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Nitro-Containing Compounds

Table S1. The properties of some nitrate ester compounds.

Compounds ρ, g/cm3 Q, J/g Vd, m/s Pd, GPa IS, J Ref.

NC 1.64 4300 6970 20.8 3.0 [1]

NCh 1.68 7832 7810 24.0 14.2 [1]

NG(l) 1.60 6214 8030 26.5 0.2 [2]

PETN 1.77 6350 8710 33.0 5.1 [2]

Q: heat of explosion, Vd: detonation velocity, Pd: Explosion pressure, Ie: impact sensitivity.

Figure S1. Molecular Structures of Nitrate Esters: (a) Nitrocellulose (NC), (b) Nitrochitosan 
(NCh), (c) Nitroglycerin (NG), (d) Pentaerythritol Tetranitrate (PETN), (e) Trimethylolethane 

Trinitrate (TMETN), (f) Triethylene Glycol Dinitrate (TEGDN), (g) 2-Ethylhexyl Nitrate (EHN).

Table S2. The properties of some nitramines compounds.

Compounds ρ, g/cm3 Q, J/g Vd, m/s Pd, GPa IS, J Ref.

RDX 1.81 5350 8748 34.9 5.6 [3]



HMX 1.91 5680 9320 39.5 6.4 [4]

CL-20 2.05 6300 9406 44.6 4.1 [5]

Figure S2. Molecular Structures of Nitramines: (a) Hexogen (RDX), (b) Octogen (HMX)  (c) 
Hexanitrohexaazaisowurtzitane (CL-20).

Table S3.The properties of some nitrocarbon compounds.

Compounds ρ, g/cm3 Q, J/g Vd, m/s Pd, GPa IS, J Ref.

TNT 1.65 4184 6820 19.5 15 [6]

TNP 1.81 5400 7830 27.2 7.4 [6]

TNA 1.77 4300 7523 24.8 22 [7]

HNB 1.93 7774 9330 40.2 < 1 [8]

TATB 1.94 3200 8540 32.1 50 [9]

NM(l) 1.14 4200 6200 11.2 10 [10]

TNM 1.62 2076 6368 14.8 0.4 [11]

FOX-7 1.89 4860 8930 34.0 60 [12]



Figure S3. Molecular Structures of Nitrocarbon: (a) Trinitrotoluene (TNT), (b) Trinitrophenol 
(TNP)  (c) Trinitroaniline (TNA), (d) Hexanitrobenzene (HNB), (e) 1,3,5-triamino-2,4,6-

trinitrobenzene (TATB), (f) Nitromethane (MM), (g) Tetranitromethane (TNM), (h) 1,1-diamino-
2,2-dinitroethylene (FOX-7)

Figure S4. (a) Thermal ellipsoid representation of TNA dimers within the crystal lattice [13]. 



Copyright 2013, RSC (b) Layered molecular packing of TATB in the crystalline state [14]. (c) 
Layered arrangement of FOX-7  molecules within the crystal structure [14]. Copyright 2008, ACS 

(d) Schematic illustration of TATB cluster extraction across varying dimensional scales [15]. 
Copyright 2023, Elsevier.

Nitrogen-Rich Compounds

Figure S5. Electronic formula for (a) Pb(N3)2 (ionic compound), (b) Cu(N3)2 (covalent 
compound). Unit cells for (c) Cu(N3)2, (d) Hg(N3)2, and (e) Pb(N3)2. Big spheres stand for metal 

cations, and small spheres, nitrogen anions [16]. Copyright 2006, ACS.

Figure S6. Strategies for the preparation of aliphatic azides [17]. Copyright 2021, ACS.

Table S4. The properties of N+ 5 ionic compounds.

Compounds ρ, g/cm3 △H f,, J/g Vd, m/s Pd, GPa Td, ℃ Ref.

[N+ 5][NO-3] 1.81 4400 8642 30.3 [18]



[N+ 

5][N(NO2)-2]

1.88 4200 8859 32.3 [18]

N+ 5N- 3 1.55 9020 9290 34.67 [19]

N+ 5N- 5 1.80 8450 10210 45.56 [19]

△Hf  Heat of formation.

Figure S7. (a) Optimized structures of N+ 5 calculated at the B3LYP (values given in 
parentheses)and CCSD(T)/6-311+G(2d) levels of theory [20]. Copyright 1999, John Wiley and Sons 
Ltd. (b) ORTEP diagram of N+ 5Sb2F- 11, showing the thermal ellipsoids at the 30% probability 
level and the close-range N…F contacts within the crystal lattice [21]. Copyright 2001, ACS.

Table S5. The properties of N- 5 ionic compounds.

