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Highlights 
 
1. Phase-pure Eu3+ doped Ca2LaTaO6 (CLTO) and Ba2LaTaO6 (BLTO) were prepared. 
 
2. Eu3+ were confirmed to be at A sites in CLTO and B sites in BLTO by XANES analysis. 
 
3. Eu3+ site-dependent PL spectra were obtained using the Eu3+-site-confirmed samples. 
 
4. Site-dependent PL and the lifetime were examined systematically by CT excitation. 
 
5. High external efficiency of 28% was found in the Eu3+ doped BLTO double perovskite. 
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ABSTRACT  

Site-dependent Eu3+ photoluminescence (PL) was examined utilizing the structural difference of 

two Eu3+ doped alkaline earth lanthanum tantalates with the B-site-ordered double perovskite-type 

structure (AA’)[BB’]O6, viz. (CaLa1−xEux)[CaTa]O6 (CLTO:Eu3+) and (Ba2)[La1−xEuxTa]O6
  

(BLTO:Eu3+) (x = 0.01, 0.10). The locations of the Eu3+ ions were experimentally determined by 

X-ray absorption near edge structure of the Eu LIII edge and confirmed to be A sites in CLTO:Eu3+ 

and B sites in BLTO:Eu3+ as expected from the nominal compositions. Intense charge transfer 

(CT) excitation bands were observed in the UV region in the PL excitation spectra of both materials. 

Because of the shorter bond lengths and larger electronic repulsion at B sites than A sites, the CT 

excitation band of Eu3+ at B sites in BLTO:Eu3+ was blue-shifted compared to that of Eu3+ at A 

sites in CLTO:Eu3+. By UV excitation in the CT bands, both materials showed red luminescence. 

However, due to the difference in the site symmetry of A and B sites, the Eu3+ emission was mainly 

derived from the 5D0 – 7F2 transitions in CLTO:Eu3+ and from the 5D0 – 7F1 transitions in 

BLTO:Eu3+ in relation with Eu3+ at A and B sites, respectively. The lifetimes of the emission were 

also dependent on the Eu3+ sites resulting in the longer lifetimes of Eu3+ ions at B sites than those 

at A sites. 

 

KEYWORDS: Eu3+ emission, site-dependent luminescence, double perovskite, alkaline earth 

lanthanum tantalates 
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INTRODUCTION 

Lanthanide (Ln) ions are frequently doped in various host lattices (HLs) and used as activators in 

luminescent materials taking advantage of the 4f–4f and 5d–4f electronic transitions.1-3 Because 

the sizes of the Ln ions are relatively large, they are usually substituted for large cations such as 

La, Y, Ba, Sr and Ca ions.4 In the HLs of simple perovskite-type oxides (ABO3), these large 

cations are basically located at A sites accompanying smaller cations such as transition metal 

ions at B sites.5 Therefore, in many cases, luminescence properties of Ln doped simple 

perovskite-type oxides reported in literatures are derived from Ln ions located at A sites. 

Accordingly, the luminescence properties of Ln ions at B sites have not been investigated 

sufficiently so far. Even though the study on the B-site luminescence is intended, the doping of 

large Ln ions at B site is basically difficult in the simple perovskite-type oxides for steric 

reasons. This can be simply understood from the Goldschmidt’s tolerance factor, which gives a 

criterion of the stability of the perovskite-type structure. 6 

In contrast to the simple perovskite-type oxides, double perovskite-type oxides, which can be 

expressed by the formula of (AA’)[BB’]O6, have a more wide diversity of the combinations of 

cations in the viewpoints of both their valence and sizes.7-9 This is because two ions at each site, 

A and A’ or B and B’, can be chosen separately and taken into account for the structural stability. 

