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Fig. 1: (a) Set of (0l1) planes in Mg2SiO4 supercells with angles (measured with the  c-plane) 30.4o,
49.6o and 60.4o corresponding to the (011), (021) and (031) planes, respectively (left). With  a as the
axis of rotation, this set of grain boundaries is represented as (0l1)/[100]. (b) Modeling details for the
unrelaxed anhydrous  49.6o tilt.  To avoid the split edge view of the  grain boundary at the supercell
edges and provide better visual clarity, a slight rigid shift is given along the c direction. LGB denotes the
grain boundary unit length. (c) and (d) shows grain boundary regions for the unrelaxed 49.6o tilt before
and after hydrogen substitution, respectively. Brown, blue, red and light green spheres denote Mg, Si,
O and H atoms, respectively. Si’s are also shown as cation-anion polyhedra. Note that the majority of
Mg atoms in the interface is under-coordinated with respect to oxygen because  grain boundary was
created by Mg termination. 
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Fig.  2:  Grain boundary structures for the  30.4o  tilt in planar (left) and stepped (right) configurations,
shown for unrelaxed (dry and hydrous), and relaxed hydrous  grain boundaries at  ~0 and ~15 GPa.
Direct H-O (1st NN) bonds (0 ≤ cutoff range ≤ 1.2 Å) are represented as solid bi-color lines. The 2nd

NN H-O bonds (1.2 < cutoff  range  ≤ 2.1  Å) are represented by dashed gray lines. Atomic colors

brown, blue, red and light green correspond to Mg, Si, O and H, respectively. Si’s are also shown as
cation-anion polyhedra. In the left panel grain boundary unit cells for the planar 30.4o configurations
are  marked as black rectangles.  Right column figures show grain boundary unit cells for the stepped
30.4o tilt. Tilt angles are marked by magenta lines for anhydrous configurations. To avoid the split edge
view of the grain boundary at the supercell edges and provide better visual clarity, a slight rigid shift
along the c direction is given.
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Fig.  3: Average Si-O and Mg-O bond length variation (right panel) and the corresponding distortion
indices (left panel) along a distance perpendicular to the grain boundary plane for the 30.4o tilt angle
shown at  ~0 and ~15 GPa.  Solid (red  and blue)  lines  correspond to  the calculated values  for  the
crystalline Mg2SiO4. Red and blue symbols represent individual Mg or Si.
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Fig.  4:  Pressure  variations  of  the calculated  formation  enthalpy of  different  (0l1)/[100]  type  grain
boundaries in planar and stepped configurations (squares, circles and diamonds corresponding to tilt
angles  30.4o,  49.6o  and  60.4o,  respectively).  The  open  and  solid  symbols  represent  dry  and  wet
(hydrous) grain boundaries, respectively.  The results  for hydrous stepped (1l0)/[001] configurations
corresponding to  tilt  angles 35.5o and 47.0o  and 65.0o are shown by asterisks, triangles and pluses,
respectively. The  LDA results for dry and wet planar  grain boundaries (for 30.4o and 49.6o tilts) are
shown by gray symbols.

Fig. 5: Excess volume as a function of pressure for dry and wet (0l1)/[100] grain boundaries (squares,
circles and diamonds corresponding to tilt angles 30.4o and 49.6o and 60.4o, respectively)  and wet (1l0)/
[001] grain boundaries (asterisks, triangles and pluses corresponding to tilt angles 35.5o and 47.0o  and
65.0o). The LDA results for dry and wet planar grain boundaries (for 30.4o and 49.6o tilts) are shown by
gray symbols.
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Fig.  6:  Pressure variations of average H–O bond distances (a) and 2nd NN (nearest-neighbor) H–O
distances (b) for planar and stepped (0l1)/[100] grain boundaries with tilt angles 30.4o, 49.6o and 60.4o

(shown  by  squares,  circles  and  diamonds,  respectively).  The  corresponding  H-O distances  in  the
simulated bulk/pure water are shown for comparison (gray asterisks).  A cutoff distance of 1.2 Å was
used for H-O bonds and a window of 1.2–2.0 Å was used for 2nd NN.

Fig. 7: Pressure variations of the hydration volume (a) and hydration enthalpy (b) with respect to the
corresponding dry grain boundary configurations for planar and stepped (0l1)/[100] grain boundaries
with tilt angles 30.4o, 49.6o and 60.4o (shown by squares, circles and diamonds, respectively). The LDA
results  for  planar  30.4o and  49.6o tilt  grain  boundaries  are  shown  in  gray  circles  and  squares,
respectively. The hydration volume is scaled to per formula unit of H2O. Also enthalpy results for the
incorporation of H2O in the bulk (black plus) and grain boundary (black asterisk) regions for the planar
30.4o tilt are shown for comparison.
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