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Fig. 1 Photonic crystals (PCs) and basic structures (a) Structure of the 1D, 2D and 3D PCs; (b) The skin structure and color-
changing mechanism of chameleons (Reprinted with permission from Ref. [6]; Copyright (2015), Springer Nature); (c) The
color of a butterfly’s wings; (d) The microscopic structure of a butterfly's wings (Reprinted with permission from Ref. [10];
Copyright (2017), Springer Nature); (e) The color of opal; (f) The microscopic structure of opalite structure (Reprinted with
permission from Ref. [8]; Copyright (2014), American Chemical Society); (g) The color of birds (Reprinted with permission
from Ref. [11]; Copyright (2017), American Association for the Advancement of Science); (h) The microscopic structure of
birds; (i) The color of the ctenophore’s comb plates; (j) The microscopic structure of the ctenophore’s comb plates (Reprinted
with permission from Ref. [14]; Copyright (2006), American Physical Society); (k) The color of the beetle; (1) The
microscopic structure of the beetle's exoskeleton (Reprinted with permission from Ref. [13]; Copyright (2012), Elsevier B. V.).
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Fig. 2 Schematic diagram of the common construction process of photonic crystals: (a) Impregnation (Reprinted with

permission from Ref. [107]; Copyright (2007), American Chemical Society); (b) Spin coating (Reprinted with permission from
Ref. [108]; Copyright (2025), Wiley-VCH GmbH); (c¢) Spraying; (d) Inkjet printing; (¢) Gravity sedimentation (Reprinted with
permission from Ref. [109]; Copyright (2021), Wiley-VCH GmbH); (f) Electrical field-induced assembly (Reprinted with
permission from Ref. [110]; Copyright (2022), Springer Nature); (g) Magnetic field-induced assembly; (h) Shear-induced

assembly (Reprinted with permission from Ref. [111]; Copyright (2022), Elsevier B. V.).
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Fig. 3 (a) A supramolecular photonic elastomer combining strain-dependent chromism and self-healing capabilities (Reprinted
with permission from Ref. [153]; Copyright (2019), Wiley-VCH GmbH); (b) A photonic elastomer utilizing a reconfigurable
wrinkle lattice to store and erase deformation information (Reprinted with permission from Ref. [156]; Copyright (2024),
American Chemical Society); (c) An all-in-one photonic crystal constructed through a dynamic covalent network, integrating
multiple intelligent responsive functions including mechanochromism, thermochromism, hygrochromism, self-healing, and
adhesion (Reprinted with permission from Ref. [157]; Copyright (2024), Wiley-VCH GmbH); (d) A soft robot achieving
synchronous tuning of shape and color via magneto-mechano-chromic coupling (Reprinted with permission from Ref. [158];
Copyright (2024), Wiley-VCH GmbH); (e) A disposable heat-triggered anti-counterfeiting tag exhibiting multi-step color
changes upon irreversible thermal shrinkage (Reprinted with permission from Ref. [159]; Copyright (2024), Wiley-VCH
GmbH); (f) A thermochromic photonic crystal utilizing thermal expansion for traffic-light-like early fire visual warning
(Reprinted with permission from Ref. [130]; Copyright (2024), Elsevier B. V.).
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E] PRI L BEAE B . Wang [ BAD700 4 5K 20 B iAok
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AR R P A RS . M ARV T S, UK
THER OB F RS R, SRR
K, EmAk RIPEIE O, S50 K (i AR S 4t
4 5 10%~90% (1) FH X 8 B (RH) Y&, i . B[]
ANT2 s, 1T T ] P R AT D bR 2 —— I
YR S AL bR 2 S5 0 B PRk, TEREISER,
H 238 50 R AE PR 5 75 O 7 B4 (0 m i v (B 4
(). Zhang AR IR T —Fb B SR (TN JA R A% -,
- B 5 SOU TR 7 T J ) 0 K B P 5 — SR AR oK
DR A 5 2H 25 g 2 (1) 1 A AL A B — 1
PK(1DPCs), LA Ay fE b IR AL 2SR B
RO S PR B L X A R B 1) A SR o AR R
(RH)ZZ AL i 3 3RTE, 76 0.5 s P4 BT AT ik 3 4% 87
7. AR 47.0% 481k 2 89.3% I, fE 8
S 257 I K M 426 nm iEF2 2 668 nm (] 4(d)).
Chen [ A8 Tl F—4E 6 T W R S5 04 o il
FEBURPER MOF i, 7EARRNRE T, HR4
U I K AE 20%~90% 0 [l N R A= # 5) . HAE IS
Bl PN 2R PR 1 R T 119 pm, AR AR B
AN T 100 ms B G 2 R[], DL & R AT
E S PERITSENE,  AE08 R Ih FH T AR I 72
(1) SIS 1 . Dong AT BANIRY B T — Fh L TR i
DReA TR T O KR B AR RS, %A%
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Fig. 4 (a) A dye-incorporated photonic crystal sensor array achieving atmosphere sensing of volatile organic gases via
adsorption-induced refractive index changes (Reprinted with permission from Ref. [170]; Copyright (2024), Wiley-VCH GmbH);
(b) A PDMAEMA-containing inverse opal photonic gel colorimetric sensor achieving carbon dioxide detection through gas

