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1. Introduction 

 Bi2O3 is an important semiconductor. It has gained 

noticeable attention due to its good absorption 

capacity [1], dielectric permittivity, considerable 

photoconductivity, photoluminescence and high 

refractive index [2]. Because of these particular 

properties, Bi2O3 can be used in piezo-optic materials 

[3], superconductor ceramic glass manufacturing [4], 

solar cells [5], sensor optical coatings [6], oxide–ion 

conductors [7], bacteria inactivation and template-

synthesis [8], photovoltaic cells [9], gas sensing [10], 

fuel cells [11] and photocatalysis [12]. Synthesis of 

bismuth oxides doped with Ce [13], Pr [14], Sm [15], 

Dy [16], Tb [17], Er [18, 19], Yb [20], Tm [21], Lu 

[22] and Ho [23] ions have been reported Previously.  

 

 

 

 

 

 

 

 

 

 

 

Also, V5+, Pb2+, Ag+,Co2+ [24] and Fe3+ [25] doped 

bismuth oxides have been synthesized. In recent years, 

rare earth (RE) oxides have been used in ceramic 

industry and catalysis [26]. These materials show 

maximum power output, high chemical and thermal 

stability [27]. Among RE oxides, Nd2O3 has been 

widely used in luminescent and thermo luminescent 

materials [28, 29], photonic applications e.g.  

as phosphors providing yellow-to-violet up conversion 

emission [30], thin films [31] and protective coatings 

[32]. Also Eu3+ doped materials show the potential  

application for solar cells, photo luminescent 

properties [33-37], electrical conductivity [38, 39], 

photo catalytic activity [40, 41].  
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Abstract 

Bi2O3 nanomaterials doped with Eu3+ and Nd3+ ions have been synthesized by a simple hydrothermal 

process at 180 °C for 48 h. Bi(NO3)3.5H2O and KOH were used as raw materials. The as-prepared 

materials were characterized by X-ray diffraction (XRD). The data showed that the doped Bi2O3 materials 

were crystalized in a monoclinic crystal structure with space group of P21/c and cell parameters of 

a=5.8499 Å, b=8.1698 Å and c=7.5123 Å. The morphology of the obtained nanomaterials was 

investigated by field emission scanning electron microscope (FESEM). The morphology was remained 

unchanged after doping the rare elements into Bi2O3. However, different morphology of the compounds 

was achieved. The FESEM images showed that the materials were composed of micro-nano rods, 

nanoparticles and flower structures. Elemental analyses of the doped nanomaterials were performed by 

energy-dispersive X-ray spectrometry (EDS). Also cell parameter refinements and interplanar spacing (d) 

of the obtained materials were investigated. 
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However, to the best of our knowledge, there was no 

work has been devoted to Eu3+ and Nd3+ doped α-

Bi2O3 via hydrothermal method. In this research, we 

have reported the hydrothermal synthesis of Bi2-

xEuxO3 and Bi2-xNdxO3 nanomaterials. We have 

studied the elemental analysis and the effect of dopant 

amounts on the morphology of the synthesized 

nanomaterials. 

2. Materials and methods 

2.1. Synthesis of Eu3+ doped bismuth oxide (x= 0.01, 

0.03, 0.05, 0.07 and 0.1 mmol)  

Synthesis of Bismuth oxide  as a typical experiment 

was performed according to the recently reported 

work [42]. Certain  amounts of Bi(NO3)3.5H2O (1.99, 

1.97, 1.95, 1.93 or 1.9 mmol), Eu2O3 (0.01, 0.03, 0.05, 

0.07 or 0.1 mmol, respectively), were dissolved in 50 

mL of hot  1M KOH solution under magnetic stirring 

at 80 °C. The resultant solution was transferred into a 

100-mL Teflon-lined stainless steel autoclave. The 

autoclave was sealed and maintained at 180°C for 48 

h. When the reaction was completed, it was cooled to 

room temperature by water immediately, and then the 

resulting precipitate was recovered. 

