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Tm3+-doped Y2O3 nanocrystals were prepared via hydrother-
mal conditions at high autogenous pressure (ca. 40 MPa)
using batch reactors at 220 and 250 °C for very short periods
of reaction time (10 min). The as-prepared materials were
identified as Y(OH)3 nanoparticles. The precursor materials
with two types of morphologies, such as sphere and rod-
shaped particles were prepared at 220 and 250 °C within
10 min. The sizes of the as-prepared sphere particles are 10–
15 nm in diameter, whereas the rod-shaped particles show

Introduction

Rare earth phosphors are extensively applied in lumines-
cence and display, such as fluorescent lamps, projection
television tubes, field emission display (FED), and plasma
display panels (PDP).[1,2] Tm3+-doped crystals are especially
interesting since they can be excited by ultra-stable laser
diodes and can be used as eye-safe and diode-pumped solid-
state lasers. Particularly, Tm3+-doped phosphors have po-
tential applications in high definition television (HDTV)
and plasma display panels.[3] Nowadays, nanocrystalline
rare earth phosphor materials are receiving extensive atten-
tion due to their unusual properties and potential applica-
tions. Especially, control over both nanocrystalline mor-
phologies and the crystal sizes is a new challenge to syn-
thetic chemists and materials scientists.[4] During the last
decade, morphology control of various kinds of materials
in nanoscale or microscale was widely investigated because
of their special applications in optoelectric and other
fields.[5–9]

Recently our group has reported on the morphology-
controlled synthesis of europium-activated Y2O3 nanopar-
ticles under supercritical conditions.[10] Over the last dec-
ade, many methods for the synthesis of rare earth oxide
doped Y2O3 phosphors have been reported, including solu-
tion combustion method,[11] sol-gel method,[12] spray pyrol-
ysis method,[13] hydrothermal synthesis[14] precipitation
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15–20 nm in diameter and 0.1–0.2 µm in lengths. The precur-
sor materials were calcined at 500 and 800 °C for 5 h in air
to obtain (3 mol-%) Tm3+-doped Y2O3 nanocrystals. For the
characterization, XRD, FESEM, EDS and TG-DTA were em-
ployed. The photoluminescence spectra of sphere and rod-
shaped particles show higher blue emission at 450 nm than
the reference sample.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

method[15] and solvothermal refluxing method.[16,17]

Among the many different methods listed above, hydrother-
mal synthesis meets the increasing demand for the direct
preparation of crystalline ceramic powders and offers a low
temperature alternative to conventional powder synthesis
technique in the production of anhydrous oxide powders.
This technique can produce fine, high purity, stoichiometric
particles of single and multicomponent metal oxides.[18] Al-
though, many reports are available on Eu3+-doped Y2O3

nanomaterials but the limited work has been reported on
controlled morphology synthesis of blue-emitting Tm3+-ac-
tivated phosphors.[16,19,20] In this paper, we describe the syn-
thesis of Tm3+-doped Y2O3 nanomaterials and the room
temperature photoluminescence of structurally different
Tm3+-doped Y2O3 nanomaterials. So far, rare earth phos-
phors prepared via conventional hydrothermal method re-
quired more than 1 hour to form precursor materials for
the preparation of phosphors. The present hydrothermal
method using batch reactors at high autogenous pressure
(ca. 40 MPa) offers a facile and fast route for the synthesis
of inorganic nanoparticles.

