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Colorless, platelet-shaped single crystals of Na2Y3Cl3[TeO3]4 were synthesized by a reaction of
Y2O3 and TeO2 (molar ratio 3 : 8) in evacuated silica ampoules within five days at 775 ◦C with an ex-
cess of NaCl added as flux and reagent. The new quintenary compound crystallizes in the monoclinic
space group C2/c with the lattice parameters a = 2380.69(14), b = 552.76(3), c = 1662.48(9) pm,
β = 134.045(3)◦ and Z = 4. The crystal structure presents one of the rare oxotellurates(IV) contain-
ing isolated [TeO3]2− units, which could be verified by Raman spectroscopy. Doping with Eu3+ (3
mass-%) at the Y3+ sites in eightfold oxygen coordination leads to a strong orange-red luminescence
of Na2Y3Cl3[TeO3]4:Eu3+ under UV excitation with a wavelength of λ = 254 nm. Beyond the elec-
tronic Eu3+ transitions of the 4 f 6 state, the fluorescence excitation spectrum shows an intense broad
charge-transfer band resulting from both O2− → Eu3+ ligand-to-metal charge-transfer (LMCT) as
well as electronic Eu3+ d→ f and Te4+s→ p transitions. The emission spectrum features the promi-
nent f → f transitions of Eu3+-doped oxidic compounds. The optical band gaps of the undoped and
doped samples were determined by diffuse reflectance spectroscopy revealing just minimal doping
effects on the crystal structure. The optical band gaps could be assigned in the excitation spectrum
in the charge-transfer broad-band region supporting the assumption of an inorganic antenna effect of
the Te4+ cations.
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Introduction

There are only few compounds among the rare-earth
metal(III) oxotellurates(IV) exhibiting crystal struc-
tures with isolated [TeO3]2− units, meaning that these
complex anionic entities are present without any sec-
ondary interactions between one another. All ternary
compounds with the compositions M2Te3O9 [1 – 6],
M2Te4O11 [7 – 13], and M2Te5O13 [14 – 18] (M = Sc,
Y, La; Ce–Lu) show strong interactions among their
[TeO3]2− groups. With the incorporation of halide an-
ions into these compounds (e. g. Y11ClTe16O48 [19,
20], Y6Br4Te11O29 [21] or HoClTe2O5 [22]), the
space between the [TeO3]2− units is expanded, so
that in the crystal structures both isolated and con-
densed [TeO3]2− anions can be found. The com-

plete absence of those interactions was not only re-
alized for HoCl[TeO3] [23], but also in the cationic
and anionic derivatives Na2M3X3[TeO3]4 with X =
Br and I [24, 25], which structurally resemble very
much the title compound Na2Y3Cl3[TeO3]4. Espe-
cially yttrium compounds are usually employed for
the preparation of potential host structures for lumi-
nescent materials, since the lack of excitable 4 f states
implies no energy loss by internal conversion. Se-
lected examples are the red light emitting phosphors
Y2O2S:Eu3+ [26] and Y[VO4]:Eu3+ [27], or in partic-
ular the yttrium(III) oxotellurates(IV) Y2Te4O11:Eu3+

and Y2Te5O13:Eu3+ [28]. The latter three show their
Y3+ cations solely in low-symmetry first coordination
spheres of mostly eight hard O2− anions, just like in
the case of Na2Y3Cl3[TeO3]4:Eu3+.
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Experimental Section

Syntheses of Na2Y3Cl3[TeO3]4 and its Eu3+-doped samples

As starting materials Y2O3 (99.9%; ChemPur, Karls-
ruhe, Germany), TeO2 (99.9995%, Alfa Aesar, Karlsruhe,
Germany), NaCl (99.9%, Merck, Darmstadt, Germany),
YCl3 (99.9%; ChemPur, Karlsruhe, Germany), and Eu2O3
(99.9%, ChemPur, Karlsruhe, Germany) were used as re-
ceived commercially. Colorless single crystals of the new
compound Na2Y3Cl3[TeO3]4 were obtained by a solid-state
reaction of Y2O3 and TeO2 weighed under argon atmosphere
into silica ampoules in a 3 : 8 molar ratio with an excess of
NaCl as flux and reactant. The evacuated and torch-sealed
ampoules were heated at 775 ◦C for five days in a muffle
furnace and subsequently cooled to room temperature within
50 h. First a reaction according to Eq. 1 took place,

3Y2O3 +8TeO2 +6NaCl→ 2Na2Y3Cl3[TeO3]4 + Na2O
(1)

later followed under optimized synthetic conditions by the
process shown in Eq. 2.

