
23-4 / H. Onuma 
 

• IMID 2009 DIGEST 

 
  

Abstract 
We computationally investigated the effects of oxygen 
and alkaline-earth on the emission wavelength of the 
Eu2+-doped oxide phosphor. Using QSPR method, we 
found that the oxygen and alkaline-earth atom around 
the Eu atom increase and decrease the emission 
wavelength, respectively. We also investigated the Eu2+-
doped sulfide, nitride, and oxynitride phosphors.  

 
 

1. Introduction 
 

  Phosphor is one of the emissive materials and is the 
most important components in emissive devices. The 
properties of the emissive devices have the relation 
with the optical properties of phosphors. Therefore, 
the development of new phosphors and improving 
their property are demanded. 
  However, the phosphors have long been developed 
by the trial-and-error method. This is because the 
relationship between the crystal structure and the 
optical property has not been completely revealed. 
Dorenbos and Uitert had studied the relationship 
between the crystal structure and the splitting of the 
Eu 5d orbitals by the crystal-field [1, 2]. They got 
good relationships in the each case. However, they did 
not give us the general concept of the relationship 
between the crystal structure and the optical property.  
  The quantitative structure property relationship 

(QSPR) is one of the most successful methods to 
analyze the relationship between the molecule 
structure and their properties [3-5]. Especially, it 
became essential method in the drug design. 
  We have already studied the relationship between 
the crystal structure and the emission wavelength of 
the Eu2+-doped oxide phosphors by introducing the 
structure index (SI), which represent the local 
structure around the Eu atom [6]. In this study, we 
modified the SI to improve the prediction accuracy. 
Using the modified SI, we studied the effects of the O 
and alkaline-earth (A) atoms on the emission 
wavelength of the Eu2+-doped oxide phosphors using 
QSPR method. We also investigated the relationship 
between the crystal structures and the emission 
wavelength of the Eu2+-doped sulfide, nitride, and 
oxynitride phosphors.  
 

 
2. Method 

 
  In this paper, the multi-regression analysis was used 
as QSPR. We used the 34 Eu2+-doped phosphors for 
QSPR analysis: 16 oxides [7-17], 10 sulfides [18-22], 
6 nitrides [23-26], and 2 oxynitride [27]. The emission 
peak energy was set for the objective variable. For 
QSPR analysis, we had defined the SI using the atom 
positions around the Eu atoms in the crystal structure 
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[6]. In this study, we modified the SI and the detail 
was written in section 3.1. 

 
 

3. Results and discussion 
 

3.1 Definition of Structure Index 
  According to our previous study [6] and the frame 
of the quantum chemistry, we modified the SI, which 
is expressed by following, 
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where, REu-x, rmax, and ζEu-X are the distance between 
the Eu and the X atoms, the integration range, and the 
orbital exponent, respectively. The orbital exponent 
ζEu-X is given by the ionic radius of the X ion and the 
Eu ion, RX and REu, with following equation, 
  

XEu
XEu RR +
=−

1ζ     (eq.2) 

In this study, ionic radius in Shannon’s report [28] 
were used for the REu and RX. The difference between 
the modified SI and the previous one [6] is that the 
modified SI consider the atomic information in the ζ. 
The previous one did not consider atomistic properties. 
  The reason why we selected the function of the 
Slater-type 1s orbital as the modified SI was following 
two ideas: (1) the interactions between two atoms 
depend on the orbital overlap, (2) the orbital overlap 
between two atoms could be represented as the 
function of the distance of the two atoms as the 
representative value. In this study, the integration was 
done from 0 to 30.0 Å. Fig. 1 illustrated an example of 
SI calculations. 
  We calculated three SI values with these first 
neighboring atoms of the Eu atom for different atomic 
groups: (1) A atoms, Ca, Sr, and Ba, (2) 16 group 
atoms, O and S, (3) 15 group atoms, N. This is 
because the effects of the atoms would be different by 
the atomic groups. From the view point of quantum 
chemistry, the attraction potential between nuclear and 
electron in the Hamiltonian for an electronic system is 
greatly different by the atomic groups because it 
depends on the nuclear charge. The effective nuclear 
charges for the peripheral electrons are almost same in 
the same groups. 
  We have to determine the Eu site in the crystal 
because the Eu atoms are doped by replacing of A 
atoms. If the crystal structure has a number of 
different sites of A atoms, an A site for replacing was 
chosen by the following rules; (1) The smaller site is 
selected in Ca- and Sr-host materials, (2) The larger 
site is selected in Ba-host materials. With a simple 

idea, a lattice energy of an ionic crystal is represented 
by the Coulombic and the exchange repulsion energy. 
The later describes the interaction of all the atoms 
with their volume. The “Coulombic energy change” 
with the replacing of A atom by the Eu atom is zero 
because of the ionic valence states of A atoms are 
same as that of the Eu atom. On the other hand, 
because the exchange repulsion energy depends on the 
ionic size, the “exchange repulsion energy change” 
with the replacement of A atoms by the Eu atom is 
different. Therefore, the smaller A site, which means 
the shorter distance A-O or fewer O atoms at the 
neighboring positions of the Eu atom, has the 
advantage for the small atom or ion existences. The 
order of the ionic size is Ca2+ < Sr2+ < Eu2+ < Ba2+ in 
Shannon’s report [28].  
 