diffusion altering the pore refractive index or lattice constant (Reprinted with permission from Ref. [174]; Copyright (2023),

Elsevier B. V.); (c) A poly(vinyl alcohol) hydrogel-based photonic crystal humidity-responsive film that increases lattice spacing

via water swelling for breath-triggered dynamic patterned anti-counterfeiting (Reprinted with permission from Ref. [176];

Copyright (2022), American Chemical Society); (d) A mesoporous one-dimensional photonic crystal alternately assembled from

nanogels and titanium dioxide, serving as a high-performance colorimetric humidity sensor with rapid response (Reprinted with

permission from Ref. [177]; Copyright (2018), American Chemical Society); (¢) A wearable sweat analysis platform based on

photonic crystal hydrogels, achieving naked-eye colorimetric detection and accurate smartphone-assisted quantification of sweat
biochemical biomarkers (Reprinted with permission from Ref. [186]; Copyright (2025), Elsevier B. V.); (f) A crosslinked protein
hydrogel photonic crystal sensor utilizing coordination interactions between ions and protein groups to trigger volume shrinkage

for uranyl ion detection (Reprinted with permission from Ref. [187]; Copyright (2026), Elsevier B. V.).

JE A% B 600 nm 2R 2K 245 (PS) Tl ER Ot 1 il A A
FEBUBBUK B R, %A% IR A Re H SR RS
AT S RE T OGIE AL, £E 24%~94% RH
Y0 P I HE SRR PR I B . Luo [ BAUSONE i ik %1
BRI T sz FL AR, I
T R BRI T TG A AR T i R
A AR K A KT FE R UL H B R 3% B 5 T IX

IR, AR TR AR

FEAA e it R TR B A s S A L I E 45 4
XHRE I RBOGMN, CAETERNTER . Pk
MRS e T ST T A R, AR
R R (KB RN . —4E56 T S 4k . MOF i
JiE A FLIBR AR S B 1 S R e T A RE R
SRR RE . B AT dh A PR A IR R gk —



