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Table 1 The calculated methods of the parameters N ‘M and Q of C,H,O.N,

components of C,;H,O N,

arameters
P c>2a+£ 2a+£>c>i —>C
2 2 2 2

N b+2c+2d b+2c+2d b+d

M M 2M
7 4M 56d+88c-8b 2b+28d+32¢
M b+2c+2d b+2c+2d b+d
o 28.9b+47.04a+0. 239 AH, 28.9b+94.05(7c—7b) +0.239AH, 57.8c+0.239AH,

M

M M

Note: M is the molar mass of a compound, AH;is the calculated heat of formation.
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Table 2 Calculated E,, E,

PE »

H; and AH, of s-tetrazine derivatives together with HMX and RDX

compd. formula Ey/a. u. Espe/a. u. H;/a.u. number of N AH,/k) + mol™
T C,H, N, -296.2857 0.0527 0.0051 4 527.49
T1 C;H,N, -411.8001 0.0948 0.0067 4 606.69
T2 C,HsN; -428.9880 0.1061 0.0072 5 744.06
T3 C,HsN; -429.0181 0.1059 0.0073 5 664.85
T4 C3H, N, -445.0106 0.0939 0.0070 6 825.63
T5 C3H, N, -445.0478 0.0944 0.0070 6 729.00
T6 C3H, N, -445.0361 0.0942 0.0070 6 759.44
T7 C,H; N, -461.0565 0.0819 0.0069 7 846.05
T12 CgHg N, -527.2902 0.1359 0.0089 4 749.08
T22 CoHgNg -561.6995 0.1601 0.0091 6 937.70
T32 CoHg Ny -561.7508 0.1597 0.0095 6 802.88
T42 C,HgNg -593.7402 0.1358 0.0089 8 1112.41
T52 C,HgNg -593.8079 0.1358 0.0094 8 936.04
T62 C,Hg Ny -593.8023 0.1372 0.0087 8 952.80
T72 C,H, Ny, -625.8442 0.1119 0.0087 10 1122.53
RDX Cy;HeN, Oy -897.3532 0.1470 0.0134 6 244.21
HMX C,HgNg Oy -1196.4750 0.1972 0.0178 8 317.19

Note: E, is total energy , E,p is zero point energy, Hy is correction of temperature.
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Fig.2 The relationship of £, and N atom numbers
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Table 3  Calculated E,ouo, Egmo M AE gmonomo Of the title
compounds a. u.

Compd. Eromo ELumo AE ymo-Homo

T -0.36881 -0.03200 0.33681

T1 -0.33947 -0.01807 0.32140

T2 -0.31633 0.01413 0.33046

T3 —-0.29805 0.00804 0.30609

T4 -0.32968 -0.00665 0.32303

T5 -0.33116 -0.01619 0.31497

T6 -0.32969 —-0.00356 0.32613

T7 —-0.34987 —-0.02460 0.32527

T12 -0.31526 0.00235 0.31761

T22 -0.30943 0.05008 0.35951

T32 -0.27978 0.04773 0.32751

T42 -0.33636 0.01662 0.35298

T52 -0.31014 0.03408 0.34422

T62 -0.33228 0.03520 0.36748

172 -0.34182 0.00303 0.34485
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Table 4 Predicted M, V, p, Q, D and p of the title molecules together with RDX and HMX

compd. V/em? - mol™ M/g + mol™ p/g - cm™ Q/) - g™ D/km - s p/GPa
T 55.991 82.028 1.47 1536.917 7.36 21.08
T 83.833 120.044 1.43 1207. 885 6.11 14.29
T2 85.218 123.055 1.44 1445.135 7.09 19.33
T3 85.345 123.055 1.44 1291.291 6.90 18.27
T4 82.443 124.050 1.50 1590. 697 7.74 23.64
5 84.790 124.050 1.46 1404.525 7.37 21.05
T6 83.456 124.050 1.49 1463.172 7.54 22.37
17 80.086 125.045 1.56 1617.066 8.22 27.40
T12 110.857 158.059 1.43 1132.677 5.59 11.94
T22 115.064 164.081 1.43 1365. 851 6.90 18.21
T32 115.618 164.081 1.42 1169.473 6.61 16.62
T42 106.731 166.072 1.56 1600.912 8.05 26.25
T52 106.707 166.072 1.56 1347.092 7.71 24.08
T62 106.296 166.072 1.56 1371.211 7.74 24.30
172 103.365 168.062 1.63 1596.343 8.65 31.24
RDX 129.53 222.04 1.71(1.82%1)  1679.20 8.76(8.751%71)  33.05(34.00%))
HMX 162.87 296.05 1.82(1.9177))  1672.40 9.11(9.101%7))  37.08(39.00'%"))

Note: M is molar mass, V is average molar volume, p is theoretical density, Q is explosion heat, D is detonation velocity and p is detonation pressure.

