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Abstract. Eu3+ photoluminescence (PL) is studied in the tellurooxyphosphate, Ba2 TeO(PO4 )2 , host. A series of phosphor
compositions with varying concentrations of Eu3+ dopant in Ba2 TeO(PO4 )2 are synthesized by high temperature solid-state
reaction and the PL spectra are recorded. Under 395 nm wavelength excitation, the emission spectrum shows a single
peak corresponding to the non-degenerate transition, 5 D0 → 7 F0 indicating that Eu3+ preferentially occupies a single
crystallographic site. The peak due to the degenerate hypersensitive 5 D0 → 7 F2 electric dipole transition of Eu3+ in the
emission spectrum indicates that the site occupied by Eu3+ in the tellurooxyphosphate host lattice is non-centrosymmetric.
The CIE coordinate values are x = 0.61 and y = 0.34 and are found to be close to the values of the reference phosphor
Y2 O3 :Eu3+ .
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1. Introduction
Tellurium containing compounds with rigid tetrahedral
anionic groups, such as (PO4 )3− and (BO4 )5− , have attracted
considerable attention in recent times due to their novel
open framework structures with interesting physical properties [1–3]. The presence of stereochemically active lone
pair on tetravalent tellurium with 5s2 lone pair of electrons
can play a vital role in facilitating asymmetric coordination geometry and rich structural chemistry, which give rise
to interesting physical properties [4–8]. So far, the Te4+ containing compounds are extensively studied for NLO and
SHG properties but are less explored as hosts for activators in
photoluminescence (PL) studies. One of the intriguing facets
of PL is ‘energy transfer’ to the activator, either from a codoped sensitizer or from the host lattice. Oxyanion phases
consisting of oxide ions, which are not part of the polyanion network, are known to facilitate host-to-activator energy
transfer [9,10]. The importance of the host-sensitized emission lies in the fact that usually the charge transfer (CT)
band lies in the range of 220–270 nm and if the absorption maximum is in the vicinity of 254 nm, the phosphor
can be used in fluorescent lamps subject to the emission
being intense. Indeed, Tuan et al [10] studied a series of
Eu3+ -doped yttrium phosphate compositions and have shown
that in oxyphosphates the CT band is red shifted to 250–
270 nm range vis-a-vis the phosphates, wherein the CT band is
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positioned in the 220–240 nm range. Recently, the compound
Li3 Gd3 Te2 O12 was reported to be an excellent host for Eu3+
activator [11]. Host-to-activator energy transfer was observed
in the above gadolinium tellurite with intense host absorption
band appearing in the excitation spectrum when Eu3+ emission was monitored. Ba2 TeO(PO4 )2 is an oxyanion phosphate
and host-to-activator energy transfer can be expected. The
presence of 5s2 lone pair on Te4+ gives rise to distortions in
the structure and as a result the coordination environment of
oxide ions around Ba2+ is non-centrosymmetric. This opens
up the possibility of 5 D0 → 7 F2 electric dipole (ED) transition
in Eu3+ when doped at the Ba2+ site, resulting in orange-red
emission in the PL emission spectra. In view of the above, we
have chosen a tellurooxyphosphate system, Ba2 TeO(PO4 )2
[12], as the host lattice for Eu3+ activator. Here we report the
synthesis and PL studies of a series of Eu3+ doped phases,
Ba2−2x Eux Lix TeO(PO4 )2 (x = 0.0, 0.05, 0.15 and 0.2). Li
is co-doped for charge compensation. We find that select
compositions give intense orange-red emission corresponding to the electric-dipole transition of the Eu3+ activator under
near-ultraviolet (NUV) excitation and can be considered as
promising candidates for white light generation in solid-state
lighting applications. In addition, the CT band maximum is
in the vicinity of 254 nm and is intense. An offshoot of this
work is the finding out of local site symmetry of the BaOx
polyhedral, since Eu3+ is an excellent ion to probe the local
structure owing to its hypersensitive transitions [13–15].
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2. Experimental
2.1 Synthesis of materials
Ba2−2x Eux Lix TeO(PO4 )2 (x = 0, 0.05, 0.15 and 0.2)
phosphor compositions were synthesized by conventional
high temperature solid-state reaction method. The starting materials used were BaCO3 (Sigma-Aldrich 99.99%),
TeO2 (Sigma-Aldrich 99.99%), NH4 H2 PO4 (Merck 98.5%),
Li2 CO3 (Merck 99%) and Eu2 O3 (Indian Rare Earths 99%).
Eu2 O3 was preheated at 900◦ C overnight. NH4 H2 PO4 is used
as the source of phosphate moiety. Li substitution is done for
charge compensation. Stoichiometric amounts of the reactants were ground well in an agate mortar in acetone medium
and the reactant mixture was heated in an alumina crucible in
air at 650◦ C for 48 h with one intermittent grinding. In order
to compensate for the volatilization of Li2 CO3 , 5% excess
Li2 CO3 was used.
2.2 Material characterization

