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Pyrochlore-type yttrium stannate (Y2Sn2O7) doped with trivalent europium ions (Eu3+) was synthesized
as thin films by the sol-gel method. X-ray diffractometry, high-resolution transmission electron
microscopy, and X-ray photoelectron spectroscopy were used to evaluate the crystallinity and purity of
the films, which was of prime importance in investigating the optical properties. It was shown that heat
treatment of the films at 1000°C was enough to obtain highly crystalline and phase-pure samples.
Photoluminescence spectra of the (Y1-xEux)2Sn2O7 (x ) 0.01-0.20) films indicated the simultaneous
occurrence of five predominant orange-red band emissions at a single-wavelength ultraviolet excitation
due to doubly split magnetic-dipole5D0 f 7F1 and electric-dipole5D0 f 7F2 transitions. Inhomogeneous
broadening possibly arising from the site-to-site variation of Eu3+ was also observed. These results
demonstrate that we have succeeded in synthesizing a single-phase crystalline phosphor material having
the chromaticity corresponding to a region between pink and yellowish pink.

1. Introduction

Red luminescence of trivalent europium (Eu3+) ions due
to intraconfigurational f-f transitions is of technological
importance because it has been widely applied to phosphors
for color displays and fluorescent lamps.1-3 It is known that
emission wavelengths of Eu3+ are determined primarily by
their local environment in host crystals. That is, the prob-
ability of electronic transitions from the lowest5D0 excited
state to the7F0-6 ground states differs depending on site
symmetries. At a site without inversion symmetry, Eu3+

exhibits the hypersensitive forced electric-dipole5D0 f 7F2

transition with emission wavelengths of approximately 610-
620 nm. In contrast, the allowed magnetic-dipole 5D0 f
7F1 transition is usually observed at around 592 nm from
Eu3+ located at a site with inversion symmetry. Actually,
both the electric-dipole and the magnetic-dipole transitions
appear simultaneously in practical inorganic luminescent
materials, although their intensities are different and, in most
cases, one of which is much stronger. Therefore, the
asymmetry ratio,4 which is defined as the intensity ratio
between the5D0 f 7F2 and5D0 f 7F1 transitions, is always
far from unity. Furthermore, the7F0-6 ground states undergo
crystal-field splitting, which also influences the emission
wavelengths of all5D0 f 7F0-6 transitions.1

A certain application of Eu3+-activated phosphors prefers
multiband emissions rather than a monochromatic sharp

emission. For example, emissions of Eu3+ can produce
reddish components of artificial white light. When spectral
features of white light need to be similar to those of the
natural light (sunlight), the multiband Eu3+ emissions are
expected to be quite useful because of the better spectral
overlap. Development of novel phosphors is, therefore, one
of the most important aspects in designing luminescent
devices. Eu3+ occupies several symmetry sites in oxide
glasses, resulting in inhomogeneous broadening in emission
spectra.5 However, the5D0 f 7F2 transition is relatively
stronger than the5D0 f 7F1 one due to the lower symmetry
of the Eu3+ sites. Furthermore, absorption or excitation
spectra also undergo inhomogeneous broadening, which is
in turn undesirable for efficient charge-transfer or host
interband excitations to occur. Consequently, it is more
promising to use crystalline hosts providing lattice sites with
little dispersion of symmetries. To realize multiband emis-
sions, site symmetries should be lowered to a certain extent
by chemical modification of hosts through making solid
solutions or introducing lattice defects.

Pyrochlore oxides, expressed by the general formula of
A2B2O7, have a structure derived from the fluorite. Two kinds
of cations are ordered on theA andB sites, and one-eighth
of the anions are missing with ordered vacancies. Disordering
of the cation sites coupled with oxygen disorder on the anion
vacancies within the pyrochlore structure results in a defect-
fluorite structure.6 One of the most promising applications
of pyrochlore oxides is as anionic conductors due to their
high-temperature stability.7 When one considers application
of pyrochlore oxides as Eu3+-activated luminescent materials,
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yttrium-containing pyrochlores (A ) Y andB ) Sn, Ti, Zr)
seem to be suitable because of their potential capability of
accommodating Eu3+ in the Y3+ site, as observed in the
common Y2O3:Eu3+ red phosphor.8

