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CONSPECTUS

B ecause of the combinatorial advantage of their unique light manipulation properties

“o\\abie Wettay, iy,

and potential applications in novel optical devices, colloidal photonic crystals (PCs), the
periodic arrangement of monodispersed latex spheres, have attracted interest from
researchers. In particular, colloidal PCs exhibit structural colors based on interference effects

Gd

making them particularly attractive for a variety of applications. Colloidal PCs are extensively g e

within their periodic structures. The wavelength of these colors lies in the visible range, o % *—

used in templating, catalysis, and chromatographic separations. Inspired by biological PCs ° '.‘
with both structural color and specific wettability, researchers have fabricated colloidal PCs “ 'Q’.C
with controllable wettability as described in this Account. The wettability can be adjusted by

the intrinsic roughness of colloidal crystals in combination with the tunable chemical o

£
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composition of latex surfaces. Changes in the chemical composition of the latex surface

under external stimuli, such as light, electricity, and heat, can reversibly control the wettability of PCs. Furthermore, the hierarchical
structure of latex particles can effectively alter the water adhesive force of superhydrophobic colloidal PCs. Patterned PCs with a
variety of wettabilities can be assembled using inkjet printing from well-designed latex suspensions.

By combining their structural color and specific wettability, we also exemplify some of the promising applications of colloidal
PCs as templates for the construction of hierarchical structures, as indicators for controllable transport of liquid droplets, and as
color-based sensors for the monitoring changes in their environment. These findings offer innovative insights into the design of
novel colloidal PCs and will be of great importance for further applications of these materials.

1. Introduction
Colloidal photonic crystals (PCs), the periodic arrangement
of monodispersed latex spheres, have attracted much inter-
est from researchers due to their unique light manipulation
properties and potential applications in novel optical
devices." 3 In particular, the structural color of colloidal
PCs with a periodic structure corresponding to the wavelength
range of the visible light is paramount to fundamental research
and potential applications.* With their combination of a specific
periodic structure and a large ratio of the surface area, colloidal
PCs are extensively used in templates,® catalysis, and chro-
matography separation.® They are also used to simulate the
movement of atoms and molecules.

The special wettability of colloidal PCs can endow ma-
terials with novel functions such as self-cleaning properties
for optical devices,” the fully wetting and spreading of the
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precursor to infiltrate into the opal template? the full
diffusion of a catalyst into a reaction system,® or the quick
detection of liquid in microfluidic systems.® In general, the
wettability of a solid surface can be controlled mainly by its
surface chemical composition and surface topographic struc-
ture. Surface chemical composition determines surface free
energy (i.e., hydrophilicity/hydrophobicity), while the sur-
face topographic structure can amplify hydrophilicity or
hydrophobicity, based on the Wenzel'! and modified Cas-
sie equation.'* For colloidal PCs, their periodic latex ar-
rangement provides an intrinsic and well-ordered surface
topographic structure. These structures can manipulate the
surface wettability from superhydrophobicity to superhy-
drophilicity when the chemical composition of latex sur-
faces is further tuned or subsequent surface modifications
are introduced. In fact, wettability is an important property
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FIGURE 1. Photos and relative SEM images of typical biologic PC periodic structures with special wettability in nature: (A, B) hydrophilic pearl (with
water contact angle (CA) of 45°); (C, D) hydrophilic longhorn beetles Tmesisternus isabellae®’ (with water CA of 25°); (E, F) superhydrophobic mosquito
eye (with water CA of 149.8°);>° (G, H) superhydrophobic peacock (with water CA of 150°). Insets in panels B, D, F, and H are the water droplet profile on

the relative sample.

of a solid surface,'® which plays an important role in daily
life, industry, and agriculture. Functional surfaces with spe-
cial wettability have aroused much interest because of their
great advantages in applications. For example, a superhy-
drophilic surface with a water contact angle (CA) of almost 0°
has been successfully used as a transparent coating with
antifogging and self-cleaning properties, while a superhy-
drophobic surface can avoid contamination, the sticking of
snow, and erosion. The combination of the special wettability
and light manipulation properties will bring many novel
properties and promising applications for colloidal PCs.

