
Catalysis Science & Technology
Amultidisciplinary journal focussingonall fundamental scienceand technological aspects
of catalysis
rsc.li/catalysis
The Royal Society of Chemistry is the world's leading chemistry community. Through our high impact journals and publications we
connect the world with the chemical sciences and invest the profits back into the chemistry community.

IN THIS ISSUE

ISSN 2044–4761 CODEN CSTAGD 13(19) 5467–5788 (2023)

Cover
See Caroline E. Paul et al.,
pp. 5530–5535.
Image reproduced by
permission of Caroline Paul
& Claudia Ferrer from
Catal. Sci. Technol.,
2023, 13, 5530.

Inside cover
See Samir H. Chikkali et al.,
pp. 5549–5555.
Image reproduced by
permission of Tanuja Tewari,
Rohit Kumar & Samir Chikkali
from Catal. Sci. Technol.,
2023, 13, 5549.

MINI REVIEW

5478

Review on the preparation and performance
improvement methods of bismuth photocatalyst
materials

Lei Chen, Bin Guan,* Jiangfeng Guo, Yujun Chen,
Zeren Ma, Junyan Chen, Shunyu Yao, Chenyu Zhu,
Hongtao Dang, Kaiyou Shu, Zelong Guo, Chao Yi,
Kuangyi Shi, Yuan Li, Jingqiu Hu and Zhen Huang

COMMUNICATIONS

5530

Biocatalytic reduction of alkenes in micro-aqueous
organic solvent catalysed by an immobilised ene
reductase

Rocio Villa, Claudia Ferrer-Carbonell
and Caroline E. Paul*

Catal. Sci. Technol., 2023, 13, 5469–5477 | 5469This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a
https://pubs.rsc.org/en/journals/journal/CY
https://pubs.rsc.org/en/journals/journal/CY?issueid=CY013019


Editorial Staff

Executive Editor

Maria Southall

Deputy Editor

Bianca Provost

Editorial Production Manager

Chris Goodall

Assistant  Editors

Sean Browner, Molly Colgate, Paul Scott, Alison Winder

Editorial Assistant

Basita Javeed

Publishing Assistant

Allison Holloway

Publisher

Sam Keltie

For queries about submitted articles please contact 

Emily Skinner, Editorial Production Manager, in the first instance. 

E-mail catalysis@rsc.org

For pre-submission queries please contact 

Maria Southall, Executive Editor. 

E-mail catalysis-rsc@rsc.org

Catalysis Science & Technology electronic: ISSN 2044-4761 

is published 24 times a year by the Royal Society of Chemistry, 

Thomas Graham House, Science Park, Milton Road, Cambridge, 

CB4 0WF, UK.

All orders, with cheques made payable to the Royal Society of 

Chemistry, should be sent to the Royal Society of Chemistry Order 

Department, Royal Society of Chemistry, 

Thomas Graham House, Science Park, Milton Road, Cambridge, 

CB4 0WF, UK

Tel +44 (0)1223 432398; E-mail orders@rsc.org

2023 Annual electronic subscription price: £2552; US$4214. 

Customers in Canada will be subject to a surcharge to cover GST. 

Customers in the EU subscribing to the electronic version only will 

be charged VAT.

If you take an institutional subscription to any Royal Society of 

Chemistry journal you are entitled to free, site-wide web access 

to that journal. You can arrange access via Internet Protocol (IP) 

address at www.rsc.org/ip

Customers should make payments by cheque in sterling payable 

on a UK clearing bank or in US dollars payable 

on a US clearing bank. 

Whilst this material has been produced with all due care, the Royal 

Society of Chemistry cannot be held responsible or liable for its 

accuracy and completeness, nor for any consequences arising 

from any errors or the use of the information contained in this 

publication. The publication of advertisements does not constitute 

any endorsement by the Royal Society of Chemistry or Authors 

of any products advertised. The views and opinions advanced by 

contributors do not necessarily reflect those of the Royal Society of 

Chemistry which shall not be liable for any resulting loss or damage 

arising as a result of reliance upon this material. The Royal Society 

of Chemistry is a charity, registered in England and Wales, Number 

207890, and a company incorporated in England by Royal Charter 

(Registered No. RC000524), registered office: 

Burlington House, Piccadilly, London W1J 0BA, UK, 

Telephone: +44 (0) 207 4378 6556.

