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Abstract. Powders of Y3NbO7:xDy3+ (x = 0.5, 1, 1.5, 3 and 5 mol%) were 

produced through a solid-state process. X-ray diffraction investigations confirm the 

fluorite-type structure (space group 𝐹𝑚3̅𝑚) of powders with crystallite size in the range 

of 19–60 nm. Both the photoluminescence excitation and emission spectra revealed the 

presence of defects within the material. With different excitation wavelengths, the 

emission spectra exhibited distinct emission patterns. At each excitation wavelength, 

the emission was quenched at Dy3+ concentration higher than 1 mol%. The decay time 

measurements of the highest intensity emission revealed a progressive decrease from 

0.472 milliseconds for x = 0.5 mol% to 0.246 milliseconds for x = 5 mol%. The CIE 

chromaticity coordinates investigation revealed that the emission color may be altered 

by varying the excitation wavelength, ranging from blue (excitation at 333 nm) and 

near-white (excitation at 353 nm and 390 nm) to orange (excitation at 457 nm). The 

chromaticity of emission under 353 nm and 390 nm excitation validated the material's 

suitability as an almost-white phosphor. 
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1. INTRODUCTION 

Light-emitting materials, particularly phosphors, play a crucial role in our daily 

lives, and it is difficult to envisage technological advancement without them. In this 

regard, current research into light-emitting materials has two goals: discovering new 

materials and improving the capabilities of existing ones. Many mixed oxides of the 

Re2O3–M2O5 varied family of compounds (Re = Y, La, Lu; M = V, Nb, Ta, P) have 

been extensively studied due to the exceptional qualities they possess [1–5]. 

As yttrium niobates, the Y2O3–Nb2O5 combination exists in two forms: 

YNbO4 and Y3NbO7. YNbO4, a fergusonite-structured yttrium-niobate, proved to be 

an excellent host material for doping with a range of lanthanide ions [6–9]. Previous 
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research on YNbO4 [10–12] demonstrated its high doping potential and strong 

temperature sensing characteristics. Fluorite's niobate analog, Y3NbO7, has been 

studied as a host for photoluminescent ions to a limited extent [13–17]. Our recent 

publication [18] was focused on the concentration quenching of Y3NbO7:Eu3+ 

emission and associated Judd-Ofelt parameterization. 

White light emitting diodes (WLEDs) with stable and intense output are 

currently in high demand in display and lighting technology. Commercial WLEDs are 
comprised of a blue InGaN chip and a yellow-emitting YAG:Ce3+ phosphor, however, 

the absence of a red component results in disadvantages like a high associated color 
temperature and a low color rendering index. Possible solutions include integrating 

blue chips with red and green emitting phosphors, or merging red, blue, and green 
emitting phosphors onto near-UV chips [19, 20]. Using Dy3+-doped phosphors [21] is 

a second approach that is simpler and less expensive. Dy3+ ions are exceptional in that 
they can produce emissions in the blue and yellow regions, and in some hosts, the red 

region of the spectrum [21]. Since the red emission of Dy3+, if detected at all, is often 

of low intensity, the rendering index and color quality of the resulting white light are 
low. Nevertheless, near-white light emission can be achieved by modifying the yellow-

to-blue intensity ratio value [21]. So, the focus of our research was on incorporating 
Dy3+ ions into the Y3NbO7 matrix and analyzing the resulting emission color, which 

may match the specifications for white LEDs. 
Powders of Y3-xDyxNbO7 (x = 0.5, 1, 1.5, 3, 5 mol%) were produced for the 

first time utilizing a solid-state reaction method. We tested their emission under 
various wavelengths of excitation, obtaining tunable emission colors ranging from 

blue through white to orange. Additionally, the optimal concentration of Dy3+ ions 
was identified. Based on the CIE chromaticity study, we examined the quality of 

emission colors and the viability of employing these samples as phosphor-converted 
white LEDs. 

2. EXPERIMENTAL 

The powder samples of Y3NbO7 with different Dy3+ concentrations (0.5, 1, 1.5, 

3, 5 mol%) were prepared using the starting precursors: Y2O3 (Alfa Aesar, 99.9%), 
Nb2O5 (Alfa Aesar, 99.5%), Dy2O3 (Alfa Aesar, 99.9%), while Na2SO4 · 10H2O 

(Alfa Aesar, 99%) was added as flux, to facilitate the solid-state reaction between 
components. The precursors were mixed and homogenized in a vibrational ball mill 

(Anton Paar BM500). The whole procedure consisted of two cycles of milling and 

annealing, as it is described in detail in [18]. 
X-ray diffraction measurements obtained with a Rigaku SmartLab system 

operating with Cu Kα radiation at 30 mA and 40 kV were used to confirm the phase 
purity and crystallinity of the samples. Diffraction spectra were recorded in the 2θ range 

of 10○–90○, with 0.02° steps and 1°/min counting time. The corresponding results of the 
structural analysis were obtained using a built-in PDXL2 package software.  



