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Fig. 1 Representations of one-dimensional, two-dimensional, and three-dimensional photonic crystals (Reproduced with

permission from Ref.[5]; Copyright (2015) The Royal Society of Chemistry).
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Fig. 2 Formation of wafer-scale colloidal photonic crystals.
(a) Snapshot of a colloidal photonic crystal on a 10.16-cm
silicon substrate; (b) Typical top-view scanning electron
microscopy (SEM) images of spin-coated nanocomposite
films with 1320 nm diameter spheres and coated at 600 r/min
for 120 s (Reproduced with permission from Ref.[32];
Copyright (2004) American Chemical Society).
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Fig. 3 (a) Schematic fabrication for colloidal photonic crystals (PCs); (b) Voltage-structure correlation curves for colloidal

photonic crystals; (c) Frequency alteration’s neutrality on colloidal photonic crystals; (d) Supersaturation assessment through

electrode coverage variation at a constant voltage of 2.4 V (Reproduced with permission from Ref.[37]; Copyright (2004)

Nature).
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Fig. 4 (a) Optical microscopy images of aqueous dispersions of magnetic nanoparticle clusters in the absence of an electromagnetic
field (EMF) and (b) in the presence of an applied EMF (scale bar: 20 pm); (c) Visual appearance of the multicolored magnetic

nanoparticle clusters in an aqueous dispersion at a concentration of 10 mg/mL within a 2 mL glass container, and (d) the

corresponding variation in reflection spectra with differing EMF strengths, regulated by altering the proximity between

the sample and a NdFeB magnet; (¢) Encapsulation of magnetic nanoparticle cluster aqueous droplets within a PDMS

(polydimethylsiloxane) membrane, and (f) a Chinese knot design created using a silicone capillary tube filled with the

magnetic nanoparticle clusters aqueous dispersion at 10 mg/mL, exhibiting a shift in diffraction color towards the blue end of

the spectrum as the EMF intensity is incremented (scale bar: 1 cm) (Reproduced with permission from Ref.[44]; Copyright

(2021) The Royal Society of Chemistry).
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Fig. 5 Summary of the roll-to-roll (R2R) fabrication process for creating photonic films and microparticles from cellulose
nanocrystals (CNC) suspension. (a) Schematic diagram outlining the principal stages in the production of photonic CNC
particles; (b) Image of the corona treatment stage taking place once the web has been unwound; (c¢) Snapshot of the slot-die
coating process where the CNC suspension is applied to the mid-section of the PET web; (d) Visual of the CNC suspension on
the R2R web undergoing natural air drying at ambient temperature; (e) Photo of the nearly dried CNC film on the R2R web,
post-passage through a sequential hot air drying unit, with the web advancing in a phased continuous motion; (f) Image
capturing the in-line separation of a dense CNC film from the PET substrate; (g) Display of R2R-fabricated CNC films in red,
green, and blue hues, cast onto a dark PET web; (h) Image of a self-supporting film produced through R2R casting of CNC
particles; (i) Comparison of raw (left) and heat-treated (right) photonic CNC particles integrated into a clear varnish, prior to
size separation; (j) Heat-treated photonic CNC particles suitable as effect pigments, arranged from left to right, after being
immersed in ethanol, 50% aqueous ethanol, and water, following size-based sieving; (k) Schematic representation of the R2R
process layout, indicating the positioning of the hot air dryer in relation to the slot-die and the stretch of static drying area (/g,p=
3.2 m). For contextual purposes, the web width in images (b) to (g) is 14 cm (Reproduced with permission from Ref.[54];

Copyright (2022) Nature).
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Fig. 6 Creation of opal thin films and the principle behind the BIOS. (a) A PS-PMMA-PEA tri-layered spherical structure;
(b) Mass-produced core-shell spheres at ambient temperature post-drying (left), with disordered agglomerates visible on the
right; (c) Assembly line for the manufacturing of PO films; (d) The PET-PO-PET film structure after the roll lamination
process (left), with the spheres arranged in a random fashion (right); (e) The PO film post-BIOS application (left), showcasing
enhanced sphere arrangement (right); (f) The BIOS mechanism within the PET-PO-PET layered structure; (g) The directional
arrows in the shear application for U-BIOS (left) and B-BIOS (right) (Reproduced with permission from Ref.[70]; Copyright

(2016) Nature).
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Fig. 7 Molecule-mediated shear-induced assembly technique for preparation of colloidal photonic film. (a) Stepwise emulsion

polymerization of PS@P(DEGMEMA-co-EA) core/shell nanoparticles; (b) Preparation of nanoparticle slurry with monomer;

(c) Schematic illustration of double roller film-forming (DRF) process to prepare the PC film (Reproduced with permission
from Ref.[73]; Copyright (2019) The Royal Society of Chemistry).
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technique (Reproduced with permission from Ref.[89]; Copyright (2013) Nature).
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Fig. 9 Fabrication and four-dimensional screening of the quick response (QR) code composed by the three kinds of shaped

PC dots containingR6G. (a) Schematic representation of the fabrication procedure for the QR code. Four different images can

be displayed by this QR code under four different lighting conditions: Schematic representations (top) and corresponding

microscope images (bottom) of the QR code under lighting from the top (b) and from the side (c); Schematic representations

(top) and corresponding fluorescent images (bottom) of the QR code under excitationat532 nm with high power (d) and low
power (e). The scale bars are 500 mm (Reproduced with permission from Ref.[91]; Copyright (2016) Wiley-VCH).
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intricate patterns (Reproduced with permission from Ref.[92]; Copyright (2007) Nature); (b) The toggle between illuminated

states of a magnetically modulated PC structure composed of Janus microspheres, where one hemisphere is sensitive to

magnetism and the other is doped with luminescent molecules (Reproduced with permission from Ref.[12]; Copyright (2012)

Wiley-VCH); (c) A designed PC RGB (red, green, blue) system for reflective display applications (Reproduced with permission
from Ref.[94]; Copyright (2014) Wiley-VCH); (d) A display system with broad viewing angles, featuring PC domes infused

with luminophores that maintain brightness irrespective of the angle of observation (Reproduced with permission from Ref.[95];

Copyright (2014) Wiley-VCH).
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Review

Progress in Preparation and Application of Colloidal Photonic Crystals

Feng Tian!, Han-wen Huang?, Fang-hao Tian?, Guo-wei Zhao'-2, Chang-chun Wang?*
(!Phomera Metamaterials Inc., Zhuhai 519099)
(°State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science,
Fudan University, Shanghai 200433)

Abstract Photonic crystals produce structural colors through selective reflection of light by the periodic arrangement
of materials with varying refractive indices. Colloidal photonic crystals, in particular, have attracted considerable
attention due to their ease of preparation, cost-effectiveness, and widespread applications. This review summarizes
the latest progress and challenges in the assembly techniques and applications of colloidal photonic crystals. The
assembly of photonic crystals is predominantly conducted through a bottom-up approach, which includes assembly
methods based on physical force fields such as gravity, centrifugal force, and electromagnetic field-induced
assembly, as well as assembly techniques driven by fluid dynamics, including capillary forces and shear-induced
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methods. Specifically, shear-induced assembly has garnered attention for its potential in the rapid fabrication of
large-scale photonic crystal films. This review critically analyzes the merits and drawbacks of different assembly
methods and discusses the application prospects of colloidal photonic crystals in major fields such as sensing,
anti-counterfeiting, and information display, along with the opportunities and challenges they present. In conclusion,
the article provides an outlook on the development trends of photonic crystal assembly technology, with the hope

of promoting further advancement and application of these materials.
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