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and that under deformation a more stable body-centered-
tetragonal �bct� structure �see Fig. 2�b�� emerges. Figure 1�b�
shows that ZB PdN is mechanically unstable in the same
way. It is not impossible though that the ZB forms are stable
at high temperatures due to the finite temperature
excitations.20 Figure 1�c� shows that NiN is mechanically
stable in the assumed ZB structure. We will later see that this
does not mean, however, that ZB NiN should exist.

The second possible pitfall is that the most stable struc-
ture is sometimes expected to be found by following the
continuous trajectory of mechanical instability, e.g., the de-
formation path illustrated in Fig. 1. However, it is possible
that a differently connected structure not attainable by fol-
lowing a continuous trajectory is yet lower in energy. Indeed,
various postulated structure types that are not connected with
ZB/bct have been tested.11,12 We report in Fig. 3�a� the total

energies of some guessed structures depicted in Fig.
2�a�–2�f�, where the solid �dashed� line means that the struc-
ture is mechanically stable �unstable�. The Cooperite struc-
ture �shown in Fig. 2�f�� has lower energy than bct. We also
found that the face-centered-orthorhombic �fco� structure
�see Fig. 2�c�� suggested for PtN �Ref. 11� has higher energy
than ZB PtN. But there is no good way to guess which struc-
ture type to try. Indeed, the general approach of
“rounding-up the usual suspects” illustrated in Fig. 3�a� can
easily miss lower-energy structures.

To this end we have applied the GSGO approach, starting
from random lattice vectors and random atomic positions.
The GSGO method �see Refs. 21 and 22 by Trimarchi and
Zunger and earlier work of Deaven and Ho,23 Abrahams and
Probert,24 and Oganov and Glass25� uses a sequence of
ab initio evolutions of the total energy of locally relaxed trial
structures so as to seek the optimal lattice vectors and lattice
decoration via a genetic-algorithm selection. A population of
Npop candidate structures is evolved through a sequence of
generations. The structures of the initial population are ran-
domly generated. At each new generation, the Nrep highest
total-energy structures out of Npop are replaced by new ones
which are produced from the structures of the current popu-
lation by performing the operations of mating and mutation.
Figure 3�b� shows the plot of the GSGO history performed
on a supercell Pt4N4; here we used Npop=16 with Nrep=4. We
see that the lowest-energy structure found by GSGO �the
hp42 structure� has a much lower energy than the previously
guessed lowest-energy Cooperite structure. The GSGO
search finds the lowest-energy structure in two generations
by performing about 20 ab initio structural relaxations. We
performed GSGO on a supercell Pt4N4 but found again the
hp42 structure with two Pt and two N atoms in its primitive

FIG. 2. �Color online� PtN and PtN2 structures considered in
this work. Large spheres: Pt. small spheres: N. The wurtzite �WZ�
and CsCl structures can be found in Ref. 12. The bct structure
shown in �b� corresponds to the lowest point in Fig. 1�a�.
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system: this is in agreement with the experiment27 which
synthesized PtN2 with the pyrite structure at about 50 GPa.

We find that the bulk modulus of pyrite PtN2 is 348 GPa,
in agreement with the experimental result 372 GPa �Refs. 5
and 27� and the previous theoretical result 347 GPa,27 while
the bulk modulus of STAA PtN2 is just 83 GPa. At zero pres-
sure, the volume of pyrite PtN2 9.12 Å3 /atom is much
smaller than that of STAA PtN2 10.80 Å3 /atom. The bulk
moduli �volume� of NaCl, bct, and hp42 PtN are 294 GPa
�10.66 Å3 /atom�, 211 GPa �11.85 Å3 /atom�, and 172 GPa
�12.65 Å3 /atom�, respectively. Paiva et al.33