The morphology-controlled synthesis of Tm3+-doped
Y2O3 materials via hydrothermal method has not yet been
reported. In this article a hydrothermal method for the
preparation of sphere- and rod-shaped nanoparticles in
very short reaction time is described. The product mor-
phology can be controlled by tuning the reaction tempera-
ture. The effect of reaction time and effect of the dopant
were investigated. The room temperature photolumines-
cence property of Tm3+-doped Y2O3 nanomaterials were
compared with the reference sample prepared via conven-
tional co-precipitation method.
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Results and Discussion

Phase Formation

Figure 1 (see parts a and b) shows the XRD pattern of
as-prepared samples at 220 and 250 °C under hydrothermal
conditions at 220 and 250 °C and at autogenous pressure
(ca. 40 MPa) for 10 min. The sample exhibited strong dif-
fraction and all the reflections can be readily indexed with
a pure hexagonal phase [P63/m] of Y(OH)3 with lattice con-
stants a = 0.6248, and c = 0.3524, which is well agreed with
the literature values of a = 0.6268, c = 0.3547 (JCPDS 24-
1422). According to X-ray diffraction data, there are no
differences in the peak positions observed between the two
samples. The as-prepared samples at 220 and 250 °C were
calcined above at 800 °C to obtain a pure cubic phase [Ia3]
of Y2O3, confirmed by the XRD pattern as shown in Fig-
ure 1 (c, d). The XRD pattern indicates that pure Y(OH)3

can be obtained under hydrothermal conditions and fol-
lowed by calcinations to obtain Y2O3 nanospheres and
nanorods.

Figure 1. XRD patterns of as-prepared Y(OH)3 particles (a and b),
and Tm3+:Y2O3 particles after calcination at 800 °C for 5 h in air
(c and d).

Thermal Stability

Parts a and b of Figure 2 show the TG-DTA profile of
as-prepared samples at 220 and 250 °C, respectively. The
samples showed 2 steps weight loss about 20% was ob-
served and indicating that Y2O3 was produced by two-step
dehydration of (YOH)3 during the calcinations process. The
weight loss is associated with two endothermic peaks be-
tween 280–450 °C as shown in Figure 2 (a, b).

Samples Morphology

The morphology and sizes of as-prepared and calcined
samples were investigated by FESEM. The FESEM images
of as-prepared and calcined samples are shown in Figure 3
(a–f). The as-prepared sample at 220 °C for 10 min consists
of monodispersed sphere particles with 10–15 nm diameter
(Figure 3, a). The calcined samples at 500 °C and 800 °C
show well-dispersed sphere morphology with increasing in
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Figure 2. TG-DTA curves of as-prepared sphere particles (a) at
220 °C, and rod-like particles (b) at 250 °C, for 10 min, respectively.

particles sizes, i.e., 20–30 and 50–60 nm for the samples cal-
cined at 500 and 800 °C for 5 h in air, respectively (Figure 3,
b and c). The as-prepared sample at 250 °C shows rod-
shaped particles with 15–20 nm in diameter size and lengths
of 0.1 to 0.2 µm as shown in Figure 3 (d). The diameter and
lengths of the rod-shaped particles increases after calci-
nations at 500 and 800 °C. The sample calcined at 500 °C
is 20–30 nm in diameter and 0.3 µm long as depicted in Fig-
ure 3 (e). The samples calcined at 800 °C is 40–70 nm in
diameter and have lengths up to 0.5 µm as shown in Fig-
ure 3 (f).

Figure 3. FESEM images of as-prepared sphere and rod-like par-
ticles (a and d) and then calcined at 500 °C (b and e), and 800 °C
(c and f) for 5 h in air, respectively.

Further, the influence of the reaction time on the mor-
phology of as-prepared sphere and rod-shaped samples was
investigated. Figure 4 (a–c) shows the samples prepared at
different reaction times (5, 15, and 20 min). The 5-min-sam-
ple consists of fine and hard agglomerated particles (see
Figure 4, a). When the reaction time was increased to
15 min, sphere particles were obtained with 10 nm in dia-
meter size and particles are partly agglomerated as shown
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in Figure 3 (b). Further increase of reaction temperature to
20 min leads to the formation of hard agglomerated par-
ticles as shown in Figure 4 (c). The effect of reaction time
on rod-shaped particle was also investigated. When the re-
action time is 5 min, very fine agglomerated particles are
observed as shown in Figure 4 (d). The mixture of sphere
and rods were obtained after 15 min of reaction time as
shown in Figure 4 (e). Further, increase of the reaction time

Figure 4. FESEM images of as-prepared samples at 220 °C (a–c)
and 250 °C (d–f), for 5 min (a and d), 15 min (b and e) and 20 min
(c and f), respectively.

