
TUTORIAL REVIEW

30099

Rashba effect: a chemical physicist’s approach

Maciej J. Szary

REVIEW

30116

Metal–organic frameworks (MOFs) for energy
production and gaseous fuel and electrochemical
energy storage applications

Mariyappan Shanmugam, Nithish Agamendran,
Karthikeyan Sekar* and Thillai Sivakumar Natarajan*

IN THIS ISSUE
ISSN 1463–9076 CODEN PPCPFQ 25(44) 30081–30738 (2023)

PCCP

Physical Chemistry Chemical Physics – An international journal

rsc.li/pccp

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.

Cover
See Majdi Hochlaf
et al., pp. 30198–30210.
Image reproduced
by permission of
Majdi Hochlaf from
Phys. Chem. Chem. Phys.,
2023, 25, 30198.

This journal is the Owner Societies 2023 Phys. Chem. Chem. Phys., 2023, 25, 30083–30098 | 30083

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 1
1:

24
:2

9 
PM

. 
 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/pccp
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d3cp90227g
https://pubs.rsc.org/en/journals/journal/CP
https://pubs.rsc.org/en/journals/journal/CP?issueid=CP025044


PCCP
Physical Chemistry Chemical Physics – An international journal

rsc.li/pccp
PCCP is an international journal for the publication of original research papers, 
Communications and Perspective articles in the areas of physical chemistry, chemical 
physics and biophysical chemistry.

Owner Societies
Canadian Society for Chemistry
Deutsche Bunsen-Gesellschaft für 
Physikalische Chemie
Institute of Chemistry of Ireland
Israel Chemical Society
Kemisk Forenin
Koninklijke Nederlandse Chemische 
Vereniging

Korean Chemical Society
New Zealand Institute of Chemistry
Norsk Kjemisk Selskap
Österreichische Physikalische Gesellschaft
Polskie Towarzystwo Chemiczne
Real Sociedad Española de Química 
Royal Australian Chemical Institute 
Incorporated

Royal Society of Chemistry
Società Chimica Italiana
Suomen Kemian Seura – Kemiska Sällskapet 
I Finland
Svenska Kemisamfundet
Swiss Chemical Society
Türkiye Kimya Derneği

Honorary Board
G Ertl, Berlin, Germany
B Feringa, University of Groningen, 
Netherlands
S W Hell, Max Planck Institute for Biophysical 
Chemistry, Germany
J Jortner, Tel Aviv, Israel
M Karplus, Harvard University, USA

K Kohse- Hoeinghaus, Universitaet Bielefeld, 
Germany
Y T Lee, Academia Sinica, Taiwan
W H Miller, Berkeley, USA
E Neher, Max Planck Institute for Biophysical 
Chemistry, Germany
J Polanyi, Toronto, Canada

H Schwarz, Technische Universität Berlin, 
Germany
J P Simons, University of Oxford, UK
G A Somorjai, University of California, 
Berkeley, USA 
J Troe, GWDG, Germany
R N Zare, Stanford, USA

Editorial Board
B Albinsson, Chalmers University of 
Technology, Sweden
L Bañares, Universidad Complutense de 
Madrid, Spain
M Curri, University of Bari, Italy
C Daniel, Institute of Chemistry, University of 
Strasbourg, France
L Goerigk, The University of Melbourne, 
Australia
K Gordon, University of Otago, New Zealand

H Kondoh, Keio University, Japan
P Maiti, Indian Institute of Science, India
S Matsika, Temple University, USA
R Naaman, Weizmann Institute of Science, 
Israel
A Rijs, Vrije Universiteit Amsterdam,  
The Netherlands (Chair)
H Schaefer lll, University of Georgia, USA 
(Deputy Chair)
I Tamblyn, University of Ottawa, Canada

Y Xu, University of Alberta, Canada
J Zhang, New York University Shanghai, China

Advisory Board
C Adamo, ENSCP - Chimie ParisTech, France
H Ågren, KTH Royal Institute of Technology, 
Sweden
K Ariga, National Institute for Materials 
Science, Japan
P Ayers, McMaster University, Canada
A Ajayaghosh, CSIR-National Institute for 
Interdisciplinary Science and Technology 
(NIIST), India 
P Baglioni, University of Florence, Italy
V Barone, Scuola Normale Superiore di Pisa, 
Italy 
M Biczysko,  Shanghai University, China
E Bieske, University of Melbourne, Australia
J Biteen, University of Michigan, USA
D Casanova, Donostia International Physics 
Center, Spain
P Casavecchia, University of Perugia, Italy
O Christiansen, University of Aarhus, Denmark
G A Cisneros, University of North Texas, USA
S Coriani, Technical University of Denmark, 
Denmark
M DeVries,  University of California Santa 
Barbara, USA
C Diaz, Universidad Complutense de Madrid, 
Spain
J Dupont, University of Nottingham, UK
S Faraji, University of Groningen, Netherlands
D Frenkel, University of Cambridge, UK 
A Fujii, Tohoku University, Japan

