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Abstract: Monoclinic LaPO4 nanostructures with uniform rod shape have been successfully synthesized by a simple sol-gel method. 
The procedure involves formation of homogeneous, transparent, metal-citrate-EDTA gel precursors, followed by calcination to 
promote thermal decomposition of the gel precursors to yield the LaPO4 nanoparticles. Their morphologies and structures were 
characterized by XRD, TEM, TG-DSC and HRTEM. The results indicate that single monoclinic phase LaPO4 nanorods are readily 
obtained at 800 ℃ within 3 h. Furthermore, photoluminescence (PL) characterization of the Eu3+-doped LaPO4 nanocrystals was 
carried out. The effects of calcination temperatures and Eu3+ doping content on the PL properties were elaborated in detail. 
Room-temperature photoluminescence (PL) characterization reveals that the optical brightness as well as the intensity ratio of 5D0-7F1 
to 5D0-7F2 is highly dependent on the calcination temperature, and the Eu0.05La0.95PO4 nanophosphor shows the relatively promising 
PL performance with the most intense emission. 
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1 Introduction 
 

The useful applications of rare earth element 
compounds, especially lanthanide phosphate doped 
inorganic materials, have been touched upon broadly. 
Over the past a few years, they have been applied in 
many fields, such as optical display panels, cathode ray 
tubes, optoelectronic, sensitive device, nanoscale 
electronic and plasma display panels[1−4] due to their 
special chemical and physical properties. 

Various solution-phase routes, including 
combustion[5], sol-gel[6−7], precipitation[8], water-oil 
microemulsion[9], polyol-mediated process[10], 
ultrasonification[11], hydrothermal[12−14], and 
mechanochemical method[15], have been tried to lower 
the reaction temperature and obtain high-quality 
LaPO4-based nanoparticles. However, the simple and 
mass fabrication of LaPO4 nanocrystals with narrow 
grain size distribution and uniform morphology still 
remains a challenge. It appears that the best solution both 
to control powder morphology and to produce low cost 
thin films is the use of soft chemistry routes, in particular 

the sol-gel process since the intimate mixing of 
components ensure homogeneity of the final product. 
The sol-gel methods also have some obvious advantages 
compared with other ways, such as low processing 
temperature, easy coating of large surfaces, possible 
formation of porous films and homogeneous 
multicomponent oxide films as well as simple and cheap 
experimental setups. This sol-gel process is widely used 
for oxides materials which are the mostly used materials 
in phosphor technology by far. 

In this regard, many research efforts have been 
taken on the upgrade of luminescence[16] of lanthanide 
compounds and control of the morphologies[17−18]. 
Nanoscale LaPO4 with small grain shape has been 
synthesized via sol-gel reaction by RAJESH et al[7],  
and the yield of product is 85%. This work mainly 
worked on the elevation of the emitting wavelength and 
intensity by synthesis of LaPO4 nannorods which could 
be used in biomedical image as quantum dots[19]. We 
adopted a simple sol-gel way to prepare LaPO4 with 
good morphologies and fine crystal structures; and its 
emission and intensity of luminescence were also 
studied. 
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2 Experimental 
 
2.1 Synthesis of LaPO4 

All the chemical reagents were analytically pure and 
used without further purification. In a typical procedure, 
0.01 mol of ethylenediamine tetraacetic acid (EDTA) 
was dissolved in 1 mol/L ammonia solution, then 0.45 
mol/L La(NO3)3 aqueous solution was added dropwise to 
1 mol/L CA solution under vigorous stirring. After that, 
this mixed solution and 0.5 mol/L of NH4H2PO4 aqueous 
solution were added dropwise to the already dissolved 
EDTA solution by fiercely stirring. The pH of the 
solution under these steps was kept at 10−11 by using the 
ammonia solution as necessary. Then, the mixed solution 
was heated at 90 ℃ in a water bath with strong stirring 
as far as a transparent mixed sol was consequently 
obtained. The obtained sol was then transferred into an 
oven at 120 ℃ for 1 h to produce a viscous and black 
gel. The acquired gel subsequently was calcined for 3 h 
in muffle at 800 ℃ to fabricate the final white LaPO4 
nanoparticle. 
 
2.2 Synthesis of Eu3+-doped LaPO4 

The synthesis of the Eu3+-doped LaPO4 
nanoparticles was the same with above described 
methods except for the addition of a certain amount of 
Eu(NO3)3 which was gained by Eu2O3 dissolved in     
1 mol/L nitric acid after dropping of the La(NO3)3 
aqueous solution. And the molar fractions of Eu3+ in the 
obtained products were 1%, 5% and 10%, respectively. 
 
