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Abstract

We review recent work on the preparation, characterization and application of “smart” microgel particles. A general feature of all systems
under consideration here is their ability to react to external stimuli as e.g. the pH or the temperature in the system. Special emphasis is laid on
our recent research work on the thermosensitive core—shell microgel particles, which are composed of a PS core and a cross-linked poly-
(N-isopropylacrylamide) (PNIPA) shell. Work done on these core—shell systems is compared to developments on the investigations of similar
systems. A novel synthesis method, namely photo-emulsion polymerization, has been described for the preparation of monodisperse, thermo-
sensitive core—shell particles. Cryogenic transmission electron microscopy (cryo-TEM) has recently been employed to investigate the morphol-
ogy and the volume transition of the core—shell type microgels. This method furnishes information about the thermosensitive particles that had
not been available through other methods employed in previous investigations. Very recently, it has been shown that these core—shell microgels
can be used as “nanoreactors” for the immobilization of metal nanoparticles. The metal nanocomposite particles show “‘smart” catalytic
behaviour, inasmuch as the catalytic activity of nanoparticles can be switched on and off through the volume transition that takes place within

the thermosensitive shell of the carrier system. We also discuss possible future applications of these systems.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Environmentally responsive microgels have been subjects
of great interest in the last two decades due to their versatile
application [1]. Such microgels are sometimes termed
“smart” since their properties allow them to react in a specific
way to external stimuli. Hence, such “smart” materials can be
made responsive to various parameters, such as temperature
[2,3], pH [4,5], light [6], ionic strength [7], and magnetic fields
[8]. Applications of these systems range from various fields
like drug delivery [9—11], biosensing [12], chemical separa-
tion [13], biomaterials [14,15] and catalysis [16—20].

Most of these systems are based on poly(/N-isopropyl-
acrylamide) (PNIPA) or related copolymers [1,2]. In aqueous
media, PNIPA exhibits a lower critical solution temperature
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(LCST) at about 32 °C, which is close to the physiological
temperature [21—27]. Below the LCST, the polymer chains
are soluble in water due to the formation of hydrogen bonds
between the water molecules and the amide side chains.
When the temperature increases, the polymer undergoes a
volume phase transition. Water is expelled from the microgel
interior, thus causing a drastic decrease in volume above the
LCST of the polymer.

In 1986, Pelton and Chibante [28] first reported the prepa-
ration and characterization of temperature-sensitive microgels
based on PNIPA. By using precipitation polymerization,
homogeneous microgels with remarkably uniform morphol-
ogy can be produced. Similar procedures have been described
by many other research groups [29—32]. Meanwhile, core—
shell type microgels, which contain a hydrophobic core and
a hydrophilic thermosensitive shell, have become attractive
for scientists since such systems may combine the properties
characteristic of both the core and the shell [33,34]. In this
case, the ends of the cross-linked PNIPA chains are fixed to
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a solid core, which defines a solid boundary of the network. In
this respect such core—shell latex particles present cross-
linked polymer brushes onto defined spherical surfaces. The
solvent quality may be changed from good solvent conditions
at room temperature to poor solvent conditions at a tempera-
ture above 32 °C (see Fig. 1) [35,36]. Recently, Lyon et al.
[37] have reported the preparation of core—shell particles
with a degradable core. Thus, hollow thermosensitive micro-
gels can be obtained by oxidation of the particle core, followed
by removal of the produced polymer segments. Richtering
et al. [38,39] have synthesized multi-responsive core—shell
microgels, in which two polymers with different tempera-
ture sensitivities are combined in a spherical core—shell
morphology.

When PNIPA-based microgels are functionalized with pH-
ionizable, hydrophilic and reactive carboxylic acid groups, the
“smart” microgels can be tuned specifically in order to gener-
ate fast and targeted swelling responses to multiple external
stimuli, such as both temperature and pH [40—43]. For exam-
ple, Zhou and Chu [44] have synthesized lightly cross-linked,
monodisperse and submicron-sized poly(methacrylic acid-co-
N-isopropylacrylamide) (PMAA-co-PNIPA) microgel parti-
cles in water by dispersion polymerization. They found that
the coupling of pH and temperature could induce a hydro-
dynamic volume change as large as 10 to 100-fold of the
collapsed microgel particles by adjusting the PMAA content.
Li et al. [45] have developed a new method to prepare smart
microgels that consist of well-defined temperature-sensitive
cores with a pH-sensitive shell. The microgels were obtained
from aqueous graft copolymerization of N-isopropylacryla-
mide and N,N’-methylenebisacrylamide from water-soluble
polymers containing amino groups such as poly(ethylene-
imine) and chitosan. The unique core—shell nanostructures
exhibited tuneable responses to pH and temperature [45].

