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The HEu(MoO4)2 nanophosphor was synthesized for the first time by the H+-exchange of KEu(MoO4)2. The nanophosphor
obtained in the present study maintain the triclinic KEu(MoO4)2 type structure in a single phase form with high crystallinity.
The HEu(MoO4)2 phosphor has rod-like particle morphology (length 0.5-20 µm, diameter 50-400 nm). Both HEu(MoO4)2
powder and solution shows red emission due to the 4f-4f transition of Eu3+.
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Introduction

Recently, nanophosphors were actively investigated
due to their potential applications in the flat panel
displays, solar energy converters, optical amplifiers,
electroluminescenct devices, photodiodes, bio-detectors,
sensors, and color display. They are also significantly
important material in the field of luminescence because
they exhibit excellent optoelectronic properties [1-5].
Among these applications, solar energy converters have
been received much attention during the last few
decades [6-8]. The crystal Si solar cells were widely
used on an industrial scale because of its low cost and
high electrical conversion efficiency. However, the
efficiency limit of crystal Si solar cells was approximately
30%, which is considered to be the mismatch between the
incident solar photon spectrum and the energy band
gap of silicon. In particular, silicon has low optical
absorption below 500 nm (Fig. 1). Therefore, various
schemes have been proposed to overcome this
fundamental efficiency limit for the crystal Si solar cells
[9-16]. Among these schemes, one way to surpass this
limit is using a luminescence down-shifting process to
absorb high-energy photons and re-emit them at longer
wavelengths such that the photovoltaic device exhibits
a significantly better response. Therefore, investigations
have been devoted to search for new high efficiency
down-conversion nanophosphors, which can show
excellent optical absorption below 500 nm.

In this study, we have focused on triclinic alkali rare
earth molybdate, KEu(MoO4)2 as a precursor, to
synthesize emissive nanophosphor material for use in
crystal Si solar cells, because the molybdate phosphors
show excellent optical absorption below 500 nm, to

which crystal Si solar cells are less sensitive. In addition,
it is well known that molybdate nanophosphors are
easily prepared by wet chemical routes without
calcination because their crystallization temperatures are
relatively lower than those of other oxide materials [17].
Furthermore, the triclinic KEu(MoO4)2 has suitable
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Fig. 1. Downconversion for crystalline Si solar cell.

Fig. 2. The crystal structure of KEu(MoO4)2. 
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layer structure as illustrated in Figure 2 [18, 19], in
which the EuO8 polyhedron layer occupy cavities
between two MoO4 tetrahedron layers in the direction
of the c-axis and the exchangeable potassium cations
located between these (Eu(MoO4)2)n layers. This is
indicates that K+ ion in the KEu(MoO4)2 was easily
exchanged with another ions by the ion-exchanging
method, and it is expected to be controlled easily the
particle size and morphology. However, to the best of
our knowledge, it is no report on the successful ion-
exchange of molybdate nanophosphor. In the present
study, in contrast, we have successfully exchanged K+

ion in the KEu(MoO4)2 with H+ and synthesized the
HEu(MoO4)2 nanophosphor with high luminescence
efficiency by the ion-exchanging method and their
particle morphology and luminescence properties have
been investigated.

Experimental

KEu(MoO4)2 was synthesized by a conventional
solid-state reaction method. A mixture of K2CO3,
Eu2O3, and MoO3 was mixed using a mortar with
acetone, and then the mixture was calcined at 1000 oC
for 6 hrs in air. HEu(MoO4)2 was obtained by the H+-
exchange of KEu(MoO4)2 in 0.01 M aqueous HNO3

solution (100 mL) at room temperature for 7 days.
After stirring, the solution was isolated suction filtration
with membrane filter (ADVANTEC MFS, INC., mixed
cellulose ester, pore size: 0.45 µm, diameter: 47 mm).
The sample was washed with deionized water for 12 hrs
and then dried at 60 oC for 12 hrs. The obtained
powder (HEu(MoO4)2 powder) was redispersed in ion-
exchanged water (pH = 7). 

The obtained samples were characterized by X-ray
powder diffraction (MX-Labo; Mac Science Ltd.) to
identify the crystal structure and the sample composition
was analyzed by X-ray fluorescence analysis (SII,
SEA 1200VX). Morphology of the samples was
characterized by means of scanning electron microscopy
(SEM, Hitachi S-4300SD). The emission (PL) and
excitation (PLE) spectra were measured at room
temperature with a spectrofluorometer (Jasco Corp. FP-
6500/6600), where the emission spectra were obtained
for excitation at 467 nm, and excitation spectra were
obtained for emission at 612 nm.

Results and Discussion

The composition of KEu(MoO4)2 was confirmed to
be stoichiometric ratio by XRF analysis and the K+ ion
was not detected in the HEu(MoO4)2 sample after the
H+ exchange of KEu(MoO4)2, which indicates that K+

ion in the KEu(MoO4)2 was successfully exchanged
with H+ ion. Figure 3 shows the powder XRD patterns
of the precursor KEu(MoO4)2 powder and HEu(MoO4)2
powder prepared by the H+ exchange of KEu(MoO4)2.