3 Tunable emission color of novel Y3NbO7:xDy3+ phosphor Article no. 505 

Scanning electron microscopy was used to observe powders’ microstructure. 

The micrographs were taken using Mira3 Tescan field emission scanning electron 

microscope (FE-SEM), operating at 20 keV and with 20.00 kx magnification. 

Photoluminescent properties of the samples were scrutinized using a Fluorolog-3 

Model FL3-221 spectrofluorometer system (Horiba Jobin Yvon), equipped with a 

450 W Xenon lamp and TBX detector. The excitation and emission spectra were 

recorded at room temperature at several different wavelengths. Excited-state lifetime 

measurements at room temperature were carried out using the FHR1000 Horiba 

Jobin Yvon spectrofluorometer system with an iCCD camera (Horiba Jobin Yvon 3771), 

by exciting samples with a 365-nm Ocean Optics fiber-coupled LED (L365A) and 

recording the emission at 575 nm. 

3. RESULTS AND DISCUSSION 

3.1. PHASE, STRUCTURAL, AND MICROSTRUCTURAL ANALYSIS 

The Y3NbO7 compound crystallizes in a cubic fluorite-type structure, with a 

space group 𝐹𝑚3̅𝑚 [21–24]. This structure is schematically presented in Fig. 1, where 

the Y3+ and Nb5+ ions randomly occupy the cation 4a site in the 3:1 ratio. Oxygen ions 

are distributed at anion 8c sites, coordinating both Y3+ and Nb5+ ions octahedrally, 

while oxygen vacancies randomly occupy 1/8 of anion sites [22, 25]. However, the 

presence of O-vacancies can represent a drawback concerning photoluminescent 

properties, as they cause an intrinsic structural disorder that influences the spectroscopic 

properties of Eu3+ dopant ions within this host [14, 18]. Considering the size and 

electric charge [26], we can say that Dy3+ ions replace Y3+ ions within the fluorite 

Y3NbO7 structure, conserving their octahedral coordination with O2- ions. 

 

 
 

Fig. 1 – The structure of the Y3NbO7 compound. 

 
Figure 2 displays the structural and microstructural characterization results. 

The X-ray diffraction patterns of the synthesized Y3NbO7: xDy3+ powders are shown 
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together with the standard data from the ICDD 01-074-6421 card. No diffraction 

peaks from impurity phases are observed, which suggests that this synthesis 

procedure enables the production of Dy3+-doped single-phased powders of the same 

structure as the Y3NbO7 host. There is a slight trend in the peak shift towards lower 

2θ values, proving that the dopant ions are effectively incorporated into the Y3NbO7 

host. The representative SEM micrographs show the powders’ microstructure 

characteristic for the solid-state synthesis procedure. The agglomerated particles of 

1–2 micrometer sizes and irregular shapes can be distinguished from the smaller 

submicron chips that were formed during the milling process. As expected, the Dy3+ 

ions concentration does not influence the microstructure of the powders. 

 

 
 

Fig. 2 – XRD spectra of Y3NbO7:xDy3+ samples (x = 0.5, 1, 1.5, 3, 5 mol%),  

the ICDD 01-074-6421 diffraction data and the representative SEM images  

of Y3NbO7:xDy3+ samples (x = 0.5, 3, 5 mol%). 

 
The crystal lattice parameters given in Table 1 were determined using the built-in 

PDXL2 package software, and the initial parameters for the analysis were taken from 

[27]. The fitting parameters (profile factor [Rp], weighted profile factor [Rwp], and 

the expected weighted profile factor [Re], the goodness of fit [GOF]) are relatively 

small, indicating a reliable fitting outcome. The crystallite size varies from 19 nm to 

60 nm and is more likely influenced by local inhomogeneities during the synthesis 

procedure than the Dy3+ ion content. The unit cell parameter exhibits only a slight 

variation with the increase in Dy3+ concentration. It is safe to say that the Dy3+ content 

is so small, it does not influence the structural parameters of the Y3NbO7 host. 
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Table 1 

Structural details of the Y3NbO7 powder samples with different Dy3+ concentrations 

x 

[mol% Dy3+] 
0.5 1 1.5 3 5 

a = b = c (Å)   5.25007(9)   5.25312(9)   5.24669(10)   5.25303(8)   5.25206(10) 

