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a b s t r a c t

MoO3 and WO3 doped Bi4Ge3O12 (BGO) crystals were grown by the optical floating zone (OFZ) method.
The structure of doped crystals was determined by XRD. The fluorescence spectra and fluorescence decay
curves of these BGO crystals at room temperature were also studied. The emission intensity of BGO
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crystals increased with WO3 dopant but decreased with MoO3 dopant. A heavily WO3 doped BGO has
shown a much shorter decay time than undoped BGO at about 500 nm.

© 2010 Elsevier B.V. All rights reserved.
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. Introduction

The bismuth germanate–Bi4Ge3O12 (BGO) single crystal is a
ell-known material widely used as a scintillator, and the scintil-

ation properties of BGO have been the focus of many studies [1–4].
GO crystal is non-hygroscopic, and has large X (or �)-ray absorp-
ion coefficient, high effective atomic number and density (higher
esistivity to radiation damages) [5–8], low afterglow, mechan-
cal stability and an emission spectrum matching well that of
emiconductor photodetectors. So, it has extensive applications
n many fields ranging from high-energy and nuclear physics to

edical equipment, as a detector of X-ray and �-ray in nuclear
edicine instrument, and so on. The structure of BGO consists of
regular arrangement of GeO4 tetrahedron, and distorted BiO6

ctahedron sharing oxygen atoms of the GeO4. The GeO4 sub-
attice is considered to be stable, and most defects are therefore
ikely to be associated with the BiO6 sublattice [9–12]. A directed
olidification (Bridgeman), conventional Czochralski (Cz) and low-
hermal-gradient Czochralski (LTG Cz) [13] techniques are known

o be used for growing BGO. In this work, we used the optical float-
ng zone (OFZ) method to grow the MoO3 and WO3 doped BGO
rystals, and their spectra properties were investigated.
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2. Experimental procedures

2.1. Optical floating zone technique

The floating zone technique using halogen lamps and ellipsoidal mirrors (often
called optical floating zone, OFZ) has been employed for crystal growth of a wide
range of materials, including metals, oxides and semiconductors. With a growing
number of optical systems around the world this technique is gaining popularity as
the method of choice for the growth of various non-conventional oxides including
high temperature superconductors and new magnetic materials [14–18]. Crystals
grown by the optical floating zone technique are of good quality but they are rela-
tively small (usually not bigger than a few mm in diameter and a few cm in length),
so it is usually used to grow new materials for research purposes.

2.2. Experiment

The MoO3 and WO3 doped BGO single crystals were grown by OFZ method in
Ar atmosphere. The starting powder materials were Bi2O3, GeO2, MoO3 and WO3 of
99.99% purity.

We prepared 5 series of BGO raw materials with different component, as pre-
sented in Table 1.

For sample No. 3, Bi2O3 and GeO2 were carefully weighed with molar ratio of 2:3
to achieve the desired phase with the composition Bi4Ge3O12. The chemical reaction
is given by:

2Bi2O3 + 3GeO2 → Bi4Ge3O12
The raw materials were thoroughly mixed for 24 h. For samples 1, 2, 4 and 5,
we added MoO3 or WO3 to the mixture with a corresponding reduction of GeO2,
respectively.

The first step of rod preparation was a typical ceramics synthesis. The batch
of powders were weighed according to the chemical reaction and prepared by ball
mixing and then by manual or automatic grinding in the mortar. Mixture was sin-
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Table 1
Components of BGO samples (raw materials).

No. Bi2O3 (mol) GeO2 (mol) MoO3 (mol) WO3 (mol)

1 0.667 1–0.015 0.015 0
2 0.667 1–0.005 0.005 0
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Fig. 2. X-ray diffraction pattern of 1.5 mol%WO3 doped BGO crystal.

3
4) is 12.2 ns, which is much shorter than that of pure BGO (about
300 ns)[20]. The decay time of the 0.5 mol% WO3 doped BGO (sam-
ple 5) is 345 ns, and those of MoO3 doped BGO crystals are both
about 330 ns. Mo6+ did not markedly influence the decay time of
3 0.667 1 0 0
4 0.667 1–0.015 0 0.015
5 0.667 1–0.005 0 0.005

ered at an appropriate temperature for specific time (generally sintered at 300 ◦C for
h). The prepared powders were assessed by X-ray diffraction and formed as a rod

about 7 mm in diameter and 120–150 mm in length) by isopressing. The pressure
ad to be experimentally selected to avoid “overpressing” with the typical range of
5–65 MPa. Then the pressed rod was sintered at an optimized temperature. The
s-grown crystal diameter, length and shape were governed mainly by upper rod.
n this work, the type of optical floating zone furnace was FZ-T-10000-H-VI-P-SH.

. Results and discussion

As the viscosity of melted BGO in floating zone was quite low,
he growth speed should be relatively high. In our experiments,
bout 10 mm/h was proved to be appropriate. These crystals were
rown in Ar atmosphere to keep away from O2.