4Y2O3 +12TeO2 + YCl3 +6NaCl→ 3Na2Y3Cl3[TeO3]4
(2)

The raw products were washed with demineralized water
to remove the excess of the fluxing chlorides (NaCl and
YCl3). The products showed colorless platelet-shaped single
crystals, suitable for single-crystal X-ray diffraction studies.
The europium-doped compound Na2Y3Cl3[TeO3]4:Eu3+

was synthesized analogously to the solid-state reaction (Eq.
2) described above, which was performed with 3 mass-% of
Eu2O3 as an additional component instead the correspond-
ing part of pure Y2O3. In order to determine the purity of
the products, powder X-ray diffraction measurements were
carried out, showing phase-pure compounds on the level of
X-ray diffraction (XRD, Fig. 1). The presumed by-product
Na2O from Eq. 1 could not be detected in the powder diffrac-
togram, since it has been taken up by the inner wall of the sil-
ica ampoules in an acid-base reaction with SiO2, most prob-
ably forming glassy Na2SiO3 or Na4[SiO4].

X-Ray diffractometry and structure determination

The powder X-ray diffractograms were recorded with
a STADI P diffractometer (Stoe, Darmstadt, Germany)
using a position-sensitive detector and germanium-
monochromatized CuKα radiation (λ = 154.06 pm). The
angular range was adjusted to 7◦ ≤ 2θ ≤ 75◦ with a step
width of 0.1◦ at room temperature. A comparison of the
experimental powder diffractogram to the pattern simulated
from single-crystal data confirmed a phase-pure product
Na2Y3Cl3[TeO3]4 (Fig. 1).

Fig. 1. Measured powder X-ray diffractogram of
Na2Y3Cl3[TeO3]4 in comparison with the simulated
one from single-crystal data.

An intensity data set for a colorless, transparent and
platelet-shaped single crystal of Na2Y3Cl3[TeO3]4 was col-
lected at room temperature on a κ-CCD X-ray diffractome-
ter (Bruker-Nonius, Karlsruhe, Germany). The device uses
graphite-monochromatized MoKα radiation (λ = 71.07 pm).
A numerical absorption correction was performed on the ba-
sis of the program HABITUS [29]. The structure solution
and refinement was accomplished using the program package
SHELXS/L-97 [30 – 32]. Details of the data collection and
the structure refinement are summarized in Table 1. Atomic
positions and coefficients of the equivalent isotropic dis-
placement parameters are presented in Table 2. The motifs
of mutual adjunction [33 – 35] can be taken from Table 3.
Selected interatomic distances and bond angles are shown in
Table 4.

Further details of the crystal structure investigation
of Na2Y3Cl3[TeO3]4 may be obtained from Fachin-
formationszentrum Karlsruhe, 76344 Eggenstein-Leo-
poldshafen, Germany (fax: +49-7247-808-666; e-mail:
crysdata@fiz-karlsruhe.de, http://www.fiz-karlsruhe.de/re
quest_for_deposited_data.html) on quoting the deposition
number CSD-426510.