Advertisement sales: 

Tel +44 (0) 1223 432246; Fax +44 (0) 1223 426017; 

E-mail advertising@rsc.org

For marketing opportunities relating to this journal, 

contact marketing@rsc.org

Catalysis Science
& Technology
A multidisciplinary journal focusing on all fundamental science 

and technological aspects of catalysis

rsc.li/catalysis

Editorial Board

Editor-in-Chief

Bert Weckhuysen,

Utrecht University, The Netherlands

Associate Editors 

Dirk De Vos, KU Leuven, Belgium

Shaojun Guo, Peking University, China

Mélanie Hall, University of Graz, Austria

Bin Liu, City University of Hong Kong, Hong Kong

Núria López, Institut Català d'Investigació 

Química, Spain

Will Medlin, University of Colorado Boulder, USA

Regina Palkovits, RWTH Aachen, Germany

Xiulian Pan, Chinese Academy of Sciences, China

Kenichi Shimizu, Hokkaido University, Japan

Andrew Weller, University of York, UK

Chris Williams, University of South Carolina, USA

Yong Zhou, Nanjing University, China

Advisory Board

Isabel Arends, Utrecht University, The Netherlands

Xinhe Bao, Dalian Institute of Chemical Physics, 

CAS, China

Bhalchandra Bhanage, Institute of Chemical 

Technology, Mumbai, India

George Britovsek, Imperial College London, UK

Christian Bruneau, Institut des Sciences Chimiques 

de Rennes, France

Yong Cao, Fudan University, China

Matt Clarke, University of St Andrews, UK

Christophe Coperet, ETH Zürich, Switzerland

Avelino Corma, Valencia University, Spain

Johannes de Vries, Leibniz-Institut für Katalyse, 

Germany

Chris Hardacre, University of Manchester, UK

Graham Hutchings, University of Cardiff, UK

David Jackson, University of Glasgow, UK

Axel Knop-Gericke, Fritz-Haber Institute of the 

Max Planck Society, Germany

Can Li, Dalian Institute of Chemical Physics, 

Chinese Academy of Sciences, China

Wei-Xue Li, University of Science and Technology 

of China, China

Antonio Llobet, Institut Català d’Investigació 

Química,  Spain

Jennifer Love, University of Calgary, Canada

Ding Ma, Peking University, China

Debabrata Maiti, IIT Bombay, India

Noritaka Mizuno, University of Tokyo, Japan 

Francesca Paradisi, University of Bern, Switzerland

Evgeny Pidko, Delft University of Technology, The 

Netherlands

Robert M. Rioux, The Pennsylvania State 

University, USA

Tito Scaiano, University of Ottawa, Canada

Tetsuya Shishido, Tokyo Metropolitan University, 

Japan

Tsunehiro Tanaka, Kyoto University, Japan

Nick Turner, University of Manchester, UK

Piet van Leeuvan, University of Toulouse, France

Ning Yan, National University of Singapore, 

Singapore

Jinhua Ye, National Institute for Materials Science, 

Japan

Information for Authors

Full details on how to submit material for publication in Catalysis Science 

& Technology are given in the Instructions for Authors (available from 

http://www.rsc.org/authors). Submissions should be made via the journal’s 

homepage: rsc.li/catalysis

Authors may reproduce/republish portions of their published contribution 

without seeking permission from the Royal Society of Chemistry, provided 

that any such republication is accompanied by an acknowledgement in the 

form: (Original Citation)–Reproduced by permission of the Royal Society 

of Chemistry.

This journal is © The Royal Society of Chemistry 2023.