Compounds ρ, g/cm3 △H f,, 

J/g

Vd, m/s Pd, GPa Td, ℃ Ref.

[N(CH3)4]N- 5 1.25 2064 5880 10.1 81 [22]

[(N2H3)2CNH2]+N- 5 1.44 4806 7505 21.2 101 [23]

(NH4)+N- 5 1.49 7118 7757 23.2 106 [23]

[NH3C(NH)2CH2COOH]+N-

5

1.52 502.2 7392 18.1 108 [24]

[Fe(H2O)4(N5)2]·4H2O 1.58 115 [25]

[Mn(H2O)4(N5)2]·4H2O 1.59 104 [25]

(NH3OH)+N- 5 1.60 6438 9005 32.7 106 [23]

(N2H5)+N- 5 1.62 4576 10400 37.0 85 [22]

[C2N3H2C(NH2)2]+N- 5 1.62 3217 8187 22.9 96 [26]

[Zn(H2O)4(N5)2]·4H2O 1.65 108 [27]

[C7N8H2(NH2)4NO2]+N- 5 1.70 2868 8124 23.7 111 [28]

KN5 196 4592 6977 20.9 110 [23]



Figure S8. Bonding of cyclo-N- 5 and molecular stacking of group I,II [29]. Copyright 2019, RSC.



Nitrogen-containing heteroaromatics

Figure S9. Molecular structures of some azole compounds and derivatives

Table S6. The properties of Azole compounds.

Compounds ρ, g/cm3 △H f,, J/g Vd, m/s Pd, GPa IS, J Ref.

1H-Tetrazole 1.53 2495 7813 21.0 <4 [30]

4-Nitroimidazole 1.56 6860 19.1 22.6 [31]

2,4-Nitroimidazole 1.75 8130 29.0 51.4 [31]

2,4,5-Trinitroimidazole 1.88 8980 36.7 14.2 [31]

1-Methyl-2,4,5-Trinitroimidazole 1.77 8130 28.1 14.6 [32]

1,2,4,5-tetranitor-1H-imidazole 1.90 1519 9437 39.0 ＜1 [33]

3-Trifluoromethyl-6-nitramino-1,2,4-

triazolo[4,3b][1,2,4,5]tetrazine
1.75 7179 20.8 10 [34]

6-Amino-3-trifluoromethyl-1,2,4-

triazolo[4,3-b][1,2,4,5]tetrazine- 7-N-oxide
1.79 6925 18.8 36 [34]

3-Trifluoromethyl-6-nitroguanyl-1,2,4-

triazolo[4,3-b][1,2,4,5] tetrazine
1.90 7877 26.8

＞

60
[34]

5,5-hydrazine-

1,2- diylbis(1H-tetrazole)
1.84 414 8523 27.7

＞

30
[35]



3,6,7-Triamino-7H-[1,2,4]

triazolo[4,3-b][1,2,4]triazole
1.73 3060 8580 25.9 40 [36]

3,6-Dinitropyrazolo[4,3-c]pyrazole 1.85 1940 8250 27.4 15 [37]

Figure S10. Molecular structures of some oxazoles compounds and derivatives.

Table S7. The properties of oxazoles compounds.

Compounds ρ, g/cm3
△H f,, 

J/g
Vd, m/s Pd, GPa IS, J Ref.

3-(dinitromethyl)−1,2,4-

oxadiazol-5(4H)-one
1.71 2130 7937 24.5 13 [38]

N3-(2,2,2-Trinitroethyl)−1,2,4-

oxadiazole-3,5-diamine
1.80 8500 31.2 6 [39]

3,4-di(nitramino)furazan 1.90 1510 9376 40.5 < 1 [40]

2,5-bis (4-azido-1,2,5-oxadiazol-

3-yl) -1,3,4-oxadiazole
1.76 4720 8728 31.2 21.9 [41]

3-(5-amino-1H-1,2,4-triazol-3-

yl)-1,2,4-oxadiazol-5-amine
1.78 1672 7871 21.8 ＞40 [42]

3,3’-Bis[5-nitroxymethyl-1,2,4-

oxadiazol-3-yl]-4,4’-azofuroxan
1.78 3389 8081 27.4 35 [43]

N-(5-amino-

[1,2,5]oxadiazolo[3,4-

e][1,2,4]triazolo[4,3-a]pyrazin-8-

yl)nitramide

1.83 2540 8530 30.1 26 [44]

[1,2,5]-oxadiazolo[3,4- 1.84 570 7984 24.9 22 [44]



e][1,2,4]triazolo[4,3-a]pyrazine-

5,8(4H,7H)-dione

4-amino-2,6-dichloro-3,5-

dinitropyridine
1.92 3815 8838 36.0 3 [45]

Figure S11. Molecular structures of some pyrimidine compounds and derivatives.

