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BT 4,6 MPa kT NH, 5 HMX B N REZE . Jir
F A YR Gaussian 03 5" £ PG db K2k (k2%
5B 2 B AR B S 1800 & MERETTH SR HLAEBE |

8 o
3 #R5WiE

3.1 HMX 3 FRUNTHEER B SR RE

RALTFE] T HMX B PRI LAY L (o B) , A& 1
Fim o a-HMX BAT C, 6 Btk p-HMX B A C, X
PELIX G SCERIT6 TR — 30, W SRR PR AL AT L4y
P2 AR AR IE A E(equatorial ), B A7 B AIE R A
(axial) ., KW, a-HMX FIfE RS T B-HMX, 351
JG W ORERE o IR R IZ AR B-HMX, BT LA
FEXF B-HMX TR 5T .

B-HMX(C;)
B 1 B3LYP/6-31g(d)/KFTF a-HMX F1 B-HMX [ {1 1k JL fif
L4 (nm)
Fig. 1 Geometries of a-HMX and g-HMX optimized at

B3LYP/6-31g(d) level (nm)
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B-HMX 2L i P Fb il & 19 S 0 15 kg W AR 2
S BT I S < S VAR B O AL N VAR S A
12.55 k) - mol ™', A fE/N 14.91 k) - mol ™', {JiH] E
PIAM L e A fE A SE T 2 5 AR, X 5 R T
WhoE—2.

&£ 1 B3LYP/6-31g(d) /KT B-HMX FiFh N—NO, 5 fiF 2 6
Table 1
for B-HMX at B3LYP/6-31g(d) level

Two kinds of dissociation energies of N—NO, bond

reactions Ak an AG

/k) +mol™"  /kJ -mol™"  /kJ - mol !
HMX—HMX_E +NO, 152.92 156.74 97.41
HMX—HMX_A +NO, 166.09 169.29 112.32

Note: AE,,AH,AG is changes of electronic energies with zero-ponit
energy correction,enthalpy and Gibbs Free energy, respectively.
HMX_E and HMX_A are products of HMX eliminated equatorial
NO, and axial NO, ,respectively.

3.2 NH, &

B-HMX f£7E A E BiFRZE ALY 4 > N—NO, #,
A F B-HMX HA C, %, BT LA A {7 (E fif N—NO,
A HSE R, B B HMX 5 NH, /9 4E #1702
FZ & HMX 28 CH, (5 S M 7 547 ) F1F
NO, (12 S F1 15 547 ) Bpa]

X NH, L2 5 i B-HMX /7] RE 45 44 #E 17
T, A RERmE 2 s R ESY. W
KRB AR 2 vhbr A iy o b i 2 Y I 5 S
S5 VHIFE .

A LE H,NH, 5 B-HMX 454 77 W 34 LLA
gig . 102050 NHy #E5 HMX ) 7 547
5 5ACH, Irfd i@ Ay, T F2 2 NH, f1iy N
5 HMX 27 5 H,NH, g H5 HMX 517 2 O
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T H 5 HMX 1913 %5 O 454, MEZEZE NH, |
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MG R R B RS LA 2 R 245G, #7015 214 1
I, 352 0] NH, §upl 5 HMX /5 A iz NO, ANRETE iR
ERAY,MEES ANLNO, 454 1 RE,NH, F i
N 5 CH, Hiy H WA 78 S BEE T, X AR A RE 4 &2
B HEREE ., IVEZRE NH, iy N 5 HMX () 23 &
H,NH, i H 5 HMX 5 10,20 5 O &5 & ; il
S NH, iy H 5 HMX 36 By CHERE &
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F2HH T HMX 5 NH, 5T A 5% A Y
AEH ATRPLERE R 22 M HAi Gt TUREHNAES
P gl & REX N e, Ui NH, 5 HMX 1025 5 75 fiE
B ERAFN . EaY R PuE fEZ 2 t HMX

LPGEREZ L T (I MR FH /D, KA GREEBIL T
I M), 6B TG 16 2 A ) 2 B 0 TR il 2 e IO I AR
EM,IV VI T I ME 2,

HAYN—NO, fif e AL R THR 3. iR
R, LR E AW L A GLE BLAYEE Y B % A i
B o NH A LARRN 77 05 HMX 254, 202 E i
N—NO, b A (i T2 5 Wi, 5 HMX b 24 fig (1
S5 R —E, Ul NH, BFEAE A 2 HMX B N—NO,
SRR E AR T A BLIIBT .

