























and diameter distributions of the resultant PS microspheres. It can be observed from
the SEM images that the prepared microspheres exhibit spherical morphology and
uniform size. These PS microspheres are highly monodisperse, and hence can be
close-packed into long-ordered arrays. The corresponding DLS analyses further
confirm that PS microspheres obtained by the emulsion polymerization method have
good monodispersity, narrow particle size distribution and less than 5% coefficient of

variation, which can be used as building units of photonic crystals.

Figure 1. (a-c) Typical SEM images and (d-f) diameter distributions of PS
microspheres with different average diameters: (a, d) 181 nm, (b, €) 214 nm and (c, f)

250 nm.

Hydrogels are powerful smart materials with three-dimentional network, which
are widely used in sensing, tissue engineering, and biomedical applications owing to
their stimuli-responsive capacity, biocompatibility, and the ability to capture metal
ions or nanoparticles.”? To confer the CPC materials with multifunction, hydrogel
monomers BA and AA were introduced to grow hydrogel shells on the PS cores,
affording P(St-co-BA-co-AA) latex. Then a biphase microfluidic flow-focusing
device was constructed for the generation of monodisperse photonic crystal supraballs
(Figure 2a). We chose methysilicone oil as continuous phase and P(St-co-BA-co-AA)

latex as discontinuous phase. In a typical procedure, the latex phase was cut off by the




continuous oil phase, resulting in uniform photonic supraballs with the assistance of
surface tension between oil and water. After solvent evaporation, the photonic
supraballs were self-assembled from monodispersed colloidal microspheres, ascribed
to the close-packed lattice arrangement caused from minimization of the interfacial
free energies. The as-prepared CPC supraballs with brilliant green structural color are
shown in Figure 2b, which have uniform spherical morphology and an average
diameter of 258 pum (Figure 2b-c). The results indicate we constructed an effective

platform to fabricate high-quality CPC supraballs.
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Figure 2. (a) Schematic representation of microfluidic device for preparation of
monodisperse photonic supraballs. (b) Optical microscopy image and (c) the

corresponding diameter distribution of the as-synthesized photonic supraballs.

As described in the Young—Dupre’s equations, the velocities of oil flow and latex
flow are main factors in controlling the size of the CPC supraballs. Figure 3a and 3b

show the relationships between droplet diameter of the photonic supraballs and oil




flow velocity (with a fixed latex flow velocity at 0.6 ml/h), latex flow velocity (with a
fixed oil flow velocity at 16 ml/h), respectively. The drop diameter decreases with the
oil flow velocity while increases with the latex flow velocity. Accordingly, the optimal
conditions of the oil flow velocity and latex flow velocity were fixed at 20 mL/h and
0.1 mL/h, respectively. Moreover, by controlling the surface tension between the oil
phase and the water phase, various spherical supraballs with different structural colors
ranging from blue-violet, yellow to red could be facilely prepared by tuning colloidal
sizes (Figure 2c-e). The as prepared photonic supraballs exhibit iridescent structural
colors and present outstanding uniformity in size. Thus, by tuning the velocities of oil
flow and latex flow, we are able to control the surface tension between oil phase and
latex phase, and hence prepare a series of monodispersed photonic supraballs with

high optical performance potentially used for anti-countering, sensing and displays.
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Figure 3. Relationship between droplet diameter of the CPC supraballs and (a) oil
flow velocity (with a fixed latex flow velocity at 0.6 ml/h), (b) latex flow velocity
(with a fixed oil flow velocity at 16 ml/h). (c-e) Optical photographs of CPC

supraballs constructed by P(St-co-BA-co-AA) latex with different diameters.

