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their photovoltaic and photoelectrochemical properties (Article)
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Research Center for Solar Energy Chemistry, Osaka University, 1-3 Machikaneyama, Toyonaka 560-8531, Japan

Abstract
Polycrystalline CuInS  chalcopyrite thin films were formed on a Mo-coated glass substrate by annealing of spray
deposited precursor films in a sulfur atmosphere. Structural and photoelectrochemical analyses of CuInS  films
obtained by annealing at 500 °C and 600°C revealed that a well-defined crystalline film was obtained by the 600°C
annealing. Owing to these favorable properties, the solar cell with an Al:ZnO/CdS/CIS/Mo/ glass structure based on
the 600°C annealed CuInS  film showed higher conversion efficiency than that obtained on the cell derived from the
500°C annealed CuInS . Partial incorporation of Ga in the CuInS  film with a Ga/In ratio of ca. 0.2 to form a
Cu(In,Ga)S  mixed crystal without any reduction of photoelectrochemical properties can be achieved by introduction
of a Ga source in the sprayed solution. As a result, the solar cell based on the 600°C annealed Cu(In,Ga)S  film showed
the best conversion efficiency (5.8%) of the present sprayed chalcopyrite films. By introduction of a CdS thin layer
followed by loading Pt deposits, moreover, the 600°C annealed Cu(In,Ga)S  film worked as a photocathode for
photoelectrochemical water splitting with applied bias potential of >0.65 V. © 2013 The Royal Society of Chemistry.
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Promotional effect of indium on Cu/SiO  catalysts for the hydrogenation of dimethyl
oxalate to ethylene glycol
Yuxi Xu, Lingxin Kong, Huijiang Huang, Hui Wang, Xiaofei Wang, Shengping Wang, Yujun Zhao and Xinbin Ma

CuIn/SiO  with 1.0 wt% indium shows the best catalytic performance for DMO hydrogenation to EG. The

synergistic effect of Cu –Cu –CuIn alloy in activating H  molecules and carbonyl bonds is elucidated.
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Scope

Catalysis Science & Technology is a leading international journal for the publication of the highest
impact articles reporting cutting-edge developments across the catalysis science community. The
journal places equal focus on publications from the heterogeneous, homogeneous, organocatalysis
and biocatalysis communities, containing a balanced mix of fundamental, technology-oriented,
experimental and computational original research and reviews, thus appealing to both academic and
industrial scientists.

Original research articles published in the journal must show new catalytic discoveries that are a
significant advance on previously published work, bringing conceptual advances, or molecular insights
to catalytic processes, and where appropriate, demonstrate the relationship between synthesis,
structure and performance of catalytic systems. Kinetics and mechanisms are a central part of
catalysis science and should be included in submitted articles.

Examples of topics within the journal’s scope and the expected significance are:

In-depth mechanistic insights through advanced methods and theoretical methods that are of
significant and direct interest and impact in the science and application of catalysts and catalytic
processes. Studies using concepts are preferred to trial and error optimisation
New catalysts and/or processes for conversions of current and future interest within life
sciences, pharmaceuticals, polymers, environmental protection, energy and fuels. Studies that
report incremental improvement of catalytic performance will not be published in the journal
New catalytic reactions with significant impact in addressing current challenges and societal
demands, for example waste reduction, reduced energy use or efficient use of feedstocks
Studies that relate chemical reactions at surfaces, reactivity of metal complexes, or
macromolecular structure to catalytic function and processes. Studies emphasising sophisticated
materials and properties with residual evidence of catalytic function will not be published in the
journal
Theoretical studies of materials and molecules (exhibiting catalytic turnover) that result in
significantly greater performance or understanding of existing catalytic reactions
Studies on multiscale modelling, for example, engineering of catalytic processes from the nano
to the macroscale
Synthesis strategies for inorganic materials, hybrid materials and macromolecules that can be
used as catalysts or their supports. Studies that claim catalyst performance must support this
with kinetic data and proper mass balances
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Perspective


Photocatalytic water oxidation with hematite electrodes
Kelley M. H. Young, Benjamin M. Klahr, Omid Zandi and Thomas W. Hamann

A tale of two pathways; how does water oxidation proceed at the hematite surface?
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Minireview


Metal sulphide semiconductors for photocatalytic hydrogen production
Kai Zhang and Liejin Guo

