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Abstract

Photocatalytic water splitting into Hand G over various tantalates was reviewed and factors affecting photocatalytic
activities of tantalates were discussed from a viewpoint of the crystal structure and the energy structure. Many tantalates,
K3TagSipO13, alkali and alkaline earth tantalates, were highly active photocatalysts for water splitting. The high activities were
mainly due to the high conduction band level consisting of Ta5d orbitals. NiO-loaded Ma@i#tCthe distorted perovskite
structure showed the highest activity among tantalates. Moreover, the activity of the NiO/N#W&Qcatalyst was remarkably
improved by doping of lanthanoids. The apparent quantum yield of NiO/Nadefed with lanthanum was ca. 50% at 270 nm.
© 2002 Elsevier Science B.V. All rights reserved.

Keywords:Photocatalytic water splitting; Tantalates; Lanthanum-doped NaTaO

1. Introduction are many reports for photoluminescence of tantalates
[10-16] It suggests that tantalates are photoactive
Photocatalytic water splitting has been extensively materials with good photophysical properties. How-
studied from a viewpoint of the photon energy con- ever, there are few reports for photocatalytic activities
version. It has been reported that some metal oxidesof tantalates[5]. These facts let the authors study
show reasonable activities for water splitting inte H  systematically on photocatalytic water splitting over
and Q in a stoichiometric ratio under UV light irra-  tantalates.
diation [1-9]. However, the number of photocatalyst In the present paper, photocatalytic water splitting
materials found is still limited and active materials be- over various tantalates investigated by the authors is
ing employed are mainly titanates. Therefore, further reviewed.
investigation of the photocatalyst materials for water
splitting is indispensable for revealing essential factors
of active photocatalysts and getting a guiding princi-
ple of development of new photocatalyst materials. 2. Experimental
Tantalates possess conduction bands consisting of
Ta5d orbitals at more negative position than titanates ~ Various tantalates were prepared by conventional
(Ti3d) and niobates (Nb4d). Such a high potential of solid state reactions and flux methods using a borate
the conduction band should be advantageous to reduc-flux. The starting materials (carbonates and oxides)

tion of water to produce § On the other hand, there ~Were mixed in a mortar and the mixtures were cal-
cined in air. In the preparation of alkali tantalates,

* Corresponding author. Fax:81-3-3235-2214. the excess amount of alkali was added to compensate
E-mail addressa-kudo@rs.kagu.tus.ac.jp (A. Kudo). the volatilization. The excess alkali was washed out
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with water after the preparation. The obtained pow-
ders were confirmed by X-ray diffraction using Cu
Ka radiation (Rigaku; RINT-1400). NiO co-catalysts
were loaded by an impregnation method from aque-
ous solutions of Ni(N@)2-6H,O (Wako Pure Chem-
ical; 98.0%). The photocatalysts loaded with the NiO
co-catalyst by an impregnation method were calcined
at 540-720K in air. The pretreatment, reduction with
H> (200 Torr) at 520 or 770K for 2 h followed by ox-
idation with @ (100 Torr) at 470 or 770K for 1h,
was carried out for NiO-loaded photocatalysts, if nec-
essary.

Photocatalytic reactions were carried out in a
gas-closed circulation system. The photocatalyst pow-
der was dispersed in pure water by a magnetic stirrer

MOg octahedra K*  SiyO7 ditetrahedra

in an inner irradiation cell made of quartz. In some (5]
cases, NaOH was added into a reactant solution.

