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Calculation method of detonation performance parameters

The detonation performance parameters of HEDMs were calculated at the crystal level. The maximum 
heat of explosion Qmax was determined by the energy difference between the total energy of the 
unreacted crystal and the total energy of all detonation products. Wherein the distribution of the 
detonation products is determined based on the principle of minimization of their Gibbs free energy. 
Once the Qmax is known, the detonation velocity D and the detonation pressure PC-J can be derived from 
the Kamlet-Jacobs formula:
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Wherein N is the number of moles of gaseous detonation products per gram of explosive, M is the 
average molecular weight of these gases, and ρ is the density. For more details, please turn to our 
previous work1-3.
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Figure S1 Amount of generated intermediate fragments as a function of time during the quantum 
mechanical molecular dynamics simulation of early thermolysis of ONC at the temperatures of 2000, 
3000, and 4000 K. 
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Figure S2 Amount of generated intermediate fragments as a function of time during the quantum 
mechanical molecular dynamics simulation of early thermolysis of HNC at the temperatures of 2000, 
3000, and 4000 K.
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Figure S3  Amount of generated intermediate fragments as a function of time during the quantum 
mechanical molecular dynamics simulation of early thermolysis of CL-20 at the temperatures of 2000, 
3000, and 4000 K.
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Figure S4  Amount of generated intermediate fragments as a function of time during the quantum 
mechanical molecular dynamics simulation of early thermolysis of TEX at the temperatures of 2000, 
3000, and 4000 K.
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Figure S5 Amount of generated intermediate fragments as a function of time during the quantum 
mechanical molecular dynamics simulation of early thermolysis of TATB at the temperatures of 2000, 
3000, and 4000 K.
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Figure S6 Number of two types of chemical bonds as a function of simulation time for ONC 
thermolysis at temperatures of (A) 2000 K, (B) 3000 K, and (C) 4000 K. Type A represents for 
backbone connection, and type B is branch connection.
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Figure S7 Number of two types of chemical bonds as a function of simulation time for HNC 
thermolysis at temperatures of (A) 2000 K, (B) 3000 K, and (C) 4000 K. Type A represents for 
backbone connection, and type B is branch connection.
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Figure S8 Number of two types of chemical bonds as a function of simulation time for CL-20 
thermolysis at temperatures of (A) 2000 K, (B) 3000 K, and (C) 4000 K. Type A represents for 
backbone connection, and type B is branch connection.
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Figure S9 Number of two types of chemical bonds as a function of simulation time for TEX thermolysis 
at temperatures of (A) 2000 K, (B) 3000 K, and (C) 4000 K. Type A represents for backbone 
connection, and type B is branch connection.
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Figure S10 Number of two types of chemical bonds as a function of simulation time for TATB 
thermolysis at temperatures of (A) 2000 K, (B) 3000 K, and (C) 4000 K. Type A represents for 
backbone connection, and type B is branch connection.
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Figure S11 Distribution of backbone-collapse and branch-heterolysis modes in thermolysis initiation of 
the HEDMs studied.
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Figure S12 Distribution of backbone-collapse and branch-heterolysis modes in thermolysis 
initiation of the HEDMs studied. The probabilities of the two initialization modes are plotted with (A, 
C) increasing temperature, and (B, D) decreasing spherical index, respectively.
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Table S1 Calculated lattice vector lengths [Å], angles [º], and volumes [Å3] of the primitive cells of 
ONC, HNC, CL-20, TEX, and TATB, along with experimental results in the literature. 
Compounds Method a b c α β γ Volume

This work 12.91 8.93 20.27 90.00 137.54 90.00 1577.61
Expt. [4] 12.79 8.84 20.18 90.00 136.90 90.00 1558.31ONC

Error +0.94% +1.02% +0.45% 0.00% +0.47% 0.00% +1.24%

This work 23.85 8.16 14.52 90.00 90.00 90.00 2823.24
Expt. [4] 23.59 8.17 14.26 90.00 90.00 90.00 2750.81HNC