The important research progress in the development of visible light driven sulfide photocatalysts is
presented in this review, which are classified according to their genealogy.
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Communication


Effect of the preparation conditions of a barium–tantalate photocatalyst on the overall
photocatalytic splitting of H O
Yoshihisa Sakata, Takashi Kamigouchi, Shuhei Tanaka, Hirokazu Kamioka, Keisuke Matsumoto, Hirotaka Fujimori, Hayao Imamura and
Junko N. Kondo

The photocatalytic activity of a barium tantalum mixed oxide for H O splitting was related to its

morphology originating from its preparation conditions.
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Assembling graphitic-carbon-nitride with cobalt-oxide-phosphate to construct an
efficient hybrid photocatalyst for water splitting application
Rui-Lin Lee, Phong D. Tran, Stevin S. Pramana, Sing Yang Chiam, Yi Ren, Siyuan Meng, Lydia H. Wong and James Barber

A scalable process to synthesize an efficient hybrid photocatalyst composed of earth-abundant
elements for water splitting is reported.
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Enhanced photocatalytic water oxidation on ZnO photoanodes in a borate buffer
electrolyte
Feng-Qiang Xiong, Jingying Shi, Donge Wang, Jian Zhu, Wen-Hua Zhang and Can Li

Water oxidation performance was improved with no addition of a valence-variable metal but simply by
treatment in borate buffer solution.
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Paper


Carbon nitride nanosheets for photocatalytic hydrogen evolution: remarkably enhanced
activity by dye sensitization
Yabo Wang, Jindui Hong, Wei Zhang and Rong Xu

A photocatalyst system consisting of Pt nanoparticles-loaded carbon nitride nanosheets and the
Erythrosin B photosensitizer was constructed, which exhibits excellent photocatalytic activity for
hydrogen evolution under visible light irradiation.
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Reduction degree of reduced graphene oxide (RGO) dependence of photocatalytic
hydrogen evolution performance over RGO/ZnIn S  nanocomposites
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A correlation between the photocatalytic performance for H  evolution and the RGO reduction degree

over RGO/ZnIn S  nanocomposites was shown.
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Photocatalytic hydrodenitrogenation of aromatic cyanides on TiO  loaded with Pd
nanoparticles
Yoshitsune Sugano, Keisuke Fujiwara, Yasuhiro Shiraishi, Satoshi Ichikawa and Takayuki Hirai

TiO  loaded with Pd particles, when photoirradiated in ethanol at room temperature, successfully

promotes hydrodenitrogenation of aromatic cyanides, producing toluenes and triethylamine with
almost quantitative yields.
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Anodic deposition of NiO  water oxidation catalysts from macrocyclic nickel(II)
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Archana Singh, Shery L. Y. Chang, Rosalie K. Hocking, Udo Bach and Leone Spiccia

We demonstrate the utility of macrocylic nickel(II) amine complexes as pre-catalysts for the

electrodeposition of nickel oxide films that are active water oxidation catalysts, and which exhibit
electrochromic properties and enhanced catalytic activity upon exposure to visible light.
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Fabrication of SrTiO  exposing characteristic facets using molten salt flux and
improvement of photocatalytic activity for water splitting
Hideki Kato, Makoto Kobayashi, Michikazu Hara and Masato Kakihana

An improvement in the activity of SrTiO  through the fabrication of crystals exposing high-index facets

such as {120} and {121} has been achieved by the facile flux treatment using molten KCl.
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Hayato Yuzawa, Shoko Yoneyama, Akihito Yamamoto, Masanori Aoki, Kazuko Otake, Hideaki Itoh and Hisao Yoshida

Hydration of various alkenes proceeds according to the anti-Markovnikov rule over platinum-loaded
titanium oxide photocatalysts, where electrophilic surface oxygen radical species would attack the
double bond.
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Photocatalytic water splitting under visible light utilizing I /I  and IO /I  redox
mediators by Z-scheme system using surface treated PtO /WO  as O  evolution
photocatalyst
Yugo Miseki, Satoshi Fujiyoshi, Takahiro Gunji and Kazuhiro Sayama

Photocatalytic water splitting under visible light by the Z-scheme system was improved by surface
treatment for PtO /WO  due to the effective suppression of undesirable reactions.
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Enhancement of visible light photocatalytic performances of Bi MoS O  nanoplates
Rui Shi, Tongguang Xu, Lihong Yan, Yongfa Zhu and Jun Zhou