2.2. Synthesis of Nd3+ doped bismuth oxide (x = 

0.01, 0.03, 0.05, 0.07 and 0.1 mmol) 

 Proper molar amounts of Bi(NO3)3.5H2O (1.99, 1.97, 

1.95, 1.93 or 1.9 mmol), Nd2O3 (0.01, 0.03, 0.05, 0.07 

or 0.1 mmol, respectively), were dissolved in 50 mL 

of hot 1M KOH solution under magnetic stirring at 80 

°C. The resultant solution was transferred into a 100-

mL Teflon-lined stainless steel autoclave. The 

autoclave was sealed and maintained at 180 °C for 48 

h. When the reaction was completed, it was cooled to 

room temperature by water immediately, and then the 

resulting precipitate was recovered. 

2.3. Characterization 

 All chemicals including Bi(NO3)3.5H2O, KOH, Eu2O3 

and Nd2O3 were of analytical grade and were obtained 

from Merck Company, Germany and used without 

further purifications. Phase identifications were 

performed on a powder X-ray diffractometer D5000 

(Siemens AG, Munich, Germany) using CuKα 

radiation. The morphology of the obtained materials 

was examined with a field emission scanning electron 

microscope (Hitachi FE-SEM model S-4160) 

equipped with energy-dispersive X-ray (EDX) 

spectrometer. Cell parameter refinements were 

performed by Celref software version 3. 

3. Results and discussion 

3.1. Powder X-ray diffraction analysis 

The crystal phases of the as synthesized materials 

were examined by powder X-ray diffraction 

technique. Figures 1 and 2 show the PXRD patterns of 

the Eu3+, Nd3+-doped bismuth oxide. It was found that 

the obtained materials were crystallized in monoclinic 

crystal structure with space group of P21/c (ICCD 

PDF:41-1449). Besides, the intensive sharp 

diffractions propose that the as-synthesized materials 

are well crystallized. The theoretical doping 

limitations are 0-0.07 mmol of Eu3+ and 0-0.07 mmol 

of Nd3+ for bismuth oxide. However, for surplus 

mole% concentration of the dopant element, the 

impurity peaks were observed in the PXRD patterns. 

As shown in figure 1, the diffraction line at 2θ ≈ 29.3° 

is assigned to the excess Eu2O3 [43]. The diffraction 

lines at 2θ ≈ 40.7° and 57.5° in figure 2 are assigned to 

the excess Nd2O3 [27, 44]. 
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Fig. 1. PXRD patterns of the synthesized Bi2-xEuxO3 nanoparticles, where (a) is x=0%; (b) is x=0.01; (c) is x = 0.03; (d) is x = 0.05; (e) is 

x=0.07; (f) is x=0.1 mole%. * is due to Eu2O3. 

 
Fig. 2. PXRD patterns of the synthesized Bi2-xNdxO3 nanoparticles, where (a) is x=0%; (b) is x=0.01; (c) is x = 0.03; (d) is x = 0.05; (e) is 

x=0.07; (f) is x=0.1 mole%. * is due to Nd2O3. 

 

 

Cell parameter refinement data of the as synthesized 

nanomaterials are summarized in table 1. From table 

1, it was found  that parameters a, b and c for different 

mole percent of Eu3+ and Nd3+ doped Bi2O3 

nanomaterials are smaller than those of the standard 

sample. The average instrument errors were also 

investigated. It showed the difference among the 

parameters a–c refined by the celref software for 

sample (ICCD PDF: 41-1449) compared to doped 

materials. 
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Table 1. Cell parameters of Eu3+ and Nd3+ doped Bi2O3 

 nanomaterials. SD is the standard deviations. 

 

 
Interplanar spacing (d) data for pure and Eu3+ and 

Nd3+ doped Bi2O3 calculated from Bragg’s equation 

(nλ=2dhkl sin θ) and results summarized in tables 2 and 

3. It is clear that the d values were nearly constant 

with doping Eu3+ and Nd3+ into Bi2O3. 

Table 2. Interplanar spacing (d) data for the Eu3+ doped Bi2O3 

samples. 

