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Photoluminescence Investigation of Tb Doped Yb2O3 Phosphors Produced by 

Precipitation Method 

Fatma UNAL*1 

Abstract 

In this study, un-doped and Tb doped ytterbium oxide (Yb2O3:Tb3+) particles with different 

dopant rates (2, 4, 6 and 8 at. %) were produced by precipitation method, followed by 

subsequent calcination at 1000 °C for 2 h. The crystal structure of all particles was cubic Yb2O3 

structure. The presence of Tb ion in Yb2O3 host structure was proved from the XRD peak shift 

results. The crystal structure expanded compared to un-doped Yb2O3 particles with doping, 

confirming calculated lattice parameter (LP) values. The LP, crystallite size (CS) and 

dislocation density values were in the range of 1.0428 – 1.0596 nm, 16 – 25 nm and 0.00189 – 

0.00391 nm-2, respectively. Only one sharp emission peak was observed at 506 nm 

corresponding to 5D4 – 7F6 transition (green emission) from photoluminescence (PL) spectra of 

the phosphor particles. The PL emission intensities were found to be strongly dependent on 

both CS and dopant rate. There was a positive correlation between increasing CS, decreasing 

lattice strain/dislocation density and PL intensity. Crystal defects decreased and PL intensity 

increased up to 6 at. % dopant rate.  

Keywords: Terbium doped ytterbium oxide phosphors, photoluminescence emission, 

precipitation method, Williamson-Hall analysis 

1. INTRODUCTION

Lanthanide oxides have unique and versatile 

physical and chemical properties such as high 

melting point, corrosion resistance, excellent 

thermal stability, high dielectric constant, 

mechanical strength, good protective behavior, 

luminescence, etc. [1-3]. Among the lanthanide 

oxides, ytterbium oxide (Yb2O3) particles exhibit 

extraordinary properties [4]. Correspondingly, 

they have many application areas such as high-

temperature superconducting materials, colored 

glasses, technical ceramic, varistors, catalyst, 

electro-catalysis, solid-state laser, phosphor, 
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stabilizer, optical fiber, solid oxide fuel cell, 

medical echo probe, imaging, scintillator and NIR 

photovoltaic up-converters [1-3, 5-13]. However, 

since its commercialized use in electronic devices 

is limited due to the high band gap (~5 eV) of 

Yb2O3, lanthanide dopant elements (such as La, 

Ho, Gd, Er, Eu etc.) were integrated into the 

Yb2O3 host structure [1, 2, 9-11, 13]. They can be 

synthesized by many methods such as 

electrospinning, sol-gel, hydrothermal method, 

spray pyrolysis, precipitation [2, 3, 5-8]. While 

there are limited number of publications on the 

production of lanthanide doped Yb2O3 particles 

[1, 9-11, 13], there is no comprehensive study on 
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the synthesis and photoluminescence (PL) 

properties of Yb2O3:Tb3+ particles. Herein, the 

first study on the effects of dopant rate and 

crystallite size (CS) values on the PL properties of 

Yb2O3:Tb3+ particles was reported.  

2. EXPERIMENTAL STUDY 

Un-doped and Tb doped ytterbium oxide 

(Yb2O3:Tb3+) particles with different dopant rates 

(2, 4, 6 and 8 at. %) were produced by 

precipitation method using analytical grade, 

99.99% purity, ytterbium (III) nitrate hydrate 

(Yb(NO3)3·xH2O) and terbium-nitrate-hydrate 

(Tb(NO3)3·xH2O). For example, 300 ml of 0.1 M 

solution was prepared for each sample. 10.56 gr 

of Yb-nitrate and 0.207 g of Tb-nitrate salts were 

used in order to produce 2 at. % Tb doped Yb2O3 

particles. After dissolving appropriate amounts of 

nitrate salts in ultrapure water, they were mixed 

for 15 min in ambient conditions. Afterwards, 1 

M ammonium carbonate ((NH4)2CO3) solution 

was slowly added to each solution till 

precipitation was completed. The solutions were 

stirred in a magnetic stirrer for 3 h. They were 

centrifuged at 5000 rpm for 5 min to collect 

precipitate, which were further washed several 

times with distilled water and once with ethanol. 

