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Abstract
Functionalized colloidal particles are fascinating due to their huge range of potential and reported applications.
In this focus review, the recent development of a novel “interfacial photoreaction” for the preparation of functional
polymer particles is summarized. Recently, we discovered the phenomenon of the interfacial selective cross-linking
of spherical polymer particles bearing photoreactive groups, and this reaction was successfully used to synthesize
hollow polymer particles. As these hollow polymer particles have a cross-linked shell, solvent exchange can lead to
the posteriori encapsulation of various molecules, yielding capsule particles. Functionalization of hollow/capsule
particles was successfully achieved by introducing functional groups to the parent spherical polymer particles.
In addition, the spatially controlled interfacial photoreaction enabled the formation of non-spherical bowl-shaped
polymer particles. Furthermore, the photoinduced interfacial cross-linking strategy was successfully combined with
molecular imprinting, and functional polymer particles with a molecular recognition capability were developed by
utilizing the novel photoinduced post-cross-linked molecular imprinting method. We believe that photoinduced
interfacial cross-linking will allow for the creation of new functional polymer particles suitable for a range of versatile
applications.

Introduction

Polymer particles possessing controlled morphologies and
sophisticated functions are fascinating in terms of devel-
oping advanced research fields and industrial applications.
Indeed, the particle morphology is a fundamental feature
of polymer particles, since the particle morphology
strongly influences the physical properties of the particles.
For example, hollow polymer particles are used in
industry as organic white pigments [1] due to their unique
light-scattering properties. In addition, the encapsulation
of imaging agents, drugs, and precursor compounds into
such hollow particles yields capsule particles, which have
been employed in attractive applications, such as in vivo
imaging [2, 3], drug delivery [4–6], microreactors [7, 8],
and self-healing materials [9, 10]. Furthermore, non-

spherical polymer particles exhibit interesting character-
istics in terms of light-scattering and rheological proper-
ties [11–15]. Moreover, the particle morphology is known
to affect aspects of bio-related applications, such as the
cellular uptake, intracellular distribution, and in vivo
behaviors of particles [16–20]. The chemical functiona-
lization of polymer particles is also an important
requirement to ultimately permit their application in
advanced research fields [21–24].

This focus review therefore aims to present our
developed novel approach for creating functional polymer
particles possessing controlled morphologies by subject-
ing spherical polymer particles to an interfacial photo-
reaction. This approach should allow for the fabrication of
hollow, capsular, non-spherical polymer particles from
spherical polymer particles via a simple procedure
that does not require the use of sacrificial template parti-
cles or toxic solvents, which are used for template
removal. Furthermore, the ability of this approach to
synthesize morphology controlled particles possessing
sophisticated functions, such as stimuli responsiveness
and molecular recognition capability, was also described
in this paper.
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Synthetic routes to produce hollow polymer
particles

Remarkable progress has been made in the preparation of
hollow polymer particles, where synthetic approaches are
generally separated into template-assisted approaches and
template-free molecular self-assembly-based approaches
(Fig. 1). For example, Caruso et al. [25] reported a layer-by-
layer template-assisted approach; in this approach, a poly-
meric shell layer was formed on an inorganic particle template
via the step-by-step alternating adsorption of two pairs of
polymers (e.g., cationic/anionic, hydrogen donor/acceptor),
leading to the formation of core-shell particles comprising a
polymer shell and an inorganic particle core. The hollow
polymer particles were then obtained by removing the

