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In the world of display technologies, lanthanide doped inorganic phosphors have become more popular in recent years. The 
suggested study uses a wet chemical approach to synthesize Tb3+, doped BaTiO3 phosphor. Phase Identification and 
vibrational features of proposed phosphor was confirmed using XRD and FTIR analysis. Under excitation at 351 nm, 368 nm, 
and 377 nm, the synthesized Tb3+ doped BaTiO3 phosphors showed blue and green emission peak at 452 and 545 nm 
photoluminescence spectra (PL). The potential application of the produced phosphor in WLEDs alongside additional display 
applications is supported by all of those results. 
 
(Received October 27, 2025; accepted April 6, 2026) 

 

Keywords: Wet chemical, Lamp phosphor, LEDs 

 

 
1. Introduction 
 

Because of its wide range of applications, including as 

capacitors, electro optical systems, pyroelectric infrared 

sensors, ultrasonic transducers, positive temperature 

coefficient (PTC) resistors, and more, barium titanate 

(BaTiO3) has been extensively investigated[1–4]. Its 

electrical properties can be effectively tailored through the 

use of different dopants and synthesis routes. The 

luminescence properties of BaTiO3 nanopowders generated 

by different processes may also be significantly influenced 

by the nature and concentration of defects introduced during 

processing. Among the chemical elements utilized as 

dopants for BaTiO3 are rare earths[3–6]. One of these, 

lanthanum, is a donor dopant that fills the Ba sites in the 

BaTiO3 crystal lattice. When barium titanate (BaTiO3) is 

doped with RE, it exhibits a shift in electrical resistance, 

particle size, and symmetry from tetragonal to cubic[9–11]. 

The BaTiO3 structure becomes defective due to RE-doping, 

as it results in alterations to the A and B sites as well as an 

A-site vacancy. It follows that doping should have an 

impact on optical properties. It was demonstrated that the 

optical band gap value (derived from UV–Vis spectra) for 

RE-doped BaTiO3 samples synthesized by solid state 

reaction reduced as La concentration increased. On doped 

samples, however, no broadening or shifting of the 

luminescence peaks is seen. However, it is known that the 

process of synthesis, which can result in the production of 

more or less structural flaws, might affect the physical 

properties (namely luminescence). There were several 

techniques utilized to prepare RE3+ doped BaTiO3, 

including co-precipitation, spray pyrolysis, sol-gel, solid 

state reaction and the Pechini method, etc[7,10–15]. We 

want to investigate the effects of rare earth. In this context, 

the present work aims to investigate the influence of rare-

earth doping on the luminescence characteristics of BaTiO3 

phosphors. 

Rare earth ion luminescence in solids has previously 

been observed in recent decades[16–19]. Due to the unique 

electrical arrangement of rare earth elements, rare earth 

luminescent materials have numerous emission spectra due 

to the rich energy level structure of their 4f orbit. Rare earth 

polychromatic luminescence materials have drawn 

increasing attention in recent years from those working in 

the fields of displays, lighting, lasers, and photoelectric 

devices[20–23]. Tb3+ is a superior ion for activating green 

lights. BaTiO3 is an attractive and relatively underexplored 

phosphor host due to its stable perovskite structure, defect-

tolerant lattice, and ability to accommodate rare-earth ions 

through charge compensation mechanisms. In addition to 

its well-known dielectric and ferroelectric properties, 

BaTiO3 provides a robust crystal environment that supports 

efficient rare-earth emission by suppressing non-radiative 

relaxation, making it a promising multifunctional host for 

luminescent and display applications. In light of the 

aforementioned, Tb³⁺-doped BaTiO₃ microcrystals were 

synthesized in the present work using a wet chemical route. 

The structural properties were examined using X-ray 

diffraction (XRD) and Fourier transform infrared (FTIR) 

spectroscopy. Photoluminescence (PL) studies were carried 

out to confirm the luminescent characteristics of Tb³⁺-

activated BaTiO₃ and to evaluate its potential for display 

device applications[24–26]. 

 
 
2. Synthesis and characterizations 
 

The BaTiO3 phosphors Tb3+ doped phosphor samples 

were synthesized by wet chemical synthesis. In a distinctive 

synthesis method, specific amounts of Ba(NO3)2.4H2O and 
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TiO2 were mixed. Tb4O7 (99.99 %) were dissolved in nitric 

acid to convert them into nitrates. and all reagents were 

dissolved in a small quantity of double-distilled water. The 

solution is then heated to 85 oC in a water bath while being 

constantly stirred to produce a homogenous precipitate. 

