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Abstract 

Synthesis of cerium doped lanthanum phosphate nanoparticles is 

described here by simple co-precipitation technique. The phase, 

morphology and composition 2.0 mol% Ce and 6.0 mol% Ce 

doped lanthanum phosphate were analyzed by Fourier transform 

infrared spectroscopy (FTIR) and UV-visible spectroscopy. 

Fourier transform infrared spectroscopy (FTIR) confirms the water 

vibration modes at a specific wave number along with a phosphate 

group and variation in wave numbers when cerium is incorporated 

in to lanthanum phosphate. Infrared spectral data presented for the 

produced sample were recorded on a Fourier transform 

spectrometer with the scan range of 650-4000 cm⁻¹. For the 

excitation and monitor photoluminescence (PL), the spectra as 

well as the PL were also obtained. Luminescent Co₃⁺ doped LaPO₄ 

when synthesized at 2.0 and 6.0 mole % was seen to exhibit PL 

emission. UV spectroscopic analyses show that the present 

absorption bands are located in the ultraviolet region and 

noticeably depend on the presence of dopant ions. The created 

samples can be sued in various lighting and display application 

devices. 
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Introduction 

Inorganic nanoparticles are synthesized with much effort because of their commercial application. Owing 

to their unique morphology and vast application in producing nanoscale displays, sensors, and 

optoelectronic devices, materials with controlled size and shape have attracted focus [1], [2], [3]. Lighting 

and display panels are quite common places where phosphors are often used. In fact, one of the most 

crucial characteristics of phosphors that defines the ability to use them in various applications is their size 

and shape. Sphere-shaped phosphor particles can help enhance the optical and morphological elements of 

phosphor layers regarding their composition [4], [5], [6]. To achieve the desired coating for the specific 

application varies quantity of phosphor particles with the particle size. Thus, much attention has been 

given to the technique of engineering nanomaterials with desired morphologies. Recently, RE doped 

nanoscale LaPO₄ has become the area of interest due to its application in optoelectronic devices, integrated 

optical systems, sensitive devices, plasma display panels, and optical display panels and other applications 

[7], [8], [9] [10]. The application of RE compounds particularly lanthanum phosphate with inorganic 

dopant has been elaborated as follows. It is challenging to synthesize such materials economically even 

though there have been improvements in preparation of the materials [1], [2], [11], [12]. Some common 

phosphors are of the form LaPO₄ with lanthanide (Ln) doped phosphors which serve various commercial 

applications. Among phosphors currently used to boost the brightness and meet the need for developing 

new types of display panels and devices, some of them have been the focus of much study. LaPO4 doped 

with rare earth ions was a kind of important phosphate phosphors due to its interesting characters such as 

high quantum efficiency, good chemical stability, and tunable emission colour with various activators. 

Several solution-phase techniques have been tried to lower the reaction temperature and synthesise rare 

earth phosphate-based nanoparticles such as, hydrothermal, sol-gel, combustion, precipitation, water-in-

oil microemulsion, polyol-mediated synthesis, and ultrasonic irradiation[6], [12], [13]. In an effort to 

optimize LaPO4 based nanoparticles, both the reaction time and temperature have been reduced in this 

case. However, it is still very challenging to control the morphology of LaPO₄ and realize the nanoscale 

synthesis. Based on the present study, the chemical co-precipitation process seems to be the most 

appropriate and suitable method for controlling particle morphology. Here, a simple chemical co-

precipitation technique has been adopted to synthesized Ce:LaPO₄ with different concentration of cerium 

at relatively homogenous size and shape with fine crystals are produced. The following features can be 

distinguished. The compound has a relatively high thermal stability, and it is poorly soluble in water, 

however, its index of refraction is rather high. In this paper the photoluminescence (PL) of the Ce:LaPO₄ 

phosphor with different concentration of cerium has been synthesized [8], [13], [14], [15] . 