The MoO3 concentrations in the raw materials of samples No.
and 2 were 1.5 mol% and 0.5 mol% relative to GeO2, while the

oncentrations of Mo in the BGO crystals were checked out 3.0 mol%
nd 1.3 mol%, respectively, by ICP-AES (Inductively Coupled Plasma
tomic Emission Spectrometry). The WO3 concentrations in the
aw materials of samples No. 4 and 5 were 1.5 mol% and 0.5 mol%
elative to GeO2, while checked out 3.6 mol% and 0.89 mol% in the
rystals, respectively. The segregation coefficient of MoO3 and WO3
oped crystals were all greater than 1. It could be explained by the
igher viscosity of melted W:BGO or Mo:BGO than that of pure
GO, we assume that some melt of pure BGO flowed away for its
elatively low viscosity, so the concentrations of W or Mo in the
rystals have increased.

The MoO3 and WO3 doped BGO crystals, grown by OFZ method,
re of good quality but they are relatively small.

View of the typical as-grown crystal is given in Fig. 1.
The XRD spectrum for 1.5 mol%WO3 (sample 4) doped BGO crys-

al shows a typical structure of pure BGO (cubic symmetry with
pace group 43m) with a large peak centered at 2� = 31.8◦, shown
n Fig. 2.

The light yield and the decay time of these samples of BGO crys-
als in visible band were measured under identical conditions, as
hown in Figs. 3–7. The visible emission spectra were taken with a
uorolog-3 jobin yvon spectrophotometer.

Visible emission spectra are shown in Fig. 3. All samples show
ypical emission band peaking around 500 nm [19]. The emission
ntensity of Mo:BGO is weaker than that of undoped BGO, while
hat of W:BGO is stronger with the peak moving to shorter wave-
ength. Fig. 4 shows the visible luminescence and corresponding

xcitation spectra of 1.5 mol%MoO3 doped BGO crystal. Fig. 5 shows
he visible luminescence and corresponding excitation spectra of
ure BGO crystal. The emission decay curves of sample 4 and sam-
le 5 at about 500 nm are shown in Figs. 6 and 7. The decay curve

Fig. 1. Photo of 1.5 mol%MoO3 doped BGO crystal.
Fig. 3. Visible emission spectra (samples 1, 2, 4 and 5 under 281 nm Xenon lamp
exciting, sample 3 under 304 nm Xenon lamp exciting).

shows that the decay time of the 1.5 mol% WO doped BGO (sample
Fig. 4. Visible luminescence and corresponding excitation spectra of 1.5 mol%MoO3

doped BGO crystal.
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Fig. 5. Visible luminescence and corresponding excitation spectra of pure BGO crys-
tal.
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Fig. 6. The emission decay curve of sample 4 at about 500 nm.

oO3 doped BGO but W6+ did, which indicates that crystal lattice

efect induced by unequal valence exchange could not be the rea-
on for the emergence of shorter decay time of 1.5 mol% WO3 doped
GO. It has been reported that the decay time of tungstate scintilla-
or is 10−8 s order, while that of molybdate is 10−6 s order [21,22],

Fig. 7. The emission decay curve of sample 5 at about 500 nm.
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which is the partial reason to explain above. There is a fact worth
noting that sample 4 was checked out 3.6 mol% W in the as-grown
crystal. We suppose that “WO4” structure should be formed in BGO
crystal. The group of “WO4” is origin of the “fast blue” component of
emission in PbWO4, which should induce the emission peak of sim-
ple 4 shifting to shorter wavelength and the decay time becoming
much shorter. However, the “quantity” of the “WO4” is not enough
to influence the structure of BGO because the XRD analysis (Fig. 2)
indicates that W does not change the structure of BGO crystal, so
the emission spectra of W:BGO are like that of typical pure BGO.
In addition, there is an inexplicable thing, why the decay time of
little WO3 doped BGO (sample 5) is 345 ns? Perhaps only the heav-
ily doping of WO3 in BGO (sample 4) could change the emission
mechanism.

4. Conclusions

It is the first time to prepare Bi4Ge3O12 by OFZ method. The
density of BGO is relatively large (� = 7.13 g/cm3), while the vis-
cidity of BGO melt is quite low, which is disadvantage to use the
OFZ method to grow BGO crystals. We choose the smaller power
halide lamp to heat, and use faster growth speed, then grew the
crystals smoothly. The grown crystals are of good quality but they
are relatively small. The crystals were tested by means of XRD, and
the fluorescence spectra and fluorescence decay curves of these
BGO crystals at room temperature were also studied. The WO3
doped BGO crystals have shown higher emission intensity under
281 nm Xenon lamp exciting as compared with the pure BGO at
about 500 nm, while the emission intensity of MoO3 doped BGO
crystals decrease at the same wavelength. The decay time of the
1.5 mol% WO3 doped BGO (sample 4) is much shorter than that of
pure BGO. We suppose that “WO4” structure was formed in BGO
crystal. However, to explain the role of MoO3 and WO3 in the BGO
crystals needs the further research.
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