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Structural phase transitions and
photoluminescence properties of Eu3+ doped
Ca(2−x)BaxLaNbO6 phosphors

Jicheng Zhu,a Zhiguo Xia,*a Yuanyuan Zhang,b Maxim S. Molokeevc,d and
Quanlin Liu*a

Crystal structures of the series of double perovskites Ca(2−x)BaxLaNbO6:Eu
3+ phosphors have been exam-

ined by powder X-ray diffraction and Rietveld refinements. Ca2LaNbO6 has a monoclinic (P21/n) and

Ba2LaNbO6 has a monoclinic (C2/m) structure. The structural phases of Ca(2−x)BaxLaNbO6:Eu
3+ samples

are divided into three sections depending on different Ca/Ba ratios: (1) monoclinic phase (P21/n) as

Ca2LaNbO6 in the range of x = 0–0.1, (2) mixed phases containing Ca2LaNbO6 and Ba2LaNbO6 between

0.15 and 1.2, and (3) monoclinic phase (C2/m) as Ba2LaNbO6 for x = 1.4–2. Eu3+ ions act as the structural

probes to study the structural phase transitions, and the evolution of the photoluminescence properties

and thermal stability behaviours has been also comparatively investigated depending on different struc-

tural symmetries from Ca2LaNbO6 to Ba2LaNbO6 phase. The strong red emission from 5D0–
7F2 peaking

at 618 nm can be found in Ca2LaNbO6:Eu
3+ phosphors, which is attributed to the low crystal field effect

of the activator ions located in the highly distorted [LaO8] polyhedra sites. The composition-optimized

phosphors can find applications in white light emitting diodes (LEDs).

1. Introduction

ABO3-type perovskite oxides, where A and B denote two
different cations, are structurally stable because of their well-
balanced geometrical array of constituent atoms and valances.
Structural phase transitions in perovskites have long been
of interest to solid-state chemists, and great efforts to deter-
mine the physical properties have also been extensively made,
such as optical, ferroelectric, magnetic, and superconductor
properties, by materials scientists. However, due to the rela-
tively easy energy transfer when the B site is occupied by a
transition metal, most of the perovskites are good magnetic
materials but not excellent phosphor hosts.1 However, ordered
double perovskites with the general formula A2B′B″O6 are
formed when the B site of ABO3 is occupied by two different
cations (B′ = rare earth elements, B″ = transition metal, d-block

metals, such as Mo, Sb, Nb, Ta) in the disordered state; there-
fore double perovskite compounds may become suitable
candidate phosphors by structurally modulating a series of
elements in A2B′B″O6.

2–4 In addition, the B′O6 and B″O6 in
A2B′B″O6 can reduce the symmetry of A sites and contribute a
variety of environments for doping rare earth ions.5

The crystal structure of Ca2LaNbO6 has been first reported
by Fillipev and Fesenko,6 and Ba2LaNbO6 has also been
studied in recent years.7–10 Ca2LaNbO6 has a monoclinic (P21/n)
and Ba2LaNbO6 has a monoclinic (C2/m) structure. There are
two Ca sites in Ca2LaNbO6 and one site is occupied by the d-
isordered 50% Ca and 50% La. However, there is only one Ba
site and one La site in Ba2LaNbO6, and that’s to say, La3+ ions
in Ca2LaNbO6 and Ba2LaNbO6 have different coordination
environments.

Owing to the great requirement for the red phosphors
used in developing solid state lighting, such as white light
emitting diodes (LEDs), many different types of hosts have
been developed, such as Ca14Al10Zn6O35:Mn4+,11 BaGeF6:
Mn4+,12 Li6CaLa2Sb2O12:Eu

3+,13 and so on. Among them, Eu3+-
doped red phosphors played an important role in these fields.
In our present work, we have synthesized a series of double
perovskite Ca(2−x)BaxLaNbO6 phosphors. By doping Eu3+ ions
in La3+ sites, Eu3+ ions have changeable environments from
Ca2LaNbO6 to Ba2LaNbO6, which is a complex process for
the variation of the phase structures. Eu3+ ions can also act as
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structural probes to study the structural phase transitions;
moreover, the red emissions from the magnetic dipole
transition (5D0–

7F1) at about 596 nm and the electric dipole
transition (5D0–

7F2) at about 618 nm were observed when the
samples were excited by near ultraviolet (396 nm) or blue light
(465 nm) to match the commercial LED chips.

