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The material surface is important because it is always in contact with the external environment.
We developed a novel method for the fabrication of a wrinkle structure on the hydrogel surface in
aqueous conditions by the electrophoretic formation of a polyion complex. The geometry of
wrinkles was controlled by the stretching ratio and Young’s modulus of hydrogels. It can be a new
wrinkle-formation method capable of transferring the initial elastic anisotropy of the substrate
material to the wrinkle structure. An active wrinkle on the surface of the thermoresponsive
hydrogel could be switched to a flat and wrinkle surface by
changing the temperature. Next, the role of wrinkle structure in
adhesion was investigated. We founded that strong hydrogel
adhesion was achieved by wrinkle formation. Finally, we
demonstrated a novel adhesion method for hydrogels utilizing
swelling-induced wrinkling gel films. By using wrinkle structure
at adhesive interfaces, both strong adhesion and easy
detachment of hydrogels are achieved. We believe that the
present hydrogel wrinkles are promising as a functional surface B
useful in water, such as adhesives and micro-actuators. =
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Figure 1. Fabrication of hydrogel wrinkles by

electrophoretic approach.
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Figure 2. (a) Phase-contrast microscopic images of three types of wrinkles formed under different
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Figure 3. Schematic illustration of
preparation of oriented PVA hydrogels and
their polymer networks and phase-contrast
microscopic observation of the aligned

wrinkle on the oriented PVA hydrogel.
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Figure 4. Schematic illustrations and phase-
contrast microscopic observations of stimuli-
responsive wrinkle structures at the surface of
PNIPAAm hydrogels. Temperature of hydrogels
were (left) 20 °C, and 50 °C, respectively. Insert
images are macroscopic observations of
PNIPAAmM gels.
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Figure 5. (a) Electrophoretic adhesion of
hydrogels. (b) Macroscopic and (c) microscopic
observation adhered semi-IPNs hydrogels

interface.
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Figure 6. Adhesive strength of semi-IPNs

hydrogels (red circle) and copolymer
hydrogels (blue triangle) as a function of
introduced ionic monomer unit concentration.
Closed symbols indicate gels were broken

during tensile test before detachment.
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Figure 7. (a) lllustration of hydrogel adhesion

with wrinkled gel film. (b) Image of adhered
hydrogels with wrinkled gel film. (c) Cross-
sectional observation of adhered hydrogels
with wrinkled gel film. Cationic gels and anionic
films were stained by methyl orange and

methylene blue, respectively.
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of wrinkling film.
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Figure 9. Macroscopic observations of adhered hydrogels immersed in water at 20 and 50 °C, and

phase-contrast microscopic observations of adhered gel—gel interface during heating.
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