
Lab on a Chip
Devices and applications at the micro- and nanoscale
rsc.li/loc
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 1473–0197 CODEN LCAHAM 23(9) 2145–2358 (2023)

Cover
See Wenming Liu et al.,
pp. 2161–2174.
Image reproduced by
permission of Wenming Liu
from Lab Chip, 2023, 23, 2161.

COMMUNICATION

2154

From rectangular to diamond shape: on the three-
dimensional and size-dependent transformation of
patterns formed by single particles trapped in
microfluidic acoustic tweezers

Zhichao Deng, Vijay V. Kondalkar, Christian Cierpka,
Hagen Schmidt* and Jörg König*

PAPERS

2161

Facile construction of a 3D tumor model with
multiple biomimetic characteristics using a
micropatterned chip for large-scale chemotherapy
investigation

Meilin Sun, Jinwei Zhang, Wenzhu Fu, Tingting Xuanyuan
and Wenming Liu*

Lab Chip, 2023, 23, 2147–2153 | 2147This 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d
https://pubs.rsc.org/en/journals/journal/LC
https://pubs.rsc.org/en/journals/journal/LC?issueid=LC023009


Editorial Staff
Executive Editor
Philippa Ross

Deputy Editor
Alice Smallwood

Editorial Production Manager
Jason Woolford

Development Editor
David Lake

Publishing Editors
Gabriel Clarke, Derya Kara-Fisher, Ziva Whitelock

Editorial Assistant
Leo Curtis

Publishing Assistant
Andrea Whiteside

Publisher
Jeanne Andres

For queries about submitted papers please contact 
Jason Woolford, Editorial Production Manager, in the first 
instance. E-mail: loc@rsc.org

For pre-submission queries please contact Philippa Ross,
Executive Editor. 
E-mail: loc-rsc@rsc.org

Lab on a Chip (electronic: ISSN 1473-0189) is published
24 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: £1617; US$2902.
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

Lab on a Chip
Devices and applications at the micro- and nanoscale

rsc.li/loc
Lab on a Chip provides a unique forum for the publication of significant and original work 
related to miniaturisation, at the micro- and nano-scale, of interest to a multidisciplinary 
readership. The journal seeks to publish work at the interface between physical 
technological advancements and high impact applications that are of direct interest 
to a broad audience.

Editorial board
Editor-in-Chief
Aaron Wheeler, University of Toronto, Canada

Associate Editors
Jean-Christophe Baret, University of 
Bordeaux
Yoon-Kyoung Cho, UNIST, South Korea

Amy Herr, University of California, Berkeley, 
USA
Séverine Le Gac , University of Twente, 
The Netherlands
Hang Lu, Georgia Institute of Technology, USA
Xingyu Jiang, Southern University of Science 

and Technology, Shenzhen, China
Manabu Tokeshi, Hokkaido University, Japan
Hongkai Wu, Hong Kong University of Science 
and Technology, China

Advisory Board
Esther Amstad,Swiss Federal Institute of 
Technology in Lausanne (EPFL), Switzerland
Yoshinobu Baba, Nagoya University, Japan
Holger Becker, microfluidic ChipShop GmbH, 
Germany
Anja Boisen, Technical University of Denmark, 
Denmark
Oscar Ces, Imperial College London, UK
Dino Di Carlo, University of California, Los 
Angeles, USA
Stephanie Descroix, Institut Curie, France
Petra Dittrich, ETH Zurich, Switzerland
Xudong Fan, University of Michigan, USA
Qun Fang, Zhejiang University, China
Albert Folch, University of Washington, USA
Piotr Garstecki, Institute of Physical Chemistry 
of the Polish Academy of Sciences, Poland
Martin A. M. Gijs, EPFL, Switzerland
Mark Gilligan, Dolomite, UK
Keisuke Goda, University of Tokyo, Japan
Mei He, University of Kansas, USA
Tony Jun Huang, Duke University, USA
Yanyi Huang, Peking University, China
Daniel Irimia, Massachusetts General 
Hospital, USA
David Issadore, University of Pennsylvania, 

USA
Noo Li Jeon, Seoul National University, South 
Korea
Michelle Khine, University of California, 
Irvine, USA
Sunghoon Kwon, Seoul National University, 
South Korea
Wlibur Lam, Georgia Institute of Technology 
and Emory University, USA
Abraham Lee, University of California, Irvine, 
USA
Gwo-Bin Lee, National Tsing Hua University, 
Taiwan
Weihua Li, University of Wollongong, Australia
Xiujun Li, University of Texas at El Paso, USA
Chwee Teck Lim, National University of 
Singapore, Singapore
Ai Qun Liu, Nanyang Technological University, 
Singapore
Adrian Neild, Monash University, Australia
Nam-Trung Nguyen, Griffith University, 
Australia
Nicole Pamme, Stockholm University, Sweden
Ian Papautsky, University of Illinois at Chicago, 
USA
Jianhua Qin, Dalian Institute of Chemical 

Physics, China
Sámuel Sánchez, Institute of Bioengineering of 
Catalonia, Spain
Anderson Shum, University of Hong Kong, 
China
David Sinton, University of Toronto, Canada
Shoji Takeuchi University of Tokyo, Japan
Sindy Tang, Stanford University, USA
Yi-Chin Toh, Queensland University of 
Technology, Australia
Albert van den Berg, University of Twente, 
The Netherlands
Joel Voldman, Massachusetts Institute of 
Technology, USA
Jeff Tza-Huei Wang, Johns Hopkins University, 
USA
David Weitz, Harvard University, USA
George Whitesides, Harvard University, USA
Chaoyong James Yang, Xiamen University, 
China
Po Ki Yuen, Corning Incorporated, New 
York, USA
Roland Zengerle, Hahn-Schickard, Germany
Weian Zhao, University of California, Irvine, 
USA

Information for Authors
Full details on how to submit material for publication in Lab on a Chip 
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/loc

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.

