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A B S T R A C T 

In this research work, Yttrium Zirconate (Y2Zr2O7=YZO) phosphors doped with 

varying percentages of Bi3+ ions (x = 1.0, 1.5, 2.0, and 2.5) were successfully 

synthesized using a simple co-precipitation method and subsequently annealed at 

1300°C. Through X-ray diffraction, it was determined that the pure YZO sample had 

an average crystallite size of 20.63 nm, whereas the Bi3+ doped YZO samples averaged 

at 18.36 nm. Scanning electron microscopy (SEM) revealed the prepared samples as 

spherical agglomerates with particle sizes ranging between 110 nm and 120 nm. 

Exciting the samples at a UV wavelength of 305 nm, the photoluminescence emission 

spectra displayed a peak at 430 nm (blue), attributed to the 3P1→
1S0 transition of Bi3+ 

ions. Emission intensity decreased beyond a doping concentration of 1.5 at. % Bi3+, 

indicating a concentration quenching effect, establishing the optimal doping 

concentration at 1.5 at.%. Additionally, CIE color chromatic parameters were 

computed for the Bi3+ doped samples, pinpointing the optimized Bi3+ content (1.5 at. 

%) within the "Cyan" region, showcasing its potential for use in near-ultraviolet 

(NUV) blue emitting chips for display applications. 

© 2025 Published by Faculty of Engineering 

 

 

 

 

1. INTRODUCTION  
 

Yttrium zirconate (Y2Zr2O7 = YZO) is a promising 

fluorescent material with a wide bandgap (5.3 eV) and 

excellent chemical stability (Zhang, Lü, Qiu, Zhou, & 

Ma, 2008). It has been extensively studied as a host for 

several rare earth dopants such as Eu
3+

, Dy
3+

 and Tb
3+

 that 

emit visible light when excited with UV radiation (Q. Du, 

Zhou, Zhou, Jia, & Zhou, 2013; Gao et al., 2011; Papan, 

Vuković, Ahrenkiel, Jovanović, & Dramićanin, 2017). 

This type of mixed oxide is usually from the pyrochlore 

system (space group Fd-3m) or the fluorite system (space 

group Fm-3m). As the bond radius ratio decreases, the 

structure of A2B2O7 gradually changes from fully ordered 

pyrochlore structure to disordered defective pyrochlore 

structures (Q. Du, Zhou, Zhou, & Yang, 2012; Xiao et al., 

2021). The material exhibits remarkable optical 

transparency across an extensive wavelength range. Its 

substantial unit cell allows for extensive doping with 

trivalent lanthanide elements. Moreover, it can be co-

doped with Bi
3+

 or Ce
3+

 to enhance fluorescence 

sensitivity (Ting, Chiu, Chang, & Chuang, 2011; Tong, 

Chen, Wang, & Huo, 2015). 

 

Bi
3+

 ions are also known as photoactive activators and 

have been used to activate various host networks 

including YZO. When doped in YZO, Bi
3+

 ions can emit 

blue light through the 
3
P1 → 

1
S0 (Whittle, Cranswick, 
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Redfern, Swainson, & Lumpkin, 2009) transition. 

According to the results of many researchers, the 

emission spectra of Bi
3+

 ions are broad and the peaks 

range from blue to green for different host lattices, 

because the outer 6S
2
 electronic structures of Bi

3+
 ions 

depend on their environmental conditions, namely 

covalent and coordination No. etc. and place are equal. 

Therefore, from the results, Bi
3+

 ions can be used as a 

sensitizer to transfer their energy to the surrounding 

dopant ions and increase the doping emission intensity. 

Therefore, Bi
3+

 ion proved to be a very good sensitizer for 

common rare earth ions such as Eu
3+

, Tb
3+

 and Dy
3+

 etc., 

with greatly enhanced fluorescence efficiency through 

energy transfer and broadening of excitation spectrum 

(Awater & Dorenbos, 2017; Q. Du et al., 2012; Talari, 

Chirauri, Rambabu, & Ramachandra Rao, 2023; Talari, 

Chirauri, Reddy, & Rao, 2022). In this study, the 

synthesis and photoluminescence properties of YZO 

phosphors with different doping concentrations of Bi
3+

 

ions (X = 1.0, 1.5, 2.0 and 2.5) are reported.  