We further investigated the fabrication of CPC supraballs with Janus structures




by employing a triphase microfluidic device. As shown in Figure 4a, the
methysilicone oil was chosen as continuous phase, P(St-co-BA-co-AA) emulsion and
TMPTA/Fe;04 nanoparticles were used as discontinuous phases, respectively. The
converged two discontinuous phases were cut by continuous phase into biphasic
droplets with CPC hemispheres and magnetic hemispheres. While applying UV light
at the terminal of the microfluidic device, Janus CPC supraballs were successfully
prepared. Bright blue CPC hemispheres and black hemispheres with clear boundaries
can be observed in the optical image of Janus PC supraballs shown in Figure 4b. It is
worth mentioning that the immiscibility among the water, TMPTA(as surfactant) and
methysilicone oil makes sure the isolation of the two hemispheres in a supraballs
which eliminated the diffusion of the colloidal particles in the formation progress of
CPC hemispheres. The isolation of the two hemispheres was further confirmed by
SEM image shown in Figure 4c and it can be seen that two sides, well-ordered

colloidal particles and flat polymer, are obviously separated.
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Figure 4. (a) Schematic illustration of a triphase microfluidic device for the




fabrication of magneto-responsive Janus CPC supraballs. (b) Optical microscope
image of the obtained Janus supraballs with the blue hemispheres (CPC part) and the
black hemispheres (magnetic part). (¢c) SEM image of the equator for a Janus
supraball.

Besides, we further explored the potential applications of as-obtained Janus PC
supraballs. As shown in Figure 5a, a display panel with patterned “NF”’(standing for
the abbreviation school name “NFLS”) was created using Janus PC supraballs as pixel.
Initially, the pattern show ruleless color (OFF state) for the disorientation of these PC
supraballs. While applying the magnetic field under the panel, all of the pixels
oriented with blue hemispheres upwards (ON state) and the display panel show bright
blue “NF” pattern. Therefore, such Janus materials could undergo switching in
response to an external magnetic field, meaningful for bead-patterned display panel.
Additionally, we endowed the supraballs with external responsive property by
introducing the humidity-sensitive monomer dimethylallylamine (DMAA) into the
CPC hemispheres. After UV light initiation, the colloidal particles were finely
immobilized in the polymer matrix owing to the effective interactions between
functionalized particle surface and matrix. Figure 5b show the changing of
bead-patterned display panel by adjusting the humidity. While increasing the ambient
humidity, the supraballs swelled remarkably along with the color changing from blue
to while (infrared). The phenomenon can be explained by that, the absorption of water
by polymer matrix from the air lead to the volume gaining of the supraballs and
meanwhile the lattice constant increased without doubt, resulting in the red shift of the
diffraction peak of CPC supraballs. Significantly, the reversible changing of the
display panel occurred after decreasing the ambient humidity. These bead-pattern
display panels utilizing functional Janus CPC supraballs as pixels exhibit great
potential in the intelligent display, environment visual sensing, and information

encoding areas.
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Figure 5. (a) Switching of the “NF” bead-patterned display panel while applying
external magnetic field. (b) Reversible changing of the bead-patterned display panel

under different humidity.

4. Conclusions

In summary, with wuse of monodispersed hydrogel microspheres
poly(styrene-co-butyl acrylate-co-acrylic acid) [P(St-co-BA-co-AA)] as the building
blocks, we successfully constructed versatile multifunctional colloidal photonic
crystal (CPC) supraballs via microfluidic techniques. By controlling the surface
tension between the continuous phase and the discontinuous phase in the microfluidic
device, differently sized spherical CPC supraballs with various structural colors
ranging from blue-violet, yellow, green to red could be facilely prepared by tuning
colloidal microsphere diameters. More interestingly, we showed the availability of
Janus CPC supraballs with photonic bandgap, magnetic response, and
humidity-sensitive behavior via a triphase microfluidic technique. Since the building
blocks of CPC supraballs are functionalized with smart hydrogel shell, the versatile
ability responding to external stimuli is expectable. It is reasonable to speculate that
These multifunctional Janus hydrogel CPC supraballs might find potentials in such as

display, encoding, sensing, and biomedical applications.
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