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Abstract

Two new functional double oxides, BilTaO; (M = Ga and In), were synthesized by the conventional solid-state reaction method. They
were characterized by the Rietveld structural analysis and UV-Vis diffuse reflectance spectrosddpg®Bihave distorted pyrochlore-type
structure. The lattice distortion of BhTaO; (0.067) is larger than that of BBaTaQ (0.039). The angle between the corner-linked MO
octahedral in BilnTaO; (143.4) is closer to 180than that of BiGaTaQ (128.3). The abilities of the KHland Q evolution over BiMTaO;
were evaluated from an aqueous THH solution and an aqueous Ce(Jgfsolution under UV light irradiation, respectively. The rates of
the H, and G evolution over BiInTaO; were clearly larger than that of BBaTaQ. These results suggest that the abilities of theakd Q
evolution might be correlated with the lattice distortions and the angles between the corner-linkedteiaedral in BiIMTaO;.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction under UV light irradiation, respectively. The results indi-
cated that the ability of the Hevolution over BjInTaGy,

Functional BpMNbO7 (M = Al, Ga, In, and Fe) and s the largest among BVTaO; and BbMNbO;. Here,

Bi2RNbO; (R =rare earth ions) double oxides with a syntheses, crystal structures and some photophysical prop-

distorted pyrochlore-type structure have been reported byerties of the two new functional double oxides,RiTaO;

Zou et al.[1-3]. Crystal structures and some photophysical (M = Ga and In), are reported.

properties, such as the abilities of the &hd Q evolution

over BbMNbO7 and BbRNbO; under UV light irradiation,

are clearly changed with the change of M or R. This indi- 2 Experimental

cates that the different M or R are possible to modify their

crystal and electronic structures, then lead to the difference 1. sanple preparation

in the abilities of the i1 and Q evolution under UV light

irradiation. _ _ _ The polycrystalline samples of BilTaO; were prepared

In this study, two new functional double oxides,2Bi  py the conventional solid-state reaction method. The starting
MTaO; (M = Ga and In), were successfully synthesized by materials, B}(COz)O,, M203 (M = Ga and In) and TOs
substituting Nb by Ta in BMNbO;7. BioMTaO; were char-  ith purity of high grade, were purchased from Wako Pure
acterized by the Rietveld structural analysis and UV-Vis chem. MO (M = Ga and In) and s were dried at
diffuse reflectance spectroscopy. The abilities of theaHd 873K pefore use. The stoichiometric amounts of the start-
Oz evolution over ByMTaOy were evaluated from an aque-  jng materials were weighed accurately and mixed intimately.
ous CHOH solution and an aqueous Ce(@®solution  The precursors were sintered in alumina crucible in air

and analyzed by powder X-ray diffraction (XRD) measure-

* Corresponding author. Tek81-29-859-2646; fax+-81-29-859-2601.  Mment. As a result, BinTaO; was synthesized at 1323 K and
E-mail address: Jinhua.Ye@nims.go.jp (J. Ye). BioGaTaQ was synthesized at 1353 K for 30 h, respectively.
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2.2. Crystal structure solution; cerium sulfate tetrahydrate, as being an oxidizing
reagent, can promote am@volution reaction in aqueous

The crystal structure of BMTaO; were determined by  Ce(SQ)2 solution[5].

the Rietveld structure refinement. A conventional JDX-3500

diffractometer with Cu I radiation ¢ = 1.54178 A) was

used for the measurements of their XRD patterns. The XRD 3. Results and discussion

data were collected with a step scan proceduredn=2

5-100. The step interval was 0.024nd scan speed; per 3.1. Crystal structure

minute. Full-profile structure refinements of the collected

powder diffraction data for BMTaO; were performed by Fig. 1 shows the XRD patterns of BTaOy;. Although
the Rietveld program RIETAN 9¥[4]. BioMTaO; show the similar XRD patterns, the 2angles
of reflections are clearly different. Therefore, the lattice pa-
2.3. Photophysical property rameters of BiMTaOy are differentFig. 2 shows the result
of the Rietveld structure refinement fordBiTaOy. This re-
The UV-Vis diffuse reflectance spectra of ;RMTaO; sult is similar to that of the Rietveld structure refinement for

were measured by an UV-Vis spectrometer (Shimadzu Bi,GaTaG. The final positional and isotropic thermal pa-
UV-2500) with BaSQ as a reference at room temperature rameters are shown ifeble 1 The positional and isotropic
and were converted from reflection to absorbance by the thermal parameters of all atoms in,BITaO; were refined
Kubella—Munk method. separately. The refinements yieldedactors, R = 5.45%,

