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ABSTRACT. Eu3+-doped YInGe2O7 phosphors were prepared via a solid-state reaction with metal oxides and 
their excitation and emission spectra were measured at room temperature. The results showed that pure-phase 
YInGe2O7 could be obtained after firing at 1250 °C. The maximum photoluminescence intensity of 
YInGe2O7:Eu3+ phosphor was achieved when doped with 40 mol% Eu3+ ions. Compared with Y2O2S:0.05Eu3+, 
the Y0.60InGe2O7:Eu3+

0.40 phosphor obtained showed intense red-emission lines at 616 nm, corresponding to 
forced electric dipole 5D0 → 7F2 transitions of Eu3+ under 394 nm light excitation. The International Commission 
on Illumination chromaticity coordinates of the phosphors (x = 0.644, y = 0.356) of Y0.60InGe2O7:Eu3+

0.40 were 
close to National Television Standard Committee standard values. As such, the synthesized phosphors may find 
applications in near ultraviolet InGaN chip-based white light-emitting diodes. 
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INTRODUCTION 

 
White light emitting diodes (LEDs) feature high efficiency, reliability, rugged construction, low 
power consumption, and durability; as such, they are called next generation solid-state lights [1–
4]. Considering that oxide phosphors have higher chemical stability than sulfide phosphors, 
many studies have been conducted to develop new oxide phosphors that are suitable for many 
applications such in field emission displays and white LEDs [5–10].  

Yttrium indium germinate has the symmetrical structure of the C2/m space group with a 
thortveitite structure. Y3+ and In3+ cations occupy the same octahedral site and the InO6/YO6 
octahedral layers are held together to form a hexagonal arrangement. In this compound, the 
Ge2O7 diorthogroup shows C2h symmetry, implying that the Ge–O–Ge angle is 180° [11, 12]. 
YInGe2O7 has been suggested to be a favorable candidate host material for phosphors. The 
efficiency of phosphors is often limited by the dynamics of the dopant ion, the properties of 
which depend on interactions with the host materials.  

Eu3+-doped phosphors that emit bright red light have been widely used in many fields [13–
16]. Eu3+ exhibits different optical properties in various host lattices due to changes in the 
surrounding environment. In this paper, YInGe2O7:Eu3+ phosphors were prepared by the solid-
state reaction method and then characterized. The luminescent properties of the phosphors were 
also investigated. 

EXPERIMENTAL 

 

The preparation of phosphors. YInGe2O7:Eu3+ samples were prepared by the solid-state reaction 
method using Y2O3 (99.99%), GeO2 (99.99%), and Eu2O3 (99.99%) powders. Stoichiometric 
amounts of starting materials were mixed homogeneously in an agate mortar and calcined in air 
at 1100, 1200, 1250, and 1300 °C for 5 h. 
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Y2O2S:0.05Eu3+ phosphors were prepared according to Ref. [17]. The starting materials 
Y2O3, Eu2O3, S, and Na2CO3 were ground and then fired at 1100 °C in a CO-reducing 
atmosphere. After annealing, the samples were washed with dilute nitric acid and deionized 
water and then dried at 100 °C. The X-ray powder diffraction (XRD) pattern of Y2O2S:0.05Eu3+ 

is shown in Figure 1(e). 
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Figure 1. XRD patterns of the Y0.95InGe2O7:Eu3+ 0.05 phosphor calcined at (a) 1100 oC, (b) 1200 

oC, (c) 1250 oC, (d) 1300 oC and the XRD patterns of Y2O2S:0.05Eu3+(e), respectively. 
 

Characterization. The structure of the samples was examined by XRD (40 kV and 200 mA, Cu 
Kα = 1.5406 Å, Rigaku/Dmax – 2500). A laser nanometer granulometer (Zetasizer Nano S) was 
used to observe the distribution and size of the particles. The excitation and emission spectra 
were recorded on an F-2500 fluorescence spectrophotometer with a Xe lamp as the excitation 
source. All of the measurements were conducted at room temperature. 
 

RESULTS AND DISCUSSION 

 

X-ray diffraction and size distribution characterization. The XRD patterns of YInGe2O7 doped 
with 5 mol% Eu3+ show the formation of a crystalline phase, as illustrated in Figures 1a–1d. The 
crystalline phase, which features a monoclinic structure, appears at 1100 °C, and the doped Eu3+ 
ion has little influence on the host structure [11, 12]. When the firing temperature is increased 
from 1100 °C to 1300 °C, the peak widths decrease and the peak intensities strengthen because 
of the increased crystallinity. Eu3+ ions (0.95 Å) are introduced to substitute the Y3+ ions (0.9Å) 

in YInGe2O7 [18]. Figure 2 shows the particle size distribution of the Y0.95InGe2O7:Eu3+
0.05 

phosphor calcined at 1250 °C. The particles show a narrow size distribution. The average 
diameter of the particles is about 3 µm to 4 µm. 

