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50 YEARS AGO
“The Arrow of Time” 
— It is widely believed that all
irreversible mechanical
processes involve an increase of
entropy, and that ‘classical’ (that
is, non-statistical) mechanics, of
continuous media as well as of
particles, can describe physical
processes only in so far as they
are reversible in time. This means
that a film taken of a classical
process should be reversible, 
in the sense that, if put into a
projector with the last picture
first, it should again yield a
possible classical process. This 
is a myth, however, as a trivial
counter-example will show.
Suppose a film is taken 
of a large surface of water 
initially at rest into which a 
stone is dropped. The reversed
film will show contracting
circular waves of increasing
amplitude. Moreover,
immediately behind the 
highest wave crest, a circular
region of undisturbed water 
will close in towards the centre.
This cannot be regarded as a
possible classical process. (It
would demand a vast number 
of distant coherent generators 
of waves the co-ordination of
which, to be explicable, would
have to be shown, in the film, 
as originating from one centre.
This, however, raises precisely
the same difficulty again, if 
we try to reverse the amended
film.) K. R. Popper
From Nature 17 March 1956.

100 YEARS AGO
Journals dealing with the
chemical aspects of physiological
and pathological research have
long been current in Germany;
but up to the present time
English-speaking workers have
had to rely on periodicals dealing
with all branches of physiology
and pathology for the publication
of their results…  the need has for
long been felt of a special journal,
and we have to chronicle the
advent of one — the Bio-chemical
Journal… In America also a
similar want has been met by the
issue of the first numbers of what
is there called the Journal of
Biological Chemistry.
From Nature 15 March 1906.50
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Nature runs the nanomachinery that makes
life possible using the last word in clean, free
and readily available power sources — sun-
light. In photosynthetic bacteria and green
plants, photon absorption by chlorophyll gen-
erates a charge-separated state, from which the
electron is quickly passed down a cascade of
electron carriers, ultimately generating energy
in a convenient chemical form. Can similar
capabilities be engineered? An exemplary
effort to do just this is given by Balzani et al.
who, writing in Proceedings of the National
Academy of Sciences1, describe photochemical
experiments on an artificial machine that uses
light to displace a fragment of its unimolecular
structure.

Those who seek to harness the Sun’s energy
for synthetic molecular machines find that
chemistry is always throwing up obstacles. In
particular, charge recombination typically
occurs thousands or millions of times faster
than the nuclear movements on which such
machines rely, making charge-separated states
difficult to exploit. This problem can be over-
come using bimolecular systems: here, the
charged partners quickly diffuse apart so their
energy can be used, for example, to achieve

switching in a rotaxane2. This class of mole-
cule, consisting of a ring that shuttles ran-
domly and incessantly along a string, stopped
only by bulky groups at the string’s termini, is
also that used by Balzani and colleagues1.

Their rotaxane3 (Fig. 1) incorporates two
structurally different bipyridinium sites —
‘stations’ 1 and 2 — that slow the shuttling
ring’s motion through strong short-range elec-
trostatic interactions. The ring thus divides its
time between station 1, station 2 and the rest of
the string in the ratio of around 95:5:<1. At
room temperature, the ring shuttles between
the stations tens of thousands of times per sec-
ond, but the net flux is zero. So no work can be
done, or useful task performed, by the shut-
tling action (the ‘principle of detailed bal-
ance’4).

One of the bulky end-groups of the rotax-
ane’s string is a ruthenium trisbipyridine com-
plex. This can absorb a photon of visible light
and so form a reactive, excited state that
donates an electron to the more easily reduced
of the two bipyridinium sites — station 1, the
ring’s preferred binding site. One would nor-
mally expect the resulting charge imbalance to
be corrected by back-transfer of an electron on
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Lighting up nanomachines
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A cleverly engineered molecule uses light to generate a charge-separated
state and so cause one of its components to move. It’s the latest study of a
molecular machine that exploits nature’s most plentiful energy source.
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Figure 1 | Light-driven molecular shuttle. Balzani and colleagues’ rotaxane1,3 consists of a molecular ring
free to move along a molecular string. a, At equilibrium in the ground state, the ring spends most of 
the time over station 1, as a result of attractive, non-covalent interactions. But irradiation of the
ruthenium complex (green) at one end of the string generates a highly reducing excited state, resulting
in electron transfer to station 1, and the weakening of this station’s electrostatic interactions with the
ring. b, Normally, charge recombination is fast in comparison with nuclear motions, but here a delay
allows approximately 10% of the molecules to undergo significant brownian motion, shifting the
distribution of these rings to favour station 2. c, When charge recombination eventually does take
place, the higher binding affinity of station 1 is restored, and d, the system relaxes to restore the original
statistical distribution of rings. 
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