 Pure  

Bi2O3 

1 

mmol 

3 

mmol 

5 

mmol  

7 

mmol 

d (Å) 3.25 3.25 3.26 3.26 3.25 

2θ(°) 27.42 27.42 27.36 27.36 27.42 

 
Table 3. Interplanar spacing (d) data for the Nd3+ doped Bi2O3 

samples. 

 Pure  

Bi2O3 

1 

mmol 

3 

mmol 

5 

mmol  

7 

mmol 

d (Å) 3.25 3.248 3.248 3.248 3.248 

2θ(°) 27.42 27.42 27.42 27.42 27.42 

 

3.2. Morphology analysis 

Morphologies of as-prepared nanomaterials were 

characterized by FESEM. FESEM images of the 

synthesized Eu3+ and Nd3+ doped bismuth oxides are 

given in figures 3-6 and 7-10, respectively. It can be 

observed that these materials have rod like and particle 

structures.  Figures 3-6 show that with changing the 

dopant amount, the morphology of the obtained 

materials are still in rod structure, however, there is 

another morphology that is nanoparticle.  

Figure 3 shows that the size of particles is about 50 – 

70 nm (figure 3a). It is found that the width of the rod 

structures is about 1.5 µm (figure 3c). Figure 4 shows 

that with increasing the dopant amount, the 

morphology is nearly unchanged. However, the size of 

particles is decreased to 30 – 50 nm (figure 4c) and the 

width of the rods is decreased to about 1 µm (figure 

4b). 

 

 
 

Fig. 3. FESEM images of Bi1.99Eu0.01O3. 
 

 
 

Fig. 4. FESEM images of Bi1.97Eu0.03O3. 

 
Figure 5 shows that with increasing the dopant amount 

to 0.05 mmol, there is an apparent change in the 

Sample a (SD) b (SD) c (SD) ) 3V (Å

(SD) 

 (JCPDS 

41-1449) 

5.8499 8.1698 7.5123 330.52 

Pure 

3O2Bi 

5.8323 

(0.0052) 

8.1610 

(0.0034) 

7.5058 

(0.0068) 

328.77 

(0.461) 

0.01 

mmol 
+3Eu 

5.8405 

(0.0083) 

8.1620 

(0.0038) 

7.4999 

(0.0099)  

329.31 

(0.706) 

0.03 

mmol 
+3Eu 

5.8406 

(0.0145) 

8.1656 

(0.0043) 

7.4990 

(0.0183) 

329.03 

(1.249) 

0.05 

mmol 
+3Eu 

5.8632 

(0.0165) 

8.1651 

(0.0040) 

7.4983 

(0.0181) 

331.28 

(1.342) 

0.07 

mmol 
+3Eu 

5.8482 

(0.0048) 

8.1651 

(0.0030) 

7.4996 

(0.0045) 

329.89 

(0.371) 

0.01 

mmol 
+3Nd 

5.8447 

(0.0044) 

8.1633 

 0.0016) 

7.4945 

(0.0063) 

329.31 

(0.402) 

0.03 

mmol 
+3Nd 

5.8371 

(0.0133) 

8.1607 

(0.0063) 

7.5097 

(0.0139) 

329.33 

(1.063) 

0.05 

mmol 
+3Nd 

5.8347 

(0.0051) 

8.1571 

(0.0031) 

7.4941 

(0.0055) 

328.16 

(0.404) 

0.07 

mmol 
+3Nd 

5.8405 

(0.0064) 

8.1666 

(0.0022) 

7.4987 

(0.0066) 

329.39 

(0.503) 
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morphology of the obtained materials. The particles 

are diminished and the sizes of the rods are different. 

It was found that the width and length of the small 

rods are about 50 nm and 150 – 200 nm, respectively. 

 
 

Fig. 5. FESEM images of Bi1.95Eu0.05O3. 

 

Figure 6 shows the FESEM images of the Eu3+ - doped 

Bi2O3 nanomaterials. It was found that with increasing 

the Eu3+ amount, the morphology of the obtained 

materials were homogeneous micro rods. Besides, the 

particles grown on the surface of the rods were in 

lower density than that of figure 4. However, the 

widths of the rods are about 1 µm and the diameter 

sizes of the particles are about 100 nm. 

