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The results of synthesis, crystal structure characterization, and luminescence properties study of pure
and Eu3+-doped K0.45Bi0.55Mo0.9V0.1O4 solid solutions have been reported. The obtained powders
crystallize in a compact form with an average size of the particles of about 5–10 µm. It was found that
doping with europium leads to the transformation of the host from monoclinic to tetragonal scheelite-
like phase. The Eu3+-doped samples reveal intensive red luminescence under excitation in ultraviolet
and blue spectral regions. Energy transfer from molybdate–vanadate host to Eu3+ ions takes place in
the studied solid-solution. Intensity of the red luminescence increases when Eu3+ content increases and
no concentration quenching has been found.
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1. Introduction

Bismuth-containing molybdate and vanadate
compounds are of great interest due to the prospects
for their application as laser active media, phos-
phors, scintillating and photocatalytic materials,
pigments, etc. [1–4]. The variety of applications
is related to their capability to effectively absorb
incident light in ultraviolet and blue spectral re-
gions due to electronic transitions in BiOx polyhe-
dra and MoO4 or VO4 tetrahedra. The electronic
states of Bi, Mo (or V), and O determine the elec-
tronic structure of such compounds near the edges
of valence and conduction bands [5, 6]. The bis-
muth as a regular element in the compounds plays
two roles: (i) band of 6s→ 6p electronic transitions
in Bi3+ cations located in UV or blue spectral re-
gion improving host absorption, and (ii) the Bi3+
can be substituted by RE3+ ions easily because of
their similar ionic radii and the same charge states.
A similar situation takes place for mixed-anion com-
pounds containing both MoO4 and VO4 groups. Im-
portantly, substituting molybdenum with vanadium
allows decreasing of the band gap values, which re-
sults in shifting the absorption band to longer wave-
lengths [7]. This shifting allows combining direct
and host-related photoluminescence (PL) excitation

of the RE ions in the case of molybdate–vanadate
compounds doped with rare-earth (RE) ions. Con-
sequently, better effectiveness of PL excitation can
be achieved, which is necessary for the elaboration
of phosphor materials.

Synthesis and luminescence properties of the pure
and Eu3+-doped K0.5xBi1−0.5x(MoxV1−x)O4 solid
solutions are reported in this paper. A key feature
of such a crystal structure is the random distribu-
tion of K and Bi atoms over the same crystallo-
graphic positions, while Mo and V are more likely to
be found in slightly distorted tetrahedra. Although
both extreme cases, KBi(MoO4)2 and BiVO4, pos-
sess scheelite-like crystal structures, the former is
monoclinic, while the latter is tetragonal. Our pre-
vious studies of the K0.5xBi1−0.5x(MoxV1−x)O4 sys-
tem had shown that structural transformations take
place upon a change in molybdenum to vanadium
ratio. In particular, for x = 0.1–0.3 only a tetrag-
onal phase was observed, while only a monoclinic
phase was found for x = 0.5–0.9 [8]. Interestingly,
the A0.5xBi1−0.5x(MoxV1−x)O4 (where A = Li, Na)
solid solutions have tetragonal scheelite-like crystal
structure for x above 0.1 [9, 10]. Such difference with
the case of potassium can be ascribed to the differ-
ence in ionic radii and coordination number of these
alkali metals in the molybdate–vanadate systems.
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2. Experimental details

Synthesis of the undoped and Eu3+-doped
K0.45Bi0.55Mo0.9V0.1O4 samples was performed by
solid state technique. Analytically pure A2CO3,
Bi2O3, MoO3, V2O5, and Eu2O3 were taken as
starting materials without further purification. Sto-
ichiometric amounts of the reagents were thor-
oughly mixed in an agate mortar into fine powders.
At the first stage, the mixtures have been calcinated
at 550◦C for 2 h to get rid of carbon dioxide. Then,
the resulting powders were mixed with a drop of
ethanol, thoroughly reground, and sintered at 600◦C
for 5 h, 700◦C for 8 h, and 750◦C for 8 h with inter-
mediate regrinding after each temperature in cov-
ered alumina crucibles.

Phase composition has been investigated by pow-
der XRD using of Shimadzu XRD-6000 diffractome-
ter (curved pyrolytic graphite counter monochro-
mator, CuKα radiation with λ = 1.54184 Å)
operating in Bragg–Brentano (Θ/(2Θ)) geometry
(2Θ = 5–70◦).

SEM images were obtained on JEOL JSM 6060
LV for the polycrystalline samples coated with gold.