Table S8. The properties of pyrimidine compounds.

Compounds ρ, g/cm3 △H f,, 

J/g

Vd, m/s Pd, GPa IS, J Ref.

1,2-bis(3,5-dinitropyridin-2-

yl)hydrazine
1.74 973 7862 25.4 > 40 [46]

N-(3,5-dinitropyridin-2-yl)-6,8-

dinitro-[1,2,4]triazolo[1,5-

a]pyridine-2-amine

1.80 1196 8024 26.9 > 40 [46]

N2-(5-amino-4-nitro-1H-pyrazol-

3-yl)-N6-(3-amino-4-nitro-1H-

pyrazol-5-yl)-3,5-dinitropyridine-

2,4,6-triamine

1.90 1911 8889 33.9 35 [47]



Tetranitro-bis(imidazolo)-

pyridine
1.90 1351 8560 33.6 - [48]

Bis-oxadiazolo-pyrazine 1.77 2333 7380 24.0 9.8 [49]

3,7-dinitroimidazo [1,2-

b]pyridazine-6,8-diamine
1.80 1876 8434 27.7 > 40 [50]

[1,2,3,4]Tetrazino-[5,6-e]-

[1,2,3,4]tetrazine-

[1,3,5,7]tetraoxide

2.00 1000 10900 60.0 - [51]

4-amino-7-nitro-5H-pyrazolo 

[4,3-d][1,2,3]triazine-2-oxide
1.84 2070 8731 31.2 >20 [52]

1,2,4-triazolo[4,3-

b][1,2,4,5]tetrazine-7-N-oxide
1.86 3760 9320 39.5 7 [53]

Figure S12. (a) (b)intramolecular hydrogen bond strengths and intermolecular conjugation 
structure of N2-(5-amino-4-nitro-1H-pyrazol-3-yl)-N6-(3-amino-4-nitro-1H-pyrazol-5-yl)-3,5-

dinitropyridine-2,4,6-triamine[47]，(c) (d)Intramolecular hydrogen-bond and Stacking diagram of 
1,2-bis(3,5-dinitropyridin-2-yl)hydrazine[46]. Copyright 2022, Elsevier.



Figure S13. Molecular structure, Dreiding atomic types and CHelpG atomic charges, HOMO, and 
ESP of TTTO[51].

Figure S14. Pentazine (C2V) and hexazine (D2) stable geometries computed with 
MN15/Def2TZVP (a) and their decomposition paths (b). Relative energies + ZPE (kJ/mol) are 
presented in red.(c) Semi-classical (dashed lines) and tunneling included (solid lines) 

Arrhenius plots of hexazine and pentazine [54]. Copyright 2024, RSC.

Cage-Structured Frameworks

Figure S15. Some cage like molecular structures with high energy density

Table S9. The properties of cage like molecular structures compounds.

Compounds ρ, g/cm3
△H f,, 

J/g
Vd, m/s Pd, GPa IS, J Ref.

ONC 2.19 862 10800 52.1 [55]

CL-20 2.05 2178 9406 44.6 4.1 [56]

dinitro-substituted BN-cage 1.93 547 7223 25.0 12.3 [57]

HNA 1.78 226 8443 33.0 [58]

2,2,4,4,6,6-Hexanitroadamantane 1.71 1529 7282 22.9 10 [59]

3,7-dinitro-9-nitro-9-

azanoradamantane
1.65 160 7157 19.9 [60]



2,4,4,6,8,8-hexanitro-2,6-

diazoadamantane
1.96 416 9310 40.3 [61]

Energetic Ionic Compounds

Figure S16. Molecular structure of organic ion energetic materials[62, 63]. Copyright 2021, 2024 
Elsevier and ACS.

Table S10. The properties of organic ion energetic compounds [62, 63].

Compounds
Td, ℃

ρ, g/cm3
△H f,, 

kJ/mol
Vd, m/s Pd, GPa IS, J

FS, N
Ref.

a-4 318.6 1.73 923 8197 24.2 > 40 > 360 [62]

a-5 304.2 1.83 243 8133 28.2 > 40 > 360 [62]

a-6 235.2 1.79 135 8266 26.3 > 40 > 360 [62]

a-7 255.6 1.76 800 8008 23.9 > 40 > 360 [62]

a-8 195.3 1.79 1040 8716 30.3 32 280 [62]

b-2 210 1.74 347 7783 23.0 > 40 > 360 [63]

b-3 270 1.78 576 8166 26.4 > 40 > 360 [63]

b-4 219 1.83 559 8441 30.1 > 40 > 360 [63]

b-5 212 1.74 674 8122 26.1 > 40 > 360 [63]

b-6 211 1.79 769 8480 28.2 > 40 > 360 [63]



b-7 212 1.85 318 8415 30.5 > 40 > 360 [63]

b-8 219 1.75 1925 8519 29.7 5 80 [63]

b-9 220 1.77 1097 8084 24.7 > 40 > 360 [63]

b-10 250 1.81 1165 8203 27.1 > 40 > 360 [63]

