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Prepration and photoluminescence properties of Ce doped lutetium silicate
nanopowders by solegel method
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a b s t r a c t

Cerium doped lutetium silicate powders were prepared by solegel process with different cerium
concentrations (0, 0.01 and 0.03 mol%). The synthesized lutetium silicate powders were investigated by
X-ray diffraction (XRD), TG-DTA, SEM, and Photoluminescence excitation and emissions. The crystalli-
zation of lutetium silicate is observed at 1.073 �C in S2 (and S3: 1.058 �C) sample. The formation of
lutetium silicate phases was confirmed by XRD analysis for the powders heated at 1.200 �C, of which
mixed phases containing Lu2SiO5 and Lu2Si2O7 phase were observed. Lutetium silicate powders were
homogeneous and constituted of small spherical particles of about 400 nm. Lutetium silicate powder
itself was not scintillate, but scintillation yield was higher in Lu2SiO5:Ce3þ powder. Very broad spectra
were observed in the range of 350e530 nm, and emission intensity increases at a Ce doping of 0.01%, but
decreases at 0.03%.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

Lutetium oxyorthosilicate doped cerium materials were
initially studied as a powder for cathode ray tube phosphor [1]. C.L.
Melcher et al. discovered that Lu2SiO5:Ce3þ was a new kind of
promising scintillation crystal. It exhibits a superb light yield
(273,300 photons/MeV) and high density (7.4 g/cm3) and a fast
scintillations decay time (∼40 ns) as well as suitable emission
wavelength (420 nm) [2,3]. So it can be used for gamma ray
detection in nuclear medical diagnostic instruments, and high
energy and nuclear physical experiments. It is now replacing BGO
(Bi4Ge3O12), conventional scintillator, in positron emission tomo-
graphy (PET). Therefore, the investigation on the growth and
scintillation properties of Lu2SiO5:Ce3þ materials has become an
attractive and interestingfield in the past decade.Most studies and
applications of Lu2SiO5:Ce3þ materials are hindered by difficulty
that crystal is grown into large size at high temperature. Lutetium
oxyorthosilicate crystals were grown by Czochralski method [4,5],
of which the cost is very high, and the maximum reachable
concentration of Ce ion is quite low.

Lutetium oxyorthosilicate doped cerium powder and films have
also been reported to be made by solegel processing recently [6,7].
A solegel process has been developed to produce LuBO3 dopedwith
various rare earth ions [8]. Bescher et al. proposed a solegel route to
lutetium-containing scintillator, but the scintillating phase was
embedded in an amorphous matrix and was not clearly identified
[9]. A solegel processing is a promising candidate to make
Lu2SiO5:Ce3þ powders and films, and offer several unique advan-
tages. Themolecular precursors are used to control themorphology
and texture the powders and thin films.Moreover, the solegel route
is used to elaborate materials of different composition in various
concentrations, and the solegel derivedmaterials are synthesized at
lower temperature than the ones elaborated by classical solid-state
synthesis. In general, the synthesis of Lu2SiO5:Ce3þmaterials using
Czochralski method and the scintillation characteristics has been
well studied [4,5,10]. However, Lu2SiO5:Ce3þ materials have been
synthesized rarely using solegel method, and the scintillator char-
acteristics are not fully understood. Therefore, when it clarifies the
synthesis of Lu2SiO5:Ce3þ materials using solegel method and
scintillator characteristics, it is important to investigate crystal
structures with dopant concentrations. An original solegel route
has been developed in our laboratory for elaboration of CdWO4, and
scintillation properties of solegel derived CdWO4 materials have
been reported recently [11,12]. In this paper, the characteristic of
solegel derived Lu2SiO5 powders doped with Ce3þ is reported.* Corresponding author. Tel.: þ82 33 570 6565; fax: þ82 33 570 6557.
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2. Experimental

