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Fig.1 Optimized geometric configuration of the title compounds. The data are bond length and Mulliken bond population from

the top to the bottom, respectively
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Table 1 Standard molar heat capacity (C; ), standard molar entropy (S} ), and standard molar enthalpy (H; ) from 200 K to
800 K for the title compounds

T/K
compound parameters
200 300 400 500 600 700 800
TAPE Cg'm/l -mol ™! - K™ 216.96 272.48 322.53 364.84 399.67 428.34 452.13
5?"/J -mol ™" - K™' 555.83 654.42 739.83 816.49 886.19 950.02 1008.82
Hg1/|<J-mo|'1 29.35 53.85 83.66 118.10 156.38 197.83 241.89
PTAN C;m/l -mol ™! - K™ 209.05 271.60 328.37 375.86 414.37 445.59 471.14
Sem/J -mol ™" - K™' 536.89 633.57 719.67 798.23 870.28 936.58 997.80
Hom/kJ-mol’1 27.54 51.59 81.66 116.95 156.53 199.59 245.46
PDADN Cf,‘m/J - mol ™! - K™! 218.30 284.13 344.29 394.46 434.88 467.41 493.84
Sem/J ~mol ™" - K™' 543.70 644.72 734.91 817.31 892.94 962.51 1026.70
He /k) - mol ! 28.59 53.73 85.22 122.25 163.79 208.96 257.07
PATN Cf,‘m/J - mol ™" - K™ 225.51 296.65 360.76 413.70 456.00 489.75 516.99
Sem/J-mol” - KT 545.99 650.97 745.33 831.73 911.04 983.96 1051.20
Hzl/kJ' mol ™! 29.06 55.20 88.15 126.97 170.54 217.89 268.27
PETN Cf,vm/J ~mol ™" - K™! 234.34 309.91 377.70 433.29 477.36 512.27 540.25
S /) - mol ="' « K™! 558.45 667.86 766.56 857.04 940.09 1016.40 1086.70
Hgl/kJ - mol ! 30.31 57.55 92.02 132.67 178.29 227.84 280.52
Chinese Journal of Energetic Materials, Vol.21, No.5, 2013 (570 —577) A fe A A www. energetic-materials. org. cn
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Table 2 Regression equations between C, ., S, , H, and T
compound equation R? SD
TAPE C) . =85.4421 +0.7248T -3.3394 x10 ‘T 1.0000 0.6933
Sh =347.0843 +1.1306T -=3.8187 x10 ™* T* 0.9999 2.3081
H® = —11.4821 +0.1617T +1.9486 x10~* T* 0.9999 0.8496
PTAN C) . =58.8464 +0.8295T -3.9370 x10 * T 0.9999 0.8734
S =300.3586 +1.1085T ~3.4443 x10 *T* 0.9999 1.5235
HS = -11.695+0.1485T +2.1742 x10 ~* T* 0.9999 1.0109
PDADN C) » =58.8514 +0.8807T -4.2220 x10 * T 0.9999 0.9673
S8 =327.5921 +1.1590T -3.5808 x10 ~* T 1.0000 1.5022
HY = —12.4293 +0.1549T +2.2889 x10 ~* T 0.9999 1.0865
PATN C) . =53.9279 +0.9517T -4.6736 x10 * T* 0.9999 1.1133
§% =320.4900 +1.2075T —=3.6914 x10 ~* T? 1.0000 1.3558
H® = -13.7064 +0.1606T +2.4131 x10 ~*T* 1.0000 1.1989
PETN Cp n=51.8643 +1.01431T -5.0642 x10 ~*T* 0.9999 1.2628
S =322.8243 +1.2607T -3.8376 x10 *T* 1.0000 1.2844
HY = -14.3864 +0.1675T +2.5302 x10 ~* T? 0.9999 1.2971
CHINESE JOURNAL OF ENERGETIC MATERIALS A he A A 2013 % %21 % %54 (570-577)
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Table 3 Density (p) , detonation velocity (D), detonation pressure( p), oxygen balance ( OB) and specific impulse (1)

compound n p/g - cm”? Q/-g™! D/km s~ p/GPa OB/% Is/s

TAPE 4 1.458 (1.444)'%] 5554.05 7.44 21.44 94.52 252.73
PTAN 3 1.543 6383.53 7.68 23.75 68.70 232.45
PDADN 2 1.650 6914.67 8.20 28.27 46.34 237.37
PATN 1 1.769 7214.74 8.85 34.38 27.01 251.78
PETN 0 1.808 (1.778) 7! 6780.98 8.97(8.60) 7! 35.78(34.00) 7! 0.12 253.42
Note: n is the number of azido groups.
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Table 4 Energy gaps (£,) of the frontier orbits, bond dissociation energies (Ey,) and activation energies of H-transfer reactions (E,)

compound E,/k) - mol Eyp (C—N) /k) - mol ™! Eyp (O—N) /k) - mol ! E,/k) - mol ™!
TAPE 560.91 233.35(265.34) 130.57(163.08)
PTAN 488.26 264.47 130.91 166.29
PDADN 494.85 271.59 134.20 170.67
PATN 494.25 258.69 136.58 173.30
PETN 622.37 137.45
Note: Values in the brackets were calculated at the B3LYP/6-31 + + G * * level
— kUL, E, K AW RIEF AR E B 136.58 k) - mol ') 55 PETN(E,, =137.45 k) - mol ')
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Theoretical Study on Detonation Performances and Pyrolysis Mechanism of Pentaerythritol Tetranitrate and its

Analogue Compounds

YANG Jun-qing' , WANG Gui-xiang', GAO Pin’, GONG Xue-dong'

(1. Nanjing University of Science and Technology, Department of Chemistry, Nanjing 210094 , China; 2. National Civil Blasting Equipment Quality Supervision
and Testing Center, Nanjing 210094, China)

Abstract; Five structurally similar —ONO, and —N, derivatives of pentaerythritol, including tetraazido pentaerythritol ( TAPE) ,
pentaerythritol triazido nitrate (PTAN) , pentaerythritol diazido dinitrate (PDADN) , pentaerythritol azido trinitrate (PATN), and
pentaerythritol tetranitrate (PETN) were studied by the B3LYP/6-31G " method. The molecular geometric configurations were
optimized and vibration analyses were performed. Their densities, heats of formation, thermodynamic functions, detonation
performances and specific impulses were estimated. The bond dissociation energy ( E,,) of the possible trigger bond and the acti-
vation energy ( E,) of the hydrogen transfer reaction were computed. The results show that in comparison with PTAN, PDADN,
PATN and PETN,TAPE has the maximum heat of formation among five derivatives and specific impulse level approaching that of
PETN. The detonation performance and stability of PATN are close to those of PETN, and better than that of other derivatives,
including PDADN. The pyrolysis of TAPE with —N, is initiated from the transfer of H to —N, which leads to the elimination of N,
and has an E, of 130.57 k] - mol~'. The pyrolysis of other derivatives containing —ONO, is started from the rupture of the
O—NO, bond with an E,,of 130.91 ~137.45 k] - mol ~'. These energy values satisfy the stability requirements for the energetic
compounds.

Key words: physical chemistry; pentaerythritol; azido group; nitrate; detonation performance; pyrolysis mechanism
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