This Precipitate is dried in hot air oven over the night and 

sample was collected. The dried powder was then gently 

ground for 5 min and used for further characterization.s 

The produced BaTiO3 phosphor's phase purity was 

assessed using a number of analytical methods. The 

RIGAKU mini flex 600 XRD apparatus was used to 

investigate the powder patterns from XRD that were 

acquired using Cu Kα radiation (λ = 1.5405 Å). The 

vibrational properties of the material were examined using 

Fourier transform infrared spectroscopy (FTIR). We 

performed photoluminescence (PL) experiments, including 

excitation and emission spectra, to further characterize the 

material. The SHIMADZU spectrofluorophotometer RF 

5301 was used to perform these measurements. 

3. Result and discussion 
 
3.1. XRD analysis 

 

Step scanning at intervals of 0.02° was used to monitor 

the XRD pattern of the synthesized Ba1-xTiO3: Tb3+, 

phosphor in the range of (20−80°), as shown in Fig. 1. The 

detected diffraction peaks are in good agreement with 

JCPDS card number 82-1175. The peaks are thin, clear, and 

distinct, suggesting that the diffraction pattern is clearly 

indexed. The existence of these peaks is explained by the 

possibility that rare earth ions, whose ionic radii are similar 

to those of Ba2+, will occupy these interstitial positions. The 

near ionic radius match between Ba2+ ions and rare earths 

explains this substitution. The close agreement with the 

standard JCPDS data confirms that the phosphor samples 

were successfully synthesized with high phase purity. 

 
 

 

 
 

Fig. 1. XRD analysis of Ba1-xTiO3:xTb3+ phosphors (colour online) 

 

 

3.2. FTIR analysis 
 

The BaTiO3 perovskite phosphor's FT-IR illustrations 

are displayed in Fig. 2. The common explanation for the 

band at 1421 cm−1 is the asymmetric stretching vibration of 

carbonate groups. The carbonate groups' symmetric 

stretching vibration is correlated with the absorption at 1003 

cm−1. This peak provides additional evidence that carbonate 

ions are present in the sample. The carbonate group's out-

of-plane bending vibration is linked to the band at 696 cm−1. 

The recognition of carbonate ions in the material is also 

supported by this vibration mode. The presence of the Ti–

O stretching vibration band at 553 cm−1 in the FT−IR 

spectra, which is compatible with the findings from other 

analytical techniques like XRD, strongly supports the 

establishment of the perovskite structure in the 

prepared material. The effective synthesis of the desired 

perovskite phase is confirmed by this validation. The 

characteristic Ti–O stretching vibrations in the infrared 

spectra of BaTiO3 are well-known. The absorption peak 

located at 560 cm−1 is indicative of the particular vibration 

mode of the Ti–O bonds seen in the BaTiO3 structure. In the 

FT-IR spectra, the absorption bands at wave numbers (723 

and 772) cm−1 are linked to metal–oxygen (M−O) 

vibrations, specifically with the bonds between titanium 

and oxygen (Ti–O) and titanium and oxygen–titanium (Ti–

O–Ti)[3,27–29]. 
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Fig. 2. FTIR analysis of BaTiO3 phosphor (colour online) 
 

3.3. Photoluminescence investigation 
 

On doping Tb3+ ions, PL emission and excitation 

spectra were observed for the identical host lattice. The PL 

excitation spectrum exhibits several peaks in the near-

ultraviolet (NUV) region, with prominent peak positions at 

351, 368, and 377 nm. The 7F6 → 5L9 transitions are 

responsible for the peaks at 351 and 368 nm, whereas the 
7F6 → 5D3 transition shown in Fig. 3 is responsible for the 

peak at 377 nm[32,33]. The two wavelengths at which the 

peaks at 351 and 377 nm are the most influential are those 

at which we record PL emission spectra. Two strong 

emission peaks were found at 452 and 545 nm, along with 

a few smaller, more broadly orientated peaks at 452 and 488 

the wavelengths. The emission peaks at 452 and 488 nm 

arise from the 5D4 → 7F6 transitions, whereas the strong 

green emission at 545 nm is assigned to the 5D4 → 7F5 

transition, as illustrated in Figs. 4 and 5 [34–37]. 