Alkaline earth lanthanum tantalates, Ca2LaTaO6 (CLTO) and Ba2LaTaO6 (BLTO), are typical 

examples; La3+ ions occupy A sites randomly with Ca2+ ions in CLTO as expressed by 

(CaLa)[CaTa]O6, whereas La3+ ions can inhabit B sites alternately with Ta5+ ions in BLTO as 

indicated by Ba2[LaTa]O6.10-12 Therefore, each La3+ ion is coordinated by eight O2- ions at A site 

in CLTO and six O2- ions at B site in BLTO. The crystal structures of CLTO and BLTO are 

shown in Figure 1. 



 5 

Eu3+ ions are widely used as activators for red or red-orange luminescence originating from 5D0 

– 7FJ electronic transitions. In addition, among the Ln ions, Eu3+ ions are especially known to 

show clear site-dependent luminescence; the induced electronic dipole (ED) transitions from 5D0 

to 7F2 states are mainly observed at a site without inversion symmetry, while the magnetic dipole 

(MD) transitions from 5D0 to 7F1 states are predominantly seen at a site with inversion symmetry. 

13,14  In the crystal structures of CLTO and BLTO, the site-symmetry for La sites is 1 without 

inversion symmetry in CLTO and 1� with inversion symmetry in BLTO. Consequently, 

distinguishable Eu3+ emissions are anticipated between Eu3+ doped CLTO (CLTO:Eu3+) and 

BLTO (BLTO:Eu3+) if Eu3+ are substituted at La sites as intended.  

Many Eu3+ doped double perovskite-type oxides have been already reported to show red or red-

orange luminescence.15-40 Nevertheless, data on the site-dependent photoluminescence (PL) of 

Eu3+ in these host lattices (HLs) are still limited15-18 In particular, comprehensive comparisons of 

Eu3+ PL characteristics between A and B sites and the fluorescence lifetimes have been hardly 

discussed systematically. In some reports, Eu3+ PL properties in several double perovskite-type 

oxides were studied, but the site-dependence and the lifetime were not primarily concerned. In 

 

Figure 1. Crystal structures of (a) Ca2LaTaO6 and (b) Ba2LaTaO6 with double perovskite 
structure. La ions are located at A sites in (CaLa)[CaTa]O6 and at B sites in Ba2[LaTa]O6. 
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other contributions, Eu3+ ions were excited differently either via HL, charge transfer (CT) bands 

or 4f–4f transitions, which possibly resulted in different PL spectral shapes and lifetimes. 

Therefore, the site-dependent Eu3+ PL properties in the double perovskite-type oxides have not 

been completely understood yet. 

In our previous study, the site-dependent Eu3+ PL was examined in the simple perovskite-type 

oxide of LaLuO3 doped with Eu3+ at A and B sites (LaLuO3:Eu3+(A) and LaLuO3:Eu3+(B), 

respectively).41 Although the differences of the spectral shapes between LaLuO3:Eu3+(A) and 

LaLuO3:Eu3+(B) were evidently observed depending on the Eu3+ sites, some mixed luminescence 

from both A and B sites were observed, especially in B-site doped samples at high Eu3+ 

concentration. In this study, the PL and PLE properties of CLTO:Eu3+ and BLTO:Eu3+ were 

examined in details to observe individual Eu3+ PL from A or B sites more clearly taking 

advantage of the structural difference in these double perovskite-type oxides. The location of 

Eu3+ ions were surely determined by the X-ray absorption near edge structures (XANES) of the 

Eu LIII absorption edge. The site-dependent PL spectra and the lifetimes were obtained from Eu3+ 

ions, which were commonly excited via CT bands.42 

 

EXPERIMENTS 

The samples of CLTO:Eu3+ and BLTO:Eu3+ were prepared by the conventional solid state 

reaction. The nominal compositions of the samples are (CaLa1−xEux)[CaTa]O6 for CLTO:Eu3+ 

and Ba2[La1−xEuxTa]O6
 for BLTO:Eu3+ (x = 0.01, 0.10). Starting materials of CaCO3 or BaCO3, 

La2O3, Ta2O5, and Eu2O3 (Kojundo Chemical Laboratory Co., Ltd., 99.9%) were weighed in 

stoichiometric amount and thoroughly mixed with ethanol in an agate mortar. The mixed 
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powders were dried and shaped into pellets, and heated at 1300 °C for 6 h in air. The pellets were 

then finely ground, powders were pressed into pellets again and heated at 1400 °C for 6 h in air. 

