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Surface wrinkling is one of the attractive phenomena to produce microstructured surfaces.
Although basic approaches to fabricate microscopic surfaces wrinkles induced by mechanical
strain had been established and they are widely used for various fields, those for surface wrinkles
induced by drying has not sufficiently developed. We found surface wrinkling of chitosan films
via horseradish peroxidase catalyzed reactions of phenolic acids and revealed a mechanism for
the surface wrinkling system. The mechanism inspired us to develop novel surface wrinkles
induced by polyion complex skin layers and drying. Consequently, we obtained important
knowledge to produce drying-induced
surface wrinkles. The keys are
“existence of a skin layer having
moderately harder mechanical property
and a lower drying shrinkage volume
than a substrate” and “plane drying
shrinkage of a substrate to generate
strain”. In addition, morphology can be
controlled by the regulation of drying
stress. We expect that this knowledge
accelerate the development of drying-
induced surface wrinkles and help
elucidate the formation of
microstructures generated in nature.
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Figure 1. Simplified image of surface wrinkling

by means of mechanical strain.

D.E 1%, E/0-v3)THRIIN 5 plane strain
modulus THH(ZOFXDE & v 1F, 1L ZF7L.
HERER TV THD), TAED s &1,
AX gL L BEEWT D, — 5T IRE (A) I
T (2) TEEND,

A= d(é— 1), +++(2)
e & e\, FNEI, BEALEEREATHY, &
1%, FR(QB) TRIND,
SHGRE
ZNHEDORNPBY TN DY A R e Fe TR LR
MR IE, A8 L SR DM SR K VB TR E
DZENGI DB BN, RICEMEZ W55
A% g OFPER N ELRAUL, VoI DH A
RIIRELIRD, OIS NI THRE
LV N OFEHEHZRI AL T 2L Ot
ECIERE A5 5L TRz nbEAVD
BEAEHIE O, ik Em O, BB 7, BiE
K Y BREBRT~ LT SA A Y BT
W T AR MR Ve E DI
ZLHESNTND, o, BEAOFHRICTITE
WEOBIEEEZRFIATHZLLTED 2, &bl
BT, BAUHEARYVAF Lo —k GafR, 773

26



Acc. Mater. Surf. Res.

https://www.hyomen.org

R o]
HO@—//_%H
Phenolic acid (PH)

FE;R=-OCH,
CA;R=-OH

Covalent|
bond

Skin layer

PH HRP, H202+ Drylng

- A bk 3 WL
CS film CH,OH H,0 PH-CS hydrogel film PH-CS film
@ Immersion (2 skin layer formation 3 Drying

Chitosan (CS)

Figure 2. Graphical image of the preparation of surface wrinkles via HRP-catalyzed reactions and

drying. Reproduced from Ref. 14 and 15.
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Figure 3. Preparation of the surface wrinkles with different types of PHs. HRP-catalyzed reaction of
PHs in water (A). SEM images of the obtained films with FE, VA, and HO via 30°C or 40°C immersion

(left or right, respectively) (B). Possible crosslinking structures in the skin layers (C). Reproduced from

Ref. 17.
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Figure 4. Surface wrinkling system-based on preparation of PIC skin layers with AGs and drying.
Graphical image of this system (A). SEM images of AG-CS films (B-a: 80-120 cps, B-b: 300-400 cps).
Optical microscopic images of the cross sections of AG-CS films (C-a: 80-120 cps, C-b: 300-400 cps).

Reproduced from Ref. 19.
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Figure 5. Chemical structures of PA, PS,
CMC, and LS (A). SEM images of PA-CS film
(B-a) and LS-CS film (B-b). CLSM images of
the cross sections of PA-CS film (C-a) and LS-
CS film (C-b). Reproduced from Ref. 20.
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Figure 6. Graphical image of preparation of k- and I-CG-CS films (A). SEM images of k-CG-CS films
prepared via 6, 12, 72-h washing (B-a, b, or c, respectively) and I-CG-CS films prepared via 6, 12, or
72-h washing (B-d, e, or f, respectively). Optical microscopic images of the cross sections of k- and I-

CG-CS films (C-a and b). Reproduced from Ref. 22.
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Figure 7. Graphical image of preparation of
cast k- and I-CG-CS films (A). SEM images of
cast k- and I-CG-CS films and CG-CS films (B-
a and b, respectively). Reproduced from Ref.
22.
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CS hydrogel film

Figure 8. Optical microscopic images of the
cross sections of I-CG-CS film before drying
(A). Graphical image of bumps formation for I-
CG-CS film during immersion process (B).

Reproduced from Ref. 22.
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Figure 9. Graphical illustrations for generated
drying stresses upon external stress(A), and in
the oriented film (C) and amorphous film (E).
SEM images of respective resulting films (B,
D, and F, respectively). Reproduced from Ref.
16 and 23.
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