 

 

 
 

Fig. 3. PL excitation spectra of BaTiO3:xTb3+ phosphor monitored at emission of 545 nm (colour online) 
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Fig. 4. PL emission spectra of BaTiO3:xTb3+ phosphor at excitation of 351 nm (colour online) 

  

 
 

Fig. 5. PL emission spectra of BaTiO3:xTb3+ phosphor at excitation of 377 nm (colour online) 

 
Additionally, the Tb3+ activated BaTiO3 phosphor's 

intensity increases with concentration up to 2.5%, after 

which it decreases. The quenching effect of concentration 

is the cause of this intensity drop. At critical concentration 

(XC), the critical transfer distance (RC) between the host 

ligand and activator ion is the nearby distance that causes 

the concentration quenching effect. The concentration 

quenching effect's accountable interaction will be 

determined by the value of RC. The mechanism of exchange 

interactions is in charge of the decrease in concentration 

intensity if RC is less than 5. Multipolar interaction is 

responsible for the same if it exceeds 5. The Blasse theory 

determines the critical transfer distance [20,38–40] 

 

𝑅𝐶 = 2 (
3𝑉

4∏𝑋𝐶𝑁
)

1
3⁄

                            (1) 
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The ideal concentrations for Tb3+ is Xc = 2.5 mol%, 

and N = 2 is the number of cations in the unit cell, assuming 

that V = 196.90 Å3 is the unit cell's volume. For Tb3+ ions, 

the formula now states that RC equals 4.22. Thus, in Tb3+ 

doped BaTiO3 phosphors, the concentration quenching 

effect is caused by exchange interaction. 
As per the Van Uitert’s theory interactions responsible 

for the concentration quenching in Tb3+ doped BaTiO3 

phosphors [34,35] 

 
 𝐼

𝑥
= 𝑘[1 +  . 𝑥 



3 ]−1               (2)     

In this case, x stands for the doping concentration, k 

and β are constants, and I stand for the lanthanide triggered 

phosphor intensity. The type of interaction that causes 

concentration quenching is dependent on the value of θ, as 

per the Van Uitert theory, which is based on the previously 

mentioned research[36]. Relation between log (x) and log 

(I/x) are depicted in Fig.6 for Tb3+ doped BaTiO3 

phosphors[37–39]. Slope of given linear fits for the Tb3+ 

doped BaTiO3 phosphors are -0.0389. Therefore, values of 

θ are 0.1167 for Tb3+ which are nearly equal to 3 therefore 

exchange interaction is responsible for the concentration 

quenching for Tb3+ ions. 

 

 
 

Fig. 6. Log(x) Vs Log(I/x) for Tb3+ doped BaTiO3 phosphors (colour online) 
 

3.4. CIE photochromaticity 
 

Fig. 7 displays the chromaticity coordinates of BaTiO3: 

Tb3+ phosphor, which were established by the Commission 

de I Eclairage (CIE)[42]. (0.2910, 0.6773) are the colour 

coordinates of BaTiO3 phosphors. These¬ phosphors show 

green light, as seen in Fig.7. The given formula determines 

the colour purity of the suggested sample[35,39–48];  

 

𝐶𝑜𝑙𝑜𝑟 𝑝𝑢𝑟𝑖𝑡𝑦 =
√(𝑋−𝑋𝑖)2+(𝑌−𝑌𝑖)2

√(𝑋𝑑−𝑋𝑖)2+(𝑌𝑑−𝑌𝑖)2
100 %       (3) 

 

where Xi and Yi are the coordinates of white light (0.333, 

0.333), Xd and Yd are the dominant coordinates of proposed 

phosphor (0.266, 0.666) and X and Y are the CIE color 

coordinates of proposed phosphor. Hence the color purity 

of proposed phosphor is found to be 90.24 %. 
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Fig. 7. CIE chromaticity of 2.5 mol % Tb3+ activated BaTiO3 phosphors (colour online) 
 
4. Conclusion 
 

The present study employs a wet chemical route to 

synthesize Tb³⁺-doped BaTiO₃ phosphors, which facilitates 

charge compensation effects and influences the 

photochromic behavior of Tb³⁺ ions. Various 

characterization techniques were employed to confirm the 

formation and properties of the synthesized phosphors. The 

crystalline structure and vibrational features were examined 

using X-ray diffraction (XRD) and Fourier transform 

infrared (FTIR) spectroscopy, respectively. The optical 

properties of the phosphor exhibit strong emission in the 

green region. The calculated CIE color purity of the 

phosphor is 90.24%. Overall, the phosphor demonstrates 

promising potential as a green-emitting material for 

WLEDs and displays devices applications. 
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