
EDITORIALS

2723

Materials Horizons Emerging Investigator Series:
Professor Derek Ho, City University of Hong Kong,
China

2726

Outstanding Reviewers for Materials Horizons
in 2022

IN THIS ISSUE
ISSN 2051–6347 CODEN MHAOAL 10(8) 2709–3176 (2023)

Cover
See Dario M. Bassani,
Lionel Hirsch
et al., pp. 2845–2853.
Image reproduced
by permission of
CNRS - University
of Bordeaux from
Mater. Horiz.,
2023, 10, 2845.

Materials Horizons

rsc.li/materials-horizons

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.

This journal is The Royal Society of Chemistry 2023 Mater. Horiz., 2023, 10, 2711–2722 | 2711

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

1 
Ju

ly
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/2
2/

20
25

 1
1:

18
:1

6 
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://rsc.li/materials-horizons
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3mh90039h
https://rsc.66557.net/en/journals/journal/MH
https://rsc.66557.net/en/journals/journal/MH?issueid=MH010008


Editorial Staff
Executive Editor 
Michaela Mühlberg

Deputy Editor 
Geraldine Hay

Editorial Production Manager 
Jonathon Watson

Senior Publishing Editor 
Alex Metherell

Development Editor 
Rose Wedgbury

Publishing Editors 
Matthew Blow, Robin Brabham, Chris Dias, Ash Hyde, Evie 
Karkera, Tamara Kosikova, Carole Martin, Kirsty McRoberts, 
Cat Schofield, Ella White, Tom Williams

Editorial Assistant 
Daniel Smith

Publisher 
Sam Keltie

For queries about submitted papers, please contact  
Jonathon Watson, Editorial Production Manager  
in the first instance. E-mail: materialshorizons@rsc.org

For pre-submission queries please contact  
Michaela Mühlberg, Executive Editor.  
E-mail: materialshorizons-rsc@rsc.org

Materials Horizons (electronic:  
ISSN 2051-6355) is published 12 times a year by  
the Royal Society of Chemistry, Thomas Graham House, 
Science Park, Milton Road, Cambridge, UK CB4 0WF. 

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: £2697, $4615. 
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

Materials Horizons
rsc.li/materials-horizons
Building and designing systems from the molecular level

Editorial Board
Chair
Martina Stenzel, University of New South 
Wales, Australia

Scientific Editors
Jean-Luc Bredas, University of Arizona, USA
Bruno Chaudret, INSA, France
Guoping Chen, National Institute for 
Materials Science, Japan

Yong Cui, Shanghai Jiao Tong University, 
China
Simone Fabiano, Linköping University, 
Sweden
Zhongyi Jiang, Tianjin University, China
Kisuk Kang, Seoul National University, 
South Korea 
Norbert Koch, Humboldt University of 
Berlin, Germany 
Róisín Owens, University of Cambridge, 
United Kingdom

Yi Long, Chinese University of Hong Kong, 
Hong Kong SAR, China

Members
Kelsey Hatzell, Princeton University, USA
Mark E. Thompson, University of Southern 
Shu Yang, University of Pennsylvania, USA

Advisory Board
Athina Anastasaki, ETH Zurich, Switzerland
Markus Antonietti, Max Planck Intitute of 
Colloids & Interfaces, Germany
David Beljonne, University of Mons, Belgium
Chris Bettinger, Carnegie Mellon University, 
USA
Kanishika Biswas, Jawaharlal Nehru Centre 
for Advanced Scientific Research, India
Paul Blom, Max Planck Institute for Polymer 
Research, Mainz, Germany
Mischa Bonn, Max Planck Institute for 
Polymer Research, Germany
Markus Buehler, Massachusetts Institute of 
Technology, USA
Jillian Buriak, University of Alberta, Canada
Moyuan Cao, Nankai University, China
Yong Cao, South China University of 
Technology, China
Rachel Caruso, University of Melbourne, 
Austrailia
Anthony Cheetham, University of Cambridge, 
UK
Hong Chen, Soochow University, China
Brandi Cossairt, University of Washington, 
USA
Dibyendu Das, IISER Kolkata, India
Luisa De Cola, University of Strasbourg, 
France
Ulrike  Diebold, Vienna University of 
Technology, Austria
Mircea Dinca, Massachusetts Institute of 
Technology, USA
Gitti Frey, Technion - Israel Institute of 
Technology, Israel
Richard Friend, University of Cambridge, UK
Subi George, Jawaharlal Nehru Centre for 
Advanced Scientific Research, India
Rebecca Gieseking, Brandeis University
Jian Ping Gong, Hokkaido University, Japan
Grace Gu, University of California, Berkeley, 
USA
Ritu Gupta, Indian Institute of Technology 
Jodhpur, India
David Haddleton, University of Warwick, UK
Martin Heeney, King Abdullah University 
of Science and Technology (KAUST), Saudi 
Arabia
Laura  Herz, Univeristy of Oxford, UK
Jurriaan Huskens, University of Twente, 
Netherlands
Hiroshi Imahori, Kyoto University, Japan
Lei Jiang, Beihang University, China 