7

NG ULHHZE B F 3L A 0 HMX Fa %€ . IV . V AT
\< 0.3001 0.1392

R

*.0.2839 (;.1457
0.139%6 . 0.1483 . 0.2403 .-
4 0213 Yoot
01388 N #
—, b
A0 01387
02769~ = 2 0.2616
m

B2 B3LYP/6-31g(d) /KT HMX 5 NH, &4 )55 Z 5 WAL A (nm)
Fig.2 Various structures of complex for HMX combined with NH, optimized at B3LYP/6-31g (d) level (nm)

F®2 B3LYP/6-31g(d)iHE M HMX 5 NH, /T4 4 i [ BE B ATZLPUIE RES 22 I 45 5 fE
Table 2 Energy gaps of frontier orbitals, energies of equilibrium geometries and binding energies for intermediates of HMX com-
bined with NH, at B3LYP/6-31g(d) level

intermediates Ey/a.u. H/a.u. G/a.u. AE ymo-tomo /@- u.
NH, -56.513393 -56.509591 -56.531434 0.33113

HMX -1196.353549 —-1196.335265 —-1196.400958 0.21610

I -1252.875966 -1252.853700 —-1252.928882 0.20801

I -1252.875659 -1252.853136 -1252.930606 0.20773

m -1252.881583 -1252.859706 -1252.932959 0.20396

v -1252.869698 —1252.847395 -1252.922669 0.15716

\% -1252.869915 —1252.846955 -1252.92678 0.13790
combinations I I il 1\ \%

AE,/k) + mol ™! -23.70 -22.89 -38.44 -7.24 -7.81

Note: Ey,H, G is electronic energies,enthalpy and Gibbs Free energy including zero-ponit energy, respectively. AE,,AH,AG is Binding energies with zero-point energy

correction, enthalpy and Gibbs free energy.
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R3 BHMX 5 NH, 5 )5% N—NO, § it & 6t
Table 3 N—NO, bond dissociation energies for g-HMX
combinedwith NH,

reactions Ak aH aG
/k) - mol ™! /K) + mol ™! /K - mol ™!

I->1_A+NO, 176.70 180.25 122.43
I->1_E+NO, 157.57 161.53 101.34
I—-1T_A+NO, 171.61 170.72 127.68
I—-1_E+NO, 153.60 156.50 104.13
m—-m_A+NO, 176.07 180.07 116.55
m—-m_E+NO, 153.43 156.79 99.48
IV—>IV_A +NO, 166.49 169.42 113.49
IV—>IV_E+NO, 153.67 157.61 97.45
V—->V_A+NO, 166.10 169.31 111.49
V—->V_E+NO, 152.10 155.85 97.91

Note: AE,, AH, AG: changes of electronic energies with zero-point energy
correction, enthalpy and Gibbs free energy, respectively. I (I ---V)_A
and I (II--V)_E are intermediates of X eliminated axial NO, and equa-

torial NO,.

H1# 3 i al A, AR E A2 N—NO, fif 5 fE

ti,j\gw 0.2562
04467,

5 B-HMX B LA 1) fifp 25 BEAH 22 1R /)N, R B NH, X
B-HMX 1§ N—NO, gz m £, HE SR mAa
NO, A i, NO, % 5 5 NH, &k 4 & At & J5 [
(2NH, +2NO,—N,O +N, +3H,0) " ix & —fR =8
1 P R R K 619.2 k) - mol T RER
i HMX 1 Ji5 22 g 4 1 K dt i #4, AT A R F HMX
(24 . WHLZ UL, NH, WA B K HMX 1,
1Ml ik 5 HMX-NH, &2 & 9 2% 5 1) 7= ) NO, i
A7 WA AR HMX SR i B g i 34T B A 7R
NEPE #fE 7 I BC 7 v, 5 BEAE AP 9 3 58 2 3 ] LA™ 2R
B NH, A BT HMX 43 i, AT {4 3F 77) % (K
(7] s 3 fife 1 88 PR AR, JCRA E [) 48 285
3.3 Clo, B9&m

B3 41T HMX 5 ClO, 4585 X M E &Y
(V) S H B 2 B VA 76 3 T B 1% Hp fi] 4 ( VI, VI #4)
YT 2 B 0 S A A T U A R T AT 147 4k LA
BIRER IR

