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Fig. 1 Controlling of surface wetting. (a) 3D-WET strategy combined with emulsion interfacial polymerization to prepare the
hydrogel (Reprinted with permission from Ref. [24]; Copyright (2024) Wiley-VCH GmbH); (b) Controlling liquid diffusion
by using a superhydrophobic barrier constructed on the hydrogel surface (Reprinted with permission from Ref. [25];

Copyright (2016) Wiley-VCH GmbH); (c) Fabrication of hierarchical micro/nano-brushes on the hydrogel surface (Reprinted
with permission from Ref. [26]; Copyright (2017) Wiley-VCH GmbH).
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Fig. 2 Controlling of surface adhesion. (a) Patterning of hexagonal structures inspired by clingfish; (b) The dissipation of

energy during stretching (Reprinted with permission from Ref. [31]; Copyright (2018) Wiley-VCH GmbH); (c) Comparison of

wet adhesion to the substrate under a shear force (Reprinted with permission from Ref. [37]; Copyright (2024) Springer

Nature).
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Fig. 3 Controlling of surface optical properties (a) Construction of 1D and 2D nanostructures (Reprinted with permission

from Ref. [40]; Copyright (2018) American Chemical Society); (b) Procedure of magnetic responsive hydrogels; (c) Patterns

on hydrogels under different polarizers (Reprinted with permission from Ref. [41]; Copyright (2022) Springer Nature).

TS XA AT R R A BE 7D, I E R L
FBCEAT VPG . AR T SRR I = 2 R 25 45
, PEBIERC T RGN FLAEH, WRILH B
b P L HORE 70 . i SE PR AT AT Bt
e 2 AR T BAL S5 BEAT IR 1Y, BE T AL 4K
UK B . 25 Wik E S A W) AR R A A T
mﬂa [42,43].

JuTH, RO I AL IR R T P R ALR
~F R SR EN K B B AR TP BRI BT N 4R
. Um & 44158 L%ﬁkﬂf@%*%ﬁfﬁﬁ
AL, TSGR A SR R B I K it
LLK%?M%%W%%W%%%,A%EHQ
FICRAESL, NINER Dy AR R AU
PRI

BEAt, HFIRURCRL A 3 2 A P m Al e e
SEHI TR 51 KA W 48 ) G2 A2 B 3 AR
e, FIBES AR I Y BT, e
IR A% TR T . Di SEUS1E I K 302G R AL IR - Pk

15 L ZR V) (PLGA) 4 K UKL 3 2 71 e 5 TR 15 7K
%Mﬁ%¢,ﬁ$mATh@%@%§ﬁ,ﬂm
P A A 48 7K PR R THI PRI SR P DA SR 24547
PR R 45 1) (B 4()). ARFLAHIN, 25900 FE4
SIS R, T REEAT AN IR, KB
BRORAETEAR, AR 7RI, 853K )=
A2 A ELAE 33— 254 m 2 DK R 191 M 1
(P, M T SBR[ ok o sl Rf 2k X 2
Vi .

3 TH, KRR T AT g R
B KA 2 B, o 7 105 ot R AT S
P EUT A EERE, RIS Linif
TR ZH 4OV DA 05 T 7K g JI B o 8~ AT SR UL 56
RN 5 SRS 7 W), 4 Zn> fE &
IR SRR & 5 5 82§ sh 1155t
FE(E 4b)), fFREREMHE AT MERFIAR
AT, SCH A R KB TR . AT I XA AR
EZATA.

(b)

r

basal release stretchable film

v reversibie
o o
“o o o . o
@ passive 4 o,, oY ° gs
/ ) \\ release éo J ) o | stretch o)
@ @ I ——F > s

—_— \
*hUEER -G* 5
" i o B o o 2 ©

"
drug 2 ° ° b
nanocapsule  microgel-depot

= ° LS T

Fig. 4 Controlling of surface diffusivity. (a) Schematic illustration of the tensile strain triggered drug release (Reprinted with

permission from Ref. [45]; Copyright (2015) American Chemical Society); (b) Schematic diagram indicating the interactions

between Zn ions and cyano-groups within the hydrogel (Reprinted with permission from Ref. [46]; Copyright (2012) Royal

Society of Chemistry).



=

=il

n T

n2

R

2 KEEHBERERLTE

7K JS2 2 T AP JoR R PR S i A L D RE . G R
R B S, AR 2 N 7 5
Aok HAT, AR TR, KB R R

AN T A RAGE . MU Tk BT
FREME. LS REMAE. o, TR LR
PEC R E AR A AR B . i R AN
SEETRIEEYE, O KBRER L RE A T2 i B 25
L.

