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In this reply, the authors show that the argument by Scott regarding the band gap of bulk
SrBi2Ta2O9 ~SBT! is not based on concrete evidence. The authors will also show additional data
from a Raman study of a powdered SBT sample to prove that the surface of the specimen was not
covered by Bi2O3 . © 2000 American Institute of Physics.@S0021-8979~00!08322-5#
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Scott claimed in his comment on our recent publicatio1

that ~a! the band gap of bulk or large area thin fil
SrBi2Ta2O9 ~SBT! is 4.1 eV, and~b! the absorption edge o
the SBT powder at 2.7 eV we showed is not that of crys
line SBT but that of Bi2O3 on the surfaces of SBT.

We first point out that the references mentioned by Sc
in which the band gap of bulk SBT is said to be measured
4.1 eV, actually showed no data of absorption of SBT in
ultraviolet ~UV! to visible portion of the spectrum.2–4 It
seems to us that his argument regarding the band gap v
of 4.1 eV has no clear evidence in the literature. A report
Scottet al., which is not referred to by him in his commen
on our article, however, carries an UV-visible absorpti
spectrum of bulk SBT as reproduced here in Fig. 1 from th
article.5 This figure clearly exhibits the existence of thr
intense peaks at 2.3, 3.4, and 4.1 eV. Although the abs
tion edge in this particular case can be estimated at 3.7
there is no explanation of the origin for the other two pea
We have no clear idea whatsoever about the rationale
pointing out Refs. 2–4 instead of Ref. 5. Figure 1 presen
in Ref. 5 indicates that there is no evidence of the band
of bulk SBT at 4.160.1 eV. Since multiconstituent oxid
materials can have a variety of structures due to factors s
as crystallinity, nonstoichiometry, defects, and/or phase
is highly likely that an oxide under a common name actua
has varied values of a certain material constant. One of
representative examples is indium–tin–oxide, which has
ferent material constants, such as transmittance and res
ity, depending on the conditions of preparation. In the ot
report by Watanabeet al.,6 not referred to by Scott in his
comment on our article, for SBT they have claimed a 2 eV
gap depending on the specimen composition. In Ref. 6
composition and band gap were different between the sur
and bulk of the specimen, and the compositions for both
surface and bulk were nonstoichiometric. Based on th
facts, so far there is no concrete evidence of a single uni

a!Author to whom correspondence should be addressed; electronic
kohiki@che.kyutech.ac.jp
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sal value for the absorption edge at 4.1 eV for bulk SBT
Scott said that the band gap of SBT cannot be 2.7

because SBT crystals are transparent. Materials with
band gap of about 3.2 eV or larger look completely transp
ent to the human eye because the light in the visible rang
not absorbed at all. A band gap in the visible portion of t
spectrum gives colors depending on the value of the b
gap. The 2.7 eV value corresponds to the blue portion of
spectrum, resulting in slightly white or yellowish color bu
still giving a transparent look to crystals. An example of
crystal having a similar band gap is ZnSe; the band ga
2.67 eV at 300 K, and ZnSe is transparent with a yellow
appearance. Even if the SBT crystal has to be transpare
claimed by Scott, it is totally possible for SBT, therefore,
have the band gap of 2.7 eV as our absorption measurem
clearly showed in Ref. 1.

il:FIG. 1. Absorption data of SrBi2Ta2O9 in the UV-visible portion of the
spectrum reported by Scottet al. ~see Ref. 5!.
3 © 2000 American Institute of Physics
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Doubt has been raised about the surface of SBT, sh
ing that Bi2O3 is formed on the surface of SBT depending
the process conditions, and that our powder sample of S
may have been covered with Bi2O3 . We show that this is no
the case in our specimen by presenting the Raman spec
in Fig. 2. Raman scattering measurements were mad
room temperature in air using a JASCO NR-1800. A n
backscattering configuration was adopted, using the 51
nm line of an Ar1 ion laser with an intensity of 3.83109

W/m2. The major peaks at around 210, 600, and 810 cm21

are associated with the LO phonons of SBT.7,8 In the back-
scattering configuration only the LO phonon is clearly se
No intense and sharp peaks were seen at around 210,
and 450 cm21, which are of Bi2O3 .9 The small humps a
around 310 and 450 cm21 are also due to SBT.7,8 We also
carried out high-resolution transmission electron microsc
and x-ray photoelectron spectroscopy studies of the S
powder sample; both showed no clear evidence of the p
ence of Bi2O3 at the sample surface.10 Based on these mea
surements, we can safely state that the surface of our
powder is not covered by Bi2O3 .

The penetration depth of the 514.5 nm line is a fe
hundred nanometers, which is approximately the same a
the UV-visible diffuse reflectance measurement that provi
evidence of a band gap at around 2.7 eV. X-ray diffract
measurements in our previous study also showed that
structure of SBT powder we used was not of Bi2O3 but ac-
tually of SBT.1 The fact that there is no Bi2O3 on the surface
of the SBT powder and that both Raman and reflecta
measurements give the properties of this region at the s
depth as the sample, proves that the SBT powder we u
was not covered with Bi2O3 , the bulk structure of SBT ex
tended close to the surface, and the band gap is about 2.7

Scott further argued that the quantum confinement
ergy varies as the inverse of the dimension. In the cas
nanoscale crystallites prepared from solution as a precu
however, the dependence of the value of the absorption e