S George, Jawaharlal Nehru Centre for 
Advanced Scientific Research (JNCASR), India
R B Gerber, Hebrew University Jerusalem, 
Israel
D Ghosh, Indian Association for the 
Cultivation of Science, India
D Goldfarb, Weizmann Institute of Science, 
Israel
S Grimme, University of Bonn, Germany
M Havenith, Ruhr-University Bochum, 
Germany
K Holmberg, Chalmers University of 
Technology, Sweden
Y Iwasawa, University of Tokyo, Japan
D Jacquemin, Université de Nantes, France
T Jagau, KU Leuven, Belgium
E Johnson, Dalhousie University, Canada
J MacPherson, University of Warwick, UK
S.Matsika, Temple University, USA
H Mattoussi, Florida State University, USA
G Meijer, Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Germany
F Neese, Max Planck Institute for Chemical 
Energy Conversion, Germany
D Nesbitt, University of Colorado, USA
D Neumark, University of California, Berkeley, 
USA
M Orozco, IRB Barcelona - Parc Científic de 
Barcelona, Spain
K Pas, Monash University, Australia

G Patwari, Indian Institute of Technology 
Bombay, India
M-P Pileni, Université Pierre et Marie Curie, 
France 
M Pumera, Nanyang Technological University, 
Singapore
P Pyykkö, University of Helsinki, Finland
M Rodgers, Wayne State University, USA
S Sampath, Indian Institute of Science 
Bangalore, India
R Signorell, ETH Zurich, Switzerland
T Schmidt, University of New South Wales, 
Australia
M Suhm, University of Göttingen, Germany
A Suits, University of Missouri, USA
D Sundholm, University of Helsinki, Finland
T Suzuki, Kyoto University, Japan
A Troisi, University of Warwick, UK
S Vega, Weizmann Institute of Science, Israel
D Waldeck, University of Pittsburgh, USA
L-J Wan, Institute of Chemistry, Chinese 
Academy of Sciences, China
B Weckhuysen, Utrecht University,  
The Netherlands
X Yang, Dalian Institute of Chemical Physics, 
Chinese Academy of Sciences, China
A Zehnacker-Rentien, Université Paris, France

Information for Authors
Full details on how to submit material for publication in  
PCCP 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/pccp

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 Owner Societies.  
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. 

 The paper used in this publication meets the requirements of 
ANSI/NISO Z39.48–1992
(Permanence of Paper).

Registered charity number: 207890

Editorial Staff
Executive Editor 
Michael A. Rowan

Deputy Editor 
Vikki Pritchard

Development Editors  
Bee Hockin, Andrea Carolina Ojeda Porras

Editorial Production Manager  
Gisela Scott

Senior Publishing Editor  
Robin Brabham

Publisher  
Jeanne Andres

Publishing Editors  
Catherine Au, Isobel Darlington, Konoya Das, Alexandre 
Dumon, Amy Lucas, Kieran Nicholson, Rini Prakash, Charlotte 
Pugsley, Hugh Ryan

Publishing Assistant  
Robert Griffiths

Editorial Assistant  
Daphne Houston

For queries about submitted papers, please contact   
Gisela Scott, Editorial Production Manager, in the first 
instance. E-mail: pccp@rsc.org

For pre-submission queries, please contact   
Michael A. Rowan, Executive Editor.   
Email: pccp-rsc@rsc.org

PCCP (electronic lSSN 1463-9084) is published 48 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: £4448; US$7835. 
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

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 1
1:

24
:2

9 
PM

. 
 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/d3cp90227g


PERSPECTIVES

30145

Structures, principles, and properties of
metamaterial perfect absorbers

Chenxu Zhao, Huan Wang, Yanyan Bu,
Hui Zou* and Xiangfu Wang*

30172

Nanostructure engineering of Pt/Pd-based oxygen
reduction reaction electrocatalysts

Le Li,* Xintong Ye, Qi Xiao, Qianyi Zhu, Ying Hu and
Meijun Han

COMMUNICATIONS

30188

Experimental confirmation of the Badger–Bauer
rule in the protonated methanol clusters: weak
hydrogen bond formation as a measure of terminal
OH acidity in hydrogen bond networks