Nondoped samples (x = 0.00) were also prepared similar way to determine the absorption edges 

of the HLs. 

X-ray diffraction (XRD) measurements were carried out using an X-ray diffractometer with a 

rotary Cu target (Rigaku, RINT-2500). The powder XRD patterns for the pure crystalline phases 

were simulated using the RIETAN code,43 and the images of their crystal structures were 

depicted using the VESTA code.44 The spectra of X-ray absorption near edge structures 

(XANES) at the Eu LIII edges were measured at the BL14B2 beamline of the SPring-8 

synchrotron radiation facility. The XANES spectra of the samples with x = 0.10 were obtained 

along with those of reference samples of EuAlO3 and Ba2[EuTa]O6. The PL and PLE spectra of 

the samples were measured at room temperature (RT; 298 K) and liquid nitrogen temperature 

(LNT; 77 K) using conventional spectrofluorometers (JASCO FP-6500 and Horiba Fluorolog-3). 

The decay curves of Eu3+ PL peaks were examined to estimate the lifetimes for Eu3+ at A and B 

sites. The quantum efficiencies of Eu3+ PL derived from A and B sites were also evaluated at RT 

using an integrating sphere. 

 

RESULTS AND DISCUSSION 

The XRD patterns of the samples, (CaLa1−xEux)[CaTa]O6 and Ba2[La1−xEuxTa]O6 (x = 0.00, 

0.01, 0.10),  are shown in Figure 2. All samples are phase pure and no secondary phases are 

detected. Magnified diffraction peaks are shown in insets to clarify peak shifts induced by Eu3+ 

substitution at La sites. The peak shifts are clearly seen for the samples of x =0.10 in both 
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CLTO:Eu3+ and BLTO:Eu3+. The peak shifts to higher angles suggest the decrease of the lattice 

spacing due to the substitution of Eu3+ for La3+. These results are reasonable because the ionic 

radii of Eu3+ ions (rVIII = 1.206 Å at A sites, rVI = 1.087 Å at B sites) are smaller than those of 

La3+ ions (rVIII = 1.300 Å,  rVI = 1.172 Å).4 

The locations of Eu3+ ions in the crystal structures were determined by XANES measurements. 

The spectra of XANES at the Eu LIII edges for CLTO: Eu3+ and BLTO: Eu3+ are depicted in 

Figure 3. Perovskite-type EuAlO3 and double perovskite-type Ba2[EuTa]O6 were used as 

references for Eu3+ at A site and B site, respectively.11, 45 Because the Eu LIII absorption is 

primarily derived from electronic transitions from 2p to 5d states, the shape of the intense LIII 

absorption peaks denotes the densities of the empty Eu3+ 5d states, which enable us to identify 

the crystal sites occupied by the Eu3+ ions. 46, 47 

 

Figure 2. XRD patterns of (top) (CaLa1−xEux)[CaTa]O6 and (bottom) Ba2[La1−xEuxTa]O6 (x 
= 0.00, 0.01, 0.10) along with those simulated from the structural data. Magnified diffraction 
peaks at high 2θ angles are shown in insets. 
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EuAlO3 shows an intense single peak at 6979 eV, whereas Ba2[EuTa]O6 does a main peak at 

6981 eV with a shoulder at 6978 eV. The positions of two broad peaks observed at higher energy 

are also different for the two compounds, located at 6991 and 7010 eV for EuAlO3 and at 6997 

and 7019 eV for Ba2[EuTa]O6. The shoulder peak of the main peak observed in Ba2[EuTa]O6 

can be regarded as a consequence of the splitting of the empty Eu3+ 5d states under the influence 

of the crystal field. This splitting is expected to be significantly larger for Eu3+ ions at small 

octahedral B sites than at large cuboctahdral A sites.  Namely, an energy splitting as large as ca. 