 

 

 

Fig. 6. FESEM images of Bi1.93Eu0.07O3.                 
 
Figure 7 shows that with doping Nd3+ into Bi2O3, the 

morphology of the obtained materials were non-

homogeneous micro rods and particles. It is clear from 

figure 7 a and b that the rods length and thickness 

sizes are different from each other. However, from 

figure 7 c and d, it was found that there are some 

particles with no certain morphology. The particles 

seizes are found to be about 80 – 100 nm. 

 

    
 

Fig. 7. FESEM images of Bi1.99Nd0.01O3. 

 
Figure 8 shows that with increasing the dopant amount 

to x=0.03 mmol, it was found that the morphologies of 

the obtained materials are still rod and particle. 

However, it is obvious that the rods and particles sizes 

are homogeneous. It was found that the particles sizes 

are about 50-60 nm. 

 

                   

 

Fig. 8.  FESEM images of Bi1.97Nd0.03O3. 
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Figure 9 shows the FESEM images of the obtained 

materials when doping x=0.05 mmol of Nd3+ into 

Bi2O3. It was found that the morphologies of the 

materials are rod (figure 9a and b), particle (figure c 

and d) and flower (figure e) structures. It is clear that 

the thickness size of the rod structure is about 500 nm, 

the diameter size of the particles are about 30-50 nm. 

Besides, the flower size is about 3 µm. It was found 

that the flower has been formed from the petals cutting 

each other. 

 
 

Fig. 9. FESEM images of Bi1.95Nd0.05O3. 

 
Figure 10 shows that with increasing the dopant 

amount, the morphology of the obtained materials are 

rod and particles. However, it was found that the 

particles are in the form of rod and spherical particles 

(figure 10a and d). It was found that the diameter size 

of the particles are about 100 – 150 nm and the 

thickness size of the rods are about 100 nm and length 

size of them are about 150 nm. 

 

 
 

.3O0.07dN1.93Biof  sFESEM image  10. .igF 

 
3.3. Elemental analysis 

The energy dispersive X-ray spectrum (EDS) for the 

sample doped with 0.07 mmol of Eu2O3 and 0.07 

mmol of Nd2O3 is illustrated in figures 11 and 12 

respectively. The respective energy positions and the 

specific X-ray lines from various elements are also 

indicated. The EDS spectrums confirm the presence of 

oxygen (O), Bismuth (Bi), Europium (Eu) and 

Neodymium (Nd) elements in Bi1.93Eu0.07O3 and 

Bi1.93Nd0.07O3 nanomaterial respectively. Furthermore 

these analyses verify the doping of Eu3+ and Nd3+ in 

Bi2O3 nanomaterial. The Normalized elemental 

analyses of the doped nanomaterials are summarized 

in table 4. 

Table 4. Elemental analyses data of the Eu 3+, Nd 3+ doped 

Bi2O3. 

 

 

 
Fig. 11.  EDS spectrum of the hydrothermally synthesized 

Bi2-xEuxO3 nanomaterial, where x = 0.07 mmol. 

dopant Normalized element analysis (wt%) 

Eu3+ 1.24 

Nd3+ 1.39 
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Fig. 12.  EDS spectrum of the hydrothermally synthesized 

Bi2-xNdxO3 nanomaterial, where x = 0.07 mmol. 

 
4.Conclusion 

In this work, the Eu3+ and Nd3+ - doped Bi2O3 

nanomaterials were synthesized successfully via mild 

hydrothermal method. PXRD patterns showed that the 

synthesis was done successfully. FESEM images 

showed the rod, particle and flower type structures in 

the as-synthesized materials. Elemental analysis 

showed that the doping limitation for Eu3+ doped 

Bi2O3 was 1.24 wt% and for Nd3+ - doped Bi2O3 was 

1.39 wt%. Also, cell parameter refinements and 

interplanar spacing of the doped nanomaterials were 

calculated by Bragg’s equation and celref software.  
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