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Abstract 
 

Eu3+-doped borate, silicate, and phosphate glasses were prepared by the 
melt-quenching method.  Eu LIII-edge X-ray absorption spectra were measured to study 
the polarization of the Eu3+ ions in the glasses. The EXAFS analysis reveals that the 
nearest oxygen coordination number of the Eu3+ ions is 6, but the actual coordination 
number of Eu3+ ions is more than 6 with the additional next nearest Eu-O bonds. In the 
borate and silicate glasses, the nearest Eu-O distance decreased with increasing both the 
network modifier content and its ability. On the other hand, in the phosphate glasses, the 
distance tended to be constant. The electric dipole moment on an Eu3+ ion can be evaluated 
from the nearest Eu-O distance and the Debye-Waller factor. It is found out that the Eu3+ 
ions are more polarized with a decrease in the basicity of host glasses in which Eu3+ ions 
can be dissolved homogenously. 
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1. Introduction 
Eu3+ ion fluoresces a red color due to the 5D0→

7F2 transition which is one of the 4f-4f 
transitions of the Eu3+ ion. Therefore, the Eu3+-doped Y2O3, ScBO3, YBO3, and (Gd, 
Y)BO3 are used for red phosphors of plasma and liquid crystal displays (PD and LCD) 
[1-9]. 

Eu3+ ions are polarized in the Y2O3 crystal since its crystal structure has no inversion 
center; hence, a strong red fluorescence band due to the 5D0→

7F2 electric dipole transition 
of the Eu3+ ion appears at 610 - 620 nm. On the other hand, the Eu3+ ions have the higher 
probability of the 5D0→

7F1 magnetic dipole transition than the probability of the 5D0→
7F2 

electric dipole transition in ScBO3, YBO3, and (Gd, Y)BO3 crystals which have inversion 
centers. Hence, strong orange fluorescence bands due to the 5D0→

7F1 transition appear at 
580 - 600 nm.  

It has been well-known that the intensities of the fluorescence band due to the electric 
and magnetic dipole transitions of Eu3+ ions are changed depending on the crystal 
symmetry of host materials. The distortion of the local structure around Eu3+ ions has been 
estimated by using the intensity ratio of the electric dipole transition to the magnetic dipole 
transition [10, 11]. However, there has been no report that the local structure around the 
Eu3+ ion is studied by means of some direct measurements.  

In this study, Eu3+-doped oxide glasses of various types were prepared by the 
melt-quenching method and investigated by an X-ray absorption spectrometry to study the 
Eu3+ polarization and the local structure. 

 
2. Experimental Procedure 

Eu3+-doped borate, silicate, and phosphate glasses prepared in the present study are 
shown in Table 1. Raw materials used were B2O3 (Soekawa, 99.99 %), SiO2 (Wako, 
99.9 %), NH4H2PO4 (Wako, 99.0 %), Li2CO3 (Wako, 99.0 %), Na2CO3 (Wako, 99.5 %), 
K2CO3 (Wako, 99.5 %), CaCO3 (Wako, 99.5 %), SrCO3 (Wako, 99.9 %), BaCO3 (Wako, 
99.9 %), Al2O3 (Wako, 99 %), and Eu2O3 (Kojundo, 99.9 %). These raw materials were 
weighed and mixed to obtain glasses of the compositions shown in Table 1. The powder 
mixture was melted using a Pt crucible for borate and silicate glasses and an alumina 
crucible for phosphate glass. The melting conditions for borate, silicate, and phosphate 
glasses were in air at 1200 ℃ for 60 min, at 1400 ℃ for 60 min, and at 1200 ℃ for 60 
min, respectively. To obtain the glass, the melt was quenched by casting it on a carbon 
plate. This glass was crushed up using an alumina mortar and a pestle. The Eu2O3-added 
glass powder was melted by the same condition as the host glass. The glass was annealed 
for 60 min in the furnace kept at a temperature which was 20 ℃ higher than the glass 
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Table 1. Glass composition, B value, nearest Eu-O distance (r), Debye-Waller factor (σ),
and residual and estimated standard deviation (R). 

