u

) <

The University of Osaka
Institutional Knowledge Archive

Studies on Organic Semiconductor Nanoparticles
Title and Their Application to Visible-Light-
Responsive Photocatalysts

Author(s) |3E, Eb

Citation | KPrKZE, 2011, {EtH

Version Type

URL https://hdl. handle. net/11094/59239

rights
BEDNLA VI —Fy MARDFEDIFTONT VAL
o, MXDEEDHERFALTVWEY., £XDIF
Note A% CHLEDHZEIF. <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#fclosed”> KPR KZEDIETF/ITIC DL
K/DETSRCEI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—G9v—

[28]

Jis 1 "B (Shuai Zhang)
WEOUKSHOLE W+ (T2

fr i F v F 24944 &
fr ¥ 5 4F A H  FERE234 9 A 20 H
L 3% 5 o % OB 4555 1 =Y

TARRERIBREE - TR L — T

e A

% fL W X %  Studies on Organic Semiconductor Nanoparticles and Their Application
to Visible-Light-Responsive Photocatalysts
(AHFERS / HF L ZTOAREGENME~DISAICET %)
CI G | (F4)
oo R E4F
(FIl#)
o OEA BE dEdR EKOER

HO TR IR AT EEd BIF 328

WX "E 0 EE

In this thesis, fabrication of organic semiconductor nanoparticles and their applications to photocatalysts
for decomposition of several organic compounds were described. The studies included 1) the development of
several kinds of organic semiconductor nanoparticles such as biphasic and donor-acceptor (D-A)
supramolecular nanoparticles; 2) their application to visible-light-responsive photocatalysts for
decomposition of organic compounds; 3) the development of porous adsorbent material of photocatalysts,

composed of multifunctional monodisperse polymer spheres.

1) Photoelectrochemical and photocatalytic properties of biphasic organic p- and n-type semiconductor
nanoparticles fabricated by a reprecipitation process

The organic semiconductor nanoparticles composed of Ceo and partly hydrolyzed aluminum
phthalocyanine chloride (denoted as AlPc) were successfully fabricated by a wet-process—reprecipitation,
in which a mixed N-methyl-2-pyrrolidone (NMP) solution of C¢o and aluminum phthalocyanine chloride
(AlPcCl) was injected into water. The characterizations showed that the composite nanoparticles contained
biphasic crystalline structure—Css and AlPc crystalline, probably due to lack of interaction between Ceo
and AlPcCl molecules in NMP. Furthermore, they even exhibited p-n junction like photoelectrochemical
polarity in comparison with vapor deposited Ceso or/and AlPcCl films on ITO, indicating that p-n junction
might be formed. Finally, the nanoparticles were used as photocatalysts to decompose several organic
compounds to COz, and the composite showed better performance than either the Ceo or the AlPc

nanoparticles, which demonstrated that p-n junction might be utilized to enhance photocatalytic activity.

2) Organic semiconductor nanoparticles with heterojunctions composed of fullerene Cso and zinc
phthalocyanine and their application to visible-light-responsive photocatalysts

Composite nanoparticles composed of fullerene Ceo and zinc phthalocyanine (ZnPc) were successfully

synthesized by injecting their mixed NMP solution into water. The nanoparticles had donor-acceptor {(D-A)
supramolecular structures according to charge-transfer (CT) absorption band of the mixed NMP solution
due to m-m interaction between Cso and ZnPc molecules and superior photoanodic current of the composite
nanoparticles. The nanoparticles were used as visible-light-responsive photocatalysts without bias
potential to decompose organic compounds to CO2, and heterojunctions were proved to be critical to

enhance the photocatalytic activity of the nanoparticles.

8) Donor-acceptor nanoarchitecture composed of fullerene Cso and metal-free phthalocyanine for
application to photocatalysts

In this chapter, the composite nanoparticles composed of fullerene Ceo and metal-free phthalocyanine
(Hz2Pc) or the pristine Ceo nanoparticles were prepared by a reprecipitation method, although the only H2Pe
nanoparticles were not obtained by this method, probably due to extreme low solubility of H2Pc in NMP.
The characterizations demonstrated that the composite nanoparticles consist of D-A structure because of
u-m interaction between Cso and HzPc in NMP. The obtained nanoparticles combined with Nafion were used
as photocatalysts to decompose trimethylamine (TMA). The composite nanoparticles show better
performance to decompose TMA than blank Nafion or the Nafion containing Ceo nanoparticles under
visible-light. However, they could not decompose TMA to COg2, and showed poor activity to remove TMA

continuously.

4) Pristine simple organic semiconductor nanoparticles as visible-light-responsive photocatalysts
Pristine Ceo nanoparticles and platinum deposited Cso nanoparticles (Pt-Ceo) were prepared successfully
by a reprecipitation method and following photodeposition method. The size of the deposited Pt
nanoparticles could be controlled by the ratio of loading Pt amount to Cso nanoparticle amount. Besides,
photocatalytic properties of the Ceso and Pt-Ceo nanoparticles were studied. The Pt-Ceo nanoparticles
showed better activity to decompose several organic compounds to CO2 than that of the Cso nanoparticles

under visible-light.

5) Porous polymer matrix composed of multifunctional monodisperse spheres for potential application to
adsorbent material of photocatalysts

A facile and rapid method for synthesis of a number of monodisperse polymer and copolymer spheres

with different cross-linkage and functional surfaces was introduced. The high cross-linked spheres with

carboxyl groups on their surface were useful for fabrication of porous and regular polymer matrix with good

stability to organic solvents, which may be used as adsorbent for amine capture. Based on this method, we

also prepared organic dye doped polymer spheres by swelling, and they have the potential to be combined

with semiconductors for the application to dye-sensitized photocatalysts.

In conclusion, we investigated fabrication of several kinds of organic semiconductor nanoparticles and
their application to visible-light'responsive photocatalysts, and indicated that p-n junction and D-A
supramolecular structure could enhance the organic semiconductors’ photocatalytic activity for
decomposition of organic compounds through inducing more efficient charge separation than the mono
component organic semiconductor. In addition, compared to the reported inorganic photocatalysts, the
organic photocatlysts herein had predominance in visible-light-response, which could response to the full
spectrum of visible-light. To further increase the activity of the photocatalysts, porous and stable polymer
matrix as adsorbent for amine capture was also studied. The present research would open a new research

direction for visible-light-responsive photocatalysts.
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