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I ntroduction

In this work we report recent observations obtained
using an adhesion testing device that utilizes the contact
mechanics theory of Johnson, Kendall, and Roberts
(JKR)." Our goal is to develop a system capable of meas-
uring adhesive forces between biologically functionalized
surfaces, thus providing a route for researchers to probe
interactions such as receptor-ligand binding or the effect of
substrate characteristics such as roughness and surface
energy on the adhesion of protein molecules in relevant
solution environments.

Our device consists of a  hemispherical
poly(dimethylsiloxane) (PDMS) lens that is pressed into a
substrate of interest and then pulled off. By monitoring the
contact radius (a) of the lens with the substrate and the
force (P) during loading and unloading, one can measure
the energy release rate (G), which is a type of instantane-
ous measurement of the interfacial energy between the lens
and substrate surfaces:
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where E is the plane-strain Young’s modulus of the lens
(assuming a rigid substrate) and R is the lens radius of cur-
vature. Our figure of merit in this work is the adhesion
hysteresis (Guys), which is defined as the difference be-
tween G as measured during the unloading and loading
portions of the experiment:
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In this way, the value of Gyys reflects the development of
specific adhesion interactions that form while the lens is in
contact with the substrate.
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Experimental

Equipment and instruments or materials are identified
in this work in order to adequately specify the experimen-
tal details. Such identification does not imply recommen-
dation by the National Institute of Standards and Technol-
ogy (NIST), nor does it imply that the materials are neces-
sarily the best available for the purpose.

PDMS lenses were prepared by mixing Sylgard 184
PDMS in a 10:1 ratio by mass of base to crosslinker. The
mixture was degassed under vacuum for 1 h, followed by
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curing in a 75 °C oven for 2 h. Soxhlet extraction was
performed overnight in toluene to remove uncrosslinked
chains, after which the lenses were dried in a fume hood
for a few hours, and then placed back under house vacuum
for a longer time (= 1 d) to remove residual solvent.

Layer-by-layer  (LbL) films composed  of
poly(allylamine hydrochloride) (PAH) and poly(acrylic
acid) (PAA) were assembled onto PDMS lenses as de-
scribed previously.” Polymer brush layers were also pre-
pared on PDMS lenses using a published procedure.’

Results and Discussion

Our results indicate that JKR is capable of detecting
adhesive interactions resulting from complementary mo-
lecular interactions between the contacting surfaces. Our
results indicate increased adhesion between acid-
functionalized lenses and base-functionalized substrates
over substrates where only acidic functionality is present.
In addition, we have found that the method by which func-
tional groups are introduced onto the lens surface is an
important determining factor regarding adhesion interac-
tions. For example, the high Young’s modulus of LbL
films?® can decrease the apparent adhesion hysteresis in the
dry state when utilizing a lens functionalized with this
method.

Future work will focus on biological interactions such
as biotin-avidin binding and the sensitivity of JKR meas-
urements to variations in the surface density of binding
groups.

Acknowledgements

The authors thank M.L. Becker and N.D. Gallant of NIST
for helpful discussions. A.J.N. acknowledges the support
of the NIST-NRC Postdoctoral Fellowship Program.

Official contribution of the National Institute of Standards and
Technology; not subject to copyright in the United States.

References

1. K.L. Johnson, K. Kendall, and A.D. Roberts, Proc. R.
Soc. Lond. A, 1971, 324, pp 301-313.

2. A.J. Nolte, R.E. Cohen, and M.F. Rubner, Macromo-
lecules, 2006, 39, pp 4841-4847.

3. H. Huang, J.Y. Chung, A.J. Nolte, and C.M. Stafford,
Chem. Mater., 2007, 19, pp 6555-6560.