Glass composition B r / pm σ / pm R / % 

Borate glasses   

60B2O3-40Li2O-3.5Eu2O3 (B40Li) 0.59 238 10    8.0   

65B2O3-35Li2O-3.5Eu2O3 (B35Li) 0.52 237 10    9.3   

70B2O3-30Li2O-3.5Eu2O3 (B30Li) 0.44 239 11    10.2   

75B2O3-25Li2O-3.5Eu2O3 (B25Li) 0.37 241 12    10.8   

80B2O3-20Li2O-3.5Eu2O3 (B20Li) 0.29 242 12    11.2   

85B2O3-15Li2O-3.5Eu2O3 (B15Li) 0.22 243 12    12.1   

90B2O3-10Li2O-3.5Eu2O3 (B10Li) 0.14 245 11    9.8   

70B2O3-30Na2O-3.5Eu2O3 (BNa) 0.69 235 10    9.9   

70B2O3-30K2O-3.5Eu2O3 (BK) 0.96 230 9    8.2   

70B2O3-30CaO-3.5Eu2O3 (BCa) 0.18 236 10    9.2   

70B2O3-30SrO-3.5Eu2O3 (BSr) 0.22 234 12    12.5   

70B2O3-30BaO-3.5Eu2O3 (BBa) 0.26 235 9    7.3   

Silicate glasses         

60SiO2-40Li2O-3.5Eu2O3 (SiLi) 0.84 235 9    9.2   

60SiO2-40Na2O-3.5Eu2O3 (SiNa) 1.30 233 8    5.9   

60SiO2-20CaO-20Na2O-3.5Eu2O3 (SiCaNa) 0.93 236 9    7.1   

60SiO2-20SrO-20Na2O-3.5Eu2O3 (SiSrNa) 0.96 236 10    5.3   

60SiO2-20BaO-20Na2O-3.5Eu2O3 (SiBaNa) 1.00 233 7    7.2   

Phosphate glasses         

60P2O5-30Li2O-10Al2O3-3.5Eu2O3 (PLiAl) 0.41 233 10    11.2   

60P2O5-30Na2O-10Al2O3-3.5Eu2O3 (PNaAl) 0.66 235 9    7.0   

60P2O5-30K2O-10Al2O3-3.5Eu2O3 (PKAl) 0.93 236 9    9.4   

60P2O5-30CaO-10Al2O3-3.5Eu2O3 (PCaAl) 0.14 233 9    8.3   

60P2O5-30SrO-10Al2O3-3.5Eu2O3 (PSrAl) 0.18 234 10    7.3   

60P O -30BaO-10Al O -3.5Eu O  (PBaAl) 0.22 234 11    14.3   
2 5 2 3 2 3

ition temperature, and then was cooled to the room temperature at the rate of 1 ℃
 The disk (φ 20 mm) was formed from the powder mixture of the glass and BN 
ich, 99%) to measure EXAFS spectra. 
AFS spectra for the Eu LIII-edge were taken in the transmission mode using a beam line BL-4 

 SR Center of Ritsumeikan University. 



3. Results 
The analysis of Eu LIII-edge 

EXAFS spectra for a reference 
sample Eu2O3 and (100-x) 
B2O3-xLi2O-3.5Eu2O3 glasses has 
been performed as follows. The 
EXAFS oscillation curve, χ(k), was 
obtained after normalization by the 
sixth-order least square method and 
subtraction of the smooth 
background, where k is the 
magnitude of the wave vector of the 
photoelectron. The k3 weighted χ(k), 
k3χ(k), was Fourier transformed 
over the range from 38.0 to 90.0 
nm-1 in k. The radial structure 
functions, |F(r)|s, for the 
(100-x)B2O3-xLi2O-3.5Eu2O3 
glasses are shown in Fig. 1, where r 
is the distance from the Eu3+ ion. In 
the Eu2O3, the peaks corresponding 
to the nearest Eu-O and Eu-Eu 
interactions appeared at 120 - 290 
and 300 - 450 pm in r, respectively. In the (100-x)B2O3-xLi2O-3.5Eu2O3 glasses, the peak 
of the nearest Eu-O interaction appeared at 120-290 pm like Eu2O3. In addition, the peak 
corresponding to the next nearest Eu-O interaction (290-335 pm) appeared as a shoulder of 
the nearest Eu-O peak. The nearest and next nearest Eu-O peaks shifted to the long 
distance with decreasing x. The area of the next nearest Eu-O peak decreased with 
decreasing x. In addition, the peaks due to the Eu-M (M: Li, B, and Eu) interactions 
appeared at 335-460 pm in r. 
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Fig. 1. Radial structure functions, |F(r)|s, for Eu 
LIII-edge of (100-x)B2O3-xLi2O-3.5Eu2O3 glasses. 