inorganic particles from the core-shell particles [25, 26]. Other
template-assisted routes have also been reported, such as
seeded dispersion polymerization [27] and surface-initiated
polymerization [28, 29]. A common requirement of the
template-assisted approach is the use of sacrificial inorganic
particles (e.g., silica or gold particles) and their subsequent
removal following the formation of the core-shell morphol-
ogy. This tends to require the use of a highly toxic solvent
(e.g., hydrogen fluoride or aqua regia) to remove these
sacrificial inorganic particles. Okubo et al. developed a self-
assembling phase-separated polymer (SaPSeP) method,
which is a powerful strategy used for the preparation of
hollow polymer particles [30, 31]. The SaPSeP method is
generally performed in suspension polymerization systems
with hydrophobic organic solvents containing a monomer and
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Fig. 1 Various synthetic approaches to produce hollow polymer particles: (top) the template-assisted approach; (middle) self-assembly; and
(bottom) the interfacial photoreaction
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a cross-linker. During the polymerization process, the poly-
mers precipitate as microgels in the monomer droplets, and
these microgels are self-assembled at the water/oil interface to
reduce the interfacial free energy. This implies that this
methodology is limited by the fact that the polymer species
and core materials (i.e., organic solvents) must be combined,
and a highly hydrophobic core material is necessary. In
contrast, the template-free molecular self-assembly-based
approach is based on micelle and vesicle formation. For
example, shell-cross-linked hollow micelles are formed by
block copolymer self-assembly, which is followed by sub-
sequent shell-cross-linking and core-selective degradation
[32]. Various approaches used for the shell-cross-linking and
core degradation processes have been reported, and excellent
review articles concerning shell-cross-linked micelles have
been published [33, 34]. In addition, Kataoka et al. reported
vesicle formation based on the formation of polyion com-
plexes (PICsomes) using block copolypeptides [35, 36], while
Yusa et al. reported PICsome formation using amphiphilic
vinyl polymers [37, 38]. Furthermore, Armes et al. pioneered
the preparation of nanoobjects, such as polymer vesicles, via
polymerization-induced self-assembly (PISA), and as a result,
the preparation of functional vesicles has been reported by
several different research groups [39–45].

The interfacial photoreaction of polymer
particles: a novel synthetic route toward the
production of hollow polymer particles

A new approach for the preparation of hollow polymer
particles based on the interfacial photoreaction of spherical
polymer particles has recently been developed by our group
[46]. In this system, a photoinduced cross-linking reaction
based on the [2π+2π] dimerization reaction of photo-
reactive groups, such as cinnamoyl, stilbene, and coumarin

groups, can be adopted [47–50]. In the [2π+2π] cycload-
dition reaction, a cyclobutane ring was formed from two
alkene moieties by ultraviolet (UV) light irradiation, which
excites the alkene groups from the ground state to an
excited state. The [2π+2π] cycloaddition reaction can
therefore be used to cross-link the polymers when the
reaction occurs in the polymer side chains.

Thus, for the purpose of our studies, the cinnamoyl group
was selected as a photoreactive alkene group, and poly(2-
cinnamoylethyl methacrylate-co-methyl methacrylate) (P
(CEMA-MMA); the CEMA content: 46%, as measured by
1H NMR spectroscopy; Mn: 12,000 and Mw/Mn: 2.8, as
measured by GPC) was prepared as a photoreactive polymer
by radical polymerization (Fig. 2a). A P(CEMA-MMA) thin
film (~6.75 μm) was prepared on a glass Petri dish by a
solvent-casting procedure, and the UV–Vis measurements
confirmed that the P(CEMA-MMA) thin film exhibited a
maximum absorption at ~280 nm derived from the cinnamoyl
groups. The film was then subjected to photoirradiation at
254 nm, which led to the [2π+2π] dimerization reaction
taking place in the polymer side chains. This was confirmed
by the decreasing absorbance at 280 nm, which corresponds
to a reduction in the number of cinnamoyl groups. It was also
found that the cross-linking ratio (i.e., the gel fraction)
increased upon increasing the photoirradiation time, and the
cross-linking ratio became saturated at ~33% after 90min of
irradiation. In addition, the saturated gel fraction increased
linearly upon increasing the photoirradiation area, as con-
trolled by altering the base area of the Petri dish exposed to
irradiation (Fig. 3). These results indicate that the photo-
induced cross-linking of the P(CEMA-MMA) film proceeded
only in the surface region, and the photo-cross-linked film
thickness from three different Petri dishes with various base
areas was estimated to be ~2.2–2.3 μm. Our results therefore
confirmed that the interfacial photoreaction can be performed
using P(CEMA-MMA)-based materials.
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Fig. 2 a Chemical structure of P
(CEMA-MMA). SEM images of
the spherical polymer particles
(b) before and (c) after
photoirradiation, and the
subsequent removal of the non-
cross-linked polymers in the
core region (d: high
magnification; e: low
magnification). Adapted from
ref. [46] with permission from
the American Chemical Society,
copyright 2016
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Hollow polymer particles can be synthesized by three key
steps using the interfacial photoreaction: (i) preparation of
spherical polymer particles bearing photoreactive groups; (ii)
photoirradiation of the photoreactive polymer particles to
promote interfacial cross-linking; and (iii) removal of the non-
cross-linked polymer in the core region [46]. For the
preparation of the spherical polymer particles possessing
photoreactive groups, two main synthetic routes can be
employed: the direct synthesis of particles via aqueous het-
erogeneous polymerization and the transformation of linear
polymers to form polymer particles. Miniemulsion, (micro)
suspension, emulsion, dispersion, and precipitation poly-
merization techniques can be used as aqueous heterogeneous
polymerization methods for the direct synthesis of spherical
polymer particles, and the particle size can be controlled
by the selection of an appropriate polymerization method
[51–55]. For example, solvent evaporation and self-organized
precipitation can be employed as a linear polymer processing
procedure [56–58]. In the solvent evaporation method, a lin-
ear polymer is dissolved in an organic solvent, and the
resulting polymer solution is dispersed in a surfactant-
containing aqueous medium using either a vortex, a homo-
genizer, sonication, or membrane emulsification. Using this
technique, the polymer particle size and size distribution can
be controlled, as the organic solvents are evaporated from the
polymer-containing oil droplets, leading to the formation of
spherical polymer particles dispersed in an aqueous medium.

