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The exact atomic structures of layered minerals have been difficult to characterize because the layers
often possess out-of-plane hydrogen atoms that cannot be detected by many analytical techniques.
However, the ordering of these bonds are thought to play a fundamental role in the structural
stability and solubility of layered minerals. Two of the most common aluminum (oxy)hydroxide (AOH)
mineral phases in nature, boehmite (γ-AlOOH) and gibbsite (γ-Al(OH)3), are classified as layered
materials. The geochemical cycling and relative stability of these two phases has attracted
considerable interest, as aluminum toxicity affects plants, humans, and other animals.1-2 These
minerals are also key components in the Bayer process, which uses dissolution/reprecipitation to
purify and extract Al from bauxite ore deposits,3-4 and in the treatment of Al-rich radioactive waste
generated during the nuclear fuel cycle.5 The structural units, or layers, are composed of aluminum
hydroxide and oxy(hydroxide) chains (gibbsite and boehmite respectively) which extend along the aaxis. In contrast to micas, clays, and double hydroxides, both boehmite and gibbsite do not
(normally) have layer charges arising from isomorphic substitutions; consequently the interlayer
region is devoid of charge balancing ions and layer cohesion is not due to electrostatic forces. Rather,
within the interlayer region a network of out-of-plane hydrogen bonds ensure the integrity of the
layered structure.6-7 The precise positions of hydrogen atoms between the interlayers, which
determines the space group, is still actively debated in literature.8-9
We report a new strategy of using the intense radiation field of a focused electron beam to probe the
effect of differences in hydrogen bonding networks on mineral solubility while simultaneously imaging
the dissolution behaviour in real time via liquid cell electron microscopy(LCEM).10 We show the loss in
hydrogens from interlayers of boehmite (γ-AlOOH) resulted in 2D nanosheets exfoliating from the
bulk that subsequently and rapidly dissolved. However gibbsite (γ-Al(OH)3), with its higher
concentration of OH terminating groups, was more accommodating to the deprotonation and stable
under the beam.
Through a series of LCEM experiments controlling the energy of irradiation, concentration of radiolysis
products, and using Fe(III)-doped boehmite we suggest that dissolution was caused by disruption of
the hydrogen bonding network of boehmite which destabilized the layered structure, resulting in
delamination followed by rapid dissolution. The stability of gibbsite and specifically the fact that it did
not delaminate during irradiation suggests that its hydrogen bonding network is more robust under
these conditions compared to boehmite. The fact that gibbsite expresses two distinct hydroxyl groups
on its basal surface compared to only one for boehmite, might give the hydrogen bonding network of
gibbsite a greater capacity to accommodate radiation induced defects. The surprising stability of Fedoped boehmite relative to un-doped boehmite draws attention to the role of electron/hole pairs in
the dissolution process. These results lend new insight into the importance of interlayer hydrogen
ordering with regard to the structural stability of layered minerals.
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