The light source was a 400 W high-pressure mercury Q> @ ®
lamp (SEN; HL400EH-5). Apparent quantum yields

were measured using a 300 W Xe illuminator (ILC 8

Technology; CERMAX-LX300) attached with a band

pass filter (Kenko; BPUV-270, WHM: 16 nm). The

number of reacted electrons was determined from  Fig. 1. Crystal structure of ¥M3SisO13 (M: Nb and Ta).

the amount of evolved 1 The number of incident

photons was measured by a chemical actinometry

employing ammonium ferrioxalate. The amounts of dral SpO7 units. Band gaps of ¥NbsSi;O;3 and

Hz and @ evolved were determined using gas chro- K3TagSiO13 were estimated to be 3.9 and 4.1eV

matography (Shimadzu; GC-8A, MS-5A column, from the onsets of absorption, respectively. Photolu-

TCD, Ar carrier). minescence was observed fogHgSirO13 at 77K
Diffuse reflection spectra were obtained using a as shown inFig. 2, whereas it was not observed for

UV-Vis-NIR spectrometer (Jasco; UbestV-570) and K3Nb3Si,O13. The onset of the excitation spectrum

were converted from reflection to absorbance by the was around 300 nm and corresponded with that of the

Kubelka—Munk method. Photoluminescence was mea- diffuse reflection spectrum.

sured in vacuo using a spectrofluorometer (Spex; Flu-

oroMax). Surface areas were determined by BET mea-

surement (Coulter; SA3100). Photocatalyst powders g | © *g
were observed by a scanning electron microscope (Hi- S ;
tachi; S-5000). £ E
3. Results and discussion 2 <
4 '. 3
. . g - . D_ I. I I <

pillared structure consisting of three Tg@hains[17] Wavelength / nm

; . : Fig. 2. Photoluminescence spectra ofT§gSizO13 at 77K: (a)
K3M3Si M: Nb and T ni
sM3Si013 ( b and a) POSSESSES a uhique an excitation spectrum monitored at 510 nm and (b) an emission

pillared structure as shown Fig 1 [18] Three MQ spectrum excited at 285nm, and (c) a diffuse reflection spectrum
chains sharing the corners are bridged by ditetrahe- 5t 300k.
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Table 1
Photocatalytic activities of NiO(1.3 wt.%)-loadedzMbzSirO13
and KgTagSixOs3 for water splitting

Catalyst NiO Pretreatmefit  Activity
co-catalyst (nmol h™1)
H2 Oz
K3Nb3Si; 013 No No 0 0
K3NbszSi;O13 Yes R770-0470 1 0
K3T338i2013 No No 43 19
K3TagSip 013 Yes No 368 188
K3TaSiO1s  Yes R770 57 25
K3TagSipO13 Yes R770-0470 92 40
K3TagSi,0O13 Yes R770-0O770 100 47

2Catalyst: 1g, pure water: 350ml, 400 W high-pressure mer-
cury lamp, inner irradiation cell made of quartz.

bR770 represents the reduction withy K200 Torr) at 770K
for 2h, R770-0470 and R770-O770 represent reduction with
Hy (200 Torr) at 770K for 2h followed by oxidation with 2O
(100 Torr) at 470 and 770K for 1h, respectively.

Table 1shows photocatalytic activities of Ibg-
SipO13 and KgTagSipOs3 for water splitting. KNbs-
Si>013 showed no activities for water splitting while
K3TagSipO13 showed activities even without any
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photoluminescence of fagSi,O13 would be as-
cribed to the recombination between photogenerated
electrons and holes at some luminescent centers. In
contrast, KkNbzSi>O13 showed no photoluminescence
even at 77 K. This indicates that the non-radiative
transition readily occur in KNbsSioO13 compared
with K3TagSi»O13. The non-radiative transition is dis-
advantageous to the photocatalytic properties. There-
fore, the photocatalytic activity of #¥Nb3Si,O13 was
negligible as shown infable 1 It was noteworthy
that the naked KTlagSioO13 photocatalyst produced
both H» (43pmolh~1) and @ (19pmolh™1) in a
stoichiometric amount. When a NiO co-catalyst was
loaded the activity was increased. However, any pre-
treatment resulted in the decrease in the activity. It has
been reported that NiO was an efficient co-catalyst
for photocatalytic water splittind3,6-9,19] Some
NiO-loaded photocatalysts, such as 7i@9], SrTiO3