3 eV can be envisioned for Ba2[EuTa]O6 with the average Eu−O bond length of 2.26 Å, which is 

much shorter than that in EuAlO3 (dEu−O = 2.46 Å). 11, 45  

CLTO:Eu3+ gives a main single peak at E = 6979 eV and two broad peaks at higher energy, 

indicating the location of Eu3+ at A sites as in EuAlO3. BLTO:Eu3+ provides a spectral shape 

similar to that of Ba2[EuTa]O6 with a double peak at 6981 and 6978 eV, which endorses Eu3+ 

ions at B sites. These observations of Eu3+ local structures directly revealed the locations of Eu3+ 

ions in CLTO and BLTO HLs. 

 

Figure 3. XANES spectra of Eu LIII edges for (CaLa0.90Eu0.10)[CaTa]O6 and 
Ba2[La0.90Eu0.10Ta]O6 samples along with those for EuAlO3 and Ba2[EuTa]O6 
references. 
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Figure 4 shows PL and PLE spectra of CLTO:Eu3+ 10% and BLTO:Eu3+ 10% along with the 

absorption (Abs) spectra of CLTO and BLTO HLs. The spectral features for the Eu 

concentration of x = 0.01 were almost the same with those for x = 0.10. Going from x = 0.01 to x 

= 0.10, PL intensities increase simply and BLTO:Eu3+ systematically exhibited higher PL 

intensities than CLTO:Eu3+. To achieve a systematic understanding of site-dependent Eu3+ PL, 

Eu3+ ions were directly excited through the CT from O2− to Eu3+ in both CLTO:Eu3+ and 

BLTO:Eu3+ as previously done in LaLuO3:Eu3+.41 

Based on the examination of the CLTO absorption spectrum, the absorption threshold of the 

CLTO HL is estimated to be at 240 nm. The PLE spectrum of CLTO:Eu3+, monitoring the PL 

peak at 614 nm, shows an intense broad band centered at 298 nm and several sharp peaks in the 

360–420 nm range. The former intense band can be unambiguously assigned to the CT 

transitions, and the latter is to Eu3+ intraconfigurational 4f–4f ones. Let us notice that the position 

 

Figure 4. PL and PLE spectra of (CaLa0.90Eu0.10)[CaTa]O6 (red lines) and those of 
Ba2[La0.90Eu0.10Ta]O6 (blue lines) samples along with absorption spectra of pure HL 
samples. PL, PLE, and Abs spectra are drawn with thin lines, thick lines and dashed lines, 
respectively. 
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of the CT excitation band (λex = 298 nm) in CLTO:Eu3+ is very close to that (λex = 292 nm) in 

LaLuO3:Eu3+(A).41 This may originate from almost identical average Eu−O bond length at A 

sites, regarding the Eu−O bond length as La−O one, i.e. 2.61 Å for CLTO and 2.66 Å and for 

LaLuO3. Formally, CT excitation bands for La perovskite-type HLs with Eu3+ activators at A 

sites, such as LaAlO3 (dLa-O = 2.68 Å) and LaGaO3 (dLa-O = 2.65 Å), are observed at analogous 

wavelengths (310 and 303 nm, respectively).42,45,48,49 The PL spectrum of CLTO:Eu3+ obtained 

by the CT excitation at 298 nm consists of an intense peak at 614 nm that derives from the 5D0 – 

7F2 transitions. The excitation through a 4f–4f transition at 397 nm did not lead to any significant 

change in the PL spectral features in comparison with the CT excitation. 