 

These phosphors were synthesized through a 

straightforward co-precipitation process, which is of low 

cost, very effective in comparison with other chemical 

synthesis methods such as “polyol” or “sol-gel”. The 

precipitate formation in this method is often quick and the 

chemicals get well mixed in the solution forming a 

homogenous final product which is then subsequently 

annealed at 1300°C.  

 

The crystal structure, morphology, and 

photoluminescence characteristics were examined using 

X-ray diffraction (XRD), scanning electron microscopy 

(SEM), and photoluminescence spectroscopy. 

 

2. SYNTHESIS PROCEDURE 
 

A straightforward wet-chemical technique called the 

"Co-Precipitation method" was used to prepare the 

samples of undoped and Bi
3+

 doped YZO phosphors. 

The Y(NO3)3.6H2O, Zr(NO3)3.6H2O, and 

Bi(NO3)3.5H2O precursors used in the production of 

YZO were bought from Sigma-Aldrich in 99.99% 

purity. The above-mentioned powders were weighed in 

the appropriate amounts and properly combined with 

20 milliliters of distilled water in a round-bottom flask 

to create YZO in pure form. This concoction was 

placed on a heated magnetic stirrer to act as a reduction 

agent. The mixture was agitated for two hours until a 

white precipitate formed, and NH4OH was gradually 

added to the mixture from a burette. The precipitate-

containing solution was washed three times with 

methanol, collected, centrifuged, and allowed to dry 

overnight in a dust-free environment. Following that, 

the dried samples were calcined in a furnace at 1300°C 

before being collected by grinding them in an agate 

mortar. This same procedure was repeated to create x% 

Bi
3+

 (where x = 1.0, 1.5, 2.0, and 2.5) YZO samples by 

dissolving the required amount of Bi(NO3)3.5H2O in 

distilled water along with additional reagents. 

3.  RESULTS AND DISCUSSION 
 

3.1 XRD Results 
 

The XRD patterns of single-phase YZO: Pure and Bi
3+

 

doped samples calcinated at temperature 1300
0
C are shown 

in Figure 1. The reason for high calcinations temperature 

may be ascribed due to the fact that, higher calcinations 

temperature can easily produce nanoparticles bonding, 

formation of high-sized aggregates which affect the 

luminescence performance of the samples (Geng, Shang, 

Zhang, Lian, & Lin, 2013; Samuel & Kamal, 2022). The 

pyrochlore structure, denoted as A2B2O7 (where A=Y
3+

 and 

B=Zr
4+
 , aligns with the  d3 m space group, num ered as 

#227 (with Z = 8). The ions A, B, O, and O' reside in the 16c, 

16d, 48f, and 8b crystallographic sites, respectively, inside 

this structure. The oxygen vacancy is represented by an 

empty '8a' site. The exact location of this vacancy is at the 

tetrahedral interstitial site between nearby B-site cations 

(Zr
4+

). As a result, the coordination number of the A cation 

(La
3+

) is still 8, while the coordination number of the B 

cation decreases to 6 from 8. ZrO6 octahedra at the vertex 

corners and La
3+

 in the hexagonal holes constitute the 

framework of YZO's Ordered Pyrochlore (OP) structure, 

which creates a network of vertex corners and hexagonal 

holes (Tang et al., 2016).  

 

Consequently, the introduction of Bi
3+

 ions through doping is 

anticipated to substitute Y
3+

 ions in the YZO structure, 

resulting in a singular-phase structure inclusive of the dopant 

ions. Figure 1 showcases diffraction peaks that closely align 

with the reported cubical phase of YZO (JCPDS-01-077-

2117). Notably, there's no detection of a secondary phase, 

signifying the comprehensive dissolution of the Bi
3+

 ions 

within the YZO host lattice (Chen et al., 2018; Sashmeetha, 

Chitrarasu, & Thangadurai, 2019). 

 

Consequently, the introduction of Bi
3+

 ions through doping is 

anticipated to substitute Y
3+

 ions in the YZO structure, 

resulting in a singular-phase structure inclusive of the dopant 

ions. Figure 1 showcases diffraction peaks that closely align 

with the reported cubical phase of YZO (JCPDS-01-077-

2117). Notably, there's no detection of a secondary phase, 

signifying the comprehensive dissolution of the Bi
3+

 ions 

within the YZO host lattice (Chen et al., 2018; Sashmeetha, 

Chitrarasu, & Thangadurai, 2019). 