Here we review our recent work on core—shell type ther-
mosensitive microgels and compare this work to decisive
developments in this field. The synthesis of these core—shell
microgels by conventional emulsion polymerization will be
discussed and compared to the novel method of photo-
emulsion polymerization. Furthermore, we demonstrate that
cryogenic transmission electron microscopy (cryo-TEM,
Refs. [46,47]) is the method of choice to study the morphology

Fig. 1. Schematic representation of the volume transition in thermosensitive
core—shell particles. The thermosensitive PNIPA networks are affixed to the
surface of the core particles, which thus provides one boundary of the network.
The solvent, water, is taken up by the network at low temperature, but it is
expelled when the shell undergoes a volume transition at 32 °C.

of microgels in situ. Cryo-TEM has been employed to investi-
gate the morphology and the volume transition of the core—
shell type microgels during our study. Moreover, an overview
of the application of such microgels as ‘‘nanoreactors” for the
immobilization of metal nanoparticles is given. The metal
nanocomposite particles thus obtained exhibit “smart” cata-
Iytic behaviour as the catalytic activity of nanoparticles can
be modulated by a thermodynamic transition taken place
within the carrier system. A final point to be addressed here
is flow behaviour of concentrated suspensions of these
“smart” particles. Here we discuss possible applications of
this particular feature of the core—shell systems. A brief
conclusion will sum up this review.

2. Synthesis of core—shell type thermosensitive microgels

Thermosensitive core—shell particles were first synthesized
by Makino et al. [48], Okubo and Ahmad [49], and by us
[50,51] with a two-stage approach. These particles consist of
a poly(styrene) core onto which a shell of poly(N-isopropyl-
acrylamide) (PS—PNIPA) has been affixed in a seeded
emulsion polymerization. Pichot et al. [52,53] and Martinho
et al. [54] have synthesized monodisperse core—shell parti-
cles, which consist of a core of poly(methyl methacrylate)
(PMMA) and a thermosensitive shell of poly(N-isopropyl-
acrylamide) (PNIPA). Recently, Xiao et al. [S5] synthesized
poly(acrylamide-co-styrene)-poly(acrylamide-acrylic acid) par-
ticles whose shells swell when the temperature increases.
The thermal behaviour of these particles is opposite to the par-
ticles bearing a PNIPA shell, which will bring the opportunity
for new applications.

Typically, the synthesis of core—shell type microgel parti-
cles is performed in two steps [51]. At first, the PS-seed latex
is made by emulsion polymerization. A small amount of the
monomer NIPA (5 wt%) is copolymerized in this step, which
creates a thin shell of PNIPA onto the core particles. This
hydrophilic PNIPA layer helps to stabilize the particles above
the volume transition where the steric stabilization by the
polymer chains of the shell is not fully operative anymore
[51]. Then the PNIPA network is affixed to the PS cores by
a second seeded emulsion polymerization, which is carried
out at 7> LCST. Most probably, the PNIPA network is con-
nected to the core particles by chain transfer in this step.
As water is a poor solvent for PNIPA above the LCST, the shell
is obtained in the shrunken state. The suspension of core—shell
particles, however, remains stable even at temperatures above
the volume transition, which is due to the residual surface
charge originating from the first emulsion polymerization [51].

Cryo-TEM allows a direct investigation of the particle mor-
phology in situ [46,47,56], no staining is necessary. Recently,
we published a study of core—shell microgel particles by cryo-
genic transmission electron microscopy (cryo-TEM) [57].
Fig. 2 shows the cryo-TEM image of the microgel particles.
The thermosensitive shell can be clearly seen in this image,
which shows a corona around the spherical PS core. It is worth
noting that a slight irregular shape of the shell can be
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Fig. 2. Cryo-TEM image of PS—PNIPA core—shell particles. The sample was
kept at 23 °C before vitrification (Ref. [57]).

observed, which is due to the density fluctuations within the
network. Moreover, the inhomogeneities of the network shown
in the cryo-TEM image corroborate previous finding using
small-angle X-ray scattering (SAXS) [51,58]. As discussed
in Ref. [51], these inhomogeneities are due to the thermal
fluctuations of the polymer chains which are frozen in by
the process of cross-linking. Furthermore the fact that the

Photo initiator

PS

cross-linker N,N'-methylenebisacrylamide (BIS) is consumed
more rapidly than NIPA [59] may add to this as well.

