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TABLE I. Hardness of BeF2 and SiO2 structures at 0 GPa in GPa. For the metastable SiO2 structures we present enthalpies
relative to α-quartz (in meV per formula unit).

BeF2 SiO2

Lyakhov-Oganov Chen-Niu Mukhanov et al.
a Lyakhov-Oganov Chen-Niu Experiment

Quartz 7.1 7.5 11.0 20.0 12.5 12.0b

Coesite 8.2 8.3 11.7 22.3 8.4 20.0b

New structure 7.3 6.8 13.5 19.1 6.7 —
Stishovite 8.2 12.7 15.1 29.0 28.7 33.0b

Metastable structures (SiO2 only):
Relative enthalpy, meV/f.u. Hardness, GPa

Lyakhov-Oganov model Chen-Niu model
Feldspar 47 6.7 11.8
Baddeleyite 726 29.6 28.0
Melanophlogite −13 12.5 3.3
Moganite 3 19.5 12.8

a Thermodynamic model of hardness (Ref.21)
b Vickers hardness
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Appendix A: Densities of BeF2 and SiO2 structures

Table II shows densities of BeF2 structures at 0 and
20 GPa and SiO2 structures at 0 GPa.

Appendix B: CIF file of BeF2 C2/c structure at 20 GPa

# CIF file

# This file was generated by FINDSYM (H.T. Stokes)

TABLE II. Densities of BeF2 and SiO2 structures.

System Number of Volume, Density,
atoms Å/cell g/cm3

BeF2 at 0 GPa:

α-quartz 9 105.167 2.244
coesite 24 254.636 2.472
coesite-II 96 1021.960 2.464
C2/c 18 213.696 2.209
stishovite 6 47.771 3.294
BeF2 at 20 GPa:

α-quartz 9 73.078 3.230
coesite 24 202.001 3.116
C2/c 18 145.159 3.252
stishovite 6 41.492 3.793
SiO2 at 0 GPa:

α-quartz 9 116.934 2.580
coesite 24 283.341 2.839
coesite-II 96 1137.296 2.830
C2/c 18 243.569 2.477
stishovite 6 48.185 4.174
α-PbO2-type 12 94.623 4.251

data_findsym-output

_symmetry_space_group_name_H-M ’C 1 2/c 1’

_symmetry_Int_Tables_number 15

_cell_length_a 8.74241

_cell_length_b 8.69478

_cell_length_c 4.17800

_cell_angle_alpha 90.00000

_cell_angle_beta 66.07927

_cell_angle_gamma 90.00000

loop_

_space_group_symop_operation_xyz

x,y,z

-x,y,-z+1/2

-x,-y,-z
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x,-y,z+1/2

x+1/2,y+1/2,z

-x+1/2,y+1/2,-z+1/2

-x+1/2,-y+1/2,-z

x+1/2,-y+1/2,z+1/2

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_occupancy

Be1 Be 0.30175 0.08755 0.27471 1.00000

Be2 Be 0.00000 0.18404 0.25000 1.00000

F1 F -0.11350 0.09592 0.11433 1.00000

F2 F 0.14707 0.43232 0.42082 1.00000

F3 F -0.11681 0.27080 -0.42582 1.00000
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31J. Léger, J. Haines, M. Schmidt, J. Petitet, A. Pereira, and
J. da Jornada, “Discovery of hardest known oxide,” Nature 383,
401–401 (1996).

Page 6 of 6Physical Chemistry Chemical Physics

P
hy

si
ca

lC
he

m
is

tr
y

C
he

m
ic

al
P

hy
si

cs
A

cc
ep

te
d

M
an

us
cr

ip
t