The photoluminescence (PL) studies under exci-
tations in the UV and visible regions were carried
out at room temperature. The diffraction spectrom-
eter MDR-23 was used to register the PL emis-
sion and excitation spectra. The radiation of the
Xenon-arc lamp (150 W) was used for the PL exci-
tation. All the spectra were corrected on the system
response.

3. Results and discussion

3.1. X-ray diffraction study

The solid solutions as x (K0.5Bi0.5MoO4)
−(1− x) BiVO4 are related to the CaWO4 scheel-
ite structure and crystallize in tetragonal symme-
try with the space group I41/a. The parent struc-
ture is build up from CaO8 dodecahedra and MoO4

tetrahedra. Multiple substitutions within cationic
and anionic sublattices in the case of titled solid so-
lutions lead to the formation of mixed (Mo/V)O4

tetrahedra and (K/Bi)O8 polyhedra. To main-
tain the scheelite framework, (K/Bi)O8 polyhedra
should share an edge, whereas (Mo/V)O4 tetrahe-
dra are isolated from each other. Each (Mo/V)O4

tetrahedron shares a corner with (K/Bi)O8 polyhe-
dra. Mainly cationic and anionic substitution leads
to a random distribution of V/Mo and metals in
a dodecahedral environment [11]. The possibility of
symmetry change is often discussed in light of XRD
patterns. The X-ray diffraction pattern for solid
solution K0.45Bi0.55Mo0.9V0.1O4 sintered at 750◦C
is presented in Fig. 1. As could be expected from
previously reported data [12], the solid solution
containing 10 mol% of molybdenum crystallizes in
a monoclinic scheelite-like structure. The lowering
of symmetry is confirmed by the splitting of several

Fig. 1. X-ray diffraction (XRD) patterns for
K0.45Bi0.55−yEuyMo0.9V0.1O4 samples, y = 0 (1),
0.05 (2), 0.10 (3) and 0.15 (4).

Fig. 2. SEM images of K0.45Bi0.55Mo0.9V0.1O4

and K0.45Bi0.40Eu0.15Mo0.9V0.1O4 samples.

reflection peaks, such as the 28.2 of 2Θ reflection,
which is attributed to (101) peak in tetragonal sys-
tems splitting into (101) and (011) peaks in the case
of monoclinic K0.45Bi0.55Mo0.9V0.1O4. Analogously,
the (200) peak at 32.8 of 2Θ is splitting into (200)
and (020) peaks (Fig. 1, curve 1). In the case of Eu-
doping, the symmetry of solid solutions obtained is
tetragonal (Fig. 1, curves 2–4). There is no split-
ting observed for K0.45Bi0.55−yEuyMo0.9V0.1O4 in
the case of y = 0.05–0.15. This peculiarity has been
identified for the first time and can be explained
by common coordination requirements of Ca2+,
Bi3+, and Eu3+ cations. Moreover, pure europium-
containing scheelite-related molybdates crystallize
in the I41/a space group [13, 14].
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3.2. Scanning electron microscopy

The SEM images of K0.45Bi0.55Mo0.9V0.1O4 and
K0.45Bi0.40Eu0.15Mo0.9V0.1O4 samples are shown
in Fig. 2. The powder is crystallized in a com-
pact form with well separated particles of an av-
erage size of about 5–10 µm. A grain boundary be-
tween the microcrystals is clearly seen after anneal-
ing at 750◦C. Both pure and doped with europium
samples are characterized by irregularly shaped par-
ticles, which develop loose agglomerates (Fig. 2).

3.3. Luminescence spectroscopy

The undoped K0.5xBi1−0.5xMoxV1−xO4 solid so-
lutions do not reveal any significant luminescence
at room temperature when excited in 250–500 nm
spectral range. This situation occurs because of
the strong temperature quenching of photolumines-
cence, which is typical for many molybdate and
vanadate compounds [15–17]. The luminescence sig-
nal of the undoped samples can be easily regis-
tered at T = 77 K. However, increasing the vana-
dium content leads to a decrease in the total PL
intensity. The main bands in PL excitation spectra
of K0.5xBi1−0.5xMoxV1−xO4 samples have maxima
near 320, 375, and 410 nm and can be ascribed
to processes in regular MoO4, defective MoO4,
and VO4 molecular anions, respectively (detailed
analysis of PL emission and excitation for can be
found in [8]).

The Eu3+ doped samples reveal intensive, even at
room temperature, PL related with 5D0 → 7FJ=1−4

electronic transitions in these RE ions under ex-
citation both in absorption bands of molybdate–
vanadate host and absorption under f–f intrinsic
transitions in Eu3+ ions (Fig. 3). Interestingly, the
number and intensity of the PL bands depend on
the type of excitation.