The analysis of the micrographs showed an interesting new
detail, which was not obvious from previous investigations:
the conventional two-step process may lead to defects in
which the shells may not be “stitched”” onto the cores.
Fig. 2 demonstrates that the shell is buckling up for some
particles. This demonstrated that during the two-step process
the chain transfer does not lead to complete attachment of
the shell to the cores and the strong swelling of the shell at
room temperature may lead to a partial detachment of the
shells [57].

Photochemical initiation presents a solution to this prob-
lem. UV irradiation has been used by Kuckling et al. [60,61]
as a method to synthesize thermosensitive nanogels in a
well-defined fashion. Recently, Yao et al. [62] prepared
poly(N-isopropylacrylamide) nanogels with diameters of 50—
200 nm from N-isopropylacrylamide by photo-polymerization
in the absence of initiator, cross-linker and surfactant. More
recently, we employed photo-emulsion polymerization to pre-
pare well-defined PS—PNIPA core—shell particles [63]. Some
time ago, we have demonstrated that photo-emulsion polymeri-
zation can be used to affix linear polymer chains to colloidal
core particles [64]. This ‘““grafting-from” method, where the
polymer layers are formed by in situ polymerization initiated
by the immobilized initiators on the surface, has been
employed to generate dense layers of anionic and cationic
polyelectrolyte chains on PS cores in order to obtain spherical
polyelectrolyte brushes [64—67]. As shown in Fig. 3, the syn-
thesis is carried out in three steps. First the PS core particles
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Fig. 3. Schematic representation of the preparation of PS—PNIPA core—shell particles by photo-emulsion polymerization. In the first step, a PS core with 5 mol%
NIPA is prepared by emulsion polymerization. In the second step, the PS core is covered with a thin layer of photo-initiator HMEM. In the third step, the shell of
cross-linked PNIPA network is formed by photo-emulsion polymerization (Ref. [63]).
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Fig. 4. Cryo-TEM images of PS—PNIPA core—shell particles prepared by photo-emulsion polymerization with different cross-linker contents: 2.5 mol% BIS (left)

and 10 mol% BIS (right) (Ref. [63]).

containing 5 mol% NIPA are synthesized by a conventional
emulsion polymerization. Then these core particles are cov-
ered by a thin layer of the photo-initiator 2-[p-(2-hydroxy-2-
methylpropiophenone)]-ethyleneglycol methacrylate (HMEM)
which is also a monomer. This is achieved by slow addition
of HMEM after 1 h reaction of the first step when the styrene
has not been fully converted to solid PS, namely under
“starved condition”. In the third step, the photo-emulsion
polymerization is carried out by shining light onto a suspension
of these particles thereby generating radicals on their surface.
The polymerization is initiated by these radicals and cross-
linked PNIPA chains are generated by this grafting-from
method by using N,N'-methylenebisacrylamide (BIS) as the
cross-linker. Fig. 4 displays the cryo-TEM images of
PS—PNIPA core—shell particles prepared by photo-emulsion
polymerization. The cryo-TEM images indicate clearly the
core—shell morphology of the PS—NIPA particles, where the
dark spherical area presents the PS core and the light corona
around the core shows the cross-linked PNIPA shell. It is
worth noting that the shell of PNIPA has a quite regular
spherical shape, which is different from the morphology of
PS—NIPA particles prepared by the conventional method
(see the cryo-TEM images in Fig. 2) [19,57]. Moreover, as
shown in Fig. 4, the diameter of the entire core—shell particles
measured from the cryo-TEM images is in good agreement
with data measured by DLS. The decrease of the thickness
of the PNIPA shell with the increase of the cross-linker content
in the system is due to the higher cross-linking density of the
PNIPA network. This indicates that by changing the cross-
linker content in the photo-polymerization procedure it is
possible to control the cross-linking density of the shell of
PNIPA networks.

Evidently, compared with conventional emulsion polymeri-
zation, photo-emulsion polymerization leads to a more homo-
geneous cross-linked PNIPA shell. Also, the shells are tightly

bound to the cores. This is to be expected as the shell results
from a “grafting-from™ process, that is, from radicals tightly
bound to the surface of the core particles.