Photo-luminescent properties. Figure 3 shows the excitation and emission spectra of the 
Y0.95InGe2O7:Eu3+

0.05 samples fired at 1250 °C. During monitoring of the emission at 616 nm, 
the excitation spectrum of Y0.95InGe2O7:Eu3+

 0.05 exhibits a wide band in the ultraviolet (UV) 
region centered at approximately 260 nm, which is ascribed to ligand-to-Eu3+ charge transfer 
transitions [19]. The sharp lines in the 360 nm to 500 nm range indicate the intra-
configurational 4f–4f transitions of Eu3+ in the host lattices, and the strong excitation bands at 
394 and 464 nm are attributed to the 7F0 → 5L6 and 7F0→

5D2 transitions of Eu3+, respectively. 
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Figure 2. Particle size distribution of Y0.95InGe2O7:Eu3+ 0.05 phosphor calcined at 1250 oC. 
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Figure 3. UV excitation (λem = 616 nm) and emission (λex = 394 nm) spectra of 

Y0.95InGe2O7:Eu3+
0.05 phosphors fired at 1250 oC. 

 
Upon excitation with 394 nm UV irradiation, the emission spectra are described by the well-

known 5
D0 → 7

FJ (J = 0, 1, 2, etc.) emission lines of Eu3+ ions, which have strong emission at J 

= 2 and 616 nm, thereby allowing the ions to occupy a center of asymmetry in the host lattice. 
The ratio of the integrated intensities of these two transitions, I0–2/I0–1, is used in lanthanide-
based systems as a probe for the local surroundings of cations [20]. As shown in Figure 2, the 
5
D0 → 7

F2 transition is much stronger than the 5
D0 → 7

F1 transition, which suggests that Eu3+ is 
located in a distorted (or asymmetric) cation environment. Other transitions, such as those of 
5
D0 → 7F1, 

5
D0 → 7F3, and 5D0 → 7F4, located at the 570 nm to 750 nm range are relatively weak, 

which is advantageous for obtaining saturated International Commission on Illumination (CIE) 
chromaticity. The CIE chromaticity coordinates of the phosphor Y0.60InGe2O7:Eu3+

0.40 are 
calculated to be x = 0.644, y = 0.356, close to the National Television Standard Committee 
(NTSC) standards (x = 0.670, y = 0.330). The effect of the doped-Eu3+ content of the Y1-

xInGe2O7:Eu3+
x phosphors calcined at 1250 °C on the relative photoluminescence (PL) intensity 

at the highest 5D0→
7F2 transition is shown in Figure 4. All of the Y1-xInGe2O7:Eu3+

x phosphors 
show similar PL spectra excluding their relative intensity. The PL emission intensity increases 
with increasing Eu3+ doping ratio and achieves a maximum value at x = 0.40. However, when 
the Eu3+ doping ratio is above 40 mol%, the luminescence intensity decreases. This quenching 
process is often attributed to energy migration among Eu3+ ions. 
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Figure 4. Emission (λex = 394 nm) spectra of Y1-xInGe2O7:Eu3+

x phosphors with different Eu3+ 
doping ratios. Inset: detail of the effect of the doped-Eu3+ content in Y1-xInGe2O7:Eu3+

x 
phosphors. 
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Figure 5. UV excitation and emission (λex = 394 nm) spectra of (a) Y0.60InGe2O7:Eu3+

0.40
 and (b) 

Y2O2S:0.05Eu3+ phosphors. 

Comparison of the luminescence of Y0.60InGe2O7:Eu
3+

0.40 and Y2O2S:0.05Eu
3+. Figure 5 shows 

the near UV excitation and emission spectra of Y0.60InGe2O7:Eu3+
0.40 and Y2O2S:0.05Eu3+. In the 

excitation spectrum of the phosphor Y2O2S:0.05Eu3+, the intensity of the charge transfer band is 
much stronger than that of the f–f transitions. The strong broad band before 350 nm corresponds 
to the Eu-O charge transfer state and the Eu3+

←S2− charge transfer transition in Y2O2S [16]. The 
relative intensities of the f–f transitions of Eu3+ are much weaker than those of Eu3+ in the 
phosphor Y0.60InGe2O7:Eu3+

0.40. The Eu3+ transitions in the excitation spectrum of 
Y0.60InGe2O7:Eu3+

0.40 show more effective absorption in the UV range (394 nm). When the 
excitation wavelength is 394 nm, the main emission line of Y2O2S:0.05Eu3+ at 627 nm may also 
be ascribed to the 5

D0 → 7
F2 transition of Eu3+. Comparing Figures 5a and 5b, the emission 
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intensity of the phosphor Y0.60InGe2O7:Eu3+
0.40 is approximately 2.8 times higher than that of 

Y2O2S:0.05Eu3+ under 394 nm UV irradiation. The CIE chromaticity coordinates of 
Y0.60InGe2O7:Eu3+

0.40 (x = 0.644, y = 0.356) are close to those of Y2O2S:0.05Eu3+ (x = 0.645, y = 
0.354) because the former are used in LEDs. Thus, Y0.60InGe2O7:Eu3+

0.40 may be an efficient 
red-emitting phosphor for white LEDs. 

CONCLUSIONS 

 

Eu3+-doped YInGe2O7 phosphors were prepared by a solid-state reaction. Compared with the 
Y2O2S:0.05Eu3+

 phosphor, the obtained Y0.60InGe2O7:Eu3+
0.40 phosphor showed a stronger 

excitation band around 400 nm and enhanced red emissions because of Eu3+ f – f transitions 
under 394 nm light excitation. The CIE chromaticity coordinates (x = 0.644, y = 0.356) of the 
phosphor were close to those of the NTSC standard. All of the results indicated that the red 
phosphor synthesized in this work is a suitable candidate for the fabrication of near UV InGaN-
based LEDs. 
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