Crystallite size (Å)      606(3)      427(6)      186(4)       424(7)       345(4) 

Strain (%)   0.49(10)   0.11(3)   0.31(7)   0.11(3)   0.14(3) 

Rwp (%) 10.08 11.94 16.46 10.49 15.73 

Rp (%)   8.19   8.99 10.04   8.24 10.90 

Re (%)   2.85   2.83   3.10   2.79   2.71 

GOF   3.5396   4.2235   5.3047   3.7534   5.8037 

3.2. STEADY-STATE PHOTOLUMINESCENCE SPECTROSCOPY 

The photoluminescence excitation spectra of Y3NbO7:xDy3+ powders, recorded 

under different emission wavelengths are shown in Fig. 3. When the emission is fixed 

at 579 nm (4F9/2 → 6H13/2 transition of Dy3+), the excitation spectra in Fig. 3a displays 

narrow peaks that occur due to typical 4f → 4f electronic transitions of Dy3+ ions. The 

excitation transitions from the 6H15/2 ground level to the following upper energy levels 

appear at: 326 nm (→ 4M17/2) 353 nm (→ 6P7/2+4M15/2), 365 nm (→ 6P5/2+6P3/2), 

387 + 392 nm (→ 4K17/2 + 4F7/2+4I13/2), 426 nm (→ 4G11/2), 449+456 nm (→ 4I15/2), 

473 nm (→ 4F9/2) [28–30]. The sample with 1 mol% exhibits the strongest excitation 

intensity. By monitoring the emission at 394 nm, we recorded the wide excitation 

band, peaking at about 329 nm (Fig. 3b) which originates from the excitation of the 

matrix’s defects. As proven before, the presence of oxygen vacancies within the 

fluorite structure can cause an intrinsic structural disorder that affects photoluminescent 

properties [14, 18]. 

 

 
 

Fig. 3 – Excitation spectra of Y3NbO7:xDy3+ samples (x = 0.5, 1, 1.5, 3, 5 mol%), recorded under: 

a) λem = 579 nm; b) λem = 394 nm emission wavelengths. 
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The emission spectra of Y3NbO7:Dy3+ under various excitations and Dy3+ 

concentrations are shown in Fig. 4. When the samples are excited by 353 and 390 nm 

(Fig. 4a and Fig. 4b, respectively), they exhibit standard emission peaks of Dy3+ ion, 

located around 480 nm (4F9/2 → 6H11/2 transition), 580 nm (4F9/2 → 6H13/2 transition) 

and 670 nm (4F9/2 → 6H15/2 transition) [21]. The 4F9/2 → 6H13/2 transition is the most 

intense, being subjected to the hypersensitivity selection rule ΔJ = ±2 [31]. This 

means there is a lack of inversion symmetry of the crystallographic sites where the 

dopant Dy3+ ions are situated [32]. Since XRD analysis proved that all the 

synthesized powders have crystallized in the 𝐹𝑚3̅𝑚 space group and that substituting 

Y3+ with Dy3+ is not affecting the existing symmetry of the host, the origin of the 

disorder can be explained by the presence of oxygen vacancies [15]. In this study, 

the oxygen vacancies are presumably introduced during the milling in the synthesis 

process. The red emission transition around 670 nm is also recorded and is of the 

lowest intensity. 

The emission obtained under the 333 nm excitation (Fig. 4c) reveals a strong 

band in the blue region, peaking at 400 nm, that surpasses the emission peaks of the 

Dy3+ ion. It is the first time that a defect type of emission is reported in Y3NbO7-based 

phosphors and it resembles the blue emission of the undoped YNbO4 when excited 

with UV or X-rays, which occurs due to charge transfer from the oxygen to niobium 

within the NbO4
3– tetrahedron groups inside the lattice [33–35]. In the fluorite 

Y3NbO7 structure, both Y3+ and Nb5+ ions are octahedrally coordinated to oxygen, 

but the presence of oxygen vacancies can introduce perturbation into this 

arrangement. Thus, we can safely assume the strongest emission band in Fig. 4c 

originates from the O2– – Nb5+ charge transfer within the defect tetrahedrons inside 

the matrix. 

Upon excitation with 457 nm, the synthesized Y3NbO7:xDy3+ powders exhibit 

a two-band emission from Dy3+ transitions, while the yellow one around 578 nm 

convincingly dominates. A low intensity infrared band around 760 nm is visible as 

well. It is displayed in a magnified image and originates from the 4F9/2 → 6H9/2 

transition. 

