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Comment on “Orthorhombic Intermediate State
in the Zinc Blende to Rocksalt Transformation
Path of SiC at High Pressure”

In Ref. [1], the enthalpy barrier for the high pressure
phase transition between zinc blende and rocksalt SiC
was calculated along an orthorhombic transformation path.
Furthermore, it was claimed that the significant underes-
timate of the transition pressure by previous local density
approximation calculations (about 58–66 GPa in theory vs
100 GPa in experiment) was overcome by using a nonlocal
exchange correlation functional �B3LYP�. We here point
out an alternative point of view about the driving factor
behind this phase transition.

In Ref. [1], the relative position z of the two sublat-
tices was taken as the transformation coordinate and the
enthalpy was minimized as a function of the orthorhombic
lattice constants, a, b, and c. Using generalized gradi-
ent approximation (GGA) [2] pseudopotential calculations
[3], we find that this procedure leads to nonzero forces
on the atoms. The results for the enthalpy DH, z, c�b,
and volume V obtained in this procedure, and at the GGA
transition pressure pt � 63 GPa, are shown in Fig. 1 as a
function of a�b. Next, we relax the atomic positions at
the fixed lattice constants obtained above. Full relaxation
of b, c, and atomic positions at fixed a reveal almost no
further change in lattice constants or z values. The atoms
move only by means of a relative displacement of the two
sublattices; in other words, the cell stays body centered or-
thorhombic. The z and DH as a function of a�b, however,
change to the curves indicated with circles. The meaning
of the two curves is that, along the first, the stress tensor is
hydrostatic, sij � 2pdij, but the forces on the atoms are
nonzero, whereas, for the second, the forces are zero but
the stress tensor is no longer hydrostatic. The only point,
besides the end points, where both conditions are fulfilled
simultaneously is the crossing point, corresponding to the
barrier maximum.

Among the various paths (defined in terms of a�b and
z) in between the above two extremes, we argue that the
path with zero forces is the most plausible. Strains can be
viewed as the long-wavelength limit of acoustic phonons
which are low energy excitations. The relative displace-
ment of the two sublattices, on the other hand, corresponds
to an optical phonon mode. Clearly, the fast optic mode
should adjust instantaneously to the slow acoustic mode,
but not the other way around. Fluctuations away from hy-
drostatic stress, either due to acoustic phonons or due to
inhomogeneities in the sample, are more plausible than
large optical phonon fluctuations. We note that, interest-
ingly, z locks into a value of 1�2, corresponding to the
higher symmetry and, hence, the actual phase transition,
beyond the saddle point barrier maximum, but well before
a�b �

p
2.

Second, we remark that a barrier of 0.73 eV�pair is still
quite large and, thus, substantial kinetic hindrance is ex-
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FIG. 1. Enthalpy of SiC DH (a) and sublattice displacement
z (b) for fixed (squares) and relaxed (circles) atomic positions
and (c) c�b (triangles) and volume V (diamonds) as a function
of a�b, which stay the same for both procedures, all at p �
63 GPa.

pected for the transition but is reduced at higher pressures
(0.46 eV�pair at 92 GPa in GGA). This indicates that the
experimental value is an upper limit only and the possibly
coincidental agreement with B3LYP does not necessarily
invalidate the GGA or LDA for calculating high pressure
phase transition pressures.
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