In this article we report the luminescence behavior of Eu3+

ions introduced in a Y2Sn2O7 host crystal that has a high
Y3+ site symmetry. Thin-film specimens of (Y1-xEux)2Sn2O7

were prepared by the sol-gel method to assess correctly
optical properties such as absorption and photoluminescence.
It was found that (Y1-xEux)2Sn2O7 could exhibit multiband
orange-red photoluminescence with five intense emission
peaks centered at 577, 588, 596, 610, and 628 nm. The
chromaticity then corresponded to a region between pink and
yellowish pink in the Commission Internationale d′Eclairage
(CIE) diagram.

2. Experimental Methods

Reagent-grade yttrium acetate tetrahydrate (Y(CH3COO)3‚4H2O),
europium acetate tetrahydrate (Eu(CH3COO)3‚4H2O), and tin(IV)
chloride pentahydrate (SnCl4‚5H2O) were obtained from Wako Pure
Chemicals, Japan. Y(CH3COO)3‚4H2O (2.5 mmol) and SnCl4‚5H2O
(2.5 mmol) were added to ethanol (17 mL) containing nitric acid
(3 mL) to prepare precursor solutions. In fabricating Eu3+-doped
Y2Sn2O7 films, Eu(CH3COO)3‚4H2O was further added to the
solutions. The concentrations of Eu3+ as a dopant were varied
between 1.0, 5.0, 8.0, 10.0, 12.0, 14.0, and 20.0 at. % against Y3+,
expecting final film compositions of (Y1-xEux)2Sn2O7 (x ) 0.01-
0.20). Citric acid (10 mmol, Wako), working as a chelating agent,
and poly(ethylene glycol) (PEG) (40 mmol in terms of monomer,
Wako, molecular weight of 20000), working as a cross-linking
agent, were mixed with the solutions by stirring for 24 h at room
temperature. The resultant solutions were then dip-coated on quartz
glass substrates, immediately placed in a furnace preheated to a
temperature between 500 and 1000°C, and heated there for 1 h in
air followed by quenching. Although the quartz glass substrates
were thought to be inert in terms of the reactivity with the films
deposited, we paid particular attention to the possible formation of
silicate-related byproducts because they might influence the lumi-
nescent behavior of Eu3+. X-ray photoelectron spectroscopy (XPS)
was therefore used to analyze the film composition.

Thermal analysis of the solution that was dried at 100°C for 1
week was carried out using thermogravimetry-differential thermal
analysis (TG-DTA) (Mac Science, type TG-DTA2020S). Crystal-
line phases precipitated in the films were identified using an X-ray
diffractometer with a thin-film attachment and Cu KR radiation
(Rigaku). The incident angle was fixed at 0.5°. Angles against the
film surface were scanned as 2θ. The film morphology was
observed with a field-emission scanning electron microscope
(FESEM) (Hitachi, type S-4700). The particle morphology and
crystallinity were observed with a high-resolution transmission
electron microscope (HRTEM) (Philips, type TECNAI F20). Images
were obtained by deposition of the scratched films onto a carbon-
covered copper grid. XPS was carried out using Mg KR radiation
for elemental analysis (JEOL, type JSP-9000MC). XPS data was
corrected using the C 1s level as a reference. Optical transmission
spectra were recorded with a UV-vis spectrophotometer (Hitachi,
type U-3300). Photoluminescence spectra were measured at room
temperature with a spectrofluorophotometer (Shimadzu, type RF-
5300PC) using a xenon lamp (150 W) as a light source. Careful

attention was paid to avoid any misinterpretation of the spectra
possibly coming from the apparatus and measurement conditions.
Emission scans were performed with 1.5 nm band-pass emission
slits. A filter, which eliminated light having wavelengths<350 nm,
was used to remove a second-order peak of the excitation light.

