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F1 fEB3LYP/6-311++G(2d,p) (P ) Fl M06-2X/6-311++G(2d, p) (&) K- 545211 1, 4-DNIO 76 A [ H 3 /N F 5 17)
R A, AIM LT85 B2, Mulliken R APT Fiff 5 A fif

Table 1 Selected bond lengths(R), AIM electron densities(p), Mulliken and APT nitro charges (Q) of 1,4-DNIO with different
external electric field strengths and orientations at the B3LYP/6-311++G (2d, p) (in flat) and M06 -2X/6-311++G (2d, p)

(in bold) levels

field RucsyolA Ru(1r—n/A Recar—n/A Prisofal.  pyn/au.  peynJau. Quoytle Quos’la.u.
_ 1.2593 1.4282 1.4395 0.4969 0.3508 0.2725 ~0.2297(0.4337)  —0.2437(0.0664)
o field 1.2565 1.4109 1.4403 0.5028 0.3525 0.2678 -0.2121(0.4263)  —0.2341(0.0332)
1.2955 1.4125 1.4448 0.4839 0.3606 0.2631 ~0.2349(0.4302)  —0.2415(0.0685)
T g 1.3957 1.4451 0.4883 0.3641 0.2561 -0.2172(0.4248)  —0.2317(0.0352)
1.2849 1.4161 1.4428 0.4861 0.3582 0.2635 -0.2343(0.4307)  —0.2418(0.0681)
FO008 oy g 1.3981 1.4436 0.4915 0.3603 0.2583 -0.2158(0.4242)  -0.2326(0.0341)
1.2682 1.4222 1.4413 0.4910 0.3535 0.2682 -0.2313(0.4325)  —0.2432(0.0668)
TN a0 1.4038 1.4419 0.4972 0.3561 0.2638 -0.2137(0.4262)  -0.2338(0.0333)
1.2537 1.4345 1.4384 0.5005 0.3467 0.2723 ~0.2282(0.4342)  —0.2443(0.0660)
T o Hsa0 1.4158 1.4391 0.5067 0.3485 0.2683 -0.2115(0.4270)  —0.2345(0.0327)
1.2489 1.4357 1.4360 0.5062 0.3429 0.2763 -0.2262(0.4362)  —0.2460(0.0652)
T0008mam0r 1.4183 1.4369 0.5117 0.3441 0.2722 -0.2101(0.4275)  —0.2363(0.0316)
1.2453 1.4393 1.4351 0.5088 0.3384 0.2790 -0.2231(0.4379)  —0.2482(0.0649)
T gy 1.4206 1.4358 0.5141 0.3405 0.2749 -0.2090(0.4283)  -0.2375(0.0310)
1.2518 1.4708 1.4350 0.5065 0.3375 0.2841 -0.2270(0.4382)  —0.2468(0.0638)
FOOT0m 4y 1.4617 1.4365 0.5115 0.3381 0.2773 -0.2085(0.4310)  -0.2379(0.0305)
1.2540 1.4519 1.4368 0.5038 0.3410 0.2790 -0.2277(0.4367)  —0.2462(0.0644)
OO s 1.4315 1.4377 0.5092 0.3428 0.2731 -0.2092(0.4299)  -0.2368(0.0316)
1.2568 1.4353 1.4385 0.5005 0.3472 0.2752 ~0.2291(0.4346)  —0.2444(0.0660)
TR sy 1.4175 1.4392 0.5059 0.3491 0.2704 -0.2115(0.4275)  —0.2351(0.0327)
1.2619 1.4176 1.4399 0.4938 0.3536 0.2715 -0.2305(0.4330)  —0.2430(0.0669)
TN 550 1.4008 1.4417 0.5001 0.3551 0.2663 -0.2128(0.4266)  —0.2332(0.0338)
1.2643 1.4068 1.4418 0.4892 0.3561 0.2663 -0.2335(0.4317)  —0.2411(0.0682)
700080 g 1.3892 1.4435 0.4953 0.3579 0.2622 -0.2157(0.4252)  —0.2315(0.0354)
1.2657 1.4021 1.4442 0.4865 0.3583 0.2641 ~0.2346(0.4308)  —0.2398(0.0699)
T eas 1.3837 1.4457 0.4929 0.3597 0.2618 -0.2160(0.4244)  —0.2300(0.0356)
1.2752 1.4221 1.4446 0.4879 0.3613 0.2603 -0.2335(0.4297)  —0.2401(0.0705)
OO0y o0s 1.4041 1.4452 0.4919 0.3616 0.2547 -0.2147(0.4222)  —0.2302(0.0368)
1.2712 1.4233 1.4433 0.4901 0.3579 0.2628 -0.2319(0.4308)  —0.2412(0.0694)
OO0 ez 1.4052 1.4443 0.4942 0.3592 0.2572 -0.2133(0.4238)  -0.2313(0.0359)
1.2656 1.4253 1.4416 0.4939 0.3537 0.2689 ~0.2297(0.4323)  —0.2430(0.0672)
TR eas 1.4073 1.4417 0.4983 0.3551 0.2637 -0.2116(0.4263)  —0.2335(0.0339)
1.2548 1.4329 1.4381 0.5033 0.3456 0.2752 -0.2293(0.4344)  —0.2446(0.0652)
T s 1.4145 1.4387 0.5048 0.3505 0.2699 -0.2112(0.4268)  —0.2351(0.0328)
1.2493 1.4375 1.4359 0.5083 0.3410 0.2797 -0.2280(0.4356)  —0.2485(0.0634)
T8 s 1.4191 1.4361 0.5091 0.3449 0.2747 -0.2096(0.4281)  —0.2366(0.0317)
1.2458 1.4386 1.4338 0.5116 0.3391 0.2830 -0.2271(0.4365)  —0.2488(0.0629)
SO0 e 1.4235 1.4340 0.5127 0.3418 0.2789 -0.2092(0.4286) -0.2379(0.0311)