Figure 1. BaO10 (Ba1) and
Ba2 TeO(PO4 )2 host-lattice.

BaO8

(Ba2)

polyhedra

in

The synthesized phases were characterized by powder
X-ray diffraction (XRD, Bruker D-8) using Cu-Kα radiation
(1.5406 Å) and Ni filter. From the observed diffraction peaks,
the lattice parameters were calculated by Least Square fitting
method. The diffuse reflectance spectra (DRS) were recorded
using UV–Visible spectrophotometer (V-560, JASCO) on
powdered samples. BaSO4 was used as a reference for 100%
reflectance. The PL excitation and emission spectra were
recorded on powder samples using a Spectrofluorometer (FP6500, JASCO). All the characterization experiments were
carried out at room temperature.

3. Results and discussion
3.1 Structural characterization
The structure of Ba2 TeO(PO4 )2 consists of cornered shared
(PO4 ) tetrahedral and distorted TeO5 square pyramidal units
running parallel to the b-axis [12]. The Ba2+ ions reside in
two crystallographic sites, Ba(1) and Ba(2). The coordination
of Ba(1) site is ten and that of Ba(2) is eight with regard
to oxygen, as shown in figure 1. Both the Ba-sites are noncentrosymmetric with point group symmetry C1 . Figure 2
shows the powder XRD patterns recorded at room temperature
on Ba2−2x Eux Lix TeO(PO4 )2 (x = 0.0, 0.05, 0.15 and 0.2)
phases along with the simulated pattern of the parent (undoped) phase. All the synthesized compositions are indexed
on a triclinic unit cell with P 1̄(2) space group (ICDD No:
416032 for Ba2 TeO(PO4 )2 ). The absence of any extra peaks
in the XRD patterns indicates that all the compositions are
single phase. It is observed that the positions of the diffraction
peaks are shifted to higher 2θ values in the Eu3+ doped phases.
The gradual shift of the diffraction peaks towards higher 2θ
values with increasing Eu3+ content, ‘x’ as shown in inset of

Figure 2. Powder XRD patterns of Ba2−2x Eux Lix TeO(PO4 )2
(x = 0, 0.05, 0.15 and 0.20) phases.

figure 2, indicates a decrease in the lattice parameters of the
triclinic Ba2 TeO(PO4 )2 phase upon Eu3+ doping. The ionic
radius values of Eu3+ in eight and ten coordinated sites of
oxide ions are 1.07 and 1.35 Å, respectively. Both the values
are smaller than those of Ba2+ (1.42 and 1.52 Å in eight and ten
coordinated sites, respectively), which explains the observed
trend [16]. The lattice parameters of the phases with different
Eu3+ content are given in table 1.
3.2 PL properties
Figure 3 shows the plot of the Kubelka–Munk function
obtained from the UV–visible diffuse reflectance spectrum
for the un-doped phase. From figure 3, it can be seen that
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Table 1. Lattice parameters of
(x = 0.0, 0.05, 0.15 and 0.2) phases.

Page 3 of 5
Ba2−2x Eux Lix TeO(PO4 )2

x

a (Å) b (Å)

c (Å)

α

β

γ

V (Å3 )

0
0.05
0.15
0.2

6.946
6.925
6.907
6.901

8.887
8.828
8.801
8.775

76.843
77.119
77.226
77.310

79.933
80.146
80.212
80.30

75.688
75.806
75.775
75.775

427.40
421.724
419.132
417.140

7.397
7.356
7.349
7.338
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Figure 4. PL excitation spectra of Ba2−2x Eux Lix TeO(PO4 )2
(λem. = 595 nm).

