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Abstract There are numerous examples of carbon-carbon double bond containing molecules that are
frequently used in chemistry, biology, and medicine. One major attribute of these molecules is that they
normally have two isomerization states, namely cis and trans, while each isomer presents specific
physical, chemical and pharmacological properties. The isomerization of double bond (cis to trans and
the reverse reaction) is induced in nature and technology via irradiation, thermally or by catalysts. The
most notable example is the photo-induced cis-to-trans isomerization of 11-cis-retinal to all-trans-retinal
and the subsequent reverse reaction that is enzymatic. So far the effect of mechanical force on
isomerization of double bond has not been investigated. This is while mechanical force has been used
as an alternative trigger to induce transitions in various bonding systems such as coordination,
complexation, hydrogen bonding and covalent bonds. Here we present our results on force-induced cis-
to-trans isomerization of double bond at the level of single polymer molecules containing cis double
bond using atomic force microscopy (AFM). Three double bond containing polymers were used, namely
P1, cis-PB and PB. As control, three exclusively single bond containing polymers were investigated,
namely P2, PE and PS. The structures of these polymers are shown in figure 1. Upon stretching cis
double bond containing polymers to elevated forces, a sudden relaxation in force and increase in
elongation of polymer was observed that is attributed to isomerization (figure 2). Investigation of
exclusively single bond containing polymers did not show any trace of isomerization. Our results
revealed an isomerization force of 80060 pN (figure 3). This force is slightly lower that the force
associated with breaking of covalent bonds and rings ~ 1-2 nN [2,3]. Our results show that the
mechanical force can be used to trigger isomerization of double bond. Our results also open the
possibility of a new class of force-responsive polymers based on mechano-isomerization of double
bond.
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the polymers used in this study: ¢
synthesized polymers P1 and Ax, .

P2, cis-1,4-polybutadiene (cis-
PB, cis 98%, trans 1%, vinyl
1%), 1,4-polybutadiene (PB, cis
36%, trans 55%, vinyl 9%),
polyethylene (PE) and
polystyrene (PS).
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