Material synthesis: 

The synthesis of lanthanum phosphate (LaPO₄) nanoparticles with good morphological control is very 

difficult. In this context, the best strategy to regulate powder morphology seems to be the chemical 

approach, especially the co-precipitation method as it means that the components are intimately mixed 

throughout the process [16] [17]. When compared with this other approaches, some of the advantages 

include low firing temperature, early stage control of the reaction process and stable elemental 

composition. Lanthanum phosphate doped form with different ceria concentration (2.0 mol% and 6 mol%) 

of Lanthanum was synthesized by using lanthanum chloride heptahydrate (LaCl₃.7H₂O), potassium 

dihydrogen phosphate (K₂HPO₄), and cerium (III) nitrate hexahydrate (CeN₃.6H₂O₃) [18].  To synthesize 

pure lanthanum phosphate LaPO4, we use lanthanum chloride heptahydrate (LaCl₃·7H₂O) in 100 ml and 

potassium dihydrogen phosphate (K₂HPO₄) in 100 ml of deionized water [19]. Independently, both 

solutions are then placed onto the magnetic stirrer and let to stir for 30 minutes. Following that, potassium 

dihydrogen phosphate solution is gradually added into a solution of lanthanum chloride heptahydrate. 

Finally, stir the final solution for 40 min and leave the solution at room temperature for 24 hours, it will 
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appear whitish precipitate at the bottom [11] [20] . Wash the sample many times. The thick mass was 

dried at 80 0C and properly grounded using mortar and pestle for analysis. Characterization of the so 

prepared powdered sample was subsequently accomplished with the aid of Fourier transform infrared 

spectroscopy (FTIR) and UV-visible spectroscopy [7]. 

For preparation of cerium-doped lanthanum phosphate (abbreviated as Ce:LaPO4), the doped ion in the 

required mole percentage was added to the parent ion, e.g., to prepare 2% cerium-doped lanthanum 

phosphate 0.01 M solution of CeNO3 was prepared with de-ionized water and then stirred. 0.99 M of 

LaCl3 with potassium dihydrogen phosphate was prepared in same way. The two solutions were 

thoroughly mixed [20]. The rest of the phenomenon is same as in case of pure lanthanum phosphate. 

Characterization techniques: 

The prepared powdered sample was characterized by using Fourier transform infrared spectroscopy 

(FTIR) and UV-Visible Spectroscopy. 

FTIR spectroscopy: 

FTIR as an analytical tool for identifying functional groups and covalent bonding data or in other words 

it determines the chemical structure and the type of chemical bonds and internal structure of a molecule 

in the grown nanomaterial [21]. Vibrational spectra of 2% Ce:Fig 1.0 (a, b) show the diffractograms for 

synthesised LaPO4 and 6% Ce: LaPO4.The band gap spectra occurred at lower wave numbers 989.608; 

30.809 Cm-1 , 1634.438;86.940 Cm-1 and 3431.014; 87.148 Cm -1 for 2 % Ce doped lanthanum 

phosphate belong to O=P–O bending, and O–P–O bending vibrations respectively.present in the grown 

nanomaterial [21]. Vibrational spectra of 2% Ce:LaPO4 and 6% Ce: LaPO4 are shown in Fig 1.0 (a, b) 

respectively. 

In case of 2% Ce doped lanthanum phosphate the band gap spectra appear at 989.608; 30.809 Cm-1 , 

1634.438;86.940 Cm-1 and 3431.014; 87.148 Cm-1  correspond to O=P–O bending and O–P–O bending 

modes, respectively [22]. The weak bands are also observed in wave numbers 3431.014; 87.148 cm-1. 

These weak bands are due to symmetric and anti-symmetric stretching of P–O bond. The spectra of 2% 

Ce: LaPo4 and 6% Ce: LaPO4 also exhibit appropriate bands related to the conventional wave numbers 

[23]. As the overall transmittance reduces and when there is a shift towards the low wave number region, 

the doping effect could be the main cause. This is due to the variation in mass number of the dopant ions 

because the movement of mass of ions affects the structure and mechanical oscillations. 
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Fig 1.0 (a,b) FTIR spectra of 2% and 6% Ce:LaPO4 

UV–VIS–spectroscopy: 

UV spectroscopy is a powerful technique to analyze the electronic transition and optical band gap energy 

which is property of rare earth nanoparticles. Figure 2.0 (a,b) represents the UV–Vis absorption spectrum 

of LaPO4, 2% Ce: This was followed by 2% Ce:LaPO4 and then 6% Ce:LaPO4 phosphor samples [24], 