In nature, many biological PCs'*~'® have special wett-
ability (shown in Figure 1), apart from the well-known
iridescence resulting from their periodic structure. Irides-
cence, the change in hue of a surface with varying observa-
tion angles, is used for species recognition and mate selec-
tion by insects, birds, fishes, and reptiles,'” while the special
wettability of creatures in nature is necessary for their
environmental adaptability. For example, the microstructure
of butterfly wings'® and peacock feathers'® (Figure 1G,H)
brings about beautiful structural color and special super-
hydrophobicity shielding them from rainfall. Thus, rain
droplets cannot stay stably on those surfaces and can swiftly
roll off at the slightest tremble. Simultaneously, dust particles
on the surface are easily removed. Likewise, the superhy-
drophobicity of a mosquito's complex eyes (Figure 1E,F)
favors it with good vision in a humid environment because
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fog droplets easily roll off the surface.”® This self-cleaning
property is not only useful in biology but also very instructive
for the design of new materials with antifrost properties.
Also, longhorn beetles show us an ingenious example of the
harmony of PCs and special wettability (Figure 1CD). An
amazing camouflage behavior has been observed as the
color pattern on their hydrophilic elytra changes from yellow
to red when environmental humidity increases; vice versa,
the color could reversibly return to red when environmental
humidity lowers.?' This is mainly due to water adsorption/
desorption of the hydrophilic pattern region under different
levels of humidity. Such color changes can remain consistent
with the color of the soil on rainy or sunny days in order to
protect the beetle from its natural enemies. Understanding these
functions of biological PCs will open new opportunities for the
design and synthesis of new functional materials.

In this Account, we will present two approaches to fabri-
cating bioinspired colloidal PCs with controllable wettability:
simply coating special materials onto the surface of colloidal
crystals or using latex particles, which function as well-
designed amphiphilic building blocks. Additionally, some
applications for colloidal PCs with controllable wettability are
demonstrated in liquid droplet transportation and visibly sen-
sing the changes of stimuli. The section 2 is related to the
construction of colloidal PCs with controllable wettability based
on the topographical structure of colloidal crystals and the
modulation of the chemical composition of a latex surface. The



FIGURE 2. (A) An optical microscope image of artificial compound-eye
analogues. (B, C) SEM images of hexagonal close-packed poly(dimethyl
siloxane) microhemispheres and silica nanospheres mimicking the
microstructures of mosquito compound eyes. (D) A spherical water
droplet on the artificial compound-eye surface.?.

section 3 demonstrates some visible sensing of colloidal PCs with
controllable wettability. The section 4 lays out the possible deve-
lopment trend of the colloidal PCs with controllable wettability,
which may provide promising materials for optical devices.

2. Construction of Colloidal PCs with Control-
lable Wettability

Various approaches have been used to construct colloidal
PCs with controllable wettability. These have mainly been
based on either surface topographic structures derived from
periodic arrangement or modulation of surface chemical
composition. Superhydrophobic/superhydrophilic films can
be fabricated by coating the surface of colloidal crystals with
hydrophobic/hydrophilic materials. The wettability of colloidal
PCs can be further tuned by modifying the roughness of a
surface based on different latex arrays or can be reversibly
changed by introducing responsive molecules. Herein, we can
darify the construction of the colloidal PCs with controllable
wettability mainly based on the intrinsic topography of colloidal
crystals and their amphiphilic building blocks.