The reactions of the fHand G evolution over BiMTaO; Rp = 7.60%, Ryp = 12.55% for BpGaTaQ and R} =
were carried out by a gas-closed circulation system and an4.80%,Rp = 6.85%,Rwp = 11.42% for BhInTaOy; in space
inner-irradiation type quartz cell with a 400 W high-pressure groupFd3m.

Hg lamp (Riko-Kagaku Co. Ltd., Japan). The samples were

stirred by a magnetic stirrer and then suspended in an aque-

ous CHOH solution for the H evolution and an aqueous - @)
Ce(SQ), solution for the @ evolution. The gases evolved
were measured with a thermal conductivity detector (TCD)
gas chromatograph (Shimadzu GC-8AIT), which was con-
nected to a gas circulating line.

Evaluation of the H and G evolution was performed
in an aqueous C{DH solution (Powder sample: 2.0g;
CHzOH: 50cn¥; pure HO: 320cn?; 0.2wt.% Pt) and (b)
an aqueous Ce(S» solution (Powder sample: 1.0g;
Ce(SQ)2-4H,0: 1.0mmol; pure HO: 370cnd), respec- J A
tively. The Pt metal powder was loaded on the surface of ‘ ! ]
the samples by photodeposition 0§PtCls-6H,0, CH;OH, I5 3 4 60 75 90
and Ce(SQ)2-4H,0 were used as sacrificial reagents. Un- 26 (deg)
der light irradiation, methanol, as a reducing reagent, canrig. 1. Powder X-ray diffraction patterns for FaTaG (a) and
promote a H evolution reaction in an aqueous gBbH Bi»InTaO; (b) with a distorted pyrochlore-type structure.
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Fig. 2. Result of the Rietveld structure refinement of the X-ray diffraction patterns $amnBiO; (Plus marks: observed; solid line: calculatéyl;= 4.80%,
Rp = 6.85%, Ryp = 11.42%).
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Table 1
Final structural parameters of BilTaO; (M = Ga and In) obtained by
the Rietveld structure refinement

Atom X y z Beq
Bi,GaTaG
Bi 0.500 0.500 0.500 35
Ga 0.000 0.000 0.000 0.6
(o]} 0.336(2) 0.125 15
0O, 0.375 0.375 0.375 1.0
Ta 0.000 0.000 0.000 0.6
BizInTaOy
Bi 0.500 0.500 0.500 3.1
In 0.000 0.000 0.000 0.5
(o]} 0.308(2) 0.125 1.6
0O, 0.375 0.375 0.375 1.0
Ta 0.000 0.000 0.000 0.5

The outcomes of the final refinement indicate that
BioMTaO; have distorted pyochlore-type structure, cubic
system with space groupd3m and their lattice parameters
area = 10.44783) A for BioGaTaQ anda = 10.76122) A ' _ '
for BizInTaO;. All of the reflection peaks can be success- Fig- 3. Schematic structural diagram of BfTa0; (M =Ga and
fully indexed based on the lattice parameter and the space'”)' BioMTaO; consist of a three-dimensional network structure of

. . . corner-linked M@ (M = Ga, In and Ta) octahedral.
group (seeFig. 1). Although BpMTaO; can crystallize

into the similar distorted pyrochlore-type structure (Cubic,
space grougrd3m), the lattice parameter of BBaTaQ is smaller than the In(Ta)-O1-In(Ta) bond angles (143d3

clearly smaller than that of BinTaO; because B (M Bi>InTaOy. It is obvious thgt not or_1|y the lattice parame-
— Ga and In) ions have different effective ionic radii, i.e., L€rs but also the M-O1, Bi-O1, Bi-Cbond lengths and
Ga (0.620 &) <In3+ (0.800 A)[6]. M-0O1-M bond angles are changed when Ga is substituted

