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Abstract : Photonic crystal (PC) with a periodic dielectric structure exhibits photonic band gap property. It
can produce bright and gorgeous structural colors through physical optics upon interaction with incident
light. Over the course of evolution, many organisms, such as peacocks, hummingbirds, and insects, have
gradually developed complex photonic crystal structures, progressing from one-dimensional nanostructured
photonic gratings or multilayers to three-dimensional colloidal crystals, thereby presenting rich and colorful
structural colors. Inspired by nature, researchers have developed a series of innovative visual biosensors by
fabricating artificial photonic crystal structures and integrating them into biosensor technology. These
biosensors, incorporating photonic crystal structures, can visually respond to various stimuli, such as
temperature, stress, environmental pH, and small molecules, by altering lattice parameters, dielectric
constants, or Bragg diffraction angles through the combination of photonic crystal chromophoric structures
and responsive materials. They show great potential in cell mechanics monitoring, drug transport tracking,
bionic skin design, wearable bionic materials, and disease prevention and treatment. This review
summarizes the application status of photonic crystals in the field of biosensors, including the basic concept
of photonic crystal structure color, the photonic crystal structure phenomena in different dimensions in
nature, the temperature, mechanics, environmental pH, and molecular response types of photonic crystal
structure color biosensors, and their specific applications. Finally, the development prospects of photonic
crystal biosensors in the fields of precision medicine, physiological monitoring, and environmental sensing
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in the future are prospected, emphasizing the importance of ongoing research and improvement of

responsive photonic crystal biosensors, to drive advancements in bionic materials and medical science and

technology.

Key words: photonic crystal; biosensor; structural color; smart responsiveness; visualization ; physiological

monitoring
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Fig.1 Photonic crystal structure color

(a)classification of photonic crystals'*?'; (b)pigment/dye-based colors are compared with structural colors in terms of customizability and resolution
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(c¢)one-dimensional photonic crystal layer sample models with different structures deposited on glass substrates by spin coating technology and their

optical images'?*'; (d)liquid crystal structure and optical image of 2D photonic colloidal crystals composed of self-assembled rod-like particles™>;

(e)schematic and optical images of white light on fabric substrate and three-dimensional photonic crystal substrate!
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Fig.2 Response types of photonic crystal structure color biosensors
(a)thermal response properties of 3D printed composite HPC-gelatin-PACA (HGP) objects'*’; (b)images of an electronic epidermal thin layer
chromatography (e-TLC) device that fits the wrist and three-dimensional rendering of the temperature distribution extracted from the device’s
digital image"™"; (¢)characterization of hydrogels implanted with red structure color microspheres durmg extrusion"*!; (d)in wivo anisotropic
structure color hydrogel schematic diagram for environmental toxin-induced cardiotoxicity screening*?’; (e)pH-responsive performance
schematics and photos of photonic microcapsules'™®; (f)schematic diagram and photographs of the pH responsiveness of
hydrogel-based photonic chains'™’; (g)visualization of the biotin-streptavidin interaction of naked-eye colorimetric

sensors'™’; (h)schematic diagram of spherical barcode platform for drug screening'®!!
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Fig.3 Application of photonic crystals in cell mechanics monitoring

(a)mechanical response color change of structural color hydrogel film!®’; (b)application of biologically excited structural color patches

with anisotropic surface adhesion on the surface of duck heart'™’; (¢)alveolar schematic diagram during respiration'®

(d)optical microscope image of structural color change with low airflow and high airflow’
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Fig.4 Application of responsive photonic crystals in drug delivery monitoring

(a)release of rhodamine (R6G) in neutral water and acidic water and the color of the capsule[‘-"r’] ; (b)real-time monitoring and reflection

images and spectra of biomass inverse opal particles during drug release

controlled drug release applications of responsive hydrogels combined with inverse opal particles

1975 (¢ )schematic diagram of the fabrication process and

[70]
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Fig.5 Application of responsive photonic crystals in wearable bionic materials

(a)changes of optical and electrical signals of the composite hydrogel film during stretching'™; (b)microelectronic chip circuits

[76]

control dual-mode signal PE-skin'™’; (¢)photonic crystal contact lens preparation process diagram'™ ;

(d)warning for color change in the hydrogel due to wound cracking!™
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supramolecular hydrogels™®"'; (¢)working principle of two protein hydrogels
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