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Abstract: We report the synthesis of co-doped Calcium tungstate (CaWO4) nano-crystals with Gadolinium (Gd) and Neodymium 
(Nd) rare earth ions by hydrothermal synthesis method for the first time. The synthesized nano-crystals were characterized by X-
ray diffraction (XRD) with energy dispersive analysis of the X-rays (EDAX) and Field-emission scanning electron microscopy 
(FESEM), and photo-luminescence excitation studies. The phase of the nano-crystals under study was identified by X-ray 
diffraction (XRD).  
The Field-Emission Scanning Electron Microscope (FESEM) image shows that the synthesized nano-crystals are in the size 
range of 51nm – 80nm.  
The presence of Gd and Nd rare earth ions in the GD-Nd co-doped CaWO4 nano-crystals was confirmed by the energy 
dispersive analysis of the X-rays (EDAX). The photoluminescence properties of the Gd-Nd co-doped CaWO4 nano-crystals were 
compared with the undoped CaWO4 nano-crystals and are reported. The synthesized nano-crystals exhibit emissions at (i) 
369nm, 392nm, 435nm and 477nm for an excitation wavelength of 280 nm and (ii) 540nm and 669nm for an excitation 
wavelength of 490nm. 
The emission wavelengths clearly indicate the blue light and green light generation, which is significant for developing 
luminescent materials of tungstate systems. 
Keywords: Nano-crystals, X-ray diffraction, Field Emission Scanning Electron Microscopy and  Photoluminescence. 
 

I. INTRODUCTION 
The physical parameters such as shape, size and crystallographic structure shows a great impact on the luminescence properties of 
nanophosphors[1–5] .The morphological changes could lead to a change in the able population of luminescent activators undergoing 
excitation or emission and are manifested in their quantum yields, luminescence intensities, and lifetimes.Tungstates of Scheelite 
structure , with the typical AWO4 formula , have potential applications as scintillators, in catalysis, in optoelectronics, lasers, drug 
delivery, etc.[6,7]. 
In their purest state self-activating phosphors, can absorb at a certain wavelength range and then emit at a particular wavelength. For 
lanthanide-based luminescence, these phosphors are very cost-effective and convenient materials. Calcium tungstate (CaWO4) is a 
self-activating phosphor which absorbs in the mid-ultraviolet (mid UV) region at around 250 nm and emits blue light (420 nm). The 
blue emission of CaWO4 is due to its tetrahedral WO4

2- group. Its physical and chemical stability, intrinsic blue emission and wide 
band gap semiconducting nature make it a potential host for luminescence [8–10]. Calcium tungstate (CaWO4) produce multicolour 
emissions on being doped with certain lanthanide ions due to the energy transfer from the host to the activator lanthanide ions. By 
tuning the size, concentration of lanthanide ions or mixing of the dopants there can be a controlled energy transfer from the host to 
the activator [11–14]. 
Over the past few decades, several papers were reported on synthesis of single rare earth doped CaWO4 nano-crystals by 
hydrothermal process [15-17]. In recent years, codoping of rare earth ions in various hosts using different methods are being carried 
out to enhance the luminescence properties and improve their applications in biological imaging, white light generation and in 
optoelectronic devices. The rare earth co-doped system exhibits higher emission intensity than those of the single-doped systems 
[18-20]. As a part of the synthesis of series of co-doped nano-crystals,  in this paper for the first time we report the synthesis of Gd 
and Nd rare earth ions co-doped CaWO4 nano-crystals by modified hydrothermal synthesis method using sodium oleate and oleic 
acid as the capping agents. The synthesized nano-crystals were characterized by X-ray diffraction (XRD) with energy dispersive 
analysis of the X-rays (EDAX) and Field-emission scanning electron microscopy (FESEM), and photo-luminescence excitation 
studies. 
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II. MATERIALS AND METHODS 
A. Preparation 
The Gd-Nd rare earth co-doped CaWO4 nano-crystals were synthesized by the following slightly modified hydrothermal process. 
The chemicals used in this process are of analytical grade and were purchased from Sigma Aldrich. At first a solution was prepared 
by adding 0.91 g of sodium oleate (C18H33NaO2) to the mixture of 0.25 g ammonium meta tungstate hydrate (NH4)6H2W12O40 and 
15 ml double distilled water by stirring for 20min.Then, another alcoholic solution was prepared by adding 2 ml of oleic acid 
(C18H34O2) with 8 ml of ethyl alcohol under stirring for half an hour. Now the alcoholic solution so obtained is added to the first 
prepared solution by stirring for 20 min. Then, the obtained mixture is slowly introduced to a solution formed by 1 mol% RE(NO3)3 
(RE = Gd3+ and Nd3+), 8 ml of double distilled water and 1 gm of Ca (NO3)2 4H2O and stirred for half an hour. The final obtained 
solution was transferred into a 50 ml Teflon jar and placed in an autoclave. The autoclave was sealed and maintained at 180 °C for 
12 h. The resultant product was centrifuged at room temperature for 15min at 4500rpm. The obtained sample was placed in a muffle 
furnace at 6000 C for 5min, resulting in a white foamy powder. 
 
