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Computational Study on the Chemical Structure and Explosive Properties of
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[ABSTRACT] A novel high energetic density compound, 2,6-bis ( dinitromethylidene) -1,3,4,5,7,8- hexanitrodo-
decahydrodiimidazo[ 4 ,5-b:4’,5'-e | pyrazine (DNNIP) , was designed. The molecular structure was firstly optimized under
B3PW91/6-31G + + (d, p) level with Gaussian Software. After bond length and bond order analysis, it was found that
decomposition would be initiated from the rupture of N—NO, bond on imidazole ring with a bond dissociation enthalpy
(BDE) of 96.4 kJ/mol. Its density was evaluated to be 2. 07 g/cm’ based on improved Monte Carlo method by electrostatic
potential distribution, and formation heat was calculated as about 1907. 33 kJ/mol from isodesmic reaction. From two
parameters above, detonation velocity and pressure were calculated to be 10.35 km/s and 51.47 GPa, respectively, which
were obviously better than those of common energetic materials. The evaluated impacting sensitivity of target compound
having a significance in treatment is about 12 cm, which is close to that of CL-20. Energy gap between HOMO and LUMO
[ AE (LUMO-HOMO) ] is 0. 15878 a.u. (4.32 eV) indicating the stable molecular structure under general conditions.
—NO, is supposed to be located at the sensitive sites within molecular structure according to the density of state (DOS)
analysis.

[KEYWORDS] 2,6-bis( dinitromethylidene)-1,3,4,5,7,8-hexanitrododecahydrodiimidazo [4,5-b:4’,5'-e] pyrazine;

high energetic density compound; density functional theory; explosive properties prediction; sensitivity prediction

* s H#:2017-12-26
ELWAE . H{RK ARBE4 (11702141)
YEER A AL (1988 - ) 2o, i P, EENFE RSB 58 AT, E-mail ; zhujie@ njau. edu. cn
BEEE . EMFE1985 — ), B T+ AlEE% , FENE SRS T 56 s, E-mail ; alexwpch@ njust. edu. cn



c2. OB f M 47T BEIM
0(23)
- 0(22)
gl = 0(20) N(21) N NO
0(19) \IL(IS) N(Z)H(M)

AT e o TR e L R B C(l)
SEBPRH R 5 B0 B MR 13 5 30 B 5 mﬂﬂﬂ/w)
e L L L WWmM®

Hi

U SR 5y B 9 R A 400, 0 1- do Mm()%) Yo,

FEED 4 5-=RYFEBKME (MTNI) 3,5- & L L mHE
MEmE 2,6- 4 3-3,5- T hig Sk vE-1-E LY (LLM-
105) FE4gilE L A RIFMERE S, Hix ekt
TR Gk, T R RO B AL G W 1 10 R 44 i L
BIPERE MR A XU O A PO A 35 O R
BOASERE (BIR-HMX ) | XS TCHR M ) 1,45, 8-
DUfiFJE-1,4,5,8-UAZ T A L2 (TNAD) | H oGl
NI Y 2,5,7,9-PUfiK3E-2,5,7,9-PU A 42 W
#[4,3,0] TAi-8 (K-56) , fHIEixX 3 K& REA KLY
FETEA A B Bl 5, WUR-HMX P 3Rk i k& &
FORE AR E PR UK, aﬁcﬁfﬁéﬂc}iﬁmaﬁﬂ
TNAD HRk & & 5w , 0T D 1% K-56 17K AR
EMER2E, B,

FEMCIERN 1 o TSR AP 25 TiPE R BFoRE A
BB B R il — A BREAA T 1 565 5 “ 666
SER ) BARE A, Forb <5657 S5 A4 DR A 5 AR G Bk
Tt BNIRGK ) BN 22 s B 1A BE Kk B T
JEOETERY TR AL B3 T 2 T A 2R AR
565" = bEMW 1,3,4,5,7, 8-/ i 5L\ A4k —
WK [4,5-b.4",5-e ] ME%E-2,6-(1H,3H)-N,N'-—
E A (ONIP) |, - H B 5 s v g