[8], and KLayTizO19 [6], have been reported to be
active for the water splitting. For all cases, the pre-
treatment of H reduction followed by @ oxidation
was indispensable for activation of the catalysts. The
pretreatment makes the double layered structure of

co-catalysts such as Pt and NiO. Thus, differences in nickel in which metallic Ni and Ni oxide exist in-
photoluminescence and photocatalytic properties be- side and on the external surface, respectively. The

tween KgNb3Si; 013 and KgTagSioO13 were observed.
The crystal structures of #b3Si>O13 is similar to
that of KzTagSi»O13. However, the M—O-M bond
angles (M: Ta or Nb) in M@ chains of KTagSi>O13
are 178 and 168 while those of KNb3Si»O13 are
17# and 167. The ideal bond angle is 180The
structure of KkNbsSixO13 is distorted more than that
of K3TagSi»O43. The distortion of the framework and

metallic Ni layer in the double layered structure as-
sists the transfer of photogenerated electrons in the
conduction bands of photocatalysts to NiO surface
of a Hy evolution site as shown ifig. 3(b) [8]. In
contrast to the NiO-loaded titanate photocatalysts,
NiO/K3TagSipO13 showed the high activity when
such pretreatment was not performed. It was due to
that the potential of the conduction band consisting of

MOg octahedra strongly affects the energy structure Ta5d orbitals was higher than those of titanates (Ti3d
of photocatalysts as mentioned in the next section and orbitals), resulting in that photogenerated electrons
results in the differences in photoluminescence and in the conduction band of KazSipO13 were able

photocatalytic properties betweersMb3Si>O13 and
K3TagSioO13. On the other hand, the difference in the
band gap between#b3Si,013 and KzTagSixO13 is
0.2eV: that is due to the difference in the conduction
band level. 0.2 eV of the difference in the conduction

to transfer NiO co-catalysts without the metallic Ni
layer as shown irrig. 3(c). Thus, the characteristics
of K3TagSipO13 were different from those of other
reported photocatalysts and has arisen as a new type
of the photocatalyst material for highly efficient water

band level can be enough to lead the drastic difference splitting into H, and G. The total amounts of elec-

in the photocatalytic activity for water splitting be-
tween KgNb3Si»O13 and KzTagSi,O13. Although the

trons and holes reacted were more than the amount
of the catalyst. These results clearly indicated that the

relationship between photoluminescent properties and reaction proceeded photocatalytically.

photocatalytic activities is not so simple, many ac-

These results suggest that other tantalates of which

tive photocatalysts, for example ZnO and CdS, show conduction bands consist of Ta5d orbitals with high
photoluminescence in the absence of reactants. Thepotentials be active for photocatalytic water splitting.
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Fig. 3. Schemes of photogenerated electron transfer to the surface of NiO co-catalysts of NiO-loaded titangfe;8isiKs photocatalysts.

Therefore, further investigation was conducted using structures as shown ifig. 4 The bond angles of

various tantalate materials. Ta—O-Ta are 143 (LiTaO3) [22], 163 (NaTaQy)
[23], and 180 (KTaOs) [24]. Wiegel et al.[14] have
3.2. Photocatalytic activities of alkali tantalates reported the relationship between crystal structures
ATaG; (A: Li, Na, and K) with perovskite-type and energy delocalization for alkali tantalates AaO
structures[20,21] (A: Li, Na, and K). As the bond angle is close to 280

migration of excited energy in the crystal occurs more
All of ATaO3 (A: Li, Na, and K) consist of easily and band gap becomes smaller. Therefore, the
corner-sharing Tag octahedra with perovskite-like order of the delocalization of excited energy was