2. Experimental section
2.1 Materials and synthesis

A series of niobate-based double perovskite phosphors,
Ca(2−x)BaxLa0.95NbO6:0.05Eu

3+ (0 ≤ x ≤ 2), were synthesized by
a traditional high temperature solid-state reaction. Since the
main topic focused on is the effect of Ca/Ba ratios on the
phase structural evolution and luminescence properties, the
doping concentration of Eu3+ is fixed at 0.05 mol for all the
studied samples. Stoichiometric amounts of CaCO3 (A.R.),
BaCO3 (A.R.), La2O3 (99.99%), Nb2O5 (99.99%) and Eu2O3

(99.99%) were intimately mixed homogeneously in an agate
mortar and then placed in alumina crucibles and fired at
1300 °C for 6 h. Finally, the samples were, after cooling to
room temperature in the furnace, ground to fine powders for
the following characterization.

2.2 Characterization

The phase structures of the Ca(2−x)BaxLaNbO6:Eu
3+ samples

were measured by using an X-ray diffractometer (D/max-rA
12 kW, Japan) with Cu-Kα radiation (λ = 0.15406 nm), operat-
ing at 40 kV, 35 mA. The continuous scanning rate (2θ ranging
from 10° to 70°) was 4° (2θ) min−1 and the step scanning rate
(2θ ranging from 10° to 100°) used for Rietveld analysis was 8 s
per step with a step size of 0.02. Powder diffraction data were
further analysed using a computer software TOPAS 4.2
program. Diffuse reflection spectra of the as-synthesized
samples were recorded on a UV-Vis-NIR spectrophotometer
(UV-3600, Shimadzu) attached to an integral sphere. BaSO4

was used as a reference standard. The photoluminescence (PL)
spectra and excitation (PLE) spectra were recorded using a
fluorescent spectrophotometer (F-4600, HITACHI, Japan) with
a photomultiplier tube operating at 400 V and a 150 W Xe
lamp at room temperature, and the temperature-dependence
luminescence properties were measured on the same spectro-
photometer combined with a self-made heating attachment
and a computer-controlled electric furnace. The room tempera-
ture decay curves were recorded on a JOBIN YVON FL3-21
spectro-fluorometer.

3. Results and discussion
3.1 Phase formation and crystal structure

The phase structures of the as-prepared Ca(2−x)BaxLaNbO6:
Eu3+ phosphors were investigated using powder X-ray diffrac-
tion (PXRD) and Rietveld refinements. The PXRD data in Fig. 1
show that the samples could be divided into three sections:

part (a) x = 0 to 0.1 [phase 1: monoclinic Ca2LaNbO6 (P21/n)],
part (b) x = 0.15 to 1.2 [the mixed phases of Ca2LaNbO6 (P21/n)
and Ba2LaNbO6 (C2/m)], and part (c) x = 1.4 to 2 [phase 2:
monoclinic (C2/m)] based on the comparison of the standard
data of the two end members and the differences in positions
and relative intensities of the as-measured diffraction peaks.
One can see that all the diffraction peaks of the samples
match well with those of the monoclinic phase Ca2LaNbO6

Fig. 1 XRD patterns of the as-prepared Ca(2−x)BaxLaNbO6:Eu
3+ samples

and the standard data of CaLaNbO6 (JCPDS 70-1157) and Ba2LaNbO6

(ICSD 127403) used as references. (a) x = 0 to 0.1 [phase 1: monoclinic
(P21/n)]. (b) x = 0.15 to 1.2 [the mixed phase]. (c) x = 1.4 to 2 [phase 2:
monoclinic (C2/m)].