EH TR SR E AT, B T — R R
Ik 2E A PR A R 25 M R R UL o A e e
FEAL AW 2,6-R0( —AsFE H %) -1,3,4,5,7,8-75
m;@w A BKME[4,5-b.4" 5 -¢ | Nk ( DNNIP, [&]

o BRJE A B T i A T B, X B A5
& REMEAT A AT TN

1 tEA*E

T B T Gaussian 03 %, 76 B3PW91/6-
31G + + (d,p) KT iAT, 20 F RS T e it 47
T RAAL, LI O 5 ¥ 2 S Re T -/ IME Bk 3
BT ICREAN, TEULARSS A B B Al b SR TSR R %
( Monte-Carlo) #3158 43 F KT, 3 H 1% % iop (6/
46) 7 2000 DLk /N Bl AL 3% 3 T SO R 22 B
(bond order, BO, JCE %) KHH Wiberg #2% , i#id

VRN %
o(13) \ 0(®) 009
0(12)

Kl 1 DNNIP 4 F454 KR T4 5

Fig. 1 Molecular structure and atomic

numbering of DNNIP

NBO ( natural bond orbital ) 718, 38 B I o 55 55 B 4
R 5 B (BDE ) 3 i 4 5 1 B4R
T B KB AAFPREBE R A B (HOF)

2 HRSHE

2.1 JUASHERHEL

e 1 DNNIP JLAS L7 (9 S 5 b i d I
HEATRE LG BEPR BRI ER | C—N 8 32 22 05 45
G AR R ML R R B C—N B
PRI BT U 2RI B 285 [ ] 5 )l S JTER
SRR B 2R A a5 B XA BT
P v BRARR E P 5 T BRI R 2 H s A b
OR S B B B 55, Hirp SR N(2)—N(21)
BRI B ,3A 50 0. 151 3 nm, XR 40T
5 BRI & N—NO, 4b ) N—N %,
# 1 DNNIP P a9t K fnbt 28

Typical bond length and bond order
of DNNIP molecule

Tab. 1

el h=2 B /nm g
c—cC C(1)—C(5) 0.1570  0.8369
C(3)—C(14)  0.1351 1.301 9
C—N C(1)—N(2) 0.1445  0.8480
C(3)—N(2) 0.1429  0.9406
C(5)—N(6) 0.1495  0.8030
C(14)—N(15) 0.1459  0.8236
N—N N(2)—N(21)  0.1513  0.7586
N(6)—N(7) 0.1457  0.8244
N—O N(7)—O0(8) 0.1264  1.066 4
N(11)—0(12)  0.1246  1.0296
N(15)—0(16)  0.1258  1.098 0
c—H C(1)—H(24)  0.1096  0.7557




2,6-W( AW Y -1,3,4,5,7 8- AHE T+ A
MMERER IS M O, -3

2018 £ 6 H

ﬂ;ku}_[4 5-b:4’,5"-¢ ] MLIEE A>T E45H4

AR R FH R BO R HLAAR b4 1A B ik 5 119 A8
(AR

C—N FI N—N HEHY N 1.0, C =N XU
BN 2.0, fidEdh N—O BERgEg 1.5, C—H
HEMEES N 0.9, IR 1 AT LA I, #EK P KA
W NI R IR 2 A
FIREOL T N(21) b, 5 i s AR et 3o — 3,
HRAE e /NG 5 R SR B AN N (21) b S #4435 |
KPiE .,

IEAh , NBO 43 BT ik BEAE B hy JE 52 1l it g 3X — 15
WOE2), N(2)5 C(3)—C(14) BEZ AfEER K
(AT R X, 33X 2 N(2) 0N HL 545 378 Fl 5
C(3)—C(14) Hr R A E S5, KA
BB B LT 11 N (2) PR T 5N (21)
FHOCHTE A3 FEA /DN BB N(2) FIN(21)
ZIaAH BAE R 1 N (2) IR 5 N(21) —
0(22) [ AdZs BUTE /Y 3 & X AT I B S I ET 2, i
HINQ2)AES 5 N(21) 2 HEEIE i 1 iy 4t
Bu, 2X#E,N(2)Hh2E C(3)—C(14) MiEi N(21),
HIES T N(2)—N(21) #rfa e,