The absorption spectrum of BLTO reveals an absorption edge at 250 nm. The PLE spectrum of 

BLTO:Eu3+, monitored at 594 nm, shows an intense broad band at 278 nm. Accordingly, the 

intense band is associated with the CT transition. The 4f–4f excitation peaks in BLTO: Eu3+ are 

negligible and much less intense than those observed in CLTO:Eu3+. This stems from the 

forbidden character of the 4f–4f ED transitions for Eu3+ at the B sites in contrast with partly 

permitted 4f–4f ED transitions for Eu3+ at the A sites. Moreover, the CT excitation band in 

BLTO:Eu3+ appears at shorter wavelengths than that in CLTO:Eu3+ (278 vs. 298 nm). This result 

is consistent with the one that the CT band for Eu3+ at B sites is observed at shorter wavelengths 

than that for Eu3+ at A sites in Eu3+ doped LaLuO3.41 The blue-shift of the CT band for Eu3+ ions 

at B sites is attributed to the shorter Eu – O bond lengths at B sites in BLTO:Eu3+ (dLa(Eu)−O = 

2.43 Å) than at A sites in CLTO:Eu3+ (dLa(Eu)−O = 2.61 Å). Namely, Coulomb repulsion between 

electrons in Eu 4f orbitals and those in O 2p orbitals becomes larger at B sites resulting in the 

uplifted energy of the CT states. It is noteworthy that the blue-shift of the CT excitation peak in 

BLTO:Eu3+ is not as large as that observed in LaLuO3:Eu3+ (B) (λex = 230 nm). This is because 
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the Eu – O bond lengths in BLTO:Eu3+ is not as short as those in LaLuO3:Eu3+(B) (dLu(Eu)−O = 

2.22 Å). The PL spectrum recorded at λex = 278 nm consists mainly of the peak at 594 nm 

assigned to the 5D0 – 7F1 transitions. The PL spectral shapes are largely different between 

CLTO:Eu3+ and BLTO:Eu3+ and the details are discussed below. 

The PL peaks in CLTO:Eu3+ and BLTO:Eu3+ obtained by the CT excitation at RT and LNT are 

magnified in Figure 5. In the CLTO:Eu3+, Eu3+ ions at A sites without the inversion symmetry 

make the PL for the 5D0 – 7F2 induced ED transitions dominant and the PL for the 5D0 – 7F4 

transitions secondly dominant. The weak single PL peak for the 5D0 – 7F0 transition and three 

peaks for the 5D0 – 7F1 transitions are seen although they are forbidden originally. In the 

BLTO:Eu3+, Eu3+ ions at B sites with the inversion symmetry drive the PL for the 5D0 – 7F1 MD 

transitions predominant and the PL for the 5D0 – 7F0 transition almost absent. These features are 

very similar to the Eu3+ luminescence observed in Ba2MgWO6:Eu3+, Ba2La2/3TeO6:Eu3+ and 

Ba2GdNbO6:Eu3+.25-27 The single PL peak for the 5D0 – 7F0 transition can be recognized at LNT 

by further magnification. The red-shift or larger splitting for the 5D0 – 7F4 transition peaks is also 

observed in BLTO:Eu3+, which is probably attributed to the differences in spin-orbital coupling 

and crystal field between A and B sites.  

The single peak of the 5D0 – 7F0 transition at different wavelength in CLTO:Eu3+ (580 nm) and 

BLTO:Eu3+ (581 nm) confirms the single site of Eu3+ in each material.50 The peak splitting for 

the 5D0 – 7F1 transition is clearly seen in CLTO:Eu3+ but not in BLTO:Eu3+.  Taking the site 

symmetry into account, the triple splitting in CLTO:Eu3+ is reasonable for Eu3+ at A sites with 

the low site symmetry of 1.13, 14 The site symmetry of B sites in BLTO is 1� and low enough to 

give the peak splitting, but it is hardly observed in BLTO:Eu3+. Two possibilities are considered 

to explain the absence of the splitting. One is that the splitting is too small to detect for the 
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spectrometer used in this study. The other is that the local structural relaxation around Eu3+ ions 

at B sites occurs and makes the Eu3+ site symmetry very high because the distortion of the B-site 

octahedron is originally small in BLTO and Ba2[EuTa]O6. In comparison with the spectral shape 

of Ba2MgWO6:Eu3+,25 the latter seems to be more presumable. As for the temperature 

dependence of spectral shapes, the peaks in the spectra for both materials become sharper at LNT 

than at RT, but the spectral features are unchanged. This results indicates the doped Eu3+ ions are 

distributed homogeneously and they are isolated enough to provide the individual Eu3+ PL from 

