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Photoluminescence from surfactant-assembled Y 2O3 :Eu nanotubes
Changfeng Wu, Weiping Qin,a) Guanshi Qin, Dan Zhao, Jisen Zhang, Shihua Huang,
Shaozhe Lü, Huangqing Liu, and Haiyan Lin
Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130022, People’s Republic of China

~Received 23 September 2002; accepted 9 December 2002!

Y2O3:Eu nanotubes were fabricated by a surfactant assembly mechanism. The tubular structure was
characterized by transmission electron microscopy. Under an ultraviolet-light excitation, the
nanotubes show a relatively intense emission peak at 618 nm besides the 610 nm peak, different
from that of single Y2O3:Eu nanocrystallites. The results of laser-selective excitation indicate that
the emission centers near the surface of nanotube walls exhibit inhomogenously broadened spectra
without spectral structures while the two sites~sites B and C! inside the nanotube walls present
legible spectral structures. It is concluded by the number and peak positions of Stark levels that the
sites B and C possess different site symmetries. ©2003 American Institute of Physics.
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One-dimensional structures, such as nanotubes, ar
tracting a great deal of attention in both fundamental a
applied studies.1–3 They could be used to study the physic
and chemical properties of molecules confined in their in
and outer spaces. They could find potential applications
fields such as photoelectronics, advanced catalysis, and
ergy storage/conversion, and also could be designed
mimic biological channels. The interests in nanotubular m
terials thus stimulated researchers to extensively expand
family of inorganic nanotubes from carbon-based substan
to sulfides,4,5 nitrides,6 and oxides.7–9

Rare earth compounds have been extensively applie
high-performance magnets, luminescence devices, catal
and other functional materials. Most of these functions
pend strongly on the composition and structure. Rece
Yadaet al.3 reported the synthesis of rare earth~Er, Tm, Yb,
Lu! oxide nanotubes templated by dodecylsulfate assemb
The nanotubes have small inner diameters of 3 nm and si
thin inorganic walls of about 1 nm. However, except for t
four oxides, no nanotubular structures were obtained w
yttrium and the other lanthanides. The reason was attribu
to the differences in ionic radii of their trivalent forms re
sponsible for their coordination numbers and basicities.
this letter, Y2O3:Eu nanotubes were prepared by a simi
but a little different method. Y2O3:Eu phosphor is com-
monly used as a red emitting material for field emission d
play technology, so we focus our attention on the lumin
cence properties of Y2O3:Eu nanotubes. In addition, w
believe that single nanotubes can be converted into a c
posite structure for particular applications by filling and co
ing the tubes with functional molecules, which cannot
expected for bulk materials.

The method for fabricating Y2O3:2%Eunanotubes is as
follows: surfactant such as sodium dodecylsulfate s
organizes into rodlike micelles when its concentration
about 0.09 mol/L in a water solution at 40 °C. After a certa

a!Author to whom correspondence should be addressed; electronic
wpqin@public.cc.jl.cn
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amount of yttrium and europium chlorides at a molar ratio
98:2 were added in, the mixtrure was stirred to be a tra
parent solution. Urea was used to adjust thepH of the solu-
tion in order that precipitation occurred. The precipitate w
separated, washed thoroughly, and dried in air. The resul
solid was put into a furnace. The temperature was gradu
raised to 500 °C and maintained at that temperature for
After cooling to room temperature, the sample was annea
again at 800 °C for 2 h to decompose the surfactant mo
ecules. The tubular structure was observed using a JE
2010 ~JEOL! transmission electron microscope~TEM!. The
samples were mounted in the helium exchange gas cham
of a closed cycle refrigeration system and their tempera
maintained at 10 K. A Rodamine 6G dye laser pumped b
second harmonic of a Nd:yttrium–aluminum–garnet puls
laser was used as the excitation source. The fluoresc
spectra were obtained with a Spex 1403 spectrometer. P
toluminescence signals were detected by a photomultip
averaged with a boxcar integrator, and processed by a c
puter. Room-temperature emission spectra were reco
with a Hatachi F-4500 fluorescence spectrometer using a
lamp as the excitation source.

TEM image confirms the formation of Y2O3:Eu nano-
tubes. As shown in Fig. 1, the central part of the cylindric
sample is white and the two peripheries are black, sugges
the formation of single nanotubes. A bundle aggregate
several nanotubes is also observed in the TEM image.
typical outer diameters of the nanotubes are in the rang
20–30 nm and the walls are estimated to be several nan
eters in thickness. The inset shows the electron diffract
pattern recorded perpendicular to the nanotube long a
which reveals that the nanotubes are in crystal phase and
stable enough to withstand the irradiation of converg
high-energy electron beam.

