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Fig.1 Molecular structure of the N
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Table 1 Unit cell parameters of possible packing of the molecule N in Compass force field
space group Q/c P-1 P2,2,2, P2, P2, /c Pna2, Pbca
E/k) - mol =" - cell 7! 106.48 106.45 106.44 106.44 106.44 106.44 106.41
p/g-cm™? 1.949 1.948 1.950 1.948 1.950 1.949 1.948
a/nm 0.997 0.624 0.535 0.535 0.535 0.637 0.997
b /nm 0.318 0.523 0.636 0.841 0.841 0.841 0.904
c/nm 4.239 0.523 0.841 0.318 1.245 0.535 0.636
al(°) 90.00 107.07 90.00 90.00 90.00 90.00 90.00
B/(°) 25.22 106.49 90.00 89.97 30.75 90.00 90.00
y/(°) 90.00 106.50 90.00 90.00 90.00 90.00 90.00

Chinese Journal of Energetic Materials, Vol.21, No.2, 2013 (217 =221) A fE AT At WWwWw. energetic-materials. org. cn



219

B2 28N, [ C2/c % BEEE
Fig.2 Molecular packing of the N, in C2/c space group
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Table 2 The thermodynamic properties of nitrogen and N, at

different temperatures

T G Sm H;,
/K /J+mol™" - K™ /J-mol™' - K" /kJ - mol”'
N, 200.0 29.10 151.46 5.82
298.1  29.11 163.08 8.68
400.0 29.23 171.64 11.65
500.0 29.55 178.19 14.58
600.0 30.06 183.62 17.56
700.0 30.68 188.30 20.60
800.0 31.34 192.44 23.70
N, 200.0 38.02 193.53 6.82
298.1  49.40 210.70 11.08
400.0 62.13 227.03 16.77
500.0 72.43 242.04 23.52
600.0 80.22 255.97 31.17
700.0 85.97 268.79 39.50
800.0 90.24 280.56 48.32

£33N, () N, (D) FEAS FREE S #9H4 77 27 o (A
Table 3
3N, (g)—N,(s) at different temperatures

The thermodynamic function values of reaction

T ArSY ArHY, ArGY,

/K /) -mol~" - K™"  /kJ - mol ™! /k) - mol ™!
200.0 260.85 10. 64 41.53
298.1 278.54 14.96 68.07
400.0 287.89 18.18 96.98
500.0 292.53 20.22 126.05
600.0 294.89 21.51 155.42
700.0 296.11 22.30 184.98
800.0 296.76 22.78 214.63
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Fig.5 Potential energy curve of reaction 3N, (g)—N, (s)
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Structure and Synthetic Feasibility of Pseudo-benzene N,

ZHAO Guo-zheng, LU Ming
( School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract. Fully optimized calculation and vibrational analysis for nitrogen and pseudo-benzene N, were carried out using density-
functional theory ( DFT) at B3LYP/6-311 + + G (d, p) level. The thermodynamic properties at different temperatures were
obtained from vibrational analysis, and the relationship between temperature and thermodynamic properties was deduced. Molec-
ular mechanics (MM) method with Compass and Dreiding force fields were used to predict molecular packing for N, among the
7 most probable space groups (P2, /c, P-1, P2,2,2,, P2,, Pbca, C2/c, and Pna2,), respectively. Standard free energy changes
of reaction 3N, (g) —N, (s) were calculated. The synthetic feasibility was analyzed with thermodynamics and reaction mechanism
was predicted. Results show that N belongs to C2/c space group, the reaction 3N, (g) =N, (s) is feasible when temperature is
below 61.6 K and the  bond delocalization has a decisive role in the reaction.

Key words: physical chemistry; N

o3 crystal structure; density-functional theory; thermodynamics
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