Figure 5. EDS spectra of as-prepared Tm3+:Y(OH)3 at 220 °C (a),
and calcined Tm3+:Y2O3 (b).
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to 20 min leads to the formation of elongated rods (see Fig-
ure 4, f). The optimum reaction time to form monodis-
persed sphere particles and rod-shaped particles is 10 min.
The hydrothermal synthesis carried out using a morrey-type
autoclave at the desired temperature and at atmospheric
pressure (1 atm) required more than 5 h of reaction time to
form crystalline materials,[21,22] but in the present hydro-
thermal synthesis, we have synthesized the precursor mate-
rials within a very short period of reaction time by using
batch reactors that can withstand high autogenous pressure
(ca. 40 MPa).

The formation of sphere and rod-shaped particles occurs
through the nucleation of Tm3+:Y(OH)3 nanoparticles un-
der hydrothermal condition at high autogenous pressure
(40 MPa). The sphere particles are formed due to the slow
growth rate. When the growth rate is fast, the nanoparticles
continue to grow upon increase of reaction temperature un-
der high autogenous pressure to form rod-shaped particles
with a hexagonal cross section due to its anisotropic hexag-
onal structure, similar to that of ZnO.[23]

The presence of elements, such as Tm, Y and O were
confirmed in as-prepared and calcined sample at 500 °C by
EDS analysis. Figure 5 (a) shows the EDS spectra of as-
prepared Tm3+-doped Y(OH)3 nanospheres, and Figure 5
(b) shows the EDS spectra of Tm3+-doped Y2O3 after calci-
nations at 800 °C for 5 h in air.

Photoluminescence of Tm3+:Y2O3 Nanospheres and
Nanorods

The photoluminescence emission spectra of 3 mol-%
Tm3+-doped Y2O3 nanospheres and nanorods are shown
Figure 6 (a and b). The emission intensity exhibited by
nanospheres after calcination at 500 and 800 °C for 5 h is
more than that of nanorods. The emission intensities of rod-
shaped particles and sphere-shaped particles after calci-
nation at 500 °C is lower than that of the samples calcined
at 800 °C and this increased emission intensity might be due
to the increased crystallinity of rod-shaped particles and
sphere-shaped particles after calcination at 800 °C for 5 h
in air. The samples exhibited blue emission around 450 nm
under the excitation wavelength of 360 nm. The blue emis-
sion from the Tm3+-doped Y2O3 nanospheres and nanorods
are corresponds to 1D2�3F4 electron transition.[16,24] The
highest emission intensity exhibited by Tm3+-doped Y2O3

nanospheres after calcinations at 800 °C for 5 h in air,
which is probably due to the increase of crystal size, and
well occupied Tm3+ ions in the Y2O3 host lattice. Usually,
sphere particles exhibits strong photoluminescence intensity
due to spherical morphology, narrow size distribution and
nonagglomeration. The emission intensity of both samples
is more than that of the reference sample prepared by the
co-precipitation calcination method. The reference sample
was calcined at 800 °C for 5 h in air. The emission intensity
of 3 mol-% Tm3+-doped Y2O3 nanospheres and nanorods
are increased with rising the calcination temperature for
nanospheres and nanorods, respectively.
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Figure 6. PL spectra of (3 mol-%) Tm3+:Y2O3 and reference sample
after calcinations at 500 °C (a), and 800 °C (b), for 5 h in air,
respectively.

