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signal arises almost exclusively when a single 
water molecule, H 2O, intervenes in a loose 
complex of ROH and B�. This intervention 
allows it to gain a proton from ROH, thus gen-
erating a ‘loose’ hydrogen-bonded complex, 
RO�…H3O�…B� (Fig. 1a).

Such a loose complex would arise only 
about 18% of the time at a B� 

 concentration of 
2 mol l�1. That percentage is consistent with 
the observation that the initial ultra-fast rise 
of the RO� band amounts to some 18% of the 
total laser-excited ROH present, and is fol-
lowed by a much slower form of exponential 
rise. Evidently, ROH is losing protons through 
more complicated, time-consuming pathways 
than just the simple confinement of the proton 
in a loose complex.

An insight into what these alternative path-
ways might be is provided by the authors’ sec-
ond finding: that the rate of disappearance of 
the H3O� band does not match that of the rise 
of the BH band. It seems that the proton is not 
transferred directly to the base B� in the loose 
complex, but follows an indirect route to its 
final destination, shuttling stepwise over one 
or more additional water molecules in its quest 
for the base. This process is termed a solvent 
switch (Fig. 1b).

 The involvement of more than one water mol-
ecule in the proton’s route to the base is consist-
ent with the slower exponential rise in the RO� 
band already mentioned. But the dominance of 
the solvent-switch mechanism contrasts with 
the authors’ earlier results in a study involving 
the same acid but a stronger base with a greater 
voracity for protons6. In that case, there is only 
one sequence of stepping-stones for the proton 
to cross, from the acid to a loose complex to the 
base (Fig. 1a) — a mode of locomotion known 
as the Grotthus hopping mechanism1,2,7.

Even with the solvent-switch mechanism 
dominant, the proton is only ever directly 
observed localized on a single water molecule 

in the loose complex. As the authors explain, 
the spectral tracking of such a meandering pro-
ton — possibly also hopping in a Grotthus fash-
ion — is a ticklish problem. Detailed support 
for the solvent-switch mechanism is instead 
provided by a kinetic model that involves pro-
ton transfer through various numbers of water 
molecules intervening between the acid and the 
base, together with the rates of interconversion 
between the different reactants and products. 
The wealth of rate constants extracted not only 
buttresses the authors’ interpretation, but also 
allows an assessment of the relative likelihood 
of a proton being transferred in a complex 
involving a certain number of water molecules. 
This can then be compared with the probability 
that a water molecule will be ejected from the 
complex instead, so that the transfer happens 
with one fewer molecule present.

This last point brings us back to the classic 
ideas of Eigen3 and Weller4, established with 
lower-resolution time and much less sensitive 
tools for assessing structure. These research-
ers constructed a picture in which an acid 
and a base would diffuse to within a certain 
distance of each other, at which point the pro-
ton would transfer in some unknown fashion 
over an imprecisely specified number of water 
mol ecules. The work of Mohammed and 
colleagues5, together with other proton-trans-
fer studies1,2, represents significant progress 
on the path towards a full, molecular-level 
characterization of the processes involved. 
But this ultimate goal has not yet been met. 
We can still look forward, for example, to the 
direct observation of the shuttling proton in all 
its assorted pathways, the classification of these 
pathways according to the characteristics of the 
acid and the base, and the elucidation of the 
quantum-mechanical features of the proton’s 
movement7. ■

James T. Hynes is in the Department of 
Chemistry and Biochemistry, University of 

Figure 1 | Water stop. In their detailed spectroscopic investigations of proton (H�) transfer between a 
laser-excited acid (ROH) and a base (B�) in aqueous solution, Mohammed et al.5 observe two separate 
signal components. a, An ultra-fast rise in absorption bands corresponding to the deprotonated 
form of the acid, RO�, and to the hydronium ion, H3O�, indicates the formation of a simple, loosely 
hydrogen-bound complex between an acid, a base and an intervening water molecule, as a short-lived 
precursor to the full transfer of the proton to the base, forming a carboxylic acid (here, HB). This 
loose-complex component accounts for only about 18% of the laser-excited ROH. b, The slower rise of 
the absorption band corresponding to HB, however, indicates that other, more complex processes are 
also at work: in most cases, the itinerant proton makes stops at several intermediate water molecules 
(H2O)n, a process known as a solvent switch. Mohammed et al.5 used the deuterated forms of acid and 
water in their experiments, but the principles remain the same.

50 YEARS AGO
In the fifth of its reports, “Federal 
Funds for Science”, the National 
Science Foundation analyses 
the U.S. Federal research and 
development budget for the fiscal 
years 1955, 1956 and 1957… The 
total U.S. Federal Government 
expenditure on research and 
development is estimated at 
about 2,300 million, 2,400 million 
and 2,700 million dollars in 1955, 
1956 and 1957, respectively… 
In scientific fields, the physical 
sciences (including engineering 
sciences) continued to claim 
the major share, the proportion 
during 1955–57 being 87 per cent 
compared with 11 per cent for the 
biological sciences and 2 per cent 
for the social sciences. 
From Nature 16 March 1957.

100 YEARS AGO
Dr. Rivers has re-discovered 
the Todas. This curious little 
nation, long known to us as an 
isolated social abnormality, 
in which the dairy industry 
takes the place of religion and 
matrimonial safety is found in 
a plurality of husbands, now 
appears to be both much more 
and much less than this… The 
chief regulations of the marriage 
system are in brief :— prohibition 
of intermarriage between the two 
“castes” Tartharol and Teivaliol; 
exogamy among the clans which 
compose these “castes”; certain 
kinship prohibitions; polyandry, 
the typical form of marital 
association, the extra husbands 
being generally the brothers of 
the husband proper; polygyny, 
now on the increase, either in the 
ordinary form, or two men having 
two wives in common… The 
economic sources of religion are 
more clearly laid bare in the full 
description of the dairy-religion 
of the Todas... To quote Dr. 
Rivers :— “The sacred animals 
are attended by men especially 
set apart who form the Toda 
priesthood, and the milk of the 
sacred animals is churned in 
dairies which may be regarded 
as the Toda temples, and are 
so regarded by the people 
themselves.”
From Nature 14 March 1907.
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