FS Friction sensitivity

Figure S17. Molecular structure of organic ion energetic materials [64-67]. Copyright 2002, 

2015, 2017, and 2018 Elsevier and Wiley-VCH Verlag GmbH & Co. KGaA.

Table S11. The properties of organic ion energetic compounds.

Compounds Td, ℃ ρ, g/cm3 △H f,, J/g Vd, m/s Pd, GPa IS, J FS, N Ref.

b-5H2O 93 1.86 20 240 [65]

b-6 216 1.79 840 8935 34.4 25 240 [65]

b-7 182 1.86 360 9004 37.6 35 360 [65]

b-8 175 1.84 360 8797 34.0 40 360 [65]

b-9 204 1.71 50 8200 26.4 40 360 [65]

b-10 169 1.71 790 8540 28.0 40 360 [65]

b-11 214 1.75 1150 8877 30.7 40 360 [65]

b-12 212 1.80 540 8810 33.9 40 360 [65]

b-13 129 1.86 440 9135 38.0 25 240 [65]

c-1 151 1.69 -76 6699 19.2 40 [66]

c-2 149 1.77 263 7818 26.8 6.5 [66]

c-3 148 1.72 408 7742 25.9 40 [66]

c-4 162 1.71 204 7687 25.4 40 [66]



c-5 131 1.87 69 8231 30.7 28 [66]

d-9 271 1.83 440 8677 31.8 40 360 [67]

d-10 121 1.88 592 9243 38.2 3 40 [67]

d-11a 223 1.77 435 8769 33.1 10 120 [67]

d-11b 170 1.81 747 9170 36.4 7 120 [67]

d-11c 166 1.86 536 9330 39.1 8 120 [67]

d-11d 160 1.79 1668 9131 35.5 5 80 [67]

d-11e 252 1.74 432 8456 28.4 40 360 [67]

d-11f 197 1.72 680 8570 28.9 40 360 [67]

d-11g 200 1.73 1124 8927 31.3 10 160 [67]

d-14 116 1.94 481 9350 40.1 3 40 [67]

d-15 135 1.85 449 9169 38.2 6 80 [67]

Figure S18. Molecular structure of zwitterionic energetic materials [68-73]. Copyright 2020, 2023, 
and 2024 ACS, RSC and Elsevier.

Table S12. The properties of organic ion energetic compounds.

Compounds
Td, ℃

ρ, g/cm3
△H f,, 

kJ/mol
Vd, m/s Pd, GPa IS, J

FS, N
Ref.

a-2 212 1.79 325.6 8085 25.8 > 40 > 360 [68]

a-3 270 1.73 60.7 7731 23.7 > 40 > 360 [68]

b-3 277 1.69 406.3 7226 17.1 > 40 > 360 [68]



b-3-1 325 1.81 517.5 8048 26.21 > 40 > 360 [68]

b-4 294 1.73 380.3 7360 17.77 > 40 > 360 [68]

b-4-1 309 1.89 428.1 8520 32.53 > 40 > 360 [68]

c-2 250 1.83 361.7 8409 26.14 10 > 360 [69]

c-3 262 1.78 460.4 8956 30.29 10 > 360 [69]

c-4 171 1.77 554.5 9163 31.16 10 > 360 [69]

c-5 240 1.77 948.8 8591 26.93 10 > 360 [69]

d-1 380 1.85 314.1 8390 27.2 > 40 > 360 [70]

e-4 211 1.75 378.5 8027 27.5 22 240 [71]

e-5 202 1.76 417.0 8375 30.6 16 200 [71]

e-6 121 1.76 380.7 8016 28.1 9.8 120 [71]

e-7 250 1.64 1090.7 8897 35.2 10 120 [71]

e-8 170 184 480.3 9014 36.7 1.5 80 [71]

e-9 174 1.74 448.5 8392 31.2 22 260 [71]

f-3 235 2.05 -203.2 9035 33.0 10 80 [72]

f-4 138 1.87 62.0 8828 34.6 25 120 [72]

f-5 143 1.87 139.1 8928 35.9 28 128 [72]

f-6 202 1.78 -72.2 8554 30.1 20 160 [72]

f-7 140 1.74 -29.7 8554 39.4 9 144 [72]



Figure S19. Molecular structure of imidazole based energetic ionic liquids.
Table S13. The properties of The properties of some imidazole based energetic ionic liquids.