The x structural parameters of Oare 0.336(2) for  PY Inin Bi;MTaOy;. _ _
Bi,GaTaG and 0.308(2) for BilnTaO; as listed inTable 1 The angle between the corner-linked Mﬁ):tah(_edral, i.e.,
Thex structural parameter is an index of the structure’s vari- € M-O1-M bond angle of BinTa0y (143.3) is closer
ation on the pyrochlore-types8,07 double oxides (Cubic, ~ t© 180" than that of BiGaTaG (128.3). Wiegel et al.[8]
space groupg-d3m) and is equal to 0.375 when the six O1 pointed out that the clqser the bpnd anglg of M—01.—M is to
atoms are located on the position of the related fluorite-type 189"+ the more the excited state is delocalized. That is to say,
double oxides[7]. Therefore, information on the lattice thePhotoinduced electrons and holes iplBTaG; should be
distortion can be obtained from thestructural parameters, Mmoved more easily than those inaTaG. The mobility
The lattice distortion of BinTaO; is larger than that of of the photomduceq electrons aqd holes affect the a_plllty
Bi,GaTaQ because deviation of thestructural parameter  ©f Hz and G evolution because it affects the probability
compared with 0.375 for BInTaO; (0.067) is larger than of electrons and holes to reach reaction sites on the sample
that for BbGaTaG (0.039). Charge separation is demanded Surface.
to prevent recombination of the photoinduced electrons and i
holes in the reactions of thesHand @ evolution under ~ 3-2- Some photophysical property
UV light irradiation. The lattice distortion is considered ] o
beneficial to separate the photoinduced electrons and holes, F19- 4 shows the UV-Vis diffuse reflectance spectra of
Therefore, the larger the lattice distortion is, the higher the Bi2MTaOr. Bi2MTaO7 show photo-absorption not only in
ability of the H, and G evolution might be expected. the UV light region but also in the visible light regioh &

Fig. 3 shows the schematic structural diagram of
BioMTaO;. BioMTaOy consist of a three-dimensional net- Table 2
work structure of corner-linked MO (M = Ga, In and Selected bor_1d lengths (/-\)_ and bond angl%)sqf Bi,MTaO; (M = Ga
Ta) octahedral. The M@ octahedral are connected into and In) obtained by the Rietveld structure refinement

chains by Bi ions. Selected bond lengths and angles are Bi.GaTaQ BizInTaGy
listed in Table 2 The six Bi-O1 bond lengths are longer gj_o, 2.521 2.805
than those of the two Bi—9bond lengths. The Ga(Ta)-O1 Bi-0; 2.262 2.330
bond lengths (2.053A) of BGaTaQ are longer than  M-O1 2.053 2.004
the In(Ta)-O1 bond lengths (2.004 A) of BiTaO;. The ~ Mean Bi-O 2391 2.567
M-0;-M 128.3 143.4

Ga(Ta)-O1-Ga(Ta) bond angles (128.8f Bi,GaTaG are
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(a) Bi,GaTaO,
(b) BiyInTaO,
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Fig. 4. UV-Vis diffuse reflectance spectra of,BITaO; (M = Ga and In).

400 nm) though the photo-absorption in the visible light

region is weak. Compared with BnTaOy,, the onset of
BioGaTaQ is shifted to shorter wavelength side, indicating
a wider energy gap than that of BiTaO;. Their energy

gaps, estimated by plots of the square root of Kubelra—Munk

functionsF(R) against photon enerd9], are 3.0(2) eV for
BioGaTaG and 2.9(1)eV for BilnTaO;. Figs. 5 and 6
shows the results of thednd G evolutions from an aque-
ous CHOH solution and an aqueous Ce(g@solution un-

der UV light irradiation over BiMTaOy, respectively. Rates

of the H, and Q evolutions and some physical properties

were listed inTable 3 For a comparison, the results of the
H> and Q evolution on the reported BMINbO; (M = Ga
and In) double oxides were also includedTable 3 [2]

The rates of the bl evolution were estimated to be
0.11mmolh?l for Bi,GaTaG and 0.99 mmolh! for
BizInTaOy in the first 10 h. The rate of theg+®volution for
BizInTaQy is significantly higher than that of BGaTaQ.