From the insets in Fig. 4, where the integrated emission intensity is depicted 

as the function of Dy3+ concentration, it is obvious that the concentration quenching 

of emission occurs after 1 mol% of Dy3+. As there is no available data on Dy3+-doped 

Y3NbO7, we compared this result to the dysprosium emission in the YNbO4 matrix 

[36]. In this study, the critical concentration is lower than in [36], which is to be 

expected since the same applies to Eu3+ ions in these niobate matrixes [18]. The 

concentration dependence has got almost identical profiles for all different  

excitation wavelengths, except for the dominantly defect-originated emission at 

λex = 333 nm (Fig. 4c). The main contribution to this emission does not come from 

the Dy3+ ion itself, so we cannot discuss the influence of it on the overall integrated 

emission intensity. 
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Fig. 4 – Emission spectra of Y3NbO7:xDy3+ samples (x = 0.5, 1, 1.5, 3, 5 mol%), recorded under:  
a) λex = 353 nm; b) λex = 390 nm; c) λex = 333 nm and d) λex = 457 nm, excitation wavelengths.  

Insets display the concentration dependence of integrated emission intensities. 

3.3. TIME-RESOLVED PHOTOLUMINESCENCE SPECTROSCOPY 

A lifetime of the photoluminescent emission from the excited state (τ) is defined 
by the following equation: 

 

𝜏 = (∑𝐴𝑅 + 𝐴𝑁𝑅)
−1

 (1) 

 
where 𝐴𝑅 and 𝐴𝑁𝑅 are radiative and non-radiative transition rates, respectively. 

Figure 5a shows curves of the emission decay upon the 365 nm excitation for 
samples with different Dy3+ concentrations. These data were fitted using the single-
exponential model: 

 

𝐼(𝑡) = 𝐼(0) · exp (−
𝑡

𝜏
) (2) 

 
and the lifetime values are obtained from the fits (Fig. 5b). The lifetime value is the 
highest for the 0.5 mol%-doped sample (τ = 0.472 ms), after which it declines with 



Article no. 505 Lj. Đačanin Far et al. 8 

the increase of Dy3+ concentration down to τ = 0.246 ms. The distribution of lifetimes 
does not coincide with the concentration quenching of emission (Fig. 4), and the 
main process responsible for the emission lifetimes decrease is the cross-relaxation 
between Dy3+ ions [37]. The explanation for this is that the radiative transition rate 
is the same regardless of concentration, while 𝐴𝑁𝑅 monotonously increases with 
Dy3+ concentration because of the cross-relaxation mechanism, leading to lifetime 
values decrease. The calculated lifetime values can be compared to the recent decay 
lifetime data of Ba2GdV3O11:0.04Dy3+ (0.47 ms) [38], LiNbO3:0.02Dy3+ (0.215 ms) 
[39] and KCa2Nb3O10:0.20Dy3+ (0.160 ms) [40], indicating the samples in this study 
are promising phosphors. 
 

 
 

Fig. 5 – a) Lifetimes of the samples with different Eu3+ concentrations (from 0.5 to 5 mol%);  
b) concentration dependence of lifetime values. 

3.4. CIE COLOR COORDINATES 

To evaluate the color of the synthesized phosphor samples, CIE chromaticity 
coordinates were derived from the spectra shown in Fig. 4, and other colorimetric 
values were derived from these data (see Table 2). Figure 6 depicts the variation of 
CIE coordinates with the excitation wavelength and doping concentration. The color 
of Y3NbO7:xDy3+ phosphors can be tuned with different excitation wavelengths, 
ranging from near-white (Fig. 6a) and 6b) to blue (Fig. 6c) and orange (Fig. 6d). 

The dominant wavelength (λdom) is estimated graphically by extrapolating the 
straight line starting from the CIE Standard Illuminant E (xs = 0.333, ys = 0.333) through 
the calculated CIE coordinates (x, y) [30]. The color purity (CP) is calculated from [41]: 

 

CP = √
(𝑥 − 𝑥𝑠)

2 + (𝑦 − 𝑦𝑠)
2

(𝑥𝑑 − 𝑥𝑠)
2 + (𝑦𝑑 − 𝑦𝑠)

2
 (3) 

 
where (xd, yd) are the coordinates of the dominant wavelength. The value of 100% 
of CP corresponds to the monochromatic light, while the Standard Illuminant has 
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a value of 0%. We estimated the correlated color temperature from the equation 
[42, 43]: 

 
CCT = −449𝑛3 + 3525𝑛2 − 6823.3𝑛 + 5520.33, (4) 

 
that gives the closest matching to the Planckian locus, where n = (x – 0.3320) /  

(y – 0.1858). 