EILs Tm, ℃ Tg, ℃ Td, ℃ ρ, g/cm3 △H f,, kJ/mol Vd, m/s Pd, GPa Ref.

a 35-36 239 [74]

b 3 1.26 -1006 [75]

c-1 36 -74 222 304 [76]

c-2 36 -3 214 167 [76]

c-3 19 -77 150 448 [76]

c-4 45 -57 188 423 [76]

c-5 66 115 598 [76]

c-6 19 -55 107 582 [76]

d-1 95 166 1.63 - [77]

d-2 72 248 - - [77]

d-3 92 260 1.68 - [77]

e-1 -64 241 - - [78]

e-2 33 239 - - [78]



e-3 -53 254 - - [78]

e-4 -74 230 - - [78]

e-5 -82 208 - - [78]

f-1 89 274 1.41 - [79]

f-2 95 220 1.43 385.4 6063 11.1 [79]

g-1 -83 164 1.21 [80]

g-2 -73 162 1.36 [80]

g-3 -73 164 1.18 [80]

g-4 -79 166 1.23 [80]

g-5 -73 162 1.34 [80]

g-6 -62 154 1.38 [80]

g-7 -67 158 1.38 [80]

g-8 60 177 1.45 [80]

Tm  Melting point, Tg Glass transition temperature.

Figure S20. Molecular structure of  triazole imidazole based energetic ionic liquids.
Table S14. The properties of some triazole imidazole based energetic ionic liquids.



EILs Tm, ℃ Tg, ℃ Td, ℃ ρ, g/cm3 △H f,, kJ/mol Vd, m/s Pd, GPa Ref.

a-1 91 235 1.80 357.01 [81]

a-2 -62 217 1.51 -174.68 [81]

a-3 69 181 1.64 -109.79 [81]

a-4 83 208 298.43 [81]

a-5 -60 221 1.55 -187.36 [81]

a-6 86 259 1.66 215.17 [81]

b-1-1 147 174 1.76 218.65 [82]

b-1-2 123 154 - - [82]

b-1-3 118 136 1.68 156.38 [82]

b-1-4 97 136 [82]

b-2-1 66 139 1.63 93.35 [82]

b-2-2 55 147 1.66 574.73 [82]

b-3-1 68 147 [82]

b-3-1 98 129 [82]

c-1-1 92 158 1.70 401.85 [83]

c-1-2 80 148 1.60 700.69 [83]

c-2-1 64 198 1.50 141.38 [83]

c-3-1 -35 161 1.53 965.20 [83]

c-3-2 -38 141 1.45 1070.68 [83]

d-1 97 239 1.86 118.1 [84]

d-2 61 231 1.51 198.7 [84]

d-3 88 189 1.61 395.2 [84]

d-4 -43 179 1.71 771.3 [84]

d-5 -22 118 1.60 778.1 [84]

d-6 112 234 1.70 378.3 [84]

d-7 173 199 1.72 161.4 [84]

d-8 141 166 1.64 660.3 [84]



Figure S21. Molecular structure of tetrazolimidazole based energetic ionic liquids.
Table S15. The properties of some tetrazolimidazole based energetic ionic liquids.

EILs
Tm, ℃ Tg, ℃ Td, ℃

ρ, g/cm3
△H f,, 

kJ/mol
Vd, m/s Pd, GPa

IS, J FS, J
Ref.

a-1 - -59 170 1.55 129.52 [81]

a-2 51 182 1.71 538.53 [81]

a-3 94 173 1.55 163.41 [81]

a-4 140 238 1.71 911.21 [81]

b 85 150 24 [85]

c-1 85 117 1.86 329 9429 38.4 2 20 [86]

c-2 70 110 1.82 367 9215 36.5 2 28 [86]

c-3 90 145 1.66 296 8548 29.0 5 64 [86]

d 11.8 81.7 12.4 [87]



Figure S22. Molecular structure of tetrazolimidazole based energetic ionic liquids.
Table S16. The properties of some hypergolic ionic liquids.