Figure 3. Measurement of band-gap of Ba2 TeO(PO4 )2 using diffuse reflectance spectrum.

the bandgap of the un-doped phase is 4.42 eV. In the case of
Eu3+ activator, the bandgap of the host lattice must be more
than 3.18 eV, the minimum intra-4 f energy gap of Eu3+ , to
avoid photo-ionization. Thus, the large bandgap value makes
the Ba2 TeO(PO4 )2 phase suitable to be a host for the Eu3+
activator.
Figure 4 shows the PL excitation spectra of Eu3+ recorded
at room temperature on Ba2−2x Eux Lix TeO(PO4 )2 (x =
0.05, 0.15 and 0.2) phases by monitoring the 595 nm wavelength emission. The excitation band with λmax at 254 nm is
assigned to O2− → Eu3+ CT. In general, in oxyanion host
lattices the O2− → Eu3+ CT band lies in this region. For
example, Tuan et al [10] studied Eu3+ luminescence in both
phosphate and oxyphosphate host lattices and reported that in
the case of Eu3+ -doped phosphates, the absorption band maxima are centred in the range of 200–220 nm, while in the case
of Eu3+ -doped oxyphosphates, the absorption band maxima
lie in the range 250–270 nm. Therefore, in the present study,
since Eu3+ is present in the oxyanion host, it is justified to
assign the band in the range of 220 to 290 nm with absorption maximum at 254 nm to O2− → Eu3+ CT. Several other
reports also assign the absorption band centred at 254 nm as
due to the O2− → Eu3+ CT [17,18]. The observed peaks in
the wavelength range 300 to 500 nm in the excitation spectrum
correspond to the intra-configurational 4 f −4 f transitions of

Figure 5. PL emission spectra of Ba2−2x Eux Lix TeO(PO4 )2
(λexc. = 395 nm).

Eu3+ [19]. Of all the intra-4 f transitions observed, the peak at
395 nm corresponding to 7 F0 →5 L6 transition has the highest
intensity followed by the peak at 466 nm due to the 7 F0 →5 D2
transition.
To study the emission characteristics of the Eu3+ activator
ion in Ba2 TeO(PO4 )2 host lattice, 395 nm (NUV) is chosen
as the excitation wavelength because, as mentioned above,
the peak appearing in the NUV region with λmax = 395 nm
has the highest intensity in the excitation spectrum. Figure 5
shows the emission spectra of Ba2−2x Eux Lix TeO(PO4 )2 (x =
0.05, 0.15 and 0.2) phases under 395 nm excitation. We have
also recorded emission spectra (not shown) under 254 nm
excitation, as the excitation wavelength in fluorescent lamps
is 254 nm, and if the presently synthesized phosphor compositions show reasonable intensity under 254 nm excitation,
they can be considered as potential candidates for application
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Figure 6. The de-convoluted emission peaks corresponding to
5 D −7 F (J = 0, 1 and 2) transitions of Ba
0
1.70 Eu0.15 Li0.15
J
TeO(PO4 )2 phosphor composition.

in fluorescent lamps. The emission spectra recorded under
the two excitation wavelengths viz., 254 and 395 nm are similar barring small difference in the intensity of the emission
peaks. The emission spectra mainly consist of a group of lines
between 575 and 730 nm, corresponding to transitions from
the first excited state 5 D0 to the 7 F J levels (J = 0−4). The
low intense peak at 582 nm is assigned to the 5 D0 → 7 F0 transition. Irrespective of the site of symmetry, this peak always
appears and the splitting pattern is 2J + 1. The multiplicity of this peak is indicative of the number of non-equivalent
crystallographic sites occupied by Eu3+ in the host lattice
[20]. Presently, a single peak at 582 nm corresponding to
the 5 D0 → 7 F0 transition (figure 5) indicates that, of the two
sites available viz., Ba(1) and Ba(2), Eu3+ preferentially occupies only one of the sites and is not distributed on both the
sites (in which case the peak should have been split). The
emission peak at 595 nm is assigned to the 5 D0 → 7 F1 magnetic dipole (MD) transition of Eu3+ and that at 615 nm is
due to 5 D0 → 7 F2 ED transition [21]. The 5 D0 → 7 F1 MD
transition of Eu3+ is unaffected by the local site symmetry
and is always present. However, the 5 D0 → 7 F2 ED transition of Eu3+ is highly sensitive towards the local environment
present around the Eu3+ ion in a crystal lattice and it is well
known as a ‘hypersensitive’ transition [22,23]. Emission peak
corresponding to the ED transition appears, if and only if,
the local environment is non-centrosymmetric. In the present
case, the presence of the peak at 615 nm in the emission
spectrum, albeit with intensity lower than that of the peak
due to the 5 D0 → 7 F1 (MD) transition at 595 nm (figure 5),
indicates that Eu3+ occupies a non-centrosymmetric site.
In the crystal structure of the Ba2 TeO(PO4 )2 host lattice,
both the sites occupied by Ba2+ (viz., Ba(1) and Ba(2)) are
non-centrosymmetric with point group symmetry C1 . Thus,
whichever site of Ba2+ (Ba(1) or Ba(2)) the doped Eu3+
occupies, the peak due to the ED transition is expected to