Dalton Transactions Paper

This journal is © The Royal Society of Chemistry 2015 Dalton Trans., 2015, 44, 18536–18543 | 18537

Pu
bl

is
he

d 
on

 2
3 

Se
pt

em
be

r 
20

15
. D

ow
nl

oa
de

d 
by

 S
ta

te
 P

ub
lic

 S
ci

en
tif

ic
 T

ec
hn

ic
al

 L
ib

ra
ry

, S
ib

er
ia

n 
B

ra
nc

h 
of

 th
e 

R
A

S 
on

 1
0/

19
/2

02
0 

12
:5

0:
54

 P
M

. 
View Article Online

https://doi.org/10.1039/c5dt03430b


(JCPDS 70-1157) and Ba2LaNbO6 (ICSD 127403) in Fig. 1a and
1c, and no traces of impurity phases are observed, indicating
the successful isomorphic replacement of Ba atoms by Ca
atoms in the present structure in the range of 0 ≤ x ≤ 0.1 and
1.4 ≤ x ≤ 2.0. However, in Fig. 1b with the composition range
of 0.15 ≤ x ≤ 1.2, the diffraction peaks of the samples rep-
resent not only the Ca2LaNbO6 phase, but also the Ba2LaNbO6

phase, and gradually change from Ca2LaNbO6 to Ba2LaNbO6.
All the diffraction peaks in Fig. 1b can be defined as each of
them. Therefore, this section between 0.15 and 1.2 was
regarded as the mixed phases of Ca2LaNbO6 to Ba2LaNbO6.

In order to further recognize the structural phase tran-
sitions of the as-prepared phosphors, Rietveld refinements of
powder XRD profiles of representative Ca(2−x)BaxLaNbO6 (x = 0,
0.3, 1.2, 1.6, 2) were performed by using TOPAS 4.2. The origi-
nal structure model of previously reported crystallographic
data of Ca2NdNbO6 (ICSD 86295) and Ba2LaNbO6 (ICSD
172403) as the corresponding starting model was employed to
refine the above samples and the refinement results are pre-
sented in detail in Fig. 2 and Table 1. Powder patterns of com-
pounds with x = 0 and 0.3 were indexed by the monoclinic cell
(P21/n) with parameters close to Ca2NdNbO6, and x = 1.2, 1.6
and 2 were indexed by the monoclinic cell (C2/m) close to
Ba2LaNbO6. Small impurities (10%) of the cubic phase Pm3̄m
monoclinic phase and (13%) the monoclinic phase
Ca2LaNbO6 were detected in compounds with x = 0.3 and x =
1.2, respectively. It indicates that with the increase of the Ba
content, the crystal structure of the phosphor gradually turns
from one monoclinic cell (P21/n) to another monoclinic cell
(C2/m).

As shown in Fig. 2f, the crystal structure of Ca2LaNbO6 has
two different Ca sites, one of them occupied by La and Ca with
occupancies 0.5/0.5, respectively, and another site is occupied
by Ca only. Compound with x = 0.3 is isostructural to
Ca2LaNbO6 and it was suggested that Ba ions occupy the Ca/La
site instead of the Ca site. This is because Ba ions are bigger
than Ca, the coordination number (CN) = 8 of the 4e site occu-
pied only by Ca has more possibility to include bigger ions
compared to the 2b site with CN = 6. The concentration of
Ca/Ba was fixed according to chemical formula. Refinement of
this model was stable and gives low R-factors (Table 1). As
shown in Fig. 2g, the independent part of the unit cell
Ba2LaNbO6 contains one NbO6 octahedron, one LaO6 octa-
hedron and one Ba site. It was suggested that Ca ions in com-
pounds with x = 1.2 and 1.6 occupy Ba sites instead of La sites
because Ca ions will decrease the amount of La ions and lead
to negative total sum of charge. Refinement of this model was
also stable and gives low R-factors (Table 1).