Lu(NO3)3$nH2O (Wako Pure Chemical Industries Ltd., Japan), Si
(OC2H5)4 (TEOS, Jassen Chemical, Japan), Ce(NO3)2 (Junsei Chemical
Co. Ltd., Japan) and i-C3H7OH (Showa Chemical Co. Ltd., Japan) were
used as the starting materials. The nominal composition of each
sample was summarized in Table 1. Si(OC2H5)4 was at first hydro-
lyzed by dissolving it into the 10 ml of i-C3H7OH solution under
vigorously stirring at 40 �C for 1 h. Lu(NO3)3$6H2O and Ce(NO3)2
were dissolved separately in 10 ml of i-C3H7OH, and then two
solutions were mixed together, as shown in Table 1. The mixed
solutionwas vigorously stirred at 25 �C for 2 h, and a clear precursor
sol was obtained by completely mixing the reactants. The trans-
parent solution was allowed to form a gel at 65 � 5 �C and the gel
was dried at 110�5 �C for 24 h. A gel was formed after a few days, of
which color was turned into light yellow and transparent. This gel
was then fired at 1.200 �C for 2 h in order to obtain Lu2(1�x)CexSiO5

(x; 0, 0.01 and 0.03) crystalline powder. During heating, the
temperature was held at 300 �C for 2 h to remove the residual
organic compounds.

The thermal behavior of the dried gel was investigated using TG-
DTA (STA 409, Netzsch, Germany), and carried out at up to 1.200 �C in
air at a constant heating rate of 5�/min using Al2O3 as a reference
material. XRD (Philips PW1077, U.S.A., CuKa, 30 kV, 20 mA) analysis
was conducted to identify the crystalline phase of Lu2SiO5:Ce3þ

powders. Themorphologies andelementdistributionof Lu2SiO5:Ce3þ

powderswere observed inbothSEM (Hitachi, S-4300, Japan) andEDS
(Horiba EMAX 2770, Japan). Emission spectra were measured using
fluorescence spectrophotometer (PerkineElmer, LS-55B, U.S.A).
The excitation source and wavelength was Xe lamp and wavelength
356 nm.

3. Results and discussion

Fig. 1 shows the thermal analysis of the precursor gel for S2
sample. The evolution of Lu2SiO5:Ce3þ from the amorphous to

crystalline form has been studied by thermal analysis. This study
gives informations on the crystallization of the lutetium silicate.
The first derivative is also shown in order to clearly identify the
temperatures associated with the different weight losses. The first
weight loss is observed at around 150 �C and can be allotted to the
elimination of adsorbed species, such as alcohol or water mole-
cules. Some residual organic compounds can also be directly
pyrolyzed. The second significant weight loss, observed at about
350 �C, attributes to the decomposition of nitrates and organic
radicals. The last weight loss and a sharp exothermic peak are
observed at 1.073 �C in S2 (and S3: 1.058 �C) sample and corre-
spond to the crystallization of Lu2SiO5 phase [9]. Total weight loss
is approximately 44%. It is important to note that this crystalliza-
tion temperature is well below temperatures required by the
Czochralski method (about 2.000 �C) and also well below
temperatures and times required for the solid-state synthesis of
Lu2SiO5 from Lu2O3 and SiO2 powders (about 1.400 �C) [3,13].

Fig. 2 shows the X-ray diffraction patterns for Lu2SiO5 powders
(S3) heated at 500, 800, 1.000 and 1.200 �C, respectively. The gel
powder remained amorphous up to 500 �C. It was seen that Lu2O3
phase appeared at 800 �C, increasing crystallinity as the heating
temperature was increased. At 1.000 �C, Lu2SiO5 phase begins to be
mainly formed. The formation of Lu2SiO5 phases was confirmed by
XRD analysis for the powder heated at 1.200 �C, of which mixed
phases containing Lu2SiO5 and Lu2Si2O7 phase were observed. It
has also been observed that when doping Lu2SiO5 with Ce3þ up to
the doping of 0.03 mol%, but Lu2SiO5 phase is formed more in
0.01 mol% than in the doping of 0.03 mol%.

