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Mixtures of alkali swellable microgels and linear PNIPAm chains exhibit doubly responsive properties both with
pH and temperature. Below the lower critical solution temperature (LCST), the linear chains of PNIPAm are soluble
and increase the osmotic pressure outside the microgels, which causes them to deswell. Above the LCST, the PNIPAm
chains become insoluble and form spherical colloidal particles confined between the microgels that subsequently
reswell. The swelling and deswelling of the microgels change the rheological properties of the composites, providing
a unique way to tune the elasticity of the composites with temperature. The structure of the composites above the
LCST is studied using multiple light scattering and fluorescence confocal microscopy. The phase separation of PNIPAm
above the LCST is strongly affected by the confinement of the PNIPAm chains between the microgels.

I. Introduction

Microgel dispersions form an important class of colloidal
particles that are extremely interesting with regard to both practical
and fundamental issues. Microgels are soft latex particles
consisting of an intramolecular cross-linked polymeric network
that is swollen in a good solvent. One advantage of microgel
dispersions is that they exhibit all of the hallmarks of colloidal
behavior (i.e., crystallization1,2 and glass formation3) at very
low polymer content. Microgel suspensions can be very
concentrated because individual particles are soft and deformable.
The degree of swelling of the particles is the key parameter that
determines the flow properties of concentrated microgel disper-
sions.4,5 At a low degree of swelling, the dispersions are weakly
elastic viscous fluids that behave very much like conventional
particulate suspensions.6 At a high degree of swelling, the
microgels are in contact and pack into a continuous elastic network
that behaves like a weak solid. Upon application of a sufficiently
high stress, the particles can flow past one another appreciably,
and the elastic network is disrupted, making the dispersion
strongly shear-thinning.7,8 This unique property is widely
exploited to impart solidlike behavior to formulations that are
used extensively in a range of industries for coatings, inks,
personal care products, and foods.9

Another characteristic feature that makes microgel particles
extremely attractive is their capacity to change their volume
almost reversibly when the properties of the suspending medium
are modified. The swelling of neutral microgels, which primarily
depends on the solvent quality, can be finely tuned through small

variations in temperature.10 Microgels comprising thermosensi-
tive monomers undergo a volume transition with temperature.4,11

In the case of polyelectrolyte microgels, the osmotic pressure of
counterions is responsible for swelling. This renders ionic
microgels highly sensitive to variations in pH or ionic strength.5,12

Recently, the synthesis and the use of microgels combining a
complex response to pH and temperature have also been
described.13 Polymer-responsive microgels have become central
components of advanced functional colloidal materials, with
promising applications in the fields of bioencapsulation and
controlled targeted drug release,14 metal ion adsorption,15 and
photonic materials.16 A rich literature describes how the
composition and the architecture of microgels (monomer
composition, cross-link density, particle size, surface charge,
introduction of functional groups) can be customized to meet the
requirements of specific situations.

At swelling equilibrium, the osmotic pressures of solvent inside
and outside microgels balance each other. A direct consequence
is that any change in the osmotic pressure of the continuous
phase can induce osmotic deswelling. This effect is crucial in
complex formulations that generally comprise many components.
For instance, an increase in ionic strength provokes the osmotic
deswelling of ionic microgels.17 Similarly, the addition of
excluded linear free chains causes the deswelling of neutral and
polylectrolyte microgels.9,18-21 Osmotic deswelling is responsible
for a reduction in particle size and a decrease in volume fraction.

* Corresponding author. E-mail: michel.cloitre@espci.fr.
(1) Lyon, L. A.; Debord, J. D.; Debord, S. B.; Clinton, D. J.; McGrath, J. G.;

Serpe, M. J. J. Phys. Chem. B 2004, 108, 19099–19108.
(2) Senff, H.; Richtering, W. J. Chem. Phys. 1999, 111, 1705–1711.
(3) (a) Bartsch, E.; Antonietti, M.; Schupp, W.; Sillescu, H. J. Chem. Phys.

1992, 97, 3950–3963. (b) Bartsch, E.; Frenz, V.; Baschnagel, J.; Schärtl, W.;
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