2.3 Sample characterization 

Phase structures of the as-prepared samples were 
identified with X-ray powder diffraction (XRD) taken on 
a Rigaku-D-Max rA 12 kW diffractometer with Cu Kα 
radiation (λ=1.540 56 Ǻ) at an operation voltage and 
current of 40 kV and 300 mA, respectively. The 
morphologies and sizes of the final products were 
characterized with a Hitachi H−800 transmission 
electron microscope (TEM) as well as high-resolution 
transmission electron microscope (HRTEM, 
JEOL−3010). The thermal decomposition behavior of 
the citrate gel precursors was examined by a 
thermogravimetric analyzer (TGA, Perkin-Elmer, 
TAC7/DX) using air as the working gas. For DSC 
measurements, the samples were heated from room 
temperature to 950 ℃ at a heating rate of 15 K/min. 
α-Al2O3 was used as the reference material, and the 
samples were run in open platinum pans. The PL 
measurements were carried out by using a Hitachi 
F−4500 fluorescence spectrophotometer. The excitation 
and emission spectra were corrected for the beam 
intensity variation in the Xe light source used. For 

comparison, all excitation and emission spectra were 
measured at room temperature with the same 
instrumental parameters. 
 
3 Results and discussion 
 
3.1 Thermal analysis 

To clarify the chemical reaction during the thermal 
decomposition of the precursors, the thermal 
decomposition procedure of the obtained 
La-P-Citrate-EDTA gel precursors was studied by 
thermogravimetric/differential scanning calorimetry 
(TG-DSC) and the results are shown in Fig.1. From the 
TG curve, in the temperature range from ambient 
temperature to 600 ℃, three mass loss regions occur at 
28−200 ℃(about 4.20%), 200−350 ℃ (about 27.20%), 
and 350−600 ℃ (about 41.05%). No significant mass 
loss can be observed from 600 to 800 ℃ . 
Correspondingly, five discrete regions of thermal 
decomposition can be found in the DSC curve. The first 
endothermic peak centered at 99 ℃ corresponds to the 
elimination of water. Due to the elimination of molecule 
water, the second endothermic peak centered at 236 ℃ 
appears. The following two exothermic peaks centered at 
around 342 ℃ and 438 ℃ can also be ascribed to the 
combustion of the nitrate and the organic phases (EDTA). 
Subsequently, the third exothermic peak centered at 651 
℃ can be attributed to the elimination of the remaining 
organic materials (carbon and any other organic 
compounds) accompanied by the crystallization of the 
LaPO4 inorganic phase[6, 20]. 
 

 

Fig.1 TG-DSC curves of as-synthesized metal-citrate-EDTA 
precursors 
 
3.2 XRD analysis 

The XRD patterns of the as-obtained samples are 
shown in Fig.2. It can be observed that the samples 
synthesized by sol-gel method at different temperatures 
crystallize in the monazite LaPO4[8] (JCPDS 35-0731). 
From the main planes of )111( , (200), (120), )121(  
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and )013( , we can conclude that the intensity of the 
diffraction peaks gradually increases with the increase of 
temperature, revealing that the particle size increases and 
crystallinity increases with temperature. Moreover, no 
diffraction peaks for other phases are found in the XRD 
patterns. 

Fig.3 shows the XRD patterns of the as-synthesized 
EuxLa1−xPO4 (x=0−0.1) with varying Eu3+ doping 
concentration compared with the LaPO4 sample. It is also 
found that all the diffraction peaks can be readily 
indexed into pure-phase LaPO4. Apparently, after doping 
with Eu3+, the obtained samples remain a single phase, 
which indicates that Eu3+ can be effectively doped into 
the LaPO4 lattice. And from the diffraction peaks of the 
main planes, we can also clearly see that the 5% Eu3+ 
doped sample has the best crystallinity. 
 
3.3 TEM analysis 

Fig.4 shows the TEM and HRTEM images of 
 

 

Fig.2 XRD patterns of as-prepared LaPO4 samples synthesized 
at different temperatures: (a) 1 000 ℃; (b) 900 ℃; (c) 800 ℃; 
(d) 700 ℃ 
 

 

Fig.3 XRD patterns of LaPO4-based nanoparticles after 
substituting La3+ by various contents of Eu3+: (a) 
Eu0.01La0.99PO4; (b) Eu0.05La0.95PO4; (c) Eu0.10La0.90PO4; (d) 
LaPO4 

uniform LaPO4 and Eu0.05La0.95PO4 nanoparticles. It can 
be found from Fig.4(a) that the average length of 
Eu0.05La0.95PO4 nanorods is around 60 nm. Fig.4(b) 
demonstrates the pure LaPO4 nanorods sample is about 
50 nm in length. From the HRTEM image of the sample 
shown in Fig.4(c), it can be seen that the as-synthesized 
Eu0.05La0.95PO4 primary nanoparticles are well 
crystallized and ordered in crystallography. 
 

