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Fig. 1
Graphical representation of the atom positions comprising: (top) starting configuration; (bottom) amorphous configuration, calculated after 500ps. Oxygen is coloured red and manganese, grey. To show, more clearly, the amorphous configuration, the ions comprising the top half the nanoparticle are shown with smaller diameter spheres. In addition, the pseudo-spherical shape of nanoparticle is made clearer by colouring some of the ions yellow.
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Fig. 2
Calculated energy (×106) of the nanoparticle (at 2000K). (a) Configurational energy, E(Config); (b) Coulombic, E(Coul) left ordinate, and short range, E(SR) right ordinate, components to the configurational energy, E(Config) left ordinate, calculated as a function of time. 2(b) is the same as 2(a) but follows only the first 10ps in time. We do not know if there is any significance in the plateau time 2(a) point A-B. We suggest that it may be the (random) time taken to evolve a ‘seed’ to facilitate crystallization. At point C, the nanoparticle is fully crystalline. However, inspection of the trace, point C-D, reveals that the configurational energy is still reducing. Accordingly, this part of the simulation, C-D, may be regarded as simulated annealing. 
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Fig. 3
Snaphots of the atom positions comprising the MnO2 nanoparticle, taken as a function of time, illustrating the crystallization process. Species coloured yellow correspond to manganese and are bonded to each other to illustrate more clearly the crystallinity, connectivity and evolution of twinning. The figures were constructed to ensure clarity of the crystallisation process and therefore most of the ions comprising the nanoparticle are shown as dots. The time, shown in ps, is usefully correlated with the energy trace in fig. 2. Manganese ions are coloured yellow, oxygen ions are red.
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Fig. 4. Configuration of the crystalline MnO2 ‘seed’, that evolved within the amorphous nanoparticle: (a) location of the MnO2 ‘seed’, coloured yellow; (b) atomistic structure of the seed after 750ps; (c) after 850ps. To the left of (b) and (c) a ball and stick representation of the ion positions is shown and to the right, the corresponding Mn octahedra are depicted illustrating more clearly the pyrolucite structure of the MnO2. Colour notation as fig. 1.
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Fig. 5 representations of the atom positions illustrating the initial stages of twinning within the crystalline MnO2 and taken after 1750ps of dynamical simulation: (a) location of the crystalline region, coloured yellow, with respect to the rest of the nanoparticle - usefully compared with fig. 4(a-c); (b) ball and stick (left) and polyhedral (right) representation. Colour rendition as fig. 1.
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Fig. 6
(a) Mn-O RDF calculated after 500ps (amorphous structure), 1500ps (partially recrystallised) and at the end of the simulation; (b) Mn-O RDF calculated at the end of the simulation (black trace) compared with the parent pyrolusite (blue trace) and ramsdellite (red) materials; the RDF for the parent materials are not from crystallographic data taken from experiment, rather they were calculated based upon the (potential) models used to describe the pyrolucite and ramsdellite polymorphs. Note the Mn-O separation for 6(b) runs from 3 - 5 Å rather than 0 - 10Å for 6(a).
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Fig. 7 

Graphical representation of the atom positions comprising the final, 0K, structure of the nanoparticle: (a) sphere model representation - some of the spheres are reduced in size to show the stacking of the Mn and O planes along the [100]; (b) segment of the nanoparticle, cut from 7(a) illustrating more clearly the pyrolucite structure. Left: polyhedral rendering of the Mn ions; right: ball and stick representation. Mn are coloured grey and oxygen, red.






Fig. 8 

(a) Sphere model representation of a slice, cut through the nanoparticle perpendicular to [100], showing two oxygen layers and the octahedral sites they give rise to (the Mn have been removed to aid clarity). Spheres, coloured yellow, represent oxygen ions lying ‘above’ the plane of the paper and spheres, coloured red, are those lying ‘below’ the plane of the paper; (b) schematics describing the pyrolucite structure; (c) schematics describing the ramsdellite structure. Note (b) and (c) are from crystallographic data and NOT from our calculations. In fig. (b) and (c), Mn are coloured blue or grey to aid clarity.
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Fig. 9

As fig. 8(a) above, with the Mn ions included. (a) sphere model representation of the whole slice; (b) enlarged segment of fig. 9(a) with polyhedral rendering of the Mn ions; (c) enlarged segment of fig. 9(b) with ball and stick rendering of the Mn ions.
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Fig. 10 
Slices cut sequentially through the nanoparticle, perpendicular to [100], depicting the Mn sublattice to help aid visualization of the 3D domains. Regions enclosed by circle/oval, square and hexagon are domains that we suggest may be interpreted as ramsdellite intergrowths (de-Wolff disorder).
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Fig. 11

Segment cut through the nanoparticle showing the location of a Mn4+ vacancy (located at the centre of each image) that has evolved within the MnO2 lattice. Top: ball and stick representation of the atom positions; bottom: polyhedral rendering of the octahedral sites occupied by the Mn4+ ions. Mn are coloured blue (top layer) and white (bottom layer) and oxygen is red.
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