EILs
Tg, ℃ Td, ℃

ρ, g/cm3
η,cP △H f,, 

kJ/mol
△Hc, kJ/mol ID, ms

Isp
Ref.

a-1 -85 207 42 43 [88]

a-2 -90 210 27 [88]

a-3 -61 144 110 15 [88]

a-4 179 [88]

a-5 184 [88]

a-6 -66 143 92 31 [88]

b-1 -73 253 1.18 23 157.7 78 192.3 [89]

b-2 -90 256 1.13 57 128.5 81 184.6 [89]

b-3 -91 220 1.11 44 274.7 46 196.7 [89]

b-4 -82 266 1.21 54 44.3 65 187.0 [89]

b-5 203 1.47 368.9 203.2 [89]

c-1 245 1.24 380 8 218 [90]

c-2 235 1.15 518 20 202 [90]

c-3 222 1.32 752 226 231 [90]



c-4 222 1.21 894 16 231 [90]

d-1 -47 188 1.58 409 225. [89]

e-1 91 223 1.53 138.2 212.2 [89]

e-2 74 209 1.59 322.8 227.0 [89]

Figure S23. Molecular structure of HILs incorporating B–H-containing anions.
Table S17. The properties of some HILs incorporating B–H-containing anionss.

EILs
Tg, ℃ Td, ℃

ρ, g/cm3
η,cP △H f,, 

kJ/mol
△Hc, kJ/mol ID, ms

Isp
Ref.

a-1 <-80 222 0.91 39.4 6 [91]

a-2 <-80 189 0.93 35.0 4 [91]

a-3 <-80 266 0.99 12.4 8 [91]

a-4 <-80 252 0.96 19.8 18 [91]

a-5 <-80 203 1.00 13.5 6 [91]

a-6 <-80 303 0.92 22.3 26 [91]

a-7 <-80 259 0.94 16.6 8 [91]

a-8 <-80 220 0.99 29.9 32 [91]



a-9 <-80 217 1.03 21.0 6 [91]

b-1 <-60 93.3 0.90 113.8 118 -5653 3 [92]

b-2 <-60 99.9 0.91 486.6 39 -6539 38 [92]

c-1 -80 181 0.93 113 155 -5439 42 214 [93]

c-2 -17 205 0.92 242 40 -4931 103 208 [93]

c-3 -80 201 0.89 124 20 -6270 54 198 [93]

c-4 127 0.94 282 -4744 228 [93]

c-5 134 1.15 58 -4127 204 [93]

c-6 -37 174 0.89 523 573 -8605 41 219 [93]

c-7 -59 190 0.88 196 245 -9635 23 188 [93]

c-8 -80 242 0.96 28 337 -6122 8 211 [93]

c-9 -71 247 0.98 19 319 -5610 4 206 [93]

c-10 -80 267 0.97 102 191 -6941 24 195 [93]

Figure S24. Perovskite-inspired energetic materials[94-97] . Copyright 2018, 2020, and 2022 
Springer Nature, ACS, RSC, and KeAi.

Table S18. The properties of some HILs incorporating B–H-containing anionss.

Compounds Td, ℃ Tp, ℃
ρ, 

g/cm3

△H f,, 

kJ/mol

Q, 

kJ/g

Vd, 

m/s

Pd, 

GPa

IS, 

J

FS, 

N

Isp, 

s
Ref.



DAP-1 344 361 2.02 1013.7 8.89 9306 48.3 17 36 - [94]

DAP-2 364 377 2.04 247.3 7.09 9224 44.2 16 42 - [94]

DAP-3 352 369 2.16 - - - - 22 28 - [94]

DAP-4 365 383 1.87 1904.2 10.38 9588 49.4 23 36 344 [94]

DAP-O4 352 - 1.85 436.0 6.21 8900 35.7 262 [95]

DAP-M4 364 1.78 839.1 4.99 8085 28.8 225 [95]

PAP-4 288 1.74 537.7 6.00 8629 32.4 264 [95]

PAP-M4 323 1.77 859.9 5.14 8311 30.3 241 [95]

PAP-H4 348 1.83 600.4 5.76 8756 34.3 255 [95]

PAP-5 342 2.50 4.88 8961 42.4 [98]

PAP-M5 307 2.37 5.42 8778 39.7 [98]

PAP-H5 328 2.37 5.36 8756 39.5 [98]

DAN-2 - - 1.68 339.1 5.43 7566 23.4 29 >360 [96]

DAI-1 152 2.90 83.31 3.58 6438 30.79 <5 [99]

DAI-2 165 2.95 118.5 3.48 6331 30.88 <5 [99]

DAI-3 156 3.06 <5 [99]

DAI-4 155 2.79 36.9 3.41 6558 30.69 <5 [99]

DAP-1: (H₂dabco)[Na(ClO4)3], DAP-2: (H₂dabco) [K(ClO4)3], DAP-3: (H₂dabco) [Rb(ClO4)3], 

DAP-4: (H₂dabco) [NH+ 4(ClO4)3], DAP-O4: (H2dabco-O2+) [NH+ 4(ClO4)3], DAP-M4: 