Accordingly, the lattice parameters a, b, c and the unit cell
volume V depending on different Ba contents in the three
phase sections are plotted in Fig. 3. It was concluded from the
calculated cell parameters that the phase transition between
P21/n and C2/m phases exists in the range of x = 0.3–1.2. The
Ba content dependence of cell parameters proves that a, b, c
show a jump and β also shows a jump and even different
behaviors in this range for the designed Ca(2−x)BaxLaNbO6

(Fig. 3a–3d). The cell parameters of the C2/m phase were trans-
formed according to the formula: a′ = (a2 + c2 − 2ac cos β)1/2;
b′ = b; c′ = a, β′ = arccos((c − a cos β)/a′) to allow easier compari-
son with the cell parameters a, b, c, β of the P21/n phase.
However, the cell volume shows a smooth linear increase with
x in agreement with the ion radii of Ba and Ca, as can be
found from Fig. 3e.

3.2 Luminescence properties

As we know, Eu3+ ions act as the structural probes to study
structural phase transitions, which contain the magnetic
dipole transition 5D0–

7F1 at about 596 nm and the electric
dipole transition 5D0–

7F2 at about 618 nm. The emission inten-
sity is normally hypersensitive to the crystal environment of

Fig. 2 Difference Rietveld plot of Ca(2−x)BaxLaNbO6:Eu
3+ samples and

the crystal structure of Ca2LaNbO6 and Ba2LaNbO6. (a) x = 0. (b) x = 0.3.
(c) x = 1.2. (d) x = 1.6. (e) x = 2.0. (f ) Crystal structure of Ca2LaNbO6. (g)
Crystal structure of Ba2LaNbO6.
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Eu3+ ions. That’s to say, the evolution of the emission ratio
(5D0–

7F2)/(
5D0–

7F1) depends on the variation of Eu3+ ion site
symmetry. The emission transition is mainly 5D0–

7F2 (618 nm)
from the Eu3+ sites without inversion symmetry; otherwise, the
transition is mainly 5D0–

7F2 (596 nm) with inversion symmetry.
Therefore, in order to link the relationship between lumine-
scence properties and crystal structure, the photoluminescence
(PL) emission spectra of this series of Ca(2−x)BaxLaNbO6:Eu

3+

samples are given in Fig. 4a; it is found that the PL intensities
decrease sharply with the decrease of Ca/Ba ratios, which

means that strong red emission from 5D0–
7F2 peaking at

618 nm can be found in Ca2LaNbO6:Eu
3+. Fig. 4a shows

the enlarged spectral profiles of the selected samples of

Table 1 Main parameters of processing and refinement of the Ca(2−x)BaxLaNbO6 samples

x Value 0 0.3 1.2 1.6 2

Phases Ca2LaNbO6 Ba0.3Ca1.7LaNbO6 Ba2LaNbO6 Ba1.2Ca0.8LaNbO6 Ca2LaNbO6 Ba1.6Ca0.4LaNbO6 Ba2LaNbO6
Weight, % 100 90(1) 10(1) 87(2) 13(2) 100 100
Sp.Gr. P21/n P21/n Pm3̄m C2/m P21/n C2/m C2/m
a, Å 5.6139(3) 5.6225(5) 4.1884(4) 10.2630(16) 5.628(1) 10.3628(18) 10.4771(12)
b, Å 5.8656(3) 5.8692(5) — 5.9329(6) 5.884(2) 5.9652(11) 6.0588(6)
c, Å 8.1157(4) 8.1296(7) — 5.9398(8) 8.123(2) 5.9606(12) 6.0309(7)
β, ° 90.161(3) 90.151(8) — 125.275(11) 90.15(3) 125.34(9) 125.386(6)
V, Å3 267.24(2) 268.27(4) 73.47(2) 295.26(8) 269.0(1) 300.6(1) 312.11(6)
Z 2 2 1 2 2 2 2
2θ-Interval, ° 10–100 10–100 10–100 10–100 10–100
No. reflections 275 275 18 172 276 172 183
No. refined parameters 38 50 67 41 41
Rwp, % 12.90 14.46 16.44 16.51 15.00
Rp, % 9.92 11.29 12.02 11.79 10.81
Rexp, % 11.23 11.79 12.32 12.60 13.27
χ2 1.15 1.23 1.34 1.31 1.13
RB, % 2.24 4.34 2.90 2.90 8.75 2.98 2.16

