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Abstract— A green-emitting phosphor CaMoO4 co-doped by 

Tb3+ was fabricated by solid-state metathesis reaction route 

for the first time. X-ray powder diffraction (XRD) analysis 

revealed that pure CaMoO4 was obtained .Under excitation of 

UV light, these CaMoO4:x Tb3+phosphors showed a strong 

emission band centered at 547 nm (green) which corresponds 

to 5D4→7F5 transition of Tb3+. Analysis of the emission 

spectra with different Tb3+ concentrations revealed that the 

optimum dopant concentration for CaMoO4: x Tb3+phosphors 

are about 8 mol% of Tb3+. All properties show that CaMoO4: 

x Tb3+is a very appropriate green–emitting phosphor for 

fluorescent lamp applications. 
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I. INTRODUCTION 

Because rare earth ions retain a great deal of energy levels 

and may transfer between 4f electrons, its fluorescence 

wavelength ordinarily extends from UV to IR range.  

 Thus, the addition of trivalent rare earth ions as 

luminescent center to matrices is thought-out as an exemplary 

method for synthesising excellent luminescent material [1–

4].Tb3+-doped materials have been extensively employed as 

the green emitting phosphors by virtue of their strong 
5D4→7F5 emission in the green spectral region. Earlier 

investigations have demonstrated that Tb3+-doped aluminates 

and phosphates displayed almost intense absorption in the 

UV region and illustrate strong green emission with 

satisfying color purity. However, the conventional aluminate, 

borate and phosphate phosphor have their defects 

respectively [5–7]. CaMoO4 is a illustatrive scheelite 

compound, and its central Mo metal ion is organized by four 

O2− ions in tetrahedral symmetry (Td). For CaMoO4 

phosphor, green emission arises under UV-light excitation 

(250–310 nm), but the orange emission at 580nm is 

observable only if the excitation wavelength is longer than 

320nm [8–10]. However, the introduction of Tb3+ influences 

upon the luminescence of the host material. In continuation 

to our previous work on the red luminescent CaMoO4:Eu3+, 

in the present work we have undertaken the green 

luminescent Tb3+ in CaMoO4 powder phosphor for its 

systematic optical characterization. 

II. EXPERIMENTAL METHOD 

A. Preparation of Phosphors 

The green phosphors of CaMoO4: x Tb3+ (x= 0.02, 0.04, 0.06, 

0.08 and 0.10 mol) were prepared by mechanochemically 

assisted solid state metathesis reaction route at room 

temperature. The chemical equation in this method is as 

follows:  CaCl2+Na2MoO4.2H2O→CaMoO4 + NaCl              

 The beginning chemicals were logical in evaluation, 

for example, CaCl2, Na2MoO4 and TbCl3 (99.9%). 

Stoichiometric measures of the starting materials were 

blended and were processed for a time of two hours in a 

planetary ball mill Pulverisette- 7 (FRITSCH). Processing 

was fulfilled in two granulating vials of 15 cm volume 

comprising of balls with a measurement of 12 mm. Both the 

compartment and balls were made of tungsten carbide 

material. The quantity of processing balls and the revolution 

rate of the planetary arrangement of processing gadget were 

kept consistent. The resultant powder was washed a few times 

with refined water to uproot sodium chloride that was the by-

result of the response and afterward dried at 80oc for 3h in a 

furnace in air and sieved. At long last, the productive green 

phosphor material was gotten. 

B. Measurements 

 X – ray powder diffraction (XRD) analysis was carried out 

using Pan Analytical X’pert pro x- ray diffractometer with Cu 

K-alpha radiation (λ = 1.5406 Å) at a scanning rate of 0.02o 

per second. The measurements of PL and photoluminescence 

excitation (PLE) spectra were performed by a Jobin Yuvon 

Flurolog-3-11 Spectroflurometer with 450W xenon lamp was 

used as the excitation source (200-700 nm). All spectroscopic 

measurements of the phosphors were carried out at room 

temperature. 

III. RESULTS AND DISCUSSION 

Fig. 1 displays the XRD patterns of Ca1-xMoO4 :x Tb3+ (x= 

0.02,0.04,0.06,0.08 and 0.1 mol ) phosphor samples prepared 

by mechanochemically assisted solid state metathesis 

reaction route at room temperature. It can be seen that all 

diffraction peaks are consistent well with JCPDS 851267 

standard data of CaMoO4. The peaks in the XRD spectra are 

sharp and intense proving that a highly crystalline single-

phase of tetragonal scheelite structure of CaMoO4 had been 

successfully synthesized by mechanochemically assisted 

solid state metathesis reaction route at room temperature. No 

impurity peak was found in the XRD patterns, distinctly 

indicating the incorporation of Tb3+ ions into the compound 
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 The excitation and emission spectra of CaMoO4: 

0.08Tb3+ phosphors prepared by solid state metathesis 

reaction route at room temperature is shown in Fig. 3(a). The 

excitation spectrum is monitored at the emission wavelength 

of 547 nm. It can be seen clearly that the excitation spectrum 

consists of a strong and broad band from 230 to 330 nm with 

a maximum at about 299 nm assigned as the charge-transfer 

band (CTB) originated from oxygen to molybenum within the 

MoO4
2- groups. The other sharp lines including the peaks 

from 350 nm to 500 nm are attributed to the intra-

configurational f-f transition absorption of Tb3+ ions in the 

host lattice. [16] 

 When the CTB is excited, the energy absorbed from 

charge-transfer state is efficiently transferred to Tb3+ ion by a 

non-radiative mechanism, and generate green-light emission 

of the 5D0 → 7FJ transition of Tb3+.ions in the CaMoO4: 0.08-

Tb3+ nanophosphors. [17] 

 Upon excitation at 299 nm, the obtained emission 

spectrum exhibits four major emission bands at487, 547,590 

and 623 nm, corresponding to the 5D4→7F6, 5D4→7F5, 
5D4→7F4, and 5D4→7F3 typical transitions of Tb3+, as shown 

in Fig 2 respectively. The strongest peak appears at 547 nm 

is the characteristic emission of Tb3+ with 5D4-7F5 green 

emission 547 nm. Compared with the emission of Tb3+, the 

intrinsic emission from MoO4
 2- groups is very weak, 

suggesting that an efficient energy transfer from MoO4
2- to 

Tb3+ has occurred in the CaMoO4: x Tb3+ (x=  0.02, 0.08 and 

0.10 mol) phosphors. Only the transitions from 5D4 to lower 

lying 7FJ levels are observed at room temperature upon 

excitation in the UV range. 

 The concentration quenching occurs when the Tb3+ 

concentration is beyond 8 mol%. The reason for the 

concentration quenching is that if the Tb3+ concentration 

continues to increase, the interaction of Tb3+–Tb3+ also 

increases, consequently, the emission intensity becomes 

lower.[18] 

 

IV. CONCLUSION 

A class of novel green emitting Tb3+doped CaMoO4 

phosphors were successfully prepared by solid state 

metathesis reaction at room temperature. These phosphors 

emit intense green light dominated by 545 nm from 5D4-7F5 

transition of Tb3+ under excitation of UV light. All these 

properties indicate that these phosphors could serve as a 

potential green emitting phosphor for application on short 

ultraviolet fluorescent lamps. 
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