
process is now familiar for single molecules,
but Wernsdorfer et al.2 saw evidence of more
spin transitions that cannot be attributed to
the usual single-molecule process. It seems
that these extra transitions, which are much
smaller than single-molecule transitions,
result from simultaneous changes of state of
interacting molecular spins. 

In their crystalline samples of Mn4

(between 10 and 500 mm in size), Werns-
dorfer et al.2 pinpointed three particular
transitions corresponding to simultaneous
changes in the spin of two SMMs: spins equal
to 19/2 and 19/2 become 17/2 and 9/2, or
17/2 and 7/2; and spins 19/2 and 9/2
become 7/2 and 7/2 (Fig. 1b). In each case,
only one spin tunnels (changes its sign),
while the other spin makes a transition with-
in the same well (the value changes, but not
the sign). This phenomenon is an example of
spin–spin cross-relaxation (an effect origi-
nally described for a situation without an
energy barrier6), and is called exchange-bias
tunnelling, because the value of the mag-
netic field at which this tunnelling occurs 
is shifted to restore energy conservation.
Simultaneous changes of state between
interacting spins have already been seen7,8 in
an ensemble of Ho3+ (holmium) ions diluted
in a crystalline matrix of LiYF4. But in this
case the effect was observed at relatively high
temperatures, in the thermally activated
tunnelling regime of Ho3+ ions. Wernsdorfer
et al.2 have now shown that exchange-bias
tunnelling is also at work at low temperature
in SMMs. 

These additional transitions affect the
broadening of spectral lines that is observed
in SMMs. When an atom or molecule in a
magnetic material changes energy state, a
phonon is emitted whose energy corre-
sponds to the size of the transition. But the

existence of extra exchange-bias tunnelling
transitions (and related ‘co-tunnelling’ tran-
sitions, in which both spins change sign7,8)
means that the possible transitions for the
system get closer and closer together, to the
extent that the multi-spin transitions could
eventually fill in the space between single-
spin transitions. But, for co-tunnelling tran-
sitions, going from a single spin to two inter-
acting spins means that there is a rapid
decrease in the tunnelling probability: put
simply, it’s harder to change 2S to 12S than
to change S to 1S. If the number of spins
involved is increased further, the tunnelling
probability decreases exponentially. 

Wernsdorfer and colleagues’ study of
two-molecule interactions2 has produced a
more complete picture of a spin system. But
further studies of multi-spin transitions in
the tunnelling regime of both molecules 
and ions are needed if the consequences of
spin manipulation are to be completely
understood — and if networks of quantum
spins are to be viable as the bits of a quantum
computer. n
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100 YEARS AGO
… the pamphlet entitled “Survey of the
Sciences,” which forms an appendix to a
paper on University Development, is of
especial importance at the present time, for
we are glad to know that the belief that the
weakness of our universities must lead to
national weakness in several directions is
growing with a rapidly accelerating pace. 
It may be long in this slow-moving country
before the influence of Brain-power on
history is recognised as fully as the
influence of Sea-power has been, thanks to
Captain Mahan, but undoubtedly it will be
bad for our future if much more time is 
lost … We are glad to see that the Times, 
in a sympathetic article, goes to the root of
the matter in stating that “if the pocket of
the millionaire is closed, the pocket of 
the nation must be opened.” Our eleven
universities are competing with 134 State
and privately endowed in the United States
and twenty-two State endowed in Germany.
English private endowment is much 
less than 10 per cent. of the American
endowment, and the German State gives 
to one university more than the British
Government allows to all the universities 
and university colleges in England, Ireland,
Scotland and Wales put together.
From Nature 1 January 1903.

50 YEARS AGO
On December 22, 1938, a fish of
Crossopterygian type was taken by 
trawl-net, at a depth of about 40 fathoms
some miles west of East London. The animal
was unquestionably alive when caught. It
was 1,500 mm in total length and weighed
127 lb. The colour was a bright metallic blue
which faded to brown with preservation.
Miss Courtenay-Latimer, curator of the 
East London Museum, took charge of the
catch, and eventually Prof. J. L. B. Smith,
now research professor of ichthyology 
in Rhodes University, Grahamstown, was
able to examine it (Nature, 143, 455; 1939)
… Now comes a report of a further catch. 
This second fish was reported as having
been caught on December 20 off the 
island of Anjouan in the Comoro group, 
two hundred miles west of Madagascar. 
It was reported to be about 5 ft. long and 
to weigh about 100 lb. On December 29, 
the fish was received by Prof. Smith, 
who had flown to the island to retrieve 
it and to take it to Rhodes University for 
further study.
From Nature 3 January 1953.

Figure 1 Spin states and energy levels. a, In a magnetic field, the energy levels in an Mn4 single-molecule
magnet (SMM) become split, and the splitting increases with the strength of the applied field. States
with negative spin values have higher energy; states with positive spin values have lower energy. Two
individual SMMs may make simultaneous transitions between states, as shown, that are equal and
opposite in magnitude, and overall energy is conserved. b, The actual scheme of energy levels for 
a coupled two-molecule system is more complex. The transitions seen by Wernsdorfer et al.2 are
indicated. These ‘spin–spin cross-relaxations’ occur at the crossing of lines representing different spin
states: because the energy levels of these states coincide, the SMMs can change state by quantum
tunnelling. (Graphs derived from ref. 2.)
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