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Development of light energy conversion device with new charge separation and
transportation mechanism
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The photocatalytic water splitting activity of KTa03 was improved by coating with
6,13-bis(triisopropylsilylethynyl)pentacene (TIPS-PEN). It was assumed that the charge transfer mechanism
of TIPS-PEN/KTa03 was two-step excitation process from the results of fluorescence spectroscopy and the
wavelength dependency of the photocatalytic activity. Furthermore, the photocatalytic activity of the
dye-modified KTa03 depended on the LUMO energK level of acene dyes, and the dyes that have more positive
LUMO energy level showed positive effect on the photocatalytic activity of KTa03. These results suggest
that the electron transfer from LUMO was important for the activity of the dye-modified KTa03
photocatalysts for overall water splitting.
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Fig. 1 Molecular structure of modification dyes used in
this study.
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Fig. 2 UV-vis spectra of dye-modified KTa(Zr)O3
photocatalysts.
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Table 1. Dye modification effect on the water splitting
activity of KTa(Zr)Os photocatalysts.”

Formation rate

Dye /umol h”! (;j/t(i;)
H, 0,
TIPS-PEN 96.3 47.6 2.0
Ph-ADF 88.8 454 2.0
TMS-ADF 85.2 27.2 3.1
TES-ADF 77.3 29.3 2.6
TTMSS-ADF 76.6 35.7 2.2
TIPS-ADF 73.9 36.1 2.1
None 6.9 2.4 2.9

“Catalyst: PtOx (0.2 wt%)/Dye (0.8 wt%)KTa(Zr)Os, 50 mg;
Light source : 300 W Xe lamp (Full arc).

KTa(Zr)Os OAREHHEN 1K O A B ERT K
DH 02 VEEATHD EWREINTEY,
N REx v 1336 eV THDHI EnD,
— BB TR E RS D T L AN ATRE e
Ny REZGE LTS, £D, BHEE
fifi L T2 PYKTa(Zr)0; T h KD I i
IENEAT L2, —H, TREUVREBET
KTa(Zr)O; EKifi & &7 25 2 & T, KON
ISP A B U7, SeEtTE I B 2 D ADF
BREONTHEEORBIZERT D &, BEWV
TTMSS =° TIPS ZA&&EWNICH T 5 ADF AR
XV b, Ph° TMS 56T H0FEDHT NG
PO ERNRENE N EN NG, £2. (A
U TIPS % & #at|2f 3 5 TIPS-PEN &

TIPS-ADF |2 b Bz RIZKE =N E LT
Z L2 KTa(Zr)Os DKy itk %\ b &
WHERNGFET D Z EIRBEINTZ, 20
Kok, TEUVRARICK D REEMIX
KTa(Zr)Os DK RIENME D[ A 078 F ik
THHIERBH LN E ST,

(2)TIPS-PEN {&ffi KTa(Zr)Os fili o FE i % Bl
R DR

7 & LR FHE TIER L 7= KTa(Zr)O; filli b
DOEMBGEBEEOMANEZ B E LT, ML
7o Tl b mVEE DS B L7z TIPS-PEN &
AR DUV CERRIC G L7, Fig.3 12I3,
TIPS-PEN {&fifi KTa(Zr)O; YAt oo 2 ~2
7 MVERLT,

2000 T T T T T T T T
——KTa(zno ,
TIPS-PEN/KTa(Zr)O s
1500 | ——PtO /TIPS-PEN/KTa(ZNO
— TIPS-PEN
>
172}
£ 1000
C
£
& 500

0 " n
300 400 500 600 700 800
Wavelength /nm

Fig. 3 Fluorescence spectra of KTa(Zr)O;
photocatalysts modified with TIPS-PEN. Excitation
wavelength: 295 nm.
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Table 2. Wavelength dependency of the photocatalytic
activity of TIPS-PEN/KTa(Zr)O; for water splitting.

Formation rate /umol h™!

Light 1° Light 2°
H, 0,
(7»=':(T)\(§nm) (}\>6Vll(jnm) 1.8 0.9
(7»=?I>J(T)\(§nm) None L1 0.4
None (7\>;/11(§nm) 0.0 0.0

®Light 1: 300W Xe lamp with 300 nm band-pass filter,
®Light 2: 300W Xe lamp with 610 nm long-pass filter,
Cat.: PtOx(0.2wt%)/TIPS-PEN(0.8wt%)/KTa(Zr)Os.
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Table 3 Reorganization energy of TIPS-
pentacene and anthracenodifuran derivertives.

Dye A /meV
TIPS-PEN 200
Ph-ADF 206
TMS-ADF 299
TES-ADF S
TTMSS-ADF 291
TIPS-ADF 190

B3LYO0/6-31G(d, p), *Error.
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Fig. 4 Relationship between the reorganization energy
of acene dyes and the photocatalytic activity of the
dye-modified KTa(Zr)O; photocatalysts.
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Fig. 5 Relationship between the HOMO energy levels
of acene dyes and the photocatalytic activity of the
dye-modified KTa(Zr)O; photocatalysts.
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Fig. 6 Relationship between the LUMO energy levels
of acene dyes and the photocatalytic activity of the
dye-modified KTa(Zr)O; photocatalysts.
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