 phosphors 

by the functioning of different Sm3+ amounts in the 525-750 

nm region. These PL spectra stimulated at 402 nm show four 

PL bands at 708, 649, 602 and 567 nm, that refer to the Sm3+ 
4G5/2→6H11/2 (red), 6H9/2 (reddish orange), 6H7/2 (orange) and 
6H5/2 (yellow) transitions in that order [2,4,27]. The transition 

from 4G5/2 to 6H7/2, which is linked to emission at 602 nm, has 

the highest intensity of all the other transitions and it might be 

widely exploited to create orange-orange luminous devices 

[2]. The intensity of PL increased when the concentration of 

Sm3+ in ZnMoO4:Sm3+ increased from 0.5 to 1.5 mol%; how-

ever, the concentration decreased when doped with 2.0% of Sm3+ 

[4]. The levels 4G5/2→6H11/2, 6H9/2, 6H7/2 and 6H5/2 are restricted 

due to the prevention of ED transfer (J = ± 3), electric dipole, 

ED (J = ± 2), partially magnetic and partially electric dipole 

(J = ± 1) and magnetic dipole, MD (J = ± 0) transitions in 

 
Fig. 4. PL spectra of Sm3+-doped ZnMoO4 phosphors  

 

nature, respectively [2,28-30]. The local site symmetry of 

Sm3+ ions in the ZnMoO4 phosphor can be evaluated from the 

relative intensities of magnetic dipole (MD) and electric dipole 

(ED) transitions. The simultaneous observation of prominent 

MD and ED transitions implies that Sm3+ ions are distributed 

over both centrosymmetric and non-centrosymmetric lattice 

sites in the ZnMoO4 host matrix. 

 All possible emissions of present ZnMoO4:Sm3+ phosp-

hors are described using an energy level diagram as shown in 

Fig. 5. The ions Sm3+ transition from the fundamental state 
6H5/2 to the level 6P3/2 through an excitation at 402 nm. Signi-

ficantly, the Sm3+ concentration below the threshold of 1.5 

mol% in the ZnMoO4 phosphor indicates a non-radiative (NR) 

energy transfer via relaxation channels (CR). Consequently, 

non-radiative (NR) decay occurs from the 6P3/2 to 4G5/2 state 

occurs, resulting in radiative emissions at 708, 649, 602 and 

567 nm. 

 

 
Fig. 5.  Schematic energy level diagram of Sm3+ ions in ZnMoO4:Sm3+ 

phosphors 
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 Decay analysis: The fluorescence decays of 4G5/2 emis-

sion (602 nm) for the different Sm3+ amounts doped ZnMoO4 

phosphors were measured under the stimulation at 402 nm as 

depicted in Fig. 6 for the non-exponential decay behaviour of 

the current ZnMoO4:Sm3+ phosphors. The 4G5/2 durations in 

ZnMoO4 phosphorus with varying Sm3+ ion concentrations 

(0.5, 1.0, 1.5 and 2.0 mol%) are established as follows: 1.23, 

1.19, 1.11 and 1.09 ms, respectively. The shorter lifespan of the 

ZnMoO4:Sm3+ ferroborons may be due to stronger interactions 

between the Sm3+ ions [31,32].  

 

 
Fig. 6.  Fluorescence decay of ZnMoO4 phosphors with different amounts 

of Sm3+ ions 

 

 Colorific properties: Based on the results of photolumi-

nescence, the colorimetric behaviour of ZnMoO4 was also 

studied from the concentration of Sm3+ (Fig. 7). The colour 

coordinates (x, y), colour purity (CP) and correlated colour temp-

erature (CCT) were analyzed. The (x, y) values obtained for 

the present synthesised phosphors are located in reddish-

orange region as it is shown in Fig. 7. The (x, y) values are 

found to be (0.5545, 0.4414), (0.5840, 0.4148), (0.5920, 

0.4071) and (0.6031, 0.3902) for the ZnMoO4:0.5 mol% Sm3+, 

ZnMoO4: 1.0 mol% Sm3+, ZnMoO4: 1.5 mol% Sm3+ and 

ZnMoO4:2.0 mol% Sm3+ phosphors. 