In our previous study, we successfully prepared
micrometer-sized P(CEMA-MMA) particles using a

solvent evaporation method with homogenizers (Fig. 2)
[46]. For the interfacial photoreaction, photoirradiation
was carried out at 254 nm on the dispersed photoreactive
polymer particles, resulting in the formation of cross-
linked polymer particles through selective photo-cross-
linking in the interfacial region. Following the removal of
the non-cross-linked polymers from the P(CEMA-MMA)
particles, shell-cross-linked hollow polymer particles
were obtained. The particle morphology was confirmed by
optical microscopy and confocal laser scanning micro-
scopy, with fluorescent monomer-copolymerized photo-
reactive polymers.

In this new approach based on the interfacial photo-
reaction, hollow polymer particles can be prepared by
templating the core region of the spherical polymer particles
without the use of sacrificial template particles, such as the
previously described inorganic particles. Accordingly, this
approach can be categorized as a novel approach based on
the self-templating methodology (Fig. 1). Such self-
templating is advantageous, as no toxic solvents (e.g.,
hydrogen fluoride or aqua regia) are required to remove the
template particles, since the non-cross-linked polymers can
easily be removed using common organic solvents. Fur-
thermore, the functionalization of the hollow polymer par-
ticles can be achieved simply by adding specific functional
groups to the spherical polymer particles. The functionali-
zation of the hollow polymer particles prepared by the
interfacial photoreaction are explained in the section
Functionalization of the hollow and capsule particles.

Fig. 3 a Schematic representation of the interfacial photo-cross-linking
used for the preparation of the photoreactive polymer films. Variation
in the cross-linked polymer ratio (b) with various photoirradiation

times using a fixed irradiation area and (c) using various irradiation
areas and a fixed photoirradiation time. Adapted from ref. [46] with
permission from the American Chemical Society, copyright 2016
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Note that, in the interfacial photoreaction of the
P(CEMA-MMA), the particle size is an important parameter
to permit the successful synthesis of hollow polymer par-
ticles. Thus, to investigate the effect of particle size,
submicrometer-sized P(CEMA-MMA) particles were pre-
pared by a solvent evaporation method with ultrasonication,
and the estimated cross-linking ratio was found to reach
~100% after 16 h of photoirradiation. These results indicate
that hollow particle formation resulted from the photo-
induced cross-linking of only the shell layer in the
micrometer-sized P(CEMA-MMA) particles [46]. Further-
more, the effect of the CEMA content of the photoreactive
polymers was another important factor in terms of the
interfacial photoreaction. More specifically, upon increasing
the CEMA content in the polymers, the cross-linked gel
fraction of the P(CEMA-MMA) increased rapidly, resulting
in the hollow polymer particles being obtained in a shorter
amount of time [46].

