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Abstract 

In this paper, the structure and optical properties of Eu3+-doped TiO2 nanoparticles were studied. The 

results obtained by X-ray diffractometer patterns confirmed that the doping of Eu3+ ions into a 

nanostructured TiO2 substrate prevents the crystalline formation and delays the variation of the phase 

structure as compared with the pure TiO2 nanoparticles. The optical measurements showed that Eu3+ 

ions located on the surface of an amorphous TiO2 matrix cause the photoluminescence phenomenon. 

Keyword: TiO2, europium, nanoparticles, ultrasound 
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1. Introduction 

TiO2 has wide applications in various fields such as photocatalytic [1–3, 15], solar cells [4–9], and split 

water into hydrogen fuel [10–13]. TiO2 primarily exists in the following three forms: anatase, rutile, 

and brookite. TiO2 has a large bandgap of about 3.2 eV, so it is easy for doping rare-earth ions. 

Recently, TiO2 has been considered as a new substrate for radiations in the visible-infrared region. 

The doping of a few rare-earth ions into the TiO2 nanoparticle host has been carried out by several 

methods such as sol-gel method [14–21], hydrothermal method [22, 23], and other methods [24,25]. 

These methods are considered to be highly complex with high-cost precursors. In this paper, a simple 

and cheap process was used to prepare Eu3+-doped TiO2 nanoparticles. The influence of doping 

concentration and calcination temperature on the optical properties and structure phases of Eu3+-doped 

TiO2 nanoparticles was also observed. 

 

2. Experimental Procedures 

2.1. Chemicals 

Commercial titanium dioxide powder TiO2 (Merck), sulfuric acid H2SO4 (98%), NH4(OH) solution, 

and Eu(NO3)3 were used as starting materials. In addition, distilled water was used as a medium. 

 

2.2. Characterizations 

X-ray diffractometer (XRD, Cu Kα: α = 1.542 Å, D8 Advance, BRUKER–AXS) was used for 

identifying the phase structure in the as-prepared samples. The anatase volume fraction, XA, and the 

average grain size, D, were, respectively, calculated by using the following equations [26,27]:  

𝑋A(%) =  
𝐼A 

𝐼A +  1.265𝐼R

× 100,  (1) 

𝐷 =
𝐾𝜆

𝛽cos𝜃ʹ
 

(2) 

where IA/R is the corresponding anatase (A) and rutile (R) peak intensities, D is the particle size, λ (= 

0.15406 nm) is the wavelength of the used X-ray radiation, Kisa constant taken as 0.9, θ is the 

diffraction angle, and β is the full width at half-maximum of the corresponding XRD peak. In this case, 

the (101) and (110) diffraction peaks were used for anatase and rutile structures, respectively. 

Scanning electron microscopy (SEM, Nova nanoSEM 450-FEI) and transmission electron microscopy 

(TEM, JEOL JEM–4000EX, 400 kV) were used to analyze the morphologies of the investigated 

materials.  

A Raman spectrometer (Jobin-Yvon Inc., Paris, France) at a backscattering configuration was used to 

measure Raman scattering spectra. The excitation laser was emitted from an argon ion (Ar+) laser 

source with a wavelength of 488 nm and a San output power of 11 mW. A spectrophotometer (FL3–22 

HORIBA) with double monochromators was used to record the photoluminescence (PL) emission and 

excitation spectra.  

 

2.3. Synthesis of nanosized TiO2 

In our previous work [28], the preparation of nanostructured TiO2 particles was reported. The 

commercial TiO2 powder was dispersed in the H2SO4 solution by using an ultrasonic device. 

Thereafter, the composition was added to distilled water and heated at 100°C for 1 h. The pH of the 
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compound was adjusted to 8 by adding the NH4(OH) solution. The white precipitates were filtered and 

washed many times by distilled water and then treated at various temperatures for 2 h. As illustrated in 

Figure 1, the morphology of the final product showed that the obtained particles are spherical in shape 

with their diameter in nanoscale.  