Figure 2 presents the room-temperature emission spe
of Y2O3:Eu nanotubes and nanocrystalline powders un
394 nm excitation. The Y2O3:Eu powders with an averag
size of 20 nm were obtained by combustion synthesis.10 The
peak at 610 nm is due to the forced electric dipole transit
il:
© 2003 American Institute of Physics

 license or copyright; see http://apl.aip.org/about/rights_and_permissions



-
in
a
an

m
a
m
e

e
tio
b

o

is

re
nl
a
h

le
h
k

its
a 1,
ak
We
ters
ew
the

me
, the
try
etry
om
usly.

of

as
um

-
lear
igi-
han
tal-
tly
t

on

d
pec-
ing

nt

521Appl. Phys. Lett., Vol. 82, No. 4, 27 January 2003 Wu et al.
(5D0→7F2), which is allowed on condition that the eu
ropium ion occupies a site without an inverse center. Its
tensity is hypersensitive to crystal environments. The pe
near 590 nm derive from the allowed magnetic dipole tr
sition (5D0→7F1). The relative intensity of5D0→7F2 to
5D0→7F1 transitions in Y2O3:Eu nanotubes decreases co
pared with that in Y2O3:Eu nanocrystallites. Furthermore,
comparatively intense peak at 618 nm appears in the e
sion spectrum of Y2O3:Eu nanotubes. It is known that th
Eu31 ions occupy the S6 and C2 symmetry sites in cubic
yttria.11 The tubular Y2O3:Eu material has different structur
from the nanocrystalline powders, so site selective excita
was performed to distinguish the different sites occupied
the Eu31 ions in the nanotubes.

Figure 3 gives the low-temperature excitation spectra
the nanotubes, where the excitation peaks correspond to
7F0→5D0 transition. The dashed line was taken at the em
sion wavelength of 610 nm. An intense peak~marked A!
with two weak peaks~marked B and C, respectively! in the
low-energy wing was observed. The solid line was measu
by monitoring the emission wavelength of 618 nm, and o
peaks B and C were observed. This means that the 610
618 nm peaks derive from different emission centers. T
site-selective emission spectra were measured at 10 K
using different resonant excitation wavelengths into the7F0

→5D0 absorption bands. The excitation positions are labe
with numbers 1–5, as indicated by the arrows in Fig. 3. T
corresponding emission spectra are shown in Fig. 4. Pea

FIG. 1. TEM image of Y2O3 :Eu nanotubes. The inset shows the electr
diffraction pattern recorded perpendicular to the nanotube long axis.

FIG. 2. Comparison of emission spectra between Y2O3 :Eu nanotubes and
Y2O3 :Eu nanocrystallites.
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has a long tail extending to the high-energy side, and also
linewidth is broader than those of peaks B and C. Spectr
2, and 3 were obtained by exciting different positions of pe
A. No Stark splittings can be discerned from the spectra.
propose that peak A may originate from the emission cen
near the surface of the nanotube walls. Qualitatively, in vi
of the coexistence of outer surface and inner surface,
Y2O3:Eu nanotubes have a high ratio of surface to volu
which enhances the number of surface states. As a result
Eu31 ions near the surface may locate at various symme
sites because the surface states modify the site symm
irregularly. Therefore, no spectral structure is observed fr
the three emission spectra broadened inhomogeneo
Spectrum 4 was measured by exciting the peak position
peak B. The three Stark splittings for7F1 multiplets and five
for 7F2 multiplets can be clearly discerned. Spectrum 5 w
taken by exciting the peak position of peak C. The spectr
exhibits three Stark splittings for both5D0→7F1 transition
and5D0→7F2 transition. The number of7F2 multiplets and
the peak positions of7F1 multiplets in spectrum 5 are differ
ent from those of spectrum 4. Spectra 4 and 5 present c
spectral structure, which indicates that peaks B and C or
nate from the emission centers in a crystalline rather t
disordered environment. Interfacial models of nanocrys
line materials consist of a crystalline core with a sligh
disordered surface layer.12,13 Accordingly, we suggest tha
peaks B and C derive from two different sites~labeled as

FIG. 3. Excitation spectra of Y2O3 :Eu nanotubes. The solid and dashe
lines were taken at the emission wavelength of 618 and 610 nm, res
tively. The arrows indicate different excitation positions. The correspond
emission spectra were listed in Fig. 4.

FIG. 4. Emission spectra of Y2O3 :Eu nanotubes corresponding to differe
excitation positions in Fig. 3.
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522 Appl. Phys. Lett., Vol. 82, No. 4, 27 January 2003 Wu et al.
sites B and C, respectively! inside the Y2O3:Eu nanotube
walls. It can be concluded by the number and peak positi
of the Stark levels that the sites B and C possess different
symmetries, although their symmetries are not definitely
termined.

In conclusion, Y2O3:Eu nanotubes were synthesized
a surfactant assembly mechanism. TEM image confirms
formation of the tubular structures. Under the excitation
ultraviolet light, the nanotubes show luminescence proper
different from that of Y2O3:Eu nanocrystallites. The result
of laser selective excitation indicate that the emission cen
near the surface exhibit inhomogenously broadened spe
while the two different symmetry sites inside the nanotu
walls present legible spectral structures.

This work was supported by the National Natural S
ence Foundation of China~Grant No. 10274082! and State
Key Project of Fundamental Research.
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