The versatility of the comonomer species was also inves-
tigated by changing the comonomer from MMA to either n-
butyl methacrylate (nBMA), hydroxylethyl methacrylate
(HEMA), or glycidyl methacrylate (GMA) [59] to prepare
hollow polymer particles via the interfacial photoreaction. In
addition, phenyl methacrylate (PhMA), which possesses UV
absorbance properties, was also employed in the interfacial
photoreaction, and hollow poly(CEMA-co-PhMA) (P
(CEMA-PhMA)) particles were successfully prepared. The
obtained results indicate that the photoirradiation shielding
effect in the shell layer derived from the phenyl groups may
be weak, thereby resulting in some non-dimerized cinnamoyl
groups in the shell regions of the particles. Indeed, the pre-
sence of the remaining cinnamoyl groups in the hollow
polymer particles was confirmed by Fourier transform infra-
red (FT-IR) spectroscopy after the removal of the non-cross-
linked polymers. The molar absorption coefficient of CEMA
at 280 nm (ε280nm) was 17,000 [L mol−1 cm−1], which is
significantly higher than that of PhMA at 280 nm (ε280nm=
250 Lmol−1 cm−1). Based on these results, the remaining
cinnamoyl groups could inhibit UV irradiation from reaching
the particle core region.

Capsule particles

The encapsulation of molecules into hollow polymer particles
is critical to the application of these materials in various
research fields. As the hollow polymer particles obtained via
the interfacial photoreaction contain a cross-linked shell layer,
this could allow the posteriori loading of various materials
into the hollow polymer particles.

In our previous study, a solvent exchange method was
used to prepare the capsule polymer particles, where a good
solvent was used to disperse the cross-linked shell

polymers, and the good solvent was exchanged with a poor
solvent [60]. Initially, the shell-cross-linked hollow polymer
particles were mixed with a good solvent to dissolve the
functional molecules that we wished to encapsulate (e.g.,
dyes, drugs, or precursors), thereby allowing these mole-
cules to transport into the core region of the hollow polymer
particles by passing through the cross-linked polymer shell
layer. This was possible, as the good solvent reduced the
cross-linked network density, thereby allowing the mole-
cules of interest to pass through the shell. The solvent
exchange was then carried out, where the good solvent was
replaced with a poor solvent, resulting in the shrinkage of
the cross-linked shell and the enclosure of the functional
molecules inside the hollow polymer particles, and thus,
capsule particles were obtained (Fig. 4). Indeed, the authors
successfully encapsulated fluorescent molecules, polymer
precursors, and anticancer drugs into the shell-cross-linked
hollow particles using this solvent exchange procedure, and
the encapsulation was confirmed by fluorescent spectral
measurements and confocal laser scanning microscopy.

Functionalization of the hollow and capsule
particles

The functionalization of capsule particles is attractive in
terms of their use in bio-related applications, such as drug
delivery and theranostics. For example, the introduction of
stimuli-responsive properties to these particles is of great
importance for the controlled release of encapsulated drugs
from the capsule particles. In this context, note that cancer
tissues and cells have specific conditions that differ from
those of normal tissues, and so the intracellular reducing
environment caused by a high glutathione concentration in
the cancer cells can be used as a trigger for the controlled
release of a drug in vivo [61, 62]. An important advantage
of the interfacial photoreaction is its simplicity in terms of
functionalization of the hollow/capsule particles, with direct
functionalization of the parent spherical polymer particles
bearing the photoreactive groups, leading to the formation
of functionalized hollow/capsule particles.

We then developed redox-responsive degradable capsule
particles as functional capsule particles through the inter-
facial photoreaction [60]. To achieve these functional cap-
sule particles, N-cinnamoyl-N′-methyacryloylcystamine
(MCC) was synthesized as a newly designed monomer
bearing a photoinduced post-cross-linking group (e.g., the
cinnamoyl group) and a redox-responsive cleavable bond
(e.g., the disulfide group). Using this monomer, disulfide
linkages can be introduced between the polymer main chain
and the photo-cross-linked cyclobutane ring in the shell-
cross-linked hollow/capsule polymer particles prepared by
interfacial photo-cross-linking. Spherical polymer particles
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comprising poly(MCC-co-MMA) (P(MCC-MMA, the
MCC content: 27%, as measured by 1H NMR spectroscopy;
Mn: 5300 and Mw/Mn: 3.1, as measured by GPC) were also
prepared by conventional free radical polymerization and
subsequent solvent evaporation. Moreover, shell-cross-
linked hollow polymer particles were successfully
obtained from the spherical P(MCC-MMA) particles. In
addition, the encapsulation of various molecules through the
solvent exchange procedure was confirmed. The redox-
responsive properties of the P(MCC-MMA) hollow parti-
cles were subsequently investigated by measuring the
turbidity derived from the hollow particles. After the addi-
tion of a reducing agent, the turbidity immediately
decreased, which was attributed to the degradation of the
cross-linked polymers of the P(MCC-MMA) shell via the
reduction of the disulfide linkages (Fig. 5). In contrast, such
reductive degradation properties were not observed in the
reference P(CEMA-MMA) hollow particles bearing no
disulfide groups. These results therefore confirmed that the
design of the parent spherical polymer particles through the