A novel Bi MoS O  nanoplate photocatalyst with high-energy efficiency and high-activity has been

successfully synthesized by a reflux method.
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Photocatalytic properties of in situ doped TiO -nanotubes grown by rapid breakdown
anodization
Robert Hahn, Martin Stark, Manuela Sonja Killian and Patrik Schmuki

We introduce an in situ electrochemical doping approach during the growth of RBA-TiO  nanotubes

using several oxygen containing metal anions.
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Effects of reaction temperature on the photocatalytic activity of photo-SCR of NO with
NH  over a TiO  photocatalyst
Akira Yamamoto, Yuto Mizuno, Kentaro Teramura, Tetsuya Shishido and Tsunehiro Tanaka

Reaction temperature had a significant effect on the activity of the photo-assisted SCR of NO with NH .
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Arrangement effect of the di-μ-oxo dimanganese catalyst and Ru(bpy)  photoexcitation
centers adsorbed on mica for visible-light-derived water oxidation
Masanari Hirahara, Hirosato Yamazaki, Satoshi Yamada, Kazuki Matsubara, Kenji Saito, Tatsuto Yui and Masayuki Yagi

The arrangement of Mn dimers as a catalyst and Ru(bpy)  as a photosensitizer in mica is important for

photochemical water oxidation for an artificial PS II model.
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Noble metal-free Ni(OH) –g-C N  composite photocatalyst with enhanced visible-light
photocatalytic H -production activity
Jiaguo Yu, Shuhan Wang, Bei Cheng, Zhang Lin and Feng Huang

Ni(OH) –g-C N  composite photocatalysts were prepared by a simple precipitation method, exhibiting

visible-light photocatalytic H -production activity from triethanolamine aqueous solutions.
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Band energy levels and compositions of CdS-based solid solution and their relation with
photocatalytic activities
Guan Zhang, Damián Monllor-Satoca and Wonyong Choi

Band energy levels and compositions of CdS were tuned by composing (AgIn) Cd S  (x = 0–1) solid

solution, determined by photoelectrochemical measurements and DOS calculation, and correlated with
their photocatalytic activities.
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Pyrochlore-like K Ta O  synthesized from different methods as efficient photocatalysts
for water splitting
Che-Chia Hu, Te-Fu Yeh and Hsisheng Teng

The correlation between the photoluminescence properties and the activity of K Ta O  catalysts

demonstrates the importance of regulating charge transport for effective photocatalytic water splitting.
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Paper


Visible light photocatalytic degradation of methylene blue by SnO  quantum dots
prepared via microwave-assisted method
Xinjuan Liu, Likun Pan, Taiqiang Chen, Jinliang Li, Kai Yu, Zhuo Sun and Changqing Sun

SnO  quantum dots were synthesized using a microwave-assisted reaction for the photocatalytic

degradation of methylene blue under visible light irradiation.
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To what extent do the nanostructured photoelectrodes perform better than their
macrocrystalline counterparts?
Jan Augustynski and Renata Solarska

Taking example of the most frequently investigated photoanode materials, we show the actual situation
as being largely contrasted going from a substantial improvement to a spectacular drop of the PEC
performance.
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Paper


Water-soluble sulfonated–graphene–platinum nanocomposites: facile photochemical
preparation with enhanced catalytic activity for hydrogen photogeneration
Hui-Hui Zhang, Ke Feng, Bin Chen, Qing-Yuan Meng, Zhi-Jun Li, Chen-Ho Tung and Li-Zhu Wu

A well-dispersed water-soluble nanocomposite GSO Pt, prepared by a facile photoreduction with

Hantzsch 1,4-dihydropyridine, shows a higher photocatalytic efficiency for H  production.
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Design of visible-light photocatalysts by coupling of narrow bandgap semiconductors
and TiO : effect of their relative energy band positions on the photocatalytic efficiency
Sher Bahadur Rawal, Sandipan Bera, Daeki Lee, Du-Jeon Jang and Wan In Lee

According to relative energy band positions between TiO  and visible-light-absorbing semiconductors,

three different types of heterojunctions were designed, and their visible-light photocatalytic efficiencies
analyzed.
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Theoretical insight in to hydrogen-bonding networks and proton wire for the CaMn O
cluster of photosystem II. Elongation of Mn–Mn distances with hydrogen bonds
M. Shoji, H. Isobe, S. Yamanaka, Y. Umena, K. Kawakami, N. Kamiya, J.-R. Shen and K. Yamaguchi