This is consistent with the expectation from their structural

10

A: Bi2InT a0y
M Bi-GaTaOy

Amount of H, evolved / m mol

Time / h

Fig. 5. Results of the K evolution over BiMTaO; (M = Ga and In)

from an aqueous C#DH solution under UV light irradiation (Sample:
2.0g; CHOH: 50cn¥; pure HO: 320cnt; 0.2wt.% Pt; light source:
400 W high-pressure Hg lamp).

0.12 .
A : Bi2InT aO7

M : Bi-GaTaO~
0.10

0.08

0.06

0.04

Amount of O, evolved / m mol

0.02

0.00

Fig. 6. Results of the @evolution over BjMTaO; (M = Ga and In) from
an aqueous Ce(S» solution under UV light irradiation (Sample: 1.0g;
Ce(SQ)2: 1 mmol; pure HO: 370 cn¥; light source: 400 W high-pressure
Hg lamp).

feature as described above. The ability of theedolution
for Biz2InTaGy is larger than that of BiGaTaQ since the lat-
tice distortion of ByInTaQy is larger than that of BGaTaGQ
and the angle between the corner-linked jpMiatahedral for
BizInTaQy is closer to 180 than that of BsaTaQ. More-
over, the rate of the Fevolution over B;InTaOy; is also
higher than that of the reportedd8INbO7 (M = Ga and In)
double oxides. The rates of the ®volution were estimated
to be 0.005mmolh! for Bi,GaTaQ and 0.01 mmolh?
for Bi2InTaOy; in the first 10 h as listed iffable 3

The effect of UV light irradiation was also observed by
light on/off shutter studies. Thejtvolution stopped when
the UV light irradiation was terminated. This phenomenon
showed that the reaction of the, levolution was induced
by the UV light irradiation. The similar rate was produced
after the system was evacuated. Meanwhile, the stabilities of
BioMTaO; were checked by XRD analysis. BiiTaO; are
stable under the UV light irradiation since no change can be
found in their XRD patterns before and after the reactions.

Table 3

Some physical properties and the rates of theaHd Q evolution from
an aqueous C{DH solution and an aqueous Ce(§9 solution over
Bi>MTaO; and the reported BMNbO; (M = Ga and In) double oxides

Double Lattice Band Rate of gas
oxide parameter  gap evolution

(A2 (ev) (mmol k1o

Hy° O,

Bi,GaTaG 10.4478(3) 3.0 0.11  0.005 This study
BizInTaoy, 10.7612(2) 2.9 0.99 0.01 This study
Bi,GaNbG  10.7342(2) 2.8 0.30 0.01 [2]
Bi2InNNbO; 10.7793(2) 2.7 0.18  0.007 [2]

a8 The cubic system with space grougd3m was obtained by the
Rietveld structure refinement.

b Measured in an inner-irradiation quartz cell irradiated by a 400 W
high-pressure Hg lamp.

¢ Pt was loaded on the surface of powder sample (Sample: 2.0g;
CH3OH: 50cn?; pure HO: 320cn3; 0.2wt.% Pt).
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4, Conclusion

The Rietveld structural analysis indicate thap®iTaO;

(M = Ga and In) consist of a three-dimensional network
structure of corner-linked M (M = Ga, In, and Ta)
octahedral. The lattice parameters, lattice distortions and
the angles between the corner-linked M@ctahedral are
different due to the different effective ionic radii of W

(M = Ga and In).

BioMTaO; show photo-absorption not only in the UV
light region but also in the visible light region & 400 nm)
though the photo-absorption in the visible light region is
weak. The energy gaps of BilTaO; were estimated to be
3.0(2) eV for BpGaTaQ and 2.9(1) eV for BilnTaO;. The
ability of the H evolution over B;InTaO; from an aque-
ous CHOH solution under UV light irradiation was clearly
larger than that of BiGaTaQ and the reported BMNbO;

J. Wang et al./Journal of Alloys and Compounds 377 (2004) 248-252

double oxides. These results suggest that the abilities of
the b and @ evolution over BiMTaO; might be corre-
lated with the lattice distortions and the angles between the
corner-linked M@ octahedral.
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