 

 

Figure 1. SEM image of TiO2 nanoparticles after annealing at 450oC for 2 h 

 

2.4. Synthesis of Eu3+-doped TiO2 samples 

Eu3+-doped TiO2 samples were denoted by TiO2:EuX (where X is the content of Eu3+ ions in %mol, X 

= 0, 1, 2, 4, 8, 12, and 15). TiO2 nanostructured powder and Eu(NO3)3 are required to be converted into 

a solution form in order to synthesize TiO2:EuX samples.  

First, 0.5 g nanostructured TiO2 powder was dissolved in the mixture of 20 mL H2O2 and 10 mL 

NH4(OH) to obtain a yellow transparent solution. Figure 2 shows the TEM image of the TiO2 solution.  

 

 

Figure 2. TEM image of TiO2 nanosolution 
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Second, the 0.01M Eu(NO3)3 solution was added to TiO2 nanosolution with different concentrations 

and then the solution was magnetically stirred at 100°C for 2 h. The obtained powder was annealed at 

different temperatures for 2 h.  

 

3. Results and Discussion 

3.1. The structure and microstructure of the pure TiO2 and Eu3+-doped TiO2 

XRD patterns of TiO2:Eu0 and TiO2:Eu4 powders calcined at different temperatures are presented in 

Figure 3. The percentages of the anatase phase, 𝑋A, and the average grain size, D, were calculated and 

presented in Table 1. It can be seen that the effect of the calcination temperature on the phase structure 

is the same in the manner for two materials. As the temperature increases, the variation in structure 

undergoes through amorphousness, anatase, and rutile phases. However, there is a slight difference in 

the phase component at each calcination temperature. The pure TiO2 powder has exhibited anatase 

structure at 450 °C, whereas TiO2:Eu4 possesses an amorphous phase at this temperature. The 

existence of anatase and rutile phases in the TiO2:Eu0 powder was observed at 650 °C, whereas the 

anatase phase was completely occupied in the TiO2:Eu4 materials. The anatase-rutile transition did not 

appear until the temperature was 750°C for the TiO2:Eu4 sample. TiO2:Eu0 exhibited the rutile phase 

structure at an annealing temperature of 950 °C, whereas TiO2:Eu4 remained as a part of the anatase 

phase with 19.6%. Finally, it can be concluded that the doping of Eu3+ ions into a nanostructure TiO2 

substrate prevented the crystalline formation and delayed the variation of the phase structure as 

compared with the pure TiO2 nanoparticles. 

As shown in Table 1 and Figure 4, the grain sizes of the pure TiO2 and doped TiO2 powders was 

increased as the calcination temperature increased. Especially, the grain size of the pure TiO2 samples 

was larger than that of the doped TiO2 specimens for each annealing temperature. Therefore, it can be 

concluded that the doping of Eu3+ ions into TiO2 nanoparticles can repress the revolution of the grain 

size in materials. 
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Figure 3. XRD patterns of TiO2:Eu0 (a), and TiO2:Eu4 nanoparticles (b) annealed at 350oC to 950oC. 
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Figure 4. Particle size as a function of calcinating temperature for 

TiO2:Eu0 and TiO2:Eu4 materials 

 

Table 1. The fraction of anatase phase (XA) and the estimated average particle size for TiO2:Eu0 and 

TiO2:4Eu nanoparticles at different temperatures 

Temperature 

(oC) 

D (nm) XA (%) 

TiO2:Eu0 TiO2:Eu4 TiO2:Eu0 TiO2:Eu4 

350 5.8 - 100 - 

450 7.6 - 100 - 

550 8.9 7.9 100 100 

650 12.5 9.81 94.9 100 

750 44.5 14.75 70.6 91.91 

850 61.92 45.08 37.5 72.13 

950 63.15 58.61 1.3 19.61 

 

