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Abstract: In this work, the elastic anisotropy, mechanical stability, and electronic properties for
P42/mnm XN (XN =BN, AIN, GaN, and InN) and Pbca XN are researched based on density functional
theory. Here, the XN in the P4o/mnm and Pbca phases have a mechanic stability and dynamic
stability. Compared with the Pnma phase and Pm-3n phase, the P42/mnm and Pbca phases have
greater values of bulk modulus and shear modulus. The ratio of the bulk modulus (B), shear
modulus (G), and Poisson's ratio (v) of XN in the P42/mnm and Pbca phases are smaller than those
for Pnma XN and Pm-3n XN, and larger than those for c-XN, indicating that Pnma XN and Pm-3n
XN are more ductile than P4>/mnm XN and Pbca XN, and that c-XN is more brittle than P42/mnm XN
and Pbca XN. In addition, in the Pbca phases, XN can be considered a semiconductor material, while
in the P42/mnm phase, GaN and InN have direct band-gap, and BN and AIN are indirect wide band
gap materials. The novel III-V nitride polymorphs in the P4>/mnm and Pbca phases may have great
potential for application in visible light detectors, ultraviolet detectors, infrared detectors, and light-
emitting diodes.
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Table 1. The frequencies of all optical phonons (cm™) at the Brillouin Zone center (Gamma-point) of

P4>/mnm phase.

AIN GaN InN

1 2015857 79.4292  63.6486

2 2185225 110.0640 70.1519

3 339.9270 178.6611 112.9672
4 400.8122 213.6351 138.6136
5 4121600 223.1330 150.1105
6 471.8027 275.2356 182.9804
7  475.8792 336.3222 234.4892
8 565.8705 373.5736 348.4896
9 586.8565 467.1092 407.4732
10 632.3637 554.4032 468.8439
11 675.7899 569.4227 484.2429
12 692.8340 577.7109 486.6782
13 6944315 602.6127 522.3160
14 7024293 611.5555 522.4219
15 742.0521 633.3643 544.4685
16 812.4631 7049506 597.5544
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Table 2. The frequencies of all optical phonons (cm™) at the Brillouin Zone center (Gamma-point) of

Pbca phase.
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cif files
Pbca BN
_symmetry_space_group_name_H-M  'PBCA'
_symmetry_Int_Tables_number 61
_symmetry_cell_setting orthorhombic
loop_
_symmetry_equiv_pos_as_xyz

X,y,z

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

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

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

-X,-y,-Z

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

X,-y+1/2,2+1/2

-x+1/2,y+1/2,z
_cell_length_a 5.1103
_cell_length_b 4.4336
_cell_length_c 4.3992
_cell_angle_alpha 90.0000
_cell_angle_beta 90.0000
_cell_angle_gamma 90.0000
loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy

B1 B 0.86632 0.58728 0.17112 0.00000 Uiso
N2 N 0.63460 0.09201 0.80672 0.00000 Uiso
loop_

_geom_bond_atom_site_label 1
_geom_bond_atom_site_label _2

_geom_bond_distance

_geom_bond_site_symmetry_2

_ccdc_geom_bond_type

B1 N2 1.542 2_664S

B1 N2 1.588 4.556S

B1 N2 1.546 7.554S

B1 N2 1.603 8_654S

1.00
1.00

4 of 13
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N2 B1
N2 B1
N2 B1
N2 B1
Pbca AIN

_symmetry_space_group_name_H-M

1.542
1.588
1.546
1.603

26655
4 4565
7 S
8_646 S

_symmetry_Int_Tables_number

_symmetry_cell_setting

loop_

_symmetry_equiv_pos_as_xyz

X, ¥,z
-x+1/2,-y,z+1/2
-X,y+1/2,-z+1/2
x+1/2,-y+1/2,z
-X,-Y,-Z
x+1/2,y,-z+1/2
X,-y+1/2,2+1/2
-x+1/2,y+1/2,z

_cell_length_a

_cell_length_b

_cell_length_c

_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy

All Al 0.86642

N2 N 0.63293

loop_

0.58540
0.09478

_geom_bond_atom_site_label 1

_geom_bond_atom_site_label_2

_geom_bond_distance

_geom_bond_site_symmetry_2

_ccdc_geom_bond_type

61

PBCA'

orthorhombic

6.1827
5.4277
5.2905
90.0000
90.0000
90.0000

0.17765
0.81215

0.00000 Uiso
0.00000 Uiso

1.00
1.00

5 of 13
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All N2
All N2
All N2
All N2
N2 All
N2 All
N2 All
N2 All
Pbca GaN

