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POLYMER HYDROGELS

Double Network Hydrogel
for biomedical devices
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Artificial and Electronic Skin
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Two Major functions of skin:

v" Protection (Mechanical, chemical, UV irradiation, water loss, etc)

v' Sensation (pressure and temperature, etc)




Existing materials to mimic dermis-epidermis bilayer

Hydrogel-elastomer hybrid

Chemically crosslinked hydroge! network
Physically croeslinked hydrogel network
ﬂ Elastomer network

Hydrogel

Deformation of structures
without failure

Elastomer

Highly stretchable robust
hydrogel-elastomer functional hybrids

Polymer film-Inorganic
materials (Graphene oxide, etc)
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living epidermis

Flaws:
v Low structural similarity and stability
v' Low water permeability

v’ Difficult to make complex electronic devices

e-LBL film
2 nm

Nat. Commun. 2016, 7, 12080
ACS Nano 2018, 2, 1062-1073




Our polymer design
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A Porous Polymer film )

VS Hydrogel

Vs Hybrid interface

Vs Embedded sensors /vy 7pang, etc. Adv Sci. 2024, 11, 2309006




Preparation

In situ Growth of Porous Polymer Films from Hydrogel Surface



Synthetic procedure

Initiator (APS) loaded "
on surface Monomer solution =

Ej Soaking Polymerization ‘
— »

) 4 )

(s

urface
Porous Polymer film ~

Nanoparticle /hydrogel |
Hybrid interface

Hydrogel —
Pristine Initiator loaded Two-way diffusion and Polymer nanoparticle
hydrogel hydrogel precipitation polymerization coated hydrogel
/Monomer solution: I HPMA j DAAM NIPAm
Monomer 0

X
0 DY
TMEDA OH #j\ 0 "NH
Crosslinker o )\

-




Structural characterization — Morphology, thickness and nanoparticle size
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M. Zhang, etc. Adv Sci. 2024, 11, 2309006



c Lo o . Two-way diffusion and
Mechanistic m5|ght5 precipitation polymerization
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Surface patterning

Plastic mask
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Thickness control of porous polymer film

A). Polymerization time
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Nanoparticle size: ~300 nm
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Hydrogel substrate scope

A). Polymer hydrogels
B). Biological tissue
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Function

A) Water loss control
B) TENG sensor

C) Electronic skin by integrating
a temperature and pressure sensor into hydrogel bilayer

D) Actuator



A) Water loss control

One protection function of epidermis: Protection against excess water loss
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B) TENG (triboelectric nanogenerator) sensor
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Typical TENG signals
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C) Electronic skin by integrating a sensor into hydrogel bilayer
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Structural characterization of integrated E-skin
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Sensing performance

Temperature sensing
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D) Actuator
APS solution 70 °C, NIPAM solution
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M. Zhang, H, Shen, etc. Small. Under revision



Bending/unbending with temperature changing
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Soft robotic gripper

Coolin
hng, M,

Cooling
=

WAIIN

M

Wibay

o

™,

IS

Heating

| "u LM

50°C - 110

\\\\\\‘Q\\\

25 °C - 200 s

e



Bending angle (°)
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Summary

 Asimple in situ process to grow porous polymer films from hydrogel surfaces through
interfacial precipitation polymerization, which resembles the dermis-epidermis bilayer
structure of skin

* Porous polymer films to mimic interlocked corneocytes in epidermis

* Functional mimicry of human skin: protection of water loss, TENG sensing, built-
In AUNW sensors, and actuation
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