[25], [26]. When dopant ion cerium is added to pure lanthanum phosphate with varying dopant 

concentration of 2.0% only one peak appears at 367 nm as in figure 2.0 (a) for sample id K2 and when 

dopant ion cerium is added to pure lanthanum phosphate with varying dopant concentration of 6.0% also 

only one peak appears at 382 nm as in figure 2.0 Importantly, all peaks remain within the range of 200-

800 nm. Furthermore, on doping the host (LaPO4) with cerium ion, the peaks found to be shifted towards 

the higher wavelength side (red shifted) [11], [27]. This technique also enables one to determine the 

electronic structure of the optical band structure of any material through UV–Visible absorption spectral 

analysis [28]. A transition from direct to indirect or vice versa and the optical band gap energy were 

computed with the help of Tauc’s relation [29]. The energy band gap of material is determined by 

computing the square root of Ahv and by drawing a straight line through the linear region of the curve in 

fig 2.1 (a,b).The bandgap calculated for 2% cerium doped lanthanum phosphate is 3.55 eV and The 

bandgap calculated for 6% cerium doped lanthanum phosphate is 2.7 eV it indicate that material is more 

suitable for conduction, for absorbing a wider range of wavelengths including visible light. Lanthanum 

phosphate with varying dopant concentration of 2.0% only one peak appears at 367 nm as shown in fig 

2.0 (a) with sample id K2, and when dopant ion cerium is added to pure lanthanum phosphate with varying 

dopant concentration of 6.0% also only one peak appears at 382 nm as shown in fig 2.0 (b) with sample 

id K4. All peaks lie in the range of 200-800 nm [30]. On doping the host (LaPO4) with cerium ion, the 

peaks are shifted towards longer wavelengths (red shift). UV–Visible absorption spectral study also helps 

one to find out the electronic structure of the optical band gap of material. The nature of transition (direct 

or indirect) and optical band gap energy were determined by Tauc’s relation. The energy band gap of 

material can be obtained by plotting 〖(Ahv)〗^(1/2) versus energy and by extrapolating the linear portion 

of the curve as shown in fig 2.1 (a,b). The bandgap observed for 2% cerium doped lanthanum phosphate 

is 3.55eV and the bandgap observed for 6% cerium doped lanthanum phosphate is 2.7eV. This decrease 
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in band gap shows that the materials is more efficient for conduction and absorb a wide range of 

wavelength including visible light [31]. This decrease in band gap improves the opto-electronic 

application of these material and energy storage applications of these materials respectively [28], [32]. 

Material reduces the band gap by modulating the density of states. The doping technique has been 

commonly used to alter the host lattice's (LaP) electrical structure in order to produce new or enhanced 

optical characteristics that are advantageous from an application standpoint [33]. As a result, the optically 

dominant material 5%  ofY:LaP, which has a band gap of 3.5 eV, can be utilized in conducting materials, 

high-performance luminous devices, and several optoelectronic device applications 

  

Fig 2.0 (a,b) UV-Visible Absorption Spectra of 2% and 6% Ce:LaPO4 

The energy band gap of material can be obtained by plotting 〖(Ahv)〗^(1/2) versus energy and by 

extrapolating the linear portion of the curve as shown in fig 2.1 (a,b). The bandgap observed for 2% cerium 

doped lanthanum phosphate is 3.55eV and the bandgap observed for 6% cerium doped lanthanum 

phosphate is 2.7eV.  This decrease in band gap shows that the material is more efficient for conduction, 

absorb a wide range of wavelength including visible light. This decrease in band gap enhanced optical 

properties and conductivity make these materials suitable for opto-electronic applications and energy 

storage applications respectively. 
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Fig 2.1 (a,b) Band gap of 2% and 6% Ce:LaPO4 

Conclusion: 

Ce:LaPO4 phosphor with different concentration such as 2.0 mol% and 6.0 mol% was successfully 

synthesized by using wet chemical co-precipitation method at low temperature. The photoluminescence 

study shows that the emissions of 367 nm are due to transition 5d4 7f6, 382 nm due to 5d4 7f4 and 594 

nm due to 5d4 7f5. The PL intensity is very high; hence the Ce :LaPO4 phosphors are applicable in 

various types of lamp and display devices. The method of synthesis used here is easy and economical, 

hence can be potentially applied for the synthesis of other high quality rare earth ions doped phosphate 

phosphor. 
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