Note: a)Mulliken and APT(in parentheses) charges of the —NO, group involving the N—NO, moiety. b) Mulliken and APT charges of the —NO, group involving
the C—NO, moiety.
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Fig. 2 Changes in the bond lengths (AR), electron densities (Ap), nitro charges (AQ), bond dissociation energy (ABDE) ver-

sus field strengths (E) in different fields
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A F) 0.010 a.u., i K AGIREE R E A 2 0.5 ).
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#:2 1EB3LYP/6-311++G(2d,p) (F#) M M06-2X/6-311++G(2d,p) (M) KT FiFE I 1,4-DNIO 15 A 7 H1 35 K /NS 18] 4
R HR B A e (E) R # A G (o), 0?) (L KIE IR EE (EES) 8 o BB (H,,) Rt 218 71 (Inp)

Table 2

Bond dissociation energy (F), statistical quantities of surface electrostatic potentials (o2,

a?), electric spark sensitivi-

ties (Es) , impact sensitivities (H,,) and shock initiation pressures (Inp) of 1, 4-DNIO with different external electric field
strengths and orientations at the B3LYP/6-311++G(2d,p) (in flat) and M06-2X/6-311++G(2d,p) (in bold) levels

2

2

field BDE (350 BDE (1)~ BDEcs)—n Eumo [ o_ Ee Hs, Inp

/k)-mol™ /k)-mol™! /k)-mol™! /a.u. /kcal'mol™  /kcal'mol™ /) /cm /MPa

205.8 54.7 301.1 -0.15384 308.4 78.3 2.30 48 6.78
No field

189.1 85.0 396.7 -0.10739 285.3 69.6 2.07 36 6.88

171.2 72.8 278.1 -0.17982 352.9 80.1 2.38 68 6.84
+0.010y(3)50)

158.8 99.3 373.5 -0.12639 337.8 73.9 2.14 51 6.93

184.1 66.2 285.3 -0.16718 337.0 86.8 2.36 62 6.82
+0'008[N(3)ﬂ0)

165.3 94.5 381.0 -0.12017 318.6 75.2 2.12 45 6.91

196.5 58.3 294.5 -0.15872 317.2 82.3 2.32 55 6.79
+0.004 (y(3)50)

180.5 87.8 390.1 -0.11236 293.8 74.6 2.09 40 6.89

213.7 53.5 307.5 -0.15858 302.5 75.3 2.29 44 6.77
=0.004y(3)50)

196.8 83.6 404.1 -0.11379 283.6 66.6 2.07 33 6.87

226.8 52.0 318.2 -0.16713 312.3 68.0 2.27 32 6.77
—0.008y(3)~0)

212.3 81.8 415.3 -0.12360 280.6 59.5 2.06 29 6.86

235.8 51.5 325.2 -0.17138 298.1 62.4 2.25 20 6.76
=0.010(y(3)=0)

227.9 79.3 420.8 -0.12289 273.6 57.3 2.05 27 6.86

229.5 43.5 322.3 -0.16336 291.6 68.8 2.28 35 6.74
+0'010(N(1)7N)

217.8 70.2 421.7 -0.11931 276.5 55.6 2.04 17 6.82

222.8 48.1 316.9 -0.16297 290.1 71.9 2.28 39 6.75
+0.008 (y(1)—n)

