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We report first-principles calculations that led to the discovery that gamma-
alumina has a remarkable property.  It behaves as a sponge, in that it can store
and release water, but in a unique, ``reactive'' way.  When a water molecule
arrives at the surface it breaks up, H enters the bulk, and O stays at the surface.
Al atoms counter-migrate from the bulk to the surface where they combine with
the new O atoms and extend the bulk.  The reverse process is also possible:  H
comes out from the bulk and combines with surface O to evolve as water while
surface Al atoms counter-migrate into the bulk.  We will show that this unusual
chemistry is a natural consequence of the fact that gamma-alumina is not a single
substance, but is a sequence of hydrogen-containing forms
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