introduction of appropriate functional groups can lead to the
functionalization of the resulting hollow/capsule particles.
As photoreactive monomers were successfully functiona-
lized for the preparation of the functionalized hollow
polymer particles, it is expected that the functionalization of
the comonomer species should be possible, where one
potential example includes the copolymerization of stimuli-
responsive comonomers instead of MMA.

Non-spherical particles

The photoinduced reaction is fascinating due to the spatial
and temporal control achieved by the reaction. More spe-
cifically, spatially and temporally controlled photoinduced
chemical reactions can be employed in the patterning and
surface modification of various substrates and three-
dimensional scaffolds [63–65]. In a previous study, photo-
reactive spherical polymer particles were subjected to
a spatially controlled interfacial photoreaction to create

Fig. 4 a Solvent exchange procedure used for capsule particle synth-
esis. b, e Bright field, (c, f) fluorescence, and (d, g) merged images of
the hollow P(MCC-MMA) particles dispersed in water (b, c, d) after

and (e, f, g) before the introduction of rhodamine B. Adapted from ref.
[60] with permission from WILEY-VCH Verlag GmbH & Co,
copyright 2017

968 Y. Kitayama



non-spherical polymer particles [59]. By performing the
interfacial photoreaction on the polymer particles in the
dispersed state, all particle surfaces were cross-linked due to
the free rotation of the particles during photoirradiation.
Thus, to achieve spatially controlled photoinduced inter-
facial cross-linking, photoirradiation was carried out in the
non-dispersed dried state, thereby leading to the formation
of particles with partially cross-linked surfaces, and ulti-
mately, non-spherical polymer particles after removal of the
non-cross-linked polymers. As expected, bowl-shaped non-
spherical polymer particles were successfully obtained
from the spherical photoreactive polymer particles after
the interfacial photoreaction in the non-dispersed state,
while hollow polymer particles were prepared from the
same parent spherical polymer particles in the dispersed
state (Fig. 6). Furthermore, the versatility of this strategy for
controlling the morphology of the hollow polymer particles
was examined using various photoreactive parent particles
comprising various functional groups derived from the
comonomer species.

Polymer particles with molecular
recognition properties

In nature, proteins commonly exhibit molecular recognition
properties, which are of key importance in living systems.
For example, antibodies can recognize target antigens with

high specificities and high affinities. As such, proteins
capable of molecular recognition can be conjugated to
specific particulate materials, thereby enabling these func-
tionalized materials to be used in various bio-related
applications, such as purification, proteomics, diagnostics,
sensors, and drug delivery. Recently, artificial polymer-
based molecular recognition materials have attracted
increasing attention as substitutes for natural antibodies due
to their low cost and additional functionalization cap-
abilities. For example, molecularly imprinted polymers
(MIPs) are promising artificial materials capable of mole-
cular recognition [66–74]. During molecular imprinting,
template molecules induce the supramolecular assembly of
functional monomers that can interact with the template
molecules. Subsequent radical polymerization with cross-
linkers fixes the three-dimensional positions of the func-
tional groups of the supramolecular complex, and the
removal of the templates provides molecular recognition
nanocavities within the polymer matrix.

We recently applied the interfacial photoreaction to the
molecular imprinting strategy for the development of post-
cross-linked molecular imprinting. For this purpose, linear
functional polymers bearing interacting groups and photo-
reactive groups were employed as the building blocks for
the MIPs [75]. For example, poly(CEMA-co-methacrylic
acid-co-MMA) (P(CEMA-MAA-MMA, the CEMA and
MAA contents: 69% and 14%, respectively, as measured by
1H NMR spectroscopy; Mn: 7700 and Mw/Mn: 2.0, as
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Fig. 5 Redox-responsive degradation of (a) P(CEMA-MMA) and (b)
P(MCC-MMA) particles using a TCEP reducing agent. c, d The
transmittances of these dispersions at 500 nm were measured. Adapted

