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sE7R] H#5t stgen 717 okl whold] ZiH(trigger bond)T aque]ou het ZgAUAE A4 st E9EH A
32 gelskgoh. 2ob ot ouxE AAks7] H3l MP2 o] EoflA § Hsingle point) AWRE AiFEHE.2 . monte
carlo integration A4S F3f =2 A4l 34t 2= CBS-Q ol &AM Adetaen. 2y oot ZuF oL
Kamlet-Jacobs %7418 o] &3t AAirstgict.

FHC: HMXLLM-116 223, 45 3t o] 2, 1oy ] 82, Kamlet-Jacobs BF 3 Al

ABSTRACT. The theoretical investigation has been performed to predict detonation velocity, detonation pressure, and ther-
modynamic stability of HMX/LLM-116 cocrystal. All possible geometries of HMX, LLM-116, and cocrystal have been optimized
at the B3LYP/cc-pVTZ level of theory. The binding energy for the trigger bond and cluster has been calculated to predict the
thermodynamic stability. The MP2 binding energies were obtained using single point energy calculation at the B3LYP opti-
mized geometries, and the density has been calculated from monte carlo integration. The detonation velocity and detonation
pressure have been calculated using Kamlet-Tacobs equation, while enthalpy has been predicted at the CBS-Q level of theory.
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AH(CHNO) = [0 FH(C,298K) - bA H(H,298K)

+CAH(N,298K) ~ dAH(0,298K)~ A, HC H,N (0, 298K)]
(1)
where, AH(CHWN.0,) = [aAH(C.298K)] + bAH(H.298K)
+ cAH(N,298K) + dAH(0,298K)
— AH(C.HN-04,298K)]

Zuk 5D kot 22 YH(P GPa)e The 2] CHNOE
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Structures
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Figare 1. Optimized structures 1or (a) boat-chair (b) chair (¢) boat
form of HMX and (d) LLM-116 at the B3LY Picc-pVTZ level of Figare 2. Oplimized structures ol HMX/LLM-116 cocrystals at
theory. the B3LYPicc-pVTZ level of theory.
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Tuble 1. The bond dissociation energies (DE, in kealimol) for the trigger bonds of HMX and HMXITILM-116 coerystals, and binding
energies (BE. in keal'mol) of HMX11M-116 cocrystals at various levels of theory

B3LYP MP2/B3LYP

ce-pVDZ cc-pVIZ ce-pVIZ

DE(DE,) DE(DE.) DE.F DE(DE) DEF
HMX (chair) 44.49(39.83) 42.21(37.58) 36.52 58.25(53.63) 50.63
HMX (boat) 42.71(37.83) 40.44(35.54) 34.56 54.73(49.82) 47.05
HMX (boat-chair) 42.47(37.43) 40.07(35.07) 34.09 54.05(49.05) 46.25
Cocrystal (chair) 42.03(37.13) 39.39(34.73) 33.73 62.58(57.92) 55.06
Cocrystal (boat) 45.72(41.25) 43.08(38.64) 37.58 66.39(61.95) 58.98
Cocrystal (boat-chair) 47.84(42.86) 44.73(39.91) 3882 66.77(61.95) 58.85

BE(BEq) BE(BEq) BE,* BE(BE.) BE,®
Cocrystal (boat-chair) 14.36(13.14) 10.97(9.99) 8.85 16.07(15.09) 13.25
Cocrystal (chair) 13.75(12.54) 9.14(8.39) 7.35 13.47(12.72) 11.07
Cocrystal (boat) 10.21{9.40) 6.92(6.42) 5.70 9.96(5.47) 840

Energies {(DEq or BE;) in parentheses include zero-point vibrational energy (ZPVE) comrections and energies (DEy™* or BE(*) include basis

set superposition e1ror (BSSE) corrections.
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Table 2. Average Mulliken atomic charges of nitro group(NQ:) at
various levels of theory with the ce-pVTZ basis set

HMX HMX/LLM-116 cocrystal
B3LYP  MP24/B3LYP B3LYP MP2/B3LYP
hoat-chair 0.128 0.1235 0.148 0.145
chair -0.133 —0.128 —(0.142 —0.140
boat —0.114 =0.110 -0.127 —(L121
A 2 AL Ak & ABkE 05 £ 4 ghivh ol
obgstehis eloly WE TaelA AL o Ryl
F20] digt WgE”) sobd ehg4le] otd o
of| % 5] 91 .
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Figure 3. Harmonic vibrational frequencies (cm ') lor O—H stretch-

ing modes o HMX/LLM-116 clusters at the B3LYPice-pVTZ

level of theory.
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Table 3. Stoichiometric relations {or the caleulations of N, M and Q parameters of CoHsN.Gy type explosives

Compound Formula Mw{g/mol) N M Q(cal/g)
LLM-116 C:HzN:QO, 173.02 0.0303 28.95 1375
HMX (boal) CyHgNgOg 296.05 0.0338 27.20 1380
FIMX (chair) CLEIgNgOy 296.05 0.0338 27.20 1562
HMX (bout-chair) C4HgNgOy 296.05 0.033¢ 27.20 1550
COCY’}"SIG] (bOal) ("3] ‘1|.\I|;O|}, 469.07 0.0325 27.80 1504
Cocrystal (chair) Ca1n NGO 469.07 0.0325 27.80 1493
Cocrystal (boat-chair} C:HIN:On 469.07 0.0325 27.80 1486
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Table 4. The heat of formation (AH, in kcal/maol) at the CBS-Q) level of theory, density(s, in gfem®) at the B3LY Pice-pVTZ level of theory,
detonation vclocity (22, in kmis) and detonation pressure (P, in GPa} calculated using Kalmet-Jacobs cquation

Compound This work Exp.
AH P D P p D P
LLM-116 33.0 1.76 8.187 2938 1.907
HMX (boat) 483 1.79 8.893 (9.285) 34.96 (39.60) 1.9)¢ 0.10¢ 39.0¢
HMX (boat-chair) 39.7 1.79 8.851 34.63
HMX (chair} 432 1.78 8.833 3438
Cocrysial (boat-chair) 73.3 1.80 8.672 33.36
Cocrystal (chair) 76.8 1.79 8.649 33.07
Cocrystal (boat) 82.1 1.76 8.564 32.09
*Resulls caleulated using experimental density(p) of 1.91 g/em®
PRef. 20,
‘Ref. 21.
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