Raman spectroscopy

The Raman-spectroscopic data were measured at
room temperature on a RFS/100S spectrometer (Bruker
Optics, Ettlingen, Germany) in the spectral range of
150 – 3500 cm−1 and with a resolution of 4 cm−1 (Nd-YAG
laser, λ = 1064 nm). The spectrum shows the four antici-
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Crystal system monoclinic
Space group C2/c (no. 15)
Formula units 4
Lattice parameters a, pm 2380.69(14)

b, pm 552.76(3)
c, pm 1662.48(9)
β , deg 134.045(3)

Calculated density Dx, g cm−3 4.74
Molar volume Vm, cm3 mol−1 236.75(2)
F(000), e 1976
Index range ±h/± k/± l 31/7/22
θ range θmin–θmax, deg 2.38 – 28.24
Absorption coefficient µ , mm−1 18.9
Data corrections background, polarization, and Lorentz

factors; numerical absorption correction
by the program HABITUS [29]

Collected/unique reflections 11 408/1936
Rint/Rσ 0.092/0.054
Scattering factors International Tables, Vol. C [32]
R1 for 1508 reflections with |Fo|> 4 σ(Fo) 0.041
R1/wR2 for all reflections 0.060/0.096
Goodness of Fit GooF 1.049
Extinction g 0.00007(4)
Residual electron density, 1.72/−1.80
ρ/e−×10−6 pm−3 max./min.

Table 1. Crystallographic data and
numbers pertinent to data collec-
tion and structure refinement of
Na2Y3Cl3[TeO3]4.

Table 2. Fractional atomic coordinates and equi-
valent isotropic displacement parameters Ueq

a for
Na2Y3Cl3[TeO3]4.

Atom Wyckoff x/a y/b z/c Ueq

site (pm2)
Na 8 f 0.1660(3) 0.2741(7) 0.5749(4) 364(11)
Y1 4e 0 0.24830(16) 1/4 97(2)
Y2 8 f 0.00077(5) 0.25128(12) 0.58531(6) 98(2)
Cl1 4d 1/4

1/4
1/2 296(8)

Cl2 8 f 0.25029(15) 0.2537(4) 0.16897(19) 257(5)
Te1 8 f 0.13595(3) 0.80045(9) 0.40416(4) 133(2)
Te2 8 f 0.13302(3) 0.29522(9) 0.19722(4) 139(2)
O1 8 f 0.0735(4) 0.5518(9) 0.3847(5) 138(12)
O2 8 f 0.0867(4) 0.0156(9) 0.4265(5) 152(12)
O3 8 f 0.0717(4) 0.0749(9) 0.7574(5) 149(12)
O4 8 f 0.0700(4) 0.0524(9) 0.0914(5) 187(14)
O5 8 f 0.0672(4) 0.4193(9) 0.2120(5) 168(13)
O6 8 f 0.0851(4) 0.4842(9) 0.5774(5) 162(13)

a Ueq = 1
3 [U22 + 1

sin2 β
(U11 +U33 +2U13 cosβ )].

pated vibrational modes for the isolated ψ1-tetrahedral
[TeO3]2− anions.

Diffuse reflectance spectroscopy

The diffuse reflectance spectroscopy measurements
(DRS) were executed with a UV/Vis spectrometer (J&M,
Essingen, Germany), which is equipped with an attach-
ment including fiber optics. First, the data for a 0% re-
flectance were measured with the radiation source off. Sec-

Table 3. Motifs of mutual adjunction [33 – 35] for the crystal
structure of Na2Y3Cl3[TeO3]4

a.

Na Y1 Y2 Te1 Te2 CN
Cl1 2/1 0/0 0/0 0/0 0/0 2
Cl2 3/3 0/0 0/0 0/0 0/0 3
O1 1/1 1/2 1/1 1/1 0/0 4
O2 1/1 1/2 1/1 1/1 0/0 4
O3 0/0 1/2 1/1 1/1 0/0 3
O4 0/0 0/0 2/2 0/0 1/1 3
O5 0/0 1/2 1/1 0/0 1/1 3
O6 1/1 0/0 2/2 0/0 1/1 4
CN 7 8 8 3 3

a CN = coordination number.

ond, the data for a 100% reflectance were recorded with
Ba[SO4] as a white-reflectance standard. Afterwards, the
sample reflectance was adjusted in the wavenumber range
λ = 225 – 2500 nm (≡ 5.5 – 0.5 eV). The conversion of the
measured data with the Kubelka–Munk function [36] gave
the absorption data. The inflexion points of the function re-
vealed the value for the optical band gap.