3. Results and Discussion

3.1. Characterization of Sol-Gel-Derived Y2Sn2O7

Films. In the sol-gel processing of crystalline metal oxide
materials it is important to examine the thermal decomposi-
tion behavior of the precursor solutions containing various
kinds of organic compounds. Figure 1 shows TG-DTA
curves of the dried solution without europium. The TG curve
shows two stages of weight loss. A first large weight loss of
approximately 70% is observed at elevated temperatures up
to 315 °C, accompanied by a small and broad exothermic
DTA peak. This weight loss is due to evaporation of water,
ethanol, and citric acid and simultaneously combustion of
the organic components, which is usually observed in the
sol-gel precursor solutions.9 A second small weight loss of
15% at temperatures between 315 and 490°C is followed
by a large exothermic peak at 470°C. This behavior is
attributed to combustion of polymers (PEG) that have
relatively high thermal durability.10 The heat-treatment
temperature for producing the Y2Sn2O7 film should therefore
be higher than 500°C.

Figure 2 shows X-ray diffraction (XRD) patterns of the
films obtained by heating the dip-coated precursor solution
without europium at temperatures between 500 and 1000°C
for 1 h in air. No appreciable diffraction peaks are seen for
the films heated at lower temperatures of 500, 600, and 700
°C, indicating that the films are in an amorphous state. The
background appearing in the lower 2θ range in the patterns
comes from the quartz glass substrate. Crystallization oc-
curred in the films heated at 800°C or higher, and their XRD
patterns could be indexed with the cubic pyrochlore Y2Sn2O7,
referring to Joint Committee on Powder Diffraction Standards
(JCPDS, file No. 20-1418), having a lattice parameter of
1.0373 nm. The peak intensity increases upon increases in
heat-treatment temperature, indicative of the enhanced
crystallinity.

A typical FESEM image showing the surface and cross-
section morphology is shown in Figure 3 for the Y2Sn2O7
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Figure 1. TG-DTA curves of the dried precursor solution.
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film heat-treated at 1000°C. A dense microstructure can be
observed with a uniform surface and a film thickness of
approximately 150 nm. This morphology is suitable for
examination of optical properties because the films are
transparent and free from light scattering, as described later.
Crystallinity of grains that formed the films was checked
by HRTEM. According to the TEM image shown in Figure
4a, the grain size of Y2Sn2O7 is observed to be around 30
nm. This size is of the same magnitude as 21 nm derived
from the XRD peaks in Figure 2 using the Scherrer equation
for the same sample. In addition, the grains are sintered with
interparticle necking developed well. The high-magnification
HRTEM image shown in Figure 4b clearly presents a lattice
image due to phase contrast. The distance between the
adjacent lattice fringes corresponds to the interplanar distance
of the cubic Y2Sn2O7 (222), which isd222 ) 0.299 nm. It
can then be said that the Y2Sn2O7 film is highly crystalline
when heat-treated at a high temperature of 1000°C.

3.2. Structure of (Y1-xEux)2Sn2O7 Films. Figure 5 shows
XRD patterns of the (Y1-xEux)2Sn2O7 (x ) 0.01-0.20) films
obtained by heating the dip-coated precursor solutions at
1000°C for 1 h inair. All patterns indicate formation of the
pyrochlore-structured phase without any possible other
phases such as Y2O3, Eu2O3, and SnO2. The intensities and
full-width at half-maximum (fwhm) values of the peaks are
not influenced by the doping level ofx, implying that the
crystallinity of the (Y1-xEux)2Sn2O7 films is as high as that
of the parent Y2Sn2O7 film, as mentioned above. As for the
pyrochlore, Eu2Sn2O7 exists with a cubic unit cell and a
lattice parameter of 1.0474 nm. Comparison between the
powder diffraction data of Eu2Sn2O7 (JCPDS, file No. 13-
182) and those of Y2Sn2O7 reveals that the strongest (222)
peak is located at slightly different 2θ angles: 29.55° for

Eu2Sn2O7 and 29.81° for Y2Sn2O7. The 2θ values observed
in the XRD patterns for (Y1-xEux)2Sn2O7 films are in the
range 29.70-29.75°. Furthermore, the fwhm values of the
(222) peaks are within 0.45° for all films. From these results
we judged that Eu2Sn2O7 was not formed in our (Y1-xEux)2-
Sn2O7 films. This will be supported by photoluminescence
measurements for Eu3+ ions later.

