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Photocatalytic Decomposition of Water into H, and O, over Novel Photocatalyst K3;Ta3Si;,0;3
with Pillared Structure Consisting of Three TaOg Chains
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The novel catalysts of native and NiO-loaded K3Ta3Si;Oq3
with pillared structure consisting of three linear TaOg chains
showed luminescence and high photocatalytic activities for the
decomposition of distilled water into Hp and O; in stoichiometric
amounts under UV irradiation.

The photocatalytic decomposition of water has been studied
extensively since the Honda-Fujishima effect was found.}
However, the number of photocatalyst materials found is limited.
Titanium oxides such as TiO; and SrTiO3 have mainly been
employed as active photocatalysts for the water decomposition
which produce reasonable amounts of Hy and Oy in a
stoichiometric amount.2 In order to show the activity, however,
they need co-catalysts such as Pt3-5 Rh3% and NiO.78
Recentily, K4NbgO17,° NasTigOr3, 10 and BaTigOg!! have been
found to be active for the photocatalytic water decomposition.
These materials have structural regularities such as layered and
tunneling structures. Therefore, it seems to be important to
develop new photocatalyst materials from the standpoint of the
structural regularity.

K3Ta3Sip013 has been reported to possess a unique crystal
structure as shown in Figure 1.12 It consists of pillars formed
by comer sharing of three linear TaOg chains. The TaOg pillars
are linked by Si»O7 ditetrahedral units resulting in the creation of
pentagonal tunnel space, in which potassium cations exist. The
length of the longest diagonal of the pentagonal neck in Figure 1
is ca. 5.4 A. Thus, K3T23Si20q3 has the characteristic one
dimensional structure with respect to the octahedral TaOg units
and with the microporous structure. Therefore, the
photochemical properties of K3Ta3Si2Oj13 are of particular
interest. This paper reports the luminescence properties and
high efficiency photocatalytic decomposition of distilled water
into Hp and Oy over KgzTazSipO13 and NiO-loaded
K3TazSi,013.

K3Ta3Sip0O13 was synthesized by calcination of the mixture
of KoCO3 (Kanto Chemicals, purity; 99.5%), TazOs (Wako
Pure Chemical, purity 99.8%), and SiOy (Kanto Chemicals,
purity; 99.95%) in air at 1620 K for 10 h using a platinum
crucible.1? The product was confirmed to be a single phase by
an X-ray diffraction method. NiO (1.3 wt%) was loaded by an
impregnation method using an aqueous Ni(NO3)> solution and
then calcined at 720 K for 4 h in air.  The NiO-loaded
K3TazSip013 catalyst was used without any pretreatments. The
photocatalytic decomposition of water was conducted by
suspending 1g of the catalyst in 350 ml of distilled water in an
inner irradiation quartz reaction cell attached to a gas-closed
circulation system. The light source was a 400 W high pressure
mercury lamp. A gas chromatograph (MS5A column, argon
carrier) was used for the determination of Hy and O; evolved.
Diffuse reflection spectra and luminescent spectra were obtained
using a UV-VIS-NIR spectrometer (Jasco, Ubest V-570) and a
fluorospectrometer (Spex, Fluoromax™), respectively.  The
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Figure 1. Structure of K3T2;Si,0;5.1?

diffuse reflection spectrum was converted to an absorbance mode
by means of the Kubelka-Munk method.

Figure 2 shows the diffuse reflection spectrum at 300 K, and
excitation and emission spectra at 77 K of K3Ta3Si»O;3 which
give us the information of the energy state of the photocatalyst.
In this material, the pillars consisting of TaOg units are
photoactive. The broad yellow-green emission at 500 nm was
observed. The onset of excitation spectrum was around 300 nm
and corresponded with that of the diffuse reflection spectrum.
The similar emission spectra have been reported for
K3Nb3Sip033 with the same structure as K3Ta3Si2013.13  The
energy gap of K3Ta3Si;O3 was estimated to be ca. 4.1 eV.
The wavelength for the absorption and excitation of
K3Ta3Si20;3 was longer than that of isolated TaOg units as seen
in BazNaTaOg (the excitation maximum; 245 nm)!4 whereas it
was shorter than those of semiconductor TayOs and KTaOs
materials with three dimensional bulk structures.!5 In general,
the absorption and excitation spectra in which the excitation
energy is delocalized are observed at longer wavelength sides
than those in the case of localization.16 These facts suggest that
the excitation energy or the electron-hole pair in K3Ta3Sip0y3 is
delocalized in the one dimensional TaOg pillars, more or less.

Figure 3 shows the photocatalytic decomposition of distilled
water without any sacrificial reagents over K3Ta3Si»O13 and
NiO (1.3 wt%)-loaded K3Ta3SiO13. It is noteworthy that the
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Figure 2. (a) Diffuse reflection spectrum at 300 K and
(b) excitation and (c) emission spectra at 77 K of K3TazS1,0;3.

native K3Ta3SipOy13 photocatalyst produced both Hs (43 pmol/h)
and Oy (19 pmol/h) in a stoichiometric amount. The reported
photocatalysts which can produce Hp and O; from distilled water
in a stoichiometric amount without any assistance by co-catalysts
such as Pt are only K4NbgO;7° and ZrO5.17  The activity was
increased by NiO-loading; Hp (368 ymol/h) and O, (188
pmol/h) were produced. The amount of O at the initial stage
was large. This is probably due to the partial reduction of NiO.
The activity was maintained for more than 30 h. The total
amounts of electrons and holes reacted were more than the
amount of the catalyst. These results clearly indicate that the
reaction proceeds photocatalytically. Some NiO-loaded
photocatalysts have been reported to be active for the water
decomposition.”-9-15  For all cases, the pretreatment of Hp
reduction and O oxidation was indispensable for activating the
catalysts. In contrast to them, NiO-K3Ta3Si»O3 was active
even without such a pretreatment.

The photocatalyst material found at the present study is the
tantalum oxide system although the reported photocatalysts for
the water decomposition are mainly the titanate system so far.2-8
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Figure 3. Photocatalytic decomposition of water over

K5T2381,0,3 (O ; Hy, B; O,) and NiO(1.3 wt%)-
K;5T2381,013 (O Hy, @; O,). Catalyst; 1g, distilled
water; 350 ml, reaction cell; inner irradiation quartz cell,
light source; 400 W high pressure mercury lamp.
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TapOs5, KTaO3, and RbgTaxNbg.xOj7 which have bulk or
layered structures have also been reported as tantalum oxide
photocatalysts.15 K3Ta3Si20q3 consists of the one dimension
pillared structure which is substantially different from the
structure of other tantalate photocatalysts.

On transition metal oxides with octahedral units, the energy
migration occurs relatively easily when the angle of O-M-O-M-O
bonds is close to 180°.18  From this fact and the excitation and
absorption spectra as shown in Figure 2, the electron and/or
energy migration in one dimensional linear TaOg chains seem to
play an important role for the luminescent and photocatalytic
properties.

Thus, the characteristics of K3Ta3SioOq3 are different from
those of other reported photocatalysts and has arisen as a new
type of photocatalyst material for high efficiency photocatalytic
water decomposition. This material will also be available as a
photoactive microporous host.
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