WORHAC,1,2,4,5-TUERTADR) D Flp 5 N JEF5
PRIt X R, MR B r 405 0,987,
0.998 (LHUft D.p) F10.988.0.996 (AL D.p) .
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SR TE TR 1,2,4,5-P0 A7 A W 7E 200 ~
8OOK [y # Sy 4P T, B bR 1 BE IR 25 (C, ) A JEE
IRNG (S, ) FIbRHEBE IR G (H,, ), 91 T3R5, thak 5 7]
IAEH, C, Sy & H O ¥IBE T 109 Tt i 88 m, Horp

%5 HARfLA 200 ~800 K it fy C,,, .S, Fl H,

C, o Pl S TR LU BERE T 04 T i35 10558 25 W/, T
H SR LB BE A T i b g o K. 78 T8¢
S, 4> F 1% 3 RoFahxt C, S, H H,, BTk AR X 55
K5 AER B T B — E B JR , 4 T 0 R 3 iy
5, %5 C, S M H STER S, M8 €, S R H fE
oo AEF— TF,BEE N JEFEmMEm,C, .S &
H,, SR EE 2 0 B A 2 M i 28 1k [ B, SUBCR 6 11
Cpo S 1 H, B I TR A 7 A B0 JCAR BR 13, 158 W) AR
R (g 88 i Tk S8 B ) 2 R B B

