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Fig. 1 (a) Schematic diagram of the synthesis of SiO, nanoparticles and fabrication of the SiO, photonic crystal (PC) template;
(b) SEM images and corresponding particle size distribution of SiO, nanoparticles synthesized at different temperatures;
(c) Digital photographs of PC template at different angles.
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Fig. 2 (a) Schematic diagram of the synthesis of double network structure hydrogel; The surface and cross-sectional SEM
images of the AA/AM (b) and AA/AM/QCS (c) hydrogels; FTIR spectra (d) and stress-strain curves (e) of the AA/AM and
AA/AM/QCS hydrogels with different QCS contents.
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Fig. 3 Swelling curves (a) and water absorption rates (b) of AA/AM hydrogel and AA/AM/QCS hydrogels with different
QCS contents; (c) Water loss curves versus time for AA/AM hydrogel and AA/AM/QCS hydrogels with different QCS
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Fig. 4 (a) Schematic illustration of the fabrication of the PC hydrogel film with double network structure based on the SiO,
template; (b) SEM images of the SiO, template and the resulting PC hydrogel film; (c) Digital photographs of the structural
color changes of the PC hydrogel film under different strains; (d) Schematic diagram of lattice spacing changes in PCs caused
by stretching; (e) Cyclic stretching response and corresponding reflection wavelength.
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Fig. 5 (a) Schematic diagram of specific interaction between phenylboronic acid and sugar molecules; The structural color
change (b) and reflection spectra (c) of the PC hydrogel functionalized with phenylboronic acid under different glucose and

dextran concentrations.
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Fig. 6 The structural color change of the PC hydrogel functionalized with phenylboronic acid in 50 mg/mL glucose (a) and

20 mg/mL dextran (b) solutions.
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Research Article

Preparation and Properties of Multi-responsive Double-network Photonic
Crystal Hydrogels

Chao Zhang, Guang-na Feng, Tao Chen, Fei Chen, Hai-li Zhao
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650504)

Abstract Here, a photonic crystal (PC) hydrogel film with a double-network structure and dual-responsive
properties was prepared. Using acrylic acid (AA) and acrylamide (AM) as polymerizable monomers and
quaternized chitosan (QCS) as the second-network component, the double network hydrogels composed of the
first network of P(AA-co-AM) and the second network of QCS were prepared. Scanning electron microscopy
(SEM) and a universal testing machine were used to characterize the surface morphology and mechanical
properties of the hydrogel film. The results indicated that the double network structure can effectively prevent
shrinkage and damage of the hydrogel in the drying process, thereby enabling it to retain a smooth and intact
surface. Besides, the synergistic reinforcement effect between the two networks significantly improves the
fracture toughness and tensile strength of the hydrogel film. Meanwhile, the introduction of QCS effectively
inhibited excessive swelling and improved the water-retention capacity of the hydrogel. The Stéber method was

* Corresponding author: Hai-li Zhao, E-mail: zhl419wsm@163.com
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used to synthesize SiO, nanoparticles, following by fabricating sequentially the SiO, PC template and double
network PC hydrogel film via vertical deposition and sacrificial template methods. Due to the flexibility of the
hydrogel and the photonic band gap of the PC, the prepared film exhibited distinct structural color changes under
tensile strain. By introducing phenylboronic acid into the reaction system, the resulting PC hydrogel gained multi-
stimulus responsive characteristics, allowing for the visual detection of sugar solutions via structural color
changes. The prepared PC hydrogel film, with excellent mechanical properties and dual-stimuli-responsive
behavior, exhibits great potential for applications in wearable devices and visual health monitoring.
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