A or B sites in each HL. Therefore, the mixing of the Eu3+ PL from A and B sites is not observed 

at RT and LNT in these double perovskite-type HLs, which contrasts with the simple perovskite-

type HL of LaLuO3.41 

 

Figure 5. Magnified PL spectra of (CaLa0.90Eu0.10)[CaTa]O6 (red lines) and those 
of Ba2[La0.90Eu0.10Ta]O6 (blue lines) obtained by the CT excitation at RT (thin lines) 
and LNT (thick lines).  
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The decay curves of the PL peaks for the 5D0 – 7F2 transitions in CLTO:Eu3+ and those for the 

5D0 – 7F1 transitions in BLTO:Eu3+ obtained by excitation via the CT bands are shown in Figure 

6. The main peak at 614 nm for CLTO:Eu3+ derived from the induced ED transitions and the 

intense peak at 594 nm for BLTO:Eu3+ derived from the MD transitions were examined at RT 

and LNT. It was found obviously that the Eu3+ PL from A sites in CLTO:Eu3+ shows much faster 

decay than that from B sites in BLTO:Eu3+. This result is very similar to that observed in the 

simple perovskite-type oxide of LaLuO3 doped with Eu3+ at A and B sites.41 The faster decay at 

A sites than at B sites is basically attributed to that the probability of the induced ED transitions 

is usually higher than that of the MD transitions. The transition probability will be dependent on 

not only the site symmetry but also the local structures such as bond lengths and coordination 

numbers.  

The decay curves for CLTO:Eu3+ are not largely dependent on the temperatures between RT 

and LNT, whereas those for BLTO:Eu3+ showed conspicuous temperature dependence implying 

 

Figure 6. Decay curves of PL peak intensities for (CaLa0.90Eu0.10)[CaTa]O6 (red 
circle symbols) and those for Ba2[La0.90Eu0.10Ta]O6 (blue square symbols) observed 
under CT excitation at RT (open symbols) and LNT (filled symbols). 
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that the Eu3+ PL from B sites is largely influenced by the lattice vibrations. Although these 

results are similar to the Tb3+ doped samples reported previously,51 the temperature dependence 

for the present Eu3+ doped samples is notably larger than the one for the Tb3+ doped samples. 

The B–O bonds in the perovskite-type ABO3 are much shorter and generally have more covalent 

character than the A–O bonds. 52 In addition, the BO6 octahedra are three-dimensionally 

connected sharing corners in simple or double perovskite-type oxides. Therefore, the larger 

influence of the lattice vibration on the B-site luminescence seems to be reasonable. The valence 

states of Eu ions become to be divalent just after the CT excitation and their ionic sizes increase, 

whereas the valence states of Tb ions are the same after the 4f-5d excitation. The differences in 

the excited states between Eu and Tb ions are probably attributed to the larger temperature 

dependence for the Eu ions at B sites. 

The lifetimes (τ ) for the Eu3+ PL derived from the 5D0 – 7F1 and 5D0 – 7F2 transitions were 

estimated by the plots of  ln(I/I0) vs. t as shown in the inset presuming that the decay curves 

follow a single-exponential function. The slopes in the inset provide the lifetimes τ = 0.69 ms for 

the 5D0 – 7F2 transitions both at RT and LNT in CLTO:Eu3+ andτ = 3.7 ms for the 5D0 – 7F1 

transitions at RT and τ = 5.1 ms at LNT in BLTO:Eu3+. These values were obtained by the direct 

excitation of Eu3+ through the CT transitions. The evaluation of the lifetimes was also carried out 

by the direct Eu3+ excitation through 4f–4f transitions at 395 or 397 nm. The results were almost 

the same with those by the CT excitation, indicating the relaxation from the excited CT states 

(Eu2+ states) to the excited Eu3+ 5D0 states is far much faster than the relaxation from the 5D0 to 