The chemical state of yttrium, europium, tin, and oxygen
in (Y1-xEux)2Sn2O7 films was analyzed by XPS. Figure 6
shows XPS spectra for (Y1-xEux)2Sn2O7 films (x ) 0, 0.01,
and 0.10) heat-treated at 1000°C for 1 h in air in the Y 3d,
Eu 4d, Sn 3d, and O 1s regions. The spectra of the Y 3d

Figure 2. XRD patterns of films obtained by heating the dip-coated
precursor solution without europium at temperatures between 500 and 1000
°C for 1 h in air.

Figure 3. FESEM image of the Y2Sn2O7 film heat-treated at 1000°C.

Figure 4. (a) TEM and (b) HRTEM images of the Y2Sn2O7 film heat-
treated at 1000°C.

Figure 5. XRD patterns of (Y1-xEux)2Sn2O7 (x ) 0.01-0.20) films obtained
by heating the dip-coated precursor solutions at 1000°C for 1 h in air.
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core region (Figure 6a) exhibit spin-orbit splitting with two
components of Y 3d3/2 (158.8 eV) and Y 3d5/2 (157.0 eV).
The peak positions are close to those of Y2O3,11 implying
the presence of Y-O bonding in the films. In addition, the
area ratio of Y 3d5/2 and 3d3/2 is close to 1.5, which is usually
observed in Y2O3.12 Another important aspect is that no
Y-O-Si bonding exists in our films, judging from the fact
that the Y 3d3/2 and 3d5/2 energy levels are much higher in
yttrium silicate such as Y2Si2O7 and Y2SiO5.13 This indicates
that the films did not react with the quartz glass substrate.
In trivalent europium oxide (Eu2O3) the core-level spin-
orbit splitting of Eu 4d3/2 and 4d5/2 lies between 135 and
142.5 eV.14 Small and broad peaks can be seen in this energy
region in spectra of the Eu 4d core level, as shown in Figure
6b. The relatively low Eu3+ doping levels (x ) 0.01 and
0.10 in (Y1-xEux)2Sn2O7) are responsible for the small Eu
4d peaks observed for our films. The broadness comes from
multiplet splitting due to the strong exchange interaction
between possible 4d core holes and the partly filled 4f
shell.14,15 The spin-orbit splitting of the Sn 3d level can be
seen as two peaks appearing at 486.4 (3d5/2) and 494.5 eV
(3d3/2), as shown in Figure 6c. This result clearly demon-
strates the presence of Sn-O bonding in the films. Although
distinguishing between Sn4+ and Sn2+ is difficult due to their
similar binding energies in the XPS spectra of SnO2 and
SnO,16 the nominal compositions of (Y1-xEux)2Sn2O7 do not

influence the initial valence state of tin (+4) at any doping
level of x. The binding energy of the O 1s level observed at
approximately 529.7 eV in Figure 6d is close to that of Y2O3

(529.5 eV).13 The oxygen in SnO2 also has a similar binding
energy (530.5 eV).17 Shoulders appearing at approximately
531.5 eV are ascribed to hydroxyl groups (OH-) that are
likely acquired during exposure of the films to ambient
water.13,17The XRD and XPS results indicate that our films
can be identified as crystalline and pure (Y1-xEux)2Sn2O7