FIG. 2. Micro-Raman spectrum of the SrBi2Ta2O9 powder sample mea-
sured using 514.5 nm line of an Ar1 ion laser in the near backscatterin
geometry.
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on the initial concentration of the precursor solution, whi
is known as the dilution effect, is a reliable indication of th
confinement effect as shown for BaTiO3 mesocrystals in Ref.
1. Figure 3 shows the diffuse reflectance spectrum of S
confined in the MCM-41 molecular sieve, prepared from p
cursor solutions with different concentrations. The measu
ment was made using a JASCO V-550 spectrometer wit
resolution of 0.002 eV. The solution of lower concentrati
gives an absorption edge at higher energy; the samples m
from solutions of 531023, 531024, and 531025 mol/l
have absorption edges at 3.6, 4.2, and 4.3 eV, respectiv
Although x-ray diffraction measurement showed no cle
peaks of the crystal structure of SBT confined in the me
pores of the MCM-41 molecular sieve, the transmission el
tron microscopy study revealed the presence of microcrys
line SBT.10 These facts suggest that the SBT in the pores
MCM-41 is in a crystalline state, is exhibiting a dilutio
effect, and the shift in position of its absorption edge is t
result of confinement.

In conclusion, we have demonstrated that there is
clear evidence of a band gap for bulk SBT uniquely at 4
60.1 eV, it is totally possible for SBT to have its band g
of 2.7 eV as in our absorption spectrum measurement,
surface of our SBT powder is not covered by Bi2O3 , and the
nanoscale crystallites prepared from solution in the me
pores of MCM-41 show a dilution effect which is an indic
tion of a confinement effect.

Note added in Proof.Recently, theoretical band gap of
eV has been reported for SBT by Stachiottiet al.11,12 They
perfomred first-principles electronic structure calculation
SBT using the full-potential linearized augmented plan
wave method~WIEN97! within the local-density approxima
tion ~LDA ! to density functional theory. They also reveale
the following; in the valence band there is strong hybridiz
tion of O 2p with Ta 5d and Bi 6s,p states, the valence ban
maximum~VBM ! at X point is primarily of O 2p character is
also substantial above the conduction band mimim

FIG. 3. UV-visible diffuse reflectance spectra of the SrBi2Ta2O9 mesocrys-
tals prepared from the precursor solutions of:~a! 531023, ~b! 531024, and
~c! 531025 mol/l.
P license or copyright; see http://jap.aip.org/jap/copyright.jsp



e
.
p
V
n-
e

-
it

M.

o-

D.

gr.

te,

hem.

S.

n,

n,

ys.
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~CBM!, and the VBM and CBM are not localized in th
Bi–O layer as mentioned by the tight-binding calculation13

Stachiotti et al. have pointed out that the 4 eV band ga5

claimed by Scott2–4 is twice as large as the theoretical 2 e
gap. It is well known that the LDA calculation tends to u
derestimate the band gap of semiconductor. The experim
tal 2.7 eV gap reported by Kohikiet al.1 is rather is agree-
ment with the theoretical one.

Finally, we would like to thank the author of the com
ment for presenting his views and giving us an opportun
to have this discussion.

1S. Kohiki, S. Takada, A. Shimizu, K. Yamada, H. Higashijima, and
Mitome, J. Appl. Phys.87, 474 ~2000!.

2B. M. Melnick, J. Abrokwah, J. Hallmark, and B. Ooms, Integr. Ferr
electr.15, 221 ~1997!.
Downloaded 20 Dec 2007 to 150.69.123.200. Redistribution subject to AI
n-

y

3J. F. Scott, M. Alexe, N. D. Zakharov, A. Pignolet, C. Curran, and
Hesse, Integr. Ferroelectr.21, 1 ~1998!; M. Alexe et al., Appl. Phys. Lett.
73, 1592~1998!.

4J. F. Scott, Ferroelectrics1, 1 ~1998!; A. J. Hartmannet al., J. Korean
Phys. Soc.32, S1329~1998!.

5A. J. Hartmann, R. N. Lamb, J. F. Scott, and C. D. Gutleben, Inte
Ferroelectr.18, 101 ~1997!.

6K. Watanabe, A. J. Hartmann, R. N. Lamb, R. P. Craig, S. M. Thurga
and J. F. Scott, Jpn. J. Appl. Phys., Part 239, L309 ~2000!.

7P. R. Graves, G. Hua, S. Myhra, and J. G. Thompson, J. Solid State C
114, 112 ~1995!.

8S. Kojima and I. Saitoh, Physica B263–264, 653 ~1999!.
9Landolt-Boernstein,New Series,Vol. 17, Subvol. f, edited by O. Made-
lung ~Springer, Berlin, 1983!, p. 527.

10S. Takada, S. Kohiki, M. Mitome, M. Oku, A. Shimizu, Y. Adachi, and
Takahashi~unpublished!.

11M. G. Stachiotti, C. O. Rodriguez, C. A.-Draxl, and N. E. Christense
Phys. Rev. B61, 14434~2000!.

12M. G. Stachiotti, C. O. Rodriguez, C. A.-Draxl, and N. E. Christense
Ferroelectrics237, 49 ~2000!.

13J. Robertson, W. Chen, W. L. Warren, and C. D. Gutelben, Appl. Ph
Lett. 69, 1704~1996!.
P license or copyright; see http://jap.aip.org/jap/copyright.jsp


