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Surface water on metal-oxide nanomaterials has become a 
topic of great interest in geochemistry as the stability of metal 
oxide materials at the nanoscale is provided, in part, by the 
occurrence of water confined to their surfaces. In this 
presentation, the thermodynamic properties of hydrated 
α-Fe2O3 (hematite) and Fe3O4 (magnetite) nanoparticles have 
been evaluated using inelastic neutron scattering (INS) 
spectroscopy. Inelastic neutron scattering (INS) provides key 
information about the structure and dynamics of the water 
species confined to the oxide surfaces. The complexity 
inherent in the structure of the nanoparticle hydration layers is 
reflected in their vibrational density of states (VDOS) from 
which their thermodynamic properties may be determined. 
We find that water confined on the surface of α-Fe2O3 
nanoparticles has an isobaric heat capacity that exceeds that of 
ice-Ih at temperatures > 75 K, whereas the heat capacity for 
water on Fe3O4 is greater than that for ice-Ih at all 
temperatures. This is a consequence of the differing 
distribution of the librational modes of the two confined water 
systems. As neutrons have a magnetic moment they also 
provide a probe of the magnetic properties of nanoparticles. 
We observe both dispersed and non-dispersed magnetic signals 
in α-Fe2O3. We shall show how these magnetic transitions, 
coupled with the hydration layers, contribute to the overall 
stability of the α-Fe2O3 nanoparticles relative to Fe3O4.  
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