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Polymer microgels, which are cross-linked particles having a Scheme 1. (a) Preparation of Pickering Emulsion Stabilized by

network structure that swells in a suitable solvent, have attracted Microgels, (b) Hemispherical Modification of Amino Groups into
. . . . e . Microgels Attached at the Oil/Water Interface, and (c) Microgel

much attention in material science due to their “softndss”. cqjiection by Destabilizing Emulsion
Particularly, stimuli-responsive microgels have found many ap-
plications. One of the most studied stimuli-responsive micrégels E
is composed of poly-isopropylacrylamide) (pNIPAm), which is
a representative thermo-responsive polymer exhibiting a lower
critical solution temperature (LCST) at31°C.3 As well, pNIPAmM
microgels can be made pH-responsive by ionic monomer copo-
lymerization? Many researchers have functionalized pNIPAm-based
microgels by constructing core/shell structuresaking composites
with inorganic nanoparticlésfor application in more complex
biotechnologies and nanotechnologies (e.g., drug delivengmi-
cal/biological separatiohand photonic crystafs

Particles in which the surfaces of both hemispheres are different
from a chemical point of view are called “Janus particl&s”.
Compared to chemically homogeneous particles, Janus particles may
particularly undergo directed assembly in a pre-programmed fashion
in the manner of proteins. For instance, amphiphilic Janus particles
could be produced to face the same side spontaneously in an air/
water interfacé® and dipolar Janus particles could be rotated in conductivity measurement (162S/cm). As can be seen from
an electric fieldt! Basically, these “hard” Janus particles are Figure 1b, each emulsion was stabilized by pNA microgels. After
unstable in water since they have neither electrostatic nor stericremoving microgels unattached at the oil/water interface, amino
stabilization effects. This is one of the problems associated with groups were introduced by a carbodiimide coupling reaction using
Janus particles when they are assembled into well-defined complexethylenediamine (ED) and 1-ethyl-3-(3-dimethylaminopropyl)-
supra-particular structures. Therefore, we designed Janus particlesarbodiimide hydrochloride (EDC), which is soluble only in water
that possess a tunable function. A “Janus microgel”, whose colloidal at 25°C (Scheme 1b). Afte2 h reaction and purification of the
stability can be tuned by stimuli, may assemble into supra-particular emulsion, the microgels were collected by destabilizing the emulsion
structures in a controlled manner. Herein, we report the introduction (Scheme 1c). The emulsion was destabilized by freezing the HD
of a hemispherical distribution of functional groups into preformed (T, = 16—19 °C) at 4°C and then melting it. Approximately 80%
microgels using Pickering emulsion, which is an emulsion stabilized of the emulsion was destabilized by this freezing/melting process,

by a colloidal suspension of finely divided solit'sPNIPAmM and the modified microgels (pNA-EDh microgels) were separated
microgel is known to be adsorbed onto oil/water interfaces and to into the aqueous phase.
form stable Pickering emulsior& Using an oil/water interface of Hemispherical distribution of the amino groups was confirmed

Pickering emulsions allows the introduction of a distributed using the Au nanoparticle (AuNP) labeling technigb&igure 2
functional group into the microgels if the functionalization occurs shows TEM images of AuNP-conjugated pNA-EDh microgels in
on only one side (the side immersed in oil or the water phase) of a dried state. AUNPs can be seen only in a particular area of one
the microgels (Scheme 1). This methodology does not require anmicrogel. We previously found that AUNPs could be synthesized

expensive apparatus (such as sputtétiogthe Langmuir-Blodgett in situ where amino groups exist when pNIPAm-based microgels

apparatu¥) and might be applied to the large-scale production of were used as templat&sTherefore, TEM images revealed that

Janus particle’t Janus microgels can be prepared successfully by means of the
We synthesized pH- and thermo-responsive péligopropy- Pickering emulsion-based technique.

lacrylamideeo-(acrylic acid)] (pNA) microgels2.8um at pH 6, Interestingly, pNA-EDh microgels are self-assembled into string

~1.5 um at pH 4, both measured at 2&) with uniform size structures at pH 4, where most carboxyl groups are protonakgd (p
distribution via precipitation polymerization. Acrylic acid (AAc) of AAc = 4.25)%6 (Figure 3b), whereas they are individually
was chosen as a co-monomer to introduce functional groups intodispersed at pH 6, where all carboxyl groups are deprotonated
the microgel hemisphere by means of a simple carbodiimide (Figure 3a). At pH 6, pNA-EDh microgels dispersed stably due to
coupling reaction. Using pNA microgels as stabilizers, Pickering both electrostatic repulsion and steric hindrance among them. In
emulsion was formed by stirring hexadecane (HD) and water with this case, the positive charge from the amino groups can be negated
pNA microgel (pH 6) at 25°C (Scheme 1a). In this case, an oil- due to small amount introducédOn the other hand, at pH 4, the
in-water type emulsion was formed, which was confirmed by dispersion of pNA-EDh microgels was unstable because they
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Figure 1. Optical microscope images of oil in water emulsion stabilized
by pNA microgels at pH 6 at 25C. The photograph shown in b is a close-
up image of the dot rectangle area in image a. The scale bars ara &)
and 5um (b).

o 3

Figure 2. Field emission TEM images of AuNP-conjugated pNA-EDh
microgels on a carbon-coated copper grid dried at@5The scale bars

are 500 nm (a) and 200 nm (b). See the enlarged images in the Supporting

Information.

Figure 3. Optical microscope images of pNA-EDh microgels dispersed in

a pH 6 (a) and a pH 4 aqueous solution (b). The microgels indicated by the

arrows are in almost the same focus. The scale bar jgni0

possessed differently charged surfaces whose charges alternate
from one to the other in the manner of large dipoles. The positive

self-assembling into strings. This self-assembly is further evidence
that the modification was successful.

In conclusion, we have used a Pickering emulsion-based method
to prepare a new type of Janus particle composed of stimuli-
sensitive microgels. The microgels demonstrated pH-responsive
assembly into string structures and might potentially express thermo-
responsive behaviors. Such stimuli-responsive string structures may
be of potential use as micro-actuators.
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