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Cage, Book, and Prism
The array of hydrogen bonds governing the extended st ructure of liquid water
is so int ricate that  chemists have often sought  to understand it  by studying
simpler clusters. Even so, it  has been challenging to get  a handle on the
preferred arrangement  adopted by just  six water molecules. Interdependent
theoret ical and spect roscopic studies have narrowed down the lowest -energy
hexamer st ructures to three isomers—respect ively designated the cage, the
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book, and the prism—but  their relat ive energies remain uncertain. Now, Pérez
et al. (p. 897; see the Perspect ive by Saykally and Wales) have observed all
three isomers in a single experiment , using Fourier t ransform microwave
spectroscopy, and were able to establish definit ively their energy ordering.

Abstract
Theory predicts the water hexamer to be the smallest  water cluster with a
three-dimensional hydrogen-bonding network as its minimum energy st ructure.
There are several possible low-energy isomers, and calculat ions with different
methods and basis sets assign them different  relat ive stabilit ies. Previous
experimental work has provided evidence for the cage, book, and cyclic
isomers, but  no experiment  has ident if ied mult iple coexist ing st ructures. Here,
we report  that  broadband rotat ional spect roscopy in a pulsed supersonic
expansion unambiguously ident if ies all three isomers; we determined their
oxygen framework st ructures by means of oxygen-18–subst ituted water
(H O). Relat ive isomer populat ions at  different  expansion condit ions
establish that  the cage isomer is the minimum energy st ructure. Rotat ional
spect ra consistent  with predicted heptamer and nonamer st ructures have
also been ident if ied.
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Plane-st rain compression experiments on water-saturated f ine-grained sand, the
three-component  format ion t riggers the funct ional meter.
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