Fig. 3 The Ba content dependence of cell parameters: (a) a of P21/n
phase (1), c of C2/m phase (2); (b) b of P21/n phase (1), b of C2/m phase
(2); (c) c of P21/n phase (1), a’ = (a2 + c2 − 2ac cos β)1/2 of C2/m phase
(2); (d) β of P21/n phase (1), β’ = arccos((c − a cos β)/a’) of C2/m phase
(2); (e) cell volume of all phases.

Fig. 4 PL spectra of Ca(2−x)BaxLaNbO6:Eu
3+ samples upon excitation at

398 nm, (a) x = 0 to 2. (b) The enlarged spectral profiles for x = 1.2, 1.6
and 2.0. PL decay curves of the two end members Ca2LaNbO6:Eu

3+ (c)
and Ca2LaNbO6:Eu

3+ (d) by monitoring different transitions at 596 and
618 nm.
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Ca(2−x)BaxLaNbO6:Eu
3+ for x = 1.2, 1.6 and 2.0, and we can find

that the emission ratio (5D0–
7F2)/(

5D0–
7F1) changes when the

compositions are located in the above-mentioned part (c) of
Ba2LaNbO6 phases. As we know, Eu3+ will enter the La sites in
this series of Ca(2−x)BaxLaNbO6 compounds from the consider-
ation of charge balance and the similar ionic radius; however,
the La sites are disordered in the Ca2LaNbO6 phase, so that
the doped Eu3+ ions at highly distorted eight-coordinated sites
can rapidly promote the probability of an electric dipole tran-
sition to emit intense red light at 618 nm. As a comparison,
the crystal structures of Ca(2−x)BaxLaNbO6 (x = 1.4–2.0) belong
to a relatively ordered environment than that of Ca2LaNbO6;
the transition probability of Eu3+ in such a system will
decrease and the orange emission originating from 598 nm
will predominate among the observed Eu3+ emission lines.
Furthermore, the PL decay curves of the two end members
Ca2LaNbO6:Eu

3+ and Ba2LaNbO6:Eu
3+ by monitoring different

transitions at 596 and 618 nm have been demonstrated in
Fig. 4c and 4c, respectively, in order to probe more lumine-
scence dynamic information. All the decay curves can be well
fitted using a first-order exponential decay formula:

IðtÞ ¼ I0 þ A expð�t=τÞ ð1Þ

where I and I0 are the luminescence intensities at time t and 0,
A is a constant, t is the time, and τ represents the decay time
for an exponential component. The decay curves indicate that
all Eu3+ ions occupy the same crystal environment, which is
consistent with the description of the crystal structure above.
On the basis of the results of single exponential decay fitting,
the lifetime values of the 5D0–

7F1 transition at 596 nm and the
5D0–

7F2 transition at 618 nm of Ca2LaNbO6:Eu
3+ phosphors

were calculated to be 4.51 and 4.47 ms, respectively. As for
Ba2LaNbO6:Eu

3+ phosphors, the corresponding values are 2.91
and 2.85 ms. The low lifetime values of Ba2LaNbO6:Eu

3+ also
verify the fast energy transfer between the emission centres
and the induced emission quenching, which is in agreement
with the low emission intensities compared to Ca2LaNbO6:
Eu3+.

