
 

Pulling polymers leads to new insights into
their mechanical behavior
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The tip of an AFM pulling off a molecular chain vertically from a gold surface.
Credit: Shigeki Kawai

In collaboration with colleagues from Berlin and Madrid, researchers at
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the Department of Physics at the University of Basel have pulled up
isolated molecular chains from a gold surface, using the tip of an atomic
force microscope (AFM). The observed signal provides insight into the
detachment force and binding energy of molecules. The results have
been published in the renowned scientific journal PNAS.

Atomic force microscopy is a method normally used for imaging matter
with very high resolution. The sharp tip of the microscope is used to scan
the surface line by line. The resolution is so high, that single atoms can
be seen. "This method is roughly equivalent to using the tip of the
Matterhorn to scan the surface of a tennis ball", says Prof. Ernst Meyer
of the Department for Physics at the University of Basel. Due to an
improved method, the scientists are now able to investigate the
mechanical behavior of a single polymer being pulled off a surface.

Using the tip of the AFM, the researchers were able to pull single chains
of molecules (polymers) off a gold surface. "The molecule-surface
interaction during pulling is so weak that each chain link (molecular
unit) detaches successively. Thus, the whole chain can be pulled off
almost vertically to the surface", explains Meyer. By analyzing the
observed oscillations, the researchers are able to make quantitative
statements on the binding energy of each molecular unit.

Furthermore, the experiments showed that the polymers could be pulled
off with almost no lateral forces. This remarkable behavior of nearly
frictionless motion was predicted by a theoretical model and has now
been verified for molecules on a gold surface. Previously, the 
mechanical behavior of single polymer during pulling from a surface had
never been investigated with atomic-scale resolution. The findings and
calculations of the research team now provide detailed insight into this
process for the first time.

Such investigations are not only of interest for the field of physics, but
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also for biology and chemistry, since the method of pulling polymers
from surfaces can also be applied to biological molecules. So far,
valuable insights have been obtianed into the folding and unfolding of
DNA and proteins. Chemical reactions of small biopolymer sub units or
complex polymer chains under the influence of traction forces and
catalytic nanoparticles could be investigated with this new method.
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