Quantum mechanical (QM) and QM/molecular mechanics calculations of three cluster models were
used to determine hydrogen bonding networks and proton wires for the proton release pathways of
water oxidation in photosystem II.
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Fabrication of CuInS  and Cu(In,Ga)S  thin films by a facile spray pyrolysis and their
photovoltaic and photoelectrochemical properties
Shigeru Ikeda, Midori Nonogaki, Wilman Septina, Gunawan Gunawan, Takashi Harada and Michio Matsumura

Sprayed polycrystalline CuInS  and Cu(In,Ga)S  films were found to work as efficient solar cells and

photocathodes for photoelectrochemical overall water splitting.
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Issue 7, 2013

From the journal:

Catalysis Science & Technology

Theoretical insight in to hydrogen-bonding networks and proton wire for the CaMn O
cluster of photosystem II. Elongation of Mn–Mn distances with hydrogen bonds†

M.
Shoji,* 
 
H.
Isobe, 
 
S.
Yamanaka, 
 
Y.
Umena, 
 
K.
Kawakami, 
 
N.
Kamiya, 
 
J.-R.
Shen 
 and 
K.
Yamaguchi* 
 

Abstract

Quantum mechanical (QM) and QM/molecular mechanics (MM) calculations of three different cluster

models have been performed to shed light on hydrogen bonding networks and proton wires for proton
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release pathways (PRP) of water oxidation reactions in the oxygen evolving complex (OEC) of photosystem

II (PSII). Positions of all the hydrogen atoms in an extended QM Model III including the second coordination

sphere for the active-site CaMn O  complex of OEC of PSII have been optimized assuming the geometry of

heavy atoms determined by the recent high-resolution X-ray diffraction (XRD) experiment of PSII refined to

1.9 Å resolution. Full geometry optimizations of the first coordination sphere model (QM Model I)

embedded in the Model III and QM (QM Model I plus seven water molecules, namely QM Model II)/MM

models, together with full QM Model III, have also been conducted to elucidate confinement effects for

geometrical parameters of the CaMn O  cluster by proteins. Computational results by these methods have

elucidated the O⋯O(N), O⋯H distances and O(N)–H⋯O angles for hydrogen bonds in proton release paths

(PRP) I and II that construct a proton wire from Asp61 toward His190. The hydrogen-bonding structures

revealed have also been examined in relation to the possibilities of protonation of bridge oxygen dianions

within the CaMn O  cluster. The optimized inter-atomic distances by QM Models I and III, together with

QM(Model II)/MM, have elucidated the elongation of the Mn–Mn distances with hydrogen bonds and

variations of the Mn –O  length with confinement effects by protein. Implications of the computational

results are discussed in relation to the available EXAFS experiments, and internal, semi-internal and

external reductions of Mn ions and long Mn–Mn distances of the high-resolution (SP8) XRD, and rational

design of artificial catalysts for water oxidation that are current topics in the field of OEC of PSII.

This article is part of the themed collection:
Photocatalysis
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Enhancement of visible light photocatalytic performances of Bi MoS O  nanoplates†

Rui
Shi, 
 
Tongguang
Xu, 
 
Lihong
Yan, 
 
Yongfa
Zhu* 
 and 
Jun
Zhou* 
 

Abstract

A novel Bi MoS O  nanoplate photocatalyst with high-energy efficiency and high-activity has been

successfully synthesized by a reflux method. The visible-light response of Bi MoS O  could extend from

480 to 630 nm compared with Bi MoO . Compared with Bi MoO , the photocatalytic activities of the

Bi MoS O  sample increased about 0.4 and 4.6 times for degradation of methylene blue (MB) under UV and

visible-light (λ > 510 nm) irradiation, respectively. Density functional calculations revealed that Bi MoS O

had a narrower band gap and wider valence bandwidth compared with Bi MoO  because S 3p orbitals

contributed to the valence band formation. The high energy efficiency of Bi MoS O  photocatalysts came

from a narrow bandgap and the high activity came from a wider and dislocated valence band of

Bi MoS O . Furthermore, the synthesis of Bi MoS O  could afford guidance for designing the other high-

energy efficient and highly active photocatalysts.
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