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Up-conversion phosphors of La2(MoO4)3: Yb3+, Er3+ with different concentration of Erbium were prepared by a simple 

precipitation method. The crystal structure, surface morphology, elemental composition and photoluminescence properties 

were characterized by X–ray powder diffraction (XRD), Scanning electron microscopy (SEM), Energy dispersive X–ray 

Spectroscopy (EDAX) and Photoluminescence spectroscopy respectively. XRD spectra show high degree of crystallinity in 

all samples. SEM images shows rod like structures presence in the samples. EDAX analysis confirm the presence of dopants 

(Yb3+ and Er3+) in the host matrix (La2(MoO4)3). Upon excitation by 980 nm infrared radiation, all the samples give 

emission peaks between 524 – 533 nm in the bluish green region, 546 – 555 nm in the green region and 659 – 672 nm in the 

red region which are attributed to the 2H11/2 → 4I15/2, 
4S3/2 → 4I15/2 and 4F9/2 → 4I15/2 transitions of Er3+ ions respectively.  

Keywords: Up-conversion process, Phosphor, Photoluminescence, Precipitation, Chromaticity, Up-conversion mechanism, 

Energy transitions  

1 Introduction  

Every new efficient lighting technologies depends 

on rare-earth materials, these materials serves as host 

or as dopant in lighting or display device industries
1-2

. 

The every element in rare-earth family has same 

chemical properties but has different physical 

properties because of their electronic structure (outer 

cell)
3-5

. Because of these unique structures, they have 

ability to give sharp emission and this makes them use 

in display and lighting technologies
6-8

. In recent 

development of imagine technique, these metals act as 

biological probe
9
. There has been a lot of interest in 

rare earth doped luminescent materials due to their 

applications in various field such as solid-state lasers, 

phosphors, optoelectronics, bio imaging, biolabeling, 

etc. One of the important segments in these materials 

are the up-conversion phosphors because of their 

ability to convert two or more lower energy photons in 

the near infrared region to a higher energy photon in 

the visible region
10-11

. This type of conversion process 

is very important in the biological application because 

it offers features like improved light penetration depth, 

high chemical and photo stability, absence of auto-

fluorescence during imaging, high resistance to photo 

bleaching and sharp emission bands
12

. These types of 

characteristics may overcome the limitations which are 

present in the traditional luminescent materials. The 

rare earth ions are characterized by the sharp emission 

lines in the optical spectrum due to their filled 4f shell 

and the associated shielding by 5s and 5p orbitals. The 

rare earth ions as activators in a rare earth host matrix 

can easily replace each other owing to their similar 

properties in terms of both the valance state and ionic 

size
13-14

.  

Rare earth doped molybdates have promising 

applications in the field of optical fibers, laser host 

materials, phosphors, etc. Among the various rare 

earth doped molybdates, a promising host candidate 

for luminescent material is Lanthanum Molybdate 

(La2(MoO4)3)
15

. There are several forms of lanthanum 

molybdate such as La2(MoO4)3 (monoclinic), 

La2MoO8 (monoclinic), La(Mo8O14) (orthorhombic), 

La2O2(MoO4) (tetragonal), La2Mo2O9 (cubic), 

La6MoO12 (rhombohedral), La6Mo2O14 (hexagonal), 

La2MoO6(tetragonal), La6Mo2O15 (orthorhombic), etc. 

Several methods like solid-state, sol-gel, 

hydrothermal, etc. have been used to synthesize 

lanthanum molybdates
16-20

. However, to the best of 

our knowledge, there is no report of the synthesis of 

La2(MoO4)3: Yb
3+

, Er
3+ 

by precipitation method. This 

reported method for the synthesis of Lanthanum 

Molybdate is unique synthesis technique which has 

consume less time for process and gives high amount 

————— 
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of yield thus become ecofriendly and industrial 

friendly.  
 

2 Materials and method 

La2(MoO4)3: Yb
3+

, Er
3+ 

phosphor samples were 

synthesised to study their up-conversion characteristics 

by a simple and cost effective precipitation method with 

three different concentration of Erbium content (1, 2 and 

3 mol%). Three samples were synthesized in the 

following proportion of the host metal (La2(MoO4)3), the 

sensitizer (Yb
3+

) and activator (Er
3+

) as (La:Yb: 
Er = 79:20:1, 78:20:2 and 77:20:3) and labeled them as 

LMO 1, LMO 2 and LMO 3 respectively.  

