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Photocatalyst
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Z-scheme system (two-photon process)
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A.Kudo and Y.Miseki, Chem. Soc. Rev. 38, 253 (2009).



AR ENDEE E¥EEF—ELY

Band engineering for visible light driven photocatalyst
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R.Konta, T.Ishii, H.Kato, and A.Kudo, J. Phys. Chem. B 108, 8992 (2004).



Previous study on Rh:SrTiO; photocatalyst

A
s n Pt Pt_~H,0
e -CB Tidd—& "o —CB Ti3d i
2 °T 1 H, H,
% (b ?%_ Acceptor level " - o%of
g | g %]“"""r Q EMR*Y vy 8 bonor tevel Rh valence:an important factor
5 4| {32 > © Rh%* MeOH
= = IHI?% }MeOH T e II( °
3——
/V/BOZ/p / }OX VBOZp// Ox
v (Induction period )
[ Absorbance spectra]
= "\E,;=3.2eV Rh4+
cr .
= dominant
2t .
® [ However, the detailed
oF Induction period electronic state has not
e been known yet.
@ [ <, 2
g . —
[ - r .
St ~ dominant
QFr - .
<! . active
400 600 800 1000 1200 Steady state R.Konta, T.Ishii, H.Kato, and A.Kudo,

J. Phys. Chem. B 108, 8992 (2004
Wavelength (nm) y ( )



XAS & XES experiments @ SPring-8

BLO7LSU@SPring-8

A

W D) Conduction Band

>
o
2 Valence Band
LLI
X-ray \'\/\/ Fluorescence
A
oY Core level

 Element selective

-Bulk sensitive (100nm~1um)

High Resolution XAS & XES

BLO7LSU of SPring-8. E/AE =3600.



Samples for XAS & XES @ SPring-8

Sample (Sintered pellet)
Rh4*:SrTiO,

Rh5% Rh3% Rh1%

Rh SrT|O SrTIO[

Rh5% Non-doped

Annealed in H,
@300°C,2h




O 1s XAS @ SPring-8 BLO7LSU

Intensity (arb.unit)

g;tj CB
EJ =] Rh#* unoccupied
Rh*+ acceptor w ] >vs
X-ray‘/l/l
. O1s core level
Rh4*(5%):SrTiO,
Rh#*(3%):SrTiO,
Rh4*(1%):SrTiO,
Rh3*(5%):SrTiO,
SrTiO,
In-gap level was observed
only for Rh#*:SrTiO,
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O 1s XES @ SPring-8 BLO7LSU

O 1s XES hv =530.9 eV
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> CB
Rh3*, Rh4* occupied
VB

LY Fluorescence

Energy

O1s core level

. Rh-induced states were

observed just above the valence
band top of SrTiO,.

. In the case of the Rh3* STO

sample, the induced state is
observed at ~528 eV, which is
slightly above that of Rh#*.




First principles calculations by Prof. Akagi

First-principles calculation

Density of states (DOS) calculated VASP using HSE
functional for 3x3x3 SrTiO,4 )
For Rh**:SrTiO,, a Rh atom was substituted at a Ti site h i"'\!"'v’!!' .
For Rh**:SrTiO,, an additional e- was inserted into the )/ ) )9
Rh4*:SrTiO, cell

bbb A

— Total DOS
' . " —— TiDOS
SrTiO, — SrDOS
O DOS
_Rh DOS

3x3x3 cell

1.Positions of Rh3* and
Rh#* in-gap levels were
estimated.

2. Hybridization between
O2p and Rh4d was found
at the top of the valence
band for both Rh#*:SrTiO,
and Rh3*:SrTiO,

RN 3.The position of E; is

RN*(3.7%)-SrTiO, ; changed with Rh doping

§ | in SITiO,
E=4.02 E i :

1 x10 ot

= 8

DOS

4 -2 0 2 4 6 8 10 4 -2 0 2 4 6 8 10
Relative energy (eV) Relative energy (eV)

The calculation results are consistent with the present XAS/XES results.



Pure- HZO

In-situ XAS/XES measurement

H2-annealed 300°C, 2h

Suspension
0.8g(powder)/300mi(H,0)
r.t., 500rpm,
circulation cell

Measurement
XAS & XES
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In-situ XAS of Rh-SrTiO; @ SPring-8: raw data
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53

530.4 eV for XES

Conduction Band of STO



In-situ XAS of Rh-SrTiO; @ SPring-8

O1s-XAS

Intensity (arb.unit.)
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Photon energy (eV)

Pellet
Rh*(5%):STO
Rh%+(3%):STO
Rh%(1%):STO

STO

Suspension

Rh%*(5%):STO
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Intensity (arb.unit)

In-situ XES Rh-SrTiO; @ SPring-8
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Summary
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