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a b s t r a c t

Europium doped gadolinium orthoborate nanorods and nanoribbons were morphology-controlled grown
on the porous anodic aluminum oxide (AAO) template surface via a hydrothermal process combined with
high-temperature calcination. The morphologies, crystal structures and luminescent properties of the
as-prepared nanomaterials were characterized by scanning electron microscopy (SEM), X-ray diffraction
(XRD) and photoluminescence (PL) spectra. The morphologies of the nanomaterials were controlled by the

◦ 3+
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calcination temperature. If calcined at 1000 C, the morphology of the GdBO3:Eu one-dimensional mate-
rials is nanorods; when calcined at 800 and 600 ◦C, the shapes of the Eu-doped GdBO3 are nanoribbons.
If treated at 900 ◦C, the as-prepared samples are composed of nanorods and nanoribbons.

The changed morphologies of the as-prepared nanomaterials obtained from different calcination tem-
peratures were explained according to the structural phase transition of GdBO3. The PL spectrum shows
that the characteristic emission of GdBO3:Eu3+ one-dimensional nanomaterials is the 5D0 → 7F1 transi-
uminescence tion.

. Introduction

Due to their high vacuum ultraviolet (VUV) transparency, good
UV absorption and exceptional optical damage threshold in the
UV range, rare earth orthoborates (REBO3, RE = Gd and Y) with

he hexagonal vaterite-type structure are an interesting class of
aterials [1–3]. REBO3:Eu3+ is one of the best red phosphors, and
idely applied in plasma display panels (PDP) and Hg-free lamps.
s the local symmetry of the rare earth ions is centrosymmetric in
EBO3 structure, so the characteristic emission of REBO3:Eu3+ pow-
ers prepared by the common solid state reaction is 5D0–7F1 typical
agnetic dipole transition, and 5D0–7F2 typical electric dipole tran-

ition is weak [3–5], which give rise to an orange–red emission
nstead of a red one, hence, it is not ideal for its application in display
nd lamp applications.

Recently, some new methods, such as sol–gel method
6,7], spray pyrolysis [8], combustion synthesis [9], hydrother-

al/solvothermal synthesis [10–23], co-precipitation method [24],
lectrospinning method [25], etc., have been employed to reduce
he reaction temperature for obtaining REBO3:Eu3+ nanomate-

ials. REBO3:Eu3+ nanoparticles [10], nanotube and nanowires
25], drum-like microcrystals [13], donut-like assemblies [11,19],
tc., have been successfully synthesized. The luminescent prop-
rties of the REBO3:Eu3+ nanomaterials have been obviously
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improved. Some research groups [24–27] reported that the nano-
sized YBO3:Eu3+ is just the desirable VUV phosphor, which realized
the improvements in both fluorescent intensity and chromaticity
in comparison with bulk YBO3:Eu3+.

The synthesis methods, morphology and luminescence of the
nanosized REBO3:Eu3+ were widely studied [6–27]. Especially,
the hydrothermal/solvothermal method is widely used to syn-
thesize rare earth orthoborates powders as well as to control
their microstructures [10–23]. The controlled synthesis of nano-
materials with uniform size and morphology has attracted much
attention due to their novel properties for theoretical studies and
potential applications in optics, electronics, magnetism and catal-
ysis [28–30]. There have been many reports on the preparation
of various nanomaterials since last decades [31–34]. AAO tem-
plate has a highly ordered nanoporous array with adjustable and
controllable pore diameter, and has been widely used to prepare
one-dimensional materials and thin films [35–37]. Unfortunately,
up to now, there are few reports on the preparation of REBO3:Eu3+

thin films and one-dimensional materials on the AAO template
surface by a hydrothermal process [38]. In this paper, the prepara-
tion of GdBO3:Eu3+ one-dimensional materials on the porous AAO
template surface by a hydrothermal method combined with high-
temperature calcination was first reported, the morphologies and
luminescent properties of the nanomaterials were investigated.
2. Experimental

For the preparation of Gd0.95Eu0.05BO3/AAO products, stoichiometric amounts
of Gd2O3 and Eu2O3 were dissolved in 50 ml distilled water acidified by the addition

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:kmyangz@hotmail.com
dx.doi.org/10.1016/j.jallcom.2009.09.073
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f nitric acid. After the complete dissolution of these oxides, the amount of boric
cid (80 mol% excess) was first added into the solution, then a dilute NH3·H2O (1:1)
olution was added dropwise until the pH value of the solution reached 8. Finally,
he total volume of the solution is 80 ml, and the amount of all rare earth ions is
.02 mol/l. The final solution and AAO template were transferred into a Teflon-lined
tainless steel autoclave with a volume of 100 ml. After the autoclave was sealed
ightly, placed in a temperature-controlled electric oven, heated at 240 ◦C for 12 h
nd then cooled down to room temperature in the furnace. The Gd0.95Eu0.05BO3/AAO
roducts were collected from the solution, washed with distilled water and ethanol
or several times. Finally the Gd0.95Eu0.05BO3/AAO products were dried at 80 ◦C for
h, and then calcined at 600, 800, 900 and 1000 ◦C for 10 h, respectively.

The purity of Gd2O3 and Eu2O3 is 99.99%. Boric acid and other chemicals are
ll analytical pure (A.R.). Porous AAO template was provided by Whatman (Anodisc
5, 200 nm). X-ray diffraction (XRD) studies were carried out on a Rigaku D/max-
8 X-ray powder diffractometer using Cu K� radiation. The morphologies of the
s-prepared products were characterized by XL 30ESEM-TMP scanning electron
icroscopy. The VUV data were collected through remote access on 4B8 VUV

pectroscopy station at the Beijing Synchrotron Radiation Facilities (BSRF) under
dedicated synchrotron mode (2.5 GeV, 250–150 mA) at room temperature.

