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a b s t r a c t

Spherical photonic crystals (PCs), generated by assembly of monodisperse colloidal nano-
spheres in a spherical confined geometry, attract great attention recently owing to their
potential applications in the fields of displays, sensors, optoelectronic devices, and others.
Compared to their conventional film or bulk counterparts, the optical stop band of the
spherical PCs is independent of the rotation under illumination of the surface of a fixed
incident angle of the light, broadening their applications. In this paper, we will review
recent advances in the field of spherical PCs including design, preparation and potential
applications. Various preparation strategies for spherical PCs, including solvent-evapora-
tion induced crystallization method, microfluidic-assisted approach, and others are out-
lined. Their applications based on the unique optical properties (such as photonic band
gaps and structural colors) for sensing and displaying are then presented, followed by
the perspective of this emerging field.

� 2013 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3421
2. Strategies for the fabrication of spherical PCs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3421

2.1. Spherical PCs fabricated by solvent-evaporation induced crystallization method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3421
2.2. Spherical PCs fabricated by electric-assisted method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3423
2.3. Spherical PCs fabricated by microfluidic-assisted method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3423

2.3.1. Spherical PCs in the solid state . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3423
2.3.2. Encapsulation of crystalline colloidal arrays. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3426

3. Applications of spherical PCs in optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3427
3.1. Display materials. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3427
3.2. Encoding microcarriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3428
3.3. Sensing materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3429

4. Summary and outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3431
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3431
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3432

0014-3057/$ - see front matter � 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.eurpolymj.2013.08.003

⇑ Corresponding author. Fax: +86 27 8754 3632.
E-mail address: jtzhu@mail.hust.edu.cn (J. Zhu).

European Polymer Journal 49 (2013) 3420–3433

Contents lists available at ScienceDirect

European Polymer Journal

journal homepage: www.elsevier .com/locate /europol j

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eurpolymj.2013.08.003&domain=pdf
http://dx.doi.org/10.1016/j.eurpolymj.2013.08.003
mailto:jtzhu@mail.hust.edu.cn
http://dx.doi.org/10.1016/j.eurpolymj.2013.08.003
http://www.sciencedirect.com/science/journal/00143057
http://www.elsevier.com/locate/europolj


1. Introduction

Photonic crystals (PCs) are structured materials where
the refractive index is periodically modulated that can af-
fect the propagation of light [1]. Interaction of the light
waves and PCs (such as interference or scattering) leads
to omnidirectional reflection or photonic band gaps (PBGs).
In PBGs, light propagation will be forbidden and PCs will
appear various brilliant colors, namely structural colors.
Owing to their unique optical properties (PBGs and struc-
tural colors), PCs have attracted increasingly attention of
the researchers in the last two decades, and have been
widely applied in different fields such as optoelectronic de-
vices, actuators, filters, sensors, and displays [2–10]. A
number of methods, including top-down methods (such
as interference lithography or deposition technique) and
bottom-up methods (e.g., colloidal or block copolymer
assembly) have been developed to fabricate PCs with var-
ied structures and shapes at various length scales. Com-
pared to the top-down techniques, the bottom-up
methods, especially colloidal assembly, show more advan-
tages such as low cost, easy operation, large-area fabrica-
tion. Up to now, colloid assembly has become the most
promising technique for preparing three-dimensional col-
loidal PCs. To meet the requirements of practical applica-
tions, most of colloidal PCs have been made into thin
film or bulk materials, which show different colors at var-
ious viewing angles that limit their extensive applications.
To overcome the drawback of PC thin films, spherical PCs
have been developed, whose optical stop band is indepen-
dent of the rotation under illumination of the surface at a
fixed incident angle of the light due to the spherical sym-
metry, broadening their perspective of applications. Some
simple methods such as evaporation-induced crystalliza-
tion or emulsification technique have been created to pre-
pare spherical PCs; however, it is time-consuming and
hard to obtain monodisperse spherical PCs with desired
structures. Recently, great progress in the fabrication of
monodisperse spherical PCs has been made by using the
assisted methods such as electro-spraying or microflu-
idic-assisted approach. These newly developed methods
not only can ensure the monodispersity of spherical PCs,
but also can enable the fast preparation and structure tun-
ability, paving the way for the development of advanced
optoelectronic devices.

In this review, various synthesis strategies for generat-
ing spherical PCs will first be discussed, including sol-
vent-evaporation induced crystallization method, the
assisted methods such as electric, microfluidic-assisted
method. Potential applications of spherical PCs in optics
will then be outlined.

2. Strategies for the fabrication of spherical PCs

2.1. Spherical PCs fabricated by solvent-evaporation induced
crystallization method

Solvent-evaporation induced crystallization method is
first developed to prepare spherical PCs owing to its
simplicity. In nature, colorful opals are natural PCs which

originate from the self-assembly of silica nanospheres. To
ensure the formation of the PCs, monodisperse colloidal
nanospheres, including hard nanospheres (such as silica
or polystyrene (PS) nanospheres) or soft nanospheres
(e.g., microgels) are first synthesized through conventional
synthesis methods such as stöber method or emulsion
polymerization [11,12]. Monodisperse colloidal nano-
spheres can self-assemble into the crystal structure (e.g.,
face-centered cubic (fcc) structure) spontaneously during
the evaporation of aqueous suspension of nanospheres.
Thus, to realize the fabrication of spherical PC, spherical
shape of the droplets containing nanospheres should be
maintained during the whole process of solvent evapora-
tion. The superhydrophobic substrate can offer a platform
for the formation of spherical droplets. The suspension of
monodisperse nanospheres can be sprayed or dropped on
the superhydrophobic substrate by using the sprayer or
micropipette, respectively; the droplets can be fixed on
the substrate and form perfect spherical shape due to the
interfacial tension among solid, liquid and air phases and
the superhydrophobic effect of the substrate [13,14]. With
the solvent (e.g., water) evaporation, the droplets occur to
shrink and the nanospheres self-assemble at the interface
of liquid and air. Finally, the solid spherical PCs can be ob-
tained after fully evaporating the solvent. Also, the spheri-
cal droplets can be obtained by dropping the droplets on
the surface of immiscible oil [15], as shown in Fig. 1a. To

Fig. 1. (a) Schematic illustration showing the formation of spherical PCs
through nanospheres assembly approach. The template aqueous droplets
are suspended on the surface of fluorinated oil and colloid crystals are
formed during the drying process. (b) Optical micrograph of spherical PCs
obtained from 270 nm latex particles. (c) SEM image of the surface of a
spherical PC. Adapted from Ref. [15].
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