1.917
1.876
1.883
1.934
1.917
1.876
1.883
1.934

4 556 S
2.664S
7.554S
8_654S
4 456 S
26655
7 S
8_646 S

_symmetry_space_group_name_H-M  'PBCA'

_symmetry_Int_Tables_number 61

_symmetry_cell_setting

loop_

orthorhombic

_symmetry_equiv_pos_as_xyz

XY, 2
-x+1/2,-y,z+1/2
-X,y+1/2,-z+1/2
x+1/2,-y+1/2,-z
-X,-y,-Z
x+1/2,y,-z+1/2
x,-y+1/2,z+1/2
-x+1/2,y+1/2,2

_cell_length_a

_cell_length_b

_cell_length_c

_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

loop_

_atom_site_label

6.4277
5.6022
5.5179
90.0000
90.0000
90.0000

_atom_site_type_symbol

_atom_site_fract
_atom_site_fract

_atom_site_fract

X

-y

_Z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy
Gal Ga 0.86551
N2 N 0.63323

loop_

0.58864 0.17995 0.00000 Uiso
0.09111 0.81532 0.00000 Uiso

_geom_bond_atom_site_label 1

1.00
1.00

6 of 13
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_geom_bond_atom_site_label 2
_geom_bond_distance
_geom_bond_site_symmetry_2
_ccdc_geom_bond_type

Gal N2 1994 4.556S
Gal N2 1943 2_664S
Gal N2 1950 7.554S
Gal N2 2.012 8.654S
N2 Gal 1994 4.456S
N2 Gal 1943 2_665S
N2 Gal 1950 7 S
N2 Gal 2.012 8. 646S

Pbca InN

_symmetry_space_group_name_H-M  'PBCA'

_symmetry_Int_Tables_number
_symmetry_cell_setting
loop_
_symmetry_equiv_pos_as_xyz

X, ¥,z

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

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

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

-X,-Y,-Z

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

X,-y+1/2,2+1/2

-x+1/2,y+1/2,z
_cell_length_a
_cell_length_b
_cell_length_c
_cell_angle_alpha
_cell_angle_beta
_cell_angle_gamma
loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
_atom_site_U_iso_or_equiv
_atom_site_adp_type

_atom_site_occupancy

61

orthorhombic

7.1722
6.2623
6.1496
90.0000
90.0000
90.0000

7 of 13
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Inl In 0.86550 0.59022 0.18548 0.00000 Uiso 1.00
N2 N 0.63259 0.08957 0.82147 0.00000 Uiso 1.00
loop_

_geom_bond_atom_site_label 1

_geom_bond_atom_site_label 2

_geom_bond_distance

_geom_bond_site_symmetry_2

_ccdc_geom_bond_type

Inl N2 2222 4.556S

Inl N2 2.173 2_664S

Inl N2 2.181 7.554S

Inl N2 2239 8.654S

N2 Inl 2222 4 456 S

N2 In1 2173  2_665S

N2 Inl 2,181 7 S

N2 Inl 2239 8 646S

P4>/mnm BN
_symmetry_space_group_name_H-M  'P42/MNM'
_symmetry_Int_Tables_number 136
_symmetry_cell_setting tetragonal
loop_
_symmetry_equiv_pos_as_xyz

X, ¥,z

-X,-Y,Z

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

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

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

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

Y, X2

-V, -X,-Z

-X,~Y,-Z

X,¥,-Z

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

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

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

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

-Y,-X,Z

V,X,Z
_cell_length_a 44214
_cell_length_b 44214

_cell_length_c 2.5483
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_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract
_atom_site_fract

_atom_site_fract

X

-y

_Z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy

B B 0.32541

N2 N 0.31301

loop_

0.32541
-0.31301

_geom_bond_atom_site_label 1

_geom_bond_atom_site_label 2

_geom_bond_distance

_geom_bond_site_symmetry_2

B N2

B N2

B N2

B N2

N2 B

N2 B

N2 B

N2 B
Pdr/mnm AIN

_symmetry_space_group_name_H-M

ccdc_geom_bond_type

1.603
1.603
1.542
1.542
1.603
1.603
1.542
1.542

2.655S
1.565S
4. 5545
4 S
2.655S
1.545S
35455
3.544 S

_symmetry_Int_Tables_number

_symmetry_cell_setting

loop_

_symmetry_equiv_pos_as_xyz

X,y,Z

-X,-Y,Z

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

YIX/'Z

90.0000
90.0000
90.0000

0.00000
0.00000

136

tetragonal

0.00000 Uiso
0.00000 Uiso

'P42/MNM'