The analysis of Eu LIII-edge EXAFS spectra for the Eu3+-doped borate, silicate, and 
phosphate glasses as well as the reference sample Eu2O3 has been performed in the same 
way as mentioned above. |F(r)|s for the Eu3+-doped borate, silicate, and phosphate glasses 
are shown in Fig. 2 (a), (b), and (c), respectively. In all the glasses, the peak corresponding 
to the nearest Eu-O interaction appeared at 120 - 290 pm. In addition, the peak due to the 
next nearest Eu-O interaction appeared at 290 - 335 pm. In the 70B2O3-30M2O-3.5Eu2O3, 
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Fig. 2. Radial structure functions, |F(r)|s, for Eu LIII-edge of (a) borate, (b) silicate, and (c) 
phosphate glasses. 

70B2O3-30M’O-3.5Eu2O3, 60SiO2-40M2O-3.5Eu2O3, and 
60SiO2-20Na2O-20M’O-3.5Eu2O3 glasses (M: alkali metal, M’ alkaline earth metal), when 



the mass of M and M’ increased, both Eu-O peaks shifted to the shorter distance and their 
area increased. In the 60P2O5-30M2O-10Al2O3-3.5Eu2O3 and 
60P2O5-30M’O-10Al2O3-3.5Eu2O3 glasses, when the mass of M and M’ increased, the 
nearest Eu-O peak did not change, but the next nearest Eu-O peak shifted to the shorter 
distance and its area increased. 

 
IV. Discussion 
4.1 Analysis of radial structure function 

It can be assumed that the coordination number of Eu3+ ions is 6 because the peak 
corresponding to the nearest Eu-O interaction in the 60B2O3-40Li2O-3.5Eu2O3 is similar to 
that in Eu2O3. In addition, the next nearest Eu-O peak changes by the fluctuation of x, and 
consequently, it is thought that O2- ions, which are away from the Eu3+ ion, bond to the 
Eu3+ ion and the coordination number of Eu3+ ion becomes more than 6 [12-15]. Among 
the borate, silicate, and phosphate glasses, the number of the nearest Eu-O bond is 6, 
therefore, the coordination number becomes more than 6 by changing the next nearest 
Eu-O distance depending on the kind of M and M’. The coordination number can be 
actually decided by both the nearest and next nearest Eu-O peaks. However, here we have 
analyzed the nearest Eu-O peak in the radial structure function |F(r)| using the curve-fitting 
method by assuming that the coordination number is 6. The results of the nearest Eu-O 
distances (rEu-O), Debye-Waller factors (σ) and residual and estimated standard deviations 
(R) are shown in Table 1. In the (100-x)B2O3-xLi2O-3.5Eu2O3 glasses, the rEu-O decreases 
with increasing x. The σ has a maximum at x of about 20. In the borate and silicate glasses 
except for the BBa glass, when the mass of M and M’ increases, the rEu-O decreases. On the 
other hand, in the phosphate glasses, the rEu-O tends to be constant with increasing the mass 
of M and M’. In addition, in the alkali borate, silicate, and phosphate glasses, when the 
mass of M increases, the σ decreases. On the other hand, in alkaline earth borate, silicate, 
and phosphate glasses, when the mass of M’ increases, the σ increases.  
 
4.2 Glass composition dependence of Eu3+ polarization 

The Eu3+ polarization mainly depends on the local structure around Eu3+ ions, that is, on 
the distance of the nearest Eu-O bonds and coordination number of the Eu3+ ion. In this 
study, the Eu3+ polarization depends on the disorder of the nearest Eu-O distance, namely 
rEu-O and σ, because the fitting was performed by assuming that the number of the nearest 
Eu-O bonds is 6. The nearest Eu-O distance is changed by the Coulomb attractive force 
between the O2- ion and the cation of the host glass, namely by the basicity of the host 
glass. The basicity of the host glass (pO = -loga(O2-), where a(O2-) is the activity of the O2- 



ion in the host glass), can not be directly measured because the activity of the O2- ion 
bonded to some cations can not be decided. Hence, Morinaga et al. proposed a composition 
parameter B, which was the average basicity calculated from a glass composition [16, 17]. 
In the composition parameter B, the interaction between the cation and oxide ion, , is 

given by Coulomb force as follows: 
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A cation with higher  value easily pushes the O*
iB 2- ion away toward other cations and its 

oxide has higher basicity. In this study, the ionic radius reported by Shanonn [18] is used 
by taking into account the coordination 
number of the cation in a glass. The Bi 
value is defined by eq. (3) in order to 

normalize the value of the Si+4SiB 4+ ion 

coordinated by four O2- ions to be zero, 

and the value of the Ca+

32.

