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In the concentration range of 1-6 wt %, solutions of a thermosensitive polymer (poly-N-isopropylacrylamide
(PNIPAm),Mw ) 1.4× 105 g‚mol-1) are shown to phase separate in the form of dense stable colloids of nearly pure
polymer. Diffuse wave spectroscopy and small-angle neutron scattering both provide consistent measurements of the
colloidal size as a function of temperature. Results are in agreement with a Cahn regime of spinodal decomposition
blocked at an early stage, prior to a growth that would lead to a macroscopic phase separation. [Early results of this
work were presented at the 231st American Chemical Society National Meeting, Symposium on Amphiphilic Polymers,
Atlanta, GA, 2006, March 26-30.]

Introduction

Phase separation of simple fluids, induced by an abrupt quench
in temperature, leads to a macroscopic segregation of phases.
The laws describing the growth of the characteristic size of the
domains versus the time elapsed since the beginning of the quench
are well documented.1,2However, few fundamental studies have
been carried out on polymer solutions to explain why the domain
size depends on polymer concentration and quench temperature.
For such solutions, the large difference in viscoelastic properties
between the two separating phases has led to original predictions3

that have been partly tested by experiment4 on polystyrene in
organic solvents. These predictions are significantly different
from growth laws observed for equal molecular weight mixtures.1

However, some experiments have been performed5 where no
viscoelastic induced modification was reported.

The study of phase separation for polymers in aqueous solvents
has been extensively triggered6-11by the increasing use of water-
soluble thermosensitive polymers. On the applied side, the
segregation of phases may also lead to the synthesis of membranes,
scaffolds,12 or microcapsules.13 It is then tempting to test our
understanding of phase separation mechanisms in situations where
hydrogen bonds or Coulomb interactions exist, going beyond
the simple case of van der Waals interactions present in organic
media.

In this paper, we report on aqueous solutions of poly-N-
isopropylacrylamide (PNIPAm), whose thermosensitive proper-
ties are widely used in applications14 but for which no
comprehensive knowledge of phase separation mechanisms exists
so far. Previous attempts have mostly concerned extremely dilute
solutions, before phase separation, to detect coil-globule
transitions on a single chain15 or the phase separation of dilute
solutions (<0.05 wt %) where stable colloids of PNIPAm have
been detected.8,9 In this regime, PNIPAm colloids are stabilized
by charges born by the chain end-groups9 brought by the charged
initiator of the polymerization reaction in water, but other
mechanisms of stabilization have been suggested.11For instance,
it has been proposed that hydrophilic groups may remain hydrated
above the phase separation temperature and sterically stabilize
the colloids,16but all predicted colloidal structures are anisotropic.
Also, the ineffectiveness of colloid collision has been put forward
as a mechanism preventing colloid coalescence.17 This could be
enhanced by the glassy nature of PNIPAm-rich spheres, provided
they are concentrated enough.18 However, none of the above
mechanisms have been able to account for the variation of the
colloidal size with temperature or concentration. Moreover,
how phase separation proceeds for more concentrated solu-
tions is still unknown, although a knowledge of the growth
mechanisms in a wide range of concentrations is required to tune
more finely the structures obtained through phase separation
processes.

This lack of knowledge about phase separation mechanisms
partly originates from the extreme difficulty in reaching two
macroscopic separated phases for PNIPAm solutions: a sample
quenched in the diphasic state remains turbid and milky. In order
to quantitatively describe the phase separation in a wider range
of concentrations (c> 1 wt %) and temperatures, we demonstrate
here how the difficulties associated with such strongly turbid
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