Dried particles at 80°C for 24 hours were 

subjected to calcination at 1000 C for 2 hours in 

a furnace. Sample codes are shown in Table 1. 

 
Table 1 Sample codes of all the particles 

Sample code  
Temperature (°C) 

/ Time (h) 

Dopant rate 

(at. %) 

Yb2O3  

1000 / 2 

0 

02Tb:Yb2O3 2 

04Tb:Yb2O3  4 

06Tb:Yb2O3  6 

08Tb:Yb2O3  8 

All particles were investigated by X-ray 

diffraction technique (XRD) in order to find out 

phase structure. Using the XRD broadening data, 

lattice parameter (LP) and crystallite size (CS) 

values were computed with Williamson–Hall 

(W–H) and Cohen-Wagner (C–W) methods, 

respectively [5, 14]. To characterize the 

microstructural parameter (lattice strain, 

dislocation density), average CS values were 

computed with W–H analysis integrated with 

uniform deformation model. The diffraction 

peak’s broadenings were measured by Eq. 1.  

𝛽ℎ𝑘𝑙 = [(𝛽ℎ𝑘𝑙)𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑
2 − 𝛽(𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑎𝑙)

2 ]1/2 (1) 

The CS values of particles were computed with 

W–H by Eq. 2,   

𝛽ℎ𝑘𝑙𝑐𝑜𝑠𝜃 =
𝑘𝜆

𝐷
+  (4𝜀𝑠𝑖𝑛𝜃 )                          (2) 

where βhkl is calculated correct broadening of the 

XRD diffraction peak, k is a constant (0.89), θ is 

diffraction angle, 𝜆 is X-ray Cu-Kα wavelength 

(1.5406 Å), D and 𝜀 are denoted by crystallite size 

and lattice strain, respectively. The dislocation 

density was calculated by Williamson-Smallman 

formalism [14] (Eq. 3): 

𝛿 =
1

𝐷2                                                             (3) 

where δ is dislocation density and D is crystallite 

size. Photoluminescence (PL) emission spectra of 

Tb doped particles were taken between 300 nm 

and 800 nm under 254 nm excitation at room 

temperature.     

3. RESULTS AND DISCUSSION 

3.1. Structural Analysis 

XRD patterns of un-doped and Tb doped Yb2O3 

particles are given in Fig 1. It was determined that 

all the produced particles had body centered cubic 

Yb2O3 crystalline phase with space group Ia-3 

(JCPDS card no: 00-43-1037) and no impurity 

phase was detected in the particles.   

 

Figure 1 XRD patterns of all the particles    
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All diffraction peaks had strong intensity and 

narrow width indicating superior crystalline 

quality. Shifts in the XRD peaks occurred 

compared to the peak of the un-doped Yb2O3 

sample depending on dopant rate. When Tb 

dopant element entered the Yb2O3, the peaks 

shifted to lower diffraction angles (inset Fig 1.) 

and Yb2O3 host expanded. Because Tb3+ ionic 

radius (0.0923 nm) is larger than that of Yb3+ 

(0.0858 nm) [15, 16]. This expansion in the 

structure was confirmed by the calculated lattice 

parameter values. 

For the C-W and W-H calculations, the plots of 

(a) versus f(θhkl) and (βhklcos θ) versus (4sinθ) for 

them are given in Fig 2.  

  

  

Figure 2 (a,b) C-W plots and (c,d) W-H plots of 

Yb2O3 and 02Tb:Yb2O3 samples 

For example, according to the C–W plots of 

Yb2O3 and 02Tb:Yb2O3 samples the lattice 

parameters were 10.428 Å (R2
=99) and 10.586 Å 

(R2
=95), respectively. According to the W-H plots 

of Yb2O3 and 02Tb:Yb2O3 samples the CS values 

were 16 nm (R2
=78) and 19 nm (R2

=82), 

respectively. LP and CS values of all the particles 

are given in Table 2.  

Table 2 Microstructural parameters of all particles. 