from ref. [60] with permission from WILEY-VCH Verlag GmbH &
Co, copyright 2017
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measured by GPC) contains carboxylic acid and cinnamoyl
groups, which act as the interacting and photoreactive
groups, respectively, and was used in the post-cross-linked
molecular imprinting process (Fig. 7). Photoinduced cross-
linking was therefore performed on the supramolecular
complex between the functional polymers and the template
molecules, and the subsequent template removal gave the
desired MIPs. Interactions between the P(CEMA-MAA-
MMA) and the target molecules were confirmed by 1H
NMR titrations, and the photo-cross-linking properties were
demonstrated using UV–Vis measurements. When

bisphenol A (BPA) was employed as the template molecule,
the obtained BPA-imprinted polymers (BPA-MIPs) exhib-
ited a high affinity and selectivity toward BPA compared
with the reference non-imprinted polymers (NIPs). Fur-
thermore, post-cross-linked molecular imprinting could be
applied to the polymer particles as well as to the bulk
polymers. Thus, to create polymer particles with molecular
recognition properties, parent spherical polymer particles
comprising template-interacting functional polymers were
first prepared by a solvent evaporation method, and subse-
quently, the interfacial photoreaction was performed to

Fig. 6 Morphology control via the spatially controlled interfacial photoreaction of photoreactive polymer particles. The dispersed state control
leads to spatial control of the photoirradiation process. Adapted from ref. [59] with permission from Elsevier, copyright 2018

Fig. 7 Photoinduced post-cross-linked molecular imprinting using functional polymers possessing interaction groups and photo-cross-linking
groups. Adapted from ref. [75] with permission from the American Chemical Society, copyright 2016
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promote cross-linking. After the removal of the template
molecules, polymer particles with the desired molecular
recognition properties were obtained (Fig. 8). Moreover, the
versatility of this molecular imprinting technique for
application in the post-cross-linked molecular imprinting
strategy has also been confirmed using various target
molecules, including atrazine, which has amino groups, and
ketoprofen, which has a carboxylic acid group. In this case,
the chiral recognition between (S)-ketoprofen and (R)-
ketoprofen was achieved. From these results, it was
apparent that the interfacial photo-cross-linking reaction
could be employed in the preparation of functional polymer
particles with molecular recognition properties, and the
obtained materials can be used as sensing materials,
separation media, and drug delivery vehicles.

Summary and outlook

In this focus review, we summarized a novel strategy based
on the interfacial photoreaction, thus enabling the creation

of functional polymer particles. The uniqueness of this
approach stands in the facile, simple, and direct preparation
of hollow polymer particles from spherical polymer parti-
cles without the requirement for sacrificial template parti-
cles. As such, the addition of various functionalities to the
parent spherical particles allows for the direct functionali-
zation of the obtained hollow polymer particles. We also
noted that the encapsulation properties of such particles is of
particular importance, while the spatially controlled inter-
facial photoreaction enabled non-spherical particles to be
prepared. Furthermore, molecular recognition capabilities
were successfully introduced into the polymer particles
through the newly developed post-cross-linked molecular
imprinting technique, thereby resulting in functional poly-
mer particles with molecular recognition properties. Based
on our experimental data, it appeared that the obtained
shells had micrometer thicknesses; however, we are cur-
rently attempting to tune the thickness of this cross-linked
shell by altering the photoirradiation power and time to
ultimately obtain nanometer-sized capsule particles, and our
results will be reported in the near future. This is of

Fig. 8 Scanning electron microscopy images of (a) BPA-MIP particles
and (b) NIP particles. c Binding isotherms of the BPA-MIP and NIP
particles toward BPA. d Selectivity tests for the BPA-MIP particles

with BPA and reference compounds at a concentration of 25 μM.
Adapted from ref. [75] with permission from American Chemical
Society, copyright 2016
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particular importance, as nanometer-sized particles are
preferred for drug delivery applications based on intrave-
nous injections. Furthermore, the [2π+2π] photodimeriza-
tion process is reversible, and so the photoreversible
properties of the obtained hollow/capsule particles should
be studied in further detail. We believe that the described
novel method based on the interfacial photoreaction will aid
in the development of sophisticated functional polymer
particles leading to breakthroughs in a variety of
applications.
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