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A series of layered perovskite-type tantalates with hydrated
interlayer space, A;SrTa,O0;-nH,O (A=H, K, Rb), exhibited
efficient photocatalytic activity for water splitting into H,/O,
mixture under UV irradiation without loading metal co-catalysts.

In view of the current importance of hydrogen as a clean
energy source, the development of new photocatalyst for water
splitting is an important theme. A variety of photocatalysts,
mainly Ti, Nb and Ta based oxides, have been reported to be
effective for photocatalytic decomposition of water under UV
irradiation.' Domen and co-workers® reported that some ion-
exchangeable layered oxides, such as K4NbgO;7 and
K;,La,Ti3049, were advantageous for this reaction as compared
to the non-hydrous bulk type catalysts such as SrTiO;. Recently,
the bulk type Ta-based oxides, such as NiO/NaTaO; and NiO,/
InTaO4, have been reported as an another group of effective
catalysts for water splitting.*® However, in order to obtain
photocatalysts exhibiting high activities for water splitting, it is
essential to load a transition metal co-catalysts. We expect that Ta
based materials with hydrous layered structure may be an
effective photocatalysts for water splitting, though such an
attempt has been unsuccessful so far.® This paper reports the first
successful example of the above strategy; layered perovskite-type
tantalates with hydrated interlayer space, A,SrTa,07-nH,O
(A=H, K, Rb), act as highly active catalysts for the photocatalytic
decomposition of water into H, and O, without loading co-
catalysts.

A series of Ruddlesden-Popper type double-layered perovs-
kites were prepared as follows. According to the previous
reports,'%12 A,SrTa, 07 (A=Li and K) powders were prepared by
a conventional solid state reaction.'> Rb,SrTa, O, which is a new
compound, was prepared by calcination of the mixture of
stoichiometric amounts of SrCOs; (Kanto Chemical, purity;
99.9%), Ta,Os (Rare Metallic, purity; 99.9%) and 150% molar
excess of Rb,COj3 (Kanto Chemical, purity; 99.5%) at 1173 K for
24h in air. H,SrTayO; was prepared by the K*/H' exchange;
K,SrTa,07 (3 g) was added to 150 mL of dilute HNO5; aqueous
solution (0.3 M) at room temperature for 24h with constant
stirring.!! The crystal structure of the obtained materials was
confirmed by X-ray diffraction (MAC Science; MX Labo). The
band gap energy estimated by UV diffuse reflectance spectro-
scopy (Jasco; V-550) was around 3.9 to 4.0 eV, irrespective of the
alkali metal cations at the interlayer space. The photocatalytic
decomposition of water was performed with a gas-closed
circulating system. The catalyst powder (0.5 g) was dispersed in
200 mL of pure water by a magnetic stirrer in an inner irradiation
cell made of quartz. The light source was a 400 W high-pressure
mercury lamp. The amounts of evolved H, and O, were

determined using an on-line gas chromatography (Hitachi,
TCD, molecular sieve 5SA column and Ar carrier).