3. Characterization

Understanding the phase behaviour of microgel particles is
one of the central points for the application of such systems.
Light scattering is one of the most common techniques used
for structural analysis of microgel particles. Both dynamic
light scattering (DLS) and static light scattering (SLS) have
been used extensively and remain the standard techniques
for particle characterization. There have been many investiga-
tions on microgels using DLS or SLS data [68—75]. Pelton
et al. [76] have first combined the DLS and electrophoretic
mobility data as a function of temperature to characterize
PNIPA microgels. Wu [77] has employed DLS to compare
the temperature sensitivity of PNIPA microgels to linear
PNIPA. They found that the LCST of the PNIPA microgels
is slightly lower and the transition is sharper than the one of
linear PNIPA. Moreover, other techniques have also allowed
for great insight into the structure of microgels. NMR or
pulsed-gradient spin echo (PGSE) NMR spectroscopy has
been used to investigate the structure of microgels in recent
years [78—82]. Pichot et al. [83] investigated the heteroge-
neous structure inside microgel particles by NMR spectros-
copy. Corresponding to the concentration gradients of the
cross-linker, they found that the internal particle structure is
less cross-linked when going from the core to the shell. Up
to now, small-angle neutron scattering (SANS) and small-
angle X-ray scattering (SAXS) were often used to study the
phase behaviour of microgel particles [27,51,73,84—86] as
well. Some time ago a detail review [35] on the investigation
of the phase behaviour of the core—shell type microgels by
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DLS, SANS, SAXS and rheometric methods was presented.
The results revealed that the particles have a well-defined
core—shell structure. In particular, the analysis of SANS
data performed at elevated temperatures (40 °C) demonstrated
unambiguously that the shell is rather compact, that is, the
outer radius of the particles is well-defined. Moreover, the
SAXS data taken at higher scattering angles showed that
the network of the shell exhibits the density fluctuations
expected for a swollen network.

Electron microscopic and optical techniques as well as
atomic force microscopy (AFM) can be employed easily to in-
vestigate the particle morphology. However, microgel particles
are usually employed in their wet solvated state. Thus, an in
situ characterization of these particles under such conditions
by microscopic techniques presents a new challenge. Fujii
et al. [87] have described the direct, real space characterization
of swollen pH-responsive microgel particles in aqueous solu-
tion using scanning transmission X-ray microscopy (STXM).
Combining STXM with near-edge X-ray absorption fine struc-
ture spectroscopy (NEXAFS), it is possible to provide images
of submicrometer-sized swollen microgel particles and to
simultaneously determine their chemical state in situ. More
recently, we have reported a first study of transition behaviour
of thermosensitive core—shell particles by cryo-TEM [57].
Fig. 5 shows the cryo-TEM images for the core—shell micro-
gel particles quenched from room temperature and from
45 °C, respectively. This experiment is more difficult because
vitrification must be much faster than the relaxation time char-
acterizing the shrinking kinetics of the particles. From Fig. 5,
it can be clearly observed that the thermosensitive shell of the
particles is considerably shrunken when the sample was
quenched from 45 °C. Moreover, the shell has been compacted
by this shrinking process and provides a tight envelope of the
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Fig. 6. Hydrodynamic radius of the particles, as measured by dynamic light
scattering (90° scattering angle) as the function of temperature. Arrows indi-
cate the temperatures at which the cryo-TEM measurements have been
made (Ref. [57]).

core. This also agrees well with the results deduced from
SANS measurements [27].

Fig. 6 shows the dependence of the hydrodynamic radius,
Ry, as the function of temperature, calculated from DLS
data. Comparing the cryo-TEM data to the data taken from
DLS measurements, we found that the overall radius of the
particles from these images is in good agreement with the
hydrodynamic radius measured at corresponding temperatures

Fig. 5. Cryo-TEM images of PS—PNIPA core—shell particles. The sample was kept at 23 °C (left) and 45 °C (right) before vitrification (Ref. [57]). The circle
around the core marks the core radius determined by dynamic light scattering (DLS) in solution. The circle around the entire particle gives the hydrodynamic

radius Ry, of the core—shell particles as determined by DLS.
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(dashed circle). This indicates that cryo-TEM is a good
method to describe the volume transition of thermosensitive
core—shell particles.