LiTaO3 NaTaO3 KT303
Ta-O-Ta o o o
bond angle 143 163 180
Distortion Large Middle Small
Energy Small Middle Large

delocalization

Fig. 4. Crystal structures of alkali tantalates Ag@: Li, Na, and K) with perovskite-type structures.
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u s site for H, evolution, .resulting in the _enhanc_ement
Z 4 A i wew CB of the charge separation. Therefore, NiO-loading was
£y ey w | effective for the NaTa@ photocatalyst even with-
E 9 4.7eV | 4.0eV 36eV |3.6ev out special pretreatment. In contrast, the activity of
T 2 LiTaO; was decreased by NiO-loading compared
S8t A A A 7 g with that of naked LiTa@. It indicated that the low

& LiTaO3 NaTaO3 KTaO; NiO activity of NiO/LiTaO3; was not due to the less num-

ber of absorbed photons but the inactivity of the NiO
Fig. 5. Band structures of alkali tantalates Ag@: Li, Na, and co-catalyst. The ability of the NiO co-catalyst was
K) with perovskite-type structures. probably decreased by partly doping offLions.
The activity of the KTa@ photocatalyst was hardly
. . enhanced by NiO-loading. It is due to the inability
LiTaO3 < NaTaGy < KTaOs, while that of band gap ¢, yhe transfer of electrons photogenerated in KJaO
was reversed in the order as shownRig. 5 Here, 4, \io pecause of the low conduction band level.
the potentials of conduction bands were estimated by Thus, the high activity of NiO/NaTagis due to the
Eq. (1)reported by Scaif¢25]. suitable conduction band level consisting of Ta5d and
Vip = 2.94 — Eq (1) energy delocalizgtion cgused by the proper distortion

of TaOs connections.Fig. 6 shows photocatalytic

Table 2 shows photocatalytic activities for water water splitting over the NiO(0.05wt.%)/NaTgO

splitting into H, and G in pure water on alkali tanta-  photocatalysts in pure water and an aqueous NaOH
late photocatalysts with and without NiO co-catalysts. solution (1 mmolt?). In the first run, the activity
NaTaQ photocatalysts showed the highest photocat- in pure water was higher than that in an aqueous
alytic activity when NiO co-catalysts were loaded. NaOH solution. However, the activity in pure water
In this case, excess sodium in the starting material was gradually decreased while that in an aqueous
was indispensable for showing the high actii?p]. NaOH solution was stable. In the third and fourth
The conduction band level of the NaTaPhotocata- runs, the activities in an agueous NaOH solution were
lyst was higher than that of NiO-0.96 eV)[26] as higher than those in pure water. It was found from the
shown inFig. 5 Moreover, the excited energy was XRF and XPS measurement that the deactivation of
delocalized in the NaTa@crystal. Therefore, the  NiO(0.05wt.%)/NaTa@ was due to the elution and
photogenerated electrons in the conduction band of redeposition of nickel. The redeposited nickel widely
the NaTaQ photocatalyst were able to transfer to the covered the NaTa@surface and it caused collapse
conduction band of the NiO co-catalyst of an active of reaction sites and shielding of incident light. The

Table 2
Photocatalytic activities for water splitting on alkali tantalate photocatdlysts
Catalyst Ratio of alkali to Ta Band gaf (eV) Surface area (Ag™1) Activity (umolh™1)
Ha Oz
LiTaO3 1.05 4.7 0.3 430 220
NiO(0.10 wt.%)/LiTaQ 1.05 4.7 - 98 52
NaTaG 1.00 4.0 0.5 11 4.4
NiO(0.05 wt.%)/NaTa@ 1.00 4.0 - 480 240
NaTaG 1.05 4.0 0.4 160 86
NiO(0.05 wt.%)/NaTa@ 1.05 4.0 - 2180 1100
KTaOs 1.10 3.6 1.6 29 13
NiO(0.10 wt.%)/KTaQ 1.10 3.6 - 7.4 2.9

aCatalyst: 1g, pure water: 350 ml, 400 W high-pressure mercury lamp, inner irradiation cell made of quartz.
bIn starting materials.
¢ Estimated from the onset of absorption.
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Amounts of products / mmol