Fluorescence spectroscopy

The photoluminescence spectra of the europium-doped
compound Na2Y3Cl3[TeO3]4:Eu3+ were recorded on a Cary
Eclipse fluorescence spectrophotometer (Varian, Darmstadt,
Germany). The device is equipped with a pulsed xenon arc
lamp (pulse length: 2 ms), and a photomultiplier with ex-
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Na –O6 227.4(8) [1.28] Te2 –O4 186.5(6) [1.05]
–O2 228.4(7) [1.25] –O5 187.7(6) [1.01]
–O1 274.2(7) [0.26] –O6 189.7(6) [0.94]
–Cl2 298.7(5) [0.40] Te2 –(O4,O5,O6) 103.7(4)
–Cl1 300.5(5) [0.40] Cl1 –Na 300.5(5) (2×) [1.27]
–Cl2′ 321.4(5) [0.14] Cl2 –Na 298.7(5) [1.40]
–Cl2′′ 325.9(5) [0.11] –Na′ 321.4(5) [0.97]

Y1 –O5 229.2(6) (2×) [1.18] –Na′′ 325.9(5) [0.89]
–O1 233.3(6) (2×) [1.07] Cl2–(Na,Na′,Na′′) 93.2(4)
–O3 241.5(6) (2×) [0.87] Na–Cl1–Na 180.0(3)
–O2 247.1(6) (2×) [0.73] Na–Cl2–Na′ 101.6(2)

Y2 –O3 229.6(6) [1.22] Na′–Cl2–Na′′ 107.9(2)
–O4 230.6(6) [1.19] Na–Cl2–Na′′ 124.5(2)
–O5 237.1(6) [1.03] O2–Te1–O3 88.2(3)
–O1 240.5(6) [0.94] O1–Te1–O3 88.2(3)
–O4′ 240.7(6) [0.93] O1–Te1–O2 102.2(3)
–O6 243.8(6) [0.85] O5–Te2–O6 87.4(3)
–O2 244.5(6) [0.85] O4–Te2–O6 88.3(3)
–O6′ 246.5(6) [0.79] O4–Te2–O5 100.9(3)

Te1 –O1 188.0(6) [1.02]
–O2 188.0(6) [1.00]
–O3 189.2(6) [0.98]

Te1 –(O1,O2,O3) 102.5(4)

a ECoN = effective coordination number.

Table 4. Selected internuclear
distances (pm) with related
ECoN values [33 – 35] in
square brackets and angles
(deg) for Na2Y3Cl3[TeO3]4

a.

tended red-sensitivity (λ = 300 – 850 nm). The photolumi-
nescence spectra were measured at room temperature and
showed the typical f → f transitions for oxidic Eu3+-doped
compounds.

Results and Discussion

Crystal structure

Na2Y3Cl3[TeO3]4 crystallizes monoclinically in
space group C2/c (no. 15) with the lattice parameters
a = 2380.69(14), b = 552.76(3), c = 1662.48(9) pm,
β = 134.045(3)◦ and four formula units in each unit
cell. Its crystal structure exhibits two crystallographi-
cally different Y3+ cations. Both are eightfold coordi-
nated solely by O2− anions in the shape of slightly dis-
torted square antiprisms [YO8]13− (Fig. 1, top). (Y1)3+

occupies the Wyckoff position 4e and features yttrium-
oxygen distances d((Y1)3+–O2−) from 229 to 247 pm.
The polyhedron about the (Y2)3+ cation at the Wyck-
off site 8 f is more distorted with yttrium-oxygen dis-
tances d((Y2)3+–O2−) ranging from 230 to 246 pm
(for details see Table 4). These yttrium-oxygen dis-
tances are fairly long, but comparable to the refer-
ence data for the binary sesquioxide Y2O3 (bixbyite
or C type [37]) with d(Y3+–O2−) = 225 – 229 pm and
Y3+ in sixfold oxygen coordination. The [YO8]13−

