
 

Unlike rubber bands, molecular bonds may
not break faster when pulled

June 17 2009

From balloons to rubber bands, things always break faster when
stretched. Or do they? University of Illinois scientists studying chemical
bonds now have shown this isn't always the case, and their results may
have profound implications for the stability of proteins to mechanical
stress and the design of new high-tech polymers.

"Our findings contradict the intuitive notion that molecules are like
rubber bands in that when we pull on a chemical bond, it should always
break faster," said chemistry professor Roman Boulatov, who led the
study. "When we stretch a sulfur-sulfur bond, for example, how fast it
breaks depends on how the nearby atoms move."

The findings also contradict the conventional interpretation of
experimental results obtained by other researchers studying the
fragmentation rate of certain proteins containing sulfur-sulfur bonds
when stretched with a microscopic force probe. In those experiments, as
the force increased, the proteins fragmented faster, leading the
researchers to conclude that as the sulfur-sulfur bond was stretched, it
reacted faster and broke faster.

"Our experiments suggest a different conclusion," Boulatov said. "We
believe the acceleration of the fragmentation was caused by a change in
the protein's structure as it was stretched, and had little or nothing to do
with increased reactivity of a stretched sulfur-sulfur bond."

In their experiments, the researchers use stiff stilbene as a molecular
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force probe to generate well-defined forces on molecules atom by atom.

The probe allows reaction rates to be measured as a function of the
restoring force. Similar to the force that develops when a rubber band is
stretched, the molecular restoring force contains information about how
much the molecule was distorted, and in what direction.

In previous work, when Boulatov's team pulled on carbon-carbon bonds
with the same force they would later apply to sulfur-sulfur bonds, they
found the carbon-carbon bonds broke a million times faster than when
no force was applied.

"Because the sulfur-sulfur bond is much weaker than the carbon-carbon
bond, you might think it would be much more sensitive to being pulled
on," Boulatov said. "We found, however, that the sulfur-sulfur bond does
not break any faster when pulled."

Boulatov and his team report their findings in a paper accepted for
publication in Angewandte Chemie, and posted on the journal's Web site.

"When we pulled on the sulfur-sulfur bond, the nearby methylene groups
prevented the rest of the molecule from relaxing," Boulatov said, "thus
eliminating the driving force for the sulfur-sulfur bond to break any
faster."

Chemists must bear in mind that even in simple chemical reactions, such
as a single bond dissociation, "we must take into account other structural
changes in the molecule," Boulatov said. "The elongation alone, which
occurs when a bond is stretched, does not represent the full picture of
what happens when the reaction occurs."

The good news, Boulatov said, is that not every polymer that is stretched
will break faster. "We might be able to design polymers, for example,
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that would resist fragmentation under modest mechanical stresses," he
said, "or will not break along the stretched direction, but in some other
desired direction."

Source: University of Illinois at Urbana-Champaign (news : web)
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