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Abstract

Computer simulations of a protonated, linear cluster of four hydrogen-bonded water molecules, (O,Hg)", are reported.
The potential energy surface governing the motion of the nuclei was described with the polarization model of Stillinger and
co-workers. The quantization of all the hydrogen nuclei was treated with the discretized Feynman path integral formalism.
Results indicate that quantum dispersion has a significant influence on the conformational fluctuations of the system at 300
K. Configurations in which the energy profile of the central proton along the transfer coordinate possesses a single- or
double-well character occur spontaneously due to thermal fluctuations.

1. Introduction

The role of water molecules in mediating the
transfer of protons is of fundamental importance in
the function of a number of biological systems.
There is considerable evidence that the fast translo-
cation of protons over large distances may take place
in several systems along a linear chain of hydrogen-
bonded water molecules, or ‘proton wire’ [1]. For
example, such a mechanism was proposed to account
for the fast conduction of protons across transmem-
brane pores such as the gramicidin channel, which
can occur at rates one to two orders of magnitude
higher than those of other cations [2]. A similar
mechanism has been proposed to account for the
rapid transfer of a proton over a distance of 10-12 A
in the last steps of the photocycle of the light-driven
proton pump bacteriorhodopsin [3-5].

Given the importance of proton wires in biology,
it is desirable to gain more information on their
properties using computational models. The charac-

terization of proton transfers in such a complex
environment as a hydrogen-bonded water chain is a
challenging problem due to a combination of two
different factors. First, it is essential to take rigor-
ously into account the quantum mechanical nature of
the proton and its manifestation in terms of zero
point vibration and tunneling. Second, for a mean-
ingful study it is important to use an accurate and
realistic description of the Born—Oppenheimer po-
tential surface governing the motions of the nuclei in
the hydrogen-bonded water chain. Extensive calcula-
tions dedicated to the characterization of the geome-
try of small proton hydrates, (H,0),H", indicate
that the potential energy surface of these small clus-
ters is very sensitive to the details of the ab initio
method [6-11]. In particular, the calculations showed
that the potential surface of (H,0),H" is strongly
anharmonic and has many local minima [6,7,12,13].
The significant structural flexibility of small proton
hydrates [11,14] suggest that thermal fluctuations can
lead to considerable distortion of the geometry of the
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