2 4 6 8

Time /h

10 12 14

Fig. 6. Photocatalytic water splitting over NiO(0.05 wt.%)/Na%aO
photocatalysts in pure water (square) and in 1 mmblof an
agueous NaOH solution (circle). Catalyst: 1g, reactant solution:
350 ml, 400 W high-pressure mercury lamp, inner irradiation cell
made of quartz. Open marks:;Hclosed marks: @

addition of the small amount of NaOH suppressed
the elution of nickel, resulting in the steady reaction.
Total amounts of Hand G evolved from an aqueous
NaOH solution were 28 and 14 mmol after 13h of
irradiation, respectively. The amounts of NaTa&hd
NiO in 1g of the NiO(0.05 wt.%)/NaTa@photocat-
alyst were 4mmol and 64Zmol, respectively. This
strongly indicates that the water splitting proceeded
photocatalytically on the NiO(0.05wt.%)/NaTgO @ b
photocatalyst. The apparent quantum yield of the

NiO(0.05wt.%)/NaTa@ photocatalyst was 20% at

270 nm. @ @

3.3. Photocatalytic activities of alkaline earth O
tantalateg[27—-30]

I

Photophysical properties and photocatalytic ac-
tivities of alkaline earth tantalates are summarized
in Table 3 Orthorhombic alkaline earth tantalates @
A'TapOg (A': Ca, Sr, and Ba) consist of Calde-type
structures as shown iRig. 7(a). The order of pho- ©
tocatalytic activities of orthorhombic Aa,Og with-
out a NiO co-catalyst was Srf@s > BaTaOs > Fig. 7. Crystal structures of (a) orthorhombic Ca@g, (b) tetrag-
CaTa0Og, and it corresponded to those of band gaps onal BaTaOs and (c) hexagonal BaZ®s.
and the energy of photogenerated-electron/hole pairs
transferring in the crystal (emission energy). The or-
der of the band gaps of alkaline earth tantalates was
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Table 3
Photoluminescence properties and photocatalytic activities of alkaline earth taftalates
Catalyst Crystal structure Band gap Emission Activity (pmolh~1)
(eVv) maximun® (nm) H, 0,
CaTaOg (orthorhombic) CaTgOg 4.0 473 21 8.3
NiO(0.1 wt.%)/CaTaOg (orthorhombic) — - - 72 32
SrTa0g (orthorhombic) CaTg0g 4.4 405 140 66
NiO(0.1 wt.%)/SrTaOe (orthorhombic) — - - 960 490
BaTaOg (orthorhombic) CaTg0g 4.1 460 33 15
NiO(0.3 wt.%)/BaTaOg (orthorhombic) — - - 629 303
BaTaOg (tetragonal) Tetragonal tungsten bronze 3.8 505 14 6
NiO(0.4 wt.%)/BaTaOg (tetragonal) 53 28
BaTaOg (hexagonal) Hexagonal tungsten bronze-related 4.0 515 7 2
NiO(0.4 wt.%)/BaTaOg (hexagonal) - - - 21 10
S TapOy Layered perovskite 4.6 450 53 18
NiO(0.15 wt.%)/SsTa, Oy - - 1000 480

aCatalyst: 1g, pure water: 350-390 ml, inner irradiation cell made of quartz, 400 W high-pressure mercury lamp.
bObserved at 77K.