2CaB 2+ ion 

coordinated by six O2- ions to be 1, 
where the values of  and 

are calculated from eqs. (1) 

and (2). 
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The B value of multi-component oxides 
was derived from  and the cation 

content ratio, n
iB

i. 

∑ ⋅= ii BnB       (4) 

The B values of the host glasses are shown in Table 1. The B values of the borate glasses 
were calculated considering the fraction of three- and four-coordinated boron atoms 
[19-22]. 
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Fig. 4. Relationship between the electric dipole moment of the Eu3+ ion and the B value. 

In addition, considering the locations of the Eu3+ ion and two O2- ions along the z-axis 
of an octahedron around the Eu3+ ion, the electric dipole moment of the octahedron is 
greatest when the octahedron around the Eu3+ ion is in such a state as shown in Fig. 3. The 
dipole moment can be calculated from eq. (5) using the effective charge q, distance vector 
rEu-O, and Debye-Waller factor vector σ of the nearest Eu-O bonds. 

)( O-EuO-Eu σrrµ ++= qq      (5) 

The B value dependence of the calculated dipole moment, m, is shown in Fig. 4. The 
Eu3+ polarization is proportional to the electric dipole moment, and hence the Eu3+ ions are 
the most polarized at about 0.3 of the B value. The glass composition dependence of the 
Eu3+ polarization is considered as follows. Generally speaking, rare earth ions cannot 
dissolve into the glass consisting of a glass former. Therefore, Eu3+ ions inhomogenously 
dissolve into the glass having lower basicity. On the other hand, Eu3+ ions homogenously 
dissolve into the glass having higher basicity. The possible local structural models of the 
Eu3+ ion in a glass are suggested in Fig. 5. Below 0.3 of the B value, the cohered Eu3+ ions 
as shown in Fig. 5 (a) are dispersing with increasing the B value. In addition, the 
Eu3+-coordinated O2- ions are attracted toward the network former (NWF) and modifier 
(NWM) cations by the basicity of host glass, and consequently the octahedron formed by 
the oxygen atoms is distorted. Above 0.3 of the B value, the distortion of the octahedron is 
removing as shown from Fig. 5 (b) to (c) because the host glass is easily supplying O2- ions 



to the Eu3+ ion with increasing the B value. Therefore, it is shown that the Eu3+ 
polarization can be evaluated by the analysis of the EXAFS spectrum. 
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Fig. 5. Possible local structural models around Eu3+ ions in the oxide glasses. 

V. Conclusion 
Eu3+-doped borate, silicate, and phosphate glasses were prepared by the melt-quenching 

method. The Eu3+ fluorescence and Eu LIII-edge X-ray absorption spectra were measured 
to investigate the local structure around Eu3+ ions and the Eu3+ polarization. The EXAFS 
analysis reveals that the nearest oxygen coordination number of the Eu3+ ion is 6, and the 
real coordination number of the Eu3+ ion is more than 6 with the additional next nearest 
Eu-O bonds. In addition, in the (100-x)B2O3-xLi2O-3.5Eu2O3 glasses, the nearest Eu-O 
distance decreased with increasing x. In the borate and silicate glasses except for the 
70B2O3-30BaO-3.5Eu2O3 glass, when the mass of M and M’ increases, the nearest Eu-O 
distance decreased. On the other hand, in the phosphate glasses, the nearest Eu-O distance 



tended to be constant with increasing the mass of alkali and alkaline earth metals. 
Furthermore, the Eu3+ electric dipole moment can be evaluated from the distance of the 
nearest Eu-O bond and the Debye-Waller factor. It was found out that the Eu3+ ions are 
more polarized with a decrease in the basicity of host glasses in which Eu3+ ions can be 
dissolved homogenously. 
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