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Normally, the redox potential of a
molecule is assumed to be a unique
property of the molecule, its solvent
environment and the temperature. But
researchers from the Arizona State
University, the Australian National
University and Curtin University have
now demonstrated that mechanical force
can also be used to manipulate electron-
transfer reactions (Li Y., Haworth N.L.,
Xiang L., Ciampi S., Coote M.L., Tao N.J.
J. Am. Chem. Soc. 2017, 139, 
14699–706). Using scanning tunnelling
microscopy, the researchers showed that,
on stretching, a single molecule of a
ferrocene (Cp) derivative undergoes
spontaneous oxidation. The oxidation is
associated with changes in its single-
molecule conductivity, which could be
tracked experimentally. Calculations

confirmed the result and showed that the
process is driven by the tendency of the
Fe–Cp bond to stretch upon oxidation
because of removal of an electron from
its bonding orbital. The observation that
mechanical stretching can control the

redox states and conductance of a single
molecule provides a way to mechanically
switch its electronic properties, with
potential applications in
electromechanical molecular machines.

Electrical mechanochemistry

The application of ultrasound to
a liquid medium results in the
spontaneous formation, growth,
and collapse of bubbles – a
phenomenon known as acoustic
cavitation. Recently, Professors
Greg Qiao and Muthupandian
Ashokkumar and co-workers at
the University of Melbourne
have harnessed the reactive
radicals generated by these
sonochemical events for the
controlled synthesis of linear
polymers from vinyl monomers
(McKenzie T.G., Colombo E.,
Fu Q., Ashokkumar M., Qiao G.G. Angew. Chem. Int. Ed. 2017,
56, 12 302–6). They demonstrated that, when water is used as
a solvent, water-derived radicals (primarily HO•) can act as
initiating species for a polymerisation; when conducted in the
presence of a highly efficient chain transfer agent, such as a
thiocarbonylthio-containing compound, chain propagation can
be controlled via a reversible addition–fragmentation chain

transfer (RAFT) mechanism to furnish ‘living’ polymers with
controllable chain lengths and good end-group fidelity. This
technique offers a novel method to control RAFT
polymerisations externally, with rapid temporal switchability by
simply turning the ultrasound on or off. Work is currently
ongoing to expand these systems to non-aqueous solvents and
different operating ultrasonic frequencies.

Sound polymerisation




