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The difficult middle ground

The molecular magnet Mn,,. Image courtesy of
Jens Kortus, Tunna Baruah and Mark Pederson.

Much of physics lends itself to a
convenient division between big
and small: the macroscopic classical
world and the microscopic world
of the quantum. Yet the transition
between these spheres of influence is
far from clear-cut, and increasingly
we are seeing examples of phenom-
ena that are manifestly quantum
mechanical encroaching into
territory once believed to be the

exclusive purview of classical physics.

Spin is no exception.

The year 1996 saw the publica-
tion, by Jonathan Friedman et al.
and Luc Thomas et al., of what many
consider to be the definitive proof
that mesoscopic spin systems (that
is, systems with sizes or numbers of
component spins that place them
firmly in the conceptually difficult
middle ground) can undergo quan-
tum-mechanical tunnelling of their
total magnetization. These experi-
ments revealed transitions between
bulk magnetic states that were not
driven by thermal fluctuations, as
one would expect classically; instead,

they corresponded unambiguously

to quantum-mechanical tunnelling

events between different collective
spin states of the whole system that
have been brought into resonance
by an applied magnetic field.

The idea that macroscopic
(or rather mesoscopic) quantum
phenomena might be realized in
magnetic spin systems has a long and

convoluted history, with hints of

such behaviour stretching back at

least to work by Bernard Barbara
and colleagues in 1972. However,
it was not until the 1980s that such
ideas were placed on a firm theoreti-
cal footing. Yet more experimental
results suggestive of mesoscopic
quantum behaviour were soon forth-
coming; however, the response of the
physics community remained largely
ambivalent, even sceptical, about the
central claims.

A key problem with the early
experiments was that any tunnelling
effects in the thin films and quan-
tum dots utilized in these studies
could be readily masked by other
factors — such as a distribution of
energy barriers between magnetic
states — rendering any ‘proof” of
mesoscopic quantum behaviour
ambiguous. What was needed was an
experimentally ‘clean’ system: either
the ability to probe experimentally
the magnetization properties of a
single mesoscopic particle or the
availability of an ensemble of strictly
identical particles.

In the meantime, chemist Roberta
Sessoli and colleagues were investi-
gating small molecular clusters con-
taining several manganese ions that
were magnetically coupled to give a
high-spin (S = 10) ground state.

The motivation for their 1993 work
was to develop, using the powerful
‘bottom-up’ methods of chemical

synthesis, well-defined molecular
materials with potentially useful
magnetic properties. Yet these
chemists also had in their hands, or
rather in their test-tubes, the very
thing that the physicists needed to
realize convincingly mesoscopic
quantum effects: ensembles of
identical magnetic molecules.

By 1995, Miguel Novak and
Sessoli, and Barbara and colleagues,
had the first evidence of resonances
between the high-spin states of these
molecular magnets; and, barely a year
later, came the smoking-gun demon-
stration of mesoscopic quantum
tunnelling. Now the pursuit of
exciting new physics could begin...
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