4. Applications

In the following we discuss applications of “smart” micro-
gel particles. Microgels may have several important advan-
tages over other systems, namely, stability, ease of synthesis,
good control over particle size, and easy functionalization
providing stimulus-responsive behaviour (e.g. change in
volume in response to a change in pH, ionic strength or tem-
perature). It becomes clear that this kind of materials holds
great promise for nanotechnology. A recent review given by
Nayak and Lyon [1] indicated that studies of the detailed struc-
ture—function relationships in hydrogel nanoparticles are now
leading to the design of applications-oriented nanomaterials.

Here, we will mainly discuss the application of such kind of
microgels as carrier systems for the deposition of metal nano-
particles. Antonietti et al. [88,89] were the first to employ
microgels as “‘exotemplates” for the preparation of metal
nanoparticles. Recently, Kumacheva et al. [90,91] introduced
polymer microgels as carrier systems for nanoparticles. They
showed that semiconductors, metal, and magnetic NPs with
predetermined size, polydispersity, optical and magnetic prop-
erties can be successfully synthesized using polymer micro-
gels as a template, which will have promising applications
in catalysis, biolabeling, chemical and biological separation.
Biffis et al. [17,18,92] have studied the application of micro-
gel-stabilized metal nanoclusters as catalysts for different
reactions and confirmed the enhanced catalytic activity of Pd
nanoclusters in Heck reaction of activated aryl bromides,
which is attributed to the smaller size of the metal nanoclus-
ters. Suzuki and Kawaguchi [93,94] have reported the novel
thermosensitive hybrid core—shell particles via in situ Au or
Ag/Au nanoparticle formation using thermosensitive core—
shell particles as a template. They found that the color of
the hybrid microgels originated from interparticle interactions
of nanoparticles changes according to the swelling/deswelling
property of the thermosensitive microgel.

Recently, we have successfully used thermosensitive core—
shell microgel particles as a template for the deposition of
metal nanoparticles (Ag, Au and Pd) [19,20,95]. Fig. 7 dis-
plays cryo-TEM images of microgel particles embedded
with different metal nanoparticles. From Fig. 7, the dark
spherical area indicates the PS core whereas the light corona
around the dark core represents the PNIPA shell of the parti-
cles. The metal nanoparticles are seen as the small black
dots. It is evident that most of the metal nanoparticles are
homogeneously immobilized inside the PNIPA networks
affixed to the surface of the core particles. Comparing these
images in Fig. 7, it is obvious to see that the size of metal
nanoparticles is different: Ag nanoparticles (8.5 & 1.5 nm)
are larger than Au (2.0 £ 0.5 nm) and Pd (3.8 & 0.6 nm) nano-
particles. This may be due to the difference of the complexa-
tion of the metal ions with the functional groups of the
microgels. However, further investigations by dynamic light

scattering measurements of composite particles indicated that
the original thermosensitive properties of the PNIPA network
are not suppressed by the incorporation of metal particles into
the network. The metal nanoparticles do not alter the volume
transition within the network. In addition, it is interesting to
note that the surface plasmon absorption band of the silver
nanoparticles is shifted to higher wavelengths with tempera-
ture, which is traced back to the varying distance of the nano-
particles caused by the swelling and the shrinking of the shell
[20]. A similar behaviour has also been observed by Suzuki
and Kawaguchi [94].

Recently, we demonstrated that such thermosensitive core—
shell particles could act as a smart ‘‘nanoreactor’ for the metal
nanoparticles [19,20]. They allow us to modulate the catalytic
activity of nanoparticles by a thermodynamic transition that
takes place within the carrier system. The principle is shown
in Fig. 8: metallic nanoparticles embedded in such a network
are fully accessible by the reactants at low temperature. Above
the transition, however, the marked shrinking of the network
should be followed by a concomitant slowing down of the dif-
fusion of the reactants within the network. Thus the rate of
reactions catalyzed by the nanoparticles should be slowed
down considerably. In this way, the network could act as a
“nanoreactor’ that can be opened or closed to a certain extend.

The catalytic activity was investigated by monitoring pho-
tometrically the reduction of 4-nitrophenol by an excess of
NaBH, in the presence of the metal nanocomposite particles
[96—98]. Fig. 9 gives a typical curve for the influence of the
temperature on the rate constant k,p, of the catalytic reaction,
which does not follow a typical Arrhenius-type dependence on
temperature [20]. When the reaction temperature is low, the
PNIPA network is swollen. In this case, metal nanoparticles,
which have been embedded in the network can be accessed
by the reactants of the catalytic reduction. So the rate constant
k,pp Will exhibit a linear relation of In k,,, with T~ ! However,
when the temperature is further increasing, the PNIPA network
shrinks markedly, which is followed by a concomitant slowing
down of the diffusion of reactants within the network. This in
turn will lower the rate of reaction catalyzed by the metal
nanoparticles. It is obvious that the increase of k,p, by the raise
of temperature is overcompensated by the diffusional barrier.
Hence, the reaction rate must reach its minimum at the transi-
tion temperature. If the increase of temperature continues, the
PNIPA network will not shrink anymore and the density within
the network stays constant. Now the strong increase of kupp
with T will be predominant and the reaction rate will rise
again. This demonstrates that the volume transition within
a thermosensitive network can be used as a switch. Fig. 9
shows that the catalytic activity of the metallic nanoparticles
can be tuned down by more than one order of magnitude.