The powder XRD patterns of KEu(MoO4)2 and
HEu(MoO4)2 were in good agreement with a single
phase of triclinic KEu(MoO4)2 structure. These results
indicate that the crystal structure of KEu(MoO4)2 is still
well maintained after proton-exchange.

Figure 4 shows the SEM images of KEu(MoO4)2 and
HEu(MoO4)2. The KEu(MoO4)2 phosphor has a
granular particle morphology and the average particle
size was 10 µm. On the contrary, the HEu(MoO4)2
phosphor has rod-like particle morphology and the
nanorod particle are 0.5-20 µm in length, and most
have outer diameters ranging from 50 to 400 nm. These
results indicate that the particle size and morphology of

Fig. 3. XRD patterns of the precursor KEu(MoO4)2 powder and
HEu(MoO4)2 powder.

Fig. 4. SEM images of SEM images of (a) KEu(MoO4)2 and (b)
HEu(MoO4)2 powders.
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KEu(MoO4)2 were successfully changed by the H+-
exchanging in the K+ site, although the sample after
H+-exchanging was maintain layered crystal structure.
However, unfortunately, we do not have any direct
evidence to explain the mechanism of the particle
morphology change with H+-exchanging. Therefore,
further studies are necessary to unveil the mechanism
of the particle morphology change from a crystal
structure point of view.

Figure 5 shows the excitation and emission spectra of
KEu(MoO4)2 and HEu(MoO4)2. The excitation spectrum
of KEu(MoO4)2 phosphor shows a broad O2−-Mo6+

charge transfer (CT) band and some strong narrow peaks
were observed between 360 and 500 nm, and were
attributed to the f-f transitions of the Eu3+ ion. In
addition, it is noted that the CT band of Eu3+-O2- is not
clearly observed in the excitation spectra due to the
possible overlap of the CT band with that of molybdate
group [20-22]. On the other hand, HEu(MoO4)2
phosphor prepared by the H+ exchange of KEu( MoO4)2,
the excitation absorption band of the CT transition of O2-

-Mo6+ shifts to the longer wavelength side with H+-
exchanging and the excitation absorption band of the
CT band of Eu3+-O2- is clearly observed in the excitation
spectra. The excitation peak shift with H+ exchanging
can be explained by the change of the interaction with
the environment around the Mo6+ ion in the host lattice. 

In the emission spectra, meanwhile, all peaks
corresponded to the Eu3+ 4f-4f transition, and the
emission peak profiles of these sample before or after
H+-exchanging were essentially the same and there is
no spectral shift due to the H+-exchanging because the
symmetric environment around the Eu3+ ion in the

(Eu(MoO4)2)n layers is the same in the samples. 
Figure 6 shows the excitation and emission spectra of

the HEu(MoO4)2 nanophosphor solution, in which the
concentration of the HEu(MoO4)2 phosphor powder
was adjusted 9.76 × 10−3 mol/dm3. Although the peak
intensity of excitation and emission spectra of the
phosphor solution was lower than that of the phosphor
powder, similar to the results obtained for the HEu(MoO4)2
phosphor powder shown in Fig. 5. The excitation spectrum
consisted of two broad band, corresponding to charge
transfer (CT) transitions of Eu3+-O2− and O2−-Mo6+,
respectively. Several strong narrow peaks were attributed
to 4f-4f transitions of Eu3+. Among these, the dominated
sharp peak at 465 and 531 nm corresponded to the 7F0-

5D2

and 7F0-
5D1 transition of Eu3+. In addition, the phosphor

solution presents strong red-emission under excitation
wavelength at 465 nm due to the 4f-4f transition of Eu3+. 

Conclusions

The HEu(MoO4)2 nanophosphor was synthesized for
the first time by the H+-exchange of KEu(MoO4)2 in
0.01 M aqueous HNO3 solution at room temperature
for 7 day. The nanophosphor obtained in the present
study adopt the triclinic KEu(MoO4)2 structure in a
single phase form, and the obtained HEu(MoO4)2
phosphor has rod-like particle morphology and the
nanorod particle are 0.5-20 µm in length, and most
have outer diameters ranging from 50 to 400 nm. The
HEu(MoO4)2 nanophosphor exhibited excellent optical
absorption at 465 and 531 nm, and presents strong red-
emission due to the 4f-4f transition of Eu3+. In addition,
the HEu(MoO4)2 solution also show good luminescence
efficiency under excitation at 465 nm. Since the HEu
(MoO4)2 nanophosphor solution is transparent and
show good luminescent emission, it is expected to use
in crystal Si solar cells as a down-conversion materials.

Fig. 5. Photoluminescence excitation and emission spectra of
KEu(MoO4)2 and HEu(MoO4)2 powders.

Fig. 6. Photoluminescence excitation and emission spectra of the
HEu(MoO4)2 nanophosphor solution.
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