Takeru Kato and Asuka Fujii*

30193

Pitfall in simulations of vibronic TD-DFT spectra:
diagnosis and assessment

Sebastian P. Sitkiewicz,* Eduard Matito, Josep M. Luis*
and Robert Zaleśny*
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Luis Carlos Pardo

30563

The elastic component of anisotropic strain
dominates the observed shift in the F2g

Raman mode of anelastic ceria thin films

Daniel Freidzon, Olga Kraynis, Ellen Wachtel,
Igor Lubomirsky* and Tsachi Livneh*

30572

Highly efficient helium purification through a
dual-membrane system: insights from molecular
dynamics simulations

Siamak Pakdel, Hamid Erfan-Niya,* Jafar Azamat and
Amir Hasanzadeh

30583

A self-powered mechanical energy harvester
based on CH3NH3PbI3 doped P(VDF-HFP)/PANI
composite films

Priti Sundar Barman, Samiran Garain* and
Prakriti Adhikary*

30094 | Phys. Chem. Chem. Phys., 2023, 25, 30083–30098 This journal is the Owner Societies 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 1
1:

24
:2

9 
PM

. 
 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/d3cp90227g


RESEARCH PAPERS

30596

Polar metals in strain-engineered KNbO3/CaNbO3

superlattices: a first-principles study

Qihang Liang, Fawei Zheng and Menglei Li*

30606

Autocatalytic solid-state electrochemical reactions:
a non-linear kinetic theory of batteries

Keyvan Malaie

30612

Investigation of the oxygen coverage effect
on the direct epoxidation of propylene over
copper through DFT calculations

Ben Sun and Gui-Chang Wang*

30627

Mechanistic insights into photoinduced energy
and charge transfer dynamics between magnesium-
centered tetrapyrroles and carbon nanotubes

Jia-Ning Zhou, Ke-Qin Cheng, Xiaolong Zhang,
Shubin Yang, Jie Liu, Wenzuo Li, Qingzhong Li,
Juan Han,* Xiao-Ying Xie* and Ganglong Cui

This journal is the Owner Societies 2023 Phys. Chem. Chem. Phys., 2023, 25, 30083–30098 | 30095

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 1
1:

24
:2

9 
PM

. 
 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/d3cp90227g


RESEARCH PAPERS

30636

Intrinsic ferromagnetism in two-dimensional
1T-MX2 monolayers with tunable
magnetocrystalline anisotropy

Yonghao Wang, Zesen Lei, Meng Guo, Qilong Sun,*
Cui Jin, Ruishan Tan and Ying Dai*

30644

Investigation of phase transition, mechanical
behavior and lattice thermal conductivity of
halogen perovskites using machine learning
interatomic potentials

Yongbo Shi, Yuanyuan Chen, Haikuan Dong,*
Hao Wang and Ping Qian*

30656

New two-dimensional flat band materials: B3C11O6

and B3C15O6

Jialuo Dong, Pan Zhou,* Yuzhong Hu and Lizhong Sun*

30663

Inhibition of phase transition from d-MnO2

to a-MnO2 by Mo-doping and the application
of Mo-doped MnO2 in aqueous zinc-ion batteries

Yubin Liu,* Wenjie Chen, Jingjing Su, Xiaojing Zhao and
Xiaoyang Pan

30096 | Phys. Chem. Chem. Phys., 2023, 25, 30083–30098 This journal is the Owner Societies 2023

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

5 
N

ov
em

be
r 

20
23

. D
ow

nl
oa

de
d 

on
 2

/2
0/

20
26

 1
1:

24
:2

9 
PM

. 
 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/d3cp90227g


RESEARCH PAPERS

30670

Unveiling the intrinsic role of water in the catalytic
cycle of formaldehyde oxidation: a comprehensive
study integrating density functional theory and
microkinetic analysis

Qianyu Li, Wenlang Li, Jiachun Cao, Junhui Zhou, Didi Li
and Zhimin Ao*

30679

Excited-state relaxation mechanisms of
2,20-(1-phenyl-1H-1,2,4-triazole-3,5-diyl)diphenol:
single- or double-proton transfer?

Jiahui Wu, Jihuan He, Wei Wang, Xiaohang Chen and
Shu-Hua Xia*

30687

New insights into the degradation mechanism of
ibuprofen in the UV/H2O2 process: role of natural
dissolved matter in hydrogen transfer reactions

Zhezheng Ding, Jiahui Zhang, Timing Fang,
Guohui Zhou, Xiao Tang, Yan Wang and Xiaomin Liu*

30697

Photodissociative decay pathways of the flavin
mononucleotide anion and its complexes with
tryptophan and glutamic acid

Kelechi O. Uleanya, Cate S. Anstöter and
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