 

 

Figure 1. XRD graph of YZO: Pure and Bi
3+

 doped 

sample calcinated at 1300
0
C. 
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Table 1 shows the average crystallite size which was 

estimated from the peak width (i.e, FWHM) of the few 

most intense peaks from the XRD pattern using Scherrer’s 

equation (1).  

Average Crystallite Size,    
    

      
    (1) 

Where λ is the wavelength of X-rays = 1.5406 A
0
 and β is 

the corrected full width at half maximum (FWHM) of an 

o served peak and θ is the Bragg’s Diffraction angle. 

 

The average crystallite sizes are calculated using equation (1) 

and are found to be 20.63 nm for the pure YZO sample and 

18.36 nm for the Bi
3+

 doped YZO sample. The distortion 

observed in the size is attributed to lattice strain, 

necessitating the introduction of charge-compensating 

defects and leading to the creation of oxygen vacancies. This 

arises from the mismatch in size between Y
3+

 ions of ionic 

radius 1.019 A
0
 and Bi

3+
 ions of ionic radius 1.17 A

0
. This 

phenomenon confirms the substitution of Bi
3+

 ions within the 

Y2Zr2O7 (YZO) host lattice, replacing the Y
3+

 ions at 

tetrahedral sites without significantly altering the structure. 

(Kumar et al., 2018; Prasad, Walke, & Bhame, 2019; Shaik, 

Kumar, Chirauri, & Rao, 2022). 

 

Table 1. Crystal Parameters of YZO: Pure and Bi
3+ 

doped 

samples 

Compound 
a=b=c 

A0 

V 

(A0)3 

Crystallite  

Size 

(nm) 

YZO: Pure 5.21000 141.420 20.63 

YZO: Bi3+ 5.21022 141.439 18.36 

 

3.2 Morphology Results 
 

The morphological studies of the YZO: Pure and Bi
3+

 

doped phosphor powders were investigated by utilizing 

FEI Thermo Fisher Quanta 200F (SEM) instrument and 

are depicted in Figure 2. A collection of crystalline 

granules and particles are observed in the SEM images of 

the phosphorus.  

 

 

Figure 2. SEM images of (a) YZO: Pure, (b) YZO doped 

with Bi
3+

 sample 

 

Owing to the phosphor particle aggregation that occurs 

during the calcinations, all the particles are discovered to be 

spherical in shape and the values of Avg. Particle size 

distribution of YZO pure and Bi
3+

 doped samples are 120 nm 

and 110.12 nm respectively. Figure 3 displays the particle 

size distribution between the Bi
3+

 doped and pure samples as 

determined by graphing histograms. The results revealed that 

the particle size decreases upon doping the sample with 

Bi
3+

ions; this can be attributed to Coalescence effect. The 

difference in ionic radius between Y
3+

& Bi
3+ 

ions lead to this 

pseudo-distortion, resulting in a reduction in particle size 

(Edgar, 2007; Ju et al., 2011). 

 

 

Figure 3. Avg. Particle Size distribution graphs of YZO: 

Pure and Bi
3+

 doped sample 
 

3.3 Photoluminescence Results 
 

The photoluminescence excitation and emission spectra of 

YZO: x at%. Bi
3+

 (x= 1.0, 1.5, 2.0 & 2.5) ions is depicted in 

Figure 4. Rare Earth ions such as bismuth are multipurpose 

since they can be used as activators and sensitizers. This 

indicates that it can both directly contribute to luminescence 

(activator role) and increase the luminescence of other ions 

(sensitizer role). The Bi
3+

 ions exhibit a variety of energy 

levels, including the ground state (
1
S0) and excited states 

(
3
P0, 

3
P1, 

3
P2, and 

1
P1). The luminous behaviour of Bi

3+
 is 

significantly influenced by the transitions between these 

states. Transitions between states are guided by spin-

selection rules.  or instance, the ΔS = 0 rule governs the 

transition from 
1
S0 to 

1
P1, while the 

1
S0 to 

3
P0 transition is 

prohibited because of the constant total angular momentum 

(ΔJ = 0  (Jafer et al., 2015; Ju et al., 2011). The 
1
S0 to 

3
P1 

transition, which is frequently forbidden by spin-selection 

criteria, becomes permissible when singlet and triplet states 

are coupled. The experimental results are shown in Figure 4, 

which depicts the Photoluminescence spectra of YZO: x at% 

Bi
3+

 for different concentrations such as x= 1.0, 1.5, 2.0 & 

2.5.  
 