2.1. Superhydrophobic/Superhydrophilic Colloidal PCs
from Topography. Generally, colloidal PCs with special
wettability are fabricated by direct application of the intrinsic
roughness of the periodic latex arrangement or inverse
structure, since surface roughness has been considered as
an effective approach to amplifying the intrinsic hydrophi-
licity/hydrophobicity of materials. Accordingly, the wettabil-
ity of a film can be tuned by coating the surface of colloidal
crystal with a hydrophilic or hydrophobic material or by
varying the array or topography of the colloidal crystals.
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Ge et al. fabricated a highly hydrophobic colloidal PC
simply by the self-assembly of hydrophobic polystyrene (PS)
latex spheres. The rough structure of latex assembly en-
hances the hydrophobicity of the hydrophobic PS.** Based
on a similar idea, Gao et al. mimicked the superhydropho-
bicity of amosquito's eye by the periodic arrangement of the
monolayer colloidal crystals upon poly(dimethyl siloxane)
hemispheres (Figure 2A—C) and the subsequent chemical
modification of the film via a fluoroalkyl silane (FAS)
molecule.?° The film as such, with a water CA of 150°, showed
extra-antifogging properties (Figure 2D). The rough structure
from a binary colloidal assembly has also been utilized for the
fabrication of colloidal PCs with special wettability.>

Simultaneously, the wettability of the colloidal PCs can be
effectively tuned by adjusting the rough structure of colloidal
crystals based on a change of the array or topography of the
colloidal crystals. Typically, Shiu et al. fabricated PCs with
tunable wettability based on the modification of the fraction
of the liquid—solid contact area by varying monodispersed
PS nanostructures from a close-packed to a non-close-
packed array.>* After modification of the colloidal crystals
with octadecanethiol, the water CA of the PS colloidal
crystals varied from 132° for PS arrays with a diameter of
440 nm to 168° for size-reduced PS arrays with a diameter of
190 nm. Subsequently, Han et al. changed the wettability of
colloidal crystals by varying their topography while applying
a temperature gradient field.*>°

It should be mentioned that an inverse opal structure
provides an effective approach for the construction of novel,
functional colloidal PCs with controllable wettability as well.
These multifunctional PCs demonstrate extra propetties be-
sides their stopband and wettability, which will greatly
expand the range of promising applications. Gu et al. devel-
oped the first fabrication of an iridescent superhydrophobic
film based on uniform inverse opal structure over a large
area.?’ The inverse opal structure was obtained, first, by the
self-assembly of the mixing suspension of PS (several hun-
dred nanometers) and silica nanoparticles (6 nm) and, sub-
sequently, by calcinations to remove the polymer. The struc-
ture demonstrates hydrophobicity when being modified
with FAS by thermal chemical vapor deposition. Following
Gu's work, a series of functional PCs with special wettability
were fabricated,?® 3> such as superhydrophilic photocata-
lytic TiO,,° tough SiC PCs,** and thermostable polyimide
PCs.> This artful strategy for fabricating functional PCs has
shown its potential applications in various optical devices.

2.2. Colloidal PCs with Controllable Wettability from
Amphiphilic Building Blocks. Although the above studies

Vol. 44, No. 6 = 2011 = 405-415 = ACCOUNTS OF CHEMICAL RESEARCH = 407



Bioinspired Colloidal Photonic Crystals Wang et al.

B

Ao

W
.V,t.@

¢e— amphiphilic polymer ¢ hydrophilic group — hydrophobic group

FIGURE 3. Schematic illustration of colloidal PCs with controllable
wettability obtained from well-designed amphiphilic latex particles.

have provided several feasible approaches for fabricating
colloidal PCs with special wettability, we propose an alter-
native way to control the wettability of colloidal PCs by
utilizing amphiphilic latex particles instead of traditional
building blocks. Figure 3 shows an overview of our prepara-
tive strategy for fabricating colloidal PCs with controllable
wettability, which mainly depends on the fine design of the
building blocks of colloidal PCs: amphiphilic latex particles.
The core—shell latex spheres are designed and synthesized
based on amphiphilic polymers; the chemical composition
of the latex surface can be effectively adjusted via phase
separation induced by exterior stimuli, which results in an
enrichment of the hydrophilic/hydrophobic group on the
latex surface and the hydrophilicity/hydrophobicity of PCs.
Finally, superhydrophobic/superhydrophilic colloidal PCs
are obtained based on the amplification effect of the peri-
odic structure of colloidal crystals.