7FJ states.  
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Although the lifetimes of Eu3+ PL in the double perovskite-type oxides have been reported in 

several papers,22-38 Eu3+ sites and the excitation wavelengths have not been examined 

systematically for the understanding of the site-dependent Eu3+ luminescence. Therefore, it is 

limited to compare the lifetimes among the double perovskite-type oxides.  The present results 

were roughly the same with τ = 0.5 ms in Ca2LaTaO6:Eu3+, τ = 0.69 ms in Ca2LuTaO6:Eu3+ and 

τ = 0.61 ms in Gd2ZnTiO6:Eu3+ for Eu3+ ions at A sites, and τ = 4.23 ms in Ba2MgWO6:Eu3+ and 

τ = 3.55 ms in Ba2La2/3Te1/3O6:Eu3+ for those at B sites. 22-26 

The quantum efficiencies (η ) of the Eu3+ PL were evaluated at RT for excitation via the CT 

peaks, namely, at 298 nm for CLTO:Eu3+ and at 278 nm for BLTO:Eu3+, using all emission 

peaks in the visible region. The internal quantum efficiency (η in) and external quantum 

efficiency (η ex) for CLTO:Eu3+ (x=0.10) were 8 and 5 %, respectively, which were lower than 

those for LaLuO3:Eu3+(A). In contrast, those values for BLTO:Eu3+ (x=0.10) were η in = 39 and 

η ex = 28 %, which were higher than those for LaLuO3:Eu3+(B) (η in = 34 and η ex = 27 %).41 

Between the two double perovskite-type materials, Eu3+ at B sites in BLTO:Eu3+ provided higher 

efficiency than that at A sites in CLTO:Eu3+.  The dominant Eu3+ luminescence at B sites is also 

observed in the double perovskite-type Sr2CaMo1−yWyO6 doped with Eu3+ at A or B sites.17 On 

the other hand, the efficiency is comparable between A and B sites in the simple perovskite-type 

LaLuO3.41 Because the η ex values are dependent on the HLs, excitation wavelengths, Eu3+ 

concentrations, grain sizes and so on, it is not simple to compare them in details. In the other 

double perovskite-type oxide hosts for the application to white light emitting diodes, several η 

values have been reported; η  = 17.8 % (λex = 395 nm), 27.7% (λex = 534 nm) for 

Ca2La0.6Eu0.4NbO6, η  = 20.4 % (λex = 395 nm), 25.4% (λex = 465 nm) for 
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Sr2Ca(Mo0.5W0.5)O6:Eu0.04 and η  = 17 % (λex = 390 nm) for Sr2Ca0.7Eu0.15Li0.15W0.5Mo0.5O6.15, 

17, 40 

 

CONCLUSION 

The Eu3+ luminescence of B-site-ordered double perovskite-type (CaLa1−xEux)[CaTa]O6 and 

Ba2[La1−xEuxTa]O6
  (x = 0.01, 0.10) were investigated based on the experimental examination of 

Eu3+ locations. XANES measurements confirmed that Eu3+ ions are located at A sites in 

CLTO:Eu3+ and at B sites in BLTO:Eu3+ as expected in the nominal compositions. In the PLE 

spectra, broad CT excitation bands were observed in both CLTO:Eu3+ and BLTO:Eu3+ revealing 

the blue shift of the CT band for BLTO:Eu3+ compared with CLTO:Eu3+ due to the larger crystal 

field at B sites. Although both materials showed red PL, the PL spectral shapes were largely 

different depending on the Eu3+ occupation sites accompanying the difference of the PL 

lifetimes. Eu3+ ions at A sites without the inversion symmetry in CLTO:Eu3+ provide the intense 

PL peak derived from the 5D0 – 7F2 transition, whereas those at B sites with the inversion 

symmetry in BLTO:Eu3+ give the sharp PL peak derived from the 5D0 – 7F1 transition. As a 

result, evident site-dependent Eu3+ PL and the lifetimes were obtained in these double 

perovskite-type oxides clarifying the spectral shape of each Eu3+ PL from A or B site.  
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