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Theoretical Study of Intermolecular Interactions of ANPZO/HMX Cocrystal and Their Sensitivities
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Abstract: To investigate the intermolecular interactions between ANPZO and HMX, structural optimization and frequency
calculations of the ANPZO/HMX cocrystal were carried out, four stable conformations were obtained and the molecular structure
of the cocrystal was investigated. The type and strength of intermolecular interactions of the ANPZO/HMX cocrystal
configuration were investigated, as well as the effect of intermolecular interaction between HMX and ANPZO on the HMX
sensitivity was studied. The results show that the intermolecular interaction form of ANPZO/HMX cocrystal is mainly O---H, and
the electron donating effect of -NH, on ANPZO enriches the electron density at the initiating bond of HMX. ANPZO/HMX
intermolecular interaction is closed-shell non-covalent interaction, mainly weak hydrogen bond and Van der Waals interaction,
the essence of dispersion attraction and electrostatic interaction is dominant. The ratio of the area of positive and negative
electrostatic potential regions on the molecular surface of the complexes and the nitro group charges show a decreasing trend,
indicating that the HMX sensitivity is effectively reduced.
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Fig.1 Molecular structure of ANPZO and HMX monomers
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Tab.1 Errors of ANPZO monomer bond length parameters
and CCDC bond length parameters
C03) C4) C(1) CQ® c3  COB)

" NG NG -N& -N©6 -N2 -CHA
Gaussian09 ~ 1.312 1455 1455 1312 1369  1.409
CCpC 1315 1458 1451 1308 1371 1407

R2E% 0.23 0.21 0.28 0.36 0.15 0.14
C@* Cm G CQ® 0(5)

" NG NI G2 -N@)  -N@)
Gaussian09 1312 1312 1409 1369 1305
CCDC 1314 1316 1407 1368 1307
BREY% 0.15 0.30 0.14 0.07 0.15

|2 HMX BRGS0 CODC i KSHIRE
Tab.2 Error of HMX monomer bond length parameters and
CCDC bond length parameters

i N(4) N@3) C(1) (1) CQ2)
-N(2) -N(1) -N(2) -N(1) -N(1)
Gaussian09 1.361 1.373 1.450 1.457 1.438
CCDC 1.359 1.371 1.451 1.456 1.436
REY% 0.15 0.15 0.07 0.07 0.14
it C(2) C(2) C(2) C(1) C(1)
-N(©2) -N(©2) N -N@1)  -N@)
Gaussian09 1.451 1.476 1.439 1.457 1.451
CCDC 1.451 1.477 1.436 1.456 1.451
REY% 0 0.07 0.26 0.07 0
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Fig.2 Four optimized ANPZO / HMX eutectic configurations
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Tab.3 Eutectic bond parameters of four ANPZO / HMX

Sy I 11 111 v

i LA LBO p(r) L/A LBO p(r) L/A LBO p(r) L/A LBO p(r)
N(3)-N(7) 1.388 0.688 0.345 1.362 0.778 0.364 1.368 0.763 0.359 1.385 0.685 0.345
N(4)-N(16) 1.377 0.713 0.351 1.385 0.685 0.346 1.375 0.727 0.354 1.382 0.686 0.348
N(5)-N(13) 1.379 0.719 0.351 1.378 0.722 0.351 1.390 0.676 0.343 1.368 0.762 0.359
N(6)-N(10) 1.379 0.708 0.350 1.385 0.689 0.346 1.391 0.677 0.342 1.392 0.681 0.341
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Tab.4 Topological parameters of electron density at the critical point of four ANPZO / HMX eutectic bonds

4ty AEAEH p(r) Vp(r) Nr) G(r) S H(r)
H(43)-0(14) 0.016 92 0.04518 -0.008 18 0.009 74 0.84 0.001 56
I O(47)-H(27) 0.014 50 0.067 21 -0.010 85 0.013 83 0.78 0.002 98
H(46)-0(17) 0.013 74 0.061 32 -0.009 66 0.01249 0.77 0.002 84
H(42)-0(9) 0.013 05 0.05327 -0.008 94 0.01113 0.80 0.002 19
I H(42)-0(15) 0.009 67 0.038 24 -0.006 47 0.008 02 0.81 0.001 55
O(40)-H(21) 0.012 84 0.056 00 -0.008 98 0.01149 0.78 0.002 51
0O(39)-H(19) 0.01324 0.046 56 -0.008 45 0.010 05 0.84 0.001 59
1 O(40)-H(22) 0.009 76 0.03243 -0.005 87 0.006 99 0.84 0.001 12
H(42)-0(17) 0.015 04 0.05779 -0.01042 0.012 44 0.84 0.002 01
0O(36)-H(24) 0.010 86 0.038 57 -0.007 09 0.008 37 0.85 0.001 28
v O(37)-H(28) 0.009 80 0.038 13 -0.007 09 0.008 62 0.82 0.001 22
H(45)-0(9) 0.009 92 0.034 19 -0.006 77 0.007 66 0.88 0.000 89
H(45)-0(15) 0.01141 0.044 21 -0.007 29 0.009 17 0.79 0.001 88
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Fig.3 IRI filling isosurface diagram of four ANPZO / HMX
eutectic configurations
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Tab.5 Electrostatic exchange, mutual exclusion, dispersion
attraction and total interaction energy between molecules

A HH R s | S AR
/(kJ-mol ") /(kJ-mol ") /(kJ-mol™") /(kJ-mol ")
I -45.42 90.61 -90.18 -44.99
11 -40.21 50.11 -48.41 -38.57
1T -38.47 41.13 -45.60 -42.95
v -32.49 29.66 -31.08 -33.94
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Hr O 5 VR I Bk R735-90. 18kT - mol !, R (A
W5 FIXT ANPZO Fl HMX FUZ5& 77 4R T HeE e
TUER . A RYTUFN A BT S EAEHIRE S R-38.57
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Fig.4 Molecular surface electrostatic potential distribution of
ANPZO / HMX eutectic configuration
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Tab.6 Nitro charge and molecular surface electrostatic potential parameters involved in intermolecular interaction in monomer

HMX and ANPZO / HMX
WA -NO TETIVK Qe NPZOTINX S+A2 S/A? SIA? SHs-
I 88‘;;:%82:883 zgigg gj igﬁfé §§ 230.858 35 159.818 74 390.677 10 1.44
1 85?4*)1_\;&2‘3?_%)( 15) :gj ;g 2421 :8:}22 % 224.785 39 180.87333 405.658 72 1.24
I O(17)-N(16)-0(18) -0.132 84 -0.178 42 231.75730 161.738 85 393.496 15 143
v 82%%?;?_%)(1 5 :gj ég 2421 :g:fé ‘113 195.404 67 173.507 70 368.91236 L13
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