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

Registered charity number: 207890

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

2 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d


PAPERS

2175

Metallic micro-ring device for highly efficient large
cargo delivery in mammalian cells using infrared
light pulses

Ashwini Shinde, Pallavi Shinde, Srabani Kar, Kavitha Illath,
Souvik Dey, Nitish R. Mahapatra, Moeto Nagai
and Tuhin Subhra Santra*

2193

Graphene-based microfluidic perforated
microelectrode arrays for retinal
electrophysiological studies

Alberto Esteban-Linares, Xiaosi Zhang, Hannah H. Lee,
Michael L. Risner, Sharon M. Weiss, Ya-Qiong Xu,
Edward Levine* and Deyu Li*

2206

Heterogeneous tissue construction by on-demand
bubble-assisted acoustic patterning

Qinghao Hu, Xuejia Hu, Yang Shi, Li Liang,
Jiaomeng Zhu, Shukun Zhao, Yifan Wang, Zezheng Wu,
Fubing Wang, Fuling Zhou and Yi Yang*

2217

Facilitation of axonal transcriptome analysis with
quantitative microfluidic devices

Zhuoxuan Yang, Jun Yu, Jian Zhang, Huixue Song,
Haixia Ye, Jianhui Liu, Nijia Wang, Pengfei Che,
Gaoxin Long, Yunxuan Wang, Jaewon Park* and
Sheng-Jian Ji*

Lab Chip, 2023, 23, 2147–2153 | 2149This 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d


PAPERS

2228

Metasurface-enhanced infrared spectroscopy in
multiwell format for real-time assaying of live cells

Steven H. Huang,* Giovanni Sartorello, Po-Ting Shen,
Chengqi Xu, Olivier Elemento* and Gennady Shvets*

2241

High-DNA integrity sperm selection using rheotaxis
and boundary following behavior in a microfluidic
chip

Soroush Zeaei, Mohammad Zabetian Targhi,*
Iman Halvaei and Reza Nosrati*

2249

Temporal sorting of microdroplets can identify
productivity differences of itaconic acid from
libraries of Yarrowia lipolytica

Emily K. Bowman,* Phuong T. Nguyen Hoang,
Angela R. Gordillo Sierra, Karoline M. Vieira Nogueira
and Hal S. Alper

2257

A multiscale, vertical-flow perfusion system with
integrated porous microchambers for upgrading
multicellular spheroid culture

Mai Takagi, Masumi Yamada,* Rie Utoh and Minoru Seki

2150 | Lab Chip, 2023, 23, 2147–2153 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d


PAPERS

2268

A versatile artificial skin platform for sweat sensor
development

Emma J. M. Moonen, Tanveer ul Islam,
Sebastiaan van Kemenade, Eduard Pelssers,
Jason Heikenfeld and Jaap M. J. den Toonder*

2276

Droplet-based microfluidic platform for viscosity
measurement over extended concentration range

Paul Cochard-Marchewka,* Nicolas Bremond
and Jean Baudry

2286

Lab-in-a-fiber-based integrated particle separation
and counting

T. Kumar, A. V. Harish, S. Etcheverry, W. Margulis,
F. Laurell and A. Russom*

2294

Flexible coaxial composite fiber based on carbon
nanotube and thermochromic particles for
multifunctional sensor and wearable electronics

Ningle Hou, Hui Wang, Aijia Zhang, Ling Li,* Xiaoting Li*
and Wenming Zhang*

Lab Chip, 2023, 23, 2147–2153 | 2151This 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d


PAPERS

2304

Transdermal on-demand drug delivery based on an
iontophoretic hollow microneedle array system

Usanee Detamornrat, Marc Parrilla,*
Juan Domínguez-Robles, Qonita Kurnia Anjani,
Eneko Larrañeta, Karolien De Wael
and Ryan F. Donnelly*

2316

Holographic flow scanning cytometry overcomes
depth of focus limits and smartly adapts to
microfluidic speed

Zhe Wang, Vittorio Bianco,* Pier Luca Maffettone
and Pietro Ferraro

2327

Integration of silicon chip microstructures for in-
line microbial cell lysis in soft microfluidics

Pavani Vamsi Krishna Nittala, Allison Hohreiter,
Emilio Rosas Linhard, Ryan Dohn, Suryakant Mishra,
Abhiteja Konda, Ralu Divan, Supratik Guha
and Anindita Basu*

2341

AC-electric-field-controlled multi-component
droplet coalescence at microscale

Weidong Fang, Zhi Tao, Haiwang Li, Shuai Yin,
Tiantong Xu, Yi Huang* and Teckneng Wong

2152 | Lab Chip, 2023, 23, 2147–2153 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d


CORRECTION

2356

Correction: Fully-automated and field-deployable blood leukocyte separation platform using multi-
dimensional double spiral (MDDS) inertial microfluidics

Hyungkook Jeon, Bakr Jundi, Kyungyong Choi, Hyunryul Ryu, Bruce D. Levy, Geunbae Lim and Jongyoon Han*

Lab Chip, 2023, 23, 2147–2153 | 2153This 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 
M

ay
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/2
3/

20
26

 3
:0

1:
08

 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/d3lc90044d