 
Figure 4. Photoluminescence Spectra (a) Excitation, (b) 

Emission and (c) Concentration Vs Emission Intensity 

graph of Bi
3+

 doped LZO samples 
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The 
1
S0 to 

3
P1 transition of Bi

3+
 ions is responsible for a 

broad excitation band that peaks at about 305 nm and 

extends from 250 nm to 400 nm. The excitation wavelength 

at which the emission spectra were recorded (λex = 305 nm) 

revealed a unique emission band at around 430 nm (blue), 

which is associated with the 
3
P1→ 

1
S0 transition of Bi

3+
 ions 

in the host structure. The intensity of emission at 430 nm 

increases as the concentration of Bi
3+

 ions rises to 1.5 at.%. 

Nevertheless, a concentration quenching effect causes the 

emission intensity to drop beyond this concentration. (Basina 

et al., 2023). Thus, the optimal composition is determined to 

be YZO: 1.5 at. % Bi
3+

 ions. Further, the relative emission 

intensities as a function of the dopant concentration is 

represented in Figure 4(c). However, the emission spectrum 

was used to determine the chromaticity colour coordinates in 

accordance with the CIE (Commission Internationale de 

l'Eclairage) 1932 in order to understand the luminous 

properties of the manufactured phosphor granules. Figure 5 

shows the CIE diagram specifically for YZO doped with 1.5 

at.% Bi
3+

.  

 

 

Figure 5. CIE Chromaticity diagram of optimized Bi
3+ 

doped YZO sample 

 

Using the (x, y) colour coordinates and specialized software, 

the CIE parameters were used to measure colour saturation. 

The color-correlated temperature (CCT) values (Figure 5) 

were calculated from the emission profiles of the prepared 

samples using a ratio that was derived from the chromaticity 

epicentre and the inverse slope line. (F. Du, Tang, Zhao, Du, 

& Xia, 2023; Suresh et al., 2018). The colour variables for 

optimized Bi
3+

 content (i.e., 1.5 at%) fall on the "Cyan" 

region with CIE coordinate values at X = 0.2068, Y = 

0.3268, CCT value 14754 K, colour purity value 43.2%, and 

CRI value 37%, respectively (Li et al., 2022). Because of 

this, the YZO host sample doped with Bi
3+

 ions are thought 

to be appropriate for use in NUV blue emitting chips for 

display applications. Since the sample emits blue emission, it 

might be applicable for latent fingerprint detection, LED 

lighting and fluorescent lamps.  

 

4. CONCLUSIONS  
 

Yttrium Zirconate (YZO) phosphors powders doped with 

various concentrations of Bi
3+

 ions (x=1.0, 1.5, 2.0 & 2.5) 

were effectively synthesized through a straightforward "co-

precipitation" method and subsequently annealed at 1300°C. 

XRD analyses demonstrated distinct crystallite size 

variations, with average sizes measuring 20.63 nm for pure 

YZO and 18.36 nm for the Bi
3+

 doped samples. SEM 

examinations highlighted spherical agglomeration 

morphology, ranging in size from 110 nm to 120 nm. The 

Photoluminescence studies unveiled the emission peak 

associated with the 
3
P1→

1
S0 transition of Bi

3+
 ions, occurring 

at approximately 430 nm when excited at around 305 nm. 

Notably, there's a decline in emission intensity beyond a 1.5 

at. % Bi
3+

 doping concentration due to a concentration 

quenching effect, leading to the identification of the optimal 

concentration as YZO: 1.5 at % Bi
3+

. Evaluation of CIE 

color parameters indicated that the optimized Bi
3+

 content 

(1.5 at. %) exhibited characteristics within the "Cyan" 

region, with CIE coordinates at X = 0.2068, Y = 0.3268, 

along with color purity and CRI values of 43.2% and 37% 

respectively. Conclusively, the photoluminescence studies 

revealed that the prepared YZO sample doped with Bi
3+

 ions 

could be a promising material for the use in NUV blue 

emitting chips for display, LED and fluorescent lamp 

applications. 
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