Table 5 Calculated C S, and H_ at 200 ~800 K for the title molecules

pom s
T T12
T Cpm/) - mol™ - K™ S /)« mol™ - K™ H,/k] - mol™ T Cpm/) - mol™ - K™ S /)« mol™ « K™ H,/k - mol™
200 69.10 289.16 8.83 200 94.96 321.50 11.16
273.15 94.54 314.39 14.80 273.15  131.59 356.45 19.43
298.15 103.48 323.06 17.28 298.15  144.24 368.53 22.88
400 137.82 358.38 29.61 400 192.36 417.80 40.08
500 165.98 392.27 44.85 500 231.58 465.10 61.35
600 188.37 424.59 62.61 600 262.74 510.19 86.13
700 206.04 455.00 82.36 700 287.40 552.61 113.68
800 220.14 483.47 103.70 800 307.16 592.32 143.44
T2 T22
T Com/) - mol™ = K™ S /)« mol™ - K™ H,/kl - mol™ T Com/) = mol™ - K™ S /)« mol™ - K™ H,/kl - mol™
200 74.68 296.55 9.53 200 97.98 324.16 11.38
273.15 100. 80 323.62 15.94 273.15  136.76 360.32 19.94
298.15 110.06 332.85 18.57 298.15  150.58 372.89 23.53
400 146.04 370.32 31.65 400 204.33 424.81 41.66
500 175.90 406.23 47.80 500 248.61 475.34 64.38
600 199.80 440.50 66.63 600 283.81 523.90 91.07
700 218.79 472.77 87.60 700 311.69 569.83 120.90
800 234.08 503.03 110.26 800 334.13 612.96 153.23
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HR5
Table 5 continued
T3 T32
T Com/) - mol™ - K™ S /)« mol™ - K™ H,/kl - mol™ T Com/) - mol™ - K™ S /)« mol™ - K™ H,/kl - mol
200 76.23 296.60 9.58 200 101.65 329.87 11.93
273.15 102.76 324.23 16.12 273.15 140.49 367.20 20.76
298.15 111.99 333.63 18.80 298.15 154.21 380.09 24.45
400 147.61 371.62 32.06 400 207.22 432.98 42.91
500 177.07 407.84 48.35 500 250.74 484.07 65.89
600 200.67 442.29 67.28 600 285.32 532.96 92.76
700 219.44 474.68 88.32 700 312.74 579.08 122.71
800 234.55 505.00 111.05 800 334.81 622.33 155.13
T4 T42
T Cpm/) - mol™ - K™ S /)« mol™ « K™ H,/k - mol™ T Cpm/) - mol™ - K™ S /)« mol™ « K™ H,/k - mol™
200 72.99 296.01 9.49 200 95.30 322.49 11.29
273.15 97.41 322.31 15.70 273.15  130.60 357.32 19.53
298.15 106.05 331.21 18.2 298.15  143.09 369.30 22.95
400 139.59 367.15 30.79 400 191.50 418.25 40.04
500 167.33 401.39 46.18 500 231.31 465.43 61.25
600 189.45 433.93 64.07 600 262.88 510.50 86.03
700 206.93 464.50 83.92 700 287.74 552.96 113.61
800 220.89 493.08 105.34 800 307.58 592.73 143.40
T5 T52
T Cpm/) = mol™ - K™ S /)« mol™ - K" H,/k - mol™ T Cpm/) = mol™ - K™ S /)« mol™ « K™ H,/k - mol™
200 73.16 295.33 9.44 200 100.87 334.70 12.28
273.15 97.64 321.70 15.68 273.15 135.22 371.15 20.90
298.15 106.22 330.62 18.23 298.15 147.26 383.51 24.43
400 139.46 366.58 30.77 400 193.93 433.44 41.85
500 167.00 400.76 46.14 500 232.54 481.01 63.24
600 189.02 433.23 63.99 600 263.37 526.25 88.10
700 206.47 463.73 83.79 700 287.79 568.75 115.70
800 220.43 492.24 105.16 800 307.36 608.50 145.49
T6 T62
T Cp /)= mol™ - K™ S /)« mol™ - K™ H,/k - mol™ T Cp /)= mol™ - K™ S /)« mol™ - K™ H,/k - mol™
200 73.00 296.14 9.49 200 93.30 322.44 11.15
273.15 97.36 322.44 15.71 273.15  127.84 356.52 19.22
298.15 105.94 331.34 18.25 298.15  140.15 368.25 22.56
400 139.26 367.22 30.77 400 188.30 416.29 39.34
500 166.90 401.36 46.13 500 228.31 462.76 60.23
600 189.00 433.83 63.97 600 260.23 507.32 84.73
700 206.50 464.33 83.77 700 285.46 549.41 112.06
800 220.49 492.85 105.15 800 305.64 588.89 141.65
T7 172
T Cpm/) - mol™ - K™ S /)« mol™ - K™ H,_/k - mol™ T Cpm/) - mol™ - K™ S /)« mol™ - K™ H,_/k - mol™
200 72.12 294.07 9.36 200 93.42 323.33 11.37
273.15 95.15 319.92 15.47 273.15  125.33 357.11 19.35
298.15 103.12 328.59 17.95 298.15  136.45 368.56 22.62
400 133.81 363.28 30.05 400 179.25 414.78 38.75
500 159.11 395.95 44.74 500 214.32 458.68 58.49
600 179.27 426.82 61.70 600 242.03 500.31 81.37
700 195.13 455.69 80.45 700 263.70 539.31 106.70
800 207.71 482.60 100. 62 800 280.80 575.68 133.95
Note: C,Jvm is standard molar heat capacity, S, is standard molar entropy and H, is standard molar enthalpy.
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Theoretial Study on Structure and Properties of Polycyclic Derivatives of 1,2,4 ,5-Tetrazine Based High Energy
Density Materials

ZHANG Chi', CHEN Mo', CHEN Xiang', ZHANG Cong', SONG Ji-rong'*, MA Hai-xia'

(1. School of Chemical Engineering, Northwest University, Xi'an 710069, China; 2. Conservation Technology Department, the Palace Museum, Beijing
100080, China)

Abstract: The geometrical structures, front orbital energies and enthalpies of formation( AH,) of 14 kinds of 1,2 ,4 ,5-tetrazine pol-
ycyclic ring derivatives were studied using density functional theory ( DFT) and wB97/6-31+G " ° basis set level. The detonation
performances of these derivatives were estimated by Kamlet-Jacobs equation. The thermodynamic properties of these compounds at
different temperatures from 200K to 800K were obtained by statistic thermodynamics. The detonation properties and heat of forma-
tion of these 1,2,4,5-tetrazine derivatives were also compared. Results show that the detonation velocity (D) and detonation
pressure (p) have good linear correlation with the numbers of nitrogen, and their AH, are between 527. 49 k] + mol™' and
1122.53 kJ - mol™" and the detonation velocities are between 5.59 and 8.65 km - s™'. The values of the standard heat capacity
(C,...), standard molar entropy (S,,) and the standard enthalpy (H,,) gradually increase with the temperature. The compounds
T7(C,N,H,) and T72(C,N,,H,) may be considered as potential candidates for energetic materials.

Key words: density functional theory (DFT); 1,2,4,5-tetrazine derivatives; enthalpies of formation; detonation performance;
thermodynamic properties
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