phases.
3.3. Optical Properties of (Y1-xEux)2Sn2O7 Films. Opti-

cal transmission of the (Y1-xEux)2Sn2O7 films was slightly
influenced by their structure and crystallinity, which de-
pended on the heat-treatment temperature as indicated in
Figure 2. Transmission spectra of the (Y1-xEux)2Sn2O7 films
(x ) 0.10) that were heat-treated at 500, 700, and 1000°C
are shown in Figure 7. The film heated at a low temperature
of 500°C exhibits a gradual decrease of transmittance with
decreasing wavelengths down to approximately 260 nm. The
film seems to be in an amorphous state according to the XRD
data and contains residual carbon species, which possibly
absorb visible light, judging from the TG-DTA data.
Actually, transmittance can be improved when the heating
temperature is elevated to 600 (a spectrum is not shown)
and 700°C to burn out carbon species, although the films
are still amorphous. Upon crystallization into the pyrochlore
structure at heating temperatures of 800, 900, and 1000°C,
transmittance is more than 75% in the visible region, and
hence, the films appeared highly transparent to the naked
eye. It should be noted that the film itself has a higher
transparency, taking account of the reflection loss at air/film/
substrate interfaces on both sides of the substrate due to the
dip-coating method employed in the present work.

The relationship between the film structure and optical
properties was further examined by monitoring photolumi-
nescence (PL) of the Eu3+ ions. Figure 8a shows PL spectra
of (Y1-xEux)2Sn2O7 films (x ) 0.10) heat-treated at 500 and
700°C. A spectral structure for the film heated at 500°C is
typical of Eu3+ present in the amorphous host. Similar PL
spectra can be seen for Eu3+ doped in gels and glasses.4,18-20
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Figure 6. XPS spectra for (Y1-xEux)2Sn2O7 films (x ) 0, 0.01, and 0.10)
heat-treated at 1000°C for 1 h in air in the (a) Y 3d, (b) Eu 4d, (c) Sn 3d,
and (d) O 1s regions.

Figure 7. Optical transmission spectra of (Y1-xEux)2Sn2O7 (x ) 0.10) films
heat-treated at 500, 700, and 1000°C.
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A broader and stronger emission band with a peak at 612
nm is ascribed to the electric-dipole 5D0 f 7F2 transition
of the Eu3+ ions located inhomogeneously at the sites without
inversion symmetry. A weaker emission band ranging from
580 to 600 nm is due to the magnetic-dipole 5D0 f 7F1

transition. A minor emission peak for the5D0 f 7F0 transition
is also observed at 577 nm. Thus, the asymmetry ratio,
defined asI[5D0 f 7F2]/I[5D0 f 7F1] (I emission intensity)
is more than unity for the film heated at 500°C. An increase
in the heating temperature to 700°C does not change the
spectral structure, thereby indicating that Eu3+ ions are still
present in the amorphous host. This observation coincides
with the XRD and transmittance results as described above.
In contrast, films heated at 900 and 1000°C exhibit a
different spectral structure as shown in Figure 8b. Enhanced,
sharpened, and split5D0 f 7F1 emissions are observed at
588 and 596 nm, while5D0 f 7F2 emissions are reduced
and split at 610 and 628 nm. As a result, the asymmetry
ratio becomes less than unity.

Pyrochlore has a face-centered cubic structure (space group
Fd3m) with eight formula units per conventional unit cell.21

In the ideal A2B2O7 pyrochlore structure theA site is a
distorted cube and theB site is a regular octahedron.6 The
coordination is 8-fold for theA site and 6-fold for theB
site. In Y2Sn2O7, therefore, Y3+ and Sn4+ are surrounded by
eight and six oxygen ions, respectively. Because eight oxygen
ions form a distorted cube, the Y3+ site symmetry is lowered

to D3d.22 The charge and ionic radii of Eu3+ (1.066 Å for
the coordination number of 8)23 would prefer substitution
for Y3+ (1.019 Å) rather than for Sn4+ (0.69 Å) in the Y2-
Sn2O7 lattice. Assuming that Eu3+ is located at the site with
D3d symmetry, the enhanced and sharpened5D0 f 7F1

emissions of Eu3+ in the Y2Sn2O7 host crystal can be
reasonably explained by the allowed magnetic-dipole transi-
tion due to the presence of an inversion center. Nevertheless,
the split5D0 f 7F2 emissions coexist in the spectra even for
the highly crystalline (Y0.9Eu0.1)2Sn2O7 film that was heated
at 1000°C.