polyhedra are interconnected via common edges to

form chess board-like 2
∞{[YO8/2]5−} layers spread-

ing out parallel to the (100) plane. According to the
higher symmetry and the lower multiplicity of the 4e
site, the polyhedron around (Y1)3+ is connected in
these layer to four surrounding polyhedra centered by
(Y2)3+. The crystal structure contains a single crys-
tallographically unique Na+ cation, which is situated
on the 8 f site and coordinated by three O2− and four
Cl− anions (Fig. 2, bottom). The sodium-oxygen dis-
tances d(Na+–O2−) amount to 227 – 274 pm and the
sodium-chlorine separations d(Na+–Cl−) cover the
range from 299 to 326 pm. The reference data for
the binary compounds Na2O [38] and NaCl [39] indi-
cate sodium-oxygen distances d(Na+–O2−) of 240 pm
(4×) for the anti-fluorite- and sodium-chlorine separa-
tions d(Na+–Cl−) of 282 pm (6×) for the halite-type
structure. The ternary oxide chloride Na3OCl [40] in
its anti-perovskite-type arrangement presents sodium-
oxygen and sodium-chlorine distances of d(Na+–O2−)
= 225 pm (2×) and d(Na+–Cl−) = 318 pm (4×), re-
spectively. In comparison to these literature data, the
calculated distance ranges for Na2Y3Cl3[TeO3]4 are
only a little longer. Parallel to the (100) plane, and thus
to the 2

∞{[YO8/2]5−} layers (Fig. 3), the [NaO3Cl4]9−

polyhedra are condensed via all (Cl2)− edges to build
up 1

∞{[Na2O6Cl4]14−} strands, which subsequently be-
come fused using all remaining (Cl1)− vertices to form
2
∞{[Na2O6Cl3]13−} layers (Fig. 4).
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Fig. 2. The two crystallographically different Y3+ cations
(top) and the unique Na+ cation (bottom) in the crystal struc-
ture of Na2Y3Cl3[TeO3]4 with their anionic coordination
spheres.

Fig. 3. [YO8]13− polyhedra interconnected via four edges
each to form 2

∞{[YO8/2]5−} layers parallel to the (100) plane
in the crystal structure of Na2Y3Cl3[TeO3]4.

The crystal structure includes two crystallograph-
ically different Cl− anions. (Cl1)− at the 4d site
is linearly coordinated by two Na+ cations with
d((Cl1)−–Na+) = 301 pm (2×) and (Na+–(Cl1)−–
Na+) = 180◦. The 8 f site is occupied by (Cl2)− car-
rying three Na+ cations, which establish a triangu-
lar plane with chlorine-sodium distances in a range
from 299 to 326 pm. The distance from (Cl2)− to

Fig. 4. 2
∞{[Na2O6Cl3]13−} layers parallel to the (100) plane

formed by edge- and vertex-sharing of [NaO3Cl4]9− polyhe-
dra in the crystal structure of Na2Y3Cl3[TeO3]4.

the barycenter of the triangular (Na+)3 plane is about
93 pm (Fig. 5, bottom). Both Cl− positions in the
crystal structure of Na2Y3Cl3[TeO3]4 are congruent
to the sites of the Y3+ cations. Thus, they merely
have to be shifted by 1/4, 0, 0 perpendicular to the
2
∞{[YO8/2]5−} layers (Fig. 6). The two crystallograph-
ically different Te4+ cations (Fig. 5, top) are both
located on 8 f sites and connected to three O2− an-
ions each, forming complex anionic ψ1-tetrahedral
[TeO3]2− units with non-bonding electron pairs (lone

Fig. 5. The two crystallographically independent Te4+

cations forming ψ1-tetrahedral [TeO3]2− units (top) in the
crystal structure of Na2Y3Cl3[TeO3]4, and the two crystallo-
graphically independent Cl− anions (bottom) coordinated by
two or three Na+ cations, respectively.
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Fig. 6. Crystal structure of Na2Y3Cl3[TeO3]4 as viewed
along the [010] direction.