The rare earth based raw materials Lanthanum 

Oxide (La2O3), Ytterbium Oxide (Yb2O3) and Erbium 

Oxide (Er2O3) were procured from Sigma-Aldrich.  

Stoichiometric amount of Lanthanum Oxide (La2O3), 

Ytterbium Oxide (Yb2O3) and Erbium Oxide (Er2O3) 

were taken and dissolved in 10 ml of dilute HNO3 to 

prepare Solution A. The solution was heated moderately 

to drive away the unreacted HNO3. The residue obtained 

was dissolved in 30 ml of deionised water and stirred for 

one hour at room temperature. Another mixture 

(Solution B) was prepared by dissolving stoichiometric 

amount of Ammonium Molybdate Oxide 

((NH4)6Mo7O24) in 30 ml of deionised water and stirring 

it for one hour at room temperature. Solution A was 

added to Solution B drop by drop and the mixture was 

stirred continuously for 24 hours. Gradually, the 

precipitates were formed. These precipitates were then 

centrifuged at 3000 rpm for 15 minutes, washed twice in 

deionised water and dried. The color of the precipitates 

was light green like that of bottle gourd. These 

precipitates were heated at 800 ºC for 5 hours and then 

cooled. The final product was a light lemon colored 

powder.  

3 Results and discussion 

The samples were characterized by X – ray powder 

diffraction technique using X’Pert Pro PAN aytical 

Powder Diffract meter with Cu-Kα radiation source  

(λ = 1.54 Å) operated at 40 kV and 40 mA in the 2Ɵ 

range 20 – 80 degree at the scan speed of 0.05 degree 

per second. The morphology and elemental composition 

detection was carried out by Energy Dispersive X–ray 

Spectroscopy (EDAX) system equipped with a Scanning 

Electron Microscope (JEOL make MODEL JSM 5810 

LV). The up-conversion photoluminescence study for 

this work was carried out by using confocal 

photoluminescence mapping system (alpha 300 M+) – 

WItec Co. at National Physical Laboratory, Delhi. In 

this system, the excitation source of 150 W Xenon arc 

lamp is replaced by a 980 nm infrared laser diode. The  

I – V characteristics of the samples were carried out by 

simple set up made in the laboratory.  
 

3.1 X-ray Powder Diffraction analysis  

Fig. 1 shows the XRD pattern for sample LMO 1 

(La2(MoO4)3:Yb
3+

, Er
3+

), which has sharp peaks. The 

pattern indicates high degree of crystallinity. These 

peaks can be ascribed to La2(MoO4)3. The structure is 

predominantly in monoclinic phase. The peak at 2Ɵ 

value of 25.85º has the highest intensity, which is the 

characteristic peak of (-421) plane. d-values of majority 

of the peaks match with those reported in the JCPDS 

file (70 – 1382) for La2(MoO4)3, while a few vary 

marginally with the respective peaks in the same file. 

That can be attributed to the presence of dopants.  
Figs. 2 & 3 show similar pattern for the other  

two samples. Some peaks match with JCPDS file  

no. 78 – 1691 of Yb2O3 and 76 – 0159 for Er2O3 which 

shows that there is some amount of residual Yb2O3 and 

Er2O3 in the samples. 

 
 

Fig. 1 — XRD and EDAX results of LMO 1 
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The average crystallite size was calculated by Debye 

– Scherrer formula. The values are given in Table 1. 

From the table 1, it can be seen that with increase in the 

Erbium content, crystallite size of the samples also 

increases.  
 

3.2 Energy Dispersive X – ray Spectroscopy (EDAX) analysis 

The samples were subjected to EDAX analysis to 

confirm the presence of elements, particularly the 

doped elements in the samples. The results confirm the 

presence of all the elements involved (see the Figs. 1, 2 

& 3).  
 