 

 
 

Fig. 6 – CIE chromaticity coordinates of Y3NbO7:xDy3+ samples (x = 0.5, 1, 1.5, 3, 5 mol%), 

recorded under: a) λex = 353 nm; b) λex = 390 nm; c) λex = 333 nm, and  

d) λex = 457 nm excitation wavelengths. 

 
When excited with a 333 nm light, the Y3NbO7:xDy3+ phosphors emit blue color 

of about 463 nm, and the highest color purity of 76.4% for the sample with 0.5 mol% 
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of Dy3+. The excitations with 353 and 390 nm lead to the near-white emission of the 

samples with the corresponding color temperature of ~5000 K and the color purity values 

close to the one of the Standard Illuminant. The excitation with 353 nm produces white 

light emission of better quality than under 390 nm irradiation. These results indicate 

a potential usage of the Dy-doped Y3NbO7 phosphors for white LEDs. Compared to 

the recently reported Dy-doped novel phosphors for WLEDs, our samples’ color 

coordinates and purity are much closer to the Standard Illuminant values [40]. Upon 

the 457 nm excitation, Y3NbO7:xDy3+ samples become bright orange phosphors, with 

a dominant wavelength of 581 nm, color purity of 100% and corresponding color 

temperature of 2500 K, independent of Dy3+ concentration. 

Table 2 

CIE coordinates (x, y), corresponding color temperature (CCT), color purity (CP),  

and dominant wavelength (λdom) of Y3NbO7 samples doped with different  

Dy3+ concentrations and excited with different wavelengths 

x [mol%] λexc [nm] x y CCT [K] λdom [nm] CP [%] 

0.5 333 0.186194 0.104183 N/A 462.1   76.4 

1 333 0.196153 0.120747 N/A 462.4   71 
1.5 333 0.204027 0.136749 N/A 463.6   66.2 

3 333 0.192326 0.116218 N/A 462.8   72.7 
5 333 0.185218 0.107234 N/A 463.3   76 

0.5 353 0.332954 0.329294 5471 N/A N/A 

1 353 0.35015 0.353071 4816 576.1   11 
1.5 353 0.352035 0.357848 4769 574.8   13 

3 353 0.343665 0.34436 5032 577.3     6.4 
5 353 0.327326 0.323477 5754 458.1     3.2 

0.5 390 0.35298 0.371812 4797 570.2   17.5 
1 390 0.365587 0.37924 4440 573.8   23.5 

1.5 390 0.357002 0.375635 4684 571.2   19.9 
3 390 0.3635 0.378293 4497 573.3   22.6 

5 390 0.35298 0.371812 4797 570.2   17.5 
0.5 457 0.517449 0.481638 2509 580.8 100 

1 457 0.517223 0.481863 2513 580.7 100 
1.5 457 0.518227 0.480863 2497 580.9 100 

3 457 0.516852 0.482231 2519 580.7 100 
5 457 0.517088 0.48195 2515 580.7 100 

4. CONCLUSION 

Dy3+-doped Y3NbO7 phosphor powders with tunable emission color were 
successfully obtained by a solid-state reaction in a vibrational mill, followed by 

temperature annealing.  
By performing a solid-state reaction, followed by temperature annealing, it 

was possible to obtain Dy3+-doped Y3NbO7 phosphor powders with tunable emission 
color. XRD analysis reveals that the powders produced are pure-phase with crystallite 
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sizes in the range of 19 to 60 nm. Changing the excitation wavelength modifies the 
emission color, from blue (λex = 333 nm) and near-white (λex = 353 and 390 nm) to 

orange (λex = 457 nm). Samples with Dy3+ concentrations greater than 1 mol% have their 
emission intensity diminished. The emission lifetime values decrease monotonously 

from 0.472 ms at a concentration of 0.5 mol% Dy3+ to 0.246 ms at a concentration 
of 5 mol% Dy3+. Under 353 nm and 390 nm irradiation, the chromaticity of 

Y3NbO7:xDy3+ powders exhibit a correlated color temperature of approximately 
4000–5000 K, making them potential near-white phosphors. Excitation at 457 nm 

produces orange emission with the highest color purity of 100 percent and corresponding 

color temperature of 2500 K, while excitation at 333 nm produces blue emission.  
In order to assess further the applicability of these phosphors, we plan to investigate 

the influence of temperature on color purity, as well as the possible use of these 
samples as luminescent temperature sensors. 
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