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Hydrogenation of nitrobenzene to aniline using photocatalytic reduction over

Pt/BiVOs under visible light

Kotomi Maruyama,* Manami Hara,® Daisuke Kozaki,® Fumito Fujishiro,® Shoya Oda,®
Atsuhiro Tanaka,’ Hiroshi Kominami,’ Ayumu Onda,*® Kazuya Imamura®<*

¢ Science and Technology Program, Chemistry and Biotechnology Course, Graduate
School of Integrated Arts and Science, Kochi University, 2-5-1 Akebono-cho, Kochi-shi,
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Run Substrate Target substance Photocatalyst Co-catalyst Light Solvent & Hole scavenger Irradiation time / h Yield
1 Acetophenone 1-phenylethanol BiVO, Pt Blue LED(35) 2-propanol 3 no reaction
2 Pt Blue LED water, glucose 1 no reaction
3 Pd Blue LED(55) 2-propanol 3 no reaction
4 Pd Blue LED water, glucose 1 no reaction
5 styrene Ethylbenzene BiVO, Pt Blue LED 2-propanol 1 no reaction
6 Pt Blue LED 5 vol% Acetonitrile aqg., glucose 3 0
7 Pd Blue LED 2-propanol 1 no reaction
8 Ru Blue LED 2-propanol 1 no reaction
9 Rh Blue LED 2-propanol 1 no reaction
10 1,2-epoxyethylbenzene styrene BiVO, Pt Blue LED (%#Dg3ft) methanol 1 0
11 Pt Blue LED (5#1234F) ethanol 1 0
12 Pt Blue LED (5#0g3H) 1-propanol 1 0
13 Pt Blue LED (5#D8511) 2-propanol 1 0
14 Pt Blue LED C&#D2ft) 1-butanol 1 0
15 Pt Blue LED (5#12811) 2-butanol 1 0
16 Nitrobenzene Aniline Bi,O; (BZALZF) - Blue LED (5#1234F) 2-propanol 1 no reaction
17 Bi,Os (Sl L) - Blue LED (5#0123) 2-propanol 1 no reaction
18 Bi203 (Bi®1LZ) Pt Blue LED (5#D28ft) 2-propanol 1 no reaction
19 Bi203 (& #tiE{LF) Pt Blue LED (4#1g81) 2-propanol 1 no reaction
20 Glucose Formic acid Bi,O, (B®{t%) - Blue LED (&#12541) water 1 no reaction
21 Bi,O; (B®ALZ) Pt Blue LED (4#l2a{t) water 1 no reaction
22 Bi,Os (Sl L) - Blue LED (%#D28{1) water 1 no reaction
23 Bi,O, (Bl 1L ) Pt Blue LED (5#D281t) water 1 0
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Abstract

OH

1
o

1-phenylethanol

Dye-sensitized photocatalyst using
fluorescein, eco-friendly organic
dye, instead of metal-complex dyes
was prepared.

This photocatalyst successfully
applied to the photocatalytic
oxidation of 1-phenylethanol to
acetophenone.

-

Introduction

J

visible light

Dye-sensitized photocatalysts are wrought
by visible light using dye absorption.”

FI-TiO,, vis.

o0, ———

acetophenone

D = Fluorescein (Fl)

HO O (o]
e Z ‘ For bath salts
! COOH

Non-toxic and safe

So far

D = Ir, Ru (Costly Metal complexes)

Elution 2)

Toxic@ and deactivation @
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hotocatalytic oxidation of aromatic alcohols to aromatic ketongs
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Photocatalytic hydrogenation of acetophenone
over Pd-TiO, using saccharides as hydrogen
sources

Takahiro Oto,” Kazuma Ikeuchi,” Kosuke Tanaka,”
Ayumu Onda®® and Kazuya Imamura @ *<d