2.2.1. Control of the Wettability of Colloidal PCs. The
wettability of colloidal PCs can be effectively controlled by
appropriately modifying the surface chemical composition
or surface free energy of a latex particle. Thus, superhydro-
philic colloidal PCs could be assembled from latex spheres
presenting a hydrophilic group, such as a hydroxyl group3®
or carboxyl group,®” while a hydrophobic carbon chain,
fluorine, or silicon group on a latex surface will contribute
to superhydrophobic colloidal PCs.

Phase separation of a hydrophilic or hydrophobic poly-
mer segment has become one of the important strategies for
the modulation of the surface chemical composition of
the latex particles and the wettability of the colloidal PCs.
Colloidal PCs with controllable wettability are fabricated
based on the use of amphiphilic latex spheres with a hydro-
phobic PS core and a hydrophilic poly(acrylic acid) (PAA)
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shell.>®~“° The hydrophilicity or hydrophobicity of colloidal
PCs mainly depends on whether the carboxyl group is on the
latex surface, originating from the reorientation of the
hydrophilic polymer segment under various assembly con-
ditions. In this case, the assembly temperature plays a key
role in the reorientation of the hydrophilic polymer segment
of a latex surface in Figure 4.3°%° When the assembly
temperature is higher than the temperature of the glass
transition (Ty) of the polymer segment on a latex surface,*'
the polymer segment will reconstruct when driven from the
lowest surface free energy. The reorientation process of a
polymer segment will result in changes of the surface chemical
composition and the wettability of the colloidal PCs. In contrast,
the wettability of the latex surface will remain unchanged
when the assembly temperature is far lower than the surface
T, of the latex polymer. For latex particles with a PS cor-
e—PMMA/PAA shell, superhydrophobic PCs are obtained at
higher assembly temperature (>80 °C), while superhydrophilic
PCs need a lower assembly temperature (<20 °Q). Films with
increased water CA can be obtained by increasing the assem-
bly temperature. In fact, thermodynamics is a primary driving
force in the phase separation of a polymer segment toward
minimum interfacial energy,**>** which mainly depends on
the assembly temperature or surface T, of the polymer seg-
ment (Figure 4).*° The latter could be easily adjusted by finely
modifying the ratios of the soft/hard polymer segment, or the
ratio of comonomers of poly(N-isopropylacrylamideso-co-N-
isopropylmethylacrylamide) based on the lower critical solu-
tion temperature of poly(N-isopropylacrylamide).** Further-
more, the introduction of roughness will greatly enlarge the
change in the wettability of colloidal PCs. The exterior atmo-
sphere also affects the resultant wettability of the film.>
Meanwhile, the wettability of the films can be effectively
controlled by the chemical bonding interaction of a latex
surface. For instance, the hydrogen-bonding interaction can
effectively lock the hydrophilic or hydrophobic group into a
suitable configuration and fix the wettability of the films.*>4°
Oppositely, the breakage of the hydrogen bonding can destroy
the configuration and vary the wettability of the colloidal PCs.
For the colloidal PCs assembled from the latex of a PS cor-
e—PAA shell, the hydrogen bonding association among hydro-
philic COOH and SO5 ™~ of emulsifier SDBS (when the pH of the
latex system is 6.0) locks the hydrophilic COOH group of the
latex surface into a preferable configuration (Figure 5), with its
hydrophobic carbon chain spreading outward toward air*” —4°
and the hydrophilic group extending inward toward the latex
interior in Figure 5. This morphology contributes to a stable
hydrophobicity of PCs.>° In contrast, hydrogen bonding is
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FIGURE 4. The relationship of assembly temperature and water CA of the as-prepared PCs from latex spheres with varying ratios of nBA/St. Inset is
the possible chemical composition of the latex surface and the relative water droplet profile: (a, a’) low assembly temperature; (b, b’) high assembly

temperature.*®

A B

P(MMA-AA)

-8 (3H;,50;-Na i

pH<6

pH>12

FIGURE 5. (A, B) Photographs of water droplet shape on PCs assembled
from latex suspensions with pH of 6.0 and 12, respectively; (C, D)
illustrations of the structure of the latex sphere in the PCs of parts A and
B, respectively. The conformation of hydrogen bonding is noted by the
arrow.*®

suppressed when gradually introducing NHs-H,O into the
latex suspension and the deprotonation of COOH to COO™,
with hydrophilic groups of both COO™ and SO5~ spreading
outward toward air. The resultant film is hydrophilic. As a result,
superhydrophobic or superhydrophilic PCs can be obtained at
pH = 6 or 12, respectively. More importantly, a hydrophilic

surface can be switched back to a hydrophobic one by treat-
ment with an acidic vapor, such as HC.