3.2 QSPR study for effects of oxygen and alkaline 
earth on emission peak energy of Eu2+-doped oxide 
phosphor 
  In this section, using QSPR analysis with the 
modified SI values, we revealed the effects of the O 
and A atoms on the emission wavelength of the 16 
Eu2+-doped oxide phosphors [7-17]. 
  Fig. 2 shows the comparison of experimental and 
calculated emission peak energy. We could find the 
good relationship between experimental and 
calculated values. The obtained multi-regression 
equation and standardized equation are below, 
  33.2(606.0(198.0 +−= A)-EuO)-Eu SISIPE    (eq.3) 
  STDSTDSTD A)-EuO)-Eu (678.0(359.0 SISIPE −=  (eq.4) 
where, PE, SI(Eu-O) and SI(Eu-A) are the emission 
peak energy, the SI of Eu-O, and the SI of Eu-A, 
respectively. The subscript of STD means the 
standardized value. The correlation coefficient and the 
determination coefficient are 0.904 and 0.817, 
respectively. The standard error of the emission 
wavelength prediction is 0.178 eV. Compared with the 
previous study [6], the prediction accuracy was 
improved by introducing the ionic radius as atomic 
property in the modified SI.  
  In eq. 3, we could see the positive partial regression 
coefficient of the SI(Eu-O). On the other hand, the 
partial regression coefficient of the SI(Eu-A) is 
negative. These mean that the O and A atoms around 
the Eu atom increase and decrease the emission peak 
energy, respectively. In addition, we could find the 
larger value of the standardized partial regression 
coefficient of the SI(Eu-A) than that of the SI(Eu-O) 
in eq. 4. This suggests that the not only O atoms, but 
also A atoms around the Eu atom have significant 
effects on the emission peak energy. 
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3.3 Relationship between crystal structure and 
emission peak energy of Eu2+-doped oxide, sulfide, 
nitride and oxynitride phosphors 
  We also studied the relationship between the crystal 
structure and the emission wavelength of the Eu2+-
doped phosphors with same schema. The 34 data of 
Eu2+-doped phosphors [7-27], which have Ca, Sr, or 
Ba atoms, were used for the QSPR analysis.  
  The obtained multi-regression equation and the 
standardized one are shown in below, 
 214.2(215.0(002.0
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=
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The comparison between predicted and experimental 
emission peak energies is shown in Fig. 3. The 
correlation coefficient and the determination 
coefficient are 0.898 and 0.806, respectively. The 
standard error of the emission wavelength prediction 
is 0.157 eV. We obtained the good correlation 
between the predicted and the calculated emission 
peak wavelength. 
  From eq. 5, we could find the negative and the 
positive coefficients of the SI(Eu-A) and the SI(Eu-16), 
respectively. Their signs are same as the results 
obtained by the oxide phosphors. As we can see in eq. 
6, the contribution of the SI(Eu-15) is smaller than 
those of the SI(Eu-A) and the SI(Eu-16). We think that 
this small contribution of the SI(Eu-15) reflect the 
difference of the nuclear-electron attraction between 
the groups. Two-electron repulsion, which depends on 
the electron occupations, would be almost same in the 
15- and 16-groups because they have same electron 
configurations in ionic states. Therefore, the energy 
level of the Eu 4f orbital would be more unstable in 
the 15-group crystal than that in the 16-group crystals.  
  Our results suggested that the effects of the atoms 
on the emission wavelength of the Eu2+-doped 
phosphors greatly depend on the groups if the electron 
configurations of atoms are same in the ionic state.  
 
3.4 Strategy for controlling emission wavelength of 
Eu2+-doped phosphors 
  From QSPR analysis, we have obtained the simple 
guideline for controlling the emission wavelength of 
the Eu2+-doped phosphors. If we would like to get the 
Eu2+-doped phosphor emitting long wavelength light, 
the host material, which have the many A atoms and 
the long A-O/N/S and short A-A distances, will be 
selected. The selection criteria of the host material for 
the short wavelength of Eu emission are the contrary. 
The contribution of the 15-group on the emission 
wavelength is smaller than the others, however, the 

contribution of the A atoms is enough to large. 
Therefore, the same strategy would be useful for the 
Eu2+-doped nitrides. 
  Fig. 4 shows an example of Eu2+-doped 
n(AO)+m(Al2O3) system. Sr3Al2O6:Eu2+ shows the 
longer emission wavelength than the SrAl12O19:Eu2+ 
[5, 10]. Actually, the higher n/m host crystal has the 
shorter A-A distances because the Al2O3 part works as 
the separator of the AO part.  
 
 

O AEu SiO4

(a) (b) (c)

 
Fig. 1 An example of SI calculation: (a) total 
system, (b) case of SI(Eu-O), (c) case of SI(Eu-A). 
Blue circle indicates the consideration range for SI. 
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Fig. 2 A comparison of experimental and calculated 
emission peak energy of Eu2+-doped oxides. PE 
stands for emission peak energy. 
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Fig. 3 A comparison of experimental and calculated 
emission peak energy of Eu2+-doped oxides, 
sulfides, nitride, and oxynitrides. PE stands for 
emission peak energy.  
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Fig. 4 An example of emission wavelength change 
in n(AO)+m(Al2O3) system (■:Al2O3, ■:AO) 

 
 

4. Summary 
 

  We investigated the effects of O and A atoms on 
the emission wavelength of the Eu2+-doped oxide 
phosphors using QSPR. The relationship between the 
crystal structure and the emission wavelength of the 
Eu2+-doped phosphors was also studied. 
  The QSPR results of the Eu2+-doped oxide 
phosphor indicated that the O and A atoms around the 
Eu atom make blue-shift and red-shift of the emission 
peak wavelength, respectively. In the case of the Eu2+-
doped oxide, sulfide, nitride, and oxynitride 
phosphors, the obtained multi-regression equation 
indicated the smaller effects of the 15-group atoms on 
the emission wavelength of the Eu2+-doped phosphors 
than those of the A atoms and 16-groups. 
  Following conditions are required for the host 
material to make long emission wavelength of the 
Eu2+-doped phosphor: (1) many A atoms, (2) the long 
A-O/S/N, (3) short A-A distances” in the host crystal. 
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