9 of 13
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'y ,~X,~Z
_XI_YI -Z

X,V,-Z

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

-V,-X,Z
V,X,Z
_cell_length_a
_cell_length_b
_cell_length_c

_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy

B Al 0.32308

N2 N
loop_

0.32308
0.31540 -0.31540

_geom_bond_atom_site_label 1

_geom_bond_atom_site_label 2

_geom_bond_distance

_geom_bond_site_symmetry_2

B N2
B N2
B N2
B N2
N2 B
N2 B
N2 B
N2 B

P4>/mnm GaN

ccdc_geom_bond_type

1.928
1.928
1.876
1.876
1.928
1.928
1.876
1.876

26555
1.565S
4 554 S
4 S
2_655S
1.545S
35455
3.544S

5.3203
5.3203
3.1164
90.0000
90.0000
90.0000

0.00000
0.00000

0.00000 Uiso
0.00000 Uiso

10 of 13
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_symmetry_space_group_name_H-M  'P42/MNM'

_symmetry_Int_Tables_number

_symmetry_cell_setting

loop_

_symmetry_equiv_pos_as_xyz

X,y,z
-X,-y,Z
-y+1/2,x+1/2,2+1/2
y+1/2,-x+1/2,2+1/2
-x+1/2,y+1/2,-z+1/2
x+1/2,-y+1/2,-z+1/2
VX2
-Y,-X,-Z
-X,-y,-Z
X,Y,-Z
y+1/2,-x+1/2,-z+1/2
-y+1/2,x+1/2,-z+1/2
x+1/2,-y+1/2,2+1/2
-x+1/2,y+1/2,2+1/2
-V,-X,Z
V,X,Z

_cell_length_a

_cell_length_b

_cell_length_c

_cell_angle_alpha

_cell_angle_beta

_cell_angle_gamma

loop_

_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x
_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv
_atom_site_adp_type
_atom_site_occupancy
B Ga 0.32101

136

tetragonal

5.5473
5.5473
3.2214
90.0000
90.0000
90.0000

0.00000 0.00000 Uiso

N2 N 0.31867 -0.31867 0.00000 0.00000 Uiso

loop_

_geom_bond_atom_site_label 1
_geom_bond_atom_site_label 2

_geom_bond_distance

1.00
1.00

11 of 13



Materials 2020, 13, x FOR PEER REVIEW 12 of 13

_geom_bond_site_symmetry_2

ccdc_geom_bond_type

B N2 2.010 2.655S
B N2 2.010 1.565S
B N2 1949 4.554S
B N2 1949 4 S
N2 B 2.010 2.655S
N2 B 2.010 1.545S
N2 B 1949 3.545S
N2 B 1949 3.544S

Pdz/mnm InN
_symmetry_space_group_name_H-M  'P42/MNM'
_symmetry_Int_Tables_number 136
_symmetry_cell_setting tetragonal
loop_
_symmetry_equiv_pos_as_xyz

X, ¥,z

-X,-y,Z

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

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

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

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

VX2

-Y,-X,-Z

-X,-y,-Z

X,¥,-Z

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

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

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

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

-Y,-X,Z

V,X,Z
_cell_length_a 6.1841
_cell_length_b 6.1841
_cell_length_c 3.6084
_cell_angle_alpha 90.0000
_cell_angle_beta 90.0000
_cell_angle_gamma 90.0000

loop_
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_atom_site_label

_atom_site_type_symbol

_atom_site_fract_x

_atom_site_fract_y

_atom_site_fract_z

_atom_site_U_iso_or_equiv

_atom_site_adp_type

_atom_site_occupancy

B In
N2 N
loop_

0.31801 0.31801 0.00000 0.00000 Uiso 1.00
0.32095 -0.32095 0.00000 0.00000 Uiso 1.00

_geom_bond_atom_site_label 1

_geom_bond_atom_site_label 2

_geom_bond_distance

_geom_bond_site_symmetry_2

B N2
B N2
B N2
B N2
N2 B
N2 B
N2 B
N2 B

ccdc_geom_bond_type

2242 2 655S
2242 1.5655S
2181 4.554S
2181 4 S
2242 2 655S
2242 1.545S
2181 3.545S
2181 3.544S
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