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Table Captions
Table 1. Calculated equilibrium lattice parameters (a , b, c), equilibrium volumes (V0 ) and formation enthalpies (ΔH) for the unit cell of XN4(X=Re, Os, W) with the literature data.

Table 2. Calculated elastic constants (Cij), bulk modulus (B), shear modulus (G), Young modulus (E) in GPa and Poisson’s ratio (v) and mechanical stability (MS) for rhenium, osmium and tungsten tetranitrides.

Table 3. Calculated hardness values (in GPa unit) by three different methods for XN4(X=Re, Os, W) compounds

Table 4. Calculated Mulliken bond overlap populations for the characteristic bonds of rhenium, osmium and tungsten tetranitrides.
Table 1. Calculated equilibrium lattice parameters (a , b, c), equilibrium volumes (V0 ) and formation enthalpies (ΔH) for the unit cell of XN4(X=Re, Os, W) with the literature data.
	 
	ReN4
	OsN4
	WN4

	a (Å)


	CASTEP

VASP


	5.095

5.097

5.089a
	5.028

5.116

5.022b
	5.342

5.144



	b (Å)


	CASTEP

VASP
	7.307

7.276

7.274a
	7.425

7.311

7.388b
	7.378

7.373

	c (Å)


	CASTEP

VASP
	8.843

8.879

8.892a
	8.767

8.788

8.786b
	9.006

9.112

	V (Å3)


	CASTEP

VASP
	329.187

329.284

329.070a
	327.285

328.698
	354.939

345.588



	ΔH(eV/XN4)
	
	-0.33
	-0.26
	-0.59


aRef.[30]  
bRef.[31]
Table 2. Calculated elastic constants (Cij), bulk modulus (B), shear modulus (G), Young modulus (E) in GPa and Poisson’s ratio (v) and mechanical stability (MS) for rhenium, osmium and tungsten tetranitrides.
	
	ReN4
	OsN4
	WN4

	
	This study
	Ref.[30]
	This study
	Ref.[31]
	This study

	C11
	562.0
	465
	505.9
	577
	509.7

	C22
	824.4
	700
	848.4
	831
	729.5

	C33
	911.3
	881
	923.7
	855
	818.6

	C44
	500.0
	509
	475.3
	455
	445.5

	C55
	127.7
	78
	123.4
	108
	91.0

	C66
	148.4
	97
	149.6
	103
	120.4

	C12
	119.3
	141
	129.9
	99
	124.7

	C13
	84.7
	133
	90.9
	92
	91.9

	C23
	340.6
	296
	334.4
	322
	352.5

	B
	359.2
	335.3
	353.8
	352
	338.3

	G
	240.9
	212.7
	234.8
	241
	198.1

	E
	590.7
	526.7
	576.9
	532
	497.2

	v
	0.23
	0.24
	0.23
	0.22
	0.26

	B/G
	1.49
	1.58
	1.51
	1.46
	1.71

	MS
	Yes
	Yes
	Yes
	Yes
	Yes


Table 3. Calculated hardness values (in GPa unit) by three different methods for XN4(X=Re, Os, W) compounds
	Method
	ReN4
	OsN4
	WN4

	First
	64.3
	67.3
	64.5

	Second
	53.7
	63.6
	47.9

	Third
	53.6
	63.9
	43.9


. 

Table 4. Calculated Mulliken bond overlap populations (M) and lengths (d, Å) for the characteristic bonds of rhenium, osmium and tungsten tetranitrides

	Bonds
	
	ReN4
	OsN4
	WN4

	
	
	M
	d
	M
	d
	M
	d

	N-N
	1
	0.91
	1.324
	1.01
	1.295
	0.81
	1.350

	
	2
	0.57
	1.454
	0.50
	1.495
	0.75
	1.368

	
	3
	0.56
	1.456
	0.54
	1.465
	0.63
	1.422

	
	4
	0.50
	1.495
	0.53
	1.460
	0.59
	1.434

	N-X
	1
	0.61
	1.929
	0.50
	1.962
	0.60
	2.004

	
	2
	0.52
	1.995
	0.50
	1.947
	0.48
	2.058

	
	3
	0.44
	2.011
	0.38
	2.050
	0.37
	2.069

	
	4
	0.22
	2.081
	0.20
	2.101
	0.23
	2.105

	
	5
	0.43
	2.097
	0.43
	2.050
	0.52
	2.040

	
	6
	0.20
	2.282
	0.20
	2.162
	-
	-


.