pairs). These pyramidal [TeO3]2− anions reside above
and below the 2

∞{[YO8/2]5−} layers. Thereby, the lone
pairs point into the free space remaining between the
2
∞{[YO8/2]5−} layers (Fig. 6). Remarkably enough, the
[TeO3]2− groups remain isolated in the crystal struc-
ture, meaning that no secondary interactions among
the [TeO3]2− pyramids occur, as they have been re-
ported for most structures of lanthanide(III) oxotellu-
rates(IV) and their derivatives. The tellurium-oxygen
distances d(Te4+–O2−) range from 187 to 190 pm (Ta-
ble 4) and both Te4+ cations are 102 – 104 pm apart
from their triangular (O2−)3 planes. The binary tel-
lurium oxides α-TeO2 [41] and β -TeO2 [42] (d(Te4+–
O2−) = 190 – 208 pm) and TeO3 (d(Te6+–O2−) =
185 pm) [43] display comparable distance ranges, al-
though they consist of condensed networks of tel-
lurium and oxygen with more highly coordinated tel-
lurium cations in contrast to the isolated [TeO3]2− an-
ions in the crystal structure of Na2Y3Cl3[TeO3]4. Fi-
nally, the three-dimensional network of the latter is
built up from the layered assembly of the alternat-
ing 2

∞{[YO8/2]5−} and 2
∞{[Na2O6Cl3]13−} sheets by

sharing common O2− anions (Fig. 6). Thus the crystal
structure of Na2Y3Cl3[TeO3]4 is very similar, but not
isotypic with the one of Na2Lu3I3[TeO3]4 [24], where
the Na+ cations surprisingly have a higher coordina-
tion number of eight (four oxygen and iodine atoms
each) instead of seven.

Raman spectroscopy

According to the C3v symmetry of undistorted ψ1-
tetrahedral [TeO3]2− anions, there are four vibrational

Fig. 7. Raman spectra of Na2Y3Cl3[TeO3]4 (top) and the
mineral sonoraite (Fe(OH)[TeO3] · H2O): The four antici-
pated split-up modes for a distorted C3v symmetry of the iso-
lated [TeO3]2− anions are visible in both spectra.

modes (2×A1, 2 ×E) to be expected in the Ra-
man spectrum, analogous to the spectra of [SeO3]2−-
containing compounds [44]. Due to the distortion of
the [TeO3]2− groups in the monoclinic crystal struc-
ture of Na2Y3Cl3[TeO3]4, these modes can also split
up. The Raman spectrum of Na2Y3Cl3[TeO3]4 is de-
picted in Fig. 7 in comparison to that of the min-
eral sonoraite (Fe(OH)[TeO3] · H2O) [45], which also
contains isolated pyramidal [TeO3]2− units. In both
spectra the anticipated and split-up vibrational modes
of the [TeO3]2− anions can be observed [46], but
they are superimposed partially by metal-oxygen vi-
brational modes (not indicated in the spectra), and
by a fairly high background noise. In the spectrum
of the title compound the A1 symmetric stretching
mode νs emerges at 793 cm−1 (medium). The asym-
metric stretching modes νas (E) follow at 643 (weak)
and 657 cm−1 (shoulder, very weak), both strongly su-
perimposed by the background. The symmetric bend-
ing mode δs (A1) appears at 403 cm−1 (medium) with
a shoulder at 460 cm−1 (very weak). The asymmet-
ric bending modes δas (E) are visible at 340 cm−1

(medium) with a shoulder at 333 cm−1 (very weak).

Diffuse reflectance spectroscopy

The DRS measurements [47, 48] were performed to
determine the optical band gap for the undoped phase
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Fig. 8. Diffuse reflectance spectra of undoped (black curve)
and Eu3+-doped (gray curve) Na2Y3Cl3[TeO3]4 samples
converted to the Kubelka-Munk functions to yield the optical
band gaps.

Na2Y3Cl3[TeO3]4 and the europium-doped compound
(Na2Y3Cl3[TeO3]4:Eu3+). Therefore, the absorption
was converted to the Kubelka-Munk function [36]
(Fig. 8), which shows at the intersection of the in-
flexion points of the function an optical band gap of
Eg = 4.26 eV for the undoped and Eg = 4.16 eV for
the Eu3+-doped sample, in perfect agreement with the
missing color of both samples. These findings corre-
spond with wavelengths of λ = 291 (≡ 4.26 eV) and
298 nm (≡ 4.16 eV), respectively, and can also clearly
be seen in the fluorescence excitation spectrum (Fig. 9)
of the undoped sample as a broad charge-transfer band
(indicated as CT). Moreover, the DRS measurements
have shown that Eu3+-doping has only little effects on
the crystal structure and the band gap (∆Eg = 0.10 eV).
Therefore, the charge-transfer region depends not ex-
clusively on the electronic f → f and O2−→Eu3+ CT
transitions, but also results from the electronic s→ p
transitions at the Te4+ cation with its lone-pair, ad-
dressable as an inorganic antenna effect.