Apart from fair dealing for the purposes of research or private study for 

non-commercial purposes, or criticism or review, as permitted under the 

Copyright, Designs and Patents Act 1988 and the Copyright and Related 

Rights Regulation 2003, this publication may only be reproduced, stored 

or transmitted, in any form or by any means, with the prior permission in 

writing of the Publishers or in the case of reprographic reproduction in 

accordance with the terms of licences issued by the Copyright Licensing 

Agency in the UK. US copyright law is applicable to users in the USA.

Registered charity number: 207890

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


COMMUNICATIONS

5536

Continuous-flow dehydrative amidation between
carboxylic acids and amines using modified mixed
metal oxides as solid acid catalysts

Haruro Ishitani,* Kota Takeno, Masahiro Sasaya
and Shū Kobayashi*

5543

A two-dimensional MXene-supported CuRu catalyst
for efficient electrochemical nitrate reduction to
ammonia

Fang Zhao, Guangxin Li, Qianqian Hua, Jianghui Cao,
Jiliang Song, Liguo Gao, Tingli Ma, Xuefeng Ren*
and Anmin Liu*

PAPERS

5549

Iron-catalysed highly selective
hydroalkoxycarbonylation of alkynes using CO as
C1 source

Tanuja Tewari, Rohit Kumar and Samir H. Chikkali*

5556

CdS/TiO2 nanostructures synthesized via the SILAR
method for enhanced photocatalytic glucose
conversion and simultaneous hydrogen production
under UV and simulated solar irradiation

Kamonchanok Roongraung, Alexey Cherevan,
Dominik Eder and Surawut Chuangchote*

Catal. Sci. Technol., 2023, 13, 5469–5477 | 5471This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


PAPERS

5567

The construction of a vanadium-doped polysulfide
iron bimetallic active center for enhanced
photocatalytic nitrogen fixation

Wei Cai, Kang Li, Jianuan Wen, Zhicheng Zhang,
Qin Zhong and Hongxia Qu*

5576

Indirect design of OCM catalysts through machine
learning of catalyst surface oxygen species

Fumiya Nishino, Hiroshi Yoshida, Masato Machida,
Shun Nishimura, Keisuke Takahashi* and Junya Ohyama*

5582

Highly efficient oxidation of ethyl lactate to ethyl
pyruvate with molecular oxygen over VxOy/SBA-15
catalysts

Jing Xu, Zonghui Liu,* Yali Zhou, Rui Fu, Zhe Wen,
Bing Yan and Bing Xue*

5592

Indium-doped flower-shaped PdIn nanocatalysts for
enhanced ethanol oxidation

Jingjing Dou, Xiang Li,* Bo Xi, Xiaoxuan Yang,
Yaming Liu, Changqing Jin and Junjun Zhang

5472 | Catal. Sci. Technol., 2023, 13, 5469–5477 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


PAPERS

5599

Direct Z-scheme WO3/covalent organic framework
(COF) heterostructure for enhanced photocatalytic
hydrogen peroxide production in water

Yepeng Yang, Yuan Li, Xiaoqian Ma, Lanxin Xie, Die Lv,
Liang Jiang, Jiao He, Daomei Chen and Jiaqiang Wang*

5610

Phosphating core–shell graphdiyne/CuI/Cu3P
S-scheme heterojunction confirmed with in situ XPS
characterization for efficient photocatalytic
hydrogen production

Jie He, Xinyu Miao, Youlin Wu and Zhiliang Jin*

5625

Efficient additive-free formic acid dehydrogenation
with a NNN–ruthenium complex

Pascal Knörr, Nicolas Lentz and Martin Albrecht*

5632

Unlocking the potential of catalysts in
thermochemical energy conversion processes

Avinash Alagumalai, Balaji Devarajan and Hua Song*

Catal. Sci. Technol., 2023, 13, 5469–5477 | 5473This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


PAPERS

5654

Recycling of brush polymer containing iridium
photocatalyst supported on glass balls