(H₂mdabco) [NH+ 4(ClO4)3], PAP-4: (H₂pz) [NH+ 4(ClO4)3], PAP-M4: (H₂mpz) [NH+ 4(ClO4)3], 

PAP-H4: (H₂hpz) [NH+ 4(ClO4)3], PAP-5: (H₂pz) [Ag (ClO4)3], PAP-M5: (H₂mpz) [Ag (ClO4)3], 

PAP-H5: (H₂hpz) [Ag (ClO4)3], DAN-2: (H2dabco)[K(NO3)3], DAI-1: (H2dabco)[Na(IO4)3], DAI-

2: (H2dabco)[K(IO4)3], DAI-3: (H2dabco)[Rb(IO4)3], DAI-4: (H2dabco)[NH+ 4(IO4)3].



Energetic coordination compounds

Figure S25. Molecular structure of some zero-dimensional ECCs [100-103] . Copyright 2023, 

2024, and 2025 ACS and RSC.

Table S19. The properties of some zero-dimensional ECCs.

Compounds Td, ℃ ρ, g/cm3
△H f,, 

kJ/mol
Vd, m/s Pd, GPa IS, J FS, N Ref.

Cu(PRCA)2 

(ClO4)2
219 1.83 6300 16.4 7 16 [100]

Cu(3-

PZCA)2(ClO4)2
190 1.96 7100 23.5 2 7 [101]

Cu(2-

IZCA)2(ClO4)2
225 1.94 7100 22.1 3 8 [101]

Ag(3-

HPZCA)2(ClO4)3
258 2.09 7600 28.5 13 40 [102]

Cu(NO3)2(Pyz)4 208 1.61 88.1 6138 13.2 40 360 [103]

Cu(NO3)2(CPyz)4 222 1.78 29.8 5780 15.3 40 360 [103]

Cu(ClO4)2(Pyz)4 237 1.72 281.7 6215 16.8 14 192 [103]

Cu(ClO4)2(CPyz)4 268 1.81 248.9 6190 17.8 10 168 [103]



Figure S26. Molecular structure of some one-dimensional ECCs [104-107]. Copyright 2005, 2010, 
2012, and 2013 ACS, Elsevier, and Wiley.

Table S20. The properties of some one-dimensional ECCs.

Compounds
Td, ℃ ρ, g/cm3 △H f,, 

kJ/mol

Vd, m/s Pd, GPa
IS, J

FS, N
Ref.

Cu(bta)(NH3)2·H₂O 250 2.00 87.8 >40 >360 [104]

[Ag(MHT)]·H₂O 200 2.47 -263 >40 [105]

[Cu(ATZ)3](ClO4)2 >250 1.4 6500 1 8.8 [106]

Zn3(ATZ)6(N3)6 137 1.82 >40 [107]

Ni(N2H4)5(ClO4)2 220 1.98 9200 36.8 [108]

Co(N2H4)5(ClO4)2 194 1.95 8225 31.7 0.5 [108]

Ni(N2H4)3(NO3)2 - 2.16 7300 20.2 [108]



Figure S27. Molecular structure of some two-dimensional ECCs [109-112]. Copyright 2013 and 
2015 Wiley, RSC and Elsevier.

Table S21. The properties of some two-dimensional ECCs.

Compounds
Td, ℃ ρ, g/cm3 △H f,, 

kJ/mol

Vd, m/s Pd, GPa
IS, J

FS, N
Ref.

Cu(pn)(N3)2 215.7 1.76 -2320.76 2.55 [109]

Cu2(en)2(N3)4 201.8 1.93 -1330.34 7.84 [110]

Cd2(NO3)2Cl2(HATr)2 224.85 2.47 [111]

Cu(Htztr) 200 2.03 93 >40 [112]

Figure S28. Molecular structure of some three-dimensional ECCs [113-116]. Copyright 2008, 2013, 



and 2014 Elsevier, RSC and Wiley.

Table S22. The properties of some two-dimensional ECCs.

Compounds Td, ℃ ρ, g/cm3
△H f,, 

kJ/mol
Vd, m/s Pd, GPa IS, J FS, N Ref.

