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In this reply, the authors show that the argument by Scott regarding the band gap of bulk
SrBi, Ta,Oq4 (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 BjO;. © 2000 American Institute of Physid$§0021-89780)08322-5

Scott claimed in his comment on our recent publicdtion sal value for the absorption edge at 4.1 eV for bulk SBT.
that (a) the band gap of bulk or large area thin film Scott said that the band gap of SBT cannot be 2.7 eV
SrBi, Ta,Oq4 (SBT) is 4.1 eV, andb) the absorption edge of because SBT crystals are transparent. Materials with the
the SBT powder at 2.7 eV we showed is not that of crystalband gap of about 3.2 eV or larger look completely transpar-
line SBT but that of BiO; on the surfaces of SBT. ent to the human eye because the light in the visible range is

We first point out that the references mentioned by Scottnot absorbed at all. A band gap in the visible portion of the
in which the band gap of bulk SBT is said to be measured aspectrum gives colors depending on the value of the band
4.1 eV, actually showed no data of absorption of SBT in thegap. The 2.7 eV value corresponds to the blue portion of the
ultraviolet (UV) to visible portion of the spectruft? It ~ Spectrum, resulting in slightly white or yellowish color but
seems to us that his argument regarding the band gap valgéll giving a transparent look to crystals. An example of a
of 4.1 eV has no clear evidence in the literature. A report bycrystal having a similar band gap is ZnSe; the band gap is
Scottet al, which is not referred to by him in his comment 2.67 eV at 300 K, and ZnSe is transparent with a yellowish
on our article, however, carries an UV-visible absorptionappearance. Even if the SBT crystal has to be transparent as
spectrum of bulk SBT as reproduced here in Fig. 1 from thei€laimed by Scott, it is totally possible for SBT, therefore, to
article® This figure clearly exhibits the existence of three have the band gap of 2.7 eV as our absorption measurements
intense peaks at 2.3, 3.4, and 4.1 eV. Although the absorglearly showed in Ref. 1.
tion edge in this particular case can be estimated at 3.7 eV,
there is no explanation of the origin for the other two peaks.

Wg have no clear ideg whatsoever abou_t the rationale of SRR LIt e e b
pointing out Refs. 2—4 instead of Ref. 5. Figure 1 presented 44 eV

in Ref. 5 indicates that there is no evidence of the band gap ' 3.4¢eV
of bulk SBT at 4.1-0.1 eV. Since multiconstituent oxide ¢ ’/
materials can have a variety of structures due to factors such 2.3 eV

as crystallinity, nonstoichiometry, defects, and/or phases, it
is highly likely that an oxide under a common name actually
has varied values of a certain material constant. One of the
representative examples is indium—tin—oxide, which has dif-
ferent material constants, such as transmittance and resistiv-
ity, depending on the conditions of preparation. In the other
report by Watanabet al.® not referred to by Scott in his |
comment on our article, for SBT they have clatne 2 eV i !
gap depending on the specimen composition. In Ref. 6 the 37ev | *i
composition and band gap were different between the surface | = e ;\3 1 eV
and bulk of the specimen, and the compositions for both the A
surface and bulk were nonstoichiometric. Based on these 6 55 5 45 4 35 3 25 2
facts, so far there is no concrete evidence of a single univer-
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dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. Absorption data of SrBTa,Q, in the UV-visible portion of the
kohiki@che.kyutech.ac.jp spectrum reported by Scatt al. (see Ref. b
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] ] FIG. 3. UV-visible diffuse reflectance spectra of the Si,0y mesocrys-
FIG. 2. Micro-Raman spectrum of the SyBa,0y powder sample mea- 5|g prepared from the precursor solutions(af:5x 102, (b) 5x10 %, and
sured using 514.5 nm line of an Arion laser in the near backscattering (c) 5x10~5 molll.
geometry.

Doubt has been raised about the surface of SBT, showen the initial concentration of the precursor solution, which
ing that BLOg is formed on the surface of SBT depending onis known as the dilution effect, is a reliable indication of the
the process conditions, and that our powder sample of SBTonfinement effect as shown for BaLi@esocrystals in Ref.
may have been covered withJ8;. We show that this is not 1. Figure 3 shows the diffuse reflectance spectrum of SBT
the case in our specimen by presenting the Raman spectruoonfined in the MCM-41 molecular sieve, prepared from pre-
in Fig. 2. Raman scattering measurements were made atirsor solutions with different concentrations. The measure-
room temperature in air using a JASCO NR-1800. A neament was made using a JASCO V-550 spectrometer with a
backscattering configuration was adopted, using the 514.&solution of 0.002 eV. The solution of lower concentration
nm line of an AF ion laser with an intensity of 3:810°  gives an absorption edge at higher energy; the samples made
W/m?. The major peaks at around 210, 600, and 810 tm from solutions of 5<10°3, 5x10 %4, and 5x10 ° mol/l
are associated with the LO phonons of SBn the back- have absorption edges at 3.6, 4.2, and 4.3 eV, respectively.
scattering configuration only the LO phonon is clearly seenAlthough x-ray diffraction measurement showed no clear
No intense and sharp peaks were seen at around 210, 3]tkaks of the crystal structure of SBT confined in the meso-
and 450 cm?, which are of BjO;.° The small humps at pores of the MCM-41 molecular sieve, the transmission elec-
around 310 and 450 cnt are also due to SBT® We also  tron microscopy study revealed the presence of microcrystal-
carried out high-resolution transmission electron microscopyine SBT° These facts suggest that the SBT in the pores of
and x-ray photoelectron spectroscopy studies of the SBMCM-41 is in a crystalline state, is exhibiting a dilution
powder sample; both showed no clear evidence of the preeffect, and the shift in position of its absorption edge is the
ence of BjO; at the sample surfac@.Based on these mea- result of confinement.
surements, we can safely state that the surface of our SBT In conclusion, we have demonstrated that there is no
powder is not covered by BD;. clear evidence of a band gap for bulk SBT uniquely at 4.1

The penetration depth of the 514.5 nm line is a few=0.1 eV, it is totally possible for SBT to have its band gap
hundred nanometers, which is approximately the same as faf 2.7 eV as in our absorption spectrum measurement, the
the UV-visible diffuse reflectance measurement that providesurface of our SBT powder is not covered by®j, and the
evidence of a band gap at around 2.7 eV. X-ray diffractionnanoscale crystallites prepared from solution in the meso-
measurements in our previous study also showed that thgores of MCM-41 show a dilution effect which is an indica-
structure of SBT powder we used was not 0f@j but ac- tion of a confinement effect.
tually of SBT? The fact that there is no BD; on the surface Note added in ProofRecently, theoretical band gap of 2
of the SBT powder and that both Raman and reflectanceV has been reported for SBT by Stachiettial}!*? They
measurements give the properties of this region at the sanmerfomred first-principles electronic structure calculation of
depth as the sample, proves that the SBT powder we use®BT using the full-potential linearized augmented plane-
was not covered with BO3, the bulk structure of SBT ex- wave methodWIEN97) within the local-density approxima-
tended close to the surface, and the band gap is about 2.7 etibn (LDA) to density functional theory. They also revealed

Scott further argued that the quantum confinement enthe following; in the valence band there is strong hybridiza-
ergy varies as the inverse of the dimension. In the case dfon of O 2 with Ta5d and Bi &,p states, the valence band
nanoscale crystallites prepared from solution as a precursomaximum(VBM) at X point is primarily of O D character is
however, the dependence of the value of the absorption edgdso substantial above the conduction band mimimum
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