2.2.2. Colloidal PCs with Reversible Wettability. PCs
with reversible wettability can be obtained when a respon-
sive group is introduced onto the latex surface or into its
inverse structure. The wettability of PCs can be reversibly
controlled by stimuli such as light,*® electricity,>' or heat>?
when the corresponding responsive groups are introduced
onto the latex surface. Typically, inverse opal PCs with
electroresponsive wettability are obtained after electrically
tunable polypyrrole (Ppy)°" is infiltrated into the interstice of
the opal template and the template is removed. The wett-
ability of the PCs can be reversibly changed when being
altered between an oxidized (left) and a neutral (right) state
(Figure 6). This could be mainly attributed to the insertion or
desertion of Li* during the oxidation—reduction process. For
the neutral state, the introduction of hydrophilic Li* arouses
enhanced hydrophilicity, while desertion of hydrophilic Li*
leads to hydrophobicity of the resultant PCs. Furthermore,
the wettability of the PC film can be finely tailored based on
the gradual increase of the inserted amount of Li* by varying
the oxidation/reduction time. The process of gradual oxida-
tion/reduction accompanies the change of the conductivity
and stopband of the PCs as well.

Similarly, inverse opal PCs with photoresponsive wett-
ability are obtained by electrostatic layer-by-layer self-as-
sembly of an azobenzene monolayer upon the silica inverse
opal. An Azo molecule®® can experience isomerization
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FIGURE 6. (A) Schematic illustration for electroresponse change of chemical structure of Ppy. (B) Multiresponsive change (I/V curve, SEM, water CA
change (from 139.4° to 48.7°), and structural color) of film when being altered between oxidized (green) and neutral (orange) state.>".

between the cis and trans states, which results in a distin-
guished dipole moment and a wettability difference of 2°.
The roughness that arises from an inverse opal structure will
amplify this wettability difference. The wettability of the
resultant film can be reversibly switched from 140.8° +
3.0° to 121.8° £ 4.3° under alternated UV/vis irradiation.
This reversible wettability change of colloidal PCs will have a
potential application as a visible monitor of a microfluidic
system. Recently, colloidal PCs with thermoresponsive wett-
ability were built from core—shell poly(styrene/a-tert-buoxy-
w-vinylbenzylpolyglycidol) microspheres; the wettability of the
PC's was also shown to reversibly switch from hydrophilic to
hydrophobic as a function of the assembly temperature.>* The
current work on these responsive colloidal PCs suggests excit-
ing possibilities for the creation of novel colloidal crystal arrays
from smart colloidal spheres.

2.2.3. Superhydrophobic Colloidal PCs with Tunable
Adhesion Properties. Interestingly, the hierarchical mor-
phology of a latex surface plays a critical role in the
wettability>® and the water adhesive force of colloidal PCs
as well.>* Colloidal PCs assembled from latex spheres with
an uneven latex surface show distinct water adhesion
properties, which are similar to that of rose petals aroused
from their special hierarchical structure.>>>® This high water
adhesion force of colloidal crystals has mainly arisen from
the multiscale roughness produced from a hydrophilic poly-
mer segment. The colloidal crystal shows primary roughness
from a latex arrangement and secondary roughness from an
uneven latex surface. Recently, we fabricated one kind of
anisotropic colloidal PC from mushroom-capped latex
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particles.>” The homogeneous orientation of a latex cavity
showed special optic properties. This anisotropic assembly
morphology can produce outstanding oil adhesion propetties.

