
© 1999 Macmillan Magazines Ltd

The theory of such energy-transfer
processes goes back to the well-known works
of Förster3 and Dexter4. The simplest Förster
transfer mechanism is similar to the interac-
tion between two electric dipoles. The rate
of energy transfer, k, is described by
k 4 T 11(ro/r)6, where T is the lifetime of the
excited state, r is the distance between the
donor and acceptor, and ro is a parameter
called the Förster radius. This equation tells
us that the rate of dipolar energy transfer
behaves like r 16. With increasing r, higher-
order interactions (such as dipole–quadru-
pole, quadrupole–quadrupole and exchange
interactions) decay much more rapidly  than
the dipole–dipole interaction, and are 
effective only at very small intermolecular
distances.

How important is this mode of energy
flow? It is significant only when its rate is
comparable to or faster than other relaxation
processes. The most important competing
processes are intramolecular vibrational
relaxation, where vibrationally excited mol-
ecules relax by transfer of energy within the
molecule itself, and vibrational energy relax-
ation, where vibrational energy is trans-
formed into solvent thermal energy. These
processes are fast; relaxation of polyatomic
molecules in condensed phases at room 
temperature occurs over a few picoseconds
or less.

In contrast, vibrational energy transfer
between molecules is generally believed to be
too slow to be important. It is only expected
to play a significant role for diatomic molec-
ules or at cryogenic temperatures, where
vibrational relaxation is relatively slow.
Indeed, these are the conditions under which
such processes have been observed in the
past5,6. Contrary to such expectations, the
experiment by Woutersen and Bakker1

shows that resonant intermolecular energy
transfer between OH bonds in liquid water 
is extremely fast. Moreover, it appears to be
much faster than the vibrational energy
relaxation of the OH group, which has
recently been shown to have a short lifetime
of 740 fs (femtoseconds)7.

In their experiment, Woutersen and
Bakker use two 200-fs infrared pulses: one
relatively strong, linearly polarized ‘pump’
pulse to excite the OH groups and another,
low-intensity pulse to probe this excitation.
They use thin-layer samples of either pure
water (liquid H2O), or a mixture of HDO and
D2O (D is deuterium, a heavy isotope of
hydrogen). The mixed samples make it 
possible to measure the dependence of the
energy transfer rate on the OH concentra-
tion. Woutersen and Bakker measure the
rotational anisotropy of the molecules as a
function of the time delay between pump
and probe. Rotational anisotropy is induced
by the pump pulse, which excites molecules
with specific orientations. This vibrational
excitation can then relax either by rotational

motion of the excited molecules or by energy
transfer between molecules of different 
orientations (Fig. 1). 

These two relaxation modes can be dis-
tinguished from each other for the low OH
mixtures (that is, HDO dissolved in D2O):
energy transfer between HDO molecules
depends on the concentration of this species,
whereas their rotation does not. Therefore
measuring the rotational anisotropy at dif-
ferent delay times as a function of HDO con-
centration yields the characteristic time for
molecular rotation (four picoseconds), and
more importantly the rate of intermolecular
vibrational energy transfer between the OH
groups. These results show that the Förster
theory accounts well for the observed in-
termolecular vibrational energy transfer 
in HDO–D2O mixtures and that the corre-
sponding transfer rate is quite fast — in 
the range of a few picoseconds for molar 
concentrations of OH. With Woutersen 
and Bakker’s technique, the transfer rate is 
measurable even though the competing
processes of energy relaxation are very fast. 

The real surprise comes from similar
measurements in pure H2O. Using the
Förster results from mixtures of HDO in
D2O (ro42.1 Å) to extrapolate to the inter-
molecular distance in pure water (2.8 Å)
predicts an energy-transfer time in the range
of a few hundred femtoseconds. But the
observed intermolecular energy transfer in
pure water takes place even faster than the
experimental time resolution of `100 fs.
This is considerably faster than the 740-fs
lifetime of the excited OH population, and
makes intermolecular vibrational energy
transfer one of the fastest relaxation process-
es ever recorded in water. This means that
vibrational energy cannot be localized in
water long enough to affect most chemical
reactions. On the other hand it implies that
water is an extremely good conductor of
vibrational energy through its OH groups. It
is even possible that this energy-transfer
process could involve other molecules con-
taining OH groups, so water may play an
important role in protein dynamics when
energy is transported between different
molecules.

The failure of the dipolar Förster theory
in H2O is not unexpected because the OH
groups are so close to each other that higher-
order interactions come into play. But the
observation that intermolecular vibrational
energy transfer in water is so amazingly fast
calls for a reassessment of vibrational energy
transfer and relaxation in condensed phases.
Many questions remain. For example, what
is the actual rate of vibrational energy trans-
fer in water? Is this behaviour peculiar to this
liquid (perhaps it is associated with its spe-
cial structural properties)? Previous studies
from the same laboratory7 have suggested
that the fast vibrational energy relaxation of
the OH bond in water is possibly associated
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100 YEARS AGO
Two or three months ago reports were
published in the daily press of the discovery
of an electrical method of giving sight to the
blind. It was alleged that Mr. Stiens had
succeeded in constructing an electrical
apparatus which performed all the functions
of the eye and was an efficient substitute for
it. Like many other newspaper reports of so-
called scientific discoveries, this has proved
to be without sound foundation. Mr. G. H.
Robertson, who is himself afflicted with
blindness, describes in the Electrician the
results of personal inquiries into the matter
with a member of the staff of our
contemporary. In spite of several visits to Mr.
Stiens, no experimental proof in
substantiation of the claims which were put
forward on his behalf was obtained, and the
conclusion arrived at is that these claims are
foundless. Life is so short and crowded with
so many important duties that it is
impossible to investigate the many
sensational statements made by
irresponsible interviewers, but we are
grateful to any one who will take the trouble
to examine some of the rumours which are
put forward in the name of science. 
From Nature 30 November 1899.

50 YEARS AGO
In British Astronomical Association Circular
No. 312 some details are given regarding the
two newly discovered satellites of Uranus
and Neptune, respectively. Both were
discovered by Gerard P. Kuiper during his
search for new satellites with the 82-in.
reflector of the McDonald Observatory,
University of Texas. The new satellite of
Uranus, now named Miranda, was
discovered on February 16, 1948, magnitude
17, and is now known to have a period of
about 33h. 56m. The motion is approximately
circular and in the plane of the other four
satellites. Neptune ii, for which the name
Nereid has been proposed by the discoverer,
was found on May 1, 1949, on plates
exposed for forty minutes at the prime focus,
with the mirror stopped down to sixty-six
inches (ƒ/5). Its magnitude was estimated to
be 19.5, and later observations show that its
period is about two years and that the plane
of its orbit is within six degrees of the
ecliptic. Kuiper says that, as Neptune could
retain satellites nearly ten times as far away
as Nereid, with periods up to about fifty
years, further work is planned to cover the
outer regions of the system. 
From Nature 3 December 1949.
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