The present situation is very different from the case of
Eu3+ doped in cubic fluorite-type CeO2 (space groupFm3m).
When a small number of Eu3+ ions (typically 1 at. %) occupy
the Ce4+ site with higherOh symmetry, the electric-dipole
5D0 f 7F2 transition is strictly forbidden.24,25Local distortion
and/or oxygen vacancies possibly induced by the aliovalent
dopant appear to have almost no influence on luminescence.
This may result from the relatively low concentrations of
the dopant. Under this condition oxygen vacancies are
thought to be located around the Ce4+ ions, according to
X-ray absorption fine structure spectroscopy (XAFS) stud-
ies.26 On the other hand, lanthanide ions can exhibit electric-
dipole transitions when they are doped in fluorite-type
CeyZr1-yO2 solid solutions (y ) 0.60-0.20) having lower
D2d site symmetry for metal ions (space groupP42/nmc).25

It is then considered that the distortedA3+O8 cubic in the
pyrochlore undergoes further modulation by introducing
Eu3+. That is, the Eu3+O8 cubic is locally more distorted
than the Y3+O8 cubic for lattice relaxation. Judging from
the PL spectra, both the5D0 f 7F1 and the5D0 f 7F2

emissions from (Y0.9Eu0.1)2Sn2O7 are dominated by inhomo-
geneous broadening that reflects the site-to-site variation in
the local structure around Eu3+. Such variation is more
obviously implicated in the5D0 f 7F0 transition, where the
corresponding energy levels are nondegenerate. Broadening
of the5D0 f 7F0 transition in the PL spectra directly proves
the presence of Eu3+ luminescent centers having various local
environments.27 In summary of the PL properties, lumines-
cence of (Y1-xEux)2Sn2O7 is characterized as multiband
orange-red emissions with five intense peaks at around 577,
588, 596, 610, and 628 nm. The chromaticity then corre-
sponds to a region between pink and yellowish pink in the
CIE diagram.

Figure 9 shows PL excitation spectra for the 588 and 610
nm emissions of (Y1-xEux)2Sn2O7 film (x ) 0.10) heat-treated
at 1000 °C. Both emissions originate from a similar
broadband excitation centered at 263 nm. This fact may
exclude the possibility that there exists two different sites
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(22) López-Navarrete, E.; Orera, V. M.; La´zaro, F. J.; Carda, J. B.; Ocana,
M. J. Am. Ceram. Soc.2004, 87, 2108.

(23) Shanon, R. D.Acta Crystallogr., A1976, 32, 751.
(24) Fujihara, S.; Oikawa, M.J. Appl. Phys.2004, 95, 8002.
(25) Fornasiero, P.; Speghini, A.; Di Monte, R.; Bettinelli, M. Kasˇpar, J.;

Bigotto, A.; Sergo, V.; Graziani, M.Chem. Mater. 2004, 16, 1938.
(26) Yamazaki, S.; Matsui, T.; Ohashi, T.; Arita, Y.Solid State Ionics2000,

136-137, 913.
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Figure 8. PL spectra of (Y1-xEux)2Sn2O7 (x ) 0.10) films heat-treated at
(a) 500 and 700°C and (b) 900 and 1000°C. The excitation wavelength
used was 254 nm.
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in terms of symmetry for Eu3+ in (Y1-xEux)2Sn2O7, which
was invoked by the simultaneous occurrence of the electric-
and magnetic-dipole transitions. It should be noted that
bixbyite-type cubic Y2O3 (space groupIa3) has two kinds
of Y3+ sites. Therefore, Eu3+ ions in the well-known Y2O3:
Eu3+ red phosphor occupy the site withS6 or C2 symmetry.
Because theS6 site has an inversion center, Eu3+ in this site
shows only the magnetic-dipole transition. It has been
reported that the energy of the charge-transfer state of Eu3+

at theS6 site is higher than that at theC2 site, probably due
to shorter Y-O bonds for the former.28 This was demon-
strated by the excitation band occurring at higher energy for
the5D0 f 7F1 emission (Eu3+ at theS6 site) than for the5D0

f 7F2 emission (Eu3+ at theC2 site). Because this energy
shift is not observed for (Y1-xEux)2Sn2O7, the site symmetry
depending on site-to-site variation is not distinguishable. A
comparison between the transmittance spectra (Figure 7) and
the PL excitation spectra (Figure 9) indicates that the Eu3+

is excited largely through charge transfer from O2-. Many
Eu3+-doped oxide materials including pyrochlores have the
charge-transfer (O2- - Eu3+) band in a similar wavelength
region.29-32 If the host lattice excitation was dominant, shorter
wavelength tails of the excitation spectra should have higher
intensities.