Furthermore, the effect of the Tm3+ content in Y2O3

samples was investigated. Figure 7 shows the PL spectra of
0.5, 1, 1.5, 2.5 and 3.5 mol-% of Tm3+-doped Y2O3 samples
calcined at 800 °C for 5 h in air. The emission intensity for
both nanospheres and nanorods increased up to 3 mol-%
as shown in Figure 7. The quenching effect was observed
for 3.5 mol-% doped samples. The quenching effect might
due to cross-relaxation and resonance between the acti-
vators ions (Tm3+) and also due to paired activator ions
(Tm3+).

Figure 7. Effect of Tm3+-doping on PL intensity.

Conclusions

In summary, Tm3+-doped Y2O3 nanomaterials were pre-
pared with two kinds of morphologies: sphere and rod mor-
phology via hydrothermal route and a postcalcining pro-
cess. The morphology, crystal structure, thermal stability,
elemental analysis, and photoluminescence property were
characterized by XRD, FESEM, TG-DTA, EDS, and PL.
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The effect of reaction time on morphology was investigated.
The as-prepared materials were identified as Y(OH)3 nano-
particles by powder X-ray diffraction. The sizes of the
sphere particles are 10–20 and 20–60 nm in diameter before
and after calcinations. The rod-shaped particles show 20–
30 nm in diameter and less than 0.3 µm in lengths for pre-
cursor materials, 30–70 nm in diameter and 0.3–0.5 µm in
lengths for calcined samples, respectively. The pressure, re-
action temperature and reaction time are the key factors in
preparing sphere and rod-shaped nanoparticles. The strong
blue emission at 450 nm (excitation wavelength 360 nm)
were observed for sphere particles after calcinations at
800 °C, which is highest when compared to rod-shaped par-
ticles and the reference sample. The investigation of effect
of doping of Tm3+ ion into Y2O3 host showed 3 mol-% is
the optimum percentage, as quenching effect was observed
around 3.5 mol-% Tm3+ ions.

Experimental Section
General: The phase composition of samples was determined by X-
ray diffraction analysis (XRD, Shimadzu XD-D1) using graphite-
monochromatized Cu-Kα radiation. The calcination temperature of
the sample was determined by thermogravimetry-differential ther-
mal analysis (TG-DTA, Rigaku TAS-200). The morphology and
size of the samples were determined by FESEM analysis (Hitachi
S4800). EDS spectra were obtained on Hitachi S4800. The photo-
luminescence spectra and intensity were measured by a spectrofluo-
rophotometer (Shimadzu RF-5300P) at room temperature.

Synthesis of Y2O3:Tm3+ (3 mol-%) Nanospheres and Nanorods:
Y2O3:Tm3+ (3 mol-%) nanoparticles with sphere- and rod-shaped
morphologies were prepared under hydrothermal conditions at 220
and 250 °C and at autogenous pressure (ca. 40 MPa) for 10 min.
In a typical synthesis, 30 mL of 0.05  YCl3 aqueous solution and
0.015 mmol TmCl3, corresponding to 3 mol-% Tm3+-doping were
put in a beaker and stirred for about 15 min. Then, 10 mL of an
aqueous solution of 2  KOH was added and the mixed solution
was stirred for few min to form a white colloidal solution. After
that, 10 mL of the colloidal solution was transferred to a batch
reactor with 20 mL of internal volume, and the reactors were
heated with reciprocally shaking at a rate of 50 revolutions/min at
220–260 °C for about 10 min, and then the reactors were sub-
merged in cold water, cooled to room temperature. The resulting
product was collected, washed with water, and vacuum dried at
60 °C. Tm3+-doped Y2O3 nanoparticles were prepared by calci-
nation of the as-prepared product at above 500 °C for 5 h in air.

The reference sample was prepared using 0.05  YCl3 aqueous
solution and 0.015 mmol TmCl3, and then dilute ammonia solution
was added to get the precipitate. The resulted white precipitate was
separated by centrifugation and dried. The dried product was cal-
cined at 800 °C for 5 h in air to obtain desire 3 mol-% Tm3+-doped
Y2O3 powder.
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