3.3 Scanning Electron Microscopy (SEM) analysis 

The images for sample LMO 1, LMO 2 and LMO 3 

are given in Figs. 4, 5 & 6 respectively at 2000 X 

magnification. The images show coarse grain structure 

with a large variation of grain size and aggregation. In 

Figs. 5 & 6, large chunks can be seen which look like 

aggregated grains of rod like structures. 

It can be suggested that the presence of Erbium is 

instrumental in the samples acquiring the rod shape. 

 

Table 1 — Crystallite size for samples of La2(MoO4)3: Yb, Er 

Sample Name Crystallite Size (nm) 

LMO 1 61.79 

LMO 2 69.13 

LMO 3 74.07 

 
 

Fig. 2 — XRD and EDAX results of LMO 2 
 

 
 

Fig. 3 — XRD and EDAX results of LMO 3 

 
 

Fig. 4 — SEM image of sample LMO 1 
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However, the host material also plays a role in 

determining the shape. It is also guided by the method 

of synthesis. 
 

3.4 Up-conversion characteristics 

The up-conversion characteristics of the 

synthesized samples were recorded using a set up 

with an excitation source of 980 nm. Similar amount 

of sample was taken for each of the recording.  
Figs. 7, 8 & 9 show the emission spectra of the 

samples for excitation at 980 nm.  
 

Sample LMO 1 as shown in Fig. 7 gives strong 

emission at 523, 527 and 533 nm in the bluish green 

region as well as 547 and 555 nm in the green region. 

There are minor peaks at wavelengths 644, 659 and 

671 nm in the red region. The peaks in the green 

region only contribute to the intensity as the intensity 

of peaks in the red region is insignificant. Other two 

samples give similar results with minor change in the 

spectral positions but significant changes in the 

relative intensities. 
 

 
 

Fig. 5 — SEM image of sample LMO 2 
 

 
 

Fig. 6 — SEM image of sample LMO 3 

 
 

Fig. 7 — Emission spectrum of sample LMO 1 
 

 
 

Fig. 8 — Emission spectrum of sample LMO 2 
 

 
 

Fig. 9 — Emission spectrum of sample LMO 3 
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The peaks in the bluish green region are attributed 

to the transition 
2
H11/2 → 

4
I15/2 of Er

3+
ion, while those 

in the green region are attributed to the transition  
4
S3/2 → 

4
I15/2 of the same ion

21-22
. Peaks in the red 

region are of 
4
F9/2 → 

4
I15/2 transition of Er

3+
. The free 

Er
3+

 ion would have an electron configuration 4f
11

. 

The lower term corresponding to this configuration is 
4
I15/2. However, in the presence of crystal field, this 

level degenerates due to stark splitting giving multiple 

peaks for the transitions mentioned above. This 

explains the multiplicity of peaks for each transition. 

The changes in intensity of the peaks in all the 

three samples show a general trend as shown in  

Fig. 10. It shows that there is increase in intensity of 

the peaks with increase in the amount of Erbium. At 

lower concentration of Erbium (sample LMO 1), the 

transition 
4
S3/2 → 

4
I15/2 dominates as the intensity of 

the 555 nm peak is higher than the 533 nm peak of 

transition 
2
H11/2 → 

4
I15/2. However, at higher 

concentrations of Erbium (samples LMO 2 and LMO 3), 

the transition 
2
H11/2 → 

4
I15/2corresponding to 533 nm 

clearly dominates over the other. Intensities due to the 
4
F9/2 → 

4
I15/2transition in the red region do not show 

any significant change. 

Fig 11(a) & 11(b) show that the intensities of the 

peaks attributed to the transition 
2
H11/2 → 

4
I15/2 get 

saturated on increase in the Erbium content, while the 

intensities of the peaks attributed to the transition 
4
S3/2 

→ 
4
I15/2 increase almost linearly. In general, it is seen 

that by increasing the concentration of Erbium, there 

is an increase in the intensity of the emission peaks 

for green color emission
23-24

. 
 

Up-conversion mechanism in La2(MoO4)3: Yb3+, Er3+ 

Based on the emission characteristics, the up-

conversion mechanism in La2(MoO4)3: Yb, Er can be 

described, which is shown in Fig. 12. 

The 980 nm radiation is absorbed by the Yb
3+

 ions, 

as they have a much higher absorption cross section. 