Fig. 3. Photoluminescence spectra of
K0.45Bi0.40Eu0.15Mo0.9V0.1O4 solid solution
obtained for excitation at λex = 320 nm (1),
396 nm (2) and 473 nm (3) at room temperature.
Zero intensity levels for spectra 1 and 2 are shown
by dashed lines.

Fig. 4. Photoluminescence excitation spectra of
the K0.45Bi0.55−yEuyMo0.9V0.1O4 samples, where
y = 0.01 (1), 0.02 (2), 0.05 (3), 0.10 (4) and 0.15
(5), λem = 614.4 nm, T = 300 K. Zero intensity
levels for spectra 2–5 are shown by dashed lines.

The PL excitation spectra for the
K0.45Bi0.55−yEuyMo0.9V0.1O4 samples are shown
in Fig. 4. Only bands near 470 and 538 nm that
correspond to absorption transitions in Eu3+ ions
from ground electronic state 7F0 to 5D2 and 5D1

excited states, respectively, have been measured
in the case of the lowest europium concentration.
The relatively narrow band near 396 nm that
corresponds to 7F0 → 5L6 electronic transition in
Eu3+ ions was observed when the content of Eu3+
ions increased (y value in Fig. 4, curves 4 and 5).
The weak band with a maximum near 320 nm
was also observed, starting from y = 0.02. One
more wide band with a maximum near 375 nm
was observed when europium content reached
y = 0.10. These bands can be ascribed to light
absorption processes in MoO4 molecular anions,
as was stated earlier [8]. Undoubtedly, described
data is a manifestation of energy transfer from
molybdate–vanadate host to Eu3+ ions.

The changes in PL intensity for the set of
K0.45Bi0.55−yEuyMo0.9V0.1O4 samples were studied
for the case of PL excitation at 473 nm (Fig. 5).
The difference in the shape of the bands in PL
spectra for the samples with different concentra-
tions of Eu3+ ions can be seen only in the re-
gion of 5D0 → 7F3 and 5D0 → 7F4 transitions.
Bands of these transitions have little practical in-
terest as those with low intensity and as located
at the region of the low sensitivity of the human
eye. However, from the viewpoint of phosphor ap-
plication, the bands of 5D0 → 7F1 and 5D0 → 7F2

transition should be considered. The total inten-
sity in the region 550–725 nm and intensities of
bands of 5D0 → 7F1 and 5D0 → 7F2 transitions
(calculated as the area under spectra in 580–600
and 600–630 nm range, respectively) are collected in
Table I. As can be seen, no concentration quench-
ing was observed for the studied content of Eu3+
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Fig. 5. Photoluminescence emission spectra of
K0.45Bi0.55−yEuyMo0.9V0.1O4 samples, where
y = 0.01 (1), 0.02 (2), 0.05 (3), 0.10 (4) and 0.15
(5), obtained for excitation at λex = 473 nm,
T = 300 K. Zero intensity levels for spectra 2–5 are
shown by dashed lines.

TABLE I

Intensities of photoluminescence bands and asymme-
try ratio for the K0.45Bi0.55−yEuyMo0.9V0.1O4 sam-
ples, calculated for PL excitation at λex = 473 nm,
T = 300 K.

y
Itotal

[arb.u.]
I(5D0 → 7F1)

[arb.u.]
I(5D0 → 7F2)

[arb.u.]
R

0.01 0.36 0.031 0.146 4.7
0.02 0.27 0.020 0.128 6.4
0.05 0.48 0.037 0.252 6.8
0.10 0.72 0.070 0.403 5.8
0.15 1.00 0.100 0.672 6.7

in K0.45Bi0.55−yEuyMo0.9V0.1O4. In order to esti-
mate the local symmetry of Eu3+ ions in various
compounds, the asymmetry ratios

R =
I(5D0 → 7F2)

I(5D0 → 7F1)
(1)

were calculated. It is well known that R values
above 1 correspond to the non-centrosymmetric lo-
cal surrounding of europium [18].

4. Conclusions

The samples of pure and Eu3+-doped
K0.45Bi0.55Mo0.9V0.1O4 solid solutions were
obtained by solid state technique, in the form of
microcrystalline powders with grain sizes about
5–10 µm. The crystal structure transformation of
the K0.45Bi0.55Mo0.9V0.1O4 to more symmetrical
occurs when doped with europium.

The undoped K0.45Bi0.55Mo0.9V0.1O4 samples do
not reveal luminescence at room temperature, while
Eu3+-doped samples are characterized by intensive
red luminescence when PL excitation takes place in
ultraviolet or blue spectral regions. The intensity
of red luminescence increases with increase of Eu3+
content, and no concentration quenching was found.
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