In the XRD pattern of K,SrTa, 07 recorded immediately after
calcination, all the observed lines could be indexed on a tetragonal
cell (14/mmm, a = 3.9072 A, ¢ = 21.6006 A),'*!! indicating that
this compound consists of a single phase of layered perovskite,
K,SrTa,0;."* As reported previously,'! K,SrTa,0; allowed
intercalation of water when exposed to humid air; anhydrous form
of K,SrTa, 07 completely disappeared after exposing it to humid
air for 24h, and the corresponding hydrated phase,
K,SrTa,0;-nH,0," appeared simultaneously. The thermogravi-
metric analysis of K;SrTa,0;-nH,0 showed a distinct loss of
water at a temperature range of 373 K < T < 743 K, which could
be due to the transformation of hydrate to anhydrous layered
material K;SrTa,O7. The number of hydration in the formula of
K,SrTa,;07-nH,0 estimated by the analysis was n = 0.9. In the
XRD patterns of H,SrTa,O; and Rb,SrTa, 07, recorded after
exposing it to humid air for 24 h, all the lines could be indexed on a
primitive cell (P4/mmm, a = 3.9038 A, ¢ = 9.7742A) and a
primitive cell (P4/mmm, a = 3.9727A, ¢ = 12.7632A),'°
respectively. Hence, these materials consist of a single phase of
layered perovskite in a hydrated form, A,SrTa,07,-nH,0. From
the thermogravimetric analysis, the hydration numbers of
H,SrTa,07-nH,0O and Rb,SrTa,0;-nH,O were estimated to be
n = 0.6 and n = 3.6, respectively. In the XRD pattern of
Li,SrTa,05, recorded after exposing it to humid air for 24 h, all
the observed lines could be indexed on a tetragonal cell (/4/mmm,
a = 3.8470A, ¢ = 18.1094 A), indicating that this compound
consists of a single phase of layered perovskite, Li>SrTa,0;.1?
The XRD pattern of Li, SrTa, O; was essentially the same after the
dispersion of the sample to the distilled water for 6 h, followed by
drying at ambient temperature. This indicates that water
intercalation does not occur on this material.

Figure 1 shows a typical time course of gas evolution for the
photocatalytic decomposition of water on HySrTa,07-nH,O. The
catalyst produces H, and O, in a stoichiometric ratio
(H2/Oy = 2/1). The rates of H, and O, formation were 769
and 358 pumolh~! (g-cat.)™!, respectively, which were much
higher than those of reported photocatalysts without co-catalysts
under the similar reaction conditions. After evacuating the
system, almost the same rate was reproduced in the second and
third runs. The total amount of H, and O, evolved during these
runs reached 21.2 and 11.2 mol (mol cat.)*l, respectively, which
confirms that the reaction proceeded catalytically. The XRD
pattern of the catalyst after the reaction confirmed the preserva-
tion of the catalyst structure.

The rate of gas evolution over various Ta-based catalysts are
summarized in Table 1. The H, evolution rate of
A;,S1Tay07(-nH,0) depended on alkali cation and decreased in
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Figure 1. Time courses of H, () and O, (@) evolutions
from distilled water on H,SrTa,O7-nH,0.

Table 1. Rates of gas evolution over various tantalates

evolution rate//4mol h~' (g-cat.)™

catalyst

H, O,
H,SrTa,0;-nH,0 769 358
LizSI‘TﬁzO7 29.7 0
KzSI’TaQOTYleO 747 384
Rb,S1Ta,0-nH,O 176 44.7
KTaO3 493 6.6
NaTaOs3 76.0 0

the sequence of H= K > Rb > Li. Note that the layered
perovskite-type tantalates with hydrated interlayer space,
A,SrTa,07-nH,0 (A=H, K, Rb), showed higher H, formation
rate than anhydrous layered tantalate, Li;SrTa,O7. We have also
studied the reaction over the non-hydrous tantalates, NaTaO3 and
KTa0s, which were reported to catalyze this reaction.® These
materials showed the activity for H, evolution, though the rate of
H, evolution was lower than those of A,SrTa,O;-nH,O (A=H,
K, Rb). Taking into account the result that the anhydrous layered
tantalate, Li,SrTa;O; was less effective than hydrous
A,SrTa,0;-nH,O (A=H, K, Rb), one can conclude that the
presence of hydrated interlayer space is important for improving
the photocatalytic activity of Ta-based catalysts. In the case of
hydrous tantalates, electron-hole pairs may be easily migrated to
the interlayer surface consisting of TaOg before their re-
combination, and thus intercalated H,O molecules may be
effectively decomposed.

In conclusion, a series of layered perovskite-type tantalates
with hydrated interlayer space, A,SrTa,O7-nH,0 (A=H, K and
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Rb), have been found to be efficient photocatalysts for water
splitting into H, and O,.
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