Figure 7. CIE chromaticity diagram of Ba1.70 Eu0.15 Li0.15
TeO(PO4 )2 .

be present and the same is observed. Further, the splitting
pattern of the emission peaks due to MD and ED transitions
indicates the nature of site symmetry. If the Eu3+ ions occupy
the non-centrosymmetric site C1 , the splitting pattern would
be 1, 3 and 4/5 for the 5 D0 → 7 F0 , 5 D0 → 7 F1 and 5 D0 → 7 F2
transitions, respectively. In the present case, the peaks due
to MD and ED transitions are de-convoluted (figure 6) and
the splitting pattern is as expected for Eu3+ occupying a
site with C1 symmetry. Therefore, the site occupied by Eu3+
in the host lattice is non-centrosymmetric with C1 space
group, which is in agreement with the structure reported by
Kang Min et al [6]. The inset of figure 5 shows a plot of emission intensity vs. concentration of Eu3+ (x). As can be seen,
concentration quenching occurs beyond xc = 0.15 (xc is the
critical concentration). The critical distance Rc corresponding to the critical concentration, xc , is given by the below
expression:
1/3

3V
Rc = 2
,
4π X c N
where V is the volume of the unit cell and Z is the number of
sites present for the dopant to occupy in the unit cell. In the
present case, V = 427.42 Å3 and Z = 4. The calculated value
of Rc = 11 Å. The high value of Rc indicates that the concentration quenching mechanism could be phonon-assisted
energy transfer in the present system [24]. The chromaticity
colour coordinate system recommended by the Commission
Internationale de l’eclairage (CIE, 1931) is used for specifying the colour of light. The calculated x, y chromaticity
coordinates (CIE) for Ba1.70 Eu0.15 Li0.15 TeO(PO4 )2 phosphor
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composition are shown in figure 7. The x, y chromaticity
coordinates (CIE) are found to be: x = 0.61, y = 0.38 and
the values are close to those of commercial red-emitting phosphor (Y2 O3 : Eu3+ : x = 0.64, y = 0.34).
4. Conclusions
Ba2−2x Eux Lix TeO(PO4 )2 phases with different Eu3+ content
were synthesized by conventional solid-state reaction technique. A decrease in the lattice parameters of the triclinic
Ba2 TeO(PO4 )2 phase upon Eu3+ doping indicates that Eu3+
is indeed doped at the Ba2+ site. A single peak corresponding
to the 5 D0 → 7 F0 transition in the emission spectrum suggests that Eu3+ preferentially occupies only one of the two
available sites occupied by Ba2+ . The presence of the emission peak due to the electric-dipole transition, 5 D0 → 7 F2 ,
and the splitting pattern of the lines corresponding to the
MD and ED transitions indicate that the site occupied by
Eu3+ is a non-centrosymmetric site with C1 point group in
the host lattice. Interestingly, the doped Eu3+ preferentially
occupies a single site in the host lattice. The critical concentration of Eu3+ is found to be xc = 0.15, beyond which
quenching of emission occurs. The Rc value is reminiscent of
phonon-assisted energy transfer between activator ions, leading to concentration quenching. The CIE coordinate values of
Ba1.70 Eu0.15 Li0.15 TeO(PO4 )2 phosphor composition are comparable to those of the standard Y2 O3 : Eu3+ phosphor. The
presently synthesized phosphor composition offers the flexibility for use under the standard 254 nm excitation used in
fluorescent lamps, as well as under NUV excitation for solidstate lighting applications.
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