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Electron-hole recombination kinetics was observed in NaTaOs photocatalysts doped with Ca, Sr, Ba, and La using
time-resolved infrared absorption. The recombination rate was compared with the ultraviolet light-derived H. production
rate in the water splitting reaction to estimate the electron-to-H, conversion efficiency. The conversion efficiency was

sensitive to the nanometer-scale topography of the photocatalyst surface. The particularly high efficiency on the
nondoped and 0.5 mol% Sr-doped photocatalysts was related to the flat (100) crystalline surfaces exposed on the
photocatalyst particles. In the presence of NiO cocatalysts, the rate of electron trasfer across the La-doped photocatalyst
surfaces was enhanced. These results demonstrate intense demand to do surface science on metal oxide particles.
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Fig. 1. A catalyst interfaced with an environment.

ZHARMICHMT A2 LR TET, WXITF—2Y MR
MOREZEFRTE R, FEANEB RS -8
T LD B, FRAGIC X 2HRE RNz D72
GASEMBEFICEE L CRIB R &R T, ZERXF
—EUFIZEoTIA FAY F¥ v v 7EEARICTHE
B EMNG L2 LT, MRICHRNELZREL
TLF ZERIF RSB L 2 5 v,

3. ERE2ERSARING K

FEARNTAN Y B ¥y v Tl S h 2B T dhksbt
ZUWINT %o HEHSIZ IO ZFH L CTIE 5um
JE DAV EE DWE I ZE AL A 5 T8 T-1E FLHFH#E & BSOS
DHEZFHL, F—3Y bORTHRHAZRE LTS
7239 RHECRE & EER G, H4% L7 Tio, ok
il I 0 ) 52 Al L & RIS AGERFZERRAY TRA L T B D
TRV 2E& 720, MsEE Tu—78 LCHAT
AL (1) BAELC X 2 W5 % 520 371 0% M I %
E LT THhOMEETZ2ERTELLIAIH S,
St A FL 0% <R 0.1-1 pm DKL T 7 O T AL
F2m AT 5. E 512 (2) BRETICX 2RI
WILIZ TiO, X720 ) TH L AToFEARICHBEBOHLE T
Y, BB R EHERE G OMRE LAY % K5
LT MMM TFEE LT#EL TV,

4. NaTaO; XBEADOKN—-E> T

NaTaO; (¥ Y ZIVEEF P T A) ETHESODBREL
7oAV TR Y, R F— v 7L Bl
DEMZHET L, 50% 282 57 TR THMAKZ 5%
LAK#KEM#EZ YR AET 27, Fig. 2 12 NaTaO; (% F
—7) %P E 266 nm OV AN THE UCEN L 220k
ALBIEPIN AR 7 P VY% RT . NIV AFKIZL BNV F
Fx v FHEHEIZ X 5T, 4000 55 900 cm ™' ANHUF T
720 0NTRIE 2 BT IRINAEN, 2OV 2SR O R E
BRI & & HITBIREZ 2 TITRE L2, e E 23
W BN AT LIS L, FfLZHi# L T
FREARMET 2 A7 ) — VHEKICET ERm L2, &
NOOFEBRFENS, ZORNMRPUI N Y FF v v Tl

N

time delay / us

pabsorbance /1073

0 4
T T T
4000 wavenumber / cm-1 1000

Fig.2. Transient IR absorption spectra of a non-doped
NaTaOs; photocatalyst. The photocatalyst was irradi-
ated by a 266 nm UV pulse of 1 mJ after ref. 8.
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Fig. 3. The decay of IR absorption at 2000 cm ~' observed
with doped and non-doped NaTaOj; photocatalysts.
The normalized absorbance change is shown as a
function of the time delay. The dopant concentration
was regulated to be 2 mol% after ref. 12.
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Fig. 4. The rate of H, production as a function of Aabs (10
us)/Aabs (0). open square : non-doped NaTaOs,
filled square : 0.5 mol% Sr-doped photocatalyst,
dots : the other six doped photocatalysts. Doped
element and concentration are inserted in the figure
after ref. 12.
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Fig. 5. Scanning electron microscope images of (a) the non-

doped, (b) 0.5-mol% Sr-doped, (c¢) 2-mol% Sr-
doped, (d) 2-mol% Ca-doped, (e) 1-mol% Ba-
doped, (f) 2-mol% La-doped NaTaOj; photocatalysts
after ref. 12.
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Fig. 6. The decay of photogenerated electrons in the bare
and NiO-loaded NaTaO; photocatalysts doped with
La of 2 mol%. The transient IR absorption at 2000
cm ™' was observed in the absence and presence of 10
Torr H,O after ref. 8.

Fig.7. A photocatalytic reaction involving three steps ; (1)
photoexcitation of electrons and holes, (2) their
diffusion to the surface, and (3) attachment to
reactants across the surface.
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