2.3. Patterned Wettability of Colloidal PCs by Inkjet
Printing. Based on the above construction strategy, the
colloidal PCs with controllable wettability are generally
obtained from the self-assembly of the latex particles with
responsive wettability. In fact, self-assembly has become a
simple and common approach for the fabrication of colloi-
dal PCs with a stopband at UV and visible ranges, and it could
be easily modified for widespread manufacturing purposes.
A series of approaches to improve assembly procedures
have been carried out since the first publication of details
about the interparticle forces governing the packing of two-
dimensional latex aggregates by Nagayama's group.>®
These improvements mainly refer to a facile apparatus,®
increased quality,> and a larger latex diameter. Recently,
Song et al. succeeded in the rapid fabrication of large-scale
colloidal PCs by spray coating.>® The latex spheres could be
effectively self-assembled during a rapid spray process. In
this process, the hydrogen-bonding association among a
hydrophilic COOH group around a latex surface could effec-
tively enhance the assembly force among latex spheres,
which contributes to the rapid assembly of the latex spheres
during the spray process. Subsequently, Song et al. fabri-
cated the pattern PCs by inkjet printing®® (Figure 7) based on
the effective modulation of the substrate wettability and
latex composition. As-prepared colloidal PCs showed dis-
tinct structural color at different pattern regions. And the
wettability of the pattern region could be modified when



FIGURE 7. (A) Schematic illustration of patterned colloidal PCs fabri-
cated from inkjet printing; (B) the influence of the dewetting process on
spreading of latex droplets; (C) photograph of the PCs with flower-leaf
pattern,®® scale bar=1 cm.

using latex spheres with different latex surfaces. This assem-
bly opened a facile approach for the rapid fabrication of
colloidal PCs with controllable wettability.

3. Visible Sensing of the Colloidal PCs with Con-
trollable Wettability

Colloidal PCs with controllable wettability show promising
applications in many fields, such as the controllable manip-
ulation of small volumes of liquids in microfluidics,® identi-
fiable sensing by optical signal*® or color*® for some
systems, the fabrication of pattern PCs, etc. These applica-
tions are mainly based on the change of their optic signal/
structural color responding to exterior stimuli, that is, exter-
ior stimuliinduce a change of the interplanar spacing, crystal
structure, or refractive index of the composite PC systems,
which leads to a change of optical signal (stopband) or
structural color based on Bragg law.®' For example, the film
can identify the presence or movement of the small volumes
of liquids in microfluidics®® by optical signal®° or color.?° In
these aqueous or solution systems, the proper wettability of
colloidal PCs is especially important, which favors the full
wetting or spreading of the solution upon PCs, and the
extensive change in the periodic structure or refractive
index. In the following part, we demonstrate a typical
application of the colloidal PCs with controllable wettability
in the visible sensing of exterior stimuli in reaction monitor-
ing, humidity/oil sensing, and self-oscillation systems.
Sailor et al.>® demonstrated a vivid example of the visible
manipulation of a liquid droplet using amphiphilic magnetic
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one-dimensional PC chaperones. The amphiphilic PC micro-
particles will accumulate and spontaneously align at the
interface of a two-phase liquid such as dichloromethane/
water, which makes it easy to incorporate superparamag-
netic nanoparticles of Fe30, into the porous nanostructure.
This allows the material to chaperone microliter-scale liquid
droplets when an external magnetic field is applied. The
reflection spectrum of the PCs displays a peak that can identify
the droplet. Meanwhile, PC nanoparticle can effectively monitor
the following reaction procedure by its reflection spectra, which
includes filling or draining a chaperoned droplet and combining
two different droplets to perform a chemical reaction. In this
work, the amphiphilic property of PCs makes it feasible for the
films to accurately align around the liquid droplet.

