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Slippery Business: Contact Mechanics and Frictional Behavior of Polymeric
Hydrogels

Robert W. Carpick, University of Pennsylvania

ABSTRACT

Measuring the mechanical properties of soft materials at small scales presents unique challenges due to the large
deformations and complex response that soft materials often exhibit. We developed a magnetic force-based direct drive
modulation atomic force microscopy (AFM) method to measure local nano-rheological properties of soft materials
across a wide frequency range [1,2,3]. We apply this approach to polyacrylamide hydrogels [3]. With colloid-attached
AFM probes in liquid, FD measurements showed a recoverable but hysteretic response, where the contact mechanics
depended on the loading direction: approach showed non-adhesive Hertzian behavior, while retraction curves fit the
Johnson-Kendall Roberts (JKR) adhesive contact mechanics model. Using small amplitude direct drive modulation
to explore higher strain rates, the load dependence of the storage stiffness transitioned from Hertzian to a dynamic
punch-type (constant contact area) model, indicating strong influence of dissipation coupled with adhesion. This
suggests a transition in the contact mechanics of hydrogels when the applied strain rates and the material relaxation
rates become comparable. Finally, we will discuss new work developing highly robust and lubricious hydrogel coatings
for latex and silicone. Double network coatings exhibit low friction, high toughness, strong adhesion to latex, and
compatibility with the incorporation of microbicidal drugs. The potential benefits of this coating for self-lubricating
condoms to reduce the spread of sexually transmitted diseases including HIV will be discussed.
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