Fluorescence spectroscopy

Under UV lamp irradiation with an excitation wave-
length of λ = 254 nm, Na2Y3Cl3[TeO3]4:Eu3+ shows
a bright red luminescence. The emission lines of Eu3+

in the red spectral region result from the excited 5D0
state to the 7FJ ground states [49] with J = 0 – 6

Fig. 9. Fluorescence spectra of Na2Y3Cl3[TeO3]4:Eu3+

emphasizing the excitation spectrum (left) and the emission
spectrum (right).

and also higher excited states ( 5D1, 5D2, 5D3) of the
electronic 4 f 6 configuration of the Eu3+ cation. For
comparison, the intensities of both the excitation and
the emission spectrum were normalized. The excita-
tion spectrum presents a broad band between 250 and
315 nm, including the host-structure excitation (be-
tween 250 and 260 nm) [50] as well as electronic
d→ f transitions of the Eu3+ cation and O2−→ Eu3+

ligand-to-metal charge-transfer (LMCT) (from 260 to
315 nm, indicated as CT in Fig. 9). According to the
DRS measurements (Fig. 8), the Te4+ cations addi-
tionally contribute to the charge-transfer band with
s→ p transitions of their lone pairs as inorganic an-
tennae, comparable to the complex anionic [MoO4]2−

units in YF[MoO4] and YCl[MoO4] [51]. The exci-
tation at 320 nm results from 7FJ → 5HJ transitions
of higher excited states, followed by the 7F0 → 5D4
transition at 362 nm and the 7F0 → 5D3 transition at
395 nm [49, 50, 52]. The emission spectrum features
the 5D0 → 7F0 transition at 586 nm with only weak
intensity due to the forbidden electric dipole transi-
tion and to the allowed magnetic dipole transition,
both being always much less intense. Between 590 and
598 nm the allowed electric dipole transitions 5D0 →
7F1 are also observed with a low intensity, depending
mainly on the chemical environment. The most intense
transition is represented by the 5D0 → 7F2 emission
line at 613 nm, followed at about 627 nm by the forbid-
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den 5D0→ 7F3 electric dipole transition, again magnet-
ically allowed and therefore very weak [49, 50]. Due to
the fact that the 5D0 state can not be split by the crys-
tal field (J = 0), the split emission lines need to orig-
inate from the crystal-field splitting of the 7FJ states.
The most prominent 5D0 → 7F2 emission emerges as
a triplet in the spectrum. Hence, it is not possible to
determine whether the Eu3+ cations prefer to occupy
the site of (Y1)3+ or (Y2)3+.

Conclusion

The crystal structure of Na2Y3Cl3[TeO3]4 was de-
termined by single-crystal and powder X-ray diffrac-
tion measurements. Its powder pattern also proved
the new quintenary oxotellurate(IV) to be obtainable
phase-pure. The crystal structure includes isolated ψ1-
tetrahedral [TeO3]2− anions, which could also be de-
tected by Raman spectroscopy. The europium-doped

compound Na2Y3Cl3[TeO3]4:Eu3+ was also synthe-
sized. According to its fluorescence performance, it
is a promising red phosphor exhibiting the prominent
transitions of an Eu3+-doped compound and a broad
charge-transfer owing to an inorganic antenna effect of
the [TeO3]2− anions. Diffuse reflectance spectroscopy
did verify that Eu3+-doping has only minor effects on
the crystal structure of the colorless compound, so that
the optical band gaps of the undoped and doped sam-
ples are very similar and prove the significance of an
inorganic antenna effect.
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