Fig. 5 show a careful analysis of the Ca/Ba ratio dependence
of the normalized emission intensities of this series of Ca(2−x)-
BaxLaNbO6:Eu

3+ samples (x = 0–2) under 398 nm excitation.
The emission intensity is normally relative to the crystal
environment of Eu3+ ions.14,15 As shown in Fig. 5a, with
increasing Ba content in the range of 0 ≤ x ≤ 0.1, the as-
prepared phosphor exhibits the same features of four main
bands with maxima at about 596, 618, 660, and 706 nm, due
to the 5D0 → 7FJ ( J = 1, 2, 3, 4) transitions. In addition, it can
be found that the intensityof the 5D0→

7F1magnetic-dipole tran-
sition (596 nm) is weaker than that of the 5D0 → 7F2 electric-
dipole transition (618 nm). In Fig. 5b and c, the 5D0 → 7F1
magnetic-dipole transition (596 nm) becomes more and more
intense by increasing Ba3+ in Ca(2−x)BaxLaNbO6:Eu

3+. As men-
tioned above, the ratio between the magnetic-dipole transition
(596 nm) and the electric-dipole transition (618 nm) can help
to deeply understand the difference of symmetry of the Eu3+

sites, and the evolution of this value depends on the variation
of Eu3+ ion site symmetry. As shown in Fig. 5d, the Ratio596/618
keeps instantly. In this case, the Eu3+ ions from EuO8 dodeca-
hedra of the Ca2LaNbO6 phase are located at a low symmetry,
the electric-dipole transition is no longer strictly forbidden
and hypersensitive emission of 5D0 →

7F2 should be the domi-
nant one, according to the Judd–Ofelt theory.16,17 When the Ba
contents are located in the range of 0.15 ≤ x ≤ 1.2, the inten-
sity Ratio596/618 increases slightly in the mixed phases.
However, the Ratio596/618 increases apparently with the
increase of the Ba content from 1.4 to 2.0. Under the circum-
stances, Eu3+ ions located at the six-coordinated sites (EuO6) of
the Ba2LaNbO6 phase are an inversion symmetry site. The elec-
tric-dipole transition is strictly forbidden. So the emission of
618 nm (5D0 →

7F2 electric-dipole transition) is very weak.
The UV-vis diffuse reflectance spectra of the selected

Ca(2−x)BaxLaNbO6:Eu
3+ samples for different Ba contents are

illustrated in Fig. 6. It is clearly found that the absorption of
Ca(2−x)BaxLaNbO6:Eu

3+ samples is located at the two regions:
one part between 200 and 380 nm is ascribed to the absorp-
tion band from the O2− → Eu3+ charge transfer transition, and
the other absorption lines located at 393, 465 and 533 nm origi-
nate from the f–f transitions of Eu3+. The above results verified
that the as-prepared phosphors can absorb both UV light and
the characteristic excitation light of Eu3+ in the near-UV region
(393 nm) and the blue light region (465 nm), which is
beneficial to the application as red phosphors for near-UV or
blue light pumped white LEDs.

As a contrast, the PLE spectra of this series of Ca(2−x)Bax-
LaNbO6:Eu

3+ samples (x = 0–2) are also shown in Fig. 6. The
excitation spectra can be divided into two regions: the
sharp peaks in the range of 350–500 nm are associated with
the 5D0 → 7FJ ( J = 1, 2, 3, 4) transitions of Eu3+, respectively.
A broad band absorption peak in the range of 200–350 nm

Fig. 5 Normalized PL spectra of Ca(2−x)BaxLaNbO6:Eu
3+ samples. (a) x =

0 to 0.1. (b) x = 0.15 to 1.2. (c) x = 1.4 to 2. (d) PL intensity ratio of 596 to
618 nm.
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with a peak maximum at about 305 nm is mainly related to
the charge transfer (CT) transitions of ligand O2− atoms to
Eu3+ since the position of the O2− → Eu3+ charge transfer band
(CTB) is usually located in the range of 170–260 nm in most
hosts.18–20 It is clear that all of the PLE spectra have a similar
shape when monitored at 596 nm (Fig. 7a, c and e) and
618 nm (Fig. 7b, d and f) (Eu3+ emission) except for the differ-

ence of the CT position. In addition, with the replacement of
Ba with Ca ions, the relative intensity of the charge transfer
transitions was enhanced gradually. From the excitation
spectra, it is clearly found that the present niobate phosphors
can be excited by both the near ultraviolet (396 nm) and the
blue light (465 nm), matching well with the emission wave-
length of the commercial LED chips currently in LED
devices.21–23