The Raman spectra of TiO2:Eu0 and TiO2:Eu4 samples treated at various temperatures were measured 

and illustrated in Figure 5. The Raman bands characterized for anatase (392, 510, and 633 cm−1) and 

rutile phases (440 and 610 cm−1) were clearly seen [18, 29, 30]. This result is in a complete agreement 

with the above-described XRD analysis. The Raman spectra of the Eu3+-doped TiO2 specimen are quite 

similar to those of the pure TiO2 specimen except for a slight shift as a result of impurity doping [13, 

18, 23, 25].  
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Figure. 5. Raman spectra of TiO2:Eu0 (a) and TiO2:Eu4 (b) nanoparticles at room temperature 

 

3.2. The optical properties of Eu3+-doped TiO2 

We measured excitation and emission spectra by using luminescence spectroscopy in order to study 

the optical properties. Figure 6 presents the excitation spectra of TiO2:Eu4 samples annealed at 350°C 

to 950°C at an emission wavelength of 615 nm. Obviously, it can be observed that 362, 383, 394, 415, 

464, 525, and 532 nm peaks are attributed to excitation transitions from the ground states to the excited 

states as 7F0 → 5D4, 7F0 → 5L7, 7F0 → 5L6, 7F0 → 5D3, 7F0 → 5D2, 7F0 → 5D1, and 7F1 → 5D1, 

respectively [31–34]. Among them, the peaks at 393 nm and 464 nm seem to be the strongest for all 

samples. 
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Figure 6. Photoluminescence excitation spectra of TiO2:Eu4 sample annealed at differenttemperatures 

 

Figure 7 shows the PL spectra of TiO2:Eu4 specimens at room temperature treated at different 

temperatures under the 393 nm excitation.  
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Figure 7. Photoluminescence emission spectra of TiO2:Eu4 nanoparticles 

It can be clearly seen that the PL curves possess five emission bands corresponding to the transitions 

from the excited states to the ground states of Eu3+ ions. These peaks are centered at 580, 595, 615, 

654, and 701 nm and assigned to emission transitions of 5D0–7Fj (j = 0–4), respectively [32,33]. From 

the inset of Figure 7, it can be observed that the PL intensity increased as the annealing temperature 

was less than or equal to 450°C with the material possessing an amorphous phase. Beyond a 

temperature of 450°C, the amplitude of the PL peak decreased monotonically. The luminescence 

phenomenon was not even observed as the calcination temperature increased beyond 950°C. It was 

believed that the Eu3+-doped amorphous TiO2 matrix could better affect the received PL phenomenon 

as compared with the crystalline form.  

Figure 8 shows the PL emission spectra of TiO2:EuX samples annealed at 450°C for 2 h. As shown in 

the Figure, the concentration of Eu3+ strongly affected the PL characterization. With the increasing 

Eu3+ addition in the range of 1–15 mol%, the PL intensity continuously increased (see the inset of 

Figure 8). In this study, the concentration quenching phenomenon is not analyzed. Considering the ion 

radii of 0.0946 and 0.074 nm for Eu3+ and Ti4+, respectively, Eu3+ ions would not substitute for Ti4+ 

within TiO2, so Eu3+ ions could only be located on the surface of the TiO2 matrix that causes the PL 

emission phenomenon. 
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Figure 8. Photoluminescence emission Spectra of TiO2:EuX samples annealed at 450oC for 2 h 
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4. Conclusion 

We have successfully synthesized Eu3+-doped TiO2 nanoparticles with an acid sulfuric method by 

using an ultrasonic device. The obtained results confirmed that the structure and optical properties are 

strongly affected by doping concentration and calcination temperature. Consequently, the maximum 

PL intensity was obtained for the TiO2:Eu4 sample calcinated at 450°C and it continuously increased 

with the increase in the content of the dopant (Eu3+).  
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