208.2 77.6 417.2 -0.11558 278.4 61.8 2.05 25 6.85

211.9 52.7 306.2 -0.15427 299.6 76.5 2.29 46 6.77
+0'OO4[N(1)—N)

196.5 83.0 403.3 -0.10956 283.7 66.2 2.06 31 6.87

200.1 57.8 295.0 -0.15621 311.5 82.3 2.31 53 6.79
—0.004(y1)—n)

184.5 89.2 388.1 -0.11169 288.6 74.7 2.08 44 6.89

189.9 66.8 281.3 -0.16137 313.7 89.8 2.34 65 6.82
—0.008 ;)

171.5 97.2 372.7 -0.11898 298.1 80.5 2.12 52 6.92

180.2 75.7 273.5 -0.16670 319.9 95.6 2.36 74 6.85
=0.010y(1)—n)

163.7 104.0 360.9 -0.12373 306.7 83.2 2.12 55 6.94

182.5 66.6 272.3 -0.16577 326.5 92.2 2.35 68 6.82
+0.010c(4)—n)

167.3 93.7 366.7 -0.11826 322.3 81.5 2.11 51 6.91

189.7 62.5 280.2 -0.16125 325.2 88.6 2.33 62 6.80
+0.008¢(4)—n)

175.9 89.1 376.5 -0.11463 302.7 76.0 2.09 45 6.89

200.0 56.1 293.7 -0.15753 318.3 83.5 2.30 55 6.78
+0.004¢(4)—n)

185.2 85.9 389.6 -0.10992 289.8 72.3 2.07 40 6.88

209.7 53.7 306.5 -0.15927 298.7 75.2 2.30 44 6.77
—0.004 ¢4

196.0 84.6 404.8 -0.11123 276.5 66.8 2.06 33 6.87

220.5 50.6 318.9 -0.16808 288.5 66.5 2.29 32 6.76
=0.008¢(4)—n)

210.2 79.3 417.2 -0.12021 265.0 63.9 2.06 29 6.86

227.9 45.1 328.5 -0.17152 283.1 58.1 2.29 20 6.74
=0.010¢(4)—n)

218.3 72.6 429.1 -0.12536 261.8 62.0 2.06 27 6.83
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Fig. 3 Changes in impact sensitivity values (AH,,) versus field strengths (E) in different field orientations
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Theoretical Prediction of the Sensitivity of 1,4-Dinitroimidazole-N-oxide in the External Electric Fields

WANG Yong', REN Fu-de', CAO Duan-lin', YUAN Jun’, LI Yong-xiang', WANG Jian-long'
(1. School of Chemical Engineering and Technology, North University of China, Taiyuan 030051, China; 2. North university of China, Shuozhou, Shuozhou
036000, China)

Abstract: In order to explore the variation rule of explosives’ sensitivity in the external electric field, the bond lengths, nitro
charges, bond dissociation energies of the potential trigger linkages and the impact sensitivities, electrostatic spark sensitivities as
well as shock initiation pressures of the 1,4-dinitroimidazole-N-oxide (1,4-DNIO) explosive were investigated by the B3LYP/6-
311++G(2d, p) and M06-2X/6-311++G(2d, p) levels of theory. Results show that the N—NO, bond is the most likely trigger
linkage in the initiation reaction of explosive, followed by N—O, and finally the C—NO, bond in the external electric fields and
the absence of the electric fields. Under the external electric fields along the positive directions of the N—0O and C—NO, bond
axes as well as the negative direction of the N—NO, bond axis, the dissociation energies of the N—0O and C—NO, bonds are de-
creased, while those of N—NO, bond are increased, leading to the increases of the H,, values and thus the decreases of the im-
pact sensitivities. The opposite conclusion is drawn when the explosives are in the external electric fields with the reverse direc-
tions against the above cases. The changes in the bond lengths (AR), electron density values (Ap), nitro charges (AQ), bond
dissociation energy (ABDEs) of the trigger linkages and thoes in the impact sensitivities (AH,,) show good linear relationships
with the external electric field strengths, respectively. In most cases, the values of correlation coefficient R* are larger than
0.9500. The external electric fields have little effect on the electrostatic spark sensitivities or shock initiation pressures, accompa-
nied by the variations lower than 0.5 J and 0.15MPa with the field strengths from - 0.0010 a.u. to 0.0010 a.u., respectively.

Key words: 1,4-dinitroimidazole-N-oxide (1,4-DNIO) ;sensitivity ; external electric field; density functional theory;surface elec-
trostatic potential
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