B. Characterization 
To estimate the size of the nano-crystals synthesized and to confirm the incorporation of rare-earth ions into the host lattice 
(CaWO4) of nano-crystals different techniques were used. The phase of the formed nano-crystals was identified by X-ray diffraction 
(XRD)analysis using an automated X-ray powder diffractometer at an operating voltage of 40kV and current of 30 mA with 
scanning rate of 4.0 deg min-1, within a range from 10° to 80°.The size of the nano-crystals formed was determined by using 
FESEM(Carl Zeiss Model no : Ultra 55).The EDAX (Energy dispersive X ray analysis )was carried out using Oxford: INCAX-act 
model, device and the incorporation of rare-earth ions was clearly identified. Further, the photoluminescent properties of the Gd-Nd 
co-doped CaWO4 nano-crystals were determined at different excitation wavelengths using HORIBA FL3-21 TCSPC model 
spectrofluorometer. 
 

III. RESULTS AND DISCUSSION 
In this present modified hydrothermal synthesis process oleic acid and sodium oleate act as the capping reagents. The role of oleic 
acid is to separate out the particles from the supersaturated solution and restrict the growth of the CaWO4 nano-crystals and sodium 
oleate is used to avoid further nucleation, and acts as a coordinating agent to mediate the nucleation process[17]. 
 
A. XRD Analysis 
The XRD provides information related to the phase of the material. The XRD pattern obtained reveals the crystallinity and phase 
purity of the Gd and Nd co-doped CaWO4 nano-crystals, with sharp diffraction peaks as shown in figure 1; All the phases were 
indexed to scheelite structure. 

   
Figure 1: XRD pattern of the sample, confirming the formation of pure CaWO4 phase. 
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B.  FESEM Analysis 
The FESEM (Field-emission scanning electron microscopy) reveals that the average size of the Gd-Nd co-doped CaWO4 nano-
crystals is 65.5nm with relatively uniform size within the range of 51nm-80nm.Figure 2 shows the FESEM images of Gd-Nd co-
doped CaWO4 nano-crystals indicating the high yield of the product obtained using the modified hydrothermal synthesis process. 
The role of capping agents, sodium oleate and oleic acid is seen significantly in controlling the size of the formed nano-crystals. 

 
 

 
Figure 2: FESEM images of Gd-Nd co-doped CaWO4 nano-crystals 
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C. EDX Analysis 
The elemental composition of the as-synthesized samples was given by EDX analysis. From Figure 3 the presence of Gd and Nd 
rare-earth ions in the co-doped nano-crystals is confirmed. 

 

 
Figure 3: EDAX spectrum of Gd-Nd co-doped CaWO4 nano-crystals. 

 
D.  Photo-luminescence Studies 
The photoluminescent properties of the Gd-Nd co-doped CaWO4 nano-crystals were compared with the undoped CaWO4 nano-
crystals and are reported. The PL Spectra of single Nd doped CaWO4 nano-crystals were studied and the emissions were observed 
under 587 nm excitation by Suneetha et al. where multiple emission peaks were observed in the range 850-1450nm using modified 
Pechini method[21]. 
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The present synthesized co-doped nano-crystals exhibit emissions at (i) 369nm, 392nm, 435nm and 477nm for an excitation 
wavelength (λexc) of 280 nm and (ii)540nm and 669nm for an excitation wavelength (λexc)  of 490nm.The emission wavelengths 
clearly indicate the blue light and green light generation due to codoping of Gd and Nd rare earth ions in calcium tungstate host 
lattice. By doping a small amount of Gd3+ and Nd3+ into CaWO4 host materials, can improve the emission intensity which may be 
due to the energy transfer from Gd3+ to Nd3+ ions and to be confirmed by further spectroscopic techniques. 

 
Figure 4. (a) The Gd-Nd co-doped CaWO4 NCs - PL spectra (λexc = 280nm) 

 

 
Figure 4. (b) The Gd-Nd co-doped CaWO4 NCs - PL spectra (λexc = 490nm) 
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IV. CONCLUSIONS 
In summary, the Gd-Nd co-doped CaWO4 nano-crystals were synthesized successfully by the hydrothermal synthesis route using 
oleic acid and sodium oleate act as the capping reagents,  for the first time and further a series of lanthanides were chosen for future 
scope of work. The average size of the nano-crystals synthesized using this method is within 51nm-80 nm range as observed by 
FESEM. The presence of Gd3+ and Nd3+ rare earth ions in Gd-Nd: CaWO4 nano-crystals is confirmed by EDAX. PL studies were 
used to further confirm the presence of Gd and Nd ions and shows the emission wavelengths within the range of 369 nm to 670nm 
at excitation wavelengths 280nm and 490nm respectively. The emission wavelengths clearly indicate the blue light and green light 
generation. This work shows that, by doping a small amount of Gd3+ and Nd3+ into CaWO4 host materials, can improve the emission 
intensity [22] and the multiple luminescence emission can be realized which is significant for developing luminescent materials of 
tungstate systems. This may be due to the energy transfer from Gd3+ to Nd3+ ions or vice-versa and needs to be confirmed by further 
spectroscopic techniques. The results clearly indicate that the nano-crystals under study can be used for the white light generation 
applications with suitable modifications. 
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