Error +1.10% -0.12% +1.82% 0.00% 0.00% 0.00% +2.63%

This work 8.92 12.64 13.37 90.00 106.64 90.00 1443.80
Expt.[5] 8.86 12.59 13.39 90.00 106.92 90.00 1430.24CL-20
Error +0.68% +0.40% -0.15% 0.00% -0.26% 0.00% +0.95%

This work 6.85 7.71 8.82 79.07 74.60 82.57 439.31
Expt. [6] 6.85 7.66 8.84 79.41 74.89 82.44 438.20TEX

Error 0.00% +0.65% -0.23% -0.43% -0.39% +0.16% +0.25%

This work 9.10 9.11 6.47 119.89 91.77 107.73 431.65
Expt. [6] 9.01 9.03 6.81 119.97 91.82 108.58 442.49TATB

Error +0.93% +0.85% -4.97% -0.06% -0.05% -0.79% -2.45%

Table S2 Primitive cell expansions, dimensions, and number of atoms of the constructed supercells of 
ONC, HNC, CL-20, TEX, and TATB for molecular dynamics simulations of early thermolysis.

Compounds Expansion Dimension Number of atoms

ONC 1×2× 1 12.91 Å × 17.86 Å × 20.27 Å 256

HNC 1×1×1 23.85 Å × 8.16 Å × 14.52 Å 240

CL-20 2×1×1 17.83 Å × 12.64 Å × 13.37 Å 288

TEX 2×2×2 13.69 Å × 15.42 Å × 17.65 Å 384

TATB 2×2×2 18.19 Å × 18.21 Å × 12.95 Å 384

Table S3 Elementary reactions of thermolysis of TATB at temperatures of 1000-4000K.

Temperature Main reactions Duration(fs) Number of occurrences

1000K No reaction - -

2000K No reaction - -

C6H6O6N6→NO2+C6H6O4N5 31.9-949.8 9
3000K C6HxOkNm+C6HyOlNn ↔C12Hx+yOk+lNm+n

C12HxOkNm+C6HyOlNn ↔C18Hx+yOk+lNm+n
18.4-1087.7 157
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C18HxOkNm+C6HyOlNn ↔C24Hx+yOk+lNm+n

NO2+C6HxOkNm↔C6HxOk+2Nm+1 39.0-1067.8 142
H+HO↔H2O

H+H2O↔ H3O
NO2+H↔HONO

235.1-1994.3 298

C6H6O6N6→NO2+C6H6O4N5 19.6-566.6 5
C6HxOkNm+C6HyOlNn ↔C12Hx+yOk+lNm+n
C12HxOkNm+C6HyOlNn ↔C18Hx+yOk+lNm+n
C18HxOkNm+C6HyOlNn ↔C24Hx+yOk+lNm+n
C24HxOkNm+C6HyOlNn ↔C30Hx+yOk+lNm+n
C30HxOkNm+C6HyOlNn ↔C36Hx+yOk+lNm+n

18.5-439.7 43

NO2+C6HxOkNm↔C6HxOk+2Nm+1
H2O+C6HxOkNm↔C6Hx+2Ok+1Nm

23.2-584.2 36
4000K

NO2+H↔HNO2
H+HO↔H2O

H+CON↔CHON
H+H2O↔H3O

33.4-1996.0 1024

Table S4 Calculated detonation performance parameters of the five HEDMs studied, including 
detonation velocity (D), detonation pressure (PC-J), and heat of explosion (Qmax). Available experimental 
data searched from references were presented for comparison. 

Explosive Method D (km/s) PC-J (GPa) Qmax (kJ/g)
This work 9.56 43.61 7.97

Exp. 9.80 7 44.92 8 -ONC
Error 2.50% 2.90% -

This work 9.39 42.06 7.83
Exp. - - -HNC
Error - - -

This work 9.30 41.76 5.91
Exp. 9.40 9 42.00 7 6.08 10CL-20
Error 1.00% 0.60% 2.90%

This work 8.21 32.20 4.63
Exp. 8.18 11 32.25 12 -TEX
Error 0.30% 0.20% -

This work 7.68 28.17 3.72
Exp. 7.76 13 26.88 14 3.9115TATB
Error 1.04% 4.80% 4.86%
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