. Results and discussion

.1. Phase formation

Fig. 1 shows the XRD pattern of the hydrothermally synthesized

dBO3:Eu3+/AAO products (at 240 ◦C for 12 h). All diffraction peaks

n Fig. 1 could be readily indexed according to the hexagonal phase
f GdBO3, as listed in JCPDS files (No. 74-1932), its lattice con-
tants were calculated to be a = b = 3.8366(9) Å, c = 8.917(2) Å. No
dditional diffraction peaks of other phases have been found, indi-

ig. 2. SEM images of Gd0.95Eu0.05BO3 deposited on the AAO template surface after calcin
00 ◦C, low magnification; (d) 800 ◦C; (e) 600 ◦C.
Fig. 1. XRD pattern of Gd0.95Eu0.05BO3/AAO products, hydrothermally synthesized
at 240 ◦C for 12 h.

cating that all Eu3+ ions have been effectively doped into the host
lattice.
3.2. Morphologies of GdBO3:Eu3+one-dimensional nanomaterials

The SEM images of GdBO3:Eu3+/AAO products are shown in
Fig. 2. Fig. 2a is the SEM image of GdBO3:Eu3+ nanorods deposited

ed at different temperatures for 10 h. (a) 1000 ◦C; (b) 900 ◦C, high magnification; (c)
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n the AAO template surface after calcined at 1000 ◦C for 10 h.
he diameters and length of GdBO3:Eu3+ nanorods are 50–160 nm
nd 0.5–2 �m, respectively. Fig. 2b and c is the high magnification
nd low magnification SEM images of the as-prepared products
eposited on the AAO template surface after calcined at 900 ◦C
or 10 h, respectively. They show that the layer is composed of
anorods and nanoribbons. The length of most of nanorods and
anoribbons is 1–2 �m. The maximum length of a nanoribbon in
ig. 2c is ∼10 �m. Fig. 2d and e is the SEM images of the as-prepared
roducts deposited on the AAO template surface after calcined at
00 and 600 ◦C for 10 h, respectively. Only nanoribbons with length
f 1–3 �m can be seen from Fig. 2d and e.

Since a hydrothermal process was employed to prepared
he GdBO3:Eu3+/AAO samples, the GdBO3:Eu3+ absorbed on the
AO template surface is very active, and calcined to form one-
imensional materials with different morphologies along a special
irection on the AAO template surface at a certain calcination tem-
erature. As it is well known, GdBO3 possess low-temperature
hase (LT phase) and high-temperature one (HT phase) [39]. Dif-
erential thermal analysis (DTA) of GdBO3 shows that there is
n endothermal peak at 912 ◦C in the curve of heating up, indi-
ating there is a solid–solid phase transition at this temperature
912 ◦C), the phase transition between the LT and HT phase begins
t 836 ◦C in the DTA curve of heating up[39]. Based on the struc-
ural phase transition of GdBO3, we can explain the change of the

orphologies of GdBO3:Eu3+ one-dimensional materials at differ-
nt calcination temperature. The LT phase is stable below 836 ◦C,
alcined at 600 and 800 ◦C, the morphologies of the GdBO3 nano-
aterials are both nanoribbons. Between 836 and 912 ◦C, the LT

nd HT phases of GdBO3 can exist together, so the morpholo-
ies of the GdBO3 nanomaterials are composed of nanorods and
anoribbons after the GdBO3:Eu3+ samples treated at 900 ◦C. Above
12 ◦C, the LT phase is transformed completely to the HT phase, so
nly nanorods exist in the GdBO3:Eu3+ samples after calcined at
000 ◦C.

When calcined at high temperature, the GdBO3:Eu3+ samples
re tightly attached to AAO template, and the GdBO3 nanoma-
erials cannot be separated from GdBO3:Eu3+/AAO samples by
ltrasonic method, so transmission electron microscopy (TEM)
easurement was not done and the growth direction of the

dBO3 nanomaterials was not determined. The growth mech-
nism of GdBO3:Eu3+ one-dimensional materials with different
orphology deposited on the AAO template surface is under the
ay.

ig. 3. Emission spectrum of Gd0.95Eu0.05BO3/AAO products under 160 nm VUV exci-
ation after calcined at 900 ◦C for 10 h.
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3.3. Luminescent properties of GdBO3:Eu3+/AAO samples

Fig. 3 displays the emission spectrum of GdBO3:Eu3+/AAO prod-
ucts under 160 nm VUV excitation. The spectrum consists of lines
ranging from 580 to 750 nm, which are assigned to the transitions
from the excited 5D0 level to 7FJ (J = 1, 2, 3, 4) levels of Eu3+ activa-
tors. The major emissions of the as-prepared products are at 591 nm
(5D0 → 7F1) and 610 and 625 nm (5D0 → 7F2), which are consis-
tent with those of GdBO3:Eu3+ powders prepared by the common
solid state reaction [3–5]. The PL results also show that the one-
dimensional nanomaterial deposited on the AAO template surface
is GdBO3:Eu3+.

4. Conclusions

Eu3+ doped GdBO3 nanorods and nanoribbons were
morphology-controlled grown via a hydrothermal process
combined with high-temperature calcination. The morphologies,
crystal structures and luminescent properties of the nanomaterials
were characterized. The morphologies of the nanomaterials were
controlled by calcination temperature, and the changed morpholo-
gies of the nanomaterials at different temperatures were explained
by the structural phase transition of GdBO3. XRD and PL studies
indicate that the one-dimensional materials deposited on the AAO
template surface are hexagonal vaterite-type GdBO3:Eu3+.
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