9441 ENBAE: JE A it A AR SRR A R e A S e ) 1 P 32 e 1909

ARAKIRE ST IEE ), W HAER 5
B AR IR SR R N R,
SEE AN T S LE S S B, AT SEEUR A
BREAI) Z AR KRB, ¥ R A R 5 A5
JERANT LS .
423 pHAE
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OUEE M) o2 )0 T i A . Meng [ AT 8% 5 22 4=
YIREPER B R, Wit T — PR BT AR FE 1 1)
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TR pH A AT AL . AER N R AL 7047
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DGR T HAE M B F2 A R
P A2 i3 ST 7 A0 BE AR S R B8 7T . Luo A1BAUSOI i
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P&, % E RS AL B, N
W R S0 i N T 7 (14 0T R A K R A DR A T
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IS, M BPCIR AN CBRESUK IS, BTV
RROIHPS) MR R AGFEH, DIOESE
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FZ W R U 4 R 2 5 K R 2 AE A
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SRE A RESEIL T IR AR S A, DU IR R
AR R L 5 5 PR TR 23 pg/mL. Cheng [4]pA[194)
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T AL A PR 2 e e = T ), HLZR
PR AT ELREG P T R IR ER BB N2, SEBARRA
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BERERE,  AEATYT I 7K B A M I3 P 5 AL 5 P
Z AR« 52 A AR RE it v AR S P R B P
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Fig. 5 (a) Stretchable photonic crystals enable serum phosphoprotein detection and precise cervical cancer staging via specific

antibody recognition and signal amplification (Reprinted with permission from Ref. [191]; Copyright (2026), American

Chemical Society); (b) Fluorescence-enhanced inverse opal hydrogel films serve as highly sensitive immunoassay platforms

for detecting tumor markers like alpha-fetoprotein (Reprinted with permission from Ref. [193]; Copyright (2024), Elsevier B.

V.); (c) Penicillinase-modified photonic hydrogels achieve sensitive colorimetric detection of penicillin G in water via

enzymatic reactions (Reprinted with permission from Ref. [194]; Copyright (2024), Elsevier B. V.); (d) Redox-responsive

photonic crystals alter lattice spacing via charge density changes, achieving broad-wavelength visual detection of hydrogen

peroxide and catalase (Reprinted with permission from Ref.

[200]; Copyright (2022), Elsevier B. V.); (e) Supramolecular

photonic hydrogels utilize crosslink-cleavage-induced lattice expansion for high-precision colorimetric detection and point-of-
care diagnosis of alkaline phosphatase (ALP) (Reprinted with permission from Ref. [201]; Copyright (2023), Wiley-VCH
GmbH); (f) Molecularly imprinted 2D photonic hydrogels achieve visual sensing of levofloxacin via specific binding-induced

volume contraction and blueshif (Reprinted with permission from Ref. [202]; Copyright (2022), Elsevier B. V.).
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Review

Colloidal Photonic Crystals: Advances in Fabrication Strategies and
Applications in Intelligent Sensing

Xu Liang, A-ging Tian, Shuai Liu, Chun Gao, Wei Wang, Hai-ying Tan", Wei Jiang", Jing Jin
(School of Materials Science and Engineering, Wuhan Textile University, Wuhan 430200)

Abstract Photonic crystals are artificial microstructures fabricated by periodically arranging materials with
different dielectric constants. Their photonic bandgap can generate structural colors and produce optical responses
to external stimuli, making them highly attractive for intelligent sensing. This review systematically summarizes
general fabrication strategies, sensing mechanisms, and recent advances of colloidal photonic crystals in physical,
chemical, and biological sensing. First, we introduce common fabrication methods including evaporation-induced,
external-field-induced, polymerization-induced, supersaturation-induced self-assembly, as well as template methods,
and analyze their advantages and limitations. Second, three typical sensing mechanisms based on refractive index
change, lattice spacing variation, and order-disorder transition are described. Furthermore, we present application
examples of photonic crystal sensors in mechanical force and temperature sensing (physical), atmosphere/
humidity/pH/ion and small molecule detection (chemical), as well as immuno-, aptamer-, enzyme-, and molecularly
imprinted polymer-based biosensing. Finally, current challenges such as response speed, long-term stability, and
batch-to-batch reproducibility are discussed, and future directions toward multi-mechanism synergy, multimodal
integration, and intelligent system assembly are envisioned, providing a reference for translating this field from
laboratory research to practical applications.
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