The dependence of the PL properties on the Eu3+ doping
levels in (Y1-xEux)2Sn2O7 was examined. Figure 10a com-
pares PL spectral structure of the (Y1-xEux)2Sn2O7 films (x
) 0.01, 0.10, and 0.20). Atx ) 0.01, emissions can be seen
due to the5D0 f 7F0, 5D0 f 7F1, and5D0 f 7F2 transitions
of Eu3+, although their intensities are relatively weak because
of the low doping level. The PL intensities show an
approximately 7-fold increase for the film ofx ) 0.10
without changing the spectral structure. The intensities are
then reduced for the film ofx ) 0.20, indicating the
occurrence of concentration quenching due to the multipole-
multipole and/or the superexchange interaction between the
Eu3+ ions. Figure 10b shows the effect of the Eu3+ doping
levels on the PL intensity,I[5D0 f 7F1]. The intensity
increases upon increasing the doping level up tox ) 0.10

and then decreases, thereby providing the critical concentra-
tion of 10 at. % of Y3+ in the Y2Sn2O7 host. This value is
comparable to that reported for the Y2O3:Eu3+ phosphor.33,34

It can then be concluded that the Eu3+ ions are homoge-
neously distributed in the Y2Sn2O7 lattice in the present thin-
film samples.

Generally, it is not easy to observe a local distortion in
the crystal lattice arising from elemental substitution, as in
the case of Eu3+ for Y3+ in (Y1-xEux)2Sn2O7. Efforts have
been made, however, to analyze such a distortion in the red
phosphors of YBO3:Eu3+ and Y2O3:Eu3+ using XAFS.35,36

It was shown that the levels of disorder around the Eu3+

ions were dependent not on the Eu3+ concentration, but on
the crystallinity. This experimental fact indicates that the
luminescent properties of Eu3+ are determined by the
crystallinity and the lattice symmetry of the host crystal rather
than the local distortion induced by substitution. As men-
tioned above, the spectral structure for Eu3+ luminescence
is unchanged among the three doping levels ofx ) 0.01,
0.10, and 0.20 in (Y1-xEux)2Sn2O7. If the change of the local
structure influenced the luminescent properties of Eu3+, the
spectral structure would also be changed. Therefore, it can
be said that the multiband emissions are an intrinsic physical
property of the (Y1-xEux)2Sn2O7 films.
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Figure 9. PL excitation spectra of (Y1-xEux)2Sn2O7 (x ) 0.10) film heat-
treated at 1000°C. The emission wavelengths used were 588 and 610 nm.

Figure 10. (a) PL spectra of (Y1-xEux)2Sn2O7 (x ) 0.01, 0.10, and 0.20)
films heat-treated at 1000°C. The excitation wavelength used was 254 nm.
(b) Relationship between the Eu3+ concentration (x in (Y1-xEux)2Sn2O7)
and PL intensity,I[5D0 f 7F1].
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4. Conclusions

In summary, we fabricated and investigated the photolu-
minescent properties of the pyrochlore-structured (Y1-xEux)2-
Sn2O7 films. XRD, HRTEM, and XPS examinations revealed
that the films were highly crystalline without precipitation
of any other phases and suitable for optical measurements.
PL spectra indicated the occurrence of the multiband orange-
red luminescence at a single-wavelength excitation due to

the weak5D0 f 7F0 transition and the doubly split5D0 f
7F1 and 5D0 f 7F2 transitions. Inhomogeneous broadening
arising from the site-to-site variation of Eu3+ could also be
observed. These spectral features provided the chromaticity
of a region between pink and yellowish pink in the CIE
diagram, which would be adequate to use as a new reddish
component in reproducing natural light in optical devices.
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