 
Fig.4 TEM images of as-prepared Eu0.05La0.95PO4 (a), LaPO4 (b) 
and HRTEM image of Eu0.05La0.95PO4 (c) 
 
3.4 Photoluminescence characterization 

The excitation and emission spectra of the 
nanoscale Eu0.05La0.95PO4 by sol-gel method are 
presented in Fig.5. Excitation spectrum of the sample is 
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demonstrated in the left part of Fig.5. The broad band 
centered at 260 nm is attributed to the charge-transfer 
band (CTB) between Eu3+ and the surrounding oxygen 
anions[21−23]. There exist five emitting bands which 
can be seen in the right part of Fig.5. The emission 
spectrum of the Eu0.05La0.95PO4 mainly locates in the 
orange-red spectral area (from 550 to 720 nm). The 
emission located at 540−560 nm can be attributed to the 
5D0 -7F0 transition, while emissions at 585−600 nm, 
610−625 nm, 650−660 nm and 680−710 nm correspond 
to the 5D0 -7F1 transition, 5D0 -7F2 transition, 5D0 -7F3 
transition and 5D0 -7F4 transition, respectively[21−23]. 
The splitting and intensity pattern of the emission lines 
demonstrate that the europium has been successfully 
doped in the sample[24]. The orange-red emission lines 
at around 595 nm originating from the magnetic dipole 
transition 5D0 -7F1 are the dominant bands for the 
as-synthesized Eu0.05La0.95PO4 nanocrystals. 

Physical techniques such as laser ablation have been 
used to elaborate thin films of Y2O3׃Eu and YVO4׃Eu 
phosphors, but they are often difficult to control for 
complex oxide matrices or doping compositions. Sol-gel 
routes at relatively high temperature (800−1 000 ℃) 
have also been largely developed, leading to 
polycrystalline thin oxide films. The sol-gel process 
enables a fine control of chemical and physical 
properties of the matrix in which the nanophosphors are 
dispersed, and is thus an easy way to obtain transparent 
and luminescent thin films by spin or dip-coating[25]. 
Because of these properties, the photoluminescence of 
nanophosphors synthesized by sol-gel method could be 
upgraded lagerly though the result is not shown here. 
 

 
Fig.5 Excitation and emission spectra of Eu0.05La0.95PO4 
nanophosphors obtained at 800 ℃ 
 

Emission spectra for comparison of different Eu3+ 
doping contents are shown in Fig.6. We can easily 
conclude that the optimized content of Eu3+ is found to 
be around 5%. The PL intensity is highly depended on 
activator content. Generally speaking, the brightness 

tends to increase with increasing activator content. 
However, the luminescence begins to decrease because 
pairing or aggregation of activator atoms at high content 
leads to efficient resonant energy transfer between Eu3+ 
ions and a fraction of energy migration to distant killers 
or quenchers followed by the appearance of quenching 
behavior[20, 26]. The concentration quenching behavior 
of the samples can be evidently observed in Fig.6. 
 

 

Fig.6 Evolution of emission spectra of EuxLa1.0−xPO4 
nanophosphors with varying Eu3+ doping content 
 

Fig.7 shows the emission spectra of the samples 
prepared by sol-gel method at different temperatures. It 
is clear that higher calcination temperature is favorable 
for brightness of the photoluminescence. The fluorescent 
materials would quench because of the presence of 
impure NO3

− and OH− ions[27], and high temperature 
can effectively reduce these quenching centers. There is 
also another reason that the crystal structure of the 
sample obtained at higher temperature is reasonably 
ordered. However, the emission intensity becomes 
saturated when the temperature is raised above the 
critical point (1 000 ℃) in these samples. 
 

 
Fig.7 Emission spectra of Eu0.05La0.95PO4 nanophosphors 
synthesized at different temperatures 
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4 Conclusions 
 

1) LaPO4:Eu phosphors are successfully synthesized 
through sol-gel method at moderate temperature (800 
℃). 

2) The prepared LaPO4 crystallizes in a single-phase, 
monoclinic structure with a rod shape, approximately 50 
nm in length. A high fraction of europium ions could be 
effectively doped into the crystal lattice of the 
monoclinic LaPO4 through the same method. 

3) The PL characterization demonstrates that the 
Eu0.05La0.95PO4 nanophosphor shows the most intense 
emission, and the higher temperature tends to improve 
the emission intensity. The sol-gel process can upgrade 
the photoluminescence properties lagerly. Therefore, the 
LaPO4׃Eu phosphors can be easily applied in various 
types of lamp and display due to its morphologies and 
good PL performance. In this regard, our target product 
is a very promising phosphor. Moreover, the synthesis 
methods are simple with low-cost, and also be readily 
extended to other rare earth phosphates. 
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