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S.1 Optical microscopy

The sample appeared as an agglomerate of small white particles (Fig. S.1).

Figure S.1: MgO powder observed by optical microscopy on a cardboard surface.



S.2 SEM-EDXS
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Figure S.2.1: EDXS map collected on MgO aggregate (Mg green, and O red), and related EDXS spectrum (elements shown in the
mapping are within the blue squares).



Fig. S.2.2: a) SEM SE image of MgO aggregates. Energy 30 keV, beam current 5 pA, spot size 8.67 nm. The yellow box indicates
the ROI. b) Zoom in the ROL.

Particles having a projected hexagonal shape (e.g. red arrow) resulted more difficult to detect at this level of
investigation (Fig. S.2.2). This might be a consequence of the resolution limit of the instrument, the similarity
with rounded shapes and, possibly, as a consequence of the relatively low conductivity of the sample. The more
frequent and easily recognizable particles having a squared projected shape (e.g. green arrow) were identified
through SEM SE images. These squared particles show rounded stepped-like edges.

The listed limitations did not allow us to obtain high-quality high-resolution images of our sample (e.g. Fig. 2.2
b, 350,000x magnification) in SEM SE mode, thus we have focused our study on ARM (see the main text on
the manuscript).



S.3 TEM: morphologies and dimensional distribution

We have detected the rare presence of particles having a more elongated rectangular projection (Fig. S.3.1a).
These particles were distinguishable from the squared projection of the more commonly observed cubic
structures. Often, particles were melded together by shapeless amorphous material (Fig. S.3.1a) or crystalline to
poorly crystalline material (Fig. S.3.1b).

Figure S.3.1: (a) BF-TEM images showing shapeless amorphous connective material (light green arrows) and a rectangular particle
(dark blue arrow), (b) a detail of the shapeless, mostly amorphous connective material.
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Figure S.3.2: Dimensional distribution (Dey) of individual Mg-based particles measured at the TEM.



Particle percentages by PM size categories
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Figure S.3.3: Percentage of particles that belong to a specific particle-size category based on their Dey.



S.4 SAED measured d-spacing summary

Tab. S.4: Additional d-spacings (in A) measured on TEM-SAED patterns. The dna values highlighted in red represent the spacing of
spots measured on complex diffraction patterns, in which there was a large number of spots that we were not able to reconduct to a
specific symmetry and/or that were overlapped to polycrystalline patterns.

Rings (dr in descending order)

Photographi 2m -
fiI?r\ongJ;pb;f 1% - dig A 3%-dyg 4"-dug 5"-dwg 6" -dwa 7™ -da 8" -dne 9 -due 10M-dig 11M-dg 12" - dyg
- 241 206 1822 1. o5 06 ] ] ] ] ] ]
din 200 0220
89 2.02 1.80 1.60 1.45 131 - - - - - - -
dzoo dZZO
90 2.09 157 122 113 0.93 0.85 - - - - - -
200
94 236 909 225 203 190 185 149 132 118 110 0.91 0.85
d111 dZOO
o8 2.48 517 2.00 101 181 1.41 1.32 1.14 1.06 0.88 - -
d111 dzoo d220



S.5 STEM-EDXS Mapping

The chemical mapping performed on aggregates showed a homogeneous distribution of Mg and O signals.

Figure S.5.1: An aggregate of Mg-based particles viewed in STEM (a) Bright Field (BF) and (b) Medium Angle Annular Dark Field
(MAADF). The chemical maps (EDXS) collected on the same aggregate show the presence of (c) Mg and (d) O. The chemical maps
scale is omitted.
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Fig. S.5.2 The EDXS spectrum collected on a representative aggregate. Fe was occasionally detected in some of the aggregates, but
this aspect will be studied using the ARM (The C, Si, Ni, Cu and Zn signals are generated by the TEM grid).