Antoine Kahn, Princeton University, USA
Richard Kaner, University of California, Los 
Angeles, USA
Susumu Kitagawa, Kyoto University, Japan
Anna Koehler, University of Bayreuth, 
Germany
Frederik Krebs, Elite Science, Denmark
Katharina Landfester, Max Planck Institute 
for Polymer Research, Germany
Guglielmo  Lanzani , Italian Institute of 
Technology, Italy
Neng Li, Wuhan University of Technology, 
China
Yan Li, Peking University, China
Darren Lipomi, University of California, San 
Diego, USA
Bin Liu, National University of Singapore, 
Singapore
Maria Antonietta Loi, University of 
Groningen, Netherlands
Lynn Yueh Lin Loo, Princeton University, USA
Bettina Lotsch , Max Planck Institute for 
Solid State Research, Germany
HongYee Low, Singapore University of 
Technology and Design, Singapore
Eva Malmström Jonsson, KTH Royal Institute 
of Technology, Sweden
Uttam Manna, Indian Institute of 
Technology-Guwahati, India
Seth Marder, University of Colorado Boulder, 
USA
Richard Martel, University of Montreal, 
Canada
Hedi Mattoussi, Florida State University, USA
David  Mecerreyes , University of the Basque 
Country, Spain
Phillip Messersmith, University of California, 
Berkeley, USA
Catherine Murphy, University of Illinois 
Urbana-Champaign, USA
K S Narayan, Jawaharlal Nehru Centre for 
Advanced Scientific Research, India
Thuc-Quyen Nguyen, University of 
California, Santa Barbara, USA
Markus Niederberger, ETH Zürich, 
Switzerland
Teri Odom, Northwestern University, USA
Wee-Jun Ong, Xiamen University, Malaysia
Moon Jeong Park, Pohang University of 
Science and Technoloy (POSTECH), Korea
Marie-Paule Pileni, Pierre and Marie Curie 
University, France

Vivek Polshettiwar, Tata Institute of 
Fundamental Research (TIFR), India
C N R Rao, Jawaharlal Nehru Centre for 
Advanced Scientific Research, Bangalore, 
India
Erin Ratcliff, University of Arizona, USA
Vince Rotello, University of Massachusetts at 
Amherst, USA
David Scanlon, University College London, 
United Kingdom
Bernd M. Schmidt, Heinrich Heine 
University Düsseldorf, Germany 
Christine Schmidt, University of Florida, USA
Gregory D. Scholes, Princeton University, USA
Rachel Segalman, University of California 
Santa Barbara, USA
Peter Skabara, University of Glasgow, UK
Henry Snaith, University of Oxford, UK
Kazuo Takimaya, RIKEN, Japan
Luisa Torsi, University of Bari, Italy
Ramanathan Vaidhyanathan, IISER Pune, 
India
Aleks Vojvodic, University of Pennsylvania, 
USA
Elizabeth von Hauff, VU Amsterdam, The 
Netherlands
Aron Walsh, Imperial College London, UK
Mengye Wang, Sun Yat-Sen University, China
Shu Wang, Institute of Chemistry, Chinese 
Academy of Sciences, China
Xun Wang, Tsinghua University, China
Tanja Weil, Max Planck Institute for Polymer 
Research, Germany
Emily Weiss, Northwestern University, USA
David Weitz, Harvard University, USA
Chris Wolverton, Northwestern University, 
USA
Yi Xie, University of Science and Technology 
of China, China
Vivian Wing-Wah Yam, University of Hong 
Kong, Hong Kong
Shannon  Yee, Georgia Institute of 
Technology, USA
Jihong Yu, Jilin University, China
Shu-Hong Yu, University of Science and 
Technology of China, China
Aldo J. G. Zarbin, Universidade Federal do 
Paraná, Brazil
Xiaowei Zhan, Peking University, China
Nan Zhang, Hunan University, China
Dongyuan Zhao, Fudan University, China
Ye Zhou, Shenzhen University, China

Community Board
Please see the Materials Horizons journal webpage for full details of our Community Board: rsc.li/materials-horizons

Information for Authors
Full details on how to submit material for publication in  
Materials Horizons 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/materials-horizons. 
Submissions: The journal welcomes submissions of manuscripts 
for publication as Communications, Reviews, Mini-reviews and 
Focus Articles. Communications should contain exceptionally 
significant scientific work of such importance that rapid publication 
is desirable. The research presented should provide new insight into 
the topic and be accessible to the broad readership of the journal.
Colour figures are reproduced free of charge. Additional details are 
available from the Editorial Office or http://www.rsc.org/authors
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
 3

1 
Ju

ly
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/2
2/

20
25

 1
1:

18
:1

6 
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/d3mh90039h


REVIEWS

2727

Click chemistry for 3D bioprinting

Lei Nie,* Yanfang Sun, Oseweuba Valentine Okoro,
Yaling Deng,* Guohua Jiang and Amin Shavandi*

2764

Emerging transition metal and carbon nanomaterial
hybrids as electrocatalysts for water splitting: a
brief review

Ayaz Muzammil, Rizwan Haider, Wenrui Wei, Yi Wan,
Muhammad Ishaq, Muhammad Zahid,* Waleed Yaseen
and Xianxia Yuan*

2800

Conductive polymer based hydrogels and their
application in wearable sensors: a review

Dong Liu, Chenxi Huyan, Zibi Wang, Zhanhu Guo,
Xuehua Zhang, Hamdi Torun, Daniel Mulvihill,
Ben Bin Xu* and Fei Chen*

2824

Bioinspired humidity-responsive liquid crystalline
materials: from adaptive soft actuators
to visualized sensors and detectors

Ruochen Lan,* Wenbo Shen, Wenhuan Yao,
Jingyu Chen, Xinyu Chen and Huai Yang*

This journal is The Royal Society of Chemistry 2023 Mater. Horiz., 2023, 10, 2711–2722 | 2713

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

1 
Ju

ly
 2

02
3.

 D
ow

nl
oa

de
d 

on
 7

/2
2/

20
25

 1
1:

18
:1

6 
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/d3mh90039h


COMMUNICATIONS

2845

Redox-active ions unlock substitutional doping
in halide perovskites

Zuzanna Molenda, Bastien Politi, Raphaël Clerc,
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