
X-ray-induced Dissociation of H2O and Formation of an O2-H2
Compound at High Pressure

In this work we used inelastic X-ray scattering to study the high-pressure behavior of H2O.  At lower
pressures and low temperatures, X-ray Raman spectroscopy (XRS) is used for investigating water, ice Ih, ices
II and IX.  At higher pressures we discovered new radiation chemistry in the H2O system. A new compound
composed of molecular oxygen and hydrogen was formed after X-ray irradiation of the ice VII sample. This
surprising result opens new avenues for radiation chemistry research and studying molecular interactions
in the O2-H2 system.
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The high-pressure behavior of H2O is a subject of fundamental
importance in physics, chemistry, and planetary sciences. H2O
has a very rich phase diagram-at least ten stable phases of ice
and more than five additional metastable forms of crystalline
and amorphous ice-and exhibits a wide range of unusual phe-
nomena, such as symmetric hydrogen bonding, multi-site disor-
dering, multiple critical points, etc. These behaviors, however, are
all based on the building blocks of H2O molecules and OH bond-
ing. Here we extended the investigation to include the molecular
species, H2 and O2, by cleaving the H2O molecules, breaking OH
bonds, and forming O-O and H-H bonds. Although at ambient
pressure X-rays are known to produce metastable free radicals in
molecular systems or induce stable reactions by overcoming
kinetic energy barriers, documented examples of X-ray induced
transitions at high pressure are extremely rare.

In the study we observed unexpected radiation chemistry in
the 'simple' H2O system at high pressure. Beginning with an H2O
sample contained in a diamond anvil cell at high pressure, we
found that exposure to moderately high energy (~10 keV) X-rays
resulted in cleaving of the H2O molecules, formation of O-O and
H-H bonds, and conversion of the O and H framework in ice VII
into a new molecular compound of O2 and H2. A suite of in-situ
techniques were used to establish that this new crystalline solid
differs from previously known phases.

At low and moderate pressures, X-ray Raman spectroscopy
(XRS) has been used successfully for investigating water, ice Ih,
ices II and IX. XRS was recently developed to study the effect of
high pressures on light-element bonding by measuring the near
K-edge spectra, particularly for oxygen atoms. We compressed
distilled H2O in a Be gasket in a diamond anvil cell (DAC) and
measured the XRS at high pressure at the Taiwan beamline
BL12XU at SPring-8 and beamline 13IDC of the Advanced Photon
Source, Argonne National Laboratory (ANL). For oxygen bonded
with hydrogen in H2O, the oxygen K-edge in XRS spectra is domi-
nated by a cluster of peaks around 540 eV as shown in dense
water below 0.9 GPa, ice VI between 1 and 2 GPa, and ice VII just
above 2 GPa (Fig. 1). At pressures above 2.5 GPa, however, X-ray
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