Cd2(N2H4)2(N3)4 151 2.64 >40 [113]

Zn(tzeg) 425 1.88 -491.78 [114]

Cu(atrz)3(NO3)2 243 1.68 9160 35.68 22.5 [115]

Ag(atrz)1.5(NO3) 257 2.16 7773 29.70 30 [115]

Co9(BTA)10(HBT

A)2(H2O)10
253 1.71 859.66 8657 32.18 27 >360 [116]

Metal and Non-metal Fuel

Figure S29. The SEM images of thermites (a) Al/CuO nanothermite, (b) Al/Fe2O3 nanothermite, 

(c) Al/MnO2 nanothe[117], Copyright 2020 Elsevier. (d) Field emission scanning electron 

microscopy (FESEM) imageof Al/Fe2O3 nEMs by soft template self-assembly with sol-gel 

process [118], Copyright 2015 Elsevier (e) CuO nanorod/Al MICs and (f) CuO nanotube/Al 

MICs[119],   Copyright 2018 Elsevier.

Table S23. Thermo-physical properties of various thermite reactions [120].

Reactants Gas production Heat of reaction

Constituents
Density[g/c

m3]

Adiabatic reaction 

temperature 

(without phase 

changes)[K]

Moles of 

gas/100 

g

g of 

gas/g
[kJ/g] [kJ/cm3]

2Al+Cr2O3 4.190 2789 0 0 2.6 10.9

2Al+3CuO 5.109 5718 0.5400 0.3431 4.1 20.8



2Al+3Cu2O 5.280 4132 0.1221 0.0776 2.4 12.7

2Al+Fe2O3 4.175 4382 0.1404 0.0784 4.0 16.5

8Al+3Fe3O4 4.264 4075 0.0549 0.0307 3.7 15.7

4Al+3MnO2 4.014 4829 0.8136 0.4470 4.8 19.5

2Al+ MoO2 3.808 5574 0.2425 0.2473 4.7 17.9

4Al+ 3SnO2 5.356 5019 0.2928 0.3476 2.9 15.4

10Al+3V2O5 3.107 3953 0.0699 0.0356 4.6 14.2

4Al+3WO2 8.085 4176 0.0662 0.0675 2.1 16.9

2Al+WO3 5.458 5544 0.1434 0.1463 2.9 15.9

Figure S30. The SEM images of thermites (a) Ni-Al energetic material[121], Copyright 2024 ACS. 

(b) KMnO4-Al energetic material[122], Copyright 2005 Wiley (c) Mg-Al energetic material[123], 

Copyright 2024 IOP Publishing (d) Al/PTFE energetic material[124], Copyright 2023 Elsevier (e) 

μAl@2.5% PFPE energetic material[125], Copyright 2023 Elsevier (f) the PTFE-coated Al particle 

of core-shell structured PTFE/Al[126], Copyright 2022 Elsevier.

Figure S31. The SEM images of thermites (a) AP/Al/Fe2O3 energetic material[127], Copyright  
2014 Springer (b) Al/AP/HMX  energetic material[128], Copyright 2024 Wiley (c) Al/Ti/CuO-P 

energetic material[129], Copyright 2023 Elsevier.



Figure S32. High-speed photographic sequences of the combustion processes of CS-PSi-1.5, CS-

PSi-2.5, CS-PSi-3.5, and MS-PSi-3.5 composites [130], Copyright 2023 Elsevier.

Oxidisers

Figure S33. Status of ADN/18C6 cocrystal and pure ADN (a) before and (b) after hygroscopic 
test.

Binders

Figure S34. Microstructure of hydroxyl-terminated polybutadiene [131], Copyright 2022 

Wiley.



Figure S35. Structure of the monomer of GAP[132], Copyright 2019 MDPI.

Curing Agent

Figure S36. The chemical structure of various diisocyanates compounds [133], Copyright 2024 
Taylor & Francis.

Macroscopic Structuring of Energetic Materials 



Figure S37. High-density melt-cast charge technology: (a) solidification in a water bath,(b) 

pressurized treatment, (c) riser insulation, (d) hot mandrel treatment, and (e) optimization of 

feeding setup [134], Copyright 2023 ACS.

Figure S38. (a1) Three printing systems of Inkjet printing . (a2) Printing system with two 
piezoelectric inkjet nozzles. (a3) Printing system with three-axis platform and piezoelectric nozzle. 

(a4) Nano-aluminum droplets. (b1) Schematic illustration of the preparation of printed inks 
consisting of an emulsion binder and CL-20 explosives. (b2) Schematic illustration of 3D printing 
(DIW) of the CL-20 based explosives. (b3) Schematic illustration of DIW. (c1) the detail view of 
the extrusion assembly equipment and the printing stage. (c2) SLA schematic illustration of the 
manufacturing process. (c3) The completed sample side view. (c4) The completed print sample 

side view. (d1, d2) Diagram of the SLA process (d3) Photos of 3D-printed MPD propellant stack 
and (d4) remaining propellants after 30 mm gun test[135, 136], Copyright 2022 KeAi and Chinese 

Society of Metals.
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