Table 1 The comparison of different patterning strategies.

Patterning strategies Advantages Disadvantages
Templating Low cost Depend on master templates
Simply process Low flexibility
Wide range of applicable materials Easily cause microstructural defects
Imprinting Sequentially process Need of force-sensitive groups

Reuse of templates

Ionic printing

Light-triggered patterning

Simply operate
Mild conditions

Non-contact

Easily cause mechanical failures

Low resolution
limited molecular systems

Need of light-sensitive units

High resolution

Strong controllability

High flexibility in pattern design

Electric/magnetic triggered patterning

Non-contact

On-demand switch

Require additional agents
Limited controllable surface properties

High-cost facilities
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Fig. 5 Controlling of hydrogel surface properties by templating with or without forces. (a) Molding by using a soluble PS
template (Reprinted with permission from Ref. [48]; Copyright (2017) Wiley-VCH GmbH); (b) Creation of micropatterns by
force induced polymerization (Reprinted from Matsuda et al., Science, DOI: 10.1126/science.aau9533 [2019], AAAS).
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Fig. 6 Controlling of hydrogel surface properties by ionic printing. (a) Patterning hydrogel surfaces with ion dip-dyeing and
transfer printing (Reprinted with permission from Ref. [55]; Copyright (2016) Wiley-VCH GmbH); (b) Schematic illustration
of the patterning process using ionic printing (Reprinted with permission from Ref. [56]; Copyright (2025) The Authors).
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Fig. 7 Surface patterning of hydrogels triggered by light. (a) Fabrication of microstructures through light-triggered degradation
(Reprinted with permission from Ref. [63]; Copyright (2019) Wiley-VCH GmbH); (b) Ice-templated photo-patterning by
using a dynamically crosslinked hydrogel (Reprinted with permission from Ref. [66]; Copyright (2019) The Authors); (c¢) Dual-

encryption in a hydrogel with tunable fluorescence and reconfigurable architectures (Reprinted with permission from
Ref. [70]; Copyright (2021) Wiley-VCH GmbH); (d) Light-induced modulus changes for hydrogels (Reprinted with permission
from Ref. [71]; Copyright (2022) Wiley-VCH GmbH); (e) Digital light processing approach to pattern the gel surface
(Reprinted with permission from Ref. [73]; Copyright (2021) The Authors); (f) Demonstration of the digital printing of 3D
hydrogel structures (Reprinted with permission from Ref. [76]; Copyright (2016) The Authors).
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Fig. 8 Surface patterning of hydrogels triggered by electric or magnetic field. (a) The appearance of the sol layer under an
electric field (Reprinted with permission from Ref. [77]; Copyright (2023) Wiley-VCH GmbH); (b) Fabrication of the
hydrogel with structural colors controlled by the magnetic field (Reprinted with permission from Ref. [79]; Copyright (2019)

Wiley-VCH GmbH).
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Review

Surface Patterning of Hydrogels and Their Applications

Qian-wen Jing', You-jia Huang?, Chen Yang', Feng Xu?, Di Chen!%*, Qian Zhao'2"
(!Zhejiang Key Laboratory of Smart Biomaterials, College of Chemical and Biological Engineering,
Zhejiang University, Hangzhou 310027)

(?Ningbo Citical Key Laboratory of Olefin Polymer Molecular Design and Intelligent Manufacture,
Ningbo Global Innovation Center, Zhejiang University, Ningbo 315100)

Abstract Owing to the tissue-like mechanical properties and environmental responsiveness, hydrogels exhibit
great potential in diverse fields, including aerospace, biomedicine, and flexible electronics. Their surfaces are the
regions interacted with other objects during utilizations, which are essential to the realization of functions.
However, conventional homogeneous hydrogels are hard to meet precise requirements of surface characteristics
in complex scenarios, limiting the expansion of their applications. To address this, recent studies have focused on
patterning the surface properties of hydrogels, such as wettability, adhesion, and optical properties. Many
strategies are developed enabled by different chemical or physical procedures, thus meeting the differential
demands of scenarios. This review focuses on patterning of hydrogel surface properties, summarizing recent
achievements in this field. Furthermore, it provides a perspective about the latest opportunities and challenges
according to our research. Especially, we emphasize the approach and merits of patterning hydrogel surfaces via
photochemistry to give valuable references for future works.
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