Audrey Beillard, Julien A. L. Renault, Duc-Hahn Nguyen,
Warren Lhuillier, Jean-Luc Renaud, Aurélie Vicente
and Sylvain Gaillard*

5662

Structure sensitivity in Pt-catalyzed
hydrodeoxygenation of multi-oxygenated lignol
model compounds

Justin Marlowe, Peter C. Ford, Mahdi M. Abu-Omar*
and Phillip Christopher*

5679

Unleashing the solar revolution: harnessing the
power of an ultra-strong tensile strength PGTPP
nanocomposite photocatalyst for artificial
photosynthesis

Kuldeep Kumar, Rajesh Kumar Yadav,*
Rajesh Kumar Verma,* Satyam Singh, Rehana Shahin,
Rajat Singhal, Navneet Kumar Gupta, Chandani Singh,
Dilip K. Dwivedi and Jin-OoK Baeg*

5689

Entropic influence on the generation of Fe(IV)O
species at mononuclear Fe(II) sites in metal–organic
frameworks

Fernan Saiz* and Leonardo Bernasconi*

5474 | Catal. Sci. Technol., 2023, 13, 5469–5477 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


PAPERS

5702

Carbonic anhydrase mimics with rationally designed
active sites for fine-tuned catalytic activity and
selectivity in ester hydrolysis

Foroogh Bahrami and Yan Zhao*

5710

Anti-symmetric exchange and hydrogen evolution
in titanium halide monolayers

Vidit B. Zala, Rishit S. Shukla, Sanjeev K. Gupta*
and P. N. Gajjar*

5718

Tuning of the electronic, photocatalytic and optical
properties of Janus XWAZ2 (X = S, Se, Te; A = Si,
Ge; Z = N, P, As) monolayers via strain and
external electric field

Zhen Gao, Xin He, Yao He* and Kai Xiong

5734

High transformation of propane in reaction with
CO2 to propylene on ZrO2-combined Fe-based
catalysts

Yuan Wang, Yan Chen, Jianli Zhang, Qingxiang Ma,
Subing Fan and Tian-Sheng Zhao*

Catal. Sci. Technol., 2023, 13, 5469–5477 | 5475This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


PAPERS

5745

Divergence in CH alkylation of indoles under Mn
catalysis

Akash Mondal, Rohit Kumar, Abhijith Karattil Suresh,
Manoj Kumar Sahoo and Ekambaram Balaraman*

5757

Oxidative coupling of methane under microwave:
core–shell catalysts for selective C2 production and
homogeneous temperature control

Reina Kaneda, José Palomo, Lingjun Hu
and Atsushi Urakawa*

5767

Conditions to meet for the [CuOH]+ site to be
favorable and reactive toward the conversion of
methane to methanol over Cu-MOR zeolite

Muhammad Haris Mahyuddin,* Elbert Timothy Lasiman,
Adhitya Gandaryus Saputro, Suci Valerie Casuarina,
Nugraha and Hermawan Kresno Dipojono

5776

Photothermal-enhanced solar water oxidation on
NiO/amorphous carbon/BiVO4 and CoOx/
amorphous carbon/BiVO4 photoanodes

Huichao He, Yuli Xiong, Hao Xiao, Tao Han, Yujie Guo,
Jiahe Li, Qiwen Chen, Yunhuai Zhang,* Jinyan Du*
and Gaili Ke*

5476 | Catal. Sci. Technol., 2023, 13, 5469–5477 This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a


CORRECTION

5785

Correction: CdS/TiO2 nanostructures synthesized via the SILAR method for enhanced photocatalytic
glucose conversion and simultaneous hydrogen production under UV and simulated solar irradiation

Kamonchanok Roongraung, Alexey Cherevan, Dominik Eder and Surawut Chuangchote*

Catal. Sci. Technol., 2023, 13, 5469–5477 | 5477This journal is © The Royal Society of Chemistry 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
O

ct
ob

er
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

2/
4/

20
25

 3
:3

9:
15

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cy90078a