3.3 The thermally stable luminescence

As is well known, the thermal stability of phosphors is one of
the important issues in their practical application.24,25 In
order to further characterize the properties of the phosphors
depending on the environment temperature, Fig. 8 presents
the emission spectra of selected Ca(2−x)BaxLaNbO6:Eu

3+ (x = 0,
0.6, 1, 1.2, 1.4, 2) phosphors at different temperatures.
One can see that while the content of Ba was in the range of
0 ≤ x ≤ 1.2, both the emission intensities of the magnetic-
dipole transition (596 nm) emission spectrum and the electric-
dipole transition (618 nm) decrease progressively with the
increase of temperature as shown in Fig. 8a–d. However, the
emission intensities of the spectrum turn out to be in the
opposite situation when the content of Ba was 1.4 and 2 in
Fig. 8e and f. As we discussed previously, the phase structures

Fig. 7 Normalized PLE spectra of Ca(2−x)BaxLaNbO6:Eu
3+ samples

under 596 and 618 nm excitation, respectively. (a) and (b) x = 0 to 0.1.
(c) and (d) x = 0.15 to 1.2. (e) and (f ) x = 1.4 to 2.

Fig. 8 The PL spectra (λex = 398 nm) of the Ca(2−x)BaxLaNbO6:Eu
3+

phosphor under different temperatures in the range of 30–300 °C.
(a) x = 0, (b) x = 0.6, (c) x = 1, (d) x = 1.2, (e) x = 1.4 and (f ) x = 2.

Fig. 6 UV-vis diffuse reflectance spectra of Ca(2−x)BaxLaNbO6:Eu
3+

samples for different Ba contents, x = 0, 0.1, 0.6, 1.2 and 2.0.
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in such a composition range (x = 1.4–2.0) are iso-structural
with the monoclinic (C2/m) Ba2LaNbO6 structure, which con-
tains one NbO6 octahedron, one LaO6 octahedron and one Ba
site. Eu3+ emission intensities in such a structure increased
with the increase of temperature; therefore, it means that the
transition probability of the activators increase in such a
host with the help of the decreased site symmetry. Ca2LaNbO6

(P21/n) is more distorted than Ba2LaNbO6 because it has lower
symmetry, and Ba2LaNbO6 (C2/m) is the parent phase of the
distorted (P21/c) phase. So the observed different temperature
dependent luminescence behaviours are also in agreement
with the tunable structural character depending on the chemi-
cal compositions and temperature of the double perovskite
compounds.26,27

4. Conclusion

In summary, a series of Ca(2−x)BaxLaNbO6:Eu
3+ (0 ≤ x ≤ 2)

phosphors have been synthesized by the conventional high
temperature solid-state reaction route. The structural phase
transitions depending on Ca/Ba ratios from Ca2LaNbO6 to
Ba2LaNbO6 were studied via X-ray diffraction analysis, and
further probed by the characteristic red emission of Eu3+. The
XRD patterns revealed that phases are divided into three sec-
tions including the disordered Ca2LaNbO6, the ordered
Ba2LaNbO6 and the mixed phases between them. Due to the
different Ca/Ba ratios, the lattice constants exhibited different
tendency for linear variation. Moreover, when Eu3+ ions
occupy the site without inversion symmetry, it shows the stron-
gest red emission line at 618 nm corresponding to the 5D0 →
7F2 transition, and Ca2LaNbO6:Eu

3+ phosphors can act as the
potential red phosphors for white LEDs. While Eu3+ ions in
Ba2LaNbO6 occupy the inversion symmetry site, the emission
intensities were weak, and the magnetic-dipole transition
(596 nm) predominated. The thermal stability luminescence
also verified that the different phase structures will also affect
the variation of the emission intensities depending on the
temperature. This study can serve as a guide to discuss the
structural phase transformation via the combined techniques
of X-ray diffraction and Eu3+ probes, and will also help to
explore the new luminescence materials with controllable
optical properties induced by the variation of the local coordi-
nation environment.
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