Colloidal PCs with controllable wettability can also be
employed to monitor humidity or kinds of oil. Inspired by the
humidity sensing behavior of the elytra of longhorn beetles,
an artificial humidity-sensitive colloidal PC was fabricated by
infiltration of a hydrophilic polyacrylamide (PAAm) solution
into the interstice of the opal template and subsequent
photopolymerization.?? When the humidity increases or
decreases, the PAAm swells or shrinks, which results in a
color change of the hydrogel responding to the humidity
change®? (Figure 8). The hydrophilicity of PCs is useful for the
quick contact and spreading of the water vapor inside the
film, which contributes to the swift sensing of the humidity
change. The above-mentioned strategy of structural color
change may not only help us get insight into the biological
functionality of structural coloration but also may inspire the
design of novel artificial optical devices.

By infiltration of an oleophilic phenolic resin into the opal
template, oil-sensitive PCs (see Figure 9B,C) can be
obtained.° The macroporous structure of the inverse opal
benefits the oil adsorption, while the PC structure provides
an optical signal upon oil adsorption. The as-prepared
phenolic resin inverse opal showed distinct optic detection
signals when adsorbing different kinds of oil, while carbon
inverse opal®® with a higher refractive index demonstrated
an obvious color change after adsorbing different oils
(Figure 9D). In this system, the superoleophilicity (Figure 9A)
favors oil infiltration into the macroporous structure of the PC
film, while the superhydrophobicity can effectively avoid the
confusion of water/humidity to oil detection.

The optic properties of PCs and their distinct color could
be effectively applied to monitor dynamic processes, such as
self-oscillation systems,®® which are always used to mimic
biosystem actions.®* To meet this special application, sev-
eral details have to be satisfied. First, the hydrophilicity of
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FIGURE 8. (A) The schematicillustration of the periodic structure change of a PC hydrogel before and after being fully wetted in water. (B) Photographs
of the as-prepared PC hydrogel corresponding to different humidity.®’
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FIGURE 9. (A) Water or (B) oil droplet profile when dropped on the PCs. (C) SEM images of the PCs.3° (D) Reflection spectra of the carbon inverse opal
adsorbing four different oils. The insets show the colors of the carbon inverse opal with different oils absorbed.?®

PCs matching the aqueous oscillation system benefits the
full diffusions of the oscillation solution into the film and
swift response of oscillation stimuli. At the same time, a
tough film®® is necessary for enduring changes in the peri-
odic oscillation. Finally, a special response from the PC is
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required for special exterior stimuli.®® As a result, we could
synchronously and visibly monitor a pH-oscillation system
by an iridescent color change in Figure 10. The controllable
wettability of the colloidal PCs facilitates the quick and
accurate response of the optical signal to exterior stimuli.
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FIGURE 10. (A) Typical photos and (B) reflection spectra of a PC hydrogel during a pH oscillation cycle. (C) Time course of pH (black dot-line) induced by
the bromate/sulfite/ferrocyanide oscillating reaction and the corresponding stopband position (solid line) of the PC hydrogel immersed in the pH

oscillation system.®?

4. Conclusion and Outlook

This Account reviews recent progress on the bioinspired
construction of colloidal PCs with special wettability and
their applications. The fabrication approach mainly refers to
taking advantage of the intrinsic rough structure of colloidal
crystals by just modifying surface coating or based on
amphiphilic latex particles and pattern fabrication from
inkjet printing. This fabrication of colloidal PCs with control-
lable wettability will greatly broaden the applications of PCs
in various optical devices.

The research on colloidal PCs with special wettability is
still on going, and numerous challenges remain in its devel-
opment. First, it is necessary to design, synthesize, and apply
new materials into PC systems and for the wettability of
these materials to be responsive to exterior stimuli. Second,
the relationship between the hierarchical structure of build-
ing blocks and special wettability needs to be further ex-
plored and revealed. For example, the design and
fabrication of latex spheres with novel morphology and
structure (such as, mushroom-cap shaped, snowman, or
other anisotropic latex structure)®’ will greatly influence
their wettability behavior. Learning from nature will guide
us to optimize the structural design of artificial surfaces.
Exploring new natural PCs with special wettability and
illustrating the relationship between their structure and
function provides new clues for producing brand-new

functional materials and for developing promising new
applications. This will be an effective route to bioinspired
design of colloidal crystals with controllable wettability.
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