Fig. 3 shows the morphology of Lu2SiO5 powders heated
1.200 �C for 2 h and shows the agglomerates of approximately
400 nm of particles having a relatively narrow size distribution.
Fig. 3 (c) and (d) shows the morphology and EDS of Lu2SiO5
powders (S3 sample) heated at 1.200 �C for 2 h. Lu2SiO5 powders
are homogeneous and constituted of small spherical particles of
about 400 nm. The size distribution of particles is very uniform.
Fig. 3(d) shows that the surface of gel powders was doped effi-
ciently with Ce3þ.

Table 1
Nominal composition of Lu2SiO5:Ce3þ scintillator (unit:mol%).

Sample Compound Lu(NO3)3$nH2O Si(OC2H5)4 Ce(NO3)2 i-C3H7OH

S1 Lu2SiO5 1 1 0 20 ml
S2 Lu2SiO5:0.01Ce3þ 1 1 0.01 20 ml
S3 Lu2SiO5:0.03Ce3þ 1 1 0.03 20 ml

Fig. 1. Thermal analysis of Lu2SiO5:Ce3þ powders (S2) synthesized by solegel process.
Fig. 2. X-ray diffraction patterns of Lu2SiO5:Ceþ powders (S3) heated at different
temperatures and Lu2SiO5:Ceþ powders (S2) heated at 1.200 �C (the upper part).
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The excitation spectra and emission spectra of Lu2SiO5:Ce3þ

powders were obtained in different concentrations of Ce3þ (¼0,
0.01 and 0.03). Fig. 4 shows the excitation spectra of Lu2SiO5:Ce3þ

powders at the emission wavelength of 380 nm. The excitation
spectra of Lu2SiO5:Ce3þ powders show two broad bands at 306 and
350 nm, which are assigned to the Ce3þ ion transiting from the 5d
level to the 4f ground states.

Fig. 5 shows emission spectra of Lu2SiO5:Ce3þ powders at the
excitation wavelength of 356 nm Lu2SiO5 powder itself is not
scintillate, but scintillation yield is higher in Lu2SiO5:Ce3þ powder.
Emission intensity increases at a cerium doping of 0.01%, but
decreases at 0.03%. A very broad spectrawere observed in the range
of 350e530 nm, and the broadwavelength band on the right side of
the spectra should be ascribed to the same 5de4f transitions of
Ce3þ as the case of Lu2SiO5:Ce3þ [7]. The concentration of Ce3þ ions
has not yet been optimized in the solegel route.

4. Conclusion

Cerium doped lutetium silicate powders were prepared by sol-
egel process with different cerium concentrations (0, 0.01 and
0.03 mol%). The crystallization of lutetium silicate are observed at
1.073 �C in S2 (and S3:1.058 �C) sample. The formation of lutetium
silicate phases was confirmed by XRD analysis for the powders
heated at 1.200 �C, of which mixed phases containing Lu2SiO5 and
Lu2Si2O7 phase were observed. Lu2SiO5 phase is formed more in
0.01 mol% than in the doping of 0.03 mol%. Lutetium silicate
powder was homogeneous and constituted of small spherical
particles of about 400 nm. Lutetium silicate powder itself is not
scintillate, but Lu2SiO5:Ce3þ powder exhibits the higher scintilla-
tion yield. Very broad spectra were observed in the range of
350e530 nm, and emission intensity increases at a Ce doping of
0.01%, but decreases at 0.03%.

Fig. 3. SEM micrographs of (a)Lu2SiO5, (b) Lu2SiO5:Ce3þ0.01%, (c) Lu2SiO5:Ce3þ0.03%, and (d) EDS spectra for S3 heated at 1.200 �C.

Fig. 4. Excitation spectra of Lu2SiO5 and Lu2SiO5:Ce3þ powders heated at 1.200 �C.

Fig. 5. Emission spectra of Lu2SiO5 and Lu2SiO5:Ce3þ powders heated at 1.200 �C.
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