It results in excitation of the Yb
3+

 ions from 
2
F7/2 → 

2
F5/2. 

The de-excitation of Yb
3+

 ion from 
2
F5/2 → 

2
F7/2 leads 

to generation of photons with energy equal to the 

difference in energy levels, 
4
I 11/2 & 

4
I15/2 as well as 

4
F7/2 & 

4
I 11/2 of Er

3+
 ions. In the next step, there is 

Energy Transfer (ET) of the energy generated as 

mentioned above, from Yb
3+

 ions (the sensitizer), to 

the Er
3+

 ions (the activator) in two different ways. 

First, Energy transferred to Er
3+

 ions resulting in 

Ground State Absorption (GSA) in the Er
3+

 ion, 

which leads to excitation of these ions from 
4
I15/2 →

4
I11/2. 

Second, Energy transferred to Er
3+

 ions resulting in 

Excited State Absorption (ESA) in the Er
3+

 ion, 

which leads to excitation of these ions from 
4
I11/2 → 

4
F7/2. The electrons get accumulated at the 

4
F7/2 level 

of Er
3+

 ion. Some of the electrons accumulated at the 
4
F7/2 level release some energy non radiatively and 

reach 
2
H11/2 level, from where their transition to the 

4
I15/2 level results into the bluish green emission of the 

three peaks (523, 527 and 533 nm) { 
2
H11/2 → 

4
I15/2 }. 

 
 

Fig. 10 — Change in peak intensities 

 
 

Fig. 11(a,b) — Change in peak intensity for the transition 
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Other electrons release more energy by non radiative 

transitions to reach 
4
S3/2 level. Their transition to the 

4
I15/2 level results into the emission of the two peaks 

(547 and 555 nm) { 
4
S3/2 → 

4
I15/2 }. Few of these 

electrons release further energy at the 
4
S3/2 level by 

non radiative means to reach the 
4
F9/2 level. These 

electrons transit to the 
4
I15/2 level to give emission in 

the red region { 
4
F9/2 → 

4
I15/2 }

25-28
. 

 

4 Chromaticity Diagram  

The colour emitted by a phosphor can be visualized 

and understood by its position in the chromaticity 

diagram. For obtaining this position in terms of 

chromaticity coordinates, the emission characteristics of 

the samples were superimposed with the colour 

matching functions. Colour matching functions are the 

amounts of primary colours needed to match a particular 

colour. These primary colours have been standardized 

by CIE in 1931 as the RGB colour matching functions 

r(λ), g(λ) and b(λ) corresponding to 700 nm, 546.1 nm 

and 435.8 nm respectively in the red, green and blue 

regions of the spectrum. The overlap between the 

emission spectra and the respective colour matching 

functions give the chromaticity coordinates of the 

emitted colour. An illustration has been given in  
Fig. 13(a) for sample LMO1. The chromaticity 

coordinates are marked in Fig. 13(b) in the small oval 

for all the samples along with the photograph of light 

emission
29

. 
 

5 Conclusion 

La2(MoO4)3: Yb
3+

, Er
3+ 

up-conversion phosphor 

samples have been prepared by the simple 

precipitation method. XRD analysis of the samples 

 
 

Fig. 12 — Mechanism of up conversion in La2(MoO4)3: Yb3+, Er3+ 
 

 
 

Fig. 13(a-b) — Chromaticity Diagram; (b) —— Color matching Function and photograph 
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shows high degree of crystallinity. They are in 

monoclinic phase. Crystallite size of the samples 

increases as the Erbium content increases. EDAX 

analysis of the samples confirms the presence of the 

activator (Er3+) and sensitizer (Yb3+) as well as all 

elements of the host matrix (La2(MoO4)3).SEM images 

of La2(MoO4)3 show coarse grain structure with large 

variation in grain size. Higher resolution images show 

aggregation of rod like structures. The samples give 

major emissions in the green and some emission in the 

red region. The emission with multiple peaks is 

attributed to the Er
3+

 ions, while Yb
3+

 acts as a 

sensitizer. There is splitting of peaks in the bluish green 

and green regions on account of the stark effect due to 

the crystal field of the host material. An increase in 

intensity is observed in the green region with increase 

in the Erbium content.  
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