\ % /
Car—Cua
N c ‘
./\ -
- o
-

K2 N(2)B#I L5 C(3)—C(14) |
N(21)—0(22) ) EZATAEH
Fig.2 The main interaction between soliton

electron of N(2) and C(3)—C(14) or N(21)—0(22)

BF LR EEHE SR T N(2)—N(21)
AR B SRR, AT BRI N(2)—N(21) Y
BDE 4 96.40 kJ/mol, P #SAGEES AR 14 T 5
BDE R M= Be % B AL & W fe e e i s brifE,
BDE KT 80 kJ/mol , MTA ik I FEAE R |
2.2 FESERMR

s VA28 T AR A AR 5 RE A A T Al L T
FIP L SR I T 2R T 5 (ESP) A% 1E A ik
Monte-Carlo 30 H % %, Wl (1),

P=a[V(O_7A/(I)OI>]+B(UUfm)+Yo (1)
KM o F I EE IR BT &, g/mol; V(0. 001) Ky

Gaussian 7T FEFEAEIAR cm®/mol; o, 70+
AR L 38 7 (keal/mol ) 25 A2 1IE R a8 FIl y
KSR 15 1 S8 =0", xa”/(0’, +0)°,
a’, . HIRIE S ERE S TT, (keal/mol ) ?

DNNIP (i L 35 Bl 3 s, 204 4 IE
R El B S PR T AR T TR A AR 5 B a3 A A X
R AT DA B3k S5y B A B R AR AT, R R AR X
B2 BT 435 v ) T 43 R B L 3 o3
AAERHAR R F T 575 TR X3k, HOE R — A4k,
AR F R AR =R E Y, 5 Klapotke 551 XF
B REM RIS RE M BT B FE R AH — B KR R
1o ARA (1) IR AR RE 2. 07 g/em’,

'3 DNNIP #y i hE o i
Fig.3 Electrostatic potential distribution of DNNIP
M T AR B & I T80 2, X DNNIP 735
SR A S8 SR 5 v Bt ik

0, N02
c—< I I >7c
O2N N02

0,

B4 R N
+10CH, —

H

H H
N— NN

H2C :< I I >:CH2 + 10CH 3N02
N N N
H H H

(2)
BN ARG AS AT DL AR (3) THEARH
AHz98 = ZAHr(g,P) - ZAHr(g,R) =
YAH(p) - XAH(R), (3)
A AH (g,p) FMAH (g, R) 5350 A= 54 Fl v
WI7E 298 K A L, AH (p) FIAH(R) 2754
kS
CH, I CH,NO, 92k i (HOF) Al 2 2% SCHk
(1920 ], BRARE 20l F 43 F /0N, HoAE panT DLl
RGO GaMP2 R R FAL TR A,
Z AR H ARk G Y 0 A L (HOF ) R
1 907.33 kJ/mol,



“4 - 2 T )

5547 B 3

2.3 1BREIERE

1 2.2 193010 %5 B2 A BUAR A Kamlet-Jacobs
AR B T TR B H AR A 0 R
10.35 km/s, HEJE N 51.47 GPa, XEEPERESEY
H LAY RDX  HMX I CL-20 %%t b (L& 2) , W] i
A S REMRL, BN 5 B4 ORI 7= i
SRR T REM RL CL-20 L, DNNIP (158
RE T 9.5% SRR T 20.3% , 73505 5EHTR
i (4 ONIP AH H, DNNIP {/31H5E 4 5 A 3

K2 HRHR RSB
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DNNIP 2.07 10.35 51.47 12
ONIP 2.00 10. 12 49.17 33
HMX 1.91 9.12 36.16 26
RDX 1.81 8.61 32.71 29
CL-20 2.04 9.46 42.78 14
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