also SrTaOg > BaTaOg > CaTa0g. Their valence onal phase. The transferring excited energy of the
bands are formed by O2p orbitals. These facts in- hexagonal phase was slightly lower than that of the

dicate that the conduction band level of S10g is tetragonal phase. In addition, the transferring excited
more negative than those of Ba and CaTaOg, energy of the orthorhombic phase was remarkably
suggesting that the potential of electrons photoex- larger than those of tetragonal and hexagonal phases.
cited in SrTaOg is higher than those of Bat@s Therefore, it was considered that the transferring ex-

and CaTaOg. Therefore, the water splitting pro- cited energy would mainly affect the photocatalytic
ceeded more easily over Spl@ than BaTaOg and activities of BaTaOg with three crystal phases.
CaTa0Ogs. When the NiO co-catalysts were loaded, NiO/SrT0Os was the most active photocata-
photocatalytic activities of all alkaline earth tantalates lyst among ATa,Og. An other strontium tantalate
were increased. NiO/Sr}@g also showed a high  SrTaO; with a layered perovskite structure also
activity among ATapOe. showed the high activity ()4 1000umol h~t and Q:
There are three crystal forms in Balx; or- 480pmol h™1). SKTa,0; showed the highest activity
thorhombic of a low temperature form with a among alkaline earth tantalates. The quantum yield
CaTaOg-type structure, tetragonal of a medium tem- of the NiO(0.15 wt.%)/SiTa,O7 was 12% at 270 nm.
perature form with a tetragonal tungsten bronze struc- S TapO7 did not possess an ion-exchange ability
ture [31], and hexagonal of a high temperature form and the interlayer was not hydrated, indicating that
with a hexagonal tungsten bronze-related structure both H, and G evolution has to proceed at only the
[32] as shown inFig. 7. The order of photocatalytic  surface. Thus, the reaction mechanism ogT&O;
activities of three crystal phases of Baly was is different from that on KLayTi3zO19 [6,8].
an orthorhombic phase> a tetragonal phase- a SrTapO7 did not need any co-catalysts. Pretreat-
hexagonal phase as shownTiable 3 The order was ment was not necessary for NiOf$eaO7 to show
different from that of band gaps. It was judged from the activity because of its high conduction band
the band gaps that the conduction band level of the level. In contrast, NiO-loading and pretreatment
hexagonal phase was more negative than that of thewere indispensable for obtaining the high activity of
tetragonal phase. However, the order of the energy SnNb,O; because the conduction band level of the
of photogenerated-electron/hole pairs transferring in oxide photocatalyst consisting of niobium was not so
the crystal (emission energy) of the Balg was an high generally[29]. Thus, the significant difference
orthorhombic phasg> a tetragonal phase a hexag- in photocatalytic properties between tantalates and
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Table 4 20
Photocatalytic water splitting on NiO(0.05 wt.%)-loaded Na3aO e} 1st
Ln(1 mol%) photocatalysts é
Ln-doped Band gap Surface area  Activity (mmolh—1) Q 15
_ [$]
(eV) (m?g~h) Ha 0 3
210
None 4.01 0.44 2.8 110 ey
La 4.07 2.5 590 290 2
Pr 4.09 3.1 5.29 2.58 S5
Nd 4.07 3.0 5.19 2.51 g
Sm 4.08 2.6 5.29 2.63 < |
Eu 4.08 25 0.254  0.122 0
Gd 4.08 1.9 4.29 2.11 o 2 45, 10
Th 4.07 1.4 4.30 2.19
Dy 4.07 17 4.46 2.23 Fig. 8. Photocatalytic water spliting over NiO(0.05wt.%)/
Yb 4.05 13 1.72 0.820 NaTaG:La(1mol%). Catalyst: 1g, pure water: 390ml, 400W

high-pressure mercury lamp, inner irradiation cell made of quartz.

aCatalyst: 1g, pure water: 390 ml, inner irradiation cell made
Open marks: b, closed marks: @

of quartz, 400 W high-pressure mercury lamp.
b |nitial activity.

evolved steadily and efficiently as shown kig. 8

niobates in the same family was observed as well The optimized NiO(0.2wt.%)/NaTafl.a(1.5%)
as KsM3Si,O13 (M: Nb and Ta). Moreover, when a  photocatalyst evolved jiand Q with the rates of
part of Ta in SsTaO7 was replaced with Nb, the 14.6 and 7.2mmolh!, respectively. The apparent

photocatalytic activity was drastically decrea$a]. quantum yield was ca. 50% at 270 nm. Thus, it was
demonstrated that the photocatalytic water splitting

was able to proceed efficiently using a photocatalyst
powder system.

