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Fig.1 Structures of twenty energetic molecules
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B3LYP ¥k 3545 19 [5 A1 HOF By 4 % f 22 4n 18 3a fiF 7%,
M 3a b ] LLE Y, AN [6) RS BE 09 J7 250 B R 15 1Y
HOF 4 xf 22 H 5K . Sk T PM6 TH5 25 3 1 1 2%
K, NE 3ah£n 6 R Bror 5K CL-20 51, B3LYP
I AAF I HOF il 22 80/, an ¥l 3arh 5 4 B 7s o 3 Ff
DA S R, PM6 )7 2 X T CBS 7 Bk 105
146 3 i 2% 4 65.1 kJ-mol™, 46 % i 22 i K 1 4 1 2
DNTAT, & 151.5 kJ-mol™, 4 X} ff 22 fix /)N 19 43 T 2
TNAZ, 4.2 kJ-mol™'. fif B3LYP Jy ¥ i %F T CBS 77

15 - 24 4 i 22 4 34.2 k)-mol ™, 48 i 22 e K 943
T4 CL-20,°4 132.6 kJ-mol™", 4a % i 22 fie /N 4 1S
RDX,A=1.3 kJ-mol™'. AN, 15 T 5 71 HOF #£
AVE IO 5 14 245 T i 2 AR EAL S AAR FELY 268 6] i 22 4N 151 3b~3 ¢ BT
R, T PM6 J7 5 M B3LYP J7 ik 3R A5 - 249 B4 T 2 1Y
HOF fli 22 43 5 5 0.30 kJ-g”%uo 15 k)-g™', %wuﬁ:
f B HOF 22435 k1 0.37 k)- A7 H10.19 k)- A~ JR45
Y5 B8 A T 3 T AN vk AR AR 1 HOFE%E@%E@%%
{8, (E L 22 78 S5 22 QIR T SR b o He /DN

F1 208 CHNO SRESN TROSCI B I THAEKS K 3 R 07 BE b0 BT 18 0M A ke A H2( g ) R AE UK A H 2 (s)

Table 1 The experiment density, calculated enthalpy of sublimation, gas-phase heat of formation Aan‘j(g) and solid-state heat

of formation A;H?(s) calculated based on three methods for twenty energetic molecules

compounds p AH? (sub) AfH;(g) AfH':(S)
PM6 B3LYP CBS PM6 B3LYP CBS

CL-20 2.044'° 174.5 341.8 585.8 453.1 167.3 411.3 278.6
HMX 1.8941%1 200.4 142.3 233.9 216.7 -58.1 33.5 16.3
RDX 1.806"%7] 146.4 65.7 172.8 174.1 -80.7 26.4 27.7
PETN 1.781148 152.3 -524.3 -402.9 -406.3 -676.6 -555.2 -558.6
FOX-7 1.893%] 178.2 -33.1 -15.1 12.1 -211.3 -193.3 -166.1
LLM-105 1.919"%°1 165.7 206.3 95.0 120.9 40.6 -70.7 -44.8
NTO 1.9185" 138.9 38.1 -12.1 -17.6 -100.8 -151 -156.5
TATB 1.937'%% 188.3 -82.0 -12.6 9.2 -270.3 -200.9 -179.1
Tetryl 1.7311%% 141.0 160.2 174.5 106.3 19.2 33.5 -34.7
TNT 1.654°4 129.7 59.4 61.5 9.2 -70.3 -68.2 -120.5
DHDFP 2.008° 146.6 587.9 507.5 543.9 4413 360.9 397.3
DNTAT 1.901%¢1 132.6 995.8 882.0 844.3 863.2 749.4 711.7
BTF 1.9327 89.1 677.4 697.1 760.2 588.3 608.0 671.1
NTAN 1.919'% 1271 319.7 309.2 312.1 192.6 182.1 185.0
NQ 1.752'% 143.4 43.5 32.2 49.8 -99.9 -111.2 -93.6
DADYT 1.7741%0] 150.4 1078.6 1017.1 1094.5 928.2 866.7 944.1
DNFP 1.829'°1 143.9 362.8 381.2 397.9 218.9 237.3 254.0
TNAZ 1.8610%) 113.7 95.8 120.5 91.6 -17.9 6.8 -22.1
DHT 1.729'%% 211.3 572.0 635.5 652.3 360.7 4242 441.0
TAFP 1.834104 112.7 809.2 696.2 727.6 696.5 583.5 614.9

Note: the p, enthalpy of sublimation(AH_ (sub)), heat of formation in gas state (A'H:‘(g)) and solid state (A,H?(s)) are in g-cm

kJ-mol™", respectively.
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Fig.5 Detonation velocity, detonation pressure, and relative error of ten energetic molecules calculated by three different models
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Evaluation of Three Heat of Formation Calculation Methods for High-throughput Energetic Molecule Design
and Screening

BAO Fu-cheng'’, PENG Ru-fang', ZHANG Chao-yang’

(1. State Key Laboratory of Environment-friendly Energy Materials , Southwest University of Science and Technology s Sichuan Mianyang 621010, China;
2. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: The performance prediction methods for high-throughput energetic molecule design and screening are required to bal-
ance accuracy and efficiency. In the present work, the suitability of three common theoretical methods on different levels, includ-
ing semi-empirical PM6 method, density functional theory method B3LYP/6-31G(d, p), and high-precision complete basis set
CBS-4 method, for heat of formation (HOF) prediction under the atomization scheme for high-throughput energetic molecule de-
sign and screening were evaluated. The solid HOF of twenty energetic molecules were compared, and the results of different the-
oretical levels are found to differ greatly. Based on the predicted HOF, experimental density, and three models (K-J, BKW and
VLW) , the detonation performance of ten common energetic molecules were predicted. The results show that B3LYP method
possesses the best suitability and efficiency, and the predicted detonation performance is closed to that obtained by CBS method.
For example, the average relative deviation of the detonation velocity and detonation pressure predicted by BKW are only 0.4%
and 1.2%, respectively. However, both the low-precision PM6 method and the time-consuming CBS method are difficult to bal-
ance the requirements of precision and efficiency in high-throughput energetic molecule design and screening. It suggests that,
for the high-throughput design of energetic molecules, a medium-precision method is adequate for rapid HOF prediction.

Key words: heat of formation; detonation performance;high-throughput design for energetic molecules; energetic materials; heat
of formation calculation
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