Acetophenone was effectively converted to 1-phenylethanol, a hydrogenated product of acetophenone,
over a Pd-TiO, photocatalyst using various saccharides without the use of hydrogen gas, indicating that
various saccharides can be used instead of hydrogen gas in this photocatalytic hydrogenation system.
Although 1-phenylethanol was formed when any saccharide was used, the use of saccharides having a
hemiacetal structure such as sucrose decreased the reaction rate. This is because that reactivity of the
aldehyde (formyl) group is higher in a photocatalytic system using TiO.. Generally, the rate of the reaction
is decreased when saccharides with large molecular weight, including oligosaccharides and
polysaccharides, are used as substrates in the photocatalytic reaction. However, the rate of the reaction did
not depend on the molecular weight of saccharides in the present photocatalytic system. Therefore, this
photocatalytic system shows wide applicability of saccharides; 15 kinds of saccharides including 3 kinds of
polysaccharides could be used as hydrogen sources. The results indicate the possibility of utilizing biomass
for hydrogenation instead of hydrogen gas
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Conversion of Nitrosobenzene to Azoxybenzene Overa
Cerium(IV) Oxide Photocatalyst Under Visible Light

Kazuya Imamura,*™ P! Kosuke Tanaka,! Takahiro Oto,[! Kotomi Maruyama,!
Daisuke Kozaki,’] Ayumu Onda,® ! Kosei Hata, 9! Atsuhiro Tanaka,'! and Hiroshi Kominamil®!

Azoxybenzenes are of great importance in the field of liquid
crystals and polymer materials. The results of this study showed
that irradiation of visible light to nitrosobenzene in an alcohol
suspension of cerium(lV) oxide (CeO,) resulted in the selective
production of azoxybenzene with a high yield. Reactions carried
out under different conditions showed that the overall reaction

1. Introduction

Azoxybenzene (Figure 1) is an important compound because
it plays a critical role in liquid crystal and polymer materi-
als due to its physical and chemical properties™ and it has
attracted the interest of medicinal chemists for its retinoidal
activities.”) Azoxybenzene is traditionally synthesized by oxi-
dation of aniline or reduction of nitrobenzene. Copper chro-
mate (CuCr,0,),'’ copper nanoparticle catalyst supported on
CeO, (Cu—Ce0,)*! titania pillared clays,'® mesoporous silica-
containing cobalt oxide catalyst,”’ silver nanoparticles sup-

consisted of two distinct reactions. The first reaction involved
photoexcitation of CeO,, which reduced nitrosobenzene to N-
phenylhydroxylamine and oxidized 2-propanol to acetone. In the
second reaction, N-phenylhydroxylamine and nitrosobenzene
were condensed to azoxybenzene.

ported on tungsten oxide (Ag/WOs),®! é-iron oxyhydroxide (5-
FeOOH) doped with niobium (Nb),””! gold nanoparticles doped
with rubidium ion (Rb*) supported on CeO, (Rb—Au/Ce0,),™
titanium-loaded MCM-48,"" aluminum oxide combined with nio-
bium oxide (Al,0:/AINb,0s), and Ag loaded on iron oxide
(Ag/Fe,0,)3 have been reported to be effective catalysts for
the selective oxidation of aniline to azoxybenzene. In these cat-
alytic systems, hydrogen peroxide (H,0,) was used as the oxidant
in an alcoholic or acetonitrile solution. Recently, Ghosh et al.!™
reported selective oxidation of aniline to azoxybenzene over a
SiO;-encapsulated Ag/WO; catalyst using molecular oxygen (O;)
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Photocatalytic hydrogenation of acetophenone over Pd-TiO,

using saccharides as hydrogen sources

Acetophenone was hydrogenated to 1-phenylethanol over

a Pd-TiO, photocatalyst using various saccharides without
the use of H, gas. This photocatalytic system shows wide
applicability of saccharides; 15 kinds of saccharides including
3 kinds of polysaccharides could be used as hydrogen
sources. The results indicate the possibility of utilizing
biomass for hydrogenation instead of H, gas.
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