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Stimuli-responsive polymetshave attracted considerable Figure 1. Thickness vs polymerization time of P(MERA-co-
interest for applications such as actuatfodrug delivery3 OEGMA) brushes grown by ATRP from silicon surfaces. The molar

o 4 o - ratio of the two monomers in solution is indicated in the figure. The
affinity control;* fabrication of materials of tunable shape and inset is a zoom for short times. The lines are power law fits and are

surface propertiesor stimuli-gated filtratiorf Among these drawn as support for the eye.

systems, hydrogels,brushes, and micro- or nanopatterned

brushe& of poly(N-isopropylacrylamide) (PNIPAM) and of  configuration. In this configuration, an air bubble is trapped
related copolymers have been studied extensively, because theskelow the tested surface which is immersed face down in water,
polymers exhibit a lower critical solution temperature (LCST) and the strongly hydrophilic brush can attain equilibrium, which
in water at about 32C, which means that they undertake a is rarely the case for usual contact angle measurements. Here,
reversible change in surface properties and swelling in water atthe samples can be equilibrated until the chemical potential of
temperatures close to physiological ones. Recently, the pre-water vapor in the vapor-saturated air bubble equals the one of
dominance of PNIPAM as the paradigmatic example of ther- liquid water, and until the chemical potentials of the brush below
moresponsive polymer was challenged by the discovery thatthe vapor-saturated bubble and below liquid water are equal.
random copolymers of 2-(2-methoxyethoxy)ethyl methacrylate  The curves of equilibrium water contact angle vs temperature,
(MEO;MA) and oligo(ethylene glycol) methacrylate (OEGMA)  6(T), are presented in the Supporting Information for a series
exhibit a LCST in water, which can be finely tuned anywhere of copolymer brushes. From these curves, we computed the
between 26 and 90C depending on OEGMA contett,and difference between the interfacial tensions of the brush in
which is almost independent of molar mass, concentration, andsaturated water vapor and in liquid wata®", using the Young-
ionic strength, contrarily to PNIPANEC In addition, in contrast ~ Dupre equationt3

with PNIPAM which was recently shown to be moderately _

cytotoxic at 37°C ! these poly(ethylene glycol)-based copoly- AyP" = Prvap o brlld = W co50) (1)
mers are expected to be nontoxic and non-immunogenic, since

the addition of oligo(ethylene oxide) sequences to responsive wherey" is the surface tension of watétand y*"'d (respec-
polymers was also shown to decrease cytotoxitityere, we tively vPrvan is the interfacial tension of the swollen brush in
exploit the unique features of these copolymers to prepare novelliquid water (respectively water vapor). Since interfacial tensions
thermoresponsive surfaces with finely tunable collapse temper-are excess free energies per unit &4 Ay obeys specific
atures located in the physiological range. By measuring the thermodynamic rules. For instance, its variation follows a Gibbs
temperature derivative of their equilibrium water contact angles, adsorption equatiotf:*’

we succeed in obtaining thermodynamically relevant collapse

transition temperatures, in stark contrast with previously reported dAyIDr = —AS" dT — AT, du,, — AT, du, (2)
attempts on thermoresponsive surfaces, which were devoid of
thermodynamic meaning as shown below. whereAs” is the difference of excess surface entropy between

The thermoresponsive surfaces were obtained by growingthe brush/vapor and brush/liquid interfaces; (respectively,
brushes of P(ME@MA-co-OEGMA) copolymers from plasma-  uy) is the chemical potential of the brush (respectively, water),
cleaned silicon wafers modified with a silane ATRP initiator, and AI'y, (respectively, AT'y) is the difference of excess
using surface-initiated aqueous atom transfer radical polymer- concentration in monomer segments (respectively, water) be-
ization (ATRP) (full experimental details given in the Supporting tween the brush/vapor and brush/liquid interfaces. Since chemi-
Information)!? Figure 1 is a plot of brush thickness vs cal potentials are continuous functions of temperature, eq 2
polymerization time for different MEEMA:OEGMA ratios. The indicates that the interfacial tensions (and therefore the equi-
polymerization is well-controlled, with typically 100 nm thick librium contact angles) are continuous functions of temperature
pure MEQMA brushes or 20 nm thick OEGMA brushes as well, even across a first order thermodynamic transition such
obtained in 3 h, with the copolymers somewhere between theseas a LCST. In most previous works on thermoresponsive
limits. brushes, sudden jumps of the contact angles were reported to

The temperature-responsiveness of the brushes was assesseatcur at the LCSTP&18however, eq 2 shows that this may only
by water contact angle measurements in the captive bubblearise for out-of-equilibrium contact angles, which obviously

cannot be used to determine the location of a thermodynamic
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Figure 2. (a) Temperature dependence of the difference between the
interfacial tensions of P(MESMA-co-OEGMA) brushes in liquid water

and saturated water vapor. The dashed line is the surface tension of

water. (b) AFM-determined temperature-dependent swelling of a poly-
(MEO:MA) brush in water (105 nm dry thickness). (c) Comparison
between the LCST of P(MEMA-co-OEGMA) chains in solution
(from ref 10b), and their collapse temperature in brushes.

a first-order transitiod! The other right-hand terms of eq 2 may
also contribute to changing the slope &f"(T) through a
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temperature. PEO-based polymers are nontoxic and non-
immunogenic and extensively used for biomedical applications;
we therefore expect our brushes to replace the traditional
PNIPAM-based approaches for the fabrication of novel bio-
compatible responsive surfaces of tunable set point in the
physiological range.
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