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There has been considerable interest recently in the development

— 160
of materials whose surface properties can be modulated dynami- l.: 140 :g‘; 0.8
cally. A method of choice has been through the use of stimuli § 120 ’ 04
responsive polymers (SRPs) that are sensitive to their environment g 100 a 8
or to externally applied impetus. This approach has the potential § 8o 04 2

advantage of allowing simultaneous control of surface energy (e.g., 60 \-\ﬁ '
through changes in hydrogen bonding) and topography (e.g., “ 08
through local changes in polymer swellingRynamic control of Nom. Pore Size (nm)

surface energy is of interest in control of wettabifitynolecular Figure 1. Water contact angle data (sessile drop) measured € 2shd
adsorptior?, adhesiorf, and biocompatibility. Control of nano- 40 °C for PNIPAAm grafted to aluminum oxide surfaces with varying
topography is also important in these areas, because of its capacityrominal pore size.

for synergistic amplification of surface phenomena and because of
its ability to mflu_ence steric interactions in molecula_r transport and good, inexpensive model systems by which to vary nanoscopic
surface reactivity. We report a convenient experimental system ¢, t-a roughness. In this study, we used nonporous aluminum

wherein a versatile nanostructured surface based on Nanoporous, ie and membranes with nominal pore sizes of 20, 100, and 200
aluminum oxide formed via anodization is modified by a brush of |, (manuf. spec.) as model surfaces. We have previously published

poly(N-isopropyl acrylamide) (PNIPAAm), a well-studied SRP, 4,0 synthetic method used to graft PNIPAAm to these surfaces via
with thickness comparable to the surface corrugation. This experi- surface-initiated ATRP.ATRP is an especially good method for

mental system is demonstrated to allow direct correlation of Changessurface modification because it is reproducible, does not lead to

in surface energy and nanotopography on macroscopic surface,iumerization in the bulk solution (obviating the need for extensive
phenomena such as Wet‘_[ab'“ty' _MUCh of th_e previous work on the extraction procedures to remove unattached polymer), and proceeds
use of SRPs to control interfacial properties has focused on the 4 e atively slow polymerization rates, leading to uniform coverage
use of PNIPAAmM because it is experimentally convenient: it ¢ o4 red surfaces and relatively low polydispersity. We have
exhibits a lower critical solu_b|I|t)_/ temperature (LC_ST) in water at previously characterized the temperature-dependent wetting and
~33 OCB When I_DNIPAAm IS displayed ona solid surface, this swelling behavior of PNIPAAmM brushes prepared by ATRP on flat
transition results in a change in the wettability of the surface above g races via surface plasmon resonance and neutron reflectivity and

and below the LCST. , have effectively modeled the temperature-induced transition using
Beyond synthesis of dynamic nanostructured surfaces, the goals,

X ° self-consistent field theo§/All polymer surfaces studied here were
of this study are threefold. First, we demonstrate that polymer grafts prepared under identical polymerization conditions, which yielded
prepared by surface-initiated atom transfer radical polymerization

X a brush of~15 nm dry thickness (as measured by ellipsometry)
(ATRP) on nanqtextured .surfaces have a great influence on on flat aluminum oxide.
macroscopic wetting behavior. Recently, Sun et al. reported on the Figure 1 presents wettability data for PNIPAAm grafted on the

use of PNIPAAm grafted to textured surfaces formed by micro- o6,5 and nonporous surfaces at temperatures below and above
lithography as a method for forming switchable superhydrophobic/ ¢ typical LCST observed for bulk solutions. In all cases change
superhydrophilic surfacésOur work here is different in that we  jy temperature resulted in a change in water contact angle.
show that such switching is achievable using nanotextured substrateqncreasing the pore size of the substrate led to a gradual decrease

in which changes in macroscopic wettability are likely due to not ;) yhe contact angles measured at low temperature and a dramatic
only change in hydrophobicity of the polymer as it passes through j,rease in contact angles measured at high temperature. Thus, the

its transition temperature, but also because of changes in theiterence in contact angle measured at low and high temperature
nanoscopic topography of the surface associated with expansion;, aacad steadily, from 13 to 112

and contraction of the grafted polymer layer. Second, we demon- We used AFM to examine the changes in the nanostructure of
strate direct' visgalization. of changes in .topography of nano- e pNjPAAM-modified AAO surfaces that result from variation
structured stimuli-responsive surfaces. Third, we develop & new i, qre sjze and temperature. Figure 2 presents representative images
method_, based on prlnc_lpal components a“a'YS'Sv _for quantltatlye for bare and PNIPAAM-modified AAO membranes at temperatures
correlat!on of changes in nanostruct.ure, as wsuqllzed by atomic below and above the LCST. The images reflect changes in the
force microscopy (AFM), to changes in macroscopic water contact anosirycture due to differences in template pore size, surface
angles. grafting of PNIPAAm, and change in temperature for the PNIPAAM-
 Department of Chemical and Nuclear Engineering. modified surfaces. _Roughness faptors (actual surface area/projected
* Department of Chemistry. surface area) obtained from the images of the PNIPAAmM surfaces
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Figure 3. (A) Pixel intensity histograms for AFM images obtained for
PNIPAAmM-modified porous AAO surfaces at low and high temperature.
Figure 2. Representative topographical AFM images. (A) Bare AAO (B) Correlation of the first and second principal components of the variation
membranes (templates) in air. (B) PNIPAAmM-grafted membranes in water in the intensity histograms with macroscopic wettability.

at 25°C. (C) PNIPAAm-grafted membranes in water at 4D

increased steadily as the pore size increased and increasedigure 3B demonstrates that these principal components are linearly

significantly upon increase in temperature for the 20 nm (1.15 at co/élated with the cosine of the contact angles, and thus AFM

25°C to 1.24 at 4C°C) and 100 nm (1.23 to 1.33). The 200-nm ¢an be used in the quantitative prediction of a dynamic macroscopic

samples did not show a dramatic difference in roughness factor atProperty, e.g., the wettability.

low and high temperatures, consistent with the expectation that The combined results show that it is possible to dynamically

changes in topography due to swelling and contraction of the thin change crucial surface propertiethe size of surface pores, the

polymer layer are less significant for larger pore sizes. Repeatedsurface roughness, and the effective interfacial enecgy the

imaging of samples at high and low temperature demonstrated Nanometer scale using surface-grafted stimuli responsive polymers.

reversible change in the nanostructure of the PNIPAAm-modified The changes are controllable, reversible, and are reflected in large

samples. No change in topography of dry samples was detectedchanges in contact angle and in easily visible changes in AFM

with temperature. images. Finally, the changes in macroscopic surface hydrophobicity
We attempted to correlate features in the nanostructure apparentan be quantitatively related to changes in surface nanostructure

in the AFM images with the measured macroscopic contact anglesusing principal component analysis.

by implementing classic models of homogeneous and heterogeneous
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use with AFM measured quantities are presented in the Supporting

Information. In summary, direct use of roughness factors and-solid

liquid interface area fractions (obtained by AFM) in the Wenzel

equation allowed reasonable prediction of wetting at low temper-
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qualitative prediction of the contact angles measured at high
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