5. Flow behaviour: towards “smart” fluids

All applications discussed so far require dilute suspensions
of the particles, which thus act more or less as individual sys-
tems. However, some years ago, Richtering and co-workers
[99] demonstrated that the viscoelastic behaviour of
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Fig. 7. Cryo-TEM images of microgel particles embedded with different metal nanoparticles: (a) with Ag, (b) with Au, and (c) with Pd nanoparticles.

concentrated suspensions of thermosensitive core—shell parti-
cles can be easily tuned by the temperature of the system: at
elevated temperatures, the particles are shrunken and their

Fig. 8. Schematic representation of composite particles consisting of thermo-
sensitive core—shell particles in which metallic nanoparticles are embedded.
The composite particles are suspended in water, which swell the thermosensi-
tive network attached to the surface of the core particles. In this state the
reagents can diffuse freely to the nanoparticles which act as catalysts. At
higher temperatures (7' > 32 °C) the network shrinks and the catalytic activity
of the nanoparticles is strongly diminished in this state.

effective volume fraction is low. Hence, the mutual interaction
of the particles is small and the viscosity of the suspension is
hardly above the one of the suspending medium water.
If, however, the temperature is lowered, the thermosensitive
shells of the particles will swell through the uptake of water.
This in turn will increase the effective volume fraction of
the particles considerably. In other words, the swollen particles
will begin to interact more strongly and finally touch each
other. This will lead to an increase of the viscosity by orders
of magnitude and the onset of viscoelastic behaviour.
Recently, it has been shown that the viscoelastic behaviour
of concentrated suspensions of spherical particles can be mod-
elled in terms of the mode-coupling theory [100,101]. Applied
to the thermosensitive particles under consideration here,
mode-coupling theory has met with gratifying success, in-
asmuch as this theory describes all features related to the
observed viscoelastic behaviour in a quantitative manner
[102]. Now one may speculate on how the interesting proper-
ties of the metal particle composite may be combined with the
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Fig. 9. Arrhenius plot of the reaction rate k(7)) measured in presence of
PS—NIPA—Ag composite particles at different temperatures. Quadrangles:
KPS1—Ag (2.5 mol% BIS); triangles: KPS2—Ag (5 mol% BIS); and circles:
KPS3—Ag (10 mol% BIS). The concentrations of the reactants are: composite
particles: S = 0.042 m?/; [4-nitrophenol] = 0.1 mmol/l; [NaBH4] = 10 mmol/l.
The broken lines are guidelines for the eye (Ref. [20]).

tunable viscoelasticity which these systems exhibit at suffi-
ciently high concentrations. Here one may envision magneto-
fluids or fluids with catalytic properties that react on external
stimuli. Hence, in this way the macroscopic viscoelastic
behaviour as well as the microscopic properties e.g. related
to catalysis can be tuned at once. Investigations along this
line are under way by now.

6. Conclusion

In this review we have discussed recent work on the prep-
aration and characterization of the thermosensitive core—shell
microgel particles and their applications as catalyst. In par-
ticular, a novel synthetic method, photo-emulsion polymeriza-
tion, has been described for the preparation of monodisperse,
thermosensitive core—shell particles. Cryogenic transmission
electron microscopic (cryo-TEM) images indicate the core—
shell morphology of the microgel particles. An increase in
temperature leads to the marked shrinking of the thermo-
sensitive PNIPA shell, which was measured by dynamic light
scattering. This has been demonstrated for the first time by
cryo-TEM. Such kind of microgels can be used as “‘nanoreac-
tors” for the immobilization of metal nanoparticles. The metal
nanocomposite particles exhibit ‘“‘smart” catalytic behaviour
as the catalytic activity of nanoparticles can be modulated
by a thermodynamic transition taken place within the carrier
system.
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