Polymer & Composites for Industrial Applications

“Devilish”, Responsive Polymer Surfaces: The Characterization Challenge

G. Julius Vancso
University of Twente
Netherlands

For a long time, the properties and behavior of surfaces were characterized by macroscopic mechanical
measurements, like adhesion, friction, and fracture. Although Thomas Young described contact angle
measurements and their relationship to surface tension at the beginning of the 18th century, precise methods
to determine contact angle values and surface tension were only developed in the 20th century. Breakthroughs
in the understanding of the rules that govern the physical and chemical behavior of surfaces have been enabled
and accelerated by the developments of modern surface layer characterization techniques, including reflection
of infrared radiation, neutrons and X-rays, surface force and molecular level imaging measurements such as
atomic force microscopy (AFM), surface charge determination, surface chemical composition by X-ray
photoelectron and Auger electron spectroscopy, and secondary ion mass spectrometry. In this presentation,
we give an account of some selected applications to study dynamic surfaces and stimulus-responsive polymer
brushes by using many of these methods as it took place in our laboratories.

We begin the examples with studies of hydrophobic recovery by using chemically modified AFM tips, focusing
on UV/ozone-treated, cross-linked PDMS. The results demonstrate a gradual formation of a silica-like layer at
the top with increasing radiation dose, and provide a basis for surface hydrophilization, with relevance to
microfluidics and biomedical applications of silicon rubber.

In the second example, we first show AFM imaging and probe the responsive behavior of the chain collapse
dynamics of poly(N-isopropyl acrylamide) brushes by AFM. Then, we turn our attention to probing a notoriously
difficult characteristic of polymer brushes, i.e., determining the grafting density by colloid-probe AFM
compression measurements. To this end, we use the de Gennes “box” like polymer model to evaluate the AFM
compression force and obtain grafting density values.

The third example involves switching the transport through nanopores with pH-responsive polymer brushes
for controlled ion permeability. The results demonstrate the potential of this approach to nanoscale valve
applications.

Positioning light emitters in photonic crystals promises to bring such systems to the next level of function
control, e.g., in optical computing and “smart” photonics. In the last example, we show how to precisely position
semiconductor quantum dots utilizing brush polymer chemistry inside 3D silicon photonic band gap crystals
and characterize the system's optical/spectral behavior.

These examples demonstrate how surface characterization paves the way to understand and describe polymer
brush structure-property relations and open their technology transformations in controlled vetting, molecular
gating in fluidics and filtration, and nanoscale positioning of light emitters in brush-coated microstructures as
selected examples.
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