It was found by SEM observation that the par-
ticle size of NaTa@Ln powder, 0.1-0.fum, was
remarkably smaller than that of non-doped NajaO
powder, 2—-3um. As the particle size is decreased,
the probability of the surface reaction of elec-
trons and holes with water molecules is increased
in comparison with recombination in the bulk. On
the other hand, a step structure was formed on the
Ln-doped NaTa@ surface whereas the surface of
non-doped NaTa®was flat. The characteristic step
structure might cause the separation of reaction
sites. It was considered that these factors resulted in
highly efficient photocatalytic water splitting over
NiO/NaTaG:Ln.

3.4. Highly efficient photocatalytic water
splitting into H, and & over lanthanoids-doped
NaTaG; [33]

NiO/NaTaQ showed the highest activity among al-
kali and alkaline earth tantalateRable 4shows band
gaps, surface areas, and photocatalytic activities for
water splitting into H and G in pure water on various
lanthanide-doped NaTaO(denoted as NaTafln
hereafter) with NiO co-catalysts. NaTa@n pow-
ders had larger surface areas than non-doped NaTaO
Band gaps of NaTaglLn were slightly higher than
that of non-doped NaTaf) The activity of the
NiO/NaTaQ; photocatalyst was remarkably improved
by doping of Ln, except for Eu and Yb. In the cases
of NaTaQ:Eu and Yb, doped Bt and YB* ions
can trap the photogenerated electrons in the conduc-
tion band because Eu and Yb can take the divalent
oxidation number. The electron trapping resulted in
the decrease in photocatalytic activities. Moreover,

4. Conclusions

the deactivation of the non-doped NiO/NaTagho- (1) The photocatalytic activities of various tanta-
tocatalyst as shown iRig. 6 was suppressed for the lates for water splitting into Bl and @ were
NiO/NaTaQ:Ln photocatalysts even in pure water. investigated. It was found that many tantalates,

NiO/NaTaQG:La was the most active: Hand O K3TagSioO13, alkali tantalates ATa® (A: Li,



H. Kato, A. Kudo/Catalysis Today 78 (2003) 561-569

Na, and K), alkaline earth tantalates TAOg
(A’: Ca, Sr, and Ba) and SFa0; evolved H
and @ from pure water under UV irradiation.
Many of them showed activities even without any
co-catalysts. Moreover, activities were drastically
increased by loading of NiO co-catalysts even
without pretreatment. They are characteristics of
tantalate photocatalysts due to the high levels of
conduction bands which consist of Ta5d orbitals.
Among tantalate photocatalysts, NiO/Na®gO
showed the highest activity. The apparent quan-
tum yield of NiO/NaTaQ photocatalyst was 20%
at 270nm. It was due to the suitable potential
of the conduction band and delocalization of the
excited energy caused by proper distortion of the
TaQs connection.

The relationship between photocatalytic activities
and conduction band levels and/or transferring
excited energy was observed for alkaline earth
tantalates ATaxOg (A’: Ca, Sr, and Ba) with
CaTaOg-type structures and the Bgldg with
three different crystal systems.

The photocatalytic activity of NiO/NaTaQwere
remarkably increased by doping of various lan-
thanoids except for Eu and Yb. Lanthanum was
the most effective dopant among them. The
optimized NiO(0.2 wt.%)/NaTagLa(1.5%) pho-
tocatalyst showed the highest activity for water
splitting into b, and @, Hy: 14.6 and @:
7.2mmol 1, respectively. The apparent quan-
tum yield of the NiO/NaTa@La photocatalyst
was 50% at 270 nm.
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