3 HMX 5 CIO, B s &A% (VD) S H 25 B A SLfif )5 1974 (VILVID) (nm)
Fig.3 Equilibrium geometries of complex of HMX combined with ClO, optimized at B3LYP/6-31g(d) level (nm)
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hci

F®4 B3LYP/6-31g(d) it HMX 5 CIO, fEHJE 4 H il {4
14 fil ek e B fE A

Table 4 Energies of complex for HMX combined with ClO,
and N—NO, bond dissociation energies calculated at B3LYP/

6-31g(d) level

intermediates Ey/a.u. H/a.u. G/a.u.
HMX -1196.353549 -1196.335265 —1196.400958
ClOo, —685.503798 —685.499079 —-685.531116
Vi —-1881.866075 -1881.841923 —1881.924908
Vi -1676.744953 -1676.723316 —-1676.800343
Vi -1676.738306 -1676.716812 -1676.793870
NO, —205.063381 —205.059500 —205.087421
reactions AL, AH AG

/k) « mol 7! /k) + mol ™! /k) - mol 7!
VI-VI + NO, 151.60 155.19 97.52
VIV + NO, 169.05 172.26 114.52

Note: E,,H,G is electronic energies with zero-ponit energy correction, enthalpy
and Gibbs Free energy,respectively. VI is the complex of HMX combined
with ClIO;; VI, VI is intermediates of 16 eliminated equatorial NO, and

axial NO,, respectively.

RS CHE KRR A SR T A A o REAE

Table 5 Changes of Gibbs free energy for all reactions at nor-

mal and high pressure k] - mol '
reactions 0.1 MPa 4 MPa 6 MPa
HMX—HMX_A +NO, 112.32 121.46 122.47
HMX—HMX_E + NO, 97.41 106.56 107.57
I->1_A+NO, 122.43 131.57 132.58
I—-1_E+NO, 101.34 110.48 111.49
I—-1I_A+NO, 127.68 136.83 137.83
I—-1_E+NO, 104.13 113.28 114.28
m—-Mm_A +NO, 116.55 125.70 126.70
Im—m_E+NO, 99.48 108.62 109.63
IV—>IV_A +NO, 113.49 122.64 123.64
IV—>IV_E+NO, 97.45 106.60 107.61
V—->V_A+NO, 111.49 120.63 121.63
V—-V_E+NO, 97.91 107.05 108.06
VI-VI + NO, 97.52 106.67 107.67
VIV + NO, 114.52 123.66 124.67

4 &£ it

WHFE T AP 3 U /o 177 9 NH, ([ CIO, X}
HMX 24 19 5 1, & 3L HMX 5 NH, (CIO, 454 5
HAEYIH HMX B85 328 AR K

(1) ClO; %} HMX ) N—NO, %] th
M) AN K o

(2) NH, F1 CIO; FTEA I HMX ) N—NO,
U E AT A BLRYIY o

23 3 2
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Effects of NH, and ClO, on Initial Pyrolysis of g-HMX

DING Li'*’, HENG Shu-yun’, ZHAI Gao-hong'’, ZHANG Gao’, JIANG Fu-ling'*, SUO Bing-bing'’, WEN Zhen-yi'*

(1. Key Laboratory of Synthetic and Natural Functional Molecular Chemistry of Ministry of Education, Xi'an 710069, China; 2. College of Chemistry &
Materials Science/Shaanxi Key Laboratory of Phsico-Inorganic Chemistry, Northwest University, Xi'an 710069, China; 3. Xi’an Modern Chemistry Research
Institute, Xi'an 710065, China)

Abstract: The geometries of g-octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (B-HMX) and its complexes with the pyrolysis
products (NH,,ClO,) of ammonium perchlorate (AP) were optimized using density function theory (DFT) at the B3LYP/6-31g(d)
level. The bond dissociation energies for N—NO, in g-HMX and its complexes at normal, 4 MPa and 6 MPa pressures were
obtained. Results show that the geometrical configuration of HMX complexes with NH, and CIO, are similar to B-HMX structure. It
indicates that, the equatorial nitryls of NH,—,CIO,— complexes are also prior to the axial nitryls in its pyrolysis process and there
are trivial changes on the N—NO, bond dissociation energies when g-HMX combines with NH, or CIO,. However, once the
complexes decompose, the product NO, can react with NH, more easily. This exothermic reaction may induce the subsequent
pyrolysis process of HMX. The high pressure has no influence on the effects of NH, and ClO, on the initial pyrolysis mechanism of

B-HMX.
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