Sample code 

Lattice 

parameter 

(a/nm)  

Crystallite 

size (nm) 

Lattice 

strain (Ɛ) 

Dislocation 

density         

(δ/nm-2) 

Yb2O3 1.0428 16 -0.0025 0.00391 

02Tb:Yb2O3 1.0586 19 -0.0023 0.00277 

04Tb:Yb2O3 1.0590 21 -0.0016 0.00227 

06Tb:Yb2O3 1.0593 25 -0.0011 0.00160 

08Tb:Yb2O3 1.0596 23 -0.0014 0.00189 

  

Figure 3 (a) Crystallite size and lattice parameter and 

(b) lattice strain and dislocation density as a function 

of dopant rate. 

It was determined that the dopant rate enlarged the 

crystallites up to 6 at.%, which indicates a positive 

correlation between crystallite size and lattice 

parameter (Fig 3a). According to the dislocation 

density and lattice strain values, there was an 

improvement in crystallinity due to the reduction 

of crystal defects with doping. The 06Tb:Yb2O3 

sample exhibited minimum lattice strain and 

dislocation density values.  

3.2. Photoluminescence Analysis 

The excitation spectra (Fig.4) showed the 

maximum excitation peak was centred at 254 nm 

which is belonging to 4f – 5d transition of Tb3+. 

Thus, Un-doped and Tb doped Yb2O3 phosphor 

particles were excited by 254 nm source (inset in 

Fig. 4) and resulting PL emission spectra were 

recorded ranging from 300 nm to 800 nm. While 

the un-doped Yb2O3 particles exhibited no 

emission in the visible region, the Tb doped 

particles exhibited green emission. In addition, 

the PL intensity increased with the increase in the 

dopant rate up to 6 at. % due to the abundance of 

luminescence centres. Since increasing crystallite 

size and decreasing dislocation density improved 

the crystallinity, an increase in the PL emission 

intensity was accordingly observed. Above this 

dopant rate value, it was observed that the crystal 

defects / dislocation density values increased and 

the PL intensity decreased which indicates the 

concentration quenching of the luminescence. In 

the literature, Tb doped oxide particles exhibited 

multiple number of emission peaks. Additionally, 

the strongest emission peak reported to be at 

around 545 nm, accompanied by a low intensity 

emission at around 500 nm [17-22]. Contrary to 

the literature, the emission spectra of all the 
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Yb2O3:Tb particles were located at 506 nm 

associated to 5D4 – 7F6 transition (green emission).  

 

Figure 4 Excitation and emission spectra of all the 

particles 

The PL intensity at 506 nm in emission spectra 

gradually increased with increasing CS and 

dopant rate, as shown in Fig. 4a and 4b, indicating 

the strong effect of the CS and the dopant rate. It 

was shown that the PL intensity of the Tb doped 

particles had a linear relationship with the CS 

values, indicating the improving in crystallinity 

(Fig. 4a). It was observed that 02Tb:Yb2O3 

sample had the lowest PL emission intensity 

whereas 06Tb:Yb2O3 sample exhibited the 

highest PL emission intensity. The emission 

intensity value decreased for 08Tb:Yb2O3 sample. 

These results clearly show that the optimum Tb 

ion rate is 6 at.% for the highest PL emission 

intensity (Fig. 4b).. Additionally, the dopant rate 

had a greater significance on the PL intensity than 

crystallite size.  

4. CONCLUSIONS 

In this study, Yb2O3:Tb3+ particles having 

bixbyite-type cubic structure were successfully 

synthesized by precipitation method. 

LP and CS values were in the range of 10.428 – 

10.596 Å and 16 – 25 nm, respectively. Doping 

Tb into the Yb2O3 crystal increased both LP and 

CS values which in return decreased the 

dislocation density up to 6 at. % dopant rate. 

Further doping, started to increase lattice 

imperfections. 

PL emission peak of all phosphor particles were 

centred at 506 nm corresponding to 5D4 – 7F6 

transition (green emission). It was found that the 

optimum Tb dopant rate was 6 at.% due to both 

increasing luminescence centres and improved 

crystallinity, resulting in the highest PL emission 

intensity. However, a decrease was also observed 

in PL intensity above 6 at. % due to the 

concentration quenching. 

The CS and dopant rate affected the PL intensity 

but, the dopant rate was more significance.  
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