 The current values of ZnMoO4:Sm3+ (x, y) are compared 

with the other Sm3+-doped phosphors [2,3,7,33,34] in Table-

1. As seen in Table-1, the present ZnMoO4:1.5Sm3+ phosphor 

exhibits a maximum CP value of approximately 97%. More- 

 
Fig. 7.  CIE colour coordinates of ZnMoO4:Sm3+ phosphors as a function 

of Sm3+ amounts 

 

over, the CCT values of present ZnMoO4:Sm3+ phosphors can 

be evaluated by using the McKamy’s empirical formula [35,36]:  

  CCT = -449n3 + 352n2 – 6823.2n – 5520.3 (2) 

where n = (x – xe)/(y – ye); xe = 0.332, ye = 0.186. 

 The calculated CCT values for ZnMoO4 doped with 0.5, 

1.0, 1.5, and 2.0 mol% Sm3+ were found to be 1949, 1617, 

1535, and 1276 K, respectively. These characteristics values 

obtained for the present ZnMoO4:Sm3+ phosphors with CCT 

˂ 2000 K may suggest a potential application in warm-LEDs. 

Conclusion 

 In summary, near-UV stimulated Zn(1-x)MoO4:xSm3+ 

phosphors with various Sm3+ amounts (x = 0.5, 1.0, 1.5 and 

2.0 mol%) were synthesised by a low temperature-initiated 

citrate gel combustion method. The triclinic structure with a 

crystallite size of 20 nm for the present ZnMoO4:Sm3+ phosp-

hors was confirmed by an XRD study. When stimulated to 

402 nm, the PL spectra of the ZnMoO4:Sm3+ phosphors exhibit 

four emission transitions: 6H5/2 (yellow), 6H7/2 (orange), 6H9/2 

(reddish orange) and 6H11/2 (red), all of which correspond to 

Sm3+. Dexter & Schulman’s theory states that the photo-

 

TABLE-1 

COMPARISON OF CIE (x, y), CP AND CCT VALUES OF Sm3+–DOPED PHOSPHORS 

Glass (x, y) CP (%) CCT (K) Ref. 

ZnMoO4:0.5 mol% Sm3+ (0.554, 0.441) 92 1949 This work 

ZnMoO4:1.0 mol% Sm3+ (0.584, 0.414) 95 1617 This work 

ZnMoO4:1.5 mol% Sm3+ (0.592, 0.407) 96 1535 This work 

ZnMoO4:2.0 mol% Sm3+ (0.603, 0.390) 97 1276 This work 

LiCaBO3:0.01 mol%Sm3+ (0.560, 0.400) 96 – [3] 

CaTiO3:2 mol%Sm3+ (0.580, 0.420) 87 1975 [33] 

KYBO:0.5 mol%Sm3+ (0.511, 0.445) 93 1985 [7] 

Gd0.95AlO3:0.05 mol% Sm3+ (0.529, 0.484) 90 – [34] 

NaY(MoO4):0.1 mol% Sm3+ (0.637, 0.355) – – [37] 

CaMoO4::0.05 mol% Sm3+ (0.590, 0.408) – 300 [38] 
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luminescence (PL) reduction in current ZnMoO4:Sm3+ phos-

phors is caused by a dipole-dipole kind of interaction. The 

decomposition times for Sm3+ concentrations of 0.5, 1.0, 1.5 

and 2.0 mol% in ZnMoO4 are, respectively, 1.23, 1.19, 1.11 

and 1.09 ms. The orange-red emission can be evaluated based 

on CIE (x, y) coordinates close to (0.60, 0.40) and a correlated 

colour temperature (CCT) below 2000 K, which are charact-

eristic of warm-colour LED emission. 
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